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NPEAUCIIOBMUE

[MpennaraemMas BHHMAHHIO YHTATe s KHHra CJOXKHJIACH H3 Kypca
Jexiui no obuiell reoXHMHH, KOTOPHIi aBTOp uHTaer ¢ 1967 r. MH-
HepaJjoraMm, KpHucrajjaorpadam, nerporpadam, JHTOJOraM H TeOXH-
MHKaM JIeHHHrpaJACKOro yHHBEpCHTETa.

Kunra npeacrasaser coboii Jornyeckoe mnpojoJizKeHHe Kypca
reHeTHUECKOH MHHEepaJsorHd, KOTOpblil Tak:xke Oblil nepepaGoTan
JJIsi meuyaTtH M ony6aukoBan aBtopom B 1969 u 1977 rr.

B «leoxuMuu» Hapsily ¢ JHYHBIMH MCCJAEIOBAHHAMH H B3IJid-
JlaMH Ha IpeAMer aBTopa HcnoJb3oBaHo Gosee 1200 aurteparyp-
HbIX HCTOYHHKOB, K coXKaneHHIO, B CHOHCKe JHTEPATyphl YAasloch
yKasaTh MeHee OJHOH AecATOH 3TOro uHcaa.

B 1esoM e cJaeoyer yKasaTb, YTO OCOOEHHO WIHPOKO B KHHIe
ucnoab3oBausl  Tpyasl B. M. Bepnaackoro, A. E. ®epcmana,
H. B. Beanosa, A. Il. BunorpajgoBa, b. Meiicona, a Taxkxe NnpeBoc-
xopubie kuwxku 1O, M. IllmpoxoBa m H. Il IOauna [1980] u
H. A. Kaumumuna [1980].

B nmpouecce MHorosetHeii paloThl Hal KypcOM TEOXHMHUH,
a TakKiKe TPH MOATOTOBKE PYKOMHCH K NeYaTH aBTOP TOJb30BAJICsH
JIpYyKecKol momoubio MHOrHX JHl. OTienbHble pasjienbl ee Mpo-
YHTAHBl M TPOpeleH3HpoBaHbl JA-poM Gu3.-MaT. HayK mnpod.
A. A. HUKHTHHBIM, 1-poM ¢u3.-mMaT. HayK npod. K. B. Xoawesnuko-
BbIM, JI-poM reoJ.-MuH. Hayk H. H. BepsuauubiM, A-poM reoj.-MuH.
nayk npod. A. I'. Bynaxom, a-pom xum. Hayk npod. A. H. Mypu-
HBIM, A-poM xuM. Hayk npod. B. JI. Hedenosbim, a Takxke pouet-
ramu . H. TonuaposeiM, M. C. [dodypoM, cT. Hayd. COTPY/IHH-
kamu M. JI. 3opunoii, A. H. Cepe6puukum, H. JI. CopokuHbiMm.

B HeoanokpaTHoll nepeneuaTke M BbIBEPKe TeKCTa H HJLIIOCTpa-
Ml HeomeHuMylo noMollb okaszaiau H. M. Kanyunuukosa, H. B. Buia-
cosa, E. B. Benesonenckas, M. A. IMaukparosa, H. A. Copokuna,
A. C. Ilymmnna.

ABTOp NMPHHOCHT BCeM HA3BAHHLIM JIHIAM CBOIO rayGokyio Gaa-
rofapHOCTb.

ABTOp Hajeercs, YTO JeNOBasi, KOHCTPYKTHBHAs KPHTHKa H
npeKae BCEro cO CTOPOHbI TeX, KOMy OHa MpejHasHavyaercs,— CTy-
JIEHTOB M AaCMHPaHTOB — MOMOXKET YCTPaHUTh HMEIOUHCCH B KHHre
HEIOCTATKH H B OYIylleM YJY4LIHTb ee COJAEpXKaHHe.
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Mnaea 1

FTEOXUMUA — HAYKA XX s.

Ml MBEM Ha NMOBOPOTE B YAWBWTENBHYIO 3MOXY MC-
Topun yenoseuectsa. CobbiTHA UYPe3BLIYAHHOW BAXHO-
€™M M rnybBuHEl coBepwaloTca B 0BnacTu yenoBeuecKoH
MbICTH,

B. H. Bepradcrud, 1934

leoxumus, Hayka 0 XHMHYECKOM COCTaBe 3eMJH, 00 HCTOpHH U
cyabbax 4TOMOB 3€MHOTO BEULECTBA, O 3aKOHAX HX KOHUEHTpPalluH
H paccesHns, mogo0HO ADYrHM HayKaM, HMeeT HCTOKH, YXOJAdALIHe
B ray6s BekoB. M BMecre ¢ TeM, Kak O(QOPMJIEHHBIH INPOAYKT 4e-
JIOBRYECKOH MBICJH M TIPAKTHKH, KAk CaMOCTOfiTeNbHasi HayuHas
JUCLUHIJIHHA CO CBOMMH 3a/ladyaMM H MeToJaMHi HcclellOBaHHs, reo-
XHMHA caoxkuaack Jaumib B XX B. [logo6Ho reosiordu, maJjeoHTOJO-
THH, KpucTajsorpadguu ¥ merporpadHu TEOXHMHs BLIpocia H 000-
cobunach u3 MuHepajorut. Ilpn aTom, Tak ke Kak H KpHCTal-
Jorpagus, reoxXHMHS He INPOCTO OTAENHJAachb OT MHHepaJIorHH,
a4 OXBaTHJA €¢ MO-HOBOMY, NMOKAa3aB, UTO MpPOIecCh MiHepaJaoobpa-
30BaHHs €CTh IIPOLECCH eCTeCTBeHHOH HCTOPHH Pa3BHTHA BelllecTBa
3eMmuid, HHLIMH CJIOBaMH, NpollecChl reoOXHMHYecKHe. A caMH MHHe-
pajbl —3TO BCEro JHUbh CTaHIHH — GOJBIIHE HJIH MaJjble — Ha
IYTH BEYHOTO JABUKEHHs aTOMOB.

BosHHKHOBeHHI0O TeOXHMHHM KaK HayKH NpeAIeCTBOBA/IH BaikK-
Hble COOBITHA B DPa3BUTHH OO0lleYeJOBEUECKOH HAyYHOH MBIC/IH.
Jlume B XIX B. OHH MOATOTOBH/IH HeOOXOAHMBIE YCJIOBHSI LJisl €e
otdopmaenus u craHosjeHusi. Cpean HHX HeoOXOAHMO OTMETHTH
c/aenyIoLHe.

1. OTkpuiTHe nepHoaHYyecKoro sakoHa MenjeneeBa, Guaarofaps
KOTOPOMY, 10 MeTKOMy BbipaxkeHHio A. E. depcmana, «He3aBHCH-
MOMY, CaMOCTOSiTeNbHOMY cyllectBoBanHio 60 ssieMeHTOB OblI TO-
JIOKEH KOHel».

2. CHHTEe3 MHHEPAJOB H MOIEJHDPOBAaHHE MNPHPOAHBIX YCIOBHH
MHHepaJ/006pasoBaHus.

3. Cosnanne B. B. HokyuaeBeiM, B. K. Bepragckum u ero
IIKOJIOH TeHeTHYeCKoH MHHepaJorHH, MoKasaBlleil, uTo «MHHEPAaJEl
poxKaaloTCa, KHUBYT, OopioTess W morubatoT moberxkieHHble. Mx psnb
3aHHMAlOT noOeJUTeNH, JJs TOro 4To0bl TOABEPrHYThCA TOH Ke
yuactd. Maer HempepuiBHBI o6MeH BeulectBay [[Tnaunenxo IT. IL,
1915 r.],

4. OTKpHTHE SBJCHHS PAafHOAKTHBHOCTH, KOTOPOE, B CBOIO OYe-
penb, MOKAa3ajo, YTO HE BEUHBIMH SIBJSIIOTCA He TOJbKO MHHEepaJibl,
HO W aTOMBEI, HX COCTaBJIAIOLIHE.

B XX B. K 9THM IOCTHKeHUAM A00aBHJCA elle PAL ADYTHX.



1. YeranoBJeHHe XHMHYECKOTro cocTaBa 3eMHON kopbl. Ompele-
JenHe B 3€MHOi KOpe CPeAHHX COMePMKaHWil 371eMeHTOB (KJAapKOB)
(ta6a. 16.1). BblsicHeHHe OCHOBHBIX 32KOHOMEPHOCTeil pacmpejeJie-
HHsl 3JEeMEHTOB B FOPHBIX MOPOJAAx H B reocpepax 3emiu. YCTaHOB-
JeHHe H 00bsICHeHHe 3aKOHOB COBMECTHOTO HaXOXKIAeHHs — napaze-
He3uca XUMHYECKHX 3JeMEHTOB B reocdepax 3emyu H B KOCMOce.

2. OTKpHITHE 3aKOHOB KBAHTOBOH MeXaHHKH, OGBSCHHBLIHX
CTPOEHHe aTOMOB, IPHPOJY XHMHYECKOH CBf3H, CTPYKTYpy NepHO-
JIHYECKOii CHCTeMbl 3JIeMEHTOB, CBOHCTBA 3JIeMEHTapHHIX 4acTHI,
COCTaBJIAIOLLIHX aTOMBI. :

3. O6wmii nporpecc Hayku. PaspaboTka ¥ BHeJpeHHe HOBBIX
METOI0B HCCJedOoBaHHs 3eMHOTO BellecTBa M Tpex/e Bcero Ha
ATOMHO-MOJIEKYJ/ISiPHOM YPOBHE (pPEHTre€HOCTPYKTYPHOIo, PeHTreHo-
(hazoBoro, PEHTreHOCIeKTPaJbHOro,  CHeKTPOHOTOMETPHUECKOTO,
metonoB UKC, 3IIP, AP u np.).

4. [ToBbllleHHe YYBCTBHTEJBHOCTH CTapbIX aHAJHTHYECKHX Me-
TOJ0B (MHKPOXHMHYECKOro, KOJOPHMETPHYECKOro, CHEKTPaJbHOro
U 1p.), OTKPHTHe H BHEAPEeHHE B TMPAKTHKY HOBBIX (JIOMHHECUEHT-
HOTO, MJaMeHHO-(OTOMETPHYECKOTO, MOJsAPOrpaduueckoro, aToMHO-
a6copOUHOHHOrO,  HeHTPOHHO-aKTHBALHOHHOTO, ~ MHKPO30H/0BOTO
H Ap.).

PaccMOTPHM  HEKOTOPble H3 3ITHX OTKPHITHH H MNONbITaeMcs
KpaTKo c(hOPMYJIHPOBATH COJEPIKAHHE COBPEMEHHOH TeOXHMHH.

OTKPLITUE MEPMOAMHYECKOTO 3AKOHA

P. Boiiap (1627—1691) Obl1, NMO-BHAHMOMY, OJAHHM H3 MePBLIX,
KTO mbiTajcsi KaaccHduumposaTh asiementl. K cepeaune XVII B.
uXx OblI0 M3BecTHO Bcero Jumb 13. 3a40Jro A0 OTKPHITHHA NEepBOro
B IIePHOJMYECKOH CHCTeMe 3JieMeHTa — BOA0pOoia OH 0GOCHOBaM €ro
yuacTHe («Boja») B crpoennu atomoB Au, Ag, Cu, C, Sn, Fe, Hg,
S, Sb, Zn, As, Pb, Bi. Hanomunm, oxHako, 4to TOJbKO uepes 134
roja Hayke CTajo H3BECTHO, UTO XKe TaKOe CaMa-To «BOAA».

[Ipouso 150 aer. JIpyrofi BeNHKHii aHMJHACKHA (QH3HK,
II. Hdanbron (1766—1844), uccaenys rasoobpasuble, XKHAKHE H
tBepabie BeulectBa, B 1801 r. OTKPHII 33aKOH MapiHadbHBIX AdBJe-
unit. M3 3akona cjenoBajo, YTO CaMBbIM JIeTKHM CpelH rasoB J0J-
’eH GBITbL OTKPHITHIl 3a yeTBepTb Beka Jo 3toro I. KaBenauuem
(1731—1810) Bomopoa. Ilpunsis maccy aroma BOAOpOAa 3a CLH-
uuny, Haasron B 1803 r. cocraBun mepsyio TaGJHIy aTOMHBIX
Macc /i H3BECTHHIX B €ro BpeMs 3JIeMEeHTOB.

B 1815 r. auraumiickuit Bpau u xumuk Y. Ilpayr (1785—1850)
BBICKA3aJl MpPEANOJOXKeHHe O TOM, 4TO BCe 3JIEMEHThl MOCTPOEHB
M3 OJHOrO MEPBHYHOTO BellleCTBAa — MPOTH/IA — NOJHMEPH3OBAH-
Horo Bogoposaa. [To3TOMy KaKJblii aTOM COCTOHT H3 KakKoro-1o om-
pe/leleHHOrO YHCIa aTOMOB BOAOpoAa.* OAHAKO OTKpHITHE Apo6-

* [Ipayr rosopua: «IleppoMaTepHs JAPEBHHX BONJOWEHa B BOAOPOAE...>



HOCTH aTOMHBIX Macc O0TGpOCHJIO 3Ty reHHaJbHyi0 poraaky [lpayrta
Ha JecatHaetHs. M ona oleHeHa Obla JHUIL NOCJAe OTKPBITHS
CTPOEHHS] ATOMHBIX fiJleP H SBJEHHS H30TOIHH.

IToutn onnoBpemenno c¢ IlpayrtoMm, B 1817 r., HeMeukHii XHMHK
H. B. [lébepeiinep (1780—1849), u3BecTHHIii KaK OCHOBATeJbh Ka-
Ta/i3a, CHCTeMAaTH3HPOBAJ 3JIEMEHTHl 1O HX CBOICTBAM B HEKHe
«TPHAJBI»:

Li Ca cl S Mn
Na Sr Br Se Cr
K Ba I Te Fe

910 yxe ObIJIO HAYaJOM IOCTPOEHHS eIMHOIl CHCTEMBI 3J1eMeH-
TOB B COOTBETCTBHH C MEPHOAHYHOCTHIO HX CBOHCTB.

B 1868 r. nemenkuii yuenwii [0. JI. Meitep (1830—1895) no-
Ka3aJT 3aBHCHMOCTb A4TOMHBIX Oﬁ'bEMOB OT AaTOMHBIX Macc. ITO
Ob1J1I0 Tak OJIH3KO K OTKPBITHIO BceoObiero [NepHoAHYECKOro 3aKoHa,
YTO 10 CHX NOp Koe-rZie ellle CTaBHTCS BOMpOC O mpHopHTete Meii-
epa mnepexr MenneneesbiM. Ho nepHoAHYeCKHii 3aKOH OTKpPbLA
HA. HU. Mennenees, a He Meiiep. M Bor mouemy Tak cJjeiyer CuH-
TaTh.

Moaonoii MenzaeneeB —emy O6bIO Toraa 35 JeT — FOTOBHTCSH
K JIeKIHAM II0 OTBETCTBEHHOMY Kypcy oOuieii xumuu. On Tlia-
TeJIbHO OOAYyMBEIBaeT, KaK Jydlle BCEro pacckasaTh O CBOHCTBax
H3BECTHHIX B ero AHM 67 sjaementoB. MHOrokpatHo nepeGupas BCe
BO3MOZKHBI€ BHIbI CHCTeMaTH3alHH, OH OTMeYyaer AJs Ceﬁﬂ, 9YTO OT-
JeJibHEE CBOHCTBA 3JIEMEHTOB CTaJH OB 3aKOHOMEPHO IOBTOPSATHCA
C POCTOM HX aTOMHOH Macchl, ecJIH JONMyCTHTh, 4TO y 10 H3BeCTHBIX
3JIEMEHTOB aTOMHas Macca OIpejesieHa HeBepHO, a 6 3JeMeHTOB
elle He OTKPHITH BooOme. M MenneneeB «HcnpaBisieT» aTOMHYIO
maccy U, In, Pt, Os, Ir, Be, Ti, Th, Ce, Y u B HOBOIii CBOeil cxeMe
octaBjsder Mecra Aas Oyaymux Sc, Ga, Ge, Re, Tc. Ognako u
nocje 3Toro B ero TabJHIE NMPOHCXOAST HENOHATHBe BEILH: MO
cBoiictBaM Co posxken croarek nepex Ni, a ero atoMHas Macca
okasniBaercss Goubuie, yem y Ni. To ke camoe umeer mecto y Te
u 1. U MenneseeB, Hapymas cBOH ke MOPSJAOK, pacroJaraer 3TH
napel B CTPOrOM COOTBETCTBHH C NPHCYUIHMH HM CBOHCTBaMH:
Cosgi—Nisses, Teizr,61—l126,01.* ToJbKO ToOCJAe 3THX TeHHAJBHBIX
JOorajoK 3JeMeHTH H BCe HUX OCHOBHBIE CBoHcTBa B TabJHie Meun-
ZlejleeBa  OKas3ajlHChb OpPraHHYeCKH CBSI3aHHBIMH MexXay CcoO0oii.
H MenzeneeB Mor 3asaBuTh: «CBOHCTBa MPOCTHIX TeJ, TaKke GOPMbI
H CBOWCTBAa COEIHHEHHH 3JIEMEHTOB HAXOAATCH B MEePHOIHYECKOI

3aBHCHMOCTH ...OT BEJHYHHBI aTOMHBIX BecoB 3JeMeHTOB» [Menze-
aees I1. K., 1869].

* Kax u Ilpayry, MeHnaeneeBy He ObL10 H3BECTHO SBJEHHE H30TONHH — MPH-
YHHA APOGHOCTH AaTOMHON MAacChl H OTMEYEHHOH B [JaHHOM CJy4ae <«aHOMAJIHH»
ATOMHEIX Macc, KOTOpas mno3xe Obljia oTMedeHa Aas mnap Arsy, gs—Kso H
Thass—Pass:.



Ha mnepnoanuHocTh KaKHX 3Ke CBOHCTB YKa3aln Meunnenieen?
[TepHOAHYECKH TOBTOPSIOLIHMHCS XUMU4ECKUMU CBOHCTBAMH 3Jie-
MEHTOB 0Ka3aJHCh: BaJEHTHOCTb 3JeMeHTa, CPOACTBO K KHCJIOPOALY,
YCTOHUHBOCTL KapOOHATOB H cyJb(aToB, CKJIOHHOCTb K 00pas3oBa-
HHIO THAPH/OB, MeTANJIHUeCKHH H HeMeTaJJIHYeCKHH Xapakrep, Clo-
coOHOCTh K 06pa30BaHHUI0 HOHHBIX KPUCTAJJIOB, TEHAEHIHS K KOM-
niekcoo6pa3oBanuio, H3omMopduam B kpucramiax. [lepuoanyecku
MOBTOPHIOLIUMHCS OKAa3aJHCh Y 3JeMEHTOB H TaKue (husuueckue
CBOMCTBA, KaK: TeMHepaTyphl IJABJIEHHH, TeMIepaTypbl KHIEHHH,
K03 dHUIHEHTbl TEMJIOBOIO pPACLIHPEHHS, MOJIipHble 0ObeMBl, 4a-
CTOTHI 3MHCCHOHHLIX CIEKTPOB, CXKHMaeMOCTb, MarHMTHasi BOCIpPH-
HMYHBOCTb, IOTEHIHAJbl HOHH3ALIHH.

Huuero mopoGuoro orkpeitHe Meiiepa c coboii He neco!

Jlass Hac BeJdWuHe HayuHoro mnojBura MenneseeBa ocobeHHO
3HaYHMO H IIOTOMY, YTO OCHOBHOE COJepKaHHe TeOXH-
MHH BO BCEX ee pasjeJax BHTeKaeT HJH KacaeTcsd
B TOM HJIH HHOH CTEeMEeHH NEepPpHOJLHYeCKOro 3aKOoHAa.

Tabauma Mengeseesa 3a MHHYBIIee CTOJeTHe He OCTaJach
BHEIIHe HeM3MeHHOH. 3a 310 BpeMsi ObIJIO mpeanoxeHo Gosee 80
BApHAHTOB A/ BbiPaKeHHs ee CYMHOCTH. Ilpu 3TOM BBIACHHJIOCH,
4TO KaxK/Jas ee KJeTKa 3akJiouaerT He OJMH N0 ATOMHOH Macce
9JeMeHT, a coobuiecTBo H3otomoB. Ceiiyac BMecTe ¢ HCKyCCTBeH-
HBEIMH H3BecTHO Gogee 1500 usortonos. /lajee okazaziock, 4T0 COOT-
HOIICHHSI H30TOMOB B PasHBIX MecTax Jaxe OJHOH Halleli IJIaHETHI
pasanunbl. Takum 06pasoM, CTPOrO roBOpPs, MOCTOSAHCTBA ATOMHOM
Macchl 3JIeMeHTa KaK TaKoBoi B mpupojie Her! Briscuuioce jadee,
YTO XHMHYECKHe CBOMCTBA HM30TONOB OJLHOTO H TOTO e 3JIeMEeHTa
pas3auyHel, H, caegorarensHo, H:O u DO B XHMHUecKOM OTHOIIe-
HHH 3TO OTHIOZb He OJHO H TO e BellectBo. MccaenoBaHus Noka-
3aJlH, UTO COCTaB H30TONOB MeHseTcs Bo BpemeHH. Takum obpa-
30M, H COCTaB H CBOHCTBAa JAHHOrO 3JIeMEHTa B NpejesiaXx OJHOH H
TOH e KJEeTKH He moctosnubel. He mocTosiHHBIM 0Ka3aJock H BpeMs
JKH3HH 3JeMeHTa. [IManasoH BpeMeHH HX CYIIeCTBOBAaHHMSA OKasaJicd
HenocTHKHMO GoapimiuM — ot 10~ no 4,5-10'7 c. Takum obGpasom,
3/71€eMEeHTHl He BeUHBl, KaK He BeYHbl aToMHas Macca W mouta 120
KOHCTAHT, XapaKTepH3YIOUIHX HblHE CBOHCTBA KaxK/Oro H3 3JIeMeH-
TOB. flnepHasi ¢u3MKa MokKasaja, B CBOIO O4epelb, YTO PACMpocTpa-
HEHHOCTh 3JIEMEHTOB B IPHPOJE — MOKa3aTelb YCTOHUMBOCTH SIED
HX aTOMOB, a He o6oJodek. Urto ke Kacaercs NepHOAHYHOCTH XH-
MHUYECKHX CBOMCTB, TO OHa OOycJOBJeHa TeM, YTO B Mpeleax Ie-
pHOZA ¢ YBeJHYEHHEM AaTOMHOH Macchl NMPOHCXOJAHMT HapacTaHHe
CBOICTB, TPOTHBONOJOXKHBIX AaHHBIM, Takum o6pasoMm, B paLy
Na—Mg—Al—Si—P—S—Cl oJgHOBpeMeHHO ¢ YMeHbLICHHeM
CBOMCTB MeTaJ/lIHYECKHX YBEJHUHBAIOTCSI CBOHCTBA MeTAaJsJIOMJIHBIE.
B cBs3H ¢ 3tHM B Tabanue MeHzneneeBa OKashIBAlOTCA Ba:KHBIMH
H TOPH30HTAJNbHOE, H BEePTHKaJbHOE, M JHAroHaJbHOE HAampasje-
uust. Jru Hanpasienus A. E. @epcmanoM Obliu HasBaHbl 2eoxu-
Mudeckumu 3ge3damu.
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ITono6HO 3aKOHY BCeMHPHOTo TarotenHsi HploTOHa, CYIIHOCTb
TIepPHOAHYECKOTO 3aKOHA MOCTeNeHHO W Bce (oJjee MOJHO pacKpblBa-
ercs co BpeMmeHeM. Aurauiickuii yuenmii I'. Mosau (1887—1915)
B 1913 r. OTKpPBII CBA3b MEXKAY UaCTOTOH JIHHHI CIEKTpa XapakTte-
PHCTHYECKOTO PEHTICHOBCKOTO M3Jy4YEHHS H MOPALKOBHIM HOMEpPOM
HCIYCKAIOULEro 3TO H3jyvenue 3sJjeMeHTa B rabauiue. OKa3aJoch,
yro v/R=(3/4) (Z—1)3, rne v-—uacrora; R — nocroanHas Pua-
Gepra, cM~!, a Z — NOPSIAKOBHIL HOMEp 3JeMeHTa.

OtkpeiTie Mos/in GBJIO OIHOBPEMEHHO H TMOJTBeprKAeHHeM 3a-
KoHa, H ero ompoBepxennem! CorjacHo Moz, yke He aToMHasi
Macca 3JeMeHTa, a ero Z OKashBajcs OocHOBOl 3Toro 3axkona. Op-
HaKO u3 3akona Moa/u we cleqoBaJja NMepHOJHUHOCTL CBOHCTB 3Jie-
MEHTOB, HOO UacTOTA H3JYyUeHWs] MOHOTOHHO pacreT M Bceria Oj-
HO3HAUHO ONpeiensieT JHIIL MECTO 3JeMeHTa B pfALy cnexkrpa, He
oTpaxkas camMa 1o cefe NepPHOAHYECKH NOBTOPHIONHXCH CBOHCTB
saeMenutoB. M B 3TOM nposiBusach raybokas IHajeKTHYeCKash Cyml-
HOCTL 3aKOHA.

KBantoBas Mexauuka, OODBSCHMB CTPOEHHe 3JEKTPOHHBIX 000-
JIOUeK AaTOMOB, I0Ka3ala, YTo B KaXKAOM OTJAeJbHOM aToMe CH-
c¢reMa 3JeKTPOHHBIX o0oJodek (opOuTaJiedl) - mepegaeT pealibHYIO
KapTHHY 3JCKTPOHHOH 3aCeJEeHHOCTH, TPH 3TOM Ha KamKAoH OpOH-
TaJu HAXOAHTCHA He 6oJice ABYX 3JEKTPOHOB.

Kazxaplii 3/1eKTpoH 00JalaeT CIHHOM, OTBEYAIOUINM OMNpeae/IcH-
HOMY MOMEHTY KOJIH4ecTBa ABHiKeHHs. B opOuTalsix ¢ ABYyMs 3JeK-
TPOHAMH HX CIHHB B3aHMOHANpaBJEHH, B CBOW0 ouepenb KaxKiaas
op6uTanp MoxKeT OHITh MPEICTABJICHA KAK MaTeMaTHuecKasd (QyHk-
wusi, BBIpa)caeMas B TpPeXMepHOM mnpocTpaHcTBe. DPyHKUHA 3Ta
pacnopocTpaHseTcs Ha BClo o6xacte aromMa. OQJHAKO KBaHTOBOIl
TeopHell YUHTBIBAKTCA JHIIL HEKOTOpBIE 00JacTH MPOCTPAHCTBA, AB-
Jsomuecs o6acTAMH BePOATHOTO HaXOXKIeHHd 27deKTpoHa, Kpan-
TOBas MeXaHHKa II0Ka3aja, UTO KaxIoH OpOHTaIH COOTBETCTBYET
onpejeseinas 3HepPrusi, NOITOMY 4TOOBI yAadHTh JIEKTPOH ¢ opOH-
T4JHd B IPOCTPAHCTBO, eMY HEOOGXOJMMO COOOLIMTE KaKylO-TO Ofpe-
Jenennylo snepruio. CaMble HH3KHe MO 3Hepruu opOHTaJH B aroMe
HAXOMsATCST BO3Je SiApa, MO3TOMY B HOPMAJBHOM, HeBO30OYKACHHOM
COCTOSTHHH aTOMa 3JIeKTPOHHl 3aMOJHSAIOT HanOoJee HH3KHe IHepre-
THUECKHe YPOBHH. Bollle HMX paCHo/IOMKCHB BAKAHTHBE OPOGHTAJN.
Bo36yKIeHHEIH aTOM NPH CTOJKHOBEHHSX C LPYTUMH aTOMaMu HJIH
B pe3yabTaTe 3JAeKTPOMArHHTHOTO H3JYYeHHsi TepseT H3GHITOYHYIO
IHEpPruio, HCOyCKas BHAMMBIH CBeT, HH(ppakpacHoe, yabTpaduoe-
TOBOE WJIH PEHTreHOBCKOe H3ayueHnHe. ITo crmekTpy sTOro HaJayuyeHH:
MOXKHO CyAHTL O chopMe opOHTaleif, HX 3HepPrHH H T. A. Takosa
HH(opManHsA, KOTOPYI0 Hecer B cebe KaKias KJaeTKa TaGJHIb
Menneneesa.

107 sneMeHTOB 3akmaiouaer oHa B cebe ceroiHs. 89 sjieMeHTOB
o6GHapyskeHsl B mpupone, a Tce, Pm, At u Fr B ocHoBHOM moJiy4aloT
HCKYCCTBEHHO, XOTsl HuuToxkHOe KoJauuectBo Te, Pm, Fr u Np co-
JIePKHTCS B NPHPOAHBIX ypanoBbix pynax. Mz 107 sneMenToB yxe
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75 B HYKHOM KojHYecTBe A0OBIBAIOTCA H HCIOJb3YIOTCA B HApO-
HOM Xo3sificTBe Hameii cTpaibl. A Beab nepexn Okrsbpem <«BroJiHe
nocrynusiMi» B Poccnu Owiim aumb Na, Ca, Ba, Si, Al, Cu, Ag,
Hg, Pb, Mn, Cr, Cl, P n Fe—Bcero 14 anemenTOB.

CHHTE3 MMHEPATNOB
KAK OAHA M3 BAMHBIX CTPAHML, MCTOPMM TEOXMMHM

CTaHOBJIEHHIO TEOXHMHH KakK HayKH B BEICOKOH CTeNeHH CHO-
coOCTBOBAJH YClexH B 06/1aCTH 3KCHepHMEHTAJbHOH MHHEpaJOrdHH
H MO/JeJHPOBaHHs IIPOLECCOB MPHPOJHOTO MHHepaJoobpa3oBaHHS.

B 3TOM OTHONIIEHHH Bech NMPOLLIbIH BeK, Kak HHKaKOil H3 Tpel-
IIECTBOBABIIHX eMy, OblJl BEKOM CHHTe3a MHHepaJioB. B pasBUTHH
MHHEpaJOrHH 370 Obla cBoeoOpasHasi cMeHa HaOJIIONEHHH 3KcIe-
puMeHTOM. M XOTsI MHOrOYHC/IEHHBIE MOMBITKH CHHTE3HPOBATh MH-
Hepaasl Oblau npeanpuusate eme B XVIII B. M. B. JlomoHocoBEIM,
KOoTOpHIfi mpoBes okojao 4000 onbiToB, NBITAsich MOJYYHTb HCKYCCT-
BeHHBIE MHHEDaJbl, OHH He YBeHuYaJHchb ycnexom, H0O B TO BpeMs
Hayke OBLJI0O H3BECTHO Bcero Jumb 17 XHMHYECKHX 3JEMEHTOB,
a B 4YHC/Je HEH3BECTHBIX HAXOAMJHCh CaMble pacnpocTpaHeHHBIE
B 3eMHoil Kope O, Si, Al, Mg, Na, K, H.

Havano skcnepuMeHTaJabHBIM HccaenoBaHusM B XIX B. GblIo
nosoxkeno J[xk. XoaJoMm, kotopomy yaajocs B 1801 r. mpocThiM
HarpeBaHHEM B 3alasiHHOM CTBOJIE PY:Kbsl NPeBPaTHTb MeJ B KpH-
CPaJIJIHYeCKUii MpaMop.

B 1823 r. K. Ieii-Jlioccak ocyllecTBHJ THAPOJH3 XJOPHOTO
JKejesa MapaMd BOABL H TOJYYHJ LIMPOKO PAacnpoCTPaHEHHYIO
B NIPHPOJE OKHCh Keje3a (reMaTur).

B cepennne XIX B. 60JblLIYI0 H3BECTHOCTb NOJYUYHJIH 3KCHEpH-
mentsl I'. A. HoGpe. Ilo ero cioBam, eMy yZaJoch CHHTE3HPOBAThb
OGPYKHT, KBapl, amaTHT, KACCHTEPHT, NepHK/Ia3, LHHKHT, OJHBHH,
rpaHar, TypMmaJund, tTona3 u Ap. Onnako npyro#i ¢paHLy3cKHH HC-
caegoBatenb, A. Cenr-Kaep J[leBunb, XxuUMHK no o0pasoBaHHIoO,
KpOMe CHHTE3a KAacCHTeDHTa He CMOr MOBTOPHTb pe3yJbTaToB
Jlebpe U TeM caMbiM IOCTaBHJ MOJ COMHeHHe HX AOCTOBEPHOCTh.

B 70—80-e rr. XIX B. OOJBIIAX YCIEXOB AOCTHI PYCCKHI y4eHbLH
H. U. JlemGepr. B naGoparopun [epnrckoro yHupepcurera (HbIHE
r. Tapry, Ocronckas CCP) emy yapasoch CHHTe3HPOBaTb aHaJb-
IAM, JIEHIHT, KaJHOQHIHT, KAHKPHHHT, NEKTOJHT, CKaNoJHT H IpY-
rie MHUHepaJbl.

B nocaennune gecsatusetus XIX B. BaKHBle HCCJENOBaHHS BO
@pannun npoeejn ®. ®yke u O. Mumesan-Jlesu. B sHaMeHnutoi
CBOMMH  HAyuyHBIMH  pe3yJbTaTaMH MaJleHbKoii JabopaTopuu
B «JK0ab Ae Ppanc» Oblna HccjeloBaHa KPHCTAJJIH3AlMs CYXHX
CHAMKATHBIX paciiaBoB. Beliy nosydeHbl BaxKHBIe MOPOA000Opasyio-
e MHHepaJsl OJHrOKJas, Jabpanop, HedenuH, JeflUHT. IKCle-
PHMEHT MNOC/EeNOBaTeJbHO M JIOTHYHO NOABOAMJ, TakuMm oOpasom,
K CHHTE3y ropHeix mopox. M ue cayudaiiHo, mo-BHAMMOMY, B TOH Xe
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JaGoparopuu ®yke wmoJsomoii B. M. BepHaickuii cuHTe3HPOBaJ
CU/IJIHMaHHT H paspaboTan OCHOBH KJIacCCHYECKOH TeOPHH CTpoe-
Hus agiomocuankatoB (1891). B aro ke BpeMsa HeMelKHH MHHepa-
qor K. Jénbrep CHHTe3MpOBAJ MHOTOYHCJEHHBle CYJIbGHAB (MH-
PHT, THPPOTHH, TajJieHAT, KHHOBAPb, KOBEJJIHH, Xa/JbKONHPHT, GOp-
HUT, OYPHOHHT H 1P.).

B konue mpouioro Beka pycckuil ydenwiii K. . Xpyumés mody-
YW/l KBapl, TPHAHMHT, MarHesnajbHYIO CJIOLY, POroBylo OOMaHKY,
uupkon. Mmerorcs ykasaHus, yto eMmMy yAaJochk CHHTe3HPOBATL al-
ma3. J[lpyroi pycckuii yuenwii, A. Moposesny, B BapuiaBckom
YHHBEDCHTETe MOJYYHJ KPHCTAJJIB HCKYyCCTBEHHBIX KOpYHHAA, CHJ-
JIMMaHWTA, SHCTATHTA, aBrHTa, cojaiaurta, kopiuepura. B Ilerep-
6yprckom yHusepcurere IT. A. 3emaruenckuii B 1896 r., BO3zeiicT-
Bysl Ha KaOJIHH PACTBOPOM XJODHCTOrO KaJusl, BIIepBble MOJYYHJ
MYCKOBHT.

Takum o6pasom, yxke k Hayaay XX B. SKCIepHMEHT B MHHepa-
JIOTHH TOKAa3aJ peasbHYI0 BO3MOXKHOCTE J1abopaTopHOTO BOCCO3Aa-
HHA TEOXHMHYECKHX VCJOBHI TNPHPOAHOrO MHHEPaJooGpasoBaHHs.
Tem cambiM 0BT 3aJI03K€H KpPaeyroJbHbI KaMeHb HOBOH HayKH
0 3eMile — reoXHMHH.

B 1904 r. B Bawunrrone Gbliia co3laHa 3HAMEHHTas reOo(H3H-
yeckasi Jabopatopuss KapHers, B KOTOpPOH TaJlaHT/IHBble 3KCIEpH-
mentatopsl H. Boysn, E. Mopu, k. Iepep, Tx. I'peiir u npyrue
HCC/Ie0BaJii MHOTOYHC/JEHHblE CHCTeMBI H3 [BYX, TpPeX H UYeThipex
COeIMHeHNII-KOMIIOHEHTOB, COOTBETCTBYIOIHX BaxHeHIIMM I0ODO-
1006pasylonluM MHHepaJaM. DTH paboThl OCBETH/JH MHOTHe BO-
mpockl, ocraBiumecss B skcnepumentax XIX B. HemoHATHIMH (HH-
KOHTPYSHTHOE TIaBJeHHEe, 3BTEKTHKA, MOCJe0BaTe]bHOCTh KpPH-
CTaNJM3alil CHIMKATOB, KpHCTaJJAM3allHOHHAs IHbdepeHnuanus
MarM, JHKBallig M MHOroe apyroe). [locTH:KeHus ydeHnbix Jabopa-
topun Kapuern craju BO3MOMKHBI NMOTOMY, YTO OOJIBUIHHCTBO 3KC-
MePHMEHTOB MPOBOAKJIOCH B KOHTPOJHPYEMBIX YC/IOBHAX ¢ 06s3a-
TeJBHBIM HCIOJIb30BaHHEM M 060CHOBaHHEM pe3yJbTaTOB METOJaMH
¢ H3HYECKOl XMMHH H TePMOJHHAMHKH.

CHHTe3 MHHepaJoB, HcciaefoBaHHe (a30BHIX paBHOBECHH B 6u-
HAPHHIX, TPOHHBIX M OoJiee BBICOKOKOMIIOHEHTHBIX CHCTEMax, MOofe-
JMpOBaHHe MPOLECcOB MHHepaaoo6GpasoBanns B XX B. JOCTHIVIH
OrpOMHBIX MacmitaboB. B HamH JHH B NPOMBIIIJIEHHBIX KOJHYECT-
Bax CHHTE3HPYIOTCS Tbe30KBAaplL H IOBEJHPHO-OKpalleHHble pPasHo-
BHIHOCTH 3TOr0 MHHepasa, (e/bJIUNaTOH/b, IeOJHTHI, CJIIOJBI, KO-
PYHI, TpaHaThl, H3YMpPyHd, MaJaxuT, cyJbQHAB H COTHH APYTHX
MHHepaJoB. B TeueHHe mosyyaca Ha rJjiasax uesoBeKa NMpH TeMre-
patype 1500 °C u nasnenun okoJo 75 kGap (1 kGap=10° klla)
BBHIPACTAIOT KPHCTAJJIB a/JMas3a, THCAYeJeTHIMH OIpaB/blBaBLIEro
CBO€ HMS$l «HEOIOJHMBIi»,

DKcnepHMeHTaNbHAs MHHEpaJoTHs H MeTPOJIOTHS BOCIPOH3BO-
AAT CErojHsi MHOTHE MPHPOAHBIE Mpollecchl — anbOHTH3ALHIO, BBI-
uesnaynBanue, Meracomaros (H. H. Xurapos, K. Menepr,
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H. A. Ocrposckuii, X. HFlonep, A. Punrsya u muorue apyrue). Ha
oYepeiH BOCMPOH3BEeIEHHE TaKHX BaXKHBIX B TEOPETHUECKOM H
NPaKTHYECKOM 3HAYeHHH NPHPOAHBIX MPOLECCOB MNepepacnpenese-
HHS MHHEPaJbHOrO BeleCTBA 3eMHBEIX HEAp, KaK rpeiiseHHsaius,
Gepe3nTH3allHsl, XJOPHTH3ALHSH, JIHCTBEHHTH3ALUHA, NPONHIHTH3A-
LHs, COCCIOPHTH3ALHs, aprH/JIH3ALHsA, aJyHHTH3AUHA U Ap.

Takum o6pasoM, 3KCIEPHMEHT M MOJEJHPOBAHHE MO3BOJIHIH
FeOXHMHH CT4Th OAHO# M3 HaubGoJee apTyMEHTHPOBAH -
HBIX TOYHBIM H BOCNMPOH3BOAHMBIM ONBLITOM OTpac-
Jed reoJIoT HH. \

TEHETUYECKASl MMWHEPANOTrUA
KAK BAMMXAWLUAA NPEALICTOPHA TEOXMMMHH

Brilie MBI OTMETHJ/IH, YTO F€OXHMHS POJAHJIACH H3 MHHEPAJIOTHH.
[Tpocnenum Gojiee BHHMATEJbHO 3a TeM, KaK 3TO NMPOHCXOIHJIO.

[TonbiTKH YesOBeKa MOHATH H OODBSICHHTHL NPOHCXOXKIEHHE MH-
HepaJloB H FOPHBIX MOPOJA, HX TeHe3HC M TPHPOAY COCTABJSIIOUIHX
HX BeLlecTB YXOAAT B rNyOHHY BEKOB.

Yke BequKkuil yuennlit snoxu Bospoxaenus I. Arpuxosa (1494—
1555) nbitancs 0OBACHHTL NMPOHCXOXKAEHHE MHHEPaJOB H KPHTHYe-
CKH paccMaTpHBaJl CyllecTBylollHe rHnote3nl. B ero Bpems cuHra-
JIOCh, YTO B IPHpPOJE CYyLLEeCTBYeT BCEero JHIb LIECTh MeTallJIOB.
H3 nux 3on0t10 o6Gpasyercs mnox naeiictBuem CoJaHua (TakoB ero
reHesuc), cepe6po—moa paeiictBueM JIynel, a Kuakoe cepebpo,
T. €. pPTyTb,— nof JeficTBHeM MepKypHsi, Melb — N0J NpPSAMBEIM
BausinneM Benepn, a esne3o — Mapca (6ora BoiiHbI); CBHHEL —
ABYX cOpToB: Genblii oGpasyercss B pesyabrate Biausnus lOnurepa,
yepHblii — CaTypHa. Arpukoja nokasaJ, 4TO MeTa/UIOB B NpHpole
3HauYHTeabHO GoJblie, HOO PTYTh — 3TO He XKHJAKoe cepebpo, a camo-
CTOSITE/IbHBIH MeTaJlJl, TAK e KakK MeneJbHbl CBHHEL — CaMOCTOs-
TeJbHBIH MeTaJJ BHCMYT, YepHbIH CBHHEIL— HAaCTOSALIHH CBHHEIL,
a GeJiblil CBHHEIL — 3TO 0JIOBO.

leHetnueckasi KoHUeNUHs ATPHKOJB BHINIfAAENA CJEAYIOLIHM
obpaszoM. BcesencTBHe paaMbiBalollero JAeidcTBHS NOA3eMHBIX BOJL
B 3eMJe o0pasylorca TpeuluHbl H mead. C TeueHHeM BpPeMEHH OHH
3aMOJHSIOTCA 3eMJell, OTBepAeBaIOLIUMH pAacTBOPaMH, KaMHAMH,
METaJlJlaMH H NpPOYHMH BeliecTBaMu. Bce oM OTJIOMKHINCH H3 pac-
TBOPOB, NPOTeKaBLWIHX Mo Tpeuiunam. Kamuu oGpasyiorcs, no Arpu-
KoJsie, Guarojgaps ompejejeHHbIM COOTHOIIEHHSIM TelJa H CYXOCTH,
X0J10/1a W BJArH.

B XVIII B. B MHHEpaJOrHH BO3HHKJH JABa CaMOCTOATEJbHBIX
HanpasJieHHs: MopdoJoro-onHcatejbHoe M XHMHKO-TeHeTHUECKOe.
Ponunoii nepsoro Obiia ®panuus. Borareiimne cobpanns ecrect-
BEHHBIX KPHCTAJJIOB-MHHEPAJOB B PyKaX TAaKHX BBIAAIOUIHXCA HC-
caenoBareneii, kak P. Awoun (1743—1822) u K. Pome ne JIuab
(1736—1790), siBHJMCL OCHOBOH JAJs CO34aHHs TOYHOH HAYKH —
KpHcraagnorpacduu. TouueliliHe H3MepeHHsi TPaHHBIX YIVIOB Kpu-
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CTa/IJIOB, OTKPbITHE 3aKOHA LEJbIX YHCEJ, HCCJAeA0BAHHE CrafiHoCTH
MHHEpaJIoB, JeTaJjlbHOE ONHCaHHe (POPM KPHCTAJJIOB, H3yyenue G-
3HYECKHX MPH3HAKOB — BOT TO IJIaBHOE, YeM 3aHHMAJHCh NPEACTd-
BHTEH MOP(OJIOro-OnucaTe/IbHOr0 HaNpaBJeHus B MHHEPAJOrHH,
Boigawouwunmes npeacraButesieM 3TOro HanpapjeHHs BO PpefibGepre
(Cakconun) 6wi1 A, T'. Bepuep (1750—1817). Mopdonoro-onnca-
TEJIbHbIC HCC/IELOBAHMA B H3BECTHOH CTENEHH OTTECHHJIH H3YyuyeHHe
reHespca MHHepaJioB Ha Bropoll miaH. M poauHOil XHMHKO-T€HEeTH-
YeCKOro HampapJ/ieHHsi B MHHEpaJIOrHH oKasaJgach Poccus.

BosHHKHOBeHHE M pasBHTHE XHMHKO-FEHETHUECKOro HampasJe-
HHS B MHHEpaJ/IOrHH CBA3aHO C BHAamlieiics poabio M. B. JloMo-
nocoBa (1711—1763). B nporuBonosioxkuocts Bepuepy B obsacrh
reoJIorHH W MuuepaJjorud JloMonocoB He 6bla KaGHHETHBIM yue-
HeIM. OH «Ha6J/i01a/1 MHHEPAJbl H MHHEPAJbHYIO XKH3Hb 3eMJH He
TOJILKO Ha OTOPBAHHBIX OT Hee ofOpasmax KOJIIGKIHI, a I103HaBaj
€¢ Ha MecTe H He pas3 B CBOHX paﬁorax IIOJ4YCPpKHBAJ 3HAYeHHe
HaOuiofeHuii B pyAHHKAX... UyBCTBO eAMHCTBA COBEpUIAIONIHXCH
cefivac Ha 3emJye TnpoueccoB ¢ OblABIM 3eMJH TPOHHKAET BCIO
MbicabL JIoMOHOcOBa u aenaer ero HaGJiojeHHst B 3ToH o6aacTH
Ham GJH3KHMH W TNOHATHBIMH» [Bepuazckuit B. M., 1911]. On ox-
HHM H3 IIepBbIX MOAMETH/ TO T[JIaBHOE, YTO XapaKTepH3yeT MHHe-
pan naubojiee NMOJNHO H TOYHO,— XHMHUYECKH{i coctaB. MMeHHO XH-
MHYeCKHH cocTaB o6GycJoBJHBaeT Bce cBoiicTBa Muuepana, M mo-
3TOMY MOIYUIECTBEHHOH XHMHH IOCBSILlA€T CBOM 3HAMEHHTDLIC CTHXH
JlomoHOCOB:

B semuoe neapo Thl, XHmus,

HpOI[HKHH B3opa OCT])OTOfI.

U uro conepmur B Hem Poccus

Hparn coxpoBuuia, oTkpoil,
Ho muHepannl He BeuHBl, Kak He BeuHO Bce Ha 3emJye. M JlomoHo-
coB tpeboBan: «[Jis pasinyus KaMHell JOJKHO BCTYNHTb B HATY-
paibHYI0 HCTOPHIO O MHHepajdax». A Belb HCTOPHSI MHHEPAJOB H
€cTh MX reHe3Hc.

Taxum o6pasoM, no3HaHHe XHMH3Ma M TeHe3HCa MHHEpaJoB H
nopo, no JIOMOHOCOBY, SBJIAJNOCH BaiKHOI COCTABHON YacTbio MH-
HepaJloruu Kak Hayku, K coxka/jenuio, MHOTHE NpPOrpecCHBHBIE HIEH
BQJIMKOro Y4YeHOro He OBLIIM TTOHATHL COBpeMeHHHKaMH, OHH <«OKa-
3a/Jli Ha HHX BJIHAHHe, OBICTPO HcYe3HyBlllee M3 cosHaHusi» [Bep-
naackuit B. M., 1911].

B pesyabrarte cTaHOB/EHHS MHHEPAJOTHH KaK HAayKH CO CBOHMH
3ajayaMu U Merofamu B Hauane XIX B. or Hee o6ocobuinch na-
JIEOHTOJIOTHS, HECKOJIbKO T03:Ke KpHCTaJJaorpadus H, HaKOHEI,
nerporpadus. Ilo cBoum 3agauam MuHepasorus XIX B. craHo-
BUTCSl TIOYTH COBpeMeHHOii MuHepaJsorueil, OaHako MeTozamu ee
HCC/eOBAHHS MO-TPeKHeMY OBIIH NPEHMYIIECTBEHHO METOJBl KpPH-
cranjorpapuyeckne. JtoMy cnoco0CTBOBAJNH BbiJalOUIMecs OTKphI-
THs B obaactu KpHcraanorpadun P. Awou, C. Beiica, O. Bpase u
ap. U c cepenunsl mpouioro Beka KpucTaJuorpapuueckoe coaep-
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JKaHHe B MHHEPAJOrHH CHOBA CTAHOBHTCS ONpPEAJSIOWHM. 310
[IPOH30IIJIO, HECMOTPsi Ha KJaacCHYeCKHe paGotnl M. 5. Bepueanyca
(1779—1848), cosaaBuiero B 1825 r. XHMHYECKYIO KJaccHOHKaLHIO
MHHepaJjioB, paboTsl ero yuennka 3. Muuyepanxa (1794—1863), ort-
kpoiBiiero B 1819 r. U ucciae10BaBIIETO sBJICHHA HaoMopduama, H
pannue paborni I'. Uepmaka (1836—1927), ycTaHOBHBLIEro XHMH-
4eCKYyI0 KOHCTHTYIHIO MHOTHX MHHEpPaJoB.

B Poccii XMMHKO-TeHeTHUECKOe HallpaBJieHHe H TocJe CMepTH
JlomoHOCcOBa  pa3BHBaJoCh 0Osarofapsi  BBIAAIOLIEMCA TPyAaM
B. M. Cepepruna (1765—1826) u 1. U. CoxonoBa (1788—1852) —
ApKHX nutoMueB opHOro HHCTHTYTa. DTOr0 HeJb3s CKasaTh O 00-
Jiee IIO3JHHX €r0 BOCIHTaHHHKAX.

Tak, sHameHHTHII MunepaJjor npomoro seka H. WM. Kokmapos
(1818—1892), aBTOp MHOrOYHCJEHHBIX TPYIOB, ABJAICHA YiKe 5B-
HBIM TpejacTaBHTeseM mnoGenuBmiero Ha 3anaie MopdoJoro-onuea-
TEJBbHOTO HalpaB/eHHss B MHHepaJOrHH. B KoOHIe XKH3HH, OJHAKO,
KoKiapos H3MeHH/] CBOe OTHOLICHHe K MHHepaJOriH Kak K HayKe
YHCTO OMHCATENbHOH. B 3HaMEHHTOH MPOrpaMMHOM cTaThe, HA3BaH-
Hoit um «IIpeamer MHHepasOrHH, KpaTkas ee HCTOPHA, KPHCTaJJIbl
KaK HACTOfIIHE WHAHBHAYYMbl HEOPraHHYeCKOH MPHPOILI» [1876 r.],
OH MpHIIeJ K BBIBOAY, YTO HauGojee CYNIECTBEHHBIM A/ KpHCTA.-
JIOB-MHMHEpaJOB fBJAETCS MX JKH3HBb: HCTOPHA BO3HHKHOBEHHS,
cymiecTBoBaHHst H THOeaH. KOKIapoB 3ak/i04aj CTaThio CJACLYIO-
IIMMH 3aMeyaTeJbHbIMH cjoBaMH: «...Eciau Gbl MBI COMVIaCHJHCH:
1) PasyMerb moj HMeHeM JKH3HH HHAHBHAYYMOB B 310pOBOM HX
COCTOSIHMH He YTO HHOe, KaK TOJBKO HX CYIlecTBOBaHHe B HOPMaJb-
HOM BHJe, T. €. IPH TOJHOM COBEpUIEHCTBEe CBOHCTB HX... 2) [Tox
uMeHeM O00JIe3HH pas3yMeTb TO COCTOSIHHe HHAHMBHAYYMOB HALIero
MHpa, MPH KOTOPOM 4YacTh NPHCYUIHX HM CBOHCTB clejajachb He-
HopmaJabHoil. Hakonew: 3) Ilox nMeHeM cMepTH pasyMmerb COCTOd-
HMe, TPH KOTOPOM TIOYTH BCe HOPMaJbHbie BHYTPEHHHE CBOIICTBA
WHAMBHAYYMOB H3MEHHJHCh HJH [apajH30BaJuch H OCTalach
TOJIBKO OiHA HapyKHas (GopMa, ¢ YHHUTOXKEHHEM KOTOPOil CJIelyeT
HeMHHYyeMO paspylueHne HHAuBHAyyMa. To HHIHBHAYYMB BCeX
Tpex HapCTB NMPHPOAB, T. €. HACEKOMBIE, PAcTeHHs H KPHCTaJ/LJIbl
MonBeaHch 6bl TOrZA MOJA OJAMH OOUIH{ YPOBeHb, W MBI ObIIH ObI
BrpaBe CKa3aTh: )KHBOTHH @ H PACTEHH A KUBYT KH3HDLIO
OpraHuueckoil, a KpHCTAJAJB —KH3HbIO HEOpTraHH:
yeckof» (paspsaaka moa.— B. b.). :

Itu cjaoBa 3ameuatebHbl! OHu NpPHHAAJEXKAT YYEHOMY, KOTO-
Phiil JecATHJETHSIMH H3y4a] OJHY JHIUIb (QOPMY KPHCTaJJIOB, HX
rPanH, yrisl U HX CHMMETPHIO, YUEHOMY, KOTOPBIi CUHTaJ, 4TO Ca-
MBIM BaKHBIM SIBJISIETCS HcCJel0oBaHHEe HAealbHO 00pasoBaHHOrO
MHOTOTPaHHHKA, U KOTOPHIi ObL1 yOex/eH, YTO BCe, YTO NpeACTaB-
asier  co6oii OTKJOHEeHHe OT HIeaJbHOH (OPMbl,— MHHEpaJIbHbE
YpOAHI, He 3acayxHBaioule BHHMaHus! M BOT B KOoHLle MH3HEH-
HOTO TYTH 3TOT YY€HHIl MNpHIIeJ K BbIBOAY MNPOTHBOMOJOMNKHOMY.
Oxka3sblBaeTcsi, KPHCTA/Jbl NpexJe BCEro 3aMedaTes]bHBl TeM, HTO
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OHH KHBYT CBOeH COGCTBEHHOH JKM3HBIO, TAK, KaK KHBYT CBOei
coGCTBEHHON XKH3HbIO DACTEHHS H XKHBOTHBHIE.

Jror BuiBoa KokiapoBa /st cBoero BpeMeHH OBl HEOXHIaH-
HeiM. OH He cpasy mouien 10 CO3HAHHS MHHEPAJIOrOB IPOLLJIOTO
Beka. 1 70—80-e rr. XIX B. mo-mpexkHeMy XapaKTepH3yIlOTCA Mpe-
obnananneM pabGor MopgoJoro-onHcaTeJbHOro IMJaaHa.

Ha c¢one Takoro coctosiiHs MHHEPAJOrHH B KOHLE INPOLLJIOrO
BeKa BbIPHCOBBIBAETCH BbIAAOLUIANCS [AeATEJbHOCTh YeJloBeKa, KO-
TOPBIl BbIBEJ MHHEpaJoruio U3 obpasoBaBllerocst Tynuka. 1o 6B
B. H. Bepnazncknii. CoBpeMeHHas 2eHeTudeckas muxepaso2us Noi-
roTOBJIEHA €ro TPyAaMH.

CronerHsaMH 3aflaud MHHEPAJOTHH CBOAHJHCH K TOMY, 4TOOHI
getanbHelimiuM obpasom onucaTh cBoiicTBa MHHepanos. Ilo Bep-
HAJCKOMY 2Ke, 3ajaueii COBPEMEHHOH eMy MHHepaJorHu ObLIO MO-
3HAHHE XK H3HH MHHEDAJOB, TMO3HAHHE TNPHPOLHBIX XHMH-
YeCKHX MpOLEecCcCOoB, CO3JAIOIIHX MHHepanbl. B HcTOpHIO
MuHepaJjoruu BepHapgckuit Berynug, Takum oGpasom, Beaen 3a Jlo-
MoHocoBbIM H CeBepruHbiM, BeJHKHM pedopMaTopoM, co3jlaTesem
MPHHIHMHAJLHO HOBOTO, FeHETHYECKOTrO, HAMPaBJICHHA.

2akaHuMBas 3TOT KpaTKuii o03op, cjeiyer 3aMeTHTb, YTO MO-
3HaHHe reHe3Wca MHHepaJioB H B Hallle BpeMfA npejanoJaraer
caMoe LIHPOKOe BHeJApeHHe [eTajJbHbIX METOJOB HCC/eloBaHHS (HU-
3HYECKHX CBOHCTB H XMMHYECKOro cOCTaBa MMHepaJsioB: Macc-ClieK-
TPOMETPHH, PaJHOCTEKTPOCKONHH, PajHOAKTHBALHOHHBIX, JIOMHHE-
CIIEHTHBIX, TepMorpadHuyeckux, TepMOMETpPHYECKHX H MHOTHX HpY-
riux. OfHako Bce 3TH METOABI HCHOJbL3YIOTCsS HbIHE He paaH
MoJiyueHHss KOHCTAHT M (AaKTOB KaK TaKOBBHIX, a cjayxar OoJee
nosHOMYy H TJayGOKOMY MO3HAHHIO YCJIOBHil o6pasoBanusi (reme-
3Hca) MHHEpaJOB, T. €. FEOXHUMHYECKHX YCJOBHI NIpPOIECcCOB MHHE-
panooGpa3oBaHusi.

OMOPMIIEHME TEOXHMMMMU
KAK CAMOCTOSATENBHOR OTPACHM 3HAHHSA

A. E. ®epcman [1933 r.] nucan: «T'eoxumusi ectb oopMICHHBI
H 00beHHEHHBIH B elHHOE 1eJOe BBhIBOJ H3 OTPOMHOH TBOpUYECKOit
paGoTel XHMHKOB, MHHEPaJOTOB M TeOJIOTOB, ONMHpAaIOLIMiicA Ha
JBYXCOTJIETHIOI) HMCTOPHIO HAaY4YHOH MBICJIH, 3TamaMH KOTOPO#
B XVIII—XX Bexkax O6wbitu: JlomonocoB ([lerepGypr) — Menne-
neeB (ITerep6ypr) — Kanapk (Bammurton), a B Hawu roiast 6yp-
HBIX HayuHBIX HcKauuit: Toapammuar u Bepuaiackuit». 310 ckasano
BecbMa crnpaBeanuBo. Pouab JlomonocoBa u MeHjeneeBa Bhille
KpaTko y:e OblTa OTMedyeHa, TaK Ke KPaTko OCTAHOBHMCSl Ha
BKJajie B pa3ButHe reoxumuu Kuapka, Tloappmmuara u Bepran-
CKOTO.

B 1883 r. ®. V. Knapk (1847—1931) nasmauaercs riaBHBHIM
XHMHKOM reoJsiorndeckoii cayx6us CUIA. B aroii gosKHOCTH OH
Haxozuacs Ao 1924 r., 1. e. Gomee 40 jer, ueneHanpaBJeHHO
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PYKOBOAA OIPOMHOI XHMHKO-aHaJuTHuecKoil pabotoil 60/bILOro
KOJIJIEKTHBA.

B 1889 r. Buumina ero 3Hamenurtas pabora «The relative abun-
dance of chemical elements» («PacnpocTpaneHHOCTh XHMHYECKHX
3J€MEHTOB»), SBHBILAACH MEPBOH CBOLKOH HalIHX 3HAHHH O XHMH-
qecKOM CcocTaBe 3eMHOi Kopbl. [lpuBeleHHBle B Hell AaHHble YTOY-
HSIOTCSL TIO ceil JeHb, OJHAKO NMOPSJOK pacnpocTPpaHeHHOCTH BaX-
HefimuX sJeMenToB B 3emHoii xope — O, Si, Al, Ca, Mg, Fe, K, Na
H 1p.— OCTaercss NPaKTHYECKH HEH3MEHHBIM (ra6a. 16.1).

Ho Kaapk 3HaMeHHT He TOJbKO TeM, YTO BrepBble B HayKax
0 3eMJe ONpefe]Ha CPelAHHe COJepPKaHHA 3JeMEeHTOB B 3eMHOil
kope («kaapku» as/ementoB). KiapKy npHHAL/eHAT HHTEPECHBIE
MBICJIH M O TIPOHCXOK/AEHHH CAMHX 3JIeMEHTOB.

B 1889 r. on nucana: «Ecau... MBl NpUMeM, 4TO 3JEeMEHTHL pas-
BUJIHCH M3 ONHONH H3HAUYAJbHOH (OpPMBI BellecTBd, HX OTHOCHTE/b-
Hasl PACTPOCTPAHEHHOCTb HABOAHT Ha MBIC/b... UTO INPOLECC 3BO-
JUOIHH, KAKeTes, MPOXOAKT MejJleHHo 10 oGpa3oBanHs KHC/IOPOAA.
B 370il TOYKe Mpolecc MPOSIBHI MAKCHMYM CBOeil SHEPruH, H CTOf-
lHe 32 HHM 3JeMeHTBHl, o0pasyloline YCTOHYHBbBIE OKHCJIBI, O BLITH
JIerKO cOo3laubl B HamboJblINX KoauuectBax. M3 3Toro mpeanoo-
JKeHHs1 HeXBAaTKa (Je(HUHT) 3JeMeHTOB Mocje Kejes3a CTAHOBHTCA
OTYACTH TMOHATHOM. . .»

Huske Mbl YBHAHM, KaK TeCHO TMEPeKJHKAIOTCs 3TH MbICIH
K/iapka ¢ COBPeMEHHBIMH MPEICTABJIEHHIMH O NPOHCXOKACHHH XH-
MHYECKHX 3J1eMeHTOB.

A Bor kak nonumas Kaapk B 1924 r. copepxanne reOXHMHH,
B CO3LAHUH KOTOPOI OH MPHHAJ CTOJb JAesATe]bHOE YHaCTHE. «Kax-
nad mopoja MoxKeT ObITh paccMOTpeHa /s HAaCTOALLHX meneit (Las
reoxuMuu.— B. B.) Kak XMMHYecKas cHCTeMa, B KOTOPOH pasimi-
HBe areHTH (AefiCTBHSI) MOIVIH NPOH3BECTH XHMHUYECKHE H3MEHEHH:.
Kaxjoe Takoe H3MeHeHHe MpeArnoJaraer HapyuleHHe paBHOBECHS
¢ mocJenyloulnM ofpasoBanHeM HOBOH CHCTEMBI, KOTOpas B HOBBIX
YCAOBHAX CTAaHOBHTCA GoJsiee YCTOMYMBOI. MayueHne 3THX H3MeHe-
Wil 1 ecTh obgacTb reoxumun. OnpenennTb, Kakie H3MEHEHHs BO3-
MOJKHBI, KOJla H Kak OHH NposiBATCH, Haba0AaTh SIBJCHHS, KOTO-
pble BBI3BIBAIOT HX, W OTMeuaTh HX KOHEYHBIH pesy/bTaT, H €CTb
¢yuxuun reoxumuka... C reoJIOTHUECKOfl TOUKH 3peHust TBepias
Kopa 3eMJIH eCTb IJaBHBlii 00BEKT H3YUeHHs, H pPeaKLHH, KOTOPLIE
HMeIOT MecTo B Heil, MOryr OBITh YAOOHO K/IaCCH(PHUHPOBAHBI
B TpeX IJIaBHBIX HANPaBJEHHsX: MepBOe — PEAKUHH MEKIy CyIle-
CTBEHHBIMH COCTABJISIOUIMMH 3€MHOl KOPBl CaMOil IO cebe, BTO-
poe — peakiuH, o0yc/oBJIeHHbIE B3auMojelicTBHeM ¢ BOJAHOH 0060-
JIOUKOH, TPEThe — PeaKlHH, BbI3BAHHbBIE JIEHCTBHEM arMmocdepnl»
[umT. Mo ku.: Mason B., 1966].

B koume XIX —nauyaae XX B. ¢opmHpyercss TeOXHMHUYECKad
mkoia B Hopsernn. Ona Gbila MpeACTaBieHa H3BECTHBIMH METPO-
rpabamu M. ®orrom n B. Bpérrepom H 3HaMeHMTHIM HOPBEHKCKHM
reoxumukom B. M. Tompaumuarom (1888 — 1947). Iloxropckas
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nucceprauust Loapamumuara (1911) Obina noceslleHa uceJe/10Ba-
HUIO SIBJCHHII KOHTAKTOBOr0 MeraMop(puaMa B OKPECTHOCTAX Kpu-
ctuannn. Umenno 3iech ol chopMyJIHpOBaJ CBOe 3HAMEHHTOE MH-
HepaJOrHuecKoe npasuo (has, coraacHo KOTopoMy B TNPHPOLE npH
H3MEHSIONIMXCS TeMrepaType H jaBjieHHn 4ucio das (MHHEpaJIoB)
ONMpejesieTcss YHCAOM  YYacTBYIOUHMX B PEAKIHH KOMIOHEHTOB
(okucsoB). HeckoabKO NO3WKE KpUCTAIJIOXHMHYECKHE HCCJe10Ba-
nist TOJMbALIMMATA BBIIWIKCL B €ro He MeHee 3HAMEHHTYIO KOHIIEI-
IO MOHHLIX PAAHYCOB H OCHOBAaHHOE Ha 3TOH KOHUEMIHH YYCHHE
06 nsomoppuame. A Ha OCHOBE KOHUEMUHH usomMophusmMa OblIH
paspaboraust H B 1937 r. onyGIHKOBAHEL «[TpHHLHNbL pacnpejene-
HHs XMMHUECKHX 3JEMEHTOB B MHHEpajaX H FOPHBIX NOpojaax», HE
NOTePSIBIIME CBOETO 3HAYCHHS W B HAUIH JHH.

B. M. TFoapmmumuar caefyiomuym obpasom chopmy/nposas 3a-
naun reoxumun: «OCHOBHOi LeNbI0 TEOXHMHH, C OJIHON CTOPOHHI,
aBJSETCs. KOJMUYECTBEHHOE ONpeieseHHe coctaBa 3eman H ee Ha-
cTefi, W, ¢ APYrofi, OTKPHITHE 3aKOHOB, KOTOPble KOHTPOJHPYIOT pac-
npejeieHHe OTAEJbHBIX 3/eMEHTOB. Paspewath 3TH npo6JemMbl reo-
XHMHKY TpebyeTcsi BCCTOPOHHHM cOOPOM AaHHBIX MO 3CMHBIM Ma-
TepHaJaM, TAKHM Kak TOpPHble MOPOABI, BOJbI H atmocdepa, OH
TAKKe HCIOJb3yeT AHAIN3bl METEOPHTOB, ACTPODHIHYECKHE NaH-
HBle 10 COCTABY APYTHX KOCMHUYECKHX TeJ H reodHsHueckHe natl-
Hble TIO MPHPOJAE 3eMHbIX HeAp. MHOro LeHHOH HH(pOPMalLHH BbITE-
KaeT H3 JabOpaTOPHOrO CHHTE3a MHHEpaJoB M HCCJACLOBAHHA CHO-
cob6oB HX 06pasoBaHusi W YCJOBHH HX YCTOHUHBOCTH.

Paseutie reoxumun B XX B. B Halleil cTpaHe HepasphIBHO CBi-
3ano ¢ umenamu B. U. Bepuaackoro, A. E. ®epemana, . 10. Jle-
suncon-Jleccunra, H. B. Bemosa, JI. C. Kopxunckoro, A. I1. Buno-
rpanoBa, A. T. DBerexrtHHa, K. A. Buaacosa, A. A. CaykoBa,
B. B. lllep6uns, A. M. TyrapunoBa u psiia Apyrux BB AIOLIHXCA
YUeHBIX.

OcTaHOBHMCS KPAaTKO HA BHILAIOLLEMCsi BK/aje B pasBHTHE T€O-
<uvpn  adwb ogmoro B. WM. Bepuaackoro (1863—1945). Toan
yue6sl Bepuaackoro B [TerepOyprckoM yHHBepCHTETE COBMATH
¢ pACUBETOM MeJarorHueckoil AeATeJbHOCTH BBIAAIOLIHXCAH ecTecT-
soncnuiratenelt . M. Menzeneesa u A. M. Byraeposa, H. A. Men-
mytkuna U A. H. Bexerosa, 1. M. Ceuenosa M A. A. Unocrpan-
lleBa, JEKIHH KOTOPHIX OH C OTPOMHBIM HHTEpecoM MHoCeuial.
Ocobento CHIbHOE BJAHAHHe Ha MoJjoporo Bepnajckoro okasaJ HC-
cnenopatesbeknit Tasant B. B. Jlokyuaesa, 3aBe/loBaBlIEro kadel-
poii MHHepaJoruu, 1o KOTOpPOiT  cHelnHaaH3npoBascs Bepunan-
CKHI.

Uccaenyss noussl, JlokyuaeB MOAXOAMI K HHM KaK ryyBOKHUi
Hatypaauct-puaocod, AnaNEKTHUCCKH paccMaTpuBaBIUHi 3TH TIpH-
poanbsle o6pasoBanus H MOHHMAaBLINH HX Kak pe3y.nb'ra'rg,emp§§t_§;' {
3aKOHOMEPHOTO B3aHMOJIEHCTBHA MEpTBOM (KOCHOi1 ) ;- TIPHPOLB
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CaMOCTOATe/IbHOE TeJo, KOTOPOe, oOjeBast 3eMHYI0 NOBEpXHOCTD
CIJIOWIHOM MeJeHOH, ABJASETCS NPOAYKTOM COBOKYNHOI AefiTeabHO-
CTH CJOMKHBIX MOYBOOOpasoBaTteseii: pyHTa, KauMara, pacTHTeb-
HBIX M JKHBOTHBIX OPraHH3MOB, BO3pacTa CTpPaHbl, a OTYacTH H
pesbeda MECTHOCTHY.

B yme cryaenra-munepasora BepHajackoro yuenne [lokyuaeBa
NpeJoMJISJI0Ch B NMOTPEGHOCTb MOHATH: @ KaK Ke MpOsBJASeTcs MHO-
roo6pasue MEHSIOLUHXCS YCJIOBHII MPHPOABI, B KOTOPBIX HAXOMHTCH
MHHepaJ, Ha cOCTaB MHHepaja, ero cBoiictBa, mapareHesuc? Ort-
BEeT Ha TaKOro pojia BONPOC MO ObITb TOJbKO OAHH: MHHEpaJ XH-
BeT cBoel COOCTBEHHON MKH3HBIO H, KaK BCIKOE XHMHYECKOE COedH-
HEHHE, B HOBBIX YCJOBHSX H3MeHAETCs BO BPEMEHH B HOBOE MO CO-
CTaBy H CBOMCTBaM coeinHeHHe. [103TOMY CTaHOBHJIOCHL SCHBIM, 4TO
MHHEPAJIOTHs N0JIXKHA CTaThb HAyKOH, H3yyaloLleH HCTOPHIO MHHe-
pajoB 3eMHOH KOPbl OT MOMEHTa HX pOMKAeHHS N0 MOMEHTa TH-
Geau (T. e. 10 MpeBpallleHHs B HOBbie COEAHMHEHHS). A KOJb CKOPO
MHHEPAJIbl eCTb MPOAYKTHl NMPHUPOAHBIX XHMHYECKHX TNPOIECCOB, TO
B 3ajlayy TaKod HOBOM MHHEDAJOrHH NOJIKHO BXOAHTh H3ydYeHHE
He TOJbKO MPOAYKTOB (MHHEPAJOB) 3THX IPOLECCOB, HO H CaMH X
NPHPOAHBIX MHHEpPaJooOpa3ylUWHX NPOLECCOB, HX
xumusma. Takum o6pasoM, MHHEPAJOTHA—ITO XHMHSA
3 e M 1 M, NPHXOAHJ K 3aK/II0UeHHI0 Bepuaackuii.

B 1891 r. Bumna B cBer MarucTepckas auccepranus Bepwaj-
ckoro «O rpynne CHAJHMaHHTa M POJH IVIHHO3eMa B CHJIHKATAX».
OnurpadoM Kk Hefi BepHaAcKuii TOMeCTH 3HaMeHHTHE CJOBa
H. §1. Bepueanyca [1822 r.]: «MuHepasiorust — Kak yd4eHne 0 Heop-
FAHHYECKHX COCJAHHEHHSX, COCTABJSIOUIHX HAIl 3€MHO Iap,— AB-
JIFETCA JIHIIb YacTbi0 XHMHH, Ha JaHHBIX KOTOPOH OHa BCEIEJ0 H
HCKJTIOYHTEJNBHO OCHOBBIBAETCS».

DTOT ryIaBHbI MPHHIKIN — MOHHMAHHE MHHEPAaJOTHH Kak XHMHH
3emau — BepHaJCKHil MOJNOKHA B OCHOBY MNpenojaBaHHs MHHepa-
Jorii B MockoBckoM ynusepcutere B 1890—1910 rr. C nepshix
e AHeH, Kak OH caM 00 3TOM MHCaJ, <«NOJOXKHB B OCHOBY ~ CBOEH
paGoTHl IIHPOKOE H3YYeHHe MHHEPAJIOTHYECKHX MPOIeccOoB 3eMHOIL
KOpbl», BepHajicknii «o6parHJ OCHOBHOe BHHMaHHe Ha npo-
Lecc, a He TONbKO Ha HCCJeNOBaHHe NMPOAYKTa Npouecca (MHHe-
paji), Ha AMHAMHYECKOe H3yUeHHE NMPOLECCOB, a He TOMLKO
Ha CHCTeMaTHYeCKoe H3yuyeHHe HX MPOJAYKTOB, MpPHYEM IoOcCJ]e HeKo-
TOPBIX KOJeOaHHi OCTaHOBHICS /sl CBOEH HCC/el0BaTeNbCKOi pa-
GOTHl IVIaBHBIM O6PasoM Ha MHHEPAJIOTHH, a He Ha KPHCTaJJIorpa-
¢uu» (paspanka mos.— B. B.). dto 6blA NPHHUHNHAJLHO HOBBI
NMOAXOX K MHHepaJoruH. Munepa/sorus cTaHOBHJAach HCTOPHEN TpH-
POAHBIX XHMHUYECKHX COeJHHEHHI — MHHEPaJloB, T. e. saedeHiuem
8 eeoxumuro. O camoii reoxumnu Bepnaxackuit [1934 r.] nucan:
«['eOXHMHsI HAyYyHO H3y4YaeT XHMHYECKHE 3JeMeHTH... Ouna H3y-
YaeT HX HCTOPHIO, HMX pacnpeiejieHHe H JBHXKEHHe B TpPOCTpPaH-
CTBE — BPeMeHH, MX TreHeTHUeCKHEe Ha Hallelf mnJaHeTe COOTHO-
LICHHSI».
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Tak, npocaexuBas cyabObl aToMOB KHCJOPOAA — CaMoOro pac-
NpPOCTPAHEHHEro 3JeMEeHTa 3eMHOfl KOpbl,— BepHajickuii OTMeTHJ
VAHBHTEJbHBIA, HHKEM paHee elle He OTMeueHHbIl (aKT: Bech CBO-
GOHBI KHCJI0POJ aTtMocdepbl — MPOAYKT MKH3HEAEATeJNbHOCTH MKH-
Boro BeuiectBa 3eMan. M 370 B yc/oBHsIX, KOTJA THCSAYH peakuui
OKHCJIeHHsl M paclnaja Toro e JKHBOTO BELlecTBa, OKHCJEHHS Or-
POMHBIX KOJIHYECTB MHOTOBaJeHTHBIX aToMoB Fe, Mn, Cr, S u apy-
rHX 3J€MEHTOB MOIVIOUIAl0T THraHTCKHe KOJHYeCcTBa KHCJIOpOAa.

VAHBHTeIbHOH B HCTOPHH XKH3HH Ha 3eMJe oKasajach posb Si,
Ca, Mn, Fe. Cyab0Bl 3THX 3/1eMEHTOB TECHO I€pEeIJIeTajlich ¢ Cy/ib-
6amu O6uocepbl 3emau. I'iybokuHe Hcc/efOBaHHS HAa CThIKe reoJio-
THH, OHOJIOTHH, MAaJIEOHTOJIOTHH M OTKPHITHE IJAHETaAPHOH POJIH
JKHBOTO BellecTBa B HCTOpHM 3eMJH npuBenn Beprajackoro K co-
3laHHio B cepeaune 20-X IT. HALIETO CTOJETHs HOBO{l HayKH — Ouo-
2eoxumuu, W Hy)KHO CKasaTh, YTO MBI TOJbKO ceduac HauHHAeM MNO-
HHMAaTh HCTHHHOE 3HAYeHHe 3TOH HaYyKH.

HaxkoHell, HeJb3si He OTMETHTb HCKJ/IOYHTe/bHOM poJn Bepran-
CKOTO B CBOEBPEMEHHOIl, MOPa3HTEJbHO TOYHOH M MYIpPOH OIeHKe
POJIH PAJMOAKTHBHBLIX 3JIEMEHTOB B JKH3HH M cyabbax uyesoBeye-
ctBa. B 1911 r., yepes 13 jer mnoc/e OTKPLITHS SIBJEHHA pajHOaK-
tuoctH A. Bexkepenem, Bepnaackuit nucan: «...Heemorps Ha
MeJJIeHHBI XOJ TPHMEHeHHsl K KH3HH OrPOMHBIX HCTOYHHKOB pa-
JIHOAKTHBHON 3HepruH, eBa JH ObT B HCTOPHU YejOBeuYecTBa MO-
MeHT, Korga Obl OoJibllie ONpaBAbiBaJIHCh 3aTpaThl rOCyAapCcTBEH-
HBIX CPEZCTB B CTaJHM MpeABaPHTEJbHBIX HCCJ/eJ0BaHHil, YeM BHOBb
oTkpbitag o6Jaacte Hayku. HM6o 3spech Xapakrep OTKPBIBAIOUIHXCSA
mepe] 4eJOBEYECTBOM BO3MOXKHOCTeH, B cjyyae CBOero jpaxe 4a-
CTHYHOTO OCYIIECTBJIeHHs, AOJIKEH CaMBIM MOTyIlecTBeHHBIM obpa-
30M OTpasHTbesi Ha OOLIECTBEHHOH M TrOCY1apPCTBEHHOH JKH3HH.
[pynnsl JHI, B PyKaX KOTOPHIX COCPEAOTOYHJIHCH Obl 3HAUMTEeNbHbIE
KOJIHYeCTBa pajus, HeH30eXKHO [OJIKHBI TMOJYYHTH BJIaCThb H MOTY-
IeCTBO, 110 BeJIMYHHE e/(Ba JIH CPaBHHMBbIE Jaxe ¢ TeMH (opMaMu
06lIeCTBEHHOTO 3HAYEHHs, KaKHe BHIMAJalOT Ha J0JI0 BJaje/IbIeB
30J10Ta, 3eMJH Had Kanurana. K pyzam W 3anacaM pajus eaBa Jid
moryt Ge3 KOpeHHBIX M3MEHEHHH TNPHMEHATbCA IOPHAHYECKHE
HOpMbI, BbIpaGoTaHHBE MO OTHOLICHHIO K JAPYrHM MaTepHaJbHbIM
TenaM HJAH (popMam 3Hepruu, H60 B SIBJEHHSAX PaJHOAKTHBHOCTH
Mbl HMEeM JeJO C OrpOMHBIMH 3((eKTaMH HHYTOMKHBIX Macc».

Kak nopasuTesbHO aKTyaJdbHEl 3TH cJoBa BepHajckoro
B Hamu AHH! Kak HenocpeIcTBEHHO NePEKJHKAIOTCs OHH ¢ THTa-
Huueckofl GopwOoil Haulero rocyjgapcTsa 3a MHp, 3a ycTpaHeHHe
yrpo3bl saepHoii kKatactpodui!

COQEPYAHUE COBPEMEHHOW TEOXWMMMH

Eule HexaBHo OOGMIENPHHATHBIM OblIO MHEHHE, YTO TeOXHMHS —
sto xumusa 3eman. Ho B 1968 r. uesoBek ctynua Ha JIyHY, B3sia ee
BELLeCTBO, AOCTABHJ HA 3eMJI0 H MOJBepPruys HeoOblYaiHO JAeTalib-
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HOMY BCECTOPOHHEMY H3Yy4eHHIO. ['e0XHMHSI ¢ 9TOro MOMeHTa Mo-
ZKeT paccMarpHBaThCs BCEro JIHIIbL Kak HanGoJee H3YUeHHAS 4aCTh
Gosiee 061LEei KOCMOXHMHH.

[TostoMy Kocmoxumuio ceroams MOXKHO ONpeesHTh KaK HAYKY
O XHMHYECKOM cocraBe 3eMJ/H, miaHer u Bcenensolt B mesowm,
a 2e0Xumuto — Kak HayKy O 3aKOHAaX pachnpeleseHHsi 3J1eMeHTOB Ha
3em/ie, KaK HAayKy O NPHYHHAX KOHLUCHTPALMH H PACCesHHA 3.e-
MEHTOB B Pa3/HYHBIX reocepax 3eMJiH, NPH Pa3HOTO poAa reoJo-
THYECKHX, GHOTEOXHMHYECKHX, 4 HbIHE U AHTPONOreHHBIX MPOLECcCcax
n coObiTHAX.* Teoxumusi TecHeiflnm o6pasoM cBsi3aHA ¢ KOCMOXH-
MHEH, SBJSACH, RO CYULECTBY, JHUIbL BaKHOH COCTABHO{ 4aCTbIO M0-
CaeaHe.

Hrak, KOpoTKo roBopsi, reOXHMHSI B HAUIH AHH — 3T0 Hayka 00
HCTODHH H cyapbax aTOMOB H HX COeQMHEHHMH Ha Halell maaHere.

Ho sto amwp camoe ofuiee ompenenenne COBpeMeHHOl [COXH-
MHH. Huxe MBl yBHIHM, Kak paspocaach, nupdepennupoBanach
FEOXHMHS B NMOCJAEJHHE AeCATHJIETHs, KaK MHOTO NMpobjieM OHa OX-
BaTLIBAET HBIHE.

-Cyab6p aTOMOB GOJBIIMHCTBA 3JEMEHTOB HA 3eMJje B TOH HJH
HHOH cTenmeHH cBs3aHbl ¢ cyAbGamu MuHepanoB. ITostomy uayue-
HHe HCTOPHH XHMHYECKHX 3JIeMeHTOB 3eMJu ocobeHHO yao6HO Be-
CTH Ha OCHOBe YrJyGJIeHHOTO H3Y4YeHHsi M MOHHMAHHsS MHHEPaJoB,
HX CBOHCTB, COCTaBa M remesuca. ['€OXHMHs, Kak y:Ke OTMeYaJoch,
BBIPOC/Ia M3 MHHEpAJOTHH H OCTaeTcs TeCHeHIIHM o6pas3oMm CBA-
3aHHOI ¢ Heiil :

CoBpemenHas reoXuMusi mo 06J1acTM ee HHTEPECOB B reocge-
pax 3emJH JeNHTCA Ha: aTMOTEOXHMHIO, THIPOTEOXHMHIO, GHOreo-
XHMHIO, JIHTOT€OXHMHIO, T@OXHMHIO 3IH/JOTEHHBIX, 9K30TeHHBIX M Me-
TaMOP(OreHHLIX MPOUECCOB, FeOXHMHIO OKeaHa, MaHTHH H Jp.

HM3Bectnn nombiTkn u Gosiee ApoGHOro AeseHns reoxumun. Ha
TNpUMEP, B Haule BPeMsi HHTEHCHBHO pa3pabaTthiBAalOTCs pasfiedbl,
TNOCBsIleHHble TEOXHMHH OTAeJbHBIX 37eMenToB (Be, B, U, paccesn-

* Ilepemenienne u mepepacnpejeseHHe XHMHUYECKHX 3J€MEHTOB B reociepax
3emun, nnaser m B Kocmoce A, E. depeman [1923 r.] naspaa muzpayuetf. dne-
MEHTBl MOI'YT MHIPHPOBaTb B COCTaBe TBepPABLIX (ha3 (METEOPHTHI, MeXaHHYecKHe
OCAalKH, OCBHIH, THADPO- H a3pO30JIH H AP.), B BHAE 4TOMOB, HOHOB, MOJEKY.
H KO/IOHIHBIX WACTHIL B DACIJIaBax, pPacTBOPax, rasoBHX CTPysAx. MurpanuoH-
Hasl cnocoGHOCTL 3JIEMEHTOB 3ABHCHT He TOJBKO OT HX NPHPOAB, HO H OT HX
COCTOAHHSA B TOPOAE, MHHEpaje, B pacTsope, pacmiaBe, rase, B JKHBOM Opra-
HH3ME, a TaKKe OT (PH3HKO-XHMHYECKHX YC/OBHH Cpefs, B KOTOpOH OHH Haxo-
astes. Huxe, B ra. 9, 10 u nocaesyomux, gansl npuMeps MHTPAlHH 3JeMeH-
TOB, NPHBOJAIIHE K HMX KOHUEHTPALHH HJH paccesanuio. 37ech Ke HeobGXomnMo
NOAYEPKHYTb, YTO B OJHOM H TOM K€ MHHEpaje OAHH H TOT e 3JeMeHT Mo-
HET HAXOMHTHCH H B BHIE H3OMOP(DHOH NpPUMECH, H B COCTABE TBEPALIX HJIH
FA30BO-JKHAKHX BR/IIOUEHHH, H B COCTaBE BPOCTKOB TeX MJH HHHIX (a3, u B Buie
COpGHPOBAHHLIX mnpumeceir W T. 4. [losTomy sHamHe (OPM HAXOKACHWA SJe-
MEHTa B mopoje, B MHHEpaJe, B KHBOM OpPraHH3Me H HX COOTHOLIEHHS HMeeT
BAXKHOE TCOPETHUECKOEC H NPAKTHUECKOE 3HAUEeHHe, HGO MHrpalMOHHAA COCO6-
HOCTb 4TOMOB B Ka){/lOM H3 H43BaNNLIX COCTOAHMII GyNeT KOHeMHO HEeo/AHHA-
KOBOIl.
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HBIX 3JeMeHTOB, W M Jp.), a TaKke FeOXHMHH PAa3/JHYHLIX IMOJe3-
HBIX HCKOMAeMBIX H HX MOHCKOB (py[OMNOHCKOBas reOXHMHs, THAPO-
reoxumus). [losBasitorcss OGIIMPHBlE HCCJEAOBaHHSA, NOCBALLEHHBIE
aHAJHTHIECKOIl eOXHMHH, FeOXHMHH H30TONOB, AAEPHOH TCOXHMHH
H ApyraM pasienam nayku. Haxoseu, ne/ib3si He OTMETHTDb paoor,
[MOCBALICHHKIX WCCAEAOBAHHIO TCOXHMHH JaHAmadra, reoXHMHH
peIKHX M pacceslibix 3JemenToB B nousax u ap. Tak, o0mue
YepTH reoXHMHH BoJbOpaMa Guiu paspaboTannl Ha Kageipe reo-
XiHMHH JIeHUHTpaJACKOro yHHBepCHTeTa B TEepHO/L NOATOTOBKH K 11
Bcecolo3HOMY COBELIAHHIO N0 MHHEPAJOrHd H FeOXHMHH BOJIbGpa-
moBbix Mectopoxiaennii CCCP. 310 cosemanune [POBOAH/IOCH
B 1971 r. B Jleuunrpape.

Kak mpasu/io, HOBble pasjieJibl TEOXHMHH BO3HHKAIOT BCJACICT-
BHe TPAKTHUECKHX MOTPeGHOCTeH HAaPOAHOro XO3AHCTBA.

Ha cThike (u3HYeCKOH XHMHH H TEOJOTHH Ha HAlIHX IJasax
(opmupyercsi (H3HUECKasl TEOXHMHS, H3yUaloulas (hHU3NKO-XHMH-
yeckie mpolecch B 3emJe H Ha 3emJe — NPHPOAHEIE (asoBble pe-
akmuy. Ee JOCTHIKeHHs YiKe IIHPOKO HCIOJB3YIOTCS MHHEpPaJIOruei,
fMeTpoJiorHel, yueHHeM O MeCTOPOK/EHHAX NOJESHBIX HCKOMAeMBbIX,
THAPOreoJOrHel, y4eHHeM O rJyOHHHBIX 30HaX 3emau. B craHoBe-
HHH (DH3HYECKOH reOXHMHH BeIYLIYIO DPOJib Chirpaji TPYAbl COBET-
ckux (A. H. 3amapuuxoro, . C. Kopxuuckoro, H. B. BenoBa,
B. A. Huxonaesa, B. C. Co6osieBa u 1p.) u 3apybexubix (A. PHHT-
Bys, I. Cwmur, B. ®aiip, K. Kpayckonp, P. M. Tappeic,
Y. 9. Kpaiicr u ap.) yueHbiX. JlocTHmKeHHs (PH3HUECKOH TEOXHMHH
IHPOKO HCINOJIb3YIOTCS MeHeTHUECKOH MHHepaJornei.

B mesoM »Ke FeOXHMHS B HAUIM AHH B TOH WJH HHO CTeNeHH
KOHTAKTHPYET MOYTH ¢ JABYMs JecATKAMH AHCHHIIHH (pur. 1.1).
W3 npuBeJeHHOH cXeMbl BHHO, YTO IeOXHAMHES 0COBEHHO TECHO CBsI-
3aHa ¢ reoJorHell, KOCMOXHMHEH, XHMHel H (QHIHKOMH.

Heab3si He OTMETHTh M TOTO, YTO COBPeMeHHAs TeOXHMHS INPO-
HH3aHA HuesMH MaTepHaducTHYecKoil ¢uiaocoduu. Ilpn sTom mO
IIHpoTe OXBaTa OODBEKTOB HCCJAENOBAHHA TEOXHMHA B H3BeCTHOI
cremenn fABJaseTcs (uIocodHel reosJOrHH, a TOUHee ee NHAJEKTH-
roil. [TosicHEM 3TO OJHHM NPHMEPOM.

Co Bpemen pabor Pepcmana NPHHATO CUHTATL, HTO cyanOBl
ATOMOB BCEX 3JEMEHTOB ONPEesioTcs Mpex/e Bcero MMMAaHEHTHO
APHCYIIHMH MM BeUHBIMH H ONpPEe/eJeHHLIMH cBoiicTBamMu. B ¢uio-
codckoM Tiane NOAOGHOrO PoAa yTBEPHKJAEHHE eCTh MeXaHHCTHHE-
cKuil geTepMuHU3M. M IPOHCXOANT OH U3 3aGBEHHs TOTO OUEBHIHOTO
dakTa, 4TO aTOMbl He CYUIECTBYIOT BHe CpPelBl, HX OKpPY¥Kalo-
uiefi, KakoBoifi 66 OHa HH Obl1a: GyAb TO MEMK3BE3AHOE NPOCTpall-
cTBO, WJAM TJ1a3Ma, HJIH MarMaTOreHHBI pacmaas-pacTBOp, HJM
nioTHefiIas YNakoBKa aTOMOB B KPHCTAJIHYECKOH CTPYKType MH-
nepasia. Bo Bcex 3THX M JAPYTHX CIy4asx aToM B3aUMOJICHCTBYET
cO cpello H cpela HepedKo OKa3blBaeT Ha aToM 6oJiee CHJBHOE
BJHsIHHE, YeM OTJEJbHBI aTOM BO3JEHCTBYeT Ha 3Ty CpPeLy. B npu-
poAHOM XHMHYECKOM Ipolecce, B mpouecce MHHEepaJ000pa3oBaHus,
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Acmpousuxa [ Rocmoxumun I Acmpornomug
B
3KxenepumermansHag Yvenue o nonesrsix

pusura (NP, TP, UKL u dp) dcKonaemsix
Pusura mbepdozo mene. Munepanozus
Kpucmannoepapus Kouemannoxumus

e - % \-» Pusuyecxas xumug

Mamewamura [lempozpapun
Mamemamuyecras Y 7
cmamucmuxa I reagnazug I e
Teopusuna owBobederue
buemoeusg leoepagun

L1. TlomoxeHue reoXHMHH CPelH DPOACTBEHHBIX €l E€CTECTRBeHHBIX AHCIHIINH.

yeaosus T, p, p, pH ovenbp yacto B KOpHe MeHSIOT HHJHBHAY aJlb-
HBle cBoficTBa aTtomoB. [lo3TOMy HEZONYCTHMO reoXHMHIO 37e-
MEHTd, T. . HCTOPHIO €TO ATOMOB B NPOCTPAHCTBe H
BpeMeHH, BIBOAHTL H3 KAaKOr0-TO OJHOIO CBOHCTBA 4TOMOB, OIl-
PCAEJEHHOr0 B AAHHBIX YCJHOBHAX, OyAb TO: ero aToMHas Macca,
CTPOEHHE  SJEKTPOHHOH 000JIOUKH, pa3Mepbl HOHHOTO pajHyca,
SHEpPrus KPHCTAIMYECKOH DEIIeTKH, THII CBA3H, NOTEHIHAJbl HOHH-
3alllH, 3JEKTPOOTPHUATENbHOCTL HJH YTO-TO Apyroe. Bce aTu cBoii-
CTBa 4TOMOB B Pa3HBIX reocepax 3eMJiH, KOHEUHO, He OJHHAKOBHL
Bosee Toro. M camu atommbl, H MX CBOHCTBA He BEYHH! BO BpPeMeHH.
[losToMy moHsATH H OueHHTL CBOMCTBA ATOMOB MOIKHO JIHLID B KOH-
KDETHBIX YCJoBHAX 3eMau, ee reocdep, HIu KocMoca. [eoXxHMHKY
CJCLYCT 3HATH 3TH YCJIOBHS, a He CTPOMTH HJJTIO30DHLIE «TEOPHH>»,
AKOOb OGBACHSIONLHE MOBCEMECTHOE MOBeleHHe 3JeMeHTa, HCXOMS
13 NOJIOXKeHHs ero B Tabiauine MenjeneeBa, WIH H3 CTPOGHHs 3JeK-
TPOHHBIX 000/I0YEK, H/IH H3 3HAYEHHs 3JEKTPOOTPHIATEJLHOCTH,
PasMepoB HOHHO-ATOMHBIX PAlHYCOB H T. [.

IIpHNHCHIBATE aTOMaM XHMHYECKHX 3JeMeHTOB «BeYHBIE», pas
HaBCeraa JaHHble NPHPOAOH, HEHW3MeHHBIE CBOHCTBA — 3TO 3HAYHT
He MOHHMATbH CYLIECTBa IeOXHMHH, HE NMOHHMATh ee NHAJEKTHKH.

He/sb3si He BCTIOMHHTL B CBASH ¢ 3THM 3HAMEHHTHIE CJOBA
B. H. Jlenuna: «CraBHTL... BOmpoc BHe HCTODHYECKH KOHKDeTHOM
OGCTaHOBKH 3HAYHT HE NOHHMATh a36YKH JHAJEKTHYECKOro MaTe-
puamusma» [[losn. cobp. cou., T. 14, c. 2]. Stu caoBa B NOJAHON
Mepe OTHOCATCA K Halleld Hayke.
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Urtak, uto e obllenpH3HaHHO B FeOXHMHH HalUHX AHeH, B Ka-
KHX HanpaBjieHHsX Pa3BHBaeTCsi HbiHe ee COolepKaHue?

Cpeau MHOTHX mpo6JjeM, COCTaBJSIONIHX COAepHKaHHe obued
HJH TeOPeTHYecKoil reoXumuu BTOPoil mosoBuubl XX B., Helb3s HE
OTMETHTD:

1) KoauuecTBeHHOE H KaueCTBEHHOe pachpejesieHHe XHMHUE-
CKHX 3JIeMeHTOB Ha 3eMmJie — B reocdepax, B OTAe/bHBIX PErHoHax,
NPOBHHIIHAX, MacCHBaX, MOPOAAX, MHHEPAJAX;

2) KOJHUYECTBEHHOe H KayecTBeHHOe pacnpejeeHie XHMHUE-
CKHX 3JleMeHTOB B Kocmoce. HMccaenoBanue BellecTBa METEOPHTOB,
Jlynsi, Benepsl, Mapca u Apyrux niaHer 4 HeGecHBIX Tel;

3) XMMH3M NPHPOAHBIX TPOLECCOB MHHEPanooOpasoBaHus. Mo-
JAeJHpoBaHHe 3THX MPOIECCOB B JaGOPAaTOPHBIX YCJIOBHAX;

4) 3aKOHBI pacnpejesieHHsi 3JeMeHTOB Mo (a3aMm MNpH pasJaHi-
HBIX reoxHMmMHueckux npoueccax. HMccaenoBanue ¢opMmbl HaXOXKAe-
HHS 3JIEMEHTOB B MHHepaJiax;

5) THmOMOpP(H3M MHHEpaJOB, T. €. HCTOPHS MHHEPAJOB, 3alli-
caHHasg HAa HHMX CaAMHX M NpPOSBJSAIOLLAACS Uepe3 HX coCTaB, MHKPO-
npuMecH H cBoiicTBa (LBeT, CMEKTPbl JIOMHHECUEHLHH, CHEKTPbI
norsomenus, cnektpsl UK, 3P, ATP, SIMP, kpusbie JOTA u up.);

6) H30TOMHAsi TEOXHMHsS C €e BO3MOXKHOCTAMH ONpEAE]ATh BO3-
pacT MHHepaJoB, MOPOA, GopmauHii, yCTaHABIHBATL HCTOUHHKH BE-
iecTBa M X MPHPOAY;

7) paunoHajbHOe (KOMIIEKCHOE) HCMOJIb30BaHHE 3EMHBIX pe-
CypcoB, MpeAoTBpallleHHe 3arps3HeHus reocdep, npo6GjeMa OXpaHbl
OKpY:Karouleil cpesl.

Bce sTH Bompoch 06CYXAAIOTCS M pellaloTcs reoXHMHed, n6o
Bce OHH OTPa)KaloT 3aKOHbBI MHIpalHH BellecTBa BO B3auMojeicT-
ByloluX reocdepax SeMJH.

s peleHHsi NMepedyHCJACHHbIX TeOPeTHYeCKHX npoGJyieM TeoxH-
MHS HAIIAX AHeil BOOPyXKeHa MOIyYHMH MeTOAaMH HCCJe10Ba-
HUSL.

BypHoMy pa3BHTHIO TFeOXHMHH B BBICOKOH CTeNeHH cnocober-
ByeT ee MPHKJaJHOe, NOHCKOBOE 3HAYEHHE. FeoxumMHyecKHe Me-
TOJBI NMOMCKOB IOJE3HBIX HCKONAaeMblX OCHOBaHbI Ha HCCJIEA0BAHHH
3aKOHOMEpHOCTell pacnpeje/eHus XHMHYECKHX 3JIEMEHTOB B JIHTO-
cohepe, ruapochepe, aTmochepe u Ouocdepe. CyTb HX COCTOHT
B TOM, YTO MECTHOEe CpejlHee cOjlepiKaHHe XHMHYECKHX 3JIEMEHTOB
B rOpPHbIX MOPOAAX, TMOYBAX, PACTEHHsX, MPHPOAHBIX BOAAX, HHK-
HUX CJI0SIX Tpomoc(epsl BHE MECTOPOXK/IEHHIT XapaKTepH3yer reoxu-
MHYecKHH (oH, OJH3KHI K COOTBETCTBYIOLIHM [Jisi 3THX NOPOL, BOJ,
nous, cJoeB aTMocdeph KiapkaM. Bosne mecropoxienuii moses-
HBIX HCKOMAeMbiX 3TH COAepKaHHs pe3Ko Bospacraior, oGpasys
reoxumMuueckne anomaJHu. OHH 00YCJIOBJIeHBl NEPBHYHBIMH H BTO-
PHUHBIMH OPEOJIAMH H TIOTOKAMH DACCesiHHs 3/EMEHTOB B MpOLEcce
CJ0KHOrO «MHOrocTaauiinoro» (GOpMHPOBAHHsS MECTOPOXKAEHHT H
OGHIUHO CAEAYIONHX 3a STHM MHOrooGpasnbix namenennii. K coxa-
JeHHIO, JHIIb HeMHOTHe AaHOMajJHH caMH 1o cebe OJHO3HAYHO
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YKa3pBalOT Ha HajW4He B 006/1acTH MX pacnpocTpaHeHHs NPOMBINI-
JEHHBIX MecTOpPOXKJeHHH. B GoabuUIMHCTBe ciydyaeB reoXHMHUYECKHE
AHOMaJIHH MPEACTABJSAT co60fi BCero JHIIb pe3y/ibTaT HMEBIIEro
MECTO rnepepacnpeie/eHHss 3eMHOro BellecTBa B JaHHOM MecTe
BCJIEJCTBHE TeX HJM HHBIX MHOrOO0pasHBbIX MPOMIEAIINX KOrAa-To
reo/IOrHYeCKHX, GHOreOXHMHYECKHX HJIH aHTPOMOTEHHBIX NPOLECCOB.
[Tostomy oleHka reoXHMH4YeCKHX aHOMaJHit TpeGyeT rIyGOKOro ro-
HHMaHHfl Te0JIOTHH, MEeTPOJIOTHH, MHHEPAJOrHH JaHHOTO pPEerHoHa,
€ro reoJIOrHYecKoii HCTOPHH H, KOHEYHO, 3HAHHA TEOPETHUECKHX OC-
HOB NeOXHMHH H BO3MOXKHOCTeil MeToJ0B, el HCnob3yeMulx.* Jlu-
TOXHMHYECKasa CbeMKa, aTMOXHMHYEeCKOoe, THAPOXHMHYECKoe H GHO-
reoXHMHYeckoe onpoGoBaHHe YiKe NPHBEIH K OTKPHITHIO H y HAC,
H 3a pyOekoM MHOTHX MECTOPOXKJEHHIi MoJe3sHHX HcKonaeMbix. Ot-
KPBITHA 3TH HeNMpephiBHO mnpojoJkaiorcs. Ho mpuknaanas reoxu-
MHSI KpOMe TIOHCKOB MECTOPOXKAEHHH I0JIe3HbIX HCKOMAaeMBIX LIH-
POKO HCMOJb3yeTcsi TakXkKe MNPH pa3paboTke MECTOPOKIEHHil MOJe3-
HBIX HCKOTAeMbiX, INPH pelleHHH Npo6JeM pYIHHYHOH TeoJOrHH,
NpH KOMIJIEKCHOM HCIOJb30BaHHH pyA. [eoXuMuYyeckHe HHAHKA-
TOPbl TPHBJEKAIOTCA [J51 pelleHHs KapAHHAJBHBIX [e0JOrHYecKHX
npoGiemM. A pajaHOJNOTHYECKHE METOAB ONpeie]eHHst aGCoOTHOro
BO3pacTa yie NaBHO CHOCOGCTBYIOT pPeLIEHHIO MPOGJEM re0XpoHO-
JIOTHH, CTpaTHrpadHuu, MarMatiaMa H MeTaJJIOTeHHH.

Takum 06pa3oM, TeopeTHYECKHe MOJOMKEHHS TCOXHMHH HMeEIT
NMpsIMOii BBIXOA B MNPAKTHKY, a NpPaKTHYECKHe YCleXH MOHCKOBOI,
pyAHoii H pyionepepabaThiBalolleli FeOXUMHH B CBOIO OYepelb CHO-
coOubl o6orailath W pPa3BHBAThH COJAEPIKAHHE M MeTOAbl obulel reo-
XHMHH.

CkasaHHoe MOXHO H/JTIOCTPHPOBATH CJAEAYIOUIHM TPHMEPOM.
Y reoxXHMHH HAUIHX JHEil eCTb OJHA OYeHb BakHas TpoGieMa —
YCTaHOBJIEHHEe peaJbHbIX HCTOYHHKOB MHHEPAJBHOTO H B TOM UHCJE
pyanoro BeuiectBa. [TpoGaeme 3Toii mocBsilieHa OrPOMHAs JHTepa-
Typa, H AJsl PellleHHsi ee NMPOBOASATCS MHOIOUHCIEHHBle HAYYHBE H
TMIOHCKOBbIE NMPOH3BOACTBEHHBIE HecsenoBanus. CyllecTByeT MHOMKe-
CTBO THIIOTE3, MBITAOUIHXCA 0OBACHHTL 00pa3oBaHHe H HaKOMJEHHe
pyaHoro (MHHepaJbHOro) BellecTBa AeHCTBHEM KOCMHYECKHX, GHO-
FeHHbIX, 3K30TCHHBIX, MEeTaMOP(OreHHBLIX, 3HAOTEHHBIX BILIOTH [0
MO/IKOPOBBIX H MaHTHHHBIX (PAKTOPOB.

Onnako obHJHe THNOTe3 NMOKa He 06Jeryaer TPYAHOrO MOJONKe-
HHA C HeMpepelBHO yMeHbUIAIOUIHMHCA B HeApax 3amnacaMu MeTaJ-
JIOB, MHHEpaJbHBEIX yA00peHHH, ropiouHx wnckomnaeMux. OcobeHHO
OCTPO BONpOC CTOHT ¢ 3anmacaMu Au, Ag, naatunomnos, Cu, Pb,
Zn W HeKOTOPHIX APYrHX MeTaauoB. [Tpu HenpepsiBHO PacTYIHX
o6bemax A0OLIYH HBIHE H3BECTHBIX MECTOPOMKIEHHil STHX 3J€MEeHTOB

* JI. H. Opuunuskos u C. B. T'puropsn [1968 r.] B cBsisn ¢ 3THM coBep-
IIEHHO CNpaBe]/IHBO 3aMeTHJ]H, 4TO «3({eKTHBHOCTh reoXmmuuyeckux pabor (mo-
MCKOBHX.— B. B.) cieayeT oueHHBaTh He MO 9HCAY BHISBJCHHHX, a 10 4HCAY
HaJeXKHO pacliHGPOBaHHEIX CAMHMH FeOXHMHKAMH aHOMaJHi» [c. 16].
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MOMET XBaTHTh Bcero Juub Ha 20—40 7net [BapaGanos B. ®.,
1979].

[eoxHMHYECKHEe Ke HCC/e/0BaHHs MOKa3blBAIoT, HTO 3JIEMEHTHI,
npakruueckn see ot H 1o U, B Tex HJH HHBIX KOJHYECTBAX HAXO-
asTCA BCloAy, B J000M BellecTse, B mo6oii nopose, B J0OOM MH-
nepane. OO6uLeH3BECTHO TaKKe, UTO MeCTOPOXKAeHHs ONpeleeHHbIX
Py CBs3aHB C OMpeJCICHHBIM THIOM NPHPOAHBIX FEOXHMHUCCKHX
npoieccoB. ITO 0GCTOATENBCTEO [03BOJISET y#Ke Cerojns MNOCTaBHTb
BOMPOC: He COCTOHMT JH CYWHOCTH 3THX FeoXxHMHYE-
¢ KHX, HanpHMep TFHApPOTepMaJbLHBIX, npomeccos B BHICBO-
60XNCHMH H MOOH/JH3ALHKH ATOMOB H3 nepBHUHO
paccesHHOTO MO MHHEPAIbHLIM dasam cocTOsSiHMA H TO-
caejyiomeid KX KOHUEHTpaUHun B BHAC sHoBbL oOpa-
sopannbx (pyansx) ¢pas? Beib B 1 kmM® cpeiHero 1o co-
craBy TpaHHTa paccesHo Goaee 90 tec. T Pb, 100 THC. T Zn,
930 Teic. T Rb, 12 tTHc. T U M MHOrO ADPYTHX 3JIEMEHTOB.

Ecau 65l 5T0 0Ka3aJoch TaK, TOLAA Mepejl reOXHMHKaMH BCTasa
6b 3ajaua He WCKAaTh THIOTETHYECKHe, HHKEM HHKOrAA HE HabJ1o-
JaBLIKECST «IOBEHH/IbHbIE», «0aTOJHTOBLIEY, «MAHTHIIHBIE» H TPOYHE
«HCTOYHHKH» DYyA, @ TOHATb YC/IOBHA H XHMH3M npoiecca, pac-
cesHHbe ATOMBl BHCBOOOXKIAIOIlEro H CKONJEHH: PYABI cOo3/1aK0-
mero. M B aToM cayuae nepBOCTENeHHOH BaKHOCTH BONPOCAMI, Ha
KOTOpbie TeOXHMHSA JOJKHA OTBETHTD, Ouid Obl: (popma Haxomae-
HHUs 2JeMeHTa B MHHepaJax, MpHpoda MunepaJjoobpasyioulero pac-
tBOpa, (opMa TmepeHoca B MHHEpaJooGpasylolmeM pacTBope 37€-
MeHTOB ¥ HX COeAHHeHHil, BJHSHHE TepMOAHHAMHYCCKHX napamer-
pOB Ha H30OMOPPHYIO H KPHCTaJJIOXHMHUECKH HE3aBHCHMYIO eMKOCTh
MHHepaJoB, THIOMOPQH3M MIHEPAJIOB.

EcTh HeMaJo W JAPYTHX BaKHBIX H TMOKa He PEIICHHDIX 3ajau.
B KauecTBe OJHOH M3 IEPBOOYEPENHBIX 3ajau FeOXHMHH caenyer
cunTaTh JAaJbHefillee MOBBIIEHHe UYBCTBHTEJIBHOCTH H TOYHOCTH
HCMO/Ib3yeMBIX AHAJHTHYECKHX METO/OB. PasBuTHe MHKPOXHMHYE-
CKHX M KOJOPHMETPHYECKHX METOJOB B MOCJEHIC 40 sner TPHBEJO
K PEe3KOMY COKPALIEHHIO MacChi BeLlecTBa, tpeGyemoro AJjsi ana-
au3a. Ve ceifuac ObiBaer A0CTATOUHO 5—20 Mr AJas aHaausa MH-
Hepasia. F3BecTHHI C/Ty4aH, KOTAa noJHB aHaJH3 yAaBaJjoch Mpo-
pectn na mpobe B 1 mr [Hey M. H., 1973 r.]. Ho, koHeuHO, H 3TO
ue npenen. CoBpeMeHHBIE MHKPOAHAIH3ATOPI B HaBecke Maccoi
10-!! T MOryT OMpPEeAeNHTb COAepHaHHs Gonee 80 3J1eMEHTOB.
Henb3si He BCIOMHHTb H TOTO, UTO Fm, Es, Md ycraHOBJIeHbI I.Cn-
GoproM Bcero JHIIb Ha HECKOJbKHX necsitkax artomos. [loBwiule-
HHe YYBCTBHTE/JBHOCTH aHAJHTHYECKHX MCTO0B B TFCOXHMHH MOMKET
MPHBECTH K KOPEHHOMY H3MEHEHHIO HAIIHX npejcTapJeHuii o pac-
NPOCTPAHEHHOCTH H 3aKOHAX MHTpaliH aTOMOB Au, Bi, Br, L W
H MHOTHX JAPYTHX 3JIEMEHTOB.

HayyHo-TeXHHUECKasl PeBOJIOUHA BO sropoit nososuse XX B.
ray6oKo MPOABHIACH B FCOXHMHH. B nocaennue JAecATHJIETHs B Ha-
mieit Hayke OBLI1 JOCTHTHYT ocoBelino 3ameTHB mporpecc. OH
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cBSi3aH MnpexjJe Bcero ¢ pa3paloTKOil M BHEJAPeHHEM B TEOXHMHIO
HoBeillHX MeToAoB HccaeloBanus. Tax, B 1944 r. orkpeitHe B Ka-
sann E. K. 3aBoiicknM siBJieHHs 3JeKTPOHHOro HapaMarHHTHOTO
pesoHaHca MOJOMKHJIO HayaJo HOBOMY pasgesy (H3HKH-— pajHO-
cnekrpockonun. B 1958 r. nemeuxwuii usuk P. JI. Méccbaysp o1-
Kbl siBJeHHe Pe30HAHCHOTrO MOTJIOUIEHHs raMMa-KBaHTOB siAPaMH
atomoB Fe, Sn u apyrux sjementoB Ge3 oraayd. BosHukiaa u 1o-
ayunsa OypHoe pa3BHTHe TaK HasblBaeMas silepHasi ramma-peso-
HancHaa cnektpockomusi. O6a 3T Meroja Hamau cebe wHpouaii-
mie¢ npuMeHeHue B oOLlell H MPHKJAAAHON TEOXHMHH.

PasBuTHe MeTO4a PEeHTreHOCNEeKTPaJbHOIO aHaJjiH3a MpPHBEJOo
K CO3/aHHI0 BBICOKO3()(peKTHBHEIX PEHTIeHOBCKHX MHKpoaHaJu3a-
topoB. Hcnonbsys yke ynoMuHaBuidiics 3sakoH Mosau u 3aKoH
Bpsrra nA=2dsin®, rae A — AJHHA BOJHbl PEHTr€HOBCKOIO H3Jy-
yeuusi, d — MeKIJIOCKOCTHOE paccTOsHHe B CTPYKType HCCJenye-
MOro KpHcTaana, 0 —yroj OTpaKeHHs PEHTTEHOBCKHX Jydei OT
MJOCKHX CeTOK KpHCTaJjaa M n— Lejoe 4HCJAO0, yAaloch CO3AaTh
KOMIAaKTHbIe AaBTOMATH3HPOBaHHbie MPHOOPLI, MHKPO30OH/Bl, MO3BO-
JAI0IIKHe, He paspyilas HCCJIeAyeMOoro MHHepaJbHOro BellecTBa, Ha
naoniaan 1—3 MKM? B TeueHHe HECKOJbKHX MHHYT OMpeJe/IHTh Ha-
auuHe Jao6oro 3 snementoB ot Li go U. PenrtreHoBcKHe MHKpO-
AHAJM3ATOPH, KaK NPaBujo coBMelleHHHe ¢ IBM, nair BO3MOXK-
HOCTb MPOHU3BOAHTH KOJHYECTBEHHBIl 3JeMEHTHBIH aHa/lH3 Ha CTOJb
MaJbiX N0 CBOHM pasvepaMm oOBeKTax (MHKDPO30HBI KPHCTAJIOB,
MHKPOBPOCTKH, CTPYKTYpPHl pacnafa TBepALIX pacTBOPOB M T. IL),
4TO OOBLIYHO OHH HHKAKHM JAPYTHM aHAJMTHUECKHM MeTOlaMm HeJo-
cTynubl, B 3TOM OTHOLIEHHH MHKPO3OHIOBLIH aHA/IH3 sBJAETCA
B HAWIM JAHM OJHHM M3 CaMblX MOTYLIECTBEHHBIX T€OXHMHYECKHX
MeTOJ0B HCCJIEeIOBAHHS MHHEPAJbHOrO BelLeCTBa.

CoBpemeHHasi TEOXHMHSI LIHPOKO HCMOJb3YeT W JApyrue TOYHbIE
MeTO/1bl — PeHTreHO(a30BBIi H PEHTreHOCTPYKTYPHBI aHAJIH3BI, HH-
dpakpacHbiii H IMHCCHOHHBIi CHEKTPAJbHBIN aHAJH3BI, JIOMHHE-
CIEHTHBI W CnekTpoOTOMETPHYECKHIT MeTOAb! Hcc/aeL0BaHHsd, H30-
TOMHBI aHaJH3, NJaMeHHnyo (OTOMeTPHIO H JepHBaTO-TepMorpa-
duio u wmuorue Apyrue. M3 BaXKHBIX TeOpeTHUeCKHX mpoGiem,
KOTOPLIMH 3aHsiTa COBpPeMeHHas eOXHMHs, MOXHO Ha3BaTb, HaNpPH-
Mep, MPOHCXOXKIEHHe XHMHYECKHX 3JIEMEHTOB, TeOXHMHIO MaHTHH
3eMJ1H, F€OXHMHIO MPOLECCOB Pyao06pasoBaHus, THIOMOPHHIM MH-
HEPAaJIOB, reOXHMHIO TBEPAOro Tesa.



nasa 2

UCTOPUA OTKPBITUA
XMMMUYECKMUX DSNEMEHTOB

CMbICN, BKNaAbIBAEMBIA B MOHATHE «3INEMEHTY,
MEHANCA C PA3BUTHEM NO3HAHWA.

Kparxuii caosape no ¢urocoguu, 1982

Bonee uem 2,5-ThiCAUENETHAS HCTOPHA MaTepPHaJHCTHYECKOro NMOHHMAHHA MHpa
Geper cBOe Hauajo C TAK Ha3bIBAEMOI Muerckoil wKoan. Mujerckas mkona —
caMas paHHAs HAHBHO-MATEPHANHCTHYECKas LIKOAA, CTHXHAHO BO3HHKIIAS B JIpeB-
nerpedeckoil guaocopun VI B. 20 H. 3. M BOCPBbE B HCTOPHH [OCTABHBIIAA «BOI-
poc 06 ycTpoiicTBE MHpa B LEJOM>», Ee ocoGeHHOCTbIO TpH 3TOM Obiia NMONBITKA
CBECTH MHOroOOpasue MHpPa K KAaKOMY-TO MepBOHayany, K YeMy-TO efHHOMY, KOH-
KPETHOMY, TEJIeCHOMY.

Ocnopatens Munerckoll mkoan ®anec (624—547 10 . 3.) NEPBOOCHOBOI BCEX
BellecTB CuMTan BOAy. COIMIACHO €ro yueHHio, BCe OKpyxaioulee HAC MPOH3OLLI0
43 BOAB M cama 3eMJs, 06pasoBaBlIasics MyTeM CTYLIEHHs BOJLI, KaK TOMIABOK,
naasaer B Hefi. Berep Bromser MOpCKyio BOAY B Heapa Jemau, yunn Panec, oHa
TaM HarpeaeTcA M NOJX AaBJeHHeM TFOPHEIX MOPOA H3JHBAETCH B BHAE HCTOHH-
KoB. B BOAY B KOHETHOM CueTC NMpEBpallaloTes H BCe Teaa.

Vuenux aneca AnakcaMmanap (ox. 610—546 10 H. 3.) HCTOUHHKOM BCEro
Cyllero cuUMTaJ BEuHOe, HeompejesenHoe H GecnpenenbHOe HAUAN0 (ameftpon), Ha-
XoAAIleecs: B BEMHOM ABHMeHuH. Mup, cornacno AHaKCHMAHApY, BOSHHK H3 STOrO
Hayana B peayJibTaTeé BeuHOf OOpbOH Temia H X0JOJA. Yke B 9THX MBICAAX
AnakcHMaHApa YrajbiBalOTCA YepThl KOCMOTOHHYECKHX NMOCTPOEHHA HAUIMX JHeil,
XOTSl HX pasfiensier 2,5 THC. JeT...

Cornacio Anakcumeny (ok. 588—ok. 525 a0 H. 3.), TpeTbeMy TpPeACTABHTEJNIO
MHuserckofl 1KOJbl, NEpPBOOCHOBOH BCErO CYINEro sBJASETCA BO3AYX. Boznyx —
Gonee TOHKOe BewlecTso, He cToab rpyGoe, kak Boja ®Paineca. Ero cryuienne H
paspeenne i ecTh NpHuHHA 00PA30BAHHsA NPEAMETOB, H3 KOTOPLIX COCTOHT MHP.
Bo3fyx MAXOAUTCS B HENPECTAHHOM [BHIKCHHH, NPH STOM, pa3pexasnch, OH Bhi-
JesierT Temjao, a Crymasch — X004 B pesyabTaTe CrylleHHsi BO3AyXa HEKOrAd
BOSHHKAH 3emas, MOpA W oGaraka. M3 3eMHbX McnapeHmii B CBOIO ouepelb o6pa-
3oBajuch HeGecHbIe CBETHJIA.

Jlpesnerpeuecknii puaocod Smnenoka (oK. 490—ox. 430 0 u. 3.) B mo3Mme
«O npupojie» M3JOKHA CTPOfiNOe yueHHe yxe O 4eTHp€X BEUHHX H HEH3MEeH-
HBIX SJAeMeHTaX, TPHPOAY COCTAB/AIOUINX, — OrHe, BO3AYXE, BOAE H 3EMJE. Co-
[acCHO STOMY yuermio, npu momomu JIoGBH 3JeMEHTH MPHPOLLL COCHHAIOTCH
Mexy coboil. Bpaxaa, HampoTHs, HX PasbeAHHAET. B snoxy Jlio6su Bce 3ae-
MeHTH CAHTH B eauubii ojnopoausii map — Chepoc. B nepnox uapcrsa Bpaxasl
Cdepoc pacnajaercs Ha OTAEIbHBIE, o6oco6/ieHHLIe 3JEeMEHTBI.

Beanknit apesHerpedecknii (puA0Co(-sHIHKIONEHCT Apucrorens (384—322
20 H. 3.) Yyuma, uTO 9YeTHpe CTHXHH — 3eMJas, BOAA, BO3AYX M OTOHb o6pasyioT
caMHbill BeTHbI, HAXOASMiCA B ABKenwH, mup. B sTOM MHpe 3eMad M BOJAA —
CTHXHH «TAMenbe», ABHXKYTcA K uentpy Kocmoca, BO3JyX H OFOHb — &JIETKHEY,
ABmKyTes oT 1edTpa Kocmoca K ero nepudpepun. B onpelenedHbX yCJIOBHAX
CTHXHMM CIOCOBHL MEPeXonTb APYr B Apyra. [TepBHUHLIMH H OCHOBHLIMH Kaucct-
BaMH CTHXHfi, no ApHCTOTeNI0, ABJIAITCA ABE Naphl NpOTHBOMONOKHOCTE!: Temn-
706 ¥ XoJomHoe, Cyxoe H Baaxuoe. «Temnoe» ectb TO, YTO COCJHHSAET OAHOPOA-
Hoe M BhITECHSeT MOCTOPOHHee. «XOJOAHOE» COCAHHAET OAHHAKOBO H OAHOPOLHOE
W pasnopofHoe. Bosee TOro, COeJHHEHHE CYXOTo C XOJIOAHHM o6pasyer 3emJio,
XOJOAHOTO € BJAXKHHIM — BOAY, TEMJOro ¢ BJAXKHBIM — BO3AYX, TENJA0ro
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€ CYXHM — Orolb. B cB0I0 odepejp, ¢ BJIAKHOCTLIO CBA3AHB BA3KOCTh M MATKOCTD,
€ CYXOCTBIO — TBepAOCTb H chimydecth. Bee stu cBoiictBa, mo Apuerorenio, CBsi-
3anpl B3amMonepexogaMu. [me-To rayGoko B meapax 3em/s, BOAA, BO3AYX H
OroHb, B3aHMOJENCTBYS Mexay coboi, oGpasylor muHepass. MeaneHHo Bbi3pe-
Bas, OHH MPEBPAINAIOTCS B PYAHL . .

Hayuno-tpunocodekas cucrema Apuctortens, oGoGuiuBiias npeiiecTBYiolIHe
CHCTEMbI 3HAHHH H BHECINas B ITH CHCTEMbI MPHHIHN pA3BHTHS, HA JOJCHE CTO-
JeTHs oGecrievnna ceGe npHsHaHue HanGoJee YHHBEpPCAJbHON, XKHBOH CHCTEMBL

Anxumukn B VIII—IX BB. 1onosnuin yuenue APHCTOTENH O UETHPeX CTHXHAX
NPEACTABICHHAMH O TFOPIOYECTH (HOCHTENb €€ — cepa), MeTaNJIHIHOCTH (HOCH-
TeJb — PTYTh), CBOWCTBEHHOM, 1O HX MHEHHIO, Bcem merauiam, B cpeiHeBekoBoil
AJIXHMHH, 3aHATOH MOHCKAMH <«(HIOCOPCKOre KaMHsi», CnoCOGHOro MpeBpamarth
OGLIYHBIE META/LIbl B 30J0T0 H Cepe6po, «3JbKascre» — BCCOGIIero pacTBOPHTEA
H JApPYTHX Maruvyeckux CpeJICTB, HECMOTPS Ha HAHBHBIC [CH H HEPEJKME CJyqaH
ABHOTO IIAPJATAHCTBA, ObIJIH CACTAHEI MHOTOYHC/JAEHHBIE MOMLJIMIHO HayuHble OT-
KPBITHH, MOATOTOBHBUINE YCJOBHA IS BO3HHKHOBEHHS HayKH O BeLIeCTBE H ero
NpeBpalIElnAX — XHMHUH. Tak, aJXHMHKAM YAaJ0Ch HAYYHTHCH BEINJABJIATbL Me-
TaMJbl H3 PYA H OTKPLITH MbIIBSK, CYpbMY, UHHEK, ¢ocdop, BHCMYT; c031aTh MHO-
THE PACTHTEJIBHLIE M MHHEDAJbHBIC KPACKH, CTEKJA, IMaJH; MOJYYHTh MeETaJjJiHye-
CKHe aMmaJbraMbl M CIVIaBbl; OTKPHITh CEPHYIO, COJSIHYIO, A30THYIO KHCJIOTHI H
LAPCKYIO BOJIKY; HayuuThCsl NPHTOTOBJATH 11€10YH, coqH, JekapcrBa. OcoGoft 3a-
CJAYrOH aJXHMHH CelyeT CYHTATb Pa3paGOTKy XHMHYECKHX IIPHEMOB H MeTO/0B
HeeJe/lOBAHHS BellecTBa (KpHCTAJJIH3alMA, AHCTHJAUHSA, GHIBTPOBAHHE, O4YH-
CTKa, BO3TOHKA, Ocax/leHHe H Ap.).

Muorouncnentble peajgbHbe YCMEXH aiXHMHH B 061aCTH PEMECAECHHON H Teo-
PETHYECKOH XHMHH CBHJETEJLCTBYIOT O TOM, UTO Kax/1as H3 ee oTpacieil B CBoek
YOOpPHOM  ONBITHOM, NPAXTHUECKOH MAEATENBHOCTH € POJAMH HAKalIMBaJja 3/c-
MEHThI, 3a4aTKH, 0606IIe N NOAJNHHHEIX HAYYHHIX 3HAHHI, NPEIBOCXHINAA OTKPHI-
Thi¢ no3jaHee 3akonbl XuMuH. Tak, yxe B Tpakrate P. Bskona «3epkano anxu-
MHH» MOKHO OBLIO BHAETh HEOCO3HAHHOE NMPHO/HKEHHE K 3aKOHY NOCTOAHCTBA CO-
CTaBa H T. A

Ilpexcrasnenne 06 aTOMHOM CTPOEHHH MaTepuH GepeT CBOe HayaJjo OT
Jpesnerpeueckoro ¢guaocopa-matepuaancra Jlepkunna (mpeamn. 500—440 mo u.3.).
CounneHnil ero He coxpanunoch. CoracHo e H3JOKEHHIO ero yuenus ApHCTO-
tenem, Teoppacrov, [Inorenom Jlasprekum u ap., Jleskunm, GyIydn cOBpeMEHHH-
KOM IMNEMO0KJa, CUMTAN, YTO MHP, OKPYKAIOIUIHii 4YenoBeKa, COCTOHT He H3 uye-
TLIPEX 3JIEMEHTOB, 4 H3 NYCTOTHI M BeYHO MABHIKYIIHXCS B Hell GeCuHCJIEeHHbIX
IJOTHEIX, OJHOPOJHBLIX 10 KauecTBY, Ho GeckoHeuHo pasHooGpasHbix no dopme
HejeauMbix atomMoB, CoefllHGHHE H pa3beJMHEHHE ATOMOB — OCHOBHAS MpPHUMHA
BO3HHKHOBEHHSI H HCUe3HOBCHHS Belleff, a MX MHOrooGpasWe — C/ICICTBHE pa3JiH-
uus (hopMBl ATOMOB, NOJIOMKEHHST HX B NPOCTPAHCTBE M NODSAAKA COCJHHCHHS
Mexay coGoit.,

Hnen Jlesxunna Guecrtslle pasBHA €ro BeJHKHH yueHHK ¢duaocod-marepua-
aner demokpur (ox. 460—370 mo H. 3.). Yuenne [leMOKpHTa M B Haulm [HH
3BYUHT NOpasHTENbHO fPKO. YiKe cBoMM mnocrysatom «HHYTO He BO3HHKaerT H3
HHYEro M HHYEro He NepexojHT B HHuTO» [IeMOKpHT yTBepXKAan NepBO3[AaHHOCTD
1 BeuHocTh Matepnd. OHa COCTOHT, OH YTBep/aj, W3 GECKOHEUHOIo THCIa MeJb-
yawnx HemeMMBIX wacTuil — atomoB. CoeIHHAACH W pasbefHHAsACH, OHM ofpa-
3VIOT GecKOHeuHOe MHOXKECTBO NpeaMeToB, Bemlefi W MX cBoficrB. Bemu wuamen-
YMBEI H MpeXoduid. ATOMBI Ke, HX COCTABJSIONIHE, BEYHBl M HCH3MCHHBL, ATOMbI
pasanyaloTea Mexxay coGoit mo ¢opme M BeaHuHHE, a B PasHBIX Bellax, Kpome
TOro, MOJOXKEHHeM M crmocobom coeauHeHnsi. [TooGHO BelaM, BO3HHKAOT, pac-
TYT, DOCTHralOT npejena u rHGHYT Mupbl, M MHpY, B KOTOPOM Mbl KHBEM, — O]-
HOMY M3 GecuHMcjaeHHbIX MHPOB BeesnenHoit — cyxjlena takas e cyab6a.

Beanguit anTHUHEIT MaTepHaJHCT H aTEHCT, co3jlaTeb caMoGuiTHOH (uaocod-
cKOl wKoabl dnukyp (342—271 po wH. 3.), HaspBaHHBIH MapkcoM pajHKaJIbHLIM
NPOCBETHTENEM APEBHOCTH, ABHJCA MPEEMHHKOM H NMpojoJKarteidem ydenns emo-
Kparta. B jpowejumeM o Hac ero COYHHeHHH <« mHKYp npuserctsyeT [epoporas
[@nukyp, 1963 r.] NaKOHHYHO H HETKO H3JI0MKEHO MATEPHAJHCTHYCCKOE MHPONOHH-
MaHHe DNHKypa.

28



nukyp, Kak H [leMOKpHT, Gbli yGexkieH, UTO MHP COCTOHT H3 TeJ H HpOC:-
paHcerBa. Tena aBuraioTcsi B mpocTpancTBe, nGo, «ecau Gbl He GbLJIO TOro, 4TO
MBbl Ha3blBaeM MYCTOTOH, — MHIIET DNHKYP, — MECTOM, HEJOCTYNHBLIM MPHKOCHOBE-
HHIO NMPHPOMOH, TO Tesa He MMeJH Obl, Ijle HM GHITh H 4epes 4TO JABHraTbCi, Kak
OHH, oueBHAHO, ABHraloTcs» [c. 188]. Cornacho Dnuxypy, Beenennaa Gesrpanuuna
H 1O YHCAY TeJ, H N0 BeNMYHHE MYCTOro MpocTpaHcTBa. B uWcne Ten oAHM CyTb
COelHHEeHHsl, a ApYrHe — TO, H3 4Yero o6pa3oBaHBl COEJHHEHHs., DTH NMOCJACJHHE —
HEJICHMBl H HEH3MeHsieMbl. DTO — aToMbl, «...ATOMB He 006/JaJai0T HHKAKHM CBO-
CTBOM NPEAMETOB, AOCTYNHLIX UYYBCTBEHHOMY BOCHpPHATHIO, KpoMe (opmbl, Beca,
BeJIMUHHLl H BceX TeX CBOMCTB, KOTOpbIE 1O HeOGXOAHMOCTH coefHHEHBl ¢ (op-
moii. F6o BcAKoe CBONCTBO H3MEHSETCS, a aTOMbl HHCKOJBKO He H3MEHAITCH..»
{Tam xe, c. 194],

[IpeacTaBienne O XHMHYECKHX 3JeMEHTaX Kak O TpOCTBIX BelllecTBax, KOTO-
pble He COCTOAT H3 KaKHX-THGO APYrHX BellecTB, HO 0GpasyloT Bce JApyrue Be-
HlecTBa, Brepsbie copmyanposas B 1661 r. BenHKHl aHTVHHCKUI (H3WEK, XHMHK
H ¢unocod P. Bofins, BeICTYNHB NPOTHB HJEH O YeThipeX CTHXHAX M Tpex Hadva-
Jax anXHMHKOB, OH OJHOBpEMEHHO OGOCHOBAJ NpeACTaBjeHHEe O XMMHYECKHX 3Jie-
MeHTaX KaK O NPOCTHIX, HEJEJHMBLIX fajee BemlecrBax. DBoiiio e NpHHAIIEKHT
3acjayra M NOJJHHHO HaydHOH paspaGOTKH OCHOB KayeCTBEHHOTO aHaJH3a XHMIH-
YECKHX 3JIEMEHTOB.

Benuknit dpanuyacknit xumuk A. Jlasyasbe B kouume XVIII B. He TosBKO
MOATBEPAN 3KCIepHMeHTaMH yueHHe Bofiig, HO H Jan BHepBbe B HCTOPHH HAaYKH
fepeueHb H3BECTHLIX B €r0 BpeMs XHMHYECKHX 3/1€MEHTOB.

B cnucok, onyGankoBanubii uMm B 1789 r., Bomwmn: memeraaasl — O, N, H, §,
P, C; meraanw — Ag, As, Bi, Co, Ca, Sn, Fe, Mn, Hg, Mo, Ni, Au, Pt, Pb, W,
Zn; «panukane» — mypuessiit (Cl), maasukoswift (F), Gopumii (B); «semun» —
Ca0, MgO, BaO, AlQO; SiO. <«[laHbio BpeMeHH» OBIIO BKJIOYEHHe HEBECOMBIX
<(IIoNn10B» — CBeTa H Temiopoja.

Ofumas XpoHOJOrHYecKas MOCJAeJ0OBATENbHOCTh OTKPBITHS 3J1EMEHTOB IOKa-
3ana B Taba. 2.1. Ona 6bl1a AIHTENBHOH H He Jerkoii.

Hcropust OTKPBITHS OTAENbHBIX TPYIN, HalpHMep peAKO3eMesbHbIX, 3JeMeH-
ToB BecbMa noyunrenpHa, Xumuk 0. Tagonun, ua-kop. [lerepGyprckoit AH,
B 1794 r., nccnenys Muuepas, AocraBieHHbiil emy u3 IllBeuun ¥ HasBaHHBLIA moO3n-
Hee B ero 4YecTb TaJ0JHHATOM, OOHAPYZKHA B HEM HEH3BECTHYIO JIO TOTO «3EMJIO»,
KOTOpylo oH Haspan «uTrpHeBoii». Yepes 50 ser K. I'. Mocauaep mokasan, 4To
«3EMJIS» 9TA COCTOMT H3 3JIEMEHTOB HTTpH#A, «TepGHs» W <«3pOusi». B 1878 r.
JK, Mapuubsik ycTaHOBHJ, uTO «TepGuit» MocaHaepa — 3To cMech «3pOHfA» M «HT-
TepGHA», a uepe3 BoceMb JeT, B 1886 r., om Ke, mecaeays «3pOHil», y6Geauscs,
YTO MOJ ITHM Ha3BaHHeMm HMmen Jneno ¢ 3jgeMeHtamMu Gd m Tb. B «apGuu» Ma-
PHHBSIKA M031Hee OblAM OTKPHITH nMojAaHEHBIN Er n noswie snementn Tm, Ho u
Dy. Haspanue nocsie/ilHero — «TPYAHONOCTYNHBIH» — NPEKPACHO OTPaxKanio 3asep-
LICHHE 3Tana [03HAHHS TOTO, YTO CKPHLIBAJOCh MOJ HMeHeM «3p6ui» MapuHbska,
B «urrepGuu» Mapunbaka JI. Huascon, K. Aysp don Benwcbax u K. Ypban
B 1879—1907 rr. oTkpnian ¥ Bbizenusan Sc, Yb, Lu.

He menee TpyAHOH M c/0KHOA Gblia MCTOPHSI OTKPHITHA 3JEMEHTOB <«lepHe-
BOH 3eMJIH».

Besnkunit mBenckmit XuMHK W wmuHepajor Fl. §I. DBepueanyc, OTKpbIBLIHH
B 20-e roaw npouuioro Beka Se, Zr, Si u Th, copmectno ¢ B. I'usnnrepom B ox-
HOM M3 JAOCTABJEHHLIX eMy MuHepasoB B 1803 r. oOHapyHJ HOBYIO <«3EMJIIO».
B Ttom ke roay 3Ty «3emaio» oTkpbia B [epmannn M. Knanpor. Bepueanyc Ha-
3Bajl ee¢ B uecTh HOBO# muaneTol llepeper «uepueBoil 3emaeft». Mocaujgep uepes
36 ser, uccaenys 3Ty 3emuio, BeizesnHa M3 Hee Ce M, KpOMe TOro, «CKPBITBIH»
B HeMm «Jjantan». Yepes ABa roja BHISICHHJOCH, YTO «/JaHTAH» He eIHH, YTO B HeM
Kpome camoro La Bcerja mpucyTcTByer ero «GausHew» («amamm»). B «aummmes
Mocangepa IT. 3. Jlekok ae Byatoapau, K. Aysp don BeabcGax, JK. Mapunbax
u 3. Hemapce B 1879—1901 rr. o6HAapy:KHJH, BBIACIHJH H HCCAE[OBANH CAMO-
crositeabubie sjgeMenTsl Pr, Nd, Gd, Sm u Eu. Tak «uepHeBas semJs» OKasaJachk
BMECTHIHIEM CeMH HOBHEIX 3JIEMEHTOB.

Kouern sToft AauuHON M nopoil ApamaTHYHON HCTOpHH OTHOCHTCH K 1947 r.,
koraa Jlx. Mapuucku#i, JI. Tuenmenun u Y. Kopuann xpomarorpaduueckH
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TABJIHLIA 2.1

Xpono.norus OTKPBITHA XHMHYECKHX 3/1EMEHTOB

Mopaa- Haspanue
KOBBIft Cum- TTpoHCXOH e HHe HA3BAHHSA BpeMs OTKpHITHA KTo otKpHA
Homep pas pycckoe MeXpyHapogHOe
6 i Yraepon Carboneum Or carbo — yroaib (nar.) 3a 500 Twic. Jer go UYesopek 3smoxH naneo-
w9 auta. Kak snement npH-
sHan  A. JlaByasbe
B 1789 r.
82 Pb  Ceunen Plumbum He u3BectHO 3a 7 Toic. Jer a0 UYenoBek 3MOXH HeoJHTa
H. 9.
79 Au  3onoro Aurum «Kenroe» (nat.) 3a 5 The. Jer a0 To xe
H. 3.
29 Cu  Meas Cuprum Or < baar naspanuss 3a 10 Teic. Jer Ho »
o. Kuanp H. 9.
26 Fe )Kenezo Ferrum «buTe TBepabiM» (rpeko- He noaxke V Thics- »
Jiart.) geql. JI0 H. 3.
47 Ag  CepeGpo Argentum «BuiTh cBeTabiM» (rpeu.) 3a 4 THC. JeT J0 »
H. 3.
50 Sn  Onoso Stannum «[lpounoes (mar.). Bo 3a 3 Twc. ser go Ueaosek snoxu GpoHsbl
Bpemena [I. Arpukoan H. 3.
CUHTANOCh Pa3HOBH/HO-
CTBIO CBHHIA
16 S  Cepa Sulfur Ceernio-enthiil (canckp.) 3a 2 Thic. Jet a0 Kak saemeHT OTKphITa
H, 8. A. Jlapyasee B 1789 r.
Ynomunaercs B bu6-
JIHH
80 Hg Pty Hydrargirum ©Kuaxoe cepe6po» (nat.) 3a 1,5 Thic. ser a0 UYenosek 3n0XH GpoOH3sl.
H. 9. Kak merann  Bhijieslena
I'. Arpukonoit B 1556 r.
51 Sb  Cypbma Stibium Or siirme — rpum, Mase 3a™§3 freic. Jer o Kak metann suijenena

(1yp.)

H, 9.

I'. Arpukonofi B 1556 r.
Bnepsuie onucana Bacu-
aueM  BageutuHom B
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30

15

27

78

28

25
42

Zn

Bi

1uHk

MblubaK

BucmyT

®ochop
KoGansr

Ilnatuna
Hukenb
Kucaopon

Mapranen

Monaubaen

Zincum

Arsenicum

Bismuthum

Phosphorus

Cobaltum

Platinum

Niccolum

Oxygenium

Manganum

Molybdaenum

He u3pecTHO

Or  arsen — CHJALHBI,
MysecTBenHENl  (rped.)

«Benas Matepus» (11aT.)

«Hecymuii cBem» (rped.)

Ot Kobold — nomosoii,
rHOM (HeM.)

Or plata — cepeGpo
(acn.). [osroe Bpems
npueFManack 3a Oenoe
30J10T0

Or muHepana KyndepHu-
KeJib, H3 KOTOpOro Obla
puigenen. Nickel — rop-
HBIH gyX (HeMm.)

Or oxygéne — o6pasyio-
i KHeaoTHl (rpey.)
Or Manganerz — map-
ranmepas pyAa (HeMm.)
Ot mélybdos — cBuHeL
(rped.), OT KOTOpOro A0
XVIII B. He oTIHYANH
MOJTHOIEHHT

B cnjaBe ¢ MeIbio
(natynp) Obli H3Be-
cTeH ellle ApPHCTOTeJNIO

Ok. 1250. B coenu-
HeHHAX H3BecTeH C
HEOJIHTA

Kak pasHOBHIHOCTb
0l0Ba, CBHHLA HJH
CypbMEl H3BecTeH C
XV B.

1669. Bo3moxHoO,
YyTO aJXHMHKaM Obli
uspecren ¢ XII B.
1735. HasBecren B
Jlpesnem Ermnte Kak
CHHAS KpacKa smaJe
INpusesesa B JIOH-
goH B 1744 r. Bouta
n3pecTha B JlpeBHeM

MHpe
1751

1769—1770
1774
1778

1604 r. A. Jlawjnm.e.'z

BK/IOUAT B COHCOK 3Me- |

menToB B 1789 T.

MeToZ NPOMBILIIEHHOTO
nonyuenust  paspabortan
A. C. Maprrpad B
1746 r.

Anv6ept Benukuit (Mar-
Hyc)

Kak w™erans BhlAeJeH
I'. Arpukoaoii B 1530 r.
Kak 3JemeHT IpH3HaH
A. JlaByaswe B 1789 r.

I. Bpanar. Kak 3sae-
meHT npusHan A. Jlasya-
3pe B 1789 r.

I'. Bpanar

Kak caMocTosiTeNbHBIA
MeTaJlJl HpHSHﬂHa B cepe-
mune XVIIL B.

A. Kponcrear

K. Ileene
K. leene, 0. Tau
K. [eene
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MNpogoanxenne Taba 2.1

Topsa- Haspauue
Cam-
KOBBIH TponcxoxgeHHe HasBaHHSA BpeMs OTKpHTHS Krto oTkpna
HOMep Ly pyccKoe MeXAyHapopHoe
74 W  Boawsdpam Wolfranium Ot Wolf — BoJk, 1781 K. Hleene
Rahm — mena  (neMm.)
52 Te Teannyp Tellurium ?-r te)l]uris — 3emas 1782 @. Mioaaep
J1ar.
22 Ti Tuaran Titanium Ot rpeu. muoJ. THTa- 1791 V. I'perop — OTKpLLI
HOB — JleTeli YpaHa H 1795 M. I'. Knanpor — Ha-
Ten 3Baa
39 Urtpuii Ittrium OT wBEACKOrO MecTeuka 1794 IC. Tajonun
Hrteptio
7 N Asor Nitrogenjum Ot nitrum — ceautpa 1787 A. JlaByasbe
(nar.) ¥ genndo — pox-
naio (rped.)
1 H  Bomopoxn Hydrogenium Ot hydor — Bopa u gen- 1787 To e
nao — pomxaai (rpeu.)
24 Cr Xpom Chromium Ot chroma — nger, Kpa- 1797 JI. H. Boknen
) cKka (rpeu.)
4 Be  DBepuaauii Beryllium Ot muHepana Gepuana — 1798 JI. Boknesn — B BHIE
beryllos (rpeu.) 1828 BeO, ®. Béaep u A. broc-
cH — B BHJle MeTaJja
41 Nb  Hwuobuii Niobium Tlo umenn mpouepu Tanra- 1801 Y. Xaruer
z1a HuoGel (rped., Mugoa.)
= Ta  Tauran Tantalum Ilo wumenn Tanrana — 1802 A. T. 3kebepr
ceiHa 3eBca (rped.)
46 Pd Ilaanaguii Palladium Ilo mwasBaHHIO  MaJOk 1803 Y. X. BoanacroH
naaners! [lannana, or-
kpeiToit B 1802 r.
58 Ce llepuit Cerium Ilo naspauuio MaJjoi 1803 M. 9. Depueanyc H

naaners:  Llepepa, or-
Kpoitoit B 1801 r.

B. T'm3aunrep, He3aBHCH-
Mo or HAX M. Kaanpot
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45
77

76
19

11

38
12

20

17

48

34
40
14
13

Rh

Ir

Os

Na
Ba

Sr
Mg

Ca

Cl

Li
Cd
Se
Zr
Si
Al

Popuit
Wpuanit

Ocmuit
Kanuit

Harpuit

Bapuit

CrpoHuHil
Marnuit

bBop
Kanpuuii

Xaop
Hox

Jlauit

Kanmuii

" Cenen

LlupKoHHi
Kpemunii

AmomuHu#

Rhodium
Iridium

Osmium
Kalium
Natrium

Baryum

Strontium
Magnesium

Borum
Calcium

Chlorum

lodum
Lithium

Cadmium

Selenium
Zirconium
Silicium

Aluminium

Or rhtédon — poaa (rpeu.)
Or iridos — panyra
(rpeu.)

Or osme — sanax (rped.)
Or anp-Kaam — noTam

8936-)
T natron — coza
(rpeu.)
Ot  barys — TsKeJslil
(rped.)

Or mecteuka CTpOHIIHAH
(IlloTnanus)

OT Marsesns, H3BECTHOH
¢ III B, H. 5.

Or borax — Gypa (at.)
Or calx — u3BecTh
(nar.) .

Or chlords — xenTo-3e-
JIeHm_L'{ (rpev.)

Ot iodes — (puoeTOBBIf
(rpeu.)
Or

(rped.)
Or Kadméia — muHKO-
Bag pyAaa (rped.)

Ot selene — Jlyna
(rpeu.)

ITo muHEpasy UHPKOHY,
H3 KOTOpOro TmoJiyueH
Or silex — KpeMeHb
(nat.)

Or alumen — KBacuul
(nat.)

lithos — KaMeHb

1803
1804

1804
1807

1807

1774
1808

1808
1808

1808
1808

1774
1810

1811
1817
1817

1817
1824
1825
1825

V. X. Boanacron
C. Tennaur

To xe
I'. IsBu

To xe

K. Illeene — B sujge BaO,
I'. Jl3BH — B BHJIe amaJib-
ramel

I. Hssu

To xe

K. Teii-Jlioccax, J1. Tenap
| R ):):

K. Illeene — moayuus,
I'. Ilseu — Ha3pal

b. Kyptya
A. Apdsencor
. IllItpomeiiep

. . Bepuennyc
To xe

JK. K. Bpcren
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Hporoaxenne ra6a 2.1

Dovak. Haspauue
P
KOBHIft Cum- TMpouexokpenne naspauns Bpems otkpmiTHs KTto otkpbIA
Homep 25 pyccKoe MeXAYHAPORHOE
35 Br  Bpowm Bromum ?’r bromus — ssosonne 1826 A. . Banap
‘ rpey.)
90 Th  Topuii Thorium Io umenn ckanguuas- 1828 H. s, Bepueanyc
CKoro Gora rpoma —
Topa :
23 V  Banaguii Vanadium B uecth npesneckammu- 1830 H. T. Cagerpen
HaBCKofi GoruHm Kpaco-
Tel Bauaguc
57 La  Jlauran Lanthanum Or  lanthéno — cxpui- 1839—1841 K. T'. Mocaugep
BaioCh (rpeu.)
65 Th  Tep6uit Terbium Or weeackoro mecteuxa 1843 To xe
Hrreptio
68 Er  3péui Erbium To xe 1843 »
44 Ru  Pyrennii Ruthenium ?T Ruthenia — Poccug 1844 K. K. Knayc
JaT.)
55 Cs  llesnir Caesium Or  caesius — peGecno- 1860 P. Byusen, I'. P. Kupx-
ronyGoii (nat.) rog
3t Rb  PyGuamii Rubidium Ot rubidus — kpachmii 1861 P. Byusen, T. Kupxrop
(1at.) — user smmmi
: cnekTpa
81 Tl - Tannuii Thallium Or  thallés — senenas 1861 Y. Kpyke
~ BeTka (rpeu.) — mno uge-
Ty JIMHHA chekTpa
49 In  Hnaui Indium Or uuguro — user sm- 1863 ®. Paiix, T. Puxrtep

HUH cnekTpa
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31

70

69

67

21

62

59

64

66

32

18

He

Yb

Tm

Ho
Sc

Sm

Pr

Nd
Gd

Dy

Ge

Ar

Fesmnit
TFanauit
Hrrepbuii

Tynuii

[onbmuit
Cxauuit

Camapuii

[paseonum

Heonum
T'agonuuHii

Iucnposuii

Tepmannii
drop
Apron

Helium
Gallium
Ytterbium

Thulium

Holmium
Scandium

Samarium

Praseodymium

Neodymium
Gadolinium

Dysprosium

Germanium
Fluorum
Argon

Or h'e:lios — Connue
(rpeu.)

B uects ®panuun —
Gallia (nat.)

OT wBEACKOro MecTeuKka
Hrrepbio

Ot Thiile — apesnerpe-
YecKoe Haspamie crpau
Kpaiinero Cepepa

Ot Holmia — Crokronbm
(nar.)

Ot scandia — Ckauju-
HapHA (71aT.)

Or naspaHuMs MuHHepasa
camMapckHTa, H3 KOTOpO-
ro 6Ll nosyyeH

Ot présios — cBeTs0-3e-
JieHbi (Tpeu.)

Or néos — HoOBIi (rpey.)

ITo umenn 10, Tano-
JIHHA, OTKpLIBIIErO B
1794 r. «ATTPHEBYIO 3eM-
IO

Or dysprésitos — Tpya-
HOJOCTYNHBI (Tpey.)

B vects Iepmanun
Or fluo — texy (uar.)

Or argds — GesfleaTelb-
HBIA (rpeyv.)

1868

1875

1878

1878

1879

1879

1879

1885

1885
1886

1886

1886
1886
1894

K. Xauncen, k.
H. Jloksep

I1. 3. Jlekok pe Bya6o-
Jpan
JK. Mapuubax

I1. T. Knese

To xe
JI. ®. Huascou

I1. 3. Jlekox pe ByaGo-
apan

K. Aysp ¢on BenscOax

To xe

I1. 3. Jlekok pze ByaGo-
JApaH

To xke

K. Bunkaep
A. Myaccau
Hx. Peneii, ¥. Pam3sail
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Mpoponxenune taba 2.1

Mopsia- Haspanue
KOBHR ‘-;‘:)"' Tlponcxoxaense Ha3paHHA BpeMsi OTKPHTHA K16 oTKpHA
HOMeD A pyccKoe MexpyHapognoe
36 Kr  Kpunros Kryptonum Or kryptés — ckpbithiil 1898 Y. Pamsait, M. Tpasepc
(rpeu.)
10 Ne Heon Neonum Or néos — HoBGIf (rpev.) 1898 To xe
54 Xe  Kcenon Xenonum Ot xénos—uyaKoil (rpeu.) 1898 »
Kak mnphmech K Kr
84 Po  Tlonousii - Polonium B uecrs Tloabwn (aar. 1898 1. Kiopu, M. Ckiopos-
Polonia) ckasn-Kiopn
88 Ra  Papmii Radium Or radius — ayu (nat.) 1898 To xe
89 Ac  Axmunmii Actinium Or actis — ayu (rpeu.) 1899 A. Jle6bepu
86 Rn  Papou Radonum Ot cnosa panuii 1899 P. B. Oysuc, 3. Peaep-
%opn. Y. Pamsaii,
. Coman
63 Eu  Esponuit Europium B uects, EBponnl (:1aT.) 1901 3. Hlemapce
71 Lu  Jhoteuni Lutetium Or Lutetia — Iapux 1907 JK. Ypbsn
‘ (n1aT.)
91 Pa  IlporaktheHit  Protactinium Or prétos — mepshiit 1913 K. ®asuc, O. Tépnar,
(rpeu.), (mpemwecTren- Kak npopykr pacnajga U
HHK aKTHHHSA)
72 Hf Tadunit Hafnium Or Konenraren — Haf- 1922 . Xesemn, . Kocrep
nia (nar.)
75 ~ Re Penunii Rhenium Io p. Peiin (nar. Rhe- 1925 H. u B. Hoapnakn
nus)
87 Fr  ®panunii Francium B uects ®panuun 1939 M. Ilepeit
93 Np  Henryuufi Neptunium IMo HasBaHHIO nJAaHeTH 1940 3. Makmuanau, ®. di6a-
COH

Hentyn
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94

95

61

97

100
101

102
103

104

At

Pu

Am‘

Cm

Pm

Bk

Ci

Es
Fm
Md

No
Ly

Ku

Acrat

[ayrounit

Amepruuii

Kropuii

IMpomernii

Bepxauii

Kanudopnwuit

St Tefinnit
Depuuit
Menpenesnii

HoGennit
JloypeHcHil

Kypuarosnii

Astatium

Plutonium

Americium

Curium

Prometium

Berkelium

Californium

Einsteinium
Fermium
Mendelevium

Nobelium
Lawrencium

Kurchatovium

Or astatos — neyctoli-
yHBHIl (rped.)

INo HasBaHHIO TJIAHETH!
IMayron

B uects AmepHKH

B wuecrs II. Kiopy H
M. Cxaopnoeckoii-Kiopu

Ilo wumenn Ilpomeres
(mucoa.)

Ilo mecty — r. Bepkan
(mrat Kanudopuus,
CIIIA)

IMlo Mecty OTKpHITHSA
(wrart Kanudopuus,
CIHIA)

B uyecrts A. iinmTeiina
B uects 3. Pepun

B uects 1. . Menje-
JieeBa

B uects A. HoGens

B uects 3. Jloypenca —
aMepHKaHCKOro ¢u3Hka
B uects H. B. Kypua-
TOBa

1940

1940

1944

1944

1945

1949

1950

1952
1953
1955

1963—1967
1965

1964

'/

. K , K. Mag-Keu-
3, Bc.wéeo:pe & ;

T. CuGopr, 3. Makmua-

nan, k. Kenmemn, A.
Banp npu G6omGapauposke
U nefitonamMn

Cunresnposan I'. CuGop-
roM, P. JIxefimcom,

JI. Moprasom, A. I'mopco
I. CuGopr, P. [xeiimc,
A. Tuopco

Ilx. Mapuucknit, J1. [aen-
Jeunn, Y. Kopusaa
BHIIGIHIE M3 TNPOAYKTOB
nenenns U
Cunresunpopan C. Tomnco-
HoM, A. Tmopco u I, Cu-
Goprom

C. Tomncon, A. I'mopco,
K. Crpur, T. CuGopr

A. T'mopco ® Ap.

A. T'mopco

A. Tuopco, B. Xapsu,
I'. Yonnuu, C. Tomncox,
I'. CuGopr

. H. ®aépos u Ap.

Coserckue ¢usuku B [1y6-
He

I'. H. ®aépos 1 ap.

e

e
a4
]



pasjenHJH MPOAYKTH JieJleHHS ypaHa B aTOMHOM KOTJe, BbIJEJHB ABa KOPOTKOXH-
BylHx n3oroma Pm!7 u Pm'*%, Haspanue sToro snementa, o HMEHH JKeCTOKO Ha-
KasanHoro 3escom [IpomeTes, 3aKMOUHAO B ce6e H OTNEYaTOK HEBEPOATHBIX
TpyAHOCTell, CBA3AHHBLIX C NOJYYEHHEM MPOMETHs, H TPEBOrY 3a BO3MOMKHBIE Ka-
tacTpoHUeCKHe NMOCAEACTBHS HCNOAL30BAHHS $I/EPHON SHEPIHH B BOCHHBIX LEAAX.

CTOPHSL OTKPHITHA XHMHYECKHX 3JEMEeHTOB MOKa3biBAET HenpepuiBHOE Hapa-
cTanue TPYAHOCTENl NPH BHIIENEHHH W HCCICA0BAHAH CBONCTB PEIKHX, paccesHHbX
# 0coBGeHHO 'TPAaHCYPAHOBLIX 3JIEMEHTOB, fiApa KOTOPHIX XapaKTepH3ylOTCH KOpOT-
KHMH TEepHOJAMH JKH3HH.

B camom gene. I'. IIsBu B cBoeii BecbMa CKPOMHOII, 10 HalIHM NpeAcTaBJje-
HHAM, na6opaToOpHH OTKPHY B Teuenne ABYX Jer (1807—1809) wmects sneme-
tos: K, Na, Sr, Ba, Mg u Ca. A Bor Haa orkputuem Md, No, Lr n Ku B npe-
KPACHO OCHALIEHHHIX HHCTHTYTAaX B TeYeHHe MHOTHX JeT TPYAWIHCh Uedble KOJ-
JeKTHBB YYeHBIX CaMblX Pa3HOOGPA3HHX CHEUHaAbHOCTEH BO rJaBe ¢ TaKHMH
KpynHbiMH cneunasucramu, kak I'. CuGopr, A. 'mopco, I'. H. ®aépos u ap. He
JHIIHEAM GynerT 3ameTHTh, uto Md OB OTKPHIT H H3YydeH Bcero JHwb Ha 17 sia-
pax, nepHoA MoJaypacnaia (BpeMsi AKH3HH) KOTOPHX cocTaBasa 30 Mun! Ku ¢ ne-
progom mnoaypacnaia 0,3 ¢ Ob1 MojdyyeH M HCCAeJOBaH BCEro JHUIb HA
150 siapax!

Vike B MepHOA TOArOTOBKH 3TON KHHIH K TeYaTH MeJIbKHYJ0 cooblienne
(«Komcomonsckas npasaa», 25 pekaGps 1982 r.) o TOM, u4TO yueHble HaLHOHAAb-
Hoft jaGoparopun B Jlapmwraare (PPI) cosmann 109-i1 XHMHUECKHIT 3JEMEHT.
OH npocyllecTBOBaJ BCEro JHIIbL 5 MKC. JlapMWITaATCKHe YdYeHble MOATBEPAM/IH
oTkpuiTHe 107-ro 3JeMeHTa, cle/laHHOe HEeCKOAbKO JeT Hasaj COBETCKHMH Hccie-
noeateasmu. 108-it snement noka eute«(1985 r.) He co3zxan.

Mrak, B JlpesneM Mupe Gbiio H3BecTHo Beero aumm 9 saementos: Au, Ag,
Cu, Fe, Sn, Hg, S, C u Sb. B cpeanne Beka otkpuithi: As u Bi. B XVII B.— apa:
P u Zn. B XVIII B. otkputh 14 snementos: Co, Pt, Ni, O, Mn, Cl, H,N, W, Mo,
Te, U, Y u Cr. B XIX B. oTKpuTH H HccsezoBanbl cBoiictBa 54 snementon: Nb,
Ta. Ce, Rh, Pd, Os, Ir, Na, Rb, B, Sr; Ba, Ca, Mg, Cd, LI, Sec, Si, Sr, Ti, Br,
Th, Al, Be, V, La, Th, Er, Ru, Rb, Cs, TI, In, He, Ga, Yb, Sm, Tm, Sc, Ho, Gd,
Pr, Nd, Ge, F, Dy, Ar, Ne, Xe, Kr, Po, Ra, Ac, Rn. B XX B. otkphiT 18 3Je-
EeHlT(OB: Lu, Pa, Hf, Re, Fr, At, Np, Pu, Cm, Am, Bk, Cf, Fm, Es, Md, No,

r, Ku.

B uenom xe HauGosee WHTEHCHBHBIE MO YHCJAY OTKPHITHIX 3JEMEHTOB NEPHOALI
COOTBETCTBYIOT OTKPHITHIO, pa3paboTKe H BHEIPEHHIO B NPAKTHKY HOBBIX aHAJH-
THYECKHX MeTo/0B — 3JjekTpoanda (M. Dapajeii), CHIHKATHOTO  aHA/IH3a
(F. §1. Bepueanyc), cnextpaibHoro anaausa (P. Bymsen, I'. Kupxrod) n ap.
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NMPOUCXOXAEHHUE XUMMHYECKUX DIJIEMEHTOB

...Crpemnenue , .. O6bACHHUTE  PACNPOCTPAHEHHOCTL M
CAMHX 3NEMEHTOB M WX M3OTONOB HBNRETCA YPe3sbl-
YaHHO CMenoM NPOrpPamMoN, OT paspelleHus KOTOPOH
Mbl, HECOMHEHHO, O4YeHb AanexH,

3. Pepmu, 1952

[Tpoucxox/eHHe 3JeMeHTOB — OflHA M3 CJAOKHeHWHX mnpobaew,
CTOAMX Tepea KocMOXHMHeil M ee nauboJee paspaboTaHHOil ua-
¢Thio — reoxumueidt, [IpoGaema srta, mo-suaumomy, Gyler peuleHa
JIHIIL COBMECTHBIMH YCHJHAMH KOCMOJIOIOB, acTpOpH3HKOB, (PH3H-
KOB-fZlepUIHKOB H reoxuMukoB. M peurenne 310 Gyaer onpeneisiTbes
TNPHHATOH M O e Ji b 10 npoHcxoxaenns BeeneHuoii.

B unawe Bpemsi nmpeacTaBjeHHSI O MPOHCXOXKAEHHH XHMHYECKHX
3JIEMEHTOB MOJKHO CBECTH K JBYM OCHOBHBIM KOHLEMIHAM:

a) 3JeMEeHTHl POXKAAKTCA B HeApax 3Be3];

6) saeMeHTHl 06pasyloTcA B JI03Be3/IHBIl 3Talm Pa3BHTHS Bellle-
crBa Beesnennoil.

ITepsaa xkonuenuus paspaborana tpyaamu K. ®. Beiinsexkepa,
X. A. Bere, M. lpapummnasaa, E. u I'. Bépbumxeir, B. ®dayaepa,
®. Xoiina n ap. Ilpeacrasienne o 103Be31HOM MPOHCXOMKACHHH XH-
MHYECKHX 3JeMEHTOB, BHITEKalollee H3 MOJAeJNH «ropsiueil Bcesen-
HOii», PasBHJOCh HA OCHOBe TeopeTHueckHX paGor A. A. ®puamana,
I'. A, T'amosa, §. B. 3eapnoBuua, U. [I. Hosukosa u ap.

K. ®. Befinsekkep [Weizsacker C. F., 1937 r.] asasercs aBTO-
POM IIHPOKO H3BECTHOH «TEOPHH DPaBHOBECHS», COTJIACHO KOTOPO#H
XHMHYECKHE 3/ICMEHTHl BO3HHKJH B 3Be3/aX B pe3yJbTaTe silepHBIX
peakuuii THna n—-p+p- wian p—n-+pt.

Slnepuoit (u3NKOf ycTaHOBJEHO, uTO TpeBpalleHHe HefiTPOHA
B NMPOTOH TPOHCXOAHT NMPH OTHOCHTEIBLHO GoJiee HH3KHX TeMmepary-
Pax W AaBJeHHSX, YeM npouecc oOpaTHbiii, H GoJee TOYHO BeIpaxa-
€TCS OH CJeAYIolLell cXeMOoil:

n==p+te +v,+E,

TA€ e~ — 3JIeKTPOH; v, — HelTpuno; E — sHeprus.

CornacHo «Teopun paBHOBecHsi», HaGJa0OAAOIIANCA B npupoae
PacnpocTpaHeHHOCTb 3JEMEHTOB MNpeacTaBiser co6oll pesyabrar
“3aMOpaKHBAHHA» HEKOrJla YCTAHOBHBIIETOCS B KOCMOCE PaBHOBe-
CHSi, KOTOpOe HAaCTYMHJIO, KOrJa TeMreparypa, AaB/jeHHe ¥ IIOT-
HOCThL BellecTBa JIOCTHIVIH ONpefeJeHHBIX 3Havennit (raba. 3.1).

P. [l Teitnep [1975] nuumer: «MoxHO paccunTaTth, Kakne sapa
OyayT colepKaThCsi B BellecTBe, €CJH OHO HAXOAHTCH B COCTOS-
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TABJIMLIA 3.p
Ycnosun o6pa3oBaHHs ATOMOB HEKOTOPHIX 3JIEMEHTOB COFJACHO «TEOPHH

paBHOBeCHS »
T T e
Ne 2,9 i
Si 12,9 6,7-108 107 109
S 2N 1019

* | atm =1,01-10° 1a.

HHH TMOJHOTO HJH HeNoJHOro pasHoBecHA. PaBHoBecHe OOBIYHO
GaaronpusaTcTByeT oO6pasoBanHio HauboJee TPOYHO CBA3AHHBIX
fillep, pacnojoxKeHHBX Ha rpaduKe IHEPrHH CBA3H MO COCEACTBY
C «JKeJie3HBIM MHKOM», H HalbJiofaeMoe KoJHuecTBeHHOe mnpeobia-
JlaHHe Kejesa M ero coceleil HaJ OCTaJbHBIMH 3JIeMEHTaMH Ha-
BOJHT Ha MBIC]b, UTO TAe-TO BO BceseHHOI JOJKHBL CYLIECTBOBATH
yciaoBus, 6JH3KHEe K paBHOBecHBIM» [c. 127].

Onrako npeitoxeHHble 3TOi TeopHeil ypaBHeHHsI LOBOJBLHO XO-
pomo 0OBACHAIOT PacNpPOCTPAHEHHOCTh PeIKO3eMeJbHBIX 3JIeMeH-
T0B ¢ Z=60+70. [Ias saementoB ¢ Z>70 pacmpocTpaHEHHOCTHb
B MpHpOJe OKa3biBaeTcsl 3HAyHTeabHO OGouabile pacuerHoit. M 3ro
00yCJIOBJIEHO TeM, YTO YpaBHEeHHS He YUHTHIBAIOT CYLIECTBOBAHHSA
ATOMHBIX s/lep, HBIHe yiKe He coxpauuBiuiuxcs. OHE He YUHMTHIBAIOT
TaKKe B3aHMOJEHCTBHS silep C 3JEeKTPOHAMH, MecTa MNpPOTeXKaHHSH
SIEPHBIX peakiuii, rpaBHTallHOHHOTO 3(p¢deKTa H, HAKOHell, ecre-
CTBEHHOTO CaMONPOH3BOJBHOTO TNpeBpauieHus sgep ¢ Goablum Z
B GoJiee ycTofiunBhHIe, HepaJHOAKTHBHEIE SAPA.

K. ®. Beiiusexkep B 1937 r. u neine asaypear HoGeneBckoit
npemus X. A. Bere B 1938 r. He3aBHCHMO APYr OT Apyra BhIABH-
HYJH HAel0 npespauleHnii, HAywHx B Heapax CouHua u eMy nopo6-
HBIX 3Be3X npH Temnepartypax nopsaka 20 mau. K. «Ilukn Beres
cxeMmaTHyeckH H3obGpaxen Ha dur. 3.1.

ITH npeBpalleHHs, CONPOBOKAAIIIHECS BhIAETEHHEM GOIBLIOr®
KOJHYeCcTBA 3HEPruH, Mo MHeHHI0 Bere, W ABJAIOTCA OCHOBHBIM HC-
ToyHHKOM 3Hepruu Cosmua n 3e3f. Urto ke kacaercs o6pa3oBa-
HHSI 3JIeMeHTOB, TOo caM DBere Guin yGemaen, uro Gosee TswKeable
snementhl, uem He, B 3ToM npouecce ue oGpasyiores.

B 1952 r. 3. Caanetep [Salpeter E. E.] nokasax, uto B 3Besa-
HBIX HeJpax MOMKeT NMPOHCXOAHTb «Bhiropanue» W He.

B 1957 r. E. M. u [Ix. P. Bép6unxn, B. A. ®ayaep u ®. Xoiix
paspaboTaan WJei0, CONIACHO KOTOPO# HaGJI0AalouIylocss B TpPH-
polie pacnpocTPaHEHHOCTh XHMHUYECKHX 3JEMEHTOB MOKHO 00Bbfc-
HHTb peannsanueil CepHn NOC/IEJ0BATENbHBIX TPOLECCOB $AEPHBIX
npespauiennii B 3esnax. Tak, no JDx. Bép6umxky [1964 r.), nas
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3.1. TepmosaepHBe peakuuu VrJepoaHO-a30THOrO WHKJA (€UHKA
Bere») [Tefinep P. Oxk., 1975].

TOro utobbl B 3Be3AaxX MONH 06pa3oBaThcsi BCe XHMHYECKHE 3Jie-
MEHTBI, TpeGyeTcsi BOCeMb CJAEAYIOUIHX THMOB SAEPHBIX MPOLECCOB.

l. «Boiropanne» H B pesy/ibtate MpoTOH-NPOTOHHON peakuuHu
HJAH Bbllle YKa3aHHOrO Yr/epoAHO-a3oTHOro uukjaa. [Ipu o6omx
npouneccax H npeoGpasyerca B He. 3tu npoueccn Tpe6yior Temie-
patypnl mopsaxka 8-10° K. Hocnenopa'renbnoc_rh 3aBepIINTCH Mmy-
TeM peakuuii: ain6o He* (a, y), Be’ (e, v), Li7 (p, a), He!, auéo
myrem He® (q, y), Be” (p, y), B® (B*, v), Be® (a), He.

2. «Boiropanne» He no peakunn 3a—C'2. TIpu mocJeayiowenm
JAobasiennn Kk C'? g-yactuu o6pasyiores 0 u Ne2, Sror npouecc
Tpebyer Go/iee BHICOKOH TeMNepaTyphl.

3. Ilpouecc ¢ yuactHem BHOBb OGPa30BAHHBIX o-YACTHIL, npH-
BoAswui K oGpasoBannio u3 sigep Ne?® nocsefoBaTesbHO Mg~
—>Si#>5%2>C%>Ca*'—>Sc*—>Ti®®, B stux npespamennsx Tpe-
Oyercs eue GoJee BbICOKas Temneparypa (~ 16-10% K).

4. PaBnoBecHBbIi mpouecc, KOTOpHIil o0pasyer sjeMeHTH B 00-
JIACTH <«2KeJe3HOro nuka», 1. e. V0, Cr%2, Mn*, Fe®, Co%, Nj%,
ITOT paBHOBECHBI/ MPOUECC NPOHCXONHT npu 4-10° K.

5. s-Tlpouece (slow — mensennsiii), sBasIOUIiCS LeNHO peak-
1Heii ¢ 3axsaToM HefiTponoB. OH MpOTeKaeT AOCTATOYHO Me/lJIeHHO,
AJISI TOro uTOGHl HEKOTOpOE 4HCIO B-aKTHBHBIX fiAEp yCmeao pac-
TacTbeA, Mpekae ueM NPOH3OHAET OuepelHON 3aXBaT HeMTPOHA.
B stom mpouecce oGpasyiores aapa o Bi?™. s-Tlpouecc urpan
BAIKHYIO POJIb B CHHTE3€ 3JEMEHTOB BellecTBa COMHEUHON CHOTEMB.

6. r-ITpouecc (rapid — GuicTpHiii) — ObicTpo (menee 100 ¢) mpo-
TEKalolas nenHasi Peakuusi ¢ 3aXBATOM HeHTPOHOB, MPH KOTOPOIi
o6pasyiores siapa U, Th, Np, Pu Bniors mo Lr.

7. p-Ilpouecc. B ero pesyabrate 06pasyloTcsi HeKOTOphle pel-
KHe Tsizkenble W30TOMBl, Gorathle mpotoamu. OH npoTekaer npH
BBICOKHX TemmepaTypax (~10° K) B peakuusix THNOB (p, ¥) u
(¥, n) ¢ yxe cymecrByomnmu TaKeIBIM H30TOMaMH.

8. x-Tlpouece, HeoGXxomuMBlil a5 obpasoBaius saep aeiitepus,
}-i, Be u B, kpaifine HEYCTOHYHBBIX B YCJOBHSIX 3BE3IHBIX Hexp.
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JlokasaTenbCTBOM peasibHOCTIi MEePeuncAeHHBIX NPOLEccoB ABAA-
10TCst HAGJIOACHHSA, CBHACTEJbCTBYIOLLHE O TOM, UTO MHOFHM 3Be3-
Aam cBoiicTBenHo npespautenne H B siupa He. Ilpu sTom B 3Be3-
Aax HeOOJbUINX PasMEpPOB CHHTE3HPYIOTCA W JAPYIHe Jerkue sJe-
MEHTBl Havaja nepHoanyeckoil cuctembl. Tskenble aToMHble sapa
06pasyioTcst MpPH 3BE3AHBIX 3KCMIO3NAX, CBA3AHHBIX C onpeaeseH-
HBIMH  KAaTacTPOGHYECKHMH 3TanaMu IKH3HH THIFAHTCKHX CBepX-
3Be3l. Buio 3ameueno, uto orpomuble BensimKH, COMPOBOXKAAOLLHE
TaKHE 3Tanbl H COOTBETCTBYIOUIHE 1O SIPKOCTH CBEYEHHIO COTHH Thi-
csid CoJIHIL, A0BOJBHO GBICTPO TACHYT, MPH 3TOM noJaynepuon mna-
AeHus spKOCTH (56 cyT) mopasuTeJbHO TOYHO COBMAAAeT ¢ nepuo-
AoM noaypacnaaa sizep Ci. He mckaioueno nostomy, uto, momer
6LITH, HMEHHO B MOMCHTHl B3PbiBa CBEPX3Be3] NPOHCXOJHT CHHTE3
TaKHX Taxeapix anep, kak Ci®' u emy nogo6ubie. B noawsy ta-
KOro MNpeano/ozeHns roBoput u 10T ¢akt, uro Ci obmapyxen
B TMPOAYyKTax B3pbiBa Bojgopoanbix 6om6 [Mason B., 1966 r.).

Ilpeacrasiennie 0 TOM, uTO 3JeMeHTHI obpasyiores B HO-
3BE3/HbH NepHoa PasBHTHA KOCMHYECKOIO BEIIeCTBA, OJAHHM H3
nepsbiX BeABHHYA I'. A. Tamos. B 1948 r. on Buickazaa npeano-
JIOKECHHE, 4YTO KOrAa-To BelllecTBO Beeaennoit Gbl10 upesBbiuaiino
TJIOTHEIM H OYeHb TOPAYMM. Muaamapiasl Jer Hasax B pesyabrate
THTAHTCKOrO B3pHIBAa 3TOrO CBEPXILIOTHOrO BellecTBa M 06pa3oBa-
JHCh HabJioJaeMble HbiHE TaJaKTHKH, 3Be3Abl, MIAHETH M HHBE
HeGecuble Tesia. IT0 npejacTaBieHHe NOJYUHJIO HasBaHHe <«Topsiuei
Bceenennoii»,

Hnen TamoBa Gbiin pasBHTH B Tak Ha3mBaeMoil TEOPHH HeHT-
ponHoro saxsara [Alpher, Bethe H. A, Gamov G. A., 1948 r.], co-
IJIaCHO KOTOPOFi 3/IeMEHTHl BO3HHK/H B ONPeJeJCHHBI 5Tal KOCMi-
YECKOro Ppa3BHTHS MaTepHH B pe3y/bTaTe HePABHOBECHM X
flepHbIX npoueccos. IlepBuiMu o6pasoBauck Jerkie Alpa, M HX
IHCJI0 MPOrpeccHBHO BO3pacTasio. 3aTeM, KOra TeMnepaTypa cpessl
onycruaack a0 109—10' K, wayaacs szaxmear SApPaMH HeHTPOHOB,
COnpoBOXAaeMblii fi-pacnafoM sigep, YTO CHHKAJNO H3IGBITOK IHep-
rHH Aapa.

10T mpouece MOAYUHI MaTeMaTHYECKOE Beipaxenne. Pacnpocr-
PAHCHHOCTP f/Ipa N C MacCOBBIM YHCJOM i BO BpPeMeHH

dn;
dt

=f(?) [i—10i_y—ni0)),

FA€ 71— KOHUCHTPAUHA AaTOMHBIX filep C MAcCOBHIM YHCJAOM i=1,
2, ..., 238; 0 — sdpdexruBHO nonepeyHoe ceyeHue sinep * npu 3a-
XBaTe HEHTPOHOB; [(f) — dynkuus, ceasbiBaomasn BpeMsl 1 BeposT-
HOCTb CTOJIKHOBEHHS HefiTpoHa ¢ obpasyommmucs SpaMH, T. e,
IVIOTHOCTb MOTOKA HEHTPOHOB.

* DddexTuHoe nonepeunce ceuenpe (3T1C) — BeposTHOCTL aToMHOro mam
ALCPHOTO CTOJIKHOBEHHH, NPHBOARLIETO K KOHEUHOMY COCTOSIHHIO onpejeieHHOro
thna. Exnnnna 3I1C — Gapn, 1 6 = [0-24 cym2.
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Ecan npuHATH, KaK 9TO MOXKHO YMNPOIIEHHO BHIETb H3 SKCHEpH-
menra, uro Jgorapupm IIIC nuueliHo Bo3pacraer y fAAep € aTOM-
soli Maccoit mMexay O u 100, a saTeM ocraercsi MOCTOAHHBIM, TO
npuBe/ieHHYi0 (GOPMYJTY MOMKHO TOHHMATh TakK, UTO MPOH3BOAHAA
gHCJIa ATOMOB C aTOMHOfl Maccoil { Mo BpeMeHH { COCTOMT H3 ABYX
yJeHOB: MEPBBIA MpeiacTaBjsier cofofi Bo3pacTaHHe YHCJIA aTOMOB
¢ ATOMHO# Maccoil i, MPOHCXOAsILEe OT NPHUCOCHHEHHS HeliTPOHOB
K atoMaM ¢ aTOMHOH Mmaccoil i—!1 [37oT ujien Oyaer MOJOKHTEb-
HBIl U PONOPUHOHABHBI YHCTY 11i—i, ATIC o;—y 2neMeHTa C aTOM-
HOil Maccoil i—1 u motoky neiitponos f(f)]; Bropoii uien (oTpu-
nATeJbHBI) aHAJOHYHBIM 00pasoM mpejcraBiaser coOOi yMeHb-
JIeHHe YHCaAAa aTOMOB € aTOMHOH Maccoil ( H3-3a TNOIJIOWIeHHs
HEeHTPOHOB, TMPEeBPAILAONIer0 aTOMbl C aTOMHOM Maccoii [ B aTOMBI
¢ aToMHO# Maccoil i+ 1. B 3Tom cayuae xpHBas Jorapudma oTHO-
CHTEJBHON PacnpoOCTPaHeHHOCTH 9JeMeHTOB Oyaer mopo6Ha KpHBOH
gorapupma IMIC. Jra Teopus coriacyercs ¢ oOuledl IMMHPHIECKH
YCTAHOB/JICHHOH PACMpOCTPAHEHHOCTbIO 3JIEMEHTOB B TPHPOAE, HO
He 0ObsCHSIeT OTCYTCTBHS siaep ¢ Maccoit 5 u 8 u HH3KYIO pacmpo-
crpanennocts atomoB Li, Be n B. He cootBercTByeT 3TOi TeOpHH
W peanbHo Habaiofaemoe cootHowenue B npupoie He n H, uro
6110 oTMedero . ®epmu [1952 r] u ap.

OtkpbiTHe amepukanckumu paanodpusnxamu A. A, Ilensuacom
n P. B. BusbconoMm B 1965 r. «KOCMHYECKOTO WIyMa» ¢ JJHHOMN
BOJHB 7,3 €M, KOTOpBIi MOCTymaJ Ha 3eMJi0 H3 KOcMoca €O BceX
CTOPOH M Obll JOCTATOYHO BeJHK, OXHUBHJIO [3aBHO BLIABHHYTYIO
A. A. ®puamanoM u 3aTeM 3a0bITYI0 €W pacumpsiouleiica Bee-
JenHoH. AcTpodH3HKH H KOCMOJOPH MPHULIH K 3aK/IIOYEHWI0, YTO
«KOCMHUYECKHI IIYyM» BO3HHKAaeT B pesy/bTaTe cBOeoOpasHoro «pac-
TATHBAHHA» MEKTPOMATHHTHHIX KoJeOaHHil, NPUXOAAILHX HA HAULY
naaHetry M3 KocMmoca, A 3To ABJeHHe, KaK H 0OIleH3BecTHBIH 3¢-
¢dexr lonnepa,— npAMoe CBHACTENBCTBO pacuinpendst BcedeHHOIL
Tlo pacueram cneuunanucros, Bcenennas, a ToyHee ee BeIUECTBO,
15—20 mapa. jer Hazan Gblia CKOHUEHTPHPOBAHA B HEOMHCYEMO
MajoM oOGbeMe M o6iazana ¢aHTACTHYECKH BBICOKOH IJIOTHOCTDLIO.
Jlate XapakTepHCTHKY 3TOr0 «CrycTKa» MaTepHH MOKa elle HeBO3-
MOXKHO. MOKHO JMLIbL yTBEP:KAATh, 4TO B pesyJbTaTe NMPOH30OMIeN-
1Iero KaTak/auaMa («B3pBIBA») M3 3TOT0 «CrycTka» 006pasoBajiuch
3JIeMEeHTapHble YaCTHIBl H Hauya/Jach MCTOPHA yzKe H3BECTHBIX HaM
dopm matepun.

Mojaenb «ropsueit Bceaennoii» B 60-—70-e rr. Obuta npunsra
3HAUMTEbHBIM YHCIOM ACTPOPH3HKOB H CHEUHAJHCTOB B 00JaCTH
sAepHOiT GH3HKH M (H3HKH B3pbiBa Kak HauboJjee coraacyiomlascs
€ JOCTHXKEHHSIMH 3THX HayK H HCCJEJOBAHHSAMH KOCMOcCa.

Coraacio Mmogean «ropsiveil Bceesenno#i» §I. B. 3enapaosuu n
Il. 1. HoBukoB [1975] cyHTaioT, YTO B TepBbie MOMEHTH MOCJe
«B3pbIBa» NPH OUeHb BBICOKHX TeMIepaTypax He TOJBKO MOJEKYJIbl
# aToMBI, HO Jaxe HX fApa elle He MOLIH cyllecTBOBaTh. Bmecro
aTtoMoB TMJaa3moobpasHas cpejaa mnpeicrabafsia coGoit cmech (poTo-
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HOB, HeHTPHHO M HEKOTOPHIX APYTHX JITKHX 3JEMEHTAPHbIX HaCTHIL-
B ycnoBHSX HayaBIIerocsi PACIUIHPEHHS MJOTHOCTh BELIECTBA H3-
MeHsiach 06paTHO MPOMOPIHOHANBHO KBaApaTy MPOIMIEAIEro Bpe-
MeHH nan KyOy paccrosHusi IlaoTHOCTH H3/yueHHs najana eile
GuicTpee, 06paTHO NMPOMOPLUHOHAIBHO PACCTOAHHIO B yeTBepTOH cTe-
nenn. I103TOMY eclH B MOMEHT BpeMenH, PaBHBI HYIIO (t=0),
NIOTHOCTh HMeJa 3HAueHHe GeCKOHEYHOCTH, a Temmepartypa Gulia
daHTacTHYECKH BBICOKOH, TO TPH {=0,000001 ¢ c wMomeHTa
«B3pHBa» Temnepatypa ymaiaa no 10" K, wepes 1 ¢ 1o 10K,
a uepes 10° ¢ — o 3-108 K. Pacuersi HU3HKOB-TEOPETHKOB JaIOT
OCHOBAHHe CUWTATh, YTO NPH CaMoii BLICOKOil TeMmepatype fapa
aTOMOB CyllecTBoBaTh He Morau. Ho Korja temnepartypa ynaia Ao
10" K, B naasMe KpoMe paHee BO3HHKIIHX (POTOHOB, HEHTPHHO,
5J€KTPOHOB, TO3HTPOHOB 06pa3zoBajoch GOJbIIOE KOMHYECTBO MPO-
TOHOB M HefiTpoHOB ¢ cootHowenuem 5: 1. IIpoToHHl crajn coeau-
uaThes ¢ Hefirponamu, o6pasys Aefirepnit. M3 nsyx amep nefiTepust
posunkaau TtputHit nmau He-3, 3 TpuTHA H neiTepus — yCTOHYH-
puiii He!. B wurore 03Be3fHBIfl ras 0Kasajcs COCTOAIAM TpH-
mepHo Ha 75 % n3 H u na 25 % u3 saxep He. B neGosbmoM KOJH-
yecTBE 37ech OKasajuch Takke (D2, oHed, sLi7, (Bed.*

Takum o6paszom, mnepble 15 MHH pacuUIHpenHs Bcenennoii.
GbiTH BpeMeHeM 06pasoBaHus sjep, T. €. BpeMeHeM HYKJIeOCHHTe3a.
ViKe B 3TO BpeMsi CO3JaJHCh YCJOBHSI AJSl BOSHUKHOBEHHA CIyCT-
KOB BellecTBa, M3 KOTOpPhIX copmupyloTes OyayiiHe 3Be3/ibl.
B meipax mocjefHHX B XoJle MHOrOOGpasHBIX fAAEPHBIX peakiui #
06pa3oBaJuCh Bce OCTaJbHBIE 3JeMEHTHL. A

Hrak, mepsHiit 3Tan HYKJAeOCHHTe3a B «ropsiueit Bcenennoun» 3a-
Bepumicsi obpasosanneM saep H, He u D. Ocranbubie 3/eMeHTH
o6pasoBanuch B Helpax 3Besa (tabia. 3.2). B 3Be3nax maJwHIX pas-
mepos, Bpoae Coanna, H, «cropas», MeJsieHHO NpeBpallaercs B He.

TABJIHLIA 3.2

Sigepuble peakuun, NPOUCXOJslIHE BO BpeMs
HOPMAJBHOH 3BOJIONHH B 3BE3laX PasHOR Macchl
(no Teiaepy P. Jx. [1975])

Macea M@ SlpepHble peakuuu

8 Her
Topenne H
Topenne H, He
Topenne H, He, C
Bce peaxuud CHHTe3a, OCBOGOMKIAK0-
IHEe IHEPTHIO

cUuooe
cCoO~NwWwe

[I~]

* Tlefiepnii, KOTopHii M HAXOAHM B 3eMHON BOAE, MO-BHAHMOMY, J0-
crancs HaM B HacheAcTBO OT Jajexoil Aosesamofi mopwl, nuwer M. [pu-
ropoes [1981].
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‘B 3Besnax, macca xortopeix B 10-—50 pas 6oabme macce Couanua,
BOMOPOL «cropaer» OBICTpPee, H 3Be3lla, HcuepnaB SAEpPHYI 3HEp-
THI0, HAYHHAET CXKHMATbCS, NPH ITOM IJIOTHOCTL 3BE3[JHOI0 Belle-
CTBAa H €ro TeMlepaTypa HaUHHAKOT PaCTH.

B atux ycnosuax tpu sapa He MoryT coeauHuThesi B Gojiee Tsi-
eavle aapa C:

2 4 6,
$£He' = XCF.

Hwvenno Ttakoii mpomecc, MO-BHAHMOMY, HENPEpPBIBHO MPOHCXO-
IMT B 3Be3llaX — KPACHBIX TMTAaHTax MOJ HX BHENIHEH BOLOPOIHO-
rejqueBoii 060710uKOi. A B Heapax 3THX 3Be3J] B 3TO XKe BpeMs HIET
cuntes O, Ca, Mg u eme Gosee TsKeJbIX 3/JeMEHTOB, BILIOTh
ao Fe.

O6pasoBanne 3JeMeHTOB TsKesee, ueM Fe, NpoHcXOAuT B 3Be3l-
HO#l cpene, Goratoii neiitponamu. McrouHMKaMu NOcJeDHHX SABJs-
I0TCS B3PLIBBEI 3Be3], IIPHUHMHA KOTOPHIX ocraercsl saramounoi. ITo-
raoulenne sapamu Fe nefiTpoHOB m mocaenyiomuii f-pacnan mpu-
BoAAT K BosHHKHOBeHHuio Co, Ni u eute Gosee TssKe/bIX 3JeMEHTOB,
Biaoth 10 U. Pasnoo6pasue BO3HMKAIOWIHX B HeApax 3Beaj
3JIEMEHTOB OIlpeJlesgeTcss, KaK Mbl BHJ/EJH, HE TOJBKO KOJHYECT-
BOM HEHTPOHOB, HO M CKOPOCTAMH TPHCOELHHEHHS HX K sApaMm
aTOMOB.

Tak npeacrapasieTcs B HacTosAllee BpeMsi KapTHHa 06pa3oBanus
XUMHUYecKHX 3JeMeHTOB. OHa, Kak MBI BHIHM, OObeIHHAET J03Be3-
HBIA M 3Be3[Iblil MeXaHH3MBl HYKJeorenesa.

Onnaxo sBoJouHs BelnecTBa Beesennoil 310l KapTHHON Aa/1eKO
lie HCUePNLIBaeTCSI.

Ha6monaoueecs cefivac penuktoBoe uaayuenue 0653ano mpo-
ABJEHHIO H30BITKA (OTOHOB H HelTPHHO, 06Pa30BABIIETOCS HA OYCHD
paHHeH CTauH pACIIMPeHHs M He H3PACXOLOBAHHOIO B IpoLecce
B3aHMOJHCTBUSl ¢ 00pa30BaBIIUMHCS ATOMHBIMH SAPaMH.

SI. B. 3eabmoBuy ormeuaer, uto Beesennas npumepro ua 72 %
cocrout u3 H u na 25 % — u3 He. Caeayiomue 3a wumn no pac-
npocrpanenHoctd C, O, Fe, Ar, N u Si cocTaBisiioT Bce BMecTe
0kos0 3 %. BronHe BeposiTHO TakiKe, 4TO GOJbIIAS YACTh rasa
pacunpsiowmeiicss Bcesennofi 3amosHseT NPOCTPAHCTBO MeXAY ra-
JAKTHKAMH H JIHIIL MeHbIIasi YacTh y¥Ke TPeBpaTHJAcCh H MpeBpa-
IlaeTcd HblHE B TraJlaKTHKH M 3Be3fbl. B 3TOM cayyae, corsaacHo
SI. B. 3enbaoBuuy, ecim MIOTHOCTH KOCMHUECKOTO MeKIadaKTiHye-
CKOro rasa jJocrturier suauenust Gosee uem 10 mporomos B 1 M3
NPOCTpaHCTBa, TO CHJILI TATOTEHHS] OCTAHOBAT paciuupenue Beeaen-
HOM, u uepes 10—20 mupa. JeT nauHeTcs Tpouece NPOTHBOMOJIOH -
Hbli. Bcenennas maumer cxkumathbesi. CIEKTPH JaJeKHX TadakTHK
B 3TOM ciyuyae MOKaKyT «CHHee» CMelleHHe H uepe3 MHJJHapabl
Jer macca BellecTBa BcesleHHOM BHOBb co0epercsi B HHYTOKHO Ma-
JBIH 06beM, THe IJIOTHOCTh OMATH OKAMKeTcsl GeCKOHEUHO 60JIbiIOl
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W rle 37eMEHTHl KaK TaKOBbie MepecTanyT cylllecTBOBaTh B TMpH-
BLIUHOM JIJIst HAC COCTOSIHHH.

BCMOMHSAT JIM aCTPOHOMBI 3TOrO JaJeKoro Gyayulero O CBOHX
npeakax? «CymeeM JH Mbl 10 scTadere mepeiath CBOH 3HAHUA H
CBOH COMHEHHS TaK jajeko B Gyayliee?»,— CMpalIiBaeT 9. B. 3eanb-
JOBHY. :

BoT K4k B HAIUH JHH HEOXWIaHHO oGopayHBacTCA npobaema
NPOHCXOXKACHUS XHMHYECKHX snementoB! M3 mpHBE/JeHHBIX BbICKA-
3pIBAHHI CJIELYeT, UTO H3BECTHBIC HAM XHMHUYECKHE 3JIeMeHTHl — 3TO
BCEro JHIIb 3TAN B BEUHOM M HENPepbhiBHOM pa3BHTHH MaTepHH.
OnM BO3HAKAIOT H HCYE3AIOT CO BPeMeHeM, MpeBpallasich B KaKkue-TO

HOBBIE, ellle HeM3BecTHbie HaM (opMBl BEHHO nBuyeiicst u Gec-

KOHeunoil B cBOeM pa3Hoo6pa3nu MaTepHH.



naea 4

YCTOHWYUBOCTb ATOMHBIX SALEP

He WCKNIOUEHA BO3MOMHOCTE M TOro, 4To BpeHHocTs
eCTb CBOMCTBO BCEX 3NEeMEHTOB

B. H. Bepradckui, 1934

3. Pesepdopn (1871—1937), nccaepys 3aKOHbB pacCesdHus -
YaCTUIl, KOTOPHIMH OH 60MGapAupoBaj aTOMBl Pas/IHYHBIX 3JEMEH-
TOB, OOHAPYXKHJI B aTtoMax TAKeJble siApa C JAHaMeTpoM MOpsiika
10 ® *. [Tasiee okasa/och, 4TO SIAPO aToMa MO CPaBHEHHIO C CAMHM
aTOMOM CTOJIb MaJlo, YTO BEPOSITHOCTh MONajaHHd 3apsrKeHHOH ua-
cTHIB B a1po coctasaser npumepro 1:100000. 1o oTkpeiTHE NO-
sBoansno Pesepdopny B 1911 r. mpeanoXuTh NJaHeTapHyl0 MOJelb
aToMa, Ha ocHoBe kortopoit B 1913 r. H. Bop (1885—1962) mono-
KNI Hauago paspaboTke kBaHTOBOH Teopuu aroma. CorsacHo
Bopy, cameiii Jerknii aToM — BOJO0OPOLA COCTOHT H3 THAMNKEJOro IO-
JIOXKHTENbHO 3apsiKEeHHOTo siapa (NMpoTOHA), BOKPYr KOTOPOro Bpa-
H1AeTCsl JIETKUIl OTPUILATEJIbHBIA 2JIeKTPOH.

Yerkux rpasun siapa atomos He umeior. Jnamerp sapa H pa-
Ben 1,45 ®, guamerp xe atoma H oxomo 100000 @. Tuamerp
aapa atoma U pasen 9 @. Takum oGpasom, pasmepsl s/ipa aTOMOB
B nepuHoauYeckoii cucreme 3jementoB or H no U yseanumsaiorcs
npuMepHo B 6 pas.

B uacrosiillee BpeMsl H3yueHHe silep aTOMOB NPOABHHYJOCH Ja-
aAeko Brepef. M ecan B Hayane XX B. (PU3HKM MOIVIH H3y4aThb
aToMB H HHble OOBEKTHI € pasMmepaMd ~ 10~% cMm, TO HBIHE,
B 80-e rr., HCCHAeJOBaHHSMH YiKe OXBauyeHBl OODBEKTH MHKPOMHPA,
B MHJJIHOH Pa3 MeHbIIHE.

TIpouuKHOBeHHE B MHP MHKPOOOBEKTOB H MHKPOCOOBITHH cTaJO
BO3MOMKHBIM 06J1aroapsi COYETAHHIO TEOPETHYECKHX YCNeXOB KBaH-
TOBOH MeXaHHKH M TOHYAaHUIMX (PH3HUECKHX SKCIePHMEeHTOB. 3a-
KOHBI KBAHTOBO# MeXaHHKH NO3BOJH/IH BHACHHTb CTPOEHHE aTOMOB,
MOHATH YCTPOHCTBO HX si/lep H CBOHCTBA COCTABJSIOLIMX aTOMbI 3Je-
MeHTapHbiX uyacTuu. [losTomy mpexkne ueM nepefiTH K paccMoTpe-
HHIO TOrO, KaK VCTPOEHBl aTOMHBlE 471pa, NMO3HAKOMHMCS KDAaTKO
C OCHOBHBIMH MOHATHSIMH KBAHTOBOH MeXaHHKH M COBPEMEHHBIMHE
HpeCcTaBJIeHHAMH 00 3IeMeHTapPHbIX YaCTHLAX.

* HUcnoaszoBaBiiasicss paHee AJs1 H3MEPEHHA $pa aToMa ChNelHaJbHas elf-
Hula ¢epMu, HalBaHHAs 10 HMEHH HTaJbfHCKOro ¢msuka 3. Pepmn (1901—
1954), ycrapeaa. 1 ¢ = 10-%3 cm = 1015 m =1 dm (demromerp).
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OCHOBHBIE MOHATHSA KBAHTOBOW MEXAHMKM

OnuuM 13 OCHOBHBIX CBOHCTB KBAHTOBOTO MHpa SIBJSETCS He-
PaspeIBHAA CBA3b MEMAY BOJHAMH M YacTHIAMH. JTa CBA3b BHIpa-
JHaercs B TOM, 4YTO vacTHie J0060ro BHIA COOTBETCTBYET BOJIHA,
HaspiBaeMasi BoJIHOH e Bpoiias. M nanporus, kaxaoi Bo/xe, BIIOTh
JL0 BOJIHBI Ha MOBEPXHOCTH BOJbI, COOTBETCTBYET YaCTHILA HJIH IPyNna
YACTHIL.

C moMmouwpio BONHBI MOXKHO H3yuaTh (<YBHIeTb») OOGBEKT, He
MEHbLIHH JAMHBI 3TOH BoMHBL OAHAKO YyeM MeHblile OOBEKT, TeM
MeHbllle NO0/KHA GBIThb H AJHHA HenoJb3yemoit Bosubl. Ho ¢ ymenn-
LIEHHEeM JJIHHBI BOJIHBI B Heil Bce GoJiee H GoJiee YBEJHYHBAIOTCSH
KOPNYCKYJIfipHBIE CBOHCTBA, T. €. CTAHOBATCA BCe GOJBIIHMH HM-
NyJIbCBI H SHEPrHH KBAaHTOB M3iyuenus. Takum obpasom, usyuas
MHP ATOMHBIX sJdep, MBI BBIHYMKIEHB O06GJyYaTb MHX YaCTHILAMH,
KBAHTBl KOTOPBIX CTAHOBATCS JJISi HHX CHAPSAJAaMH, Pa3pyllalolinMH
CaMH 3TH fAApa, T. e. usyyaemsle o0bektol. [lpu opmoit u Toil e
Aanse BOJHB (Hampumep, A=10-% cM) sHeprnu uwacTum pasHoil
maccel 6yayr, 3B: y uefirpona — 0,07, y saektpona — 140, y do-
ToHa — 12000. Takum o6pasom, y uefiTpoHOB NPOsiBJIEHHE BOJHO-
BbIX CBOFCTB HAUHHAETCA MPH SHEPTHSX, HA MATh NOPSAKOB MEHb-
wHx, uem y ¢oroxosB. MHBIMH cl0BaMH, KBAaHTOBbIE CBOMCTBA y Jer-
KHX WaCTHIL TNPOSIBAAIOTCH CHAbHee, uem y Tskensx [Lupo-
k0B 10. M., IOxun H. IT., 1980].

[TonsiTust KOOPAMHATHL M HMIyJbca He MOryT OBITH NMPHMEHEHB
B KJacCHYECKOM cMBIC/Ie K 0ObeKTaM MHKPOMHpa, 60, Kak MNoka-
sax B 1927 r. B. TeiisenGepr, mo6as ¢uanyeckas cucreMa He Mo-
JKET HAXOAHTBCH B COCTOSHHAX, B KOTOPHIX KOOPAHHATHI €€ LeHTPa
HHEPIHH H HMIYJbC OAHOBPEMEHHO NPHHHMAIOT BIOJHE ONpee-
JIeHHBIE, TOYHBIE 3HAYEHHS.

ITOT NMPHHUMI, NOJYYUBIINH HA3BAHME COOTHOMICHHS Heonpeje-
Jennocreit TleiizenGepra, wiau mnpuHUHNa HeomnpedenenHoctH [efi-
3eHbepra, rJ1acutT: ecan Ax — HeonpeleNeHHOCTb (HeTouHOCTh) KO-
OPAHHATHL X, & Ap.-— HeompeleNeHHOCTh NPOEKIHH HMITyJIbca Ha
OCb X, TO MPOH3BEJCHHE 3THX HEONMPeIeIeHHOCTeH J0JKHO ObITh MO
NMOPAAKY 3HAUeHHH He MeHee moctosiHuoil Ilaauka hs

Ap,Ax > /2 man  AIAE > n/2,

rae Al — neonmpeneneHHocTh BpeMenn; AE — HeoIpeNeNeHHOCTh
9HEPTHH.

Kunaccnueckas ke mexaumka TpeGyer coGaionenus YCJI0BHI, TIpH
KOTOPBIX

AxAp>> n/2 unm  AEAt S h/2.
CMBIC/T COOTHOIERHS HEONpEeAETeHHOCTEH COCTOHT, TAKHM o6pa-
30M, B TOM, UTO eCJH OEHOBPEMEHHO, T. €. B OAHOM OHPEIIEJICI'!HOM

COCTOAHHH, H3MEpSIOTCA KOOPAWHATA M HMMIYJbC YACTHIUE, TO
OwiOKa H3MepeHHs BCeraa GOYAeT YOBJIETBOPSTH HEepPaBelnCcTBY
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ApzAx=h[/2. A 310 O3Hayaer, YTO caMH TOHATHS KOOPAHHATH H
HMIYJIbCA B KJACCHYECKOM CMBIC/IE HX CYUIeCTBYIOT JIHLIL ¢ TOYHO-
¢thi0 Ap:Ax="/2. TloaToMy, HampuMep, YeM MeHbllle PacCTOAHHSA
MBl XOTHM HCCJEA0BaTh B MHKpoOMHpe, TeM GoJblie H0JHA OHThH
SHEPrusi YacTHI, ¢ MOMOLIBIO KOTOPHIX Bejercsi HccaenoBanue. Ho

- uem OGousibureit sHepruefi obJajaer yacTHua, KaK 3TO BHAHO H3 CO-

ordHomennss AfAE=N/2, tem MeHblie BpeMeHH mpeOBBaeT OHa
B JaHHOM COCTOSIHHH.

Takum o6pasoM, npunuun leiizenfepra Ha npakTHKe O3HAYaeT:
yeM TOUHee olpejeseHa KOOpJAHHATA oﬁ'bema, TEM C MeHbllel ToY-
HOCTBIO yJIaeTcs ONpefesuTh ero HMMyJbc, H Ha060pOT.

Jnsi reoxummka cyuiecTBeHHo T1o, uto npunHuun [efisendepra
JOJIJKEH YYHTBIBAThCS, HAPHMep, NMPH OLEHKe H HCMOJb30BaHHHM pa-
JHYCOB aTOMHBIX HOHOB, ONpefe/sieMblX YAAaJeHHOCTbIO BHEUIHHX
32JIEKTPOHOB OT sAApa aTtoma. KaK H3BECTHO, IpearnoJaraJgaoch IPH
ITOM, YTO 3JIEKTPOHbI BpALLAIOTCH MO HAeaJbHO KpPyrosoit opOHTe.
OaHaxko MOXKeT JH 3JeKTPOH JABHratbcs no opGure, ABJASOULIEHCH
TOYHOH OKpyxKHOCTbIO? Ha rtakoit opOuTte paimajbpHas cOCTaBJfAIO-
mas ummyJabca snekTpoHa Ap,=0. M3 cooTHowenns neonpeneseH-
nocreit ycioBue Ap,=0 coorBercrByer Ar, paBHOMy oo, Iaa kpy-
roBOfi e OpPOMTHI Ar, Kak H3BeCTHO, [AOJIXKHO OBITE PaBHO HYJIIO.
ITosTomy aBHIKeHHe 3JIeKTPOHA MO KPYroBoii OpOHTE HCKJIKOYAeTcH.
Jx. ®eiinbepr [1981 r., c. 81] B cBA3u ¢ 3THM He Ge3 OCHOBAHHSA
3aMeTHN: «... DeccMBICJIeHHO NMPHUNHCHIBATH 3/JEKTPOHAM KaKHe-TO
onpeze/ieHHble OPOUTH. DTOT BHIBOJ OCHOBBIBAETCS HA TOM, 4TO OI-
pele/ieHHe pa3MepoOB aToMa, a CJeJ0BAaTeJbHO, H 3JIEKTPOHHBIX Op-
OMT B atoMe BO3MOKHO JIHIIb C TOYHOCTBIO, MPeLyCMOTPEHHOI co-
ornouenuem [leiizenGepra».

IMonyTHo 3ameTHM, YTO MHHHMAJbHOe 3HaueHHe AxAp=>5X
¥ 10-28 spr-c B 4n pas Goabiwe mnocrosuHoit Ilnawka,  pasHO
6,6 10727 3pr-c.

QynaaMeHTalbHbIl NPUHLUHI HeonpeleseHHocTH [eiizenbepra
06bsicHIRT MHOXKECTBO JPYrHx siBJeHHi MuKpoMmupa. Tak, Hampm-
Mep, CTAaHOBHTCHA MOHATHBIM OTCYTCTBHE 3JIEKTPOHOB B aTOMHBIX $i/-
pax. Pacuernl nokasblBaloT, 4YTO ecan Obl 3JEKTPOH HAXOMAMJICSH
B npoctpanctse 10 @ u MeHblle, TO U3 COOTHOILEHHS HEOMpe/leneH-
Hocreit Ap ans Hero ObLIO OBl BENHKO, a CpeiHsiai KHHETHUecKas
JHeprusi cocrapJsdnia Obl JIeCATKH MerasJ/JieKTpOHBOJbT. O,I].HE!KO, KakK
NOKa3blBAeT ONbIT, MOTEHIHAJbHAS 3HEPTHS 3JIEKTPOMATHHTHOIO
B3aNMO/EHCTBUS 3/IEKTPOHA C SAPOM YKa3aHHBIX Pa3MepoB He Mmpe-
BBILIAET HECKOJbKHX MerasJeKTpoHBOJbT. TeM He MeHee 3JeKTPOH
U3 siipa He BbLJIeTaeT. 3HAYMT, €ro 3Jech MOMPOCTy Her!

Hpyrum dynaamentajbHBIM CBOCTBOM KBAaHTOBOTO MHUpa SBJS-
€TCsl JIHCKPETHO-YPOBHEBAsi CTPYKTYPa 3HEPreTHYECKOro CHEeKTpa
MOJIeKYJl, aTOMOB, HX si/iep, 3JeMeHTapHbIX vacTHi. Tak, npH Gom-
Gapanposke anpa C!? g-vacrunmamu ¢ smeprueit 10 MsB siapo C*?
HJH BOOOLle He BO3OyiKIaercs, WIH NMpHOOpeTaeT OJHY M3 HEPrHil:
4,43; 7,65; 9,61 MsB. Hukakue nmpoMeRyTouHble COCTOSHHMS sApa
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npu 3TOM He HaGawoxaloTcs. TakuM o6pasoM, 06beKTaM MHKPOMHpPa
(aTomawm, sizpaM, 3JeMeHTAapHBLIM YACTHIAM H T. I.) MpHCYLe CBOIi-
C¢TBO 006J1aJaTh JAHCKPETHHIMH 3HAuYeHHSIMH YPOBHeH BHYTpeHHeIt
sHeprun. Pacnosioxkenne sHepreTHUYeCKHX YpPOBHed YacTHIBI Ha3bl-
BAeTCSl €e JIHePeTUHeCKUM CHeKTpOM. DHepreTHYeCKH# CrexkTp —
BaykHeHlllas XapaKTepHCTHKA KBAaHTOBBIX 0OBEKTOB.

B kBaHTOBOH MeXxaHHKe MPHHATO MOJIb30BATHCHA CHCTEMOI eau-
HHL, B Kotopoih i=c=1. B 370ii cucreMe 3HaueHus sHepruu [E],
uMnyJbca [p], maccsl [m] paBHH M COBNAAAOT CO 3HAYEHHAMH LJIHHBI
[7'] n Bpemenn [~!]. Orciona aauna, pasuas 1 @, npunumaercs
paBHoOit Macce uan sHepruu 200 M3B u umnyascy 200 MsB/c.

SJNIEMEHTAPHBIE YACTMLLbE

B Hacrosulee BpeMs H3BECTHO HECKOJIBKO COTEH 3JIE€MEHTapHBIX
gactuu. Kaaccudpukauns sJeMeHTapHBIX YacTHI CTPOHTCA Ha 3Ha-
YeHHSX HX Macchl, 3apfAfa M KBaHTOBBIX cBoiicTB. MuorooGpasue
TEPMHHOB, NOPOI HEMPHBBIYHBIX AJS CJAYXa FeOXHMHKOB, TEPMHHOB;
XapaKTepPH3YIOIHX NPH3HAKH W CBOMCTBA 4YaCTHI, 3acTaBjsieT aB-
TOpa caenath XOTsi Obl KpaTkoe NOsiICHEHHe TeX BbIpaxKeHHil, KOTo-
pbie OyAyT BCTpeuaThCs HHUIKe. :

Haunem ¢ TOro, uto B XapakTepHCTHKY BCE€X YaCTHIL BXOIHT
BaykHOe noHsTHe cnuHa. Cnun — coOGCTBEHHBIT MOMEHT KOJTHYECTBa
JABHIKEHHS 37eMeHTapHOil yactuiti. OH H3Mepsiercs B eanHuunax f
u paBen Jh, rae J— xapaktepHoe IJisl KaxK/JOro COpTa 4YacTHil lie-
Joe (B TOM YHCJAE Hy.‘lQBOE) HJH noayueJsaoe noJoxKHTeJabHOe YHC0,
Ha3biBaeMoe CNMHHOM. 3HaueHHe CMHHA ONpeleNsercs yKe TeM, 4TO
B COOTBeTCTBHH ¢ npuHuunom Ilayau aBe nmoGble TOMXK/IECTBEHHBIE
YacTHUB (MOJIeKyJBl, aTOMHl, f/1pa, 3JeMeHTapHble YacTHIlL) ¢ mo-
JyUeJbiM CMHHOM (B eauHHNax k) He MOIYyT OJHOBPEMEHHO HaXo-
JHTBCH B OLHOM COCTOSIHHH.

Yacruusl, 118 KOTOPHIX cnpaBeAsuB npuuuun [Mayau, noayunin
Ha3BaHHe (epmuoros nian (epmu-yactni. PepMHOHAMH HA3BIBAIOT
TaKKe 3JeMeHTapHoe BO30yK/JeHHe KBAHTOBOM CHCTEMBI MHOTHX 4a-
ctuil. B atom cayyae obpasyiomiasicsi K8a3u4actuya Takxke JOJKHA
obaanaTth NoJylUeJbM CITHHOM.

K ¢depmuonam ornocsiTcsi: Bce GapHOHbI (MPOTOH p, HEHTPOH n,
THTEPOHBl H T. N.), JIENTOHBI (3JEKTPOH e, MIOOH, HefATPHHO H HX
4HTHYACTHUB), KBa3WyacTHIH M aTOMHBE fApa C HeueTHoiM Z.

KBanToBasi MexaHuka pasjiHuyaeTr CHJIbHHE H cjaabble B3auMOAeil-
CTBHSL MeXAy yactuuamu. Cuabroie 63aumodelicT8us — 310 MPO-
LeCChl, MPH KOTOPHIX YacTHILI OOMEHHBAIOTCA SHEPrHeH W HMMyab-
COM, a TaKike TNpPEBPALIAIOTCA M3 OAHOrO BHAA B Apyroi. «Cuib-
Hble» 03HAYAI0T 3/1eCh GOJbIIYIO BePOATHOCTD NPOSIBJICHHS NPOLECCOR
storo poaa. Caabuie 63aumodelcTéUR — NPOLECCH, B KOTOPBIX
MOTYT y4yacTBOBaTb M B3aHMONpeBPAILATLCS Bce cyGaTOMHBIE Ya-
CTHIBL. BeposiTHOCTD HX, OJHAKO, HEBeJHKA, MOYEMY OHH 1 Ha3BaHb
«CJ1abBIMHY.
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UYacThisl, CnocoGHbe BCTYNATh B CHJIbHBIE B3aHMOJAEHCTBHSA, HA-
spBaloTCA adporamiu. AAPOHOB H3BECTHO HECKOJBKO COTEH. Onu
noApasiesioTcs Ha GapHOHBI H ME3OHBI. 9710 Bce H3BeCTHHIE HBIHE
gaCTHILbl, KpoMe (POTOHOB, JENTOHOB H COOTBETCTBYIOLUHX MM aHTH-
wacTHIl. CHJbHble B3aUMOJAEHCTBHS He 1efiCTBYIOT HA (OTOH, 3JEKT-
POH, MIOOH, Tay-JeNnToH, HEHTPHHO.

ALPOHBI COCTOAT M3 KBAPKOB H TJIIOOHOB. Keaprxu * aHanOTHYHBL
(epMHOHaM, T. €. OHH NOJAYHHAIOTCHA NPHHIHIY [Mayau. [awoonbl
(6030HBI) — YACTHILB, B OAHOM H TOM K€ COCTOSIHHH HaXOAALLHECH
B aio6oM uncae., Bo3oHbl OXBAaTHIBAIOT BCe YACTHIBI CO CTMHHOM,
. KpaTHBIM i, T. €., HAampUMep, MHOHBI, ** doTtoHbl.

! Cnabble B3auMoJielcTBHA 00YCJOBAHBAIOT pacnai 4acTuil, fiaep.

Tlpumepom caabbiX B3aHMOACHCTBHE MOMKET CIYHKHTD B-pacnan, T. €.
sifiepHble MpeBpallenus, B KOTOPHIX OCHOBHYIO POJIb HIPaioT Mpo-
flecchl TAaKOro poja:

S

n—+p—|—e-+§, (aHTHHEHTPHHO);
p—>n+tet+v, (HefiTpHHO).

®dHaKHKH OTMeYaloT, 4To ecjH Obl B MPHPOJE cnaGbie B3aHMOJEHCT-

BiS MCUe3/d, BMeCTe C HHMH Hcuesid Obl H HeATPHHO, HO B MpH-
~ ponue crajno 6bl Gosblie yCTOHYHBBIX (cTaGuJbHBIX) YacTHL, BKJIO-
 yag fr-akTHBHBIE sApA.
" HYrak, sJeMeHTapHBIe YaCTHIBI HbIHE Pa3efloTCsd MLy CO-
. Ooit:
; — mo macce (Tsenble — GapHOHBI, CPelHHE — ME30HBl i Jer-
" Kie — JenToHbl ¢ (POTOHAMH);
: — 1o ornowenuo K npunuuny ITayau (Ha MOAUHHAIOUIHECH —
~ pepMHOHBI I YACTHIBI C HeJbIM HJH HYy/JI€BbIM crmuHOM — GO30HBI) ;
i — 10 Y44CTHIO B CHJIBHBIX B3anMOJelicTBUAX (aLpoHBI) H B cja-
61X B3anMOLeHCTBHSX ((OTOHbI, 3/IEKTPOHBI, MIOOHBI, Tay-JIENTOHDL,
HEATPHUHO) .

CTPOEHWE ATOMHBIX SEP

Slapa ca0KeHbl 3/J€MEHTapHBIMH YacTHUAMH HYKJIOHAMH (mpo-
tonamu u Hefirponamu). Ilpoton u HeHTPOH — aJApPOHBI-GapUOHbL CO
cnunayu, pasabiv (1/2) i TIpOTOH 1 HEATPOH — ¢depmuonbl. [TpoTou
umeer maccy mp=(1,672614+0,0000086) - 102 r. Macca nporouna
B 1836 pas GoJblle MAacchl 3JeKTPOHA. [Toa0KuTENbHBIH 3apsi MPO-
 Tona e= (4,803242--0,000014) - 10-1° ex. CI'C3, nnu e=1,6021917 X
.~ %10-1° Ka B CH. Yucno npotoHOB B fipe, paBHOe aTOMHOMY HO-

* Kpapk — runoternueckas cyGaToMHas uacTHIA. [Tosaraor, 4TO ME30HHI

'COCTOAT M3 KBAPKA M aHTHKBapKa, a OapHOHH — H3 TPeX KBaPKOB. Keapxu
MMeloT ueTsipe apomata M TpH usera. OTaebHble KBAPKH naba0aTh He yna-
BaJIOCh,

. *% [IuoH — ONAHH M3 TPeX Me30HOB, HMelOUMii 3apaxy +e, 0 pim —e M
. spepruio mokos ~ 140 MsB. Byayun caMbiMH JIETKHMH a1pOHAMH, MHOHBI He-
CTa6GHIBHB, pacnamaioTces.
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Mepy sJeMeHTa Z, onpejieseT ero noioxeHue B nepHOAHUECKOMH CH-
cTeMe S5/MeMeHTOB. BpeMsi JKH3HH TpoToHa He Menee 10% ser
[[kaoseknit M., 1980). Heiirpon nmeer maccy, npuMepHO paBHyio
1,75- 1024 r, 1. e. B 1840 pas GoJbliyi0 MAcChl 3JEKTPOHA. 3apan
HefiTpoHa paBeH HyJ0. PasuocTh Macc npoToHa H HefiTpoHa Mp—
— M =—1,29344-0,00007 MasB. HefiTpon ycTOii4HB TOJBKO B CO-
craBe cTabuAbHBIX aToMHbIX sigep. CBoGOIWBIA HEHTPOH — HECTa-

GuabHas uacTHUA, pacnajaiomasics no cxeme n—-p+e-+v.. Cpet-
Hee BpeMs JKH3HHM HeifiTpoHa okoso 15,3 muin. B Beulectse BCACACT-
BHE HX TOTJIOILEHHS sAPaMH aTOMOB CBOOOAHbBIE HEHTPOHBI CYHLECT-
BYIOT BCEro JHIIb €IHHHILI — COTHH MHKPOCEKYHI.

SliepHOE BElIECTBO MMeeT OrPOMHYIO MuoTHOCTb. [Tpnunvasn f1po
ATOMOB MOHOJHTHBIM M romorenHsiM, 1. M. ®@penkens [1950 r.] oue-
uuean ee B 10" rfem®, a 3. B. Ilnoasckmit [1951 r]—sB 6X
% 10 r/cm®, Uasimn caoBamu, 1 cm® Bewectsa sigpa Becut ot 100
70 600 mau. 1. TIpn Takofi NJIOTHOCTH siipa BceX aTOMOB, COCTaBJAI0-
KX HAuly MJaHery, coOpaHHBIe BMecTe, AajiH OBl m1ap AHAMETPOM
oxoso 60 M.

fiipa aTOMOB HecyT MOJOMKHTeAbHbIH 3apaf. Hauseiciaa niot-
HOCTh 3apsaa y sapa atoma H—mnporona. flapo atoma Ca, cno-
xennoe 20 nporoHamu u 20 HeliTpoHaMH, HMeeT IJIOTHOCTb 3apsila
BaABOe GoJee HH3KYIO. Y TXKeJBIX sinep, rie p:n=2:3, NJIOTHOCTb
sapsna cocrapasger 0,39 u Menblue OT IVIOTHOCTH 3apsila B slpe H.
B ILesloM 3Ke MJOTHOCTb 3apsia B aape cocrasaser 3-10'° Kafem?,
uau 3+ 100 Ka/md.

CyiiecTByer psij TeopHi, OOBACHAIOUIHX pacnpejienenue 3apaia
BHYTpH siapa. Amepukanckuit gusauk P. Xogperearep B 1956 r., uc-
cJellysi YIpyrHe CTOJKHOBEHHSI 3JIEKTPOHOB C sHeprusmu | MsB
¢ HYKJIOHAMH, o6Hapy:Kui, 9to B sxpax atomos or Ca no U nwme-
erca puixaasi o6oJouka Toaumnol 2,4 ®. V sjep ¢ MaCCOBHIMH HHC-
gamMi Menbuie 40 BHYTpPeHHSs cepAlleBHHA HCUe3aeT H TJOTHOCThb
3apsifa cnajaer HernocpejACTBEHHO OT LEeHTpa.

OxasaJjioch jaJjee, 9TO H 3apsj NPOTOHA crnajaer A0 HYJAfA Ha
paccrosiuuy aumb 1,4 @ or uenrpa mporona. Boamoxwo, uTo Ta-
KOe pacnpejesieHne NJIOTHOCTH 3apsja y NMpPOTOHA fABJASETCHA CJael-
CTBHEM HaJHYHA Me30HHOro o6JaKa, COCTaBHBIE YacTH KOTOPOTO —
Me30HBl HEMPePHIBHO H3BEpraloTcsi H MNOrJIOUIAIOTCSA TMPOTOHOM.

Slnepubie CHJB, CBA3BIBAIOLUIHE HYKJOHB B Siipe, OCTAIOTCH
B HAIIH JIHH 70 KOHUA He pasrajanHeiMu. FI3BeCTHO JIMIUB, YTO OHH
JIOCTHTAI0T MHOTHX MErasJeKTPOHBOJLT, T. €. B THICAYH pa3s NMpPeBbi-
AT CHJBL 3JIEKTPOCTATHUECKOrO B3aHMOJACHCTBHS 3JIEKTPOHA H
npotona. Oco6eHHOCTbIO SACPHBIX CHJI SBJASETCS TO, YTO OHH Jeil-
CTBYIOT Ha OYeHb MaJBIX PACCTOSHUAX, N HA yaajdeHHH 4 ® ux poab
CTAHOBHTCH HecyulecTBenHoH. Hannume B fapax aToMOB TNOJOKH-
TeJbHO 3apfAKEHHBHX IPOTOHOB B CBOIO OYepedb CBH/ETEJbCTBYET
0 TOM, 4TO 1O NPHPOAE SAepHBIE CHJbl B OCHOBHOM He SBJSAIOTCA
saexTpocraTnyeckumMu, C Apyrofi cTOpOHbI, YBeJHYCHHE DPasMepoB
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. aTOMHBIX filep ¢ POCTOM YHCJA HYKJOHOB TOBOPHT O TOM, HTO sl€p-
pple CHJIB XapaKTepPH3YIOTCA He OAHHMH JIHIIb CHJIAMH NPHTSRE:
HHS, HO W KYJOHOBCKHMH B3aHMOJeACTBHAMH.
4 dnonckuit puank Xunexn IOkasa B 1935 r. BnepBbie OGBACHHT
. {pHpOALY sNepHBIX CHa 0coGo dopmoii u3ayueHHs] HYKJIOHOB, BBI-
paxkaiollefici B HempepbiBHOM o6MeHe TocJeXHnx Mexay coGoit
. Me30HAMH — yacTHIaMH ¢ Maccoil, npumepro B 300 pa3 npesbilIaio-
. meit maccy asekTponoB. B 1947 r. Takee yacTHibl GbUIH o6Hapy-
JKeHBl B COCTaBe KOCMHYECKOTO H3JyYeHHs, H B HacTOsfllee BpeMs
. 3KCMepHMEeHTaJbHO TMOJATBepXKJeHa BaXKHAafA POJb Me3OHOB BO B3aH-
 MojeficTBHH NMPOTOHOB ¢ HEATPOHAMH B A/pax aTOMOB.
CxeMaTH4eCKH 3TO B3aMMoJeficTBHe MOXKHO TpPeACTaBHTL CJe-

AyounM o6pasom:

g Vi SR B

p—>n--at; n—>-p+n-,

Prr. R

rie nt W - — NH-Me30HH ¢ Maccoit B 274 3JIEKTPOHHBIE MacChl H
spemenem xkusun 2,603+ 10-° ¢. OGmee xe unca0 pasjIHIHOTO poOAa
 o6HapyKeHHbIX ME30HOB B HAcTOsiulee BpeMs JAOCTHIVIO MATH Je-
_ CATKOB.

% CTpykTypa AaTOMHBIX fjep ocraercsi OJHOH H3 CJIOMKHEHIINX
 npoGaem cospemennoii ¢u3nkH. CyllecTByeT HECKOJIbKO Mopesneit
 aToMHBIX sfep (MOAeJb «KHAKON Kamam», MoAeab depMmH-rasa, ofn-
~ THueckasi, KOJJIeKTHBHas, 06oJoueuHas MOJiesin), OZIHAKO MOKa BCe
. OHH HTrpaioT poib Gosee WJIH MeHee O6JH3KHX K JeHCTBHTEJbHOCTH
~ paGouux runotes, 0606UIAIOMHX HAKONJACHHbIC 3HAHHA O CBOHCTBAX
~ sagep. CorsiacHo WIHPOKO PacnpoCTpaHeHHOMH o6oaoueqHOll MOLEJH,
. KaXKAblil HYKJOH B fiApe HAXOANTCsi B Onpeje/leHHOM KBaHTOBOM CO-
' CTOSIHMH M DACMoJiaraeTcs Ha OTBeualolleM TOMY COCTOSHHIO SHEp-
. reTHuecKOM YpOBHe. DTH YDPOBHH, NMOAOGHO 3JEKTPOHHLIM YPOBHAM
. atoma, MOTYT 3aNOJHATHCA OMpeie/eHHbIM YHCIOM HYKJIOHOB. SAnpa,.
B KOTOPHIX TMOJHOCTbIO 3aNOJIHEHbl YPOBHH € YHCJIOM HEHTPOHOB b5
8, 20, 28, 40, 50, 82 u 126 mwam ¢ uucaoM MPOTOHOB 2, 8, 20, 28,
50, 82, Ha3BLIBAIOTCH Ma2u4eckumu, 1 B TaKHX ajapax Habmaopaercs
cKaukooOpa3Hoe H3MeHeHHe CBOMCTB, B YacTHOCTH 3HEPrHH CBA3H
HYKJIOHOB.

[To coOTHOMIEHHIO B SAPax 4HucJa NMPOTOHOB H HEHTPOHOB MpPH-
. HATO HA3LIBATh H30TONAMU aTOMbl C OJAHHM H TeM JKe YHCJIOM Ipo-
. TOHOB, HO C PasHBIM uHCJIOM HeliTpoHOB. B usoronax Z nocTosiHHO,.
N u A nepeMeHHH.

H306apst — aTOMBl C Pa3HHIM YHCJAOM NMPOTOHOB, HO C OJAHHAKO-
BBIMH MaccoBuiMu uuciamu. B nzobapax A nocrosuuo, Z u N ne-
PEMEHHHI.

H30TOHBL — aTOMBI ¢ PA3HBIM YHC/IOM NMPOTOHOB H PA3HBIMH 3HA-
YeHHSIMH MAacCOBOTO YHCJa, HO C OJAHHAKOBBIM YHCJIOM HeHTPOHOB.
B nzoronax N nocrosinno, Z n A nepeMeHHHI
3 [Momemass B (GopMyjde aTOMHOrO siApa 4uca0 npoToHoB (Z)
¥y cHMBOJa 3JeMeHTa cjeBa BHH3Y, uncaa Hefitponos (N) ciepa
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BBEpPXy M MaccoBble uncia A cnpasa BBepXy, CTaOHJbHBIE H30TOMB
Ca MoxkHO H306pasuTh Kak

20, 22, 23, 24, 26 40, 42, 43, 44, 46
2 QDCa ) .

TTpumepoM H306ap ABAAIOTCA AApa aTOMOB

bp 10 Spl0 4~10
4BE 5B sc .

Hsoronamn fIBASIOTCS, HAMPHMED, siAPa aTOMOB

713 Tn 14 715
iB* «C N /8l

ATOMBI C OJHHAKOBBIM COCTABOM $ipa MOTYT HaXOAUTbCA B pas-
JIHUHBIX 3SHepPreTHUYeCKHX COCTOAHHAX. Hx HasbIBawoT usomepamu.
Msomepsl UMelOT pasjHyHble (U3MYeCKHe CBOHCTBA, HATpHMep re-
‘PHOA TOJypacnaia pajHOAKTHBHBIX silep M SHEPTHIO CBS3H HYKJO-
HoB. Slxepuas usomepusi otkpeita O. Fanom B 1921 r. 1 oGbsACHeHa
M. B. KypuatoBeiv u ero cotpyannkamu. [Ipuvepom siiepHO# H30-
METPHH MOTYT CJAYKHUTb AApa #Br*, nepuoaw moaypacnaga Koto-
peix 18 mMuu u 4,58 u.

flnepuas M30MepHA NMPOABJSETCA Y fAep aTOMOB C HHC/AAMH N
u Z, HeckoAbKo Menbmnmu 50, 82, 126. BOau3u 3THX 4HCes BO3HH-
‘KAal0T «OCTPOBA H3OMEpHH» siAep.

YCTORYMBOCTE ATOMHBIX SiAep OmpejessieTcsi MHOTHMH (P aKTo-
paMH, Cpe/H KOTOPbIX 0coGoe 3HAUeHHE HMEIOT JedeKT Macc ¥ pas-
JIYHBIe ero BhipameHus (yAeabHbI AedeKT Maccel, yAeJbHad IHEP-
THS CBf3M HYKJIOHOB B sJpe), COOTHOUIEHHe YHC/a TPOTOHOB H
HeHTPOHOB, a TAKike YeTHOCTb INPOTOHOB, HEHTPOHOB, MACCOBBIX YH-
cesl U paHOaKTHBHOCTb.

JKCNepHMEHTAIbHO YCTAHOBJEHO, UTO Macca siapa Go/bUIHHCTBA
.ATOMOB MeHbIIE MAacchl COCTaBJISIOUHX ero HykaoHoB. Pasnocts
MEKAy Maccoii atoMa JaHHOrO H30TONA, BBIPAMKEHHOH B aTOMHBIX
‘©JIMHAILAX Macchl *, § MacCOBLIM YHCJIOM, PABHBIM YHCHY HYKJIOHOB
B siApe AAHHOTO H30TOMa, HasbiBaercs degpextom maccot AM siipa:

AM = Zm, + Nma—M,

rje mp — Macca NPoTOHA; My — Macca Heiitpona, M — macca siapa.

Jledext Mmacchl 00yc/aoBIeH TeM, 4TO npu obpasoBanun fApa
yacTh Macchl «pacxoayerca» Ha ofecreuyeHne CBAI3H HYKJIOHOB
mexay coboit. Takum obpasoM, dHepeusd C843u HYKJIOHOB B fjpe
(Ecs) xapakrepuayer cobofi ycToHuMBOCTb $iApa H COOTBETCTBYeT
3HEPruH, KOTOpyio HeoOXO0AHMMO 3aTPaTHTh AJS pacllenyeHus sapa

* PazauyaloT XHMH4YecKyio (X. a. e. M.) H yHH(HUHpoBaHHYiO (Y. a. €. M.)
aTOMHBle eJHHHLB Macchl. X. a. e. M.— 310 1/16 cpeaHreit aToMHOfi Macchl H30-
‘Tonos Kucaopoxa O, 017 y O'%. Ona paena 1,66022-10-2* r. V. a. e. M. mpel-
«crapaser coboit 1/12 maccm sgpa C'2. Ouna pasua 1,66057-10-%¢ r.
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" qa oTaeabHble HYyKJoHB. M3  dyniamMeHTaabHOro COOTHOUICHHSE
BE—mc?

Eew=(Zm,+ Nm,—M)¢* nm E=AMc.

Orciofia e cJelayeT, 4TO Macca OHOTrO HYKJIOHA 3KBHBaJeHTHA
sueprun 931 M3B, u6o 1,67- 102 r (macca nyk/iona) -9- 1020 cm?/c?
(ckopocth cBeta) =9- 10 m/c B CH, naun 1,5- 10— spr=931 MsB.
Jueprusi cBA3H NMPHOJH3HTEJLHO NMPONOPUHOHAJIbHA YHCAY HYK-
| JIOHOB, @ 3TO 0O3HAyaeT, YTO NPHCOeAHHEHHE K AAPY KaxJI0ro HyK-
| JIOHA COMPOBOZKAAETCs BbIAEJEHHEM B CpelHeM OJHOro H TOro XKe
~ KOJIHYecTBa 3HEPrHH.

_ 3apHcuMocTh Ecpy OT yHMcaa NPOTOHOB Z H MaccoBOro 4Hcaa A
" pas Beex n3BectHmX sgep, no K. ®. Beiiusekkepy [1935 r.], Beipa-
JKaeTcs NOJVIMIHPHUECKOH Gopmyoi

Eey—=td —ad _p22AP g ﬁ‘i?f-z—”— +8(4, 2),

rae uideH eA NOKasbiBaeT JHHEHHYIO 3aBHCHMOCTh 3SHEPTHH CBA3H
or MaccoBoro uucia; aA’s — yMeHblIeHHe 3TOH 3HEPrHH 3a Cuer
. TOro, 4TO 4YaCThb HYKJIOHOB HAXOAMTCS Ha TMOBEPXHOCTH SAPa;
BZ2A-'s noxkasbiBaeT, YTO SHEPrusi 3JEKTPOCTATHYECKOrO KYyJIOHOB-
CKOTO OTTAJKHBaHHsS TNPOTOHOB, Takke YyMeHblIalomas 3HeprHio
cBS3M sApa, oOpaTHO MPONOPUHOHAJbHA pPajHyCy fApa H MPSAMO

3 NponopuUHOHaJbHA KBaJApaTy ero 3apsia; v(A/2—Z)2/A roBopuT

06 yMeHbIIEHHH 3HEPTHH CBSI3H 32 CYeT HepaBeHCTBA uHCIa MPo-
TOHOB H HEHTpPOHOB B sJipe; 6(A, Z) — uaeH, oTpaxkaloului BIHS-
nue yernoctd Z u A.

BuipakeHHasi B MerasJeKTPOHBOJIbTAX IHEPrus CBA3H HYKJIOHOB:

B aape, no K. ®. Befiusekkepy, umeeT BHA

Ees= A[—15,75+ 17,847 40,712%/A** 1 23,7(A—22°)/A°}.
3ech NepBHIT ujeH XapakTepusyerT 0ObeMHYI 3HEPruio, BTOpOH —
NOBEPXHOCTHYIO, ~ TPETHil — KYJOHOBCKYIO, — 4eTBEPTHIil — IHEPrHio:
CHMMETPHH.

I'paduueckn oOULHiT BHA 3aBHCHMOCTH AeeKTa MacC B a. e. M.
or maccosoro uucia A noxasan Ha ¢wur. 4.1. M3 pucyHka BHIHO,.
uto JedeKT Macc moaokuTeaen Aas sizep Jerde O IMpu A>20°
OH CTAHOBHTCH OTPHIATEJbHLIM. 3aTeM Y TAXKeNbIX siep BCJeACTBHE
97eKTPOCTATHYIECKOTO OTTAJKHBaHHs NPOTOHOB OH HAUHHAET PacTH!
uy sgep ¢ A>180 BHOBb CTAHOBHTCH MOJOKHTENbHBIM.

flaepnasi GH3HKa WHPOKO NOJAb3YeTCH MOHATHEM SHepaul noKod.
DHeprus NOKos — 3TO 3HEPTHs YACTHLBI, KOTOpPas He ABHXKeTCA H Ha-
XOAMTCA 3a Tpejfe]aMH BjAHSHHS APYrux obGbexroB. Mmenwo aas
Hee neiicTBHTeAbHO cooTHomenne E=mc? Ecaum e yactuua ABH-
KeTCH, e Macca COOTBETCTBEHHO CKOPOCTH TakixKe HaMensercs. Tak,
9JAeKTPOH, ABHAKYLLMiics co ckopoctbio 282100 km/c, cBoo Mmaccy
yrpanpaer, npu ckopoctH 298500 xm/c ero Macca CTaHOBHTCH
B 10,79 pa3 Goabue, a npu 299400 xkm/c Bo3pacraer B 20,58 pasa.
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4.1. Hederr macc.

Tlo 3Toit NpHYHHE HHKaKOe TeJO, HMeIllee Maccy MOKOs, He MOZKeT
JBHTATBCA €O cKOpocThio cBera. * Ilo 3Tofi Ke mpuunHe GOTOHH
HeJIb351 OCTAHOBHTh, HOO HX Macca NMOKOA PaBHA HYJIO.

Jueprus CBA3H 3J€MEHTAPHLIX YACTHI B aTOMaX COCTABJSET
MaJyio H0JK HX 3Hepruu nokos. ‘Tak, Hanmpumep, Heprusi CBA3M
sjekTpoHa B arome H pasma Bcero aumsb 0,0025 % ot sumeprau
nokosi. B aToMHBbIX sapax, rie HYKJOHLI CBA3aHH 06o0Jee CHJBHO,
IHEpPrusi uX CBSI3H cOCTaBaser npuMepHo juwe 1% cymmbl suep-
THil TIOKOSI COCTAB/ISAIOLHX AAPA HYKJIOHOB.

Hedekr macchl, pacCUHTAHHBII HA OAHH HYKJOH, HA3bIBAETCS
VAGTBHBIM JleheKTOM Macchl HJIH YnakoBouHolM Kosppuyuextom P:

P=AM/A.

3aBHCHMOCTh YMaKOBOYHOTO KO3(D(HIHEHTa OT MacCOBOTO WH-
<Ja nokaszana Ha ¢ur. 4.2. M3 pucyHka BHAHO, YTO HAHMEHBIIHE

* Hx. @eiinbepr [1981 r.] nuiner, uTo cneuHaJbHas TEOPHS OTHOCHTEIBHO-
CTH <«HE MO3BOJSET YacTHUAM JHUIb NEepPexoAHTh CBETOBONl Gaphep», HO He 3a-
NpemaeT WM Becerja HaxoAuTbCs no aw6yio cTopoHy 3toro Gapwepa [c. 316]
OcHoBuiBasics Ha 3ToM, QejinGepr u He3asucumo or Hero Jx. CyIapTan Bbi-
ABHHYJAN rHNOTE3Y O CYLIECTBOBAHHH TAXUOHA — YACTHUE, CKOPOCTL ABHMKEHHS
KOTOpOil B BakyyMme Bceraa GoJiblie CKOPOCTH CBeTa.
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3HauYeHHs yAeJbHOro JdedexTa Macchl COOTBETCTBYIOT HaHbogee yc-
TOHUHBBHIM sLApaM.

YnakoBouHBI KO3 OHIHEHT, TaKUM 006pa3oM, noao6HO LedeKTy
Macec XapaKTepH3yeT YCTOHUHBOCTL aToMHOro siapa. Ero o6biuHo
BHIPAXKAIOT B BUIE YOCALHOU IHepeul CBS3U HYKAOHO8 8 sdpe:

E/A=(AM/A)-931 MsB =p-931 MsB.

3asucumocts E/A ot maccoBoro ‘wucsaa mokasawa Ha ¢wur. 4.3.
M3 pucynka ciaepyer, uTO yJeabHas 3HEPTHs CBA3H AJAA DPasHBIX
slep pasnnuua. B jerkux sapax oHa MuHuMasaeHa (okoso 1 MaB),
3areM CKaukooOpa3HO pacTeT, ZOCTHTaeT MaKCHMAaJbhHOTO 3HAUEHHS
B Aapax atomoB rpynnsl Fe (okono 8,7 MsB) u 3atem MeasieHHO
nonmzkaercest 1o 7,5 MaB B anpe U.

CoOTBeTCTBEHHO 3TOMY INPH CJOMKEHHH H JCJEHHH fAep SHEeprHf
Bhlgenserca auwb y Jderkux (H, He, Li) u tsixkeawix (Th, U, Pu)
3/1eMEeHTOB. JJIeMeHTHl cepeAHHBl TaGauibel MeHgeneeBa A1 3THX
uesell cayXHTb He MoryT. flapa Takux atomos, kak Fe, Ag, Au,
Hg, HacTo/bKO yCTOHYHBBI, UTO He AETOHHPYIOT JaKe NMPH B3pLIBe
BOAOPOAHBEIX OoMO.

Ilpu cuntese sinep He, kak 310 mokasaam eume B 1932 r.
Jx. Kokpodt u 3. Youaron,

dr-y T
sLi’ -+ H' - 3He' + IHe",
70182 L,00SL 4004 4,004

8,0263 a.e. m 8,008 a.e. m

BO3HHKAOIlasd pasHOCTL Macc IKBUBajeHtHa FE=17,25 MsB.
Hmenno takosa sHeprus y o6pasyoUuxes NPH 3TOM o-4acCTHLL.

Hrak, MUHHMa/IbHbIE 3HAUECHHS Y/eJbHOA SHEPTHH CBA3H TPHXO-
AATCA HA JIerKHe silpa C HEYeTHBIM YHC/IOM MPOTOHOB H HEATPOHOB
102, 3Li% 3B, IN™. MakcumasbHble 3HAYeHHs YAenbHOH 3Heprumu
XapakTepH3yIOT, HAPOTHB, SIAPa C YETHHIM YHCJOM NPOTOHOB U Hefi-
TPOHOB sHe®, 2 e i e 2Ni®. 31a 3aKOHOMEPHOCTD
HMEEeT OrpoMHOe 3HauyeHHe NJisi OODBSCHEHHA pPacHpOCTPaHeHHOCTH
E NIDHPOJe pas/HYHbIX aTOMOB. B lle/ioM BLICOKHe 3HAYEHHA YAeadb-
HOMl 3HePruH CBSA3H XapaKTePH3YIOT HauboJiee YCTOHUHBHIE H I0TOMY
Golee pacnpocTpaHeHHble siApa aToOMOB. MHHHMAJbHbC 3HaUEHHS
SHEPTHH CBA3H HYKJOHOB B siipe OTBeYaloT SAPAM MaJ/OyCTOHUHBBIM,
PEIAKO BCTpeYalUIMMCH U Ha 3eMJie, H B KocMoce.

YCTORYMBOCTD ATOMHBIX sieP 3aBHCHT B 3HAUHTC]BHON CTENEHH
OT COOTHOWLEHUS APOTOHOB U HedTPoHos. JInst YCTOHUMBHIX siep
o A=40 310 cootHowenne pasuo 1. ITo Mepe JdalbHeHUIero pocra
YHC/JIa NPOTOHOB A1 OcJaGJeHHA CHJ KYJAOHOBCKOTO OTTAaJKHBAHHS
sIApa BOBJEKAIOT JOMONHHTE]bHBIE HEATPOHBI, YHCIO KOTOPHIX C PO-
€TOM Z GBICTPO pacTeT M JAocturaer y Pb 44. Hauuwnas ¢ Z=83 u
Aajiee, HECMOTPsl Ha JaJbHelIlee YBeJHUCHHe YHCjaa HelTPOHOB
B flpax, BCe OHH CTAHOBATCSH HEYCTOHYHBBIMH, PajHOAKTHBHLIMH,
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4.4. Ycrofiunpocth atoMHex azep or H go F kak ¢yHk-
L COOTHOLICHHS TNPOTOHOB M HeliTpoHOB [@epmm 3.,
1952 r.].

3pe3oyKkaMH 0003Ha4eHbl paJHOAKTHBHbIE HIpa.

KapTtudy cooTHOlIeHHSl NPOTOHOB M HEHTPOHOB B saApax aro-

MOB 10 Z=9 MOXKHO BHJAeTh Ha (ur. 4.4,

IlockoabKy CBfI3k HYKJIOHOB B fAApe o0ycioBjieHa 0GMeHOM

MEKAY HHMH Me30HaMH, MOKHO OKHIATb, UYTO SAPa C YeTHBIMU UHC-

JaMH NIPOTOHOB H HEHTPOHOB OyIyT Gojee YCTOHUHBBIMH, 4eM siipa

¢ HeueTHIMH Z H N. Yike pacmpeznesneHue mo 3ToMy npussaky 274

ctabuabnbiX H30TONOB (Taba. 4.1) noATBepAIaeT 3TO NpPELNONO-

JKeHHe.

: B mocaenneii rpynne (Z u N neuernble, A ueTHble) H3 lecTH
Rsaronon D", L% BBY, INY, SIKY, 2V, CTPOro ToBOPS, CTa-

TABJIMLIA 4.1

E
4 3aBHCHMOCTb 4HCAA CTAGHABHBLIX H30TONOB OT weTHoctH Z, N u A
.
; Z N A Mpumep Yncao H30TONOB
E Yer. Yer. Yer. 3016 166
3 15¢ ;29 L

» Heuer. Heuer. 1491 55
k Heuyer. Yer. » gNw 47
] » Heuer. Yer. i 6




GunbHLl JHWb mepBble uerhipe. Ki® paamoakthBen ¢ Typ=
=1,4-10° jer, a V*° — noaroxUBYLIHIl H30TOMN C T12=10!5 Jer.
Yeryoers Z, N n A cxkaspiBaeTcsi B 4HCJE H30TONOB Yy OTAE]b-
HBIX 9JEMEHTOB, B HX YCTOMYMBOCTH M PacHpoOCTPaHEHHOCTH, B Ha-
JMYHM HJIH OTCYTCTBHH COCEJHHX H3006ap, B MPOSBJEHHH TaK Has3bl-

BaeMBIX «MarHyeckux uHces»,
Bece 3/eMeHTHI ¢ YeTHBIM Z HMEOT IO HEeCKOJbKY H30TOMOB.

Jlaxe peakuii B 3eMHoit kope Be, KJapk KOTOPOro CcoCTaBJser
2 r/r, umMeer 5 usoronos (Be”® %101 p3 HEX ONHH iBe’  cra-
GUIbHbIH.
B sigpax c ueTHeIM Z 10 9Ni OJMH YeTHBIH M30TOM MO pacmnpo-
CTPaHEHHOCTH pe3ko mpeoGnamaer Haj JApyrumu. Tak, pacmpoct-
amennocts, %:  3He'—99,99,  8C”—98,89,  30°—99,76,
ONe®_90,92, [Mg* 78,60, [6Si*—95,51. V¥ Ni cpean uzoro-
noB 2gNi58: 60, 61,62,64 nacnpocTpaneHHOCTD ¥Ni®cocrasaser 67,76 %.
YV sgep ¢ uerHsiM Z>28 pacnpocTpaHeHHOCTb H30TONOB GoJee
paBHoMepHasi. Tak, y Mo cemp CTaGUIbHBIX  H30TONOB
4o M 92, 94,95, 96, 67,98, 100 ypjejoT pacrlpoOCTPAHEHHOCTh COOTBETCTBEHHO
15,86; 9,12; 15,7; 16,5; 9,45; 23,75; 9,62 %.
¥V sgep ¢ YeTHHIM Z H30TONbl CTAOH/bHBI C YETHBIM H HeUeTHBIM
yucaoM Hefitponos. [loaromy 6au3ka Memay coGofl m pacmpocrpa-
HEHHOCTb TAaKHX HM30TONOB. DTO BHIHO Ha BbIICNPHBEIEHHOM MpPH-

mepe ¢ Mo.
AHaJOTHYHYIO KAPTHHY MO:kHO HaGuioaath y Yb:

Msoromst & . . . . . . . 0YB'® 1QypIT 4 AR )
Pacnpocrpanesnocts, % . . 0,140 3,03 14,31 21,82
Haoronst PO ‘%Yb”"' I%me 1gng”ﬁ
Pacunpoctpauennocts, % . . 16,13 31,84 12,73

Ho cpeam H30TONOB ¢ 4eTHBIM Z M HeueTHHIM N OTCYTCTBYIOT
anpa, uveiomne A, paBuble coceinnm nsobapam. Tak, Hampumep,
y Mo orcyrersyior usotonsl ¢ A=93 u 99. Itn maccoBbie uHCaAa
cBoOficTBeHHBl siapaM coceaHux 4 Nb® u 43Tc,

Hsoton 4 Nb* ycrofiuus. Ero pacnpocrpaHeHHOCTb B NPHPOAE
cocrapasier 100 %. Hsoronm ,Tc® paguoaktnBen ¢ Ty/2=2,12X
X 10% ner. B npupoje OH MpakTHUECKH He Berpeyaercs. DTO pas-
JHYHe MekK1y HHMH HaXOAHT cebe CPaBHHUTEJbHO MPOCTOE 0GBsc-
nenne. B pany 4Nb—pmMo—Te—uRu nocnennnit snement, Kak u
Mo, umeer ceMb CTaGHJIBLHBIX W30TONMOB H B TOM YHCJIE H30TOI
¢ A=99 u pacnpocrpanennoctbio 12,8 %. Taxum o6pasom, saapo
»Tc%®, Gyayun coceanum H306apoM 1O OTHOIIEHHIO K uRu, okasbi-
paercsl HexusnecrmocoGHbIM. [To 3TOfl Ke NpuyMHe, NMO-BHAHMOMY,
B NpHpoJe oTcyTcTBYyeT Pm:

Blprnl'ﬁ 62Nd142. 143, 144, 145, 146, 148, 150.
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TABJIMLIA 4.2

PagnoakTHBHbie H3obapul B pany T1—At

Yueqno
Baeneit | nxn s weeeh A ey posnoarums
Tl 203, 205 206, 207, 208, 209, 210 5
Pb 204, 206, 207, 208 209, 210, 211, 212, 214 b
Bi 209 910, 211,7212,:213, 214, 6
! 215
Po — 210, 211,212, 213,214, 9
215, 216, 217,.218
At —_— 215,216, 217, 218,219 5

Ero siapy cooTBercTByer ycroiumsbii msorom gNd!*® ¢ pacmpoct-
panennoctsio 8,30 %.

B npuBeJeHHHX NpHMEpax pPoJdb UETHOCTH Z NpPOsIBHAACH 1
B uncae uzotonos (y uerHnx sMo, uRu, oNd — 1o 7 H30TOMOB,
y cocennnx ¢ HUMH HeueTHBIX 4Nb, 4 Tc, g Pm — mo oaxHoMy), H
B ux pacnpocrpaHentocti (Te m Pm B npupoie ne BCTpedaroTed,
Nb B semuoit kope cocraBasier 20 r/T).

HeycrofiuuBocTh cocefHnx n3ofap yBeauunBaerca ¢ poCTOM 7
W CTaHOBHTCS 0COOEHHO 3aMeTHOil y TsKeawblx axep. B pesyabrare
atoro B pspy s Tl—sPb—gsBi-—sPo-—gsAt Bce cocepune mo p
u306apsl pagHoakTHBHBL (Ta6J. 4.2).

3navenne yernoctn Z u N ocoGeHHO sPKO MPOsIBIAeTes B fApAX
¢ «Mar"uyecKHMH YHCAaMU» IPOTOHOB H HEHTPOHOB.

Mazuueckue adpa— 310 atoMHble siApa, cofepxamue 2, 8, 20,
28, 50, 82, 126 mporonoB HaAM HelTpoHOB. OHH OTAMYAIOTCS OT CO-
CellHHX sifep TOBBIIEHHOH yCcTOHUMBOCTBIO, GoJbLIEH pacnpocTpa-
HEHHOCTBIO B NMPHPOJIe H JAPYTHMH CBOHCTBAMH.

CorsiacHo 060JI0YEUHON MOJIENH CTPOEHHS SApPA, HYKJIOHBI, €ro
COCTABJAIOLINE, ABHXKYTCS He Xa0THYECKH, a He3aBHCHMO B CaMo-
COTJIACOBAHHOM T10JIE CAMHX HYKJIOHOB, CTPEMSICh TOJHOCTBIO 3aI0JI-
HuTb o6osoukn N u Z, obnajalouiye onpejeJeHHBIMH SHEpreTH-
YeCKMMH YPOBHAMH. DTH YDOBHH pasje/ieHbl CHJIbHBIMH SHEPreTH-
yeCKHMH 3a3opamu. [ToaroMy Kamzpoe sApo HMeeT pfAJd AHCKPETHBIX
9HEPreTHYECKHX COCTOSIHMI, KaXK[0e H3 KOTOPBIX OMHCEIBAeTCs 3Ha-
YeHHAMH fJePHbIX «KBAHTOBHIX yHcea» n, [, m u j, rie n Xapak-
TEPU3yeT paclnosiokeHHe ypoBHeH, [ — 4HCJIO HYKJIOHOB JaHHOTO CO-
CTOSIHUSA, M — MarHUTHBIE MOMEHT fJpa, j-— CIHH, XapaKkTepusyo-
i coOCTBEHHBII MOMEHT KOJIHYECTBA JBHIKEHHS.

3anosHeHHe KBAHTOBBIX YPOBHEH TPOTOHAMH M HelTpoHaMH
B fdApe CXeMaTHYeCKH MOKeT OBITh IIOKa3aHO CJeAYIOUIHM
o6pazoM.
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Hauunas ¢ sapa 32Ni® u nanee Maruueckue YHC/JIa MOXKHO BHI-
pasuThL GopMyJIOH
Nuor=n%3-+n*+(8/3) n+2,
rlle n— 4YHCJ0 HaTypaldbHOrO psija HauyMHadA ¢ 3. Tak, npu n=3
HMeeM
927:34+9+8:3.3+2=28 nm 3%Ni%
npu n=4 '
64:3+16+8:3-4+2=50 wmn 3Sr™ u HSn'”,
npu n=>5
125:3-+25+8:3-5+2=82 wam 5Ba",
npu n==6
216:3+36+8:3-64+2=126 wm g Pb™".
Takum o6pasoM, o6uIHil PAJA MaruuecKHX siiep COCTaBJseT

BHe', 0, BCa", BN, £or%, Bon'™, §Ba", [P6™.

B stom pany sapa He, O, Ca u Pb, nmeomue Marnyeckue
yycJa H IPOTOHOB, H HEeHTPOHOB, MOJYYHJIH Ha3BaHHe dsaxcdsl ma-
2UHECKUX.

Kak ye oTMeualoch, MarHyeckHe uucJa NpOsIBJAAIOTCA B MOBbI-
LICHHOIl YCTONUMBOCTH si/lep ¢ MarHYecKHM YHCJIOM p HAH n. JHep-
rHsl CBSI3H HYKJOHOB B TAaKHX fi/pax 3HauyHTeNbHO Beiule. Tak, B siipe
He* ona cocraBnser ~7 MsB Ha 1 HyKnoH, B sjpe xe cocel-

wero JLi® okono 5,3 MsB. ¥ sizep ¢ umciom Hefitponos 124—128
sHeprusi orpmsa 82-ro nporoHa pasHa ~8,5 MsB, rToraa kak
sHeprust oTphiBa 83-ro nporona anwb 4,4 MaB.
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B cBoio ouyepeab, npH NpHCOeAHHEHHH (MNPHJAHNMAHHH) K AAPY
€ MAaru4eCKHM YHCJIOM OJHOro NPOTOHA HJIH HeHTPOHA JHEPTHs CBA3H
HYKJIOHA B si/ipe pPe3KO yMeHblIaeTcA H INPOHCXOJAHT BHIOpPOC HeH-
TPOHA.

Hanpumep, B uHcae npoayktoB aenenusi U?B oGpasyiores sapa
Kr u Xe, aApasiominecss HCTOYHHKaAMH HEHTPOHOB:

Slyr 87 __ 503 86 | .
36Kr® — 3Kr* 4 n;
U238/
aXe > 8Xe* 1 n.

YMeHbleHHE e 3HePruH NPHJHMNAHHA HYKJIOHA K AAPY € Ma-
FHYECKHM UYHCJIOM [IPOTOHOB WJIH HEHTPOHOB, T. €. <HeKeJaHHe»
HYKJIOHA BOHTH B SIAPO, OTPAXKaGTCA B YMEHbIIEHHH BEePOSITHOCTH
3aXBaTa HEHTPOHOB WJIH, KaK roBOPAT (H3HKH, CBOXHTCH K YMEHb-
ennio 3((MEKTHBHOrO ceueHHsi 3axsarta Heiitponos. Tak, y sjep

126 .
5851, §Ba'®, °Pb™® sdoextuBHOE cevenme HeiiTpOHOB ¢ SHep-

rieii | MsB ymenbaercst 8 10—100 pas no cpaBHeHHIO ¢ AAPAMH,
Y KOTOPHIX 000JIOYKH HYKJOHAMH NOJHOCTbIO He 3anogHeHbl. [locae

Marmueckoro sapa eBa'® HaunHaercs a-pacmnaj TsXKeJIbX sijep.
[Ipu 3TOM y TAKeNBIX aTOMHBIX sifep, 00JafaloUHX PajiHOAKTHB-
HBIMH CBOHCTBaMH, SHeprusi a- M B-pacmaja npH mepexoie uepes
MarnyeckHe 4HC/aa HCNBITHIBAeT Pe3kHit ckauok. [Ipm 3Tom pamHo-
akTHBHble sapa Bi, Po, At, BmiGpachiBas a-uacTHUb, co06IIAIOT
HM MaKCHMAaJbHYIO IHEpruio, ecjqu B siipe ocraerca 128 uefitpo-
HOB, H MHHHMAaJIbHYI0 — €C/IH B SIApe OCTaeTcs MarHueckoe UHCJI0
HeliTpoHOB, paBHoe 126. MubiMu caoBamH, sapo co 126 Heiitponamu
HMeeT MHHHMYM CcBOOGOJHOH SHEPrHH H TeM CaMbiM CTAHOBHTCH
HanboJsiee YCTOHUHBHIM.

B nporuBOno/sokHOCTL 3TOMY ecau npu f-pacnaje obpasyercs
AAPO € MarHyeckKHM YHCJIOM HeHATPOHOB HJH NPOTOHOB, TO 3Hep-
ris f-uacTHIl OKaspiBaeTcs HeoObYalHHO Goabiuoil. Tak,

5lys 87 50
36 Kr —"ava87+ﬂ(EB:3,6 M3sB);
701 119 _ 69 o 119
sIn”—5Sn " +B(2,7);
OIHAKO
SR — 55817+ B (0,27);
soSn'*! —ZiSb™! + B(0,38).

Taxkum o6pasom, nepexox Kr u Rb compoBoxkaaercs BrGpocom
p-uactun c sHeprueit, B 13 pa3 Goswureii, uem npu nepexoae Rb
B Sr, a nepexox In B Sn — BEIGPOCOM 371€KTPOHOB B 7 pa3 Goabureii
3HEPTHH, UeM npH nepexoge Sn B Sh.

B urore siapa ¢ mMarHyeckHMH UHCJIAMH NPOTOHOB H HeATPOHOB

HMeoT HauboJibllee 4YHCIO H30TOMOB (TabGa. 4.3) H  H30TOHOB
(traGa. 4.4).

HHeso M30TONOB PE3KO yMEHBUIAETCH Y 3J€MeHTOB, CJeNYIONIHX
3a Maru4eckKHmH sapamu (ra6.u. 4.5).
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TABJIMLIA 4.3
CraGHabHbe H JOATOKHBYLIHE H3OTONB MAarHYecKHx suep

Z | Baement | n A ,?:,f:gc(.’;tp;' Z | Bnement | n A 5::23:::?';
2  He 1 3 000013 [50 Sn 62 112 0,95
2 4 99,99987 64 11 g g.gs
8 99,758 65 11 ,34
» g }? 0 0271 66 116 14,24
10 18  0.2039 gg 1:7 27,3{
3 118 4,
Tt B 69 119 858
293 43 0'132 70 120 32,97
24 44 2']3 (& e 4 4,71
2% 46 00032 74 124 5,98
28 48 0179 56  Ba 74 130  0,10—0,13
28 Ni 30 58 67.8 76 132 0,097—0,19
32 60 262 78 134 2,41—2,60
33 -6l 1'25 79 136 6,59—6,73
¥ 80 136 7,81—8,07
34 62 3,60
; 81 137 11,32—11,9
36 64 1,16
%" 5 i - 82 138  70,4—71,66
Ao 0, 82 Pb 122 204 1,55
48 86 9,86
124 206 22,51
§9- 16l gl 125 207 22,60
50 88 8256 '
’ 126 208 53,34

ITogo6GHO H30TOMaM YHCJIO H30TOHOB cpeAn saep, CAeAYIOHIHX
34 H30TOHAaMH C MAarH4eCKHMH YHCJaMH, COKpaluaerca 10 | wnu

paBno 0 (taGa. 4.6).

TABJIMLIA 4.4

Crabuabhbie u AOJroXHBYLIHE H3IOTOHBI
C MArH4Y€CKHMH YHC)haMH neihponon

Maruueckoe
YHCJI0 Hsorons Beero
HefiTpoHOB
2 2
1T, 3He 2
8 N, fo 2
20
20 Dok BAR B Sre 5
28 S8, 22T hanV, SCT, iFs 5
50 8kr, 2Rro, Bse, By, B2r, Do 6
A $2Xe, 52Ba, 2L, fICe,
2 T
8pr, ¥Nd, Esm
126 12%pb, '2%Bi 8
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TABJIMIIA 4.5

CooTHOLIEHHE YHCJA M3OTONOB Y 3JeMEHTOB ¢ MATHYECKHMH YHCJAMH HYKJOHOB
H COCEHHMH SIAPAMM

Maruveckne sgpa Cocepee spo Maruveckune sgpa ] CocenHee sapo
Yucao Yucao Yneno Uncno
DneMenT | yagronon | DNEMEHT | pagropop || DNEMERT | yaoronon 3neMeHT | waoromos
30 3 DF 1 5091 10 515b 2
noca 6 Q;SC 1 5583 7 5-,-La 2
”Ni 5 ”Cu 2 npb 4 saBi 1

B koHeuHOM HTOre ueTHHle MarHyeckHe sijpa aTOMOB OKa3biBa-
10Tcsl HanGoJjee yCTOHUHBBIMH, a NOTOMY H HanOoJee pacmpocTpa-
HeHHbIMH B npHpoge. Tak, B Macce 3eMHOH KOpbl KHCJODOJ OKa-
3biBaeTcs HauboJjee paclpoCTpPAHEHHBIM CPEAH BCeX JIErKHX 3Je-
MentoB (ero kKaapk 470000 r/r), a Pb (ki1apk 16 r/t) — cpean
TSKEJBIX. DJeMeHTH ¢ YeTHBIMH MOPSAKOBLIMH HOMECPAMH B LEJIOM
caaraior 87 Y% wmacchl 3eMHOII KOPbI, 3J€MEHTHl e ¢ HEUeTHBIMH
HomepaMi — Bcero auib 13 %. B KocMoce cpean Bcex 3JeMEHTOB
HCKJIIOUHTEJIbHAS POJb NPHHAMJIEKHT JBayK/Abl MarH4yecKHM sij-
pam He.

TABJIHLIA 4.6
Yucsio H30TOHOB YV 9/EMEHTOB C MAarH4eCKHM
HHCJIOM HeHTPOHOB H Y COCEIHMX siep

«Maruueckue» agpa «Hemarugecknes agpa

Yucnao
] ; ‘
| He;r';%’:i%s Hncso HIOTOHOB He;:]:?;]:oa }é:ga’;?: ":eﬂﬂ-’}frx'
HBIX
T, 2He
2 (@) 3 aLi (1) 7,18—7,52
8c, ®N, %0
8 3) 9 20 (1) 0,0374
EOS 20C1 20 Ar 20K QOCa
20 (5) 21 1K (1) 0,0119
#Ca, 7i, By, BCr, Bpe
28 (5) 25 G ogor) 9,55
50Kr'50Rb' Wsr, 50Y' 5021.’ 50M0
50 (6) 5F R2E ) 11,23
82Xe, SQBa’ B2La SEOe Bﬁpr’
82Nd, 825m
82 ) 83 SNd (1) 12,14—12,32
Py pyae i, Wpe
126 (4) 127 Her (0) —
3 B. ®. BapaGanos 65



nasa 5
PAAUOAKTUBHOCTbD.
BBEAEHME B TEOXMMHIO M3OTONOB

MaotonHsble MeToAbl MNOMOraloT pellate TPM FnaBHbie
npobnemsl OPMMPOBAHMA HAPOTEPMANbHLIX MecTo-
POMAEHMA: YCTAHOBNEHWe BpeMeHu pyaoobpazoBaHus,
onpegeneH1e (UIMKO-XMMMYECKHX NapaMeTpoB npo-~
uecca pyaoobpa3oBaHus, BbisBNEeHHEe MCTOYHMKOB Py.AoO-
o6pasylowmx BewecTs.

0. A. Ulykoawxos, 1980
PAOHMOAKTMBHOCTb

SlBnenue pajHOaKTHBHOCTH — IEPBBI sifepHBIA mpouece, 06-
HapyXeHHbIH uesoBekoM. CylIIHOCTb €ro COCTOHT B CaMONPOH3BOJb-
HOM pacnaje siliep ¢ HCIycKaHHeM OJHOH HJIH HecKOJbLKHX YacCTHIIL.
AtomHuble spa, MoJABepIKeHHBIE TAKOMY pacnaly, HashBaloTcs pa-
duoaKkTusHeILMU; SIAPA, He MOAJAIOUIHECS PaIHOAKTHBHOMY pacnany,
Ha3bIBAIOTCS CTAOHIBHBEIMH.

HeoGxoumMbIM yc/iOBHEM DaJiHOAKTHBHOCTH SIBJSETCA €ro sHep-
reTHYecKas BBITOAHOCTb, COCTOSILIAS B Y/IOBJETBOPEHHH YCJOBHSA

Mp, 3 >ZMy o+ M,

rae Mp s — Macca paaHoakTHBHOrO aapa; M, .— Macca sijJepHBIX
OCKOJMIKOB; Mg— Macca YacTHL, BEUIETAIOLIHX NPH PagHOaKTHBHOM
pacnaje sjpa.

PanuoaktupHblft mpoumecc— M 3TO CJAeAyeT NOCTOSHHO MOM-
HHTb — npouecc crarucruveckuid. OfUHAKOBBIE fApa pacnafanTcs
3a pasauynoe Bpems. IlosromMy aHUWDbL OYeHb 0OJbIIOE YHCIO
pacnafoB B cpelHeM He 3aBHCHT OT TeMIlepaTypbl, JaBJIeHHs, ar-
peraTHoro COCTOSIHHS H APYrHX (aKTOPOB H B 3TOM CMbICje siBJisi-
ercs (puaMueckod XapaKTepHCTHKOH pacmaga. B ri1. 4 npuBoau-
JIHCh IPHMEpPLl OJIMHAKOBHIX IO COCTaBY fJ€p, HMEIOUIHX CYLlecT-
BEHHO pa3Hble IepHOABl MoJypacnaja, sjAep-H30MepoB. 3jech
MOXKHO Has3BaTh H Jpyroii npumep. Tak, HaoMepaMH SIBASIOTCSA pa-
AuoakTHBHHE siapa Pa, obpasylommuecs 3a cuer sgep Th23:

ﬁpa"’“cT,,Q: 1,75 MunH;
Th234/
\\ 34
Pa*'¢T,3=6,66 u.

K pannoakTHBHHIM OTHOCAT fApa, BPeMs JKH3HH KOTOPHIX Je-
®HT B HHTepBaje ot 10-° no 1022 jper. Murepsan stor onpepens-
eTCsl BO3MOXKHOCTSIMH TeXHHKH 3KcrmepHMeHTa Hamux aHed. He me-
KJIOYeHO, YTO OH 3aMeTHO pacuIHpHTcs B GyayuieM. Bor mouemy
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npeaBHEHHE B. W. BepHajicKoro o ToM, 4To «6peHHOCTb €CThb CBO#-
CTBO BCeX 3JEMEHTOB», MOMKET 0Ka3aTbCs PeabHOCTBIO.
dusnueckas e 061acTh BpeMeH JKH3HH sjep OXBAaTHIBAET MH-
Tepsaj OT BecbMa OOJILIIHX 3HaueHHil 0 NPUMEPHOro BPEMEHH
npoJsiera * 4acTHUHI onpejeneHHoil HepriuH CKBO3L APYTyIo.
Hecmorpsi Ha OTpOMHBI mporpecc 3HaHHil B 06JacTH pajaHoak-
THBHOCTH, OOYCJOBJCHHBIH MpexXae BCEro noTpe6HOCTAMH OCBOE-
HHSl BHYTpHsiJepHOH SHEPrHH, TPHUHHLL pajiHOAKTHBHOCTH OCTa-
orcs saragounsimu. 10. M. Iupokos u H. IL [Onnn [1980] mpH-

posiT Takofi ToMy TpHMep. Sinpo artoma ypamna M6U8  kuBer
B cpeasem 101 ser, T. €. 1017 ¢. 3a 3TO BpeMs COCTaBJAIIHE ET0
HYKJIOHBl COBepIIaioT MPHMEPHO 10% oGoportoB. M BOT Ha 10%8 4
+1-m oGopore sApO BAPYr (!) umcmyckaeT q-uacTHIy H pacnaja-
ercsi. [Touemy? OTBeTHTL HAa 3TOT BOMPOC MOKA oueHb TPYJAHO.

V KakuxX e Silep H B 4YeM COCTOHT panHOaKTHBHBIH pacnan?

Ilns TAXKEABIX SAAEp BHITOLEH a-pacnar, H60 NpH SHEPTHH CBA3H
E.s sanpa 2He#, paBuoii 28 M3B, OTpHIB KaXJ0ro H3 UETHIPEX HYy-
KJIOHOB OT siapa cocraBiaser 6 MsB, a cama g-uacTuug, BHLIETad
¥3 sifpa, HMEeT KHHETHUECKYIO SHEPIHiO BCEro JIHIUIb 4 MsB.

[Ipu a-pacnade zX4 — MaTepHHCKOE PO npespamlaercs B J10-
yepuee z_oX4~*, n oGpasyercs AP0 He:

21X > g g XA T - e

Ceiivac u3pectHo Gosee 200 a-smep. Omm CBOHCTBEHHBI AaTO-
MaMm asjaeMenToB ¢ Z>83. Bpems a-pacmajia OXBaTHIBAa€T OrpoM-
Hbifi nuamaso — ot 10-8 ¢ y sRn®"® 1o 1,4- 10'7 jet y s2Pb?4.

Ilpu B-pacnade B siApe NPOUCXONAT MEPEXOALL.

a) n—>p+e-tve T. €.

XA 24 XA+ e4v,, win
6) p—»n+ﬁ++v—e, T. €.
ZXA i z_le e e+—|—'v,.

Cayuaii «a» HasBBAIOT 3JIEKTPOHHLIM B-pacnanom, «6»— mo-
SHTPOHHBEIM f3-pacmazioM.

Kak yXe OTMeyaJoch BHIlE, B-pacnaj NPOHCXONHMT 3a cuer
cnabbiX B3aHMOIEHCTBHI, HHTEHCHBHOCTb KOTOPEIX BO MHOrO pas
MeHblle SiAePHHIX CHI. Bpemsi JXH3HH B-sfep COCTABAACT no3TOMY
npumepno 10° c.

[lpu y-pacnade B pesynbTaTe 5J€KTPOMATHHTHOTO B3aHMOJEH-
CTBHS DaAHOAKTHBHOE $APO MCMYCKAaeT Y-KBAUTEL. Maccooe A H
nopsinkoBoe Z uyHCJa TpPH ITOM HE HIMEHAIOTCA. Bpems XH3HH
y-aKTHBHHIX $i/iep — MHHYTHI, 9aChl H 6onee.

* [1pu papmyce siipa R=5-10-1% ¢cM H CKOPOCTH U TpPOTOHOB H HeHTPOHOB
n mem ~ 10° cmfc (1/30 ckopocTH cBeTa) BpeMs mpoJera t=R/v=>5-10-22 c.
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Hakonen, psay paamoaktusmmix SIep CBOMCTBEH CaMONpPOH3-
BOJIbHEIH, HeNpepbiBHO MAYUIMI, CNONTAHHKI pacnapn-jenenue.

Poxaenne Tex WJH HHEIX uacTH 00ycJIOBIHBAETCS 9HEpPrHeil
BO3JICHCTBYIOMHMX Ha S$APO KBaHTOB. Tak, npH sHeprusx 10—
10* k3B sapa maayuaor y-KBaHTH: npu £=1 MsB poxpatorcs
napsi §~+B*; npu suweprum ~ 10 MsB us A/lpa MOXKHO BHIPBATh
TIPOTOH HJIM HEATPOH; eciH sApaM coOGUHTD 3Hepruo << 150 MsB,
TO TIPH CTOJIKHOBEHHSIX OHH PasBajHBAIOTCH A0 3JIeMeHTapHBIX ua-
CTHI; TIpH SHeprusaX, Goabunx 150 MsB, poxamaioTes HOBhe ua-
CTHLbI, CHaYaja NHOHBI, a 3aTeM — Bce Gosee H GoJdee THIKEBIE.

Beposarnoers A pacnaga N ANED 3a €/IHHHIY BPeMeHH B cpej-
HeM, T. e. Ni, Ha3niBaetcst akTusrocTor A:

A= NA= —dNl/dt,

rae —dN/dt ykasuBsaer, uto oGmee wueno PaZHOAKTHBHEIX s/ep
BO BPEME@HH YMeHbIlaeTcs. :
Hdas ounenkn axtusmocTH pacnana NpHHATLL €AHHHIb: KIOpH H
pesepdopa. 1 Ku=3,7-10° -1, | yKu=10-3 Ku, 1 mgKn=10-% Ku,
I Pr=10% ¢-!. AkrusHOCTb HYKJHAa B pagHOaKTHBHOM HCTOUHHKE
H3Mepsierca B Gekkepeasx (Bk) (1 Pg=10¢ Bk).
OcHoBHOII 3aKoH pafHOAKTHBHOrO pacnaja raacur:

N=Ng™,

rae No— unciio pagHoakTHBHBEIX AAEP B NPOH3BOJNbHO BHIGPaHHBI
HauaJIbHEIH MOMEHT {=0; L — BeposiTHOCTD pacmaja sajapa 3a eaH-
HHIY BpeMeHH; N — UHCJI0 OAMHAKOBHIX HECTAGHIbHAIX snep.

Kak yxe ormeuanocs, GoabmmacTBO PaHOAKTHBHBIX sifiep
B CHIYy KOPOTKHX MEPHOJOB Mmojypacnajga B IIpHpOJie He BCTpeua-
ercsi. Jlo/rOXHBYLIHX H30TONOB H3BECTHO okosio 20. Baknelimumu
H3 HHX ABNAOTCA  oTh?2 (T, =100 aer), ooU?® (T, =4,5.10°
aer), 92U (T =7,1.108 aer), oK®(Ty,=1,4-10° jer).

HaunGonee ynorpe6urenbunie KOPOTKQJKHBYIIHE H30TONbI NpH-
BeJleHH B Ta6u. 5.1.

Henenne Taxennx ANep, KaK H3BECTHO, CONPOBOMKAAETCS BhI-
AeJNeHHeM 3HepruH, H60 Macca HCXOAHOro sapa Bcerga GoJblue

TABJIHLIA 6.1

HanGosee ynotpeGureasusie pagnoakrusnme H30TOMbI

Ev HIH Ev HH

Haorton Tun Ty B max> Hsoron Tun Tus Eg max,
3B glaB
Pml4a7 2,66 roga 0,22 Se?® Y 125 cyr 0,27
Sréo 2,7 rtoza 0,61 [rios T 48T cyr 1031
Celdd 284 cyr 0,30 Csl37 ¥ 30 ner 0,66
Rulvs 1 rog 0,04 Csl3a Y 207 rompa 0,79
Tm170 Y 129 cyr 0,08 Cofo B, v 524 rona 1,33
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CYMMBl Macc 00pasylollMXcsi OCKOJKOB, a DPasHHIe HCXOIHOH
KOHEUHBIX MacC M 3KBHBaJieHTHa sta sHeprusi. CymMmapHasi KuHe-
THUeCKAsi SHEPTHS OCKOJKOB OT jenenus sapa U pocraraer
200 MsB B oauom akrte pesnenuss wau 0,85 MsB Ha HYKIOH, 4TO
B 2 MJH. pa3 NpeBLIIAET SHEPruio, BHAEJAIOULYIOCS MPH CrOPaHHH
1 xr Hedru. dto aenaer U W TpaHCYpaHOBHIE 3JeMEeHTHl BaJKHBIMH
HCTOUHHKAaMH SIACPHON JHEPrHH.

SIIepHBIM TOMUIHBOM SIBJISIETCSl PEAKHH NPHPOAHBIH H30TON e
W NJAYTOHHE *, MCKYCCTBEHHO MoJyvaeMblii u3 Gojiee WIHPOKO pac-
npoctpanennoro uzorona U8 no cxeme

238 239 B~ 239 B~ 239 &
= ——=+N - Pu - .
U™(n, 'Y) u 2% uN P 2.3 cyT 2,4-10' et

JIpyraM siiepHbLIM TFOpIOUHM MoxeT sBasrtbes U, nomyuae-
Mblit H3 g0Th?®? mo cxeme

B~ B~ o
Th*? (n, y) > Th*™ ——-Pa™ 3 ..
23 MHH 27.4 eyt 1,6.10° ner

00U oKgazajica 9KOHOMHUECKH 0ojiee BHITOAHBIM s/IepHBIM TOM-
auBoM, uem Th232, nosTomy NOCJEAHHH MIHPOKOro NMpHMEHEHHs He
HalleJ.

Sinepuas sueprus B CCCP namuaa ceGe orpomMHoe npHMeHeHHe
B peakropaX MHOIOUHCIEHHBIX aTOMHBIX 3JeKTpOcTanumi. B 3apu-
CHMOCTH OT 3SHepruf HefiTpOHOB, KOTOPBIMH OOJydaeTcss sjepHOe
TOMJIHBO, PA3/MYaloT si/lepHble PEaKUHH Ha TEemJIOBLIX (3Heprus
uefirponoB fo 105 3B) u Guictpuix (Gomee 10° 5B) meiiTpoHax.

Peakiiy Ha TenJIOBHIX HEHTPOHAX CXeMaTHUeCKH MOXKHO 3alH-
caTh TakK:

U tn—>Bat+Kr+nt+E,
U238 1 n— Pu2,

Peakuuio Ha OBICTPBIX HEHTPOHAX MOXKHO OCYIIECTBHTh Ha
CMecH:

HJH

P L L P b atE.

K 1990 r. ocHoBHAf uacTh ATOMHOH 3Hepruu OYAer moJayyarbes
B Hamell cTpaHe 3a CUYeT peakuuii Ha GbicTphiX Hefitponax. O Mmac-
mra6ax pocTa 3TOH OTPACAH SHEPreTHKH MOXKHO CY[IHTb 1O TaKOMY
CpaBHEHWIO: mepBas aTOMHas 3/eKTpocraHuus B OCHHHCKe HMesna
momuocets 5 MBT, a oauH neppuiii 60K JIeHHMHrpaackod aToM-
poit cranuun umeer mouHocth 1000 MBT. Takne Temnbl pasBHTHS
aTOMHOI SHepreTHKH, mo cioBam akajaemuka A. I1. Anekcanaposa,
yiKe B Oauxkaiiuiee BpeMs MNO3BOJIAT 3aMEHHTL MOYTH 25 % Bcero
CIKHraeMoro opraHH4YecKoro TOIJIHBA

# [Tayronnit A0 1971 r. Gbln H3BecTeH /HUIb KaK NPOAYKT fJlepHbIX KOTJIOB.
B 1971 r. nosiBmiochk coobmenne o6 oTKpHTHH mayTonns B Gacrenesute Ce[COs]F
u3 mectopoxaenus Mayurun-ITace, Kanupopuus, CIIA.
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BBEOAEHME B TEOXMMMIO M3OTONOB

BoamoxkHOCTE pasiHUHBIX KosmeGaHHii H30TONHOTO cocTapa cra-
OMJIbHBIX 3J1EMEHTOB BHEPBHe Gblia IIOATBEPIK/ieHa AHTJAHHCKHMH
¢usnkamu Bpucko u PaGuuconom B 1925 r. IpH HCC/IeJ0BaHHH
aTOMHOH Maccel B H3 MuHepanoB paanuumbix MECTOPOKIEHHUII.
B 1932 r. anramiickuii reosor A. Xoamc NPEeMJIOKHI HCNOJb30BATh
KoJIeGaHHs H30TONHOro cocrasa Ca npu MEeTPOreHeTHYECKHX HCCIIe-
Aosanusax. Msotonusie uccaenosanus C amepnkanckaMu (H3HKaMU
A. O. II. Hupom, E. A. Tyas6pancenom u ®. A. Mepou nosso-
aung ©. E. Bukmany B IIsenuu 8 1941 . paccunTath obuiee Ko-
JIHYECTBO yriis H GHTYMa B NPHPOAHOM YIJIEPOJNHOM IHKJIE.

B Coserckom Coiose u30TOmHbBIE HCCJen0BAHHS ocobeHHO GypHO
Pa3BHBAJIHCh B IIOCJEBOEHHOE BpeMs, H 3[ech HeNb3sl He HA3BATH
B CBA3SH C 3THM TaKHX BBHIAI0MHXCS HecaenoBatenedi, Kak 3. K. Iep-
aunr, A. H. Tyrapusos, A. II. Bumorpamos, 3. M. Tanumos,
B. A u JI. H. Tpunenko, K. K. XKupos, A. K. JlaBpyxuha,
10. A. Hlykoawoxos, JI. K. JleBckuii, 3. B. CoGorosuy, U. M. To-
POXOB.

BypHoMy pasBHTHIO reoXuMmum H30TONOB CNOCOGCTBYIOT MHOrO-
JHC/ICHHEIE OGJACTH WX HayUYHOrO M NPAKTHYECKOro NpHMeHeHHs.
Hsyuenne reoXumum M30TONOB N03BOJISET ONpeaeNiiTh BO3PACT MH-
HepaJoB, mopoj, dopManui. Haa 3THX Hesei IIHPOKO HCHOJB3Y-
10TcA H3oTomHble cooTHomenus U—Pb, K—Ar, C, Sr. ITo u3otomn-
Homy cocraey H, C, N, O, S ynaerca ycraHOBHTL 6HOrenHoe npo-
HCXOX/eHHE NPOGIEMATHUHBIX HCKONAEMbIX, HalpHMep IIYHTHTA.
Hsoronupiii cocras C B MarmaTtuueckux NOpOAAaxX MOXKET CJYKHTh
HHIHKaTOPOM OBINBIX SIBJIEHHH KOHTAMHHALHH M rubpuauzma. Ha-
KOHEL, yCTAHOBJIECHHE YCJIOBHH pa3jiefieHHsi H30TONOB B MHPHpPOLE
MOZKET ABHTHCS OTBETOM Ha CJIOXKHLIH H OYeHb BaXKHBIH BONMPOC
00 HCTOYHHKaX MHHEPaJbHOrO BElleCTBA.

Hsoronnl H, B, C, N, O, S, Cl B OpHpOMe pasleNsioTc B XOae
FEOXHMHUECKHX TpoueccoB. Muorounciennsie H30TONME 06pasyioTes
pH ANePHBIX mpeBpalleHnsx. Takosu uzorons U, Pa, Ac, Ra, Rn,
Po, Bi, Sm, Re, Lu, Rb, K, Pb, Os, Hf, Sr, Ca Ar

Pasjenenne H30TONOB NpH reoXMMHYeCKHX mpoleccax IpoHC-
XOANT BCJeACTBHE NHDDY3HH, HCNADEHHS, AHCTHINSANAE H KPHCTA-
JH3alUHH. PasielleHHI0 H30TONOB CHOCOGCTBYIOT GHOXMMHUECKHE
TIPOLECCHL.

B nenom MoxHO oTMeTHTB, uTO B mMpHpOME (pakuHOHHpOBaHHe
H nepepacnpejieieHHe H30TONMOB OCOGEHHO OTYETJIMBO HABJIOfaercs
Ha JIETKHX 3JleMeHTaX, H0O B JIerKHX sapax Haubojee CHIALHO CKa-
3BIBACTCA TOSIBJIEHHE Ka)J0ro HoBoro Hedrpona. Psp H!— {DL—
T8 — nocratouno SIPKHH TOMY IpHMep.

ITockonbKy Bce H30TOMEI OJHOrO 3JeMeHTa, HMes OJIHHAKOBYIO
3/IEKTPOHHYI0O KOH(HIYpalHI0 aTOMa, XapaKTePH3YIOTCH TOMKJAECT-
BEHHOCTLIO XMMHUYECKHX CBOHCTB, NpeAnoJarajoch, UTO 3TH CBOH-
CTBA NPAKTHYECKH HepasJHdyuMbl. OfHAKO B Hacrosllee BpeMs
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TABJIMLIA 5.2
Yucao crabuabubix H3otonoe y ajemento ot H mo Bi
" Yucno cra- Obmee’
HABLHBIX H30- ee
TOMOB y 3Je- dnemenTHl Sn':::;‘:oa uncJo’
MeHTa H30TOTOB
1 4Be®, JF1® | 1,Na?l, ;3A1%, 15P%, 9150‘5. 23\(&1’ 93Mn®8, 47Co%?, 3aAS™, 30Y59, an“- s R103, 24 24
sal127, 5;Cs138 . [al% . pridl osTH189 o Hol6s . Tml6?, nLut®, 25 Talsl, o Aul®?, o B2
1, 2 3, 6, . " v 5 '
9 .H . oH 4‘ 31.]6 7' 5BID. ll' ﬂ(:12 13' '.‘NM' 15, 17](:335 37’ 19K39 4I' zncuﬁli 65, 31Gaﬁl 71' 19 38

aEBrTQ. Bl’ 37Rb85' 87’ "Aglﬂ‘?. IDQ' u[l'lns' 115' 515b12|. 123' uEulsl. 153'
"Re185. 187' "h.lgl. 193‘ m-n?ﬂ.’i. 2056

3 .016. I8 18’ mNB » 21, 22‘ uMg24. 25, 25, 145128 2, 30, um%, 38, 40. huceﬁs. 140, 142 6 18
4 “332. 33, 34, 35' Mcrﬁﬂ. 62, 63, 54, 26F354' 66, 57, 58' sSSrB‘I. 86, 87, 88, s21)'[,204. 206,1207, 208 5 20
5 22Ti46_50, MNiSB. 60, 61, 62, 64, 3021164‘ 66, 67, 68, 70' HGETB, 72, 73, 14, 76' 6 30
ﬂzrgﬂ, 91, 92, M, 9% 74W180' 182, 183, 184, 186
6 mca‘m. 42, 43, 44, 46, 43' 3‘5274' 76, 77, 78, 80, 82, ”KIJB. 80, 82, 83, 84, 86' 7 42
102, 104, 105, 106, 108, 110 162, 164, 166, 167, 168, 170
asPd » esET :
“Hf”‘. 176, 177, 178, 179, 180 78Pt190. 192, 194, 195, 196, 198
7 42M092' 94—98, 100 “Rugﬁ’ 98—102, |04' szelzﬂ. 122, 124—126, 128, 130 5083‘30' 132, 134—138 11 77
» » »
“Ndl42—“5. 148, |50. stml-‘“. 147—150, 152, 154 ‘4Gd]52' 154—168, 160 “DYIEG. 158, 160—164
’ ? L]
WYbIGS. 170—174, ITG’ 700513&. 186—190, K92. angISG. 198—202, 204
8 43Cdl06' 108, 110—114, 116 1 8
9 “xelz‘i- 126, 128—132, 134, 136 1 9
10 oSnl12: 114120, 122,124 1 10
z 81 276




Z vemwoe BLISCHHJIOCh, YTO yiKe Jo0aBJeHune
N 0 Be OJIHOro0 HeHTpOHa K MoJekyJe
=10 MOKeT 3HAYHTEeJbHO YMEHbIUHTb
3 t CKOPOCTb XHMHUYECKOH peakiHH.
S20 A 3ameHa aToMa B MOJIEKyJie H30-
Esa TONOM BeJleT TaKkKe K cMelle-
s 7 HHIO JIHHHA B DaMaHOBCKOM H
F40 - HK-cnextpax [Xédpc M., 1983].

=3
=]

~
=

0 2
Yucno usomonod

5.1. Uucsao craGHIBHBEIX H30TONOB
Y 9JEMEHTOB C YeTHHM H HEYeTHHM
YHCJIOM TMPOTOHOB, BKJIOYas pajHOaK-

THBHBME H3oTonw c¢ Ty, >10° zer
[X&pc H., 1983].

Kak ormeuasoch BhillE€, B Ha-
CTOSsIlIlee BpeMsi H3BECTHO OKOJIO
300 craGHABHBIX H30TONMOB H
G6onee 1200 pagHOaKTHBHBIX.
B amanasone macc or H no Bi
H3BeCTHH  cTaGHJbHBIE AApa
BCeX Mmacc, Kpome 5 u 8.

B ra6n. 5.2 nepeyHcjeHH
3JIEMEHTHl B NOpsAJAKe BO3pacra-
HHSL Y HHX uHcaa cTaGHJIbHBIX
uzoronos. M3 rabauum BHAHO,
yto GOJbIIOE YHCJAO0 H30TOMNOB
XapakTepHO JIsl aTOMHBIX sijep
C YeTHHIMH 3HaueHHsMH Z (npa-

Buno Opno—XapkuHca) H 0CO-
GeHHO BeJIMKO OHO Y fjiep ¢ Ma-
FHYECKHMH YHCJIaMH IIPOTOHOB. Ta 3aKOHOMEPHOCTb HAIVIAJAHO MHO-
KasaHa Ha ¢ur. 5.1.

B usoronuoit reoxumuu [Xédpc M., 1983] noabsyiorcs nosHsitem
Ko3ghpuyuent pasdearenus o, KOTOPHIE mNpeicTaBiseT co6oil OTHO-
1IeHHe coAepyKaHHi J106BIX JABYX H30TONOB B OJHOM XHMHYECKOM
COEHHEHHH A K COJIepXKaHHAM COOTBETCTBYIOILHX H30TOMOB B JpPY-
roM XHMHYEeCKOM coefHHeHHH B:

CCA..B:RA/RB.

Tak, kosappuunenT pasaenscuus usoronop O u O'® mexay Bo-
noit 1 CaCOy, cornacHo peakuuu

H,0"® + (1/3) CaCO3¥ == H,0" - (1/3) CaCO%¢,
BbLipa’kaeTcd B BHAE
018 016
(0%/0%)eaco, _ 1 031 npu 25 °C.
(Ols !OIG)H’O

3naueHHus o oOBUHO GaAM3KH K eaunuue, Hanpumep 1,00X, no-
3TOMy Ko3((dHuIHEHT pasjeseHHsi TPHHSATO BHIPaXaThb B BHAe A-Be-
AuunH, T. e. 3nauenus X B npomuiie (%o).

3HaueHHsi oo H A cBfi3aHBl MeXKAy co0oif BbIpaxKeHHEM

aA_B=(—-—2-§———l)-103=(a—l)-10“ %o

Ccacoy—H,0 =



TABJIMLIA 5.3

CranfapThi, MCNoJAb3yemble MPH H30TOMHOM anaymae H, C, Ou S
(no Xedcy H. [1983])

AneMeHT CraupgapTt OGo3HaueHHe
X CranjapThast cpejHeoKeaHH4YecKas BOAA SMOW
C Belemnitella americana u3 dopmaunn [Ti-Ilu, I0xuasn PDB

Kaposuna, CIIA
0O CranjapTHasi CpelHeOKeaHHyecKas Boja SMOW
S TpOWIHUT H3 KeJIe3HOr0 MeTeopHTa Kannon-Apsa6so CcD

WUsoTonuuii coctaB ABYX coepnuenuii A n B, npoaHnajiusupo-
BaHHHLIX B J1a60paTOPHH, BbIpaXKaeTcs 3HAUCHHAMH, %o:

b1

58=(_RB__1).103_
Rst
rae Rsi — H3BECTHOE H30TOMHOE OTHOIIEHHEe B CTAHAAPTHOM 06-
pasie.
CraHaapThl, HCHOJb3yeMble TPH H3OTOMHOM apamuze H, C, O

u S, npnsesens B Taba. 5.3.
3pauenne & cBA3aHO C @ H A cleayiomuM 06pasom:

i S B0
AP TS0V | 8p 4 108’

B 4. st bl () A
Mcs=(3 5 1)10 %0,

[IpuGanaurenbHple 3Ha4YeHHs A MPEACTABJAAOT cobGoit pasHHLY
gequunn O, a mockoabky 103 (1,00X) =X, HX MOXHO BEIPASHTH
B Buge 10%. TJostomy da—08s=Ar—p=10°In as—s.

M. Xéde [1983] ormeyaer cieaylouine obuiue 3aKOHOMEPHOCTH
re0XHMHH CTAOHIBLHBIX H30TOMNOB.

1. OmyTumoe (pakIHOHHPOBAHHE B COOTBETCTBHH C Goabueit
oTHOCHTEALHON pasuuuell Macc Habiiofaercs oco6eHHO XOpolIo
Yy 3JIeMeHTOB C Z<<40.

9. V sneMeHnToB, 00pasyiomux TBepAble, XKHAKHE H rasoobpas-
Hble COENMHeHMS, TSKeable H30TONMB OOBLIYHO HAKamJIHBAIOTCH
B TBepAOil (pase, a Takke B MOJEKy/aaX, TAe SACMEHTH HAXOAATCH
B HanGoJsiee OKHCJAEHHOM COCTOSHHH.

3. B GoJblIMHCTBE OHOJOTHYECKHX CHCTEM JIerkHe H30TOIb
o6BUHO HAKANJIHUBAIOTCA B MPOJAYKTaX peakilHH, HanpHMep tdoTo-
CHHTE3a.
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TABJIMLA 5.4
CpoficTBa BOJB PA3HOr0 M30TOMHOTO COCTABA

CoficTso H,0" D,0" H,0v
Inothoers npu 20 °C, r/cm® 0,9979 1,1051 1,1106
Temnepatypa  naunGoabuefi 3,98 11,24 4,30
nioTHOCTH °C
Temnepatypa naasaenus npu 0,00 3,81 0,28
760 mm pT. ct.*, °C
Temneparypa xunenns npu 100,00 101,42 100,14

MM pT. CT.,*
Ilapnenne napos npw 760,00 721,60 -
100 °C, mm pT. cT.*
Baskocts npu 20 °C, cIl 1,002 1,247 1,056

* | MM PT. €T, = 133 [a,

4. CymecTsyer W, BepOATHO, HMeeT GOJblIOe 3HAYEHHe Koppe-
JALAS OTHOLUEHHH MeXAy cTaGHJIbHBIMH H PaJHOreHHBIMH H30TO-
namH.

3HayeHHe M3YUeHHS H30TONMHH B TEOXHMHH MBI PACCMOTPHM Ha
npHMepe BOJHL.

[Tpupoanas Boja UMeeT cAeAYIOIHA H3OTOMHHI cocTaB, MoJ. %:

H,0' — 99,73  HDO* — 0,03 D,0'¢ — 2,3.10-¢
Hy07 — 0,04 HDOY — 1,2-10- D,07 —(,9:10—°
H,0'® — 0,20 HDO' — 5,7-10—8  D,0' — 4,4.10—°

Ecan po6asuth k stomy T3, O, O g O, takxke BcTpeualo-
LiHecs B BOAAX NPHPOAH, TO obuiee YHCAO H3OTONHBIX Pa3HOBHA-
HocTell BOAH cocTaBHT 36.

CaoficTBa BOAB pa3HOro H30TONHOro cocraBa (tabia. 5.4), Kak
H H30TONOB Bojopoja (ta6Ga. 5.5), BecbMa 3aMeTHO pasJMYyalOTCH.

TABJIMLIA 5.5
Hexotopsie cmoficta nsoronos H

CuofictBo IHI iDz f'l'a
Conepxanne B ofmunofi 11,19 mace. % 1: 6800 H* 1: 10 Hi*
BOAE
PagunoakTHBHOCTB Her Her B, Tys = 12,3 rona
[Mornomaior HelTpoHE Cuabho Cnato } flnepuoe
3ameansor HefiTPOHEI Cnato CunbHo roprouee
Temneparypa kunenus, K 20,39 23,67 24,90
I'naponmsyemMocTs BOAB Jlerkas Bonee tpyaunas ?

Bpems xu3HH CraGuaen CexyHasl Tya= 12,262 ropa

* B pogax Mupororo okeaHa cogepxurcs He Gosee 100 Kr TPHTHS,
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Bce tpu u3orona H — aKTHBHBIE YUaCTKH MHOroo6GpasHbIX fAlep-
Hex mponeccoB. B nexpax CouHua H emy nofo6HBIX 3BE3J HAYT
peaxiiu THNa

p+p—>iD*+v,
iD? 4 p—;He’.

B snaGopaTopHsix sAePHBIX HCCJAEJOBaHHiH OCYLIECTBJIEHB peaK-
U THNAa:

iD’+ 1D’ 1T +p;
T 1HS -
B szepHblX koriax T moayuaioT B pe3yibTaTe peaxiuii;
3L+ n—3Li" > 3He' +iT°
HITH
AL+ n—3He' +1T° + n.

[Ipn TepMOSAEPHOM CHHTe3e, HAyUIeM MpPH OYeHb BBICOKHX TEM-
nepaTypax, BBAEJNSIOTCS OFPOMHBIE KOJMUECTBA SHEPrHH:

iD? 4 ID? —>{T°+ p+4 MsB;
*1° +1D?—~3He!' +n+17,6 MsB.

TMocaenuss peakuusi, Tpebyiouias Ajls CBOero Hayana MEHbIIUX
TeMmneparyp, NO-BHAHMOMY, OKaxercs ganoace MepCrneKTHBHOM.

HeGonbmoe Kogmuecto T o6pasyerca W B 3eMHOH aTMocdepe
noj ,ELEII:ICTBHEM KOCMHUYECKOro H3JIYUeHHS BBICOKHX 3HepI‘HI:I:

2
IN" 4 n—(CP 1T

AnajoruuneiM o6pasom sifpa T BO3HHKAIOT NpH G6oMbapan-
poke atomoB armocdeprbix C 1 O KOCMHYECKHMH MPOTOHAMH HIH
Me30HaMH BBICOKHX 3HEeprHi.

BesiencTBHE MHOT00GPasHBIX NPOLECCOB (PaKIHOHHPOBAHHA H
o6HApYHKHBAaET HaHGONbIUNE BAPHAILMH H3OTOMHOrO cOCTaBa, AOCTH-
rajome B 3eMHbIX obpasuax 700%/q. Ilo cpaBHeHHIO ¢ OKeaHHHe-
CKOli BOLON IOBEHHJIbHBIE BOMbI, H3BEPIKEHHBIE, MeTaMOp(HiecKHe u
ocajouHbie TOPOAB B Macce cBoeil OGelHeHbl D? u o6oralieHbl
rskeaniM O5. MeTeopHbie BOAB 10 CPaBHEHHIO ¢ BOJOH OKeaHOB
o6enmenst 1 O u D2 B cBA3H ¢ 3THM [0J€3HO OTMETHTb, 4TO HC-
caenopanue reotepmanbhbix cucrem [Graig J. A. el al., 1956 r.] no-
Ka3aJ0, uTO OGOJBUIHHCTBO BOJ TOPSAYHX HCTOYHHKOB (BO3MOIKHO,
Gonee 95 %) mpeacrapaserT co60ii MeTeOPHEIE BOAbl MECTHOrO Mpo-

To
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5.2. Ornomenne S%¢/S% B HEKOTOPHIX TIeOJIOTHYECKH
BaKHLIX o06bektax (0834 OTHOCHTENIBHO — TPOMJHTA)
[Xede H., 1983].

OpeaHuveckoe Bewecmbo

ocadxol, Hepme, yaoss Ve

Mopckue + HeMopckue
OpPEaHU3Mb!

P777Z2Z22 ivecrobodnsie kapBoxame:
@Mﬂpc}(u’e Kapdoxamet
\Eﬁmmc‘zpepﬁwd €0,
KapSoHamumesl; anmass!
BresemHoe Beusecmbo (memeopumel, ayHKbie nopodsl u o)
T S 7
L 1 1 1 = 1 A 1 1 J
R T e e T g 1 ¢ By T/ R il 1 e 1))
5C" %o

5.3. Ornomenne C!3/C!2 B HauboJjiee PacnpoCTPaHEHHBIX COGJHHE-
nusx yraepoaa (8C!2 ormocutessno PDB) [Xéde H., 1983]

HCXoKAeHHsl. B GOJbIIMHCTBE BOJA TOPSYHX HCTOUHHKOB COAeprKa-
Hue D? Takoe e, KaK H B MECTHBIX METEODHHIX BOJAaX, HO OHH
06b1yHO obGoramens O 3a cuer H3oTOmHOro obMeHa ¢ BMeILAlO-
ILMMH TOPOAAMH NPH NOBHIIIEHHBIX TeMIepaTypax.

Cxema (paKUMOHHPOBAHHSA M30TONOB BOJABI B atMocthepHOM
nukie Boanl [Siegenthaler U., 1979] BEINIALHT CHeAYIOLHM 00-
pasom.

Ipu McnapeHHn BOAH C NOBEPXHOCTH OKeaHa Naphl ee o6ora-
matorca (H! u O'6, Tak kak ynpyroctb napos HyO'® Gosbiue, uem
y HDO unn Hy0%. Kospduunent (ppakuHOHHPOBaHHS IPH TPO-
mecce HMCMapeHHs BOALI B PaBHOBECHBIX YCJOBHAX MPH 25 °C co-
crasasier 1,0092 ana O® u 1,074 ana D. B npupoiHEIX XKe ycio-
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pusix, kak ormeuaer M. Xédc [1983], peanbHblii H30TOMHBIH COCTaB
napoB BOJBl 3HAUHTEJIbHO Gosee JErkuii, yeM ToT, KOTOPHIil J0JIXKeH
GBITL COTJIACHO pPAaBHOBECHHIM KO3((HUHEHTaM pasJiOKeHHsd, 4TO
OGDBICHSIIOT KHHeTHuecKHMH s(dexramu. [lap, mnogHHMaouics
¢ TMOBePXHOCTH OKeaHa, OXJax/laeTcsi H PaHO HJH MO3JHO NpeBpa-
maercsi B J0XkAb. B mpouecce o6pasoBaHHs Kanesb atMochepHbIi
map HenpepuHBHO OGENHAETCS TS/KENBIMH H30TONAMH, MNOCKOJIBKY
XKHJAKaa (aza — J0KAb — oboramaercs 018 gy D. Takum oGpasoM,
Mo Mepe ABHJKEHHS BO3JYIIHBLIX Macc K Nojwcam H HX OXJazmie-
HHSI KaXABlil HOBHI A0%AbL 6yaer copepxarth O u D meHblue, 4eM
npeab YU,

B 3akiioueHHe TpPHBEAEM H30TOMHblE OTHOmeHHs S/S%
(bur. 5.2) u C13/Ct2 (¢ur. 5.3) B Pa3JHUHLIX IeONOTHYECKHX 06-
pa3oBaHHSAX.



Fnasa 6

BBEAEHME B KOCMOIOHMIO

Hebeca, cuuTasiimecs He3biBNeMbIMM, He 3HAKOT HW4Ero
BEYHOro, KPOME BEYHONH CMEHbI BelleH.

A. ®Ppanc

Kocmoaozus, usyuaioniasi BcejeHHylo KakK elHHOe IeJ0e, H KOC-
MO2OHUA, U3yUaloLlasi MPOHCXOXK/eHHe H PA3BHTHE KOCMHYECKHX TeJ
H HX CHCTEM: 3Be3Jl H 3BEe3JAHBIX CKOIMJIeHHH, rajJakTHK, TYMaHHO-
creii, Co/lHEUHOH CHCTEMBl H COCTaBJSIOIUIHX ee IJjaHer, UX COyT-
HHKOB, 4CTEPOHJOB, KOMET H MeTEeOpHTOB,— 00e 3TH HayKH B TO-
cJeIHHe JeCATHJETHs JOCTHIVIH BbIJAOUIUXCS YCIEeXOB.

Venexn acTpodH3HKH CTajJH BO3MOMKHBI MOTOMY, YTO B YC/IOBHAX
HAYYHO-TEXHHUECKOH PEBOJIOIHH, OXBATHBIIEH BO BTOpO#H 10JI0-
puHe XX B. Bce CTOPOHBI JKH3HH COBPEMEHHOro oO0liecTBa, acTpo-
HOMHSI, BeKaMH TNoJyuaBlias OCHOBHYIO MH(OPMAIHIO O COCTaBe H
CTPOGHHH KOCMHYECKHX 00pasoBaHHi TOJNbKO B JHANasoHe BHH-
MOro cBeTa, craja BceBoJHOBOi Ilepexon crapo#, onruweckod,
ACTPOHOMHH B AaCTPOHOMHIO B8CEB0AHOBYIO H3BECTHLIH COBETCKHI
acrpodusuk WM. C. IlIknoBckuii HasBaJ «BTOPOi peBoJiolHed B ac-
TPOHOMHH». 3HaUeHHe TaKOi PEBOJIOLHH /s HaYKH OKa3aJoch Co-
nocraBUMbIM ¢ mepexofom Bo Bpemena H. Komepnuka u T'. Tanu-
Jest OT reolleHTPH3Ma K TeJIHOLEHTPH3MY.

Mounbie pakets, a ux toabko B CCCP k 1983 r. sanyumiero
Gosee 1200, BhiHecan 3a npelensl aTMocepnl OecuucieHHbIe Ha-
yuyHBle OPHOOPH, NO3BOJSAIOUIHE YJIABJIHBATL 3JIEKTPOMArHHTHbIE
BOJIHEl B JHanasoHe OT CYOMHJJIHMETPOBOro pasMepa 10 ramma-
H3NydeHHs. DTOT AHANa30H BOJH, KaK H3BECTHO, MOI/IOLlAETCs at-
moc(epoii H, KpoMe ONTHYECKOro H pajHOOKHA (dur. 6.1), 3em-
HO#l MOBEPXHOCTH He JLOCTHIaer.

B urore MOCTHXKEHHH COBpeMeHHOH BCEBOJIHOBOIl acTPOHOMHH
rpanuubl BeeseHHolt B Hall BeK PasjBHHYJHCh B MHJUTHOHBI pas,
M KOCMOJOTH HblHE HMEIOT BO3MOJKHOCTb OGCYAaTh MPHPOAY 00D
€KTOB, pACMOJOMKEHHBIX OT 3eMJH Ha PpacCTOAHHH 1022 kM
(ra6a. 6.1).

Uro e KOHKPETHO NPEeACTaBIA0T co60f OTKPBHITHA NepHoia
«BTOPOH PEBOJIIONHH B aCTPOHOMHH»?

KBA3APBHL. B 1960 r. 3a mpemenamu Hamefi TanaxTukn Guian oGHapy-
JKeHB MOLIHBIE [0 CHJe H3JyYeHHsi W MaJjble MO pasMepaM paJHOHCTOYHHKH. ITH
KBasuaBesJHble 06pa3oBanusi W ObLIH Ha3BaHHl KBasapamu (0T auri. quasi-stellar
radiosource). ¥wxe B 1968 r. mx 6uao HapecTHo okono 200, ceituac — MHOro
Gosbine, KBasapu u3nyuaioT SHEPrHio B JHaNasoHe OT PajHOBOJH 10 yabTpaduo-
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6.1. IMponyckanHe 3JEKTPOMArHHTHOrO  H3JYYEHHS atmocdepoit.

a — ray6GuHa TPOHHKHOBEHHS SMEKTPOMArHHTHOTrO H3AYYEHHA DA3JHYHBIX JAHR
BOJH B ATMOC ?ay. KpHBasi COOTBETCTBYeT OCAaGUEeHHIO Najaiollero Hajyue-
Hug B 10 pas; O — «oKkHa mpoapaunocTu» (Ges IITPHXOBKH) B CTEKTpe 5JeK-
TPOMATHHTHOrO H3JAYUeHHs, MPOXOAfuiero B armocdepy 3emMaH H3 KocMmoca.

AETOBBIX Jyuell M KaK/wlil — B ThicA4H pa3 Goabliyio, UM BCa Hauwla I'anaxkTHKa.
CnekTpnl KBa3apoB CHAbHO CMElleHs! B JUIHHHOBOJHOBYIO o6aacTb. SIpKOCTh KBa-
3apOB MEHSeTCs HHOrJa B TeYeHHE HECKONbKHX 4acoB. Camble yjajieHHBIE KBa-
3aps HAXOAATCA OT HAC HA PACCTOSHHH, HCYHC/IACMOM MHOTHMH MHJIHAPAAMH
cBeroBbix Jer. CnekTp KBasapoB C IIHPOKHMH SMHCCHOHHBLIMH JIHHHAMH nopoGen
cneKTpy rasos. CuabHOE e CMelleHye JHHHA B AMHHHOBOJIHOBYIO o6nacTs MoKa He
HAXOANT OGbACHeHHs. BHCKA3WBANOCh MHEHHe, YTO 3TO CMENICHHE €CTh pe3yJb-

TABJIMLIA 6.1
Mapuw B ray6s Bcesennodt (no Edpemosy 10. H. [1973 r.))

HamepeHHOe paccTofiHe

Ton O6bexT ot 3emaH, KK *
1672 Connue 49.10—°
1839 o KenTappa 13-10—¢
1910 T'nanet 4.10-2
1913 Mareananoss OGaaka 55

1924 TymanuocTs AHApPOMeAb! 69-10
1929 Ckomnaenne ranaktik B [ese 16-10°
1935 Cxonaenne ranakTik B Boaonace 78-104
1951 Cronnenne rajaktik B I'mape 12108
1960 Papnoranaxteka 30 295 5,5-108
1970 Keasap 4c05.34 17,8-10¢

* | napcek = 3,260 cBeTOBHX JieT == 3,086-10'" m = 3,086-10'" xm; 1 KNK = 10° nx.
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T4T pasGeranus KBa3apoB CO CKOPOCTAMH, GH3KHMH K cKopoctH csera. Ho npej-
fnojaraeMbie Maccnl KBasapoB, pastbie 10 mace Coasuma, m HX nepeMeHHas sip-
KOCTb [IIOXO COTJACYIOTCA CO CTOJIb BHICOKHMH CKOpOCTSIMH. [lpeamoaaranocs,
Aazee, MTO KpACHOE CMEICHHE — Pe3YJBTAT BJHAHHS OFPOMHOTO TPAaBHTAIHOH-
HOrO NoJIst KBA3apoB ¢ MJOTHOCTRIO OKOJ0 10' kr/ewm®. Ho, xak yxe ormewanocs,
CIEKTPEI KBa3apoB COOTBETCTBYIOT ra3aM, NOSTOMY TaKHe 3HAYCHHs MJOTHOCTH
HEOGBACHUMB, Jlake €CH JOMYCTHTb, 4TO 06pasyloliuii KBa3aps ras KoAAancH-
pyer. ITonock cnekTpa B mocieiHeM cayuae GbiTH Gbi Pa3MBITHIME, 3 5TOTO HeT.
3arajka KBasapoB cTaja ellle Gosee TPYAHOH, mocae Toro Kak B 70-e Ir. vy Kpa-
sapos 3C 273, 3C 279 u 3C 345 6uan 06HapyxeHb pas6eranus co CKOPOCTAIMH,
GoabwHMH... ckopocTH csera. Tak, aas KBasapa 3C 273 BmuHCJEHHAas CKOPOCTH
OKazanach pasuoii 12-10° m/c. He HCKMI0YEHO MOITOMY, YTO B NOHATHE <KBa-
32p» B HACTOfllEE BpeMs OGLEAHHEHB B CHIY CaGOll H3YEHHOCTH PA3AHYHBIE MO
IPHPOAe H BeCbMa ynaneHHHe KOCMHueckHe o0BeKTH. B moawsy rtakoro momyute-
HHf TOBOPHT TO, 4TO NPH3HAKH KBa3apoB (yAaJdeHHOCTb, MepeMEHHBIl Gieck, Xa-
PAKTED CHEKTPA, yJbTPA(HOIETOBAA KOMMOHEHTA H3JYYeHHH, KpPacHOE CMeLleHHe
H Jp.) TMOYTH HE BCTPEYaloTCA BCe BMECTe Yy KaXKAOro DagHOHCTOMHHKA. Bouab-
IWHHCTBO KBA3apOB HMEIOT BCEr0 JHIND OJHH-JBA H3 MEPEUHCACHHLIX NPH3HAKOB.

Hrak, uto xe Takoe xBasapw? Onpee]eHHOrO OTBETA Ha 5TOT BONpOC MOKa
HeT. BBICKa3sHIBAAHCh DPA3JHYHBIC TPEANOJIONKEHHS: KBasapel — 310 1) yuacTKH
Beeiensoil, rie MpOHCXOAHT aHHHTHAAUHA GOJBIIHX MAacC BEUIECTBA H AHTHBeNle-
CTBa, 2) MeCTa MaccoBOrO CTOJKHOBEHHS 3Be3A B fApaX rajaKTHK, 3) BEIGPOCH
fAllep ranakTHk, 4) sapa GyAyWHX TajakTHK H T. I

Metonom paamonuTepdepoMeTpHH GHAO YCTAHOBACHO:

1) u3 Axgep KBasapoB, Tak ke Kak H H3 HEKOTOPHIX rajakTHK, 3MH30IHYIECKH
BLIOPACHIBAIOTCA 06/1aKa PeAATHBHCTCKHX * 4acTHIL,

2) HanyyeHHe 3THX YacTHU K OGYCJOBJHBAET BCIJIECK PajJIHOBOJIH HCTOYHHKA
H nepeMeHHocTsb ero 6Jecka,

3) o6vexTn ¢ HauGoaee AKTHBHLIMH SADAMH HMEIOT CKOPOCTh pasjiera OT-
JleJbHBIX KOMITOHEHTOB, NMPEBHIIAMILYI0 CKOPOCTh CBera **,

TAJIAKTHKH C AKTUBHBIMH SIJIPAMH umetor neoGuvafino ApKoe cBe-
HEHHE, COOTBETCTBYIONlEE TeMnepaTtype, B COTHH MH/VIHOHOB pa3 TpeBbialomefi
TEMNEPaTypy CaMbiX SIPKHX 3Be3j. PaccTOAHHA [0 HAX MeHble, YeM [0 KBa3a-
POB,— MHJTHAPAL CBeTOBHX Jer. B ky6 BcenenHoit ¢ peGpom 50 Mnk nm
OJLHH SPKHIl KBasap He momajaer, HO Ci0la MOMAJ4eT MHOLO TAJaKTHK ¢ AKTHB-
HuiMH AZpaMd. He uckmoueHo, mosTomy, 9To MOCAEZHHE — 3TO TO JKe, UTO H
KBA3apbl, HO MEHbIIEro pasMepa H MOIIHOCTH H OTBEYAIOIlHe ONpPejeJeHHOl cTa-
AuH (aKTHBHOf!) Pa3BHTHA radakTHKH ***.

«Pasnnuaores ke KBa3aps M s1pa TAaNaKTHK DasjiMYHLIX THMOB B nepByo
OHEPEAL MO MOILHOCTH CBOETO H3JYYeHHA. ITa MONHOCTh MAKCHMAjbHA Y KBa-
3apos (Bmaote a0 107—10*% spr/c), umeer mpomexyTouHyiO BEJHYHHY Y aKTHB-
HBIX TaJNaKTHYECKMX sgep (Hanpumep, BmaoTh mo 1046 spr/c y smep ceiipepros-
CKHX TajakTHK) H MHHHMAJbHa y «CMOKONHBIX» sA€p TaJakTHK THNA sAPA Hauef
Fanaktaky, KoTopoe Toxe 0GHAPYIKHBAET HEKOTOPHIC NPH3HAKH AKTHBHOCTH, XOTS
M CpaBHHTEJBHO caaboii» [Osepuoit JI. M., 1978, c. 40].

MASBEPBI. B npemenax nameii TanakTHKH pagmoactporommeli B 60-e rr.
XX B. OblIH OTKPHTH Ma3sephl — MOJeKYJSPHHE TreHepaTOpHl CBEePXBHICOKHX ua-
CTOT H BHICOKOH cTaGuabHOcTH. CJ0BO Masep o6pa3oBaHO OT aHIVHICKOro Ha3Ba-
misg microwave amplification by stimulated emission of radiation, 1. e. ycnaenne
MHKPOBOJIH C NOMOUIbIO HHAYIHPOBAHHOTO H3JIyYeHHS.

* PeJsTHBHCTCKHMH HA3HIBAIOTCS UACTHIE, CKOPOCTh MEPeMELeHHs KOTO-
pHiX GaH3Ka K CKOPOCTH CBeTa.
** B coGcTBeHHON CHCTeMme KOOpDAMHAT CKOPOCTH JBHMKEHHS 3THX KOMIIO-
HEHTOB He MpeBHINAeT cBeTOBON, HO 6JH3Ka K Heii.
*** B HacTosmee BpeMs MNpHHSTO CYHTATH, YTO cefipepTOBCKHe raJaKTHKH —
STO AKTHBHAs CTaJuA B JKH3HH MAaCCHBHBIX CNHPAJBLHEIX raJakTHK, a DagHOTa-
JA3KTHKH — 3TO AKTHBHAfA CTAaJHA B JKH3HH MACCHBHHIX 3JJIHNTHUYECKHX TaJakTHK.
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B wmasepax vacrora KojgeGaumit cocrasaser 10-'°—10-'? T'u, nostomy onn
pAaccMaTpHBAIOTCA Kak cBoeoGpasible 3TaJOHBI YAacTOT W BPEMEHH.

HccnepoBalne MasepoB [0Ka3ano, 4TO OHH MpejcTapisiorT cofoii obnaxa
BO3GYKACHHBIX MOJIEKYJ BOASHOTO napa HJAH THAPOKCH/IA B rasonblIeBLIX TyMmaH-
HOCTAX rajakTHK. Masepbl, GyayuH npHypoueHsl K 06JacTAM 3Be3006pasoBaHHs,
ofpasyloTcs He B OJMHOUKY, a rpynnaMH,

[TVJIBCAPBI. Ilyascapsl — 310  GBICTPO  BpallaioliHecs  CBEPXMIOTHbHIE
speaaiel, CnioBo mysbcap 06pasoBano oT aHramiickoro naspaunus pulsating sources
of radioemission, T. €. NMyJbCHPYIOUHE HCTOYHHKH pajuousayuenus. [Tepsuiii pa-
auonyabcap Obil OTKpuiT B 1967 r. On wu3ayyan HMOyJabChl PajHOBOJIH Yepe3
CTPOro OIpeAeacHHbe NPOMEIKYTKH BpeMeHH, Y pasHbiX MyJabCcapoB OHH KoJAeG-
motest or 0,033 ¢ (nyabcap KpaGosuanoit tymannoctu) o 0,089 ¢ (mynscap
ceepxtopoit * tuna Vela X) n Gosee. B 1980 r. Guuo ussectHo yme Goaee 300
nyJabcapoB. Mayuenne nyJscapoB NOKasaso, 4TO OHM NpelcTaBaalT coGoii Hei-
TPOHHbLIE 3Be3/ibl, a MEPHOJ HX NyJAbCAINH — 5TO MEPHOJ BpalleHHs 3BE3Jbl BO-
Kpyr csoeil ocH.

B 1916 r. K. lllpapumuiba BBeJ NOHATHE IPaBHTAUHOHHOrO pajuyca, T. €.
pasMepos Tena ONpPEeAesenHoil MAaccl, BO3JE KOTOPOro NPHOIHKAIOWAACT K HEMY
YACTHILA NOJ BAHANHEM CHJABLHOTO TPABHTALHOHHOTO MOJA NPHOGPETAET CKOPOCTD,
GaH3KyI0 K ckopoctn ceera. [pasurammonusii paaumyc aas Coanua coctaBiser
3 km, aan 3eman — 1 cm. [Tose TAroTenus 3Be3jibl, HMEIOIICH IPAaBHTALHOHHLI
pajnyc, CTOAb BEJHKO, YTO OHO He BhITYCKAeT 32 CBOH Tpejeibl HH BHAMMOrO
CBETd, HH PaAHO- HJH HHOTO Hajydennd. EcrecTsenHo, 4T0 TaKoro poja 3pesjibl
JOJKIE MMETh IJIOTHOCTh ATOMHOTO fAjpa; HX HA3BAHHA YKA3bBAKT: HEHTPOH-
Hble — HA TO, H3 YEro OHH COCTOST, 4 YepHble ABIPHl — HAa HX HEBHAHMOCTD.

K 1980 r. crajo H3BecTHO, 4TO HEATPOHHLIC 3BE3/Ibl PACMOJNOXKEHb OT Hac Ha
PACCTOAHMM OT HECKOJBKHX EJHHHIL J0 HecKOJBKHX Thicay napcek. Hefitponubie
3Be3fbl (MyJBCAaphl, YepHLIC ABIPE!, TPABHTALHOHHLIE MOTHJB) HMMEIOT paauyc He-
CKOJIbKO JICCSTKOB KHJOMeTpoB, nepuox semiecka ot 0,033 mo 4,3 ¢, Jnanason
JUIHHEL H3ayuaembix BosH KogeGaercs ot 10 em po 10 M. B 70-e rr. stor anana-
30H momoJnuaca y-HaayuenneMm. [IpH 3ToM BBLIACHHJIOCH, UTO PEHTrEHOBCKOE H3Jy-
yeHHe MyAhCApOB B COTHW THICAY pa3 Molykee cosmeunoro. ITaoTHOCTH BeluecTBa
nyascapos okoao 10 r/em®, T. e. B Kama0M KyOGHYECKOM CAHTHMETPE €ro 3dKJio-
wewo 100 wman. 7. TemnmepaTypa NOBePXHOCTH Myabcapos olennsaerca B 108 °C.
[Tyabcapsl HMEIOT OYeHb CHJBHOE MarnmthHoe moje. B mesom, Kak yxe rosopH-
J0Ch, OHH ABJAIOTCA CBOEOOPA3HLIMH AHAJOraMM FHTAHTCKHX aTOMHBIX sijep.

Kax ofpasyiotcs nyascapui? $. B. Seapposnu u ap. [1975] ykasusaior, uto
ecan obuuHas 3pesfa ¢ auamerpom Coanna (amamerp Coanma 1391000 km) me-
yepnactT cBoi saepHyio swepruio (ia Coauue sweprum cropanua H xsaTut Ha
10 MapA. JeT), TO OHA NPEBPATHTCS B YMHPAIOULYIO 3BE3AY, TAK HA3bIBACMBIl Ge-
Awlit KapauK ¢ AuamerpoM okono 10 Thic. KM. [TaoTHOCTL BellecTBa B €ro Heapax
coctaBuT 10° rfcm3. Eeam macca nexofHoit 3pesfinl Ghljla paBHa MM MEHBIIE Macchl
Coana (Mg =1,99-10% r), To TaKas 3Be3ja, HCIEPNaB CBOW AACPHYIO SHEP-
I'HI0, HAYHET CYKHMATbCA, NPOTOHbI M 3JACKTPOHB, €e cocTaBafioliHe, OyAyT coe-
JHHATBCH, TpeBpamiafsce B HefiTponel, B uTOre amessa npespaTHTCs B HEHTpOH-
HYI0 — Iyabcap, 3a cYer BellecTBA, MAjaloUIEro Ha HENTPOHHYIO 3BE3Ny €O CKO-
pocteio fo 108 m/c, noBepxuocTh ee Moxer pasorperscsa 20 100 man, K.

Ecnn ke Macca HCXOJHON 3Be3an B 2—3 pasa MNpeBbllIaeT COJHEYHYIO, TO
B TeX JKe YCJAOBHAX 3Be3a NPEBPALlACTCA B YEPHYK) ABIPY — GECKOHEYHO CIKH-
MalOUIHiics HEeBHAMMBIT 06LEKT, THrAHTCKOE TPABHTAIHOHHOE [0Je¢ KOTOpOro He
BLIIYCKAeT HHKAKOro BHAA Hamyuennil. YepHas Abipa, HanpHMep, H3BecTHa B CO-
apeannn JleGeas. CpoficTBa YepHBIX JAbIp ONPEJEJSIOTCH B NEPBYIO ouepelb HX
Maccoli # yrJioBoil ckopocThio Bpautenus. «CyTKH» ueproil AbPBI MOryT COCTaB-
AATH BCCTO JHUIb THCAYHLIC A0MH CEKYHAbl, |a30Bhill AHCK, CONPOBOKLAIONIHI
yepHble JBIPH H ABJAIOMHICA HCTOYHWKOM MOILHOTO H3JYYEHHH, YKasbiBacT

* CeepxHoBoOfl 3Be3fiofl, WJH TMPOCTO CBEPXHOBOH, ACTPOHOMBI HA3BIBAIOT TH-
ranTcKnii BIPHBHON Npolece; BCMHIUKA CBEPXHOBOA MO CYTH o3Hayaer ruGe/b
3pe3jibl. MupoBoit mayke HbiHe H3BecTHO Oojee 500 CBEPXHOBBHIX 3Be3lL.
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A, B. 3eavnosny, obnapgaer IHEPTHEel, 3KBUBAJEHTHON SHEPrHH MHANMADAA BOJO-
poaubix Gom6.

Taxkum o6pasom, myabcapw sBAAIOTCH  MOCJEAHHMH CTAHAMH  3BOJIOUHH
SBE3JL, CTAMHAMH HX THOGNH H NPEBPALICHHS B HOBHE KOCMHUYECKHE OGHEKThL

Kak noaro moryr cymecrsosats nyabcapn? Hepasuo ycranosaeno, uro mys-
cap KpaGosumnoit Tymaunoctu MIEPHOL CBOEIO M3JIyYeHHA YBEJIWUHBAET €KEropHo
ta 1,33.10~* c. 3to osnavaer, uro BpameHue 3me3nn TOPMO3HTCS M ee «Bpaula-
TEILHAA» SHEPTHs HempephBHO yMembluaercs. [Topcuntano, uro nyabcap exece-
KYHAHO TEpAET Ha TOpMOWeHHe okomo 10% spr [Amuysab I1. P.,” 1981 r.] Tak
Xak NOTEHUHANbHAA TPABHTAUHOHHAN SHEPruA HeNTPOHHOR 3BE3NM JOCTHTaer
10% spr, ee Moxer XBaTHTb npH Takom pacxoze Ha MHAJIMApA Jer.

B 70-e rr. pagnoacrponomueil cuenamb Baskube Habmiofenns B obaactu H3y-
HEHHA MEX3Be3AHOro rasa, B KocMHueckom mpocrpancrse KpPOME WHPOKO pacmpo-
CTpaHenHoro Bojaopofa obHapykeno noutH 50 pasandmbix MOJIEKYJ1, B TOM 4HCJe
MOJEKyJbl GoablIHe, opranndeckne. B nameii [anakruke oxmofl a HanGonee pac-
NPOCTpaHEHHBIX MOJIKY/ OKa3anach OKHCh yraepoaa (CO). HauGoaburee KOJHYe-
CTBO (gO COCpefoToqeHO BOKPYr uentpa lanaktukm, Ha paccrosnun 15—25 T,
CB. JIeT OT 3eMJH.

OBOJIIOLINS 3BE3M. 3pesas — rasossil map, HaxoRsuwuiics B TeyeHue
AVMTENLHOTO BPEMEHH B MEXaHHYECKOM M TeIJOBOM PaBHOBeCHH. B 3pesjax Me-
XaHHIeCKOE DaBHOBECHE MOMNCPIKHBACTCH CHAAMH IPABHTALKH, HanpasneHHEIMH
K UGHTPY 3BE3/bl, H rasoBHIM JaBJEHHEM B HEAPAX SBe3bi, neficteyioniuM Ha-
PY¥Y H YPaBHOBEIIHBAIOUIKM CHJbI TPaBHTALHH,

Maccn ssesn koneGmores or 0,04 mo 100 M o - Ux pammycn maxonarcs
B mpexenax or 0,2 no 1000 pamuycos Commia. CBetMmocTb 3Besj H3MeHseTes
ot 0,0005 xo 100 000 crernmocteit Connma,

Basueitmas aasucumocTs B croficrpax 3B€3]l — CIeKTP—CBETHMOCTh—II0-
JAydnia uassahme Anarpammel epummpynra — Peccena (¢pur. 6.2). Oxkasanocs,
9T0 TOHTH BCe 3pe3nn BeesenHoli pacnosaraioTcs Baosb AHATOHANBHBIX noJoc,
COOTBETCTBYIOIHX DA3/IHUHBIM TOCJAENOBATEJLHOCTAM HAH KAACCAM CBETHMOCTH.
Tak, HauBHCuIeMY KJaccy CBETHMOCTH OTBENaeT GOJBLIHHCTEO 8Be3Nl, NPH 3TOM
Bepxuuil  Jeswifi Kpail KpHBOH mOKasLiBaeT 3pesAn Temneparypoit 30—
50 rthic. °C, a wmxHHA NpaBEIT — KpacHEle 3BE3MB-KAPIHKH C Temneparypoi 3—
4 tHe. °C, T. e. Ha MOPANOK MeHbuIefT, Pasmepsl kKa/inkoB GAH3KH K pasmepam
EMIH, 4 INOTHOCTh HX BellecTBa poctiraer 10° rfem®. ITpoZoamHTensHOCTE npe-
GuiBaHust 3Be3n pasmofi maccwl Ha raaBHofl nocjiefosarenbHocTH, mo P. Ixk. Teii-
Nopy [1975], Trakosa:

Macca, M@ Bpems lgr?t;ﬁe:aauna.
15,0 0,10
9,0 0,22
5,0 0,8
3,0 2.3
2,25 5,0
1,6 1s
1,25 30
1,0 82

Heropus 3Besn maunnaercs o TOrO, HTO MEXK3Be3JHbIN ras, rJAaBHBIM oGpa-
30M BOJAODOJX, KOHACHCHpYeTCA B mpoTo3Bespy. B mempax ee TNpH Temneparype
oxono 1,8-10° K uger npespamenne H B He, [lpu stom uem Goabwe macca H,
TEM HHTENCHBHCE HAET STOT mpouecc, TeM Guictpee H «CropaeT», H Mpexie Beero
B LEHTpaNLHLIX, HanGO/Ce ropauux uactax ssesasl. O6pasyiomeecs He-napo oka-
SeIBaeTCA OKpy:KeHHwM H-oGosoukofl, B Kotopoi TPOLECC MpeBpauieHns B He
éule mpojosKaercd. PasjenupiiHecs Teneps YaCTH 3Beajnl BelyT cefa mo-pas-
Homy. He-aspo noa sansmmem cin TpaBHTaUHH cxHmaercs, H — He-o6onouxka,
HANpPOTHB, DACIIHPACTCH, €CTECTBEHHO TePAA MPH 5TOM uacTh cBoero Temaa. Ilo.
BEPXHOCTL 3Be3/ibl BCACACTBHE STOrO KPACHEET, W 3Be3ja MpeBpallaeTes B Kpac-
HBIfl THTanT,
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6.2. Huarpammel Tepuuminpysra—Peccena.
BXOASAUWIHX B TIJaBHYI0 MNocAenoBaTeNbHOCTh. CHOJOmHAA JHHHA NOKa3bi-

— CKONJIeHHe MOCTAaTOYHO CTaphix 3se3ag (~10"aer).

DBOJIOUHOHHEI NyTh 3BE3/ibl HIET BBEPX OT rJaBHON NOCJEAOBATCABHOCTH H 3aKaHUHBAETCH GEJEIMH KapAMKaMH.
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Coraacuo TI. P. Amuysaio [1981 1], craaus meanennoro ropenns H B sape
3Be3/inl 3anumaer Goaee 90 % BpemeHu ee xu3un. 3peaga ¢ maccofi 10 Mg ce-

THT 3a cder ropewuss H 6Gonee 10 mum. ser, a npouece pacuiMpeHHa 3Be3jbl H
NpeBpalleHHsi €e B KPACHbIl THTaHT NPOROJMKAETCS He 6oJee HeCKONbKHX COTCH
ThCAYeNeTHIT. Kpacibiii MHIaHT — 3T0 Nocaeansis CTajiHsS B 3BOMOLHH  3BE3/H,
KOTOpYIO ellle yJdaeTcsi paccuuTaTh Ha coBpeMeHHLX DBM.

Haneuefimasn ee cyin6a 3aBHCHT OT MAcChl TOPANEro H30TEPMHUUECKOTO f/pa.
Ecan ona menbire 1,2 MG)' TO AP0 GYACT MENJCHHO CIKHMATBCH MOA AeiiCTBHEM

coBCTBEHHOM TaKecTH. TaKoil MpoIece MOMKeT MPOAOAKATBCA AECATKH THICAY Jer,
H IPABHTALHOHHAN 3HEPIHA, YaCTHUHO BbidelseMas B BHIE TeNna, He JaeT sApy
B 9TO Bpems OCTHIT. [1oBepXHOCTHBIE e CJOM KpacHOro ruramTa, Bce Gojee pac-
WHPssSCh, GYAYT B KOHILE KOHIOB M BOBCE COPOMICHB B MPOCTpaHeTBO. OKO.O
GBIBIUEr0 KPACHOrO IHFAHTA BO3HHKHET Ta30Bas TYMAaHHOCTb, HA3LBAEMAs MJaHe-
TapHOli, a GuiBUIeC AP0 KPACHOTO THIAHTA, OTOJAHBIIHCH, CAMO CTAHCT ropsauefi
reJiHeBoil 3Be3jlof. Yepes HECKOJBKO AECATKOB THICAYCACTHII NJ1aHeTapHas TyMmaH-
HOCTb MOJIHOCTBIO pacceercs, a ee AAPO cTaHer GeawM Kapaukom. OGaanas mac-
coit ~1 M@, Genwiit kapauk nmeer aumamerp ~ 10000 KM, H MIOTHOCTH Belle-
CTBA B ero Heapax jocruraer 10% r/emd.

Takosa 3pomonus GoablmimHCTBa 3Besn: 90 % 3mean FanakTHKH — 3Be3bl-
KapJHKH.

Ecan ke macca sjipa KpacHOro ruraiTta okaetcs Gossire 1,2 Mg, 10 B pe-
3yJALTATe HCUEPNAHHA #/1CPHOrO TOPIOYET0 H HEMpPEpHIBHO HAPACTAIMICrO KOJ0C-
CaJbHOTO TPABHTALHONHOTO CKATHA B HEAPAX €€ HAYHETCH 3aXBAT NPOTOHAMH
SJIEKTPOHOB # 00pa3cBaHHE 3a HX CYeT HefTPOHOB. §IApo KpacHoro ruranta npes-
PaTHTCA B HEMTPOHHY0 3Besny. Pasmepn ee ymenbmatcs o 10 KM, a mioTHOCTB
BellecTBa ee HeJp nojnumercs o 105 r/em3,

Ecan e macca siipa KpacHOro THTanTa okaxercsa Gosee 2—3 Mo- TO Tpa-
BHTAIHOHHEIE CHIBI COXMYT €ro 1O PasMepoB, NpH KOTOPLIX €ro pajHyC CTaHer

ke - ..  MEHbIIe T'PAaBHTAUHOHHOro. B 3tOM
O i i ol v Y et sapa oGpasyerca

uepHasi Awipa (dur. 6.3, 6.4).
Hrak, sBoaiouna 3Be3y — 310
NPOTHBOGOPCTBO CHA rpaBHTALHOH-
HOTO CXKaTHA H LEHTPOOEIKHBIX CHJI,
BLI3BAHHLIX SHepruefl SAepHBIX pe-
akumit. Koraa seeprus mocaeanmx
HCUepnbiBaeTcss, noGeKAAT CHJL
TPaBHTALHH, H 3Be3jbl NpeBpalla-
I0TC HJIH B Gesble KapJauKH, HJH
B HCATPOHHBIE 3Be3/Bl, WIH B Hep-

HBIE JLIpHI

IBOJIIOIIHAS TAJIAKTHK.
Ceiivac B npegenax no 13-it sBesz-
HOH BEeJIMYHHBI H3BECTHO OKOJIO MO-

Kpacroid
euzanm

5 :

= 0 =l |

T |

S, d

x 107 & Beunsie

s X aBeador IK

i P 0pOmAT™
YepHan Guipa £ bensii kapaux 210 "wubyuyue 38p3d
HeumparHas ' ik @ 1 £t £3081
Mrilo 3 69%6& e 1 0 100

L2 Mg<M<2Mg Macca abeador, MMy

6.3. Pasamumbie nytH npespamenus o0buHOft  6.4. [Ipofo/mKHTE BHOCTE 3BO-
3Be3/ibl B PeJSITHBHCTCKHH 00BEKT. JIOUHH 3Be3lbl B 3aBHCHMO-
CTH OT €€ Macchl.



AyTopa THCAY ranakTHK. M cpeid HHX B MOC/eJHHE AECATHJETHs OTKPHITH AdJe-
Kile KBasaphl M pajuorajakTHkh, rajaxktuku Cefipepra, sapa KOTOPHIX BbIOpackl-
BAIOT ra30Bbie CTPYH CO CKOPOCTAMH 0Ko/a0 100 KM/c, n TaK HA3bIBAEMBIC B3aHMO-
JeiicTBylOlHe TaJakTHKH Boponnosa-BeabsamiHOBa, cocTofllHe H3 JIBYX H GoJiee
rajakTHK M CBf3aHHbBle MeXAy coGofi pas/iHyHOro poja <«mnepeMbluKaMu?.

Baumaiimasgs K HaM raaaktika — Maresaanoss OG6naka — HaXOAHTCA Ha
paccTosuuu 46 Knk, T. €. NpHMepPHO 150 000 cB. Jer, caMble AaJEKHE — MHOLHX
MHJTHAPIOB CBETOBLIX JIET.

B. A. AmGapuymsH, MHOTHe TOJH MWCCNeZOBABIIHI TraJaKTHKH, YCTAHOBHT,
YTO B Pe3yABTATE IHTANTCKHX B3PHIBOB B si/pax TajlakTHK H3 HHX HJIH MPOHCXO-
JHT HCTCUEHHe Ia30BHIX MOTOKOB ¢ Maccoll B MuMHOHBL Mg, Hau BuGpocs «ro-

AyGHIX CTYCTKOB» MaTEepHH, HAH ajaKTHKH TPEBPAllalTCs B PAanHOraJaKkTHKH.
Oama H3 Gmumafinmx paamoranaktik — [lesa A —snifpacuiBaeT CTpyi ¢ OT-
JeJIbHBIMH  CCYIIEHHSIMH, Da3MEp KOTOPHIX IPHMEPHO COOTBETCTBYET MajbiM Tra-
JAKTHKAM. DTH BhIOPOCH OKAa3aJuCh, OJHAKO, COCTOSILIHMH HE H3 3Besl, a H3
3/IEKTPOHOB BLICOKOi 3HEPTHH.

B acrpodusHke yxke JaBHO OBCYHAAIOTCH NPHUHHB BHICBOOOMIEHHST B pac-
CMATpHBACMBIX TaJaKTHKAX NPH HX KAaTak/IH3Max MOTOKOB YacTHI, MOJHAS SHEp-
rHsI KoTOpBIX focruraer 10%—108% spr.

[lo muenmio AmGapuyMsHa, Bce IPOIECCH B SIAPAX rajakTHK CBA3AHBL C Me-
pEeXojoM BelllecTa H3 0oJiee NJIOTHOrO COCTOAHHA B pa3pereHHOE. A B cefidep-
TOBCKHX TaJakTHKAaX, BO3MOKHO, MPOBJIAIOTCA 3aKOHH, He H3pecTHHie HaM. Ta-

' AAKTHKHM, TAaKHM OGpA30M, AEAATCS, W HX sjpa — nNpHuHHA 00pa3oBaHHf HOBBHIX

rajaKkTHK, a He cJeJCTBHEe MX OObLe/HHeHHS.

M. C. IlIknoBcKHii TPAHIHO3RYIO aKTHBHOCTb TaJaKTHUECCKHX si/ep OOBACHsET
unaue, O nHuIeT: ¢3aKOH BCEMHPHOTO TAroTeHHs OGYCIOBJHBaeT B LEHTDPAJL-
HEIX YACTHX HEKOTOPHIX TIaJakKTHK THranTCkue cKommenns spesf. CraakuBasch
MexKy cOGOl, 3Be3fibl paspylIaloTCs, H BMeCTC C TJIA3MOM, CKHMAfACh, MpeBpa-
11AI0TCA B CBEPXMACCHBHBIE «depHble Abipbi». IlpuTaArusas K ceGe OKpYKaoLui
ras, Takas YepHas ARPA BbI3bIBAET BIPLIBHBIE NPOMECCHL.

Kak 6m To HH 6bi10, raJakTHKH H COCTAaBJfAKIEe HX BelCCTBO, KaK H BCA
BeeseHHas, HAXOAATCA B COCTOAHHH HEMPEepLIBHOTO JBHIKEHHS, PA3BHTHA, OGHOB-
nenns. «Bcencnnasg — GHICTPO M TIYGOKO H3MEHAIOIHIACA MHP» —K TakoMy 3d-
kaovenmio npumwen B 1970 r. AmGapuyman. M ¢ 3THM 3aK/MOueHHeM HENIb3d HE
COrMIaCHTBCH.



Fnaga 7
COCTAB, CTPOEHME
U NMPOUCXOMOEHME CONHEYHOWM CUCTEMbBI

ConHue cosepmmur Gonee 99 % obwei maccsl cu-
cTemMsl M Tonbko 2 %) MoMeHTa konuuecTsa ABMMKEHMS,
TOrAa Kak Ha nnaHetsl nagaer okono 1/700 maccel, Ho
98 % MOMeHTa KonuuecTsa ABMIKEHMS.
Kak Takoe seneHwe morno npouzoiitu?

0. 0. Hlmudr, 1949

Connue —oxua us 3pesn Hameidi TanakTuku. 3Be3guyio npH-
poay Mueunoro ITytn Bunepswie ycramoBua B 1610 r. . Tanuneii
(1564—1642), npHMEHHB TOCTPOEHHBII MM TeJECKON ¢ TpexKpar-
HBIM yBeslHueHHeM. 3a MuHyBuIHe 375 Jer B nosHanun [ajakTHKH,
ConHeuHO CHCTeMbl H OTJANbHBIX MJAHET NOCTHTHYTH BBHIAAIO-
lHecs ycnexd. PaccMOTPHM OCHOBHbIE JOCTHIKEGHHS B 3TOf 06JIACTH.

lanaktuka (Maeunsii ITyTh) uMeer JuH3006pasnyio dbopmy
¢ nomepeuHHKOM ~30 knk (~ 100000 cB. JeT) u TONUIMHOLN
~4 KnK (~ 12000 cB. ser.). B TajakTHKe HACYHTHIBAETCS CBBILIE
100 mupa. 3Besx. Ouu cocraBasior 95—98 % ee maccn. OcrTab-
LIHECsT MPOUEHTH MPHXOAATCS HA rasoBHE H NblJEBhIe TYMaHHOCTH,
CJIOXKHBIC MOJIEKYJIbl, aTOMBl H 3JIeMEHTapHbLIe YACTHILHL.

[Tornas macca Tamaktuk, no manubim E. K. Xapanse [1971],
cocrasaser ~ 10* 2. Bosblias uacTh 3B€3] CKOHIEHTPHPOBaHA
B CJIoe, COBMAJaiomeM € IVIOCKOCTBIO IaJaKTHUECKOro 3KBaTOpa.
Xapajase ormeuwaer, 4To 0JHA 3Be3fa TPHXOAHTCH 3Aech HAa Ky6
npocrpanctBa ¢ pebpom 2 mk. OGiias Macca MeK3Be3JHOrO rasa
He mpeBwllaer 5% wMmacch Bcex 3Besg. CpepHsisi MJOTHOCTH ero
6nH3 muockoetn akBatopa 10-2—10-24 r/cm®. Macca Mex3Be3gHOl
nbiii B [anaktuke npumepro B 100 pas menbie Macchl rasa, a pa-
AHYC NBITHHOK He npepwimaer 10—* oM.

Hawa TanakTtuka Bpamaercsi, npu 3ToM BHYTpEHHHe ee YacTH
nepememaiorcs  Goictpee BHemnux. Llentp Tanaxktukn Bugen
¢ 3eman B cossesann Crpensua. Ha paccrosiuuu okono 10 Kk
ot nenrpa l'asakriku pacnonoxeno Connue. 3aech cKOpPOCTb Bpa-
uwennsi Tanaktukn pocturaer 250 KM/c, uTo oOTBeuaer NepHoLy
noxHoro o6opota 3toit yactn [anaktuku npumepno 180 MaH. Jer.

B Hame Bpems nnanersi COMHeUHO CHCTEMBI NPHHATO AGTHTH
Ha BHyTpeHHHe (Mepkypuii, Benepa, 3emns, Mapc) u BHemHHe
(FOnutep, Catypn, ¥pan, Hentyn). ITo dusHueckum XapakTepH-
CTHKAM maadera [liyToH sanumaer ocoGoe mosoxenne. 3a mpeje-
Jdamu opOutnl [l1yToHa HOBHIX nuiaHeT moka He oGHapyxeHO.*

* B despase 1982 r. B neuatH MeABKHYNO COOGLIEHHe O TOM, 9TO, MO MHe-
HHIO AMEPHKaHCKHX y4YeHHIX, 3a [lnyToHOM, BO3MOXKHO, HAaXOAMTCA AECATas MJja-
Hera, macca xoropoit B 2—5 pas Goabme 3emHOH. Ha 3to ykasmBsaior BO3MY-
IeHHs OpGHT APYrHX mJaHer.
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Conneunoft cucreMbl (dur. 4
7.1) u cpaBHHTeJbHHIE pas-
Mepsl CosHua H IJIaHeT

Mepkypud ;

(pur. 7.2) HaIOT MpeACTaB- oo

JleHHe JHIL 06 OCHOB- Somne\TonymeR) - S i3
HBIX uepTax ee CTPOCHHS.  |wmape(2 cnymauna) —(,S0mYPH = 8
Bokpyr Coanna mno aJium- 2 kg

THYECKHM opOHTaM Bpala-
I0TCSl, KpOMe TOro, MHOTO-
YHCAEHHBIE MaJjble MJa-
HeTH — acTepoudsl. 06-
Iee YHCA0 HX, PasJHInMbIX
B COBpeMeHHbIe TeJeCKOMH,
yxKe pocrurao 40 ThIC.

Tluamerp HauGoiee Kpyn- ity o L RS
noit n3 mux, Llepepw, co-
craBasier 770 kM, a obuias
Macca aCTepPOHIOB — OKONO 7.2. CpapuutenbHuie pasmepst Connua o
1/1000 maces 3eman. Ma- TaHeT.
JAble  MJIaHeTH — HHTEepec-

Hble o6bekThl COJIHEYHOM CHCTEMBl, YKa3biBalllHe Ha BO3MOXKHBIC
NyTH 3BOJIOLHH IPOTOMJAHETHOr0 BEIIeCTBa, H3 KOTOPOro BO3-
HHKJI0 H 9 GOJbIUHX NJIaHeT.

B oTJHYHe OT MaJblX NJaHeT komerst— HeGecHele Tesna Cou-
HEUHOIl CHCTeMBl — JIBHIKYTCS 1O CTOJb BHITAHYTHIM 3S/JIHNTHYE-
CKHM op6HTaMm, 4TO Hepeako, yaanssck or CouHia, HaBceraa
nokupator CoJHeunyio cucremy. KomeTel — JefsiHbie Teaa, TOZL
pauaHuem ayueil Cosnua BeiOpachiBawlide H3 f/pa rasbl H Mbljib.
[Mocnennue moj AeHCTBHEM CBETOBOTO AaBJEHHS H COJIHEUHOTO BEeTpa
OTKJIOHsOTCs, 06pasyior xBocThl KomeT. KomeTn cojepxkar Heii-
TpaJbHbie Monekyan Cs, Cs, CN, CH, OH, NH, NH,, a rakxe CO,
N,+, CH* u atromus H, O, Na u ap. IlockosbKy npH BO3BpallleHHH
koMeT K COJIHIy OHH TepSIlOT 3HAUHTEJNbHYIO YacTh CBOEro Belle-
cTBa, BpeMs JKH3HH OJHOH KOMeTHl He MOXET NpeBHIIATL COTeH
uan TeCsuH oGoporos ee Bokpyr Commua. C mpyroit cropous, 06-
Hiee YHCJIO0 KOMeT, OlleHHBaeMoe COTHAMH MHJIIHapJOB, YKa3blBaerT,
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4TO KOMETbl — HeGecHBle TeJd, NO-BHAHMOMY He TOJMLKO mpekpa-
laloue CBOE CYIEeCTBOBAHHE, HO M BO3HHKAIOUIHE H B Hallle BpeMs
rfe-To, Kak noJaraior, sa npeaenaMu CoJHEYHOH cHCTeMbl B Ka-
KHX-TO MaJO0 H3BECTHBIX HaM ycJaoBHsX. CyliecTByer u Takoe npej-
NOJIOKEHHE, YTO sAApa KOMET MNPeJCTABJAIOT cO00H HCXOMHBIH Ma-
TepHam, H3 KOTOpPOro copMHpoBa/uch miaaHeTsl CoJHeUHON CH-
CTEMHI.

Komera T'annes — nepsast, a1 kotopoli GbLia BhuHC/IEHA op-
6ura. Ona npuGnmkaercs k Coanny | pas B 76 der u B sIHBape
1986 r. mpoiiaer uepes nepurenwmii, T. e. okaxercs B GuaHIKANILE
K CoaHuy Ttouke cBoeii op6uth. Komera duke — Baknynna, na-
NMPOTHB, HMeeT nepuoj obpawenus Bokpyr CoJHIA Bcero JHUIb
3,3 roxa. Bansoets k CosHly M GICTPOE HCTOMIEHIE JIETYYHX Be-
IecTs B AApe, SBHIMCH NPHYHHON HaGMIOABIIErOCS BOT YiKe CTO
JIET YMEHBIIEHHHA YCKOPEHHS JBHIKEHHS 3TOH KOMETHI.

Hakouen, Henbsss He OTMeTHTH, uTO npoctpaneteo CostHeuHOH
CHCTEMbI 3aNOJHEHO MeTEOPHLIMU Teiamu W KOCMUHECKOU Nslibio.
[TostoMy TONBKO Ha 3eMJII0 B CYTKH BHINagaeT HECKONBbKO HECHT-
KOB TOHH METEODHOro BewlecTBa. MereopHeie Tesa, ABHIKYIIHECS
[0 3JNHNTHYECKHM opOuTam Bokpyr CosiHua, BJETAI0OT B aTMO-
chepy 3eman co ckopoetsio or 11 g0 73 km/c. Mereopusie Tena
¢ maccoii, Menbmeii 10~ r, TopmossaTca Ha Beicote 110—130 KM 1
OCE/laI0T HA NMOBEPXHOCTH 3eMJH B BHJe MHKpoMereopHToB. Kpyn-
HBIE YACTHIBI, pACKANAsCh M YaCTHYHO HCNAPSIsCh, MOTYT BBINACTH
H4 [OBEPXHOCTh 3eMJIH B BHIC meTeopuros. Mereoputsr ot 10—
A0 10 r mpaKTHUECKH NOJHOCTBIO CrOPaoT (ucnapsiorest) B Bepx-
HHX ¢J10AX aTMOChepHhl.

IIponcxoxaenne Comneunoil cucreMe — npobaema, KOTOpYIO ec-
TCCTBOHCIILITATE/IH NBITAJNHCh PEIIHThL B TEUEHHE CTOJeTHIH. Yike
B KoHue XVI B. uranpsumen [x. Bpyno (1548—1600), pasBuBas
uaen H. Konepuuka, ytBepmxnan, uro «Bcesennas He umeer npe-
Aella H Kpas, HO GesmepHa u GeckoHeuna» [Bpywo [Ix., 1949 r.,
¢. 403], uro cymecTByeT G6ecKOHEUHOE WYHCAO Ted, NOAOGHBIX
Conmnny, a B npenenax nameii ConHeyHOH CHCTEMBI 6ynyr or-
KPLITE HOBHIE MJIAHETHl, MOA00HBIE 3eMme.

B 1749 r. ¢panuysckuit marypaamer K. Biopdon (1707—
1788) B paGore «Teopus 3emuan» BHIIBUHYJI THNOTE3Y, CONJIacHO
KoTopofi 3eMist 06pasoBajach M3 CrycTKa COJHEUHOrO BeUeCTBA,
orroprayToro ot CoJiHla ynapileii Ha Hero OrpoMHOI KOMeTO.

Hemeuxuit ¢unocodp u ecrecrsomcnmirarens M. Kanrt (1724—
1804) B paGore «O6mas ecrecTBeHHAs HCTOPHA H Teopus Heba»
(1755), pasuBasi paHee BLICKA3aHHYIO H/CIO O I'PaBHTALHOHHOM
B3auMojeHeTBHE 3eman u JIyHB, BRABHHYJ THIIOTE3Y, COIVIacHO
Koropoii CosiHie KOraa-to GBUIO OKPYMEHO TYMaHHOCTBIO M3 Xao-
THYECKH JBHXKYIIHXCs uvacTui. Co BpeMeHeM BCJEACTBHE CTOJKHO-
BEHHIl HACTHI UX JABHMKEHHe YNOPSHJOUHIOCH, W yKe caMa TyMaH-
HOCTL cTajsia Bpamarbes Bokpyr Coanua. [Tosguee na 310it TyMaH-
HOCTH H 00pa3oBajiuch NJAaHETH.
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Mbl He HMeeM 3/lech BO3MOMKHOCTH NPOCJIEAHTb BCIO 3BOJIOUHIO
parasinos Biopdona n Kanra 3a munysmmne 230 Jer. OTmeTHM
auub, yto uaen broddona momyuuad pasBHTHE B KOHIE XIX B.
B runotese T. UemGepauna u @. MyabroHa, a B 20—30-e rr.
XX B—pB runotese Jxunca u xedpuca. ITpencrapienns Kau-
tra — Jlannaca B cepeande XIX B. nojsepriuch cephe3HoMy pas-
Gopy Jxk. K. Makcsemna (1831—1879), koTophiii, HCCJIELOBAB
yeroitunBocth Kojew Catypua, AoKasaj, 4TO OHH He SBJAIOTCA
CHJIOWHBIMA  (TBEPABIMA WIH KHAKHMH), a NpPEACTaBJsioT co6oii
CKOMJIeHHEe METEeOPHTOB.

B cepeaune XX B. O. [O. IImuar (1891—1956) — coBerckHuil
MaTeMaTHK, 4CTPOHOM H reo®HsHK BBIIBHHYJ THIOTe3y, COMIAcHO
KOTOpOil 3eMasi H JApPYrue IjaHersl 006pasoBajich M3 TBEPAbIX ud-
CTHII, COCTABJSBIIMX rasonbijgeroe 00J1ako, Bpaulalomeecs BOKPYr
Cosnua. Macca ero COOTBETCTBOBaJia CyMMapHOH Macce COBpe-
MEHHBIX [JIaHeT. 3eMJsl W IJiaHeTbl MOCTENeHHO pPOC/AH 3a Cuer
«BHUEPNBIBAHHA» OKpy’XKaiomero BemiecTBa. Brauase OHH ObLIH
XOJOAHBIMH, 3aTeM B pe3yJbTaTe HaKOMJEHHS PaJlHOreHHOro TelJaa
pa3orpeBajinch A0 OrHeHHO-JKHJIKOrO COCTOSHHS.

0. 10. IlImuar [1949 r.] B cBoHX 3HAMEHHTHIX «UeThIpex JeK-
UHSX O TEOPHUH IPOHCXOXKJeHHs 3eMJH» IHcal: <. ..Hal0 OTKa-
3aThesl OT M30JIHPOBAHHOrO pacemoTpenusi COJHEUHOH CHCTEMBI H
[NPHBJIEUL K PACCMOTPEHHIO Ty GOJBIIYIO CHCTEMY, UACThIO KOTOpO#
apasietcsi ConHeunasi, T. e. lanakTtuky, cucremy Mueunoro ITyTH.
C mpHBJeYeHHEM rajJaKTHYeCKOro MaTepHana OTNajaerT BCAKad
TPYAHOCTb ¢ MOMEHTOM, HGO 3Be3/bl, KaK H TeMHble Macchl, JABH-
rascb B DajJakTHKe, HMEIOT OrPOMHBIl MOMEHT OTHOCHTEJLHO
ApYr Apyra H OTHOCHTEJBHO LEHTPAa TAKECTH FanakTHKH, H OpH
nepepacnpeie eHHH 3TOr0 MOMeHTa OuYeHb JIErko H 6e3 BCAKOIN
HATSKKH ToJydaercss TOT MOMEHT KOJIHYeCcTBa JABHXKEHHSA, KOTO-
pbiM 0671afal0T TIaHeThl, B TOM YHC/IE caMbie AaleKHe oT Connua».

Teopus IlImuaTa nosayuuna WHPOKOe pacnpocTpaneHHe H NOJ-
aepxky. OfHaKO H OHA TOKa He MOXKeT OGBACHHTL pfAAa NaBHO
M3BecTHLIX (PAKTOB, 4 B HX UHCJE TAKHE KaK:

1) sHauennsi paccrosiHuii nianer ot CosHua, BbHpamKaeMble
npasusiom Tuuuyca — Boxe;*

2) oTaHUHOE OT OCTAJbHBIX BpalleHHe BOKPYr CBOHX oceil mJja-
Her Benepsl H YpaHa.

Paccrosinns, BHUHCAeHHHe no npasuay Tuunyca — bBozxe, o1-
JAHYAIOTCH BCEro JHIIL Ha HECKOJbKO INPOLEHTOB OT HCTHHHBIX.
M toabko HenTyH aToMy NpaBHIy He NOAUHHACTCH. Bce naaneTn
ConHeuHoll CHCTeMB, €clH Ha HHX cMoTperTb co croponbl Cesep-

* CorsacHo npapuay Tuunyca — Boze, eciH B MOC/E/OBATEJNLHOCTH HHCEN
0, 3, 6, 12, 24, 48, 96, 192, 384 x KaxaOMy UHCAY npubasuTh 4, a 3aTeM noJy-
yeHHME uncJa pasfeqnth Ha 10, TO B TMOJYuEHHOH HOBOH NOC/EL0BATEJLHOCTH
0,4; 0,7; 1,0; 1,6; 2,8; 52; 10,0; 12,6; 13,8 5Tu yHcaa OGyAyT C NOrPEIIHOCTHIO
~3 0 BepaxaTh paccTosiHnsA maaser or CojHUA B ACTPOHOMHYECKHX e/HHHUAX
(paccrosinne CosHue — 3eMs paBHO k)
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HOTrO noJioca, Bpaulaiores BOKpyr CoJlHua npoTis 4acosoit CTPEJIKH.
B 3ToM Xe HanmpaBieHHH OHH BPalLaIOTC H BOKPYr CBOell OCH.
Benepa u Vpau stomy npaBmay me CJIeYIOT, Bpamlasch BOKpPYT
CBOHX OCell B IPOTHBONOJIOXKHOM HamnpaBJieHHH.

B nauGonee nosHo paspaGortausoil Hopejiwei: TeopHH o6paso-
Banus CoJHeuHolt cHCTeMB Jaypeatht HoGeseBcKoil OpeMHuH
X. Aavsen u npod. I'. Appennyc [1979] sBoaouuo Conneunofi cu-
CTEMLI NPEACTABJASAIOT B BHE CJAEAYIOUHX 3TANOB:

1) obpasosanne Coanna B pesysbTaTe aKKpemHH H3 HCXOLHOrO
o6iaka CosHeuHoit cHCTEMBI;

2) pasMelleHHe rasa H IbLIH, o0pasyomux cpepy OKOJO Ha-
MarsuiCHHOr0 LEHTPaNbHOrO TeJa B TeX 00JacTAX NPOCTPaHCTBaA,
A€ TO3NHEE NPOH3OHAET AKKPEUHs TPYNN NJAHET H CHYTHHKOB;

3) nepeHoc MOMeHTa KOJNHUECTBA JBHIKEHHS OT HEHTPaJbHHIX
T&Jl K OKpyXalolleld cpee, ¢ TeM YTOGH NbIIEBHE YACTHIB CTAMH
ABHraThCsl MO KeMIEPOBCKHM OPGHTaM OTHOCHTENbHO CoJHIA H
NPOTONJIAHET;

4) aKKpelHOHHAs 3BOJIOLHS CKOHJICHCHDOBABIIHUXCS TEHJIEBa-
TBIX HAaCTHI, ABHAKYIIHXCS 110 KeNJepOBCKHM OpGHTAM H o6pa3syio-

- IIHX TJIaHEeTe3HMAaJIH, NMOCTeNeHHO YBeJIHYHBAIOIIHECH B pasmepax.
[lnaneresumanu sBasioTes 3apoxsimamu el CYLIECTBYIOUIHX B Ha-
crosimee Bpemsi B CosiHeuHO# cucTeMe;

5) cammii mosammii W HauGosee NPOAOJKHTENbHBIH (3=
=410 ner) stan MeaJeHHON 3BOMIOLHH HOBOOGpA30BAHHKIX MJja-
HET, aCTCPOHIOB H CNYTHHKOB, KOTOpasi CO3/aJa COBPeMEeHHHI BH.
ConneyHol cHCTeMBL.

O6wasn xapakrepucTuka CoJHIA H GOJBIIHX [TAHET Conneu-
HOil cucTeMbl npHBeneHa B Taba. 7.1.

Paccmorpum Cosnmume u maamerm Cosneunoii cHcTeMbl Goutee
JeTaJIbHO.

COJIHLE.* Coanne — xeaThiit KapJIHK — THNHYHAs 3pe3ga la-
JakTHkd. ConHue B 60 MaApA. pas spue camoil cnaGoii H3 HAGIO-
ZlaeMbIX HbIHe rajgakTHK. HeBoopyxeHnwii rsas BOCNIDHHHMAaeT
ConHue B BHIZE 0AHOPORHOrO Apkoro aucka. OpHako CouaHue He-
OLHOPOZHO M HA MOBEPXHOCTH, H B pa3pese. SIpkuit cioii noBepx-
HOCTH, KOTOPbIHi MBI BHAHM, NPEACTABJASET COOOH HHIKHIOWO 4acTh
atMoceprl CoaHua M HasbiBaeTcs gorocgpepoii. Ee nuamerp co-
CTapjsieT OKoJo 1,5 MJIH. KM, a MomHOCTh — 100—300 kM. Doro-
chepa Henpospauna. Briure ee okpyxaer mommuas posoBaras xpo-
mocgpepa. Ee MomHOCTL OLEHHBaeTcss B ~ 14000 kM. Atmocdepa
CosHua HaxopuTes, TakKHM oGpasoM, Mexay ¢orochepoit n XpoMmo-
coepoii. Eme Goxee rpaummosnas coaneunas KOpoHa OKpyKaer
Xpomocdepy. MolHOCTE KOPOHE PaBHSIETCS HECKOJbKHM COJTHEY-
HBHIM pajnycam. Pacnpenesenne TeMnepaType BO BHEIHHX CJIOSX
Conuna nokasano na ¢ur. 7.3.

* Caassanckoe caoso Conmne o6pasoBaHo or JApeBHEro HHJO0eBponefickoro
KOPHA san <«CBeTHTb» H O3Ha4aeT, TAKHM 06Pa30M, €cBeTsImees.

90



TABJIHUA 7.1
Xapaktepuctuka Cosnua u Goabwnx naaxer

Huametp
OGbem, Macea, Cpegnas

Haspauune i, A";::::ﬁoa og::::n Mace 3eMan nnc:;::gn.
Connue 1 391 000 109 1 301 000 332 400 1,4

Mepkypuit 4 865 0,38 0,055 0,055 5,52
Benepa 12 105 0,95 0,861 0,815 5,22
3emas 12 756 1,00 1,000 1,000 5,617
Mapc 6 800 0,53 0,150 0,107 3,97
OnuTep 141 700 111 13448 317,82 1,30
Catypu 120 200 9,41 770 95,28 0,68
Ypan 50 700 3,98 61 14,56 1,32
Hentyn 49,500 3,88 57 17,28 1,84
ITnyTon 6 000 0,47 0,1 0,11 6

[Tponoaxenne
%m"ee I 6 B 6 Y
a AHHE (. 0 CHHA obpa HHA o
Haspasne | O2Conmua, s%:?yr Contna I"e;‘(;'xpy:‘3 ocx cnyTHHKOB
a. e
Conuue - —-

Mepkypnii 0,387 88 cyr 176 cyr 0
Benepa 0,723 224,7 cyt 117 cyr 0
emas 1,000 365,3 cyt 1 eyr 1
Mapc 1,624 1,881 ropa 7 u 37 mun 23 ¢ v
IOnurep 5,203 11,862 ropa 9 4y 50 muH 12
Catypu 9,639 29,458 roaa 10,25 4 10
Ypau 19,19 84,015 ropa 10,8 u 5
Hentyn 30,06 164,79 ropa 15 u 48 muH 2
IlayTon 39,75 250,6 rona 6 cyr 1

Ocnosy maccwt Connna cocrasasior H (94 %) u He (59 %).
Ha ocranbnbie 67 sneMeHTOB, yCTaHOBJAGHHHIX HblHe Ha CosHIe
(raba. 7.2), npuxoaurcs He Goaee 0,1 % ero macchl.

Hanyuaemass ConHueM SHeprus reHepupyercs B ero Heapax 3a
CYeT MpOTeKaIoUHX 3/1ech sfJAepHBIX peakuuii. B cpeanem Kaabiii
rpaMM COJIHEUHOrO BeIlecTBAa MAaeT NPH 3TOM B TEUeHHE roja
1,5 kkan [[lersnos IT. B., 1981 r.]. O6umas e 3Heprusi H3IyueHHs
Connua B cBsisu ¢ orpomuoil Maccoit ero pasna 4-10% spr/c. Us
STOrO THraHTCKOrO KOJHYECTBA SHEPrHH Ha 3eMJI0 NonajaeT npH-
mepHo 2-10-° noaseii.

Pacnpenenenne suepruu B HenpepniBHOM cnektpe CosiHma Ha-
NOMHHAET pacnpelesieHHe SHEePrHH B CNEeKTpe H3JyueHHs abco-
JIIOTHO YepHOro Tesa c Temnepatypoit 6000 K. M3 nero caenyer,
urto CoaHlle reHepHpyeT SHEprHio BO Bcelf 06JiacTH 3JeKTpoMar-
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7.3. Pacnpesenenne TeMnepaTypsl BO  BHeNIHHX
caonx Commua [JTamsun C. A, 1980 rl].

TAB JIMLIA 7.2

Xumndeckuit coctan Coanua (cofiepikanusi NPHBEeHE! TO OTHOMIEHHIO
K Bojopony), [mo Ipeio JI, [1980 r.])

ComepxaHne z } E::'r Copepxanne Z Sg:.;. Copmepxanune
1 1,00 24 Cr 500" |56 Ba 63.10-u
2 6,2:10—3 25 Mn 1,6-10—7 b ks 6,5-10—1
3 4,0-10—12 26 Fe 2,5-10—° BB e 44.10—1
4 T ey 27 Co 3,2-10—8 B EP 4,3.10—11
5 6,3- 10“10 28 Ni 1,9-10—8 60 Nd 6,6.10—11
6 3,7:10— 29 Cu 2,8-10—8 62 Sm 4,6-10—11
7 1,110 30 Zn 2,6-10—8 63 - Eu 3 Eelgeia
8 6,8-10— 31 Ga 6i9-10-10 164 Gd 1,3.10-11
9 3,6-10— 5 32 Ge 2,1-10—° 66 Dy 1,3-10-1
28 10*5 37 Rb 43.10-%° | 68 Er 58.10-1
1,7-10~ 38 St ol Ry R B LT o
3,5-10— 5 39 ¥ 42010 GHER0: FOXh 6 5 eln—1s
2.5:1078 4] Nb 20107100 L G ot 6,9:10-18
3,56-10—5 42 Mo 79-10-1 [ 74 W 3,7-10-0
2,7-10-7 44 By 08 371071 .78 ' 108 5,6.10-12
1,6- 10*5 45 Rit o B h=10s 1 dhirg s T 1,6.10—10
4,5-10— 46 Pd 8.7:10=1 79 " Aa 2,1-10—1a
5,4:-10—¢ 47 Ag 4,7-.10-12 | 80 Hg 1,0-10—°
1,1-10—7 48 Cd 98107t 8 ST 1,6.-10-19
2,1-10—¢ 49 In L lg=tt 8T P 7,4.10-1
1,2.10—* 50 Sn R Sl S TR L 6,3:10-12
5,5-10—8 51 Sb Bi=d0=19 14 500 7| T 6,6-10—12
1,3-10-8 55 Cs 6,2.10-1 92 U 4,0-10=1%
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HHTHOTO CIEKTpa, NPH 3TOM B BHJAHMOH YacTH CHeKTpa NpH A~
~4600 A 3HauyeHus sHeprum aocruraior 230 spr/(cm2-c-A), T. e.
MaKcHMYMa. OCHOBHblM HCTOYHHKOM KOPOTKOBOJIHOBOTO H pajHo-
H3JIyUYeHHs SBJSIOTCS paspexeHHble chaon artmochepn CoJaHna.
Hanyuenne xe dorocdepn ConHua onpenessieT npakTHYECKH BCIO
sHepruio B HH(pakpacHoii, BHAuUMO{I H Gau3koii yabTpadHoaeTo-
BOil oOsacTax cnekrpa. Ha rpanune semuoli armocdepsl coiHeuHast
paanauus cocrapasier 2 Kaja/(cm?-MHH). DTO 3HaUEHHE MOJYYHJIO
Ha3BaHHE COAHEYHOI NOCTOAHHOL.

Buyrpennsis o6aacte CoJjiHIa, I/le reHepHpyeTcs ero siiepHas
SHEeprus, no-BHAHMOMY, He npeBbimiaer 1/10 ero nmamerpa. Pa-
IHAIHOHHASA 3HEePrHs MeJJIeHHO, 3a MHJIJIHOHH JIeT, pocayuBaercs
K nosepxHoctH Couanna. Kousexkuus n auddepenuuanus packajen-
HOH 39JIGKTPONPOBOAHOH COJHEUHOH TJIasMbl TOCTENEeHHO YMeHb-
LIAIOT YaCTOTY 3JE€KTPOMATHHTHOrO H3JY4YeHHS 0 ONTHYECKOro AHa-
nmasoHa H B TO e BpeMs mopoxiaalor Bo Bcex cdepax Cosnua
MOII[HBIE MarHUTHBIe noJsi. YuacTkH QoTocdepsl, riae 3TH noJs
o0HaxkaloTcs, OKasbiBalTcsl HanOoJee AaKTHBHBIMH 00JacTAMH I10-
BepxHocTH. OHH TOPMO3SIT 3J€Ch KOHBEKIHIO TJIa3Mbl, H OHa OX-
Aaxjpaercs 10 4,5 teic. BMecto 6 Thic. K, cocTraBasiomux cpeaHIon
TeMnepatypy ¢otochepr. Oxnaxaennse obaactd ¢orocheps Bbl-
rJAAAT TeMHBIMH naTHamu. CosHeuyHasi aKTHBHOCTb B CBfI3H C 3THM
MOJKeT OIleHHBAThCS UHCJIOM TsATeH, HJAH rpynn nsted (¢pJaokyin),
HJIH YHCJIOM H pa3MepaMH COJHEYHBIX npoTyGepaHnileB — MJa3MeH-
HBEIX I3HIKOB H BCITBIHICK.

Bce 3TO NPHBOAHT K TOMY, YTO NoBepXHOcTh (otocdepn okKa-
3BIBAETCA HENPEePHIBHO MeHsouleiicsa, HEOAHOPOAHOH, TIPaHyJHPO-
BaHHoil. Paamep dortocthepHEX rpaHya B cpelHeM Kojebiaercss oT
700 no 1000 kM. Bpemst ux u3HH 5—20 MHH.

Benpimmkn  Ha  CoJaHIle — rpaHjHoO3HOEe  SIBJI€HHe  NPHPOAHL.
Toabko omHa u3 HHX, 3acduxcHpoBanHas 23.02.56, zamennuia Bpa-
uieHne 3eman Ha 2 mkc/cyr. 10~7 yacTH 3HepPrHH 3TOH BCNBILIKH
6ei10 OBl ZOCTATOYHO, UYTOOB IPEBPATHTh BCIO BOJAY OKEaHOB
3eman B map!

B nocaennne roasl uccaenosanuamu B. JI. TmusGypra, A. B.
CesepHoro, B. B. Muryauna u ApyruX AOCTHTHYTHI HOBBIE YCIEXH
B TIOHHMaHHH MNPHPOJABI COJHEUHBIX BCHLILICK. Pacuers mnokassi-
BAIOT, UTO BO BpeMs CHJIBLHOH BCHBIIUKH BBIJENS€TCS SHEPrus, CO-
nocraBHMasi ¢ ToH, Kakylo 3emas noayuyaer ot CojHua 3a He-
CKOJILKO JIeT.

Mu yxke ormeuann, uto 99,9 % maccnt Cosnua cocraBasiorT ABa
snementa—H n He. Ilpu Temmeparype, Menbuweit 15 man. K,
cuntes sigep He B neapax CosHIa NMPOHCXOAMT B pesyJsbTaTe Mpo-
TOH-NPOTOHHOTO IHKJIA:

H? + Hl—* D2+e+ +ve;
D24 H'— He?+4-v; (E,=0,42 M3B)
He3 - He® — Het - H! 4 H.
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B nporton-npotonHom uukae obpasyercs okoso 80 % smep He.
B ocranbubix 20 % sgepHbie peakuHH HMEIOT BHIL:
He! +He® — Be” + v;
Be’+e~— Li"--wv,; (E,=0,86 M3B).
Li" 4 H'— He*+ Het.
Takum oGpazoM, BO BTOPOM cayuyae oOpasylouinecs HeATPHHO
HMEIOT B 2 pa3a (0JIbllIYI0 SHEPTHIO. ;

ITpu Temnepatype Goabume 15 maH. K oGpasosauue saep He
HJIET B pe3yJbTaTe YIVIepo[-a30THOrO IMHKIA:

Cl2 Hl-> N4 y IecaTtku MJaH. Jer

NIB > Cl8 o+ 4 v, 7 mMuH (Ev = 1,18 MsB)
C8tL H'— N4 9 Heckonpko Man. Jer
N4 -L H! - QW% -+ y CoTHH MJH. Jer

O15 — NIs L o+ 1 v, 82 ¢ (Ev = 1,68 M3B)
N18 |- H! — C12 | Het CoruH THC. Jler

B stoM muKJe sHeprisi o6pasymouuxcs HeATPHHO eme GoJee
Bo3pacraeT. HeTpyaHo BuAeTb, UTO HeHTPHHHAs acTPOHOMHS MOJY-
YaeT BO3MOXKHOCTb TaKHM cnoco0OM OLEHHBAThL XapaKTep H Mac-
wTalel AAEPHBIX NPOUECCOB, COBEPIIAIOIIHXCA HE TOJBKO BHYTPH
Connna, HO u B Hegpax BeemenHoli.

K nacrosmemy Bpemenn Ha CosHlle oGnapyxenn 69 siemen-
Tos. Henssectn na Couanue As, Se, Br u ap. Cpean taxeawnx
atomMoB JHIb Pb ¢ ero Maruueckum sApoM OTMEYaercs B 3aMeT-
HEIX . KouyecTBaX. M3 ¢ur. 7.4 caeayer, uTo pacmpocTpaHeHHOCTH
XHMHUYecKHX 37eMeHTOB Ha CoJiHlle NOpasHTeJLHO COBIAAaeT C pac-
MPOCTPAHEHHOCTBIO 3JEMEHTOB B KaMEHHbIX METEOPHTax (XOHIpH-
Tax). 310 sABJAAETCA ONHHM H3 BaKHBIX CBHAETEJNLCTB B I0Jb3Y
OOLIHOCTH NpoHcXoXKJenus: BemectBa CoJIHHA W MeTeopHTOB. BMme-
cTe ¢ 3THM peskKoe npeobaananune Ha Coanune H u He orpaxaer
ero rasoobpasHylo npupoay. B uenoM, 3a HeMHOrHMH HCKJOUe-
HHAMH, colepxKaHHe 3neMeHTOB Ha CoJiHle cOBIajaeT WIH Haxe
IPEBOCXOAHT COAepKaHHe HX B XOHApHTaX. [IpH 3ToM riiaBHHIMH
snementamu CosHua nocae H u He sasworea O, C, N, Mg, Si,
S u Fe.

MEPKYPHH. 3to Ganxkaiiwas x CoJHLy NJaHeTa, KOTOPYIO
MOYKHO BH/IETh HEBOOPYKEHHBIM IJ1a30M, OHa OblJIa H3BECTHA BABH-
JIOHCKHM JKpelaM-acTpoHOMaM ewle 4 ThIC. JeT Ha3al.

Mepkypuii — HauMeHblIas nianera ColHeYHOH CHCTEMBI, JHIIbL
HEeMHOTHM MpeBHINapmas no pasmepy Jlyny. O6pawasch BOKpYr
Cosmuna no BLHITSHYTOH 3aaHNTHYecKOH opburte 3a 88 cyt, Mepky-
pHil B CHIY MeIJIEHHOr0 BpAalleHHs BOKPYr CBOEH OCH 3a KaiKjble
176 3eMHBEIX CYTOK fAesaeT TPH 000pOTa 10 OTHOIIEHHIO K 3BE3/1aM,
JlBa BHTKa no opbure H oauH obopor Bokpyr Coanua. To ecTh
cyTkH MepKkypua AasTes JABa MePKYPHAHCKHX roaa. Kaxabe
116 cyr, Haxoasch Ha JuHHH Coanue — Mepkypuii — 3emas, sra
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7.4. PacnpocTpaHeHHOCTh XxuMuuyeckux saementoB Ha Coanie (f) w B XOHApH-
tax (2) B uncae atomoB Ha 10® atomos Si.

yauBHTeNbHas MJaHeta, nogoGHo JIyne, okasbiBaeTcst oGpamieH-
HOI K HaM OJHOH M TOH e CTOPOHOH.

Ilo 1974 r. cesenusi 0 Mepkypuu ObUIH KpailHe OTPBIBOUHBIMH.
Ho wmexmuaHeTHas craHuus <«Mapuuep-10» npoaerena 29.03.74
MuMO Mepkypus Ha paccrosuuu 703 kM, a 16.03.75 na paccros-
HuE 327 KM OT ero nosepxHocTH. [IpoHsBejeHHasi NpH 3TOM TeJe-
BH3HOHHAsg CBEMKa C paspelleHHeM JeTajed MOBEPXHOCTH pas-
mepoM 0 50 M nokasaja, 4TO €ro NOBEPXHOCTb GJIH3KO HANOMH-
HAeT JYHHYIO ¢ MHOrouncJeHHbIMH Kpatepamu oT 800 m no 120 KM
B 'momepeunnke. BmecTe ¢ 3THM OKasaJocb H MHOro HOBOro: Or-
POMHBIe, TPOTAKEHHbIe HA THICAYH KHJOMETPOB OOGPHIBEI BBICOTON
2—3 kM, riyGoKHe y3KHe MOJHMHBI, YCTYNBI, TPSJBl H Jaxe Trophl
10 4 kM BeicoTOll. B pesyabTate Tpex mnposeToB Oblio cdoTorpa-
¢duposano okojo 40 % ero noBepXHOCTH.

Y MepkypHsi ycTaHOBJIeHa BechMa paspexeHHas atMocdepa, co-
crosias M3 HHepTHHIX rasos — He, Ne, Ar, Xe, To nosABJSIOLIHXCH,
TO noKHAawmMX niaadery. Hdasnenue atMmocdepbl y NOBEPXHOCTH
nJaHeTH cocTaBjsieT NpuMepHo 5-10~! naBjieHHsi Y MOBEPXHOCTH
3emau. Hanauuue ee, mo-BHAHMOMY, 0053aHO BO3/IeHCTBHIO COJIHEY-
HOTO BeTpa, a MoxeT ObTb, paaHoaktnsHomy pacmaay U, Th, K.

B nosnjenn Temnepartypa Ha skBatope MepKypus moAHHMaeTcs
no 510 °C, moubio oHa onyckaercsi go —185 °C. CornachHo pacue-
TaM, Temmepatypa B uentpe Mepkypus moxer octurath 2000 K,
a naotHocrh 10 r/em® Bmecto 5,45 r/em®, XapaKTepHBIX AJA mJja-
HeTHl B LeJOM. B CBSI3H ¢ 3THMH JaHHBIMH jonyckKaercs, uto 62 %
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Maccsl MepKypHs coCTaBjsieT JKejesHoe f1po, a OCTajJbHOE — CH-
JUKaTHasl 0060JI0uUKa.

Cnafoe IHNOJbHOE MAarHHTHOE TmoJe MepKypHs, HampsiKeH-
HOCTb KOTOPOrO COCTaBjseT y noscoB 0kKosao 700 ramm, T. e. OKOJIO
0,7 % seMHOro, [aeT OCHOBAHHe MPEIIOJAaraTh, UTO KeJe3Hoe AApo
Y Hero HaXOAHTCS B JKHIKOM COCTOSIHHH.

BEHEPA. Benepa — Gauxkafiuas K HaMm H 0ojiee JPYrHX I0-
xoxasa Ha 3emaio miuaHera. Ee pasmepsl, mMacca H IJIOTHOCTb
(raba. 7.1) 6au3kH K 3eMHbIM. Kak sapuaiiluas H3 IJaHeT, OHA
H3BECTHA co BpeMeH rayGokol apesHoctu. Ha Pycu moj uMeHeM
Adponute Benepa ynomunaercs B «M3Gopuuke CasTocsnaBa»
1073 r.

Hecnenopanusi Benepel Hayajauch MHONO BeKOB Haszaja. Yike
B 1610 r., nHabamonas Benepy B Teneckon, Ianumaeli oGHapy:KuJ
y Hee cMeHy (as, nofo6HYI0 Toil, Kakas 6bl1a H3BecTHA AJs JIyHBL

Cnens 3a npoxoxaeHHeMm Benepn no aucky CosHua 26 mas —
4 wuions 1761 r., M. B. JloMOoHOCOB cpenas KpymHeHliee OTKpHI-
THe — OGHApyXKHI Ha HeH atMmocdepy. A TeM, KTO JIHYHO Xoyer
yGenuthest B atMocepe Benepsl, JIoMoHOCOB coBeToBaJ: «...NyCThb
noener... Ha Benepy. Toabko OB TpyA ero He OB HampaceH».

B 1966 r. ymadock YCTaHOBHTb, uTO oOpalleHHe BeHepn BoO-
kpyr CoJiHIa NMPOHCXOAHUT 3a 225 cyT, a BOKPYT cBOefl OCH He Tak,
KaKk y 3eMJH H JAPYrHX ILIaHeT, HO B NMPOTHBONOJOXKHOM Hanpas-
JeHHH (10 uacoBOil CTpesKe, eciu cMoTperh ¢ CeBepHOro mnoJjioca).
Kaxneie 584 cyr Benepa npubaumxaercss kK 3em/je Ha KpaTdailee
MEX1Yy HHMH paccTosiHHe, paBHoe 39 MJH. KM, IpH 3TOM Oyayuu
obpauieHHoll K 3eMJe Bcerja OJAHOH H TOH e CTOPOHOH.

HecmoTpsi Ha MomHyio atMmoc(epy, Kotopoil mokpeita Benepa,
PajHOJIOKAIHOHHLIE METOJAbl IO3BOJIM/IH TOJYYHTb HHTEpecHbIe
JaHHBIE 0 XapakTepe ee noBepxHoctd. OKasasoch, 4TO MOBEPXHOCTD
Benepsl, no106H0 JYHHOH, NOKPbLITA MHOTOYHCJIEHHBIMH KpaTepaMH.
Hx ocobenHo MHOro B 3KBaTOpHa/lbHOH oOaacTH. Tak, B 0JHOM H3
yuacTkoB c nomnepeudHkoM 1500 km ofHapy:keHo Oojee JAecATH
KpaTepoB ¢ aHaMerpaMu oT 35 no 160 kM. Camblfi GOJbLIOH H3 HHX
uMeer rayouny 400 m. B 3KBaTOpHAJbLHOM JKe nosice oOHapy:KeHa
BO3BHILIEHHOCT BEICOTOH 2 KM H mnpoTskeHHOCTbio 150 kM. Hamu-
yHe KpaTepoB JaeT OCHOBaHHe MoJaraTh, 4To aTMmochepa Benepn
nosiBuJaach B 0oJiee Mo3jHee BpeMs, yiKe MocJe TOFO KaK OHa MOJ-
BEprJjach MHOTOUHC/JAEHHBIM METeOPHTHHIM yaapaMm. Bosee moapo6-
HYI0 XapaKTepHCTHKY CTPOeHHs TioBepXHOCTH BeHepn jpaer
B. JI. Bapcykos [1983 r.]. On numer: «Eciu Ha BeHepe xoraa-to
OBLTT OKeaH, a 3TO MCKJIIOUHTh HEeJb3s, TO XOJIMHCThIE PABHHHBI, HH3-
MEHHOCTH M BNAZHHBI — 3TO €ro JHO, a TOpPHble 06J1aCTH — OCTPOBA H
KOHTHHeHTH. [loKa B OCHOBHOM M3yueH 3KBaTOpDHaJbHbI mosc Be-
Hepbl... A B M3yueHHO# y:Ke uacTH BeHepsl ropHele pafoHBl 3aHH-
MaloT Bcero okojio 8 Y moBepXxHOcTH. TpH TOpHBHIX MaccHBa MOIKHO
HA3BaTb KOHTHHeHTaMH — 3T0 3emis Adpoautsl, 3emas Hmrap u
Ha CaMOM iore HcciaeloBaHa Hebosbmas yacte 3eman Jlana, sB-
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nfoueics, MNO-BHAHMOMY, TOpPsSYHM aHAJOroM HaweHd XoJ0AHOMH
3eMHOli AHTapKTHAHI.

Hauboablinii HHTEpec C reoJOrHYecKoil TOYKH 3peHHsl INpe-
CTaBJsAET pacnosioxeHHas B ceBepHOM noayumapuu 3emas Hmrap—
sTEM uMeHeM MatepH GoroB B [lpeBHem BasuioHe HasbiBaiu Be-
Hepy. B oranune ot 3eman A¢ponuThl, KOTOpas MOCTeNEeHHO nepe-
XOAHT B XOJMHCThle paBHHHB, 3emys HMwrap BosBbllIaeTcss Hanm
HHUMH KPYTHIM AYrooGpasHEIM YCTYyNOM BbIcOTOH npumepno 10 kM.
ITo pasmepam 3emass Mmrap cpaBauma ¢ Hamell ABcTpaJueil.
3nech ecThb BhICOKHe ropsl Makceessia, KOTophle IPHEMepPHO Ha 8 KM
MOAHHMAIOTCS HAJ OKPYXKalouM niaato. A ecaH OpaTh Bech mepe-
maj OT BEeHEPHAHCKHX HHU3HH 0 caMbiX GOJIbIIHX BepIIHH, TO HX
BHCOTa Gyzaer okoso 13 KM — 3710 Bhime JIxomoaynrmel. Ha Bep-
UIHHEe caMofi KpynHo#t ropsl — rpoMaaneifi  100-KuJIOMeTpOBHI
KOJIbLEeBOH KpaTep, KaK y 8eMHbIX BYJKaHOB.

Ha 3emae Hmrap npociekHBalOTCH TOpHbIe IEeNH, KOTOpHE
TAHYTCS NapaJjiieJbHO APYr APYry, Kak seMHble Kopauiabepbl HIH
I'umanan. Onu orubalor KpynHoe ropHoe njaro JIakimimu, nmo pas-
mepaMm GJau3koe K TuGery. A Bcst 3Ta ropHas cHCTeMa HaNOMHHAeT
Ham Tuber ¢ Tumanaamu. Kak obpasopajuch ropHble IeNnH Ha
Benepe, noka HesicHo. Jl1f 3TOro BeAbh HYXKHBI KaKHe-TO MOIIHLIE
rOpH3OHTaJbHEE ycHJaHsA cxkaTusd. Ha 3emiae BO3HHKHOBeHHEe rop-
HBIX Leneil oObsACHAETCA NepeMellleHHeM OT/AeJbHBIX IJIHT 3eMHOH
kope. Ha Benepe kopa maaHeThl, MO-BHAHMOMY, TOpasfo TOJLIE,
yeM Ha 3eMJe, H TOPH3OHTAJbHHE CABHIH 3aTPyAHeHH. Bugumo,
rOpel pPOXKAAJHCh 3Jech 3a CUeT KaKOro-To JAPYroro MeXaHH3Ma.
Ckopee Bcero, Ha Benepe Gosbliyio po/ib HrpajH ByJKaHH3M H Bep-
THKaJ/JbHBIE NepeMelnleHHsi 6J10KOB JaHTOCGhEpHI».

B u3yusenuu coctaBa u cBOHCTB aTMmocheps BeHeps BHizalo-
HIHecda YCneXH NOCTHIHYTbl COBETCKHMH aBTOMATHYCCKHMH CTAHLH-
SIMH KJaacca «BeHepas.

B mae 1969 r. 1se AMC «Benepa-5 u -6» nouts oZHOBpPEMEHHO
BOLUIH B aTMocdepy mIaHeTsl H mHepeialH Ha 3eMiai0 JaHHBIE
0 cocraBe aTMmoc(epbl H (PH3HYECKHX YCJOBHSAX Yy MOBEPXHOCTH.
CocraB artmoctepn, %: CO,—97, N<2, H,O0—1, 0—0,l.
Temneparypa na nosepxnoctH ~ 800 K, naBaenue oxono 100 atm
(~10 MIIa). Mopenr crpoeHuss arMmochepn: Benepn u3obpa-
xkeHa Ha ¢ur. 7.5. B 1983 r. Owbin 3anymeHs aBTOMATHUYECKHE
cranuud «Benepa-15 u -16». B okralpe Toro e rojga OHH Iepe-
JanH wu3obpaxeHus noBepXHocTH Benepwm B pafione CesepHoro
nonioca, CHATHe yepe3 o6JakKa, a TakikKe JaHHHIE O COCTaBe H CBOI-
cTBax aTtMocdeps.

O6o6uieHne NAHHBIX, MOJYYEHHHX B TOCJAEAHHE TOABI, MOKa3bi-
BaeT, YTO TOJIIHHAa 06JayHoro nmokpoBa BeHepw moctAraer 30—
60 km. B o6anakax mpeamojaraercsi TNPHCYTCTBHE MapoB cepHOH
KHCJIOTHI, XJIOPHCTOrO KeJe3a, cyJb(@HA0B H XJopHaoB pTyTH. He
HCKJIIOYeHo, yTo Benepa okpyKeHa, KpoMe TOro, BOAOPOAHON 060-
Joukoit. Bpamenne MoOmHBIX o6aaudbiXx Mace Beweps mpoHCXOauT
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7.5. Mogenb crpoenns Benepn (no M. §I. Maposy
n 0. JI. PaGosy).

€ BOCTOKAa H4 3amaj co ckopocTamu Ao 360 kM/u. Bo3MoKHO, 4TO
TakHe NEpeMelleHHsi BbI3BAHLI IPAJHEHTOM TeMmepaTyp Ha ocBe-
LIeHHOH H TeHeBOH CTOPOHAX IJIaHEeTHI.

(O XHMHYECKOM COCTaBe IJIaHETH. B LEJOM CKa3aTbh 4TO-J1HOO
onpeaeieHHoe Toka He yjaaercs. KocBeHHbBle pacueThl NPHBOAAT
K 3aKjioueHHI0, yTo BeHepa HMeeT TBEPAYI0 KOPY MOIIHOCTbIO
16 KM, cHAMKaTHYI0 O0O0OJOYKY — MaHTHIO, KOTOpas Ha raybuxe
3224 KM cMeHseTcs JKeJe3HbIM SPOM.

Kak u caeioBajio OXHAATh, OTKPBITHS MOCJEAHEr0 JecATHIeTHS
na BeHepe mocTaBHJIH Iepej) HayKoil MHOrO HOBEIX TPYAHBIX BOIM-
pocoB. BoT HeKoTOpBIE H3 HUX.

1. [Touemy aTmocdepa Benepel B cTO pas MacCHBHee 3eMHOIi?
Beab mo Macce H pasMepaM, Mbl BHAelH, Benepa MeHbure 3eMJH.

2. Tlouemy BeHepa He HMeeT CBOEro MarHMTHOrO nosasa? Benb
y Hee OXKHAAeTCH, KAK y 3eMJH, XKejle3Hoe f1po.

3. ITouemy B atmoctepe BeHepnl Tak MHOro YIJIeKHC/IOro rasa?
«[TepBHuHasi» 3Ta YIVIEKHCJIOTa HJIH «BTOpHYHAsi» (ByJKaHOTeH-
nas)?

4. ITouemy Benepa takasi ropsiyas? Beap or CosHlla oHa moay-
yaeT MPUMEPHO TaKoe 3Ke KOJHYEeCTBO TemJIa, Kak H 3eMJs.
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5. Ecaiu Benepa u 3emis o6pasoBajuch W3 eJHHOTO rasonblie-
Boro obsaka, Kyna BeHnepa jpeBajsa cBow BOAY?

MoOKHO MPOJOJKHTE TAKOTO POfa BOMPOCH H JaaJee.

MAPC. Mapc, kak u Benepa, sBiasiercs onHo# H3 IBYX GiiH-
XKaHwHX K Ham niaaHer. OHa u3BecTHA JioAsiM Gosee 4 THIC. JIeT.

Mapc nouTtH BABOe MeHblle 3eMJIH MO pa3MepaM H B 9 pas —
no Macce. Ilepnoa obpamenus Bokpyr CosHua coorsercTByer 687
3eMHBIM CYTKaM, & BOKPYT cBOell ocH IJ1aHeTa ofopauHBaeTcsi NpH-
MepHO 32 24 4 40 MHH, T. €. IOYTH 32 TO JKe BpeMsd, 4TO H 3eMJd.
Kaxasle 15—17 ner 3emas cbauxaerca ¢ Mapcom 1o 56 MaH. KM.
OTH cOaHKEeHHS HA3LIBAIOTCH BEJHKHMH NPOTHBOCTOSTHHSIMH H 1LIH-
POKO HCIOJB3YIOTCA acTpoOHOMaMH Jis Habaionenui. Hakion mioc-
KocTH 3kBaTopa Mapca K miaockoctH opGHTH moja yriom 25° o6yc-
JIOBJIHBAET PEryJsipHYI0 CMEHY BpeMeH roja, nofo6HYyI0 TOH, Kakylo
MBI 3HaeM Ha 3ewmJe.

Mapc naBHO npHBJIeKaeT BHHMaHHe uejoBeka. [lo HaG.wome-
nusmM T. bpare nu M. Kensnepa 3a asuxenusmu Mapca yxe B Ha-
gaje XVII B. ObiM yCTaHOBJIEHB 3aKOHH [JBHIKEHHS ILIaHET
Conneunoi cuctemsl. B 1656 r. X. I'ofireHc B Teneckon oGHAPYXU
nonsipHele Wwanku Mapca. B mepHOj BeNHKOro NPOTHBOCTOSHHS
Mapca B 1877 r. wraabsHcKuii actpoHom [Ixx. Ckuanapemnu o6-
HapyXHuJ Ha Mapce mMHOro pasinuunoii ¢opmbl aerajell BIJIOTh J0
NPAMOJIHHEAHBIX «KaHaJOB», KOTODHE aMEPHKAHCKHI acTPOHOM
I1. JloBeasn oGBACHHA B KauecTBe NPOAYKTA AEATENBbHOCTH pasyM-
HBIX CyIlecTB. TO MHEHHe B HauaJje Hallero BeKa NOJYYHJIO Ha-
CTOJIbKO HIHPOKOE pacnpocTpaHeHHe, uTo B H3BecTHOM «Mmuposza-
Huu» B. Meifiepa [1903 r., ¢. 149] MoxkHO 6blI0 npouHTaTh: «TakuM
006pa3oM, Mbl NIPHXO/IHM, HAKOHell, K yOeKAEHHIO, KOTOPOe KaxKeTcs
HaM HeH30eXKHBIM, YTO TOJBKO PasyMHbIe CYIIECTBA MOLJH CO34aTh
NpsiMO HJIH KOCBEHHO 3TH KaHaawl Mapca. U nanee, cyas mo Tomy,
YTO CeTb JOPOr MOKPHIBAET BCIO IJIaHETY MO €1HHOMY CTPOHHOMY
MJIaHy, Mbl NPHXOAHM K yOeXJIeHHIO, YTO CyllecTBa, paGoTy KOTO-
PHIX Mbl BHAHM Ha pAaCCTOSHHH, OTIEJSIOUlEM MHPOBHE TeJa,
A0JIKHBl 00/1a/laTh BBHICOKOH CTEMEHbIO Pa3yMHOCTH>.

HccnepoBanns nocjeHHX AeCATHJIETHH NPHHECAH Maccy HOBBIX
AaHHBIX 0 Mapce, OHH JKe 3aCTAaBHJIH OTKa3aTbCs OT HEKOrjAa Momy-
JISIPHBIX THNOTE3 H PaHTAaCTHUECKHX yMmonocTpoenuii. Hosule naHHBIE
NoJNy4yeHbl TpeXAe BCEro B pe3yJbTaTe IIHPOKOrO HCNOJb30-
BaHHs KOCMHYECKHX anmapaTtoB kKiaacca «Mapc» (CCCP), «Mapu-
Hep» H «Bukunr» (CIIA). B o6me#i crnoxuoctn yxe 30 Kocmuue-
ckHX amnapatoB K 1981 r. no6biBaau B okpecTHocTsX Benepn w
Mapca. A B nexaGpe 1971 r. cnyckaemslii annapar «Mapc-3» Bnep-
Bble OCYLIECTBHJ MArKYl nocaflky Ha Mape, AocTaBHB BeIMMeJ
¢ n3obpaxennem rep6a CCCP.

HTaK, 4uTo MOXKHO cKas3aTh O CTPOeHHH H coctaBe Mapca? Mape
HMeeT wapoobpasHyio ¢opmy, uyTh cmiocHyTyio (Ha 20 kM) Ha
nomocax. IToBepXHOCTh MJaHeTH JIHIIL ¢ 3eMJIH KaKeTcs pPaBHO-
MEepPHO OKpalleHHOA B OpaHKeBO-KpacHblii user. [IBe TpeTH ee
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COCTABJASIOT CBeTJbie OO6JACcTH, H3/aBHa TOJYYHBILIHE Ha3BaHHE
MaTepHKOB, H OJHY TPeTh — TeMHBIE MOpH. [Tomocw Mapca mno-
KPHITH GeJbiMH TOJSAPHBIMH IIANKAMH, Pe3KO COKpallaloliMH
CBOH pasMephl JIETOM H BHOBb pPa3pacTaloulHMHCH aamoit. OcraToK
3THX o0pa3oBaHHi NMpeACTaBJeH B OCHOBHOM H;0, a nepemenHas
yacth coctout u3 COq.

ITouBa MaTepHKOB COCTOHT B OCHOBHOM H3 KpeMmHeseMma C NpH-
mecbio (a0 10'%) réTura M APYrUX THAPOOKHCJIOB XKeJjesa, npHia-
JOUAX eil KpacHOBAaTHIH OTTeHOK. B Mecre mnocaaku «BuKHHTOB»
PEroJUT COCTOSI M3 HOHTDOHHTa, MarHeTHra H MarreMuTa
(y-Fe03). Uem BmizBana Gojee TeMHas OKpacka Moped, ocraercs
HEeH3BECTHEIM.

Besbie noJsipHBle MWANKH GOJBIIHHCTBOM HCC/efoBaTeNeli pac-
CMaTPHBAIOTCA KaK CKOIJIEHHs TBepoii yruexucaoTsl. He mcxmio-
yeHo, OJHAKO, YTO COCTABHON 9YacTbi0 HX SIBJSIETCH H NPHBBLIYHBIH
Ham Jel. MOIIHOCTL NOJSIPHBIX WIANOK OleHHBaercas oT 1 M
oo 1 kM.

[TopepxHocts Mapca Bo MHOrom HanoMuHaer Jynuyio. Ho
KPOMe METEOpHBIX KpaTepoB, paccesHHBIX GoJiee HJIH MeHee PaBHO-
MepHO M HMeIUHX pasmepsl oT MeTpoB a0 100 km u GoJee B JHa-
Merpe, oHa Gorara O00pa3oBaHHSAMH SBHO TEKTOHHUECKOH, 3PO3H-
OHHOl MMM ByJKaHoreHsoii npupoasl. Tak, rpaGeHOnOAOGHHIH
KaHboH Baamuc MapuHepHC, PaclOJOMKeHHbIH B 3KBATOPHAJILHOI
yacTH Mapca, umeer npotskenHocts 2500 kM npu wmHpuHe 100—
200 kM u ray6use o 6 kM. Yacth ero — rHraHTCKHii pasiioM,
npeacrasiennsiii yuensem Konpar aaunoit 500 KM, nMeeT rayGHHY
0 5 KM.

Cesepumii Gopt KompaTa conmpoBokaaeTcst rycTofi THTaHTCKOIf
«oBpaXkHOii» cetbio. B Tak HasbiBaeMoM Sputpeiickom mope Mapca
o6HapyKeHO PYCJHO OrPOMHOI MeaHApHpYIOWel «peKH» ¢ MPHTO-
KoM. JlauHa MapcHaHCKHX pek jgocruraer 1500 kM, a WIHpHHA
JIOJTHH — JecaTKoB Kuiomerpos. K 1974 r. na Mapce ¢ 10cTaTo4HOM
JoJieil  MOCTOBEPHOCTH OBLIO YCTAHOBJIEHO HECKOJbKO NOTYXUIHX
BYJKAHOB H CJelbl MOIIHOH BYJKaHHYECKON JeATeNbHOCTH, a TaKXKe
SIBHBIE CJeJAbl BOAHOMN, BeTpoBoil u JiefoBoil sposun. Cpenn dopm
peaveda Ha Mapce B HacTosIee BPEeMs BBEIIEJAIOT rOPhl, Kymnoja,
rpsjibl, IJIaTO, PaBHHHBE, KpaTephl, IENOYKH KPaTepoB, KaHbOHEHL,
JoauHe, Gopoaanl M Ap. Ilepemax Bhicor Ha Mapce aocTHraer
30 kM.

TemnepaTypa Ha 3kBatope Mapca konebaerca ot +16 °C
B noJenb 1o —80 °C B mosnoub. Boase mosaiocos oHa OnycKaercs
no —143 °C. P

ITo pesyabraTtam - HCCaefOBaHHA «BHKHHroB» MaKCHMalbHas
cpejlHerofoBasi TeMIepatypa MapcHaHCKOro rpyHTa saguKcHpoOBaHa
B ob6aactu 10° 10. ., rae ona okasasaack paBHoii 220 K. Jlasienue
atMochepsl y MOBEPXHOCTH TIaHeTH cocraBiaser 7,6—8,1 wmbap
(1 mM6ap=100 ITa), T. e. Gosee yem B 100 pa3 MmeHblle 3eMHOrO.
Cocra Huxkueil atmocheps Mapca nan B Tabn. 7.3.
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TABJIMUA 7.3
Cocras numueil armochepw Mapca, o6. 9

Tas Conep*anne las Copgepxanue

CO, 95,32 H,0 0,03*

Ny 2,7 Ne 0,0025

Ar 1,6 Kr 0,0003

0, 0,13 Xe 0,000008

CcO 0,07 (0 0,000003
99,85

* INepemeHHOe cofepiXaHue.

Coortnouenne usoronos O, C, N, Ar u Xe B atmocepe Mapea
u 3emau (taba. 7.4) maer ocHOBaHHe NpPeANONAraTh, 4TO coBpe-
MeHHas aTtMocepa Mapca npeacrasisier co6oil JHIIB YacTh TOM,
KaKylo 3Ta IJlaHeTa HMejia B npomsioM. Bo3MoXHO Takke, 4To
Aerasauus Heap Mapca npoHcXoAuia H NPOHCXOAHT B 3HAYHTENbHO
MeHbIeM ofbeme, ueM Ha 3emJe.

B armochepe Mapca comepKHTCS 3HAYHTENABHOE KOJIHYECTBO
MHHEepaJNbLHOH NbliH. B cocraBe ee oGHapyKeHH THTAHOMArHETHT,
MarreMHT, NHPPOTHH, HOHTPOHHT. HHOrZa THraHTCKHE NbLIEBHE
GypH Ha HECKOJIbKO MECSieB IJIOTHON meaeHoi 3aKpBIBAIOT mJIa-
nery. Tak Gwlno, Hanpumep, B centsGpe—neka6pe 1971 r., Koraa
AMC «Mapc-3», Bpauasice BOKpYr maaHeTsl, Kaxasie 12,5 CYT moa-
xoauna Kk Mapey Ha paccrosiane 1200 KM, HO H3-3a NBLIEBON MIVIBI
He Morya mnepeaath Ha 3eMJI0 TeJE€BH3HOHHBIE CHHMKH.

Hakonsiennusie nanHble, B TOM 4HC/IEe O MarHATHOM NOJe, HMEHO-
meM o0paTHYI0 3eMHOMY NOJSIPHOCTh H OKasasuiemcs B 800 pas
MEHbIIE 3EMHOro H B 6 pas — MepKypHaHCKOro, MO3BOMMIH Mpej-
CTABHTL CXeMy BHYTPeHHero crpoerdsi Mapca. Ona takosa. Bepx-
HAA Kopa umeer momHoctb 100, manThs — 2326, sapo — 960 KM.
PacueTsl npHBOAST K SHAYEHHAM TJIOTHOCTH B HEeHTpe IJIaHeTH
8,5 r/cm®. He muckiioueno, uto sro YKas3elBaeT Ha TNOCTENeHHOoe
yMeHblleHHe Macchl Fe B Kaxnolt u3 naamer psaa Mepkypuii —
Benepa — 3emas — Mape.

TA BJIMLIA 7.4

CooTHomenne H30Tonos B aTMochepe Mapca n 3eman

nﬂaHeTa CJ?\CI.’! NH!NM O"“o‘l\ Ar|0'iAr39 xe.IQJ’xel-\;i 4
Mapc 90 165 500 3000 2,5
3emas 89 277 499 : 292 0,97
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Mapc umeer 1Ba CHYTHHKA: ®ob6oc u JleiiMoc, OTKPHITHIE
B 1877 r. amepukanckum actpoHomom A. Xoasom. OHH JBHXYTCS
BOKPYr IJIaHeTH HAa PAacCTOAHHAX cooTBeTcTBeHHO 9,37 H
23,52 Teic. KM. VX HCTHHHBIE pasMephl YCTaHOBJEHH MpAMBIM $oTO-
rpaduposanuem ¢ AMC «Mapurep-9» B 1971 r. Kaprodeneo6pas-
npili ®oGoc umeer 26 kM B AauHY H 21 kM B mupuHy. Ero moBepx-
HocTh M3phITa KpaTepamu B 100 pas ryme nosepxuoctH Mapca. Heii-
MOC HMeeT MomepeyHHK 13 KM H TOXKe H3PHIT KpaTepamH, HO
B MeHblIell creneHH. MereopuTHasi NpHpPoJa KpaTepoB He BHI3BIBAET
COMHEHHIA.

IOTIUTEP. 310 &kpynHeimas naaHera COJHEYHOH CHCTEMBI.
Macca ero BjBoe GoJbllle Macchl BceX OCTAJIbHBIX IJIAHET BMecTe
B3ATHIX. IOnuTep W3BecTeH c JApeBHeHIIHX BpeMeH, HOO JIOAH pas-
JHYa/JH ero HeBOOPYKEeHHBIM IJ1a30M.

Byayun Gosee uem B 11 pa3 Goabuie 3eMJH NO pa3MepaMm JAHa-
merpa, rurantckuii lOnuTep Bpamaercs BOKPYr OCH C VIJIOBOH
CKOpOCTBIO, B 2,5 pasa GoJbleif, 4eM YIJoBas CKOPOCTb 3eMJH, H
MaKcHMaJbHON Ass miaHer CosHeuHOil cHcTeMbl. B HTOre «cyTK#»
Ha skBatope IOnurepa npomosxaiorcst Becero 9 u 50 mun. A neficr-
BHE OrPOMHOH IIeHTPOOEXKHOH CHJBl CXaJo MNJaHeTy Yy MOJICOB
noytn Ha 2500 kM. OTclona monspHBIA paauyc NJaaHeTsl COCTaBAfeT
npumepno 94 % sksatopuaabHoro. IOmurep o6opot Bokpyr CoaHua
cosepiuaer 3a 11,86 semMHBIX J€T.

IMo nauueim AMC <«ITuorep-10 u -11» IOmurtep — ruranTckHii
cryctok xuakoro H, nocremeHHo mnepexoisuiHd B NJAOTHYIO BOAO-
poxnyio atmochepy. Cpeansis miotHocTs IOmutepa 1,33 rfemd.
Atmoctepa IOnurepa coctout npumepno, %, u3: H— 60, He —
35, Ne— 3, NHs — 1 u CH; — 1. Cootnowenne H u He npumepHo
cooTBercTByeT TakoBoMy B artMochepe CoaHua. B mnosnyueHHBIX
ceuime 50 Thic. cnektpax atmocepn IOnurepa oGHapy:KeHHI,
KpoMe TOro, JHHHH auerniaeHa, strana, Ge(OH),.

Atmocdepa IOnurepa okasanach uype3BhHYaiiHO AHHAMHYHOI.
B Hefi oTMeyeHb HHTEHCHBHBIE TepeMelleHHsi Macc, CONPOBOKAAI-
uHecs 3JEKTPHYECKHMH pas3psiiaMH, COOTBETCTBYIOIIHMH CaMBIM
MomHbBIM MoaHHaAM 3emau. Ha Buicote 700, 1400 u 2300 kM Hag
06J1a4HEIM TIOKPOBOM 3a(HKCHPOBAHBI NOJSPHBIE CHSHHSA.

Bo BHemHeil CTpYKType NJaHeTH MOATBEPKAEHO HaJHYHE MHO-
FOYHCJEHHBIX TEMHBIX H CBETJIBIX MOJOC H IATEH, YepeayIoUIHXCH
Mexay coboii.

«Bosiaepsl» 06HAPYKHIH OTPOMHOE KOJBILO, KOTOPOE, NMoA06GHY
koabuam Catypua, okpyxaer lOnurtep. BHeuwHsis rpaHHua sroro
Koablla MpoXoAnT B 128 Thic. KM OT HeHTpa miaHerbl. ToduiHHa
KoJblla Bcero Juib 1,5 kM, a mupuxa 16—19 Teic. KM. AHajnoruy-
HOe KOJbLO HelaBHO oOGHapy¥KeHO y YpaHa, H 3TO B KaKOH-TO cTe-
NeHH POAHHT MeXAy co0oll NJaHeTH-THraHTHI.

Onuoii W3 BaMubX npHMeyarenbHocredl lOnutepa sBasieTcs
Bosablioe KpacHoe NATHO, H3BeCTHOe acTpoHomam Gosee 100 aer.
Ono pacnoJiaraercsi B 10JKHOA Tpomuueckofi 06JacTH NJaHeTH W
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MOCTOSHHO CMellaeTcss TO B OAHY, TO B APYrLYK cTOpoHy. PasMepn
natHa 40X 13 Teic. kM. BellecTBo nATHa mnepeMellaeTcss NPOTHB
4acoBOH CTpeJIKH, Aejas NoJHBI 06opoT 3a 6 seMHBIX cyTOK. [Ipu-
pola nsTHa ocraercs 3arajgoyHod. B Hacrosiiee Bpems HauGoJsee
yb6enurenbHoll npuHHMaercs runore3a I, C. TomumuHa, corsiacHo
koropoii Kpacnoe matHo Mapca — 3to atmocdepHblii BHXpb €O
BpPEMEHEeM JKH3HH, HCUHCIAEMbIM ThICAUEJIeTHSIMH,

Y IOnurepa ycTaHOBJAEHO MOILIHOe MarHHTHoe moge. Ero Hamps-
JKEHHOCTh y ceBepHoro mogioca IOmutepa paBHa 14, y 10KHOro —
10,7 3. HanoMHHM, YTO Yy MAarHHTHHIX MOJIOCOB 3e€MJIH HaNpsiKeH-
HOCTb noJsi coctasaser 0,7 3. Hampasienue IHMOTLHOrO MarHHT-
Horo noas IOnutepa o6paTHO OpHEHTALMH MATHHTHOTO MOJs 3EMJIH.
IOnurep okpyxen wuoHocdepoil, MPOTAKEHHOCTh KOTOPOH COCTaB-
Jaser 3 Thic. KM. MoliHoe MAarHHTHOE ToJe ¢ JHEBHOH CTOPOHBI
njaHersl npociaexuBaercs Ha 50— 100 ee paguycos, a ¢ HOYHOH—
yxoauT 3a opbury Carypua. M. A, Knumuwmun [1980 r.] ykassisaer,
YTO 3J€KTPOHH, ycKOpeHHble B Maruutocdepe HOnutepa, aocTH-
raoT H HallleHd MJaHeTHl.

Pacuetnl moxasseiBaioT, uto CosHue Mmoxker Harpers HOmutep,
HaXoAAmMACA OT HEro Ha paccTOSHMU 778 MJAH. KM, BCEro JHIIb
10 —170 °C. Mexnay tem uanyuenue IOnurepa 8 MK-o6aactu co-
orsercTByer Temneparype —140 °C, a B paanoanamnasoHe — 10
50 teic. K. Ilo-BuanMoMy, 3HayHTe/bHAS 10/ H3JIYYEHHS TJIAHETH
HMEeT He TEMJIOBOH Xapakrtep, a o0si3aHa IpoleccaM, BO3HHKAO-
iwHM B mMarHutoctepe FOnurepa, nono6Ho TeM, KakHe ObLJIH OTMe-
yensl Boie aas CoaHua.

O6o0uenRre NaHHbIX, HAKOMJIEHHEIX B NOCJE[HHEe TOAbl, MO3BO-
JisleT AONycTHTh cyulecrBoBanue y lOnurtepa He6osbIIOro CHIHKAT-
HOTO s/pa, TBepA0H BOJAOPOAHO-TEIHEBOH 0GOJOUKH H MOILHOH arT-
Mocepnl, HHKHAS YaCTh KOTOPOI HAXOAHTCHA B JKHIKOM COCTOSIHHH.
Pacuernl nonyckaior, 4yTo B Helpax MJAHETH TeMmepaTypa JOCTH-
raer 25 teic. K, naBiaenne 30—100 maH. at™ (1 atMm =105 [Ia),
njaotHocth 10 r/em®. Bee sto genaer Onutep nmoxoxum Ha CouHie.
TlosTomy HeyaMBHTENBLHO, YTO B JIHTEPATYpe MHOrJAa CTaBHTCS BO-
npoc: He sBasercs Jau IOnurep Bropoit 3Besnoit Cosneunoii cwue-
Temb? OCHOBaHHEM M TAKOro BONPOCA, KPOMe BhIlle NMPHBEIEH-
HEIX JaHHBIX, siBJAfeTcH TO, 4To IOnuTep B LeJoM H3dyyaeT BABOE
Gonbule sHepruW, yem mosaywaer ot CosHua, a B ACIHMETPOBOM
JinanasoHe OH oKa3biBaercs gaxe spue CoJsHia.

Ha stor BOmpoc OTBeT A0MKeH GHITh NMOKa OTPHIATENbHBIM.
‘Tepmosisepubiii cHHTe3 moOHAeT B 3Be3Jax JIHIL B caydyae, eciH
macca ux pas B 100 6yaer npernimate Maccy IOnutepa. [Tostomy
sneprus uaayyenus IOnurepa, no-BHaHMoOMy, o6s3aHa mnpexjae
BCEro Npoleccy rpaBHTAIlHOHHOTO CKAaTHA 3TOr0 OrPOMHOro HeGec-
HOro TeJna.

IOnutep umeer 13 cnytunkoB. OHH OTKPHTE B mepuox c¢ 1610
no 1974 r. M3 uux yersipe kpynueiiuinx — Mo, Tauumen, Erpona nu
Kannnero — 6ulin yeranosaens [anuneem. Tanumen m Kauamero
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MMEIOT pasMephl, NpeBblaiomue pasMepnl MepKypHs, <«Heraju-
aeeBbi» — B H0—100 pa3 Menpure. Yerbipe BHEUIHHX CHYTHHKa
VIII, 1X, XI u XII Bpamalorcs Bokpyr IOnurepa B npoTHBONOJONK-
nom Hanpapienun. Cnythuku IOnwrepa, Hampumep OGamKaHumas
K Hemy Amaabresi, nofoGuo JIyHe, obpamieHsl K IJaHeTe OAHOI
CTOPOHOIL.

B nacrosimee Bpema o6 Ho, Esponme, Tanumene u Kanmucro
MOJKHO CKa3aTh CHIeLyIollee.

Ho umeer paguyc 1820 kM. dxkBaTopHanbias 06J1acTb €ro okpa-
1eHa B OPaHXKeBO-KPACHHIH IBeT ¢ GelniMH BKAOueHHsAMH. [Toasip-
npie o6j1acTH uMeloT GoJee TeMHyio okpacky. Ha mosepxuoctn Ho
o6Hapyxeno Gonee 100 ByJIKaHOMOAOGHEIX KajJbAep €O claelaMH
JIABOBLIX TOTOKOB, TAHYIIMXCS HA COTHH KHJIOMETPOB. B mojsipHBIX
obnactax Mo o6Hapyxkensl ropsl ¢ BbicoTaMu a0 10 kM. Orcyrer-
BHE BHAHMBIX YAADHHIX KpaTepoB ¢ pasMepaMu 1—2 kM u Oosiblue
roBOpHT O cpaBHHTeNbHO Mojoaom (<10° ser) Bospacre ero 1o-
BEepXHOCTH. BO BpeMsi TeJ€BH3HOHHOH CheMKH cmyTHHKOB Ha Ho
3aperucTPHPOBAHO CeMb BLIGPOCOB BYJKAHHYECKOro MaTepHaja Ha
BBHICOTH B COTHH KHJIOMETPOB €O CKOpocTsiMH okomo 1 km/e. Cie-
AYET OTMETHTh, YTO 3TO sBJsieTcs OJECTALIHM MOATBEPKIeHHeM
uneit C. K. BcexcBaATcKOro, BeickasanHuX uM eme B 1955 r. B at-
mochepe Mo MHOro ByJKaHOreHHOH cephl. BoicKasniBaeTcsi MHEHHE,
4TO HCTOYHHKOM 3Hepruu Mo siasieTcd NPHIHBHOE HAarpeBaHHe CO
croporsl EBponu u I'anumena. :

Espona umeer pamuyc 1530 km. Ilpm paspematomeii croco6-
HOCTH TEeJTeBH3HOHHOH CheMKH 33 KM Ha Heli oOHapyXeHhl TeKTO-
HugeckHe 3oHH J0 20050 KM u yzapHele KpaTepe. B oTanume
or Mo stor cnyTHHK 6Gorat BOAZOMH, KOTOpasl [0 pacyeTaMm COCTaB-
aser no 20 % ero maccel. Boma u siell ciiaraloT BHELIHIOW 060/J0YKY
EBponsr.

Tanumen — camuiil Goapwoit cnytHHK IOnmurepa. Ero pammyc
2610 xM. CpenHsis TJIOTHOCTb BeIeCTBa, €ro COCTABJAIOLIEro,
1,9 r/em3. Oxoso monoBuHBl Maccsl 'aHMMena NPHXOAMTCS Ha BOAY.
ITosepxHOCTh €ro mpeicTaBiaser co0oi yepeloBaHHe KpaTepoB A0
50 KM B AuaMmeTpe H KeJOOOB MHPHHOH 5—15 KM M rayOHHOH He-
ckoabko Metpos. Ilepenmafsl BHICOT Ha mnoBepXHocTH TaHumena
B IL[€JIOM He IpPEeBHIIanT 1 KM.

Kanaucro — camuft manenuii cnytHuxk IOnutepa. Ero pamuye
2450 xm. IToBepxHocTh ero, HauboJjiee TeMHAad CpPelH JAPYrHX CHOyT-
HHKOB, OUeHbL NMOX0¥Ka 110 CBOEH CTPYKType Ha mnosepXHocTH JIyHEI
u Mapca. Ha Kajuucro MHOro Jbja, a B arMocgepe ero OTMedeHbl
O u He.

[Tpupona cnytHukoB KOmutepa ocraercs HedcHoi. ITo GaH3KOMY
COBNA/CHHI0 TJIOCKOCTEH MNEepBHIX MATH CNYTHHKOB € MJIOCKOCTLIO
skBatopa lOnurtepa mpeamnosaraercs, 4YTO OHH 06pasoBajHCh BMe-
cTeé ¢ MJaaHeTol M3 OJHOro crycTka BenlectBa. He uckmioueno, uto
OCTaJbHLIE CIYTHHKH — 3TO aCTEPOM/B, 3aXBAUEHHBEIE TOJNEM TATO-
tenus IOnurepa B Gosee no3jiHee BpeMs.
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CATYPH. 3t1o BrOopas mo BeauunHe myaHera CoJHeYHOH CH-
creMbl. Ero skBaTopuanbHblii paguyc moutH B 10 pas npesbillaer
3eMHOI, a Macca noutd B 100 pas Gosabme Macch 3eman. Cpenusas
naotHocts Catypua 0,7 r/fcm3, 1. e. B 8 pas MeHbllle 3eMHO# H
B >2 pasa meubuue, yeM y CoJsHIa.

Catypn — nanekas or Hac maaHera. M Xors oHa BHAHA HeBO-
OPYMKEHHBIM [V1a30M, CBEJeHHSI O Hel OYeHb CKYyAHBL. FI3BecTHO, uTO
Catypu oGpauiaercss BOKpyr cpoeii ocu 3a 10,25 u. Croab 6eICTpPOE
BpallleHHe TPHBEJO K TOMY, YTO OH OKasaJjcs CIJIIOCHYTHIM Yy MO-
JocoB enle Gonee cuasHO, yeMm Omnutep. [Tonapuwmii paaguyc Ca-
TypHa Ha 6 ThiCc. KM (T. e. Ha 10 %) MeHbIIe 3KBATOPHAJBLHOTO.

I'paBuTannonHoe cxkatHe CatypHa, mogo6Ho lOnurtepy, sBas-
€TCs, MO-BHAHMOMY, HCTOYHHMKOM Temaa, NOAOrpeBaloliero aTMoc-
¢depy nnaHern. Hab6aiomaemoe 3HaueHHe 3TOH TeMIepaTyphbl
-(—180 °C) npepwimaer Ty (—200 °C), 1o KoTopo# oHa Morya Obl
narpeeathcs B ayuax ConHua.

B nosGpe 1975 r. «ITnonep-11» BnepBuie nepegan cHuMOK Ca-
TypHa. [lianera Burssgena Torga uyTh GoJiblie TO4KH. A yixe
B ceutsope 1979 r. «ITuouep-11» oGuapyxun y CaTypHa HOBHIi
CIYTHHK, NOJYyuHBIINH HasBaHHe «Ckasna muoHepa». IIposeras na-
paasenbHo kKoabuaMm Cartypua, «Ilnonep» nepegan unHbopMaluio,
COTJIacHO KOTOPOH KOJIbLa COCTOAT M3 YACTHUEK JbJa C MONepedHH-
koM npHMepHo | cM. Cranuus obuapyxkuina y CatypHa MarHHTHOe.
noqe. Ilpu sTOoM och MarHHToc(epsl OKasajach COBMeIIeHHOM
¢ ocblo BpameHHss CaTypHa, a ee LEHTP NOYTH COBIAAAIOMWHM
€ .IEHTPOM TLIAHETH.

Koabno CaTypHa 0Ka3aloch COCTOSIIIHM H3 CHCTEMbl KOHIEHT-
puyeckux kojeu. OHH HauyHHAIOTCA B 15 THIC. KM OT MOBEPXHOCTH
nJjaHeTsl H 3akanuuBaloTcs B 270 Teic. KM oT Hee. Obuias ToJIIHHA
KoJiblla He npesbimaer 4 kM. OHo cocToHT H3 yacTHI JbAa. Huskas
TIJIOTHOCTb IIJIAHETHl TAK¥Ke TOBOPHT O TOM, YTO BEpOSITHHIA ee co-
craB — H ¢ npumecsio He.

CatypH umeer 10 cnyTHukoB. OHH OTKpBITH B mepuox c 1655
no 1969 rr. Ileppuiii M3 HUX — Tutan — 61 oTRpHT X. Trofiren-
coMm. Ero nuamerp (~5830 km) moutH pasBeH aumamerpy Ilayrona
U TpeBbIlIaeT nonepeyHukH Ypana, Hentyna u Mepkypusa. Turan—
ONMH H3 caMBIX KPYNHbIX cnyTHHKoB B Cosaneunoi cucreme. ¥ Tu-
Tana oGHapyxkeHa aTtMmocdepa, cocrosimias u3 NHs u CHy. Ocradb-
nbie cnytHukH CartypHa B 5—10 pas menbwe Turana. Bpauiasich
BOKPYT MJaHeTH, Nojo6Ho JIyHe obpalueHsl K Hell OiHOH H TOH Xxe
CTOPOHOI.

YPAH. 310 ceapmas no yaageHHoctd ot CoJHLa nJaHera.
Orkpuita B. T'epmenem B 1781 r. Haspanue 3Tofi naaHere B co-
OTBETCTBHH ¢ MH(OJIOTHUECKOH TpaaMiHell 1ajJ HeMeUKHi acTpo-
Hom M. 3. Béne. ¥Ypan, 6yayun BecbMa yAaJeHHHIM, BHIIVISAHT Kak
3pe3fia 6-fi BeIHYUHHBI M C TPYAOM Pa3THYaeTCS HEBOOPYIKEHHBIM
rnasom. OH nouTH B 4 pasa npesbimaer 3eMJw0 1Mo gHaMeTpy, B 61
pa3 — no o6vemy H B 14,56 — no macce. CpeaHsisi mJIOTHOCTb Belle-
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ctBa ¥Ypana 1,32 r/cm3. Hak/ioH ocH ero BpalleHHs K IJIOCKOCTH
opOHTH cocTaBaser Bcero 8°. IlostoMy miaHera Bpaiiaercsi BOKpyr
CosHna Kak 6wl Jexa. [Ipn 3ToM ¥ HanmpaBJeHHe BpallleHHs caMoit
nJaHeTH, H obpalleHHe BOKPYI Hee NATH CNYTHHKOB sBJseTcs 00-
PaTHHM, T. €. II0 YaCOBOH CTpeJKe, 4TO, KaK y¥Ke O0TMeyaJoch H A
Benepsl, siBasieTcss Noka HeOODBSACHHMEBIM. IloJHHI 000OpPOT BOKPYr
Conuna ¥Ypan cosepiuaer 3a 84,015 roja, BOKpyr Xe cBoeil OCH OH
o6pautaercs 3a 10,8 u. Crosnb GricTpOe BpallleHHe BEI3BAJO CHJIbHOE
cXaTHe YV MOJIOCOB, cocTaBasiomiee 1 : 33.

Hanexknii ¥pan noayyaer ot ConHua ceera u Tenaa B 370 pas
MeHbIne, yeM 3emas. OTpakaTtesbHas e CNOCOGHOCTL YpaHa OKa-
3ajach caMOH BBICOKOH cpelH NJaHeT. A 3To mpeimnosaraer, 4To
TeMIepaTypa MOBePXHOCTH YpaHa He AoJukHa GuiTh Bhime —200 °C.
BMmecTe ¢ 3THM TeMnepaTypa, H3MepeHHAas B CAHTHMETPOBOM JHa-
nasoHe, okasajach 3amerHo Beime 100 K, urto cBuperenbcTByer
O MOCTYIJIEHHH TenJa H3 HeJp IJIaHeTH.

CneKTpocKONHYECKHMH MEeTOJAaMH Ha YpaHe YCTaHOBJIEHHl MoJie-
kyasapubii He 1 CH,. Boamoxxuuiit 31ece NHz npu takux temnepa-
TYpax JOJIKeH HaXOJHThCcH B TBEPAOM cOCTOSHHH. [laBieHue aTmo-
chepr Ha ypoBHe o6aakoB cocraBiaser 3 at™ (3-10° Ila). Teope-
THYECKH CTpOeHHe YpaHa NpeicTaBJsiercss CJaeLyIomHM o0pas3om:
BHENIHAA rasoBas obosouka, cocrosmas u3 Hs, He, CH,, umeer
Maccy 10 9% ot Maccw miaaHeTHl M ToJawMHY 27 9 paauyca, nojg-
CTHJIdeTCsl JKHAKHM f1pOM, COCTOSIIHM npenmymlectBeHHO u3 HyO.
YpaH uMmeer naTth cnyTHHKoOB. CaMble KpynHble — Turanus u OGe-
poH — oTKpHTH B. T'epmenem B 1787 r., MeHee sipkHe — ApH3Jb
H YM6pusar — V. Jlaccenom B 1851 r. u cammii 6/u3KHiA K mia-
Hete — Mupanna — JIx. Kodinepom B 1948 r. Pasmepn mnomepeu-
HHKOB HX JexaT B npefeaax oT 1300 go 500 xm.

B 1977 r. y VYpaHa ofGHapy:KeHa cHCTeMa KOJIel, HEeCKOJbKO
MeHee IJIOTHHIX, ueM Koabla CaTypHa. UeThipe Koablla HMEIOT LIH-
puny okosao 10 km, natoe — 50—100 km. Koabma ¥Ypana pacmoso-
JeHul B 18—25 Thic. KM OT NMOBEPXHOCTH MJaHETHL

HETITYH. Boln1 OTKpBHIT M3 NpeNNOJOMKEeHHS, YTO HenpaBHJb-
HOCTH B JIBHXKEHMH YpaHa, oOHapyxeHHble B 1783 r. A. H. Jlekce-
JieM, BHI3HIBAIOTCS NPHTSXKeHHeM elle Oojee najeKkol, HO HeH3BeCT-
HOH mJaHerel. HenTyn oTkpel1 HeMeukuit actpoHom M. Tanze
B 1846 r. Ha OCHOBaHHH He3aBHCHMO JPYT OT Apyra MpOH3BeJeHHBIX
BhIYHCJAeHHH (paHny3ckoro actpoHoma Y. JleBepbe H aHTJIHHCKOro
acrponoMa k. Amamca. Hentyn (ITocefizon) — Gor mopeii, 6par
3eBca. 3eqenoBaro-roay6oil 1BeT NaHeTH HANOMHHAJ ACTPOHOMAaM
MODPCKYIO CTHXHIO.

Xorst paxuyc Hentyna cocraBasier 25270 KM, OH HepasJH4YHM
HeBOODYKEHHBIM riasoM. JlnameTp ero, TakuMm o006pa3oM, MNOYTH
B 4 pasa npeBblllaeT 3eMHOi, o6beM — B 57, a macca — B 17 pas
6oabile 3eMHbIX. Cpennsis miotHocts 1,84 r/em®. [lepuon Bpamie-
HHA BOKpyr ocu 15,8 u. [Tonnw#t o6opor Bokpyr Cosnnua coBepliaer
3a 164,79 rona.
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Temnepatypa nosepxnoctH HenTyHa ouenuBaercs B— 220 °C.
Viamepenns e B paaHopHanasoHe jaiT okoao —160 °C. He wuc-
KJIOUEHO, YTO 3TO YKasbiBaeT Ha HaJH4yHe COOCTBEHHOro («BHYTpEH-
Hero») Tensia. B cnektpe HentyHa oOHapy:KeHbl CHJIbHBIE MOJOCH
noraomennss CHy u wmoaekyaspuoro Hp, mnpeanmonaraercs #u He.
V Henryna aBa cnytHuka: TpuToH, oTKpuiThii B 1846 r., 1 Hepenaa,
otkpbitast B 1949 r. Tpuron umeer paauyc okosno 3000 kM, Maccy
BaBoe Goabuyio, yem y Jlynsl. O6paumaercs Tpuron Bokpyr Hen-
TyHa B oOparHoM Hanpasjenuu. Y Hepeuapl opburta MeHsercs, H
3TOT cnyTHHK yaanasercs or Hentyna Ha 1,56—9,6 muH. KM.

[TJIVTOH. 310 nesaras, camas yianeHHas or CosHLA nuaHera,
oTkputa B 1930 r. moGurenem acrpoHomun K. TomGo mo Teope-
THuecKHM mpeickasanusm I1. Jlosenna, Buuucausmero B 1915 r.
ee JBHKeHH#A, kKak u HenTyHa, nmo BO3MYILIeHHSM B JBHXXEHHH
VYpana. Orkpurue TomGo GbLIO HTOrOM HAaNpSAMKEHHOH THTAaHHYE-
cKoii paGoTH, B X0Je KOTOPOil eMy NPHULIOCH MPOM3BECTH MOJHEIH
0630p 30HB 3SKIUNTHKH. Be3 Takoro o63opa mpu MaJjoi Macce
TlnyTona ero OTKpHITHE BPSAJ JIH MOIVIO OBITb BO3MOXKHBIM.

OpGura IlayroHa cTosb BBHITAHYTa, 4TO pAaccTOsiHHE ero OT
Connua xonebaercs ot 29 1o 49 a. e. Ilostomy ¢ 1979 r. A0 KOHLA
Hauwero Beka [layton Gyaer HaxoauTtbes Gauxke K CoOJHILY, HeXeJH
HentyH.

IMayton obpauiaercs Bokpyr Coanua 3a 250,6 ser co cpeanei
ckopoctbio 4,7 kM/c. OH coBepmaer 060pPOT BOKPYr OCH NPHMEPHO
3a 6 cyr. B Teseckom cpeJHHX pa3MepoB OH BHIEH KaK 3Be3Ja,
B CcaMbiX KPYNHBIX TeJlecKonaX BHAeH ero AHCK 06e3 KaKuX-JHGO
neraseil. JJo 1978 r. cunrasoch, uto JHHeHHbIH aHaMeTp ~ 6800 KM.
Pacyernas Temnepatypa ero noepxsoctH —230 °C, macca 0,18—
0,11 maccew 3emau, naotHoets 10,3—6,3 r/em3. B 1976 r. Ha mo-
pepxHoctd IliayToHa Obll OGHapyKeH MeTaHOBBIH HHEH.

B 1978 r. amepukaHckuii acrpoHoM Jlx. KpucTH oOHapyxH
y IlayToHa COyTHHK, MJIOCKOCTb OPOHTHL KOTOPOro MOYTH MEepIeHdH-
KyJsipHa K MJIOCKOCTH OpOHTH mJaHeTel. CnyTHHKy aaHo umsa Xa-
poHa — mepeBO3YHKAa AYLI YMepIIHX B noja3eMHoM napctse. Pacue-
TAMH JBHXKEHHH mocaelHeli W ee CHYyTHHKAa H COMOCTaBJECHHAMH
¢ anbbeno ymanoch YTOUHHTh BHIIIENPHBEJEHHBIE XapaKTePHCTHKH
Tlayrona. Ero nuamerp renepb ouenuBaerca B 2500 kM, a JHamerp
cnytHHKa ~ 1000 kM. CnyTHHK HaXoJHTCs Ha paccTOsHHH 14 pa-
AMYCOB TJIAHETH, T. €. OKoJo 20 Thic. KM H, TaKHM 06pasom, co-
cTaBJsieT ¢ Hell KOMNAaKTHYIO JBOHHYw cHcremy. Ofuias macca sToit
cucremsl pagHa 1,1-10%° r, 1. e. B 6,7 pasa meHblie Macchl JIyHbI
Iaoruoets IMayrona ~1,25 r/emd.

CyuiecTByeT rumoresa, corjacHo Kotopod B mpounioM IlayTon
Ob1 cnyTHHKoM HentyHa, HO B3aHMHBIe BO3MYIUeHHss TpHTOHa H
IlayTona Bei6pocunu nocaeauuit u3 cucrembl HenTyHa, npu stom
Tputon mepeuren Ha op6uty HenTyHa ¢ o6paTHBIM JABHKEHHEM.

13.06.83 r. cranuus «I[InoHep-10», sanymwennas 03.03.72, nepe-
cexkna op6uty Henryna wu Boiunia 3a npeneinl ColHeuHOlH CHCTEMBEI.
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3a 11 ger nosera craHuud OGJAronoJy4yHoO MHHOBAJa MHOTHE CJIOMK-
Hble OTPe3KH MyTH (NOfic acTepOH/IOB, pajHaunuoHuHsie nosica IOmu-
tepa u ap.). Oxupjaercs, 4TO HCTOYHHKH NHTAHHS MO3BOJAT CTaH-
MH nepenaBath Ha 3emui0 HHpopMamuio eme B TeueHne 10 Jjer.

JIVHA. Jlyna xak HebecHOe TeJlo, COBeplIaioliee 3aKOHOMePHbIE
NBHIKCHHS Ha He6OCBOJE, H3BECTHA UYeNOBEKYy C HesamaMsTHBIX
spemen. [ToBepxHOCTh obpauleHHoil K 3emiae CTOPOHbI OhlTa je-
TATLHO HCCJEN0BAHA € MOMOLUbIO TeIecKONOB M PaJHO30HIHPOBA-
uusi. Hccenenosanus cmektpoB JIyHb yxke B 1955 r. MO3BOJH/IH
nynkoBckomy actporomy M. A. KosbipeBy oGrapyxkurth Ha JlyHe
BYJKaHHUECKHe Npouecchl, a 0600IeHHe ONTHIECKHX HCCAENOBAHHI
Jlynn namo ochoaume A. I1. Bunorpagosy B 1966 r. nocraTouno
TOUHO INpejAcKasatb 0as3ajbTOBBHI COCTaB MOPOJ, CJAaralolHX ee
nosepxHoctb. KocMuueckue ucenenoBanus JIynwl Hayaauce B fiH-
Bape 1959 r., Korza B cTopoHy JIyHBE! 6HLT MOCJAAH COBETCKHI KoC-
‘MHyeckuii anmmapat «JIyua-1». O mponeren BOMH3H JIYHBI H CTaJ
NepBLIM HCKyceTBeHHBIM cnyTHHKOM Cosnna. «J/lyna-2», samyuled-
Hasi B ceHTA6pe TOro Ke rofia, AOCTHIIA MOBEPXHOCTH JIYHHI B paii-
oHe Anennunckux rop. A <«JIyHa-3», crapropaBumias B OKTaGpe
1959 r., obaerena Jlyny u nepenana Ha 3emaio dororpaduu pauee
HepeOMON HaM (0GpaTHOH) CTOPOHH JIyHEL

Bhijaomuecs yCmeXH COBETCKOH KOCMOHABTHKH  BHI3BA/IM
BCTpeuHyl0 pas3paGOTKy aMEPHKAHCKOH IpOrpaMMbl «AmOJJIOH>»,
1enbi0 KoTopoil Gblia Bhicajika gyenoBeka Ha JIyHe. dta mporpamma
6mima peanusosaHa B 1969 r., xorma aMepHKAHCKHE aCTPOHABTHI
H. Apmcrpour, M. Konnuns u . Onupun Ha «Anossone-11» uepes
76 u nosera mocturan JIyuet m 21.07.69 ApmcTpoHr, a 3a HHM H
Onppun crynuiu Ha JIyHY.

C nera 1969 r. no Hacrosimee Bpemsi Ha JIyHe mo6uiBato 6 skc-
neguuuil. OHa GHa oburaema 3a 3710 Bpemsi 80 u 44 muu. Coer-
CKHMH aBTOMATHYeCKHMH cTaHuusmMu «JIyHa-16» (1970 r.), «/IyHa-
20» (1972 r.) u «Jlyna-24» (1976 r.) Ha 3emii0 GBI NOCTABJEHbB
o6pasipl JIYHHOrO TPYHTA C HOBEPXHOCTH M C TAYGHHBL 10 2 M.
Marepuan, gocrasiaennblii ¢ JIyHE, HCCleNOBaH B JAy4lInX Jabopa-
topusx Mupa. OH XapakTepH3yeT B HACTOsLee BpeMsi BeILeCTBO
JIyanl H3 18 yuacTKOB ee NOBEPXHOCTH.

Uro e HOBOro u3BecTHo cefiwac o JIyHe? Jlyna — neboabioe
neGecHoe Teno. Paxuyc ee 1740 xm, macca 7,345- 10% r. ITo cpas-
Henuio ¢ 3emuell o6beM ee MeHbue B 49, a macca — B 81,3 pasa.
IMosepxnocts JIyHe mpeicTaBisier coGoii yepenosanne OOUIHPHBIX
reMHHX (anbbeno <8 %) yuactkoB («Mmopefi»), pasjeJeHHBIX OT-
HOCHTeJILHO BBLICOKHMH ¥ cBeTAnMH (aabbemo >16 %) «marepu-
kaMu». Mops HaXoJsATCs JHIIL HA BHAMMON cTopoHe JIyHb H Tpea-
‘cTaBasior coboil obmHpHEIe ofsacTH H3NHAHHI GasanbToB. Mare-
PHKH CJIOJKEHB TIPEHMYLIECTBEHHO aHOPTO3HTaMH. Besi moBepXHOCTH
Jlyun wWcmeunipeHa KpartepaMu. DoabplinsceTtBo H3 HHX obpasoBa-
JIOCh BCJIEICTBHE MANEHHA METCOPHTOB, YACTh KPaTepOB HMEET BYJ-
KaHHYEeCKoe NMPOHCXOXKIeHHe.
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CeiicMuueckne neenenoBanust JIyHsl NOKa3asu, 4To MOMEpeyHbie
BOJHB Us Ha rayGHHe okosio 800 kKM 3aTyxaioT, a NpoAOJAbHHE Up
NpoxXoaAr Ao ueHrpa. Ha ocHosamum sTux gauHeix ua JlyHe Bhiae-
asior: 1) Kopy, MowHOCTbIO or 60 KM Ha BHAMMON CTOPOHE 10
100 kM Ha HeBHAMMON, 2) MaHTHIO (AHTOCGepY) MOLIHOCTBIO
800—1000 kv 1 3) sApO MOWHOCTBIO oKoao 700 kM. ITorsomieHHe
AApOM JIyHb MONepeuHEIX BOJH H TENJIOBOH NOTOK, MAYIMIHA H3 HEAp
H JIOCTHralounii '/3 3eMHOro, mO3BOJAIOT [ONYCTHTH, YTO HAPO
JIynbt Harpero g0 1500 °C u no CBOHM CBOHCTBAM COOTBETCTBYET
acrerocdepe.

ITopo6uo 3emse JlyHa — TeKTOHHYECKH AaKTHBHOe HeGecHOe
Teno. Exerogno Ha Jlyme ¢uxcupyeress a0 3000 ayHoTpscenui.
Cay6una ux ouaroB aocruraer 600—800 kM. OxHako MmacwTadb
JIYHOTPACEHHH HEBEJMKH M NOJHAS SHEPrHs MX He npeBbimaer 102
SHEPruH 3eMJIEeTPsCEHHH B rof.

[To nawupiv anb6eno JIyHHI MopckHe 6a3ajbThl COCTABJSIOT
16 % ee mosepxHocTH, HOPHTH — 11 %, aHOPTO3HTOBHIE ra66po —
54 % u ra66poseie anopTo3uTH — 19'%. B Hactosiee BpeMms CuH-
TaeTcs, 4TO nepBHYHas Kopa JIysl cdopmupoBasack npumepHO
4,4 mapa. ner nasaa. Mainsiue HOPHTOB npoucxoxuito 3,9—4,0
MJpA. JieT HadaA. Mopckue 6asa/jbThl 3aNOJHHJAM BnamnHbl JIVHBL
3,2—3,7 mapa. ner HasaA. DHIOreHHBIE NPOIECCH B OCHOBHOM 3a-
KOHUHJIHCh 3 MJIPJ. JIeT Haszaj.

Hcropus xpatepooGpasoBanus na Jlyne nokasana ma o¢ur.7.6,
a CpaBHHTeJNbHAsi XpoHOJMOTHsi 3eMmian u JIyHsl —Ha ¢ur. 7.7.

B pesynbrare nanenuii GecuHCIEHHEIX METEOPHTOB MOPOJH
JIyHBl MCnbITanH BO3JeHCTBHE YAAapHOTO (MMIAKTHOrO) MeTamop-
(puama. OHu npeBpaiienbl Ha nOBEpXHOCTH JIYHBI B CpefHe-, TOHKO-
3ePHHCTHIl H NBUIEBATHI MaTepHald, MecTaMH GpeKYHpoBaHHLIH,
vallle pbIXJbiH, nonyuynBmmii 06061ieHHOe HasBaHHe peeoaur. Jlaxe
MeJKHe 00pasibl M3 PeroJHTa MOKPHTH SIMKAMH M0 2 MM B aHa-
Merpe. SIMKH, KaK NpaBHJIO, BHICTJIAHBEI CTEKJI006PA3HON MaCCOii —
CBOEO6pasHBIMH c/leAaMH  GOMGAapAHPOBKH MHKPOMETEOpPHTAMH.
Bpekunn cocrosT H3 Toro ke martepuasa, uTo M peroaut: 6asajbT,
4HOPTO3HT, CTEKJIO, YAaCTHILLI METeOpUTOB. BeieacTBue GecuHciieH-
HBIX NEpeMElIeHHH NpH BHIGPOCAX M3 METEOPHTHHIX KPaTepoB 00-
JIOMKH JIYHHBIX TIOPOJL HMEIOT OKDYTayio GopMmy, Kak ecju 6bl OHH
Oblin Koraa-to o6paGoTaHbl neckoMm. CleloB ke BOAHOI SPO3HH
00/IOMKH TIOPOJ HE HECyT.

B aynubix nopopax x 1979 r. oGHapyxeHo cBuime 50 MuHepa-
aoB (taba. 7.5).

Hanugwe B noponax JIyHel naparenesnco, BKiouawoumux Fe
(cumukarel) — FeS  (rponnnt) — FeTiO; (unbmenut), ykasbiBaer
Ha HH3Koe napuuajibhoe AasieHne Op, nmapor H:O u S B nepuog
06pa3oBaHHs 3THX NapareHesHcoB. A OTCYTCTBHE THAPATHPOBAHHBIX
BTOPHYHBIX MHHEPaJIoB (CJI0A, XJOPHTOB, KAOJHHA H T. /) CBHIe-
TeJILCTBYET O TOM, YTO MOCTMarMaTHYecKHe THAPOTepMalbHble Mpo-

neccel Ha Jlyne we mmenn mecra. I'. M. Bpayn (Brown G. M,
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t,Mapd. nem £ [-0,5 - 08pasobanue KonepHuxa
0-0{ 104
7.6. WUcropuss KpatepooOpa3oBaHHA Ha
Jlyne [Pyckoa E. JI, 1975 rl] C 1403F
p
r {02}
J
7.7. CpaBHuTe/IbHAs XPOHOJOTHA 3eMin K {407
i Jlyus [Kyaugos K. A, T'ypeenu B. B.], 3 OBpasobanue Apucmapxa
1974 r.l

1971 r.) nonaraet, uto (JOpMHPOBAHHE JYHHBIX MOPOJ NMPOHCXOAHIO
npu 1200 °C u fo =102 Gap.

ConocraB/ieHHe JYHHbIX 0a3aabToB ¢ 6asanbTaMH 3eMJn H Me-
TeoputoB (taGa. 7.6) mokKaswiBaeT, YyTo JyHHEE 06a3aJbTH Ooraue
zemHbiX Ti, Fe, Mg, Zr, Ba, U, Ho Gexanee Si, Na H, no-BHAHMOMY,
JeryunMu. CocraB JyHHBIX 023a/bTOB JOBOJBHO OJH30K K COCTaBY
meTeopHTOB. HO M 37ech, KaK 3T0 BHAHO H3 Tabu. 7.6, nMeloTCH 3a-
METHHIE Pa3JIHUHS.

CocTaB OCHOBHLIX pa3HOBHAHOCTEH JYHHBIX MOpPOJA TpPHBEAEH
B taba. 7.7.

[lpeamosaraeMbiii cocTaB BellecTBa JYHHBIX HeLp IPHBeLeH
B T1a6a. 7.8. Oxupgaercsi, 4To B HHMXKHeH yacTH MaHTHH JIyHBI OH
JOJI#EH COOTBETCTBOBATh (a3aJbTHUECKOMY AXOHIDHTY.

Jlyna umeer upesBbiuaiino paspexeHHywo atMmochepy. [To KoH-
LeHTpalHH MOJeKyJ oHa cocrasiaser mpumepno 10~'% semnoii. H
Bce e OHa JOJIKHA YUHTBIBATbCcH KaK atMmocdepa, H60 4HCAO0 MO-
JIEKYJ B Hefl B TLICAYH pa3 BbIILE, 4eM B COJHEYHOM BeTpe Ha TOM
ke paccrosiiuH oT 3emaH. CocraB JyHHOHR aTMocdepbl 3aMeTHO
3aBHCHT OT BpeMeHH cyToK (raba. 7.9). JlHem 3jech yBesHuHBaeTCs
cozep:xaHue Ar, Houblo pacrter yHcao atomoB H, He, Ne.

Boabuioii HeoXHAaHHOCTBIO OKa3aJoch OTKPHITHe Ha JIyHe fB-
JieHui coBpeMeHHoro ByJakanuama. H. A. Kosbiper B 1955 r. Ha-
6a101a1 JIOMHHECHEHTHOe CBedeHHe BHYTpPH KpaTtepa Apucrapxa,
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TABJIHLIA 7.5

Munepanst AYHHBIX Nopon

TaaBuble BropocTeneHHHe AKneccopHsle Penkne

(> 20 %) (20—5 %) (<5 %) (eAHHHYHBlE HAXOAKH)
ITnarnokaas Habpmenut Kamacur a-(Fe, Ni)  Camopoguas meib
Ne 100—50

ABTHT Mnunens Tsunt y- (Fe, Ni) Jlatyne CusZn

IInxoHHT Kpucroamant (l’Iuppo‘mu Tpousiut)  CamMopojHOe 0JI0BO
PomGuuecknii TpuauMHT 1_‘peiflﬁepcm [Mentnanmur (Fe, Ni) S

NEPOKCeH (Fe, Ni)sP

OnHBHH Korenur (Fe, Ni)gC  Xanskonuput CuFeS,

(75—65 % Fo)
Bannenent ZrOy

Bopuut CusFeS,y

(Pytua, aunaras, Cdanepur
GpYKHT)
IupKoHOJIHT Kopynz
(Ca, Fe) (Zr, Y) Amduton
Ti 0, Kgapu
ApPMONKOJHT Axaraneur
(Fe, Mg) Ti,Of p-FeOOH
Anatut Mounauut Ce (POy)
Burnokut Cag (POy), Llupkon Zr [SiO,]
Iupokcdeppout Ipanar
(Fe, Ca) [SiOs]
TpankBHANTHHT Cden CaTi [SiO4] O
Feg (Zr, Y),T],S|30“
Oprokaas Kopauepur
MsAlIAISisOus]
I'nanodan H 1p.

a B 1958 r.— cBeueHHe ra3oB, BHIPHIBAIOIIHXCA H3 JKepJa LEHTPaJb-
HOTO NMHKa Kpatepa A.nbclm}{c B cnenyomem rony Koabiper saduk-
cHpoBaJ BBHIGPOCH H3 TOro e Kpartepa BYJKaHHYECKOro mnenJja.
CnexTpsl ra3006pa3HbIX BbieJeHHH MOKasajlH NPHCYTCTBHE B HHX
C, H, N. A o6ulas By/JKaHHYecKass aKTHBHOCTb JIyHBl OKasajach
KakK Obl CBA3aHHOH C HHTEHCHBHOCTbIO TEKTOHHYECKHX npoueccoB Ha
3emie.

Bee 310 maer ocHoBaHme paccMaTpHBaTh JIYHY He KaK 3acThIB-
uiee HeGecHoe TeJO, a KaK KOCMHYECKHI O0BEKT, MpOoA0JKAIOUIHHA
XKHTh COOCTBEHHOH aKTHBHOH 3HIOreHHOI kH3HblO. O0was xe uc-
Topusi JIyHsl MoOXKeT GBITh NpeicTaBjeHa Kak NocjeloBaTesbHas
CMeHa CJIeAYIOUHX BaxKHeHWHX cOObITHH, MapA. Jer Haszan:

5 AKKpemusi BellecTBa HCXOIHOIO NMPOTOMJaHETHOro ofjaka

4,7—4.4 PannoaxkTHBHBIH pasorpes, pacnJjasiiedne W JHpeperuHa-
uusa nepsHyHoro seulectsa JIynol. QopMHpoOBaHHe JyHHOM
KOpBbI

4,0—3,9 MeteoputHoe KpaTtepooGpasopanne®. Bueapenne HopuTOB

3,7—3,2 I'napHble H3JMHAHHA MOPCKHX (a3ajbTOB

3,0 — Hacrosiee TexToHHYeCKHEe ABHKeHHA Kopbl. Bynkauusm
BpeMs

* MuTteHcHBHOCTH KpaTtepoolpasoBanus Ha

JlyHe, Kak 370
¢ur. 7.6, 6b1a MaKcHMaabHON 4 MJpJA. JeT Hasaj.

BHAHO Ha
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- TABJIHIIA 7.6

XuMuuecKnit COCTaB AYHHBIX 6A3aAbTOB B CPABHEHHH C COCTABOM 3eMHBIX Ga3aibTOB M METEOPHTOB
[Pyckoa E. JI., 1975 r.], macc. %

lNopoga, pafioH, sKCMegHILHA S§i0, | TiO, Al,0, FeO MnO MgO CaO Na,O K.,O P,0; Cri0,

Mopckne Gaszanbrbi:
Mope Cnokoiicteus (¢Anosaon-11») 40,7 11,0 943 1742 0,23 7,34 10,52 0,49 0,18 0,12 0,32
Okean Bype (¢Anonson-12») 4502 297 - 2976 197 0,27 10,9 9,97 - ‘D83 7 0.06° 0,09 0,60
Mope Hoxneit (¢cAnoanon-15») @y 20 89 22 030 908 10,27 . 0,28 0,03 0,05 -

Mope fcnoctu, Taypyc-JlurTpos a7 49 13,14 © 8.7 19,62 0,28 8,62 - 10.43° - 0,32 0,04 0,09 0,42
(«Anonaou-17»)

Mope H3obunus («/Iyua-16») 429 55 13,8 20,17 0,21 6,05 10,8 0,23 0,16 0,14 0,24
KouTHHeHTanbHBIE 6a3ajibThl:

®pa-Maypo (cAnoason-14») 48, L6 12,0 16 0,29 8,4 12 0,58 0,14 — 0,44

Kpatep llexapt (¢Anosamou-16») 454 0,32 28,63 425 0,06 438 16,39 0,41 0,06 0,07 —

Taypyc-Jlurtpos («Anomion-17») 485 095 172 11,4 — 894 11,6 0,40 0,25 - —_
Kpun-6asaabtai:

®pa-Maypo («AnoanoH-14») 50 3. 20 Tl 0,14 8 11 0,63 0,53 — —

kpatep [ekapt (¢Anoanon-16») 47,18 1,04 19,98 7,91 0,12 10,34 12,03 0,44 0,32 0,40 -
3eMHble 6a3aabThi:

OKeaHHYeCKHe TOJIeHTOBLIe 49,15 2,09 15,09 7.08% 0,17 7,75 . 1061 2723 0,3 0,23 —
MereopuTbl:

Ga3a/bTHYECKHE aXOHJPHTHI 490 061 11,95 18,05 0,552 9,73 9,03 0,40 0,05 0,11 0,48

XOHJPHTHI 38,04 0,11 250 1245 025 @ 22,84 1,95 09882017 = . 0:2) 0,36

* Copepxanue Fe;O, pasno 3,35 mace. %.




TABJIMUA 7.7

OcHOBHBIE Pa3sHOBHIHOCTH JIYHHBIX MOPOR

Okucen ( 1 ‘ 2 3 4 5
Si0O, 40,5 42,4 44,1 50 61
Al,O4 9,7 20,2 30,6 20 12
FeO 19,0 6,4 0,2 it 10
TiO, 11,4 0,4 - 1,3 12
CaO 9,6 18,6 19,7 11 6,3
MgO 8.0 12,2 0,1 8 6
Na,O 0,53 0,40 0,3 0,63 0,69
KO 0,16 0,52 ¥ 0,53 2.0
Mpumeuanne, |— mopckoli 6asaner (¢Anonnon-11», cpepHee 1o yersipem oGpa3nam);
2 — ra66po-anopTo3uT («/lyHa-20»); 3 — aHOPTO3UT (¢Anoanou-15», Ne 15415); 4 — HOPHT, HAH

«HeMOpCKOf Gazanbt» (¢Anonnon-i4», Ne 14310); 5 — pauut («AnoayioH-12», Ne 12013).

TABJIMLIA 7.8

Mpeanosaraembiii coctas Aywubix Heap [Pyckos E. JI., 1975 r.], mace. %

. Okucen

HuXHAA MaHTHA

Bepxuuft cnoft

BasanabTHuecKHl axoHppAT*

JIyHB 150 KM (dpsukdopr, roBapauT)

Si0, 49,1 48 49,48
GUTIO 0,45 0,8 0,46

Al Oy 6,0 16 5,10
s FeQ 18 9 17,39

CryOy 0,5 — 1,34
© MgO 19,6 14 20,5

CaO 5,3 12 4,02

Na,0 0,1 < 0,17

MnO 0,5 0,4 0,5
* Merteopur.

TABJIULIA 7.9

KoHuenTpauus aToMoB ra3ooGpasHBIX 9JieMEHTOB
y nosepxnoctu Jlyns, 107 cm—2

AtoM I Hem Housio
H 6 35
He 2 40
Ne3® 4 80
Art? 8 (3axon) } 01
4 (Bocxoj) !
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METEOPHTBI. Tlpu onucanun naaner Conpeunoi CHCTEMB H
JIYHBl MBI yXKe HEOAHOKPATHO HAa3LIBAIM PasqHYHOTO poja Mereo-
PHTLL H OTMEYaJIH HX BAXKHYI0 posib B GOPMHPOBAHHH pesibeda mia-
HEeT M HX CIYTHHKOB H COCTaBa MOPOA HX INOBEPXHOCTH, Hanpumep
JIYHHOrO perosiuta. PaccMOTPHM METCOPHTH H HX 3HAUCHHEe B KOC-
MOXHMHH GoJee AeTaabHo.

MereopuTe — «siBjicHHE B BBICOTE» — H3/laBHA TNPUBJECKATH
K cefe BHHMaHHe Jioneil. B Bubauu, cocrasnennoi, MO-BHAHMOMY,
OKOJI0 3,5 ThIC. JieT Ha3aj, oHH (QHrypHPYIOT NOX Ha3BaHHEM «KaMm-
Heif rpafa». McTopuueckne ymoMHHAHHSL 0 MacCOBOM najieHHn me-
TCODHTOB OTMETHJIH KHTaiicKue Jetonmucn B 694 r. no n. 3. Ua-
BeCTHON CBATHIHE MYCYJbMaH — «HepHOMY KaMHIO» B ceBepo-BOCTOU-
HOH yacTn xpama KaaGm B Mekke MYCyJibMaHe MNOKJOHSJIHCh [0
OcHOBaTens Henama Maromera (570—632).

Pycckue seronnen ormernau, uyro B unapcrsosanne Jlanuuna
AsnekcanapoBuya, cena Anexcanapa Hesckoro, B paiione Beaukoro
Yeriora 25 wonst 1290 r. «paspasujiach KaMEHHO-OTHEHHAs Tydyar.
Merteoputer Ha PycH, nogo6no «UepHoMy KaMHIO» MeKKH, coGu-
pPasHCh H GepexkHO XpPaHHIHCh B coGopax Bosoraw, Baaanumupa u
Apyrux roponos. B ra6u. 7.10 npusenens KpynHeHIIHEe MEeTeOPHTH.

MHDE H3BECTHO, KpoMe TOro, 35 MEeTeOpHTOB Maccoii Gosee
I T xaxawiit. Exeroano B PA3HBIX CTPAHAX HAXOAAT H CAAIOT B My-
sen 12—15 mereopuros. OcHoBHAs ke Mmacca METEODHTHOrO Belie-
CTBa yxe B atMoctepe 3eM/iH mnpeppaimiaercs B raas.

Mereopurhele 10 1M, rpaabl NOpoH mpencTaBaAsT cobol rpaH-
AHO3HOEe fABJeHHe npupoabl. Tak, B 1803 r. B Hopmanaun nocie
TAKOro KaMeHHOro rpajaa GblJIO HaiifleHO CBHILe 3 Thic. METeOpHT-
HBIX KyckoB. 12.02.47 B 3anagubix orporax CHXoTs-Ajmus (IMpu-
MOpbe) OrpOMHLI MeTeopHT Maccoil cBhiue 70 T pasyierescs B ar-
Mocepe 3eMaTH Ha THICAYH KyCKOB, paccesiBIIMXCA Ha 3HAUHTE/b-
Ho# maomazn. Mo Hacrosulero BPDEMEHH He pelleH Bonpoc
O TpHpole coGwitust, npoucieauero 30.06.08 B Gacceiine IMoaka-
MeHHOH TyHrycku. Ouepuanm mabnionann s TeYeHHe HEeCKOJbKHX
CCKYHIL OCJTENHTENbHO DK OHeHHBII map 1 IPOXOT, KOTOPbIH Gbi
C/abiien B paxuyce 1000 km. dueprus B3pwiBa BO BpeMa TyHrycekoii

TABJIHIIA 7.10
Kpynnejiuine mereopursi MHpa

oﬁnapg?felmﬂ Mecto nagenus Macca, 1

1920 lo6a, lOro-3anaanasn 60
Adpuka

1818 Keitn-Mopk, Ipennanus 34
1784 Barus, Bpasnaus 16
1792 Ilakatakac, Mekcuka 6,5
1854 Measbypu, Ascrpanus 3,8
1749 p. ¥Y6es, Cubnps 0,672
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kartactpodui ounennsaerca B 10%—10%* spr [desupu A. JI., 1969r.].
HccaenoBanusi TaeKHOro TPYHTAa B SMHIEHTPe B3pbiBa OOHAPYXKH-
BaloT nopeiieHHBe cofepxkanus Ni, Co W Apyrux 3JeMeHTOB, Xa-
pakTepHuX Aasi MereopuToB. Ha Bcecowosnom cumnosuyme, opra-
HH30BaHHOM YKpauHckoil AH B 1976 r., Gbio BBICKa3aHO MHeHHE,
YTO «CY/JS M0 MOUIHOCTH B3pPHIBA, KOJHYECTBY Pas/eTEBIIHNXCH MHK-
POCKONHYECKHX YaCTHIL, OMJIABHBLIMXCH H NPHHABIIHX 1wapooGpas-
Hyi0 opMy, XapaKkTepy pacceMBaHHs BELLECTBA H JPYTHM JaHHEIM,
MOKHO NPeANoJIOXKHTb, YTO HAJ Talrofi B3opBajach <«rojioBa» Ko-
MeThl Maccoit okoso 200000 T. Ot Hee 0CTaJ0Ch. .. TOJBKO OKOJIO
JeCcATH TbhICAY TOHH CHJIHKATHOl NBIJIH M TOHHA MeTaJJIHUecKHX
npHMeceii».

Kal{ ViKe OTMeYaJoCb BbIIIE, KOJHYECTBO METECOPHTHOroO Belle-
CTBa, BHINAJAIOIIEro Ha MOBEPXHOCTh MJaaHeT, orpoMHo. Pacuers
[Canapathy R. et al, 1970 r.] nokasuiBalOT, 4TO HHTEHCHBHOCTb
MEeTEOPHTHOI0 NOTOKA HAa OTAEJbHLIX YYacTKax noBepXHOCTH JIyHEI
nocturana 4-10% T Ha 1 cm? B roa. Ha 3ewmie, Kak yxKe 0TMeuaJoch,
MEeTeOpPHTH ¢ maccolf meHee 10 r mosHOCTBLIO cropaloT B atMocdepe
(«napamuue 3Be3ibl») H JHLbL GoJiee KPylHbie JOCTHralOT NMOBEpX-
HOCTH, 006pasys MeTeopHTHbie Kpatephl. KpynHefimmmu kpatepamu
METEOPHTHOIO NPOHCXOXKIeHHs sBasoTca: 1) Apusonckuii, CIIA.
Ero nuamerp 1207 M, rny6una 174 m; 2) rpynna u3 8 KpatepoB Ha
©o. Caapemaa, 3CCP. uamerp HauGosbiuero w3 mux 110 m, ray-
6una 16 m; 3) rpynna us 24 xparepos Cuxors-Anuns, [Tpumopbe.
3nech pasmepsl KpaTepos Kosebatorest ot 8 10 26 M B nonepeuHHKe.
OG6uee KOJHYECTBO METEOPHTHOrO BeILEeCTBa, BHINAJAAIONUIEr0 Ha
3emJii0 B cyTKH, ouenuBaercs ot 1 go 10 Teic. T.

MeTeopHTbl N0 MHHEPaJbHOMY COCTABY AEJATCH HA CHIAEPHTEI,
CHAEPOJIHTBI, A9POJNHTHL H TeKTHTbl. MHHepanbl METEOPHTOB TNPH-
BejeHnl B TaGa. 7.11 npu 3ToM B CKOGKH 3aK/IO4eHB MHHEpAJH,
B 3€MHBIX NOpPOJaX He BCTpeyalouiHecs. 3a MOCJHEJHHE TOALl B Me-
TEOPHTAX OTKPHITO, KPOME TOro, HECKOJbKO JAeCATKOB HOBBHIX MHHe-
paJoB, oO4eHb PeAKHX H cn1ab0 H3yYeHHBLIX ((appPHHITOHHT, IOPHHT,
HaWHHH/I’KEHHT, KPHHOBHT H Ap.). ITo 370l mpHuuHe OHH B OGLIMIL
CIIHCOK HE BKJIOYEHBI.

Cudeputol — xenesubie MeTeoputhl. COCTOAT M3 MeTaJJHYeCKOii
pasu (10 98 %) m paccesHHBIX B Heil OKPYrJbIX 3epeH AW mJa-
CTHHOK CHJHKAaTOB H JAPYrHX MHHepajsoB. Meraannueckass ¢asa
npeicTaB/ieHa HHKeaHCTHIM KenezoMm. Coxepxanne B Hem Ni Ko-
aebnercs or 4 go 30 % c¢ auwHuM. [IpH TpaBJeHHH CHNHPTOBHIM
pactsopom HNOj; na nonnpoBaHHON# NMOBEPXHOCTH MeETaJJIHUECKOi
¢asbl NpOABAAIOTCH TaK Ha3biBaeMble BHAMAHUITEATOBH * QHIrypHI,
npejcraBasoniie co6oli THNHYHBIE CTPYKTYPHl pacrnaga nepBHYHOro
TOMOreHHOr0 KpHcTaJjjaa Ha (asbl KaMacHta M TasHuTa. [lnacTHHKH
9THX (as opHeHTHpYIOTCH mapajensHo rpaisam (111) romorennoro

* MNoayunnu Haspawwe B wects A, Buamaumresnrta, aBcTpHiCKOrO Y4eHOro,
Bnepesie B 1908 r. onucaBumero cTpykTypy pacnaja B MeTeOpHOM kese3e.
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TABJIHLIA 7.11
Munepaas mereopuros

Kanace Haspatne CocTas
DneMenThl Hukenucroe mxeneao: Fe, Ni
(kamacur) <6 % Ni
(TasHuT) <30 % Ni
(nneccut) <40 % Ni
Yrnepox — anmas, rpa- C
¢dut
Kap6uast Koreunr FesC
(Myaccounr) SiC
Hutpuast (OcGopuur) TiN
Dochu s (IpeiiGepeut) (Fe, Ni, Co)y P
Cyabtu et (Tpomanr) FeS
(Onaramut) CaS
([MoGpeeant) FeCr,S,
Xnopuus (/Taypencur) * FeCl,
OKueabl Maruerur FeFe,O,
Xpomur FeCr,0,
Ksapu SiO,
Tpuaumur Si0,
KapGonatni Epefinepur (Mg, Fe) [CO4]
Docartsl *Anatut a; [PO,]3F
CuankaTsl Onusun (Mg, Fe), [SiO,]
Kaunoswcratur (Mg, Fe), [Si,04]
Huoncn (Mg, Fe) Ca quos]
Asrar (Mg, Fe, Al) Ca [(Si, Al),04]
OHCTATHT-THNEpCTeH (Mg, Fe), [Si,04
IMnaruoknas p Na [AISizOq]-g Ca [A1,S8i,04]
AmomocHinkaTh ' (Mackennunt) (crekao- 10 Na [AISi304]-90 Ca [A1,SiyO4)

BATLIH GHTOBHAT)

* B 3eMHHIX YCJOBHAIX Ovenp HeycToNunmp.

KPHCTa/l/1a, MO3TOMY CHAEPHTHI C BHAMaHAIITEATOBBIMH (HrypaMu
HASHIBAIOTCS OKTA3APHTAMH. AKLECCOPHBIMHU MHHEpalaMH B CHje-
PHTaX ABJIAIOTCA TPOHJIHT, wipeiiGepcurT, rpadur, HeGoabIIHe KOJH-
YecTBa 06peesHTa, KOXeHHTAa H OyeHp PeAKo — naypeHcHTa.
Cudepmum—me.nesoxameﬂﬂme METeOpPHTH. B HHX Merasman-

CBOIO Ouepeab NMPHHATO pa3jeNiTh Ha
naAracuToL* u mesocudepurel. Taanacury XapakTepH3yloTcs cuie-
POHHTOBOH CTPYKTYPO#H, BKJIOYeHHS B KOTOPOH NpHHAaLde)RAaT 3ep-
HaM O/IHBHHA, HePeAKO HIHOMOP(HOro ouepranus. B mesocuuepu-
Tax Meramnnyeckas (asa umeer OrpaHHYeHHOE pa3BHTHe, 31ech
OCHOBY COCTaBISIIOT OCHOBHON mjarHok:;as, [HPOKCEHB H
I0€ KOJIHYeCTBO OJIHBHHA.

* HasBanw B wects pycckoro axan, Il C. IMaanaca (1741—1811) — uapecr-
Horo ucesenosatens IToBoanbs, IMpukacnns, Bawkupnu, Vpana, 3abaiikaans,
Cesepuoro Kapkaza u Apyrux paitonos Poccuu,
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A3poaursl — KaMEHHBIE METEOPHTHl, B OCHOBHOM COCTOAT HZ
cuinKaToB. I1o CTPYKType OHH JAeNATCH HA XOHJADHTLI M AXOHAPHTHI.
Xonzps — okpyrise (o 1 MM B monepeuHuKe) 3epHa — NPEACTAB-
JeHbl OJMBHHOM H nupokceHoM. CocTaB XOHAPHTOB, %: OJHBHH —
40, nupokceH — 30, HHKEJIHCTOE KeJ1e30 — 10—20, naar#oknas —
10, Tpousut — 6. MHOTAA NPHCYTCTBYIOT CePIIEHTHH, XJIODHT, opra-
uuueckoe BemlecrtBo [Briggs M., 1962 r]. AXOHAPHTH JHIICHBI
XOHAp, CTPyKTYpa HX Oosee rpybo3epHHCTad, BHEUIHE OHH HANOMH-
HAIOT OCHOBHEIE TOPOJHL.

TekTuTol — OKpYyTJEe CTEKIOBHAHBE 00pas3oBanus, HanoOMHHA-
joutue o6cuanan, ob6uuno Maccoir 200—300 r. OcHoBy HX COCTaB-
asiior KpemueseM (10 75 %), a rakxke Al;Os, Ky,O u CaO. Texrurh
GelHH OKHCSMH MarHus u Hatpus. Takofl cocTaB oTBeuaeT PHOJIH-
taM mam GOraThIM KpeMHeseMoM ocafouHbiM TopoiaM. ['eHesnc
TeKTHTOB He siceH, 160 NajleHHusl TEKTHUTOB HHKTO He Halmionan. He
HCKJIOUEHO, UTO K TEKTHTAM OTHOCHAT NPOAYKTH YAapHOro (MMIakxT-
Horo) MeramMopuaMa 3eMHBIX OCaNOYHBIX NMOPOA.

OCHOBY METEODHTOB NO XHMHUECKOMY COCTaBy cocTamJsioT Al,
Fe, Ca, O, Si, Mg, Ni, S, Ga. 3ameueHo, 4TO coJepiKaHHe Ni u Ga
HaXOMHTCS B O6paTHOH 3aBHCHMOCTH. B MereopuTax nmpHCYTCTBYIOT
Gaaropoansie Meramnisl, r/r: Pt —20, Pd — 10, Ru— 10, Ir — 5,
Rh— 5, Au—5, Ag—5, Os — 3. B cyapdunnoii ¢ase mereopH-
TOB, 10 CPABHEHHIO C BHICOKOTEMIEPATYPHHIMH 3eMHBIMH CYJIbOH-
AaMH, oTMeueHo yMeHbineHue cogepxanusi Ni, Cu, Zn, Co u Pb u
yeeanuenne Se, As, Te, Sb. daements Fe, S, P u V Haxoaarcs
NPHMEpHO B DaBHHIX KojuuecTBaX. [TopasHTeibHO BBHICOKAM B Mé-
TEOPHTHHX CYJbQHAHEIX accOUMANHAX OKa3LiBaeTCs CONCpPKAHHE
Cr, KoTOpHifi BXOLHT 37ech B cocTaB fobpeennuta FeCreSy.

CpenHuii cocraB TIJaBHEHIIAX THNOB METEOPHTOB MNpHBEIEH
B.1ab. .12

Meranaugeckue (hassl CHAEPHTOB H XOHJIPHTOB, Kak 3TO OTMe-
tua ewme B. Meficon [Mason B., 1966 r.], BecbMa OJU3KH 1O CO-
craBy. ITO JaeT OCHOBaHMe JI0J1araTh, YTO JKeJIe3HEIC METEOPHTHI
IpeACTaBAsIOT co00l KOHEeYyHBIH NPOAYKT Cerperam#H HCXOAHOro:
XOHJPUTOBOTO MaTepHasa. Tako# B3raAsfi] NOATBEPKIACTCA H pe-
aJBHEIM COOTHOILIEHHEM MacChl CHACPHTOB H XOHAPHTOB. XOH/IPHTOB
BHIMAafdaeT HA 3eMJI0 BO MHOTO pa3 (oJbliue CHAEPHTOB, XOTs IOC-
JefHHE ualle H Jerde HaXOAT NG HX XapaKTePHBIM HeOOBIYHBIM
cBoficTBaM (MeTalaHuecKOMy OGJIecKy, BBICOKOH MJIOTHOCTH, ONJIaB-
neHHo# dopme H ap.).

Meiicon, geTanbHO HCCHeIOBABINHI cocTaB METEOPHTOB, MOJa-
raj, uTo XOHAPHTH ABJSAJIHCH HCXOJHBIM MaTepHAJOM st 06paso-
BaHHSl M TJaHeT, H APYIHX THIOB MeTeopHToB. OJHAKO MHHEpalb-
HBIH COCTaB XOHIAPHTOB H HX CTPYKTypa ye caMH no cebe orpa-
AT MeLJIeHHYI0 KPHCTAJJIH3allHio H3 pacmjaBa, KoTopas Moria
NPOHCXOAUTL JHIIL B YCJOBHSX NOCTENEHHOTo OXJaxjeHns 6oiib-
WIHX MarmMaTHUecKHX Macc. Takue yc/aOBHs, NO-BHAHMOMY, HMeJH
MECTO B KOCMOCE TOJBKO B 3HAUHTEJNbLHBIX N0 Macce HeGecHBIX
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TABJIHLA 7.12
Cpennuii cocTas riaBHeflIMX THMOB MeTeopHTOB, Macc. %

K ameHHBIe HKenesnne
uereos;uru ue-ri%;;a'ru Cpennee u3 90 % (a) u 10 % (6) TexTHTH
(a
AnemenT
Rank A
S il ot s s i [331’%955;%
Fe 15,50 90,85 22,30 31,85 1,41
(0] 41,00 — 36,70 32,70 48,37**
Si 21,00 0,01 18,70 16,28 36,13
Mg 14,30 0,03 12,90 12,88 0,60
Al 1,56 — 1,70 0,68 5,86
Ca 1,80 0,02 1,68 1,18 1,58
Ni 1,10 8,50 1,08 2,08
Na 0,80 — 0,67 0,27 0,33
<) 1,82 0,04 1,87 1,87
Ti 0,12 — 0,09 0,09
K 0,07 — 0,06 0,06 2,06
99,07 99,45 97,75 99,94* 96,34

¢ Kpome rtoro, Cr — 0,12, Mn — 0,16, Cl — 0,03, P — 0,10, Co — 0,18, C — 0, 15.
** BLiuHCAEHO aBTOPOM.

TeJax, pacKajJeHHbie Heipa KOTOPHIX HAaJIeXKHO 3alHIAJHCh TenJdo-
H3O/ISIUHOHHBIMH  CH/IMKATHEIMH oGomoykamu. [losTomy Kamercs
Gosee noctoBepHOii ctapas uues . A. HoGpe o ToMm, uTo Mereo-
PHTbI NPEACTaBIAIOT cO00H A/pa pacnaBUIHXCA B KOCMOCE MJaHeT.
Ecan npu 3TOM KO/IMYECTBO pajiMOAKTHBHBIX BEIIECTB B o6pa3oBag-
WHXCH 00/IOMKaX 0CTaBa0Ch JOCTATOYHO GOJBLIUHM, TO NPH aKKpe-
[IHH MOCJENHHX PaJHOreHHOTO Te1a OKa3bBAJOCh AOCTATOYHO AJIS
HOBOTO pacn/aB/JeHHsl CJHMIIEroCsi MaTepHa/ia H HOBOH KpHCTAJ-
JH3AUHOHHON AnpepeHnHAUuH BewlecTBa. B mpoTHBHOM ca1yuae
METEOPHTHl MOIVIH JHIb YBEJIHYHBATh MAcCCy IIAHET, Ha MOBEpX-
HOCTL KOTODLIX OHH BbINAJaJH, OCTABJSSA Ha Hell Te HJH HHE®
CJIe€/Ibl.

MHorounc/ienHbIe OnNpefeTeHHs BO3pacTa BeuIeCTBA MEeTEeOpH-
TOB 1o cootHowennio U u Pb nawor mpumepHo 4,5 mapa. Jer.
Kocmorennsiii Bospacr 00pa3oBaHHsi CAMHX METEOPHTHBHIX O6IOM-
KOB KoseGsercss B mpeaenax 10—100 mau. jger. DTo JHILHMI pas
YK43BIBACT HA TO, YTO BO3PACT BEILECTBA METEOPHTOB H BpeMst 06-
PA30BaHHsI METEOPHTHBIX KYCKOB 3TOr0 BEUIECTBA pasJHYaioTCs
MeX1y co00H OYeHbL CHIBHO. ;

Onpenenenue sospaera Bewectpa METEOPHTOB [0 COAEpPIKAHHIO
He naer pesyavratii pesko sasmimenumie, OWHGOYHbIE, TAK KakK
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TABJIMLIA 7.13-
CpaBHHTENbHAS PACTIPOCTPAHEHHOCTH ATOMOB

PacnpocTpaden- | Merteoputhl | BasanbTel Ilopogu ConBeuHas 3meaga T
HOCTh (cpenuee) JlyHnl 3eMHOMl KODPH | aryvochepa CKOpIHOHA
(cpentee)
" HawuBbiciuas @] O O H H (70 %)
Fe Fe Si He He (25 %)
Si Al Al (0] O
Mg Mg Fe C N
S Ca Ca N Fe
Al T K Mg C
Ca Na Na Si Ne
Ni Cr Mg S Mg
Na Mn %! Na Si
Haumenpwas Cr K Mn Al Al

31ech cKasbBaercsi H3GHTOK aToMoB He, BosHHKaIOWMil NpH 6oM-
6apaHpOBKe TOBEPXHOCTH METEOPHTOB KOCMHUECKHM H3ydeHHEM H
KOMIOHEHTaMH «COJIHEYHOro BeTpax.

B rtaGa. 7.13 npuBeieH MOPAAOK pacnpocTpaHeHHOCTH aTOMOB
nepBHIX JecATH HanOOJee YacTo BCTPEYAIOUIMXCSA JEMEHTOB B 3EM-
HOW KOpe, B METEOPHTaX, B COJIHEUHOI armocdepe, B aTmochepe
speanbl T co3Besius CropnuoHa m B TymanHoctH NGC 7027. Hs
ra6a. 7.13 caeayer, uTo pasjHuHBE HeGecHbIe TeJa COCTOAT B OCHOB-
HOM W3 OJHMX H Tex ke HauGojee pacmpocTpaHEHHBIX B KOCMOCe
saeMenToB. ONHAKO NOPAAOK WX CJIeA0BAaHHA MexAy coGoii He Besjie
oauMHakoB. [103TOMY €CJIH MeKJ]y COCTaBaMH METEOPHTOB, 6a3anb-
rami JIYHB W 3€MHO#i KOpOH oTMedaercs 60JblI0e CXOACTBO MO
conepxanuio Fe, Al, Si, Mg, Ca, Na, Mn, Ti, To B 3Be3/HOM Be€-
llecTBe OCHOBY COCTABJAIOT APYrHe, Jerkue ra3oo0pasuble sie-
MEHTHI, B CBOIO Ouepelb NMPAKTHYECKH OTCYTCTBYIOlLLHE B COCTaBE
rayGMHHOTO BellecTBa NJaHET H METEOPHTOB.



Tnasa 8

3EMNA: EE CTPOEHME M COCTAB

Mpeanonoxerne o Hexkorga pacnnasneHHoMm cOCTORHMM
Halen nnaHeTbl KPenko NPOHMKNO B coBpemeHHoe
Hay4yHOe MHMPOBO33peHHe — OAHAKO, Mbl He [OMKHbI
3a6biBaTe, YTO KOPHW ero He OCHOBaHbI Ha Hay4HbIX
axrax.

B. H. Bepnadckud, 1923

OG6wHpHble KOMIVIEKCHbIE HayYHble HCCAENOBAHHS HAauled Iuia-
HETHl B MOC/JE/IHHE NECATHJETHS NPHHEC]H MHOrO HOBHIX CBEeLEHHIl
O CTPYKTYpe, COCTaBe, HCTOPHH pa3BUTHA 3emuu. OLHH H3 BaKHel-
UIHX BLIBOJOB 3THX HCCJIEMOBAHHI COCTOHT B TOM, UTO 3eMJ/s M Bce
COCTaBHBIE YacTH — 0G0JIOYKH: aTMochepa, ruapocdepa, oHocepa,
JHTOChEpa, MAHTHA, SAPO — B CBOK OYEpPEldb CTPaTHOHILHPOBAHBI.
JIpyrim BaKHBIM BLIBOAOM SBJASJICS TOT, Y4TO BCE 5TH OGONOYKH
TECHO B3aHMOCBfI3aHbI: OHH HAXOAATCSH B MOCTOSHHOM B3aHMOLeli-
CTBHH, H BCAKO€ M3MEHEHHE COCTaBa, CTPYKTYPbl, COCTOSTHHUS KaiK-
Ro#t u3 reocdep 3eMan TOTYAC Ke B TOM WIH WHON CTENCHH CKA3KI-
BAETCA Ha cOCTaBe, CTPYKTYpPe H SHEPreTHYECKOM COCTOSIHHH CMEK-
HBIX reocgep. -

CTPOEHHE 3EMINH

Cxema cTpoeHuss 3eman Ges BepXHeil armocdepsl W MarHuTo-
chepsr nana B Taba. 8.1.

B 3r0il riaBe mp nmogpo6Ho pPaccMOTPUM CTPOEHHE H COCTAB
JIHIIb HanGo/Iee MIOTHBIX 000J0YeK MAAHETH, 3aK/II0UeHHBIX MEeKAY
BEMHOIi TNOBEPXHOCTHIO H SAPOM, MOMHS IPH 3TOM, YTO npameie,
HENocpeACcTBeHHble HaOJIOAeHHs, Ha OCHOBAHHH KOTOPBIX MBI MO-
ZKEM CYAHTb O COCTaBEe H CTPOEHHH HeAp 3eMJH, OXBATHIBAIOT JHILb
nepeeie 10 kM ee riyGHH *. [Tosromy o ryGuunom crpoennn 3eman,
HMelolleli paanyc 6373 KM, CyAHTb NPHXOAHTCH B OCHOBHOM MO
KOCBEHHBIM JaHHBIM.

O6wenpunsitas B Haue BpEMS MOJe/b BHYTPEHHEro CTPOeHHs
3eMJIH OCHOBHIBaeTCs:

1) Ha uayuenun 3aKOHOMEDHOCTEH pacnpocTpaHeHHs celicMHye-
‘CKHX BOJIH B nopogax 3eMuJH,

2) Ha onpeje/leHHH CHJIbI TSKECTH Ha 3eMHOM MOBEPXHOCTH H
I'PaBHTALHOHHOH MOCTOSIHHOM,

3) Ha ompeneseHHn npeueccHu PABHOJICHCTBHS, MO3BOJSAOLIEH
BBIYHC/IHTD MOMEHT HHEPUHH 3eMJH,

* K 1985 r. ray6una waxr ensa NpeBLICHAA 4 KM, camas ray6okas Gypo-
xlagn CKBAXHHA, mnpoiidenHas B rpanuTo-rHeficax Ko/bckoro noJayocTpoBa,—
KM.
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TABJIMLIA 8.1

Crpoenne 3eman (Ges sepxmueit aTmocepnt u marHuTocdepn )

P .
Teochepa Paccrosune numne®| Oduew, | Maccs | {002 Dk or
HOCTH 3eMJIH, KM Maccel 3emJH, %
Armocdepa 2000** 1320 ~0,005 ~10—¢
I'napocdepa g0 11 1,4 1,4 0,02
3emuas xopa 5—70 10,2 28 0,48
Mantns 10 2900 896,6 4013 67,2
Slapo 6371 175,2 1934 32,3
(uentp 3emsan)
Best 3emns (Ges atmo- 1083,4 5976 100,0

cdepn)

* Kpome atmochepsl.
** Armocdepa B UeJIOM NPOCTHPAETCH AO BHICOTH ~ 20 THIC. KM,

4) Ha JaHHBIX MO 3HAYEHHIO TEMJIOBOrO MOTOKA 3eMJIH,

5) Ha ;na6opaTOPHBLIX OMPEIENEHHSX IUIOTHOCTH H NPOYHOCTH
nopofn,

6) Ha AAHHBIX TMO PacnpoOCTPAHEHHOCTH XHMHUYECKHX 3JEMEHTOB
B PA3JHYHBIX MOPOAAX M METEOPHTAX.

TIpn 3eMueTpsiceHUAAX (HCKYCCTBEHHBIX H €CTECTBEHHbIX) BO3HH-
KaloT pasjiuuHple CeHCMHYeckHe BOJIHBI, pacmpocTpaHsioniuHecs
B nopojpax 3emJih C pasHbIMH CKOPOCTAMH. HaunGonee OblCTpbie H3
HHX, «nepeuynsie», WA BoaHe P (or amra. primary), pacmnpocTpa-
HS10TCs N0406HO 3BYKOBBIM ¢ KOoJeOaHHAMH, COBMA/AIOWHMH C Ha-
MpaBJeHHEM PacnpocTpaHeHus. TO NPONONbHBIE BOJHEI. HaubGosnee
MeIJIEHHbIE CeficMHUecKHe BOJIHBI HMEIOT KosieGaHHs, NepreHinKy-
JApHbIE K HANpaB/ieHHio pacmpoctpanedsi. OHH MOJY4YHIH HA3Ba-
HHE «BTOPUUHbLX», Wan BoaH S (oT aHry. secondary), W mo Xapak-
Tepy KoseGaHHH OHH, N0J0GHO CBETOBBIM, SABAAIOTCA BOJHAMH T10-
mepeqHEIMH. VIMest mpHMepHOe COOTHOlIeHHe Mexay coboii 1,7: 15
ckopoetH P- u S-BoJH H3MeEHAIOTCA B PAasHBIX cpeaax, a camu
BOJIHLI HA TPAHHLAX Pas3fleJ OB MOryT MPeJOMJATbCS, OTpaXKaTbhes
nan 3atyxaTth. CpaBHeHHEe BpPEMEHH MPOXOXKAEHHs BOJH H3 OIHOrO
HCTOYHHKA B PasHble NYHKTHl H H3MEHeHHe CKOPOCTel MX ABHAKEHHS
Ha pasHBIX rJyOHHAX NO3BOJAET OODBACHHTH BHYTPeHHEe CTpOeHHe
3emJn.

B 1926 r. lorocnaBckuii reosor A. MoxopoBuuny OOHApYKHJ
peskoe yBeJHueHHe CKopocTeil BoqH P u S Ha rayGHHe OKO/IO
50 kM. DTy rpaHuuy pasjesa Ha3BajJH B €ro 4ecTb NOBEPXHOCTHIO
Moxoposuwuua, wnu cokpauienno Moxo. [lpupoxa noBepXHOCTH
Moxo ocraercsa auckyccuounoii [Wyllie P. 1., 1963 r.]. OGon0uKky xe
TBepAOil JHTOCGEpHI, JekKALLYI0 BHIIe NOBEPXHOCTH MoXo, NMpHHATO
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Ha3HLBATL KOPOUd, a JIeKAUYI0 HHKE MOLIHYIO 060/104KY — MaH-
Tued *. MOUHOCT, KOPbl MOJA KOHTHHEHTAMH, €CJH CYAHTb MO rpa-
Hule Moxo, noakHa OBTb SHAYHTEILHO OoJibLIell, HeXeNIH MOA
okeanamu. Oanako I'. JI. Adanacsen [1973] NPHBEJ cepbesHbie J0-
Ka3aTeanbeTBa B MOJIb3Y TOrO, YTO 3€MHAsi KOPA BCIOAY €AHHA, HMEeT
CXOJHBLIH COCTAB M MOUIHOCTh B 06/JACTH OKEaHOB H MaTepHKOB,
d cama nopepxHoctb Moxo nmpexcrasisier coGoii 30HY yIJIOTHeHHs
NOPOX H 3aMOJHEHHS] MEKIPaHYJsPHBIX MOpP BOJOIL.

B npexenax semHoli KOPH CKOPOCTH ©p H Us TakiKe He OCTAIOTCS
MOCTOAHHLIMH. ~ MHOrOUHC/IeHHBIMH  HaGJIOJEHHAMH  OTMEUEHO
YBE/HUEHHE CKOPOCTH Up or 6 g0 7 kMfc w v, or. 3,5
Ko 3,8 kM/c. I'paHHuma pasmena 3THX 3HaueHHI Ha3paHa To-
BepxHOCThIO Koupada. Ilpuusrto cunrath, uro nosepxHocts Kon-
paia OTAe/sIeT BHIEJEHAIHH TPAaHHUTHBIH CJ0il 3eMHOIl KOpBI OT
HIKedexKanlero GasaibToBoro cios. OAHAKO HOBEHINIHMH Hece-
AOBAHHAMH NOKA3aHO, 4TO 3eMHAs KOpPa MMeeT MO3aHuHOe CTpoe-
Hue. OHa pa3buTa Ha cHCTeMY GJIOKOB, B CJIOMKEHHH KOTOPBHIX NpH-
HHMAIOT y4acTHe OCaJOuHEIe, MeTaMOp(hHUecKHe, HHTPY3HBHbE H
ByJKaHOreHHbie nopoAbl. Bioku 3eMHO Kopbl HaXoasTesi B cocTos-
HHH TIOCTOSIHHOTO JIBHIKEHHs OTHOCHTEJNbLHO APYr Apyra. DTH ABH-
HEHHA TPeACTaBAAIOT CO00H cymmapHBIl addekt B3aumopeiicTBH:
9K30lEHHBIX TEOJIOTHYECKHX CHJI M MNepeMelleHHii Macc BellecTBa
MaHTHH.

Huxe nosepxnoctn Moxo ckopocts Up H Us PAcTyT A0 IAyOHHBI
2900 km. Ha 3TOM ypOBHe NpOHCXOAHT pe3koe najaenue v, ¢ 14 ge
8 KkM/c, a vs ymeHbliaercss 10 Hyas. Sra rpaHHIlAa MOJYYHJIA Ha-
3BaHue paspena Buxepra— Oadxema — I'yrenbepea. [IpuusTo
CYHTaTh, UTO OHA OTAEJIAeT MAHTHIO OT sApa 3emau. 3aTyxaHHe No-
NepeyHbX S-BOJIH B OCHOBAHHH MaHTHH SIBHJIOCH OCHOBAHHEM CUH-
TaTh AApO KHAKHM, HOO HMEHHO TaKOe COCTOsIHHE Cpelbl OKa3bi-
BACTCA HENPHTOAHBIM IJIS MPOXOKAEHHS BTOPHUHBIX CelCMHYECKHX
BOJIH.

Mousasi MaHTHS, OKpy:Kalollas 3eMHOe AAPO, M JBHKEHHE ee
BELLIECTBA pacCMATPUBAIOTCA B Halle BpeMs KaK OCHOBHbIE MPHYHHbI
KOHTHHEHTAJNBHOrO JpH(TA, TAYGHHHBIX 3eMJIETPSCeHHI, BO3HHK-
HOBEHUA pa3HBIX MO COCTaBY MarM H MHOTHX ADYTHX MPOLECCOB
H SIBJCHHIH, HMEIOUHX TI106aJ/bHblil Xapakrep H Macutalhl.

Bhilie oTmeuasoch, 4To monepeunbie ceficMuuecKue BOMHL S Ha
TpaHHie MaHTHH W sipa 3atyxalor. ['pannua sta ycramasaupaercs
Ha paccroanu 3481+2 km or uwentpa 3eman. OGmas cxema u3-
MEHEHHS B HeApax 3eMJH CKOpoCTeil cefiCMHUECKHX BOJH Up M
Us, A4BJCHHA p, YCKOPEHHSi CBOOOLHOrO MajieHHsi ¢ U MJOTHOCTH P,
Aana Ha ¢ur. 8.1. IToctpoenHass Ha OCHOBe 3TOM CXeMbl MoOjieJib
CTPOCHHsT «TBepIOi» 3eMan H3oOpaxena Ha ¢ur. 8.2. OcHOBHBe
AaHHble o reocepax «TBeploii» 3eMaM mpHBeAeHH B TaGa. 8.2,

* Jlenenne pepxweii oGosioukn 3emuau Ha KOpY H MaHTHio npuHaTo B 1954 1,
Ha CHMIO3HyMe B CllIA, TIOCBSAILIEHHOM CTPOEHHIO H cocrapy BE‘pXHel:[ 3eMHOI1
KOPHI,
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8.1. ®uauyeckue xapaktepucTHkH Be- 8.2, CTpoenne «TBepAOi> 3eMJH.
mecTBa 3eMJH Ha paaﬂoﬁ rd‘]}rﬁl{HE- FparHubl Mexay reocdepaMmn A ®
B. D u E, FE G pe3kue, wexay

e B u C, E u F ycioBHbe, Tak Kak
& nepexofi  NOCTRMeHHbIf (Benoycoe
4 B. H ap., 1972 r.).

TABJIMIA 8.2

OcHOBHBE JaHHBE 0 reocepax <«TBeploH» 3eMan
(no Benoycosy B. B. u ap. [1972 r.])

Bykpen- | TnyGuHa
: HO® HHMKHedl O6bem. Mazcca*®,
; Teoctepa MNogpasaenenne reocdePs | gGosnave- | rpannum?®, 100 a0 109 xkr
73 HHe KM
‘ 3emHas Ocajounbiil CJOMH A <20 1,0 2
P Kopa «panuTHLIAY CA0H <40 3,6 10
ﬁ, «Ba3anbTOBHI» CcJa0H <70 5,6 16
3’_ Mautnsn  Bepxnas MaHTHA:
cybetpat B 50—100 180,1 610
¥ caoii ['yrenbepra ~400
(actenocepa)
i caoi Tonuusina G ~900 205,7 856
Huxusas Mantua D 2900 510,8 2547
Sapo Buemnee aapo E ~4800 166,6 1828
2 E ~5100
Cy6baapo G 6371 8,6 106

* PasuocTb MeXAY CPEJIHEM DaJNyCOM 3eMJN  CDeAHMM D3gHycoM TPaHELN (KpoMe
KepH). i
{ 96«:. Kopa —no A. B. Porosy ¥ A. A. fipomesckomy [1969 r.]. ocTanbHue — o &. Bépwy
1964 r.].
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8.3. Ynpyrue cpofictBa BemecTra 3emin
B 3aBHCHMOCTH OT rayGumsi. 7700
E — monyar IOnra; 0 — gosbdunnenr ITyac-

i 1 1 1 L 1
coHa. QcranbHBE OGDSHa‘leHHE CM. B TeKcrTe. U 70 20 39 40 50 60
8.4. 3aBucumocTh TEMNEPATYPEl IJiaBJe- Aabnenue, kfap
HHfl HEKOTOPBIX MOPOAOOGDPA3YIONHX MH-
Hepa/ios or pasaenus [Boyd F.R., 1964 r.].
1 — sHeTaTHT; 2 — puoncHA; 3 — mupom; 4 —Fe; 5 — anpbur.

dTta Mojenb coraacyercs ¢ Ompele/ieHHOH Maccoit 3eMan H ee
MOMeHTOM HHepuuH. MoMeHT HHepLuH, onpegeasieMbli H3 nperec-
CHH* 3eMJIH, paBeH cymMe NPOH3BEAGHHA MAacC BCEeX COCTABJAI-
IIHX ee 30H (060/0YeK) Ha KBaApaThl HX PaccTosinuii oT ocu Bpa-
menus. B pocrosepnoii mopmenn CTPOGHHSI 3eMHBIX HEeAp OH JOJI-
JKEH COOTBETCTBOBATh MHTErPa/JbHOH MJAOTHOCTH 30H (o6osoyek),
T. €. cpeaHed mjotHoctH 3emuan. MspecTHo, uro MOPOJLI 3eMHOI
KOPBEI HMEIOT INIOTHOCTH OT 2,5 10 3,3 r/cM® — 3HAYHTENBHO MeHb-
UIYIO CpeJHell MUIOTHOCTH BellecTBa MJAHeTH. YiKe 570 JlaeT OCHO-
BaHHe CYHTATb, YTO BHYTPEHHHE OGOJOYKH 3eMJH CI0MKeHL Gosee
IIOTHEIM, 4eM 3eMHasi Kopa, MartepHanoM. Cpasas CKODOCTH pae-
MPOCTPaHEHHs CelCMHYECKHX BOJH Up H Us ¢ IIOTHOCTSMH Bellle-
€TBa, B KOTOPOM OHH PaCHPOCTPAHSIOTCH, COOTHOUICHHSIMHU:

vpz,\/kﬂm)u s G
: p P

rle p — NJIOTHOCTL BelIecTBa B NAHHOH TOYKe 3eMHBIX Henp, k—
MOAYJIb HECXKHMaeMOCTH, L — MOAYJBL CABHTA {)KECTKOC'I‘EJ Belle-

* Ilpeueccueii Ha3bIBAGTCA ABHXKEHHE OCH BpalleHHs 3em.in N0 IOBEPXHO-

CTH 06pasyemMoro ei0 Kpyraoro Komyca. Ocb KOHyca NepneHIHKy.JIspHA K 3eM-,

HOH opb6ure. Yroa Mexy ofpasyioleii KoHyca (3eMHoif OChIO) 'H ‘OCBI0 KOHYyca

pasen 23°27'. Tlepnox npeneccuit 26 Thic. ner. Haknon ocm ppamenuss 3eman’

K-ee OpGHTe H NePHO/ NPEUeCCHH ONPeieNmIoTes pacmpejesieniesM Macc BHYTpH
3eman. j
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crea), K. E. Baanen [Bullen K. E., 1963 r.] shiuncaun pacnpene-
JIEHHe VIOTHOCTeH BHYTPH 3eMJIH, a 10 HHM — H3MeHeHHe BHYTpEH-
Hero nasJenns. Okasasnock, YTO B lleHTpe 3eMJH AaBJeHHE HOCTH-
raer>3,5 wmau. arm (1 arm=105 Ila). Hamenenue VIPYTHX
CBOHCTB BemecTBa 3eMan ¢ IiyGHHOI TMOKa3aHO Ha ¢ur. 8.3.

ITockosbKy B KHIKOH M rasdoo6pasHoi cperax p=0, cKkopocTh
BTOPHYHBIX BOJIH Us 3/leCh TaKxkKe paBHa HyJi0. 3aTyxaHue S-BoJiH
Ha rpaHHle MaHTHA — AAPO OOBACHACTCH, TAKHM 06Pa3oM, JKHAKHM
COCTOSIHHEM 3eMHOro sjipa.

Temnepartypa BHYTPH 3eMJH OLEHHBAETCS 10 3HAYEHHIO reoTep-
MHYECKOro rpajHeHTa, KOTOpHIl, KaK H3BeCTHO, KoJjebjercs ot 10
Bo 50 °C/km, cocraBasisi B cpeanem 30 °C/km. Ha rpaHuue ¢ si-
POM B 3TOM C/Iy4ae MOXKHO ObLIO OBl 0XHAATH 0K0J0 90 Thic. °C.
CelicMuueckne JaHHble, OAHAKO, TOBOPST B HOJb3Y TOro, YTO 10
Beeil rayOune maHTHs ocraercs TBepaoii. Ortciona cllelyeT, uTo ee
TeMneparypa He MoxKeT ObIThb G(OJiblIe TeMIepaTyphl MJaBJIeHHS
COCTaBJAIOUINX ee MHHepanoB, HspecTHhe K HacTosiuieMy BpeMeHH
JlaHHBIE, XapaKTepH3YIOllHe IMOBLILIEHHE TeMNepaTypbl MNJaBJeHHs
MHHEpAJ/JIOB ¢ POCTOM [aB/I€HHS, C YYETOM BBHINOJAXKUBAHUS STHX
KPUBBEIX ¢ rIyOuHO# (dur. 8.4), npHBOAAT K 3aK/I0UeHHIO, YTO HA
I'PaHHLe MaHTHH C AAPOM TeMneparypa He mpeBbimaer 10 Thic. °C.
Ha cumnosuywme, npoxoausmem B Kaname B 1979 r., Guuin npHBe-
ACHbl JIOBOABI B NOJIb3Y ellle Gojiee HU3KHX TeMIepaTyp B sjpe
3eman. Ha rpannie xe a1po — MauTHs TeMNeparypa OLeHHBAETCH
ot 2700 a0 3400 °C.

MHWHEPAJIbHBIA M XMMMYECKMH COCTAB
BHYTPEHHMX 30H 3EMNM

"MAHTHSI. Ceiicmuueckne paHube YKa3hlBal0T H4 HEOQHOPOM-
HOCTbL CTpPOGHHH M cocraBa MaHTHH. B Hacrosiiee BpeMsi Bbije-
JIIOT: BEPXHIOD MAHTHIO, OXBAaThBAaloMYylo riayOuusl 50—400 kwm,
nepexoanyio soxy (400—1000 KM) H HMKHIOIO MAaHTHIO (1000—
2900 km). Cpenusisi BSI3KOCTb BCeit MaHTHH omeHmBaeTcss B 102217
B. T1. TpyGuubin nonaraer, uto B HUIKHel MAHTHH OHa JOCTHraer
10%TI. HecMoTpst Ha CTOMb BHICOKYIO BSA3KOCTh, AONMYCKaeTcsi cy-
LeCTBOBAHHE KOHBEKIHH BEI[ECTBA MAaHTHH. B J0Ka3aTelbeTBO
5TOr0 IPHBONAT: MepeMelleHHsl JHTOCHepPHHIX NJHT pa3MepoM
10° —10* km co ckopocrsimu 1—10 CM/TOA NpPH TOJUIMHE MJIHT
oT 40 no 100 xm, HanHYHe cpeAMeMaHTHAHOrO TEIIOBOrO NMoTOKA
55 MBr/M2, saryxaHue ceficMHUHOCTH Ha ray6uHe okoso 650 K.
ITpuBonstest u Apyrue A0BO/IHI.

Ilo cBofictBaM, cooTBeTCTBYIOLIUM CKOPOCTSM Up- H Us-BOJIH, HM
OTBEUAaIoT JIHILIb AYHHUTHI, NePHAOTHTHL H 3KJOTHTHI.

C. Kaapk u A. Punrsypn [Clark S., Ringwood A., 1964 r.], yss-
3aB TEOXHMHYECKYIO, reoH3NYECKYI0 H NMeTPOJOrHUecKylo HH(Op-
MAlLHIO, TPHINIH K BBIBOAY O TOM, YTO BepPXHSISi MAHTHS COCTOHT
H3 TIPOLYKTOB TJIABJEHHS HCXO[HOrO MaTepHala <«MHPOJHTA», CO-
CTOsIBIIEro W3 0asajbTa H AYHHTA B COOTHOLIeHHH | : 3. Jlerkomnox-
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BHKHAS (paKIMs TAKOrO IIaBJeHHs NpejicTaBieHa (as3anbTaMH,
H3JMBABIIMMHCS Ha TOBePXHOCTb 3eMJH B TeueHHe BCEil TeoJorH-
yeckoii wucropuu naaHeTl. OcCTaTOYHBIMH TPOAYKTAMH TaKOro
nJaBjeHusi GbIIH JAYHATH M TEPHIOTHTHI, cJjaralolide camy BepX-
HIOIO MAHTHIO.

DToT B3LJSIL HAXOAHT cefe MOATBEPXKACHHE B 3KCNEPHMEHTaJb-
HeX paGorax [lasnca u HMurasinaa [Davis, England, 1963 r.], Koto-
pble TOKa3aJjH, 4YTO C POCTOM JaBJeHHd OT 0 jpo 47 x6ap
(1 k6ap=10° klla) Temneparypa mnJaBJeHHS (OPCTEPHTA TNOBbI-
maeres ¢ 1900 no 2125 °C, uTo COOTBETCTBYeT TpajHeHTy
5 °C/k6ap. DTo O3HayaeT, YTO B YCJIOBHSX MAaHTHH TOBBILIEHHE
rAyGHHHOCTH JOJIKHO CnocoG6CTBOBATH BBITJIABJCHHIO BCE GoJiee
OCHOBHBIX pacijiaBOB.

KoCBeHHBEIM [0Ka3aTeJbCTBOM TOrO, YTO BEpPXHAS MAaHTHA CJO-
JeHa OJIMBHHOBLIMH NOPOAAaMH (AYHHTaMH, MEPHAOTHTAMH), MOXeT
CJYIKHTb AHH3OTPOMHs CKOpOCTeli CeHCMHUECKHX BOJH B BepXHeif
MauTHH noj JoxeM THXoro okeaHa. 3jech ObLJIO OTMeUYEHO, 4TO
pasHOCTb MEeXKJY HampaBJEHHsIMH pacnmpocTpaHeHHsd MaKCHMaJbHOI
¥ MHHHMaJpHON cKopocTeit B paiioHe ['aBafickKHX OCTPOBOB JOCTH-
raer 0,6 km/c. INosnaraioT, 4yT0 3TO siBJeHHe OGYCJOBJEHO pPeruo-
HaJbHOH OPHEHTHPOBKOH KPHCTAJJIOB OJHBHHA B CJIO€ TEPHAOTHTA.
M3BecTHO, 4TO CKOPOCTH PAacmpoCTPaHeHHs BOJIH BAOJL oOceil ero
KPHCTAJJIOB COCTABJSIIOT COOTBETCTBEHHO 987 u 7,73 kM/c.

T1. Tappuc u np. [Harris P. et al,, 1967 r.], nonaras, uro runep-
6asuThi, OJHBHHOBEIE HOAYJAH H IPaHAT-NEPHAOTHTOBLIE BKIOYEHHS
B KHMOEDJMTaX HMEIOT MaHTHiHOe NMPOHCXOXK/EHHEe, a caMa MaH-
THS HEOJHOPOAHA KaK B BePTHKAJbHOM, TaK H B TOPH3OHTAJbHOM
HampapJieHHsX, NPHILIA K 3aKJIIOYEHHIO, UTO BEpXHAA 30HA ee
npejcraBjeda THPOKCEHOBHIMH TNepHAOTHTaMH, a 6oaee raybo-
Kasi — rpaHATOBLIMH NEPHIOTHTaMH. MuHepanbHbii COCTaB 30H
jpaH B TabJa. 8.3.

Awmepukanckuii reodpusuk [I. AuiepceH cuuTaer, 4T0 ceiicMHUe-
cKas rpaHuna Ha rayGuHe 220 KM COOTBETCTBYeT TNepexody OT

TABJIHMLIA 8.3

MunepanbHbiii COCTAB BEPXHEH MAHTHMH
[Harris P. G. et al., 1967 r.], macc. %

Munepadn BepxHsAA 30Ha HuxHAR 30Ha
OnuBHH 65,3 67,0
PomGuyecknii NUpPOKceH 21,8 12,0
MOHOKJHHHBIA MHPOKCEH 11,3 11,0
[lnuueas 7] —
Iupon — 10,0
99,9 100,0
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BBIlIEJEKALIHX MEPHAOTHTOB K 3KJOTHTaM. JKJOTHTOBHIH /O, 1O
ero JaHHbIM, pacnpoctpansercs na rayGuuy jno 670 kM. IKJIOTHT
COCTOMT M3 rpaHaTa H MOHOKJIHHHOTO NHPOKCEHa, Ccojiepiallero
aJeHTOBBII KOMMOHEHT. DKJOrHTOBBI cJa0f cocraBasier 20 9%
mantid. OH HCOBITBIBAeT KpynHOMacwiTaOHYIO KOHBEKIHIO H SB-
JafeTcsi OCHOBHBIM HCTOYHHKOM MAaHTHIHOTO TEMJIOBOrO MNOTOKA.

[TepupoTHTOBHIII C€JIOH, YAaCTHYHO pacniaBjasisich Ha rayOHHAX
150—200 kM, siBIsieTCS HCTOUHHKOM BYJIKaHHYeCKHX ouaros. ITo MHe-
HHI0 AHJepceHa, 3KJOTHTOBHIH c/10i 06pasoBa/ics 3a cyeT 4aCTHYHOTO
NJaBJeHHS MEPBHYHOrO MaHTHHHOrO BellecTBa, 3a CYET ITOTO CJOH
¢opmupoBanach okeaHuyeckas kKopa. OcTaTok e OT BHIJIaBJe-
HHuA TpeacTasiaseT cofoil rpaHaToBLIH NMEPHAOTHT, KOTOPLI reHe-
PHPYET MArMaTHYeCKyl aKTHBHOCTb BHYTPHIVIMTOBOrO BYJIKAHH3MA.

IMMEPEXOJHASl 30HA. Ecan nepexoaHasi 30Ha MaHTHH, KakK
H BepXHsfis, CJl0XKeHa B OCHOBHOM OJIHBHHOM H IIHPOKCEHOM, TO,
COTJIACHO 3KCMEePHMEHTAJbHBIM JaHHBIM, 3TH (as3sl OYAYT YyCTOM-
uuBH JHlWbL A0 ray6unbnl 400 kM u nasaenus 160 kGap. Hike
HAyHeTCA CepHs peaklHil, MPHBOAALWIMX K obpasosanuio Bce GoJee
naotHeix ¢as. ITo B. Meiicony [Mason B., 1966 r.], atu nepexoan
B unrepsaJe ray6un 400—1000 km GyayT HMeTh BHA:

2MgSiO; — Mg,Si0, + SiOs;
[npokcen Oansun  CTHWOBHT
e

WnHHeaeBofi
CTPYKTYpoO#t

Mggslo,; + 8102 - 2Mg8103;
Oaupnn co  Crmwosut TInpokcen c
mnuHenepot HABMEHHTOBOMR
CTPYKTYpo#t CTPYKTYpOIit

Mg,SiO; — MgSiO; + MgO.
Oausun co  Tlupokcen ¢ Ilepuknas
wnuseeBoil HibMeHHTOBOR
CTPYKTYpPO#t cTpyKTYpO#

Ha ray6utne 1000 kM 3TH nmepexo/ibl 3aKaHUHBAIOTCS, MJIOTHOCTh
BHOBL 0OpasoBaHHOll (asel nepukiaasa nojauuMaercs jo 3,6 r/ems,
M HMEHHO Ha 3Toil rayGuHe ceficMHYeCKHe JaHHBE MOKasbIBAIOT
ckaukoo6pasHoe H3MeHeHHE IIJIOTHOCTH BellecTBa oT 3,2 10
3,9 r/fcMd. ;

MeiicoH ,0TMeyaeT, YTO NPHCYTCTBHE B BellecTBe MaHTHH Fe,
Ca, Al, Na u Jpyrux 3JeMeHTOB MOMKeT cnoco6cTBOBATbH TOMY, UTO
BCe OTMEYeHHBIE Mepexoibl OYAYT COBEpPUIATLCS NJAABHO M Hempe-
PHIBHO.

HHUXHAS MAHTHS. O BeuiecTBe H €ro COCTOSIHMH B HHK-
Hell MaHTHH eule TpyaHee uto-1H60 ckasatbh. [Ipeanonaraercs, uto
3Jlecb MOMKET HaXOJAHThCS TOMOreHHasi cMech NHPOKCeHa cocTapa
(Mg, Fe)SiO; ¢ HALMEHHTOBOH CTPYKTYPOH H NepHKjiasza coCTaBa
(Mg, Fe)O, npu stoMm Moaekyiaspuoe othowenue FeO/(FeO+
+MgO) nexur mexkay 0,1 u 0,2. A. Punrsya, co coeit cTOpoHBI,
NpeAnoJaaraer, YTo B HHKHeH MaHTHH HMEIOT MeCTO NoJuMOophHbIE
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TMEPEXOALI MHPOKCEHA C HJIbMEHHTOBOH CTPYKTYpoH B NHpOKCeH
C NMEepOBCKHTOBOK CTPYKTYpOif, a mepHkaasa co CTPYKTYpOH XJOpH-
CTOro HaTpHsi B NEPHKIA3 CO CTPYKTYPOH XJIOPHCTOTO IIE3Hs. Koop-
JAHHAIHOHHLIE YHCJIA aTOMOB BHIHH H3 CJACAYIOLIHX CXEM:

(Mg, Fe)"'SiV'0,— (Mg, Fe)*!"siv'0,;
(Mg, Fe)"'0— (Mg, Fe)"'"0.

BosMoxHEIl cocTaB Bcell MaHTHH 3eMaH B ILeJ0M NpPHBEJIEH
B Tabua. 8.4,

SIAPO 3EMJIH. H3 cpaBHeHHs NAOTHOCTH 3eMHBIX NOPOA H
3eMin B 1eTOM, a TaKKe H3 CeHCMHUECKHX IaHHBIX yXe JaBHO
BLICKA3bIBAETCSI IPENNONOKEHHE, UTO 3€MHOE SAPO JAOJNKHO CO-
CTOATb M3 HHKeaHCTOro xejesa. P. Currenp [Sittel R, 1965 r.]
fIoKasaJi, 4To MIOTHOCT 4HcTOoro Fe mpu masnennn 130 xGap ckau-
Koo6pasHo yseanunBaercs ¢ 8,46 no 8,81 r/cM®, a 3ateM MoHO-
Toino pacrer ¢ rpanuentoM 0,005 r/cm® ua 1 k6ap. Dxerpanoss-
Pyd NaBleHHs 10 ueHtpa 3eman (~3400 x6ap), MH THPHXOAHM
K HepeasJbHOH MJOTHOCTH BemlecTBa siApa 3emanm 258 r/emd.
Ecin ke B3ste cnaas (90 % xeqesa u 10 % HHKeas), 4TO, Kak
Mbl BHJENH BbIllIe, COOTBETCTBYET COCTAaBY CHICPHTOB, TO B 3TOM
clydae —Tmoc/€  CKaukooGpasHOro yBeNHYEHHs TMJOTHOCTH INpH
115 kGap no 887 r/cM® rpaguenT craHOBRHTCH PaBHBIM
~0,005 r/cm® na 1 k6ap. Takoit rpagmeHT NDHBOJAHT K 3HAYEHHIO
MUIOTHOCTH BemlecTBa sinpa 3emaun ~ 10,5 rfem3. A 370 3Hazenue
COrJIacyeTcs C COBPEMEHHEIMH reo(H3MyYecKHMH JaHHBIMH.

CymecTByeT W Jpyroe mpeicTaBieHHE O COCTABE H CBONCTBAX
semuoro siapa. OHo Geper cBoe Hauano co Bpemen B. H. Jlomou-
Hukosa [1935 r.], passmBanoch B paGorax HHOCTDAHHBIX aBTOPOB

TABJIMLIA 8.4
Bosmoxnwiii coctae mantun 3eman ([no lacty M. B., [1973]), macc. %

Iopcuer Punrsyaa ToBapgutr dpenr-
Okucen u dceuna [Ringwood, Ilopcuer Tacta GOpPT — MeTeopHT,
A. E. Essine, 1970 r.] Gorarmii Mgj

1

Si0, 3,1 49,1 49,48
TiO, 1,0 0,4 0,46
Al,Og 5,0 6,0 5,10
Cry04 0,4 0,5 1,34
FeO 13,5 18,0 17,39
MgO 22,5 19,6 20,5

MnO 0,4 0,5 0,5

CaO 4,0 5,3 4,02
Na,O 0,1 0,1 0,17
Cymma 100,0 99.5 98,96
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[Kuhn W, Rittman A., 1941; Ramsey W. H., 1948 r.] H HauGoJee
MOJHO H 4eTKo oGocHoBaHo A. @. Kanycrunckum [1956].

Kanycrunekuit Beickazan Mmuenwne, yro naunHas c¢ K, 9J1eKTPOH-
Has CcTpyKTypa Kotoporo 1s?2s?pf3s’p8d®4s! posHHKalOT ycaoBHS
AJIsi BAABJIHBAHHS B YCJIOBHSAX BBICOKHX JaBJCHHH BHEIIHHX 3JeK-
TPOHOB Ha He3anoaHeHHblli 3d-ypoenb. Tak, mampumep, BHelUIHHe
sJekTpounl atoMa Ca

Is 95  dpo. 8¢ 8p. 3 ds
G e e e iy g T

OyAy4n <«BTHCHYTHI» Ha ypOBeHb 3d, NpEBPALIAIOT HOBLII aTOM
€H30-KaJbLHSA» B aTOM, CBOHCTBA KOTOpOro OyAyT TNOXOXKH Ha
cBOlicTBa AByXBaJenTHoro Ti:

R SR R R T
e .2 2 6 2 6 2 —

AHa0rHYHBIM 06pPa3oM B aToMe ABYXBAJCHTHOTO Fe
ls @& 80 R 8p BN s
Fete. 2 6 2 6 6 2

“BTHCKHBAaHHEe» BHEIIHHX 3JIEKTPOHOB Ha 3d-ypOBeHb mNpHBeAET
K 00pasoBaHHIO aTOMa <«H30-}KeJje3a», CBOHCTBA KoToporo OyayT
GJIM3KH K CBOICTBaM ABYXBajeHTHoro Ni:

s & . 3pis B8 8p - Bd ide
Nitsoiing 2 6 2 6 8 —

BT, A
B utore, no mbican KanycTHHCKOro, mpH MOBBILEHHH 1aBJie-
HHs B HeApaX 3eMJIH 3a CYET «BJABJHBAHHS» 3JeKTPOHOB B He3a-
nosHenusie Gojee rayGoKHe cJOM cHcTeMa MeHjeseesa npespa-
THTCA BHAYaje M3 CEMHNIEPHOJHON B matunepuoauyio. Eume rayGxe
NPOH30M/ET AHHHTHJSALHA XHMHUYECKHX CBONCTB aTOMOB. 31eCh
SMIEKTPOHbl BCeX aTOMOB OyAyT «0GOGLIECTBACHBI», ATOMBI JIH-
WaTCsl MPHCYUIHX HM XHMHYECKHX CBOiicTB. BosHukHer HOBOe, eu-
HOE METaJJIHYeCcKoe COCTOSIHHe MaTepHH. 30HY <«MeTa IH3allHH»
semuoro semecrBa Kanyctunckuit {1956, c. 50] massan 30HOi HY-
JeBoro xumusMa: «Ha ruy6une 2900 kv nepuoguunocTh HCuesaer,
XHMHYECKHE 3JIeMeHTBl yxkKe He MoAuHHAlTCA 3akony JI. M. Men-
AeneeBa», n60 «(PYHKUHSA NEPHOLHYHOCTH» 3[ech paBHa Hyxio. Urak,
no KanycTHHCKOMY 3eMHOe BeHIeCTBO ¢ rayOHHOH OXBaThiBaercs
30HaMu: HOpMaapHOro Xumusma (100 Km), BEIPOXKAEHHOrO XHMH3Ma
(100—2900 kM), merasnmusupoBanHoro siapa (2900—6370 KM).
Takum o6pasom, no wmuennio Kanycrusuckoro, BHYTpeHHHE
S0Hbl IIVIAHETH PA3/IHYAIOTCS He COCTAaBOM, a COCTOSIHHeM Belie-
CTBA B YCJIOBHAX OTPOMHBIX daBJIeHHH, JOCTHralolmux 3 MJH. aTM
(1 atm=a~10° I1a).

5 B. ®. BapaGanos 129



TABJIHILIA 8.5
Crpoenne siapa 3eman no baaneny

3ona I'nyGana, Km ﬂﬁ\ag;e;.“e' n"gfé{:;;“’
E (BHemmee sApO) 2898—4980 1,36—3,20 9,28—12,17
F (nepexonuas 3ona) 4980—5120 3,20—3,28 12,17—12,25
G (BHyTpeHHee s1poO) 5120—6371 3,28—3,61 12,25—12,51

* | MGap = 10" Ila.

ITo Bonpocy 0 $a30BOM COCTOSIHHH 3€MHOTO fAApa CYLIECTBYIOT
takke pasuee mnpexacrasienus. K. E. Baazen [Bullen K. B
1963 r] cumraer, uro Haunnasa ¢ rayOouasl 5000 kM sApo mpeacTas-
Asier coGoii TBepHoe, (eppoMariuTHOe Ten0, OOYCJAOBIHBaIOLICE
MarHuTHOe moje 3eMJaH. B Goaee nosameii pabore [Bullen K. E.,
1978 r.] crpoenue sApa TPAaKTyeTcs HM B BHJe, TNPeACTaBJACHHOM
B Taba. 8.5.

Y. Saaccep (Elasser W. M., 1963 r.] nonaraer, 4T0 MariuTHOE
nosie 3eMJH TeHePHPYETCsl 3JEeKTPHYeCKHMH NOTOKaMH B ee XKHA-
KOM MeTannuueckoM siipe. KoHBeKIHOHHDIE IepeMelleHHs Belle-
CTBa fApa HBJAIOTCH TNPHUHHON BEKOBHIX KO/N€OaHHH TreoMarHuT-
HOTO TOJIA 3eMJIH.

Caenyer NOMHHTb, OAHaKo, uTo Fe TepsieT CBOH MarHMTHBHE
coiicrea npu 770, Ni—mpu 358, Co—1120°C. Ito Tax Hasm-
Baemple Todkn Kiopu. Mbul BHAeJH, YTO TeMNEpaTypbl 3eMHOTO
Ipa COCTABJAIOT THICSYHM TpaiycoB. IIo3ToMy, KOJIb CKOPO HE H3-
BECTHO, KaK BJMSIOT AaBJCHHS 3eMHHIX HeApP Ha 3HAUYEHHA 3ITHX
TOYEK, Y HAC MOKAa HET OCHOBaHMH CUMTATh, 4TO MarHuTHOE MOJE
3emau reHepHpyeTcsl JHUIb OJHHM 2KeJe30HHKeNeBHIM (eppomar-
HUTHBIM SADOM.

0. JI. Kyckos [1981 r.], o6crosTesbHO paccMOTPeB BapHAHTLI
xenesnoro sapa B. Kyna u A. Purrmana [Kuhn W., Rittman A,
1941], B. H. Jlapuua [1975 r.], A. A. Mapakywesa u JI. JI. Tlep-
uyka [1974 r.], B. B. Kecapesa [1976 r.] H. IL CeMeHeHKO
[1974 r], meranausosanroro sapa B. H. Jloxounnkosa [1939 r.],
Y. Pamses [Ramsey W. H., 1949 r] u BapHaHTH «XKeJe3HOr0»
AApa, NpHIe] K 3aKJIOYeHuo, 4yro: 1) BHYTpeHHee SAPO 3eman
COCTOHT JIMGO H3 »KeJe30HHKEJeBOro chiaBa, JHOO H3 MpaKTHYe-
cku umuctoro Fe; 2) cocTas BHENIHEro sijipa COrJacyercs ¢ ¢usu-
qecKUMHM ¥ XHMHUeCcKHMH cBoiictBamu cHcTeMbl Fe—Ni—Si;
3) rpaHumy MexJy BHEIUHHM H BHYTPeHHHM SApDOM Halo pac-
CMaTpHBATh KA4K XHMHUECKYl0 (aHAJOTHYHO TpaHHle sApO — MaH-
THS) .

3emas B meJ oM. JlaHHble O CTPOEHHH H COCTaBe HeEAp
3eMJH NO3BOISIOT CAEJaTh BHBOL O cocTaBe 3eman B uenom. M3
ta6. 8.1 BHAHO, YTO JJIsS OLEHKH 3TOr0 cocTapa pellaloniee 3Ha-
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8.5. T'umoTeTHueckHe TNpeACTABJEHHS O BHYTPEHHeM  CTPOEHHH 3eMJH

[Rosler H. J., Lange H., 1972 r].

YyeHHe uMeloT MauTHa H sapo. Ecam gomycTHTh, 4TO MaHTHS H
3eMHasi KOpa OTBe4YaloT COCTaBY CpeAHero XOHApHTA, a SApPO—
coctaBy (hasbl HHKEJHCTOrO eje3a, cofepxaulero 5,3 % FeS,* to
coctaB 3eMJH B 11€J0M MOXHO H306pasutb Taba. 8.6.

[loayuennsle AaHHBIE, €CTECTBEHHO, OTJIHYAIOTCA OT pPacuyeTos,
NpoN3Be/eHHLIX paHee APYTHMH HccjefoaTenamu. Tak, Hampumep,
anayenns aas Fe, O, Si, Ni, Co, Mn, noayuennnie B. Meficenom,
Gosee Gamakm K pacueram Hurrum, a aas Mg, Ca, Al, Na, Cr,
P, K u Ti—x pauubim Bammurrona. IlpruHnoit storo spasercs
pasanuMe B MOJAEJsAX CTPOEHHS 3eMJIH, NPHHATHIX B pasHoe BpeMs
pasubiMu Hccaenosategsimu (dur. 8.5). Ilpocroii 0630p 3THX MOJe-
Jeil o0bACHAET CYUIeCTBYIOIIHE pPAacXOMK/EeHHs B OlleHKe COCTaBa
3eman B uesoMm, M Bce 3Ke Bce HccJieloBaTeIM CXOAATCS B IJaB-

* Cmech u3 27,1 9% Hukeaucroro xesesa H 53 % Tpomaura HMeeT MNJOT-
HoCcTh 7,15 r/cM?, uTO COOTBETCTBYET reoHIHYeCKHM J[aHHBIM JUIS BHEUIHero
AApa 3eMJTH.
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TABJIMLIA 8.6
BuiuHcAeHHe CPeJHEero cocrasa 3emsm [Mason B., 1966 r.], macc. %

SneMeHT Mera::l:;y;:ecuan Tponant Cnnt;:ax:a-rﬂaa Wit
i 2,39 — - 2.39
fo 0,13 — - 013
S = 1,93 Lo 1,93
o i - 99,53 9953
Si — - 15.20 15.20
e e = 12,70 12,70
Ca = - 113 113
Al 5 - 1,09 1,09
. o — 0,57 0,57
%3 = - 0,26 0.26
Mn - i 0,22 0.22
X 3 - 0,07 0.07
1 & - 0,05 0,05
P — - 0.10 0.10

27,10 5,30 67,60 100,0

HOM BHIBOJE: 3eMJsi ClOXeHa B OCHOBHOM H3 CYILeCTBYIOILHX
B npupoje 92 3JeMeHTOB BCEro JHIIb 15 snementamu. M3 HEX:

1) Fe, O, Si u Mg cocTaBasiT 92 % ee MaccHl,

2) Ni, Ca, S, Al conepxarca B KosmuectBax Goxee 1 % Kax-
ABIH,

3) Na, Cr, Mn, Co, P, K, Ti conepxarcsi OT 0,05 no 0,6 %
KaIbiH.




naea 9

SHEPFETMKA TEOXMMMYECKMX MNPOLIECCOB

Bpems, Hamu nepemuBaemoe,— yAuBuTenbHOe. .. Hawe
NPeACcTaBneHHe © MAaTepPHH, 3NEKTPHYECcTBe, 3SHEPruu
MEHSIeTCA B CaMuX OCHOBAX.

B. H. Bepunadckui, 1975

Buabl 3Hepruu, NPOSBJSIOLIHECS TPH TFEOXHMHYECKHX TMpoluec-
cax HJM BBI3bIBAIOIIHE HX, YCJOBHO MOXKHO DasfAeNHTh Ha BHYTPEH-
Hue u BHewHHe, K BHYTpEeHHHM cJellyeT OTHECTH SHEPrHIO BaKyyMa,
sLePHBIX TpeBpalleHui, SJeKTPOHHbIX NEePeXofoB B aToMax, ¢aso-
BbIX TpeBpallennil (moauMoppusma), K BHEIIHHM — SHEPTHIO IPaBH-
TalMH M TE MHOrooOpasHble BHAB 3SHEPrHH, KOTOPYIO MOJYy4aeT
3emaa ot CoJnHna, KOCMHUECKOTO H3JIYUEHHS H METEOPHTOB.

BHYTPEHHME MCTOYHWMKM DHEPTHUM

SHEPI'US BAKYYMA. Xots BakyyMm (pH3HUeCcKHHl mpeicras-
aser cobofi cpeay, B KOTOpOfl HeT UacTHI[ BellecTBa HJH MOJ,
COrJIacHO KBAHTOBOH TEOPHH TOJS, B HEM J[EHCTByeT paHee pac-
CMOTpEHHBIfi HaMH NPUHLHN HeompenenennocTd. CorsacHo 3TOMY
NPHHIANY, JHIIb YacTh OTHOCSIUMXCS K BaKyymMy BeJHYHH MOTYT
HMeTh HyJeBble 3HaueHus. Tak, ecid 4HCIO (OTOHOB B BaKyyme
paBHO HYJIIO, TO HANPSKEHHOCTb MOJS B 3TO XKe BpeMs Gyzner Hc-
NLITHIBATH HempepbiBHble (ayKTyallud, NPH 3TOM JIHIIL CpeiHee
3HayeHHe mMOcCJaeIHHX Oyaer paBHO Hymo. PayKTyauun xKe, co-
[JIACHO KBAHTOBOH TEOPHH MNOJS, H eCTb POXAEHHE H YHHYTOXKeE-
HHe BUPTYAAbHLLY YACTHIL, KOTOpBIE HENpPephiBHO pOXKIATCA H
cpasy xe yHnuytoxkaiorcs. Takum 06pasoM, B COBPEMEHHOM TOHH-
MaHHH BaKyyM o6/ajaer BCeMH NpaBaMH <«HACTOSUIHX» (u3HUe-
CKHX COCTOSIHHH.

B Hacrosilee BpeMs NpejanoJaraercs, 4YTO 3HepPrus BaKyyMma
npe/icTaBiaseT co0Oi ONMH H3 CaMbiX BeJHYeCTBEHHBIX BHJIOB IHEP-
run B npupone. He cayuaiino C. A. Illykapes [1962 r., c. 5] nauu-
HaeT cBOM 3HaMeHHTHIe «JIeKuHu 1m0 oO0lIeMy Kypcy XHMHH> clle-
JYIOLHMH cJI0BaMH: «Bosbliyio 4acTh JOCTYNHOTO Haliemy HabJo-
JeHHI0O TPOCTPAHCTBA 3aHMMaeT HeYJOBHMAas HeMoCPeACTBEHHO
HAUIHMH OPraHaMH YYBCTB... MaTepus B 0COG0OM, Majo elle H3y-
YeHHOM COCTOSIHHH, KOTOpOEe XapaKTepH3yloT OOBLIYHO TEPMHHOM
«Bakyym»... JIyn e Bpoiiab npeaBuiut, Hanpumep, BO3MOXHOCTb
HCTO/b30BAHHS BaKyyMa JUls NOJyueHHsl SHepruH, eme 0ojee KOH-
HeHTPHPOBAHHOH, 4eM sjlepHas; BBIYHCIAIOT Jaxe, 4YTO 3SHEPrHH
BAKyyMa, B3fTOrO0 B OGBEME OJHOTO JHTPA, MOrJO Gbl XBAaTHTL Ha
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NOKPLITHE HYXKJ BCeH 3eMHOii TPOMBILIJIEHHOCTH W TpPaHCcnopTa
B TeueHHe MHJJIHOHA JeT. HekoTopble yueHble mpeanoJaraior, 4To
BaKyyM dBJseTCA TOH NpaMmartepHeil, Kotopas crmoco6Ha B HEH3-
BeCTHBIX HAM NOKa YCJOBHSX NOPOXKIAaTh H3 ce0si aToMbl BOAOpOJA
u OoJiee NpocThle, JeMeHTapHble YAacTHIEl, AaBas TakHM o0pasoM
HayajJo BOCTPHHHMAaeMOMY HAIIHMHM OpraHaMH YYBCTB COCTOSIHHIO
MaTepHH».

SHEPIUfd SOEPHbLIX TIIPEBPAIIIEHHWW. B Hacrosiee
BpeMsi HM3BeCTHbl TPH THIA 3K30TePMHYECKHX SIEPHLIX peaKIHii:
1) nenenne TaXKeNBIX fAAep HeATpoHaMH, 2) CHHTe3 Jerdafliunx
fjlep M 3) pacluenJyieHHe Jerdadlinx sjaep. 3aMeTHM, 4TO B IpoO-
neccax JelleHHS H CHHTe3a BeicBoOoxkaaercss Bcero Jjuip 0,1—
0,3 % osHeprum NOKOA Yy4acTBYIOIHX B peakuuu sizep. Jas Gosee
NOJIHOTO BBICBOGOMKAEHHS 3SHEepPTHH mNoKos Mc? HYKJIOHH JOJKHBI
npespauaTthcss B Gojiee JerkHe YacTHIbI — IMHOHBI, JENTOHbI, (o-
ToHbl. OfHAaKO paspylleHHe HYKJOHOB 3ampelleHO0 3aKOHOM coXpa-
HeHHsi OGapHoHHOro 3sapsana.* JIHb NpH AHHHCHAALHH BellecTBa
C aHTHBeLIeCTBOM 3HEproBHIJeJeHHe NMOBHILIAeTCs Ha 2—3 nopsika.

Slnepnasi sHeprusi 3K30TepMHYHA, KOrJa KOHeuHble siapa CBSl-
3aHbl CHJIBHee HauajbHHIX. [103TOMY, Kak NpaBHJO, 3K30TepMHue-
CKHMH AJs Jerkux sjgep (manpumep, ¢ maccoit A=~10) Gyayr peak-
IHH CHHTe3a OoJjiee KPYNMHHIX sjep, a AJA TAXKEJBIX — peaKkunu
pacllenyieHHsi fApa Ha AO0CTaTOuYHO KpynHble ockoJku. [lTockonbky
HanboJsiee CHJIBHO KpHBas YIeJbHOH SHEPrHH CBS3H HYKJIOHOB
B siape (dur. 4.3) HakJIOHeHa Ha Kpasx, HauGoJee BHIFOJHBIMH
sHepreTH4yeckn OyAyT peakUHH CHHTe3a JJA CaMBIX JIETKHX sjep
H peakIHH pacllenjeHHs — Aas caMbiX TsKeabX. CHJIbHO 3K30-
TePMHUYECKHMH TakxKe SBJATCA peaKUHH HauJeryafiuiux sjep
¢ 06pa3oBaHHEM Q-YaCTHIL B KOHEUHOM COCTOSHHH.

[IpamepaMH 3K30TepMHYECKHX peaKUHi TepMOSAEpPHOro CHH-
Te3a Ha JIETKHX sJpax, OCyLIlecTBJfAeMOro B JaGopaTOpPHLIX YCJO-
BHSIX, SBJSAIOTCH:

D231 > 22 +-n+ 17,6 MsB;
iD?+1D* 1T’ + p+4 MsB;
iD* 4 1D? - jHe® -+ n 3,28 MsB.
B peakuusx TepMosiepHOro JeJeHHS
p+sB" - 3a’+8,7 MaB
H B TAaKHX, Kak
\D*4+He’ > Ja*+ p+18,3 MsB umm p-+i5LiT— 2a’ + 17,3 MsB,

CpelH KOHEYHHIX MPOAYKTOB HET HEeHTPOHOB, NMOITOMY OHH He He-
CYT PpaJHOAKTHBHOIO 3apaxceHHs OKpyxaioueii cpeasl. Oanako
AJ8 MX peaJH3alHH TPeOYIOTCSH OYeHb BHICOKHE TeMNepaTyphl.

* BaproHHuii 3apsj aTOMHHIX ffep paBeH HX MaccoBomy uncny. Ilpm saep-
HBIX Tpoueccax (Hanpumep, [-pacnajie) HeATPOHH M NPOTOHH MOTYT TpeBpa-
matbCs JAPYr B APYyra, HO HX CYMMapHOE YHCJO BCErjla COXpPaHAeTCsA.
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B npupoambix ycnoBusix mnpumepom SIEPHBIX peakUHH ABJA-
I0TCs1 MHOrOOGOpasHble mpouecchl pajgHOAKTHBHOTO pacmaga. Mx
BK/JIaJl B SHEPreTHKy HalIeH MJaHeThl BBIPAKAGTCH CJEAYIOUIHM
obpasom: {K* u @BTh®2 pegensior mo 0,21 xan/r B rog,
19U — 47, 1W0U28 0,72, TIpn uenHol peakumu AeseHHs Azep
U u3 140 r U BpicBOGOXKKaeTcst sneprust 3-1018 B, uto cooT-
BETCTBYET 3HEPrHH, OCBOOOMKAAIOMIEHCA NPH CHHraHum 1 ThC, T
HedTH.

[TpunsTo cuHTaTh, UTO ecTeCTBEHHBI PaAHOaKTHBHLIH pacman
NEPEYHCIEHHBIX sfep SBHJCA TJIABHBIM HCTOYHHKOM SHAOTEHHOrO
Tensa Hauwel nuanersl. Msmenenne sHeprum, BHAeasieMOl B efi-
HHIy BpPEMEHH B TpOLecce SBOJIOUHH 3eMJM, NOKa3aHO Ha
¢ur. 9.1.

Buyrpennee temio 3emau mpeacrasisier co6oil OTDOMHBIN HC-
TOUHHK sHepruH. ITogcuers nokaswiaior [Ternisien J.-A., 1961 rd;
UTO HCNOJMb30BAHHE Telsa MOA3EMHBIX CJIOEB 3eMJH A0 TIIyGHHBI
nepBeIX 8 KM Aaso OBl MeXaHHYECKYI0 SHepruio, B 600 pas npeBbl-
WAIOUIYIO TENJIOBOH SKBHBAJEHT BCeX 3aJeKell KaMEeHHOro yris.
ITo xpyrum naunmeiv [Manrywes K., Ipuxogsko H., 1972 r.], B sem-
HOH Kope 10 riay6unbl 7—10 KM o6llee KOJHYUECTBO Temsa Golee
YeM B O THIC. Pa3 MPEBLIUIAET TEMJOTY CrOPAHHS BCeX BHAOB TOI-
JHBa Ha 3eMue.

l'eoTepmanbnas sHeprusi yxe paBHO ucnoJbsyercas B Hosoid
3enauaun, Mcaanauu, Uranun, Snouun u B APYTHX CTpaHax, rue
3a cuer Tenia 3eMJH MOYYaloT 3HAYHTENbHYIO YACTh SMEKTPOIHE]-
run. Teotepmanbhbie s/aeKTpoctraHuuu SlnoHuu, 3abuparoiiHe Ha-
TPETYIO BOAY ¢ TyIyOHHBL 2 KM, B 1982 r. uMean o6uIyI0 MOIIHOCTH
170 MBr. Ilpu 3abope BoAb ¢ GOABWIHX TAYGHH, 10 MHEHHIO Clie-
UHAJACTOB, MOXKHO 'CTPOHTh CTAaHIMH MOIIHOCTBIO H0 250 MBrt
Kaxjas.

Ha tepputopun maueii crpanbl MolHble TFeoTepMabHble 30HbI
YCcTaHOBJEHBl BO MHOrHX pafionax. Iloacuutano, yTo TOMBLKO B Mar-
MaTHYeCKOM oyare ABAaYHHCKOrO BYJKaH4, HAXOASAIIEMCS B 3—5 KM
OT TIOBEPXHOCTH, AaKKYMYJHDPOBAaHHOE TemJo crnocobHO obecneunTsb
padoTy 3JeKTpocTaHIHK MouiHocTbio 1000 MBT B Teuenne 500 jer.
B CuGupn, na Janbuem Bocroke oGHapymkemns obwupHEe Gac-
CeilHBl BHICOKOTEMIepaTyPHBIX NOA3eMHBIX BOA. Tak, B pailonax

TABJIMLIA 9.1

Temnepatypa neap B oTaeqsnnix pafionax CCCP
Manrymes K., Npuxoasko H., 1972 r.]

Pation TnyGuna, kM Temneparypa, °C
Vpan 3 1,6—3,0 50—60
Yabekucran 2,0—2,5 100

Bocrounas Cubups 3,0 70—80
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0.1. DposionHs pajgHOreHHOTO TENJa
3eMsH, BHIENAEMOrO TpH pacnane & 5
Th u K%, Bo Bpemenn (mo A. T Bu-

HOTPafoBy).

3anajnuoii CuGupu, Amypo-3eii-
ckoii, Kysueuxoit n ITeuopckoi
pnanun, Ha CesepHom KaBkase,
p Cpexneii Asun Ha rayGuHax
10 4 KM JIOKaJH3YHTCS 00J1b-
llIHe Macchl BOJABI C TeMmepaty-
poit 100°C u Gonee. 3nech
MOKHO  eXKerofHo Jo0biBaTh
COTHM MHJJIHOHOB KyOOMeTpOB
ropsunx BOA. Ecin XKe yuecTb
Harpes INOpoA ¢ rayGHHOH, Kak
3T0 nokasamo B Ttaém. 9.1, TO
MOJKHO CYUHTATh Te0TepManbHYIO
suepruio Hetp CCCP mpakruye-
CKH HEHCCAKAeMOH.

SHEPTHUS  DJIEKTPOH-
HBIX TIEPEXOIOB B ATO-
MAX. Oueprusi, 3aJoxeHHaf
B 3J€KTPOHHHIX 000JI0YKax aTo-
MOB, JOJroe BpeMsi NpHHAMA-
nach NPAKTHUECKH eIHHCTBEH-
HO#t GOpMOH 3SHEPrHH, ympaB-
Agiolell TeueHHeM BCEeX TEeOXH-
MHYeckAX mnpoueccoB. Taxoe
npejcTaBieHHe ocoGeHHO aK-
tuBHO paspuBaioch A. E. ®epc-
MAHOM — OCHOBOMOJIOXHH KOM
re03HepreTHYeckoro HampasJe-
HHS B TEOXHMHH.

Ha kakue e reosHepreTHueckHe 3aKOHbI OMHPaAJICH A. E. ®epc-
van? Kak OH HX TMOHHMal H Kak MPHMEHAJ B CBOEM SHEpreTH-
yecKOM aHaJH3e MPHPOAHLIX FeOXHMHYECKHX npoueccoB? B kakoi
CcTeneHM MPHMEHHMBl 3TH NPEJICTaB/eHHs B HALIH AHH?

OGLien3BeCTHO, YTO 3eMHasi KOpa COCTOHT H3 TOPHBIX nopon,
a moC/eNHHe — H3 MHHEpanoB. MuHepaJbl ke, HX COCTaB H CBO#-
CTBA OMpeJeNsAloTcss THIOM H cpolicTBaMH 00pasylouUux HX KpHC-
TaJJIHYeCKHX pelieToK. B cBoio oYepeilb MPOYHOCTD H yCTOHYHBOCTD
pelieToK onpejesserca HX snHeprueii. Pewerkn, orMedal depcmaH,
BhIeJMBLIHE NIPH CBOEM 06GPa3oBaHHH MHOTO SHEPTHH, 3HAYATEJNbHO
npouHee pelIeTOK, KOTOpbie NpH o6pa30BaHHu BHAEJSIOT HA 1 Moab
BelllecTBA BCEro HECKOJbKO JAeCATKOB KHJIOKaJIOpHH.

Ho pemerkn GOJbLIMHCTBA MHHEpaJoB cJI0JKeHbl HOHaMH. 3Ha-
yur, sakaiouan PepcMan, SHEPrHs PEIIETKH onpeaeasercs Hep-
el COCTABASIOMMX ee WOHOB. HIHBIMH CJIOBAMH, Kam /bl HOH,
BXOJSALIAN B CTPYKTYPY PeIleTKH KaK CTPOHTe/bHasd euHHANA BHO-
CHT OmpejeJeHHbIf Tail SHepriH. @epcmaH Ha3Band 3TOT nai aHep-
ceTuveckum KoappuyuenTom (snepreTHYECKOH KOHCTaHTOf), HIH

cokpauenno K.
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Jlns wonos ¢ paamepamu 0,8—1,2A
K =W(2r),
rie W — BajienTHOCTH MOHA; r—ero pajuyc. Ilait 3Heprum, oTHe-
CeHHLIi Ha OJHy BajenTHylo cBsisb, Pepcman nassax BIK:
B3K =3K/W = W/(2r).

3navenne B3Ka, xapakrtepuayiollee 3HepreTHYecKH eIMHHILY
BAJIEHTHOCTH JaHHOrO HOHA, COOTBETCTBYET IMOJOBHHE MOHHOTO MO-
tennuana Kapraenxka.* 9K MOXKHO BBIPasuTh B 9JEKTPOHBOJbTAX,
KHJIOKAJOpHsX M APYyruM oGpasom. B nepsom cayuyae 9K caenyer
yMHOXUTb Ha 11,3, Bo BTOpOM — Ha 256,1 u T. 1.

Buiuncanennsie ®epcmanoM dKu okasanuch OJH3KHMH NO 3Ha-
yeHusIM K skcnepuMentasbHeIM (3K!'), H BBUHCIEHHBLIM H3 YpaB-
wenus Kanycrunckoro (9K2).** Jlas maawix snauenuii W BeqHUHHY
W2/ (2r) ®epcman nassan IK3. Takum ob6pasom, K!, IK? n IK?
XapaKTepH3yloT JHIlb HOHE ¢ paauycamu or 0,8 no 1,2 A. 3uaye-

uusi DKoB A5 HOHOB, pasMep KoTopbix Menbiue 0,8 A uau Gosbie

* Torenunan Kapraeaxa n=W/r— Baxuasa reoxuMHueckas XapakTepH-
cruka atoMa, On xapaxkTepuayer cnoco6HOCTb K 006pasoBaHHI0 NPOYHBIX HOH-
Hbix KommuekcoB, [To ®Pepcmany, yBeaHuenHe 7 BefeT K moHmxennwo pH pac
tBopa. [To 3HAYEHHIO 7 KATHOHBI AENATCH HA:

1) cuabHble Mertamas (m=0,5--2). Hx coam HMel0T B pacTBOpe HeHTpab-
HYIO peakiMio; IHAPATH OKHCJIOB He 0CaMIdloTcs WeJoYaMH, pPACTBOPHMEL
8 Bome. Ocaxjenne Takux katuouoB (Cs+, Rb+, Nat, Li+, Ba*+, Ca®*) Bos-
MOXKHO JIHIIb NPH O4eHb Goabunx pH;

2) caabpe meramnn (n=2--4). B pactsopax umeior cialyio peakuHuio; ruj-
PATH OKHCJIOB OCAXAAiOTCs liesouamu; 3uavenne pH munumanbno. Ciopa OTHO-
carca Mg?+, TR+, Cett, Thit;

3) runpoamdorepst (n=4--7). Oun cuibHo ruapoausyiorea. llemoun He
BHISHIBAIOT OCAXAEHHA THApaTa, a pacTsopsioT ero. Takosw Zri+, AlS+, Be?t,
Tit#,

#* A @, Kanycruuckuii (1906—1960) gas Ounapupix coefunenuit AmBn
Ha eJMHUIY YHCJA ATOMOB SHEPrHIO PEMIETKH BHIPasua (opMyJoil

. 256, 1 _WaWs_ :
n ra+ro
rae [/ —sHeprust pemreTkH, Kxai; Kosdduument 256,1 npeacrasaser coGoit mpo-
ussenenne (1/1,76)kNe?[r; 1/1,76 — Kosh(uuueHT, nepeBoAALLHl JoGylo pe-
werky B THn NaCl; n—umcio atomon B Moaexkyne A-+B; W — BanentHocTh
KaTHOHA M AHHOHA, r— pajuychl MoHoB; N — umcio Asorappo, kNe?[r — xBaa-
pat 3apsjga | MoJb 3/eKTPoHOB, npH r=1 pasrmit 329,7 KKax.
B 1949 r. KanycruHckuit yTouHHA dopmyay:

n
wawa

U = 287,2— (1— 9845 )
Ry + Ra Ry + Ra

B TakoM BHJe oHa He TpefyeT 3HAHHA CTPYKTYPH PEILIETKH, KpOMe 4HC/Ia CTPYK-
n

TYPHBIX €AMHHI %, H NOTOMY, Kasajoch Obl, NPHCOAHA /s OUEHKH HEH3BecT-
1

#bix cTpykTyp. Ommako B. C. ¥pycos [1965 r.] mokasan orpaHH4eHHOCTb TNpH-
MEeHeHHs TOHATHA SHePrHH KPHCTAJJIHYeCKOH PpEUIeTKH MpH HAJHYHH CYLIecT-
BEHHO KOBAJEHTHHIX CBfi3efl M BJAHAHHH JaJbHOIECTBYIOUIHX COCTaBJAIOLIHX
SHEPTHH CBA3H. "
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TABJIMLIA 9.2
9KH HOHOB HEKOTOpPBIX 3JEMEHTOB

W=1 W =2 W=4.567
Hon 3K Howu E 3K Hon 3K Hon 2K Hon 3K Hon 3K
0 s g Toanlg tmfny e lec e

n » e - g o

1 o018 T o042 s 115]cu 210UV 700 RHY 910
Br 022 | Na 045 | Ba 1,35 [ Fe 2,12 || gV 7.81 Mn!V 9,10

¢ 0350 Li 08 Sr- 18 co 213l o 8
Cs 030 Ag 060 O 1,55 Mg 2,15 | Zr 7,85 || Ge 10,53
H 032 Au 065|| Pb 1,65 Ni 2,18 | gtV 7,90 clv 12,20

Ry odcu i 0oy Cal . ILTEY Zni 2,90 w v
He 093 Mn 1,95 | Be 2,65 |Pb" 7,9 |Ta 13,60

Ti!V 8,40 [NBY 13,60
MoV 8,50 | PV 14,00
silV. 8,60 | VY 16,45
Re!V 890 |WVY! 1935
ostV 890 [NV 1975
sVl 9190
ReVIl 92810

1,2 A, BuuHcasiuce mo ¢opmyae dK5=0,38 W2+0,15 W2/ (2r).
3uauenuss DKo Asisi HOHOB HaubGojee PACHPOCTPAHEHHBIX 3Je-
MEHTOB npuBefeHb B Taba. 9.2.

[TonyuenHsiM sHaueHHsM DKOB M BLIUHCJIEHHBIM MO HHM 3Haue-
HHSIM 3Hepruu pemerok PepcMaH NMpHAABaJ HCKAOUYHTEJbHOE 3HA-
yenne. s npuMepa 34echb NPHUBOAATCS 3HAUYeHHS] SHEPTruil KpHC-
TaJJIHYecKuX pemerok U HeKOTOpPHIX GUHADHHIX coefuHeHHil [Pepc-
man A. E., 1958], kkas/MOJb:

CaF, — 624,7 TiO, (pytam) — 3134
NaCl — 183,6 SnO, — 2980
KCl — 162,0 ZnS — 796,8
Al,04 — 4063 PbS — 678,1
SiO, — 3593

3uas asHepreTHuYecKHe CBOHCTBAa KaxJAOro atoMa M HOHa, YTBep-
xpaan Pepcman, MOXKHO MpeicKasaTh He TOJbKO CTajHIO mpoliecca,
Korjga oH GyjeT BbIanaThb, HO H HAMETHTL THN KPHCTAJJOB, Xapak-
TEPHBIH [JIs1 BHICOKHX MJIH HH3KHX TeMmnepatyp. Beaununmnm IKos
OTBEualwT, TaKWM 00pasoM, H IIOCJAef0BATeNbHOCTH BHINAJEHHS H3
pacTBOpPOB KPHCTAJJHYECKHX peleTokK, H HX cBodcrBaMm. Kpucran-
JHYECKHE pelleTKH ¢ 0oJ/blLIoH sHeprueil GoJjee TPYAHOPACTBOPHMEL,
MeXaHWUeCKH H TepMHUYecKH 6oJjiee NPOYHBI, YeM pelleTKH, COCTaB-
JIeHHLIe H3 HOHOB ¢ HeGouabminmu DKamu.

«...MoHBl Manpix 3KOB OyOyT BCTpedaThCs B pelleTKax KoHeu-
HBIX TPOLIECCOB KPHCTANJMH3AUHH HauOOJee MOABHKHBIX CHCTEM,
H Hao0OpOT, HOHH GOJBIIHX 3KOB OyAyT BHIMajaTh B pelleTKax
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Gosiee paHHHX, YHCTO MarMaTHYECKHX KpHCTannusaumii» [Pepe-
man A. E., 1940, c. 34]. M nanee [c. 25]: «Yxe ceituac ™Mbl 10J-
AHBl  YACHHTH cebe, 4TO B OCHOBHOM, Ha [EBSHOCTO MpPOIEHTOB,
KpynHefilige npoueccel o6pa3soBaHHsi MHHEPAJNOB H HX CKOIMJIEHHII
CBfI3AHBI C MOHHXKEHHEM TeMiepaTypel (Marmsl, ¢Jionia, pac-
TBOpa), ¢ NEPexoAoM B HOBYI0 (DasoByIO cHCTeMy MeHblUei moj-
BHKHOCTH H MEHBIIHX 3aMacos sHepruu... TakuMm o6pasom, raas-
HolM H HauboJiee BaXHBIM (PaKTOPOM, C KOTODPHIM
HaM I[pHIETCA B JajbHEHIIeM CUYHTATLCS, SABJASETCH NOHH-
KeHne TeMneparype» (paspagka mos.— B. B.).

Huxe, npu paccMoTpeHHH KOHKPETHBIX P€OXHMHUECKHX MpOIec-
COB Mbl YBHAHM, Kak omnbGanca Pepcman, abGCoMOTH3HPYS 3HAUE-
HHe TeMIeparypHOro Gakropa H pOJb HMMAHEHTHO NPHCYLIHX
aTOMaM H HOHAM MOCTOSIHHBEIX SHepreTHUecKHX cBoiicTB. Kak yxe
OTMEuaJoch BhIllE, CBOHCTBA aTOMOB TeCHEeHIIHM 06pasoM CBS3AHLI
CO CBOMCTBAMH Cpe/lbl, B KOTOPOi OHH Haxoasrcs. [loatomy oauH
H TOT K€ aToM mposiBjsier ceGf B pas3HbIX TEPMOJHHAMHUYECKHX
YCJIOBHSIX MO-PA3HOMY.

PassuBas cBolo reosnepreruueckyio nxew, Pepcman Gbr yGex-
AeH, YTO M BCe NPHPOJHLIE MapareHe3Hchl MPeAcTaBJsOT coboil pe-
3yJbTAT MNPOABJIEHUS] 3IHEPreTHYECKHX CBOHCTB HHAHMBH/IYAaJbHbIX
noros. Ha 3Toii ocHoBe uM Gbl1a BHIABHHYTA TEOPHs napazena.®

MaremaTHueckoe BeIpa)KeHHE mapareHa HMeeT BHJ

ar -+ br +er

rae [1—mnaparen; K u k — K03 pHIUHEHTH; X — cTeNeHb YEeTHOCTH,
BaJIEHTHOCTH, KOOPAHHALMOHHOTO YHCJA M CHMMETPHH; Y — THII
COeJHHEHHsT (HOHHAs, aTOMHAas, MOJIeKyJspHas pellerka); 2—
CTeNeHb 3JIEKTPOJHTHYECKOH JHCCONHALMM B pPacTBOpe; @ — I0-
NpaBKka Ha MOJIAPH3alHI0 HOHOB, 3aBucsmas or N, W, Z; y—
nonpasBka Ha CpeAHHH KJapK NaHHOTO 3JeMeHTa; @, b, ¢ — uHco
HOHOB Kaxjoro tuna; W — BaJIeHTHOCTL HOHA; r — PaJHYChl HOHOB.

Herpyano 3ameruts, 4TO M 3Jech TrAaBHOH COCTaBJSIOLLEH
OCTaeTcsl SHepreTHYecKas XapaKTepHCTHKA BXOAAIIMX B JaHHOe
CoelnHeHHe HOHOB, BBIpAXKEHHAs 4Yepe3 HX mOTeHuHaJs Kapr-
Jieaxa.

3HayeHHs mapareHa, paccudTaHHLIe HA OLUH ATOM, COCTABJSAIOT
[Pepcman A. E., 1955, c. 399]:

MonuGuennt — 3,9 XanpKomupur — 2,4

Kaccurepur — 3,7 Cdpanepur — 1,7

Boasppamur — 3,5 Kansuur — 1,5

Apcenonupur — 3,3 lanenur —1,4

ITupur —29 DuoopHT —0,9

Hleeant —2,0 Bapur u kuno- — 0,7
Baph

* Ilaparen, no depcmany, «yc/loBHAsi BeJMUMHA, XapPAKTEPHAS AT KAKAOTO
HOHA HJM HMX COYETAHHH, ONPeAesIolmas OTHOCHTENbHOE BPeMSl ero BHINAJeHH:
B KPHCTAJIHYECKHX peHIeTKAX B YCJOBHAX TeOXHMHYECKHX IIPOLIECCOB 3EMHOf
Kopul» [Pepeman A. E., 1958, ¢, 751].

139



IIpuBenennble UHGPH, KOHEYHO, HACTOpaXKHBAIOT MHHEpaJora u
reoxumuka. B camom gene. PyaHble W nopojpoobpasymoline MHHe-
pajbl OBIBAIOT «BBHICOKO-» H <«HH3KOTeMmepaTypHeiMu». Ha Boub-
(hpaMOBBEIX MECTOPOKIEHHAX TMOPALOK CJeA0BAHHA BOJbGPaAMHT —
IIeeJHT MOMXKeT OBITh TpAMBIM H obpatHeiM. M neno 3xpech, ko-
HEeUHO, He B 3HAUEHHH «mapareHa», a B HaJHuuu ocaauteas WOz —
Kejesa HJIH Kajapuusi [BapaGanos B. @. 1961, 1975]. Urto ke
Kacaercs nHpuTa, cdajepuTa, XaJbKONHPHTA, KaJblUHTa H (JI00-
pura, To ofpasoBaHHe HX NMPOHCXOAHT B JHama3oHe OT rpeisennsa-
L[HH 10 ocajKooOpas3oBaHHs.

Takum oGpaszom, Hu DKu, vu BOKwu, HH maparensl He BbIpa-
XKAWT OJHO3HAUHO eCTECTBEHHYI0 (NPHPOAHYI0) TOCJe10BaTe b-
HOCTh MHHepaJiooGpasoBanusa. B ocHoBe ee, Kak Mbl YBHAHM HHIKeE,
JieKaT 3aKOHOMEPHOCTH NpOTeKaHusi (PH3HKO-XHMHYECKHX TMpollec-
COB B KOHKPEeTHH X TepMOJAMHAMHYECKHX YCJOBHAX OKpYKalo-
uel cpean. ITosToMy TOJMBKO TepMOAHHAMHUYECKHii aHAJIH3 MO3BO-
JISleT OMHCATh TOBEJeHHE CHCTEMEI NMPH H3MEHEeHHH BHEIIHeH cpeibl,
NpeiBH/JETh BO3MOXKHOCTh TPOTEKAHHS TEX HJH HHBIX TPOLECCOB,
ONMpeNeIHTh YCJAOBHA HX MPOTEKaHHS.

[Tpod. B. B. Hoauso-Hdo6poBosbekuil [1968 r.], KpuTHKYS 0JAHY
H3 NO3AHEHIUIMX IONBITOK PAaCCYUTATb IOCJEJ0BATENbHOCTL KPH-
CTAJJIH3alHH CHJIHKATOB Ha OCHOBEe MX 3HEpPreTHUECKHX MOKasarTe-
aeif, nucan: «CJyefilyeT HANOMHHTh, UYTO HAUHHASA C H3BECTHHIX TMO-
crpoennit A. E. ®depcmana psagoM ucciaeoBaTeell HeOLHOKPATHO
NpeANpPHHHMANHCh NMONBITKH OODBSACHHTb IOCJEL0BATENbHOCTL KPHC-
Ta/JJIH3alHH MHHEPAJOB, HCXOJs M3 BEJHYHH TeX HJH HHBIX HX
IHEepPreTHUeCKHX XapaKTepHCTHK. B KauecTBe TakHX XapaKTepHCTHK
npeAjarajuch pas3JHYHEIM ~ 00pa3oM paccUHTHIBaeMas 3Heprus
KPHCTAJIIHUECKOH pelleTKH, MOTeHUHa/bl HOHH3ALHH W JApYyrue Be-
anunnbl (Hanpumep, naparen A. E. ®epcmana). Ilpunuunuanbuasn
Hey/10BJIETBOPUTEJNBHOCTh BCEX TAKHX IONBITOK, NPH HX Kaxylemcs
pasHooOpasnu, oOnpeaeiseTcs TeM, YTO B HX OCHOBY MOJIYaJHBO
KJIajieTcsl COBEPINEHHO OLIMGOYHOE MpeAnoJoXKeHHe, UTO MOCaelno-
BATEJbHOCTh BLIJENEHHS MHHEpPAJOB B TOM HJAH HHOM Ipolecce
LEJTHKOM OIpejensieTcss BHYTPEHHHMH 3HepreTHYecKHMH CBOHCT-
BaMH 3THX MHHEpaJOB, KOTOpPHle MOTYT OHITh OTpaKeHbl HEKOTO-
PHIM COOTBETCTBYIOUIHM 06pa3oM paccuHTaHHEIM yHcaoM. [Ipu stom
Kak Ownl 3a0biBaeTcd, 4TO B Mpoliecce MHHepaJsiooGpa3oBaHHs KpoMme
caMHX MHHEpaJoB yuacTByeT H MHHepajooOpasyouias cpeja...,
COCTaB KOTOpPOH He B MeHblleHd cTelneHH, HeXKeJlH IHepreTHYecKHe
CBOHCTBA MHHEpaJIOB, ONpenensioT coboi NOPsSAOK BHAEJeHHS MO-
cnepgnux» [c. 509]. K amanoruuneiM BeiBogam npumen T. I'. Iler-
poB [1977 r.].

Teopus naparesHa W Bepa B ero yHHBepcaJbHEII XapakTep NpH-
Beqn Pepcmana K Haee BBHIPA3HTb NPHPOAHBIE MHHepaJbHHIE
napareHe3HCHl Yepe3 TaK HasblBaeMble ceoxumuueckue duazpammor.™

* Onncanne ux nano B pabore B. ®@. BapaGanosa [1977].

140



171

: s B S TN e S R SRS R o
Mo A £ Pepemany flo 8.9 bapabawoby
it ’”‘:,;'f,f;g”’” fudpomep-|/enep| Cmadum munepanusayuu
22K~
cKaR GrunazYieanc- | Neemamoud-| Hadwpuma-| #e76HaR | =0
Muwepan wamus |mumel|  Hag YeLxar Bons-| |Cyme-| Wapbo n
A1 8 | ¢ | D[ EF 6 |7 KL Vo |opomd lguo| lsam-| (P00
oban| | wan Hag HAH
1100°C|800°C 500°C 500°C 400°C|250°C|100°C r:
| M Wcepsd] — VMonoywsid Vilpozpaves Vil Vil
KBap u zanyedon W W
Nonebod wnam (K) bIMYATIU \bentruui lopusic Zpycmanm Xanyedon -—E
buomum » -
E? o
Typmanun |/ Yepri MHbIL
Husubdenur . S—
Mupum e =
Xansxonupum o —l ]
Nuppomu (?)
MycxoBum ( momenms) / 1
2peUseHUSa YU ) o T
Axbamapun
Kaceumepum
ey - | —
Bucw. Gneck u camop. \Bucmym Caropdd 5 oBsii Gnecx
Tonds duetym Peace fucw Gaeex |
1(7)  lixesmobamsi® gm0y o o ot

Mnaburobud wnam
eeaum
Apcenonupum
Cpanepum
MNunsbepmum
Kaonun-xawenneid Hose
lanenum

Kamsyum

lémum u numonym
Ozpsr W u Mo

Mowenmsi epesenusayuu
Momersmey mezanuvecnu

[772) Benwidl Tewwo- G V.

"’Jmnq

Aebil

degopmayud

x

P o *MM e G 3 ;

9.2. TlocsrepoBaTesbHOCTD
KPHCTAJUIH3aIHA TJiaBHef-
IIHX MHHEpaJoB B KBapil-
BOJB(PAMHTOBEIX  JKHJaX

3abalikanns.



['eoxumuueckass auarpamma @PepcMana Wisi BOJAbLGPaMHTOBBIX
MecTopoxaeHuli 3abaiikalbsi OKasajach HecocrosTebHof. Como-
CTaBJ/icHHe ee C JaHHLIMH J[eTa/JbHOr0 MHHEpPaJOrHYecKOro Hcecie-
AOBaHHs 3THX MecTopoxaeHuii [BapaGanos B. ®., 1961, 1975,
1977], cxemaTtHuHo H306pakeHHoe Ha (ur. 9.2, MOKaskBaeT MHOrO-
YHCJIEHHBIE H NPHHIMNHAJAbHBEIE DacXOKIeHHs Mexay uuaeeit ¢epe-
MaHOBCKOTO TapareHesa M peaJsbHOH KapTHHOH Moc/eloBaTe/ibHO-
cTH MHHepasooGpasosanus. M Bce e, kpurukys ®epcmana, Mu
IOJIKHBI BBICOKO OIEHHTL €ro TOMHEITKH ONHCATL TFeOXHMHUecKHe
HpOLlecCHL.

OGoGulasi suepreTHUECKHE XapaKTePHCTHKH aTOMOB M CBA3all-
Hble ¢ HHMH HJH 0OyCJOBJeHHble MMM CBoOicTBa HOHOB, ®Pepcman
AaJ CJeAYIOUIYIO CBOJAKY TPHYHH H (DaKTOPOB, ONpeaesioninX
KOHLUEHTPALMIO H paccesiHHe XMMHYECKHX aJaeMeHToB. KoHuentpaunu
3JIEMEHNTOB, MO €ro MHeHHI0, cnocobeTByroT: 1) cpeanne (ckopee,
BbICOKHE) 3uHauenns DKo, 2) BHICOKHE TeMmepaTyphli MJaBJ/ICHHS
H KuleHus, 3) cpelHHe 3HAYeHHs] BAJEHTHOCTH M OCOOGHHO YeT-
Hble (2 u oTyactu 4), 4) cpeaHHe, CKOpee HH3KHe, 3HAUEHHs Pajiu-
YCOB aTOMOB H HOHOB, D) cpeAHHIl MOTEHIHAJ HOHH3auUMH, 6) uer-
HOCTb aTOMHBIX HOMEDOB, IPYII, aTOMHOH Macchl, H30TOTOB, KOOp-
JAMLIALHOHHOTO uHcaa, 7) TPyAHAas PacTBOPHMOCTb COCAHHEHHH H
HX GosibLIasl TBEPAOCTh, 8) GOJIBILAS MJIOTHOCT.

DJieMeHTaMH, CTIOCOGHBIMH K KOHLUEHTPALHH («3JeMeHTaMH Npo-
TOKpHCTaMIH3auun»), Pepcman cuuran Ti, Zr, O, S, Mg, Ca,
Eeat. Co, Ni, Mn2+, ALY Cr, Bett:

K paccesnuio ssnemenrtos, no depcMaHy, NpHBOAT:

1) nHecnocoGHOCTh JfaBaTh coeaumnenus. Takosn He, Ne, Ar,
Kr, Xe;

2) HU3KHe TeMIepPaTypHl IJIABJACHHS M KHNEHHS, BCJEICTBHE
YEro TaKHe 3JIEMEHTDHl JIETKO NepPexoisiT B razoofpasHoe COCTOAHHE
H pacceHBaloTCs;

3) HM3KHE TMOTEHUHAJbl MOHH3AIMM, BCJEICTBHE UYero HOHHI
JIETKO IepexoidaT B Bo30yXjeHHOe, T. €. MOIABHIKHOE COCTOSIHHE;

4) HH3Kas M TPEHMYIIECTBEHHO HeUeTHasi BajeHTHocTh (1
HIH 3);

D) KpafiHHe 3Ha4YeHHsi (OUeHb GOJbUIHE HJIH OUEHb MaJjieHbKHe )
pajuycoB HOHOB H aTOMOB. B mepBoM ciiyuae oGpasyioTcs Jerko-
PacTBOPUMBIC H/H CHJBHOTHADPATHPYIOUIHECH COCLHHEHHSA, BO BTO-
poM — JIeTyuHe, TaK HasbiBaeMble 3aMKHYTHIE PEIIeTKH;

6) HeuyeTHOCTL aTOMHBIX HOMEPOB, TPYNN, aTOMHBIX Macc, KO-
OpPAHHAIMOHHLIX UHCEJ, BaJeHTHOCTH;

7) OuYeHb BHICOKHE aTOMHBIE HJIH YAe/bHLIE 06HeME;

8) ocobast Giu3oCTL MO CBOMCTBAM K 3JeMEHTY GoJblueil pac-
npocrpatennoctH (Hf u Zr);

9) Goabluas pacTBOPHMOCTbL TJIaBHEHIIHX coJiell M COeNHHEHHI
JIAHHOTO 3JIEMEHTa;

10) cunbHast noiApH3alHsS HOHOB B pelleTkax, Beayllas K Mo-
HHZKEHHIO TeMNepPaTypul NJABJEHHS H TEMJOTHl JHCCOILHALHH.
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K uyHcay Takux paccesHHBIX 3JeMeHToB ®epcmaHn oTHocua: H,
He, Li, Be, B, C, N, F, Ne, Na, Cl, Ar, K, Sc, V, Mn, Ga, As, Br,
Kt Rb,.Y, Nb.. Mo, Ag, In; I, Xe, Cs; TR, Re, Au.Tl, Ph Bi
Po, Rb, Ra, As, Th, Pa, U.

TaxkoBel, no ®epcMany, pesyabTaThl H CJACACTBHS YMEHbLICHHSA
HPHPOAHOH cHCTeMOH CBOGOAHONH 3IHEPrHH M CBA3aHHOTO C 3THM
B HeoOpaTHMBIX NpolLeccaX YBeJIHUEHHS SHTPOIHH.

Ho, xak ormeuan eme B. H. JleGeaep [1957 r.], reosnepreruye-
CKasl TeOpHs «He HallIa LIHPOKOrO NPHMEHEeHHd, Ha KOTOpoe
MOKHO OBIJIO paccYuTHIBaTh. .. [IpHunnoil aToMy siBAsieTcs ee Heco-
BepLIEHCTBO, Ha uTo yKasniBan u cam A. E. ®epcman».

B yem e COCTOHT HECOBEpUIEHCTBO Ie03HEPreTHUeCKOH TEopHH
®epcmana? B ueMm ommubancst 3TOT BBIAAIOMIMIACA YYeHbIH-reOXH-
MHK? CTPYKTypa HOHHBIX COeAHHEHHH, KOHEYHO, ONpelessieTcsl reo-
METPHUYeCKHM THIIOM pelleTKH (KOOpAHHALHell aTOMOB) H 3JeKTpO-
cTaTHYeCKHM 0ajJaHCOM, T. €. CTaOHIBHOCTLIO CTPYKTYPH B ILIEJIOM.
Oanako cocTOofHHe HOHOB B CTPYKTYpe M HX SHEpruf
He OCTalwTCAd HEeH3MeHHB MH Bo BpeMeHH. CTPYKTYypH
H HOHHBIX H HHBIX COJHHEHHH, HaXOoAsicb B TBEPAOM COCTOS-
HHMH, 3BOJIOIHOHHDYIOT, HEeNpepbiBHO MNpHcnocabausasch K H3Me-
HAIOUWIUMCST YCJOBHAM cpeibl okpyxeHus. [lostomy sHeprus pe-
IWeTKH JIOO0r0 coejJHHEHUs He SABJSETCS HEeM3MEHHOH, a OTpaKaer
B KaX/blH JaHHBIH MOMEHT 3HepPreTHYecKOe COCTOSIHHE COCTaBJISIO-
I[HX CTPYKTYPY aTOMOB, HOHOB, MOJIEKYJ H COOTBETCTBHE CTPYK-
TYpHl COEIHMHEHHS B LEJOM TepPMOAHMHAMHYECKHM YCJIOBHAM, B KO-
TOPBEIX 3Ta CTPYKTYpa HaXOJHTCS. JHEPreTHYeCKoe COCTOSHHE aTo-
MOB, HOHOB, MOJEKYJ B pelleTKe MHHEpPaJoB ONpelesseTcss HbIHE
merogamu UKC, 3I1P, SITP u gp., cTemedb ke ymnopsiioueHHOCTH
CTPYKTYpPBI, T. €. COOTBETCTBHE CTPYKTYPbl YCJOBHSIM, B KOTOPBIX
OHa HaXOJUTCH, — METOJaMH PEHTreHOCTPYKTYPHOTO  aHajamusa,
HKC, SIT'P u nmp.

OHEPTHA ®A3OBBIX TPEBPAIIEHHWM. B. U. Bepuaxz-
ckuit [1891 r.] mouTtm cro ner Hazax mpeaBHAEN, YTO MOJHMOp-
¢u3m — obllee CBOHCTBO MAaTepHH, UTO <KAXKIOMY XHMHYECKOMY
COeIHHEHHIO MPHCYIIH HECKOJbKO KPHCTAaJJHYECKHX ¢opM B 3aBH-
CHMOCTH OT TeMNepaTyphl».

M. Bioprep [Burger M., 1948 r.] nokasaj, 4TO TpH AaHHBIX
VCJAOBHAX Kaxpasa mosaumopdHas MoAH(pHKAIHA XapakTepH3yeTcs
onpezneneHHofl (MHHEMaJbHOI) cBoGoAHOIl sHeprueii. ITostoMy npu
IBYX 3HAaUeHHAX BHyTpeHHeit sHepruu E, u E; (dur. 9.3) noau-
MophHas MonudHKauus, YCTOHYHBAsE NPH HH3KOH Temmeparype
(Monudukanus c E,), CTaHOBHTCS HEYCTOHUHBOH TIPH BHICOKOH
Temnepatype, a MoAubHKauus c BHICOKOH FE, HeycTofiuHBas IpH
HH3KHX TeMmepaTtypax, CTAHOBHTCS YCTOHUHBOH NpPH TeMIepaTypax
BBICOKHX. :

Ha ¢wur. 9.3 touka T; nokasbiBaeT TeMmnepaTypy noJumopdHOro
npeBpallleHns BellecTBa. B 3ToM MecTe 3HaueHHs cBOGOAHEIX 3HEp-
ruit ¢pas G, u G, paBHBl MexK1y co0oil.
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E, Hs npuBenennoro npumepa, kasa-
Joch Obl, clnelyer, 4YTO H3 HECKOJbKHX
NOJHMOP(MHBIX MOAH(PHKALHI NPH JAaH-
HOH TeMmnepaType ycroiluMBa Bcerja Ka-
Kas-TO OJHa, BIIOJIHE ONpeaeJeHHas,
OTBeYaIas  MHHHMYMY  cBOGOJIHOMH
sHepru. TepMOAHHAMHUECKH 3TO TaK,
O/IHAKO B TMNPHPOAHBIX YCJIOBHAX 3TO
93. Cootsomenne smeprnm 'PABHJIO He Beerja cobJionaercs.
H TEMIepaTyp moJHMOpP(HBIX Bioprep [Burger M., 1961] nokasau,
momndukauuit [Burger M. 4TO Ha noJHUMOp(QHLIE NpeBpaleHHs
1948 v owenn cmapHO BaMsOT npuMecH. Tak,
yucThii Agl KpHcrasmiHsyercs moao6HO
canepury B pemwerke THna ZnS. Ho yxe 10 9% npumecu AgBr Bui-
3BIBAIOT €ro KpHcraaausauuio B pemerke Thna NaCl. Uncrslii Kap-
GOHAT KaJblHS JaeT CTPYKTYPy TPHIOHAJIBHOrO KaJbLUTa, HeGOJb-
wasi IpHMech St 3acTaBJsieT KPHCTANJIH30BAThCs ero B GopMe poM-
Guueckoro aparonuta. UYHCTHIT KpemHe3eM  KpHCTAMJIH3yeTcs
B (opMe HH3KOTEMIEPaTYypPHHIX TPHrOHANBHEIX KPHCTAlJIO0B B-
KBapua, npH Gojiee BLICOKHX TeMmepaTypax, KaK H3BECTHO, YCTOl-
UHBbI KPHCTOOAAMT W TPHAMMHT. OHH OOGBIYHO COAEPIKAT NMPHMECH
Na u K. ITo-BHauMOMY, 5TH npHMecH HEOOXOAHMBI JAHHEIM CTPYK-
Typam. ekcaroHa/ibHLIi TPHAHMHT MO NMapaMeTpaM peIleTKH OJH-
30K K HeeJHHY, B KOTOPOM KpPYyNHBIE NMOJOCTH G/1aronpHATCTBYIOT
pasmelleHH0 KpynHbix woHoB Na u K.

B nenom, ecqim BCIOMHHTb, B CKOJb IIHPOKHX Npefesax MeHs-
I0TCA COCTaBbl NMPHPOAHBIX MHHEPAJIOB, MOXHO TNpPeACTaBHTL cele
3HAYeHHe npumeceil B MOJUMOPGHLIX npeBpauieHnsx, MHOrHe noJu-
MOp(QHBIE TpeBpallenus COOTBETCTBYIOT UPe3BLIYAHHO IIHPOKO pac-
NPOCTPaHEHHBIM B MNPHPOJe SIBJEHHAM YIOPSA0YeHHs — pasynops-
AoueHus. Pasynopsnouenne CTPYKTYphl MOXKHO BBI3BATh NMOCTENEH-
HbLIM HarpesaHHeM [0 COCTOSIHMSI TNpelesJIbHO BO3MOMKHOro Gecro-
pAAKa, TMocje 4Yero IOINIOIIeHHe 3HEePrHH CHCTEMOH CTaHOBHTCH
OGBIKHOBEHHBIM. YIOPALOUEHHE CTPYKTYPHI NPOHCXOAHT TPH OXJa¥K-
JeHHH K TpOoTeKaeT caMONpOH3BOJbHO. IIpH OUIYTHMBIX BJIHAHHSX
JlaBJIeHHH YCTOHYHBOCTb MOJHMOPGHBIX MOAHMDHKAIHMI MOXKHO Olle-
HHTh 3HAaYeHHAMH cBOOOAHOMH sneprun ['n6G6ca.

Bospacranue BHyTpeHHeli SHEPrHH CHCTEMB B STOM cayuae
NPH HarpeBaHHH KOMIMEHCHPYeTCsl YMEHbLIEHHEM SHTPONHH W
obbema:

|
1
1
|
|
|
|
|
1

0 T,

“
-

AE—TAS + pAV =0,

160, Kak GBIO MOKa3aHO BhIE, B TOYKE MOJHMOP(PHOro nepexoia
Gi=G,, 1. e. Gi— Gy=0. A tak Kak G=E—TS+pV, 10 E;—
—E,—T (S:—S))+p (Vo—V1)=0, uto u nokaswBaer ypas-
HEHHe.

[Tpoueccsl ymopsjoueHusi B NOPOA0OGPA3YIOIHX MHHepaJjax
(mosieBbIX wnatax, mHpOKceHnaX, amduboaax, cawoaax " Ap.),
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TABJIMLIA 9.3

MNoanmopdusie MOAHGHKALWH HEKOTOPHIX MHHEPAJIOB M HX CBOHCTBA
[®aid V., 1967 r.]

CummerpHa ‘ KoopauHauna aToMOB

Munepan IMaoTHOCTDb, T/cM?

Kanpuut 271 Tpur. UL e
Aparonur 2,94 Pom6. cill, cal%
p-kBapn 2,654 Tpur. sit¥
Kpucrobamut 2,35 Ky6. sitY
TpuauMHT 2,27 lekcar. sitV
Koscut 3,01 Mon. sitV
CTHILOBHT 4,28 Terpar. 51V}
Kuauut 3,6 Tpuxa. AVE AL gV
Anganysut 3,15 Pou6. AL, A1V, s
CHITHMaHHT 3,25 Powm6. ATVE ATV SN
Tpadur 2,25 lekcar. cWi
Anmas 3,51 Ky6. e

NO-BHAHMOMY, TpPEACTaBJsIOT cOOOH MOIUHBIH, NOCTOAHHO JeHCT-
BylOLHH 3Hepretrnyeckuit gaxrop.* OO6ueH3BecTHO, 4TO, HANpHMED,
noJeBble LINAThl, COCTABJSIOIIME 0KoJo 2/3 Macchl 3eMHOH KOpBHI,
HAXOAATCA B COCTOSSHHH pa3HOM CTENeHH YNOPSAJA0YEeHHOCTH, OTpa-
JKalolleil reoJIOTHYECKyI0 HCTOPHIO MOPOABI, YacThio KOTOPOH OHH
sipasiioTesi, EcTecTBeHHO NPeANnoJIOMNHTE, 4TO Mepexo] MaKCHMaJbHO
HEyNOPSAAOUEHHLIX KaJHEBbIX I0JeBHIX IINaTOB (caHHAHHA, OpPTO-
KJ1a3a) B MAKCHMAaJbHO YMOPSAOUEHHOE COCTOsiHHE (MHKPOKJHH)
npeacrasjsier co00il reosHepreTHUYECKHii MNpollecc, COMPOBOXKAAI-
mHiics BHICBOGOXKAEHHEM OrPOMHBIX KoJsindecTB 3Hepru. Ecre-
CTBEHHO TaKXKe M TO, YTO HEBO3MOMKHO HalTH B MpHpoJe ABYX
NoJIeBHIX ILIMATOB, CTEeNeHb YMOPSA0YEeHHOCTH KOTOPLIX Oblaa Gbl
coBepiieHHO opuHakoBoii. OTciofa ciaeayer, u4TO H 3HEPruio KpH-
CTAJIJIHUECKHX pEIIeTOK 3THX H HM NOJ00OHBIX MHHEpaJoB HEBO3-
MOXKHO OLEHHTb JAOCTATOYHO TOYHO Ge3 yyera CTENeHH YMOpHAO-
YeHHOCTH HX CTPYKTYpbl. Kak Mbl BHJenu Buiie, Pepcman 31Oro
o6cTOsITe/IbCTBA B CBOEM TIE03HEPTeTHUYeCKOM aHaJii3e NPHPOAHBIX
NpOIECcCOB He YYHTHIBAJ, H 3TO HaK/JaJblBaeT Cepbe3Hble OrpaHHYe-
HHSl Ha Teo3HepreTHYeCKHii aHaJH3 [poIlecCOB B  TNOAXOAe
depcemana. :

B ta6a. 9.3 npuBejeHB NpHMepPHl NMOJHMOP(HBLIX NpeBpalleHHil
yersipex MuHepaabhbix BemecTB (CaCO; SiOz, AlSiOs C) n
XapaKTepHLIX CBOHCTB KaxKA0#H H3 MOAHGHKAIHIL.

* CM. TaKkxke rJ. 8 sToil KHHIH.
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BHyTpeHHHEe HCTOUHHKH 3HEPrHH T'eOXHMHUYECKHX IpOIeccoB
3THM, KOHeYHO, He HcuepHbIBalOTcsA. BpeMsi oT BpeMeHH BHIIBHIa-
I0TCS B 00CyKJaloTc H Apyrue BHAB ee. Tak, HampHMep, BO3MOMK-
HHIMH (paKTOpaMH, BJHSIOIMMH Ha TEIJIOTY 3e€MHON KOpPbI, Ha3bl-
BaioT sHepruio ruaparauuu [Cate R. B., 1963 r.], sHepruio oGpaso-
BaHHA MoJeKkyJs BoAbl H3 okcurpynn OH [[leGexes B. H., 1948 r.]
H ap. Ho kakoBa Gbl HH Oblia POJb 3THX MPOIECCOB B IHEPreTHKE
.3eMJIH, OHH BCe MOTYT ObiThb OTHeCeHbHl K KaTeropHH 3JIEKTPOHHBIX
NepexofoB B aroMax H Bbllle ObIH NOAPOOHO PacCMOTPEHB Ha
npuMepe reosHepreTuyeckoil Konuenuuu A. E. ®epcmana.

BHELUHWE MCTOYHMKM 3SHEPrMM

QHEPIH§l COJIHLA. Kak yxe ykaswBajJock B Ta. 7,
CosHlle — MoJi0/1asi 3Be3Zla, B He/pax KOTOPOH NPOHCXOASAT CJOMK-
Hble H MHOrooOGpasHble siiepHHle peakiuuu. Ha 3eMHYI0 MOBepXHOCTD
or CojHoa nocTynaer 3JEKTPOMATHHTHOE H3JyUeHHe ¢ JJHHAMH
BoaH Gosee 3000 A. Bumumasi wacts cnektpa 4—I10 Tee. A orBe-
yaer Makcumymy sHeprud Cosnma. OHa renepupyetcst ero ¢oro-
chepoii H BMecTe ¢ GoJiee NJIHHHOBOJHOBOI YacTbI0 H3JIY4eHHS J0-
CTHTaeT MOBEPXHOCTH 3EeMJIH.

OcBelleHHOCTh KaKo#H-IHO0 mnoBepXHOCcTH E, KaK H3BeCTHO,
paBHa OTHOIIEHHIO CBETOBOrO NMOTOKA dP K MOBEPXHOCTH dS:

E =d®ldS.

Ecan npuuare CosHue B KayecTBe TOYEYHOrO HCTOUHHKA CBeTa,
TO OCBELIeHHOCTb c(epHYecKOH MOBEPXHOCTH 3eMJH, HaXoAsIlefcs
or ConHua Ha paccTOSHHH r, OyaeT

E=1Icosalr.

rje I —cuaa ceera; a— yroj, o6pa3oBaHHblil HanpaBJeHHEM COJI-
HEYHOro Jyda H HOpMaJblo K noBepxHocTH 3eMau. M3 npusemsenHoi
3aBHCHMOCTH cJeflyeT, YTO OCBELIeHHOCTb 3eMJIH B OJHO H TO ¥Ke
BpeMs KoJiebJjieTcss Ha pasHBIX IIHPOTaX OT MaKCHMaJbHOH A0 HY-
JeBoii. B cpenHem 1 cM? ocBemleHHOH 3eMHOH IOBEPXHOCTH exKe-
MHHYTHO moJyyaeT 2 KaJj cojHedHoro remsa. O6iias ke 3Heprus,
KoTopyw moaydaer ocBelleHHas CoJaHileM noJosBuHa 3eman, W
paBHa

W= (1/2)-4nr®-2 xan-4,19-10° spr =2.10% spr/mun,

rae (1/2)-4xr? —nonoBuna mnoBepxnoctH 3emau; 4,19-107 spr —
KO3 (QHIHEHT, NepeBOAANHMA KaJOpHH B 3pru. JHeprun 2-1026 spr
coorBercTByer moteps 250 kr maccsl Coanma B MuHyTy. OTcCiona
MOXHO OLIEHHTb BCIO Maccy, KoTopyio Tepsier CosHIE €XeMHHYTHO.
3emas Haxoautcs or CoaHua Ha paccrosinnu 149 man. kM. Ha ra-
KOM DaCCTOSIHHHM OCBellleHHas MOJIOBHHA 3eMJH COCTaBJsieT MNpH-
mepHo 4,5-1071° or Bcei cdepnl, oOpazoBaHHOE paauycom
149 maH. kM. [Tostomy ofmasi Macca BeulecTsa, KOTopasi «Cropaer»
Ha ConHlle B MHHYTY, cocraBaser 250 kr: (4,5-10-19)=55-107 1.
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[1pu Takom «pacxojie» COJHEUHOro BELIECTBA ero JOJNKHO XBATHTb Ha
2:10% T (macca Connua) —4.10% mpn,
55-107 T (pacxom B MHHYTY)
T. e. 6osee yeM Ha 10 MApPJA. BEKOB.

Pacuersl nokasmiBaiot, uTo Ha | KM? 3emHO{i TOBepXHOCTH 3a
6 Mec cpennero semHoro «jaera» BHINMAAAIONIAsi COJAHEUHAS HEPrHs
paBHOLIEHHA 3HeprHH, ocBoboxKpatouteiica npu cxuranuu 100 Teic. T
ycaoBHoro TtonsauBa. B Apmennu, nanpumep, rae 260—270 sicHBIX
Aneii B roay, 1 m? nosepxHoctu B Teuenue 1 u moayuaer GoJee
800 Bt sueprun. OTH JaBHO H3BeCTHble (DAKTH 1aBajH OCHOBAHHE
HEKOTOPBIM HCCJIe0BATENAM MpeanoJaraTb, 4TO COJHEUHAS 3HEp-
THf, KPOM€ HAaKOIIeHHSs B BHAE HCKONAEMBIX KaycTOOHOJHTOB
(yram, HedTh, ropiouHe CcJaHUBl), AaKKyMyJHpOBaJach Takxke H
KpHcTaJHyecKuM BeulectsoM 3Jeman. HauGosee paspaGoraunuas
THIOTE3a TakKoro poja npuHamnexutr B. M. JleGeneBy [1953,
1957 r.].

JleGepen [1957 r., c. 321—322] nuwer: «CyumHocTs npeacTapie-
HHSl O BO3MOXHOCTH TMOIJIOUIEHHS] COJIHEYHON 3HEpPrHH KPHCTAJIH-
YEeCKHM BELIeCTBOM, KOTOPOE MOKHO HasBaTh THIOTe30H, CBOJLHTCS
K cJeaylollemy.

B MuHepanax, ciaraioiniux OCHOBY MarmMaTHYeCKHX H TyGOKO
MeTaMOpP(pHYECKHX MOPOJ, CJ0XKHBIX N0 cocraBy, Al HaXxoauTtcs
NPeHMYLIeCTBEHHO B TeTPa3/pPHYECKOM OKPYKEHHH, a B MHHepaJax,
CJaralouuX OCHOBY MOPOJ THMEPreHHOro NPOHCXOXKACHHS, MO CO-
craBy GoJiee MPOCTHIX M MPOCTHIX, Al HAXOAMTCA MPEHMYLIECTBEHHO
B OKTa3JpuyeckoM okpyxenuu. OOpamas BHHMaHHe Ha TO, YTO
MexaToMHble paccrosinnsi Al—O B TeTpasapHuecKOM OKpYKeHHH
paBubl oxoso 1,7 A, a B okrasapuueckom okoso 1,9 A, serko pac-
CYHTATh (HCMOJb3Ysl 3JeMeHTapHyl0 (GOpMYJy 3HEPrHH pelIeTKH
A. ®. Kanycruuckoro...), 4to B cJyyae o0pasoBaHHs TeTpPasipH-
YeCKOro OKPYXKEHHs JOJKHO BBIIeJATbc 3HepruH Goabue. Kpome
TOr0, B TEeTPas[APHYECKOM OKDPYKEHHH CBSI3b CYLIECTBEHHO KOBa-
JIeHTHAsl H 3HepreTHYecku GoJjiee BHITOJHAS. . .

M3 TOJbKO 4YTO CKa3aHHOTO CJEAYeT: pasjokKeHHe CJ0MKHBLIX
MHHEPAJIOB H TpeX/Je BCero aJloMOCHIHKATOB, XapaKTepPH3YIOLLHXCS
TeTPasAPHUECKHM OKPYKeHHeM aJIIOMHHHS M CHJIHKATOB, XapaKre-
pH3YIOILHXCA H30aHpoBaHHbIMH [SiO4)-*-teTpasapamn uau xkpemue-
3eMHCTBHIMH LENOYKaMH, B 30He TrunepreHeaa Ha GoJiee TNPOCTHIe
C nepexoioM aJIOMHHHS B OKTasJApHYeCKOe OKpyiKeHHe H oGpaso-
BaHHEM KPEeMHe3eMHHCTHIX JIHCTOB, Bf3eil, JOJIKHO CONPOBONK-
Nlatbcs morsolleHHeM 3HeprdH. OG6pasoBaHHe Ke CJH0XKHHIX CO-
eAMHEHNH M3 NPOCTHIX B HeApax 3eMHOIl KOpbl, HA060POT, NOJIKHO
COMpOBOXKAATBCA 0OCBOGOKAeHHeM 3HepruH. Beauunna storo ad-
(pexTa... AAA AMOMOCHIHKATOB MOMXKeT OBITh OlleHeHA NPHMEPHO
B 45—65 KKan B pacuere Ha rpaMM-aToOM aJIOMHHHS>.

I'nnoresa JleGeaesa Guina moanep:kana H. B. Beaosuwm, JI. B. ITycrosaso-
BoiM, B. M. CunnusiieiM # ap. OfHAaKo oHa MOABEpraachk M OCTPOMN, YHHUTOMKAI0-
meit kputuke [Kopxuncknit 1. C., 1955; Jmurpues A. H., 1963]. Tak, Kopxuu-
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CKHii nucan: «OCHOBHAR HAES PacCMATPHBAEMOMN THIOTE3H 34K/MOYAETCS B TOM,
UTO SHEPrHs aTOMOB AMOMHHHS MOMKET DACCMATPHBATBCH KAaK HEuTO CaMmojio-
BJEIOLIee, B OCHOBHOM oOIlpejeseMoe KOOpAHHALHEH, B CHAY Hero H3MeHeHHe Ko-
OPAHHAUHH JIOMHHHS O0A3aTeNbHO [0JKHO CONpPOBOMKAATHCH BbifeJeHHEM HIH
MOIVIOLIEHHEM ONpEJEICHHOTO (B NMEPBOM NPHGIHKEHHH) KOMHYECTBA IHEPIHH; 3Ta
BECbMa HArIAlHAA H JOXONYHBAA HACS ABJACTCH BMECTE C TeM KpaiHe HAaHBHOI
H 0esycioBHO omHGouHOil. B jeficTBHTEBHOCTH SHEpreTHUeCKH il spdekT peaxumit,
- COMPOBOKAACMBIX [IEPEXOAOM aMOMHHHS H3 LIECTEDHON KOOPAHHAIHH B YeTBEPHYIO,
OMpEACNACTCS PALOM YCJIOBHI (BEJHYHHON XHMHYECKHX MOTEHLHANOB IPYTHX KOM-
TMOHEHTOB, TEMNEPATYPOH, NABJEHHEM M XapaKTepoM HCXOAHBIX H OOPA3yIOLLHXCS
MHHEDAJIOB H PACTBOPOB), B 3aBHCHMOCTH OT KOTOPHIX 3((eKT MOXKeT GbiTh 3Ha-
AHTEILHBIM HJH HESHAUHTEJBHBIM, NOJOMKHTEIBHBIM HJH OTPHIATEbHbIM. CaMblil
(haKT HIMEHEHHS KOOPAHHALHH AMOMHHHS NpPH peakUHH He JAaeT HHKAKHX YyKas3a-
HHIl Ha BeJIHYHHY MJIH 3HAK SHEPreTHUeCKoro sdibextas [c. 54].

KopxkuHekuit nanee nosicHser: «B TepMoxHHAaMHKe napuuanbHas SHEprHg,
MPHXOAAIAACA HA TPAMM-AaTOM 3JIEMEHTA, HA3LIBAETCH €ro XHMHYECKHM MOTEHIHA-
JIOM [1. PaBeHCTBO XHMHUECKOTO MOTEHIHANA B OTAENbHOCTH AJAA KAaMAOr0 H3 KOM-
[IOHEHTOB BO BCEX YACTAX CHCTEMbl siBJACTCH HEOOXOAMMBIM H JOCTATOUHBIM ye-
JIOBHEM XHMHUECKOr0 DaBHOBeCHA... B cpelie ¢ BHICOKHM XHMHUECKHM MNOTeHIHa-
JIOM KaJHA HJH HATPHs TJIHHO3EM BXOJHT B COCTAB NOJEBHIX INNATOB, TAK KaK
B HHX XHMHYECKHii MOTEHUHA/] IMIHHO3EMA HHIKe, YeM B CHJHKATAX aMIOMHHHA, He
COZEPIKAIIHX CHNIbHBIX OCHOBamHi (KaomuH, mucten u Apyrue). ITox BoameficTBuem
pacTBOpOB, B KOTODHIX KOHLEHTPAlMs, a CJACAOBATENbHO, H XHMHUYECKHII MOTeH-
LHaJl IIEJOYHBIX METaJJIOB MOCJEN0BATeNBLHO MMOHHMKAIOTCA, CTAHET NOHHKATHCST
XMMHYECKHH TIOTEHIIHAJ] OCHOBAHHA H B MOJEBbIX IMATAX (B cHmy BhINesauHBa-
HHA NMEpPBOHAYA/JbHO HEOMPEAENTHMO MaJblX KOJHYCCTB OCHOBAHHMI), Guaropaps
UeMy XHMHYECKHI{ IOTEeHLHaJ IVMHHO3eMa CTAHET B HHX MOBHIMATLCA. [IpH nocra-
TOYHO HH3KOH KOHUEHTPALHH OCHOBAHHI B DACTBOPAX XHMHUECKHIl MOTEHIHA IVIH-
HO3EMa B MOJICBBIX IIMATaX BO3PACTET HACTOJBKO, YTO CTAHET NPEBHLIIATH XHMH-
HeCKHil MOTEHUHa/ FJHHO3eMa B [VMHHCTHIX MHHEpanaX. C 3TOr0 MOMEHTA CTAHET
BOSMOKHBIM NpPEBPALEHHE MOJIEBbIX LINATOB B MMIMHHCTEE MHHEPAJH, C MepexoioM
A/OMHHUA H3 YETBEDHOH KOODAHHAUHH B IIECTEDHYIO, NPHUEM 3TOT Nepexos
B JIaHHOM C/lyuae GyJeT CONPOBOKAATHCH YMEHbIUIEHHEM, a HE MOBBIIEHHEM map-
LHA/IBHOH 9HEprHH (XHMHYECKOTo MOTeHNHAna) amomuuHa» [Tam xe, ¢. 53—54].
H pampire: «Camas peakuus KaoJHHH3AUUH BHI3LIBAETCS B 3TOM ciydae HH3KOH
KOHIEHTpalHnell OCHOBAHMII B PAacTBOpe H JO/UKHA HATH CAMOIPOH3BOJBHO, C Bhi-
AGJCHHEM, a He MOIVIOLIEHHEM XHMHUYECKOIl SHEPTHH, XOTA, GHITH MOXKET, H C Io-
TIoUleHHeM TelJa OKPYKalollleH cpefbl.

HecocroaTensbHOCTL THIOTESBI © MOHOTPONHOCTH, Heo6paTHMOCTH  peakiui
C TIEPEXOJOM AaMIOMHHHS M3 INECTEPHOH KOODJHHALHH B YeTBEPHYIO BHAHA H H3
TOro, 4TO NPH MPHPOAHHIX NPOlECCAaX BHYTPH 3EMHOM KOPB — MeTaMop(HUECKHY,
MarMaTHYECKHX, MOCJAEMarMaTHYCCKHX — 3TH PeakiUH HAYT OJAHHAKOBO JETKO Kak
B MpsiMOM, TaK H B o6paTHoM Hanpasnenud. IIpH mpolueccax mporpeccHBHOTO Me-
TaMopdHaMa (TeMmepaTypa BO3PACTAET) NPEHMYIIECTBEHHO HIYT peakuun obpa-
30BaHHs TIOIEBBIX WIMATOB 32 CHET CHAMKATOB aMIOMHHHS (TJIHHHCTBIX MHHEpaJoR,
CJIOJ, AHCTEHA, aHjanysuta u 1. A.). HaoGopor, mpu perpeccusnoM meTamop-
(u3mMe H nociemarMaTHYECKHX mpomeccax (Temmeparypa MOHHIKAeTCsl) B rpoMaji-
HBIX MacmTabax NPOHCXONMT 3aMELIEHHE IOJEBRIX LIMATOR CAIOAAMH, OCOGEHHO
MYCKOBHTOM M CEPHI{HTOM, SMHIZOTOM-LOH3HTOM, a NpPH HEKOTOpPHLIX MpOIeccax
THAPOTEPMANIBHOTO BLILIEIATHBAHHSA — TaKKe KAOJHHOM, JAHACIOPOM, MHPOMHIIH-
TOM H APYTHMH, T. e. MHHEPaJaMH C UIECTEPHOH HJIH NPEHMYLIECTBEHHO IIecTep-
HOH KOOpAMHALHEH amOMHHHSA... [1oCKOJBKY MHOTHe H3 9THX peaxkuufi BEI3HBa-
I0TCs NOHHMKEHHEM TEMIEPaTyphbl, OHH B OCHOBHOM JOJIKHBI COIPOBOMIATHCH BHI-
Zle/IeHHeM TaK¥Ke H TensoBoi sHepruu» [Tam ke, ¢, 55—56].

A. H. IOmurpues [1963], nposeas obuuii (pusHuecKuii anaaus
CrnOcO60B aKKYMYMNALHH CONHEYHOH paAHANHH KPHCTAJIHIECKHM
BEIeCTBOM 3eMJIH, TaKxkKe NOKasal, uTo 3¢h¢eKTHBHOCTh MPAMOTO
YCBaHBalHA M XPaHEHHs JYYHCTOH 3HepruH CoJiHUA KpHCTaJJIHYe-
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CKHM BEIIECTBOM 3€MJH MNpaKTHUECKH OYeHb Malla H He MOMKeT
BJHSATH HA AKTHBHYIO JKH3HDL 3¢MHOH KODBHI.

Briie 6BIJI0 OTMEUEHO, UTO 3€MHOIH NMOBEPXHOCTH JAOCTHTAET MpPH-
MmepHo Jumb 10~° wacTe TOM sHepruu, koropas usaydaerca Coun-
pem. OaHON M3 NPHYHH CTOJb PE3KOro ocaab/eHHsl CONHEYHOH pa-
AHALHH sABJsSETCsS NOrJoleHHe ee aTmocdepoil 3eman. B cBsasn
C 3THM NpaKTHYeCKOe HCMOJb30BaHHE COJHEUHON 3HEPrHH BO MHOTO
pa3 nejecooGpasHee NPOH3BOAMTL 3a IIpeJesaMH aTMocdepsl,
B KOCMOCE.

Jletunk-kocmonasT K. I1. ®eokrucros [1980 r.] numer: «Y4uTH-
Bas OrpaHHYEHHOCTb TONJIHBHBIX pecypcoB Ha 3emJe, Bce Oojee
obocTpsiomyiocsi npobJeMy 3arpsisHeHHs aTMocdepel O CTOPOHB
TENJI03HEePTrOCTAHIHIL . .- TPe/ICTABAARTCA 1leJ1eC006pPasHBIM  HCCIIe-
JIOBATb BO3MOMKHOCTE MOJYYEHHA 3JEKTPOIHEPIHH C ITOMOIILIO COJI-
HEYHBIX OpOHTAJLHEIX 3JEKTPOCTAHIUHH MOIIHOCTBID B HECKOJBKO
MHJIJTHOHOB KHJI0BAaTT». ®eokTHCTOB moJaaraer, yto K 2050 r. op-
OHTanbHBIE CTaHIHH MOrJd OB JaBaThb B oOueH CJ0XKHOCTH
1 mapa. KBr sjekTposHeprHH, T. €. CTOJLKO e, CKOJIbKO JaIOT
BCEe Ha3eMHble 3J1eKTPOCTAHIHH B HAllH JHH.

Peasinzanuss 3aMaHYHBOH TEPCIEeKTHBH, KOTODPYIO HapHCOBAJ
®DeOKTHCTOB, MO-BHANMOMY, MOBJAeUeT 3a co60# HeMaJO HOBHIX CJIOMK-
HEIX Tpo6aeM. OfHa M3 TAKOBBIX — COCTOSIHHE 3eMHOH aTMocgephl.
«Ecau mpeanoJioXHuTh, YTO TaKas IporpamMma [CTPOHTEJILCTBO OpP-
6HTANBHBIX 3JICKTPOCTAHUME MoliHocThlo 1 mapa. kBr.— B. 5]
saiimer 25—50 Jser, To npuaercs ocyumectButs 10000—20000 sa-
nyckoB [TpancnopTHBIX Kopabuaeid.— B. B.]Brox» [Peokrucros K. I1.,
1980 r., c. 62]. Urto ke mpoH30#AeT B caMoii aTMocdepe NPH TAKOM
HHTEHCHBHOM BO3JEHCTBHH Ha Hee TOJIbKO pajH yJaBJIHBaHHA COJI-
HeyHOH 3HeprHH? BbIAEpKHT /M OHA CTOJb CHJIBHOE «IaBJeHHE
JKH3HHP»

SHEPTHS KOCMHMUYECKOI'O M3JIVUEHHS. Kocmuueckoe
H3JyueHHe INpeJCcTaBasieT cO0OH MOTOK ATOMHBIX s/lep BHICOKOH
SHEPTHH, TJIaBHHIM 06pa3oM NpPOTOHOB H ¢-YACTHI, NMajAMHX HA
3eMsio H3 KocMoca u obpasywuiux B armMocdepe BTOPHUHOE H3JIY-
YeHHe, COCTOSIEEe H3 BCeX H3BECTHHIX B HACTOsAIEe BpeMs 3Je-
MEeHTAapHbIX YacTul. Muorge u3 nocjeJHHX (HOSHTDOHHI, ITHOHBI,
MI030HBI, K-Me30HE, rumepoHn) OGbIIH OGHApyKeHb BIEPBBHIE
HMEHHO Cpeau KocMuueckoro Hanyuenns. Ha Beicorax or 20 km
H HHXe KOCMHUECKOe H3JIyyeHHe IPaKTHUeCKH MOJHOCTbIO HOCHT
BTOpPHUHBIH xapakrep. KocMuueckue nyunm (KocmMuueckoe H3Jyye-
HHe) BrepBhie OTKpHTH B. Teccom B 1912 r. mo nmpousBOAHMO#H
HMH HOHH3aIlHH MOJIEKYJ Bo3Jayxa. B mo3naHue cocraBa, CBOHCTB H
NIPOHCXOXKAEHHT KOCMHYECKOr0 H3JyueHHS BHeCJH OTPOMHBIA BKJaN
coperckue yuensie II. B. CkoGenbusi, C. H. Bepuos, B. H. Bek-
caep, B. JI. Tuuszbypr, C. WU. Ceposarckuit, I'. B. )Xnmanos,
H. C. llknoscku#, amepukanckufi ¢usuk P. 3. Muanuken, aur-
nuitckuit pusuk I1. M. Baskerr, ppaunuysckuit pusux IT. B. Ox3
H MHOTHe IpyTHe.
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[lopasasiomas yacTb NePBHYHOTO KOCMHYECKOrO H3JYYEHHS TO-
CTynaer Ha 3eMJI0 H3 TaJlaKTHYeCKOro MpocTpaHcTBa. Ero Hashl-
BalOT TaJaKTHYECKHM KOCMHYeCKHM mHaayueHueM. HeGoabmyio
4acTh COCTABJAET COJNHEUHOE KOCMHYecKoe uaayuyenue. [1asi oT/eb-
HBIX 4YacTHL, 006JajaloluX MaKcHMaJbHOH 3neprueit (Gouaee
107 sB) jonyckaeTcsi BHeraJakTHueckoe (MeTaraJiaKTHYeCKoe)
[POHCXOXK IEHHE.

Kocmuyeckoe wusayuenne oGsagaer OrpoMHoil 3sueprueil coc-
TaBJIAIOWHX ero yacTHil. Jdasa GoabIIHHCTBA M3 HHX OHA MpEBbLIIaeT
SHEPruio COJHEYHOro KocMmHYeckoro uzayuenus (10° 3B) u B mak-
CHMaJbHOM CJyyae, Y METaralaKTHYeCKOro H3Jy4YeHHs, JOCTHraer
102! 3B. Tak Kak COBpPEMEHHble YCKOPHTEJNH MO3BOJSIOT COOGHIATH
yactiuaMm sHeprun jpo 10'? 3B, xocMuueckoe H3ajdyueHHe no ceit
JeHb OCTaeTcs EAHHCTBEHHBIM HCTOYHHKOM 4YacTHI, 06./1a7alomux
B MH/UIHApA pa3 GOJBIIHMH 3HEPTHAMH, Ye€M Te, YTO MOrYT ObIThb
moJy4yeHbl B 1a60paTOPHBIX YCJIOBHSAX.

CocTaB ranakTHYECKOro KOCMHYECKOrO H3JyUeHHS ¢ SHEpPrHAMH
Gonee 2,5-10° 3B rakoB, %: npoTons — 92, g-uyacTHus —7; ¥ Li,
Be, B—0,1—0,15, = C, N, O, F—0,5, £ Ne, Na, Mg, Al, Si,
P—0,1—-0,15, £ S, Cl, Ar, K, Ca, Sc, Ti, V, Cr, Mn— 0,04, Fe —
0,025, Zn u Gonee Taxeasle, Bnaoth 10 U — 0,00007.

Slapa Li, Be, B, neduuurusie B Conneunoil cucTeme, mo-BHIH-
MOMY, NpeACTaBaAioT coboli «ocKONKH» Gosee TsKeanx (Z>=20)
A1ep, PasOrHaHHBIX B MEXK3BE3JIHOM NPOCTPAHCTBE H pa3bHBIINXCA
IIPH CTONKHOBEHHAX C AAPAMH aTOMOB MEMK3BE3JHOI'O BElLleCTBA.

CoctaB CONHEYHOr0 KOCMHUECKOTO H3Jy4eHHs GIH30K K COCTABY
COJIHeYHOH aTtMocdeprl. B oT/aHUKE OT rajJaKTHYECKOro H3JydeHHs
B HeM oTcyTeTByioT sapa Li, Be, B u 6onee taxesnnie.

IToTOK nepBHYHOr0 KOCMHYECKOro H3JAYUeHHS, JeTAWHH K 3emie
u3 Tlanaktnku, uzorpomen. Ha rpauuue armocdepsl y mnosocos
3eMJaH oH cocraBasieT npuMepHo | wactuuy ma 1 cm2-c. Maruur-
HOe MoJie 3eMJH CHJBHO OTKJOHSAET H3/yYeHHe, H HA IKBATOpe HA
ypoBre Mops gk 10 % ero pocruraer nosepxuoct. I[lpu omnoii
W TOH JKe SHePriH YacTHI MHHHMAJLHOE OTKJIOHEHHE YACTHIL Tpo-
HCXOAHT BOJH3H MArHHTHBIX TOJIOCOB H MaKCHMaJbHOE — HAa 3K-
BaTope. OTpHLATENBHO 3apsAKEHHbIE YACTHIL OTKJIOHSIOTCH K 3a-
[magy, noJoKUTeJbHbIE — K BOCTOKY. JTO TaK Ha3bIBAeMBIfi BOCTOY-
HO-3anmafHblil 3 dexr.

[Ipurok smeprum, nocraBiasieMHil HblHEe KOCMHYECKHM H3JY-
ueHHeM Ha 3emJio, cocraBiser Bcero auib 0,01 spr ma 1 em2-c, un
3T0O TNPHMEPHO COOTBETCTBYeT 3SHEPrHH BHAHMOrO CBeTa 3Be3l.
Or Coanna e 3emus nonyuaer smepruio, B 102 pas Gousmyio.
OZHAKO BCNJIGCKH COTHEYHOTO KOCMHYECKOTO H3JYUEeHHs IPH Xpo-
MocthepHEIX Benblilkax Ha CoJHle MOTYT B COTHH pPas NpPeBHICHTH
NOTOKH TalaKTHYECKOTr0 KOCMHYeCKoro wuanyuenus. WM sto ywke
MPEACTaBAAeT PeajbHYI0 OMacHOCTh, HATPHMEp, A KOCMOHABTOB.

He nckmoueno, 4To B 1a/1€KOM reosIOrHUECKOM NPOLIIOM 3eMJH
TaKHe BCIVIECKH KOCMHYECKOrO H3JY4YeHHS, MPHXOAHBIIHE K HaM
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M3 KOCMOCa, BBI3BIBAJIH TIIy-
60KHe H3MeHeHHSI B CTPYK-
Type OpraHH4ecKko#l IKH3HH
NJaHeThl, CMEHY OJHHX (opMm
MH3HH  JApyrHMH. TaxoBHI,
HampHMep, 3arajfloyHble sB-
JIeHHS] HeOXHAaHHOTO -BbIMH-

paHuss B cpeiHeM KeMGpuH v/
apxeouHar H IOSIBJECHHA HM /
Ha CMeHY TpPHJOOHTOB; BHI- o
MHpaHHe B [O3[lHEM CHJIype v
TPHJIOOHTOB H TPanTOJIHTOB 4

U BMeECTe C 3THM MOSBJeHHEe /
IepBLHIX pbLlO; MOJHOEe BBIMH- e diiah
paHHe B TO3JHEM JleBOHe © #dpo
TPHJIOGHTOB H pacuBer ro-

HHATHTOB; yracaHHe B NO3[-

Heil nepMu amubHii U npuH- 7 T T T
eAIHA UM Ha CMeHy pac- Toysm T*

LBeT PenTHJHil H JApPYTHe CO-

OLITHS.

4. Cxem -

Kocumeckoe waaynemme 94 Creua siepugsaexazioro rooecs

H3-32 OrpoMHOH 3Hepruu o6-

JajaeT HCKJ/IOYHTE/bHO BHI-

COKOIi mnpoHuKamllefi cHaof. Bmecre ¢ TeM, B3aHMOJEHCTBY
¢ sJpaMH aTOMOB 3eMHOH aTMoc(epbl H NpexAe BCero ¢ AApamH
aroMoB N u O, oHO BhI3hIBaeT o6pa3oBaHHe HecTaOGHJ/LHBIX YacTHIL
(m-me3oHoB, K-Mme3onos, rumepoHoB u jap.). Ilocneauue, pacna-
Jlasicb, AAIOT JIHBHH BTOPHYHOTO KOCMHUECKOTO H3JIyUeHHsS B aTMO-
ctepe. Ha ¢ur. 9.4 noxkaszana cxema OJAHOrO H3 TaKHX IPOLLECCOB.

Tak kak TonnHA 3eMHO#l aTMocdeps npuMepHo B 15 pas mpe-
BHILIaeT JJHHY npobera HYK/JOHA BBICOKOH 3HEPTHH, JIABHHbI HJH
JHBHH H KacKajbl BTOPHYHOrO KOCMHYECKOro H3JyyeHHsi obGpasy-
I0TCS 10 TeX NMOop, NMOKa SHepTHsi BhI3BaBIIeH JJaBHHY aKTHBHOH ua-
CTHILBI He CHH3WTCA nmpumepHo no 10° 3B. Huxe storo 3HaueHus
MHOJKeCTBeHHasi TeHepauHs UYacTHI, CMEHSeTCs NpoleccaMH ynpy-
rOro paccesiHdsl SHePTHH MeXK1y uvacTHuaMH. B koneunom utOre
B3aHMOJeHcTBHH 00pasyloTcs  3JeKTPOHBl, HeHTpHHO, TraMmma-
KBaHTH, (ortonsl. [locieanune fABa BHAA YacTHI COCTAaBJSAIOT Tak
Ha3bIBaeMble JJHBHH 3aTYXaHHSA.

BropuuHoe KOCMHYeCKOe H3JIydeHHE COCTABJAIOT TPH TIJIaBHBIE
KOMIIOHEHTHI: 1) aJjekTpouHO-(hoTOHHAsi (MmsArkasi), 2) siAepHO-ak-
THBHas H 3) Mioounas (npouukaioumas). Mamepsis MHTEHCHBHOCTb
MIOOHHOH KOMTOHEHTH B pPasJHYHbIX I[OJA3eMHBIX BbIpaloTKax H
CpaBHHBAas €€ C H3BeCTHHIMH KPHBHIMH IOINIOLIEHHS KOCMHYECKOro
H3JIYUEHHS B BOJAE HJH B MOPOJAE, MOXKHO OGHApY»KHBATh HJIH YTOU-
HATh NOJIOXKEHHe PYIAHBIX 3aJjexel, MOpoJ pasHOro cocTaBa, H3Me-
PATH HAarpyskKy Ha TIPYHT Te€X HJH HHBIX COOPYXKEeHHHl H pelaTthb
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Apyrue MNOHCKOBO-PasBe/lOYHbIC H HHIKEeHEPHO-reo/IOrHYecKHe 3a-
Aaud. TakoBHIM 0KasaJioch NPAKTHUECKOE IPHMEHEHHEe pe3yJbTaToB
H3yYeHHA KOCMHYECKOTO H3JIYYeHHS.

OCHOBHBIM HCTOYHHKOM INEPBHYHOTO KOCMHUYECKOTO H3JyYeHHs
B HACTOfAIIee BPeMsi CYHTAIOTCSA B3DHIBLI CBEPXHOBLIX 3Be3/, CONPO-
BOXKJAAIOMIHECH, KaK YK€ OTMeYaJoCh, THTAHTCKHMH BHILEJCHHSMH
sHepruu. [IpAMBIM 10Ka3aTeqbCTBOM 3TOTO MPEANOJOKEeHHS SIBH-
JIMCb PaJHOACTPOHOMHYECKHe HabMiojleHHsl, MOKAa3aBIIHE Hampas-
JIEHHOCTL NMOTOKOB KOCMHYeCKOro Haaydenusi or KpaGosuauo# Ty-
MaHHOCTH W JAPYrHX, 6oJiee JajieKHX TYMaHHOCTeH, BO3HHKAIOIIHX
NPH B3PbIBAX CBEPXHOBLIX.

«EciiH yuecTh CpeiHIO0 4acTOTy B3DLIBOB CBEpPXHOBHIX B Ia-
nakTHKe Boobme (1 pas B 30—50 ser) u moanoe 3HeproBhijese-
HHe B KaxzJoMm BapbiBe (10°'—1052 spr, wan 10%—10%¢ 3B) u npex-
NOJIOXKHTb, YTO ~ 1 9, 3TOH 3HEpPrHH TPAaTHTCH HA YCKOPEeHHe 3a-
PAKEHHBIX YaCTHL, TO MOXKHO OOBACHHTH KaK CPeNHION MJOTHOCTH
SHEPrHH KOoCMHuYecKHX Jayue#t (~1 3B/cm®), Tak W orcyrcrBHe 3a-
METHBIX KoJeOanufi moToka KocMHyeckux aydeii» [Knawom I'. B,
1973, ¢. 243).
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Fnasa 10

FTEOXUMHUA JNUTOCHDEPLI

Bce nopopel, koTOphie Mbl BHAMM CErofHs, KOrfaa-to
6binu OcaAKamu.

T. Bapr, 1962

Jlurocghepodi HasLIBAIOT BEPXHIOK TBEPAYI0O 0060JI0YKY 3eMJIH,
COCTOSALLYI0 H3 3eMHOH KOpBI M cjosi Bepxneil Mmantuu (cyberpara),
IOACTH/AIOLIEro 3eMHYI0 Kopy. Huxusas rpanuuna aurocdepsl npo-
BOJMTCA HaJ acrenocgepoil, T. e. Ha raybunax okoso 100 kM mon
KOHTHHEHTAMH H 0K0J10 50 KM NMOJ JAHOM OKeaHa.

B 1815 r. auramiickuii Muuepasor B. ®uaannc BrmepBhe TMOA-
curtan pacnpesenenne 10 sj1eMeHTOB B 3eMHLIX MHHepaJax.

I. M. Mennenees nepBbulii OTMETHJI, YTO BELIECTBO 3€MHOM KOpPHI
CJI0KEHO B OCHOBHOM JIEPKHMH 3JieMeHTaMH, no Fe BKJ/IOUHTE/bHO,
a 3JeMEeHTHl, cJIedyIollHe B NepHoiHYecKoil cucreme 3a Fe, B cymme
COCTaBJAIOT JHIIL AONH TpoueHta. Mennenees [1895 r.] nucan:
«CTaHOBHTCSL OUYEBHJAHBIM, YTO HaHOGOJBIIHM PacnpocTpaHeHHeM
B IIPHPOJIe NOJBL3YIOTCA 3JEMEHTHl JIHIUL MaJOro aTOMHOTO Beca...»

[Tpod. T. Oano B cBOIO oYepeab 3aMeTHJ, YTO 3JEMEHThl, HMe-
IOIHE UYETHYI0O aTOMHYI0 Maccy, CHJAbHO mnpeobGaajgaloT Ha 3emae
naa HeuerHeiMH. Oum obpasyior 86,59 o6ueit Maccel 3eMHOM
kopel. Tlpod. B. 'apkuHc moxasan, 4yTo B METEOPHTAX 3TO OTKJO-
HeHHe elle BhHILIEe H COCTABJSET: B METa/IHIeCKHX METeOpHTax —
92,22, a B kameHHBIX — 97,69 %. DTH 3MnHpHYecKHe HAOJIOAEHHS
B TeOXHMHH NOJYYHJIH HauMeHoBaHue npagura Qddo—TIapxunca.

INpasuno Opno — Tapkunca nposiBasieTcss H B COCTABe JIBYX
raaBHefIIHX MarMm 3eMJaH. Eciu e cyurath uerHoro Si u Heuer-
Horo Al, KOTOphle OJIHHAKOBO BaXKHHEI JJisi 0GEMX MarM, TO OKa-
3bIBAETCH, YTO /ISl KHCJIOH MarMbel XapakTepHBI 10 NPEHMYIIECTBY
3J1eMEHThl HeYeTHHle, a [/ OCHOBHOH — uerHwnle. Kuesass marma
6orata H, sLi, sB, oF, 11Na, 7Cl, 4K, ocHoBHas — sMg, 5Ca,
20Ti, 24Cr, s5Fe, 9gNi [/leBuncon-Jleccunr @. 0., 1935 r.].

COCTAB 3EMHOW KOPbI

3emuas Kopa CJ0XeHa MarMaTHYecKHMH, OCaJoYHBIMH H o6pa-
30BaBIIMMHCSL 3a CYET TeX H JPYTHX MeTaMop(pHUECKHMH MOPO-
namu. CoOTHOLIEHHE HCXOAHBIX MAarMaTHYeCKHX H OCaJOUYHBIX MO-
poa, no Knapky, 95:5. Ocanoynsle mopoasl, B CBOK Ouyepeib, CO-
CTOSIT H3, 0}3: cinanueB — 4, mnecuauukos — 0,75, H3BECTHAKOB —
0,25. EcaiH npHHATb Maccy H3BepKeHHBIX mopox 3a 100 %, To BaK-
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TABJIMLLA 10,1

OTHOCHTE/IbHAS PACTPOCTPAHEHHOCTh BAKHEHIIHX H3BEPKEHHBIX TOPOL
(noncuersi M. ®orra us®pannsix P. Jlaan) [Goldschmidt W. M., 1954],

macc. %
PacnpocTpaneHHOCTb
Mopoas
oT A0
T'panuthl 50 60
BapueBble MOHUOHHTEL H TPAHOJHOPHTEI 10 9
Kpapuesbie JHOPHTH H JAHOPHTEI 8 6
Ta66po 18 15
AHOPTO3HTBI 4 3
TlHpoKCceHHTH H MEepHAOTHTDE 0,5 0,25
HopaMapKuThl M TYyJacKHTEI 1 1
Illes04HO-H3BECTKOBLIE CHEHHTBI 3 2
MoHILOHHTH! 4 3
Hedennuopble cHeHHTH 1 0,6
SccekCHTH H Ap. {.5 0,25
Cymma 100,0 100,0

gefirie MX TPEACTABHTENH pacnpejeisiorTes, Kak [0Ka3aHo
B Taba. 10.1.

P. Jlaau nojcyutan Takke, yTo 95 % BCeX HHTPYSHBHBEIX NMOPOX
COCTABJAIOT TPAHHTHl H TPAHOLHOPHTHI, a 98 9, BCEX 3KCTPY3HB-
HBIX MOPOA— 6a3albThl H MHPOKCEHOBbIE AaHIAE3HTHI. Bosee mnosu-
Hile HCCJeOBAHHA NMOKA3aJH, YTO B 3eMHOii KOpe IIHPOKO pacnpo-
CTPaHeHbl H KHCJble SKCTPY3HBBl — PHOJNHTHL H AALHTHI.

Cpeannfi XHMHYECKHIT COCTaB TJIaBHEHIINX H3BEPIKEHHBIX TOPOA
semuoit Kopw mnpuBeaen B Taba. 10.2, a aas nopoi COCP—
B Taba. 10.3. Cpeanee cojepkaHne TVIaBHBIX XHMHYECKHX 3JCMEH-
toB B Marmaruyeckux mopogaax CCCP nokasauo B Tabua. 10.4.

Ta6a. 10.2 obmapyxnBaeT OAHY H3 OCHOBHBIX 3aKOHOMEPHO-
cTeil pacnpeAe/fenusi NeTPOTeHHBIX OKHC/JIOB B H3BEPIKEHHBIX MOPO-
Aax 3eMHO KOpBl: NMPH NOCTENeHHOM YBEJHYCHHH KPEMHEKHCJIOT-
HOCTH MOPOJ OT AYHHTOB K IPaHHTaM COJeprKaHHe OJHHX OKHCJOB
(Nag0O, K0, Al;O;) Bospacraer, APYTrHX (MgO, MnO) — nociezo-
BatenpHo cumxaercs, Tperbux (CaO, FeO, FeyOs;, TiOz) — BHa-
yaje pacTer, AOCTHraeT MaKCHMyMa B CPeIHHX HJIH OCHOBHBIX 1IO-
ponax u 3arem cumxkaercs. M Toabko P;Os coxpamsier B nonas-
JSIOLIEM YHCJE TOPOA TMPHMEPHO paBHoe coxepianme. Humke Mbl
VBHIHM, KaKoe Ba)HOe 3HAUEHHE 5TA 3aKOHOMEPHOCTb HMEeT JUIf
OGBACHEHHA KOHIEHTPALHH PACCeSHHBIX 3JEMEHTOB B ONpejeJeH-
HBIX MHHEpajax Mmopoj.
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TABJIHLIA 10.2

Cpennnii xumuuecknii coctap Haubojiee XapaKTEPHBIX M3BEPKEHHBIX TOPOJ,

(no [Daly R. A, 1933 r.]— 2, 4, 6, 9, 12, 13 u [Nockolds S. R., 1954]—
3, 5, 7, 8710,k11, 14), macc. %

Oyruth | Tepm- | FopiGiaen-| Onmprno- | pra6ppo | TodenTo-
Onncen | ey | pomuma | e | wd | GRS | mad | Assesus
1 2 3 4 5 6 7 8
Si0, 40,49 43,54 42 80 47,90 48,24 50,83 54,20
TiO, 0,02 0,81 1,62 1,65 0,97 2,03 1,31
Al,Oq 0,86 3,99 10,56 11,84 17,88 14,07 17,17
Fe, 04 2,84 2,51 6,62 2,32 3,16 2,88 3,48
FeO 5,54 9,84 9,16 9,80 5,95 9,06 5,49
MnO 0,16 0,21 0,24 0,15 0,13 0,18 0,15
MgO 46,32 34,02 12,48 14,07 7,51 6,34 4,36
CaO 0,70 3,46 11,67 9,29 10,99 10,42 7,92
Na,O 0,10 0,56 1,89 1,66 2,65 2.23 3,67
K,O 0,04 0,25 1,00 0,54 0,89 0,82 1:11
H,O 2,88 0,76 173 0,59 1,45 0,91 0,86
P;0s 0,05 0,05 0,24 0,19 0,28 0,23 0,28
INpononxenue tab6a 10.2
Ouopur | Keapme- T'pano- | TpaHORHOPHT Tpanute Hegenuno-
o 10 A5 n:c;upnur gEones % %5.) ;Dc:‘jsgg_p:;) cngll:r?n-l
1 9 10 11 12 13 14
Si0, 56,77 66,15 66,88 65,01 70,18 55,38
TiO, 0,84 0,62 0,57 0,57 0,39 0,66
Al,Oq 16,67 15,56 15,66 15,94 14,47 21,30
q Fe,04 3,16 1,36 1,33 1,74 1.5 2,42
¥ FeO 4,40 3,42 2,59 2,65 1,78 2,00
‘< MnO 0,13 0,08 0,07 0,07 0,12 0,19
L MgO 4,17 1,94 1,57 1,91 0,88 0,57
3 Ca0 6,74 4,65 3,56 4,42 1,99 1,98
Na,O 3,39 3,90 3,84 3,70 3,48 8,84
K0 2.12 1,42 3,07 2,75 411 5,34
HiO 1,36 0,69 0,65 1,04 0,84 0,96
k P:0s 0,25 0,21 0,21 0,20 0,19 0,19

®. Y. Knapk B 1924 r. aas 700 n3BepiKeHHBIX MOPOJA YCTaHO-
BHJI HX CpeJHHH MHHepaJBbHHIH COCTaB:
IMoneptie mmaTel
ITupokcern u ampuGOIL
Keapn
Buotut

Cden, pyTHa, HIBMEHHT
Anatur

IlupHT, KaNbUUT, XJIOPHT, TYPMAJHH H AP.

——

Eloorwosd

o| oo w:

—

Cymma
H cpelHHH XHMHYecKHi cocraB (tabu. 10.6).
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TABJIMLIA 10.3

Cpemme XHMHYECKHEe COCTaBhbl IJIABHEHLIHX THMOB MArMaTHYECKHX TOpPHBIX

nopox CCCP (cymmbi npuBefienn k 100)
[Conosbes C. II., 1969 r.], macc. %

Oxucen (c},—]‘;;ﬁ:;m ANACKHT I paHopHOPHT (mﬁgﬁ%‘;:{m JAuopar
Si0, 71,84 74,46 64,45 61,90 56,22
TiO 0,27 0,14 0,53 0,63 0,73
Aly 14,59 13,83 15,78 16,81 17,16
Fe,O3 1,13 0,79 1,74 2,23 2,88
FeO 1,33 0,73 2,68 2,99 4,92
MnO 0,04 0,05 0,13 0,09 0,15
MgO 0,63 0,41 1,89 2,55 3,60
CaO 1,67 1,18 3,86 5,22 7,05
Na,O 3,35 3,60 4,36 3,69 3,66
K,0 4,22 4,09 3,02 2,98 1,64
H;0 0,80 0,66 1,31 1,47 1,73
P,0; 0,13 0,06 0,25 0,24 0,26
Cymma 100,0 100,0 100,0 100,0 100,0
Uncao 426 46 151 89 92
aHaJH30B
Mpononxenne TaGa 103
CHeHHT
OKHCcen Ta66po E!zgi%i?r]). O yHHT (u&fﬁ:ﬂm (Heq;;nnn)ﬂo-
SiO, 49,14 43,25 38,50 60,41 55,59
TiO, 1,03 0,21 0,15 0,49 0,50
Al,04 16,77 3,49 0,89 18,01 21,67
Fe,0O3 3,31 4,74 5,04 2,80 217
FeO 6,26 4,37 4,38 1,89 2,27
MnO 0,24 0,15 0,17 0,17 0,15
MgO 6,70 36,02 43,35 0,89 0,58
Ca0 11,19 3,75 0,48 2,40 1,96
Na,O 2,44 0,30 0,25 5,42 8,18
Ke0O 0.85 018 0,05 6,22 5.43
H,0 1,83 3,54 6,74 1,08 1,33
P,0; 0,24 — — 0,22 0,17
Cymma 100,0 100,0 100,0 100,0 100,0
Uuceao 146 28 28 52 82
aHa/Uu30B
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PACCUMTAH HAa MHHAJIB — TEOPETHUYECKHE KOMIMOHEHTHI, OIpeesio-
HiHe  COCTaB
(ra6a. 10.5). HecmoTpst Ha YCJOBHOCTb BBbIAEJNEHHBIX MHHAJIOB,
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TABJIMLA 10.4

Cpennee Coliepanue IIABHBIX XHMHUYECKHX 3JMEHTOB B MarMaTHYeCKHX
ropubix nopopax CCCP [Coaoswes C. I1., 1969 r.]

SnemenT ‘ Mace. % % YHCJAa aTOMOB Oxucean Mace. %
0 47,72 60,78 Si0O, 63,66
Si , 29,74 21,60 TiO, 0,54
Al 7,66 5,79 Al,O4 14,47
H* 0,16 3,27 Fe,O5 2,18
Na 2,60 2,31 FeO 3,19
Mg 2,23 1,87 MnO 0,07
Ca 3,06 1,50 MgO 3,70
Fe 4,04 1,47 CaO 4,28
K 2,36 1,23 Na,O 3,51
Ti** 0,33 0,14 K,O 2,84
pee 0,04 0,02 H,0 1,47
Mn** 0,06 0,02 P,0; 0,10
Cymma 100,0 100,0 Cymma 100,0

* HUmeercs B Bugy H, kotopuit Bxogut B H,0, yCTaHaBAHBAaeMYyl0 aHa/JW3aMH B ropHoft
nopofe.
o BKJIIOYeH YCJOBHO.

CPeJHHH XHMHYECKHH COCTAB H3BEPXKEHHBIX MOPOJA, BEIYHCJIECHHBI
Ksnapkom, G/IH30K K J€HCTBHTEILHOMY.

YunTBIBas 3HAUeHHE H3BEPIKEHHBIX MOPOJ B CJOMKEHHH 3eMHOM
KOpPBI, Cpe/IHH} COCTaB HX, PACCYHTAHHBIH M3 JAaHHBIX XOPOIIO BHI-
nosHeHHBIX 5159 ananuzoB 700 mopoj KOJJIEKUHH aMepHKaHCKOTO

TABJIMLIA 10.5
CpepHuil XHMHYECKHI COCTAB H3BEPKEHHBIX TMOPOJ B MHHAMAX,

mace. %
Munaa o ®orry, 1931 H Barlluonfr{]rgﬂ;? 1924
KAISizO, 21,6 18,8
NaAlSizOg 29,2 } 67,0 33,0 ] 67,5
CaAl,Si,0q 16,2 15,7
Si0, 17,6 9,0
CaSiOg 2,0 3,3
MgSiOg 6,1 } 11,8 8,8 17,7
FeSiOg 37 5,4
MnSiOg — 0,2
FeTiOg 1,0 2,0
FESOQ 2,2 3,1
Cay (POy)sF 0,4 0,7
Cymma 100,0 100,0
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TABJIMLIA 10.6
XuMH4ecKHii cocTaB 3eMHO# Kopwl, macc. %

Ilo Kaapky Io ®dorry, To Toabg- | Mo Moagep- | Tlo Poroey

Okncen ';olf;“";g{‘ 1931 wmunTY, 1954 | Baapry, 1955 gKg'HP;_mlgg'l
SiO, 59,12 64,88 59,19 552 57,60
TiO, 1,05 0,57 0,79 1,6 0,84
Al,O4 15,34 15,56 15,82 15,30 15,30
Fe,03 3,08 2,15 2,8 2:53
FeO 3.80 2,48 , 6,99 5.8 497
MnO 0,12 ) = 0,2 0,16
MgO 3,49 2,45 3,30 5,2 3,88
Ca0 5,08 4,31 3,07 8,8 6,99
Na,O 3,84 3,47 2,05 29 2,88
K,0O 3,13 3,65 3,93 1,9 2,34
P,0; 0,30 3T 0,22 0,3 0,22
H,0 1,15 v 3.02 e 1,37

00, 0,10 = .5 - 1,40
S 0,05 — — - 0,04
Cl — — — 0,05
C — — — 0,14

CymmMa 99,52 99,69 98,38 100,0 100,01

nerporpaca Bawwunrrona, Kaapk u BammumHrron npuHsaAH Kak
«CpeHHH cocTaB 3eMHOH Kopbl» Taba. 10.6 3Ttor «cpeaHHit co-
cTaB» uMeJ HepoctaTkdH. Kiaapk u BaluuHrTOH OCHOBBIBAJIMChH Ha
aHaJu3ax, HepaBHOMEDPHO OXBATLIBAIOUIHX pa3HBe KOHTHHEHTHI.
AHa/H3bl, KOHEYHO, HE OTPaXkaju JAeHCTBHTEJNbHBIX OOBEMOB H
Macc aHaJH3HPOBAHHBIX MOpPOA, HGO paclpelressijHCh 10 Pa3HbIM
nopoaaMm caydaiiHo, He CTaTHCTHUeCKH. I[JOCKOJIBKY Ke cpeJHHui
COCTaB H3BepXKEeHHBIX NMOPOJ 3eMJH OKasaJjcs OJH3KHM K COCTaBy
caannes, Ioapammuar [1954 r.] ucnoansoBasn 77 aHaJIH30B Jel-
HHKOBBIX TIJIHH, pa3BHTHX B IOxkHnoii Hopeerun u oGpa3oBaBuIHXCS
NyTeM HCTHPaHHS OrPOMHON Macchl KOPeHHBIX MOPOJA, NMoJaras, 4To
cpelHee H3 3THX JaHHBIX OoJiee TOYHO BBIPA3HT HCTHHHBIH coOCTaB
KpHcTaJaHyeckux mnopoxX. [Hanuwe loapammuara (tabma. 10.6)
OKa3aJ/IuCb [0BOJIbHO GJM3KHMH K pe3yJasTataM pacuetoB Kiapka
u Bamuurrona. Ho u Te, W apyrue B 1eJOM OTPaKalT JHUIbL
COCTaB KOHTHHEHTAJbHOH 3eMHOIl KOpHI.

B c6opnuxe mox pexzaxuueit A. Ilonzepsaapra [Poldervaart A.,
1955] ony6inkoBaHB HaHHBIE O MOPOAAX H3 TJAYGOKHX OKeaHHUe-
CKHX o0JsacTefl, M3 KOHTHHEHTA.bHBIX LIHTOB, H3 MOJOABIX CKJaJ-
4aThHIX M0SICOB H H3 KOHTHHEHTAJbHbIX NJaTGOPM H HX CKJIOHOB.
B anasmnse yureHbl a8 KaxKa0i 00JacTH CpelHHH COCTaB MOPOJI
H UYHCJO HX Baj)KHeflHX THNOB. Pe3yabTaThl 3THX onpeaejeHHi
npuBefensl B Taba. 10.6. Oun GesycsaoBHO GoJiee NMOJHO OTPaxKaioT
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CpeAHHI COCTAaB 3eMHOH KOPH H B TOM YHC/€ YYHTHIBAKOT CYIE-
cTBeHHO 6a3aJIbTOBBIH XapaKTep MOPOA MOPCKOro JIokKa.

A. B. Pouos u A. A. Spowesckuit [1957 r.] x 310t npoGaeme
MOJOLIIH 0cOGeHHO TiiaTeabpHo. OHl H3MepHJIH NJIOILaAH pacipocTpa-
HeHHs] H 00beMBl 3eMHOfl KODBl Da3JHYHBIX FeOTEKTOHHUECKHX 30H.
[Toxcuntann oGuiui 06beM U COOTHOIICHHS PA3/JHUHBIX THIIOB 0Cax04-
HBIX TIOPOJ KOHTHHEHTOB H 0CaJIKOB OKeaHOB. BBISICHHIIH COOTHOIICHHS
Pa3JHYHEIX THNOB MarMaTHYeCKHX H MeTaMOP(HUYECKHX MOPOJ LilH-
TOB H KpHCTaJiuueckoro ¢ynaaMenta. M mnpeamonaras coctas
«6a3a1bTOBOr0O» CJI0S KOHTHHEHTAJbHOH KOPBI, OHH MOJACYHTAJH
06BbEMBI, CPEJHHE MOUIHOCTH, MacChl H CpeJHHe XHMHYeCKHe COC-
TaBhHl OCaJlOYHON, «TPAHHUTHON» H «6a3ajbTOBOM» 000J0YEK KOHTH-
HEHTAJLHOrO, CyOKOHTHHEHTAJLHOrO H OKeaHHYeCKOro THIIOB 3eM-
HO#l KOpHI, 2 TaKikKe KODHI B LeJIOM.

B 1971 r. 3té ucchefoBaTeNd C YUeTOM HOBEHIIHX JOCTUKEHHH
onyGJHKOBAaNH JaHHBlE HOBOTO pacuera CpeJHero XHMHYECKOro
cocTaBa 3eMHOH Kopbl. IIpuHuMMAas COOTHOWIEHHS KOHTHHEHTAJb-
noro (64 %), cybkoutunentanavuoro (15%) #u oxeammyeckoro
(21 %) TunOB 3eMHOIl KOpbl H [AONYCKas, YTO B Npejejax KOH-
THHEHTOB «TPaHHTHBI» H «0a3aJbTOBHIH» CJIOH HMEIOT paBHYIO
MOIIHOCTh, PoHOB W $SIpPOINEBCKHN NPHULIH K 3aKIIOYEHHIO, YTO
CpefHHH COCTaB 3eMHOi KOPhl COOOTBETCTBYET CMECH «TDaHHTa» H
«6azanbra» B cootHomrenun 2:3. C ray6uHOH OT ocajo4yHOH 060-
JIOYKH K 6a3aJbTOBOMY CJIOK OTMeYaeTcsl yBeJHUeHHe COAeprKaHHM
Fe, Mg, Al;0s;, ywmenbumenne H;O u ortHomenmit K;O/NayO,

TABJIMLIA 10.7

ConocrasieHHe XHMHYECKHX COCTABOB CJAHLEB H 3eMHOM
Kopsl, Macc. %

CocTaB CJIaHIEB, CocTaB 3eMHOH KOpBI
Oxucen cpeaHee H3 78 aH, (no Ponosy H §lpoumes-
(no Pankama n Caxama) CKOMY)
Si0, 58,38 57,60
Al,Os 15,47 15,30
FeO* 6,57 4271253 = 6,80
MgO 2,45 3,88
Ca0 3,12 6,99
Na,0 1,31 2.88
K,0 3,25 2,34
H,0 5,02 1,37
CO, 2,64 ‘ 1,40
G 0,81 0,14
Cymma 99,02 98,70

* Bce Fe nepereaeno B FeO.
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CaO/Mg0O u Fey03/FeO. CoctaB 3eMHOf Kopu mno PoHory n
SipomeBckomy npuBefien B Taba. 10.6.

Hannble taba. 10.6, orpaxas noaxox wuccaegoBaTeneli K OT-
Gopy marepHaja H €ro MNPeACTBHTeJNbHOCTb, BMECTE C TeM JJif
GONbIIHHCTBA OKHCJIOB MOPa3HTebHO GJH3KO COBHAAAIOT Mex 1y
c060ii. ITO CBHAETEJIBCTBO O TOM, YTO BCe OHH GJIH3KH K HCTHH-
HBIM 3HAY€HHSM COCTaBa 3eMHOM Kopbl. MHTepecHo OTMeTHTBb, uTO
NoC/JeIHHA OYeHb GJAHM30K K CpeiHeMy cocTaBy caanueB. Ha sto
00CTOSTENbCTBO OGpamann BHHManHe [oapIumMHAT, Pankama u
Caxama, Bepuajnckuii, lllep6akoB u MHorHe apyrue. B ta6a. 10.7
AaHO CpaBHEeHHEe COCTaBa 3eMHO# Kopbl no PonoBy u SIpomieBckomy
H CpeJlHero cocraBa 78 onpejeseHui caanneB no Pankama u Ca-
xama [Rankama K., Sahama Th. G., 1952 r.]. U3 storo cpaBreHnust
6IH30CTL ClAHIEB K COCTAaBY CMecH 2 4. «rpaHHTa»+3 u. «ba-
3a/bTa» J0BOJILHO Har/isiHa, a HaOalofalollHecss PasjH4Hs MOTYT
ObiTh 00bsiCHEHB OCOGEHHOCTSIMH 06pPA30BAHHs CJAAHLEB KAK OCa-
JOYHBIX TIOPOLI.

B cBsI3H ¢ 3THM YMECTHO NPHBECTH CJOBa OAHOTO H3 KpynHeH-
UIHX  COBDEMEHHBIX  TI€OXHMHKOB,  HODBEXKCKOTO  NeTpoora
T. ®. Bapra [1962, c. 298—299]: «B 3emHoOi Kope OYeHb Maljo
«I0BEHHJbHOrO» MaTepuana. Ilopoabl BHAOH3MEHAJIHCH MNJAYTOHH3-
MOM, METaMOop(H3MOM, METacoMaTH3MOM, OHHM OBLIH IO KpafHeit
Mepe 4acTo nepenJyiaBleHbl H HaXOAHIHCL B (GoOpMe MarM H JaB,
HO KOrja-To B NPONIJIOM OHH 00pas’oBa/jiHCh M3 OCAJKOB».

Hs ta6a. 10.6 crenyioT BakHble BHIBO/H:

1) 3eMHas Kopa cl0OXeHa B OCHOBHOM 8 3jeMEHTAMH: @ e
Al, Fe, Ca, Mg, Na, K;

. 2) Ha jom0 ocTanbHBIX 84 37eMeHTOB mpHXOAHTCH Menee 1 9
Macchl 3eMHOH KOpBHI;

3) cpemn riaBHeHLIHX MO PACNPOCTPAHEHHOCTH 3JEMEHTOB OCO-
6asi poab B 3eMHOJ Kope npuHaaiexut O.

TABJIMLIA 10.8

OGnembl, 3aHHMaemMble HOHAMH B NOPOA0OOPA3YIOLIHX MHHepanax (mo Pankama
u Caxama, 1952), %

l 3aHHMaembifi 06beM, % B CTPYKType

Papgmyc
H o

e RN OPTOKJasa| anblHTa | aHODPTHTA | KBapua | gEoncHna ug:;c:-

e 1,32 87,1 93,3 91,6 98,7 88,6 89,9
K+ 1,33 111 — — - — 7,6
Na+ 0,98 4,8 — -— — —
Ca+ 0,99 — — 5,9 — 7,6 —
Sia+ 0,42 0,9 0,9 0,6 1,3 0,8 0,6
Mg+ 0,66 — — — — 3,0 —
A3+ 0,51 0,9 1,0 19 — — 1,9

Cymma 100,0 100,0 100,0 100,0 100,0 100,0




T L —T—

OcobGast poab O COCTOHT B TOM, YTO aTOMBI €r0 COCTABJSIOT
47 % wmaccol 3eMHOM Kopul H noutH 90 % o6beMa BaxKHeNIIHX mO-
poRooGpasyiomux Murepanos (tabua. 10.8).

B cBasu ¢ arum ToJbAIMHAT WMesn Bce OCHOBAHMSI HA3BATH
8€MHYI0 KOpY okcucgepoi. Buocepa, B Hamu JHH OXBaTHBIIAS
BCIO rHApOC(epYy H BEPXHIOIO HacTh JHTOCHEpH, BCerja ueprnaJa
HeorpanuyeHueie pecypchl O MMEHHO H3 3THX TBEPJOH H KHIKOM
okcucep 3eman. Huxe Gymer mokasano, 4to, mampuMmep, KHCJIO-
poanas armocepa, Ges KOTOpOI HEMBICAHMA BHICOKOOPIaHH3O-
BaHHasi KH3Hb Ha 3eMJie, TO CYUIECTBY SBJASIETCS NPOH3BOLHOMN
3THX OKCHC(ep.

PacnpocTpanennocTs peiKHX H pacCeslHHBIX 3JEMEHTOB B 3eM-
HOH KOpe ONpejle/snach MHOTHMH HCC/E0BaTeIAMH, B IePBYIO
ouepenn @. Y. Knapkom, B. M. Toapammuarom, B. H. Bepuan-
cknM, A. E. ®@epcmanom, C. P. Teiopom, A. I1. Bunorpaiosim,
JI. T. Apencom, K. T'. Beagenonem. Hcnonpsyst nosefimme MeToast
aHanusa  (HeATPOHHO-aKTHBALHOHHBII, aTOMHO-aACcop Ol HOHHBIH,
JIOMHHECHEHTHBI!, 3JIEKTPOHHONAPAMATHHTHOTO pPe30HAHCA, MHK-
PO30HJIOBOTO aHanH3a H [p.), H3 pPE3YJbTATOB MHOrOYHCJIEHHBIX
TOYHBIX aHaJlH30B MHHEPAJIOB, IOPOA H HX CMeceH, a TaKXe H3
COMOCTABJICHHS PACHPOCTPAHEHHOCTH OTJAEJbHBIX [AP 3JEMEeHTOB
(nanpumep, Rb:K, Hf:Zr, Re: Mo, Cd:Zn) yaanocs omnpeje-
JHITB COJepXKAHHE B 3eMHOH KOpPE IOYTH BCeX 3JEMEHTOB MepHOJH-
YeCKOH CHCTeMBl. OTH WHQPH no npemioxenmio depcmana moay-
UH/IH HasBaHHe Kiapkos B yecTb . Y. Kinapka, BnepBHe, Kak yxe
TOBOPHJIOCH, JOCTATOYHO MOJIHO H TOYHO OIEHHBIIETO XHMHYECKHI
COCTAaB 3eMHOH KOpHI.

B kavecTBe reoXHMHYECKHX CTaHJAPTOB crepBa OLIIH B3SATH
rpaiut G-1 u3 mecreuka Vacrepsim B wrate Pox-Afiienn (ceBepo-
Boctrok CIITA) u zua6as W-1 u3 mecreyka CenrepBu/1 B 1mTaTe
Buprunus (na socroke CIUA). Conepikanue PelKHX H paccesH-
HBIX 3JIEMEHTOB B CMecH 3THX nopoji (1:1) Gbuto onpexeneno pas-
JHYHBIMH METOJAMH B JIYYWIHX JabopaTopuaX Mupa. CBOAKY 3THX
Aannbix npusen Teinop [Taylor S. R., 1964]. 3nauenus K/J1apKOB
AJSL OTJEJILHBIX 3JE€MEHTOB MOCTOSHHO YTOUHSIOTCA. EcTecTBenHo,
YTO 3TO CKa3biBaeTCs Ha 3HAUYEHHAX pPAcHpOCTPAHEHHOCTH BCEX
APyrux sjeMeHToB, HO60 HMX o6mlas cyMMa BCerja J0JKHA OBITh
paBHa 100 %. OGmas pacnpocTpaneHHOCTh 3JE€MEHTOB B 3eMHOM
KOope TakoBa, r/T:

0,001—0,01 Re, Os, Ir, Ru, Rh, Te, Pt, He, Au, Pd
0,01—0,1 Ar, Se, Ag, Hg
0,1—1,0 Cd;. Bi, . In, Tu, 1. Sh, Lu
1,0—10,0 iy Dy, Ho lBe Ybe HE i Te "W T1. .10, Ge, As, Br, Mo,
Sn, Cs, Pr, Sm, Be
10,0—100,0 gb, ’gh. Y, Nb, La, Ce, Nd, Li, B, N, Sc, V, Cr, Co, Ni, Cu,
n, Ga
100,0—1000,0 C, F, P, S, Cl, Rb, Sr, Zr, Ba
1000,0—10 000,0 Mn, Ti
>10 000,0 0, Si, Al, Fe, Ca, Mg, Na, K
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2 g, KHCAHIX
nopox

TABJIMLIA 10.9
nopox + 1 4.
OCHOBHBIX

[Bunorpanos A. I1., 1962], macc. %
cpengHHe KHCJBle ocajgo4YHbie

Tlopoasl

OCHOBHEIE

Cpenuee collepiaHHe PeKHX 3]eMEHTOB B TJaBHBIX THMAX MOpoA

yabTpa-
OCHOBHBIE

SDJleMeHT
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10.1. Ta6anna nepuopnuHOCTH KOI((HUNEHTOB KOHUEGHTPALHH SJEMEHTOB B M-
BepIKeHHHIX NOPOAax.

Xapakrepuble 3HAUGHHSI YC/OBHOTO Kosdduumenta Ko NAA 91eMeHTOB, HAKAIIHBAIOUIHXCA
UpenMymecTsenno: I—4 —p KHCAbIX, 8—10 — B OCHOBHBIX NopoAax; &—7 — NPOMERYTOUHbE
sHavenns. Ilpeanonaraemele sHaueHHst Ko:l— 1—4, 2—5—7, 8§ — 8—10,

~
=

AT N2 AT

[lox semnoii kopoil B manuom cayuae BuHOrpaaoB nonumadn
CMeCh, COCTOSILLYIO M3 2 4. KHCIBIX MOPOA M | U, OCHOBHBIX MOPOL.
Coaepkanue e PeIKHX 3JEMEHTOB B IJaBHBIX THNAX MOPOJ 110
Bunorpanaosy nauno B ra6a. 10.9.

OxaselBaeTcst, pacnpocTPaHEHHOCTb 3JEMEHTOB B 3eMHOH Kope
OXBATHIBAET OTPOMHBIN AHAaNas3on 3HaueHHi. MoKHO Bce 3JeMeHTH
pasienuTh MO HX COAEPXKAHHIO HAa HecKoJbKo rpynn. Toria Bos-
HHKdeT pAX HEOXKHJAHHBIX AJd HAIIHX IOBCEJHEBHEIX INPeACTaB-
JeHnit coornowennit. Hanpumep, B semuoit kxope Cu Menbuie Zr;
Hg menbuie TR; Pb menbme Ga: Ni B HecKoJbKO pa3 MeHbine Rb;
Sn B 30 pas mennure V, a Sc B 200 pas 6onbure Ag.

AHanH3 pacnpocTpaHeHHS 3JEMEHTOB NO THIAM NOPOJ MOKa-
3BIBA4€T, B Y4CTHOCTH, CJAeIyIolee:

a) 5/JeMEHTHl B OCHOBHBIX H KHCJbIX NOPOAAX PacmpocTpaHembl
npumepHo oguHakoBo — Ga, Ge, Se, Te, Re, Sr, Nb, Cd, In, Hf;

6) B OCHOBHEIX MOpPOJAX JAHHOrO 3JeMEHTa Gosbie, yem
B kHcaulx — Cr, Se, Ni, V, Co, Pt;

B) B KHCJHIX NMOPOAAX COJEDIKAHHE 3JEMEHTa 3aMETHO BhLLIE,
yeMm B ocHoBHBIX — Li, Be, Rb, TR, Ba, Tl, Th, U, Ta.

B. H. Pexapckuit [1964] o6Hapy:xua moGonbiTHyo 3aKkoHoMep-
HOCTh. OKa3anoch, YTO OTHONICHHE COAEPKAHHA 3JEMeHTa B OCHOB-
HBIX moponax Co K CONEPIKAHMIO 3JeMeHTa B KHCABIX Cy npejacTas-
Jger co6oil OAHY M3 NEPHOAHYECKHX 3aBHCHMOCTeH, OTpaKaeMBIX
MerjeneeBckoit Tabanueit (¢pur. 10.1). dtu orHowenus («kosdpdu-
UHeHTHl KOHIEHTPALKIi»), KpoMe JABYX NMEPBHIX MEPHOIOB, YMEHbINa+
I0TCs1 CBepXy BHH3, a B MePHOJAAX YBEJHYHBAIOTCH CJeBa HAnpaBo
or I x VII rpynne u 3atem yMmeHblaiorcs cjeBa BHH3 HanpaBo H
YBCJIHUHBAIOTCA cJieBa BBepPX HampaBo. Pexapckuii nosaraer, uto
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UGg33 025Th
Ta 0,33 0,22 Ho
Er 0,43 0,78 Ge
Cs 0,49 0,77 Eu
Be 0,50 0,14 Hf
Dy 0,68, 0,74T1L
Gd 1,06 0,70 Lu _
Sm 1,06 _-0,08 Tm,In,Cd,5e,Pd,Bi,
Pr 1,19 Te,Re
Sc 1,32 ¥ .-_'.' \:\
Th 1,72 AER
.".': bl )
Ga A3
570
- Nb e < ] b B Zr
Kltnd64/ 500 27,43
Li 205 00 4 :
22 L
Nd 100 /n /
/4!88 H—1t By
& e |2=24 b
1 L0 19,80
6,46F Y/
Ge f Y
10,56 V =
11,87 X
.
~

10.2. CooTHomeHHe peAKHX ' 3JeMeHTOB B 3emHofi kope [Buaa-
cos K. A, 1964 r]

O6mee comepxanue 0,125 macc. % mpumAro 3a 100 %.

yKa3aHHasi 3aKOHOMEPHOCTb IO3BOJIAET CYAHTb O €CTeCTBEHHBIX ac-
colHalHAX 3JeMEHTOB B IMOpoOJax, IoMorasg OIeHHTb pacnpesue-
JIeHHe B NOCJeIHHX H TAKHX 3JIeMEHTOB, KJapKH KOTOPBIX HE Ompe-
JieJIeHBl HJIH ONpefie/leHEl HeJOCTAaTOYHO TOYHO.

AHaJIOTHUHYI0O 3aKOHOMEPHOCTh NEePHOJHYECKOH 3aBHCHMOCTH
OTHOIIEHHI CPeJHHX COJAEpXKaHHI 3/1eMEeHTOB B 0a3ajlbTOHAAX K HX
CPEIHHM COJlep:KaHHAM B KaMEHHBIX MeTeopHTax (Cy/C,), oco-
6eHHO YeTKO BHIPaXKEHHYIO MO BePTHKAJbHLIM rPyNnaM MeHJeneeB-
ckoii Ta6anusl, o6uapyxun [O. I'. Illep6akos [1965, c. 451—452]:
«Kaxk HM3BecTHO, M3 pacmjaBa B NepBYIO ouepelb BHIACJAAIOTCHA TYro-
MJaBKHe COeJHHEHHS PAacMPOCTPAHEHHBHIX B HEM 3JeMEHTOB. ITOT
NPHHIHI, YeTKO BbIpaKeHHBIH XapaKTepoM KPHBLIX OTHOLUEHHH
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TABJIMLIA 10.10
MuHepanbHBE KAapKH HEKOTOphIX sjementos-npumeced [Heawos B. B.,
1969 r.], r/t

Munepan ‘ In Ccd Ge Ga Tl Se Te
[uput - - — — 24 81 34
Coanepur 49 27056 43 a2, 09 — —
XaNbKOMHPHT 12 89  — - — 86 37
FanenuT 4 72 — — 4,6 55 20
Moan6aeHnT 2 - - - 1 110 29
Kaccuteput 24 — - 40 - — -
Bonsppamut - - — - — — -

Mponoaxenne Tabua 10.10

Munepan Re Pt Pd Ta ’ Nb Sc
Tluput 0,6 — - — —
Cdanepur — — — - — —
XanbKonupuT 0,1 0,18 1,0 — — -
Tanenur 2 5L o ¥ L2 it
Monn6aeHut 114 — — - — -
Kaccureput - — - 1000 1400 90
Boasppamut - — — 95 3500 3

knapkos GasaabTonaoB (Cy) u aynntoB (Cy) K KIapKam KaMeH-
ubX MeTeopHTOB (C,), 0OBACHSAET BCe YMEHbUIAOUYIOCHA POJb 4eT-
HHIX H BO3PAcTAloOUyld POJb HEUETHHX 9JIeMEHTOB Bo Bce Goaee
NO3AHMX M KHCIABIX NPOAYKTAaX KPHCTAJJIH3allHH H sBJAETCA Be-
AYIWHM B mpoueccax AH(depeHUHAUHH BeulecTBa, CBA3AHHBIX -
TABJIMLIA 10.11 :
KJapks KoHUeHTPauH# HEKOTOPHX SJEMEHTOB

B TPOMBILIJIEHHBIX MECTOPOXAEHHAX
[Baumann L., 1976 r.]

oflepXaHHe MeTa a Ja
DaeMenT Conep B pyae e xonult(au-rg:unﬂ
Al 30 % 3,7
Fe 256—30 % 5—6
Mn 35 % 350
Cr 30 % 1500
Ni 1,5 % 188
Zn 4 % 500
Cu 1% 140
Sn 1% 250
Pb 4% 2500
Ag 500 r/T 5000
Au 5—10 r/T 1000—2000
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¢ ¢pakuuonupoBanueM npn (asoBhix mnepexoaax». M nanbume:r
«Onnorunnocts kpusbix Cy/C, n Cy/C. cBUAETENLCTBYET O CBA3M
rPAaHATOB H CJaHIEB IeNovykoil (asoBHIX NMepexojoB, T. €. Npea-
cTaBjsieT SIPKOE TIeOXHMHYECKOe J0KasaTeJNbCTBO IPOHCXOMKACHHS
NofaBAsIONE# Macchl TPAaHHTOHJAOB 3a CYET IJIABJEHHS TMOPOJ
mecuaHo-caanNeBuXx ¢Gopmanumit» [Tam ke, c. 452—453].

Bce 310 NOATBEPIKAAET paHee BHICKA3aHHYIO MBIC/D, YTO IMEpPHO-
JHYecKHil 3akoH MemjgejeeBa JIEXKHT B OCHOBE OOJBIIHHCTBA, €C/H
He BCeX, 3aKOHOMEepHOCTell XHMHH 3eMJIH H KocMoca.

B. H. Beprajackuil HasBaJl paccesHnolmu T€ 3JEMEHTH, KOTOpbIE,
HaxolsACh B 3€MHOII KOpe B 3HAYHTEJNBHLIX KOJHYECTBaXx, He Jal0T
BHICOKHX KoHlenTpaunii. Tak, Hanpumep, orpoMuble Maccsl Rb pac-
cessHBl B ToJeBHX wmnartax, Ga—pB aJIOMHHHEBEHIX MHHEpalnax,
Re —B moaubpennrax, Cd —B c¢anepurax, Ag—B rajeHurax,
Sc —B cuaukarax, Li—B calogax 1 T. 1. B ornuume oT paccesiH-
HBIX pedKue 3JEMEHTHl B 3eMHOH KOpe HaXoAATCA B 3HAUHTENIBHO
MEHBIIEM KOJIHYeCTBe, XOTA 06pasyloT CBOH cOOGCTBeHHble MHHE-
pajbl, Aalouiie pyaHbie ckorsieHHsi. COOTHOIIEHHE PEAKHX 3JeMeH-
TOB Mexay co6oil mokazano Ha ¢ur. 10.2. Bepnajackuii B cBA3H
C 5THM BBeJ TNOHATHE KAAPKA KOHYEHTPpayuu sJeMeHTa B MHHepa-
nax u mecropoxkiaenuax. Kiaapk Mn B 3eMHOH KOpe cocTaBjaser
0,1 %. Knapk xonuentpauun Mn B popouute — 400, B ncuiome-
nane — 500, B nuponosute — 632.

TakuMm 06pa3oM, AOCTYIMHOCTb TOrO HJH HHOIO 3JeMeHTa Ipe-
JKJe BCEero OmpefeNsiercss ero Ccrnoco6GHOCTbIO JaBaTh BHICOKHE
K/IapKH KOHIEHTpAallHH, T. €. 00pa3oBbIBATH MHHEpAaJbl, CKONJIEHHA
KOTOPLIX MOTYT [aBaTh 3KOHOMHYECKH BBITOJHBIE JJIsl HCIOJIb3O-
BaHHA MECTOPOKAEHHS.

B. B. Usanos [1969 r.] nan reHepanbible OLEHKH CPeJHHX CO-
JepKaHuil 3JeMeHTOB-IpHMecefi B TIJIaBHBIX PYAHBIX MHHepajax.
Briuncnennble H3 HAKONJIEHHOTO B MHPOBOH JuTepaTtype aHaJHTH-
Yyeckoro MmarepHasa, OHH TokaswiBalor (raba. 10.10), xkakyio
OTPOMHYIO Maccy BayKHBIX 3J€MeHTOB-pHMeceil HecyT B cele
HeKoTopble pyaHkle mMuHepans. B rtaba. 10.11 nmpuBesens kiaapku
KOHIIEHTPAUHH pAJa 3JEMEHTOB B TPOMBIIIIEHHHX MeCTOpPOXKIe-
HHAX.

TEOXMMHYECKAA KIIACCUDHKALUA SINEMEHTOE

B 1923 r. B. M. I'oibAINMHAT, NOJOMKHB B OCHOBY 3MITHPHYECKH
NAaBHBIM-IaBHO YCTAHOBJEHHBIH MeTaaayprueii ¢akr pacnpejene-
HHsl (pa3 B npolecce JAOMEHHOH NIaBKH PyAbl Ha MeTaJJHYECKYIO,
Cy.ﬁb(t)HIIHyPO, CHJAHMKATHYI0 H Tras3oBYylO0 COCTaBJAKOIIHE, COBMECTHO
¢ U. u B. HognakaMu cHcTeMaTHYECKH HCCJIeN0BaJ COJepiKaHue
pasJHYHBbIX 3/IEMEHTOB B 9THX q)aaax. HPH 3TOM BBISICHHJOCDL, 4YTO
BCe 3JIEMEHTH JO0BOJbHO YeTKO pacnpejessiorcss Ha OJH3KHE MO
ceoiictream K Fe (cumepoduapnnie), k¥ Cu (xanabKoduiabHbe),
K 3JeMeHTaM, 00pa3yloulHM 3eMHble CHJAHKATHBIE MNOPOALl (JHTO-
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10.3. Teoxumuueckue rpynnsl saementos no B. M. Toappmmuary.

$uIAbHbBIE) W K TEM, YTO COCTAaBJAT 3eMHylo atmocdepy (aTmo-
¢duabHbIE).

B nocaenyionue 30 et ToabAWIMHAT COBEPUIEHCTBOBAJ CBOIO
knaccupukaumio, 1 B 1954 r. oHa nosyuna1a BHL, H300paKeHHbIi
B ta6a. 10.12. B Buae nepuoamueckoii TaGauMubLl OHAa H300paxKeHa
- ua ¢ur. 10.3.

Hajg reoXxHMHYeCKHMH KJacCHOHKAUHAMH 3JEMEHTOB MHOT0O H
TJI0OIOTBOPHO TPYAHJIHCH COBETCKHE IEOXHMHKH, CpelH KOTOPBIX He-
o6xoaumo ormetuth A. E. ®epcmana [1933 r.], B. H. Bepuaackoro
[1934 r.] u A. H. 3aBapuuxoro [1944 r.].

TABJIMLIA 10.12

leoxumuyeckas Kiaccudukauus anementToB no FoabAmmMux
[Goldschmidt V. M., !953

XanbKodHAbHBIE Buopnab-
CrpepodHIL- (cyabdugHbE) JluTobuAbHbE Armo- Hble
nble (Kene- (CHAMKATHBLE) duabHbe | (opranu-
sopyaHbie) l (rasmsi) aMbl)
B MeTeOpHTax seMHBle
Fe, Ni, Co, S, Se; 8.aset O (S) (D). (H), o H, /N "G R C
P, (As), C, (Te?), P, Te, As, i ricZr Hi. €, 0, fil
Ru, Rh, Pd, As, (Sb?), Sb, Bi, Ca, Th,F, el By T ¢l Br; 'S, Ghyls
Os, Ir, Pt, Cu, Ag, Zn, il (Sn), B, Al, (Ga), I, He, (B), (Ca,
Au, Ge, Sn, Cd, (Ti), (Ge), (Sn), Se. Y., 'La;iCe; Ne, Ar, Mg, K,
Mo, (W), V, Cr, Mn, Pb, Zn, Pr, Nd, Sm, Eu, Kr, Xe Na), (V,
(Nb), Ta, Fe, (Ca) Cd, Hg, Cu, Gd, Tb,"Dy.:Hoa, Mn, Fe,
(Se), (Te) Ag, (Au), " Er, Tmy ¥b, L, Cu)
Ni, Pd, Li; Na, K,"Rb,
(Pt), Co, Cs, Be, Mg, Ca,
(Rh, Ir), Sr, Ba, (Fe), V,
Fe, Rh, Cr, Ba, ((Ni)),
(Os)

((Co)), Nb, Ta,
<y
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10.4. Teoxnmuueckas kaaccubuxanms snemento no A. E. depcmany [1955].

leoxumuyeckas kiaaccudukauus siementos Pepcmana Gblaa
NocTpoeHa
(¢pur. 10.4). «B srom Bume, —nucan depcman,— tabanna Menze-
JleeBa OYeHb YA00HA JJsi CaMOro LIHPOKOTO €e NPHMEHEHHS npu
dlaJin3e TeOXHMHYEeCKHX HpOﬁJ‘IEM. o

Ha

OCHOBEe TEpHOAHYECKOil cHcTeMbl MeHjeneesa

TA BJIMIIA 10.13

Teoxumuyeckas KiaccHGHKauus 3nemeHTOB no Bepuajuckomy

Macca B semuOft

Tpynna dneMeHTH n i
% r
Baaropoasne oHe, 19Ne, 13Ar, 5Kr, 54Xe 5 5,4 1014
rassl
Bnaropomubie  43Ru, g5Rh, 4Pd, 740s, 771, 15Pt, AU 7 7,61 102
MeTaJlJbl
Huknuueckne H, (;Be), 5B, ¢C, 7N, 4O, oF, 11Na, ,Mg, 44 4782 2.10®
smementel  33Al, 1481, 15P, 165, 1:Cl, 14K, 5Ca
2211, 23V, (2aCr), 55Mn, g6Fe, 4,Co, (55Ni),
gl mZn, (”Ge): ”AS' use, ssSl'.
54021')?: a2Mo, 47Ag, 45Cd, (505n), (:15b),
sale), seBa, (wiJHf)- nW)' (sRe),
(s0Hg), (aT1), (52PD), (ssBi)
Paccesnnnle  gli, 51Sc, 51Ga, gsBr, 3;Rb, 5 Y, (uNb), 11 11,95 10te
3JIEMEHTHI 1910, 53l, 55Cs, -3Ta
DneMeHTH 8aP0, ggRN, gsRa, goAc, yoTh, 51Pa, 5,U 7 7,61 101
PajHOaKTHB-
HbIE
DaeMeHTH s7L.a, ssCe, 5y Pr, oNd, g1Pm, ¢Sm, gsEu, 15 16,30 1016

PEeIKHX 3emelib

004, esTb, gsDy, ¢7HO, gEr, gTm,

wa, -uLll
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10.5. Teoxnmugeckas knaccudukaunus siaemeHtos mo B. W. Bepragckomy [1927].

TayGokuit reoXHMHYECKHiI aHaau3 jgan BepHaJCKHi B Ipenjo-
JKEHHOH HM KJacCHpHKaIHH: «B ocHOBY reoXHMHYECKOH KJIacCHQH-
KalluH JTOJKHB OBITh NMOJIOJKEHHB caMble O6LIHE AIBJAGHH A HC-
TOPHH XMMHYECKHX 3JIEMEHTOB B 3eMHOil Kope, BCe YaCTHOCTH H0J-
2KHBl OBITH OCTaBJeHH 6e3 BHHMAaHHS.

Campbie 0o6uIHe SIBJEHHSI MOTYT OBITh CBeJEHBl K CJEAYIOUIHM
TPEM OCHOBHBIM NpPH3HAKAM.

1. IlpucyTcTBHE HJIH OTCYTCTBHE B HCTODHH JaHHOrO XHMHUYe-
CKOro 3JieMeHTa B 3eMHOH KOpe XHMHYeCKHX HJH paJgHOXHMHYE-
CKHX NPOLECCOB.

2. Xapakrtep 3THX MpoLeccoB: HX OOpaTHMOCTh HJIH HeoGpaTH-
MOCTb.

3. IlpucyrcTBHe MM OTCYTCTBHE B HCTOPHH XHMHYECKHX 3Je-
MEHTOB B 3€MHOH KOpe HX XHMHYECKHX COeJIHHEHHMH HJIH MOJIeKY.,
COCTOSIIHX M3 HECKOJbKHX aTomoB» [Bepuaackuit B. H., 1954,
¢. 36] (paspanka mos.— B. B).

Tada. 10.13 u ¢ur. 10.5 noka3wBalOT reoOXHMHYECKYI0 KJIaCCH-
<duKanuio 371eMeHToB Mo BepHaackomy.

leoxuMuueckass KJacCHOHKAIHA 3/JEMEHTOB, IpeLloKeHHas
A. H. 3asapuukum B 1944 r., nocrpoeHa noJo06HO KJaCCH(pHKAIHH
depcmana Ha OCHOBe pasBepHyToH Tabauusl Menaeneesa
(¢ur. 10.6). «B Takom BHue,— mucasn 3aBapuukumit [1950, c. 15],—
«TabiHIla HarJSAIHO BHIPAXKAaeT... OCHOBHOH TeoXHMHYeCKHil 3a-
KOH.... HaXOXJeHHe XHMHYECKHX 3JeMEHTOB B 3€MHOH Kope
3aBHCHT OT CTPOEHHS aTOMOB 3THX 3JeMEHTOB» (pas-
psaka wmos.— B. b.).

lFeoxumuyeckas kaaccupukauus saemertoB no I. DBepry
{1933 r.] nokasana na ¢ur. 10.7.
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10.6. Teoxummueckana xaaccuukamus saementos no A. H. 3asapuuxomy [1950].

B Hacrosimee BpeMsi reoxummueckas kKiaaccHpHKALHS 3JeMeH-
TOB CTPOHMTCA Ha CJAEAYIOIHX MPHHIIHNAX.

Jlurogunrsrsie 3aemenTsl — 3TO 3/€MEHTH TrOpHEX nopox. Ha
BHENIHEH 000J0YKE HX HOHOB HAXOAHTCH 2 HJAH 8 3JeKTPOHOB.
Ha xpusoii atomubix o6bemoB (¢ur. 10.8) onm pacnonarawores Ha
BEPIIHHAX H HHCXOASALIMX yuacTKaX. TemnoTsl oGpasoBaHusi HX
OKHCJI0B Goabme, yeM y FeO (AHj 208°=—263,68 kIK/MOib=
=—63,20 kkaa/mMoib). A pa3HOCTL TEMJIOT — Mepa JHTODH/IBHO-
cTH. JIuTOu/IbHEIE 31€MEHTH TPYAHO BOCCTAHABJIHBAIOTCSH A0 3J16-
MeHTapHoro cocrosuus. OOGeYHO OHM cBsizaHel ¢ O H CoOCTaBJASIOT
OCHOBHYIO MacCy CHJIHKATOB M aJlOMOCHIHKAaTOB. Berpeuawotcs
Takixe B BHJe OKHCJOB, pochatos, cyabdartos, 6opatos, kap6oHa-
TOB M rajorenuioB. JIutoduiannuie 3/7eMEHTH NpeHMYIIECTBEHHO

H

He | Li Be| B c N0y B
= Nezkue
§ ANeexue memannouds i
~[Ne|lNa Mg AL|Si P S Cl A o i PO
W MEmanm,
=|Ar| K Ca| Sc Ti|V Cr Mn Fe Co Ni|Cu Zn Ga Ge As|Se #r
E Pedkue I FYRIE  Meatia Ubemueie
S| K |Rb Sr| Y Zr Nb|Mo[Tc Ru Rh Pd Ag| Cd In Sm Sb|Te I
E _ Jemau bnaeopodnsie Memannsl Memannsi

Xe|Cs Ba)TR HI Ta|W |Re 0s Ir Pt Au Hg TL Pb Bi[Po At

Rn Fr Ra Ac Th Pa U Paduoaxmubneie snemesmesr

10.7. Teoxuvuueckas knaccudukauus saementos mo I'. Bepry [1933 r.L
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10.8. Teoxumuyeckass Tabuula 3JEMEHTOB, PAacmOJOMKEHHBIX Ha KPHBOM AaTOMHBIX
o6bemoB [dapsmesny M. A., Irefinman P. §1., 1970 r.].

lapaMarHuTHbl, HMEIOT BBICOKHE OTPHIATE/NbHBIE 3HAYEHHS CTaH-
JapTHBIX MOTEHIHAJOB *, B: Li/Lit=—3,01, K/Kt=—292,
Ca/Ca?+=—2,84, Na/Nat=—271, Mg/Mg?+=—238 u T. 1.

B. B. llep6una [1971 r] k 4ucay JauTOPHUABHBIX OTHOCHT 54
3JleMeHTa; ILIeJoyHble H LieJoyHoszeMmeabHele, B, Al, Sc, maunraHo-
HAE B agrHRonmn. €, Si, T, ‘Zr, HiF PV, Nb, Ta;" O Ce W
rasorenbl, Mn, Bosmoxuo Tc u At. Ha ¢ur. 10.9 (cM. BKIAAAKY)
JIHTO(HIBHBIE 3JIeMEHTHl MOoKasaHbl Ludpoi [.

XaaskopuivHoie 3aeMeHTbL — 3TO 3JE€MEHTbl CYJIbQHAHBIX PYA.
Ha Buemneil o600uke ux HOHOB pacnosaraercsi mo 8 (S, Se, Te)
uan 18 (y ocraapHbiX) 3JeKTpoHOB. OHE pacnosaraioTcst Ha BOCXO-
JSALIHX yyacTKaX KpHBOH aToMHbIX o6bemoB (¢ur. 10.8). Tensora
ux ob6pasoBanns uuxke, ueM y FeO (mas FeSy; AHj, 998°=—177,40,
aas HgS —b58,16, PbS —94,28, Ag,S —33,2 klk/Moab H T. 1.).
‘OHM AMAaMArHHTHBl, HMMEIOT OTpHLATEJbHBIE 3Ha4YeHHS CTaHAapT-
HEIX MOTEHIIHAJOB, HO MEHbLINEe, 4eM Yy JHTOQUILHBIX 3JEMEHTOB
(Zn/Zn?+=—0,766, Ni/Ni*+=—0,23, Pb/Pb**=—0,13 B u T. 1.).
B npupozxe BcrpeuaioTcss B BHIE CYJAb(HIOB, CEJEHHIOB, TeJJIypH-
J0B, a Takxke B camopoaHom cocrosuun (Cu, Ag, Hg, Pb, Zn, As,
'Sb, Bi, S, Se, Te, Sn). Kpome na3zBaHHBIX K XaJbKODHJILHBIM 3/I€-

* CTaHAapTHBIH NOTEHLHAJ — MOTEeHIHAM MeXIY CTAHA4PTHLIM MeTaJLlHue-
CKHM 3JIEKTPO/JOM H CTAHJAApPTHHIM BOJIOPOJAHBIM 3JeKTpoioM. Hmeer 3nauenus
or —3,01 (Li/Li*) mo +1,4B (Au/Audt).
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mMeHTam otHocArcs Ca, Ge, Cd, In, Tl, Po— Bcero 18 3jeMenTOB.
Ha ¢ur. 10.9 xanbkoduibuble 3JeMeHTH MOKasaHbl nudpoit 2.

Cudepoguastvie — 371eMEHTH € AOCTPaHBAIOUIHMHCH 3/JeKTPOH-
HBEIMH d- n f-o6onoukamu. Ciofa oTHOCATCH Bce ajementn VIII
TPYNIbl NEePHOJHYECKOH cHcTeMbl, a Takxke Mo, Tc, Re u Au—
Beero 13 snementos. Ha ¢ur. 10.9 onu nokasans uudpoit 3. Cuge-
POOUIBHBIE 3JEMEHTH 3aHHMAOT MHHHMYME KPHBOHl AaTOMHBIX
00beMOB. HacTh OKHCJIOB HMEIOT TEm0Ty oGpa3oBaHHS, GIH3KYIO
K TakoBoii FeO (AHj 006° nna NiO paBmo —239,7 k/Ixk/Moub),
GOJILIIHHCTBO K€ H3 HHX XHMHYECKH HHEPTHO H NOTOMY BCTpeua-
eTCsl B CAMOPOAHOM COCTOSIHHH.

Cuaepoduiabhbie 3/eMeHTH (GeppOMArHHTHE H napaMarHATHBI.
OJIeKTPOAHble  NOTeHNHAaNH  OTpuuaTenbum  (Fe/Fe?t=—0,44,
Ni/Ni**=—0,23 B), y sonora Au/Aud+=+14 B. OGuapyKuBaor
cnenuguueckoe cpoactso k As u S [PtAs,, FeAs;, NiAss, (Fe,
Ni)S, MoS;, CoAsS u ap.], a Takxe k P, C, N. IToutn Bce chue-
POQuIbHEIE 5J€MEHTH, KPOME TOro, BCTPEYAlOTCH B CaMOPOLHOM
COCTOSIHHH.

ATmopurbrble SNEMEHTH — 3J1eMEHTHI atmochepr. Boabuwin-
CTBO H3 HHX HMEET aTOMBI C 3alOJHEHHBIMH 3JEKTPOHHBIMH 060-
JOYKaMH — 370 HHepTHHe rasul He, Ne, Ar, Kr, Xe, Rn, a Takmke
N u H. Ha xpuBoii atoMHHX 06beMOB aTMOQHU/IbHblE 3JEMEHTH
pacmoJsaralTcd Ha BOCXOAALIMX BeTBAX. IIpenMyimecTBeHHO aua-
MarHuTHH. BejelCTBHE BBICOKHX TNOTEHIHAJO0B HOHH3AUHH C TPY-
AOM BCTYNAlOT B COEAHHEHHS C JADYTHMH 3J€MEHTAMH M NOTOMY
B npHpoje Haxoxatcs (kpome H) ruasmeiM o6pasom B snementap-
HOM (camopomHoMm) cocrosuun. Ha puc. 10.9 aTMOGHIBHEE 3/e-
MEHTBl 00beAHHEHbI C JHTODHIBHEIMH.

Buoguavnsie sneMents 6yayT paccMoTpeHsl B ra. 21.



Fnasa 11

FrEOXMMMUS MATMATHMYECKOIO TMPOLLECCA

Marmy Mbl paccMmatpvBaemM Kak pacTsop.
@. 10, Jlesuncon-JTeccune, 1935

ITpu KpHCTa/JHM3aLHH MarM BbiNajeHHe TBepAbIX (a3 (MuHe-
palioB) ONpeensieTcsi 3aKOHOM OelcT8YIOWUX Macc H pacTsopu-
mocTeto Komnonentos. Tlostomy B marme, Goratoit Mg u Fe, no-
PSOK KPHCTAJUIH3ANHH COOTBETCTBYET MNOCJENOBATENbHON CMeHe
OJIHBHH — POMOHYECKHII MHPOKCEH — MOHOK/JHHHBIH NHPOKCEH — aM-
¢u6os — 6HOTHT — MYCKOBHT — KBapu. B wmarme, Gorartoit Ile/o-
yaMH M aJIOMOCHJIMKATHBIMH KOMIOHEHTaMH, IIOJieBble MIMaThl H
GhenbAMNaTORAB BBIENAIOTCA paHbllle TEMHOUBETHHIX MHHEpaJoB
(nupokcenoB, aMmpu6os0B, ¢JI01), YTO COOTBETCTBYET TaK HasbBae-
MOMY @2nauTHoMmy Xoay KpucTajausauuu. HakoHel, B CHJIBHO nepe-
CHI[EHHBIX KpEeMHe3eMOM Marmax TMepBHIM HEpeAKO BbIIEJIAeTCH
kBapl (HanpHMmep, B KBapleBHX nopdupax).

SBoJIIONHA MarMb B IeJIOM oOINpejessercs, MO COBPeMeHHBIM
NpeJCTABJEHHSM, COUETAHHEM KPHCTAJIH3AUHOHHON AH(D(epeHIH-
alMk, MarmMaTHYecKoH aHddepeHIHallHH, KOHTAMHHAIHH H accH-
muasuua. [locieanne B KOHEUHOM cueTe NMPHBOAAT K 00pasoBaHHIO
rHOPHAHBIX MarM H IOPOJI.

Ha ocHOBaHHHM TOTO, YTO HaM H3BeCTHO 00 H3JHBLIMXCH Mar-
Max — J1aBaxX, NPHHSTO CYHTATH, YTO MarMa — 3TO Iy OHHHBI, OTHEH-
HOXKHIKHI, CHJAHKATHHII HJH CYIIeCTBEHHO CHJIMKAaTHBEII pacTBOp-
pacmJaB MHOTHX XHMHUECKHX KOMIIOHEHTOB, HAaCBHIMEHHBIH raso-
BBLIMH H JIETKOJETYYHMH BeIlecTBAMH.

Marma — JHHAMHYHAasl, HEMpepLIBHO pa3BHBAlOIIasics MPHPOA-
Hasi cucTeMa. Y MarMbl MOCTOSHHO H3MEHSIOTCH BCe ee BarKHeHIIHe
XapaKTepHCTHKH — TeMIepaTypa H JaBjeHHe, COCTaB, MeCTOIOJIO-
;KeHHe. B pesysnbrate KojeGaHMil TeMIepaTyphl H AaB/IeHHS H3Me-
HAeTCA PAaCTBOPHMOCTH COCTABJIAIONIHX MarMy KOMIIOHEHTOB, H
MarMa B OJHHX YCJOBHSIX YTO-TO Iorjiomaer (pacTBopsier), B APY-
I'HX — BHAEJASET HJAH oThienasier. MameneHuio cocraBa 0cOGEHHO
crmoco6CTBYeT MOABHKHOCTH MarMbl. [lepememasick B pasiH4HBIX
rOpPH30HTAX 3€MHOM KOpHI, TepeceKkas pas3jiHYHbBIE N0 COCTaBy BMe-
HIAlOIHe TOPOJAL, MarMa aKTHBHO B3aHMOJIEHCTBYET C HHMH, acCH-
MHJHDYeT HX BellecTBO M HepeIKO CYIIeCTBEHHO MeHseT CBO# cO-
cTaB, pe3ko oforamasicb 3THM HOBHIM BelIeCTBOM H npuHoGperas
XapaKTepHyl0 DYAHYIO cnenuanusauuio. TakoBa, BO3MOXKHO, NpH-
pola YHHKAaJbHBIX amaTHTOBBIX MecTOpoXienu# XuOuH, pesko
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oboramennbix Mn rpauutonpos [Ipubaiikanbsi, MeaHO-HHKeJEBBIX
mMecropoxkaennit Kosmbckoro moayocrposa u ap.

B kakom cocTOSiHHH HaxoAHTCS BeuiectBo B marme? [lo stomy
BONpPOCY BBICKA3HIBAJHCh pasiiHuHble TOYKH 3peHHA. OcraHOBHMCSH
Ha CaMBIX BaXKHBIX H IPHHIHIIHAJbHBIX.

Eme B 1898 r. Bujpalomuiics pycckuit nerporpap @. 0. Jle-
Buncon-Jleccunr (1861—1939) Buickazan MHeHHE O TOM, 4YTO
B Marme CyHIeCTBYIOT KOMIIJIEKCHI, COOTBETCTBYIOIIHEe OYIyLIUM MH-
HepasaM. Iloagnee Jlesuucon-Jleccuur [1935 r., c. 175] nwucanx:
«MuHepansl B Marme JHCCOUMMPOBAHB, KAaK 3TO YCTaHOBJEHO
onsitamu (HMpaaunrca, Bapyca, Heabrepa, Boysua), nosromy npu
H3BECTHHIX YCJIOBHSX MOTYT U3 OJAHOH M TOH 3Ke MarMhl MOJYYHTHCS
pasuple MHHepaabHble KoMOuHanuu. Ho B Marme, cnokofiHo B mpo-
lecce OXJaxKAeHHs AOXoAslleil A0 KOHILA KpHCTaJ/JIH3allHH, Pa3HbE
OCHOBAHHSA MOACIHJIH MeXAY cOO0OH KPeMHEKHCJIOTY H COeIHHUJHCH
¢ Hew coo0pasHO HX OTHOCHTEJNBHBIM CPOJCTBaM, HX OTHOCH-
TeJbHOM JKAaJHOCTH K KPeMHEKHC/JIOTe B KOMIWIEKCH, COOTBETCT-
BYIOIIHE OKOHYATeJbHBIM MHHepasaMm Takoil Marmul. Eciau B marme
NPOHCXOJHT MarmMaTHueckas AnddepeHunalus, To nepeMenianTcs,
KOHIEHTPHPYSACL B TOH HJIH HHOH yacTH mMarMmaTHYeckoro Gacceina,
He OTJe/bHBIE OKHCJBI, KaK AyMaJH paHblle, a KOMIJEKCH, COOT-
BeTCTBYIOIIHE OYAYIHM MHHEpa/JaM».

PaspuBas stu npeacrasienusi, [1. I1. I'puropres [1937 r., c. 122]
nucan: «B JKHAKOM ellle pacn/aBe YiKe CYLIECTBYIOT TOTOBHE MO-
JEKYJbl MHHEDAJOB HJH TPYNNbl HOHOB, COOTBETCTBYIOUIHE 3THM
oTAeNbHEIM MoJekysaam». IlpexcraBinenust Jlesuncou-Jleccunra u
[puropneBa co Bpemenem Oblin 3a6BITHL M aub B 1959 r. Bockpe-
mwensl paboramu akaja. H. B. BesoBa, o KoTophX MEI pacckaxem
HEeCKOJIBKO HHIKE.

INockonnky — MarmMa — MOJHKOMIOHEHTHBIE  pacniias-pacTBop,
PaccCMOTPHM HECKOJbKO MNPHMEPOB KPHCTAJJIH3ALHH TPEXKOMIIO-
HEHTHBIX CHCTEM, B KaKOH-TO cTemeHH OODBSACHSIOMIHX MarMaToreH-
Hble napareHesuchl. OJHOI H3 JaBHO H3YYEHHBIX CHCTEM TaKOro
pojia sABJASETCS AMArpaMMa MJaBKOCTH ajJbGHT — aHOPTHT — AHOIM-
cup (¢ur. 11.1). InarpaMmy cocTaBisiioT ABe OUHAPHBIE 3BTEK-
THKH: JHOIICHJ — @HOPTHT H aJbOHT — JHONCHA H H30MOpdHas
cepusi TBEPABIX PACTBOPOB B PSANY aJbOHT — aHOPTHT.

Huarpamma pasjenena korekTuwecxkoti® nuuuell Ha moJe mJa-
ruokaasa M noje awoncuaa. Ilpm remneparype menee 1500°C wu3
pacmjaBa [JIarHOK/Ia30BOr0 COCTaBa HAYHETCS KPHCTAJJIH3AIHSA
njarkok/iasa TeMm OoJee OCHOBHOrO COCTaBa, ueM OGJIMIKE COCTAB
pacnjaBa HaXOAMTCS K BeplIHHe, oTBeyaioueii anoptury. ITo mepe
NajeHHa TeMNepaTypel CcOCTaB IJIarHOK/Jas3a OyIeT CTAHOBHThCS
Bce OoJsiee KHMCJbIM, a ofliee HampaBJeHHe NMYTH KPHCTAJIJIH3AIHH

* Korekrtnueckoit Jgmmmefi Ha jamarpaMmax (asoBeX paBHoBecHil 0603Ha-
HaloT rPaHHIly PaBHOBECHOIO COCTOSAHHA PACIIABA C OMHOBPEMEHHO KPHCTAJJIH-
SYIOLUHMHCA 10 TY M JAPYryio CTOpOHY ee ABYMS TBepAbMH (azamu. KotekT-
UecKas JIHHHH COOTBETCTBYET MHHHMAJbHBIM 3HAUCHHSM JHKBHAYCA.
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11.1. JduarpamMa naaskoctn cueremsl  11.2. Cucrema  anbOHT—AaHOPTHT—
a/bOHT—AHOPTHT—/HONCH B Macco- JAHONCHA—(eppPOCHIHT.
sux goaax, %.

fyaerT onpelenaTbCA JBHIKEHHEM cOCTaBa pacniaBa K KOTEKTHYE-
ckoit nunun. Ilo JOCTHKEHHM ee U3 pacivlaBa HayHeTcs OAHOBpe-
MEHHOE BBIJeJeHHe NJarHoKjasa H JHONCHAa H KpHCTa/UIH3alnd
CHCTEMbl 3aBEPIUHTCH 3IBTEKTHKOil B TOuke Ej, COOTBETCTBYIOLIEH
10 COCTaBY MOYTH YHCTOMY aJbGHTY ¢ HeGOJBUIHM KOJHYECTBOM
quorncuaa. B obaacTH AMONCHAOBOrO paciiiaBa IpH TeMneparypax
Menee 1350°C naunercs KpHcraaausauus auwoncuaa. Cocrae pac-
naaBa, Kak M B NpeAbaylieM caydae, Oyaer MeHATbCs, W 1O J0-
CTHIKEHHH KOTeKTHYeCKOH JIMHHH OJHOBPEMEHHO C JHONCHAOM H3
Hero HAYHeT KpHCTaJau3oBaThesi miaarnoxknas. Ilo mepe manenus
TeMrepaTypsl, KaK 3TO BHJHO H3 H30T€pPM, COCTaBH pacn.iasa, AH-
olcHAA H IJiarHoKjaasa OyAyT MeHsTbCs, MOKa BCsA CHCTeMa He 3a-
CTHIHET B BHJE 3BTeKTHUecKoit cmecn B Touke Es. Ouenutb GoJee
TOYHO COCTABHl BHINMAJAUIHX B 3TOR cHcTeme (as, a Takke BOC-
CTAHOBHTL B JIeTAaJAX BeCh XOJA €e KPHCTA/UIH3alUHH I03BOJSIOT
COOTBETCTBYIONIHE PYKOBOACTBA (cM., Hanpumep, [daepe 3., 1975,
c. 100—105]).

Ecau 106aBHTh B PacCMOTPEHHYIO CHCTEMY HOBBHIH KOMIOHEHT,
nanpumep deppocuant FeSiO;, cucrema, npespaulasch B YeTbipex-
KOMIOHEHTHYIO, CTAHOBHTCS elle 6oJiee CJA0KHOI. CxeMaTHYHO OHa
nzobpaxena Ha ¢ur. 11.2. KoMnonenTer, 3anuMas BEpPIIHHBI TETPa-
3apa, o6pasyloT ueThipe TPOJiHbIe CHCTEMbI —(Ab—An—Fs), (Fs,
An, Di), (Ab, An, Di) u (Ab, Fs, Di) u wecrb GHHapHBIX CHCTeM,
M3 KOTOPHIX JBe B CBOI ouepe]b 06pasyiorT H30MOpQHBIE cepHH
(Mexay aabOHTOM H AHOPTHTOM, a TaKkKe MEXIY JHONCHAOM H
deppocuaurom), a uersipe (Ab+Fs, Fs+An, An+Di u Di+Ab)
1al0T 3BTeKTHKH. KorekTnueckas niockocts Ey, Es, Es, E4, coenn-
HAIOIIAS TOYKH 3IBTEKTHK, AEJHT NMPOCTPAHCTBO TeTpasjpa Ha JBe
YACTH: BEPXHIOI (MHPOKCEHOBYIO) H HHKHIOW (n1arHoK1a30BYI0).

M3 pacnsiaBa, OTBeYaioulero cOCTAaBY NHPOKCEHOB, PH OXJIaM e~
HHH HAYHYT BJSThCs OGoramieHHble JHONCHAOBBIM KOMNOHCHTOM
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NHPOKCeHBl, a pacnaas, oforamasch IVIarHOKJIA30BBIMH  KOM-
IIOHEHTaMH, Bblﬁ,IIET B Kakoil-TO TOUKe Ha KOTEKTHYECKYI0 IJIoC-
Kocth. C 3TOrO MOMEHTA HAyHeTCs OJHOBpEMEHHas KpHCTaJJIH3a-
LM MHPOKCEHA M IJIaTHOK/Aa3a, KOTopas 3aKOHYHTCS B OamnKaiiier
H3 9BTeKTHK. AHajoruunbiM ob6pasom O6yaer NPOHCXOAHTH KpH-
CTaJI/IH3allis M3 PACIiaBa IJATHOKJIA30BOH YacTH CHCTeMBI. 3jech
nepBbiM 6y/JeT KPHCTAJIH30BaThCs HanOojee OCHOBHOM B JAHHBIX
YCJOBHAX IJIarHOK/a3.

Hccaenopapmuit a1y cucremy T. ®. Bapr [1936 r.], npunasan
eil Gosibllioe reHeTHYeCKOe 3Hauenue, W60 BHAe] B Hell HeKHil aHa-
JIOT TPHPOJAHOrO Npolecca KpHCTanausauuu ra66po-6a3abTOBEIX
marM. Jlis HammEx HeJefl 3Ta cHcreMa Ba)KHa, KpoMe TOro, Io
Kpaiineii Mepe ueThpbMsi ApyruMH oGcroartenbcTBaMH. OHa moka-
abiBaer: 1) Kak CyLIeCTBEHHO MeHSIOTCA CBOHCTBA pacniaepa,
Korna jobaBasieTcsi HOBBII KOMIIOHEHT; 2) 4YTO MOCJef0BaTelb-
HOCTb KpHCTajau3auud (as H3 pacmiaBa omnpejensercs OGLHMH
CBOMICTBAMH CHCTEMbl, a He OJHHMH HHAHMBHIYaJbHbIMH CBOHCTBAMH
3JIeMEHTOB, COCTAaBJSIOIUX 3Ty CHCTeMy; 3) 4TO cocTaBbl (has om-
PeAeNAIOTCH CMECHMOCTBIO COCYIIECTBYIOUIMX B pacnjaBe KOMIO-
HEHTOB; 4) CMECHMOCTb KOMIOHEHTOB B CBOK Ou€pejb oOnpele-
JsieTCsi TeMIepaTypoH, JAaBjeHHeM M aKTHBHOCTHbIO, T. €. TEePMOMH-
HAMHUYECKHMH MapaMeTpaMH CHCTeMBH.

Tpoitnas JHarpamma HedeJHH — KaJHO(DHIAT — KBapIl
(¢pur. 11.3), uccaenosannas H. Boysnom B 1937 r. u k. Hlepe-
pom B 1957 r., uMeerT BaxKHOe 3HayeHHe /s NOHHMaHHS MNpolec-
COB KPHCTAJIIH3AUMH IIEJOYHBIX M KHcaAbiX marm. Ha srtoit puar-
paMMe OTYeTJIHBO BH/HO, YTO B CHJY CYLIECTBYIOULEro 3iech
«TeMnepaTtypHoro Gapbepa» BcAKHA OoraTblii 1les0YaMH pacnjias,
SBOJIOIHOHHPYSI, 3aKAHYHBAET KPHCTA/IH3ALHKI0 B TouKax A (THHTY-
aut) wan b (Qononur). Pacniasel, GoraTthie KpeMHE3eMOM, AAlOT
B KoHeuHOM cyere rpaHuTh () mau puoantsl (E). ITpomexyrounoe
NOJIOXKEHHe MeXJAY 3THMH KpPaHHHMH rpynnamHd sanumaior GoraTbie
KaJIHeBO-HATPHEBLIMH MOJIEBBIMH INNATAMH M KHCJBIMH IJIarHoKJa-
saMu Tpaxuthl (I') u cHeHuTH (B).

WHTepecHO OTMETHTb, YTO YacTh JAHArpaMMmbl, OrpaHHYeHHas
KOMIIOHEHTAMH KBapl — aib6HT — OPTOKJAa3, mnpejcraBiaser coboii
aHaJIor pacCMOTPEHHOH BBIIIE CHCTEMBI JHONCHJ — aJbOHT — aHO-
prut (¢ur. 11.1). Ilpm BHICOKHX TemnepaTypax ajbOHT H oOp-
TOK/1a3 00pasyioT H30MOP(QHYIO CepHIO CaHH/HHOB, a KBapIl C alb-
furom (npu 1062°C) u c oproknasom (mpu 1150°C) obpasyer
9BTeKTHKH. JlJIi HAac HHTepec B 3TOH CHCTeME COCTOHT B TOM, 4TO
OHa 3KCMepHMEHTOM OGOCHOBLHIBaeT INpeACTaB/IeHHe O FPaHHTaX Kak
KOHEYHBIX NpPOAYKTax (pakuHOHHOH KpHCTAJJNH3AIHH pacnjasa.

Hrak, y:Ke paccMOTpeHHble NpHMephl y0exJaloT Hac B TOM,
YTO NPH KPHCTAJJIH3ALHH MAarMbl NPOSIBJAAIOTCA BIOJHE ompene-
JIeHHble 32KOHOMEPHOCTH, HCKJIOYalollHe MPOH3BOJbHEIA XOX Tpo-
necca B o6pasoBanune cayuaiinbix coueraunit ¢as. [Tostomy B npu-
poje M3BECTHO BCero JHub HeMHoro 6Goubuie 600 H3BepKeHHBIX
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11.3. Iunarpamma HedelHH—KaIHODHIHT—KBApIL

FOPHBIX TIOPOA, XOTS UHCJIO BO3MOMKHBIX coderanuil u3 3000 usse-
CTHEIX HblHe MHHepasaoB no 10, uro oTBeyaer cpexHemy YHCITY
MHHEpPaJIOB B MOPOJE, COCTAB/SAET aCTPOHOMHYECKOE yHCI0 (~ 10281).
ITH 3aKOHOMEPHOCTH YNPaBJAITCA TepPMOJHHAMHYECKHMH mnapa-
MEeTpaMH CHCTEMBI, a He TOJIbKO €€ COCTaBOM.

Kaxk ke NpOHCXOAHT KPHCTAJJIH3aLHA MHHEPAJIOB H3 Marmbl?
Feonoru usgaBHa neitajguch orBetuTh Ha 3TOT Bompoc. K. I. Po-
senbym B 1890 r. ans obbsichenust AuddepeHUHAUHH MarMbl BbII-
BHHYJl TEOpHIO «gAep». B INeJouHbIX MarmMax OH jgomycKasn cyiie-
crBoBaHue sizep thHma [(Ni, K)AISi;], B uenounosemMenbHbIx —
[CaAl,Siy]. TTo mbican PosenGyma, «sapa», 3ak/OueHHble B MarMe,
ABJIAJNHCh 3apOABIIIAMH KPHCTaJJH3aUHOHHOH AH(depeHIHalHH
MarMbl, a caMa KpPHCTAJUIH3alHA MarMbl — OCHOBHAS NPHYHHA pas-
HO0Opa3Hd H3BEPKEHHBIX TOPHBIX MOPOL.

InyGokne H TouHble HaOJIOJeHHS B NOJEBBIX M JaGopaTopHbIX
yCAOBHAX B KOHUe npomoro Beka npusenun A. Il. Kapmuuckoro
[1893 r.] K 3ak/JIOYEHHIO O TOM, YTC «...0 KaxKJIOH Marme Hajje-
Jauiee npejicTaBleHHe MOJYYHTCS JHIUb TOTJa, Korga Mbl GyaeMm
B COCTOSIHHH ONpEJeJHThb, B KAKHEe COCJHHEHHS TPYNNHPYIOTCHA BXO-
IAllHe B ee COCTaB 3JeMEHTbI-COeJHHEeHHs, BBIKPHCTAJJIH30BHIBA-
IOLIHeCs NMPH COOTBETCTBEHHBIX YCJOBHAX B (opMe onpejeeHHBIX
MHHepasoB. MB HOJKHB CTPEMHTHCH K ONpPegeseH o
B elle XKHIKOi Marme, TaKk cKas3aTh, €€ MHHEPAaJOlrHUIECKOTO
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11.4. TlocaenosatesbHocTe 06pa3oBaHHS TOPOA  Kak
pesyJbTaT NPOABJECHHA  KPHCTAMIM3ALHOHHOH  Aub-
(bepenunauuy no npunuuny Boysma.

cocTasa» (paspagka moa.— B. B.) [Kapnuuckuit A. IT., 1903 r.,
c. 20l

Knaccuyecknm npejcraBienHeM O TOCJe10BATENLHOCTH KpH-
CTaJJIH3alHH MarMbl, TOCIOACTBYIOLIMM B YMaX Te0JOTOB H B HAIIH
JIHH, ABJsSETCS cXeMa aMepHKaHckoro yuenoro H. Boysna. Ona mo-
JyYuJa Ha3BaHHe peakyuoHxozo npunyuna boysna.

Baxwueiimne H3BepiKeHHHE MOPOJAB H COOTHOIIGHHS B HHX
rJIaBHBIX TOPOR006PasyIOUINX MHHEPaJOB: OJHBHHA, IHPOKCEHOB,
amMpub0J0B, NJIarHOKIa30B, CJIIOX, KBapla, OpPTOKJIaza H Hede-
JHHa,— ofpasyouiuecss B XoAe TMPOABICHHS PeaKUHOHHOTO TPHH-
uuna boysna, MoxKHO BHAeTh Ha Qur. 11.4.

OMNHPHYECKH YCTAHOBJECHHBIl NOPSANOK KpHCTaaausdauun Boy-
9Ha MOJYYHJ KPHCTA/IOXHMHUYECKOE M TeosHepreTHyeckoe obmngc-
Henne B pabore H. B. Besosa [1959]. Ecau npuesATH, roBopHa oH,
UTO HCXOJHBIi MarMaTHYeCKHil pacniaB cogepxur, at. %: O —50,
Si— 25, Al —9, Mg, Fe, Ca, Na, K —no 2,5—35, H— 1,5, Ti —
0,8, To X0J KpHCTAJIIH3ALHH MarMel TAKOTO COCTaBa MOMKHO Tpe-
CTABHTL cebe B c/JeayIoUleM BHIE,

Haxopsmnecs B pacniase oxkucaum Ca m Mg umeior xoudury-
pauuto okrasapuyeckux rpynn [CaOg] n [MgOg] u siBasiiorcs mnep-
BBIMH CTPYKTYPHHIMH eJlHHHLAMH OyAyIIHX TBepABX ¢az, uodo
TeMieparypel miaaBjaeHus okucaoB CaO u MgO ouenn Benukd (co-
otBeTcTBeHHO 2570 u 2500 °C).

B padnHe ke craiMH MarMaTH3Ma TeTPa3/ApPHYECKHEe TPymnhl
[SiO4] n [AlO] wWe mMeoT TBEpAO (DHUKCHPOBAHHOTO MOJOMKEHHS.
B cuay cBoero NOMHHHPYIOUIETO KOJHYECTBEHHOTO 3HAUEHHS OHM
COCTaBJISIIOT OCHOBY CTEKJI0006pa3noii Macchl pacmniaBa.

[lo mepe cuuxenus TemmepaTypbl y TeTpasApHUYECKHX TPy
[SiO4] HaumHaOT OTYETAHBO NPOABJAATLCA KHCJOTHBIE CBOMHCTBA.
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BeJefcTBHE 3TOTO TeTPa3ApHYECKHe TPYImbl [Si04] HaunHaOT MOL-
. gAI0UaThCH K OKTa3ApHYECKHM TpyIniaMm [MgOg]. Dtomy cnocob-
~ cTByeT TO, uTo pebpa okrasapa [MgOs] u TeTpasipos [SiO4] npu-
6IH3HTENALHO PABHOBEJHKH HJH MOYTH PaBHOBEJHKH. Tax BO3HH-
gaeT elMHAA IJIOTHeAIast YIAKOBKA KHCJIOPOLHBIX aTOMOB GyIymiero
KPHCTA/1a OJHBHHA MJH POMOHUECKOro MUPOKCEHa H T. I

Ho ecam B pacmiaBe OKTasApHYeCKHE TpYNIMLI [CaO¢] nomunu-
pyiOT Hal OKTa3ApHYECKHMH Tpynmamu [MgQg], Toraa Tterpasipel
{Si0,] NOAKMIOUAIOTCS K OKTA3/APHUCCKHM rpynnam [CaO¢] BMECTE
¢ rerpasapamu [AlO,]. D10 NPOHCXOAMT MOTOMY, €UTO feckoHeuHas
CBS3b OIHHX KPEMHEKHCJOPOAHBIX TETPasApoB B CyMME Si0y anex-
TpocTaTHuecKH HefitpanpHa. IlpucyTcTBiie XKe B pacilase [A1O4]
06yca0BAHBACT 3apAAHOCTh KoMmmaexca. Tak BosHHKaeT alioMo-
KPeMHEKHCJIOPOIHBIH KapKrac [Al,Si,0;]. Couerasice ¢ [CaOs], om
o6pasyer TepBHil MHHepan IPaBoi BeTBH psaa Boysna — anop-
THT.

Ca BXOAHT B AJIOMOKpeMHHeBHIi kapkac ne ojuH. On yBie-
KaeT 3a coGoii cBoux amamoros: Na, Sr, K, Rb, TR (ouu umewT
consmepumple ¢ Ca pajuycel HOHOB). B pemeT¥v amoMOCHIHKA-
TOB BXOZST €lIe TPH 3JEMEHTa, Ka3a/aoch OB, UYKMBIX KaJbIHIO,—
Mo, W, Be. [losiBrenne nocjejHero, Mo-BHAHMOMY, 06yCI0BJIEHO
peanusanueii cxemb 2Al==5i+ Be. i

. AnroMOKpeMHHeBLIH KapKac He ABAAETCS 4eM-TO CcTa0HJIBHLIM,
peunsM. Cocrasasiomue ero terpasapsl [SiO,] u [AlO4] moryT pas-
nBurathesi, obpasys Goabimme nodoctd. Ilocnennne OKashlBAOTCA
JIOCTATOUHBIMH, AJS TOTO 4TOGBI B HMX MOIJIH MOMECTHTBCH TAKHE
Goapmue uomsl, Kax Cl-, $?-, [COsf*, [SO4?~. Tak BO3HHKAIOT
AMOMOCHJIHKATE ¢ 06aBOYHLIMH aHHOHAMH — COAJHT, KAHKPHHUT,
TalHH, HO3eaH H AP.

CoBceM uHaue OOCTOHT JAeno TOTAa, KOrja B pacmnjiase npeob-
nanaer Mg. ¥ Mg nmeercs MHOro OJH3KHX TEOXHMHUYECKHX aHa-
noros. Ciona ormocarca: Ni, Zn, V, Cu, Ti, Cr # HeKOTOpHE ApY-
rie. Bee onn xpomodopel. Ilo3ToMy KPHCTa/LIHSYIOWIHECH MHHE-
panbl OKasblBaloTcA OoJee WM Melee OKDAUICHHBIMH, IBETHBIMH
(opTOCHIHKATHI, MHPOKCEHHI, aM(puOOJH, CAIONH).

[1aBHBIM OTJIMUMEM KaJbI[HEBLIX KPHCTAJJIHTOB OT MarHesu-
ANBHBIX SIBASETCS TO, YTO JJA MepBHIX XapakrepHa BfA3b, T. €. HE-
fNpephBHbI KapKac H3 KPeMHeaTOMOKHCIOPOAHBIX TETPasApoB.
MaruueBble Ke KPHCTAJJIATBHL H HX aHAJOrH XapaKTepH3YIOTCHA
NPHCYTCTBHEM B CTPYKTYPe H30JHPOBAHHBIX, IMCKPETHBIX KpeMie-
KMCJOPOIHBIX TETPasApoB. 3aMeuaTeNbHO, HYTO OPTOCHIMKATHEIC
rpynns [Si04] B HEX 3aMmeulanTcs 10 25 % mna [OH]s. Tak o6pa-
sylotesi, o BenoBy, IMPKOHBI, TPaHATH, HEKOTOPLIE yPAHOBLIE Mil-
nepans: Ho mocko/abKy 4acTh TeTpasJipos, rpy6o roBops, OKasbl-
BaeTcsl <«NycTofi» — pa3 TaM HPHCYTCTBYET [OH]: BMecto [SiO4],—
9T0, B CBOIO OuYeépeab, NPH BBICOKHX TeMmneparypax obaeruaer
BXOJKICHHE B OKTa3[pHuUeCKHe TPYMNBl BMECTO JBYXBAJEHTHbLIX Mg,
Fe, Zn Goace BBiCOKo3apsiKeHubix katuowoB Ti, Nb, Ta, Pt u ap.
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11.5. TlpepuiBucTHf (MeJaHOKPaTOBH{) H HempepHB-
HBIL  (nefikokpaToBul) psAgnl BOysHa H  OTHOLIEHHS
B Hux Na, K/Al n Si/Al [Oxkepman T., 1944 r].

Bor novemy pyasl sTux MeTaanos uacto CONpOBOXKAal0T HoJee oc-
HOBHBIE THIbI MarMaTHYECKHX MOPOI.

TakoBa npunuunHaIbHASK PasHHUA MEXKLY ABYMS BETBAMHU KpH-
CTaJsH3alHOHHON cxembl Boysna (¢ur. 11.5).

Hrak, pasinunbie uccienoBaTenH, HCXOAH M3 pasHeiX coobpa-
HMEHHH H DAa3HOro poja 3KCIEPHMEHTOB, IIOYTH €IHHBI B CBOEM
IPEICTABJIEHHH O MarMe KakK O paciiaBe-pacTBOPE, B KOTOPOM
YK€ NIPH BBEICOKHX TEMIIEPaTypax peaJbHO CYLIECTBYIOT MOJIEKYAsp-
HBI€ TPYNMHPOBKH — 3aPOABIIIH OyAyIIHX MarMaTHUECKHX MHHepa-
J0B. B 10Jb3y 3TOr0 NpeiCTaBJAEHHA CAVKHT H TOT tdakr, yro
SHTPONUS NAABAEHUR CUAUKATO8, KAaK NPABHIO, HEBeJHKA, uTO
YVKa3biBaeT Ha BLICOKYIO YNOPSJAOYEHHOCTb aTOMOB, HOHOB H MO-
J€KYJl B pacnjaBe, HE3HAYHTEJNbHO OTJIHYAIOUIYIOCS OT TaKoBOf
B TBepABIX (asax (MuHepaaax).

B ueM ke B TakoM ciyuae cocTOHT cymHOCTD Kpucraariusayuu
mazmet? Tlo muennio Besosa [1953 r], npouece KpHCTaJIH3ALHH
MarMbl CBOJHTCH K 3aM€He CYLIeCTBYIOULEro B Heil «6/IHIKHEro o-
PAlKa» Ha <«JAaNbHHII NOPAAOK». DTO NOCTHraercs nyreM HeGOIb-
UIHX B3aHMHBIX TepeMelleHHli H NOBOPAYHBAHMil yXKe CYIIECTBO-
BAaBIINX B pacniaBe npaBuibHbX rpymn [MgOg], [CaOg], [AlO,],
[SiO4] u mp. Oun pacnonaraiorcs napaaaenbo rpynnaMm us G.m-
JKaWlero MLeHTpa KpHCTaJJn3aund. IIpu 3tom H30MEeTpPHYECKHM
Tpynnam Jjerue NOBepHYTbCS, OHH GoJiee MOABHIKHBEI, M60 «urapo-
06pa3snbl». HeckoJbko TpyaHee mNoBepHYTbes Gogee BHITAHYTHIM
rpynmam, npeacTaBisiomuM co6oit capoennble TeTpasapu [Siz0q].
Ewme Ttpyanee mnosepuyThes 3aMKHYTHIM KoJabuam [SizQp] wuan

180



SOET R

e e a ot

[SigO1s], a TakKe Geckoneunnim uemoukam [SiOs]* nenTam [Si4041],
H yiKe COBCEM CJOXKHO OyJeT mpHcrnocoOHTbCS K KaTHOHHBIM rpyn-
nam [MgOg] u [CaOg] GeckoneynbIM KPEeMHEKHCJIOPOAHLIM I11acTaM
u KapkacaM. Bor moueMmy YyJbTPAaOCHOBHBIE M OCHOBHbIE Marmbl
Gonee noxaBuKHL. [IpEMepOM MoryT ciayxKuthb 06asajbTOBBIE IIO-
KpoBbl orpomueix npocrpancts CuGupu, Jlekanckoe INIOCKOropbe
B MHIHH H ApyrHe TE€PPHUTOPHH.

Kucable e Marmbl OYeHbh BSI3KHE, H OCHOBY 3TON BSISKOCTH,
K4aK Mbl BH/IENH, COCTABJSAKT MHOTOYHCJeHHble OJIOKH Tpexmep-
HOTO aJIOMOKPEMHEKHCJOPOAHOTO Kapkaca. Kpucraanusauus Ta-
KHX «HeyHAOOHBIX PacIiaBOB» C OCKOJKAMH, HAanpHMep, NPOTHHKEH-
neix  paaukasnoB [SiOs] cramoBuTCs, OAHAKO, BO3MOIKHOH, ecJH
B paciiaBe NpHCYTCTBYIoT Munepaausaropol** F, Cl, OH wu ap.
B rpauntHoil Marme, Ooraroii KpemHe3eMOM, HOHBI-MHHEpaJIH3a-
TOPbl 3aMBIKAIOT OGPHIBKH KPEMHEKHCJIOPOAHBIX Ilemeil, mperoxpa-
HSA 3apOABIUIM KPHCTAMIOB OT pactBopenus. Ha 3Ty poab rajuo-
reHoB BrnepBhle Ykazaa M. Bioprep B 1948 r.

Besqos [1953 r.] mumer: «Poab ux (MHHepannzatopos.— B. b.)
CBOAHTCH K TOMY, UTOo X0Tf camMa mo cefe OeckoHeuHasi Uemouka

| I I |
.0—S8i—0—8i—0 —Si—0—S8i—0. .
1 I I i

He MoxkeT GbiTh PasOpBaHa HH IO aTOMaMm KPEMHHS, HH 0 aToMam
KMCJIOPO/A, MOCKOJIBKY NPH 3TOM COOTBETCTBYIOLIHA KOHEUHBIH aTOM
OKa3bIBAeTCH HEHACHIIIEHHBIM H HECHOCOOHBIM K HACBILICHHIO OJHHM
KaKHM-TH60 JPYTHM aTOMOM, BCe K€ PaspbiB IEMOYKH CTaHOBHTCA
BO3MOMKHBEIM, ecaH Ha Mecto aroMa O mocTaBuTh (HMEKOLLYIO paB-
Hpifi 06beM) opmoBadentHylo rpynny OH wniu oanoBaneHTHBI
aunon F, KOTOpble TYT :Ke 3aMBIKAlOT OTPe3oK Ienoukd. Yem
GoJiblie B CHJIHKATHONl Macce aToMOB ¢Topa (MMM THAPOKCHJIBHBIX.
rpynn), TeM OGJOMKH NPOTSIKEHHBIX PajaukajoB OyayT Kopode H
TeMm Gosee Oymer obseryeHHOH HX B3aHMHAf KiaJka B €IHHYIO KpPH-
CTAJIHYECKYIO PELIeTKY>.

Tak kak MmoJekyaspHas macca OH wmana, To naxe HeGOMBIIOH
NMPOLEHT BOAB B MarMe OKa3biBaeT OTPOMHHIH 3(p@eKkT Ha paspy-
mwenne cssseil Si— O, T. e. HA NOHMIKEHHE BASKOCTH CHJIHKaTHOTO
pacruaBa. Ho B Marme He TOJIbKO BOJA H TaJOTeHBl BHINOJHSAIOT
rakoro poaa poab. Karmouw Lit, Na*, K, Mg?*, Fe*t u apyrue
eme GoJsee 3IHEPrHUYHO Pa3pyIIalOT 3TH CBA3H, NO3TOMY B paAle
clyyaeB M TPH BBICOKOM COJepKaHHH B pacnjaBe KpemHeseMma
NPenaTCTBYIOT €ro NOJHMepPH3aUHH. IKCIEPHMEHTaIbHO YCTaHOB-

* Pea/hHOCTh CYLIECTBOBAHHS B CHJHKATHBIX PACMJIaBax LEMOUYEUHBIX HOHOB
tuna [SiOs2"~ n Owaa nokasana B pagore D. X. ge Buca [De Wys B H:,
1960 r.] ’

o)

*# TepMHH MHHEDAJH3AaTOPE B HayKy BBea (paHuy3CKmil reosor . Cenr-
Kaep Hesuan B 1861 r.
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rnybusa, kv ieno [JIuteuu B. H. u gp., 1976 r.],

¢ 8 76 24 32 40 wuro B pacTBOpax C MnoOcC/eAOBa-
7700 4 rtenabHoii cmenoit Li—>~Na—K Ha-
1000} {  Omojaercs yMeHbIIEHHE CTeneHH

800 NOJIHMEepH3alHH KPEMHEKHCJI0PO -
800 HBIX pajHKajJoB M Bo3pacTaHue
700 VCTOHYHBOCTH H30JIHDOBAHHBIX Op-

600 trorpynn. AmnajoruuHeiM o6pasom
S g R Y Bausitor Mg?t u Fe?t. Beneacrsue
2 4 6 & 10 310r0 B BSISKHX MAaJIOMOJABHIKHBIX
2w,0k007  puosMTax W JIMIAPHTAX OTHOIIe-
11.6. Bansinue napoB BOAH Ha nue SiOp: MgO cocraBasier np-
TeMMepatypsl  MJaBJeHHs  aJb- mepuo 1:200, a B JIETKOMOABH-
Ourta, rpannta, mermarnra [Tuttle HBbIX, pAa3JIHBAIOLIHXCA Ha OrpoM-
O. F, Bowen N. L., 1958} pyx ppocrpancTBax OJNHBHHOBHIX
6azajbrax oHo jgocruraer 1:2,

T. e. cranoBures B 100 pa3 MeHbuInM.

Cozep:KaHHIO BOABI H APYTHX JETYYHX KOMIIOHEHTOB B Marme
H31aBHA NpHAaBanoch 6OJIbLIOE METPOJOTHYECKOE H METPOTEHETH-
YecKOe 3HaueHHe.

Ananns pacTBOPHMOCTH BOJH B paci/aBaX MErMaTHTa H aJib-
6uta [Burnham C. W., Jahns R. H., 1962 r.] no3Bo/inj ycTaHOBHTh
MOHHKEHHe [IPH 3TOM TeMIepaTypsl JHKBHAyca noutH. Ha 400°C
10 CPaBHEHHIO C TeMIepaTypaMH JHKBHIyca CYXHX pacrniasoB.*

Aunanornynas sasucumocts [Tuttle O. F., Bowen N. L., 1958]
JUIS TEeMIepaTypbl Hauala [J1aBJeHdst rpaHura obHapyxeHa He-
CKOJIbKO  paHee TmpH HccaenoBanuu cHcTemMbl  NaAlSizOs —
KAISizOs—SiO;—H0. CoBMemennass KapTuHa 3Tux 3(d¢ektos
noxasaua na ¢ur. 11.6.

Hawm ocraercst oTBeTHTb Ha BONPOCH: KAK BEJHKO COJAEPIKAHHE
BOALl H [ADYrHX JIETy4yHX BelllectB B marme? OcTaeTcsi JH OHO B
pasHbIX Marmax, B pasHoe BpeMsl H Ha PasHLIX TIyGHHAX MOCTO-
suupiM? O cojep:KaHHH BOABL M JIETYUHX B MarmMe Mbl MOXKEM CY-
JHTb 110 BbIOpocaM ra3oo0pasHbiX NMPOAYKTOB (IKCragsiiusM) npH
BYJIKAHHYECKHX H3BEDIKEHHAX H MO JAHHBIM SKCIEPHMEHTaJbHBIX
onpeje/seHnii pacTBOPHMOCTH BOJAbI B CHIHKATHBIX pacliaBax.

Xopouio H3yuyeHHBIM PAHOHOM MPOSIBJCHHS COBPEMEHHOI0 BYJKa-
HH3Ma sBAsoTcA [aBalickHe ocTpoBa — KlaccHUeCKHi pafioH npo-
ABJIEHHS] BYJKaHM3Ma. 3emMHas Kopa 3/[ech MNpeicTaBjieHa INpH-
MEpHO 5-KH/IOMeTPOBBIM 6a3asibTOBHIM CJI0eM. ByJIKaHOJOTH €XO-
JAATCA B MHEHHH, YTO JlaBOBble pacmiaBbl ['aBaer moctymawor Hs
MaHTHH ¢ ray6unsl 60—100 kv [Schmincke H.-U., 1971 r.]. Tewm-
nepatypa HCXoAHoro pacrnsasa npumepno 1200 °C, ssskocts 500 IT.
[Toanoe sarsepieBanme JaBbl mpoHcxoaut npu 980°C. Kpynweii-
WK H3 JeldcTBYIOMHKX 371ech BysakanoB — Kunaysa. On muceaeny-

* @, B. CupomsartHnkos [1955] ykasbiBaJ, uTO «CYLIECTBOBaHHE <«CYXOro»
‘paciiiaBa ajabbuTa B MPHCYTCTBHH BO/IbI BO3MOXKHO mpH f1=1730 °C», T. e. 3Ha-
GHTEJbHO GoJibllieft, 4eM 3TO nokaszauo Ha ¢ur. 11.6.
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TABJIMLA 111

Jsomouns dymapoabhodi nesTeasHocTH Kpatepa Bumokait
Kaouesckoro syakana [Naboko S. 1., 1960 r.}

oo | Tury| ot | so | we | oo | o0 |
Tanonanasn <170 38 8 — — 31 23
CyasaTnas <150 1 52 - 43 3 1

ryeKHcaan <80 — 19 7 74 — —-

ercs yxe Goaee 200 ner. M aTH mHccaepoBanusa NPOJHBAIOT CBET Ha
NPHPOAY ero raso06pasHbX NPOAYKTOB H3BepxeHuii. Tak, nanpH-
mep, M. Heiimaiip [1897 r., c. 274—276] ormeuan: «baaropaps
TOYHOMY H3yueHHI0 HCTOpHUYecKHX H3Bepxkennii Kuaaysa, naunnas
¢ 1789 r., lana mokasaJ, 4TO AeSiTeJbHOCTb 3TOTO BYJKaHa HOCHT
NpaBHJbHbIH, PHTMHYECKHI XapakTep.

B nepuon Bpemenn ¢ 1823 mo 1886 r. mpoHCXOAHJIO BOCEMb
GonpuiHX H3BepxKeHuit... M3 BOCbMH... ceMb COBMAjAalT ¢ AOKA-
auBbIM BpeMeneM. OTCIOZIa MOXKHO COCTABHTh HEKOTOpOE MpeacTaB-
JIleHHe O TOM, KaKoe BJHsiHHE Ha BYJKaHHYEeCKYlo 1edATeaAb-
HOCTh OKasniBaeT BOJAa, MPOCOYHBHIANCA NOA BBHCO-
KHM faBJeHHeM...» (paspsaaka mos— B. B.).

MHOTOYHCJIEHHBIMH HCCJeI0BAaHHAMH YCTAHOBJEHO, 4TO COC-
TaB rasoB AefiCTBYIOIHX BYJKaHOB BecbMa HeMmocTofAHEH BO Bpe-
wvenn. Tak, HabaioaeHns 3a 28 jeficTBylomMMH Byakanamn us 150
pyaKanoB Kamuatku u 37 JeficTBYlOmHMH ByJIKaHaMu u3 Goiee ueM
100 ByakanoB Kypuabckoii oCTpOBHOM TpsAB JaJjH OCHOBAHHA
C. W. HaGoko [Naboko S. I., 1960 r., 1963 r.] 3akaounTb, 4TO,
HanpuMep, Ha KuioueBcKOM ByJKaHe (ymapoJibHas AEsTeNbHOCTD
3aBHCHT OT craduu syakanuweckozo npoyecca. HaunGosee MHTEH-
CHBHOE BHeJeHHe Ta30B CBA3aHO C TEPHOJAMH H3BEPKEHHH Hau
noBbILIeHHOMN ceficMHyecKoit akTHBHOCTH. ['/laBHBIe KOMIOHEHTHI ra-
30BHIX 3MaHauuii (B yGHIBaOUlefl MOCJ]EL0BATEIbHOCTH) — BOLAHOM
nap, CO, CO,, S, HsS, SO, HCI, HF, HB,. B HauaabHyio cTagHio
¢dymaposibHON JeATeJbHOCTH NpPH TeMneparype 400—500°C raas-
Hyio poab urpaer Hy. TMo mepe 3aTyxanusi GpyMaposibHOil AeATe/b-
HOCTH H3MEHSIOTCS M TeMNepaTypa, H CcOCTaB Ta30B. OJBOJIOUHS
dymapoabHoil esiTenbHOCTH Kpatepa bBualokaii 3a mepuoi ¢ 1946
mo 1949 r. npusejena B Taba. 11.1.

Mo noxcueram E. K. Mapxununa [1963 r.], Byakaunsl oaHOM
KypuabcKoii OCTPOBHOI AyrH CBOHMH H3BEPKEHHAMH 33 NEpHOA
¢ TIO3/IHEr0 MeJa no HacTosiuiee BpeMsi BHIOPOCH/H Ha TMOBEPXHOCTH
u3 manTHH [?> — B. B.] BoasiupIX mapoB M APYrHX ra3oo6pasubix
komnoneutoB n-10* T, a o6bemM BHIOPOLIEHHBIX BYJKAHAMH CHJIH-
KaTHbIX TPOAYKTOB coctasua 6,5+ 10° km?.

Hceaea0BaHNs BYJAKAHHYECKHX ras’oB B NOCTEIHHE JeCATHICTHS,
saknouaer C. M. HaGoko, noareBepjAHJH 3aKOHOMEPHOCTH, ycTa-
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nosieHnsle L. Cent-Knep [lepunem Gonee 100 ner nasaz npu
H3yuYeHHH HM rasoB Besysus H Ipyrux ByJAKaHOB Cpennsemto-
MOpbsi. 3aKOHOMEDPHOCTH STH COCTOSIM B TOM, YTO NPH HaHBHICIIEH
‘TeMnepaType rasel COMepXKaaH KpoMme neperperoro mapa GoJbline
konnuectBa Hy, CO, NHs, F, Cl, Mn, npu Gojee HH3KOil — BOASHOI
nap, HCI, cepnucteie kucaorsl, ¢propunnl Fe u Cu, B Gonee X0m101-
HBIX YCJAOBHAX — BOAsiHOM nap, HyS, S u B caMbix HH3KOTeMmepa-
“TYpHHIX — BOAsiHON nap u CO,.

T. C. JlaBpuur (1961) nonmosHHA 3TH 3aKAOUEHHs HaGI0LCHHU-
fAMH 3a rasamH Kuaaysa (lasaitn), Karman (Aascka), ITapuxy-
THHa (MeKcHKa) M APYrHX BYJKAHOB, COrMacHO KOTOPHIM Ta3o0Bast
‘}pasza u3s Kparepa oforallleHa CEPHHCTHIMH ra3aMH, a OCTHIBAIOLLAst
-~1aBa — ranouansiMH. K. Kpayckond oGbscusier nogoGuoro pona
‘peHOMeH TeM, YTO CepHHCTEIE rasbl H3-3a MeHbUIell PacTBOPHMOCTH
B Marme BbIJEIAIOTCS H3 Hee elle B NEPHOA NPHOJHKEHHS K TO-
BEPXHOCTH M, TAKHM 06pa3oM, B OCHOBHOfi Macce BbIGPachIBAIOTCH
u3 Kpatepa. [ajouanble e rasel, GyAy4H XOpPOUIO PacTBOPHMBIMH
B Marme, nepeMerlaioTcsi BMeCTe ¢ Hell BIVIOTB 10 J1aBOOGPAa3HEIX
MOTOKOB.

OKcnepuMenTalbHEe PaGOTH MO BBISICHEHHIO PACTBOPHMOCTH
H;0 B pacniape CHIHKAaTOB BHINOMHAMHCHD MHOTHMH HCCJAENO0BATe-
asiMu. OGuwenssectunl paGotst P. B. Topancona [Goranson R. W.,
1931 r., 1932 r., 1938 r.], nokasaBiuue, 4o B IPAHHTHOM pacILiaBe
noA KaBieHnHeM MoxeT ObThb pacTsopeHo Gosee 99 Hy0. I'opan-
“COH NOKasaJ NpH 3TOM H BJHsAHHe JaBjeHus napos H,O Ha temme-
paTypy niaaBJeHHs TPAHUTA.

PacTBopuMOCTh BOJABI B IPaHATHOM pacmiaBe OblIa HCCTe0-
BaHa takke K. V. Bapuemom u P. I'. Ixkaucom [Burnham C. W,
Jahns R. H, 1962 r.]. B Gonee nosumeit paGore [Burnham C. W.,
1970 r.] oGo6uiensl AaHHBIE MO PacTBOPHMOCTH BOAB B GasajbTe,
anjesute, anb6ute W nerMmature (dur. 11.7). Us pucynka sHzHo,
4T0 Ha rayOHHe 30 KM CHJIHKATHBIl pacniaB, HaXOAAIIHACH MO
Aasnennem 8 xGap (800 MIIa), moxer pactBopsaTh 10 14 Mace.
% HzO. ITo Mepe CHHXKeHHs BHELIHEro AABAEHHS, T. e. IO Mmepe
TIPHGJIHIKEHHS «MarMbl» K 3eMHOl NOBePXHOCTH, COJePIKAHHE BOMI
‘B Heil [I0CTeNeHHo najaer A0 HyJs.

HHurepnperauns 9THX  SKCMePHMEHTAJbHBIX  HCCHeLOBAHHIL
®. B. CotpoMaTHHKOBbIM [1955] npHBesia K HeOXHAAHHbIM BHIBOZAM.
‘On nmucan: «H3 rpadmka pacTBOPHMOCTH BOAM B pacniaBse aJjib-
GuTa... COCTaBJEHHOrO HAMH HA OCHOBAHHH SKCIEPHMEHTOB l'opan-
‘COHd, BHIHO, 4TO NMyTe€M SKCTPANOJAUMH NPSMOI MOXKHO MOJYYHTH
TOUKy €e nepeceueHHss ¢ ocbio Temmepatyp. CyllecTBoBaHHe «cCy-
Xoro» pacnyiaBa Bo3MoxHO npH {=1730 °C. Orciona MoxkHO che-
JlaTh BeCbMa BaXKHBI BLIBOA: NMPH OXJAKAEHHH paciiaB Gyjaer
NOrJomaTh (PaCTBOPATH) JETYUHI KOMIIOHE@HT, NPH-
YEM KPHCTAJJIH3AUHH HEJeTyd4ero KOMIOHEHTa IPOHCXOAHTH He
monxkuo. Takum oGpasom, B cayuae aaxe NpOHHIaeMbIX (HO co-
JEPIKALIAX BOAY) OKPYXKAIOUHX IOPOA NPH OXJAAKACHHH A0CTA-
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11.7. PacTBopHMOCTb  BOZAHI o g
B CHAMKATHHX pacliaBax ] 2 z
[Bopuem K. B, 1970 r.] x 8 s 430 -
1 — GazansT KonymGus-Preep, e x
1100 °C: 2 — anme3nT MayHTHH- o [+
Xyn, 1100 °C; 38— NaAlSi;Os; >
690—870 °C; 4 — mermaTHT Xap- V4l 25 &
peAr, 660—720 °C.
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Maccobas dong Hy0,%

TOYHO Teperperoii MarMbl 6yZeT NPOHCXOAHTb HE AHCTHANAMH A
ra3oBoi ¢ a3ml, a ee noriowenne. 'asosass ¢asa gonKHA NPH-
CYTCTBOBAaTh Bce BpeMs... H ObTh B H36HTKe» [c. 98] (paspsiaka
mos.— B. B.). M1 panpue: «Kak nokaspiBaeT KpHBasi COJepKaHHS
BOALI B pacnjaBe aJbOHTa, KOJHYECTBO BOALI PacTeT IPH OXJax-
nenun. OTciofa ciaeayer, uTo aficopOuus BOAL MarMmoi Gyaer pacta
H NpH NMepeMEeHHOM NaBJeHHH HaJKPHTHYECKOro pacTBopa B OKpY-
KAoIMUX Nopoaax... BeposaTHocTb, uyTo Oosbliasi YacTh BOJAHI
(nHOrza W BCs) MOXKeT OBHITh 3aHMCTBOBAaHA MarMoi u3
OKPYXaMoUHX NOPOA JAocTaToyHo Beauka. Orciona BEIBOZ,
YTO «3amac» BOAB B MOPOAAX MOXET HIpaTbh BecbMa CYIIECTBEHHYIO
posb AJsl MarMaTHYecKoro mpomecca, a B HacTHOCTH, AJsi (HOpPMH-
pOBaHHA THAPOTEPM... PacTBOpH MOryT HMeTh MarMaTHUe-
CKOe MPOMCXOXKAeHHE B TOM CMHCIE, 4TO 0GpasOBAIHCH
NpH KPHCTAJJH3allHH MarMhb, H HeMarMaTHueckoe
NPOHCXOXKJAeHHe TAaK KaK BOJa MoXeT OHTb 32aHMCTBO-
BaHa HMH H3 OKPYXAaWUHX MarmMy nopon.. Camum
CYILCCTBEHHBLIM B HalleM IpPENCTaBJEeHHH O MarMaTHYeCKOM Ipo-
lecce sIBAAETCS TO, YTO HHTPY3HS BCe BPeMsi JOJKHA COCYLIECTBO-
BaTh € rasoBofi ¢as3oif BoAu. PealbHBIM KOJNHYECTBOM €€ B OKpY-
JKaIOUHX MOPOAax, CTENEHbIO Neperpesa MarMel H COCTABOM IOCJIeN-
Hell 06ycJa0BJAHBAIOTCSI MacmTal H XapakTep THAPOTEPMalbHOTO
npouecca. Bo3HHKaeT HHTepecHas TreoXHMHyecKass mnpobieMa ne-
peMemeHHs BOAHK B [pelenax HHTEPECYIOUIHX TIe0JOroB:
ray6uH 3eMHO# Kophu» [Tam xe, c¢. 102] (paspsaka Mos.—
Babny
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Bor kak HeokHAaHHO ofopaunBaercsi mpobseMa COAEpPKAHHA
H,0 B marme.

MoxkHo 106aBHTL K CKAa3aHHOMY, UTO 3KCNEPHMEHTHI MO B3aH-
moneficteuio ;O ¢ pasaHuHBIMM MHHEpajsaMH H TOPOAAMH TIpH
BHICOKHX A4BJEHHAX H TeMnepaTypax B JAHHAMHYECKHX YCIOBHAX
(cm., Hanpumep, paGoret H. M. Xutaposa {1966 r.] u ap.) mokasanu
OTPOMHYI0 XHMHUECKYIO AaKTHBHOCTD H,0. Ho u3 3Toro ciaeayer,
4TO MarMa MOMKET He TOJNbKO BBIACIATh (OB, SKCTPATHPYIOMLIHE
«H3 CHJIHKATHBIX JKHAKOCTelt u mopojaoo0pasyioliux MHHEpaJloB
IHPOKHIT CIEKTP 3IEMEHTOB €O 3HAUCHHAMH TepMOAHHAMHYECKHX
akTHBHOCTel oT 10-3 1o 1 B KosHuecTBaX, SKBHBAJCHTHHIX 3allacaM
IIPOMBILILICHHBIX MecTopoXaenuit» [Palunkon W, B.,51976 1., ¢.:18],
HO H ACCHMHJMPOBATh B CBOIO OYepellb OTPOMHbBIE MACCH dbaonaHoM
BOJIH H3 OKPYKAIOLIHX TOPOJ 3eMHOH KOPbI. A 370 03HAuaer, uTo
BMECTe C HHMH MarmMa MOMKeT acCHMHJIMPOBATH CTO/b K€ OrPOMHLIE
Maccel PacTBOPEHHBIX B BOJE BEIECTB.

Takum o06pa3oM, reoXHMHs MarMaTHYecKoro mpomecca B co-
BpEMEHHOM €ro TMOHHMaHHH O3HAUaeT CIOKHOE, mHorooGpasHoe H
NPOTHBOpPEUHBOE AHHAMHUECKOE B3auMojeiicTBHe pacniaba, GOKO-
BBIX TIOPOJ, MPONHTHIBAIONIHX HX HATPETHIX MHHEPATH30BaHHLIX pac
TBOPOB H JAHGOYHANDPYIOLIHX B 3TOl CJI0XKHOH, MHOTOdasoBoil
cHcTeMe MHOrooGpasnbix kommonentoB. Ilpu 3sTom Mmarma Bee
BpeMsi 4TO-TO TMOIVIONIAET, ACCHMHJIHPYET, IPHHAMAET ¥ BCEC BPEMi
yTO-TO TepfeT, BbiAeJseT, pacxonyer. Marma, TakHM 06pasoM, BbI-
cTynaer AHHAMHYECKOH, caMoopraHusyiouleiics aKTHBHOH IPHPOA-
HOH CHCTeMOH.



naea 12

[EOXMMMSA TMOPOJOOEPA3YIOLIMX MMUHEPAJIOB:
FPYMMA OJIMBUHA, MWUPOKCEHbI, AM®UEOIbI

OnuMcuiean muHepansl, a byAny CTpPeMWTsCA BOCCTaHO-
BMTb NO BO3MOXHOCTH T€ XMMMUYecKue npoueccel,
B peaynkTaTe KOTOPbIX OHW oBpasytotcs.

B. H. Bepnadcxuil, 1923

[TocKoabKY, KaK Mbl BHEJIH, HCXOJHBIE LJIS o6pasoBaHHs BCEX
Mopoj 3eMHOH KOpBl MarMaTH4YecKHe IOpOMLI cocraasior 95 %
ee Macchl M, TakuM 00pasoM, Bce XHMHYECKHE 3/1eMEHTHI 3eMHO#
KOpbl paccestHbl B OCHOBHOM B COCTABJAIONUIAX STH NOPOJDI MuHepa-
nax, 1enecoo6pasHo XoTs Gbl KPaTKO paccMOTPeTh XHMH3M NOPOAO-
06pasylomux MHHEpPAJIOB H, Tle 3T0 BOSMOXKHO, NI0KA3aTh npossJe-
HHe 3TOro XHMH3Ma uepe3 Tunomopgrvie CBOHCTBA MuHepasoB.®

PaccMOTpHM BaiKHEHIIHE TPYNMb 10poA006pasyIouuX MHHEpa-
0B B MOCJEJOBATENBLHOCTH HX KPHCTAJJH3AaLHH H3 Marmbl, OMpe-
JesieMoil peakmHOHHHM npuHnunoM boysHa.

rPYMMNA OJNMBUHA

Oausun (Mg, Fe)3SiO4— munepan usomopouoit cepun  op-
crepar Mg,Si04 — dasnur Fe,Si0,. B auTeparype IIHPOKO pdc-
MpOCTPaHEHO MHEHHE O TOJHOM uzomopduaMe B 3TOM paAay. «Mg
u Fe HeorpaHHyeHHO 3aMeIlaioT APYr ApYra»,— yTBepXKAaercH 06
ONHBHHE B KanuTaipHoM crmpaBounnke «Mmmepansi» [1972 1., T. 3,
goim. 1, c. 180]. «CocraB oJHBHHOB H3MEHseTcd OT tdopcrepuTa
Mg,SiOy no ¢asaura FeySiO,, mpuuem CYHIECTBYET TOJHAS B3au-
MosaMemaemocts Mexay Mg u  Fe?t»—yrtBepxnaer Ipyroi
obwenssecTHil cnpaBounuk «ITopojooGpasyiomue MHHEpaJBR
[1965 1., 7. T, ¢c. 19].

B CBA3H C STHM COCTaB CEPHH CMeceH ¢doperepur—dasiut
0GBIUHO BBIpaXkaercsi, NOJOGHO NIArHOKnasaM, uepes COAEpKanHe
dastiuroBoro Komnosenta ot Faop 1o Faig. Onnaxo MuHepajoram
NaBHO H3BECTHO, YTO JKEJE3HCTHIC TOPTOHOJNHTH B NPHPOAE MpakK-
THYECKH He BCTpeualoTcs.

B. U. Bepuaackuii n C. M. KypGaros [1937, c. 128] ykasniBaan:
«Hanuune nepepuiBa B H30MOp(HOM psAE Mg,Si0s—Fe;Si0Oy4 cra-
BHT BOmpoc 06 OTCYTCTBHH IOJHOM CMECHMOCTH OPTOCHTHKATOB

* TMox THNOMOP(HHEIMH M TOHHMaeM CBOFCTBA MHHEEPaJoOB, 3aBHCALIHE OT
HX COCTABA W reHeanca, T. €. OT (PH3HKO-XHMHUECKHX (reoJorHYecKHX) ycJioBHit
o6paszoBanns. CTporo roBops, Bce CBOMCTBA MHHEPAIOB ABJAIOTCH THIoMop®-
HBIMH.
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Popcmepum Dagaum
(xonmaxmesi) Onuburer (cybnumayun)
Mg.810,  (uslepw. nopodss) F8,5i0,

°
Ca,5104 lnaykaexpoum Mn ;5104
Kaneyuoonuur  (kermarmer) Te@poum
(xosmarmer) {xormaxmes)

12.1. Cmecumocts ¢has B ngnponﬂux cucremax Mg.Si0,—
Fe:si 4—MngSi04—-Ca25i04—MngiO4.

Mg u Fe... Ilo-Buaumomy, MB BCTpeuaeMcsi 37eChb ¢ MOJAHMOPHH3-
MOM, mpHueM (OpPCTEPHT M OJHBHH NPHHALIENKAT K OLHOMY PAAY
(a), a roproHONHT M Qasnut K Apyromy (B), xoTa o6a KpHCTalIH-
3YI0TCA B pOMOHYECKOH CHCTEME>.

OrpanuuenHas cmecHMocTh (a3 eule Gojiee OTUETIHBO MPOSB-
JIeTCA B PpsAdax MNPHPOJAHBIX coedHHeHH MgsSiO—Mn,Si0y,
Mn,Si0,—Fe;Si0, u mpakTHueckH OTCyTCTBYeT Mexay Mg,SiO,
u CaySi0, u mexny CapSiO4 m MnySiO, (¢dur. 12.1). M3 pucynka
BHJIHO, YTO MarMaTHYeCKOMY reHe3HCy CBOHCTBEHHbI JIHIUb IIHPOKO
pacmpocTpaHeHHbIe B NPHPOXE MHHepPadbl psfa (opcTepuT—OJH-
BHH, BCE OCTaJIbHble OPTOCHJIHKATH — pelKHe KHeGeJHT H Tedpout
H OueHb PEeIKHE MOHTHYE/JIHT, I'1aYKOXPOHT H KaJbIHOOJHBHH —
YCTAaHOBJICHbl JIHLIb HA KOHTAKTOBO-METACOMATHYECKHX MECTOPOXK-
JeHHsX.

¥Yke npuBejieHHBe JaHHBIE YKAa3HIBAIOT HA HEMPHEMJIEMOCTh /IS
CTPYKTYPHl OPTOCHJIHKATOB CPaBHHTENbHO O60JbIIHX HOHOB Ca?+.
CocraB onuBHHOB OGHADYKHBAET H JAPYrHe reoXHMHYecKHe 0cOoGeH-
HOCTH.

B Ta6a. 12.1 npuBeeHH ycpeaHeHHbe COCTABHl OJHMBHHA H3
YJAbLTPAOCHOBHBIX, OCHOBHBIX H cpelHHX mopoj. OHH NOKa3HIBAaIoOT,
YTO OCOGEHHOCTH CTPYKTYPHI OPTOCHJIHKATOB H HH3KOE COJAep:KaHHe
B runep6asHTOBOM pacmjaBe lieJoyell MPENsATCTBYIOT 3aMelleHHIo
Si amomMuHHeM, XpOMOM, JKeJIe30M 10 cxeme

I11 I

I 111 Si#R_I_R
rie R — Li, Na, K; R — Al, Fe3+, Cr3+, Sc3+, V3+ Ga3+,
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TABJIMLIA 12.1

CpelHHH COCTAB OJMBHHOB H3 H3BEPXEHHBIX MOPOA
Rankama K., Sahama Th. G., 1950], macc. %

KoMnoHeHT TNepugoTuTn (13 aH.) raﬁﬁp(os Ea“'ffp“hl Cpegu(vlseag('))ponu
Si0, 40,04 34,24 30,83
Al,05 0,81 1,49 H. ol
Fe, 05 0,47 1,00 1,06
FeO 11,33 37,70 63,18
MnO 0,23 0,15 2,05
MgO 45,64 23,62 110
Ca0 0,19 0,33 0,15
Na,0 0,13
KO } 0,06 i 0,08
H,0 0,42 0,14 0,21
Cra03 0,08 H. o. H. o.
NiO 0,02 0,04 H. o
TiO, 0,38 0,88 0,24

HepacTBopHMBIi 0,12 H:10; 0,78

OCTATOK

Cymma 99,79 99,76 99,68

B Ta6a. 12.2 npuBejeHO cojaepikKaHHe Ni, Co, Mn, Sc, V, Cr, Ti
B OJMBHHAX H3 PA3JHYHHIX YJbTPAOCHOBHBIX H UIEJOYHBIX—YJIb-
TpaocHoBHbIX mopox ITosToMy, X0Ts B 6a3a/qbTOBHIX NOPOAAX H HX
ONHBHHOBHIX CKOMmJeHHAX cojaepxkaHune Cr npsMo KoppeaHpyer
¢ conepxanuem oamsuHa [Wedepohl H., 1963 r.], Io-BHAHMOMY,
npucyrcteie Cr 006s3aHO 3/leCb MHKDOBPOCTKaM XDOMHTA HJH
XpoMcojiepaKallero MHPOKCeHa B OJNHBHHE, 3 HE HaoMop(HOMY 3a-
MeLleHHI0 XpoMoM Si.

HHTepecHble HCCIAELOBAHAS pacnpeleNeHHs 3JeMeHTOB-TpHMe-
ceii B onmBuHax nposeneno B. Iynnom [Gunn W., 1971 r.]. B cepun
623aJIbTOBBIX J1aB, H3IHBLIHXCA NpH u3Bepxkennn Kunaysas1959rT,,
6bi710 onpeneseno conepxanne Sc, Cr, Ni, Cu, Zn, Ga, Rb, Sty Y,
Zr, Ba. X KOHIEHTpAalUHH B JaBaX OKa3aJHChb 3aBHCAIIHMH OT CO-
nepxanua B nocaexnnx onusuHa. [pu stom Cr, Ni u B MmeHnblued
crenend Mg u Co HaKanJHBAalOTCH B OGOramleHHbIX OJMBHHOM IO-
pomax. Zn, Fe 1 Mn pacnpeje/siioTcs MPHMEPHO OJAHHAKOBO MEXAY
OJMBHHOM H OCTATOYHHIM pacmiasoM, Sc, Cu, Ga. 'Rb,\ St Y ok
# Ba BMecte ¢ ApyruMu (eNb3HUECKHMH 3JeMEHTaMH — MpenMylle-
CTBeHHO B InocieaHeM. MHKpPO30HI0BOe H3yYeHHe OJIHBHHA IOKa-
3ay0, yTo ocHoBHas Macca Cr KOHUEHTPHPYETCS BO BKJIOUEHHSX
xpomuta; Zn, Co, Mn u Ni pacnpeieneHsl B OJHBHHE paBHOMEPHO.
Kosdpduunent pasmenenns K, paBHEI OTHOLIEHHIO comep:KaHHH
sJeMeHTa B OJHBHHe M B pacnaase, Aas Ni pasen 10, pas Mg —
4,5, nis Co—3, ana Fe— 1,1, p1a Mn — 1,0, past Zn — 0,95.

Kak nokasanu wuccaenosanusi osauBaHa B HK-o6aacr
[Burns R. G., 1970], ero cnekrpos TP n SMP [Buch
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Cpennee cofepxanue 9JeMeHTOB-TIpHMeceR B 0/

MarmarHueckas
E:ﬁ;ﬁ:?, ﬁf.f;‘é;ﬁﬂ’;,c‘;f’;’n”,?ﬂ Tun nopog Maccus (peruon)
HaAXOMEeHHs
Marmaru- I'unep6asuToBas Iyusutsl, rapu-  [unepGasuToBhie nosca
yecKHi GypruTel, rpana-  ¥paza, rora CHOHpH, Ma-
toBble nepuaoTHTH Joro Kaekasa, Hopse-
THH H Jp.
Ta66po-nupoK- Omupuunte  ycesoropckmit ~ Kauka-
CEHHT-AYHHTOBAA Hapekuit (Ypan)
Jnddepenunpo- QANBHHATHL, Monua (Konscknil mony-
BanHBIX rabépo- TIePHIAOTHTHI OCTPOB)
HOPHTOBHIX
HHTPY3HH
KumGepnntoBas KumGepautst SIkyTHSA
YabTpaocHoBHEIE ONHBHHATHI, Kamuatka, bapapus
BKJIIOYEHH NepHAOTHTSI u Ip.
B Gasajbrax
VAbTpaoCHOBHEIE OnuBHHHTH, DPT
BKJIIOUCHHS B lie- NepHIOTHTH
JouHblX M Hede-
JNHHOBHIX Ga-
3a/bTaxX ‘
Ilenouso-ynpTpa- OJHBHHATE! Kosjop, Jlechas (Konb-
OCHOBHbBIE ckuit nmomyoctpos), Bop-
Ypax, Kyraa-Tyan (Ilo-
JaspHas Cubupsb)
'upporep- llenouno-yabTpa- Anarur-gopere-  Kosgop (Kosbckuii nosy-
MaJIbHO-Me- OCHOBHas PHT-MATHETHTOBEIE  OCTPOB)
TAcOMaTH-
yeckHit ®noromut-omu-  Kosnop (Konbckuit mo-

BHHOBHIE ayoctpos), Onnxnnua
(ITonsiprass CuGups)

IMIpume uaHue B uncaurtesie— npeaenn KoneGaHusA copepXaHnfl, B anamenarene —

W. R. et al, 1970 r.], manuble 3JeKTPOHHOTO MHKpoaHalus3a H
pentrenosckoii audpaxromerpun [Finger L. W., 1971 r.], KaTHOHbI
B CTPYKType OJMBHHA 3aHHMAIOT /iBC MO3HIHH — M; u Ms. M, 3a-
HSITA NPEHMYLIECTBEHHO KaTHOHAMH MEHBIIHX Pa3MEpOB (Mg2+—
0,74, Ni2+— 0,74 A), M;— Gonpunx (Fe?t — 0,80, Mn%** —
0,91 A)*. Bénpwuas ynopsAOYEHHOCTb KAaTHOHOB B TMO3HUHH M,
y MarHe3ua/bHHIX OJHBHHOB HAXOJMTCA B NOJHOM COIVIACHW C IVIy-
GHHHBLIMH YCJOBHAIMH KPHCTaJ/H3aLHH OMBHHA, MEHbIIAA— Y dbas-
JIATOB COOTBETCTBYET HX Pe3Ko HepaBHOBECHOMY CYGIHMAlUHOHHO-
BYJKAHOTeHHOMY reseancy. ECTeCTBEHHO MOSTOMY, 4TO B JKEJIE3H-

* Paamepw nonos Aanu no I'. B. Bokuio [1971 r.].
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TABJIMLIA 12.2
BHHe M3 yabTpaocHosHuX mopor [Bopucenko JI. ®., Jarmn A. B, 1973 r.], v/t

Ni Co Mn Sc v cr T
800—4200 80—240 300—1850 2,0—3,9 30—750  80—480
2800 (110) 100 (36) 890 (30) 2,5 (16) 210(29) 90 (11)
160—720 140—700

520 (11) 540 (11)
1260—4560 700—1740
2570 (22) 1200 (14)
940—2000 47—157  460—1310 48—270 60—11600
2000 (11) 113 (10) 970 (12) 140 (1) —(9)
800—3220 150—350 100—410  10—180
3010 (16) 180 (10) 260 (13) 50 (10)
180—3460 113—189  80—1460 c1—46  70—750  60—600
9550 (19) 150 (15) 1110 (20) 32(13) 300 (17) 180 (21)

5603500 120—260 450—2540 2,6—10,4 _2—45 151500 100—230
1310 (51) 200 (11) 1410 (18) 6,4 (88) 12(12) 180 (51) 610(12)

100—400 30—
160 (14) 30 (19)

500— 30
500 (11) 30 (12)

cpegHee, B cKkoOKax — YHCJO aHaJlH30B.

cTHX (asTHTAaX C HX HEYNOPSJOYEHHOCTHIO KATHOHHEIX MO3HIU i
ycaoBuil 1A BXOXKJAEHHA HOHOB Ni B CTPYKTYpy mnonpocty Her.

J10 OGbSCHEHHe BCTpedyano OAHAKO Goabuioe 3aTPyAHEHHE.
Jleno B TOM, 4TO B CHCTeMe Mg;Si04—NiySiO4 uHCTO HHKeJIeBhLi
KOneuHbiHl uieH — JHGeH6epruT * KpHCTANAH3yeTes NpH Gosiee HH3-
KHX, ueM (DOpCTEpHT, TeMrepaTypax, H MOSTOMY JOJIKEH HaKalJIH-
paThcsi He B PaHHHX, MarHe3HajbHBHIX, a4 B MO3AHHX — KeJIe3HCTHIX
(azax.

* JInGenbeprut NizSiO oO6HapyseH B TPEBOPHTCOAEPHKAILX pyaax B Bap-
Geprone, IOxnas Adpuka, n onucat B 1973 r. [Waal S. A, Calk L. C, 1973 r.}
Tpesoput — NiO-Fe20s.
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12.2. Husepcus amkBHAYyC—
colHAyc B cHcTeMe Mg.SiO,
I § —NiSi0, ns:(u BBEJICHHH
& KOMMOHEHTa (Na,Si,05)
< [Bépuc P., 1970].
B ab TNoKasbBaeT OTHONIEHHS JIHK-
it e BHAYC—CONMHAYC B GHHApHOH CH-
S creme  NiSiO—MgS10,; 62=
x MOCTYAHPOBAHHLIE OTHOIIEHHA
ol - Aubenbepeum B TBepAbIX pacTBopax NisSiO—
Mg, Si0, L830°C = Ni.$i0 Mg:SiO, B pacnnasax, Gorarhix
Gaotly —‘gr:_'-—:-‘__:j?‘ A i | KomnowenToM X. B pesyabraTe
L 0 NisSiOy cranoBETCE Gosece BHI-
ﬁga cOKOTeMNepaTyprROR (asof,

40 /

Mg, Si0,, - Ni S0, ,

A 7 9

MoR. /s N gt S Mon. %

20

X (NapSi,0,)

3artpynuenne G0 npeonoaeno P. Bépucom [Burns R. G., 1970],
KOTOpbIfi MOKasaJ, 4To B TPONHON cHcTeMe Mg,Si04—Ni,Si0,—X,
rae X — NaySizOs unum wHo#t cHaHKaT IIeJIOYH, OTHOIUIEHHS COJIH-
Ayc — JIHKBHAYC B GHHapHO# cepun Ni;SiOs — Mg,SiO, nperepme-
Baior HHBepcHiO (¢ur. 12.2). Hubimu cioBamu, He6obimas NpHMeCh
cHIHKata Na B cHcreMme ¢dopcTepuT—a1HGEHGEPrHT BEI3HIBACT KpH-
crannusaunio Ni;SiOs panbuwe dopcrepura, uto n o6ycaoBnuBaer
oboramenue Ni paHHHX, MarHesHaJbHHX, OJHBHHOB.

Ha srom mpumepe mbi BHOBB yGexnaemcs B TOM, YTO HE OIHH
WHJHBHAya/lbHEIE CBOHCTBA SJEMEHTOB (MEHBINAI pagHyc HOHOB
Mg?** u Ni** u 6naronpusTHas 18 HHX MO3HUHA B CTPYKType
OJIHBHHA) ONpeNe/IsIOT BPeMs HX BBIAC/CHHA H3 pacnnasa. Ilossae-
HHE B CHCTEMe HOBOr0 KOMIOHEHTa (CHJIHKAaTa liejouefi) MeHseT
TOC/Ie0BATE/ILHOCTD KPHCTa/IIH3anHH a3 Ha o6paTuyio.

[IpABenennble NaHHHE O NONOKEHHH KATHOHOB B CTPYKType
OTHBHHA MOTYT HMETb ONpeJie]eHHOe 3HAUYeHHe NMPH ONEeHKe HHKeje-
HOCHOCTH OCHOBHBIX M YJIbTPAOCHOBHBIX HHTPY3Hil.

YcraHoB/IeHHe 3aCeNeHHOCTH TO3HIHH M, onuBuHa monmamu Ni2+
YK€ JlaeT OCHOBaHHe OXHAaTb NPOABJICHHsS HHKENbCOACpIKAILEH
MHHEPAJH3aHH NpPH NOCTMAarMaTHYECKOM H3MEHeHHH OJIHBHHA.
Takue u3MeHeHHS BepoATHH NPH BO3ACHCTBHH HA OJHBHH CYJIb-
QUIHBIX PAcTBOPOB W NpPH OGBIYHON CePNEHTHHH3AUHH OJIHBHHA.
B nepeom ciyuae npouecc npotekaer mo cxeme

(Mg, Fe, Ni),Si0, - S* -~ H,0—

OnuBEA Pactsop
—(Fe, Ni) S+ Mg,[Si;05], (OH),,
Menrnangur CeprnieHTHH
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! BO BTOPOM cJly4yae CEpNEHTHHH3ANHsl OJHBHHA CONPOBOMAAETCH 06-
pasoBaHHEM rapHHepHTa;

(Mg, Fe, Ni),SiO, + H,O —
— (Mg,Fe),[Si,05] (OH), -+

CepneHTHH

-+ Nip[Si,05] (OH),- 2H,0.
Tapuuepur

[ToneiTka BBISCHHTL BOSMOXKHOCTL NEPEX0Aa H3OMOP(HO BXOAS-
umero B oaHBHH Ni Ha npumepe raG6po-nepHAOTHTOBBIX HHTPY3H#H
Cesepnoro Ilpubaiikanbs Gblia ocymiecTsieHa M. H. ['pynuHHHBIM
u ®©. A JlernukoswiM [1969 r.]. Mx nceneoBaHHS NMOKasaJdu, 4To
HEH3MEHEHHBIE JYHHTHI M NEPHAOTHTH COAEPXKAT 3HAYHTETbHbIe
KonuyectBa Ni, X0Tsi BKpamIeHHOCTb CyJAbOUIOB B HHX OTCYTCT-
ByeT. B 30HaX cepneHTHHH3AUHH CYAb(HIB TOSBJIAIOTCS, IIPH 3TOM
CEpNEHTHH CONEpPKHT 3HAUHTENbHO MeHbllee KoauyectBo Ni u Co,
UeM HCXOJHBIH OJIHBHH.

Yriiy6nennoe H3yueHHe MHHEDAJOTHH H Fe€OXHMHH OJHBHHA MO-
Ka3blBA€T, YTO BO3AEHCTBHE Ha OJHBHH CY/JAb(HIHBIX pacTBOpOB
IPOABJIACTCS TAKKE B H3MEHEHHH COOTHOLIEHHS B NOPOAE MEKLY
okuciaMu MgO—FeO—Fe;0;. 310 MokeT OHTb NOKA3aHO Ha
npumepe Gosee OOBIYHOTO MPH Cyab(yPHIALUH MOPOALI obpasoBa-
Hus mHpporiHa. OJIMBHH TepsieT MPH 3TOM 4acTh aToMoB Fe:

(Mg, Fe*1),[SiO,] + S*~ — (Fe?+, Fe?+)S
Onusnu IuppoTun
+ (Mg! Fe2+a Fe3+)'ﬂ [8104]1
HsmeneHHpift onuBHH
I 3JIEKTPOCTATHYECKHH OaJlaHC JOCTHTAeTCs] OKHCJAEHHEM YacTH aTo-
MoB Fe M B muppoTHHE, H B OJHBHHE JI0 TPEXBaJEHTHONO COCTOSIHHS.
[Ipu stom uem Goxbliee KoamyecTBO HOHOB S?- BO3eliCTBOBANO Ha

nopoay, tem GOJbIIAM OKasbiBaercs
B 1opojie oTHolleHHe Fe®+:Fe?t, +Fes0

Tak kak oGpasoBaBumecs cyabou- Aﬂ: z

P e S =

Abl  (MHPPOTHH, NMEHTJIAHIHT) TeM WJIH P i
HHLIM 006pasoM BBLIXOAAT U3 30HHI NpO- b e
necca cynapdypusanuu (Hanpamep, B -Mg0—— +Mg0
pesyibTaTe KOHKPEIHOHHOTO MHepeoTsio- 20
MeHHsl B JKHJaX), COOTHOIIEHHSI B HC- hac
xoaHo#i mopoge MgO — FeO — Fe,0;4 i i
Hapymalorcsi. Takum o6pasom, koppe- i ~Fe,05

JsHOHHBIE cBA3H Mexay MgO, FeO u
Fe;O3 B 6asur-runep6asutoBhix HHTpY-

2.3. OfbvemMnas gmmarpamMm
3HUBax MOryT CIYXKHTE OOHHM H3 NpH- 1 # i~ p R

(aKTOPHBHIX  HArpysoK Ha

3HAKOB CYJb(HUIHOrO MHHEpas006paso-

Fe;03, FeO u MgO, B ko-

BaHufA. CHcTeMaTHYecKui 0630p TMpo- TOpOH  BHedeHa ~ 06J4CTb
MBIIIIEHHO 3HAYHMBIX 1[0 COJAEp KaHHUIO g’aac’;‘égi‘;? q;;f;;:ﬁ:;;?ﬁ
Ni OCHOBHb}X*lepraOCHOBHb.l'X MACRH- s st ik anesbatos G
BoB mnokasan [[eoxumuyeckuii Kpure- Tpy3Hii.
7  B. ®. BapaGanos 193




puit..., 1977), uto ¢akrtopubie narpyskn (@) ma FeOs, FeO u
MgO nonapaior B o6aactb TpexmepHoro (akTOPHOro npocTpaH-
crBa (¢ur. 12.3), orpannyeHHylo npenejamu

P > +40,70; 0,0>&. ,=>—0,75

—0,65< @, < 0,65

MgOo ==

Fe, Oy

Haiizennpie cooTHouennss mexay Fe,Os;, FeO u MgO, cBoii-
CTBEHHBIE TOJbKO pPYAOHOCHHIM HMHTPY3MBaM, HE3aBHCHMO OT HX
dhopManuOHHOH TPHHAAIEKHOCTH, H3MEHeHWH Ccjaralouux HX M[o-
PO ¥ KOHKPETHBIX TeOJIOTHYECKHX YC/JOBHIl 00pasoBaHHus, MOTyT
OBITh NPEAJOXKEHb B KaUeCcTBE 2C0XUMUHECKO20 KPUTepus Ieperex-
TUBHOCTH MA4CCHBOB OCHOBHBIX—YJbTPAaOCHOBHBHIX MOPOJ Ha HHKe-
JIEBYIO PYAOHOCHOCTD.

MAPOKCEHbI

XHMH3M NTHPOKCEHOB — CJI0XKHasi npodiema B reoxumun. Ca0x-
HOCTb ONpeessieTcsi MHOrOYHCJAEHHOCTbIO (PAKTOPOB, BJAHAIOUHX HA
€OCTaB 3THX BaKHBLIX NMOpopoobGpasyomux munepasoB. Ofulensse-
CTHO, YTO COCTAB MHPOKCEHOB CBfi3aH ¢ HX CTpyKTypoil. Ho cTpyk-
Typa, KaK Mbl YBHIHM HHYKe, 3aBHCHT OT yNOPSIZIOUEHHOCTH COCTaB-
agomux  ee KoMmnoHeHToB, CremeHb YHOPSAJOYEHHOCTH B CBOIO
ouepeab ONpefleasieTcss CMEeCHMOCTLIO MHHAMOB («MOJEeKy/») HIH
aromoB M HX rpynn. CMecHMOCTb K€ MHHAJIOB Ompeleisiercs Tep-
MOIHHAMHUYECKHMH IapaMeTpaMH COCTOSHHS CHCTEMbl — TeMiepa-.
TYpOH, JAaBJeHHeM, 3HAYEHHAMH XHMHUECKHX NOTEHLHAJO0B KOMIO-
HEHTOB H I].

I'. Yepmak (1836—1927) cosman cTpoiinyio TeOpHIO, 0GBsICH-
0LYI0 CJOMKHBIH XMMH3M NHPOKCEHOB K4K ClleJCTBHe nzomoph-
HOrO CMEINHBAHWA P52 MOJEKYJ, PacTBOPEHHBIX B METACHJIHKAT-
Holi ocHoBe RSiO3; Takumu mojekyaamu, no HepMmaxy, siBASIOTCS:
1) ReSiOs, rae R — Na, K, Li; 2) NaAlSi4O1p («xkaneutoBasi»);
3) NayFe;SisOs («srupunopas»); 4) MAILSiOs, rae M — Mg, Fe,
Ca («cuankatr Yepmaka»); 5) RiRpSi:Os, rme Rr—Ca, Mn
(«BomnactonuToBasi»), R — Mg, Fe, Mn («auoncunosasi») u T. I.;
6) (OH, F); 7) ueonutoBas Bopa (10 2 %).

ToabKo mpH ACNYLIEHHH CYIIECTBOBAHHS BCEX 3THX <«MOJIEKY./»
B MOJEKyJe <«DacTBODHTeNS» XHUMHUECKHEe aHAJH3bl MHPOKCEHOB
MOrJIH GBITh YAOBJETBOPHTENbHO paccunTansl Ha (opmyasl. M rta-
KHMH MeToJaMM pacueTa MHHEpPaJorH MoJb30BajuCh Oosee noJay-
CTONIETHSI 10 YCTAHOBJEHHS CTPYKTYpPH NHPOKCEHOB, KOT/la MOHATHE
06 H30MOPhHBIX «MOJEKYyJIaX» OBUIO 3aMeHeHO NOHSTHeM 06 H30-
Mopdhu3Me MO MPHHIHKIY «aTOM 32 aTOM>».

CrpyKTypa MHPOKCEHOB BNEpBhIe H3YyueHa HA MpHMepe JHONCHAA
[Warren B. E., Bragg W. L., 1928 r.]. B ocHoBe ee, KaK H3BeCTHO,
JexaT OecKOHeyHBe IeNnoukH KpPeMHEeKHCAOPOJIHBIX TEeTPasipos,
CBSI3AHHBIX MeXay coboit uepe3 obutme Kucaopons. Llemoukw,
B CBOIO Ouepelb, CBA3bIBaloTCs KaTHoHaMmu (¢ur. 12.4). KarHoHBHI,
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12.4. CtpyKTypa NMHPOKCEHOB.

@ — KpeMHEKHCJOpOAHaA lenoyka [S|206]4—B npoekuun Ha (100);6 — mosoxKeHHe KaTHO-

HOB B CTPYKTYpPe NHPOKCEHOB B MNPOEKNHH Ha njockocTs (001); & — HanpapjseHHe cmaiiHO-
CTH B mpoekuHH Ha (001).

KaK BHIHO H3 PHCYHKa, pacnosiaralotcs B JABYX MO3HLHAX: MEHb-
weit, M; — Mg, Fe?+, Li, Ni, Mn, Al, Fe, Cr, Ti, u Goabwei#, Mo—
Ca, Mn, Na, Sr, Ba.

Muoroo6pasne cOCTABJSIOWINX NHPOKCEHb KATHOHOB, pasjiHya-
IOLIHXCA MeXay co6oii pasMepaMH, 3apsiioM, 3JeKTPOOTPHIATE/Nb-
HOCTBIO H JAPYIHMH CBOHCTBAMH, NPHBOAHT K TOMY, YTO HX OCHOB-

12.5. Taasueitmne THne uenouek SiOs-TeTpasapos.
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Hbl€ CTPYKTYpHBIC €AMHHIBI — KPEeMHEKHCJIOPOAHbIe HEenoYKH — He
OCTal0TCsl HEH3MEHHBIMH, a4, MpHcnocalMHBasiCh K CBOHCTBAM KaTHO-
HOB, MHOrOKDPaTHO MEHSIOT cBO0 KoH@Hrypauuwo (¢ur. 12.5). drta
CM@HAa MOJKeT IPOMCXOJIHTL INPH HarpeBaHHH H OXJaxKJIeHHH
[Morimoto N., 1974 r.].

B KOHEYHOM cyeTe NMHPOKCEHH B 3aBHCHMOCTH OT COCTAaBa Ka-
THOHOB H YCJIOBHH KDHCTaJ/IM3YIOTCS yiKe HE B OAHOH, a B Tpex
CHHTOHHSIX — POMOHYECKOH, MOHOK/JMHHON H TPUKIMHHOHA. Takum
o0pasoM, KoJeGaHHs B COCTaBe NMHPOKCEHOB UYTKO YJAaBJIHBAIOTCSH,
OTPaXKawTCsl CTPYKTYPOIl, HHEIMH CJIOBAMH, CTPYKTYpa MHPOKCEHOB,
KaK H y ADYrHX MHHEDaJOB,— CBOe0oOGpa3Has PeakiHs Ha XHMH3M
CpeAB MHHepaJoo0pa30BaHus.

CkasanHOe MOMKHO BH/JETb HA COCTABE H COOTHOUICHHSX BaiK-
HEeHIIHX KOMIOHEHTOB B DOMGHYECKHX, MOHOK/IHHHBIX H TPHKJHH-
HbpIX MHpOKceHaX. Eciu oburyo GopMyay MHPOKCEHOB NMpeicTaBHTh
B Buge MM;[Si,O¢], rne M, umeer aBa snauenus: m; — Mg2+, Fe2+
Mn?*, Lit u my — AP+, Fe3+, Cr3+, Ti**, a M, — Ca, Na, To 3aBH-
CTHMOCTb 3Ta BBIPA3HTCS CJAEAYIOMHM 06pasom:

PoMOHueckHe MOHOKHHHEBIE TpHKJIHHHBIE
Ma—] M1 O6biuna O6riuna Her
e im, Peaka » »
M, Her » OGuuna
1Si505] [Si0] ((Si, A0l  [i,04]F~, [Si,040H]"~

Han [SizOq5]10—

O6was kapTHHA pacnpeleseHHsi KATHOHOB 1O MO3HIHAM CTPYK-
TypHOH Gopmyanl nupokceHoB M(2), M(1), [T.0s noxasara
B Taba. 12.3.

Ycpenuennnifi XHMHYECKHil €0CTaB POMOHYECKHX H MOHOKJIHH-
HBIX NIHPOKCEHOB M3 BaXKHEHLIHX THMOB H3BEPIKEHHBLIX MOPOL NpH-
BefeH B Taba. 12.4.

Baxuefilne rpynnel NHPOKCEHOB BKJIOUAIOT:

1) pombuueckue — sucratar (Mg, Fe)s[Si;Og], Gpousur (Mg,
Fe)s[Si,06], runepcren (Fe, Mg),[Si;Os], deppocuanr (Fe, Mg),x
X[Si50¢];

2) moHOKIHHHbe — nuonchi (Mg, Fe)Ca[SiyOq), reaenGeprut
{Fe, Mg)Ca[Si;O¢], aBrur (Mg, Fe2+, Al)Ca[Si, Al},Os, ompanut
{Mg, Fe*t, Al, Fe’*) (Ca, Na) [Si;O¢), nuxonnr (Mg, Fe2+, Ca) X
X (Mg, Fe?*)[Siy0¢], daccant (Mn, Fe2, Al, Fe3t) (Ca, Mg?+,
Fe2t)[(Si, Al)20q], #Hoxaucenur (Mn, Fe) (Ca[Sis0g], srupun
Fe?*Na[Si;0g], xagent AINa[Si,Og;

3) TpukAHHHbIe — Bo/TacTOHHT Cas[Sis0), mekromur NaCap X
X[Si3040H], pogouut Mn,Ca[Sis0s]. '

[Tpusesennbie GopMyTBl BHPAXKAalOT JHILIL OCHOBY XHMHYECKOro
TOCTaBa MHPOKCEHOB. B cHIy IMHPOKO NpOsiBAEHHOro 34€Ch H30MOP-
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TABJMIA 123

CofepXanusi KATHOHOB B MHPOKCEHAX MO MOSHIMAM B (OPMYJIBHBIX HHHUAX®

M(2) M(2)4 M(1) M(1) 5
Iupokcen
Ca Na Mg, Fe2+ Mn, Cr, Ti Feld+ Al Al
KAHHO3HCTATHT—KJAHHO- 0,00—0,12 0,00—0,05 2,00—1,65 0,00—0,5 0,00—0,24 0,00—0,24
(heppOCHIHT ey
DHcTaTHT—(eppocHanT -
TTHKOHHT 0,13—0,35 0,00—0,02 1,87—1,50 0,00—0,18 —_ 0,00—0,17 0,00—0,13
Kanout Mn—1,00 — — Mg—1,00 — — —
ABruT 0,36—0,84¢ 0,00—0,14 1,64—0,90 0,00—0,15 - 0,00—0,30 0,00—0,24
JlnorcH—reAeHGepTHT 0,85—1,00 0,00—0,14 0,15—1,00 0,00—0,25 - 0,00—0,20 0,00—0,24
daccaut 0,50—1,00 0,00—0,10 1,25—0,45 0,00—0,20 - 0,25—0,55 0,25—0,55
HoxanceHuT 0,80—1,00 0,00—-0,20 0,70—0,00 Mn—1,00—0,50 — £ \ —
OrHpHH 0,00—0,35 1,00—0,50  0,00—0,65 0,00—0,15 1,00—0,50 0,00—0,10 0,00—0,05
SrupuH— AHONCHA } 0,51—0,85 0,49—0,15 0,51—1,00 0,00—0,10 0,49—0,15 0,00—0,25 0,00—0,20
Srupun—relenGeprut
Kapeur 0,00—0,25 1,00—0,75  0,00—0,35 0,00—0,01 0,00—0,10 1,00—0,75 0,00—0,005
Owmpanut 0,35—0,85 0,60—0,15 0,30—1,10 0,00—0,05 0,00—0,20 0,60—0,15 0,00—0,20
Opunt —_ 1,00—0,95  0,10—0,00 Cr—1,00—0,95 - — -_
Cnoagymen 0,00—0,08 — 0,00—0,10 - — 1,00—0,90 -
Li—1,00—0,9

* TaGauuagcoctrapnena H. B. I'uuaGypr no AnTepaTypHBIM AAHHEM, NOAYEPKHYTHE uAadpH — KONHYECTBA TFIaBHBIX KOMNOHEHTOB.




TABJIHLIA 12.4

Cpeauuil cocTaB NHPOKCEHOB M3 H3Bepmennbix nopon [Rankama K.,
Sahama Th. G., 1950], macc. %

PoMmbGuyecKkne MOHOKJIHHHEIe
IllenouHO3eMeNEHEE Ilenognsie
Komno- Yaverpa- e lenou-
bt | oconae | OB CE | e | Factpois | Chemmer | M8 IPX- | Hebets
(19 amn.) (10 an.) SAEPUO- HOPMTBL- | M LHODH- | jenoyHble | CHEHHTHI
JHTH (30 an.) | 7w (6 aH.) | cpenpTh (22 an.)
L (9 an.)
Si0O, 54,46 51,02 49,04 50,39 49,76 51,56 49,83
Al,Os 2.4 3,84 4,65 3,95 5,04 2,26 2,31
Fe, O3 0,53 1,37 1,49 1,73 3,28 19,95 24,20
FeO 8,07 15,47 5,08 9,20 7,46 7,07 6,02
MnO 0,07 0,40 0,17 0,19 0,30 0,76 0,62
MgO 31,52 21,59 17,60 15,15 12,55 2,66 1,55
CaO 5,70 20,19 17,82 18,89 6,60 4,17
Na,0O 0,15 0,20 0,05 0,18 1,24 8,39 10,37
K,0O 0,04 0,02 0,09 0,09 0,39 0,57
H,O 0,76 .27 1,44 0,82 0,73 0,32 0,32
TiO, 0,04 0,01 0,13 0,51 0,01 0,19 0,35
Cry03 0,18 H.-o: 0,23 0,07 H. o. H. a: H. o.

Cymma 99,90 99,91 100,09 100,10 99,35 100,15 100,31

(husama peanbHBIH COCTAB NPHPOJAHBIX MHPOKCEHOB OKa3blBaeTcs 3Ha-
YHTEJbHO GoJiee CIO0KHBIM.

HekoTtopble H3 NpHBEJEHHBIX 3aMelleHHH (QHKCHPYIOTCS H3MeHe-
HHEeM napamerpa b sneMeHTapHOH AuelikH nupokcena. Tak, B MoHO-
KJAMHHBIX KaJbLHEBBHIX NMHPOKceHax 3amellenne Mg?+ na Fe?t yae-
auuuBaer b, samemenne Mg?t ua APt ymeHbuaer, a 3aMeHa Sit*
Ha AP+ eme Gosabiie ymenbiaer b [Lefevre C., 1969 r.] 3naueHus
b moryr 6mTh Hafizenn mo peduaekcy 060. K. K. Xpucropopos u
ap. [1973 r.] nokasaau, uro no HMK-cnekTpaMm NHPOKCEHOB MOKHO
OILIEHHTh COJepIKaHHe 3JeMEeHTOB, 3aMemawmowux Mg u St
JI. T. Kysnenosa u E. E. Ilopommnn [1977 r.] nokasanu, uro HK-
CNEeKTPHl AHONCHAA M aBTHTOB HecyT HHMOPMalLHIO O 3aMellleHHAX
3JIEMEHTOB, HAXOAALINXCA M B IIECTEPHOH, H B 4eTBEPHOH KOOpIH-
HallM{, B TOM uyHcie 3ameuieHusx tuna Ca?t—Fe?t, Mg+, Sitt—
—Ti* u mp.

B nupoKceHaX, Kak Temepb CTAJ0 H3BECTHO, COAEPIKHTCS OTPOM-
HOEe KOJIHUECTBO pAa3JIHYHBIX 3JeMeHTOB-npuMecell (Taba. 12.5).
[Ipu npoueccax 3ameleHHss DHPOKCceHOB aM(puOOIaMH H APYrHMH
Gosiee NMO3NHHUMH MHHepajJaMH 3TH KOJHYeCTBAa MHKDO3/J1eMeHTOB
C Y4eTOM Macc H3MEHSIOUHXCS NMHPOKCEHOB MOI'YT SIBUTbCSI OAHHM
13 HCTOYHHKOB PeJKOMETAaJbHOIO OpY/AeHeHHs.

198



[IpuHsiTO CUHTATH, YTO NMPH MHOroo6pa3uH BHIAOB H3oMOPH3IMA
B MHPOKCEHaX MMEeT MEeCTO HeorpaHHYeHHAs] CMECHMMOCTb KOHEUHbIX
MHHaJ0B H30MOp(hHBIX cepuii. Tak, Hanpumep, B H3BECTHOM cnpa-
BOYHHKE O pOMOHYECKHX NHpoKcenax roBopurcs: «PoMGuueckue
IIHDOKCEeHbl 00pasyioT HEeNPEephiBHYIO CEPHIO, B KOTOPOH MOJHOE
B3auMHoe 3aMmeuleHHe Mg u Fe?' nposisasiercss B mpejpenax cocra-
BoB 0T Mg Fes®t no Mg oFeq?t [dup ¥. A. u ap., 1965, c. 17}
B npyrom ¢yHaaMeHTaJbHOM OTeyecTBEHHOM Tpyde «MuHepasibi»
{1981 r, t. 3, Ben. 2, c. 405] rosopures: «PomGHYecKHe NHPO-
KCEHHI. . . IPeJICTaBJCHEl YICHAMH HEeNpeprBHOrO H30Mop(dHOro psja
sHeTaTHT Mgo[SisOg] — deppocunut Feg[SigOg)».

Onnako.B NeHCTBHTEJBHOCTH B MarMaTHYecKHX NOpojAax pac-
NpocTpaHeHHLIMH MHHepajJaMH H3 POMOHYECKHX NHPOKCEHOB SIBJIS-
I0TCA JHIIL 3HCTATHT, OpoH3HT M runepcreH. OcraJibHble YJIEHB
3TOro pfAja, OYeHb pelKHe, CBOHCTBEHHLI MeTaMOpP(dHYeCKHM I[10pPO-
Aam, T. e. 06pa3yTCs B HHBIX, OTJHYHBIX TEPMOJHHAMHYECKHX YC-
aoeusx. Iloaromy cmecuMocTh MuHan0B Mgy[Sip0s] — Fey[SiaOg)
B MarMaTHYeCKHX YCJOBHSIX IO CYTH JeJia OXBaThiBaeT JIHIIb MO-
JIOBHHY 3TOr0 rumoteTHyeckoro psaga (dwur. 12.6). Uro ke Kaca-
eTcsa TpeThero KomnoneHta — Mng[SiyOg)], To B Takom BHIAe OH
B IpHpojAe He H3BecTeH, a npumecb MnO B sHcTaTHTe H (eppo-
cuiaute easa au npesuimaer 0,1 moa. %. OueHp pefloK H KaHOHT
MgMn][Si;0g].

Taxyio e KapTHHY MBI MoXKeM Ha6Ji04aTh H B MOHOKITHHHBIX
cepuAX [IHONCHA—3THPHH, 3THPHH—TIeJeHGEepruT, »KaJeHT—aBrHT,
ABrHT—3rHpHH H T. A. IloaToMy rpaHuUBl MHHepaJbHBIX BHIOB
B rpynnax nupokceHoB (¢ur. 12.7) npeacraBasiior coboii HCKyc-
CTBEHHble [IOCTPOEHHs], He OTBEUalOUlHe NpelesaM CMECHMOCTH cCO-
OTBETCTBYIOIIHX MHHaJOB B npupoie. Korna cmecumocTs MHHAJOB
Pe3Ko YMEeHbIIAeTCsi HJIH HCUe3aeT, CTPYKTypa NHPOKCEHOB mepe-
crpanBaercs. DT0 MOXHO BHAeTh Ha mpuMepe Mg—Fe—Ca-nupo-
KCEHOB.

CMecHMOCTb MHHAJIOB, KPHCTaJIJH3YIOUIHXCH B PasHblX CHHIO-
HHSX, Jla)ke B YCJOBHIX MarMaTHYecKOro npolecca orpaHHueHa.
Ha ¢wur. 12.8 xopomo BHAHO, YTO pa3pLiB B CMECHMOCTH MEXIY
pombuuecKoH H MOHOKJHHHOH (asaMH JAa)Ke B MHPOKCEHAaX IJIy-
GHHHEIX NOPOJ OYeHb BeJHK. ITO O3HAyaeT, YTO KaJ/lbLHEBLIA KOM-
NOHEHT B pPOMOHYECKHX TNHPOKCEHAaX OTCYTCTBYyeT H obGe (hasbl —
poMOuHueCKHH NHPOKCEH H aBTHT — BBIAGISIOTCS CAMOCTOATENBHO.
B naBax MmoHOKIHHHBIE (ha3bl NMHMKOHHTA H aBrHTa YKe GoJee
B3aHMOpPAcTBOPHMBL. [103TOMY MOXKHO OXHAATb, YTO B KPHCTaJaJaax
aBrHTa NpH pacnaje TBePAOTro pacTBopa OHH 6yAyT 060coBJAThCS.

HcenenoBannsi coctaBa H CTPYKTYPH NHPOKCEHOB, BHINOJHEH-
Hble B NOCJAEIHHE NecATHJIETHS, MOATBEPIKIAIOT 3TO MNpPEANoJoNKe-
Hue. Tax, nokasano [Champness P., Copley P., Lorimer G., 1974 r.],
4TO KJIHHOMHPOKCEHHl, HCMBLITABIIHE MeJLJeHHOe OCTHIBAHHE, 3aKJII0-
uait B cefe kpynHele o6ocobaeHHbIE TaMelH, B TO BpeMs Kak B ycC-
JIOBHAX OBICTPOro OXJaXKJeHHs KOMIOHeHTH O0ojice paBHOMEpPHO
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TABJIMLIA 12,5
AeMeHTHI-IPUMECH B MHpOKceHax [no Edumosy A. ®., Tanseeny A. A., Karaesoit 3. T., 1973 r.], r/t

a3
§: Mupokcen Li Rb Be EZTR+ Y Zr Sr Ba Se
£
3 Cn.—50 10—500 5800  Cr.—400 Ca.—400 10—3000
E i 15 (37) 140 (25) 130 (52) 198 (39) 94 (20) 121 (58)
8  Cpemsee  comepmanie 15 17 100 440 300 24
B nopojie
BuicokoreMnepary pusi 30—360 Cn.—650 Cn.—38  20—500  700—21 100  30—300 357
g  THpoKcen 180 (30)  8I(28) 11(40) 300 (10) 2870 (33) 170 (22) 11 (37)
£ Huskoteuneparyphsi 10—120 400—5700  10—2500 3—60
5  THPOKceH 70 (12) 1550 (10) 1570 (10) 18 (15)
= Cpennee cojlepKaHte 40 190 4,5 370 1130
B Nopoje
é‘ g Plaoncen Cn.—150 Cn.—200 10—450
$5 40 (17) 84 (29) 86 (24)
S & CpemHee  cojepwaHie 120 200 10
=% g nopone
2 R Car.—19 10—50 15—530 1—44 Ca.—78
g 19 (40) 60 (41) 107 (42) 13 (38) 15 (49)




Mponoamenne Taba 125

103

5
g TTnpoKcen v b Mn Ni B Cs Nb Ta
z
@
;:E TTupokcen 300—650 300—11 400 700—14 000 50—220
g 950 (44) 5000 (160) 2500 (108) . 140 (35)
3 Cpenuee cofiepKaHne 200 9000 2000
B NOpoje
BiicogoreMueparypHsl 100—2400 3300—10 000 1500—177 000 Ca.—60 3,5—340
3 nHpOKceH 700 (14) 6200 (42) 5300 (39) 20 (30) 20 (23)
Hussoreumepatypis 5008100 110012000 9005200 17 70—5800 30—800
g THpOKCEH 4000 (21) 5500 (22) 2100 (20) 1040 (12) 220 (12)
Cpennee cofiepiKaHne 70 4200 7§
B nopoae
v @ 700—5800 100—9000
&5  Iupokcen
23 1700 (49) 1000 (15)
& %  Cpennee coflepKaHHe 4500 670
=€ 3 nopoge
z 5—26 200—4600  100—3700 743
2 [lupokcen R e
5 16 (10) 2000 (67) 2200 (68) 17 (56)




Mg, [Si,0;] Fe,[81,05]
c?_ 0 20 J0 40 30 60 70 80 a0 100

ST v ~ v ~ S - =i i
Jnemamum  bpossum funepcmes  Peppoeunep - brum  Peppocunrum
cmey
Karoum
Mg Mn[Si,05] Mn, [Si,05]

12.6. Cmecnmocts (a3 8 cucreme Mga[SisOgl—Fes[Si20s] —Mna[Si204]
B MOJApHEX xnoasx, %.

paccessHsl mo (azaM. B pOMOHUeCKHX NHPOKCEHAaX M3 H3BepIKeH-
HBIX TOPOJ TaKHe JaMeJH OKas3aJHCb COCTOAIIHMH H3 aBrHTA.

. JI. Hopxn u ap. [Nord G. L., Heuer A. N,, Lally J. S, 1976r.]
B MaTpHIle aBrHTa, AOocTaBleHHOro ¢ JIyHs «Anomtonom-17», o6Ha-
PYXHJIH C TNOMOIIbIO 3JEKTPOHHOIO MHKPOCKONA INJacTHHYaThle
BPOCTKH NHXOHHTA, 00pa3oBaBLINECs B pe3yjbTaTe pacnajia romo-
reHHOTO TBEPAOr0 PacTBOpPa aBMHT—ITHKOHHT.

H. Hakaiiuma u C. Xaduep [Nakajima Y., Hafner S. S.,1980r.]
MCCAeOBAIH METOIOM PEHTTeHOBCKOH audpPaKUHH SBJIEHHS pac-
naga aeruta H3 (epporab6po Ckaeprapickoii HHTPYysHH. B kpwu-
cTajyiax aBruTa GLIO YCTAHOBJEHO Hadauuve nsatH (as, pasiuuya-
IOIUXCA COCTABAMH, NapaMeTpaMH 3JeMeHTapHOH siuefikM H opHeH-
THPOBKOI OTHOCHTEJILHOH peleTkH Xos3suHa-aBrura. [lpm stom
cxemMa pacnmaja HCXOJZHOTO TOMOFEHHOro 4BrMTa Ha BhHIEHAa3BaH-
HBl€ KOMIIOHEHTH — «MHHAJBI» MOMKeT OLITh H300paiKeHa Cleiyio-
HIHM 00pasoMm:

(Ca, Mg, Fe?*) (Mg, Fe2*, Al) [(Si, Al),04

HUexopumift aprHT

I
)2 3!
(Mg, Fe2*), [Siz06] (Mg, Fe*, Ca)(Mg, Fe)[Si;04] -
OpronupoKkceH-1 4 TTuxonuT-1
L LSRR
i 3
l‘ OpTONHPOKCEH-2

(Mg, Fe**, Ca)(Mg, Fe*)[Si,Ofl

TTuKOHHT-2

MoxHo ayMath, 4TO TMOcJae pacnaja aBrHTa Ha YKa3aHHEE
(aspl ero cocTaB YNpOCTHJICA 10 YCTOHYHMBOrO COCTOSIHHS, OTBedUa-
tomero auoncuay Ca(Mg, Fe?t, Al)[(Si, Al)20¢].

Pacnaj eanHofi rOMOr€HHO# CTPYKTYPHl MHPOKCEHOB BCJIEACTBHE
OrpaHHYEHHOH CMeCHMOCTH MHHAJOB H 000co0/eHHe BBHIIABLIHX

202



Na Fe [5i,0;] Ca (Mg, AY[(SL, AL, 0]

Jeupun

Onpayum

Jeupun-
Guoneud |eedenbepeum

Peppo - \ fedex-
ﬁ’”’m’ﬁ Capum| “E0 Jepeum

CaMg [Si,04] CaFe[si,0;] NaAL[Si,0;] Na Fe™[51,05]

Jeupun

12.7. Tpanuisl MHHEpPaJbHBIX BHAOB B TPYNNE MOHOKJHHHBIX MHPO-
kceHoB [Munepaas, 1981 1., 1. 3, BHL 2, c. 246].

(a3 He Bcerja Jerko HabmaiogaeMel. B To ke BpemMsa BepOsiTHOCTh
CYLlECTBOBAHHUA PACTBOPEHHBIX B MATPHIEe XO3AHHA-PACTBOPUTEJS
«MOJIEKYJ1» KOHEYHOTO COCTaBa HAaXOAMT cebe MOJATBep:KAEHHe B LIH-
POKO pacnpocTpaHeHHEIX IpolieccaXx MeTacoMaTHUECKOTO 3aMellle-
Hug nupokxceHor. Tax, marmartoreHHBIH XHOWHCKHH STHPHH-ABTHT,
3aMellasicb ap(BeACOHHTOM, JENHJOMeJaHOM, KaJHeBbIM MeKTOJIH-
toMm [BapaGanor B. @., 1977], B To ke Bpems Bce Gonee oforamia-
eTCsl STHPHHOBOH COCTABJsIONIeH. DTO JaeT OCHOBAHHE NONYCKAaTh,
9TO €ro COCTaB MNpeACTaBJseT cobOO0H cMmech ABYX «MOJEKYa» —
aBrUTOBOI M 3THPHHOBOM:

p Ca(Mg, Fe**+, A1) [(Si, Al);0,]
ABruToBasi
x g NaFe** [Si,0,].
SrupuHOBas

B Xo4e nocrMarMaTH4ecKoro rupoTepMasibHOro U3MeHeHHA 3TH
«MOJIEKYJIbl» BelyT cebs mo-pasHoMy. Ilo aBruToBOH «MoOJeKyJIe»
pasBEBalOTCH ap(dBeNCOHHT, KaJHEeBBIl MEKTOJUT H JIeMHAOMe/aH:

Ca (Mg, Fe+, AD[(Si, AlyOql

| i

KCag|[Siz0s0H] K(Fe*+Fe’+); [AlSizOy] (OH, F)g
Kannepblft neKToauT ‘ Jlemupgomenan
i v
Nag(Mg, Fe?+),(Fe*+, Al) [Sig0y]:(OH, F),
ApdBencoHuTr

JrupuHOBas «MoJeKyJaa» NnoJAo6HOro poja npesBpalleHHil He HC-
NbITBIBA€T H IOCTENEHHO HakKallIHBAeTCi B KOHEUHBIX MPOAYKTaX
H3MEeHEeHHsl MCXOHOrO TMHPOKCeHa.
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Caz[Siz0g)

(|
ci-pT

Cmp-pa
Bonnacmonuma

Cmp-pa  Guoncuda
Con-C2/c

B6-0.9.0.9.9.9.0.0.0.0.0.6.8_6.020-6-0-6-0070.0-0.0.9,9,9,9.
R R KK SRR HRIXN
KRRXXFPAINbI B XX IOXKAX X RN
AASAXIXIOINI I XXX SO XXX XXX XXX XX
pa .

%ﬁas?f:ima o C(mp vpas nuMoHUME
Con=R2,/c o= P2y/c
ng [Siz UB] Fez [5‘:2 06}

12.8. CmecHmocTh MHHaJoB B cucreMe Mgo[Si,Og)—
-Fey[Si;0s1—Caa[Siz0q].

C‘-I—PT— TPHKJHHHAY CHHIOHHS, NHHAKOHAAAbLHBIA Kaacc
CHMMETPHH; Czﬁ—(.'ﬂc—uosounnnas CHHTOHHA, NpH3Ma-

THUeCKHA Kjacc CHMMETDHH; Cgh—P2Jc—nonoleunaaa
g CHHIOHHA, NPHSMATHYeCKHf Kjiacc CHMMETDHH.

Bce 3T0 MoATBEpKAAET NpeAcTaB/ieHHe O MHPOKCeHaX KaK MHHE-
panax, Beickasaunoe B. M. Bepuanckum u C. M. KypbaToseM
[1937, c. 68]): «MuHepansl He ABJAITCA ONPEleJeHHBIMH XHMHYE-
CKHMH COeJHHEHHSIMH, HO SBJSIOTCSH HECTeXHOMETPHYECKOIO CMECBHIO
onpefie/ieHHbIX XHMHYECKHX COEJHMHEHHf». A elle paHblle HX Mpes-
wectBenHHK M. B. Epodees nucan [1870 r.]: «Kpucraan He ecTb
MaTeMaTHYeCKoe HeleJHMOe HeOpraHH3OBaHHOrO BellecTBa, a ecTb
CPOCTOK, Ky4a TAaKHX HEJeJIHMBbIX... B HEKOTOpLIX caydyasX H3Me-
HAEMOCTh BEJHYHH OJHOMMEHHBIX YIVIOB KDPHCTAJJIOB KaKOro-iu6o
MHHepaJja, NpHHaMIeXKalUluX pasHBIM rpynnaM STOoro MHHepana,
6yAyT JM 3TH rpynnsl o6pasoBaHBl Ha OCHOBAHHH Pa3jHuds B X U-
MHYEeCKOM COCTAaBe HIH Ha OCHOBAHHH pa3jinuusg B QU3 uue-
CKHX CBOMCTBAaX HX, TAKXKE 3aBHCHT OT CKYUHBAHHS HELE/H-
MBIX 3THX KpHCTaanoB» (paspsanka mos.— B. b.).

Mrtak, reoXuMHueckass HCTOPHS NMHPOKCEHOB MOXKeT ObITh mpen-
cTaBieHa caeayloumum ofpasom. CTpyKTypa NMHPOKCEHOB 3axaeTcs
COCTABOM KATHOHOB. FI3MeHeHHe TEpPMOJHHAMHUYECKHX YCJIOBHH
foce KPHCTANJIH3aIMKM MHPOKCEHOB BHI3BIBAaeT HEOGXOAHMOCTDL MPH-
BeJICHHSA CTPYKTYPhI B COOTBETCTBHE C HOBBIMH YCIOBHAMH, HEOOXO-
JAHMOCTb €€ YNOpAAOYEHHs. YTNOpsiJO4eHHe CTPYKTYpPHl NMHPOKCEHOB
conpoBoXaaercsi 06oco6ieHHeM KOMIIOHGHTOB H MNOCAEAYIOWHM
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pacnajioM ee Ha OTAeJbHbIC, HHAHBHYaJH3HPOBAHHBIE MOJIEKYIbl—
«MHHAJbl». BPOCTKH B OCHOBHOil Macce MHpOKCeHa-Xo3sHHa 060co-
GUBIIMXCH «MHHAJOB» — 3TO 3aBeplIeHHe eCTECTBEHHOro INpoLecca
pacrnaja roMOTeHHOTO TBEPAOrO PacTBOPa Ha «MOJIEKYJBI», ycTOH-
yHBHIe NPH JAaHHLIX yciaoBuaX. [TogoGHO mepTHTaM OHH MOTYT, HO-
BHAMMOMY, GbiTb KPHITO-, MHKPO- H MaKpPOBPOCTKAMH.

Yro Ke Kacaercsl YMOpsi/lOYeHHOCTH KATHOHOB B CTPYKTYpe MH-
POKCEHOB, TO OHA B HacTosillee BPeMsi JOBOJILHO TOYHO YCTAaHABJIH-
BaeTcs KPHCTAJJOONTHYCCKHM H PEHTreHOMeTpHYECKHM MeTOJAaMH
[Morimoto N., Giiven N., 1970 r.; Tapacoe B. U. u np., 1975 r.],
metonom SITP [Ohashi H., 1973 r.] u ap. B nupokcenax ¢ ynopsno-
YeHHOH CTPYKTYpoil mapaMeTpul @o, bo, Co, f 3aKOHOMEPHO H3MEHA-
JOTCSl B 3aBHCHMOCTH OT COCT@Ba.

[Mogo6HO BceM APYrHM MHHEpaJIaM COCTAB M CBOHCTBA MHPOKCe-
HoB THnomopduul. Eure He HacTano BpeMs rOBOPHTL O CBA3H BCEX
ocobeHHOCTell cocTaBa M CBOHCTB 3THX MHHEPAJIOB C YCJAOBHAMH HX
reHeauca, OAHAKO HEKOTOpble YepThl THmoMophu3ma yxe ceiuac
oueBuaHbl. Tak, o6paiiaer Ha cebfda BHHMaHHe FeOXHMHYECKas poJb
Ca B nupokcenax. [10406HO OpPTOCHIHKATAM B POMOHYECKHX MHPO-
KceHax ray6unHbix nopox Ca orcyTerByer. B mupokceHaX ByJKa-
HHUECKHMX NMOPOA (aBrHTH, MHKOHHUTE) posib Ca pesKko BO3pacTaer.
B ckapuax (AHONCHIb, BOJJIACTOHHTH) OHA CTAHOBHTCA OUYEHb
BaJKHOW HJIH JOMHHHPYIOILEH.

M3BecTHH M JApyrue IPOSIBICHHS THNOMOP(H3IMA INHPOKCEHOB.
Tak, M. A. Manaxos [1981 r.] moxasaJs, 4To MOBBIlLEHHBIE KOJHYE-
cTBa (hacCaMTOBOrO KOMIOHEHTa B NHpOKceHaX IlnaTHHOHOCHOrO
nosica CBHAETEJbCTBYIOT O NPOSIBHBIIMXCS 3/4€Ch npoueccax Mera-
comaTto3a. A cocTaB MOHOKJHHHBIX NHPOKCEHOB B II€JIOM H COOTHO-
mwenne B HUX AV :AIVI moryr clyXKHTb KpHTepueM TAyOHHBI HX
KpHCTAITH3a1HH.

M. B. Tuusbypr [1973 r.] nokasaia, uto pa3Mepnl oObeMa
AvefikH NHPOKCEHOB MOTYT CJYKHTb IOKasaTejleM NpPOHCXOAALIHX
B MHPOKCEeHaX H30MOP(MHHIX 3aMelleHui ¥ HX CTPYKTYPHBIX TIpeBpa-
HIeHHUH.

AM®HUBEONbE

CoctaB aM(pu60oa0B enie Gojiee CIOMKHBIH M HENOCTOSIHHBI, YeM
y nupokceHoB. CJIOKHOCTb cOocTaBa 3TOi O4Y€Hb pacnpocTpaHeHHO#
FPYNNB MHHEPAJOB BhIPaXkaercs yKe B TOM, YTO OTHOIIEHHE Ed:
: (Mg, Fe) B uux paBHo 2:5, a ne 1:1, KaK B MHpOKCeHaX. B am-
¢ubonax Bcerma npucyrceryior ase rpynnsl OH, wacto samema-
joupecsi F uan Cl. Jlna amduGonoB Gonee oObIYHBI TaKHE 3Je-
MeHTHI-IpUMecH, Kak Ti, Zr, V, Sn, menouu u Ap.

B HacTosiliee BpeMs COCTaB M CTPYKTypa MHOrux amduioor
xopomo uayuenn [Ghose S., 1965 r.; Kawahara A, 1974 r; Leake
B., 1971 r. u Ap.], ¥ 3TO MO3BOJNHJIO MOHATL H OOBACHHTL HEKOTOPBIE
ocoGennocTH XuMHaMa amdubonos. Kak suaHo u3 ¢ur. 12.9, ocHoBY
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12.9. Crpykrypa amduGoaos.

a — KpPeMHeKHCI0poAHaa JeHTa [Si.O“]G_B npoexuun Ha (100); 6 — nonoxkenue
KAaTHOHOB B CTPYKTYPe MOHOKAHHHBIX am¢puGoaos (Siy m Si; — TeTpasapuyeckue
NO3HIHH); 6 — HanpaBJaeHHe cnafiHocTH B npoeknH® Ha (001).

aMdubOIOB COCTABIAT CABOCHHBIE LEMOUYKH KPEMHEKHCAOPOAHbIX
TeTpasapos [Si;0,], Tanymuecs nmapananenbto [001]. B nomepeunom
CEUEHHH OHH 00pa3yloT GI0KH, MOOUEPELHO MOBEPHYTHiE B TY HIH
APYTYI0 CTOPOHY H CBSi3aHHble MexAy co0off KaTHOHAMH, 3aHHMa-
IOIHMH OKTasjapuueckue mosuuuu M,, Ms, M3, M, n nosuunio c ne-
CATEPHOIl KoopAHHauHed A.

Pacnpeneseriie KaTHOHOB 110 YKAa3aHHBIM TO3HIIHSAM YIpaBJs-
erca yeThipbMs 3akoHaMu [Ghose S., 1965 r.]: pasmepom KaTHOHOB,
KOMIeHcalHel 3apsifia, poJibio CHJbHO IOJSIPH3YIOUWIHX KaTHOHOB H
poasio OH-noHoB. Tak, nosuuuss M, uMeomas HCKaxKEHHYIO Lie-
CTEPHYIO HJIH BOCBMEPHYIO KOOpPJHHAIHIO, MO3BOJseT GLITL 3aHATOMH
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TAKMMH OTHOCHTEJIbHO KpPYNHbIMH KaTHoHamH, kak Ca’t u Na*®.
3aKOH KOMIIEHCALHH [POSBJISIETCS B TOM, 4TO €CJH, HAPHMEp, M0-
auuus M, 3auumaercst ofHoBaJeHTHHIM HoHom (Na*, Lit), to co-
cennsana Mz — tpexBaneHTHEIM (AR wan Felt). CuabHo moasip-
3yIOLlHEe KATHOHBI, Y KOTOPHIX CYIIeCTBEHHO KOBaJICHTHBIE CBSI3H
¢ O, nperMyIIeCTBEHHO JIOKAJH3YIOTCA B MO3HIHH M.

Poab rpynn OH cocTouT B TOM, YTO OHH, CTPOS 4acTb OpycHTO-
BOroO ¢J10s1 ¢ KATHOHAMH B NMO3HIHAX M3 0 M;, yCHIHBAIOT aHHOHHbIH
3apsii KPeMHEKHCJOPOAHOI JIEHThl B MecTax ee COuJeHeHHs H3 ABYX
NHPOKCEHOBLIX 1enoyek [SigOg).

B amdubonax uMeercs TakmKe JBC TeTpasJpHuYecKHe MO3HIIHK
Si; u Si,. Pacnpejenenue KaTHOHOB B HHX YIpaBJseTcs CJIeaylo-
mHMH 3akoHaMH. B nosuuun Si; Tpu O u3 yeTwipex fABJslOTCA 00-
UIHMH /I COCEAHHX KPeMHEKHCJOPOAHLIX TeTpasApoB. B nosumuu
Si; 06IHUMH ¢ COCEJIHUMH TeTpasjpaMi sBJsOTCA Juwb aBa O.
Hanee, Korfa B nosuuio A BXOAHT LIEJOYHOH KATHOH, B MO3HIHIO
Si, cranossitcst Al3+. Hakowen, korma B M, BXOAHT KPynHBIil Ka-
THOH, Sip-TeTpasiAp CTPEMHTCs TOBEPHYTBCH NPOTHB YacoBOH
CTPEJIKH; Korjia e nosuiio Si, sanumaer Al**, Sij-rerpasap spa-
LlaeTcs M0 YacoBO# CTpeJiKe.

Taxum o6Gpasom, cTpykTypa amduGoOJIOB He HHEPTHA, OHA, MO-
A0GHO TOMY, 4TO MBI yKe BHAEIH y NMHPOKCEHOB, YYTKO pearupyer
Ha H3MeHeHHe XHMH3Ma Cpeibl.

Crpykrypuasi dopmyna amMdpuG0JOB HMeeT BH/IL

A(M 3)o(Mg)o(My)a(M3g) X [(Si1)a(Sig)sO2](OH, F, Cl),.

C yueToM CKa3aHHOro KapTHHA 3aceIeHHOCTH CTPYKTYPHBIX NO-
3unMil Hambosiee pacrnpocTpaHeHHBIX aM(puOOJI0B MNpejacTaB/IeHa
B Taba. 12.6.

CnoxHasi © MOGH/IbLHAS KDPHCTAJJIOXHMHYecKast CTPYKTypa am-
¢u60os0B, HaJlHYHEe MHOrooGpasHBIX NO3HLUHH CHOCOOCTBYIOT WHPO-
KOMYy TIPOSIBJIeHHIO H30MOpOHBIX 3ameulleHHit. [losromy MHOTHE
aMmpuboasl cBsizaHBl Mexay coboii B3aumonepexojamu. HekoTtopuie
M3 HHX BH/IHBI M3 CONOCTABJICHHII KOHEUHBIX UYJEHOB, NMPHBEJEHHBIX
B Tabm. 12.6. Cxema uzoMopdHBIX 3aMelleHHH B PAAY IIETOYHBLIX
ampubonoB raaykopaH—pubekHT—ap(BeJCOHHT TNOKasaHa Ha
¢ur. 12.10. M3 sT0ii cxeMbl BHAHO, 4TO PUOEKHT H riaaykodaH mo-
3uLHI0 A MMEIOT BAKaHTHOI, H TOJbKO B apdBelcOHHTe OHa 3amoJi-

~ userca Na.

TlpeianoKeHHble cXeMbl H30MOp(H3Ma B 3HaUHTEJLHOH Mepe yc-
JoBHel. Peasbupie amM(puOoan 0OHAPYKHBAIOT OrpaHHYEHHYIO
CMECHMOCTh KOHEUHBIX MHHAJIOB, MOAOOHYIO TOMY, YTO Mbl BHIEJH
Yy OJIHBHHOB H NHpPOKceHoB. J[eHCTBHTENbHO, KaK MOKa3ajH [AeTalb-
nele necaenoBanust M. Pocca u ap. [Ross M. et al, 1969 r.; Ca-
meron K. L., 1971 r. u jap.], B KYMMHHTTOHHTe, aHTOQHIIHTE, XKel-
puTe, poroBoil o6MaHKe, aKTHHOJHTE, TPEMOJIHTE H3 CJaHUEB, BYJ-
KAaHUTOB, aM(puOONHTOB, rHeficoB, Tabbpo H 3KIOTHTOB CTPYKTYpHI
pacnaga BechbMa OGHIUHBL. TOHKHe NJIACTHHBI NpHMepHO B | MKM,
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TABJIHLIA 12,6
Cxema pacnpepeneHisi KATHOHOB f10 NO3UUMAM B BaxkueRwnx amduGonax

Haspauite amdubona u ero popayna ‘ M, ' M, M, + M, A iy S,
Pom6uyeckue ;
Antodunnur (Mg, Fe?+),[SigOs](OH, F), Fe?+ Mg+ Mg*+ > Fe?+ — Si Si
XonmkpHetaT Lig(Mg, Fe?+) (Al Fel+)axX . Li+ AR+, Fe?+ Mg?+ > Fe?+ — Si Si
X [Sig045l(OH, F),
HKenpur (Mg, Fet+)g_sAl;_g [SigAlO5] X Fet+ Mg+ Mg+, AR+ AN St
X (OH, F),
MonoknHHHbIE
K)yMMHanouHT (Mg, Fe?+);[Sig0s0](OH, Fel+ Mg?+ Mg+ > Fe?+ L Si Si
2
Cpioneput (Fe, Mg),[Si4011l2(OH), Fe, Mg == Si Si
Tpemomut Cay(Mg, Fe)s[SigO11la(OH), Ca — St Si
Axtisomit Cag(Mg, Fe+)5[SigOgl(OH, F), Ca+ Fel+ > Mg+ Mg+ >Fet+  — Si Si
Oﬁmxnosennazs poropas oGmanka (Ca, Na, Ca®+t Fe?+ > Mg+ { Mgt > Ee”*‘ Na, ARy, Sit/; Si
K)o_s(Mg, Fe+, Fe+, Al)g[Siq (Si, Al)yX (AB+, Febt) K

X 0q)(OH, F)y

Snennt NaCay(Mg, Fe2+);[Si;A10;,]1(0OH, Ca?+ Fe?+ > Mg+ Mg2+ > Fe?+ Na AlY/y, Si%, Si
F),



602

el

IMapracit—gepporacturrcat Na Cay(Mg, Ca2+ Fe2+ > Mg?+ { (Mg*+ > Fe"‘+}2.{8 -
Fe2+),(Al, Fe*H)[SigAlyOss](OH, Fy) (AP, + Fe*+)l/y ©  Na AW, Sit/,  Si

Bapkepukur (Na, K)Ca,Fe%"‘(Mg, Fe2+, G-+ Fe?+ { (Mg2+ > Fe®+)?/3 Na, A, Sil/, Si
A3+, Fe3+)3[SigAl,Op] (OH, F), (AP+, Fe*h)lly K
Tnaykopan Na;MgsAly[SigO,,1(0OH, F), Na+ AR+ Mg+ — Si Si
Putexnt Nay(Mg, Fe2+);Fe3[Si404,](OH, Na+ Fe+ Mg+ > Fe+ - Si Si
F);
Katopopur Na,Ca(Mg, Fe+),(Fe+, Al)X ~ Na+/ e+, AP+, Mgt >Fe+ Na  AlY, Si¥/ Si
X[SizAlO5](OH,F), : e Mg2+)t/, e i
Apdenconnt—akkepManut (Na, Li)a_5X (Na+, (Fel+, APBP+)3/, = Mg+ >Fe*t+ Na AlY/,, Si%, Si
X Cay._.s(Mg, Fe2+, Fe*+, Al)5[Si;AlO,] % { Li+)Y, {(Fez+ = Mg*H)Y,
X(OH, F), Ca*+1/,
Kepcyrur (Na, K)Cay(Mg, Fe+, Fe?+),Tix Ca+ Fe2+ > Mg+ Tit+, Feit Na, AWM, Sit)y  Si
X[SigAl;04,](OH, F, 0), Mg+, Fe*+ K

TpHRAHHHbIE

SuurmatuT®* NaoFe;Ti[Sig04s]0,

* TpuKJHHHBI SHHCMaTHT, HAEHTHUNEA KoccHPHETY [Ilaokosa 3. B., 1963 r.], 6aH30K no cBOACTBAM K MenoyHHIM aMpHOONAM H TeCHO C HHMH
acconHHpyer. B BHpe dasn NH.[Fe%a!'Ti,)Si.,Ow cHHTe3HpoBaH B 1969 r. [Thompson R. N., Chisholm J. E., 1969 r.], B Buge ¢asn Na,Fe;Si,0;—npn-
mepHo B 5710 ke Bpems [Lindsley D. H., 1971 r.]. Daementapnas suefika onpegeseHa Ha o6pasnax u3 XuGuu u Tpennanguu [Kelsey C. H.,
1964 r.]. Cocras ee, BhuHCHeHHb# H3 17 aHaNH30B, Obl MopTBepxaen P. Tomconom m Jlxk. Xmucxoasmom [1969 r.]. Kpﬂc’rﬂ:l:mllecxaﬂf CTPYKTYPa
SHArMaTHTa pacuupposana B 1971 r. [Canillo E. et al., 1971 r.]. B crapmix paGorax [Bepnaackufi B. H., Kyp6atros C. M., 1937]} SHHTMaTHT
paccMaTpHBaJicsl Kak TPHKJAHHHEE amprGon.




Apcpﬁeﬁcaﬂum
NagFel Fe™*[51,0,], (OH,F),

Mgy AL, == Fel'Fed*

Na, Mgz AL, [Siy0n] (OH,F), Na,Fe’sFey [Sig011](0H, F),

Thayxogan Putexum

12.10. Cxema nsomopdHHX 3aMelleHHii B PAAY UIEJIOUHBIX
ampubonos raaykopaH—pHOeKHT—appBeACOHHT.

opueHTHpoBaHHHEe mnapamiensHo (101) mau (100) amdubona-xo-
3siiHa, B OOJBUIHHCTBE POTOBHIX OOMAHOK, TPEMOJHTOB H AKTHHO-
JUTOB OKa3aJHChb BPOCTKAMH KyMMHHrTOHHTa, B Gegnom Na u Al
aHTOQHIIHTEe — BPOCTKAMH KeApHTa, B Goratom Na u Al xen-
pute — BpocTKaMH aHtoduanura. Pocc u JApyrHe npHIIH K 3a-
KJIIOUEHHIO, UTO TaKHe CTPYKTYPH CBHAETEJbCTBYIOT O pasphiBe
B CMeCHMOCTH MexJay GoraThiMi H GeanbiMH Ca MOHOKJHHHBIMH
ampubonamu, a TakxKe Memxay POMOHYECKHMH AHTODHIIHTOM H
meapuroM. daexrponuniM 3oHaom K. JI. Kamepony [1971 r.] yna-
JIOCh YCTAHOBUTL PaspblB CMECHMOCTH MeXJy KYMMHHITOHHTOM H
aHTOQHIIUTOM H 3HAYUTENIbHBIH PaspbiB CMECHMOCTH MEXAYy aKTH-
HOJIHTOBHIM H KYMMHHITOHHTOBHIM TBEPALIMH pPacTBOpPaMH.

Takum oGpasom, nono6HO MHpoKceHaM B aM¢puboaax nposiBjs-
I0TCSl OrpaHHYeHHAs] CMECHMOCTh KOMMOHEHTOB, PaspbiBHL B H30-
MOpGhHBIX CepHAX, cyllecTBOBaHHe oOocobieHHBIX (a3. Hurepecno
orMeTuth, yto H. Cymamyc [Sundius N., 1933 r.] nonseka Hasax
VKa3hiBaJl Ha OTCYTCTBHE CMECHMOCTH B TPaJHIHOHHO MPHHATHIX
«H30MOP(HBIX CEpHAX» AKTHHOIHT — TPEMOJIHT, KYMMHHTTOHHT —
rPIOHEPHT, aHTOMUIJIHT — KEeIPHT.

Cpenuuit xuMuueckHit coctas amMduGOJOB H3 BaKHEeHIIHX H3-
Bep2KEHHBIX MOpOA npuBeneH B Tadua. 12.7. OHa moKassiBaeT BIIOJIHE
3aMETHYIO 3aKOHOMepHOCTh: B aMdubogax cepHH ra66po—aHOpPH-
Thl — FPaHHUTHl pacter coaepxkanne Si0O,;, FeO, MgO, MnO, NayO,
K;O u ymenbiaercs kosngectBo Al;Os, FeyOs, TiO; n H:0. Conep-
xanue CaO ocraercsi MPUMEPHO OAHHAKOBBIM. AM(PHOO0BI [IeJ0UHbIX
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TABJIMLIA 127
Cpennuit Xumuyecknit coctas amduGoI0B H3 HEKOTOPBIX
ussepxennnix nopon [Rankama K., Sahama Th. G., 1952 r.], macc. %

Tra66po JLuopuTsl paHuTh Ilenouttbie | y %[;ggi::o-

Komnonext (10 an.) (24 an.) (9 an.) LI Bble CHEHHTH
(4 an.) (23 an.)
SiOy 44,88 45,83 47,99 49,29 41,41
AlOq 10,83 10,13 6,27 226 7.50
Fe,04 4,85 4,73 3,24 18,70 8,21
FeO 10,19 10,59 11,23 17,12 22,19
MnO 0,09 0,15 0,25 1,25 0,85
MgO 12,87 13,28 14,18 0,55 2,956
Ca0 12,18 11,43 12,91 2,51 7,61
Na,O 1,44 1,58 1,69 6,79 4,48
K0 0,39 0,48 0,67 0,56 1,79
H,O 1,49 1,32 0,97 0,88 1,02
TiO, 0,80 0,34 0,46 0,32 1,64
P50 .0 H. o 0,04 H. o. 0,11
E H. o 0,06 0,03 0,05 0,06
Cymma 100,01 99,92 99,93 100,28 99,87

nopoza pesko oborauens FeO, Fe)Os, TiO; 1 menouaMn npu crojb
e peskoM najeHun B ux cocrase MgO u Ca0. He cayuafina nos-
TOMY peaKocThb NPHPOAHBIX KPHCTaJJI0B 9KKepMAaHHTA
NaNa;Mg,Al1SisO22 (OH), 1 puxrepura NaCaNaMg;SizOq (OH) o,
06pasyIoOlIHXCs, MO-BHAHMOMY, JHIIb NPH HEOGbIYHBIX B NPHPOALE
cOueTAHHSIX BhICOKHX KoHmeHtpammit Na u Mg [Phillips R., Row-
botham G., 1968 r.]. Baxneiilne s71eMeHTE-NIPHMECH B ampuboaax
nokasausl B Taba. 12.8. :

[lono6HO ApPyrHM MHHEpasaM, COCTaB H CBOHCTBA am(pub0/108B
tunomopdusl. Tak, B. . JIuk [Leake B.E., 1967, 1971 r.] nokasad,
yro KoauuectBo Ti B poroBeix 06MaHKaX MOMKeT OBITh HCMO/IB30BAHO
51 OUEHKH TeMIlepaTypbl HX KpPHCTaJJIM3aluH, a COJAeprKaHHe
AlIVI — na OLEHKH JaBJICHHA.

I. Kaypman [Kaufmann G., 1963 r.] obHapyxui1 psa 3aBHCH-
MOCTeii CBOMCTB MOHOKJHHHEIX aMdu6on0B OT cocraBa. Tak, mo-
BhilleHne cofepxanus B HHX Na u Al BH3Ba/JIO yBelHYEHHE MEXK-
IIOCKOCTHBIX paccTosiuuil. YBeanuenne copepxanns Fe u Na cHH-
JKaeT TemMnepaTypy 9SHAOTEPMHYECKOH peakunu MpH 1100°C. Ilpu
NOBBIIIEHHH cofepKanus Fe pacrer ceronpesoM/IeHHe 0 HHTCHCHB-
HOCTb OKpacku. [IpH yBeJqHUYEHHH IVIHHO3EMHCTOCTH YMEHbIIAETCS
2V. ¥Yron moracaHus cNg pacTeT ¢ MNOBBHILICHHEM KOJHUECTBA Na.

HnTepecHble JaHHBE 10 THHOMOp(H3MY aMpu60JI0B MOIKHO
naiitn B pa6orax IO. I1. Menbuuka u B. JI. Ononprenko [1969 r.],
M. A. 3otopa u I'. A. Cuzopenko [1968 r.], E. B. ®. Jle Posepa
[1978 r.], JI. JI. Tlepuyka [1971 r], H. I1. Bunorpanosoi [1981r]
H 1Ip.
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TABJIMLIA 12.8
Anementhi-npumecH B ampnGonax [Edumon A. ®., Iansees A. A., Karaesa 3. T., 1928 r.}, r/r

IMopoast Amdnbon Li Rb Be ZTR+ Y Zr Sr

10—140 10—1000
47 (11) 310 (16)

OcHopple  Am¢uGoa

Cpennee cogpepxanne B nopoze 100 440

Wenounsie  BricokoteMmnepatypuuii  amdu- 500—8000 Ciar.—300 Cn.—70 10—500 40—4500 50—1280

i 1340 (50) 101 (36) 24 (51) 200 (12) 800 (44) 960 (24)
Huskoremneparypuoiii  amu- 320—12 000 Cn.—146 800—5900 20—1450
Goat 3160 (18) 88 (14) 1490 (15) 723 (13)
Cpennee cojiepxanie B nopoje 40 190 4,5 370 384 1130
v Z - 5—49 1—1,4 Cn.—890
o R L 5 s Nl e i 0L 5
PRI S 15 (15) 7,8 (16) 197 (13)
Cpenuee cozep:Kanue B nopoge 40 5,5 300
P Cn.—190 Cn.—370 15—230
Metamop- mcpuGoa
(HueckHe 50 (42) 140 (44) 45 (28)
Cpennee copepxanie B nopoje 120 200 450
Ckapust  AmduGon Ca.—14

3 (10)




Mpononaxenne Tabn 12.8

Topogu Ampudon Ba Sc v Ti Mn Zn
ORatie - ' Ao 30—800 260017 000 11005700
80 (15) 107100 (46) 2200 (41)
Cpennee cojep:xanue B nopojie 24 9000 2000
Illenounsie  BricoKotemneparypuuit  ampu- _30—650 7—57 2200—30 000  2600—24 900
Gon 570 (21) 23 (63) 7800 (68) 7300 (56)
HiusKoreMeparypuii  aMdu- 8—42 20—71  2800—13 000  2700—42 700  2600—9300
Gox 26 (20) 26 (10) 7000 (38) 9800 (25) 5700 (16)
Cpentee cofiep:KaHue B nopoje 1600 70 4200 85
4200—12 000 900—8000
Fpemirongys Asguooa 8000 (26) 3500 (20)
Cpentee coziep:katie B noposie 2300 600
% » 10—485 Ca.—300 100—7500 500—8200
op- Goa T T g A ey
s - 150 (32) 77 (44) 4400 (127) 4200 (42)
Cpenniee cofiepianne B mopoje 800 10 4500 670
Ckapiist Anmguton 10—400 5—160 300—6000 1000—5800
140 (15) 33 (11) 1400 (26) 4100 (10)
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Mpoaoaxenune TaGa 12.8

Ilopopm ‘ AMmpucon Pb B Cs Ni 1 Cu Nb Ta
OcHopHple  AMduton
Cpeznnee conep:kanue B Iopoje
[Mlenouncie  BruicokortemneparypHuiii — amdn- Car.—200 el 10—1400 1—200
Gon 30 (40) 29 (31) 340 (28) 50 (28)
Huskoremneparypnuiii  amgu- 100—1800 50—7800 2—150
6o 600 (10) 1220 (13) 55 (13)
CpesnHee cojepanve B Nopoje 18 17 7 100 8
: 15—72
I'pannronger  AmguGon W
Cpennee cojiepxanue B nopoje 20
25—60 23—140
Meramop-  Am¢puGon
(huueckue 40 (20) 70 (10)
Cpennee coiep:kanue B nopoje 100 100

Ckaphnl AmpnGon




[nasa 13

FEOXMMUSA TMOPOAOOBPA3YIOLWUX MMHEPAJIOB:
cnoabl, MOJNEBLIE LUMATHI, KBAPL,

...Mbl Byfiem HasbiBaTb MWHEPaNoM ONpeAeneHHLIA
WHAMBMAYANHM3IMPOBAHHBIA MONEKYNAPHLIA NPOAYKT MpPH-
POAHBIX XMMHUECKMX PearLMi.

B. H. Bepnadckud, 1923

cnoabl

Ecay BHemHHI BHJ MHHEPAaJOB 3TOH IIHPOKO pAacnpocTpaHeH-
HOfl B MpPHPOAE TPYNNbl y¥Ke MHHEpajoram XVIII B. no3BOJIHJ BBI-
JeJIHTh CJIOJIBI C HX XaPAaKTEPHOI COBEPUICHHOI CrafHOCThIO B OLHO
ceMeficTBO, TO XHMH3M CJI0] HAYAHAeT MPaBHIbHO OOBACHATHCHA

$e-Or------>
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13.1. ®parments cTpYKTYpH cionn [Bpsrr V., Kaapunr6yan T., 1969 rl.

4 — OoTHenbHL C70fi TeKCAaroHAaNBHOM CETKH H3 KPEMHEKHCJODOJHEIX TeTpasApos C HOHaMH
THIDOKCHAA, PACIONOMKEHHBIME B IJIOCKOCTH BEPIUHH TeTPasapoB H LEeHTpe KakJoro rekca-
rOHAJBLHOrO KOABIA: 6 — BHA COOKY Ha ABa MOAOGHHIX CJOA C HaNpaBAeHHHIMH BHYTDbL Bep-
WHHaMH TeTpasaApos o6pasOBaHHOrO JABOAHOTO CHJIHKATHOrO CJoA. IMokasaHna OTHOCHTE.b-

Hafd OPHEHTHPOBKA CJI0EB H MeCTa pPACNONOXKEHHH AaTOMOB Al (uam Mg) MeXAy HHMH.
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JHIUb B TOCIEAHHE HECATHICTHS, NOCJE TOrO KakK YAanoch pac-
WHOPOBATL U OOBACHHTL OCOGEHHOCTH CTPYKTYPBL CJAOUCTHLIX CHJIH-
KaTOB.
DparMeHTHl CTPYKTYPHI CJIOAB NMOKA3aHB Ha tur. 13.1.
CocTaB BaKHEHIIHX CIIO4 MOMNKET GLITD BLIpAXKEH CJeAYIOUIHM
obpasom:
Ipynna 6Guornra

Buorur K (Mg, Fe);[AlSiz0,](OH, F),
Dioronur KMgs[AlSigOy0l (OH, F),
Jlenunomenan K(Fe+, Fel+)3[AISisO10l(OH, F),
Cunepodpuanur KFeg"'[AlSisOm](OH, F)y

¢ I'pynna myckoeura
MyckopuT KAlzfAlSiBONISOH, F),
Iaparonur NaAl,[AlISizOyl(OH, F),
DyKent K(Al, Cr),[AISizOy,](OH),
Jlenugoaur KLiy 5Al 5[ AlSiz0;0](OH, F),
Tafinonnt KLiMg,[Si,044](OH, F),
yunBaapur KLiFe#+AI[AlSi;0,,](OH, F),

B nacrosimee Bpems oGmas KapTHHa H30MOp(hH3MA B cJmofax

TPYynnel GHOTHTA MOMKeT OBITH NpejicTaBiena cleayoue
CXeMOIi:

K Mgs [AISL’;OIO] (OH)g

Na
Ca Fe?+ T FE
Rb Fe3+ Zr cl
Bat =Ty B
Cr
St Mn oF
Ei
RS Y
Pb Ni
Co
Ag Zn
Nb
Ta
Sn
Ga
Cu
Zr

* B OuotiTe H3 MeJHOMOPYHPOBHIX MECTOPOMICHHI Apuzonnt, CIIA,
yCTaHOBJIeHO cofep:kanne S or 100 no 350 r/r [Banks N., 1973 i

KoHKpeTHBle BHAB BO3MOMKHEIX 3aMeIIeHHH NpH 3TOM MOTYT
OHITL H3006paKeHH CleLylOLHMH cxemamu [Orliac M. et al,,
1971 r.; Ypacun M. A, 1974 r.; Stone W., Sanz J, 1980 4

SiK = AlBa;
Ke==Ba+[7;
28iy(Fe, Mg) == 2A1,Ti;
3 (Mg, Fe?+) == 2 (Al, Fes+ Ti%+) 4 [].
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TABJIMLA 13.1

Cpenee ColepKaHHe HEKOTOPHIX 9J€MEHTOB B GMOTHTAX TPAHHTOHLOB
CCCP [Ljachowitsch W .W., 1977 r.], v/t

i peabnn Ipano- BuoTutosble | JleAkokpato- | MRTpysnBHEe | PynoHOoCHEE
AUOPHTH rpaHuThl Bbleé TPaHHTH FPAHHTH rPAHHTH
W 1,5 6,8 13,7 7.2 10,0
Mo 4,4 5,8 9,8 6,0 82—-310
Sn 41, 66,8 71,0 16,5 150—400
Nb 93,4 148,1 198,2 148,6 234—2450
Ta 9,8 16,8 14,2 15,3 24,0

[Ipuynner oboramenus GHOTHTOB TeMH HMJH HHBIMH 3JeMEHTaMH
H (opMa HAXOXJIeHHS MHOTHX M3 HHX B 3TOH CJIOJe OCTaloTCH
cnabo usyuennniMH. Huike npuBoasiTcs HEKOTOPhIE OTHOCAIIHECH
K 3TOil mpobJiemMe CBeNEHHs U3 COOOLIEHHi MOCAeHHX AeCATHICTHIL

10. JI. Kanycrun u T. A. Kanuronos [1972 r.], uceneays caons
CPAHHTOB, INErMAaTHTOB M MeracoMaTHTOB Ykpauubl, Kapenun,
Koabckoro noayoctpoBa, Ypana u CuOHpH, NpHILIH K 3aKJioYe-
HHIO, YTO B CJIOJaX IPOHCXOJAHT HAKONJEHHEe TeX PEAKHX 3JIeMeH-
TOB, KOTOpHE COjJepxkaTcs BO BMenialomux nopoaax. Ilpu stom
Li, Rb, Cs, Sr, Ba, Be u Ti BXoasiT B CTPYKTYpPY CJIOABL, 3aMellas
B Heit K, Mg, Al, Fe, Si. A Takue sanemenrs, kak U, Th, TR, Zr,
Ta, Nb u wactuuno Ti, HaxoasTcsi B BHAE MHKDPOBKJIOYEHHI COOT-
BETCTBYIOLUHX MHHEPaJaoB.

B. B. Jlaxosuu [Ljachowitsch W. W., 1977 r.] cBoumu paGo-
TAMH IOATBEPAMJ paHee OTMeuaBluHiica (akT, YTO MNOBHILIEHHOE
conepxanne B OGuorure Ta, Nb, Sn, Be, W u Apyrux sjeMeHToB
ABNAETCA YKa3aHHeM Ha PYAOHOCHOCTb COOTBETCTBYIOLIHX HHTPY-
auii. OH 1OKasaJj, 4YTO CpeAHHe COJAepKaHHA pAfa PYAHBIX 3Je-
MeHTOB B OHOTHTAaX H3 pPas3HbIX TPaHHTOHJIOB pE3KO BO3PACTAIOT
B mopoaax pyaoHocHwx (ta6a. 13.1). INo namupiv Jlaxosuua, 6uo-
THT ABTOXTOHHLIX T'PAHHTOB MO CPAaBHEHHIO C HHTPY3HBHLIMH rpa-
untamu cojepxur Goabme Nb, Ta, TR, Ga, Rb, Zr n menbwe W,
Mo, Sn, Cu, Bi, Sc, Cs, Be u Th.

B pyNOHOCHBIX HMHTPY3HSX COjepxKanne Sn B cl0Aax nopoi
0Ka3bIBaeTcd CTOAL BhicokHM (mo 1700 r/T), uTO c0OAH LIBHTTEPOB
paccMaTpHBAlOTCA KaK HCTOUHHK pyanoro ososa [Sansoni G.,
1973 r.].

Uro kacaercss (OPMbl  HAXOK/ICHHS  3JEMEHTOB-TpHMeceH
B calojax rpynns 6uornta, to I'. B. Jlepames n M. U. Mankos
[1973 r.] nonaraior, uTO TMpeHMyllecTBeHHOH GopMoil HaxoXie-
Hus Sn B calojax siBasercs H3oMopgHoe cocTosHue, H6O Ha J0JIO0
KaccHTepHTa B Guornre nagaer me Ooxee 10,4 % cymmapuoro Sn,
a B myckoBuTe — 10 3,5 %.

Uccaeayss peHTreHOAH(PPAKTOMETPHUECKHM METONOM M MeTO-
pom JITA wmemuerwift ruapo6uornt u3 Yxanapuura (lOmuas
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Tlopoan Rb CA Ba Ti Li Mn
10—2500 43—124 100—5100 2400—26000  500—14000 1600— 13000
Llenounnie *
1200 (13) 103 (14) 1100 (18) 16500 (48) 1110 (32) 6700 (38)
I'panBTOoRas  300—3900 8900—22000  100—10300 400—6700
pl::?‘:}t‘;:lgn FRRD RO e 18100 (27) 1110 (38) 2600 (20)
Pb
e o i U G s R
Babafikanbs
no KOMTJiex -
cam:
naypckufl 430—450 26 1 16200—18300 190—230 2200—2600
KbpHHCKHA  430—1600 38—320 4—105 13200—38100 250—1680 1900—9100
coxon:ilaun- 510—1000 37—280 6—26 21300—31200 400—1170 1400—7600
CKH
xapan;uu- 630—2300 95—240 70—160 14800—46200  1020—3000 4100—6900
CKH ‘
wa x-rana an-  150—840 2—100 1-21 17100—35400 130—480 300—6700
CKH
Sopuesounbifi  300—2850 24—560 2—28 7200—23300 350—4000 2000—8900
nyym’ﬂﬁeﬂ- 620—5450 42—1240 2250 4000—25200 570—7600 1700—10000
EIGHRE) A R A R S
Ba
PSP o7 R RO SONR i R
e R 100—4000  6000—32000 200—3600
perponon **  eeeeeeaaan 1600 (28) 15600 (58) 1000 (25)
Pb
TopHHICKHe 4,5 300—2020  9500—18000 11:0—4135
MeTaMopdu-
yeckue ***
b i el e o T —72 Cn.—80
Me rtoro: Sr — : $ A
600 (20) 22 (38) 10 (10)
20—230 —5 23—50
** Kpome TOro: Sr — y — . 5. —_ v
45 (34 32 (36) 39 (20)

*** Kpome toro: Sr — I7—48.

B uncaurene — npegenn koneGaHuit,

B 3HaMeHaTeJe — cpeaHee,

B CcKOGKAX — YHCAO

Apcrpannsa), coaepxaumii no 3% Cu, K. Xsman u H. Bpayn
[Henley C., Brown N., 1974 r.] ycranoBuwaH, UTO 93Ta cCliola
npeacrasasier co6oil HeynopagoueHHOEe CMellaHHOCAoiHOe o6pa-
30BaHHE, B  KOTOPOM  KOJIHUECTBO  BEPMHKYJHTOBLIX  CJIOEB
nocruraer 40 %. Cu npoyHO BXOAHT B MEMKC/IOEBHIC MO3HLHH
BEPMHKYJIMTA W € TPYAOM MOAZAETCH KHCJOTHOMY  BbILeJIa4yH-
BaHNIO,

KonnuecTBeHHO cOCTAB 3JeMeHTOB-npuMeceil B GHOTHTAX B Ie-
nom mokasau B Taba. 13.2.

218



TABJIMLIA 13.2
JneMEeHTHI-NIPHMECH B JKeJe3HCTO-MATHe3HANbHBIX CaI0Aax, r/T

' v ‘ Ni Nb Ta Zr Be Herounnk
110—850 10—350 40—500 Ca.—25
390 (27) 40 (27) 60 (17) 8 (21)
[Edumon
H ap., 1973 r.]
10—720 5—670 6—1130 7—130
300 (15) 22 (12) 148 (320) 12 (320)
Zn Sn w
290310 4—5 0,55
ééﬂ—-tsgﬂ 9—230 90—270 130—640 0,6—7,4
0—54 12=7 ok 0,541 [Kosnos B. II.
630—790 70—400 1—26 9,0—11,0 ¥ AP.. 1978 1]
140—510 45—29 11—100 1—5 37—620 0,6—2,8
370—1160 15—360 80—1000 1,5—13 50—570 0,6—6,5
300—2400 32—280 30—1000 1,1—56 50—1300 1,8—23
v Ni
..... -- Ca.—450 [E
o HMOB
300—3500 40— 180 (57) M np.:b 1973 .]
2000 (11) 150 (17) g
> Cr Co Cu
95—246 44—305 35—535 25—46 19—88 1,5—=2,3

aHaNH30B,

B pesyabrate NposiBIeHHS YKa3aHHBHIX (PAKTOPOB cojaepiKaHHe
Jaxe IJ1aBHBIX KOMIIOHEHTOB B OHOTHTax H3 pPa3HBIX NOPOA KoJel-
JeTcsl B OTPOMHBIX npejesax, macc. %:

Si0p — 33,09—42,24 Ca0 —0,00—1,52
TiOy — 0,02—5,14 K0 —6,565—9,83
Al,03 — 11,82—20,52 Na,0 — 0,15—2,67
Fe,03 — 0,0n—19,94 Li;,0 — 0,00—1,90
MgO — 0,0n—13,45 5 — 0,00—5,00
FeO — 5,05—30,16 H,O0O — 0,60—5,03

MnO — 0,0n—1,01
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Fed +Mn 13.2. KonebGanua xHMHue-
CKOro cocrasa ¢JIOroNHTOB H
OHOTHTOB B 3aBHCHMOCTH OT
THNAa MAaTepHHCKHX TMOpoA
[Heinrich E. W., 1946 r;
Engel A. E. J.,, Engel C. G,,

1960 r.].

lezMamumbiy
Ipasumsr \
\ fiedes u

\mpuemannuve-\
\ Crue caanyst \

A
\\ \\
\ Auopums: ~
\\l’ abbpo R
" basansmer
NG Ymmpaba-

~ _ Jqumst
~

Fe,0;+Ti0, Mg0

Ot KoJsebaHusl, KaK y¥Xe OTMeuajocb, AOBOJLHO YETKO CBA-
3aHBl ¢ XHMH3MOM MaTepHHCKHX nopox (¢ur. 13.2).
MuoroyucieHHEIMH HabOMIOEHHAMH B MPHPOJAE YCTaHOBJEHO,
uTO B II0faBJsAlOmeM GOJBUIHHCTBE caydaeB OHOTHT sBjasercss 6o-
Jee paHHHM, YeM MYCKOBHT, MHHepaJsoMm.* B rpannrounax,B mnerma-
TABJIMLA 13.3
Cpenuuii XuMHYecKHit cocTaB GHOTHTA H MYCKOBHTA

M3 TPaHHTHBIX mermatHToB | Rankama K.,
Sahama Th. G., 1952 r.], macc. %

OxHcean Buotur (51 an.) MycKOBHT (37 aH.)
Si0, 36,46 44,95
AlO, 17,15 33,51
Fe, 04 8,17 1,76
FeO 14,46 0,64
MnO 0,56 0,05
MgO 8,70 0,81
CaO 0,98 0,37
NaO 0,91 1,32
KO 8,23 10,47
H,O 2,87 5,30
TiOg 1,25 0,41
F 0,18 0,13
Cymma 99,92 99,72

* Cpoloanas sHeprus o6pasoBaHWs MYcKoBHTa H3 3sjemenToB [Barany R,
1964 r.] AFPns15= —1330,1%=1,3, a ¢ropdaoromnra — 1438,11,2 KKan/mob.
3uauende cBOGOAHON SHEPrHH MOKAsHBACT, YTO B ITHX ycA0BHAX (ropdaoronur
6osiee yCTOMUHB, YeM MYCKOBHT.
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TUTAaX, B rpeideHax oOTYeT- x6ap
JIHBO TIPOCJI€KHBAIOTCH IPO- o
uecchl 3aMellleHHs] PaHHHX &
JeJle3ucTeix  cawon  Hoaee

NO3HAMH [AHHO3eMHCTbl- Y[
mu.* Ho 3amemenue 310 =
03HAUaeT BeCbMa CYWIECTBEH- |

Hoe mnepepacnpeieneHue MH-
HepaJbHOTO BeulecTBa. ITO -
BHIHO M3  COMNOCTaBJeHHSA
ycpejHeHHBIX CcOCTaBoB OHO-
THTA H MYCKOBHTa TPaHHT- °~ [~
HBIX merMaTHToB (Taba. 13.3). ,L_1 f

H3 npuBejeHHBIX faH- 400 600

T, CASI ST, I TR Rap e 13.3. CoorHolleHHe KPHBHIX YCTOHYHBOCTH
HHe OHOTHTa B  MYCKOBHT ¢oronuta  (6uorura) 4 [Yoder H. S,
CONPOBOKAAETCA BBLICBOOOK- Eugster H. P, 1954 r.] B myckoBura 2
IeHHeM OrpPOMHBIX KoJsiHyecTB [Yoder H. S., Eugster H. P, 1955 r]

i ¢ MHHHMAJbHOH KPHBOH NJAaBKOCTH rpa-
okucnos Fe, Mg, Mn, Ti, Ca & g N L, Tuttle O, F., 1953 1]
H TOrJIOUWIEHHEM SHAYHTEDb-  u pnenponaraemofi KpHBOW miaBkocTH Ga-
HBIX KOJIHUECTB KpeMHe3eMa, aansra 3 [Yoder H. S. Eugster H. P,

rJIHHO3eMa, mejoueit M 1954 r.].
soabl. [lepepacnpesensiiorcst

OpH 3TOM, KOHEeYHO, H pejlKHe paccesiHHbe 3JeMEeHTbl, BXOJsllHe
B cocraB cmioa. Tak, Sn, mo-BHAMMOMY, B OCHOBHOM BHICBOGOIK-
llaetcsa B BHIe Kaccuteputa, Ce, Th u P naior mMoHauuT H KceHO-
THM, Ti—pyrun u cden, TR, Nb u Ta—camapckur H Apyrue
HHOGaThl, Zr — uupkoH, F u P — ¢uawopur u anatut. U 1. 1.

CocraB cai0J He ocTaeTcsi pa3 HaBceraa 3aJaHHBIM, HEH3MeH-
HBIM.

B. B. 3akpyrkun u M. B. 'puropenko [1968 r.] na ocHoBanuu
o63opa Gosee 400 XHMHYECKHX aHAJM30B OHOTHTOB H3 MeTaMmop-
(HYECKHX MOpPOA NPHILIH K 3aKJAUYEHHIO, YTO C [OBHIIICHHEM
crenedn MeramopdHaMa B OHOTHTAaX IOBHINAeTcss KoJHyecTBO Ti
u K u nonuxaercs cogepxkanue Na. OcobeHHO pe3KHe H3MEHEHHS
B cocTaBe OHOTHTOB HaGJI0NAl0TCA NPH Mepexoje MOpPox OT aMdu-
GonuToBOit (hauMH K rpaHyanToBoii (B pacuere na 24 O):

R R

1 1
800 1000 1200°C

Ti K Na
AvduGonuTopas 0227 .-kl 0,11
['panyanropas 0,48 1,82 0.08

* MuHHMaJbHOE JaBJeHHe JIJIf KDHCTAJUIH3alUHH TNepBHYHOrO MarmarHue-
CKOro MYCKOBHTA oOlleHHBaerTca npumepHo B 3 kbap (11 xm). OnHako OTJIHUHTE
«NepBHYHEIT®» MYCKOBHT OT «BTOPHYHOTO» oveHb TpyaHo. Cuutaercs [Miller C.
et al, 1981 r], 4ro «nepBuubblii» mMyckosuT Goraue Ti, Na n Al u Gennee Mg
u Si. IlpuMecH noBHIIAIOT noJe €ro YCTOMYHBOCTH, MO3TOMY OH MOMKET KpH-
CTa/NIH30BAaThCA H3 MarmMel Ha rayGuHax mevee 10 kM. CoOTHOWEHHE KPHBBIX
ycrofiunBocTH (aoronuta (GHOTHTA) M MYCKOBHTa H MHHHMAaJbHOH Temmepa-
TYPHl NJaBJICHHA 'PAHHTA MOXKHO BHAeTb Ha ¢ur. 13.3.
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TABJIMLIA 13.4
Haomopdusm B C/I0JaX TPynnbl MyCKOBHTA

3aMelleHHA B rpynmax

10,

Caloaa K X1 Alg‘ [AISLO] ol
MyckoBHT K Aly AlSigOyq F
THAPOMYCKOBHT H3O Aly AlSigOqq OH
[Maparonut Na Aly AlSigOqq OH
SanaxepHt Ba Al, Si, Al OH

JlenuaonuT K AL Al, Si F
DeHruT K, Na Al, Mg Al Si E
q’yKCﬂT K AI, Cr AlSis()m OH
Anyprar K Al, Mn AlSigO4 OH

Pockosaut K ALV AlSiz0q OH

Ca Mg Or [A]gSleOgo]
Rb Fe*+ pile] ‘Alsl;-ogol
Cs Fel+ Be
Tl Ti
NH,* Ga

Ta

Nb, Sn

* HajaHuHe HOHOB NH;" B MEKCJ/0eBBX TO3ANHAX MYCKOBHTA H (JOromHTa, 3aMelaios
mux mons K, ycramosaeno T. A. Iluroposodt u B. M. Imakuusm [1977 r.)e

[puBeseHHble NPUMEPbHI [03BOJIAIOT BHAETH B 6uoTtute noaobue
CCTECTBEHHOTO 2e0XUMUYECK020 KOHOPHCATOPA, KOTOPHI TO «3aps-
JKAeTCs» TeMH WJIH HMHBIMH 3JeMeHTaMH, TO OCBOGOKjpaercs OT
HHUX B OIpeJeJeHHBIX YCJIOBHAX. HUsomopduas eMKocTh OHOTHTA
[I03TOMY MOKET paccMaTpHBaTLCH Kak BaXKHBIii THNOMOP(HBIH
NpH3HAK.

B carojax rpynine MYCKOBHTA MHOTOOOpa3sHbie H30MOPh-
nble 3aMmellenns (Ta6a. 13.4) Takike BecbMa CHJIbHO YCHOKHAOT
ux cocras. [T03TOMy coJepiKaHHe B HHX TJIaBHBIX KOMIIOHEHTOB KO-
gebjercss B CJAeLYIONIHX mpenejax: Si0; — 41,37—56,00; TiO; —
0,00—0,41; Al;O03 — 23,52--38,69; Cry03 — 0,00—4,81; Fe03 —
0.00—4,59; MgO — 0,00—2,84; CaO--0,00—1,12; MnO —0,00—
- 0,62; BaO — 0,00—9,89; KsO—6,09--11,23; NayO — 0,17—2,72;
Rb,O — 0,00—1,37; * Li,0 — 0,00—1,80; H,0 —3,06—7,14; F—
0,00—2,06.

Cojep:KaHHe 3JIEMEHTOB-TpHMeceH B CBETJBIX CJI0JaX NPHBE-
neuno B Taba. 13.5.

* M. B. Ckocmpesoii [1978 r.] omucaH MYCKOBHT, copep:kaumit 3,93 %
Rb:0, 0,47 % Cs, 0,08 % Ga, 0,02 % Ti.
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Ecau c/ioAsl rpynnbl GHoTHTa, Kak OblJIO NMOKasaHo BHILIE, Xa-
PAKTEpH3YIOT AOBOJIbHO OTUYET/IHBO 0coOEHHOCTH XHMH3Ma Marma-
TOreHHbIX TPOIECCOB MHHepanoo6pa3oBaHusi, TO CBETJLIC CJIOALI
rpynnp MYCKOBHTa HecyT Ooratyio uHdopMalHio 0 MNOCTMarMaTH-
4eCcKHX Tpoueccax H MeTaMOp(poreHHOM MuHepasoo6pasoBaHKH.

Tak, B. U. Masaummn [1980, c. 19] numer: «Caiojipl — Hanbo-
Jee H30MOPHHOEMKHE MHHEPaJbl 3¢MHOH KOPbI, MOTOMY B HX THIIO-
Mop¢duaMe IepBoe MeCTO 3aHHMaeT XHMHYECKHiT COCTaB: a) H30-
MOp(HbIE 3aMElIeHHs! B TETPAsAPHUECKOM CJ10€, TPHBO/ALLIHE K 00-
pas’oBaHMIO AJIOMOCH/IHKATHBIX, CHJIHKATHBIX (TeTpacHJIMKATHBIX)
# (eppHCHIHKATHBIX CJI0J, OTPAXKAIT NPEK]IE BCEro reoxHMuie-
CKHe YCJ0BHA MuHepasoobpasylouleil cpejbl — COAepKAHNE (ak-
THEHOCTB) H cooTnowenne Si: Al Fed+, 6) u3oMoppH3M KaTHOHOB
B OKTas/Apax M COMpsiKEHHble ¢ HHM 3aMelleHHs B TeTpadlpax —
HHUTKATOPB PasHoo6pasHbIX IeHEeTHUYECKHX MapaMeTposB (cocraBa,
ray6GuHbl 3aPOXKAEHHA H CTENEHH auddepeHHallHi  PaClaBOB,
TEeKTOHHYECKOTO0 MNOJOMKEeHHs, HHUTEeHCHBHOCTH M XapakTepa MeTaco-
MaTHUeCKOro npeodpasoBaHiist PaHHTOB; nocTMarMaTHYeckoil wue-
TOPHH TErMaTHTOB, WEIOYHOCTH — KHCJAOTHOCTH, T, pi.bh; B) eo-
CTAB AHHOHHOTO OKPYXKEHHS OKTa3JApoB — THIOMOP(HBIH NMPH3HAK
cOCTaBa, COJlePKAHHS JIETYUUX KOMIOHEHTOB H TEKTOHHUECKOTO pe-
KHMaA».

[MapadupH WIJIOCTPUPYET 3TH MOJOKEHHs CJEAYIOUHMH MpHMe-
paMi. B TJHHO3EMHCTHIX CHIOAAX MeTaMop(HUecKoro KOMILIeKca
Kpusopomxbs yBeJHueHHEe KOJHUECTBA Al, ymeHblleHHe [ABYXBa-
JeHTHBIX KATHOHOB, yXxox n3 ctpykrypsl HoO u yBennuenue K or-
paxaloT NOBbIIIEHHE TeMIepaTypbl MpH meramoppuame. Mamene-
He COCTABA B HANPABJEHHH MYCKOBHT — (EHTHT — CeNaJ0HUT *
yKasblBaeT Ha yBeJHUeHHe JaBJIeHHA NpH meramopusme. Iloau-
THMHBIH TEPEXos

ok
IMd— IM —2M,
——— e e o’
CepHUHTB MyCKOBHT

CBHETEIbCTBYET O MOBHILEHHH CTENeHH MeraMopdusma. ITOMY ne-
pexopy 0.1aronpHATCTBYeT IOBBIICHHE JABICHUSA. Hannune B ok-
Tasapuueckom cjoe Al-nonusjpos ¢ nATepHOH KOOpAHHAUHeH
rOBOPHT O BBICOKOTEMIIEPATYPHOM mMeramMopdu3Me CJIOJbl, TPaHH-
yameM C TMpeieJoM TeMIepaTypHOil yCTOHYHMBOCTH MYCKOBHTa
(>600°C). Bbicokast ynopsAoueHHOCTb KaTHOHOB CBHACTE/LCTBYeT
06 '06pasoBanii CI0/bl B YCTOHYHBBIX yCAOBHAX.

* Cenagonnr KMgFe*+[Sii010](OH)2 — munepan u3 rpynnsl TIJayKoHuTa
0Gpasyiouuiics TPH HH3KOTEMNEpaTypHOM I'HAPOTEPMAJILHOM npouecce, B Cpene'
oGorawmennoit Si u Fe?t un obexuennoii Al :

#% [Toautun 2M, npambim HaGaioJeHHeM YCTAHOBJEH H JJif CepHIHTA Wa-
tanabe T., Nakajima Y., 1976 r.].
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IMopoas Pernon Rb Cs
AR 400—8300 Cn.—564
aHHUTHL:
g 1987 (99) 109 (85)
MYCKOBHTOBHI Kasaxcran, Antaii, 3a- st Al 0400
Gaiikaape, Ypas, Kanka3a 2041 (12) 167 (12)
JIBY CIIOSHOM KasaxcraH, Cpennss
Asusi, Asnrait, 3a6Gaiixa- 9520—8300 5—400
ape, Axyrus, Hanveuit 9
Bocior. Kaukes 1614 (20) 167 (12)
anpOGHTH3HPOBAH Kazaxcran G819 Ca.—564
BaH-
HEIl M rpeiizennan- 4274 (38) 218 (33)
poBaHHLIH C penko-
MeTaJlbHOH MHHepa-
nu3auHeil (anorpa-
o Bun iy 546—8190 Cn.—564
aib
e 4575 (35) 297 (33)
120—4730 0—376
I'peiizensi:
2077 (43) 45 (39)
MyckopHToBbl § Kasaxcrad, 3abaiikaine, 12204730 0376
CIONAHOM Hansunit Boetok 2369 (14) 76 (14)
1640—23460 22—80
:z%pﬁmgg:ﬁim;‘ Kasaxcran, 3aGaiikanbe 2310 (17) 39 (15)
JUSTHOM
90—25 840 0—7614
MermaTHThi:
2508 (675) 291 (302)
KepaMHuyeckHe H 256000 01770
CJ'III:)AHHHe 1903 (367) 118 (200)
Wasives 280—1780
’ 449 (110)
R o s 130—5900 10—611
b
% ke 1903 (40) 122 (34)
C 228—650 0—12
ASTHBL
400 (44) 5(32)
Wit 45—2310 Ca.—1770
; 28 (169) 165 (133)
leefinapus
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TABJIMLIA 13.5

JneMeHTH-NpUMecH B MycKosutax [Cmupuosa H. I, 1973 r.], r/r

TI Li Nb ‘ Ta ‘ Sn ‘ Ga ' Be
5—6348 9281 2—53  0—1000 5—100
977 (100) 114 (80) 20 (87) 210 (68) 23 (57)
230—4500  60—250 6—46 10—50
1164 (14) 132 (12) 22 (11) 28 (10)
173—4500 9231 2—49 19—600
1168 (22) 107 (31) 17 (31) 175 (24)
497—6348  60—281 8—43
2189 (38) 109 (16) 19 (16)
497—6348
2338 (36)
3—27 102530 4—1240 1—38
10 (15) 562 (47) 224 (10) 11 (30)
70—2530 838
823 (17) 16 (10)
151—1890 3—36
505 (17) 14 (16)
258 0—6780 10—708 0—295 1—3960 30—430 1—100
12 (41) 609 (573) 147 (184)  35(182) 360 (189) 168 (24) 27 (214
0—1075 10—520 0—140 1800 30—160 1—30
142 (344) 85 (45) 18(44) 89(84) 85(15) 5(195)
23—100 5—29 1—30
67 (110) 11 (37) 4 (91)
13—1012
292 (41)
0—149 1—50
82 (39) 15 (18)
451075 30—160 1—30
127 (150) 85(15) 7 (87)
2—15
5(17)
8 B. . Bapa6anos 225



Topoan Person \ Rb . Cs ‘

Kapkas
PenkoMeTanbHble 402—325 840 127614
3935 (159) 353 (88)
402—25 840  94—7614
Konbckuii monyoctpos 7326 (60 ) 604 (40)
Kapkas 1090, P vl L.
3575 (12) 328 (12)
Kaszaxcran Lol 01250,
2530 (19) 315 (19)
Anraii 3130 (@7)
470—4100 42—480
S 1912 (12) 293 (12)
3abaiikanne
Ipanntonasl 3atdafikanea* Bopulopounsiit kommaexc** 460—1780 18—58
I}I(jrei:{?ktieﬁcxuﬁ KoM- 550—4800 18—600

Cmopnsanre otopoukn xua CCCP (Kasaxcrau, 3a6aii-  460—6000 3—140
H MPOKHJKH B rpefisenax Kaiwe, Janpuuit Boctox), 2907 (121) 53 (118)

CILA
Tieficht QCCP  (Vpan, CuGaps, —30—2000
Kagkaz), llgefiuapus 567 (38)

* Haunsie B. 11. Koaaosa u gp. [1978 r.].
- ﬁpoue TOro, B — 26—54. 1
**+ Kpome toro, B — 30—160.

B uncaMTene — npegesn KoneGanufi, B 3sHaMeHaTende —cpegHee, B cKo6kax — yHCJsO

K. Kunpuanu u np. [Cipriani C. et al,, 1971 r.] va ocHoBaumH
06paGoTkn cBemenuii o 400 aHanM3axX CBETJIBIX CJMIOA NPHULIH
K 3aK/IIOYEHHIO O TOM, 4YTO POCT JaBJEeHHS NPH MeTaMOp(pH3IMe Cro-
COGCTBYeT pacTBOpeHHIO (EHTHTOBOI COCTABJAOMEH B MYCKOBH-
TaX. CojepkaHne MaparoHATOBOH COCTABJSAIONIECH B 3THX e CJIO-
Jax umeer MakcumyM npu 600 °C. ’

Has  ceeTibix camon MeracomatntoB B. B. BoateipoB
B. I'. Oroponunkos [1974 r.] u3o6pasuin KpHBHe 3aBHCHMOCTH na-
PaMeTpOB KDHCTAJHYECKOH pemeTkn dosg H do. 0.0 OT XHMHYe-
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NMponoaxeune Taba 13.5

' Tl ‘ Li \ Nb ' Ta ‘ Sn Ga Be

10—330  3—140  30—800
106 (30) 34 (30) 316 (26)

4-30 236780  35—708  8—295 40—1700 14—60
17 (10) 992 (163) 245 (137) 58 (139) 489 (66) 31 (19)
40—1131  35—364  33—250
632 (58) 171 (26) 85 (26)

150—710  49—500  39—150  40—350
385 (12) 214 (24)  95(24) 188 (20)

70—6780
1598 (28)

130—136  30—40
1275 (47) 133 (47) 35 (47)

56—455 8—295 250—1700
248 (22) 71 (22) 692 (39)

& W Zr

50—220  100—790 90—400 9,6—34 40—250 10—100 8718
| 299240  130—2150 100—400 11—9250 27—710 10—90  10—32

B Tl Ga
310 40—3540 15—17 60—200 40—150 4—132
5(11) 809 (124) 16 (19) 128 (20) 92 (20) 44 (24)
0—260 - ' 812
101 (38) 7 (K4)

aHaJH30B.

CKOro cocTaBa (KeJI€3HCTOCTH, COJAEpIKaHHs MaparoHWTOBOH coc-
TaBasOLlefl) H TePMOANHAMHUECKHX YCJIOBHil HX o6pasoBanusi. AB-
TOPH MOCTPOHJH TEM CaMbIM TeOTePMOMETP, NPHTOAHBIH, MO HX
cJ0BaM, AJs ONpeleJeHHs TemnepaTyp o0pa3oBaHHsi NPaKTHYECKH
BCEX MYCKOBHTOB, HAXOASAIIHXCA B AaccOIHAUHH C MJIAardHOK/JIasoMm
HJIH TaparoHuTOM.

H. A. Copokuna [1978 r.] aas Axuaray nokasajaa nocjejoBa-
TeJbHOE TaJeHHe COAepPIKAHMI B CBETJIBIX ¢/II0/1aX IpefiseHH3HpOBaH-
HOTO TpaHHTa-TpeiiseHa — CJAIOAAX OTOPOUEK IKHJ — KBapL-BONbY-
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PaMHTOBHIX XHJ H B cepuuurax Ga or 160 go 10 r/tr u F or 3
no 0,5 mace. %.

Caeryibie c/I0B BOAb(YPAMHTOBEIX MECTOPOMKJACHHI B TeueHHe
JJUTEJBHOrO BpEeMeHH H3yyajuch aBTopoMm [Bapabano B. @,
1960 r., 1961, 1975, 1977] u ero yuenukamn [BapaGamos B. @.,
Hryen B. X., 1975 r.; Copokuna H. A., Bapa6anos B. ®., 1980 r.
H ap.].

Caeruible CJTI01Bl — BaXKHEHIIHE MHHEDPAJEl OKOJIOXKHIbHBIX Ipefi-
3€HOB, OHH CJIAralT CJAIAAHYIO OTOPOYKY JKHJ H YacTO HAXOMATCSH
B Teje peakoMeTasbHBIX XHJ. CoJepikaHHe HX BO BMeNIAIOIIHX
PYAHBEIE XKHAbI TPEH3€HH3HPOBAHHBIX TPAHHTOHJIAX TOBHIIIAETCH MO
HAaNpAaBJIEHHIO K KOHTAKTy C MKHJIAMH 3a CYeT HapacTaiollero mpo-
mecca saMelleHHsi CJII0OJaMH HMCXOIHBIX NMOP0A006GPa3yOIHX MHHe-
panoB — amdubosa, GHOTHTA, MIArHOK/IA30B, a B YCJOBHAX BHICO-
koit kouuentpanun HF u HCl — u kaaumeBHX mnoJeBbX MmIMaToB.

Cpesin CBETJIHIX CJIIOA H TPEii3eHOB H 3KHJ MOMKHO BHIAEJHTDH BE
HX TJIaBHBIE Da3sHOBHIAHOCTH: CEPHLHTHI H KHAbOepTHTH. CepH-
IHTH — MeJIKoYemyiyaTee 6JefHO-3€/1eHOBATbIe HJIH JKEeJTOBATHIE
NEPBHYHLIE CJIOABI, pa3BHBAlOLIHecs 3a cueT OHOTHTA, IJIATHOK-
Jnasa uaM pexe Xxjaoputa. JKuabGepTHTbHl — KpynHouYelyiiuaThle,
CepoBaTo-3eNieHble HJIH cepefpHCTO-3KeNThie BTOPHUHbIE CJIOAH, 06-
pasyioliHecs 3a cYeT MEPeOTNIO:KEeHHs BelleCTBA CEPHIHTOB HJIH
NyTeM MNOCJOHHOTO AOpPAcTaHHA paHee BO3HHKIIHX 3apOAbIIIEBHIX
uemryex ciioAbl. B mocaeanem cayuae xuabGepTHTH, Kak MpaBHIIO,
OKa3biBalOTCH 30HAJbLHBIMH.

HecnenoBanue mnokaseiBaeT, YTO 30HAJNBHOCTL CJAIOAB, T. .
CBOJICTBA COCTABJSIOIMMX €e 30H, HAXOAATCA B MPAMOIl 3aBHCHMO-
CTH OT «CTajHH» npoluecca rpeiisenusauun. [Tosromy B Haubosee
3aBEpLICHHOM cCJyYae 30HA/BHOCTb JKHJIbLOEPTHTA SIBJISETCH BHIpa-
JKEHHeM JJIHTEJBHOCTH («MHOrocTaguiiHOCTH») mnpouecca rpeiise-
HU3AIHH.

ITosichum 310 caeaylomum mnpumepom. TIpH  OKOIOKHIbHOI
rpeiisenusaunn rpanoauopuros [Bapab6anos B. ®., 1961] oguum
H3 NepBLIX H3MeHsieTcsi GHOTHT:

K(Mg, Fe);[AlSi504](OH, F), +
+ KeWO, + H,O -} Al3+ —
Pacrsop
— KAL[A1Si;040](OH, F), +
Ser-1
-+ (Fe, Mn)WO,.

3a cuer GuoTHTa 06pasyercs CJIOfa, HA30BEM ee cepuuur-1, Gora-
Tasi MHKPOQEHTHTOBbBIM KOMMOHEHTOM, a Coep:Kalliecss B GHOTHTe
Fe u Mn, kak 310 BHAHO H3 NpHBE/EHHON peakluH, HAYT Ha obpa-
30BaHHe BOMb(pPaMHuTa HAH HauGosiee paHHHX cysabdumos Fe.

Besen 3a GHOTHTOM NpH OKOJOMKHABHOI rpefiseHu3anuu HaYH-
HAaeT H3MEeHATBCA INJIArHOK/Ia3. B 3aBHCHMOCTH OT H3MEHEHHSI aK-
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TUBHOCTH BXOJANIHX B Trpefi3elH3HPYIONIHH pAacTBOp aHHOHOB
WO, [PO4P-, F-, [COP*~ u apyrix nopogooGpasyiouiuii nia-
FHOKJIA3 [OCJAeJ0BATENbHO 3aMellaeTcs CEePHIIHTOM B MapareHe-
3Uce ¢ KAaKHM-TO ONpeleJeHHBIM KajbIHeBbIM MHHEepaJoM — ama-
THTOM, (JIIOOPHTOM, IEEIHTOM HJIH KaapuutoM (¢ur. 13.4).
CxeMaTHYeCKH 3TH NPEBPaLICHHS IIATHOK/JIa3a MOMXKHO NMpeacTa-

BUTb B BH/E CJEAYIOUIHX peakiuii:
60N aA1Si 0 - 40CaAl,Si,05 -
+ KsPO, + H,O + KF —
Pactsop
— 60NaA1Si;0; + KAl, [AlSi3050] (OH, F):+[Ca;PO,JsF;
Ser-2
60N aAlSizOy - 40CaAl,Si 05 + KF -+ H,0 — 60NaAlSiz0g +
+ KAl [A1Si;040] (OH, F)y+ CaFy;
Ser-3
60N aA1Siz05 - 40CaAl,Siy0s + KoWO, + H,O— 60NaAlSizO; -+
D s e e
-+ KA [AISisOy] (OH, F)4-CaWO,;
Ser-4
60N aA1Siz0;, - 40CaAl,Si 05 + K;COq -+ H,O —
Pactsop
— 60NaA1Siz0; -+ KAl [AlSizOy] (OH), + CaCOs.

Ser-5

Taxum 06pasoM, MO Mepe M3MEHEHHs COCTaBa MHHepaJjooGpa-
3ylonlero (rpefiseHH3HPYIOIIEro) pacTBopa, BO3JEHCTBYIOLIEro HA
nopo006pa3youiuii NJarHoKaas, NOCJAE[HHi NOCTeNeHHO mnpeBpa-
(aeTcsi B AcCOLHAIMH: aabOHT -+ CepHINT+ anaTHT; aJbOHT+ CepH-
AT+ GIIOOPHT;  aJbOHT + CEPHIHT 4 IIeeTHT;  aJbOHT -+ CePHIHT +
4 kaabuAT. OUEeBHAHO, YTO COCTaBE H CBONCTBA O06pasylolHXCA
NpH 9TOM CEPHIHTOB TaKxKe mMocTeneHHo GYAyT H3MEHATHCH OT
panuero (cepHuuT-1) K mosgHemy (cepHUHT-5).

JleficTBHTENLHO, MHOTOYHC/IEHHBIE H3MEpeHHS B 30HAJbHBIX
caionax Ng, Nm, —2V, Dijp, moanrunun, AT,* dogo ¥ do.10.0,
a TakKe cocTaBa MHKponpuMecefi B cepHIHTax, o0pasoBaBLIHXCA
B pasHele CTaAHH INpolecca Trped3eHH3anuH, IOKasajH, 4YTO BCe
OHH — H CBOHCTBA, M COCTaBH — 3aKOHOMEDHO H3MEHSAITCH.

# AT BHpaxaeT HHTEPBAJ] TEMNepaTyp MexjAy ABYMs SHAOTEPMHYCCKHMH
shdekramu caOfAE TPH €€ HArpeBaHHH B HHTEpBaJe 800—1200 °C [BapaGa-
sos B. @., Hryen B. X, 1975 r.].
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_Nala, (Mg, fe, M i ;
Jata, (Mg, Fe, Mn)s (A1, Fe) [(Si,AL), ﬂ,,],(DH,F)2‘ + KaWO,+K5 PO, +Hy0 ‘—-f(Fe,Hg)s [iLSLaﬂ,D}(UH,F)E+(FE,Mn)W0,; *+Cag(PO; )5 F

Am Pacmbop Bt Wt
Mn =3 Na M
K(Fe, Mg); [ALSi; 0,5] (OH, F), + KoW0, +Hy0 + AL(OH); ——— KAL, EAlsis 040 (OHF), + (Fe,Mn)wo,
—_— 1 il S SR el
Bt Pacmbop ser-1 Wt
PAb: QAN +K3PO, + Hy0 —= pAb+ KAIZ[AI.SI'.;,,O,U](UH.FJL+ Cag[P0,]5F 5
e e 5
ser-2 Ap
4
PAb - g AR + KW, + Hy —= pAD + KAL [ALS150,0](0K,F), + Cawo, d
SE?-S‘—‘] “Scheel “
PAD - GAR+ KF+Hy0 —= pAD + KAL,[ALSi30,0] (OH,F), + CaF, SBTD
Ser-4 Fl ' ei

PAD - GAR+ Ky CO5——pAb + KAL, [ALSi30,0](0H,F), + CaCoy
sers o e ] Poc 3

13.4 Cxema 00pasoBaHHA 30HANBHLIX KH/ILGEPTHTOB.




Aae

-2
41t
188 SilUZ,AlZUI,HZB,CaU
40k
A
162F26F
Ng Munsbepmumobeid Pydnsil KapGonamusid
Vi ; ¥
Mae, - . Dejem
| doep A 1969 Ty 1999 ) 4oy
1590 —0,69'-1,5 : T 7Y
Ti0, Fe, Mg0, Mn0, Na,0, Li,F
1585 -29"2H,"IH
1496 - ~M+2M
7.569-0,5,]- 28 '
Pacnad
Aezudpamayus cmpykmyps:
800 1040°C
AT

13.5. M3menenue coctaBa H CBONCTB 30HAJBHBIX KHJIbGEPTHTOB.
AT tepmorpamum, °C: pyaHas craaus — 140, kapGomatHas cragms — 200.

[Tostomy ecan mepeunc/eHnble BHILIE CEPHUHTH YCIOBHO Pas3ienThb
no BpeMeHH HX ofpasoBaHus Ha: A — panuue (mopyambe), B —
pyansle H C— mocliepyaHble, TO 3aBHCHMOCTb HX CBOHCTB OT Bpe-
MeHH 00pa3oBaHM$l 30H BHIPA3HTCH B 30HAJbHBIX KHIbGepTHTAX
NPOCTHIM H OYeHb HarasiAHHIM obpasom (¢ur. 13.5).

CepHUHT-3KHALGEPTHTHl IPEH3€HOB H, NO-BHAMMOMY, APYTHX Me-
TACOMATHTOB BHICTYNAIOT, TAKHM 00pa3oM, HHAHKATOPAMH YCJIOBHIl
MHHEpanoo6pasoBaHusl TNPH CJHOXKHOM H NPOTHBOPEYHBOM B CBOei
CYIIHOCTH Tpolecce B3aHMOJEHCTBHS I'MAPOTEPMaJbHBIX PacTBOPOB
H 3akmouapuHx ux OokoBeix nopox [BapaGawos B. ®., 1977].

TakoBo reoxumuyeckoe 3HadeHHe THNOMOpP(H3MA MHHEpasoB.
Ha stom e npumepe MoKHO BHAETH H TO, UTO NPAKTHYECKH BCE
CBOJCTBA MHHEPAJIOB THIOMOPQHEL,
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MONEBBLIE LUMATBLE

IloneBble WIMATH — CaMble pacnpocTpaHeHHbIE MHHEpaskl 3eM-
Hoft kopel. M yxe 3TuM ompeaensercd HX OrpOMHOE reoXHMHUe-
ckoe 3uauenue. IlepBEie TPH aHaJu3a KaJHEBBHIX NMOJEBLIX ILUNATOB,
puinonuennsie JI. H. BoxkaeHom, npusen B cBoelt «Munepamoruu»
P. XK. Awon [Hauy R. J, 1801 r.]. B na/ibHeiimeMm, KaKk MeTKO Bbi-
pasuacs A. C. Mapdynun [1962, c. 5], «npeacrapjenns O MOJEBBIX
narax... ObIH 3€pKajoM, B KOTOPOM OTpPaxKaJjoch COCTOfIHHE
TEOPeTHUYECKOH MHHEPAJOTHH?.

Hauunas c cepeaunst XX B. IIHPOKOE HCNOJb30BAHHE PEHTIE-
HOCTPYKTYPHOTO H CIEKTPOCKONMHYECKHX METON0B MOSBOJHJIO MO-
JONTH K TMOHHMAHMIO TNOJEBHX IUMAaTOB KAK €CTECTBEHHHIX CHCTEM,
HAaXOASIHXCH B COCTOSIHHH Pa3BHTHS M TNOCJE HX KPHCTAJJIH3ALHH.
YV KaJueBo-HATPOBHIX MNOJEBbLIX WINATOB 9TO pPAa3BHTHE COCTOHT
B NIOYTH OJHOBPEMEHHO HAYHMIHX TpeX B3aHMOCBS3aHHLIX Mpolec-
cax: pacrnaje TBEPAOro pacTBOpa, ABOAHMKOBAHHH M YNOPsAOUeE-
HHHM CTPYKTYpH. «Pacnaj HauWHaeTcsi HECKOJNLKO paHee TPHUKJHH-
HOTO YIOPANOYEHHS, COMPOBOXKJAIOUIErocst ABOHHHKOBaHHEM»,—
numer A. C. Mapdyunn [1962, c. 240].— «Kanmmnarsl KpHCTas-
JH3YIOTCA METACTAOHJIBHO B BHJIE FOMOTECHHHBIX HEYMOPAAOUEHHBIX
moaudukauuii. CoBpeMeHHbl O6JHK HX H CTPOEHHE 00s3aHkl npe-
BpaIleHHsAM B TBEPAOM COCTOSHHHY.

[ToJjieBBle WMATHl MO COCTABY NPHHATO AEJHTH Ha TPH TPYNMbI:

1) KaaueBo-HaTpOBEIE

caungun (K, Na) [A1Sis0s] — monoK..

{ optokJas K[AlSizOs] — mMoHOKL
mukpokann K[AISizOg] — Tpuga.

2) HaTpHeBO-Ka/blUeBHE
naarnokaass  (100—p) Na[AlSisOg]- pCa[Al:Si;05] — Tpux..

3) kaaueBo-OapHeBbIe
GapueBHii  OpPTOKJA3 (0—25) Ba[A1,S1205](100—75) K[A1Si504] — Mo~
HOKJI,
ruanodan (25—75) Ba[Al;Si20s] (75—25) K[A1S150] — MoHOK.
neassnan (75—100) Ba[Al:Si;Os ](25—0) K[A1Si;0g] — TpHK.

B npupoie WIHPOKO pacnmpocTpanenbl JHUIb KajieBO-HATPOBbIE:
fnoJeBble WNaThl H maarnokaass. Oguako orkpuiTHe B 1964 1. B ro-
psiunx ucrounnkax Kamupopuuu, CIIIA, aMMOHHEBOTO NOJEBOro:
mnara — 6agauurronura NHy - [A1Si30g]- nHO, noutu HaenTHyHOrO
M0 3HAYCHHAM NapamerpoB a, b, ¢ u f TPUKAHHHOMY MHKPOKIHHY,.
kak 6yaro Obl [aeT OCHOBaHHEe OXKHJaTb HAXOJAOK B MNPHPOIE H
APYTHX aHAJOTrOB HIHPOKO PAcmpOCTPaHEHHHIX aabOHTa, OPTOK/Ia3a
M aHopTHTAa, TeM Gojee UTO 9KCIEPHMEHTAJLHO MOJYUeHb
PbAl,Si;0s [Scheel H. J., 1971 r], RDbAISi;Os [Gasperin M.,
1971 r.], CaFep14AlogeSisOs [Baavtep A. A. u gmp.,, 1970 r.].
A nourn monBeka wazan B. W. Bepuazckuit u C. M. KypGaros:
[1937] ykaswBanu Ha HCKYCCTBEHHO MOJYYeHHBIE TOJEBbe IIMaTh
Mg, Fe, Zn u Pb.
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TABJIMLIA 13.6

Tenaora oGpasosarus AH runoTerH4ecKHX NOJEBLIX WINATOB
u3 okncaop (no I'. WuGoabpy [1934 r.] c AONOAHEHHSMH asTopa)

amorerwecnst | g canuom | THSENEGR | A ccaswors
CsAlSiz0g —145 ‘ BaAl,Si,0g —133
RbAISisOg —130 | SrAl,SisOg =90
KAISizOg —51,3 | PbAI,Si,O —34
TIAISi;O4 —146 CaAl,Siz0s LT
NaAlSigOg —36,1 CdAl,Si,04 141
LiAlSiyOg +35 MnAl,Si;0g -+42
CuAlSizOg -+91 FeAl,Si;04 +44
AgAlSi;Os 126 MgAl,Si,04 -+62
AuAlSisOg +134 HgAl,Si;0g -+67
CoAl,Siy0s +92
ZﬂA]gSiaOg + 100
NiAl,Si,0g --109
BeAl,Si;05 1214

OjHEM M3 MEpBHIX, KTO OTMETHJ CJOMKHOCTb COCTaBa NPHPOA-
HbiX noJeBhX mnartos, 6e1 I. IuGoang [1934 r.]. Ou ykasuBas,
YTO «H30MOpGHEE 3aMelleHHs B MOJEBBIX IINaTax ropasjao CJa0H-
Hee, YeM 3TO MOMKHO OXHJAaTh, CyAs IO NPOCTOH XHMHYECKOH (op-
myae». OCHOBBIBasiCb Ha JAHHBIX TeMJOT OOpa30BAHHA MOJEBBIX
1I11AaTOB M3 CBOOOZHHIX okucaoB (ta6a. 13.6), IIuGoabs moJsaras,
YTO AAA OAHOBAJEHTHHX 3aMeulennii HauGosiee BeposaTHe Rb u Cs;
Cu, Ag u Au — COBepIICHHO K TaKHM 3aMelIeHHAM He CIOCOOHBI;
npucytcrBue Li u Tl gonyctiumo B HeGoAbIIEX KOJHYeCTBaX. B Mo-
nekyne anoprura (taba. 13.6), mo IIIu6oabAy, YCTOHYHBBLIMH MO-
ryT 6uTh Sr-, Ba- u Pb-npumecn, a Be-, Mg-, Zn-, Cd-, Hg-, Mn-,
Fe-, Co-, Ni-aHOPTHTH 1O TeM e NPHYHHAM SABASITCA HEYCTOl-
YHBBIMH.

E. Bpyso u X. Ilenrunrxays [Bruno E. Pentinghaus H.,
1974 r.)] npeanaraloT BhHpakaTb COCTaB MOJEBHIX IIMAaTtoB ¢op-
MYyJI0#

FR Ca Tl ARG e red [

rze 0<<x<<Cl; A+—Na, K, Rb, T], NH,; A?*—Ca, Sr, Ba, Pb; T*—
Al, B, Ga, Fe¥; T+ —Si, Ge.

ABTOpHI VKa3HIBAIOT, YTO COYETAHHEM ITHX 3JEMEHTOB CHHTE3H-
poBano 31 coexuHeHHe O CTPYKTYpOil moeBbix uinaToB. [TogoGHO
[PHPOAHBIM MOJIEBHIM IIMATaM 3TH COEJHHEHHS Ne/IATCA Ha mIea04-
uple (T3+:T+=1:3) u mesounozemennuple (T3:TH=2:2).
MameHennsi B mapaMerpax 3JeMEHTAapHOI sueilkH B NepBOi rpymne
3aKOHOMEpPHO MeHSlOTCs Aasf AT-KaTHOHOB B  HampaBJeHHH
Na—K—Rb, nna T3+-katnonos: APR+—Ga’t—Fe3t u ana T -xa-
THoHOB: Ge!t—-Si*t, DTH u3MeHEeHHS MOXKHO HCNOJb30BaTh AJs
onpefeseHHsi KOJHYECTBA 35JE€MEHTOB-TIpHMeceil B MOJEeBLIX IMIma-
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Tax. Jlums aas NH+ u T+ Xapakrep H3MEHEHHSI NapaMeTpos
PEIIeTKH HHOH.

B cootBercTBHUH cO CKazaHHEIM cocTan TpeX BaxKHeHLIHX noJe-
BBIX IIMATOB MOMKET GLiTh BhIpaXKeH CJAeAYIONM o6pasom:

Op1oknas (MEKpOK/IHH) Annour Anoprur
K Al Sig0, Na Al $i;0, Ca' VAl 51,0
Na Fe’+ Ge K Fe?+ Ge Ba Fe*+ Ge
RO TUEL < TH Bas T T Sy 2Ga/ LT
ESSiGa - 7r ae v @a 2 Mg o °Ti  ‘Zr
T Ca Mn W Be
Ba Cr Be Mo
Ll Se Li
Tl Mn U
Pb W Th
Be Mo TR
NH,

Ra

Mtuorne us stux 3JCMEHTOB-IpHMecell YCTAHOBJEHH B MOJEBbIX
mnarax oneITHEM nyreM. Tak, E. JI. Beasukuna [1953 r.] o6ua-
Pyxnia B monesux mmarax Rb, Cs, Li, Ba, Sr, Mg, Mn, Cu, Pb,
Fe, Ga, Ti, 1. e., 32 HCKJIOYeHHEM Cu n Mg, Bce Te 3JI€MEHTHI,
NIPHCYTCTBHE KOTOPHIX npeAckaswmBaga I[uboaba. Ona ke oTMe-
THJA W TOT 3aMevaTe]bHbli (akT, uTo Sr n Ba Beerza KoHient-
PHpYIOTCA B monieBrIx mmarax, a Ga, Ca, Fe, Mg, Mn u Ti cojep-
KATCA B HHX B KOJHUECTBAX MEHBUINX, Ye€M B TOPOJAX.

TABJIMLIA 13.7

Cpennne conepxannss W B mosesmx mmarax PYAOHOCHBIX
W HEePYAOHOCHBIX MHTPY3Hii, * r/r

CopepxaHHe, I'T
n i
3:1::.? Pernon PR VSRINA Hepﬁ,&gwc_ Herounnk
Kannepsiit Kasaxcran 3,04 (24) 2 (29) {Cepxilgﬁ gﬁ l}/l.,
L.
Hansuufi Bocrok 3,0 (51) 1,5 (62) [Toeopor M. H.
H ap., 1970 r.]
» 3,0 (33) 1,7 (50) [/Tesamos T'. B.
" ap., 1971 r.]
3aGaiikanne e (I [BapaGaunos B. &.
" 1p., 1976 r.]
ITnarnoknas Kasaxcran 3,55 (20) 2,0 (23) [Ceg!;gﬁB.]H.,
r,

Hansuuit Boctok 3,6 (69) 2,3 (66) [TCoeopos M. H.
H ap., 1970 r.]

» 3,9 (29 2,5 (60) [/lepamos T. B.
u ap., 1971 r.]

abaiikaape 2,9 (21) t - [Bapa6anos B. &.
H 1p., 1976 r.]

* B ckobkax — yncao onpegeneHui.
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TABJIMLIA (3.8
dueMeHTBI-pUMecH B nojesbix wnarax (no Tuxomuposoit H. M., 1973 r.), r/r

Ba Rb Sr Cs
Mopogs Mukpoxann, Mukpognns, MuKpoKAHH, MHKPOKJHH,
““ﬁgg;‘,?f_“' IMnarnoknas M“:g;ff;fﬂ‘ ITnaruoknas MH:E;;{:;?H' Tlnarunoknas MH:E;.:.‘::H' “J::,,r::-
OpTOK J1a3 OpTOKJIa3 OPTOKNa3 OpTOKJAa3
50—17 000 40—1500 46—5300 0—280 10—5300 410—3000 Ca.—51
Ipanurtouns:
4169 (103) 500 (28) 507 (282) 94 (27) 894 (125) 1335 (25) 12 (61)
129—1418 Ca.—51
npocThie —_— —_—
377 (136) 12 (39)
penKoMeTalbHble G 310—5300 0—280
1190 (35) 72 (14)
TermamuTi, o _50—12 800 41—36 200 7—1344 Cn.—6580 8—420
HBIE ¢ TpaHMTOHAAMH 1501 (71) 4310 (639) 206 (76) 654 (360) 58 (12)
¢ MpOCTHMH 66—12 800 2342 60—1190 7—720 13—492 Cn.—12
3418 (24) 70:(22y= =367 (113) 220 (25) 209 (22) 3 (23)
C peaKoMeTasbHbI- 450—36 200 1780 16—6580 8—420
L 6895 (365) 214 (11) 874 (255) 58 (12)
Illenounsie nopoast u  400—22 200 200—1070 80—5000 3—41
CBfI3aHHHIE ¢ HHUMH HEr- —sgor e “Te (1
MATHTH 6895 (15) 461 (44) 2379 (10) 16 (11)
IponyKThl gernona.ﬂb- 1300—7000 46—1260 Ca.—16
HOro MeTaMoppH3Ma U Me- —————— b TR P
R sBccuaTESNE 3734 (17) 526 (28) 4 (1)

o
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ITpononxenune Taba 13.8

Li Tl Pb i Be
MHKPOKAHH, Mupxpoknun, | Mukpokans, | Mukpoxkans, MHEKpoOKAHH,
Mopoau MHKBOKAMH- | [Tnaruo- | MHKPOKJMH- | MHKDOKJHH- | MHKDOKJHH- MHKDOKJIHH-
NEepPTHT, KJas NepTHT, MepTHT, NepTHT, Maarnoknas NepTHT, Tnaraokaas
OpTOKJias OpPTOKJIa3 OpTOKAas OpTOKNas OpTOKJIas
1—-7 0—70 0,5—30 6—100 10—80 19—100 0—11 2—50
Tpamuronzy: 8 (64) 22 (21) 4,5 (100) 36 (127) 25 (40) 42 (33) 2,5 (53) 15 (43)
B! 2—11 0,6—11 2—21
n e
P 5 (28) 3 (20) 7 (18)
pejKoMeTabHble 1070 0—60 07 3—42
20 (16) 19 (15) 2 (28) 19 (22)
Hermamati, SR Cn.—2800 0,4—610 1—280 3—90 9—90 0,2—60
Hble C IPaHHTOMJIAMH: 113 (399) 43 (169) 39 (66) 32 (29) 32 (13) 6 (46)
C NPOCTLIMH 137, a—12 025
13 (114) 8 (6) 1,3 (28)
¢ penxoMerann- Ci.—2800 4—610 3—66 4—60
e 192 (217) 93 (61) 37 (14) 13 (18)
Hlenounsie mnopopsl H 1-EQ y 1—90 10—115
CBSi3aHHblE ¢ HHMH Iler- ——————
ok 10 (17) 39 (25) 63 (11)
ITponykTel  perHoHasb- 0,3—70 1—38
HOIO MeTaMOp(H3Ma M Me- "o ooy
TacoMaTtH3Ma 0.8 (25) 17 (12)

Mpumeuanwue,

B wucantene — npenenkl KoneGannfA, B 3HAMeHaTesNe — cpenHee, B CKOGKaxX — 4HCJO0 aHAJNH3OB,




FF.

MuKpOTpHMECH B TOJEBbIX IWINMaTaX — BaXKHBIH THIOMOP(HBL
npusHak. 3T0 MOXKHO BHAETh M3 caeayiouux npumepos. E. ®opa
#u P. Maprun [Foord E., Martin R., 1979 r.] B MHKpOKJHHE H3
amasonu1oBeiX merMatHtoB Kosopapo, CIIA, ycraHoBuau cBA3b
OKpacku MHHepa/ja c cofepxkannem Pb. B Geabix H xeJATOBaTO-KO-
pHuyHeBHIX MHKpokauHax Pb okasamnocs 0,0015—0,06, B rosyGoa-
TO-3eJeHoBaThiX amasonurax 0,014—0,078, B TemHo-rosy6oBaTO-
serennix 0,065—0,12 macc. %. ABTopel noaaraior, uto Pb BXOAHT
B pemerky no cxeme K+tSitt==Pb2*Al**+, a cmena okpacku o6y-
CJOBJIEHA 3JIEKTPOHHBIMH mepexogaMn THna Pb2?t4 Fe¥t—-Phit4
+EFet,

Miuorosnernne HCCaeJOBAHHA MHHEPAJOTHH M reOXHMHH Boabdpa-
MOBBEIX MecTopoxaeuuii [BapaGanos B. ®., 1961, 1975] nokasanu,
uro W paccesiH BO MHOTHX II0p0J006pa3yioOLIHX MHHEpPaaax, i B TOM
uHcsie B mosieBblX mmnaraXx. Cojep:kanne B TNOCAEIHHX, KaK 3TO
BUIHO H3 TabJa. 13.7, MOMeT CJAYXKHTb yKasaHHeM Ha NOTeHLHaJb-
HYIO BOJIb()PAMOHOCHOCTb HHTPY3HIi.

OuenuBas TunoMopdusM cocraBa noJepslx mnartos, B. H. ITas-
aumud [1980] oTmeuaeT BaMKHOCTH HCMOJb30BAHHS HHAHKATOPHHIX
orHomenuit B HuX: K/Rb — nas ycranoBnenus crenenn anddepen-
IHalHH H TPOAYKTHBHOCTH KaMepHbIX nermatutoB, Na/Rb— nas
OLEHKH CTeMeHH MeTacoMaTHYecKuX npeobpasoBanuil. [IpucyrcTeHe
NHjs, no ero MHeHHIO, ABIfeTCA NPH3HAKOM TIMYGHHHOTO NMPOHCXO0XK-
JeHHs pacnjiaBa H HAJHYHS OPTaHHYECKOTO BellecTBa, CBHAETENb-
CTByIOILEro 06 yuyacTHH B HX reHesnce (JIOHIOB C BBICOKHM CO-
naepxanuem COs.

B o6o6marouieii cBOJKE TO COCTAaBY MHKpONpHMeceil B moJje-
Boix mmarax H. M. Tuxomuposa [1973 r.] moaTBep:xkaaer, uTo no-
CKOJIbKY TVIaBHBIMH (akTopaMH, ONpejesIIOUHMH CoJepKaHue
9JIeMeHTOB-IPHMeceil B MOJIEBLIX IUNATaX, ABJASIOTCH MX TeHE3HC H
Temneparypa o0pa3oBaHHsl, 3TO I03BOJSET HCIOJb30BATH MHKPO-
MPHMECH ]I OIEHKH YCJOBHH H BpeMeHH (OpMHPOBAHHSA I0OJIEBO-
IIMAaTOBBIX MOPOJ. ]

Copepxkanne Ba, Rb, Sr, Cs, Li, Tl, Pb, Ga u Be B nonesbix
mmarax npusegeno B Taba. 13.8.

KBAPLL,

KBapu H MHOTOYHCJEHHBIE €ro PasHOBHAHOCTH H3BECTHbI YeJso-
BeKy ¢ JApeBHeHmHX BpemeH. B 6u6auu, Hanucanuoi Goaee 2,5 THIC.
JeT Hasaj, B UHCJAE KaMHEH, YKPalualoUHX OIe/bl CBSLLEHHHKOB,
HasBaHbl aMmeTHCT, araT,” ouukc ** u smma. Tam xe roBopuTCH
0 CKa30YHOM Topojie, CTeHbl KOTOPOro NOCTPOEHbl H3 SILIMbl, a HX
OCHOBaHHe YKpauleHo XaJueaoHoM ***  capronukcom **, cepnosu-

* Pa3sHOBHJHOCTH XaJille/lOHa.
** PasHOBHAHOCTL arara.
##% CKPHITOKPHCTAJNIHYECKAsl BOJIOKHHCTASl PA3HOBHAHOCTL KBapla.



KOM *, XpH30JHTOM **, XpHsonpa3oM ** aMeTHCTOM M JApPYrHMH
JparoueHHbIMH KaMHAMH. Takum oGpasom, yxe Gosee 2 ThIC. JeT
JIOJH YMeJH pasjuyaTh MOYTH JAeCATOK Pa3HOBHAHOCTENl KBapla.
Tax:ke u3faBHA YeJIOBEK NBITA/ICA NOHATL H TMPHPOAY 3TOTO YAH-
BHTEJIBHOI'0 MUHEpasa.

Ksapi B Hammu AHH — OMH H3 BaKHEAIHX BHIOB MHHEpaJb-
HOTO chipbsi. KBapueBble MeCKH H KBADUHTH HIHPOKO HCMOJb3YIOTCA
B KepPaMHYEeCKOH M CTEKOJbLHOH NPOMBIIJIEHHOCTH, MOHOKPHCTAJJILI
HCIIOJIb3YIOTCA B PaJHOTEXHHKe (Mbe303JIeKTpHUYECKHE CTAGH/IH3a-
TOPBl YacTOThl, (QHJILTPLI, PE30HATOPHI, MbE30ONJACTHHKH B YJbTpa-
3BYKOBBIX YCTaHOBKaX M Jp.), B ONTHYECKOM NPHGOPOCTPOEHHH
(NpH3MBI M JIHH3BI ISl Y/ILTPaQHOJETOBEIX MHKPOCKONOB H CIIEKT-
porpados, MoHOXpoMatopoB H T. A.). [lpospaunbie okpalleHHBIE
PasHOBHAHOCTH KBapla — payXTONasbl, aMeTHCTLI, IHTPHHLI — LIH-
POKO HCNOJbL3YIOTCH HOBEJIHPHOH MPOMBIIIEHHOCTDIO.

CnoBo kBapu poausnoch B ApeBHeli CakKCOHHH B CPeAHHE BeKa.
[Tono6no mBeACKOMY CJIOBY CKapH, OHO 0003HAYa/0 KHJILHYIO
NOpoAy, JIMIIEHHYIO pyAbl. XHMHYeCKHH aHaJHM3 KBaplla BlepBhHe
npousses B 1779 r. T. O. Beprman. [Ipupony xe xpemuesema, no-
BUAHMOMY, BriepBeie ycraHoBua FI. §I. Bepuenmyc (1779—1848).
Oanaxko n mocae ero pa6or, npumepuo ao cepeannn XIX B. Ba-
JIEHTHOCTh Si OCTaBajach HEH3BECTHOH, M (OpMyJay KBapua H30-
Gpaxkasnn u Si0, u Si0,, u SiQ,.

B 1913 r. K. H. ®ennep uccaegoBaa ycTofiuMBOCTE HOJUMOP)-
HBIX MOAH(HKALHH KpeMHe3eMa H OTKDBLT CpPeIHETEMMEepaTypHBII
TpuauMuT. Knaccuueckas paGora dennepa M cerogHs JeKHT B OC-
HOBE HAalIUX MNpeACTaBJeHHH o mnoauMophu3Me KpeMmMHe3eMa.
B 1953 r. JI. Koacom 6ul1 oTkpHT KOoscut, B 1954 r. [1. [1. Ku-
TOM — KUTHT, B 1961 r. C. M. Ctumoseim 1 C. B. IMTonosoit — cTH-
mwosut, B 1971 r. K. JlyGop omucan ouepeaHyi HaxXoAKy KyOu-
Heckoit Moaupukannu SiO; — Menanodiorura *#*#,

O6o6mennasa (azoBast nuarpamma cocrosuuii SiOy cxemaTHue-
CKH JIOKasaHa Ha ¢ur. 13.6. Munepansl KpeMHe3eMa U HX BakKHeil-
IIHe CBOHCTBA NpHBeneHH B Tadma. 13.9.

Koscur B nocsiennne necaruierus oGHApYKeH B NPHPOJIE B psife
mect [Buuinesckuit C. A. u xp., 1977 r.; Stéifler D., 1971 r. u np.].
CruwmoBuT u3BecteH B Mereopiom kpaTepe ApH3oHB M B Kparepe
Puc (®PT). Hayuenne nocneanero [Stoffler D., 1971 r.] nokasauo,
9TO OH HMEET 30HaJbHOe CTpOeHHe, OGYCJOBJEHHOE MPOSABJICHHEM
pasHoil crTeneHu ypapHoro MeraMopduama. Ilpumepuoe 3uauenue
mapaMeTpoB yAapHOro MeTaMophH3Ma BMEN[AI0UIHX MOPOI H COOT-

* Pa3anoBHAHOCTH ararta.

** PasgHOBHAHOCTb XaJlefoHa.
. *** Menanodaornt Bnepebie omucan A. Jlaso [Lasaulx A., 1876 r.]. Berpe-
YeH Ha MecTopoxieHusaAx cepsl (CHuEHA) B BHAE KOPOK Ha KpHCTaLiax cepel,
Ka/bINTa M 1LleJecTHHa. Brijlessiercs u3 reneo6pasHelX, COAepKallHX OpraHHde-
CKHe COeJIHHEHHS 0CcalKoB npu Temmeparype okoao 100 °C. Haumenee njoTHas
MOAHDHKAUMA KpPeMHe3ema,
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HOllIeHHEe B HHX MNOJUMOPG- o
HBIX MOAHGHKALHI KpeMHe- Pat‘nﬁab; e
3eMa MOXHO BHIeTh H3 CXe- 1750 - -
MBI CTPOEHHS METeOPHTHOTrO L
kpatepa (rabua. 13.10). ~- fpuemobanum
CaoiicTBa KpeMHe3eMa J
B npucyreteun HyO pesko
MeHsAOTcs. Tak, npH jaBJe-
gun  napos  H,O BmIe !
1400 wrc/cm? (1 xrcfem?=  ms0f
=9,81-10* [la) Temmepa- Bl it
Typa MJaBJeHHsi KBapua mno- - 4 Kosour
Huxkaerca noutH Ha 600 °C, 4 .
NoJs  CYLIeCTBOBAHHS KpH- /
crobajuta H  TPHAHMHTA ’
CHJBHO COKpawaioress  TpH- !
JUMHT MOXKeT KpPHCTaJlJH30- h’uaxmfaennepa-,&
BaTbCs M3 pacnJjasa-¢Jio- Rypsiabopy )
uiaa, Munya ¢asy xpucroba- I
Jauta. Bce 3TO rOBOpHT, 4TO  S00- i
B BOMHOIl Cpefe PacTBOPH- 1)
MOCTb KpeMHe3eMa pacTeT &
C JaBleHHeM H MNO3TOMY  ,..| / I
TeMnepaTypsl KpHCTaJJIH3a- )
IHH B 3THX YCJOBHSAX H TPH- 1
IHMHTA, H KpHcrobajauTa it
MOryT Kosebathcsi B mpele- BN S T i
Jax COTeH I'pajycos.

PacTBopuMOCTE  KpeMHe-
13.6. O6aactH yCTOMYHBOCTH pAasIHYHBIX
3eMa oOueHb CHJBHO BO3PAC-  yonpdukaumit kpemuesema [Topomo H. A.
Taer B IIEJOYHBIX pacTBOpax " ap., 1965 r.]

(pur. 13.7), a 3TO TOBOPHT I — KBapy — KOSCHT; 2 — KOSCHT —> KBapy; 3 —
O TOM, YTO B NMPHPOJe TaKue kBapl Ge3 uaMmeHeHHfi; 4 — Ko3cHT Ge3 HaMeHeHHM.
pacTBOpHl ABJAIOTCA OCHOB-

HBIM TlepeHOCYHKOM KpeMHesema. [lostomy Besikas Ksaplesas
JKHJla yKasblBaeT Ha y4YacCTHe B ee OﬁpaSOBaHHH T€éX HJIH HHbIX
menoueil. Illenounas cpena OGaaronpHsATHA Takke H JJs IOJH-
MOp(gHLIX npeBpauleHuii KpemHesema. O6G 3TOM MOXKHO CyAHTb IO
IKCIIEPHMEHTY, Korja B mienouHom xe pacrtsope (0,077 u. KOH)
npu jgasjeHuH okoao 100 xrc/em?, co3paBaeMoM a30oTOM, NPH
131,182 u 278 °C B aBTOKJaBe aMOp(HHII KpeMHeseMm Obla mocie-
JOBaTeJbHO INpeBpalleH cHayajJa B HH3KOTeMIepaTypHBLIH KpHCTO-
0aJuT, 3aTeM —B HH3KOTeMnepaTypHulii kBapy [Mizutani S.,
1966 r.].

H3BecTHO, HaKoHell, 4TO OKHChb Si HHTEHCHBHO ajcopbupyercs
(mo 98 moa. % SiO;) ruapooxucaamu Fe, Al, Mn, Mg u apyrax
METAJJIOB M3 PACTBOPOB, CHJBLHO HEJOCHIMIEHHBIX 10 OTHOUIEHHIO
K amopthHoMy KpeMuesemy. OGpasylouipecsi npH 3TOM amopduble

15001~
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TABJIMIIA 139

Monudmxaunn kpemuesema [Toponos H. A. u Ap., 1965]

Mopudpukaunsn | CHcTeMa KpHCTANIOB Taduryc Ng Np 2v ,3,";’;‘,‘&“,; %J::g%. Temneparypa npex'apar.uelma. °C
r/cMm
B-Ksapn Tpuronansuas 3epua 166 “1.54 M0 -+ 2,65 \
=5 575, GwicTpo
a-Kpapn lekcaronanpias » 1,64° " 1,863 0 (+) 2,60 J
v-Tpumumur PomGrueckas Konbesupneie 1,473 1,469 50 (%) 2,27 117, Guictpo;
JABOHHHKH 870, memnenHo
-Tpnaumu Tpn f TaGnuu — - - - 2,30
B-Tpnumur pHroHasbHa a0 Ll . } 163, 6uc1p0]
o-TpuguMuT IekcaroHansHas » e - 0 (-+) 2,30
f-Kpucro6amur  Tpuronanbuas IMcergomop- 1,487 1,484 40 (—) 2:92 1470, mex-
¢$o3sel 1O JeHHO
o.-opme 230, Guictpo
a.-KpHcroGanur KyGuueckasn OKTasapsl, 1,466 — — — 221
sepHa
Kgpapuesoe Amopduoe - 1,458 — — — 2,20
CTeKNo
1713, mennenno
Xanuenon Tpuronanpuas Bosiokna 1537 g, — — 2,55—
0,01 2,63
Koscur MonoknnnHas 1,697 1,594 61 (—) 3,01 —
Kutur Terparonansnas LEep R — 2,5 e
Crumopur PytunononoGuas 826 el e — 4,35 =




rHAPOKPEMHHCThIE OCaAKH B Teue-
HHE HECKOJbKHX [JHell pacmaja-
10Tcsi ¢ 0O6pasoBaHHeM MHKPOKpHC-
tamnoB kKeapua (mo 0,1 MMm) u
kBapuuna [Hardei U., FlehmigW.,
1970 r.]. Bce 3T0 roBoput 06 ycToii-
YHBOCTH TIPHPOAHOTO KpeMHeseMa
B OFPOMHOM TepMOJHHAMHYECKOM
noJie.

[Ipocroii, ecan cyautb no ¢op-
myae SiO,, XHMH3M KBapua n0J-
roe BpeMs CJYXKHJ NPHMEpPOM Tak
Ha3biBAEMBIX COEJHHEHH{I MOCTOsAH-
Horo cocraBa. OfHaKo MHOrouHc-
JICHHLIMH TOHKHMH H NpeUH3HOH-
HBIMH HCCJIeJOBAHHSAMH NOCJIeJHHX
JecATHJIETHII YCTaHOBJEHO, 4YTO B
NPHPOAHBIX KpHCTaJJaX KBapla
npucyrcreyer Gojsee 20 [Baauu-
guii B. C,, 1971 r], a mo apyram
nauueM 10 40 [donomanosa E. H.
# ap., 1972 r.] siaemeHTOB-IpHME-

160~ 7Y%
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13.7. «[loauGapel pacTBOPHMOCTH»
KBapua B pac-raogax kapGoHaTa
Hatpua [Byrysos B. T1, Bparos

B., 1957 r.].

ceil. B y3kux npesenax KBapll MeHsieT COCTaB 3a CUET COjAepxKa-

uixcst B Hem Al, B, Be, Ge, Mg,
H, Ga, W. U3 uux aaa Al, Ge, Ti

Ca. Ti. Fa. Mn, 'Ba L Na-ic
. Fe Li, Na, H, Ca » W noxa-

3ana [Banuukuit B. C, 1971 r.] usomopdHas dopma BXOMKIeHHS.

Hsomopdhusm B KBapue uzer no cxeme Sitt=AP++R+ wnau
2Sit=2AP+*+ R+, rpe R — Na, K, Li, a R*—Mg?*, Ca?t. Houu
Al BxoaaT B TeTpasApbl H M3MEHSIOT MapaMeTp peLIeTKH Cop, a Lie-
JIOYHBIE H IeJOYHO3eMeNbHble 3JEeMEHTH pPacho/araloTci B M0JO-
cTAX KapKacHONl CTPYKTYpPHl KBaplia H BJHAIOT Ha napaMeTp do.

[Tapamerpsr sueiikin GecnpHMecHOro KBapla, A :a=49122, c=

CrpoeHue H

TABJIMIIA 13.10

coctan meteopHoro kpatepa Puc (PPI
[Stoffler D., 1971 r.

3onbl maTamoppHsMa

Tlapamerp 1 (uenTpans-
Has)

5 (mepudepnit-
3 4 Hasn)

Pamuye, KM 1.3 1,3—1,6
ity 30—10-10°  1000—600

p, KGap* 10—5 5—1,6

Cocras Yactayno  CreKanoo6-
KpeMHezeMa  HcmapuJcs pasHas

Macca

* | k6ap — 100 MITa

1,6—1,7 1,7—=2,1 2,1—3.8
600—500 500—350 250—100
1,6—0,9 0,9—0,26 0,25—0,1
Koscur Crumoput-+  CTHIIOBHT
-+ KoscHT
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=5,4040 [Ppank-Kameneuknit B. A, Kamenues HU. E., 1974 r.].
Honyckaerca takxe [Sharp R., Pace E., 1970], uto noust Al u Mg
MOTYT OTUACTH 3aHUMATh HHTEPCTHIHAJBLHBIE NO3HIHH.

O6uee KOJTHYECTBO 3JIEMEHTOB-NPHMECEH YMEHbLILIAeTcs OT Bhi-
COKO- K HH3KOoTeMmneparypuelM kpapuam [Banuukuit B. C. u ap.,
1966 r.; Hoaomanosa E. M. u ap., 1972 r.].

Coaepxanne Al moxer pocrurats 0,05, meaoueit — 0,000n %
[Hdsna k. u gmp., 1966 r.]. Cpeanee comepmxanne Al B kBapue
marmathnueckux nopox 0,01 %, B KBapue ruapoTepMajabHBIX JKHJ —
0,025 % [Ppanx-Kamenenxnii B. A., Kamenues H. E., 1974 r.].
IMapuoe xoxpaenne Al m Li wanm Apyroro KoMneHcHpYIOUIEro Houa
NOATBEPKACHO ONMBLITOM BHIPALIHBAHHSA HCKYCCTBEHHBIX KBAplEB H
HaOJMI0JeHHAMH  Haa npHpoaubiMH ob6pasnamu [Konno Hiroshi,
1969 r.]. ITpucyrcrBue B xBapue rpynn OH ycranoBieno Meronom
HK-cnekrpockonun. PopMa HaXOXKIEHHS B KBapPIE HE3HAUHTENbHBIX
konuyecte Rb, Cs, Ca, Ba, Pb, Ag, Sn, Cu, Zn, V, Cr, Zn u U
noka He noJgyudsaa oObscHenusi. KoauyecTBo BelecTs, HaXoIf-
LIHXCS B TBEPAOM PAacTBOpPE 3aBHCHT OT TEMIEpaTypbl KpHCTAJIH~
sanun ksapua [Keith M. L., Tuttle O. F., 1955 r.].

Hrak, coctaB kBapua MoxKeT ObITh BhIpazkeH ciaeaywoulefl dop-
MYJ10i: : i

Si O,
A+ OH
Ti*+ F*
Ged+
Fe?+
Mn?+
B3+
We+

Kak yxe ormeyasoch Bbille, NPHCYTCTBHE B CTPYKType KBapua
Al W JApyrux TpexBaJIeHTHHIX 3JEMEHTOB Tpe6yeT HJIM HaJHYHS
sneMmentoB-komnencaropoe (Li, Na, K, H), uau oxnoepemenuoit
zamensl O rpynnoit OH.

Korpa Si samemaerca Ge [Bamuukuit B. C. u ap., 1969 r.],
B KHCJEIX CpPeJaX BO3HHKAlOT IEHTpH okpacku thna Ge-+e +HT,
B wenounoit cpege Ge-+e~+Lit, Na*. Ilpoton u wmonw Lit nam
Na* wurpaor poJb 3apsJOBLIX KOMIIEHCATOPOB 3JEKTPOHOB, JIOKa-
JausoBanublx Ha Ge

KBapu nsnaBna paccMaTpHBaJjicsi KaK XapakTepHblil Tunomopd-
ublit munepan. A. E. ®epcman [1960 r., c. 314] nucaxa: «...KBapu
npejacrasaser coboil 3aMevaresbHbIl THNOMOPGHLI MHHEpaJa, KO-
TOPHIi CHIIPA@T OrPOMHYIO POJb B NOHCKOBOH H pa3BeJoYHOl Jes-
TEJLHOCTH, ecJqH Oyjaer H3yyeH CHCTEMATHYeCKH H yraybiaeHHO».

* Bxoxnenne F B xBapu ormeueno B. U. [Mapamuunwmim [1980], B. C. Ba-
JHUKHM M Ap. [1974 r.].
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Onuako AJHTENbHOE BpeMs THNOMOP(H3M 3TOT CBOAHJCH K 00b-
SICHEHHIO SBOJIOLHH (POPMBI KPHCTAJJIOB, LBETa, 3aKOHOB JBOHHH-
KOBaHHs, TPELIHHOBATOCTH, NPHPOJABI 30HAJBHLIX OKPacok, (anTo-
MOB, Pa3JHYHLEIX BKJIOYEHHH, ABJCHHH 3a/1eYUBaHHA 1 PereHepauuy.
Orpomuasi nuTepaTtypa, NOCBSIlEHHAst 3THM Bompocam, o6oGiieHa
H JOTMOJIHEHA OPHTHHAJbHBIMH Hceneaosanusimu B Tpyrax K. ®pou-
nena [Mana k. u ap., 1966 r.], JI. H. Xerunkosa u ap. [1971 r.],
B. C. Banuukoro [1972 r.], I. I'. Jlemmaeiina [1973 r], K. E. Ka-
menuesa [1965 r., 1967 r.] u ap. B macrosuiee Bpems Gaarogaps
BHEAPEHHIO B NPAKTHKY MHHEpaJoro-reOXHMHYeCKHX Hec/e oBanHuil
cospemennuix Merogos (ITA, 3P, UKC u ap.) ocoGenHo HH-
(OpPMATHBHEIMH THNOMOPG®HBIMH CBOHCTBAMH OKa3aJHCL: TemIe-
patypusie s(dekTst npu P—a-npeppamennax [Keir M. JI,
Tarra O. ®., 1954 r.; Buicrpukos A. C., 1966 r.J; usomopdusm
Si==Al kak reorepmomerp [Dennen W., Quesada A. 1972 r.J;
cBA3hL 3HaueHHii mapameTpoB ap* ¢ mpumechio Na, Ca, Fe, Mg,
a co—c comepxandem B TBepaoM pactBope Al [Kamenues M. E.,
1965 r., Frank-Kamenetsky V. A., Kamentsev I. E., 1968 r.}; coc-
Tosuue cBa3H Al—O u konuentpauus AlO,-TeTpasapoB A5 OUEHKH
KHCJIOTHOCTH — II€JIOYHOCTH CpeAsl MHHepasnooGpasoBanus [Matpo-
cos M. M. 1977 rl]; 3sHaueHHe JH3JIeKTPHYECKOil MOCTOAHHOI
vV KBaplla pa3Horo reHesuca u Jp.

B. H. MNasaumun [1980], ocobenno petalbHO H3YYHBIIHH THIIO-
mopduam KBapua, mumer: «Tunomopdubie ocobeHHOCTH KBapua —
3T0 Tpexkjae Bcero (Mo eMKOCTH H YYBCTBHTENBLHOCTH) MPHMECHBIE,
CTPYKTypHBIe Ae(eKTHl 1 CBA3aHHBIE C HHMH ONTHYECKHE H TEpMO-
JIOMHHECUEHTHEIE CBOJCTBA, OTpaxKamliuHe KHC/JIOTHOCTh — LIeJ0Y-
HOCTbL Cpe/bl, COCTaB, CKOPOCThL POCTa, TeMnepaTypy Cpeisl MHHe-
panooGpasoBaHnss M TOCTKPHCTAJIH3alHOHHOEe mnpeobpa3oBanne»
 Tui i d '

Uro H3BECTHO ceiluac O NpuUPONe OKpacCKH KBapua? Yxe
JIaBHO 3aMEYEHO, YTO KPHCTAJJbl JABIMUATOr0 KBapla BCTpeyarTcs
B XPYCTaJ€HOCHBIX THe3/aX CpedH TOPHBIX MOPOJ C MOBBIIIEHHBIM
conepxanuem rannoseMa [dmxun B. 10, Jlykames A. H., 1968 o]
JeranbHbBIMH  HCCJE0BAHHAMH YCTAHOBJIEHO, 4YTO JAbBIMYaras OK-
packa BO3HHMKAeT NpH 3aMemleHHd nonoB Si*t momamu AP+ ¢ kom-
nencamueil HeJAOCTAOLIEro 3apsja NapaMarHuTHRIM uHentpom O,
cTabHIH3HPOBAHHBIM TNpenMyecTBenno Na®, pacnojaraiouinMes
B CTPYKTYPHBHIX Kanajax kBapua. [Ipu manuunn B KayecTBe cTabH-
anzatopos Nat, Lit n H* uHTeHCHBHOCTL ABIMYATOl OKpAacKH ma-
JaeT ¢ yMeHblleHHeM cojepikanus musomopduoro Nat [Hosoma-
wosa E. M. u mp., 1972 r.]. JuMuatyio OKpacky BLI3LIBAIOT TakKwkKe
panmauus Beicokoit sueprum [Kohn H. W., Benjamin B. M,
1961 r.], snekrpusaumus [Sietz 1, Hanisch M., 1960 r.], a no nawu-

* [IpumecH, yBeJHYHBAWIUIHEe NApaMeTp 4, B CBOK OdYepelb BJHAIT H Ha
TemnepaTypy f-—a-nepexofa [Byazakos H. B, Taepwouenkos ®. I, 1972 r.)
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D ew! 13.8. CrekTpol ONTHYECKOTO TOTJONIe-
HHA UHTPHHOB B yJabTpadHOJETOBOM W
o BHAHMON o6aacTaXx (no Baaunkomy
16+ B. C., Jlucuuwmmoit E. E. [1981 r.]).

I — nuTpuH, NOAyYeHHBIH MPH  Y-06ayuelHm
NPHPOAHOTO CpelHe- M  HH3KOTeMOepartyp-
HOTO GeclBeTHOTO KBapma (moaa obayuens
10°P); 2 — uuTpuH, noayyeRHEt npH o6-
JKHIe MPHPOJAHOrO MOPHOHA MpPH TeMmnepa-
Type 400 °C, 3 — McXOAHBIA MOpHOH; 4 —
CHHTETHYeCKHH <«KeJe3HCThifl» UHTPHH, 5 —

GeclBeTHbIA KBapil,

! 1 1 1
200 J00 400 500 600 700 800 HM

oM A. M. Cepe6pennukoBa [1974 r.| — pactBopsl, GoraTkle mie-
jgouyamu Ti, Fe, Al

lony6oil KBapi BHIpAmHBAIOT H3 PACTBOPOB, cojepkamux Co
u Al [Wood D. L., Ballman A. A., 1966 r.]. AMeTHCTOBHAHAS OK-
packa cBssbiBaercss ¢ mpucyrcrBuem Fe [CepeGpennukos A. H.,
1974 r] um mocienyomuM pagHoakTHBHEIM o6ayuenneMm [Chu-
doda K. F., 1961 r.; Dennen W. H., Puckett A., 1972 r.]. Okpacka
NPHIHCHIBAETCs Mepexony ¢ nepenocom 3apsiia Fett 4+ OQ2——Fe3+ 40—
[Lehmann G., Moore W., 1966 r.]. Llurpusosas (30/10THCTO-}Ke-
Tasi) okpacka (¢ur. 13.8) BO3HHKAeT mpH pocTe KBapla H3 HH3KO-
Temnepatypubix (265—285°C) pactBopos, o6oramenusix Li [Byka-
Hos B. B., Mapkosa I'. A., 1969 r.; Cepebpennnkos A. U., 1974 r.].
3ameueHo Takie, YTO THI CBA3H TPEXBAJEHTHHX NPHMECHEIX HOHOB
3aMETHO BJIHSET Ha cTeneHb okpacku kBapua [Kohn H. W., Benja-
min B. M,, 1961 r.].

Orpomnas norpe6HOCTh B KBaplle H OrPaHHUEHHOCTb NPHPOA-
HOTO NLe30CHPbsA NOGYAHIH MHOTHE CTPAaHB HAJaIHTh HCKYCCTBeH-
HOE BEIpAUIHBAHHE €ro KPHCTAaJJIOB C 3aJlaHHBIMH CBOKCTBAMH (He-
C/IBOHHKOBaHHbIE, CBOGOAHBIE OT BKIIOYEHHH HT.1.). B nacrosuiee
BpeMsi TNpPOMBIlLJIEHHOE BhIpAlllHBAaHHE KBapua JOCTHIVIO BbICO-
koro cosepmenctBa [Byrysop B. Il., 1961 r.; Baauuxuit B. C.,
1972 r., byrysos B. IL. u gp., 1972 r.; Rhombohedral quartz
crystalls. .., 1970 r.; Otomo [3wou, 1968 r.; Huk Ch., 1962 r.;
Rudd D. W, Lias N. C., 1967 r.]. [Toayuennsie Kpucraans pas-
Hoo6pasuofi OKpackH, Bblpaulennsie 3a 20—40 namelt, gocTHraioT
Maccst 800 r.

Ha npomecc pocra 0KasbiBalOT CYILIECTBEHHOE BJHSHHE: KOH-
UEHTpalus H THN pacTBopa®, pacTBOPHMOTh KpeMHe3eMa, Temie-
paTtypa 30HB pocTa KpHcTaana **, naBieHHe, PasHOCTh TeMmepa-

* HanGonee 3naunTe/bHOE YBEJHUCHHE pPOCTAa KPHCTANNOB KBApua Ha-
Gmionaercss npu jgoGaeke coueit Li [Rudd D. W., Lias N. C.,, 1967 r.)].

e ABTOKJABAX, 34MOJHEHHBLIX IEMOYHHIM DPACTBOPOM, NPH JAABJCHHH
soimie 750 atm (75 MIla) u rtemnepatypax B HHKHell uacTh Turas 400 °C,
a B sepxue#t 370°C npoucxoaut pacrtBopense SiO; u OT/IOXKEHHe ero Ha X001~
HOil CTOPOHE ABMXKYllefica B pacrBope 3atpaBku [Otomo Jlsion, 1968 r.].
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TYp, OpHeHTalHs 3aTpaBkH*. Bce aTH dakTOphl KOHEUHO CKa-
3BIBAIOTCA M HA YCJOBHAX o6pasoBanusi kBapua B mpupoae [Bapa-
6anos B. F., 1961, 1975, 1977].

3akaHunBasi KPaTKOE PacCMOTPEHHE TeOXHMHH BaxKHEHUIHX MO-
poA006pa3yIOWHX MHHEPAJOB, ClIeLyeT ChenaTh OAHO ob6obuieHHe.

Kak cnpasexgnuso ormeuaer JI. B. Taycom [1977 r., c. 9—10],
«TEOXHMHUECKas MCTOPHS pEeAKHX 3JeMeHTOB B Mpolleccax KpHC-
tajnusanun u AuddgepeHunanuH MarMaTHYeCKHX pacnjaBoB ompe-
JleJsieTcss ABYMsl rJaBHBIMH mpoueccaMH. OCHOBHas 4acTb aTOMOB
peaxux snementoB (Gosee 99 % uX Macchl) NPH KPHCTaIJH3AUHH
MarMaTHYeCKHX PacIjlaBoB 3aXBaTHIBAIOTCA KPHCTANIH3YIOUIHMHCH
nopogoo0pasyiouMi H aKIeCCOPHHIMH MHHEpPajaMH H 3aXOpaHH-
BAlOTCH B HHX. MeHbluas uacTh aTOMOB 9THX 3JI€MeHTOB (mO-BH-
numomy, ne Gosee 1 %), obpasylomux ROCTATOYHO MPOYHHIE COe-
JAMHEHHs ¢ JIeTYUHMH KOMIOHEHTaMHM MarM, MOXeT HaKamnjiHBaThCh
B OCTATOYHLIX pacliaBaX H BMecTe C JIETYUYHMH BLIAENAThCA B ca-
MOCTOATE/NLHYIO Mapo-rasoBylo (asy, MHIpalus BellecTBa KOTOPOit
onpejessieT sMaHalHOHHYI0 Au(QepeHIHauno MarMaTHYeCKuxX pac-
MJ1aBoB. DTHM, BEPOATHO, 0OBACHACTCA TOT (aKT, YTO NPOMBILIJIEH-
Hble KOHUEHTpannu B 3eMHO#l kKope oGpasyior Bcero 0,01—0,02 %
Bceft Macchl PyAHBIX 3J€MEHOB».

Ho yxe W3 aTOro cjeiyerT HCK/IIOUHTENbHOH BaXXHOCTH NpPakKTH-
ueckuii Bompoc. Ecau 99 % penkux s1eMeHTOB paccesHbl B TOPO-
1000pasylomnX MHHepalax, a Bce NPOMBIILJIEHHBE KOHUEHTPaUHK
PeAKHX 3JeMEHTOB B 3€MHOi KOpe COCTAaBJAIOT JHIIbL COThHIEe LOJMH
(IPOUEHTA, He MPEeACTaBJSIOT Ju co60¥ mocnegHHe HTOr, Pe3yib-
TaT HEMPEpHIBHO HAYUIHX B 3€MHONl Kope NpOIECCOB H3MEHEHHS,
3aMellenns, npeBpaIieHns, nceBIoMophusaliu nopoaoo6pasyoiunx
MHHEPAJOB TpPH TOCTMArMaTHYECKHX TIHAPOTEPMAajbHBIX Ipolec-
cax, NnpH MeraMopdH3Me HJH IPH TpoleccaX BLIBETPHBAHHA W
JIHTOTeHe3a.

OteeroM Ha 3TOT Bompoc OyAeT paccMOTpPeHHe HCTOPHH Belle-
CTBa 3eMHOIH KOPHl TpPH THAPOTEPMAJLHBIX Tpolleccax, a TaKKe
UpH npoieccax MeramopgpHnsmMa u ocaikoo6pasoBanus.

* BeajedeKkTHHe KpHCTAMIBl B IIHPOKOM HHTEpBaJe TeMnepatyp M nepe-
CLIIEHHI MOMHO BHIPAUMBATL JHIWIL Ha poMGO3APHUECKHX  3aTpPaBKax
[Xaaxu B. E., Jlerakos M. B., 1968 r.].



Fnaea 14

FTEOXUMUA TPAHMUTHBIX NMErMATMUTOB

BHMMaHMe K rpaHWTHBIM nermaturam obycnoBneHo ux
OrPOMHLIM MPOMBILLNEHHBIM 3Ha4YeHHEM W rNyBWHOIMA
Bbi3bIBAEMBIX MMM HayyHO-TeOpeTHueckux npobnem. . .

A. E. Pepcman, 1938

Tepmun «nermatut»> BBen B nayky P. JK. Awou (1743—1822),
(IOHHMASH €ro KaK «IIAaCTHHYATHIH MOJIEBOIl IUNAT ¢ BKJIIOYEHHAMH
KpHCTaJJ0B KBapua». CaMoO CJOBO nerMaTHT B MepeBOje ¢ rpeue-
CKOro O3HavaeT MPHMEPHO <«KPENKOCBSI3aHHbIH, CIJIOYEHHBIit», u6O,
B3aHMonpopacras, KBapl M MOJ€BO{ IINaT B FPAHHTHLIX NerMarH-
Tax Ka3aJHCh HEPaCTOPKHMBIMH.

Hctopust H3yueHHs nerMaTuToB KaK TeOJOTHUECKHX — Ted
8 XIX B. cBssaHa c mumenamn A. Jleaecca, P. Illapuuepa,
B. K. Bpérrepa (1851—1940), K. I'. Posen6yuma (1836—1914),
H. T. JI. ®orra (1858—1932). 3zech HHTEPECHO OTMETHTH, YTO yiKe
Bpérrep npuumies K 3aK/II0YEHHIO, UTO «COCTAB MErMATHTOBBIX IKHJI
10 CBOeMy OAHOOGPA3MIO... OTBEYAET... COCTABY TeX KPHCTaJ-
JIHYECKHX MOPOJA, ¢ KOTOPHIMH OHH T€HETHYECKH CBS3aHEBI».

B XX B. uccienoBanusim nermatutoB B CCCP nocBATHAN MHO-
rue roae A. E. ®epcman, C. M. Kyp6aros, [I. C. Kopkuuckuii,
A. H. 3apapnuxnii, K. A. Bnacos, B. JI. Hukurun, C. A. Py-
Aenko, A. M. T'mus6ypr, H. A. Coaomoe, I. T. Poanonos,
B. M. IlImakuu. M3 sapyGexHbix HCciefoBaTeseil HeAb3s He OT-
metuth @. Xecca, K. Jlenaca, B. Ileanepa, E.  Kamepona.

Hcropusi  usyueHHs merMaTHTOB moApoGHO  paccMOTpeHa
M. B. Kysomenxo (1971) u asropom [BapaGanos B. ®., 1977],
3[1eCb OTME@THM JIHILIb, YTO 0CO0eHHO IYGOKHI HHTepec HCC/IefoBa-
TeJIel MerMaTHTHl BBI3BAJH NMPHMEPHO MOJBeKa Ha3ajl, KOraa Mos-
BHJach nepsas oGofmaioias pabora mo nermatutam Pepcmana
[1931 r.].

Huxe namu GyAyT paccMOTpPeHBI JIMIIL MerMaTHTHI IPAHHTHOIN
Marmel, XOTSl CJEAYeT [OMHHTb, 4TO MErMaTHTHl CBOHCTBEHHBI H
CPeHHM, H OCHOBHBIM, H IIE/JOYHLIM MOPOAAM.

Cpean rpaHHTHBIX NErMATHTOB HCCJIeJAOBATENH H3A4BHA Bhije-
JAJH XapakTepHele THNe. Tak, Bepuagckuil eme B 1914 r. BH-
AGMHI THN TPaHHTHBIX merMatutoB ¢ U, Th, Nb u Ta u sropoil
than ¢ Cs, Rb, Li, Be, B u nocraBua Bonpoc: «He IBASIETCS JIH 3TO
aposiBJieHHeM Oo6ulero sBJeHHs — JABYX PA3HBIX MPOLECCOB MerMa-
THTOBOTO pacllenJieHHst BCAKON FPAHHTHOH Marmbl, WJIH Mbl HMeeM
3JI€Cb NPOSIBNICHHE Pa3HOrO XHMHYECKOro Xapakrepa marMm?» [Bep-
Haackuit B. H., 1914 r,, c. 1353].
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UYepes necsats get ana 3abaiikanbsas BepHaiackuil BIeNHa Tpe-
THIi THI NErMaTHTOBBIX KM/, HAa3BAB XapaKTepHLle JJsl Hero 3Je-
menth: W, Sn, F, Mo, Li, Bi, Al, Be [Bepnaackuii B. H., 1923,
c. 129].

Bepnazacknii gajg H XapaKTepHCTHKY XHMHUECKOTO COCTABa Mer-
MAaTHTOB B I€J0M, OTMETHB, 1) UTO B IEerMaTHTOBLIX JKHJIAX PELKO
BCTPEYaloTCs THAXKeJLe MEeTaJJbl, CTOb XapaKTepHble IJIf KHJ,
00pA30BaHHBIX BOLHEIMH PacTBOpaMy; 2) 4YTO JUisi NErMaTHTOB Xa-
paKTepHb:

a) “0, Si, Al, Fe, Mg, Ca..., T. . Te, 4T0 BXOMAT B COCTAB:
JKHJIBHBIX MHHEpAJIOB H Tesa JKHJI;

6) F, H, Ti, Li—B cocraBe xKHJIBHHX MHHEpAaJOB Hrpalollie
60BIIYIO POJb, YUEM B TENE JKHJ;

B) Bi, Li, B, F, H, P, As, S, Cl — ykaspiBawuiHe Ha poJb ra-
3000pa3HBIX TPOLECCOB IIPH 00pA30BAHHH 3JKUJILHHIX MHHEpPAJOB;

r) Cs, Rb, Tl, Be, Ta; Nb, Zr, Th, U; Sn; W, Mo, V, In, 5S¢,
Y, TR, He—oueHbp XapakTepHble 3JIeMEHThl NErMATHTOBBIX XKHJI.

Beprazackuit Takxke ormeuas [1923, c. 129]: «XapakrepHo na-
XO0XKJeHWe BOJOPOAa B BHAe THAPOKcHJAbHOW rpymnnel (HO)
B OUCHb MHOTHX H3 3THX MHHEPaJOB, UYTO YKAa3bIBAeT Ha 3HaTe-
HHEe MapoB BOJAHB NpPH HX ob6pasoBaHHHN» (paspsaika
Mosi. — B. B.).

Kaaccudukannein nermaTuToB KpoMe Beprajackoro sannmaluch
MHOrHe Ipyrue HccaejoBarens. IlepBoii moctatouno o60CHOBaHHOI
onna kaaccupukanus A. E. ®epcmana, paspaboTaHHas HM
B 1929—1938 rr. B nacrosimiee BpeMs BHIACJIAIOT NErMaTHTHL:

1) camodonochete. Ouu dopmupyloTcs Ha TayOHHAX CBBIIE
6 KM H COCTOAT H3 IJIaTHOKJIA3d, MHKPOK/HHA, KBAaplla, MYCKOBHTA,
6uoTuTa, WepJja, rpanara, anarura, Oepuiasa. Bauskwe no yemao-
BHAM 00pasoBaHHs NErMaTHThI, COCTOSIIIHEe B OCHOBHOM H3 I0JIEBBIX
HINATOB H KBaplla Ha3HIBAIOTCS KepamuyecKumis;

2) pedromerarsuvie. OHH oOpasyioTcad Ha raybunax 6—4 KM
OT NMOBEPXHOCTH M COCTOAT H3 MHKPOKJHHA (HEpeIKO aMa30HHTA),
KBapua, aJbOHTa, CMOAYMEHa, MYCKOBHTA, Jenuiosuta, Oepuija,
IBETHHIX M TOJHXPOMHBIX TYPMaJHHOB, KOJyMOWTa, TaHTaJHTa,
KaCCHTEpHTA, MOJJYIHATA, ToNa3a u ap.;

3) xpycraJjenocHble, oGpasywouiHe eme OJHXKe K MOBEPXHOCTH
(4—3 xm). OHM cocToAT M3 MHKPOKJIHHA, aanbuTa, KBapua, Myc-
KOBHTa, GHOTHTA, a B TOJOCTSX — 3aHOPHILIAX — M3 TONasa, loBe-
JIHPHOTO 30JI0THCTOTO Oepuia, OnTHYeCKoro (JoopuTa, aMeTHCTa
H IThe300T THYECKOTO TOPHOTO XPyCTaJs.

MunepaabHBIH COCTAB TPAHHUTHHIX IErMaTHTOB BecbMa pasHoO-
ofpazen. B obuiell CcJ0XKHOCTH B IPAHUTHHIX TMErMaTHTaX H3BECTHO
dosee 200 munepasos.

CyutecTBO  (PH3HKO-XHMHUeCKHX npeiacrapienuii Hurram u
dorra, noaoxeHHsx GepcMaHOM B OCHOBY €ro reHeTHUeCKOH KOH-
HENIHH POHCXOMKACHHS TerMaTUTOB, NOJPOOHO PACCMOTPEHO HAMH
B apyroii paborte [bapa6anos B. ®., 1977]. Tlostomy ocraHOBHMCSE
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14.1. Teoxnmuyeckas Auarpamma A/ NErMaTHTOB.

3JieCh JIMIIb HA TaK Ha3blBaeMoil reOXHMHYECKOH AuarpaMme mer-
MaTHTOBOIO Mpollecca.

lFeoxumuyeckass Anarpamma Pepcmana s TPaAHHTHBIX Terma-
THTOB (Qur. 14.1) meaut npouecc HOPMHPOBAHHSA WX Ha ITalbi:
MarMaTHUYeCKHil, 3MHMarMaruyeckui, MHEBMATONMUTHUECKHH H THA-
porepmanbHbiil. JTansl Aensitcs Ha reogassi: A, B, C, D u t. 1.
leodasam cOOTBETCTBYIOT onpeje/ieHHble 3HAUEHHS TEMIIEPaTypHL.
Hs aunarpammer caenyer, 4to (pOPMHpPOBAHHE TPAHHTHBIX MErMaTH-
TOB B OCHOBHOM IPOHCXOAHJIO B MO3JAHEMArMaTHUECKYI0 H IMHEBMa-
TOJHTHYECKYIO cTagHio npu Temnepartypax 800—500 °C. M3 stoii
AHarpaMMbl cjeayeT JaJjee, 4TO TaKHe MHHEpPaJbl, KakK ypPaHHHHT,
anaTHT, OPTHT, TYpMaJiHH (IIepa), rpaHaT, MYCKOBHT H HEKOTOpbIe
Apyrue, oGpasoBaJuch oveHb paHo, B reodpasst B u C, samoaro
Z0 KPHCTAJJIH3ALHH TJ1aBHOM MacChl MHKPOK/JIHHA H KBapua. JTHM
noAuepKHBaJoch orpomHoe 3HaueHHe BeicoKHX K Y, Zr, Ce, P,
U, Fe, BXoAsImHX B COCTAB NMEPeUHCJICHHBIX MHHepaaos. JlnarpaMma
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OTBOAHT BeCbMa CKPOMHYIO POJib THAPOTEPMAJbHOMY IIPOLECCY.
B reodasst H—K o6pasyercs jHib HeGO/IBLIOE KOJIHUECTBO JIbIM-
yaToro KBapua, aJb0uTa, NHPHTA, KHAbOCPTHTA, KAOIHHA, KaJb-
I[HTa, CKaNoJInTa.

Hpen depcMmaHa NoJyyw/H pasBuTHE B TPYAax K. A. Bnacosa
[1965 r.. Onnako B HeJOM NOCJEAYIOLIHE HCCAeNOBaHHA MHHEpa-
JIOTHH M reOXHMHH MerMaTHTOB, BHECS MHOrO HOBOTO B IO3HalHE
reHesuca STHX MHHEpaJbHBIX TeJ, MNOKa3ajH HeCcoCTOsATeNLHOCTD
OCHOBHBIX MNOJIOKEeHHH runoressl @Pepcmana H Npexae BCero ero
«TeOXMMHUECCKHX AHarpamm». Jleno B TOM, 4TO BCSl IpadyHpOBKa
nuarpamm y depcMaHa NMOCTPOEHA HA JBYX penepax: TeMmepaTyp-
HOM mepexojfe P-KBapua B o-KBapil IHpH 573°C H KPHTHYECKOIt
rouke Boxsl (374,3°C). ®epcman cydTaj, YTO TOUKA, PA3ACAI0-
mas reodpasst C m D, cooTBeTCTBYET BepxHel KPHTHYECKOH TOUKe
Q nuarpamms @orra—Hurrau. Ona 3HaMEHyeT MNepeXoi Tpex
dasnoit MarMaTHYeCKOi CHCTEMBI B HaAKPHTHYECKYIO (haronaHyI0)
cuctemy TBepaas ¢dasa—ras. PepecMan nucal: «Besa ob6aacTh Tpex-
$asHbIX BHCOKOTEMIEPATYPHBIX CHCTEM JIEXKHT B MoJe a-KBaplla,
4 Bech MHEBMATONHTHUEGCKHH mpouece mexay Q u P B oGJiacTH
yerofiumBoctn p-kBapua». Onnako mepexox f-kBapla H o-KBapiL
npu 573°C orBeuaer AABJICHHIO 1 atm (=10°% Ila). Tosbimenne
JKe [aBJeHHs, Kak 3TO H3BECTHO CO BPEMEH pa6or P. TI'mGcona
[Gibson R, 1928 r.], noBbiuiaer TOUKy nepexoia, # NpH JaBJIeHHH
3 TeC. aTM, 4TO OoTBeyaer ray6une 10 KM, TOuKa nepexoja noAHH-
maercst no 643°C, a mo pauueMm X. C. Flonepa, [1954 r], n no
653°C, 1. e. yBeanunsaercs Ha 70°C. Kak e ysHaTh, IpH KaKoM
naBjennn GopMHpOBanach JAaHHAS NMErMaTHTOBAs xuna? Ho paxe
ecJIH OTBETHTH Ha STOT BOMPOC, Mbl HE MOTJH Gbl YCTaHOBHTL rpa-
wun mexay reopasamu C u B, B 1 A, DnE, EnF,FnrnG
H60 HHKAKHX OOBEKTHBHBIX FeOXHMHYECKHX NAHHBIX AIA HHX TH-
noreza PepcMana He NPHBOAHT.

Eme xyxe OOGCTOHT [1eJ0 CO BTOPBLIM penepoM — KPHTHUECKOIT
roukoii Boas — 374,3°C. Takas ToYKa, AeHCTBHTEJLHO, CYUIECTBYET
Y AMCTHJITHPOBAHHOH BOMBL. Ho Bean nerMaTHTOBHI PacTBOpP Ha-
CHIIIEH PA3JHYHBIMH COeHHEHHSIMH H rasaMi. W3 ¢dusnueckoi Xu-
MHM H3BECTHO, YTO MHOTHE COEJHHEHHS NOBHIIAIOT TeMIepaTypy
mepexoia B HaJKPHTHYECKOE COCTOSHHE. Hanpumep, XJOPHCTHIF
HaTpHil, eCH OH CONEPIKHTCS B KOJHYECTBE BCEro JHIIb 5%, no-
BHIIIACT KPHTHYECKYIO TeMmeparypy BOABI Ha 50°C. o naHHBIM
M. M. Pasuua [1952 r.], «B HacbLIUIEHHEX BOAHLIX pacTBOpaX KCl,
NaCl, KBr kpHTHUECKHE SIBJICHHSI He HMEIOT MecTa HH INpH KaKHX:
remnepatypax». [TosToMy, He 3Has KOHIEHTPallHH BEIECTBA B pac-
TBOpE, H3 KOTOPOro (OPMHpYyeTcs NerMartut, NpHHHMATDH KPHTH-
yecKyio TOYKY ero Ha AHarpamme 3a 400°C mnenonyctumo. Pepc-
vaH M caM TOHMMAJ NIATKOCTb CBOEji TeMmepaTypHoil rpaiaiu
[erMaTHTOBOrO TNpoLecca M, JOBepsis JHIUIb TOUKe HHBEPCHH
KBapla, Npeaynpexaan: «Touka rpaHHIbl reopas C u D... co-
BeplIeHHO ONpejeNenHHa H rpajayupyercd, He BO36YyK/Aasi COMHEHHH
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B ee ToyHocTH. [opasio xyxe o6cTouT nenao ¢ rpa-
AYHPOBKOH APYruX Touek» (paspsiaka mos.— B. B.).

Ocobenno cepbesnoii KpuTHKe Konuenuus depcMana ObIa MOM-
Bepruyta A. H. 3aBapuukum (1884—1952). CBowo KOHUeNIHIO
3aBapuLKHil NPEACTaBHI B BHAE CXeMbl H306aPHUECKOr0 OXJ1azKj1e-
HHSl CHJHKaTHOro pacniaBa. Ona paccMOTpeHa HAMH B ApYroii
paGote [Bapabanos B. ®., 1977].

[loguepkusast orpomuylo poib B (OPMHPOBAHHH [ErMATHTOB
TIEPEKPHCTA/IIH3ALHH TOPHLIX TMOPOJ TOJ BO3JAeHCTBHEM OCTATOY-
HBIX Ta30BLIX pacTBOPOB, 3aBapuuUKuil mHcas: «MBl TNPHXOAHM
K COBEpPIUEHHOMY OTPHLUAHHIO OCOOO0I NerMaTHTOBOW MAarMbl HJIH
0c060ro nerMaTHTOBOTO pacmiaBa».

[Ipu6ausHTENbHO B 3TO e BpeMs NOSBJSIOTCS nepeble paboThl
B. 1. Huknruua [1949 r., 1952 r., 1955, 1960 r.]. Cymectso rere-
THYECKOHl KOHUENUHH HHKHTHHA BHAHO H3 CJELYIONIHX €ro CJOB:
«[lerMaTHTLI CO BCEMH NPHCYNIHMH HM OCOGEHHOCTIMH CTPOEHHS
BOSHHKJIM H3 MHJABHBIX TeJ OOBIYHBIX MarMaTHYeCKHX Mopoj (rpa-
HHTOB, TPAHHT-AIIHTOB) NyTeM NEPeKPHCTA/IH3AUHH 3THX MOPOT
H HX METacOMaTHYECKOTro npeodpasoBanusl.

Passusast uaen Hukutnua, ero yuemuxkn C. A. Pynenko u
B. I1. 3yesa [1974 r.] nokasaau, uto mpouecc hOPMHPOBAHHS er-
MaTHTOB CJlaraercsl H3 TPeX MOC/eJ0BaTeJbHO NPOTEKAIOMHX CTa-
JAHH: NepeKpHCTA/JIH3ALHH, METacoMaTo3a H CBOGOLHOM KpHCTaJ-
ausanun. Ilepsasi craamnst, kak npaBuO, MHTEHCHBHO NpPOfABJIEHA
B DerMaruTax BcexX (opmaumii, BTopas —B MerMaTHTax peiKoMe-
TaabHOil QOPMANHH, TPETbA — B XPYCTaJEHOCHBIX MErMaTHTax.

Hrak, kakoB e remesnc nerMaturoB? B mnpupoje, Mo-BHAH-
MOMY, CYUIECTBYIOT NEerMaTHTHl ABYX THNOB. B OIHHX OTYETJIHEO
BHIHBl NIPOLECCH KPHCTANJIH3aUHOHHOH AuddepeHunamun marma-
TorenHoro marepuana. Takosul nmermatutsl Kasaxcrawa, Kapeann,
Koabckoro noayocrpoBa, 3abaiikanns. Bropoii THm — 3To merma-
THTHl, B KOTOPBIX INPOLECCHl 3aMEIICHHS SBJSIOTCH BeLYIIHMH.
Takosst  nermartutel  Habmenckux rop  (IOxublii Ypan),
BopuioBounoro Kpsixka H HEKOTOPHX JPYTHX paiiOHOB. ITostowmy,
KaK MO COCTaBy H CTPOEHHIO NMErMATHTHl HE OJXHOTHIIHBI, TAK, BEpO-
AITHO, HE OJIMHAKOB H HX TeHe3HC.

K TakoMy e 3aKIIOUEHHIO NPUXOAAT H APYTHE HCCJAEA0BATEH
nermatutos [Poauonos I'. T., 1974 r.].

PEJIKOMETAJIBHBIE TIETMATUTBL. Ouu 3amerso orinua-
I0TCS OT JIPYTHX TPAHHTHLIX NMErMaTHTOB LIHPOKO MNPOSABJICHHBIMH
TpolieccaMi 3aMeulenHus, MHOroo6pasnoit MHHepaaH3aluell H Apy-
THMH 0COOEHHOCTSIMH.

[Ipombiniiennoe sHauenHe peAKOMETANbHBIX MErMATHTOB ONpe-
JejsieTcss MHOTHMH (DakTOpaMH H B HX UYHCJIE TeOJOTHYECKHM BO3-
pactom. Corsacio H. A. CononoBy u JI. A. 3axaposckomy [1968r.],
or 72 no 90 % Bcex 3anacos Li, Rb, Cs, Ta, Nb u HEKOTOPBIX Jpy-
THX DPELKHX 3JIeMEHTOB NPHXOAHTCA Ha NErMaTHTH J0KeMGpHS,
or 10 10 20 % ux cBA3aHO ¢ NMANCO30HCKUMH NEerMATHTAMH H JHIIb
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1—10 % npuxoasATca Ha Me3do-KafiHozolickne o6GpasoBanus. [lo-BH-
JUMOMY, MpPOLECC CTAHOBJEHHS JAPEBHHX [PAHHTOB, T€HEPHPYIOLIHX
MEerMaTHTOBLIC PACNJABH-PACTBOPH, MNPOTEKal B OTHOCHTEIbHO
CIOKOHHBIX YCJIOBUSIX, AJIHTE/ILHOE BpeMs, MOITOMY <«BLI3peBanHe»
IIErMATHTOBLIX 04aroB B JoKeMOpuu jpocturaso GoJee BHICOKOI cTe-
HEHH.

MunepaJsiorusi peAKOMeTalbHBIX [erMaTHTOB upe3Bbiyainno 60-
rata. Hampumep, CNOAYMeHOBHIE MErMaTHTH, N0  JAAHHBIM
H. U. T'nuz6ypra [1959 r.], cocroar us, 06.%: keapua 24—49,
naaruokaasa 21—40, cnogymena 3—51, cBeryoit caioan 3,5—14,
mukpokntuna 0—8, wmepaa 0,5—3,9, anmarura 1—2. B cnogymeno-
BHIX [MMErMaTHTax BCTPevaroTcs Takxke (DI0OpUT, (Qepryconur
YNbO,, xonym6ur, ratueronur (U, Ca, Ce)o(Nb, Ta);,06+ (OH, F),
xoamkBueTuT Lip (Mg, Fe)aAlySigOg (OH),, cumepur, KacCUTEPHT H
MHOTHE ApYrHe MuHepasbl. ['a3oBo-KuAKHE BKIOYEHHS B 3THX MH-
Hepanax comaepxar CO,, CH, HCO;-, Cl-, SO, Ca, Mg, Na u
Ap., T. €. CBHAETEJNBCTBYIOT O TOM, YTO PacTBOPH, y4acTBOBABLIHE
B (OPMHPOBAHHH MErMaTHTOB, OBUIH CHJBHO MHHEPAJTH30BAHHLIMH
[Mlemyaun, T'. K., 1961 r.].

Muorue peiKoMeTaJbHLIE IErMaTHTLl SBJAAIOTCH BMeECTHJIHILEM
AparoueHuplx Kamueil. Tak, BCeMHPHO H3BeCTHble JHTHEBBIE [er-
matutel Ilana (Kaangopuus, CIIA), nacuureiBalomue Goaee
400 xun [Snyder D., 1962 r.], comepxkaT jAparoneHHsie akBamapHH
H MOpPraHut (pO30BO-KpacHEIi Gepu/i), MOJHXPOMHBIE TYpPMaJHHbI
(py6enanTsl, APaBHTH, HHAMFOJHTHL W J1p.) ¥, po30BO-cHpeHEBbIIT
NpO3pauHbBlil CnoZyMeH (KYHUMT) ¥ MHOTHe apyrue. Cpeln MHHe-
pPaJioB peiKoMeTaJ/lbHBIX NerMaTHToB ocobeHHo MHoroo6Gpasnel doc-
dare. Tak, Toapko B mnocieaHue roabl B nermarturax Ilanepmo
(Hbio I'smnmmup, CIIA) u Munac JKepafic (bpasunus) ** onucaust
[What’s new in minerals, 1973 r.; Cassedane J., 1981 r.] creayio-
ue ocdarni: B ITenepmo — Bumitoknt Cag (Mg, Fe?t) H[PO,);,
UHIAPEHHT (Fe2t, Mn) Al[PO4](OH) .« H0, najepMouT
Li;SrAl;(OH) PO}, 6nspebour Ba(Mn, Fe?t),Al,(OH)3[PO4]s,
wrpysunt (creBaptur) Mn?tFe+ (OH)[PO4): - 8H,0, w™oHoOK.,
JaYIUT Mn2+Feg#+ (OH) 5[PO,); - 8H;0, TPHKJL., GepayHuT
Fe**Feg?t (OH) s[PO4s - 4H.0,  metactpenrur  FedH{PO,] - 2H,0,
nxaxusut  (kcanrxoxcenut)  (Ca, Mn)MgFe*+*OH[POy], - 4H,0,
xypeaayaur (Mn,Fe)sHo[PO,]s - 4H,0, meccennt Ca;Fe[PO,], - 2H,0,
pokGpumxkent (Fe*t, Mn)Fe®+(OH)s[PO4)s; B Munac-)Kepaiic —
tpuduann LiFe?*[POy,)], caproncun (Fe, Mn, Ca)s[PO4ls, MonoK.,

* IOpenupHble TYpMalHHH H3 nermMatHToB Aoaune [lsna  po6mBatores Go-
nee 100 mer, 3a aTo BpeMda 3jech M3pjeueHo ceuiuie 700 Kr AparomeHHOro Chpbi
[O'Donoghue M., 1979 r.]. Ha mecropoxknennn Hratuaua (Bpasuaus) HemabHo
H3BJeyeH Ty KpHcramioB pyGeasnra maccoii okono 4 T. Orjenbhbie KpH-
cTa/llbl KpacHoro TypMmajauHa B sTtoM wrtyde gocturanu 45 cm B aanny [Kel-
ler/Pi C., 1979]

** Tlermatutel Munac-)Kepaiic, xpome aparoueHHHX Kamued, paspabaThi-
BAIOTCS TAKIKE HA KACCHTEDHT M TAHTAJOBLIE MHHEPaJhl H B MeHbIIel CTeneHH
Ha cnofymed [Heinrich E. W., 1964].
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rereposur Fedt{PO,], rpadronur (Fe, Mn, Ca)s[PO4),, MomOKL.,
Boabdent (Fe?t, Mn),OH[PO,], 6epunsounr NaBe[PO,], anmoay-
JIIHT (Na, Ca, H)z(Fe*t,  Mn?t)3[POyls, aMOJHrOHUT
(Li, Na)Al(F, OH)[PO,], BuBuauntr Fe;[PO,);-8H;0, ayanamur
Fe3[POy)s - 4H,0, poxbpumxkent (Fe?t, Mn)Fes+(OH)s[POyls,
yuapapenut (Fe?, Mn)AI(OH) PO,], dochopeppur (Fe?t,
Mn)a[POqls, dochocunepur (Fe*H[PO,)) - 2H 0, pouwepur (Ca, Mn,
Fe?*)BeOH[PO4], repaepur CaBe(F, OH)[PO,, canecur
Mg[UO,[:[PO,];, naysutr  MnFe?t (OH) o[PO4)e, LHPHAOBUT
NaFe3?+ (OH) POyl - 2H,0, meccenur CasFe[PO4);-2H,0, taBopur
LiFe3+F[POy], awerunt Al (OH)3[PO4s+ 13H,0.

B aurneBblX nermMatutax H3BecTHO Oosee 20 BHCMYTOBBIX MH-
HepaJoB [Von Knorring O., 1975 r.]. 1 B ux uuc/ie Takue pejikue,
kak Oucmur BisOs;, MoHOka., cuanenut BipQs;, Ky6., Oefiepur
(Ca, Pb)Biy(COj3)20,, seitnangur (Bi, Ca)Al[POy4 SiO4;(OH)g,
Hucmoxant BiOCl, kéxaunur BigMoOs, pycceaur BigWOs, BHCMY-
torantaaut Bi(Ta, Nb)Oy, secrrpennt (Bi, Ca) (Ta, Nb),0s(OH),
nyxeputr BiVO,, pom6., kiuno6ucBanut BiVO,, MoHOKa. H 1p.

Yro e HOBOro BHECEHO B yueHHE O [erMaTHTax B LeJOM B IO-
caeguue gecATHaeTHa? OcTaHOBUMCA JIHIIL Ha HECKOJbKHX BO-
npocax.

TFTEOXMMHSY INEIMATHUTOB. l'eoxuMusi MerMaTHTOB CJOMKHA
1 moka eme cinabo paspaborana. M. B. Kysbmenxko u H. A. Couxo-
1oB [1965 r.] o6paruin BHEMaHHe Ha €IHHCTBO NpPOLECCOB, Xapak-
TEPH3YIOUIHX CTAHOBJEHHE HHTPY3HBOB H (DOPMHPOBaHHE MerMari-
ToB. Ilocaeanue, Mo X MHEHHIO, SIBISIIOTCH B 3TOM OTHOLIEHHH MO-
JeJbi0 MarMaTHuecKoro mpouecca. B Tex W JApYyrHX HIAEHTHYHBI
MexaHH3M 00pasoBaHHsl 30HAJBHOCTH H 06IIas HANPaBJAEHHOCTD AH(D-
depeHIHALHE KHCAOH Marmbl, BbIpaxalouasicsi B I0C/AeJ0BaTelb-
HOW CMeHe MJIATHOTPAHHTOB IJIArHOMHKDOKJIHHOBHIMH, a 3aTeM
MHKDOKJIHH-a/bOHTOBBIMH H CVIIECTBEHHO aJbOHTOBHIMH 00pasoBa-
HusaMu. TaM W 3/1ech B mO3fHHX (pasax yacTo MOSABJSIOTCH CHOAY-
MeH, aMOJIHTOHHT, JIHTHEBLIE CJIOABI, Gepuia M ApyrHe peaKoMe-
TanbHble MHHepasbl. B o6ouX ciyyasix — B FPaHHTOMJAAX H nerMa-
THTaxX — B XoAe AHGGepeHIHaUUH yMeHblIaeTcss cofepxanue Rb,
Cs, Tl, cumxalorcsi oTHomeHHs H3MopdHuix nmap Ca: Na, Mg; Fe,
Mg :iLi,Fe :Mn, K »Rb, 'K :Cs, K:Tl,"Rb 7 Cs, Nb: Ta..B ToM
U JPYroM CJyuYasiX aHaJOTHYHBl KAapPTHHBI METaCOMAaTHUECKHX K3-
MeHeHHI — rpeliseHH3alun, anbOUTH3ALUH | AD.

I1. I1. Bopoeukos u T. C. HUruarnesa [1969 r.] ormeruan, 49TO
B nermatutax Kapeno-Koabckoro pernoHa ¢ peakoMeTasbHEIM
OpyJeHeHHeM XapaKTepHBl OTHOCHTEJNbHO BLICOKHE COAEpiKaHHA akK-
neccopunix Li, Rb, Cs, Be, Ta, Sn, Nb, Tl. B caioxonocusix mer-
marturax xapakrepuwel Sr, Sb, La, Yb, Cr, Ni, V, a nnorza Y, Ce,
Mo u Cu.

Aunanoruunbie HaGaonenns nossoaunu H. A. Cosomosy [1969]
paccyuTaTh B TPAHHTHBIX NErMaTHTax KJAapKH AJs pAfa djaeMeH-
ToB. OHH OKasaniuch, %: Li— 0,022, Be —0(0022, Na— 2,32, K —

252



3,63, Rb—0,043, Nb—0,023, Sn— 0,003, Cs—0,0044, Ta—
0,0018, T1— 0,0002.

A. A. Beyc [1966 r.] npuiien K 3aKJII0YEHHIO, UTO yHKe [0 CO-
Jdepxauuio Ta u Nb B MyckoBHTax M3 NerMaTHTOB MOC/HEAHHE
MOXKHO pasfenuTb Ha Kepamudyeckue (Ta—3,5+0,8, Nb— 62+
+10 r/t) u peaxomeranbubie (Ta — 26+=8—49+10, Nb — 220+
+34 r/1).

10. C. Cnennes [1964 r.], uccaeays reoxumuueckne ocoGeHHO-
CTH PEJKOMEeTA/IbHLIX NMEerMaTHTOB, MPHBEJ] CPeAHHH COCTAB YeTH-
pex HX THIOB H HX MaTepHHCKHX rpaHuToB. OH 1oKasan, uTo HA
PAaHHHX 3Tamax IerMaTHTOBOTO IIpollecca OCHOBHOE KOJHYecTBO Li
HaxkamsnBaercss B BHJe cmogymena. Rb, Ga u Tl pacceusaiorcs
B CTPYKTypax MHKpOK/JIHHA u MyckoBHTa. Nb u Ta, o6pasys or-
TaCTH aKIUECCOPHBIH KOJYMOHT-TaHTAJIHT, PAcCeHBalOTCsi B CTPYKTY-
pax KacCHTepHTa, CIIOAB H Ja)ke MHKPOKIHHA, rie (QHKCHPYOTCS
B TBICAYHBIX [0JiX npouenta. OcuoBHas Macca Sc pacceHBaercs
B KaccuTtepure, rpasare, kKoaymbure. Ha szakamountenbHbix cra-
AuAX npouecca mo orHowenuio K Nb npoucxoaut yeenuuenne Ta,
Rb, Ga, Tl, a cozepxanue Sc nagaer. B cBsisu ¢ 3THM ueHTpaJIb-
HEIE 30HBI IErMAaTHTOUHIX XM/ oboramamores Ta H APYrHMH pei-
KHMH 37IeMEHTaMH, B TOM YHCJe B MYCKOBHTE H TYypMaJ/HHE pacTer
cofepxanne Ga, TI. Iloagusas anbOHTH3ALUUA COMPOBOKIAETCH
Boiocom Li, Rb, Cs u K Bo BMematomue nopoas. B opeone pac-
CeAHHsl PEeJKHX 3JIEMEHTOB HAKAIIHBAeTCH KACCHTEPHT.

Caenyer saMerurb, uTO JieJeHHE NMETMATHTOB HA TPYNOB YiKe
10TOMY BecbMa YCJOBHO, YTO COCTABbl HX B CHJIY TeX HJIH HHBIX
MPHYHH BeCbMa CHJIBHO KOJIEGIIOTCS M CBA3aHB MeXAy colboil
MOCTeNeHHBIMH MepexoaaMu.

ITockonbky 90 9% rpaHHTHHX NErMaTHTOB pe/KHe 3JeMEeHTH
B IIDOMBIIITEHHBIX KOJIHYECTBAX NMPAKTHYCCKH HE COJEPIKAT, MOMKHO
npeanoJsarath, YTO HX [OSIBJIEHHe CBA3aHO C IPOLMECCAMH THAPO-
TepMajibHOro npeoGpasoBaiks paHee 06GPa30BABIUHXCSH, «CTEPHID-
HLIX» TI0 PEJKOMEeTAJbHOH MHHEPaJH3alMHH IPAaHHTHBIX [erMaTH-
TOB.

Hayuenne peaKOMeTaNbHEIX MErMATHTOB AdeT OOLIHPHLI (aK-
THYCCKHIT MaTepHaJl, KOTODHIl MOATBEPIKAAET H 3TY TOYKY 3DEHHS,
Gepywmywo Hauano [Bapabamos B. ®@., 1977] co Bpemen @. Xecca,
B. Uleanepa, K. Jlenjca u ApPYrHx paHHHX HCCJenoBaTesell mer-
matutoB. Tak, JI. H. Pynosckas [1964 r.] nokasana, uto caiomsl
H3 paHHHX (MHKPOK/HH-OJIHIOKJI430BLIX) [I€rMATHTOR CeBepo-3a-
nagHoro Besnomopwsi comepxkar, %: Nb—0,013, Ta—0,004, a us
N03AHUX (MHKPOKJIHH-2/JbOHTOBLIX) [ErMaTHTOB — COOTBETCTBEHHO
0,036 u 001, T e K KOHIy NErMarHTOBOro IpoLecca STH
3JIEMENTHl HAKaNIHBAIOTCA H JAaxKe naiotr cobersennnie Nb- uw Ta-
MHHepaJbl. AnajornunsiM o6pasom Begmer ce6s Hf. Ero makomme-
HHe KOppeJHpYeT ¢ yBeJHYeHHEeM KOJHYECTBa aanbura. B 1esiom

B no3iHuX nermarurax Rb wakaniuBaerca B Mukpoxaume, Li,
Cs — B caoxax u ap.
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TABJIMLIA 14.1

Colepianie HEKOTOPHIX 3/EMEHTOB B aKLECCOPHBIX MHHepajax
nermatutoB Yynw [no Jleonosoit B. A., 1965 r.]

CopepXaHHe B MHHepaJje H3
Muuepan SneMeHT
rueficos | MHIMaTHTOB nerMarHra
upronuT ZrO,/HiO, 38,5 31,5 14,7
Anatur U, rit 13,2 61,0 82,0
Z[Cel/Z[Y] 9,8 - — 1,8
nujoT U, r/t 5,3—5,7 — 1000

Ouenb HHTEpPECHHE JaHHBIE ITOJYYEHBI O pacnpejeseHHH H JpY-
FHX 3JEMEHTOB B NOpPOA00OPA3yIOIHX H aKLECCOPHBIX MHHepa-
jgax nermaturoB. Tak, B. A. JleonoBa [1965 r.] ycraHoBHJa, 4TO
B CJIOJIOHOCHHIX TerMatuTax YUynnl B HampaBJeHHH OT BMeIalo-
HIHX CHEHCOB K MerMaTHTOBOMY TeJy COJepiKaHHe OJAHHX 3JIEMEH-
TOB pacreT, Apyrux — najgaer (rabm. 14.1).

I'. I1. Cadponosa [1966 r.] BEsicHHJIa, 4TO B moponoo6pasyio-
H{AX MHHepasjax nerMatHToBuix XHa Cesepuoii Kapeaun comep-
JKaHHE MHKDOINPHMeceH ompejfessieTcs MOJOXKEHHEM 3THX MHHepa-
JIOB B TeJje Kua. Tak, MAKPOKJHH H MYCKOBHT B OCEBOH YacCTH JKHJI
N0 cpaBHeHHIO ¢ 3aabbanzamu kua oboramens Li, Rb, Cs, Be,
Pb, Tl, a nnarnoknas H OWHOTHT HAa KOHTAKTe XKHJ, HamnpOTHB,
oboraiensl cooTBercTBeHHo Sr m Ba (miarnoknas) um Ni (6HO-
THT).

E. 1. Kaaura u JI. TI. Yepunimkosa [1965 r.] ycTaHoBuIH, 4TO
B nermMartutax BoJawiHE cojep:kanHe Rb B MHKDOKJIHH-IEPTHTE yBe-
JHYMBAETCS OT NMPHKOHTAKTOBBIX 30H K LEHTPY B 4 pasa, Li—or
0,0084 no 0,016 %, Cs — ot 0,001 mo 0,005. ABTOpPH CYHTAIOT, YTO
BHICOKHE cojepxanus B MHKpokamHe Rb (0,25 %) u B caome Li
(3,19%), Rb (1,27 %), Cs (0,055 %) moryr ciyXHTb yKasaHHeM
Ha NMPHUCYTCTBHE B MErMaTHTaX Mbe30KBapla.

b. M. llImagun [1971 r.], paccMoTpeB pachpeieleHHe 3JeMeH-
TOB-TIPUMECeli B IOJIEBBIX IIMATAX H CJAIOAaX NerMaTuToB BoCToYHO#
Cubupu, mnokasad, 4YTO B MYCKOBHTOBBIX TI€rMaTHTaX, COJAep-
JKampx akileccopHbli Oepuas, HabJiofaeTcss IMOBBIIIEHHOE CO-
nepxanne Be Bo Bcex MHHepanax, a TakKe NOBBIIIEHHE KOHIEH-
tpaunii Pb u Cs B MHHepa/iax 30H aJbOHTH3ALHH.

E. B. 3unamenckuit 1 B. M. IlImakuu [1966 r.] ycTaHOBHIH, YTO
npeBpaileniie GHOTHTA B MYCKOBHT B mermatutax Mawmckoro paii-
OHa COMpPOBOXKAAeTcs BLICBOGOXKJIeHHEM 3HAYHTEJIbHBIX KOJHYECTB
Fe, Ti, Nb, Sn, Zn, Mo, Be, Pb, Tl, Hi. ABTopn noaarawT, uro
«BbIHECEHHbIe H3 OHOTHTOB 3JIEMEHTHI..., NO-BHAHMOMY, SIBHJIHCH
OJHHM H3 HCTOYHHKOB... AaKLECCOPHO MHHEepaJH3alluH, KoTopas
HabJ0/1a/1aCh B CJIOJIOHOCHBIX NMerMaTHTax».

[TPOIIECCHI 3AMEIIEHHWS B INECMATHTAX. Meracoma-
THUECKHE TPOIECcChl B TerMaTHTaX YCTaHOBJEHbl MHOTOYHCJEH-
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HBIMH HCCJIeJOBaTeNsiMH. Brnepsble 3Tu sBAeHHS GblAH OMHCAHBI
B nermatnrax Hopsernn B. K. Bpérrepom [Brogger W. C., 1890r.].
B nocieanne AecATHNETHS OHH NOAYYHJIH HOBbIE MHOTFOYHC/ICHHHE
noaTBepxaenus. Tak, nocae suamenutnix paGor B. JI. Hukutuna
A. A. Beyc [1961 r.] B kauecTBe NpHMepa pocTa KPHCTaJJIOB-MeTa-
‘COM ONHCAJ 3aMEIeHHe MHKDPOK/IHHA (YTJASPOBHAHBIMH KPHCTAJ-
JlaMH OepH/i1a H KoJayMOura.

JI. A. Tlpuxasuukos {1965 r.] npocaeaua NPOLECCH 3aMelleHHs
Ha DA3JIHYHBIX CTAJAHSX (OPMHPOBAHHS NMerMaTHTOB BOJLIHH H mO-
KasaJg, 4TO B KOHEYHOM CHeTe OHH CNOCOGCTBYIOT (OPMHPOBAHHIO
MOHOMHHEDPAJbHBIX 30H.

E. C. Anrtomiok [1968 r.] NOATBEPAHJ MeTacoMaTHYECKYIO
NIPHPOAY AaKUEeCCOPHOTO YypaHHHHTA B MNerMaTHTax KoJbcKoro
TIoJiyocTpoBa, paHee ycraHoBiaeHHyio B. JI. Hukutupeiv. Manu-
pennn Pao u B. B. I'opauenko [1968 r.] onucaan ncesaoMophosbt
CBET/IONH CJIOAB («MYCKOBHTa») 1o TYPMaJHHy B nermaturax be-
JoMopbsi. Ilponece nceBromMopgusamuu, no HX MHeHHIO, CBS3aH
€ 3aK/IOYHTEJbHBIM THADOTEPMAaJIbHBIM 3TANoM [erMATHTOBOTO
nponecca. B. M. INapnumnn [1973 r.] Kpucransioxummueckn o6bsic-
HRJI METaCOMATHYECKYI0 NMPHPOAY CJIJ B TPAaHHTHBIX MErMaTHTAaX.
Hceaenys rpaHaTel M3 merMaTHTOBBIX JKHJ pafiona p. CrpesbHB
(Konbckuit moayoctpos), O. ®. Men [1979 r.] nokasama, urto
CHECCAPTHH-aJbMAaHIHHE B TeJe Ha3BaHHBIX NErMATHTOB HMEIOT
METacoOMaTHYECKYIO IIPHPOAY.

B uenom MHOrouHC/leHHBlE HCCIEZOBATeNH TOCHEAHHX JeT o5
TIErMATHTOB TPAHHTHBIX H HETPAHHTHBLIX NPHBOAAT LEJb PAX 10-
BOJIOB B NOJIb3Y HX METAaCOMAaTHYECKOrD TeHEe3HCa.

[Tpoueccr 3ameuennii ocobenno MHOr000pa3Hbl H HHTEHCHBHBI
B peakomeranbHEX mermarturax. I1. Yepnwmit [Cerny P., 1970 r)]
Npocae HI H3MeHEeHHsI  [eTaJuTa LiAlSi,Oy, cnoaymena
LiAlSi;Og, 6epuana BesAlySig-Oyg u dochartoB B pemnkoMeTasbHBIX
nermaTturax. Iletaaur BHauaje uacTHYHO 3amemiaeTcss aubBHTOM
H KBaplLeM, 3aTeM arperaToM CIOAyMeHa H KBapua BILIOTH A0 06-
PasoBanus TOMHEIX MNceBAOMOP(o3. Emie nosxke passuBaercs Ky-
KEHT LiAl{AISi30:0] (OH) s ¢ KBapIleM, CAMIOHHTOM
Nag.53Mg; [Alg,358i5,6:04] (OHy) - 4H,0, refiianautom H  cTuab6u-
ToMm. KoHeynass cragus H3MeHeHHs nerajgnTa — o6pa3oBaHHe Kao-
JHHA H MOHTMOPHJIJIOHHTA.

Crnoxymen H3sMemsieTcsi cieayiomum oGpaszom. Buauage oH 3a-
MelaeTcsi arperatom anbGuta u 3Bkpuntuta LiAlSiOs SDpkpun-
THT 3aMEIIAeTCs JEeMHAOTHTOM H MYCKOBHTOM. Jlemugoaur mpe-
BpAllaeTcss B KYKeHT, aCCOUHHPYIOUHI ¢ aAyJasipOM H IEOJHTaMH.
KoneunbiMu npoaykramm mamenewus crnoiymena, Kak u B caydae
NeTaauTa, IBJASIOTCS KAOJHH H MOHTMOPHJIJIOHHT.

B sasucumoctn or pH pacreopos Gepuan B KHCJOi cpese 3a-
Mellaercs rnoc/JefoBaTesbHo GeprpanautoMm Be,Sis0;(OH),, s38-
knasom BeAlSiO4OH, ¢enakurom Be,SiO,. B mesnounoii cpeae —
POMOHYECKHM SIHAHIHMHTOM NaBeSi;O;(OH), MOHOKIHHHEIM 3B-



nugumurom NaBeSisO;0H, Gasenurom CayBesAl;SigOg (OH) 5,
MHJI2PHTOM K,Ca,Al,Be,SisOg0« HoO, Gurumrom LiCaAlsX
X (AlBeSiz00) (OH)2. KoneyHbiMH NpPOAYKTaMH H3MEHEHHA Ge-
pHAJa H B KHCJOH, H B WIEJOYHOH cpeie SBIAIOTCA NOJEBLIC
INAaTh, CJAI0AL H KBapIlL.

Hamenenns ¢ocdaros H3yueHH MeHee NETalbHO H MOTYT 6bITh
BhIpaxess ciedyiomum obpasoM. Ilepsuunbifi, GoraTsiii Kene3oM
rpuduann LiFe[PO,] npeoGpasyercsi B aaiabioayaut (Na, Ca,
Hj)s(Fe, Mn)3[PO4s u rereposur Fe[PO,. B xapyrnx caydasx
Goraruit mapranuem autnopuanur LiMn[PO,] npespaulaercs B Ba-
pyant (Na, Ca) Mn(Mn, Fe*, Fe3t)o[PO4l;, 3aTem B Mauras-a-
asioayaut (Na, Ca)s(Mn, Fe)4(Mn, Fe?t, Fe3t, Mg)s[POyli2, nyp-
nyput Mn3H{PO,] uan cukaepnr Li(Mn?+, Fedt)[PO,].

TUTIOMOP®H3M MMHEPAJIOB M3 INIETMATHTOBBIX
JKWJI. A. E. ®epcman [1940], kak yxe oTMeuajoCh BBIILIE, OLHHM
M3 TMepBLIX MaJ OIHCAHHE THIOMOP(MHBIX CBOACTB MHHEpaJOB Trpa-
HHTHBIX TNerMaTHTOB. MHOrHe H3 3THX CBOHCTB BIOCJEJACTBHH OKa-
sanuch Gosee CI0XKHBLIMH M He CTOJNL OJHO3HAUYHLIMH, KaK OH HX
noHnMaJ, ogHako noxxoa Pepcmana B mesoM Obur BechMa MI0A0-
tBopHEM. [IpHBe/ieM HEKOTOphie HOBHIE JAHHBIE 1O THMOMOPGHIMY
MHHEpaJIOB NerMaTHTOB.

‘B. M. llImakun {1972 r.] nokasan, 4TO B CJIOJOHOCHBIX NerMaTH-
tax Mamckoro pafioHa NJarHoknaas, CONpOBOXKAas BCe CTANHH MH-
HepaJH3allui, KpOMe PaHHEl LleJOYHOH, pacKHc/fercss 1oc/e/0Ba-
TeabHO OT Ne 27 mo Ne 2. B arom ke HanpaBJeHHH B HEM CHHKa-
etcs cogepxanue Sr u Ba, a xonmuectBo Be yBennuHBaercs.

KasaueBnlil noJjeBoji 1IMaT NpeAcTaBJeH MNATbI0 TIeHepalHAMH,
OXBATHIBAIOLIHMH AHANA30H OT paHHEro OpPTOKJa3a A0 MaKCHMAalb-
HOrO MHKpOK/IHHA. Bce sti remepaunun cojepxar Ba, Sr, Rb, npu
9TOM cOjep:KaHHe TMepBbIX ABYX 3JE€MEHTOB I0CJTe0BaTeNbHO CHH-
JKaeTcs, HO B T03JHeM MHKPOKJIHHE nossasercs Li.

MyCKOBHT, XapaKTePH3YIOLINA NO3HHE CTaJHH MpoIecca, npei-
cTaBJeH YeTHpbMS reHepauHAMH. B Tpex mepsBbIX W3 HHX mnocTe-
nenno pacrer cojepxanue Be, Tl, Rb u Cr. MyckoBHT, pasBuBaio-
muiics no 6uoTHTy, oboramen Mg, Li, Ti.

TypMaJHH TpeICTaB/ieH NATbIO reHepaunusMu. B panueii oTme-
yeno BHICOKOe cozep:kanne Ba, B camoil mozaueit —Ti u Zn. Ana-
THT BCTpeuaeTcs B BHJe KPHCTaJJOB yeThipex remepaumii. Ouu co-
jep:kaT B Buie npumeceit Mn, pejkme MWieJIOYH, PeIKHE 3EMJAH.
CojiepiKanne NOCJTeHHX B I03AHHX TeHEpalHAX MHHHMaabHO. T'pa-
HAT TaKme nNpejacTaBjen ueTHpbMs remepaunsiMu. Ilosamne rpa-
HaTH OGOTAlleHH CHeCCapTHHOBOH COCTABJAIMIEH, IIEN0YaMH H
PEJKHMH 3eMJIAMH.

dror ke aBTop B Gonee mosauedn paGore [[lImaxun B. M.,
1974 r.] nokasaia, uTO paHHHe TeHepalHH BCeX KaJHeBLIX MHHE-
pajoB (KaaueBulfi noJjepofi mmnar, GHOTHT, MYCKOBHT) B CIIOJs-
HHIX H PEIKOMEeTaJbHO-CJIOASHBIX TMerMaTHTax pes3ko oboralueHsl
Ba u Sr u Geaunl Rb u Cs. B 6osee no3anux reHepamuax Tex xe
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MHHepa/noB coiepxanune Ba u Sr nommxkaercs, a Rb u Cs, na-
NPOTHB, BO3pacTaer. B ciiolax THNHYHBIX CAIOASHBIX TErMaTHTOR
coxepxanne Ti MakcumadbHO, CAOAB e pPeIKOMETAJIbHO-CIIOISM~
HBIX TerMaTHTOB oGoraiienst Nb, Ta, Sn u F. [MTostomy otHOmIcHHE
Ti:Nb moxkeT cayXKHTb MHAHKATOPOM pPEIKOMETAJLHON CHEIHATH-
3aunu nermMaTuTa. THNOMOPHBIMH MHHEPaJaMH MYCKOBHTOBHIX Mer-
MATHTOB SIBAAIOTCA TYPMaJHHbL PsAa JAPaBHT — GIOPrepuT, adbMaH-
AHH, (TOpANaTHT, HHOTAA AKUECCOPHBIE YDAHHHHUT, IHPKOH, OPTHT,
MoHauuT, GepHaa. B  penkomeTasbHO-MYCKOBHTOBBIX MErMaTHTAaX
THIOMODGHBIMH MHHEPAJaMH ABJIAKTCS AKLECCOPHBIE KACCHTEPHT,
KOJYMOHT, GepHJLI, CIOAYMEH, aMOJHIOHHT. .

PO/Ib BMEMAIOHINUX I[IOPOJI. Poabn BMeuiamouiux NOPOL
KaK OAHOTO H3 BaKHEHIIHNX HCTOYHHKOB MHHEDPAJbHOro BelllecTBa
NErMaTHTOBHIX XHJ Obla paccmoTpeHa Hamu pasee [Bapaba-
nos B. @., 1977].

B pa6ore A. C. Hasaposoit u ap. [1960 r.], nocssiuensofi reo-
JIOTHH MECTOPOXKJEGHHH PeAKHX 3JIEMEHTOB H HANHCAHHON NpPH yua-
cran A. W. I'mus6ypra, rosopurcs: «..IlermMatutoBnle Tesa obpa-
3YIOTCA NYTEM BBINOJIHEHHS ONPENeTCHHBIX M0J0CTell H, YaCTHYHO,
nyreM «nepepaboOTKH» BMeWAaKOIMHUX GOKOBHEX IO -
PO .. OcoGenHO 3aMeTHYIO POJIb HIPAIOT MPONMECCH «yCBO e-
HHA» NMEerMaTHTOM BMEWAalOMHUX NOPOA npu obpa-
30BaHHH MYCKOBHTOBBIX H ypaHO-pelLKO3eMeJb-
HBlX NerMaTHTOB...» [c. 90].

«Takum 06pa3oM, ¢ pasBUTHEM NMPONECCOB 3aMeme-
HHSA BPEAKOMETAJbHLIX N€rMaTHTAX CBA3aHO Mpe-
oO6pasoBaHHe BMEIMAIO M HX MOP O L BOJIHZH HHX H BOSHHK-
HOBECHHE IUIHPOKHMX NMEPBHYHBIX OPEOJIOB PACCESIHHS JHTHSA H pPyOH-
Alisl, IO KOTOPBIM C YCNEXOM MOXKHO HCKaThb CJeNble pPyAHBe Tenas
[c. 93] (paspsanka mos.— B. B.).

E. . Bensnknua [1961 r.] oauoii u3 mepswix mokasana NPAMYIO
CBA3b COCTaBa MerMaTHTOBLIX KM Enwbl (Komdbckuit nomyoctpos)
C BMENIAlOUIHMH TPaHaT-qHCTEHOBEIMH rHelicamu. OTMmeuas obuine
KCCHOTHTOB GOKOBLIX TIOPOJ B NErMATHTOBBIX MKHJAaX H PaccMat-
pHBasg HX KaK YyKasaHHe Ha HMEBIIVI0 MECTO ACCHMHJIAMHIO
BMelalomux nopo, Beasukuna numer: «ITosesoe nayyenne pacnpo-
CTpaHeHHs IpaHaTa B IErMaTHTOBHX XKH/IaX EHCKOro MecTOpOkK-
NCHHSA MO3BOJIAET MNPEANOJONKHTb, YTO 3TOT IPAHAT B 3HAYHTENb-
HOHl Mepe sIBJISIETCS T'PaHATOM BMELIAIOWIAX TOPOJA, 3aXBAUCHHBIM
H B _HeKOTODOH Mepe TMepepaGoTaHHEIM NMETMATHTOBHIM PAacIIABOMS.

B. A. JleonoBa [1965 r.] ma npuMepe H3YUeHHS OTHOLIEHHil
ZrO9/HfO; B umprosure, 2[Ce]/Z[Y] B anature u U B OPTHTE H3
BMEIIAIOIHX THEHCOB H IerMaTHTOB I10KAa3ajad TECHYIO CBS3L Me-
KAy COCTABOM MErMaTHTOOOPA3yIOLIEr0 MaTepHaaa H COCTABOM Tex
CBHT, B KOTOPHIX TOT MaTepHaJ (GopMHPOBaJICS,

H. K. Kapnos u E. H. Aurunosa [1965 r.] nokasaau, 4to mer-
MaTHTHL MaMCKOro mnouis mo cpaBHEHHIO C BMEUIAlOUIMMH MOPO-
namu oboramensl Na u K, obegnenn Fe?t, Fedt Mg u Ca m
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uMelor Ouauskue coftepxxkanns Al u Si. dtn coorHoweHus 06yc10B-
JIEHDl MepepacnpeieeHHeM BEUIeCTBA B CTAAHIO MErMaTHTOOOpa3o-
BaHus, a He NPHBHOCOM BellecTBa H3BHe. [IpH 3TOM BBIHOCHMBbIE
(eMuteckie KOMIOHEHTH (QUKCHDPYIOTCS B MPONJAACTKAaX TPaHAT-NH-
POKceH-aM(pu601-3MHAOTOBEIX MOPOJIL.

. A. BeanxocaaBunckuit [1965 r.] OTMETHJ BJHSIHHE COCTaBRa
BMELIAIOIIHX TOPOJ Ha COCTAB NHPAJLCMHTOBLIX FPAHATOB H3 Ter-
matutoB Bafikaanckoro naropwsi. Ilo ero pambim, Bo3pacTanue co-
Aepxauusi nupona (mam MgO) B nHpaJbCnHTAaX OT NErMaTHTOB
Uepe3 METANUINTE K ampubonntam oO0ycJa0BJIEHO BO3pacTaHHeM
corepxkannas MgO B cymme FeO+MgO+MnO, madaoaamomemes
BO BMEUIAIOUHX NOPOAAX. :

A. C. Huxanopos [1969 r.] npuimes K 3ak/I0YeHHIO, YTO 4aCTh
NErMaTHTOB GeJIOMOPCKOrO MeTaMop(HueCKOro KOMIUIeKca o6paso-
Bajach B pe3y/abTaTe METacOMATHYECKHX MPOLECCOB 3a CUET BMe-
HEOWAX MeTaMOPGhHIECKHX MOPOJI.

A.T1. Kannra [19691.] nokasaa reseTHUecKyio CBSi3b Pa3/IHYHBIX
THNIOB NETMATHTOB C OMNpejeNeHHbIMH THNAMH O€JOMOPCKHX napa-
THEHCOB HJIHM aHATEKTHYECKHX TPAHHTOB. B KauecTBe OCHOBHOIO
A0Ka3are/IbCTBa HCIOJb30BAHA OJIH30CTL KOJHYECTBEHULIX OTHO-
UIEHHH TJaBHBIX MOPOA0OOPA3YIOMIHX MHHEpPaaoB. JlONOJHHTED-
HbIM KpHTEpHeM O0Ka3ajach GJH3OCTh KayeCTBEHHOTO COCTaBa pej-
KHX 5JIEMEHTOB B METMAaTHTAX H B MaTeDHHCKHX MOPOAAX.

B. M. Makarou u g1p. [1969 r.] nanwtu, 9To cpean merMaTHTOB
Mamckoro paiiowa ecTb rpymna rpaHMTHBIX [UIArHONETMATHTOR,
00pa30BABIIHXCA NPH MePEKPHCTAJIH3AUHH H Cerperamuu MaTepH-
aJia BMEIIAIIKUX THeHCOB U CJIaHIleB.

A. Xoaa [Hall A., 1969 r.] no COIEPXKAHNIO MAJILIX 3JeMEeHTOB
H Rb B Guornre u MyckoBute rpaunronzos J[lomeran (CeBepuasn
Hpnanaus) o6GHApyXHJ CHCTEMATHUECKYIO BADHANHOHHYIO CBS3b
COCTaBa CJII0JL C COCTABOM BMEIIAIONIHX MOPOL.

B. M. IImakun [1973 r.] npuBen aOKasaTe/bCTBA 'TOrO, 4TO
6iu3kue cogepxkanusi Ba, Sr, Rb, Pb, La, Y u oTnomenus Ba : Rb,
K :Pb, [Ce]:[Y] B MYCKOBHTOBLIX mermaTuTax M YJAbTpaMeTaMop-
(HYECKHX TPAHUTOB CBHJETEJBCTBYIOT O T'eHEeTHYECKOH CBSI3H Tex
¥ ADYTHX.

. I'. Kysuenosa u ap. [1976 r.] nokasaan, uyto cojeprKaHue
Fe?r, Fe3*, Mg, Zn, Cu, Ni u Cr B GuHoTHTAX mOJs peaKOMeTaJ b-
HBIX NerMaTHTOB KOHTPOJHDPYETCA B OCHOBHOM HCXOZHBIM COCTABOM
BMELAIKX 1nopoA. Bosine Kua «nepBHYHBIE» GHOTHT nepekpH-
cTaJlJIH3oBbIBaeTcs M oboramaercsa Li, Rb, Cs.

Takum 06pasoM, HMeeTcsi MHOrO CBHACTENLCTB TOMY, 4TO CO-
CTaB NErMaTHTOBBIX JKHJ MOBCEMECTHO TeCHEHUIMM 06pasoM cBsi-
3aH C COCTaBOM BMEILAIOUIHX TOPOJ H He MOMKeT OHTh 00DLACHEH
JIHIIb KPHCTAJNJIH3AlIHEH OCTATOYHOrO paciijlaBa TPAHHTHON MarMbl.



lnaesa 15

TEOXMMHSI CKAPHOBOIO MPOLECCA

" Mpu meracomaTuueckom 3amelyeHMM NOPOA MX KOMMO-
HEeHTbl MOTYT nubo nepemellaTbcs MOCPEACTBOM AM(p-
¢y3mu yYepes noposbie pacTeopsl (AM(pOYIMOHHBIA Mme-
Tacomatos), nubo NepeHOCHTLCA TeYeHWem NOPOBOro
pacteopa (MHpUNLTPALMOHHLIA meTacomaros), nubo ne-
pemellaTbcs OAHOBPEMEHHO Tem WM ApYrMm cnocobom.

H. C. Kopacunerud, 1962

CkapHoBble MecTOopoxAeHHs * 06bYHO 00pasyioTcs Ha KOH-
TaKTaX H3BEPKEHHBIX IPAHUTOHJOB H BMEINAIOMIHX HJH O6pamJsi-
IomHX HX KapGoHaTHbix nopoa. HauGosiee mosiHbIM M HCUepnbIBa-
IOIIHM TOHHMAHHEM TeOXHMHH NPOIEeCCOB CKapHOOOpAa30BaHHS MBI
06si3anbl paGoram akan. JI. C. KopmKHHCKOrO H €ro yueHHKOB —-
B. A. )Kapukosa, JI. H. [I1a6biuuna u Ap.

MHOroJIETHAMU  HCCJIeIOBAHHSAMH (DJOTONHTOBBIX MECTOPOK Ie-
nuit Anpana n Ilpu6aiikaabsi, CKapHOBBIX MeCTOpOXKAeHHI YpaJja
KopsuHCKHl noKasasJ, 4TO NPH NOCTMArMaTHYECKHX Ipoleccax
MHHepanoo6pasoBaHus 3JIEMEHTHl, NMPHHAMAIOUIHE yyacTHE B 3THX
npoueccax, MOryT ObITh pasjeeHbl Ha HOOBUINCHbIE KOMNOHEHTbL
H maaronodeuxcHele WIH uHepTHoie. OOWHA PAX MOABHKHOCTH MO-
KeT ObITh H306paxeH CJAAYIOIHM 06pasoMm:

H,0— CO,— K40 — N2;0 —S— MgO—0,— FeO—
Ca0—S$i0,— P,0;— A1,05— TiO;.

3nech HanGosee MOABHKHBIM KOMMoHeHToM sBasiercs H,0, Ha-
umenee noABHKHBIM — TiOs;. Ilo Mepe TOro Kak MOABHIKHOCTH
KOMIIOHEHTOB IajlaeT, BO3pacTaeT HX HHEPTHOCTb. M ecau noM-
HHTb, 4TO KoauyectBa P;Os u TiO, B ckapHoo6GpasoBanHH OGHIYHO -
HEBEJIHKH, TO OKa3BIBAeTCs, YTO MHHepasjoo0pa3oBaHHE B CKapHAX
ynpapisieTcsi, Mo CYTH JeJa, XHMHYeCKHMH MOTeHUHalaMH Tpex
HHePTHBIX KoMnoHeHTOB — Ca0, SiOs u Al,0s.

KopxuHCKuiT 1nOKasan, dTO CKapHEL MOTYT pasBHBATLCH Ha
MecTe KaK BMEINAIOWIHX (9K30cKapHel), TAK H HHTPY3HUBHBIX NOPOL
(sndockapner). Oanako BechbMa AJHTENLHEIH H CJIOXKHBI XapaKkTep
npoiecca CKapHOBOrO MHHePaJooOpa3oBaHHs MOXKET 3aTylIeBaTh
pasHHIy MeXAy 3HAO0- H 3K30CKapHaMH, W TOTJAa, NOXKAajayi, e1uH-
CTBEHHBIM KDHTEpHeM JJif HX pasjuuua OVIeT NpHCYTCTBHE HHEpPT-
HbIX KOMNOHeHTOB. Tak, HaqHyHe B CKapHAX THTAHOCOAEPIKAIIHX
MHHepaJjioB OyJeT CJYKHTh J0KA3aTeJbCTBOM TOTO, UTO MBI HMeeM
JIeJI0 C IHAOCKAapHAMH.

* HcTopus pasBHTHSL YU€HH O CKapHaxX paccMorpena B «[eHeTHUecKoil MH-
nepanorun» [BapaGauos B. @., 1977].
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Ckapubl obpasylorcs B pesy/brare AH(pEQY3HOHHO-METacoOMaTH-
yeckoro ofMeHa KOMIOHEHTAMH MeXjy KOHTAKTHPYIOUIHMH CHJIH-
KatupiMn u KapGonatHeiMH nopojaMu. Jlpoiinofi Aub@y3HoHHBL
oGMmen, Gumeracomaro3, B CBOKW Ouepeab OcyllecTBjasgercsa GJaro-
Japs aKTHBHOMY Y4YacTHIO B Mpoliecce BLICOKOTEMIIEPATYpPHBIX pac-
tBopoB. [locaegnue HecyT BBLICOKONOABHAKHBIE KOMIIOHEHTBL: Lie-
JI0uH, VIJIEKHCJOTY, XKeqeso, maruuit n ap. Ho oun me cnocobwbl
nepexocuth Ha GoJabline paccrosuus CaO, SiO,, AlyOs, TiO..

ATH KOMIOHEHTH B OCHOBHOM 3aHMCTBYIOTCA Ha MmecTe, H3 6o-
koBbiX nopoa: CaQ Geperca u3 KapOoHaATHBIX MOPOA, KpemHe3eM
H IVIMHO3€M — W3 TPAaHHTOHI0B.

Kopxuncknin B 1953 r. jgomoJHHA KoHUenuuio OuMeracoma-
TH3Ma H AH((YIHOHHOTO MeTacoMaTHaMa NpeacTaBieHusiMi 006 HH-
¢puabTpaunontom Meracomatuame. HMubuapbrpaunoHHblii MeTaco-
MaTH3M IpejanoJaraer INPHBHOC MOCTMAarMaTHYECKHMH pacTBOpPAMH
HHEPTHBIX U MAaJIONOABHKHBIX KOMIIOHEHTOB.

«[TpeanosoKuM, 4TO KOHTAKT IIOPOJ, HANpHMEp H3BeCTHSAKA H
KBapIHTa, TepeceueH TPeUlHHOH, 10 KOTOPOH NoAHHMAaeTcsi IOTOK
f0CJAEeMArMaTHYECKHX pacTBOpoOB... Ecan obe nopojbl A0CTATOUHO
nporpeTsl Mo BO3/ECTBHEM MarMaTHYeCKOTo Tesa, TO MNPOLIeL-
iIHe Yepes IJ1acT KBAapIHTa PacTBOPLI NPH BCTYN/ICHHH B H3BECTHAK
HAUHYT €ro 3aMelaTh CKAPHOBLIMH MuHepanamu. B srom same-
ieHuH OyJyT y4acTBOBATbh He TOJBKO KpeMHE3eM H Jpyrue KOMMo-
HEeHTHI, 3aHMCTBOBAHHbIE H3 HHXKeJerKallero mjacra KBaplHTa, HO
¥ GoJice MOABHMKHEIE KOMIIOHEHTBI, BHECEHHbIE W3 MarMaTHYecKoro
TeJsa, HanpUMep MarHui, xe/aeso u mp.

PaccMmorpennblii cayuail Mo:Ker ObITh Ha3BaH «KOHTAKTOBO-HH-

HALTPALHOHHBIM» MeTacomartosoM...» [Kopxunckuit 1. C., 1955,
c. 384—385].

Ilo cocraBy CKapHel MOMKHO paslesiHTh HA H3BECTKOBble H
MarHesHajbHble, a 10 MeXaHu3My oOpasoBaHud, TakuM o0pasom, Te
W JApPYTHe — Ha uH@uAbTpayuonnsie n Ougpysuonnsie. TIaBHBIMHA
MHHEpaJaMH MarHe3HajbHbiX CKapHOB ABJAIOTCH (POPCTEPHT, KJH-
HOTMHPOKCEHBI, WIMHHENb, MapracHt, (JOromnuT, CKamnoJHT, MJaro-
KJa3, OpTOKJa3, Kaabuut, anatut. Hauboaee oOblMHBLIMH MHHepa-
JaMH  H3BECTKOBBIX CKADHOB SIBJSIOTCA TPOCCYJIsAP-aHAPaTHTLL,
AHONCHJ-TeleH6epruThl, HHOrja GoraThie HOraHCEHHTOBOH COCTaB-
Jasiouell, BOJJIACTOHHT, POJOHHT, BE3YBHAH, 3MHJIOT, CKamoJHTH,
MJIarHOK./1a3bl, KaJHeBblH mo/ieBoil mmar, chen, anaTHr.

B. A. )Xapuxkos [1968 r.] nokasas, yTo napareHesuchl H3BecT-
KOBBIX CKApHOB JalOT OCHOBaHHe /Il MHTEPIpeTalHH TeMmrepa-
Typel W rayGuunoctH ux oGpasopanns. Tax, na ¢ur. 15.1 mpuse-
zena T — p-AnarpaMma, Ha KOTOpOH CBeJeHbl Pe3yJbTATH 3KCIe-
PHUMEHTAJBHBIX HCCHeJ0BaHuf noJei YCTONYHBOCTH W JaHHbIe 10
CHHTe3y KOHTAKTOBBIX H CKapHOBBIX MHHepajoB. Kpome KpHBBHIX
COJIMAYCA HACHIEHHLIX BOAOI pacniasoB Oasaibra (/) u rpa-
uura (2) Ha auarpamme npmBejeHbl KpHuBbie o6pasoBanusi BoJJa-
CTOHHTA TyTeM: a) peaklUHH Mex1y KBapueM H KaJbUHTOM [OX
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15.1. Ycaopua o6pasoBaHns H3BeCTKOBbIX ckapHOB [MKapu-
koB B. A, 1968 r.

JasnenieM CO, (xkpuBas 3) —mno ganubim O. Tarrna u P. Xap-
Kepa, 0) pasJoxKeHHs KCOHOTJHTA (KpuBasg &) —mo JaHHBIM
P. Pos. Paccunrannas asropoMm kpupas pasHoBecus i+ COp==
=Ks+ lon nokasana nox Homepom 4. Huxuuil temneparypublii
HHTEPBAJ CKapHOOOpa30BaHHSI OXapaKTePH30BaH KPHBON 6 ycToil-
YHBOCTH AHOPTHTA H 3KCNEPHMEHTAJIbHBIMH JAHHBIMH [0 3MHAOTY
u nousuty X. Qaiipa, X. Bunknepa u H. Hurua.

B. A. JKapukoB yxaseiBaeT, uTo HaunGoJjiee CJI0MXKHO ONpPEAENUTh
rayOnHbl 00pas3oBaHHs M3BECTKOBBIX CKapHOB. Bepxuuit mnpejen
MOXHO npoBecTH Ha raybune 1,0—1,5 KM, ocHOBBIBasicb Ha H3BECT-
HelX coobpaxennax Kopxuuckoro [1964 r.], nokasapuiero, u4to
B YCJOBHAX MEHbUHX TJYOHH BHICOKOTEMIEpaTypHBlE THApOTEp-
MaJibHble ITpOoLecCh He NpoaBAsAloTcA. HuKHAS rpaHHua pacnpo-
CTpaHeHHsl THIIHYHBIX HM3BECTKOBEIX CKApDHOB ONpeleJsieTcHd YCTOf-
YHBOCTHI0 XapaKTePHBIX KaJbIHEBLHIX CHJIHKATOB M aJIOMOCH/IHKA-
TOB — BOJIJIACTOHHTA, rpoccynasipa ¥ ap. TodHyio rpaHuily npoBecTH
TPYAHO, Tak KaK OHAa 3aBHCHT OT MABYX HEH3BECTHHIX (DaKTOpOB:
OT MOJIbHOI J0JH YIJIEKHCJOTH B BOJZHEIX PacTBOpax H OT TOTO
JaBJleHHd, KOTOpoe pasBHuBaeT (ioujaHas ¢asa u KOTOpOe COCTaB-
JseT yacTh oOmIero JaBjeHHS Harpy3ku. Eclu npuHATH Temnepa-
Typbl HHJKEe COJIHAyca TPaHHTOB, TO, OLEHHBAas BCe IKCNEPHMEH-
TaJbHEE JaHHEE H PACCMOTPEHHYI0 3aBHCHMOCThL COCTaBa COCYLIe-
CTBYIOIIHX CKAaMOJIHTa H IJIaTHOKJAa3a, HHXKHIOI TpaHHIy pacnpo-
CTpaHeHHs THIHYHBIX H3BECTKOBBIX CKapHOB MOXHO ONTHMAJbBHO
nposectH Ha raybune 15—16 kM. OHa cayKHT rpanuueii Mexay
MesoabuccanbHoli M abuccanbHoil ¢auuamu raybuunHoctH. [pa-
HHIla, KOHEeYHO, YCJOBHAsf, W B 3aBHCHMOCTH OT T€OJOTHYECKOH N
(H3NKO-XHMHYECKOH o0OcTaHOBKH MoOxeT cMmewatses. Ho B 1O
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Ke BpeMsi HECOMHEHHO, uTO ONTHMAJILHHE YCJIoBug TIYOHHHOCTH
H3BECTKOBBIX CKapHOB Hameualorca menee 12—15 gy o ONTHM A b-
Hble ycjoBHs abuccanabHoit — 20 KM n GoJee. dro NOATBe Pk paeTes
BCEil COBOKYMHOCTBIO q;nsuxo-xumnqecxuxureonorw;ecm,x NAHHKX,

TemmepaTypHblil AHanason HPOHECCEO o6pasoBanusg H3BECTKOBHIX
ckapHoB ouennsaercs ot 1000 zo 400°C (moxer Orith, naxke no
350°C). Ecin e HCKIIOYHTL CPABHHTENLHO Peikie BBICOKOTEM1E-
paTypible KOHTAKTOBhC 06pasoBanis Gesrpoccyaspopog; CTYIEHH,
TO IJIABHBIA TeMNepaTypHBI AHANA30H CKAPHOB ot 8()() o 400 °C.

Munepasornsi ckapioBoro mnpouecca Obi1a Jetanpyg H3yyena
C. M. Kyp6aToBblM Ha KOHTAKTOBBIX MECTOPOKACHHg g Xakaccuu
(Munycunckuii kpait). M ycraHoBaewo, 4to ckapyy Xakaccun
NMOYTH TMOBCEMECTHO COCTOAT M3 MHONCHAA, TpanaTta, CKanoauta,
BOJIIACTONNHTA, BE3yBHAHA, SMHOTA; B CKAPHAX OUeHE ygere BCTpe-
YAIOTCS TAKXKE CEPHUMT, ajyasp, ajJbOHT H B MeHbluey KOJIHYecTRe
AKCHHHT, cdeH, XJOPHT, ypaJuTOBas poropas O0Mayka, cepren-
THH W npeHnaT. Pyanble mMuxepanbl 3aech npeicrasieyy MarHeTH-
TOM, MHPHTOM, XaJbKOTIHPDHTOM, NHPPOTHHOM, Ctbanepmom, BHCMY-
THHOM, rajieHuToM W Jap. Ha mectopoxaenusx A0GkIBatoTes M-
HBIH KOJueiaH H NPOAYKTHl €ro H3MeHeHHs: Gopuur, XaabKo3uH,
KOBEJIJIHH.

O6uas cxema MHHEPaJ006pA30BAHUS B CKapuay Xakaccun
npusesena B tabn. 15.1. HMs tabanusl caenyer, yrg g npouecce
CKapHOBOro MHHepasoobpasoBaHus NPOHCXOMHT HaKom ey pe 3Ha-
YHTEJbHBIX KOJHYECTB ajnbuta M ajyaspa. ﬂeHCTBHTenhHo, MHO-
FOYHC/JIEHHBIC HCCAEN0BaHHS TOKA3bIBAKOT, YTO MNOJIeBpe UNATH —
XapaKTepible MHHEDAaALl CKapHOBHIX MECTODOKICHHH. Hg ApyTHX
ckapHoBLIX Mectopoxaeuiax (Jlaurap, Yopyx-Haiipoi) ¢ perommr:
WINAaTOBO-KBAPUEBOii accouuaumeii CBA3aHO Bhilesenye PYAHBIX
MiHEepaJIoB — LeeJHTd, MOANGACHNTA, CYTLHAOB Meny y Keneaa
[Pexapekuit B. M., 1961 r.].

Haunnasa cxema Ml{HepanooﬁpaaoﬂaH}tﬂ. Oyayun Be€pHOIi B cRoei;
OCHOBE, €CTeCTBEHHO, He OoTpaxaeTr BCEH CJIOXHOoCTH XHMH'{QCKHX
npoineccoB (GopMHpoBaHusi ckapHoB. M MuHepanbupie BHABI, KOTO-
pele GblIM  HAa3BaHBl BHIUe (MHPOKCEHH, aMcbupo.m, noJIeBLe
WnaTel W AP.), €CTECTBEHHO He PHCYIOT MOMIHHHO KapTunu npo-
uecca. B sToM OTHOWEHHH GoJlee MOJHYIO KAPTHHY jnajor pPesyJip-
TaThl J€TaJbHOTO MHHEPAJIOro-re0OXMMHUCCKOTO H3Yuenyg CKapH0o6-
pasoBaius Ha INENHTOBRIX PYAONPOSIBIEHHAX CeBepo- ananmoro
[Mpunanoxkes [Kanunuuesa I'. H., Bapaﬁanola B . o, 1980 r.:
T'aspuaenko B. B., BapaGanos B. ®., 1980 r.; Topaykanos A.H,
Bapa6anos B. @., 1980 r.].

leenutoBeie pynonposiejenus [lpuianoxes Pacnonaraiores
B ofpamuenun KynoabHuix crpykryp (J/laTBaciopekois, HMokupanr-
ckoft, KuppiBanaxTHHCKOMH, SIKKMMCKON), UEHTPaNLHbe YacTH Kko-
TOPBIX MPEACTABAAIOT cO6Of CAOKHBIN KOMMJIeKe MHTMaTuTOR g
ruefico-rpaHuTOB J0Kapeabekoro Bosdpacta (PRy.,). o nepudepun
KYMOJOB Pa3BHTBl MeTaMop¢H30BaHHBIE BYIKAHOTeHHO-0ca noy e
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TABJIMLIA 15.1
Cxema munepasnoo6pasopaHusi npH npoueccax (GOPMHPOBAHHA CKAPHOB
Buemawonae
HUuTpysusHas nopopa CKapHOBble MHHepa/ibl H NMPOAYKTH HX H3MeHeHHH MOpOAL
(kBapuessift AnOpHT) Supockaps B nosaHe r.'ranuupnpouecca MHHepan0o6pasoBanns SRI0CKAPH g;gg::;:e
H3BECTHAKH)
e
= CepHIHT CepHuuT
AnbHT —— >  AnnGur v
- Ckanoant —  Ckanoant — Onujor
Maatsokass 16 80 5, Ipoccynsp ————  Augpaaur — 3nupor
Anp6ut Anpbut
=R Besysnan —— XpoMoBHIfi Be3yBHaH—> IMHAOT
Anp6ut —  Aap6ur
g OnEpor—m98M8m———— Snuaor AxTHHONHT <————— <— [uoncup <+ omomut
Oproknag ——» Oproknas ———»  Anyasp ;

Poropas o6Manka —-

Buotir —48 ——

Kpapy ——m———

Anatut

Juoncug —

Ceen

Porosas ofMaHKa ——-

Kpapg ————

AnatTHp—————>

Jnoncua-renenfeprut

Juoncua —
Copen -+
Ksapuf(mano)

Anatur

Vpaaur — Xnopur  Ipadur < Oprannye-

CKOe pe-
mecTeo
[ Tpemoant
1 Xnopur
P AR T
Kanpuur <« Kanpuur<——— S
Boaaacronut <———— Boanas «————
CTOHHT




TABJIHLA 15.2

Munepanbubiii coctas pyfosmewarouux nopoa Cesepo-3anagHoro
Mpunagoxba, %

X REREAPC B
Tlopozxa So |8z |58| & e T Bl < o g
solg8|85 5| 2] ¢ |58 { L1sstd @
| TeE|Ez |Ee| M [ m A | = |Me| T | O
Yuactok JlatBaciopbe
ITupokceHoBslil cKapH TG B b Q0 bl N 2
Iupokcen-Kpapuesslit G e A T SRR ) IO | R R ¢ R B
cKapH
IlupoKceH-MIarHoKaa3o- e e (e (Tl W o R S ) B s St
BBIH CKapH
[InarnoknasoBas xujaa 4 . ) . el ARG | M o B 0 (S SRR G i et
IIupokcer-rpaHaToBelii ey G 2000 (B 5ed 10 gl ek Bl
CKapH
Iupoxkcen-amMbu60I0BEI [ RE0 B R e L O B E T el e T
cKapH
Yuactok KommyHap
ITHpoKceH-KBapueBblil 25 R0 T L S0 00 e 2 0 0 Lt
cKapH
ITupoKceH-naarHokKaaso- T TR | N ) TR R SRTE 5 1
Bhlil CKapH
[lnarvokna3sosas :KHJa ) e e el 1 B SRy SR | BRS ) HSR 1 1
Yuacrox HMokupanta
Inpokcen-aMpuGONOBLIH L T EL T e S BT S 1 o R R e (e
CKapH ;
Yuyactkn Mencynsapa u flxkkuma
IMHpoKkceH-Be3yBHAHOBLIH 2 a0 108 B & i2ha o] | (2 -l D
CKapH
ITnpoKceH-rpaHaTOBLIi 2oidbt Ui S0 P2y (i@ ] | SRR = T
cKapH

OTJIOXKEHHSI CpeAHero nporepo3os (NHTKApaHTckas cButa). OHu
MpPEeJCTAB/IEHE B OCHOBHOM CJaHUAaMH H aMpuOOJIHTAMH C BKJIO-
YEeHHBIMH B HHX TFOPH30HTAMH CKapHHPOBAHHLIX NOPOJ U CKapHOB.
Cxapubl 06pasyiT nJjacroobpasHble W JHH3000pasHble Tena AJH-
Hoit 100—400 M npH MOUIHOCTH OT HECKOJbKHX CaHTHMETPOB [0
20 M. Iio MHHepalBHOMY COCTABY MOKHO BBIJIEJIHTL CJeLyIOlIHe
Pa3HOBM/HOCTH CKapHOB: NHPOKCeH-(QOPCTepHUTOBLIE, NHPOKCEHO-
BHE, NHPOKCeH-aM(uO0J0BLHIe, TNHPOKCEH-NJIAarHOK/Aa30Bbie, MHPOK-
CEH-TPaHATOBEIE, THPOKCEH-TPAHAT-Be3YBHAHOBHIE.

Munepanbublii cocTaB pynoBMmenialomux nopox IlpuiazoxKbs
npuBejeH B TabJ. 15.2.

Ha yuactke JlatBaciopre HabJiojlaeTcs NOCTEeNEHHAs CMeHa IH-
POKCEH-TIJAarHOK/Ia30BEIX CKapHOB MHpPOKceH-aM@HuOOJ-rpaHar-Besy-
BuaHoBbIMH. [Ipoumecc ckapHOOOGpasoBaHHsl 3/ech HEOJAHOKPATHO
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ocIOXKHsCS Gojee MO3JHHMH OKBapueBanueM H (QesbaumaTH3a-
wueil. Bolin geTasbHO H3YyUeHBl Bce nmopojpoolbpasyiolline MHHEpaJbl
H3 CKAPHOB M THEHCO-TPAHHTOBBIX KYINOJIOB, K KOTOPBIM CKaPHBI MPH-
ypouenbl. Huxe jpaercst onucanue JIHUIL MHPOKCECHOB H am@pub0J10B
M3 CKAPHOB M IJIATHOKJa3a U3 KYIOJIO0B.

[TupoKceHB NPHCYTCTBYIOT BO BCEX PasHOBHUAHOCTAX CKapPHOB,
coctapasisgs or 10—15 9% macchl B MHPOKCEH-NJIATHOK/IA30BLIX H ITH-
pokcen-am¢pu60y0BbHX ckapHaX go 70—80 % B MHPOKCEHOBHIX
ckapHax. M3 ckapHOB B pasjH4YHbIX yuacTkax [Ipuiazoxps GeiiH
oro6paHbl W mpoaHaaH3upoBaHbl 32 o0pasiua NHPOKCEHOB. Pacuer
XuMHYecknX (GOpMyJ MOKasall, 4TO N0 COCTABY NMHPOKCEHB! LICEJH-
TOHOCHBIX CKAapHOB IIpH/1a0iKbsi OTHOCATCS K CePHH AHONCHA-(ep-
pocamura (dur. 15.2).

Ha ¢ur. 15.3 oTueTqiuBo BHAHO, uTO GoJiee paHHHM IO BPEMCHH
obpasosaiusi ckapHaMm (A, 5) cBOACTBEHHBI MEIKO3CPHHCTEHIE AHO-
neuanl. B HecKoJabKO Oojiee MO3AHHX NHpPOKceH-aM$puboiI-naIarno-
K1a30BHIX cKapHaX (B) nosiBasercs cajiuT, HaKOHeW, B KPYMHO-
3ePHHCTHIX TIpaHaT-NHPOKCceHoBbIX ckapuax (I, [) pa3BHTHl HaH-
6osee Kesesucroie (eppocanuTsl. MHTepecHO OTMETHTH, HTO 31€Ch
e BMecTe ¢ GoraThiMH Kesje3oM (eppocaJHTaAMH MOsIBJAACTCA LIee-
auT (KBaApaThl) M MHPOKCEHOBBIE CKAapHbl CTAHOBATCA PYAOHOC-
HBIMH.

Jaapueiiiiee HccJAeLOBaHHE I110Ka3aJo, 4YTO KPYMHO3CPHHCTHIE
ckapunl (I, J) HecyT Ha cefe siIBHBIE CJe[bl NepeKpHCTA/NIH3ALHH
M cerperailii MHHepaJbHBIX (a3, NpH 3TOM IOBHIIICHHE MKEJIe3H-
cTOCTH (DeppocaHTOB fIBJSIETCA CJAEACTBHEM TMepepacnpeiesenns
B NHPOKCCHAX KAJbIHS, 4aCTh KOTOPOro B 3Ty CTajHio npomecca
uaeT Ha obpasoBaHue AKTHHOJMTA, rpaHata u (WIH) 3nHA0TA H
IIeeJTHTA MO CXeMe ‘

4Ca (Mg, Fe) [Si;O4] 4 2A1 (OH); -+

Auoncup Pacteop

-+ K2W04 = QCaMgFe [5103]3 +C33 (Al, FE)g 15104]3 -

Pactsop deppocalur IpaHat

-+ Cay (Mg, Fe); [SigOy]: (OH): -+ (t:uawo4 + K,Si0; -+ 2H,0.

AKTHHOAHT

Pacreop

[Mpuseennasi cxema, BHITEKalomlas M3 MHHEpPaJOrHYECKHX Ha-
GJII0/I€HHI H TOro, YTO MBI 3HaeMm o reoxuMun W (rai. 17), HaXomur
cefe MOATBEPK/IEHHE H B FBJEHHAX OKBapleBaHHs, CTOJNb THIHY-
HBIX AJS KOHeuHBIX cTajamii ckapHoBoro npomecca B IIpunanoxse.
Yro Ke KacaeTcsl HeNMpephLBHOCTH OTMEYEHHBIX MPOLeccoB (OpMH-
POBAHHS CKapHOB, TO €€ MOXKHO BHJeTh B ob6pamienuu JlaTsaciop-
CKOil CTPYKTYpbl, rie HaGJI0AaloTCA INOCTENEHHLIC MepeXOoAbl OA-
HHX THIIOB CKapHOB B JpYyTHE.

M3MeHeHne XHMH3Ma IIHPOKCEHOB B Mpoluecce CKapHHPOBaHHA
OXBATHIBAeT M 3jeMenthl-npumec (rabs. 15.3). Has Mn, Zn, Sc,
Co, Ni, Ti, W ofuapy:xKHuBaercsd TeHICHIHS K YBEJHUEHHIO Cpel-
HHX CONepIKAHH B KOHEUHBIX JKesJesHcThIX uneHax. Takum o6pa-
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15.2. XuMuYecknii cOCTaB MHPOKCEHOB B UHC/E ATOMOSB Ca, Mg, Fe2t++
+Fe**+Mn na dopmyasnyno efnHHNY, %, mo AaHHbM TaGa. 15.3.
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15.3. Ilpnypouennocts jpuoncuzos, CaJHTOB, (heppocanuTos
K CKapHaM DasiHYHbLIX CTajufl, B UHC/Je aTOMOB Ha (OPMy.Jib-

HYI0 e[HHHLY.



TABJIHLIA 15.3

Cpennue cojepxanus 3JeMeHTOB-pHMeced B NHPOKCceHax
pasHoit XenesncrocTH®

Cocrae Yucno

NHPOKCEHOB Ng npo6 v Zn Ni Co

Jwoncun <1,702 + 0,002 7 ) VARSI | 0 1) SRR 5 il 1 10 ) R 5,7
Canur [ (1,702—1,709) + 13 1,4 .027 14 . .0,030 " 8.2 = FEH
-+ 0,002
Canur 11 (1,710—1,726) = 18 20 0,297 °17°-7°0,000 15,0 1T
+ 0,002
®eppocaaur >1,726 + 0,002 4 2,6 1,365 200 11 0,290 255" 1 0h
IMpononxenue
om0 Ng IL‘;,";,? Sc Ti cr | Pb | sn | cu

Iuoncup <1,702 + 0,002 7 1
1,

0,004 4,2 4,4 2,3 6,5
Canur 1 (1,702—1,709) & 13 6,6
0

0,006
0,017 19,78, 7 TgEEh
0,010+ 6,5 4,7 2,952

=+ 0,00
Canur 11 (1,710—1,726) += 18 7
+ 0,002
Deppocaaur >1,726 + 0,002 4 3,

© > o~

* Cogepxanus Ti, Mn, Zn gaHb B NpoueHTax, OCTaJbHbIX 3/leMeHTOB—B FPaMMax Ha TOHHY.

30M, B Ipouecce CKapHoOOpa3oBaHHSA MHPOKCEHHl — OCHOBHbIE MO-
poaoo0pasyloliie MHHepaJbl CKapHOB, MOCJAEA0BATENbHO Tepss
Ca, yacTth Kotoporo morjga Obl HATH Ha oOpasoBaHHe IIee/uTa, H
TeM caMbiM YBeJHUHBAs JKeJe3HcTocTh, oboramanancs Mn, Zn, Sc,
Co, Ni, Ti.

AnanoruyHepie AaHHble GBUIH NOJYYEeHB NPH JETaJlbHOM HCC/e-
noaHuH ambuGosos. OHH NPHCYTCTBYIOT BO BMelnalounx amdbuco-
JINTAX, CJIaHIAX, CKApHHPOBAHHBIX nopojaax, ckapHaX. [lo cocraBy
aM(pu60JEl OTHOCATCH B OCHOBHOM K Pp#AAY pPOroBHX OOMaHOK
(dur. 15.4). Ananussl /—4 0TBEYAIOT MAPracHTOBHIM POrOBBIM 06-
MaHKaM, OCTaJbHBIE J0XKaTcss B 00JacTb OGBIKHOBEHHBIX POTOBBIX
06MaHOK M, Tepfisl L1eJOYH, NOCTeNeHHO NPHOJHIKAITCA K COCTaBy
TpeMonuToB (aHanuss 20—22).

Hsmenenns cocraBoB aM@uG0J0B OTUETIHBO MpOSBJAIOTCH
B onTHueckHx cBoiicrBax (2V, Ng, Np), u B TomM uHcie B HHppa-
KpacHHX crnektpax (puc. 15.5). ¥YBennueHHe HHTEHCHBHOCTH MHKAa
B ofsactn 760—770 cm~! csi3biBaeTCA C YMEHblIEHHeM coJeprka-
nus Al [Kysueuosa JI. T., Jlunatosa 3. A., 1973 r.], a B o6aactu
930—980 cm~! —c yBesqnuenunem cogepxkanuss Mg [Cerkuna O. H.
Bapa6anos A. B. u ap. UK-cnekrpel am¢duGosoB NMOATBEp:KAAIOT
3TO.
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15.4. KoneGauus XHMHYECKHX COCTABOB KaJiblIHe-
BRIX aM(HOO0/0B, BHDANKEHHHX B 4YHCJE ATOMOB
[AJVI4+Fed++Ti u ALY Ha opmyabEy0 epununy.

B ckapHupoBannbiXx aM(uOOJIOBEIX caaHLaX u ampuboauTax no
poroBoii o6MaHnke passuBaercsi ambuGo, NPOMEKYTOUHEIH MO co-
CTaBY MMy pOoroBeiMH oOMaHKaMH H aMmpuGosaMu psxa Tpemo-
JHT—aKTHHOMUT. B cKapHax 3TOT npomexyTounmbiii ampubosn 3a-
MEILaeTcs MHPOKCeHOM psaa caaura. Kak yxke 6o mokasamo,
COCTaB NMHPOKCEHA B NpoOLECCe CKAPHHPOBAHHA H3MEHSJICH BILIOTH
Ao ob6pazosannsa deppocannra. B NIOCTCKAPHOBYIO CTAaJHIO MpPOHC-
XOAHJIO 3aMelIeHHe NMUPOKCeHa aKTHHOIHTOM ¢ 0Gpa3oBaHHEM SITH-
AoTa u weejanTa. CXeMaTHYECKH 3TO MOMKHO H300pasuTh B cjaeayio-
LeM BHJE:

CaMgFe*t [SiOg); + Al (OH)3 + H,0 - K.;WO, —

deppocannt

Pactrop

— Ca, (Mg, Fe?+), [51,04] (OH), +

AKTHHONIUT

+ CapAl,Fed+ [SiyOq] [SiO,] OOH + CaWO, + K,SiO,.
Jnapor Lleennr

Taxkum oﬁpasom. HMEHHO C MpOLeCcCOM H3MEHeHHS cbeppoca.nu'ra
CBfI3aHO OﬁpaESOBElHHe meeJganTa, MeJIKHe 3épHa KOTOpPOro Mhl Ha-
Gaionann B GoJiee PAHHHX JAHONCHI-aKTHHOJHTOBBIX CKapHax. ITo-
CKOJIBKY HCTOYHHK caMoro BOJIbd)pElMa OCTaBaJicst IPH 3TOM HEH3-
BECTHBIM, OTCYTCTBHE MHHepanoB-HocHTeneld W B nopogax 3Ks3o-
KOHTaKTa BBI3BAJIO HEoOX0HMOCTE MHHEpPaJIoro-reoXH MHYeCcKoro
H3Yy4YeHHs NOpoJ rpaHUTO-THEHCOBBIX KYNoJioB.
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JlatBaciopckuii kynmoa B maane r
HMeeT OBaJbHYI0 (OpMY H 3aHu-
MaeT nJowanr okosao 50 km2. [lo-
POABI, cJaramollHe ero, YCJOBHO
Ha3BaHHBIE TPaHHTO-THEHCAMH, &
no tepmunojorun K. Menep-
Ta [1971 r.] sBasoTes WAHPOBHIMH,
4 B lleHTPe KymoJa — HeGyJIHTOBHI-
MH  MurMatuTaMi. OHH cMATH
B MHOTOYHCJEHHBIE CKJaJKH, HO
B LIeJOM COXPaHSAT MNEepHKJIHHAJD-
HOe 3aJieraHHe ¢ yrJaMH HajeHus
60—70° mo kpasm Kynosa u 45—
0° B ero uenrpe. s

I'panuto-rueficel coctosiT B oc- Ly T
HOBHOM H3 MOJIEBBIX IINATOB, KBap- o A0
ua, 6uorura. Ilo mnepudepun Ky- 155. HK-cnekTpu norjomenns am-
MoJia B HHX MeCTaMH oTMeuaercsi (160708 u3 ckapHos ITpuaazoxss.
porosasi o6MaHka. BropocTeneHHBIMH MHHEPaJaMH SIBJASIOTCA ana-
THT, UHPKOH, cel, HHOTAA XJODHT, 3MHAOT. Buewnuii B mopox
Kyno/ia B Hanpae/ieHHH OT NepudepHH K LEHTPY MOCTEMeHHO H3Me-
HseTcd: HalJjofaercsi HEKOTOPOe yMeHblleHHe OHOTHTAa, HCYe3aeT
am@uboJ, U XapaKTepHas NOJOCYATOCTb CTAHOBHTCS MeHee 3aMeT-
noii. CoctaBHl 1OPOZOOGpPa3yIONIHX MHHEPAJIOB, WX B3aHMOOTHO-
IICHHA H XHMH3M MODPOA TNpPH 3ITOM H3MEHSIIOTCH BechbMa Cylle-
CTBEHHO. ;

Tak, nnarnok/ia3oBele I'PaHHTO-THEHCHI LIEHTpa KynoJa pe3Ko
00e/IHeHE MHOrHMH MHKPO3JI€MEHTAMH 10 CPABHEHHIO ¢ aHAJOTHY-
HBIMH NOPOAAaMH Nepu)epHYECKHX ero y4acTkoB. OTUACTH 3TO 06b-
ACHAGTCSl YMEHDIIEHHEM BIOPOJAX LEeHTPa KynoJa H30MOP(HOEMKHX
6uotnra u chena. Kpome Ttoro, B npouecce nepeKpHCTAaJIH3a-
LHA TOPOJl UEHTPa NPOH3OLLIO, NO-BHAHMOMY, OYHIIEHHE IOPOIO-
00pasyloUIHX MHHEDAJOB OT 3JEMEHTOB-PHMEcel, U4TO OTYeT/IHBO
BHIHO Ha NpHMEpe TIJIaBHOrO MOPOA00Gpa3yIOLero MHHepaaa —
nyarkioknasa (tabm. 15.4). :

Mukpokrunu3anus n0pox nepudepHH Kynosia, B CBOIO ouepelb,
TOXKe CONPOBOXKJaJNach HW3MEHEHHEM CO/ePKAHHA B HHX MHKDO-
saeMeHTOB. Ilpu 3TOM B GOJMBIIMHCTBE CayYaeB OTMeYaeTcs MOHMH-
KCHHE HMX COLEpXKAHHs, W JHIIL Pb Hakanausaercs B MHKPOKIH-
HH3HPOBAHHLIX TPAHHTO-THElCcAX.

M3 conocrasneuns comepxkanus W B HEeMHKDPOKJIHHH3HPOBAH-
HBIX moponax mepudepnn (1,53 r/T) M B mopoaax, comepariiux
Goaee 10 % wmukpokauna (1,25 r/t), BHAHO, uTo W BHIHOCHJ C 5
H3 nopoa mnepHepHH Kynoja B MPOLECCe HX MHKDOKIHHH3AIMH.
MoxHo nmpeanosnarats, 4To pamee OH H30MOP(GHO BXOIHI B CTPYK-
TYpY miaruokjnasa, sameuwas kaabuuii [Beros H. B., 1959].

HUrak, npu ¢opmuposannn JlaTBaciopckoro Ky[moJia B NOpojax
GyHaaMeHTa NPOHCXOJHIO HHTEHCHBHOE nepepacnpeseenie XuMH-
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TABJIHLIA 15.4

Conepxanne aseMeHToB-npuMecell B MAArHOKIA3aX H3 TPAHHTO-THEeHCOR
JlarBaciopckoro kynosa*, r/r

Yueno
MecTo ot6opa npo6 | awaam- | An, % w Sr Phb Sn
£
IMepudepusn 4 19—25 1,0—1,8 1000—2000 20—-50 1,0—2,0
< g 23 1,3 1500 31 1,7
Lentp Kynoza 3 17—24  1,0—1,0 500—1000 5—7 1,0—1,0

19 1,0 830 6 1,0

IMMpononxenue

Yneao
Mecto ot6opa npo6 | ananu- Cu Zr Y Cr Ti
308
Iepugepnsn 4 5—10 20—2000 5—10 10—50  50—1000
st 7 80 7 e 310
Lentp kynona 3 9-9 2 A | 0 10—20
2 5 1 17 17

* B uHcanTene — mpegens koneSammnft, n sHamenarene — cpejjHee apHpMeTHuecKoe co-
BePXKaHHA SMeMenTOB.

HYECKHX 3JIEMEHTOB, CONPOBOXK/aBlleecss BHIHOCOM MHOTHX H3 HHX.
MurepasnbHoe BemecTBo TPaHHTO-THECOBOTO Kymosia, B3amMojeil-
CTBYsl C BENIECTBOM BMELIAIOUIHX NOPOJA, BO MHOrOM OINPEeAe/HJI0
METaJJIOreHHUeCKHe OCOGEHHOCTH paloHa CKapHOOGpPAa3OBaHMSI.



nasa 16

rEOXMMUSA TUAPOTEPMAJIbHOTO TMPOLECCA

OTkas OT OPTOAOKCANLHOW MarmatoreHHoOW runoTessl
reHeauca ruApOTEPManbHbiX MECTOPOIKAEHHA NONe3HbIX
WCKONAeMbiX MPMBEN K CYLWEeCTBEHHOMY W3MEHEeHHID
NOHHUMAHKUA MX I'EOHOFH'leCKOﬁ npupoAasl.

B. H. Cmupnos, 1970

Hayunoe H npakTHYecKoe 3HaueHHe THAPOTEPMAJBHLIX MECTO-
poxjeHuil orpoMmHo. M3 ruapoTepMajibHbIX MeCTOpOXKAeHHH N06bI-
BaeTcsi OCHOBHas macca pya W, Mo, Sn, Bi, Sb, Hg, As, Ni, Co,
Cu, Pb, Zn, Au, Ag, U. U3 rugporepMaibHbIX KHJA A0GHIBAIOT
ropHblil XpycTajb, aMeTHCT, ONal H JApYyrHe CaMOLBETHI.

THApOTepMaJbHBIE MECTOPOM/eHHs DPa3pabaTeBalOTCA C APeB-
HefillMX BpeMeH. 3a HCTeKIlne 3—3,5 ThicAueseTHss B 006JacTH MO-
3HAHMA STHX MECTOPOXKIeHHH HAKOIMWJICA OTPOMHbBIH IMIHPHYECKHI
Matepuaj, H60 C TEPBHIX WAroB 3HAKOMCTBA 4YeJOBEKAa C TOJE3-
HEIMH HCKONMAaeMbiMH OH CTPEMHJCs OCMBICAHTh HX oOpasoBaHue,
uX npoucxoxaenue. M HecMOTps Ha 370, B npoGaeMe THAPOTEP-
MaJIbHBIX MECTOPOXKJAeHHil MHOToe sBJSETCS HeNMOHATHIM, a HaH-
Gojiee CJIOKHBIM H TPYAHBIM BOMPOCOM MpobJeMbl B LEJIOM, OcTa-
eTcd BOMpOC O MPHpPOJAE pPacTBOPOB, H3 KOTOPHIX dhopmupy-
J0TCS THAPOTEPMAJbHBIE MECTOPOKACHHS.

PaccMOTpHM B caMblX OGIIMX YepTax JIHIIbL HEKOTOpbie H3 BOI-
pOCOB, OTHOCSIIHXCHA K MPHPOAE THAPOTEPMAJBLHBIX PACTBOPOB.

®OPMA TNEPEHOCA PYAHbIX KOMMOHEHTOB
M ®A3OBbIH XAPAKTEP PACTBOPOBR

C cepeHHBI MPOIUIJIOTO CTOJNETHS B MHHEPAJOrHH OBLIO UIHPOKO
pacnpocTpaHeHo MHEHHe O NepeHoce TAMKENbIX MEeTallioB B ¢dopme
raJOHAHBIX coeauHeHuii. OJHAKO HCCIeIOBaHHE ITHX COEAHHEHHIt
[llykapes C. A. u ap., 1958 r., 1959 r.] o6HapyXHu10 CTOJL BBICO-
Kyio CKJOHHOCTb HX K TMJPOJH3Y, YTO JOMyCKaTh BO3MOMKHOCTb HX
CYLLECTBOBAHUA H IepeHOCa B YCJOBHSX 3eMHOM KOpH, NMOBCEMe-
CTHO MPOTMHTAHHO! BOJOH WJIM €€ NapaMu, B Hacrosuiee BpeMs
HeT ocHOBaHHil. DTOT BHBOJA TeM Gojee cnpaBejJyiHB, 4TO MPOLECCH
MHHepanoo6pa3oBaHus, KaK Mbl BHIEMH, HAYT C yd4acTHEM Na u
K. B 3THX YCJIOBHAX XJA0pHAH BoJbdpama M MosuGieHa, HanpH-
Mep, FHAPOJH3YIOTCs ¢ Bbilenennem nourn 200 KKaJ1/MOJIb:

WCl,-+8NaOH —118 kkaja. = NaWO,+6NaCl+4H,O u T m.

[Ipu TakoM OrpoMHOM 3K303(pdekre yxKe CI€10B BOABI H IIe-
Joyeli B OKPYKAaIOWHX MNOPOAAX AOCTATOYHO, YTOGBI rajoH/HBIE

271



COCNMHEHHS THKEMBIX METAa/JIOB pacnajnch Kak TakoBbie. MoxHO
npusecTH W Apyrue cooGpawennus. Tak, HanpuMmep, H3BECTHO, HTO
Jlajke Ha TAKHX «BBICOKOTEMIEPATYPHBIX» rpeii3eHOBBHIX MECTOPOK-
JleHHAX, KaK BodbdpamuToBbie, (GopMHpOBaHHE MKHJ TPOHCXOAHIO
B YC/JOBHSIX MHOTOKPATHBHIX KOJeGaHHii BHYTPEHHEro 1aB-
JEHHS, MOPOH COMPOBOKAABIIMXCS PE3KHMH nepernajamu Aas/e-
Hus. B 3THX ycaOBHAX MHHepajsoobpasoBaHHe H3 rasosoil ¢assl,
KpajiHe UyBCTBHTEJBHOH K H3MEHCHHIO AaBJeHHs, HE MO0 WATH
TaK, Kak OHO NpPOSBHIOCHL B 3THX Kujaax. [lepemajnl AaBJeHHs
B YCJOBHSIX MHHepasoo0pasoBaHHA H3 rasosoil (asm (uKcHpoBa-
J0ch Obl He MEpHOAHYECKHMH <«BCKHIAHHAMH» MHHEpaso06pasyio-
1mero pactsBopa, a Bbinajienuem TBepAOH (asbl B BHAE BO3TOHOB,
HAJETOB M NOPOmKOOGpasHbX Macc. Takume arperaTel Aaxe s
CaMBIX «BBICOKOTEMIEPATYPHBIX» THAPOTEPMAJbHBLIX MKHJ He Xa-
PAKTEpHHI.

MHHepasoruss MecTOPOXIeHHi MOKa3biBaeT TaKkKe, u4TO MHHE-
panoo6GpasyiolHe pacTopel 06JajanH BBHICOKOIl KOHLleHTpauuef
pactBopenHbX B HHX SiO; M ApYrHX BeilecTB. ITHM CBOICTBOM,
Kak wu3secTHo co Bpemen B. Jlmmarpema [1933 r] oGranaior
npeskje BCEro JKHIAKHE PacTBOPLI, a He TasoBbIe.

Haxomel, XapakTep MeTacoOMaTHYECKHX MpeBpallieHHii nopoao-
ofpasyiolulHx MHHEpPaJoB B 30He OKOJOXKHJIbHBIX M3MeHeHHH
«BBICOKOTEMIIEPATYPHEIX» PEIKOMETANbHBIX K11, B TOM 4YHCJIE TOHAB-
JIeHHe B caMbie paHHHe cTajun MX GOPMHPOBAHHA CEPHIUHTA, COACP-
skamero OH u K, cBHAETEJbCTBYET O TOM, 4TO MHHepa/noo6pasyio-
ulasi cpeia cojepiKajia 1IeJI0UH H BOAY, B NMPHCYTCTBHH KOTOPHIX,
KAaK y¥Ke OTMeyajnoch, razoofpasubie rajgoreHuas Si, W, Mo, Sn
M JApPYrHX TAMKEJBIX 3JeMeHTOB KpaiiHe HeycroitunBel. Bee sto om-
peleJieHHO YKa3eBaeT Ha TO, 4TO H B PaHHHE CTAaAHH MPO-
mecca MHHepanoo6GpasoBaHHe COBepmanroch He H3
raszoBoil ¢pasb, a H3 KHAKOrO ruipoTepMatbLHOrO
pacTBODa.

MCTOYHHMKM MHHEPAJNIBHOIO BELLECTBA

[Tpo6ieMa MCTOUHHKA MHHEPaJbHOTO BeulecTBa HMeeT Goabiioe
HayyHoe M NpaKkTHYecKoe 3HayeHue. B 3aBHCHMOCTH OT TOro, 4TO
sBasieTcss HMCTOYHHKOM MHHEPAJbHOrO BEIIeCTBA KHJ: BEPXHHI]
CJ10ii MAHTHH, CNCHHAJH3HPOBAHHBIC PYAOHOCHEIE HHTPY3HH, JioGast
MarMa M ee IPOH3BOJHBIE HJIH BCE MOPOJbI, C/araiouiue 3eMHYIO
KOpY,— pelailoTcsi MHOTHe BONPOCH reHe3Hca THAPOTEPMaJbHBIX
MECTOPOKAeHHI — PoJib BMemaolleil cpeis!, NpHpoaa MHHEPAJIO-
06pa3ylomuX pacTBopoB, ¢opmMa mnepeHoca B HHX KOMIMOHEHTOB,
BpeMsi H MeCTO BO3HMKHOBEHHS 3THX PacTBOPOB, NPHYHHBEI HX JIBH-
JKEHHs | T. M. :

3a nocaejaHee cTojeTHe MPOM30LLIA TyOoKasi 3BOJNIONHA B3r/d-
OB HAa HCTOYHHK MHHEpaJbHOTO BellecTBa B TIHAPOTEpPMaJjbHBIX
Kuaax. Hemaso remeTHyeckKHX KOHUeNumii, ucuepnas cels, CMEHH-
JMch ApYruMH, Gosee xkuaHecrnocoGHuMH. Bmecte ¢ TeM H cefiyac
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B OCHOBe cBoeit B 370i mpo6Gaeme no-npexHeMy GoploTcs ABe Kpai-
HHEe TOUKM 3pEHMs: KOHUENUHS NPHBHOCA PYAHB X M HHB X
KOMIOHEHTOB H3 THONOTETHYECKHX «KOBEHHJbHBIX»
OYaroB W KOHIENUHA IepepacnpefeJeHHS MHHEepPAaJdb-
HOro BellecTBa NOPOJ 3eMHONl KOpPH THILPOTEP-
MaJlbHBIMH pacTBOPAaMH pasinyHoro reHesnca. M Gynem
Ha3bBaTh JIBe STH TOUKM 3peHHd B JadbHefimieMm, Bcje] 34
B.. U. Bepuanckum [1923], coOTBETCTBEHHO KOHKPEYUOKHOU U MeTa-
comaruieckotl.

Kakas ke M3 3THX KOHLenmuH Gosee OTBeuaeT (haAKTHUECKHM
NlaHHBIM H YDOBHIO COBpPeMeHHHIX 3HaHHI? TpaaMIMOHHBIA B3TJISA
Ha TO, UTO BCE PYAHLIC KOMMOHEHTH BHIHOCATCS M3 MarMaTHY€CKOro
oyara, ocHOBaH, BOOGIIE-TO, He HA IKCMEPHMEHTax H HAOJIONCHHSX,
a Ha rayGoKOH Bepe B peajsbHOCTb OJHOIO H3 THIOTETHYECKHX My-
Teil 3BOJIOUNK MarM, peannsyemex B cxeMe ®orra — Hurrau — Boy-
sna—®epcmana—Hukonaepa. DToT BapHaHT, KaK H3BECTHO, MPE.-
nojaraeT 3aKpHITOCTb CHCTEMBI MarMaTOTeHHOTO MHHepasoo6paso-
BAHHMA H OTCYTCTBHE BJHSHHS OKpyKawoulefl cpefbl, HCKI0YadA
TenjaoooMeH.

B npyrom, 6ojee mporpeccHBHOM, HO TOXe THIOTETHYECKOM Ba-
pHaHTe OCTLIBAHHS MarMbl 3aBapuukoro — KopKHHCKOro NpH3HA-
HHE OTKPBITOCTH CHCTEMBbl 03HAYAJO NPH3HAHHE BAXKHOH POJH BMe-
AKMAX nopoA. PaspaGoTaHHble METOAL H3Yy4eHHsl OKOJOPYIHBIX
namenenuit [Kopxunckuit 1. C., 1946 r., 1953 r.; Hakouuk H. H.,,
1949 r., 1958 r.; Bapa6anos B. ®., 1961, 1965 r.; Pynuuxk B. A,
1962 r. u np.; Pomanosuu M. ®., 1961 r. u ap.; Kasuuumn 10. B,
1966 r.; Gresens R. L., 1967 r.; Akella J., 1966 r.; Boroaenoe B. .,
1967 r., u ap.] mMO3BOJNIMIN MOJYYHTh LEHHYI0O H OOLEKTHBHYIO HH-
(opmannio 06 HCTOUHHKE MHHEPAJBHOro BellecTBa B DYAHLIX Te-
JdX H B KHIAX.

[IpeacraBienye 0 «3aKPLITOCTH» CHCTEM MHHepaaoo6pa3oBaHus
NOJYYHJIO IIHPOKOE pacHpoCTpaHeHue JHIIb CPeiH Te0Joros, KOTO-
pble IMpaKTHYECKH HE H3y4aJd OKOJIOpYAHBIE H3MEHEHHA MNOPOMN H,
Oojsee TOro, OOLIYHO HE€ YUYHUTBLIBAKOT JaHHBIE, TMOJYUYCHHBIE JPY-
rumu. Miayyenue ke cOTeH M THICSY pa3pe30B OKOJOPYAHBIX MOPOA Ha
MHOTOYHCJIEHHBIX MECTOPOK/AeHHAX NMOKAa3hIBAEeT, YTO BJHAHHE BMeE-
UIAONIHX MOPOJA HA MOCTMAarMaTHYecKOe MHHEpas000pa3oBaHHe BHI-
paxaeTcs:

a) B uU3MeHeHHH TepMoaMHamuyeckux ceoiicte (T, p, a, pH)
CaMHX MHHepaJoo6pa3yIolHX PacTBOPOB;

6) B M3MEGHEHHH XHMHYECKOro cOCTaBa PacTBOPOB BCJEICTBHE:
1) XUMHYECKOrO B3aMMOJAEICTBHS KOMIOHEHTOB pacTBOpa ¢ MHHe-
pajamMyu GOKOBBIX TMOPOX, 2) NPHOTKPHIBAHHS TPEIIHH H Jerasauus
MHHepaJ/j006pasyioiero pactsopa, 3) NPosBJIeHHA (QHIbTPALHOH-
Horo spdexra, 4) pacnaga KOMIUIEKCHBIX COeTHHEHHI;

B) B 3aHMCTBOBAaHHH H3 GOKOBBIX MOpoJ: 1) OT/eJLHBIX aTOMOB,

2) KOMMOHEeHTOB, 3) MHHEpPaJOB WJH pPaBHOBHAYHBIX HM COeJH-
HeHHI. -
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Bee 370 B KOHEUHOM CueTe MNPHUBOJAUT K MepepacnpeieseHtio
MHHEpPAJbHOTO BELIeCTBA ONPEe/eIeHHBIX Y4aCTKOB 3eMHOIl KOphl
[Bapa6anos B. @., 1967 r.]. [lokaxem 310 Ha npumepe rpefizeso-
BBIX MECTOPOMKACHHI.

[peiiseHoBoie  MecTopoxaeHusi  3abaiKaibs, Kasaxcrana,
Vpana, Ilpumopssi, Caxconun, Kopuyosnna u Apyruax paitoHoB 00-
HAPYKHBAIOT MOPA3UTE]bHYIO OOUIHOCTb MHHEPAJbLHOr0 COCTaBa
JKHJ H CONPOBOXKAAIOLIHX HX rpeiisenos. Ilo cyTH Aena, Bce MHHe-
pasibl PeAKOMETANBLHBIX JKHJ STHX MECTOPOXICHHH: CEPULLHT, XKH/Ib-
GepTHT, (JIIOOPHT, LICETHT, KaJbUUT, aJbOHT, KBApL, MHKPOKILH,
anaTHT, AHKEepHT, MHPHT, KACCHTEPHT, BOJb(pPaMHT — HaXOAATCA
B CONPOBOKAAIOWKX HX OKOJOXKHJIBLHBIX TpeiizeHax. Bonee Toro,
uayuenne noxasano [BapaGamos B. ®., 1961, 1965 r.], uro mpo-
[ece OKOJOMHJILHOH rpefiseHH3alMd ecTb Mpouecc 3aHMCTBOBAHHSA
H3 GOKOBBLIX NMOPOJ ATOMOB, KOMIJIEKCOB aTOMOB H IEJBIX «MHHE-
pajibHBIX»  MOJIEKYJ, W3 KOTOPHIX (OpMHPYIOTCA  MHHEpaJbl
HKHJL

Tak, nanpumep, 3a cuer Ca nopojooGpasyiolilero njiariHoxk/aasa
06pasyioTcst amaTHT, WIEeTHT, (IIOOPHT, KalbUHT. AJOMOCHJIHKAT-
Has COCTaBHAaf 4acTh AHOPTHTA HJAET NMPH 3TOM Ha obpasoBaHue
cetabx caoa. Fe m Mn nopogooGpasyoumux amdudonos u GHo-
THTa CBA3LIBAIOT BOJAb(PaMOBHIA AHFHAPHT B BHAE BOJbppaMuTa
HaAH BHnajaioT B opme nupHuTa, casepura, TPHUNIHTA, aHKEpHTE,
POMOXpPO3UTAa M APYrHX MHHepanos. [lojeBble wWInaThl MKHJI MpeA-
cTaBAsOT co6oil mepeoT/ioKeHHbIe MOpofoobGpasyioliie MHKPOKIHH
W aabOut u 1. A. UMeloT MecTo cayuyad npAMOH 3aBHCHMOCTH CO-
cTaBa MHKPOXKHJIOK B Tpefi3eHaXx OT MHHepasjoB, HMH TNepecekae-
mbix [bapaGaunos B. ®., 1967 r.].

Yneno NpHMEPOB ABHOH 3aBHCHMOCTH MHHEPAJbHOrO COCTaBa
AKHJ OT MHHEPaJbHOro cocTaBa OOKOBBHIX NOPOA 3a NOC]eAHHe Je-
CATHJICTHA KOJOCCaJbHO Bo3pocso. OaHako ¥ B HamWM AHH OJH-
30cTh (MaH mojo6HE) XHMHYECKOro cOCTaBa MHHEpaJoB XKHA H
BMELLAIOMHAX MOPOA Bce enle OOBACHAIOT BO3AEHCTBHEM HA Te H
Apyrue MarMaTOreHHbIX THAPOTEPMAJBHBIX PAacTBOPOB, KOTOpHIE
NPHBHOCAT H B MKHJbl, H B G0KOBLIE MOPOJBI OJIHH H Te JKe PYyAHble
KOMIIOHCHTLI M3 Te€X e MarMaTHYeCKHX O4Yaros.

Ecan 6b1 370 6GbIJIO TaK, TO B 06J1aCTAX aKTHBHOrO BYJIKaHH3Ma
MOXKHO Gbijio Gbl OXKHAATH OCOOEHHO IIHPOKOrO pacnpocTpaHeHH:
peAKOMETa bHBIX THAPOTEPMATbHBIX MecTopokaennii. Kak uase-
CTHO, OJHAKO, 3TH MECTOPOXKJAEHHs 3/eCh OTCYTCTBYIOT, a Halbuaio-
AaloulHiicsi XapakTep H3MEeHeHHs BMEILAIONUIHX NOPOJL MPH BYJIKaHO-
reHHBIX npoueccax (o6pasoBaHHe BTOPHUHBIX KBAPIUTOB, MPOMHJIH-
TH3alHs, apruJJAH3aIHs, aTYHHTH3AUMA M Jp.) CKOpee yKasmBaer
Ha BBIHOC PY/IHOTO BEIIECTBA M3 MOPOJ, 4 He HA ero NnpHBHOC.

Yro mpeAacTaBasioT coboil ByJKaHHYECKHE 3KCTaJisliuy, uTO OHH
HECYT, M3 4ero oHH COCTOST — Obl0 MoApoGHO nokasano B ra. 11.
31ech MOXKHO n06GaBuTh Jaumb takne caosa C. M. HaGoko [1963,
c. 128]: «Cyas mo MHOroYHC/JEHHHIM aHaau3aM (PyMapoJbHBEIX ra-
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30B H4a BCeX CTAAHAX AKTHBHOCTH BYJKaHOB H OCTHIBaHHS J1aBOBBIX
Mace, NonaBuUIuX B pe3y/bTaTe H3BEpIKeHHs HAa MOBEPXHOCTb 3eMJIH,
Marma COfep:KHT 3HauuTe/bHble KOJHYecTBa JETYuYHX, KOTOpLIE
cocTaBasior B Heill He MeHee 2 wacc.%. HesaBHcHMO OT co-
CcTaBa MarMbl B HeH NPHCYTCTBYIOT OAHH H Te Ke JeTyuHe KOM-
noneuts: H, Cl, F, S, C, coequnenus 6opa H MbIIIbSAKa H JLpYyrHe,
onpefensieMble B BYJKaHOTeHHBIX rasax B Mosekyaax HpO, Ho,
S0,, S0, COS, CO,, CO, NHCI, HCI, HF, 6opnas u MBIILAKO-
Basi KHCJIOTHI, XJIOPHIB H cyJbdaTsl MeTaJlJIoB.

IIpu sToM napbl BOAH ABJAAIOTCH OCHOBHBIM KOMIIO -
HEeHTOM BYJKaHHUECKHUX ra30B B NapakCH3Ma/bHblii H
JJMTeNbHBI NOCTBYIKaHHUecKHH nepuos (paspaaka mos. — B. B.).

Ho ecan seryune, BhAeNsiOmHecss H3 JiaBpl (MarMme?), merad-
JIOB He HecyT, a T’HApPOTepMaJbHEIE PACTBOPH, 06pasyioliue pyaHbie
MECTOpOXKAEHHs, HMH HACHIEHE, NPHXOAHTCS MAONYCKaTb, HTO
ofGoralieHne MHHEpasoo6pa3ylolHX pacTBOPOB PYAHBLIMH KOMIIO-
HEHTAMH MPOHCXOJAHT BO BpeMs JBHIKEHHSi HX Yepe3 MOpPOABl, H3
KOTOPHIX OHH 3TH KOMTOHEHTHl H MOTYT 3aHMCTBOBATh.

B cBsi3n ¢ 3THM BO3HHKAaeT BOMPOC: HMeeTcsi JIH HeoOXoxnmoe
KOJIHYEeCTBO PYAHBIX H PEIKHX 3JeMEeHTOB B OOBIUHBIX H3BepXKEeHHBIX
1 ocaZouHBIX mopoiax? B KaxoMm BHJAe 3TH 3JIEMEHTHl B NOpPOAAX
naxonatca? Kakue nokaszaTtesbcTBa CYUIECTBYIOT B II0JIb3Y TOrO, 4TO
PVAHBIE JEMEHTH H3BJEKAIOTCs T'HAPOTEPMaJbHLIMH pPacTBOPaMH
M3 BMEIIAIUX TOPoL? ;

[Tpexae Bcero ciaeayer TNpPHBECTH Takoe coobpaxenue. Ecau
BCNOMHHTb, uyTo B 1979 r. Gorateiimne Mecropoxaenus Typuuu
nanu peero 680 ThIC. T XpOMHTOB, 4 BCEMHPHO HM3BECTHBIE PYAHHKH
Kananb — okono 130 Teic. T HHKeJst, YTO APYrofi KpymHekiuii npo-
H3BOAMTENb KaNnHTaJHCTHYeCKOro mupa — Apctpanus —B 1979 r.
no6wuiia 279 teic. T pytdaa B 1200 TeiC. T HIBMEHHTA, a UHPKOHA —
448 ThHIC. T, uTO A00LIUa HHOOHS BCEMH KaNMHTAJHCTHUYECKHMH H pas-
BHBaWMmUMHUcA cTpaHamu B 1979 r. paBHanach 16 Toic. T, TO mogy-
yaercs, UTO BCE 3TH CTPAHLI 3a TojJ OCBOM/JH 4acTb TOro, 4TO 3aK-
J0ueHo B 2—3 KM® H3BepiKeHHOH ropHOil MOPOJLI CPeiHero cocTapa
(tabum. 16.1).

Yro Ke Kacaercsli TAKHX 3JeMeHTOB, Kak V, TO Becb KamnuTalH-
CTHYeCKHH MHp A00BIBAET €ro B roj Bcero JulIb oKodo 30 TwC. T,
T. €. BO MHOrO pa3 MeHblle TOr0 KOJHYecTBa, KOTOPOE 3aK/IOYeHO
B | KM® 3eMHOH KOpHI.

O6mBem 3eMHO# Kopbl, Ge3 ruapocdepsl, no nojcueram M. M. Ep-
mosaeBa [1967 r.], cocrasasor mopoasl, 10° kM®: ocagounbie (cJoi
a) — 1156,78, rpanutusie (ciao# y) —3311,21 n 6asansroBeie (caoi
B) — 6041,85. O6muii o6bemM 3eMHOil Kopsl ¢ ruapochepoii (06bem
ee 1349,90- 10% xkm®) papen 11859,74-10% km®. HerpyaHo mpeacra-
BHTh, KAKHE Macchl PYIHOrO H PEIKOMETAJbHOrO BEIlIeCTBa 3eM-
HOH KOpB MOTYT mepepacnpefesaThcsi — KOHUEHTPHPOBATbCA HJH
pacceHBaTbcs — IPH  PasjHYHOrO  poAa TeoJIOTHYECKHX Mpo-
ueccax.
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TABJIMLIA 16.1
Cpennee conepmanue snementos B 1 KM® 3eMHO# KOpbl (KJNapku), T

Ne Anement Copepxaune Ne DileMenT ComepkaHue
1 H 1,86-107 40 Zr 4,24-108
Z He (7,95) 41 Nb 5,30-10*
3 Li 7,95-10% 42 Mo 2,65-10°
4 Be 5,30-10° 44 Ru (2,65)
5 B 2,39-10* 45 Rh (2,65)
6 C 8,48-105 46 Pd 26,5
7 N 5,30-10% 47 Ag 1,69-102%
8 O 1,25-10° 49 In 1,86-102
9 F 1,91-108 50 Sn 7,95-10%

11 Na 6,49-107 52 Te (5,2)

12 Mg 3,68-107 55 Cs 7,16-10°

13 Al 2,07-108 56 Ba 1,56-108

14 Si 8,09-108 57 La 1,17-10%

15 P 2,15-108 58 Ce 1,99-108

16 S 8,22-10% 59 Pr 2,01-10*

H. 2 8,48- 108 60 Nd 7,95-10%

18 Ar (10,6) 62 Sm 2,28-10*

19 K 7,47-107 63 Eu 3,71-10°

20 Ca 7,61-107 66 Dy 1,62-10*

21 S 3,71-10% 67 Ho 4,77-10°

22 Ti 1,25-107 68 Er 9,01-10°%

23 v 2,52-108 70 Yb 9,01-10°

24 {r 1,86-108 71 Lu 2,92-10%

25 Mn 1,83-108 72 Hi 7,95-10%

26 Fe 9,38-107 73 Ta 9,01-10°

2l Co 3,18-10* 74 W 3,45-10°

28 Ni 1,17-105 75 Re (2,65)

29 Cu 7,95-10% 76 Os (2,65)

30 Zn 1,59- 106 77 Ir (2,65)

31 Ga 4,51-10* 78 Pt (13,25)

32 Ge 3,45-10° 79 Au 10,6

33 As 4,51-103 80 Hg 2,12-102

34 Se 2,39-10% 81 Tl 3,45-10°

35 Br 5,57-10° 82 Pb 3,98-10*

37 Rb 3,18-10° 83 Bi 5,30-102

38 Sr 7,69-105 90 Th 2,92-10%

39 Y 9,01-10% 92 U 9,28-10%

B kakom ke BHIe pekne, paccestHHbIC H OGLIUHKE pyaHble 37€-
MEHTBEl HAXOASATCS B TOPHLIX NOPOAAX?

Pacnpenenenne peaxnx siaemenTos B MHHEpalax H3BepIKEHHLIX
HIOPOZ, KaK H3BECTHO, OMpeje]siercs MHOrHMH (DaKTOpamu: ycJo-
BHSIMH KPHCTAJJIH3ALIHH, CBOMCTBAMH CAMHX 3J1eMEHTOB, SBJICHHsIMH
H30MOpP(H3Ma, KPHCTANIOXHMHUYECKOI CTPYKTYpPOH MHHepasa, TH-
NOM CBA3H H Jp. BenejlcTBHe 3TOro oaMH H3 HHX (Li, Rb, Cs, Be,
Str, Ba, Sc, Ga, Ge) o6biuHO BXOAAT B BHIeE H30MOp(HOI npumecu
B 10pofooGpasyiomue MuHepasrl. JIpyrie (X Z5 '8 Nb, Fa, Th,
TR) uepeaxo oGpasyior camocTosTelbHbe AKIeCCOPHbIe MHHEPAJbl
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. wau B BHJe H30MOP(HBIX mpHMecell BXOAST B Te e NMopopoobpa-

syloune muHepaas [Taycon JI. B., 1961 r.]. M3BecTHO u cocTOosiHHE
paccesinusi [Bepuaackuit B. M., 1927 r.]. OHo cBOficTBEHHO MHOIHM
snementam. Cpean HuX pyanbie snement (Pb, Zn, Mo, Cd, Ag,
W, Sn, U) Hepeako HaxoiaaTcsi B (opMe MOJEKyJsfpHOro pacces-
HHS W B BHJIE MHKDOBHJeJeHHH COOTBETCTBYWILIMX pyA, H 3TH
(opMBI UX BbIZENEHHs, O AaHHBIM TaycoHa, MOTyT HrpaTh B MOPO-
JAaX CTOJb K€ BaXHYIO pOJib, 4TO H H3oMopdHas ¢opma HaxX0X-
JIeHHS.

Kakne e MMeIOTCSl J0Ka3aTeJbcTBAa TOMY, YTO MHHepaJbHBIE
KOMIOHEHTHl AefiCTBHTEbHO 3aMMCTBYIOTCS (BBILLEIAYHBAIOTCA) M3
BMEIIAIIHX TOPHEIX MOPOJ?

3a mocaenHHe JecATHJETHS OMyOJHKOBaH OrpOMHBI (akTHYe-
CKHil MaTepHaJ, KOTOPblii FOBOPHT O TOM, 4TO MHHEpaJbHbIH COCTaB
MOCTMArMaTHUECKHX PYAHBIX TeJ — NEerMaTHTOB, CKapHOB, THAPO-
TEPMAaJbHBIX JKHJ, XPYCTaJeHOCHBIX KHJ, KapOOHATHTOB H APYrux
o6pasoBaHuii B BecbMa 0OJbLIOH CTeNEHH 3aBHCHT OT cocTaBa 6o-
KoBeIX nopox [BapaGanos B. ®., 1977].

Bceiony Ge3 HCKIIOUeHHsl, KaK M0Ka3ajo HCCjlefoBaHue, Hab10-
JaeMble HblHe JapareHe3uchl NpejicTaBJasiOT co00H MPOLYKTH CI0XK-
HOrO B3aHMOJEHCTBHS (1OCTMArMaTHYECKHX THAPOTEPMAJILHBIX pa-
CTBOPOB € MOPOAOOGPA3YIOUHMH MHHepasaMu. B JKHJIBHBIX MeCTO-
POK/EHHSIX 3TO B3aHMOJeMCTBHE NPOMCXOAHT BJOJL TPELIHH HIIHA
ocabaeHHBIX 30H, CEKyLIHX BMeuiaiomune nopoas. [Ipu stom B 3a-
BHCHMOCTH OT COCTaBa pPAacTBOPOB H NOPOJ, Ha KOTOPLI€ OHH BO3-
JefiCTBYIOT, B oblleM ciydae (GOpMHpYeTcs XapaKTepHbI THI MH-
HepaJoobpasopanus (Ttaba. 16.2).

Ecau (akt 3aHMCTBOBaHHSl NETPOTEHHBIX H PYAHBIX 3J€MEHTOB
U3 GOKOBBHIX MOPOJ NPH KHJIbHOM MHHEPaJ000pasoBaHHH B HACTOA-
llee BpeMsi He BBI3LIBAeT COMHEHHIi, TO MO-NpeXHeMy MHOrHe reo-
JIOTH CTaBST MOJ COMHeHHe MacuiTabbl 3TOro SIBJIEHHs, CYHTasfd, 4TO
XOTSl OHO M CYILIECTBYeT, OJHAaKO HrpaeT BecbMa CKPOMHYIO pOJib
B OaJaHce MHHEPaJbHOrO BellecTBa JKHJ H PYAHBIX TeJ.

OaHako KOJHYeCTBEHHbIe MHHEepaJoro-re0XHMHYecKHe HCCIen0-
BaHUS H3MEHeHHBIX OKOJOPYAHBIX 30H H THAPOTEpMaljbHBlE 3KCIe-
PHMEHTHl 10 BbilEJTAYHBAHHIO NETPOreHHBIX H PYAHBIX KOMIOHEH-
TOB M3 PAa3JHUHBIX [OPOJ MOKa3bIBAIOT, UTO MacwTabbl 3aHMCTBO-
BAHHSI BElLECTBA H3 OKOJOPYAHBIX (OKOJOMXKH/bHBEIX) 30H BIIOJHE
I0CTATOYHEl 1Jsi 00pa3oBaHusl PYAHBIX JKHJL.

H. U. Xurapos [1953] 6611 OAHEM M3 NEPBLIX, KTO ONBITHHIM MY-
TeM MoKasaJ peajbHble O0BbeMbl BbIIENAUYHBAEMBIX H3 OOKOBBIX
nopoa BemecTB. [Tomemasi B aBTOK/JIaB-9KCTPAKTOP H3Me/bYEHHbLIE
06pa3isl TPAHOJHOPHTA H aPKO30BOTO NMecuaHhKa, OH BO3/eHCTBHEM
Boanl mpu T'=450°C u P=500 atm (~50 MIla) B TeueHue Bcero
aumb 10 u BEI3BAJ NepexojJ B PacTBOP 3HAUHTEJBbHOrO KOJHYECTBA
1eJI0r0 psiga KOMNOHEHTOB. [Ipn 3TOM OTMeueHO J0GOmbITHOE 00-
CTOATEJLCTBO: «XOTh CyMMa pacTBOPEHHBIX BeLIECTB 3HAYHTEJBHA
M yKaspliBaeT Ha NMpOHMCUIeAIINe H3MEHeHH#A B Nopoaax, moa-
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TnapHefiiine THNB OKOMOPYAHBIX METACOMATHTOB, 06pPa3ylLHXCH B PA3HBLIX BMeUlA0

o
T'naBHbie KOMNOHEHTH

rHPOTEpMasbHOro pacTBopa i L cpegaue
HyO — —
H;0, CO, Kaonuunaanua X/IopHTHIAUMS, SMHIO0-

TH3aIH

H,0, K;COq CepHUMTH3ALH CepHUHTH3ALHA
H,0, K,CO;, KzS BepesutHsauus Bepeantusauus

20, K,COs, K,S, KF, Tpeiisennsauns [peiizennzaums
KePO,, KsWO,

Bepruuxcsa ruaporepmanbHoil o6pabGoTke, mOoxA
MHKPOCKONOM KakK B IWIJAH}AaX, TAK H B HMMePCHOHHBIX IIpe-
naparax, H3MEHEHHs B CJaraioulHX NOPOJAbl MHHepanax H HOBOOO-
pasoBanus He o6GHapyxeHH» [c. 194, paspsaaka mos. — B. B.].
OTH cJ0Ba KaK HEJb3sl Jyulle OTBeYaloT TeM, KTO, KaK MpaBuiIo, He
H3yuyaeT OKOJIOPYAHBIX H3MeHeHHi, HO Bcerja peluTeJbHO 0TBep-
raetr X poJb B pPyAo00pa30oBaHHH 0 NMPHYHHE HX «MAJOMOIIHOCTH»
WJIH «MaJl03aMEeTHOCTHY.

Heeanenosanua H. M. XurapoBa Obliu noJATBEpKAeHbB MHOIQUHC-
neHnwiMu paGoramu [Kapskun E. A, 1958 r.; Beneamkros C. H,,
1958 r.: Adams J. B., 1968 r.; Auapycenko H. H., Mockaniok A. A,
1966 r.; ®eonorses K. M., 1968 r.; Benesues 1. M. u ap., 1972 r.
u muorue apyrue]. O630p ux aau B kuure B. ®. BapaGaunosa [1977].

[Tostomy, Buipaxasic ciopamu C. C. CMHpPHOBA, U «KayecTBeH-
HOe M KOJHUECTBEHHOE H3yueHHe OKOJOPYAHBIX H3MeHeHHi» yKa-
3pIBaeT Ha GOKOBBIEe NMOPOJBl KaK HA BaxKHEHIIHA HCTOYHHK MHHE-
PaJbHOrO BElecTBA PYAHBIX XKHJI. :

HTak, Mpl MPHUXOAHM K 3aKJIIOYEHHIO, YTO B 3eMHOH Kope —
rjaBHOil apeHe pyAoo6pa3oBaHHsl — nepepacrnpejeieHHe MUHEepasib-
HOro BellecTBa INOJA BO3ACHCTBHEM THAPOTEPMAJbHBIX PAacTBOPOB
BhI3biBaeT 06pa3oBaHHE MHOTOYHCJIEHHBLIX H MHOroo6pasHbIX MeCcTo-
pOXKAeHHIl Mosie3HbIX HekonaeMbiX. Ho ecin mpu 3TOM Marma He fB-
JsieTcsl TJIABHBIM HCTOYHHKOM PYAOHOCHBIX PACTBOPOB, TO B HeM e
COCTOHT €e TJIaBHasl poJib NpH o6pasoBaHHH IHAPOTEPMalbHEIX PYA-
HBIX MECTOPOXKICHHH?

Ha stoT Bonpoc uetko H sicho otserua JI. H. IllepGakos [1966]:
«CorJlacHO HOBBLIM B3IJIS/IaM, Marma siBJsieTcsi NMpexjie BCero MHc-
TOYHHKOM Tensia. BHeapsisich B BepXHHE 4acTH 3eMHOH 060J0UYKH,
OHa Hapyuiaetr yCTaHOBHBIUCEcs paBHOBeCHe, HarpeBaerT Te BOA-
HEle pacTBOPHI, KOTOPBIE TaM CYILECTBYIOT, BLIHOCHT HEKOTODHIE HO-
Bble HHrPeJHEeHTHl, HAIPHMEpP YIJIEKHCJOTY.
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TABJIMLIA 16.2
X NOPOAAX B 3aBHCHMOCTH OT AHHOHHOIO COCTaBa BO3NEHCTBYWIMX PacTBopoB

poa
|
OCHOBHBEIE YAbTpaoCHOBHEIE niesouHble
— CeprieHTHHH3AIHUS Harpoaurtusanus
[ponuanTH3aUHA OranckoBanue, JHcrse- llnpeymrelinusands
HHTH3ALHA
CoccropHTH3anHA (ParoronuTH3AMKS) JInGenepHTH3aIHSA
Bepesutuzanus doronuTH3ALMA KaukpHHHTH3alHA, coja-
JIHTH3AIH A
I'pefisennsauus » AnatuTH3sauusi,  anopHa-
JIHTH3a UHS

Hpn IIOMOLILH BOJBI, VIVIEKHCJIOTHI H TeIJa pAn 3JIeMEHTOB 3KC-
Tparupyercsi H3 GOKOBBIX MOPOJ, B TOM YHc/e H H3 CaMHX Marma-
THYECKHX TeJl.

ILTIS! NPaKTHKH 3TO 3HAYHT, 4YTO, KAK MOXET 5blTb, H HE HYXHO
HCKaTh HeMOCPeACTBEHHYIO CBSI3b ¢ TeMH HJH HHBIMH HHTDY3HAMH;
KyJa BaxKHee HCKaTb T€ NOPOABI, H3 KOTOPBIX 3KCTPAKT OphH
MOTYT BHLHECTH pa3JHUHBHE XHMHYECKHe 23Je-
MeHTH>» (pa3psiaka mos. — B. B.).

MCTOYHHMKU PACTBOPOE

Bonpoc o MecTe, rjile NpOHCXOAMT 06pasoBaHHE THAPOTEPMAJb-
HBIX PAacTBOPOB, elle Gosiee CJIOXKHBIA Bonpoc. BoJbIIHHCTBO HecTe-
JgoBaTesell cuHTaeT, 4TO 00pa3oBaHHe H OT/eJIeHHe PacTBOPOB Npo-
HCXOJAHT B MarMaTHyecKoH KaMmepe, B IOC/EJHHe CTaJHH Tpouecca
OCTHIBAHHSI MarMaTHYECKOTO pacCIJiaBa.

B oaHom u3 Haubosee TMOJHBIX 0630poB NpolJeMbl THAPOTEP-
Manpibix pacteopos A. I'. Berextun [1955, c. 272] nucan: «I'mapo-
TepMaJibHbie PacTBOPHI, TEHETHYECKH CBfA3aHHLIE C OCTHIBAIOUHMH
HHTPY3HBAMH TPEHMYLIECTBEHHO KHCILIX H3BEPKEeHHBIX MOPOL,
MOTYT BO3HHKA4Thb KaK B runmabHccalbHbIX, TaK H B abHccaJbHBIX
VCJIOBHSIX, HO Ha TyGHHAX, MeHbHX 11—12 KM, MOCKOJIBKY BeJi-
YyMHA re0TepMHUYECKOro rpajiHeHTa B MeCTax MpPOABJEHHsS Marmari-
yecKoil JesTeILHOCTH A0JKHA GBITh CyulecTBeHHO Bhile, yem 34 °C
ga kuiomerp. COOTBETCTBEHHO H BHelIHee AaBJeHHe, OTBeyalonee
3THM rayOHHAM, Kak TOAydaercs MO pacyeraMm, AOJKHO OHTH
meHbe 3000 aTm». ;

A yxe uepe3 10 jer apyroil KpymHHIH T€OXHMHK H HCCIE10Ba-
Teab pyaAHnix mectopoxaenuii, [I. M. Illep6akos [1966, c. 12—13],
KOHCTATHpOBaJ: «B mocieBoeHHOe BpeMs y Hac 4pe3BLUAHHO pas-
BUJIHCH TsXKeNas pa3Belka M 3KCIAYaTallHss MecTOPOXK/IeHHH Ha
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Gonbmyio ray6uny... B PE3y/IbTaTe 3THX paGoT Gbl1 cobpaH orpowm-
Hblil (akTHUeCcKHI] MATepHaJsl, KOTOphIii KOPEHHBIM 06pasoMm H3Me-
HIWJIL cTapble TOYKH speHHst. BuisicHuioCh, NIpeKJie BCEro, YTO MOYTH
BCE KHJbHBIE DYJHBIE MeCTOPOIKIeHHSs 06pasylorcsi Ha cpaBHH-
TeJIbHO HeGoJbIIHX ryGHHAX — NpPHMEpPHO Ha YPOBHe 10 4 KM oT
NOBEPXHOCTH 3eman. Yacto pyanble xHin He JOXOHIIH 10 3eMHOI
IOBEPXHOCTH, o06pasysick moj MOKPBINIKO#  BOJOHENPOHHILACMBIX
NOPOJI.

Ha ray6unax or 0 go 500 M, CUHTAd OT NOBEPXHOCTH, COOTBET-
CTBYOLIEH BpeMeHn pPynooGpasoBaumus, OTCYTCTBYIOT KaKHe-J1HOO
MECTODOKACHHS M  PYLONPOSBIEHHS. HauGoabwue pauanaszoun
ray6uH ofpasosaunst ot 500—700 A0 4000—4200 M umewoT coO6-
CTBEHHO THAPOTEPMaJbHLIE CBHHIOBO-IHHKOBBLIC, MeJIHBIE H IKeses-
HBIC MECTOPOKACHHs. MaKCHMYM MX pasBuTHs NPHXOAHTCS HA rJIy-
OHHBL 0K0s10 2000 M; 6anKe K NOBEPXHOCTH U HA GOJLIIYIO LIyGHHY
HX 4HCTO OBICTPO coKpautaercs.. C rayous okonao 1500 M Hayu-
HAIOT MOSBJIATBCA M PACHIPOCTPAHATHCH 10 3500—3700 M BuIcOKO-
M CpeiHeTeMnepaTypHble THAPOTEPMATbHbIE MECTOPOKIEHHS MoO-
Jubliena, Boab¢hpama, 0084, 30013 1 MBIIILAKA,

Fay6uner 3500—4200 M sBasiores HHTEPBAJIOM GBICTPOro 3ary-
X4HHS| BCEX THIOB SHJIOTCHHOH MUHEpaNH3aIHH. Miuorue u3 mecro-
PoxAeHuil yike K ray6uuam 3500 m GBICTPO BBIKTHHHBAIOTCH. ay-
6HHE Goanee 4500 M or MOBEPXHOCTH COBEpDHWEHHO
HENepCneKTHBHH ANA HOHCKOB J106LX THOOB TI'H[ -
POTEDMATbLHBIX MECTOPOKACHHE.

Bee 3tu nannbe me NOATBEPKNAIOT NpeACTaBJeHHS MMOHCa,
Jlunarpena u ppyrux o PACNpOCTDAHEHHH MECTODOXKIEeHH Ha riy-
6uiy 6—10 km» (paspsiaka mosi. — B, b)).

YKe H3 NPHBEIEHHOTO cOMOCTABIeHHS ABYX aBTODHTETHBIX MHe-
HHI MOXKHO BMACTB, Kak ryGOKO MEHSIOTCA NMpeacTaBICHHS O THI-
POTEPMAJILHLIX MECTOPOMKACHHSAX B HAIe BpeMsl 3a OJJHO — IBa ne-
CATHJIETHSI.

Pacemorpum srtor Bonpoc Gosee moapo6HO. Buime a KOHKpeT-
HEIX IIpHMEpax GBUIO MOKAa3aHO peilaiouiee BIHsHHe CPe/lbl THpO-
TEPMAJILHOTO MHHEpasoo6pasoBalusi HA cOCTAR BO3HHKAIOUINX MH-
HEpaNbHEIX mapareHesucos. OfHaKo MecTo bopmuposanus camoro
FHAPOTEPMAJILHOrO PacTBOPA, BHIZHBAMILErO MeTacoMaTHuecKoe
npeoGpasosaHne OKOJOPYAHBIX IOPOJL, OCTaeTCsi MO CyHIECTBY He-
No3HaHHBIM. Kak yxe oTmeuamocs, ITHPOKO pacnpocTpaHeHHoOl H,
K COXKAIeHHIO, MO-NIpeKHEMY caabo dpryMeHTHPOBAHHOM, Gepyeii
CBoe Hauano ot JK. Dau ge Bomona, siseres THIOTE3a O «FAYGHH-
HOM>», «IOBEHHJILHOM>, a cO BpeMeH B. Smmonca u B. Jlunarpena —
«6GaTOMHTOBOM» MPOHCXOKTEHHH THIpOTepMaabHEIX pacTBopoB. Co-
TJIACHO 3TOH THMoOTe3e, MHHEDPAT006pasywiue PacTBOPEL (hOpMHPY-
IOTCS B cAMOM «MarMaTHuYeCKOM ouare». Yme Tam OHH OKa3shIBa-
I0TCA BEICOKOMHHEpaTH30BaHHEBIMH, COMEPKAIIUMH BCE HEOOXOIH-
MEI€ KOMIOHEHTEI GyRYIMX MHHepaJoB. [Togaumasics  u3 Hezip
B MECTa Pasrpysku, OHH MOCJeL0BATEILHO cOpacHBaOT pacTBopeH-
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Hble B HHX MHHepalbHble coeinHeHHs. IIpH 3TOM Bhille/leHHe pa-
CTBOPOB H3 «Ouara» MOKeT HATH H NJIaBHO 3BoJOLHOHHO (H. dorr,
I1. Hurrau, A. E. ®epcman, JI. H. OBYHHHHKOB), W NYJbCallH-
onno-npepusicto (A. H. 3aBapuuxuii, C. C. CmupHos, . H. la-
XO0B).

Tag, dmmonc [1936 r.] HaMeHeHHe THAPOTEPMAJbHOrO Marmaro-
reHHOrO PacTBOpa, ABHIKYLIErocs MO TPellHHAM K 3€MHOHl moBepX-
HOCTH, BUIEJ B CYULECTBOBAHHM THNOTETHUECKHX 30H, B HIealbHOM
clyuae TOCJeN0BATENbHO CcMeHsiomHx apyr Apyra: «[locnenosa-
TeJILHOCTH 30H 00f3aHa NOC/JAe10BaTEIbHOMY OCaXKIEHHIO H3 PacTBO-
POB 1O Mepe JBMKEHHSI OT HCTOUHHKA B 00aacTh GoJee HH3KHX TeM-
nepaTypsl H JaBleHHs>.

C. C. CmupHoB [1937 r.], KDHTHKYA 30HAJBHOCTb JMMOHCA, OT-
MeuaJ, YTO MepeXojoB OAHHX 30H B JpYrHe, KaK mpeinojaran M-
MOHC, Ha peaJbHbIX MEeCTOpoxkIeHusx Her. JKuibHble MecTOPOXKAE-
HHsi ¢ rayGHHOI OGBIYHO BHIKAHHHBAIOTCA WJH PasyGoXKHBAKOTCA.
BoJee TOrO, W B TOPH3OHTAJbHBLIX HANPaBJIEHHAX cxemMa IMMOHCa
He moATBepxaaercs, nucaa CMHPHOB.

CxeMe H3MeHEeHHS pPacTBOPOB B INPOCTpPAaHCTBE
SMMmoHca CMHPHOB NPOTHBONOCTABHJ CBOKWO HJACD H3MEHEHHH
MHHepasooGpa3yowUHUX pPacTBOPOB BO BpPEMEHH
Cmupnos [1955 r., c¢. 135] nucan: «MeTasJOHOCHEIH ouar B Teue-
HHe J0JTOro NMepHoia CBOEro PasBHUTHS — OCTHIBAHHA MHTPY3HBA —
OTAEJbHLIMH BCIBIUIKAMH BBIEJsS€T ra30BO-XKHIAKHE PacTBOPHl MO~
C/1eI0BATENBHO OTJIHYHOTO cocTasa. [Iponece AHCTHIISLHE B G0Mb-
UIHHCTBE CcJyuyaeB MpeACTaBJsETCs He HelpephiBHHIM, a NMPEphIB-
HBIM, MYJIbCHPYIOLWIHM>.

OnHAaKO THTOTE3a, MOCTYAHpYIOULasi, YT0 HCTOUHHKOM pyroo6pa-
3VIOLUIHX PACTBOPOB SIBJISAETCS Marma, KpHCTalausyolascs B abuc-
CaJbHBIX YCJOBHSX, HAaXOAHTCA B fIBHOM INPOTHBOPEYHH C PSLOM
WHPOKO M3BecTHHIX (akToB. Ipexae Bcero obpamiaer Ha cebs BHH-
MaHHe JOKaJbHOCTH X HJ H OKOJOXHJIBHB X H3MEHe-
H ¥ ii. HuKTO, HHKOrJla 32 MHOTOBEKOBYIO NMPaKTHKY FOpPHBIX H pas-
BellouHHIX paGorT He Habjwonan OecKOHeYHO TAHYIHXCA B Helpa
3eMaH PYAHBIX KHJI H CONMPOBOKAAIOUMX HX meracomaruros. Ha
MHOTHX TOJHOCTBIO OTPa0OTAHHBIX MKHJbHBIX MeCTOPOXKACHHSAX,
naxe CaMblX <BBICOKOTEMMEpaTypPHBIX», THICHYH KHJI TOJHOCTBI
BLIPa0OTaHBl M0 NPOCTHPAHHUIO H NMAJEHHIO, IPH 3TOM HHKAKHX NOI-
BOASIINX K HHM KaHAJOB W/JH HHBIX NyTeil OT «MarMaTHYecKHX oua-
roB» He GBI0 oGHapyxKeno. Takossl, HanpuMep, pyAHbie Xuasl By-
kyku, Beayxu, Auronosoii T'opsi, Jlenosoii I'opei, Anrarysa, Lxunsl,
AKyaTay M MHOTHX APYTHX MecTopoxjeHwi. M3pecTHo naxee, uTto
rHApPOTepMalibHbe JKHJbHBE MECTOPOXK/EHHs HepeiKO Pa3BHTHl Ha
NJIOMAAAX, MOJHOCTHIO JHIIEHHHIX H3BEPXKEeHHHX mNopoA. TakoBwl
cypbMsiHO-pTyTHHE MecTopoxaenns Cpennedi Asuu, ¢pepGepurosoe
mectopox/enne Bapyu-llluses B 3aGaiikaabe. OT HbiHe IeHCTBYIO-
IIHX BHICOKOMHHEpaJH30BaHHBIX THApoTepM Ha UYesexeHe GvKai-
1IHe HHTPY3HBHBIE NMOPOAb ITpH3AbOPYChA OTAEJNEHBl PacCTOSHHEM
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noutH B 500 kM. HMmerores APYrHe BO3paeHHs (CM., Hampumep,
[Boyle R. W., 1968 r.]).

Takum o6paszom, [peJicTaBjieHHe 0 TOM, uTO pyaooGpasywoume
PACTBOPBI BCeria GOpPMHPYIOTCS B HeKoem MarMaTHYecKoM pesep-
Byape — B cBoeoGpasHoH pyaHoii KJ1al0BOH, OCHOBAHO B GoJbleli
CTENEHH Ha Bepe, HeXKeJH Ha 3HAHUH. AsbTepHaTHBO TakoMmy npen-
CTABJCHHIO ABAAIOTCA Gosiee cTa JieT Hasaj paspaGoranubie uaen
. ®opxrammepa [Forchhammer J. G, 1850 r.] u ®. 3annbeprepa
[Sandberger F., 1882 r.,], coraacho KOTOPDEIM THADPOTEPMBI — 3TO
BA/I03HBIE BOJLBI METEOPHOTO NPOHCXOMK/EHHSI. ITpocaunBasich ¢ mno-
BEPXHOCTH 3eMJIH B ri1yGOKHe 30HK, OHH HarpeBaloTCs M, MUTPHPYSI,
BLILETAYHBAIOT H3 IIOPOJ, PasJIHUHblE BEIIECTBA, TEM CaMBIM CTAHO-
BACL HHTGHCHBHO MHHEPAJH30BAHHBIMH THAPOTEPMANLHBIMH  pa-
CTBOpaMH. B nocneanue gecsitmierus PasBHBAIOTCH pa3jHuHble Ba-
PHAHTBl 3TOH I'HIIOTE3H.

Tax, nanpumep, A. M. OBunnHEKOB [1957 r.] NpHILeT K 3aKJI0-
VCHHIO, YTO IMADOTEpMANbHBIE PACTBOPHI BOZHHKAIOT 3a cyeT apre-
SHAHCKHX HANOPHBIX TPEUHHHBIX BOJI, IIpu stom oguu w3 Hux —
r€OTepMaJibHble — HATPeBAIOTCS 34 Cuer Tel1a, CBOHCTBEHHOIr0 reo-
TEPMUUECKOMY IpajHeHTy B AAHHOM YY4CTKe 3eMHOIL Kopel. Ilpy-
FHE — COGCTBEHHO reoTepMaJibHBIE — 33 cuer TeTJla H >MaHaLuu
BHEApSIOUIecss Marmal. Temneparypa Tex u JAPYTHX MOXKET JA0CTH-
TaTh coTeH rpanycos.. Takue pacTBopl, €CTeCTBEHHO, 06/1a1a10T
CHOCOGHOCTbIO HHTEHCHBHOTO BHIIILe/IAUHB AN Pa3THYHBIX XHMHYe-
CKHX 3JIEMEHTOB M3 OPOJ, N0 KOTOPHIM OHH LHPKYTHPYIOT.

E. A. Backos [1966 ., c. 38], ormeuas wmmpokyio pacnpocrpa-
HEHHOCTL B TNPHPONE MOA3EMHBIX BOA M paccoyioB, MpPHYpPOYEHHBIX
TVIABHBIM 00pa3oM K DAasiHUHBIM BRAAHHAM (mporu6am, cuHek/sH-
3dM H TOMY NOJOGHBIM CTPYKTYPaM), BHIMOJHEHHBIM 0CaJOYHBIMH
H_BYJIKaHOrCHHO-OCA/IOYHBIMH TOPOAAMH, THINET: «B CKJIayaThiX
00/1aCTAX B paHHMe 3TAnBl HX Pa3BHTHA (L0 NpPOSBICHHS CKJIAuA-
TOCTH H perdoHa/ibHoro meramoppusma) na NPOTSNKEHHU MHOrHX
MHJLTHOHOB JIeT CYLIECTBOBAJH OTPOMHBIE apTesHaHckue GacceiiHb,
obuiee KOMHYECTBO NOA3EMHBIX BOX H pacco/ioB B KOTOPBIX JOCTH-
FaJ0 COTEH THICAY KYOHUECKHX KHIOMEeTpoB. ITH NOASEeMHBIE BOJIbI
H PACCOJIBl B 3MOXH HHTEHCHBHOTO CK/Ma/IKo0Opa30BaAHHS U MarMaTH-
YECKOH JIeSITe/ILHOCTH AKTHBHO YYACTBOBAIH B bopMupoBauK rux-
POTEPMAJILHLIX MecTopoxKaeHHii». B kayectse npHMepa npm sToM
npuBoaaTess Aurapo-HianMcekue MECTOPOKICHUS Kee3HBIX PYI.

K ananorsunpim Bhisogam npumes M. M. TTyxuapesuu [1968 5
ITo ero panubIM, MaTounas pana panHekeMGpHICKOro cosepoaHoro
Gacceiina Anrapo-Haumckoro paiiona B 3noxy BHexpeHus TPanios,
CMEIINBASACH ¢ THAPOTEPMAMH TPANNOBHIX CHJIJIOB, mpeBpamniasach
B XJOPHAHO-KAJbIHEBO-HATPOBLII THApOTEpMaNbHLIT pacTBop. [To-
CJCNHHH BHILIENAaYnBAa U3 Tpannos Fe i mocie psiza npeoGpasosa-
HHHl OTJIaraj ero B BHIE MAaTHETHTOBLIX PYA, naBuUIMX oOrpoMHble
Maccel Jkenesa AHrapo-Maumckux MecTopoxaeHuit. B nocnexuue
15 ner sra konuenuus nosnyunna nanbHeiilee passuTHe.
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Hccnenosanns JI. M. Jle6enera u ap. (1967—1975) nokasanu,
4YTO BLICOKOMHHEDaJH30BaHHBE XJODHAHBIE Ka/bLHEeBO-HATPOBHIE
TepMasbHble BOAbl UYeseKeHCKOH OpaxHaHTHKIAHHAMH, JOKaJIH3YIO-
piHecss B KpacHOIBETHOf TOJlle HEOreHOBOro BO3PacTa MOIIHOCTHIO
‘1 KM, 1O CYTH JeJa SABASIOTCH PYJAOHOCHBIMH ruapotepmamu. OHH
_HMeloT TeMmmepaTypy Ha Beixofe Ao 80°C, smauenus pH=5,5+6,6,
npenctaBiensl 12 BogoHocHbIMH ropusontamu. Cogepixar, mr/cm®:
Pb — no 200, Zn — no 8, Cu—jmo 1,5, As— no 1, a Takxe I, Br,
B, Rb, Cs, Tl, Hg, Ag, Sb, Cd, Mo, W u cnocoGHbl BHIHECTH, T/TOA:
" Pb— no 350, Zn-- 10 50, Cu— mo 35, Cd — 1o 24, As— no 8,
 Sr— 10 7200 1 B — no 1200. B ckBaxkuHax MeCTOPOXKAEHHS NPO-
HCXOMUT OTJOMKEHHe CaMOpPOJAHOrO CBHHLA, cajepura, KajbLUHTA,
. HpHTA.
MacmTtabe BHHOCA H TEPEOTIOKEHHS pPYAHBIX KOMIOHEHTOB
. IPH 9TOM TA4KOBBI, YTO MO3BOJAIOT CUHTATh TePMasIbHbE BOJABI PYZO-
. HOCHEIMH THAPOTEPMaMH, KOTOpPHIE 3a KOPOTKHil CPOK MOryT (op-
MHPOBATh CBHHIIOBO-LLHHKOBbIE MECTOPOK/IEHHS, YTBEPKAAET aBTOP.
; PaccmaTpuBasi TeOXHMHIO MarmMaTHYeCKOro mnpoiecca, Mbl BH-
JleJTH, YTO BYJKAHHYECKHe SKCrajsillHH TecHeAIIHM o06pasoM CBs-
3aHBl C PacTBOPaMH, MPOCAYHBAIOIHMHCA B Helpa 3eMJH C ee MHOo-
. BEPXHOCTH.
! Hawu ucenegoBaHusi Takike nokasmsaior [BapaGanos B. @,
1965 r., 1977], uTo HCTOYHHKOM THAPOTEpMAaJbHB X pa-
CTBOPOB MOIYT SBHTbCH CaMH TFOpHBe NOPOAH,
B MEX3eDHOBB X MPOCTPaHCTBAaX KOTOPBX NMOBCE-
MEeCTHO 3aKJl0yeHa OTpOMHAas Macca HHTEPCTHIHAMb-
HO, KanuiJasipHOl, NOPOBOH, a TaKikKe Ie0JHTHOM, KPHCTALIH3aH-
OHHOIl W HHOH BOJB. DTa MHOrooGpasHas, ¢ pasHOH CHJOH cBS-
3aHHas ¢ MHHEpaJbHbIM BELleCTBOM BOJAA HaXOJHTCH B PABHOBECHH
C OMBIBAeMbLIMH €10 3epHaMH MHHepasoB. Eciu ke B mopojae Bo3-
HHKAI0T HaNpsiKeHHss M ocabjeHHble 30HBl HJH TPEIIHHBI, PaBHO-
BECHe HapyllaeTcsi, pacTBOp H OMbiBaeMble HM 3epHa MHHepPaJoB
HAYHHAIOT B3aHMOAEHCTBOBATb, H TEM CHJIbHEe, YeM CHJbHEE CKasbl-
BaeTcs TEKTOHHYECKOe HanpsixeHHe B JaHHOM y4acTKe IOPOJHI.

B pesysbraTe 06pa3yloTcs MeTacoMaTHYECKH H3MEHEHHbe yua-
CTKH TOPOJ, 8 B KOHEYHOM CueTe H JKHJIbHHE Tejaa (MPOKHIKH,
IITOKBEPKH, JKHJIBI).

Mexauu3m 006pa30BaHHs MeTaCOMATHUECKH-KOHKPEUHOHHBIX KHJI
rpeiiseHoBoro THna OB NMOAPOOHO paccMoTpen Hamu panee [ba-
pabanos B. @., 1965 r.]. 31ece OTMeTHM JHlb, YTO €CJAH TPENIHHA
HJIH CHCTeMa TpPellHH, HJIH ocl1aleHHas 30Ha, BAOJb KOTOPHIX Npo-
LIJI0 B3aUMOAeHCTBHe MHHepanoo0pa3yIolHuX PacTBOPOB C MHHepa-
JaMH TOPOA, B JajbHefilleM He NMPHOTKPBIBAJIHCh, BCE MPOAYKTH!
3TOr0 B3aMMOJeEiicTBHsI ocTaloTesd Ha Mmecte. Haxoasich B cBoio ove-
peab B PABHOBECHH C OMBIBAIOIIHMH HX MOPOBBIMH pPacTBOPAMH,
OHH MCIHITHIBAIOT JIMIUL SIBJeHHS CcOOHPATENbHOH MepeKpHCTAaIIH-
3allHM, CONMPOBOXK/JAIOUIHeCcss YKpynHeHHeM H cerperanueii ¢as,
BIJIOTH 0 06pa3oBaHHs MOHOMHHeDaJbHEIX YYaCTKOB, CJIOKEHHBIX
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HJIH OJIHOI CJIIOJI0H, HaH anbOHTOM, daooputoM, KBapuem u apy-
FHMH MHHepaJaMH.

Ecan e Tpeuuusl uam 30HbI, B1Ob KOTOPBIX MOpOALI ObLIH Me-
TacoMaTHYeCKH nepepaboTaHbl, B gajbHelilieM NPHOTKPLIBAJIHCD,
[IPOAYKTHl ME€TAacoMaTo3a, MPONHTAHHBIE MOPOBBLIMH pacTBopami,
B CHIy BOSHHKAIOUIETO IpajiHeHTa KOHUEHTPALHH B NOCHEAHHX pa-
CTBOPAIOTCS M BHIHOCATCS B 3TH PacIIHpsIOLIHecs TpemHHel. Taxk
00pasyioTesi JIOKaJbHBe METacoOMAaTHUECKH-KOHKPCLHOHHBIE JKHJIbI,
CONPOBOXKAAIOWIHECH JIOKANbHO K€ PasBHTHIMM 30HAMH rpefiseHos,
GepesnTos, cepuuHTa, XJOpHTAE H APYrHX METacoOMaTHYECKH BO3HHK-
IIHX HOBOOGPa3oBaHHEIX MHHepasoB. Takum 00pasom, TPemHHO06-
PasoOBaHHe B NOPOAAX, INPONMHTAHHBIX HArPeTHIMH MOPOBLIMH pa-
CTBOPaMH, He TOJbKO BBI3BIBA€T METACOMATO3, HO H BHLIHOC B Tpe-
LIHHEl TIPOAYKTOB METACOMATO34.

Yem J0KasbiBaeTcs: BhIHOC [POAYKTOB METAacOMAaTHYECKOTO H3Me-
HeHHsl GOKOBBIX MOPOA B NMPHOTKPHIBAIOIIHECS TPELIHHBl H JKHJIBI?
Buinoc munepasnios, oGpasosasmmxcs B 30HaxX OKOJIOKHJ/ILHBIX H3-
MEHEHHUH, B JKHJIBl JI0KAa3bIBAETCH YeTKO BbIPAKEHHBIMH 3aKOHOMep-
HOCTAMH KOJIHU€CTBEHHOTO H KayeCTBEHHOr0 H3MeHeHHS MHHEpaJIb-
HOTO cOCTaBa OKOJOPYAHBIX 30H.

KonnuecTBenHb e u3aMeHenns cocrost s TOM, 4TO B HOp-
MaJIbHOH, HenepeKpHCTaNIH30BAHHOI (HecerpernpoBaHHOI) Mera-
COMaTHYECKH H3MeHeHHOIl nopoje (Hanpumep, B rpeiisee) mno mepe
ABHIJKCHHA OT HeH3MEHeHHON BMellaloLlell MOPOABl K XKH/Ie KOJHye-
CTBO BHOBb OGpPa30BAHHBIX MuHepanos (muputa IV, daoopura 1,
anatuta u Ap. VI, weenura I/, kaapuura I1] u Ap.) pacrer jo on-
PEACICHHOrO npejesa u BO3Je caMoll KHAB, KaK NPaBuo, pesko
nanaer (¢ur. 16.1), B To Bpems kak nopucroctb V rpeii-
3€Ha 0COGEHHO yBeJIHUHBAEGTCH HAa KOHTAKTE C K H -
710 #. Takoit Xox KpHBBIX COLEPIKAHHA BTOPHUHBIX MHHEpAJIOB, Me-
TacOMaTHYECKH Pa3BHBAIOLIMXCH B 30HAX OKOJIODYJIHBIX M3MEeHeHHil,
H TNIOPHCTOCTH OKOJIOKHJILHOTO rpefi3eHa OAHO3HAYHO YKa3bBAeT HA
Ha/JH4YHEe «30H BHIHOCA» MHHEDAJLHOTO BelIecTBa, pacnosarato-
ILHXCS B NPH3aJib0AHAOBEIX yyacTKax rpeiizeHa.

«30HBl BBHIHOCA» € HMX MOBBIIEHHOI MOPHCTOCTLIO, €CTeCTBEHHO,
He MOIVIH Gbl CYILeCTBOBATh BO3JE JKHJ, €CJH Obl MOCTENHHE caMmH
ABJIACh HCTOMHHKOM MHHEPAJIbHOTO BellecTBa rpeii3eHos.. B re-
PEKPHCTAITH30BAHHBIX Tpefi3eHax mo Mepe pocTa creneHu cerpe-
raunu Gas srta 3aKOHOMEpPHOCTH Gyjer NpOABJATBCA JHIIL B TOM
Ciayuae, ecim B pacuer Oyaer GpaThcs COOTBETCTBEHHO 60nbline
0GBEMBL OKOJIOPYAHBIX TIOPOJL.

3aKOHOMEpHbIE KauyeCcTBeHHbl e H3MEHeHHS B 30HaX 0KO0JI0-
PYAHOro ~MeTacoMaTosa OXBAaTHBAIOT H MNOPOXOOGPA3yIOWHE, H
BHOBb 06pasoBanHble MHHepasbl. TaK, B OKOJOMKHIBHBIX rpeiiseHax
GHOTHT, HaNpHMep, B HANPABJEHHH OT H3MEHEeHHOII MOPOABI K 3KHJIe
TIOCTENIEHHO MeHSIeT CBOM OKpPacKy, CBETONPeIOMJEHHE, MJIOTHOCTS.
¥ Hero 3aKOHOMEpHO H3MeHSIeTCsl TaAKIKe BHI kpuebix JIITA u HKC.
HameHenusi tHnomopdHEIX CcBOfCTB ci10b! 00yC/IOBJIeHBl H3MeHe-
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HHSIMH cocTaBa OHOTHTa
BC/JIEACTBHE XJODHTH3AIHH
BAAJH OT XKHJI H CEepHIH-
tuzanui Boajge xuja. Cy-
LEeCTBO 3THX JBYX IIpoO-
IIeCCOB B 30HE TrpeH3eHH3a-
LHH 3aKJI0YaeTcs B BO3-
pacTaHuu B GHOTHTE B Ha-
NMpaBJeHHH K MHJIaM CO-
nepxanus Fe u Si, ymens-

HIeHHH cojepxaHHs Mg, ¢ B2 -

W, Sn, a TakXe B nepe- m - 3
pacnpenenenun Al:  3a

CYeT yMeHbIIeHHs AllY go3- 16.1. MsmeneHue comepiaHHs MHHepaJoB H

pacraer A [Hryen B, X, Siaican, iopicrocr s sonax awooncur
u ap., 1974 r] MecTopoxzaeHnax 3albaiikaibs.
I'lopo,r_looﬁpaa VIOU H 7| 1 — rpaHHTOHA; 2 — OKOJOMHJAbHBLIA rpelisen; 3 —
J4aTHOKJIa3 B 30HE I‘pEﬁ- KBEpLLBBO'BOJIb(bpaM}lTOBaﬂ KHIa.
3€HH3aLHN CEepPHLUTH3HDPY-
ercsi W TeM CcaMbiM JeaHoOpTH3HpyeTcs. lHTeHCHBHOCTH 3TOrO
mpouecca Hapacraer 1o Mepe MNPHOJHKEHHS K  MKHIaM, H
B 3TOM K€ HampaBJeHHH MajaioT ero CBeTONpeJoMJeHHe H MJIOT-
HOCThb, B IJarHok/ja3e nopbiliaercss oTHomeHHe Sif/Al u cremeHb
YNOpsA0UeHHOCTH. B KOHeuHOM cueTe Ha KOHTaKTe ¢ JKHJIAMH H
B CaMHX JKHJaxX IJIarHOKJa3 TpeAcTaBjeH YHCTHIM, MaKCHMaJbHO
ynopsiioueHHbiM ann6utom [bapaGanos B. ®. u ap., 1974 r.].
[TopopooGpasyiomnii KaJHeBblH NMOJEBOH IINAaT B 30HE rpeiise-
HU3allHY 0CBOOOMKIAeTcsl OT NMEePTHTOBLIX BPOCTKOB, TPHK/JIMHHOCTD
€ro MmpH 3TOM HEeNpephLIBHO pacTeT H B KHJIaX JOCTHTaeT MaKCH-
myma. OjHoBpemMeHHO ¢ 3TUM cojep:aHue B Hem Li, Na u Ca
yMeHblLIaeTcs, OAHAKO yacTb atoMoB K Haumnaer 3ameuiaTbhesi aTo-
mamd Rb u Cs. B urore B ujaax KajiHeBblil NoJeBOl 1wnat mnpei-
CTaBJeH MaKCHMaJjbHO YNOPSiA0YeHHBIM MHKPOKJIHHOM, IO COCTaBY
OTBEYAIOIIHM adyasipy ¢ MHKPOTNPHMECAMH PeIKHX Ilesoued.
MeracomaTHuecKH pa3BHBalonlHecsd no OGHOTHTY, XJIODHTY H IJ1a-
rHOKJIa3y MeJKouemyiyaTele CHIOAKH (CEepHUIUHTHI), NepPeKPHCTaIH-
30BbLIBASICh, NpPEBPallAOTCsl B KpynHouewyiyaTble JKHIbOEPTHTHL.
B 3oHax rpeii3eHH3alHH CePHUHT-KHIbOEPTHTH 3aKOHOMEPHO Me-
HSIOT CBeTONMpeJOMJIeHHe, YroJ ONTHYECKHX OCeH, IJIOTHOCTb, OTHO-
wenne do.o.10/doos, MoauTunuio, xapakrep kpuBeix JATA, HKC. B ce-
PHIUHT-KHALOGEPTHTAX TOCTENEHHO pacTeT colepiKaHHe Al;O;3 u CaO,
Ho ymeHbmaercsi KoanuectBo FeyOs, FeO, Sn, Zn, Li, Rb, Cs, F.
JKunb6epTHTHI, ciaraioliHe CJAIOASHYI0 OTOPOYKY, CTOJb THIHYHYIO
15 pelKOMEeTaJbHbIX JKHJ rpeii3eHOBOro THNA, OKa3aJHCh MHKpO-
3oHaabHBIMH. TIpH 3TOM cocTaB H CBOHCTBA 30H IOPasHTENbHO
TOYHO NOBTOPSIIOT COCTAB H CBOMCTBA CBETJBIX CJIOJ, MOC/HEL0Ba-
TeAbHO 00pa3yloumMXcsi B 30HaX rpefiseHH3alUdn 33 CYeT Nopojoos-
pasylomux muxepasnos {bapadanos B. ®., 1961, 1974 r.].
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16.2. MukpoxuiKa,
I — dawopur; 2 — Guorur; 3 — CepHUHT, 4 — XKHAbGEePTHT;

ITo-BHAMMOMY, CTOJIL JKe 3aKOHOMEpHBe KOJHYECTBEHHEIE H Ka-
UECTBEHHbIC M3MEHCHHSI MHHEPAJbHOIO COCTABA 30H METACOMATHTOB
OyAYT yCTAHOBJIEHBI H BO3JI€ PYAHBIX KHJI, CONMpOoBOXKAaOUIHXCA Oe-
PesHTH3ALMeH, XJOPHTH3AUMel, JIHCTBEHHTH3ALMHEH, NPONHIHTH3A-
IHel H MOJOCHBIMH HM MeTacoOMaTHYECKHMH Npeo6pasoBanuaMu 60-
KOBBIX TMOPOJ.

Takum o6pasom, moBcemecTHasi NPHYPOUEHHOCTh METACOMATH-
YECKH H3MEHEHHBIX MOPOJ K 3aK/IIOYEeHHBIM B HHX JKHJIaM, NPOCT-
PaHCTBeHHAsl OPPAHHYEHHOCTL M JKWJ, M OKOJIOMKHJIbHEIX MEeTacoMma-
THTOB, TecHeillasi reHeTHyecKas OOLIHOCTh MHHEPaJabHOTO COCTABA
T€X W APYTrHX, GOPMHPOBAHHE KHJ TNyTeM pa3Bep3aHus TPelHH,
BHaya/le MEAJICHHOTO H IJIABHOTO, B KOHIE — Pe3KOro M MpepbiBi-
CTOro, ABJ/JEHHsS BBIHOCA H3 MNPH3aaLOAHAOBHIX 30H OKOJOKHILHBIX
METaCOMATHTOB OTJEJNbHBIX KOMIOHEHTOB, MOJEKYJ H MHHepaJoB—
BCe 3TO IPHBOAHT K HHOMY 00ObSICHEHHIO Me€CTa M CIHO-
co6a o6pasoBaHHs THAPOTEPMAaJbHBIX MHHEpa-
J0o0o6pasywIHX PacTBOPOB.

Ono MoxeT OhITh NOHATO H3 CJAELYIOUIETO KOHKPETHOro MpH-
Mepa. B rpanoamopuTe, BMellaiouleM KBapu-BOJbGPAMHTOBYIO
KHAy Noe 7 ByKyKHHCKOTO MECTOPOMKICHHS, HA TOPH3OHTE 3 MITpeKa
B Touke Ne 211/53* nHa 3HauMTeJbHOM yAaJ€HHH OT PYAHOH JKHJIbI
HaMu OBl B3T obpasel BHellHe cBexeil, MaKPOCKONHUECKH HEH3-
MEHEHHOH MOpOoAL. B 0AHOM M3 NPHrOTOBJEHHBIX H3 Hero HLTHGMOB
IO MHKPOCKONOM Oblia 00HapyKeHa MaJeHbKast [PepLIBHCTas Tpe-
ILHHKA, TAHYWASCH vYepe3 Bech UM H MOCAeI0BaTeNbHO pacce-
Kapmas sepHa Mopoaoo6pasyoiHx MHHEPaJoB — KBapla, MHKPO-
KJIHHA, TMIaruoknasa, OHoTHTa. TpeuwwHKa npH BHHMATEILHOM
H3yYEeHHH OKa3aJachb BBIMOJHEHHOH Ha BceM CBOEM TNPOTSIKEHHH
KHJBHBIMH MUHEpaJiaMu, a BO3Jie Hee OT/le/IbHEIe TIepeceKaeMule e
nopoxoo6pasyioniHe MHHEPaJsl B TOH HIH HHOH CTEMeHH MeTacoMa-

* Tlonoxenne 5TOf TOUKH, OmHCAHHE KB, BMeLLAKONedl NOPOAL M Xapak-
Tepa OKOJOMHJIBHEIX W3MEHeHWii npuseneno B kuure B. &. DapaGauwosa [1961,
c. 31—40].
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Cexyuiasi TPaHOJMODHT  BO3Je  IKHJIbI Ne 7 (Bykyka). 3apncoska wunda.
5 — Kansuur; 6 — XJOPHT; 7 — NJAaTHOKIA3; 8 — MHKPOKJIHH; 9 — napat; 10 — KBapi.

THYeCcKH W3MeHeHbl. Takum o06pasoM, 3Ta MHKDOCKONHYECKasd TPe-
LHHA TIPOTSKEHHOCTHIO BCEro JIHIL OKOJIO 2 CM MO CYILIECTBY OKa-
3a/7ach MHKPOCKONHMYECKOH MKHJKOI ¢ XapaKTEpHBIMH OKOJOXKHJIb-
HbIMH HaMeHeHHsiMu (¢ur. 16.2). DTo yHukanbHas el

TpeuuHKa-)KUIKa HayAHAeTcss B 3epHE KBapia [. OruyeTaHBO
BHJIHO, UTO OHA H CJ0XKEeHa 3/lechb OJHMM KBapleM, HO HHAYe OpHEH-
THPOBAHHBIM, TO3TOMY B CKPelIeHHBIX HHKOJSIX OH BBIMVIAAHT TeM-
HOIi, H30TPONMHOM Mmaccofi. B ciexywoueM 1o XoAy TPeLiHHbI 3EpHE
MHKpOK/NHHa [/ OHa NOUTH He BHJHA, TaK KaK 3ajeueHa TeM XKe
mukpoknuHoM. Hanpasienne ee yraJbBaeTcs 0 NPHCYTCTBHIO MEJ-
KoueulyfiyaToi, sipKo HHTepdepupyioueH CJIO[Ibl—CEePHIHTA. 3epPHO
MUKDOKJIHHA - NIPH 3TOM HHKaKHX CJIEL0B H H3MEHEHHH BHellHEe Ha
cebe He necer. OJHAKO pasHble YUaCTKH €ro MMelT pasHbie 3Haue-
HHS yraia onTHueckux oceii: 58, 59, 68, 78° uTo, MO-BUAHMOMY, yKa-
3pIBAET HA PAsHYIO CTeNeHb YNOPs0UeHHOCTH ero CTPYKTYpEl. Cae-
ayomee sepHo /11, yepes KOTOpoe IpONLIA JKHWIKA, NPEACTABIACT
c060il TOHKO3ePHUCTHIIl arperaT CepHIHTa, Ka/blHTA, thaopuTa H
nuputa. [To cocraBy MHHEPa/JOB H MPHMbIKAWWMM K 3STOMY arpe-
raTy OCTaTKaM 3epHa CepHIMTH3UPOBAHHOTO OHOTHTa MOKHO Jy-
MaTh, YTO MBI HMEEM 37ech Je/0 ¢ ry0OKO H3MEHEHHBIMH 3€pHAMH
JIATHOK/IA3a W OTUACTH nepepabOTaHHBIMHM dYellyHKaMH MarHesu-
AJNbHO-YKEJe3UCTOH CAIOIBL.

B sepue kpapua [V TpemuHKa 3aieueHa KBapuem, H ONATH Ha-
npapJeHHe ee yrajpiBaercs JHLIL MO nHTepdepupyOWUM uemyi-
KaM CEPHILATA, 3aXBaYeHHBIM NPH ee 3anojHeHud. B sepue niarno-
kaa3a V JKHIKA CJOKeHA cHauana (AIOOpHTOM (TeMHoe), 3aTeM
kBapuem (cepoe). Boane yuacrka, C/I0XKEHHOTO dJI0OpHTOM, IIa-
rHOKIa3 60Jee HHTEHCHBHO CEpHIHTH3HPOBAH.

B ouepeanom 3epHe kBapua VI Kuika cjoxeHa TeM e KBap-
1eM, MpH 3TOM 3aab0aH/bl ee YeTKO OTOPOUEHBI CEPHUHTOM. Boub-
10 TPOJOJAroBaToe 3epHO NJIarHoKnasa VII Bponb TPeLHHKH
BHOBb HHTEHCHBHO CEPHIHTH3HPOBAHO, a cama TPeLlHHKa BHINOJ-
nena gaoopurom (ueproe). [lasnee TpemMHKa ceueT BHICTYMAIOMYIO
3/iech vacTh 3epHa MHKpoknuua VIII u oKaspiBaeTcs CJ10KeHHOH
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TeM JKe caMbIM MHKpPOKJHHOM. IIpHMbiKaoowias ¢ Apyroii cTOpoHHI
Macca MesKodewyiuatoi cawabl /X ¢ o6ocoGaeHHsIMH (aoopuTa
(uepHOE), MO-BHAMMOMY, NpejCTaBsieT OGOl HALENO 3aMelIeHHYIO
4acTb KaKoOro-To 3epHa mJjaruokjaasa, soamoxso VII.

B Goabuwiom ouepeHOM 3epHe MHKpOKJAHHAa X TpeulMHKa Bet-
BHTCA. BeTBH ee, BHIIOJHEHHbIC TeM K€ MOJEBBLIM ILINATOM, NPOCJe-
AHBAIOTCA ¢ GoabwuM Tpyaom. OnHAa W3 3THX BerBeil (BepXHss),
BXOAA B GoJbllOe 3epHO nuarnokiaasa XI, cpasy ke npespamiaercs
B MOWLHYIO (B AaHHOM Macwirtabe) «30HY rpefiseHH3allHH», COCTOA-
UYI0 H3 YellyeK CBETJIOH CJAIOAB H 3epeH ¢uiooputa. Mectamu
B 3TOil 30HE TPEIHHKA SIBHO HCNBITHIBA/Ja NPHOTKpPhIBaHusA. B o6pa-
30BABIIHECS] TIPH 3TOM JIHH30BH/HLIE MOJIOCTH H3 OKPYKaloOllero ux
rpeiseHa Obl1 CTAHYT GQJIIOOPHT (4YepHOe), a ocTaBlIasicsi CBET/as
caiona Guila MepeKpHCTalIu30BaHa M npHoOpena XapakTep KHib-
OepTHTOBHIX OTOPOYEK, CTOJb XapaKTepPHBIX [Jsi BCEX PYAHBIX XKHJ
MecTopoxaeHnsi. B sephe MukpokauHa XII xunka BHOBb CTaHO-
BHTCSl MHKDOKJIHHOBOH (uepHOe). ¥TJIbl ONTHYECKHX Oceli B OCHOB-
HOM 3epHe MHKDOKJHMHA 3jlech Goaee mocrosiHunl (83, 84, 84°). Ha-
KoHell, B mocsieaneM sepHe X//I naarnoknaza (uepHoe) TpemuHa
NpeBpallaeTcss B OUEPeAHYI0 30HY rpefi3eHH3aluH, NPH ITOM MOI-
HOCTb €e NpsIMO CBsi3aHa C TPELIHHOBATOCTBIO H IIPOHHILAEMOCTBIO
OTJeJIbHBIX YYacTKOB 3epHa.

Hrak, mukpockonuyeckas TpewmHka anuHoii 20 MM nepecekisa
TPH 3epHa KBapua, YeThipe — MHKPOKJIHHA W MTh — aHAe3HHa. Bo
BCeX cjyuasix, rjile OHa NpoXoJnJia MO KBapuy, OH4 CcOCTOSJIa M3
KBapna, no MHKPOKJHHY — H3 MHKPOKJIHHA, N0 NJIarHoKIasy —
H3 cepHUHTA H (QJIIOOpPHTA (pe:ke KalbIluTa).

MoxHo a1 npeacTaBHTh ceGe, 4TO B TPelHHY MIHHOH 20 MM H3
HeKOero «MarMaTHYeCKOro o4ara» mNOCTYMaJH <«CHelHaJH3HPOBaH-
HbI€» TOPUHH MHHePasoo6pasyioulero pacTBopa, KOTOPHE B 3epHO
KBapua, CKo/Jib MajJo OHO HH OblJIO, NPHHECJH KBapll M 3aJeuH/H
€ro, B 3epHO MHKDOKJHHA — aHAJIOTHYHBIM 06pPa3oM MHKPOKJIHH,
a B Oosiee KpynHble 3epHa NMJIarHoKJAa3a Takolt HaGop BeliecTts, Ko-
TOpbie nepepaboTajH ero B CJAOKHBIA arperat c/a0Abl, QIOPHTA H
KaJbuuTa? AGCYPAHOCTb TAKOro «06bACHEHHA» OUEBHHA.

OGpasoBaHHe Ha3BaHHON MHKDOXKHJIKH TPOHCXOAHJIO, NMO-BHAH-
Momy, nHave. CrienHazucTaM XOpouo H3BECTHO, YTO B TPaHOAHOPH-
Tax, BMEILAIOIHX PEAKOMETAJbHbIE XKML, TPYAHO HAHTH B ULIH-
(hax sepHo naarxokn1asa, KoTopoe He Gbis0 Obl B TOH WM HHOIl CTe-
NeHH 3axBaueHo cepuuuTH3anueidl. To ke camoe MOXKHO cKasaThb
0 OHOTHTE, H3MEHEeHHSI KOTOPOro, OfHaKo, Gosee pasHooGpasHsl. Ce-
PHUHTH3aLKsi 3epeH 0ObLIYHO HAYHHaeTcs ¢ mepHdepuu H pacnpoct-
paHseTcs no TpemMHKaM cnajiHocTH TeM HHTeHCHBHee, yeM OoJjee
OCHOBHBIM OKashiBaerca nJaruoksaas. CepHIHTH3AUHSA MJarko-
KJaza, Kak MNpaBWjIo, CONPOBOXKAAeTCH HOBOOOGpPA30BAHHEM allb-
Gura. [pouecc cepHUHTH3AUUK YAacTO MOXKHO HabaoaaTh B yya-
CTKax nopoj, BecbMa YJaJieHHbLIX OT DYAHBIX JKHA H rpeiiseHo-
BBIX 30H.
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CymHocTb ero, Kak OblJI0 MOKa3aHo B ri. 12, cBofuTcs K peak-
LHAM THNA:

pNaAlSizOq - gCaAl,Siy04 - KF -+ HyO —
— KAl, [A1Siz0y] (OH, F),--CaF,-} pNa [AlSizOq]
HJIH
pNaAlSigOq-gCaAl,Siy0g -+ KyCO3 + H,O —
— KAl [A1SigOy] (OH), + CaCOy -+ pNa [AlSizOs] u. T. I

Boasie pyAHBIX JKHJ HAYT Te XKe caMble mpolecchl, HO Gojee HH-
TeHcHBHO. Takum o6pa3oM, rPaHHTOMAB H BAaJH OT XKHJ NOA-
Bepraiotcs JefictBHI0O pactBopos, copepxkamux KF, K.COjz; KoS u
aApyrue koMnoHeHTs. Ho 3T0 BO3MOXKHO JHIIbL NPH JONYIIEHHH, 4TO
PYLOHOCHBIE IOPOAL NO BceMy o6beMy NPOTMHTAHL Ta-
KHMH pacTBOpaMH.

YTo e NPOHCXOAMJIO MPH TAKOM LONMYIIEHHH B TOJbKO YTO pac-
CMOTPEHHOM cJyYyae BO3HHKHOBEHHSI MHMKPOTpEILIHHEl B TIPaHOAHO-
pure?

Tpeunna, BO3HHKILIAS B [I0pPOJe, CKOJb OBl Maja OHAa HH Oblia,
B MOMeHT ee 00pasoBaHHsl OKa3ajacb 00JIaCTbIO NOHHXKEHHOT O
napjenus. B cuay 3toro oHa jonrkHa OBUIA 3aNOJHHTLCA PacTBO-
pOM, OMLIBABLIHM 3€pHAa MHHepanoB. MH yXKe OTMeyasH, YTO JOKa-
JH3YACh B MHTEPCTHUHAX H MEXTIPAaHYJAPHHIX NOPax MOPOAH, pac-
TBOP HaXOJAHJICA TaM B COCTOSTHHH DAaBHOBecHs C 3epHAMH IOPOAO-
o6pasyouinx MuHepaaoB. [IpHOTKpHIBaHHE K€ TPELIUHB!, CKOJb Gbl
MaJibIM OHO HH OBIIO, AOMKHO ObIJIO BBHI3BATh: 1) ABHMKeHHe pa-
CTBOpa M3 MOPOJAHl B 3Ty TPeIllHHY, 2) cMeLleHHe PaBHOBECHS B CH-
cTeMe MOPOBHIH pacTBOp — nopopoobpasyiounii MuUHepaJs.

JlBu:KeHHe pacTBOpa K TpelUlHHe 03HayaeT NOCTYNJeHHe B TOM
ke Hanpasienud HoBeiX mnopuuit KF, K:COs;, KsS m apyrux se-
uiecTB. M3 npuBefeHHEIX BhILIEe YpaBHEHHH cielyeT, 4TO TaKoe MO-
CTyIJIeHHe, HanpHMmep, coegnHenuii K A0JKHO mo-pasHOMY CKasbl-
BaTbCA Ha NMOPOA00OpasyiouluX MHHepadax rpaHoAHopuTra. B 1O
BpeMsi Kak mopojgoobpasyiouuii niarnoknas Gyaer Bce Gojee HH-
TEHCHBHO CEpPHIHTH3HPOBATLCA, KaJHEBbIH NOJEBOH wWmatT W KBapu
B cpefie, Ooratoil K, HAYHYT pacTBOPATHLCS.

CwMelienHe paBHOBECHS NMOPOBBI PAcTBOP — MHHEpaJ, BO3HHKAI0-
liee BCJEACTBHE NMOHUKEHHS NaBJAEHHS NPH pa3Bep3aHHH
TpeLuH — siBjieHHe 0e3yc/oBHO MecTHOe, JoKanbHoe. OHO B 0o0mem
cayuae GyleT CONPOBOXKAATbCH OTAeJEeHHEM PacTBOPEHHOI ra3oBoif
¢asm (F, Cl, CO,, H,S, H;, CH,), Bo3pacTanHeM B CBfi3H C 3THM
LIEJIOYHOCTH NOPOBOrO0 pAacTBOpPa, MNOBLILIEHHEM PAacTBOPHMOCTH
Ka/JIHeBOTO 10JIeBOro mara, aab0HTa H KBapua. BepositHo, 9THM 06-
CTOSITEJILCTBOM H cJieiyeT OGBACHHTL CTOJNbL LIHPOKO pacnpocTpa-
HEHHYI0 MHHMYIO «[eJHTH3alHIO» IOJEeBLIX LINAaTOB — MepernoJHeH-
HOCTb NO3JHHX TepPeoTIONEeHHBIX IOJeBBIX IUNAaTOB TIa30BO-XKHA-
KHMH BK/IIOYEHHSIMH, COCTOSILIHMH B OCHOBHOM H3 YIVIEKHCJOTHL

10 B. @. BapaGanos 289



[Kopxuuckuit . C., 1940 r.; BapaGanos B. ®. 1961; DGapaGa-
HoB B. @., Hryen B. X., 1974 r.]. Ho cmeulenHe paBHOBeCHs BBHI30-
BeT W JApyrue CJeJCTBHS: TMOHHIKEHHe PacTBOPHMOCTH, BhillaJeHHe
BellecTBa, BO3HHKHOBEHHe rpajHeHTd KOHLUEHTpalHH# H, TakKuMm 00-
pasoM, BhiHOC BellecTBa B xuay [Bapa6anos B. &., 1961].

Hrak, pa3Bep3aHHe TpellHHB HMEET CBOHM CJEJICTBHEM BbIHOC
BHOBb 006pa30oBaHHBIX BO3Jle Hee MHHEPAJOB B 3Ty CAMYIO TPELIHHY
H KJaJeT TeM caMblM HayaJjo NpeBpallleHHio eée B METACOMATH-
YeCKH-KOHKPEIUHOHHY IO KHJY.

Takum 06pa30M Kaxjaoe l'IpHOTKprBaHHe (BcAKOe mpupaleHHe
00beMa) JKHILHOH TPellHHBl, 3aN0JHEeHHOH MHHepanoobpasyiolmum
PacTBOPOM, HaXOASAUIHMCH B XHMHYECKOM PaBHOBECHH C NMOPOA000-
PasyIIHMH MHHEpajaMH, AOJXHO CONPOBOXKAATbCH BLIHOCOM He-
KOTOpPOro KOJTHUECTBA TPYAHOPACTBOPHMBIX COeJHHeHHH (MHHepa-
JIOB) B MKHJIBHYIO MOJOCTD.

Bauskue K H3M0KEHHBIM cOOOpa:KeHHSM J0BOABLI MOXKHO HaHTH
B pa6orax C. H. Meauosa [1970 r.].

Pa6otsl, nocesilieHHble BBLIICHEHHIO POJIH INOPOBBIX PacTBOPOB,
MOSBUJINChL JHUIIL B caMoe HejaBHee Bpems. OJHAKO HHTYHTHBHO
3Ta POJib yrajaeiBaercsi LeabiM psijom Hceaeaosartereii. I'. B. JKu-
JHHCKHH [1965, c. 11] nucan: «PacnpocrpaHeHHOe TNpeAcTaBleHHE
0 TOM, 4TO Ausi oGpasoBaHHsl PYAHBEIX XKHJ Yepe3 pyloBMellalouiHe
MOJIOCTH JOJKHBEL OblJIH NPOATH IeJible MOPA THApPOTepM (HCXO0[sA H3
PacTBOPHMOCTH METAJJIOB B KHCIBIX H 1eJOYHBIX PACTBOPAX), IJIy-
60KO 0HO0YHO. DKCMepHMeHTa IbHbIe HCCAeL0BAHUS 0 MOIEIHPO-
BAHHIO THAPOTEpPMAaJbHBIX TPOUECCOB H MO CHHTE3y MHHepaJoB IO-
KasajH, HamnpHMmep, 4YTO INPH BHIpPAllHBAHHH MOHOKPHCTAJIJIOB
KBapla B aBTOKJIaBax o6beM YUacTBYIOLIEro B PEaKIHH pacTBopa
Juiib B 3—5 pa3 GoJable o6beMa MOJy4yaeMOH KpPHCTaJJIHYECKOH
macchl. JleJio B TOM, YTO B aBTOK/aBe NPOHCXOAHT 3aMKHYTHIH Tpo-
1ecc, B KOTOPOM pPacTBOpP MHOTOKPATHO «pasrpyaercd» H BHOBD
oboramuiaeTcs KpeMHe3eMOM 3a CYeT LUHXTHI.

[To-BHAHMOMY, U B npHpo/ie oOpa3oBaHHe THAPOTEPMAJLHBEIX Me-
CTOPOMKIACHUI IMPOHCXOAHT B YCJAOBHAX CPAaBHHTEJILHO OrpaHHUEeH-
HOro o6beMa THAPOTEPM, HO MPH NOCTOAHHOM HX OOOTaLLEHHH Me-
TaJlJdMH 3a CYeT BBIHOCA TMOCAEIHHX M3 MEepBOMCXOLHOro cyo-
crpara. PasHuua JHuib B TOM, YTO 00beM THAPOTEPM B NPHPOJHBIX
VCAOBHAX He OCTaercss MOCTOAHHBIM, TaK KaK 3HAYMTEJNbHAs HX
Y4acThL pacceHBaeTcsl B OKPYIKAIONIEM MPOCTPAHCTBE, YTO MOKET
OBLITH YUTEHO MO XapaKTepy OKOJOPYAHBIX H3MEHEHHIT BMellaluiHux
TIOPOA».

Posib NMOpOBHIX PAcTBOPOB KaK HCTOUHHKA PYA000pasyiouiux
(GUIIONA0B, MO-BHAHMOMY, BHEpPBLIE B MOJHOH Mepe Obljia oleHeHa
3. Unrepconom u x. X. Makkunom [1961 r.]. [Tporons aerann-
Hple MHHEPAJNOro-re0XHMHUCCKHE HCCJI€OBAHHA OKOJOTPEUHHHBIX
M3MCHeHHil MHTPY3Hil Ha JKeJe30pPYAHBIX MecTopoxaeHusx Aiipon-
Cnpunre, FOta, CIIA, 3TH HcelefoBaTeH NPHILIH K 3aK/0UEHHIO,
YTO «pacrnpejiejyedvie 0 NpPHPoJa H3MEHECHHH B 3THX MHTPY3HsX Ta-
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KOBLI, UTO HCKJIOUAIOT BO3MOKHOCTb reHesnca (JIIOHAOB Ha TJIy-
GuHEe M MOAHATHE MX Yepe3 HHTPY3UBHYIO WJIH NPHKOHTAKTOBbIE MO-
PO/El NpH 06PA30BAHHM PYA», UTO <H3MeHeHHsi OBLIH BBHI3BAHBI OC-
TATOUHLIMH BHYTPHIIOPOBLIMH PACTBOPAMH, KOTOpbE HE COGHpAJIHCH
B pyaooGpasylomni (JoHA H HE MHTPHPOBAIH H3 ray6un». Ipu
3TOM <«MOJIEeBble H JafopaTopHble AaHHBIE CONJIACHO YKa3bBalOT Ha
3a1b6aHAbl BAOAbL 3a7db0AHIOBHIX TPEUIHH KaK Ha HCTOYHHK HE
TOILKO PAacTBOPOB, HO H TeX MHHEPAJIOB, KOTOPbE OHH HECHH H OT-
KNaAbBaJH B JKHIAX H KOHTAKTHBIX MecTOpoxaeHHsx». Tak, Ha-
npuMep, aHaJAH3bl H COOTBETCTBYIOLLHE PpacuerTbl MOKasajH, HTO
B npollecce H3MEHEHHs NMOPOAbl 3a1b6aHIO0B 1A/ «A0CTATOUHOE KO-
JHYeCTBO Kese3a, yToObl 06pa3oBaTh BCE H3BECTHbie H BO3MOKHEIE
3ajlexH pafoHa».

Hawm ocraercs OTBETHThL Ha BONPOC: & AOCTaTOYHO JIH KOJHUE-
CTBO KanuisipHOii (MOpoBOi) BOJABI — PacTBOpa B OPHLIX MOpOAAX
3eMHO#l KOpBI, 4TOObl OOBACHHTH BO3MOXKHOCTh TEUEHHs IPOLECCOB
FHAPOTEPMATBLHOTO METacoMaTo3a B JI00OM YyuacTke rOpHOH Mo~
POJIBI, MO/ABEPTINEiCcS TPeluHoo6pa3oBanuio?

B. U. Bepuaackuii [1929 r., c. 609] orBeTH1 Ha 3TOT BONPOC yT-
BepauTeabHO: «HapaBHe ¢ BOJAOH OKeaHHUYecKoil, ¢ KHAKOH H TBep-
Z0i BONOit cymrd (JbJABI, CHera, pekH, osepa, rpyHTOBbIE H Hamop-
Hple BOJAHI), C METeopHoil BOMOH aTMmocdephl, ¢ BOJIOH KHBOTO Be-
IleCTBA, ¢ MOYBEHHOH BOMON — AOJKHa ObiTh yUHTHBAaCMA
KaK OAHA M3 BAaXHeHUIMX B HCTOPHH MPHUPOAHOIN
BOMH KANHJAJASNIPHAS BOAA FOPHEX MOPOA ray6oko
MAyu asi B3eMHYI0O KOpY.

KosHuecTBO XHMHUECKH UHCTOl BOAbI, eff oTBeualouiell B 3eMHOI
Kope 10 16 KM MONIHOCTbIO, AO/KHA HCUHC/SATHCA MOPALAKOM
n-1022—n-10%% r» (paspsaka mos.— B. B.).

OGuiee ke cojepiKaHue BOAB B 3eMHOH Kope — JuTOChepe, 1o
nocjenHuM nandpiM [Bacuiesckuit B. JI., 1971 r], cocrasaiser ot
1 mo 1,3 MaApA. KM3, T. €. COMNOCTABHMO C ee KOJHYeCTBOM B TH/PO-

chepe (1,4—1,5 mapa. km®).
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Fnasa 17

FTEOXMMHS BOJIbDMPAMA

.. .BuICOKHI Knapk nofckassizaer, yto W, ouesuAHO,
HEe TONLKO CBA3aH B MNOPOAaX B BMAe LUeenura u
BONb(PAMHTE, HO M BXOAMT B HYMWE PELLeTKM...

A. E. Pepcman, 1938

CBOWCTBA M TMPUMEHEHME BOJNb®PAMA

Ceeryio-cepuiii Meraji BoAb(paMm — OJHH M3 CaMBIX THAXKEJbIX
(19,3 r/cM®) u TyromnaBkux (3410°C) 3neMEHTOB NepHONHYECKOH
cHcTeMnl MeHnpeneesa. HckaountenbHble ¢H3HuecKHe CBOMcTBA:
tTeMmnepatypa kunenus 5900 °C; BbICOKAas 3JEKTPOHHAS SMHCCHS NPH
HaKaJMBaHHH MeraJjja, joxoasuwas go 1690 mA/em® npu 2427 °C,;
Gosbmas MONIHOCTh 3HEPrHH, H3JyYaeMOH NOBepPXHOCTBIO packKa-
JieHHoro MertaJjuia, pocturawpouias 255 Br-cm—2 npu 3030 °C; Hu3KOe
JaBJeHHe Tapa, H3MeHsoIleecss B HHTepBase Temmepatyp 1530—
2730°C Bcero ot 1,93-10~'% go 6,55+ 10~5 MM pT. cT.; MaJablii Ko3(-
¢uuueHT TepMHyeckoro pacwupenus (4,4-10~% B uHTepBasax or
20 no 300°C); majno H3MeHsouiascs TemronposoxHocts ot 0,31
npu 20°C po 0,26 xan/em-c-°C npu 1300°C u cnoco6HOCTb AaBaTh
BechbMa IIEHHBIE 110 CBOHM CBOHCTBAM CIIABHL H HHTepPMeTa/lIHye-
CKHe COeJHHEHHSi CO MHOTHMH MeTaJlaMH — caenaan W He3ame-
HUMBIM MaTepHaJOM AJs H3rOTOBJEHHs HHTeH JaMnl HaKaJHBaHMs
¢ paGoueii Temneparypoit jo 2200°C u sjeKkTpoHarpesaTesied — Ko
2000 °C, nasi npousBoAcTBa GuicTpopexymux (mo 2000 m/muH) Ka-
yecTBEHHHIX crajeil u KapGHacnaaBoB. g 3THX HeneH ofHa Me-
Tajanyprus norpedasier HeiHe 10 95 % Bcero poGuBaemoro W.

B nociesnnee spemsi W HAeT Ha H3roTOBJEHHE PasjHYHBIX JeTa-
Jieli BHICOKOBAKYYMHBIX YCHJIHTeJeil, KaTO/0B reHepaTOPHBIX JaMIl,
SMHCCHOHHBIX H rasopa3psAHBIX TPYOOK, BHIPSIMHTENeH BBEICOKOTO
HanpsiKeHHs, aHTHKATO/I0B H KaTOJOB PeHTreHOBCKHX TPYOOK, KOH-
TAKTOB H BBOJHHIX NPOBOJHHKOB B 3JIEKTPOBAKyyMHBIX npubéopax
#u 7. 1. OH HCNOJbL3yeTcsl TaKikKe B POTOpPax THPOCKONOB H B BHJIE
cniaBa 90 % W4+69% Ni+4 % Cu kak saumura OT paaHOakTHB-
HBIX H3JyueHuii, ayumas, uem Pb [[Tukaes A. K, 1961 r.].

Boabppam — asemedT VI rpynnel nepHOAMYECKOH CHCTEMBb
Menneneesa. Ero nmopsiikoBeiii HOMep 74, atomHas Mmacca 183,85.
Ipupoauuiii W nmpeacrasnser coGof cMech MATH YCTOHYHBHIX H30-
TONoB. B silepHBHIX peakTopax N0 peakuHsM n, y, KpoMe TOro, mo-
JIyueHB TPH HCKYCCTBEHHBIX paJMOaKTHBHHIX H3oToma. Kpucrazio-
XHMHYECKHe CBOiCTBA BOJb(ppama H OJH3KHX K HeMy 3/JeMeHTOB
npuBefeHs B Taba. 17.1.

C yueroM G6JH30CTH HOHHHIX pajuycoB (¢ur. 17.1, cM. BKIaAKy)
H HEKOTOPBIX APYrHX reOXHMHYECKHX CBOHCTB 3JIEeMEHTOB B peuer-
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TABJIHLIA 17.1

Kpucrasioxumudeckne cpoitctea W n Ganskux K nemy snementos |bapadanos B. ®., 1975]

XapakTepHcTHKa Nb®+ | Tab+ oY b zett Hit+ Tt | TRt st Wit Fei+ ﬂa:%ﬂ:zﬂz?‘"n
Pannyc wona, 10% Mxm 066 068 - 054 082 082 0,9 1,02 0,67 0,85 .0067 [Beaon H. B.,
Boxknit I'. B.,
1954 r.; Bo-
xait I'. By,
1960 r.]
Koopausausonsoe yneno 6 6 6 6—8 6 6 8 6 4* 6
Homnbil norenuuan 125 ~'7.20 020" 460 ~ 466 868 2,46 540 8,82 4,50 | Keit Ox.,
JIsou T., 1949 r.]
IMorenuuan nouusauuu, B 49,3 44,8 446 33,83 31,0 294 19,2 40,57 -— 16,24
SneKTPOOTPHUATENLHOCTD, 240 210 260 200 180 170 147 235 135 145 To xe
KKan/r-atoM
Kosppuunenr momnoro sa- 0,28 e (O8N 08T 1006 012 0,14 028 0,22 >
MellledHst (oGMeHa)
Kospuumenr sueprum pe- 3150 3150 2150 1980 1995 1750 900 2080 1684 1280 [®Pepeman A. E.,

IIeTKH

* Ycranosneno sddextom JlangcGepra—Pamana,

1953 r.]




Kax TPHPOAHBIX BOAb(PAMHTOB KPOME XOPOILIO H3BECTHBIX CledyeT
oxuaaTh npucytersus Si*, V**, Al, Ga, As, Ti, In, Sb, Bi, Re, At
H HEKOTOPLIX APYIHX 3JEMEHTOB.

XUMUSA BOJIbOPAMA

Xumua W oueHb cJoKHA. IDTa CA0KHOCTH ONPENENSIETCS. TeM,
YTO OH MOMKET NPOABJAThH BajeHTHocTh +1, +2, +3, +4, +5, +6.
B kucaopoaHoii cpene obpasyer uersipe okucaa: Boicuidii — WOs,
Hu3uHi — WO, 1 1Ba npoMexyToublX — WioOg u W40y;.

B menoM B BHICIIHX BaJ€HTHHIX COCTOSIHHAX OH oOJjajaeT KHc-
JIOTHBIMH CBOHCTBAMH, B HH3IIHX — OCHOBHBIMH. Husuiwe crenenu
okHcaeHHss W HeycTOHUHBBHI: ABYX- W OlHOBaJeHTHbil W H3BecTeH
JIHIIb B BHjE rajoreHuoB. B okuciax W oJlHOBpeMeHHO MOZKET Ha-
XOAHTLCS B HECKONBKHX BajeHTHHX coctosHHsX [[Tnkaes A. K.,
1961 r.]. W oGnazaer Takxe O0JbIIOH CKIOHHOCTBIO K KOMIIEKCO-
06pa30BaHHIO, BCJEJCTBHE YEro CpPeiH ero coeAHHeHHH IIHPOKO W3-
BeCcTHbl PA3JHYHbIE BHICOKOMOJIEKYJISPHEIE reTepo-, aKBa- H H30M0-
JIHCOE IHHEHHS.

BoabdpaMoBLIii aHFHAPHA B KHCJLIX pacTBopax MLIEJOUHBIX Me-
TaNI0B 06pasyeT coeiMHeHHsi ¢ KpemHesoi, GopHoil, dochopHoi,
MBILUbLSTKOBOH H APYTHMH KHCJIOTAMH.

PaccmoTpenne (GOpMyJa reTeponojuBoJb(paMoBLIX KHCIAOT TM0-
KA3LIBA€T, YTO MX OCHOBHOCTb Te€M BhIIlIE, YeM HHzKe Ba/JeHTHOCTH
IeHTPaJbHOr0 HOHAa. B CBA3H ¢ 3THM MOXKHO NpeanoJarath, uTO
©CJH 3TH TeTepPONOJHKHCIO0TH YCTOHYMBB B 3HIOT€HHBIX YCJIOBHAX,
TO MpH HH3KHX 3HaueHHsix pH MoxkHO oxmuiaTh 3amens aByx H,
BBIMOJIHSIONINX POJb LeHTpa/dbHoro atoma, Be, n Toraa psa rere-
POMOJHKHCIOT, HMEIOLIHX 3HAUYeHHe B MEpeHoce W, muzobpasurca
CJAELYIOUIHM 00pasoM: :

a) HGIBE(“"-:;O]())J;], 6) H5[B (WaOm)q], B) H4[Si{\V3O|n)4],

I‘) Ha[P(\V3010)4]. }1) H3[AS(W3010)41, 9) HQ[MO(\VSO]{))4],

k) H[RY" (W3010) ).

HMHTepecHo, uTo aHAJOrHYHBIM 06pa3oM BeAyT cebst U BOJb(pa-
moBsle rereponoaukucaotsl. I'. T'ynanax [Gundlach H., 1967 r.] uc-
cJeloBal  YCTOHUHMBOCTb KpeMHeBOBOJIb(paMoBOi KHCJIOTBE
Hy[Si(W3010)4]- 2H,O npu noBpllIeHHBIX TeMIepaTypax H JaBje-
HHSIX W NpH pasHeix 3Hauennsx pH B npucytcteun Fe, Mn, Ca. Ha-
yano Kpucraanusauun FeWO, T'ynanax na6moaan npu pH=59,
MnWO,; —npu pH=6,7 u CaWO, —npu pH=73 (dur. 17.2).

[Ipn naabheiimem nopuimennn pH muHepanooGpasyiomero pac-
TBOpa B KBapl-BOJIbMPaMHTOBLIX MKHJAX IIPOHCXOAHT pPACTBOpeHHE,
3aMemienie H BuHOC Boab®pamuta. 10 uKcHpyercs pesopOuuei,

* 3amemenne W KpemHueM mokaszawo asropom [Bapa6anos B. ®., 1980 r.].
#% 3ameuenne W BaHajHeM B peLIeTKe MIEeJHTa YCTAHOBJECHO METOL0M
311P.
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17.2. TlopsaoK BbACJNEHHA BOJIbHPaMaTOB MpH HefiTpasnsannn
pPacTBOPOB KPeMHEBOIbPPAMOBLIX TETEPONOIHKHCIOT pPacTBOpoOM
NaOH [Gundlach H., 1967 r..

1 — Hs[Si(W:0:)¢]: 2 — Ha[Si (WzO1)al+F92+; et HI[Sl(WzOﬂg]-l-an'l‘; Pl
Hs[Si(W207)s]+Ca.

MHOFOUHC/ICHHBIMH C€laMH pasbelaHus H, HaKOHel, HCUe3HOBE-
HHeM BOAbGPAMHTA M3 JKHJ, KOrAd B MOCJIEAHHX NPOHCXOLHT QTJ10-
JKeHHe TNOo3AHHX cyJab®HI0B (NMHPHTA, cthanepura, rajeHura), ce-
PHILHTA, MOJIEBBIX WINATOB, (Qr00pPHTA, KapGOHATOB, KPHCTAJIH3YIO-
mXcs u3 enle 0oJee HIEJTOYHBIX PACTBOPOB.

A. C. TloBapennsix [1961 r.] cunraer, 4TO MeHbllUas 3J€KTPOOT-
punateabHocts W Mo cpaBHEHHIO C Mo o6yc/0BJIHBAET OYeHb BbI-
COKYI0 PAacTBOPHMOCTb NPHPOAHBIX monu6natop Mg, Mn, Fe u
NpaKTHYeCKyl0 HepacTBOPHMOCTh B BOAE CJIOKHOrO IMPHPOIHOTO
okucaa (Fe, Mn)WO,. B nrore Mbl B NMpHPOAE HMEEM AeNI0 HJTH
¢ MoS, uau ¢ (Fe, Mn) WO,.

ITo mamemy wmuennio [BapaGanos B. @, 1970 r.], MpHYHHOI
3TOrO SBJSIETCH CYLIECTBeHHOE pasiHuHe B 3JIeKTPOHHOI CTPYKTYpe
atomos W u Mo. BasenTHbie 371eKTpoHb y Mo u W maxoasaTcs Ha
ABYX ypoBHsAX — (n—1) d- H ns-op6uranax. Ilpu sTOM 3HAUCHHS
sHepruit 3THX opOuTaned y Mo 6ausku, a y W — pasinunsl. By-
Jly4H SKPAHHPOBAHBI CIOEM 4f14 571€KTPOHOB, BaJEHTHHIE 3JEKTPOHDI
5d46s2 atoma W mpH OKHC/JEHHH Jerde MOKHAAIOT aTOM, HEM boJiee
NPOYHO CBA3AHHLIE 3EKTPOHEI 4d55s atoma Mo. 9T0 XOPOIIO BHAHO
npH CpaBHEHHH NMOTEHUHATOB HOHH3AUHH ATOMOB W u Mo, 3B:

I, I Iy 1, I Iy
Mo 7,10 15,72 29,6 46,6 61,2 (71,7)
w 7,98 17,7 24,08 35,36 (48) (61)

B urore Mo nposipasier cefsi npexje BCEro Kak cBA3eo0bpas3oBa-
Teb, 06pa3ysi KOBaJeHTHbie COCJHHEHH: C reoXHMHUYECKH OJH3KOM
eMy S B THIOr€HHOM MOJHOJCHHTE HIH HOHHO-KOBaJIEHTHLIE CBASH
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B KOMIJEKCHBX anHoHax [MoO.P~ B moanGaarax, a W obpasyer
NPeHMyIIecTBeHHO HOHHO-KOBaJeTHble KoMmmiekcel [WO4]2~ B cTpyk-
Typax THNA LIEEJHTA HJIH CYLIECTBEHHO HOHHBIE CBSI3H B CJIOMKHBIX
OKHCNax THna BoJabdppamura. CyumiecTBEHHYIO POJib NPH 3TOM, KO-
HEYHO, HrPalOT 3HAUEHHS OKHCJIHTENbHO-BOCCTAHOBUTEIBHOIO MOTEH-
muana MuHepasoobGpasyiomux pacteopos Eh.

TEOXMMHUA BOJIbDPAMA

Pacnpenenenne W B mpupofe JHWIb B NOCJeIAHHE ACCATHICTHS
NOJNYYHJIO JOCTATOYHO HAJEIKHYI0 KOJHYECTBEHHYIO XapaKTepH-
ctuky. ITo pacnpocrpanenHoct Ha 3emae W 3anumaer 26-e mecro.
PacnpoctpanenHocTe W B KocMoce MOKeT ObIThb OlleHeHa 110 JlaH-
HBIM HeesefoBaHust 06pasuoB MereoputoB. Cpeanne 3HaueHHs aTOM-
Horo knapka W pams kocmoca cocrasasior 0,2 (npu Si, paBHOM
10%). MupiMH clOBaMH, B KOCMOCEe Ha KaxJAble 5 MJH. aToMoB Si
npuxoautess 1 atom W. Ilpu aToM n10GoNBLITHO BO3pacTaHHe coOfep-
skauus W B MeTeOpHTaX MO Mepe YBeJIHUEHHs CTeNMeHH HX XKeje-
3HCTOCTH.

TABJIHLIA 17.2

Cpennee cofiepkanne W B mopoax cpejHero, OCHOBHOTO:
M YJABTPAOCHOBHOTO cocTasa, r/T

Yncno Copepma-

Tlopopa, peruol 06pasion HHe JluteparTypHbifi HCTOYHHK
Huopurer, CIIA 7 1,20 [Sandell E. B., 1946 r.]
JIHOpPHTHL M TpaHOAHOPHTHI, 8 2,00 |[Bunorpagos A. II. u ap.,
CCCP 1958 r.]

Anpesuts, fnonus 1,06 [Hamaguchi H. u ap., 1962 r.}
Anpnesuro-nammtsl, CepepHbiil 25 1,00 [Crynennkosa 3. B. m ap.,
Kaskas 1960 r.]
JIMOpHTEl M KBaplesble AHO- 17 1,60 To xe
putsl, Cepepuuiii Kapkaa
Ocuopupele nopoasl, CCCP 11 0,85 [llggﬂor;lzanos ¥ e
8 T.
Bazansr 1,00 [Turekiim K., Wedepohl H.,
1961 r.
Basanpr, Slnouns 0,21 [Hamaguchi H., 1962 r.]
Basaner, Unpus 40 1,00 [Decate Y. G., 1966 r.]
Hua6ase, Uuans 16 2,30 To xe
Honeputni, Adpuka 6 6,30 [Jeffery P. G., 1959 r.]
l'a66po u anoproanTsl, Muaus 12 1,90 [Decate Y. G., 1966 r.]
OcHOBHEIE H YJIbTPAOCHOBHEIE 78 1,60 To xe h
nopoasl, Muaus
YAbTPaOCHOBHBIE TIOPOALI 15 0,77 [lngémrpa,uoa BOTEA K o
r.
To xe, Snonus 0,19 [Hamaguchi H., 1961 r.]
To xe, Unaus 10 2,60 [Decate Y. G., 1966 r.]
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TABJIMLIA 173
Conepxanne W B rpanuTax, 't

CopjepxkaHne
P Yurcao a 4
€rHoH aHa- enes N JIHTEepaTypHH HCTOYHHK
SO Kgﬁegu:ﬂ qx,i:%
Tapu TOP — — 4 [Noddack I. a. W., 1930 r.]
Cepepnan AMepHKa 34 — 1,5 [Sandell E. B., 1946 r.]
Adpura 9 - L P L B
» — —_ 7,0  [Landergren S., 1948 r.]
Anonus 63 — 2,0 [Kuroda R., 1956 r.]
A¢puka (Yranna) 52 - 1,4 [Jeffery P. G., 1959 r.]
Cenepupiit Kapkas — 92,1—44 3,6 [Crynenukosa 3. B. B ap.,
1960 r.]
Anonus — — 0,66 [Hamaguchi H. = zp.,
1962 r.]
Anrait — — 2,0 [Cormukos B. H., Hsiomo-
pa JI. T., 1965 r.]
KykyapOeii (3afailikanbe) — - 1,6 [Hpauosa T. @., Byryao-
pa E. ., 1968 r.]
HUnaus 147 - 3,7 [Decate Y. G., 1966]
Hansunii Boctok 333 — 2,0 [Jlepames I. B., 1978 r.]
IIpuvopse 1107 0,9—2,6 1,6 [Msamos 10. T., 1974 r]
3abaiikaise 927 1.2—4,1 2,0 [TaycouJl. B. = mp., 1971 r.]

B semupix yecaosusix W mposBisier ce0dsi HECKOJbKO HHaue
(ra6a. 17.2). Bce ussecTHele HaM oONpejeseHAs cofepxkanuii W
B I'PAHHTOHAAX Pa3/HYHBIX PErHOHOB TPHUBE/EHHl B taba. 17.3.

Conepxxanue W B OCalouHBLIX H MOPCKHX OT/IOKEHHAX NPHBE-
neHo B Taba. 17.4.

: MMHEPANOTHS M TEHE3MC
BONb®PAMOBBIX MECTOPOMIAEHWHA

Bo./ibpaMOBOPYAHEE MECTOPOKIAEHHS MO INIABHOMY COCTABJIO-
feMy HX PYAHOMY MHHepaJy AeNsAT Ha BOJAb(PaMHTOBbIE M II€eH-
ToBHe. BoJbhpaMHTOBEE MECTOPOXKAeHHs OOBIYHO CBf3aHBI C MPO-
sBJCHHEM B CYLIECTBEHHO aJIOMOCHJIHKATHOH cpeje rpeii3eHOBOrO
mpolecca WJH B cpeje, 6OraTod KeJe3oM, MO3AHHX 3TanoB THAPO-
TepMaJbHOrO MHHEPan000pa3oBaHus. lleesiuTOBEIE MECTOPOIKACHHSA
06pasyioTcsl B YCJIOBHAX, KOTAa BMelLdiollHe TOPOABL oborauieHsl
Ca, Jerko W3 HHX H3BJeKaeMbIM H AKTHBHO Y4aCTBYIOIIHM B MHHE-
panoobpasoBanun. [loatomy Haubosiee OJATONPHSITHHIM [Js1 IHEE-
JINTOBOTO PYAONPOSBJIEHHS MPOLECCOM SABJISIETCA ckapHooOpasoBa-
uue, OGEITHO BO3HHKAOLLee HA KOHTaKTe BOJb(QPAaMOHOCHBIX IpaHii-
TOUA0B H KapOOHATHBIX OCAJ0YHBIX TOJIIIL.

‘TIpoMbilIIeHHEIE 8046()paMUTOBble MECTOPOKACHHA MpeiCcTas-
J510T cOGOM KHAbHBIE MOJA ¢ OOJBIIHM HJIH MEHbLUIHM PasBHTHEM
rpeii3eHoB, 3aKJiouaollHe B cebe or 2—3 no 100 u GoJjee KHJI.
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TABJHLIA 174

Cogepxanne W B OCafouHBIX H MOPCKHX OTJOKeHHSX, r/T

Copepikanne
3
Mopopa aulgi;::’;ga e, Meggg;;l::;ma JiuTepaTypHbfl HCTOUHHK
KoneGanuil cpepnee
ChaHupl M TJIHHBL
rJIMHa Cocras — 1,8 Pycckas naart- [Bunorpagos A. II. wu ap.,
H3 7614 o6p. thopma 1958 r.]
MIHHHCTHI  C/laHell, afieBpo- 23 1,2—9,0 3,8 Yrauna [Jeffery P. G., 1959 r.]
JHT, apruJiJiuT
IJIHHBL M CJaHLBl, CcpejHee — — 1,8 Jas scero Mupa [Turekian K., Wedepohl H.,
cojiepKanue 1961 r.]
TO XKe — — 2,0 To xe [Bunorpagor A. TII., 1962 r.]
cllaHell, cpejHee COiepiKaHHe — — 1,9 » [Horn, Adams, 1966 r.]
CAaHIbl H TVIHHBL — — 1,5 Hupusn [Decate Y. G., 1967 r.]
Ilecuannkn:
Hecok Cocras — 1,6 Pycckas naat- [Bunorpagos A. II. u ap.,
u3 6107 o6p. (hopma 1958 r.|
necuaHHK 5 1,2—5,5 3,6 ¥Yrauaa [Jeffery P. G., 1959 r.]
necyaHHK, cpejiHee CcolepiKa- — — 1,6 Jlnsi Becero mupa lTusr;%kian] K., Wedepohl H.,
HHe 1961 r.
necyaHHK M KBapiHT — — 12 To xe [Pettijohn F. T., 1963 r.]
NecyaHukK, cpejaHee cojepika- —_ — 1,6 » [Horn, Adams, 1966 r.]
HHe
NecYaHH K JKeJe3HCTblil - - 5 Hnansa [Decate Y. G., 1967 r.]
IJIHHA - —- 4,3 » To xe
KapGonaThbie nopoabi:
H3BECTHAK 4 0,2—0,7 0,48 Yrauja [Jeffery P. G., 1959 r.]
KapGoHaTHBIE MOPOJBI, cpel- — — 0,6 Jas Bcero mupa [ Turekian K., Wedepohl H.,
Hee cofiep:KaHHe 1961 r.|
TO Xe — — 0,56 To xe [Horn, Adams, 1966 r.]
H3BECTHAK H JOJOMHT — — 0,4 Huaus [Decate Y. G., 1967 r.]
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flpopnonxkenne raGa. 17.4

Cogepxanue
Mopopa 512:'1;225 FEERT MESE‘;;‘;L":“" JlnrepaTypHblfi HCTOUHHK
KoJieGaHu it £pepnes
OpraHorentsle 0cajouHble MOPObI:
yrodib 596 40—440 90 3anaanaa Bup- |Headlee, Hunter, 1953 r.]
THHHS
aHTpauuTOBas 30Ja — 8—90 — TpancunbBauns [Nunnetal, 1953 r.]
YIJIACTHLL colaHel M JHTHAT - - 2,5 Hupus [Decate Y. G., 1967 r.]
CoBpeMeHHEIE MOPCKHE OCAJKH:
KHCJIOTHOPACTROPHMAsT 4acTh — 50—100 — [Riley, Sinhaseni, 1958 r.]
Mn xenBagos :
KpacHasi IVIMHa 5 16—18 17 Cesepo-octounas  |Hcaesa A. B., 1960 r.]
yacte Tuxoro
oKeaHa

JIOHHBIE OCALKH 145 5—T70 12—20 Oxorckoe Mope To xe
r/1yGOKOBOIHAS MOPCKast TH- — © 1—10 - Ilns Beero mupa  [Turekian K., Wedepohl H.,
Ha, cpejlHee cojlepiKaHHe 1961 r.]
MOPCKOM 1y GOKOBOJHbI i — 0,1—1,0 — To xe [Turekian K., Wedepohl H.,
KapGoHar 1961 r.]
rJHHa M TIecoK o 15—40 — B6ausn Kamuatkn [[lerennn, Ocrpoymos, 1961 r.]
Ty GOKOBOAHEIE MopcKHe 4 3,18—5,35 4,5 Cpeausis yacThb [Amiruddin A., Ehmann W.,
ocajkH Tuxoro oxeana 1962 r.]
oKeannuecKasi rJinHa, cpejnee — o 151 Hns peero mupa  [Horn, Adams, 1966 r.]
cojlepxKanue
necuaHble M TVIHHHCTHIE - 10—130 — YepHoe Mope [[Muannuyx M. @., Boaxos H. H.,
ocajikH 1966 r.]

oKeaHWuecKHil KapGoHaT

0,11 Jana secero mMupa

[Horn, Adams, 1966 r.]




MoutHocTh NocaeHHX Kone6G/aercss B IHPOKHX INpefenax H JOCTH-
raer 2—3 M. Ilo NpoCTHPAHHIO KHJBL TAHYTCS OT HECKOJbKHX MeT-
poB 10 Kuaomerpa. )KHJIb 3a/i€raloT B pasJHuHBIX NMOPOAAX: B rpa-
HHTOHJAaX MOBHILUEHHOH OCHOBHOCTH, B CJaHLAX, B OXeJe3HeHHBbIX
necyaHHKax, B JIeHKOKPATOBHIX MaTepHHCKHX rpaHutax. B mocnen-
HeM cjyuyae pyAHBIE JKHJIB OTUETJIMBO TATOTEIOT K ANHKAJbHBIM Ya-
CTAM HHTDPY3HH, pacnojarasicb, Kak npaBujao, OJu3 o0OcaJouHOMH
KpoBsau rpanurToB (AuntoHosa [opa, Cnoxoiinnickoe, Akuaray).

BonbdpaMuT — riaBHuil pyAHBIH MHHepasa KW — B rpeiiseHo-
BBIX JKHJBHBIX MapareHesncax BBIJENSIETCS OJHHM H3 NepBhIX. B He-
HapyUIeHHBIX TOCTPYAHOH TEKTOHHKOH KHJaX BCerja MOKHO OTYeT-
JIHBO BHIETb, YTO KPHCTAJJIBI €ro BCIOAY POCJAH OT 3ajib0aHjga HHJ
K HEHTPY B YCJOBHSIX OTKPBITHIX, He3amOJHEHHBIX TPeuiHH, 10 Ha-
yaja KPHCTAJJH3aUMM JKHIbHOrO Keapua. Hannude KpynHBIX, XO-
poio 06pa3oBaHHBEIX, BeepooOpa3HO pacXOAsALIHXCA OT 3aabOaHAa
K IIEHTPY KHJIBbl MaudeK KPHCTAJJIOB BOJAb(pPAMHUTAa B TaKHX KHIAX
CBHIETEJbCTBYET O CPABHUTEJBHO CIHOKOHHOH 0OGCTAHOBKE, B KOTO-
poit mponcxoauao ero oTioxkenne. B ycnoBHAX OBICTPOrO pocTa npH
3HAYHTENLHOM TEPECHIEHHH MHHepanoo6pasyomnx pacTBOPOB
BOJIbpaMHT BblAeNsieTcss B BHAE 3Be3[4aTbiX HJH JYUHCTHIX OoJiee
MEeJIKOKPHCTAJJIHUECKHX Macc.

Tlocie sanonHeHHA NOJOCTEH XKHJ KBapleM BOJbLMPAMHT OKa-
3BIBAETCS] TOJHOCTBIO B HEM 3alleMeHTHPOBAaHHBIM. J[lanbHedmas
IBOJIIOLHST BOJib)paMuTa HEepasphbIBHO CBSI3aHAa C MeTaMOp(pH3IMOM
CONYTCTBYIOIIMX MHHEpAJoOB — KBapla, KHab0epTHTa, (aioopura
n ap. B npouecce ApoGaeHus, 3ajeyHBaHus, HCTHPAHHS H NEPeKpH-
CTA/JIH3aUHH KHJIbHBIX MHHepaJiOB aHaJOTHYHLIE H3MeHeHHs Ipe-
TeprneBas, eCTeCTBEHHO, H BoJbdpaMur. B GONbIIHHCTBE APY30BBLIX
MOJIOCTeH PYAHBIX JKHJI, NPEACTaBAAIINX cO60i 3aMKHYTHIE XKeO0bl,
06pa30BaBIUIHECS NYTEM NEePEKPHCTANIH3ANUY JOKAJBHO Pa3pyUIeH-
HOTO JKHJIBHOTO KBapiua, Xopouo o6pasoBaHHble KPHCTAJJbl BOJAbY-
paMHTa He SIBJISIOTCA HOBOH reHepauueil storo muHepana. Menkue
KpHCTaJJIbl ero 3jech obpasyloTcs NyTeM pereHepauHH HJIH Inepe-
KpHCTaANH3alHH MeXaHHYecKHX 00JOMKOB MepBHYHOrO BOJb(pa-
mHTa Xuia. [Togo6HO 3TOMY MEJNKOHCTEPTHIH BOJb(PAMHT, clle-
MEHTHPOBAHHBIH Xa/leJJOHOBHAHEIM KBapleM, TaK Ha3kBaeMbii
KBapl-CHHSK, KaK MPaBHJO, He HABJSETCA <«HH3KOTEMIepaTypHOH»
reHepauueii BoJbdpamMura.

B xone mociaenywouiel KpHCTalIH3aluu cepuuuTta, daioopura,
MOJIEBBIX IIMATOB H HEKOTOPHIX APYrHX MHHEpaJoB, T. €. NPH IOBbI-
weHun pH muHepanoo6pasyiomHX pacTBOPOB, BOJb(PAMHT PacTBO-
psieTcs U BeiHOCHTCS. T109TOMY NpHCYTCTBHE MOJIEBHIX IINMATOB B HH-
Jax — o6buHO He6MaronpHATHBIH NPH3HAK.

Hsyuenne xuMH3Ma BOJbGpPaMHTAa NOKAashIBAET, YTO HE TOJLKO
B Ipejenax MecrtopoxaeHus (taba. 17.5), Ho H B mpeaenax OAHOI
H TOH e JKWJB, 3ajeraiouiefi B pasHBIX NOPOAAX, COCTAB 3TOTO
MHHEepasja cHJIbHO Kogebaercd. Bce 3TO OJHO3HAUHO CBHAETE/]b-
CTBYET O TOM, UTO BOJb(pPaMHT fABJASETCS NPOAYKTOM JOKaJbHBIX
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TABJIMLIA 17.5

KoneGanua cTeneHH XeJe3HCTOCTH BoJb()PAMHTOB HA BOJAb(PAMHTOBBLIX
mecTopoxaenuax 3abafkanbs

HCJAO BEPHLI. He B BOJB a-
MecTopoxaenne aH:Emaon gg?l?d}pgmn;n Co;x;%:;c: HMnWO.,” %q;p
Bykyka 26 29—88
benyxa 28 17—83
AnTtonosa I'opa 7 27—40
CrnoKoiiHHHCKOe 22 26—92
Bom-T'opxon 29 74—95

XHMHYECKHX peakuuil, a He MPUHOCHTCA B JKHJbl B KauyecTBe roTo-
BOr0 KOMILIEKca.

Hanuune B Boibdpamurax usomopdanx npumeceir Nb, Ta xa-
pakrepusyer cnelH(pHKY HCTOYHHKA, TIeHepPHPYIOLIero THAPOTep-
MaJjbHbBEe BOAb(ppaMoHocHBe pacTBophl. HMcrounukn TR u Sc
B BOJb()paMHTaX MOKa OCTaKTCA HeH3BecTHmIMH. [lpucyTcTBHE
B Boabpamurax npumeceii CaO, MgO, Al,Os, TiO;, SiO,, Kak H
COOTHOLIeHHEe MeXAy (epOepHTOBOH M TO6GHEPHTOBOM COCTABISAK-
UMMH, ONpeaeasioTcs B NEPBYIO Oyepe/lb XHMH3MOM cCpelbl, B KO-
TOPO# MPOHCXOAHT KPHCTANJIH3alHs BOJIb(paMHTA.

Ha ocHoBauuu jAeTajbHOro u3yueHus Gojee yem 160 aHannsos
Boab®paMuToB M3 MHOrux Mecrtopoxjennii CCCP [Bapa6a-
HoB B. ®., 1975] o6umii cocraB Boab(pamura MoxkeT OHITH BhIpa-
JKeH cueayiouiefi Gpopmynoii:

(Fe*t, Mn, Mg, Fe*+, Ca, TR, Y, Al, Sc)(W, Nb, Ta, Si)O;.

[lleeautosoie MeCTOPONKAEGHHSl B Hallel cTpaHe, Aa M 3a pyoe-
7KOM B TOCJeJHee BpeMs cTajii BaxHHM HcTounHKoM W. OHu pas-
Gpocans Ha orpomuoM npoctpancrse or CesepHoro Kaskasa (Twip-
Hplay3) mo IIpumopbsi («BocTOk-2»), M HEKOTOpHE H3 HHX J0-
BOJIbHO ITOJTHO OCBEIeHBl B JIHTEpaType. :

Mecropoxieine ToipHBIay3 KOMIUIEKCHOE, BOJb(pam-moaunbie-
HoBo€. EJHHCTBEHHHIM BOJb()PaMOBEIM MHHEPAJIOM 3/leCh SBJSETCA
MOJHGIeHCOAepIKaLIHi IeeIuT.

[lleenuT BcTpeyaeTcsi B OCHOBHOM B Ipefiesiax cOOGCTBEHHO CKap-
HOBHIX TeJ, JIHIIb H3pefKa OGHAPYKHBAsACh BO BMELIAIOUIHX CKAPHBI
nopogax. IIpu 3ToM ckapubl, 00pasoBaBliHecst 33 CYeT MpPaMOpoOB
H NHPOKCEHOBBIX POTOBHKOB, XapPaKTEePH3YIOTCH HHOrJa NOYTH OdH-
HAKOBBIM COJAEepKaHHeM BOJb(PaMOBOro aHruipHaa, a BOJJIACTO-
HHT-Be3YBHAHOBHIE CKapHbl, COfepxKaulue O60/blIOe KOJHYECTBO
KaJblHTa, OKa3bBAalOTCA MNPaKTHYECKH GESPY,EHHMH. Magkcumasnib-
HBlE 2Ke KOJIHYeCTBa IeejIHTAa MPHYPOYEHH K NMHPOKCEH-MJIaTHOK/Ia-
30BBIM CKapHaM.

B cBsi3u ¢ GOJbLIOH NMPaKTHYECKOH 3HAYHMOCTBIO IIeejuTa COo-
CTaB H CBOMCTBAa €ro B IOCJeJHHEe Tojbl INOABEPIVIHCH AETaJbHOMY
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uayuennio. IIpu stom Buschuaocs, yro MpakTHYCCKH BCe CBOHCTBA
mieeTHTA ABAIOTCA THNOMOPDHLIMH, T, e, HecyT HJIT BHIPAKalT CO-
Goit MHPOPMAIMIO 06 yenoBuaX oGpasosanust B npupoje. Tak, Ha
OCHOBAHHH H3YUCHWA XHMH3Ma pycckux wmieenntoB aBropoM [Bapa-
6aros B. ®., 1981 r.] nokazano, yrq cogepxanue B ueeaurax Al
Fei+, Fe?t, Mg, Mn, Sr, Ba OTpakaer BJHSIHHE COCTABA CPEAH,
Si— ee KHCJOTHOCTH — lleNounocTs, a Mo u TR — reoXHMHAIECKYIO
cneunaniusaumnio pynoHocHbIX unTpyauis, M3 o6uiero Buaa hopMyab
weennta (Ca, TR, Sr, Ba, Fe’t, Mp, Al Fe3t) [(W, Mo, Si,
Ti, Al)O4] MOKHO BHIETH HEOGXonuMOCTE onpeaeJeHHs BCeX Haa-
BAHHBEIX 3/€Ch 3JICMEHTOB NDH aHanu3ax [ueeHTOR.

Oco6ast polib CPEAH MePEUHCACHHBIX KOMMIOHEHTOR MpHHAJJIEIKHT
PeAKHM 3eMJAM, COLePKAHHE W cocTap KOTOPBIX SIBJSETCA APKUM
THTIOMOP(MHBIM TPH3HAKOM.

1. B. Tloxposckuii [1964 I] OMHHM W3 mepBBIX MOKa3a’, uTo
nanbosee HH3KOE COJepIKAHHe penKozemeabHBIX 3JeMenToB (P33)
COOTBETCTBYET LUCGJHTAM U3 CKADHOBBIX MECTOPOMKAECHHIT H MTO OHO
BO3PACTAET B IICCIUTAX H3 IIeeJHT-KBAPUEBBIX H 30JI0TO-LICEIHTO-
BhIX MecTOpoxaenuit. Mm ke BlepBLie orMeueHa AH(HepeHHaus
JIETKHX JIAHTAHOH/IOB B LIeenuray Pa3JIHYHOTrO re’Hesuca.

A. W. Topaykaiios [1985 r| ya npHMepe HeKOTOPBIX MECTOPOK-
nennit Kasaxcrana, Cpenneit Asuy y IMpuiagoxkes moxaszan, uTo
MouTH BCIOAY HMECT MECTO yMeHbiewne cymvbl TR B HaTNpaBJIeHHH
OT 1IEEJHTOB paHHHx“ accomHaunii x mozgHuM, IIpH 3TOM COCTaB
P39 weenuTOB rpeiiseHoBhIx MECTOPOK/AEHHIT 3BOJIOUHOHHPYET
B CTOPOHY YBEJHYCHHS AOMH Jerknx JlaHTaHOWIOB, a B meennTax
CKapHOBLIX MECTOPOXICHHH — B cTopomy yBesHueHHSI AOJH TSHKe-
JMbiX JaHTaHounoB u Y. [pouece NepekpucTalIH3alMH H TepeoTJio-
JKeHHA WICCTHTOB B TPENENaX ONHOH KHABI MOBCEMECTHO conpo-

BOXJAETCH YMEHbUICHHEM colepxkanus P33, npuueM Haunboaee HH-
TEHCHBHO TePSIOTCA JerKHe JaTanom b,

B nenom ke B 3aBucHMocty op ocoGeHHOCTEH reHe3uca B Iuee-

JNTaX MPOHCXONHUT H3IMEHEHHE MOMHHEeCHeHTHBIX CBONCTB: HX CIEKT-
PANIBHOTO COCTABA, TEPMOMIOMHHecHeHuH, TeMIEepaTypHOro MojMoxKe-

HUsl MHKOB, COOTHOUICHHS WHTEHCHBHOCTel W uHC/ia MHKOB HA KpH-
BLIX TePMOJIIOMHHECLEHIHH | T, f, (¢ur. 17.3).

[TovuMo peskux semenn oy
npHMecedl B LIGENHTAX fABJsierTey
socrurath 0,8 %. Meronamu 3]
[Mapdynun A. C., Bepmos JI, B
poe M. B., 1971 r.], 9ro B ¢
1) Mn?** B nosuuun Ca®t ; 9)

M H3 XapaKTepHbIX 3JeMEHTOB-
Mn, copepxanne kotoporo moxer
P u mowvunecuenunn yeranosaeno
- 1964 r; Kononor O. B., Hecre-
pYI(TA}f‘py LieeHTa Mci‘ryr BXOAHTD:

Hon Mn?t g opme [MnF4]?-, 3ame-
watounit Komnaexe [WO; 3) yoy My 2+ Bq;]ol;"un[m «BHZ]W',EHH,[»,
rjie, Kak TIpelrnoJsaraercs, opy 06pa3yer KOMIIICKC [W5+04]3*><
XMn*{W**O,J*~. TIpu s1oM n36urougsy; 3apsaa BHeApeHHoro Mn?t
KOMNEHCHPYETCA YaCTHYHEIM BOCCTanopenHeM Bosbppama ao W+,

[Meenut, Kak u BOJb(pamur, p

30He OKHCJ/JEHHS, a TAKMKE B KO-
HEUYHble CTaJHH THAPOTePMaibhorg npomecca MnoABepraercss MHOIO-
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17.3. KpuBbe TepMOJIHOMHHECHEHIIHN [IEETHTA.

I—4 — NOKaAM30BaHHOTO B KBAapUHTaX; 6—I6 — NHpPOKCeH-NIarHOKAa3-KBapleBoOfi accollHallHH;
5, 17 — nHpoKceH-rpaHAT-Be3yBHAHOBO# acCONHAIHH.

17.4. Ycaosnst 3aMelIeHHs KaJbllHTa HIEeJHTOM B 3aBHcHMocTH ot pH pacteopa
NpH OTHOIIEHHH BaJjOBOH KoHUeHTpauuu cosefl BOJb(PaMOBOH KHCJIOTH K Bajo-
BOIi KOHHeHTpalMH cojeil  yroibHoil kueaoTei+CO; pasHom 0,001—1,0 [Ph-

wenko B. H., 1965 r.].

YHCJEHHBIM CJAO0XKHBIM H3MeHenusiM. Oun gaBHo u3BectHbl (deppH-
TyHreTut, Hanpumep, onucad B. Ileanepom ewme B 1911 r.), oz-
HAaKo ocraioTcs c¢1ab0 H3ydeHHBIMH. B Hameli crpaHe mnpolecchl
BHIBETPHBAHHA lleesuta HanGoJee noano usydyenws JI. K. fxonro-
Boii [1954 r.] Ha cKapHOBHEIX MecTopoxaeHnsix Cpenneit Asui.

O0630p BTOpPHUHBIX BOJb(pamMoBHIX MHHepasos fAan T. Caxama
[Sahama Th. G., 1981-r]. OH BkJIOUaeT oOMHCcaHWe: AHTYaHHTA
(W, Al);s(O, OH)s wnam (W, Al)(O, OH)s;, wMnopoponra
(W, Al, Fe)4(O, OH)4 uan (W, Al, Fe) (O, OH)s, deppurynur-
crura (W, Fe)is(0, OH)4 uan (W, Fe) (O, OH);, anomoryur-
cruta (W, Al)5(0, OH) g uau (W, Al) (O, OH)3;, rugporyHrerra
H,WO,-H;0O, tynrctuta (mefimakut) WO;3-H.0, urrporynrcrura
YW,0;(OH) - H2O u ueporyurcrura CeW.07(OH) - H,O.

B wmecropoxkaenusx CCCP onmucanbl, KpoMe TOro, TYHTCTEHHT
WS, cammaptuaut (Zn, Fe, Ca)WO,, depporyarctur Fed+yX
X (WOy) (OH)s-4H20, kynporynretut Cus(WO4) (OH)s, wronsuur
PbWO, (rerparonaannniit), pacnut PbWO, (MoHOKAHHHBIH), TOPO-
tyurctut (Al, Fe) (Th, Ca, Ce, Zr) (WO,)s, dapaanonutr 2MgO X
X W05 - Si0; - nH,0, ynanarur Pb(W, Mo)Q,, pycceant (BiO;) X
X WOy (TeTparoHanbHbIH).

Mo namneiM fxoHToBOK {1954 1], MHTEeHCHBHOCTL H3MEHEHHHA
nepBHYHbIX MHHEPaaoB W 3aBHCHT OT I€HETHUECKOTO THIA ILEejH-
TOBOI'O MeCTOPOXKAeHHA. ITH H3MeHeHHsi HauboJsiee ciaabo Buipa-
JEeHB B KOHTAKTOBO-METACOMATHYECKHX CKapHOBBIX MECTOPOKe-
HHAX. 37aech, Kak 370 BuAHO u3 ganubix C. 1. Jlesunoii [1954 r.]

303



no mecropoxienusim Cpexueit Asun, npoucxoaut paccesune WO;
0 MHOTFHM BTOPHYHBIM MHHEPaJaM 30HBI OKHCJIeHns, macc, %:

TYPBHTHl H THIPOreMaTHThI
KaoJHHHThI

SIPO3UTHl !

THJPOTETHTHL
TNICHJIOMEJIaHbl
HOHTPOHHTHI

XPH30K0J1a

raj1yasut

et -
CO=WW=NWOo
OO OO =

coocoooo—

Hrtak, npuypoOYEHHOCTh IIEEJHTOBOrO OpPYAEHEHHS K CKapHaM,
Kazajoch 6bl, OJIHO3HAUHO TOBOPHT O TOM, YTO HaJHYHe 3Jech Kap-
GoHaTHEIX MOPOJ — ocagutensi W H siBAseTcs OCHOBHBIM (akTopoMm,
KOHTpOJHpYOULHM pyaonposBiende. OaHaxo . HecjaeloBaHHA, TPO-
pegennsie O. B. Bpuisrasunsiv [1965 r.], O. B. Kononossim [1963 r.]
u namu [Kasunnuesa I'. U., BapaGanos B. ®., 1980 r.], nokasann,
uto ocaautesieM W B ckapHax siBasiercss He TosibKo Ca MpamoOpos,
o u Ca, u3BJIeKaeMblli U3 NHPOKCEHOB, aM(HuOOJOB H OCHOBHOTO
niaaruoksaasa. Eme pasbiie 310 npeanosoienne GblJIO BBHICKA3aHO
A. B. ITsxom, JI. H. Jlykuasim [1947 1], A. T. Berextuunm [1953 r.],
H. O. YwakosuiMm, M. JI. TpossoBeim u H. B. Jluuenmaiiepom

[1956 r.], B. ®. Bapa6aunoseiM [1958 r.] 1 np.

' EcrecTBeHHO, BO3HHKaeT BONpOC, MOYeMy e COOCTBEHHO Kap-
GOHATHBIE MOPOJAbl CKAPHOBBIX MECTOPOXKAEHHH He ABJAITCH eAHH-
CTBEHHBIM OCajJHTeJeM BoJbdpamoBoro aHruapuaa? B nacrosulee
BpeMs 3TOMY MoKeT GbiTh JaHO cJieayioulee oObsicHeHHe. B ckap-
HOBODYZHOM Ipolecce, MO HMEIOUHMCS B HacTosilllee BpeMs JaH-
HbIM, W NepeHOCHTCA B IIEJNOYHBIX PAacTBOPAX, HampHMep, B BHJe
K;WO4 nan Na,WO,. Pacyers xe mokasbiBalor [Peixenko B. H.,
1965 r.], uto A ocaxaeHHs B 3THX ycaoBHAX W B BHIe IleesHTa
HeOOXOJAMMO TOHH3HTh HX LIEJOYHOCTH mnpuMepHo a0 pH=6--7
(¢dur. 17.4). KapGonartnele nmopoasl camu no ceGe 3Toro caeaathb
He moryt. [TosToMy noHMIKeHHe WEJOYHOCTH PacTBOPOB B CKapHO-
BOM npolecce NMPOHCXOAHT B OCHOBHOM 3a CYeT HIbATHA H CBA3HI-
Banusa Lieso4yell BOJAb(PaMOHOCHBIX PacTBOPOB B Tpollecce CepHIH-
TH3AIHH TJIAaTHOKJIa30B M amduboausanun nupokcenos. IIpi atom
O/IHOBPEMEHHO NMPOMCXOAHT pacnal CTPYKTYpbl H OCBOGOMKIeHHe H3
nopofaooGpasylomux MuHepaJoB Ca, KOTOPBIH 3/1ech Ke H Bbimagaer
B BHJle IICeJHTA.

Takum oGpasoM, ecnu oGpa3oBaHHe BoJbdpaMHTa B KBaple-
BbIX JKHJ1aX NPOHCXOAHT B NpOILECCE MOBHIUIEHHS I1EJOUYHOCTH CJia-
Goxucyoro WJIH HeHATpaJbHOro MHHepasoobpasyiouiero (rpeiseHn-
3HPYIOLIEro) pacrBopa, TO B CKapHOBOPYZHOM TMpoliecce OTJI0XKe-
HHe IIeeJHTa INPOHCXOJAHT BCJEJACTBHE TMOHHKEHHS I1eJOYHOCTH
MHHepajoo0pasylolero pacTBopa B XOJe ero B3aWMOJEHCTBHSA
C BMeNalomHMH NJ1arHoKJAa30BLIMH MIOPOLAMH.
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FTEOXMMMHYECKUE KPUTEPHM
BOJIb®PAMOHOCHOCTH

[pencraBienne 0 HeKoeM cpefHeM cojiepxanud W B rpaHHTax
MHpa, PErHOHOB, PYAHBIX Y3JIOB, PYAHBIX TeJl H B CJarapllux HX
MHHepaJax paccMaTPHBAeTCA HEpPelKO Kak cBoeoOpasHas reOXHMH-
yecKasi KOHCTAHTA, «KJAapK», XapaKTepPHHIt Aas jAanuoro mecra. On-
HAKO HCC/IefOBaHHe TMOKA3biBAET, YTO 33 TAKUMH OOUIenpHHATHIMH
yCpeIHCHHAMH CKPHBaeTCs BaXHasd OObeKTHBHAS HH-
dopMannHsas O NOTEHHHAJbHBIX HCTOUHHKAX BOWb-
QpaMOBON MHHeDAaJH3aULHUH H pPeaJbHBX NYTAX €€
NpOSABAEHHA

B camom gene, cpeinee cofepxanue W B rpaHurax mMupa Ha-
xoautca B npegesax 1,5—2,0 r/r. Yike B OT[eNbHBIX KPYMHBIX pe-
ruonax ouo xojeGaerca or 1,3 (Adpuka), mo 3,7 r/r (Manusa).
Eume Go/ee KOHTPACTHBIM 3TO cOAepzKanne OKa3blBaeTcs TMPH COMO-
cTaBJieHHH OJM3KHX MO MHHEpPaJbHOMY COCTaBy TPAHHTOB, HampH-
mep, Pyausix rop u Llentpanbuoro 3abaiikasbs, HECYIIHX COOTBET-
crBenno 13—14 u 4,7 r/t W (Tada. 17.6).

AnanornudnsiM o6GpasoM B paioHaX, HMEIIUHX CJIOXKHOE reoJo-
rudeckoe cTpoeHHe, Hanpumep B 3abalika/abe, Me3030HCKHe I'panu-
touanl Hecyt ot 1,2 mo 4,1 r/tr W (tadéa. 17.7). B eme Gouabiei
CTeneHH A3TH KoJeGaHHs TPOABJAITCA B Ipejenax OTIAeJbHBIX

TABJIMLIA 17.6

Cpennee cogepkanne W B rpaauTongax Pyaubix rop
n Boctounoro 3aGaiikanna [no 3oybex B. uw mp., 1972 r.], r/t

I
» KOMIT ¥ -
& )bl 2 paﬁounexc Mopopa ‘ gﬂfege ﬁgﬁﬂ"
Ycce, «Pyjnoropckuer, Llun- ['panuTH IBYCITIO- 13 15
PyznHee ropel  HOBEHKHH KymoJ JSHEIE nopgupo-
BHAHEIE
1 «Pynoropckue», Pyn- To xe 14 10
' HBIE FOPEI
B «Ilepexogueier, Pyn- TI'panuts JBYCJlI0- 6,1 4
g Hble FOPHI IsiHble, TPAHHT-TIOP-
Gupel
«Topckuer, KamepHbii  ['paHHT GHOTHTOBLIM 5,6 1
mupdepennnar, Kap-
JIOBCKHH MaccHB
«[opckue», Pynuele I'panoguoputsl GHO- 33 4
ropel THTOBBlE  MOPGHpO-
BHIHbIE
CCCP, KyxyanGeficko-xa- Fparuter  GHOTHTO- 4,7 80
BocrouHoe panruHckuit, IOxHo- BhE nopgHposH -
Babaiikanse  Jaypckuit csoa (2) Hble M JIeHKOKpaTo-

Kuipuncknit, IOmxHo-
Haypckuii csona

BbiE
I'paHuTH M rpaHoHO-

putel  ampuboa-Guo-
THTOBLle  mopdHpo-
BHHbIE
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TABJIHLA 17.7

Conepianne W B me3o3oiickux rpanntonnax 3abafikaibs
[3oy6ek B. u ap., 1972 r.], r/t

CogepxaHne
Yucno
Komnaekc, nopoasi Bospacr | npepensi ofpasuos
cpennee | KoneGanu it
Bopiosounsiii, rpanuTsl T—Jg <, <I,6-2,2 32
KulpuHcKuit, rpaHuThl M rpaso- T—1, <]t 1,5—16,0 28
JHOPHTHL (raaBHas asa)
Jlefikokpatopble W GHOTHTOBLIE <1.,5 1,6—11,0 32
rpaHnThl (pasa AONOJHHTENBHBIX
HHTPY3HIi)
AMaHCKHIi, rpaHHTBl H TPaHOAMO- T—J =< 1.7 1,6—6,0 118
PHTH
Buuypckuit, rpaHuTh Jq o b 1,1-3,4 29
Kynaneiickuit, rpanuTel W rpa- Js <2,5 0,8—30,0 132
HOCHEHHTBL
Iymxnpekuii, GHOTHTOBBIE H Jo Co2 0,8—17,0 212
Jeli KOKpaToBble TPaHHTHI
AMYUKHKaHO-cPeTeHCKHiT, rpa- Jo—3 <=2 1,0—9,7 75
HHTbI H TPaHOAHOPHUTHI
KykyasGeiicko-xapaaruHcKHii, Ja <4,1 1,3—33,0 171
GHOTHTOBLIE H  JellKOKpaToBbie
rPaHHTBl
Hepuyrauckunii, JefiKoKpaTo- Jg—K <16 0,6—6,0 100

Bbl€é TPAHHTBI — aJSCKHTBI

BOJIbYPAMOHOCHBIX MaccHBOB. Tak, B oTlesibHBIX vuacTkax B Cu-
HeropckoM MaccuBe ([anwnuii Boctok) comep:kanne W kone6-
aercs or 1,1 no 10,0 r/r, B cpeaHeM e MO BceM TI'PAHHTOMAHBIM
maccuBam J[aneHero Bocroka Bcero auwb or 1,6 mo 24 r/rt
(raba. 17.8). ;

I'. B. Jlepawos u Il. I. HepamxkoBekuit [1971 r.] autHonoBbiM
MeToJoM ¢ 4yBcTBHTeabHOCTbIO 0,00002 9% ycraHoBuAH, YTO B He-
BOJIb)paMOHOCHBIX rpanuTonaax [Ipumopbs cpeanee coiaepkaunue
W cocraBaser 1,8 r/r (154 awaausa), a B BOJAb(PAMOHOCHBIX —
2,2 r/r (170 anannsoB). Ha oxHom u TOM ke mectopoxkaenun (Be-
ayxa, Bocrounoe 3a6aiikasibe) BMelllalollHe PyAHBIE JKHAbI MOphu-
POBHIHBIA TPAHUT colepxkuT 3,5, a KBapueBsli AHOpHT — 4,6 r/T
W (raba. 17.9).

Eme Gosee BreuaTJsIOLIMMH OKa3bBalOTCA KoJeGaHHs colep-
#anuit W B pasHBIX yyacTKax OAHOTO H TOrO e TPaHHTOWAA, yAa-
JEeHHBIX W OJIH3JieKallHX M0 OTHOLIEHHIO K KBapll-BOoJdbdhpamuTo-
BbiM kHaaM. Tak, Hanpumep, Bo3Jjie GOraToil BOJIbHPAMHTOM JKHJIBI
Ne 88 Beayxunckoro Mmecropoxienus (Bocrounoe 3abaiikaabe)
nopupoBuaHblii rpanuT B Touke 518 [BapaGamos B. ®., 1961,
c. 173] copepxut ot 0,7 no 2,4, B Touke 720 — ot 2,1 10 5,0, B TOuKe
737 —or 2,6 no 3,1, B Touke 735 —or 2,5 no 82 r/r W. Ksapue-
BBl JIHOPHT BO3Jie 3TOH JKHJbl COAEP:KHT B Touke 736 ot 1 g0
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7.4 r/r W. Otu koneGauns, KaK MOKa3a/0 H3yYeHHe, UEJIHKOM Onpe-
JleifieTCs CTeneHbio 3aTPOHYTOCTH TPAHHTOHAOB OKOJMOKHUIL-
HBMH HaMmMeHeHuaMHu Takum o6pasoM, OLeHKa COAEPHAHHA
W B rpaHHTOMAaX KaK KpHTepHsi BOTb(PaMOHOCHOCTH MOKET OLITH
clleJiaHa TPaBHJABHO TOJBKO MOCJAEe H3YYeHHs MOBEICHUA
nopoaoo6pa3yloMHX MHHEpPAJOB NpH mocrMarmar-
THYEeCKHX npoumeccax npeofGpa3oBaHHs C YyueTOM
H3MEeHEeHHS COCTABA MHHEpPaJOB BEHI3BAHHOTO3THMH
npomeccamH.

M Bce e yiKe cefiuac HMeeTC HHTEPeCHBIH thakTHUECKHI maTe-
pHaJ, CBHAETEJbCTBYIOLIHHA B MOJb3Y TOrO, 4TO noponooGpasyioune
MHHEpaJbl «PYAOHOCHBIX» TPAHHTOHIOB B UEJOM 3aMETHO obora-
mensl W MO CPaBHEHHIO C TAKOBBIMH FPAHHTOMIOB «HEPYAOHOCHBIX>
{raba. 17.10).

Becbma nuTepecHo moselenne W B 30HE OKOJIOKHABHOM rpeii-
sennzanun. ITo Mepe mpubJHKeHHs K KHIe COJeprKaHue 3Toro Jje-
MeHTa B MOPOA00GpPA3YIOIIHX MHHEpaiax rpeii3eHH3HPOBAHHBIX rpa-
HHTOB 3aMETHO YMeHblaeTcss W BO3Je CaMHX XHJ BHOBb BO3pa-
craeT. JTO YKasbiBaeT HA CYLIeCTBOBaHHe CBOEOOPA3HHIX «30H
BHIHOCA», paHee YCTAHOBJEHHBIX H OMMCAHHBIX HaMH [Bapaba-
o B. @., 1961, 1975]. OcoGeHHO OTYETJIHBO H3MEHEHHE COAepKa-
Hust W B CBeTJIBIX CJI0ZaX, KBaple W MOJeBbiX mnarax. «30Ha Bhbl-
Hoca» W Bo3jle pyAHBIX *HJ AKuaTtay JIeKHT B HHTepBaJje, CM: A4
cBeTyIof caoasl — 10—15, aas moaesbix wmatoB— 10—50, aas
kBapua — 10—90. «30Ha BHHOCA» 0/10Ba y CBeTJIOf CJIOAbI 10—50,
y nonesbix wnatos 10—90, y xsapua 10—90 cwm. Buortut, HauMe-
Hee YCTOHUHMBBI MPH rpeil3eHH3aUHH MHHEPas, B 30HE OKOJOKH/Ib-
HbIX HM3MeHeHHii A0BOJBHO noaro yaepxuaer W u Sn B cBoeil
CTPYKTYpe H JIHUIb BO3JIe CaMOil KHJIBI 3aMelllaeTcs CII0AaMH CepiH
CEePHIHT — KHJIbGEPTHT, Pe3Ko oGoralleHHbIMH W u Sn.

SBsenus BbICBOGOMKIEHHS W MepepacnperesieHHs BellecTBa MpH
OKOJIOXKH/IbHOM rpefi3eHH3alHH YeTKO MPOABISIOTCA NMPH H3YUEHHH
MHOTFHX mMopoAoo6pasylouux MHHepaJgOB, 3axBaueH-
HBIX TIPOLECCAMH OKOMOKH/IBHOTO HaveHeHns. CkasaHHOe OTHOCHTCH
Hé TOAbKO K mopogooGpasyiomum saementam — Fe, Mg, Mn, Al
Si, Ca, HO H K PeIKHM H paccesnubim 3nementam — Sc, W, Sn,
Be u ap. U 310 06CcTOATENBCTBO ABJIACTCA, TAKHM 00pasoM, reo-
XHMHYEeCKHM KpHTepHeM BOAbHpPaMOHOCHOCTH.

Ho, BBIABHrasi TAKOro poia reCXHMHYeCKHH KpuTepuil BoJbdpa-
MOHOCHOCTH, YMECTHO CMPOCHTb, @ AOCTATOUHO Ju KoauuectBa W,
pacCesiHHOTO B TOPHBIX MOpoAax, uToGbl 33 CUeT H3BJEYEHHs Ka-
KOM-TO YAaCTH ero MOMKHO Obl0 Obl 0XKHAATh 06pasoBaHns BoOJIb(pa-
MOBOTO MECTOPOMKIAEHHS.

Hy:XHO cKa3aTh, 4TO [0 HELaBHEr0 BPEMEHH OTBETHTh Ha TAKOIf
BOTPOC MOJOKHTEIbHO Obl10 HeBO3MOXKHO. CJHIIKOM CKYIHBI, He-
noJHbl GBIIH HALIK 3Hanus B 3ToH oGaactu. Bosee Toro, B cosua-
HUM Te0JOrOB JOBJEJ0 TPaAHUHOHHOE TMpelcTaBjieHne o OHesyc-
JOBHO <IOBEHHJABHOM», TJAYOHHHOM MPOHCXOZICHHH BOJIb(PaMOBOIL
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TABJTHLIA 17.8

Cpennee cojiepkanue u AHCHepCHs KoHuentTpaunit W B rpaH nToMaHbIX
maccusax Jlanbnero Bocroka (no Hemawxosckomy IN. T u n|I).

[1970 r.
CpegHee
y 3
Maccus TpannTOMAH nl;%%o c:g:?;rif/a: 'H‘“c‘;":p
Hepy nonocusie ;

Manonwokxencknii  [paHOAHOPHTH U FPaHOCHEHHTEI 37 2,1 0,51
BuorHTOBEIE TPAHKTEI 2B | 0,30
MUKDOKAHHOBBIE AMACKHTEL 47 k2 0,70
PuGeKnTOBbE rpaHUTHI 5 3,1 3,60
AnLGHTH3HDOBaHHBIE  TpaHH- 16 2,4 1,40
TOH B
CpenHen3pelienHoe 10 Mac- 114 1,8 0,70
CHBY

Mapubsinoscknit BuortnToBRE rpaHUTH 13 1,8 0,50
ITerMaTouHble rPaHUTH 8 2.3 1,33
T'panuTt-nopgupel SHJOKOH- 8 1,9 0,60
TaKTa
[llnupoBLie merMaTHTH 3 0,8 2.in
Haiixn Ksapuesbix nopgupos 8 1,9 0,61

\
CpenHeBapelenHoe no MaccHBy 40 1,9 0,73
Boandpamonoctsie

Yaxanckuit BuoTHTOBLIE rpAHHTE 25 2,5 0,82
BHOTHT-racTHHICHTOBbIE  CHe- 20 1.3 1,82
HHTBI b
Menkosepuucrsie  GHOTHTOBEHIE 20 2,7 0,63
rPaHHTEL !
Anaur-nerMaTtHTB 8 3 4,05
AnsGHTH3NPOBaHHBIE TPAHUTHI 15 2,0 0,72
Cpennes3sselienHoe no MaccHBy 73 2,4 1,16

Tpounknii BHOTHTOBEIE TPaHHUTEHL 25 2.4 3,98
I'pannT-nopdups 3HA0KOHTAKTA 10 2,0 0,73
IInupoBLIe NerMaTHTHI 4 0,6 2,85
Iaiikn kpapuessix nopgupos 18 T, 1,00
CpenHeB3BeleHHOE N0 MacCHBY 57 2.3 2,04

CHHeropckuit Cpenseaepuuctuie  rpaHoamo- 19 i) 2.1
PHTHI
I'panoaHOPHTH cO WHPaMK 5 1,4 0,8
Ulnupel cpeanero cocrasa 6 10,0 265,0
ITopdmpoBrIHbE rPaHOAHOPHTHI 8 4,2 41,2
JlefikokpaToBbie  GHOTHTOBHIE 2 1,6 -
rpaHuThi
AnauTel M rpaHuT-nOPGUPH 2 1,2 -
Juoputosbie nopdHpHTH 4 2,0 —
Cpennes3selleHHOe 10 MaccHpy 40 1,6 43,5
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TABJIMLIA 17.

Cpennee cojepxanue ¥, /1, ¥ Ko3PUIHEHT KORUEHTPALHH k
W B mopojax W MHHepanax BenyXHWHCKOTo MeCTOPOXACHHT

15 Kannepnft
+ ¥ secan T paEHTOHAH BHOTHT Taarnokaas nonesof Ksapn
onpeneneﬂnn n mmnar
TopdupoBHAHLI TPAHHT
X a5 13,2 2,4 2,8 4,1
ny 13 12 7 10 11
Kpapumesuifi IHOPHT
T 4,6 5,2 2,6 1.2 1,3
_ Mg 8 7 11 . 6
X142 3,9 10,2 2.5 21 ad
Nita 21 19 18 17 17
Kaapk, r/t 2,0
k 1,95 5,10 1.25 1,05 1,65
TABJIMIIA 17.10¢
Cpennee cofepkanne W B NoponooOpasylouinx MuEepasax
PYIOHOCHBIX M HEPYIOHOCHBIX TPAHHTOMJOB, I/T
CogepaHue :
Musepaa Perunon pymo- HepYRO- JinTeparypHbll HCTOYHHK
\ HOCHBI® l HOCHBIE
Ksapn Kasaxcral 3,04 (24) 2 (24) [Cepnix B. M., 1966 r.J
Janpnuit Boctok 1,2 (25) 1,1 (31) [Tosopos H. H. u ap.,
1970 r.]
> 0,7(® 1,1 (51) [Jlepamos I'. B. u ap.,
1971 r.]
Kanueswift Kazaxcran 3,04 (24) 2 (24) [Cepuix B. M., 1966 r.]
noaesoii mmar Hansnnit Bocrok 3,0 (51) 1,5(62) [l‘osopo}n H. H. 1 z1p.,.
1970 r.
» 3,0(33) 1,7(50) [Jlepamom I'. B. n 1p.,
1971 r.]
Ilaaruokaas Ka3axcran 3,55 (20) 2,0 (23) [Cepmix B. U., 1966 r.E
Hanunuii Boctok 3,6 (69) 2,3 (66) lI'onopciB H. H. u 1p.,
1970 r.
» 3,9(29) 2,5(60) [Jlesamos I'.B. n ap.,
1971 r.]
Porogas o6- » 2,8(30) 1,1 (30) [Fosopos H. H. uap.,
MaHKa ; 1970 r.]
» 2,3(10) 1,2 (18) [Jlepamos I'. B. = 1p.
1971 r.]¢
BuoTtut Cesepnuii Kapkas 18,0 1,0 [CTY,IIEH]HHKOBH 328,
1960 r. :
Hanwuuit Bocrok 10,0 (83) 1,8 (76) [Iosopos M. H. u 1p.,
1970 r.]
» 12,0 (24) 3,1 (76) [Jleamos T. B. u mp.,
1971 r.]
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muHepaauzauun. I[Toatomy Hepeako MOXKHO G6bLIO BCTPETHTbL VT-
BEepiKJeHHe BpOJLE TOrO, YTO «CKAPHBl ABJSIOTCA TOJABKO BMeLLalo-
il Cpejoil; mosamee Ha HHX Obla HAJOXKEHA MHHEpPANH3ALHSA
0JI0Ba M COMYTCTBYIOUIHX MHHEpPAJOB», YTO «MHHEPAJbHBIH COCTAB
PYAHBIX TeJ He 3aBHCHT OT COCTaBa BMELIAIOIIHX MOPOA»
T I

B nocienHue neciTHIAETHSA, KAK yzKe OTMEYaJoCh BHIlle, MpPO-
H30mJa rayGoKasi 3BOJIONHS B MPeacTaBJaeHHsX 00 HCTOUHHKAX
pyauoro Bewlectsa. M y Hac, u 3a py6exoM NOsIBUJIHCHL HCCJeL0Ba-
HHUSI, MO-HOBOMY OCBELAOILHE 3TH HCTOYHHKH, MO-HOBOMY OTBedalo-
e Ha BOMpOC, OTKyAa GepeTcs pyAHOe BellecTBO BOJb(paMoHOC-
HBIX MHHEpPaJbHbIX TeJl.

Tak, K. B. Kpayckong [1970, c. 15], ananusupysa pacnpenede-
HHE PYAHBIX 3JIeMEHTOB B FOPHBIX NMOPOJAaX, OTBeUaeT Ha 3TOT BOI-
poc caeaywumum obpasoMm: «Kouuedurpauusi «pyaHLIX» MeTaJI0B
B O0OBbIUHBIX TOPHBIX MOpOAAaxX O4YeHb HeBedlKa. B To e Bpems pas-
Mephl TeJsl H3BEPXKEHHBIX MOPOJA OBIBAIOT CTOJIL OFPOMHBIMH, UTO J O -
CTAaTOYHO Jax¥Ke HE3HAUYHTENbHOTO H3BJCUYECHUA Ka -
KOTo-nu60 MeTaJdJa H3 OTHOCHTENBHO HeOGOAbLIIOTO
o0beMa HHTPY3HBa, 4TOGH BO3ZHHKJO KPYNMHOE PY -
Hoe mMmecTopox AeHue (pa3pagka mos. — B. B.).

Kpayckong npusoaur npu stom aioGonsiTHble pacuersl. Mecto-
poxaenne Cu, Pb wau Zn ¢ 3zamacamu | MaH. T meTaqna MoxKeT
o6pa3oBaThcsi NpPH H3BJEYeHHH 3 T/T paccesiHHOro Merasjjia W3
100 km® rpannra, comepiKallero, Kak H3BeCTHO, B cpeaneMm or 10
A0 70 r/t atux meraaos. Mecropoxaenne W wan Mo ¢ 3anacamu
10 Tbic. T MeTasa MOKeT 06Pa30BATLCS MPH H3BJIEYCHHH M3 ITOTO
Ke o6bema rpanuta 0,03 r/t 3THX MeTaJJioB, T. e. OMHON NATHIE-
CATOH HMX CPelHEero coiep:xauus B rpauutax. «Takum obpasowm,
THNOTE3a 3aHMCTBOBAHHS METAJJOB PYAHBIX MECTOPOKAEHHH M3 M3-
BEPZKEHHBIX MOPOA He MPOTHBOPEYHT COBPEMEHHBIM ZaHHBIM O pac-
TIPOCTPAaHEHHOCTH paccesiHbIX 3JeMeHTOB» — 3akaouaer Kpayc-
Kong. MHOrouuc/eHHble HCCAEI0BAHAS MOCAEAHHX JeT MOATBEpIK-
JLal0T 3TO 3aKJII0UeHHe.

Tak, B. M. ITonos [1973 r.], anaausupys npupoay MeCTOpOKae-
vhit Sn 1 W CCCP u 3apyGexHBIX cTpaH, MpHIIeT K BLIBOAY, 4YTO
0CalovHble MOPOAbI, HeCyIlHe CHHIeHeTHYECKYI0 MHHepaJH3alHo,
MOryT SIBHTbCSI HCTOUHHKOM W, Sn M APYrHX MeTajsioB B PyaOHOC-
HBIX HHTPY3HAX H CBSI3aHHBIX C HHMHU pyaompossiaenusx. P. Xomax
[Holl R. et al., 1972 r] NpUHLIea K 2aKJI0UEHHIO, YTO IICeIHTOBBIE
MeCTopoxaennss B Bocrounblx Aabnax, npuypoueHHble K omnpeie-
JIEHHBIM TOPH3OHTAM HHIKHENAJe030MCKHX OT/IOKEHHH, XapaKTepH-
3YIOTCsl  CHHCEAMMEHTALHOHHBIM OT/JIOXKEHHeM pYAHOTO BeULeCTBA,
KOTOpOe B Mpouecce AHareHesa MepekpHCTaIIH30BBIBAIOCH H Mepe-
pacnpenessiioch BAOJAb MHKPOCIOER,

H. I1. IOwkun n M. @, ®umvan [1972 r] rakxe NPHILJIH K 3a-
KJMIOYEHHIO, 4TO B TOJSIX METACOMATHYECKOrO npeobpa3oBaHis
ApPEBHUX TPaHUTOB Ypaia NPOMCXOMHJO u3BaAevenne W W Jpyrux
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PYAHBIX 3/MeMEHTOB M TEPeoT/NOKEeHHe HX B 30HAaX OGHOBJEHHBIX
TEKTOHHUECKHX JedopMaruil.

Y. ®pum [1975 r.] aas 3HAMEHHTHIX PEHHHTOBBHIX MECTOPOKJIE-
nuit CesepHoii Pyanasl ycTaHOBHI, uTO BOJb(ppaMoBOe OpyAeHeHHEe
CBSI3aHO M C JKWJaMH, H C BMEUIAIOWIHMH TNPOTEPO30HCKHMH rpa-
GUTOBBIMH CJAHLAMH, COAEPIKALLMMH MPOCJIOH TMeCYaHHKOB H TJIH-
HHCTO-KPEMHHCTBIX KOHKpemuit. IIpu 3TOM ecan BO3je XKHJI BMe-
maiomue nopoasl cogepxkar a0 0,01 % W, 10 KpeMHHCTO-FIHHHCTDIE
Konkpeuun cogepxar ero ao 0,02 %, 1. e. B 2 pasa Goabiue.

Heckoambko panee A. Puaman [Reedman A. 1, 1973 r.] sametna,
yto Boab(pamoBoe opyienenne Cesepnoii Pyanas n lOro-3aman-
HO# Yrau[bl CBA3aHO C OJAHHM W3 TOPH30HTOB MeTaocal0YHbIX rpa-
(QHTH3HPOBAHHBIX cJanueB, cofepxamux W o 28 r/r. HMcropus
storo W BKJIIOYAaeT CHHT@HeTHYHOE HAKOIMJIeHHe BMecTe C YIVIHCTHIM
BelllecTBOM, MeTaMOpdoreHHoe mnepepacnpejesienine B KBapll-liee-
JHTOBBIX TMPOKHJKAX M 3amelleHne uieennrta depbeputom, deppu-
TYHTCTHTOM H aHTOMHHTOM.

Henasrno muccnenoBannoe Krubepanuckoe BOJAb(paMoOBOe pPyAO-
nposiBjlenne Ha ceBepHOM ckiaone I'naBworo Kaskasckoro xpefra
[Poassauko H. T. u ap., 1975 r.] npeacraBaser coboii cepui Moll-
HBIX METACOMATHYECKH H3MEHEHHBIX 30H NpOTepo3oickux amduodo-
autoB. OpyjaeHeHHe mpealIecTBYIOLIHE HCC/EI0BATe]IH CBA3bIBAIOT
31ech ¢ 3BOJIOLHEH ray6GHHHOrO rpaHnuTonaHoro ouara. Oanako, no
MHEHHIO aBTOpa, He HCKJIOYeHO, 4To HcTouHHKOM W ABHJAMCH NPO-
teposoiickne Toaun. Ha 310 yKkaseiBaer peskas 00OranieHHOCTD
W KHJ H TPOKHJIKOB, KOTAa OHH CEKYT aM(pHOOJHTHL.

Aunanornynsle nabmiogennsi cienannl [1. Cxkaapyn [Scaarup P,
1974 r.] nns onuworo uz paiionoB Cesepuoil Hopserun. 3xaech uiee-
JUTOBOE OpyjaeHeHHe QHKcHpyeTess B POroBooOMaHKOBO-OHOTHTO-
BLIX THeficaXx, 06pa3oBaBIINXCSA 3a CUET BYJKAHOTEHHO-OCAJOYHBIX
nopox. OrcyrcTBHe NpsAMoil CBA3H ¢ OGJaH3JeKallUMH TPaHHTOH-
JaMu MaccuBa DHHAanb 1ajo OcHOBaHHe aBTOPY TpH3HATH S
3TOH BOJbGPAMOBOH MHHepaJH3alnH CTPAaTHHOPMHYIO TPHPOLY.
A. Coapec [Soares A., 1971 r.] nauren, uro BosbppaMoBast MHHEpPA-
JAusauns paiiona Baanacyw-Bunapan-geny-Conun (ITopryranus)
BO3HHK/JA B pe3yJbTaTe PeMOOMINH3ALHH OPAOBHK-CHAYPHACKHX OT-
JOXKEHHH B TeplHHCKOe BpeMs.

Has Bocrounoro 3abafikanbsa ncceaepoBanns A. M. I'pebenuu-
koBa u B. A. TaiiBoponckoro [1971 r.] nokasanau, 4TO rpaHdATOHABI,
Hecyluue BoJb(dpaMoBOe OpyAeHeHHe, pa3MellaioTcs M B JAPeBHHX
NPOTEPO30HCKHX, NaAe030HCKNX U Me3030HCKHX 0CaJOUYHBIX TOJIAX.
Oxoao 80 % Bcero Sn u W pernona cocpefoTo4eHO B IOPCKHX MOA-
uatuax [Meiitys I'. M. u ap., 1972 r.]. Bmecre ¢ atum Y. A. Kop-
yarun ¥ B. B. Carzio {1976 r.] ormeuaior, uto B 3abaiikajabe u3Be-
CTHBI MECTOPOKAEHHS M pyRonpossieHus W, Kotopble He ofHapy-
JKHBAIOT HH TPOCTPAHCTBEHHOH, HHM TeHeTHYeCKOil CBfA3M C Mar-
MaTtu3MoM. Miunepanuszaunua 3gece (OpMHPOBaJach, BO3MOXKHO,
CHHTEHETHUYHO C OcCaJKaMH TOJIIH, H B NpolLecce MOcJaeayiollerc:
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MeraMopH3Ma Mopoj MPOHCXOANJIH Mepepacnpeienenne H KOHILeHT-
pauust W. TakoBo, no muexuio aBropoB, bapyn-lllusennckoe mecro-
poxaenue. J1. B. Mywenko u B. M. Ilerpos [197] r.] na npumepe
TI03HeMe0BOH HHTPYy3uBHO# cepun IIpuMopbs, mpeacTaB/eHHOM
pasHoOoOpasHBIMH TpaHHTAMH H TIPaHOAHOPHTAMH, 3aMETH/H, YTO
nocTMarMaTHYeCcKHe IIpolecchl, IpPOABHBIIMECA B 3THX MOpoJax,
BbI3Basn MoOuansauuio W, Sn u Apyrux 3/JAeMeHTOB H HX OTJOXKEe-
‘HHE B BHJE MHOTOUHCJEHHBIX H MaJIOMOLIHBIX PYAHHIX Tel B KO-
HeYHble 3Tanbl MeTaCOMAaTHYECKOro npeoﬁpa3OBaHﬂﬂ. K MHJIJIE[J
u gp. [Miller C. K., Graves M. C., Lentilli M., 1976 r.], usyuas
B Kanazme kBapi-Bo/ib(paMHTOBBlE MKHJBI C INEEJHTOM H KBapll-
KapOOHATHBIE JKHJBI C LUEeJHTOM, paHee CBfisbiBaeMble C TDAHHT-
HBIMH HHTPY3HSMH, IOKA3aJH, 4YTO noclefdue 06pa3oBaliuch paHbile
JEBOHCKHX TPAaHHTOB, YTO OOpasoBaHHe UX 0O6YCJIOBJEHO OTJOXKe-
HHEM MHHEpaJOB H3 IOPOBBHIX pPacTBOPOB B IIepHOJ PerHOHAaJbHOTO
Me’!‘aI\{OquP{E}Ma nopon, 4To, HaKOHEl, HCTOYHHKOM W u APpyrux Me-
TaJJIOB SABHJHCH OKDYZKAaIOIlHE MEepBHYHO OCaaO04YHBle TOJIIIH.

Hrax, npn oleHxke NOTEHLHATbHOH BOJb()PAMOHOCHOCTH [paHH-
“TOHJHBIX HHTPY3UH M CBSI3aHHBIX C HUMU BOJb(PaMHTOBBIX H Liee-
JIMTOBHIX DYJAONPOsAB/IECHHH B HAcTOsllee BpeMs MOryT OBITh HC-
TOJB30BaHbl CJAEAYIIIHE MHHEPAJOro-reOXHMHYECKHEe KPHTEPHH.

1. BoabdhpaMoHOCHBIE TPAHHTOUABL B CPEAHEM, KAK MPaBHJIO, Xa-
‘paKkTepusyoTes OoJjiee BBICOKHM, 4eM KJapKOBoe, comepxanuem W.

2. TToponooGpasyouise MHHEPaas BOJbGPaMOHOCHEIX HHTPY3HIl,
He 3aTPOHYTble MOCTMArMaTHYECKHMH TpOLeCCaMH, MO CPaBHEHHIO
¢ TaKMMH iKe MHHEpaJlaMH HepyIOHOCHBIX HMHTPY3HH o0orauieHbl
W: nnarwokaas —B 1,5 kaaueBnlii mogesoit mmnar—B 1,5—2, po-
ropast obManka — B 2—2,5, 6HOTHT — B 4—5 paa.

3. 30HBI OKOJIOKHJbHBIX H3MEHEHHIH BOJb(PAMHTOBBIX MeECTO-
POXKAEHHH XapaKTePH3YIOTCS 3aKOHOMEPHLIMH H3MEHEHHAMH CO-
€TaBa H CBOMCTB CJAramllHX HX MHHEpPAaJOB.

4. Cocras BHOBb 06pa30BaHHBIX B 3THX 30HAX MHHEPAJOB: CBET-
JIBIX CI0J, MHKPOKJAHHA, a/ibOuTa, XJOPHTA, amaTuTa, (JIOOPHTA,
KaJblUHTa, BOIbGPAMHTA, LI€ENHTA, CYIbDHAOB — TeCHeHnM obpa-
30M CBf3aH € COCTABOM HCXOAHBIX (rpefi3eHH3MPYeMBbIX) NOPOX H
BO3/JI€HCTBYIOIHX HAa HHX PacTBOPOB.

5. ITpouecc OKOI0KHIBLHOR IPefi3eHH3ANUN CONPOBOKIACTCS Bhl-
©BOGOKIeHHEeM, Nepepacnpe/ie/leHHeM H BBHIHOCOM B JKHJBHBIC Tpe-
UHHBL MHHEepaJibHOro BeulecTBa. Kpusbie, Xapakrepusymouine coaep-
JKAHHE COCTABJAIOUINX €r0 KOMIIOHEHTOB B HeCerperHpoBaHHBIX
BO3JIE KHJ TrpeH3eHax, MOTYT CJAYXKHTb MOHCKOBHIM H OIEHOYHBIM
TPH3HAKOM MHHEPAJH3aLHH KHJIbHO-TPeii3eHOBBIX DYAONPOSBICHHIL.
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Tnasa 18
FTEOXMMHA JIUTOTEHE3A

Kaxpas nopoaa cooTseTcTeyer oOrnpefenerHbim ycno-
suam obpasopaHus, npuuem ee ocobeHHoCTH NPeA-
crasnaor coboii npucnocobneHna Kk PasfMuHbIM ycno=
BMAM M NPOLECCAM, KOTOpble CYLLecTBOBan4 B onpefe-
NeHHble BPEMEHa M B ONpefAeneHHbIX MecTax.

Y. X. Teeuxogea, 1936

TouyTs %4 NOBepXHOCTH 3eMJH MOKPHITH YeXJOM OCAZOUHBIX TO-
poi. B pasHBIX MeCTax OHH HMEIOT PasHy!0 MOILIHOCTD. B uesnom xe
cocrapnsiior okoso 10% Maccs 3emuOi Kophl. Ocajounbie mo-
POJIbl ¢ TOYKH 3PEHHsI TEOXHMHH 3aK/IO4AIOT B ceGe OrpoOMHbLIH Ha-
yuHBlil # TpaKkTHYecKH# HHTepec. HayuHblid HHTEpeC COCTOHT B TOM,
410 0caaKoo6pa3oBaHHE CONMPOBOMKNAETCS TAKOH CTENEHbIO JEe3HH-
Terpauud ¥ 060cOGIeHHs] MHHEPAJbHOrO BelleCTBa (TBEpaOro, XKHA-
KOro, rasoco0pa3Horo), Kakoro He JAOCTHraercs HH B OJIHOH H3 reo-
cdep 3eman. IlpakTHYeckoe 3HAYeHHE OCAJOUHBIX TOPHLIX NOPOL
3aKII0YaeTcs B TOM, YTO C HHMH CBSI3aHO MOYTH 70 % Bcex moJies-
HBIX HMCKOMAEMBIX, HCMOJb3yeMbX B Halule Bpemsi. TakoBEl MecToO-
poxnenns Fe, Mn, Al (6okeutn), Ni, P, Au, Pt, xaccurepura,
pyTHJa, MOHAINTA, HUPKOHA, HIbMEHHTA, aIMa30B, GypHiX H KaMeH-
HBIX YrJieji, rOpIOYHX ClaHueB, HEPTH H rasa, CTPOHTEJbHBIX MaTe-
pHaJOB, LeMeHTa, THICa, KAMEHHOH COJH H MHOTHX JAPYIHX HCKO-
naeMbix.

COBOKYITHOCTb TPHPOAHEIX MPOIECCOB, BHI3HIBAOMINX 0GpasoBa-
HHe 0CaZloYHBIX FOPHEIX MOPOJ H HX MOcJjeAyiollee H3MEHEHHe, Ha-
spiBaeTcsi autozeneaosm. Ocajkoo6pasoBaHHe Kak CBOEOOPA3HBII
renJOrHYecKuil UK HAaYMHAETCs TeCHO B3aMMOCBSI3AHHBIMH NpoLec-
caMH (H3MYECKOTO0 H XHMHYECKOro paspylleHHSs MaTepHHCKHX MO-
PO 1 GOMBIIMM MJIH MEHBUIHM MO NMPOTSKEHHOCTH MYTH TEPeHocoM
NPOAYKTOB 3TOTO PA3PYLIEHHS K MECTY 3aXOPOHeHHs. DTy CTajHio
JHTOTeHEe3a TPHHATO HA3HBATh 2unepeenesom. I'mmeprenes B CBOKO
oyepelb 3aBepLIAETCA CeJUMEHTO2eHe30M — OCAXKIEeHHeM TIPOAYK-
TOB (JH3MUECKOTO H XHMHYECKOro BHIBETPHBaHHUA B Bogoemax. B mpo-
necce (GHU3UKO-XHMHYECKOTO BHIPABHUBAHHA CHCTEMBI BOAA — OCAA0K
nocJieiHKil MOCTENEHHO MpeBpallaercs B 0CAJI0YHYIO NMOpoRy. ITOT
mpolecc NOJy4YHJ HasBaHHe duacexe3a. JIWToreHes Ha 3TOM, Kak
npaBuao, He 3akanunpaercsi. [lorpykenne ocafouHOll NODOABI H
JaJbHelilllee H3MEHEHHEe ee TOJ BJHSAHHEM YBeJHUHBAWOLLHXCA TeM-
nepaTypsl H JaBJeHHS B YCIOBHSAX BO3JAEHCTBHSI PaCTBOPOB M rasoB
Ha3BIBAIOTCSl Karazenesom. Kartarenes B CBOIO ouepe]b B YCJOBHAX
nanbHefiero MOrpy:KeHHsI MOPOABLl CMeHSeTcsl MeTazeHe3oM, WJH
meramopdusmom. Takum o6pasoM, UMK JHTOreHe3a — npouecca
o6pa3oBanus OCaJOYHOH MOPOAB BKJOYAET: THMEpreHes, celiMeH-

313



TOreHe3, AHareHes, KarareHes M merareHe3 (meramopguam). I'nas-
HbIMH aKTOpaMH JIHTOTeHe3a SIBJASIOTCA TEKTOHHYeCKHE IBHIKEHHS
3eMHOIl KOpHI, yCTONYHBOCTH MOPOA K IIpoLeccaM BbiBeTPHBaHHS,
pOJib }KHBOTO BelllecTBAa H KJHMATa.

Ha Bcex craauax JHUTOreHe3a NMPOHCXOAAT HHTEHCHBHOE XHMHYe-
CKOe H3MEHEHHE HCXOJHOI NOpoAbl H TNPOAYKTOB ee mnpeodpasoBa-
HHSI M Iepepacnpejefienue COCTABJSIOIIHX 3TH TPOAYKTH 3JeMeH-
TOB. ¥Ke quarenes, ykassiBaa H. M. Crpaxos, npeacrasisier coGoil
npoiece (PH3HKO-XHMHYECKOTO BHIPABHHBAaHHA HCXOAHOTO HepaBHO-
BECHOTO 0CajlKa, Pe3Ko 0OBOAHEHHOro M GOraTtoro JKHMBHIM H MepT-
BbBIM OHOreHHBIM BellecTBOM. Ilpu 3TOM opranusmsl (GakTepuu) mo-
rJ0WAT CBOOOAHBIH KHCJOPOA HJIOBOH BOALI, BCJAEICTBHE UYero
okucasl FepO;, MnOy, V,05, SOy u apyrue peayuupyior. Cpena u3
OKHCJIHTEJLHOH MpeBpallaercs B BOCCTAaHOBHTeabHYIO. Haxoasuin-
ecs B ocajake TBepAable Guorennbie ¢aswl: SiOp CaCO;, MgCO;,
SrCO; n apyrue BenlecTBa — NOCTENEHHO PACTBOPSIOTCS A0 MOJHOTO
HaCHIIleHHS] OMBIBAIONIMX HX pacTBOpoB. OLHOBPEMEHHO MEKIY Ka-
THOHAMH, paHee aAcOpPOHPOBAHHBIMH TJIHHHCTBIMH MHHEpaJgaMH, H
KaTHOHaMH HJOBOH BOAB NPOHCXOAHT oOMmen. Oprannveckoe Belle-
CTBO, pasjarafch, 4actHuHo nepexoaut B raspl (COp, NHj, H,S,
Na, CH4), B BoZHOpacTBOpHMBIE COeIMHEHHSI H B (oJiee YCTOHYHBBIE
B JlaHHBIX YCJOBHAX (pa3bl ocaaka. B urore KoJqHuecTBO CyJb(aToB
B BOJHOM PacTBOpPE HJOB Pe3KO YMeHbIIaeTcs, MOBHIILIAETCs ero Ie-
JoyHocTh M obGoramenne okucaamu FeO, MnO, SiO; n opraunue-
CKHM  BeulecTBOM. «Bo3nHKkaer TreoOXHMHUYECKHI  MHP,— NMHIIET
H. M. CrpaxoB,— pe3ko OT/JHYHbII OT reOXHMHYECKOTO MHPa Haj-
JIOHHOH BOJBI».

He wmeHee C/OXKHBIMH (DH3HKO-XHMHYECKHMH ‘H3MEHEHHAMH CO-
NPOBOXKAAIOTCA KaTareHes, JHTOreHe3 M, KakK Mbl VBHAHM HHIKE,
MeTaMoppH3M. .

Jlurosornst kak Hayka o0 OCaJO4HBIX TMOpPOAAX, MX CcOCTaBe,
CTPOEHHH, TPOHCXOKACHHH H 3aKOHOMEPHOCTAX NPOCTPAHCTBEHHOTO
pasMellleHHsl B KauyecTBe CaMOCTOSTEJNBHOH OTpaciH reoJornu 06o-
cobusiace B Havade XX B. [TousTne ke o JHTOTeHe3e B HAyKy BBeJ
B 1893—1894 rr. nemeuxuii reosor M. Baabrep (1860—1937).

S1. B. CawmoiiioB (1870—1925) BCKPBII BaMKHYI0 POJb HKHBBIX
OPraHuaMoB B 00pa3s0BaHHH OCAJKOB COBPEMEHHBIX Mopeil, Moka-
3aB, UTO PACTEHHs] U KUBOTHBIE H CAMH FBJSIOTCH aKKyMYJATOPAMH
TeX WJIH HHBIX 3JeMeHTOB. CaMo#JI0B ObIJI OHHM M3 NEPBBIX yye-
HBIX, MOKaszaBmuxX Besen 3a 11 A, 3emaATueHckum - Heo6X0IHMOCTD
H3YUeHHS MHHepaJOTHH 0CaJ0YHBIX OTJIOMKEHHI.

B Goaee nosanee Bpems Bhiaaouiuiics BKIax B pa3paGoTky Ju-
TOJIOTHH BHECJH aMepHKaHCKHii reoJior u naJjeontoqor Y. X. Teen-
xopea (1875—1957) *, coserckue yuensie axkag. A. JI. Apxaurenn-

* Kunra V. X. Teenxogena «Yuenne 06 o6pazoBasii 0cajkoB», B KOTOPOi
o6obuieno 2200 auTEpPAaTYpPHEIX HCTOYHHKOB, Oblia MepeBeieHa HA PYCCKHil A3LIK
n onyGaukosana B 1936 r. Kuura mmoro Jser ucnoabsosaiach Kak yueGHoe no-
co6He A/s YHHBEPCHTETOB Hallell cTpaHml.
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ckuit (1879—1940) u ero yueHHK aKai. H. M. Crpaxos, npodec-
copa JI. B. TlycroBanos, M. C. lgeuos, B. W. INonos, H. . Bac-
coeBHY H AP.

Crpaxos riayGoKHe HCCJACAOBAHHS COBPEMEHHOTO ocakoobpaso-
BaHHS M APEBHHX OCAJIOYHBIX TOPOJ - FOPIOHHMX CIIAHILED, NLOJIOMH-
70B, FAJOFGHHBIX OTJIOMKEHHIl, JKeJe3HBIX PYL CTPOMT Ha IHPOKOM
H COBPeMEHHOM NMOHHMAHHH TEOXHMHH. Teoxumuyeckne cyanos Fe,
Mn, P, V, Cr, Ni u Apyrux 3/71€¢MeHTOB MpOCJeKeHbl UM Ha mpuMepe
autorenesa B Uepwom u Kacnouiickom MOpsX, B 03. Banxaur #
ApannckoM MoOpe.

Muorousnc/eHHble ¥ BaKHbIC HCCJIEIOBAHHA B TOCJEAHCE JCCH-
THeTHe B OGJACTH MO3HAHHS EHE3HCAa OCAJOUHBIX JKEJSHBIX PYA,
KOp BLIBETPUBAHHSA KaK HCTOUHMKA MaTepHa.la HEeKOTOPHIX 0Cafo4-
HBIX PyA, MHHEPAJOrHH M H30TOMHOrO cOoCTdBa 3JIeMEHTOB KOHKpe-
nmit penosidensl akax. @. B. UyxpoBnM 1973 1., 1974 1, 1975 r.].
JpoNIOLHS XHMHYECKOrO COCTaBa MOPOA LIMTOB H OCAJIOUHOTO MO
KpoBa maatdopM HccaeroBana HiI.-Kop. AH CCCP A. B. PonoBnim
u A. A. MurxucoBuim [1970 r]. TeoxuMusi MOPCKHX OCAAKOB ocse-
mena B paborax K. K. Typekbsna [Turekian K. K., 1965 rl],
H. B. Jlorsuuenko [1972 r.], K. A. bBapanosa [1960 r.] u mHOTHX
IPYTHX.

Kuura npod. H. B. Jlorsunenko «ITerporpadus ocafoyHBIX M0-
pon» [1974 r.] mosyunna BHICOKYIO OLCHKY crelHa/JucToB, a ec aB-
topy B 1976 1. Oblma npHCyxAeHA TocyiapcTBenHas NpeMHs
CCCP:

TakuM 06pa3oM, JHTOJNOTHS, 32POAMBIIHCE B HEApAX reoJIoTHH,
B HacToslee BPeMs, WIHPOKO HCMOJb3Ysl MHHEPAJIOro-reoXuMIie:
CKHE METO/ABI HCC/IeLOBAHHS OCAJOYHOrO BeIIeCTBA, ABAACTCHA OJHOM
3 MHTEHCHBHO Pa3BHBAIOUIHXCS FEOXHMHUECKHX JHCIHIIHH.

MMHEPANBHBIM M XMMHHYECKMA COCTAB
OCALO4HLIX MOPOA

Ocanounasi oGoiouka 3eman, ciparncdepa, NOKPHLIBAET MOUTH
3/, cywH, BhlcTHIaeT AHO MupOBOro okeaHa W BOLOEMOB KOHTHHEH-
toB. Momwpocts ee KoJde6aercss oT 25 KM B TeOCHHKJMHAJAX 10
Hyasi Ha OOHAMEHHBIX JPEBHAX HIHTAX, Cpeausisi MOUIHOCTL CTpa-
THC(eps NpHMepHO paBHAa 4 KM. PacnpocTpaHeHHOCTb Pa3/IHIHBIX
nopoA B crpaTHcdepe nokasaHa B ta6a. 18.i. TlpuBenennsie AaH-
Hble TIOKA3BIBAIOT, KPOMe BCEro MpOYero, Kak TPYAHO OUEHMTDL HC-
THHHYIO PACTPOCTPAHEHHOCTD JlazKe OCHOBHBIX THIOB MOPOAL ocajoy-
. HOro yexJja.

- Ecan npunsts [Krumbein W. C., Sloss L. L., 1955 r.], uto oca-
JOUHbBle TOPOJbl B OCHOBHOM CJAraloTCsi [VIMHHCTBIM BEIECTBOM,
KBapieM, KapbOHaTaAMH H KPEMHAMH, TO Pa3JHIHBIE coueTaHus 3TUX
KOMIIOHEHTOB MOrYyT OBITb M3006pazKeHbl Ha rpanax TeTPa3ipd, 06-
pasopannoro umu (¢ur. 18.1). B stoM cayuae necuanukn ((ur.
18.2) MOKHO MOAPA3AC/HTh HA KBapleBble, MOJIeBOILINATOBbIC H ap-
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18.1. Uetsipe rpanu rJIaBHOTO KJacCHOHKAIHOHHOTO TeTpasjApa OCal0YHBIX NMOPOXR
(terpasap nokasad B uentpe) [Krumbein W. C., Sloss L. L., 1955 r.].

KO30BHle, KOTODHle yepe3 rpayBakku M cyGrpayBaKKH MEpeXondar
B CYIIECTBEHHO TVIHHHCTHe o6paszoBanus. MuHepaJbHBIH cOCTaB He-
KOTOPHIX 06JOMOYHBIX MOPoJ mokasan B TabJa. 18.2, ux xumudeckuit
coctaB — B Taba. 18.3. Munepa/bHBIH M XHMHYECKHil cocTaB Hau-
GoJlee pacnpoCTPAHEHHBIX IVIMHHCTHIX NMOPOA TpHBeleH B Tab.. 18.4
u 18.5.

H3BecTHAKH Takye HMMEOT CJIOXKHBIA H MHOroo6pasHElil reHe-
3uc. OHH MOryT BO3HHKHYTb B pe3yJbTaTe MeXaHHUeCKOr0 0cax-
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nusucmoe Sewecmbo,
cepuyum, znopum u dp

(uHuCmsid:
LAaHey

Ipaybakka

G

Monebod wnam 25 10 Kéapy

18.2. Kaaccudukauna necyaHnkos [[TeTTHaoH Q)T
1961 r.l.

JeHHsA, XHMHUYECKOro ocazxK/JIeHHfd, OpPraHoreHHOro 06pa30133mm H
MeTacOMaTHYECKOTO 3aMelleHHs (HanmpuMmep, KaJbIMTOB IOJIOMH-
tamMn). OueHb 4acTO B COCTaBe H3BECTHHKOB IPHCYTCTBYeT Bellle-
CTBO PA3HOr0 MPOUCXOXKJAEHHA. DTO BHAHO HA MPHMEpe COOTHOLIe-
HHS KOMIOHEHTOB B COBPEMEHHBLIX H3BECTKOBHIX ocaakax (Talu.
13.6). XuMHyeckHii coctaB KapGOHATHHIX MOPOJ MpHBeleH B Talu.
18.7. :

TABJIMLIA 18,1

PacnpocTpaHeHHOCTh OCAJ04HBIX MOPON B CTpaTHChepe

@ - . - >< —
= @ : g J : e
5 4 . 2 £=l @
Mopopst E 2 i £ e i = <5
P R e et il B ol i ot ¢ e e
Sw zv : = g_m 3 o ;— g e
52 |28 |58 |88 |28 | =B | =8| &7
T AuHHCTHE 82 80 W 44 46 70 050 46/38*
Ilecuantie 12 PR AL 32 16 14 22/18
KapGonatHbsle 6 5 b.9 < 19 21 14 29 22/21
Coan — —_ 58 — — — —— 2,8/0,3
2ddysuel — - — — — - — 4,521

* B yHcaAHTeNe — naathopMbl, B 3HaMeHaTe e — FeOCHHKJHHAIH.
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TABJIMIIA 18.2
Munepanbupiit cocTas HeKOTOPHX 06MOMOMHBIX nopoa, mace. %

® & )

& = g ]

2 E | 8 g Sq g 2 -

- [=% = [=] - om = o

£ g = 3 g & ¢ ]

Nopoga 5 " lie : SN SR g 5

=

% S g g -} g : ; @ I
= @ 2 ] o 8 B = # Ea = ] @
a ) = | = U3 > =8 < g a
H 3 g - E g £z s e8 | &3 2 g
4 I 3] g = X o8 i o8 o5 i @
IMecok  kapuesiit, JlioGepenk 99,00 0,50 0,30 - - — — — —_ 0,20 Jg
ITecok riaykonuTOBO-KBapLEBBIi, 62,16 116,27 0,02 - — - — 20,26 - — 1,29 Py

r. 3mues, XapoKoBcKoii o6,
Ilecox rnaykouutopmiit, ¢. Jlona- 38,00 - 2,00 10,00 — —_ —- 50,00 — — - J3
THHO, MocKopckoii o6i.

INecuanuk kpapueseii, [lonGace 85,15 1,69 - — — — 0,57 — 12,49 = 0,10 Ca
[Necuanux noJieolinaropo-keap- 65,92 19,03 10,00 Chaeap — — 1,00 - 3,70 — 0,35 s
uesklii, JonGace

IMecuanuk apkosopniit, TonGace 53,06 27,13 10,17 » — 2,00 1,80 — 0,50 — 0,35 C,
Ilecuannk rpaypakkomwit, [Jon- 39,20 518 10,83 — - 0,76 1,50 — 42,62 -— 0,97 Cy
Gacc

IMecuanuk raaykonuTOBHI, Ho - — s — — —  <90,00 @ — - —_— T
r. Launck, Jlssosckoit ofir. 10,0

Anesponnt noJiepomnaroso- 58,38 8,00 19,35 1,87 — 6,37 2,34 - — 3,20 1,49 Cy
kBapuessiit, IonGacc

Anesponnt apxososwiif, Amme- 35,00 60,50 - 4,50 - — — — — — 0,80 Py
POHCKHIi NONyOCTpOB

Jléce, r. Hosropon-Cesepcxuii 70,00 11,00 3,00 6,00 — 6,00 — — —_ — 4,00 Q
Fanmversifi  Kpapueso-rmayko- 25,00 — 2,00 37,00 — e — 35,00 — e 1,00 Js

HHTOBLI aseBput, c. Mruaroso,
Mockosckoit o6n. [Jlasapenko
E. K., 1958 r.]
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Ty TABJIMIIA 18.3
XuMHuueckuil cocTas HeKoTopbix obiomounbix mopon [no Jlorsunenko H. B., 1967 r.], macc. %

Topoga sio; | TiO, | ALO, | Fe, | FeO ‘ ca0 | Mgo | Nao© r KO nnn| e .- iy f,’:@,‘
Ilecok kpapuepwii, Jlio- 98,50— 0,01— 0,03— 0,02— 0,02— 0,02— 0,08— — Js
Gepenk 99,50 0,06 024 0,10 0,15 0,1 0,124
IMecok raaykonurtopo- 82,64 - 6,03 4,57 — 0,80 0,85 095 236 ..6,55 — Py
Keapueeblii, r. 3wmues,
XapbKoBcKoit 06J1.
Ilecok  raaykKoHHTORBIIT, 48,76 — 20,16 10,87 1,82 0,38 2,09 798708 6,67 1,24—P,04 Js
c¢. Jlonatuno, Mockos- .
cKoii 061,
IMecuannk KBapPLEBbIl, 93,04 — 3,08 0,82 — 0,367 0/b2 - — 0,90 —_ Cy
Jonbace
INecuyannk  nosepowmnarto- 81,80 Caesst 8,60 1,83 - 0,95 0,75 1,081 8 =290 — C;
Bo-KkBapuesslii, lonGace
[Mecuannk apkosopwiit, 73,81 0,10 - 14,07 2,85 - 0,98 0,83 2RR SRR 887 - - Cy
Joubacce -
INecyannk rpaysakkoswii, 75,73 — 5,57 — - 0,16 - 0,30 20475 0,53 9,40—CaCO; G,
Becrdanns [Posentyuw K., 2,60—MnCO;4
1) 6,00—FeCO;

17,90

InaykounToBbiil necua- 44,97 — 911 1640 098 5,61 3,52 .12 ~-6.83 71,06 4,47—P,04
HHK, c. [auHck, JIpBOB-
cKkoil o6a., [Jlazapenko
E. K. 1958 r.]
Anespoaut nosepomna- 63,47 — 11,53 269 283+ 6,1b 1,26 2,99 9,09
TOBO-KBAPIEBhIH, Jlon-
bacc
Jléce, r. Hoeropop-Cesep- 78,16 — 7,43 2,40 — 3,91 1,03 221 4,86 - Q
CKHH
Jléccopnaumbiii  cyramuok, 72,17 0,68 8,44 2,83 — 5,40 1,65 1,67 7,16 — Q

Boawieckas o6,
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TABJIMLIA 18.4

Munepansnbiii cocrap nanosee pacnpocrpaseHHBIX rauHucThix nopop [Jlorsunenko H. B., 1967 r.], mace. %

] o) &
2 = E ; E = 5 3
Mopopa @ 2 - = e 5 53 > =2 o

= & 2 = = 8 z 5 EE ) =5 E

Sl 3| B | B | 5| B |G| % |25g| B |2E| Ez

o1 £ 3 % = RPN B S o Ok Ea
Aprunaut, Cy, Hontace 2346 4,50 2458 Caemn 32,16 Cuent — 4,45 6,47 — 0,70 4,13
Fanua rugpocmoaucras, Ya- 1—-2 — — — 30,35 65—70 — Cnenpl —_ Crenpt
coe SIp
Cnuna Kaonunutopas, Hoso- 1,0 — — — 65—70 — - —— - 25—30 — 1,0
CeIHIKOe MecTopomeHHe,
YCCP _
Fauna rugpocmopucras, Ko- 5,0 —  Caemnt — 10,00 8500 — — Chemm — —  Caegm
cyanso, Ypan [Ilerpos B. II.
1947 r.]
Iausa Kaoaunutopasi, mep- 44,50 - — —- 25,40 28,50 — — — - -- 1,60
BHUHHIH KaojHH, Ypan
Fauua  kaoamnuropas, sro- 37,00 — —_ — 48,00 12,00 — — —_ — — 3,00

HYHHA KaoauH, KeiuteM
IMerpoe B. Il., 1947 r.]

IanHa  MOHTMOPHJIOHHTO-
pasi, Ackana, I'pyans

FauHa  nmoamMuBepasbHas,
Maiixon, Kaskaa

[TpeoGnafaer MOHTMOPH/JIOHHT

nppocnonucTo-GefileIMIUTOBAA ¢ NMPHMECHIO - MOHTMOPH/IIOHHTA
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TABJIMLIA 18.5

Xumuueckuit cocras HanGojee pacnpocTpaHeHnbix raAMHHCTHIX nopoa [Jlorsuuenko H. B., 1967 r.], macc. %

Si0; | TIO, | ALO, | Fe,0, | FeO | CaO | MgO | Na,0 | K,0 | HO0™ H0t | so,
Aprunnut, C,, HonGace 8290 046 23185 574 — Tor, SIS s 00 2 D 7,14 —
Fnuna xaonuuuroBasi, Hopoceanu- 32,34 — 47,66 0,67 — — —_ — — 19,30 —
koe Mecropoxaenne, YCCP (¢ ruz-
papruNIHTOM)
Fmina ruppocmonucras, Yacos fp 52,62 1,00 29,48 154  — 0,55 5046 - 042 + 2,87 ..3.12 8,43 0,20
Fnuna ruppocmonucrasi, Kocysmno, 47,80 0,44 3520 140 — 0,26 0,72 0,10 3,66 0,44 10,28 -
Ypan [ITetpos B. I1., 1947 r.]
Fnuna xaonmuuurosas, nepsuunnii 69,88 0,33 20,12 1,02 — 060 066 0,02 1,20 036 6,48 —_
Kaoauu, ¥Ypaa, Iloneraeso
Fanna KaomuuuToBas, BTopHumeli 55,78 0,55 29,27 166 ~— 0,34 1,20 0,37 1,10 10,98 0,47
kaosmH, Kenntem [ITerpos B. TI. (mmm)
1947 r.]
Fanna Mout™vopuasnonntopas, Ac- 53,50 0,15 25,12 3,96 . — #0167 ©599 21687 ~0,83 7,26 —
KaHa, ['pyaus
[awma  noamvmeepanvuast, Maii- 53,23 0,84 2029 429 — 103 1,66 1,26 2,23 6,20 8,09 0,93
kon, Kaskas
IOpckre rnaykountopwie ramme, 48,27 0,16 17,19 10,82 2,00 0,69 3,18 0,30 5,48 9,80 —

c. HMrnatopo, Mock. o6a.




TABJIHIIA 18.6

CooTHOWEHHEe KOMNOHEHTOB B COBPEMEHHBIX M3BECTKOBHIX 0CajKax
[Xyan ¥. T., 1965 r.], macc. %

HAa a A
Kowrnosert Y80adp. || caina. 5t oop-
Opranuamsl:
H3BECTKOBLIE BOJOPOCTH 25,1 18,0
MOJIJTIOCKH 175 122
copamHHHDepHI 9,0 17,3
KOpaJIILl 9,3 8,2
CIHKYJB (CyMMapHO) 4,3 2,1
OTNeyaTKH XOJOB uepBeil 1,4 3,0
paxooGpa3sHbie 1,4 0,7
MIIAHKH 0,4 Caengl
ITpoune:
aJIeBPHT 13,9 5T
[JIHHHCTOE BeLIecTBO (¢ MIVIAMM aparoHHTa) 7,8 14,8
3epHA MHHepasioB (NpeHMYIIeCTBEHHO Kpapua) 3.9 0,5
CaCO, (neompenennMbie dopMmbi) 5,3 6,0
QOJTHTEL 0,4 1,6
KOMOYKH ((heKasIbHEE?) Crnenrr 3,8
arperarsl — 0,8
Cymma 99,7 100,7

B sakioyenHe XapaKTePHCTHKH COCTaBa OCAJO4HBIX MODOJ Ha-
30BeM 3BANOPHTHl — COJIM, 06pasyolIHecs HA JHe 3aMKHYTHIX BOZO-
€MOB IpH HX ychixanuu. HauGonee oOGblYHBIE 3BaANOPHTH — 3TO
THIIC, AHTHAPHT, KaMeHHasf COJb, MOJHAralur, raayGepoBa COJb,
CHJIbBHH, GopaTsl.

®AKTOPbl TMMEPTEHE3A M CEOMMEHTALIMM

OcaakooGpasoBanue (CeIHMEHTOTeHE3) CONPOBOKAAeT BCe CTa-
AHH 2unepeenesa ™ — NMpPOLLECCOB, NMPOMCXOASANIMX B HAPYMKHBIX ua-
CTAX 3eMJH M 3aXBaThIBAIOIWLUX aTMochepy, ruapocdepy U BepxHHe
ciaon suTochepsl. OCHOBHHIMH (DaKTOpaMH THIEPreHe3a ABMISIOTCH
(akTopsl cpeil, B KOTOPOH OH MpPOSIBJASIETCS,— TEMIepaTypa, AaB-
JieHHe, KOHIEHTPAIHsl BOJOPOAHBIX HOHOB, KHCJIOPOAHBIH MOTEHIHA,
KHU3HeNeATEILHOCTh OpranuaMoB. [lo cymectBy 3710 mapamerpsl
GHocdepbl. B pesynpTare rumepreHesa MuHEpaJbhl W TOPHBIE TIO-
poabl, 06pasoBaBIIHECs B YCJIOBHAX, OTIHYHBIX OT 30HBI THNEpre-
HE3a, PaspyIIaloTCs U Mepexo[siT B COCAHHEHHS MIH o6pasoBauuf,
B yca10BHSX Ouocepnl yeroityupbie. Ilepexox mopox u MuHepasios
U3 COCTOSIHHA HEYCTOHUYHBOIO B YCTOHYHBOC H HA3BIBAETCS BbiBET-
pusariem.

* I'uneprenes, mo A. E. ®epcmany,— NOBepXHOCTHEE H3MEHEHHs NOpoL H
MHHEpaJOB B KOpPe BHIBETPHBaHH:A B Guochepe.
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TABJMLIA 187
Xumuueckuit coctas kapGonatuwix mopon [Jlorsunenko H. B., 1967 r.], macc. %

L
=
[Topopa E 8 - ﬂ + IlpuMevanne
o o o [=x Io) Q Q, o = o =
G-log | BrLEslal = 8 & 3 < | E
Hspectnax obaomounwli, 53,66 1,656 43,01 0,88 — 0,26 0,20 0,05 —
M;, JTucnuanck, Houbace,
Cy
Hapectnak ¢opamunude- 46,33 0,46 39,83 2,61 - 589 2,27 4,30 — 0,57 — —
posetit, M;, b. Kanursa,
Houbace, Co
Hapectuax  oomurtopmi#i, 52,25 0,86 — 3,49 — 0,39 0,85 0,08 — — 41,58
D,, Hou6ace, C,
Honovuropwiii  WapectHsik, 27,68 15,02 38,23 13,08 7,63 4,46 4,01 0,05 0,13 — S
Maprepka, [Moubace, C
Hoaomur pojopocnessiit, 30,64 20,13 - - 1586 =053 0,06 —_ 515 0,19 45,62 Mn — 0,82,
Baxmyrckas KOTIOBHHA, (+0,96 Ct =807
FeQ)

JonoMHuT ooJHTOBLI, 28,00 18,70 — e TA6 15167 0,47 st Cnenmt 0,13 42,78 Mn — 0,67,
BaxmyTckasa KotsIoBHHA, (+0,66 FeO) Cli=0.08
P
Beawiit numymuit Mea, 55,5 0,2 —_— — () s 0,1 — — — 426
Benropon, C,
Mepresnis, Hopopoccuiick 39,32 0,76 — — 21,32 -4,14 1,64 — 0,75 — 32,62
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18.3. Koneunble accomMalHH B XHMHYECKHX OCajKaxX H Xa-
PaKTepHbie AJsA HHX YCJOBHS CpeAbl B 3aBHCHMOCTH OT Eh

u pH.
Accounanuu B NpAMLIX CKOOKaX OTHOCATCA K pacTBOpaM IOBbI-

weHHoN coaeHocTH. Ilol mwaMO3MTOM MNOApPAa3yMeBalOTCA oOcajgoy-
Hble CHJHKATHl XeJjesa.

4 N Kansyum
' § B, CaC0;
2

o Aonomum
¥ Ca Mg (C05),
I d

T 1+ %,
e of yem NG (Apazonum) _
LS\:""-, 4 Mg (0H), N (Xawmum)
= *“e.;,\ Ca Mgy (C04),
=8 %"E»\\
“FHe ludpomaenesum G?/\

Mgy (CO5)5(0R); 34,0 I [azgesum ~Mg 05
SR AR S R TR T T DS

18.4. CooTHoweHHsi MeXAy KapGoHAaTaMH KaJblHs
u maruus npa 25 °C u o6Guwem pasaennu 1 ar.



BuiBeTpuBaHHe NPHHATO JEJIHTDH r AL,0;
HAa  MexaHHUecKoe, XHMHUECKoe H
6uorenHoe. OJHAKO B YCJIOBHAX GHO-
chepbl Bce OHH, KOHEYHO, B3aHMOCBH-
3aHbl H, TO-BHAHMOMY, B H30JHPO-
BAHHOM BHJe IPOABJIAIOTCA PeAKO.
BhiBeTpHBaHHe TpeallecTByer 06pa-
30BaHUIO BCEX 0CAJOYHBIX MOPOL H CO-
npoBox;iaer 06pasoBaHHEe BYJKaHO-
renHo-ocafounsx Tonil. Ilpomeccam
BLIBETPHBAHHs TOPOA CBOHACTBeHHA
JIOBO/IBHO BhICOKas ckopocts, Oummpo- 0
HCXOAAT HEe TOJbKO Ha cyue, HO H
Ha aHe Mope#t u oxeanos. Iloasox-

HOe BHIBETPHBAHHE OCAAKOB TOMY- ég'csl:m}gﬁ’;’c’.f: pgeu?gi:a e
qWJI0 Ha3BaHHE rajJbMHPOJH3A. raunosema [Correns C: 3

Besikasi mopoia H BCAKHH MEHe- 1949 r.].

pai, o6pasoBaBilHecs BHe GHOChepH,
GyAyT B Heil HEYCTOMUMBBL M- NMOTOMY JOJIKHBI MOABEPIHYTBCS BHI-
BerpuBanuio. [locienHee Ha4YHHAETCA C XHMHYECKOTO M3MeHeHHs,
BLISLIBAEMOro JeficTBHeM aTMocdepHOH, MN/IeHOYHO, KaNHJIISPHOH
wnn HEOM Boxsl. OHa Bcerla HachilleHa aTMOC(epHBIMH TasaMH,
YIJ€KHCJIOTOM, KHCIOPOAOM H a30TOM H MPEACTaBJISET coboit XH-
MHUECKH aKTHBHYIO cpely. BoazzefictBue 3TOf cpe/lbl pe3KO BO3pa-
craer 3a cuer elle GoJee aKTHBHON IeATeJbHOCTH MHOrOoGpasHeii-
IUMX MHKPOOPTAHH3MOB, BMECTe C PacTBOPaMH MNPOHHKAIOLLHX
B MOpbl, KaBEPHb, MUKPOTPEUIHHE H MEXK3EPHOBLIE NpOCTPAHCTBA
M MO CYTH Jela OXBATHIBAIOUUX CBOEH JKH3HEAETEJbHOCTbIO BCIO
Toay TBEpAMX mopojx Guocdepsl. ITo-BHAMMOMY, BCE muoroo0pa-
3He TPOIECCOB «XHMHYECKOTO» BHIBETPHBaHHS — OKHCJCHHH, THI-
paTamuH, KapGOHATH3AUK — 110 CYLIECTBY SIBJAETCHA, TAKHM obpa-
30M, npoueccaMd OHOXHMHUYECKHMH.

Xumuyeckoe (6MOXHMHUECKOe) BHIBETPHBAHHE YMEHbIIAET MDOH-
HOCTb TOPOIBI, M OHA CTAHOBHTCA NOCTYNHOH TMpoueccam MexXatH-
yeckO#l Ae3WATerpamuu. TeMmepaTypHbifi rpajHeHT NpH CMeHe JHHA
W HOYH, MOPO3HOE Ce30HHOE BEIBeTpHBaHHe H aGpasWBHOE 30JI0BOE
WIH BOJHOe BHBETPHBAHHE NPH TPEHHH YACTHUEK paclaBIefcs Mo-
POAB APYr O Apyra,— Bce 3TO OOHaXaeT HOBbIe H HOBhIC TOBEpPX-
HOCTH IJa XHMHYECKOro BOBJIEI"{CTBHﬁ AKTHBHBIX pPacTBOpPOB, AJ5
NPOSiBJIeHHST HOBBIX GHOTEHHBIX MPOLECCOB, criocoGeTBYeT AaJdbHeH-
mlefi 1e3MHTErpalluy BellecTBa. B wWrore Bee HeyCTOHUMBHIE MHHE-
paJbsl MaTepUHCKOH MOPOABl H3MEHSIOTCH, pacnajaaiorces H mpeBpa-
MAlOTCS B HOBHe CTaGHIbHBIE B JAaHHBIX YCIOBHSAX 00pasoBamus
(¢ur. 18.3). CoorHomenHe KapGOHATOB KaJblHl W MarHis NpH
3TOM TpeicTaBieHo Ha ¢ur. 18.4. Munepajipl YCTOHYHBHIE, TPYAHO
nojaaiolHecss H3MeHeHusiM (KBapil, IHPKOH, PYTHJ, HIbBMEHHT, KaC-
CHTEPHT, anaTHT, CheH M Jp.), HAKAMIHBAIOTCA, 1aBas Hadalo poc-
CHITAIM.

-
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MMOnb/ T

N

325



TABJIMLIA 18.8
Peanxrosbie munepans MaTePHHCKAX MOPOA B OCANOMHBIX Mopojax

e APKO3Hl, rpayBakks,
echumn | Tomnbome 1 | Tmmmcrse | KepSonarue
B KBapuaTh! nec4aHHKu necyansie MOPOIL H BANOPHTHI
Ksapu* Keapu* Kpapi* Ksapn*
Kopysza 'emaTnt Tematr Bapur*
TemaTaT Hapmennt PyTun Llenecrun*
WnbMeHAT Pyia LlipKon Aurnppur*
PyTua Maruernt Anatur Marnesur*
AHaTas THranoMarneTnt Iaput* Cugepnr*
Bpyxur Lupkon Mapkaant* THonomut*
[lnurens Tpanatsl [T1pomoant* Crponumannt*
Xpomur Hucren JIaMoHHT* Jlumonut*
Maruerut Crabposut Bapur* TFematut*
Llupkon Cpen Cupepur* Tapur*
AnsmanpaH Llouant Ponoxpoaut*
Anpanysut Snuuor Manaxur*
Hucren Oprar
CraBpoauT ITupokcens
SnmugoT AxTHHONMHT
AKTHHOJHT Porosasi o6Manka
Typmanut Buotur
OHAIHT XnopuTh *
XnopHTOH
Monaunt
Anatur
Bapnr*
Hoaomut*

* Muuepanu, KOTOPhE MOTYT TaKXKe ABNATbey p srux nopogax HOBOOGPA3OBAHHAMH.

O6uias noCjI€10BaTENLHOCTD BOgpacranus yCTOHUHBOCTH MHHe-
pa/ioB, nmposBJAOIIASCA NIPH TNPOlleccax BBIBETPHBAHHS, COBHALACT
C KpHCTaNH3AUHORHOH TOCTEAOBaTe bHOCTBIO B psany bBoysua.
B Buze ocraTOYHBIX (PeﬂHKTOBbIX) MHHEPaJIOB OHIJIBIX MaTepHH-
CKHX Nopoj B OCALOUHHIX MOPOAAX Berpeuaercss HECKOJBKO 1eCHT-
KOB MHHepaJiOB (Taﬁ.ﬂ. 188)

B mnpouecce BBIBETPHBaHHS MHHepa/sioB nmpomncxoaut obiunpHOoe
nepepacnpeAe/€HHE COCTABAIOUICro \X BeLECTBA: ONHH KOMIO-
HEeHThl BBIHOCATCA, APYrHe HaKalupaores. B o6uinx yepTax nom-
BHJKHOCTL HX YMEHBIIAGTCH B TaKop nocnefgoparteabHocrn: Cl, S,
Ca, Na, K, Mg, Fe?*, Mn*, Si, Fe3+ Mn#+ Al Ti. Onnako B ron.
KPETHBIX yc/IOBHSX OHA MOXKET BEChbMa 3aMeTHO OTJIHYATHLCS OT yKa-
3aHHOI, 1eJHKOM ONPeleNsisich XHMyyecKkum COCTaBOM H KHCJOTHO-
CTbI0 — 11eO4YHOCTBIO CPenbl, 3HaYeppewm HOHHOTO MOTEHUMANA U
APYrHMH (pu3HKO-XHMHUCCKHMH Mapamerpamu. Tak, nanpumep, B 3a-
BHcHmoctH of PH CPEIbl PaCTBOPHMoCTL BazKHEHIINX nopoaoo6pa-
aytownx okuc0B SiO; n AlyO3 pesko pamensiercs (dur. 18.5). U3
PHCYHKA caieayeT, 4T0 npH pPH>10 sty okmenm ornocutensio pac-
TBOPHMEI W MOTYT INEPEHOCHThCH B pacreopax. ITpn pH=~8 cpena

326



T

R

s

TABJIHLIA 18.9

OtHocHTeNbHAS YCTONYHBOCTH BAXHEHIIHX TOPOR0OGPA3yOU KX
H aKUECCOPHBIX MHHEPAJIOB NpPH MPOUECCAX BHIBETPHBAHUA

BHCTpO Hsuel{aw'rca MeasieHHO H3IMEHAIOTCA YcrofiunBH
QenbaunaTonsl Cperinle CIIOAL IMapon
QuuBHH XJI0pHTEL AnpMaHIHH
OcHOBHBIE TJIarHOKJa3bl AKTHHOMHT TuranoMarseTur
PoMmGHyeckHe mnHpokceHn JlHomcHp Hnpmenur
; SmupoT Typmanun
Cxanosur Ca-rpasarhl Tonas
Aerut Optat Monauut
Ilenoynsie amguGoL Besysunan Anaras
Boasdppamur PyTtua
BuoTtHT lleenaut . Bpykur
ITuppotHH Kopynzn Inpkon
IMuput Maruerut HInunens
Cianepur TemaTur 3oaoto
XaJbKONMHPHT Knauur Ilnatuna
Aujanysur Anmas
CHANHMAHHT
Anatut

cranoButes B 100 pas GoJee kucaoi, pactBopumocts SiOp 3aMeTHO
cunxaercs, a AlyO; craHOBHTCS NpPaKTHYECKH HEPacTBOPHMBIM.
B 570 Bpemsi, MO-BHAHMOMY, H TPOHMCXOAHT BBINaJeHHe THIPATOE
OKHCH aJIIOMHHHS, BMecTe ¢ APYrHMH kKoMmmoHeHTaMH (SiOs, FesOj -
-nHy0, SiO;-nH;0) o6pasylownx nopoay — Goxcur. IIpun manb-
HeflllleM MOBBIIIEHHH KHCJOTHOCTH pactBopa H SiO; craHoBuTCHA He-
pactBopuMbiM, a AlO3 coxpaHsieT BBICOKYI0 pacTBopHMocTh. MrTak,
npy pH<4 rauHo3eM BBIHOCHTCS, a KpeMHe3eM Oca)aaeTcs, B HH-
tepsaje pH=4--10 kpemneseM pacTBopsieTcs, a IJIHHO3eM BhINa-
naetr; npu pH>10 raumnosem u KpeMHe3eM MOryt cBoGOAHO mepe-
HOCHTbCSI B PacTBOpax.

OtHocHTe/IbHASL YCTOHYHBOCTD BaXKHEHIIHX NMOPOA00GPa3yIoLIHX
M aKIecCOPHBIX MHHEePaJoB NPH Ipoleccax BLIBETPHBAHHA TIOKa-
3aHa B Tab6a. 18.9. TIpoayKThl H3MeHEHHs] MOJEBBIX WIMATOB H YC-
JI0BHA HX 006pa3oBanHa HaAJdOCTpHpPYeT ¢ur. 18.6.

du3MKO-XHMHYeCKHe (DAKTOPH BLIBETPHBAHHA H Ocaakoo6paso-
BaHHS NMOAPOGHO W B psijie CJAYYaeB HCUEPIBIBAIOLIE OMHCAHBI B IIH-
poxo u3BecTHbX TpyAax P. M. Tappenca u I'. JI. Kpaiicra [1968 r.],
K. Kpayckonda [Krauskopf K., 1967 r.], B. Meiicona [Mason B.,
1966 r.], B. B. llep6unnt [1972 r.], A. WM. Tyrapuuosa [1973 r.,
A. H. Tlepenbmana [1979 r.] u muorux apyrux. Ortchiias uuTa-
TeJIsl, HHTEPECYIOUIerocst STHMH BONPOCAMH, K HAa3BaHHBIM aBTOpaM,
Mbl OrpPaHHYHMCS 3J1eCb KPATKHM H3JIOXKEHHEM POJH XXHBOTO
BelleCcTBa B NMpoLeccaX BbIBETPHBAHHS, JHTOTEHE3a M MNOYBOOG-
pa3oBaHus, Tle 9Ta POJb 0COGEHHO OTUETIHBO MPOCTEIKeHa.

327



X mopt g gy
—

-—

—~—

18.6. VYcrofiumBble COOTHOIIEHHS HEKOTOPHIX (a3
B cHereMe Na,O—ALO;—SiO,—H,O0 npn 25 °C
G e o

BAKTEPMM KAK TEOXMMMYECKMHA DAKTOP
BbIBETPUBAHWMS U OCAJAKOOEPA3OBAHMS

Murpanus XHMHYECKHX 3JIEMEHTOB IIPH Mpolleccax BHIBETPHBA-
HHSA H 0caJKoo0pa3oBaHHs, KaK 3TO CTAJIO BIOJHE OUEBHIHBIM IOCJe
(yHnaMeHTaJbEBHIX pabor B o6aactu Ouoreoxumun B. M- Bepuan-
ckoro, 1. B. CamoiiioBa, A. Il. Bunorpagosa, B. O. Taycona,
B. B. KoBaabckoro n apyrux GHOTeOXHMHKOB, He MOMKeT GBITH TO-
HATa 0e3 ydyera BJHAHHSA JKH3HENEATENbHOCTH OpranuamoB. [Ipu
3TOM €CJIH MHOTHe OpPraHOT€HHBble NOPOJAbl — H3BECTHSIKH, CJIOMKEH-
Hble pakoBHHaMH ¢opaMuHH(]ep, KOpajJjoB, MIIAHOK, GpaxHOmof,
MOJIJTIOCKOB, BOJOPOCJIEH, HJIH KPEeMHHCTble NMOPOJBI, COCTOSILIHE H3
OMaJIOBBLIX CKEJIETOB JHATOMOBBIX BOJOPOCJEH, CIHKYJ KPeMHeBhIX
ry60K, KDeMHEBBEIX CKeJeTOB PaiHOJAPHi, Hin dochaTHbe NOPOMIHI,
CJI0XKEHHBle DAKOBHHAMH OpaxuONoA-060JHI, CKOMJIEHHAMU CKeJe-
TOB IMO3BOHOYHBIX H TOMY NOLOOHHIMH O0pPa30BAHHSIMH,— B CHJY
HX OYEBHIHOTO MNPOHCXOXJIEHHSI COMHEHHH B HMX GHOreHHOM TeHe-
3HCe He BBI3BIBAIOT, TO MHOTHe JpYrHe ocajouHble 06pa3oBaHMs,
0COOEHHO Te, KOTOpPhHle BO3HHKAIOT B Pe3YJ/bTaTe KH3HEIeATeJbHO-
cri GakTepuii, W B HacTosllllee BpeMs He BCerja B NOJHOH Mepe
oueHuBaTca. MBI cunTaeM mMo3TOMY MOJIE3HHIM paccKasaTh O TOil
poaH B paspylleHHH H 06pa3oBaHHH TOPHBIX NMOPOA, KOTOpAs MpH-
Ha/JIeKHT OaKTepHsIM.

Bor kak Apko u yGeauresbHO 3Ta poab onmucana B. O. Tay-
conom [1947, 1948 r.]. Camuiit mpocToit MOACUET MOKA3BIBAET, MUIIET
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oH, YTO ecaH MHKpoGB cbeaaT | r Kpaxmaja HJIH KIETHaTKH,
B 6OJBIIOM KOJHUECTBe BXOJsIIeil B cOCTaB pacTeHHs, NMPeBpaTHB
npu stom 0,25 r B BellecTBa CBOEro Tesia W PasjokuB ocTaJibHOe
10 KOHLA, TO YIVIEKHCJOTH MOJYUHTCS CTOJbKO, CKOJbKO HAAO0 AJA
pacTBopeHusi 2,5 I H3BeCTHAKA. JTO 3HAUHT, 4TO NMpPH PA3JIOKEHHH
MHKpOGaMH | T OpPraHMYecKoro BelleCTBAa MOXKeT pacTBOPHTELCSH
1,5 T H3BECTKOBOH MOPOABI, T. €. IeJblii KyOHueCKHi metp!

[pn 3TOM MHOrHE CanpopuTHBIE MHKPOOPTraHH3MBI (6akTepuH
¥ 0cobGeHHO mJecHeBble rpulB) pasjaraiotT pasjuunble BellecTBa,
B YaCTHOCTH caxapa, KpaxmaJs, KJeT4aTKy M TMOoJ0GHBe HM COeIH-
Henusi, He N0 KoHma. Hapsiny ¢ yriekucaotoii oHH 06pasyior pas-
JHYHble OpPraHHYECKHEe KHCJOTBI, Kak, HanmpuMmep, YKCyCHYIO, ilaBe-
JIeBYIO, MOJIOUHYIO, JIHMOHHYIO, HHOTJIa B JIOBOJIbHO GOJIbIIMX KOJIH-
yectBax. OpraHnyecKHe KHCJOTH— 3TO BTOpPOe OpYyAHe, NpH TO-
MOIIH KOTOPOro MHKpPOGLI paspyuiaioT ropHble NOPOABI, TVIABHLIM
06pa3oM M3BeCTKOBBIE H MOA0OGHBle MM, HOO HA TPaHHTHl H ApYrHe
TaK HasblBaeMble CHJIHKATHBIE MOPO/Ibl TH KHCJIOTHL He AEHCTBYIOT
HAH JeiicTBYIOT oyeHb caaGo. Tperbe opyane paspyuienus, KOTO-
poe uMeeTcsi B pachnopsiKeHHH MHKPOOOB,— 3TO HeOpraHuyecKue
KHCJIOTHI, TJIABHBIM 06pa3oM asoTHAs U cepHas.

B 1889 r. C. H. Bunorpajackuii oTKpbil aBTOTpOQHble GAKTEPHH,
KOTOPHe JKHBYT H Da3BHBAIOTCS Ha HEOPraHHUECKHX CyOcTparax.
IMuraloTcs OHH YIVIEKHCJOTOH, a SHEPIrHi0, HeoGXOAHMYIO AJdA Mo-
CTPOEHHS KJIETOK H3 YIVIEKHCJOTHI, NOJY4YaioT: OAHH— OT OKHCJe-
HHl aMMHaKa B Q30THCTYIO KHCJIOTY, APYTHe — OT OKHCJeHHs a30-
THCTOI KHMCJIOTHL B a30THYI0. [TepBLIX Ha3BBalOT HHTPO3HBIMH, BTO-
pBIX — HATPATHBIMH MHKpoOprannsmamu. B 1npupoae oHH Bceria
BCTpeualoTcsl BMecTe; 6Jarofaps HX cOBMecTHOH paGote moJyda-
eTcsi BNEUaT/ACHHe, 4TO aMMHAK INPSAMO OKHCAAeTcd [0 a30THOH
KHCJOTH. OTH TaK HaswBaeMble HuTpuguyupyroujue 6axrepuu
B 0OMBLIIOM KOJHUECTBe HMEIOTCsi BO BCeX MOYBAaX: JECHBIX, JYro-
BBIX, TOJIeBBIX (MAXOTHBIX), CTENHBIX, MYCTHLIHHLIX; HEMAJNO HX H
B BOJIe DeK, 03ep, MOpeill H oKeaHOB. B pesynbraTe HX MHOTOBEKO-
Boil paGOTH MOJYYAIOTCS IeJble 3aJieXXH CeJHTPhl — a30THOKHCIOTO
HATPHUA HJH KaJHS.

CepHylo KncaoTy 0o6pasyioT Tak HasbiBaeMmble cepobaxkrepud.
CepHas KucJOTa noJayyaercs Gaarofaps OKHCJAEHHIO STHMH MHKPO-
GamMp cepoBOJAOPOAA, YTO NMPOM3BOAHTCH B jABa npuema. CHauazia
peakius HAeT Tak:

Hgs + O = H'O+ S-

Ceposoiopop  Kucaopop Bopa] Cepa
[Totom cepa OKHCHsIETCA A0 CEPHOM KHCJOTHI:
S + 30 +H;0= H,S0,.

Cepa Kucaopopn, Bopa CepHas KHCAOTA
[Tpn 3TOM BHIJeJsieTCA MHOTO 3HEPTHH, KOTOpPas M HCIOAb3Y-
ercsl aBTOTPOPHBIMH GaKTepHAMH, N5 TOTO YTOOLI CTPOMTH Opra-
HHUECKHe BellecTBa CBOEro Tesa H3 YrJEKHCJOTHL
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Ho cosuparensnas pa6ora muxpoGos, numer B. O. Taycon, ne
OrpPaHHYHBACTCA TOJBKO CEPHHCTHIMH pyramu. Bypuiit xesesusk,
3Ta, MNOXKaAyil, caMas BaxHasi M pacmpocTpaHeHHAs KeJsesHas
pyAa, Takke BO MHOTHX CJyyasiX sIBIsSeTCS Pe3yabTaToOM HX Jes-
teabHocTH. HykHylo Mukpo6am AJs npeBpalleHHs YrIeKHCJIOTHE
B BelllecTBA MX TeJa 9HEPrHI0 OHH TOJYYalOT OT peaklHH OKHCJe-
HHA coJieil 3aKHCH KeJle3a B COJIH OKHCH:

2FeCO, +3H,04+ O = Fe,(OH); + 2CO,.
Yraekucaas * Bopa Kucnhopon Tuppat okHcH Yraekncaora
3aKHCb XeJe3a ¥xeme3a

ITpu sTofi peakuuu BHAeasieTcd Ouenb MaJo sHepruu. s Toro
yto6Bl W3 1,5 r yraeRHCJAOTH MOCTPOHTh | T BelllecTBa CBOMX KJle-
TOK, XeJe300akTepHH OKHcAsOT 464 r yriekucaoii 3akHCH Ke-
nesa, npespauiasi ee B 428 r ruppata oxkuch. Ha | r BHOBb mo-
CTPOEHHBIX KJIeToK o6pasyiorcsi Gosee 400 r BoaHO# OKHcH XKese3a!

Taycon {1947 r.] npHBOAMT H ApYrHe NpPHMEpPH CO3HAATEJLHOMH
AeATEeJbHOCTH MHKpPOGOB: «... Okasasoch, 4T0 GeCCTPYKTYpHBIE H3-
BecTHAKH oOpasoBajuch H 06pasyloTcs B pesysbrare AedTeNbHO-
CTH MHKPOOPraHM3MOB. IDTH TPaHAHO3HbIE COOPYMKEeHHs, ThICAYe-
MEeTPOBbLIE TOJIIIH H3BECTKOBBHIX NOPOJ, BO3BOAHJH H BO3BOAAT MHO-
roMuJIHADAHBIE aDMHH PasJHYHbIX Gakrepuii» u 3akmouaer: «[le-
peuncyeHHblX (GaKTOpOB AOCTATOYHO, 4TOOBI C MOJHOH YBEpEeHHO-
CTbIO CKa3aTh, YTO B 1aBHO MHHYBIIHE 310 XH, BIJOTL 0 ca-
MBIX OTAAJEHHBIX, 1PeBHHE MHKPOOH NMPOABJAAJIH CBO IO
TO Pa3pPYMWHTEJNbHYI, TO CO3HAATENbHYIO IeATeNb-
HOCTb TaK JKe, KaK OCYUIeCTBJAIOT €e M Temepb HX ellle Gojiee MHO-
rouKc/JeHHbe U pasHooOpasHbie MOTOMKH» (paspsaka mMoa— B.5.).

FEOXMMMS KOP BBIBETPUBAHMSI HOHOTO YPANA *

Mul BHIeJH, YTO BCE TOPHBIE MOPOJH H 3aKJOYEHHBE B HHX MH-
HepaJIbHBIe TeJia Ha 3eMHOi MOBEPXHOCTH, B 30He THIIEpreHesa; mox-
BepraloTcsi HHTEHCHBHBIM MpolleccaM BIBeTpHBaHusi. B pesyanTarte
3THX MPOIECCOB — MeXaHHYeCKOH Je3HHTerpalHH, XHMHYECKoro H
6HOXHMHYECKOTO BLIBETPHBAHHSA — HCXOJHAA MOPOAA TpeBpallaeTcs
B CJOMXKHBIH KOMMJIEKC HOBOOOPa3OBaHHBIX MHHEPAJbHBIX NPOAYK-
TOB, B TO HJH HHOH Mepe HACJEAYIOUIHHA HCXOAHBIH XHMHUYECKHH
COCTaB.

Cpeau TakuX KOMIUIEKCOB B NPHPOJe IIHPOKO PacmpoCTPaHeHbl
KOpoL 8bl8eTpuUsanus, 06LIYHO TPeACTaBJIeHHble 3/II0BHAIbHBIMH MPO-
AYKTaMH Npeo6pa30BaHHA MAaTEPHHCKOH MOPOIBL

Kopsl BLIBeTpHBaHHsI HePeJKO 3aKJ04aloT B ceGe MOJE3HBIE HC-
Komaemble, 06pa3oBaBLIHeCs B Tpolecce BHLIBETPUBAHHSA HCXOJHOMH
nopoabl. OHM WIMPOKO pacnpocTpaHeHbl Ha Ypaje, H HMEHHO 3/iech
C HMMH CBfI3aHbl 5KOHOMHYECKH BajKHble MECTOPOKJAeHHS GOKCHTOB,
KaOJIHHOB, CHJIHKATHOTO HHKeJI.

* B stom pasjene ucnonb3oBaHu maTepHans A. E. Tionenesa.
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B Coserckom Coioze
pasiuyaioT TpH Haubouee
MOIIHBIX 3MOXH BbIBETPH-
BaHHA:  JNOKeMOPHICKYIO,
Nnajeo30HCKyl0 H  Me30-
Kaiinosoiickylo. [Tocnenuss
HauboJee MOJHO H3y4eHa,
a ee OTJOXKEHHsI UIHPOKO
pacrnpocTpaHeHbl M J0-
BOJLHO XOPOIIO COXpPaHH-
JHCb B OTJHYHE OT BbIBET-
penblx AOKeMOpPHHCKHX H
Najeo30HCKHX NMOPOJ, BHO-
CIEACTBHH  3HAYHTEJBHO
H3MeHeHHbIX.  Me3so-Kkail-
HO30iHCKass KOpa BBHIBETPH-
BAaHHs Jyylle BCEro npea-
craBaeHa Ha  IOxHoM
Ypane. Kopnl BHBeTpHBa-
Husi Ha [Oxnom VYpane
H3y4YeHbl H NETaJbHO OINH-
canet M. WM. T'nH36yprom
u ap. [1938 r., 1946 rl],
M. A. PykaBHIUHHKOBOH
[1951], B. II. IlerpoBmim
{1948 r., 1967 1) K. K.
Hukuruapm [1962 r.], A. T.
Yepuaxosekum [1963 r.,
U. H. SpenbuireiiHom
[1968 r.], A. E. Twonene-
BuiM [1971 r]

Huxxe naercsa onucanne
KOp BLIBETPHBAHHA H CBSI-
3aHHEIX C HHMH MeCTo-
poXKaeHHH, NPHYPOYEHHBIX
K  BOCTOYHOMY  CKJIOHY
Ypano-To6oarsckoro Boxo-
pa3zena. 3jxecb B Ipeje-
Jax Yy3KOH MNOJOCh HMe-

I0TCH  BO3BHIILIEHHOCTH JI0O
350 M, cJOMXKeHHBIE CTOM-
KHMH K BBLIBETPHBAHHIO

naykamu J10majeo30icKHX
H NajJeo30HCKHX MeTaMop-
(uyecKkHX M HMHTPY3HBHBIX
nopoa. Ha stux-to nopo-
Jlax W pasBHTa I peBHAA
Kopa BoiBeTpHBaHHf. Ee
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187 Hameneﬂue MHHEpaJIbLHOro  COCTaBa,
Mmacc. %, KOpH BHIBETPHBaHHA anoONepHIOTH-
TOBBIX CepNeHTHHHTOB J[IKeTHrapHHCKOro Mac-
cHBa (BocTouHoro ckjaoHa lOxHoro VYpaaa)

¢ rayounofi.
Cn — cepnentun; H — HOHTPOHHT, M — MOHTMOpHJ-
nouut; I —rérur; T — raavk; Ke — kpapy; Ka —

KaJabIHT.
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cOCTaB, KaK MPaBHIO, 3aBHCHT OT COCTaBa HCXOJAHBIX NOPOA, ne-
tanbHo H3yueHHbIX A. E. TioneHeBbIM.

Kak M3BECTHO, OCHOBHbBIMH METOJAMH JHATHOCTHKH TOHKOIHC-
nepcHBIX, OGBIYHO MOJHMHHEpPaJbHBIX Macc B KOPax BHIBeTPHBAHHA
SIBJISIIOTCSl TEPMHYECKHIl aHAJH3, PEHTreHO(MAa30BBIl aHaaH3 H HM-
mepcusi. MeHHO 3T MeToAbl M G6BIIM MCNOJNb3OBaHBI NMPH H3ydYe-
HUH Kop BhiBeTpuBanus lOxnoro ¥pasa.

Kopa BbiBeTpuBaHHsi runepGas3uTtoB (opmupyercs no cep-
NeHTHHATAM H NepPHAOTHTaAM. B Kope BLIBETPHBAHHA CEpIEHTHHH-
TOB, MONIIHOCTL KOTOPOH JAOocTHraer nopoii 25 M, no MHHepaJbHOMY
coctaBy (¢ur. 18.7) BHAeJAsIOT CHH3Y BBEPX ILIECTb 30H: CBEXKHE
CeprneHTHHHTDI, BbILLEJOYEHHBIE CePIIeHTHHHTLI, HOHTPOHHTH3HPOBAH-
Hble CeprneHTHHHTHl, HOHTPOHHTEI, 0GOXpeHHble HOHTPOHHTHEL H OXPHI.
M3MeHeHHsi OXBATBIBAIOT 3/eChb H TSIKENYI0, H Jerkyio ¢pakiui.
Cyas mo TepMHYeCKHM KpHBbIM 00pasloB 3THX 30H, B HHX mocTe-
NMEHHO yMeHbluaeTcsl comepxkanne cepnentuna ot 90 no 40 % Bme-
cTe ¢ THM YBEIHUHBAETCH COAepXKaHHe 3aMellalollero ero HOHTPo-
HHTa (sHporepmuuecknit sddexr npu 180 °C) u rérnra (npH
330 °C).

BuiBerpesble nepugoTHThl (dur. 18.8) npexcrasiensl Tpems 30-
HAMH: 30HOIl CepHeHTHHH3HPOBAHHOTO MEepHAOTHTA, MOHTMOPHJJIO-
HUT-XJOPHTOBOH H XJIOPHT-MOHTMOPH/JIOHHTOBOMH.

C BbiBeTpeJbIMH rHnmep6asnTamu, 0cOGEHHO C 30HAMH 'BBLILIEJO-
YEHHBIX CEPNEHTHHHTOB M HOHTPOHHTOB, CBSI3aHB HHKeJb-KO5aJabTO-
Bble¢ CHJHKATHBIE MECTOPOKIACHHS.

Jlnisi BRIBETpEJBIX CEPNEHTHHHTOB CHH3Y BBepX XapaKTepHO BHa-
yaje yBeJHueHHe cOAep:KaHHs KpemHesema ¢ 42 no 53 %, a sa-
TeM — yMeHblienue. B oxpax ono se mpesbimraer 30 %. ITpumepno
tak ke Beayr ce6s Fe’* m Ca. 3amerno oumyuiaercsi BAOJBL TPO-
¢buas craboe nakomienue raumHoszema (ot 5 10 9 %) u 3HauHTeNDb-
HOe — OKHCHOro xesesa (or 5 no 45 %). Mg npakTHyecku Halelo
BeiHocHTCs (0,35—0,70 %). Na u K o6HapyxuBalOT HEKOTOPYIO TeH-
neHuuio Kk Hakonsaenuio. Coxepxanne Mn u Ni ymenburaercss B HH-
3aX M BepXax paspe3a H YBeJHUHBAETCH B CPejHel YacTH.

[To nannbiM ¢asoBoro ananusa u GanaHca XHMHYECKHX 3Jie-
MEHTOB MEXaHH3M BLIBETPHBAHHS CEPINEHTHHHTOB INpeACTaBJsAeTCs
caenyiomum o6pasoM. B npomecce XHMHYECKOro BHIBETDHBAHHS
B KHCcJ0H oOcranoBke (pH=4--5) npH BBICOKOM OKHCJIHTEJIbHOM
NOTeHIHaJ e CepNneHTHH pasjaraercs. M3 ceprmeHTHHA MepBLIM BhI-
Hocutcds Mg. Beaen sa Mg HaynHaeT MHIPHPOBATh HECKOJIbKO Me-
nee mojBHkHOe Fe?t, KOTOpoe He BHIHOCHTCH 32 MpeZenbl KOPbl BbI-
BeTpHBaHHs, Kak Mg, a HakaminBaercss B HHXKHHX 30Hax. [lpu
JajbHeRIIeM H3MEHEeHHH CepNeHTHHHTOB H JPyrHe BXOAsALLHE B HX
COCTAaB MHHEpaJibl THAPATHPYIOTCS, 3aMellasich TJIHHHCTBIMH IIPO-
JIYKTaMH BBIBETPHBaHHS. B KOHeYHOM cyeTe CeprNeHTHH NpeBpalla-
eTcsi B HOHTPOHHT; poMOHYeCKHe NHPOKCeHbl, 3aMellasich MeHHH-
HOM, JalOT HA4aJ0 TeMaTHTy H JHMOHHTY; NMEePBHYHBIH MAarHeTHT
TaKXKe 3aMellaeTcs TeMaTHTOM.
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CxeMaTHyecKH STH MPeBPAILCHHS MOKHO MPEACTABHTL B BHAE
peakiui:

2MgyFe*t [SiyO4) (OH), + 20H + nH,0 —
) CepneHTHn Pacrrop

— Fey" [Si,040] (OH), - nH,0 + 4Mg (OH),;
Honrponur Pacteop

4 (Mg, Fe) [SiOy] + Mg (OH)s +2A1 (OH);

PoM6. nupokcen acTBOp
— (Mg, Fe); Al[AlSi O,y (OH), + SiO,.
Iennnn

MexaHH3M BBIBETPHBAHHS [EPHAOTHTOB MOXKHO MPEACTABHTH
caepyioulnM o6pasoM. B mpolecce XHMHYECKOro BbIBETpHBaHHS
B KHCJI0H o6cranoBke (pH=3--4) npu BBICOKOM OKHCIHTEJBHO-
BOCCTAHOBHTEJILHOM MOTEHIHAJIe CePNeHTHH pasjaraercs, Mepexoas
B MOHTMODHJIJIOHHT, NMEHHHH — B JIEMTOXJOPHTHI, MATHETHT — B Te-
MaTHT, aM(pH60J — B XJOPHT, 3aMelllalouiHACs MOHTMOPH/IJIOHHTOM.
B Huxneil 30ome oTMeyaloTcs HOBOOOpasoBanus Baja M onaJja,
a B CaMHIX HH3aX pas3pesa — JOJOMHTA H MarHesHTa.

BriBeTpesibie MepHAOTHTE B OT/IHUME OT BHIBETpEJBIX CepreHTH-
HHTOB peiKko ObiBaioT oGoxpensl. [Toatomy u conpoBozkaaouMe Ke-
aeso Ni, Co, Mn npomsimieHnbix KOHLeH1pauuit o6bluHO He o6pa-
3YIOT.

B xope BbIBeTpHBaHHS CpeAHHX MO PO I CHUZY BBEPX BHIJIEJIS-
€TCA HETBIPe 30HBI: XJOPHT-MOHTMOPH/JIOHHT-KAOJHHOBASA, KAOJMH-
MOHTMODPHJ/IIOHHTOBASI, MOHTMOPHJIJIOHHT-KA0JHHOBAS ¥ KAOJHHOBAS
(puc. 18.9).

B XJIOpHT-MOHTMOPH/IOHHT-KA0MHHOBOM 30He BBIBETpeJIbIX mJia-
FHOMOPMHUPOB B TSIKENOH GpakiHH MHOTO sepen aMmpubona, marue-
THTA, WibMennTa. Bhillle mo paspesy, BKIOYas MOHTMOPHIIOHHT-
KdO0JIHHOBYIO 30HY, OHH 3aMeUIAIOTC COOTBETCTBEHHO JKEJe3UCThIM
XJOPHTOM, JIHMOHHTOM H JIeHKOKCeHOM. M /ML B BepXHHX yacTsx
9TOIf 30HBI OTMEYaeTCst MIHPOKOe PAIBUTHE THAPOOKHCIOR Maprauia.
B camoii Bepxmeit xaosuHOBOI 30HE TAXKeJble MHHepaJbl npen-
CTaBJIeHBl JIHIIL JIHMOHHTOM.

B cocrase, aerkoit ¢dpaxunn BBIBETPEJILIX IMJIarHonophupos
CHH3Y BBEDX (HKCHPYETCS MOCTENeHHOe yMeHbIIeHHe COLepIRAHNS
MEHHAHA C NMapajIeJbHLIM yBEJIHUCHHEM CONEPKAHHS JMeNTOXAOPH-
TOB. YMEHbIIAETCS COAEPIKAHME MIATHOKJIA30B OT 30 a0 0% wu or-
Medaercs JOBOALHO cTabHibHOE cojep:Kanue KBapia — 15—20 9.

KOPO# BBIBETPUBAHHA MJIarnonop(hHPoB CBA3AHE MECTOpPOXK-
JIeHHSI KaOJIHHOB.

B kope BbiBeTpuBaHus naaruonoppupos Haubojee HHTEHCHBNO
CHH3Y BBepX yMeHblIaercs cofepxanne uenouefi (Na u K), menee
pesko Ca, Fe?* u SiO,; Mg, Mn u Cr Bbumesauusaiores B HHXKHeR
4acTH paspesa, HakanauBasch B BepxHeil, a Ti u Ni, HaoGopor,
HaKaIIHBAIOTCS BHH3Y. 3HAYHTEJbHO YBeJHUMBAETCS CHH3Y BBepX
conepxanne Fe*t u ouenn cnabo — Al.
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18.9. Hsmenenue MiuHe-
aJbLHOr0 COCTaBa, Mace.
Eb. KOpH  BLIBETPHBAHHA
nnaraonopdupos  xe-
THITAPHHCKOTO Maccusa

¢ ray6uHOi.
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18.10. Mamenenue MHHEpaJbHOIO COCTABA,
macc. %, KOpbl BHIBETPHBAaHHSl TPaHHTO-
HA0B JIXKeTHIrapHHCKOrO MaccHBa C TJay-
Gunoil.

¢ — ragpocaona.

336

MexaHu3m BbIBETPHBAHHS
naarionoppHpoB  NpejcTaB-
JasieTcst  caeAyiomum obpa-
3oM. B npouecce xummuye-
CKOr0 BHIBETPHBAHHH B Pe3KO
OKHCJIHTENIbHOH  OOGCTaHOBKe
npy pH=4-5 amduboa me-
PEXOAHT B XJIOPHT, a 3aTeM
3aMellaeTcss  MOHTMOPHJJIO-
HHTOM H JIHMOHHTOM; [Ja-
THOKJ1a3bl CepHIIHTH3HPY-
I0TCSI W KaOJHHH3HPYIOTCH;
THIpOCJIOa H MOHTMOpPHJI-
JOHHT TepexoAsAT B KaOJHH;
MarHeTHT CHayaJja 3amella-
eTcsl reMaTHTOM, a 3aTeM —
JHUMOHHTOM; WJIbMEHHT JIeii-
KOKCeHH3HpyeTcH, GHOTHT
npeobpasyercs B  THApO-
caony. CxemaTHYeCKH 3TH
HM3MCHEHHA MOJKHO. TpejcTa-
BHTb  CJEIYIOUIHMH  peak-
IHAMH:

NaCa, (Mg, Fe), (Al, Fe)[(Si,

Poropan obmanxa

Al1),04], (OH), +
+ H,0 +CO,+ Mg (OH), -

Pacrrop

— Mg;Al [AlSi504] (OH)s +

TMenuun

-+ NaOH + 2CaCO,+

Pactsop

+ Si0, - Fe (OH)s; 5
MgaAl [A]SIsolo] (OH)s +

Mennnn

4 NaOH + Ca (OH), —~
— (Na, Ca)(Mg Al), [(Si,

MOHTMODHANOHHAT
Al1);0,4] (OH),-nH,0 4
+ 3Mg (OH),;

Pacrpop



pNaAlSi;0, - gCaAl,Si 05 +

Ilnaruoxknas
+CO,+ H,O—
— Al, [Si,05] (OH), +

Kaoann
+ Nagc()a o CaCOs.
Pactsop

B oranune OoT BHIBETpE-
JbIX runep06asHTOB 3/€ech
HalleJ0 BbIHECEHHI IIEJ0YH,
1leJI0UHEIe 3eMJIH H Mg.

Kopa  BniBeTrpHBaHu#A
KHCJBX MOPOJ B ONH-
ChIBa€MOM paHOHEe pasBH-
BaeTcsi IO TPaHHTOHAAM.
Ouu B cBeKEM BH/E colep-
xart, macc. %: kBapn — 40,
KaJHeBble MOJIeBble Lina-
Tl — 30, OHOTHT— 15 ¥
MOHOKJIHHHBIE nHpOKce-
Hol — 10 10. B cocras T14-
Kesof (PpaKuHH MaTepHH-
CKHX IOpPOJ BXOJAAT TaKxke
JIefTKOKCeHH3HPOBa H H Hl it
HIIbLMEHHT, MarHeTHr. B pas-
pe3e KOPHl BHIBETpPHBAHHSA
rpauutonaoB (¢dur. 18.10)
OTMeYaercss TPH 30HBI:
MOHTMODHJIJIOHHT - THAPO-
CJIOMIHCTO - KAaOJHHOBaf,
THIPOCTIOLHCTO - KAaOJHHO-
Basg u KaojguHoBas. C 3ToM
KOpPOH CBSI3aHBl  MecCTO-
POXKIEHHS KaoJHHOB W
pPEeIKHX 3JE€MEHTOB.

B Kope BBIBETpHBaHHS
rPaHUTOHMOB CHH3Y BBepX
HHTEHCHBHO YyMEHBILIaeTcs
conep:xanne Na, K, Mg,
Fexx u  SiO,. OtHocH-
TeJIbHO HHEPTHO  BejleT
cebs Ti, Mn, BHuIesnayn-
Basicb B BepxHeldl 4YacTH,
HaKanJuBaeTcss B HHXKHeH.
3HayHTeJbHO YBEJHUHBA-
ercsi  comepxaume Al
otyactH Fedt.
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18.11. HMsameHeHHe MHHEpaJbHOTO COCTaBa,
Macc. Y%, KOpH BhIBETPHBAHHA CEDHIHT-XJO-
pHTOBLIX cJaHueB JIxeTHrapHHCKOrO  Mac-

CcHBA.
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Mexaunsm BHBeTpuBaHuMs rpannTOMOB NpeACTaBIAeTCs TaKHM
o6pasom. B mpouecce xumuueckoro BBIBETPHBAHHS B OKHCJHUTE/b-
HOW oGcranoBke mpu pH=3--4 naarnoknass CePHUHTH3HPYIOTCH,
GHOTHT mepexoiuT B THAPOC/IONY H THAPOTETHT; MEHHHH, 3aMeCTHB-
WIHi THPOKCEHB H aM(HOO/IBI,— B MOHTMODHJIJIOHHT; THAPOCTIONA —
B K4OJHH; MarHeTHT — B IEMAaTHT, 3aMeIlalOUIHACH 3aTeM TETHTOM.

OTH 3aMellleHns, Kpome Y#e OTMeYeHHBIX BEIIIE, MOMXHO M306-
PasHTb B BHJe C]EAYIOUIHX THNOTETHYECKHX peaKumi:

pNaAlSiaom . qCaA125i305 -+ K-_;OOs - H,O e

IMaarnoknas Pactsop
i KAlg [AISisolol (OH)2 - N33C03 - CaC03;
Cepuuur Pactpop

K (Mg, Fe)y[AISi:Oy] (OH), + H,0+ H -
— (K, H0) I(Mg, Fe)s [A1Siz04] (OH), - nH,0;

HAPOGHOTHT
(K,l_ Hs?) (Mg, Fe)s {Alsisolo] (OH)g ke ano + A; (OH)g + COg S
HAPOGHOTHT acTeop
— (K, H;0) Al [AlSizOy] (OH); - nH,0 + Fe (OH)g 4 MgCOy;
IuppomyckosnT Pacteop
(r K, H;0) Al, [AlSi;0,0] (OH),-nH,0 - CO,+H,0—
HAPOMYCKOBHT
— Al [Si;04] (OH), + KoCO4;
Kaonnn Pactrop
2Fe;0, + O — 3Fe,04:
Marnerur Fematut
F3203 - H20 i Fezos : Hgo
Tematnr Férur

Hrak, B BBIBeTpeJBbIX KHCJIBIX NOpoAax, Kak U B KOPe BEIBeTPH-
BaHHS CPeLHHX MOPOX, MOYTH HALEJO BHIHOCATCS IIEJOYH H I1eJ04-
Hble 3emstH, Fe?t, Ni, Co n menece snauntensno Si. O6bI3BeCTKOBA-
HHE 31€Chb OTCYTCTBYET, @ KAOJHH CBOGOLEH OT MaJBX 3JeMEHTOB.

Ha 1Oxnom Ypane metramopduueckne nopons Haubo-
JIéé IIHPOKO NpeJACTaBaeHbl CePHIHT-XJOPHTOBBIMH caaHuaMu. OHu
C/IOIKCHBl B OCHOBHOM JIENTOXJOPHTAMH H CJIOAHCTHM MHHEPAJIOM,
a Takmke copepxkar ksapu (10—15%), nonesoft mmar (10 %).
B cocraBe akueccopmueB orTmeuaiorcs MarHeTHT, XPOMHT, MeHee cy-
HiecTBeHHBl aM(puOOM H 3NHIOT.

B npodume BLIBETPEJIBIX METaAMOD(HYECKHX NMOPOA CHH3Y BBepX
BRLIEJEHbl yeThipe 30HBI (ur. 18.11): CePHUHT-XJIOPHTOBAS, XJIO-
PHT-THADOCNIOAHCTO-KA0JNHHOBAS,, THAPOCTIOAHCTO-KAOJNHHOBAS H
Ka0JIHHOBaf.

B kope BhiBeTpHBaHuS CePHUUT-XJIOPHTOBBIX CJAAHIEB B OTJHYHE
OT KOP BBIBETPHBAHHS KHC/IBIX H CPeAHHX NMOPOJ HHTEHCHBHO YMeHb-
UIaeTcsa COAepiKaHHe BBepPX MO paspesy JHIIbL IieJouef (Na, K).
Ca, Mg, Fe?*, Bumenaunpasics B OJlHHX 30HAX, HaKaMJIHBAIOTCSH
B Apyrux: Fe* uw Mg — B muxueii, Ca— B BepxHeil. UHTencHBHO
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yBesanuuBaercs cofepxanne Mn n Ni. OtTHocuTe/NbHO HHEPTHO, HMES
HEKOTOPYIO TeHJeHIHI0 K BbIHOCY, BeayT cebGsa Si, Al u Fedt; unep-
TeH Ti. I'eoxuMuueckuii mMpo¢uJIb BEIBETPEJbIX CJAHIEB, M0-BHIH-
MOMY, 3aHHMaeT MPOMeXKYTOUHOe IMOJOJKEHHE MeKAY BEIBETpPEeJBIMH
runep6a3suTaMH U KHCJABIMH MOPOLaMH.

Hrak, nas dopMupOBaHHS KOpP BBIBETPHBAHMS KHCJABIX U YJbT-
PAOCHOBHBIX NOPOJ HeoOX0AHMMa OKHCJAHTeJNbHAsE 0GCTAHOBKA H KHC-
nas (pH=3--4) cpena. B npouecce BbilesaunBaHusi OPOJ U3 HHX
BBHIHOCHJIHCh 11eJIOYH M LIeJ0YHble 3eMJH, HaxkamtuBaauch Al u Si
H Maable 37eMeHThl. Ilocneanue ajpcopGupoBas B OCHOBHOM MOHT-
MOPHJIJIOHHT. B mocaenyiomue stansl Ha cOPMHPOBABUIYIOCH KOPY
BBIBETPHBAHHs HaK/IaAbIBAJHCh BTOPHYHblE Mpolecch (06oXpHBa-

' HHe, OMapraHneBaHue, oObI3BeCTKOBaHHeE), COCOGCTBOBABIINE J1aJb-

HeHlieMy npeo6pa3oBaHHIO BEPXHHX 30H KOp BbiBeTpHBaHuA. [IpH
3TOM MHHEpaJIoTHYeCKHe H3MEHEeHHS BbipasH/IHCh B 00pa3oBaHHH
Pas3iHUHBIX OXpP, KapGoHATOB, BAJAOB H T. [, 4 TeOXHMHUYECKHE —
B NDHBHECEHHH B BePXHHE 30HBI NMOPOJ00ODPA3YIOUIHX H MaJbIX 3Jie-
MeHTOB. AccoUManuH 3JeMeHTOB, XapakTepHble AN MAaTepPHHCKHX
NIOPOA, B HOBBHIX OKHC/HTENbHBIX YCJIOBHAX pacnajajHuch H CMeHd-
JIHCh aCCOIHAIHAMH, YCTOﬁq}lelM}i B I'HIIEPTEHHBIX YCJOBHAX. Yucao
MHHEDAJIbHBIX BHJIOB B IIpOllecce BHIBETPHBAHHS B IeJOM YBeJIHYH-
BaJOCh, NPHYEM CAMBIMH YCTOHYMBBIMH MHHEPAJaMH B BHIBETDe/bIX
mnepéasn’rax OKa3aJ/JuCcb HOHTPOHHUT H l“éTHT, B KOpE& BLIBETPHBaHHUA
KHCJIBIX MOPOJA — KAaO0JIMH, B JIETKOH ()paKUUN 3THX MOPOL — JIENTO-
XJIOPHTHL, B TSAXKEJOH — JIUMOHHT, TeMATHT, JefKOKCeH.




nasa 19

FTEOXMMUA NPOLIECCOB
PETMOHAJIbBHOTO METAMOP®U3IMA

Y6epuTte MeTacomaTtM3M, W OT MeTamopdMaMa Mano
YTO OCTaHercs.

B. Jlundepen, 1923

CaoBo meramoppusm mpomcxXoaut or rpeueckoro metamorpho-
Omai, YTO 3HAYHT NOJABEPraioch MPeBpalleHHIo, TPpeobparKaoch.

Meramopdusm TropHBIX TOpOA siBJeHHe YHHBepcadbhoe. Ha
3eMJsle HET TOpHON MOPOALI, KOTOpas Obl He Hecada Ha cebe HAH
B ceGe cJiel0B H3MeHenuii. MeTaMop(u3sm nopos, oveHb YacTo CKPH-
THIi OT V143, MPOTeKAeT B 3eMHON KOpe HenpepHBHO, HAYHHASCH
B CTaJHH BLIBETPHBAHHA M 0CaJAK0OOpa30BaHHUA W 3aBepiluasich
B CTaiuy riyGoKHX mpeoGpa3oBaHuii cocTaBa H CTPYKTYPH B 30HE
Meramoppuama.

Beigensiior xonraktoseui w  pezuoranbHeli BHIB MeTamop-
pusma. * Meramopdusm mnopoa, cosepmaiomimiics NPH TOBBILLIEHHH
HX TEeMIepaTypel BCJEACTBHE TOTPYXKCHHS HJIH IpPOrpeBa OT BHE.-
pHBILEfiCSl HHTDPY3HH, HA3blBaeTCsi npoepeccusHoim. C TAKMM MeTa-
MOPGH3MOM OOLIYHO COMPSIKEHBI SIBACHHA AeTHAPATALHH, JAeKapbo-
HH3aLHH, Aecy/boypusanuu u 1. A. BhicBoGokaas us mopox mpu
Harpese OrpOMHBIE MAcchl 3aK/IOYEHHOH B HMX TMOPOBOMH, THTPOCKO-
MHYECKOiH, KPHCTAJNJIH3aMHOHHOIT, LEONHTHOH, KOHCTHTYLHOHHOR M
HHOH BOJbl, PErHOHaJbHBII MeTaMOP(H3M npeBpallaeT 3Ty BOAY
B AKTHBHBIE THAPOTEPMAJbHBIE DPacTBOpPHI, TJAY60KO H3MeHSIOUIHe
COCTAaB M CBOHCTBA MOPOA, MO KOTOPHIM OHH MHTFPHPYIOT. [TosTomy,
KaK IpaBHJIO, DErHOHAJbHbI MeTaMOPOH3IM NOPOA CONPOBOMKIA-
€TCA HHTEHCHBHBIM METacOMaTO30M, MepepacnpeieseHHeM MHHe-
PAaJIbHOTO BElleCTBa, 4 HEPeAKO H HHTEHCHBHBIM THAPOTEPMAJbHBIM
MHHEpasoo6pa3oBaHHeM.

KPATKASl MCTOPMA YYEHMA O METAMOPMM3ME

Ilpencrasaenne o meramopdusme mopon GeperT HauaJo0 OT WIOTJIAHACKOIO
Hatypaaucra-reosora JI. Terrona (Xatron) (1726—1797). TepMuHn «MeTa-
MOPDH3M» H «MeTamopdHUeCKHe NOPOAH» B ynorpeGjenne BBefeHn B 30-¢ rrT.
npolyioro Beka aHrauiickum reosorom Y. Jlafiesem (1797—1875).

B nepsoe Bpems mox meramopduaMoM monmMaJH H3MEHEHHS, KOTOPEIM Moj-
BEPLIACH  peBHEefiliNe OCaLOYHBIE NOPOAL NOA BJIHAHHEM SHAOLEHHONO Tem.na
3eman. Jlaiteas, K. an ge Bomon (1798—1874) nokasanm, yro Takum obpa-

* 0. Mumeas-Jlesu (1844—1911) ormeuan, uto Ha riy6HHe KOHTAKTOBHI
MeTaMOpP(hH3M NMOCTENEeHHO CAHBAGTCH C PerHOHAJBHEIM.
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30M BO3HHKJH KPHCTa/JHUeCKHe caaHupl [TocTenmeHHo pacuiupasch, MOHATHE Me-
tramop(u3Ma OXBaTHJIO Bce MHOrooGpasue nOCAEAYIOUIHX H3MEHEHHIT HCXOAHBIX
(«nepBHUHBIX») NOPOA TOJ BJMAHHEM TEeMINEPaTYPH, NABICHHA H XHMHUCCKHX
Bo3aeiicTBHIL.*

dunckuit nerporpat I1. Dckona (1883—1964), Bnepsbie NPHMEHHB NPHH-
uunsl  (DHIHYECKOH XHMHH K TFEOJIOTHH MeTaMOpOHYeCKHX mopoi, B 1920 r.
cOpPMYNHPOBAT NOHATHE O KMUHEPAALHOLY (PAYUAX». Mugepaabisie ¢aunu, 10
cKoae,— 3T0 TPYNNE NOPOA, COCTOAIIMX H3 MHHEPAJOB, HaxXOAAIUHXCA B paB-
HOBECHH TPH AAHHBIX YCJOBHAX TEMNEpPaTypbl, AABJeHHA H KOHUGHTPAIHH (ax-
THBHOCTH) KoMnoHenToB. [To Dckose, ans BepxHeii 30HH MeTaMmop(uama Xxapak-
TepHH XJOPHT, AHTHTODPHT, POroBasi OOMaHKa, SMHMAOT, UOH3HT, AABOHT, [JAyKO-
dpan, CepHLHT; AJf CPeAHeH — MHCTEH, CTABPOJHT, aILMAHAHH, AHTO(HJLIHT,
porosasi oGMaHKa, MHPON, SNHAOT, AMLOHT, MYCKOBHT, GHOTHT; AAsA HHUKHel —
CHIJAMMAHHT, aJbMaHJHH, ODOH3HT, OJHBHH, [HONCHA, OMALHT, MHPOMN, KOp-
JHEPHT, WINHHeIb, AHOPTHT, AaJbOMT, MKajeHt, OPTOKJAa3, GHOTHT. Mugepaansl,
XapaKTepHbIE AJ5 ONpeie/ieHHbHX 30H MeTamopduama, aBCTPHiicKHil MHHepaior
u nerporpap @. Bexke (1855—1931) nassan runomopguoimu. ®. Dekke,
V. T'pyGesMan n Apyrue HCCjeoBaTeNH MeTaMOPGHYECKHX NMOPOL IOKAsal, uTo
npH perHoHaJbHOM MeTamMopdH3Me JeHCTBYEeT 3aKOH o6vemos: B rayGoKux 30-
Hax (opMHpPYIOTCS MuHepajs Gojee BBICOKHX MJOTHOCTeH, MHHepaabl MEHbIUMX
MOJIEKYJIAIPHEIX 00beMOB. 3aKOH 00beMoB npefcrapiser coboil mposBJeHKe
B JaHHHIX yeaoBuax npunyuna Je llareave **

®unckuit reosor 9. M. Cepmeproibm (1863—1934), uccieays nopoast 1o-
keMOpua QUHAAHARK, pacuieHH] raySokoMmeTaMop(u3OBAHHBE CepHH Ha He-
CKOMbKO CHCTEM M BBUAEJNHJ TPYNNy MOPOA, AJAs KOTOPHIX SBJIEHHs TIiIyGOKOro
HHBEKIIHOHHOTO MeTamopdusMa GhIH CTOAL XapaKTePHHIMH, 4YTO 3TH NOPOABI
0KA3aJIHCh, NO CYTH, CMEUIaHHBIMH OCAJ0YHO-H3BEPKEHHBIMH 00Pa3oBaHHAMH.
CeaeprojbM TakHe yabTpameraMopdHueckue MOPOJbI HA3BAJN  MUSMATUTAMU.
UacTHuHOe MEpenyiaBJenne ocajouHEX NMOpOA npu yaerpameramopduame Cejep-
roJibM HA3BaJl QHATEKCUCOM, A €CJH OHO 3aXBATLIBAJO H3BEPKEHHHIE MTOPOJHI,
TeM caMbiM CHOBa mpespaiuias ux B pacnias, CeaeproibM HasBan naAuHcene-
30M, T. €. BO3DOMKACHHEM.

B 1909 r. Bexxke BBeJ noHATHE Ouagiropesa, T. €. PErpecCHBHOTO METaMmop-
du3Ma, MPOHCXOASUIEro B NMOPOAe, Koria oHa M3 Gojee rayGOKHX 30H mepeme-
maetcss B menee rayGokue. ITpoueccs, composoxaaiomue AuadTopes, no Bekke,
CYTh CepHUMTH3ALHMS MOJEBOro IIMATa, XJAODHTH3ALHA C/IOALI, CEPHNEHTHHH3ALHA
OJMBHHA, NHPOKceHa H am¢uGona u T. m. Jlesuncon-Jleccunr [1935 r., c. 432]
moJaral, 4TO <«NpejcTaBjJeHHe O AHadTopese ABJsercs OoJsee TEOPETHUECKHM,
yeM peasbHBIM>.

B 1921 r. I1. XoaMKBHCT OnHcal CHAOAAHbIE THeHCHl, HcrellpeH-
HHIE JKHJKAMH 4acTo [0JeBOlnaroBoro marepuana. On wnasBana
ux seunuramu, a CeleproibM — aprepuramu. XOJMKBHCT Iosaral,
yTo B rayGokux 3oHax npu 800—900 °C u manuyuu 1enouei, Kpem-
HezeMa M IJIHHO3eMa H3 J/i000# MOpPOoAbl — 0CajoyHON H H3BEpIKEH-

* @, 10. JleBuncon-Jleccuur u 3. A. Crpyss [1937 r.] nanu onucande 44 BH-
noB MeramopdusMa nopoA. Mbl He HMeeM BO3MOMKHOCTH 3/leCh JAaxe mepeuc-
JHTb HX.

#* A JI. Jle Ilareave (1850—1936) — dpannysckufi  UHKO-XHMHEK,
B 1884 r. chopmyanpoBan oOIHH 33aKOH CMEIUEHHS XHMHYECKOro paBHOBecHs:d
B 3aBHCHMOCTH OT BHEWIHHMX (aKTOpoB. DTOT 3aKOH MOJYYH/ HA3BAHHE NPHHUHNA
Jle llareave. [1punuun Jle [laTense raacur: Bo3jeficTBHE Ha CHCTeMY, Haxois-
[ylocsi B PaBHOBECHH, cONpoBOXKAaeTcs 3¢dexToM, npoTHBOAEHCTBYIOIWHM 3TOMY
posfiefictBrio. Takum oGpasoM, MPH HAarpeBaHHH PEAKUHH HMAYT ¢ MNOrJOLIEHHEM
Tensa, NpH OXJAAX/EHHH — C BHJIEJEHHEM; MOBLIIEHHe JaBJeHHs GraronpHaT-
CTBYET INpoOleccaM, CONMPOBOMNKAAWIIHMCA COKpalleHnem ofbeMa M NPOTHBOEl-
CTBYET TeM, KOTOpPHE HAYT C yBeJqHueHHeM obbema.
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HOH — OyJleT BBHINJIABAATHLCS IPAHHTHAs 3BTekTHKA. OHa H (HKCH-
pyeTcs B apTepHTax. IcKosia PacmpOCTPAHHI 3TO NpeACTaBJIEHHE
Ha o6pa3oBanHe MeTaMOp(oreHHHX rpanutos. Tak, MpeacTaBJeHHe
CeneprosbmMa 0 4acTHYHOM INIyGHHHOM pacliaBieHHH nyTeM aHa-
TCKCHCA HJIM MalHHI'eHe3a ¢ 00pa3oBaHHeM MHICMATHTOB MOCTEMEHHO
IBOJIIOLHOHNPOBAJIO B INpeAcraBienve 06 00pa30BaHHH TI'DAHHTOB
B Ipouecce yabrpaMeraMoppu3Ma M rpaHHTH3ALHH.

B Coserckom Cowse yuenue o MeTaMopduaMe OGBIJIO YCIeIHO
paseuTo B TpyAax B. M. Tumodeesa, A. A. [Toaxanosa, H."A. Eau-
ceesa, I H. Cymosukosa, II. C. Kopxunckoro, K. O. Kparua,
I'. M. Capanunnot, M. A. TunsipoBoii n muorux LPYrHX HMCCIeqoBa-
TeJled.

PAKTOPbl METAMOPMM3IMA

BaxuefimuMu hakTopamu, BHIZHBAOWIHMH PerHOHaJbHBI MeTa-
MOPOH3M, SBIAIOTCH: TeMreparypa, AaBJjeHHe, BPeMs BO3/efiCTBHS
TEX WM HHBLIX (AKTOPOB, NEPEKPHCTAIIIH3ALMA, YNOPALOUEHHE
CTPYKTYp, KHHETHKA [Ipollecca, BJHAHHE DACTBOPOB, AM(dY3Hs Be-
umecrsa B TBepaoit (ase w Meracomartos. Poabr sTux thakTopos
B pasnoe Bpems OLEHHBAJACH NO-PA3HOMY.

Tax, uampumep, H. T. CynoBukor mmucan: «B pPeruoHanbHOM
MeTaMOp(H3Me YYacTHE JeTYYHX KOMIOHEHTOB H/IH PacTBOPOB Mar-
MaTHIECKOr0 IPOHCXOKACHHS KpaiiHe He3HaunTesbHO... Haodopor,
B34HMOOTHOUIEHHA MeXAy MarMaTHYeCKHMH TeJaMH M BMellaio-
UM TIOPOIaMH B BepXHel CTPYKTYPHOI 30HE MOXKHO CKOpee mpei-
CTaBUTD cebe KaK Pe3yJbTaT BJHAHHA MeTaMOP(OreHHbX PACTBOPOR
Ha COCTaBbl MarM M MarMaTHYeCKHX MOPOA. B CBA3H ¢ 3THM He0G-
XO/IHMO MOJYEPKHYTH GOJBIUYI0O POJb B PErHOHAILHOM MeTaMop-
busvMe JNeTYYHX KOMNOHEHTOB, MOGHIH30BAaHHHX
B OCalOYHBX NOpPOAAX B NPONECCe HX H3MEHEHHs»
(paspsinka mos. — B. B.). :

A. B. Cugopenxo u 10. A. Bopuwescxnii [1975 r.] mokasamu, uro
B PErHOHAaJLHOM MeTaMOp(hH3Me, T'DAHHTH3ALMH H I1EJOYHOM Me-
TacoMaTose yuacTBYIOT H30TOIHO JIErKHE NOBEPXHOCTHEE BOAB THI-
poctepsl, mpeoGpasyiouine 0CafouHy0 000JIOUKY 3eMIH M BHI3H-
BaiOllHEe MaTepHaJbHBIi KPYroBOPOT BellecTBA B 3eMHO Kope.
Huxe ™Mbl yBMIMM, Kak TNpPOSIBISETCA POJIb BOJHBIX PACTBOPOB
B IIepepacnpe/ie/leHHH MHHEDAaJdbHOTO BELIeCTBA B 30HE MeTamop-
duzma.

METAMOP®HYECKUE ®ALIMH. VYuenne o MeTaMopduye-
CKHX (halusx, BUepBee uanoxmennoe I1. ckona B 1920 r., He ocTa-
€TC HEHIMEHHBIM, OHO YTOUHsieTcA H passuBaercs. Tak, I'. Buuk-
Jep [Winkler H., 1974 t.] na CMEHY TOHATHSIM MeTaMopduueckas
$anns u cyGdauus Bo3poaua nousTHe O MeTaMOp(HIECKHX 30HaX,
BBUIE/ISIEMBIX HA OCHOBAHHH MHHEPaJIOTHUECKHX peakuuii — rnas-
HBIX HHIAHKAaTOPOB MeTaMopdusMa, no Bumknepy. [lo Xapakrepy
3THX peakUuii BBIEJAIOTCH 30HH KpaiiHe HU3KOH, HH3KOM, cpeaHelt
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19.1. Coornourenne Meramopduuecknx Qanufi ¢ H3MeHeHHeM
JABJICHHSl Harpyskw H TteMmnepatyphl [Tepuep @., 1974 r.]

M BBICOKOH cTynenefi Meramopduama. Takum obpasom, HOBas KJac-
cupnkanusg Buukaepa siBisiercss B KaKOH-TO CTeNeHH BO3BPaTOM
K CTaphLM MNpeAcTaBJeHuAM IckoJbl — [pyGenmana — Ban-Xatiza.

B Hacrosee BpeMsa mox meramopuueckoil payueld NOHUMAIOT
KOMIJIEKC METaMOP(HUECKHX TOPOJ, CJOMKEHHBIX MHHEPaJbHBIMH
accouualnMsMH, PaBHOBECHBIMH B JaHHEIX YCJIOBHSIX MeTamopdusMma,
a 1o meramopgusmom Booblie — «MpeBpalleHHs B MOPOAAxX, Mpo-
HCXoJsilnue Oes MJiaBjaeHHs H 6e3 yuacTHS NPOIECCOB BHIBETPUBAHHSA
u ocaxjenus» [Bapr T. @., 1956 r., c. 273]. Ilo mepe yray6aenus
SHAHHA O TMpHpoJe MeTaMop(du3Ma CTAHOBATCSA Bce GoJee MOJHLIMI
NPEe/CTaBJIEHAS W O TPaHHIAX TePMOJHHAMHUECKHX TOJel YCTOR-
YyuBOCTH MeTamopduueckHx dannit. TlosTomy umciao Takux daumit
HENPEPLIBHO pacTeT, H B HacCTOsllee BPeMs HX OMHCHIBZETCS yxKe
Conee 20. Ha ¢ur. 19.1 nokasano mosoxenue riaBHeHIIHX (aluil

B koopaunatax T — pu,o. Huxke maercs kpatkoe onucanHe 3THX
thanui.

LleonutoBasa ¢auus sABasercss CBOEOGPA3HBIM MEPEXOAOM
OT YCJIOBHH DPErHOHAJLHOTO SMHreHe3a K PerHOHAJbHOMY MeTaMop-
¢dusmy. B ee cocTaB BXOAAT B OCHOBHOM KBapIL H IEOJHTH. Pauns
ycroiiunBa B yc/oBuax aasjaenus 0,2—0,3 I'Tla (2—3 x6ap) u tem-
nepatypst 200—300 °C.

I[IpenuroBas dauusa dopmupyercs npu Gojee BHICOKMX IaB-
nennsx (po 0,5 I'Tla) u temmeparypax (300—400 °C). Munepaiin-
HBIA cocTaB ee Bkao4aer npeHuT CasAlySisOy0(OH),, nymnesnnur
CazMgAh[Slo.;] . [Sleﬂ(OH) 2 Hgo, KBapu.

Fmaykodaun-naBcoHuTOBas Qauus XapakTepHayer elle
Gosee Bbicokue naBieHHs, gocturaionie 1,0 I'Tla, n ymeperubie
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AL, Cunnumanum Temnepatyps  (300—500 °C).
(xuanum) Caunuersie  ocagku  (me-
JIUTHI) B YCJOBHSIX 3TOil (a-
IHH T@peBpallalOTCsi B TeEM-
Hble, TNJIOTHBle, OJecTsiHe
cJlaHIbl — QHAJHTE, COCTOA-
L(He H3 CEepHIHTA; XJOPHTa,
- KBapua H riaykoana
e ManduH Nap (Mg, Fe?t); Aly[Sig040]X
X (OH);. OcHoBHEIE MOpPOAHI
B YCJIOBHAX 3TOH (aiuu npe-

Nnazuoxnas
(cranosum)

Ca e requm ' Fe BpamamwTes B MeTaGasuTh *

19.2. Munepaabibie naparemesuch rpamy- COCTaBa 3MHAOT — riaaykKo-

auToBofi tauun (mo II. Ackone). Pam, NyMIeJJIHAT, JaBCOHHT
CaAly[Si;07](OH) - H0.

3eneHocnanueBas pamus OTBeYaeT WHPOKOMY AHATA3OHY
aasiennit (0,2—1,0 TTla) u temmeparyp (300—500 °C). Ias
MHHEPAJILHOTO COCTaBa MOPOJ 3TOH (halMi XapakTepHbl KBapll, aJb-
GHT, SMMIOT, XJOPHT, aKTHHOMHT. Kak W Bo Besiko#t Apyroit mera-
Mopduueckoft (amun, MUHEepaJbHbIE MapareHe3uchl B KaXI0M KOHK-
PEeTHOM cJayuae OYAyT ONMpelelsiTbCs COOTHOUIEHHSIMH TJIABHBIX MH-
HEpaJioB H HX COCTABAMH.

AvdpuboauroBas (auus popMHPYeTCH TPHMEPHO B TOM IKe
Auanasone Aasjenns (0,2—1,0 I'lTa), Ho npu Gosee BHICOKHX TeM-
neparypax —450—700 °C, a mo woseifimum gawumiMm [[doGpe-
uoB M. JI. u xp., 1974 r]— npn 650—800 °C. Kax Buano u3 cur.
19.1, ®. [I. Tepuep u JI. ®epxyren or ambuboantosofi damuu or-
[AEJHIH B Ka'ueCTBe CaMOCTOATEJNbHOH (hpallHi0o POrOBOOGMAHKOBHIX
POTOBHKOB, paHee OXBaTHIBaeMylo eanHoii am¢puboautoBoit hanue
IT. 3ckonsl. PoroBooGManKoBO-poroBukoBas amuus o6pasyercs
B YCJIOBHAX KOHTAaKTOBOrO MeraMop(dH3Ma M 3/leCh M03TOMY He pac-
cvartpuBaercs. Jlas amou6onnToBoii ¢amun xapakTepHbH poroBas
oOManKa, NJIarHoKJas, adbMaHAHH.

FpanynnroBas ¢auns Takke XapakTepusyeT CpelHHC HaB-
Jenust (0,2—1,0 I'Tla), no eme Goaee BhicOKHe, ueM aM@HGOIHTO-
Basl, TeMneparypel meramoppusma (750—1000 °C). Munepasbubti
COCTaB 3TOH (alHH /A MeTaNeJHTOB NPeJACTaBAeH MIaTHOKIA3aMH,
KBAPIEM H IpaHaTaMH, a A MerabasHTOB — POMOHYECKHM H MoO-
HOKJTHHHBIM TNHPOKCEHAMH, TJIArHOK/Aa3aMH, KaJHeBHIM TOJEBBIM
wnatom (¢ur. 19.2). B ycioBHAX KOHTAKTOBOTO MeTaMophuaMa
NpH HH3KHX [1aBJEHHSX H BLICOKHX TemmepaTypax oGpasyercsi da-
LHsl MHPOKCEHOBBIX POrOBHKOB. MHHHMaJbHAS KpHBas BHIMJIABJIe-
HHsl MAJHHTEHHOTO <«TPaHHTa» OTAeJ]AeT NHPOKCEHOBHIE POTOBHKH
oT rpanyautoB (dur. 19.1). Ho cama Bepxusisi reMneparypuas rpa-
HHILlA TPAHYJIHTOBOH (alMH bechbMa ycJOBHA.

* Mera6asutamu B. Xakman naasagn s 1902 r. MeTaMop(H30BaHHbIE OCHOB-
HBIC MOPOABI OT AHaGasa 0 POroBOOGMAHKOBL'X CJAAHLEE.
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1 19.3. Meramophugeckue mopoan dauun sesensix caauues [Bumkaep I, 1969 r.).

dxaorurtoBad ¢aunua ¢GopMHPYeTcss B YCJOBHAX BBICOKHX
nasjenuii, npesbimwatwomux 1,0 ['Tla. Temnepatyphl 3T0H (auuu pe-
. rHOHAJBHOrO MeTaMop(du3Ma OXBATHIBAIOT OUPOMHEIH HHTEPBAJT —
or 200 mo 1000 °C. B atux ycaoBHAX 06pasyloTcs IJIOTHBIE KpH-
CTAJJIOXHMHUYECKHE CTPYKTYPHl TaKHX MHHEpaa0B, KaK IHPOKCEH-
oM auuT, NpeAcTaBAAIOLHA co00N TBEpPABIH pPAaCTBOP aBLHTOBOTO
(Aug), xapneuntosoro (Jd) u akmutoBoro (Ac) (3rHPHHOBOrO) KOM-
NOHeHTOB KoJeb.omerocs coctaBa Jdzs—psAugss_75Aco—gs, TpaHar,
AMCTEH, 3SHCTATHT, PYTHI. IKJIOTHTH, BINEpBHe ONHCaHHBe AloH
| B 1882 r., HexkoropriMu aBTOpamMu (Pepmop, dckosa) paccMaTpHBa-
‘ JIMCb KaK TIJyOMHHBIE NMEPBHYHO-MarMaTHYeCKHe IIOPOIBI, OTBEYal-
] e coctaBy raéépo. *
b B 3TOM npeacTaBjeHHH MOXKHO NMOYYBCTBOBATb, KaK TPYAHO MPO-
BECTH HMIKHIOIO T'PAHHIYy PErHOHAJbLHEIM MeTaMOp(GH3MOM M Marma-
tuaMoM. Takum o6pasoM, H MAKCHMaJbHBIE JaBJIEHUS, H TeMmepa-
L TYPHl, B YCJAOBHSAX KOTOPBIX TPOHCXOAHT DPerHOHAJbHBIH MeTamop-
i (h¥u3M, OCTAIOTCH HEH3BECTHBIMH.
I Yro xe Kacaercd obuled 3aBHCHUMOCTH (auuii MeramoppHaMa
‘ OT TeMIepaTypsl H AaBJEHHs B YCJOBHSIX PAas/JHYHBIX 3HAYEeHHH reo-
tTepmuyeckux rpaaneHToB (10, 30 u 50°C/km), TO oHa oOYeHb Ha-
rasnno nokasana K. Kpayckondom [Krauskopf K., 1967 r.].

YcTaHoBIeHHE rpaHUIl MoJied YCTOHYHBOCTH TeX WIH HHEIX MHHe-
panbHBEIX MapareHe3HCOB NMPOBOAHMTCSA HA OCHOBAHHH H3YyueHHS COOT-
BETCTBYIOILHX CHCTEM B J1aGOpPaTOPHHIX YCIOBHAX.

* B HekoTophix raG6po AHONCHJ HAalea0 3aMelllaeTcs SPKO-3€JeHbIM BOJIOK-
HHCTHIM AKTHHOJHTOM (CMaparauToM),
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IIpencrapaenne o Tom, kakue nopoAbl 06pasyorest B anuio se-
JICHBIX CAHUEB H3 COYETAHHS YeTHPEX IJIABHBIX Tpynn MHHepaJjioB
[kBapu, kaabuut, caons (xnopurel), anb6uT (MHKPOKJIHH) ], MOXHO
NoJy4yuTh H3 ¢ur. 19.3. B aMpuOOTHTOBYI0 hamHio H3 Tex e He-

XOMIHBIX ~ MHHEpaJioB  06pasyoTcs [IOpoxbl, H306paieHHEe Ha
Gur. 19.4.

XMMHM3M METAMOP®HYECKUX norop

XuMuyecknit cocras MeTaMopduYecKHX mopog HIpaeT BaxHel-
LIYIO POJIb B HX KNACCH(HKAUHH H YCTAHOBJICHHH FeHesHca. Tax, co-
A€pKanne KpemHesema Gosiee 80 Y, naer Beckue OCHOBaHMsI mpej-
ToJlarath, UTO HCXOAHOMH NMOPOAOH GbisiH BBICOKOKDEMHHCTHIH 0caiok
HIH KBapueBblii necyauuk. IIpesbiurenue MOJIEKYJIAPHOIO KOJHYe-
crBa K nmax Na u Mg nag ussectoio CBHAETEJbLCTBYIOT O MEJHTOBOM
CocTape HCXOAHOH mnopoawl. M36mTok IVINHO3e€Ma, O6BIuHO GoJiee
10 %, Takke ¢ HecoMHeHHOCTDIO FOBOPHT 06 OCaf0YHOM XapakTtepe
HCXOJIHOrO MaTepHaJa. _

Ilo xumu3My meramopgusosanubie MOpPOAbl NPHHATO JEAHTH Ha
ISTh KJIACCOB:

1) neanrobie (ramubl, rauHKHCTHE CJaHUB, JHTHGHUHPOBAHHbBIE
HJIB) ;

2) KBapIeBO-MOJIEBOLINATORbIE (KBapueBbie H moseBoMmIMATORBIE
IECIAHUKH, aPKO3Bl H KPEMHE3eMHCThIe H3BEpIKeHHLIe NOPOIk) ;

3) H3BECTKOBHCTHIC (M3BECTHSKH W HOJIOMUTHI, YHCTBIE HJHM 3a-
FPASHEHHbIE, cO/lepIKallHe KBAPI H [MIMHHCTHE MHHEpaJIbl) ;

4) oCHOBHBHIE H MONYOCHOBHETE H3BepIKEHHbIe (B TOM YHCaAe TydhI

H MEpre;uCcTLIe OCaJKH, COMepIKAlIMe 3AMETHO® KOMHYCCTRO Ca, Al,
Mg u Fe);

Kapbonameodepxcaugud
bapy Klapyum
B

a6lum - KBapy -
5.9::9:2 mma‘(w

Habecmnobo-
cunukamuerd xans-
Uum-carodanba coaney

Cnodanoi\
cnawney N\
Uny ewede \\

Quopumobeid eneic)
fnaeuoxnas ( murpoxnu)

Myexobum, Guomum

19.4. Meramopduueckue nopoast amduboantonodt dauun [Bunknep T., 1969 r.].
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19.5. Inarpamma AlOs—CaO—FeO+MgO, ortpaxaomasi moas cocTasa NATH
XHMHYECKHX KJaccoB MeTaMOpgHYECKHX TNOpPOI.

lMokasan Takke cocTaB riaBHefilMX MHHEPazOB H3BEPIKEHHHX M OCAJOYHBIX NMOPOL (Kpome
KBaplLa, UeN0YHBIX MOJEBBIX wnaTtoB M deapamnaronioB). I'paHAUbL MeXAY KJaccaMH mpo-
Bejielbl ycaosuo [Fyfe W. S., Turner F. J., Verhoogen J., 1958 r.].

5) MarHesHaibHEIE (IPOM3BOAHBIE CEPNEHTHHHTOB, a TaKikKe
ocankos, oGorauenieix Mg u Fe). [Toas cocraBa 3THX MOPOJ 10-
KasaHwl Ha ¢ur. 19.5. : -

XHMHYECKHH COCTAB apPrU/JIHTOB, ACHHUAHBIX CJAaHLEB, QHIIHTOB,
KPHCTA/I/IHYeCKHX CJaHLeB, THeHcoB, aM(pHGOIHTOB, TPaHYJHTOB,
SKJIOrHTOB, YapHOKHTOB Npuseiex B Taba. 19.1. MuHepajbHblil co-
CTaB KPHCTAJJIMYeCKHX OHOTHTOBBIX CJAHIEB, rpPaHHTO-rHeiicoB,
"MHTMAaTHTOBBIX THEHCOB, 'PaHYJHTOB, SKJIOTHTOB H YapHOKHTOB MO-
KasaH B Ta6us. 19.2.

FEOXMMMUSI MPOLLECCOB PETMOHAJILHOTO METAMOPDU3IMA

Meramopduyeckne npoueccH CONPOBOKAAIOTCA MNepepacipee-
JIeHHEM OrPOMHBIX Macc BemectBa. BaxHocTb 3TOro mepepacnpeje-
JE€HHs1 OTMeueHa MHOIHMH HccaejoBatensiMu. Tak, B. Meilicon
[1971 r.] npuBoanT naHHbe Hccaenosanuit e Bope, coraacHo Ko-
TopbiM nepexon | km® amduboaurta snun0T-aMPUOOIUTOBOI DanHKH
B aM(pHuGOMUT rpaHyJHTOBON (auun ocBoGoxaaer 8 maH. T CroOs,
4 man. 1 NiO, 800 teic. T CuO, a npu o6paTHOM npeBpauleHHH
MoxeT 0cBO6OANTbCA 0 11 mMan. T MnO, 94 Man. T TiO,, 800 ThiC. T
Zn0O, 27 thc. T PHO.

CymHOCTb STHX MPONECCOB MOKHO NMOKA3aTh HA NpHMEpe MHO-
roo6pasHeIX MHHCPAJBHBIX NpeBpaileHHil, YCTAHOBIEHHBIX ABTOPOM
H ero yyeHHKaMH Ha KOCTOMYKIUCKOM KeJe30pYAHOM MeCcTOopoxKie:

347



TABJIHLIA 19.1
Xumuueckuii cocras meramopduueckux nopox [Xyaun ¥. T., 1965 r.]

Apraa- Acnup- Kpucran- | Ksapn- | Opycawo-
Komnonent NHTH Hble | GHANATH | JHYECKHE | MOJEBO- nAHbe
cAasibl ClaHUBl | WMATOBLle | THefich
Si0y 60,8 61,8 60,6 64,3 70,7 67,7
TiO, 0,6 0,7 1,1 1,0 0,5 =
Al,O4 16,7 19:1 20,7 17,5 14,5 16,6
Fe Oy 1,4 3,3 3,0 2,1 1,6 1,9
FeO 5,8 5,4 4,8 4,6 2,0 3,4
MnO 0,1 0,2 0,1 0,1 0,1 —
MgO 3,8 2,9 2,9 2,7 1,2 1,8
CaO 0,8 1,0 1,2 19 2,2 2,0
Na,0 4,3 Lyl 2,0 1,9 3,2 3,
K,0 2,1 3,8 4,0 a7 3,8 3,5
PyO; —_ 0,1 0,2 0,2 0,2 e
ITpoune 3,8 — - — — -

4
g
o

100,0 100,0 100,0 100,0 100,0

p—

[Tpogonxenune Taba. 19.

Tunep- nep-
Komnonent A'f,',‘},’f,‘g"’ crenontie E::;gnug q:g;‘g' SKNOTHTHI
TPAaHYJMTH | TpaHYAHTEH
SiO, 50,3 55,1 71,8 69,4 49,0
TiOy 1,6 1,3 0,6 0,6 —
AlyOq 15,7 14,7 13,6 13,5 14,5
FeyOy 3,6 2,0 1,0 1,0 3,8
FeO 7.8 7.0 4.6 3.6 9,1
MnO 0,2 0,2 Caenpt 0,1 ——
MgO 7,0 7,9 1.9 1,4 8,9
CaO 9,5 Tl 1,5 2,4 11,5
Na,O 2,9 2,5 2.3 3,2 2,6
K,O 1,1 1,0 2,8 3,7 0,7
0,05 0,3 1,0 Cieppt 0,1 Creppt
I1poyne — — e - -
Z 100,0 99,8 100,4 99,0 100,0

Hun (Kapenusi) [BapaGanos B. @., 1977 r.]. 3aech B cTpoeHun paii-
OHA NMPHHEMAIOT yyacTHe ray6GoKoMeTaMop(H30BaHHble NOKeMOpPHii-
CKHE KOMIUIEKCHI IOPOX, BKJIOYAIOLIHE apXeHCKYI0 H MpoTepo3oii-
ckyio rpynny. HanGosee npesune o6pasoBaHusi HHMKHEr0 MpoTepo-
301 B KocTomykuickoMm paiioHe npeactaBjeHbl FHMOJIbLCKOI cepueii
HHJKHEKapeJIbeKoro KommJekca. B cocraBe rumosibekoii cepun pas-
JHUAI0T HHKHIOK TOJILY, KOCTOMYKUICKYIO, MEMKO3€PCKYI0 M KajHo-
3€PCKYI0 CBHTH (Taba. 19.3).
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TABJIMLUA 19.2

MuHepanbHbiii COCTAB MeTaMOPpHYECKHX MOpoL [Xyan ¥. T., 1965 r.]

=, ® ' T o
253 Eg : g 3 =

Munepan By = €4 e = g2

P BRE w =35 a= &= &

R £ e g2 2 g &

=8238 =5 a2 E38 2 =g

nEEz =2 s (ol = o] g

Kpapu 36,9 35,8 24,8 9t 5,7 29,4
gnaruox.rlaa 2g,g 28,% 22,3 44,8 - 26,7

TOKJIa3 . 1, —

MI:IKPOKJIHH — 14,3 43,8 } 6.1 - } 29.4

BHoTHT 23,6 9,7 2,0 — — —

MycKoBHT 0,4 — - — - —

Poropasi o6ManKa e 0,3 < — — —
I'panar 3,6 - -- — 36,6 4,0

CHAMTHMaHUT T —_ — — - —

Margnetut 0,4 —_ - — —_ A
Innepcren — — — 20,7 — 6,7

Omdamt — — — — 56,6 —
Iuoncun — — — 11,7 — -
Pyrna — — — — I;1 —
Pynuve — — - 5,3 — 1,4
Tpoune — — 3,4 — - —
z 99,0 99,9 100,0 98,3 100,0 97,6

Paspes ruMoabckoii cepun nokasan Ha ¢ur. 19.6. Tloponst 3nech
[OCTeNeHHLIMH MepexolaMH 3aKOHOMEpPHO CBSI3aHBI APYr ¢ APYroM.
I'uMosbhcKast cepusi Ha TeppuTOpPHH KOCTOMYKUICKOro MecTOpOie-
HHA pacuJieHseTCd Ha JKeJe30PYAHYIO TOJILY H BMellaioliue ce mo-
pOAbl MOAPYAHON M Hajapyanoi Toaul. OCOGEHHOCTHIO STHX NOPOA

TABJIMLA 19.3

Crpoenne rumosbekoil cepun (no Yepnosy B. M. [1964 r.])

Ceara IMertporpaduueckuft cocrap h?f“’;’g"gg;‘;;,
|

Kanmnosepckas Kpapu-6rotutossie TydociaHibl, TalbK-XJ10- 150
pHTOBbIE H TpaQuTHCTbIE CJIAHIE!, Nepecian-
BalollHecd ¢ JKeJe3dCTHIMH KBapUuTaMH

Me:kozepckasn [Trardonoppupsl, KBapu-GHOTHTOBbIE TY(O- 500
cJaHIbl, MaJOMOULHbE TIACTHl KEeJe3HCTHIX
KBapUHTOB, JIENTHTHL

KocromyKiuckas JKenesncrbie XKBapudTH € MaJOMOIIHBIMH 350

Huxuasa rtoauma

npocjoaMH ampHGONOBEIX, GHOTHTOBLIX, I'Pa-
(MTHCTBIX M TANBK-XJOPHTOBBX C/aHIEB
Kpapu-6HoTHTOBBIE TY(OCAAHIE! C POCIOs- 200
MH TrpadUTHCTHIX CEPHIMTOBHIX CJIAHIEB,
AwmduGonuTnl, aMpuGONOBLIE CAAHIILI
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TABJIHLIA 19.4

Xumnyecknii coctas ampuGonos Kocromyxwm

T'ploHepHT Popycur us
Rommoserru | a8 (RO | pnmE b | PR o | Tpeemay
Si0, 49,40 48,50 55,80 49,60
TiO, 0,07 0,46 0,07 0,08
AlLO, 0,70 13,30 1,00 1,07
FegOy 111 4,49 17,03 0.15
FeO 39,32 15,98 5,86 40,64
MnO 0,51 0,27 0,45 0,19
CaO 1,01 9,28 0,42 1,29
KO 005 051 020 004
o 0,06 0 0, 4
Na,O 0,05 1,28 5,60 0,04
H,0 = 0.12 0,08 0,08
Inn 2,78 1,90 1,77 2,43
E 0,017 0,027 0,020 —
0, 0,01 0,01 0,01 s
z 100,17 100,21 99,45 99,94

ABJSETCS IIHPOKO NpOsABJEHHBI MeracomaTos. OH mposBisieTcs
B TOMi HJIM HHOH CTeNneHH BO Beex nopoaax. ITockosbKy BMeniaouue
NOPOAL! MOAPYAHOH M HAAPYAHON TOJILI CXOAHBI, HHXKe AaeTcs 06-
Ulast XapaKTEpHCTHKA MeTacOMaTHYECKHX MPOLECCOB BO BMENLAl0-
HHX NOPOAAX LEHTPANbHOrO yYacTka MeCTODOXKIEHHS, KOTOphie
MOKHO YCTAHOBHTb NPH ABHKEHHH B HATIPABJICHHH K PYAHO Toae.

HauGosnee pacnpocrpanessnm nponeccoM B aM$pHGOJOBBIX
crannax (ra6a. 19.4) ssasercss pasBHTHE CHHe-3eJeHON pOroBoii
OGMaHKH MO TPIOHEPHTY C OJHOBPEMEHHBIM o6pasoBaHHeM MarHe-
THTA:

(Fe, A!fg)'.' [Si;Ou)s (OH), -+ Na+ + F- 4 Ca*+ + H,0—
pIOHEPHT

PacTsop,

o Nacaz (ng Mg)4 (Fe, Al) [(Slt AI)4011]2 (OHI F)? +
Porosas ob6maHKa
+ FeO.Fe,0,.

Marserur

LITupoko passuT M npoumecc GHOTHTH3ANMH TPIOHEPHTA, CONpo-
BOXKIAIOUIHIICA TaKkkKe 06pa3oBaHHEM MATHETHTA:

(Fe, Alﬁgh (5i4011)2 (OH), -+ K+ +F~ + H,O—
plOHepHT el o Bl

Pacteop

— K (Mg, Fe); [AlSisO,] (OH, F), +FeO-Fe,0,.
BuotaT

Marserur
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19.6. Teonornueckas xapra Llentpaabroro ywacrka Koctromykuwickoro mecropox-
npenusi [Jlazapes 0. H., 1971 r.]

1 — nnarnonopdupsl; 2 — TaAbK-X/JAOPHTOBble H XJOPHT-aMAaTHTOBBE CJAAHOE: 3 — AKTHHOIH-
TOBble H OHOTHT-AKTHHOAHTOBblC MATHETHTOBble KBAPIUHTH; 4 — GHOTHT-MATHETHTOBbIE H SMH-
AOT-GHOTHT-MArHETHTOBbIE  KBAPUMTBI; 5 — TOHKOE MePECAaHBAHHE  GHOTHT-MATHETHTOBBIX
KBApUHTOE M OHOTHTOBLIX C/AaHUEB; 6 — GHOTHTOBBE H TpAHAT-GHOTHTOBLIE craHuB ¢ mpo-
cnoamMi am(GHGOA-TPAHAT-MATHETHTOBHIX KBapIHTOB M  CJAHIEB: 7 — poaycHTCOmepKanHe
MAarHeTuT-reMaTHTOBble KBapOHTEHI, GHOTHT-POAYCHTOBbie, DOAYCHTOBHE H STHPHH-POAYCHTO-
Bhle; § — GesaMPHOONOBEE MarHETHT-GHOTHTOBME H KapOOHAT-GHOTHT-MATHETHTOBbIE KBap-
UHTH; 9 — rplOHepPHTCOJEepIKaulHe MATHETHTOBble KBAapUHTHl ¢ GHOTHTOM: 10 — rpacdur-cepn-
OQHTOBEIe caaHUbl ¢ CyabdHIaMH M NPOCJIOAMH GHOTHT-TANBK-KApGOHAT-XJAOPHTOBBIX CaAH-
UeB; [] — cuoaucThie CAAHUL (@ — ¢ TpaHATOM H porosoft ob6mankofi; 6 — puyrpudopma-

NHOHHLIE KOHrAOMepaThi); [2 — c6Gpochl; /3 — HaABHTH.
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PasguTHe GHOTHTAa NPOHCXOAHT H MO poropoi oOMaHKe:
NaCa, (Fe, Mg), (Fe, Al) [(Si, A1);Oy]: (OH, F)o+

oropasi o6MaHKa

+Kt4COF +H,0— K (Mg, Fe);[AlSiz050] (OH, F),+ CaCOs.
Pacreop Buotut Kanpuut

3aMelleHHe TPEMOJHTA KJIHHOXJIOPOM CONMpOBOXAaercs oGpaso-
BaHHEM 3MHA0TA H KaJblHTA:

Ca, (Mg, Fe);[Si;On)z (OH); + HyO -+ CO, —
TpeMoaART e e

PactBop

— (Mg, Fe)ﬁ.:mx.su [Siz,25Al;,25010] (OH)s -

HHOXJO0P
-+ CaCOj, + CazAl Fes+ [Si0;) [SiO,] (O, OH).
Kaabuur Snuaot
B pynﬂoﬁ TOJLE Haﬁmonae'rcn TaKi¥Ke 3aMelle€HHe 3rHpHHaA po-
AYCHTOM: :
NaFeSi,0, + Mg?*+ + Al3+ + H,0 —

SrupHH

PactBop
— Na, (Mg, Fe't)y (Fe*+, Al’*),(Si;0yp); (OH),.
PoaycHTt

Takum o6pasom, 1o Mepe NpHOAHIKEHHs K PYAHOH ToJlle OTMe-
yaeTcsl NOCJ€10BaTe/NbHOE H3MEHeHHe XHMHYECKOro cocraBa amu-
60JI0B, a 3aTeM 3aMelleHHe HX MarHesHajJbHbIMH H KajbIHEeBHIMH
muHepasaMu. Tak, rpioHEpHTHl CMEHAIOTCA KaJbUHHACOAepIKaIleH
poroBoii 06MaHKOJ, KOTOpasi B CBOI0 OYepeib NEPEeXOAHT B GHOTHT,
a nocaefHuii — B XJopuT. M3bbiTouHoe Fe mnpu 3TOM BBICBOOOXK-
jlaeTcsi B BHAE MarHeTHTa.

OTMeueHHHIE 3aMelleHHs B CTPYKType am¢pudosos Kocromykuiu
noareepxaiorcest AaHHbIMH HMK-cnekrpockonun. B HMK-cmekrpax
pOroBbIX O6MAHOK OTMeuaercs cMmelieHHe mnojoc, cM~': 425 (Av=
=7 cm—!), 880(10), 640(20), 690(21). Cwmeulenne moaoch 425 H
880 cm~! roBopHT O TOM, uTO aMduOOAE NPH NPHOAHKEHHH K pYy.-
HO#l Tosile cTaHOBATcs Gojee MarHeaHaJbHBIMH, colepikaHue Fe
B HuX yMeHbmaercsi ¢ 39,3 nc 30 %, U MMeHHO Ha 3TO YKa3blBaeT
cMeleHHe noJock noraomeHns cBsasn Si—O—Fe (640 u 690 cm~!).

Hrak, B KaaccHueckoM pailioHe NMpOsIBJIEHHS DErHOHAJBLHOrO Me-
ramopusma (Kapenusi), Ha MeCTOpPOKAeHHWH, OTHOCHMOM G60/b-
IIHHCTBOM HccjeoBaTeNeil K THMHYHO MeTaMop(OreHHbIM, NpH Je-
TaJAbHOM MHHEpPaJOro-reOXHMHYECKOM HCC/Ie/IOBAHHH MBI CTOJIKHY-
_ JIHCh C MIHPOKHM TMPOSIBJEHHEM MeTacoMaTHYeCKH-KOHKPellHOHHBIX
npoueccos. IBHJIOCK JH 3TO cayuaiinoctbio? H uTo o3Havaer nposs-
JIeHHe ITHX MpOLeccoB Ui Nepepacnpe/ie/eHusi PyAHOro BeulecTsa?

Ecay BCIOMHHTEL, 4TO MOIIHOCTb BMemialomux nopoa (>2000 m)
MHOTOKPATHO NMPEBOCXOAMT MOIIHOCTh pyAHoro Ttema (~130 m),
MOXHO YTBepK/IaTh, YTO B PYAHOM Tejie, IO CPaBHEHHIO ¢ BMellaio-
LHMH €ro NopojaMH, COCPelOTOueHa JIHIIb Majas J0Jf cojlepxKa-
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Ta6anuwa 19.5

YMeHblIeHHE KENeIHCTOCTH M yBEJHYEHHWE MHTEHCHBHOCTH cBf3n Si—0—Mg
Ha HK-cnekTpax akTHHOJHT-TPEMOJHTOB NO Mepe YBEJHUEHHS
o6ocobuBIIErocsi B HHX MArHETHTa

[/
emonpenomMaetue ampubonol Rpniisey dortoridt

Cmaduu wda ax, 3 iz .
pROa axkmuKosum - mpemonum waenemuma 8 axmuno-K-Cnexmpss

MRAESIR UM - MPEMONUME ks et
Ng Nm Np
Havano
1 1,649 1638 1624 $
J 2
£ 1644 1635 1622 : 3
4
\
f=¢ )
? 1639 1629 1619 {Z
B
=3
4 1636 1627 1613 1000  900¢cH
Kowey

merocss B HEX Fe. BricBoGoxkaeHHe H HaKONJeHHE ero NpOoHCXOLHII0
B XOJie NMPOLECCOB: a) 3aMelleHHsA IPIOHepHTa GHOTHTOM M MarHe-
THTOM; 6) 3aMeuleHHs T'DIOHEPHTA CHHe-3eJIeHOH poroBofl 0GMaHKOK
H MarHeTHTOM; B) 3aMelleHHs POroBoii oOMaHKH GHOTHTOM M Mar-
HETHTOM; I') Pa3BHTHS 1O STHPHHY POAYCHTA H 3aMElleHHA €ro
B CBOIO Ou€pe/]b MarHeTHTOM.

[TpuBeseHHble peakUHH MOKA3LIBAIOT, YTO B HX peajH3alHH Cy-
LIeCTBEHHYI0 pOJib Hrpajiu pacTtBophl, oforamenusie Na+, K+, Ca?+,
F~, CO%*3, O,. Ilo-BHAHMOMY, OHH MHIPHPOBAJIH BIOJIb KPYNHOro
TEeKTOHHYECKOro HapyLIeHHS Ha LEHTPaJbHOM yYacTKe MeCTOpOMK/ie-
HHsl, BEI3BIBas T1yOOKOe MeTacoMaTHueckoe npeoGpa3oBaHHe BMe-
LAIOIHX TMOpPo. B Xoie ero HMena MecTo nocreneHHas 3ameHa on-
HHX JKeJIe30CO/lepKallHX CHIHKATOB APYTrHMH, Bce Gojee GeAHBIMH
Fe. OcsoGoxaalouteecs xe npu stom Fe obocobasnock B BHje ca-
MOCTOATEJNbHOI (pa3bl — MarHeTHTA.

st xKene3opyAHBHX MeCTOPOXKAeHH, NPHYPOYEHHHIX K JIpeB-
HuM, ray6oko MetaMopdHusoBaHHBEIM MOpoAaM, Takoil uxX cmocob 06-
pasoBaHHA He ABJISAETCA HCKJIYEHHEM. Anajoruunsie npouecchbt
OblIM YCTaHOBJEHBI M JleTalbHO onHcanbl [BapaGanos A. B. u ap.,
1972 r.; Bapa6aunos A. B., 1974 r.] na OJieHeropckoM MecTopoxKje-
HHH JKeJe3HCThIX KBapuutoB B [Ipuumanapoeckom pafione Koab-
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CKOTO 10J1yocTpoBa. 31ech TPEMOJIHT-aKTHHOJHTH, He colepiKaliue
BPOCTKOB MarHeTHTa, HMEIT OGJbIIHe 3HAYEHHUs] MoKasaTenell cpe-
TONpPeJOMIEHHA H CTENEeHH Keje3ucTocTH. C yBeJHUEeHHEM ¥Ke KO-
JIHIECTBA H DA3MEPOB BPOCTKOB MArHETHTA MOKA3aTENH NpeJoMJe-
HHs 3aKTIOYAIOUHX HX aM(uGONIOB yMeHbuwalTes (Tab.. 19.5):
a 00las HX JKeJe3HCTOCTb Pe3Ko majgaer.

Hsyuenne HMK-crmekrpoB sTHx aM(UO0J0B MOKA3aa0, YyTo 0be
BBHI/IC/ICHHBIE TPYNOB TPEMOJHT-aKTHHOJNHTOB HMEIOT CXOAHBIE M0-
JIOCHl  IIOTJIOL(EHHSA, OJAHAKO mojsoca B obaactn 920 cm—!, ojHo-
3HAYHO MAEHTH(HUHPOBAHHAN paHee Kak Si—O—Mg, usmenser
CBOIO HHTEHCHBHOCTh (Taba. 19.5). HauGosee ueTko sta mosoca
TIPOSIBJISICTCH ¥ TPEMOJIHTOB, 3aKTKYAKIHX B cebe NOHKHIHTORBIE
BPOCTKH MarHeTuta. [losiyueHHBlE NaHHBIE TO3BOJSIOT TaKiKe pac-
CMATPHBATL BPOCTKH MarHeTHTa B TPEMOJHTE KaK pe3yabTat 060-
cobaeHnst Fe, conepaanierocst paHee B UCXOAHOM AKTHHOJIHTE.

Takum o6pasom, kak u Ha KocToMyKuickom KeJe30pYHOM Me-
CTOpoxAeHuH, Ha OueHbedl, sipasglouiefics THIHYHBIM MeTamopdo-
CEHHBIM MECTOPOK/EHHEM, BMECTe C PerHoHaJbHBIM MeTaMopdus-
MOM HIHPOKO H MHOroOGpasHO NPOSABHIHCh THAPOTEPMA/ILHBIC MeTa-
COMATHYECKH-KOHKPeIHOHHEIE TIPOLLECCH TepepacnpeieseHus MHHe-
PAaJbHOTO BellecTsa.

Tak, npouecc neanoprutusaunu miarnokaasa sgech Gbid OLHHM
M3 OCHOBHBIX HCTOUHHKOB Ca, Heo6Xoaumoro s o6pasoBaHus
Do/lee NMO3JAHHX KaXbIHACOAEPKAUMX MHHEPAJIOB (anartura, cena,
Kanpunta). lupoxo Bepamenuwii npomecc 3amemeHHs GHOTHTA
TaJbKOM COMpPOBOXKAAJICA HOBOOGpasoBaHHeM MarHeTHTa. ITpomecc
SAMELIEHHA KYMMHHITOHHTA POroBOH OOMAaHKOH TaKXKe COMPOBOK-
JAaJcs BBIIETCHHEM MATHeTHTd, a INMPOKO PAacHpOCTPaHeHHHIH 37ech
IPOLECC BPOCTKOOGPA30BAHAS MarHeTHTa B aM(uUGOJAX CepPHH ak-
THHONAT — TPEMOJUT MOMKHO paccMaTpHBATh KaK CBOEOGDA3HBI
€nocod oOpa3OBAHHSI MATHETHTA, CBSI3AHHHIN cO c6pocom Fe mpwu
lIepexojie KajlbLHeBO-JKeJe3HCTOr0 aKTHHOJHTA B KaJbLHEBO-MATHe-
3HAJIbHBIA TPEMOJIHT.

PacemoTtpentnie mpomeccl He OXBATLIBAIOT, Ge3YCJ0BHO, BCeil
GoraTtoit HCTOPHH MHHEPANOO6PA30BAHHS HA ITUX MeCTOPOKACHHUSIX.
OnHaKo OHM HIPAIOT BAKHYIO POJIb B dopMHPOBAHHH MecTOpPOIKIe-
HUSA, a [I0TOMY JIO/I3KHBI YYHTHIBATHCA H NMPH OOBACHEHHH €ro «Me-
TaMOP(OreHHOro» remesuca, , nNO-BHAUMOMY, PerHOHAIBHOTO MeTa-
Mophusma BoobiLe.



nasa 20
TEOXMMHA TMAPOCDEPHI

Het sewecrsa Gonee Heo6bixHoBeHHoro, Gonee yau-
BMTENBHOrO M 3arafo4HOro, 4Yem OLLIKHOBEHHAA BOLA.

A. Ulymusos, 1980

F'uxpocepy xak reocdepy npuHsNTO MOHHMATb B Y3KOM N PO~
KoM cMbicae cl1oBa. Iuapocepa B yskoM cMbicie c10Ba — 3T0 npe-
poieucras 000J0UKA, COCTOANIAS H3 COJIEHOH (mMopsi, okeaHHI), npec-
HOii (pekH, o3epa, BOMOXPAHM/IHNINA) H TBepLOil (cHexXHBEIT TOKPOB,
Ne/IHUKH) BoAbl. I'HIpocdepa B mHPOKOM CMbiC/Ie C10BA — 3TO He-
npepei6ra 060/I0MKA CHCTEMEl BOJA — Map, BKAIOYAIOMAT YIOMS-
HYTYIO y>Ke COOCTBEHHO rujpocdepy, a Takmxe MPOHH3AHHYIO BOAOL
HIH napaMH BOAbl JuTocepy, Guochepy u atmocdepy.

Boxa B ruapocdepe pacnpesescna HepaBHOMEPHO, MJH. Kw®:
Muposoii okean — 1372, aurocdepa — 600, MATepHKOBbIH Jen —
23, Bojoemsl cym — I; B atMocdepe 3emin napel BOJABI COCTaB-
JAOT npuMepHo 13 Thic. kM. OGwas macca BoaAL B THApochepe
ouexusaercsi B 2-10'® 1. M3 nux na gomwo MupoBoro okeasa, Ta-
KHM 00pasoM, NpHXOAHTCH mpuMepHo 68 %. dast ruxpocdepn B ya-
KOM CMbIC/Ie CJI0BA MOpcKasi Bojga cocrasiaser ~98 % ce macch.
Pacnpenenenne ee no okeanam npuseneno B tada. 20.1. IIpu cpen-
Hell MJIOTHOCTH MOpcKoH Boawl 1,03 r/cm® macca ee B MupoBom
OKeaHe cocraBasier 1413- 102! r.

[TonoGro nntocdepe, atmochepe u GHochepe, BewecTso THAPO-
cepbl HAXOAHTCS B COCTOSIHHH HENPEPHIBHOTO JBHIKEHHS, DA3BH-
THA, 06HOBJIeHHA. Tak, eKeroj{Ho ¢ MOBEPXHOCTH 3eMiH HClapsieTcs
Gonee 0,5 MaH. KM® BOLBI, YTO NPUMEPHO PABHO MOJOBHHe 00beMa
BCeX BOM0eMOB cyun. Boasuble napul atmocdepst, a ux 13 Teic, km3,
oGHOBJIsAOTCs B TeveHHe 10 cyT. Boja pex B pe3yJbTaTe cTOKa cMe-
Hsiercss Kaxaoie 12 cyt. Bopa osep o6HoBjsiercs kaxkapie 10 mer.
Boxsl MEpOBOro okeana MOJHOCTHIO CMEHSIOTCH KaAMKAble 3 TLIC. JTET.
A 3a 8,5 TwlC. JIeT NPOHCXOAHT MOJHLI BOZOOGMEH B caMoil MaJio-
moaBuKHOH (hopMe Boabl — B JeaHHKax. Camo coGoii pasyMeercd,
4TO B Ipolecce CTOKA, HCMapeHHs! H NOCAEAYIOeld KOHACHCALMU
BOABI, & Takxke MHOFOJHKOH TIHAPOTEPMAaNbHOH HeATeNhHOCTH
BMECTE C BOJOW nepeMellaloTess OrpOMHLIE KOJHYeCTBA coneil, pas-
JHUHBIX MHHEPAJILHBIX BEIIECTB, OPraHukH M rasoB. Takum oGpa-
30M, MKH3Hb H 3BOJIOUHUS THAPOchEpPbl — OAHO H3 BeJHYAHIIHX $IB-
JeHHH B MHOrOBEKOBOH HCTODHH Tepepacnpeiesenus, KOHUEHTpa-
IHH H paccesiHHsl XHMHYECKMX 3JeMEHTOE Ha 3em/e, B CMEeMHBIX
¢ rHaApocdepoil 06o/0uKax.
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TABJIMLIA 20.1
Pacnpenenenne BoAM B oKeaHax

ITosepxHOCTD | Iay6rHa, M OGbeM Boab
Oxeat MaKCH-

MJH. KM? % CPeANAA | yanppag | MIH. KM® %
Tuxus 179,68 50 3984 11 022* 724 52,85
ATnaHTHYeCKHI 93,36 25 3926 8428 337 24,60
Hupuiickui 74,92 21 3897 7130 292 2131
Cegepublii JlegoBuTHI 13,10 4 1205 5440 17 1,24

Mupogoit 361,06 100 3795 11 022 1370 100

* MaphaHCcKas sBnagWHa.

Boaa — yansurenbHoe BemiectBo npupoan. Cpeau Beuiects
3eMJH OHA Pe3KO BBIAE/SIETCS CBOMMH MHOTOUHC/IEHHBIMH M YIHBH-
TEJbHBIMH aHOMaJHsAMH. AHOMaJHH BOABI BHITEKAIOT H3 OCOGEHHO-
CTeii CTPYKTYPHl €€ MOJIEKYJbl H MEeXMOJeKYJSPHbBIX B3aHMOeki-
cTBHil. OObACHAA NPHPOAY aHOManHuil XKuAko#d Boaw, B. JI. Bach-
aesckuit [1971, c. 172—173] nuwer: «B xuakoil Boge npucywas
JbJly CBs3b Kaxaod Moviekyasl HyO ¢ ueThpbMs coceiHHMH
(«OmMKHHA NOPANOK») B 3HAYHTEJbLHOH CTENEeHH cOXpaHsieTcs; Of-
HAaKO <«PBIXJOCTb» CTPYKTYPBI NpPH IJIaBJeHHH JibJa YMeHbIIaeTcs,
MOJIEKYJIBI «[aJIbHEr0 MOPAAKa» MONafaloT B «NYCTOTH», UTO BeJeT
K pPOCTy NJIOTHOCTH BOJHL... Bomoponannie cBsisn npumepHo B 10 pas
npouHee, yeM CBsA3H, 00YCAOBJEHHBIE MEXKMOJIEKY/ISPHEIMH B3aHMO-
JeHCTBHSIMH, XapaKTePHLIMH AMS GOJBUIHHCTBA APYrHX JXHAKOCTEH;
NO3TOMY AJisl IJIaBJEHHS, HCapeHHs, HarpeBaHHs BOAB HeoOXo-
Anuma ropasjo GoJbluas SHEPrus, YeM B cJayyae JAPYrHX XKHIKOCTei,
4TO OOBACHAET OTMeYeHHBHe AHOMAJbHO BHICOKHE 3HAueHHs TEMJIO0T
IJIaBJIEHHA H HCIaPeHHS H YAeNbHOH TemJ0eMKOCTH>.

TenaoemkocTs BOABL BbIIIE, YeM Y BCeX TBEPABIX H MKHAKHX Be-
UIECTB, 38 MCKJIOUCHHEM KHIKOro aMMHaKa H BOAOpPOAA. YjesbHast
TeNJOEMKOCTh KuAKoH Boawl mpu 15°C cocrasaser 1,00 kaxn/°C.
Baaropapsi orpomuoit TemnoeMKocTH BoAbl Muposoii okean craa-
JKHBaeT KoJieOaHHsl TeMNepaTyphl, H HX Nepenajg OT 3KBaTopa Jo
fogioca cocrapasioT Beero okoso 30°C. MmeHHO mosToMmy Temasie
BOAb ArnaHTHKH, Hecomble [oabderpumom, B Cesepuom Jlenosu-
TOM OKeaHe Ha ryiyouHax ot 200 xo 1000 M obpasyior ycToHuUHBHIR
TenJblii cI0#, JeKalwuii oA XOJOAHBIM CI0EM ¢ OTPHUATENLHBIMH
Temnepatypamu. Pasjinune B TemI0eMKOCTH BOAB OKeaHOB H MHHe-
PaJbHBIX BEIECTB, CJaraiouMX cyuy, NposBaseTcs B BHAe GPH30B
H MYCCOHOB.

AHOMa/ibHASL  TenaoTa nNAGBAEHUS  BOABI, COCTaBJAAONLAA
79,7 kaa/r, nauboJiee BHICOKASi CPelH TBEPABIX TeJ, KpoMe Tex e
AMMHaKa M BOA0OpPOJA, — MPHYHHA NJABHBIX CE30HHLIX MEPexo10B
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OT 3HMBI K JIETY H OT JieTa K 3uMe. BecHy H OCeHb B CBS3H C 3THM
MOZKHO pacCMaTpPHBATh KaK (pa3oBbie mepexoibl BOAB THAPOCcHEpHI.
Jlel u cHer GLICTPO HArpeBaloTCsl A0 TeMIepaTyps miasienus. Ho
4TO0Bl HX PACTONHTb, HaZ0 3aTPATHTb TEIIOTH M BPEMEHH B 8 pas
Gonpme. M nHanportus, npu 3amMep3aHun 1 M3 BOAB! BHIIAEASETCA NPH-
MEPHO CTOJILKO Ke TeNmJIOTH, CKOJbKO NPH CXKHraHuu 10 Kr yras.

Ewe Gonee Bricoka y BoAH Tensora ucnapenus. IIpn 100 °C ona
~ coctaBadger 539 Kaj/r — HaumGoJiee BLICOKOE 3HAYeHHE H3 BceX Be-
IecTB H B 5 pa3 Goabluee TEINOTH IJaBjieHus japfal Temsora sra
pacxoayercsl Ha pasphiB CBsi3edl MEXAY MOJIEKYJaMH BOJABI H nepe-
X0/ ee B- MOHOMepHOe cocTosiiHe. Bricokas Temsiora mapooGpaso-
BaHHA BOABI MPHBOJAHUT K TOMY, 4yTO 66AbIIAS 4acTh COJHEYHOIl SHep-
ruH, najawoed Ha 3eMJIo, pacxoayercs Ha ucnapeHHe Bogsl. C seM-
HOH TMOBEPXHOCTH KaXAYI0 MHHYTY Hcrmapserca ~ 1 MupA. T BOAHL
IorsouienHass mapoM TemaoTa NPH KOHAEHCAUHH BOXHOrO napa
B BEPXHHX ¢JOAX Tponocepe BHAENSETCA B KOJAHYECTBAX MO
2-10" JIx/mMuH, 4TO 35KBHBAJEHTHO MOUIHOCTH, BhIpa6aTHBaeMol
3a MHHYTY 40 MJaH. snekTpocraHuuii mo 1 Bt kaxkpas. A. [Hymu-
J0B [1980 r.] no 3TOMYy NOBOAY OCTPOYMHO 3aMETHJI, 4TO aTMOCchepy
3emau oGorpesaer He CojiHLE, a TeWIO, BHIAEHSIOLIEECT NPH KOH-
JeHcauuu BoaaHoro napa. OTciofa NOHSATHEIM CTAHOBHTCS H MOILb
atmoc(epHBIX npomeccoB: TakpyH cpefHedl cHIB 3aKjal0yaeT B cebe
3HEPruio, sKkpHBaneHTHYI0 30—50 Teic. aTOMHBIX GoMG!

AHOMAaNbHO BHICOKO MOBEPXHOCTHOE HATANCEHUe IKMAKOH BOJILL.
Ha rpaunune c Bosnyxom pasHoe npu 0°C 74,64 nuH/cMm, oHO 00yc-
JIOBJIHBAET MOsBJIECHHE HA MOBEPXHOCTH BOJOEMOB YXKe HpH caaboM
BeTpe psAGH. B HTOre BOAHAA NOBEPXHOCTb YBEJHUHBAGTCS IOYTH
B 1,5 pasa, W, 3HaUYHT, BO CTOJLKO K€ Pa3 YBeJHUHBAETCS HCTape-
HHE M IIOCTYIJIeHHe Temaa B atmocdepy.

HauGonbuiee cpei JKHAKOCTEH INOBEPXHOCTHOE HAaTAMKEeHHe
BOJIBI, CTPEMSLIEECS B YCIOBHAX KAaNMHJIAPOB BHIIPAMUTH BOTHYTHIN
MEHHCK €e, 3aCTaBJifieT CTOJGHKH BOABI ABHraTbCS BBEPX BONPEKH
cune TaxecTH. MMeHHO Tak rpyHTOBHe BOABI MECTaMH NOAHHMA-
1oTcd Ha 10—12 M Bhe 6a3Hca 3pO3HH.

AHOMaNbHO BBHICOKAS QUIAEKTPUHECKAs NOCTOAHHAA BOJAH, HAH-
GoJiee BBICOKAsi M3 BCeX XHAKocTel, noutd B 80 pas ocnabasiomas
MeKMOJIEKYJISIpPHEe CHJALL B BoAe, o60pauyHBaercs CBOACTBOM BOMBI
OblTh cHJbHelHM pactBopHTeneM.* Ho pacrBopss B ce6e Na, K,
Rb, Cs, Cl, Br, I u paspuBasi npn 3TOM BOAOPOJHEIE CBSI3H MeXKAY
MoJIeKyJ1aMH, BOJa yMeHbu1aeT cBOH o6beM. Tak, npu pacTBopeHHH
29,22 r NaCl B 970,78 r H;0, uto oTBeyaeT OCHOBHOMY COCTaBY
Mopcko# Boawl, Hau 0,5 M pactsopy NaCl, Temnepatypa Boan mo-
HU3UTCS, H60 Ao 600 Kas yiileT Ha pa3pbiB CBsI3eH MeXAy MOJIEKy-
JaMH, 3J1eKTPONPOBOAHOCTL BO3pacTeT npuMepHo B 10 Teic. pas,
cCyMMapHHIH e o6beM pacTBopa yMeHbiuHTcs Ha ~5 cm3, Ho

* Ewme cpenHeBexkoBas asJXHMHA ycranoeuJa: Corpora non aqunt nisi so-
luta — Tena B3aHMONEHCTBYIOT JHIEL B PACTBOPEHHOM COCTOAHHH.
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yMeHblIeHHe o6beMa Ha 5 cM® SKBHBAJIEHTHO [ABJNEHHIO cTONI6a
BOJH B 1 KM.

Boaa o6nanaer HanGosee BHICOKONH H3 Beex KHMIKOCTEil ydeas-
Hou TenaonposodHoctero [1,43-10-3 Kan/(cm-c+-°C) npu 0°C] u
MHOTHMH APYTHMH aHOMAaJIbHBIMH CBOfiCTBaMH, 06YCIOBJIEHHLIMH ee
MOJIEKYJISIDHOH CTPYKTYpPOl HJIM H3MEHEHHSMH B ee crpoennn. Tax,
HanpHMep, MOJIEKYJibl BONBI, BCTYNasi B KOHTAKT C ancopGHpylomeit
HX NOBEPXHOCTDBIO MBIIEBATHIX YACTHI,, TEPSIOT MOABHIKHOCTb M BbI-
Aeqsaior npu stoMm Ao 800 Kan Ha 1 r neuin. Ecaum noMHuTH, uTO
B Halle BPEMs BYJIKAHE 3eMJIH eXerofHo BhOPacHBaoT 10 1,5 KM
NENJA, HE HCKIIOYEHO, YTO MOIIHBIE BYJKaHHYeCKHE H3BEpIKEHHS
B IPOIIOM GBUIH NPHYHHON TyGOKHX H3MeHeHHil haopel H hayHm
Mopeil H OKeaHOB. !

OueHr HHTepecHO moOBeleHHE BOALI MOX AaBieHHeM. C pocTom
AaBJEHHA TeMnepaTypa saMep3aHHMs BOJB B HauaJje MOHHKAETCSH U
npu 2000 at™ pocthraer munyc 22°C. A 3arem TeMIeparypa nias-
JIEHHS JIbJla HaYHHAeT PACTH M TIPH OYeHb BHICOKHX JaBJIEHHSX
(>30 Teic. atM ~3 I'T1a) aex ocraercs TBepALM npH + 175°C!

COCTAB TMAPOCMDEPHI

ITocKoIbKY, KaK MBI BHAEJH, MOpPCKasi BOJAd COCTaBJSET OKOJIO
98 % wmacchl rugpocdeps, MOKHO CYHTaTh, 4TO CPENHHH cocTaB
B Y3KOM IOHHMAHHH — 3TO CPEJHHIl COCTAB MOPCKOH BOXHL.

Ilpu cranmapTHOf X/JIOPHOCTH * MOpPCKOH BOABI 19%0 u comeno-
cti ** 35%, cocras ee mokasau B Ta6a. 20.9.

TABJIMLIA 20.2

Cocras Mopckoit Bopbl

| Copepxanne PACcTBOPEHHOTO BellecTBa

Hon Von .
Gl 18,980 55,05
Na+ 10,556 30,61
So3 2,649 7,68
Mg+ 1,272 3,69
Ca’+ 0,400 1,16
K+ 0,380 1,10
HCO3 0,140 0,41
Br— 0,065 0,19
H,BO, 0,026 0,07
Sri+ 0,008 0,03
F- 0,001 0,00
Hroro 34,477 99,99

* CrandapTHoti XAOPHOCTSI0 HA3HIBAIOT CyMMY XJOpHIOB, OpOMHAOB H
HOARLOB, BRIPAXKEHHYIO B rpaMMax Ha KHJOFDAaMM, T. €. B YacTAX HA THICAYY
(mpomuJae).

** CoaerocTor0 HA3HBAIOT CyMMapHOe CO/lepKaHne coJell, BEIpaXKEHHOE
B npomu/sie. CoJeHOCT MOPCKOM BOJE B OTKPHTOM OKeaHe paBHa 35 0/g,

358



TABJIHLIA 20.3
Conepxanne rasos B Boje OKeaHoB, Ma/n

\ Boamson | | muanason
Oy 34—56 H.S 0—22
N 8,4—14,5 Ar 0,2—0,4
(9] 0—9 He, Ne 1,7-10—¢

B mopckoii Bofte Bceraa pacTBOpeHO Godibllee MJIH MeHbllee KO-
auvectBo rasos. Ilpu xaopuocta 19 %o u 0°C mopckas Bopa copmep-
#HUT B cpefHeM 14,40 ma/n asora u 8,08 ma/n xucnopoma. Coaep-
JKaHHe W Npefensl KojeGaHHH STHX M APYTHX PacTBOPEHHHX B BOJE
OKeaHOB rasoB mokasaHel B Ta6u. 20.3. CpenHee colepixKaHue Bcex
HbIHE M3BECTHHIX XHMHUYECKHX 3/ €MEHTOB B MOPCKOfi BOJieé MOKa3aHo
B Taba. 20.4. B Ta6a. 20.5 conepxkaHue 3JeMEHTOB B MOPCKOil BoJe
NpeACTaBJeHO B nopsaake ymenbuiedus. M3 tada. 20.5 caenyer, uro
/lManasoH COJAEepXKaHHA OT caMoro pacmpocrpaHeHHoro O go pen-
uafimero Ac cocrasaser 22 nopsijika. ITpu 3tom, momoGHO 3emMHOM
KOpe, OCHOBY MacChl ‘THAPOC(HEPH COCTABJSIOT BCEro JHIIL IATh
anementoB — O, H, Cl, Mg, Na.

TABJIMIIA 20.4

Cpennee cojepxanue XHMHYECKHX 2/IeMEHTOB
B Mopcko#i Bonie no A. II. Busorpanory,

mace. %
|
32;.;. CopepxaHue E:}f.; Copepxanue &nﬂe; CopepxaHnue ‘3;‘:; Copepxanne
|
H 10,7 Vv 3-10—7 Cd 10-8 Au 4-10-10
He 5:10-1%0 Cr 2-10—° In 10-* Hg 3-10—°
Li 1,0:10=8 Mn 2-10-17 Sn 3-10—7 Tl 108
HE- S T Fe ks e L e Pb 3-10—*
B 4,6+-10"* Co 5-10—8 I 6:107¢ Bi 2.10-¢
C 2,8:10-? Ni 2-10-7 Cs 3,7-10—8 Ra 1014
N 5-10—% Cu 3-10-1 Ba ok L e Ac 1020
O 85,8 Zn e La, 1 2,9:10-2 Th 107"
F 1,510 Ga 3-10—° Ce 1,3-10—%0 Pa 5-10-18
Ne 879 Ge 6-10—° /53 6-10—1 U 3-10-7
Na 1,035 As 10-7 Nd = 2,3.10—2
Mg 1,1297 Se L Smi-2 4,2 102
Al 108 Br 6,6-10—3 Eu s, k1010
Si L L g Kr 3-10-° Gd 6:10-1
B L1 Rb 2-10—® Dy 37101
S 0,089 Sr 8104 . F Ho ' 2,2.10~%
Cl 1,93 X 3-10—8 Er 6-10—*
K 0,038 Zr 5-10—° Tm o=11
Ca 0,04 Nb 1072 Yb 51074
Sc 4-10—* Mo 10— Lu 1058
Ti 10-17 Ag 3-10-# w 108

12+ 359



TABJIMLIA 20.5
Pacnpenenenne anemenron MopcKoil Boiel Mo fekagam

Coplepx anue, % { DneMenTh
n-10 O — 85,8, H— 10,7
n-l(}oﬁ'1 Cl — 1,93, Mg — 1,13, Na — 1,03
n-10— -
n-10—2 S —0,09, K— 0,04, Ca — 0,04
n-10—3 C — 0,003, Br — 0,007
n-10—4 12 0 e A
n-10—3 Li, N, Rb
n-10—¢6 Al, P, Fe, Zn, Mo, I, Ba
n-10—7 Ti, V, Mn, Ni, Cu, As, Sn, U
n-10—8 Co, Se, Kr, Y, Gd, Sb, GCs, W, Bi, Ne, Ag
n-10—* Se, Cr, Ga, Ge, Zr, Nb, In, Hg, TI, Pb, Th
n-10-10 La, Ce, Eu, Au, He
n-lg—i: ; Er, Nd, Sm, Gd, Dy, Ho, Er, Fm, Yb, Lu, Be
n-10—14,—1 a, Pa
n-10—-20 Ac

Muposoii okean XapAKTePH3YETCsl BBICOKON H3MEHUHBOCTLIO (hH-
SHYECKHX CBOKHCTB M cOCTaBa. MaMeHYHBOCTH 3Ta npoABJsieTCS 110
IIHPOTE, N0JIrOTe H BEPTHKAJH, [0 BPeMEeHH roja, THIY TEYEHHHA H
MHOTHM ApYyruM napamerpam. Tak, cpeamss TeMIeparypa noBepx-
HOCTH oKkeaHa KoJieGmetca ot 27,3°C Ha 2KBaTope no 2,9°C Ha wmu-
pore Jlenunrpaga, T. e. B ~ 10 pas. Cpeanee sHaueHHE CONEHOCTH,
%o, Ha MOBepXHOCTH OKeaHa IIpH 3TOM H3MeHseTcs oT 34,58 Ha 0—
10° ¢. mr, 35,71 ma 20—30° c.ur. ;o 32,87 na 60—80° ¢. m.

ConepxaHue 3/1eMeHTOB H HX H30TONOB B BOJlaX OKeaHa H Mo-
peil M03TOMY TaKXe CHJABHO KOJeGaeTcs. Jaxe Tako#i XHMHYeCKu
MalOAKTHBHBIH S/1EMEHT, KaK Au, pH cpexHem colepxaHuun B Mu-
POoBOM okeaHe 4-10-19% B ATnaHTHuecKOM OKeaHe, NO JaHHEIM
A. U. Ps6unnna u np. [1974 r.], «pacmpenensercs B Toukax BoX
OKeaHa KpaiiHe HepaBHOMEPHO», COCTABJSAS B KOHIEHTpaTax oT
0,004 no 3,4 mxr/n. ®. II. Kpenpenes u mp. [1977 r.] HalULJIH, 9TO
B Bofax Tuxoro okeaHa nmpu cpemnem conepxanun Au 1,1-10-° r/y
KoneGaHus cocraasau ot 0,51-10-9 po 8,0-10-? r/n. B mioBmHIX
e BOAaX NOHHBIX ocaikos Tuxoro okeama, TAroTeiomHuX K pafionam
C IIPHSHAKAMH BYJKAHHYECKOH /eATeNbHOCTH, comep:kanue Au Ko-
Je6anocs B npenenax (0,9+-44) - 10-2 r/n NpH CpeHeM 3HAYeHHH
5,9.10-° r/n.

BAJIAHC BOAbl U CONEA B OKEAHE

STOT BONIpPOC JIHWDb B MOCJAEAHHE MECHTHIETHS MOJIYUHT KOJIH-
YECTBEHHOE BLIparkKeHHe.

Bonuuiii Ganauc okeana mokasan B Ta6u. 20.6. Cosenoii 6amnanc
OKeaHa perynnpyercs MHOrHMH ¢axropamn. Cpein HHX BaHeii-
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TABJIHLIA 20.6
Bonnwiii Gananc okeana no M. H. JIeBoBnuy

Foposoft oGbem
Onemenr Gananca n'mc. Wt Toposoft caofi, MM

Ocajgku 411 1140
[puTtoK peuHslx BOA 41 111
Bcero 452 1251
Hcnapenre ¢ noeBepXHoOCTH OKeaHa 452 1251

UIHMH fABJSAIOTCA: CHOC OCaJKOB C MaTepHKOB, ByJKaHH4YecKas U
THApOTepMaJibHast AeATeTbHOCTh HA aKTHBHBIX yu4acTKaX JHA OKea-
HOB, PacTBOPHMOCTb COeAHHEeHHH B MOpPCKOH Boje, mpouecch 06-
MeHa BellecTsa OKeaHa ¢ ocajgKaMH JHa H ¢ aTMocdepoli, XKH3He-
JesiTeIbHOCTb H GHOreHHBIE TPOILECCH.

B urtore, nofo6HO BOAHOMY GajiaHCy, KOJHYECTBO MHHEPaJbHBEIX
BeILeCTB, MOCTYNAIOIIHUX B OKeaH C PeYHHIM CTOKOM, aTMochepHo#
NBUIBIO M NMPOAYKTAMH BYJKaHH3Ma, NPHMEPHO paBHseTcs o0uemy
KOJHMYECTBY, KaKoe OcayKJlaeTcs Ha JHe, PacTBOpsAeTcs B BOJAE OKe-
aHa, yCcBaHBaeTcsl OPraHH3MaMH H BHIHOCHTCS B aTtMmocdepy.

Beero B oxeane pactopedo 5-10%2 r coseii. B cuay Gosbuod
pactBopumocTH coenunenu#t Na+*, Li+, Mg?+, Cl-, SO?>~, u um mno-
No0HBIX B BOAAaX OKeaHa OHH coJep:KaTcs B GOJNBIIHX KOJHYECTBAX,
yem B pekax. TpyanopacrBopumble coeaunenusi tuma CaCOs,
BaSOs, Fe(OH)s u X aHamorn GuicTpo ocaxpnaorcsd. Tsxense
saementsl Cu, Zn, Pb, Mo, Hg, TR, U cop6upyiotcst opraHuueckam
BEIlleCTBOM, THApAaTaMH XeJe3a U Mapranua, ¢ocdhatamMu Kaabius,
CHJIHKATAMH, H NMO3TOMY HX COJAEpXAaHHE B BOJe OKeaHOB OKa3hLBa-
ercsl 60oJiee HH3KHM, YeM 3TO CJIeAyeT H3 HX PACTBOPHMOCTH.

HckmiountenbHo BaXKHYIO pPosib B (QOPMHPOBaHHH cojieBOro 6a-
JlaHca OKeaHa HrpaioT GHOreHHble nmpouecchl. ToJbKO B pe3yibTare
(dorocHHTesa B OKeaHe exeroaHo o6Gpasyerca 107 r GHomacch
nJIaHKTOHa. B npouecce ¢oTocHATE3a MOBEPXHOCTHHIE CJIOH BOMBI
oforamanTcs KHCJI0POJOM H o6eqHAIOTCS YriaeKHca0TolH. MHOroo6-
pasHbHle OpPraHH3Mbl, HaceJflIOIlHE BepPXHHE CJOH OKeaHa, H3BJe-
katot Si, Ca, Mg, K, Br, I, P, N, V, Zn, Cu, Co, Ni u ap. B o6aa-
CTH INPOHHKHOBEHHS COJIHEYHOro cBeTa cBOOOAHHe ¢docdhaTe u
HHTPATHl B MOPCKOH BOJe NPaKTHYeCKH OTCYTCTBYIOT *. OTmupas,
onyckKasicb Ha JIHO H pasjarasch, GHOreHHbIe NPOJAYKTH 060ramamoT
koHKpeuun aua Cu, Zn, Ni, Co, Mo, Ag, Tl, Pb u np. ITogo6Ho doc-
dartam u HEUTpaTaMm Guocdepa H3BJIEKAeT H3 MOPCKOH BOJABI OrPOM-

* Conmepxanne (oc)aToB W HHTPATOB ONpelesseTcss TaKKe CE30HHHIMH KO-
JeGanusaiMH. 3uMOil HX GoJblle, a BeCHOA M JIeTOM C PocTOM GHOJOrHYecKoil ak-
THBHOCTH IJVIaHKTOHa COJEPXKAHHE HX B MOPCKOH BOJe Pe3KO Najaer.,
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Hple Maccet CaO u SiO, HAymHe Ha IOCTPOEHHE CKeJIETOB H pa-
KOBHH JHAaTOMei, NIOGHTEPHH, DaAHOIAPHHA, MOJIIOCKOB, PHO H ApY-
THX MOPCKHX opranu3moB. [Tostomy conepxkanne SiO;u CaO B Mop-
CKOH BOAE TaKke pacTeT c IMIYOHHON /4 JOCTHraeT MaKCHMyMa
B NIPHJIOHHBIX 006J/1acTAaX. ‘

HHTepecHO OTMETHTD, UTO B CKeJleTax H PaKOBHHAX MODPCKHX Op-
TaHH3MOB OCYILECTBJsIeTCSI CBOeoOpasHHIi H30MOPOH3IM NO cxeme
CaC=TRB, B pesy.braTe KoTOpOro 0G6pasyiomuecs: GHOreHHEE Kap-
Gonatu thna (Ca, TR)[(C, B)Os] eiBoasT wacts B u TR u3 mop-
CKOH BOJHL

Mu yxe oTMeuasH, uTO B BOJe OKeaHa pACTBOPEHH MHOTHe
rasel. MakcumaneHoe conepxanne O, (7—8 wmr/n) npuypoueno
K NIOBEPXHOCTHOMY €JI0I0 BOJH 10 ray6uHH 150—200 m. C ray6unoi
cogepxkanne Op nagaer no 0,5 ma/n, a B MecTax, sapaxensnx HsS,
noxoaut po Hyas. Conepxanne CO., HaNpOTHB, pacTeT ¢ rAyOHHOM
H JOCTHT2eT MakcUMyMa B Haubojee IMTyOOKHMX, XOJOAHHIX CJOfX.
B nenom okean sumoii noriomaer COs, a JeToM BHeTSeT ee B at-
Mocdepy. CooTBETCTBEHHO 5TOMY 3HMOH KapGOHATH NpEHMYIIEcT-
BEHHO PACTBOPANOTCS, a JETOM — BHNIAAAIOT.

Ilpu ponyimenuH, YTO COCTAB OKEaHHYECKOH BOJBI OCTAETCH TIO-
CTOSIHHBIM, MOXKHO ONpeJelHTh BpeMs NpebnBaHus KaxKIOoro sje-
MeHTa B OKeaHe B rojax. OHo GyJeT paBHO OTHOLIEHHIO KOJIHUECTBa
AaHHOrO 3JIEMEHTa B BOJe OKeaHa K KOJHYeCTBY €ro, BHOCHMOTO pe-
KaMmH B roll. [Tonyuennnie 3HaueHHS M HX COIOCTABJEHHe CO 3HAue-
HHSIMH, PAaCCYHTAHHBLIMH JADYTHMH MeTOJaMH, IS PAjAa 3JeMeHTOB
npueegeHsl B Tadu. 20.7. :

TABJIMLIA 20.7

Cpej],[-lﬂﬂ NPOROAKHTEABHOCTE HAXOXKACHUSA
HEKOTOPHIX 3JIEMEHTOB B OKeaHe

Cpexusas NpPoaodKHTEALROCTD ! Cpenuss npogonkmnTeasHocTs
HaxoXjleHHS B OKeale, | * HaXOXJIeHH B OKeaHe,
THC. JeT f THIC. JeT
SneMenT | DnemeHT
ne [Whitiield o Apyrum ! ’ [no Whitfield no EpYruM
M., 1979.r.) AAHHBIM i { M., 1979 r.] NaHHBM
Be 1 0,15 Lu 2 6,76
Bi 60 - b 2 —
Cd 100 92 Nd 1 2.5¢
Ce 0,3 6,1 Pr 0,8 2,08
D 2 — Re 500 —_
EIB'r 2 6,76 Sm 0,8 0,214
Eu 1 3,39 Ta 4 3,39
Gd 1 2,95 Th 20 =
Ge 7 7d Ti - 6,7
Hf 6 — Y b Z.D
Ho 1 6,76 Yb 2 6,76
In 4 -
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HyxHO OTMETHTb, 0JHAKO, UTO «BpeMsi HAXO0XKAeHHS 3JeMeHTa
B BOJe OKeaHa» — MOHATHE Yc/0BHOe, HOO OKeaH — BEYHO pPa3BH-
BaUlasicd ¥ BEYHO CaMOpery/JHpymulascs CHCTeMa, NOCTOSHHO
CTpeMsAmasics K XHMHYECKOMY PaBHOBECHIO ¢ JiHTOcepoi, Grocde-
poit u atmocdepoii, a Kaxaas H3 ITHX reocdep, B CBOI OYepelb,
HaXOJHTC B COCTOSIHHH HENPePLIBHOrO PA3BHTHA H BEYHOrO CTPEM-
JIEHHSl K DAaBHOBECHIO C ADYTHMH reocepaMi 3eMJH H KOCMOCOM.
ITosToMy, roBopsi 0 BpeMeHH HaX0XK/JAeHHs 3JeMeHTa B BoJe OKeaHa,
MBIl IOHHMAd€eM 3TO BPeMs B HalIHX YCJOBHSX, a OHH, KaK H3BECTHO,
He OBbIJIM TAKHMH e B re0JOTHYeCKOM MPOUIIOM 3eMJIH.

Bosee TOro, reoXHMHuecKHe LHK/IB 3JEMEHTOB TAaK MHOTOCTO-
POHHE CBAI3aHHW MexXAy coboil W TakK CJOMKHH, YTO FeOXHMHS JHIIb
OOAXOJHT K HX NOHHMaHHIO W o0bsicHeHHID. CKa3aHHOe MOXKHO HJI-
JIOCTPHPOBATh AKTOpaMH, KOHTPOJHPYIOIMIHMHE MOPCKYIO Fe0XHMHIO
F. Tak, P. Kapnenrtep [Carpenter R., 1969 r.] nokasaa, uto ocax-
nenne CaCO; sBisieTcss NOMHHHPYIOUIHM (BaKTOPOM yAajeHHst (ro-
PHAOB, PAacTBOPEHHBIX B MODPCKOH BoJe, NMPH 3TOM 3HAYHTEJIbHAsS
4yacTh coefinHeHH# F BXoauT B coctas docdartos kaabuusa. B ocax-
JawuHxca KapOoHaTaXx KOHUeHTpauus F Takxke M0CTaTOYHO BHI-
coka, a npeob6aaganne F Hag Cl B 3TOM mpolecce cOCTaBJsIeT He
menee 10° pas. B urore F ynansercs 3 MOpcKof BOAH NPHMEPHO
B 100 pa3 Guictpee, uem Cl, HO rajneKo He Tak GricTpo, Kak Fe u Al
I1pu coBmecTHOM OcaxKIeHHH KapGoHATOB H (ocdaToB KaJbUHA H3
MOpCKOH BOAm ynaaserca 10—209% ¢rTopHAOB, NPHHOCHMEIX
B okeaH pekamu. [lojaBnsiiomasi uacth F, HaXoguMoro B aTMOC-
{epe, EMeeT CBOMM HCTOUHHKOM OKeaH, a He BYJKaHH M HHAYCTpH-
AJbHYI0 TMpHpOAY. 3TO cleayeT H3 Toro (akTa, YTO OTHOUIEHHE
F: Cl B noxpesoii u cuerosoii Bose B 10—1000 pas Baime TOro xe
OTHOIIEHHS B MODCKOH BOJe.

MCTOPMA OKEAHA

Beerna nu okean 61 TakHM, Kak cefiuac? OTKyza B3sizachk
BOJAa H pacTBOPEHHLIe BEIIEeCTBA B OKeaHe? Ec/iH OKeaH 3BOJIIOIHO-
HHDYET, TO B Y€M 3Ta 3BOJIOUHS COCTOHT H B CHAY KaKHX NPHYHH
OHA NMPOHCXOAHT? Bce 3TH H MHOTHe APYrHe BONDOCH NOKa elle He
NOJYYHJIH OJAHO3HAYHHIX OTBETOB. BOT HEKOTOpHE M3 NONEITOK OT-
BETHTH Ha HHX.

k. @epxyren [Verhoogen J., 1946 r.], paccunras mMaccy BOAEI,
BHIAEGJAIOIICHCH H3 JaBHl NPH H3BEPKEHHSIX, MPHIIea K 3aKjioue-
HHIO, YTO 3a BCIO I'€0JIOTHYECKYIO HCTOPHIO 3eMJIH ee MOIIO 06paso-
BaThes He Gonee 15 9% oT Bcelt Maccst Muposoro okeana. Octasb-
Hple 85 % NpHXOAHTCS B TAKOM ciyude 0OBACHATL WIJIHSHHSIMH ro-
PAYHX HCTOYHHKOB H reiisepos.

K. II. ®@aopenckuii [1965 r.] Beickasan Muicab, 4To aTMochepa
raapoctepa 3eMaH He SBJISIOTCS N0 OTHOLIEHHIO K TBepiol 3emue
«BTOPHYHLIMH». OHH pocaH BMecte ¢ 3emJell B mpolecce ariome-
panHH MEeTEODHTHOrO BemlecTsa H nepexoaa 4acTH 3TOro BellecTBa
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npu najeHHH METEOPHTOB B raszoobpasHoe cocrosiHHe. CeanmenTta-
LHS METEOPHTOB H NMPOAYKTOB HX pacrmaja Ha AHe HenpepuiBHO pac-
TYLero OKeaHa fBJsJIach NpeAllecTBeHHHIeil MarmaTHsMa 3eMJu.
A macca ocaakos, 6oraTelX cBOGOJHON sHepruei, BHICBOOOANAA H3-
GLITOK TnOrpe0eHHOH 3HepruH, oﬁpasoaas 30Hy MeTaMmopdusMma,
SIBUBIIYIOCS HCTOUHHKOM TEePBHYHOH TemJOBOil HEOXHOPOAHOCTH
3emJH.

A IL Bunorpazos [1966] ofpasoBaHue OKeaHa pacCMaTpPHBAJ
KaK eIHHbIH reoJoruyeckuii mpoiecc miaHerapHoro macmraba, siB-
JAKUHACA PesyJbTaTOM 30HHOIO NJIABJIEHHS H JerasaliH Belue-
cTBa MaHTHH. MuicaH, Gauskue K ugesam A. I1. Bunorpamosa, Bh-
ckasanu Marcyo Cacao u M. T. Bansumxo.

Takopbl HEKOTOpHIE H3 COBPeMEHHHLIX NpPEACTABJEHHA O MpoHc-
XOXKJIeHHH BOJ oKeaHa. UTo 3Ke Kacaercsl 5BOJIIOIHH OKeaHa, TO ero
HCTOpHS B HAacTofllee BPeMs PHCYeTCH B BHAE NOCJEN0BATEJLHOMH
CMEHEI TPeX IJIaBHBIX CTajHil: NOreosorH4YecKoil, mepexofxHoll M co-
BpeMeHHOH. Jloreojoruyeckast cTajus OXBATHBAaeT OTPE30K Bpe-
MeHH OT obGpasoBanusa 3eman a0 3,5-10° ;er ToMmy Haszax. B ato
BpeMa NPOUCXOAMAM BhIHOC H3 Heap 3emau Hy 0, Cl, F, Br, I, S
H JPYTHX JIETYYHX 3JIEMEHTOB, KOHIEHCALHs H HeHTpajH3amHs HX
BCJIE/ICTBHE B3aMMOAEHCTBHS C MOPOJAMH JoOXKa oKeaHa. B mepe-
XOIHYI0O CTajHio, OXBaThiBalomyio HHTepBaa (3,5-=1,7)-10° jer
TOMY Has3aj, B HCTODHH OKeaHa IPOM30ILJIO BaKHeillee coGHITHE:
B €ro BOJax 3apoiHJach H pasBHJAach XKH3Hb. B cBolo ouepens, 310
NPHBEJIO K MOABJIEHHIO H POCTY cOJAepxkaHHS B MOPCKOil Boae dorTo-
CHHTETHUECKOro Kuciaopoia H okuciaeruio S, C, Mn, Fe n mpyrux
anemenToB. CoBpeMeHHasi cTajusi OXBaThHiBaeT Bpemsa ot 1,7.10°
JIET TOMY HasaJ 1o Hawux AHeil. B okeane 3a 370 BpeMd CJA0KH/ICA
cOBpeMeHHHIH coctaB BoA. B smoxm rioGaibHHX KoJeGaHHH KiaH-
MaTa OTIIHypOBaBliHecs 6acceiHBl AajJH THraHTCKHe HaKOMJEHHS
cojefi B KeMOpuH, NeBoHe H nepmH. Jlasi 3Toil iKe craguu Xapak-
TEPHO MOI{HOEC HaKOIJIEHHE OCAaJAKOB JHA.

PECYPCbI OKEAHA

MupoBoji okeaH B nocjeAHHe NEeCATHICTHSA CTal OOBEKTOM Iay-
OOKHX BCECTOPDOHHHX HccaeloBaHHil. OHH BBI3BaHBI NOTPEeGHOCTHIO
Haubosee MOJHOTO H Pa3yMHOro HCHOJL30BAHHA MHOroo6pasHbiX
pecypcoB okeana. Cpean Hux akan. JI. M. BpexoBckux oTmeuaer
caeAyloLIHe.

1. Oxean siBasercss BaXKHbIM HCTOYHHKOM IHILEBBIX PeCypcoB.
B nacrosimee BpeMsl NpOMBLICAB B OKeaHe JaloT '/s Bcex Genkos u
3—4 % >XupOB KHBOTHOro mpoHcxoxaenus. B 1970 r. wa xureas
3eman uX najano npumepHo no 20 kr. M Bce Ke moka B okeaHe
skcnayatupyerca gumb 0,0001 % npoayuenrta, 6o okean Haceasier’
oKosio 10 TeiC. BHAOB pacTeHHH W MOYTH 160 ThHIC. BHAOB JKHBOTHHIX
opraHusMoB. B uucie mociefHHX HaxoAsTcs: 15 TeIC. BHAOB Npo-
ctefinX, 5 Thic. ry60K, 9 THC. KHIIEYHONOJNOCTHHIX, 7 THIC. YepBeil,
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80 Thic. MOMLIKOCKOB, 20 THIC. pakooOpasHbiX, 6 THIC. HIVIOKOXKHX H
apyrux 6ecno3BoHOYHBIX, 16 Teic. pei6, 50 BHOOB 3Medl H uepemnax
u OoJsee 100 BH1OB MJIEKONHTAIOIIHX.

Muposoii yaoB pe6s B 1980 r. cocraua 63,5 man. 7. HanGomee
foraTele yJA0BE OKa3aJHCh NPHYPOYEHHBIMH K BHIXOJaM Ha NOBEpPX-
HOCTb MOJBOLHBLIX Te4yeHHH, BHIHOCSALIMX H3-TOA (oTocjaos, T. €.
¢ raybun Gosee 200 M, BoAwl, GoraThie (ocatamu, HATPaTaMH H
JIPYTHMH CONSIMHA. 3aMeueHo, 4TO B MecTaX BBIXO/IOB TAKHX TeYeHHH,
KaK M BJOJb KPOMKH T2IOLLEro NOJSpPHOTO Jbaa, GypHO pasBHBA-
eTcsl IJIAHKTOH — TJ1aBHBIH KOpM pHI6. 31ech BHUIOB IOCJTeAHeH 10-
cturaer 180 kr ¢ 1 ra akpatopuu. B ofuiem yJoBe B HacTosllee
speMs cocTaBaswT, Y%: peb6a— 90, Moaaiockn—5, pakooGpas-
Hble — 3, MOpPCKHe pacTeHHs — 1,5.
v~ 2. Okean gpjsieTcsd IPaHAHO3HEIM HCTOYHHKOM MHHEPaJbHBIX pe-
cypcoB. B HamGosee H3yueHHol Inenb(poBoil obnacTd, Ha rIyOHHAX
70 300 M, 3akmioyero 280 mapa. T HedpTH u 140 Tpau. T rasa. B na-
crosintee BpeMsi oHH AawT 30 % mupoBoi no6wuH HepTH U rasa H
coctaBasior 90 % obueil CTOHMOCTH TOJIE3HBHIX HCKOMAeMbIX, A0Gb!-
paeMbx B oKeaHe. [IpuGpexHple GoraTefiliHe POCCHINH HILMEHHTA
¥ pyTHAa JaHmb B ofHoil Asctpanmm ganm B 1970 r. 1245 TeC. T
THTAHOBBLIX MHHepa1oB. TaKHMH POCCHISAMHU C/IaBATCA Takxke mnole-
pexkbps WMuaun, pu-J/lanka, Manaiizun. OJIOBTHHEIMH POCCLITAME
Goratsl npubpexubie pafionsr Mugoneann, Manafisun, Tannanna,
Boernama. JKeaeso no6sBaerca B Sinonnu, B Hulobaynaaenje (Ka-
Haja). MecTopox/IeHHsIMH CaMOPOHON cepsl OTMedeHO noGepexbe
Mekcukn, yrasi — Karagel. 301070 H NaTHHY AOGHLIBAIOT H3 NpH-
Gpexxupx pocchineii Ansickn n Kanudopuuu, anmass —y Geperos
Hamu6uu. ®ochopuramu GoraTel NPHMOPCKHe cTpaHel MekcHka,
IMepy, Ynau, IOAP. B pasHpix Mecrax noOepexHH H3BECTHEI POC-
CHTH LHPKOHA, MOHALHTA, TaHTaJ0-HHOOATOB, MAarHeTHTOB, XpO-
muta. Ha nue Tuxoro H ATIaHTHUECKOrO OKeaHOB OOHAPYIKEHBl I'H-
raHTCKHe CKOTMJICHHS 3KeJ€30-MapraHieBuX KOHKpPeIHH, 3aKiIioualo-
mue B ceGe kpome Fe u Mn muaauapast TouH Ni, Co u Cu.

Ho Bens okeaH, Kak Mbl BHAeaAH, 3T0 0,5-MOJAPHBLIH pacTBOp
XJOPHCTOTO HATPHs, B KOTOPOM COJlepKHTCSi, Kpome TOro, Goree
70 sneMenToB TabuHIe MenjieneeBa. XJOPHCTHII HATPHH, OKHCb
Maruusi, 6poM H3 MOPCKOii BOAB Yy2Ke A0OBIBAIOTCH, a APYriHe KOM-
TIOHEHTHl ee CTOAT Ha ouepeAan. Hepmanek JAeHb, KOrja B IPOMBIII-
JIeHHBIX MaciuTa0ax HayHeT ONPecHAThCSl H caMa MOpCKas BOJa.

3. KosoccajipHOe 3HAyeHHe OKeaHa COCTOHT B TOM, 4TO OH, Oy-
JLYYH «JTerKHMH» II2HETH, MPOAYUHPYET CBOHM (UTONIAHKTOHOM
NOYTH NOJOBHHY Bcero Kucmopoga armocdepst. CorsmacHo A.TI. Bu-
norpazosy [1972], B oOMeHHOM Ipolecce MexAy aTmocdepoil u
OKeaHoM, T. €. B «JbnXaHHH» okeaHa yyacteyer 100 mipa. T CO..
[IpH 5TOM KH3Hb, Hacensiomasi okeaH [mo Meiicony B., 1970], ac-
cuMuanpyer B rox B cpeauem 126 mapa. T COp npotus 20 mapia. T,
ACCHMHJHPYEMBIX JKH3HbIO cyliH. BHHOrpazoB 3aMeTHJ, 4TO OKeaH,
KaK Hacoc, MOIVIOUaeT cBOMMH XojoausiMH Bofamu COp B noJsp-
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HBIX IIHPOTAX H OT/A€T ee B HarpeThlX SKBATOPHAJBHBIX H TPOMHYe-
cknx 3oHax. Mmenno moaromy nasnenne COz B 0614CTH TPONMHKOB
BCerJia HeCKOJIbKO BhIllE, 4eM B BHICOKHX IIHPOTAX.

4. Okean o6nanaeT rpaHAHO3HEIMH 3anacaMH MeXaHHYECKoil u
TeNJIOBOH SHEPrHH, KOTOPHIMH OH O6GMEHHBaeTCs ¢ JHTOchepoil u aT-
Mocepoii. OHH JeXkaT B OCHOBe AHHAMHUYECKHX NPOIECCOB B OKe-
aHe, HAYHHAsA C IPAHAHO3HBIX NPHJIMBOB, AOCTHTAIOUIHX TIO BHICOTE
18 M, u crcTeM TeyeHHii MJIaHeTapHLIX MacwTa00B H KOHUAs Kammi-
JSIPHBIMH BOJIHAMH Ha NOBEPXHOCTH Boab. I'loGanbHbie atMocdep-
Hble Tpouecchl, KIUMAaT M NMOroAa, myTH nepeHoca NMHTATEJNbHLIX Be-
IecTB, XHMHYECKHX 3JIeMEHTOB, 3arpA3HSIOIHX OKeaH OTXOMOB, —
BCe 3TO TaK HJH HHaue CBS3aHO ¢ Nepepacnpeie]eHHeM 3anacos
SHEPTHH B OKeaHe, ¢ NIEpeX0JaMH ee H3 OAHHX (GopM B ApyrHe.

5. OkeaH — 370 caMbie yIOGHbIE H BHTOAHBIE H HaJeKHbIe TPaH-
CIIOPTHEIE NMYTH, CBASLIBAIOIIHE MEXAY cOO0H BCce KOHTHHEHTHI MmJa-
HeThl. ITo STHM MyTAM B J0KOAYMGOBO BPeMsi NPOMCXOAHIA MHIPa-
WH JI0Jel ¢ OAHOro KOHTHHEHTA Ha JPYroii, a B HAIIK JHH nepeme-
maercst 4/s mupoBoro rpysoo6opora.

TEOXMMHUA BHYTPUMATEPHMKOBbLIX BOM

HasemHuble BHYyTpHMaTePHKOBbIE BOAB, OYAYYH JOKAaJH30BAHBI
B Haubosee auddepenuuposanHoii reochepe 3emaH — AHTO-
cepe, — HecyT Ha cebe OTHEuaTOK ee KOHTPACTHOCTH, BhIPAKalo-
miefici B H3MEHYHBOCTH arperaTHOro COCTOSIHHA (KHAKas BOAa,
CHer, uHei, Jiea, nap), apyrux ¢usnueckux cpoicts (T, pH*, cone-
HOCTb) M INHPOKHX KOJIeGaHHSAX XHMHYeCKOro cocTaBa. ATH KoJelGa-
HHSl MPOABJAAKOTCA B Maciurabax BCeH CyLIH, OTAeJbHBIX KOHTHHEH-
TOB, PETHOHOB, OT/AENbHBIX BOJOEMOB, 03ep, PeK.

ComocrabiienHe XHMHYECKOrO COCTAaBa BOJ OKeaHa M pex
(raGn. 20.8) nokassiBaer, uTo B pekax Hakanmusawortcs Be, Fe, Zr,
Cr, Pb, Al, Ti, Mn, Ni, Si, Co, Zn, Th, Cu— 3/1eMeHTH, OTpPaKaI0-
iHe BJHSHHE COCTaBa 3eMHBIX INOPOJA, NOABEPralOUUXCS pPevHoi
sposun. ** E. Kouseit [Conway E., 1943 r.] ycranosus, uto coue-
HOCTb PeYHOl BOJAB 10 50 Mr/n yKkaseiBaeT Ha ApeHa)K H3BepIKeH-
HBIX W MeTaMOp(pHYeCKHX NMOpoj, a npH 3HaueHuax 50—200 mr/n —
Ha JpeHak 0cajlouHbIX NOPOL.

CocraB  BHYTPHMATEDHKOBHIX BOA KOHTHHEHTOB IIOKasaH
B Taba. 20.9, oTKyAa BHIHO, YTO IVIABHBIMH KaTHOHAMH BHYTPHMa-
TepHKOBHIX BOA ABasiores Ca, Na, Mg, (Fe, Al), K, a aunonamn—
COs, SOy, SiO,, Cl, NO;.

Kaxk yxe oTmeuasoch, peasibHBE COCTaBhH BHYTPHKOHTHHEHTAJ b-
HBIX BOJ CHJIBHO K0J1eGJI0TCs, OTpamasi TeM CaMbIM BJIHSAHHE MHO-

* pH nasemubix Boj KoneGnercs or 1,5 (BOAH BYJKaHHYeCKHX KpaTepom
o. §Iea) no0 10,0 (Boawt wesounwix mous Cymana).

** I'. H. Batypun [1975 r.] nokasan, 4To B COCTaBE PEYHOro €TOKa B Mu-
POBOil OKeaH €XeroiHo mocTynaer okoao 18 THC. T pacTBOpeHHOro H npHMepHO
CTOJIBKO K€ B3BemuenHoro U.
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- TABJIMLIA 20.8

CoflepKaHHe XHMHYECKHX 3/IEMEHTOB B BOJE OKeaHORB
u pek [Bunorpanos A. I., 1967 r.],

macc. %
Cogep¥aHue Koaddiu- Cofiepxanue Koaddu-
Dae- LHEHT e~ LHEHT
MeHT KOHLeH- | MeHT KOHIlEH -
OxeaH Pekn TpalHH Oxean Pexu TPaUuK
G 1,900 6,4-10—4 —2969 Be' 1,810 108 -560
Na 1,035 4,5-10—4 —2301 Fe | 6, 7:10-" 67
Mg 0,129 3,3:10—4 —393 | Zr B-10—% 2,6:.10-7 -+ 52
K 0,039 1,5:10—4 —260 | Cr 24102 10— ~+350
B 4,6-10—4 2-10—¢ —230 | Pb 34109 10-1 -+30
S 0,089 4-10—4 —223 || Al = 510~ 0
Li 1,5-10—% 10— —150 || Ti 10—7? 5:10—7 +5
Rb 2v 198 2:10-7 —100 | Mn 2-10—1 16—¢ -+5
Sr B 108 10—* —80 Ni 2:10~% 5:10—7 +2,6
Ca 0,0408 0,0013 —31 Si e 6:-10—4 42,0
v 3:10-1 108 —30 | Co 5108 10-7 +2
F 1,3-10—4 5-10—¢ —26 | Zn 1 i 2:10—¢ -
I 5:-10—¢ 21057 —25 | Th 1077 2:10-° +2
Mo 10 8,4-10—8 —12 | Cu 3-107 5:10—7 +1,7
P 7-10—% 10+ —7
Cs 3,7-10-2 102 —3,7
Br 6,6-10—2 2.10-3 —3,3
8] 34107 1= —3
Ag 3-10—8 2:10-8 —1,5
Hakanaupaores B oKeane Haxkanaupaiotrcsi B pekax

royucjieHHuIX (paktopoB. Tak, armocdepHble Ocajku, BrNanaouie
B pailione KueBa, eme HecyT Bheyatsisioulne ClIeAB BIHAHHA AT-
santukn. K. JI. Tkavenko u IT. M. Kosnecunk [1969 r.] ycraHoBuIH,
YTO B Cpe/IHeM 3a roj BMecTe ¢ HHMH BHINAajaeT Ha Kaxblil rexrap
npuMepHo 250 Kr pacTBOPeHHLIX BEIECTB, a cpefn HHX, Kr: SO; —
78, HCO3 — 81, Cl — 23, Ca — 16, Mg — 16, Na u K — 30, NH,
NO;, NO; u ap. — 15. . Kappoaxn [Carroll D., 1962 r.] noxkasau,
YTO CJIOXKHBIIT, MHOTOKOMIIOHEHTHLI cocTaB Ao¥KzAeBoil Boxn B Ce-
sBeproii EBpone u B IOro-Bocrounoii Asctpanuun oGycsioBjen MHO-
rHMH (aKTOpaMH H B HX HHCJe: HCIapeHHeM cojiedl H3 OKeaHOB, H3
COJIEHBIX 03€p, NPecHBIX BOJ, AeATeNbHOCTHIO NPOMBILJIEHHBIX Tpej-
NPHATHII, M3BePKEHHAMH BYJIKAHOB M BJIHMAHHEM pPaCTHTEIbHOCTH.
ITostomy pH noxaepoii Boasl B CepepHoii EBpone kosebsiercsi ot
3,9 no 7,7.

B cBoio ouepesanb, coctaB pPeuHLIX BOJA, KPOME JPEHHPYEMBIX IO-
POJ, 3aBHCHT OT cOCTaBa MOXAEBLIX BOA, a HAa COCTaB OCaAKOB
B CBOIO Ouepelb BJHAIT GJH30CTh K MOPIO, HampaBjeHHe H CHJIA
BO3JYIIHBIX TeYeHHii, 6JH30CTh K HHAYCTPHAJbHLIM HEHTPAM H MHO-
roe Jipyroe.
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TABJIMIA 20.9

CocTaB BHYTPHMATEPHKOBBIX BOX
[Knapk @. V., 1924 r.]

Cpenuuft
KoMnoHrexT ‘f:ggg:: A’S;;E,:‘:‘: Espona AsHsn Adpuxa ;g;}? (%?3‘
l AHTapKTHIBI)
COq 33,40 32,48 39,98 36,61 32,75 35,15
SO, 15,31 8,04 11,97 13,03 8,67 12,14
Cl 7,44 5,75 3,44 5,30 5,66 5,68
NOg 1,15 0,62 0,90 0,98 0,58 0,90
Si0, 8,60 18,88 8,70 9,51 17,89 11,67
Ca 19,36 18,92 23,19 21,23 19,00 20,39
Mg 4,87 2,59 2,35 3,42 2,68 3,41
Na 7,46 5,03 4,32 5,98 4,90 5,79
K 1,77 1,95 2,75 1,98 2,35 2,12
(Fe, Al);0, 0,64 5,74 2,40 1,96 5,52 2,75
Bceero 100,00 100,00 100,00 100,00 100,00 100,00

Bonbmuncrao BHYTDHMAaTePHKOBHIX 03ep, NHTaeMBIX peKaMH,
B CHJY HH3KOH COJIEHOCTH DeyHOH BOABI fBJAETCS NPECHOBOAHBIMH.
Oznnako, HecMOTpsI Ha HH3KHe COLEpKaHHA cojiell B PEUHBIX BOAAX,
€CJIH OHH B TEYeHHEe IJIHTEJIbHbIX OTPE3KOB BPEMEHH BJIHBAIOTCH
B 3aMKHYTBHle BOJOEMEI, Tle NPOMCXOMHT HX HHTEHCHBHOE Hcnape-
HHe, 3ech MOTYT 006pasoBaThbCsl BLICOKOKOHLUEHTPHPOBAHHBIE BOJ-
Hble PAaCTBOPHI COJeil, BIVIOTL 10 PaccoioB.

IIpumepom Takoro GeccrouHoro cojieHoro osepa sBasercs Mept-
Boe Mope. Pacnosnarasick B Mapaune u Hopaauuu, oHo HMeeT mio-
mans oxkojao 1000 km? ITosepxHocth ero Ha 392 M HHXKe ypOBHS
Mops, ray6uHa po 356 M, conenocth Boasl 260%0. CocTaB BOAB Ha
nosepxuoctu MepTBoro mMopsi, Ha ray6uHe 300 M, a TakxKe BOAB M3
nuramoweii Meptsoe Mope p. Hopmau npusenen B Taba. 20.10.
MepTBoe mMOpe 3akiiouaeT OrpoMHble 3amackl coad, T: MgCly—
22-10°, NaCl — 11,9-10°%, CaCl, — 6-10°, KCl— 2.10°, MgBro —
0,98 - 10°.

ITo coctaBy HasemHble BOAB TOCTENEHHBHIMH NEepPexXofaMH CBA-
3aHbl C MOPCKHMH, noAseMHBIMH (¢ur. 20.1), ruaporepManbHBIMKE
BOJAaMH H, N0-BHAHMOMY, C MarMaToreHHHIMH pactsopamu. Ho ecan
CBA3b NMOJA3EMHLIX BOJ ¢ aTMOC(epHEIMH OcaJaKaMH, 03epHoll U peu-
HOH BOJI0H He BLI3LIBAET COMHEHHS, TO CBfA3h MEMKY BaJ03HBIMH BO-
JAaMH H MarMaToreHHbIMH PacTBOPAMH CTaja OUEBHAHOH JIHILUL B MO-
clefHee BpeMs.

A. W. Tyrapuuos [1973 r., c. 117] nucaa: «Ilpu norpy:xeHnuu
OCafiOYHBIX MOPOA Ha riyGuHb 6—8 KM NPOHCXOAHT 3aXOpOHEHHE
B HHX BOJ, NMOABEPrawIIHXCcs M0J BJIHSHHEM BO3pacTaloLIero MeTa-
Mopodusma nexapboHaTH3ALHHK U Aecybdypusaunu. Bee 310 BMecTe
C PEe3KHM TepeporK/eHHeM CaMbIX FOPHHIX NOPOJ, BHICBOGOKAEHHeM
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20.1. Cpa3b pa3/HYHLIX 1O COCTABY THNOB KOHTHHEHTaJb-
HbHIX H MOPCKHX BOJ.

O — oKkeannveckasi Bosa Npu coaenoctd 35 r/kr [Banamxolggé. L

.

U3 HHX pAaccesiHHLIX PYAHLIX 3JeMEHTOB CrnocoOGCTBYeT reHepalHn
FHAPOTEPMAJIbHBIX PACTBOPOB CAMOI0 MECTPOro COCTaBa».

B. WM. BepHajckufi OJHHM H3 MNE€PBHX BCKPHJ H OLEHHT
3HayeHHe BOJAB, Haxoasuwekdca B JauTochepe. OH mokasam, 41O

TABJIMLIA 20.10

CoctaB pacTBopeHHBIX coneit B Bopax Meprsoro mMops
u p. Hopnan [Pankama K., Caxama T., 1952 r.]

Copepianne coneft, % or ofmero KonuvecTpa

KomnoresT Eg;jﬁé‘e’;"ef,',fﬁe Boasl Ha rayGuue Boaw p. Mopnan
OKOHEUHOCTH 300 m Gins Banu 6an3 Hepuxoha
MepTBOro Mops Mpassa
Gl 65,81 67,30 41,47
Br 2,37 2,72
SO, 0,31 0,24 H22
CO, Crenpi Crnepnpl 13,11
NOg Caenwl
Na 11,65 5,50 18,11
K 1,85 1,68 1,14
Kl 4,73 6,64 10,67
13,28 15,92 4,88
Fe,O3 + AlOq 1,45
iOg Crnenw Cnensl 1,95
Cymma 100,00 100,00 100,00
Conenoctb, o 19,25 25,998 0,770
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Ha ray6uHax 1o 16 KM B nopojax 3eMHON KOPH 3aK/IIOUEHO OKOJIO
400 man. km® Boawl u ray6xke 16 kv eme 200 muH. kM3, Takum o6-
pasoM, B TBEPAOH 3€MHOM KOpe COAEPIKHTCA NMOYTH MOJOBHHA BOJIH
Muposoro okeana. MupoBoii okeaH, HaseMHEE BOJAbI H BOABI JIHTO-
cheprl, KOHeUHO, MeXKAY co0OH CBA3AHE, M CBf3b 3T4, KAK OTMeya-
J0Ch BHIIE, Obl1a eme HeJaBHO MOCTYNHA MNOHHMAHHIO JHIIb
B caMbIX O0IIHX uepTax.

B wnccnenosannn B. H. Kononosa [1983, c. 3] roBoputes: «B 06-
JIACTAX COBPEeMEHHOr0 BYJKaHH3Ma HauGojee SIPKO NPOSBAAETCS
reorepMajbHasi aKTHBHOCTh HeIp, BhIpa)Kaluiascsd B BHHOCE K I10-
BEPXHOCTH 3eMJiH IMIyGHHHOrO Temsa M MarMaTHYeCKOro BeuiecTBa.
H3yuenue sakoHoMepHOCTell POPMHPOBAHUS TepMANbLHLIX BOX H Ia-
8OBOMHEIX (DJIIOHJIOB, YYacTBYIOUIHX B 3TOM TeNJI0MAaccomepeHoce,
MOMKET 1aTh OTBET HA MHOTHE HesiCHBIe MOKa BONPOCH TeOXHMHHS.
KonoHOB mokasas cienymomee.

1. McrounnkaMu caMmoii BOAB M COAEPIKAIIAXCH B TepMaJIbHbIX
pPacTBOpax MHHepaJIbHHIX KOMIOHEHTOB M Ta3oB SBJSIOTCA aTMO-
cepa, okeaH, 3eMHas Kopa 0 MaHTHsi. IIpH 5TOM B NHTAHHH THIpO-
T€PM B OAHHX CJIy4YasX OCHOBHAsl POJib MPHHANNENKHT HHQHIBTPA-
UHOHHBIM METEOPHBIM BOAAM, B APYIHX — CeAHMEHTOrCHHBIM HJIH
COBPEMEHHBLIM MOPCKHM BoxaM. Jlons MarmMaTHYecKHX GJIIOHI0B
B BOJHOM 0ajalce TaKOro poja THAPOTEPMAJLHBIX CHCTEM OGBLIYHO
He Gosmbiie 5—10% wu JHIIL B OTAEABHBHIX CIYYasx HOCTHTaeT
20—25 %.

2. OcHOBHAst 4acThb PacTBOPEHHHIX B BOAE BEIHIECTB 3aHMCTBY-
€TCsl M3 BMelaIOLHX NMOPOJ 3eMHOH KOpBl JHGO mocTymaer B I'HA-
POTEPMANBbHYIO CHCTEMY BMECTe C CEJHMMEHTOreHHLIMH H COBpe-
MEHHLIMM MOPCKHMH BOJaMH. AHOMAIbLHO BLICOKHE KOHIEHTPAIlHH
pyaHeix snementoB (Kpacuoe mope, Conton-Cu u ap.) o6s3aHbi
BBILIEIAYHBAHAIO BMEIIAIONINX [OPOJ HATPETHIMH XJOPHUAHEIMA HaT-
PHEBO-KaJ/bIlHEBBIMH PacCOaMH.,

Takum o6pasom, HccienoBannss KoHOHOBA mMOKasaju, uTo Tep-
MaJbHble BOJAH B O0/IaCTAX COBPEMEHHOrO BYJKAHH3MA SIBJISIOTCS
CBOEOGPASHBIM KJIOUOM Il NOHMMAHHs CJI0MKHOTO M MHOTOJHKOTO
ABHXKEHHS BellecTBa 3eMJH, [BHIKEHHS, OXBATHIBAIONIErO JHTO-
chepy, ruapochepy u armocdepy. Beaymas poab B sTOM Kpyro-
BOpoTe npuHaJiexut Boje. I'mapochepa, KaK Mbl BHAe M, Haxo-
AHTCSI B aKTHBHOM B3aHMOJEHCTBHH c Hoocdepo#l, mpu sToM
NOCJIEAHSsT Yepe3 MHOTOYHC/IEHHbIe BHAB BO3NEHCTBHS (BOAOMOMD-
30BaHme, 100bIYA MOE3HBIX HCKONMAEMEIX, MOPENIaBaHHe, TPOMBICET
PBIOLI H MOPCKOrO 3Beps H T. 1) Bce Gojiee OCTPO OMIYIIAET NO-
CJIEACTBHA 3TOr0 HapacTaiollero B CBOHX Maclutabax Bo3feiicTBHS.
EcrecTBenno Bo3HHKaeT BONpoc: 4TO MPOHMCXOAHT ceiiuac B THApO-
chepe, KAKOBH NMOCTEACTBHSA AHTPONOTEHHOTO BO3AEHCTBHS HA GHO-
chepy?

I'ay6okne H3MeHeHHs! IPOMCXOAAT ceffuac B ruapochepe. Orpom-
Hbill PAacxojl NPecHbIX BOJA NPOMBILLIEHHOCTBIO M CEMbCKHM X03sii-
CTBOM, ¢Opoc OTPaBOTAHHBIX HEOYHLIEHHBIX BOJA H OTXOMOB B PEKH
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H BOJOEMBI, A00bIYA  MHHEPAJbHOTO CHIPbS H3 MOPCKO# BOABI H
HeptH B mpuOpexHOi 1weabPoBOil 30HE — BCe 3TO BHI3BAJO Melb
cephe3HbIX B3aHMOCBA3aHHBIX H3MeHeHHil B ruapocdepe.

‘Oco6eHHo cHJbHOE, 1O KphliaTomMy Buipamenuio B. M. Bepuan-
CKOTO, «JaBJIeHHEe JKH3HH» HCOBITBIBAeT Ha cefie MupoBOH OKeaH.
M3 ero Box tonbko B CLIA u AHrinu HbIHE eKerogHo H3BJEKalOT
400 TeiC. T OKHCH Maruusi, a B SInOHHM 3a cueT oKeaHa YIOBJIETBO-
psieTcs TMOJOBHHA NOTPeGHOCTH B XJOPHCTOM HATPUH  (MOYTH
Q0 Teic. T). O6wee Ke KOJHYECTBO XJOPHCTOrO HATPHS, U3BJIeKae-
MOTO €XKerojiHo M3 MopcKofi BoALl B MHpe, jocTurjo 18 mun. 1. M3~
Mopckoit Boip fo6piBaercst 100 Toic. T 6poMa M MHOTHE JpYrue Be-
mwecrBa. Toapko 3a natb jger (1971—1975) no6wiya Mopckoro Mu-
HepaJsbHOro ChIpbsl yBesHungaach B 12—14 pas, a Belb elle TOJLKO
[IPOEKTHPYETCsl OCHOBHAsA JA06BYA JKeJe30-MapraHieBbiX KOHKpPe it
co aHa oKeaHa. Yxke 60 cTpaH pasBeAbBAlOT H paspabaThBaloOT
He(TAHLIE W Ta3oBble MECTOpPOXKAeHHs B Mope, H yxe 30 % npous-
BoAuMOIl B MHpe HedTH AoObIBaeTcA HbIHE HAa KOHTHHEHTAJbHOM
meabde, Ha ray6uHax po 200 M. [Tpeanosaraercs, 4To A0/ A00LI-
Baemoii sfeck Hedtu B 1990 r. gocruruet 35 %.

KoHTHHeHTaJ bHBIH wenbd 3aHMMaeT Ha Haued IJaHere
30 maH. kM2, ITo moAcueTam CrnenHaJHCTOB 3Ta IJIOIAJLb 3aK/II0YaeT
B cBOHX riay6mHax Gosee 110 mapia. T Hedtu. Ho 310 M OCHOBHBIE
paiioHbl pasMHOMeHHs PO H Mopckoro 3pepsa. M Bor yxe ce-
rOJHS KH3HL B MecTax 1o6uiuu HedTH npakTHyeckn noryGnena. He
YIHBUTENILHO, UTO B CBS3H C 3THM pE3KO YMEHbIUHIHChH 3amachl
CeabJH, TPECKH, MOPCKOro OKYHSl, KaMGaJbl — OCHOBHBIX IpPOMBIC-
J0BBIX Pbi6G, 06GHTaOWNX Ha ray6uHax no 600 M.

Heno B ToM, uTo 1 1 HedTH, pasjuTOH Ha NOBEPXHOCTH MOpH,
MOrJIOAeT JJIS CBOEr0 OKHCIEHHS pPAacTBOPEHHHIH KHCJIOPOJ H3
400 Teic. 1 Mopckoii Boawl. HedTs, BEIHNTAA B MOpe, YHHUTOIKAET,
TaKuM 00pas3oM, BOKpYT cels Bce XKHBOE.

A nenu XH3HH B OKeaHe najeko He npocthl. ITostomy, o6opsan
1elb JKH3HH B KAKOM-TO yuacTke MHDOBOro okeaHa, Mul cefiuac xe
MOYYBCTBYEM pe3yJbTaThl 3TOro o6pbiBa B JPYrHX yYacTKax.

MupoBoil oxean 0coGeHHO CHIBHO CTPajfaeT OT HelmpephlBHO yBe-
auuuBaouierocs c6poca B ero Boas otxonos. T. Xefiepnan [1972r.]
BO Bpemsi myreliecTBus Ha «Pa» sanucan B cBoeM aHeBHHKe: «[Jo-
cepelHHe OKeaHa, OTKpHTOro Ans EBpons KonyMtSom, HeMb3s cy-
HYTb PYKYy B BOAY, UTOObl He BHIMA3aTbCA B TPA3H..

YueHpie y:Ke TaBHO MPeAyNpexaaloT o neqanbﬂmx NOCJIEICTBHAX
CTOJb HepasyMHOro OTHOLIEHHsi ue/joBeKa K OKeaHy. Axaf.
JI. M. Bpexosckux B 1973 r. nucam: «Eciu c6poc 0TXOI0B B OKeaH
Oyner pacTH TaKHMH TeMIaMH, Kak cefiuac (a B JeHCTBHTENbHOCTH,
ecJIM He MPHUHATh KapAHHAJBHBIX MEp, STOT TEMI YBEJHYUTCH XOTS
6bl BCJIECTBHE paciinpennsi foGeiun HeTH U rasa Ha lweabde), TO
B KOJIOTHYECKOH cHcTeMe OKeaHa MOTYT HMPOH30HTH HeoOpaTHMBIe
npoueccol, YpeBaTbleé BeChMa H BeCbMa CEpLEe3HBIMH MOC/e/-
CTBHAMH>,



Fnasa 21

FTEOXMMHSA ATMOCDEPSHI

Cocras uHepTHEIX rasos B cospemeHHOR aTmocdepe
yKa3sisaer Ha TO, u4TO OHa Gblnﬂ HenocpeacTeeHHoO
yHacneposada or nnaﬂetesuuuneﬁ, NOCAYMHUBLWIKMX MC-
TOYHHKOM nNNaHeTsl, CHQAOUII‘MLHO, COBPeMEeHHYHO aT-
Mocepy cneAyer paccMaTpuBaTh Kak M3HAuanbHy:o.
EG COCTOAHME OTnH4Yaerca o1 NepsM4YHOro TONbLKO yc-
Kone3anvem H u He, H3IMEHEeHHEM MonexkynspHoro
coctasa B pe3lynbrarte (POTOCMHTE3a M NEPeXofom Yyr-
nepoaa, rnasHeim obpazom B Buge kapboHata kanb-
UM, B 3EMHYIO KOPY.

X. Aavsen, I. Appenuyc, 1979

Atmocdepa — momnas rasosasi o6onouka 3eman. Ee ocoGen-
HOCTbIO fIB/ISIETCA Pe3KO BHIPAXKEHHAs HEOAHOPOAHOCTb CTPOCHHSI H
cocraBa. Macca atmoceps 5,15 10'5 1. Xorsi semnas aTmochepa
B BHAE MOHH3HPOBAHHOrO rasa OTYETJHBO (HKCHpyeTcs M Ha pac-
cTosiHHH 20 THIC. KM OT nmoBepXHOCTH 3eMan, 9/10 ee Macch 3akJio-
UEHO JHIUL B CAMOM HHXKHeM |7-KHJIOMETpOBOM cjioe. DTOT cJoi —
Tponocepa — HauGoJee MOJHO H3ydeHHAs uacTb aTMocheprt. ITo-
STOMY NOJA reoxuMHeil armocdepn, ee cBoiicTBax, cocrase, NpoHc-
XOXKIAEHHH OOBIYHO NPHHATO TOHHMAThb TEOXHMHIO HHXKHeH, Hawu-
Gosiee MIOTHOH H MaCCHBHOH ee YacTH, XOTH, KOHEYHO, TAKOe MOHS-
THE YCJOBHO H HEMOJHO *.

CTPOEHME ATMOC®EPLI

Kax Buauo u3 ¢ur. 21.1, armocdepa 10 sricorst 100 kM nogpas-
AeJfieTCs Ha 4eTbipe OCHOBHBIX 000J104KH: Tpomocdepy, crpato-
chepy, mesocepy u Tepmocdepy.

Tponocgpepa B nonsipHeix 061acTAX HMeeT MOLHOCTh 8—10 K,
y skBatopa — 16—18 kM. dra uwacth atmochepsl, HanbGosee MJAOT-
Hasl, rpaHHYallas ¢ NOBEPXHOCTbIO OKeaHa H CYIUH, XapakKTepH3y-
€TCl HHTEHCHBHLIM TYPOY/NEHTHHIM TNepeMellHBaHHeM BO3AYIIHBIX
Macc **. Temneparypa saech NOHHXKAeTCsi C BHICOTOH B CpesHeM 10
6°C na 1 xm. Bepxueii rpanunueii Tponoceps sBasercs TpOIno-
naysa. OHa XapakTepH3yeTcsi MHHHMaJbHBIMH 3HAYCHHSIMH TeMIle-
pPATYpHl B 3TOH 4acTH aTtMoc(epsl, COCTABJAAIOUEMH 3aech 190—
220 K.

Crparocghepa cocTOHT H3 HHXKHell W BepxHeil uacrefi. Huuss
cTpatocepa npeacraBieHa H30TEPMHYECKHM CJI0eM C MHHHMAlb-
HBLIMH TeMrnepaTypamH, XapakTepHbIMH JJIsi TPONonayssl. ToT cj10ii
NpOCTHPaeTcs NpHMEpPHO A0 25 KM BuicoThl. Ha BricoTe okoso 30 kM
3emas OKpyxeHa MKH3HEHHO BaXKHBIM cJ0eM 030Ha. C BBICOTHI

* Teoxnmns raszos armocepn onucana B. A. Cokososwiy [1966 r.).
** Crpyktypa armocteproii TypGyaentwoctn ommcana J. JI. Jlaman w
I. A. MNanosckum [1966 r.].
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21.1. Crpoenue artMmocheps.

4 — ypoBeHb MOpf; 2 — CJOHCTO-L0MKAEBbie o6naka; 3 — Kyuesble o6iaKa XopoureA norojasi;
4 — BeicIlasg TOUKa 3eMJAH — ropsl JXOMOJYHIMa (2Bepecr), 8848 M; & — camoner; 6 —
MOLIHO-KyYeBble 061aKa; 7 — mepHcThle oGaaKa; § — JHBHEBble (rposoBrie) obnaka; 9 — caoii
MaKCHMaJbHOH KOHIeHTPAlLHH O030Ha: 10 — nepaamyrpossie o6naxa; II — crpartocrar; 12 —
Paznuosonn; I3 — Mereophl; /4 — cepeGpHcTHe o6.aka; /5 — nonsApHble CHAHHA; 16 — ame-
PHKaHCKAI camoser-pakera X-15; I7—I19 — pafHOBOAHEI, OTpaxawliHecd OT HOHH3OBaHHBIX
C/I06B M BO3BpallalollHecd Ha 3emao; 20 — 3BYKOBaR BOJHA, OTPAXKAOMANCH OT Temio-
BOro CA0A H BO3BpAaWalOUAACA Ha 3eMJI0; 21 — nepBuIfi COBETCKHI HCKyCCTBeHHbI CMNYTHHK
3eMAH; 22 — MEXKOHTHHEHTAABHAS GaMHCTHYECKAR pakera; 23 — reodHsHuecKHe HCCAENO-
BaTeNIbCKHE paKeTsbl; 24 — MeTeopoJOTrHYECKHe COYTHHKH; 25 — KocMHYecKHe KopaGam <Coioa-4
H -5%; 26 — KocMH4ecKHe PaKeThl, yXolsdlilHe 3a npefenst armocdepsl, a TakxKe pagHo-
‘BOJIHA, TNPOHH3LIBAIOU[AA MOHH3OBAHHbIE CJAOH H yxonsiutas H3 armocdepsi; 27, 28 — nmc-
CHnanud aromoB H u He; 29 — rTpaekTopHa coaHeuHbix npotoHoB p; 30 — yastpaduonero-
BOe H3JyueHHe.
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25 xm TeMmmepaTtypa B cTpaTocdepe HauHHaeT BO3pacTath, H 3Ty
4acTh — BEPXHIO0 cTpaTocepy — HA3HBAIOT 06/1ACTbIO HHBEPCHH.
Ha sepxueii rpanuune crpatocthepn, Ha BhicoTe npuMepHo 50 Km,
Temnepatypa jnocturaer 273 K, 1. e. 0°C, u ocraercs Takoll fo
BHICOTEI 55 KM. DTy Y3Kyic 06J1aCTh NMOYTH MOCTOSHHOMN TeMIepa-
TYPH, ABJISAIOLLYIOCS N0 CYUIeCTBY BepXHe# rpanuueii crparocdepsi,
Ha3hpIBAIOT CTPATONAY30H.

Brime ctparonayssl gexuT mesocgepa. Mesocepa — 310 oo
atMocdeps, Jexauuii Mexay 55 u 80 KM BEICOTH. B Mesochepe,
HAYHHAA OT CTPATONAY3H, NPOHCXOAHT TNOHHIKEHHE TeMIepaTypsl
¢ BBICOTOH, pocruratomee 190 K Ha Bricote 80 KM OT [IOBEPXHOCTH
oxeana. [Toxo6Ho Tpomo- u crparomayse, BepXHeii IpaHHIel Me30-
chepnl siBasieTcs Mesonaysa. OfHAKO B OTJIHYHE OT CTPATONay3bl
OHa SIBJsIETCS caMoil X0J0aHOH 30HOH Me3ocdepn (~ 190 K).

Briure Mesonayss Temnepatypa armocheps HAYHHAET CHOBA pa-
CTH, H 3Ta 00JIaCTh NOJNYYHJIA HA3BAHHE TepMOCHepol. Tepmocpepa
HEepelko Takke HMeHyeTcs HOHOChepoil, * a B mocieaHell pasu-
uaior cion E (Xesucaiina), Fi, F; — no-pasnomy OTpaKamwiue M
norJomamouine paxnoBoJHu. TeMmnepatypa B TepMocdepe, Kak H
B cTpaTocepe, ¢ BHICOTOH pacTeT M pocturaer moutu 1000 K.

Camoil BHemHeli 0GoouKoli aTMoctepsl sBJsieTCS aK3ocgepa.
Ona maynHaercs Ha Bhcote 1000 KM u pacnpocTpaHsieTcss Ha Or-
POMHEIE PACCTOSHHSA, NIOCTENEHHO NePeXo/is B MEXKIJIaHeTHOe MPOCT-
paHcTBo. K30chepa, TakUM 06pazoM, SIBJISETCH 06JACTbIO AHCCHIA-
IuH aTMocdepHuX rasoB. Tpu pakersl, sanymernsie B 1959 r. B c1o-
poHy JIyHel, nokasanu, uto 3emas B paguyce 20 ThC. KM OKpyIKeHa
HOHH3HPOBAHHBIM Ta30M, COCTOSILIHM M3 YacTHI, 0O0Jafarouiux
CPaBHHTENLHO HeGOJIBIIMMH 3HeprusMH. TOT HOHH3HPOBAHHBI ras,
I0-BHAHMOMY, TIpe/icTaBiseT co6oii o6nacTb HJAH CPeny, B KOTOPOit
TIPOHCXOZUT OGMEH MEXIy 3eMHBLIM H KOCMHYECKHM Tra3000pasHbiM
BemectBoM. CpoiicTBa atTMocepsl Ha Pa3HBIX BBHICOTAX MOKA3AHBE
Ha cur. 21.1.

Haenenne Boanyxa B aTMocdepe yGHBAeT ¢ BHICOTOH 1O 3aKOHY

p=pe ™,
Fle p — NaBJeHUE BO3JAYXa HA BBHICOTE 2; po— JAaBJEHHE BO3AyXa
Ha ypoBie NOBePXHOCTH okeaHa; p=gM/(RT); g — yckopeHue cBo-
GojHoro nazenns; M — cpefnss MoJeKyasipHas macca aTtmocdhep-
HEIX ra3oB; R — rasoBas nocrosiunas, T — aGconoTHas TeMIepa-
Typa.

B cuny ysesnunpaiomeiics paspexeHHOCTH aTMocdepsl ¢ BHICO-
TOH CTONKHOBEHHS aTOMOB CTAaHOBSITCS BCe Pexe, a NpoGer mce
Goabiue, u Ha BhicoTe 100 KM oH mocThraer 10 cM, a Ha BhICOTE
220 kM — yxke 870 M. Kunernueckas sueprus IIPH TAKHX CTOJKHO-
BEHHAX CTaHOBHTCA CTONb GOJIBINOM, YTO TemMmepatypa B TepMo-
cepe noxHHMaeTcst Ha COTHH rpaaycos. Ecau cKOpOCTb aTOMOB B

* Xumus uonocdeps onucana A. JI. JlaHHA0BBM [1967 r.].
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WOHOB MpH COyAapeHHsAX mpeBuicHT 11 KM/c, aTOMBI H HOHHEI MOTYT
TIOKHHYTb NoJie NmpuTsxKeHHs 3emau. Takoii mpomecc HOCHT HasBa-
Hue Juccunayuu. B peaynbrate auccunaunu 3emas, JIyna, Mepky-
pufi ¥ Mapc moTepsaH TO HJIH HHOE KOJHUECTBO aTMoc(epHbIX
rasos.

Bepxuue cioH armocdepsl H3-3a HX PpaspekeHHOCTH OueHb
YROGHBI AJs H3yueHHs KOCMHUECKOro HaayueHus. MIMeHHO 31ech co-
BETCKHMH KocMHYecKHMH annapatamu («[Iporton-2» u ap.) OwuiH
8Je/1aHBE MHOTOUHCJIEHHBIE OTKPLITHS, H B HX uHC/Ie oGHapy:KeHue
NOTOKA 3JIEKTPOHOB ¢ 3HeprusiMu Gosnee 300 MsB, ycTaHoBJIeHHe Ya-
cTHIL ¢ sHeprusimu 10'® M3 u ap.

COCTAB ATMOC®DEPH!

CocraB cyxoro Bo3jayxa tpomocdepsl mpuBeieH B Taba. 21.1.*
Cpeanasi MOJeKyJspHasi Macca CyXoro BO3JyXa, BHITeKalomas H3
ero cocraBa, paBHa 28,966. Macca O B atmocdepe ** cocraBasier
1,5-10'5, N — 4 -10'5, Ar — 16- 10'2, CO; — 2,3+ 10'? 1. CocraB B03-
JAyXa H3MeHseTcd He TOJNbKO C BBHICOTOH, HO H ¢ ILIHPOTOI
(taba. 21.2). B pesyabTaTe CJOXKHOTO H TOCTOSHHOIO B3aHMOJeEN-
cTBHA aTMocdeps ¢ ruapocdepoit, auTocdepoii H Guochepoill oHa
BCe BPEMS UTO-TO TepsieT H uTo-TO moaydaer. He rosops yxe o0 aH-
TPOMOTeHHOI AesATebHOCTH Hoocdepsl, cocTaB aTMochepsl naxe Ha
TpaHHLEe ee C OKeaHOM He ocTaeTcsi HeH3MeHHHM. Tak, A. 3. Muk-
Jgumanckuit ¥ ap. [1981 r.] noxasanu, 4To ¢ MOBEPXHOCTH MOPCKOM
BO/BI B IPHBOJHLIE CJIOH aTMocdephl HaJ NnejardHuecKAMH pafioHaMi
Arjnautnyeckoro u Tuxoro okeana mocrtymaior K, Cs, Rb, Cr, Zn,
Cu, As, Sb, Hg. IMoctynnenne ke 5—10 % dpakuuoHHpoBanHoi
MOpCKO#i cOoJIH B TponocdepHbie C€JI0H TNPHBOAHT K 0O0OramieHuio

 TABJIMLIA 21.1
Cocrae cyxoro Bosayxa Tponocdepst

| Consprame: | Moz |, [ conspame, | Mozeryasp
N 78,09 28,016 He 5,24-10—4 4,003
0 20,95 32,000 Kr 1,0-10—4 83,800
r ; 39,944 H, 5,0-107° 2,016
CO, 0,03 | 44,010 Xe 8,0-10-¢ 131,300
Ne 1,8-10 20,183 o g ¢ 109 36000

* PeayabTaTthl nccaenonanus HefiTpaNbHOTO BOZOpOAa B BepxHefi arMocdepe omMHCaHHB
B. T. Kyprom [1966 r.]

* B Boanyxe aTmocdeps HAUIHX AHel COMEPIKHTCA OTrPOMHOE KOJHYECTBO
MHOro0O6pasHLIX TEXHOreHHHX mpHMeceil — TBepABIX, MKHAKHX H ra3o00pasHbIX.
O nux GYAeT CKa3aHO HHXKe,

** BumecTe ¢ KHCJI0POAOM, PACTBOPEHHBIM B MOPCKOIl BOJe.
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TABJIMLIA 21.2

Hsmenenne cocTaea BO3NYXa ¢ IMHPOTOM
[Pankama K., Caxama T., 1954 r.], 06. %

Mnpora r N ‘ o ’ Ar l H.0 ‘ " co.
SKBatop 75,99 20,44 0,92 2,63 0,02
50° c. 1, 77,32 20,80 0,94 0,92 0,02
70° c. m. 77,87 20,94 0,94 0,22 0,03

sosoBoii B3gecH Cu, Zn, Hg no cpaBHeHHIO CO CpeHHM COCTaBOM
IJIMHHCTHIX caaHues. [lostoMy Hapsay c JeTyuuMH NpPoOAYKTaMH
BYJIKAHHYECKHX HM3BePXKEHHHl TAKOH NyTb MHIpAlHH BEIIECTBA OKa-
SBIBAeT BJIHSHHE HAa XHMHYECKHH cocTaB aTtMoc(epHuX ocaakos. 06
STOM JKe TOBOPAT PabOTH MHOTHX APYTHX HCCiefoBaTeseil (cM., Ha-
npumep, [Winchester J. W., 1980 r.]).

MPOMUCXOMAEHME M 3SBOJNIIOLUMA ATMOCDEPH!

Iponcxoxaenne aTvochepbl HEpPaspLIBHO CBsA3aHO ¢ 06pas3oBa-
HHeM 3eman. Kak 6bi10 MOKa3aHo BhlLe, B HAcTOsiee BpeMs HaH-
GoJiee OTBeyaer MMelOmHUMCH (PaKTHUECKHM JaHHBIM THIOTe3a 06-
pasoBauusi 3eMJH NyTeM aKKPEUHH BEILeCTBA MePBHYHOTO ra30-Nbi-
Jeporo obnaxa.

X. Anvsen u T'. Appennyc [1979, c. 451] no 3ToMy nosoay nH-
wyT: «...Temepb y:ke HeT OCHOBaHHil NPHHHMATb PaHee BHIABHIAB-
lieecsi NpeAnoJoKeHHe 0 TOM, YTO OKeaH H aTMocdepa nocTeneHHO
NOSIBUJIHCh Ha NOBEPXHOCTH 3eMJIH Ha MPOTSAMKEHHH TeoJOorH4yecKoit
HCTOPHH. Bwmecto 3Toro HMewllHecss JaHHble YKa3biBAlOT HA TO, 4TO
OKeaH M aTMocdepa 6e3ycJIOBHO CYIIECTBOBAJH He TOJBKO Ha Ipo-
TSXKEHHM BCeH MCTOPHH 3eMJIH KaK y»Ke c(hOpMHpOBaBmIeiicss nJa-
HeTH, HO M B TeYeHHe OCHOBHOI ()a3bl aKKpelHH, HauHHas CO CTa-
AHH, KOT1a npoto-3eMJsi uMesJa pasMepsl, NPHMEPHO paBHHE Pas-
Mepam Mapcas.

[IpoGaeme sBoaounn 3eMHOI aTMOC(epH NOCBSNEHAa OrpOMHas
JHTepatypa. BoabuMHECTBO HCcae0BaTe e, 0TAaBas NpeanouYTeHHe
TOMY HJIH HHOMY (akKTopy, CXOAATCH B TOM, YTO 3BOJIOLHS aTMO-
chepsl NPOHCXOAMJIA NOA BJHSAHHEM CJEAYIOUMX NpHuHH: 1) ak-
KpPeIlHH BEIIeCTBA MEXIIAHETHOr0 INPOCTPAHCTBA; 2) BHACJCHHSA
ras’oB NpH BYJAKAHHYECKON JefTe1bHOCTH; 3) XHMHUECKOro B3aHUMO-
AeHCTBHsI ra3oB aTMocepbl ¢ KOMNOHEHTaMH THAPOCHEpHl H JHTO-
ceprl; 4) GHOTEHHBIX IPONECCOB B JKHBOM BelleCTBe GHOCHEpH;
5) AHccONHALMH MOJEKYJ BO3/AyXa MOJ BAHSHHEM COJHEYHOro YJb-
TPa(HONETOBOrO H KOCMHYECKOIrO H3JIY4eHHsl; AHCCOIHALHH aTMO-
chepHBIX ra3oB; 7) aHTPOMOTeHHOI JAesTeIbHOCTH HOOCHEpHI.

Tak, M. T. Parren [Rutten M. G., 1966 r.] cunraer, uto mep-
BHYHas atMocdepa 3emau Ouina Gorata CO; u Geana O,. 3atem
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B pesyibTate (OTOAMCCOUHALMH BOAB B atmocdepe mosBfeTCA
0,, KOJAMYECTBO KOTOPOro HayHHaeT OCOGEHHO HHTEHCHBHO pacTH
B pesyibTare GHOreHHBIX MPOLECCOB C MOMEHTA 3aPOMICHHSA KUIHH
Ha 3emne (~3 mapa. aer Hasan). Oxono 500 muH. jer Ha3al KO-
nuuectBo Oz B aTMocdepe Obli10 GOJBIIHM, YeM cedyac, HO B 3MOXY
repLEHCKOH ODOreHHH H BYJKaHH3MAa CHH3HJIOCH J0 COBPeMEHHOro.
Yro xacaetcsi CO», TO 3ech KapTHHa obOpaTHasi. BHauane cojep-
xanne CO, B aTMocdepe npeBHILIaN0 COBpeMeHHBIH yposeHb B 10

. pas, 3aTeM YMEHBUIHJIOCh B TaKol creneHH, 4to 600 mJH. JeT Hasan
OHO ONYCTHJOCH HHXKE COBPEeMEHHOro YPOBHS H JIOCTHIVIO €ro JIHLIb
[ocJe 3MOXH TepUHHCKOH CKIaJi4aTOCTH.

WspecTHR M Apyrue runotessl M cymjaenus. O6obwas Bce cKa-
3aHHOe, MOJKHO CKa3aTb, YTO NpPEACTaBjeHHe 00 3BOJIOLHH 3eMHOIl
arMoctepsl HauGosee MOJHO corjacyercs ¢ OOJBIIHHCTBOM TeoJo-
rUYecKMX M OHOreOXMMHYECKMX MIaHHBIX, KOTOPBIMH pachoJaraer
Hayka. M1 XoT MHOTrHe JleTajii 3TOH 3BOJIIOLHH OCTAIOTCA HENO3HaH-
HBIMH, caM (DaKT JAJHTEJNBHOTO H CJOMKHOTO PasBUTHS aTtMmocdepsi,
HaxojsulelicA B MHOrONJaHOBOM B3aHMOJeHCTBHH ¢ JuTOChepoi,
rugpocdepoil u 6uocdepoli, ocTaeTcsi HEOCIOPHMBIM.

Kak cknaabBaloTcsi cyabOpl atMmocheps B Hawu auu? HHTeH-
CHBHOE H3bTHE M3 aTMoc(epsl OTPOMHBIX KOJIHYECTB PasjIHYHBIX
rasos, HeoOXOJHMbIX UeJOBEYeCTBY, H OJHOBPEMEHHOe HernpepbiBHOe:
oboramienue, a Jydile cKa3aTh 3arpssHeHHe, ee UYXKIABIMH Belle-
CTBAMH M TEMJIOM BBI3HIBAIOT H Y2Ke BbI3BAJH IMyOOKHE H3MeHeHHH
M B caMoii aTMocdepe H BO B3aHMOJeHCTBYIOUIMX ¢ Helo reocdepax
3eman. BcecTopoHHMH aHanH3 3THX H3MeHeHHH Obl1 JaH axai.
A. I1. BuHorpajoBeiMm Ha MeXAyHapoOAHOM TeOXHMHYECKOM KOH-
rpecce B Mockse B 1971 r.

PacueTsl nokaseiBaioT, uTo KoaudectBo O B aTMocdepe exe-
rogHo ymeHbinaercsi Ha 10—12 mapa. t. B urore 3a mocieiHue
20 JleT ueJOBEYeCTBO B3sJ0, TAKUM 06pasoM, u3 atmocdepn 250—
300 mapa. T O,. Ho pacuerTsl nokasbiBaloT H Apyroe: eciu Mbl Gy-
neM ToabKo GpaTth u3 aTMochepr Oz, TO Ha CXKHUraHHe BCEro opra-
nuueckoro C, uMmelonlerocss B Heipax 3emuH, norpebyerca B 10 pas:
Goabie Oy, UeM ero Cofep:KUTCA B 3eMHOM aTMocdepe.

C/0KHBIM H HENOHSATHM 10 KOHIlA SIBJAETCH Npolecte H3bATHS
u3 atmoctepsl No. Brnepsuie B Kpyroo6opor Np mocTynui, cunutaer
B. Bertueas [Wetzel W., 1969 r.], koria npomnsouuio cBsi3biBaHHE
atMocgeproro N» u O, B pesysbTate 3JeKTPOXHMHYECKHX H (OTO-
XHMHUECKHX TpoueccoB. B Buje noKjaeil M POCH a30THasl KHCJIOTA
crana moctynaTh Ha semaio. [Toreps N, u3 atmocdeps B aajbHei-
1reM, noc;jge BO3HHKHOBeHHs Ouocdephl, NPOHCXOAHIA H MPOUCXO-
AWT cefluac 3a cueT mepeBoAa ero B ocajku opranusmamu. baaro-
NPUATHBIE YCJOBHA JJIA HAKOIJIEHHS TAKHX OCaJKOB — apHHbIA
KJAHMAT, OTCYTCTBHe AoXKJAel. B nocieniHue JAecsATHJETHS K 9THM
nyTAM Hoocdepa noGasuia mnpsiMoe H3bATHe N, H3 aTMOChepbl
B NPOMBILUIJIEHHBIX, HenpepbiBHO pacTyuiux wmacwrabax. Tak, mo:
nauusiM A. T1. Bunorpaaosa [1972], npoMBIlLLIeHHOCTb NOTPeGsieT
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€HKEronHo H3 atmocdepst 7+ 108 1 Ny, NpeBpaumas ero B aMMHaK H
HATpaThl. Ho B cBSAI3H ¢ yeToiuHBOCTBIO B PHPOJie HUTPATOB NpOHC-
XOAHT HHTPHQHKAUHSA BOJA, NMOYB H Guocdepn B uenom. Takum oG-
PasoM, NpOHCXOAHT KayecTBEHHOE HapylleHHe Kpyrosopora Ns.

He menee caoxmnoit oxasmBaercs KapTHHA COCTOSIHMS H cyae6
CO,. 3a 20 aer (1950—1970) na naanere comiKemp Bce 100 %
AOGHITOrO ue/I0BeYecTBOM npHpoxHOro rasa, 70 % ao6uiTOH 3a Beio
HCTOpHIO 4ejoBeuecTBa HetH H 37 % usBjaeueHHOro M3 Help Ka-
MEHHOro yrasi. Muainapan TOHH 3THX FOPIOUHX BeLlecTB HpeBpa-
wens B COz u conmyTerByiouue NPOAYKTE H BCE 3TO BHIGPOIIEHO
B atMocgepy. Ho atmocdepa ne H30JIHPOBaHa OT APYrHX reoctep
3eman. Atmocdepa o6mennBacTes CO: ¢ rugpocdepoii, Guocdepoii
H JHTOChepoii. B okeane pactsopeno 138- 102 t CO,, Takum 06-
PA30M, OKeaH colaepxkur ero B 60 pas Gosble, yem atMocgepa.
[Tpu stom nosepxHocTHRIT cirofi OKeaHa oOMmenuBaercs CO, ¢ ar-
Mocepoii 3a 5—25 cyr. o noHHBIX cioeB aTtmocdepHsiii CO,
JAoxoxut 3a 200—2000 set. [ToaHBiI 06Men CO: B aTMochepe mpo-
HCXOAHT 3a 300—500 ger. Takum 06pa3oM, BCsiKoe H3MEHeHHe Co-
'CTaBa aTMOC(epsl paHO HJIM MO3AHO cKAXKeTcs Ha COCTaBe JAPYrHX
reochep 3em.n.

ITo nanubiM Bunorpagosa [1972], cooTHOweHHe HMeIoLeroes H
qotpebasemoro CO; takoso, 10'2 T

Conepxanne:
artmochepa 2,3
OKeaH 138,0

HcKonaeMoie KapGoHatet 200 000

Bcero 200 140,3

[Torpe6nenne 3a rox:
toTocuHTes 0,16
qeJIoBeyecKas JedTeNlb- 0,01
HOCTh

Bceero 0,17

JIume sa gecartunerne (1960—1970) exeroauo KoJHuectBo CO,
B aTtMmocepe yBeqHYHBAJIOCh Ha 0,2 %. ITo pacueram ¢ 1970 no
2000 r. oHO MOMKHO Gyzrer Bospactn eme Ha 20 %. Eciu BCIIOM-.
HHTD, 170 cT0 JeT Hasax CO; B atMocdepe cocTaBsy 0,0280 06.9%,
B 1972 r.—0,0320, a B 2000 r. Gyner 0,0379, . e. Ha 0,059 %
Ooiblie, HeJb3si He 3aAyMaThes HajJ BOIPOCOM: a KaK 3TO cKa-
KETCsl Ha cpejHell MHPOBOIL Temnepartype artmocdepn? OG6uiens-
BECTHO, 4TO B CHIY «napHHKOBOrO sddexrar yaBoenne CO, B ar-
Mocepe mnoBHICHAO cpesnioo MHDOBYIO TemnepaTypy c¢ 14 no
16 °C, T. e. Ha 2 °C. Oxuznaior, 4T0 noBbiLenHe 5TOH TeMIepaTyphl
Ha 3 °C BH30BeT JOKajibHOe NOTENJIeHHe, a NpH pocTe Ha 4—5 °C
AOIKHO HayaTbCsl TasiHHe JIBAOB M MOBbILICHHE ypoBHs Muposoro
OKeaHa.
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Cureayer 0co60 OTMETHTb, YTO B atMoctepy yiKe JaBHO cOpachli-
Baercs He Toabko CO,. BMecTe ¢ BBIXJIONHBIMH TasaMH Kamkaoro
aBTOMOOHJI MPH CKHTaHMH | 1 3THAMpPOBaHHOro GeH3HHAa B BO3JyX
BeiOpaceiBaercs 10 400 Mr TeTpasTHJ- H TeTPAMETHJACBHHIA. A Be/lb
aBTOMOOHJIBHEIH mapk B MHpe yKe JocTHr 300 MJyH. aBTOMAIHH H
nponoazxaer pactd. O6a ati coeanHeHHss Pb BHICOKOTOKCHYHBI A
JKMBLIX OPraHH3MOB H BpeAHBl 1Jf JABUrareseil aBromoOuiaed. Ilo:
3TOI MpHYHHE MCNOJb30BaHHe 3THJIHPOBAHHOrO GeH3HHA B KpyNHeH-
HIHX TOPOAAX HauleH CTPaHBl 3anpenieHo.

UpesBniyaliHO CHJIBHO 3arpAsHAT atMmocdepy BHIOpOCH 3Hep-
reTHuecknx ycraHoBok. Axaxg A. Il. Amexcangpos [1976 r., c. 65]
nuuer: «CerofHs BO BCEM MHpe 3HepreTHYECKHE YCTaHOBKH BhIGpa-
ceIBalOT B aTtMoctepy exerogHo 200—250 MJH. T. 30J4B H OKOJO
60 MaH. T cepHHCTOro aHruapuaa. B mnepcnekture g0 2000 r.
3TH BBHIGPOCH MOTYT BO3PACTH COOTBETCTBeHHO a0 1,5 MmMapa. H
400 maH. T>.

B artmocdepy, kKak H paHblle, NPOAOIKAIOT cOpachHBaThL BO-
BCEM MHpE BpeIHble IPHMECH IPEANPHATHA NPOMBIILIEHHOCTH 4ep-
HBIX METaJIOB (/MHTeHHOe [AeN0 H MEeTaJIyprus), NpeinpHATHS
LIBETHOH MEeTaJJIYPrHH, NPEeANpHATHS LIEMEeHTHOH, XHMHYECKOH mpo-
MBILITEHHOCTH, KOKCOBBI€ W Ta30Bble 3aBOJBI, NMpelNnpHATHA HedTs-
HOIl TPOMBIILIEHHOCTH H HeKoTopele JpyrHe. HaceleHHe njaHeTH
eyerogHo cOpaceiBaeT B NpHPOAY, Kpome Toro, 20—25 MJpa. T
opraHo-MHHepaJbHBHIX oTX0foB [KoBma B. A, 1974]. B atmocdepe
3eMJH HbBIHe 3aKJIIOUeHbl, TAKHM 00pasoM, MHJJIHApAbl TOHH 4yXK-
JIBIX € BeIecTB.

B urore, He roBops yKe O KauecTBe BO3JyXa, TOJIbKO Ha TeppH-
TOPHIO BHICOKOMHAYcTpHaapHoH ®PI 3a rox ocemaer mo 2 MJAH. T
NELTH, TPSA3H H BPEJHBIX BEHIECTB, T. €. A0 50 Kr BpeAHEIX 0calKOB.
B roj Ha Kamxjoro xurens. Ha apyroii cropoHe naaHetsl, B $lno-
HEH, B | km® BO31yXa, KOTOPHIM ABIIIAT SNOHIE, 3aKa4eHo 50 T
B3BellleHHBIX TBePJLIX YacCTHIL.

OcoGeHHO OMacHBIMH OKa3aJHCb B3DLIBHI aTOMHBIX GOMG B aT-
moctepe. JAnepHble HCIHITAHHSA PE3KO NMOBBICHJIM cOJAepiKaHHe B aT-
mocepe C'%. Ilepuon mosypacmaja storo usoroma 5,6-10% Jer.
AxTHBHOCTL ero B armoctepe [Buuorpamos A. I1., 1972] crana
pactd mocae 1955 r., nocturna makcumyma B 1961 r. u, no-BupH-
MOMY, NIpHAET K HOPME, ecJH He MOCJeAYIOT HOBBIe B3DHIBHI, JHIIb-
K TPHALATHIM roiam Oyayulero Beka, OnaceH H Apyrofl paamoak-
THBHHEIT n3otom — Pb?" ¢ mepuomoM noaypacnmaza 21 rom. Otme-
4eHO pe3Koe yBeJHUYeHHe ero B aTMocdepe.

Briie roeopHsioch O HENpepHIBHOM YBeJHYEHHH 3albIIeHHOCTH
atmocheps. Yto sto 3nauur? M3 uero coctoutr atmocdepHas nblib
B Hawy AHH? B aTtmocdepe, KOTOpOH MBI ABILIHM, HBIHE MOXKHO
HalTH Bce uYTO yroaHo. HeckoabKo JieT HasaJ peHTreHorpadguue-
CKHM MeToJAoM Oblai HccieoBaH Bosayx CIIIA, Kanaawpl, AJSACKH,
Unaun, Hpaka u apyrux crpad. [loBcemecTHo B BO3AyXe obHa-
pyXKeHbl: KBapl, MJarHokJas, caiojaa, am(pubo/abl, TalbK, pexe
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KaJbLHT, NOJOMHT, KAOJHH, MOHTMODHJIOHHT, NHPOKCeH, aHaras,
PYTHI, KpHCTOGANHT, anynuT [Windom H. et al., 1967 r.].

[Tsus B atMochepy 3eman nocrynana u panbue. Masectho, uto
€XeroHo Ha 3em/110 nanaer He menee 10000 1 KOCMHYECKOIl MBIIH.
Oco6eHHO MHOTO NbLTH BBIGPACEIBAIOT BYJKaHB. A Beib TOJbKO IMO-
caeanne 100 Jer B aKTHBHOM COCTOSIHHE Haxoauancs 3690 Bynaka-
HOB, NpH 5TOM HMeN0 MecTo 1646 HaBepiKeHwuil, a H3 HuX 1526 co
B3PLIBAMH, CONPOBOKAABIIMMHCS NMOPOI THrAHTCKHMH BuIGpocamu,
Kak y Katman (Aasicka, 1912 r.), bann (Muponesus, 1963 r.) HIH
‘Cenr-Xeqen (Kaunaza, 1980 0 0

Buocdepa 3a munypmue MHJIJIHAP AL JIeT NPUCHOcOGHIach K BY.JI-
KAHHYECKHM SKCTaJsiUHSAM, H He O HHX, KOHEYHO, HieT peub. Peun
HACT O 3amblICHHOCTH aTMOC(EpE MPOAYKTaMH AHTPONMOTEeHHOH Hes-
TEJILHOCTH HOOCepsl, o BuGpocax B atMochepy uyKIbIX Guocepe
BElLecTB, KoTopele GHocdepoii He yTHau3upyores. K uucay rakux
BEILECCTB, NOBCEMECTHO 3arpsi3HUBIIHX BO3JYX, OTHOCHTCS TaJbK.
Koanuectso tanpka B atMocepe pe3ko Bo3pocio mocsae 1940 i
KOrjla B0 BceM MHpe HayaJoCh MaccOBOe ynorpeb/jieHHe HHCEKTHI[H-
JI0B. B MHCeKTHUHZAX Tasibk ABJSAETCH, KaK M3BECTHO, OCHOBHBLIM
HanonHHTeseM. A obulee NPOH3BOACTBO MECTHIHIOB B TOZ BO BCceM
MHpe, no aanueiM OOH, HeiHe pocturao 600 miH. 7!

B atmocdepe 3eman 3a nocaexnue 50 JIET NIPOH3OWIH H ApyrHe
‘cepbestbie u3menenusi. Tak, manpumep, cramo H3BECTHO, 4TO JBH-
TaTeJin caMo/eToB, BLIOpacHBasi Ha BhicoTe 20—25 km Maccy OKHC-
JIOB a30Ta, paspywaioT 030HOBHI cJIoii, salmumanmui 6uochepy
3eMaH OT ryGHTeJbHOrO yabTpaduoseToBoro usayuennss CoaHua.
YHHUTOKEHHEe 030HA IpH 5TOM HAET no cxeme NO+O3—>NO,+0,.

OnacHbiM H noka He omeHeHHbIM AOJKHBIM 00pa3om sBJAseTCH
TeNJ0Boe sarpssHenHe atMocepsi. OHO CBf3aHO c HEelpepEIBHO
pactymum cbpocom Temsia B OKDYXKaMWILYi0 CPeay B MpoLecce MHO-
rooGpasHOil Ye/OBeYeCKON eATelbHOCTH — NPOHU3BOJACTBEHHON
‘GbiTOBOI. O pasmepax IPOMSBOJICTBA Temsa Ha 3eMyie MOXKHO Cy-
AHTDb 0 NaHHBIM Tabu. 21.3.

Hrak, k usmeHenusm aHTPONOreHHOr0 MPOHCXOKACHHS B aTMO-
-cpepe B Hallle BpeMA OTHOCATCH: Bee BO3pacTaioniee NocTymieHue

TABJIMLIA 21.3

IMpoussoncreo Tenna Ha 3emue s pesyabTate
HesnoBe4ecKo# pestensHoctH, 10'2 kBr.y

l [Holmes, Hannusie OOH, [Darmstadter,
Herourmk tenana 1960 r.] 1967 r. 980 r.]
Teepjoe ropioyee 23 17,39 28,9
JKunkoe ropiouee 20 17,74 37,0
Topiounii raz 8,7 19,9
‘Tuaposueprernyeckne cranmmu 0,6 1,0 1,90
AtoMHble cTanmun 0,005 0,12 1,89
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HHAYCTPHAJBLHOTO TeIJa; H3MeHeHHe cocTaBa aTMocdepsl (norteps
O, u Nj, yseauuenue CO,); c6poc B arMmochepy 3KOJOrHUCCKH
Bpenubix rasos (CO, HpS, SO, NO, NO: u np.); sarpssuenne ar-
Mocdepsl MHHEPAJbHOH NBUILIO, CBHHLOM, pajHOaKTHBHLIMH H30TO-
namu, JJT u ApyrHMH 3KOJOrHYECKH BPeJHBIMH BellleCTBAMH; pas-
pyllleHHe 030HOBOro cjiosi H Ap. MX riaBHas OnacHocTb COCTOHT
B TOM, YTO OHH SIBJAIIOTCS NMOKa HeoGpatuMpiMu. Hoocdepa HamuX
IHeil MOKa elle He MOXeT HX HeHTpaJu30BaTh.

OnacHocTb, KOTOPYIO BHI3HIBAIOT 3TH HeOOpaTHMbie MPOIeCCH,
33CTABJSIET CNEHAJHCTOB BHICTYNAaTh NPOTHB JanbHeiiulero HeooO-
AYMaHHOTO HapYUIeHHs] CJOMNKHBUIHXCS B MPHPOJLE PaBHOBECHIl, MPO-
THB CJIETOrO <MOKOPEHHsI NIPHPOALI®, IPOTHB KOHBIOHKTYPHOH, «CHIO-
MHHYTHO» BHIOJbl B Pe3y/abTaTe TaKoil noGeibl, MPOTHB TeX, KTO
BCe ellle He NOHHMAeT, YTO BCE NPHPOJAHBIE PECypchl HcUepnaemul,
YTO CaMOOUHIIAIOUKe CIOCOGHOCTH TPHPOJAL OrpaHHYeHH, 4YTO
HeJb3s Y MpHPOALI GeckoHeyHo GpaTh, He BO3Bpallas el paHO AN
MO3/HO B35TOrO Hasaj.

Akan. C. C. IIsapn [1977 r., c. 367] B nokmane Ha IO0naeinoi
ceccun AH CCCP ormeuan: «Oxono 50 MJH. jJeT Hasal B aTMO-
chepe ycTaHOBHJIACh COBpPeMeHHasl KOHUEHTPAIHA KHCJIOPOJa H CO-
3ganachk crporas cGaJaHCHPOBAHHOCTh KPYroBOpOTa KHCJIOPOZAA
¢ Kpyropopotom yriepona. Takum nytem Obiia JOCTHrHyTa AHHA-
MHuecKas crabunusamus GHocdepbl Kak BBICIIEr0 YPOBHS HHTErpa-
LHH JKHBOH MaTepHH. DTO OGCTOATENBCTBO MOJIKHO OBITH MOAYEPK-
tyto ocoGo. Ham BaHO 3HaTh, ¢ Kakoii GHOC(epOH CTOJKHYJIOCH
yeJIOBEUECTBO, BHINAA Ha IMJiaHeTapHBI py0Oex CBOEro pasBHTH.
COTHH MHJJHOHOB JeT MoAfepxkHuBana GHOchepa
ONTHMAJbHOE COOTHOIIEHHe BaXKHeHIIHX I MXKH3HH SJIeMeHTOB:
B armocdepe. HeCKOAbKO JeCATKOB Je€T NPOMBIIIIEHHOH
PEBOJTIONHH OKa3aJ0Ch JOCTATOYHO, 4T06HL €ro HapyuW HTh Mue
KaxkeTcsl, 4TO OAHH 3TOT (GakT roBoput o npobreme «HenoBeK H
6unocepa» Gosbllie THICAYH NPHMEPOB JOKAJbHEIX 3KOJIOTHYECKHX
KoH(poHTauuit» (paspsaaka mos.— B. b5.).

B Ganance u CO; u O, B armocdepe BamHas pOJb NPHHA-
aexut MupoBomy okeany. ITo manusim A. A. Teomeksna [1970],
JKH3HL accHMHaupyer B rof B cpeaneM 126 mapa. T CO; B oKkeaHe
1 Toabko 20 mapa. T COp Ha cywe. TouHo Tak ke H norJolleHHe
CO, xopodunom Ha ceery no ussectHoii peaxnnu 6CO;+6H0=
=CgH1206+60:+688 Kxaa, reHepupymouniee TpPaKTHYECKH BCIO
maccy Op aTMocdepsl, NPOHCXOAUT B 3HAYHTENBHOH CTENEHH 34 CUeT
Guomacchl oKeaHa. B oOMeHHOM COCTOSIHHH Mexay atMoctepoit u
OKEaHOM, T. e. B «AblXaHuH» okeaHa ydacteyer 100 mapa. T CO..
He cayuaiiio mostomy Muposoii okean B ra. 20 Gbii HasBaH «ier-
KHMH» Hamell naadersl. Ho MBl BHIeNH: «jerkHe» 3TH OOJBHBI,
H COCTOsIHHE HX HenpepsiBHO YyXyamaercd. HssecTHo Taxike,
yTo 3arpsisHeHHe aTMocdepsl NPOMBIIEHHEIMH Tra3saMi CHHXaer
3Hep}rmo dotocuntesa Ha nopsigok 3uavennii [[Isapu C. C,
1977].
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21.2. TokcHYHOCTB OKHCH yriepoga no ®pauke [1973 r.].

Yxymmaiomeecs: coctosinne aTMOCQepEl MOXKHO BHAETH H B Apy-
romM. Bwmecre ¢ CO, TensoBmmu CTAHUHAMH, NPOMBILLIEHHOCTLIO,
ABTOTPAHCIIOPTOM B BO3AYX BHIGPACHIBAIOTCS NeCATKH JAPYTHX Bpen-
HBIX H 0C0G0 BpeAHBIX HHrpeaneHTOB. KoJHueCTBO HX B atMocdepe
HENPEpLIBHO pacTeT, H, KaK 3TO Temepb CTAJ0 H3BECTHO, BMecTe
C STHM pacCTeT WHC/IO TSXKENBIX M BechbMa TSKeJABIX 3a60JeBaHHi]
Juolieli BO Beex cTpanax Mupa.

Bot uto numyr no sromy TIOBOAY CMeLHAJHCTh: «3arpsisHeHHe
aTMOC(epHOro BO3yXa HapacTaeT BO BCeM MHpe, 0co0eHHO B 60Jib-
LIHX TOpOAaXx, H BEISBIBaeT BceoOmLyio TpeBory. OAHAKO 10 CHX nop
obpanianoch CpaBHATENLHO MAJ0 BHHMAHHS Ha TO, YTO B 3arpsisHe-
HHAX BO3JyXa HMEIOTCA KaHUEPOTeHHLIE BeIecTRA. . . BoipHcoBHI-
BAE€TCA KDYroBOPOT KaHUEPOreHHEIX BELIECTB B OKpy:Katolleii ye-
JIoBeKa cpene. OHH MOryT NMONacTh B BOAY, B PacTeHHS M TaKHM
06pa3oM B KOpMa CeJbCKOXO35HCTBeHHBIX JKHBOTHBEIX, a Yepe3 no-
CICAHHX H HENOCPeACTBEHHO B MHUILY uesopeka»[Illabasx JI., 1973 r.].

A BoT uTo numyT 3apybexunnle yuennie B. 'u6ean u T. [MIpamm
(I'IP) [3Bpuka, 1973 1., c. 228]: «K camoii sHaunTeNBLHOI KaHuepo-
TeHHOM Tpymnme... OTHOCHTCS npumepHo 200 coemnHeHH# apoMaTh-
HECKHX YIJICBOAOPOJIOB, CPeAH KOTOPHIX 0COGEHHO IIHPOKO pacnpo-
cTpaHeH 3,4-GeHanupeH. HeHCTOMHMBIM HCTOYHHKOM 3TOro Belle-
CTBa CJYXK4aT OTpaboTaHHBIE rassl 3aBOLOB H (habpux, pomammunx
KYXOHHBIX ILTAT, aBTOMOGHJIEH, JIOKOMOTHBOB, CaMo/eTOB... Pak
HAJIOXKHJI Ha 4YeJIOBeKa BBICOKYIO KOHTPHOYHMIO. Ecaii cTo JeT Ha-
3aJl OT paKa yMHpald KaxIblii TPHAUATHI, a B 1920 r.— Ka Bl
NATHAAUATEIH, TO HbIHE 3JI0KAYeCTBEHHEIe ONYXOJH YHOCSAT H3 JKH3HH
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KasKJ0ro MSATOrO 3KHTeJs HaueH nianeTs. Ilocie cepieuHo-cOCyaH-
cTHIX 3a60JeBaHHull paK caMas yacTas NpPHYHHA CMEPTH».
- BospjeiicTBHe Ha OPraHH3M 4eJOBeKa MHOTHX BeLIECTB, cOpacsbl-
BaeMblX B aTMoc(epy, MOKa, K COXaJIeHHIO, OCTAeTCHA HeH3BECTHBIM.
Ho Kak TOJBKO 3TO BO3[eiCTBHE CTAaHOBHTCH H3BECTHBIM, OHO
OKaspiBaercd, KakK NpaBuio, HeOGJaronpusTHbIM Jisi 4YeJoBeKa
(dur. 21.2).
Hame rocyiapcTBO pacxoiyeT OrpOMHEIE CPeACTBA Ha OYHCTKY
\BO3ymHOro GaccefiHa cTpaHbl. Exkerojnsle KamHTaJOBJIOXKEHHSA Ha
9TH LEJH COCTABJAIOT YKe COTHH MHJJIHOHOB py6Jed M mpojoJ-
#KalwT pacTH. B 9THX yc/l0BHAX reoXHMHKaM, Kak M BCeM NMpHPOAO-
NOJMb30BATENAM, HAAJEKHT HEYCTAHHO AyMaTh 00 YMeHbLIeHHH
c6poca TexHOreHHHIX mpuMecefl B aTMocdepy, 06 yIyUlleHHH ee CO-
CTOSIHHSA, O MOBLIIIEHHH YHCTOTH aTMoc(epHOro BO3jyXa.



Fnasa 22
FTEOXMMHUSA BUMOCHDEPHI

Henoseuectso KaKk JKMBOe BEWECTBO HEPAa3PbIBHO CBA-
33HO € MaTepHanbHO-IHEPreTHUeCKHMK  NPOLEeccamMu
onpefeneHHonW reonoruyeckod obonoukn 3emnu —
¢ ee 6uocepoi,.. OHO He Mmomer puanuecku Bbith
OT Hee HEe3aBMCMMbIM HM Ha OAHY MUHYTY.

B. H. Bepnadckuii, 1965

[Tousatne o 6uoctepe BBeseHo B GHOJOrHIO B Havade XIX B. Be-
JIEKHM (paHuysckum narypaaucrom K. I1. A. Jlamapxom (1744—
1829), a B reoJorHio — H3BECTHBEIM ABCTPHACKHM yueHmM J. 3i0c-
coMm B 1875 r. B coBpemeHnHOM riIy60OKOM NOHHMAHHH XHMHUYECKOTO
CTpoeHHsi OHOCepnl 3eMJH H ee OKPYMKeHHs BHAOWASCA DPOJb
npunaiaexut B. M. Bepraackomy. PasBusasi ujen cBoero yumresas
B. B. Jlokyuaesa, on nojoues BIJIOTHYIO K NOHHMaHHIO GHOC(epbI
KaK creunguueckoit o6omoukn 3eman B 1916 r., HO 3aTem emy Io-
TpeGoBasoch eme noutH 30 JieT L ryGOKOro OCMbICeHHs MHOrO-
YHCJIEHHBIX JaHHBIX, HAKONJIEHHBIX TeoJIOrHel, mMaJeOHTOJOrHeH,
Guosiorue#, reoxumueii, n GHI0COPCKOro 0606IICHHS STHX AAHHBIX
B BHJIe yYeHHS O NJIAHETAPHOH reOXHMMHYECKOH POJIH KHBOTO Bellle-
CTBa, O €ro PasBHTHH H O BepIIHHE 3TOr0 Pas3BHTHA — Hoocdepe
(cepe pasyma).

B noustne Guocepr B Hawe BpeMs BKAAJBIBAIOTCA fABa ee
TOJKOBAHHS:

1) 6uocepa — 310 0Gos0uKa 3eMH, 3aceseHHAS KHU3HBIO, OHA
OXBAThIBAET YacTh JHTOChEPH! (MOYBBI), YacTb ruapocdepn (pexw,
03epa, MOps, OKeaHH) H 4acTh atTMocdepnl (Tponocdepy).

2) 6nocepa — 9T0 CyMMa IKHBOTO BeLLECTBA 3eMJH (6akre-
PHIl, MUKDOOPraHH3MOB, PACTeHHIl, JKHBOTHBHIX) .

O6a 5T TONKOBaHHS, K COXKAJEHHIO, CTPAAalOT HeompejeseH-
HOCTbIO XapaKTepHCTHK, HOO OHHM He NAIOT YEeTKHX H KOJHYECTBEH-
HBIX TPaHHL, NPOSBACHHA Ba:KHEHIIHX GHOreOXHMHUYECKHX CBOICTB
2KH3HH: «BCIOLHOCTH», «paCTeKaHHA» H <«JaBJeHHI»,— KaK HX OIl-
penenun Bepuanckuii. B camom Jese, rOBOPS O «BCIOAHOCTH», MBI
TBITAEMCS ONPENeNHTh IPaHULBl ycaoBHs KH3HH. Ho rae npoxoast
STH TPaHMUB? MHKpPOOpPraHM3Mbl KHBYT HAa NOBePXHOCTH CHera
B BLICOYAHIIHX TOpPaX H MOPYT CYIIECTBOBATb MOJ NAJANIHMH JIy-
YaMH COJIHUA B MyCTHIHAX. MHKPOGH OGHapy:KeHBl B OKeaHHYeCKHX
Brnagunax Ha raybunax 10—11 km u B cTpaTocdepe, rae Ha BBICO-
Tax 48—85 KM yKe H3BeCTHO ueThipe BUAA FPHOOB H ABa BHAA He-
cnopooGpasyiomux Gakrepuii. MHKPOOPraHU3MbI CYUIECTBYIOT B [O-
pAYMX HCTOUHHMKAaX mpu 70—75 °C, a apyruwe u3 HuX GBIH OoGHA-
pyxeHbl Ha JIyHe, Kyjla MX 3aHec/qH aMepHKaHCKHe KOCMHUYeCKHe
KopabJin.
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«Pacrekanue» JKU3HH BhIpax<aercs B TOM, YTO H3 BecbMa orpa-
HUYEHHOTO YHCIa NpOoCTefiInX oprafu3MoB 3a 3,5 MaApA. jet chop-
MHpoBaauch H 060COOMJIHCD, THIC. BHAOB: H3 pacrenuit — 70—100
rpu6os 1 150—300 NOKPHITOCEMEHHBIX, a H3 MKHBOTHBIX — 750 Hace-
KoMbX, 40—100 mouaatockos, 60—70 nossoHounnX. Taxkos HEHE
B OCHOBHOM cocTaB GHochepsl 3eMJIH.

«BCIOAHOCTbY H «pacTeKaHHe» JKH3HH HMEIOT CBOHM C/IeJCTBHEM
HeNpepHBHO PACTyLIeE «IaBJEHHe» JKH3HH Ha cpelly oOHTaHHsA, HA
NPHPOLY B LeJAOM. A «JaBjeHHe» KHSHH HA CPeLy OOGHTAHHA BLISHI-
paer oTBeTHOe MPOTHBOAEHCTBHE CPe/bl HA MOPOAMBUIYIO 3TO AaBJe-
HHe KH3Hb. 37eChb Mbl CTaJKHBaeMcsi cO CcBOeOOGpasHHIM NposiBie-
uem B GHocepe yxe uapectHoro Ham npunuuna Jle Ilateme.
KoHeuHbIM pPesyJbTaTOM HempepbiBHO PacTYLIero AaBJeHHs MKH3HH
ABJAIOTCH 3KOJOrHyeckue Kpuanckl, OHH MHOrooOpasHEl H H3BECTHHI
JLaBHO.

DKOJOrHYecKHe KPHSHCHl MOTYT HOCHTDL JOKaJbHbIH, perHoHa b
Hblil u rro6anbHE Xapakrep. Bo3aMoXKHO, 4TO HMEHHO K YHCIY IVIO-
GaJIbHBIX CJIedyeT OTHEeCTH BBIMHpDaHHE apXeOUHaT B CPEIHEM KeM-
Gpuu, TPUAOGHTOB H TPANTONHUTOB B MO3/HEM CHJYpE, yracaHue aM-
¢ubuit B mosaHeii mepMH H MHOrHe Apyrue 3arajovHble cOOBITHA
B JKMBOTHOM H PaCTHTEJbHOM MHpe [JajeKOoro IpouLIoro.

OcOGeHHOCTBIO 9KOJOrHUeCKHX KPH3HCOB MOCJACAHHX 25 MJH.
JeT sBJSeTCd HX AaHTPONOreHHass npupoaa. I'aBHOH NpHIMHOH
BOZHHKHOBEHHS JOKAJbHBIX, PErHOHAJbHBIX M TI06aNbHbIX KPH3H-
COB CTAHOBHTCS 4UeJIOBEK, €ro npupojonpeobpasyiouias AedTelb-
HOCTb. ‘

H. I1. Tepacumos u M. H. Byawixo (1974 r., c. 83] npuBoAAT
npuMep TaKoro KpHauca: «...Ilepuoa mnaseoauTa B YMEPEHHBIX
WHPOTAX 3ABEPLUHJICS KPYMHEIM 3KOJIOrHYECKHM KPH3HCOM aHTPO-
NOreHHOro NPOHCXOX/eHHs, B X0Je KOTOPOro 4ejoBeK yHHUTOKHI
MHOrHE BHIbl JKHBOTHBIX — Ba)KHeHIIHH HCTOYHHK INHTaHHSA — H
fI0CTABHJ TEM caMbiM TI0J Yrposy cBoe jajbHelilliee CYUleCTBOBa-
HHe». DTOT KPH3HC 3aCTABHJ YeJOBEKAa B HEOJNHTe NepeiTH K XKH-
BOTHOBOJACTBY H NPHMHTHBHOMY 3eMJIe/eJIHIO.

Urak, skosiornueckie KpH3MChbl Ha Hamleil njiaHeTe He HOBOCTb.
HoBeiM oOKasajioch Jpyroe. Boiciiee nOpoXAeHHE MH3HH Ha
3emye — Hoocepa € MPHCYLIHMH e€fl CBOHCTBAMH JKHBOIO —
© «BCIOJIHOCTHY, «PacTeKaHHs», <«[aBJeHHS» —Bce CHAbHee H OH-
¢Tpee Hapylaer AaBHO CIOMKHBIIMeCS PaBHOBeCHs Memxay reocde-
paMu 3eM/H, a BPeMeHH JJIi BOCCTAHOBJIEHHS HApYyUIeHHHIX paB-
HOBeCHil y 3eMHOIl NPHPOJAB OKasblBaeTCs BCE MEHblle H MeHbILe.
Orciofia ceayeT TJaBHBA HTOr: BO Bcex reocdepax 3eMiH, Kak
O6BIO TOKA3aHO BHIUE, B TNPHPOAe B HAWIM [IHH BCIOAY pacrer
gucso HeoGpaTHMBIX npomeccoB. Ho HeoGpaTHMOCTH INPOIECCOB
B Guochepe M IKH3Hb — NOHATHS B3AHMOMCKIIOUAIOUIME, HECOBMe-
cTuMble. [103TOMy HenpoTHBOAeHCTBHE HapacTaHHIO HEOOpaTHMBIX
npoieccos B Onochepe 3akialouaer B cefe peasbHylo Yyrposy
JKH3HH Ha 3emJe.
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YYEHME BEPHACKOrO O BMOC®DEPE

Buocepa — cioxkueiimas no COCTaBy H CTPOeHHI0 000J04Ka
3emau. Bepnaickuil nokasan, urto GHOChepy MOXKHO H JOJIIKHO
H3y4aTh B Pa3HHIX acleKTax:

— B COOCTBEHHO GHOreOXHMHYECKOM, BCKPHIBAasi pPOJIb JKUBOTG
BELIECTBA B pacnpefesieHHH M NOBeIeHHH aTOMOB B 6Hochepe u
B €e CTPYKTypax;

—~ B NIPOCTPAHCTBEHHO-BPEMEHHOM, HCCICAYsl 3BOMIOUHI0 KHU3IHH
Ha 3emue;

— B HH(OPMAaLHOHHOM, H3y4as NPHHLHNL OpraHHsalliH H ym-
PaBJieHus XKHBOro BellecTBa B GHOcOepe;

— B SHEPreTHYECKOM, HCCJAEAYs CBSA3b KH3HH C SHAOreHHBIMU
H 9K30reHHBIMH HCTOYHHKAMH 3HEPrHH;

— HaKoHeW, B HOOCQepHOM, T. e. H3yyas rJ0GaabHOe BO3jeii-
CTBHE 4Ye/OBEKAa HA NJAHETY M KOCMOC H IOCTOSIHHO TOMHS, 4TO
UEJOBEK yXKe CaM NPeBPAaTHJICS B FeOJOTHUECKYIO CHIY.

Kaxneiii us 5THX acnekTOB MOJAYYHJI B MOCHENHHE IecATHIETHS
HOBOE H NOPOi HeOXKHJaHHOEe TOJKOBaHHMe. Tak, HanpuMep, HaKar-
JHBAIOTCA NaHHBIE, CBHACTENLCTBYIOUIHE O TOM, YTO CYLIHOCTb
JKH3HH B 3HEPreTHYECKOM acleKTe COCTOHT B IOCTOSHHOLN 6opube
¢ sHTponHeli. CrocoGHOCTh KHBOIO BeINEecTBA HENpPepLIBHO CTPO-
HTb, CO3AaBaTb MOPAAOK H3 XaOTHYECKH [ABHXKYIIHXCH aTOMOB H
MOJIEKYJI, MO-BHAHMOMY, SIBJAsETCS IJIABHHM OT/IHYHEM 3KHBOIO OT
nexunBoro. Ho cosganue mopsigika u3 Xaoca ecThb NPOTHBOLEHCTBHE
SHTPONHH. YMEHbIEHHe SHTPONHH XHBHX CYLIECTB B COOTBETCTBHH
C 3aKOHAMH TePMOAHHAMHKH NPOHCXONHT 3a CYET YBEJHYEHHS SH-
TPONHH OKpyxKalomeH cpein. Takum 06pa3oM, «<;KuBbie OpraHHu3MBbl
Kak OBl MHTAIOTCH OTPHIATEJLHON SHTPONMEH, H3BJIEKas ee H3 OK-
pyXKaiomle#f Cpeisl M YBEeNHUHBAs STHM BO3DACTAHHE MOJNOMKHTENb-
HOH 3HTPONHH B Hel»,— 3aMeTHJI OAHAMKIH . Ipénunrep.

«HIMeHHO B CIOCOGHOCTH JKHBOrO CO34aBATh NOPSAJOK H3 XaOTH-
YECKOro TemJOBOTO ABHIKEHHS MeJeKyJa,— NHuer akan. B. A. Du-
T@JIbrapAT,— COCTOHT HamGoJee riyGOKOe, KOpPeHHOe OT/IHUHE KH-
BOr0 OT HeXHBOro. TeHHeHUHS K YNOPANOYEHHIO, K CO3JaHHIO
TOpsi/Ka U3 Xaoca ecTb He YTO WHOe, KaK NPOTHBOAENCTBHe BO3pa-
CTaHHIO SHTPOIHH>.

B ocnose yuenust B. M. Bepraznckoro o Guocdepe nexar npes-
CTaBJeHHs: 1) O miIaHeTapHOH reoXHMHYECKOH POJH KHBOrO Be-
lecTBa, BHIpAXAIOWENiCsl B COCTaBe, Macce H SHEPTHH; 2) o6 opra-
HH30BAHHOCTH OCHOChepH B pe3ysbTaTe CJOMHOH TI'eOJOrHUECKOD
HCTOPHH 3eMJIH.

Bemecro 6uocdeps, no Beprajckomy, cocTOHT M3 KHBOro Be-
ecTBa, GHOHOCHOrO BEIIECTBA, PajlHOAKTHEHOIO BellleCcTBa, pacce-
AHHBIX aTOMOB, BeIeCTBA KOCMHYECKOr0 NPOHCXOKAeHHs. O6mum
CBOMICTBOM JKH3HH SBJISIeTCS NPHCYTCTBHE B JKHBOM BelllecTBe ak-
THBHBIX GEJKOBHIX MOJeEKYn. C XHMHYECKOH TOYKH 3DEeHHA KHBOE H
GHOreHHOE BeILECTBO GHOocepbl NMpeACTaBAEHO CIHPTAMH (nanpu-
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mep, CoHsOH), XHpHBIMH KHCJIOTaMH (manpumep, CH3;COOH),
AMHHOKHCJIOTAMH, SIBASIOLIEMH €060 OCHOBY fenka (Hanpumep,
TJIALMH

HCH —COOH, mMeTHOHHH H,C—S—CH,—CH,—CH—COOH,

| |

NH, NH,
H,C

nehiuH >CH-—CH2ECH—COOH),
Hie 1\|ng

u nypusamn*. Tlocaenue sIBJASIIOTCA COCTABHBIMH HACTSIMH HYKJIeH-
HOBBIX KHCJOT** (HampuMep, aJieHHH, TyaHHH, ypalui, LHTO3HH).
VM3 Ha3BaHHBIX OPraHMYeCKHX COENMHEHHH 06pasyloTCsl CJOMKHEIE
MOJIEKYJIBl YT1€BOJOPOIOB, GEJIKOB, JKHPOB H HyK/JIEHHOBBIX KHCJIOT.
CoctaB ux npusese B Tadm. 22.1.

CuHTe3 W pacnajl OpraHHuYecKHX COeNMHEHHI HJAeT CTyNeHYaTo
¢ NOrJIOLeHHEM H COOTBETCTBEHHO BhIACEHHEM suepruu. Tax, norJo-
menne Ha ceery xaopodumioM COz ¥ 06pasoBaHue IJIOKOSH H O:
HAET MO peaKIHH 6 CO;+6 HyO=CsH205+6 O, +688 kxaz, T. e.
¢ TMOTJIOMeHHEeM 3HAUHTENbHOM sHepru. B IPOTHBONOJOXKHOM NPO-
necce — AbIXaHHH, T. €. NpH 00pasoBaHHH CQ,, 3ra 3HeprHs OCBO-
6oiknaeTcsi M NpeBpauiaeTcs B TEMIO H MeXaHHYECKYlo pa6oTy.
B xojle AMHTEJbHON Te0JOrHYeckodl HCTOPHH DasBHUTHS JKHSHH Ha
3emae addext GoTocHHTE3a NPEBLICHI 3¢ ¢eKT ABIXaHus, B pe3yJb-
TaTe SHEPIHS, NOIIOLEHHAs NPH (OTOCHHTe3e, MOrjaa HaKaILIH-
paThcs B BHae Topda, yris, HedTH, rasa. Hoocdepa, Kak MBl BH-
JeaHu B NpeAbIAylleil rjaBe, BHOCHT B 3TOT ecTecTBeHHBIH Ipolecc
cepbe3HBle KOPPEeKTHBHI.

* [TypuHOBOE OCHOBaHHe aJEHHH HMEET (popMyay

M;=C N
N N
i | Du
¢
N NH

#% Hyk/IeHHOBHE KHCJIOTH — BajKHefiine GHONOrHYECKH AKTHBHLIC 6UONOJH-
mepe. OHH cojJepraTcs B KamAOH KJETKE BCAKOrO 3KHBOIO opranusma, Ilo Ha-
XOKICHIIO T/ABHEIM 06pa3oM B sAPaX HIH IVA3Me KIETOK NOAPAsAeNAIoTCA Ha
nesokcupuonykiaennossie  (JAHK) —B snpe o prGonykaennosre (PHK) —
B IHTOMIA3ME — KHCJAOTHL. LIeNH HYKIEHHOBHX KHCJOT COAEPKAT OT HECKOJBKHX
NecATKOR 0 MHOTHX ThICSY HYKJGOTHAHBIX OCTATKOB, PAaclOJOMKCHHLIX JHHEHHO
B ONpeje]eHHOH IOCJel0BaTeNIbHOCTH, cnenuduanoil ana paswoit JIHK nmm
PHK. TakaM 06pasoM, HYKJEHHOBHE KHCJOTH NPEICTABJEHH OrPOMHLIM HIHCIOM
MHAUBHAYAJbHEIX COGAMHEHHH. Brojormueckas pofb HYKJIGHHOBBIX KHCJOT €O
CTOMT B XDaHEHHH, peasHsalliy H Iepejaye HacJeJCTBeHHOH HH(OpMalNH, «3a:
NHCAHHOM® B MOJEKYJAaX HYKJIEHHOBHX KHCJIOT B BHJE [0C/IEJ0BATELHOCTH
HYKJGOTH/IOB — TaK Ha3bIBAEMOT0 IeHeTHUECKOro KoAa.
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TABJIMLIA 22.1

Cpennuit Xumuueckuii coctas 6eNKoB,
#npos n yraesogos [Rogers C. G., 1938 r.], macc. %

|

daement Beakn - Jupu Yraepopsl
O 22,4 17,90 49,38 |
G 51,3 69,05 44,44
] 6,9 10,00 6,18
P 0,7 2,13
N 17,8 0,61
S 0,8 0,31
Fe 0,1

Cymma 100,00 100,00 100,00

B yem xe cocroar 6moreoxumuueckue QYHKIMHE XKHBOrO Bemie-
ctBa? Oun MHOrooGpasHbl. BaKHeHIIHMH H3 HHX SBJIAIOTCA:

1) KOHIEHTDALHOHHBIE, COCTOSIIHE B AKKyMYJISIHH JKHBEIMH Op-
FaHHU3MaMH XHMHYECKHX 3JIeMEHTOB M3 BHEIIHed cpenbl. Taxkosw mo
CBOEH NPHPOAE IPAaHAHO3HBIE TONLIH 0CALOYHBIX KapOOHATHHIX Mno-
POA, RHATOMHTH, Tpenejia, C/IOH HH(YSODHHX CKOIVIEHHH, MecTo-
POXKIeHHS yrad, HedTH, rasa, (ochopuToB, rpadHTa, WyHrHTa H
APYrux GHOTEHHBIX CKOIJIeHHH. BepHajckuii mMen Bee OCHOBAHHHA
NIPOUSBOJHLIE STHX CKOIVIEHHH — CJIAHIBI, MPaMOpH, FDAHHTBL H
Apyrue 00pa3oBaHHA Ha3BaTb IPOAYKTAMH «GBLIBIX Guocdep»
3eMJH; :

2) OKHC/IHTENbHO-BOCCTAHOBHTEJbHEE, CBA3AHHLIC C lepeMeHokH
BAJCHTHOCTH aTOMOB NpH GHOXHMHYeCKHX mpoueccaX. T4KOBEI, 10-
BH/LIMOMY, CKOIVIEHHS JKeJe3HHX M MapraHieBbX py[ JNoKeMOpHsT,
COBDCMEHHbIE OTJIOXKEHHS Keqe30-MapraHIeBEX KOHKDELHi Ha aHe
Tuxoro n ArnanTuyeckoro okeaHoB, 06pasoBaHHe [EepPHOBHIX, 6o-
JOTHEIX, O3€pHEIX GOGOBHIX DYA M JAp. 3AeCh BaXKHO OTMETHTb,
4TO MHOroBajieHTHBe aTOMH Fe, Mn, Cr, S u apyrux saeMenTos
B pE3y/bTaTe MHOTHX TEHICAY peakuuii OKHCJCHHA M pacmaja Bele-
CTBA 3eMJH NOLIOMAJM THraHTCKHE KONHUYECTBA O2, a xusHb mpo-
AOMKaNa H MPOAONKAET €r0 BOCHPOH3BOJHTE;

3) rasoBble, CBfI3AHHBIE ¢ GHOXHMHUECKHME NpeBpaneHUsi MK
ZRHBOTO BEIIECTBA M HOBOOGPA30BAHHAMH Ta30BLIX NPOLYKTOB —
H.0, CO,, H,S, NH,, CH,, Hz, O,, N, u np. laser atmocdepm
(N2, Oz, CO:) u 3HauuTensbHas wacTh NPHPOJHBIX BOA — MPSAMOIi
PE3YJIILTAT peasiu3alliH rasoBblX (YHKUHI XHBOrO BellecTBA GHO-
ceprr;

4) KOppeJsLHOHHE, BEIPaKaIOWHECS B TOM, 4YTO cyan6ul Si,
Ca, Mn, Fe u HEKOTOPHIX JPYTHX 3JIeMEHTOB B TeueHHe NOYTH
4 MIpA. Jer TecueiiltuM o6pazom IepenjieTanucs ¢ cyas6aMu GHO-
cheprl 3emin.
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CkasaHHbBIM (DYHKIHH JKHBOTO BelllecTBa, KOHeYHO, HE HCHepmbl-
Batorcst. JKuoe Bemectso B (opMe Mbicasllero HHTeNJIEKTa OT-
KpblJO, OTKpbIBaeT H eie GoJblue OTKPOeT B OyaylieM nyreid H
crocob0B KOHIEHTpPAllHH H paccesiHHsi aTOMOB H HX coeJHHEeHHI,
npespalieHuil OJHHX 3JEMEHTOB B APYyrue, CO3AacT HOBBIE, €lLE He-
H3BECTHBIE YeJOBEKY CTPYKTYPH H BHJABI OpraHH3alHH JXHBOrO Be-
[ecTBa, pa3yMHble MeTO/Ibl H3BJIeYeHHA H HanboJiee palHOHAJIBHOIO
HCMOJIL30BAHHS 3aK/AIOUEHHOH B aToMax H OKpyXalouweil cpeze
SHepru¥ W MHOroe, MHOTOE ApYyroe, 0 YeM Mbl IOKa elle i He jora-
JbiBaeMCH.

COCTAB BMOC®DEPHI

Ouenuts Guochepy Mepoii  uHcaoM Hederko. OHa HaXOAHTCH
B COCTOSHHH HENpepLIBHOrO JBHIKEHHS H H3MeHeHH:. Buocdepa
B 11eJOM MNOCTOSHHO H3MEHfieTcsi B CHJY €CTeCTBEHHOIl 3BOJIONLHH,
COCTAB JKHMBOTO BelleCTBA H3MeHsieTcsl N0 LHPOTe OT TPOMHKOB
K MOJI0OcAaM H MO BePTHKAJH — H B TOJIIE OKeaHHYeCKHX BOA, H
B pa3pese HAaceJeHHBIX KH3HbLIO c/loeB 3eMHOI Kopel. Coctas ouo-
chepbl H3MEHSETCS! B 3aBHCHMOCTH OT CE30HHOCTH, OT IJi00aJbHBIX
H3MeHeHHil KJAHMATa, OT MOIIHBIX BCIJIECKOB COJIHEYHOH H KOCMH-
yecKoil pajHallMH, a B HALIH JHH MOTYYHM thakTopoM H3MeHEHH:
6uocdeps crasa npupoonpeobpasyioulas AeATeJSbHOCTH Jojeil H
TexHoreHe3. M Bce 3Ke NMOMBITKH AaTh KOJHUECTBEHHYIO OLEHKY OHO-
chepsl H ee NMPOAYKTHBHOCTH GOblIH CJelaHbl MHOrHMH HCCJe10Ba-
rensamu (B. M. Bepnamckuii, A. TI. Bumorpamos, X. Bopxepr,
Ilxk. Xatumncon, C. C. Ileapu, B. B. Kosaibckuii, B. A. KoBza,
A. A. TeoneksH H 1p.).

Taxk, no gauasiM B. I. BoropoBa, GuoMacca BceX pacTHTEIbHBIX
opraHu3MoB OKeaHa papHa 1,7-10° T, a Onomacca KHBOTHBIX
B okeane 32,5-10° . Ha cyme ocHOBHYIO Maccy KHBOrO BelLeCTBa
nator Jeca. Cyxoe semecTBo Hx cocrasaser 300-10° T. JKuBoTHbBIE
nous cymH pnaioT npuMepno 0,5-10° T cyxoro peniecrea.* Puro-
Macca XBOHHBIX Jecos gocturaer 200 T/ra, a rofoBasi MpOAYKIHS
6 T/ra, T. €. okos0 3 %. ®uToMacca JyroBeix creneil 23 T/ra, a ro-
posasi mpoaykuus — 10 T/ra, 4to cocTaBaseT yie 43 %. B uenom
pacTeHHs 3eMJH TNpH NOMOWH (OTOCHHTe3a CO34A0T OKOJO
200 - 10° T opraHHYeCKOro BellecTBa, NpHYEM 90 9% 3TOro KoJuue-
cTBa BHIpabaTLIBAIOT BOAOPOCHH H JaHwb 10 0 — HaseMHBIE pacTe-
uus [Tam6ues A., 1971 r.]. Takum 06pasoM, KHBOE BELIECTBO 3eMJIH
B HOPMAJbHBIX YCJOBHSIX MOYKET €KerojHo ceGs penpoxyuHpOBATD.

X. Bopxepr [Borchert C., 1951 r.] oueHna 00wy Maccy KHBY-
wHx Ha 3emae opraHusmos npumepno B 3- 10" 1, yTo GIH3KO CO-
Bnagaer ¢ npusenennmmu nanupMH. K. Pankama u T. Caxama

* Kosdduuuent nepexoja OT CyXOro OPraHHYeCKOro BEILECTBA K CHIPOMY
npumepHo paseH 6.
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MOKa3aJH, 4TO MO CPaBHEHHIO C ADYrHMH nepudepuiiHbIMu 060/104-
Kami 3em/H Macca Guocdepnl oueHb HeBennKka. Tak, ecam npHHATH
ee maccy 3a eAWHHLY, TO Macca armochepbl 3eMiaH npesBbiCHT ee
B 300, a ruapocdepa — B 69 100 pas.

H necmotpsi Ha 370, posib GHOC(EPH B nepeMelleHHH BeLlecTBa
naanetsl rpananosna. C. C. Isapu [1977] nokasan, uto exerognas
NPOAYKIHA JKHBOro BellecTBa paBHa npuMepHo 380-10° 1. Buo-
chepa uspaexkaer npu stom Goaee 300-10° v CO; u3 Bosayxa,
5+10° v asota — u3 noussl u (10=-15) - 10° T ApyrHx s;1eMeHTOB
MHHepasbHoro nutanua. Poab 6uocdepsl B nepepacnpesesennn Be-
llecTBA MJAHeTHl BH/IHA H H3 TAKOrO COMOCTABJEHHS: COAEpIKaHHe
BOAbl B TKAHAX JKHBbIX OPraHH3MOB NMOYTH B 5 pas mpeBbllllaeT Co-
AepiKaHHe BOJAbl BO BCX PeKax 3eMHOro apa.

HekoTopbie nccaeaoBaTenn B CBSI3H ¢ STHM MOJIAraioT, 4TO MpH
CpelHeli MPOLOJKHTebHOCTH KH3HH OpraHHaMa | roa W npu mo-
CTOAHCTBe Maccel Ownocdepnl B TeueHHe mocjeanux 500 MJAH. JeT
Guocdepa Obiia cnocoGHa MPONyCTHTL uepe3 ceGs Maccy BellecTBa,
paBHyl0 Macce 3eMJH.

FnoGanbHasi reoXHMHuecKas poJb JKHBOTO BEILECTBA BbIpa-
KaeTcs B TOM, HTO B pe3y/ibTaTe JKH3HeleATeJbHOCTH Guochepsl, 10
nojacueram O. [1. JoGpoaeesa [1974 r.], Guomacca okeana * oGHOB-
asiercst 3a 33 aus, puTOMacca cywH — 3a 14 Jjer, a Bes Guomacca
3eman B uerom —3a 8 ser. B cBowo ouepeab, pacreHus CYWIH H
(QHTONIAHKTOH OKeaHa OGHOBJSIOT BCIO YIVIEKHCIOTY B aTMocdepe
3a 6,3 roaa, a BCIO yraekncaoTy atmocepsl H raipocdepsl, BMecTe
B3ATHIX,"* 3a 400 ner. Kuciopoa atmMocepsl 0GHOBASETCS KHBLIM
BeulecTsom GHocdepn 3a 5800 aer.

AaeMeHTHbIH coctaB GHOChEPBl B CHIY ee H3MEHYHBOCTH H MHO-
roo6pasusi OUEHHTb OuYeHb TPYAHO. DTO MOKHO HAMIOCTPHPOBATD
caenyiounm npumepom. Ilo C. C. Ulsapuy [1977], obutee Koamue-
CTBO OAHHX JHIIb HaceKOMbIX Ha 3emJje cocrasiser 10 emguHHIL
A Be/lb 3JeMEHTHBIl COCTAaB MX, KOHeUHO, He oAHHAKOB. To e ca-
MO€ MOKHO CKa3aTb O COTHSIX THICSY BHIOB PacTeHHil, 1eCATKAX Thi-
CAY BHIOB MOJJIIOCKOB, NTHIL M T. 4. DJEMEHTHHIH COCTaB H3yueH
MOKA y OrpaHHYeHHOro YHCJIA pacTeHHil M JKHBOTHBIX, H MO3TOMY
obobuiaioulasi KapTHH2 COCTABa JKHBOTO BeLLeCTBA — JIeJ10 Oyny-
wero. B Hacrosillee BpeMsi MOMKHO NPHBECTH CaAEAYIOUIHE AaHHbIE.
B pasanunbix opraHnaMax HblHe yiKe YCTaHOBJeHO Gosee 60 3iie-
MEHTOB, NPH 3TOM A5 GoJbliefi 4acTH PoJib HX MaJo BLIICHEHA MJIH
COBCeM HEH3BeCTHa. ITO TaK Ha3biBaeMble MHKPO3J]EMEHTHI.

CpaBHenye cpeJHHX COCTABOB JKHBOTO BeLIECTBA PACTEHHH, HH-
BOTHBIX H GakTepHil ngano B tabn. 22.2.

* OcHoBHas Macca JKMBOTO BeLIECTBA B OKeaHe mpeicTasieHa ¢uto- n
300nJaHKTOHOM. OH HacejfeT OKeaH OT noBepxXHOCTH 10 200 M rAyGHHLL H CcO-
crasaser npumepHo 9/10 Gnomaccw okeana.

** Vraekncaotm B aTMochepe u ruapocepe comepxutes 14-1013 T,
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TABJHLIA 22.2

Cpennee conepxanue asemenToB B opranusvax [Bowen I. S., 1966 r.],
Mr Ha 100 r cyxoro BemlecTpa

| Pacrenns JKupoTHBE
Jaement .
MOpPCKHEe Ha3eMHble MOPCKHe Ha3eMHBE itk
& 34 500 45 400 40 000 46 500 54 000
@] 47 000 41 000 40 000 18 600 23 000
N 1 500 3 000 7 500 10 000 9 600
H 4 100 5 500 5 200 7 000 7 400
Ca 1 000 1 800 150—2000 20—8500 510
Mg 520 320 500 100 700
Na 3 300 120 400—4800 400 460
K 5200 1 400 500—3000 740 11 500
P 350 230 400—1800 1700—4400 3 000
S 1 200 340 500—1900 500 530
Cl 470 200 500—9000 280 230
Si 150—2000 20—500 7—100 12—600 18
Fe 70 14 40 16 25
Cu 1 1,4 0,4—5 0,24 4,2
Zn 15 10 0,6—150 16
Cd 0,04 0,06 0,015—0,3 =0,05
Sr 26—140 2,6 2—50 1,4
F 0,45 0,005—4 0,2 15—50
Br 74 1,5 6—100 0,6
I 3—150 0,042 0,1—15 0,043
Mn 5,3 63 0,1—6 0,02
Co 0,07 0,05 0,05—0,5 0,003
Ni 0,3 0,3 0,04—2,5 0,08
Cr 0,1 0,023 0,02—0,1 0,0075
Mo 0,045 0,09 0,06—0,25 0,02
Se 0,08 0,02 — 0,17
Vv 0,2 0,16 0,014—0,2 0,015
B | - 5 2—5 0,05
Al 6 50 (0,05—400) 1,5 0,4—10
Be 0,0001 <0,01 — 0,00003—0,0002
Ba 3 1,4 0,02—0,3 0,075
Li 0,5 0,01 ; <<0,002
Rb 0,74 2 2 1T
Cs 0,007 0,02 — 0,0064
T 1,2—8 0,1 0,02—2 0,02
Ga 0,05 0,006 0,05 <<0,0006
As 3 0,02 0,0005—0,03 =0,02
Ag 0,025 0,006 0,911 0,0006 (?)
Au 0,0012 <0,00005— 0,00003— 0,000023 (?)
0,0002 0,0008
Hg 0,003 0,0015 - 0,0046
Zr <2 0,064 0,01—0,1 <0,03
Sn 0,1 <0,03 0,02—2 <0,015
Sb —_ 0,006 0,02 0,0006
La 1 0,0085 0,01 0,00001
w 0,0035 0,007 0,00005— ?
Pb 0,84 0,27 0,05 0,2
Bi — 0,006 0,004—0,03 0,0004
U — 0,0038 - 0,0013
Hf < 0,04 <<0,001 — 0,004
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TABJ/IMLIA 22.3

Copepanne XHMHYECKHX IEMEHTOB B Opranuime
maekonuTalomux [Kosaasckuit B. B., 1970]

Tpynnbl S/JeMeHTOB
Conepxanue
3JIeMeHTOB, % Ha
CyXoe BemecTBo He3saMeHHMble Posb Maslo BHACHEHA Ponb HeH3BeCcTHA
10—1 0, C, H, N, Ca,
1—10-1 Py K, Cl 5, 'Na
10-1—10-2 Mg
10—2—10—2 Zn, Fe Sr
10—2—10—* Cu Cd, Br L1, Cs
10—3—10-% I F Sn
10—¢—10—% Mn, V B, Si Al, Ba, Cr
10—4—10-¢ Mo Rb, Ti
10—4—10-7 Be Ag, Pb
10—5—10—¢ Co Ni Ga, Ce, " As,
Hg, Bi
10-5—10-7 Se 2o )
10—6—10-7 Th
10-1—10—12 { Ra

CozsepkaHhe XHMHUECKHX 3JIEMEHTOB B OpraHu3Me MJIEKOINH-
TaUKX nokaszaHo B TaGa. 22.3. CpasHeHHe cpejHero cocTaBa XH-
BOTO BeILlecTBA uYeJoBeKa W PacTeHHs H3 ceMeficTBa 6G06OBBIX (J10-
uepHs) npHBeAeHo B Tabu. 22.4. M HaxoHel, cpaBHeHHe cojepia-
HHII HEKOTOPHIX XHMHYECKHX 3JIeMEHTOB B 3eMHOi Kope, MmouBax H
pacTeHHsX MOMKHO BHJETh M3 AaHHBIX Tabul. 22.5.

M3 npuBejeHHbIX CPaBHEHHH cJjie/lyeT, 4TO BaxHEHUHMH GHO-
FeHHBIMH 3jeMeHTaMu sBasiorcs: O, cocrasasiomui 70 Y% Maccs
opraunsmos, C (18 %) u H (10 %). OcraBumecs 2 % npuxoasTcs
Ha Ca, N, K, P, Mg, S, Cl, Na u Fe. B. B. Kosaabckuii [1970] nu-
mer: «JTH 2JeMeHTH BXOLAT B COCTaB BCceX XKHBBIX OPraHH3MOB,
COCTABJSIIOT MX OCHOBHYIO Maccy H Hrpalot GoJibliyio poJib B Npo-
meccax JKH3HeLesTeNbHOCTHY.

TABJIMLA 22.4
Cpentuii cOCTAaB 4e/OBEKA H pacTeHHs

[Rankama K., Sahama Th. G., 1952 r.],
% cyxoro seuectsa

DnemMenT Yenopexk Jlionepna dnemenTt Yenosex JluepHa
C 48,43 45,37 Na 0,65 0,16
0] 23,70 41,04 K 0,55 0,91
N 12,85 3,30 Cl 0,45 0,28
H 6,60 5,64 Mg 0,10 0,33
Ca 3,45 2,31
S 1,60 0,44
P 1,58 0,28 Cymma 99,96 99,96
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TABJIMLIA 22.5

Cpennee conepxanne HeKOTOPBIX 3/eMeHTOB
B 3eMHOH Kope, Mo4Bax M opraHuamax
[Buuorpagos A. I1., 1970 r.], macc. %

3eMuan kopa ITousenHbIf Opranuamel
nement (ocagouHble NOpoas) MOKPOB (pacrenns)
B 102 Jf)=o 10—4
C 1,0 2,0 18,0
b N 6:10-2 10—% 3:101
O 52,8 49,0 70
F 5-10-2 2:10—2 10—5
Na 0,66 0,63 2:10—2
Mg 1,34 0,63 7-10—2
Al 10,45 7,1 2.10—2
i 23,8 33,0 1,5-10—1
P 7-10—2 8-10—2 7:10—2
&5 3:10—1 8:10—2 5.10-2
Cl 1,6-10—2 10—2 102
K 2,28 1,36 3-10—1
Ca 2,53 1,37 3-10-2
Ti 0,45 4,6-10—1 102
Mn 6,7-10—2 8:10-2 141
Fe 3,3 3,8 2.-10—2
Cu 5,7-10-3 2:10—3 2-10—4
Sr 4,56-10-2 3-10—2 10—
Zr 2:10-3 3-10—2 10—
I 1= 5:10—4 10—3
Ba 8:10—2 5:10—2 10—4
U 3:10—4 5-10—3 5:10—7

Bepuaackuii nokasas, uro SJEMEHTEI, MOCTOSAHHO MPHCYTCTBYIO-
IIHE B JKUBHX OpPraHM3Max, BHINOJNHAIOT BHIOJHE onpefeneHHbIe
XUsHeHHble QyHkuuu. ConepkaHHe e HX B OpraHH3MaX 3aBHCHT
HE TOJIBKO OT BHJOBOTO COCTABA, HO H OT XMUMH3MAa cpenn obuTaHus,
COCTaBa IHILH, SKOJOTHYECKHX OCOGEHHOCTell OpraHuaMa K APYTHX
(b axTopoB.

Tak, snementh, obpasyiomue JIETKOPAaCTBOPHMEIE COeLHHEHHS
B TIOUBAX, BEISLIBAET aKTHBHYIO GHOJOrHYECKYIO PeaKuuio y mpous-
pacraiomeii 3xech duope. Mmeer snauenue u (opma HaxoKIeHHS
SlieMenTa B cpefie. Ecin cpena (menounas, HeHTpanbHasi, Kuc/as)
crnoco6eTByeT 06pasoBaHHio PaCTBODHMLIX COeAHHEHHHl, OpraHu3Mbl
TaKHE COCHHEHHS acCHMHIHDYIOT. K HaoGopor, TPYAHOPACTBOPH-
Meie coenunenust Ti, Zr, Hf, Th, Sn, Pt u APYTHX 3JIEMeHTOB B Op-
raHU3MaX He HaKaIIMBAlOTCH, H JKH3Hb B CBOEM Pa3sBHTHH NIPHOG-
pesa cnocoGHOCTL 06x0auThCA Ge3 HuX. Crano H3BECTHO H TO, 4YTO
TPH HE/IOCTATOYHOM HJIHM H3OBITOYHOM MOCTYIVIEHHH B OpraHusMm
OHOTeHHBIX 3/€MEeHTOB BO3HHKAIOT GHOreOXHMHYECKHE SHIeMHH —
MECTHbIE 3a001eBAHUS PACTEHHH W JKHBOTHBIX, BHI3BAHHLE Hapyliue-
HHAMH GHOT€OXHMHYECKHX TPOLECCOB NOCTYNJICHHSI H YCBOEHUS GHO-
TCHHLIX s7eMeHTOB. B psge cayuae, ofHako, OPraHu3Mbl MOTYT
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B TaKOil CTeNeHH MPHUCMOCOOHTbCSA K BBLICOKHM CO/IepXKaHHAM OInpe-
JleJIeHHBIX 3J€MeHTOB B OKpYiKalolleHd cpeje, 4TO CTAHOBATCS CBOe-
06pa3HbIMH GHOreOXHMHYECKHMH SHAEMHKAMH. Tak, ranameiinas ¢u-
ajKa pacreT Ha mousax, GoraTeix Zn, CepNEeHTHHHTOBLIH Manopor-
HUK — Ha mnouBax, Gorateix Ni u Cr, cmoneBka KobaabToBas —
BO3Jie MEeIHBIX MECTOPOXK/AeHHH, CelleHOBbI acTparaj — Ha nouBax,
Gorateix Se. Takum o0Opas3oM, OYeHb 4acTO pacTeHHsd, JKHBOTHBIE H
MHKPOOPraHH3Mbl CTAHOBATCA CBOEOOPa3HLIMH OHOMHAHKATOpaMH
XMMH3Ma cpeibl OOMTaHHS, M B CB3H C 3THM ILIHPOKO HCIOJD-
3YIOTCA TPH OUOEOXUMUUECKUX METOOAX NMOUCKO8 NOAE3HbLX UCKO-
naemoLx.

NMPOUCXOMAEHMUE XM3HU HA 3EMIE

MHOrouHc/IeHHble AaHHBIE TOBOPAT O TOM, YTO JKA3Hb Ha 3emie
sapoaunack B okeane. Akax. C. C. Hlsapu [1977 r, c. 375] nmean
OCHOBAHHSA B CBA3H C 3THM cKas3aTb: «XHMH3M Haueii KpOBH B 3Ha-
UHTEJbHON CTeNmeHH OTpaXkaeT XHMHIO oKeaHa. B cBoem opraHnsMe
MBI HeceM NaMsATh 00 YCJAOBUAX 3aPOXKACHHS KHU3HH».

Mex1y MOMEHTOM 3apOXK/eHHs JKH3HH H BpeMeHeM, KOria s3Ta
JKH3Hb OCTaBHJa O cefe mepsble cJe/bl, NPOULIH COTHH MHJJIHOHOB
aer. [ToaToMy Aaxe OCTATKH JpeBHeHITMX GakTepHil B KPEMHHCTHIX
crannax Ha cesepHom Gepery o3. Bepxmero (CIIA), natupyembie
Bospactom 1,9 - 10° jiet, ¥ OTNeYaTKH 3araf04HbIX BOJOpOC/IeH B H3-
BecTHsKax 3umGabee c Bodpactrom 2,6-10° ser, KoHeuHO, JAajeKH
OT BpeMeHH 3apPOXKeHHsl caMOoil XKH3HH.

OcCHOBHbBIE 3Tamnbl BO3HHKHOBEHHS XKH3HH PHCYIOTCHA C/IeLYIOUHM
oGpasoM. B KOCMHYECKOM NpPOCTPAHCTBE, KaK Mbl BHICJNH, HAXO-
JISITCSE MHOTHE JecsTKH, a MOXKeT ObITb H COTHH, OPraHHYeCKHX MO-
JieKys pasiauuHoro cocraBa. MX BO3HHKHOBeHHE IPOHCXOAHT, KO-
HEYHO, NpPH ONpeleJeHHBX YCJIOBHAX TeMIepaTypel, JaBJeHus,
BJAXKHOCTH, paHalld BO MHOTHX MECTaxX NpoCTpaHcTBa CostHeyHOH
CHCTeMBI H, BEPOSITHO, Ha ee maanerax. Ho quuwb Ha 3emne B T¢ 0T
NaJeHHble BpeMeHa OKasaJHch YC/AOBHs, OaronpHsTHBE AIsi OT-
6opa u coxpanenus Haubojee yCTOHYHBBIX, CNOCOOGHBIX K JaJibHei-
1eMy YCJ0MKHEHHIO OPraHHYecKHX MOJIEKYJI. A. Tam6ues (1971)
OTMEYaeT, 4TO JAJs NOCTPOEHHs JI0OOro CJOKHOro OpraHHYecKkoro
COeJIHHEHHS JKHBBIX OPFaHH3MOB HYJKHO BCero JHWb 29 HCXOAHBIX
MoHOMepoB: 20 aMHHOKHCJOT, 5 a30THCTBIX OCHOBAHHi, [VIOKO3a
u xupsl. [lepuox orGopa yCTOAYHBBIX, CaMOYC/JOKHAIOUHXCA Opra-
HUYeCKHX MOJIEKYJ, IepHOj, KOTOPbH MOXKHO ObuIO Obl HasBaTh
STANOM XUMUYECKO[ 280At0UUL abUO2EHHO20 Op2aHu4eckoeo seuje-
¢T6a, OwJl BecbMa JMTENbHBIM. [Ipeamojaralor, 4TO OH MPOAO-
JKaJcs OKoJo 1 MJpA. JIeT.

B 3TOT AJHTEJNbHbIH OTPE30K BPeMEeHH OpraHHYeCKHe MOJEKYJbl,
COCTAB/SABLINE <NEPBHUHBIL OyJabOH» OKeaHa, cosepianu Gecuuc-
JeHHBle nepexoinl u3 ruapocheps B armocdepy H 06paTHO, YCIOK-
Hsisi CBOI COCTAB H CTPYKTYpy 3a cueT npucoeansenus N, P, Swu
apyrux saementoB. OOpasosaBuiHecsi B pesy/bTaTe TaKHX YCI0XK-
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HEeHHil ynopafodeHHble GHONONHMEPH — GeNKH H HYKJIEHHOBLIE KHC-
JIOTHL B KaKOH-TO MOMEHT OKa3aJHCb CIOCOOHBIMH JeJHTbCsi, BOC-
NPOH3BOJAHTDb, KOIIHPOBATH TaKHe e HJAH GJH3KHe K HHM MOJIEKYJb.
[Tpu 3ToM crnoco6HOCTL Bce Gosee TOYHO MOBTOPSATH cebsi B NPOHC-
XOmsLIMX B «nepBHYyHOM OyJbOHe» Mpoleccax Hapacraja BO Bpe-
MEeHH BMecTe ¢ ycJa0XHeHHeM oOpasyioniuxcsi coeanHeHuid. He He-
KJIIOYeHO, YTO NPOLECCH 3TH OCOGEHHO HHTEHCHBHO H 3((eKTHBHO
NpOTEeKaJH Ha NOBEPXHOCTH B3BelIeHHHIX B «OyJbOoHe» YacTHYEK
rOpHBIX NMOPOJA, KpeMHe3eMma, I'JIHH, ruapookucaor Al, Fe, Mn, rae-
TO B MPOTPEBAEMEIX COJHIEM NMPHOPEKHHIX ydacTKax Mops, B 30He
npuosi, rjae MOpPcKas NeHa, HachllleHHas B3Becbio HJIa obGecrneyH-
BaJia pe3Koe IIOBLIIIEHHe KOHIEHTPAlHH peardpyollHX BellecTs —
HeoGXONMMOr0 VCJIOBHS AJA OYEPeIHOr0 liara 3BoJIONHH. B 3THX

. YCJIOBHSIX BO3HHKIH (epMeHTH — OeJIKOBLie BellecTBa-KaTasnnsa-

TOPHI, COCOOCTBYIONIHE BO3HHKHOBEHHIO H pacnmajay MOJeKyJ,a B HX
YHC/Ie HYKJEeHHOBBIX KHCJIOT.

ITposiBieHHe cnOCOGHOCTH K €amosocnpoussedenuto, K noctpoe-
HHIO ceGe MOJOGHHIX Y MOJIEKYJ] HYKJIEeHHOBBIX KHCJOT Ha OCHOBE
3aKJIOYeHHOH B HHX JKe caMHX HH(popMauuu («namsitH») W Oblja
POXK/eHHEM KH3HH Ha 3eMJe.

Ha srofi craauu, KaK 0 Ha NpeABAYLUIHX, npouneccs GOpMHPOBaA-
HHSl JKH3HECIOCOOHBIX MOJIEKyJ, KOHeyHO, GecuHcjeHHOe YHCJIO pa3
0GpHIBANHCH, H GecuHcJeHHOe YHCJO pa3 BO3HHKAJIH H Pa3sBHBAJHCh
BHOBB. M 31ech, Kak ¥ B NPOLLTIOM H B AajeKoMm OyayiieM, cnpapej-
JHBH MYZpble CJOBAa JDHrelbca: «. ..CKOJbKO Obl OecuHc/IeHHbIX
OpraHH4YecKHX CYIIECTB HH JOJKHO ObLIO paHblile BO3HHKHYTh H IO~
rHGHYTDb, NpesKjie YeM H3 HX CPe/ibl PA30BbIOTCH KHBOTHEHIE CO CIO-
COOHBIMH K MBILLJIEHHIO MO3IOM, HaXo/sl Ha KODOTKUH CPOK IpPHIOj-
Hble JJf CBOeH XXH3HM YCJOBHSA, YTOOH 3aTeM ObITb TO:Ke HCTpel-
JeHHBIMH 6e3 MHJIOCep/Hs,— y Hac eCTb YBePEHHOCTb, YTO MaTepHs
BO BCeX CBOHX INpEBpalleHHAX OCTaeTcs BeYHO OJAHOH H TOH Ke,
YTO HH OJHH H3 ee aTPpHOYTOB HHKOrAa He MOXKeT OBITh YTpaueH M
4YTO [O3TOMY C TOH JKe caMoil JKeJe3HoH HeoOXO0JHMOCTEIO, ¢ KaKoii
OHa KOraa-HubyAab HCTpeGHT Ha 3eMJie CBOH BBICIUHH LBET — MbIC-
JSIMAA AyX, OHa JoJKHA OyJAeT ero CHOBA IOPOJHTH rie-HHOYIb
B JIpyroM Mmecte H B japyroe Bpemsa» [Mapkc K., 3ureanc ®. Cou.
2-e u3n., 1. 20, c. 363).

[Tepeeie opraHuaMel Ha 3eMJjie, BepOATHO, HAaMOMHHAaAH co6Oi
HbIHE BCeM H3BecTHhle 6aKTeDPHH H/IH CHHe-3e/eHble BOJOPOCIH. DTO
OblH, KOHEYHO, OJHOKJeTOyHble, Ge3 sjapa, OPraHH3Mbl — APOKA-
puorel. TIpOKapHOTH MO CYIIECTBY SIBJISVIHCh MKHBBIMH MOJIEKYJaMH.
YiKe 3 MapA. JleT Ha3aJl NPOKAPHOTH APEBHErO OKeaHa, COeJHHSASICH
MeXay coGoil, HempepbiBHO M Bce GHICTpee COBEpIIEHCTBYSI COCTARB
H CTPYKTYPY, JaJi HayaJo o6pa30BaHHIO OJAHOKJIETOYHHIX OpraHH3-
MOB C SIIpDOM BHYTPH KJETKH H CJIO0XKHBIMH 060J04KaMH-MeMGpa-
HaMH — 3yKapHOTaM, a 3areM, nocjie oGbeJHHEHHS OJHOK/JIETOUHBIX
B MHOTOKJIETOYHBIE, H BCEMY MHOrooGpa3suio NpOsIBJEHHA JKH3HH HA
3emae (¢pur. 22.1).
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Kak yKe OTMeuasJoch Bhillle, ¢ BO3HHKHOBeHHeM (oTOCHHTE3a
8 atMocepy 3eman craa nocrynath O.. I[Ipeanonaraercs, 4yTo MHO-
roKJeToYHble OpraHuaMel — Mefazoa NMOAYYHJIH BO3MOMKHOCTH ¢oOp-
MHpOBaTheH, Koraa cojepxkanune O: B atmocdepe pocrurao 1/100
COBPEMEHHOro. JTOT ypoBeHb HasbiBalwT roukou Ilacrepa. Artmo-
cepa npomsa Touky Ilacrepa He meHee | mapA. Jer Hasaj.

O6beHHEHHE ONHOKIETOYHBIX OPIdHH3MOB B MHOTOKJIETOYHBIE —
HOBBII BaKHBI 3Talm B PasBHTHH JKH3HH. MHOrok/J1eTOYHble MOP-
CKHe OpPraHH3Mbl, Pa3BHBasCh H COBEPIUEHCTBYsACh B TEUYeHHE MHO-
ruX MHJJIHOHOB JIeT, B OJHOM cJydyae, OceB Ha JHO, AaJH IepBble
BOLOPOCJAH H KOpaJybl, B APYroM — ojesH ce0sf pakOBHHOMH, 3alllH-
masliedl UX OT BparoB H yAapoB O KaMHH, B TpeTbeM — JOCTHIHYB
COBepLIEHCTBA B NJABAaHHH H MOJ3aHHH, JajJH NepBbIX Meiy3, a M3
HX POJACTBEHHHKOB o6pasoBajnch Oyayuue yepsu. Mopckoe JHO
TOKPBIIH AKTHHHH, TYOKH, HIVIOKOXHE, TPHJIOOHTBI, IPANTOJHTHI.
JKH3Hb CTAHOBHMTCS XOpOLIO H3BECTHOH HaMm no OoratefiludMm naJe-
OHTOJIOTHUYECKHM HaXOJAKAM H PEKOHCTPYKLHSIM.

DBoJIIOLHS JKH3HH Ha BCeM ee NMYTH ynpasJasJach, no Jlapsumy,
BEJHKHMH H BEUHBIMH 3aKOHAaMH. «DTH 3aKOHBl B CaMOM ILHPOKOM
cMmbicae,— nHcaJg oH,— Poct 1 Bocnpounssenenne, HacieacTseHHOCTD,
NoYTH HeoOXOAMMO BhITEKalomasi H3 BocnpouspeieHus, HMamenun-
BOCTb, 3aBHCALLAs OT NPSMOr0 HJH KOCBEHHOro JeHCTBHA MKH3HEH-
HBIX YCJOBHIl H OT ynpakKHeHHA H HeynpaxkHeHus, [Iporpeccus pas-
MHOJKEHH#, CTOJNb BHICOKAas, 4TO OHa BefleT K Dopnle 3a KH3Hb H
ee nocaeacteuio — EcrectBennomy Ot6opy» [Hdapsun Y., 1939 r.,
¢. 666]. Takumu cioBaMu 3aKJio4as cBOiH reHuanbHblii Tpyx o «IIpo-
HCXOXKAeHHH BUIOB» JlapBHH.

AHTPONOTEHHLIE M3MEHEHMA B BMOCWMEPE

Iny6okHe H3MeHeHHS NPOHCXOAAT celiuac B GHocepe. OHH NpH-
BJIeKalOT K ceGe BHUMaHHe y4YeHLIX Pa3HBIX HANpaBJeHHH, rocyaap-
CTBEHHBIX H OOleCTBEHHBIX OpraHu3aluii, Bce 6oJee IHPOKHX CJI0EB
HaceneHHs. OObeM 3KOJOTHYECKHX HCC/IEJOBAaHHH H CBA3aHHBIX
C HHMH HayYHHIX M Hay4yHO-NOMYJSIPHBIX NyOJHKalLMii B NOc/aeaHHE
JleCSITHJIeTHS BO3POC B TaKOH CTeneHH, uTo JaxKe BaxkHeimiass Hayu-
Hasi JINTepaTtypa CTaHOBHTCA He0603pHMOI. OCTaHOBHMCS MO3TOMY
JMUIb Ha OTAeJbHBIX BaXKHBLIX acmekTax 3TOH npobjeMbl, OTChLIas
HHTEPEeCYIOIHXCS JIPYTHMH BONPOCAMH K COOTBETCTBYIOIIHM HCTOY-
HHKaM.

A. T1. Bunorpanos [1977 r.] nucan: «C nauasa XX B. Hayka BO
BCEM MHpe paspHBaJjach noJo6HO B3puBY. ONHO KPyNnHOe OTKpPEITHE
CJIeI0BA/I0 3@ JAPYrHM — Pajiio, TeJIeBHJAEHHe, PaKeTHAs TEXHHKa,
WCNO/Mb30BAHHE ATOMHOH 3HEPrHH, KOCMHYECKHE IIOJETH, MOJeKy-
JisipHasi GHOJIOTHS, OTKPLITHSI B ACTPOHOMHH H T. JI.»

Ho otkpuiTus sTH HecsH ¢ co0oii H HOBHE (OPMH «1aBJCHHA»
XMH3HH Ha OKpYXaillyl NPHPOLY H HAa caMy XH3HbL. B camMoM
Jene. BypHo pacTymuii aBTOTpaHCNOPT — 3TO OTPABJIEHHHI BO3AYX
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ropoios. 'HranTcKHe THAPO3JEKTPOCTAHLHH H TAHYLHECH OT HHX
JISIT — ato maccoBas ruGenb puiGbl M NTHU. Moryune nmo cpoeit
5O (eKTHBHOCTH HHCEKTHIHb — 3T0 YHHYTOXKEHHe BMeCTe C Bpe-
JAHTENSIMH MHOPHX L€HHBIX HaCeKOMBIX M JKHBOTHHIX. M T. 1. W T. 1.

BepHajcknit, Kak ymxe roBopujoch, 0co60 OTMeuaj BBICOKYIO
OpraHH30BaHHOCTh KHBOro BemecTsa. Ho Bbicokasi cremeHb opra-
HH3ALHMH JKHBOTO BEIIECTBA JIeJaeT ero B TO e BPeMs BecbMa ys3-
BHMBIM OT BCAKOTO pojla H3MEHEHHIl M 3arpsi3HeHHiHl OKpyxKaioiuei
cpeabl. «OIHO M3 yA3BHMBIX 3BEHbEB B LEMH IKH3HH,— [HIIET
akaa. H. Hy6unnn [1975 r., c. 54],— KoTopoe MoKeT GbITb aTakKo-
BAHO 3arpsA3HeHHsIMH Cpe/bl,— BOCIHPOH3BeJleHHe TeHeTHUeCKOil HH-
Gopmaunn. .. JlokasaHo, YTO reHeTHueckass HH(OpPMALHs Hapy-
UIaeTcss MoJ BJIHSHHEM TaK HAa3blBAeMBIX MyTareHoB. MM caymur
BJAHSIHAE PajHaliH, aKTHBHBIX XHMHYECKHX BeILEeCTB — TAKHX, KaK
AIKHIHPYIOUIHE COeJHHeHHs, SIAOXHMHKATHI, MECTHUMAL H MHOTHe
Apyrue. Cpena, okpyxamomasi 4enoBeka, Bce Gojiee HACHIIAETCS
STHMH BellecTBaMH... B mesoM MOXHO cKasaTh, YTO eCJaH [0 CHX
NOp MHOrO TOBOPHJIOCh H TOBOPHTCS O TIpO3flleil 3KOJOrHUecKoil
KaracTpoge, TO ceiiyac BCTaeT BONPOC O NMPENOTBPALIEHHH «TEHETH-
4ecKoH KatacTpodui».

DT0 cepbesHoe NpeAyNpexeHHe Jly6uHHHA MOXKeT OmiTh TO-
HATO M3 caeayioulero npumepa. Ctenenb OpraHH30BaHHOCTH JKHBOI'O
BenecTBa  GHOCeps OCOGEHHO BHICOKOTO COBEpIIEHCTBA AOCTH-
raer B GeJKOBBIX CTPYKTypaxX, HecymuX (YHKIHH HacjeicTBeH-
HocTH. Tak, nHdopmauus o nomasasiomeM GOJbUIHHCTBE NpH3HA-
KOB B3pOC/IOro kura maccoit 5. 107 r, sanoxkena B moaekyne JHK,
CoAepaKallelicss B OMIOAOTBOPEHHOM sifilie KHTa, KOTOpasi BECHT
Bcero 5-10-'% r. 3nech, kKak ykaswmBaeT A. A. MaJHHOBCKHIl [1972],
NpH HAa/NHYHH HEOOXOAMMBLIX YCJOBHE B mpolecce JKH3HH HHAHBHIA
Macca ero Bospactaer Ha 22 nopsiikal

Mbl TOIBKO YTO BH/EJH, KaK HHYTOKHO Maja 10 CBOell Macce
ClI0KHast nernovyeydast Mojekyaa JHK. Muoro s 3BeHbeB B 3TOil
LIenH Hajxo 3aMEHHTb UYXKABIMH e€H aTOMaMH, 4YTOOK TeHeTHUeCKHil
KO OblT HapywieH? A Belb YeJOBeK, He 3aJyMHIBASChb, BBOAUT
B OGHXOJl BO BCEM MHpE €KeroiHO COTHH THICAY HOBHIX HCKYCCTBEH-
HBIX COe/\NHeHHIT, He H3BECTHEIX NPHPOJE, He anpOGHPOBAHHBIX JKH3-
HBIO B [IpoIecce ee 3BOJIIOIHH.

Kusub Ha Hawell niamere yBeHuasna cesi cosmaHHeM cepur
pasyma — noocgheper.™ Yuenne o Hoochepe — mebefHHAT MECHS
Bepuanckoro! Hoocepa mnacenena MbicasIEMHU CYyILleCTBAMH —
JioabMH. MIX nopasute/bHele Aeda npeoGpasuin BCIO NOBEPXHOCTH:
Hawed nuaHets. Ho B3aMMOOTHOLIGHHS ue/OBeKa ¢ NOPOJANBLIEIT
€ro npupoJoil HHKOrjaa He ObIIH NMPOCTH M OAHO3HAUHB. OueHb
44CTO H paHblle, U 0COGEHHO cefiyac OHH TPHHHMAIOT XapakTep

* Hoocgepa no onpenesennio 10. 1. Tpycosa [1974],— «ctepa B3aumoneii-
CTBHA NPHPOALI W OCLIECTBA, B MpeiesaX KOTOPOH PA3YMHAs UeJOBEUCCKAR Jefi-
TCALHOCTb CTAHOBHTCA TIJIaBHLIM, ONPEREJAIONIAM (AaKTOPOM PA3BHTHS. . .»
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CTOJIKHOBEHHs, OCTPOro KOH(JHKTa Mexay Beiciueil GopMoi KXH3HH
H ¢GopMaMH KH3HH MeHee OpPraHH30BAHHBIMH, MeMAY KH3HBIO
B0oOOILe H cpeJloH ee oOHTaAHUS.

Bor Heckoanko npumepoB. JlepeBo, €ro COKH M NJOAH, JpPeBecHHa B Le-
JIOM COMPOBOXAAKT Bechb MAJHHHHA NYyTh Pa3BHTHA 4YeJOBeyecKoro oG6IIecTBa.
UYesioBeK HayyHJICA JesaTh H3 JpeBecHHH Gojee 25 ThIC. PasiHYHHIX MpeaMe-
TOB, HeOOXOAHMBIX B npoH3sojcTBe, B Omry. Ho 31O BMecTe ¢ TeMm npupeno
K TOMY, 4TO 3a oAbl JKH3HH Ka)JblH 4YeJIOBEK MJIaHETH PacXoAyeT Ha CBOH
sHyxasl 200 B3pocanix nepesbeB. M xors JecoB Bce emwe ocraercds 4 MJpA. ra,
HO HECKOJIbKO BEKOB Has3aj HX 6bljio BABoe GoJblie.

Axan. C. C, Ilpapn [1977] ormeuaer, uTo BeKoBOil Ay6G uJam rpa6 HMeer
npumepro 500 Teic. aucTeeB ofumed naomaznsio nouti 1000 m2. Jluctes 3TH ne-
pepabatnBaioT B uac okoao 2 xr CO; H, Hcmoab3ys 5 KKaJ COJIHeYHOH 3Hep-
ruH, cosgaoTt 1200—1300 r raoKo3H.

H Bor, no nozxcueraM ydYeHHIX, TOJLKO 3a 4HeJOBEUYECKYIO HCTOPHIO NJOWLAABL
JIecoB Ha IJaHeTe coKpaTuaack Ha 2/3. A Beab Kamabe 25 M? ¢oTOCHHTE3H-
pyiouleli MOBepXHOCTH JIHCThEB 3a OJIHH COJIHEYHHI JeHb Aal0T JHEBHOE KoJHYe-
CTBO KHCJIOPOJAa, HeoOXOAHMOE UeJOBeKY.

Bumecte ¢ secamu 3a nocneanne 400 JeT HaBceria yHHuTOXeHo Gosee
150 BHIOB 3Bepeit H NTHI, B OCHOBHOM MOJIE3HHIX U€JOBEKY. DTO TaK Ha3HBae-
man «Yepnas xuura» noocdepn. B «KpacHyio kHury» Hoochepsl yike BHECEHBI
cpuime 600 BHAOB NTHI, H MJIEKOMHTAIOUWHX, KOTOPHE HLIHE TPO3HT rHOEJb.
Toneko 8 CCCP B «Kpacuyio KHHIY» JKHBOTHBIX, KOTODHIM YIPOXKaeT IOJHOe
ucrpebaenne, saveceHsl 21 BHJA mJaexonuraiomux u 26 BuaoB nruu. He nyume
obcront geno um c pacreHusamu, B Benopycckoit CCP yie B3siTHI MOA OXpaHy
40 pacrenwii, B dcrounn — 50, B JIntee — 177. A Bcero B CCCP B «Kpacnyio
KHHT'Y» PacTeHHil NpPHILIOCH 3aHecTH okoJo 600 BHIOB!

A neyaTh NMPHHOCHT BCe HOBHIE H HOBHIE meyasbHeie Bectd. M3 croanmsr Ke-
unn, Haiipo6u, coofmalor, uro B 3T0il BOCTOYHO-adpPHKAHCKON CTpaHe B HAUIH
AHH TOJHOe HCUe3HOBeHHe rpo3uT Gosee 800 BHAAM MJIEKOMHTAOMHX W IITHIL
Kpokoaniel, cJOHEI, CTpaycel, XXHpadnl H AHTHJIONL — BCE OHH Ha TIJa3ax HC-
4e3al0T TaM, rae Gecnpefle/bHO XHIUIHHYECKH XO3AHHHUAET veJOBeK.

Tosbko 3a mocaeanne pecstuierust B Mraauu yxe Brimepsio 32 BHAa nTHIL,
B ®PI'— 17, B beabruu —6. A B unesom rtoasko B Ilenrpansnoit Espone mon-
HOe BBIMHpaHHe TPO3HT 58 BHAAM NTHI, ecaH 34ech He OyAYT NPHHATH CPOY-
Hele, 3G peKTHBHEIE MepHI.

[so6asprast mpupoponpeobpasyomas AesaTeJbHOCTh HOOCHEpH
BhI3Bajla THTaHTCKOe NepepacnpejieieHHe BellecTBa MJIaHeThl — J0-
Obl1y M KOHUEHTPAlHI0 ONHHX 3JeMEHTOB H paccesHHe IPYTHX.
B orpomubix macmraGax Hoocepa A0GHBaeT M mepepabaThHiBaeT
HbiHE PYIBl LBETHHIX M PeJAKHX MeTaJJoB, HeOGXOAHMBLIX IPOMMbILiI-
JIEHHOCTH, H, HaIpPOTHB, OTPOMHLIe Maccel coexuHeHuii K, P, N u
CONYTCTBYIOIIMX MM 3JIeMEHTOB pacceHBaloTcs Ha noaax. Ho Takoe
anTponorenHoe («HoocepHoe») mepepacnpejieieHHe BellecTBa JH-
rocdepsl, ragpocdepsl U atrMochepbl BMecTe ¢ OYCBHAHHIMH GJa-
raMu HeceT B ce(e HeraTHBHBIE CJIECTBHSI.

Heno B ToM, uro Hg, Pb, As, Sr, F, Be, Mn, Al, Zn, Cd, Ni,
Se, V, Cr, Ag, Cu, S, Co— sneMenTH, 06/1a2101lHe TOKCHUHBIMH
CBOHCTBAMH, H B psjte caydaes (Zn, Cd) — kaHueporenusiMu. )Ku3np
MUJITHapABl JieT u3berana ux. HplHe, HaKalJHBasiCh B MecTax Ie-
pepaGoTKi pya u c6poca NPOMBILULIEHHBIX OTXOMOB, OHH 3arpsa-
HAIOT Cpely, KOHLUEHTPHPYIOTCS B IOYBe, PACTEHHSX, T'PYHTOBBIX
BojJax, artMmocepe, B KOJHYECTBAX, MNPEBLIIAIOUIHX B JECHATKH,
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COTHH H THICSAYH pa3 JAONMYCTHMBIe KoHueHTpauuu. PabGoramu co-
BeTCKHX TeOXHMHKOB B MOCJeAHHEe TOALI [0Kas3aHO, 4TO 3arpssHe-
HHEe OKpy¥Kaiomieil cpeibl TOKCHYHBIMH XMMHYECKHMH 3JeMeHTaMH
B CYIIHOCTH fIBAseTcA npoueccoM 00pasoBaHMsi TEXHONEHHBLIX Opeo-
JIOB paccesiHHsl 3THX 5/1eMEHTOB B 30HAX BJMSHHA NPOMBILIIEHHBIX
npennpusituii. ITosToMy Bosje KpynHbiX 3aBojoB, ¢dabpuk, TILL,
T. €. IJiaBHBIM 06pa3oM B ropojiax, BO3SHHKAlOT cBoeoOpasHbie BTO-
pHuHBIe (aHTPOMOTeHHbIE) MECTOPOIK/ICHHSI XHMHUECKHX 3JeMeHTOB,
OTHOUIEHHe K KOTOPHIM, YBEI, He MOXKeT GbTh Ge3pas3jHyHbIM. Yua-
CTOK HOOC(EpHl ¢ TeXHOreHHO MOBBILICHHBIM HJH MOHHKEHHBIM CO-
JepiKaHHeM XUMHUYECKHX 3J1eMEHTOB MNPOTHB CpeaHero (Kmapka)
A. W. TlepesibMaH Ha3bIBAeT «TeXHOT€HHOH reOXHMHYECKOH aHOMa-
aueii», OHH MOryT GHITH NMOJApasjefeHbl Ha MOJOMXKHTeJNbHbBIE H OT-
pHLaTe/bHEIe, JOKaJbHbIe, PerHOHA/bHbIE H IVI06aJbHble, BpelHbie,
nosesnpie W HelTpanabHbie. ITo reocdepam, B KOTOPHIX OHH pas-
BHBAIOTCS, HX Pa3fensioT Ha JHTOreOXHMHYECKHe, THAPOreOXHMH-
yeckKne, aTMOreoXuMHueckue H OGuoreoxmmuyeckue. HaubGosee tex-
HOpUAbHBIME 31eMeHTaMu B Hawm auu asagiores C, Cl, Au, Bi, Pb,
Hg, Al, Cu, Sb, Cd (¢nur. 22.2).

ToBopsi 06 aHTPONMOreHHbLIX H3MeHeHHAX B Onocdepe, paceMor-
pHM OJAHH OueHb BaXKHBIHl BoOmpoc: ofecrevyeHa JiH JKH3Hb YeJOBEKa
Ha Haweli naanere Guopecypcamu? Kak nbiHe pacnpejiesieHbl GHO-
pecypchl B GHocepe 3eman?

CymmapHbifi 3amac GuopecypcoB nianertst 2,5 10" 1. ITpupoct
Guomaccsl B TOJ COCTaBJsieT 1O pasHbIM HCTOYHHKaM (2,4-
+3,8) - 10" T — noBOJLHO BHYIIHTeNbHBe HHPpH. Ho 99 % -
BOrO BellecTBA MJAHeTH COCTABJAIOT 3eJeHble pacTeHus. A Gesok
HX, KAK MCTOUHHK NMHTAHHS, IJIOXOH, MajocbenobHblii. [la Ml eme
MOPTHM €ro AOMOJHHTeNbHO. KaK 3TO MPOHCXOAHT, MOXKHO BHIRTH
H3 caelylollero npumepa. B Keapax, pacTywmlMX BAOJb JOPOrH
y r. Centepsuaa (wrat Muccypn, CIIIA), nmo kotopoit nepesosatcs
CBHHIOBBIE pYy/bl, OBLIO YCTAHOBJEHO HeNaBHO De3KOe HaKOoIIeHHe
pAaa 5JeMEHTOB N0 CpaBHEHHIO C cojep:anuem HX B nouse. Tak,
ecau B nouse cojepikanne Pb ne mpeswiiano 85 r/T, B Keapax OHO
okasanoch 5800 r/t, T. e. B 70 pas Bbimre. AHanorHuHeIM o6pasom
conepxanne Cu okasanoch 29 u 180, Zn— 110 u 940, Cd — 0,81
u 12 r/r. Moxkuo ceGe npeAcTaBHTb, KaKOBa IEHHOCTb KEAPOBBIX
opexoB CeHTepBHJIIAa KaK NPOAYKTOB TNHTAHHA, €C/AH y¥kKe IMpH
2000 r/r Pb B mouse oTMeyaloTCA CAY4YAH TAMKEJOrO OTPaBJIEHHS.

Jeno, olHAaKO, He TOJMBKO B 3ToM. M3 obuiero xKosuyecTBa Ku-
BOro BewniectBa Gosee moJaoBHHBL (56 Up) HaxoxHTCss B TPONHKAX.
B nosice, rie MB ¢ BaMH KHBEM, HaxoauTcs aumb 1% 6GuoMacch
NJIAHETHI.

Joarde TroAw OCHOBHBIE HAaJEXKABl BO3JarajJHCh Ha OKeaH.
B Haume co3HaHHEe YIOPHO BHEAPsJIACh HAes 0 HeorpaHHYeHHBIX OHO-
pecypcax okeaHa, 0 HeoGXOJAHMOCTH OCBOHTb OKeaH, MOGEIHTL €ro
ray6unsl. Ho cefiluac craso m3BectHo, uto H3 MupoBoro okeaHa
B rojl MOMKHO 100bBaTH He Gonee 100 mMaH. T Genka. A 3T0 POBHO
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Mupoban doderva, mfeod

= ]
1074 /10 %:

92,9, TexnoduabHocts 3aementos (mo A. H. Ilepeabmany).

BTPOE MEHbIIIE TOro, 4T0 HbIHE jaeT cynia. OKeaH e B LeJOM MOKa
JnaeT uejoBedecTBY HeMHOruM Gosiee | % mumu. Mul BHASTH TaKKe,
YTO y»Ke NMPOHCXOJHT B oKeane cefiuac. Uro ke OyJeT, ecid Mbl
HayHeM A06bIBATH PYAY H He(Th cO BCero JHa OKeaHa, ecu Mbl JIeil-
CTBHTEJALHO H OKOHYATENBHO «nobGeAnM» rayOuHbl OKeaHa?!

B. W. Jleuun, reHHaabHO MPEABH/s MOCACACTBHA He0O/yMaHHOM
JIeATeJNbHOCTH JIOJIel, MHCAJ, UTO YeJOBeYecKHe NPOEKTH, He CUH-
TaloOmKecsi ¢ BEJHKHMH 3aKOHAMH NPHPOIL, NPHHOCAT TOJABKO Oei-
crus. KoHcnekTHpys nepenucky Mapkca u DHresbca, OH BhlIHCA
cnoBa Mapkca: «...KyJabTypa,— €C/IH OHA pPa3BHBACTCA CTHXHIHO,
a He HAMPABJSIeTCs CO3HATEIBHO... OCTaB/Asfer nocae cebs my-
CTHIHIO. . .» *

BHopecypchl IIaHeTH B Psijie Cyuaes CTAamH KaTacTpoduyeckH
coKpauiaTbes. A HaceJeHHe IJIAHEThl HENPEepPBHIBHO PACTeT. . .

* K. Mapke, ®. dnreasc. Cou., 2-e u3z, 7. 32, c. 45.
401



Ho eute Gonee octpo Betaet Ha 3emae npobiema npecHOi BOABL.
Mpl BHAEJIH, YTO BOJA— 3TO JKH3Hb. B pacTeHHX H JKHBOTHBIX
Boza cocrasasier ot 50 1o 99 %. ITorepsa wesoBeueCKHM OPranH3MOM
10 % BOABI NEpeHOCHTCs ¢ BeAHUYANIIHM TPYIOM, npH norepe 15—
20 9% Hactynaer cMeprthb. Pacxoa npecHo#l BOIBI — 3TO, KPOME BCEro
npouero, nokasaTenb pocta obulel Ky/JAbTYPbl 4eJOBeKa, MO3TOMY
HeH30eXKHO ¢ rofgaMi oH OyJeT pacTu.

B maweil crpaHe 3a roan COBeTCKLiH BJAcCTH Pacxol BOAbl Ha
xutesns yseauunsacs B 13 pas. Ceiiwac B cpeanem no CTpaHe Ha
1 wen. B cyTkH pacxoayercss Gosee 160 n. B Oyaymem mpenenom,
BuanMo, 6yaer 400 a. Ho npoMuilieHHOCTb yiKe cerojus mnorpeo-
JAsfeT BOAL B 5 pas Gogblue, yeM ee pacxojayercs Ha OblTOBbE
Hyxael. M Gepsi BoAy UHCTOM, IPOMBIIIJIEHHOCTh OY€Hb 4acToO BO3-
Bpamaer BOAy npupoae Hcmopuennoil. Ecan cootnomenne 5:1 co-
xpanuresi, To B 2000 r. Toabko npomuimaennocts CCCP Gyner ro-
tpebaats Boasl 650 mMuaH. M3/cyT, a B 2100 r.— 1 mapa. m3/cyT, T. e.
1 km3/cyr. TlpecHoil e Boab Ha 3emiae (6e3 KOHTHHEHTAJbHOIO
JbJa), Kak Mul 3HaeM, Bcero HaBcero 0,5 MuH. KM®, 3HAYHT, TOJIBKO
Halla cTpaHa BCIO NPECHYIO BOAY 3eMJau MOXKeT H3pacXol0BaTh 3a
1 —2 THIC. JET.

Mo3KHO, KOHEYHO, ONpecHATb Mopckywo Boay. Ee na 3emise
B ThICAYM pa3 GoJbure. Ho 310 cammkom jgoporo: onpechHenne 1 m®
mopckofi Boabl Tpebyer HbiHe 10 kBt-u snekrposmeprun. Takoro
KoJiHuecTBa CcBOOOAHON 3JeKTPO3HEPrHH HeT HH B OJHOH cTpaHe.

OueHb OCTPO CTABHTCH B Halle Bpems BOMNPOC O COXpaHEHHH
noys. BeceM H3BECTHO, UTO XOPOIIHE NOYBH — 3TO OGHJIbHOE ILJIO/0-
poaue. Ho nousbl Ha Hamell nuaHeTe HrpaloT H APYryio, MeéHee H3-
BECTHYIO, HO He MeHee BaXKHYI0 poJib. B mouBeHHOM NOKpoBe 3emJiH,
B €e ryMycoBoii 060JI0YKe, COCPeJOTOYeHa OCHOBHAS J0JI JKHBOTO
BEIIeCTBA CYIIH M ero GuorenHod snepru. OTciofa 3KoJOTHYECKas
CHCTEMa IT0YBHl — OPraHH3M OKa3bIBAETCS «OJAHHM H3 IVIaBHEHIIHX
MeXaHH3MOB copMHpoBanus GHocdepsl, ee cTAGHILHOCTH H MPOAYK-
tusHocTH» B neaoM [Kosna B. A, 1974, c. 14].

Ha npomenmem B 1974 r. X MeXAyHaPOJHOM NOYBEHHOM KOH-
rpecce Obl10 3a(PHKCHPOBAHO, YTO B pe3y/bTaTe rio6ajgbHON mpH-
poronpeoGpasyiolleil AesSTeNbHOCTH JIOAeld B HacTofllee BpeMs
MOYBEHHBI MOKPOB CYWIH paspyuiaercss, TepsieTcs, JAerpaaHpyer
¢ Bo3pacraloueil ckopoctslo. [ToacyeTsl NOKasLBAIOT, UTO B MOCTE/L-
HHE TOABl 1O TeM WJIM MHBIM TpHYMHAM B MHpe Tepsercss 10 6—
7 MJIH. Ta MOYBH B roj. B HemaJoii cTeneHH cKa3aHHOE OTHOCHTCS
H K Hauefl crpaHe.

TakoBH NPHMEPH, HIIOCTPHPYIOIIHE NMPHPOAONPEOGpasyoulyo
JesTeNBHOCTh YeJIOBEKa Ha Haled miaHere. YiKe U3 3THX NPHMEpPOB
BHJIHO, UTO JEATeJIbHOCTh 3Ta AeHCTBHTEJbHO IMPOTHBOPEYHBA H IO-
CleNICTBHS €e TNOpofi OKAa3bIBAIOTCH COBEPIIEHHO NPOTHBOMOJIOMKHBI
LeJIsIM.

Benukuit Jlenun npeasuaen sro. OcHOBHOE MOJIOMKeHHE MapK-
CHCTCKOH JIHAJeKTHKH COCTOHT B TOM, 4YTO «BCe TPaHH B IPHPOJE H
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o6uecTBe YCJAOBHB H TMOABHXKHHI»,* 4TO HET HH OAHOrO SIBJCHH,
Kotopoe OB He MOIVIO NpPH HM3BECTHBIX YCJAOBHSX NPEBPATHTLCA
B CBOIO NPOTHBOMOJOMKHOCTb. Mul uacTo 3a0biBaeM 3TO JIEHHHCKOE
yKasaHHe H JyMaeM, 4TO Halla MHCCHSi Ha 3em/ie COCTOHT B OCHOB-
HOM B NMOKOPEHHH TPHPOJBI, YTO OHA CBOAMTCH JIHUIL K LENH Henpe-
PHIBHEIX nOGe HaJ Hel.

MBI BHIYIHJIH HaH3ycTh H3BecTHYIO dopmyay: «Mbl He MOMKeM
JKI4Th MWJOCTeH OT TPHPOABI, B3sITh HX Yy Hee— Halla 3ajada»
[Muuypun H. B., 1948 r.] u 3a6biin Gosiee BaxKHOe MOJOKEHHE IH-
reabca, Kotopoe B «/nanektuke npupoabi» raacut: «He Gyaem, oa-
HAKO, CJAHIIKOM OGOJbIIATHCA HAIIHMH MoGelaMH Hajg NPHPOJIOIL.
3a KaxkAylo Takyio nobeny ona Ham McTHT. Kaxaas U3 STHX noGen
HMeeT, npasja, B epPBYI0 Ouepelb Te NMOCJAe/ICTBHSA, Ha KOTOPhIE MbI
pacCYNTHIBANK, HO BO BTOPYIO H TPEThIO Ouepelb COBCeM APYIHe,
HelpeABHACHHBIE TOCAeACTBHS, KOTOPLIE OYeHb 4acTO YHHUTOXKAIOT
sHaveine nepebix. JlioaaM, kotopsie B Meconoramuu, I'penun, Ma-
noit A3HH W B JPYTHX MECTAaX BHIKOPUEBHIBATH Jecd, YTOOBI MOJY-
YHTL TAKHM NYTEM MaXOTHYIO 3eMJI0, H He CHHJIOCH, YTO OHH 3THM
TOJOKHJIH HAYaJ0 HbHEeIIHeMY 3anyCTeHHI0 3THX CTPaH, JHIIHB HX,
BMeCTe C JecaMi, IEeHTPOB CKOMJeHHs i coxpaHenus saard. .. M rax
Ha KaxaoM mary ¢akThl HamOMHHZIOT HaM O TOM, YTO Mbl OTHIOAb
He BJAcTBYeM Haj INPHPOLOH TaK, Kak 3aBoeBaTelb BJACTBYET
HaJ YyKHM HapoiOM, He BjacTByeMm Hajl Hell TakK, Kak KTO-1HG0
HAXOMAILMICS BHE NMPHPOABL,— UTO MBI, HA06OPOT, Halueli MIOTHIO,
KPOBbIO H MO3TOM NPHHALNEKHM effl H HaXoAHMcH BHYTPH €e, 4TO
Bee HAlIe TOCMOACTBO HAJ Heil COCTOHT B TOM, YTO MBI, B OTIHYHE
OT BCeX JPYrHX CYIIECTB, yMeeM No3HaBaTh €e 3aKOHbl H NPABHJIBHO
HX NPHMEHATbY. **

Otciola W BO3HHKaeT OHAa M3 CJOXKHeHUHX npobieM Hallero
BpeMenn — npo6aema oxpanu npupoas. CCCP — 0JHO H3 mepBbIX
rocyapcTB MHpa, Y3aKOHHBIIHX OXpaHy mpHpojas. B obuieil cJa0¥XK-
HOCTH 10 MpsIMBIM yKa3anusm JleHHHa To/bKo B mepBuie roant Co-
BeTCKOiT BaacTH Obiio u3gano ceuime 230 AeKpeToB H MOCTaHOBJE-
HHil, B TOi HJH HHOH CTEeNmeHH perjiaMeHTHPOBABIUHX CONHAJHCTHYE-
CKHEe NPHHIHIB HCNOMb30BaHHS PECypCcOB MPHPOIHI.

B campbie mocseHHe TOAb B CBSI3H CO BCe BO3pacTaioulieil poJbio
TNIPOH3BO/CTBEHHOMl W MpHPOAONpeoGpasyiolleii AeaTeabHOCTH ofule-
ctBa 1K KIICC, Bepxounii Coser CCCP u Coser Muunctpos
CCCP npuHsiii uedbiii psil BaxHBIX MOCTaHOBJEHHH, HampaBJjieH-
HHIX HAa Pa3BHTHE JICHHHCKHX YKa3aHHil 00 oXpaHe NPHPOABL.

CoBeTcKoe TOCyapCcTBO € HCK/IIOUHTENbHbBIM BHHMaHHEM OTHO-
cHTes K Gynymemy Hoocteps. DTO BbHITEKAaeT H3 CONHAJBHOIl NpH-
poan Hawero crpost. 10, IT. Tpycos [1974] no stomy noBoAy mHIIeT:
«[TockoabKy XapaKTep OTHOLIeHHs ofulecTBa K mpHpoOJe ompeaes-
ercsl He TOJIBKO Hay4yHO-TeXHHYeCKHM YpPOBHEM, HO H COIHaJbHBIM

* B. U. Jleunu. IMoan. cobp. cou., T. 27, c. 387.
#* K Mapkc, ®. Jureasc. Cou., 2-e uax, 7. 20, c. 495—496.
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CTPOeM, TOCTOJILKY CO3HATeJbHOE (hopMHpOBaHHE HOOChEpH opra-
HHYECKH CBA3aHO CO CTAHOBJIEHHEM KOMMYHHCTHYECKOH OOIIeCcTBEeH-
HO-3KOHOMHUecKo# dopMauuu».

OpHo u3 coBeulanuii, npoxoansiee B 1972 r. B MockoBcKoM ro-
CyAapCTBEHHOM YHHBEPCHTeTe, OYeHb NMPABHJIBLHO OTMeTHJ0: <«Oc-
HOBHAf 3ajlaya COCTOHT He B TOM, 4TOOBI OCTABHTb HENPHKOCHOBEH-
HOH NPHPOAY, UTO HEBO3MOXKHO B YCJIOBHAX HENMPEPHIBHO pa3sBHBAI0-
uieficst cos3HaTeJbHOH JesT€JbHOCTH UeJOBeKa, a HailTH TakHe
METOAbl BeJeHHs] XO3fHCTBA, KOTOpble YYHTHIBAAH Obl NPHPOAHBIE
PaBHOBECHSI B CTOPOHY JiH60 MHHHMaJIbHBIX BPeAHBIX MOC/JIEACTBHIL,
JAu60 NPHBOAMJIH K YJIYUIIEHHIO NPHPOAHOro MOTEHIHAaga».

IMoutn 2,5 Teic. Jer Hasaa epakaut yuua: «MyzapocTb cocToHT
B TOM, 4TOOHL . . NPHCAYIUIHBAACH K NPHPOJE, OCTYNaTh ¢ Heil co00-
pasHo». B Hawm AHM TPyAHO NOGAaBHTh 4TO-THGO K 3THM cjoBam!



3AKJTKOYEHME

Bcem M3BECTHO, YUTO B 3TOM MHpe HeT HHMYEro OKOH-
yarenbHO YCTaHOBNEHHOrO, HEeH3IMEHHOro.

A. Myankape, 1983

KpaTko M, KOHCUHO, /1aJeKO He MOJHO Mbl pacCMOTPEIH OCHOB-
HOe coj/lepiKaHie COBPEMEHHOH reOXHMHH. Kaxkue xe o611HE BBIBOJIbI
MOZKHO CAeaaTh H3 3Toro paccmorpenus? Hx MoxHO, NO-BHAHMOMY,
chopMyaHPOBaTh B BH/JE CJAEAYIONIHX OCHOBHBIX NoJ0KeHHH.

1. CospeMenHas TIEOXHMHSA — IJIOA MHOTOBEKOBOil HayuHOH H
npaKTHUYECKO# AeATeIbHOCTH Jqiofell, wror raybokoro B3aHMOIPO-
HUKHOBEHHS ¥ B3auMooGorauieHHusi HAEAMH H METOLaMH HCCIEA0BA-
HHS OTAEJbHBIX OTpacieli H HANPABJICHHI KaK BHYTPH CaMoii reoJio-
[HH, TAK H MEXK/]y re0JIOTHell H CMEXKHBIMH C Hel0 HayKaMH. Cospe-
MeHHAs TeOXHMHs, TAKHM 0Gpa3oM, €cTh CHHTe3 MHOTHX OTpaciaed
ye/0BeYeCKOro 3HaHHA.

He cayuaiino B KpynHefimeii cBOJKe COBPEMEHHBIX Hay4HbIX 3Ha-
HHii — Boabloii coBeTCKOH 3HIHKJONEIHH B CBA3H C 3THM TrOBO-
putesi: «[losokKeHHe reoXHMHH H (QH3HKH 3eMJH B CcHCTeMe HayK
o 3emje sBAsSieTcs AMCKyccHOHHEIM. MX paccmaTpuBaloT JHGO Kak
HauGoJiee pasBHBIINECS TeOJOTHYECKHEe JNHCIHIIMHBI, JTHGO Kak 00-
JacTH 3HAHHS, PAaBHO3HAYHbIE T'€OJOTHH» [BC3, 3-e u3n., 1971 r,
T. 6, c. 300].

2. Conep:kaHHe COBPEMEHHOH T€OXHMHH MOXKHO MOHHMAThb IIH-
pOKO M y3KO. ByAyuH 4acTbi0o KOCMOXHMHH, F€OXHMHs B LIHPOKOM
CMBICJIE CJI0BA M3YYaeT COBPEMEHHBIMH METOAaMH HCCJAEN0BAHHSA XH-
MHUCCKHE 3JeMeHTH H Ha 3emue, H B Kocmoce. «OHa H3yyaeT HX HC-
TOPHIO, HX pacrnpeje/ieHHe W [BHXKeHHe B IPOCTPAHCTBE BPEMCHH,
WX reHeTHUCCKHe Ha Hauleil miaHere cooTHoulenns» (B. M. Bepuan-
cknii). B y3KoM CMEBICIE CJ10BA IeOXHMHS — 3TO Hayka, H3yyaiollas
3aKOHBI pacinpejeieHusi 1eMCHTOB Ha 3eMJe, IPHYHHE KOHIEHTPa-
UHA H PacCessHHs 3/1eMEHTOB B Pa3/JHYHBIX reocepax 3emiH, npH
pa3HOrO POJA FeO/IOrHYeCKHX, GHOreOXHMHICCKHX H aHTPONOreHHbIX
nponeccax H coOBITHAX.

TeoXxuMHsl HAIIKX JHEH — 3TO HayKa, H3yyalouias Takike COCTOofA-
HHe aTOMOB M HX NPHPOJAHHIX COYETAHWi B MHHepajaX M B MHHepa-
71006pasyolux cpeaax, GopMEl B3aHMOAEHCTBHH aTOMOB C OKpY-
Karwuieil cpefol, crnocoGHOCTL ATOMOB K H3MEHEHHIO COCTOSIHHA H
MHTpaLHH.

3. TeoxuMHA B Halle BPeMsi OXBaTbiBaeT COOBITHs, CBA3aHHLIE
¢ HM3MeHeHHEM COCTOSIHHSI 3€MHOTO H KOCMHUECKOro BelllecTBa H
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M3nyyeHuii B OFPOMHBIX HHTEpBaJax: no spemenu — ot 10~'! (Bpems
sizepHoro pacnaga) Jo 6-10'7 ¢ (Bospact Beenennoil), no macce —
or 1,67-10-2* (macca siextpona) xo 10* r (macca Taaaxtuku),
no aanHe — ot 10~13 (auamerp atomuoro siapa) o 10% cm (pac-
CTOSIHHe OT 3eMJIH JI0 OJHOro H3 KBa3apoB), MO 3HAYEHHsSM 3JHEp-
rii — ot 10-3 (pacnmax atoma) mo 10%7 spr (B3pbiB CBEpXHOBOI).

Takue wmacmwtabol CcOOBITHIl, ecTeCTBEHHO, 3aCTaBJsIOT TeO0XH-
MHKa MOJIb30BaThCA METOAAMH HCCJIEL0BAaHHS MHOTHX CMEXHBIX TOY-
HEIX HayK. [€OXHMHSI B CBSI3H C 3THM CTAaHOBHTCS OJHOH M3 Haubo-
Jiee apryMeHTHPOBaHHBIX Mepoil H YHCJIOM HayuHBIX AHCLHIIHH.

4. Becemu HakonJeHHBIMH (GAaKTHYECKHMH JaHHBIMH Te0XHMHSA
noATBEpkKAaeT TOT OOBEKTHBHBIH (aKT, 4TO H BeChb OKPYKaIOULHIi
Hac MHp, H JieXKallas B ero oCHOBe MaTepHsl BO BCeX ee NposBie-
HHSIX He CTATHYHBLI, OHH HaXOAATCA B COCTOSIHHH HelNpepbiBHOrO IBH-
JKEHHS M Pa3BHTHA.

B HenmpepHIBHOM [BHXKEHHH H DPa3BHTHH HaXOJIHTCS BEILECTBO
BcesienHo#, BEIIECTBO COCTABJSIOIINX ee IaJakKTHK, 3Be3Jl, JIaHeT H
HX CIYTHHKOB, Bel[ecTBO GOJBIIHX H MaJbIX KOCMHUECKHX Tel, Be-
LECTBO H H3JIy4YeHHs, 3amoJHAMIOLIIHe KOCMHYECKOe MNPOCTPaHCTBO.

5. B cOCTOSIHHH HeNnpepbLIBHOrO JBHIKEHHS H PA3BHTHA HaXOILHTCS
Hama 3eMis H cocraBisiomee ee BemecTBo. OnpeaeseHHBIM HTOrOM
Pa3BHTHSA IUTAHETH K HAUIEMY BPEMEHH SBJAETCH OTYeTJHBas AUd-
(dhepeHIHAHSA HCXOAHOr0 MJAHETApHOTO BelllecTBa H 3aKOHOMEpHOe
pacnpesesieHne ero no reochepam. CTpaTHOHUUHPOBAHHOCTL 3eMJH
H paBHOBeCHOe COCTOfHHe reocep Mexay co6oii — rlIaBHBIH HTOT
Pa3BHTHS IJIaHETHl 3a MOcJaeAHHe 4—5 MJpJI. JeT.

6. Bce reocepsr 3eMan H paHbllle, H ceHyac OOMeHHBAJHCh H
06MeHHBAIOTCSl MeXKAy co6oi BelecTBOM M 3Heprueil. TouHo Tak xe
00OMEHHBAIOTCA BEIeCTBOM H 3HeprHel 3eMuasd H OKpYKawmHi ee
kKocMoc. TakuM o6pa3oM, paBHOBecHe MeXAy 3eMJeli H KOCMOCOM
H Mexay reochepaMH 3eMJIH — paBHOBecHe MOJBHIKHOE, NTHHAMHY-
Hoe. B pesyaerate Takoro oOMeHa 3eMJs H KOCMOC Bce BpeMs
4TO-TO TEPAIOT H YTO-TO NpHOOperalorT. B mociennHe xecATHIETHS
0cOGeHHO HHTEHCHBHEHIE TNEPEMElIeHHs BElecTBAa H 3HeprHH NpOHC-
XOJAT HA TpaHHIe 3eMaH H GJHIKHEro KocMmoca.

7. ITopo6HO TOMY Kak OeCKOHeuHbH BHJIBI MAaTEepPHH, TaK Ke
OecKoHeUHBH H OpMBI ee JBHKeHHs. ['€OXHMHH He MOMKET OrpaHH-
YHTbCS H3y4eHHEM TPaJAHLIHOHHBIX OOWUX (OPM JBHKEHHS — Me-
XaHHYecKoro, (PH3HyecKoro, XHMHUYECKOro, GHOJIOTHUECKOTO H COLLH-
anbHoro. Mul siBIsieMcsl CBHIETEJNSIMH HOBBIX PEBOJIOLHOHHHEIX OT-
KPHITHH B MHpe B3aHMONpeBpallleHHi 3/leMeHTAPHBIX YaCTHIL, HOBBIX
(opM BHYTPHATOMHBIX H BHYTPHSAEPHBIX CHJ (IBHIKEHHI), pac-
IWHOPOBKH NPHPOALI HACJAEACTBEHHOCTH H o6MeHa BElleCTB B Opra-
HH3Me H MHOTHX JADYrHX (opM ABHIKeHHs mMaTepHH. [eoxumuu Han-
JIEKHT TO3HATh 3TH (OPMBI H YYHTHIBATH NPH OLEHKE JBHMKEHHS
3€MHOT0 BEIIeCTBa.

8. IlsuxKymieil cHJIO pa3BHTHA, HCTOYHHKOM BCeX KOHKPETHbBIX
(hopM IBHIKEHHS 3eMHOr0O BEleCTBa SBJSETCS €ro NPOTHBOPEYHBHI
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xapakTep, HenmpecTaHHas Oopb6a BHYTPEHHHX NPOTHBONOJIOKHO-
cTeil, eMy CBOMCTBEHHBIX, a TaKkKe BeUHOEe H HempephiBHOC B3aHMO-
feficTBHe 3eMHBIX OOBEKTOB, TECHO CBA3AHHBIX MEKIY coGoii. Ta-
KOBLI eoJOrHuecKHe NMpoLecch CO3HAAHHS H paspyleHHs FOPHLIX
[OPOJ, MHHEPAJIOB, CORIHHEHM’; IPOLECCH paccesHisi H KOHUEHTpA
LHH ATOMOB H MOJEKYJ; sBJIEHHS ACCHMHJALUHH H 06OrallCHH:H
MAarMbl BelecTBOM GOKOBBIX MOPOJ H OJAHOBPEMEHHO C 3THM HAyLICE
oBoraiieHne GOKOBHIX MOPOJ KOMIIOHEHTAMH Marml; GopMmupoBaHue
MHHEpAJIbHBIX TeJ — €CTECTBEHHBIX CKOMICHHI MHHEPAJBLHOrO  BE-
mecTsa H T. I.

9. Tak, nanpumep, GopMHPOBaHHE MHHEPAJNbHBIX TEJ, HMEIOLLIX
MeTacoMaTHUeCKH-KOHKPELlHOHHYIO NPHPOAY, NPEACTaBIACT co0oi
npolecc caMopa3BHTHS TPOTHBOPEUHBOH B cBOeif CyLHOCTH CHCTEMEL
10pojia — MuHepasnoobpasylomuit pacteop. [Ipu sTOM KHABLHOE TPE-
L{HHOO6pa30BaHue, OKOJIOTPeIIHHHbI METacOMaTO3 NOPOA H BHINIOI
HeHHe MOJIOCTeH HJH TPelHH MHHepaJbHbLIM BellecTBOM MPeACTaB-
ASI0T co60oii pasnnulble CTOPOHB €IHHOTO CJOXKHOTrO npomnecca. Be-
JyLUIHM MEXaHH3MOM Ipoliecca MeTacoMaTHUECKOro npeobpasoBaHus
Nopof006pasyOIKX MHHEPAIOB, MePeKPHCTANIH3alHl H cerpera-
IMH BHOBbL BO3HHMKIIHX (a3, pacTBOpPEHHs, BHIHOCA H NEPEOTIOHE-
HHS B JKHJBHBIX TpEIIHHAX SBJASCTCS JKHIbHOE TPEIlHHO00paso-
BaHHe.

10. BepuiHHO# pa3BUTHs 3€MHOrO BellecTBa sBHJIACH Guocpepa.
Ho umenno B 6noctepe u B BenuaiolLeii ee Hoochepe B 0COGEHHOCTH
XapakTep BHYTPEHHHX NPOTHBOpEYHH NPOABJAETCS HLIHE naubonee
ocTpo. «JlaBjeHHe KH3HH», €CJIH €ro He PeryJHpoBaTh NJaHOMEp-
HBIMH pa3yMHB MH COUHAJbHBIMH MEPONPHATHAMH, BBHI3BIBAS
HeoGpaTHMbIE MPOIECCH B NPHPOAE, HapylllaeT yCTaHOBHBIICECH PAB-
HoBecHe Mex1y reocepaMu 3eMJH, CO3/laeT YCJAOBHs JJIsi BO3HHK-
HOBEHHS 3KOJOIHYECKHX KPH3HCOB, HEONPABJaHHOTO H TpexAeBpe-

 MEHHOTO HCTOIEHHS MPHPOJHHIX PECYPCOB, 3arps3HeHHs OKPYKalo-

meH cpelbl.

11. TeoxuMHs Y4HT, 4TO BCE NPHPOJHBIE pecypchl 3eMaH orpa-
HHYEHHH W KoHeuHbl. Ha 3emne HeT HHYEro JHIIHEro, HCHYXKHOTO
Ham ®au HawuMm noromkam. OTcioja ciaeayer, UTO OAHOH H3 BaXK-
HeHIHX 34144 FeOXHMHH SBJAETCsS NOHHMaHHe 3aKOHOB KOHIEHTpa-
IHH M paccessHus aTOMOB XHMHUECKHX 3JIEMEHTOB B reocdepax
3eMJIH O COCTARJAIOIIAM HX (pazaMm, MOHHMaHHe COCTOsSHHS aTOMOB
B 3THX (pas3ax, HX crnocoGHOCTH COXPAHHTH ero B H3MEHHBILUHXCH yC-
JOBHSX MJH TepeiiTH BHOBb B MOJABHIKHOE cocTosiHe. B BeuHOM
JIBHIKEHHH ATOMOB NO3HAHHe 3aKOHOMepHOCTeil 3TOro JBHIKEHHSH,
HCTOPHH STOrO ABHIKEHMsl, TPHUHH NEpPeMeIleHHs BellecTBa B reo-
chepax 3eman — Baxuefimue 3a1aun COBPEMEHHOH reOXHMHH.
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