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Hccnenopanue SHepreTHYeCKOro GallaHCca COBPeMEHHLIX FHAPOTepMAallbHbix chcTeM, Mnp-—
un B,A. M,, "Hayka”, 1977,c. 1-108,

PaccMoTpeHbl reosioro=-ruiporeo/ioriieckie, ruqpoOXHMHYECKHe H Me0TepMHYeCKHe OCO=
GennocTH [layxerckofi ¥ Yaon-lelisepuofi cucreM hHa KamuaTke M cECTembl Bynkana Men—
nencesa Ha o-Be Kymawup, TpoBefen cpaBHMTeNBHEM aHanus 30HANBHOCTH MHAPOTEPMAlE-
HO H3MEHEeHHBIX MOPOa B padfoHax cCOBpPeMeHHOH, HenaBHed W Mpouvio#f AKTHBHOCTH, YcTa-
HOBIIEHHAS MOEHTHYHOCTH M3MEHeHHS NOpPO/ NO3BOMMIIA CO30aTh ODOOWEHHYKO CXeMY 30~
HaNMBHOCTH HX A0 KOPHeil CHApOTepMalbHbIX CHCTEM,

HenocpencTeeHHbIME B pacyeTHBIMH MeTONaMH OlieHeH SHepreTHyeckui SpdekT $aso-
BEIX NepeXxolloB pacTBOPOB B O6JIACTAX PasrpyYsKH rHApoTepM, 30HBI MHOPOTEPMANILHO H3—
MEHEeHHEIX TOpO[ OMHCAHBI COOTBETCTBYOUWMMH peakunamyu. OueHeH oHepreTHYECKHH B¢-
PeXT M3MeHeHMs NOpol B XaxAofl 3oHe B B cucteme B nesoM, CocTaBiieH BHeprerTd—
yecKHit 6anaHc yeThpeX THAPOTEPMANLHEIX CHCTEM, TOKa3aBliMfl, YTO MOMABNSIOUWAY Y&8CThb
TeN1a BLIHOCHTCH HA NOBEePXHOCTL KOHBEKTHBHLIM NyTem. Ha ocHOBe anammusaa cTpPYKTYphI
Temnoporo Ganapca npeanolaraeTcs, 4TO 3aTyXaHHe MHAPOTEPMAaNLHOrO Ipollecca ofyc—
7IOB/IGHO UHTEHCH}HMKalNMel KOHBEKTHBHOIO TeNonepeHoca H NOrJOWeHHeM rIyGUHHOrO Ten-
na B mpollecCe H3MEHEeHHS NOPOd.

Pa6ota paccunmTana Ha TeTPONOroB, reOTEPMHCTOB H BY/IKAHOIOOB,

Tabn, 31. Un. 29. Bubn. 118 uass,

OrpeTcTBeHELNl pPenaxkTop

KaHaMoaT reoiOro-MHHEPATOTHYeCKHx Hayx
B.T. NMOJAAK

© Usparemcteo “Hayka”, 1977
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NPEANCIOBUE

BryTpenHee Tenno 3eMim, er'0 NpHpoAa ¥ (GOPMBI MPOABIEHHS HA MOBEDXHOCTH IpH—
BIEKAKT BCce Oonpllee BHHMAHHE IeOllONOB PA3NHYHpIX clueuxancHocTtel, OrpoMHoe
KO/IHYeCTBO Telllla akKKyMyIMpPOBAHO B mogseMHOl ruapocgepe, B orTolt cBasu Han-
6oNBUNA HHTEpPeC BEHIBLIBAIOT PaiOHbl AKTHBHOIO BYJKAHH3MA H NpexAe BCero pac—
TIONOMEHHbIE B 2THX paﬁonax COBpeéMeHHbie MHOpOoTepMallbHBle CHCTeMbl,

TepmonposiblieHus B oyaraxX pasrpyskd rHAPOTepPMAIlIBHBEIX CHCTEM HCKITOYHTEIlbm
HO PA3HOOOPAGHEI — BTO TAPOBBIE CTPYH, KHUMAUME H NMyJbCHPYIOUIHe HCTOYHUKH,
refigepel, rpaaeBrie KOTILI, TENNLE O3EPKH, YUACTKH NPOCPEeTOro rpyHta, YoTa—
nHoeneno (ApepreB, 1963, 1966; ApepreB u ap., 1965), uTo BrHOCHMQe MHpH
9TOM B aTMOC¢epy TeIVl0 He SBlgeTcd NPOH3BOAHON $OHOBOINO KOHAYKTHBHOIMO TeTl-
JIOBOrC TOTOKA, HO OKOH4YaTe/lBEHO TNpHpoaa ero eule He BbIACHEHAa, BOHBIHHHCTBOM
HccnienoBaTefiell dopMHpOBaHME COBPEMEHHBIX THAPOTEPMANEBHBIX CHCTEM CBA3biBa-
€TCH C BOCXOOAWMM [ABHXEHHEeM IJyOHHHBLIX Ma30BOOHBIX TeINIOHOCHTENeH, KOTOopbie
reHepHpyIoTCH B HHXHHX gacTax 3eMHOH xopel M (mm) B BepxHelt manTun, Bmec—
Te c TeMm ponyckaercd (dmmic, 1965) reuepanus Temna B oyarax pasrpy3ku
THAPOTEPMAJIBHEIX CHCTEM BC/IEACTBHE IPOMCXOAMAIIMX TaM IMeoXHMHYeCKHX ITPoUeCCOB,

KomuecTpenHas oUeHKa 2HepreTHYeCcKoro o¢dekTa TAKHX NPOLECcCOB HeoGXo-
MMa ANg COCTABNEHHS TENJIOBOTC DalaHca COBPEMEeHHHIX THAPOTePMAalbHBIX CHC—
TeM H YTOYHEHH# MX PO/ B MeO9HepreTHYeCKOM pexnMe, YToGbl GBITH 0ObEK—
THBHOH H OOCTOBepHOH, Takad ONeHKa TpefyeT y4eTa KOHKPETHBIX (U3HKO—XUMH—
YeCKEX ¥ TepMOOWHAMMYECKHX YCIIOBHH B Oyarax pasrpys3xi CHApPOTepMalpHbIX CHC—
TemM. Kommiekc uccnenobanuil, BEKIIOYAIOWHH TNONeBble HaTypHble HaGmoneHud, (H-—
SUKO~XHMHUYECKMI DKCNEepPHMeHT, NaGopaTOpHBIe H3y4YeHHd TBepdoll H xHOKOH (as u
TepMOAUHAMHYECKHE PacyeThbl, NO3BOJKIEeT ONPEede/HTE TEN/oBbie 2(heKThl reoXH—
MHYEeCKHX peakliif, TPOHCXOOAUWMX B odarax pasrpysKd peallbHbIX TH/APOTEpPMAIb—
HBIX CHCTeM, H OLEeHHTbL HX pOJib B 9HeprerydeckoM 6anance,

C @aToff lelblo NpoAHAIM3HPOBAHLI ME0TepPMHYECKHE OCOOEHHOCTH HEKOTOPBIX COB-
pPeMeHHBIX ruApoTepMalbHbix cHcTeM Kypumo~KamuyaTckoro peruosa M olieHeH 9Hep-
retuyeckuil adpbexT H3MeHeHHd MOPOA B ogaraX HX pasarpyskd. [lepBoHayanbHO mpei-
nojiaraliock @THM H OPaHHYHTECH, HO B INpolecce p&ﬁOTBl oKaslanachb HeobX0OuMOK
eme H OLEHKA BHepreTHYeCKOro 9dhexTa (a3OBHIX NepeXoAop MNOA3eMHBIX (NIIOHIOB,
TIOCKOJILKY HM3MeHeHMs! (a30BOI'0 COCTOSHHSA CHAPOTEPM HE TONBKO CYyUeCTBeHHO
BIMGIOT Ha YCIIOBHS MHHepaioo6pasoBaHHd, HO H ONpeNeldioT BapHalHH TenoBOro
TOTOKA B BePTHUKANLHOM paspede ruaApoTepMalibHBIX CHCTEeM,

B ocuHoBy paGoThl MOMOXeHb! NOJyYeHHbIe ABTOPOM De3ylbTATHl NMOJIEBLIX Hab-—
mopenuit B o4arax pasrpysku Yasou-leilaepuoit cuctemsl (KamuyaTka) H Ha Tep-
ManbHBIX TIONAX ByikaHa Menneneepa (o-p Kynauup), QU3HKO=XMMHYECKOrO MO=—
OeNnMpoBaHHA TPOTEKalOUWMX TAM INPOLECCOB H HX TepMOHHAMHYEeCKOro AaHalusa.
Kpome Toro, Ona BLIICHEHHS 2HEPreTHYeCKOH PO/l MHTEepecylouMX mpoleccoB B
fonee riyGOKHX 4acTAX CHCTeM OLUIM NpHBJeYeHbl H TPOAHAJIM3MPOBAHbLI HMEjo-
wMecs AaHHble MO Gojlee OeTallbHO M3ydeHHoMY [layxeTckomy reorepMalbHOMY MecC-
tropowaennio (KamuaTka), OTH MaTepHanil conoCTaBleHbl C H3BECTHEIME pe3yllbTa=
TaMH H3YYeHHS AaHaAJIONMYHBEIX OOBEKTOB OTeYeCTBEHHBIMH M 3apyGeHBIMH HCCIIeno—
BaTelsIMH,



Pa6ora Brmomiena B JlaGopaTopun reorepmuu ['eonoruweckoro mHctHTyTa AH
CCCP B pamkax ofme#l Tembl IO M3Y4eHHIO DHEPreTHKH reOOrHYecKHX NPONEeccoB,
Hcenepopanns BeqmMch B TeCHOM KOHTakTe ¢ HHcTHTyTOM Byinkanonoruu [anbue—
BocTOyHOro Hay4Horo mentpa AH CCCP (Mucruryrom Bynkanonorum [ABHLL AH
CCCP), HHCTHTYTOM reosiorus, MEHEpalorud, nerporpapiy ¥ reOXUMHH PyAHLIX
mectopoxnennit AH CCCP (MIFEM AH CCCP), HuCTHTYTOM ®SKCliepHMeHTallbHO#
munepanorus AH CCCP (M3M AH CCCP), MHCTUTYTOM TexXHHYecKOd Tennodusnku
AH YCCP (HTT® AH YCCP), BcecowsanpiM payuHO~HCCIIEOBATEILCKHM HHCTHTY-
TOM CHHTe3a MMHEpaNBLHOro Chiphad MumncTepctBa reonorun CCCP  (BHHMCUHCM),
MIY,

AeTOop BHIpa¥aeT rayGokyio npusHaTeawHocTb O.A, Iepaumenko, B.IL.- 3Bepesy,
A,B. 3otopy, H.A. Koawpmay, B.H. KomomoBy, ®.A. Maxaperxo, C.H. Ha6oko,
B.U. Onetinuky, B.I'. Nonaky, H.B. Peurapren, f.B. Cwvmpuory, B.M, Cyrpo6o-
By, A.B. lllepfakoBy 3a TMOCTOSHHYIO TOMOWEL M COBETHI B NPOBENeHHH HCCieNoBa~
HuEl, a Takxe obcyxieHHMe H KPHTHKY OTHeNBHBIX noJjioxenul paGoTeL



I'JIABA TIEPBAA

OBINIHUE IPEACTABJIEHHA O TEOTEPMHUYECKOH POJIM
THIPOC®EPEI

Hccnenobarus NQCNeAHHX /leT CO BCell OYeBHAHOCTHIO CBHAETEECTBYIOT O LWIHPOKOM
YYacTHH THAPOCQepbl B pasiHYHBIX FeOXHMHYECKHX npoueccax., B nacTosmee Bpems
HaMedaeTcd NPHHUMIHAJILHO pasiMgyHasl pojik €e B TenjioBoM 6GalaHCe CTabMNBHBIX
B aXTHBHLEIX CTPYKTYp 3emHOl Kopel. Kpome Toro, B 0GnacTax pasarpysku COBpe-
MEHHBIX FHAPOTEPM IUMPOKO Pa3BHT NpolecC H3MeHeHHs NOpO[ ToA HX BO3AefCTBH-
€M, 9TO HeCOMHEHHO HakiaAblBaeT ONpefe/ieHHBNH! OTHedYaTOK Ha AMHAMHKY (OpMH-—
POBAHHS CEOTEPMHYSCKOro PeXMMA ¥ [OMKHO YSWTHIBATHCS NPH COCTABNCHHEN SHep—
reTieckoro 6ananHca Takux paioHOB,

POJIb NIO/I3EMHOH THAPOC®EPHEI B DHEPTETHYECKOM PEXHME

[leppas nmomerrka cocTaBnenus reosHepreTHYeckoro Gananca npmmapiexat I1.H,Kpo—
notkury (1948), K macTosmemy xe BpeMeHH paspaGoTaHa cfwas cxema SHEp—
retrdeckoro Gananca 3emms (Kpomotkmn, INMomax, 1978; lNonak u ap., 1972).
ABTOpHI BHIIENISIOT NEPBHYHEIE HCTOYHHKH, 38 CYET KOTOPEIX MeHepHpyeTcs BHYT—
pennee Temno 3eMmi, Baxme#immm 3 HEX cUHTaeTcsd panHoAKTHBHEM pacman. [a-
nee aHaIM3HPYOTCH INPOMEXYTOYHLIE U KOHEYHBle CTaguu TpaHcpopMauud sHep—
rev, Ha koHewHBIX crapnuax BHyTpeHHee Temno 3emn HeofpaTHMO TepdeTcd,
KorpyxTrBHELA BHIHOC TeNnia paccMaTpPHBAETCH KaK OCHOBHOH MeXaHH3M TEeMIoNoTepkb.

lMepBuuHBIe HCTOYHHKH [MpoMexyTouwHble CTaguK Kohewnnie CTanuu Tpanc—
SHepruu TpaHChopMaUHH SHeprHH PpopMauHH FHEPrHH
A A .
[: Al | /A o) r 1
KnneTnueckast sAeprus neprus nedopmaunh CymMapHblfi OTTOK Teria B
BpaueHHss 3eMiH | ckaamBalomero THna MUPOBOE HpOCTPAHC TBO (KOH—
k OYKTHBHBI M KOHBEKTHBHLIA
Iy BLIHOC IJIyGMHHOIO Teryla M
BayTonaroMitas 'l: H3y4YeHHe C NOBEepXHOCTH
YTPHATO! emioTa Jeatnin)
SHEeprus
1 : h
/ *l ! :! & i pesepe SHEpPrHH
YMMApPHLIA pede 3|
QHEP:"“ :ol ::;aunﬁ (BHyTpennas Tennota 3emun,
o SOC o noTeHuuanwhas pabora ge-
" i dopmaunit. THNa BCcecTOPOHHE-—
Norenunaneuas i \ : o CKATHSH, CKpbiTag Tenmno—
rpaBHTaUHOHHAS : i Ta PHIHKO=-XHMHUECKNX Mpe=—
sHeprus 3emm Y YO obpasoBanuii W T.nO.
JHeprug PUIHKO=XHMH—
yeCKHx npeobGpasosannit
[

OGmas cxema aHepreTHyeckoro Gananca 3emun (mo B.I'. flonaxy, [LH. Kponorkuny, ®.A. Makaperko,
1972)



B peaynbTaTe cpaBHeHMd TNPHXOOHBIX ¥ DPACXOOHBIX CTaTell BHYTPH3EMHOH 2Hep-—
CHM aBTODHI TNPHXOOAT K BHIBOAY 06 H36BITKe ee IOCTYIUICHHS, OUeHEHHOM B 1,5-
3,0.1028 apr/ron. B cBasw ¢ oTHM HMH NpeamonaraeTcd IMG0 CYWecTBOBaHHE
MOUWHOI'0 SHEeProeMKOro Tpoliecca, /MO0 HelOOLUeHKa BHIHOCA Telyla TNpH MarMa-
THYECKMX Tpolleccax, [lonmyckaeTcs Takke BO3MOKHOCTE NEPEOLEHKH POJIM padHo-—
aKTHBHOI'O pacnafa, ['eoxpMmuyeckHe npollecChl B 9Tofl cXeMe OTHECeHEI K TIpoMe—
KYTOYHBIM CTaOHaM TpaHCGOpMAaIMH BHYTpH3eMHON 2Heprud. B ykasawHBIX BhILe
paGoTax NaHa OLEHKA SHEepPreTHYecKoro sppekTa B 30He CHIEpreHe3a M TpH pe—
CMOHANIEHOM MeTamMopguaMe, OLCHKH e SHePreTHKH NPOLECcCOB HAPOTEpPMAalBHOrO
H3MEHeHHd TOopo/J He cywecTByeT. BocnosHewnuio @Toro mpofena M TOCBHeHa OCHOB=
Hag 4acTh AAaBHON paboThL,

IlepeeiM ®TanoMm aBHIAck paspaboTka OOWHX NpedCTaBJIeHHHE O ruapodguaudgec—
xoit sonanvHocTn (Unpwn, 1972), OcHoBaHMeM [/9 TAKHX TMOCTPOeHHH NOCITYKHIHM
cBefleHHg 00 MGMEHEeHHH TeIVIOBOr'O NOJS B PasiHYHBIX IM'eOTEKTOHHYECKHX CTPYKTypax
(nanpumep, Cmupuoe, 1966), npeacraBnesmus o cTpyktype Boasi (Camoitnop, 1957;
CmuT, 1968), 0 reoxumuueckol NeaTeNLHOCTH BOA, Moo3eMHOM croke (Makapen—
k0, 3BepeB, 1970), o nepepacnpefenenuu temna pofamu (Ormaweu, 1956, 1972;
Maxgapenko u Op.,, 1972). HMroru paGoTel Hal cxemoif FHAPOPUIHUECKOHR SOHAIE=
HOCTH TIO3BOJIMIM aBTOPY B [anbHelileM NepeliTH K pelleHmio H Oolee yacTHBIX
npobieM, KaK To: OlleHKe CBONHCTB BOALI B TePMOOWHAMHYECKHMX YCJ/IOBHSIX COBpPE—
MEHHEBIX THAPOTEPMAallLHEIX CHCTEM, OIEHKe PHepreTHYecKoro ajgexra ¢as’oBhIX Te—
pPexonoB PacTBOPOB H M3MeHeHHs TOpOo[d TOA BO3AefCTBHEM TepMAallbHEIX BOL H AP,

Cxema rujpodH3HYecKOl 30HAJILHOCTH

Cxema rnobanpHO# rHAPOPH3IUYECKOH 30HANLHOCTH AaeT IpeAcTaBl/ieHHe O macllTa—
6ax MOABHMHBIX BOM 3eMHOH KOpHI, HX TEI/IOBOM NOTEeHLMAajie H CBOHCTBAX B pas—
nugHO# TepMoAMHaMmH4ecKod ofctaHoBKe. HHXe mpupoauTcs KpaTkas XapaKTepHC—
THKA 30H; NOOPOGHO 30HANLHOCTE OcBemeHa B paforax B.W, Kouwomoma, B.H,Hip-
nHa (1971), &,A, Makapenko # ap. (1972).

Hamu BhimenieHo 5 ruopodu3nyecKux 30H, OTIMYAIUHXCH KaK CTPYKTYPO# BO=
OBl, Tak ¥,ee ceoiicTBamu (Tabn. 1). 3omsr IV-V BhiensioTcs yclloBHO B Iped-—
NOJIOMEeHHH cyluleCTBOBaAHHSA BOObBI B MAHTHH. Huxuasa rpaHula CyuweCcTBOBAHHA BO=
Obl pacCYHTaHa TO BLIBEACHHONW aBTOPOM ¢OpMylle, HaxoAdueHcd B XOpolWeM cor=
nacuu c naneivu B.A, Coxonoea (1966), INonoxenne rudpo¢U3MYeCKHX 30H B
paspeae KOpbi H MaHTHM TOKasaHo Ha puc, 1.

I. 3oHa mpeuMyumecTBeHHO TBepAbX BoA (He HMeeT PerHOHANIBHOMO PAacIpOCT-
paHeHMs), OrpaHHYeHHAs FeoH3oTepMaMH (asoBOro mepexofga “Bona - nen” OpH
CYWeCTBYIOWHNX B 3eMHOH Kope TeMmmeparypax, AaBleHHSX M MUHepa/M3aluH TpH=—
pOMOHBIX PacTBOPOB. B CHIly HH3KOrO XHMHYECKOrO MOTeHHHANA Ibda paccMAaTpHBa-
ercsa Kak cBoeofpasHbii 9KpaH Ha MyTH MeOXHMMHYECKOro IepepaclpefelieHHd die-
MEHTOB,

II. 3oma "xuMOKEX CTPYKTYPHPOBAHHBIX” BOMA, BXKIHOHalowWas CHAPOAHHAMHYECKHE
NOA30HBI AKTHBHOIO, 34TPYAHEHHONO M BeKoBoro BodcoGmena. B mpepenax zowel
B SaBHCHMOCTH OT ®HEPrHMH CBfi3H BOAbI C NOBEPXHOCTBIO BMeWAOWHX TOPOA TpO-
HCXOOHT 3aKOHOMepHasd MOGHUIM3AlMs B NOABHXHOE COCTOSHHe (H3HYECKH H (H3H-
KO=XMMHYECKH CBSSAHHBIX BOA, DTa 30HA paccMaTpHBaeTCs KaK MOUIHbIK $akxTop
TelnljioMaccolepeHoca.

[1I. 30Ha ynnoTHeHHoro (VmOMa, 3aKMOYeHHAs Mexay reousorepMamu 450-
700°C. B mpenenax 3oHBI, XapakTepuayouwefcs HCKMOYHTENBHO AH(GGYSHOHHBIM BO-
NoOGMeHOM, pas3phBAlOTCA BCe BONOPOAHBEIE CBA3HM H NMEPEeXOOMT B IOABHMHOE COC—
TosHMe GONbilag YACTHL XMMHYECKH CBA3AaHHBIX BOJ, KOTOphHIe y4acTBYIOT B MeTa-
MopdEyecKoM Npeo6pPa3OBaHHUM TOPO, CNOCOGCTBYS NPOXOMASHHIO peaklyi,

IV. 30Ha MOHOMEpPHEIX MOJEKYy!l BOAbI, OrpaHHyeHHas reousotepmMami 700-
1100°C. B npenenax SoHBI BCe THNBI CBSSAHHBIX BOA NMEPeXOAST B NMOABHKHOE
COCTOSHHE W BBLICTYTAIOT K4K YYACTHHKH Deaxluif, B pe3ylbTaTe KOTODbLIX SlleMeH—
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Ta6nuua 1

CreoiicTBa ceBobOAHONH BOMALI B

pasiiM4HBEX I'MApoPHaudecKHx soHax

MouHocTe 30HEI (B KM)

Homep Mourocts goue (B kM)
T HODOw ;. -
HaumenoBauue rpagu- v
1122:;3 YeCKHX BOH £ Wurs up‘r‘rlfi:ma Cii:ﬁﬂni;arbre Kpaeprie mpo-
Sote dopmbt Pc aonsl Fz rUBEI
I 3oHa TBepAbIX BOA coO o 1 kM B 3aBHCHMOCTH
CTPYyRTYypoil ibaa ;
11 30HA "WHAKHX CTPYK— 80 28 27
TYPHUpOBaHHBIX” Boa
111 3oHa yNJIOTHEHHOIO 80 35 23
dmouna ¢ cHboTak-
THYECKOH CTpPyKTYpoi
v 3oHa MOHOMEpPHBIX 110 100 90
MOJIEKYJl BOAbI
v 3oma amccoummpoBanubix 110 112 100
MOJIEKYTl BOORS _
a H2O - H++ OH
6 OH_ - 02_ * H+
Ta6auna 1 (oxowuamue)
Homep Ceolictea ponpr u ¢mouna
ruapo— H {
e auMeHOBaHHe rpadu- T Termapayon,
gyeckoft | YGCKHX 30H P, atm t,°C
30HH
I 30Ha TBepaBIX Bopg CO 250-1 O=(=15)
CTPYKTYpo# nena
I 3oHa " KUAKHX CTpYE~ 2500=1 450-0
TYPHPOBAHHEIX" BOA
1 JoHa YIOTHEHHOro 50000-3000 700-450
¢monna © cuGoTak—
THYECKO!l CTPyKTYypoOi
v 30Ha MOHOMEpHBIX 100000-4500 1100-700
MOJIeKYJl BOAEL » ¥
v 3oHa AMCCOLMMPOBaHHBIX 127000-9000 1500-1100
MOJIeKYIl BOObI
a Hy0 — H*+ OH™
y e 400000-3700

CxnanuaTeie | MHoreocHuk/u- | Dereocuurnu- | Octpoeunie |Oxeanuyeckue Bla=
.30HBI Mz pamu Kz nanu Kz ayru Q ouam (nmTe) Q
OT BENUYHHBI MHCOSIHH
23 15 14 8 24
31 10 1.2 3 16
66 45 30 19 40
65 80 41 37 65
25002900
CeoficTBa BOABI M QuIOMOa
[OusnexTpu— ' % cywecT—
yeckag TpO- ‘gHTp““““ nnDTHOCgb BsaakocTn CreneHb AMC— | BYIOWMX BO-
HULAEMOCTE 2 218 ps /oM ny» cll COLMALNK AOpPOAHEX
ceaaelt
88,2 10-9 1-0,9 3 3,8:.10~22 99
81-20 28.28,21,6-1 1,79-0,076 10-9-1013 99.25

20-12,5 23,2-22,8

12,5-5 22,8-21 1,72 0,057-0,055

5-1,25 - - 3

lMpumesanue; Franck, 1961; Bapuc, Kynnepyn, 1966; David, Hamann, 1989;

Rice, Walsh,

C JonosHeHHeM H SkCTpamnoiguxell aBTOpa,

1957; Kennedy, 1950; Quist, Marshall, 1965; Macdonald,

1958

10~%.10"7

102

1-0,3 0,076-0,057 10~'-10~2 25.0

0]

0]




Tabnunua 2

Macca Boa B 3emuOl xope (102'3 r)
Tun 3emHO# KOph!
Sl o N (— cyokonTH- | reocmms-| Beero
YeCKHi HeHTAaJbHbH | JIHHANHA o TR
Ocamoynaa 1,42 0,57 0,4 0,268 = 2,658
Q,31 0,135 0,256 0,126 0,887
“Tpanut- - 0,18 0,286 0,41 0,183 1,059
nag” 0,25 0,41 0,586 0,254 1,5
” Basamme— 0,42 0,15 0,085 0,3 0,122 1977
ToBasa” 0,34 0,22 0,282 0,41 0,178 1,43
1,84 0,9 0,471 0,978 0,305 4,794
0,65 0,605 0,948 1,122 0,432 3,817

Mpumewanne. B wicimrene ~ cepofonnbie ¥ (uanyecKn ChasaHHbie BOOLL, Bhi-
cBofoXpamHecs C POCTOM TeMNepaTyphl; B 3HaMeHaTe/le — XHMHYECKH CBI3aH-
Hbie H AHCIEPCHBIE BOABL

THI MPHOGPETAT NleTyyecTb (CHAPHALI, OBOHHEIE X/IOPHAL], KOMIJIEKCHBIC COEIHHEe—
HHE H 0Op.).

V(a,6). 30Ha OHCCOUMMPOBAHHBIX BOM, B Ipefejax KOTOPOH NMPOHCXOMHT IOIHOE
TEPMHYECKOe Da3fioXeHHe Bonbl [laHHbie N0 MAMEHEHHI® CBOKCTB BOALI B DAa3iHg—
HO#t TepMoOOHHaAMH4YECKOH OOCTAHOBKe IpPHBEedeHEl B Tabl. 2. B coorBercTBHE C
Monensio cTpoeHnss semHollt xopet (Pomo, fApowesckui, 1967) macca Boa, sa-
mozegnm B Helt (rabn. 2), cocrabmser 0,86-1024 r; us uux Toneko 0,48.
.10 ' OTHOCHTCS K TIOABHMXHBIM.

Crenyet ¥MeTh B BMAY, 4TO C FAYOHHOH CKOPOCTL TepemeuwleHus BOA yObi-
BaeT, HO, BepOd4THO, OTHaACTH 2T0 KOMIIeHCHPpYyeTCH ymeHblleHHeM BA3KOCTH BOObI
H TOSIBTIeHHeM HOBBIX KAHANOB MHI'DALMH — MHKDONOp M TPelWlHH, 06pas’oBaBilHXcd
NpH BBICBOGOXOSHHMH CBASAHHEIX BOA B TOABHKHOE COCTOAHHE H 3a CYeT HeoAH-
HAKOBOI'O TEPMHYECKOI'O pacllMpeHHMs MHHepaloB. Tem He MeHee CBOGOOHOe Nepe-
MelleHHe BOO B BeDXHHX ODH3OHTAX 3eMHOM KODHI € riy6uHON cMeHseTcd OHbdy-
3HOHHBIM, T.e, 60/blIasg YACThL BOA H3 YKa3aHHOI'O peaepBa NepeMemlaeTcs [0—
BONILHO MeAneHHo, B fnpenenax axTHBHLIX CTPYKTYP BOObi MOCHIMSYIOTCH B TO0~
BHXXHOE COCTOSHHEe .'a MeHblleM HHTepBajle IyGHH, yeM B CTAGHIBHBIX, DTO CO3=
paeT 6GNAroNpHATHBHIE YCJIOBMg [Jg Bocxoasule# MMrpauwym ¢uIioHaoa B KOHBEKTHBHOIMO
Temnoo6MeHa NOBEePXHOCTH € rIIyGHHaMH,

Orciona oyeBHAHA NPHHUMTHAILHO pPA3/MYHAd POJbL CHOpoctepbl H B GOPMUDPO~
BAHWM FeOTepPMHYECKOr0 pPEeXUMa aKTHBHEIX W CTAGMILHBIX cTPyXTyp., Ecmum B cra-
GHMEHBIX CTPYKTYpax (naaTdopMel, WHTH) rHOpocdepa cnoco6eTByeT Nepepaclpe—
neneHmo Temna oT oGJacTH NMMTAHHA K OG/NACTH Pa3rpy3KH ¢ He3HAYUTeJBHEIM NpH-—
BHOCOM ero rJlyOHHHBIMH BOOaMM apTesHaHCKHnXx GacceifHoB, To ocnablieHHbBle 30HBI
H rIIyDHHHBIE Pa3NOMBI AKTHBHBIX CTPYKTYP HacTo obecneyupaioT HellOCpedCTBEHHYIO
CBS3L C rIyOOKHMM HeApaMM, BBLIHOCH HX TeIUIO Ha IOBEDPXHOCTE.

C yyeTOM pacnpefelleHHS TeMmnepaTypbi B pas3iIMgHBIX CTPYKTYpax 3eMHOH KO-
pel (cm, puc, 1) Tennomofi norenuuan cBoGOOHBIX (NOOBMXHEIX) BOL ee paBeH
1,8.1026 xan Kax YKaspBanock Bhille, HauGolee GrarompHATHbIE YCNOBHS [Jis
MOGHIM3alUMK BOA B TOABMXHOE COCTOAHHE CYWECTBYOT B aKTUBHBIX CTPYKTyPax H
ocoGeHHO B pailoHax HoOBelllero BylikaHuama. CllefoBaTenbHO, GONBIA&S HaCTh Tel=-
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714, AKKyMYJIMPOBaHHOIO BOAaMH B IMIyOOKMX 4acTdX 3€MHON KOPbI, MOOJIMHA BbIHO=
CHTBCH HMM B Takux paiioHax. DTO [0OKA3hBAeTCH M aHalM30M COOTHOLIEHHS CBO—
GOOHBIX M XMMHYECKH CBg3aHHbix Boa (cM, Tabn, 2), KOTOphOi NMOKa3bBIBAET, YTO
9TO OTHOWeHHe yObIBAET OT OKeaHHYeCKOH KOpHI K KOpe KOHTHHEeHTAlIbHBbIX UUTOB,
Bunumo, B aKTHBHBIX CTPYKTYpax MOXHO OONYCTHTHL PasrpysKy (WIOMOOE 4epes
MHAPOTepMAalbHBIe CHCTEMEBI NMPH CMEWeHUHM HX C TMOBepPXHOCTHHIMM BOOAMM HIHM Bhi-
HOC 4Yepe3d BYJIKaHHyYecKHe anmapaTthbl H OpyrHe ¢opMbl KOHBEKTHBHOIO TeliooGMeHa
c ray6uaamu. Tako#l MeXxaHH3M NoOOOep¥aHHA aKTHBHOCTH HOPOTEpPMAlBLHBIX CHCTEM
B HacTogdllee BpeMsd OONyCKaeTcsd MHOrMMHE HccienoBatessMH (AeepreB, 1963, -
nna Jomunsr Tefizepo, Kamuarxa; Elder, 1964, -~ nna Baiipakes, Hoeasa 3e-
naHOusa). y

B obuelt cxeme reoeHepreTHyeckoro 6anaHca fofie ruapocdepbl B riioGalbHOM
Macutabe OTBOOMTCS He3HayHTelbHas polb. OOHAKO NpedcTaBIdeTCs, YTO IPHBO-—
auMasi BHILEYNOMSHYTHEIMM aBTOPaMH OlEeHKa He HBJSeTCA TOMHOE H OKOHYATEllEb—
HOH, TIOCKONBKY B HacTOdUWlee BPEeMs OTCYTCTBYIOT OLEHKH SHepreTHYeckKux atdex—
TOB y4YacTHd BO[BLI B Hpoleccax (UanyecKoro M (H3UKO-XHMHYECKOrO BhIBETPH—
BaHHS, KPYrOBOpPOTax, B NEepPeHOCEe PACTBOPEHHOIO H B3BElIeHHONO BeWecTBa, akK—
KyMYZSIHMH COJIHeyHOro Tenna, He oleHeH Temnopoi addexT TPeHHS NpH MHrpalun
BOA B KOJJIEKTOPax, a TaKke 2HepreTHyeckde 2¢deXThl NPH OGHOXMMHYECKHX IPO-—
neccax. llpenBapuTenbHbie pacyeThl CBHOETENECTBYIOT O TOM, YTO CYUECTBYIOUHE
npeacTaBlleHUs 06 9HepreTHYecKo# ponlM ruapocepbl AOMKHBEI BO MHOIOM H3MEHHTH—
cd, IO KpailHe#l Mepe Oila rpaHHLUb! "aTMocdepa - NOBEPXHOCTH 3emim”,

Taxum o6pasom, XOTs B HAcTOdulee BpeMsl MbI TOJLKO NPUGIHXaeMCHd K OLUeH—
Ke 9HepreTHYecKoOit ponu ruapocdepsl B rnoGalbHOM Maclitabe, TeM He MeHee pas-
paboTaHHaa cxema rUapofUauyeckoil 30HAIBLHOCTH [OaeT NPeACTABlIeHHE O TOTEeHI M=
aLHOM pesepBe SHepruM ee B MaciuTabax TOABHMHBIX BOJ, TMPHHHMAKUHMX HENO-
Cpe/[CTBEeHHOE yyacTHe B pa3/MyHbIX [e0JIOrMYeCKUX M GMOXMMHYECKHX Tpoueccax,
OlleHKa DHEPreTHKH KOTOPHIX ~ Oelo 6mmxaliwero 6yaywero,

JHEPTETHMECKHHA 3®®EKT BbIHOCA
W NEPEPACIHPEJAEJIEHHA TJIYBHHHOI'O TEILIA
BOJAMH COBPEMEHHBIX 'HAPOTEPMAJIGHBIX CHCTEM

Bynkanuam u ruoporepMalibHas OesTeNBHOCTh NPHYpoYeHa K aKTHBHBIM CTPYK=—
Typam 3emiu. B To Bpems Kak ByNkaHMaM - SBIEHHe KaTacTpoHyeckoe H KpaT—
KOBpeMeHHOe, ruapoTepMalibHasa OedATellbHOCTh = Tpolecc HHHTeﬂbﬁbm, 3aHMa -
wHif TPOMEXYTKH BpeMeHH OT HeCKOJLKHX ThICHSY [0 AeCATKOB H COTEH TBICHY IleT,
[lo sHepreTHyeCcKHM XapakTepHCTHKAM o068 OHH COIOCTaBHUMEL,

Conpeuenm.le rHApoTepMaibHbIe CHCTEMBbI

BonpuiHCTBO COBpeMeHHEIX THAPOTEpMAallbHEIX CHCTEM TpHypodeHo K oblacTam
HOBejillero ByJsikauuama, [leperie ceenenus o Hux B CCCP ceasanbl ¢ HMeHaMH
B.U, Tuiina, B.B. Hsanopa, B,B. Apeprepa, C.H. HaGoxo u np., [laHHble mo reo-—
JIOrHH, THOPOXHMHH, MHHEDPAJIONHH ¥ Tel/IOBOMY pexHMY, TOJYy4YeHHbie STHMH -~ ab—
TOpaMH, BIOJHE COrJACYIOTCH C pe3ylbTaTaMM MCclleoBaHuit aHaJIOrHYHBIX 06b~
eXTOB 3a pybGemxom, onmybnukopanubix K,Bameenmom, A.Maxouu, &, Tonamm, IL.Yaii-
ToM, A,Qmmicom u Op.

Cornacuo npencrasnenuam B,B, ApepweBa (1963-1965), coBpemMeHHBEIe HO-
poTepMalnbHEIE CHCTEMEI TIPENCTABIAIOT CHelu¢HYecKHe HAPOAMHAMHYECKHe CHCTe-
Mbl, BOZHHKAIOUIHE B 3€MHOi{i KOpe NpH BHeApPeHHH CIyOHHHOTO TeIVIOHOCHTeNd -
Marmbl WM HAOKPHATHYECKOrO BOMHOTO (UIIOHA& — B BOOOHOCHBEIE IOPH3OHTHI,

K wactoawemy Bpemenn E.A, Baxun, B.I'. Tonak, B.M. Cyrpo6os u ap. (1971)
CyMMHpOBAIIW HMeoulMecs CBeleHHs 1o THAOpOTepMallbHbIM CHcTeMaM KamuyaTkH, oT—
MeTHB Hanbo/lee BaxHbie OCOOGEHHOCTH HX CTpoeHHd, Haubonee BEICOKOTEMIEDaTyp—
Hele (MegoTepmainpHBie) cHCTeMbl KamMuyaTKH TpHYpOYEeHBI K KOINIBIEBBIM BYJ/IKAHO-



TaGnuua 3

TemoBLle XapaKTepHCTHKY HEKOTODLIX CHAPOTeDMAJIbHBEIX CHCTEeM

T Ypenenas
emmbasg TennoBas

Tiponapsamsieg mommocTs, | TTOWARE, moumocTs, | HocnepmoBarenn

cHCTema 103xxan/c 10 10 o2 wiienasl

(cm2.c)

Bynkan Cemsauux 75 80-100 87-75 B.B. Apepren
Yaou-lefizepuas 134 120 110 E.A, Bakun
Bonpuwe-Bantas 25 10 200 B.M, Cyrpo6os
Kupobckas 3,8 - - B.H. Kououos
Hanemesckast 1,5 - - I.®. Jlununesxo
[Tayxerckasa 5 15 100 B.I. Tlonax
BocTouHad By/KaHH= - - 0,6 *

yeckass aoHa

KamuaTku
O6nacTe YeTBepTHY= 300 - 0,32 "

HOMO BY/IKAHU3—

ma KamuaTtku
Bymkan Menpeneesa 5,4-4,8 53 90-80 B.W., Benoycos
Bynkan onoenuna 12,8-9,5 12 10779 I'.:H. Kopanes

TEKTOHHYECKMM NETPecCHAM H KaZlbNepam, HAallOWEHHbIM Ha rpabeH-CHHKIMHAIM.
POpMHPOBAHHE 3THX CTPYKTYP ABTOPHI CBE3BMAEIOT C “MOWHON BCHEBIUKOH KHCJIOTO
BYJIKAHM3Ma, TNPOSBHBIIEHCS B BbIOPOCAX TUPOKIACTHKY M BHEPEHWM BKCTPY3HBHBIX
Tes. I'uapoTepManbHas aKTHBHOCTBL XapaKTepH3yeTcCs BEIXOAaMM Imapa, KHIsSWHX HC—
TOYHHKOB, Fe#i3aepoB, KOHTPOJHpPyeMBIX pasfoMamMH obpamileHHd STHX CTPYKTYD HIH
CeKyWMMH 30HaMH TIOBLIWEHHOH TpeuwMHoBaTOCTH, MaxcumalbHas 3adiKCHPOBAHHAS
Temmeparypa B Hedpax Takux cucrTem papHa 390°C (Conron-Cu, Kanudophus,
CUIA) u 250°C (Iayxetckas cuctema, CCCP). '

Huskoremneparyphuie (ennTepmalibHbie) cHcTeMbl Ha KamuaTke NpHypodeHB! K
. Y3KHM NHHeHHBbIM rpabeHam, HaJlOKeHHbIM Ha MOPCT-aHTHKJIWHODHH, HIH DasBHBa-
I0TCH B OCeBLIX yacTdX rpabeH-cuHkIHHANel. [IpofBNeHnda KHCIIONO BYJIKAHH3Ma OT-
MeHalTCd JHMUb B COMpe/ellbHbiX paiOHaX MDH OTCYTCTBUM B CAMHX CTPYKTYpax.
TemnepaTypa B Heapax Takux cucteM gocturaetr 150°C, -

Ecnu cyauTs no ananusam pPACTEOPOB, B HEAPaX FUAPOTEPMANLHLIX CHCTeM npe—
o6nanaloT BOOB], CONEpPXKaWlie HATPUeBLIe ¥ HaTpHeBO-Kalbiuebue xnopunbi O6-
pa3oBaHHIO H COXPAHEHHIO CKOIVIEHHl BOA B M'MAPOTEPMAJIBHBIX CHCTEMAaX CIOCO6~
CTByeT HAIMYHEe TeKTOHMYeCKHX M JIHTONOTHYeCKHX 9KpaHoB, Tlocnemsue, kKax fpa—
BHJIO, PASBHBAIOTCH B BEePXHHX 4HACTAX ONMCAHHLIX CTPYKTYpP, 4TO NPHAAET UM [Hi-
poreoJiory4eCcKd 3aKpEITHIT XapakTep.

FeoTepMUYeCKH# peXHM XapaKTepH3yeTcsl HHTEHCHBHbLIM HapacTAHHEM TeMIle—
paATYp B BEpPXHHX 4YACTAX CHCTEM, COOTBETCTBYIOWHX BoAOYNOpam. I'paAveHT TeM~
nepartyphl 3aeck focthHraer 50-70°C/100 M. B oGBogneHHBIX TOpofax rpamHeiT
pesko ymeHpluaeTcd, Bo Bcex M3BeCcTHBIX BBICOKOTEMIepaTypHBIX CHCTeMax Hab-
mopjaercd peajiH3anHsg  yC/IOBMH BCKMIAHMS TI'HAPOTEpM. YpPoBeHb BCKHIAHUS Jle—
MHMT Ha I7y6HMHAX OT HECKOILKMX [eCATKOB CAHTHMETPOB, MEeTPOB [10 COTEeH
MEeTDOB,

Cneunguyeckag ocOBEHHOCTR BCeX HM3YYEHHBIX CHCTEM ~ WHPOKOE pasBHTHE TO—
pon, M3MeHeHHBIX B MHApOTepMallbHOM Tpolecce,

Pone Boasl B o6lacTdAX HOBeHlero BYNKaHH3MAa, Kak ykKaabiBalloCh BbIle, OT—
JIHYHa OT TaKOBOW B CTaGMIBHLIX o6nacTsax. [lpH paccMoTpenuM BHIHOCA TeIljla BO-
namyu coBpemeHHEX cucteM (Tabn, 3) obpawmaeT Ha cebs BHMMaHHe BLICOKAs "HH=
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TeHCHBHOCTL TeI/OBOro nHTanua”l, KoTopad He MokeT OGECIeuMBATLCS DPErHO—
HANBHBEIM TeMoBEIM HOTOKOM. [To namueimM B.I. lonaka (1966), KoHOyKTHBHDBIN
TENNONOTOK BOCTOYHON ByiKanuyeckoft somHn KamuaTkn pasen 2 wmrkan/(cm2.c),
Ecmu 6®1 Tenno, BeHOCHMOE BoOAMH 9TOH 30HBL, (OPMHPOBAIOCH 38 CHET TAKOrO
NoTOKa, TO Hab/modaeMbie B NpHpode NJOWAAH PA3BHTHS THOPOTEPMAIBHBIX CHCTEM
NPHLIOCH Obl yBeNWUHTL Npumepno B 30 pas., Orciona BoaHuKaeT TpoblieMa W -
TOYHHKA Telna,

B.B. ApepreB (1966) ykasniBaeT, 4TO HHTEHCHBHOCThL BLHOCA Tellla Tep-
MallbHBIMH BOOJAMU Ha YHACTKax HX GOPMHPOBAHHA COCTABRMSET BeNUYHHY NOpAAKa
50-25 mrkan/ (cM2.c), 9TO SHAUUTENLHO BBIUE CpeNHUX KOHOYKTHBHEIX TEIJIO—
noreps 3emm - 1,2 mxkan/ (cm2.c). DTor GaKT 3acCTABAAET NpenNoNAraTh BO3—
MOKHOCTb TOONHTHIBAHMA THAPOTepPMAallbHbIX CHCTeM JHG0 34 cyeT CIyGHHHOrO
¢mouna, 6o 3a CYeT KAKHX=TO eOlIOrHYecKHX NMpolecCoB, HAYUWMX B HeOpax CHC=
TeM.

®,A, Maxkapenxo, B.I. MMomixom, B,M. CyrpoGoesnv (1972) mepecmorpena
cBonka [, Yaitra (White, 1965) no Brmocy Tenna ruoporepMamu mupa (2,7-
.109 xan/c). Yurs nauEpie BHHOCA TeTia BOOAME C TemiepaTypoli Menee 100°C
no Kypuno-KamuyaTckoMy peruony M pacflpocTpaHHE HX Ha aHa/loru4Hbie OBNACTH,
ony mpuwnH k Bemuunpe 3,84.109 kan/c. Xors BeHoc Temna ruapoTepMaMu MHupa
W SHAYUTENLHO MEeHBUEe CpefHUX KOHAYKTUBHLIX TemionoTtepn Jemmu (6,2°
-1012 Kal/c), Bce ke, KaK yKasblBalOT ABTOPhI, B TeWIoBoM bGalaHce oGnacreil
AKTHBHOMO ByJKaHH3Ma N0l ero sHaunTelbHa, Tak, angd BocTouyHoit BylkaHH4YeC—
Kot 3oubi KamuaTku BbiHOC cocraBnger (0,6, ana Hcnawnuu 1, a pna Ceeepuoro
octpoBa Hopoit 3emamgmu 1,1 mxxan/(cm2-c).

llepepacnpenenenue Tel/la TepMallbHEIME BOAAMH Tak¥e OKasbiBaeT CyulecT—
BeHHOe BrusiHMe Ha ¢opMupoBaHMe reorepmuyeckoro pexuma (Mnpwn, 1974),
Ilponpumenne ¢monna K oblacTH pasrpyskd TPHBOAHT H K TNPHBHOCY HM TemNna,
EcTe npuHUENEANLHOe OTIMYMEe U B reHeaHCe llepepaclpefellieMOro Tenja B CTa-—
GHNBHBIX M aKTHBHBIX ofnacTax, B mocneaHux npHMBHOC Tema BOCXOOSWHM (NIIOHAOM
WM MarMoii — peayibTAT MOWHBIX FIyGHHHBIX (moaAxopoBhix?) npoleccoB., Cheay-
©T OTMETHTL, 4YTO (aszOBbIe TEepeXONbl PACTBOPOB — TAKKE OOHH M3 MEeXaHH3MOB
TpaHcgopMallln M repepacrpe/lefieHus riyouaHoil oHeprun, [lepexon Boawr B map
(nornowenne sHeprun) cnocobereyer Gonee GhiCTPOMY HepeHOCY 3aKIOYEHHOH B
HeM TemoBO#l SHEePru¥ B BepXHHe MODHAOHTEI — 3OHY KoHAeucamuu (oTfaua oHep-
rum). DTO OTpakaeTCss M HA CEOTEPMAYECKOM DEKHME — pedkoe yBelHyeHHe rpa—
AMEeHTa TeMIEepATYphl B 30HE KOHAEHCALHW mapa ¥ ciaboe — B 30He KHIEHHH.

HurencuBHoc T $a30BLIX THepexonos GydeT O6CYWOATHLCH HHXKE Ha KOHKDETHBIX
npHMepax.

Takum 06pasom, Tellio, BLHOCHMOE HApOTEpMAMH BYJIKaHHyeckux obnacteit,
He gBligeTcsd NPOH3BOAHON GOHOBOT'O KOHAYKTHBHORO TEN/ONOTOKA. XOTA OHO COC-
TABJSCT HE3HAUMTE/BHYI OO OT O6WMX TeIomoTeph 3eMid, TeM He MeHee B
reoTepMHYeCKOM peXHMe aKTHBHBIX OBJacTeil BLIHOC H mepepacnpefelieHde Boa—
MH rIyGHHHOMO Tenila HrpaeT CYWEeCTBEHHYI0 DOllb.

IF'EOXHUMHMYECKAA JEATEJIBHOCTH BO/I
B' PANOHAX HOBEHWIIETO BYJIKAHH3MA

Hamvenee uayueHbl ¢ DHepreTHYeCKOH TOYKH 3PeHHs] MeOXHMHyecKHe Tpolecchl B
061acTaAX Pa3rpy3KH COBPeMeHHBIX ruaporepm, HMaBecTHhle M3 NHTEpAaTYpRhI CBe—
[AeHHSI B OCHOBHOM [al0T NpedcTaBlieHHe o Macwrtabax BhHOCA BeWeCcTBa BOIAMH
BylIKaHHYeCcKHX obnacTell M Xapakrepe npeobGpa3oBaHMs BMeWAKWHX HX 10O/,
B.W. Konono (1965) nokasan, yro rugporepmamu [Honwnsl TeitsepoB (Kam=
4YaTKA) eWeroQHO BLIHOCHTCH Ha NHeBHYWw moBenxnocTh 14857,3 T pewecTsa, B

1
Tepmun B.B. ABepheba, 03HAYAWWHI OTHOIIEHHe TeA, BLIHOCHMO!UO HO NORBC)HX—
HOCTL, K nhomann pPasbBuTiH I'HﬂpDTepMBﬂb‘“Uﬁ CHETEN LI,
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ToM yuciie 5431 T xnopa, 2431 T ceprr, 2055 T yrnepooa, 3808 T maTpus

u 845,7 T xpemuusa, CliefloBaTellbHO, 34 BpeMs CyuleCTBOBAHHsI HOPOTEpMAllb—
HO# cucTembl (10 OO0 ner) ee BomaMH BhHeceHO O0kono 148 MiH.T BeulecTBa,

4TO COOTBETCTBYET PACTBOPEHHIO OKOIO 55 mmn.m3 nopomsl K.K. 3enenos (1972),
AHalHu3npys NepeMellieHHe alIOMHHHE H Xellesa, paccuyHTal, 4To p,}opbeBa Ha O=Be
lMapamywnp BBHOCHT HX execyroyHo 65 T, a p,Basunyrnx ua o-e fBa - 70 T,
ABTDP CYHTaeT, 4TO B HEeKOTOPLIX Cllyyadax TaKoli BBHOC MOXeT ObiITb MCTOYHHKOM
BeulecTBa NpH obpasoBaHMH MECTOpPOXIeHHH TolesHbiX HCKonaembix. 1ll.Wpao (1965),
H3y4as KPEeMHHCThie M allyHHTOBbie MeCTOpPOXIAeHHs pafioHa Yrycy (fnouma), yc-
TAHOBHJL, 4YTO 3a BpeMd H3MEeHeHHd TNopod B ruapoTepmMallbHOM ITIpollecce BbIHECEe=—
HO 315 MIH.T BewecTeBa, NPHYeM B [JMHUCTHIX NOpoOaX BhHOC GRIT HAHGOJEe HH-
TencupHpd (294 MmH, T), B TO BpeMsa Kak B KPEMHHCTEIX H allyHHTOBBIX IIO=
popjax MHTEHCHBHOCTH BLEIHOCA NpHMepHO opuHakopa (12 u 11 MIH., T COOTBEr=
CTBEHHO).

B nacToguee BpemMs DHEpPreTHYeCKHiH a¢deKT Npolecca BHHOCA BellecTBa Olle—
HUTEL AOBONLHO CIHOXKHO, HO HET COMHEHUZ B TOM, YTO OH SBISETCA OOHHM M3 Me—
XaHH3MOB TpaHCPOpMalli¥ M TiepepaclnpenefieHHd BHYTPU3IEMHOro Tellla,

OnuH M3 BaxHEHIHX B SHEPre THYECKOM OTHOWEHWH reOXHMHUYeCKHX NpOLEeCCOB -
9TO mpolecC CHApaTalMH-[erHApaTalld MUHepanoB, [uaopoTepmalpHOEe mpeofpaso-—
BaHue TOPOA HAa KPEeMHUCTO—alyHWTOBOM MEeCTOpOWIOcHHH Yrycy, m panaum lU.Heao
(1965), compopoXaanock NPHBHOCOM H TePeXOOM B CBSI3AHHOe COCTOSHHe 63 MIH,T
BOOBL, DTOT NPOLECC /OMKEH CONpOBOXIATLCH reHepauuedl Temna M mogpo6Ho Gyner
oXapakKkTepH3oBaH HH¥Xe,

[pyroft pamxueii C PHEPTeTHYECKOH TOYKH 3PEHUS NPONECC — NPOUeCC ASBUTPH-
¢uxaunmn creknopaThix nopod, A.[dxk.dmmuc (1965) noxasan, uTo HOpMalpHAS Tell—
NoTta NEBHTPUPHKALMM M TNOCiefyrlelo H3MEeHEeHHS CTeK/JIOBaTOro UCHHMOpHTA HIH
neManl ByJKaHuyecKoit 3oubi Tayno (HoBas 3enanmomsi) nomkHa COCTABISITH OKOJIO
75 xan/r, [lpu 2TOM Kawabll KyOMueCKHH KHIOMEeTp TNOPOMLL AOMMKEeH BHIASNATH Tell—
710, OOCTATOYHOe [Ulf ToAdepaHHS TPHPOAHOrO HCTOYHMKA Tellyla Ha Takol Iiowa—
nou, kak Baiipakefi (HoBaa 3enanpus), B Teuemme 100 net. B.II, 3eepernm (3me-
pes, MNonax 1970; 3Bepen, 1971, 1972) nokasaHa BO3MOXKHOCTbL PeHepallHM Tel-
na BCReOCTBHE MEeTACOMATHYeCKOro U3MeHeHus unaruoxfiazos (52,4 xan/r) B
rHapoTepMalibHoOM Tipolecce.

Paccma'rpmaaﬂ OMHAMHKY BBIHOCA Tellla COBPpeMeHHLIMH ruaporepMallbHbIMH CHC=—
TeMaMH, HEOSXOﬂHMO OTMEeTHTE, 4YTO folpllag 4acTe ero oTaaeTcsd TIPHTIOBEPXHOC T=
HLIMH 4acTEMM CHCTeM, 3[echk ¥e HabmogaeTcd W Haubollee HWHTEHCUBHOE H3MEHe-
Hue noped. [loaxons ¢ TepMoAHHAMHYECKHMX TO3HIMH, MOXHO AYMATL, YTO HMEHHO
B BepXHHX 4YacTdaX CHOPOTepPMATIbHBIX CHCTeM OOJINKHBbI MATH NpolecChl, INeHepHPYylO—
wre Tenmno, Kpome ykasaHHBIX Bhillie TpolleccoB (AeBHTpHOMKALMH M MeTacoMaTo3a
nopoa) K TakMM TpolleccaM OTHOCATCA KpPHCTAa/lIM3aliud MHHepalioB M3 pacTBOpOB,
cMellleHHe Cy6uHHOrO (uuoMaa BLICOKOH MHHepalu3alHH C NOBepXHOCTHbIMH BOOaMU
(rugponua), pacTBOpeHHe rasoB, OTAENSIOWHXCH OT MACMBI, OKHCJIEHHEe HX B NpH—
NOBEpPXHOCTHEIX YCIIOBHsX, KOMIJlexcooGpa3oBaHHe, KOHAeHCAlHf NeTyyux B cnabo
NPOHUIAEMBIX TOPOAAX H [pP.

K coXalleHHi0, B HacTogdllee BpeMf Mbi He MO¥XeM [OOCTATOYHO HaAOeWKHO Ole-—
HHTBH DHEpreTH4YecKuil 3¢dexkT CONMBIIMHCTBA M3 STHX NpoleccoB /MO0 B CHIY OT—
CYTCTEHA TEPMOAHHAMHMYECKHMX AaHHbIX, MO0 B CH/Iy HeONpe[elIeHHOCTH Xo4a IpO=—
necca, Tak, paccMaTpuBas KPHCTaIH3allMi0 MHHepanop M3 pacTBopa, MBI 3HaeM
TOJILKO KOHEeYHOe COCTOdHHEe; OTCYTCTBYIOT NaHHBIe O coCTabBe M MHHepa/m3alHuH
rIyGMHHOTO pacTBOpa Nepefl CMelleHHEeM C NOBepPXHOCTHLIMH Bomamu, OueHuBag rHfl-
poima, MBI CTA/IKMBAEMCHd C OTCYTCTBHEM TEPMOOMHAMHMYECKMX AAHHBIX /g BBICO-
KHX TeMIepaTyp, TO e OTHOCHTCH M K TIpoleccaM KOMIUIeKCOOo6Gpa3oBaHUd,

[lpaBeneM onwd u3 npuMepos. [Ipounecc pacTeopenus Takux rasos, kak HC]
(490 xan/r), HF (723 xan/r), COy (97 kan/r), Hy (135 xan/r), NHg
(73 kan/r), cumrTaouMxcs MarMaTHYeCKMMH, XapakTepH3yeTcs TpH CTaHOAPTHBIX
YCIOBHSIX BLICOKHM 9kK30TepMHueckuM oddekTom. OnHako MBI HE MOMKEM OUEHHTH
ero BeJMYHHY NpH BLICOKHX, mopsiaka 700°C, temnepaTypax BCleACTBHE OTCYT—
CTBHS HANeXHBIX TEePMOOHHAMHYECKHX [aHHBIX,
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C yyeTOM BOJHHKAIOWHX TPYAHOCTEH W NPH CPABHEHHH HMelOUMXCH (XOTH U He-
HOMHBIX) [AHHBLIX TIO0 SHEPreTHYECKOMY 2¢dheKTy YKa3aHHBIX TPOLECCOB, NpeAcTabB-—
N4eTCd, YTO BedyUMMH cDelM HUX B CyMMAapHOM BhIpaweHHHM OKaXyTcsl BCe Xe
npolecchi MHAPOTEPMAlILHOIO H3MeHEeHHs! Nopo/, OCOOEHHO B GJ/H3TOBEPXHOCTHBIX
ycnopusx, BMmecTe ¢ TeM MBI He MOXeM OTpPHIATE SHePreTHYECKOrO BKJlaga Opy—
ruX, PpacCMOTPEHHLIX BEHIUE NpoHecCOoB, OLEHKA DOJIH KOTOPLIX B AaHHO# paGoTe He
NPHBOAKTCS 710 YKASAHHBIM TIDHYMHAM,

OTH NaHHBlE, a Takxe NPEACTABICHHA O CTPOEHHH rHApocdepkbl, OCHOBaAHHbIE Ha
CxeMe IHOPOQH3HYECKOW 30HANBHOCTH, SBHIMCH TPEANOChUIKOH AN NPOBeleHHs HC-—
cnenoBanuit B palioHax COBpeMeHHoOro BylkanMama, Pemesue sagaum notpeboBaiio
NpUMeHeHHA KOMIUIEKCa MEeTOdOB, [OAKWHX OCHOBaHMe NI TepMOAMHAMHYECKHX pac-—
yeToB. [Ipo6remy reHepalldd Tenila NpH FeOXHMHYECKHX Ipoleccax 4aule BCero
paccMaTpHBall C TOH MM WHO CTeneHbl0 OTBIEYEeHHOCTH OT NPHPOOHO#H o6cTa-
HOBXM MHHEpanoobpasopaHus, 6Ge3d ydeTa KOHKPeTHON MHHepallorHYecKoi 30Hallb-—
HOCTH, MHTEHCHBHOCTH IHAPOTepManbHBIX NpeofpasoBaHuil, H3MEeHeHHs C IIIyGHHOM
TeNJIOBOI'O MO/g, 4 Takke MHAPOXHMHYeCKMX H TepMOOHHAMHYECKHX lapaMeTpoB,

ABTOp MPOBOAMIT HCCTEAOBaHUA B BbICOKOTEMIIEPATYPHEIX THAPOTEPMAJBHBEIX CHC=
tremax Kypuno-Kamuarckoro permosa - Ilayxerckoit n Yaou-I'eitsepHoit Ha Kam-
yaTKke, BylKaHa MenneneeBa Ha o-pe Kynaump. [IpuBoasaTcd cBeneHHd 1O aHAIO-
CHYHBIM 3apybexHbIM OObEKTaM, a TaKke N0 MHHepallorHyecKoH SOHAILHOCTH H3—
MeHeHHEIX Topoa obnacTell HepapHe#l M OpeBHell akTHBHOCTH, [IpHBIeYeHHE Takoro
pooa cBelcHUN BBHI3BAHO HeODXOOMMOCTHIO DKCTPANOJNSUNH XapakTepa MHHepallorH—
YyecKHX HM3MeHeHWi nopoa Ha riybuny, Ha OCHOBaHMH reOJIOTHYECKHX, THAPOXHMH-
YeCcKHX, MHHepaliorHYyecKuX, MeOTepPMHYeCKHX H PKCNEePHMEHTANILHBIX NaHHbLIX TDO-—
M3BOONTCH ONEHKa TEeNNoBOrO 2hfexTa NMEAPOTEPMAalLHOTO H3MEeHEeHHs TIOpOd M CpabB-—
HEHHE ero C KOHAYKTUBHLIMH 1. KOHBEKTHBHEIMH TEIJONOTCPAMH HCC/EeOYeMbiX 00-
nacteii,



FJIABA BTOPASA

METOJAUKA MCCAEJOBAHUA SHEPTETUYECKOTO IDDEKTA
HU3IMEHEHHA TIOPO/I B OYATAX PA3I'PY3KH
COBPEMEHHBIX 'MJIPOTEPM

MeTonsl UCCnenoBaRie FUApOTepMAllbHONO H3MeHeHHd ToPOoa UeMHKOoM OOYCIIOBIEHBI
HEeOGXOAMMOCTLI) TIONYYeHHA [aHHBIX, TPHMEHSIEeMBbIX B OallbHeilleM ONd XapakTe-
PHCTHKH TIpoUecca ¢ KOJMYeCTBeHHO# cTopoHbl, Hamyu npuMenanuchk 4 Cpynmbr Me—
TONOB! PACYETHLIC, PKCTEPUMEHTANLHOS MOOeNHpOBAHNE TPUPOOHbLIX TPOLecCoB, asa—
JIMTHYECKHE H TOJeBbIe,

PacueTHbie MeTOAbl NMpec/iefyloT Hellk SHepreTHYeCKOW OLeHKH DA3NHYHEBIX pPe-—
aximMii THApOTEPManbHore npeoGpasoBanusa nopod., PacuyeT TennoBhiX oHexKToR Be-
aAeTcs MO CcTAHAAPTHBIM TepMOAHHAMHYECKHM NOTeHLMAanaM,

3SxcnepnMeHTalbHbII MeTOM IPUMeHeH V1A YyCTaHOB/IEHUd CTENeHH COOTBeTCTEHd
TIONY4EeHHBIX MATEPHAaJIOB C TPHPOAHBIMHA acCOLMALNAMM U pacyeTa CKOpoCcTel peakinii.

AHATINTHYeCKHEe CTaUHOHADHBIC Olpefe/leHHd 3aK/Mo4aldTCHd B HCC/IeOOBAHHH MH—
Hepanoruyeckoro H XMMHYeCcKOro cOocTaBa H3MeHEeHHLIX IOpOod, HX TeIIONPOBO-
HOCTH, & TAKKE XMMHYECKOroO COCTABA BOM, HOPOBLIX PACTBOPOB H KOHASHCATOB Tapa.

[losieBbie MeTOOLI BKIIOYAKT: I'eOlIOrHYecKHe MeTOALl BhISBJIeHHS TepMOOMHAMH=
YeCKOH ¥ reoXMMHYeCKOH ofCTAHOBKM MHHEpallooGpazobaHmsi (Tepmometpus, Eh-,
pH-MeTpHs); reoTepMHHecKye HeNOCPeACTBEHHbIE H3MepeHHs H pacyeTs! KOHIyK-
THEHOT'O M KOHBEKTHBHOT'O TeIUIOBHLIX IIOTOKOB, H3MepeHHe KoaddMuHeHTa Tello-
IIPOBOAHOCTH TOpPOA. .

Naunbie, NOJy4eHHbIE TIO/ICBEIMH H aHAJHTHYECKHMH MeTOOaMH, CIyXaT OCHOB—
HOil Gas30il Oaa APYrux, TepeyHC/IeHHbIX BBILEe TPYNNT MeTOMOB,

IOJIEBBIE H AHAJIMTUMECKHWE MCCIIEJOBAHUA

ObbekToM Hecnenopanua Obiiy ydyacTKH Haubolee HHTEHCHMBHO M3MEHEHHBIX NMOpoa B
obnactax pasrpysku ruaporepm. HMcecrnepnosanua npecnenoBany nenbk — BLIICHUTh
MacuTabbl IHAPOTEPMA/IBHO H3MEHeHHBIX NOPOA, IeoNorHyecKux, eDXHMHYeCKuX H
TEePMOAMHAMUYPCKUX YCIOBHI MMHepanooOpaszoBaHud,

1. ObmenpuHATbIC I'eOJOrHYECKHe MeTOAR! NPUMEHSNINCE AN YyCTAHOBIGHHT ¥ OUeH—
KM OOLeMOB M3MeHeHHBIX NOpoa B OobnacTaX paarpysku I'uaporepm c oT6opom
06pa3lOB Ha MHHEpanorHyecKui aHallus,

2. BypeHue MelKHX CKB4MHH [IPOM3BOAWIOCH ¢ Lenblo oT6opa 06pasloB ans
noCienyolero MHHepallorHYecKoro aHailu3dd C OTXaTHeM MOPOBBLIX PACTBOPOB W Tep-
MOMETpUH N0 UX CTBolaM. Bce 370 HeobXoaAMMO ang TepMOAHHAMMYECKHX pPacyeTOoB
¥ ONpepe/ieHMs BENMYHHBI KOHAYKTHBHOI'O TEeIJIOBOI'O NIOTOKA 0 I'paAMEHTAM TeMIlepa—
TYp ¥ KOoa(pUUHEHTY TEI/IONPOBOAHOCTH OTOGPAHHEX 06paslioB, KOTOphle NapapuHUpoBa—
Nuck B MecTe oT6opa (emkocTh ¢ mapaduHOM MOMemanack Ha BEIXO[ ApoBOH CTPYH).

3. Tlpo6el Boabl orbupanuck AByMs cnocofamu: a) u3 TPHPOHOB Ief3epoB M U3
NyNbLCUPYIOMNX HCTOYHHKOB (00bem npobbl B 3aBHCHMOCTH OT KOJMYecTBa Onpeae-—
ngeMeix anemeHTop coctapnat 250-1000 mna); 6) us aueliky NS U3MEPeHHs Na—
pamerpoB. I —pH (orBonsmas Tpy6ka sueliku onyckanack B eMKOCTB ang c6opa
npober ¥ pacteOp nponyckancsd B tedenune 15-20 mun), Taxke oTOupanuck npobbi
Hi CTIeKTpalbHBIl aHanua.

4, [NoreHuuoMeTpusi PACTBOPOB [POBOAM/IACL TJIATHHOBBIM M CHEKISHHBIM 3/1€KT-
pooamMi B KOMIJEKTe € NepeHocHbiM notenuwomerpom [MMM-3M. Benuuunsr |5 -pH
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cpofOOHD paarpyXall¥xcs pacTBOPOB 3aMEepsaiuchk B AYelKe, HONOTOBIESHHOH ¥3
¢roponnacra. Hueiika noaponser H3GABUTLCH OT B/HAHHA BHEWHEH Cpenbl.

[MoTeHnWOMeTpHsl MOPOBLIX PACTBOPOB NPOBOOWIACE OBYMS NYTAMH: a) OTHKAMA-=
NHCh MOPOBBIE PACTBOPLL 6) 3amepanuck Benmuyuubl pH- Fh mpamo Ha mecte Gea
orfopa ofpasaia, SNEKTPO NOMEANCH B CIieN¥anbHyo Kancyny %#a ¢roponfacra ¢ npo-
[ONBHEIMY NTpopeaaMH, BHyTpH Kancyisl Domelasics nedyiopaH; B 3a30p Mexay uenopa—
HOM M 2JIEKTPOAOM 3a/MBalach AMCTHINIMpOBaHHas Bopa, [locne AByx—TpeX CyTOK mpH
temueparype 50°C ¥ OByx cyToK npH 6ollee BrICOKOH TemilepaType [ellaliCk 3aMepel,

[loreHuuoMeTpUs AUANUSHBIX PACTBOPOB: AWaANU3HBle A4Ye#KM 3apLIBANUCE Ha Iiy-—
6ury or 20 go 70 cm u BpICTAHBANNCE TPOE CYTOK N0 YCTaHOBIEHUS DaBHOBECHH.
3amepsl BenuuuH Eh-pH cHuMamuck Ha Mmecte. PacTBop MaBleKailcs M KOHCEPBH—
poBancs Qs NPOBENeHHd XHMHYECKHX aHANH30B B CTAUMOHADHBIX YCIIOBHSIX.

TepmMoMeTpHs NPOBOAKNACKL N0 KBagpaTHOH ceTke yepea 10m Ha ray6unax 5,50
¥ 75 c©M, 4YTD TNO3BONSAET PACCYMTATH I'DAOHEHTHl TEMIepaTyp. 3aMepbl NPOU3BONN-
IMCh CTaHAAPTHHLIMH TepMomerpamu conporuBienus tuna TCI-5071 B KommnekTe
c MoCcTOM conporuBiedus tuna MO-63. [lpn pacuerax Temneparyp BHOCH/IACKH IIOMN—
paeka (0,0365 cm/mM) Ha CONpPOTHBIGHWE COENUHUTENLHBX NPOBOROB,

3aMeps! TENNOBLIX NOTOKOB OCYWMECTBAANHCh naTuynkamu konctpykuus MTTS AH
YCCP, npenocrarnenasvMunaM O,A.Tepautenxo, I1puHmmt ux fejicTBHS OCHOBaH Ha BO3—
HMKHOBEHHM TepMO=a,/.C, BC/IEACTBHe Iepenafa TeMIepaTyp Ha IJIOCKOCTAX AaT4HKA,

[latyuk npeacrabBiAgeT Kpymiiyilo miacTuHy ouamerpom 50-=-70 MM H TOMIIHHOK
SmM, B XKoTOopylo BMOHTHpOoBanbk 3000-7000 nocnenopaTenbHO COSOMHEHHBIX MeOb—
KOHCTAHTAHOBBIX TepMollap.

Haryuku paGoTaloT B KOMIUIEKTe C KOMIEHCHPYIOMHMM MOTEHIHOMETPOM MapKH
[MM-68 unu ¢ TeM xe NOTEeHUHOMETPOM H ranbbaHoMeTpoMm mapkd ['K. IMokasanus
npubopoR N0 KanuGpoBOYHBIM TAGNIMIAM NePeCYUTHBAMKNCE HA GOHHHNB TEIIOBOIC
noroka (Br/M2; kan/cm2-¢), ToyHocTh U3MepeHds ¢ moTeHuHomerpom o 0,5 mB.

HCIIO-U!:S}'H paainuyHple KoMmOHHAIMH AaTYHKOB, 8 TakK¥e [JaTYHKOB C BCIIOMOI'a=
TenbHBM O0GOpPYAOBaHHEM, MOXHO BHISCHHTE: 1) 3HadeHHe KOHOYKTHBHOTO TEIIOBOIO
fOTOKA; 2) HANpaBNeHue W BeNWYWHY BEKTOPA TEIIOBOTO NOTOKa; 3) HameneHme
HalpaB/IeHHs M BelIMYMHBI BeKTOpa TeIUIOBOrO IIOTOKA ¢ IIYOHHOH, a Takke BelnyH—
Hy SHepruy $a30BHIX NEPEXO0A0B PaCTBOPOB B clive MexAy oaTdukam#; 4) OuHAMEKY
BEIHOCA TeIula Ha NOBEPXHOCTh MpPH PACCPEdOTOYEHHOM NapeHHH.

Yem cnoxuHee xoMOMHAIWM NATYMKOB, TeM OOnbile 3afa4 MOMHO PeUlHTb OAHO—
BpemenHo, [Ipu paborax cliegyer y4YMTHIBATH HHEPHMIO CAMHX AATYHKOB, IIyBHHY
BIHAHKWS HHCONSMHOHHOT'O JIOTOKA, BOSMOXHBIE HApPYUWeEHHS TEINIOBOrO MONg NpH ycTa—
HOBKE MATYHKOB. JKCNEepPHMEHTA/LHO YCTAHOBIEHO, YTO NPH HU3KHMX TelVIOBBIX IOTO-
xax [ 10-20 mxxan/ c:42+:c)] nAaTYEKA [OMKHB ppeTAMBATLCH He Memee 1 cyT,
npr Beicokux [> 100 mxran/(cm2:c) ] - 4-5 u. Munumansas rioybusa ycTaHOB—
kH naT4ukoB 6pula 30 CM, YTO NOSBOJIMIAO CBECTH K MHHMMYMY BIIHSHUE HHCOIIS-—
nHoHHOro moroka. Kak mnokKasanu nccnepopanmg P.I. ®Puwepa u [.B. daycona
( Fisher, Dawson, 1964), cyrouneie Konefanus TeMnepaTypel MouBhl B Balipakee Ha
arolt rnybunre (0T MakCcHMyMa 1m0 MEEMMyMa) GBUTM MeHee OOHOrO rpamyca. Iloc—
KONBKY HAMHM H3MepeHHs BellNCh OHeM, TO aMIUIMTyna Konebanui Opia MeHbUe, a
B 06acTaX HENnocpenCTBEHHOH| paarpyskKH I'MApPOTeDM He MposBhssiach Boobie.

KounyxTuBHBY TenOBO# NMOTOK Ha3Mepancd OAHEM AaTyukoMm, [lng artoit uenwu
BHIGHpaETCH POBHAS TNOWANKA C TVIACTHYHBIM TDYHTOM BOANH OT BLIXONOB (pymMa—
POfIBHBIX CTPY#, MCTOYHHKOB, "Napsux 3emelb” H APYHHX NPA3SHAKOB THAPOTEp-
Ma/IbHOM AKTHBHOCTH, T.e. O6GNacTh NPeMMYLIECTBEHHO KOHAYKTHBHOI'O BRHOCA Tell-
na. [laTyuk 3AABUraeTCH FOPUSOHTANBHO B CTEHKY wypddka, KaK NOKa3aHO Ha
puc. 2, lle. 3arem wypdHK 3apbBaloT M CIErka yTPaMOOBHIBAIOT NOYBY HAl HHM.

Hamepenne BenuyuHpl M HanpaB/IeHHS BEKTOpa TEIUIOBOI'O NMOTOKA NPOH3BOOUTCH
ABYMS NEPNEHAMKYNAPHLIMA APYT' K APYFY AaTYMKAMH, YCTAHOBNEHHBIMH, KAK NOKA-~
3aHo Ha puc. 2, [¢,16. Hamm tague uamMepenus BeNuCh Ha aKTHBHBIX [T )
CymnocTh MeTofa COCTOMT B TOM, 4TO AATYHKH, YCTaAHOBIIEHHBIE TaKH) ot BpaspM.
DHECHPYIOT Be/IMYHHBI r'opuaca}!ranbﬂoﬁ H BepTHKa/bHOR cocrasnmomeif gm:gh,uﬁ’ F’e» gty /8
WeHHe NpaMOYT'ONILHOI'O TpPeyrolibHHKa OaeT BO3MOXHOCTE onpeueﬂu? ’gyﬁ Be/TH~ "

HHHY BeKTOpa TeN/IOBOI'O [0TOKa, TAK H erg HalpapleHHe.
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4 Puc. 2. Cxema yCTaHOBKH TeIJIOMepOB
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[lpuMepsl Takoro poga pacuyeToB, cAenaHHbix no Ha6miogenuaMm B [onune Teitae-
poe u xanppepe Yaor (Kamuarka), npupepens! Ha puc. 3. Ua pHcynxa BuaHo,
YTO BeIHYHHA BEKTOpA He 3aBHCHT OT ero HakioHa., OTcHYeTsl CHHMAIMChH HAMM
yepes 15 MmuH, 4TO No3BONAeT CHEAMTHL 3a OHHAMHKOH TeNOBOI'0 NOTOKA.

Bremucnenne sHepruu (azaoBBIX IepexofoB B Cjioe MeXAy AaTYUMKaMH OCYllecTB—
AfeTcs NyTem BHMHTAHHS M3 PA3HOCTH TEIUIOBBIX NMOTOKOB BepxHux (4dy) M HmbkHEX
naTuukoB () KOHAYKTHBHOI'D Telnoporo noroka (¢ 3). Iis sToro nepen cHaTHeM
OaTYHKOB 3aMepsiioT TeMIepaTrypbl HA YPOBHAX MX YCTAHOBKH, a H3 ClOf Mexay
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HEME OoTOHpaeTcs u mapapuHupyeTcs ofpa3en ang naGopaTOPHOrO H3Y4YEHH: KO3(-
¢uumeHTa TENJIONPOBOAHOCTH ) ; KOHAYKTHBHEIi IOTOK BBIMHC/ISETCH Kak NpouaBene—
HHe rpajiMeHTa TeMlepaTyphl Ha KO(ppULUHEHT Tens/onpoBRONHOCTH.

MoryT ObiTk BCTpeueHbl 3 crydad:

1) 4y — 45> 0, 4T0 06BMHO CBHOETENBCTBYeT O NOIVIOIEHHH Teljla B Clioe
BCIIeACTBHe mapoobpa3oBaHus, Toraa

dgpas, nep = Iu — 9 — 4y’
2) Q- gp < 0, aro cBunerensCTByeT O KOHOeHCALWH Napa H

qq)ag' nep= dy — g + QA;

3)ay - 95 = 0 npoeepserca cpasy e, HaMM HE BCTpPedEH, THNHYEH BAAJH OT
aKTHBHBIX IJIOmMANOK, .

IMockonbKy OnpenelieHa MHTEHCHBHOCTE (A30BLIX IePexofoB, TO MyTeMm neleHus
ee Ha CKPHITYI Tennory ¢asoBbiXx NepexofoB BOABI Np¥ [aHHOK TemnepaTy-
pe (Qt) MOXHO OIEHHTH yhaelbHOe KONA4ecTBO KouaeHcara (cm puc. 25),
[umamMyuka BBIHOCA Telyla INpPH  PACCPEJOTOYEHHOM  TNAPEHHH  MOXET H3y4aThb—
Cg C NpHBJEYeHHEeM MONOHATeNBHOro oGopyAoBanud. [lna aroro Heofxomumo uame-
peHHe MOQYNs NapeH#s.

Onpenenenue MOAYNsl NapeHHd OCYWecTBISeTCH C NOMOIBI KoHyca Apepnesa,
npeacTapagiomero cofo# UMAMHAP C KOHHYECKHM [HOM, KOTOPBE yCTAHABIUBAETCH
Ha DOBHYIO IUIIONAAKY Han wypbHKOM M 3afolHAeTCH BOAOH HNM cHeroM. KoupgeHCu—
Pylomufcs nap cTekaeT B eMKOCTh. 3Hag Womanb LWMAMHEApa S, Maccy KOHAeHCa-
Ta m X Bpems 7> B TeYeHHMe KOTOPOr'o NpPOMCXOOMNS KOHASHCAIHd, PACCYUTLIBAEM
monyne napesus: M =m /Sr r/(m2+c). YMHOKAg MOOYNL NMapeHHs  Ha CKPBITYIO
TeIoTy NapooGpasoBaHus ¢ , NONYYHM yAelbHOe TeINI0 KOHAeHCAIHH:

0 = Mg xan/(M2 + c).

Cnenyer MMeTh B BHAY, YTO 3TO CPedHW#t BHIHOC Telula 3a Bpems samepa. [lo rpa-—
buKy MsMeHeHMsl TEINIOBOI'O IIOTOKA B BEepXHHUX AATYHKaX HAXO[UM cpefHee 3a 3TOT OT-
PEe30K BpeMeHH H U3 9TOH BeJIMyMHbl BHIYUTAEM KOHAYKTHBHBIA TOTOK 9) ¥ (), nonyuas

qy —dg—Q=19".

Benuuuna g* xapakTepusyeT Tels0 KOHOEHCAILMH B CIOe MEX1Yy BEepXHHMH OAaTHM -
KaMmi ¥ NoBepxHOCTEIO. CuMTas ee NOCTOAHHOH, npeobpasyeM BblDaXeHHe K BHAY

q[:_ )= (7, DO KOTOPOMY MOXHO ONpeeNdTh TeIVIOTY paCCPedOTOYEeHHOro Nape-—

wug Q7 B moboii MOMEHT BpeMeHH 7.

Hamepenne KOHAYKTHBHOI'O TeIUIOBOIO OTOKA BENOCh N0 [AHHBIM I'pajHeHTOB
TeMnepaTypsl, BBMHC/ICHHBIX IPH TUIOMAHOH TEPMOMETPHH, M IO CKBaMHHAM, U3
KOTOpPBIX OTBHMpanuchk M mapaduHupoBanuch 06paausl nopoa Ang moneBoro u jgabopa-
TOPHOr'O H3y4yeHHd KoapdHUMeHTa HX TeliOoNPOBOMHOCTH: :

Munepanoru4eckuit aHanus HeoBXoAuM ISt NOMyYeHHs GAKTHYECKHX NAHHBIX IO
HHTEHCHBHOCTH W XADPAKTepY H3MEHEeHWs MOpoA B CUAPOTEepMAllbHOM Ipouecce. [Ipu-
MEHS/IHCL OGIeNPAHATHIE MEeTOOL: a) CBeTOBas M 3MeKTPOHHAS MHUKPOCKONUS,

6) TepMorpapumeTpus ¢ perdcrpaurel auphepennuanebHoi kpuBoi HarpeBanus (ATA),
tremneparypHo#t kpusoi (T), kpupoit norepu peca (TT) u ee mpousBonHoi nndde—
peHnuanbLHOM KpuBoi nortepu Beca ([TT); B) HHbpakpacHas MHUKPOCKONHS, I') PeHT—
r'eHOBCKas OHPPaKTOMETPH.

lpumeHenre TAKOrO KOMINIeKca MeToAOB OOYCHOBIEHO WCKIIOYHTENIBHON TPYyOAHO—
CThI0O OATHOCTHKM MHHEpPAlloB, O6pA3YIOMKXCH B COBPEMEHHBIX I'MApPOTepMallbHBIX CHC-
TeMax, HX MOJIOAOCTBI0 H YacTo IIOXof okpucrannuaauueil. [loaroroBka kK aHanuay
TOHKOAMCIIEPCHOH (pakKmuE Benack 1O MeTOAMKe, omucanHoi M.A., PateeBwim (1957).
XuMuyecKuil aHanu3 TEepaoi u xuAKol ¢as (mopoBrie pacTBOPBI OTKHMAIUCH B
TIONIEBEIX YCNIOBKSAX) NPOBOAWACH OGIMENpPUHSTHIME METOOAME .

1
ABTOp BHIpaXaeT CBOI IIyBOKYI0 NPH3HATE/NBHOCTH 34 NOMOIE B IpOBedeHHH
ananusop 3.C.3anmanzon, H.B., Penrapren, [0.[. KonbipaHoii.
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_ MOJAEJMPOBAHHME M3YYAEMBIX IPOLIECCOB

llens HccnenoBaHWii — MONYy4YHTh B 3KCNepHMeHTe Habnopaembie B NPHPOAHBIX T'HA—
poTepMalBHBIX CHCTEMAX MHHepalbl, YCTAHOBHTH CTeNeHb COOTBETCTBHS 3KCINepHMeH-—
TanbHbIX M NPUPOAHBIX ycHoBHA HX o6pasoBaHWg H pacCYHTATh CKOPOCTH pacTBOpe-
HHF MIOPO7 ¥ MuHepanoofpasOBAHUA B PA3NMYHBIX CHCTeMAaX, JKCHepuMeHTaNbHbIe
nccnepoBanns nposoaunuck H.A. Kosppunemm (BHUMCHUMC) B naGopaTOpHBIX aB—
roxnaBax (puc. 4). Yrobsl 0XxBATHTH HAMBONLUIYID IaMMy NpPOUECCOB, COOTBETCTBYIO-
MHX PA3JHYHBIM N0 XMMH3MY NPHPOAHBIM pacTBopam, GbUID M3yueHO 3 CHCTeMsl:

1) BynkaHOreHHBIE MOPOABl — BOAHO-UIENOYHOH pPaCcTBOP;

2) BynKaHOT'eHHEIE NMOpPOABl — BOAHBIE PACTBOPbLI KHCI/OT;

3) BynIKaHOTeHHBIE MOPOABl — AMCTWIIMPOBAHHAS BOMAd.

[la"iible N0 CKOPOCTH PACTBOPEHHs NOPOA OTCYTCTBYIOT, HO OHH HeOGXOAHMBI
s NMOCTABIEHHOH HAMH KOHeYHOH Lenu.

HaBecTHp! ONBITHI N0 PACTBOPEHHIO NOJEBLIX WIATOB B BOOHO-LIENOYHBIX pacTBO—
pax (Opeumn, 1963). PapHopecHe B 3THX 3KCNePUMeHTAX HACTYMAIO 4epes Tpoe-—
YeTBEpPO CYTOK, T.€. KO3(hbHIHeHT CKOPOCTH peakuuud 3 10-91/c ¢ ToyHOCTHIO
00 OAHOrO nopsaka. B nepeBofde Ha MHHEpajH3aUHIO pacTBOPOB CKOpoCThL Gyner
papaa 10~-9- 1010 r/(cm3-c).
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Puc. 4. [labopaTopHbiii apTOK/1ap

] - HmKHAS o6MOTKa mneym, 2 — TO Xe, Gokopas; 3 - ofeyaiika 3nekTpoleuw;
4 — KOpIyC aBTOKnaBa; 5 — railka HaKuaHasi; 6 — GOAT yNOpPHBIA; 7 — MpoOGKa aBTO-
KnaBa; § — npobka BKiaabnua; 9 — koprmyc Bknapbna; 10 - crepkene; I/ - ofpa-
3eu, ]2 - TepMorapa
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YcaoBua n METO0/IHKa 3KCIepHMEHTOR

H.W. Xurapo (1957) mccnepoman ofpasoBaHue MMAPOTEPMANLHEIX PACTBOPOB NPH
B3AHMOASHC1BUM BOABI =~ rpanuToM. B 3THX onwitax wMm 6Gbulo nMokasano, 4TO N0~
farKka B WMCXOOHEI DACTBOP HEKOTOPOrO KOAWYECTBA WEIOYK 3HAYUTENLHO HOBB-
waeT ero PpacTBOPSLIY0 CHOCODHOCTE., PacTeBopuMmocTt o6CHAMaHA paHee He H3y—
yajlack, ¥OTH 3TH MOpoAkl WHPOKO pAaCHpOCTpaHeHbl B palioHax “~OBPeMEHHOI'D BYil-
KaHu3Ma.

[Ina uayueHus PACTBOPHMOCTH OOCHOMAHA B 3ABHCHMOCTH OT TeMiepaTyphi, Co-—

cTaBa, KOHUEHTDALUHM HMCXOOHOI'O PACTBOpA M BPeMeHH B3aHMMOOeicTBHA pacTBOPOB
¢ noponoit HaMu GbIIM NpoBedeHbl ONBITHI Npu Temneparypax 100-400°C u naene-
uun 350 krc/cm2. [poaomHTenLHOCTEL OMBITOB MeHsnack o 3 go 30 cyr. Beun
HCHonb30BaHbl kucapie pacteopsl ( HCl u HZSO ), OMCTUNIMpOBAHHAasf BOJA M me-
JOYHBIE PacTBOPHL. DB KayecThe WelouHbIX pacTBOPOB ucnonbaosann 0,01; 0,1;
0,2; 0,5; Lu2M pacreopst NaQH n 0,01; 0,1 u 1,0M pacteopst KOH. [das
usyyeHus O6bun B3aT o6pasel, paagpobneHHbli ¥ pacTeprsii Ao tpaxmuu 0, 1-0,1 5MmM.
Bynkanndeckoe cTeki/o uMeer crepylommit cocras (eec,%): Si0, — 75,56; TiOg -
0,14; Al,O3 - 13,24; Fe;03- 0,17;Fe0 - 0,47; MnO - 0,08; MgC - 0,22;
Ca0- 0,7 Na-,-O - 4,28; 1(320 =g, 5o H20 - 0,27; H—,O+ - 0,25; cymma
99,94, Auanna npogenen H.I. Boponxosoii.

BsaumMopneiicTBHe pacTBOpOB C BYJIKAHHYECKHM CTEK/IOM CYUeCTBIAIOCE B aBTo=
KnaBax M3 KapoNpo4HOro yCTOHYMBOrO K Kopposud ciiiaBa (cm. puc. 6). [as onpi-
TOB C KHC/IBIMM M HeHTpalbHBIMM pACTBOpaMHM BHYTPeHHAS NONOCThH aBTOKIaBa ¢y-—
Tepopanack (TOPOMIACTOM, a ONBITEI GO IEJNOYHbIMH PACTBOPaMM BellMCh B HepyTe-—
poBaHHOM aBTOKIaBe. B nocnenwem cnyuae BHyTpeHHMe CTEHKW aBTOKIaBa npenBa-=
PuTEnBHO 06pafaThiBaly MO BLICOKOMY K/AcCy YMCTOTH ¥ NACCHBUPOBANK CHIUKATHO=
ImeoYHEIMH pacTBOpaMH. Hapecku oScuamana, oAHOPOAHOr'O MO CTPYKTYpe,Ha 97-98%
cocTOoAWero H3 crekaa, u 2-3% KpHCTan/NoB IUlarHoknaza M GHOTHTa pasMepoM
0,01 MM nomemaluch B aBTOKNAB Ha INIOCKOH yawke ¢ orBepcrHamM# 0,1 MM H3
¢rTopomiacTa MK Hepxapewmel cranu. COOTHOUWEHWe TBEpADH M KuAKOM a3 Bo
BCEX OnbITax ObUIO NOCTDaHHEIM, Harpee aBTOKNaBOB OCYWECTBANCH B 3JeKTpoie—
qax C AlIOMUHHEBBIME Tepmobnogkamid., TOYHOCTE M3MEpPEeHHS H PerylNHpPOBAHHA TeM-—
nepaTypel BO BpeMd ONbiTa CoOCTaBidla iSOC. JapleHHe B aBTOK/IABAX OLEHHBAlH
no TeMneparype W BeiuyHHe KoapbuumeHTa sanonHeHws ¢ ToyHocThio 35-40 arm.

[Tocne onblTa aBTOKNaBpl OXJaXnadd B XOIOAHOH Booe H BCKpeiBanu. PacTeoph
¢unprpoBann, H3Mepsnad pH u ananusuposanu. B pacrBopax onpegensann cogepxa-—
HYEe KpeMHeaemMa BeCOBLIM MEeTOAOM, IMIMHO3eMa — KONOPHMETPH4YeCKH, We/IouHbIe H
menoYHo-3eMelNbHble OKHMCbl — poroMerpueil nnamenu. ConepxaHue DKHCIIOB Kejle—
‘3a He onpeaensaiock BBHAY TOrO, YTO HA HEro B PACTBOPE MOIVIO BIHMATHL XeJ1e3o
H3 Koplyca aBTOK/NaBa. BbuIo ycTaHOBNEHO, 4YTO LIEJIOYHO3eMeJIbHbIe OKHUCHBI- lepe-—
XOOdT B pacTBOPD B 4YpPe3BbMAHHO MallbIX KOIHYECTBaX (nocnennme TeICAYHBIE AOMNH
nponeHTa), NOSTOMY MX M3MeHEHHe B pacTBOpe He pacCMaTpHBaeTCd.

Onpltel 00 B3auMofelcTeRo nunapura B G6azanbra € 1-, 2- u G-HOpMANLHLIMH
pacTBOpaMH CONISHOM M CepHOM KHCIOT NpOBOAWIMCH npu Temneparype 2835°C u
paBnenuu- okoso 200 atm,

lpr BRIGOpe NaHHBIX NapaMeTpPOB SKCIePHMEHTa MBI HCXOAWIM Ipexpie Brero
H3 TOro, YTO OHH B O0memM COOTBETCTBYIOT NPUPOAHBIM yCIOBHAM. TAak, HampuMmep,
no pauabiv [.E, Yaiita, E.T. Anpepcosna, [ILE. I'py66ca (1965), B 6Gyposo#i ckpa—
wune Battorany (Hosaa 3enaumpus) ma ruay6une okomo 1 KM 3aperudcTPHPOBAHA TEM-
neparypa 295°C (naBnenme Ha atux riyGHHaX COCTaBAgeT, N0 BHAMMOMY, CBbIWE
100 arm). Temneparypa nopsaka 390°C (ma ray6une 2200 M, Conrou-Cu, CIIA)
OTHOCHTCH K Haubosee BHICOKMM TemiepaTypaMm, OTMEYeHHbIM B 06GracTdax pa3sBHTHA
ropaYux HMCTOYHHKOB.

C ppyro#i cTopoHb, npu Temnepartypax 285°9C u cpaRPHWTENBHO HEBLICOKMX NaB—
NeHUAX Mbl CMOIVIH NMPOBOAMTE [AOCTATOHHOH npopo/mkuTensHocTy onbirbl (10 cyr
u Gonee) B aBTOK/NaBax, QyTepoBaHHEIX (TOPOMIACTOM, HE HCHOMAL3YS OOPOrOCTOA—
me# nnatuHel. ONBITE NOKasan#, 4T0 ¢roponnacT Mapku 4B prnonHe ycToHYHB B

2-HopmanbHelx LacTBopax HCl, meHee ycrofiunB B G-HOpPMANBHBIX pacTBOPax
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HCl, a rakxe B CepHOKHMC/IBIX pacTBopax. B nmocnegHux NpoMCcXOOUT YAaCTHUYHOC BOC=
CTaHOB/IEHNE WOHA SO—4_ O CepoBOACPOAA.

O6pasupl nunapata ¥ Gasansra B BHOe 06nomkoe pasmepoM 0,5-1 mmm 10-
20 MM ToOMellaluCh BO (QTOPONNACTOBLIM CTaKaHYWK, KOTOPHIH NOOBEWMBAICS B
BepxHeli YacTH aBTOKIABA HA/ 3epkKajoMm pacTBopa. Bec ofpaanop Hayuyaemerx mo-
poa cocTapian 3—-3 I, a obbemMbl PacTBOPOB, 3allHBAEMBIX B ABTOKNAaBLIL, pabBHA-
muck 110-120 CMB.,

TemnepaTypa ONpEeNensanach HapymHbIMMA XPOMEnb—aiioMeneBbivii TEPMONapaMHy,
a pgaplleHHe OLEHHBaIoOCh no KosppuuueHTy zanonuenus. [Ipy 2TOM Temmepatypa B
TeyeHHe ONBLITa PeryiupoBaiach C NOMONBLID ABTOMATHYECKOrO pPEryiHpylomero no-—
Tenuuomerpa tuna [ICP.

B3auMoaelcTBHE MOPO/ CO INEJIOYHLIMH PACTBOPAME

HauGonee peranbiHO Uay4YeHA PAcCTBOPHMOCTH OOGCUAMAHA B WENOYHEX pPacTBOpPAax.
OneITH! IPONOMKHTEILHOCTEI O0 14 cyT mnpoeoamnm npm Temmeparypax 100, 200,
300 n 400°C. B peaynkTaTe 3TOW Cepud ONLITOB, KAK BUAHO ua Tab6n, 4, Obno
YCTAHOBJIIEHO, YTO KOIHMYeCZTBO pACTBOPEHHBIX OKHCI/IOB YBe/IHYHBaAeTrCcs C MNOBEIUIEHH~
em kouuentpamuu NaOH B ucxonHom pacrtBope u pocrom Temneparyper ao 300°C
Mpn 400°C oTMeuaeTcs TNOHImKEHHe PACTBOPHMOCTH, pH pacTBOpPOB NMOHMMaeTCH,
PacteopeHue ObCcUAMAHA B UIEJIOYHBIX DAcTBOpPax B OGOMLUIMHCTBE CIYYaeR OCIIOM .-
HSeTcs [poneccaMH MHHepanoofpasoBaHus.

BausHue Ha pacTBOpUMOCTE ofcHaHaHa NPOAOMKHTENLHOCTH BO3AeHCTBHS pac-—
cMarpusanock B cepmn omerrop npu 300°C. Ycnopus u pesymerarhi SToi cepHu
ONMLITOB NpHBEAeHH B TAON. 5. MakcwMmanbHOe copepXaHWe OKHACIIOB B DAcTBOpe
npr Baapmonetictemu 0,5M pacreopa NaOH npy 300°C 6wino nocruruyTo ma
30-e cyTku. YBenuuenue NMPOAOTKHUTEILHOCTH B3aMMOOSHCTBHA CO CTEKIIOM IIPH—
Beno K 3HAUATENIbHOMY IOHHMEeHMIO KOHIEHTPALMH OKJCJIOP B pacTBOpe; IOCIedHui
bakT oOOBACHAETCd WHTEHCHBHEIM MuHepanoobpasosaHmeM, Kak ¥ B 3=cyrou-
HBIX Onpirax, ofpasywlinecs pacTBOPbl SBJSIOTCH CYIECTBEHHO KpeMHeHaTpHE
BbIMM,

Ta6nuna 4

Ycrnoeus ONBITOB H COCTAB WEOYHBIX PACTBOPOB A0 H IOCHe B3auMOpeicTBusd
c obcunuanom ( P= 350 arm)

XHMHYECKHH cocTaB pacTBOopa Mocie B3an-

Konuenr- H a
A e e g MonelcTeug, r/n

Homep | panus .
onera | NaOH, oo nocre
MOnb/ 1 onweiTa | omnwita

5105 | AlO; | NagO | Ky0 | Sa

OKHCQJIIOB
1 0,01 12,36 11,05 0,06 0,011 0,17 0,006 0,26
0,16 0,04 0,29 0,012 0,50
2 0.1 13,07 12,1 052 005 2,49 006 848
0,42 0,11 2,42 0,012 2,96
3 0,2 13,23 13 1,34 0,12 4,98 0,06 6,5
0,63 0,117 5,12 0,05 5,91
4 0,5 13,31 12,12 2,21 0,16 12,96 0,25 15,58
. 2,62 0,115 14,250,23 7,94
5 1 13,43 13,05 3,08 ' 0,22 24,95 0,91 20,88
2,867 0,22 2696.0.23 30,08
6 2 13,56 13,15 291 0,26 46,03 0,49 .49,69
2,89 0,25 51,6 055 55,29
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Ta6nuua 4 (okowuanue)

Koﬂuem;- ol DaRE Xumugeckuit COCTaBR pacTBopa MOCHe B3au=-
Moae#cTBusA, I/
Homep E“-“(')“:]f
OTIEITA aLrl, o noce ) ) Cymma
MOIB/A | omwita | onwbita Si0g | AlgO3 | Nag0 Ky0 OKUCIIOB
7 0,01 12,34 1135 0,07 0,02 0,33 Heotu 0,42
-8 0,1 13,05 12,45 2,25 0,006 2,56 0,14 5.0
9 0,2 13,23 12,9 29 0,004 5,05 0,18 8,17
10 0,5 13,31 13,05 3,84 0,22 12,8 0,25 17,11
Ll 1 13,43 13,08 4,38 0,25 26,44 0,36 31,43
12 2 13,56 13,36 5,82 0,37 48,25 0,77 55,21
18 0,01 1244 8,9 0,26 p,082 0,34 0,07 Q.75
14 0.1 13,07 11,45 0,84 0,07 2,52 0,84 4,25
f 5] 0,2 13,23 11,67 2,53 0,02 5,18 031 7,99
16 0,5 18,81 12 24 0,15 19,67 0,41 22,63
17 1 13,43 12,3 2,86 0,31 25,87 0,53 29,57
18 2 13,56 12,25 4,35 (0,36 26,78 0,75 31,49
19 0,01 12,35 8,89 1,41 0,01 0,31 0,02 275
20 a1 13,06 10,84 3,07 0,01 4,63 0,37 8,08
21 0,2 13,23 12,09 7,85 0,006 6,3 0.8 14,96
22 0,5 13,31 10,05 9,65 0,125 17,7 0,87 28,34
23 1 13,43 12,29 10,35 0,21 39,45 1,83 51,84
24 2 13,56 12,90 10,3 0,38 43 1,42 55,1
25 0,01 12,36 8,62 1,02 Heobr, 12 0,016 1,15
26 ;1 13,07 12,71 - 2,02 2.1 0,37 4,49
27 0,2 13,23 10,985 2,24 0,019 3,37 0,77 6,4
28 0,5 13,31 12,795 4 0,135 11,1 0,65 15,88
29 1 13,43 13 7,14 @,158 2592 0,89 34,2
30 2 13,56 13,05 7.5 0,25 46,17 1,2 55,12

I[Ipumeuanne, B upcnurene opo6r - cogepwaHHe OKACIOB B pacTBOPe OO B3AUMO-

peficTeua ¢ ofchAOMaHOM; B 3HAMeHATeNle — TO Xe Hocne mraapMoneficTeEA C OBCH-

nuaroM, [lpopomxuremsuocTh onmros 7-12 papsa 14 cyr, ommroer 13-30 -

3 cyr. Temneparypa onerros 1-12 paema 100°C; 13-18 - 200°C; 19-24 -
300°C u 25-30 - 400°C,

Ta6nuua 5

PeayneraTtsl psamvoneficTens ponnbix pacreopor NaOH ¢ o6cmnmanom
npr 300°: ( P= 350 arm, 0.5 M NaOH)

TMpononxun- Conepxanne B pacTBope, r/n

TeNEHOCTE pH
omeITa : CymmMma

- s S5i0q Aly04 Nag0 K90 b,

72 9,65 0,125 177 0,87 28,34 10,5
216 18,7 0,06 18,587 1,26 38,59 12,09
408 23,9 0,017 15,68 1,39 40,99 11,99
720 21,6 0,22 48,27 3,84 14393 12,01
864 10,7 0,008 10,8 1,44 22,948 12,5
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Ta6Gnuna €
Conepxaune okucnos B pacteopax NaOH m KOH nocne

Moabras komnenrpanus | ConepxaHne OKHC/IOB B pacTeope, T/n

Weno4Yd B HCXOOHOM : ; =

pacTeope, MoJk/n S5i0y Al,04 NagO K50 yMma
: OKHCJIOB

IMpononxurensHocTe OnbiTa 72 4

0,01 NaOH 0,26 0,082 0,34 0,07 - 0,75

0,1 NaOH 0,84 0,07 2,52 0,84 4,27

1 NaOH 2,86 0,81 . 25.87 0,53 29,57

0,01 KOH 0,28 0,001 0,25 0.27 1,66

0,1 KOH 0,82 0,208 0,95 2 3,3

1 KOH 1,3 0,28 1,05. 2.61 59,39
Ta6numa 7

XHMHYeCKHI COCTaR TBEpAOr'c OCTaTKa Ioclle B3aMMOMAeHCTBHA of6CHOMAaHA

Konuenrpanns ConepxaHue OKWCJIOB B TBEpAOM ocTaTke, %
HCXOOHOT'O pacT-

BOpa ;

MO“B/H 5102 A1203 F8203 Cao

[TpononUTENLHOCTL OmBITa 3 CYT.

0,01 . 68,8 14,2 0,9 1,45
0,1 63,6 18,2 1,45 1,48
0,2 39,6 26,2 S17° ' 1388
1 33,8 19,1 3,02 1,51

[TpoponxurencHocTs onerra 36 cyT.
0,2 62,66 14,07 7,19 1,04

B Tperbeil cepum ONBITOB GBNIO PACCMOTPEHO pacTBOpeHHe ofcHoHaHa B HaTpHe—
BbIX M KalWeBbLIX THOPOOKHCHBIX pacTBopax NpH TeMrneparype 2000C (rafn. 6).
leperuno menounsie pacteopsl KOH m NaOH mocne onmita cramoearcs cymecTeeH—
HO KpeMHemeNouHbMHE. M3 aHanm3oB BHOHO, YTO HATPHEBLIe HCXOOHBIE PACTBODEI
CrnocoSCGTBYIOT BEIHOCY H3 CTeKna Kanud, a Kajnueeble — HaTpHd. - Konmuecrsa ne-
pewlefii¥X B PACTBOP OKMCIIOB COMOCTABEMEI, B 3 6-CyToOYHBIX ONEITaX KOMHYIECTBO
TIMHO3EMAa HIDKe, 4eM B pPACTBOPax M3 3-CYTOYHEX ONLITOB. TakuM o6pasoM, B
IEeJIONHBIX pacTBOopax obcuamaH Hambonee pacTeopuM. [lpomecc pacTBOpeHHS BYil—
KaHMYeCKOTO CTeKJjla CONpoBOXaaercd MuHepanoobpasoeanweM. OSpaayiowmuiics
pacTBOp menoYHo-KpemHHeBwidl; pH pacTBopoB nmoHmKaercd.

XuMyuduecKuil aHamMa TBepAOro OCTATKA MOKA3LIBAET, YTO COCTaR oGCHAMAaHA
nocne po3nelCTBHA HA HET'O BONHO-IENIOYHOTO PACTBOpa H3MEHSeTCH B OCHOBHOM
aa cuer SiOg, AlgO3, NagO, K4O (ra6n. 7). B Teepuom ocraTke naxanmusa-
10TCH amoMuHM#, Xeneao, MarHui, Kanomui u Hatpuil (B HarpueBmx pacTBopax)
¥ BBIHOCHTCS B pacTBOp KpeMHeseM H kKanuit, B TBepnoM ocrarke ypennunBaeTcd
KO/THYeCTBO JIETY4YHX, NMpexne BCEro 3a CYeT BOAbl, YBelRYeHHe IPO[OIKHTelb-
HOCTH B3auMOaeHCTBHA NPHBOAHT K MSMEHEHHIO COOTHOWEHHS OKHC/IOB Mexny pacT-
BOpoM M TBepnoil taszoi, Tak Kak 3HAYHTenbHAs 4YACTb PACTBOPEHHEX OKHC/OB Bbl-
nmagaeT B TBepablf OCTATOK B BHAE MHHEpP&JIOB: aHallbUWM, IEOJIHT (400°C), xno-
puT ® kpapn (nmpm Menbwe#i TemnepaType). AHamM3 COOTHOWEHHS OKHCNIOB B
TBepnoi Pase moaTBepxOaeT HHKOHIPY2HTHOE H3MEieHne oficunuana B BOAHO-IIE—
NOYHBIX pacTBOpax.
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Baa#mMoneitcteua © obcumnanom ( F= 350 arm, T= 200°C)

MonbHag KoHIeHpams | ConepxaHue OKUCIIOB B pacTBope, r/n
IDEJIOYH B UCXOOHOM 3 _ Cymma
pacTBope, MombL/i §i0, Aly03 Na,0 H K,0 OKHCIIOB

[pononxurenshocTe ommita 864 1

0,1 NaOH 0,352 0,0007 0,677 0,64 1,66
0, 1 NaOH 4,793 0,0007 2,38 1.18 8,3

1 NaOH 17,203 0,135 39,17 2,887 59,395
0,01 KOH 3,013 0,0004 1,12 2,11 6,24
0,1 KOH 4,598 0,0014 1,9 5,66 12,18

1 KOH 12,05 0,0056 1,83 28,98 42,86

¢ soaso-menounsm pacteopom ( T= 300°C, P = 350 atm)

ConepxaHve OKHCNOB B TBepaoM ocraTke, %

" lMorepr npu Cnia
MgO Nay0 K90 IPOKAINBaHAH B
IMpononxuTenbHOCTL OMLITA 3 CYT
0,29 4,60 g'gg 88 . 99,48
0,36 9,45 0'66 5,06 99,85
0,34 18,72 0'7 9,86 100,2
0,43 23,44 - 18,2 100,2

I’lpouonxinreubnog: Th onuiTa 36 CyT
1.38 9,13 3,99 0,14 99,63

Baaumo/ielicTBHE KHCJLIX PACTBOPOB
¢ BYJKaHHYECKHMH NOpPOIAMH

HayHenne nporoamnoce Ha ofpasuax nmmapura ¥ Gasambra (ofmoMkm paamepom
0,5-1 mnm 10-20 mMm). Cymmaphas pacTBOpPHMOCTE TOpOA, IO AGHHEM XHMH—
4eCKOTO aHanusa, CONOCTaBAfAnack C PaCTBOPHMOCTEIO, OINpejeneHHON Mo HoTepe
Beca obpasna. B GojibumHCTBe CiiyYaeB peaynbTaTHl 3THX ABYX OfpenencHHA Ha-
XOQW/IHCE B YOOBNETBOPHTENBLHOM COIIAaCHH Mexay cobolt u pacxoXnoeHHs He Npe-
Boiwam 10-15%. Kpome pacTBOpoB aHANMMSHpOBANWChL MCXOAHEE moponkr (mmmapar
¥ 6a3amsT) M MX Opobbl MOCHe ONBITOB. -

PeaynbraTel xMMHYECKHX AHATH30B PacTBOPOB MOC/Ie BaamMogelicTeHS C oBpas—
IaMu nEnapura u Oasanbra npusegeHs: B Tabn 8 m 9. Kak emaHo ma Tabmmu,
Ipn BO3AeHCTBAM KHCIBEIX PACTBOpPOB HA MOpPOAE! B HHX B SHAYHTENLHBX KONHYIECT—
‘Bax NepexoasrT A1203, FegOg, MgO, Ca0, NagO u K90, npuuem conepxanms
STHX KOMIIOHEHTOB, KaK M CleoBano OXWNarTb, B PACTBOpax, BaamMogeHcTBOBaB—
wux C GasanbraMy, SHAUWTENHHO BhIue, HYeM B pacTBOpax, BaamMopeiic TROBaBWINK
c mmapuramu. ConepxaHHe KpeMHe3eMa B KHMCIILIX PACTBOPAX CPABHHTENLHO HE -
BeJMKO M MpPaKTHIeCKH ONWHAKOBO Kak Npu BaamMmopefcTemu ¢ Kmcmemvu (nmmapurer),
Tak ¥ C OoCHOBHEIME (6asaneTer) mopomamm. C yBeiMueHHeM KOHNEHTPAIHH KHCMOTHI
conep¥aHue KpeMHeseMa B pacTBope YMeHblulaeTcd, TOrAa KAK cogepXaHne A1203,
FegOg, NagO B oSmem ymenmamsaercs.
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Ta6nuna 8

Xumuuecku#t cocras (r/n) somuex pacreopos HCl u HoSOy
nocne saamMoneficTeua ¢ mmmapuroM ( T= 285°C, P = 200 arm, 10cyT)

Oxwucasr il _ H2SO4

1IN 2N 6N IN 6N
Si0q 0,55 0,62 0,05 0,69 . 0,29 .
Aly0q 0,9 0,45 1,13 0,64 0,94
Fes03 0,24 0,3 0,725 0,35 0,675
Ca0 0,2 0,043 He obnapyxen 0,17 He obuapyXen
MgO 0,1 0.2 . 0,15 »
Nay0 - 0,37 0,69 0,45 0,71
Ko0 & 0,096 0,19 0,12 0,19

OrsocuTemsno cnabwilt sumoc Si0g no CpapHeHE € APYTHME KOMIOHEHTaMH
NpUBOAMT K CymecTBEHHOMY ofOTameHHI0 MOpoabl KPeMHEe3EMOM. JTO XOpPOUIO BHAHO
B3 aHanmH3a [po6 nunapuTa B GasanbTa nocne oneros (Tatn. 10, 11). Ornocu-
TenbHEIE BecoBhle COAepXaHWd KpeMHe3eMa B ofpasuax mmapura, NOABEepTUIHXCS
KHCJIOTHOMY BO3paeficTBHMIO, yBenuumBaioTcd Ha 3-5%, a B obfpasnax GasaneTa - Ha
10-20%. Takum oGpaaoM, STH 2KCHepHEMeHTalbHEIE NAHHEE eme pa3 MOoATBepawTH
XOpOWO HM3BECTHHIE MOIOMEHHs, YTO CYMeCTBeHHO KpeMHHCTEHe mopoas! (omamwrs:

H [Op.), WHPOKO pa3BuThle B paifoHAX AKTHBHOT'O BYJIKAHHSMA, MOTYT OOpasoBhi-
BATbCH 3a CYeT T'HAPOTEepMajibHOTO BoanefcTeug KHCablx pacreopoB. Eme Gomee
HWHEpTHO, YeéM KpeMHeaeM, BefeT cefd THTaH. Kak euaHo ma ra6n. 10 u 11, Turan
IPAKTHYECKH MOMHOCTHIO OCTaeTCd B Iopome. DToT hakT TakKe XOpOWO COTVIACYeT—
ca ¢ noneBniMH HabGmopneHuwsmu. BecbMa MHTepecHO noBeneHume menode#t. B mcxon-—
HOM munapure m Gasanere ormowenme NagO/KoO coorsercreenno paswo 1,1 u
3,8, rorma Kak B KHCIBIX pacTBOpax, B3amMopelficTBOBABWIMX C 3THMH NOpOAAaMH,
OHO 3aMeTHO BEIULlIe W AOCTHraeT 3-4 Ong pacTBOPOR, B3aMMOAEHCTBOBABUINX C
nunapuroM, ¥ 9-10 - nna pacTBOpOB, B3amMopeficTBoBaBWEX C GasanbToM. B
M3MEHEeHHBIX TOCHe ONLITOB jmmapuTe u Gasamsre orHowerme NagO/KoO samerno

TaGnuuna 9

Xumudecku#t cocras (r/ft) soausx pactsopos HCl u HoS0
nocne BaammopeHcTeua ¢ Sasanwrom ( T= 285°C, P= 200 arm, 10 cyr)

i HCl H,S0,

IN - 2N 6N IN 2N
510, 0,55 0,53 0,24 0,81 0,49
Aly03 1.7 4,03 4,48 1,74 272
MgO 0.8 Z.1 2,5 0,086 0,79
FegOq 2,5 2,25 2,5 3 0,75
NayO - 074" 0,84 - ”
K0 = 0.082 0,086 0,037 0,064
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Tabnuua

10

Xumuueckuit coctap (r/m) mpo6 munapuTa mocie B3aUMOASHCTBUS C BOMHBIMH
pacreopamun HCl mm HyS0, ( T= 285°C, P= 200 arm, 10 cyr)

Oxkucnnl 1 2 3 4 5 6
510, 71,75 76,75 74 76,1 74,4 74,8
TiOy 0,26 0,27 0,17 0,13 0,3 0,2
Al 0, 13,47 1368 187 13,02 13,07 13,8
Fey04 0,6 0,08 0,9 0,88 0,75 0,7
FeO 0,99 0,67 - - - -
MgO 0,79 0,1 He ofsa- He ofsa- He ofma~ He obna-

py XeH py MeH pYKeH py xeH
Ca0 1,47 1.2 1,26 1,75 1,4 1,4
MaO 0,06 0,05 Cneasr Cnensr 0,08 Crnensr
Nag0 3,52 0,26 2,67 0,65 2,18 0,54
K50 3,12 076 2,56 0,37 2,17 0,36
lMorepu mpr 3,52 3,37 4,15 6,8 5,25 9,7
NpOKaNUBAHUH

[Mpumeuanue. 1 - wcxonHwil nunapur; 2-4 - aunapuT, ofpaGoTaHHb! COOTBETCT—
BeHHO 1-, 2- u G-HOpManbHO#t consHO# KucrmorToi; 5 ¥ 6 - npoBer nunapura, 06—
pafoTaHHEIe COOTBETCTBEHHO 1- M 2-HOpManbHON CepHO# KHCIOTOM.

Ta6aunma 11

Xummieckuit cocras (r/n) npo6 Gasanera nocie BaanMopedCTBHS C BOAHBIMH

pacreopamu HCl wim HyS0,

(T = 285°C, P = 200 arm, 10 cyT)

Okucnor 1 2 3 4 5] 6
§i0, 48,3 67,18 68,8 70,55 52,5 63,1
TiOy 1,84 2,46 1.9 1,03 1,11 1,18
Aly04 16,96 a 8,63 8,86 10,75 10,22
FeqOqg 3.11 0,76 4,03 4,03 2,88 3,22
FeO 7,55 0,43 = -1 R N
MgO 7,51 0,89 3,63 3,63 3,41 2,82
Ca0 896 0,67 3,92 3,92 8,41 5,61
MnO 0,24 He ofma- 0,11 0,14 0,11 0,8

py KeH
Na,0 3,58 028 17 1.7 1,8 2,01
K90 0,95 o,11 . 002 0,92 0,85 1,06
lMoTepu mpu 0,83 9,38 6,95 16,95 13,8 10,25
MpOKanuBaHUH

[Ilpumewanne. 1 - ucxonHeit Gasanmst, 2-4 - 1MpolGel Mocne oGpaBoTKU COOT—
BETCTBEHHO B 1-, 2-1 6-HopManeuex pacteopax HCl; 5 u 6 - npofur Gasanbra,
ofpaboranHbie COOTBETCTBEHHO B 1- ¥ 2-HopmambHbX pacrsopax HoSO, .
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yMeHbaeTcs N0 CPaBHeHMIo C MCXOAHEIM H COCTaBaseT OT 0,2 po 1 B nunapu=—
Te u 2-2,5 B HazaneTe. DTH gaHHLIE HAXOAATCH B XOpOWEM COTVIACHM C HaGmio-
OeHHSMH BYKAHONOTOB M HeTporpadoB, B COOTBETCTBHH C KOTOPLIMH BoaaelcTpHe
KHCTBIX pACTBOpOB Ha NOpOAs! NPHBOOHT K MX OTHOCHTENBLHOMY OGOTameHilo KanneM
¢ oOpa3opanyeM TTHHHCTHEX MHHEDAIOB.

HHTepecHo TaKke OTMETHTH, HTO B MPHPOAHEIX TepMaNLHLX BOfex Nons Bait—
pake#i (Hoeag 3enammua) ormowenne NagO/KoO koneBnercs or 9,5 no 13, r.e.
6mE3Ko K TOMY, YTO MOMYyHEHO B ONBITaX.

Tlpy mayyeHun H3MeHEHHBIX ITOPON IO MHBKPOCKONOM HabBmopaercs NenHTH3ALHA
MoneBsx wWnaros. BHOTHT paanaraercd ¢ O6pa3doBaHmeM CYIIECTBEHHO KpeMHede-
MHCTBIX TICEeBAOMOpdOa C peHTreHoaMopdro#i cTpykrypo#. [lonpo6Horo poma H3Me-—
HeHHMd TIpeTepneBaloT M ApPYT'#e TeMHOLBEeTHble MHHepasnbl: OJMBHMH, ITHPOKCEH, po-—
ropas ofMaHKa #3 6as3albTOB, YTO CBA3AHO C BLIHOCOM Xejleda, KalblHg H MATHHS.

B neyx onmrax c fasankToM B pacTBODAMR 2-HOpMajmbHON CEpHON KHCITOTH W
cMecu G-HOpMaNBHBIX CONSHON ¥ cepHO# KMCNOT Ha noBepxHocTu hyTepoBku u 06pas—
ua B OGojbluoM KoluyecTBe O6pasOBAlMCE HWrOJIbYaThle KpUCTAUBEI runca. [lmi-
Ha OTOeNbHBIX KpucTawmob pocruraer 30, a rtomuwwwa 1,5 wmmMm, Tlomyuen-—
Hble B OUbITax O6pascBaHWs TIHIICA HAXOOATCHA B COINIACHH C TOJIEBLIMH HAG-
MONSHUSMY, ‘

Takam o6pasom, npu Temmeparypax okono 300°C u pnaenenusx mopagka nep—-
BBIX COTeH aTMochep non soanefCTBHEM KHMC/BIX KOHUEHTpPHpPOBAHHEIX pACTBOpOB
NopoaEl KHCIOND M OCHOBHOTO COCTABOB IpeTEepHeBal0T CYymecTBeHHEIe A3MEHEeHHd,
BbIpaXAWAECA B WHTeHCHBHOM BhmOCe Al,Og, Fe,0g, MgO, Ca0, Nay0, K,0,

B TO BpeMd Kak .Sio2 H Ti()2 NpakTHYecKH OCTalOTCH Ha MecTe. IDTOT IKCIepH-
MeHTaIbHEI peaymbTarT MoXeT CAyXHThb B OIpedeleHHOH Mepe Momendbld 06paso-
BAHHA BTOPHYHLIX KBAPHHTOB.

B3aamoneidicTBHe JHCTH/LUIHPOBAHHON BO/IbI
€ BYJKAHOTEHHBIMH MOPOJAMH

Pactsopenre ofcuunana B poge maydanock npe 100-400°C; pesymbraThr aTHX
oneiToB B I/n npm pabnenuu 350 aT™M npHBeneHB! HEKE:

t,°C 100 200
$i0, 0,26 0,3
Aly04 0,0064 0,014
Nay0 0,4 0,8
K0 0,08 0,025

KonmyecTBO OKHCNOB B pacTBOpe yBe/HYHBAETCH [0 Mepe NOBEIWEHHS TeMIe-
patypsl. OCHOBHag Macca pacTBOPEHHBIX KOMIOHEHTOB NpencTaBmeHa OKHCIAME
HaTpug ¥ KpemHe3eMa. B wuHTepBajle TemnepaTyp 100—40_0°C ¥ [aBleHd-
ax ne 500 arv nepexon B pacteop Na, S5i, K wper wensenso, runpaTamis
o6cunuana caabag. [lpn mnoeenueHur paptedus ao 1500 atv  pacTROpH-—
MOCTE pPe3KO yRelIM4YMBaeTcCd, HaAGNIOOAOTCHA HOpOOOpA3OBAHHS KBapua H albbHra.

INpu naydenun B3amMoaeidCTBHS INIACTHH I'paHMTa pasMepoM 15:25:45 MM c
sono# (Tabn.12,13) ycranoBnenb Te %e 3AKOHOMEPHOCTH: B CO/EBOM COCTaBe
ofpasylomerocs pacTeopa npeofnagaioT uoner Na u Si, pH ypemaympaercsa. [Tpuve-
HeHHe AN SKCHEepWMEeHTa NNACTHH, NMOABeUeHHLX B HHXHell, BepxHell M cpeaueit
YacTdX apTOK/JaBa, NMPH HAMWYMH TEMIIEPaTYpPHOIO T'paHeHTa MOSBOMHIO NMPUOIHAUTE
YyCNOBHA K NMPHPONHBIM. Tax, craso fCHO, YTO B NepBOe BpeMs (20 cyr) xourakra
nopoanl C BOAOH WAET ee pPACTBOPEHHE H MWL 3aTeM NOABNSIOTCH HOBOOOpaloBaH-—
Hble MHHeparnbl. B HmkHe#t, Haufonee BBICOKOTeMNepaTypHo#f YacTH aBTOK/Iapa 06—
pasopancd CepHUHT, a B BepxHell - ornoxmnca ksapu. [lonpo6Has BeprEEKancHas
B30HANBHOCTL 4YACTO BCTpedaeTcd B NPHPOAHEIX YCIIOBHSX.
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TaGnuua 12

C AMCTWLINPOBAHHON BOAOH

YcoBHa ONBITOB MO H3MEHEHHI0 I'DAHHTA NPH B3AUMOnelCTBHH

::::::::, 31'00 12'00 P,krc/cm2 5 n m
5 340 300 600 240 10000 3
6 340 300 400 750 10000 3
13 400 380 1000 240 1000 9
41 520 480 3600 14 50 1
[lpuMeuanne. f; - TeMneparypa Bumay pafoueil KaMepsl aBTOKNaBa; lyg = TO

¥e BBepxy, [ oapneHne BOOBI B aBTOKnaepe; r - [MPOAOMKHTETBEHOCTE B3aHMO-

ne#CTBMSA; n - BENMYHHA OTHOWeEHHA obweMa Xuaoko#t daswr K TBepnoif;

y4acTKOB apTOKnaea, B KOTOpble NOMeueHb! oﬁpaaum.

m - YHCTIO

Ta6anuna 13

Cocrap pacTsopa NOoCjie B3aHMOAEHCTBHA T'PAHHTA C OMCTWLUIHPOBAHHON BOMOH

KonwiecTro oxucnos, T/n

Homep ~ pH pacreopor
OIeITa Sl02 . A1203 Na20 KZO nocne OIEBITa
5 0,9 0,44'10"‘3 0,42 He obnapyxen 7,56
6 0,15 0,1+10-3 0,43 To e 7.2
13 0,27 0,15-10=3 0,39 v 7,35
41 1.1 Cnengr 0,4 “ 7.3

KpoMe TOTO, YMeHbllag MPOAOMIKHTeNEHOCT: ONBITA K BeMWYUHY OTHOWEHWS
ofbema xuakol dasawr K obbeMy TBepmoli, MOMXHO NOCTHTHYTEH OQWHAKOBOH HHTEH-
CHBHOCTH H3MeHeHHH Mopoawl, YBenW4mupas TeMhepatTypy u napnedue. Crnenoparenb—
HO, MPUMEHMTE/ILHO K NPHUPOAHBM YCIIOBHAM, BHAMMO, MOXHO T'OBOPHTE O CTHMY-

mipylome# ponmH TepMOOMHAMMYeCKHX YCJOBHH Ha xapakrep

KHX peaxumii.

O6cysxaeHne pe3yabTaToB

A CKOPOCTH XHMHAYEC-

B xucnex pacreopax HCl = H2504 ByNKaHWYeCKoe CTEeK/I0 KHCIOTO COCTaRa OKa—
3EBAeTCHA NpaKTHYeCKH HepacTBOPHMBIM. 3TO OCOGEHHO XOpoWo MNOATBEepXaaeTcs
peaynbTaTaMy ONbITOB C ofpasuamu oficuauaHa B BHAE KPyNHEIX O6nmoMKoB. AHa-
NMA3LI CONePMAHHS OKHCIIOB B PACTBOpax MNOKA3HBAKT, YTO B HEX npeobnapfaioT me-
n0oYM M rHHO3eM. B STHX OnmBITax B pacTBOP NEpexonAT menoYHble OKHCHbL B
cnyuae KHCNBIX M HefiTpanbHEIX PACTBOPOB MEI HMeeM peakumio rmaponusa. B pe-
ayaLTaTe rHnpOnATHYECKoTo 3amewenus Me' 2 H* crekno oforamaercs BOOOPO—

nom (

H*), a pacreop - momamu Na, K (Me*).

Oforaiexnue pacTBopa IMenoiaMu

yBenuvMBACT €rO pacTBOPSIOUyO CrocobHocTs mo orHowenmo K Si0y. - Kax mo-
Ka3an¥ ONBITH, NOPLNIEHHE TEMIepaTypkl YCWIHBAGT THAPONMH3 H B pesynbTare
KOHIEHTpanyus OKHC/IOB NOCjie ONkTa B pacTEOpe Boapacraer. Bo Bcex ommirax
C KHCTBIME pACTBODAMHE DACTBOPEeHHe GBUIO HHKOHI'DY SHTHEIM.
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B onmrax co menoYHRMA pacCTBOPAME, B OTIHYHE OT KHC/ILIX, PACTBODEHHE
ocnoxuAeTCd MHHepanoobpa3oBaHEeM. B peaynbrare onwmiroB 06pasyloTcsd CylUecT-—
BEHHO KPeMHEemesOoYHEEe PACTBOPHI, KOHIEHTPANHS OKHC/IOB B HEX ONpenensercs
TeMIeparypolf, conepMaEneM WeNOYR B HCXOOHOM pACTBOPE H MPONOIDKHTENLHOCTHIG
BaammofielicTeud. PacTeopenue ofcunreHa B MeNOYHEX PACTBOPaX TAKMKE WHKOH-
rpySHTHOe.:

TakuM 06pA30OM, B KMCIHX ¥ HeliTPanLEEX pacTEOpax KWCNEE CTekna nambonee
yCTOiquBEIe, YTO NMOATBEpXAaeTce H NPHPOAHBIMA HabGmoneHmsMu. IIpucyTcTBHE B
3THX pacTROpax menodedl mnm conedl MPUBONMT K YBEMIUEHWIO PACTBOPHMOCTHY NMO—
poa. BuHoc 3 cTekon menodell, ramHO3eMa, METOYHO3EMENbHEX OKHCIIOB H XKene—
3a CnocofCTByeT HAKOIUIGHMIO B HUX KpemHeaeMa. JTH pe3ymbTATH B KAKOU-TO
CTelleHH NOMOTalnT NMOHATH MexaHuaM 00pasoBaHus KBApIHTOB (ona:mroa). [lle~
NMOYHBIE PACTBOpBI, BEIHOCH B 3HAYMUTENLHOH CTeneHH KpeMHeaeM M NPUBHOCH He-—
KOTOpOe KOIMYeCTBO BOABI, CNOCOGCTBYIOT HAKONJIEHMIO TVIHHO3eMa B mopoge. Paa—
BHTHE MHHEPANOOODPA3OBAHHA B HUX MPUBOAHT K OTOWEHWI0 BOAHEIX AMOMOCHIH-
KATOB H TNMHHCTHIX MpHepanoB, [loBrlieHwe TeMmepaTypwl ONBITOB H HX IPOAO-
WHTENMLHOCTH YBEMMYABAIOT PACTBOPUMOCTE CTeKNa BO BCEX HCIONLA0BAHHBIX pacT-
BOpAax.

Apanua NoBefeHHA OTOENbHBEIX . OKMCJIOB B pACTBOpax [OOKA3LBAaeT, 4TO HX
copepKaHNe 3aBMCHT OT MHOTHMX NPHYMH, B YACTHOCTH OT Temieparypbl, KHCHOT=
HOCTH-IIE/IOUHOCTH, KOHIEHTDPAUWE ¥ BPeMeHH BaauMoneHRcTBHs.

Kak yxe I'OBOpHIOCH BHIle, B KHCIBIX pACTBOpax H BOAe Haumbolee pacTBOPHMEI
W mHTeHCHBHO BhiHocarcs M3 crekna Na, K m Al, Copmepxanua Na u K conocrabu-
Mpl. YBelldueHHEe B pacTBOpe Wenodeil BeaeT K USMeHEHHI0O COOTHOWeHUs SiOZ/A1203
B CropoHy ero ypenumuenms. Vcxona wa sToro, ofpasoBaHMe KBApUATOR H ONATHTOB
3a CHYeT KHCIBIX BY/IKAHOTEHHBIX NMOPOA IYTeM BEIMENauYHBAHHS MOXHO OOGBACHHTH
aeHCTBHEM NPOTOYHEIX KHCNBIX PACTBOPOB.

Usmenenne pH pacTBOpoB BHOMe OOGBACHHMO: NpH peaKuusX HeATpanbHBX pacT-—
BOpPOB C KHCAEIMH Noponamy ux pH yMeHbwaercs, c OCHOBHEIMM NMOPONaMH — YBe—
nuyuBaercd, TakpM Xe 06pas’soM MOXKHO OOBACHHTL sBOmMONMo pH ang wenodHex H
KHCJBIX PACTBOPOE IIPH PasiW4YHON OCHOBHOCTH KOHTAKTHPYIIIMX C HEMH IIOpOA.
3ToT ycTaHOBIEHHLIH 3KCHepMMeHTantHO PAKT BecbMa BaXeH IpH WHTeplpeTalHH
SBOMONME KHCTIOTHOCTH - MENOYHOCTH Ipupommerx pacreopos. H.W. Xurapoe (1957),
Haydad MpolecCHl B3aUMOAeHCTBUA I'paHuTa C BOA0H, TaKXe YCT&HOBWI, 4YTO oOpasyio—
mHuecs pacTBOPE HMeT KpeMHeHaTpueBbldl cocTas. PacTBopuMOCTb KpeMHeaeMa
3HAYNTEBHO YBeNAYMBASTCH IPH BBEJEHHH B DACTBOP HMOHOB MEIOYHLIX MEeTAallIoB.

Ha npeoSnanande B pacTBOpe KpeMHHsS HA[ TIHHOSEMOM IpH BaamMoielicTBHH
BOOB C OCafOYHBIMH moponaMi yxaswmar W.I'. Kumccmn, C.H. Taxomoe (1965),
¢ nonepwMu mmaramu - A.A, Tomoe (1962), H.U. Xurapos, I'.P. Konoumn
(1962), K.M, deonorren (1962), ¢ porosoft o6mankoit — 3.3. Cengepon
(1962), ¢ BynkaHOTeHHEME TOponamH K cTeknamu - A.. XyHnanse u ap. (1970).

IlepeuncneHnble HCCenoBATENH He OTMeEYalT MMHepajbHLX HOBOOGpasoBaHmii,
XOTH B IIPEHpPOAE INpH AelCTBMM BOALI HA NMOPOAB! WHPOKO pPa3BHThI MPOLECCH! THi-
pong3a, 06pasOBaHHA TYIMHHCTHIX MEHePanorR, cepmiura ¥ Ap. Hawwm omeirer mo
BaapMoaelicTBIMIO NIACTHH TPAHHMTA C BOAOH OONHO3HAYHO YKA3LIBAIT HAa BO3MOXKHOCTb
HOBOMHEHEpanoobpasoBaHull B SKCIepHMEeHTaNbHEX ycjoBuax. 3a meperre 10 cyrt
HoeT pacTBOpeHHe KBaplla ¥ He3HAYHTEeNBHO — [oneeoro wiara. PacTeopeHmo nog-—
Bepraercd cno#t 1,5-2 Mm. B 30-—cyTounmx onmTax HM3MEHEHMO HoaBepraeTcs
crmofi MomHOCTERIO 2,5-3 MM, HpuYeM B HmKHell, Gomee BEICOKOTeMmeparypHOR
yacTH apTOKnapa obpasyercd CEpMUMT, a B BepxHell - kmapu. TlonmeBrre umarTs! nof-
BepraiTcd NeINTH3AIlHN.

B sogHO-umenoyHbx pacTpopax ODHAPYKeHO 30HanbHOe HM3MeHeHHe T'paHuTa: B
HeHTpaneHOH 4acTH T'paHHT He HaMeHeH (Kpapu + KanuepwlH moseBoif wnaTt + Iia—
THOKNIA3 + DHOTHT); B NPOMeXyTouHOl 30He Nosengerca HOBoobpasoBaHHBM anmLOMT,
MepBHIHEIE MHHepasbl MOABepraloTCs MHTEeHCHBHOMY pacTeopeHwo (pemmkrsr). Ha—
KOHell, BO BHellHeli 30HE T'PAHNUT HANEN0 HU3MEHEeH, OTIOXMIHCHL HOBOOOpPa’OBaHHS
KaHKpHHHTa, HedenmiHa, OKeaHHTa, aK/MHMTA H KaNHi-HATpPHEBEIX BOAHBIX CHIHKA—
TOB.
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lpr BaamMopeficTrEM ofCHOMaHA C BOAOH NMpH NMOBEINEHHBX NABNeHEsX (A0
1500 arM) ofpaayercs Keapu W aneGmr. B memoumex pacreopax (NaOH) npm
TeMneparypax Menbule 200°C maGmopaoTca aHanEUMM B DEONHTHI, a HedemHH
¥ ampubonel npeobnagaioT NpH Gonee BLICOKHX TeMlepaTypax. B cnabomenodHEX
pacreopax (0,2N) obBpasylorca xnopur m kBapu. OGHapyXeHHEIE B 9KCIIEPEMEH-
Tax MHHépasibHEIe HOBOOGpA30BAHHS OTBEYAIOT BO3HHKAIOMEM B MpHpOge ACCONHA—

' §M NPH aprausalyy, OKBAPIEBaHHYM, anbOHTHSANNH, COpHUMTHBAIMH M IeOTHTH-
3auuy; 4TO NO3BONAeT NepeiTu X pacueTry cxopocTel peaxiwmit,

ViMelommecs cpefeHus Mo KHHeTHKe peakKuuli upeaprryailHO ManoYMcneHHE!, YTO
cospaeT onpeneleHHbe TPYNHOCTH BO BpeMEHHO# HHTepHpeTandH GakxTHIeCKOTO
Mareprana, OCOGEHHO T'eOJIOTHYSCKOro, KOraa Npouecch! ANATCH HepedKOo MHINIHO—
Hbl H OeCATKH MHNmHOHOB jneT. Va3 sakoHoB KnaccmyeckKo# TepMOQHWHAMHEKHM H3BeCT-
HO, 4TO TeNn/OBaf SHePTHd B T'€OJIOTHYECKOH Cpele HHKOTHA He pacmpefeifeTcs
Mexay dHacTHnaMu ogHopoaHo. [lons MaOwITOYHON SHeprum IO CpaBHeHHMIO CO Cpef-
nelt sHepruell wacrmn E onpenensercs sKclOHeHumanbHOH (yHKnmel m pasHa

.~E/RT (kxan/Mone), Tme € - ocHOBaHme HaTypanbHOTO norapudMma; T - abco-
moTHag Temmeparypa, ‘K.

B cnyuae peakuuit Mexay pacTBOpoM H MEHepanaMu BenuduHa E papHa SHep-
THM aKTHBAUHM, T.e. SHepruM, HeoOxonmMmol And NMPOHCXOXAEHHS TAKOTO poaa peak—
uuit, Brneperle ypaBHeHHe KOHCTAHTHI CKOpPOCTH peakuum GbiI0 BhiBegeHo AppeHHY-—
COM B BHOe

A e—E/RT,

rAe a — KONMHYeCTBO CTPYKTYPHBIX e[WHHI, o6nanaioumx NOCTATOYHON sHepruei,
yrofel BCTYIHTE B peaknmo. Bemwunmpa a cCHNLHO KonebGmeTcs QT OAHON peaKuHH

x npyro#t. Tak, mo pawuem Mioppes u Yafira (Murrey, White, 1955), anauenne
lga . TpE TepManbHOH neTMApaTaUMH TIHH konebnercs or 5,82 no 10,43, rT.e.

B Nnpegenax NATH NMOPAOKOB. Taxan HeollpeaeneHHOCTb BeMWYHHBI a H BHepI'H'H K=
rupM3auMn E, a TakKe I'eTepOreHHOCTH NPHPOOHBIX CHCTEM IO3BOMSIOT pacCMar-
pHBATL ypapHeHHe AppeHHyca TONbKO Kak OINeHOYHOe,

[Tockoneky B HaWMX SKCNEPHMEHTAaX He BejoCh CIeNHATLHOTO OlpefencHHS Be—
muuuEsl £, TO Npu pacueTe cxopocTell pesKuuit Mbul Hcrmonb3oBanu Goniee MPOCTYIO
dopMmyny. WspecTHo, WTO Kawxnas peaknus MOXET NPOXOAWTH KaK B NpaMOM, Tak
¥ B o6paTHOM HaNpaB/IeHUH C COOTBETCTBYIOUWAMH CKOPOCTSIMH:

[MonoxuM, 4TO NMpH pacCTBOpeHHHM BemecTBa A B TeueHHe BpeMeHH r obpasyercd
B monoB, TOTAA CKOPOCTH NPSMOH peakuuy
d[ A]
~—— =K, [4] - K, [B].

dr

d[A]
[lpn HacTYynneHHH paBHOBECHS ¥ = 0.
T

Eciu peakndd MoeT B OpSMOM HANpABIEHWH, TO MOXHO ONPENeNdTb CKOpOCThL ee
B moBGoil MOMEHT BpeMeHH. BeeneM oBo3Ha4YeHHS: x — KOMMYECTBO BemecTBa 4,
npopearupoBaBliee B MOMEHT BpeMeHH r; G- HayajbHOe KOMM4ecTeo BemecTBa 4;
C — KoHIeHTpaUHs BemecTBa, [peTepleBarllero NpeBpameHne B MOMEHT BpPeMeHH
Ty Torna |

dc

kG f
B " -

dcC
B

Kdr.

Oy

Wnrerpupys, momydaem lna -In(a-x)=K(r-0) unn
a
ln-—— = KT-
a - x
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Takas peaxumsi, cornaceo A. ITarrony (1968), nasemaercsa peasumell nepsoTo
nopsmka:

-2 e

Ky »=In — .

3 a-x
Koncranra Takof peakiuy 3ABWCHT TONLKD OT KOHISHTpANEE OfHOTO BemEcTEa,
KOTOpas HelpephlBHO yMeHbuWaercd. [lonaras, 4rTo pearmpyiomee BemecTBO HAX0—
OHETCA B B36BITKEe, TAK YTO ero KOHIEHTpAalHus NMpAKTAYecKH MOCTOSHHa, HETpyOAHO
NoKa3arTh, YTO B CKOPOCTH peakunuu Gyner NOCTOfHHA; KONMHHECTBO BemecTsa, of-
pasyomerocs B peaKuWH, 34BACHT TOLKO OT BpeMeHH BaamMonelcTBHS:

dc

-——=K.
dr L

Tax Kax C = 1, TO KOHCTAHTA CKOpPOCTE peaxume (mo A. [larrony, peakuus Hy—
nesoro mopsnxa) Gyner pasma K,=%/r. 3ro Gomee mpocToe paBeHCTBO MO CpaB-
HeHHIO C ypaBHeHHeM AppeHHyca HCMO/NIb30BAHO HaMH B pganbHeHwmx pacueTax.

[lna pacueror cxopocrell peakunfi HaMK BP3ATH SKCNepEMeHTH (cM. Tabn. ©,
12), B KOTOpPBIX HACTYIHMIO paBHOBeche. BeammopeficTBus *0GCHIHAH-IIENOYHO
pac]-xBop' XapgKTepH3yIOTCH CKOPOCTAMH peakuuii mpu 100°C p wmreppane 107 -
10

r/{cM™ ¢), ronbko mepexom B pacTEop K90 mmeer cropocre 10-10 -

10_11 r/{emS. c). Tlopwuenue TeMIeparypsl 10 300-400°C naer yBenmienne

ckopocTy peakumit no 5:10=9 r/{cm® c). Ipu saammoneHcTBUE IMIADHTA C KHC—
noramMH B cyGkpuTHYecKoil obnacTHm BoABI CKOPOCTH 6BUIM TOID K€ NOpsika

[ 3.20" r/(cm3.c) }0 MunpMansHOH CKOPOCTEHIO XapaKTEpPH3OBANCH BHIHOC Kaib—
usa ¥ marsus 3-.1071° - 8.10-11 r/(em3. ¢). BuGop mvenno aTRX SKCHepH-
MEHTOB He Ciy4aeH, INOCKONBKY MeOYHEE PACTBOPHI, KaK MPABWIO, MPHCYIIH TVIy-.
GHHHLIM 4HacTdM TIMAPOTepMalbHBLIX .CHCTEM, & KHC/Ibie XapaKTepuayloT dgyMaponb-
HBI@ TepMbl ¥ KOHQEHCATH TapOB B 30HE aprWINH3aLm.

[Ipy BaaumMopeiCTBHH KHCIBIX PacTBOPOB C Gasans-TOM MOPHOOK BE/MYHH CKOpPOC—
Telt me Menserca (5°10-9), [lpn B3amMope#cTBHE I'paHETa C [QHCTHTHPOBAHHOM
Boflol B GrnmaKpuTHdecKol obBmactu npu t = 300°C m P = 600 arm cxkopocTb
peaxumu Gema paema (0,5 - 1)+10-2 r/(em. ¢); nna A1203 — Ha 3 nopsaaxa
menbwe. B nankprTHdeckoi o6nacTu ckopocTh peakuny papia (3-4). 10-101/(em3.¢)
nprieM, d9em Oosblie OTHOWeHHe Xuako# Gaswel Kk TBepnoi, TeM Gonklle CKOPOCTH
peakuuu. BepoarHo, mocnegHu# M3 YCTAHOB/IGHHBX B 2KCHEPHMEHTANbBHLIX YCHIOBHAX
tdakTOB TpebyeT OOGCYXKOEHHS B CBS3H C BO3MOXHOCTBI) ero HNpHUMeHeHHs K IpHpoa-
HeIM o6bekTaM. OToT (GAaKT BIONHe CHpABeANHB /18 3aKphITOH CHCTeMbl, Kakoih
ABASeTCH AaBTOKNEB, W He BCerfia OTBEYaeT YCNOBMAM OTKPLITON NpHPORHOH CHCTe~
mul, [pencraBngercs, YTO B NPHPOLHON CHCTEMe CKopOcTh B3amMonedcTBuil Gyner
onpenensaThCHd He TOMBKO TeMNepaTypoH M OABIEHHEM, HO H CKOPOCTHIO MHT'DallHH
pacreopa. [lpun MenmeHHO! MET'palMy ero M JOCTATOYHO GONbLIIOM OTHOUEHHH
o6beMOB PacTBOP-NOpOfa YKa3aHHOE MPABHIO NPUMEHHMO, O[HAKO NP BLICOKOH
CKOpPOCTH MHI'DallMM pPacTBopa IPUMEHMMOCTE YCTAHOBIEHHOTO B sKclepEMeHTax
bakra TpebyeT NOMONMHHTEMLHBEIX HCCedoRaHAl u moareepxneHmi. TakuMm oBpaaoM,
Np¥ MpoYEX paBHBX ycnomusx (peaxumonnas crmocoSHOCTH pacTEOpa, OGBOAHEHHOCTH
H f1p.) cnenyer oXmaaTeh, YTO B CraGONpOHMIAEMBIX MOPOAAX CKOPOCTH peakumi
Tuna “pacreop-nopoga” GyayT Bble, YeM B XOpOwO NMPOHMIAEMbIX. DTO MpeAno-
nowenpe NOATBepWAaeTCH HaGmoneHHsMH Ha TPHPOAHLIX ODLEKTax, TAe NOYTH Ha-
Ie0 M3MeHEeHb! BepXHHE BOMOYMOpHEIE CIOM M B MeHEWeH CTelleHH - BO[OMPOHH—
maemMee.

Mo pesymsTaTaM 3KCIepMMEHTOB HAMH ONEHEHA CKOPOCTb NPOABHKEHHA peak—
nuoHHO# KafiMer. Tak, mpH 2KCHepuMeHTAaX C MACTHHAMM T'PAaHUTA B TpPaAMEHTHLEX
ycnoensx (cM. rabn. 13) ckopocrk Gema papma (0,96-2,3):10-6 r/c, a ouel-
Ka, npuBogumas Hamu panee (rnasalll) nna Tayxerckoro mons TepMambHBIX BOf,
paBga 6.10~7 cm/c. O4ernanNO, Pe3yNbTaTh CONOCTARMMBI, YYNThHBas, 4YTO B
SKCNepAMeHTax TeMIepaTypsl ¥ faBneHus ObinM ropasao bBeime. B ynensHOM Bbi-
paMeHMH CKOpOCTH H3MeHeHHd I'paHHTa Gyner papna (2-4) 10-7 r/(cMB- c).
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370 HA HeCKONEKO NMOPSAKOB BHlle PACCUMTAHHLIX HaM\ ckopoctel mepexopa B
pacTBOp MOABHXHBIX KOMIIOHEHTOB.

B oawnoii ua cepwmit skcnepumenros (cMm. tabn. 11) mabmopnanocs ocaxaeHue
Kpucrannop runca. CKopocTh 9TOTO Mpounecca, CornacHo pacyeTaM, paBHa 5,8+ «10=% /e,
CropocTh oca)neHds CcynbQuoos CBHHIA W HMHKA, PACCYMTAHHAS [0 9KCIEpPHMEHTaM
W.II. Kysemmuoi (1961), B cpennem paBHa 6:10-7 r/c nmpu 400°C n Ha mops-
mok pbrue mpu 450°C, :

TaknMm obpadom, coenaHHAs HAMHA OLeHKa CKOPOCTH peaKuui pacTBOpPEHHs CH—
MMKaTHBIX MHHEpAasoB M ocax/1eHHf HOBOOOpa3OBaHHEIX MEHEpanoB H3 pacTBopa Co-
HocCTaBEMAa C APYTHMH HMEKIIHMHCH SKCHepUMEeHTanbHbIMHE OAHHBEMH M B OONBUIMHCT -~
Be cjydaeB 3aKiodYeHa B HHTepBaie 108 . 10-10 r/(cm3 ¢).

TEPMOJHHAMHWYECKHUNA AHAJIM3 ABJIEHHHA
IHIPOTEPMAJIBHOTO ITPEOBPA3OBAHHMSA IOPO/|

B mocnenHee BpeMs K T'eOIOTHYECKHM OOBEKTaM BCe daime CTamd IpAMEeHATECH
repmonmamuyeckne meronsl. [1.C. Kopwimckuit (1962) chopmynuposan 3aKoH,
COTyIaCHO KOTOpPOMY MeTacoMaTA4YecKas [opoda M MOPOBLIA pacTBOpP NpeacTaBfdioT
B Ipefenax SNeMeHTAapHOTO 06beMa pPABHOBECHYD CHACTeMY C BOOMHE MOABHNHLIMH
KOMIOHeHTaMH. /M3MeHeHHe cocTaBa pacTEOpAa BEI3LIBAET COOTBETCTBYOIHME H3Me-—
HeHug Noponbl. [TpAHUNI MO3auyHOT'O PABHOBECHS MOXeT OBITh NPUMeHeH H K Ipo-
meccaM, MIYWHM B COBPEMEHHEIX THIPOTepMANbHEX cHcTeMax. COrnacHO 3TOMY
IPUHIINITY, MOXHO TOBOPHTH O TEPMOOMHAMMWYECKOM PABHOBECHH B KaXIOM OTAE/Ib—
HOM 2/€MEHTApHOM YdJacTKe CHCTeMEl,

3aKOHE! pPaBHOBECHOH TepMOAWHAMHMKH IMO3BONISIOT ONpPedeNHTh HalpaBlleHHe peak—
IMH ¥ BEMHCIATL ee TelmnmoBoi adpdexT, T.e. MONOHTH K KO/MHYECTBEHHOH OIeHKe
npouecca. 3HaK MHHYC u3008pHO-H30TepPMEYECKOTO MOTEeHUHAans peakuud AZ
O3HauaeT, YTO peaKiHs CABHHYTa BIIpABO.

Hamu BLIMHCnSmECE cTaHgapTHHIE H306APHO-MS0TEPMHYECKHEe ITOTEHIHAL! AZO
KOTOpbIe paBHLl Pa3HOCTH TOTEHNMANOB NPOAYKTOB peakuum# AZj M BemecTs,
BCTynaoumnx B peakumo AZj:

0 ) 0
A2p= AZy - AZY.

Tennoroi#t ahbekT peaxuyn AHg omnpepensncd no dopMyne AHg= AHg s S

3HaK MmoC yKA3RBAEST Ha SHAOTEPMHYHOCTHL peaxuns (mormowenme renna). Temmo-
Bolt abbexT Moxer OBITh TaKkKe OIpeneneH u3 H300apPHO-MAOTEPMHYECKOTO M0TeH-
nuana- AHO - Azg - ASS T, roe Asg - H3MEeHeHHe SHTPONHM pPeakuu#, AS% -

= Asg - ASQ;T - abcomoruas TeMIuneparypa.

I'maporepmanbHo H3MeHEHHBIe NMOPOOE! B O0GMACTAX COBPEMEHHOTO BYJIKAHH3MA
saHuMaloT GonbuiMe mmomany. Meydermo mx noceBsuieH psan paGoT OTeYeCTBEHHBIX
u sapybexmrx apropor (C.W. HaBoxo, M.M. Bacmneeckwmii, IM. Brnacos, H.A. Ha-
koenuk, I.A. Kapnos, A, Crefiuep, lll. Mpao, [. Yailr u np.). Bcemn aBropamu
OTMeyaeTCHd HalH4YHe 3aKOHOMEepHON BepTHKanbHOH W TOpPH3OHTANBHON 30HANBHOCTH
B MuHepanbHEX accoumanmsx. Y. Mefiep u [I. Xemmu (1970) npennoxwmnu Bce
IpoLecCH MeTACOMATO3a Pasne/MThk Ha [ABe TPYINL:: KaTHOHHEM MeracoMaros,
KoTja NPHBHOCATCH M BBIHOCATCHY KaTHOHBI, ¥ AHMOHHEIM - C IepeMelmeHHEM aHHO—
HOB.

lMopanok 3aMenieHMs MHHEpANOB ONpegenseTCs COOTHOUIEHWeM ilpouapefeHuM
pacTBOPHMOCTH HX B [AaHHOH TepMoaMHaMHuYecKO# M reoxmMudecko# obcTaHOBKE.
Munepan ¢ MeHbuwe# pacTBCPEMOCTHIO BCerjga 3aMemaeT mmepan c Gonbued pacr-

BOPUMOCTBRIO,
OxapaxTepdayeM peaknMaMH HEKOTOphie FHOpOoTepManbHble HaMeHeHHS IMOpod,

oTMeueHHble B pafioHax coBpeMeHHOTr'O Bynkauuama, [lpuMepb! pacueTa sHTAaNLIHIM
i H306apHO-H30TEepMHAYECKHX [OTEHLUHAIOB HEKOTOPHIX H3 STHX peakimii GyayT IpH-—
BefeHnl B KOHUE paapena,
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Karnounslii MeracoMaro3

K aro#t rpynne mMeracoMaTHYeCcKHX MPOLUECCOB OTHOCHTCH apruiH3auds, CepHudTH=—
sauusd, anbbUTH3AaUMs, XAOpUTH3AUMd, LeOoNUTHaAUusd H NPONMIATH3auud. B npuamE-
ne aﬂbﬁKTHsauHﬂ. XJIOPHTH348HHSI H NeOlHTH3audsda MOoryT paccMaTpiBaTrbCd KakK epH=-
HEIfi NMPOLECC NPOMUIATH3AKH, HO B NpHPOAEe KaMObll H3 HHX HacTo npuobperaeTt
CaMOCTQSTE/IbHOE 3HAYEeHHe,

Aprunnusauus B 3aBHCHMOCTH OT [eOXMMHYECKON OGCTaHOBKH XapaxkTepuayeTcs
accouHanléii MHHepalloB Ipylnkl KaoluHHTa (KAONMHH3AUHH) HIE MOHTMOPHIIIOHATA
(MoHTMOpUIIOHATH3ANHA), KOTOpble BO3HHKAIOT 3& CYET 3aMeNleHHg IIarHOKIa30B,
O6BIYHO NPHCYTCTBYIOT CEPUUHT H KBApl, HepeAKO YCTAHAaB/IHBAIOTCH allyHHT, NHDHT,
KanueBbli nonepoit wmar U amopdHbie rnunbl, Kak npaBuno, aToT Nponecc HpoeT
B OPUIMIOBEPXHOCTHBIX 9YACTAX COBPEMEHHBIX T'HApPOTEepManbHLIX CHCTeM Ha riybuHax
or n ao n+10 M. O6BIYHO 30HA KAOJNHHU3ANME CMeHAeTCH Ha riybuHe 30HOH MOHT-
MOpH/NIOHUTH3ANMH, eC/H NOoCNefHds CYyleCTBYeT, HIH e KAOMHHHTb CMEHHIOTCH
MPONHITATaMH,

Xapakrepuays o6CTAHOBKY COBpeMeHHoro apruinarootpazopaunns, C.H.HaGoko
(1963) ormewaer, uyro mporecc upet HOpu pH=4=7, npudemM And 30H KaAOMHHH3a—
MM XapakTepHO NpHCYTCTBHe B pacTBope cyinbbar-HOHA H yrUIeKHCIoro rasa, misd
30H MOHTMODPHJUIOHMTH3aUHH - ruaopoxapbonar-doHa M cepopogopona. B ofoux cny-
vagx Temieparypa okono 100°C, Hccneponarenn pyausix Mecropoxpetull ( Koucran~
TuHoB, 1965) ormevawr passuTHe Kaonuuuta np Temmeparypax 200 -250°C.

[lpomecc xaonuMHHzAUHH MOXHO NPEeACTABHTEL CHeAYIOWHMH peaklUaMH —:

2An + 4H" + 2H,0 - Ka + 2Ca*?, m
4Ab + 4H ' + 2H50 = Ka + ANa® + 80. (2)

[lockonbky OOLIYHO pe3KHX TPAHKI MEXAY 30HAMH KAOIMHH3AUMH W MOHTMOPHI=
TIOHHTH3AUMH B Npupoae He HabniopaeTcs, TO BepOSTHH M NepPeXOAHble peaKidH:

Mnt + 2A10, + 2(0H") + 4H " = Ka, @)
Mnt + 2410, + 2H,0 +2H7 = Ka, (4)

O6pazobaHue MOHTMODH/UICHHTA [0 INArHOK/1a3y BO3MOXHO NpPH ClEAYOLWHX pe—
aKnueax:

Ars SHT 290 - Wit 62, (5)
2Ab + 2H+= Mnt + 2Na+ 2, (6)

HacTo MOHTMOPH/IIOHHT 3aMelaerTcs Ha IVIyOHHY CEpPHUHTOM HIIH XJIOPHTOM,
HanpuMmep B [lomaue leitdepoB Ba Kamuarke:

Mnt + K*+ AlO; = Sc +Q, (7)
Mnt + 5Mg *? + 10(OH ) - HI + Si(OH),. (8)

CepHUHMTH3ALHA XapakTepuayercd NOSBJIGHHEM ACCOlHaNHHM CepHUHTa C KBapuem
W HepeAKo C NHpUTOM. PaspHBaeTCs CEPHUHT Haue BCero [o IUarHokiasy, 4 HHO-
na ¥ mHEpokceHam (maporugporepMansHoe Mecropoxaende [opauuit [Tnsaxk, o- Ky-

. Mprusarsie cokpamenud: An - awoprur, Ab - ansbur, Ka - xaonuwur, Mnt -

MOHTMoOpHIUIOHUT, S¢ = cepumur, Hl - xnopur, Ort = oproknas, Q - xsapm,

Gp - runepcren, Bi - 6uorur, Lm - nomourur, Anl -~ asanbuum, Gl ~ reinas-
pur, Ap - smupgor, Klc - xminononaur, Lbr - nabpapop, Al - anysur, Kal -
KanbIkT., :
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Hawup). Peaxkuuu ugyr npu temneparype or 100 po 200°C, pH=6, B npucyrcr-
' pHH HzS " COQ:

3Ab + K* + 2H" = Sc + 3Na™ + €Q, 9)

30rt + 2H' = Sc 4+ 2K + 60, (10)

An+K* +Q +AlOg + 2H* =S¢ + Ca™?, (11)
+ +3 - +2 +2

2Gp+K +3Al1 +2(0OH ) =Sc+2Fe = +2Mg +Q. (12)

[lepexonHblie peakudd K Huxenexamel 30He XIOPHTH3ANHH MOXHO BLIPASHTL Cle—
AYIOMUMH YpaBHEHHAMH

Sc + 5Mg*2+ 6(0H™) = HI + K* + A1*3 ' (13
Sc + SMg ™2+ 6H* + 30, = HL + K* 4+ AI'S, - (14)

XiopuTH3auus NposiB/leHa accouMandell XJIOpHTa C ATLGHTOM, CEPHUATOM H pexe
C ormMOooTOM M kapboHaramu, HHorpa npHCyTCTBYIOT XIOPHTOMO, TAalbK, aM(uEGOMbI,
NUPHT ¥ NUPPOTEH (pyQHbie MecTopoxnenus). Meracomaroay Hame BCero NoABEp—
rajTcs CHofbl ¥ IIArHOK/Iasbl:

9Bi + aH = Hl + Mg "2+ 2K * 4 30,

(15)
2Ab + Mg 2 + BOH™) = HI + 2Na* + 3Q, 16)
5Gp + 2A1" + 6H* + 200H™) = HI + 5Fe*2 + 70, (17)
5Gp + 2A1"> + 2H,0 + 4H * = H1 + 5Fe*? + 7Q. (18)
[lepexonHas peaxuus X 30He NEONMTHIAUMH BLIPAXAETCH YPABHEHHeM:
Hl +Ca*2 +Q + 4H" = L + 5Mg*2 + 4(0H ). (19)

LleonaTizauug B oflacrax pasrpyskd COBpeMeHHLIX T'HEAPOTEPM Yaue BCero Ipo-
HCXOAHT BO/IHMSH YPOBHA BCKHIIAQHHS HX U XapakTepHayeTcs accounHauHeifl LEeOIHTOB
C X/IODHTOM, CepHIMTOM, KBapuem, B 30HAX paarpyakd COBpPeMeHHbIX T'HAPOTEepM

GonLWHM pasBHTHEM MONB3YIOTCH UEONHTH C HH3KMM H CpDeOHHMM CopgepXaHHem
S5i09 , obpasyiomuecs no maaruoknasy mpe pH=5+8 u Temmeparype or 100 po
150°C.

b ™ L BRL™ i, (20)
9Ab + Ca*2 + 4Hy0 = Lm + 2Na™ + 20, 21)
2A4b+Ca*? + 4H* + 40H7) = Lm + 2Na* + 20, (22)
An+Na" +HpO = Anl + Ca™? + AIOg, (23)
Ab + HyO = Anl +Q, (24)
An + 5H,Si0, = Gl + 4H,0, (25)
An + 6Hy0 + 50 = Gl, (26)
An+5Q + 12H" + 30, = Gl 27)
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* INockONMeKy B raySHEHELIX HACTHX 30HH REONHTHIANHH NpeobnagaeT NOMOHTHT,
TO NepexonHas peaknud X HHXeNexameit soHe Gyner HMeThb Cneaywmul# BEA:

2Lm + 3Fe” < Ap + 50 + 4A10; + H,0 + 13H* (28)

[pormnuTnsauus xapakTepusyeTcs, KaK NPABHMIO, ACCOLMANHell MEHEpAJIOB neo-
neToRoll, XMOPHTOBON H cepHIETOBOR 30H, BeckMa THNHYHBI SMHAOT, KANbLIHT, HHOr=
[a LOHSET H KMMHOUOH=UT. B ob6nacrax pasrpyskE coBpeMeHHLIX THAPOTEPM 30HA
NpONWTHTHIAIMHE caMad ITyGMHHas H3 BCKPRITHIX GyperHeM. [Ipouecckl HayT npe
remneparypax 70-200°C m pH=6. Ykaxem NHwbL HeKoTophie HauGONee XapaKTep-
Hble peaKuHH:

36p + 260" + OH™ = Ap+3Mg™ « 30, (29)
3Gp +2Ca*® + Hy0 = Ap + 3Mg*2+ 30 + H*, (30)
2Lbr + 2Q + Na* + OH™ = Klc + 3Ab, (31)
2Lbr +2Q + Na* + HyO = Klc + 3Ab + H™, (32)

AHHOHHBIH MeTACOMATO3

K s2roMy THny OTHOCATCH NpONECCH OKBApueBaHHs (onanuaanus), ANyHHETH3ANHS,
xapboHATH3AUMSA H [p. :

OxBapueBaHie WHPOKO PA3BHTO B MPUNOBEPXHOCTHBIX YACTAX COBPEMEHHbIX CHC-
Tem (Bnacoe, Bacunesckmii, 1959) u pgpepunx pynubix Mecropoxpenuil (Haxoemuk,
1964, 1965). Yactro mabmopaoTcsa MOMHbI BHIHOC BCex MEeTPOreHHBIX 3E€MEHTOB
H3 mopon B ofpasoBaHMe Ha Mx mecre MoHokBapuuTob (Cpepuuubit Kamuerckui
xpeber, Bynkad 36exko u np.). ObpazoBaHne KBAPUATOB B NPHIOBEPXHOCTHBIX YCI/IO=
BHSIX, K&K (PABH/IO, CONPOBOXAAETCH yBe/MYeHHEM NOPHCTOCTH H NPOHCXOAHT INpH
Temneparype okomo 100°C, pH=1+4 » npucyrcreuu CO, . lpouecc oxeapuepanus
B 30HE CEPHUMTH3ANHH MOXHO NPEeACTABATE CIEAYIOIIHM YPABHEHHEM:

Sc + 3H,5i0, + 10H*= 31" + K* + 6Q + 1211 0. @3

Peaxupe cnocoGCTBYIOT NOBLIUWIEHHE TEMOEPATYPb!, BLICOKAH KOHLEHTpaIHS KpeM—
HEKHC/IOTH M NPHCYTCTBHE CHIBHBIX KHClOoT. OCOGEHHOCTE OKBApLUEBAHHA B TOM,
YTO OCYIIECTE/ISeTCHd BLIHOC KaTHOHOB, HO SKBHBa/leHTHOR ¢HKCauMH Boaopoaa Her,
CobcTBeHHO caM Mmpouecc = 9T0 ogHa H3 GopM BBIHOCA OCHOBAHHM,

Ocaxpenne onanuroB (re#isepur) W3 pacTBopa NpH CONPHKOCHOBEHHH C ATMO=
chepoll ¥ OCTLIBAHHH XapaKTepH3yeTCs peakuHei

H,Si0, = Q + 2H,0. (34)

AnyHHTH3ALMS pasBHTA TAKXe B NPHIOBEpPXHOCTHBIX ycnoBuax (Yson, Bymkau
Meupeneepa), [Ina pasBuTHS npouecca HeoGXOMMMbI BbICOKAS AKTHBHOCTb Cyibdar—
wona, pH=2 u rTemmneparypa~100°C,

Sc+ 41"+ 2507 = Al + 3, ' (35)

3Ab+611++K++250;2=A1+9Q+3Na+. (36)

B ornuyue or npoueccoB okBapueBaHHs, NpPH ANYHHTH3AUHH NPOHCXOAAT SKBH=
panedTHad ¢HKCAUMH BOOOpOAA H HAKON/eHHe AMOMHAHHS H KA/HAS, ‘

KapGonarusauia pasBHBaeTcd B 30He NPONUIHTH3AUMH, & HA PYAHBIX MECTOPOX=
neHusax 4acto GLhiBaeT CAMOCTOATENBHEIM NpomeccoM. B pafionax coBpeMeHHEIX rag—
POTEpMANBHBIX CHCTEM KapGoHATH 4acTo 3aMEllalT CEPHIHT H X/IOpHT NpH TeMme—
parype 70-100°C u pH=6=7.

Sc +2Ca0 + 2HCO, + 4H 0 = 2Kal + K+ 3A1(OH); + 3Q. 37
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Ta6auna 14
Cxema pacuera sHepreTHyeckoro sfpexra peaxman (8)

r _AzP
BemecTBa, yuacTsyioume Aa08 AZy98
sl i B xan/Mons
MNpopyxThi:
Hl 1943 1955,2
H,Si0, 349,46 313,07
CyMMa mnponykroe 2292,46 2268,27
Pearenrsi: :
Mnt 364,4 950,4
SMg+2 ' » 110,36 108,81
10(0H ) 54,97 37,69
CyMMa pearesrob 2065,9 1870,35
Sddext peaxumul 226,56 397,92

1 SpbexT peakumu osHavaer amrebpaHueckyld PasHOCTL SHepreTHdeckux sidexros
MpPOAYKTOB H PEeareHTOB peaxkimH,

Ta6nuna 15
TepMogHHaMHYECKHE XApPAKTEPHCTHKH peakiMii I'HApOoTepMAanbHOrO HaMeHeHHs Nopoa
Homep -AHg 98 -AZge Homep -AHygg -AZgg
ST KKan/Monb o KKan/Mone
"

i 73,7 47,6 20 89 77 99,78
2 56,13 47,24 21 -92,42 8,51
3 447,76 381,02 22 -39,22 84,51
4 437 367 23 -1,38 -9,25
5 -350,74 -281,62 24 =2,24 -2,95
6 -359,52 -282,8 25 -581,4 -298,83
7 395,82 305,81 26 = =543,2 511,8
8 226,56 397,92 27 -192,8 -171,75
9 - 28,35 2717 28 -84,23 -106,49
10 -8,28 17,08 29 -101,41 23,04
2 45,08 33,83 30 -244,57 4,16
12 36,2 62,52 31 -17,83 -76
13 -6,06 39,91 32 -56,49 -85,08
14 148,7 267,6 33 97,56 18,29
15 201,82 230,95 34 4,9 501
16 -96,38 142,92 35 33,92 41,87
17 -77,75 92,02 36 62,3 169, 46
18 -83,4 64 37 69,26 -
19 114,48 2,89
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Ua ananusa sTolf peakuuH cregyeT, 4ro OHA 6ydeT HMeTh MecTo B GnuaHeilT-
pansHbIX, CnaGOlEeNnoYHbIX YC/IOBHSX IPH BBICOKMX KOHLUEHTDAIMSX CHIBHBIX OCHOBA=—
HH# ¥ YI'1eKHCIOTHI,

[lna pacyeTa TenioBbix 20deKTOB peakumi#i U H300apHO-H3OTEPMHYECKHX MOTEeH-
mManoB TaGnduHble gaHHble Gpamick M3 chpapounukoB (Kapnoe u gp., 1968;
CopaBouHuK (U3WYeCcKHX KOHCTAHT IOPHBIX nopoa, 1969; Haymoe ¥ ap., 1971).
B rabn. 14 npueepeH npumep pacuera peakuu (8) H3 XIOPHTOBOH 30HEI:

Mat + 5Mg*? + 10(OH ) = H1 + H,8i0,.

[To cxeme (ra6n. 14) paccuwraHbl BCe NpHBedeHHBIe BEIWE peakuuu. Peaynera—
Tl pacyeroB OTpaxeHbl B tabn. 15, YpennbHble remioBble a(PeKTH PACCUHTHIBAIHCH

no dopMmyne AH:AH;QB /m, TAe m — MAaCCa Bemectsa, y4acTBYIWero B peaxumd,

Tak, ona peakwmu (8) umeem

AH = -226560/691,79 = -348 xan/r.

HameHenne sHepretuyeckoro speKkra oT TeMIeparypbl HE3HAYUTENBHO M MO-
¥eT KonebarbCs B 3@BHCHMOCTH OT Thna peakmmu or 4 go 12,5% mpu yusacTuu
razopok ¢aspi., Tax, png peaxuuu cepneHTuHuaamuyu Popcrepura npu 70Q°C Tenno-
poit 2pdexT yBenuuupaerca Ha 4% (3eepes, 1972), onsa peakiH pasoxeHHS
KanpuuTa - Ha 5,5% (Hukonaes, NonunBo-[lo6posonbckuit, 1961), a npu ofpaso-
Bauud napuuta — ma 12,5% (Kepn, Bafic6pon, 1966). Bo Bcex sTHX peakumsx
ydacTByeT yriekucnwlii raa, B npuseneHHbix Hamu peakuusx rasopas ¢asa He pac-
cMaTpHBaeTcd, NOSTOMY ClIefAyeT OXHaaTh, YTO MAakKCHMALHAS BeNHYHHA H3MeHeHHS
TemroBoro addexkra NpH TemiepaTypax, HaGMofAloNHXCH B COBpeMeHHEIX MHAPOTep=-
Manesbix cucremax (100-390°C), ue npeewicur 10%. Takoe oTk/IOHEHHE He Ha—~
MEHHT Mopagka uMpp NpH pacdyere CyMMAapHOro TeluloBoro sphexta.

[lpouabenennsie pacuetsl (CM. Taba. 15) nosponsior NpHATH K 3aK/MOYeHHIO,
YTO peakuHH, XapaxTepHayiouine GIHANOBEepPXHOCTHbie 30HbI (AaprHH3aldH, OKBap—
LEeBAHHSA, ANyHHTH3AUMW M [Op.), OODKHBEI HATH C BhigelleHHeM Telna H Ha IIyGHHY
CMEHHTECH SHOOTepMHYECKHMH peaklMsamMH, JHepreTrHYeckHit adppekT peakuuii Toro
WM Apyroro asuaxa B cpegseM Gmuaox k. 100-150 xan/r. :

Cmena sHaka peakuuit ¢ ruyGuHo# Haxogurcs B coriacui ¢ npueumHmoM Jle~llla-
Tenbe, NOCKOMBKY [/IyOHHHBIE 3OHbI ABMSIOTCS M 30HAMH MAaAKCHMAaNBLHOIO MpHBHOCA
Tenna, a NoBepXHOCTHBIE = MAaKCHMA/IBHOT'O ero BhIHOCA,

Takum ofpasoM, pacueTh! TeNNOBbIX a(pheKTOB peakuMii K/IaCCHYECKHM METOAOM
(npr craHpapTHBIX YCNIOBHSX) AAT OCHOBAHHE OXHAAThH B NPHpOAe HalH4He NpPHH-
HHMIHANTBHO PAa3NIHYHBIX 30H = NPHIOBEPXHOCTHAaHd 30HA C 2K30TepMH4YeCKHMH peaxiH=-
AMH CMeHsleTCsl Ha DMIyOMHYy 30HOH C SHOOTepMHYecKuM addekToM peakuuii, Sror
BBIBO/l HAXOOMTCH B COOTBETCTBHH C H3BECTHhHIMH TpeGOBAHHAMH 3aKOHOB TepMoaH-
HaAMHKH,



I'TABA TPETbA

IT'MAPOTEPMAJIBHBIE U3MEHEHHA ITOPO/J
B OYATAX PA3II'PY3KH I'MAPOTEPM
KYPHJIO-KAMYATCKOI'O PETMOHA

I'upgporepMansible cucTembl KaMyaTky, 10 NpeABapUTeIEHEM fAanHaeM E,A, Baxuna
(1968), aanumawor okono 300 xm2, Best sTa niomans sausTa THAPOTEpPMALHO HaMe—
HEHHBIMH [TOPOAMH, KOTOpbie paclpOCTPaHSAIOTCH B INIyGHHY Ha HECKO/IBKO KHIIOMETpOB,
llene pasHoll rnaebl — Nokazarb Ha (OHe eOMOrHYECKHX, I'HAPOreolorHYeCcKHX
H reoTepMHYeCKHX YCJ/IOBHA KOHKpEeTHbIX MECTOpPOXOASHHH IHopoTepM pasBHTHE MH-—
Hepanori4eckoil 30HANBLHOCTH M [MOPAOOK CMeHbl 30H Ha riybHHY, OaTb OUEHKY KOH=
BEKTHBHOI'O ¥ KOHAYKTHMBHOI'O TEINIOBLIX MOTOKOB B HX NpefejiaX, a raxke o6oCHOBATEH
baxTHyeckuii MaTepuan [ pacyera sHepreTHueckoro shdexra MuHepanoobpasopanus,
B kauecTeBe obvekTa HcchnepoBaHuit BRIGpaHL! BBICOKOTEMIEparypHbie I'EapoTep—
ManbHEle cHcreMbl Kypuno-Kamuarckoro peruona: [layxerckas (Kamuarka) u o=
pauunit [Tnsx (o-B Kyuaump), cxomsbie Mo Ieo/IOTMYECKHM W THOPOreO/IoNHYeCKHM
yC/IOBUSIM, HO pasHnle no Boapacry; Ysou-Iefizepnas (Kamuarka), cxopsas c [lay-
KETCKO# 10 BOapacTy, HO OTIHYAIAascd THAPOreo/ord4ecKMMH yCaoBuaMH (or—
CYTCTBHEM MOIHOTO BEpXHEro BOAOYMNOpa, COBMeleHHeM ofnacTell MHTAHHS H pas—
rpysku 4 gp.). Taxoit BeiGop ofbekToB npeciiefoBal Hellb — OUEHHTH BIHAHHE yKa=—
3aHHLIX OT/MYHMI HA SHEpreTHKY FHAPOTEepMAanbHOr0 NpeocbpasoBaHHs NMOPOA H TENIo—
poft GanaHC pacCMOTpPEeHHBIX CHCTEM.

Y30H-TEM3EPHAS TM/JIPOTEPMAJIbHAS CHCTEMA

Yaou-I'efizepuag cucrema pacnonoxesHa B BocrouHoit Bynkauuueckoir sone Kamuar—
ki (puc. 5) u BxoguT B Y30H-CeMA4MHCKHN IeoTepManbHBIA paiioH,

Hayyenuio Yazon-leficepHolf ruppoTepManbHOM CHCTEMbl NOCBflleHb patorhbl
B.U. Muitna (1937), T.H.Ycruuoeoit (1945-1955 rr.), C.H.Ha6oko (1954),
B.B, AeepreBa (1963), B.U.Konouoea (1965), B.B. Areprera u ap. (1971),
I.®. Manunesxo (1971), A.B.Payckac (1963) u gp.

Ilpu moneewix paborax, NpOBOAMMBIX HamMH, OCHOBHOe BHHMaHHe 6bIO yaeneHo
BHISCHEHHIO ME€OXMMHYECKHX, M€OTePMHYECKHX M TepMOAHHAMHYECKHX YCIOBHH I'Hio—
poTepMallbHO Npeo6pa3cBaHHbIX MOpof, HX obbeMaM H MHEHEpANOrHH.

Dransl GopmupoBanua Y3on-I'efdzepHoi cTpyKTYpBI

B reonoro-TeKTOHHYECKOM OTHOWeHHH YaoH-lefisepHbli paiion mpepacrasiser coboi
ConpsiXeHHbIe . By/IKAHO~TeKTOHHYeCcKne penpeccud Bonbworo Cemaunka B Ysona
nneficroneHosoro poapacra, [lo pawubiM B.B. AbepreBa ®m ap., (1971), dopmupo-
BaHne YaoH-leftaepHo#i KoNbNEBOH CTPYKTYPHl CBS3aHO C MOIHON BCHbIWKOE KHC/O=
ro ByIKaHA3Ma, YKasaHHble ABTOpHl B fpefenax palioHa BRIAENAIOT TPH KOMILUIEKCa
nopof, COOTBeTCTBYIOUIHE KPYMHEIM 3TAalnaM BY/IKAHHYeCKO# AesTellbHOCTH.

lepebift, poxanmiepHbIl 3Tan OXBATHIBAET KOHEN BepXHEro IVIHONeHa — paHHuR
nneficTolUeH H XApAKTepH3yeTCs KOMIUIEKCOM MOpo[ OCHOBHOI'O M KHCJIOIO COCTAapa.
Tomue XKHCNOro COCTABA BCKPHITHI B BOCTOYHOM 4acTH YaoH-Iefi@epHoll CTPYKTYpHI.

Bropo#t, xanbaepHblf aran HrHEMOPHTOBOIO BY/NIKAHH3MAa NPHYpPOYEH K CpeaHe—
My = Hauany eepxHero mneiicrouesHa. Kommiexc nopoa, xapaktepHayomull sTor
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Puc. 5. Cxema coBpemenHo#t Tekronmkn Kamuarku (mo “Ilerpoxmvmm KalHO30HC-
kot Kypmno-KamuaTckoi#t Bynkanmueckofl mpopunmmm”, 1966)

1 = MankuHCKuit CBoA, 3anoXMBWHACH B [ajeoreHe Ha Teppuroprr CpeaEHHO-
T0 MaccuBa W 4aCTH T'eOCHHKnHHaneHOro rpora (Crp — Pg); 2 - ropcr-anTukmn-
HanbHbIe MOAHATHS, HACTEeQyUHe MONOXeHHe TeOCHHK/THHANM BHEWHeH AyTH H aK—
THBHO “xuBymme” c mMmoueHa; 3 - Turmmecko-llananckas crHcTema mnopgHaTHil,
chopMmupoBaBwagcs B MHoueHe B oceBol uacTH KaM4aTCKOTO - ThIIOEOTO nporuba;
4 — YYaCTKH IJIHOLEHOBHIX NMPOTruGOB, BOBJEYEHHbIe B AKTHBHOE IONHATHE B 4YeT—



[Tpoponxenne moamuCH K pHuc. 5.

BepTHYHOEe BpemMsd; 5 - MOHOK/IMHanL JanagHo#t KaMuaTkm - coBpeMeHHasd nnar-
fopMa Ha MecTe OwBWEr0 THIIOBOTO Nporuba; § — aKKyMYISTHBHO-TEeKTOHHYEeCcKHe
30HBI MOAHATHA YeTEepPTHUHOTO BO3pacTa, HACHEAYIOIHe MOoMoXKeHHe Goueldl “reo—
CHMHKNMMHamM" BHYTpeHHeHl NyT'H HEOT'@HOBOTO BPEMEHM; 7 — 30HBI AKTHBHOT'O KOH—
THHEHTAa/IbHOTO OCagKOHAKOINIEHHs B 4YeTBepTHYHOe BpeMsl; § - rpabeH-CHHKIHHAIH;
9 — aKKyMYnaTHBHO-TeKTOHMYecKas “reoaHTHKNMHanb” BHyTpeHHelt noyru Kypunocxo#t
OCTPOBHOM TpsaAnkl; ]() — coBpeMeHHBM ThimOBO# NMporutd Kypunbckoit ocTpoBHOMH
ayTH, TOoe NpoaoMXaloTCs aKTHBHBIe Mpoilecch HEeKOMIIeHCHPOBAHHOIO OCAQKOHAKOI-—
NMeHWs B MOPCKHX ycioBHax, IJ - yuacTku "BHeéwHe#l oyru”, BeicTynaBuHe B INe-
puOl HeOleHa KAaK yCTOH4YHBOe IogHATHe, noanHee omymenHele; {2 — yyacTku
KOHTHHEHTAIbHOTO CK/OHA C HEeM3BeCTHBIM XapakTepoMm cybcTrpara; /3 - rpabeH-
CHHKJIMHaNIbHbIe CTPYKTYPBI, B lpeaenax KOTOpPHIX MAET aKTHBHOe OcaaKoHaKoIje-—
HHe B MOPCKMX YCNOBHSIX HEKOMIEHCHPOBAHHOTO THNA; ][4 — OKeaHHYECKOe JI0XKe;
15 - Banoofpas3Hele MOOHATHHS HA OKEAHWYECKOH KOpe BOnb BHelldero Kpas Kemo—
6op; 16 - cuHeknuaa OXOTCKOTO Mopsd, TOe aKTMBHO HAYT MPOLEeCcCHl KOMIIEHCH—
DOBAHHOTO OCAnKOHAKON/IeHHss B MOPCKHX YCMOBHAX; [7 - OKeaHmdeckme Xemoba;
18 - MecTa npoeeneHusa pabor; 19 - crpaToBYMKaHBl M BYJIK&HBI CO CIIOXHOM
nmocTpoiiko#, aeidcrByioume; 20 - umakopnie KOHYCH! M JIABOBble ByJIKaHB!, CBA3aH-
BEIE C apeanbBbM BynKaHusMOoM; 2] - SKCTPYySMBHBIE KyINOna PeTHOHa7bHOTO TH-—
na; 22 - NOOBOOHBLIe BYNKaHel; 23 — 30Ha TyOMHHOTO pasjoMa BAONE Kpad OKea~—
HHYECKMX XenoGoB; 24 - quieKCypel KOpbl Ha CTHIKE OKeaH — KOHTHHEHT Ha y4acT-
Kax OTCYTCTBHA XenofoB; 25 - BYNKaHO-TeKTOHHMHECKHe HapyweHMs; 26 - pasio=
MBI: AKTHBHO “KHMBYmmue” (a), MACCHBHbIE 30HBI dyroamenTa (0)

aran, MpencraBl/ieH CIIOMHO MOCTPOEHHbIMH MOKPOBAMH HI'HEMGDHUTOB H ®KCTPY3HB=
HbIMH KYIOnamH, pacnoiaramlliMiICcCd [0 KonblUeBbIM pazioMam, K 2TOMY BpeMeHH
npuypoueno ofpasopanue Kajbaepsl  Bceit Yaod-I'eifizepHoil penpeccmu, cocrosumeil
H3 [IBYX COIpSI)XKEeHHBbIX KONbLEeBbiX CTPYKTYp. CeBepo-3amanHas KONbUEBAS CTPYKTY=—
pa oclioxHeHa obpasopanueM Goriee MOIOAOR Kaidbaepbl, 'Ae H NPOABIAETCH COBpe=—
MeHHas CHApoTepMalbHas AedATe/lbHOCTh. Paamepbl Yaou-Iefisepuoli penpeccuu
9x15 KM2. C6pocoBkle yCTynbl KO/BUEBHIX PaslloMOB SpPKO BhIpAXeHH B pelnbede,

Tpernii, nocTKa/IbLAEPHBIH 3TAll XapakTepU3oBAlICs Cl1aboi BynKaHWYeCKoH feaTellb—
HOCThI0, BhIpasHBllelica B BbIGpocaX MeM3 M BHeAPEHHH 10 pasjioMaM 9KCTPY3Hi U Jaex
KHCJIOT'O COCTaBa, I10 NeTPOXHMHH aHaJIONMYHBIX KMCIIBIM IIOpofaM KallbAepHOI'O oTana,

Cornacho reotusuyeckum paiueim (3y6un u ap.,, 1971), Ysouckaa penpeccus
XapaKTepu3yeTCs OTpHUATellBHOH auoMmanueit CuHibl THXeCTH B penykuMu Byre. Auo—
manusi Habmopaercd Ha mnomaan 50 x 45 KM2, rinybuHa LeHTpa THXeCTH, co3nai—
mero asomanuo, 14=18 kM, a gedext macce pocruraer Bemmumsbl (200-250)¢
+1016 1, Bee aro pano moamoxuocTs aBropaM TNpeanofarark HalHyHe B KOope Mar-
MAaTH4YeCKHX oOYaroe KHCIIO'O coCcTaea,

F'HAPOTEPMAJIBHAA JAEATEJIBHOCTH KAJIBJAEPBI Y30H

Ouaru pasrpyski COBpPeMEHHBIX FHAPOTEpPM NpHYpPOYeHh! K OHY kanbaepbl. HanGo-
nee KOHTPACTHBHI IpOSBIEHUS T'HAPOTepManbHoll AedrelbHoCcTH B lleHTpanbHol YaoH-
CKOif TepMOaHOMAaIlHH,

I'eostorn4eckune yc/JA0BHA

Bopra kanbaepsl CNOXeHbl NOPOAAMH, COOTBETCTBYIOMMMH ONHCAHHBIM BblUWe 3TanaM
dpopmupopanns Yaou-Ileiizeprol konbuepoll CTpYKTypbi. [lHO KalbAepbl MOKPLITO O3Ep—
HO~KalbaepHbIMH OTJIOXKEHHAMH, B TOH MM HHOH CTEeNeHH noaBepruHMHCH CHApoTep—
Manetoll npopaborke, Ilo pnauabim [.@, Mununenxo u JI. A, CamofineHko ( Mumuneuxo,
1971), cesepnbiit 6opr LlenrpanbHoli Y30HCKOR AHOMAIIMH CJIOXEeH NEIUIOBBIMH TY=
damu . (puc.6), a nHO ee = MeCHAHO-TPABHHHBIME TYDOBLIMH OT/IOXEHHUSMH,
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Puc. 6. Cxema llenrpantioro nons YasoHCko#t TepmoanoMamu: (Tepmomsorwunchs
nmo I'.®. IMunmmenko u JI.A. Camofinenko, noremmmomerpus [0.B. Anmexmma, I'.A. Kap-
noea, A.U. 3oroma) °

1. - repmomsoruncu Ha raySme 0,5 M; ¢ - ckpawwmer; 3 - uypder; 4 - rpa-
HHIB! JTHTONOTHIECKHX pasHocTell mopom; & - aprAMTHSHpOBAHHLIC NeMmoBble TY¢bI;
6 - mecuamo-rpapHfiibie TY(QOBEIe OT/IONEHMS; 7 —~ TEPMOBHIBOASIIHME TpEIIHHEL;
8 - ycpenHeHHBIE TemmOBHIE NMOTOKHM MO CKBaxmHaM B Mkkan/(cMm2.c); 9 - mecra
YCTAHOBKM NATYHKOB Temnoporo moroka; 10 — mepen npofbio TeMIleparypa HC~
rownnka (°C), B umcrmrene npo6u - pH, B amamenarene - Eh; 11 - Mmecra
orbopa npo6 BOABI

lpu uayuenwu xepua cxsaxmu B.A, Epomes-lllax (Epomes-lllax u gp., 1974)
PacWIeHH/I OTNOMEeHHHd [NHA TEPMOAHOMAIMH, BHIIEIAB CpefH eCYaHO-I'PABHRHOIO
MaTepHalla KalbfepHbti Tebpoup, Tydo-mMaroMHMT M rpapemaT (cM, pHc. 12),
MomHOCTE O3epHO-KAJILAEPHEIX OTIIOKEHMI, BEepPOfATHO, COCTAB/IIeT He MeHee

100 M.
B TektoHMHeCKOM oTHoweHHH lledTpanbHoe Y30HCKOE MoOJ7le NPEACTaBlIdeT 30HY

npobrieHdss CyGWHPOTHOO HaNpaBleHHd, K 3anagy MeHSomerocd Ha cepepo-sanag—
poe (or mcrousmka Bypmsmero, cm. puc. 6). Hampasnenue aom npoGieHus QHKCH—
pyerca BmixofamH HCTouHMKOB, l'opsiuie MHHepanbHble ozepa TyGHHOH MmO 25-40m,
po pamubiM I'.®, [amnenxo (1971), npuypoueHsl K IHAPOTEPMAa/IBHBIM BOPOHKaM

B3pEIBa,

I'aaporeosiorauecksne ycJaoBHA

C rupporeonorayeckoll TOYKH 3PeHHS ONHCAHHAH CTPYKTYPA NPEACTABIAZET HAIOXKeH=
HEIl apTesuaHcKuit GaccellH C TPEMHMHHON H TpEMHHO~INIACTOBOM UMpKynauue# Bof.
Kanegepa - upeanbhbllf pesepsyap A HaKOmIeHMS BOA M NoCHemylomedl pasrpyskH
HX no ocnabneHHbIM soHaM. Boposmemaromwe mopopme! kasmbaeps! YaoH — O3epHuie
OTJIOXEeHHd, MOMHOCTL KOTOPHIX, BepoaTHO, npeebiwaer 100 M. Ilpocion aneBpone-
MUTOBHIX H NEMUTOBBIX TypoB o6pasylorT OTHOCHTEnbHbIH Bogoymop. O6nacThio MHTa-
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Puc. 7. Eh—pH nmarpamma Tmoe mon (ma ochose P.M. Tappenca, 1962)
1 ~ Y30HCKHE TepMel; 2 - HaladeBCKme; 3 - TepMel o-pa KyHawmup; 4 = mo-—

poeere pacTeopel [lonmner effaepoB; kpanm ~ nofle paCOpOCTpaHeHHs TepMAalbHBIX
BOM,

HHSI Cyar ofpamMileHHe M OHO Kalbiepbl; paarpyaka IPOHCXOAHT NpEeHMYIIeCTBeH—
HO BAONb KONBIEBLIX Pas/ioMOB H/HM CEKYWHX HX TPEllMH CeBepO-3alafiHoro, cyt-—
UHPOTHOI'O M CEeBepo—-BOCTOYHOr'o HAanpasleHHH,

dopMBl NPOSIBIICHAS T'HAPOTepMAalbHOR pesTenbHocTH. B 6IMAaloBepXHOCTHHIX yC=
nopHgX B Npefielax Y30HCKOH TepMOAHOMA/IEM IHApOTepMaibHas NedaTeNbHOCTE Npo—
apngeTcd B GOpMe ropddMX U KHNSIUIHX HCTOYHHKOB, NAPOBLIX H [ApOrasoBhIX
CTpy#, BeHYAIHX TEepMOBLIBOMSIIHE TPEIIEHb, & TAKXe I'PA3eBhIX KOTIOB H BYi=
KaHYHKOB M TepMalbHeIX o3ep. Ha BCceM myTH BepTHKaNbHOrO NoAbeMa I'MAPOTEpM
(xax no TpemwHHaM, TAK H IO MOPOBO-KANWUISPHEIM IPOCTPAHCTBAM) OCYIECTBIlf=-
ercs BaauMofeiCTBHE WX C BMmemamomuMH nopopamu, [IpE mopoBo-KamMNISpPHOK MHI—
pamdH HAPOTEPM IoCNefHHe NperepnesaioT (asoBbie NpeBpameHds H H3MEHEHHe
CBOero XHMHYECKOro cocrapa, daszopble NpeBpaleHHs THAPOTEPM KOHTDPOMHPYIOTCH
TemiepaTypoll, NPOHHNAeMOCTEI0O BMElaiolEX Nopod, AaBIeHHeM HACHINeHHOTO Ma=
pa. llepeuucnentbie $axTophl ONpeAendioT NONOXEHHE YPOBHS .PHIOBEPXHOCTHOIO
BCKHIIAHUA T'MAPOTEPM H KOHACHCANIHMH Napa, YPOBHs I'PYHTOBBIX BOA H I'eHeTHYe=—
CKH CBHA3aHHLIX C HMMH T'DaHHl NOA30H 30HB aprujUli3auHy,
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Pa6orsl nocnenHnx Jjier, NpobeneRHsle MHCTHTYTOM BynkaHonoran [IBHLI AH CCCP
(anunesxo, 1971), pamn ofwupHBI MarepHan, NOSBOMMBUME HHTEpPIPETHPOBATH
inpupoay Y3oHCKO# TepMOaHOMANHH Kak IOBEepXHOCTHOE NpofB/leHHe cymecTeylomeh
Ha raybuse xpynHoffi rEpporepManbHoOf cucTemni. Kpaifinee pasmooCpasue nposeie-
HHl THOPOTepMallbHO! NedTe/IbHOCTH CTaBUT YaoH-I'efisepHylo CHCTeMy B pai YHH-
KanbHbIX MPHPOAHBIX 06bekToB. I'.®. [MIMNEHKO yCTAHOBHIA HETKYIO NOPH3OHTAME~.
HY10 F'HOPOXHMHYECKYI) 30HANLHOCTE M OOBACHH/IA NMOCNTeAHIOK “BCKHNAHHEM, Aera-
sapuelt B wacTH4HON KOoHOeHCanHell NMeperpeThiX XJIOPHAHEIX HATPHEBLIX TepM HAa
onpepeneHto rnybude ¥ WX fAnbHefiuMM OPHNOBEpPXHOCTHEIM “MerTamopdmamom”

B 30HE OKHCIIEHHd NpH CMeUWeHHH C HHPHIBLTPAIMOHHEIME BOAaAMH H B3aHMoOeACTBHH
c pMemaioomume nopopamu” (IMumanenko, 1971, ¢.238).

lporpeccupyiomas apra/lM3anss BMeIlAOMAX MOPOA HPABOAHT K CHHXEHHIO CTew
NneHd HX NpoHHumaemocTu. Hanoppent e xapakrep napo-rafporepM IpHBOOHT K Me-—
XBHWYECKOMY NePeMEeIMBARKI0 APCH/UIM3HPOBAHHLIX nOpof, 06pasoBaHM xaMep Gap-
faTalui, B KOTOPHIX OCYIIECTBIIeTCH CYCNEHSHpOBAHHE I'MAPOTEPMANLHO H3MEHEeH-
HBIX IOPO[A H BBHIBO/ HX Ha IIOBEPXHOCTE B BHME I'DI3€BHIX KOT/IOB H BYIKAHYHKOB,
Ofpasopaliie rpa3eBbIX KOTIIOB H BY/IKAHYMKOB 3aBepllaeT CTaAHo NPHIOBEPXHOCTHOR
aprujIa3ali KAKOro-IH60 yd4acTka TepMoaHoMamuu, Ilponecc xe axTHBHOHA ap=—
TRUM3anM} NepeMenaeTcs BMecTe C TePMOBLHBOAMNAMY TPOMHAME HA YYACTKH
paspuTHsS Gofee NpoHMIaeMbiX Nopof. B npepenax 3oHb! aprwUIM3AIHA OCYIECTE=
ngercd NOCTOSHHAS MMI'panus ypopHe#l BCKHNAHHS, KOHAEHCALMH M I'DYHTOBLIX BOM
B menoM mnponecc apraumMsalMy cllefyeT paccMaTpuBaTh [MHAMMYHEIM KaK IO Jia—
Tepamu, TAK ¥ B BEPTHKAILHOM pa3pese, '

[lorenunomerpus, nposepeuuas corpyouukama MEM AH CCCP 10.B. AnexmubiM,
A.H,3oroBeIM U corpyaHEkoM MuctuTyra Bynkamonoruu [BHLl AH CCCP T,A. Kap~
noBbIM, gaeT onpepnelneHhble CBefjeHHs O HAIMYHH WIH OTCYI‘CTBHH BOIE3U HCTOYHH-
Ka paspeiBHEIX TeKToHAYeCKHX HapyweHu#. CyMmupopanEbie Hami pgaHEbie (cM.
puc. 6).noxkaskiBaioT, YTo BOIHAH TPEmHH OKHCIHTE/lbHO~BOCCTAHOBHTENBLHBIH NO-
TeHUM&I najaeT, a B MeCTax HACHIIeHWS TepM CepoROAOPOAOM (HECHPYEeTCH BOC=
craHoeure/NlbHas obcraHoBKa (3amagHas OKOHEYHOCTEL 03. X/IOpHOHOI'O), 3ANECh Xe H
camMple BhiICOkHe Temmeparypsl. Ha guarpamme Eh — pH (puc. 7) Yaonckue Tepmbl
nonagaioT B MHTEpBan Mexay GomoTHbIMH Bopamu M HyneBolt /mupnell. BeposTHO,
aTO CBHOeTellLCTEBYeT O HANHYHH B HHX OpPrraHHKH, Conpemeuuas: rHgporeonorunye—
ckasi CTpykTypa odopMmmuiack B moclenenHukoBoe Bpems (Apepwes u pp., 1971),
THApOTepMalbHad Xe AesATeNnbHOCTH Havalach N0 BHEOPEeHHA SKCTPY3HBOB yMepeH=—
HO KHCIIOI'O COCTAaea,

leoTepMuYecKHR peskHM

Lanuble, nonyueHHble B peayinbrare GypeHHS HernyGOKMX CKBAXHH, NO3BONFIOT OXa-
PaKTepU30BaATE pacnpefelenne TeMiepaTyphl no raybuusl 9 m (pHC. 8).

Maxkcumanbhaa safuxkCHpoBaHHad Ha riybHHe Temmeparypa (cks. P-8, P-10)
paBHsanach 105°C. Ha puc. 8 nokasanbl YCNoBHS KHNEHHS NPH ONABJICHHH HACHIIIEH-
Hor'o napa; KpHBHIE DOCTA TeMIeparyp HA I'IyGHHY He NepeCeKawT ee, KpoMe KpH-—
Bo#t, coorBercreyioue# cks, P-8, KoTOpad BHIBOAMT HA [OBEPXHOCTHL KHISUIYI0 BO—
ay. HeTepecHo TakXe OTMETHTH TEHOEHIHMIO TePMOr'pAMM K NapallilellbHOCTH KpH=-
BOli KHIEHHUd, HaduHag C raybuH 3-4 M,

Pacnpepenenye Temneparyp Hd raybuie 0,5 M nokasano, 4To H3orepMa 30°C
paeT NMpeacTaBleHHe O MIOWANAX NapsuUX Y4acTkoB, MakcHMmanbHbIe TeMIepaTyphbl
NpHypoveHsl K 06/1acTAM IOBAIWEHHOH TPEIIHHOBATOCTH H TEPMOBBIBOOSLIMM KAHAIAM.

- TepMoMeTpus Ha raybuHe 5 cM Ha BocTouHoll TepManbHoi nnomapke H -lLlent—
pansHol 'repmoauouanun moKasana, YTO AKTHBHBIe [UIOIAAKH MOXHO OKOHTYPHBATH
no HaoTepMe 20°C (puc. 9,10 cooreercrBeHHo)., OCH, MO KOTOPHIM BHITSIHYTHI
U30TEpPMEl, BEpOATHO, PHKCHPYIOT TEPMOBLIBOOSIIHE TpPEINHHB, & TaKXe Hanpasle-—
HHS pacTeKaHHs PacCTBOPOB B CaMbIX NPHIIOBEPXHOCTHAIX YacTax oblacredl pasrpys—
ki, Tax, HA puc, O BHOHA BBITAHYTOCTE H30TEDPM Napa/llenbHO pyubamM. Takasd 3a—
KOHOMEpHOCTh HabGmopaeTcsi ¥ OTHOCHTENBHO v3ep W TepmanbHuix Gonor (puc,10).
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Puc. 8. Tepmorpammer ckpaxuH [leHTpanb-
HOTO TepMAanbHOI'0 Mons Kamsgeps! Y30H

[pamas neEHEMS oTpa¥aeT YCOBHA BCKH=—
IaHHS BOABI

Puc. 9. Cxema usoTepM TepManbHOH mmo-
manku Bocrounas

1. — BLIXOAE! MCTOYHMKOB M MX TeMIepa—
rypa, °C; 2 - rTepMmanbHbIe 03epKH; 3 - py4bH;
4 — ycTynmel nmiomankw; 5 - H30TepMBl Ha
raybude 5 cM; 6 = npeanonaraeMeie TepMO-—
Bb/BOASIIHE TPEelHHE! '
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Puc. 10.Cxema usorepm yyacTka Llenrpancuoit Yaorcko# anoManun sa riySmme 5 oM

I~ Tepmanehnie Gonmora; 2- TepMmanbHble 03€PKHM; 3 = MecTa orT6opa Mpo6 BOMEL
4 = usorepMel Ha rny6uHe 5 cM; 5 - npemnonaraeMele TEPMOBLIBO[SIINE TPELIMMEI



Puc. 11. [launbie no saMepaM TeNIOBHIX 4% dn/w?
NOTOKOB

~ PasHOCTH MOTOKOB B CJI0€ MeXAy HaT- a
umkamu (Yaon, rouka 2 11, VII); 6 —noro- 70
KH B BEPXHEM H HHXHEM Cnosix (25, 94 )
pasHOCTEL NOTOKOB ¥ HANpPABJICHHE BEKTOpa
(¥Yaom, rouka 1)

PexuMHble HaGMIONEHHS 3a TEJIOBLIM IIO—
TOKOM C IIOMOIIBIO TEIVIOMEPOB HOKABAIH OTw '
HOCHT&/IbHOE NMOCTOAHCTBO eT'0 BO BPEMEeHH B IIpe—
fenax obpamiieHns TepManbHOM momanks (cm.
puc, 6, Touky 1), B Touke 1 saburcmpopan-
HEM TENNoBo#l NMOTOK GBI1 IOYTH IOPH3OHTa—
NeH, a BeNUYHHA ero B BerHEM cinoe (rmy-
6uma 20 cm) paeaa 16 Br/m2, Touka 1 Bei6-
pana pGMGH TPASEBOTO Bynxamm {cm,
puc,B, cke, P=11), BepoarHo, ¢uxcupyiomero
ocnabieHHY10 30HYy, T'Ae NPOUCXOANT HHTEHCHB~
Has KOH[@HCALlHs Tlapa INPH JIOBEIUEHHOM ero
NPHTOKE CO CTOPOHBI AKTHBHOM mnomanx, [Tpo—

- 50 F Wb
EKTUDYH BEIMYMHY BEKTOPA TEIIOBOTO [IOTOKA
Ha BEKTOp B BEpXHEM CJIO€, NONyYaeM BelW~ 0 I
YWHy TelonoTepb, paeHyw 20 Br/m2 3

[490 mrxkan/cm=+c)]. 20
B rouke 1 (puc.1l, ) penuumua Temmomo— ‘ - L gy

Tepk B cpefHeM cocraemana 1450 mxxan/ (em2.c) 77 2 47 " i Eyg,
a BeKTOp NOTOKA HAKIOHEH K BepTHKaIM Mo
yriioM 4°, HWamMepenns BepTuKanbHOH#l cocTablgiollef TeWIOBOro mOTOKa B Tpe-—
nenax AKTHBHON rmomamm (puc. 11, g, Touka 2) pmaloT BEMMUWHY TEINIONOTEPh
145 mkkan/ (cm .c). HaMepuTe HanpamieHue BeKTopa TeIUIOBOI'O TOTOKa He yda=—
JIoCh BCIIECTBHEe TEeXHWYECKHX TPYOHOCTei.

Ilo ckBaxuuam (cMm. puc,B) HamMid paccuuTaHBl CpeflHHe KOHAYKTHBHbIE TeIio—
norepd. Ouu paBuni or 62 wmkkan/ (cm2-c) (P-8, BeBOpgmas KHISIYo BoAy) A0
250 mxxan/(cm2.c) (P-11).

OgeBupHO, HaAMe4aeMas B pe3ynbkTare HPOBEAeHHBIX HCCHIefOBaHWH TeHOeHIHS
K yBe/HMYeHHIO KOHAYKTHBHBLIX TeINIONOTepk B NopoAax obpamileHHs akKTHBHOH Io—
AanNKH CBHAETENECTBYET O 3HAYHTEeNbHOH pond (asoBbIX MEpeXOofoB pacTBOPOB,

B mpepenax nnomapke cxaseiBaeTcH BIHAHHe O/MH30CTH K INOBEPXHOCTH 30HBI BCKH—
naHusg THAPOTEepM, CollpobBoXxpawomehca sarparaMu Tenna, B nopopax xe obpamie-
HHHA npoucxonm' KOHOEHCAalus Imapa C Bbiae/leHHeM Temina H COOTéeTCTBYIOH-IHM Ipor=-
peBoM Iopon, B soHax, GnaronpuaTHLIX OIS OTTOKa KoHAeHcara napa (Touka 1),
9acTh TeN/la CHAMAaeTCd HM M YHOCHTCH, BEpOSITHO, K YPOBHIO BCKHIIAHMS, e CHO—
Ba yuacTeyer B (asoBoM mnepexode H TakuM 0Gpa3oM CHocoGCTBYeT TpaH-
chopmalmu ¥ TNepepaclpefe/leHUI0 Telyla OT YPOBHA KHWIIGHHS [0 TIOBepXHO-
CTH,

Ha axrtuBHO# mnoumaake 6Gonbuias dacThk TEN/a BLIHOCHTCH KOHBEKTHBHBIM IIyTeM
Npu pasrpyake TMAPOTEpM. OTa yacTh Tenna ouewuBaercd B.B. ApepneBHIM H aOp.
(1971) Benmumuo#t 64+ 103 KKaj/C, YTO COOTBETCTBYET HHTEHCHBHOCTH Tel/IOBO-
ro muramms 110 mkxan/(cm2+c). :

HsMmepeHHad BelHYHHA DPACCPENOTOYEHHOr© [ApeHHs COCTAB/SeT B CpefHeM
0,15 r/(cm2.c) npu koneGammm ee or 0,08 po 0,3 r/(m2.c) [5050-
18950 Mkxkan/(cm2 ¢) , a cpenHHe KOHOYKTUBHEIE TEIUIONOTEpH He MeHee 26 Mxxan/
(cm2-c). Taxum o6pasoM, MO TEMIOBOMY NOTCHIKANY O6NACTh pasrpyskd ruappo-

TepM Kallbfepbl Y30H CTOMT B OOHOM psdAy C APYTMMH H3BECTHLIMH IHAPOTEpPMAallb-
HBIMH CHCTeM&my MHpa,




CraporepMabHoe H3IMEHEHHE MOpoJ

Hameuenue nopop B npepgenax lleHTpanbHoll TepMOaHOMAMH H3Y4alloCh IO CKBa=
»uHaMm po raybuHsl okono 9 M. B npouecce uccnepopaumit (B.A.Epomee-lllak u
op., 1974) peisBneHo BoceMb MHHepamorudeckMx accowdaumuit (puc. 12), paspi-
TBHIX NO NOPOAAM TEPMOAHOMAIWM NpH B3aMMOAEHCTBHH HMX C TruapoTepmamu, [lo
pacnpocTpaHeHHio CaMbiMH BaXHbIMH #ABJ/SIOTCH KAO/HMHHTOBAS H NEONHT—KAOMHHHT-—
MOHTMOPHIIITOHHTOBAadA - THIHYHBIE MpeacCTaBHTe/IHd 30HBl aApriillIi3AanHH,

B pepxHux yactax paspeasa (cks. P-6) BCKpBITH! ONANMMTEI, MOMHOCTEL HX He
npeBbiwaer 1 M (puc. 12). IMpuMepHO Takoll e MOWHOCTHIO obGlamaer pynHas
30Ha, BCKphiTas CKB, P-8 Ha axTuBHOH TepManbHO# mmomaake. Peanerap u aypu-
NErMedT Ha IVIyOHHEe CMEeHMIOTCH AHTHMOHHTOM, [IMpHT NPHCYTCTBYeT BO BCell pyd-
Hoil 3one (moppob6Ho pyaHas accouumanus onucaHa C.H, Ha6oko, C.®,'nabarckux,
1971). Camaa MomHas U3 BCKpBITHIX [IOA30H —~ KaolHHHTOBad, UMelolasd MaKCH=-
ManbHyl0 MOWHOCTE B Goprax TepManbHol mnomanxu. KaonmuuuT passupaeTcs INo
nnaruoKnasaM B WHTepBane Temmeparyp or 25 go 96-100°C, Cksaxmuoft P-11
BCKDBITA ANYHAT—-KAOIHHHTORAS INOA30HA, PA3BHBAIOIASCH IO CYCHeH3HPOBAHHOMY
Tydy. OHa npuypodeHa K IpI3€BOMY BY/IKAHYHKY M OXBaAThIBAeT HHTepBall TeMIle—
paryp 80-96°C npu momsoctH 1,5-2 M.

MouTMOpHINIOHAT-KAONMHETOBAY MOA30HA BCKphiTa cks, P-4, P-6, P=10; B
nocnenHefi cKpaX#He OHA MMeeT HaubonblWyo MOWHOCTh. MHTepBan Temmeparyp
or 40 po 95°C. KaomuuuT apech aamemaercs MOHTMOpHANOHHTOM, KaomaHuT-
rannyasuropag M rutGeur(?)-KaonuHUTOBAS NOASOHBI HMEOT MEeCTHOE PaclpoCTpa-~
HEHHe W HeGO/MbWYO MOWHOCTL, OXBarbiBag MHTepsan Temmneparyp 40-80°C, Ca-
Mas rayOHHHad M3 BCKDPBITBIX CKBaMHHAMH IOAS0H = NEOMHT—KaOMHHHT—~MOHTMODHII=
nouuroBas, OHA CMeHseT BCe MOA30HBI M pasBHTA B HHTEpBA/le TEMINEPATYp CBbiule
96 - 100°C, leonnr NpeAcTaB/leH KIHHONTHI/IOMHTOM.

Bce omicadmnie accomManMi XapakTepHB! 8 30HE! aprunmuaandd. Hurepecuo
OTMETHTH, YTO KAONMHUTOBAas IIOA30HA pa3BHBAETCH BbIlle YPOBHSA BCKHIAHHS THO—
poTepM, a UeOoMHT—KaOlHHHT-MOHTMOPHIINIOHATOBAs - HHXE ero,

MuaporepManbHble INIMHECTHIE MHWHEpAsbl, HX pPacHpoCTPAHEHHe, CTPYKTYPHbie
ocoOEeHHOCTH H reHeauc, Hambonee monublii paspes BCKpeiBaercs CkB., P-7. 3peck
Ha rnybuHe 9 M IVIMHH3HPOBAHHBIA Tyd NMOYTH HAameNo cjaraercsd MOHTMOPHIIOHH-
TOM C He6OnbUION NPUMECHI0 KAOMMHATA M LEeONHTa,

Ha penrres-gujpaxkrorpamme ppexmur 0,001 mm 06p. 71-48 MOHTMOPHIUIOHHT
HEMeeT peduekc 13,2 43., Ha fepHBarorpamme — sHoorepmHyeckHe addexTE NpH
730 u 950°C. CornacHo namEbiM HHbpaxpacHol CIEKTPOCKOINHH, MOHTMOPH/UIOHHT
OHOKTasapH4YecKuil, MOHTMOPH/INIOHUT 3aMellaeT BYIKAHHYECKOe CTEK/IO NelIOBhIX
9ACTHIL, CKe/leT NeM30BhIX OGIOMKOB; MOHTMOPH/JIOHHT Xe, obnapaomuii Gonee
BLICOKHM QABYNpeNOMIIeHHEM, KaK [pPABH/O, BHIIONHAET NOPOBEIe NMPOCTPAHCTBA H
dopMupyeT I'IMHUCTHIi HEMEHT BOKpYr OG/IOMKOB ME€M3 H NeIOBHIX YACTHI.

Pegnexkcnr 7,1 u 3,56 A #a penrreH-guppaxkTorpamme CBHOETENBLCTBYIOT O
NpECYTCTBHH B 06p., 71-48 MHHepaloB KAOAHHHTOBOH IpyNibl, KOIHYECTBO KOTO=
PHIX HACTONBKO MA&JO, WTO NPAKTHYECKH OHM HE PerHCTPHPYIOTCH MHKPOCKOMAYECKH.
Pednexc 8,9 A NPHHAO/IEKAT MHHepally HeONHTOBON IpYNIbl, NO-BHAHMOMY, KITHHO-
OTHIOMATY. 2TOT MHHepan pasBHEAeTCH B MOPOBHIX NMPOCTPAHCTBAX H B IyCTOTaX.
Accouumpyer UEONHT C MOHTMOPH/UIOHHTOM, KOTOPHI Claraer BHEWHIOK YacTb
NYyCTOT, LEOIHT € — BHYTPeHHI,

Beepx no paspesy copepxaHHe MOHTMODW/UIOHHTA B THAPOTEPMANEHO H3MEHEeH=
HBIX TedpoHaax MOCTENEeHHO COKpamaeTrcs, OfHAKO NpH STOM CTelNeHb INIHHH3ALUHMH
nopofsl ocraercsa npexueit, CoriacHo OaHHLIM pPeHTreH-gR(pPaKTOMETpHH, OepHBa=—
Torpajuu ¥ MHQpaKpacHol CHEKTPOCKOMHH, I'OCMNOACTBYIOIEMHU CTAHOBATCH MHHepa-
nbl KAOMMHUTOBOH rpymnsl, B accompanms ¢ KAONHHHTOM HAXOOMTCHS MOHTMOPHILIO—
HUT. KaonuHUT BHIMONHAET NOpPOBhIe NPOCTPAHCTBA OGIOMKOB NemMa, CKeleT KOTOo-
phIX CIOMEH MOHTMOPH/UIOHHTOM, KaBepHEl B LeMeHTe Tedpoupa M 3anbbaHabl Mel-
KHX XHI/IOK, .COCTOSIMX U3 MOHTMOPHIIOHHTA, ‘

Hauunag ¢ raybumer 6 M, B cke, P=7 B uaMeHeHHEIX TedppoHpax COBepUIEHHO
OTCYTCTBYEeT MOHTMOPH/UIOHHT, 8 Cpefd I'IMHECTBIX HCK/IIOYATENEHO pAaCIpOCTpaHe=
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Puc. 12. 3oHanbHOCTE THAPOTEPMANIEHO H3MeEHeHHBIX mopon lledr- 7 - cycnenaupoBadHet Tyd; § - rpaBemuT; 9 — TepPMOH3OTHICH;
pancHO#t Yazoucko#i repmoanomansy (mo B,A, Epomesy-lllaky w np., 1) - TpPaHMOL aCCONMANNMM MmHepamoB; [] - xaonunmropas; 12 —Kao-
1974) AMHERT-TamTyasurosad; 13 - MOHTMOpWUIOHHT-KAGINMHNTOBag; 14 —Ileo-

Accoumauun MEHepanos: | - nMemnoBwiff Tyd; 2 — NMeNmOBO-eM—  JIHT-KaOIHHUT—~MOHTMOPWIOHHTOBAH; 15 ~ ru66cut(?)-kaonuuuroBas;
soeblft Tyd; 3 - KameaepHei Tedpomm; 4 - CIMHA3HPOBAHHBIY kanb- 16 - anyHHT-KaonHMHHTOBAS; 7 - omanosas; 18— pyaHas; 1§ - ré=
nepubrdi Tebpoun; 5 — TIMHASHPOBAHHEIL Tyd; § - TYGO-AMATOMET;  JEYHHE



Hbl MHHepa/bl KAOIMHHTOBON rpynfbi. OTH MHHepanbl NpeACTAaB/IeHE KAOTHHHTOM
u ramnyasuroM, OuH NOMHOCTEIO 3samemaior OGMOMKH TydoB, naB, BYIKaHHEYeCKHH
waaK, a TaKXe cnarawoT leMeHT Te¢poupob. Kaommuur npeacraBned XOpOWO BhIpa=—
JKEHHbIMH IICeB[OreKCcaroHanbHEIME INIaCTHHYATHIMH Kpucramnamu. B accomiamu c
ramyasuToM KaoJMHAT HMeeT KapepHbl pacTtBopenus Ha nnockoctn 001, Crpyx-
TYpHBIe SleKTpoHOrpadpuyeckue HCCAENOBAHHS NOKA3AJH, YTO KAOMMHHT C KaBepHa-—
MH pACTEOpEHES B 6ea TAKOBBIX OTHOCHTCH X ofHON CTPYKTYpPHO! rpyime, T.e., K My-
HepanaMm C TPHKIHMHHON 2/IeMeHTapHOH ZuYefikoli co crporuM nepuopoM “C7.
lannyasur (Meraranmyasur) obpaayer TpybuaThle KpHCTAIUIMTHI, MECTAMH STOT
MHHepas H#BISeTCH IOpoAcobpasyiolliM, CHNAralllHM OTaelbHbie [OpU3OHTHl IMHApO—
TepManeHO HaMeHeHHoro tybpa. [udpakumonnas xaprusa ¢ppakmupu <0,001 mm, coc-
Todmel H3 KAONHHHTA H rajnyasura (Meraraulyasuta), XapaKkTepH3yeTCs OTYeT—
MMBO BBEIPAXEHHBEIMH MAKCHMYMaMH C MEXIUIOCKOCTHLIMH PACCTOSHHAME 7,1 H
3,56 A u weTKAMH monocaM¥ NOrIOWEHHS un¢pakpacuoro cnekrpa 3700 u
3625 cm‘l, o6 yCnOoBNEHHEIME KONeGaHHIMH COOTBETCTBEHHO BHEUWHEeC/IOEBHIX H
BHYTPHCIIOEBBIX I'apokcuiioB, OpHako xapakTepHad ocoGeHHOCThH CMECH KAOIHHHTA
U rannyasura — HHUakHi sddekT oNTHYeCKOro ABYNpeloM/ICHHS, 6/MaKHl K H30TpPOIll=
HBIM MHHepanam,

Ha ray6unax 50-70 cm cke. P-7 BckphiBajorcs orpelbHBIe MOPH3OHTEI H3Me—
HEeHHBIX Te(pOHAOB, COCTOAWINX Ha KaO/MHHHTA, Talnyasura H ru66cara. B ormeuen-
HOl accouMaldd KAOIHWHHT NpeacTaBleH KOppooMpOBAHHLIME KPHCTANaMH, Tallya-—
@UT = pAaCHeNnfeHHEIMA TPyOYaTBIMH KpHCTannaMi, HO6CHT = MenKAMH YOTHHEeHHO—
mnacTuHYaThiMH arperarami, [WG6GCHT pasBHBaeTCcd IO TPEIIHHAM H B IOPOBBIX
NpOCTPAHCTBAX H3MEeHeHHBIX Iopop. I'M66cuT Xapakrepusyercd OMGPAKUHOHHBEIM MaK—
cimymom 4,79 &, rayGokol - sHHoTepMudeckoli ocranopkoit mpu 3 10°C u momocoi
wHppakpacHoro cnekrpa 3400 em— 1. Ormeuenmie koucTanTHI MHHEpana gBIgIoTCS
cnemudpUYeCKMMH O/ MEAPOTEpManbHOro KomloMopdHoro ru66cura.

Ha ypoese paspuTus ru66cura B YCIOBHSX CyNIeCTBOBAHHS H36LITKA Cynbdpar—
WOHA, KaK NpaBWlIo, WHPOKO Pas3BHT &IYHHT. JTOT MHHEpal, Tak e Kak H ru66cHT,
BHINIOJIHAET TPEIIHMHbl M IOpOBEIe NPOCTPAHCTBA H obpaszyer OUnNHpamMHMAAalbHble Bhbife=
7edds Cpefd TIMHHCTBIX oOpasomauuii. AHaNOr#EYHOe PACHDPOCTPAHEHWE THMHHCTHIX
MHHEpajloB OTMedaeTcd B THAPOTEePMANBHO H3MEHEHHBIX IIOpOoaax, BCKPHITBIX CKB.
P-11, P-6, P-10 u P-4, B ornuuue OT pacCMOTPeHHOI'O paspesa, B STHX NOPO-—
pax MeHgeTcs JHMIb MOIMHOCTE 30H PACIPOCTpPaHeHHd OTASNBHBEIX MHHEpAaioB.

XapaxTepHblif pasped BCKpLIBA@TCH CKB. P=5, pACIIONOXEeHHOH B LEeHTpanbHOM
4YacTH TepManbHOK nnomanxu 6mua TepMoBBIBopsiuel TpeluuHbl, 3gech 06/1aCTh pacl=-
pOCTpaHeHHs MOHTMOPHI/UIOHHTA IpOCHeXHBaeTCd MOYMTH OO NOBEPXHOCTH TepMallbHON
nnomaaku. Kak m B mopoaax, BCKpHITEIX CKB. P-7, B HuXHel wacTH paspesa oTMe-
yaeTcs CINOWHAas MOHTMOPHINOHATH3AUMS TehpouaoB, MOHTMODHZIOHHT cClaraeT
PeIHKTHI MeIVIOBbIX YACTHL, CKejleT OG/IOMKOB [eM3, BLIIONHSEeT NOpOoBhi€ NPOCTPaH=
cTBa B MeM3axX, pasBMBaeTcd B TpellHHAX pacTBOPeHHS NIarHok/i1asos, (popMHpyeT
ueMeHT GasanbHOro THna., MOHTMOPH/ZIOHHT HMEeT MeXINIOCKOCTHBIE PACCTOSHHS
or 12,8 po 13,5 K lllmpoxu#t HMHTEpBAN MEXIUIOCKOCTHBIX pPACCTOSHHI 06yCiIoBIeH
Halu4yueM CMeUaHOCNOMHEIX ofpascBaHuil MOHTMOPHI/IOHHT—-BEPMHKY/HTOBOIO THIA.
Cmeuwanocnoliias HeonHOPOAHOCTE B CTPYKTYPE MOHTMOpPHIIIOHATa ODYCIOBIEHa
6ONBIIMM WIH MEHBUMM 3aMeleHnéM (HsomMoppuaMoM) B TeTpasApHYECKOM Clioe.
O6 aToM CBHAETENBLCTBYET KOHCTAaramus B CTpykTypax 12 m 13 K MOHTMOPHIIO=
HHTa, O6paboraHHmIX mo Merony IpuHxenmM, paabyxamowux 4 HepasbyxamolMX IaKe—
ToB. Hanmuuue BepMHKyJ‘IKTOBbIX IaKeToB onpependercd N0 COOTHOWEeHHAM HHTEHCHB=
HOCTell 6GasalbHbBIX OTPaXEHHH OpHEHTHPOB&HHEIX NpenapaToB MOHTMODH/UIOHHTA, a
TakKe [0 B3PEIBHOMY XapakTepy HX AepHBarorpamm, B HkHel# yacTH paspesa C
MOHTMOPH/IZIOHHTOM AcCOUMHpYeT MHHEpal C MeXIJIOCKOCTHEIM paccrosHuem 8,9 .&,
oTHoCHmMUACH K IEOIHTaM, .

[louTu mo BceMmy paspeay UaMeHEHHLIX TedpoMaoB no CkB, P=5 scrpeuaercs
KaolHHUT, BepxH#as wyacTh paspesa claraercs PyAHbIM OPU3OHTOM, B COCTaB KOTO=
poro BXOOAT aYPHIIHTMEHT, peansrap, CKOPOAMT, AHTHMOHHT, ImMpHT H Ap. lUupoxuit
BepTHKANbHLIA pasMax pacnpocTpaHeHHs KaolHHHTa ofyCloB/AeH OMHAMHYHBEIM (IIyilb=
CALMOHHBEIM) XA4PaKTepoM IHAPOTepM.
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Ckpaxuna P-8 BCKpbiBaeT MaMeHEHHble NOpoAbl, PAaClollOXeHHble HelloCpeacT=
BEHHO B [pefe/iax TEPMOBBIBOAALIel TpemdHbl, BMemaiouwne Nopofbl MpeACTaBieHb
apech MPOHHUAGMBIM TIHHU3HPOBAHHBIM KaNLAEPHBEIM Te(poHaOM, COCTOSIEM H3 06—
NMOMKOB BY/IKAHHYECKOrO W/aKa, NeMabl B IpapHs aHOEe3HTOBHIX H [AIMTOBBLIX /1aB.
[Ipeo6napaomuM TIHHUCTEIM MHHEPA/IOM [0 BCEMY paspesy SBASeTCS MOHTMOPHII—
NnOoHHET, MOHTMOpPH/IIOHHT XApAKTEpPH3YEeTCH MeXIUIOCKOCTHbIMH paccTosHHsmu 12,2-

12,6 X. Bemuuuubl MeXIIOCKOCTHBIX paccrosmit 12,2-12,6 X XapakKTepHbl nis
Na—dopm MouTMOpmmnonrTa. Takum 0o6pasoM, MOHTMOPHWUIOHHT, GOPMHDYIOLHHACH
B NIOpPOAAaX, HAXONSUMXCS HemocpencrBeHHo B soue nopusatug (]/Na-TepmanbHbix
BOA [I0 TEPMOBLIBOOSAUIMM TpEIMHAM, SBISeTCH HaTrpuHeboll ¢opMolf C OfHHM CloeM
Mexcnoeeoit Bonbl, Accommupyer Na-MOHTMODHIIOHMT B HHXHel YACTH paspeaa C
LHEeOIHTOM KIIHHONTHAOIHTOBOrO cocraBa, B aprunnusupobaHHolf yacTH paspesa
BCTpeYaeTCd TakXe KAONMHHUT. ApPru/jIiaHpoOBAaHHBIE [OPOAbL! IE€PEKPH/BAIOTCH pPyd=
HBIM I'OPH3OHTOM, -

Taxum ofpasoM, pacnpocTpaHeHHe TMHHCTEIX MHHEpanoB B I'EAPOTEPMAIbLHO
HaMEeHeHHBIX Nopofax NoAYHHAEeTCH CHedyIlHM 3aKkoHOMepHocTaM,., Himke usorepmbi
100°C pacnpocrpaneHsl MEHepalbl MOHTMOPH/NIOHHTOBOH T'pymnbl, Bepxuss rpadi—
na GhopMHPOBAHHS MOHTMOPH/UIOHMTA IpH NOPOBO-KANH/UISPHON MUrpaudd TMOpPOTepM
KOHTPO/IUPYETCH YPOBHEM INpPHNOBEPXHOCTHOO BCKHNAHHS TEpMalbHBIX BOA. 3Ta I'e-
HeTHYeCKad NOA30HA XapaKTepHayeTcd PA3BHTHEM LISMOYHBEIX W GruaHedTpanbHbIX
Bog (pH=7+7,5) xnopuoHO-HATPHEBOr'0 COCTaBa. XapakKTep BhIfeNeHHs MHUHEpaloB
MOHTMOPH/IJIOHUTOBOH M HEonuTOBOH rpymn (passuTHe B IYyCTOTAX pPaACTBOPEHHS
BY/JIKAHUYECKOI'O CTeK/a, BhIIO/IHeHWe IIOp H TPEllHH) IO3BONAIOT CHHTAThH MX Bbi=
KPHCTaNH30BaBIUIEMUCH H3 pacTBopa, T.e. CHHreTHYeCKHMH, B Gonee rayGHHHBIX
y4aCTKax XapakTepHO pacnpOCTPAHEHHE CMEWAaHOCIOHHBIX MOHTMOPH/IIOHH T=BepMH~— .
KYNUTOBBIX OOpasoBaHuii, a B y4YacTKax, paclo/loXeHHbIX G/IH3 YPOBHS IpPHIOBEpPX—
HocTHoro Bekunamns Mg, — dopM MoHTMopH/TOHHTA.

[Ona MHHepaloB MOHTMOPH/UIOHHTOBOH I'PYNIbl XapakTepeH NapareHe3Hc C Ka—
MHACOAEPXAIMMH BBICOKOKPEMHE3EeMHCTEIMH LEO/MHTAMH THIA KIMHONTHIONHTA.

Brime uacrepmb 100°C pacnpocTpaseHbl MHHepansl KAoMHHHTOBOH TPYIIIbI,
Mukpycramma sTHMH MHHepalamH IOp W BLINIOJHEHHe TPEelHH CBHOETENBCTBYIOT O
KpHCTA/INU3alMd MX M3 pacrBopa, Hanuume recHoil accoumalmyu KOPpPOAHPOBAHHOI'O
KaOlIHHHTA C KpHCTAa/llaMH HOBOOOpA30BAHHOI'O TallNIyasHTa BO3MOXHO B YCIIOBHAX
OIHOBPEMEHHOI'0 PAcCTBOPEHHS KAO/MHHTA M CHHTe3a ralylyasita NpH NpOorpecCHpYIo—
meM NOOKHCIEeHHWH TepMAalbHBEIX BOf, Takoe uameHeuue pH cpepgkl xapakrepHo B
6MManoBEpPXHOCTHEIX YC/IOBMAX OKHCIEHHS CepoBOgOpoda AC CEPHOH KHCIIOTH, T.e.
NpH [poLECCEe CepHOKUCIOTHOrO BblllenayuBaHusd, [1g MHHepanoB KaomHHHTOBOR
rpynnsl BecbMa IpHMeyaTelleH napareHe3suc .C onanoM. PacnpocrpaHenne cra-—
GUILHOTO KAOIMHMTA, KAK IPABHIO, KOHTPONMMPYETCS BHH3Y YPOBHEM IIPHIIO—
BEPXHOCTHOI'O BCKWIIAHHM, BepXHAd TpaHHlla - YpOBEeHbL HaYajla KOHAEHCALHH
napa,

lFannyasur B accousauns ¢ KOPPOAMPOBAHHEIM KAOMHHATOM M onamnoM GopMHpY-—
ercd W pacnpocTpaHeH B npegeniax o6/laCTH KOHOGHCALUHMH Napa, DTH MHHEpalbl Clla—
raiT HOIPOTePMABEHO H3MeHeHHble Tedpouabl B YCNOBHAX CEpPHOKHC/IOTHOrO Bhille=—
nayMBaHHd, a TakKiKe CYyCIIeHSMpPOBAHHLIE TIOPOALI I'PA3EBLIX KOTJIOB H BYIIKAH=
YUKOB,

HMcxopsa M3 HaNOXeHHOr O, B npegenax Y30HCKOH TepMOAHOMAIHH CpefH 30HBI
apruII3alMd MOXMHO BBIAE/HTL TPH IeHeTHHeCKHe TepMoanHamuyeckue (dazsoBo—
SHepreTHYeCKHe) IOA30HL TIMMHACTOrO MHUHepalcobpasoBaHusi. JTO [IOA30HA MOHT—
MOpPH/VIOHUTH3AINY, BepXHAd I'paHHila KOTOpOH orpaHd4YeHa YpOBHEM [IpPHIOBEPXHOCT
Horo Bckunanusi, CornacHo TepMooMHAMHYECKHM pacdeTaM OHa XapaKTepuayeTcs
CyMMapHbIM 2HOOTEPMHYECKHM s(dekroM peakuuu obpasoeanus MuHepanob. [lanee
MeAQy YPOBHEMM PHIOBEPXHOCTHOI'O BCKHMAHHA H KOHOEHCALUMHM pACHpOCTpaHeHa
1o030HA CHHTE3a KAaollMHHTA, XapaKTepHaylollagcd 9K30TepPMUYEeCKHMM sdpeKToM pe-
akuuu. M, HakoHel, BBIUIE YPOBHHA KOHOEHCAIMH B YCJIOBHSX CEpPHOKHC/IOTHOI'O Bhl=
welauyMBaHusa OCYLECTBIdeTCs paspylleHHe KAOIMHHTA M CHHTEe3 Traanyasura. Jrta
reHeTHYeCcKas NOO30HA 3aBeplulaeT IIPoLecC INIMHHCTOI'O MHHepanooOpasoBaHHsa IpH
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Ta6nuna 16
XmvyuaeckHult cocras nopon Yaou-l'eftaepEofi ruaporepMantEof

E;o‘;'f Si0p | TiOy | AlgOs | FegO3 | FeO | MnO | CaO | MgO | NagO
1 6665 0,7 1482 181 286 0,14 3,96 136 4,77
2 64,2 0,66 13,19 1,2 0,92 0,05 0,78 0,56 1,07
5 6585 068 1284 083 096 005 1,89 017 0,73
7 62,42 0,9 & 18328+ 1,48 0,57 0,04 0,72 048 0,70

10 32,77 0,29 23,29 0,49 0,15 0,01 0,36 0,05 2,23

13 64,86 0,57 10,22 4,89 3,43 0,11 5.4 3,11 1,53

32 50,87 0,88 18,8 5,75 3,3 0,18 9,2 3,79 3,19

36 51,52 092 17,11 5 573 0,2 9,35 501 3,49

39 0,15 Her Her 0,12 0,1 0,1 85,52 0,08 0.4

42 98,2 i 0,1 0,37 0,24 0,01 0224007 0,23

nP1 42,27 1,63 23,33 14,68 0,79 0,16 0,22 0.6 0,28

npP2 39,82 1,44 24,25 13,88 10,51 0,02 0,22 0,59 0,23

lNMpumeuauue, lpoGu: 1,5,7,10 = r.Benas (Kamuarka); 13 = py4. YepHuii; 32,36 -
ryapHeIX reitaepoe.

Ta6nuna 17
ChnekTpaneibll aHanus nopof Yaou-Ielisepho#

H SneMeHTh!
omep
ApoGe! Be Se Mn Pb Mg Ga Fe v Cu
i 0,0003 0,005 0,06 - : | 0,002 2=3 8.1 0,003
< Cnepst - 0,03 0,006 0,3 0,001 0,6 0,008 0,006
5 - - 0,01 - 0,2 0,001 0.5 0,008 0,003
10 - - 0,004 0,007 0,1 0,006 0,2 0,03 0,003
13 - - 0,08 0,008 1-2 0,001 - 0,01 0,005
39 - - 0.1 - 0,08 - 0,4 - 0,001
42 - - 0,008 - 0,3 0,002 0.5 Cnegw 0,006

lMpumenaunne. lpoGe: 1,4,5,10 - r.Benas; 13 - pys.Yepuwist; 39,42 - [lonusa Tlefizepos,

FHAPOTepMAaNBHOM H3MeHeHHMH [10po B YCIOBHAX CEepPuUOKHC/IOTHOIO BhIlle/laviBaHus.
Bo BCex C/y4asx OTCYTCTBYIOT YETKHE TpaHHIb MEXAYy eHeTHYECKUMM Nog30HaMu
TNAHHCTONO MKHEpEnOﬁpasOB&HHH BBHOY OHHAMHYHOI'O XapaKTepa camMoro ragpo-
TepMAaNBHOr O Ipouecca,

HamW HayueH paspes onalnoBo-alyHuToBEIX mopoa P.Benoit, O6paams 1,4,5,7,
10 (rabn. 16) orobpanbl Or HeM3MEHeHHON SKCTPY2UH OAu¥TOB IO HanpabjIeHHIo
OT BepumMHbl I'Opbl K €e MopHoXbi, Ma paHubix TaGMHLLl OYEBHAHO, YTO ONANIOBO—
QITyHHTOBhIE PA3HOCTH CMEHAKITCA K NMOAHOXKEI anyHuTamu, (10 naHHBIM CHeKTrpanb-
HOro aHamiaa tex Xe obpasuce (rabn, 17), ormeuaercsa BbIHOC B Opouecce amny-
HUTH3AOMH ENOYHLIX W lIe/IOYHO-3eMENbHbIX MEeTalllIOB K HEeKOTOpPbIH NPHBHOC pyn-
HbIX METaniob — paHagus, cepebpa, cBuHua, Gapusd, ranms ¥ QpYTHX.

B coBpeMeHHbIX X/IOPHAHBIX THAPOTEPMAX TakXe OGHADYKEHHI BTH MeTalsl,
CnefopaTeNkHO, 0 PYAHOR ClielMani3auMi pPACTBOPH!, BEPOATHO, MAaNO OTIHYANIHCH
BO BDEMEHH, XOTSl HeT COMHEeHMs, YTO MPOUECC OKBAPLUEBAHUS M ANYHUTH3AUMH [pPO=
HCXOAMJ oA BoajeidcTBHeM CynsdaTHbIX BOMO,
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cHcTeMsbl, Bec.% (Xumuueckas na6opatopus 'MH AH CCCP)

K.0 HZO+ H20ﬂ COy c P, Og CRues ;gitj-mra llopona
2,17 0,28 . 0,13 0,45 Her 0,14 100,34 = [aunt
1,86 T.27 2 Her ., 0,14 99,67 6,57 Jamwar anyHuTH-
3HpoBaHHbIH
1,96 T 3T 1,39 s ’ 0,18 100,19 575 To xe
2,44 7,16 1,26 o . 0,18 99,76 8,95 [awur
4.4 9,56 1,32 % 4 0,27 99,9 24,71 Amyuur
0,44 1,63 1,29 b 0,12 0,09 99,6 0,39 [awr
0,79 0,79 1,68 0,1 Her 0,18 99,52 - Basanbr
0,84 0,28 0,37 0,12 ot 0,18 100,14 - 4
0,22 0,04 0,06 43,7 ¢ - 100,57 = TpaBepruH
0,19 0,08 0,05 0,08 4 Her - - leftaepur
0,44 12,44 2,19 0,08 0,14 0,14 99,81 0,386 Aprunmar
0,27. 10,33 2,8 Her Her 0,14 99,47 0,21 .

r.Kpacnas; 39,42 -~ [lomana lefiaepos. [P 1, [IP2 - npobel ¢ TepMmansHoll Miowagxu

THApOTepPMAaNbHOR CHCTeMBl, Bec,%

AneMeHThHl

Ag Zn Ti Ni Zr Co Ca Sr Cr Ba

- 0,01 0,6 0,001 0,01 0,001 1-2 0,01 0,001 0,08
Crnensi 0,01 0,4 Cneam 0,01 = 1,0 0,01 0,001 008

® - 0,4 - 0,01 - ;7 0,01 - 0,08

- - 0,3 0,001 0,008 - 0,8 0,02 0,001 0,20
0,0005 0,03 0,3 0,001 Cnegms 0,002 1=2 0,01 0,002 0,05
Cneppt - 0,08 - - - - 0,03 - -
0,0003 0,05 0,1 Cneppi - - 0,7 - Cneprt  Cheppi

- THAPOTEPMAJIBHAS JIEATEJIBHOCTD /IOJIMHBI TEM3EPOB

Pasrpyaka HCTOYHHKOB B IeH3epHOM peXHMe CTaBHT THApPOTepMAallbHbIe MNpOosBlle—
Hua [omaeel [efizepoB B paf yHHKANLHbIX MPHPOAHBIX npoueccos, Bonbwas vacTb
reitaepoB cocpeforoyeHa B nepoM Gopty p.lefizepuofi, B cpegHeM ee TeYeHHH.

leosioruveckne ycJioBHA

B reonoruueckoM crpoeuun [lomuubl [efizsepoB NpHHEMAIT y4acTHe MOPOAbl Bepx—

HeOoMHolleH—yeTBepTHYHOro Bospacta (puc. 13). Haubonee npeBuue mopoar! paiioHa,
BCKpBITHIE 2poaWedfl nMo cknoHam p. lefisepuoit no p. llymHoit, npencraene-
HBl 4epenopanueM Tydpuros, TypoB u TydpoGpekumit, I[lpeobnapalor rpy6oob-
JIOMOYHEIE Tybbl CMEWAHHOI'0 COCTaBa C AaHOe3WTO-AAUMTOBOH OCHOBHOH Mac—
cof. Cpenm o06NOMKOB OTMeHeHB! TyDbl, AHAE3UTEI, PUOIHUTH, a TaKXe OTAeNb—
Hble MUHEepanb! = IUIarHoknas, ksapn u ap. Leser Tydor seneHoBaro~ u ronycoearo—
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Puc, 13, Cxema reonorugeckoro crpoenns [omunel ['e#taepos [ nmo B.B.Apepbeny,
B.U, Benoycopy (1965), ¢ yrouneHueM apTOpOM NeTPOrpadHYecKoro CocTapa Mopod ]
] - 3KCTpy3HS AHOE3UTO-[JAalHTOBOIO COCTaBA; J — JABOBBIE IOTOKH AHE3HTO-
[NALHTOBOTO cOCTapa; 3 - NENHUKOBbIe OT/IOMEHHH; 4 = arIOMepaTOBbie NMOTOKH
(porxnbre); 5 - pHOmMTE!, pPHOMMT-TOPGMPEN; § - SKCTPY3HH, Nafiky NNATHOKIA30—
BEIX nMopdmpoB u mopdupuTOB; 7 - NCe(HWTOBLIE M arJOMepaTOBLIe MeM30Bhle TYdhI,
peIXNBIe, CNabGoyNnoTHEHHbBIe aHAe3HTO-JallHTOBOTO COCTaBa; § — Tojma epeciaH—
BAIOWHUXCH NCePUTOBEIX H AaeBpOIeHTOBEIX TYQOB; § — aneBponenHTOBble TYOET;
10 - nceduroenie TydPw; 11 - Tydobpekums; 12 —ncammuroBbie TyQH; 13 —Tek-
TOHW4EeCKHMe HapyluleHHWs: 4 - yCTaHOBNeHHble, § - Npennonaraemeie; 14 - T'eoOTH-
YeCKHe I'pDaHmlbl: @ — YyCTAaHOBMEHHLE, fi ~ NpeanonaraeMsle



ceprift, pexe romy6o# u seneubifi. ['onybrle Tyder BCTpeueHbl BEILE TaK HasbBAE=
MOHl TpYNnsl KapP/IHKOBRIX Ie#aepoB. Cpead MalOMOLIHBIX MPOC/IOEE BCTPEYEHB! Mell=
kKoo67OMOuHElIe NennoBbie Tydel, Typpurel B TypobpexuuH, Paamep o6MoMKOB Gpex=
yult gocruraer B nomepeduuxke 1 M, dopMa ocrpoyroneHas H c/labookaraHHas.

Bce Tyl BETpDOKpHCTA/NIOK/IACTHYECKHE C [EMHTOBOH, ANeBPONeTHTOBOH, mcedHTo=
BOlt H nNcaMMuTOBO# OCHOBHOM Maccol, mHorpa cinoucthie, O6MOMKH COCTOST H3

7leB [AUMTOBOTO M PHOMMTOBOTO, PeXe aHfleawToBora cocrapa. Borpeueubl U 061OM=
KM MHHEpaJIOB, Cpefld KOTOphIX npeoblafaior [NarHoKiIAaskl, HO BCerga ecrkb o6lom=-
KB KBapla, XNIOpPUTa, MarHeTHTA, peXe GloTHTa, NUPOKCEHOB ¥ AP.

B patione pyu.Boponapubit u Bepxue-lefiaepHbIX HCTOYHMKOB BCTpeYeHbl NeMao=
nonoGrbie Genvie TybdETH, COCTOSmMe M3 TOHKomHCHepCHoR cnabomongpusayiomed
MACChl H ME/KHX KPHCTA/NIOB IUIarHOK/Aas4, KBapua, XJIOpHTa H Mar#erara, Mom-
HoCTE TyhoBoro xkommiexca oxono 400 m. OM NoYTH MOPH3OHTANBHBI H/IH NaNAalT
noa yriom 5=-20°C ua cemepo-sanan (refizep Bocemepxa). pocTupanme moposn
ceBepo-aanafHoe, [lopopk! wacTO moaBepXeHL! pPA3pbiBHBIM TEKTOHHYECKHM Hapyuie=—
HHAM, K KOTOPBIM IPHYpOYEHBl 30HLI HHTEHCHBHON TpemHHOBATOCTH H GO/NBLUMHCTBO
refiaepoB H ropsYMX HCTOYHHKOB, OOpasyiolmHX TaK HasblBaeMble TepMalbHEIEe ITH=
wau, Huorpa mo nunuwaM Hapywewn#t BHenpsiorcs fafikM IUIArHOKIA30BEIX NOpdEPOB
H nopdpHpHTOB, pexe PHOMHTOBEIX noppupos. TAkHe pafik XOpOWO BHIPAXEHH B
penvede ® orMedeHb! HEHMe NO TedeHwio or refisepa Tpo#uofi, y refizcepa lleppe=
Hell, B ycTee py4.Boponanwwrit.

HauGonee monopple mopopb! npefcTaBleHb PHOMHTAMH H PHONHTOBHIME Nopbapa—
MH, KOTOpHIE JNlexar Ha TYhoBOM KOMIUlekce, pgocréras mMomHoctdH go 100 m.
Puonurel cMAaTBl B CKNAnkH, pasGHTH TpellHHAMH H MelKHMH cbpocamu, lleer no-
poae! ¢uoneToBeft, WHorpa 4YepHe# Wau xopuuHebw#, OyeHb 4acro Habmogaercs
pmornanbHad TeKCcTypa, a4 MeCTaMH H cpepomurobad., OCHOBHAS Macca auloTpHo—
MopdHO3EpHUCTAA HIH THANONW/IMTOBAS C BKpal/leHHeM H3OMETPHYHBIX HM YIIOBa~
THIX KOPPOAHMPOBAHHBIX 3eped kpapua pasmepoMm 0,5-1,0 mMm. Bo BrpanmeHusx

Ta6nuona 18
Xumuvecku#h cocras mopon [lonusbl Iefizepos (Kamuarka), Bec.% (nb A.B. Payc~
xacy, 1963)

KommoHeHTE i il I v
Si02 56,4 68 73 40,4
A1,05 + TiO, 15,8 12,8 15,8 33,4
F8203 8,7 0,7 2,5 7 £ |
Ca0 3,8 2,7 2,8 0,8
MgO 0,2 0,1 0,1 0,2
K,0 1,6 1,6 1,9 0,2
Na,O 1,5 3,2 4,4 1,5

lorepr mpa 12,5 12.5 0,4 18,3
OpoKanuBAHAH
CymmMma : 100,5 101.,5 100,9 101,9

lpumeuanue, | - ocHopHas macca rpyGoo6lIOMOYHONO Typa aelleHOBaTO-Ceporo

umeera (BG6nEsE “xapiaukopwix refizepos”); Il - nemsonopgobueidt Tyddar (pyu.Boao-

napunit); 111 - ¢pmompancueit crexnoeareit puomar (pyu. Bestivanusif); IV - cuuas
rMHEHa C© TepManeHol miomanxkd refisepa ¢ouras.
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Ta6numa l9

Cnexrpanbubie aganuabl nopopn OoiuHbl p, Mefizepuot,

Mecto SneMeHThl
Mopona orbopa
Mn Pb Fe v

[NemaonopoBHBIH Bnua pyu. Bogonap~ 0,01 0,0003 1 0,02
Genvit Tydpur HEI
InarnoknasoBblit Nafixa (neewilt Geper 0,1 0,001 5 0,15
nopdupuT p.leitaeproit) B

200 M no TeueHHO

or r.TpoiHoi
Puonur-nopdup Pyu.BeapiManubiit 0,1 0,002 3,5 0,03

okono refisepa Benu-

KaH
[lnaruoknaacpreiit [lpaBrift 6eper p.Jeii- 0,15 0,005 T 0,02
moppHpHT asepuoit B 50 M BeIue

ycrba p. llymuoi
[InaruoknasoBwIii [aiika ua nesom 6e= 0,03 00,0003 0.5 0,001

nopgup pery p.leiizepHoit B

200 M or reiizepa

T poituoii
Puonur-nopgup Y py4. Boponapueiit 0,1 0,002 3:6 0,008
Menkoo6nomMouret  [lpaewit 6eper p.Jeii- 0,04 0,0003 1,5 0,01
Ty 3epHON BhIWE CKJOHA

“KapnuKOBEIX Tefize—

pos”
Aunvopupueilt kpemM= bBmuz pyy. Bogponan— 0,03 00,0006 3 0,02
HUCTHIH TyddrET HbI#

Menkoo6nomouurit  Bauz pyu. Bononmag— ;X .0,0003 3,5 0,08
TYD HbIH

HHOr[la MPHCYTCTBYIOT NeHCTHl IUlaruoknasa miuHo# po 1-2 MM, o6bluHO CABOHHH=—
KoBaHHOro, [lnarnox/ias soHalbHHIY aHgesnH-aHaesus-nabpagop., OGEYHE! ONAUMTH=
SHpOBAHHbIE MHCTOYKH GHoTHTa AnuHOl 1-4 mM. Berpewaerca porosas ofmanka,
B ocuoBHo#t Macce HabmiopaeTcd KUCNOe CTEK/IO C IOKasare/leM NPe/OMIISHHS M0
A.B.Payckacy (1963) 1,495 - 1,504, a takxe MelKHe 3epHa MarHeTHTa H
cheponuTk! cnabo pacKpHCTaNIM30BAHHOI'O KHC/IOIO CTek/nla, XMMHYeCKH# cocras
HEKOTOpBIX PA3HOCTEll MOopog M CheKTpaibHble aHANu3Ll NpHBefeHkl B Tabn, 18,19,

TuaporeojorH4eckKne yCJIOBHA

M'mpporepmankuas akrupHocThk [lonuuel leitaepor mposiBleHa XONOAHBIMH, TeliIbIMH
H TOpsYMMH HCTO4YHMKAMH, colbparapami, reiaepami, rpaaeBEIMH KOTAAMH H BY/l=—
kaHuynkami., HauGonee akTHBHBIE rHopOTepMallbHble NpOSBIeHHS NPHYPOYEHbl K 30=
HAM [OBBIEHHOH TPEemUHHOBATOCTH M 0BpaayioT Tak HasblBaeMele TepmMal/lbHeie THHKH.

lNupporeonoruyeckue ycioeus nauGonee peranbHo uccnepgoBadbl B.HW. KoHOHOBEIM
(1965). B rugporeonorudeckoM otHoweHun B [lonnHe ['efizsepoB MOMXHO BBHIOEIATH
TPH BOAOHOCHBEIX I'OPH3OHTA.

Bepxuuit BopoHoCHBI! ropuaoHT (CcM. pic. 13) mpHypodeH K PHOHTAM M PHOIHT-
nopdpupamM, MowHOCTE ero okono 100 M. 3ror ropusoHT GeaHamopHLIl H XapakTe—
pHayeTcd TpPElHHHON H TpPemHHHO-IIOPOBOA UHPKYNALUHed Bof.

Bo BropoM ropusonre (cm. puc. 13) BopoBMemapuiHe NOPOAbl = NcedHTOBLIE
u arnomeparoBble Tygel., OvH cnabo ynnoTHeHbl, & MecTamH phbixibie (npapbi Ge—
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Bec.% (mo A.B.Payckacy, 1963)

SneMeHTb!

Ti Cu Ni Zr Ga Sr Cr Ba
0,3 00,0001 0,0003 0,03 0,0004 0,1 0,002 0,03
0,3 0,002 0,001 0,008 0,001 0,015 0,004 0,03
0,3 00,0003 0,003 0,08 0,002 0.1 0,02 0,03
0,3 0,002 0,002 0,086 0,004 0,05 0,008 0,02

0,009 0,00003 0,0003 0,001 0,0003 0,01 0,001 0,01

0,3 0,003 0,001 0,05 0,004 0.1 0,001 0,03
0,3 0,0003 0,0003 0,001 0,0002 0,02 0,001 0,03
0,3 0,0004 0,0003 0,02 0,002 0,05 0,001 0,03
0,3 0,0006 0,0003 0,015 0,005 0,1 0,0001 0,03

per p.lefizepHoit, HHKe skcTpysuH). Boabl sToro ropusoura GesHanopHble H Xapax=—
TEepH3YIOTCH MOPOBOH M TPEUHHHO-IIOPOBON UMpPKynauMed M rUapokapbOHATHBIM COC=
TasoM (Konounos, 1965).

Tperuit BomoHOCHBLIH ropuscHT (CcMm,. puc. 13) NpHypoYeH K HYepeAylIIHMCH NCe-
¢HTOBLIM, MCAMMHTOBEIM Tyhpam H TyhpobpekwuuaM., OH oThenleH OT BhILENeKALEro
T'OpPH30OHTAa anepponelHTOoBbIMH Ty&b&MH, a nogcruiaercs cnaﬁonpouuuaeuhmn aliep=-
pomeMTOBLIMH, [CAMMHTOBHIMH Typamu u Tydpuramu., Bopwsl sToro ropusoura Ha—
MOpHBIE € MOPOBO~IUIACTOBOH M MOpOBO-TpEUMHHON WMpKynguwed. Temneparypa sopn
OOCTHI'aeT TOYKM KHMIEHHM, & COCTAB BapbHpYeT B WHPOKHUX Mpefenax OT rHapokKap—
GonarHoro yepea cynbdarHbil K XIOPHAHOMY € MHHepanuzammeli go 2 r/iu.

XHAMUWYECKH#i COCTaB BOA HCTOYHUKOB H [OPOBLIX PaCcTBOPOB, H3Yy4YEeHHbIX HaMH,
npueopurca B Taba, 20,21, Kak BUAOHO 0 COCTABY BOQbI, H [IOPOBBIE PacTBOPEI
OT/IHYAaTCd He3HAYHTENbHO, CcleaoBaTellbHO, pacdeTbl p&BHOBeCHﬁ ACINKHbI Haxo-
OUTBCH B XOpOUEM COr'acHH,

K Tperbemy BOQOHOCHOMY T'OPH30HTY MPHYpPOYEHB! ejiaepsbl!, MYNILCHPYOWHE H
ropaude uctouyHuku. Habmopeuns sa pexumoM paboThl reil3epoB CBHAETENBCTBYIOT
© pasnHYHO NpPOJO/XHTEeNBHOCTH HX UMKJIOB ¥ BpeMeHH Hapepxenud. Pexum pabo-
Thi I‘eiﬁ:-JEPOB MeHdgeTCHd M3 roaa B ropg.

CornacHo pauubM T1a6n1.20, 21, KOHUEHTPaLHs KpPeMHeKHC/OThl B reilaepax
pocturaer 200 mr/n. Bo Bpemsa oxnaxpeHdas 3102 HaCTHYHO BhINAfaeT U3 Hero
B Buge refizepura, Ha macwrabax sroro npouecca Mbl ocrasHoBuMca HHxe, O6-
nactb nutauus rugporepm [lonuubl efisepoB npaypodedHa K OGUMPHBIM J1aBOBBIM
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Ta6nuuma 20

XumMudecKue aHaAIM3bI TOPOBBIX

KarHoubl, MI*3KB

AHMOHEBI, MI*3KB

Homep .
npo6sl
Cat? Mgt2 | a3 Na* K* so*f CO‘32
1 i} 0,4 Her 2 1,5 Her 2
2 1 0,8 1,89 3,5 1,5 0,8 3
3 0,5 - 0,4 0,7 5 2,7 0,3 3,2
4 1 - 0,4 1.3 2,4 1,3 [BP | 1
10 0,84 Cnepbi - - - - -
1 4 0,84 ” - = - 55 =
12 4,94 2.62 - - = - e
13 0,39 Cnegst - - gue - -
14 4,74 1,73 - = = = ...
18 Cnenwl Cnepgl - - - - &
16 » ” - - - - -
17 0,2 % - - - - 5
18 0,2 ’ - 5 g 2 &
=120 1,8 0,7 - 2,4 1,7 0,9 0.7
M=-360 1,6 0,5 - 2,8 1,4 1,4 0,6
19 0,85 Cnenbi - - - - -
20 1,15 " - - - - -
21 0,98 ¥ - - - - s
22 0,95 - - - - =
Mpumenaunue, Ipo6er: 19 ~ reitaep Mamiit; 20 - refisep Bombwoii;
Tabnuua 21
X¥MHUYeCKHe aHalluabl BOA MCTOYHHKOB KalbAoephl Y30H
KaTuounl, MI*3KB AHHOHBI, Mr *2KB
Homep oH
oot | cat? | Mgt2 | Na* | k* | so7? co;? | Heoy
1 1,91 "-0,88 3,18 4,32 Her 1 0,6 6
2 4,2 2,99 1,07 4,46 " 0,2 2,6 5
3 1,47 0,49 21,06 4,02 ¥ i ] 18,8 6
<1 1,47 5,89 21,84 10 L o 0,8 18,4 5
53 Het Her 18,2 Cneger 0,8 1 16,4 8
6 1,47 0,01 12,94 4,22 Het 3 8,2 6
7 0,78 0,39 2.7 3,34 r 0,2 0,4 6
8 1,18 Her 12,96 3,73 & 0,8 19,6 6
9 0,58 ” 3,75 3,73 il 0,2 0,4 6
10 2,45 0,39 46,16 4,61 L 0,8 43,6 5
14 2,06 0,6 31,85 4,51 . Her 30 6
12 1,96 0,98 48,29 3,83 4 o 47,4 4
13 0,78 1,28 14.37 3,43 4 & 13 2
14 1,57 0,59 13,66 4,22 ” 3,6 8 6
15 1,47 0,88 52,47 4,92 & 08 48,4 6
16 TP 0,80 5,62 1,08 s 52 2,8 7
b 7 137 0,98 33,06 4,81 i Her 3,02 6
18 1,96 0,59 18,87 4,22 » 2,8 15,2 5
19 1,77 0,69 1785 4,61 ” 24 12,8 6
20 3,76 0,59 23,05 5,4 L 1 19 5
21 1707 1,5% 9,35 5,59 ” Her 6,4 6
22 0,88 0,59 7,04 4,71 ’ 0,6 3,2 6
23 1,57 Her 31,66 3,63 i 0,6 29 6




pacTeopos ¥ Boa re@taepon [lomunbl leiizepos.

AHMOHBIL, MI*3KB O61wasn =
. KHCH'E~
COZ’ SIOZ’ g iy eMocTI> pH Eh, | MB
mr/ i mr/n KOCTh ]
HCQ; cl— e LT
1,475 1,97 25 Her 1,5 9 6,2
2.1 4,98 53 & 1,9 1,8 6,2
2,5 4 50 . 0,9 14T 6,2
0,985 2 65 ” 1.4 1,4 6,6
= = = 44 = - 3,5 +87
- 19,64 - 49 - - 7.3 +70
- 17,89 - 49 - - 6,4 +120
- 25,58 - 36 % - 5,6 +75
- 3,41 - 40 - - T % +126
- 22,82 - 40 = - 77 +100
- 0,59 - 30 = - 57 +140
- 1,49 - 72 - ; - 2,4 +320
= 2 - 25 - - 5 +220
3.6 2.5 - - 2.5 1.9 - ==
2.1 3 41 - 2.1 2,4 - -
21,2 - 222 - - = s &
0,49 - 192 - e - - =
= - 192 B - - - =
- - 192 - - - - s

21 - refisep Bemukan; 22 - reifisep ®onran. Il ~ nopoBbii pacTBop.

nnaro, roe CpeaHerofoBOe KOIHYeCTBO aTMochepHrX ocaakop goctaraetr 1000 mm,
OcHoBHas pasPpy3Ka TepPMAalibHbiX BOA NPOMCXONHT MO AOMHHAM peR M pydbeB, a
TAK)XE [0 TeKTOHHYeCKH ocnableHHbiM 3oHaM, O6umit ne6UT BCeX Ipynil rHEApPO=-
TepM, BK/IIOYas NnapoBbie CTpyd, no paamsiv B,H. Komowopa (1965), cocraenser
277 rlc, ] :

IeoTepMHYMecKHHA peXKHM

leorepMuueckue ycnobua [lomuubl lefisepor wayueHsl HepOCTATOHHO NOMHO, YTO
obvacHgeTcsa OTCyTCTBHeM OYpOBBIX CKBaMHH, a8 ClefoBaTelbHO, H CBedeHHH O

pacnpenesieHdu TeMneparyp Ha Gonabuyio ray6uny. Hccnepobawus B.H. Kouonoba
(1965) nosBOMHNM OLEHHTL KOHBEKTHBHBIH BLIHOC TeNa IHAPOTEPMAaMH B
75 000 kxan/c.

ABTOp yKa3bIBaeT, YTO YNE/LHEIA BLIHOC Teflla Ha Pa3HBX YYacTKaX [OJHHEI
onmmakos ¥ pased 2,0-10=% gan/(cm<.c)., Sra penuuuna Ha nBa Topsinka Bbiue
$OHOBBIX KOHOYKTMBHBIX Temlonorept BocrouHo#t Bynkaumdeckoid 3oHE! KaMuaTku,

I[lpoBenennsie HAMH MCCHIENOBAHHS TO3BOAIOT OXAPAKTEPH3OBATHL TeIUIoBOe Tole
NPHIIOBEPXHOCTHOX 4acTH of6lacTH pasrpysku raaporepMm, PeaynbTaThl TepMOMeTPHH
Ha ray6mHax 5, 50,75 oM npencraeneHs Ha puc. 14-16 coorBerctbenHo. [lo
usorepme 35°C ma ruyfune 5 CM OKOHTYDPHMBAIOTCA mAapamMe IUIOWALKH, I'e Mpo-—
HcxonouT HaubGollee HHTEHCHBHAA IHApaTAuMd IUIATHOKIa30B. BeposiTHO, Mo Hell MOX—
HO CYOHTBL H O HalpaBJeHHH CTOKa KOHoeHcaTa napa (kK nomme p,leitzepuoft). Wao=
rTepMbl Ha Ty6mHax 50 B 75 CM TIONMTH NOMHOCTHI NOBTOPAIOT OPYT Apyra, 4To
TOBOPHT O GJIHBCT&HHOHBPHOM pexHMe H O BO3MOXHOCTH CYXOeHHs O KaHalax, noa-
ponamux nap. OueBHnHO, HanpableHH# kaHamos 3: 1) cepepo-zanagnoe, 309; 2) ce-
Bepo-BocTodHoe, 60%; 3) ceeepnoe (cm. puc. 20).

TepMoMeTPER B Menk®x (no 2,5 M) cxpaXuHax NOSBOMEET BHMUCINATEL T palHeH-
TH TEMIeparTyp B pailoHax TepManbHBIX nnomaned pyd, Bononmanuwit u I'mapHbix Iefi-
aepos. [lpumepHo ¢ 1,5 M HaumHaeTcsi GesrpanMeHTHas 30Ha, oTBedapllasd TeMIe—
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Puc., 15. Cxema mnzo-
TepMm pafiona I'maBubx
lefiaepos Ha rnySune
50 eMm

1 - wu30TepMsnl;
& = B YpcnHTene opo-
OM naHa BeMMYMHA KOH-
OYKTHBHOIO _ HOTOKa
( mxxan/(cm=.c)], B
3HaMeHaTene - HoOMep
CKBaXHHE]



Puc. 14. Cxema msorepMm paiiona maBuerx Iefisepor Ha
rny6uHe 5 cm

1. — H30TepMhbl; 2 — I'PA3EBHIe KOTMb; 3 — TepManbHbIe
oaepa; 4 - refisepwr; 5 ~ CKBa¥uHBI; 6 — MecTa YCTAHOB—
KM 0aTYMKOB TeIllJIOBOTO MOTOKA
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patype 99:0.50(3. Makcumanesisiit rpaowedr 2,5YC./cM 6bil DOCTHIHYT B CKB.16
B yHTeppaite 90~55 cMm. CpenHuii rpandeHT B BepxHeil IOJyTOPAMETPOBOH 30HE
pasen 0,2°C/cMm. HeoBxonumo OTBETHTBL, YTO TeMIneparypa KHUIECHHS Ha oToM
BbICOTE paBHa 98,210,500. Takas xe ToYKa KHIeHHA XapakKrepHa nis Baiipakes
(Dawson, 1964 ), B napaduHupoBaBHBX o6pasliax NIOPOMd, OTOGPAHHBIX HAMM H3 CKBa.
xuH, H.I\CyrpoGopo# Gpul mNpoMepeHn! KOSGGHUHMENTH TEINIONPOBOOHOCTH.
Cpennnli  KO3(¢MIMEHT TeIIONPOBOOHOCTH NPH ©CTEeCTBEeHHOH BIaXHOCTH pabeH
2,7-10-3 kan/(cM-c-rpan), npHueM sHayeHms ero koneGammce or 0,8:10-3
(BO3nywHoe cyxoe cocrosinve) nmo 3.1-]0"3 xan/ (cm+c+rpan) (BonoHachieHHBIE
obpasusi).

3nayeHns KOHAYKTHBHOIO TEIUIOBOI'O NMOTOKA M0 CKBAXHHAM Hepea TEePMAarbHYI
nnowanky Imapnpix Tejisepos manecemsn! Ha PHUC.15; penwuyuna uX Konefiercs orT
600 mo 2000 wmxkxan/ (cmz-c). MakcumManbHoe sHaYeHHe TeloBOTO IOTOKa 34—
$ukcupoano B ckB, 8 rmyGmioi 101 oM BGMM3M BhXONa MOLHON IapoBo# CTPYH.
MyHuManeHBll MoTok B ckB. 16 rnyGmuoii 250 oM, Haxondmelicss B CepenuHe CKio—
Ha, Ha ero meperute. B cks, 17 3HaueHnHe TeNIOBOT'O MOTOKA IPOMEXKYTOYHOE IO
Bemmymne | 810 xan/(cm2.c)), raybuma ee 210 oM.

PAnoM C THMH CKBaXHMHAMY BellMCh PeXHME(LIe HAGMIONCHMS 28 MUHAMNKOH Ha—
MeHeHHs] BeMHYMHB! IIOTOKa C TMOMOLILI OATYHKOER IO MeTOoOMKe, ONMCAHHOH B INla—
Be [[. Ma puc, 17 Bumno, 4TO MaMeHeHue PABHIOCTH MOTOKOB MeXIy BEpXHUMH K
HHKHHMH NMapamMy 0aTYMKOB GIIM3KO K CHHYCOMIO ANBHOMY 3aKOHY, HO OCIIOXKHEHO
rapMOHHKaMK Bo/ee BLICOKHX HOPARKOB.

YcranopieHa 3akoHoMepHas CBSI3h BENMYMHEI TEIIOBOTO TOTOKa C ATMOCHEpHbI-
MM ycnhopuamu, Tax, B CkB. 8 pasHocTe NMOTOKOB Nepen noxaoem 31 monsa 6Goimna
o4ty BOBOE Gonblie, YeMm Iocie poxad 3 aBrycra. [eHcTBUTENBHO, BROCIIENCTBHM
HaMy HEeONHOKPATHO OTMEvaliock YCH/IeHHe NapeHusl IUlolanck lepend goxnoeM. Be-
POAITHO, 2TO ABISHHE cllenyeT OOBACHHTH TeM, YTO aTMOchepHOEe gaBleHHe nepen
ROX[eM IapaeT, ClefoBATENLHO, YBEIMYMBAETCSH PASHOCTEL AaBleHMl MexOy 3oHOj
napooGpa3oBaHis H NOBEPXHOCTHW, [lociefHee yBenHYMBAET CKODOCTH TPOABMKEHHS
napa,

HaGmonenue sa nuHaMuKoli NoToka BOMU3M Iefi3epoB MOSBOMWIO YCTAHOBUTH
CBA3E MEMKOY PeXHMOM HX pabGoThi M BEMHIHHAIMH TeIUIOBOTO IOTOK& — H3BepXeHHe
HacTynaeT NpH MakcumyMme moToka (puc, 18), DrToT BHBOA OLUI NPOBEpEH B Kajb-
nepe Y30H NpH 3alycKe MCKYCCTBeHHoO# ckeawymbl P-9 (cm, puc, 11, a). Ycranop-
NleHHas KBasSHCHMHYCOMOa/lbHas 3aBHCHMOCTE H3MEHEHMs MOTOKA HA AKTHEHBIX IIO-
wankax (cM. puc. 17) Bb3bIBaeT HeCOMHEHHBLH MHTepec, TMOCKOIBLKY BOAMM OT HMX
{cM, puc., 11,7} oH mMoOYTH NOCTosHeH. [IOCKONBKY OATYMKH (HKCHPYIOT CYMMAPHBIH
NIOTOK — KOHOYXKTHMBHEBNUI M KOHBEKTHBHBIH, a Noclienhuil MEXaHH3M HepeHoca Tenna
B Ipenenax akTHBHBX INIOWMANOK TpeobiiagaeT, TO HEeCOMHEHHO NOMMHMDPYIOUEe B~
HHMe KOHBEKTMBHON cocraeisoueil moroka., Ho moka Ha pompoc o MexaHuaMe 3TOrO
BIMSHHMS ONHO3HAYHO OTBETUTH HEBO3MOXHO; TPOBENCHHBIE Xe MCCIeNOBaHHs TNO3-
BOJIIIOT CHOENaThb TOALKO HEKOTOpbie NMpeanoiioXKeHus, ]

lpencraensieTcd, 4YTO OCHOBHOE BIMAHHE OKa3blBalT ofpaTuMbie (Gas3opbie mepe—
Xonel: BOOA @ Nap, TOCKOIBKY Ipollecc 3TOT 2HeproeMku#d u uner c Gonkwoi CKo~
pocTblo. OYUeBHOHO, MPH KOHIEHCAUMH Map OTOaeT TeINio M TeM Bolbuwee, YeM MeHb—
uie TemrnepaTtypa liopod, B KOTOPBIX OH KoHOeHcHpyeTcd. Tak kak ¢ rioyGuHolt TeM—
nepaTypa yLelWdMBaeTCH, TO y NOOOWBRH 30HBl KOHOGHCAIMH Mapa Temla 6yner oT-—
nasaTbcd MeHBlWE, YeM Yy KpoeiaH, B npenenax mapsiumMx INTOWAanoK 3o0Ha KOHNeHCaluH
BBIXOOMT Ha NOBEPXHOCThL M AKTHBHC o6MeHHMBaeTCs TelnoM ¢ aTmocpepoit, Hccneno-
pamnst noxassiaor (Dawson, 1964), yro nap GyneT MOTH C TOCTOSHHOA CKOpPO—
CTBIO NIPM NOCTIDKEHHMM NMOponaMH TOYKM KHMIeHWws! Bookl, Takasd 30Ha B McClenyemsbix
yiacTKax Jiexana HHXe OaTUMKOB, B cpenHeM Ha ypoexHe 1,5 M, Ilockonbky B @KC-
MTepuMeHTax OATYMKH yCTaHABIMBAMMCH BhILE 31700 YyPOBHSA, TO CKOPOCTE Iapa M
CKOPOCThL €ro KOHUeHcAalUHMM He 6yayT NOCTOSHH:!, KaK He IIOCTOSHHBI IO BelldHHe
¢MKCHpyeMble naTy¥ukaMH NOTOKH, KBasMCHHYCOMO&IBHOCThL, BEPOSITHO, OGEACHAETCA
TeM, YTO KOHNEHCAT CMOXeT MHIpHpPOBATE NPHM OOCTWXMEHMH HEeKOTOpod Maccel, mo~
CTaTOYHOH [/ CO3NaHMS NBIDKYmEro rpaBHTAIIONHOTO rpanuenTa. [Ipu nswxenun
EKOHIEHCAT CHHMaeT YACTb TeIuia C mopod M Tem Gonbuyio, YeM Gonblie paccTof-
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Puc, 16, Cxema usorepm pajiona Mmapmeix Tefisepor Ha ray6ume 75 oM
1= rpasebbie ozepku; 2 — TEDPMANLHBIE O3EPKHM; J = H3OTEPMBL = npeMIoaraeMele TEPMOBBLIBOASIUNAE TPEUIHHEL
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N = L

Puc. 19. Cxema pacnpenenenua rennosoro moroka B [onune Ieiizepos
Benwuuna remmosoro moroka | mkxkan/(cm2.c¢)l: 1 - >1500; 2 - 1500-
1000; 3 - 1000-500; 4 - <500

HHe OT 30HbI KOHASHCALMHK 00 YPOBHg BCKHNaHug, BciiegcTBre Takoro mMexaHuaMa coa-
naercs TepMHYecKas HeoOHOPOOHOCTL, OTDEXAloWascs Ha HOKal3aHMAX OAaTHYHKA,

[eranuhblie nccnenosanus addexTa napoobpasobaHud, npobenexuble [1x, CecTuyu
(Sestini, 1970) B patione /lapnepenao (Hranua), nosBonsioOT BMAETEH NPHYHMHY
KBa3WCHHYCOUIANBHOCTY TEINIOBBIX TOTOKOB, GHKCHPYEeMBIX AATYHKAMM HA aKTHBHBIX
nnomwankax, B H30SHTANBNMAHOM HCIIapeHHM IOCIeNOBaTelIBHBIX MOopINi PacTBOPOB.
[ejicTBuTeNEHO, NPH TAaKOM Npolecce TOMLKO Malad 4acTh pacTBopa IepPexoouT B
nap, oOHAKO 3TO BCEe Xe MPHBOAMT K JOCEnyIoLeMy OXJIaXOEeHHIO XHIOKOCTH M clle=
Oyomas NopuMs napa SyneT XapakTepua3oBaThcd MeHblWel sHTanbupel,

Ilo Bceilt BPepOATHOCTH, HEBO3SMOXHO OTPHMUATH H OPYTro# MEXAHHSM — IIYILCHPYIO—-
mee MOCTYIUIeHHe “2HOoreHHoro mapa”,

Y cke. 8, 16 u 17 onpenensnach HWHTEHCHBHOCTbH PACCPENOTOYEHHOI'O NapeHus
mo Meronuke, omicanmHo#t B ruase [l. MurencuBHOCTHL nNapenus Obita paBHa
[r/(M2.c)]: cke. 8 - 0,02, ck. 16 - 0,05-0,11, cks. 17 - 0,19-0,22,
CnenosaTensio, MakcuManbHbl BeHoc Temna (13900 Mkkan (cmz-c)] NnpH pac—
CpenoToYeHHOM MapeHMM HabmonaeTcs B BepXHeW YacTH CKIOHA, a MHHHMAalLHBIH
[ 3130 mxkkan/(cM2.c)] - B HmXHell ero wacTH. DTO MOXHO OGBICHATH TeM, YTO
B HHXXHel 4acTH CKIOHA MHOMECTBO GyMapolbHBIX CTPYH.

CpenHHe KOHOYKTHBHEIE TEIUVIONOTEPH C OeTAalLHO H3YYeHHOH TepMOCBHEMKON akK—
TueHOM mnowanku Inaenbxx Telisepos (puc. 19) paBHb okono 330 kkan/c. Cun-
TaeM, 4YTO HHTEHCHBHOCTH TeIIONOTepPhb C HPYyrHX aKTHBHBIX INIOWANOK TAKOI'o Xe
nopsoka, O06mMe TemonoTep¥ akTHBHBIX ruiomapned [donuner [eiizepoB paBHEI
4350 xkan/c.

Taxum o6pasoM, cymMmapHble Temnonorepu [onuub! [efizepos MOXHO ONIpenenuThb
CnenylUHXMH BenWYMHAMHU: BBIHOC Teluia ruaporepmamu - 75000 kkan/c, KOHAYK—
THBHbIe TEIUIONOTEePH C aKTHBHBIX mnowanck - 4350 kkan/c, BeHOC Telllla IIpH
paccpenoTodeHHoM napenumu 3130-13900 MKK&H/(CMz'c),

TuapoTepMaibHbie H3IMEHEHHA MOPOJ

IlpeoGpasopanne mopon non nedcreuem runporepm Honunel [eifizepos uayyeHo He-
OOCTATOYHO TOJHO M B OCHOBHOM C IOBEPXHOCTHM BCJIENCTBHE OTCYTCTBMH INTyOOKHX
cxpaxyi. Cornacio B,H.[uitmy (1937), HaubonbuieMy H3MEHEHHIO NONBEPrIIACH
nopons TYGoBOTO KOMIUIEKCA, KOTOpbleé MecTamy MpeBpalieHbl B TVIMHEI H IIpencTab-
TSOT CMEeCh MHHEepaloB Kao/lMHHTOBOH I'DYINbl, NPOMMTAHHYIO OKHCIIAMM XKelleaa.
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Takoii ke cocrar rimu ompeneneH A.B.Payckacom (1963). 3tor aBTop oTMeHaeT
IpuC VTCTBHE OIlalla, 4TO, COIVIaCHO HaukuMm, Oollee meTalbHBIM MCCIIeNOBaHMAM,
BeCLMa XAPaKTepHO A/ INIHH NPHIOBEPXHOCTHOI'O CII0d.

C.W. HaBoxe (1954) s paiione Bepxne-IefisepinX mCTOuHMKOR ONUcana B Tau-
IiN ATYHHT, TalUlyas3HT, ollal B camoponHyio cepy. Immsa B paiione InmapHbix
I'ciizepoB, mo ee OaHHBIM, COCTOS/Ia M3 TalllyasiTa M THOPOOKHCIIOB XKelleaa.
B.A. Epomes-lllak mo MarepuanaM apTOpa M3y4Hil MUHepalorMiecKuii cocTap HaMe—
HEeHHBIX IOpon B paifoHe ciuaHuA pyd. Bonomamuswiit u p. leiiseproil. Ceepxy BHH3
KAOIIMHUT=MOHTMOPU/IIOHUTOBEIE ¥ MOHTMOPW/WIOHHTOBBIE ACCOUMANHH CMeHAITCH
CMELIAHOCTIOUCTEIME  ( KAOIIMHHT~MOHTMOPWIIIOHHT ) M XJIOPHTOM,

Waydenne xepHa Menxux ckpaxmi (no 2,5 M) noxasano o4eHb CIIOMHOE COOT-
HOWEHHE MuHepallorHdecKuX accolMallMii B paspese N0 HanpaeleHHIO k p. [elfizepHoi
(puc, 20). Belue ypoBHS IPYHTOBBIX BON B OKMCIMTE/IBLHBIX YC/IOBHSX PasBHTEHI
NecTPOUBETHLIE INIMHBI, COCTOSIIME H3 KAOIMHMTA M MOHTMOPH/UIOHWTA, HHXEe cMe-
HAIOUHMECH MOHTMODPH/VIOHMTAMH CO cMewaHocoiusivu (cke. 8, 16). DBimke
p. letizepuoit (cks. 21,22) paspes HauuHaeTCHd B ACCOUMALNM MOHTMOPHIUIOHHTA
CO CMellaHoCIOHHBIME (MOHTMOPHIIIOHHT—Kao/MHAT ). [IpH TemiepaType BCKHIAHHA
THOPOTEPM B STHX CKBaMuHax Hapsaoy C MOHTMOPWLUIOHWTOM pasSBUBAIOTCS HEONMTHL.

Takum obpazom, MHHepamnbl, oGHApPYXeHHbIE B TPUIIOBEPXHOCTHBIX HacTax [lonn-
Hbl [efisepop, XxapakTepusyloT 30Hy aprwimHaalp#, BHAMMAS MOWHOCTE 3TO0H 3OHBI
cocrapndeT He Menee 10 M, MameHeHMs mopon ocymecTBISIOTCH B MHTEpBa/le TeM-~
neparyp ot 16 no 100°C non neiicTBieM CHOPOKap6OHATHO=XJIOPHAHBIX PACTBO—
pos (cMm. Tabn, 21). )
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Puc. 20. 30HANBHOCTHL THAPOTEpMAanbHO HBMEHEHHLKX [MOpOA HA YYACTKE TIaBHAX
refizepon

1. - cMewanocnoiHble (KAOTHHAT-MOHTMOPWIIOHHT) H MOHTMODH/UIOHHT; & —
cMewanociofiEe ( MOHTMODHIITIOHAT~KAONMHNUT) ¥ MOHTMODAIIONNT, 3 - MOHTMOPUN-
MOHWT W CMewaHocnoiHbe (MOHTMOPHINMOHNT-KAOMMEKT); 4 -~ MOHTMODHIVIOHHT H
cMewaHocolHbIe; § = MOHTMODHIIOHHT ¥ KAOJMHUT; 6 — MOHTMOPWUIOHHT M CMe-
laHOCTOHHLIe; 7 =~ MOHTMOPHI/VIOHHT; § = MOHTMOPHIUIOHHT K UEOJHT; 9§ -
MONTMOPHIVIOHHT M CMEUaHOCTIORHbe  (KAOJMHHT=MOHTMOPHIIONHT); 10 = H30-
TePMBI

5 292 65



T'HJIPOTEPMAJIBHAS JAEATEJIBHOCTD
B PAMOHE BYJIKAHA MEH/IEJIEEBA
4

Bynkan Menneneesa pacnon%me!{ Ha lore o, Kynmaummp (cm. puc. 7). Hayuenmo
ero okpecTHocTell mocesameHs patorsl B.M.TInima (1958), E.K, Mapxmmuna
(1959 a,6), I.C.Topukopa (1967), C.C.Cumopoea (1962), C.H. HaGoxko
(1963), B.M, yumyesa (dynmwaes, 1961; dynwues, Pusuuu, 1968), I'.H. Kosa-
nepa, 10.5.Cneama (1970) u opyrux uccneposarelneii. B aTux paborax ocHOBHOM
yIop chnenad Ha pasfop THOpoTepMalbHO# NeaTeNnbHOCTH Ha Mecropoxnenun lopa-
ypi [Inax, a TakXe naHbl XapaKTePUCTHKM I'eosioro-TeKTOHHYeCKo# ofcTaHoBKH H
pan peKoMeHAamui o MCNONbL3OBAHWIO NMPHPOOHOTO Telljla B HAPOOHOM XoagicTBe.
Hawa xe xoHeWHas wellb - OLEHHTH POJIb MPOLECCOB THOPOTEPMANLHOIO H3MeHe—
HHS IIOpON B 2HEepPreTHYecKoM OallaHCce CUCTEMEL,

Paiion syikana MeHneneeBa MHTepeceH W TeM, 4TO 30EeCk Habmogaercd CBA3b
conbpaTapHol M TMOPOTEPMABHON NedTeNbHOCTH, YTO HeCOMHEHHO MNOJIKHO OTpa=—
SUTHCH Ha SHEPreTHYeCKHX XapaKTepPUCTHKax. B cuimy He[NOoCTaTOYHOH H3Yy4YeHHOCTH
MeTacoMaTH4ecKHux Ipoueccop B Inpenenax BerHeﬁ qacTH HOCTpOﬁKH ByJIKaHna sHep-
reTudeckuit afdekT conbparapHol nesTensHOCTH B HACTOALIEE Bpemsi He MOXeT
GBITE OLIEHEH NOCTATOYHO IoJHO, NMOSToMYy Gollee noopobHAd XapaKTepHCTHKA OaeT-
cA HaMH s MecTopoxneuus [opauwmit ITnsik, mayuyeHHoro no raybunbl 800 M.

leosoruueckne ycjoBHA

Kypuneckas ocTpoBHad Oyra COCTOHMT M3 [BYX [apalyiellbHBIX Opyr OpYI'y reoadH-—
THKIIMHAIILHBIX TIOOHATHH, pasnelleHHbIX BraguHoi., [pamnna Mexny Tuxum okeaHoM
u OxOTCKHM MOpeM MNPOXOAUT no I'MyBokoBoAHBIM xennobam. Ocrpoe KyHaump — 10%—
Hasl OKOHe4yHoCcTh Bonbwoit Kypunsckoit rpansi. B TeKTOHHYECKOM OTHOWEHHH 3TO I'eO—
aHTUK/IMHANIBHOE MOAHATHE, OCIIOXKHEHHDe cepHell pasphIBHBIX HApPYUWeHHH ceBepo-3anan-
HOI'O ¥ CyGWHMpOTHOro Hanpaenenuit. Ornoxenus: o, Kynaump nendarca Ha oBa gpyca:

1) HmxHMI 9pyc — OTIIOXKEeHUS MeoBOI'O M HeOol'eHOBOI'O BO3pacTa, COBGCTBEHHO
¢pyHODamMeHT BYIIKaHa;

2) BepxHMii Apyc — YeTBEPTHYHBIE OT/IOXEHHMH BY/KAHHYECKHX amnnapaTom,

Cornacho uccnegopaumam E.K. Mapxmmuna (1959a,6), B.M, [lynuuera (1971),
C.H. Haboko u nop. (1969), ueTpepruyHoe Bpems XapaKTepH3YeTCHd BEICOKOH TeKw-
TOHMYECKOH M BY/KaHHYECKOH aKTHBHOCTEIO. Bynkam MeHneneeBa OTHOCHTCH K Oei-
CTBYIOUIMM H HaXORHTCH B conbgaTapHoli M rHapoTepMmantHoR cranuu, Mopdonorn~
HYecKH OH OTHOCHTCA K THIy “ComMa - Beaysuii”. Beicora Bynkana 890 m npu
momany oxono 25 xM2. Kanepnepa orpanmdena MOIyKolbIOM I'. MeMHHKOBa M He~
THIPEMS CoNbPaTApHBIMH HONEMH M HMeeT INiomank okoilo 6,5 xM2, BayTpu Kalb—
[epbl MMeeTcsl BTOPMIHBIR KoHyc. CKIOHBI BylkaHa MeHOemneepa CHIBHO 3pOOMpPOBa—
Hbl, 4 C BOCTOYHOHi CTOPOHE! K INOCTpOHKEe NPUMBIKAIOT OTIIOMEHWA MOPCKOil Teppackl,
MakcuManbHaa OTMeTKa Teppachl BOmman konmyca 250 M, moHmxaercd no 100 m
k Gepery Tuxoro oxeaHa. Haubollee momHo I'eojiorH4eCKMil paspea NOpon INpencTas-
nmeH mo pyd4. HerBepuxosa. B ycThe pydbs BCKPBHIBAIOTCH OTIIOKEHHH, IpencTabBlieH—
Hble BYIKaHOI'€HHO-OCANOYHLIMM ITIOPOnaMH H JlaBaMM aHnesHTobasanbrToB, OTIoXKe-
HE CMSTH B CKIanku ¢ yrioM nanenma 45-60°. BospacT oTioxeHuil Ipennosio~
WKHUTEIIBHO IUIMOLIEHOBbBIHA.

Ha paaMmbITOH NOBEPXHOCTH IUIMOIEHOBLIX OTI/IOXEHHH 3ajleraeT MallOMOLHEBIH
ciofi TONMMMMKTOBBIX NECKOB M PHIXJILX TIeCYAHMKOB C TanbKoll M Bamynamu, Ha lor
oT py4. HerBepHKoBa neciasble OTIOKEHHS (auuancHO 3aMellalTcd TecHaHO-INIH-
HHCTHIMH C npochioamu muramros, Ilo namusiv I.B. INomynuna (1969), noesepxHocTts
pasMBiBa HMEeT PeruoHAlIbHOE pPAa3BHTHe H NpociexuBaeTcd Ha lor no M. Bysanoma
(18 kM), YeTBepTHUHBIE OTIIONKEHHS neiMTcs Ha 3 Kommtekca (puc. 21).

Huxumit koMIeKc IepeciiauBalomuxcs NECTPOLBETHHX AarjloMepaToB H ICehHTOo—
BbIX TY()OB B OCHOBHOM AHE3HTOBOI'0 cocTara, [lopoms! 3ajerapT OPH3OHTANBHO
H XapaKTepuayloTcd IUIMTHaTOH oTOensHOCTERI, Mecramu HaGmonaloTcd NpPOC/IOH &H-
nesuroGasanbToBbx naB. [lo nammblM Gypemus, na lopausem [lnaxe ([dyawses, 1971)
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Purec. 21. Cxemarmueckuiti pasdpe3 mocTpoiiku pynkasa Meupeneerpa (mo I.B. ITo-
nyHmay, 1969)

1 = HeOreHoBOE CKnag4vaToe OCHOBaHWe BYKaHa (BYﬂK&HOFEHHO—OC&ﬂO‘IHb}'E
05}JﬁSOBﬂHHH H IIOTOKH aH,EIESHTOGQQBJTbTOB): pL - Gaaarrbﬁme KOHIJIOMepaTbl H
MMTHHUTEI B OCHOBAHHHM HIKHeM maukm; 3 — HIDKHag madka (armomeparosele m nce-—
duroBrie Tydel aHnesHTOBOTO cocTaBa); 4 - CpenHss Nayka (&HAESHTO-NANMTOBLIE
TY$BI € IpOCTIOAMH aHAE3HTOBLIX naB); § - BepxHaa mauka (rabGoBble armoMepa-—
TOBBIe TYy®el AaHAE3HUTOB ¥ BYIKAHHYECKHX Gpextmﬁ. B BepxHell YacTH NIOTOKH aH-
[eaNTOBLIX ¥ aHNe3UTO6a3ambTOBLIX NaB); f — KOHTVIOMEpaThl Ha ITOBEPXHOCTH
Teppachbl oA BYNKaAHHYECKHMM KOHYCOM; 7 — TONOLeHOBhEIe OTIOXMEeHHS OalHUuTOBBIX
Ty¢oB; § - nauuTOBHI HeKK; 9 - MecTO or6opa ApeBecHHL Ha ollpenencHue at—
COMIOTHOTO Bo3pacTa, I1( - nmpomonbHB mpodune p. Yermepukosa; 1880 r.-para
nocneaHero M3pepXeHud BYKaHa

B paspese NPHHHMMAIOT yyacTHe TY()oaleBpo/MTEH C OOJMTOBOH TEKCTYPOH M TY(UTEHI
cpendero cocraea. MouHocTe oTnoxeduit 200 M, no pyd. HerBepukosa 50 M.

Cpenuuif KoMIUIEKC 1o pyd.HeTBepHKOBa INpencTapiieH aHNes3HTO—[1ALKTORLMHU
TyhpamMH H TYQOKOHIVIOMEepaTaMH C IPOCIoSMM aHne3WTOBHIX naB. Ha MecrTopoxne-
Hu Topaunit Tngx ([yauues, 1971) BCTpeYeHE! XOpOWO BhIAepXAHHBE IO IPOCTH-
paHMI0 CBapeHHble TOPHCTHIE TYgbl (MHUMGPUTHI) ¥ faBollonobGHbIE NMOPOOBI JIUIIAPH=-
TOBOT'C M JHMIIAPHT-OAUMTOBOI'O cocTaBa. MoIIHOCTEL OTHOXeHHH mo pyd, Hereepukosa
70 M, Ha l'opauem Ilnaxe -~ Gomee 400 M. B uenom mo XHMHYEeCKOMY COCTaBy OT-
JIOXEHMd CpenHero KOMIUIEKCA OTHOCATCH K KHCIIBIM BYJIKAHUTAM,

Bepxuuii By/KaHOreHHBIH KOMIUIEKC IpPENCTABIEH BYIKAHHYECKHMM OpeKYMsIMH M
TygoarioMmeparaMi aHOE3MTOBOI'O M aHOe3MTo6a3anbTOBOrO COCTaBa. Beepx 1o
paspesy OHH CMEHSIOTCS AHAIIONMYHBIME IO XMMH3MY fjaBaMmHu. Iloponbl BepxHeil mad-
KM MMeIOT HesHauuTeNbHbIH ykioH (5-10°) or menrpa BynkaHa kx nepupepuu, [lo
onenke I.B,Tlonyamaa (1969), MOmHOCTE OT/IOMEHHI 3TOro KoMIUlekca no 650-
700 M, . .

Ha ornoxenusix BepxHero KoMILIeKca saneralor Mmainomoumbe (20-40 M)
KpacHoBaTo-0yprie namummuesble rydel nalmra. Pacnpocrpanenne X  orpaHuyp-
BaeTCsd BEPXHHMH 4YaCTIMHM BYJ/IKAHHYECKOH HOCTPOHKH.

IMopone! HIDKHEro H CpeOHEro KOMIUIEKCOB CONEpXaT OHATOMOBYIO duiopy, Bo3pacT
koropoil onpenenexd B.H. Bexumoit ([Momynun, 1969) xak KoHel cpenHedeTBep—
THYHOI'O - Hayalo BepXHEYeTEepPTHYHOI'O BpeMeHH, B cocTraBe ¢uiopbl BCcTpeualorcsd
THIIMYHBIE MOPCKHE, COJIOHOBATEIE M IIPECHOBOAHBIE OPraHMaMBI IPH TpeobiianaHuu
nocnenHux. HauBonee Goraras ¢uiopa BCTpedeHa B OTVIOMKEHHIX MOPCKOH Teppach
B paiione M.BysaHosa.

Camrule Mononble — 2TO TOponkl SKCTPY3HBHOI'O HEKKa, BbXOOSUHE B BHOE Kpy-
TocKiloHHoro Kynona (puc. 21) ¢ abcomorHolt oTMmerkoit 86 M. Beicora xynona
OTHOCHTEIbHO TMogHOXEH okolo 400 M mpu mmomanu ocHopaHud Gomee 1 kM2, Tlo—
pons! IpencTaBleHBl OAUMTOM C KPYNMHBIMM BEKpanneHusMy kpapua. [lo mpepmonoxe—
Huo E.K. Mapxmumma (1959a,6), oTnoXeHde NamWUIMeBLX TY(HoB IpPeqUIeCTBOBAIIO
BO BpeMeHH BHe[OpeHMI0O 9KCTpy3ud. [locnenHee HapepXeHHe By/IKaHa OTMEYEHO B
1880 r. (puc. 21).
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I.B.NonynunsivM 008 onpeneneHns aGCco/moTHOr'C BO3pacra 6o oToGpaHb! 06—
JIOMKM NpeBecHHbl W3 HHXHEro KOMIUIEKCA H JIam/NHeBbX TY(oB, NO KOTOPLIM BO3=-
pacr umkaero xommnexca (39 300+600; 40 200 +750) okomo 40 000 ner,
Bospacr namumessx Tygos (4220450) okono 4000 zer. Taxum ofpa3om, mpo~
NO/DKMTENBHOCTE THOAPOTepMAanbHOH NedaTe/IbHOCTH, BePOSTHO, TAaKXe OKOJIO 4000 neT.
[leperuHBIe IIOPOOHI, CllAralomEe IOCTPOMKY BylkaHa MeHnneneepa, NONBEPriMCEL HH-
TeHCHEHOR TMAPOTepMANEHOK MepepaboTke, Bhlpaxaloueicd B apru/UH3AINA H IPO—
MTuTHsAIMYE, MOMHOCTE S0HL AprAUIM3AlNM, PASBHTOH B NPHIOBEPXHOCTHBKX yC—
nopusix (BeposTHO, Bhbllle YPOBHS NerasallMH BLICOKOTEMNEPaTYPHBIX Bon), COCTaB=
leT HECKONLKO METPOB ¥ NOCTHraeT MAKCHMA/bHOH BE/MYHHE! B paioHe l'opsgera
[naxa (50-70 M), monpofHO OMMCAHHOT'O HIXE, :

TaxkuMm o6pasoM, XapakTepHad OCOGEHHOCTH pacCcMaTpHBaeMOro pafiona - @10
TO, YTO B I'e0/IOMYECKOM CTPOEHHH ero yHaACcTBYIOT BYIKAHOI'€HHBIC noponel, B KO-
TOpBIX TYydHl mpeoGranaior Han napamu. IlocnienHee onpenensdeT XapakTep MMPKYiId-
MM ¥ OMHAMHEKY TOO3EMHBX Bon. XUMMYeCKHH M JIMTONOTMYECKHH cocTas mopon
MeHgeTcs Kak IO Iulomany, TaKk ¥ Ha riryCuHY.

uaporeo/iorHYecKHe YCAOBHA

B reaporeo/or¥HecKoM OTHOWEHWH 30eCh BhNENSIOTCH OBA BOMOHOCHBIX KOMINIEK—
ca, pasneeHHbX HTHEMOGPHTAMH H /1aBONOA0GHEME NOPONAaMH JIMIIAPHTOBOrO COCTa-
Ba, CIyXAIMMH OTHOCHTEIEHEIM BOAOYIOPOM.

BepxHuil BONOHOCHBI KOMIUIEKC COOepXHT CO/MOHOBAThIe H CilaGocolieHble Nepe—
Tpersie BOAB! CO cpedHelt MuHepanusaume#t 3-4 r/n. Iloponwr xoMmiekca paatuTh!
TPemMHAMY pA3/IFYHEX HATPABJICHWH C YIVIAME TNAfeHMs, GIUSKAME K BepTHKAILHO-
My, IlpeoBnananue OTKPEITHIX TpPEHR ONpeReiseT XapakTep UHPKyAAuHm BO4. Mow-
HOCTb KOMmIekca B npenenax Iopsuero [Mngxa 220-280wm. (Haboko wu mp.,
1969). Ceepxy BONOHOCHEIH KOMIUIEXC HEpeKpHIT MEIUVIOBEIMH, EtATOBLIME H [Ha-
TOMOBBIME Ty(aMH OCHOBHOI'O COCT&Ba C MeCYAHO-TVIMHHCTEIM H TYIMHHCTEIM 3aro/-
HATEIeM, CIyXAau¥M OTHOCHTE/ILHEIM BOAOYNOpoM. Boagbl aToro xoMmiekca — Ha-
MOpHLIE.

Pacnpenenenne cTaTHYeCKMX YypoBHel#l B CKBaXyHaxX YKaspBaeT Ha Hanpae-
lleHHe TOTOKA OT By/lkana Menneneepa, HamGonee BONOOGHIBHBI 30HBI MMOBBIUIEHHOH
TPelMHOBATOCTH, [le6MT CKBaXMH M3 BepXHero KoMIuiekca, Mo pnauHeM B.M. [lyxu-
gesa (1971), nocruran 30 xr/c mapoBonsHO# CMECH.

HmxHu#t BOMOHOCHBI# KOMIUIEKC TPHYPOYeH K CPEefHHM BY/IKaHOT'€HHbLM IOpOAaM
(TydduTE), Takke pasGuTHM TpeluMEam#. BcnencTeBHe Toro 4To TpellumHbl Gonee
3aKpBITE, YeM B BepPXHeM KOMIIeKCe, YCNoBHd BOOOOOMEHa 3Mech 3aTpyOHEHEHI.
[Toporas mporuMinaeMocTb mopon B cpemieM O,1-1 m[. Hixkuunii BoAOHOCHBIH KOMII-
JIeKC XAPAKTEPH3YeTCH IUIACTOBRO-~TPeUIMHHON LMpKYIaluHel M CONepXUT HeHTpaib—
HEle X/IOpHOHO-~HATpPHEeBO-KallbIMeBhle, COIEHBIe BOOLI C MuHepamusauMei no 26 r/m.
[NebuT ckpaxuH He Gonee 1 n/c. MurepecHo To, UTO BOOLl 2TOro KOMIUIEKCa He
HMelT CBI3H C OoKeaHH4YeCKHMMH BonamMH, TNMOCKOIBKY B IIpollecCe Ioooeoro BhIOIyCKa
NapoBONSIHON CMEeCH H3 CKBAXHUH Ioncoca He Habmonalnock (Oynuwaes, 1971).

OTHOCHTENEHEI BONOYNOP MeXIy BepXHMM M HHXHHM BONOHOCHBMH KOMIUIGKCa=
Mu uMeer MoumHocTk no 350-400 M ¥ NHpencTaendeT CHeKWHecs TY(E! ¥ Naphl
NAaUATOBOIO M JIMIAPAT-[ALMTOBOI0 cocTaea. [IpoHALAEMOCTE NOPOA BONOYHIOPa HH3-
Kag ¥ no naGopaTOpHBIM MCIhITaHuaM He npespmuaer 0,22 mll. Nunpapmugeckas
CBA3b MEXNy BONOHOCHEIMH KOMIUIEKCAMH OCYIECTB/SeTCH MO CHUCTeMe TpelyH,
pPAa3BHTEIX B TopoAax Boaoynopa, Ha cymecTBOBaHHe THOPaBIHYECKON CBA3H
ykaseBaeT CXOACTBO MEeTaCOMATHYEeCKHX HaMeHeHH#i B Typax H JjaBax aHfAe=
auTobasanpTa BepXHEro BOOOHOCHOrO KOMINIEKCA M TIOpPOAdax OTHOCHTENBLHOrO

BOMOYTIOpa, ‘
O6nacTh muTaHWs ~ TocTpolika BynkaHa Menneneepa, KommyecTeo aTMochepHbX

ocankop coctarmger 1000-1800 mm/ron. O6nacTb pasrpy3ki IpHYpodYeHa K 30-
HaM noabn.uemmﬁ TPEMOB&TOCTH. ‘-Ie'rmpe TaKyie 30HbBI BhIOEIIeHbl Ha MEeCTOPOX~
peppy Topaumit [lnsk, rAe OHM ONEPSIOT GeperoBoit paamnomMm, [lanenne aom
KpyTOe Ha oTro-3anan. MecTHas pasrpyaka OCYmMECTBASEeTCs 0 AOIMHAM PYyYbeB H peK.
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leoTepMHEYecKHA pesKHM

B reoTepMHYecKOM OTHOWEHHM OKPECTHOCTH By/iKaHa MeHpeneepa M3ydeHbl Helo—
CTaTOYHO IOMHO, IIOCKOIbKY GypeHHe CoCpeloTOYEHO JMulb Ha MecTopoxnenun [o-
paumit Tnsx (B 1973 r. ckpaxumsl Gypwmick fo pyd., Kucnbit).

I'.H. KopanessMm H l0.B. Ciieamisim (1970) o6cnenobaHsl BCE I'PYINIBI HCTOY—
HHMKOB M conbbaTapHble Ions pBynkaHa Menneneepa, [lo ux naHHbIM, HCTOYHMKAMH H
napom (uckmiouass lopsiumit [Inax) pbHocHTCS Ha HoBepxHocTh okono 3000 xxan/c.
Hamepenus temnonoreps B.H, Benoycoprm (1967) naior uuTeH OCTb BBHOCA
renna Ha Cepepo-BocToynoM comnbparapiom mnone, paemyio 1,7.10° kkan/ (rm2+c).
OfcnenopanHble ABTOPOM BHIXObI I'a30BHIX CTPYH Ha CKIOHaX Bymtana MMel T
t =96+ 98°C, ConubaTapsl ¥y NOOHOXKEA moim mMelT t=75+78 e TemMmneparypa
BEMemalomux NopoR nocturaer 55-60°C, B npenenax HayyeHHLX HaMH CepHBIX
6yrpoe (mo rmy6uEel 1,5 M) rpangMeHT TeMIepATYDHl B CpelHeM PaBHANCH 10°C/wm;
MaxkcHManbHasi ero BemmumHa nocrurama 50°C/m. B o6BonHEeHHBX Toponax HIDK—
Hell YacTH CeBepo-BOCTOYHOI'O COIb(PaTapHOr'o IOJIS I'PagUeHTHl TeMIlepaTypsl CO-—
CTaBIANE /MUIL [OMH Tpagyca Ha MeTp,

Vismepenuniit B naGopa TOPHEIX YC/TOBHSX KOSPPHUMEHT TEnnonpoBOAHOCTH mMOpon
B BepxHell 9acTH conbhaTapHOTO HoMs B cpenneM pasen 2,7 + 1073 xan/(em-c.rpan),

Quxnanf(cu?-c)

18 15614 134 1210238 7 1 '
9

Puc. 22. Cxema pacrnonoxenns Touek (4) HaGMONEHHS 3a BapHAINHMSME Tel/IOBOTO
noroka [ mxxan/{cm< c)] ma Cesepo-BocTounoM conmbbaTapHoM mone Bymkama
Menneneesa; rmmcomerpmiecku#t (6) n reorepmmueckunit (6) npopunm

B uncrmrene npobu - acomoTHas ormerka (M), B 3HaMenaTene - BenwmYHHA
TEeIJIOBOTO MOTOKA, Mepen ApoObI0 - HOMEp TOYKH
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a B HMKHell yacTH mona - 3,1 10"3 kan/(cm-c rpag). Takum o6pasoM, KOHAYK-
THBHBIE Tennoso#l moTok B 1971 r. Ha Cemepo-BocrouynoM conbdpaTapHoMm fmome
6bu1 B CpenHem paBeH 27 MKKBJ‘!/(CM2'C). Hccneporanua 1973 r. ¢ nmomombio
natimkos (puc. 22) mokaampaloT koneSaHMs TEIOBOTO NOTOKA B mETepsame 30-
3000 mkxan/(cm2:c), opy4yeM 3TH KomeGaHHS HENOCTOAHHE! BQ BpeMeHH H Ioa—
BepKeHb! IepHOAHYEeCKHM H3MeHeHHAM. MHTeHCHBHOCTEL paccpenoTOYeHHOro Hape-
HUd B UenoM Mo IUOwaAd 4Ype3BhblyaiiHO HE3Ka BCHe[cTBHe Hafmofatlwmelca nosciony
LeMEHTaluul IIOBePXHOCTH T'PYHTa Cepoil M B SHepPreTHYeCKOM BLIPAXKeHHM paBHa
100-118 Mmxxan/(cm2 c)  (Toukm 14, 16). B mecrax BEICOKHX TEIIOBBIX MO-
TOKOB 3aMepeHHas HHTeHCHBHOCTL paCCpenoTOHeHHOTO napeHns paska 0,46 r/(M2. c)
[ 27140 mxxan/(em2:c)].

Z, mrmrﬁ/{zw"-f)

L Puc. 23. CxeMa COOTHOWE-

HHA KOHOYKTHBHOTO (g, )
U KOHBEKTHBHOTO (g,) Bbl—
HOCA Tellja MO NMPOQHMO ¥
pyy. Temmst (Topsumit
[Mrsax)

qogy - SHAYEHHs, MOIy-
yaeMele Mo gaT4HKy

750

500

250

q 920 J0 w0 g 60 kM

Haubonee monpo6HO K HacTOsmeMy BPeMEHH U3y4eHO MecTopoxaeHnune lopaumi
IMnax. MaxcuMmanbHas Temneparypa, dadukcHpoBanHas Ha TiyGuHe, cocTapnder
169°C, T'eorepmuueckas cbemka (Mapxmuun, 1959a,6) noxazana, 4TO MOPOAL!
Ha NOBEpXHOCTH MecTamM Iporpersr oo 100YC, locnepywwmue TeoTepMHYecKHe
HCC/IeIOBAHNA B CKBaXKMHax N0OKAasand, 4TO TeMIepaTyprl 3HAYHTENbHO yBelHYHBa=—
I0TCH B CUIILHO TPeUWMHOBATHIX TIOPOOaX M MafaiT B HAUpaBIeHHW CTOKA, Takasa 3aKo-
HOMEpHOCThH pacnpenelleHHs TeMIepaTyp HabllodaeTcs M Ha XOpolo HayuyeHHOM [lay-
MEeTCKOM TepMallbHOM TNolie H, BUAHMO, XapakTepHa [Ulg BCeX CHOPOTePMAINBHBIX CHCTEM,

B nopopax mRepxHero BOAOYNOpa AC KPORNIH BepxHero BOOOHOCHOTO KOMIIEKCA
¢ rnySmumoif TemMmeparypa DpacTeT [0 100°¢, pPe3Ko NopbILIAACH B 30HAX pasiio-—
Mo, HenmpepeiBHbr#t pocT TemnepaTyphkl HabGmogaeTcs B mMOpoagax BepXHET'0 BOAOHOC—
HOTO KOMI/IEKca, NOCTHTas MaKCHManbHOW aaduKcHpoBaHHO# BenMMYMHEl Ha TyOHHAaX
nopsnka 100-120 M.

B HuXHEM OTHOCHTe/LHOM BOAOYIOpe TeMllepaTypa oCTaeTcd NOCTOAHHOH mHGO
NOCTENeHHO YMeHBWASTCH K erd Nogowse, oCTaBadch [0 BenwumHe Gonee 100°C,
B HuXHeM BOJOHOCHOM KOMIIEKCE TIOCHOACTBYIOT TemmepaTypsl Beume 100°C, wo
O 3aKOHOMEPHOCTHAX WX H3MEeHeHWd JaHHBE BecbMa orpaHudens;. Bonee BepoATHEHM,
no MHenmo B.M, [lymuuepa, kaxercs GIM3CTaUMOHapHBHI TeMMepaTypHBIH peXuM
¢ HebOnLWHEMYE MeCTHBIMH KOonebaHHAMM B TY HIM MHYK cTOpoHy. [lo naHHEM
B.M. [lyrnueBa (OnmITHBIE MCMHITaHHMS), BHHOC Temna Tuaporepmamu lopsdero Tlms-
#a paben 12 500 kgan/e. MaMepensad aBTOPOM HHTEHCHBHOCTL paACCPeNOTOYEHHO-
ro napenms KoneGamace or 0,9:10-3 pmo 2,5:10-2 p/(m2.c) [50-1500 Mxxan/
(cm* c)].

HccnenoBanme TemnmoBOoro IOTOKA AATYMKAMHM IoKasano (puc. 23), uro ofmmit
TennoBoi MOTOK nexur » mHTepBate 80-1000 wmxxan/(cv2ic). ¥ pyu. Jleweb-
HEI aaduKCHpoBaHBT MOTOKHM B 2500 Mkkan/(cMm2:c). KoHayKTHBHEN Tenmopoi
NOTOK, BBHIYMCMEHHBIH Kak NponabefeHre KoaddHMuMeHTa TeNIONpoOBOAHOCTH INOpPOQ,
¥3MEepPeHHOTO B TONEBLIX YCJIOBHSX, HA TpPanMeHT TeMmiepaTyphl, JIeMAT B MHTEp-
sane 40-210 mxxan/(cM2 c). Cpennasa BemM4yHa KOHAYKTHBHOT'O TelNONOTOKA
ans Bynkana Memnpeneesa mpunsira pasHo#t 30 mkkan/(cM<.c) BcnepcTBHE TOrO,
YTO OHa He MeHsnachb BO BpeMeHM. Takum o0Opasom, BEIHOC TeIia I'HapOTepMaMH
¥ nmapoM pabeH 15500 xkan/c, a KOHAYKTHBHEIM IyTem - 1800 xkkan/c.
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I'uapoTepMaibAbie H3MeHEHHA MOPO.]

Viamenenne nopop oBycnoeneHO BoaaelCrBmeM HATPeTHIX Ta30B M BOA H B CHIAY
3TOT0 Dba3nu4HO Ha conbbarapHbx NMONAX W B pafioHe MHTeHCHBHON pasrpy3KH THO-
porepM (Topsumit ITnsax). Mbl He WMeeM NOMHBIX CBefeHuH 06 MaMeHeHHBIX nopo-
nax Ha conbarTapHerx TMONAX, MOBTOMY MOXEM OXapakTepHaoBAThL MHUb GIM3NO-
BEPXHOCTHEIE H3MeHeHHH, MameneHme mopon Ha conbbaTapHEX NMOASX HMAST TOA
BoafeflcTBHEM r'a3oBEIX CTPYyH, Bemymes pomb B Koroperx (90%) npmHanmexuT Bo-
nsHoMy mapy. CocrTas cepocopepxamgx KOMIOHEHTOB KOHAEHCATa NpeACTAaBleH Hh-
xe (HaGoko, Cunbuenxo, 1959):

r/n Bec. %
H,S 0,0071 5,4
50, 00788 59,8
503 0,0459 34,8

X7I0p NMPHCYTCTBYET B He3HAYHMTENLHEIX KONMMYECTBax. B Mano o6BOAHEHHBIX [O—
popax BepxHEX yacTe#t conbbarapHerx Nonedl MAMEHEHHS BbIPaeHL MHTEHCHBHEIM
okBapuesanmeMm mopon (raén. 22). Cpenn MuHepanbHEX HOBOODpasOBaHHl pes3Ko
npeobnanaoT cepa, 3aTeM CyNbduabl B cynbdarel. ComocraBfeHHe 30HANBHOCTH
Ha HECKONBbKHX, H3YYeHHBIX HaMu neToM 1971 r. cepHbix Oyrpax DpHBOAMT K
cnenqyomuM IIpencraBleHuaM.

Bepxuas wacTe paspesa MomHoCcThI0 5-10 cM mpeAcraBneHa OTIIOMEHHAMH
cy6naManmonHolt cepbl. Cronbuarsie KpUCTa/Ibl Cepbl OPHEHTHPOBAHLI IepIEHIUKY -
NSPHO K TMOBepxHOCTH. KHUAY Habmopnaercs croli 6eCNOpsnOYHO OpHeHTHpPOBaHHOMN
cepnl MomHOCTBIO 00 50 cMm. Hepenkm o6noMkH mopoa, CHIbHO OKBAPUOBAHHBIX M
ofeneHHbIX.

Huke neXuT Croit CHIBHO TPEMHHOBATHIX OMaI0BO—AINyHHTOBEIX nopoa (rabm. 22)
IPOMHTAHHLIX KOHREHCATaMH Ta3osblx Crpy# ¢ pH=~ 1, peckMa arpeccHbHeIX IO
OTHOWEHmO K Nopoge. TpemmuHb! OpHeHTHpPOEaHbI GecmopsnouHo. [lopona mioTHas,
B CpeauHHON YACTH COXpaHeHa pelMKTOBas CTPYKTypa. Ha HOBepxHOCTH MOpOMBI
pcerna obHapyXuBaeTCs Cnoi OpHEHTHPOBAHHEIX KPHCTan10B cepkl, MomHOCTE IMO-
poosr 30-35 oM.

[anee saneraeT Cno#l pLIX/ILIX YEPHLIX CAMHCTHIX CYnbQHAOB B cynbbaToB 3e-
nexobarto-romyGoro u xenroro (pemepnr?) usera. Cyns mo XHMEYECKOMY aHAMMSY
(rabn. 23), XenTeie BLIIBETH COCTOAT M3 CynbdaToB. MomHOCTH cnog OKOMO
30 cmMm.

3aTeM HOYT MOHO/HTHBIE OKpeMHEHHBIe NMOPOAbl. TpempHb B HHX HacCTO 3ae-
YeHB! NPOXHIKAMHE onlana. Bmammas MomHOCTE KPapU-alnyHHTOBBIX NOPOA MOPSAKa
30-40 wm.

B nuxaEMx wacTax conbdaTapHOro Nons MOPOAB! M3MEHSAIOTCH MO BO3AeHCTBH-
eM TPYHTOBHIX BOM, HACHIMEHHEX T'asaMu. BcrencreHe 2TOrO XapakTep M3MeHeHHs
yxe ¥uHO#l. 30ech HeT CTONb MHTEHCHBHRIX BHAeneHH# cephl. B opeomax mporapu-
BaHUA NOpoAb! M3MEHeHLl Hauejo A0 TnmH. 3Aechk Xe Hapdagy ¢ “ruapocoirsha-—
rapaMH” oGpasylTcd Tpsasepble KOTnbl. OpHeHTHPOBOYHAS MOMHOCTE 30HBI APTHIl-
nu3anmp okono 2 M. Cronae HeGonbllas MOIMHOCTHL, BHAMMO, CBf3aHa C OTHOCH-
TejbHOH MOJIONOCTHIO B HENOCTATOYHON pa3BHTOCTHIO Npouecca. Kpome Toro,
MOWHOCTE 30HLI MOCTOSHHO COKpamaeTcs MoA Bo3AelCTBHEM MOBePXHOCTHBIX Bi-
noToxop, VETencmeHOCTL BOAHON SpOSHME He NOgAAeTCH yYeTy, HO, CYAS IO YTy
HAK/IOHA MMOBEPXHOCTH 30HBLI MHTEHCHBHON apruinn3aunyd H KOMHYeCTBY BLIHOCOR
B MeaHapax py4Ybs, Te MOWHOCTbL OTIOMeHHE I'MHH CBhiue 3 M, BHHOC TVIHHHC—
TOTO MaTepHana CymeCTBeH.

MunepanoopasoBalne B T'PE3EBBHIX KOT/ax, SaleTalluX B ONaJIWTax, He[daBHO
netansuo maydemo JI.M. JleSenesorv (1970). WM oTMeuens: cdatepur, MeTa-
uunHaBapuT, KMHOBAphk, ralleHHT, aHTHMOHHT, peanbrap, aypunurmeHnT. BecbMma
cBoeofpaa3Hpl OO/IATOBEIE BEIXGNEHHS Ollaga C TeM HIH HHBIM COgepKaHHeM CYilb—
dunoB Wene3a M LHHKA,
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Tabnuua 22

Xumygeckuit coctap uamMeHeHHBX nopon Cereepo-BocTouHoro
conbdarapHoro monst ByikKaHa Menneneesa (o-B Kynaump), Bec.%

KoMito= Homepa mpo6 o Homepa mpo6

pg 20 21 26 I 20 g | 26
Si0q 84,47 84,65 87,43 Hy0" 0,14 3,34 0,03
TiOy 0,47 0,9 2,14 HoO" 1,53 3,08 0,49
Al504 Her 1.56 Her COy 0,08 Het 0,1
FeqOq 8,18 0,73 1,3 G Her # 0,54
FeO 0,16 0,2 0,09 P,0g . 0,01 0,01
MnO 0,02  Her 0,01  SQjamy- 0,55 0,34 0,41
Ca0 0,11 0,33 Gah PR
MgO 0,15 0,2 0,07 Tlorepu 8,4 3 8,91
Nag0 0,23 . 0,84 0,28 TP TRES
KoG D28 . (OR%. B2 coiiue G880 . DOBZ- 100,58

Conocrapnsas THICOMETPHYECKHE YPOBHM TPA3EBBIX KOT/IOB, MOXHO IPHATH K
BLIBOY, YTO OPHEHTHPOBOYHO MOIIHOCTL 30HL! OIA/I0BO-AJYHHTOBEIX NOpOA COC-—
rasnger 30-40 m. B nmxuelt sactun Cepepo-Bocroyroro conubaraproro mons
IpOAB/IAeTCs 30Ha MHTEHCHBHOH aAprunnusanuH MOMHOCTHO okono 2 M. Onanmsa-
uusg nopon Habmopaercs u HKe coawbaTapHoro noms mo pyd. Kucmomy, ocofeHHO
BOIH3H BLIXOOA IOPAYMX Kmodeld, HO Hmpouecc B @HAYHTENLHON Mepe ocnabneH u
HMeeT MeCTHOe 3HAYeHHe, BPAN /M OKa3bBad ONpefendioniee BIHSHHE Ha TI'eoTep—
MHYECKHH pexuM,

HanBonee momHo Ko/OHKa T'HAPOTepManbHO-H3MEHEHHEX ITOPOA NpencTaBlieHa
Ha Topsuem Inawe. B mocnennee Bpems cumTanT, 4TO BCe BOARI Bynkana Mexne-
neepa HMEIOT eHHYIO NPHPONY, a MX cocTaB oGbACHEeTCH XMMHYecKo# nudpdepen-
mamvelf n paammdHo#t riTybuHol dopmupoBanma (HaGoko w op., 1969; [yuuues,
1971). CnenoraTelnbHO, .M TeIUIOBas HaUpysKa MX Takke obgsaHa ofHOH H Toil Xe
rpymie ¢gakTopoB.

B ofmem ciiyuae BcneacTBHE cremupuyIecKkodl IeoXMMHIECKOH, THOPOAMHAMHYeC—
KOH, IeoxMMH4YecKOH M reoTepMHYecKoll o6CTAHOBKM H3MeHEHHMe Iopol HMeeT pas—
HYI0 Hanmpap/IeHHOCTB, TeM He MeHee BRIGBIHETCA M obllad 3aKOHOMEpHOCTh CMEeHbI
MHHepalorydecKix 30H Ha IiybuHy. OHa Brpaxaercss B CMeHe INPHIIOBEPXHOCTHOMH
30HBl APrW/UIM3AUMHM 30HOH NpONWIMTH3alMH. MecTaMH OTHAelbHble IPOLEeCChl 30HbI
NMPONWIMTH3AIMH NPHOOpPeTAalT caMoCcTodATellbHOe SHaueHHe, 3oHa aprwuM3alMi HMe-
eT CPenHio MOoWHOCThL okoilo 250 M,

[TonzoHa MHTEHCHMBHOH APTH/NTH3AIMH HAYMHAETCS C NOBEPXHOCTH IO NepHpepHu
IIMNIAPUTOBOH SKCTPY3HMH H TydaM AaHOe3HTO-OAlMTOBOI'0 M aHoe3HTo6as3albTOBOI0
cocrasa, OHa pacnpocTpaHdeTcd Ha INIyGuHy 67 M. MOIIHOCTE 30HLI HEINOCTOSHHAas
U B CpenHeM MoXeT OviTh npuHATa paBHolt 50 M. OcHoBHON MuHepal - MOHTMOPHII-
JIOHUT M ero XeleaucTas pasHocThb (HoHTponuT).OCOGEHHO MHTEHCHBHO IIONBEPIHYTHI
H3MEHEeHHI0 IIeMeHT Tyda M obmoMkH napnl. [lnaruoknas HoABeprHYT BhIUEIAYHBAHMIO,
B IYCTOTAX M IO TPelIMHAM PpasBHT MOHTMOPWUIOHMT. Ha lexoTopolt riyGuHe moss—
MAETCH aHAlbLAM, 4TO CBM[ETe/BCTBYeT O Ilepexone K 30He LeolMTH3amMu. Hapamy
C HEOJIHT{MH NOSBIAIOTCH THAPOCIIONA ¥ IMOpOXJ/IOPHT.
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Tabnuua 23

Xumuuecku#t cocras rnopon M BhlupetroB CebBepo—Bocrounoro
conbdaTapHoro nond, Bec,%

(mo C.H.Ha6oko u B.I. CuisHuuenko, 1959)

T — Cpexas ObBenennas Brinperer | YUepnas cyne— | Belusern

naba nopona Ha Helt t¢unonaq nopona | Ha Hed
Sj02 61,8 92,64 - 9,02 -
TiOq 0,25 1,09 - - -
Aly0g 20,29 1,8 6,2 0,63 6,2
Fes0q 1,4 0,36 3,06 - 18
FeO 4,12 - 7,6 - -
Fe - - - 38,3 -
Ca0 5,96 0,2 - - -
MgO 1,89 0,22 - - -
Nay0 3,18 - - - -
K0 0,6 = = =2 -
3 - 0,54 - 44,18 =
S04 - - 82:1 4,96 37,5
H,0 0,4 1,7 51,04 3,56 36,5
Cymma 99,89 98,55 100 100,65 98,2

[TonsoHa ymMepeHHOH apru/UIH3alMH, WIH MOHTMOPWUIOHHT — IEONHMT = XJIOPUT —
anynsapopas 30Ha, — cllenywuiasg o rybuHe, XapakTepHasd accoldaudd B Heil -
MOHTMOPWIIOHUT = LEOJUT — TUOopociiona — TuapoxiopHT. Ecnu ananmsuum xapak—
TepeH 0 HEPEXOEHOﬁ 30HBI, TC JIOMOHTHT IpencTasl/isier CDﬁCTBeHHO 30HY UEO/IH—
Tusaiuu. [1ias Mecropoxnoenus lopaumit Ilnsx BeceMa XxapakTepHO PasBHTHE BHYTPH
aToll 30HBI anmynspa, BcilencTeue artoro C.W, Hafoko c coapropamu (1969) Bbi-
nenseT 30HY anylsipoBOi NPONWINTH3AIMH.

[na ynobcTea cpaBHEHMS TeINIOBBIX S(EKTOB C OPYIrMMH MECTOPOXOEHMAMH MBI
He GyueM OINMUCHIBATL OTOEJIBHO 3Ty 30HY, YKaXeM HHXe HWb Ha ee 0COOEHHOCTH.
‘-Iar.ue BCero anynidap pasBHBaeTcHd IO IIardokiasy COBMeCTHO C JIOMOHTHTOM, MOpP-
OeHHUTOM, HHOI'la 3amMellaeT IIJIarvokiias MNo/HOCTRIO, Xapax'repno pasBuTHE anyipa
o IycToTam, TpeliMHaM M 1o 3anbbaHmaM KBapleBbX NPOXKHIKOB., B pasmmyHbIX
yyacTKax MeCcTOpoMOeHus any/iip pasBUT Ha pasHbX Iiy6uHax. Tak, B BOCTOYHOM
gacTH (CKB. 3) OH pasBHT C NoBepXHOCTH no ry6unwm 143 M (Ha6~xo u nop.,
1969), B wro-soctoyHoll — ¢ ry6urel 100 m (cke. 1,4). BepoarHo, paseuTHe
anyngapa KOHTPO/HPYeTCs YPOBHEM BCKHIIAHMS THOPOTEpPM, YTO 3aMeTHO M Ha Opy-—
rux Mecrtopoxnenmax. [logsnenne xapGoHATOB M SIHAOTA CBHAETEILCTBYET O Iepe-
Xofe K 30He THIHYHOH mponuwmuTH3aumu, OCHOBHBIE H3MEHEHHS ITIOPO[ BhIPaXKeHblI B
3aMellleHyy TUIarHoKIasa M UeMeHTa, B peaynwrare agynapu3auid HCXoOHAas IMOPO—
na npereprnebBaer sHaYMTelbHBIE XHMyHeckhe uameHenws (HaGoko u op., 1969);
aTo Bbipaxaercd B npusHoce KoO um Bemoce npyrux menoyeii. B Gomee rmyGokux
HacTdAX 30HbI HabmonaeTcd MeHbWMH NPUBHOC K20. PassuTue anyndpa 6e3 mpuBHOCA
K20 XapakTepuayeTcs accoluMalmeil ero ¢ KpapueM, JIOMOHTHTOM M Op. MOHOKIHH—
HBbIil MHPOKCEH NMOYTH BCerna OCTaeTcs CBeXHM, a BOT poMOuyeckuit (rumepcTe) -
3aMewmaeTcsd MarHe3dalbHEIM XJIOPHTOM,
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MoumocTes flonzonb ymepesnHofi apruwumsammn okomo 200 M.

3oHA NPONMWIMTH3AIMH MPOC/IEXHBAETCH II0 BCEMY MECTOPOXIEHMIO W pa3BHTa
mo TypaMm ¥ TyhbHTAM AHNESHTOBOrO COCTaBa. MHTEHCHBHOCTH THIPOTEPMATLHBIX
H3MeHeHHll 3aBHCHT OT (HIMYeCKHX CBOHCTB Nopon M HX MPOHHIAEMOCTH, NO3TOMY
Hapflly C CWIBHO TpopaGoTaHHBIMH NMOpPOOAMH BCTpPEeYaloTcd I'OPH3OHTHI cliaboname—
HEeHHBIX Topon., XapakTepHas accolMalidd: KBapll, KalblHT, IEopociiona, TAAPOXIo-—
puT, aHruapuT ¥ snHooT. I[IpuweM c rioybumHOl KonmAyecTBO SMHAOTA YBEIIMYMHBAESTCH.
[pennonaraior, 9T0 M3 UEOIHTOR NPHCYTCTBYyeT reitnannvr (HaGoko n np., 1969).
Kabuur u aHrEAPUT - BecbMa o6sMHbBIE MPeNCTABHTENM MHHEPAEHLIX AcCoLMAlmH.
MomiocTei0 OTCYTCTBYIOT MHHepalnl BhILENexaue# 30Hbl = MOHTMOPHI/LIOHHT, ady—
I1p, JIOMOHTHT,

B penoM mo MeCTOHAXOXOeHHI0 obHapyxeHo 35 rupporepMAalbHbIX MHHepasioB,
HameHnenns IpoMcxooaT Hon BosnelcTeBMeM claGokcneX Ha raoy6mie (pH ~6) =
cnabomenoyneix Ha mosepx#octd (pH - 8) pacTeopos xnoprOoHO-HATPHEBOrQ COCTa—
Ba C TeM WIM HHBIM conepXaHuem cynebar- u runpokapboHar-uoHa. Temneparyphl
nocruraior 170°C u sbuue.

HurepecHo oTMeTHTH crelHpHKy BTOPHYHOI'O MuHepaloobpadosaHHd B Moponax
BOIOYTIOPA H BONOHOCHBIX KOMIUIEKCOB, Bo-meppbx, MuHepanoofpasopaHue HauGo—
flee MHTEHCHBEQ TO TPeWMHAM M CNOMCTOCTH. Bo-RTOpHIX, H3MEHeHMIO TIogpepraeTci
BCH Nopoda M ocobGeHHO IeMeHT.H o6/loMku MuHepanop. KpymHele xe oG/IOMKH IIOT—
HBIX 71aB 3aMelieHBl cliabee, W BTOPHYHbIE MHHepaJbl Yalle BBIIONHAIOT IYCTOTEH! IOP
¥ TPellHHbL,

MOHTMOPHWUIOHAT ~ Haubonee paclIpOCTPAHEHHbI MHUHepall, PasBUTHII M0 BCEM
pasHocTsiM Topon. CoCTaR ero Maio 3aBWCHT OT saMeliaeMBIX Nopon. BOnMsH mo—
BEpPXHOCTH - 3TO Gollee Xele3HCThLE PA3HOCTH, No aHnae3nTobasalsTaM — KajlbiHe—
Bble, 1o Tydam nau¥ra — HaTpHeBHe. B TepMorpammax INTyOGHHHEX MOHTMOPHILIIO—
HUTOB, PasBUBAIWMXCHA IO MOpOfaM PasiIMYHOI'c XHMHYEeCKOro cocTrapa, HabGmona-—
eTcd Gonmwoe cxomcTeo (HaGoko, I'masarckux, 1970), lMeperit sHooTepMEYecKHi
UK, Ocoo'rne'rc'my!mnnﬁ BBIXOOY MSHMECKM CBAs3aHHOM BONBI, HabmlopaeTcs TIpH
140 C. Taxoii e nuK OJiS NMOBEPXHOCTHBIX pPasHocTel HafmopgaeTcd NpH Bolee
BBHICOKHMX TeMIlepaTypax M n/f pasHuX oOpasloB HaxonwTcs B uHTepBaie 179~
189°C. Bropas sHnooTepMudeckad OCTAHOBKA M8 INTyGHHHBIX MOHTMODHIOHHTOB
B uHTepsane 590-620°C. B noBepXHOCTHLX pPasHOCTAX THAPOKCHIbHas Boma (mo
yurepnpetrammu C.H, Haboxo, C.®.Tnasarckux, 1970) punensercs B Opa STana —
npu 564 u 718°C, uro CBA3aHO C MNOBBLIIIEHHEIM coOepXanueMm Xenesa. [locnemnss
®HOOTEpMHYeCKad OCTAHOBKA, CBASAHHAS C pacrnafoM yxe o06e3aBOKEHHOrO MOHT=
MOpWIUIOHKTA, ¥ CAyOGMHHEIX eC0 pasHocTedt Tpu 820°C, a y mnoBepxHOCT-
ppix = mnpH 890°C, [lopepxHOCTHBIe MOHTMOPHIUIOHMTEI codepxaT Gobluee
KOJIMYECTBO CBg3aHHON BOABL, 4YTO, BEPOATHO, [OO/DKHO OTPAsHTBCH B MeXNa—
KeTHBIX pPacCTOAHHIX.

Crnenylomsd, HauGonee THIHWYHbL TIMHHCTBIA MuHepan — XJIODHT, Pa3pHBAlOMUi-
ca B Haubonee BHICOKOTEMIEPATYPHHX YCHOBHMAX Mo MOPORAM MOAOWBH BEPKHErQ
BOOOHOCHOI'O KoMIutexkca (Tybbl aHnesurobasancToB) M TypaM paummTa (HIDKHMHK
poroynop). Ilo Mepe manennd Temmeparypbl OH CHOBA 3aMemAaeTcss MOHTMOPHILIO—
murom (Ha6okxo, Bepxmn, 1970) ma raybune 441-513 M, Cocras xiopura He
KOHTPO/IMPYEeTCHd XMMHYEeCKHM COCTaBOM NEpPBHYHBIX Hopod. TepMmorpaMmel Takxe
cxonHni, OOHapyX¥Bad SHOOTepPMKMECKHe ocTaEOBKM mpx 130, 200, 560, 570,
720 u 820°C (Ha6oko, 'maBarckux, 1970).

LleonuThl MO pacnpocTpaHeHHI0 o6pasyloT cienyiomud psan: MOPOEHHT > JIOMOH=-
THT > reiinaHouT. MopaeHHT pasBHUT Kak IO NOpooaM BePXHEro BOOOHOCHOIO KOMI—
nleKca, TAK ¥ IO IopoaaM HIpKHero somoymopa. JIOMOHTHT yalle BCEr'o acCoLMHMpYy—
eT C amyJAsipoM M KOHTPOAWpyeTcs ScHof mapoofpasoBalys, KOTOpas NOrpyXaeTcs
1O HaIpaBlleHMIO K BylkaHy Menpeneena, lefiflaHOuT paspHT NpeMMyLIECTBEHHO B
30He THOMYHON NPONWINTH3ALUME B HIKHEM BOLNOHOCHOM KoMiuiekce., OcTallbHbe LEO—
UTH OOBOMILHO PenxH. SNuaoT HaubGollee THIMYEH NI HMXKHET'O BOOOHOCHOTO KOMI-
JieKca, NMPHUCYTCTBYeT e OH IIOYTH BO BCEM M3ydeHHOM mHTepBane, Kanplmur u
AHTHAPUT TakKXe XapaKTePHbl 07 S0HB TIPONWINTH3ANMM, PA3BHBASCE C INIyGHHBI
okono 440 M.
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MAYXXETCKOE TIOJIE TEPMAJIbHBIX BO/J

IlayxeTckoe MecTopoXneHne THOpPOTEpM HaxoOouTcd Ha loro-samage Kamuatrku (cwm.
puc. 5), gpaggchL wacTLIO MomEOH runpoTepmansHoli cucreMbl KambamkHoro xpet—
Ta, B NpHypoueHo K CeBepo-3ananioll 4acTH ero BYNKaHO-TEKTOHMYeCKol GpaxuaH-
THEIMHAILHOA CTPYKTYpH. Ilocriennee onpenenseT [eollolo-CTPYKTYPHYIO CBASE
TepMonposienenuii [layxerckoro mons u KambanwHoro xpebra (Benoycos, Cyrpo6os,
1971). Tlo pamnem B.M.Cyrpo6osa (1964), cea3b mpodBisieTcs TaKkKe B ©[1HH=—
CTBe cocTaBa IAPOBBIX CTPYH M B OOMHAKOBOM BBIHOCE Tella C e[MHHIbI IUIOWANH.
Mecropoxnenne usygam takxe B.U,Inim, C.H, Haboko, B.B, Asepres, B.B.Hpanos,
E.A. Bakun ® npyrue MCClenoBaTeiTH.

l'eosoraveckne ycaoBHA

B reoslormieckoM CTPOSHMH MECTODOXIEHMS NPMHHMAIOT YHacTHe BY/KAHOT'eHHbIE H
BYJ/IKAHOI'eHHO-OCAaNoYHble MOpOoNE], OMHCaHHe KOTOphX maeTcd mo B.B. Aeepweny,
B.U. Benoycosy (1965); B.U. Benoycoey, B.M.CyrpoGosy (1971); C.H.Ha6oko
H mp., (1965),

CaMble fOpeBRMEe MOPONALI, BCKPHITHIE CKB oit P-1 (puc. 24), - pynxaHoMux-—
ToBble necuannkyu amabraiicxoit ceurst (Pg—Np').. Ha mmx sameraior npeprever—

BEpPTHUHbIE (Qll) TyGOKOHITIOMEpaTH M CIeKWHecs TY}kl NALHTOB CBETIIO-CEPOro
IIBETA, MACCHBHOH TEKCTYPHl ¥ BHTPOKPHCTAIVIOKIACTHYECKOH CTPYKTYPHI MOUHOCTHIO
no 190 M, B HacTodmee Bpems OHM OOBeOMHEHLl B eOUHYIO TOJILY. ‘

Ha vux saneraior tydwm [layxerckoit cCBHTH IUNeHcTOLEHOBOI'O BO3pacTa. B Hink-
Heil YacTu paspesa BbylelseTcd IAYKa aHOe3HTOBLX TY(POKOHIVIOMEpaTOB, ITO INIOT—
Hble Toponk! IecTporo LBeTa C MaccuBHOM TekcTypoit., B o6nomkax numameTpoM no
HECKONLKHX CaHTHMETPOB NPHCYTCTBYIOT SHOE3HTEH! M-annesurcbasansThl, PopMa
OGNOMKOB yrylopaTas WIH ciabookaranHas. [lepBHYHBIH LEMEHT COCTOHT H3 06IIOMKOB
mopon ¥ MuHepaiioB. B pesynbrare BTOPHYHBIX NPOLECCOB LIEMEHT NMoapeprcs KapGo—
HATH3AUMH ¥ XJopHTH3aumk, MolmocTh Navkd B LEHTpalbHol wacT nmona 140 M,
a k KamfancHomy xpe6Ty ymeHbwlaerca no 70 M. Jra mayka NOKpelBaeTcs Ncedu-—
TOBBIMH H ariioMepaTOBLBIMH TypaMu ¢ NPOCTIOAMHM TY(OKOHIVIOMepaToB. lleT mopon
cepoBaTo-3elleHbli. B 06IoMKAX TPHCYTCTBYIOT NMEeMarl H JlaBhkl aHOe3HTOoB, BBepx
IO paspeay colepXaHHe NleM3 yBenumduBaercd, MommocTk mopon KoneGnercd oT
200 pmo 260 M, ymeHbllagch K Iory. Ora Tomna XapakTepHayeTcs HauGomkmel
ofBonHeHHOCTEI., OHa NepekphiBaeTCHd IUIOTHLIME AJ€BPONEIHTOBBIMH H IEHTOBLIMH
TydhaMy aHNeSHTO-OalMTOROIO CocTapa, ofbme#l MouHOCTBI okono 60-120 wm.

INoponst IayxeTckoit cBHUTEHI NpopBaHbl 3KCTPY3UBHBIMHM M HHTPY3HBHBIMH TellaMH
KHMCIIOTO M OCHOBHOrO cocrapa (puc, 24). B 10XHOM H KOro-BOCTOYHOM Halpabie—
HHMH MOIHOCTL MOpPOA YMEHBUIAETCS, HauMHaeT npeobranaTh KpyMHOOGIOMOYHBIH Ma—
Tepuan, [loponbl omMHCLIBAEMOI'O0 MeCTOPOXKOEHHS PA3GHUTHI PASPBLIBHBIMH TEKTOHH—
YeCcKMMM HapyueHHsMH cOpocoBoOIc THIIa CEBEpPO-BOCTOYHOI'O M CEBEpo-3ananHolro
HanpaeneHu#, YIVibl Iafenust 3oH npoGrenus kpyrteie (75-800),

I'maporeosiora4ecKHe yCJIOBHSA

T IUOporeo/iorMyeckodl TOYKH 3peHud B Ipefeliax ONMMCEBAEMOI'0 MEeCTOPOKOEeHHS
BBINENAITCS NBA BONOHOCHEX kKomimekca (Cyrpo6os, Apeprer, 1965),

B npenenax BepxHero BONOHOCHOI'®O KOMIUIEKCA BROEISIOTCE [Ba TOPH3OHTA,

1. AnmoBHaNLHEE BANIyHHO-TANEYHHKOBLIE OTJIONEHMH, KOHUEHTPHPYIOUHEe B Ce-
fe OCHOBHYI0 Maccy TI'pyHTOBOI'O Horoka. MomHocTb oTmoxenuii no 10 M, neburh
CKBa¥@MH cocTapEior 3,3-3,5 kr/c. 3ToT BOONOHOCHBIH TOPH3OHT IOOCTHIAETCS
crnabonpoHHIaeMbIMH TNeIIOBbIMH H NCaAMMHTOBBLIMH . TyGaMH HAaYXeTCKOH CBHTBI, CiIy=—
JKaIUMK OTHOCHTENBEHBIM BOOOYTOPoM, MOIIHOCTE OTiOXeHHHA no 42 M,

2. llceduroBbie Tyds! aHNE3HTO-RALMTOBOIO COCTABA SaK/MOYAlOT BLICOKOTEMIIE—
paTypHEle BOObl, KOoad}uIMeHT npouuunaeMmocts Tydor or 0,00324 po 0,0350 [;
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Puc. 24. Cxemarnyeckas reonoruyeckasi xapTa Cebepo-aanamHoit sactn KamBaiib-

soro xpeGta (no B,M, Benoycosy, B.M. Cyrpo6oey, 1971)
aJllmoBHAaTILHbIS

lononen: [ -~ pepxumi,

BbIe OTIOWEHHH,;

OTJIOKeHusd;, 2

= HUXKLUH, TeM30=-
J = naBbl aHAe3HTOB H 6asailbToB KamGalsHOro By/kaHa; 4=



[lponomxenne noanucu k puc, 24,

puonannThl 9KcTpysuu [l7ockol; § - pHonHTH H JaudTHl 9KCTpy3uit KamGanwHoro
xpe6Ta; 6 — anfeauToGas3annTOBad 9KcTpyaus Kpueag, [IneficToueH: 7 — nayxer—
ckas cBuTa (nCeduTOBLIe, aneBpOMMTOBLIE, TEINIOBEIe TY(hl PHONAUMTOBOrO COCTA—
Ba); § - cUekmHecd TyQsl [AUMTOB; 9 — IUIHOLEH, NECYAHUK BYIKAHOMHKTOBBIN; ()=
pasphiBHble HApylleHHs; /] — 2NeMeHTHl 3afleraHysd TOpoA; /12 ~ CKBAKHHEL [ — na=
poBBIe CTpPYyH; /4= TepMallbHble TIONd, OKOHTYPEeHHbie 10 uaotepme +20°C na ray-
Bune 1 M; 75—~ 30Ha PacnpOCTPaHEHHS BEICOKOTEMNEPATYPHBIX MHAOPOTEDM; 6 = 30—
HEI TEKTOHMYECKHX pasphBHbIX Hapywenn#, lndper sa xapre: 1 ~ Ilayxerckoe mo-
ne, 2 - Bepxue=llayxerckoe none, 3 = BocTouno-[layxeTckoe none, 4 - mnepsag
rpynna Cepepo-KamGanbuex naposwrx crpyl, 5-9 —propas rpymma, 10~12 - rperes
rpynna, 13-14 - Bocrouso-KambanbhHoe none, 15 - rTpereka rpyma OxHOo-Kam-
GanbHLIX MapoBBIX CTpy#, 16 ~ BTopas rpymmna, 17 - nepeas rpynna

nebur ckpaxmu no 6,0 xr/c. OTH nmoponbl NOACTHIAIOTCH IAYKOH cnasonpouuuae-
MBIX aHOE3HTOBBIX TYPOKOHTIIOMEPATOB.

Huoxemit BonOHOCHBIH KOMIUIEKC — BYJIKAHOMHKTOBBIX NeCHYaHMKOB aHaBlaiCKoi
CBHTHl — XapakTepuayercd cliaboli o6BOOHEHHOCTHIO, NeOHTHI CKBAXMH HeSHAYMH—
TelbHBIe,

B npepenax mepeoro T'opu3cHTa BepxHero BonOHOCHOT'C KoMILleKca Npeobianaior
NpecHele I'PYHTOBLIE BOObLl NOPOBOIJIACTOBOH M TpelMHHON ‘uMpKymsmin, OcHoBHAas
e Macca TepMallbHbIX BOo NpHypouYeHa KO BTOPOMY TIOPH3OHTY BEPXHEr'o KOMINIeK—
ca H HIDKHEMY BONOHOCHOMY KOMIUIEKCY M XapakTepH3yeTcs nnacrono-'rpemmoﬁ
WAPKY I Lpeit.

O6nacte nuTauus MOA3eMHLIX BOO pacHolioxeHa B patioHe KamGanwHoro xpe6ra.
Io nennwim E.A.Bakmna (1968), xoimdecTBO BbIIAAAKIIAX OCANKOB IPEBLNIAET
2000 mm/rop, nanpuMep Ha Boicore 780 M KOMMYECTBO HX B TEYEHHE YETHIPEX—
neTHero neprona Habmonenu#t nocruramo 4529 mm/ron.

Pasrpyska Bopg ocymecTeisercd B ponuHe p.llayxerku, uro yBenuTelsHO Noka—
saio B.M.Cyrpo6Gossm (Cyrpo6os, 1964; CyrpoGos, AsepweB, 1965) npr usyue-
HUM CTATHYECKMX YypoBHell B ckpaxmmax. Ilo namnst E.A, Baxuna (1968),
obmmi Monyie cToka coctaeinger 52,6 a/(km '), mpEieM JIOBEPXHOCTHBIH H
rpyHTOBHI CTOK (peuno#t) pasen 21,1 n/(kM2-c), a CTOK, He NpeHMpyeMblli MecT-
HO# peuHoll cerhblo, - 31,5 n/ (KMz-c). O6muii pacxon TepMalbHBX BOO COCTAaE~
naer 100 n/c (Aeepwer, CyrpoGos, 1965).

leoTepmuuecknii peskum

[leranpHoe Hay4eHMEe pacHpefelleHHs TeMIepaTyp B Heopax MeCTOPOMHEHHH IpoBe—
neso B.M, Cyrpobopenv u H.I'. CyrpoGosoii (1965), Hmwke KpaTko H3/IGXKEHB! pe—
SynLTATH MX HCCIIeqoBaHui.

TepmudecKkuit peXuM MECTOPOXIEHUS ONpPEeNelsieTCHd B OCHOBHOM YCIIOBHAMM IMp—
Ky/MIMM HAT'DeTHX Bo[. YCTAHOBIEHO, 4TO B HANPAB/IGHMM CTOKA HA OOHHX M Tex
Xe roybuHax Temneparyphl NOHIKAIOTCS, Ha YHaCcTKax e MHTEHCHBHOR pasrpysku
THAPOTEPM, HaoGOpoT, YBENMYHMBAIOTCH,

Pacnpeneneiue TemmepaTyp ¢ IIyGHHON 3aKOHOMEPHO CBI3aHO C JIMTOJNOTHMEH u
NPONMUAEMOCTBI0 Nopon. B cnabonmponmmnaeMpix noponax TeMmneparTypHbi rpagueHT
BeCkMa 3HAYMTEeNeHBU, B xopowo nponunmaeMbx # CHIBHO OGBOAHEHHBIX IOponNax
HapacTaHue TeMIeparyp c IiiyOuHoi MeHee HHTEHCHBHO, Temmeparypa mopon B 9To#
o6/1acTH, BEpOsTHO, XaPakTepH3yeT TeMIepaTypy LUHMPKY/IMpYIOUMHX 30eCh PacTBoO—
poB. MakcuMankHas NocTMIHyTasi TeMmeparypa paeia 194-200°C B joro-BocTou-
Holi wacTH yuactka mHa ruy6ume 400 M (ckB. 18). O6nacTh BHICOKHMX TEMIEpPaTyp
npHypodeHa K MeCcTaM eCTeCTBEHHOIO BhIXONA KHIMIIMX HCToYHukoB., Ha cemep m
ceBepo-3anan TeMmuepaTypa cHmxaercs no 160-170°C (cks. 4, 8, 10, 11, 19),
B nauGonee ypaneHHoMH o'r ofnacTi ecTeCTBEHHOH paslpy3KH YacTH y4YacTKa TeM=—

_meparypa nagaer o 74°C (cks. 3, ray6uma 312 M),
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Wsmepenue TemmepaTyp B poropHoi ckpaxuHe (800 M) nokaseiBaer, 4To OO
raoyoudsl 120 M temmneparypa 6GbICTPO yBenuWydMBaeTCcs M OOCTHraer 171°¢. nanee,
o ray6unet 400 M, pocT TemIepaTypel MeHee HHTeHCHBHbI — g0 186°C. B unrep-
pane 400-500 v naGnopgaercs Nafenme Temmeparyp Ao 162°C, Pacyer remnepa-—
Typel Ha 3aboe CkBaxWHBI JaeT BelnHYuHy ee He Gomee 150°C,

YpoBeHL BCKMNIaHHA THAPOTEPM B KPYNHLIX TPeLlIHHAX B CpPeAHEeM paclolIOKeH
Ha roybune 120 M, Mecramu omyckaerca no 200 m u Hmxe. B nmopax m menkux
TpellyHax NapoofpasaoBaHue MPOUCXOAMT B GIH3NOBEpPXHOCTHBIX ycnobusx. Cnegopa-
TEeNbHO, Takas I'paHdia MoxeT ObITh NpoBedeHa NHWbL YCIOBHO; B KaMKAOM XK€ YacT-
HOM Cllyyae OHa HMMeeT paa/IMYHbll YPOBEHL, 3aBUCAWHA OT TemnepaTypsl I'MAPOTEpM,
OAaBNIeHHS, NPOHHUIAEMOCTH ¥ TPEIIMHOBATOCTH IIOPOAd.

Brmoc Temna ruaoporepMaMu onpepensercs B.B. AeepreBpiM, B.M. Cyrpo6oBbim
(1965) B 4,73+-1011 kxan/ron (1,5- 10% xkan/c), KOHAYKTHBHEIE TemIONO—
Tepn cocTaBaalT okomo 3,94°10-5 kkan/(cm2-c), uro npuvepHo B 20 paa
GoMblule PerHOHANBHOIO TEINIOBOro NoToka, onpenenensoro B.I. IMonaxom (1966)
nnsi Bocrounoi Bynkanuueckoit 30HBl KamMuaTky BenuyuHOH 2 * 10-6 kan/ (CM2-c).

Cornacuo nocnenauMm aandeiv (Benoycos, Cyrpo6oe, 1971), obfuuii Hermocpea—
CTBEHHO H3MEPEeHHBIH BBIHOC Teljla IN'MOPOTEePMAIBHONH CHCTEMOR OLEHMBAETCH Be/ld—
yuHoM 2,5° 104 kkan/c. dtu xe aBTOpPBI, AHANU3MPYS I'€0JIOFHYeCcKHe, THAPOreoiio—
rUYecKHe W IeOTepMHYeCKHe YC/IOBHS THApOTepManbHoi cucrembl KamGanbHoro
xpebra, IpUUWIH X BHBOAY, YTO HA BCeM NPOTSDKEHHH TepMallbHON 30HEI, NOKA3aHHOM
Ha puc, 24, rHopoTepMalbHas AKTHBHOCTBL OOyC/OB/IeHa CYLECTBOBAHHEM Ha IVy-—
6uHe BOA C TemnepaTypoit Gomee 150°C, a jopMmupoBaHMe NOTOKa NPOUCXOAMT B

npenenax STOH 30HBI, WHPHHA KOTOPOH 3-4 KM.

FMPOTE]JMBJII:HHE HIMEHEHHA NOpoa

lNpu B3auMOOeHCTBUH THAPOTEPMANBHBIX PACTBOPOB C BMEUAIOMMMH HX MOpodaMH
nocjieaHue IpeTepneBalT CYUWEeCTBeHHbIe M3MEeHEHHsl KaKk B MHHepajlorH4ecKOM, Tak
H B XMMHYECKOM cocTaBe. B  3aBHCHMOCTH OT TepMOAMHAMHYECKOH H Ie0XHMH-—
yeckoit 0BCTAHOBKH INPOMCXOAMT (OPMHMpOBAHME pPa3lHMYHBIX MHMHEPAIOrHYEeCKUX
30H,

MuHepanorudeckas 30HANBHOCTBL ONMCaHA N0 MAaTepHalaM HcclenoBaTened, ne—
TanbHO M3y4HBWMX mecTopoxnenne, C.U. Haboxo, B.H. INuima (1961), C.U. Ha-
6oko (1962-1965 rr.), C.HU. Haboko, I.A. Kapnopa, A.Il. Poasuukoro#t (1965).
HasBaHus @0H OCHOBaHEl Ha npuBenennofi Bemwe (rnasa ll) knaccupukaumn u He-
CKONLKO OT/IMYAOTCH OT Ha3BaHWi, NAHHEIX YKA3aHHEIMH HCclegoBaTengm#. ITO
BRI3BAHO NENAMH YKpylHeHHs 30H (663 H3MEHEHWs WX CYMHOCTH) A oBmerdeHHs
OPMEHTHPOBKH NPH CONOCTAB/IEHMHM 30HANBHOCTH PA3JIMYHBIX MECTOPOXOEHHMH,

JoHa apruinuaaunyd pasBHTA C NOBepxHOCTH 00 riybuHel 300 M, uMeer B cpen-—
HeM MOWHOCTE okono 70 cMm.

B nonsone HMHTeHCHBHOH apruwuiH3anyd, PasBHTOH cClnopag¥decKH, OCHOBHOH MHA—
Hepanl - KAOJIHHHT C He3HAYHTEJILHOH NpHMecki0 I'HApPOreMaTHTa, onaja, alyHHTa |
nuputa. B Gonee rayGokHX TIOPH3OHTAxX OTMEYalOTCd MHHepalbl I'PYyNNbl MOHTMO-
punnonnTa. [lponecc mper npu remneparype 50-100°C mon BosneficTBHEM KHCIBIX
cynbhaTHRIX pACTBOPOB, OBpa3yOLMXCsH NMpPH KOHAEHCAUMM fapa, OTOeNdiomerocd oT
WEeN0YHbIX XJI0pUaHO-HATPHeBblx Bod. Cocrap razoB B KOHOEHCATe llapa BapbHpyer
B mpenenax: 10-100 wmr/na H25 # 20-200 mra COq.

W3 panubx ta6n. 24 BugHO, 4TO TepmanbHag Boma (1), BaATas M3 30HBI Aprun-
nusauMH, HECKONLKO KHClee mopoBoro pacteopa (2). Ilopoabl moa3oHbl MHTEHCHBHOMN
aprHUTH3AIHY TIPeTeple/l SHAYHTELHOe XHMHYECKOe H3MEHEHHe, BEIPA3HBUICECH B
' BBIHOCE IUEJIOYHEIX H WEeJIOYHO3eMEeNBHBIX MEeTa/uloB, 0 YeM MOXHO CYAuTh H IO Coc-
TaBy BOAHBIX BhiTsnkeK (ta6n. 25) M3 IiMH, XMMHYECKHH COCTAB KOTOPBIX NpHBegeH
B rtabn. 26. Coctap BOAHBIX BHITSDKEK KOppeNnHpyeTcd C COCTABOM I[OPOBOI'C pacT-
BOpa.

B menoM no mMecTOpoOXAOEHHI0O MOIHOCTEH NOA30HBHI HMHTEHCHBHOH apruniusannu 1-
5 M, B cpenieM 1,5 M. OHa KOHTpOIHpYeTCs COAEpPXaHWeM cepoBodOpodd, IO3TO-
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Tabnuua 24

Cocrap TepManbHOi BOABI U IOPOBBIX PACTEOPOR M3 PA3/IMYHBIX METAaCOMaTHUECKHX
aon layxkerckoro tepmansioro nons (C.W. HaGoko um ap., 1965)

Conepxanue, r/n

Komno- 3 2 2 & 8 g
HEeHThI pH

8.3 4,2 7.8 9,1 6,1 8
H* 0,0005 0,0016 - - - -
NHj 0,225 = # - - 0,01
Na* 0,3156 0,0342 1,4195 1,5191 1,802 0,9621
K* 0,0009 0,1055 0,0655 0,0845 0,0964
Mg*? 0,0135 0,08667 0,0655 0,0437 0,131 0,0022
Cat2 0,024  0,3322 1,6745 11,2608 1,5365 0,0473
AI*3 0,07 = o = o =
Rzo3 = 3,255 - - - -
Fet? 0,0283 - o = = s
Mn+2 0,0086 - & o - .
P 0,0006 - = - » 4
Al” 0,0118 1,05 2,7321 83,5682 1,999 1,5814
807> 1,7901 8,16 3,42 1,9836 5,3442 0,0823
HS0j 0,0485 - ’ = - -
HCO3 00021 = . 0,544 = 0,0183
HySi04 0,1612 0,42 1,4267 0,5188 0,5188 0,3463

lMpumeyanue. 1 — TepManbHasg BOAA W3 SOHBI APFWNIHAAUMW; 2 ~ MOPOBBIA
PaCTBOP M3 NCA30HLI UHTEHCHBHOH apruwuiusalu; 3 — TO Xe U3 NOA30HBl YMEepeH—
HOM aprwuiuzanuu; 4 — To Xe H3 30HbI LEONMTH3ANIMH; 5 ~ PACTBODP H3 30HLI Npo-
nunuTH3anny; 6 - roybunHas TepmanbHasg Boaa.

my C.U. HaBoko u npyriue HccnepoBaTeny KnacCUQHIHMPYIOT Npolecc Kak CepHO—
KHCIOTHDE Brimenauupanue, Ha rnybune Bce Gonbliyio ponab HAYMHAMT WrpaTh MH-
Hepamnbl TPyNNnbl MOHTMOPHJIOHMTA M LEOIuTa. ITH MON30HLI MBI HA3bBaeM NOA30—
HOH YMepeHHOH apruinH3aldi.

lMonaona ymMepeHHO# apruwyiH3alli¥ PAa3BHTa N0 BCell NJIOWANH MEeCTOpPOXIeHHS,
HMes B cpelHeM MOUHOCTE OKono 65 M. B 3aBHCUMOCTH OT reoTepMHYecKHX,
TEKTOHHYECKMX M T'HAPOreo/IOrvd4ecKHx YCJIOBMI HIDKHAS T'PaHMIla 30HBI HENOCTOSHHA
¥ B oTAenbHbX ckbaxuHax Aocturaer 300 M (cke, 3). Ilo mamaeim C.W. Haboko
u np. (1965), Bepxnsas M HwkHSs TeMmnepaTypHble T'DAHHLEI IOOSOHEL JIEXAT B
untepsane 50-100°C coorBercreenHo. KpoMe MOHTMOPW/IIOHHTa NPHCYTCTBYIOT
HEOMUTEl — aHANBIUM, OTHIONAT, 4 HA CAyOHHe NOABIAETCH NOMOHTHT. Peskoir
rpaHuibl MEXAY NOA30HAMM MHTEHCHBHON M YMepeHHOH apruinH3alMd H NOO30HOMH
NEeONATH3AlMA NPOBECTH Helb3s, NO3TOMY Ha3blBaéMbieé I'DaHHIbI HECKONBKO YCIOB—
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Ta6nuua 25

Cocrap BOOHBIX BHITSKEK u3 rnud [layxeTrckoro

repManbroro nons, Mr/100 r (Haboko, ®unpxosa, 1966)

Tnybuna, M pH H* NH; Na* K+ Ca+2 Mg+2 Fe+2 Fe+3 i
0-0,05 4,2 1,6 o 34,2 0,9 333,2 56,7 - -
0,25-0,3 3,26 0,28 37,5 12,8 0,65 48,99 81,05 10 -
0,33-0,42 6,7 - 46,4 8,7 1,82 28, 96 96,05 He onpe- -

aengnoc
0,52-0,62 6,7 = 12,2 4,5 0,9 8,01 14,16 = E o
0,95-1,05 7.1 ° = 12,3 4,2 0,65 8,51 8,78 - By
1,21-1,3 6,5 - 6,5 2,25 0,65 4,91 278 - _
1,7-1,83 6,7 - 9,7 1,8 0,6 38,1 1,21 _ =
2,3-2,35 6,5 - 8:54 1,75 0,6 3,81 2,13 - "
Ta6nurna 25 (okoHyanue)

Trny6una, M Al+3 Crr 072 HCO3 HoSi04 M C1:S04:HCO, Na:K Ca:Mg
0-0,05 3255 1050 8160 = 420 13000 118 : D 35 : 1 6:1
0,25-0,3 147,13 70,9 1674,8 - = 2080 1:28-0 20 3. X 9745 0T §
0,33-0,42 He onpenens- 17,8 594,2 14,6 1,62 80,55 1:39:0,8 5:1 5,91

oChb
0,52-0,62 - 88,6 61,7 26,8 2 215,07 1:0,7:0,3 5:1 0.8 : 1
0,95-1,05 - 88,6 56,8 15,9 3,25 199,94 1:0,6:0,2 6:1 0,9 : 1
1,21-1,3 - 70,9 - 21,9 1,62 111,49 1:0:0,3 3:1 24
1,7-183 - 35,6 - 23,2 3,35 77,36 1:0:0,7 3:1 2,5:1
2,3-2,35 - 35,5 - 26,8 - 70,59 10 10,7 33 g1
Ta6Gnuna 26
XumudecKkuit cocTap TVIMH 30HBI MHTEHCHBHON aprwuiusanuu [layxeTckoro TepMaibHOTO mond, sec. % (HaBoko, Pwivkosa, 1966)
0 38 1,52 32,3 13,13 0,55 0,78 0,15 0,94 0;17 0,12 0,05
0-0,1 39,62 0,86 37,41 5,42 0,55 % 1,3 0,98 0,22 0,08 9L ]
0,25-0,3 = = = = - . " x 0,48 Her 2.9
0,33-0,42 = - 2 - - = . - 0,48 0,12 1,7
0,52-0,62 - - = - - = & - 0,5 Her 1,2
0,95-1,05 48,82 0,73 20,11 5,26 0,55 0,32 4,37 1,42 0,25 0,12 0482
1,21-1,3 - - - - - - i - 0,4 Her 0,62
1,7-1,83 = = = = = = % & 0,16 " 0.3
2.3.2.35 49,02 0,89 17,68 6,96 0,43 0,24 2,8 2,12 0,48 1,04 0,31
2,8-2,84 48 0,85 16,95 - 0,87 g 5,55 4,1 0,55 : 9% 4 -
80 ": 6 212
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HBl, 4 S0HBI M NON30HBI BHUAENSIOTCS MO Npeobiapaomemy MHHepany. Kpurepui
MOWHOCTH NOA3OHBL YMEPEeHHOH aprwiii3aldd — TeMiepaTypHil GakTop, KOTOpOMY
noAyUHAETCH ¥ ee NPOCTPAHCTBeHHOE NonoxeHue. B HaNlpap/leHHH MorpyxeHus H30-
tepm (c 1ora Ba cepep) HpPOMCXOAMT YBeNnuueHWe MOWHOCTH NONSOHEI, PaBHBAOUIEH-
Cd B OCHOBHOM IO aJIeBpONENHUTOBBIM Tydam mauutoporo cocrapa. OcHOBHO#H 3a-
Melalui MUHepan — WaruoKiad; CleAyoliuMi 3aMeIeHUI0 MOABREPralTc MTHPoKCe—
gl (aBrur) u crexkno. MOHTMODHIIOHHT JKENTOID, KEITO—3eNeHOT0 M 3e/IeHOr0
neera. Cyas no cocraBy NOPOBOIO PacTBopa, M3 3To#t 30HH (cM. Tabn. 24) uzacre
MOHTMOPH/UIOHHTA MOIVIa OTJIOXHTECH W3 Hero. )

Tak e Kak H B NMOO30HE HHTEHCHBHOH APIHW/UIM3ALHH, COCTABBl BOAHBIX BBITSHEK
H TIOPOBBIX PACTBOPOB B XOpOUIEM COTVIACHH, XHMHYECKHe H3MeHeHHs NOpoAbl He3Ha-
YHTenbHBl, OOHAKO Habmwaaercs Hebonbuwoe oboralleHue NOPOAbLI MAHHEM H BOAOH.

C nogpnenneMm Ha rnyOHHe NOMOHTHTA M YBelHYEHUEM TeMIlepaTyphl COAepXa-—
HI@ MOHTMODW/UIOHMTA YMEHBWAEeTCH M IOA30HA YMEpPEeHHOH APru/iIH3allii Nepexo—
OWT B NOAJOHY LeonHTH3aunu, [[oN30HA LeONNTH3ALMH PasBHTa HIXKE 1O ncedpuro-—
BBIM JIMTOKPHC TAVIOKNIAC THYECKHM Tyham pnauuToBoro cocramsa. K ceBepy oHa
BLIK/IMHHBaeTCd, 4 HAHOONbUIyI0 MOIMHOCTB HMEeT B 10XHOM yuacTke [layxerckoro
TepMallbHOT'O M0Jd, 4TO, BEPOATHO, CBA3AHO C BLICOKHM TEDPMHYECKHM IMOTEHIHAIOM
2TOr0 y4acTKa M NOBLIWEHHOH 06BoAHeHHocTho., OCHOBHOH npeacTaBHTElNb MHHepa—
JIOB IPYNNBl HEeOJHTOB B MOA30HE — JIOMOHTHUT, pexe, no gadHem C.H. HaBoko,
BCTpeyalTcd TOMCOHMT H tGuanuncur. HawbGonee uwacro MOMOHTHT BCTpedaercs C
afynspoM, pexe NPUCYTCTBYIOT KalbLHT, X/IOPHT, KBapl, HHOTAa S3MOHAOT, AHTHAOPHT,
M NUPUT, CBUAeTeNbCTBYWIIHE O Nepexode K 30He THIMYHON NpONWIWTH3AnMH. B
OCHOBHOM J/IOMOHTHT Pa3BMBAeTCH MO IJATMOKIA3Y, pexe N0 NHPOKCEeHY M pOroBOH
obmanke. HaubGonee OnaronpuaTHEI TPellMHOBAThIE 3epHa M 0O/MOMKHM MHUHepaloB.

B onuckiBaeMOjf NMOA30HE BCTPEYAIOTCH COBMECTHO KAK KATHOHHBLY, TAK H AHHMOH—
HBIi MeracomaToa (oKBapueeaHHe, KapBGoHATH3alMsA), B JIOKalbHBX YHACTKAX MHOTAA
npuofperaplliie CaMOCTOSTe/lLHOe 3HadeHHe. [lerajlbHoe HaydeHHe MeCTOPOXKOEHUS
noasoiwio C.M.HaGoko BbieNHTE YHACTKH OKBApHeBAHHA H any/dpU3anuy, KBapPU~TAgpo—-
CIIOAUCTOTO MeTacoMaroaa, UMellye MeCTHOe Pa3BuTHe, Takue y4aCcTKM PHKCHPYIOT
aHOMa/ILHBETE yC/IOBHA PASTPY3KH B OGILEM OfHMX H Tex e 10 XUMH3My TuaporepM. HacTo
OHM CBA3aHB! C Haubo/lee pasgpoblleHHEIME 06beMaMu IOpOM, MOe PealuayioTCd YCIOBUS
BCKHMIAHHA ¥ [elapHpoOBaHHH T'HAPOTEPM. IlpM BCKMNAHHH NPOHCXOAHT KOHLEHTPHpPO—
BaHHe KHAKOH pasbl, B peaynbrate uero Hexoropsie komronents (Na, K, S5iO,,
C03)npuoﬁperaro1* BBICOKYIC aKTHBHOCTB. OTxaThlii NOpPOBBII pacTBOpP T'HApPoKapbo-—
HATHO-CYNBbPa THO-XJIOPHAHEBIH HAaTpHeBO-Kanbuuebbl ¢ pH=9,1 u MuHepanusanmei
oxono 10 r/n (cm. tatn. 24). CnenoparennHo, KOMIOHEHTH], COOepXKallHecs B pacT-
Bope B maunoil konuentpaunnn (K7, C0§2, SEOZ), MOIyT GBITH 3ahHKCHpPOBAHEBI B
TBepnoii dase nuub B ocobeix chnyuasx. OCpasoBaHHe KEe NEONNUTOB CBASAHD C pHK-—
cauuell MOHOB BOAOpoda, 4YTO MOATBepxaaeTcs BeicoKuM pH pacreopoB. [loaBmkHEI
B 3TOM Clly4ae HOHBI KalblUdd M ATOMHHHS. A

Takum o6pasomM, B peayllbTATe CIIOXHEIX COOTHOWEHHUH TI'HAPOreooruyecKux,
TeOTepPMUYECKUX ¥ TEKTOHWYECKUX yCHOBHii B NOAZOHE UEONMTHAALUMK KONWYECTBO
HOBOOOPA30BAHHBIX MHHepaios, No naHdeiM C.M. Haboko, nocruraer B 0GBOOHEHHBIX
yuactkax 60%. Ha oCHORHOH NpomecC THAPOTEPMANLHOT0 KGMEHeHHs TOPOA NPR
aHOMANBHLIX YCIOBHAX MOTI'YT HAK/IAABIBATLECH BTOPOCTENEHHEIE NMpOLecchl anbbuTH-
aanud, OKBapUeBAHWe, aayndapusauud 4 ap. B cpendem nonzoHa neonuTHIANME HMeeT
momHocTeE 150-200 M u Ha riybuHY CMeHaeTCH 30HOH NMpPONWIMTHIALHH,

30Ha OPONUMUTH3ALMM PAa3BUTA [0 BCER NAOWAQH MECTOpPOXASHHE W NpoclexeHa
Ha ray6uny 800 M (3aboit poTopHO#H CkBaMuHBI). XapakTepHO NpPHCYTCTBHE XJIOpH=—
Ta, anbbura, Kanbuura, CepHUMTAa, JOMOHTHTA, 30HA0OTA. Pewe, B OCHOBHOM B nepe-
XOAHBIX 30HAX, BCTPEYAKTCH KBapH, MOHTMODHIIIOHHMT, AHTCHAPHT. BropuyHbie MuHe-
pafbl, XapaKTepHble [UIs NPONMIMTOB, PA3BHBAIOTCH 10 WIAT'MOKNA3Y U 06nomMkKam
Nopof, 3akiloyeHHbX B TyQOKOHINIOMEpaTax aHOe3UTOBOr'o cocrapa. Haubomee wac—
Tasg acCOUMALMS MO NJANMOKIA3AM — albOUT-cepHUHT-KalbUUT-XTopuToBad. [lo 06—
JIOMKaM [OpOJl pasBUThl XJAOPUT, KapGoHaT, xaflUe[oH, KAMHOUOU3HT. MuHepanoobpa=
asopaHHe uaer npH remneparypax 100-120°C B 61usHefiTpanbHbIX, ClaGOKHCIBIX
pacreopax (cm. tabn. 24).
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B obmeii cnoxHoctu Ha [layeTckoM MecTopoxneHuu obHapyxeHo Gomee 45 Ho-
BO0O6pa30BaHHLIX MHHEpAlloB, HO HaubGolee pacnpoOCTpPaHeHHBle M3 HHX (IIMHHCTBIE,
LeONHTEl, XAOPHTHl H Kap6oHaThl) claraiT HOC/Ie[0BaTelbHO CMEHSmHecs Ha Iiy-
OMHY 30HBEI apru/NIH3ANNH H NPONHIMTH3ALMH., MHTEHCHBHOCTE HOBOMHHEpaio06pas3o-
panus pocturaer 60% n Gonee. O6bem nopopa, NOABEPrUMXCH H3MEHEHMIO B Ipe—
nenax uayvenso#t mnomanu (1,5 KM2), cocrapnger He meHee 1,2 KMS (1,2'1015
CMS). . Hecomuenno, sra wuubppa saHmkena, NOCKONLKY pa3BegaHa He BCH
TNONaAb TEPMOTPOABISHHH, HD W DHA NaeT BO3MOXKHOCTh NPenCTaBHTh MacuTabhl
H3MEHEHHBIX TIOPOA B OYarax pasrpy3ky THAPOTEPM.

[lo onpenenenmo B.B. ApepneBa, Boapact [layxeTckoii ruapoTepMalbHO# CHC—
temel okosio 10 000 ner, cnenoBaTenbHO, H3MEHEHHIO NOABEpraeTcd CIOH He Me—
Hee 8 cM B roa.

Pestomupys peaynbraTsl aHanuasa GakTHYeCKOrO MaTepuana, MOIYYEHHOO IMPH
W3YYEHHH ONHCAHHBIX MEeCTOPOXAeHHE coBpeMeHHbIX ruaporepm Kypuno-Kamuarckoro
perioHa, MOXHO KOHCTATHPOBATE Cledyloulee.

1. Bce coBpeMeHHEIE THOPOTEPMBI NPHYypPOHEHBI K palioHAM PaclpOCTPaHeHHs
BYNKAHOT'@HHBIX M BYJIKAHOT'@HHO—OCAOOYHBIX NOPOA OT OCHOBHOI'O A0 KHCIIOro COCTa-
pa U K obracTaM C NOBBLIULEHHBIM KOJHYECTBOM ATMOCHEepHBIX OCadKOB.

2. Hayuennple IEapoTepMallbHblE CHCTEMEl XAPAKTEePHaYKTCH HaNPSXKEeHHBIM
reoTepMHYECKHM PEeXHMOM, a [0 TelVIOBOMY IOTeHuHany GIH3KH K H3BeCTHRIM I'Hi-
pOTepMallbHbIM CHCTEMaM MHpa.

3. HecmoTps Ha onpefelleHHble OT/IM4YHA XHMHM3Ma NepPBHYHBIX IIOPOA M CocTaea
pacTBOpPOB, MHHEPAOrMYecKas 30Ha/IbHOCThL, BO3HHKWAS B Npollecce I'HApoTepMallb—
HOT'O BO3AEHCTBHMS, B OOUIMX YepTax WAGHTHYHAa M BhIpaxaeTcda B CMeHe Ha IiyGuny
30H OKBADUEBAHMS, ATYHHTH3ALWH ¥ APTU/UIM3ANAHM 30HOH NPONHIHTH3ALMH,
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I'JIABA YETBEPTAA

OLEHKA SHEPTETUYECKOIO 3®®EKTA
TEOXHUMHUYECKHX NPOIIECCOB
B OBJIACTAX PA3IrPY3KH COBPEMEHHBIX 'MIPOTEPM

B npounecce npoBeneHHbx MccieNOBaHHH BLIIBANIOCH, YTO COOTHOWEHHE KOHIYK—
THBHOI'O M KOHBEKTHBHOIO MEeXaHH3MOB Telonepefadd B PASIHYHbIX HACTAX TeP=
MallbHBIX THIOWAJOK M Ha pasnuyHofl rily6uHe omnpefeligeTcsd riaBHbM oOpasoM da-
3OBLIMH TIEPEXO[aMH — BCKHIIAHMEM PHODPOTEPM N0 Mepe HX TIOAbeMa M MOC/eayio-
weit YacTHyHO# KoHOeHcauweit nmapa (A.Uneun u aop., 1973), Ilpouecc pasobbix
nepexoaoB PACTBOPOB 4Ype3BhMAWHO 9HEProeMOK H XapakTepH3yeTcs CKOPOCTBIO, Ha
HECKONLKO TOPHAAKOB Ookinelf, 4eM CKOPOCTBH PACCMOTDEHHEIX BhIE XHMHYECKHX
peakunii, noeTOMy SIBlIfleTCH OOHHM H3 BaHeHIIMX MEXaHH3MOB TpaHC(OpMaluuu
rinyOuHEON SHepruH,

OIIEHKA 3HEPTETHYECKOIO 3®®EKTA
®A30BbIX MMEPEXO/OB PACTBOPOB

lpexne yeM mepefiTH K KOINHYECTBEHHOH XapaKTepPHCTHKe (as’oBbIX NepeXxodoB pacT-—
BOPOB, KpAaTKO OCTAHOBHMCS HA SHEpPreTHYeCcKO# CYWHOCTH 2TOrO npolleCca H NpH-—
YuHaX, OGYCIIOBIMBAOUINX €r0 BO3MOXHOCTEL B OGNACTHX pasrpys3KH COBPEeMEHHBIX
runporepM, CywHOCTBH paccMaTPHBAEMOro Npollecca COCTOMT HE TONRKO B ero
9HEProeMKOCTH, HO M B Q3HAYHTENLHOM YBe/IHYeHHU CKOPOCTH TemioobmeHa 3a
CHYEeT TIOBLILEHHOH NMO CpaBHEHMIO C BOfofi MUT'DANMOHHOR CnocobHoCTH mapa, Owe—
BH[IHO, TaKHe CBOACTBA mapa SBIMIOTCH ONpelel/IOWHMH TEIJIOBOrO peXuMa B 30—
He ero xonpaeHcaumu. C apyro#l CTOpOHLI, KOIMYeCTBeHHas OLEHKa (asOBBIX me-
DEXO/I0B PACTBOPOB OTKPHIBAET WUIMPOKHWE BO3MONKHOCTH TEMNEePaTYPHHIX SKCTpPAlO-
nanuii B HeApa FHAPOTepPMAalBHBIX CHCTeM, NOCKOMBLKY, kak mnoxkasaan [hx.Cecrtmnm
(Sestini, 1970), npu paHHLIX TeMmnepaType M NABICHHH H309HTAIBNHIHO MOXeT
HCIApHTLCH IHMUlbL ONpefelileHHasd 4acThb wuakocTd. OcTanbHasg Xe ee 4acTh OX—
naxnaeTcd W XapakTepusyeTcsd MeHbllel sHranmpmeit, CriefloBaTellbHO, 3HAY KO-
yecTBO o6pazoBaBllerocs Iapa, ero SHTa/LIHIO H JaBlieHHe HaCBIEHHS, MOXHO
ONpeeNaTL TEeMIepaTypy H ypoOBeHb HCHapeHHs.

Bepxuas rpanuua 3oHb napoo6pasoBaHHs JIEKHT HA DAS/MYHBIX FHNICOMEeTpH-
YeCKHX YPOBHSIX [&e B Npe[esiax OOHOH M To# ke rHApPOTepMAallbHOH CHCTEeMEL,
Tak, na IlayxeTtke u lopsiuem [lnske ruyGuna ee BapeHpyeT B cpemsem ot 120
no 200 M, a Ha lUeHTpanmHOM TepMallbHOM TiONie KaibAephl Y30H - TepBhie Ae—
CHATKH CAHTHMETPOB-MeTphbl, Il0 30HAM TEKTOHHYECKHMX DPa3pLIBHBIX HAPYIIeHHH KH-
IAUME BOMABI YACTO BHIXOOST Ha NOBEPXHOCTb. Baxueiilasg oTIHuMTeNbHAH OCO-
GeHHOCTBL paccMaTpHBaeMoro mpolecca B TOM, 4YTO B XOA€ ero MPOHCXONAT TpaH-
chopManug H BBIHOC IIyOMHHOII 9HEpPrHH — 3aTpaThl IPH KHINEHHH, 4YaCTHYHOe Bbl-
NelileHke TIPH KOHOAEHCANMH M BLIHOCE NapoM (CTpyM M paccpelOTOYEHHOE IapeHHe).
Ipu rugpoTepMalbHOM Ke TpeobpasoBAHMH NOPOA 9HEPrud HeoOGpaTHMO 3aTpaii-—
BaeTCs MH BhIde/deTcs B pamkax paccmarpuBaemoro npomecca, Ouenka suep-
retTHueckoro adpexTa pasoBHIX TepexonoB pacTBopoB B Y3ou-lelisepHoit ruapo—
TepMajibHO# CHCTeMe TNpPOHGBOAMIACH IPH TMOMOWH KOHYCOB ABepbeBa M Teliio—
MepoB To MeToauke, omucapHoi#t B rnaee Il CxonumocTh peaynwraToB mamepe-
Hui o6ommM MeTodaMH cocTtapiaiia 15-.25%.
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Onenka MHTEHCHBHOCTH M dHepreTuyeckoro ahdexkra KoHaeHCAaUuHM mapa I1pPOoH3—
BeQeHa aBTOPOM BHepBhle B Kanbaepe YazoH u [lonmne lelfiaepos mpaMerMu MeTopma-
mu, [aa HeHTpalbHOrO TepMalbHOIO IONd Kaabaepb! Y30H cpenHss BEIHYHHA HH-
TEHCHBHOCTH KOHASHCANMWN Napa Ha TiySmie 40~60 oM cocrapmia 0,01 r/{m2.c),
4Yro NMPHBOAMT K.(OPMHMPOBAHMIO TEIVIOBOI® MOTOKa IVIOTHOCTHIO Okoslo 500 mkkan/
(em=. ),

Bonblune KoleGaHHA HHTeHCHBHOCTH KOHAEHCALMM MAapa BO BPeMEHHM OGHApYKeHE!
p [Nonmne Tehizepos. Ha puc. 25 npueenena TunuuHas KpHBas 3aBHCHMOCTY MAaCCH
KOHOeHCaTa OT Bpemeny cyTok (puc. 25,6 ). Ha puc. 25,4 Ta xe KpHBad B SHepre-
THYECKOM BbIpPaXeHHH,

B peasynbTaTe MHOrOYMCIIGHHBIX HabGmofeHMit ¢ moMouklo TenjomepoB (Bojee
2000 asamepoB B 26 mMyHKTaX) YCTAQHOBIIEHO, YTO CPEOHSS HHTEeHCHBHOCTE KOH—
OeHCaAUHH Tapa Ha akTUBHeIX TMnowankax [lonwner [efizepon Gmuaxa k 0,03 v/ (M=:c).
3To NpPHBOAMT K (OPMHPOBAHMIO B GIH3NOBEPXHOCTHOH 30HE KOHOGHCALHH TeN/IOBO—
0 [OTOKa TIOTHOCTHIO Okoio 1600 mkkan/ (cm2.c).

To pauubimM [x.Cectunu ( Sestini, 1970), paiion Jlapnepenno (Hramma) xa-
paKiepH3yeTCH Ha nopgaok Gonbiell BenuuuHoll HHTEHCHBHOCTH KOHOASHCAUMM mapa,
Ha nepugepun axTupHbix miowianok [omuuer [efisepoB HHTEHCHBHOCTL KOHOSH-
caumn mapa cHmkaetcs ao 0,0141-0,0247 r/(m2.c). Takum o6pasom, B Tpo-

necce KOHAEHCALMH TAapa NPOMCXOOHT (OpMHPOBaHHe TENOBOre MOTOKA Ha 2-3
nopsaika Bonbiero, yemM (QOHOBLIH KOHAYKTHBHLII TenionoToXk BocTounoit Bynxany-
yeckot soubl KamuaTkn,

HuTeHCHBHOCTEL NepeXofoB PacTBOPOB B Tlap NPAMEBEIM MeTodoM y cke, P=9
onpefensnack Ha Ysone., Ee penuumHa wa ray6uue 40-60 cM olenena B
0,058 r/ (Mzoc), YTO COOTBETCTBYET 3aTpaTaM  9HEPruM, DPaBHBIM OKOJO
3000 Mxxan/(cm2-c}. Tonwko oxono 17% 9Toil 9HEPrHH BO3BPAUWASTCH NDH KOH-
OeHcalHH mapa, ocTallbHafd 4acTb BBIHOCHTCH Ha JIOBePXHOCTH,

[Nonpo6yem KOCBeHHO OLEHHThL HHTEHCHBHOCTL BCKHMNAHHA pacTBopoB B [lomi-
ne DeitzsepoB, CrTpykTypa pacuera TakOBa: 3aTparhl ®HePIMH Ha KHNEHHE DaBHbL
SHepruM KoHOeHCallud Tapa TWIOC BBHOC Telia CTPYAMH H PacCPeloTOYeHHBIM Ia~—
poMm. Brmoc Tenna crpysmE paccudTad M3 nammeix B,M, Kononoa (1965) u pa-
Ber 0,03 r/(m2.c). Moaym, paccpeAOTOYEHHOIO TIAPEHHS B patione I'naeubix leji-
3epoB onpeneneH Hamu pemmymmolt 0,15 r/(M2-c) u, Ha Ham Barnaa, AOMKEH
6LiTe ymeHpite® oo 0,1 r/ (Mz-c} NpH yyeTe Henapduux semels, MOoAyN: KOoH-
[eHcalMH Tapa, XaK NokasaHo Bhiue, pased 0,03 r/(m2-c). CnemopaTensHo, HH—-
TeHCHBHOCTL BCKMmanus paBHa 0,133 r/(m2.¢c), uTO COOTBETCTBYeT NOrTIOWEHMO
Tenna He menee 8000 mxxan/ (cm2.c). Toneko 20% oToH BellHuMHEI BO3BpAlla-—
©TCH TIPH KOHOeHCaliu¥ napa. .

AvanoruyHble Hec/lenoBaHHMsS B pafioHe Bynkana MenneneeBa (o-B Kynawnp)
nokasany, yTo Ha [opguem [lnaxe 3a cyeTr Tenila KoHAeHCalUHMM (POPMHDYETCSH TNO-
Tox oT 860 mxkan/(cm2-c) (cm, pue, 23, Touka 3 y pys. Temmoro) no
39,6 mxxan/ (cm2+.c) (roukm 1,5 Ha ToM Xe npogune), Ilo cpaBHeHHIO C Y30H~
CefiaepHolt cucTeMOll MakCHMallbHbe M MHHUMAIILHBIE Be/MYMHEI OTOKOB 30€Ch Ha
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Puc. 25. Jueprermuecknit spdekr (a) 23 P 17 77 1%
W WHTEHCHBHOCTB KOHAeHcaumk napa (6) Bpemw cymon,y
B [onmme Tefiaepor (cks. 17, 18. VIII
1972 r.)
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nopaOoK MeHsiie, [lo-BHANMOMY, 8TO clenyer O6bACHATE OTCYTCTBHEM MOUHOIO
chosl CIHH, 9TO NPHBOAMT K CBOGOAHOMY BBHOCY TelUla NapoM.

Ha Cepepo-BocTounom conbharaprom none (o-B KyHammp) BBHOY HHTEHCHB—
HOJ TPEeUWMHOBATOCTH OCHOBHO#l BE/HOC OCYUWECTRISeTCH NapoBBIMH CTPYAMH, TeM
He MeHee (GOpMHpPOBAHHE TOTOKA 38 CYET KOHAEHCAIWH Napa B HEKOTOPHIX TOYKax
pocturaer 2700 mikan/ (cM<-c) (cm. puc. 22, Touka {5). OnpegenuTe HH—
TEHCHBHOCTEL BCKUTIAHHS THAPOTEPM HENOCPENCTBEHHBIMM MeTOOAMH HaM He yha-
nock, TMOCKO/BKY YPOBeHE (A30BHIX TepeXOOB NeXHT Ha 3HAYHTEIIBLHOH raybure,

Taxum o6pasomM, NpoBefeHHEle HCCIICOBAHHS XapaKTEpPH3YIOT (a3oBHe Nepe-
XO[bl PACTBOPOB KAK ONMH M3 MOWHbLIX MEXAHH3MOB (OPMHPOBAHMS KOHAYKTHBHOIO
TeIJIONOTOKA B Tpefejiax 30H KOHOeHCAIHH napa.

SHEPTETHYMECKHH 3@®®EKT [IPEOBEPA30BAHUSA ITOPOJ
B OYMATAX PA3IPY3KH COBPEMEHHBIX I'M/IPOTEPMAJIEHBIX CHCTEM

[lpenpapuTenpHas OleHKa 2HepreTHYeckoro adgderTa npeobpas3oBaHHA TOPOA B HO-
porepmanesoMm npolecce (rnaea [I, pasnmen 3) nokasana, uTo BO3MOXHEI peak—
MM KAK C- BHOENIeHHeM, Tak ¥ ¢ noriowedkem temna (Wnemn, 1973). OueBnn-
HO, YTO OXOHYATEIILHOe 3aK/MOYeHHMe O CYMMAapHOM 3HAYeHHHM BeJIMuMHEI SHepre~
THYECKOT'0 2(¢peKTa BO3MOKHO JIMMEL NPH PACCMOTPEHHH 30HANBHOCTH TIOPOA B KOH=—
KpPeTHBIX THAPOTePMAJILHBIX CHCTEMAax C yYeTOM YCJIOBHH ee obpasopanua. C sToit
Iebio aBTOPOM GBIIM NMpOBedeHbl cnelMalbHble NolleBbie, JA60PATOPHLIE M TeOpe—
THYEeCKHe Hcclle[loBanMs 2ddexTa MHHepallooGpasoBaHUs B 30HE Pas3rpy3KH TAaporui-
porepM kaiawaephl Yson (Kamuarka), DTH nccnefoBanus Brmowami: 1) onpene-
7ieHHe KOHOAYKTHBHOIO TEIVIOBOT'O TIOTOKA TO CKBAKHHAM, NPOHNEHHEIM B XapakTep—
HBIX y4acTKax TepMOaHOMA/MW; 2) BbIICHEHHe pealbHON BepTHKAILHON 30HAlb=
HOCTH MHHEpPAalLHBIX -aCCONHAINN B 9THX M€ CKBaMHHAX H ee (HIHKO=-XMMHYECKHX
napamMeTpoB; 3 ) pacueT TeNNoBbix s(QPEKTOB peakiuii npeoﬁpaaona}msx MHHEepanos.
¥ HX CYMMAapHOIO pesynbLTAaTa.

MecTononoxenue CKbaXuH, NPOHNEHHLIX pyYyHBIM GypeHUMEM Ha r‘nyﬁlﬂiy or 3
oo 9 M, GbNIO BRIOPaHO C TaKHM pacyeToM, 4YTOObl OXapakKTepH30BaTbh KAK HEeHT-
palBHyl0 YacTh Odara pasarpy3kM, e Ha NOBepXHOCTE BBIBOAHTCH NapoBOAdHAN
CMech, Tak H ero nepudepuio, raoe NMPOHCXOOMT TOMLKO HCTedeHHE Napa, o6pasyio-
merocs B 30He MOA3EMHOrO BCKHNAHHS TepM, a Tak#e NPOMEKYTOHSHBIE MEeXAY Hiw
mE yyacTku (cm. pue, 6).

KounyxTHBHBO! TEIVIOBOH NOTOK "ONpefelisiica Kax NpOM3BedeHHe reOoTepMH-
YeCKOr'0 rpajMeHTa, pacCYHTAHHOO NO pPe3yasTaTaM TepPMOMEeTp.H CKBaKHH M KO-
appumMenTa TemnonpopogHocTH nopon, [locnemmu#t mamepanca corTpynuuue# HMHCTH-
TyTa Byhxasonormn [IBHU AH CCCP H.I. CyrpoGoBo# MeTOOOM MIHOBEHHOT'O Tel-
noeoro ummynsca (Jho6umoBa u ap., 1964) ma ofpasuax, oTOOPaHHBLIX TMOCIOHHO
Ong MakCHMAaJILHO TIONHOM XapaKTepHCTHKM paspe3a M sanapa¢WHUDOBAHHBIX [N
COXpaHeHHs eCTEeCTBEeHHOH BIaXHOCTH,

Kepr ckpaxuu mnoapseprafics MHHepallOrHYeCKOMY aHaANH3y C TpPHMeHeHHeM Me—
TONOB PEHTreHOBCKOH NHPpaKTOMEeTpHHM, CBETOBOH M SIIeKTPOHHOH B TOM YHCIIe,
pacTpoBOil MHKDPOCKONHH, TepMmorpaduu, MHpakpacHo# crnekrpockomud, Hayuamice
Taxke OObeMHbII Bec M XMMHYecKHii cocTaB mopofd. DTOT KOMIJIEKC HCCleOoBaHHik
TO3BOIMII ONpefe/MTe CHAPOTepMAallbHEle MHHEepallbl, BBHIAS/IHTh MX 30HBI B paspe-—
3aX CKBa}HMH M [pPyrHe napamMeTpel, HeOOXOQHMBIe 07 KOJIMYECTBEHHOH OLEHKH TEl-
JIOBOr'O aqxbex'ra HCCrenyeMoro SBJIeHHA.

OueHka SHEpreTHYeCKHX MNOCIenCTBHI rnnpo-repmanbﬁoﬁ nepepaboTkH TOPOM
TIPOBOAMIIACE TIO TelJIoBOoMY 2¢dexTy OoOpasopaHuMs MHHepPAsioB, THNHYHBIX /1S Bbi-
NeNeHHBIX B pa3pe3e 30H, B COOTBETCTBHH C HMX MOWHOCTHIO ¥ HHTEHCHBHOCTBIO
MuHepaoo6pasobanug, OCHOBHBIE TlepBHYHBle MHEHEpaibl, NOABepraluuecs HAPO-
TepmMmallbHOl TepepafoTke, - Iarunoknasei. K coxanenwo, TouHad KoJMyeCTBeHHas
OLeHKA HX TepPBOHAYALHOIO colepkaHus (B HeHsMeHeHHOH mopone) saTpyAHH-
TenbHAa, TMOCKONBKY paccMaTpHBaeMad TepPMOAHOMAIHY SaK/IodYeHa B KallbAepHO-
O3epHbIX OfpasoBaHMaX, COCTOAWMX H3 MEPeoTNIOMEHHOro MaTepHana, HHTeHCHB-
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HOCTb TepepaGOTKH 9THX OOpasoBaHuii BEIpaxeHa B TOM, YTO OHH celyac NOYTH
Ha 80% coCTOAT H3 HOBOOGPASOBAHMEIX IHAPOTEPMAIBLHBIX MHEHEpaJIoB,

CocTap miarwok/iasoBP BapLHPYeT B UMPOKHX NpefesiaX OT OCHOBHOLO [0 KHC—
Jioro, BClleACTBHE Yer0o NMpUBe[eHHEBIe HHXe PAKIHH pacCYHTHBAINCE Ng 0GOHX
CnyyaeB, a NpH ONpefelleHHH TeIVIOBOro addexra Gpanach cpefnss BemmuuHal:

H48i0, = Q + 2H,0, ()
An + 2H,0 + 2H* = 2Al + Ca*2 4 20, (2
Ab + Hs0 + H* = Gb + Na* + 3Q, s (3)
An + Ho0 + M« Gai Ca+2, : (4)
2Ab + Ho0 + 2H* = Gs + 2Na* + 4Q, (5)
An + HyO + 2H* = Ka + Ca*2, ' . (6)
2Ab + HgO + 2H* = Ka + 2Na* + 4Q, (7)
Ka + 0,167Mg*2 + 0,33A1*3 + 1,67Q + OH™ = Mg — Mnt + 3H*, (8)
An + K* + AI*3 4 25032 & 2Hg0 + 2H* = Al + 2Q + Ca*?, 9
Ab + K*+ 2A1*3 1 4H,0 + 25032 = Al + 3Q + Na* + 2H*, (10)

B npepenax pas6ypemsoro mmTepBania riayGHH CBepXy BHH3 BLIAe/IeRO 7 NOA30H
(pnc. 26), HasBaHHBIX N0 BegyWHM MHHepalaM, CYWeCTBOBaHHe KOTOPHIX B 30He
YYHTHBANOCH TIPH pacyeTe CYMMapHOro SHepreTHYecKoro agdekTa: omanosad I,
pynsds 2, xaoiMHuTOBaa J, rub6cuT-KaonuHATORAaa 4, rayasUuT-KaolHHHTO—
Bas J, MOHTMODHUIIIIOHHT-KaoNuHUTOBas 6; eoiMT—KaoIMHHT—MOHTMOPHIITIOHATO=
Bag 7. YxasaHHBle MHHepallbHLle acCOLHALHMH B OCHOBHOM XapaKTepH3YIOT 30HY ap—
CHIHM3aNd, KOTopad Ha GONLIUHHCTBE MECTOPOXISHHH COBPeMEHHBIX HAPOTEPM 38w
HUMaeT camoe Bepxmee noinoxenue (HaGoxo, 1969), OcHoBHLIe MEHEpanbi B Ha-
3BaHHbIX ACCOUHMALHAX — KAOJMHHT ¥ MOHTMOPHIIOHHT, TOSTOMY BHIAENSIOT [BE YK=
pYNHEeHHbie 30HbI: NPEeHMYIECTBEeHHON KAOIMHH3AUHH H NPeHMYyWeCTBeHHOH MOHTMO=
puwiioHNTH3anuK, Ileppasi pasBuBaeTCd BENIE YPOBHS BCKMNIAHHS THOPOTEPM, BTO-
pas - HExe ero., Brilenenme ux, xax 6yneT TOKasaHO HH¥e, OGOCHOBAHO H Tep-
MOOHHAMUMYECKH, NOCKOJBKY OHHM XapaxkTepHSYIOTCH TPOTHBONOJOMHBLIME IO 3HAKY
TEeIIOBLIMU 2(deKTamMu peaxiiuii,

CKOpOCTE peakiuil, COrflacHO HAWlHM SKCIePHMeHTAllbHBIM HCClie[l0BaHHAM, Ole—
pena BemrguHamu 10~8-10-10 1/c. B pacueTax ¢ y4eTOM KOHKPETHEIX KOH—
HeHTpallii HOHOB NPHMHAT KoohdumueHT CKOpocTH peaxumu 10-9. 3uas ero, o6b-
eMHbil Bec NMOpoHd, WHTeHCHBHOCTH HX H3MEHEHHS H MOWHOCTH COOTBETCTBYHOWeH
30HBI, MOXHO HaliTH HTOrOBOE 3HAYCHHE TENJOBOro addeKTa rHOpPOTEpPMAasBHOO Npe-
obpazoBanud B MK.KBJ’I/‘(CM2'C), KOTOpOoe yAOGHO CONOCTABISITE C BeJMYMHOH KOH-
AYKTHBHOIO TEMIONoTOKA, :

B saxmoyenue onpefeisiics CyMMapHbii peaylLTaT MO KaxAo# ckBaxuie (an-
re6pauyeckoe clio¥eHHe 2p)eKTOB 30H, BCKDPHITHIX CKBaXHMHOH) H CpaBHHBAJCH C
Be/IMYHHO} HGMEDPEeHHBIX He3ABHCHMO KOHAYKTHBHBIX TEINIONOTEPh Yeped NOBepX—
HOCTBH 3eMJyli B OAHHOM NyHKTe, Taxkoe cComOcTaBleHHe IpaduuyecKH BBIpaxeHO puc.26,
Hambonee mpencTaBHTENLHBIE H3 TONYyYeHHLIX peaynpraToB (cke. P-8), xapaktepu-
aylomMe HeHTpalZlbHyI0 4acTh ogara pasrpys3kd, ero nepudepmo (cke, P=7) ® mpo-—
MeXyTouHylo 30HY (ckB., P-8),

Pacuerh nokasbmaioT (Tabn. 27), uTo KpoMe mpolecca o6pasoBanus Mg-
MOHTMODH/VIOHHTA BCe PACCMOTpEHHbIe pPeakllMH 2K30TepMHuHbl, [locKonpky obpa—

Yon - anoprut (CaAly SigOg), Ab- ambur (NaAlSigOg),” Q - xBapu (SiOg), Gb —
rub6CcuT (Al(OH) iR Gs - rammyasut [Al9Sio0 (OH)4], Ka = Kaomumur
[Al,Si505(0H) 4], Mg-Mnt ~ mouTMOpHAIOHHT [iﬂgo'l67 Aly a4 Sig 670;0(0Ms 1,
Al _anysir ALTKALy(S0,)o(OH)g 1. w e & -
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30BaHHE MOHTMOPHIIOHHTA NPOMCXOAMT B camoff rayGHMHHON H BRICOKOTeMIepaTyp—
HO#l 4aCTH M3y4eHHbIX paspesoB (cm. pHe, 12), cmena anaka oddekTa Xxopouo
corfacyetcs ¢ OBWHM Ang (U3MKO-XMMHYecKMM npespauenuit npuaounom Jle-llla-
Tellbe. YXe OTCIOAAa HaNpawHBaeTcs 3aKModYeHHe O TOM, uTO B Gojee riyGokux,
He BCKPBHITHIX HAIIHMH CKBaWHAMM H COOTBeTCTBEHHO Gojlee ropsa4Mx rOPH3OH=-
Tax rHApPOTepMAaNIbHOM CHCTEeMbI CXOMAHbIE NpeobpasoBaHusi NOIDKHBI GHITE BHAOTEpP—
MHUYHBIME ¥ TIO9TOMY HE YBellMYMBATL, 8 YMEHbUATH TelJIOBYI0 MOUHOCTE pad-—
rpy3ku cuctembl, OneHka oHepreTHyecKoro agdexTa NpoOLECCOB B 30HE TNPOMNHIIH—
Tusaun¥ (rnasa II), saHuMmarowefi HmKHee noNoMeHHe B MHAPOTEPMAIEHO H3MEHEeH-
HBIX TOpofax CHCTEMAE], NOATBep¥[aeT CAesIaHHBI Bhile BLIBOA.

Kak Bugpo us Ttabn, 27, ‘MHHHMAaILHBIM 10 aGCOMOTHON BelMYWHE TelJIOBLM-
apPeKTOM XapaKTepHayeTcs ofpasopaHue onana (camas BepxHAs 30HA) H MOHT-
MOpHIUIOHHTa (camasi HIKHAA - Le0/ U T~KAO IMHH T-MOH TMOPHJI/IOHUTOBAS 30Ha), IpH=-
yeM B NocliefHeM cliydae a¢gdekT sHOOTEpMHYECKHH.

Hroroesit TemnoBol apexT npeobpasoBaHuit B KauAoOd H3 BLIJENICHHBIX 30H,
onpefeleHHEIl C Y4eTOM MX MOWHOCTH, OKA3LIBAETCH AN GOMNBLIMHCTBA CKBaXHH
MAaKCHMAaJBHBIM B KaOIIMHHTOBOH 20He, IloCKOMLKY MOUWHOCTH MHHEpPANBbHBIX 30H B
CKBaMWHAX paa/MuyHbl, TO H CYMMapHbIl Tennopoll adgbexT oT/M4aeTCH (ra6n. 28).

KonnykTuBHBbI TeIUOBO# NMOTOK ¢, TO H3YYEHHBIM CKBauHHaM, XOTS TaKke
CHALHO BapLMpyeT 1O TJowanH, uMes Ha Bmixoge ot 26,8 no 360 mxxan/(cm ),
BCeraa TpeBRIIAeT cyMMaphbll eddekT MuHepanooGpasopamus, ConocTaBleHHe BTHX
Be/MYIH TOKa3LBAET, YTC B H3MEPEHHEIX KOHAYKTHBHBIX TNOTEpSX Temla Yepes No-
BEepXHOCTEL 3eMiH ik 6-12% MOryT 6uITh “XeMOreHHBIMH",

[lo Mepe ynaneHHs OT LeHTPa O4ara pa3rpy3ku B CTOPOHY yBeJHMYEHHS MOUMHOC=
TH 30HEI KOHACGHCALHM TNapa yMeHBUaeTCs TemlepaTrypa NOBEPXHOCTH IPYHTa H BO3—
pacTaeT a3HaueHHe KOHOYKTHBHOro Temnomotoka (cm. puc., 26). B ToM xe mampa—
BIEHUH yBe/lMuuBaeTCs BhifesleHHe "XeMOreHHOro” Temla M TOrpyXaeTcs BepXHAs
rpaHmua 3oHEI 06PA3OBAHHS MOHTMOPHIJIOHHTA, 4YTO eme pa3 NOAYepKHBAeT OTMe-
4eHHYIC Bblile 38KOHOMEpPHOCTHE H3IMEeHEeHHs 3JHaKa TenJIOBBIX 9@9]{1‘03 MHHepallo—
obpasoBanud,

B npuBeNeHHOM aHANE3e HAMH He YYHTHIBANIMCEH TEWIOBbe B(deKThl ACBHTPH(H-
KAIUH CTeKO/l M BbNIaJeHHs MHHepaloB H3 pactBopa, CoriacHo NaHHEIM, CyMMH—
popaunev A, [k, Dmcom (1965), Tennobrie a¢pekThl PACKPHUCTAIUIHIALHH KpeM=
HEBOrO CTekla B KBapl ¥ amLGHTOBOro cTekia B anbbuT cocrapimor ~83
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L [a- w0 grad # | g, wnransfem® [¢,,wrnantews] Puc. 26. CooTHOWEHAE KOH-
nyx'rmauoﬂ(QA) H "XemMo-
renno#t” (4,) cocraBnsmounx
rennosoro noroka llenTpanc-
HO# YBOHCKON TepMOaHOMATHH
308l uaMenenns: . ~ oma-
noepad, 2 - pyaoHad, 3 — Kao-
nuARTOBad, 4 - THG6CHT-
KAoNHMHHTOBas, 5 — ramnya-—
3HT-KAO/IMHHTOBAaA, f —MOHT=—
MDPEIIHOHHT—KBOHKHETOBBH ’
7 - HEONMUT-KAOMMHHT~MOHT-
Mo punoruToBad; 8 - pons
XHEMAYEeCKOH SHeprHu; A -
xoaddunuenT Tennonposon-—
HOCTH Topoa

Lelet

| - 1 L i 1 I

20 £0 100223341 8 100 300 500\ 0 25 5
w 4z 200 g -25

n =46 xan/r cooTeeTcTBeHHO, HopmailbHag TennoTa NeBHTPHGHKALHH H TOCIEAYIO=
mero M3MEHEeHHS CTEeKIIOBATHIX HMHHMODHTOB M NEeM3 cocTaBigeT -75 Kaw/r, [lo-
crennss olleHKa 6GIHM3Ka K TOJy4YeHHBIM HaAMH Be/MYHHAM TelJloBoro sgdekra pe-
axumu (cm. Tabn, 27). CnenoBaTellbHO, HEAOYy4eT BO3MOXHON pealHM3allHH 9TOrO
npollecca B pacCMATPHBAEMOM HHTepBaje IIyGHH HE MOMEeT IPHBECTH K oumbke
Gonee yem BaBoe, [axe B 9ToM ciydae “xemMoreHHag” cocTapigiomasd B (GOpMHE-
pOBaHMM KOHOAYKTHBHOIO TeN/oBoro motoka Gyner He Gonee 20%.

OHepreTuyeckuil apdekT mpomeccosB BLMANEHHS MHHEPAlloB W3 pacTBOpa, Bepo—
ATHO, B KAKOH-TO CTeNeHH MOXeT OTPa3HTLCS HA TeIUIOBOfi  XapaAKTePHCTHKE MpH-
TIOBEPXHOCTHONR 30HEI, €C/IH KOMIOHEHTHI BLITAJAIWMX MHHepalloB NPHBHOCATCH H3
rayOHHHBIX yacTell THApoTepManbHO# cHcTembl, TennoBoll agdekT ®TOro NMpolecca
MoOxeT ewe Gollee yBe/IHYHTHECH, €CJIH OCaX[IeHHe MHHEepalloB HOeT B HepaBHOBeC—
HBIX YCJ/IOBHAX C NOCTATOYHO GOIBINOH CKOpICThIO, K COxaneHmio, B HacTosmee Bpe—
Mf HEeH3BECTHBI HH HHTEHCHBHOCTBH BBLIHOCA KOMIIOHEHTOB H3 He[p, HH CKOPOCTBH HX
BhiMageHns H3 pacTeopoB, OyeBuOoHo, B Macwrabe rHApPOTepMallbHO# CHCTEMEI STOT
nponecc CHocoGCTByeT Nepepaclpefe/ieHui0 SHepruH Mexay ee CJIyOHHHBIMH H To=-
BEpPXHOCTHBIMA 4acTAMH H, BEpPOATHO, B LeJ/IOM He BedeT K [ONOJHHTe/LHON reHe-
panuu Tenna. OnHako nocliefHee BO3MOKHO, €C/M B HeapaX CHCTEMBI pacTBOpDeHHe
MHHepaJloB HOeT B PABHOBECHBIX yCIIOBMSX, & BhMafeHHe BOJHM3H TIOBEPXHOCTH — B
HepaBHOBeCHBIX. [IOCKONIBKY TO ®THM BONpOCAM HET OOCTOBEepHLIX CBe[eHH#, MbI He
MOXEM TPOH3BECTH OUEHKYy BO3MOwHON ownbku., TeM He MeHee MOXHO OYMaTb,
YTO OHa He CTOJIb 3HAYHTeNbHa, 4TOOHl TOB/HATH HAa (HKCHPYeMbili y NMOBEpPXHOCTH
KOHAYKTHUBHEI! TEMNOBOM NOTOK.

B onsoit B TOll We CKBaMWHE KOHAYKTHBHBIA TENONOTOK HE MOCTOSAHEH MO [ily=—
6une. Tem He MeHee ero BapHalWM BCe e He OTpaxaloT reHepalui " XeMoreH—
HOro” Temsa, a CBU3AHBI [IABHBEIM 06pasOM C TelVIOBBIM 2¢gpeKTOM (A30BBIX Ne=
pexonop NMPH BCKHIIAHHH - KOHOEHCaUHWH BOCXOHS[LHHX @'ﬂOHﬂOB. CDﬁOCT&BﬂBHHE TEM=
nepaTypHbIX KPHBBIX H rpadHKOB KOHOYKTHBHOIO TEIJIONOTOKA IO OTAENBHbIM CKBaw—
®uHam (cM, prc, 26) TOKaskEBaeT, YyTO HA YPOBHE BCKHIAHHS KOHAYKTHBHENI Ter-
JIOTIOTOK yMeHBIIAeTCs, 4 Bhlle, B 30He KOHAEHCAUWH napa, yBenmuueaercs, Or-
OellbHbie yaKHe NHXM H AeNPecCHH Ha rpa¢MkKax TemnoBOro NOTOKa MOrYT GHITh
CBSi3aHbl C NMOCPeIlHOCTAMH TeMIlepaTypPHbIX H3MEepeHHH, Pe3KO BIHMIOUIHX Ha Be-—
JNM4HHY rpagMeHTa, TeM He MeHee OHM He 3acl/IOHHIOT OOWMX TeHOCHUHA H3MeHEeHHd
KOHOYKTHBHOI'O TEINIONOTOKA MO riyGHHe,

89



Ta6nuua 27

TepMoauHaMugeckHe XapaKTEepPUCTHKH DeakKnuii H3MeHeHHS TOpO.
B Kalbdepe Y3o0H

Hcxomupit MaTepuan
ans6HT AHOPTHT

INponyxT peakiuu _AyQ 0 0 0

AH3gg -8Z39g ~AH3gg -AZ399g
xKan/ Mon

Kaomsur 22,8 22,53 31,48 22; T
Tautyasur 18,35 18,08 27,03 18,26
T'u66cur 14,57 12,62 37,91 25,44
AnyHut -11,9 21,86 34 45,83

Kpapu (omanur) 4,9 5,02 - -

MOHTMOpPHIIOHAT -6,96 - - -
O KAOJMHUTY .

Paccuntano mo skcnepumentancubm namaeiv T, Xenrecona (Helgeson, 1969).

Pasuuna BellMuWH KOHOYKTHBHBIX TemjionoTepk B ckB, P=8 u. .P-7 ofycnopne-
Ha, MOo=BHANMOMY, BLIHOCOM TeN/ia NPH paccpefoTOYEeHHOM NapeHHH, NMpakTHYeCKH
saTyxaioumeMm Ha nepudepuu yuactka, Ero rennopoit 2ddexT OxkasbiBaeTcs, TakuM
o6pasom, 6musxaM ¥ 200 mkxan/ (cm2.c). Taxof ke NOPSAOK €ro BeNHYMHBI GbuT
yCTAHOBJIEH paHee Ong ®To# TepMoanoManuu (ABepweB m gp.,, 1971), a Taxxe
ansg gymMapoieHeIx nonell MyTHoBckoro Bynkana (Ilonax, 1966),

B ckB, P-6, Haxonamefica 6ruwe, uem P--7, K NeHTpy Ouara pasrpyakH, KOH-
OYKTHBHBIR TemnoBO#i MOTOK ¥y NMOBEpPXHOCTH 3HauHTellLHO Golnbiue, yeM Ha saboe,
W, OYeBHOHO, "HaBefeH” Bocxoaguwell paccpeNOTOYEHHOA Murpauueil napa, KOHOEH=-
cHpywoulerocs BOIH3H TNOBepXHOCTH; B cks, P—-7 ata pasuuna ropasaoc MeHplle,

Taxum ofpasom, B mpenenax H3yyeHHOrO WHTEpBana riyOMH CyMMapHB a¢dexT
pPACCMOTPEHHBIX peakuuit ®K3oTepMHuyeH u cocrtaBiigeT 6-12% ot nabmonaemoro
KOHOYKTHBHOrO Temnomoroka. K coxalleHuoo, AMd APYCHX CHAPOTEPMAIEBHBIX CHCTEM,
H3Y4eHHBIX Ha Gonbluyio riyGHHY, aBTOpP He HMell CTOJIb NOApPOGHBIX CBeAeHHH, Kax
ans Y3oHCKOl TepMoaHOMAIHH, NOSTOMY A/f OHSHKH CYMMAapPHOTO S(pPeKTa MHHE~
panoofpa3oBaHus B HAX NPHIJIOCH HCNONL30BATL NaHHEe, TOIydenHble B raape. 1,
HO C y4eTOM KOHKpPeTHOli 30HANBLHOCTH H HHTEHCHBHOCTH H3MeHEHUd NMOpoM.

[na cocTaBnenus SHepreThyeckoro GafiaHca FHAPOTEPMAlILHOH CHCTeMbl HeoG-
XOMMO 3HATH 30HAJLHOCTL H3MEHEHHBIX mopon no ee kopue#, C arol nenwio Hamu
HIKe TPOH3Be[EeHO CONOCTAB/CHHE 30HAILHOCTH NOPOA B COBpeMEHHBIX CHCTeMax C
H3MEeHeHHLIMHE Topofamu obnacTtelt wenabueit (Cpenuuubii KamuaTckuit xpeber) n
npeBuelt akTEBHOCTE (HekoTopble pyaHble mecTopoxneHus). Hayuenuwe wmamenenuit
nopon B 067acTAX PAsrpys3KH COBPeMeHHBIX MUAPOTEPM TIO3BOJIAET NPHUTH K BLBO-
oy o GonswoM mx cxoacree. Ha puc, 27 mnpupeneHsl KOJIOHKH H3MEeHEHHBIX mopon
HEKOTOpHIX H3y4YeHHLIX MecTopowieHmi. B obwem BHOHO, YTO Oake pasHYHBIE MO
XMMH3MY TOpOOhl NPeTepneBaioT OAHHAKOBLIE MHHEpAJIONHYeCKHe HOMEHEeHMs, Bbi-
paxapuMecs B CMeHe HA IyGHHY 3OHEI aprH/UM3alud 30HOH  NPONHIMTU3ALMH,
MowHOCTL OTAENBHBIX TIOA30H H TOPANOK CMEHBEl HA FIyOHHY MOXeT ObIThb pasaiMyew,
Tak, B Bafipaxee (HoBas 3enanmms) monsoHa NeONATHIAUMH HMEET MOUMHOCTH Go-
nee 300 M, a na I'opsuem Ilnmawe oHa mMouTH He PASBHTA, HO HA NOCHEAHEM IH-
pOKOe pa3BHTHe HMeeT NON30Ha ymepeHHoll aprunauaauud. Hecomuewwo, 4To cue-
nApEKa reollIorMYecKuX, MHAPOXHMHYECKHX H TepMOAMHAMHYECKHX yC/IOBHA Tak HiM
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HHAa4Ye OTpaKaeTcd Ha HaMeHeHWH nopoid. OnHako npencTap/geTcs OYeBHAHBIM, HTO
OTMeueHHAd Bbillle TeH[eHLUHs K CMeHe C FNIyOMHON 30HBI apruiliMGaudd 30HOH mpoO—
NHIMTH3AUHE HabmogaeTcs NOBCIOAY. '

CpapHeHHe H3MEHEHHBIX TOPOMA B 06NACTAX DA3CPY3KH COBPEMEHHEIX CHAROTepM
C KO/IOHKAMH MOJIO[BIX M [PEBHHX THAPOTePMAlbHBIX DYOHBIX MECTOPOKASHHH TaKKe
yKasbiBaeT Ha HX OIH3Koe. COOTBETCTBHE, 4 NOPOH M TNOBTOPSIEMOCTB.

Ewe B.B. ABepreR nonuepkuBall nopasWTelbHOE CXOACTRO B AAHTENLHOCTH COB—
PeMEeHHOro M [ApeBHero rHApPOTepMAalbHBIX TpoueccoB., [lo ero MHeHHIO, COBpeMeH-
HEII reoTepMalbHBIl paloH COOTBETCTBYeT NOpPEeBHEMY DYOHOMY, CHApoTepMalbHas
CHCTEMA — DYOHOMY MO0, Me0TepMallbHOE MECTOPOMASHHE = DYAHOMY.

[lo npencraenenmo A,dx. Dumca (1965), KOpHE COBPEeMEHHBIX THAPOTEP=
ManpHBIX CHCTEeM HaXOOaTCa HHKe 5 KM, rae. COCNOACTBYIOT CyGKpHTHYecKHe, a
BO3MOKHO, ¥ HANKPHTHYeCKHe TeMIlepaTypel M OaBlienns nopsaaka 1000 arm. 3to
HAXOMOMTCH B COTNACHM C ACCIRMOBAHHAME FeolloroB-pynHukoB. Tax, yCTaHOBIGH-
uete B.Crpurrxemom (Stringham, 1952) KHCAOTHO-WE/OYHEE M TeMnepaTypHbie

Tatnuuna 28

OuepreThyeckuit ®dPekT IHAPOTEPMAILHOrO H3MEeHEeHHs TOpPOoA
Kansgepst Y3o0H

Mmuepanoruueckas HHTEeHCHBHOCTE
sona (moasona) u Temnorolt 24- | \ypporepman- fﬁ“@pﬂfzf
dext AH, -
©e MOUHOCTD, HOT'O M3MEHeHus ek Mxxan/(cM2-c)
1

oM xan/p nopon, %

CxkBaxuna P-8

leonur—kaonuHuT- 18,7 75 14
MOHTMODKRITTOH He
Topag, 400

CrBaxuna P-6

Onanosasd, 140 -32 70 =7,35
Kaonmuurosas, 400 =73,75 70 51,5
I'n66cHT=KA0IHHH— 76 70 -5,3
ToBas, 46
Leonur—KaomMHE T- 18,7 770 3,3
MOHTMODHIINTIOHH TO=
Bag, 100
Cymmapueii  rTennoboi#t adpexT mo ckBaxupe -60,85

Cxkpaxmua P-7

Kaomsmropas, 670 ~73,75 90 -112

Mu66CcHT~KAO MR~ =80 80 =1 157
ToBad, 75

lanmny a3uT—KaomuHE- =71 78 -19,5
ToBag, 145 .

LeomuT—Ka0HHAT= 18,7 70 3,75
MOHTMOP B0

HETOBaa, 115

CymmMapubif TennoBod sdpexT N0 cxpaxuHe -138,45

NMpumeganue, InoteocTe mopon paBna 2,5 r/cma; NpUHATas CKOPOCTH Deak—
UMY paBHa 10-9 1/c,
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Prc. 27. 30HAMLHOCTHL THAPOTEpPMAanbHO M3MEHEeHHBX MOpoa CoBpe-— 5 - nonaoHa xjOpuWTHAauum; O — nMopsoHa anuGuWTH3auuM;, 7/ — 3oHA

MEHHBIX Te0TepMaMbHEX CHCTeM npornunuTHsannH. [HapoTepManbHere cHCTeMs: Baiipake#t (Homas
1 - moa30HA MHTEHCHBHON APTEIIH3AUHH;, ] — NOA30HA yMepeH- 3enannus), Iayxerka (CCCP), Yaon (CCCP), Topsumii [Tnax
HOW apruwiMusanwuk; 3 — HEOnHTOBad; {4 ~ NOR3OHA ajyNapPHAAINH; (CCCP), Xpeparepnr (Mcnaunma), Peiikpasuk (Ucnasnms)
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ycnopus ofpasoBapHs MHHepAJIOB MPYNNEl Kao/HHATA, MOHTMOPH/UIOHMTA, LEOHTOB
H CHOPOCMON BIOJHE COrVIaCylOTCH C COBpeMeHHbBIMH. [IpONEmTOBLIE accounHaldy
MHHEPAJIOB ¥ Hero pacnofioXeHbl B CYOKPHTHYeCKO# H HaOKpHTHYeCKOH O6IacTsx.
INMo pnauubIM H3yyeHHS COBpeMeHHOH BepPTHKAaJLHON MHHepAaJIOrH9ecKOot 30HaNLHOCTH
TDONHJHTOBAY 30HA - CcaMas HHXHAY HA BCeX H3BECTHBIX MecTopoxieruax (cm,
PHC, 27)-

Peayneratht pana paGor (Bnacos, 1965a,6, 1971; Brnacoe, Bacunesckui,
1959; Bacunebeckuit, 1968; Bacunepcxuit, Porman, 1965) nospoisioT COCTaBHTL
KApTHHY uameHemws nopoa Cpepwsnoro Kemuarckoro xpefra (ofnacTe nenaBuefl
rEOPOTepMANBHON NeaTensHocTH), B Bepxmem gapyce (N - Q) mHpoko paapuTa
fOpMalks CepHbiXx KBAPLWTOB -~ Nponm/mToB (puc., 28), 30uanbnoc'rh oTol tHop-
MalliH BIIOJIHE COIDCTABHMA C 30HAJIEHOCTHIO, onucaHuo#t C,H, Haboxo (1963)
nns Bynkana Obexo {CepHoe XKONLLIO), C© 30RANBHOCTLIO ANYHHTOBHIX MECTOPOM—
neHu#t pafiona Yrycy B fAnommu (HBao, 1965), HHakoTeMIepaTypHBIX MeCTOPOX=
neHnfi 3onoTa H cepebpa,

30HAILHOCTE H3MEHeHHEIX Nopond wora Cpenmssoro xpe6ra Kamuarkh, onEcan-
rag M.M, Bacunesckmv (1968), Bo MHOrHMX 4epTax cxOOHa C 30HAIBHOCTHIO 10—
pon B obnacTax paarpy3kKH COBPeMEeHHBIX ruapotepm, KBapuuTEI CMEHSIOTCH HA Cy-
6HHY allyHMTaMH, KAOJNHHHTAMH, CEpDHUHTO/MTAME M NponwmramMu, Takoil nopsiox
cMeHsl noasoH (0o cepuuuToBoll) onHcar Brwe Ana LlenTpanmHofl TepmoaroMaimu
kamsaepsl Yaon u Cemepo-BocTouHoro conbdatapHOro mnois By/ikaga Menfeseepa.

Cxopnaa aosanssocTk omucasa P.I. Xapeeem u K,.H, Burammano (Hurvey, Vi-
taliano, 1964) nna okpyra lonpadunen (Heeana), roe B HanpaBieHHE OT pYOHBIX
Ten HaGMOOAKTCA CMeHBl 30H C AyHHTOM, KBapueM, KAoIHHHTOM, MOHTMODPHIIIO-
HHTOM, MHHEpajaMH TpPONHIMTOBON accoliMaunuu. Ha zonoTo-cepeGpsHoOM MecTO-
poxnennn Kacyra (fnomus) B npedextype Karocmma ( Tokunaga, 1955) mro-
pHYHBIE KBAPUMTHI HA [IIyOHMHYy CMEHSIOTCH AJYHHTAMH H IPONH/HMTAMH,

Moxuo 6but0 681 NMPHBECTH €We pad NPHMepoB MO MeCTOPOXOeHMAM BO BTOPHY-
HBIX KBapUHTax, NOApO6HO onucaHHbIX B pade pabotr H,W, HakoBuuka (1964, 1965)
H OpPYTCHX aBTOpOB, HO, HA Hall B3risin, H 6e3 aToro BHAOMO, yTo Habmoaaemoe
CXOACTBO KOJIOHOK H3MEHEHHLIX NOPOd He ClyyalfiHO H, BeposTHO, YKA3EIBAeT Ha
aHANOMHIHLM MeXamMaM HX ofpasoBaHHA.

TuapoTepMmalbHO~H3MeHEHHbIe NOpPOAEl BTOporo cTpykTypHoro spyca (Pg le)
npencTaBnelsl nponumrame (cm, puc, 26), caMoit riyGUHHOK 30HOH, BCKD
Ha COBPeMeHHBIX MecTOpoXOeHUHax ruaporepMm (cMm. puc., 27). Bonpuoe cxoncteo
€ MeTacoMmaTugyeckofi xonoukoft Cpepumporo xpebra KamyaTku BO BTOPOM gpyce
o6HApYXHBAIOT CpedHeTeMIepaTypHble MHAPOTepMAlBHbIe PYOHEE MeCTOPOXOeHHS
©onee ApeBHEro BO3pacTa.

B TpeTpeM CTPYKTYPHOM spycCe (Cr -Pg ) Cpenmnsoro xpe6Ta pasBHTHI Op-
TOK/Ia30Bble MeTacoMaTuThl (cm. pHc, &8) @parMeHTHl 2TOH accolHalud, Kak
YKAa3aHAe HA BLICOKYI TeMIepaTypy Hedp, PasBHTH BO BCEX COBpPeMEHHBIX Hi-
porepMaieHbiX cHcTemax (oM. puc, 27). Keapn-anynapoeas acconwauus o6Hapy—
WeHa B Kalblepe YaOH, XOTd IVlyGHHA M3yyeHHs 30ech HeBenuka. OueBHOHO, OHA
B6ymrer obmapyweHa u B [onune TeiiaeporB (Kamqa‘rxa). NOCKOJIbKY 2TO HE Cly-—
gailHoe ABNeHHe, a 3AKOHOMEpHOCTh.

IpopeneHHoe CONMOCTAB/ICHHE KOJIOHOK H3MEHEHHBIX NOpPOL COBpPEeMEeHHEIX, MOJIO~
ObIX ¥ APEBHHX rHAPOTEPMAllbHBIX CHCTEM BLIGBIGET HX 3HAYMTENLHOe CXOACTBO,
CrnepnoBaTelbHO, 3aKOHOMEPHOCTH, BbiSBJIEHHbBIE HA MOJIOLBIX M APEBHHX MECTO=
pOXAEHHaX, TPHMEHMME M K COBpPEMEeHHbIM. DTH BaKOHOMepHOCTH ciefyioune (Bra-
coB, Bacmuneeckuit, 1964): 1) npoucxomuT nmepeMeuieHde KOMIOHEHTOB H3 HEHT-
pa/ibHBIX H IIyGHHHBLIX 30H B GOKOBBEIe, A TaKke OOHOBpPeMeHHoe oforameHHe Ne-—
puPepPHYECKHX 30H DPYAHBIMH KOMNOHeHTaMmH; 2) nabmofaeTcs BLIKIMHUBAHHE HAa
rny6HHYy BepXHHX 30H H yBejWdyeHHe MOUWHOCTH 30HbI NPONMIATH3AUHH; 3) OTMe-
YaeTcd TEeHOSHNMS KAYECTBEHHOTO H KO/MYECTBEHHOrO H3MEHeHHS DyOHBIX BeulecTB
¢ riyGHHOM,

Ykasaunpie 34KOHOMEPHOCTH YACTHYHO ykKe MNOATBepkKAeHb HCCIIeAOBaHHSMM Ha
COBPEMEeHHBIX MeCTOpoWaeHusix, Hanpumep (HaGoko, TmaBarckux, 1971; [lynuues,
1971), HO H3y4YeHHe HX CBH34HO C GOMBUHMEH TPYOAHOCTSMH, OOYCNOBIEHHBIMH HE-

93
T 22



b '-"" oty — Aoyroad
TN 20+
S Z wpye
+ + Pgy—N}
+ .+ + +
+7 + + +
¥ + +
+
W+ +
III II|} LT Agre
i + | Cr,—Pg
I i
x a4 {U Iﬁl‘ |
+ + +

Puc. 28. O6ofmenHas cxeMa 30HANBHOCTH THAPOTEPMAanbHO H3MeHeHHBIX Topon
Cpenmnnoro xpe6ra Kamuarku (o I''M. Bnacosy, M.M. Bacmnesckomy, 1964)

1. —cepHble KBapUUTEl U alyHuTE,; 2 - TO ®e ¢ Hg, Sb, As; 3 - kaommm-
TOBble KBapuuTel ¢ Hg, Sb, As; 4 - cepmmroesie kBapuurel ¢ Au; 5 — cepmim-
TOJIUTH M THAPOCIIOAMCTEIE Moponb! ¢ Au, Ag; 0§ — XNOPHTO-CEepHUHTUBEIE TPOMH—
MMTH C MONMHMEeTannaMy; 7 — SNEIoT-aKTHHOMMTOBLIe mponunurel ¢ Mo, Cu; 8 —
OpTOKNa30Bhle MeracoMaTuTel ¢ Cu; 9 - HeusMeHeHHwle Moponwl; 10 - mampaene-
HHe MBHXEHMs PACTBOPOB; | — KBapuwTh (HHSKOTeMIepaTypHBIE MeCTOPOXIeHH:);
1l - nponunurer (cpenseremmeparypurie Mecropoxaenns); Il — OpTOKa30Bble Me-
TacoMaTHTE (BEICOTEMIepaTypHEIE MEecTOpOXaeHH: )

AocTaTOYHON SpPOAMPUBAHHOCTEIO, TeM He MeHee BHOHO, YTO H3MeHEHHEIe TOPOALI
o6NacTH PA3rpys3KH COBpeMeHHBIX HApOTepMallbHBIX CHCTEM B CONOCTABJICHHH C
H3MeHeHHLIMH TOpoJaMH MOJIOALIX M OpeBHHX MeCTOPOXAEHHH NpencTaBiqioT cobol
peayneTaT pPa3BHTHA NPOLECCOB OT GIIM3NOBEepXHOCTHHIX A0 MHNMAGHCCABHBEIX YCIO-
puit, Kax ormeuaer B,A, Xapuxos (1959), ¢opmanusd BTOPHYIHEIX KBApDLUHTOB OT=
» BeyaeT CyOBY/KAHHYECKHM YCIIOBHAM, a TPONHIMTOB — PHnabGHCCalbHBIM,

3neck HeODXOOMMO OTMETHTH, YTC POPHIOHTAILHAS 30HAJILHOCTE, XapakTepHas
7T MOJIONEIX ¥ NOpPeBHHX MECTOPOXOeHHH, B O6/ACTIX PA3rpPySKH COBPEMEHHBIX THl-
poTepM NpodBIleHa oyeHb cilabo. BepoaTHo, ®TO cilefyeT oBbSCHATE MOJIOAOCTHIO,
cnaboff 2poAHPOBAHHOCTBLIO H HEe3aKOHYEHHOCTHLIO MHAPOTepMallbHOro nponecca, Tpe-
fyeT oObACHEHHS M TIOPLIAOK CMEeHbl 30H — Ha nepHPepHH BBLIXOOMT IPOIMIHTOBAaS
30Ha - camasd riyGMHHag H, BepodTHO, caMad BhICOKOTeMnepaTypHad. Takyio 3o-
HAIBHOCTEL MO¥HO OGBACHHTE NOCNENOBATENLHBIM HAJIOXeHHeM Ha BLICOKOTeMIlepa=—
TYPHYIO 30HY Bce 6Gollee HH3KOTEMIEpATYPHLIX., DTOT MeXaHH3M JIOCHYeH H MOXeT
GbITH CBA3aH C NOCTENeHHEIM 3aTyXaHueM CHApoTepMalbHoro mnpounecca, ILM.Bna-
coe (1971) ofnacuseT ofpasopBaHMe TaKOl 30HANBLHOCTH yMeHblleHHeM rITyGHHBI
MarMaTHYeCKOro odara M, KakK CledCTBHe STOro, NodBJeHHeM Hal NPONM/IHTaMH
BTOPHYHBIX KBapLHUTOB,

He BpaBaack B noopo6HOCTH Npo6ieMbl NMPOMCXOMASHHS THOPOTEPM, OTMETHM,
4YTO YKasaHHble 3aKOHOMEPHOCTHM CMEHbl MeTACOMATHYeCKHX 30H Ha riybuHY M X
neprgepHH JOIKHBI HabmonaThCs H B COBPEeMEHHBIX NHOPOTEepPMANLHBIX CHCTeMax.
[MnowanHoe pasBHTHE 30H, BO3IMOXKHO, CBA3AHO TaKXe C BIrUgHHeM WHGHIIbTPA-
HHOHHBIX BOO aTMOChepHOro NMPOHCXOXAESHHS,

Ha ocHoBaHHM ONMHCAHHBIX Bhilie (AKTOB MOMXHO CO304Th HOCANH3HPOBAHHYI KO-
TIOHKY HW3MEHEeHHBIX TOpo/, B KOTOPOH BepxHee NOJIOXEHHEe 3aHHMAIOT NPUIOBEpPX—
HOCTHbIE 30HEI OKBApleBAHHS], alyHHTH3AIMH M aprU/UM3AallHd, & HAXHee — 30HA
TPONMINTHSALNY, XapaKTepnayouwas cybGBylkaHHueCKHe H, BO3MOKHO, MumaGuccallb—
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Hble yCIIOBMH, [le PACTONOKEHEl KOPHH COBpeMeHHBIX CHAPOTepMAallbHEIX CHCTeM
(tabn. 29). Takagd KO/IOHKA MO¥eT GLITH HCIONL30BAHA [ PACYETA TEIJIOBOrO
GanlaHca ruApoTepmalbHbIX cHcTeM, B rTabn., 29 ykasauel nyTH TpanchopMaunn
DHEpPrHH, y4eT KOTODPBIX COCTaB/EeT CTPYKTYPY ®SHepreTHuecKoro 6GajlaHca THADPO-—
TepManbHO cHCTeMbl, Pacyer saxmouyaercs B nociiefoBaTelIbHOM CYMMHPOBAHUR
9HepreTHyecKoro odpeKkTa OTAENBHEIX NMPOLECCOB, XAPAKTEePH3YIOWHX Ty HIH HHYIO
aony. B pesyneprate nolyyaeTcs BeNWuWHA TENNOBOrO NOTOKA, NOABOAWMAH K KOp=
HEM CHAPOTEPMAlLHON CHCTeMEl,

B HacTosmee BpeMs HeBO3MOMXHO TOYHO COCTABHTHL SHepreTHyeckul Ganauc
CHCTEMBI, TIOCKOIILKY MHOIMHe CTATBH TpaHctopMalHH IyOMHHOH SHeprHM, yKa3aH-
Hble B Tabn. 29, uM3yyeHbl HENOCTATOYHO IOJHO,

Tak, HAM HEH3BECTHBHl TOYHO I'DAHHUEI CHAPOTEPMAlIbHEIX CHCTEM U paclupocT—
paHeHHe MeTaACOMATHYEeCKHMX 30H Ha IybHHY H mo Tlowanu, ‘HepocTaTOuHbI CBe-
AeHMs O paclpeflelleHUH 1O riIyOMHe KOHAYKTHBHOI'O M KOHBEKTHBHOIO TeIJIOBBIX
notoxos, Ha puc. 29 noxasanw hakTHYeckue CBefCHMS O DACHpPEAECHMM KOHOYK-
THBHOrO M "XemoreHHoro” NOTOKOB OT LeHTpa k Nepudepun llenrpanbHolt Tepmo-
aHOMAallMK Kanbaephl Y30H. [lo aHallorud ¢ 9THMH [AHHBIMH TOCTPOEHBI NPeano—
naraemMbie KpPHBBLIe pacnpefelleHus KOHOYKTHBHOO M KOHBEKTHBHOIO NOTOKOB B Npe-
Oellax THAPOTEPMANBHEIX cucTeM (puc, 29). 'paHHIa CHCTEMBI, BepOATHO, NOMKHA
TMPOBOANTLCH N0 (OHOBOMY KOHOYKTHBHOMY TOTOKY B TOM MeCTe, I'le KOHBeKTHB—
HbI TIOTOK PaBeH HYINO.

O6pauwaeT Ha ce6s BHHMaHMe CXOACTBO (OPM KPUBBIX pacnpenelleHUs KOHAYK—
TUBHOTO TeIJIOBOT'O NOTOKa B T'HAPOTEPMAallbHEIX CHCTEMax ¥ Ha CpPelWHHBIX OKea-
HHYeCcKHX xpefTax — MHHAMYM KOHAYKTHBHOIO TMOTOKa HabGmooaeTcd B OCEeBO# yac—
i xpe6ra (CmupuoB, 1268, 1972) u B HeHTpe THAPOTEPMATBHOH CHCTEMEI
(puc. 29). Bropoit munumym, no nanaeiM H,B. Cmuprosa (1972), mabmona-
eTcd Ha CpeOMHHBIX OKeaHM4Yeckux xpebrax Ha pacctodguuun 100-300 xM oT ux
ocu. Takyw TOYKYy MEI HE MO¥EeM TOYHO YKAa3aTh AJld COBPEMEHHBIX THApOTep-
MalpHBEIX CHCTEM, HO MOXHO IOjaraTh, YTO OHA COOTBETCTBYET 30HE Pa3liOMOB,
OrpaHHYHBAOIMHX CHCTEMY.

Ta6nuuna 29

CrpykTypa TennoBoro 6GanaHca THAPOTEPMAINLHOR CHCTEMEI

I'ny6una Musepanoruyeckas daaorpoe
y6! : A e JI;[g'T: TpaHChOPMALHK H pac—
na sHepruu
& 3ona Monaoxna pacTeopoB P
g
N OxkpapuesaHis —_ PaccpenoTouentoe napenue,
BHIHOC Tenna BOOOH, KOHOYK—
AnyauTH3auHn = o @ | THBHEII Tenmnopoil MOTOK, Mpo-
2 £ & | rpee nopon W MOrpyKaKIIEX-
E AprETnEaaimR Kaommmrosas .g : Csl BOM, TeNno KOHASHCALWH
a & © E | mapa y 3K30TEpMHNECKHX pe—
E MorTMOpPHANIOHHTOBASR g g3 axumi
@ a =
@ e g0
CepruutoBas a g o H
0 5 é‘- g Bexunanwe um gerasauns pace—
Xnopatoeas g 2 e TBOpA, NPOTPeB NOPON, 5K
2 o H 30TepMHYECKHE PeaKiiu
33 ; LleonuToBas 85 H
b g
o E TponMTATHIALAK = 8
g Tporpes nopop, CMelleHHe
E g Lleomur—ams6ur—snigor= | L TENNOHOCHTeNst C BOAAMH TTIy—
gy KapGonaTHasi & 2 Goxoit LMpRYnsUME, SHAOTEpP—
2 E E g & MHYECKHE XUMHYECKHE peak—
o e 2 umH
O~ b=
Koprr ruapo- E = Tpeepamenne r'nyGHHHEOTO Be=—
TepMansHOH Bnupor-ansbrToBas ? &8 mectea (?), rewepauns Ten—
CHCTEMb! AxrusonuT-enuporonas? | § 9 morocurena (?), supoTepmu—
(6onee 5 xm) 28 HecKHe peakunn ‘

lB HA3BAHWH NOO30HBL YKA&3LIBAWTCH JHilb BedyulHe MHHepalbl,
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Prc. 29, Paclipeneneine COCTaB/siOMEX TEIIOBOTO MOTOKA B COBPEMEHHLIX THApPO-
TepMalabHbIX CHCTeMax

a - PaKTHYeCKH MO/IyYeHHOe ANf YYAaCTKA Y30HCKOH TepMOAHOMANMH; ( — THOOTE-
THYECKOe O/ MHApOoTepMarnbHOW CHCTEMEl B LEJoM; a4y = KOHOY KTHBHBIH IOTOK;
q,, - KOHPEKTHBHLI NOTOK; 9, - TeWIO XMMHYeCKHX BaamMonehcrsmit; t = 96°C
(ckn. P-8); t =45°C (cke. P-6); ! =20°C (cxe. P-7)

[na ruapoTepMalbHBIX CHCTEM, /IOKAlIH30BAHHLIX B KONMBUEBLIX CTPYKTYpax, cy=-
05 MO nNowandaM HabmonaeMEIX aHoMaimi B nocienHux (3y6um u np.,, 1971),sT0
paccTOsHMe, N0 HawkM pacyeTtam, paBHO 10-30 xm, Tak, ona Ysou-IeftaepHoft
aHoMaimu, Habmopawueiica Ha nnowmand 45x50 xuz, 9TO pPacCTOdHHE OONKHO
6biTe Ookosio 27 kM, OOHako B HacTOsee Bpemda IJIOWAOH MMAPOTEPMAIILHBIX CHC=
TeM ONpefe/sioT N0 CTPYKTYPHBIM H IeOJIOTHYECKHM [OAaHHBEIM, YTO HepedXo Cco3da—
©T HeOOHO3HAYHOCTHL B NPOBENEHHH PaHMI ,ABTOp clenHalbHO STOT BONPOC HE pac-
cMaTpHBall, H TJIOWAAH PACCMOTPEHHBIX CHCTEM TPHHATHI 1O JHTEpaTYPHBIM O&aHHBIM,

[Ipu onenke TemnoBoro appekTa MHAPOTEPMANLHONO H3MEHEHHS NOpPOM 3a OCHO=
BY npunmé MoOelns, NpHBeNeHHad B Tabn, 29, npHyeM N0 NPONHAHTOBO# 30HEI pac-
geT TPOH3BOMAHIICA C y4eToM peanwHOi 3oHanwHocTH, [IpuMmeHsnack cliefywouwas ¢(ope-

Myna:
a, = AHdhn /1 xan/(em - c,
roe g - "xemorenHas” oueprus; AH - temnoso#t spdexr peaxnum; d - 06b-

eMHbl! Bec; h = MOUHOCTHL 3OHEI (MOOSOHEI); N -~ HHTEHCHBHOCTEL PA3BHTHS I'HO-
poTepMalibHBIX MHHEpAloB; r — BpeMs PasBHTHA THAPOTEpMAanbHOI'D npomecca.
PacueTsl NpoOH3BefeHbI A/ FHApOTepManbHbix cuctem Ba#pakes (Homas 3e-
nannus), INayxetrku n Bynkana MeunneneeBa (CCCP) (rabn, 30), INockommky ons
Yaon-Teiizepuo#t (CCCP) crCTEMEl HET OOCTATOYHBIX OAHHEIX A7g TMONOOHBIX pace—
YeTOB, TO NPEANoJaraliock, 49TO Tel/oBo# 2¢pekT MHHepanoobpasopaEHs B Helt aHa-
normaen [layxetcko#t u Baiipake#ickoit, OcHOBaHWeM [O7I9 TAKOr0O NPEANOJIOKEHHS
nocnyXuno cneayiomee: 1) OOMHAKOBBI MX BO3pacT; 2) He3ABHCHMLIE pacueThl Ond
[NayxeTckoft CHOPOTePMALHOW CHCTeMBEI M cHcTeMbl Bafipaxes noxasanmm 6muaxme
Be/MYMHb MHTEHCHBHOCTH TOrVIOWEeHHS [IIyOHHHOrO TEN/I& 3a CYET NpPOUEecCOP MH=
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Ta6numa 30

Sueprerudeckull odpeXT rUAPOTEpMANEHOrO NpeoGpasoBaHHR MOPOA

Muuepanorudeckas | [lpussaras Bend— | HuTeHcHBHOCTH CMMATRR
yAeNbHBIR Tenno-
aona (nonsona) u YHHA TEN/IOBOre | rEApoTepMalbHOMO BON SdpeKT
ee MOWHOCTB, CM apdexra, xan/r |usmenesus nopon, % an/(CMh-C)
TNayxeTckas rEApoTepMamsHas cuctema (Kamuarka, CCCP)1
Kaommuurosas, 800 -88,3 70 -0,61
XnoputoBaa, 4 000 1,6 30 0,016
lleonurosas, 4 D00 a74,7 30 3,85
Keapu-anynapoeas, -95,5 50 -1,6
3 700
Leomur—ansGuroBas, 300 20 8,27
16 000
Cepnunrosas, 4 500 -46,6 50 -0,91
LeomT—am-6uropagd, 300 20 1,04
2 8600
lNpomummToBas, 87,3 10 34,7
460 000

Cyvmapusill TennoBO#l mOTOK, BOGHMKaLUME 38 CYeT XEMUYECKHX

B3aumoneficTeri, O CHC

TeéeMe B UeoM

44,76

Batftpakefickaa ruaporepmancuas cucrema (Hopas 3enanms) 2

MoOHETMOpPHIIOKHTOBAS,

5 300
LleonuToBas,

31 400
Kpapn-ans8urobas,

10 000
Keapu~anynaposas,

3 300
CepHuHT-XNOpUTOBas,

23 400
lMponumroeag,

426 600

502,5
374,5
-95,5
-95,5
-46,5

87,3

50
20
30
30

40

10

11,5
5,87
2,3
-0,24
1,37

33

CyMMapHH#A Ten/1oBOH# NOTOK, BOSHMKaWHi 38 CYeT XHMHYECKAX

B3auMoaekcTeull, MO CHC

TeMe B LellIoM

48,76

I'uopoTepmanesas cAcTema Bynxana Memneneesa (o-p Kymammp, C('JCI:’)“3

Kaomauroeas, 500
MOHTMOPHANIOHUT—
neomuroBag, 100
MoHTMOpH/IIOHHTOBAS,
10 500
MorTMOPWL10HKT -
xnopuroBas, 24 500
Xnopurosaa, 5 000
MOHTMOPH/IIOHH TOBAY,
8 000
INponumuropas, 448 000

-88,3
438

502,5

151
1,6

502,5

87,3

70
50

40
40
30
20

10

-0,625
0,435

40
11,8

0,06
16

71,5

CyMMapHbl TenoBo#l NMOTOK, BO3HHKAIOWMH 3a cueT XHMHYeCKHX
B3auMoneficTeuit, O CHCTEMe B Le/loM

139,16

lpumeyaHue. 1Boapac’r cuctemer 10 000 nert; nnothocTk nopod 2,7 r/cMa.

2BoapaCT cucremul 10 000 net; mnotHocTs mopoa 2,5 l‘/CMan

Boaspact cuctemur 4 000 ner; rennosolt addexkT NpUEMMaeTCs To Bedywemy MH-
Hepally, TpH 3HAYHTENBLHOM DA3BHTHH MHHEpAZIOB ACCOLMAUWE BBIMUCTISIETCH M0 HX
TMPOUEHTHOMY COOTHOLWEHHIO,
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Hepanoobpasopanus (44,76 u 48,76 Mmxkan/(cm2-c) cootBercTBenHO, Tabm, 30).
[Tpuruman =T0 BO BHHUManue, Ana Yaou-lefisepHo#t ruaopoTepMalbHON cCHCTEMBI Ge-
peM Cpe/Hil BelWYHHYy, paBuyio 46,76 mxkan/(cm2ec),

AHanuaupys naHHbie Ta6n, 30 npHXOAMM K BBIBOAY, YTO HHTEHCHBHOCTBL [OIIO-
WeHHs Temla 3a cYeT MHApPOTEePMAaNkLHOrO M3MeHEeHHH Nopod B CHCTeMe ByJKaHa
Menpneneena, umelomeii BospacT B 2,5 pasa MeHbilHi#, 4eM B TpeX OCTAalBHBIX,
npumepHo B 3 pasa Gonblie., Takas Koppelsiumg euwle pa3 NOATBEPXAaeT NPaBO-
MOYHOCTE Hallero NpeanoJIoeHUs:, YyTO OOHOBO3PACTHEIE CHCTEMBI AOJLKHEI Xapak-
TEePH30BATECH NPHMEpPHO OAMHAKOBOI WHTEHCHBHOCTHIO TIOMVIOWeEHHMS Terla.

OLEHKA POJH FMAPOTEPMAJIbHOTO M3MEHEHHA IIOPOJY
B TEIIJIOBOM GAJIAHCE COBPEMEHHBIX CHUCTEM

ﬂpnneueuﬁme BhHILIE [JaHHBIEe TIO rsnepr‘e'rnqecxmw XapﬁK‘I‘epHCTHKBM paccMOTpEeH=
HBEIX MHAPOTEPMANBHBIX CHCTEM TO3BONSIOT BIJIOTHYIO TIOOOHTH K MX TemnoBoMy Ga—
naucy. BriHOC Temna npu cKpHITO#E pasrpyske B Gimxaiiuiue pekH M o3epa TPHHH-
manca B cpeaneM 20-2 5% oT BeHoOca ero Ha NOBepPXHOCTh MHAPOTEpMaMi H Na-
pom, llpumepro Taxkoe cooTHouenue ompefeneHo B,M, CyrpoGoeem ans [layxer—
CKOr'O O,

Tennonorepn npy paccpenoTOYeHHOM TAPeHHH DACCHHTAHEl, HCXORAS H3 MHHH~
MallbHOW BeJIHyHHEI, OnpeAelleHHO# Ona Y3oH-lefizepHo#f cHcTeMBlI ¥ BylkaHa Men-
neneeBa [ 100 mxxan/(cm2-c) ], m NpPeONONOKeHHs, YTO NapsuMe WIOWALKH 38~
HUMalOT He Gonee 10% ofweil mowand CHCTeMBL

PaccmarpuBasa cTpykrypy Temnosoro moroxka (Tabn, 81), ofHapyxuBaem ewe
GOJBIIYIC KOPPeVHIHI0 MeXAy OOuMM Ten/oM, MOABOAMMEIM K KOPHSM CHAPOTEpD=
MalEHBIX CHCTEM, H 3aTpaTaMH ero Ha ruapoTepMalbHOe H3MeHeHHe mopod. Ecnm
B Tlayxerckoit, Yaou-Teiicepuoii u Baiipakeicxoit (Hosas 3enanmus) cucremax
®TH 3aTpaThl B cpelHeM paBubl okono 10%, To B cucTeMe BylikaHa MeHOeneéRa —
okono 25%, YcraHOBNeHHAd KOppellsiiis, BOSMOXHO, ABIAETCH 3aKOHOMEPHOCTHIO,
TMOCKOJIBKY OTBeyaeT TpeGOBAHMAM 34KOHOB TepMOIWHAMHKHM H, B YACTHOCTH, -
npunnmny Jle-lllarense. [eiicTBHTENnBLHO, Tak Kak Temoo6MeH IyOOKHX 4acTel e
poTepMalibHbIX CHCTEM C NOBEPXHOCTEID 3aTpPyOHEH, TO MMeHHO pa3BHTHe SHAOTep—
MHYECKHX TIpOleCCOB - OTBeTHas peakllnsd Ha BO3SHHKHOBEHHMe HCTOYHHKA Tenlia,
[lpencraengercs, 4TO TaxWe NPONEeCCHl AOMKHLI OBITE Pa3BUTHI Gollee NOJIHO Ha mep-
BBHIX BTallax CYUWeCTBOBAHUA CHCTEMBI H 3aTyxaThb C Pa3BHTHEM KOHBEKTHBHOIO
Temnoo6mera, DTOT TesHc NoOTBepkaaeTcd u pacueramd, B Balfipakefickol cuc-
TeMe camblif GONBLLIOH KOHBEKTHBHBNI BhHOoc Tenna [500 mxxan/ '(cmz-c)], IO 10~
WeHHe ¥e Telya TPH FUAPOTePMAalibHOM Npeo6pasoBaHHH TOPOL COCTABIKIeT OKOIIO
7% oT Be/MYHMHBL, NOABOAMMON K KODPHAM CHCTEMBI, T.e. MeHBIIe, yeM B APYTHX
(11% - MNayxerckaa, 14% - Yaou-Teiizepras).

Taxum o6pasoM, oleHKa POIM CHAPOTEPMAalLHONO NpeofpasoBaHHd NMOPOA TO—
3BONIIET HAMETHTL TeHOEHLHH DA3BHTHA CHCTEM H, N0 Bceli BHAMMOCTH, BRISIBATBH
OOHY M3 TIpHYMH HX saTyXanusda, C Opyro#i cropossl, ®a Tabn, 31 cneayer, uTO
CpeHsas HHTEHCHBHOCTL NMHUTAHHS KOpHel#l MHOpoTepMalbHBIX CHCTEM paBHA OKOJIO
460 mxxan/ (cM2.c) u Gonee Gmuaka K. 9TOH Be/MuEHe OUEHKA, TPOM3BECHHAS
o Mollono#t cucTeMbl (Bynkana Menneneeba), BoamowHo, 4TO G/H3KHe BelMYMHEI
TeMIOBOrO THMTAHHS HAPOTEPMANLHLIX CHCTEM CBHAETE/LCTBYIOT 06 ONHHAKOBOM
HCTOYHHKe ©HeprHH, [lpHpona 9Toil 9HepPrHM - odHA H3 KIMOYEBBIX NMpo6iieM COB-
pemenHOM reorepmur, Ecin ®THM HCTOYHEKOM #BIgeTCH TelJI0 KPHCTalH3aluH
Marmel, TO clellaHHas HaAMM OLEeHKAa TO3BOJeT MOBOPHTE J/HIlbL O TOM, YTO KDHC—
TalyMaalusg MarMbl oA CHCTeMoll BynkaHa MewuneneeBa ugeT B 2-3 pasa GbiCT-
pee, 4eM TIOA APYMMMH PACCMOTpeHHBIMH CHcTeMmamu, Ecnm ©T0 ©HOOreHHBIA map,
TO TO € MOXHO CKa3aTh O ero TeNJOCONeDKAHHM HiM CKOPOCTH TOCTYIIeHHS.

Boamoxer nH mepecmorp cAenanHOK omenku? B pasaesie BTOpOM 8TOH aB
y¥e ObUlM PACCMOTPEeHBEl BO3MOMHOCTH BOSHHKHOBEHHS OWHOKH BClle[iICTBHE Heyye-
Ta TEeINOBOro apdeKkTa NEeBHTPHGHKALWE CTEKOJ H KpHCTA/UH3alMH MHHEePAlloB H3
pacTeBopa, K sToMy cneayer nmmne no6aBHThL, YTO TOC/ENHHMI TpOLleCC B SHEPre-
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Ta6nuua 31

CooTHoWe e HEKOTOPBIX 2HepreTHYecKnX XB.P&KTQPHCTHK COBpPeMeHHBIX HAPOTepMalibHBIX

CHCTEM
Tennoso afdext, 103 kxan/c SHepreTi- it
CoBpeme He il CHBHOCTB
Hag CHO- Mno=- TETIOBO=—
poTepmant- | mans, | BO3pacT,| KOHAYK= | PASrPYS= | w04 lpaccpe— Sbbext Bow= | o rHmem
Hasg CHC— 2 |roau THONOEN. | MR8 B nouerroro| e Pe IR 3 | uus Kop=
Tema . FoIio= . | Pa it eung. | "OPOR 39 Helf crc=
NMOTOKAa poTepM Sl g Kxan/c
TeMBl
*

Maywerc- 15 10000 5,8 28t at 13,8 6,7 396
xas,
(cccp) "
Bymxan 8 4000 1,8 15,5 g:1 0,6 8,35 478,91
Mennene-
eea (CCCP) 5
Yaon-lefi- '120 10000 31,8 134 33,5 108 51 298
aepHad,
{CCcCP)
Batipakeii—
ckag (Ho=
Bag 39-
nammms)® 20 10000 2,8 69,7 3 27 9,75 688

PacCYHTAaHO 1O A&HHBIM paﬁm (Cyrpoﬁoa, Cyrpoﬁoaa, 1965; Benoycoe, Cyrpo6os, 1971),
‘Z(Benoycon, 1967; Komanee, Cneamn, 1970). (Elyﬂmlen, 1971; AeepreB u nOp,, 1971).
*4(Dawson, 1964; Robertson, Dawson, 1964; Fischer, 1964).

THYECKOM BREIPAXKEHHH y4eCThb HEBOSMOMHO, MOCKOIBKY MBI HE 3HaeM HauaILHOTO
COCTOSHHS.

BoaMOXHOCTEL mepecMOTpa ClieNaHHON OLEHKM aBTOP BHAMT B TOM, 4YTO pacyer
JaH B TIPEANOJIOKEeHHMH BO3HUKHOBEHHS CYWECTBYOUEH# 30HANLHOCTH 38 OOMH akKT,
T.e. NaHa MHHMMallbHag OleHKa Temiosoro addexkra. Takoe npennosioxeHHe Bhi-
HYX[IEeHHOe, TIOCKONBKYy Mbl HE 3HaeM abCO/IOTHOrO BO3pacTa Kamioll accolHamuy,
BO3PaCT e CHCTeMbl ONpefefieH reolIorHYeCKMMH MeTodaMHu, Tem He MeHee npef~
CTaBlgeTCd, YTO OWMWOKA He H3MEHHT 3HAYHTE/LHO YKas’aHHOH BeIIHYHHEL

Hcxona us naumeix tabn, 31, cpeasas MIOTHOCTE TEIVIOBOrO NOTOKA, NOOBO=
OMMOrOo K KOPHAM COBDEMEHHBIX CHAPOTepMAallbHLIX CHCTeM, MOX¥eT ObiTh TPHHATA
paBHo#t 460 wmxkan/(cm2.c), oxono 10% KOTOpO# yQpansercs B aTMOChepy KOHOYK—
THBHBIM IIyTeM, CTOJNBKO e IoIyiocmaercd Npd ruapoTepmMalbHOM H3MeHeHHHW nopoa,
OCTaNLHAd 4aCTh BLIHOCHTCH KOHBEKTUBHO.

Takum 06pa3oM, KOHBEKTHBHBI BLHOC Tellla Ha TMOBEPXHOCTH B COBPEMEHHBIX
ruApoTepMallbHbIX CHCTEeMax — OOMWHMpYIOUMi MeXanuaM TemnoobMena rayGoKmx
HeAp C ToBepXHOC ThiO. PaccMoTpeHHbIe reOXHMHYECKHe NPONEeCCHl He TOMRKO HE
MOryT GhITh HCTOYHHKOM Tell/la, BLIHOCHMOIO BYJIKAHHYECKHMH BOJAMM, HO H CaMH
TpeGyIOT ONpefdelleHHEIX 3aTPAT ero OIF CBOero MPOXOXKASHHST.

CyHuTas NPHBeOEHHYIO BHILIE OLEHKY Be/IHYHHLI 34TPAT SHEpPrHH HA TI'HApPOTEep—
MAaNbHO® HM3MeHeHHe NOpOoJ CHpapelyMBOH M AMg APYrHX CHCTEM, HOPJIOWEHHE Teli
Jla mpH TakMX mpoleccax B Npeaenax Kypuno-KamuaTckoro peruona 6ydeT coCTabBe
NATE BeNUYHHY TOpsaaxa 9,5-107 Kal/c, 4TO CONOCTABHMO C H3BeCTHON oUeHKoi
noTpebieHHS SHEPr¥H TPU peruoHallLHOM MeTamopduame,



OCHOBHBIE BbIBO/IbI

1. Ha ocHOBaHMM TepMQOMHAMHYECKOIO aHajH3a FHAPOTepMallbHOre npeobpas’oBa-—
HHS TIOPOA B ovYarax paarpy3KM COBPeMEHHBIX FHOPOTepMAalbHBIX cucTeM Kypuio-
KamuaTckoro peruora BBIBJIEH DK30TepMHYECKHH XapakTep yKasaHHBIX NPOLECCOB
B TPHNOBEPXHOCTHOM uACTH paapesa (a3oHa OKBapieBaHMs, 30HA ANYHATHOANNN, 30—
Ha apruumMsanyyu) M sHAOTepMHYecKuii - B Gonlee riyGoxux ropusoHrax (B aoHe
NPONHIM THIALHEN ) .

2, OKCIepHMEeHTANBHO ONpelelieHbl NOPSAXH CKOpOcTel rHAPOTEPMalbHO=METam
coMaTHYeCKHX peaxnHi [10-8_10~ 0 o/ (CMB'C)], 9TO TO3BOJHJIO OUEHHTEL CpPelm-
Hui Tennopo# addekT paccMaTpHBaeMEIX NMPOLECCOB BO BPEMEHW ANE BepXHed 4acTH
Y30HCKON TepMOaHOMAJIHH,

3, Bmusane npeoGpasopanMs TOPOA Ha T'eOTEPMHYECKHH DPEXHM NPHIOBEPXHOCT—
HbIX yacTell COBPeMEeHHBIX IHAPOTEPMAaJIbHBIX CHCTeM 3aTylleBhiBaeTcd (aszoBLIMH
nepexoiaMi pPacTBOPOB, CONPOBOXOAKUWHMH BOCXOAgulee [NBMXEHHe BLICOKOHArpe-
TeiX ¢umonnoB. Okono 20% Tennosoft sHEPrHH, 3aTpayeHHON Ha BCKHIAHHE MHAPO-
TepM, MOXeT GbITh BIOC/IEACTBHM TPaHC(HOPMHPOBAHO B KOHAYKTHBHE TEIIOBOH MO-
TOK B 30He KOHASHCAUWX mapa,

4, [lpameie reotepMmHuuecKne HaG/IOOeHHS H TepMOOMHAMMYECKHH aHallHd Npeob-
pasoBaHus NOpoAd B NPUNIOBEPXHOCTHBIX YACTdX OYaroB Pasrpy3KH THApPOTepMallbHbIX
cuctem (Han 30HON mapoo6pasoBaHMd) NOKA3alH, yTo IeHepanHs Temwla B Peayilb—
Tare pACCMOTPEHHBbIX fABNEHHN NO MOWHOCTH OTBewaeT 10% HabmonaeMoro y mo-
BepXHOCTH KOHAYKTHBHOrO Temnonoroka. B To ke Bpema B Gollee riyGOKHX qacTdax
pazpesa CHOPOTEPMAILHLIX CHCTEM 3a CYeT MeOXHMHYECKHX NpPOLeCcCOB TpPOHCXOOHT,
COIviacHO pacyeTam, TnpEmepno B 10 pas fonee cuimphHOe TOrioweHHe Tenna,

5, ConocTapleHde NMONMy4YeHHLIX aBTOPOM M H3BeCTHBHIX H3 JIMTePATypPhl OLEHOK
BRHOCA Tendla B Pas3fMyHBIX (GopMax H pacyeThl Temoeoro apdexra npeobpaloBaHHd
TOpOA NO3BOJIHIHM YTOYHHTEL TellNIOBO# GalaHC COBpeMeHHBIX MMAPOTepPMAallbHBIX CHC—
TeM. HHTeHCHUBHOCTEL r/yOMHHOMO Ten/loBO'O NMHTAHHY HMCC/eNOBAHHBIX CHCTEM 6JIH3~
Ka k, 460 wmxka/ (cm2.c); npmvepuo 80% =TOl BeNUYHEE! BHIHOCHTCH HA MOBEPX=
HOCTEL KOHBEKTHBHBIM nyTeM, 10% — KOHAYKTHBHEIM M okoijio 10% moriomaercsd B
paspesax THOPOTEPMATLHBIX CHCTEM BCJEACTBHE DPACCMOTPEHHBIX TEOXHMHYECKAX
npolleccoB, B Monopsix cucTemax nornmoweHHe Tenna Gonee uMTeHcuBHO (B 2-3 pa-
3a) M KoppellMpyeTCS C HX BO3pAcTOM.

6. Hamm He paccMaTpuBanace npHMpoda HCTOYHHKA Telila B MHADOTEPMAIBHBIX
CHCcTemax, OOHAKO NPHYHHEI 3aTyXaHHs HX [AeATE/LHOCTH, OYeBHIOHO, OGYC/OBJEHB!
KOHBEKTHBHLIM BLIHOCOM TeNjla HA WOBepXHOCTH W TOrIOWeHHeM ero B Npolecce Hdw
MeHeHHs! TOopOoA, 3aTPaThl HA KOTOPLI! CONOCTABHMEI C 3aTPAaTaMH Ha pervoHalbHbIH
MeTamMopduaM.

7. B npouecce pasBHTHs COBPEMEHHBIX CHCTEM H KOHBEKTHBHBLIX DaKTOPOB Bbim
HOCA TellJla Ha NMOBEePXHOCTHL NOCJIOWeHHe [/yOGMHHON SHeprHH, BCAeACTBHE IHIPO—
TepManbHOrO TpeolpasoBaHud TOPO, YMEeHBIASTCH ¥, BepOSTHO, CBOMMTCH K HYIO,
CBHAETe/ILCTBYS © NPEeKpAlWleHHH MHOPOTepMAallbHOro mpolecca,
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