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[IPENJCIIOBIE

[IpoGneMa NpOECXOXIEHHA IPHPOIHHX yTJIEBONODOJOB MMEET OI-—
POMHOE TeopeTHYecKoe M IpaKTHYecKoe 3HaveHwe. Ocolag SHAUMMOCTH
€e OnpeleJiIach, \KOTHa IOMCKE H pasBelka MecTopoxumeHuit Hefrn u
Tras3a pasBepHYJMCE B HedWBaJHX MacmTadaX HA MHOTHX KOHTHHEHTAX ¥
OCIMDHHX axBaTopuAX. boJee cTa JeT BeleTCA NUCKYCCHA MEXIy CTO-
POHHMEamy "opraHudeckoro" M "HeopraHuYecKoro" NpPOMCXOXTEeHMs Hed—
. TyHIAMEHTANRHHE NOJOXEHHA Kax Tolt, Tak m Ipyroit Teopuit oxa-
SaJMCh B NPOTUBOpPEIMM ¢ (PAKTHICCKAM MATEDHAJIOM, .M DAMKM 3THX Te-
opuit cTamM TeCHHWMH, He BMemaA BCEero MHOroo0pasud NpoLeccoB odpa-
30BaHEA YTVIGBOLODOLOB B 36MHOH KOpPe.

Kuura, mpercranmifseMas BHUMAHUK 9UTaTeJA, ABIASTCA COBepleH—
HO ODHTHHAJLHHM IDOMSBENEHAEM, He MMENIUM SHAJIOTOB B T'e0JOTMYec—
xoft smTepaType. B ee oCHOBY IoJOXeHA HOBAA MOMEJL IPUPONHOTO He-
drerasooCpasoBannd, ABIANNAACA CEpPHE3HOH# albTepHaTUBO COBpeMeH-
HHM TEODHAM IPOMCXOXTeHWA HedTH ¥ rasa. 9ra MOUEJE: MOXeT OHTE
Ha3BaHa "MeXaHOXMMHIECKo#", HO BpAL JM Takoe HasBaHue OyIeT HC-
YepNHBAKIYM ¥ OCHMeNOHATHHM. CymHOCTE: HOBOR MOIeNM SammovaeTcd B
CAeIYImEeM: CHHTE3 JIVIEBOLOPONOB M3 JIOOHX YIVIOPOACONEpRAIMX Nph-—
POIHHX BemecTB BOSMOXSH Jaxe IIDH KOMHATHO# TemuepaType M aTmoc-
fepHOM IaBIeHMNM B MAHepaJbHO# cpeme, cHocoOHO# TeHepMpOBATE BO-—
ZIOPOZ, BCJENCTBAE B3aMMONeflcTBHA BOIH C OKMC/LIONMMCH  MUHEDAJILHHM
BemecTBOM, IpUYeM XUMUJYECKUE DEaKiy DasJOXeHWs BOTH M CHHTE3a
YIJIeBOJOPOJHNX COSIUHeHUH oCyCJHOBIEHH akTuBauueil TBepIHX peareH-
TOB MEXaHWYeCKHAMZ CHJaMi. ABTODH SKCISDEMEHTANBHO NOKA3aid BIAI-
HEE MeXaHOXMMEYISCKOR axTHBAIMA HA DEaKIMOHHYH CIOCOCHOCTE TBEp-—
IHX MUHeDAJBHHX BemecTB, NOKal3aiM BHIEJeHMe BONOpOoJa NpH B3auMo-
IeificTBHM BOIH C OKHCJIANIVMMCA MAHEDAJNLHHM BemeCTBOM, AaKTUBHDO-
BAHHHM MEeXaHVYECKAMYM CHJISMH, H OCYMECTBHIX CHHTES3 JIVIeBOLOPOIOB
B TOHKOINUCIEDCHHX MUHEDAJBHHX cHucTeMax. Less MoHorpadum — o606-
T MHOTOJETHHWH SKCIEDMMEHTANbHHE MaTepHas, HakomwieHHH# B UH-
cruryTe Treojoruy ¥ reofusuxu €O AH CCCP, ¥ ompenesuT:  TeOpeTH-
JeCKHe OCHOBH Ipoliecca MEXaHOXIMIYECKOTO CHHTO3A YTJIeBOLOPOIOB B
TOJIE 0CANOTHHX IOPON B CONOCTABJIGHAM C 3aKOHOMEPHOCTAMM IDHPOI-
Horo He@rerasocOpaSoBaHuA. B pamxax enuHoil HaydHoi KOHIIIIINH
pacecMATpEBANTCA (MBHKO-XMMAYECKHe M I'e0JOTHYECKHe YCJIOBHA TeHe-
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pauy BOIOpOIZ B JMTOTEHe3e M CHHTES YTJEeBOIODONOB B TOJME 0CE-
IOYHHX TIODOJ, IpAYeM BHEPreTHYeCKOR OCHOBO# CHHTE3a ARIAGTCHA AX-
KYMyJNEDOBAHHAA WIM HENDSDHBHO NONBONUMAR MEXaHWYeCKad  SHeprHd,
KoTopasA HaKallMBaeTCHA .MHHepaJBHO# Maccoi, Hampumep, IDH HSMeJb—
9YeHME TODHHX TOpoX (HeNpepHBHO NONBOIMMAA MeXAHWYeCKad SHEDrHA -
SHEDIHA CeHCMIYeCKUX BOJH) .

g MoKasaTeNhCTBA BHIBATAGMON HAYYHO# KOHISIIM CHAM COS-
JaHH OpDUTYHANBHHE TeXHWYECKHe CpelcTBa M paspadoTanH HOBHE MeTO-—
IH HccJeIoBaHMA (MSMK0-XMMUYECKHX IPOIECCOB, HMHUIMVDOBAHHHX ° Me—
XaHWYECKUMM CIIaMd. ABTOpamu NpOBeleHa SHCIepPHMEeHTANHHAA npo-
BepKa BCEeX HCXOJHHX NOJOXeHWH pasBuBaeMoit KoHumemmm. lsnoxeHHHE
NpeICTABIGHEA 00 aKTHBAIMY MUHEDAJBEHHX BENEeCTB MeXSHWYOCKUMHA CH—
Jamy TpH M3MeJLYeHHM MOJHOCTEID COIVIACYRTCA C TEOPeTHYSCKUMA pas—
padoTKaMi B 0CJACTH MeXAHOXMMUM M IONTBEDKIANTCA DesyJIbTaTaMmu
SKCIEepPUMEHTOB APYTHX McciemoBaTegeil.

PadoTa mo cymecTBy ABRIASTCA OTBETOM Ha MACCHDOBaHHOE  Hag-—
| TYIIeHWe CTODOHHAKOB IVI[yGMHHOT'O HEODTaHWYECKOTo  NPOMCXOXIeHHAH
HedTH, OTpMIANNANX BOSMOXHOCTE HedTerazoolpasSoBaHMd B Tole oca-
IOYHHX Nopox. PasBHTHe MeXaHOXMMWYECKo# MoZenaw Hedrerasoodpaso-—
BaHWA — HOBHil mar Boepej B NOSHAHHA ECTEeCTBEHHHX IIPOIECCOB.

BesycaoBHO, 3Ta MOHOrpafma He CTABHT TOUKY B DelleHMM INpol-—
JIeMH NpPUPONHOTC HedTera3000pa30BaHHA M OTNEJNLHHE NOJOXeHMA pas—
BEBaeMof KOHIEIIMM BH30OBYT OKECTOYSHHHE CHODH, HO HEJIB3A He IpH—
3HATH, YTO MeXaHOXMMAYECKaa MOIeJSh NpelcTamideT coloii HOBHE Hoz-
X0l K IpoGJemMe ¥ paclUpseT HAIM NPEICTABIEHUA 0 NMPUPOIHHX NpPONeC—
cax.

axaeMiK
A.A.Tpodmmyx
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"llpome HOSTOMY, — OCTABATH B CTOpOHE
5T CIOXHHE NOCTPOSHMA... M TOMH-
TaThCA NOHATH HCTOpHD Hedrm, ocTa-
BaACh B IpejielaXx BePXHHX  000J0Yex
‘3eMHO# KOpDH, OOCTYIHHX Hemocpen-
CTBEHHOMY HIyJeHHN."

: B.}.Bepuaznckuit

BBEIEHVE

OGpazopanve He(TH ¥ Ta3a — CJOOXKHHH NPUPONHHA PHEMKO-XEMEIEC-
Kmit npomecc. Hedre m ras MOTYT OHTH NOJNYYeHH Kak IyTeM CHHTesa
73 CO, 002, HZO " Hz, TaKk H IyTeM HNeCTDYHIMM BHCOKOMOJEKYJADPHHX
OpPraHWYeCKEX OHOT'SHEHX COENMHEHWH NIOCDPSICTBOM HX JIeKapGOKCHIMpO-
BaHWA, JEMATAKCIIMPOBAHHA WIM KDEKMHTa. B JHOOM CIyYae OIMCAHES
NpHpONHOTO Nponecca HedrerasoolCpa3cBaHWA NOJEHO 0TBeYaThk QyHOa-
MeHTAJIBHHM SAKOHAM COXDAHEHWA BemecTBa M sHepruuM. "B COOTBETC-
TBHM C 9TUM IDE DelleHEY BONDOCOB T'eHE3HMCA YIVeBONODOLOB IVIABHOE
BHEMAHWE NOJXKHO OHTP HAIpaBiAeHO Ha pelleHWe NpolieM HAIMYHMA B KO-
JIM9ECTBE MCXONHOTO BEWeCTBa, 6I0 COCTABA M COCTOAHAA, MCTOYHUKOB
SHePT'MM ¥ pHepreTHdeckKor'o GanaHca peaxuwit, BIMAHMA TEeMIeDATYDH,
IaRIeHHA, KATAMM3aTOPOB, BPEMEeHH M JIPyTWX BHEIHUX UCTOYHUKOB,
CnocoGCTEYNIMX WIH NpOTHBOIeficTEyIMX MpoleccaMm o6pasoBaHus Ipy-
pomEHX Hedre#t m rasos" (Tpofmmyx ¥ mp., I983a, c.I3).

Mozesn mpuponHoTo Hefrerasooldpas3oBaHWA, OCHOBAHHHE Ha Ipem-
CTaBNeHAAX 0 NPOTEKaHWH STOT'0 IpPOIEecca B TOMIE OCAUNOYHHX IOPOX,
IONKHH CHTH ANEKBATHH IPUDPOLE IO (H3HKO—XAMAYECKEM YCJIOBHAM I
IiaBaTh YIOBIETBODUTEJBHHE OTBETH Ha CJGYKIME BOIDOCH:

I. Yro ABNAETCA HCXONHHM BemMECTBOM IPHPOIHOTO Hedrerasool-
pas0BaHmA, KaKOBH 6T'0 COCTAB M COCTOAHMET ;

2. Orxyza Z Kax CepeTcsa BOLODOK; C IpUCOeIUMHEHMEM Ko'roporo
M3MeHAeTCA aToMHOe OTHomeHWe C:H HCXONHHX BemecTB Ha yTH uX
IpeBpaleHlA B yIVIeBOLOPOIHT



3. OTKyma nocTynaeT M Kax pealms3yeTCA SHepIHA, 3a CYeT KO-
Topoil HCXOIHOE BelecTBO IpeBpamaeTcs B BHCOKOKAIODHHAHOS TOIIMBOT

IlpoBozA HMCCJAENOBAHMA, MH MCXOIWIM M3 IpefcTanneHuit o6 obpa-
30BaHME YTJIeBOIODPOIOB B O0CANOYHHX mopomax. llems padoTH cocToAna
B CJeIyimeM: Ha OCHOBaHWM TeOPeTHYeCKOT'0 aHauImsa ¥ (USHIecKoro
MOTeJMpOBaHUA NPHPOINHOTO Ipolecca ONPeNeJuTh (HSMKO—XUMATECKHS
YCJHIOBHA 06pa30BaHMA JIVIEBOLODOIHHX T'a30B, a Takke HedTenomoCHHX
OUTYMOUNOB, ¥ De3YJbTATH ONHTOB CONOCTABUTE C IPUPONHHMA 38KOHO—
MEDHOCTAMY i BHABIGHNA MX aIeKBATHOCTH.

Momesn npmpomHoro HedTera3oolpasoBaHWA, ONNCAHAK B aHAIAZY
KOTODHX NOCBANlGHa JaHHasA padoTa, OCHOBAHH Ha NPeXCTABIEHMAX 0
MEeX2HOXUMUYIECKO# aXTUBAIMM BemecTB, T.e. HAa yXe NOKASaHHHX H JNo-
CTATOYHO WMPOKC OCBENmEeHHHX B JUTeparype (faxrax MSMeHeHUA SHepre-—
THYECKOT'0 COCTOAHMA, (MSMYECKOr'0 CTPOGHMA, XMMUYECKOI'0 COCTABa X
PeaKIMOHHO# CNOCOCHOCTH TBEPOHX BelleCTB NOJ HeiicTBHEeM MeXaHHYec—
KHX CHJI.

Ananmsupya NpHpoIHOe He(TerasooCpasoBaHWe B cBeTe Mue#t ax-
THBAIMA BEMECTE NOJK NeiCTBHEM MeX2aHWYeCKHMX CHI M TIeHepald BOJo-
pPOJa BCJAGJICTRHE B3aumMOIEeiiCTBMA BOIH C OKMC/OMUMCA  MMHEDAJHHHM
BEMECTBOM, COJepXamuM cyJsfumHyl cepy B (Wim) 3axucHoe Reses0,MH
CYMTaeM BOSMOXHHM BHIBHHYTH ©IMHYW KOHIEIIMD, B paMKax  KoTopoi
HAXOIAT YIOBIETBOPUTEJEHOE OCBACHEHNe BCe BaxHeilwe BONIpPOCH Ipo-
Gnemd TeHesuca HedTM M yIUIeBONOPONEHX I'a30B, & TaK¥e  MSBEeCTHHE
NPHPOINHHE 32KOHOMEDHOCTH TEPPUTOPMANBHOT'O DaclpeleleHdd 3ajlexeit
HedTM M Ta3a B accolpanyy ¢ TOPHEMY NODOJAMY ONpPENEJEHHHX THIOB
¥ NPUYypPOYEHHOCTh MX K ONpeleNeHHHM T'e0JOTHYISCKUM CTDYKTypaMm Wi
pervoHaM.

TnaBrefimzit Bonpoc npodiemd HefirerasoodpasoBaHEA — 00 HCTOY—
HAKaX SHEePTHM IPX NpeoOpaS0BaHMK MCXONHHX YIVIEPOACOIEpHANMX Be-
WecTs B BHCOKOKaJIOpHiHOe XuIKOe H rasoolpasHoe TOIUMBO — peliaeT—
CA B CBeTe DA3BHBAGMHX IpeICcTaBleHHil 00 AKTHBAIMK MUHE DaJbHHX
BEMeCTB NOX IefiCTBEEM MeXSHMIOCKHX CHJI, HANDMMED NpPX TOHKOM JMC~
neprupoBaHny. JucrneprupoBaHie TOPHHX NMODPON M MAHEDAJOB ABIASTCA
He TPOCTHM MEXAHHYECKMM YMEHBLIIEHMEM pasMepoB JacTHll, & CJIOKHHM
(M 3MKO—XAMIIECKAM IPOLECCOM M3MEeHEHMA SHepPreTUYecKoTo COCTOAHHA
BEMECTBAa; AKKYMyJAMA SHODIMM IpHM IUCINeprMpOBAHUMY CBA3aHA C NpH-
POCTOM IIOBEDXHOCTHO} SHepI'MM M BO3pacTaHMEM BHyTpeHHelt sHepru:,
06yCJOBNEHHHM M3MEHeHMeM KDHCTAIMYACKOT0 CTDOSHHA M BJISMEHTHOI(
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coCTaBa M3MeJbYacMoT0 BemecTBa. JMCHepcHoe BEmMEecTBO XAaDaKTepH3y-—
€TCA BHCOKEM SHEDPreTHYeCKMM NOoTeHImanoM. [loaToMy XUMUYECKHe pe-
aKMy, VHWIMVDOBAHHHE MEXSHWYECKUME CHJIaMM IDH H3MeJBLYeHUH, a
TaK®e TPEHNM JaCTHIl OPH HX OTHOCHTEJILHOM IEepeMelmeHME Wi  ofyc-—
JIOBNeHHHE AKKyMyJAlMeli SHeDTHEM HA CTANHH IpeIBAPATENLHOTO 3-
MeJbYSHHA, NPOTOKaT 0e3 SHAUYATEJNLHOT'O NOBHIEHWA TEMIeDATyDH BO
BCEM DeaKUMOHHOM 00BeMe, HO II0 CBOMM KOHEYHHM IPOJIyKTamM HE OTJIH—
JaTcHd 0T NPOXYKTOB BHCOKOTEMIeDaTypHOI'0 Iipomecca.

Muorue uccaeoBaTesNM BHHYXINSHH OHJM IPH3HATH, 9TO SHEPTeTH—
YecKad CTOPOHA NpPEeBpAlleHAA OPTAHWYeCKHX OCTATKOB B HedT: He onm—
CHBaeTCHA TeDMOIWHAMWKO} HESKOTEMIEpAaTyDHHX IpPOIECCOB. CoBcem
HHAYe BHTUIANEJ OH Ipomecc,eciy OH ONpeBpaleHWe B HePTE CONDOBOX-
IAX0CEH IPHTOKOM DHEPIEE BHCOKOro norTeHmwana (lodpsHckmii, I96I).
JImms npe Temmeparype I100-I50 °C & Bume peaxiuy® 00pasoBaHHA yIJie-—
BOJIOPONOB CTAHOBATCA TEPMOJMHAMAIECKE IONYCTHMHME.  AHAJIMBHDYA
H6@TH Kak DaBHOBOCHYW CMEeCh yIVIeBOJOPOIOB,HCCIeX0BaTeJad yCTaHO-
BIJIM, HANPAMED, 9T0 OTHOCHTEJbHAA KOHLUEHTpAIHA U30MepoB Cg-aJKami-
GeH30JIOB B PalvIMYHHX HeTAX COOTBETCTBYeT Temuepartype 450 o
AHaJIOTZYHHe TepPMOIMHAMAYECKHE pacyeTH 1A Cg-arKkuiGeH30J0B,H30-
MEpPOB T'eKcaHa K IPyTHX yIVIEBONOPONOB IAkd LIA DasMYHHX Hedrei
PABHOBECHYH Temueparypy 500-700 OC u Bume.CTONL BHCOKHE® TemMiepa-
TYpH TPYIOHO HOPeINOJAarTaTh B ToJme OCANOYHHX Hopof,H fopMupoBaHye
HedrAHHX 3ayexelf NpE Taro# TemmepaType,0e3YCJIOBHO,IPOABAIOCE OH
B MeTamopiusme HegremarepmHcKux (wm RedTeBmemammmx) mopox. OrT-
CYTCTBHE NIDESEAKOB HATDEBAHWA STHX IOPON B COYETAHWA C BHCOKO-
TeMIepaTyPHHMHE IapaMeTpaMi DABHOBOCHHX COCTOAHME yTJIeBOIOPOIOB,
BXOJIAIMX B COCTaB HeT:,ARideTcA TeM NApallOKCOM,paspeleHde KOTO-
POTO MOEHO HafiTH TOJBKO HA OCHOBE NpeICTAaBJCHHR 00 axKyMyJAINH
SHEepPI'HA IpH IECIEeDIEDOBAHAM HJIM B IpONecce HeNDepPHBHOH MOINKaIKH
MeXaERYeCcKO#f SHEPIMM B peardpylIyn CHCTeMy,HalpEMED IPH TDeHHH.
OHepI'Ed , AKKyMyJINPOBAHHAA MEHepaJbHo# Maccod Bo Bpema ee mpeBpa- -
MeHEA B TOHKOIHCIODCHOE COCTOAHME M HE BHpaxeHHasd B NOBHICHAH
TeMIepaTypH BemlecTBa,lpOABRNASTCA B TOM,9TO DSaKITH,TepMOIMHAMA-
9eCKE paspemeEEHe mpE 200-350 °C,npoTeranT mpm xommaTHO# Temme-
paType.PacueTH NOKasHBALT,YTO TOJBKO IPHPOCT NOBEPXHOCTHOR SHEp-
THE OpY IUCINEpTEPOBAHEN MAHODAIBHHX BENECTB yXe KOMIGHCHDYyeT TO
yBeJMYeHNEe N300apHO-H30TePMEYECKOr0 NOTeHIEANA,KOT0poe HeoGX0miMo
Iia 06pas0BaHUA JTAEBONODONOB M3 OPTaHMISCKUX OCTATKOB, IDH 3TOM



clelyeT MMeTh B BHLY, YTO IPUPOCT CBOCOTHO% SHEpPrMM MsMesbYae—
MOTO BemecTBa 3a CYeT HMCKaXeHWA KpHCTaLmmieckol pemerxm - - (wm
amopim3ammm) B I0-20 pas GoJmlie NPEPOCTA NOBEPXHOCTHOR SHEDIHH.
JnrrfukamEa AWIOBHX OCAIKOB COIPOBOXRIAETCA BHIEJEHWEM TaX HASHBa-
eMOr0 JIMTUIMKANMOHHOTO TeIla, KOTOPOe BHUEJAETCH B QUMSHKO-XMMI—
YeCKUX Npoleccax, WIyIMX C YMEHBIEeHWeM CBOGONHOR NOBepXHOCTH M
YyHOpANOYoHEEM CTPYKTYPH.

AKTHBaNMA MOXAHWYOCKEMA CHIAMA, HaNpUMep, IpH IHCIeprupoBa-—
HUM TODHHX NOpOJ, ABIASTCA HEOOXOINEMHM YCJOBMeM He{rerasoodpaso-.
BaHuA OpE TeX P-T-mapameTpax, KOTODHE HMENT MECTO B ToJme oca-
IOYHHX nopox. [loBHmeHWe peaKUMOHHO# CIOCOOHOCTH IMCIEDCHHX TBED-
IHX peareHTOB (yT/iA M MUHEDAJIOB) OOBACHAET CHUEEHHE TeMIepATYDH
XUMIYeCKUX IIPOIEeCcCOB, yBeJWYeHHe CKOpocTeit peaxuuu.

He menee BaxuHit Bompoc 06 HCTOYHMKE BOIODONa, HEOOXOLMMOI'O
A HererasooOpasoBaHMA, pellaeTcA HA OCHOBE IDOBENEHHHX HCCJe—
IOBaHE{E 10 MOJENMPOBAHMN IIPOLECCOB TeHepalnuy BOJOPOJA B JMTOIe—
Hese (MosgaHos, I98I). YuacTHe CBOGONHOTO BONODONA B  IPHDOTHOM
OPraHNIecKoM CHHTe3e YIVIGBOZODOLOB KaK HeNDeMeHHOe YCIOBHE  6ro
NPOTEKaHWs HeONHOKPATHO OTMEYANOoCh MHOTHMME MCCJaeIoBaTeJAME. Pas-
BUBaemMasg KOHIENNWA KOPeHHHM 00pasoM OTJMYAeTCA OT IpefcTarilsHui
HaIMX ODefMecTBeHHWKOB N0 CJSIYKIEM IDHSHAKAM: BO-II8DBHX, Opra-
HWYECKH# CHHTES B HempaxX MH TpeJCTaBIAEM Kax IpoIecc, CBASAHHHH
C BHTECHEHHeM BOJODOIA BOIH IIpH ee B3AUMOTEHCTEMN C OXUCJLIOIUMCT
MIHEDATbHHM BemecTBOM B JMTOreHe3e, M BO-BTOPHX, pacCcMaTpHBaeM
He(rerasoo0pasoBaHMe Kak LENHYD CONDAKeHHO-DAINUKANBHYI DeaxIuo,
MHIIMADOBAHHYD BOINOPOIOM B MOMEHT €TI0 BHIeJeHHA. Peamimm,  HHA-
LEMAPOBAHHHE BOXOPONOM, IPOTEKAKT HA AKTHBHO# IOBEDXHOCTH IUCIED-
THDOBSHEHX YacTHIl B CJOe aNCOPOEPOBAHHOR BOXH M KOHTaXTHPYyIUEero
¢ Heift OPraHNYecKoFo BemeCTBAa, & IO CBOUM IOCISMICTBUAM OHH nonoG-
HH THIPOTeHWSAlMOHHOMY KDeKHHIY .

Kommemina HefrerasoolpasoBaHWA Kak Ipolecca INpHCOeIUNHEHUA
BHIEJANNET0CA B JATOTeHe3e BOIOpOoIa B KOpHe MeHAeT IpelCcTaBIeHUA
00 9Hepr'eTHKe NpeBpalleHAd (OCCAIM30BAHHHX OCTATKOB B YIJIEBOIOPO-—
IH. HeKOTODHE DeaKIMM OpTaHEYeCKEX BElleCTB ¢ BOXODPOLOM ABATDTCA
‘2K30TeDMEYECKEME. DK30TepMEIecKEEt >@PeKT 0COGEHHO BEJMK IpM
NpACOEIMHEHNN ATOMADHOT'0 BoZopoZa (mmm "BoZopoja B MOMEHT  ero
BHmeseHuA") . Hanphmep, THIPOTEHUBSIMOHHHY KPEKMHT IeHTaHa  TOX
IeiicTBEEeM aTOMApHOTO BOLOPOXa He TOJBKO TepPMOIMHAMHAYSCKH paspe-

8



e B CTAHNADTHHX YCJOBEAX, HO eme NOpPOKIAeT aKTHBHHE JOJTOXABY—
IMe DaIVKAIH ;
05312 + H= 021-14 + CZHG + CHs Ac = -6,7 xxan

[opoxTeHHHe CBOCOLHHEe PAlMKAJH CJYEAT HAYalIOM HOBOI'O OpraHmdec—
KOT'0 CHHTe3a, IpeBpamasd NpollecC B LENHY® peaxunw. [Jaxke mpocToe
BOCCOIMHEHHe IBYX PaI@KalIoB CHa IpOTeKaeT C BHIIGJOHEOM
55 xxai. s

YuacTreM BoJOpoZa BOIH B Ipomecce HedrerasoolpasoBaHUA
0GBACHASTCA MB0TONHHE COCTAB BOZOPOIA YIJIEBOIODPOLOB, KOTOpHHE Giu-
X6 ¥ MSOTONHOMYy COCTABY BOIH, YeM XK TAKOBOMY OPTaHWYECKOrD  Be—
mecTBA DPaCTHTEJPHOT0 WIM XMBOTHOT'O NPOHCXOXKISHHA. 9TO MOXHO pac—
CMATDEBATE KaK KOCBEHHOe NOATBEDKIeHME DasSBABAGMHX IIDSICTaBISHMH
0 MOCHIM3allMy BOLOPOINA BOIH B IPHPONHOM OPraHWYSCKOM CHHTE3e yI-
MeBONOPONOB, OCPASYKMEXCA B JHUTOTEHOSE. ;

Bropoe KocBeHHO@ NONTBEDEIEHMe - IOABJIEHHE IJIMHUCTOIO 3ama-
Xa, IpEpola KOTOpPOr0, KaK NOKASANM CIeUMANLHHEe MCCIeN0BAHWA ,CBA—
8aHa ¢ CHHTE30M OPTAaHHYeCKHX COeNUHeHHH, GIMSKUX K YIJIeBONODOIAM,
Ha NOBEPXHOCTH IVIMHECTHX MuHepauaoB (ArajoHoB, AHmpeesa, 1973).

Bonpoc o rumporeHEsamEy OpraHWYecKUX OCTATKOB Kak  BelymeM
npoliecce Hefrerasoofpa3oBaHUA HA JOJTHe TONH OHJI CHAT C O0CyXIe-
HAA. OmHO# M3 IpWYMH STOT0 CJHEIyeT CUMTATH IPUHATHE THUIOTeSH
A.2.Jo6pAHCKOT0 O IMCINPONOPIMOHMPOBAHME Bomopona. OHHAKO Mcciae-
IoBaHua A.Mapkexa (I972) mo3BOAWIM NPEATE X CJOIYHIMM BHBOZIAM:

I. Ipomecc IMCHPONOPIMOHKPOBAHUS BOLOPONA CIENYeT MCKIDIATE
U3 PaAcCMOTPeHUA I'e0XMMEYECKEX IpeBpameHuit 0praHMYecKor'c BelecTBa.

2. "PesympTaTH padoTH CBHIETEJNLCTBYRT O TOM, 9T0  OCHOBHHM
TeO0XEMAYECKHAM IpOIEeCcCOoM, IPHBONANAM K HM3MEHSHED yIJIeBOR0DOIHOTO
COCTABA BHCOKOMOJIGRYyJApHOX YacTE He@TH, BHEHDAnUe# BHme 200 °c
B cocraBnsmmeft 30-65 % maccH Hedwe#, mBNAeTCA mpomacc HACHIOHAA
BozopomoM" (Tam xe, c¢.I76).

3. HcrowHmk BoZopoja, yYACTEYWUET'0 B HACHNEHWA apoMATHYIeC-
KMX yTJeBOLOpPOI0B, HAaXONHTCHA BHe -He@TH.

4, ApomaTWYecKWe YTJeBOLOPOJH - He OJUHCTBEHHHE KOMIOHEHTH
He@re#, NmoIxBepXeHHHEe THIDPHDPOBAHUN.

Wrax, oGcyxneHMe NpHpOmHOT'O HedrerasooCpasoBaHUA [OBBOJIAET
KOHKDeTH3MPOBATE HAllM NpelcTABIOHWA, HeoOXoIUMHE 1A 0JOCHOBaH-
HOT'O BHOOpa CHOCOCOB ¥ CPeJICTB MOIEJMpOBAHMA. VCXOINHHM BeNECTBOM



JTNIeBONOPOIHOTO TOIUIMBA, CHHTE3HDOBAHHOTO B HeIpax, MOTYT GHTB
foccuuSMpoBAHHHE OCTATKM DACTHTEJBHOTO M XMBOTHOI'O IIPOHCXOXIE—
HAf, BONOPACTBODMMHE OPTaHMYeCKUE COSIWHEHMA M KapGOHATH WM yI—
Jerucyaora. llponecc 00pasoBaHUA YTVISBOIOPOIOB — 9T0 HACHISHUE BO-
IOPOLOM MM TUIDOTeHMSAlyd, IpUdeM COJBIAR DOTH B 3TOM Ipolecce
OTBOIUTCA ATOMAPHOMY BOZOPony ("BOIODOIY B MOMEHT BHIEJESHHA").
Tenepaima Bomopona OCYyCJORIEH2 B3aUMONEHCTBHEM BOIH C  OKHCJIAN-—
IMMCA MUHEDATBHHM BELEeCTBOM, CONEDRAIMM CYMBAIHYD cepy @  (mm)
BaKUCHO® XeaeS0. BamHeilMM ycJoBEEeM M BOCCTEHORIEHUA BOLODOHE
BOIH, U TUNPOTEHU3AIMY YIVIEDOICONepPHAIMX BemEeCTB ABIACTCA TOHKOE
H3MeJEYeHNEe WIM HENPEepHBHOE MeXaHMYecKoe Bo3znelicTBme Ha TBepmHe
PeareHTH.

B cooTBeTCTBEM C M3NOXSHHHMH NDEICTABICHUAMHE O IIDEPOIHOM
npounecce CHJM BHOpaHH CHOCOCH ¥ TeXHWYECKHE CpemcTBa (m3mdec—
KOT'O MOIeJUpOBaHWA IPUPOIHOT'C He@TerazooCpasoBaHuA. OcHOBHHMY
TOXHIYECKUMI CPeICTBAMA IDH MOISJMDOBAHUM IpONECCa OHIM MSMeNb-
Yamnue anmnapaTH, IpelcTaBleHHHe JuG0 IeHTpodexHOi mauerapndﬁ
menbHUNE#, JuGo BROpaLMOHHHM ycTpoificTBOM. B TepveTuyHHX OGapada-
HaX, YCTaHOBJIGHHHX B LEHTPOGeXHOH# ILTaHeTapHO# MeJbHMIS, IDPOBOIM-
JIOCH TOHKOe WIM CBEDXTOHKOe M3MeJbYeHHe TBepIHX peareHTOB I'eTe-—
pofasHo#t cHCTEMH WIM B TAXUX Xe IepMeTHYHHX OapadaHax, JFCTAHOB—
JIEHHHX He BUGpaTOpax, MHUIMUDOBAIMCE TPHCOXIMHYECKMEe peaxiuy,
0GyCJIOBJIEHEHEe TPEHMSM YacTHIl TBEPIHX DeareHTOB. PeaxnuoHHAA
CMeCh IpencTaBilAla Co0o#f BONOHACHIEHHY® CHCTeMy, B KOTODO# OIHH
TBepIHEe DeareHTH B3auMOIeiicTBOBANM C BOXO#, BHTECHAA BONOpPOX, &
Ipyrne — yIyepoIcolepxalye — TUIPOTeHUSUPOBAINCE BHIEJIAKMUMCHA
BomopomoM. OGe DeaxIuy MpoTeKa M OLHOBDEMEHHO BO BPeMA IIPATIOKe—
HUA MeX8HWYEeCKMX CWI JHUO0 BHIEDKKN p’eamﬁonnoﬁ CMeCH 11pH  KOMHAT-
Hoft (WM moBHIEHHOH) TemmepaType.

JadopaTopHHe KCCASNOBaHAA Ha (U3MYECKHX MoJeJAX, KOHedYHO,
He MOI'YyT BOCIDOM3BECTM NpUpoIHHi mpolecc Bo Beelf ero moJHoTe U
CNIOXHOCTH, HO NOSBOJAOT BHABUTEH IVIABHHE TEHNEHIMN DABBHTHA HKC—
NIEePAMEHTANbHOH CHCTeMH ¥ OIpeleJUTE Te camde odmue 3aKOHOMEPHOC—
TH, H2 OCHOBE KOTODHX MOXHO NOZOATH K pelleEVl NOCTABJIEHHHX 3aad.
C meabld MAKCHMAIBHOI'O NPHOIMESHUA SKCIEeDUMEHTANLHHX CHCTEeM b3
NIPADOTHHM ‘Jzaiioparopzme'onum NPOBOIWINCE C COCIKNEHHEM CJeIyl—
IX SJEeMEHTOB MONOGHA: : ‘

I) B 9KCHEDUMEHTaX MCIOJIB30BAINCH, KaK Npaswio, TOPHHE Io-
POIH 1 MUHEeDaJH;
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2) KOHUEHTpAIuM: BOJHHX PacTBOPOB JadopaTOPHHX CHCTEM He or-
JIYAINCEH 0T KOHIeHTpauuit, cBOHCTBEHHHX NPHUPOIHHM BOIAM;

3) cremneHb M3MEJBYSHWA MUHEDAJEHHX BeNECTB B ONHTaX  COOT-
BETCTBOBAJA IWCISPCHOCTH NPUPOIHHX WIOBHX OCATKOB;

4) cwmi, TNpuiaTaeMHe K M3MeJIbYacMOMy BeleCTBY, He NpeBHIALN
cwmH, me#cTBywumue B Ipupole, HAIDUMED, IpH H3MEJLYEHWA B BOJHO-
npuCoiiHo# 30HE MODA;

5) TemmepaTypa ¥ IABIGHAE B OINHTAX He BHXOMWIA 32  IpeleJH
TeX BeJWINH, KOTOpHE MOIyT HEMEThH MeCTO B TOJNE OCANOYHHX IIODOX;

6) BeJMYMHH OKMCJATEJEHO—BOCCTAHOBMTENBHHX . NOTEHIMANIBHHX
CHCTEM JIO¥aNy B NpeliesiaX, CBOACTBEHHHX NPHDOIHHM CHCTEMAM.

DIEMEETH CXOJICTBA SKCIEPHMOHTANBHHX CHCTEM C IPUPOJHHMY IO—
SBOJIAIOT NIpPEeNNoJararTh, 9TO ONHA X Te Xe MUHepaibHHe BellecTBa,OKa-
3aBIMCE B ONMHSKOBHX JCJIOBMAX, IPOpPeaTHpyBRT B IPUPOIHHX CHCTEMax
TOYHO TaX Xe, KAK OHW IPODEear¥pOBai B SKCIEDHAMEHTE.

Momesmupys NPWpomHHi Npolecc, MH CTPEMIUIMCE JOK&3aTh BO3MOX—
HOCTH He@iTerasoo0pa30oBaHud B YCJIOBHAX, KOTOPHE MOTYT HMETE MecTO
B TOJIe 0CAUOYHHX IOPOX, ¥, OCCYXAad M3BECTHHE THIOTESH IPUDPOI-—
HOTO He@Terasoo0pasoBaHMs, NMOKA3aTh, HACKOJILKO OHH YIOBISTBODAKT
TeM TpeGOBAHHAM,KOTODHE ONpPEIeJeHH BHIIE.

MomenupoBanWe NPEPOAHOT'O HedreraszoodpasoBaHud, OCHOBAHHOE
Ha TepMOJMHAMHYECKHX pacyeTaX M IPEBAS3AHHOE X YCJICBMAM JMTOTEHEe—
3a, paHee ([0 HauWMX MCCJASNOBAHMYA, NEepBHE IyGJUKAIMA O KOTOPHX
oTHocATCA K 1966 T'.) He IDPOBOMWIOCE. :

llpenraraemad KOHIEMMA He@Terasoo0pa30BaHWA B JUTOT'eHese B
TOHKOZMCIIEPCHHX MMHODATBHHX CHCTEMAX, OCHOBAHHAA Ha NpelcTaBlIe—
HAAX 0 BHIOEJSHHH BOJODPOIE IDH B3aUMOZe#CTBAM BOIH C MMHEDAILHHM
BEMEeCTBOM ¥ HACHIGHAM BOXODOLOM YIVIEDOICOINEDRANKMX BENeCTB, MOXET
pacCcMaTpEBATECA Kak albTepHATHBA NpeACTABISHAAM O TIyCHHHOM (MaH—
THAHOM) NPOMCXOXTEHMM He(TH.
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TEOPETVYECKOE OBOCHOBAHVE. BOBMOXHOCTY HE@TETAS0-
OEPASOBAHIA B TOINE OCANOYHHX IOPOL

I.I. QuauKo-XUMUYeCKUe YCJOBMA ODPIaHMYSCKOT'0 CHHTe3a

TeopeTryeckuil aHa/m3 QUBHKO-XIMIIECKAX YCIOBUH OPTraHMmIeCKO—
TOo cHHTe3a npefcraBieH rpajuvgeckn (pmc. I.I) B RoopmuHarax pH-Eh.
McnonssoBaHne IuarpaMMH, COCTABJIEHHOH IO pacdeTaMm, OTHOCANUMCH X

_cranzaprHEM yoaoBuam (25 °C m I a™ ofmero mamneHmA), B JAHHOM

CJydae MOXKHO CYHTATH ONpaBlaHHeM, Tak Kak QoTocmHTes B Gumocdepe
¥ 00pa3soBaHME KayCTOOHMOJMTOB B TOJIIE OCANOYHHX NOpPOXN B HepBoM
NpACIEXeHAN MOXKHO DACCMATPABATEH KAK IIPOIECCH, IpOTEKamige B yC-—
JIOBAAX, OMHSKEX K CTAHIAPTHHM.

Ha mmarpamve (cm. pme. I.I) Oyxeamm "a" m "¢" onpemeseHH
BODXHAA ¥ HUXHAA TPAHMIH yCToHYMBOCTH BOIH: BHNE JuHMHM "a" Boga
pasnaraeTcA C BHIEJEHHEM KUCJIO0DOIa; HERe JMHEM "G" - C BHIEJEHW—
eM BOZOpoja. PasioxeHne BOINH IpA YYaCTHH XIopoduita B OKHCJIM—
TeJBHHX yCJA0BHAX (BHme JsuHME "a") IpPOTEKasT Yepes CTalEK IepeKu-
CH BOJOpDOJa, KOTOpad ofpasyeTcs Nox ne#CTBHEM COJHEYHOI'0 CBeTA B
3eJeHOM JucTe fETOTpodoR. HeckoNbKo HEEe BepxHejt TpaHMIE ycTofi-
YMBOCTH BOIH NPOBEIEeHA JIAHUA DABHOBOCHA H202/02, KOTOpag HCTOJ—
koBaHa Caro (Sato, I1960) xax JmHMA "HeOODATHEMOTO  KHCJODOLHOTO
noTeHuMana", BHIE KOTOPO# pacmoJaraeTcs HOJe @owocmifresa. B ero
npe.ueaax OCYWEeCTRIADTCA DeaKIHE ACCHMALAIHA JTIEKUCIOTH U3 BO3—

. Cymvapras peaxima foTocmHTesa m3 COp ¥ Hy0 oOHwHO npem-—
c'ranmeTcz B . CJeIylmeM BAIe:

; My
002 + 2H20 %ﬂﬂpﬂ (CHZO)-__ + Hzo + 02!
TIe (CHQO)._": - pajuEai, Jexamu#f B OCHOBe GOJBUMHCTBA CHOT'@HHHX
OpraHuYecKHX COeNUHeHM; 02 ~ KHCJIODOXL BOIH, KOTODH# BHIEJASTCHA
B arMmochepy.
Peaxiua OpraHAYecKOr'0 CHHTE3a YIJIeBOJOB 0CHYHO pACIMCHBAST-
ca:
6005 + 6H0 = CgHpo0g + 605 — 674 xxarx,
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PEc. 1.1. OH3HKO-XHMHUOCKHE YCAOBHA OpramH-

YeCKOT0 CHHTe3a B NPEpoAe (DOACHeHHA CM. B
ToKCTe )

6005 + IZH,0 = pGHIZOS + 61-120 + 605 ~ 674 rrax;.

OIHAKO YYMTHBAA,YT0 BeCh KECJIODON BHIGAAGTCA H3 BOOH, 6 EOJH-
Y6CTBO CJASIyeT YIBOHTE:
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JuHEA HeoOpATHMOTO KUCJOPONHOPO NMOTeHIMaNa, BUIUMO, ABIAETCHA HUR—
Heit rpanuueil ycaoBuit foTocHHTE3a.

[losie, COOTRETCTEyNmME® YCJOBMAM YCTOHYMBOCTE OpTraHMYeCKEX
ocTarxoB M yrue#, mumeseno (cm. puc.I.I) Xocolt gacroit 'mrpnxonxoﬁ.
Bepxueit TpaHunei moJA yeroluuBocTE cayxuT JuHUA I paBHOBecMA yI'-
JIepona ¥ BOIHHX DacTBODOB H2003, HCO§ u CO%'; HUXHAA TpPAHMIIA COB—
najaeT ¢ HEEHe# TpaHmie# mojd ycToidmBocTH Bomu. OT JmHMEM 2 paB-—
HOBECHA G/CH4 BepTHKANBHO{ WTPUXOBKON BHIEJEHO MoJe YyceToiuuBoc—
TH Ta3000pasHHX YyIVIEBONOPONOB. B mpelenax NoJA yCTOAUMBOCTH Yr-—
Jeit, Mo pacyeTHHM IaHHHM, DacloJaraeTcA JIMlb NoJe yCToRIMBOCTH
MeTaHa, ¥ OGHTHASA B IPUPOJE ACCOLMALMA METAHA C KaMeHHHM JTJeM B
CBETEe CKASAHHOI'0 HAXOIUT CBOE OCBACHEHME.

[lotle ycTORMMBOCTY YIVIEBOINOPOIOB YaCTHUYHO .IIeDeKpHBAET  IoJIe
ycToiiMuBoCTH yriedUIMpDOBaHHHX OCTATKOB, HO Ooublleit cBoelt dwacTeR
pacnoJaraeTcsa HURE NOJA YyCToHYMBOCTM BOmH. CaenoBaTesbHO, IIpeB-
pamerua QOoCCHNMBKPOBAHHHX OCTATKOB B JIVIOBOILOPOIH JeXaT 32 Ipe-
IeJaMy ToJA ycTofyuBoCTH BOIH. [lose ycToiuMBOCTH BOIOpOoza, Orpa-—
HUYEeHHOS CBEpXY IIOJIeM yCTORIMBOCTE BONH, & CHUSY - HOJeM ycToi-
YMBOCTE TUIPUIOB, NOJHOCTHD NEPEKPHBAETCA NOJEM  YCTOWUMBOCTH
YTJIIeBONOPOLOB, YTO 03HAYAeT, YTO JCJIOBUA DASNOXEHMA BOUH C BHIE-
JIeHEeM BOJIOPOZE COOTBETCTEYDT YCJOBHAM 06pa30BaHUA JIVIEBOILODOIOB.
CremyeT 0TMETHTE, YTO 0O Mepe BOSpACTaHWA OTDUIATENBHOTO BHAYe-
HuA Eh cHuxaeTcA aroMHoe oTHoweHue H:C yraeBojnoponoB: JmHMA 3
xapaxrepusyer pasHosecue CoHe/C (H:C = 3), mmma 4 - paBHOBecue
02!{4/0 {H:C =2), ymamu 5 m 6 — paBHOBecHe GeH30J/YTJIEDON, u
anermaes/yriepon (H:C = I). Ha 2TOM OCHOBAHMM MOXHO IPENOJATATE,
YT0 NpY HaldbHelilleM YBeJMYeHHM OTDHIATENHEHOTO 3HAYEeHHA Eh CRIAIH—
BanTCA YCJOBHA IJIA o0pasoBaHUA apoMATHYeCKMX COeIMHeHHW# yriepona,
a npu Eh = -I,I25 B Bomopoxn odpasyeT THMApHIH. CJefoBaTeJBHO,
HUKHAA IpaHUIE NOJA YCTOUNMBOCTH YIVIEBOZOPOLOB JIGKHT BOJHSH JM-—
HUE 6 ¥, CKOpee BCErc, ONpeJeAeTCA JHHAAME paBHosecus H /H'

(en = -I,I25) mw H/OH (en = -0,7II - 0,059I pH).

Ha ocHOBe NpOBEIEHHOT'O QHANM3A ONpejeJieHH IBa IOJA, B IIpe-
IeJax KOTODHX CKJIATHBANTCA YCJIOBHA OPTaHWYeCKOTO CHHTE3a,  MpH-
YeM B 0COEX MOJAX CHHTE3 INPOTeKaeT ¢ MoOWIMsau#e# BOZOpoma BOIH.
B pepxseit vactn muarpamvi (cM. puc.I.I) B OKHCJIMTENBHHX YCJOBHAX
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npoTeKaeT (JOTOCHHTE3, B Ipolecce KOTOpOro Boma (4epe3 Iepexuch
BOJOPOZia) DA3NaTaeTcd, BHUEJAR KHCIODOL, & €8 BOLOPOL MOGHAMSY-—
eTcd Ijid NOCTDOSHMA OPraHMYeCKMX BelecTs, Halpumep yIueBoXoB. B
HURHe} YacTy IuarpaMMd B BOCCTAHOBUTEJLHHX YCJIOBUAX BOJa BHOBE
BHCTYTIZ8T B DOJIM JOHOPA BOZODPOAA, HO 60 MOCHIMSAIMA IIPOUCXOLAT
[ocTe BOCCTAHOBAGHWA BOIOPOLa BONH IO ATOMADHOTO WIM MOJEKyJasap-
HOTO cocTofAHusA. [I3 cxasaHHOTO cJelyeT, YTO o0pascBaHMe  OpraHu-
YeCRUX BemecTB IpA FOTOCHHTE3e H CHHTE3 yIVIEBOLOPOLOB B JmTocHe-
pe NpoTexaeT ¢ MoOWM3alel BOIOpoIa BOIH, HO YCJIOBHA M MEXaHN3M
ero yCBOGHHA OTJIMYAKTCA KODEHHHM o0pasoM: npud QoTocHHTESe  BOza
OKHCJAETCH M0 IlePeKUCH BOXOPOZa, & B JUTocfepe MIET BOCCTEHOBIE-
HUe BOIOpoZa IO ATOMAPHOT'O WIM MOJEKYJADHOT'O; IIpU (oTOCHHTE3E
EMeeT MecTo o0pa3oBaHWMe NIePeKHCH BONOpPOMAa U3 BOIH HOL JHeiicTBHeM
CONHEYHOTO CBeTa M CHOKATAIMBATOPOB, & B JuTocdepe BOZIOPOL BOIH
BOCCTaHABIMBAETCH U BHIEJAETCA B IasoByD (asy NpM OKUCJEHMN M-
HeDaJbHHX BEUeCTB; NpH (POTOCHHTE3e BHIEJASTCHA CBOGQIHHI KHCIODPOX
1 BONOPOXN BOIH BXOIUT B COCTAB CHHTE3UDYWUMX COeIWHEHMH, a B JH-
Tocepe NpH B3aWMOZeH#CTBHH BOJH C OKHCJAKNMMCA BelleCTBOM BHTEC—
HAGTCA CBOGOIHH} BOOOpPOX, KOTODHH pearwpyeT C OpPPaHEYeCKEM Be-—
mecTBoM (MORHO CKa3aTh, THIDHDYET €ro).

JeHHHe TeopeTHYECKOTQ aHanusa, IpelcTaBieHHHe Ha puc. [.I,
NIOKA3HBAWT, YTO CUHTE3 OPraHUYeCKMX COSIMHEeHMHE BOBMOXEH IipH
25 °C u aTMocdepHOM faBieHNN KaK B CIIBHO OKHCIMTENHHOR 06CTAHOB-
¥e, TaKk I B BOCCTAHOBUTEJBHHX YCJIOBUAX.

" licxoms #3 TeopeTHYECKEX IIPEINOCHIOK YCJIOBHA OGpA30BAaHUA yT-
JIEBOJIOPOLOB ONpeIeJANTCA YCIOBHAMA CYLECTBOBAHAA CBOGOIHOTO BO-
Iopoja. 9TOT EHBON NOIRpPEIUIAETCA BCEM ONHTOM CHHTe3a YIVIEBOIOpO-
IOB: IeCTPYyKTHBHAA THADPOTEHW3AlWd OPTaHMYeCKEX BEeUeCTB 0CTaeTcH
camHM IeilcTBEHHHM CIOCOCOM IOJYyYeHHA JIVIEBOLOPOIOB. MaydeHue xm—
ME3MA BCEX STHX CJORHHX IpeBpalleHMi HeNoCpeICTBEHHO Ha YIVIAX He-
BOSMOXHO, # NOTOMY, HauWHad C DaHHUX MCCJEeNOBaHA# B 00aacTH THI-
POTeHMBAIMY OPTAHNYECKOT'0 BEWecTBA, 3T0T IpoHect M3ydJasicd Ha Mo-
IeJAX C HMCIONb30BAHMEM NDOCTHX coenuHeHuit. THIpOTeEM3anus Opra-
HIYECKOTO BelleCTBA BRINYAeT DPEeaKIUH HaCHMeHHWA BOIODOMIOM apoMATH—
YeCKMX KoJell, peaxIiuy paspHBa ¥ HACHUEHNA BOIOPOLOM TeTepocBaszeit
c-0, ¢-8, c-N, C-C, pasjwvHHe peaklIMM H30MEpHBAlMN, & B JCJI0-
BAAX HeLocTaTKa BOLOpPOLa — DeaKIMM INoJuUMepH3alill U KOHIeHCALH.
CROpOCTH PeakI|y THIPUPOBAHMA APOMATHYECKHMX KOJIEIl OIINATeIanTCsA
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MHOTPEMM (axTopam¥, CpeI¥ HEX BaxXHelmVMMMW ARIADTCA NODANOK CBASH I -
NPOCTPAHCTBeHHHe 3aTpyIHeH:A. CleiyeT NONYepKHYTH, YTO B IPHPOI—
HHX YCJIOBHAX 3aKOHOMEDHOCTH SABMCHMOCTH HAYANbHO# CEKODOCTE IHI~
DHpPOBaHEA 0T YHCJA M KPATHOCTM YRODOYOHHHX cBASefl B IOJMIMKIV-

. 9eCKHX JTUIeBOLODOJAX MOXET B IpDONEcce NeCTDYRTHBHOR TEIDOTeHH3a-
I HCKaEATHCH TEDMOIMHAMAYOCKEME WM ANCODCIMOHHHME OTDAHWIeHW-
AMA .

OmHOBpEMEHHO C DeaKIWAMYM NeCTPYKTHBHON THIDOreHM3AlNE KOJeL
IPOTeKAeT DeaKIud paspiBa reTepocmaselt C-N, C-S, C-0 ¢ o0paso-
BaHMEM CepOBOIODOJAa, BONH, & Takke DeaKldy BOCCTAHOBISHEA wm
SIUMIHYDOBAHMA (YHRKIMOHAJMBHHX I'pyII. 38 cYeT ITNIYGOROTo M OHCT-—
poro_IpeBpaleHus HEeYIJIeBOLOPONHHX CO6IMHSHHE (IIABHHM 00pasoM
HeATpaNbHHX CoeluHeHmil ¥ acfarbTeHOB) pacTeT 00mee KOJHISCTBO
YTJIeBOLOPOLOB. M3 reTepoaToMoB JerYe BCer0 JOAIASTCA cepa, B34TeM
KACJIOPOL, B HauloJee YCTOHIMB asof?.

CepHHCTHe COOIWHOHHA, KaK OTMEYANOChH BHNE, B JaHHHX  JCJIO-
BUAX NOXBEPralTCH JNEeCTPYKTHBHOE T'EEDOI'eHHESAMM CHCTDES LPYIHX
TeTEePONUKIMYECKAX COSNUHEHAH, M MOXaHM3M STHX IDeBpAlleHH# OTHC-
CHTEJBHO IDOCT: CBASK C-5 pacHelIADTCA I'OMOJUTEYSCKHE,  BSaUMO-
IeficTBEE OCKOJKOB C BOJOPOIOM Ia6T YIJAeBONODONHHE COSIMHEHHA X
CepOoBOTOPOL: :

CnoupTH ¥ KapOOHWILHHE COSIWHEHMA NP HaJIMdiy CBOGOIHOTO BO-
IOpOfia Tarke. GHCTPO BOCCTAHABIMBANTCSH,, 3GHAMAT IDOMEXYTOUHOE II0-
JIQXSHHEe B DALY APYTHMX KUCJODOINHHX COeNUHEHMU:CJHOXHHE BEMDH —e
KO@TOHH —s= NPOCTHE S{UpH —s COUPTH —e (POHOMH. VX - IpeBpameHHd
Tak®e NDPOTEKAKNT N0 DANMKAJIEHOMY MEXAHHSMYy B YCJIOBHAX IECTDYKTHE-
Hoft THmporeHM3aldK, KOTOPHe K HACTOAmMEMY BPeMeHH IOCTaTOHHO IVIy-
60X0 MSyUYeHH B OGCTOATENBHO DACCMOTDEHH B CHENMANBHOR JHUTEpaTyDe.

[IpuHEMAA B KAYeCTBe OCHOBHOT'O MeXaHMSMA IDHPONHOTO Ipolec-—

_ ca HefTerazsoolpasoBaHWA DeaKIUH B3aUMONe#CTBHA CBOGOLHOTO BOIO-

pona (wm BomopoZa "B MOMEHT BuZeNeHES") ¢ (OCCHATMSHPOBAHHHME -

OPTaHEIECKEMA OCTATKAME, MH ONEDAEMCH Ha De3YJNETagH HCCIeNOBaHMHE

IpOIeCCOB NPHACOSIUHOHAA BOLODPOLa, BOCCTAHORIGHHOI'O IDH DeaKmuAX

BOIH C ORMCJAKMEMCA MUHEDAJBHHM BEmMECTBOM.
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I1.2. TeoxumuvecKye YCJIOBAA 00pA30OBAHAA
ODPraHrYecKHX BemecTB B NpHpOIe

YenmoBmA 0Gpas0BAHMA OPraHWYECKHX BemMEecTE B IPHpOXE, ecJIH
PAcCMATDHBATH HX C TeOXMMUYECKMX NOSMIXHE, NPEICTABIANTCA Kak ys-—
JH TepecedeHMA NyTef MATpaim¥ yIUepoja ¥ BONOpoAa B 3eMHOM Kope.
TeoXUMIYECKHe KDy MATDAIAK 3THX ABYyX ajemeHToB (puc. I.2 "
1.3) mMebT IBa BaXHHX y3Ja NepeceveHMA: B OMocepe m B JmTocdepe.
KoHneHTpamud yrJiepofa H BomopoZa B Omociepe ¢ o6pasoBaHHMEM CJOX—
HHX OpTaHMYeCKUX COeIMHeHHil NMpoTekaeT Ha HAMX TIasaX M OCOGHX
JOKa3aTeNsCTB He TpedyeT: eXerollHoe NpOM3BONCTBO OPraHMYecKoi
MACCH ngn (HoTOCHETE3e COCTABIAET, IO ouexmam PA3JMYHHX &BTOPOE,
or I-I0% » (Bumorpamom, I959) mo 0,232.10% ¢ (Pomms u xp.,
1974).

Bropoit ysen mepeceveHusa IyTeft MUTpalE yIiepofa ¥ BOIODPOZA
JeXuT B JmuTocPepe, TOYHee — B Macce NEJHTOBHX odpasopaHmit., Ium—
HUCTHE NODOJH AKKyMyJMpPYyDT BCK Maccy pacCeAHHHX (OCCHIM3SHpOBaH-
HHX OCTATKOB, 34 HCRINYeHWEM CKOIUIeHHH KayCcTOOHMOJMTOB, B SaJexy
TOpHYMX NOJe3HHX HCKoIaeMux. Macca IUCHNEDPCHO pacCefsHHOT'o opra-
HAYECKOT0 BeNecTBa, COCPENOTOYEHHOTO B IVIMHMCTHX IOPOJEX, o
mveHbmei Mepe B I000 pas npeBHmAST MACCY KAYCTOGHMOJMTOB, CKOHIIEH-
TDUPOBAHHHX B 3&7eRax. OOmEe NpeICTABICHHA 0 KOJIMYeCTBe YIVIepoia
¥ ‘BOJOPOJA, CBABAHHHX B IDUPOJHHE OPIaHNYECKHEe COeIMHeHMA ,HILIoC—
Tpupyer Tadnr. I.I. PacceAHHoe opraHMvyeckoe BemecTBO, KOJMMYECTBO
KOTODOTO HA TPH NODANKA GOJBIE,JeM CyMMa BCeX IPYTHX BHLOB Opra-
HUYeCcKo#f MacCH B IpHpone, SKKYMyJMPOBAHO B IVIKHMCTHX IIOPOJAX;
TaM Xe KOHIGHTDUDYNTCA DeCCesHHHe YIVIeBONOPOIH, KOJIMYeCTBO KOTO—
PHX B IECATKA ¥ COTHY pa3 GoJblle, YeM DASBEIAHHHE M IIPOTHOBHHE
3anacH HedTH M rasa. '

OcanodHHe NOPONH ONHOBPEMEHHC ABIANTCHA IVIABHHM AKKYMYJATO-
POM BOIOPOZA, KOTOpDH# HAKAIMBAeTCA TaM NPeMMyMECTEEHHC B BHIE
nopoBHX Boji. OcamovnHe NmOpPOIH, Macca xoTopux B I00 pas MeHBIEe
MacCH KPHCTAUIMYECKHX IIODOXK, CONEpPERAT CTOJBKO X NOpoBof  BONH,
CKOJbEO 6 SaKINYeH0 B KpHCTALIMYecKEX mopomax (radx. I.2).

Cpem 0CANOYHHX NODOJ NPeOCHaNalT NEJUTH: IJIMHH, ':*.mngcma
CJIaHIH, aprAWLMTH. /X cymmapHas Macca COCTaBIAST dquee 4 TIONOBUHE
(a mo MHeHND HeKOTODHX HccaemoBaTeneft, Haxe no0 80°%) ﬁdn:eﬁ MaCCH "
0CaNOYHHX IOPOJ. [VMHAECTHE MOPOH ABIANTCA ocuonnuu a:my‘wmro-

H
.(‘_
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Macca B SemHOff XKope yIJepofa E BOIOPOXE,
CBA3AHHHX B NPWPOXHNE OPTAHAYeCKHE COeNUHEHHA

Tadmma I.I

Hocurens Macca Conmepxanne | Macca yraepozna [lpurATOE Macca Bomopoza
oIopona HOCHTeNA, | yraepoza, | ("oprapudeckoro"), | orHomemuwe | (“opraEmdeckoro”),
"oprasuTecKoro™) T %p ] T C:H T

Hopepenmne mopoms  168-1018 000001 1,8-1015 100 18-101°

Tmnpocdepa I,4-1018 L : X a

Exocgepa 1-1088 10 I.10%° 7 0,14-10%%

Ocamovnue NOpOJH, I.B-IOI8 0,52 9.101° 1103-101°

B TOM 4YHCJIe: [

MeuwTy 87:10"% 1,0 8,7-101 8 1000- 102

KapooHaTH g-10%® .0,I 0,8-101° 8 100.1012

TOpUYMe HCKOIaeMHe - - 3-1083 10 3.101

Hror o: 17215-101° 21331.10%% I121-1012




Tadama I.2
Macca mopoBHX Boj I'opHEX mopor (mo A.lloxmepeapry,I957)

Macca &
Tun nopox, BMemalmyMX BOIY
' nopox, 1018 ¢ TIOPOBHX Bon,IOI5 T
Kpucraminmyecrne 168,0 2I0,0
OcamovHHe T8 202,4

pom Bomopola. OH KOHIIGHTDADYETCA B HMX He TOJNBKO B BHIE IOPOBHX
BOXL, HO ¥ B BHNe THIPOKCHI-HOHA, BXOIANEI'0 B COCTAB MUHEDANOB.
OnHOBpEMeHHO TUIMHUCTHE NOPONH KOHIEHTDHDYRT JYIVIepon B BHEIe Hoc—
CIIM3MDOBAHHHX OCTATKOB. 3MECH CKIAIHBADTCA HEOOXONUMHE IIpPemno-—
CHJIKM He@rerasoo0pasoBaHEA 0 KOHIGHTpAIWME HCXONHHX BemecTB.Bos-
HMKEeT BONPOG, MOIYT JM B TOJIE OCANOYHHX IOPON CAORMTHCA GM3H-—
KO-XHMAYeCKHe yCJOBAA He@rerasoolfpasoBaHMA, ONMCAHHHE BHIlE  Kak
YCJOBUA BOCCTAHOBJIGHMA BOLOPOZA IDH B3aUMOLEHCTBHM BOIH C. MMHe—
DPANBHHM BEMEeCTBOM-BOCCTAHOBRTEJIEM?

I.3. BoccraHOBIEHAE BOIOPOIA
XaK HeoOXoIuMoe YCJIOBHE CHHTE3a YIVIeBOIODOIOE

CucTeMaTsyecknit 0630p NpoABIeHEE CBOGOTHOTO BONODOAA B &C-
colMalyy ¢ OCaNoYHHMM TOpPOJAME, NpEBeIeHHH# B padore B.H.Morga-
HoBa (I98I), mosSBOMAET CHEJNATE cnpenaueme BHBOTH .

> M M HX nopon. OH pac-
NPOCTPaHeH B ACCOLUAIME C DPASHOBOSDACTHHME TOJIAMA CICIYRIEX TH—
NOB: @) COJNEHOCHHMH; G) yIye-, Hejre-, TA30HOCHHMH; B) THICO&H-
THADATOBHME; T') TUIMHAECTO-MEDTEJeBHMA OTJIOKSHWAMM DASIMYHOR cTe-—
NeHd MeTamopimsMa.

2. XapakTepHas 0COGEHHOCTH npomexmﬁ Bonopoma. B acconpanm
C CONfIME — €I'0 NPUYPOYeHHOCTH HCKININTEJEE _

Iaxe IpH CamoM TOHKOM NEeDeCcJ/AWBAHWYM UX C TalMTOM.

3. B npemenax yTVeHOCHHX OaccefiHoB M He@TerasoHOCHHX  ILIO—
mazeit BOMOPOX Yaue ¥ B GOJBIEX KOJIMYECTBAX NPOABIAAETCH BO __ BME—
maKnuX [0DONAX ¥ SHAUMTENHHO DeXe — B JTOJBHHX IUIACTaX MM T'OpH—
30HTAX-KOJLTEKTOpax HedTH M TopiYero rasa.
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4. HadmomaeTcA TeHIEHIMA YBEJWYEHUA JaCTOTH BCTDEYAEMOCTH
BOJIOpPOlla ¥ 6r0 OTHOCHTEJLHOTO COIEDRAHNA B Tasax,  IpPUYDPOYeHHHX
K doJiee IN[yCOKMM TODM3SOHTAM Da3pesa X K 00JaCTAM DaSBUTHA MomHOM
TOJIM OCAIOYHHX NOPOJ, XApaKTeDHHM IJIA IeHTDATBHHX odnacTeit ce-
JIVMEHTALMOHEHX JaccefiHoB, NpeITOPHHM IpPOTHOaM X MEXTOPHHM BOaIM-
HaM. '

5. Teoxummyeckad 06CTaHOBKa, B KoTopo#t mpodmmsgeTcd CBOGOI-
HHif BOZOpOI B IVIACTOBHX BOJAX, XApaKTepusyeTcd GOIBIMMM OTpHUIa—
TEJIHHHMA SHAYEHUAME - OKACINTEIbHO-BOCCTAHOBUTENBHOTO TOTEHIUANTE
(Eh= -300 MB m Gosee) ; BOZODOL ACCOLMEDYeT C BOJAMA IBYX THUIOB
= CYNBEMIHO-YTIEKUCAO~-METAHOBHMI M CY/IBEMIHO~yTVIeKICI0-METaH0BOo~
230THHMH .

6. Bomopon oTMeYeE B acCOUMAaIMM C Bolamu odiaacTeit Haubosee
TUIyGOKHX BHAIMH ¥ IWIATOODMEHHHX ABIAKOTEHOB, TIe KADPTUDYOTCH
OYeHE BHCOKEe Temmeparype (Gomee IS0 °C).

7. lloHEREHHOE COIEpRAaHMe BOIOPOJA B IOPOJAX, IpWIeranmux K
3ajexaM He(TH W Tr'a3a, I0O3BOJAET Npelncjararth, 4To HedTE ¥ Tropi-
uje I'asH ABIANTCA CKODee aKIeNTODOM, HEXeJH NOHODOM BOIOpOIA.

8. Ilo COBOKYTIHOCTY DACCMOTDEHHOTO MATepDHANa He yCTaHaBIWBA-
eTCA NpAMOM CBASH NpOABIEHMi BONOPONA C BO3pACTOM T'ODHHX + IIODOX
(XOTA IPEYDPOYEHHOCTH 6T0 K G0a6e TJYGOKHEM TODH3OHTAM paspesa Ipo-
CMATDPHBAeTCH NOBOJLHO OTYSTIMBO), HO C YBEDEHHOCTHN MOXHO TI'OBO-
PUTH 00 acCOLMAaNMAX BOXOPOLE C ONpPEJeJIeHHHMA THIAMM 0CAN0YHHX
TODHHX IOPOE H TepMAaJbHHX BOX, & TAKKe 0 KOHKDETHHX Ie0XMMHIec-—
RUX 00CTAHOBKAX, IJA KOTODHX XADaKTepHO HDUCYTCTBHE  CBOGOXHOTO
BOZOpoIa.

T'eHepaima BomoDOIA B JUTOTEHEZ2e CBAZAHA C OKHCJEHMeM MHHe-
DPANBHHX BEMEeCTB, CONEpRANMX 3axmcHoe Xeyeso u (wm)  cyasdumHy®
cepy. Kax m3BecTHO, IVIMHHCTHE NOPOIH KOHIIEHTDHPYIT NpaKTHIeCKH
BCe XeJe30, IOCTylammee B CacceiH celUMeHTalMM: HY KaploHaTH (3a
MCKJINYEHHEM CHISDHTOB), HE IIGCKH XeJe30 He aKKYMyJEpYylT,YTO BHI-
HO .10 KIapKaM ®eJes3a B 0CalouHHX mopogjax (®epcman, I934). Iim-
HUCTHe TOPOJH, HE3ABMCHMO OT MX NDOMCXORNGHWA, XApAKTepHIYLTCs
BHCOKOff JIMCIEPCHOCTHN, & IPH MMCIOePTEPOBAHMM HCXONHHX TOPHHX IO-
POX Ha IYTH MX NpPeBpPANEHES B IVIMHH 0CASATENBHO MPOMCXOIUT Da3J0-
ReHUEe MUHepANBFHOTO BemecTBa ¢ 00pasoBaHMeM 3JIEMeHTADHHX OKCHIOB,
B Tom umcae m FeO. CpoGomumit oxcmy Fe (II) pearupyeT ¢ Bomoit, 00—
pasya cHayaza rumpar Fe (II), a sareM marHeTuT. "lIpu ofmem JaBje-
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Huu I aT™ IEIpO3aKuch XeJe3a B KOHIE KOHIOB DasioXUTCA ¢ 00paso-
BaHMEM MarHeTHTa, NpAIeM BOLOpOX, CYIeT IySHpPLKaM# BHIEJNATHCA N3
CHCTEMH IO TeX Iop, IIOKa NpOIecc pasioXeHHmsS He BSaxoHwarca” (I'ap-
pesic, Kpailer, 1968, c¢.I62-163). OKCIEDHMEHTAIBHOS HCCJISJOBAHHAE
8TOr0 Ipolecca NoKasalo, YTO TOHKO IWCIEePrHpOBaHHHE IYHUT, TIe-
IeHOepI'WT, OJMBYH K OJEBHHHT BHTECHAKNT BONODPON BOIH IIpY BHIEDKKE
B Tas30MeTpax IpM KoMHATHo# Temmeparype (radm. I.3).

BuneseHue BONODPOZA NOCJE MSMEJBYEHMA MUHEDaNbHOI'O BelecTBa
00y CHOBJIEHO er'0 pasjioXeHueM C odpaaosarmam'cacdonnoro OKCcHIa Fe
(II) RapAmy c IpyTmMA OKCHEAMA (S10,, Al,05, Na,0 X Ip.) .

BumeseHMe BOIOpOJA IPYM OKHUCJEHWN CUIEDUTA, AKTHBADOBAHHOTO
TOHKEM WM3MeJbYeHWEeM, O0BACHASTCA OYeHb IpPOCTOM cxemol: mpm  us-—
MeJbYeHAN TPOMCXOMUT DABJIOKEHHe KapGoHATA C BHIOJGHHEM 002.
TBepmuil 0CTATOK NPEICTABIEH CBEXeOCDPASOBAHHHM OKCHIOM IBy XBa—
JEHTHOTO XKeJe3a, KOTODHi THIPOM3yeTCA M OKMCIAETCA N0 MATHETHTA:

FeCO; —> FeO + CO,
FeO + Hy0 =»- Fe(0H),
: BPe(DH)z - Fe'304 + 2H20 + Hoe

TowHo Tax ®e, 3a cueT B3amMomelicTBuiA FeO + H,0, BHIEAABTCHA
BOZOPOJ NpY peaxIMaX akTVBUPOBAHHHX M3MeJbYeHMeM IpPYyIuX MaHepa-
JIOB ¥ TODHHX IIODPOT, CONEDRANMNX IBYXBANEHTHOS ReJe30.

ToHKOE IMCIePrUpOBAHNE MUHEeDATHHOT'O BEmecTBa B BOIe X B me-—
JIOYHO# cpefle BieYeT 3a coCoif pasloXeHWe HA NPOCTHe Nopojoodpasy—
nuye OKCuIH (FeO, Fej04, Bi0,, Al,0; X Ip.); W3 HEX CBOGONHME
orcuy Fe (II) IEIpoJM3yeTCA ¥ OKUCAASTCA C BHISNCHWEM BOIOPOZA.

ToHKOe NUCHNEPTHPOBAHWE B KHCJOH cpefie NPUBOIMT K TOMy Xe
pPesyJBTATy, HO Uepe3 THAPOJHME colelt IBYXBANeHTHOr'0 XeJess,  Ha-
IpEMEp, XIODHOe XeJe30 IDHE IOIUeJaYMBAHWA DACTBODA BHIANAET B
ocaiok B BEfie Fe(OH),. JlamsHeiuas TpaHcopMamwd TEIpoKcHua Fe. ()
onjcaHa BHIE,

PaccMOTDeEHHit MeXaHW3M BHISJIEHWA BOIOPOI2 IpA B3amvomeilcTBmu
8KTHEMPOBAHHOTO HM3MeJbY6eHHEeM MHHODaJbHOT'0 BEmecTBa, COJepHamero
IBYXBAJeHTHOE XeJe30, MOXST IDOTeKaTh B TUIepreHess, Ha IOy THX
TPAHCHIODPTUPOBKY MIHEDANTBHHX MACC TEKyIuM: BOJAMH, NP CeIMMeHTa-
¥ OCANKOB M HA DAHHUX CTaIWiX NUaTeHesa. JYacTHe 3TOr0 BOIODO-
I2 B Ipomeccax He@Terazoo0pasoBaHWA HE HMCKINYaeTCA, HO MAJ0BEDO-
ATHO. SHAUMTEJBHO OOJMBIME MHTepecC NpelcTaRIdeT BHIEJeHWe BOLODO—
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Tadmma 1.3
BuresieHWe BOIOpOIAa NpPH OKMCJGHWM MUHEDAJHHHX BemecTB
B BOmHO# cpejme

WsmenbyeHHHH BomHaa cpera O6sem . | Comepxanme
MaTe pHAT rasa,cMm® | Bomopoma B
rase,

CrmepaT PacTeop NaOH, pH = IO 40 12,4
== =" 40 1 55
="- == 60 8,6
== == 60 6,3
="- == 65 5,4
=" Bypepruit pacteop, pH = 9,18 50 22,0
IyanT Boma 60 1752
" IN pacTBop NaOH 50 T7
="- IN pacTBOp HC1 50 I7,0
QuBUHET IN pacTBOp NaOH 50 0,07
="- =" 54 0,14
ity 5% pacTBOp H,S0, 50 1,85
TemeHCepraT 5% pacTBOp H,S0 4 50 Ik
OmuByH Bydepenui#t pacteop,pH = 0,96 50 17,6
-"- ="- 50 27,5

Ia. 3nech 0HO Ha OoJiee NOSIHEX CTANHAX JATOTeHe3a 00yCJAOBISHO
OKHCJEHMEM TJIABHHM 06pa30M CHISDATA W MaMO3WTa NDH KX B3aMMOJIeR—
-CTBEE CO CJad0meJIOYHHME BoIaM# Op¥ Temmeparype Bume I00 Oc, Tax,
IpH aBTORKJABHOM BHIEJAYABAHAM TVIMHO36Ma H3 COKCHTOBHX Dy.L,COIIeD—
EAIMX CHISPHT,3afMrCcHpDOBaHO BHISJEHHEe BONOpOIA,0CyCJOBISHHOE pe-—
axime## o0pasoBaHEMA MarHeTHTA:

3FeCO; + 6NaOH = Pej0, + 3NagC03 + 2Ho0 + Hye
JaHAaA peakimA NPOTEKAET IpE TeMiepaTrype BHNSJSYVBAHWS TJMHO38MA
(205-220 °C) m mpUBOEET K TOJNHOMYy HCYS3HOBEHHK CHLEDHTA.

W3 TexHoJOTHA IVIMHO3EMHOTO IDOM3BONETBA MOXHO I0SauMMCTBOBATH
¥ BTOpOf mpEMep T'eHepalidy BOZODOJa IPH OKHCISHME MEHepaja  oca-—
IOYHOTO TeHe3;ca: IpH aBTOXKIABHOM BHIEJIAUMBAHMM TJMHO3eMa H3 I¥I,
CoepXAIMX IAMOSHT (4Feo-A1203-35102). DocJeIHER HameJo pasia—
TaercAa C 00pa3soBaHWeM HATDUEBOTO aMOMOCHIMKATa, MEJKOIMCIepc—

23



HOTO MATHeTHTA M C BHIEJeHHeM BOIOpoIa B KOJMYECTBe, SKBUBANGHT—
HOM OKHCJuBIEftca gacTu FeO (Jajmep, I96I). CumepuT M MAMOSHT ,Mi—
HepamH 0CaNoYHOTC TeHe3Hca, — NpPeACTABUTEJNM MUHepaJoB co "cBolom-
Ho#t" (peaKimMOHHOCIOCOGHOK) 3aKUCHD Xejesa. MuHepamH MaTMaTHIec—
KOro reHesuca (6WoTHT, releHOEpTMT, OJIMBHH) HE COTepXAT CBOGOM-
HOji 3axycH XeJe3a, M NpAMOe B3amMoneiicTBMe BOIH C BTHAMA MEHepa-
JaMy MCKIIoYaeTcA: TpedyeTcA INpeIBapHTeNIbHAs ONepalid — BCKDHTHE
FeO. [lomoGHO TOMy, Kak BCKDHTHE CBOGOMHOIO IVIMHOSEME IPX  JeCT-
pyRUMEA HedeJMHA MOCTUTEETCA er0 CHeKaHMeM ¢ comoif wm odpadoTkoit
coJAHO# KMCJO0TO#, BCKpHTHMe FeO NpOMSBOINMTCA NpH MECTPYKUMM Mar-—
MATOT'eHHHX MYHepaJoB. B HallIX ONHTAX OHO JNOCTHTAETCA CBEDXTOHKEM
W3MeJbUeHHeM, & B omuTax lI.B.Kammumaa (I967), mccreloBaBmero yc—
JIOBUA  THIPOTEPMAIBHOI'0 CHHTe3a aHJpaluTa, BCKDHTHE FeO I  ero
DeaKli# OKWCJSHUA C BHIGJSHHEM BOIOpOIa Haldmonainch IpH Bo3meic—
TBUM Ha TeleHOEDPIMT BONHHMM DACTBOPAME XJIODHCTOT'O KANBLIMA M IpPH
B3auMoNleiCTBIMN TI'elleHGePTUTa ¢ KANBUMTOM B mejouHoit cpeme (Kam-
HmH, 1962).

AHaJIOTMYHO BHIeJEHME BOJIOpOIA NpH ORuUcaeHMu FeO, BXomamero
B cocTaB OmoTuTa, 3afuxcupoBasm A.U.IBeTkoB u E.II,Bamsamiasa
(1956) .

Hamm sKCHepMMEHTANLHO HSYYeH& TeHepallua BOIOPOTA NpHM KHNA-
YeHNM ¥ HATDeBaHMM MUHEDANLHHX BeNeCTB, COIepXAlNX IBYXBAICHTHOE
®eJe30. PesyJBTATH ONHTOB NpeICTAaRIeHH B Tadn. I.4. OmuTH mnoxa-
34/, YTO KUNAYEHME ¥ HATDEBAHWE MCXONHHX BONECTB, B3ATHX B 07—
IeJbHOCTH, X BHIGJEHH® BONOPOJAS He INPUBONAT, HO KMIIAYEHHE Coe-—
muHeHnit Fei(II) B meJsoYHOH# Cpelle CONDOBOXIASTCHA BHIENGHMEM BOLO-
poza. OcoGeHHO TOKASATENHHH B 5TOM OTHONEHHMM OIHTH N0 HarpDeBaHWD
BENECTB B BaXyyMHDOBaHHO} 3amasHHOil amiyne, I'le BHIeJEHHe  BOIH
CBASAHO C DAsMOXSHMEM KPHCTALTOTHIpaToB. Ecim GepeTcA KpPHCTaILIO—
THOpAT C KUCJIOTHHMHM CBOHCTBaMd, HalpuMep A12(504)3'18H20, TO
BHIEJIEHHe BOZOpola He (QUKCHpyeTcA, HO ecJ OepeTcd WEeJOYHO#
KpACTALIOTHIpAT Ba(OH)zf- 8H20, TO BHIeJeHHe BOJOpola HMesT Mec—
T0. To ecTs HeoOGXomMMoil NpeNNOCHIKO# T'eHepalMy BOJOpoXa ABIAETCA
TUIPOJM3 coJeit OTBYXBaNeHTHOTO XeJesa, NpoTeKawmuit B meJovHOH
cpele; NasbHeillee OKMCHeHMe THApoKCHEa Fe (II) oGecmewwT BHueae-
mme Bomopoja (Mosruamos, Apxunenxo,I966; I'oxocos m mp., I966).

Taxmd 06pa3oM, Ha OCHOBAHWM IDMBENEHHHX ONHTOB M IIpUMEpPOB
MOXHO CIeNaTh BHBON O TOM, 4YTO Ha BCeX CTAUUAX JMTOUeHe3a MOReT
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Tadmuua I.4
BumeJieHre BOLOPOIa
NpH KNNAYEHHA ¥ HarDeBaHMM XUMUYECKHX BelleCTB ¥ MUHEpaloB,
OOTATHX IBYXBaJIEHTHHM XeJle30M

.!i/ Pearupyumee BelecTBO Hy, % [lpnMevanue
n/n

[lpy KHANAYSHUA

I. = FeCl, + H,0 -

R. Cac0;B 5 % p-pe FeCl, - Ocpasyerci FeCO4
3. 0aco3B5 % p-pe FeCl, (u36HT.) - =

4. caC0y (u3dur.) B 5% p-pe FeCl, - Sfe

5, FeCl, + NaCH 0,05 pH = 14
6. FeCl, + NaOH 0,076 pH =112
7.  Fe50, + NaOH 0,05 pH = 14
8., FeCl, + NaQH Dt pH = I0
9. Fe0 + Hy0 + CaC0, 0,251 pH = 8,2
I0. Pe0 + Hy0 + HC1 0,377 pH = 6,6

Ilpy HATDEBAHMM B BaKyyMUpPOBaHHO# NPOCHDKe

II.  FeOu+ HYO - [lapn BoOOH
1 Ba(OI-I)2 +8H,0 — g,
13. FeS0, + CaC05 + Hy0 - ="=
I4. TFe0 + H,0 - 0,I4I ="
I5. Fe0 + Al,(50,), +18H,0 = =
(S FeQ + Ba(OH)2 *8H,0 2alq ="-
I7. Peso, + NaOH + H20r 1,78 ==
I8. PeCl, + NaOH + H,0 9,25 44
I9. FeQ, + Ba(OH), +8HS0 0,276 =t

20. TemeHGeprur + Al,(50,)4¢18H50 =
’83 SN

2I. TemeHGeprur + Ba(OH), « 8H,0 0

22. TemeHCeprur + Ca CO5 + Hy0 0,115 =
23. QmmBuH + Ba(OH), *8H,0 0,II5 e
24. Eumorur + Ba(OH), *8H,0 0,I88 S

HMETH MeCTO BHIEJEHHe BOAODPOLA BCIENCTBHE OKNMCJIEHMA BOmo#k  FeO,
BXOIANETO B COCTAB MUHepaJbHO# MaccH. BHIeJNeHNe BONOPOZE B CBETe
MBJIOXEHHOTO NPEeJCTARIASTCA KaKk IJoCalbHHil recxuMudecKol Ipo-
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! Tadmmia 1.5
/lamMeHeHMe BaNOBOTO CONEDKAHHWA OKCHIOB XeJesa
B Ipolecce NpeBpalleHAA MATMATHYeCKHX NMOPON B OCAIOYHHE

Tlo ®epemany (I934) ~ Ilo Tappency, Maxxernsm (I974)
Oxcumu Cpemnas Cpemuas Pas— |CpemHas Coamu Ilecya- Pas-—
®eJie3a M3Bep- 0CAaNoY- HOCTH | MATMa- HEKYA HOCTEH

XeHHas  Had No- THYec-
nopoza poua Kasg Io-
poma
Fe,03 25,9 7527 HTL 37 29 36 2 - +9
Fe0 34,4 22,37 -12,08 33 26 2 -5

1ecc, CBA3AHHHHE ¢ 0o0pasoBaHMeM TJIMHHCTHX NOPoX Boodiue ¥ 0CoGeHHO
NOCTCEeIUMEHTAIMORHHX NpeBpamennii, 0TJIOReHU! CHEePUTOBOMR,CHIePAT-
WaMOBHTOBOR M mamosuToBok Gemum#k (MosdaHoB u mp., 1968). Macmradu
BHTGJIGHEA BOLOPOJA B CBASH C OKUCJIGHNEM XeJesa MaTMATHYECKHAX
nopoy HpY KX IpeBpaleHMM B OCANOTHHE ONpeNesAnTCA HO DasHOCTH
KJapKa 3aKmcHoro (WM OKMCHOTO) Xelesda. B rada. I.5 mpemcTaBieHH
HCXONHHE IAaHHHe IJIA TAKOT0 pacyeTa.

B Tadm. I.5 nmoxasaHO yMeHBUEHME KOJMYecTBA Fel M COOTBOT-
CTBymee BO3pacTaHWe cogepxaHud Fe,05 B Ipomecce NpeBpalleHu
MarMATMYSCKUX NOPOX B OCamodYHHe. PacyeT BHIEJEHHWA BOZODPOIA MOXHO
BECTH Kak IO IpUPOCTY KoaudecTBa Fe,04, Tax u mo youwm FeO. 06-
pPas0oBaHMe KaXmoro KWioTpauva cperHelt ocamovHoi# MOpoIH CONDOBOX—
IaeTcH oKucaeHueM I2 T FeO (Qepcman, I934). CorviacHo naHHHM Tap-
peaca n Maxkensm (I974), odpasoBaHMe I KT cJaHIla CONDOBORIASTCA
OKHCJeHMeM 7 T FeO. IIpuHAB IocJelHee 3HAYEHHe, CUATaeM,HCXONA M3
ypaBHeHMA 2Fe0 + H,0 = Fe 04, M¥TO o6pasosanre I T ciaHma  co-
NpoBOXNAaeTCA pasiaoxeHueM 1,8 ¥r Bomw c¢ BuuenenmeM 0,1 Xr Bomopo-
Ia. Maccy mopox, o0pasoBaHMe KOTODHX CONDOBORIANOCE BHIEJNSHHEM
BOTOpONa, NpuHEMaeM mo Tadn. I.6.

CorsacHo IpWBEeNeHHOMY BHIIE pacyeTy, BHIEJNEHHe BOIODOIA B
CBASK C HAKOIUVIGHWEM CJAHIEB COCTABUT g7.10% 1 3 IOKEMODPHH i
86-1012 - B (aHeposce. K sTomy cienyeT NOCABHTH BHUENEHHWEe BOLO-
pola B CBASK C HAKOILIGHAEM BYJIKAHOT'SHHO-0CANOTHHX TIODOJ:

38-1012 T — B LOKeMOpum o 48-1012 T - B (a”eposoe.
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Tadmma 1.6
MaccH ocamoYHHX IOpOX, IOI4 i

(no Tappency, Maxkensm, I1974)

WsBecrHAxy | CnaHuy | llecyanwky | ByaxanoreHHo—- | Cymma

ocamovHHe

Jloxemopuit 900 8700 600 3800 14000
QPanepo3oit 2600 8600 2000 4800 18000
HTroro: 3500 I7300 2600 8600 32000

CymvapHas BO3SMOXHaA T'eHepauyA BOJOpPOZa IpH (HopMAPOBAHUM
ocamovHo# 000JOYKH 3eMIM, DACCYMTAHHAA IO CYMME OCANOYHHX IIOPOX,
He NepellemuuX B Iga.ar MeTaMopimYecREX (KDHCTEIMISCKUX) CJIAHIEB,
cocrapur 259-101% 7 (us mux I34-101% 1 - B gameposoe). Komrsect-
BO pasJOXMBIEHCH BOIU:I B 3ToM Ipomecce cocraBuT &33IL-I0"° 7, wmwm
npudmzsnreasso 0,I3 % coBpemeHHO# MaccH rumpocdepH.

Bropum no 3HaYeHMD BJEMEHTOM, C OKHMCJIGHMEM KOTODOT'O B 9K30-
TeHHHX YCJOBHAX CBASHBASTCA BOCCTAHOBIGHWS BOILOPOIA, ABIACTCH
cynpimnHas cepa. Ee oxucieHme no cyJabfar-moHa B o0meM BEIE Ipsi-
CTABIASTCA JPABHEHHEM

5% 4 4H,0 = soﬁ' + 4Hye

9Ta peaxid B IPUPOIHOM IPOLECCe YCIOXHASTCA yYacTHeM BOSIYNHOTO
KHCJIOPOTE, OCMEHOM KATHOHOB (HanpmMep, OKUCJIARTCA CYJABQMI Xese-
3a, a o6pasyeTcd CyJLIaT KANBIUA) ¥ APYTUMY TONYTHHMY DeaKIuAMY,
HO oOmmi CMHCI OT 9TOT0 He MeHAeTCA. YYacTHe BOSIYMHOI'0 KHCIODO-—
a8 He MeHAeT CymecTBa Ipolecca X pacCUYMTHBAEMHX Ha er'tc O0CHOBe
KOJNYSCTBEHHHX OTHOWEHUHA paBJIOXBHHH BOIOH ® BHIGJEHHA BOJ.IOPO,[[B.,

O6pasoBanue cy.rm@a'r—no:{a IIPH OKUCJICGHHUH cym:@mon BO B3amM0o-
IeiicTBMM MX C BOJHHMM DacTBODaAMM MCCJEINOBAJOCH OSKCIEPHMEHTANLHO
(MosrganoB, CenesHeBa, 1982; CmaryHosB m Ap., 1976). lccraenosaHua
NOKa3ayi, 9T0 NAPAT, AKTUBMPOBaHHHII CBODXTOHKMM H3MEJLYCHHEM,
OKMCJASTCA BO B3auMojeicTBHM ¢ BoHoli. OxMCIeHHE CONPOBOXRTASTCHA
BHTOCHEHMEM BOIOpOIa M NPUBOIUT K 00pa30BaHWM CyJAbpaT-MoHa, 3Je-
MEHTapHO# cepH W I'HIpoCYJIb{aToB XeJje3a, KOTOpHe Nocje THIpoJausa
NepexolAT B MATHOTHT C BHTECHeHHeM BOIOpOJa N0 DACCMOTDEHHO} BH-
we cxeme (radm. I.7).

27



Tadmma I.7
BoccTaHOoBNeHNe BOXODPONA IIPM OKUCJEHMH CYIbOUNHOI CepH

WUsmenpgen~ | 00mem Cocras rasa, % pH Conep-

HHit MmaTe- | rasa, | - HocJae | XaHue
nan 3 H N 0 co al 13- 2=

P eu 2 2 | % 2 o 5 2 505 s

YeHUA | Mr/mn

Mupur 49 5,66 85,009,267 0,0 99,9 5,6 0,0074

IImpur + :

KaJbIuT o & 37,00 4920 T 80 T ] <98 19 8,4 2,400

[mpur +

MaTHEeBUT c5 S e (R T R0 b B el T L D R 8,6 2,120

PeHTTeHOTpagiyeckue UCCJel0BaHUA TBEpPIHX NPOIYKTOB OKMCIM—
TeJBHO# NeCTpYKUUM NUPUTA NOoCJe ero aKTUBAIMY CBEePXTOHKMM  H3—
MeJIbYeHMEM B BOJIHCH cpelle noxasaiy NpeBpalleHHe NHUPATA B DEHTTe—
HoaMopjHOe COCTOAHHME ¥ OIHOBDEMEHHO o0pa3soBaHue HOBHX (a3. Ilo-—
ABJNEHME CYJbJaTHHX coeNuHeHMH safmkcupoBaHo VK-cneXTpocKonueit.
lopTopHH{I PEeHTTEHOBCKMII aHa/W3, BHIOJHEHHH) Yepes noaroma, MHOO—
SBOJII yCTAHOBHTHL 00pasoBaHMe HaTDOSADPO3HTA NEFEB(SO4)2(0H)GHPH
N3MeJBYEHNA NMDUTE B PacTBOpax NaCl I NaNO,, & IpM HAW9MM B
pacTBOpe MOHOB KaunA 00pa3ylnIcA ApC3HUTH KF63(504)2(0H)6. e~
TozaMu TepMudeckoro aHammsa (KopHesa, CexesHesa, I983) u  Buco-
XoTemneparypHoit mugpakTomerpuy (CMaryHeB u mp., 1976) ycTaHoB-
JEHO, YTO0 AKTMBYPOBAHHHI M3MeJbYEeHMEM NUDHT OKACJASTCA DM Har-—
peBaEmn Ge3 BHIENSHHA 50,, & NPAMHM NeDeXOoM B CyabarH Hee—
3a, KOTOpHEe NpH IajibHeiilleM NOBHMEHXM TeMIepaTypH pasjaranTcad ¢
o0pasoBaHueM TeMaTura.

Ha oCHOBaHUM IIDOBEIEHHHX UCCJHeINOBAaHUII MEXaHMSM OKMCJEeHNA
IUPUTS DIpU eT0 W3MeJbYeHMM B Bome (Win BODHHX pacTBOpax)  Ipem-
CTaBMASTCA CJeIyluMM 00pa3oM: Ha NepBoil cTaImMy BHIEJNAETCA  aJe-
MeHT&pHAA cepa FeS,—»FeS + 5. Becema axTUBHHI B MOMSHT oCpa-
30BAHNA MOHOCYJBOMI #eses3a HeMeIJIeHHO pearupyeT ¢ Bojo#t ¢ olpa-
30BaHMeM napadyTJepuTa Feso4(0H) ¥ BHTECHEHNEeM BoIopcla, & IpH
HaJMYUM MOHOB WEJOYHHX MeTaLIOB 00pasylTcd OCHYHHE ApO3UTH.

OKCIeDAMEHTANbHHE MCCHeNOBAHUA OKNCHSHUA CYJILOHIOB II03BOJA-
BT NOTOHTH K KOJMIeCTBEHHOMY OIpeIeJeHHI MACHTas0B pa3IoReHus
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BOIH ¥ TeHepaluy BOIOpOIa B Ipolecce o0pas3oBaHuA CYJAbaT-MOHA IO
maciiTadaM HaxOIUIeHMA CYJIbJATHHX OTJOXSHHMA M CONepRAHMD CyJabfar-
HMOHA B MODCKO#t BoZie.

B COOTBETCTBUM C YpaBHEHMEM

5% + 4H,0 = soi' + 4H,
o6pasopanne I T cyabfar-MoHa CONpPOBORNAeTCA pasioxeHmem 0,75 T
BOmH, BoccTaHoBneHuem 0,08 T Bomopoma ¥ JuTHEMKaimei 0,742 o
KHCJOPOTA.

Ina nanmeHeilMxX pacyeToB BOCHNONB3YyeMcA NauHumy  M.A.XKapkosa
(I978), moxcumTaBmerc 00TEMH CYABIATHHX IOPON KOHTHHEHTOB. Bce-
TO B OTJORSHHAX Naneo3cdA comepxurcd 62,9 EM° CyJbfaTHHX NOpoX,
WK 1610,65-1012 T cyabsfar-uoHa. g o6pasoBaHMA YKA3aHHOTO KO-
JMYecTBa CYyIbiaT-MoHa NOTPeCoBANOCh 755’4.1012 T_RMCAOpoja, Ko-
TOPH} SauMCTBOBAH ¥ BOIH C OCBOGOXIEHUEM ‘30,2-1012 T BOIOPOIA.

AHaJIOTHYHHX pacYeTOB MAclUTaloB CYILJATOHAKOILIEHMA IO Me30-
300 ¥ KaltHo300 He MMeeTcd, HO CJASIYeT NOJAraTh, YTO OHH HECKOJb-
KO HmKe, YeM B Ialeosoe, noéroni;g B NanbHefmem MH IpHHAMaEM IeHe-
paumio BoTopoza Ha ypoBHe 80.I0*° T.

BosMoXHaA TeHepallis BOIODOIA B CBASK C 06pa30BaHMeM CyIbfar—
HOHA MODCKO#f BOOH OCHOBaHa Ha CJeIyHUMX BeJnmumHax. Mopckada Boja
comeprut 2,65 r/1 cqu)am—nona (Tappenc, Maxkemsm, I974). 00BeM
MODCKIX BOJ I,5-I02 n. Orchoma ofmee KOJIMYECTBO CyAb{aT-mOHA B
Bomax MupoBoro oxeana cocrtaBdT 4-I0" T. OdpasoBaHHe TAKOI'0 KOJHM—
JecTBa Cyab@aT-MOHA NOJIKHO COIPOBORIATECA BOCCTAHOBISHUEM BOILOPO-
Ia B xoumgecTBe 340-I0*° 7.

Haxoner;, OOCYROad  BONPOCH Da3JIOKeHHA BOIH B SK30TEHHHX
Ipoueccax #f MoCWIMsaimy BOZopoma (WIM KHCIOPOAE) B OKHCIHTENBHO-
BOCCTAHOBHTEJBHHX DEaKIWAX, WIYUMX C yYacTHeM BOJH, CJIeIyeT pac-
CMOTPETH MacuTadH MOCHIM3AIMM BOIODONA B Ipomecce (HOopMHIDOBAHUA
HKACJIOpOmHO# arMmoceph. Macca xEcaopoma COBpeMeHHOMH aTMocqepi
Semmn paBHa I,2.I0° 7. Eca® cumTarTs, YTO €r'0 BHISIEHME BCELEJO
o0ycaorineHo GOTOCKHTE30M M NPOTEKaN0 N0 CXeMme

€O, + 2H,0 = (CHQO)_’_ + 0, + Hy0,
TO 9TOT IPOLECC COIPOBOXIAJNCA Da3JIOXKSHUEM 13501012 ¢ BOIH, BO-
HOpoXn KOTOpo# B KoJUYeCTBe 1501012 ¢ BOIIBJI B COCTaB OpraHmyec-

KUX BemecTB, CUHTE3UPOBAHHHX (MTOoTpOJaMu.
CnemyeT eme pas NOMYePKHYTH,YTO BO BCEX NpUBENEHHHX pacye-—
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Tadmnia I.8
Ceommuit pacyeT paslOREHMA BOIH
H TeHepallil BOAOPOIa B SK30T'eHHHX Iporeccax

Henoassoparno | BoccTaHOBIEHO

Hpio e co BOJIH, BOHOpOIA,
ne101% ¢ n.1012 ¢
OGpasoBanne ReJe3HCTHX KBADIMTOB
B HEXHEM TNaJec30e II700 1300,0
CopMupoBaHMe CJAHIEB B JNOKeMODAR 783 87,0
$opMupoBaHKe BYJIKAHOTEHHO-0CAN0Y~
HHX TOPOI B IOKeMOpHH 342 38,0
QopMMpOBaHEe TVIMHMCTHX NOPOT
B (ha"eposo0e 774 86,0
@opMUDOBAHYE BYJIKAHOTEHHO-0CAN0YHHX
nopon B daHeposoe 432 48,0
OdpasoBanme cyabfarcB naneosod 845,6 90,2
OdpasoBaHEe CYJAfaTOB Me30-KaitHO305 720 80,0
OGpasoBanme cyabfar-moHa mMopckoit Boma 3000 340,0
BupeJIeH¥e KHUCI0DOAa aTMochHepH 1350 I50,0
Hroro: 19971,6 2219,2

Tax BO BHUM3HWE He NPUHEMAETCA B P € M A JelfiCTBATENBHO NpOTeKaB—
meTe TIpoHecca # NeACTBMTENbLHHI MyTE OKUCHeHMA. OKECJIGHHe CepH
MOTJIO IIDOTEKaTh B 30HE OKMCJIGHHA CYJIB@UIHHX DyL C yJacTHeM aTmo-—
cdepHOr0o KUCIODOIA, 00pas30BaHHHE cymbfaT-MoH CHOJNE YTOMHO JOJTO
GHJI B cOCTaBe MODCKOH# BOIH ¥ B KaKoe-TO Bpemd 0CAIWICH B BUIE
runca. OmHaKO He3aBHCHMO OT 9TOT0 HeoGXoINUMOe KOJAMYECTBO KUCIO-
poIia GHJIO B3ATO ¥ BOOH, M SKBHBAJGHTHOE KOJMYECTBO BOIOPOIA BOC—
CTaHOBIEHO. BoCCTaHOBIEHHHH# BONODOL MOT BO#TH B COCTAB  OpraHu-
YeCKAX BelmecTB, CHHTe3HDOBaHHHX S6JOHHMM DacTeHWAMH, WIH MorT
OHTH peamsoBaH IIpX CHHTe3e OUTYMMHOSHHX BEWecTB B HeIpaX.

B cmA3m ¢ 3TMM MHTepeCHO CONOCTABUATE MacuTadd TeHepalud BO-—
IOpoNa B SK30T'SHHHX Ipoleccax M MacmradH ero akKyMyJAMK B opra-—
HuYeckoM cuHTese (radn. I.8 u I.9).

Pacuer KoMYeCTBa BONLOpPOJA, CBASAHHOI'O B IPUPOIHHE OPraHu-
YeCKHEe BelecTBa, OWJ mpoBeleH Hamm (Mosruano,I98I) Ha ocHOBe
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Ie

Tadmma I.9

KoJm9ecTBO yIiepoja ¥ BOLOPOLA, CBASAHHHX B IDUDPOJHHE OPLaHAYECKNE COeIUHEeHUA
Kracc npupomHHX Oduasn a5 IlpotieHTHOS COOT- | AGCOMNTHaA Macca
macca HOWEHME BJEeMeH- | BJIeMeHTOB B -
OPraHMYecKHX COeMHeHu 10521 " | ToB B mamHOM HOM KJacce 'gglj
knacce OB ‘IOIU T
Yraeporn IBc.uopo,u Yrnepon |Bo,uopo,u
I. Emomacca 5,0 65,5 BET 328,0 475
II. HepasjoxuBmeecd OPraHMYecKoe BeULECTBO:
a) BOLOpPACTBOPUMOE 1,0 57,0 Tl 57,0 ]
6) Hepacreopumoe (Topd, campomeJs,
rympwac ' gx.uﬁr‘ 3008 K 5,0 54,1 6,87 270,0 34,0
ll. Meramopdnz0BaHHOE OPTaHHYECKOe BEmMeCTBO:
a) ofmue T'e0JOTMYECKHe 3anacH yriel 16,8 70 5,0 II76,0 84,0
0) paccedHHOe YTOJBEHOE BEMECTBO 10000,0 84,2 107 842000,0 I0000O
IV. DIpupomsue yIyIeBOLOPOIH:
a) He®ThF B NPOMHIUIEHHHX 3aJIeXaX 2,0 81,0 15,0 Ie2,0 30,0
6) He{Th B NPOMHIVIEHHHX CKOILIGHHAX 550 81,0 15,0 405,0 75,0
B) paccesHHHE YIJVIeBOIOPOIH 77,5 72,5 8,0 5618,8 620,0
Uror o B Ouo- ¥ crparuchepe 3emmn 9016 898,2

B.c e T 0, BKINYAA DACCEAHHOE JTOJBHOE BEMeCTBO

0,85.1016 101.1013




Tadmma I.I0
KommwecTBo Bomopona,

BXOIAUETO B COCTAB NDPUPONHHX OPTAHMYECKMX COeIMHeHmA™

Konmmgectso | [lpunAaToe | KommgecTBo
Oprannvecxne COeIUHEHUA yrnepora, | oTHolleHWe | BOLODOXA,

10t T C:H IE}I T
Buoc@epa 54,0 ‘6,9 7,8
OpraHnYecKoe BemecTBO B .
Bome MupoBOTO OKeaHa 280,0 7 40,0

OpraandYecroe BemeCcTBO
COBPEMEeHHHX MODCKHX H -
TPeCHOBOIHHX OCAIKOB N0 8,2 9,4

Crparuciepa (opraimyeckoe
BelMeCTBO MODCKHUX H_Ilpec—

HOBOZHHX OTJIOXSHHit) 360000,0 8,4 43000
PODIU‘IHB HCKOIlaeMHe 2
YT oJIb 5000,0 12,0 _ 418,0
HePTH 190,0 5,4 35,2
TOpUYHe CJAHIH 35,0 9 3,9
ras 300,0 3 I00,0
Hror o 366+ 1010 43611-1080

*¥Pacyern cmenaHH Ha OCHOBaHMM NaHHHX 3.M.Tammosa (I967)
0 Macce COpI‘.

ONyO/MKOBAHHHX MAaTEDHaJOB, COMSPHANMX CBeIEHHA 0 Macce OpraHuYec—
KOT0 yriepoma B Ouocdepe m crparuciepe. Pacwer no maweum A.II.Bu-
Horpanosa (I959), M.E.AmproBckoro M mp. (I962), I.II.Iasapema
(1959), H.M.Crpaxosa (I954), H.B.Baccoemwua ¥ np. (I967) mnpumsen
Hac k BeswyuHe I0I0-I0™* arxymy/mpomaHHoro Bomopoma (cm.radmn.I.9.
B.A.Coxonop (I948) cumraeT, 4TQ Macca "opraEMyecKoro Bomopoma" B
semHO# xope cocramnger I1030-I0 2 e

IlpuBemeM mBa, Kak HaMm KaxeTcd, HaudoJee OGOCHOBAaHHHX pacye-—
Ta: OIVH — HA OCHOBE MAcC OpPraHudecKoro yIVIepoja, IO JNaHHHM
9.M.Tammosa (I967) (radn.l.I0), u BTOpoi#t — Ha OCHOBE  MACCOBHX
aHaIN30B CONeDRAHAA Cc':pr B Nopomax pasymuHoro Bo3pacta (PoHOB,
1976; madm. I.II).

Kax BUIHO W3 IpUBEIEHHHX DACYETOB, KOJMYECTBO BOLOPOIA B
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Tadmma I.II
KoJIMYecTBO BOIODOZA B OCANOYHHX NMODONAX KOHTHHEHTOB™
Macca_ noporn, Macca 002, Cpennee Macca Macca
I5 I5 colepxaHud |yraepola, |BoXOpo-
O = TQ=5 P b
yraepoza B | 1ol , Ia
Crparurpadwdecxuit 0CamOTHHX o
HHTepBa nopozax, %
oca- | ByJKe-|olmas | B Kaplo- | B Kaplo- | o C C C
Iou— | HOT®H-| ' HaTHHX HATHHX opr | kapd|“opr | “kapd
HHX HHX nQpoliax | mpumecsx
Kaitroso#t 140507 20, 10 TeU, T 9,45 2396 0,81 2,39 I,I3 3;38 I34,5
Mesozoit . 462,5.° 98,2 b560,7 47,80 10,93 0,66 3,43 3,05 16,02 363,0
Maneosoit RO9L 6 I78,7 87,3 110,99 16,03 0,44 4,84 3,09 34,64 367,8
Bepxumit npoteposoit 2I0 50 260 35,20 1,50 0,26 4,72:-0,60 10,00 ©7T,4
Htoro: 1516, 342,0 I858,I 203,44 3I,42 0,52 4,I7 7,87 64,04 936,7

*¥PacyeTn clesaHN Ha OCHOBaHMM NaHHHX A.B.PoHoBa (I976) o pacmpeleJeHHM yTAepoma

crpatacdepe.



cocTaBe NPUPONEHX OPraHMYeCKUX BeUECTB He MeHhIe 436-I012'g: a
BPAN J¥ 3HAYHTeNbHC Gosbme I000-I0™° 7; pac¥eT no BOCCTAHOBISHHIO
BOZOpOZia BONH B NPEPOTHHX Hpomeccax (cm. radm. I1.8) BuBoe mepe-
KpHBaeT yxasaHHH}t mHTepBan. JJIA CTONL NpUCIMBUTENEEHHX  DACYETOB
CXOIUMOCTE DeSyJLTATOB BIOJHE YIOBISTBODATENBHAR: CKOJIBKO .BOLO—
ponia BoIH BOCCTAHOBIEHO, CTOMBKO €T0 CONSDEATCA B OPTAHNYECKAX
COeIMHEHNAX, CHHTE3MDOBAHHHX B IPHPONE, ILINC IMCCHIALMA ero B
KOCMOC. 3TO CONIOCTA&RNEHWE JAaeT OCHOBAHME INpeNNoJararh, UTo Mexa-
HE3M OPTaHWdYecKOr'0 CHHTe3a B IpHpOIe 3a CYeT BOIODONA BOIH MOXKET-
CIYEHMTH OCHOBO# IpH MOTeJWpoBaHHM He(Terasoo0pasoBaHMA.

B nocmemmme romy (OpreHox, I987) mosswmch uufposHe IaHHHE
0 Macmradax NOCTYILIEHWA SHIOIEHHO# BOINH B 3eMHYW KODYy M IOTeph
3eMHO#t TurpocepH BCIEINCTBHE pASJIOXSHUA BOIH B SK30PEHHHX  IIpo—
Ieccax, Ha OCHOBaHMM pacyera GajiaHca BoI NOJydYeHa BeJMYMHA eXe-—
TONHOTO TOCTYILIeHuA BomH 3,6.I0 . T/Tox.

- Ecau npmHATH, 9T0 eXer'ONHOe NOCTYILISHMe BOIH NPMOIHSHTENBHO
DABHO €6 eXeTONHOMYy DACXOILY B SKB0T'@HHHX YCJIOBHAX, TO GANaHC BH-
PasuTCA CJASLYIIAM pacuyeToM:

I pu X o0 I: exerofiHOe NOCTYIUIEHWE SHIOTeHHHX Box 3,6-1

DS e ¢ 1

I) romoBoe mOTpeGJeHMEe BONH B OPTaHWIECKOM CHHTE3e PHTOTpO-
(0B, MCXOmA M3 T'ONOBOH NPOMSBOTUTENLHOCTE GHocHepH (36'IOIOT/I'(]):JI)
S e A R BN D A RS RO e

2) pacxon BOZH HA OKMCJGHHe TOPHHX IODOXL B 00beMe T'ONOBOTG
CHOCA DeK C ‘KOHTMHEHTOB M adpasdd MODPCKEX 0eperoB ¢ odpasoBaHEeM
OCAJI0YHHX NOpPON B Macce 3,5-IOm IO i s O.DIZ-IOHT

3) HacHmeH®e Bomoi 00pASYRIMICA OCANOYHHX NODOT, 0,I7-IUIL1'

4) (QoToxuMEIeCKad IMCCONMAIMA BOIH B BEDXHHX CJI0AX ~ ATMO-
N I A A 0 R e R e

OIIT.

1 S s SR M R M sy ol ey i TR 3,6-IOIIT

Macwrads (oToXMMUYeCKO# IMCcoIMalM¥ BOTH B BepPXHUX CJI0AX
arMocdepH ¥ CBASAHHHe C HEMM MAcWTACH IMCCHIAIMM BOXODPOKE B
KOCMUYEeCKOEe IPOCTDAHCTBO KOJMYECTBEHHO He ONDPENeJIeHH M MPHHATH
KaK pasHOCTH MERIY NPHUXOIOM ¥ DACXOMOM BOAH. lIpuBefieHHH# CanaHc
B T0 Xe BpeMd NOKASHBAGT, UTO OTHOCHTEJBHOS KOJMYECTBO BOJH,pac—
XoIyemoii Ha OKHCJIeHHe MUHEDANBHHX MACC B CeJUMEHTOr'@HE3e U B Jl-
TOT'eHE3e, He cocTaBiAeT CoToff moJm BoOmH, peanusyemoilr B mporecce
(oTOCHHTE3a DPACTHTENEHHM MUDOM.
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MoxHO mpemmoJaraTh, 9TO B HaCTOAmMee BpemA CAORKAIOCE IOYTH
PaBHOBECHO® COCTOAHMe: MpUX0X SHOOTeHHOR BONH paBeH pacXoiy-ee B
SKB0TeHHHX Nporneccax. [IpM SKCTpaNOJAIME DACYeTHHX JAHHHX Ha I'e0-
JIOTHYECKYD -HCTOPMID 3eMIN QleiyeT, BO-IEpBHX, BHYECTE MAccy  BOJI
runpocepH u JmTocfepH, HaKONMBIMXCA B BeMHOf Xope BCIeINCTBUE
NpeBHMSHAA NPHXOMS HAL DPACXOIOM,& BO-BTODHX, IDHHATE B pacdyeT He
TOJBKO OKHACJUTEJbHHE IDOIeCCH, CBASaHHHe ¢ (opMiIpoBaHmeM ocamod—
Hoit oGosour: 3emmu, Ho ¥ Bee# JmrocPepH. OmHAKO X B 9TOM CJydae
mMacca sHIoreHHo#t BorH B I0 pas Coimblle CyMMapHOTO ee pacxoja Ha
OKECJIGHME ¥ DA3JIOKeHWEe B 9KS0UeHHHX YCJOBHAX. BHIUMO, HMMeHIMXCH
IAHHHX BCE-TAKH HEIO0CTATOYHO, YTOCH IONBECTH IVIoCambHHil CasaHc.

1.4, SHepreTHYSCKME OCHOBH
TPAPOLNHOTO Hedrerasoo6pas3oBaHmA

OGHYHO IpEpoIHOoe Hedreras30o6pa30BaHWe CBASHBAKT C IONLTOKOM
SHEPIHM M3 IV[yOMHHHX MCTOYHMKOB WM yCJOBMA He(TerasooOpasoBaHWA
OTHOCAT Ha COJBIMe IVYCMHH. He OTpHIIAA CYMECTBOBAHHA IJyCHHHHX
HACTOYHHKOB 5HepI'MM, MH He OyIeM paccMATDHBATE HX DOJIb B TPHPOI-
HOM HererasooCpasoBaHWW: Halle BHEMAHAE NEJMKOM IPHKOBAHO K MO-
IleJiAM, .OCHOBAHHHM Ha IpeJCTABIEHWAX 00 y49acTUM B 5TOM  HpOLECcCe
aKKyMyJMpOBaHHO#l SHEpI'MM, KOTOpasd HAKAILIMBAGTCA MUHEDAJEHHM Be- -
mecTBOM B THISPTeHe3e M DaspARaeTCA B JHMTOreHe3e.

HoeHe npexcTaBieHudA 00 pHepreTHKe JHTOr'eHe3a,0CHOBAHHHE Ha
HUCCJeNOBAHMM MEeXaHOAKTHBAIMY MUHEDAJBHHX BelleCTB IpH JIUCIepIrUpo-—
BaHWMM, NOJYYAIM DASBATHE CPABHHTENBHO HeNaBHO. MeTomonormdeckoi
0CHOBOjf 5TOr0 HANDABIGHHA CJyXAT HOBeiMe GOCTIKSHWA MEXAHOXMMUAK
HEODPTaHMYeCKHX BellecTB, KoTopad H3yJaeT (HSMKO-XMMUYECKHe ABJIe-—
HUA, OCYCJORICHHHE MeXaHHYECKEMA cuiamu. HauGoJsee ApKHMe IpoABRIe-—
HUA MeXaHOXUMIYEeCKUX IpeBpalmeHEil MAHepaJbHOTO BemecTBa Hadawma-
NTCA WIA IPA er0 TOHKOM HM3MeJEYeHMM, WIN KaK CNOHTAHHHEe ABJIEGHMA
B TOHKOJMCIEPCHHX MEHEDAJBHHX CHCTEMAX.

JucneprupoBaHde BemecTB, KakWM OH IyTeM OHO He IPOMCXONWIO,
- Iponecc SHmOoTepMuYecKmit. [lomBomumas DHEPrHA B BHIE MeXaHAYeC-
nolt, Temwropof WM xumMdeckoit pacxomyeTcdA Ha HapylleHHMe CILIONHOCTH
TBEpIOT0 TeJNa, YBeJHIeHHe ero CBOGONHOH moBepxHOCTH (COOTBETCTBEH-

35



HO, YBeJWdYeHNe NOBEDPXHOCTHON SHEPTMH) M DASJIMYHHE COIYTCTBYOUMe
(MSEKO-XUMUYECKHEe ABIGHUA, -TaKile, KaK H3JydYeHHe CBETOBHX M 3BY-
KOBHX BOJH ¥ (U3MKO-XUMUYECKHe M3MEHeHMA CTDOSHMA M COCTaBa HU3—
MEeJbYeHHOT'C TBEpPIOT0 BeleCTEa. JHeprud, 3aTpadeHHad B Ipolecce
IUCNEePrUpOBaHMA, YACTHYHO DacCemBaeTCA C HITy4YeHWUeM, & YaCTUYHO
aKKyMyJupyeTCcA IUCIEePCHHM BeleCTBOM, NOBHUAA 3amac ero N0TeH—
uaneHoit sHepruu. PaccMOTpUM IeTasbHee E3MeHeHne CBOCOJHO# 3HED-
THM U SHTANBIUM BellecTBa IIDH yBeJMYEHUHM er'0 CBOCOIHOH NoBepXHOC-
TH.

Jodoe TBEpIOe TeJo xapamepnsyefrcﬂ BeJIMYNHOM yOeapHoi#t  mo-
BepXHOCTHO# oHepruu ( 6 3pr/c KOTOpaA BHPAXAET MAKCUMAIBHYD
N0Je3HyH padoTy odpasoBaHma I cMé HOBo#f moBepxHocTH. PadoTa IO
YBEJUYEHUK CBOGONHO# NOBEDXHOCTHM HA AS BHDPAXASTCA NDPOMSBEIEHHEM
6+ AS, 9T0 paBHO NPHPOCTY NOBEPXHOCTHOH 2Hepruy BellecTBa. Maxcu—
MANBHAA 10Je3Had padoTa BHENHHX CWI IPH HEM3SMEHHHX IaBIeHHH bt
TemmepaType paBHa (o onpeneleHno) HSMEHEHMO M300apHO-MS0TepMia—
geckoro noTeHmuana (AG), caemopateasHo, AG =é- AS.

lamMeHeHre cBoGomHO# sHeprum AG BemecTBa CBA3AHO C PACTBO—
DEMOCTH, YODYTOCTEHK Napa, TemiuepaTypoit Ga3oBHX NepexonoB n
KOHCTAHTOl XMMUYSCKOr0 DaBHOBECHS M3BECTHHMHA yDaBHEHWAMH:

AG = RTIngE—; AG = R‘I'ln-gr—- ac = 4% ; AG = RTIiK,
nF-:', o’ ‘r@_,n:

Tne P, ¥ P_ — DaBHOBECHAA yNDYTOCTH Iapa Hall YacTHIaMi ¢ KpH-
BUSHOji IOBEDXHOCTH pajuyca r ¥ Hal IJIOCKOH# NOBEPXHOCTEHL; Cp
¥ C.. — DaBHOBeCHAsA DAcTBODUMOCTH BeMeCTBa C KPUBMSHOH MoBepX-—
HOCTH pamuyca T M IUVIOCKO# NOBEPXHOCTED; Tv A - Tem-
nepaType M CKpHTasg TemwrioTa $asoBoro nepexo,ua, K — KOHCTaHTa
XUMAYECKOI'0 DaBHOBECHA.

BospacTanme CBOGONHO# sHePrMM AG HpH IUCIEPrUpOBAHWA Ile—
DPeBOIMT MUHEDANBHOE BENeCTBO B TEPMOMMHAMUYECKH HeyCTOoiuuBOe CO-
CTOAHHE, K OHO HaYMHaeT SHEeDPIMYHO B3anMMOLEiCTBOBATE C KUIKOCTAMA
1 Tasamu, BOSTOHAETCA, UCIADAETCA WIM DACTBOPAETCA. ECaM Kpuc—
TALIMYECKOe BelecTBO N0 IUCIepPIMpOBAHHMA OHJIO YCTOWYMBO IO OTHO-
IeHMD K BOSHEACTBHN BHelHe# cpemH, TO IOCIE IMCIEPTUPOBAHUA OHO
CTAHOBUTCH HEYCTOUUMBHM. i

(OGpasopaHue HOBO} NOBEDXHOCTH B M30TEepMAYECKOM IIpoIecce Co-
IPOBOXIAETCA NOTJIOWMEHNEeM TeIUla M3 OKpyRamme# cpemH, YTo 08HAYAET
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_ynemex-me OHTPOIIHH CHCTEMH . HOEITOW noJIHaA paOo'ra JUCIIe prEpoBa—
HEA C yBeJWdeHHeM CBOCGOXHOR NMOBEePXHOCTH Ha AS ¢ BHpaxaeTCd

Al = A+ q)as,

rme § - CKpHTad TelIoTa o0pasoBaHEA I cmz HOBO# IOBEDXHOCTH.
CoOTBETCTBEHHO M3MEHEHHe SHTANLINM -B IpONecce IMCIeprApPOBAHMA:

AH = (G + q)As .

VaveHeHMe SHTANBINE B Ipolecce IpeBpAlleHNA BeWECTBa, Kax
N3BECTHO, He 3aBHCHUT OT IyTH, N0 KOTODOMY IDOTeKan Ipolecc, I
OHOSHAYHO enpejesdeTcA KaK pasSHOCTH HAYAJBHOTO ¥ KOHEWHOTO CO-
CTOSHMH]

AH = H, - Hy .

CaenoBaTeJbHO, KaxuM OH IyTeM He 00pasoBaiack TOHKOLUCIEPCHAA
MuHEDaJbHAA cucTeMa (MeXaHWYeckoe NepeTHpaHMe, YHCTO XUMEIECKOe
BHBETDUBAHNE WIY COBOKYNHOCTE MEXAHWYECKOTO ¥ XMMAUECKOTO  BO3-
IellcTBAR) , MEMEHEHUS. e SHTANBNNE (aKKYMyJAIA SHePIuu) OIHO—
BHAYHO ONpeNeJAeTCH PASHOCTHD HAYANBHOTO M KOHEWHOTO COCTOMHMIL.
PocTom sHTanENuMM IpM IWCIEPIUpPOBaHWA M3MepAeTcAd MSMeHeHNe . Hep—
TeTHYSCKOTO0 COCTOAHEA TBEDIHX BemeCTB, M B camoM oCleM oIpeneje—
HUY AKTHBAIMA NpPHW JUCIEPTMPOBAHMM €CTEH MSMeHeHHe 3anaca TOoTeH-
LIMAIBHOA BHeprmn BEUECTBA.

AXTUBAIA NP NUCNEPTHPOBAHWM — CJOXHHE MHOTOCTyHNeHYaTHi
fusuKo-XUMIYeCKAH NpouecCc MSMeHeHUA (UBAIECKOr0 COCTOAHAA, Bie—
MeHTHOTO COCTABA ¥ XMMUYECKUX CBOHicTB MuHepamos. Ha OCHOBaHUM
M3YYeHNA aKTHBAIME NOJ TelficTBHEM MEXAHWYECKEX CHI YCJIOBHO BHIE-
JANTCA YeTHpe CTYNSHN aKTHBAINA, B HISAIN3MDOBAHHOR cXemMe mpen-
CTaBjeHHHe B BuAe Tadn.l.I2, B KoTopoil IpEBeneHH pacyeTHHe Qop-
MyJH JIJF BHYMCJACHHA HSMEeHeHWA angprewmeckoro COCTOSAHAA .

[lepBaf CTYIeHD SKTUBAINM XMEEeT MECTO Ha CTamuy MeXaHwdeCKo-—
ro Bo3mefcTBHA, KOTOpAA NIpeMNECTBYeT DAspyNeRMD. MeXaHNIecKUe -
CWIH elje He BHSHBANT Da3pyNeHHA MaTepuals, TEK KoK He IIPEBHIART
eTo Ipefena NPOYHOCTH, HO OHM yXe HApyualoT CTpOeHMe BemecTBa. B
HeM QOpMEDYNTCA 30HH OCTATOYHHX HANDAXSHHR X NOABIANTCA HederTH
KpHCTaINYeCcKo# pelleTKH.

Bropasd CTVNeHp SKTMBAIN COOTBETCTBYET CTAIMM DA3PYUGHW.

SHeprud, amcywnnpowmah B 30HaX OCTATOYHHX HanpAxeHuit, paspa-
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Tadmma I.I2

CTymneHn MeXaHOAKTUBALMM BellecTB

Crynexyt MexaHOAKTHUBALMK

MeToms BHARISHUA

PacyeT M3MeHeHHWA SHEDPIMM CUCTEMH

Py MeXaHHYeCKOM BO3— MeXaHOoaKTHBalun I0cJe aKTHBaAldM MeXaHMYeCKHMH CHJIAMHK
IeitcTBUK BemecTsB
I 2 3

&e $opMupoBaHMe 30H
0CTATOYHHX HAaIpAKeHH,
0GyCJIOBNIEHHHX CTATHYEC—
KiM CHBMI'OM &TOMOB M3
cBOMX "HODMAJBHHX" IO-
noxeHu#t  (HapymeHHOCTDH
napaMeTpoB  KPMCTaLIA-—
YeCKO#t pelleTKM WIM M3—
MoHeHMe MeXaTOMHHX(MeX—
MOHHHX) paccTosHmt B
CTPYKType BemecTsa),loxn
IeitcTBHeM cWiI, He Iipe-
BHIAKOPX Ipemesa Opod—
HOCTH.

BusyanrrHO B NOJADU30-
BaHHOM CBeTe, [0 M3Me-
HEHUN IMPHHH M HHTeH-
CHBHOCTHM MOJIOC Ha IH-
fpaxkToMeTpax, OO IO-
BHIIEHMO - PACTBOPUMOCTH ,
XMMAYECKO# AaKTHBHOCTH
BellecTBa ¥ T.X.

[IpAMHe MeTOIH: &) [0 IUIOWANE NeTIH TUCTeph-—
3uca Ha guarpamve "nedopManuA-HanpaxeHue" ;
0) N0 M3MEHeHMK MHTEIpDalbHO#  HMHTEHCUBHOCTH
" JmHEE Ha IMPPaKTOTDAMME . |
KocBeHHHe METOIM: &) 10 MSBECTHHM COQTHOWe-
HUAM MBMeHeHUs ¥300apHO-M30TEePMAYECKOT0 MIO-
TeHmmana AG ¢ pacTBOPEMOCTEN, YIPYTOCTEHD
napa, TemnepaTtypoff 1 TemnrorToit PasoBHX nepe-
XOIOB 2
Pr. Lo _A'AT

Ac = RTlnro.é. Ag = Rnnc-;,o G = T'E'n
e C 1 Poo'— paBHOBeCHAs pacTBODUMOCTE Be-—
mecTBa ¥ yNpyrocrh napa, C, M P, - Te Xe Be-
JMYMEH IpY SaIaHHHX YCJIOBHAX SKCIepPUMEeHTa,
A 7 Ty . - CKpHTad TelioTa M  TemnepaTypa
$asoBore mepexona;6) IO COOTHOMEHED AG "
YMeHBUGHND Heprmm axTmBaimn AE ¢ KoHCTAH-
TaMyl PABHOBECHA M CKODOCTH peaximit



BE

llpomonxenue Tadx.I.I2

3

II. OdpasoBaune HoBoOM# Bamepom YacTH, H3Me-

NOBEPXHOCTH M CTYLEHHe peHWeM cBoGomHoif  mo-

SHEPIMM B NOBEDXHOCTHOM BepxHocT:  (Hampmmep,

cIoe Ha rpaHme pasmesa Metomom BT),meTomamm

fas. IHMCTIePCUOHHOT'0 aHaM—
3a ¥ 7.0,

Il. [lepexon BemecTBa B [0 M3MEHEHMD usera,
HOBYID MoIMfuKanuo Ge3 MeToIaMM peHTTeHoIpa-
U3MeHeHus XuMmuJeckKoro (wm u Ip.

' K
AG = RT1 y AG = RTln X
3 %(n) 3 ()

TIe (x) u Ky) - KOHCTAHTH DABHOBECHA B
cHcTeMe "MMIKOCTH-TBEpIoe" COOTBETCTBEHHO
nns nedopmupoBaHEux (1) # umeansEnx (m) Kpm-
CTALIoB, K(n) u K¢, - KOHCTaHTH CKODOCTH
pearximit ne@OpPMUPOBAHHHX ¥ HUISAJBHHX KDACTAI-
JIOB.
a) mo dopmyne TomncoHa AG = E;.Y , Tme 6 -
NOBEPXHOCTHOE HarAxeHme (ymeabHas NOBepX~
HOCTHAA SHEprud), V - MonbHH# o0BeM, T -
pamayc vacTm; ¢) no B.J.Kysueuosy (I954):
PIS =6 - T—alIo:Vz + qQ,
rme #, - yBeJwdYeHHe NOJHOH# SHEPrMH CHCTEMH B
H30TEPMEYECKOM IIPOIIecCe YBEJWYeHHMA  NOBepX-—
HocTH pasiesa fas Ha I cmz; 6 - padota 00-
pasoBaHnA 1 oM™ moBepxHocTH pasmena  (ymean-
HA3d TOBEDXHOOTHAA SHEPTHA); q = — TEw -
CKpHTaA TemaoTa odpascBaHmd I cM® HOBoi no-
BEDXHOCTH.

Tlo m3MeHeHM0 cTaHmapTHo#t cBoGomHoiX  sHepruu
00pasoBaHud BelecTBa
AF° = AF° MeranmHHadapuT —= AF KEHOBaph



0]

Hpononxenre Tadx.l.I2

1

| | 3

cocrasa, Halpmmep, K-
HOBAaph = MeTAllAHHACADAT ,
PoOponmutt  FPkpachuit’
IV. Avoppmsamma  KpHC-
TAJUIAYECKOTO  BemecTsa

.063 HM3MeHeHHA ero XHuMH-

YeCKOT'0 COCTaBa (ces
PAcTBOPeHMA WIH BO3TOH-
KM OTHOJBHHX KOMIOHeH-
TOB WIM BEmeCTBA B IHe-
JIOM) , HalpMMep,KBapIl ——
aMopdHHil KpeMmHe3eM.
Y a.llaveHeHHe  KoopIu-
HallMOHHOT'0 YHUCJTa B KpU-
cTaymMYecKoil CTDYKType,
nanpamep, A1TY —= a1%I,
Y 6. VorHoe 3amemeHue
G6e3 M3MEHeHWA KpHCTal-
JM9ecKoif CTDYKTYpH, Ha-
[puMep;
u82+
A13+ Ha F53+

Ha PeZ*

Ilo MCYe3HOBEHMO IIOJIOC
Ha JedaerpaMmax IpH3—
HaxoB (Pas30BHX Nepexo-
noB (mampmmep, of —

/B ¥Bapm), 10  JaHHEM
MK-crneXTpOCKOIMH ¥ Ip.

PeHTTeHOCTDYKTY PHH
anamss, MK-CIeKRTpoCKo-
nuA, Meron Meccdayspa
2 JIp.

(=] (=] L+
AF =AF PYO  pormp AF PYO por crmitt,

I[lo maMeHeHM CTaHIapTHO# cBOGONHOH
o0pasoBaHiA BemecTBa

o =
AF S105amopd. = A F°S10,kpucra.

SHEepruu

Ilo pasHOCTH TepMOIMHAMEKYECKEX (yHKUuME TBep-
JA0T'0 pacTBOpa # MeXaHWJYecKo# cmecH: KomIo-
HEHTOB TOI'0 Xe COéTaBa (XI )i X2 - MOJIBEHHE
JOJIM NepBor'0 M BTOPOI'O0 KOMIIOHEHTOB:

A%M(XI'XZ) =46 1p pp(X1iXg) = X1 G-
- X2A32= HCM = TAS

A Hou(X10%p) = Hpp p p(x7,%p) - %7 Hpxp Hy
Som(X10%) = Sy pp(X1aXp) X1 SpXp Sp

TIe AHCM. A Sy — TeIUIOTa ¥ DHTDOINA CMEMeHH:
COOTBETCTEEHHO . :



llpnmoxenne Tadn.I.I2

I

3

K* ma (Hg0)*

Iv

JI. /isMeHeHHe KpHCTaI-
JAYeCKo#t CTPYKTYDH "

Ilo COBOKYNMHOCTH JAHHHX
aHaNMsa -TBePIHX  Ipo-

Hop (X1, X0) A U(X1, X5) Upg, p-p~X1UT~%2U2
Ers.pp *1Br*2E2
A Brs.p-p 1A% -
XAHy,
The U — dHeprus pemeTkH; E - sHeprmd aromu3a-
mm; AH - Tenjrora o6pa3oBaHmA WIM pacTBOpe-
HUA KDHCTAILIOB TBEDAOT'0 pacTBopa I YUCTHX
KOMIIOHEHTOB .
As,, = Klnw,
rme K - nocrosHHaa BoselMaHa; W - 9HMCJ0 cHO-

Cc0G0B paclnpelesieHUA 3aMemanimX IpyT Ipyra
aTOMOB II0 9KBHBAJNIGHTHHM I103MIIHAM.

i
AG = (U.I - Uz) i?]’m'

XMMHYECKOI'0 cocTaBa [IYKTOB M cocTaBa xuI—- IHe U1 b4 U2 — SHeprma Kpucrawmdecko#t pemer-

TBEDPNOI'0 OCTaTKa, CBA-
38HHOE C  pACTBOPSHUEM
( BumesIaTMBaHKEM) oT-
JeJIEHHX KOMIOHEHTOB,Ha-
npumep, HepeJMH-aNBOHUT

WI¥ MyCKOBHT-BEDMAKYJMT .

Koit dasH.

KM MCXOOAOTO ¥ KOHEYHOTO KDHCTAUINYECKAX Be-
mecTB; L - SHeprmA I'MOpATAIMA; N - YUCJO
PACTBOPEHHHX KOMIOHEHTOB.
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Y. lmccomnmanua BemecTB, [Io M3MeHeRMb. cocrTaBa AG = Qpc. TPY H3MEJbISHAN BCYXy10;
: x i
e e S aTMooepH, M0 &HAMIY Ap . g + 5 In npy msMenbveHMM B EEI-
1

T.!gCOB——MEO + 002

Jlii a. PaspymeHne Kpuc—
TaJA9ecKkoif  CTPYKTYDH
7 BemecTBa Ha 2JIeMeHTH,

Hanpumep:
2NaB 2Na + Br,
Wi chl2 Heg + cl2

Yl 6. Paspymenne Kpuc-—
TaIA9ecKoll pelleTKH C
pacTBOpPeHHEM BCEX KOM-—
IIOHeHTOB BeleCcTBa.

TBEPIOr'c OCTaTKa M T.I.

[lo aHaM®3y  NPOIYKTOB
IEeCTDYKIMA WIA  BHSY-
ampHO (Ramesskm Gpoma
WX MeTaLINIeCKOi DPTYy-
T¥ XOpOmO BHIHH).

Ilo anamnsy cocTasa

xunxoit fasH.

Koif cpeme; rue Qm]c - TEIUIOTa JIMCCOIMALIMH,
ry 5 .
3 Ln - cymMMapHad TeIUoTa THIpaTAluy pacTBO-
1

PEeHHHX KOMIOHEHTOB.

AG =5 - q,
rne E - sHeprusa aToMusaly; q -
PasOBaHUA MOJNEKyX Br,,Cl, ¥ T.I.

TemIoTa 06—

G=1U 1-2 Ln
rme U - sneprmz rcpnc-ramzmecnoﬂ pemeTKH Be—
NuTEn; ZLn ~ CyMMapHas TeIIoTa TMIDATAIAN

(co.usa'ramn) PACTBOPEHHHX KOMIOHEHTOB.

lprmeuanye. PacveTHHe QOpMyJH IAnTCA HA OCHOBe padoT P.¢puxr, E.TBuunep (Pricke, Gwinner,1938),

B.].Kysnenosa (I954),

B.C.Vpycoea (I975).



FaeTcA Ha 2To#f crammm. TOMMKOM MOTYT GHTH JmoGHe (M3MYecKHe K Bo3-
IeltcTBuA: CMayMBaH#e, HATDEB WM OXJIakIeHWe, He I'OBOPA yxe  of
YIapax WIM NOBTOPHHX MeXaHMYeCKUX Harpyskax. Ha cramgmm paspyme-
HUA NOLBONMMEA MeXaHMYeCKad SHepPUUA M IOTeHLMANbHAA SHeprud 30H
0CTATOYHHX HanpsaxeHWil TpaHcPopMUpyeTCA B INOBEDPXHOCTHYW JHEpPIH.
B To ®e Bpewmi o0paz0BaHHe HOBO} INOBEDXHOCTH CONDOBOKIAETCH
SMECCHe#l SJIEKTDOHOB M M3JYYeHHEM 3JeKTPOMATHATHHX BOJH.

TpeTed CTYNEHD AKTHBAIMKM — TOHKOe MU3MeabYeHue. Ha  aToi
CTamuM IpPUPOCT CBOCONHOME NOBEepPXHOCTM NpUOCpeTaeT JIaBMHHHHA  Xa-
paxTep, COOTBETCTBEHHO CTPEMUTENHHO BO3pacTaeT 3amnac NOoBepXHOCT-—
Hoft sHeprmu. Besuumpa ee pacTeT NPONOPIMOHAILHO TBEPLOCTH MUHE—
PAJIOB ¥ CTelleHM WX OucrepcHocTH. IIprpocT NOBepXHOCTHO# SHEpTHM
MAHepaJoB N0 lxane Mooca mpu mX uamenp¥eHmM or I mo I00 /T oT—
paxaer radn, I.I3.

OIHOBDEMEHHO ¢ HAKOIUIGHMEM TOBEDXHOCTHO# SHEPTMM  BellecTsa
NPOMCXOINT M3MEHEHWEe KDUCTAIMYSCKOI'0 CTDOEHUA M3MeNbYaeMHX MU—
HepaJjoB. OTH MSMEHeHWA B KOHEYHOM cYeTe NDPHUBOIAT K IJyOOKo# mne-—

Tadmma I.I3
AKKyMyJIAIIMA SHEePTMM NpPH IMCIeprMpOBaHMM MUHEpaloB UKanu Mooca
(¥sMeHeHHe NMOBEPXHOCTHO! SHEDPTHY IO pacquyAG AS

_ AxxywvyanpoBanHas sHeprua (xas/T)

Tse cM2 | npe’ pasmudHoil cTemeHW mMCnepcHOC-
Mumepan | mocTs | (mo -

Irulrlgocy I{YSHB%O?Y.

1-10% [ 5.10% | 1-10° | 5.10° | 1-10°

Amves 10 10000 AN TR T B A0 L0
KopyHz 9 1550 Qi08L% T 85450, 6 Sl IR A 36
Tonas 8 1080 0,25 ‘1,25 2,5 12,5 36,2
Ksapn 7 780 ¥R ) 1 e e
Oproxnas 6 360 0,00 0,45 0,81 4,5 8,6
AnaTar 5 190 0,04 0,20 0,45 2,0 4,54
omoopur 4 150 008 . 0,15 “0:36 . I,6 8,80
Karsmar 3 80 0,026 0,10 0,I9 0,9 I,92
Tune 2 40 0,0 0,05 0,5 0,5 0,%
Taxar 2 33 0,008 0,04 0,08 0,4 0,79
Tansx I 20 0,005 0,02 0,05 0,24 0,48

43



pecTpoiike KpHCTa/IMYECKO} pemeTkH, 4T0 'N03BOJIAET BHEEJNTH  YeT—
BEDPTYD CTYIeHb AKTHBAIWK.

YerBeprasn CTYNEHb — CBEPXTOHKOE HSMeardYeHue. Ha aroff cramuu
MCXONHH{t MUHEpAJ TepecTaeT CYMECTBOBATH KaK TAKc3oii: KBapl nepe-—
XOIMT B amopHEit KpeMHe3eM, NOJOMHT ¥ AHKEDHT IpeBpANARTCH B
MeXaHWYeCKYl CMeCh NpPOCTHX KapOOHATOB, & CJOXHHE AJNMOCIIMKATH
pacnajigNTca Ha Nopofoodpasylmyue OKCHIH. MuHepalbHOe BemecTBO,00-
Pa30BaHHOe NOCJe CBePXTOHKOTO M3MeJbYeHNd, XapakTepusyeTCA HOBH-
M CBOjiCTBaMM ¥, Kak NpaBWIO, BHCOKO}f XMMIYECKO#t AKTUBHOCTEI,
odycaoBneHHO# "u3CHTOYHO#" sHeprumeii. l3aMeHeHHe 3HepreTMYECKOIO
COCTOAHEA BemecTBa (IpoTeXammee Ha BCeX CTYNEHAX AKTHBAIMA), B
COOTBETCTBUY C NpuHuunom Je-llarense, CTUMyaMpyeT INpeBpalleHMA,
Cpely -KOTOPHX NPUHATO BHIEJATE MeXaHOXUMMYECKHE Deaxuuu, uMeomue
MecTo BO Bpemd IeficTBAA MeXaHUYECKHX CWI, ¥ 3@DeKTH nocheneicr-
BHAA, Haluomanm¥ecAd B TOHKONHUCNEDCHHX MAHepaXbHHX CHCTeMax IocJe
U3MEeJBYSHUA .

‘K npespamenuaM, IpoTeKaKuM BO BpeMd IeflcTBHA IWCNEPTHPyR—
IUX CHJI, OTHOCATCH: INOJMMOPPHHE MBMEHEeHHA KPHCTALIMIECKOH CTPyK-
TYpH O3 M3MEHeHMA XUMMYECKOI'0 COCTaBa MuHepasia, M3oMopiHHe 3a-
MemeHNA OTIeJBHHX SJIEMOHTOB (63 WMSMEHEHHA KPHCTALINYeCKO# CTPYH-
TYypH, aMopiiisauud KPUCTAIMYECKHX TeJ, THIpATalldA NpH H3MeJbYe-
HMY B BOIE ¥ HEeTMIpaTauds NpY CYXOM M3MEeJbYeHWH, IUCCOLMAIAL
kapOoHaToB C - BujeseHueM CO,, pasNOXeHHe CHOKHHX KapioHAaToB -
IBOHHHX coJieff Ha IpOCTHe, CHHTES KaploHATOB NPHA M3MEJIBYEHHUU OK-
CHIOB MeTaI2 B arMocepe €Oy, M3MeHeHHe CTDYKTYDH KDHCTaLIA (B
YaCTHOCTH  KOODAMHALMOHHOTO YMCJA) ¢ YacTUYHOH moTepelt (BHue -
JISYMBAHNEM) OTHeJBHHX KOMIOHEHTOB, NOJHOE DARVIOKSHNE MHHEeDAIOB
CJOXHOTO COCTABA HA IOPOTO0ODPASYNIMEe OKCHITH, KDPEKHMHT OpraHuyYec-
KEX COeIVHeHWil M CHHTe3 HOBHX BeMECTB Ha CBeXS0CDa30BAHHHX MO-
BEDXHOCTHAX MAHepasnoB. IllepedncieHHHe IDeBpAllGHUA CBABAHH C  He-
NpPepHBHHEM NOZBOZOM SHEPTMM X NMPOTEKalT IPH TPEHHM YacTHI it
M3MeJEYeHUN. ; .

BemecTBO B TOHKOIMCIEDCHOM COCTOSHUM NPOABIAET  HEOOHYTHHE
cBoficTBA NOJ BIMAHMEM AKKYMyJMpOBaHHOj oHeprumu. Cpemu HEX CJe-
IyeT OTMETHMTE: YBOJHWYSHME TEIUIOTH CMAYMBaHWA, NOBHIEGHHe  pacT-
BOPDHEMOCTH, pOCT copdxmouuoﬁ CNDCOCHOCTM, CHUXSHMe  TemiepaTypH
IVIaBJIeHNA W CIeKaHUsA, yMme .Emeﬂne TEILIOTH TepMHYeCKoll IHCCoIma-
IMM, M3MEHeHHe KMHETHYegKOro (axTopa XMMUYECKHX peakluuid M pAx
IDYyTHX NPOABNEHUE nocHenefcTBAA MEXAHWIECKHX CHI.
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llpuBeneHHH} nepevYeHb (M3MKO-XMMAYECKNX ABIEHHE, 00yCIOBIEH-

'HHX axTWBalmMei NpM JIUCIePrMpOBAHMA, CBUIETEIBCTBYET 0 doasmoit

ee poJM B IPUPONHHX Ipoueccax. I[puHAMad BO BHUMAHME MacmTACH Iuc-
NeprUpOBaHiA TOPHHX IIOPOZL B NpHpOIe; CJeIyeT IpeINoJaraTh CYmecT-
BEHHOE T'€0JIOTMYeCKOe BHAYeHMe aKTHBalMH MIHEDalbHHX BOUeCTB; IHC—
nepripoBaHue TOPHHX NODPOX, MOXHO CKasaTh, HAXONATCA B UHCJe BeIy—
MX TeoNOTUYeCKHX IponeccoB. Ilo XapakTepy IeiCTBYHUMX CHIT BHIEJA-
WTCA IBa chnocoda SKTUBALMY NpM AUCHEePTMpOBaHWMM. IlepBHHE - MeXaHu—
9eCKili, NP KOTODPOM XMMAYeCKHe fpeBpaljeHUA MUHePATbHOT'0 BelecTBa
0CYCJIOBJIEHH NDWIOKeHMeM MeXaHWYecKHX cmi. Bropoil - xumudecknit,npu
¥oTopoM (BOpMHpOBaHWE TOHKOUMCIEDPCHOH MUWHepalbHO# cHCTeMH ecThb
CJABICTEME XUMUYSCKOI'0 PA3JIOKEHMA MCXOIHHX MUHEDAJOB.

Io reonorMYecKuM YCJIOBHAM 00pa30BaHMA MOXHO BHIEIUTH TDH
RJIacca IUCNepruToB: TUIEPreHHHEe, TeKTOHOT'eHHHE ¥ BYJKAHOTEHHHE.
IlpAvepH NPHPOZHHX IUCIEPTATOB, KiaacCHOMINDOBAHHHX IO clocodam X1
ycaoBuAM MX o0pasoBaHMA, NpencTaBleHH B Tali. 1.14.

OdpasoBanue TUNEPTEHHHX NUCMEDIMTOB BCJESICTBHE MEXaHWYECKO-
T0 M3MeJbYeHNA HaOaomaeTcd NpH (HSHYeCcKOM BHBETDHUBAHMA T'ODHHX
IOpON, TPAHCHOPTMDOBKE TODHHX MacC BOIO# U BeTDOM, adpasuu Gepe-
T0B ¥ NepeNajHBaHUM TePPHI'eHHOTO MaTepuala B BOJHOIDPHOOHHOH# 30HE
CelUMeHTAIMOHHHY GacceiiHoB.

Mexanwdeckoe [poCAeHHe H H3MEJNbYeHHe, & TaK®e 0CYCJOBJICHHHS
EMA XEMAYECKHE IIDeBpAalleHNA MUHEDAJIOB IpH TEKTOHNYECKHEX IBHRCHHAX
NPUBOJAT ¥ OCPA30BSHMD KATAKJIASWTOB, MUIOHWTOR ¥ IPYTUX IHcHOep-
TETOB. [IpMMEDOM MEXaHMYECKOI'0 IMCIepIHPOBAHMA IPH BYJIKaHA3ME
ABNAOTCA NOIIH. PacTHAeHEe T'ODHHX NOPON, KaK X CYyX0e MeXaHWyec-
KOe IHUCIeprupoBaHMe, JaeT aKTHBADOBaHHHA MaTepHal, xapamexin—
syoupitcA BHCOKMM 3amacoM CBOCOMHO{ sHepr¥M ¥ CoJBMON peaKuUMOH-
HOll CIIOCOGHOCTED.

AMMPYeCcKOe IHCIeprMpOBAHWE Tak®e NUPOKO pasBUTC B TUIepre-—
Hese. (OHo HadmonaeTcsa NpH (POPMUDOBAHEN KOD BHBETDUBAHWA, TDU BH—
NaNeHNn U3 pacTBOpa NEeJUTOMODJHHX OCAUKOB H KOJUIOMIOB, 06paso—
BSHHHX K&K YNCTO XMMUYECKMM, TAK M OMOXMMIYECKHM I[yTeM. XMMAYec—
Koe JHCIeprupoBaHme nox meificTBHeM I'EIPOTEPMAJLHHX DACTEBOPOB,IpO—
TeKanmee, BepOATHO, He '6e3 yYacTHA DHEPrHA CeHCMIYeCKHX BOJH WIH
MeXaHWIeCKAX HANDAXKSHMH, NPHBOIUT K 06pA30BAHNMI HOBHX DasHO0G-
DasHHX NOpON THNAa NpPONAIATOB, OepesuToB, JMCTBEHHTOB. Haudoiee
OTYETVIIBO HTOT IIpolecC HaGmoNaeTcA NDHM pasBUTHY CepHMIMTa N0 Op-
TOKNA3Y .
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Tadmma I.I4
I[puMepH NPUPONHHX IMCNEPTATOB

Cnocod JCnoBWA mMCNeprHPOBAHUA
AMCTISPIUDOBAHAA |3 mmeprenese | Ilpm TexTomm- | Ilpm
(npeumyuec TBEHHHIL) YeCKMX JIBA- BYJIKaHA3ME

ReHIAX
LiexaHMYecKuii Taped  oGnomoy- lmnomuTH, Memm
HHe (MexaHWYeC- KaTAKIM3ATH
Ku1e)
AMIAYCCKUH Tanee  ocTa- |IponwmmuTs, Tydu
royHHe (xm- 0epesuTH,
MIYECKUE) JIACTEEHHUTH

I ByZKaHOTEHHHM IMCIOEPI'UTAaM, He CBABAHHHM C MEeXaHWYSCKHM
H3MenbUeHMel, OTHOCATCA BYJKaHWYECKHMe CTekIa, TY(H, WIHUMODUTH X
IpyTHE ajaHATOBHE 00pa30BaHHA.

PaccuoTpeHnle NpUMepH IMCHEDTATOB DA3JMYHOILO TeHesuca  Io-—
KasHBawT MHOT000pasue CHocoGoB M YCJNOBHil MX (ODMADOBAHHA B IIpH-
poxe. louTHM BO BCEX CJYYafAX aKTMBALAA OpPeIUeCTBYeT JATHMKaIA
JIMCNepruToB, & SHeprud, aKKyMyJMpOBaHHAA TIpA JNUCIepTHpOBaHWn,
paspanaeTea B NOCTCeNUMEHTAIMOHHHX Ipolieccax JuToreHesa. C  mpo-
LeccaMi NOCTCEeIMMeHTAIMOHHOT'0 NpeBpalleHAs MAHEDAJIBHHX  BemecTB,
aKTUBUPOBAHHHX N3MeJLYeHWeM, CBASAHH BHIeJeHHe "JIMTHOURAIMOHHOTO
reria” (B noxmmanmn 11.¢.lBenosa,l973) 1 sHepreTHKa SHLOTEDMAYEC—
KNX peaxumit NpeBpalieHiA HASKOKAJIODHAHHX OPraHMYecKHX OCTATKOB B
BHCOKOKaIOpuitHoe Tomwmmpo (B HalleM IOHMMAHMM JHEDPIeTHKH NpPUPONHO-
T0 He(Terasco6pasoBaHud) .

B npusemeHHoi paHee Talu.I,I3 yxasaHa BeJNYUHA IOBEDPXHOCT-
Holl DHepruM MMHepanoB Io mxane MoOCA npm pasimvHOR CTENeHM  HX
IMCIleprupoBannd. IIpocToe YKpyNHeHYEe YacTHI, MOyuee C yMeHBIICHUEM
CBOGOJHO# NMOBEPXHOCTH, CONDPAXEHO C BHIEJEHHEM HeKOTOpOro KoJu-
YecTBa 3anaceHHOl SHepruu.

Team MaMenbYeEHe COIPOBOXIANOCE aMmopimsaiueil KpucTaLmyec—
KOTO TeN&, TO BHIEJAMBUAACA NPH STOM SHepruA OyNeT MNpeICcTaBIATh
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CyMMy, COCTOAIYM M3 BeJMYMH M3MEHEHMA NOBEDXHOCTHOIl OHepruy, U
SHepruy amopfusammm. K npumepy, ecam KBapn U3MeNbYeH N0 JHCIepe—
moctr 100 M¥/T u npH 5TOM IOIHOCTED aMOP(M30BaH, TO NpH OCPATHOM
npollecce KpUcTaLmMBalmy ero Bumesmres (78 + I05) lw/t, TIe
78 Ix/T - M3MeHEHMe NOBEDPXHOCTHOH SHEpIMM NpM JKDPYIHEHMH dYac—
THI 0T Xoxei MmcpoMe:rpa 70 MepBHX MWLMMeTpoB, a 105 lix/r -sHep-
THA KpUCTaJIM3alli.

Ecum1 m3MeJbYeHMe ODPTOKIABA INOBOIEHO J0 HMPOCTHX a0 PEHHEX
OKCHIOB KpeMHe3eMa ¥ IVIMHOBeMa, & IeJOYHO# MeTall BUDENeH B pac—
TBOp, TO OCpaTHHif NpoLecC CHHTE3a O0pPTOKJIA3a NOJHEH CONpPOBORIATHCA
BHIEJOHHEM SHEDPTHM B KoJmdecTse He Menee 3700 mibs/moab.

PaccMoTpeHHHe NpMMEDH NOKA3HBANT, YTO IHCNepTHpOBaHHe, B CH-
JIy Kaxux OH NpW9MH OHO He NPOMCXOIWIO, He ABIASTCA NPOCTHM (H3l—
YeCKUM TNpPOIIeCCOM MSMeHeHMS pasMepoB YacTMl; 9T0 CJOXHHII 9HJI0—
TepMIYeCKUR (Imam%o-—mnmqecnnﬂ Npollecc UBMEHEHUA NOTeHUMANLHOI
SHOPTMHM BEmecTBa, ero §M3MYeCKOT0 CTDPOeHWA, SJAEMEeHTHOT'O COCTAaBa
¥ XMMEYeCKOfi AKTWBHOCTH. JSMOHEHMe Banaca TIOTEHIHATbHOIL OHepTiA
BelleCTBa NpH NUCISPTHPOBSHNM M CBASAHHOE C 9THM H3MEHEHMEe TepMo-
IuHaMmdecKoft ycroltuusocTH, C“I‘pyKTypHOﬁ CTAGWIBEHOCTE M pearIMoH—
HOit CcNOCOGHOCTH HASHBaeTCA aKTUBalWeil, & BemecTBO B HOBOM COC—
TOAHMM ~ SKTHBAPOBAHHHM. AKTHBAIMA NpeNUecTBYeT HapyWleHM0 CILION-
HOCTH TBEPIOTO TeJa M CONpPOBOKNAET pasSpylleHde Ha BceX ero cTa—

IWAX. ARTHBAIVA IPY MEXAHMIECKOM HSMEJLIEHHN — HEINPepPHBHO-TIPepPH—

BHCTHI mpomecc, B KOTODOM YCJIOBHO MOXHO BHIEJWTHL DAL CTyHeHed, M
IJig Kaxnolf 8 HHX XapaxTepHo CBOe MSMOHEeHHe sanaca NOoTeHIMANBHOI
SHepruu, ¢opMa ee HaxomeHus. COOTBETCTBEHHO MaMeHAeTCA M "mpod—
HOCTE KOHCepBalun" akKyMyJMpOBaHHO{ SHEprHE, KOTOpas HA CTamuu,
npemmecTBymeil paASpyNeHAN KPUCTAIMYECKOr0 TeJa, MomeT COHTH CHA-
Ta Harpesammem o I00-IIO °C ¢ mocaexywumpM MeI/IeHHHM OXIAKISHHEM.
lloBepxHOCTHAA SHEDPIMA, HAKOILIGHHAA INIPH HMSMEJBYeHHH, BHIESJNTCA
IpM YKDPYyIHEHHNM YacTHI B X0Ie 00pas0BaHUA OQJUTOB,KOHKpeImii u To-
My NomoOHHX cTAXeHmt BemecTBa. JHEPTUA amMoplWsaliy BemecTBA BH-
JeJIAeTCA NpH ero OCpaTHOH# KpUCTAaLMMSaIMY. JHEDPIHA DaBJONeHNA
CJIOXHHX AJIOMOCIIMKATOR (Hanpumep, KAOJWEMTOB) peTEHEDHpPYyeTcs B
NPOIeCCe CepPHUMTHRAlWH, T.e. HA CTAINH 00pA30BAHWA CJIACTHX
CJHaHIeB WIX THeHCOB, 4 DHEDPIHA Das’IOXeHAI He(@eJWHAa,TOJeBHX IMa-—
TOB ¥ IPYyTUX MHHEDAJOB — B Iponecce JMTU{MKAIMK, NpH METAMODIH3-
M@ WM Name NpPH AHATEKCHCe T'OPHHX MOpOX.
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ARTHBAIMA IMCNEPrEpOBAHMEM NKPOKO DAsBHETA B mphpome. OHa, .
KaK IpaBWIO, NDeINeCTBYeT COAMMEHTALNA ¥ BO MHOTOM  ONpefeNAeT
HaNpaBJIeHAe ¥ MHTEHCHBHOCTH (M3HKO-XMMAYECKEX NDOLOCCOB B JHUTO-
TeHese.

PaspuBaemie npefcTaBieHHs 00 aKTMBAIMM MHHEPAJIBHHX BelleCTB
Ipd M3MEens4YeHM NOJHOCTBEN COIVIACYNTCA ¢ paspadoTKaMd B 00JECTH
PHEPreTHKM Tumeprexesa. IIoTox coxHedHOi SHepruu ('?5,'?-IOI5 Br)
najaeT Ha INOBEDXHOCTH 3eMINM M pacXomyeTcsd, CoBepmas padory cozm-
IaHWs W DaspyleHHs, B NpONECCAX, CONPOBORIANIMXCH AXKyMy/LmIKel:
oHeprun. HamGosee WHTEHCHBHO COJNHEVHAR SHEDIUA AKKYMyIUDYeTCA B
npomeccax OTOCUHTeSa OpraHAYeCKNX BemecTB B Ouocfepe, ONHAKO H
MUIHeDaJBHOE BelleCTBC B COCTOAHMM 3anacaTrh COJHeYHYD SHeprumo, Bu-
IVMMO, BIEDBHE TOHATHE 0 MEHEDATBHHX SKKYMyJAATODAX COJHEYHO
sHeprun chopvynuposamm H.B.BemoB u B.U.ledemes (I952, I957).Cym—
HOCTH HX IIpefiCTABISHU# COCTOHT B CJAeIyLumeM. AMOMUHNE B Marma—
THYECKAX NOPOTAaX HAXONUTCA B KMCJOPOIHHX TeTpasipax B YeTBEpPTOH
KOODIMHAINKM C MeXMOHHHM paccrosmmem 0,I16-0,I75-I077 M, a B Mu-
HepaJaX 0CIOYHHX NOPON AMOMIHME HAXOIMTCA B KUCJODOJHHX OKTA—
5Ipax B WECTepHCH KOOpIOMHAIMM C MEXMOHHHM paccTosHmeM 0,I8-0,20-
1079 M. CIemoBaTeNbHO, NPH 0CpA30BAHNMM IVIMHUCTHX MUHEDATICE * H3
TIOJIeBHY IMaToB (WIM IpYTHUX aTOMOCHIMKATOB) WM3MOHAETCA KOODIMHA-
OMOHHOe WMeao: Al ¥  BospacTaeT MeXMOHHOE pPACCTOAHME, Ha 9TO He—
06XOIMMO 3aTpaTHTh SHeprun. [losToMy TVIMHWCTHe MUHEDaJH  3eMHoild
nosepxrocTy, mo H.B.Bemosy u B.U.ledenmesy (I957), odnamanr G6as-
MM 320IaCOM BHYTDeHHeH SHepriuy, YeM LOMOCIMKATH MaTMATHYSCKHX
nopox. VswveHeHMe 3anaca BHYTPeHHeil 5HepTHMU 0GYCJIOBIEHO B - KOHEU-
HOM CcYeTe axKyMyJsalMelt colHedHoi# sHepruu. Il0MHOCTEHD pasumenAs W3-
JIOXSHHHE MMU NpeNCTaBleHWd, M4 olpauaeM BHHMAHHE H& ONHY IeTalb:
TpaHCHopMaId MUHEDAKOB NPOMCXONWIA He NpAMO Kak QoToXAMUYecKas
pearmsi, a vepes NpeBpalleHHe COJHEYHOH# DSHEPIMH B MEXAHWYECKYD
(Texywux BOI WIH BOJH) M NOCHSLYIUYR AKKYMyJALJI0 SHEPTCHA B Npo-
necce TpaHCHODMAITAN ATOMOCIIHKATOB NON IefCTBHEM MeXaHNIeCKUX
CHJI IpDM HM3MEJbYeHHH WIM TPeHHWH, HG0 "...TOJBKO Xe3MHTEIDAINT
MOEET aKTUBHO AKKyMyJMPOBATH COJHEYHYD SHeprmm..." (Tumodeer u
Ip., I98I, c.I0). ;

OCpaTuM BHUMaHWE Ha IpOIECCH B3aUMOIEHCTBMA TOHKOIMCIEDC—
HHX MUHeDAJPHHX YacTHll ¢ Boxoji. CmaumBanme, ¢ OIHOH# CTOPOHH,ECTH
TpONECC CBASHBAHUA BOIH, YTO CIOCOGCTBYET IMCIEPIMpPOBAHWD, & C

48



IpyToft - MeXaHW3M NepeBojia SHepr¥M CBOCOINHO# MOBEDXHOCTH IMCIep—
THPOBAHHOTO BEMECTBA B TEWIO, MCNOJB3yeMoe B JIDYTHX Ipoleccax.
BuTeNeHNe SHEPI'HMH OMAUMBAHWA OCYCJIORJIEHO NpHpameHWeM 00nema "
yMeHBIeH!eM IO CBOGONHOME noBepxHocTH. Temno, BHUeJAEMOe NpH
CMaYMBAHMY K AKKyMyJHDOBaHHOE CBASaHHOH# BOJO#, yBeJMYHBAET KHHE-
THYeCKYD SHEPTHD 86 MOJSKYJN, 4TO MOXeT IpUBECTH K BHXOIY YACTHIMH
. ¢ TIOBEDXHOCTH IMCIEDCHOTO BeMecTBa JMG0, HANDOTHB, K CBASHBAHMIO
BOIH B CTDPYKType MuHepana. TpeTmit BOBMOXHHH ciydait COCTOMT B 3K—
BHBAJIGHTHOM OCMeHe USCTHIM Ha NPOTOH MIM MOH M3 pacTBopa. B mep-
BOM CJyd9ae IPOMCXONAT BHIleNaYMBaHWe, BO BTOPOM — TUIparauyd, B
TPeTHEM — THIpaTamyud ¥ MeTacoMaTo3. Kak BANHO H3 HBJIOKeHHOI'O, OT
IMCIIOPCHOCTE MVHEDAIBHOI'O BENeCTBA 3aBUCHT KOJMYECTBO CBABAHHOH
BOJH M 3anac aKKyMympoBanHOo#t sHeprmu. CiemoBaTeNBHO, TOJBKO IHC-
OOprEpOBAHNe MORST AKTHBHO AKKyMyJMpOBaTh MONBOINVMYD SHEPTMD, &
IpyTHe TENEpreHEHe NPONSCCH ARIADTCA MeXaHHSMamz ee TpaHc(opMa-
Iun 3 OFHOT'O BEEA B IpyToit, onmpemenad "IPOYHOCTRE" ee KOHCepBa-
IMH.

PaccMoTpeHHH# MeXaHE3M cran meficTBoBaT:E C MoOMeHTa (OpMMpO-
BaHHUA DOTYJIPHOTO KDPYyI'oBOpOTa BOXI, 008CHeTMBAKMEr0 AMCIepPrHpoBa-
HEe POPHHX IOpPOT, CHOC TOHKONMCIEDPCHOT'O BemecTBa B OacceiiHH ce-
IMMEHTAIMY ¥ HAKOIUIGHWe TaM OC&OKOB, 0CIAalmEX H3CHTKOM CBOOOI—
Ho#t sHeprmu. MoxHO CKa3aThb, 4TO SHEPIHMA, AKKYMyJMPOBAHHAA MIHE-
DPAJIBHHM BEmECTBOM B TMIEPreHese, ABIASTCA OCHOBO# SHEDPTrOTHRY J—
ToreHesa. IMoCalbHEM MacmTadam IMCIEePr¥poBaHMA T'OPHHX IODOX B
TUNepreHese NOJNKHH COOTBETCTBOBATH AHAJOIWIHHE IO MacmTadam reo-
XMMAYOCKMe NPOIeCCH B JIATOI'SHe3e, OCYCJOBISHHHe arTHBaimme#t  Be-
MecTB.

VHo# MeXaHW3M AKTHBAIMY MUHEDAJBHHX BeleCTB IPHHAT BO BTO-
POM BapHaHTe MOJeM HedrerasoolpasoBaHuA. MeXaHOAKTHBAIMA MOXOT
TIPOTEKATE: He TONBKO IPE TUCIEpTrApOBAHME MUHEDaTbHOT'O BelecTsa,Ho
H NP MeXAHAIEeCKOM OTHOCHTEJBHOM NEeDeMeNeHWN YaCTHI[ DHXJMHX Top-
HHX NODOX ¥ TPEHHM EX JpYT O Ipyra NpM NPOXOXIeHHN CefCMIIecKHX

/I3BECTHO,. 4TO CeiicMAYECKMe BOJHH DACIPOCTDAHANTCA B KBASH-
VODYTEX TeJaX — KPHCTAIMYeCKHX MopojaX — IodTH OCe3 IOTEDB
IpeBpamennde MX SHOPITME B padoTy WMeeT MeCTO B DHXIo#k Tomme, rue
saTyXaHWe KoJedaHuit 0CYCJOBISHO OTHOCHTEJNLHHM ISpeMemeHmeM Jac—
THO ¥ TPEHMeM EX IpyT o Apyra. Iusuxo-XuMIYecKde FBJICHWA,B TBEp-
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IHX TeJax oCyCJOBJNEHHHE TpPEHMeM, NPUHATO HASHBATH TPHGOXHUMIYEC—
xumi. Taxwe NpeBpalleHMA B TBeDIHX TeJaX IPOMCXOUAT B YCJOBHAX
HeNpepHBHOT'0 NMOXBOI2 BHEDPIMH, KOTOpasd MOXeT CIYRATH OcHoBof  (#
npyunHoll) 3HIOTEPMAYECKMX IPOLECCOB, B TOM WHCHe TaKMX Kax Hef—
Terasoo0pasoBaHie M3 YTOJBHOT'O BENEecTBa.

Mu He mesaeM pasnMIMA MeXIY MEXaHOXUMAYECKHMY M TpPHGOXMAMM—
* YeCKMMM peaKlAMd, NPOTEeKalMME BO BpPeMA NDUJIOKEHMA MeXAHWIeCKHX
CiJl ¥ oCycJOBJGHHHMM TDeHHMEM Wi yrapoM. llocaenHme paccMaTprBainT-
CA HaMM KaK eIHH{l cnocod m3MeHeHMA DHEPTeTHYeCKOI'0 COCTOAHWA Be-—
mecTea, Kak cnocol ero axTuBauuu,. MomesmpoBaHMe Hedrerasoodpaso-—
BaHWA, NpeINpAHATOe HaMd, OCHOBAHO Ha NpelcTamIeHMAX 00 aKTHBa—
WY MUHEepaJBHHX BElEeCTB NOCPeJCTBOM MEeXaHMYECKHX CWI. ARKYMyJA—
POBaHHAA BeWECTBOM 5HEPrEA, IO HaliM NpeICTABJIEHUAM, CTAHOBETCH
IBUAyuel cHI0il Kax TeHepanuy BOTOposa, Taxk ¥ HedTerasoodpasopBa-
HUA Ha TeX CTamuAX JUTOreHesa, KoTia HNPOMCXOIMT pasSpAnKa sana-—
CEHHO{l SHeprum. :

¥ _ E
*

I. Oxmc/aATeBEHO-BOCCTAHOBUTEJIEHHE Deakluy CHHTeS3a OopraHu-
YeCKEX COSIWHEHWI MOTYT IDOTEKaTh B CTAHNADTHHX yciosuax (25 2
n I aTm ofmero naBieHHsa), NpHYeM Ha IUArpaMMe B. KOODIMHATAX
pH-Eh  BHIGJARTCA NBA MNOJA YCTOHYMBOCTH ODPIraHMYeCKHX COSIMHSOHMIL:
B CIIIBHO OKHCJMTENBHHY YCJOBHAX, KOI'Ia CHHTe3UDYITCA OpraRudec-—
KUe BemecTBa IpH yYaCTHM COJHEYHOTo cBera (ycaoBMa foToCHHTE3a),
B B BOCCTAHOBHTEJbHHX YCJOBHAX, KOTHa Bola MeracTalWibHa X HMEeT
TEHISHIMN DA3VIATATHCA C BHIEJOHWEM BOIOpOIa X 00pasoBaHMeM yIrie—
BOJOPOTOB.

2. NomesmmpoBanMe Hefrerasoofpas’oBaHMA OCHOBHBAGTCH Ha peak-
OAAX BONOPOJa C YTJIEPOIOM B BOCCTAHOBHTEJBHHX YCJOBHAX.

3. TeoxmMMYeCKHEE YCJOBHA 00pasoBaHWA OPTaHMYeCKHX BemecTB B
NpEpOJle PACCMATDUEANTCA KaK YN IepecevYeHMA KPYyTOBOPOTOR yTuie—
polia ¥ BOZOpONA B- 3eMHO# Kope; HaMmevaeTcdA IBa y3iaa: B OHocepe,
TZle TPOHCXONMUT CHHTES3 OpraHWYecKHX coeMHeHu#t ¢ accmmnaimei CO,
n3 atmocdepH, ¥ B cTpatuciepe, I'Ie KOHIEGHTDUPYRTCA (foCCHIMSHpO-
BaHEHe ocTaTRM M Boja (moHop Bomopona) .

4. BoccTaHOBJIGHWE BOJOpONA IpPH B3aUMONEHCTBHM BOIH C  OKHC—
JITIONAMCS MHHEDAJIBHEM BeWeCTBEOM paccMaTpiBaeTcA KaK HelpeMeHHoe
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yCcaoBHe HedrerasooGpa3oBaHMA M. CYMTAETCA IVIABHO# cocTaBHo#t wac—
THO NPUHATHX MoJeJelf 5TOT'0 I'e0JOTMYEcKOTo Nponecca.

5. Ha ocHOBaRuMM 0GOGIEHHHX I'eOJOTMYECKUX NAHHHX, & Taxwe
TeOpeTHYECKUX ¥ SKCIePMMEeHTANLHHX HCCHeINoBAHWI yCTAaHORIEHO, YTO
TeHepalua BOIODOIa B JUTOTeHe3e 0CYCHOBJISHA OKUCJIEHMEM MUHEpaThb-
HHX BemecTB, CONeDRAIMX IByXBaJeHTHoe Xeje30 ¥ (wm) cyisdwuHyn
cepy.

6. McToyHMKOM SHEPTHM IPUPOINHOTO HedTerasoolpas’oBaHWUA MH
CYMTaeM SHEDPIHK MHHEDALLHOI'0 BellecTBa, AKKYMYJMpPOBAHHYW B I'HIep-
TeHe3e TNIpM CBEPXTOHKOM M3MEeJIEYeHNWM MArMaTOIeHHHX MEHEDaloB X BH-
IeNAOIyRCA B JATOTeHese, JMO0 SHEPIHD CeiiCMAYeCKEX BOJH.

7. Ha OCHOBAHMM TEOPETHYECKOT'0 aHANM3a MOXKHO IpeINoJaraTh,
YTQ CHHTE3 YIVIEBOLOPOJOB B TOJIE OCAUNOYHHX NOPOJ BOSMOXEH, Korla
pH-Eh-yCJIOBAA, KOHOYKTADYeMHE DeaKIMAMHA MeXIYy BOJIOX H OKHCJLAXM—
MCA MMHEeDAJNBHHM BelleCTBOM, 00eClneyuBalT BOCCTAHOBJIEGHHE BONOPOIA.
9T HaHHHE MNOJIOXeHH B OCHOBY IDH MOISJIMDOBAHWM IDMPOIHOTO He{Te-
ras’000pas30BaHNA B JUTOI'eHe3e.



‘Tnapaaid

TEXHNKA ¥ METOLMKA MOIENMPOBAHVWA HEITETAS00EPASOBAHVA

2.1. TexHuyeckwe CpemCcTBa
AKTHBAIlMM BelecTB MeXaHWYeCKHMMH CUJIaM#

Hccaemopanme (MSMKO-XMMAYECKHX IPOLECCOB, OCYCJOBISHHHX
TOHKAM ¥ CBEDXTOHKAM M3MEJBYeHHeM TBEDIHX BemecTB, CTANO BOSMOE-
HuM ¢ I965 r. mocje CO3IaHMA CNEIMAaNbHOR CKOPOCTHOR H3MEIbIH-—
TeJEHOJ TeXHWKM, paspadoranHoji B VI'ml' ¥ uaroToBneHHo#t Ha OmHTHOM
saBome CO AH CCCP (Tosmocos, MosvamoB, I966). OcHOBHAA Macca 9KC—
NIePEMEHTOB C axTuBalel MAHEpAJIBPHHX BEMECTB M3MeJbYEHHeM BHIIOJN-
HOHa C IPUMEHOHWEM IUIAHeTApHHX LeHTpodexHHX MebHmm (IIM). Ipme-
munuansHasg cxema IIM npencranneHa Ha puc.2.I. Padoume GapaGamH
M, comepxamme Mesmame Tejaa (Ipo6k WIM ° ceuxa), Bpamasch BOKDYT
coGCTBeHHOR OCH, OINHOBDEMEHHO IBEXYTCA IO KDYyroBoit opOmTe BOKDYT
TyaBHO# OcM IUIaHeTApHOI'0 MexaHuMsMa. Mesoupe Tesia IepememanTes
BHYTpM padodero Oapadada Non IeilcTBHeM TpeX CHI: JIBYX IeHTpOGeX-
HHX - OT BpauleH#A GapadaHa BOKDYT COOCTBEHHOH OCH M BOKDYT TJAB~
HO# ocm, a Takxe cwmH Kopuwosmca, BOSHHMKalmei 0T CJOOXKEHHA OTHO-
CUTEJBHOT'0 M NePeHOCHOTO IBMmeHMit. 3arpyxeHHHI MaTepHal H3MeJNb-
YaeTcA NOCPeNCTBOM JIADOB, DASIABIMBAHAA X MCTHDAHHAA H IpOTeKa-
er B IIM oueHs GHCTpO: KBapH oT KpynHoctw 0,5 MM N0 KpynmHOCTH,
nsMepAemMoit MOJAMM MUKDOMETDE, M3MeNbuaeTcHs B TedeHwe I-2 muH; B
0CHYHOji mapoBoff MeJBLHMIIE Ha 5TO 3aTpavVBaplTCA COTHH YaCOB.

B onWcaHHHX HMU¥e ONHTAX HaMil HMCHOJB30BAJUCE TDPU MEJBHUIH,
¥MX XapaKTeDHCTHKM NpejcTaBleHH B Tadnd.2.I.

PesynpTaTH CpaBHUTENBHHX HCHHTEHW IUIAHETEDHO# MEJBHMIH H
0C0HYHO# mApoBOj MEJBHAIH IpeICTABIEHH IpDajWiecK: HA pHC.2.2. Me-
NHTAHAA NPOBOIWINCE C HCIOJb30BaHWeM mecka p. O0m. Kar BumHO wmS
NpUBeIeHHOTO Tpafuka, IIaHeTapHad MeJbHMIA 3a I MUH HMBMEILIWIA
MecoX Mo BHCOKO# IMCTepCHoCTH, IpeBHmAakmeif TMCIepCHOCTH, NOCTHT-
HyTyo 3a IZ 9 nomosia B OGHYHOM mapoBoft MenrHUIle. YUenpHag — Io-
BEpPXHOCTDL NOPOMKOB KBapla H TONA3a,NsMEeJBYSHHHX B ILIaHeTapHOi
mespre 9M-2xI50, mpexcTamnerEa B Taldn.2.2.
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Pec. 2.1. [pEHUENEaJALHAA CXeME NAAHETADPHOR LOHTPOGEXHOH MeAb-
HEUE

TexHHYeCKad XapaKTepPHCTHKA
MCNOJNB30BAHENY IUIAHETADHHX LEHTPOGORHHX MEJBHMAL

Tadmuma 2.1

Padoune GapadaHH YacroTa gs : ?;
BDSUEHHA,
MoneJm |5 Macca, T o% ©o 8
\a 5 a2 A
3 11 £ =]
o 5] g (] 2] E é
g © p't-. (=} 8 a
5 d 8888 |5
o [ g o E [S S o
5 3] o HO
g |8 29 8588 | B
5 | A %88 8 |9 [558 =
Mensmmua M-3 2 600 IIO0 mo 200 425 I000 50 2,8
9RCTpaKTOD—~ 2150 I0O0 mo 20 600 600 20 0,4
M 3MeJIbIATEND
I000 IOOO 60 0,4
AxTuBaTOp— < Is0 I00 no 20 600 600 20 03
i 800 800 40 0,7
{000 I000 60 0,7




Prc. 2.2. Pe3yabTaT™l CpaBHHTOAbLHHX

40 - HCONTAHEA NA3HeTapHOM UEHTPOGEXHOM
¥ OGHYHOM WApOBOA MeAbLHEL.
%\ HaMesbvueHHe: 1 - B peXEMe UEHTPO-

GoXHOR NJAaHeTapHOM MeJAbHHUN (2 MEEH);
2 - B peXEMe OCHYHOM WApOBOM MeAb-
BEUE (5 49); 3 - B pexEMe OGHYHOM
mapoeo#t MeJrHHMUH (12 )

LJ T
0 2 30 w 50 60 7
Pasmep vacmuy,mm

g ymoderBa padoTH padodwe OGapadanH mesbHEn AM-2xI50 u
91-2xI50 Owym cHeJaHH N0 OZHOMY Yeprexy (puc. 2.3). BeTpoeHmas
BHYTDh KDHIIKM De3MHOBAA IPOOKa NOSBOJANA OTCHpaTh Ipody rasa Ha
XpoMaTorpad ¢ IOMOMBD IMpHIa, He BCKpHBad OapadaH. KoamuecTBo
GapadaHoB MOSBOJAIO BECTH DAGOTY CEDHAMM ONHTOB C MCIOJNB30BAHWEM
OapadaHOB KaK ABTOKJIABOB IpH BHIEDKKE KX B TepMOCTATAX, 6CIH
Temneparypa Bumepxk: Huxe 100 °C.
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Tagmma 2.2

lECIIepCHOCTE HOKOTODHX MEHEDPAJOB
B BaBUCHMOCTH OT DEXAMA ¥ BPEMEHH M3MEJLYeHHA HX -

Ha MeasHEIE SM-2xI50

Home lenTpoGexnas | Cpena ®3- | Bpema m3- | Yneasnas | Cpemmmit
OpolH | cHia mo OT- | MEJBYEHMA | MeJBUeHHEA, | NOBepX- | pasmep

HOMGHMIO K MUH HOCTB, | YacTw,

CHIe TARECTH ME/I. MEM

I 2 3 4 5 6
Ksapn
802/10 20 Bosmyx 10 3,24 " 0,35
802/45 20 =" 45 3,90 0,29
804/2 40 -"- 2 2,30 0,49
804/10 40 -"a 10 2,81 0,40
804/45 40 =" 45 4,38 0,26
804/60 40 -"- 60 6,37 0,18
806/2 60 -"- 2 1,86 0,61
806/10 60 =" I0 2,48 0,46
806/45 60 "= 45 8,50 0,I3
808/10 20 JmcTra.BOMA I0 3,29 0,34
808/45 20 ="- 45 6,14 0,18
808/60 20 =" 60 8,76 0,I3
810/2 40 i 2 I,26 0,90
8I0/I0 40 =" I0 3,63 0,31
810/45 40 t 45 7,30 0,16
810/60 40 == 60 II,80 0,09€
8I2/10 60 ="- I0 6,38 0,18
Tomnas :

801/10 20 Bosmyx I0 2,86 0,31
80I/45 20 =" 45 3,65 0,24
803/2 40 =" 2 212 0,42
803/10 40 ="- 10 4,00 0,22
803/45 40 =" 45 5,63 0,16
803/60 40 ="- 60 3,15 0,28
805/2 - 60 ="- 2 1,89 0,47
805/10 60 ="- 10 3,79 0,23
805/45 60 =" 45 2,61 0,34
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OROHYaHMe TalK.2.2

I T e 3 AT RN 6
807/10 20 JlimeTnr . Boza 10 2,51 0,35
807/45 20 =8 45 4,87 0,I8
807/60 20 S 60 5,55 0,16
809/2 40 LD 2 1,84 0,48
809/10 40 -t 10 3,26 0,27
809/45 40 e 45 8,18  0,II
809/50 40 s 60 4,57 0,19
8I1/10 60 e 10 3,60 0,24

Omeepcrmue @ 5 dnn Nod peaunodyro npobx
aso&g wansl wnpuya om mé’ﬁﬂum’fm gmm};ax

lWeemes bonmuxos I
EPMEMUIUR YIOW TR
ME p'?-;' OK N ft‘fa‘

Pec.2.3.Padoyntt 6apadan
aKTHBATODA-H3MANBYHTOAA
AM-2x150 Eaa HccAepoBa-
HHA MEXAHOXHMEYO CKHEX
ABMEeHEN NpH H3MeAbYEeHHH

Mesmoume Tesia M cTeHKM padouux GapadaHoB, HENOCPENCTBEHHO
KOHTAKTHDYUMe C M3MeJIbYasMHM MATepWaNoM M xunxoit cpemo#t usMessb-
UeHHs, BIMADT HA (USHKO-XUMIYECKHe NPONECCH, IPOTeKaimme NpH H3—
MeJBYeHNM. MeTalmi MeNONMX Tes, KOHTAKTHDYS ¢ Xugkor  cpemoft,
KOHIYKTADYOT 3HaYeHWe Eh B 3aBACHMOCTE OT S8 @HHOTC pH W B CO-
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Tadnmia 2.3
QYHKIMOHAJBHAA 3aBACHMOCTH MEXuy Eh ¥ pH
B cHCTeMax "MeTamn + Boma"

QUeRTPONENH Npomece | Eh RaR qyHKImA pH
Al + 3H0 = AL(OH)5 + 3H" + 3e” -1,471 - 0,06 pH
Ti + H,0 =140 + 2H' + 2e” -1,306 - 0,06 pH
Al + 2H,0 = 410, + 4" + 4e” -1,262 - 0,06 pH
Cr + 3H,0 = Cr(OH), + 3H' + 3¢~ -0,654 - 0,06 pH
Cr + H,0 = Cr0 + Yt 4 27 -0,213 - 0,06 pH
3Fe + 4H,0= Pej0, + sut + 8e~ -0,085 - 0,06 pH
2Fe + 3H0= Fe 03 + 6H' + 6e” -0,051 - 0,06 pH
Fe + 2H,0= Pe(OH), + 2Ht 4+ 2e” -0,047 - 0,06 pH
20T + Hy0 = Cr0 + 2H' + 2e” +0,471 - 0,06 pH
Cr -+ HyO = Cro +2H" + 2e” +0,570 - 0,06 pH
Cr + 2H,0= Cr(OH), + 2B 4 2e7 +0,609 = 0,06 pH

OTBOTCTBHEM C M3MeHeHHeM pH BcJencTBMe pearimit MEHeDANBHOI'O Be-
mMecTBA C XHOKOCTEN. JUMTHBAA BJWAHWE METAJLIS MEJBHEIH Ha pH-Eh-
YCJOBMA B SKCIEDHMEHTAIBHHX CHCTEMAX, OHJIO NpPeIyCMOTDOHO OCHa-
meHue JadopaTopHHX MeubHED S/-2xI50 u AM-2xI50 HaGopOM CMEHHHX
fapadaHoB ¥ MeJIOMEX TeJ M3 pPasjIMyHHX METALIOB, & HMEHHO; MeIb,
cranp 3 (Ges Jermpynmux IoCaBOK), HODEABEINAS CTANL (JerupoBaH—
Hasd HEKeJeM B XpOMoM), aloMuHui # THTan. Hadop GapaGaHoB I Xpo-
O NOSBOJNAGT BAPBEPOBATEH BOJMYMHAMA OKHCIHTENBHO-BOCCTAHOBHTENB-
HOT'O TNOTeHIEAaNa B JOCTATOYHO NMDOKHX IIpefiefiaX, yKasaHHHX B
rada. 2.3.

AHayoTHYHEHEe ONHTH N0 HpeBpameHHl YIVIHCTOI'O BemecTBa nog
IeficTEMEM MEXAHWYECKMX CWI OHJIM TIOCTABIGHH Takke B ARyTcke mox
PyroBomcTBoM axamemura H.B.Yepcroro. lless mx - pacmMypoBEa Me-—
XaHE3Ma 00pasoBaHEA HedTH B NPHPONHHX YCJAOBMAX HA OCHOBe. Jado-
PaTOPHOIO MONEMVPOBAHEA C MCHONH3OBAHHOM TOXHWIOCKHX CpeICTB
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MeXaHOAKTHBAIMM, HO ¢ Tolf pasHuWllelf, YTO MeXaHWJYeCKad SHEPrHA K
PeaKIMoHHO! CHCTeMe MONBOIUTCA IOCPeICTBOM BHGDAIMOHHHX MEXaHM3-
MOB, HMATHDYIOOMIK celtcMITecKns KOJeCaHMA.

H.B.Yepckuit ¢ coapropamu (I977, I979) mosaranT, 9TO YCJIOBHA
Ja00paTOPHHX SKCIeDUMEHTOB COyIyT NONOCHH NPUPOIHHM YCJOBHAM He(-
Teras006pa30BAHNA, 6CJH TOXISCTBOHHH: s

I) cocTaB HCXOIHHX OPTAHMYECKUX BEWECTB W CTENeHh ero Mera-
Mopiu3ma. ;

2) TemmepaTypHHE YCJIOBHA;

3) (MSMKO-XMMIYECKHe OCOGEeHHOCTH MMHEDAJBHOH CpemH;

4) cTemeHb HMCIEPCHOCTA BOMECTB;

5) BosneficTBEE NOCTOAHHHX M NEDPEMEHHHX MeXAHMYECKHX HATDy-
30K Ha YACTMIH OpPraHMYecKOor0 BelecTBa.

B COOTBETCTBHM C MB3JIOXSHHHM INONCHPaJMCh YCJOBHA J200DATOD—
HHX ONHTOB M MX TeXHMYeCKOe BolUIoUeHHe. lcnoab3oBamick BUGDAIMOH-
HHe ycrpolicTRa,NpelcTaRIeHHHe HA pUC.2.4.

lamy9aress HMIYJALCOE 00ecCHeYMBANI YacTOTy Koaedammit or I 1o
30 T, 9TO COOTBETCTEYeT ceilcMUYecKMM dacToTaMm. CraTmyeckeds Ha-

Puc. 2.4. BrGpaumonHOoe ycTpolcTBO
A HCCAONOBAHMA TPHOOXHMHYECKHX
ABAGHHMA NpPH MeXAHHYECKOM BO3ael-
CTBHE:

5
4
J
iR 3
/,»”’___ 1 - MAaTHETHH# BHOpaTop, 2 - CTa-
1
/_

L

el )
VLl LLLL L

NS

KaH, 3 - of6paseu, 4 - Kpumka, 5 -
HTOK




TDySKa Ha odpasell, NepejaBaeMasd Yepes WTOK, JEFHT B Opeienax oT
0,59 mo I,46 H./cm"é ¥ nedopMAIMA CEATHA — OT 10° zo I0~° cm. Ho-
TOK SHEDI'HY COliCMEYeCKHX KoJelaHuit B HpUpofe — 0T 10.1074 Io
10-104 .H.u/cMz-c, HO B ONHTAX IPUHATO IOPATKA 8,4.10’3 ,H:i:/cmz.c.
OrmedyeHo, 9T0 0e3 HATDY3KM Ha ckeneT odpasua u mpu 20 9C rasomn-
IeJeHE#t MpaKTMYeCKM HET; NpPH HATDY3KaX B HECKOJBKO HBOTOH HA
. CAHTAMEeTD KBAJpaTHHii rasoBHISJNeHHe CTAHOBHTCA 3aMeTHHM, a Iipa
Harpesammn 5o 70 °C ero MHTEHCMBHOCTH BO3pacTaeT B NECATKM Das.
B cepmm skcnepuMeHTOB ¢ dacToToif I,2 I'i m aviumTynoil, CoCTABIAN-
meit Moj¥ MALIEMETDa, C HMHTEHCHBHOCTHI NOIBOIA SHEDIHR 8,4-10’3
ILx/cMz-c ¥ TemmepaTypoil o6pasma or 20 mo 70 °C wepes cyTxm ¢
HAYANA ONNTA CKODOCTH BHJIGJOHMA Tasa cocramiaza 0,5 cm°/¥. B co-
crase rasos: CH, - caem, Cglly - 0,14-4,6 % Collg - I,19-5,79 %
H IpyTHe NpelejbHHe M HeNpeleJbHHe YIVISBOLODOIH, & TaKkke BOXOPOL
44-62 % u asor 27,9-42,5 % (Yepckuit, Llapes, I977). Ciexnyer same-
THTE, 9TC GOJBIOe COIEPRAHVE BOLOpOJa B odpasymbueiicA cMecH TasoB
0CYCJIOBIEHO MEXAHOXMMIYOCKUMA DeaKIWAMA DasJOREHWA BOIH HOX Heii-
CTBMEM BOCCTaHOBHTEJOH (MeTawT peaKIMOHHOTO COCYHa), TOYHO Tax
Xe, Kak ¥ B HalMX ONHTaX.

GaxaHYMBad ONUCAHWE TeXHWYOCKHX CpeJCTB MeXAHOAKTUBAINY ; UC—
TIOJIB30BAHHHY NpHM MOIEJMPOBAHMM NPHPONHOTO Ipolecca HedTerasool-
pasoBaHA", HOOGXOIWMO OTMETHTH, YTO aHANOTWYHHE OMHTH MOXHO IpO-
“BOIUTE C NpPUMeHeHMeM JI00Or'0 H3MeNbvakmero ycTpoiicTBa, paccMaTph-—
Baf ero KaK MeXaHOAKTWBATOD, TaK Kak M TeOpeTHYeCKH, M IpaKTH-
YeCKM HEeBO3MORHO HM3MeJbYaTh BellecTBa Ge3 MSMeHeHWA UX SHepreTH-
YEeCKOT0 COCTOAHMA, (63 yBeJWYeHHA HX PeaKIMOHHOH# CNoCOGHOCTH,
T.6. Gez axTuBaimM. Ho ee MoXHO mocTHYS M (@3 HCIOJB30BAHHA WS-
MeJBYalIyMX alnapaToB, HanpuMep, TPUBUANBHHM CIOC000M — HATDeBa-
EreM. OTHAKO aXTHBAIMA HATDEBAHAEM ¥ ARTHBAIMA M3MEJLYSHWEM CY-
MEeCTBeHHO Da3JIMYHH M- He B3auMOsaMeHdeMH, TAK Kak KOHeYHHe Ipo-—
IYKTH XUMUIeCKMX peakmuit He mueHTWYHH. O49eHbL YacTo Dpeaxuuy,
VHULAVMDOBAHHHE HM3MEJbYeHWeM, MIYT B NPOTMBOIOJIOXHOM HalpaBIeHUN
10 OTHONSHAN K DearliAM, WHAIMVDOBAHHHM HarpesaxmeM. Hampumep,
PeaKIMl IACCOIMAIMY KaploHATOB MOXHO BO3CYIMTL Kak HarpeBaHHeM,
TaK ¥ JUCTePrHpOBAHNGM, HO DEaKIuw CHHTeSa KaplOHATOB U3 OKCH-
ZoB MeTasnoB u CO, HATpeBaHWeM MHMIMMDOBATE HE YNACTCA, B TO
BpeMA Kak IpH JWCISPTEPOBAHMM OKCHIa MeTawia B cpene CO, cuaTes
KapOOHATOB MMEeT MeCTO. g
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Bosee 06CTOATENEHO B CHCTEMATHYHO SKTHBAIMA M3METHYOHMEM
H3J0XeHA B KHETe B.M.MomvamoBa m xp. (I988), Tam xe mpEBOTATCH
CBOIIGHWA 0 TOXHEYECKEX CPOICTBAX MeXAHOAKTHBAIKH.

2.2. Meromnre JiadopaTOPHHX HMCCHaeLoBaHu{t MPEPOIEHX (HSHKO-
XIMAYECKHX IIPOLECCOB, OCYCHOBISHHHX MeXaHoakTHBamuei

MonesmpopaHne NPAPONHOr'0 06pa30BaHUA JTJIEBOLODOIHHX T'230B H
GHTYMOMIOB CBOLWIOCH K CJeiyimeMy. IlONCOTOBKE HCXOIHOTO MATEDH-
ala 3akmJasach B IHORGope KOJLISKIMA MAHEDATHHHX BEmMecTB, 00HeIA—
HEHHHX OIVHHM IpU3HAKOM, HalpuMmep, TYMyCOBHX yIuie#t, OTIMIARMMXCH
Jyms cTeneHsh yraefuraumu. MoxomHuit MAaTepHAN HSMEJEYAICH N0 OXH—
HaroBo# KpynHocT: (oduwmo 0,5 MM), ¥ B SKCHEDHMEHTe HCIOIH30Ba—
Jach UeJEKOM (paKuud, NpomeAmas CKBO3b CHTO ¢ orBepctaMz 0,5 mm.
OnFHAKOBHE HABECKM HCXONHOTO MATEDMANA BArPyRAINCH B GapaGaHH
IIaHeTapHO# MeJBHHWIH IONAapHO C LeJbD CPABHEHHA pesSyAbTATOB OIH-—
TOB IIPY TOYHOM COCJNNSHWE eNMHCTBA YCJOBHH SKcIepuMeHTa (B YacT-
HOCTH, BDeMeHM aKTHBAIyW). BMeCTe. ¢ MCXONHHM MATODUANOM B Oapa~—
JaHH MEJLHEANH 3aTDyRAINCh MUHEDANBHHE NOCABKH, TAKKe H3MEJBYeH—
HHe IpeIBADATENEHO IO KpynHocT: 0,5 MM, M NOSHDOBaHHOE KOJHMYeC—
TBO XUIKOCTH, ©CJHM W3MeJbYeHWe NpPOBONWIOCE B XUNKoi cpeze. Pmsm—
KO-XUMAYECKHMEe JOJOBHA PH M Eh AKTHBANWM K Nocjelyiueft BHIEDRKA
ONpeIeNAMCH BSAUMOISHCTBUEM XUNKOCTH M MeTaLla, M3  KOTOPOTO
HSTOTOBIGHH padoyWe OapadaHH # MeJnmde TeJa. JTO Xe BsamMomeii—
CTEH6 OTBETCTBEHHO 3a T'eHepAIEl BOLOPOIa B OMHTAX C BOCCTAHOBIE—
HieM M THIDHDOBAHHEM yT'OIBHOT'O BemecTBa BOXOponoM "B MOMEHT BH-—
IeJeHEA" . ARTMBMDOBAHHHE HM3MeJbYeHHeM MUHOpAJbHHE BEmecTBa  BH-
IepRUBANINCE B TeX Xe GapadaHaX MeJLHWIIH NpH KOMHATHOR TeMmepaTy-
pe WM TepMOCTATe; IJMTEJBHOCTH BHIEDKKM, KAK IPABWIO, COCTABIA-
72 7 cyrox. [poGH rasa AiA XpoMaTorpafWdecKoro aHAMM3a OTCMpa-
JCE 063 BCKpHTHMA OapadaHOR IMpAIleM Yepes PeSHHOBYN NPOCKY B
XpHIKe GapadaHoB. lcnoapsyemie peB3MHOBHE NPOGKH NOSBOJATE IIPOBO-
s fo I0 npoxasmpanmit, NOCKe STOr0 NPOCKH SaMEHATMCH HA HOBHE.
lloce ordopa fpod rasa padoume CapadaHH BCKPHBAINCH, HBMENLISH—
HHe BemMeCTBA ¥ XUOKAdA Cpela OTHeNAMICH OT MOJOUMX Tes Ha CHTe,
xunxad fasa oT{MIBTpOBHBANACEH Uepe3 OymaxmHit (WreTp, TBepmHi
0CTaTOK CYNMICHA NDE KOMHATHOR TemmepaType (9T0 HEMBEMEHHO IDHBO—
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IAN0 K NOoTepe HeKOTOpoi JacTH JeI'Ko JeTyuMX (parimi CHTYMOHIOB,
HO IpYTHX CIOCOGOB CYUKE MH He NDUMEHANH). BHCYmeHHH# ocCTaTOK
OTMHBAJICA OT OMHJIAEMHX BeWeCTB M Dasfeldicd HA CWIMKAareJe ¢ IpH-—
MEeHEHMEeM COOTBeTCTEYKIMX DacTBOpHTeJeit M0 MBBeCTHO# H IMpPOKO
IpaKTEKyeMo# MeToMUKe CHTYMHOTO aHaJmMsa I'OPHHX NOpPOX.

BunieneHRHe (paKimy CHHTESHDPOBAHHHX CHTYMOMIOB HCCJENOBAIHMCEH
MeToxamz MK~CHORTDOCKONEM ¥ XUMAYECKOrO aHANMKSA. PeSyTbTaTH OlH-
TOB CONOCTABIAMMCE MeXIY C000ft C HeNbD BHARIGHMA OCNMX TeHNeHumi,
HAIpUMEp BSaBHCHMOCTH BHX0JA I'OPOUAX I'30B WM KUTKAX CHTYMOHIOB
OT CTONeHH yTaefWMKAIEE HCXOIHOTO BEmeCTBa, & TaKxe CPABHUBAINMCE
C HBBECTHHME IPHPOJHHMY SAKOHOMEDHOCTAMM M TEXHOJOIHISCKEMH NpO-
OeccaMs WIM C ONyC/MKOBAHHHMA MaTepHATaMi SKCIePEMOHTAJIBHHX HMC—
CJIeIOBAHMI .

MeTommra HccienoBamW#, IPOBOJAMHX IOL pyxoBozcTBoM H.B.Jep—
CROT'0, He MMEOT NPHHINUANLHHX OTMIAi 0T BHmeomucaHHo#t., Hempum-
IMIMATEHHE OTJHIMA COCTOAT B TOM, YTO YTOJBHOe BEMECTBO 3arpyxa—
JIOCE ‘B DPeakrIHOHHHe COCYJH B CMECH C KBADIOBHM KT KBApI-TO0JeBO-
ImaToBuM neckom (oCwuHo B mpomopmum 40 % yromBsHOTO BemecTBa M
60 % mecka) E BMECTO HeZeibHO{l BHIEpXKM B TepmocTare (4TO IpaR-
THEKOBAJM MH), IOIOTDEBANOCH Oe3 . IPeKpameHHs BHODAIHH.

 HekoTopoe CYmMeCTBeHHOe OTJHYMe OHJI0 BHECEHO B METONMKY MC—
caenoBanmit nosmHee (TpodmMys ® Ap.,I98I, I9836). C meisl HCKMO-
YeHWA BIASHEA -BHISJANNET0CA BOLOPOIa BCJSICTBHE BSamMOIeHCTBHA
METAJLI0B DeaKIMOHEHX COCYXLOB C BONO# CHIM MOCTABJEHH OIHTH,B KO-
TOPHX OOJHOCTHD OTCYTCTBOBAL KOHTAKT C METALISMA DeATHpyIUMX Be-
mecTB. KpoMe Toro, BMECTO MACTALIMDOBAHHON BOINH MCHOONbL30BANACH
mMopcxad. lHave rosopd, BMECTO COYOTAHHA MOXAHOKDORMHTE C I'MIpO—
TEHUSAIMOHHHM KDEKWHI'OM JTOJLHOT'O BEmMeCTBA 3SKCHEeDEMEBETANEHO NHC—
caemopancA "dHCTHi" MeXaHOKDEKMHT', T.e. HSyJYaloCh IpeBpANEHHS
OPraHAYecKUX BemecTB B NpoNecce, HIYmeM N0 CXeMe: "MeXaHWYecKas
SHEDPI'EA —+ AKTUBMDOBAHNE TBEDPAOr'Q BellecTBA IOCPENCTBOM TPeHMA M
HSMEJHYeHUA —» TPHGO- M MOXSHOXMMHIECKHe peaxmu". CoOTBETCTBOH-
HO HBMEHWICA COCTAB BHIEIANMMNAXCH TAS0B: JUATO COIEPKAHHE BOZOPO—
J& B BHXOJ IpeTe/JbHHX JTJIeBOLOPONOB, Sa MCKIOYOHMOM MeTaHa. B
9THX YCJIOBEAX OpraHNYecKoe BemecTBO yIVie# NomBepraeTcs HApacTal—
meit RaploHATHBAINM, CONpOBOXIammeiics noTepeil KUCA0DOINCOIePRAUMX
(YHKIMOHAJBHHX TDyIll, & B COCTaBe XJIOPOJOpMeHHOTO OMTyMomma (mr-—
CHpyeTcAa yMeHBIeHHe acGambTOCMOJMCTHX KOMIOHEHTOB M yBeJMYeHUe
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yraesonopoxHo# 9acTH. B mesoM IpolecC NPOTEKasT AHAJOTMYHO IIpH-
POIHOMY B YACTH IEMETAKCWIMPOBAHWA { NeKapOOKCIWIMDOBAHWA YyTJA C
OIHOBPEMEHHHM DASYKDYNHSEMEM CJIOXHHX MEeTaMoJeKyJ HCXONHOI'0 opra-
HMYECKOI'0 BellecTBa, POCTOM DA30DBaHHHX XMMWYECKUX CBASeH ¥ cooT-
BOTCTEYDUMM YEGJIUYEHKEM YMUCJA CBOGOMHHX DANUKAJIOB.

OGcyxmasa MeTONVKY MOIENMpOBEHWA NPUPONHOTO Iponecca Hedre-
I'a3000pa30BaHMA, OCHOBAHHYW HA HCIONL30BAHMM TEXHWIECKHX CDELCTB
M METOHOB MeXaHOAKTHBAIWNM, HEeJBb3A OCTABUTEH Ge3 BHHMAHWA 3aMeya-—
HHe 0 TOM, YTO MCCJeNOBAHWe NPeoCpasSOBAHUA OPIaHWYECKWX BelecTB
IpY TOHKOM IMCIepPrEpOBAHAM, NDUHATOe HAMHA, He ABIAETCA  MOJENbD
npEpogHOTe mpoulecca. "llpomecc moMmoJia HECIeMeHTHDOBAHHOK MACCH
IpY HCHOJb30BAHAM MEJIAX TeJ W3 MeTALIOB NPAKTHYeCKH He WMeeT
aHANOT0B B IpHpPOmHHX ycaoBuax" (TpodfmmMyx m mp.,I9836, c.I46I).

OTBedasd Ha 3T0 3aMevaHMe, CJeIyeT IPexIe BCEr0 OTMETHTE,JTO
TIPONECCH NOMOJA HeCHeMeHTHDOBAHHON MACCH, NDOGIGHWA, M3MEJbYEHMAL
¥ TOHKOT'O IWCIepPTMpOBAHUA T'ODHHX MOPOX BIUIOTH L0 WIOBHX (paxmuit
ABISANTCA BOIYIAME NPHPONHHMA IDPONECCAMHA. Oy HadmomawTed B
THNEpreHese IIPM BHBETDUBAHWM, TPAHENODTHPOBKE T'OPHHX MAcC TeKy-
YUME BOJAMH ¥ BeTpOM, IpE alpasum OeperoB, JeITHHKOBO# sposmE o
r.1. K Iucmepruaram TENepreHesa MOGARIADICH TEKTOHOIMCIEPIHTH,
IpeICcTaBNIeHHHE KAKHDHTAMM, KATAKIABHTAMA, MAJOHUTAMM ¥ IPOLYKTAMEA
DPOTHOHATHHOTO M JIOKSMBHOTO MHEAMOMeTaMopimsMe (GepesuTH ,JMCTBeHM—
TH) . ByJKaHWIeCKMe IDONECCH NOGARIANT CBOM MACCH TOHKONMCIEDCHOI'O
MaTepHana, IPeJCTABISHHOT'0, HANpHMED, BYJIKAHWISCKEME NeIiamu.luc—
MePIATH PASVIFIHOTO I'eHesmca cJaranT dodee 60 % MaccH 0CANOTHHX
NOpOXN, ¥ C HAME TOHETWYOCKH CBASAHH MHOTME TNOJE3HHE MCKOIaeMHe,B
TOM UHCTe HedTs § ras. MsyueHHe  TeHeTWYeCKNX CBA3ell He@TH
rasa ¢ JUCHOPIUTAMA ¥ MOTENMPOBHHWE IPHPONHHX IDOIBCCOB, 00yC—
JOBJIGHHHX IMCNEPrMpOBAHMEM T'ODHHX NODOJN, CTAN¥ OCHOBHHMM 3ana-
YaMM HalWX MCCJeN0BaHuH.

IIpexne BCcero HaM¥ HA OCHOBE TOODETHMYECKHX pacCyxmeHmil = od
9HOPreTHKe M TEPMOIMHAMIKE IMCNEPTHPOBAHWA OHIO NOKASAHO,YTO H3-
MeHeHWe SHTANbIMY (AKTHBAIMM) BemecTBA H € B aBHCHT O
cnocoda M3MeJBYEHHMA H ONHOBHAYHO OIpelNeJiAeTCA KaKk pasHOCTE  Ha-—
YAJBHOTO E KOHOYHOTO COCToAHAH BemecTBa. ClemoBaTefkHO, MCHOJE—
S0BAHNE N3MEJBTMTEJEBHO! TOXHUKE JICOTO THIA HE NDOTHBONOKA3AHO,
@CJM IeNED ECCJIeNOBaHW SBIAeTCA MEXAHOAKTHBAIMA BEMECTBA. Same-
THM cpasy, YTO 3aMeHa CKODOCTHO{ W3MeJLYATENbHOE TeXHWKH, uc-
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TOJNB3YeMO#k Hamy, HMSKOYACTOTHHMM BMGDOMCTHpATENAMM, MPUMEHSHHHME
H.B.Yepckum  B.Il.lapesum (I977), He sRnAeTcd N PHEHUL U O B -
aJ b HO HOBHM NOAXONOM X BOIPOCaM MONEJIMDOBAHAA IeoJOTHIec—
KEX IPOIECCOB HA OCHOBE MEXaHOAKTHBAIMA MUHEDAJNBHHX BONeCTB Tpe-
HHMeM W yIapoM. [lpaBmibHOe pelleHWe BONPOCa O TEXHWYSCKHX Cpel-
CTBaX MOXaHOAKTUBAIME B JAGODATODHHX OIHTAX 3aBHCHT OT LieJeil mc—
CJIGIOBEHMA: MH CTABWIM CBoeil IeJbD HCCaeloBaHMe Hedrerascodpaso-
BAHMA B ‘TOHKOIMCIOPCHHX MAHEDANLHHX CHCTeMaX ¥ COOTBeTCTBEHHO
NPUMEHAMY CKODOCTHYN - KEMOJEYMTENEHYD TEXHUKY. ABTOPH BHIIEHASBAH—
HOo# paGoTH HCCIeNoBaIM NpeBpalleHHe YTOJBHOTO BellecTBa IpH MeXaHo-
aKTHBaIMY NOE NeficTBMeM celficMMYECKMX BOJH B TOSTOMY ne-
TOJB30BANN HABKOYACTOTHHi BHOPOHCTHpDATENb, B KOTODOM MeXAHNIeC-
Kas SHeprmA Yepe3 TpeHme (¥ ymap) peaymsyeTcs B XUMAIECKHX  De—
aKIMAX, TOYHO TaX Xe KaK B HAMX ONHTAX Yopes3 TpeHWe M yIXap Me-
XaHWYeCKafA SHepr¥A NpH IUCIePrMpOBaHUY DeaM3yercd B 'XUMAIECKUX
pearIMAx, NpPOTeXaluMX IpM HeIeJbHO#l BHIEDRKe NOCJe H3MeJbYeHWA.
Teneps 0 MeTa/UmMYeCKEX MEJIONEX TesjaxX ¥ padoumx OGapalaHax
MeJBHMIH. VX HCHOJNB30BaHMe Takxe OCYCJORIEHO HeJIAME H 3aiavami
Huccuaenopanuii. Mexona us3 npencTaRyeHmE o @aimAX He(TeNpOMSBONANMX
CBUT 10 Npofiimo OKMCIMTENBHO-BOCCTAHOBUTENIBHOrO NorTernumais. (Teo—
nopopwy, lononckas,I960; Tpodumyx,I963), MH CTABAIM OMHOR M3 3a-
IavY n3y9eHue IpeBpameHMil OpraHWYecKoro BeleCTBEA B B 0 ¢ C T a-
HOBHTOIBHHX YCJXOBNSHA X, COOTBOTCTEBYIIMX  JCIO-
' BAAM I'eHepalud -BoZopoia, T.e. MCCJeNoBaJM TpaHCHOpMALHO YT'OJBHO-
T0 BemecTBa NP 38J8HHHX 3HaYeHMAX DH m Eh. Iipex;ue BCEI'O MH J0-
KazaJm, UTO CTeNeHL IIPeBpAamEeHHA JI'OJIBHOTO BeNEeCTBA B CUTYMOHIH
‘32BHCHT OT napaMerpoB pH ® Eh, HO He 3 aBHCHT oT
cnocoda, KOTOPHM 5T#l SHaYeHMA 3aJaHH. [[OCKONBKY OTJIORSHAA
cyssdumnux (cepoBomopompnx) (armil cumranTcs Haudodee OGJIATONPUAT—
HHMM Ins He(reoOpasoBaHWA, MH IIPAKTHKOBAIM B KavYeCTBe NOTEHIM-—
aJIoNpeieAMX PeaKimy BSarMofeficTBHe MeTAWIoOB (MeIM M Xexesa) C
CepOBOIOPOIOM, IVIA KOTOPHX H3BeCTHa JYHKIMOHAJIBHAA BABHCUMOCTD
Eh or pH n samaHHOe HaMy SHaYeHMe Th B cHcTeMe. EcTeCTBeHHO,
saJianme pH-Eh-YCJIOBEE IDPYTEMA crocodamy He BOSOpaHAeTCH, HO MH
MCNONB30BANH YKABAHHHE CIOCOCOH, MOCKOJBKY OHM 0GecnevyMBaim pac-—
YeTHHe 3HauYeHHd NnapameTpos pH # Eh.
TaxuM o0pasoM, BHOOD TeXHWYECKHX CDEICTB ¥ METOJOB MOJeJH—

DOBaHuA BCELeJo olpelesdeTcd LEJAMA M 34Ia9aMy MCCJSNoBaHM:E # B
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Karoii-To Mepe SaBHCHT OT CKRJIOHHOCTH HCCJENOBATeNA, OT €ro  IpH—
BEPROHHOCTH K ONpPeJeJNeHHHM CTepPeOTHIIAM.

* *
*®

HaxonneHHH# OMHT SKCIEPEMOHTATBLHOT'0 HCCHASIOBAHEA TOHKOIHC-
IePCHHX MEHEDANBHHX CHCTEM C HMCHOJIB30BAHMEM MEeXAHOAKTHBALMY 03—
BOIAET CHOPMYyIMPOBATE HEKOTODHE METONMISCKW® NPHEMH, KOTODHMA
cJeIyeT PYKOBOICTBOBATHCA:

I. lpemBapuTebHO HSydaeTcA B3amMOne#CcTBHe padoumx wacTeft
peaxTopa Co cpenoif ¥ MCXOFHHME BEmMECTBAMM B CODHM XOJIOCTHX OIH-
TOB, OXBATHBANNMX BeCh Hadop XuMOKocTell, YTOGH onpenesMTh $oHOBO®
BHIGJIEHHS NPOIYKTOB HCCASNYeMHX peakimit, 0CyCJOBJISHHHX B3a-
mMonelicTBrEeM padovmx yacTeft pearTopa ¢ Xumxolk dasoft.

2. OmHTH BejyTCA CEDHAMA C LEJBD BHABNGHWUA TeHIEHImR MR
3aKOHOMEDHOCTe# pasBUTHA SKCIEDAMEHTANBHOH CHCTEMH B 3aBHCHMOCTH
0T IApaMeTDOB MEXAHWYSCKOT'O AKTHBHDPOBAHAA.

. 3. lMccnenmoBaHmA OCYmMECTRIANTCA NADAJIGJBHHMA CEDHAME ONHTOB
C COONKNeHHEM TOXNSCTBEHHHX YCJOBH# axTHBalgm H3MeirbYeHuWeM. Ha-
IpEMep, NAPANIENbHHE CODHE ONHTOB, BHIIOJIHOHHHO C MCIOJb30BAHHEM
CTAJBHHX M MeTHHX GapadaHoB (COOTBEECTBEHHO C IDEMEHEHHEM CTaJb-
Hoft # memHO# XpoOH), HO Ipn EIM3KOM SHAYeHEA DH M Eh CHCTEMH,
NO3BOJIAKT T'OBOPETE O TOM, YTO IpeBpalieHNe H3MeJEYaceMor'0 yTOJLHO-
TO BemecTBA 3aBHCHT OT pH-Eh—ch:'onn:n, HO He 3aBHCHT 0T cmocoda,
KaKUM OHE 3aJAHH, B MAJO 3aBHCHT OT KATAIMTHISCKOTO BIMAHAA Ha-
THPAKIAXCHA MeTALIOB.

4. [lparTMKOBATE KOMILIOKCHOe HCCJSNOBAHWE NPOIAYKTOB MeXaHO~
XUMAYECKHEX IPONECCOB, BRINYANINee aHANWS r'as3oB, (WibTpaTa X TBEp—
IHX 0CTATKOB, TaKk Kax 0COCHOBAHHH{ BHBOL 0 Npomeccax, IpPOTexan--
IMX B MEHODATbHOH CHCTeMe IOCJe MeXAHOAKTHBAIIMW, MOXHO CHeNaTh
TOJBKO B pesyJbTaTe CONOCTABIOHHA AHANWSOB I'asa, XEIOKoOR cpemH
® TBEDIHX OCTATKOB.

5. CiemyeT IpelyCMATDHBATL RIMAHWE MATEDUANA DOAKIMOHHHX
COCYZOB B HM3y4YaeMoM Iporecce. Hanpmmep, HCCIeIOBAHFA Deamuii
B3amMozieiicTBEA BOIH C OKECAAMIMMCA MWHEDANHHHM BemecTBOM IpO—
BOZATCA B MeIHHX OapadaHax, Tak Kak HaTHpANMasAcA MeIk He BHTEC-
HAOT BOJNODOX, & XeJes0, HANDOTHB, DOATHDYeT ¢ Bojoff B BOCCTAHAB-
JMBAET BOXOPOX. JpyI'We ONHTH, TAKWe KAK HCCJeNoBAHNE IpeBpameHui
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JTOJBHOT'O BOUECTBa B BOCCTAHOBUTEJBHHX YCJIOBMAX M B aTMmocdepe
BOZOpOJia, CJEeLyeT NPOBOIUTE B CTAJIBHHX OapadaHax. "IMCTHe" OMIHTH
110 MeXAHOKDEKMHIY yIVLA. HeOOXOXHMO IPOBOINUTE B COCYIaX M3 HHEpT-
HHX MaTeprasnoB. Boodme maTepwas peakTODOB HCHOJBSYETCA B' ONHTAX
KaK DeareHT,KOHIyKTHpyouuit SHaveHMe Eh B SRCIEDEMEHTAJNBHOH! CHC—
TeMe. T.e. UCCJeNyeTCA IpeBpalleHAe X3MeJ5YaeMor'0 MEHEDPaIBHOTO,
BeMecTBa B ONpeZe/ieHHHX OKMCAMTEeJBHO-BOCCTAHOBHTEJEHHX YCJOBMAX,
BaJlaHHHX MOCPEJICTBOM B3auMONeiicTBMA BOIHOA cpeiy ¢ peareHTamu,
BBOJIGHHHMEA B CHCTeMy L oGecleveHHA TpeCylmEXCH sHaYeHu#t pH u
Eh.

6. HeoOxomumo peryiaMeHTHpPOBATE IPHEMH BCKDHTHA padodux Oa-—
padaHoB Iyid HMCRJINYESHAA BHO3ANHHX BHODOCOB, OCYCJOBJISHHHX BHCOKHEM
IaBleHHAeM B GapadaHax, WiIM MHTEHCHMBHOTO B3amMomeicTemAa ¢ Bo3my-
XOM aKTMBMPOBAHHHX BeuecTB. Hanpumep, HOCJe HSMEJBYEHMA B  alio—
MUHMEBHX GapadaHaX BellecTBA B CpeJie JEeTKO KAIAUMX XMIKocTe# Bo3-—
MOXSH BHODOC IOCJHe BCKDHTHA GapadaHa, 0GYCIOBIGHHHA DasorpeBOM
BCJISICTBUE MHTEHCHBHOT'0 B3auMOIeiCTBHA IMCNEDPCHOTO aKTHBHDOBAH-
HOT'0 SJIOMWHHA C° KECJOPOIOM BO3IyXa. OTH X6 ABJEHHA SaTpyIHANT
cdop GeHSMHOBHX (paxmmiit, ‘CHHTe3HpDyeMHX B OIHTaX, T.0. MMEeT Mec-
T0 OCeIHEHHME NOJNyJaeMHX JIVIEBOZOPONOB H3-3a NOTEDH JETKOKAIAIMX
(parmmit. :

7. Umenmmecs B JUTepaType KPUTUIECKHAES 3aMeYaHWA N0 MOBOLY
.ACHOJb3yeMo}t HaMH TeXHMKM H IpaKTHKyeMoil MOTOIMKE LAA MOIeJMpO—
BaHuA NpPHPOJHOT'O Iporecca HefrerasoolpasoBaHdda He CIASIYyeT BO3BO—
INTE B a6CcoJoT N0 CeIyKiIUM COOCDARESHHAM:

- HCIOJb30BaEMe BHODOMCTHDATE]A BMECTO MEJLHAIH He SBJIF6TCH
NPEHOANAAIBHEEM: EIA HCCASNOBAHAA MOXAHOXMMEYECKHX IPOIECCOB MOX-
HO IDEMGHATH JIOOHe MOXAHOAKTHBATODH;

~ KCIOJBS0BaHNe HABKOYACTOTHOT'O BHODOHCTHpATENd . AMATHDYeT
MeX2aHOAKTHBALMD NOX XeicTBHeM ceACMITeCKMX BOJH; B HaWMX ONHTAX
HMHTHDYSTCA AKTHBAIMA MAHEDATBHHX BOMECTB HA CTAUMAX, IpemuecT-
BYyNUEX COIAMOHTAIME, W DaspANKa aKKyMyJAMpOBAaHHO# MeXaHHYIeCKOH#
SHEpTUM B JMToreHese. Kakolff M3 IBYyX MeXaHWEMOB (dma:_mao CTHEMY—
JAPYyDUMX NpeBpameHHe NUCIEDCHOTO YTOJBHOTO BElECTBA B CHTYMOHIH)
padoTaeT B IpHEpOXe M HrpaeT Cojlee CYMeCTBEHHYD DOJE: B IPUPOTHOM
HefTerasoofpasoBaHny, NpPeNCTOHT elje BHACHUTD;

- B CBOHX MCCHENOBAHMAX MH yOemUTeJbHO NOKABANM, YTO  Ipe—
BpalleHEA OPTaHWIecKUX BemecTB B MUHeDAJBHO# Macce  ONpemesiliTCH
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@MSMRO-XMMAYSCKAMA YCAOBMAME, B JACTHOCTH SHAaUeHMAME pPH m Eh, n
He BaBHCAT 0T CNOCO0A, KOTODHM 3aUaHH STH napamMeéTpH. [locKOMBEKY
MH MONEJNMPOBANE NpPeBpPANSHHe YT'OJBHOTO BemecTBA B (MSHKO-XUMATIEC-
KX YCHOBHAX, &N6KBATHHX HPUPONHHM IOTeHIMANBHO He{remarepHHCKIM
cBETEM (a TAKEME CBHTAMH IDH3HENTCH OTIOXGHHA C. ONDENeJOHHHME
BOCCTAHOBHTONLHHMA XADAKTEDHCTHRAME, & MMEHHO: IeDPEMYHO-CYABGHI-
HHe, B TOM WMCHe CEDOBOXODOMHHE, CHISDPHTO-CYJbIANEHE, CHIOPUTO-
BHE ¥ CHESPHT-MAMOSHTOBHE), NOCTOJBEY MH B CBOMX ONHTAX SaIaBATM
BOCCTAHOBUTAALHES YCJOBRA C IOMOIBE MOTAJIOB, 3 KOTODHX HSTO-
TORIOEH padouyme GapadaHH M MeJomEe Texa.

8, [lpr MCHOJNb30BAHMY AKTHBATOPOB-ESMEJIbTUTEN6R HeoOXOMUMO
BHIGPXMBATH SKCIEPEMOHTANBLHH® MUHODATBHHE CHCTEMH NDH KOMHATHOX
(wm nopHmeHEHO#) TeMmepaType B TEUSHWe HECKOJBEAX CYyTOK;NpH HC—
HOXHSOBAHNE AINADATYDH, NpEMeHAeMof H.B.Yepcwkmm m B.!.IapeBuM
(1977), T.e. OpE IMTeNBHHX 3KCHEDEMEHTAX, BHISDEKa He TpedyeTcd.

9. [lpE MOXe WpOBAHEM NPHPOINHOTO HedrerasoolpasoBaEmA HeEOG-
XoIuMo CcolJKIATh 3J6MOHTH I0IN0CHA JaG0pPATOPHHX SKCIePAMeHTAJIbHHX
¥ NPHPONHHX MHHEDAJBHHX CHECTEM, & WMMOeHHO:

~ B KayueCcTBe HCXONHHX "He(TeMaTepUHCEAX" BemeCTB MCIOJIb30-
BarTh NpAPOXEHe ofpasoBamma (yroas, Topd, campomens ¥ T.I.);

= COCTAB M KOHIGHTDAIMM BONHHX DACTBOPOB JaG0pDATODHHX CHC-
TeM HE NOJNKHH OTIMYATHCA OT COCTABA IPHPONHHX BOX, YIACTHE KO-
‘TOpHX B HedTerasoolpasoBaHMM NPeIUNOJATASTCH;

~ CTeNeHb M3MEeJHYEHHA MEHODANBHHY BEMECTE B OINHTAX JOJIKHAE
COOTBETCTBOBATE CTEIOHA NUCIEPCHOCTY IPUPONHHX OCAIKOB;

~ CHJH; IpAJIATE6MHS B JACODATODHHX OINHTAX K BellecTBAM B BM—
Ie NOCTOAHHNX M NEDeMEHHHX MeXaHHJeCKHX HATDYS0K HE NOJKHH Ipe-—
BHEATE CHJI, NEHCTBYHNMX B IDHPOXS;

~ TeMIepaTypHHe YCJOBHA B ONHTaX JNOJKHH COOTBETCTBOBATH
TeMNepaTypaM, CBOACTBOHHHM IPEPONHEM HODTEraSONpONSBONANMM CHO-
TeMaM;

-~ peramEH pH, Eh W npyTHe (MSHRO-XMMAYOCKHES NADAMETDH
+ BRCIGPEMEHTANHHHX CHCTEM He JNOJKHH BHXQUUTH 38 NPEHeJH TeX BeJH—
9YMH, KOTOpHe CBO#CTBEHHH NpPHPONHHM He(dTOTra30NpOMSBOLAIMM  MHHO-
PANGHHM CECTEMEM, OXHAKO CNOCO( B3afaHWA Hy#HHX BewwyuH pH m Eh
He JMMHTHDYOTCH.

10. IlpE MOATOTOBK® MATODHANOB K BKCISDHMEHTAM HEOGXOMMEMO
OIPeNeJUTE COTepXaHWe CHTYMAHOSHHX BemMecTB B MCXOXHHX odpasmax,
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‘OJHAKO NpejBapHTeJbEAd 00padoTHA HOXOUNHHX MATSDHANOB RAKEME-JE-
60 PacTBODHTEJAMA HO DEKOMOHIY®TCA BO M30eXaHMe NOCHenCcTBMl,nc—
Ka¥anmx pesyAbTaTH SKCIeDAMEHTOR.
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I'naBpa 8

SKCIEPYMEHTAIBEHOE MCCIENOBAHUE BOCCTAHOBIEHUA BOIOPOLA
1 CHHTE3A YTIEBOLOPOIOB

3.1. BsammomeilcTBEe BOIH
C OKECJAADIEMCA MAHODANBLHHM BEmMeCTBOM

TeopeTHYecKoe 0GOCHOBAEWe [IOJYYEHMA BOIODOIA H3 BOTH BHTE-
KaeT M3 aHaumsa mmarpamvu (puc. 3.I), Ha KoTOpO#t IpefiCTaRIeEH
NOJIA YCTOHYMBOCTH COeIMHeHH# Bomopona. Ilose ycToitdMBOCTH BOZOpDO-

Prc. 3.1. HOmarpamma
Niypde maa  BOXOPOR-
KHCJNODONHHX COeXRE-
HEeHEM.

T'paEEUE ycTOMYHBOC-
TH BOJH: 8 - Bepx-
B4R, 6 - HEXHAA.
[ugpe B KpyxKax --
NOAOXeHHE TPAHNL Ho-
nef YOTOBYHBOCTH
yKa3aHHHX COeJMHe-
HE#®




Ja OTDaHMYeH0 CBEpXy HuXHe# IpaHwIeR ycTOHIMBOCTH BOJH, & CHH3Y -
rpanvmedt nonelt yeroftuumocTs THEpUNOB. CAeNOBATENBHO, MLIA NOJyde— -
HHAA BOTOpOIAa M3 BOOH TpedyeTcA 3Sala¥h Takde YCIOBHA, YTOOH KOOp—
IMHATHAA TOYKA CHCTEMH JeXajla B NOJEe YCTOWYMBOCTH Bomopoza. M=
9TOr'0 CJASBLYeT, YTO BOLOPOI BOCCTAHOBHTCA H BHIEJMTCA B BHIE CBO-
GonHOTO Tasa IpH B3aWMOMeHCTBMM BOAH C MUHEepAZamd, OKACJIEHHe Ko—
TOPHX CO3LACT HeoGXomuMoe SHAYeHHe Eh IpH BafaHHOM PH Cpemm.

1A SKCIepUMeHTANRHOI'O H3YYeHHA BOCCTAHOBJEHHA BOJOPOXA IpH
B3aMMOIGHACTEMY BOIH € MHHEDANLHHM BENECTBOM, AKTHBHDOBAHHHM H3—
MeJbYeHUMeM, CHIM B3ATH TOPHHE  IIOPOIH ¥ MVHEDANH, COMepanue
SHAYMTENEHHE KOJIMYeCTBA FeO. ONHTH NDOBONWIMCE C HCIOJb30BAHMEM
MeIHHX OapadaHoB W MeIHO# mpodm HA IiaHeTapHO# MesbHvme SH-2xI50.
3arpy3ra H3MeJhYaeMoro MaTepdasa - oT 5 mo I0 r, MeqmmMX Texa -
I00 T, BOmH WM BONHOTO pacTBopa - 50 cM®; BpeMd M3MeNBUOHHA -
or 45 nmo 60 mmH. Samep BHX0HA Tasa X ONDeNeJeHHe ero COoCTapa -
cpasy mocjie HSMEJLYeHMA WIA NocJe 7-ITHeBHO# BHUSDXKM NDA  KOM-—
HaTHO# TemmepaType. ONHTH NOKASHBALT,.YTO TOHKONHUCIHEDPCHAS MUHE—
pasbHAA CHCTeMa, colepmamad BOIY M MAHepayH, GoraTHe FeO, MOXeT
pACCMATDUBATECA. KaK XMMUYECKH#t DPeHepaTop BONODOIA, IDHYEM  ero
BHIIGJIGHNe, HAYABINCH BO BPEMA MSMEJBYEHNA, IDONOIKAGTCA JocTa-
ToyHo nouro (pEc. 3.2), BoecTaHoBNeHMe BOXOpoIa OCYCJIOBIEHO B3a—
nMoneficTBAEM BOIH ¢ OKHCJAKIWMCA IBYXBajJleHTHHM EeJe30M. 3T0 fAB—
JIeHMe MOXHO HadmonaTh B J200paTOPHHX ONHTAX: CBEXEOCARNeHHHH
runpoxcry xenesa (II) npu KoMmHaTHOIl TeMuepaType NpeBpalaeTcs B
MArHeTHT :

313'9(0}1)2 - Fe30-4 -+ 21120 + Hye

[lySHPBKH BONOPOZA BHUEJADTCA W3 DHXIOT0 OCAlKA ¥ BCOYIHBANT I0-
BODXHOCTHYL IVIGHKY Ha paslesie ocalKa ¢ OCBeTJIeHHOH RUTKOCTED.
AHaIOrYHHE ONHTH IO B3aUMOJeficTBHID BOIH C T'UIPOKCHIOM Xejes3s (]I)
nponesaHH Hamu. A 8TOr0 B3ATH FeO COMM JBEYXBANGHTHOI'O XeJe3a
M HEeKOTOpHe MMHepasH. [lepBoHaYalbHO YJCTaHOBIEHO OTCYTCTBHE  OK—
RAKTMPOBAHHOTO BOXODONA B MCXONHHX BeNecTBaX, & 3aTeM IpH Kild-—
YeHUM ¥ HATDEBAHHM B BAKYYMHDOBAHHOH IDOCHDRe SaNaBaiMCh YCJIOBHA
I o6pasoBaHMA TEOpoxcHua Xesmesa (II) M ero pasnoEeHNA B MEJ0Y-
HOit cpeze ¢ 0OpA30BAHMEM MATHETHTA. Pe3yJBTATH OIMHTOB NPEJCTAB-
JerH B Tadn. 3.I.

Cremyer ofpaTuTh BHMMamme Ha omHTH IS5, 20, 2I m 22. T'enen-
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TeHepan@sa BONOPONA NpM KHIAYEHMM ¥ HATpe

Tacmma 3.1

BAHWH
XUMIYECKHX BENECTE H MHHEDAJIOE,
G6oTaTHX IEYXBANGHTHHM XeJIEe30M
Homep KonwgecTs
psovin Pearmpynmee BemecTBO Hy, 00%6M. [IpumevaEne
BuneJsieHEe BOIOpOJA IpH KEIAYSHAH

I FeCl H,0

25T Odpazyerca
2 CaCc0, B5 % p-pe FeCl, - FeCO,
3 Cac0o; B5 % p-pe PeCl, (#30uT.) - -
4 CaC0, (u30ur.) B5 % p-pe FeCl, - -
5 PeCl, + NaOH (Bominil pacTBop) 0,05 PH = 14
6 FeCl, + NaOH il 0,076 pH = 12
T Feso4 + NaOH - - 0,05 pH = 14
8 FeCl, + NaOH -" - 0,1 pH = 10
9 Fel + H20 + 03003 0,251 PH = 8,2
10 FeO + H,0 + HC1 0,377 pH = 6,8

HarpeBanwe B BaKyyMuEpoBaHHO# NpoGHpKe
11 FeS0,*H 0 -
12 Ba(0H),+8H,0 -
13 FeS0, + CaCOy -
14 FeO + Hzo 0,141
15 Fe0 + A12(304)3_-181120 = Ilapn BOXH
16 FeO + Ba(OH),*BH,0 2347
17 PeS0, + NaOH + H,0 1,78
18 FeCl, + NaOH + Hy0 9,25
19 FeS0, + Ba(OH),*8H,0 0,276
20 TemeHCeDIET + A12(504)3'18H20 - llapu BOmH
21 TeneHGepPTHT + Ba(CH),*BHS0 0,83
22 TepeHGepruT + Cac0, + Hy0 0,115
23 Omzee + Ba(OH),*B8H,0 0,I15
24 BroTuT + Ba(OH),*8HL0 0,Is8

70



02 7 T

Bsix08 aodopoda,cm’
IS

T T T T >

0 10 20 3o 0 10 20 30
Bpems &si@epacku,cym
Puc. 3.2. BRXOX BONODPOXAE MOCAE H3MEALUYEHHA B BOJE 'HEKOTODHX ME-
HepaAoB B TOPHWX NOPOX, CONOPRAMEX 34KHCHOE Xeaeso:
1 - releHGeprET, 2 - MarEeTHT, 3 — OHOTHT, 4 - OJNMBHHHT, 5 - fa-
3aapT, 6 - AaBa BAK.ABaya, 7 - AaBa BJK. KangeBcKoTo

GepruT M FeO NpH HATPEBAHMM C KPUCTALIOTHIPATOM CYJbPaTa amni-
_HASL CBOCOZHOT'O BOZOPOIA He BHIGJNANT, TaK KAk B KuCJO# cpere He

COBTANTCA YCJIOBHEA LA 00pasoBaHAA Fe(OH),; Te Xe BemecTma B
leJ0YHO# CpeXe I'eHePMPYOT BOXOpoX. BuueiaeHne soxopoja B omuTe IO
CBA3aHO ¢ B3auMmomeficTBHEM COJNAHOE KMCIAOTH C METALIMYECKHUM XeJe-
30M, HOKOTOpOe KOJWYeCTBO KOTOpOTo (COrJacHo MAGCHODPTY) comep-

XUTCA B peakTuBe FeO.
BuneJenme BOLOpOja, OCYCJOBIGHHOE TeM Xe BaamMoIeiicTBHEN

Fe (II) ¢ Bomoil, HO IpoTeKawuiee 0e3 HATDEBAHAA BCAGICTBHE  ANTH-
BaIjA MIHODATHHHX BEWECTB NPH TOHKOM H3MENLYGHME, NDEICTARICHO B
Taéa. 3.2. AKTHBH3AIMA NOCPEICTBOM TOHKOI'O HSMEJLYEHHA B  JalHOM
CIyJae COCTOMT B PAVIONSHMM MCXOIHOI'0 MEHEPANBLHOI'C BEmecTEa,
"pckpuTER" FeO ¢ NIOPOBOZOM €TI0 B TaKoe COCTOAHHe, Xorza Fe (II)
CTaHOBHTCH CHOCOCHHM K -DearuMM C BoIoil ¥.o6pasoBaHND I"e(OH)z'
B cayvae CHIEpATa STOT NPOHECC OMMCHBAETCH CJSIYHMEM 06Das30M:



Tadmma 3.2

BuJIeJIOHHe BOXOPOIA NOCJE AKTHBAIMH M3MEJbISHHeM
- HOKOTOPHX IOPHHX NODOX ¥ MEHEDAJIOB

VBmessaeMeit Cperna Buxon CocTas rasa, 00meM.%
MaTepUal n3MeNbYeHud |Tasa,

gy of | B | % | o5 | cop
CrnepuT Boma 50 2,40 96,0 I,65 0,85

CuzepuT 5% p-pNatl 53 8,70 174,65 16,62 cu.
Cunepur IN p-p NaoH 40 12,40 80,0 I,70 6,2
CunepaT == 40 14,70 80,0 1,40 6,3
CumepuT == 60 8,60 ‘

Cunepur ggbgpglf%ap—p 50 22,00 4I,0 1,60 3b50
OuBMH Boma 50 27,0 He onp. He omp.
TemenGeprar Boma 50 . -I0,75 =" ~"—
OnuBHHAT Bozna 50 17,60 ="- ="-
OUTUBHHET 5% p-pH,S0, 50 'I,85 M "
IysenT Boma 60 17,20 ="- ="
Jyrar P-p HC1, pH=3 50 1,70 -"- ="
JlyuuT IN p-p NeoH 50 I7,0 -"- -
Fel 5 % p-p Nacl 120 2,3 81,7 15,8 CJl.
Fe0 5 % p-p Mecl, 73 4T 81,45 1I4,45 cil.
FeCl, = 145 .1 75,24 17,66 cl.

Hﬁmeqanne. 3mechk n-mée B TadJ@max: He omp. — HS ONpelesaloCk,
cl. — CJOIH.

LACIeDTUDOBAHAG
1'9003 Fel + 002
Fe0 + H,0 —bFGCOH)z

3Fe(0H), ""F°3°4 + 2H,0 + Hye

BupiesieHus BOLOPOTA., 06yCIOBNeHHEEe BaamMofeiicTBHeM CHIepHTa C BO-
noft, HAGHONAeMHe He TOJBKO TIpH M3MeJBYeHHH, HO X HDH meJoTHo#
aBTORNABHOK 06padoTRe CHIEPUTCONEepXANEX GOKCHTOB (Jaitmep, I96I),
0COGeHHO MHTEPEeCHH, ©CJu IPARATE BO BHUMAHHE Y TBEPRISHAL
H.M.Ctpaxoea (I90) o ToM,YT0 “BCe IVIMHH MOPCKOT'O IIPOHCXORISHEA
- cHISpHTOBHE".

HaGmomasMoe B SKCISDAMEHT® BOCCTAHOBJIGHWe BONOPOZA HpH B3&-
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'g Auabas, 6asarem T,
8
%2
% o labépo
PEc. 3.3.38BHCHMOCTD g 18-
MeX1y coXepxaHHeM Fe0 g ¥ Kaapuessi: duopum
B mopoie H BHXOXOM ‘§
BONOPOAA MO Ppeakus g 70 T e
2Fe0 + EEO—- ?0203» ,% ?
+ Kz
N f Noppupsr :
§ Punapum OAndesum
Q 1 L L) Ll 4 T

R TRt A ST AR
Codeprcanue Fel% no eecy nopods!

EMoZeiicTBAN BOIH C OKHCJAOIAMCA MAHeDANHHHM BOMECTBOM B IIDHPOTIE
IpOTeKaeT He CTONh HAIVITHO, HO 00 OKHCJeHMM FeO 10 Fe,0, B IIpo-
mecce (JODMMDOBAHMA OCANOYHHX NODOT CBEASTENLCTBYyeT H3MEHEHHEe Ba-
JIOBOT'O COJIEDXAHAS OKCHIOB XeJe3a NpH CDABHeHHH HX COJEpXaHHA B
cpemueft MarmMaTHYecKolt m cpemHeit ocamovHO# moposax. llpaman BsaBH- ;
CHMOCTE MEeXIY COIepXaH¥elM FeO B IOPOIe M BHXONOM BOIOpOXa Ipen-
cTapieHa Ha puc. 3.3., IUHAMAKA BHIENEHWA BOINOpONA INOCJe aKTHBA-
I E3MeJbYeHMeM —. Ha puc. 3.4

Cepa - nmpyroft sieMeHT NepeMeHHOE BajJeHTHOCTH, C OKMCJIGHHEM
KOTODOT'0, 110 HammM OpeficTaBleHHAM, CBASAaHA I'eHepalMdA BOIOpOZA B
JuMTOoreHe3e. IVyOUMHHAR CYJB(HIHAA cepa B SK30T'eHHHX YCJOBHAX OKH-—
eaAeTCeA N0 cyJindarHo#. B orcyrcTBue arMocdepHOro KECJIOpOmA 8TOT
npolecc NPOTeKaeT ¢ BHIGJEHHEM BONOPOZa, HaNpEMep:

FeS + PBSiOB + 3H20 = POBS!.O‘_ + 802 + 332.

ARTUBH3HDOBAHHHE M3MEJLYEHHEM CYJNBHIH XeJe3a OKMCIAOTCH.BO
B3amMomeficTBMM C BOMOH MmO cxeme:

Fes, + 2&20 + 0, = PeSO4 + 8 +-‘2H2
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M Nanee Yepes IHIpOJHM3 cyabfara medesa (II):

2 3 456870 20 304050 100
Boema,cym

Puc.3.4. [uHaMuka BH-
IeNeHHA BOXOpOZA moc-—
Jé H3MeJNbdeHHA

Feso4 + Hy0 = H2504 - Ii'tc_‘.COH)2

3]!'13(0}1)2 = F3304 + 2H0 + Hye

KoHevHHe NpOINYKTH SKCIEDHMEHTOB II0 H3MEJLUEHMO NHpUTa B
BOZHO cpele IpelCTABIEHH MArHeTHTOM, Cepoil M BOIOpOIOM, a B
CIISIMANEHO - SQNAHEHHX YCAOBAAX BMECTO MarHeTHTa 00pasyeTcs ADOSHT
KFe [(504)2(03)6] (puc. 3.5). PesynbraTh aHamM3a ra3oB NOCTe H3-
MEJIBYCHAA HOKOTODHX CYALIMIOB npez:c'ramem B Tadm. 3.3.

Taxmum o0pasoM, OKHCJEHHE M]’IHBP&JIOB, comepxaimx Fe

7

2y (wm)
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PEc. 3.5. Bo3MoxEme OYyTH MeIaHOXHEMHYECKOM XecTpyK-
UHH CYALQHEOB XeAe3a B 3ABHCHMOCTH OT DpH-, Bh-yc-
NOBHMA:

1 - OKHCAeHHE RO Fe,0, W sof': 2 - OKHCAeHHe JO S
¢ MepeBOAOM rect B pacTBop; 3 - pacTBOpeHHe NHpPHTA
¢ o6pa3soBaHHeM 8% ¥ Pee'a 4 - BOCCTAHOBJAGHHE® KO
FeS B Fe MeTaAAHYECKOro; 5 - NOCTPYKUEA DHpHTE C
06pasoBaBEeM MATHETHTA H 82”7 wau sof” B pacTBOpe
(B CEABHO MEAOYHNX pacTBOpax - RaJbHedimaa ReCTPYK-

uma)
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\ BaanmozeficTERe CYAL{MNOB ¢ BOACH X BONEHME DACTBODAME

Tadmma 3.3

Homep | Msmens- | Macca, Hunxan Bpema Koxm-Bo Cocras rasa, % pH Ilpoda Ba [lpAmeya~-"
ONHTa | 9aeMHe r cpena JLETTER 2 ra.'s!aé = = = = 5 ..u?gmi gg_ . > Hite
MATODH- YOHHEA ™ -
am 8.60,6 i % % < 2 measyerma [ 504 | 503
MIB3  Fes 5 HacumenHu# 95 II0 60 35 2,1 0,0 99,2 4,2 He onp.He omp.0cTaTor
pacTeop Hy3 BOSTOpeNncH -
M20B  Fes == I00 78 21,5 63 I4,7 0,0 99,2 4,I - 0,024
M205 Fes - 60 75 27,0 &0 2,7 0,0 99,7 7,6 - -
M209  Pes == 100 II5 b8,6 39,14 2,0 0,2 99,74 He omp. He omp.He omp.OcTaTox
BOSTOpeNCA
©MI82  [lmpur 1,2 ="- I00 I70 79 19,5 0,47 0,0 He omp. ="- == ="-
M204  Iupur Boga 60 49 5,65 85 9,25 0,0 99,9 5,6 0,0074 0,032 MarwerHr +
1 cepa
[lapar 5 Bona 45 50 37,0 49 1,8 II,I 98,9 8,4 2,40 0,092 Marmerur
H08C04
Nupatr 5 Bona 45 50 32,7 &1 2,1 14,0 99,8 56 2,12 0,I0 Marserar
H MgCO4
M303 Cganepmr 5 Bona 45 50 7,2 He onp. He OOp. He ONp. HE ONp. KECJIAA He OOp.He omp.

Npemevanue. YsMensuenme Ha 94-2xI50, KoumwecTBO MMUKOCTH BO MI. B cocTape T'a30B NpH ONHTAX C

co B xonmvectse 2,I m 0,55 %.

.KapdoHaTamMi 0CHADYXeHO



52 Momer IpPOTeKaTh BO B3aMMONSHCTBHM C BONOH ¥ CONPOBORIATHCA
BHTeseHueM Bojopoza (MosganoB, Apxunerko,I966; ToxocoB ¥ 1p.,
1966; Momgamos, I969). 3roT mpomecc MOXeT NPOTEKATh HEe3ABHCHMO M
napaLleJbHO € IPONeccoM OKHCJICHWA KACJAOpPOIOM Bo3myxa. C  yueToMm
TOI'0, 9TO He(rerasoolpasoBaHMe NMPOTEKaeT B TOJIE OCANOYHHX IIODOT,
TeHepauusa BONOpOIa B JUTOTeHe3e NpuoldpeTasT 0co00 BaxHOe 3HAYE-
HYe. IIOBHIEHHOE NApIMANBHOE NABIEHWS BOLOpPOIA - He TOJBKO HeoG-—
XOIMOe YCJIOBMe Hedrerasoo0pascBaHHA, Kak 5TO BHTEKAeT H3 Teope—
THYeCKOT0 aHammsa, HO B HeKOTODHX cJyjYadX JeficTBHe BoIopoma Mo—
KeT pacCMATDMBATHCA Kak INpUYMHA IDEeBpAalleHHA OPraHMYecKMX 0CTaT—
KOB B ¥UIK06 WM Tas3006pasHoe TOMMBO. lIpexue BCero 0TMETEM, YTO
pasvioXeHMe OpraHWYecKHX BeleCTB BO B3aMMQIECTBHN C BOIOPOIOM —
TepMOJMEAMAYECKA DaspelleHHHH IpoIece:

Cgly0q + #Hp = 2Hp0 + 200, + 4CH, + 130,25 KKal.

JexapOoKCHINPOBaHNe X BHISJSHAe MeTAHA BO BpeMA JNTHOHKAUNM
ocalKa ¥ yTJeduKamy GoCCHWIMBMDOBAHHHX OCANKOB - caMuit ecrecT-
BeRHHi npupomHEmit npouecc, KOTOpPHH MoXeT mpoTekars (M mpoTekxaer,
CyIlA 10 TOJIeBHM HAGJONEeHMAM) NPAKTHYECKHM BO BCeX CJydadx Ha ca-
MHX DaHHWX CTYNIEeHAX JUTOTeHe3a, Halpumep B 60J0TaX M o3epax.
CuHTE3 CoJsee CJIOKHHX, YeM MeTaH, YIVIeBOJLOPOIOB TakuM IyTeM Sa—
TPYIHATENeH: IJIA WX 00pas0BaHus TpeCyeTcs BHCOKOE 3HAUSHHNE BOC—

 CTQHOBUTEJELHOI'0 IOTEHIMAJA, BHXOIAMee 34 NpefiejH ycToiumBocTH
BOJH, & KpoMe TOr'o, M3MeHeHMe CBOCOIHOil SHepIM: B DeaxIMAX olpa—
30BaHNA PTaHa, NponaHa, OyraHa ¥ IPYTHX CHCTPO CHIRASTCA H Iepe-
XOIMT K NOJIOXUTENBHHM BesumHaMm. OGpasopaHWe YIJIeBONODOLOB  H3
OpraEm9ecKHX OCTATKOB DACTHTEJEHOTO NPOMCXOXNEeHMA WM X pasio-
XOHME C BHJIGJIOHMOM BOXODONA OGABATENBHO CBASAHO C NOIVIOUGHUEM
SHepIMM, KOTODYX HeoOXOoI¥MO NONBOINHTE K pearupymoie# cHcTeme. Ho-
BOOGpasoBaHWe IasoB ION BIAAHWEM BHUEJANNErocA BOIOPOJA WIH BH—
IeJieHNe BOIOpPOIA IpH NeCTPYKIMH YTOJBHOT'O BEMECTBa XOTA ¥ CcJaado
HM3Y4YeHH, HO HNOCTATOYHO OCBOWEHH B JHUTepaType. ;

Tlpr cymecTBymuei TeXHOJOIMH oTdopa M 00padoTHM mpod  yIviA
COBIANTCA YCNOBHA A 00pasoBaHWA HE TOJBKO Ta3000pDaSHHX BemMecTB
(Bomoposa, MeTaHa, YIVIEKMCJAOTH), HO M EMAKHY YIVIeBOXOponoB. llp
HCCJSNOBAHNY I'a30B NPHPONHHX yrie# HX oTOMpanT H3 Ia30COODHHKOB,
co0HpanT NpE CBOGOXHOM BHIGJEHWM N3 KepHONDUEMINKA ¥ IpH TepMoBa-
KyymHoit merasammm yrieit. IlocaemHnii Ban merasalnyd ABIAETCA ONpene-—
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JIANIMM 10 CPABHEHAN C JPyTMMA: 31eCh BHIEJASTCA HAMGOJbIee KOJIn-
YeCcTBO Tasa K NPOMCXONAT 3SHAYMTeJNBHHe U3MEHeHUA B KOMIIOHeHTHOM
COCTape 3TOT0 Tasa. AHANN3 CPeIHUX SHAUYeHHUl OCHOBHHX KOMIOHEHTOB
rasa yruei JyraHckoil 06J1acTH NMOKABHBAET OTCYTCTBHE CYUECTBEHHOT'O
pasmyad MeRIy KOoJHYeCTBOM CBOCONHOT'O ¥ COPCHDOEAHHOT'O rasa A
MeTaHa ¥ asoTa X 3HATITeJIPHYD DasHMIy B KOJAYeCTBaX YIVIEKHCIOTO
rasa u, ocoleHHO, Bonopona, Takas KapTuHa HalmonaeTcd X NpH pac—
CMOTPEHUY KOJMYECTBE BHIEJANIMYCA TAS0BHX KOMIOHEHTOB OTIEJNEHO
no mapxam I, I » . Ecom B ciayyae YDJIEKHMCJOTO I'asa pasiuyde Mo—
EeT OHTH OOBACHEHO BHCOKOH CODOIMOHHOM CIOCOGHOCTED yIVIe# mo oT-—
HOLIGHA K 9TOMy I'asy, LeCODCHDyOmEeMyCs B Npoliecce Ierasammm, ToO
NoABJIEHAE BOTOPONA B COCTaBe COPOMPOBAHHOIO rasa IpH I'asoBOM OI-
poGOBEHHEK CBA38HO C XUMUYSCKUMM IpoLleccamy, NPOMCXOIALWMY B yC-
JIOBEAX TepMOBaxyyMmHoit merasarmn.
Bwia npopelieHa cleumanbHas cepud onMrtoB (rada. 3.4) mo mep-
" MooGpaGoTke PA3HHX MapoK I'YyMycoBHX yraeit HonGacca miacra
(Tlorpeduoe u mp.,I983).
[lpenBapUTeJLHO IEI'aSHPOBAHHHE YIVIM BHIGDHKMBANNCL B TOUYSHHE
I00 v npn Temmepatype 20 % n namnemmm I00 M pr.ct. lloyqHOTA He-
rasalnud KOHTPOJHMpOBANAck IMyTeM CPABHEHHA COCTAaBa ¥ KOJUYecTBa
rasoB, NOJYYeHHHX IOCJe CBEDXTOHKOI'0 U3MeJbYeHHA B LEHTpoCexHOH
IVIAHeTAPHO! MENBHULE M IpM TePMOBAKYYMHOHE odpadoTre.
llocsie ONMHTOB CPABHUBANAWCE MCXOJHHE M TepMOOCpaCOTaHHHE yITVIA:
UX SJIEMEHTHH}i cocTaB, BHXOL JOTyIMX BEUECTB, COLEDEAHWE  THIpPO-
KCHABHO# I'DyNNH, COIEPEAHWe XIOPOfODMHOTO CMTYMOMIA H ero I'pynl-
NoBOfi coCTaB, & TAaK®e KOMIOHEHTHHH COCTAB BHIEJMBIEIOCA Iasa.
Ilpr TepMoBaKXyyMHOI o0padoTre yrvuiell 3afMKCHpPOEAHO 00pa3cBa-—
HHe OKWCH M IBYOKHCHM YTJepoja, BOIODOIa, MeTaHa, STaHa, IpoNnaxa,
Oyrara. YIJeBOIOpoAHHE I'a3H COCTOAT B OCHOBHOM K3 METaHa M STaHa.
LA ¥XMpHHX yTuei XapaxTepHO IpeodialaHue sTaHa, B TO BpeMA  Kak
NpU WSMENBYEHMH YTVIA B NPUCYTCTBHM N,, C0,, H,0, Kpome BOIOpOIa
I JTJeKNCJIOTO Tasa, IPyTHX T'a3oB NpakTHYecKM He oCHapyxeHo. Cyna
0 COCTaBy BHIEJNBIErocA rasa, s yI'JIen HUSKO# cTammu yraeduxa-
MY XapaKTepHH MpONeCCH NeKapOOKCHMMPOBAHEA, JVIA yIJeH  CpemHMX
MapoK — MpPOIECCH NeTHIpNpOBaHUA ¥ MeTAKCHINpOBaHuA. Haudombmmit
CyMMapHHit BHXON HOBOOGDAB3OBaHHHX TAXEJHX YTVIEBOLODOIHHX IasoB
HaOMOnaeTCA NpH TEpMOBAKYYMHOH 00paGoTKe yTulei cpennux Mapox.Tou-
HO TaKse,HO GoJee WHTEHCHUBHO,BHIeJAwTCA rasH (pmc. 3.6) npu Tep-
MUYECKOM DasJIOKeRHH ropiumx cianues (Tomuos, Tpodmmosa, I985).
78
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Tadnuna 3.4
XapaxkTepnctura yrae# (no llorpeCHoBy ¥ Ip., 1983)
n/ e dmeMeHTHHH cocTas, % TexHu9eCKIL] é‘“’ dnemeHTHuE cocraB, % Temuqecgv{ﬁ "gg“
s c[a]mo]s [om w”l L% K 35;3": c|[ u] mo| s|om|w Aaivaaf.gﬁé
Vcxomuue yrM Yrou nocie TepMmojerasalum

I 5 bBL,4 6,2 40,7 -I.8 8.8 9,9 24,0 6I,7.8,2 88,I 4,9 b S R i TS T R 31 R
2 U 62,7 4,6 28,4 4,3 13,5 3,024,0 66,4 5,0 60,6 5,0 29,3 5,I I2,I 2,9 23,6 46,7 4,9
gt e7,I 5,5 2,4 4,0 12,1 10,5-:5,3 33,9 7,4 68,6 5,7 a3 02 18,0.79,6-6,8 37,3 ;b
4 Tis2.6 4999 2,4.16,9 I,0-3,933,80,6"83,3 65,5 7,9 .38 I6,I 0,9 2,7 33:92 0,3
5 K 84,6 4,9 10,0 1,5 I19,I 0,7 2,2 24,0 0,4 88,4 4,2 By R e a9 0,60 207 - 23,1-0,4
G EX B2 Bet T 4.9 2,3 16,5 0,7 - 1,2 29,9 0,1, 87;60 5,6 | 56 I,4¥17,3 G730, 0T
vo 8880 4, 10,0 15 T 0,8 14,8248 6,4 86,7 6,1 6,2 . 2500 T, T 0,5 4,4 24,7 0,3
8T 87BN 6,0 2.3 22,8 1,0 2,7 67 0,3 89,9 3,7 358.8,56 242 0,7 2,1 6,5.0,3

Mpruedanne, I — AJeKcanupuiicKoe MeCTOpORleHKe, 2 — BoJHHCKOe MeCTODPOXNeHAe, maxrta Kk 3 - HoBoposHHCKEA,
naacT ng; 3 - maxra ¥ I "OcTpui", mwiacr m;; 4 - TPeCT "KpacHorsapleiickyroas", maxra % I2-I3, naact my
5 - Tpecr "CoBerckyrons", maxra M I9-20, miact m,; 6 - maxra "HalikuHo-Iuydoxaa” ! I, mnact my; 7 -
rpect "CoBeTckyrois", waxra % I19-20, niact mg; 8 - Tpecr "OxkTAGpRYyTONL", Waxra 2-OMC, IUIECT My

¥ OmETH C aHANMSOM Ta30B cpasy NOCJe M3MBIbYSHMA.
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PHc. 3.6. 0COGEHHOCTH BHEGNCHHA TasoB OpH TepMHEYECKOM pasA0oXeHHH
TOPOYHX CAGHUEB DPA3NHYEHX MeCTODOXACHHMN:
1 - BnarogaTckoe, 2 - Kammpckoe, 3 - YepHo3aToHCKOe, 5 - BoaTHm-
c¢koe, 6 - HoBOEMETpOBCKO®
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Conmepxanye asora B Npodax rasoB, NOJYYeHHHX NDH IeTrasaiu#
yrieii, BCerza 3aBHIIEHO, Tak Kak BHUMT4HUE a30Ta B BOBIYIHOM OT-
HOWSHEM C KWCJAODOIOM BHOCHT CHCTEMATWYECKYL OWLMGKY BCJEICTEHE
YaCcTHYHOT'0 DAcXoia KHWCJI0pOINa Ha OKHCJMTEJBHHE DeaKiid.

Bonopon BHTEJAETCA NpH Herasamdd BCeX Mpod yTiid, HO HauGoa:-
myii BHXOX yCTaHORJIEH NpH odpadoTke Tomero yruf. YroOH BHACHATS,
He ABIAETCA JM BOIODON IPOLYKTOM DEaKIMy BONH CO CTAJIBHHMYM CTEeH—
KaM aBTOKJABOB, YacTh ONHTOB OHJA HPOBeJeHA C HMCHOJIL30BAHNAM
MEeIHHX aBTOKJABOB: BOXOPOX OCHADYRSH IDAKTHYECKH B OIMHAKOBHX
KOJMIMYECTBEX, YTO yKasHBaeT Ha 6IMHYR NDHEPOLY BHIEANBLETCCA BONO-
pora. Taxum odpasoM, Bolpoc 00 MCTOYHMKE BOIOpOla B IPIPOTHOM
npoLecce Hedrerasoo6pa30BaHMA PEMAeTCA ONHOSHAYHO: BHJEIAETCA OH
NpY B32¥MOIEHCTBAN BOOH C OKMCJLAOMAMCA MUHEDANbHHM BeLieCTBOM. B
pOMM BOCCTAHOBMTENA BOXODPOZA MOTYT BHCTYTATH MUHGDATH, CO/epHa—
uye oxcun Fe (II), cynp@uoHyw cepy, a TaK®e CaMo yToJbHOe BelecT-
BO, HO IpM BHCOKOH TemuepaType M HHMSKOM IaBjeHuH. COOTBETCTBEHHO
9TOMY MOJeJu ﬂemeraaoodpasosaam CTPOWIMCE 110 NPHHIMIY HCCaen0—
BaHUA NpeBpAalleHNA PABIMYEHX yTJIepOACONepRAIMY BelecTs B BOLOPOI-
reHepApye) MUHepaTbHO! CHCTEMe, TBEDIHE KOMIOHEHTH KOTODOH aK- |
TUEUDOBAHH MEXAHWYIECKAMA CHAJIaMi. BoccTaHOBNEHHMe BOLOpPONE  BOIH
TpA OKWCJSHWHE MEHEepaTbHO# JacTh SKCIEeDHMeHTANLHOE CHCTeMd  pac-
CMATDMBAETCA KaK HeNpeMeHHOe YCJOBMe M KaK IpHYMHA 06pasoBaHuUa
YyIJIeBONOPONOB. PasjoxeHHe BOEH ¢ BHIEJEHWEM BOIOpoJa ONpelesAeT
(UBUKO-XUMAIOCKHAS YCJAOBHS CHHTE3a YTJIOBOLODOLOB, & MOXAHOXAMH-—
YeCKad aKTHBAIMA TBEDIHX DeareHTO3 CYMEeCTBEeHHO YCKODAST peakKId,
CHocoGeTBYR CGHCTpelmeMy NpHOJMESHUR SKCIEPEMEOHTANBHOH CHCTEMH K
MeXAHOXWMAYECKOMY DABHOBECHN, .KOTODPOS YCTAHARIMBAGTCA B COOTBET—
cTBEA C "M3CHTOYHOX" sHeprwei, SKKYMyJMpPOBAHHOH# TBEDIHMA BeleCT-
BaMy BO Bpemi M3MEJIbYSHMA WIM NONBONMMOE K CHCTeMe MOCpeJCTBOM
MeXaHHISCKHX CHJI.
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3.2. llpeBpameHEsa yI'OJLHOT'O BemMeCTBA,
SKTEBHDOBAHHOTO H3MEJNbYOHHOM,
B BOJOPOATeHODAPYDIEX MAHEDANLHEHX CHCTEMAX

3.2.I. TeopeTHYyeckoe ¥ I'eoJorMyeckoe 0GOCHOBAHHE
CHHTe3a YTVIEBONOPONOB U3 YIOJBLHOTO BelECTBA

B nopaAnre NomKpelsieHMA BHIBATAEMOTO Ha OOCyXIeHHMe Tesmca o
COOTBOTCTBHY (M3MKO-XMMAYECKAX YCJOBHY TeHepallid BOLOPOMA - yCJO-
BUAM CHHTE3a JIVIEBOIODONHHX COeIVHEHM{ MORHO IpUBECTH LleJHil psaAx
IOBOIOB DPac¥eTHO-TEOPeTHYECKOT0 MOPANKA WIM BHTEKAWUNMX A3 T'e0J0-
TI'MYyeCKnX HalmoneHui.

PacueTHO® 0GOCHOBAHHME BOSMOKHOCTH CHMHTE3a yIVIEBOZODOJOB
npexpcrasaeno (puc. 3.7) B BuIe AWarpaMvi noJeii ycroivmBocTH pas-
JMYHHX COeJHMHeHMit yriaepoma, KoTopad NOCTpoeHa ¢ IpUBIEYeHMeM DA-
Ia ypaBHeHuit M.Iypds (Pourbaix et al., 1963). 3 pmarpammm
clIemyeT, YTO0 CHMHTE3 YIVIEBOIOPOLOB IyTeM peaxuuit yriepoma ¢ BOIO-
DPOIIOM MOXeT IpPOTEKAaTh NpU 25 OC u mamnenmu I aTM B caIyvae BHCO-
KOT'0 BOCCTAHOBMTEJNHHOTO NOTEHIHANa M 000TaueHWA SKCIepHMeHTaIb—
Holf cHcTeMH Bomopornom. llociernHee NOCTUTEeTCA YaCTHYHHM WM  IOJ~
HHM Da3JIOXEHMEM BOJH B DE3YJIbTaTEe OKHCAUTEJbHO-BOCCTAHOBHUTEJBHHX
peaxipit, KOTOpHe, T'eHEDHUDYA BONOPON, ONHOBPEMEHHO ONpeNeNanT X
KOHTPOJEDYNT BeJIMUMHY NOTeHIWAanoB Eh y pH. B saBucuMOCTH 0T Be-
JMYMHH yHKAS3aHHHX NMOTEHNNAN0B KOODNMHATHAA TOUKE CHUCTEMH MOX@T
OKasaThCA B IOJe YCTORIMBOCTH JIVIeBOIODONOB DABIUYHOI'O COCTABA.
O6pasoBaHNe MeTaHa, CYId N0 JUarpamve, MOXEeT IPOMCXOIUTE B yCJIO-
BEAX, COOTBSTCTBYNIMX IIOJD YCTOUYMBOCTH BOJH BOMU3NM 6T0 HEURHeH
TpaHmH. YeM CANBbHee BOCCTAHOBHTEJBHHE YCJOBAA CHCTEMH, TeM pas—
HOOGpa3Hee ¥ CJOXHee HaGop yIVIEBOXODOXOB, B Helt CHHTeSHpyeMHX.
Ina TeopeTHYECKM U3YUEHHHX JTUIEBONOPOLOB IOCJIEINCBATENEHOCTE  MX
CHHTEe3a IpY nameHun Eh  BHTUIATMT CASIyWUMM 06pasoM:

CH4 - Czﬂé - 02H4 - CGHS OTcnng clIemyeT, 49TO C POCTOM BOC—
CTAHOBUTOJBHOCTH CDPOIH pacTeT aToMHOe OTHOleHMe JIViepola K BOmO-
DOIY B MsydYaeMoM pany: 1/4, I/3, I/2, I/I ... Hanpamsaercs BH-
BOL 0 npaMoil yHKIMOHAJNBHOH 3aBMCHMOCTH MeXIy BeJuryuHoif Eh cHe-
TeMH ¥ COCTABOM CHHTE3MPYyeMHX B Heil yTJeBoNopoioB. EeaK YYeCTE,
Y10 IIA MOJyDeaximit Tuma
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Puc. 3.7. HuarpaMMa moseft yCTONYHBOCTH HOKOTOPHX COGRE-
HOHHfl yraepoxa, BOAOPOXNA B cCepH:

1 - HEXHAA IPaHHUA YyCTONYMBOCTH BOAM; 2 - PpaHMUA moAef)
yOTONYHBOCTH COENKHeHHM cepH; 3 - TrpaHHMUN mojefl ycToM-
YHBOCTH COGRMHeHMA yraepoaa ¢ BOXOPOEOM; 4 — BepXHAA
TpaHAUA mojefl yCcTOWYHBOCTH TREDHEOB

C}g{y=xC+yH"'+ya'.
XapaxTepusyoumx pasHoBecme CH,/C, CzHG/C, 02H4/C b CGH6/C’ cTaH-
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IApTHHE 3JEKTDOIHHEe NOTeHIHMAJH COOTBETCTBOHHO IOCTHTANT BeJWYMH
+0,13, +0,06, -0,I8, 0,22 » -I,I B, To CTAHOBMTCA NOHATHHM Me-
XaHEaM 00pasoBaHEA yTJAEBOLOPONOB DASJMYHOT'O COCTABA B PASJIHYHHX
3KCIePAMOHTANEHHX WM NPUPOIHHX CHCTEMax.

BoccTaHOBATeNbHHE CBOfCTBaA Cpel Kak ﬂeodxomuoe yCJIOBHE
NpAPOIHOT0 HefreodpasoBaHHA HEONHOKDATHO OTMEYaNoCh HCCJOJ0Ba—
renavi. Tax, B I9II r. K.B.XapWukoB CBASHBAJ yCJOBHA Hefreodpa-
~ 30BaHEA C DOAKIWMAMA XeJe3a ¥ BOMH. AxamsMuk A.Jl.ADXaHTeJBCKEEL B
pame pador (I926, I932, I954) odpamancda K BonpocaMm yciopmlt Hed-
Teo0pasoBaHid, XADAKTEPH3YA HX KAK BOCCTAHOBUTEJNLHHE COPOBOLO-
pommne . Axamemuk /.M.Tyormm B "Yuemma o Hedrm" (I932) odpaman
ocofoe BHAMAHME Ha YCJOBHA HaROIUIGHHA M I@areHesa HejTemaTepHH—
CREX IODOJN, OTMeYad, YTO TONBKO B GECKECJIOPOIHO# BOCCTAHOBHTEJBL-
Hoft cpeme aKKyMy/nMpDOBAHHOE OPIAHWYECKOS BEU[eCTBO MOXeT IIpeBpa-
marscAd B He{Th. OTY Xe MHCEb Hazaraer B.ll.Barypmm (I945). Boc-
CTAHOBATEJNBHHE CBOiicTBA CpeIH, B KoTopo#t mpoHcxomMT HedTeodpaso-
BaHWe, -yKasasd B xHurax U.0.Epoma, B.T.JlemmHcoHa (I955) m ¥.Pac-
cena (I958). Bumesaa daimu 0o NPOfAIN OKMCAATEJNEHO-BOCCTAHOBH-
TensHOTO moTennmana, I.M.Teomoposuu (I949), I'.A.TeomopoBMd &
B.A.lononckaa (I960) ormevan:m, uTo HedreoOpaszoBaHMe CBABEHO C
dammaME, XapakTepHSyDIMMACA BHCOKMMA BOCCTAHOBHTSJBHHME CBO#-
creami. Onpenend-: He@TeMaTepHHCKHE CBHTH M NDHHOMIH HX IMATHOC-
THEd, M.®.lpana (I963) yreadan NONXHOe BHEMaHEE BOCCTAHOBHTEJb-
HHM CBodcTBam mopon. M.A.lpxeemu (I964), xapaxTepusys cpeiy,co-
OTBETCTEYIIYK yCJOBHAM NDUPONHOrO He(TeoOpa3oBaHHA, Takxe odpa-—
TWI BEMMAHME HAa BOCCTAHOBATENLHHEO CBolficTBa Kax HeoOXomumoe YC—
JoBde TpaHcfopMamu¥ OpraHMYecKoro BellecTBa B HedTh.

HauGosee nocleHoBaTeJbHO M 0CCTOATENRHO BOCCTAHOBHTEJBHHE
JCJOBAA CpelH, BHDaXeHHHe KOJMYeCTBOHHO Wepes NOTeHIEANl Eh,pas—
cmoTpeHd B.B.Bedepom (I955, I959, I983).

JenoBUA HAKOIJIGHWA MCXONHHX OpPraHMYeCKHX BemecTB B ToJmax,
KOTOpHe MOTYT CTATh He(TenpoMSBOIANAME, NPSICTABIGHH IpafWdecKH
Ha mmarpamve pH-gh (puc. 3.8), sammcrBopamHO#t 3 padoTs I'appes-
ca, Kpaitcra (I968, ¢ur. II-I0). Ha nuarpamme yxasaH BepxHuf npe—
IeJl yCTOAYMBOCTHM OPTaHHYECKOI'0 BellecTBa, NOKasHBawimit,dTO MOJ0-
KUTeJbHHE 3HAYEHHA Eh HCRINYANT BO3MOXHOCTE HAKOIUVIOHEA GHOMACCH
B ocamouHoi mopoxe. Dojee Toro, NpMBeIEHHAA INHATDAaMMA B COYe-
TaHWM ¢ paccMoTpeHHo# pamee (cM. puc. 3.8) mosBojdeT — mpejmo-
Jararb, YTO YCAOBHAA TPeBpalleHMA 32X0POHEHHOI'0 OPraHHIecKoro Be-—

84



Cosexocme>200%.

(mo Tappemcy ® Kpattery, 1968)
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MecTBa B HEQTE JIeXAT HURe I'DAHMUH "OKMCJH: - KADOOHATH XeJjesa u
maprania". lHave roBopA, YCJOBHA HAKOILIGHHA CHIEDHT-IAMOSHTOBOR
famn, No-BHIMMOMY, CJAeIyeT CYATATH TeM BepXHUM IpPeNesoM 3Hade—
Hu#t Eh , BHINE KOTODHX CYWECTBOBaHWe He(TEeMATEDMHCKHX IODPOL  He-
BO3MOXHO. OnuCaHHHE YCJOBHA IO pH-Eh-Izarpamve OYeHb XOpOLG COI'-
Jacyorca ¢ JaeHEME I'.M.Teomoposmua (I960), a Taxme B.B.BeGepa
H.M.Typreaprayda (I960), npEBOAMBIMX BEPOATHHE SHAYEHMA BOCCTA-
HOBMTEJEBHOI'0 MOTEHIAaNIa B 30He HedTeolpasoBaHmA.

Bropoe nosoxeHMe, KOTOpOe NPHHATO HAMH 3a MCXOOHOE IIPM  MO-
JIeNupoBaHil, KacaeTCA HACHUEHHOCTH SKCNeDUMEHTANBHOR CHCTEMH BO-
LOpoIoM. 3TOT BONPOC TOYHO TaK Xe HEONHOKDATHO NOIHAMANCA B JM—
TepaType B CBASK C OGCYXIGHHeM YCJOBHH NpuporHoro HedreodpasoBa-
mua (CramuuxoB, I193I,I937; HameTkmu, I955; XmeaeBckas, I1947).
HauGonee MocJeXoOBATENBHO HEOOXOIMMOCTH MOCTYILIEHHA BOXOpONA WIA
OpupolHoro HedreoGpasoBaHud 000CHOBaHA B padoTax .B.A.Cokouaosa
(I965, I972), wHoTOpHit paccMATDUBAI NPHPONHHE IIPONECCH T'eHEpalluy
Bozopoma u, Beaen 3a I.JI.CTANHMKOBHM, CTABWI BOIPOC O THIPOTEHH-
3alM Kax Haudojee BePOATHOM NpOLeCCe IpeBpalleHMA OPraHnyecKoro
BemecTBa B HedTh. Bompoc 0 I'UIpOTSHM3aAlLMM Kak O IPUPONHOM IpoLec—
ce HedreoGpasoBaHUA NONHUMAJICA TAKEe B paHHEX padorax B.E. Ilop-
gupresa (I94I, I955). 06 MCTOYHHMKe BOIOPOZAE LA HefTeoOpasOBaHEA
mucan ¥ M.B.Ipundepr (I956, I966) u A.l.Jesopcen (I958), npuvem
ofa CBASHBANM TeHepauuw Bojopona ¢ Bouoii. B.B.Bedep m H.M. Typ-
KeJbTayl B JIOMAHYTO# BHIE pado"re 00BACHAIN JedmuToM BOILOPOLA
HUSKMIl BHXOJ YTIeBONODOAOB IpH THHOHME WIOB, GOTATHX OpraHmyec—
KUMA OoCTaTKaMmu.

A.H.CHapckait '(1967), paccmaTpuBas NpOMCXOXNeHMe Hedru, eme
pas odpamaeTes X BOIPOCY O JefuuuTe BOZOPOfA Kak B HCXONHOM Op—
TaHNYeCKOM BelleCTBE, TaK ¥ B GMOT@HHHX NpOIeCcax, CONPOBOXIADMX
NpeBpalleHNe 3aX0POHEeHHO# opraHmdYeckKoit macch. llo ero MHeHWD, oca-
IOYHHE 110POIH, uOOTameHHHe OpraHMJeCKHMH OCTATKaMmu, IPHA TeILIOBOM
BO3Mei#CTBAN CNOCOGHH NPOINYLUMpOBATE YTJIEBONODONH DM YCJOBUY [O—
CTYIUIeENA CBOCQIHOTO BONODONA. B NocaemHee Bpemd BOIDPOC 06  HC—
TOYHAKE BOLOpoNa B NPHPOAHOM Npolecce HedreoGpa30BaHUA pa3BUBAET-
ca N.M.Hecrepopum (I969). Ccwnasdck Ha DAL BHCKaSHBAHMI NpemuecT—
BeHHMKOB, OH OTMeYaeT, YTO MHOTHE MCCIeIOBATENM CKIOHAKNTCA K MHC-
J 0 DRSKmUAX IMAPOTeHM3alMY Kak HaudoJee NpHeMISMHX IYTAX odpa-
20RAHUT He{Ti U3 DACCEAHHOTO OpPraHMYecKOoT'0 BEleCTBA B YCJIOBHAX
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HYSKMX TemIepaTyp M IamieHWH#, HMEXWAX MeCTO B TOJIE 0CAIOYHHX
nopox. I'enepamo Bomopoma M.JM.HecTepoB CEA3HBAET C NpPOLECCAMH
meTaMop{usMa OPraHMYeCKOT'o BemecTsa. iaBrec ( Hawkes, 1972) cruo-
HAETCA K HIee THIDHPOBAHUA OPraBMYeCKHX BeleCTB IVIYOMHHHM BOXO-
pofioM, oCGCyRIas MoJeNb IPHPONHOrC HereoCpas’oBaHud, TORIECTBEH-
Hy® Mogesu, npemnoxexHo#t J.M.Xmenesckoit (I947).

/I3 o630pa BHIHO, YTO NPUHATHE HAMM MCXOIHHE IOJOXEHWA O Boc-—
CTAHOBATEJIBHOCTH CHCTEMH ¥ OGOTAUESHHH- ee CBOGOINHHM BOZOPOIOM Kax
HEOGXOMMMHX YCJOBHAX CHTYMOOCDA30BAHMA DasTesAlTCA MHOTHMH KCCJe-
nopaTenAvu. CoOCTBeHHO I'OBOPA, BOSMOKHOCTE 00pas3s0BaHuA CUTYMOMIOB
nyTem r}mpuposa}ma OpraHMYecKHX BelleCTB HUKOIZA He CTABWINCE MOX
COMHEHHe, ¥ TOJBKO BOIpOC 00 MCTOYHAKE BOZOpPOIA B TOJIE OCAN0Y—
HHX TODPOX ABVIAJICHA CepPBeSHHM NpeNATCTBHEM Ha IyTH ofuero IpH3Ha-
HYA TUNPOTEeHM3aUNM KaK BEpPOATHOTO IYTH 00pasoBaHud He(u B 3eM—
Hoit Kope. BoT moveMmy npoIoJixeHHMeM padoT IO HBYYeHMD ycaoBuif re—
Hepau# anopo,ua B TOHKOLUCIEDCHHX MWHEDAIbHHX CHCTeMaX ABIINCD
'axcnépnmen'ra.nmme UCCAeNOBaHNA CHTYMOOGDAS0BAHUA B BOJODOITEHE—
DUDYRIMX CHCTEMAX, TBepOHe KOMIOHEeHTH KOTODHX 00JaTanT HeXoTopoil
"M30HTOYHO#" PHeprueit, akxmnaponauﬂoﬂ AMM BO BPEMA H3MEIBYEHIA
WIE TOXBOMMMOR K CHCTEMe TOCDENCTBOM MEXAHMYECKUX CMI.

JiA BHACHEHME pPOJIM MeXaHOaKTHBAIMM B Ipolleccax TpaHcfopmaryn
JTOJBHOTO BemecTBa TpedyeTcA NoIpodHOe ONUCAHWE CTPOSHMA yIVd,
(U3MKO-XUMIIECKOH CYWHOCTH yTvieqQuKaimd GOCCHAIM3MPOBAHHHX O0CTAT-
KOB GHOMECCH M COIOCTARJIEHMe IPMPOINHHX HPOLECCOB C IIpolleccamn B
MOJINBHHX cHCTeMaX. HuxecHeIymiuMe ONNCAHKA XUMUYECKOTO Ipecdpa-
S0BaHUA OPraHNYECKOT'0 BemecTBa TYMUTOB IDH JHMTOTeHe3e X I'MIepre-
HeB3¢ NpHBOIATCA B COOTBETCTBHM C HOBeillliMi NpPEICTARICHHAMA, N3-
JoxeHHEME T.A.Kyxaperxo (I98I). I'ymMycoBHe yIUM B camMoM OOLeM Bil-
Ie NpeICTABIANTCH BHCOKOMOJOKYJADHHMH ODPTaHMYECKMMH COSTUHeHUAMN,
CBA32HHHMY CJIAGHMM CUWIaM¥ B3aUMOIefCTBUA C HUBKOMOJEKYJLADHHEME
NpPOAYKTaMil NecTpyKumn. CTPYKTYypHHE 3BeHBLA BHCOKOMOJEKYJADHHX Co-
eIMHeRNM{ pASMIYANTCA 10 XApakTepy M DpasMepam,YTO NPOABIASTCA B
nponeccax IUOPOTEHOMM3a, OKACJISHUA ¥ MATKOIO TEepMOJIMSa 10 KOHeY-
HHM DpoayXTaM. OCHOBY MaKDOMOJOKYJ IYMHTOB COCTABIAANT apoMaTi-—
YecKHe ANpa HeBHCOKoH cTeneHH KoHueHcmpomamHooTu (2-7 smep).Omn
COeIMHeHH MeRIy Co00i#fi KWCAODONHHMA WJIX METHIeHOBHME MOCTHKAaMY,
ANMMKINTECKAMY ¥ TeTOPOLMKINYSCKUME ANpAMA ¥ IPYTHMA CBASAMA He—
apoMaTHYecKoro xapakrepa.BamHY posb UIDAnT KUCJIODOJHHE TDYTIIH:



feHONBEHe PEAPOKCHIH,KapOORCUIEHHE ¥ KapOOHWIbHHe .Brarozapd cmo-
COOHOCTH KAK IDHHWMATE,TAK M OTIABATH SJSKTDOHH,3TH IDYINH,C Ol-
HO# CTODOHH, MOTYT YBEJUYMBATL Da3MEDH CHCTEM IBOHHHX COIpAXSH-
HHX CBASe#l apoMaTWYeCcKuX Auep, a ¢ Apyro#ft - BCTYymAThH BO BHYTDH-,
MEXMOJISKY/LIDHHE B3QUMONSUCTBUA JADYT C APYTOM WIM MeTasLlamu,oCy-

* CJIOBJMBAL, 0pas30oBaHue KDPYIHHX YacTHIl: ACCOLMATOB, KOMILIEKCOB, .
HAIMOIORYJADHHX CTEYKTYD U IP. :

PeaxuioHHaA CNOCOCHOCTH IYMyCOBHX yTJie#t B OCHOBHOM ONpeme-
JAGTCA paclnoNoXeHMeM ¥ PopMol KOHISHCHPDOBAHHHX M 3aMeleHHHX apo-—
MATHYECKEX ANep, KUCJIOPOLCONepXalMX Ipyll, & Takke CBOGQIHHX pa-
IMKaI0B, QUKCKDYeMHX IDM MCCJENOBAHNM B BHIe NAPAMATHATHHX ILIGH-
rpos (IMI). McciemoBanmad NOKasauim, 9TO E—-JAKTOD MX GAX30K K
g~faxTopy CBOGONHOTO SJAEKTPOHA M TTO CBOGOMHHE DANMKAIH YTOJBHO-
T'0 BEmMECTBa NpPeJCTABISHH HECKOJBKAMM TUIami. ONHZA - ADWIBHHE -
00yCIOBISHH HAIVYAEM HECIZDEHHHX 3JEKTDOHOB MHOTOANEDHHX apoMa-
THYSCKHX CHCTEM, NeJOKAIMS0BAHHHX IO Bceif cuCcTeme ?-' —cBAseit. Ipy-
I'Me CBASAHH C ONpejeJeHHEMZA opmamu KHUCJIOPOIHHX IDyI, npuyem
OHM MOTYT GHTH JIOKSIMB0BAHH WM JOJAOKAIMB0BAHH Ha aTOMaX KACH0~
POZ2 XWHOMTHHX TDYIN WM (OHONBHHX THIDOKCWIOB. IIPONOpLMOHAIE-
HOCTDL CONEDKAHNUA XMHOKNHHX TpyIN X $eHOJBHHX THIDOKCWIOB KOHIIGH-
rpamme IMI ABIAeTCA B M3BECTHOR Mepe MOKASATENBCTBOM HANMTHL
CBOGOMHHX DANMKANOB CEMHXMNHOTO ¥ SPOKCHIBHOTO TUTIOB.

B cemumeHTOTeHe3e IPOMCXOAUT BSAUMOLEHCTBUE JTOJIBHOIO  Be-
mecTBa C MUHOpaAbHO# Maccoi#f m Bomamm, a Takke Omomaccoff  MMKpo-
OPraEu3MOB ¥ IPOJYETOB UX MeTACOIM3MA. MUHepANbHHG BeWecTBa MO-
TyT 00pa30BHBATH BO BSAUMONSHCTBHE C OPTaHHYeCKHMA BellleCTBAMY
PA3JIMYHEE - KOMILIOKXCHHE COeNUHEHWA HA OCHOBQ HOHOTEHHHX, TOMEOIo-
JIADHHX, TeTepONOJADHHX H BOTNODOINHHX CcBA3eit. Brmomacca ABIASTCA
TpeThel, HO BamHofl cocTaBNADmeH JUTUPMIMpyKUETocA ocamka. B pas-
JIETSOMAXCA TKAHAX pacTeHuil comepxaTcsa pasVMYHHE MUEDOODPIaHN3MH,
CpeI¥ KOTODHX CJeIyeT OTMOTHTEH LEIVIO3HHE MUKCOOaKTepuu. . Mx
‘neiicTeEe  HAdMNaeTCA eme IO paapymsm JATHAGMIADOBAHHHX TRaHsi#
U NpOABIAeTCA B 00pA30BaHMY I'yMUHOBHX KHCJOT. IIoaTOMy cConepEa-—
HHe JTJIEBOLOB K OHTYMOMIOB IpM TyMEJWKAIMA OPraHAYeCKHX OCTar-
KOB yMeHBIAeTCA. BsamMozeficTBMe BCEX TpeX COCTABIAKNEX 0CAN0Y—
HO#t TopHO# NOPOMH ¥ BOJH HA CTANMAX COINMMEHTOreHe3a NpPH B3aTDyA-
HATEJBHOM JOCTYNe KWCJIODOJA — CJOXHHE NpONecC paclaja M CHETesa
¢ NpeoCJaaHAeM OKHCJHMTEJbHO-THIPOJHTHYECKHX peaxmmit., B pesyis-
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Tare o0pasyeTcA MHOTOKOMIOHEHTHAA NOJMIMCIEPCHAR CHCTEMa TYMHHO—
BHX I (yJIBBOKHUCJAOT, OCTATOYHOT'0 yIVIA, HUSKO- M BHCOKOMOJEKYJAD-
HHX NPOIYKTOB XECTDYKUMH MCXONHHX OPraHHYeCKHX BENECTB B CMEcH
C BONHHMYM DACTBODAMM, CBASAHHAA B OIMHHI KOMILIGKC XMMEIIOCKMMH,
BOZOPOIHHMM CRASAMY ¥ Ccuiamy (usydecKoro npurameHud. Topiaxas
cTamua yraeduxanuy XapaxTepusyeTcd o0pascBaHMeM IyMUHOBHX b
{yJIBEBOKCIIOT, YTO CONPOBOXIASTCA NOBHIIEHWEM KOHUeHTparms IIMI.

B nmuwareHese NpOMCXOIMT YILIOTHEHHE OCAIKA C OTXKUMAHMEM BOI
¥ BCJSN 3a 3THM IeTHUpaTaima, UeKaplOKCHIMPOBaHMe, NeMeTaKCHIi-—
poBaEMe ¥ JIpyTHe peakiuy TyMEQUIupyomerocs opraHWYecKOoro Belec-
TBa. BclencTBMe BHIEJNEHUA BOOH M Ta30B YBeJWYMBAETCA IPOLEHTHOe
COIeXAHNe JIJIepoia, YMeHbNAeTCA CONEDXAHHE IeTepoaToMoB,  ak-
THBHHX KMCJHX TDynn ¥ oTHomeHus H:C; oNHOBpeMeHHO Bo3pacraer
KOHLI@HTpalA CBOGONHHX DaIUKaJIOB .,(IMI) . Ha OypoyroasHo# cTammu
C YIWIOTHEHHeM JTOJBHO# MaccH MMeeT M2CTO YBEJHMYeHHEe COXeDKAHHA
APOMATHIECKEX CTPYXTYD.

Y. xameHHHX yruieit NpONOJKAETCA YBEJWYEHWE COJEDPEAHUA i
KOHJIGHCUPOBAHHOCTH ApOMATHYECKUX ANep M CHCTéM J¢ -cBaselt,Beaen—
CTBHe YeI'0 BOSpacTaeT KOHIEHTpalWd CBOCOINHHX pamukanos. lIpomecc
NpPOTeKaeT HePABHOMEDHO: IpH Iepexole OT cTamum "rasoBHX" yriael
K "mupHHEM" OTMeYaeTCH CKauyKoo(pasHOoe YBeJMYeHHWe apoMATHYHOCTH M,
CIeN0BaTeNBHO, DPe3K0g BOBDACTAHHE KOHIGHTDAIMY CBOCONHHX pali—
xanoB. Ha aToff crajuy nmepexona HeKOTODHe MSMEHEHUS CBOACTB yTuL
NPOXOIAT Yepes MaxcumyM (wm MuHEMyM). JiMeHHO Ha 3TOM IepeXome
H3MeHeHM# CBOMCTE YyTOJBHOTO BemecTBA HAGINNAeTCHA MAKCHMAILHHGL -
BHXOJ OCHTYMMHOSHHX KOMIOHEHTOB.

Ha crammu yrie# TONMEX M AHTPAIMTOB MPOMCXONUT 0CpasoBaHHe
apoMATHYECKUX CeTOK, OGeIHeHHHX BOZODPOIOM, MOYTH HAYMCTO JIMIEH-
HHX TETEpoaToMOB ¥ HeapOoMaTHYeCKOIO YIVIEpOZA. -

B npuseneHHOM ONMCaHWM IpeBpalleHU#t opraHWYecKor'c BelecTsa
B COIUMEeHTOTeHe3e ¥ JMTOTeHe3e, SaWMCTBOBAHHOM u3 cTathid T.A.Ky-
xapenxo (I98I), ocoCHit mHTepec LA HAC B CBASH C NOCTDOGHHEM MO-
IeJeit IpupolHOro HedrerasooCpasoBaHMA NpPENCTABIANT CASIyDmHE Io-
JIOXOHUA : '

I) peaxumoHHaf CHYCOGHOCTR TYMyCOBHX YTVt B OCHOBHOM ONpe-
IeJASTCA DACTIONOKSHNEM ¥ $OPMOH KOHNEHCHDOBAHHHX ¥ 3aMENEHHHX
apoMATHYECKIX ANep B KUCIOPOICOLepRamuX TDYTI;

2) yraeduxamus 3axopouemloi~o OpTraHMYeCKOor'0 BemecTsBa — Npo-—
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1ecc HepaBHOMEDHHI, M M3MeHeHMe CBOHCTB (B TOM WMCJIe DeaKIHOH-
HO}t CNOCOGHOCTH) YIVIA NPOXOZAT Yepes3 CBOH MAKCHMYMH M MUHZAMYMS ;

3) peakumoHHAA CNOCOCHOCTH YTOJBHOT'O BElleCTBA B 3HAUUTEIE—
HOi Mepe ONpeleNAeTCA OTHOCHTEJNHHHM KOJMYBCTBOM CBOCOMHHX 'pa.xr,u-
KaJoB, BHDAXEHHHM Yepe3 KOHIEHTpalMl NapaMarHATHHX LeHTDOB;

4) B CeIuMEHTOTSHE3€ OTHOCHTENBHOE KOJMYECTEO CBOGONHHX pa—
IMKajJI0B BO3pacTaeT B DesyJbTaTe B3auMMONeHCTBHA yTOJBHOI'O Beljec-
TBa C BOIO# M MHHepaabHO# Maccoif, a Takxe noj Bo3neficTBHEM MHK-—
poopraHu3MoB (TJIaBHEM 00pasoM UEJULIOBHHX MAKCOOaKTepwit) jHa Top-
GaHolt cramum pocT IIMI 06ycioBNIeH 0Gpa3cBaHMEM M BHIEJGHHEM IyMu-—
HOBHY KHCJOT; Ha OypoyroJpHO# - KoHueHTpauusa I Bospacraer (u
YMeHBIAOTCH ) B npoueccax NeruIpaTalyy, IeKapCOKCWINDOBAHWA, Ne-
MeTaxCWIMPOBaHHUA, BCASJCTBHE NOTepd (YHKIMOHANBHHX TDYNN ¥ yBe—
JMYEHNA CONEPXAHNS APOMATHIECKUX CTDPYKTYD; ¥ KameHHHMX yrieit mpo-
JOJ#aeTCA IIPOLeCC YBeJUYEHMA COIEePHAHMA ¥ KOHIEHCHDOBAHHOCTH
ApOMATHYSCKUX ANeD X cuctem % -cpasell, BCISICTBHE eTO BO3pac—
TaeT KOHUGHTDALMA CBOCONHHX DANMKaJOB, IIPHYEeM Ilepexon oT  yrueit
vapku I' ¥ E xapaxTepusyeTca CKaYKOOGPaSHHM yBEJMYEHMEM apOMATHYI-
HOCTH" ¥ CBOEOCpasHHM CKAYKOM B KOHLEHTDALMK CBOCOIHHX DANKKAIOB,
nepecTpoiixa KOTOPHX M B3AWMHAA SHHUTWIANMA NEPeBOJAT YT'OJBHOE
BelleCTBO B HHEPTHOe COCTOAHHE — B AHTDAUWTH, MYHTHTH, TpafuT;

5) BHIeseHMe MeTaHa M IPYTHX YIJIEBOIOPOLOB, 0CYCJIOBICHHOE
DPeaxuuAMy DAnMKaJbHOT0 THNA, CBASAHO ¢ sTanami IV[yOoxoit nepe-
CTpoify yT'OJNBHOTO BeleCcTBa, CONPOBORIAWLENHCA POCTOM KOHLIGHTpAIMH
CBOOOIHHX DaIVKaJOB, 4 HMEHHO C IIepexoloM TODQAHNKA - B Oypuit
yroab, Oyporo yriA - B KamMeHHHI, C NepexonoM KaMeHHHX yruei map-
ki I' B yrvm mapku ¥, npespameHNeM KameHHHX yrJelf B aHTpAlUTH,
"IYHTHTH ¥ Tpafurt.

OTH BaxHeimMe NOJNOXEHHWA O CBASH DeaKUMOHHOR CIOCOOHOCTH
YTOJBHOI'O BEWECTBA ¢ ROHUEHTpauuell CBOGOJHHX DauNUKANOB M 3aBHCH—
MOCTH KOHUESHTpALMNA CBOOONHHX DANMKANOB 0T CTeleHH yrieduxaiuu
OpPraHMYecKOoT'o BelleCTBa, NONOJHEHHHE DesSyJbTaTaMu 3KCIIepHMeHTaIb-
HHX MCCJISNOBAHMil, NOKa3aBIMMA, YTO KOHIEHTDAIMA CBOCOIHHX pali—
KaJIOB 3aBHCHT eme (KpoMe NepevylMc/]eHHHX BHIe NDHYMH) OT CTEIeHH
IMCNePCHOCTY JTOABHOTO BelleCTB2 Y CNOCOGOB ero IMCIeprupoBaHUM,
MCNOJB3CBAHE NpH (M3MYeCKOM MOISJMPOBAHHA IDUDPOTHOTO Hejreraso—
00pa30BaHui .



3.2.2. 3xcnepMMEHTAJIEBHOE MCCJENOBaHMe
OuTyMOOGpA30BAHUA W3 YIVIA

OxCNepMMEHTANEHHE WCCJEeNOBAHUA IpeBpameHuit yTOMBHOTO BEleCT-
Ba NMON neficTBMEM MeXaHWYeCKMX CHJ ¥ CHHTe3a CNTYMOMIOB B BOJO-
POIreHepUPYRIMX MAHeDAJBHHX CHCTEMaX OCHOBAHH HA M3JIOREHHHX BRI
IpeICTABISHAAX. TOHKOE TUCIepIWpOBaHMe YTUIA IOBHIAET ero peak—
IMOHHYK CIOCOGHOCTE BCJENCTBHE paspHBa XUMPIECKNX cBfA3eil B Mak-—
POMOJIEKYJIAX ¥ TOABIEHAT CBOCONHHX DIMKANOB, TPUIEM KOHIIEHTDAIMA
CBOCOIHHX pAIMKAJOB ONpelesAeTcd KaK MeXaHWYecKEM BozuelicTsumeM,
TAK ¥ CTENEHED yIVefMKram MCXONHOTO Bemectsa. [loBHumeHHOE  Nap-—
OMATEHOE JABIEHWe BOIOpPONA B CHCTEMe — He TOJBKO HeoOXommMoe yC—
JOBWE CHHTe3a YIVIEBOILODOJIOB, HO B HEKOTODHX CIyJadX W IpUUMHA
TpeBpaNleHua TBEPIHX yIVefWIMpOBAHHHX OCTATKOB B KUIKNEe ¥ ras’col-—
pasHHe yTIeBONOpOonH. MeXaHoXuMHIecKas aKTWBAIMA TBEDIHX KOMIO-—
HEHTOB CHCTEMH, OGYCJOBNEHHAS NPENBADUTENEHHM USMENBUCHMEN WM
HENpepHBHEM NOJBONOM MeXaHWdYecKoll SHeprmu, cHuxaeT sHavemma P-T-
ycaopmii, HEOOXODMMHX IJIA INPOTEKAHWA DeakiMit IMIpOTeHHW3allM, U yC-
RODAET NPACIMKXEHAEe CHCTEMH K DABHOBECHOMY COCTOSHMK, COOTBETCTBY-
KmeMy TepMOIMHAMIIeCKUM YCJOBRAM.

g SKCOePUMEHTANEHOTO M3YUeHWs NpeBpalleHWMA JTOJBHOTO  Be-
mecTBa B TOHKOINWCIEDCHHX CUCTeMaX, OGJIaIaRIMX BOCCTAHOBUTEILHHME
cBoitcTBamu, OHJ B3AT pAN yraeil Kysdacca, momosHeHHW! GypuaMu yT-
JaMz UepeMXOBCKOTO GaccefiHa, aHTpauuToM 3 TOWIOBEM, YHCTHM
GJIOUYHHEM rpafWToOM ¥ aKTUBEDOBaHHEM yTiem AK-3. XapaxTepucTmka
B3ATHX yruell npueeneHa B Tada. 3.5. McxomHoe yToapHOE — BEmMECTBO
C MUHEepPAJEHHMH NOOaBKAMM NONBEPraJOCH TOHKOMY M3MENRYEHAK B Oa—
padasax miaHeTapHofi Mexpmvmy -2xI50 mpm pemive, oGecmevuBanuEeM
UeHTpolexHyn cmry, B 40 pa3 IpeBHNAKNYD CAIy TARECTH. lIpomosmm—
TeJEHOCTE nammqgm IS mym, llocoe waMennrueHNs GapaGaHH BHIep—
zupamick 7-I0 cyTor NpE KOMHATHO# TeMIepaType WX B TEpMOCTATE
npr 70-75 °c,

CocTas BHIE/MBIETOCS Iasa TOCTE U3MENBYEHUR KAMEHHHX ¥ Oy-
DHX yTuleit, rpafmTa m caxu nmpuBemeH B Tadi. 3.6, ¥s Koropoft BHI-
HO, YTO BHXOI JIVIEBOLOPOIOB 3aBHCHUT OT CTeNEHH yriefuraimu  HC-
XONHOTO YTOJEHOT'O BelleCTBA ¥ NOCTUTAET MAKCUMAJIBHNX 3HAYEeHW) npu
TUIPOTEHN3AIMN UIMHHOMIAMEHHOTO ¥ KOKcoBoro yraeit. Topd m mesmo-
J03a YIVIEBONOPONHHX TA30B He JANW, YTOJBHOE BElecTBO HU3KO
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XapaxTepUCTHKa yIVeil, B3ATHX IJA ONHTOB

Taduvna

3.5

Yroae Comepxanue, % liaprupymommze cocTaB
NIOKa3aTeJ R
(o} H N | (3N+0)| O
Mapka ilecTo BBATHA | BAIATH | 30JH | cepH | docdopa v TY""'
JomEHO~ wiacT HeKnit, 4:5 11,7 0,18~ .62 42,4 - 798 5.4 2,6 - I1,6
IUIaMeHHH) maxra a 3 2
T'asoBH# mnact CHATKOBCKMI, 20 L5193 L0 a2 42.3 1I2 2.4 5.9, = IL.7 -
; mx'ra uM. Kuposa ;
Emprmit Sggnm m:ac'r. I;0 10,5049 0,03 £6:5 I8 88600 2.6 - 2,49
max'ra
mAI0Ba - :
Korcomuft maact Koxcopuil, 1,3, I3;9 0,40: 0,08 19,8 8 91,9 4,6 - 3.5 -
maxrd {MSKyJbTYDHHK
Tommit macT Mommuit, maxra 0,7 7800831 - 0,07 IL.5 neon. - 9L.6 372, 1 - 2,2
KpacHuit yraexon
Anrpaimr TopnoBckui I;2 Tab = - 7,6 ="- 92,9 3,1 = 4,0 -
Bypuit YepemxoBo, maxra 6,0 I8,0 - - - =M= 6.0 0,0. = 19,0 -
OJecTAmmit Boggoqnag. YI maact
Tem xe, nmact YII 0,00 - 20,0~ - - - 0500 e - 25 -
mMaToBH#

lIpamevarme. He cn. - He cHeKaeTCH.



Tadnma 3.6
CocTaB r'asoB, NOJYYEHHHX B ONHTAX NpM HSMeNbYeHHE yTJie# m rpafmra B Bojue i

YeXomHoS O6muit cocrae rasos, odmeM. % mm,nsi-aaa. gggragch;:ggg?o =
BOIECTEO v CM /T

o, | N, |co,| Hy| co |[cm, | CpHglCqHgl C o P 0P 3T | CHy | CoHg|C3Hg |ChHo,
I'pefmr+zo 4,66 4,0 0,0 90,0 me omp. 0,0 0,0 0,0 I,28 300 8,88 - - - IO
ArTtpammr I,27 2,8 0.2 .119550..~0.88 588 + 0,I-.0,0%0,0 490 0,5 ~ I00 - -
Yroms T 0,22 =He omp. 0,22 65,0 =me onp. 0,2 0,0 0,0 0,0 II0 0,22 IO0O - - -
Jrome T 0,94 48,2 6,22 40,7 0,0 4,45 0,0 0,0 0,0 80 3,70 I0O - = =
Yroms ¥* 1,93 .2 010 287 5 0,0 0,20 =B:0-; 0,0 0,0 3I0. 0;31. 100 - - =
.Yro.x;n T 62 5.9 = 1,621 790,010,628 " 90 Ol 0yl ~0;0 850 -1,9 - 67 '33 -
Yroms Ii* 2,40 75,0 2,348 40,8 ¢ 0,0 0,20 0,0 +0,0-0,0 320 0,64 IOO - - -
Yroxe B
Gnec At 297 b4 % ot Tl FERC 6 e 0,50" 0,19 0,18 0,0 430 3,74 - 60 19,5 20,56 -
GnecTammit 1,54 26,6 1,68 69,0 0,0 0,65 0,39 0,I8 0,0 800 . 11,0 53 32,0 16,0 -
(i.uec'r.F:lrtaiti I1,Ib- =90 0,50 88,0 0,0 L% 0,0 +0,0:.1;0 I20 3,3 63,6 - - 36,5
maToeui I0,63 38.1'2 2,0 48,0 0,0 282 0,0 0,0 0,0 I05 0,54 I00 - - -

Ilpnuewaime. Viamenbvyenre Ha MexpHMUEe M-3 B cTamBHHX Oapadasax CTaNbHO# Npolep0; NOTeHIEANONpPeRe-—
JAONAR DeaKimA Fe + Hy0.
¥ OmHTH ¢ aHAIM3OM IrasoB cpasy nocje MSMeJbYeHMS; IpOYMe ONHTH — C BHIEPEKOf B Tepmocrare mpm 70 o



crenemm yraefmxamme (yroms GypHil, MaTOBH{I) yTWEBONODONHHX Ia-
30B I2eT MaJo. AGCONNTHH MAKCHMYM BHOEJEHMS I'OPUYMX Ir'asoB  Ia-
naeT Ha Oypuil GrecTsmmit yroxs. Jalee BBepX IO mKake yraedmKarum
HAMeYaeTCH TAYOOKWMi MUHVMyM BHXOZA TODWUMX rasoB. Bropoft Makcm-
MyM BHISJEHMS YIJIEBONOPOIHHX Ta30B NajaeT HA KOKCOBHA yroab, HO
5TO T'A3OBHIEJEHNE SHAYNTENRHO MeHBlle, YeM Ha yrae B, JYroas To-
mmii, 7 Tem GoJee aHTDPAURT, YIVIEBONOPOIHHX Tas30B BHIENAET Malo.
CremyeT o0paTHTh BHUMAHWE Ha o0pasoBaHue YIVIEBOTOPOIHHX Ta3oB
IPY M3MeJLUeHVE TpafuTa ¢ IMHKOBHMYA OIDUIKAMZ (IMHE MCIOMB3OBAJICH
KaK MeTaJr, BHTECHMOUW? BOAOPON M3 BOJH, ¥ B3amMOIeHCTBHE C HHM
OIIpEIeNIAN0 BOCCTAHOBATENBHHA MOTEHIMAN CPElH). B 3THX  YCJIOBHAX
rpaf®T IUIPOTEeHWSUDYETCA, W BHIEJeHWe yIVIEBOTNOPONHHX TAa3CE JOC-
Taraer 3,8 CMB/I‘ YTO BHAYMTENHHO NPEBHNAET TasOBHIENEHNe  IIpH
M3MENFICHIM GOJBUMHCTBA yIueil. OueHB BHCOKMt BHXON Iaso0CpasHHX
JTJIeBOTNOPONOE OTMeYeH IPW M3MeJbYeHWH KepOCHHOBOH camxyM ¢  Toma-
soM (II CM3_/r). TocnomcTByuMM TasoM B CONBIWHCTBE ONNTOB ABJA-
eTCA MeTaH, ONHAKO B HEKOTODHX ONHTAaX 3afMKCHPOBAHO NPUCYTCTBUE
TOMOJIOTOB MeTaHa,. a IR nEaMeJm‘xem rpafuTa ¢ IMHKOM 0Cpa30BaJICE
Hempenearsse yraesonopons (Mosrdawos,I967; Borzaps, Momiawos,
TI7T) .

OmicaHHHE ONHTH MO3BOJAWT HAM yBepPeHHO YTBEDRIATH, 4YTO
YTOJBHOE BENECTBO M Jaxe TpafuT, XWMuIecKas akTMBHOCTH  KOTODHX
[OBHIIEHA NOCPEICTBOM TOHKOTO M3MeJbYeHNA, DEarupylT C  BHOSJAK-
IMMCA BOZOPONIOM, IpWIeM 9TH peakIuyu, HAYABIMCH BO BPEMA WSMENE-
YeHHEA, MPONOJKANTCA NOCTATOYHO NOJTO IpHU INocemyomeit BHIIEDXKE
nocJhie W3SMENEYEHNA,

Ilpn IpoBeIEeHWE ONHTOB IO CHHTE3Y Ia3000pa3HHX YIJIEeBONOPOIOB
OHJM OCHADYXEHH IPH3HAKE IPHCYTCTBHA B XuOkol (ase OmTyMOoMIOB,
dfumopecimpyomx B YP-rydax, ONHAKO B 3aMETHHX KOJMYECTBAX OHTy-
MOMIH He o0pasoBHBAMNCEH. Bompoc 06 yCAOBHAX TI'MIDPOTEHN3AIHM
YTOJEHOTO BemecTBa C BHXONOM XHOKAX CHTYMOHIOB OCCYRIAJNCA  Hamu
cnelmanbHo, Ilpuw aHa/mM3e pesSYJBTATOB SKCIEPUMEHTOB C NOMONBR MH-—
arpamMM ImoJefi ycToAUMBOCTH YTJIEBONOPOROB OHIO OTMEYEHO, UTO KOOD-
TMHATHAA TOUKA SKCIepHMeHTANEHO) cHcrems (Eh = -0,44, pH =
JIOXHTCA BOJM3Y HERHel T'DaHMIH yCTONIMBOCTH BOIH X ONHOBPEMEHHO
B NoJie yCeToiMMBOCTH MeTaHa, IIpE 3aJaHHHX YCJIOBHAX TPYNHO OXEIATH
06pasoBaHMA CJIOKHHX JTVIEBOLOPONOB. [UIA IoiydueHma cMmecefl CHTYMOH-
OB TPeCOBAJOCH M3MEHATH KOODIMHATHYN TOUKY CHCTEMH ¢ TAKWM
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pacyeToM, YTOOH OKalaTBECA B NoJe YyCTOMYMBOCTH CoJee CHAOKHHX yI-
JNeBONOPONOB, 9eM MeTaH. OT0 MOXeT OHTh NOCTHTHYTO YBeJMYeHHEM
3HaYeHMA BOCCTAHOBATEJLHOI'O NMOTeHIMana min mameHeHumeM pH. i pe-
I, 9TO NOKasaTeJbHHMHA OYIyT 9KCOeDMMEHTH, BHIOJHeHHHe Kak Oes
M3MeHeHHA 3HAaveHMA Eh, HO M3MeHeHHOM 3HavyeHmn pH, Tak m OpH yee-—
JugeHrd Eh | HeM3MEHHOM SHadYeHmy DH.

14 nepBoro BapuaHTa B KavecTBe NOTeHUMANONpeeJAoinx  Cuim
BSATH PeaKIWy MeI¥ I ¥eJesa C cepoBonopomoM. CTaHmapTHHIT  ajex-
TDOJHH} NOTeHIMas] NPUHATHX IOJypeakndii - coorBercTBeHHO Eh =-0,30
n Eh = -0,36, 9T0 HECKOJBHKO HMKE, YeM B ONHTAX N0 NOJYYeHMI Ta-
3000paBHHX JTVIEBOLOPOXOB, HO 3aT0 yYacTHe BOINHOTO DAcTBOpa Cepo—
BoJlopona. cMemaeT pH CHCTeMH B KMCJYW 00Ja3CTh. [IpM BHODAHHHY 3Ha-
veHusX pH u Eh BHONoONHeHo nBe cepm omuToB (rada. 3.7) .Merommkoit
OKCTIIepUMEHTa, XaK W paHblle, NpelycMATPNBATACh HENENBHAA BHIEPRKA
nocye WSMeJEYEHHA B I'epMeTHYHHX OapaCanar. B TepMoctare npax 70—
75 9C. Iocxe BHIEpXKH OapadaHH BCKDHBaIM2h, TBeprad dasza  oTxe-
JAIach QUILTPORaHMeM depes Ipojtnolt Oymermmit dwisrp (!cumaa genta)
¥ cymmnachk Ha (MALTDe IpE RomMHaTHo# Temneparype. Cyxoit TBepimii
0CTATOK 00padaTHBAJICA XIOPOJOpMOM INpHM BCTPAXMBAHWM B TeYeHNe
IBYX 9acoB. X10pofopMeHHH SKCTDART OTHENANCH (UIBTDOBAHEEM, 2a-
TeM XaopofopM OTTOHAJCH Ha BOZAHOH Gave. Kammuit. omuT HydnmpoBas-
‘¢, X, ecay He OHNO COJBNMX pACXOXLEHUE, oNpelensnoch cpexHee
_BHaveHMe BHXOJa XIOPOLOPMEHHOT'0 BSKCTPAKTA (6mTymomzna) . Omuram mo
THOPOTEeHUBAINY NpPe/NecTBOBATI0 ONDPEIANeHUS CONEepKAHNA WI0polopMeH-
HOT'O SKCTpakTa BO B3ATOM HaMd YTONBHOM BellecTBe, HO NpeurBaph-—
TeJIbHAA SKCTDaKUUA YTUIdA, 3arbyXaemoro B Gapadad, He IpaKTHKOBa-
Jach BO N30eXaHNe HeXeJATCABHHX NOCHeICTBUE 06pacdoTkM MCXOTHOIO
BellecTBa OPraHHYeCKUM DPacTBODPATEJIOM.

PesyapTaTd ONHTOB NOKa3HBAT, YT0 ASMeHeHEe pH cpemu no-
BIEKI0 28 coGofi 06pasoBaHMe GNTYMOMIA, HO B BAJAHHHX JCIOBUAX HU
LeJIIo3a, HA TOP) X0PofepMEHHOrO SKCTpaKTa He nant. TowHo Tak
¥ BOIYT ce0A aHTpamuT, TpafMT X axTHBMDOBEHHHE yIToib. Alopodop—
MEHHH{ SKCTpaKT NOJYYeH B ONHTAX CO BCEMM YyITVIAMY OT GYpOre zo
TOLET0, U MAKCHMYyM BHXON2 €T0 NPUXOMUTCA HA yTOAb KOKCOBHE. Co—
OOCTaBISHNE ONHTOB, BHIOJHEHHHX B CTAIBHHX M MeIHHX OapadaHax,
IAaBIMX OYeHb CIH3KAe pesyarTaTH, II0SBOJAeT T'OBODMTL O TOM,  YTO
BHX0Z XI0poQOpMEHHOT'0 SKCTpaKTa He B38BHUCHT OT cllocoda COo3TaHnA
BOCCTAHOBUTENLHHX YCJIOBH{, HO BCENENO ONpEeNeNASTCH XApAKTeDONM
HMCXONHOT'C YI'ONBLHOTO BemecTsa.
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IlpeBpameHie yTOJAbHOTO BeleCTBA, AXTHBHDOBAHHONO NOCDEICTBOM TOHKOTO

HSMEJBYeHNA B BOCCTAHOBHTEJIBHHX YCJIOBHAX

Tadmma 3.7

YmeapRas H0-

Cofie pRAHES

Buxon xnmopofopMeHHOIO BRCTPAKTA,

Buxon rasooﬁgaamx yTaeBo-

BEDXHOCTE HOC- | CHTYMOEZOB B T HA KI' HCXOZHOTO BemecTBa IOpoZoB B OM3 HA I KT' uC-
chﬂmoe Je Im’%m. B HCXOTHOM XOIHOI'O BemecTBa 4
BRSO TG w/r e -4 Cpasy mocae Tocae 7 cyTox %?pnn B Cpasy mocae | Hocae 7 cyTox
usMelsueErs | mepmocrare npm 75°C(pH= 4-6) | H3MeNBYeHmMA | BENe B
BOCCTAHOBH-
- gt i 2T | soe | En=-0136 [ Ene-0,30 [mne-0,95 | 3T~ o2, | TaEEME vere-
-0,44,pH=8-I0
KepocmHoBaA caxa He omp. He omp. He oOp. He onp. He oOp. He omp. He omp. He omp. He onp. He omp. II00O
AxrTuBMpoBaHHH# yrome ="- == 0,0 =" =M= =P 0,0 - =" ="- 3800
Tpagur —r_ LS 0,0 - " 0,p 0,0 L = L 2680
AsTpanmEr =" - 0,0 -"- =" 0,0 0,0 0,0 - =" 100
Yroae romuit 26,9 75,3 2,8 5,4 4,0 32,0 33,0 4,7 oa. 0,0 -840
KOKCOBHit 13,8 45,5 6,6 23,6 19,6 98,1 92,0 40,0 He onp. He omp. 6380
EAPHERH 7,76 2I,2 4,0 30,4 26,8 47,1 35,0 4,1 0,0 ol. ol.
Ta30BHH] He Onp. He.omp. 10,0 He omp. He omp.. 46,0 46,5 43,2 He omp. He Onp. 300
mEAOLIAMeHEEE 8,73 40,7 3,4 I5,2 10,0 22,6 35,0 1,8 0,0 30 16000
Cypuft OnecTaumit He onp. He onp. 3,4 He onmp. He omp. 5,0 He omp 15,6 0,0 1I80 1400
Gypuft MaToBHit 8,656 12,3 2,0 6,2 4,3 =He omp. 20,0 10,4 He onp. He omp. 500
Topd He Omp.He omp. cl. He omp. He omp. CI. “ex. 16,4 =M= =" He Omp.
lisumonosa =" =" 0,0 - =" 0,0 0,0 6,4 ="- - 0,0

[pamevarme . MamenmsveHme Ba SU-2xIS0, 45 mmm.



B mesax BHACHOHHA BIMAHMA BeJMYMHH Eh Ha nporecc GHUTYyMOOG-
pasoBaHyA OWia NOCTABNEHA eme OfHA Cepud ONHTOB C TeMd Ke Jyrie-
POICONEPRAIAMYA BemecTBaMy, SKTUBADOBAHHWMA M3MEJbYeHMeM B THTa-
HOBHX GapadaHax (puc. 3.9).

YBeswuenue 2HaUeHWA Eh BCJAGINCTBHE NPHMOHEHHA NOJYDOAKIWHA
1 + H,0 = 140 + 2H* + 267 (En° = -1,75B)  NpUBOIMT K TOMY,TTO
maxe Topd ¥ mesmono3a (XIONROBaA BaTa) BOBJEKAWTCA B npomece
6uTyMo00pa30BaHAA, & MAKCHMYyM BHXONA XIODOPODMEHHOT'O  SKCTpPAKTa
CEEXAeTCA To IRajJe yriaefEkanuy BHES M IPAXOIATCA HA yIVIM  MapOK
L o

PesyabTaTH MCCASNOBAHWE N0 THAPOTEHH3AIMH YTOJBHOI'O BellecT-
Ba BOLODOXOM B MOMEHT ero BujeneHMa (cM. pme.3.9) HOSBOJIANT CO-
OOCTABATEL BHXON X1opofopMeHHOr'0 CHTYMORIS Ha DABHHX CTYNEHAX
nponecca. Hanpumep, colepEamme CUTYMOB B MCXoXHOM yTuie mapku K
cocTaBWwIo 4 Mr/r; cpasy Nocle WSMeJbYeHHA BHXON XI0POOHOPMEHHOT'O
sKCTpaKTa cocTaBmn yxe 30,4 mr/r u 26,8 mr/r, m3 Hux 4 mr/r -
GUTYMOMN, ComepEammitcA B MCXONHOM yTJe, & OCTalbHOe eCTh HOBOOO-
pasoBaHme B NpOLECCe U3MeJBUSHUA; B CAelywmel rpafe OTpaxeH BH-
X0 X1opofiOpMEHHOT'0 SKCTPARTA NOCHe HeIeJbHO# BHUEPHKH, OH COC-
rapnger 47,0, 35,0 u 44,0 Mr/T B 3aBECHMOCTX OT YCJIOBHM{  OMHTA.
JlaHHAS BeJUYHHA ABIASTCA CYMMOM# TpeX claraeMHX: HSHAYalbHOE CO-
Iepxanme GHTYMOMIA B yTJe INC GHTYMORI, o0pasoBaBumiicd BO BpeMA
M3MeNLYSHEA, IUTOC OHTYMOME, odpasopaBmuiicd Bo Bpemda HeleJbHOR
BHIIS DEKH .

i3 mpuMepa BUNHO, YTO BHAYATEJNbHAR HOJNA XI10POHOPMEHHOT'O K-
cTpakTa 00pasoBafachk BO BpeMA BHIepxxu. CJeL0BATENBHO, MeXaHOXM-
MUYecKad aKTHEAITAA BemecTBa, MMeKmasd MecTo B Ipolecce Ipenpapd-
TONLHOTO M3MEJBYEHEA, OGJAANAeT IJMTEeNbHHM NeDMoZoM HocleneiicTBuA,
onpejesad HaNpapleEde peakimit, NpoTeKaMUX NpH OTHOCHTENBHO HES-
Roft TemmepaType. B cBASM C STHM YMECTHO eme pas NOXYEDKHYTE, WTO
Opd OGCYRISHWA DeSyJAbTATOB 2THX ONHTOB CNEIYeT IPMHUMATL BO BHM-
MaH@e He Ty TeMIepaTypy, KOTopad MOXReT DASBABATHCA MPHOBEHHO B
TOUKAX CONDMKOCHOBOHAA MEJINHX TeJ BO BpeMA DAGOTH MEJBHHIH, &
TY, Np¥ KoTopolt BHIEDAMBAJICA MSMENbYEHHHA MaTepHAT. BosneiicTene
mesbHMME 3M-2xI50 Ha XMMMYECKYD aKTHBHOCTE M3MeJbYaeMHX BellecTB
TOXNECTBEHHO HATDeBaHMO MATEpHATOB N0 Temneparypu nopamka 300 v
HO, KaK BHOHO N3 DAcCMOTDEHHOT'o IpEMepa, JacTh CHTYMOMIOB o0pasy-
eTcA He BO BpeMdA H3MeJEYeHMA, & NOcJae Hero, BO BpeMd . BHIBDAKM.
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) ! } 8.3 | Berxod zm OPMEHHORO IXCMDaNma Boixod eazoolpasneix yenesodopoios
e §_§ ‘,5{_ ‘-; ak %g § %e/’.f”eagcradﬁom feweemea hoome | & oMl uex0dHo20 aeu.@amfa
lexg8Hoe S8 §§ o SERSE | JATr 2k oI & mepMocmame Tiocse 7 cymon  Oo-
yanepod- SS9 8 N 3| 8ESye P % Jow;’g"’”“”’e”"‘mx Cpasy  |Gepxcrunpu76-75%C & |
codeprcawee SNy § ‘i Neeig — nocne | 80CCMAHOSUMENsHIX
sewecmeo 35| kg RS o8 o | ompearus, onpedeniouue snavenus | ysmensyenus Y100, onpedense-
fos| 88% Mx*§§ nomexyuanasd phu Eh MOIT NOMYPEAKYUED
'§-§§ SIY[SELEE FevhySoFeSoon e EWMTW | Fe~Fe?* +2¢e7;
b e | acy-| & En=-0,38; Eh’=-0,30; 1306 =-044; 3
SBe ;%M zyio |aode |  pH=4-8 pH=4+6  |onegied |ocyzyds sode En'e=084; pHeg:10
UxmusuposanHsid yeoms |Hem nem 38
lpagum Hem Hem Hem 2,68
Anmpayum Hem Hem Hem Hem a7
Yeons mowui 0,0028 269(757 0,005410,0040) 0,0320 0,0330 0,0097 | predsr | wem h 0,84
Yeore KoxcossId 13,845, Z = 3 — IR
Yeons wcupHsld E-Eﬁ" 776|212 o ' Lii IOAT | wem  |cnedsl cneder
Yeons easossir EW"” oy 7,0460 Y 0,0432 =
Voams dnunnonnamensend §7%|8,731407Gl P 2\G 0700 | >0 0226 09,0350 |00 | yom .5','03 d‘
- - |goos - YLl
Yooms Gypsii 6reemsugui o —— L P |
Yeorms Oypeid mamossr; [9.90020\g gsl0 310,0062(0,0043 0,0200 0,0704 G5
P ] 85(72, N T
Top cnedel cnedsr cnedst G0164 Hem
U enmonosa Hem wem Hem L 0,0064 wem

Pac. 3.9. Ipespamenue B BOCCTEHOBHTENBEHX YCIOBAAX YT'OJNBHOTO BemecTBA, ARTHEHDCBAHHOTO H3MEJbYBHHEM



Tadmama 3.8
Buxon xIopofopMeHHOTO sKCTparTa (Mr)
B nepecueTe Ha I I cyxoill 6e330JbHOH MaccH yTiA

ggjéapgg: Eg? Bﬁﬁgﬁg“ C sumepxwoif B TepMocTare
3

Nexommauit TyMa B

TBYEH
yToaIB ggj};gmom Ges |B pH = 446 | pH = 8¢10
BOJIH| Boze

Eh=-0,36B 1Eh=-o.3on Eh=-0,95B
Tommit 2,0 6,144,5 3,6 ol Be
Koxcoruit T 28,8 24,0 .50,0 49,0 48,5
HrpHE# 4,5 35,8 31,4 55,0 51,0 52,0
TazoBuit II,0 44,0 41,0 956.5 97,5 53,0
JmARO-
TIamMe HHH 3,6 16,5: 11,0 25,8 38,4 33,6
]gg;%mﬁ 2.5 10,0.58,0 5.0 28,0 20,0
Bypuit : [
MaTOBHHK LD II,8 8,2 29,0 28,0 13,7

/IMeHHO B 5T0 BpeMd SHEDPI'MA, AKKYMyMDOBAHHAA A3MEJBbYESMHM BemecT-
BOM, NpOABNAETCA B XMMUYECHWX DEaKIWAX.

PesyneTaTid mcclenoBaHnl OHJIM NMEDPECYNTAHH HA CYXyR 0e330Jb-—
HyD Maccy ® cBeIeHH B Tadn.3.8. Ilocie mepecueTa BeJIMYMHH BHXO—
Ja x10podOpMeHHOT'0 SKCTPaKTa HECKOJIBKO BO3pOCAX, GoJee OTYeTIA-
BO BHIEJWICA MAKCUMyM, KOTOpDHIt cMecTWica K yIvmo Mapkw I' m  pac-
TAHYJCA B CTOPOHY HH3KUX cTeleHe#l yraedurarmm HCXOJHOTO MATODH-
ana.

BuTymonmH, NOJYyYeHHHe ONHTHHM IyTeM, HCCASIOBAJMCH C pasie-
JIGHMeM H& CHJIMKATeJe C IpUMEeHeHMeM DasJMYHHX sJjoaHToB (radn. 3.9).

Kar BHmHO ¥3 TAGINYHHX JaHHHX, CHTYMH, NOJYYeHHNEe B pes3yJin—
Te SKCOEPUMEHTOB C aKTHBalmMeil yrid H3MeJbYeHHEM, CYWECTBEHHO OT-
JMYanTCA N0 SJeMeHTHOMY M TDYNIOBOMY COCTaBy 0T OHTYMOB HCXONHHX
yraeit, npudeM 3TH OTJIMYMA B H3BECTHO# Mepe OnpenesAlTca MapKoit
HMCXOIHOTO yTviA. OCmmM LA BCeX MApOK ABIAGTCA BO3pACTAHME OTHO-
menuA C:H u BHXon gcfansrTeHoB. CHMSWICA BHXOX: Maces JiA- jyraelt
mapox [ u K; coEpTOCeHSONBHHX CMOJ - SHAYHTENBHO LIA yrueil Mapox
K, Eu T u HeSHAUNTeJBHO 1A Mapk J, & GOHB0JBHHX CMOJ BO3pOC
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Tadmmma 3.9

AapaKTepHCTHKA CMTYMOB MCXONHHX M AXTMBHDOBAHHHX H3MENbYEHHeM yIuelt

i
= 44%
5|¢ |seda
2
m
mm .z
m &5
o g
3 8
4| 3| =
Bre
33
!
3z
< B
o I 1
- oR
g |85
<18 |58da
=
JERE
AERER:
HERELL
g =
2 3
al 3
=T t== |
B
e -
=
E 5
g E

14,3 SAS)

35,4 12,4

8,2
2

6,9
7,7

82,8

33,3 24,3

K 82;8; - 9,5 34,I 8,3
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72,6 b,2
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21l

76,3 1I,2
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IpH axTHBAIME yTiaeit mapox K
m 0 u causunca - A I n X.
Hamo sameTHETB, 4YTO INOTepA
JeTKOJIOTYIHUX KOMIOHEHTOB
GETYMOMIHEX cMeceit (gro
00yCJOBNEGHO YCAOBHAMA  HC-
caenoBannit) GesyCIOBHO CKa-
3anach Ha aHANN3e SJeMeHT-
HOT'O COCTaBa NOJydYaeMHX OH—
TYMOMIOB, 9eM M 0CORACHASTCH
Bo3pacTaHue oTHomeHmA C:H.
OnmcaHHHe BHIE  ONHTH
TNPOBOIAIACE C TYyMyCOBHMHA
JTIAMM pPasSIMYHOT'0 T'eHeS3McA.

- 9T0 3aTDPYIHAST CONOCTABJIe—

HMe MNOJYYeHHHX pesyJbTaTOB,
TAK KaK NpUMechk CcanponeJe-—
BOT'O MaTepuana MOXeT cymec-—
TBEHHO NOBIMATE Ha BHXOT
XmopoOopMeHHOTO CHTYMOHKLA.
Il MCKIIeHUA BIMAHWA IpU—
MeCH CalpoleJieBOr'c MaTepHa-—
Ja B CHeIylmMX ONHTAX  HC-
NOJNE30BATMCH YyTAM, 0TOGpaH-
HHE M3 ONHOTO YTOJBHOTO
nacra (- m,) JlonGacca, Ko-
TopHEt xAaparRTepUsyeTCA OXHO-
odpasWeM MCXOOHOTO  pacTE~
TeJBHOT'0 MaTephana, HO OT-

JIMYa8TCA CTENeHBD yraefuxa-

MK, 9T0 0CYCJIOBISHO IJyOH—
Ham¥ er'o NorpyXeHudA. B Ho-
Boil CepHM OIHTOB HM3y4aloCh
BIWAHNE CpemH, B KoTopoi
TIPOBOMMIOCE MBMEeJbYeHdAe, Ha
BHXOJ X KavyeCcTBO xanopodop—
MEHHOTO SKCTpaKTa, BHXON X
cocTaB ofpasymumxca TasoB I
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U3MeHEeHNe CBOMCTE MMCIEPTHMPOBAHHOTO JIVIA. AADAKTSDMCTHKA HCXOIHHX
¥ E3MeJbYEHHHX B DASJMYHOE cpelle KaMeHHHX JIVeif mpencTamieHa B
Tadn.3.10. ARamusupyda TaliMyHHe IAHHHE, ClIeZyeT OTMETHThL BO3pac-—
TaHAe BIAKHOCTH ¥ COHEPRAHMA I'UIPOKCHABHOK IDYINH NOCHe M3MeJb—
YeHNA yrueit B andoit cpene, B TOM YXCJe U MHeDTHOH, YTO NOZBOJAET
IpefnoJaraTh BHYTPEHHNK NeDEeCTPOMKY MOJEKYJ OpraHWYecKOr'o Bemec-—
TBe NOJ BIAMAHMEM MeXaHWYecKHX cui. [lolo0HHe ABIEHMA H3BECTHH IO
OIHTY HACCJASNOBAHMA MEX2HOXMMAIECKHX TIpeBpalleHMii MMHEeDAJbLHHX Be-—
mecrs. OmHAM ¥3 BO3MOXHHX IyTeit 06pasoBaHuA BOIH M THIPOKCHI-HO—
Ha B Nponecce TOHKOTO MBMEJBYSHMA yIVIA MORHO CUMTATH Ier'MIpaTa-—
pOBaHNe IUUKJIMYECKAX KETOHOB. BEPOATHOCTE TAKOTo Wi NoX0GHOTO
npouecca- IPEXOINTCA NpenmnoNaraTh Ha TOM OCHOB&HHMU, YTO COIEpXa-—
HAe TMIpoxcmi-noHa (B %) B03pacTaeT BHE 3aBMCHMOCTH OT CDEJH #3—
MEJEYeHUA X BO BCOX ONMNTAX YKIAUHBAETCA B ONpPEjICJNEHHHEe MHTEDBAJH:
yroap mopkd I' — or 4,I mo 3,4; X -o0r 2,2 10 1,8; K - o7 2,7
o 2,4 1 T - o0 1,9 no-I,5,

CocTaB Ta30B, EBHISAMBUMXCA IDM H3MeJbYeHHH yIveit, npenctas-
JeH B Tadn. 3.II. llpeoGnanaommy rasamn ABAAWTCA CO; ¥ BOXODPOX
{ecanm usmespYeHFe NPOBOZWIOCHE B BOAE WM B Cpejle JIMISKHCJIOTO I'a-
3a) . BuneseHme COZ OCBACHANT IBYMA Npolueccami, WIYIMMM OIHOBDR-
MEHHO: IeKapOOKCHIMpOBaHHe JIVIA ¥ OKUCIASHME YTVIeDOoZa KHCJOPOIOoM
BO3IyXa, COmepxaMMCA B OapadaHax MeJbHAUN. BHIeJeHHe BOZOpOIA
odyCcJ0BIeHO B3auMoleicTBHeM XeJesa, HaTHpammerocd BCASICTERE U3-—
HOCA MeJemuX TeJ, ¢ Bomoft mim Biaroff yIiA, a YACTHYHO ¥ peax-
oue#t ¢ BoToit, odpasywmeicd Npu HeCTPYRIMH M3MeJbYAeMHX  OpraHd-
YeCKUX BeliecTE. [lofABNIeHHe YTJIEBOIOPOMOB €CTh CJSLCTEHE  MEXS8HO-
KpekuHTa yriaA. CymmapHEit BHXOX YIVIeBOZODOINHHX Ia30B KOppeupyeT-
CA C COoTepmaHneM I'HIPOKCHA-HOHA B COCTaBe TBEPIOT0 0CTaTKa, YTO
NO3BOJAET Ipe[noJaraTh IIIPOAATAYECKYR IeCTDYKLIMDO yIVA. Cpemn
JTUIeBOLOPOOHHX Ta30B NpakTHIeCKNM OTCYTCTBYeT MeTaH, 49T0 cJeIyerT
[accMATPUBATE KaK NOATBepXNeHMEe IPeITONOXeHUA O THIPOJIATHYeCKOH}
cXeMe MeXAHOKDEKMHI'a YT'OJEHOT'O BeNecTEa.

Buxon rasoolpasHHX NMPOLYKTOB MeXAHOXIMIYeCKo JeCTDYKLIH
JI7A NPUBOIMAT K M3MSHGHUD BJeMeHTHOTO COCTAB& TBEPHOTO0 OCTATKA.
InMuveckuit aHamIs cyXoit Ge33oabHO# MACCH MCXOMHHX M H3MEJLISHHHX
B Boze yrviei mapox I', K m K npemcramner B Tadm. 3.I2.

B u3MenbYeHHHX YIVIAX HaGANONaeTCA CHEXSHME OTHOCHTENBHOI'0 KO-
JM9YecTBA yrJepola M HedoJblioe NMOBHIEHHE COIEeDHMAHMA Boropola, 4To
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Ta6mma 3.I0

YapaKkTepUCTHKE MCXONHHX H MBMENBYSHHHX TYMYCOBHX
yraeft mapox T', E, K, T us macra my (Jllondacc)

CreneHn Cozepxanne, % dnemeHTHult cocras, 4 daf
Mapka | zucnepc—
yraa | HOCIH, BJATH |30JH | J8TYIHX C N+0 OH
mz/r (3a cym-
Moit)
VCXOJHHE YT
T 1,8 I,0 3,9 33,8  B2,6 9,9 0.6
X 5,4 0,7 22 24,0 84,6 10,6 B4
K 5,2 0,7 I.2 29.9 872 4,9 70,0
1l I,4 1,0 gl U 6,0- 0,8
VEMETBYEHHHE JTT
B armocepe asora
i & T 2,6 4,5 30,6 - - 3,8
E 8,2 2,8 3,3 23,5 - - 2,2
K 7,8 2,0 2,8 27,3 - - 2,4
T 18.3 3,6 3,0 8,6 - - 1.5
B Bome
T 29,3 2,6 8,6 27,9 72,0 [89.5 " 3.4
X 31,0 I,5 < g 23.9 . B2 " 118 17 Sl e
K 29,8 5.8 5,9 28,2~ 80,7 1,9 020k
o 65,5 2,4 5,4 9.8 - - I.2
B I5 % m pacrBope FeCl,
Iif 25,4 2,6 7,0 30,1 - - 4,1
b IR I,5 Sy 23,6 - - 1,8
K 54,0 I8 3,8 25,9 - - 2,4
T 43,0 227 5,0 9,9 - - A L
B armocfepe CO,
B 9.6 P 4,6 31,8 - - 4,0
K 9,9 1,3 1,6 23,5 - - - T.0
K 13,0 1,8 4,2 27,8 - - Dt
T = 2 = i = - La
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Tadmma 3.I1
BHXOZl Tasa NpA MSMeJbUYEHUN yTiel
(cm® ma kr ropoueil maccu)

lapxa KonuuecTBO BHIEJMBIMXCA I'a30B m
JIA Co CH C c C,H Xom ra-
yr Ho 2. ] ) Vele | 0eNE TRy i 08

lsmenbyenne B atmocdepe asoTa

il Lk - Li6L30 0,0 0,0 402,3 cx. I565,3
b 6,7 410,6 0,0 0,0 0,0 0,0 417,3
K 251 61,4 0,0 0,0 282,1 256,3 II6I,9
d 3.2 585,5 0,0 0,0 0,0 0,0 588,6
S VsmenryerEne B BoJe
iy 76,7 CX. 0,0 +E59.2 TI06,0: 663,8 . 2006,%
K 99,5 233,7 o, 56,5 0,0 0,0 389,86
K 1259 644,5 0,0. 10I,3 0,0 545,4 I304,I
i I7,9 149,7 0,0 0,0 G,0 0,0 167,6

lsmenpuenue B IS5 %- M pacTBope XJIODHOTO XeJjesa

T o N 7 T B AR o W R W o (-
X 26,7 856,6 cx. oa. BT (0 TN - ' R L
K 28,4 20384 " on. -118.7 314,7 on. 2699,3
- R e £ o I S Bl 0,0 0,0 I250,4
Msmemsyenne B atmocdepe COp
T 82,4 < 0,0 57,7 622,6 . 0,0 I500,7%
E  455,0 e 0.0 ‘i 0,0 0,0 . 455.0%
K  546,9 = 0,0 56,8 294,4 0,0 898,I*
* 3a muverom CO,.

0TpaxaeTcA Ha u3MeHeHuE oTHomeHHA C:H. HeroTopoe Bo3pacTaHme co-
IepRAHNA KACJHOpOJa CBASAHO C OKMCJIEHHeM yIVIA 3a cYeT KHcJIopona
Bo31yXa. [loBHNeHNe OPOLEHTHOTO COIEpKAHUA CEpH CJeIyeT OOBICHUTH
YMeHEBIeHneM odleit MaccH yIVIA BGJIENCTBUE HNOTepM yIVepoma.
TiryGoxre M3MEHEHHT XEMUYECKOI'0 COCTaBa yTOJBHOT'O BEmMEcTEa,
TNONBEePTHYTOr0 TOHKOMy M3MeJLYeHHR B BOIODONTeHepHpymueit cperme,
BHABNANTCA NP SKCTPAKIMA CHTYMAHOSHHX KOMIOHeHTOB. Ecom- B mC-
XOTHOM YTJIe CONSPRAHMS IODOJODMHHX SKCTDAKTOB He NpeBumaeT 3 %,
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Tadmma 3.I2
SNeMeHTHHIi cocTaB MCXOIHHX M YBMeJBYEHHHX B Boje yrueil
mapok I', X u K

Comepsanue 3J6MeHTOB, %
wapka yris C:H
C H J N +0
VicXomHHE yTULI
18 84,8 5,C 946 16,8
X 88,6 B2 9,5 17,2
K 90,2 58 6,8 15,6
VsmeJsb9eHHES yIUIU
T 74,8 5,4 15,8 13,7
b { 87,0 5,6 9,9 16,6
K 84,0 5.5 11,4 15,3

TO NOCJE #3MeNbYeHAA BHXOL OUTYMOMICE COCTABIAET IVIA yTruieil Mapok
T, & 7 K Gonee I0 %, mocturad B Marcmayme 36,4 %. Buxonm Ouryyi-
HO3SHHX BemecTB X HX IpynnoBoft cocTap moxasaHu B Tadn. 3.I3. Kax
7 B NPeTHIYMAX ONNTAX, MAKCHMANBHHH BHXON XIODOFODMEHHOTO JXCT-
paxTa npuxomMTcA Ha yrym Mapok I', L m K m pesko namaeT npu gec-
Tpykima yraAa maprd T. ConmocTaBnadd BHXOX XIOPOPODMEHHOT'O SKCTpaK-—
Ta, NOJYYeHHOTO IDH M3MeJbYeHMA yIJieft B pasiMyHHX cpemax, HeT-
DyIHO BUTETH, YTO MAKCHMAJBHHY BHXON SKCTpakTa u3 yrueit I' u i
NOJy9eH mocyie MX MBMeJbYeHHMA B pPACTBOpE NIODHOTO Xejesa, a yIruid
K - B atMoc(epe yTJeKHCHOr0 rasa; Npd M3MeABYeHHH yTJA T B Jndoi
cpenme BHXOI XIopodopmeHHoro Outymomua (XB) coctammmeT okono I %.

MakcuManbHHE BHXO0] MACJAHOI GpaKuay NOJyYeH NpA U3MeJbYeHNH
yraa K B Kuchoff OKHCAMTENBHOH cpejie — B armocdepe YTJIERHCJOTC
rasa ¥ pacTBopa FaClB. JecTpykuma yrie# B Takxoii cpeme crnocodcT-—
ByeT 006p&30BaHNK NOBHIEHHHX KOJMNYECTB CMOJ B acfaibTeHOB. JBe-
JWYeHAe KOJUYECTBA CNEPTOCEH3OJNBHHX CMOJ M ac{albTeHOB NDPHBOIAT
¥ CHUKGHNIO NPOLEHTHOTO CONepXAHHA MaceJs. OJSMeHTHHE cocTaB NOJy-
YEHHHX OMTYMOMIOB, BHIGJEHHHX m3 yrueit X m K, npencrasied B
radn. 3.14.
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Tpymosoft cocTas xiopofopMeHHHX SKCTDAKTOR
TYMyCOBHX yryieff o M nocJe H3MeJBYeHHA

Tadmma 3,13

Mapka |Buxoy Om-

Comepmanme (paxumit, %

yraag | TyMoHEna, BensossHue | Crnmpro- Acans-
Macaa CMOJIH G8HS0JIb— TEHH
: ; HHO CMOJH

HICXOIHHE YTIM

Bez maMessueHmA
1y L3 46,3 10,6 /0 26,0
K 2,3 3I,I 20,2 31,6 26,4
K I3 35,8 15,4 30,I 18,7
T 0,9 34,4 7.9 26,5 31,2

MSMENHYEHHHE YTAHA

B arMocepe asora
T 26,4 20,7 7,6 22,8 48,9
K 11,9 CJI. 17,4 30,5 52,1
K 15,9 12,8 17,4 I0,I 59,6
vy 1,0 17,2 16,6 19,2 45,1

B Bojze
T 15,7 20,0 18,3 II.7 50,0
 § 15,8 5,2 32,7 1ighaes 60,3
K 18,4 25,0 13,5 6,6 54,9
T 1.2 45,5 28,7 17,8 )
B I5 %~ m pacrsope FeCl,
T 27,4 13,2 19,1 10,3 57,4
K 21,0 3,9 29,4 17,6 49,0
K 24,5 27,9 24,4 16,3 31,4
T 0,7 49,2 20,0 23,0 747
B armocdepe 002 ;

T 24,3 24,6 I3,0 13,0 49,3
) ¢ 18,4 1,5 27,5 20,3 50,7
K 36,4 17,6 16,2 14,2 50,1

B pacvueTe Ha cyxy® GeSSCNLHYyD Maccy yrid,
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Tadmma 3.I4
CocTaB xwI0pofOpMEHHHX 3KCTDAKTOB
u3 yrue# mapox E @ K, H3MeJbYEeHEHX B BoJe

Mapka Conmepxanne sjIeMeHTOB, % oty
yrin C H 1 s N+0
X 81,3 7,8 I.3 9,6 10,4
K 79,2 6,7 Il 13,0 IL,7

Xuvmdeckruit aHamUs NOJNYYeHHHX OCHTYMIHOSHHX BeleCTB NORa3HBA—
8T, YTO B NpOLECCe MeXAHOKDEKMHIA YIViA B NPUCYTCTBUE CBOGOIHOTO
BOZOPOTA MMeNa MeCTO THIDOTeHWSAaIA, B PesyJIbTATe KOTOpoit OTHO-
wesre C:H cHWSHIOCH, HO OHTYMOMIH BCe el COIepXAT SHATUTENLHOE
KQJIMYeCTBO a30Ta M KUCJIODOJa. XUMAYeCKMit AHAIME CHHTESMDOBAHHHX
BEmeCTE, DACTBODEHHHX B XIopodiopMe, NOKASHBEET TEHIGHIMIO NpeBpa—
IEHUA YyTOJBHOTO BemecTBa B OMTYMIHO3HOe. [IonTBepEINEHMEM CKRas3aH-
HOMy ciay®aT nauHHe VK-cmexrpockommu (puc. 3.I0). Ha cmexTporpam-—
Me (jpaxmmv, BHIeJeHHo# NocpeXCTEBOM NeTpojeiiHoro sdmpa, BHIEJANT-
cA NOJOCH NoIvcweHus B MHTepBanax I380-I370 m I480-I470C cm -,
XapaKTepHHe JYUIA MeTAHOBHX JIVIEBOLODOIOE.

HAaCKOJIEKO TJIyGOKO MSMSHASTCA YTONBHOE BEMECTBO NOCHe MeXa—
HOBKTHBAIMK U3MEJLYCHWEM, MOXKHO BHIETH, CONOCTABJIAA NEPABATOTDaM-
MH MCXOTHHX B M3MeJbYeHHHX B Bofe yraeft T, ¥ u I' (puc. 3.II). Crue-
IyeT OTMeTHTh CHINEHWe HA NECATKA IpalyCoB BCEX MAKCEMyMOB M MA—
HAMyMOB H& JIeDUBATOTDAMME. OTO CHEKSHHE TeMIepaTypH oOyCJOBIEHO
aKKyMvJIAIMeff SHePTHM B IIpPOUeCcCe IWMCIeprupoBaHWA. [[0ABIEHNEe HOBHX
a(feXTOB OCyCIOBJIEHO, CKOpee BCero, TEuparTauueil yIoJLHOIO Bemec—
rea (Moswanos, I972 a,d; 1973, I976).

Pesiomupys, OTMeTHM, YTO aKTHBAllNA KSMeJBYSHHEM MeHAeT (M3n—
JeCK0@ COCTOAHME YTOJNBHOTO BemecTBa, NOBHMIMY ATOMOB yIJepola K
XapaxTep cBAsell FYHKIMOBANLHHX TpyNH B Maxpomogexynax yrua (ToH-
1oB ® Op., 1974).

B pesyJasTaTe axTHBAIMY yIUA HSMEJLYSHHEM MEHASTCH KOJIIYecT—
BeHHEHft W KaYeCTBEHHHH COCTAB BHASIAONMXCA I'a3000DASHHX NPOLYKTOB
I 3KCTpAaTMpyeMHX BemecTB, YTO B caMoM olmeM ciydae 00BACHASTCA
MeXaHoxymMuYecKoit mectpyrumeit (Anmpeema ® xp.,I976; Mosvaros,I976).
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Pec. 3.10. WK-cmexTpH MacaaHOM
$pakuEE CHTYMOHZOB MCXONHHX H
H3MeABYeHHNX yraefi:

1 - HCXOZHOrO rasoporo, 2 - ra-
30BOTO, M3MOJLYEHHOTO B aTMOC-
fepe asora; 3 - XHPHOrO, H3-
MeJLYeHHOTO B BOJe; 4 - XHPHO-
ro, E3MeAbYEeHHOTO B pacTBOpe
XAOPHOTO Xene3a; 5 - XHpHOTO,
H3MeJbYeHHOTO B arMocdepe aso-
Ta
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Tpafur n caxa, xameHEHe m OypHe yrum, Topd @ Heswmomosa, Oy-
Iy aKTHBMDOBAHH MBMeJLYEHHeM, MeHADT fmsmieckoe (sHepreTmyec—
Koe) COCTOSAHEEe ¥ DeaKUMOHHY® CHOCOCHOCTH HACTOMBKO, UTO B3AWMO-
ZeflcTBYNT CO CBOGONHHM BOXOPONOM IDH KOMHATHOR TeMmeparype I aT—
MocepHOM NaBIeHHH.

JeCTpyRUEA MAXDOMOJEKYJ OpraHMveckoft Maccu yrueft npm H3-
MEJEYSHIN MOXOT NDOTEKATH DASIWYHHMY IYTAMA B 32BUCHMOCTH OT.
cTeneHn yraefWKAIMM HCXOTHOTO BENMECTBA, CDONH H3MENLYGHAA M HH—
TEHCHBHOCTH MEXaHWYECKOT0 Bo3feiicTBuA. [IpH M3EMEJHYSHEM B BOJe I
BOIHHX pacTBOpaX OKWCJHTeNe} NPORCXOIMT OKHCIATEHEHO-THIDPOJATH—
9YeCKad NeCTDYKIMA; IIPM MSMeJLYeHME B BOo3IyXe (IpM HeIZOCTATKe KHC—
JI0poJia) ~ ORACJMTEJBHHJ KDEKUHT; NpDH MSMEJLYCHMA B Cpefie  yIie—
KHCJIOTO Tasa — JNeTHIpUpoBaHMe ¥ (WiM) IeMeTaKCWINPOBAHHE; B BOJ-
HOlt cpeme, TeHepupykmel#l BoOmOpOJL, — THOPOTeHM3alMOHHHE KpDeKHHT.

3.2.3. ConmocranneHse HaAUMX MCCIEINOBaHM C ONHTAMA
Npe[meCTBeHHUKOB ¥ AHAJNOTWYHHMMA MCCJeI0BAHMAMA
aKTHBAIMM YTOJBHOTO BEMEeCTEa IOCPeICTEOM
NPWIORSHAA MEXaHMYECHKMX CHI

Odcympmas pesyJbTATH SKCIEPUMEHTOB N0 THIPOTEHASAIM [eJUID-—
JI03H C NperBapHTeJBHHM IHMCNepTHpOoBaHWeM B IaHeTapHO# MesmpHENe,
HEJb3A He BCIOMHMTSH OMHTH Bepud Mo I'EIpOmMsy UeJunuiosH. g sro-
To 0oH Opan XIONKOBOe BOJOKHO M oCpadaTHBaX €I'0 BOOHHM DacTBOPOM
mexoux npr I80-200 arm m 300-330 °C. Ilpm odpadorTke cladim  pac—
TBOPOM W[EJIOYH NPOMCXOIAT yriefuxainia meJUnwIoSH, NpadeM odpasyn-
mEeca yIyM MazyTcA GnaroiapA NPACYTCTEMD CHTYMEHOSHOT'O BelecTBRa.
Ilpy NOBHMEHAN KOHIEHTPAUMY [eJI0YH odpasyaTca masenonodHoe Gesyr-—
JHCTOE BEmEecTBO, KOTOpoe IpH THIPCTeHMSAINMM BOIODOIOM B IIPHCYT-
CTBUM EejJe3a o6pasyeT Macja Co BCeMM Ipuaiaxamy HedrTu. B omHoM
cJydae U3 NOIydYeHHHX NPOLYKTOB BHIEeAEH napaduH.

Conocranida GINHTH DepiAd ¢ HAmMMM SKCIEDMMEHTaMA IO  THIPO-
TeHMSAlMM XIONKoBO# BaTH B TUTAHOBHX CapadaHaX, CJAeyeT OTMETHTH,
uro mepsuit sran (oOpadoTKa mMeNoYHD MOX NaBieHuMeM npa 300 %) co-
OTBETCTBYET M3MEJBLUYSHND BaTH B GapadaHe, I'lle MEJOUHAI cpela 00—
pasyeTca BCJSJCTBME peakmui THTaHA ¢ Bono#f, a MexaHOoXmMWYeCKad
eKTHBallNA B IUIaHeTapHO# MeJBHEIe COOTBETCTEYeT HarpeBaHWUD o
300 °C. Barem B HammX ONHTAaX, KaK W y DepuA, HaumHAaeTCA aTanl THL-
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DOTeHA3AIMN, NpOTeXaxme# BO BpeMA BHISDXKH GapaCaHOB B TeDMOCTA—
re. MHave roBOpA, HAIM 'OIHTH C XIONKOBOR BaToft B mSBecTHOR Mepe
nonoCHH onuTaMm Bepud, HO A GOJNBIEr'0 CXOLCTBA CJENOBSN0 OH Me—
XAHOXVMIYECKYD aKTHBAIMK NPOBECTH B CIIBHO MeJOYHOR cpefie, a Ie-
pel BHIepxKoft B TepMocTaTe — DACKHCJATH pPACTBOD A YCHIGHWA I'e—
Hepallml BOAOpPONia, KOTODOTO, CYId N0 aHamasy rasoBo#t fasH, ABHO
HEMIOCTATOYHO A THIDEDOBAHUA NOJTOTORIGHHOI0 IDOMEXYTOYHOTO.
OpOIyKTA.

KocHeMcsa SKCIEDHMEHTOB IO TMIPOKDSKHEHTY JT'OJBHOTO BEmECTEA,
Bepas CUmTAN, YTO ‘MCTOYHEKOM BOAOPOZS B NpPHPOIHHX Hefreolpasyn-
IMX CHCTEMAX MOIYT CIYEATH DEarIUy BOJH C COSNMHEHHAMA BaKHCHOT'O
XeNesa:

F‘e(!(‘)3 + Hy0 =005, + Fe(OH)2

Pe(0H), + Hy0 —=Fo(OH); + 4 Hy

Fe + H,0 —»FeO + Hy
FeO + 2Hy0 ~Fe(OH)5 + % Hye

B pKCIepUMeHTaX. Bepia MCNoIb30BANCHA BOJOPOX, 06pasywmuics
IpHM B3amMONeH#CTBHM BOJH C METALIMIECKHM XeJe30M.

B.B.llopfmprer (I1956), moirue TOOH pPYKOBOAMBUNE HKCIIEPHMEH—
TATBHEMA. MICCJIONOBAHIAMA NPONSCCOB TEIPHPOBAHA] YTOJLHOPO BEMECT-
Ba C LEJED WSyUeHHA NPHPOTHOTe HedreoOpasoBaHEA, OTMETAIL, 970
BOJa ARIASTCH NOHOPOM BOIOpOIA NpPH TEIPUPOBAHWH B XeJe3HOM aBTO-
‘KIaBe. B HalWX 5KCIeDEMEHTAX TeHepalml BOXOpoja olecleddBaiM Me-
TAH: XeJe30 § TATAH BO B3amMofeficTBEM ¢ Bomoft  Xenes0 H Menb
BO B3aumoxeficTBMM ¢ BOINHHM DacTBODOM cepoBomopona. Ho sTo  coB-
ceM He O3SHaYaeT, YTO T'eHepamyud BONOPOJAa B SKCIEDEMEHTe, & TeM
fosee B IpEpone, 00A3aTesbHO CBASAHA C ORHCJIGHEOM MeTAIOB. Pac-
CMOTDeHHHE DaHee YCJIOBHA TeHepanud BOXOpOZAa NpH B3amMoneitcTBid
MIHEpaJbHHX BeMecTB C BONO} WM BONHHMA DAcTBOPAMH DACKDHBAKT
IMPOKe BOSMOXHOCTH BAPHUDOBAHWA BOXOPOITEHOPHDYRMMYA CHCTEMAMM,
IpenocTaBIAA axcnepmen-rampy npaso Budopa HawdoJee NOLXONANET0
BOCOTaHOBUTEJAA. [IpM MOJEJMpOBAHEM NPHPONHOT'0 HefreodpasoBaHuA
Hamdoee LeJA6eCO0CPASHO MCIONL30BATH PEAKIMM ORUCISHHA CHISDPATA
W IaMoBETa, & Takke cyibdEIos. Ho 5T0 He MMeeT NPHHIMIVATEHOTO
SHAYGHNA, TAK Kak (USHKO-XUMAYECKEE YCJOBHA GCHTYMOOGDASOBAHAA
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onpenesAeT sHaveHwe Eh, a He cmocol, MOCPEICTBOM KOTODOTQ OHO
3anaHo. [lepel HaMM Ha JAHHOM 3Tale MCCJAENOBAHWE CTOANM 3aiady Io
onperneJeHn M3HKO-XUMAYECKHX ycJoBMi, B KOTODHX TOHKOIHCIIEPCHO®
JTOMBHO® BEIEeCTBO BCTYNAET B DeaKIuy C BOILOPOIOM. SKCIepPHMEHTH
NOKasHBalT NPUHIMIHANBEHOS DelleHHe 3aladyd, NpHUYeM DpelleHHe HaineHo
IyTeM BBOIEHHMA B MUHEDANbHYD Cpely TOHKOIMCIEPCHHX MEeTaJLIOB—BOC-
CTAHOBHTeJe}t. 9Ta NoIMeHa 3aTPyINHAET TeOJOTHYSCKYW HHTEpIPeTAIo
ONHTOB, HO He ABIAGTCA HENDEONOJNMMHM HDENITCTBHEM, TaKk KaKk SHa-
YeHUe BOCCTAHOBATENBHOr0 TOTeHIMANE ONpeJeleHC BeJuUEHOH Eh.

PosynpraTH HalMMX HCCJSNOBAHHE CJISIyeT CONOCTABATH C DESyJb—
TaTaMM SHAJOTHYHHX MCCJeNoBaHWit, BHTOJNHOHHHX BCJeI 34 HaMmi IVIaB-
HHM 00pasoM B MHCTHTyTe I'OpOYEX MCKONQeMHX C NpUMEHeHHWeM B Ka-
YeCTBe MeXAaHOAKTHBATOPOB JesuHTerparTopa JIA H BUGDPOMENHHHUIH.
lsyvyasa BIMAHME IVWCIEPTUPOBAHWA HA DEAKIMOHHYL-CIOCOGHOCTH YIUIA,
B.B.lledenes u mp. (I985), T.M.Xpemxoma m mp. (I977; I984 a,d;
1986) mpmum ¥ BHMBOXY, YTO B Npolecce 0CPa30BaHMA HOBOK NOBEpX—
HOCTH MMeeT MeCTO paspHB XUMWYEeCKEX cBA3efl M olpasoBaHme CBOGOI-
HHX paIvKaJ0B, WHUIMUDYNIVX XUMIYECKNMe NPONECCH II0 DeIuKANbHOMY
MeXaHH3MYy. B pesyspTaTe MeXaHoXUMWYecKoil axTHBAINK yTJA IpH MS-
MeJBbYeHMHM TIPOMCXOINT MoZu(UKalnA BelecTBa C IepepaclpeneieHueM
COIEPHAHNA YIVIEPOIA B DABINYHHX CTPYKTYpHEHX rpymnax (radnr.3.I5).

JesmrTerpatop YIA, Kax H3BeCTHO, He OTHOCHTCA K WHCHY  BH~
COKODHePIrOHANDANSHHHX MeXaHOARTHBATOPOB, M TeM He MeHee IocKe
axTEBalMY YIVIA MyTeM NpONyCKaHWA dYepes NEeSHHTerpaTop (MKCHpy®RTCH
TUydoxne W3SMEHEHNA CTPYKTYDH JTOJBEHOI'O BemecTBa: 3aMeTHO  COKpa-
maeTcA COpepHAHMe YIVIepOona, BXOLANEIC B COCTaB KOHISHCHPOBAHHHX
apOMATMYSCKNX CTDYKTYD, Bo3pacraeT wmcao C-OH-rpym, a Taxme Me-
THJIGHOBHX M ADPOMATHYECKUX IpyNN. 3aMeTHM, YTO THIDPOTeHUSAINA, He-
CMOTDA Ha MNpPHCYTCTBHE KaTaau3aTopa, NPOABIAETCA He 0YeHb afiper—
TUBHO, YTO OOCBACHAETCA HUSKOH AKTHBHOCTED MOJEKYJAPHOT'O BOJOPO-
Ja B CTAHOADTHHX yCJOBHAX. [IOBHIIGHWe DEAKIMOHHON CNOCOCHOCTH HpH
THEpoTeHA3amMy yriA /pua-bopoIMHCKOTO MECTODORIGHHA NOCHe aKTH-—
BALMK M3MeJbYeHHEM B Je3UHTerparope X B BUGDOMEJEBHHNE HSYJYAN0CE
T.M.XperroBo#t ¥ xp. (I986) B Tadn. 3.16 u 3.I7.

TadauyHHe IaHHHE NOKASHBANT, YTO AKTHBALMA HWSMeJEBYeHHeM Oy-
POTO YTJA COBMECTHO C MOJMGIOHOBO-KHCJHM aMMOHMEM B COYeTaHWH C
cepHoxKcaHM xenesoM (0,2 Z Mo u I % Fe>* Ha cyXyD Ge330MBHYD
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Tadmma 3.I5
MexanoxuMiYeCKad MOIMPUKALMA YIVIA
(no B,B.leGeneBy ¥ np., 1985)

Cu%epxanne. Conepxanme C ZB crgﬁmanx Tpynnax,

OGpasen Ha OMY

KOHI ‘
C H |CH |[CHp |CHo0h |C-0H | C=0| CH,pp,,

Hoxonmuit yro» 78,80 5,30 3,3 30,2 53,9 2,I 2,3 8,2
WsmessverHH :

B BO3IyXe ad sl s 0 e I T 0 Ll R ST L I TR Rl 2
B aproHe L R T - P S (¢ T v 1R SR U I U At e 1 ¢
B BOJOpOJe

B IPUCYTCTBAH
Karammsaropa 78,24 5,88 5,3 36,4 35,6 8,0 I,2 13,5

llpuvevenue. Smech M Jamee B Tadmmax OMY — opraEMvYeckad
Macca yrig.

Tadmme 3.16
TpanynomeTpEvacKufl cocTas yrad,
AKTHBAPOBAHHOTO M3meabyenweM (mo T.M.Xpemromo#t m mp., I986)
(nponesETHO® CONEPEAHWE YaCTHI 10 KJAACCAM, MEM)

B P axiaain <5 [5-10 [ 10-20 [20-30 [30-40 [>40 |7y [Trag
I 4-psumuﬁ YIA, 8000 oo/mmw 29,9 23,9 22,8 1I2,0 7,8 4,2 2,3 56
2 - 12000 -"- 44,9 28,3 16,3 I0,5 6,7 0,3 " 2,2 44
3 &p&mﬂ YIA,I2000 -"- 89,7509, 22,4 IR .58 LD 2.7 46
4 - " - 18000 -"- 498 by LI 5,9 8,0 2.9 50T 60
5 To x¢ B MATHUTHOM TIOJE 6I,I < 25,9 13,8 P S L] 60
6  BrOpoMernbHIIA 34,0 30,0 26,6 6,4 2,7 - I,7 42

MACCYy YTJA) NPEBOIMT K IIYGOKOMY HSMEHEHMI CTPYKTYDH YTOJIBHOT'O
BellecTBa: YMEHBIAGTCA COIepxaHMe yIJVepola B KOHNSHCHDOBAHHHX apo-—
MATHYOCKAX AOpaX M BO3pacTaeT B amfaTAvecKuX, ANMIMKIAYSCKHX X
GHz-rpyn.uax. llsmeHeHrMe CTDYKTYDHHX NapamMeTpoB NOSBOJAET NpemnoJa—
raTh NpPUCOeAWHEHNe BOLOPOIAa K KOHIEHCHDOBAHHHM apOMATHYECKEM Al—
paMm ¢ odpasoBaHnem amfarTAyecKHX coelmHeHHii. CreneHs NpeBpalleHAA

a“

I



Tadmma 3.I7
HSMOHEHE® COCTABA YTJA, AKTHEBNDOBAHHOTO HSMEIETOHEEM
(no T.M.XperxoBoil ® xp., I986)

Odpasen, ; i Pacnpefiesienue yraepoia no rpynnam, % Crenens
nexuM BxTHBAm | C H | H/C C npongga-
mo Tadn.3.16 CHapou | %f3 | cy| c-on |o=0 cXoux oy, [z L
i OHT
Capon
Mexomau#t yroms 72,0 .4,6 0,77 6,0 10,5 15,3 7,9 3,7 56,6 0,27 59,2
E 69,7 -5,0 0,86 4,I 71 26,I 8,3 6,0 48,4 0,54 77,2
2 70,I 5,00 0,86 4,3 7.8 24,0I0,6 7,6 45,7 0,52 70,8
3 70,9 4,9 0,84 II,6 2,9 27,4 10,5 I,3 46,3 0,59 79,3
4 70,8 4,9 0,83 6,6 8,I 20,7 10,7 3,7 50,2 0,41 2.2
5 69,9 4,8 0,83 5,7 3,0 28,710,8' 2,3 49,5 0,58 BI,I
6 7,1 51 0,84 7,9 4,6 24,7 10,0 4,2 48,6 0,51 73,5

yTis OpE TEAPOTeHESAIME IOCJe AKTHBAIME H3MEJBYOHUEM BOSDAcTaeT
¢ 59,2 % mo 8I,I ¥ (max), IpH STOM eme pa3 OTMATHEM, YTO NESHH-
Terparop YA He Jaywmmit amnapaT B DALY MeXAHOAKTHBATODOB, O YoM
CBEIOTEJBCTEYeT TpaHyloMeTprieckuft cocras (radm. 3.16). MuER-
MATBEHR pajEyc YacTHIl MSMEJHYEHHOTO YIVIA NDPEBHNAST 2 MEM, & CyM-
MADHO® KOJMISCTBO YACTHI] MeHEme 5 MEM He moctmraeT 50 4, B To
‘BpeMA FaK NOCJe - MSMOJBYOHHA yIUIA B IUIaHeTapHO# MeisEEme  GoJee
NOJOBEAH YACTHI COCTABAAST KAacc meabrde I MEM.

PesynbTaTH THAPOTOHNSAIMA RpPEA—GOPOIMHCKOTO YIVIA, AKTHBHDO-
BAHHOT'O B JXesuHTerpaTope YJA, onydimropamH E.C.SummHo#t ® 1p.
(1985) . OmuTH OPOBOXAIHCH B COOTBOTCTBHM € NPHEATOR TeXHoJorHe#
CHHT®34 XAIKOI'0 TOILUIMBA M3 yIVIA, TO 6CTh HSMENBYOHHH{ yToae CMe-
MABAGTCA C NPHPOTHEMA HOTAHHME NPOIYKTAME ¥ KATANMSATODAME  JO
NOoJy9YeHUs ONHOpOIHO# macTH, KOTOpas I'HUPEPYeTCHA BOXODOKOM npE

~400 °C @ ~ 200 atm (rac:. 3.I8).

BuBomH MccaemoBaTeJeff cBOmATCH K caenymueMmy: I) axTmBanms
ESMOJBUGHHeM CHEXAeT TeMIepaTypy IHiporeHusaums Ha 20-40 °C =«
YBONEYABAST CKODOCTH DASNOXGHMA YTUA; 2) yBeJMUMBAeTCH  IVyCHHA
npespamerus OMY B cpemmem Ha IB %, mOBHWASTCA BHXON XHAKEX DOpPO-
IyETOB THHporeEumsaumd Ha I0-I9 %, yMeHRmAeTCA TaSOBHIGICHHS "
CHHXA8TCA OTHOCHTENBHH{t pacxoX BOIODONA.

XoTA ONECAHHHE MCCASNOBAHMA NPOBOMWMCH B MHCTHTyTE I'OPHYEX
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Tadmuna 3.1I8
PesynbTaTd THIPOTEHNSAIME YTUA, AKTHBHDOBAHHOTO MSMeJbYeHHeM
(no E.C.3ummno# u np., I985)
ncao BHXOJ REIKHX BeuwecTs, % Ha OMl* TnyGuna
0O6pasen oGopo- - nga | Facxox Hs,

TOB . Kunsume Hempes- |num O, | % or OMI

poTopa |lHmknme Taz Bogma | pamen-— %

JIA Io o Bume, Hasg Ony

300°“C 300 “C
llacta, NPUTOTORJIEHHAA
0es aRTHBAIMA - 60,1 28,1 39 19,8 1 4.7 19:3 9.2 3,8
Eﬂ-ﬂ:- gmyﬂﬂgﬁﬁﬂgg,rgg 3_ 4000 63,6 23,8 388 14,5500 16,9 64,7 2,0
sobaTazem P2~ go00. 79,2 39,4 39,8 8,9 3,8 -I07 76,9 2,6
: 16000 572 33,3 239" P44 6.8 I4,8 66,9 3,2

IlacTa, NpoInymeHHaA Yepes
YIA Jr;aax.le)n(: i 8000 77,8 26,9 50,8 36 0,7 IS5 67,3 2l
Yronb, W3MENBYEHHHH HA :
BOSIYXe C NOCHeIYIONuM
cMelleEMeM C nacToolpa-
30BaTeAeM 8000 68,4 31,9 36,0 = :16:0 - 78 10,8 P72 3;0

¥ Ml - oprammveckas Macca macTH,



ucxonaevux (liocksa) ¢ Opyr¥m# HeJsM#, HO CONOCTABIEHWE HX  pe-
3yJALTATOB U HallX NpefCcTaBIAeT olpelelieHHH# MHTepec. Ilpexme Bce-
TO caelyeT OTME@THUTE, YTO 2KTHBALUA NOCPEICTBOM HM3MEJbYOHHA  Ha
IDYTHX MEXAHOAKTMBATODAX, TOYHO TaK X6 KaK U B ILIAHETADHHX MeJb—
HULlaX, ARIAETCA NPUIMHOF IVIyGOKMX U3MEHeHH{ B CTDYKType U CTpoe-
HEM YyTOJBHOT'O BENEeCTBa.JTH M3MeHEHAA NDOABJANTCH,B Y&CTHOCTH, B
TIOBHIIEHUHU peamnbﬂnoﬁ CIOCOGHOCTH yT'OJBHOT'O BemecTBa B IpoIecce
THIPOTeHA3aIn: . [HIPOTeHK3aIAA JTOJBHOI0 BelecTsa, aKTHBEPOBAHHOTO
B IJIAHETaDHHX MeJbHMIAX,HeCpPaBHEHHO CHIbHEe,B HallMX ONHTAX OCHO-
B4HA HA HMCNOJL30BaHAM BOIOPOIE "B MOMEHT BHIEJIEHHA) YTO CymecT-
BEHHO CKa3HBAGTCH Ha NapameTpax npounecca,HO BHXOL CHTYMOEIOB ¥
HaCc 3HAYMTEJBHO HENe,YeM B omHTax MIW.9To o0BACHAETCA LENAMA M
3alavaMy MCCJeIOBaHME: HaMm HYXHO CHNO BHABMTD T © H J @ HIL U X
B pasBUTMM Iiponecca, a coTpyliHukam I -m o xas3aTbh B 0-3-
MOXHOCCTH YCOBEPUSHCTBOBAENA CIOCOCO0B IOJYyYEHUA HUIKOTO
ToLMBa K3 yIvia.Ham He TpedoBasicA BHCOKHE BHXOZL DPOINYKIM#A,  HO
TpedoBasoch MaKCHMAIbHOe NPHCIMKSHAS K YCJOBHAM IPAPOTHOTO IPO-—
uecca n jmaxe cHumeHme P-T-ycaoBuii mo CTaHUIapPTHHX, B TO Bpema Kak
B IpUpolle 5TOT Npollecc HOEeT NP LOCTATOYHO BHCOKOM JABJIEHIU n
npu Temneparype He 25 °C,a SHAUMTENEHO BHNG. BHCOKOE IABJNeHWe B
CHCTEMB, KaK W3BECTHO, CHOCOGCTEYET 00pa30BaHul XKATKAX IPOLYKTOB
THIpOTEHU3alMY, & BHCOKad TeMmueparypa — GoJiee IOJHOMY IpeBpame-—
HAD yTJIA B RHIKOe M Ta3000pasHoe TOIUIMBO. Ha 5ToM OCHOB3HH IIpo-
MHIUIGHHHE CHOCOCH CHHTE33 XUNKOTO TOIIMBA N3 YIVIA.

3.2.5. ConmocTamieHAe MeXaHOXUMHYECHKOI'O U TepPMOKATAIATA—
YoCKOI'0 NpeBpameHuil yTOoJbHOT'0 BemecTBa

Ha ocHOBaHUM MHOT'OYMCJIEHHHX. MCCJIeLOBAHHI IpeBpameHWi MuHe-—
PAJIBHHX BeleCTB NPW CBEPXTOHKOM H3MEJLYSHHM MOXHO YTBEDKIATE,YTO
peaxumm, IpPOTeXKalmWe NDE HarpeBaHMM BemecTB mo 300-400 °C, MHA-—
OHUDPYITCA NOCPEICTBOM TOHKOTO M3MeNBYeHMA. JTO IaeT NpaBo Ha co-
NOCTARNEHUE SKCIEPUMEHTOB IO CHUTYyMO— M I'a3000pa30BaHM IPDH TOH-
KOM H3MeJBLYSHMH yIVIA C OIHTaMd N0 HarpDeBaHMK I'OPHHX NOpPOL, CO-
napxauinx OpraEFJecKoe BemecTBO.

/sBecTHO, YTO IpY HATDEBAHWM TODHHX IIOPON BHIGJASTCA BOIO—
DON BCJEICTBHE BaamMomeficTBuA BOomH (BIarm) ¢ OKMCJAANIUMCA —MMHE—
PAAbHHM WAV YTOJHHHM BemecTBOM. IIpM HaJWduM yTOJBEHOTO BemecTBa
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¥ BONH, HADALY C BHIEJeHMeM BoJopoma, odpasyeTcda MeTaH, IpUYeM
B mETepBane Temneparyp 400-500 °C oda rasa mpucyTcTEylT B paB-
HHX KOJM9ecTBaX. BHIeJeHHe BOLOPOIA M MeTaHa BIedYeT 3a coloil ma3-
MeHeHHe cocTaBa ¥ CONEepKaHWMA CUTYMHHOSHHX BeUeCTB, 9T0 OHJIO
NpOCJeXeHO B HAKEONHCAHHHX ONHTAX IO TepMOBakyyMHoil odpadoTxe
yraeit Jlondacca.

JKCTpPAKIMA XI0pOofIOpMOM ABNAETCA ONHUM M3 HEMHOTHX CHOC0G0B
TOJyYSHHA YacTH OpraHAyecKoif MacCH yIJA B NOYTH HEMSMEHHOM COC—
TOAHNM. B BecoBOM KouudecTBe XIODOPODMEHHOTO CHUTYMOMIE B HCCie-
IyeMHX TYMyCOBHX JTUAX HaOlomaeTCA ONpelesieHHAdA 3aK0HOMEDHOCTE,
a HMEHHO: JJIA cpemHux Mapox yrie# - T, ¥ m K - xapakTepHoe NOBH=-
IIGHAE COIODRAHMA C MAKCHMyMOM I XEpHOro yriA (radn. 3.I9). Bu-
X0X XNI0poflOpMEHHOI'0 SKCTpPAKTa B TepMOOGpAGOTAHHHX YIVIAX HUXe,deM
B MCXOIHHX, OCOGEHHO 3HAUMTENLHOE yMeHEBIeHWe XapakTepHo A Ia-
30BOT'0 K XmpHOTO yruei#t. HecmoTpd Ha HeCOJBIyR X000 CHTYMOHRIA B
Oanance OpraHMYecKoil MaccH yIviA, C HUM CBASAHH SHAVMTEJbHHE H3—
‘MeHEHHUA TpW TepMoBakyyMmHo#f odpaGoTKe yrueii.

CornacHO NIaHHHM »AEMEHTHOTO AHam3a, OHTYMOWI ABIAETCA Ha=—
uGoJlee BOCCTAHOBJAGHHOM YacThO YTVIA, H CTeNeHb BOCCTAHORIEHHOCTH
(xosdfummenT (v ) BO3pacTaeT B PANY MeTamopfusma KaMeHHHX yTaei
or I mo K. Ilocoe TepMOBaKyyMHO! Ierasaiyi BOCCTAHOBIEHHOCTE OM-—
TYMOMIOB BospacraeT maa yruei mapox L, K u T u ocraeTca HeMsmeH-
_HOlf IyIa TasoBOr'0 ¥ xMpHOro yriei. Hapamy c¢ 5TEM npoucXonuT oGy—
TJISpORMBAHAE M CAMOT0 YTJA.

CBA3aHHHe C OUTYMHO# JacThi yIvie# BHAUYNTEeNbHHE H3MEHEHHAd,
npeTepueBaeMie yIJieM B Npoliecce TEPMOBAKYYMHOI merasaium, 0CO-
08HHO ADKO BHARJIAWTCA IPH CPABHEHMM TDYINOBOTO COCTaBa XIopodop—
MEHEHX dKCTpakToB. KoimdecTBo MacsaHOi dpakiuu B OUTymMax  BCeX
0e3 HCKINYeHUA yTJell yMeHBILAETCA IMOcje 00padoTKM, ¥ 9TO yMeHEIe-
HME TeM BaMeTHee, YeM COJblle MacesJ CONEDHHAT MCXONHHH CUTYM. Mak-
CHMyM BHXOJ2 Maces] B MCXOJNHHX OETyMAX NDEXOUMTCA HA I'a30BHe YTUM,
& B TepMOOGPACOTAHHHX - HA [MHHOIAMeHHHi. KonmdyecTBo acfarsre—
HOB B OCHOBHOM BO3pOCJO B GHTYMOHIAX TepMoodpadoTaHHHX yTueif;
YMeHBbIIeHHe 3aMedYeHO0 JUMb ¥ LIAHHOIVIAMeHHOT'O yTJd.

CorylacHO SKCIEDUMEHTANHHHM IAHHHM, H3MeHEeHHA MacCH BHXOIA
maces ¥ acfanbTeHOB ¢ BO3pACTAHMEM CTelNeHM yTUe@UKalMM Kak B HC—
XOMHHX yTJAX, TAK B B yIJAX, NOXBEepTUMXCHA TeDMOBakKyyMmHO# Ierasa-
I, B3aMMOSABMCHMH ¥ IDOTMBONOJIOXHH 10 HalpaBJIEHWO: MAKCHMyMH
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BHXx0Na acfaibTeHOB NPUXONATCA HAa MMHUMYMH BHXOZA MacJAHO# (pax-
. ONHAKO B CJYy9Yae GHTYMOENOB MCXOJHHX yIJied KoleCaHus B Beju-
YAHEe BHXOJIA Buy?rpn Kaxpmoit gpaxims Gojiee pe3KHe, YeM B CHTyMonIax
TepmoodpadoTayHux yraef#f. Tak, ecam BHXOL MacesJ B NeDBOM ciydae
ronednerca or 9,4 mo 46,3 %, To BO BTOpOM - OT 6,8 Mo 24,5 %, a
acfanbTeHOB COOTBETCTBEHHO — oT 26,4 1o 56,9 % m ot 31,8 mo

58,5 %. PasHuua ®e B BHXONS Macet, MSBIGYEHHHX M3 HCXOIHOIO o
o6padoTansoro yraeit, mocturaer I7 %, a acjansreHoB - 22 %.

YeTkasd KapTHUHA M3MEeHEeHWA Ka49eCTBEHHOT'O. COCTaBa XI0pofopMeH-
HOTO OMTYMOWIE BUIOHA W Ha IpuMepe CeHSOMBLHHX CMOJ, BHXOZ HX B
TODMOJIETa3HPOBAHHNX YIVIAX IOBCEMECTHO yBeJWduBaeTcH, T.e., COCTAaB
GHTYMOMIOE CTAHOBHUTCA OqQiee HeffTpanbHHM. YTo KacaeTed Oojee "Kuc—
JHX" COMPTOCeH30JBHHX CMOJA, TO B yTaAX CPeNHUX crTamuit MeTamopdus-
Ma BHXOI MX yMeHBIAeTCA, & B OCTANBHHX CJY9YaAX yBeJUIMBASTCH,O0I-
HaK0 pasHUIla B BHXOJN® HeBeJMKa.

Tarum 06pa3oM, aHauM3 SKCIEDUMEHTANBHHX JAHHHX [IOKasHBaeT,
YT0 B NEPBY® 0Yepsib XeCTKOH NeCTDYKIME HOIBEPrasTCA MACJLIHAA
fraxuma CATYMORIOB I'YyMycCOBHX yrueii. JUIA IAMHHOILIAMEHHOI'0 YIVIA
XAPAKTEPHO MHTEHCUBHO® DasjioXeHHWe acfainTeHOB.

PesyapratH conocraBneHuA VK-cnexTpoB macuaAHo# @parxmm- 6nTy-
MOHIOB TAS0BOI'0 YIVIA NOJHOCTHO NONTBEDEIAKNT STOT BHBOL. B CHeKT-
pax maceJ yrviielf mocje TepMOBaKyyMHO# 00padoTKM OTYeTJMBO. BHEe-
JANTCA MBMEHOHMA MHTEHCHBHOCTH NOJOC MOTJIOMEHMA B odnacTax 790-
760, 870-820, 960, I200 cM'I. YCcHIeHNe MHTEHCHBHOCTH IIQJIOCH IOT-
JomeHEA B odxnactE 790-760 cu'I CBHIETEeNBCTBYeT 00 yHaJleHMH apo-
MaTHYeCKHX CTDYKTYP HS COCTaBa MacjAHO# 9acTé CHTyMOHLRA.

Buxon JeTy9uX BelleCTB HeSHAUATEJBHO YMEHBUASTCHA IJA BCEX
MapoK TepMooGpaGoTaHHHX yIvied. SaMeTHO CHIEEHHe COIEDXAHAA THIPO-
KCWIBHHX Ipynn. /MeeTcs TeHNeHIWA NMOHMROHAA olme#k cepH B YyTUAX H
GUTYMOHI2 TOCJe TepMOBAKYYMHO# Ierasaiymi.

Kpome rymMycOBHX KaMeHHHX yruieit, OHIM MOXBEPIHYTH TepMOBAKY-
yMHO# o0padoTke 3eMIMCTHE OypHE yToab AneKCaHUpHUiiCKOI0 MeCTOpOX-
IeHAA W CaNpONeJHTOBHE yroas (Gorxen) IMMHEHOLIAMEHHOHE cTamm Me-
TamMopusMa, a Takke aprWLINT, OpPraHMYecKoe BemEecTBO KOTOPOT'o
0XapakTepHs0BaHo yIieneTporpafudecKUM METOJOM KaK CalpoleJuToBOe
IMHHOIIAMeHHO# cTamym Mertamopdmsma. JUiA cpaBHeHMA OHJI BSAT IVIH-
HUCTHIl ciaven us miacra Iy cks. T'I635, ruyusa 767 m (mmacr Cy-
Tarad moJoruit) , colepEamui IyMycoBOe OpPraHEYeCKOoe BelleCTBEO.
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[lpn TepMoBaKyyMHOE 00padoTke CANpPONSJWTOBOTO JIVIA KapTuHa
npeoGpasoBaHyA BemMecTBa MHAA, YeM Yy I'yMyCOBHX yTieit: 3IeCh Hapamy
C YMeHBIIEHMEM KOJMYECTBA YTJIepONa B YTOJBHOM BeleCTBe 3aMeTHO Io-
HUX8eTCA KOJMJIeCTBO €ro B OHTYMOMIE. YUMTHBEA (AKT yMEHBUEHUS BH-
XoIa JeTYy4HX BeuecTB IOCJe ONHTa, MOKHO NpeINoJoXUTh, YTO Ipeol-
pasoBaHie CcanpoNneJuTOoBOTO YIVIA HOeT N0 IyTH NeCTPYKIUN IOJUMEeDOE.

HecomHeHHO 0TJMYaeTCA OT BCeX yTJeil mpW TepMoBakyyMHOi 00—
padoTke M GypHii yTOJB, THe Nph KapOoHU3ammu OUTYMOENA IPOMCXOINHT
IexapOoHUSAIIAA YTOJMBHOTO BEleCTBa, & BHXOL CATYMOMIA yBOJMYABAET-
cA. JijiA BTOr0 YA 3amMeTHO YMEHBNEHHS COJepPRAHHA IHUIPOKCHIBHHI
ITpyOn, & B cocTaBe ra3a OTMEYeHO NDHUCYTCTBHE OKCHIA yIuepena,ol-—
pasopaBllerocd Npu TepMOBaKyyMHO# oOpadoTke.

Hamu COHJula Tak#e NOCTABIGHA 3a1avya ONpPeNeJIeHUA HalpaBleHHOC-
TH NPOLECCOB NpPEeBpameHHA DASJHYHOTO THIA DACCeAHHOTO OpraHmIec-—
Kor'o BeuecTBa M Mac/aAHOi YacTH OMTYMOMIA IpY TepMOBAKYYMHO# He-
Tasaimy nopor. IMMHMCTHE cJaHel NpenBapUTEeNbHO OHI yXe NonBepr-
HyT TepMOBaKyyMHO#i Terasaluy B IPOXSBOJICTBEHHOH JadopaTopmi. -
Hnakoe comepraHue yTJepoZa M aHOMANBHO BHCOKOE COIepXaHHe TeTe-—
PO3JIEMEHTOB YKa3HBAeT HA OKHCJHATEJBHYN NeCTDPYKLMO NOJIIMEIIAIA—
HHX KOMIOHEHTOB B HCXoNHOM odpasue (radx. 3.20).

CHAYUTEJEHOE BO3pACTaHMe KOJMYECTBA CHTYMOHIA M MACJAHOH
YacTH B pacceAHHOM OpraHmYecKoM BemecTBe MOPON IpY TepMOBAKyyM—
Ho#f Jerasamum NOXTBEpXRIAeT NpelNoJOXeHHMe O T'eHepali¥ yTAeBOI0pO-
0B HeTAHOTO pANa IpM HUSKOTEMISDATYDPHHX KaTaJMTHYECKHX IpOmec-—
cax.B HameM ciydae MH HaOanmaeMm yBeJHMUYeHMe BHXOIA CHTYMOMIA B
odpasuax Nopox,l0LBepruMXCA TepMOBaKyyMHO# Nerasamud,lOYTH Ha
nopanok .locxe o6padoTkM OUTYMOHN TI'yMyCOBOI'0 OPIaHMYeCKOI'0 Bemec-
TBa 0 BJIGMEHTHOMY COCTaBy COMHXADTCA C CAlpONeJeEHM OpraHWIec-
KEM BeIecTBOM.

B OuTymomnax o6paGOTaHHHX NOPON MO CPABHEHHD C HCXOIHHME
yBeJMYMBaeTCA Eonepxanne cepH, NMpoMCXomsmee, BOPOATHO, 8&  CYeT
OKMCJIGHAA CYJBOANOB N0 SJeMEHTapHO#l cepH, HWaBJeKaeMoil xmopodop—
MOM.

B rasoscit dase 3adUKCHpPOBAHO HAMMYHe YIVIEKMCJOTO rasa,Bono-—
pora ¥ MeTaHa, a NiA TJMHHCTOIO CJAHIA — TaKkXe SaMeTHOTO  KOJH-—
YecTBa TAKENHX YyIVIEBOZODPOUOB — CYMMApHO Godee 2 06neM.%.

Taxum o6pasom, IpOBEJeHHHE MCCJEeN0BaHUA NOKASHBALT, YTO HM3—
MeHeHHs, NpPOHCXOIAIMe B OpraHmdecKoili mMacce yrueit ¥ MopoX npn
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TE@PMOBAKYYMHOHI Ierasalimu,
BH3BaHH HADYUWEHMAMA CTDyK-—
TYPHHX 3JIEMEHTOB YTV, NpH—
YeM HalJanfanideca UsMeHeHuA
NOZOGHH TeM, mmeoumm nponc—
XOUAT NpU CBEDXTOHKOM  M3—
MeJIEYeRNH ,

Brne nposenieHo cpaBHu—
TEJEHOE HCCJIENOBAHME TepMa—
YECKOjt MeCTPYKUMA  TOPHYHX
CJISHIEB PA3VIMYHHX MeCTOopOoX—
JeHuii, O0TIMYaluUMXCA I'e0Jo-—
THYECKHM BOSpDacTOM,  XAMN—
YeCKUM COCTABOM, CTamMei
kaTareHesa (ToHIOB ¥ 1p.,
I985) . hapaxTepucTERE — UC—
XOIHHX Npol NpHUBEIEeHA B
Tadn. 3.21. YcTaHOBIEHO,YTO
HavaJbHHil Nepuon 1o 300-
350 °C xapaxrepusyeTca B
COJMBIMHCTEE CIy4YaeB Hes3Ha—
YUTEJBHO# CKOpPOCTEN BHIEJIE-
HHEA JeTYyIUX BeUecTB, KO-
YeCTBO KOTOPHX, BHIEJAONEE—
CA B 3TOT NEpHOI,10-BHIUMO-
My, BaBHCHT 0T  COAeDHaHuA
RUCJHOPOIa B OpraHngecKoM
BellecTBe CJISHIEB I BO3pac-
TAEeT C YBeJHYeHHWeM NOoCJel-
Hero mo I0- I5 %. 3SameTHoe
BHIIGJIGHHe T'asa,BHavale B BH-
Ie cJaenos,HavuHaeTca opu 300
-320 °C.B rasoeux cMecax G-
Jm ofmapyxers Hp, CO,, CO,

om.p. Collg, owmm. C4Hrg.Hy Se

PesyneraTH NMOKas3aad, 9T0 BH-
JeJICHNe TA30BHX KOMIOHEHTOB



021

Tadmaua 3.21

TeXHNIECKAA XAPAKTEPHCTHRA W BJIEMEHTHHE COCTAB TOPUTHX CJAHIEB. 2

AneMeHTHHYT cocTaB Ha daf

d a d d da

Cnamen AT (GO0 | Tgg s L ) s R 1575 | o
Nepesmnd-EraroaTOBCKUHE 51,0 18,2 1I0,7 4,7 0,9 3,5 0,3 69,8 8,6 0,9 7,8 I2,9
YaraHCKUH# 61,6 I4,3 9,8 3,2 0,9 2,I 0,2 72,5 8,4 0,8 8,3 10,0
Kammuperui 55,7 1Ie,7 10,6 4,3 2,4 165 058 62,9 8L 153 9.3 IB,4
Baftcyncruit 54,2 4,8 81,2 15,2 .9,002,0 - 0,8 85,7 1,7 Sl E 6N E2.0
JepHO3ATOHCREHR 45,2 5.2 1852 6. 170;5 53¢ 0,9 60,6 5,5 0,8 I1,0 22,1
CHCOJMBCKUE 60,9 II,5 8.6 2,5 1,011 0,4 759 9. 10,8 B,% II,5
MeHmIMTOBHH B83:5. =02 34 2.4 1,8°06. 0,1 648 6,9 1,1 6,8 20,4
BaxeHOBCKMi 81,3 (0% 18 2 2.6°1,9 0,5 0,2 86,2 64 1.8 2922,
ScroHcKuit (mmRTROHemoBw#) 80,8 el 4,8 2,56 I,8. 0,4 0,3 M8 7.4 A b T
ScroHcKmit (XyrepcmT) 28,9  Ix2 8.4 I,7 1,0 6,6 gL 79,7 9,8 0,5 1,3 .8,2
BoarHmekui 58,4 02 IF8 T I;05.0:3- 05 Cp.2 69,2 953 0,7..1,0 19,8
Kenne pmHRCKHit 45,6 0;2 2513 10;8,.-0,3 “0;2= . 058 75,0 8,8 2,0 0,4 I3,8
JIMuTpOBCKAA Pl P 0,I 32,5 I,4 0,4 0,8 0,2 8,3 7,9 0,4.0,8 28,5
HoBoIMuTpOBCHMH 62,4 5,4 78 1.4-0,7 0,6, 0,1:-6986 7,8 e I B b T
OseHeXCKuMit 64,2 D 8,6 0,9 0,3 0,8 0, I 73,0 8I I,2 I.8°15,9
TyancuHCKMi > 69,6 01 75 I,6 0,9 0,4 0,3 7,I 69 0,8 0.8 21,7




MeHAeTCA HeOJHOBHAYHO. B MX cocTaBe IpeolianaeT BOLOPOM, KOHUEH-
Tpauus KOTOpPOr'o C POCTOM TeMIepaTypH pesko BospacraeT. Cnemuans—
HHMA ONHTAME YCTAHOBIEHO, YTO TepMUYeCKoe DasioReHHe TOPOYNX
CJAHIeB IOoCcJe MeXaHWJeCKO# axkTHBAUUM YBeJMYMBAeTCA, a Temuepary-
pa pacTBOPOHMA CHUMKAGTCH.

OCcy=®uad pesyJbTaTH SKCINEDMMEHTOB M0 TEeDMUYEeCKO#  JeCTPYK-—
17 TOPKYAX CJAHIEB,CJelyeT 3aMeTHTh,YT0 KATANMTHISCKHE peakpuu,
UMEDIVe MeCTO NpH HAUDeBAHWM CUTYMAHO3HHX IOPOJ,HCCJEeNOBaINCH
eme B 1936 r. B.H./naThesuM.llpoBeeHEHe HAMA HWCCJENOBaHMA MO On-
TyMOOGpA30BaHAK IPH TePMAYECKo#l NeCTDYKUME OPTaHMYeCKOTO Bemec-
TBa B MEHEpaJbHOE Macce He TOJBKO He NPOTHBOpEYAT ONMCAHHHM OIH-—
TaMm N0 TePMOKATaJMTHYeCKOMYy NpeBpalieHWD IACIEPCHOr'0 OpraHuvecKo-—
TO BEmecTsa,Ho HAXONATCA B CTPOI'OM COQTBETCTBHH C HEMH, JONOJEHAA
¥ NONKpeIUid MX NpPeICTABIeHMAMZ O DOJIM MUHEPaJbHO# MACCH I BOJH,
a Takke 00BLeKTHMBHHMM TOKA3aTeAMH npouecca — napameTpams pH u Eh.

ll3BecTHHe paHee K NPOBEJEHHHE HAM¥ MCCJIENOBAHMA MO  TEpMU-
9eCKoft MecTDYKUHM I'OpYMX CJIAHIEB TOXa3ami, YTo B mHTepsame 400-
500 °C mmeeT MecTO WHTEHCHMBHOe BHIGJEHWe BOZOpOJA M MeTaHa. Co-
NOoCTaBRNAA 9TH HACONeHAA ¢ onHTaMu YemOepeHa IO HarpPeB4HHK I'Op-
HHX IOPOI DASJHNYHOTO T'eHe3HCa I DacCMATDUBAA TEODeTHYeCKHil paB-
HOBeCHHiI cocTas BONAHOTO TIasa, INOJIYIaeMoro IpM B3auMoneicTBHM
PACKaJEHHOTQ YTJA C Iapams BONH, HeTPYINHO 3aMeTHTh, YTO B yKa-
3aHHOM MHTEpBAle TeMIepaTyp PaBHOBECHAT CMech rasoB COCTOMT Ha
25 % us COp, comepmut 1m0 20 % Bomopoma ¥ meTaHa ¥ 35 %  napos
BOIH. JlanbHeilmee NOBHUIEHME TeMIepaTypH BIeYeT 3a co0oil CHIDXeHHe
zomn COsp, Ho0 1 CH, Ha (oHe HeNPEPHBHOTO BO3DACTAHAA CONGPHAHNA
Bojopoma B CO. Takmd oGpasom, TEDMOJH3 TOPOYMX CJHAHLEB IONTBED-
XKIaeT ONMCaHHHe BHIE 3aKOHOMEDHOCTH B3aMMOMelCTBAA BOTH C MHMHe-
DAJbHHM BeleCTBOM ¥ BHIGJIAONEI0CH BOLOPOIA C yIUIeQUIIMPOBAHHHMI
oCTATKaMA .

3.2.6. ConocrapineHEne JadopaTOpPHOI'0 ¥ IPOMHIVIEHHOT'O
cHoocoC00B CHHTe3a XMIKOI'0 TOIUIMBA U3 yTIA

Ilpy OGCYRIGHHM De3YJbTATOB MCCJASNOBAHUH IO MeXaHOXJMIIeCKO-
My OpeBpalleHM yTOJBHOT'O BemecTBA NOJ BIMAHMOM aXTHBALNN Npi M3-
MeJIbUGHNN CJIeIyeT CONOCTABATE MX C IPOMHUVIOHHHMM CHocoCamu HOJy-—
YeHMA CHHTETHYECKOTO XKUMKOTO TOIUMBA M3 yrid. CyuHoCTe  ONHTOB
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Bepriuyca ¥ OCHOBAHHO HA HMX TEXHOJOTHMN GEPreHMSAIME YIVIA C Ie-
JIBK NOJYYeHHA RMIKOIO X I'as000pasHOr0 TOILIMBA COCTOMT B THIpOTe-
HU3alul yTid. A GepreHmsanuM GepyTCA YIVIA BHIle CpelHeli crammm
yTueQUKaIME WIM NOJYKOKC, TOHKO USMEJBYalTCHA M CMEUMBANTCA C RII-
KAMZ He(TeNpoIyKTaMH IO IOJY9YeHHA OUHODOZHOHE NMAcTH, KOTopad Hof—
BEpraeTCA IMADOTeHMSAlE TpM Harpesamu Ko 400 °C u mamremmn Bo-
Iopona okxodo 200 atM. OTMeveHO, YTO CepreHM3allMA INPOTeKaeT SHa-
YMTENBHO JYULEe, ©CJHHM MCXOAHOE YI'OJbHOE BelleCTBO TOHKO HSMEJbLYeHO.
Taxoe u3MEJBYEHHOE CHPEE HOCHT CHeELUaJbHOe HasBaHue - M -Kohle -
MUKDOHHHH yToNb. CHeIMANEHHMA HCCJEXNOBAHMAMA NOKA3aHO, YTO M =
Kohle THIDOT'SHH3HpYyeTCA Npu Gojee HUSKo TemmepaTtype.

HefrAHo#t Kpm3HC BH3Bal SHAYATENBHOE OXMBISHHe B 00JaCTH HC-
CJENOBAHME N0 CHHTESY KUIOKOT'O TolmBa M3 yrad. Cnocol GepreHu3a-
OUN SHAYUTEJHHO YCOBEPIeHCTBOBAH M BHIOUMSMEHEH, XOTA ero OCHOBa
(rumporennsamua NacTH) ocTaJach NOYTH 083 maMeHeHmRt. CymecTBeHHO
paciypeH COMCOK MCHOJAB3YeMHX KaTaIM3aTOpPOB, MCINHTAHH DABJIMYHHE
BUIH NacToodpasoBaTeleif, yCOBEDIEHCTBOBAHH allapaTH, BMECTO HC—
TOT0 BONOpPOXA NHTATCA NpPHUMEeHATs cuHTe3-ras (0,75 H2:ICO) u Ip.
U3 Goampmoro 9mcjla pasiWYHHX YCOBeplieHCTBOBaHMl 37eCh yMECTHO OT- .
metuTh omHo (llaTenT CUA % 3909390), OTMIMTHMA KOTOPOT'O COCTOAT B
CTeMyRIEM: O0YeHb TOHKO M3MeJbYeHHH| yroup (mavesndenue mo 260 mem)
HarpeBeNT ¢ B 0 L 0 @t B Ccpele BOCCTAaHOBUTEJBHOTO T'asa, HalpUMep a
BOZopoTa, mo I50-375 °C npu gasmemmt I0-300 atM B mpuCy T -
CTBEY® CYJXDL(@EREIO B; NpoIecc BeIyT BO BPALAKNEMCS aBTO-
KNaBe. OTOT CNOCO0 OYEHb GAMS0K K HAlMM SKCIEDUMEHTAaM, IOCKOIbLKY
B peaxTope NpOTeKakT peaxIly CYJAL(MIOB ¢ BONO# M BHUeNAETCA BO-
Zopoxn.

WTak, CXOUCTBO HAUMX ONHTOB C MSBECTHHMY CIOCO0aMA NIpPONSBOI-
CTBa XMOKOTO TOIUIMBA K3 YIVIel COCTOMT B OCMHOCTHM XMMi3Ma,  Cyli—
HOCTEH KOTOPOTO0 SaKANYaeTCA B THIPOUSHHSaIMN H3MEJBYeHHOTO  YIVIA
CBOCOIHHM BOLOPOIOM, HO, B OTJIHYHE OT NPEKTUKYEeMHX CIOCOGOB,HaMu
B OIHOM DEAKTODe COBMENEHH TpY Ipomecca: I) TOHKOe M3MeTbYeHHE
ACXOIHOTO JTOJBHOTO BENECTBA; <) BHpadoTEa BOZOpoIa X 3) Turpore-
HESalyA MUKDOHHOT'O JIVIA BHISMOMMMCH BOIOpPOLOM. B pesyibrare COB—
MemeHNs TDex ONIepalldii B ONHOM peakTope, ABLMONeMcd CapadaHoM ILIa—
HOTApPHOH# MeJBHMIH, PE3K0 CHUXKANTCA NapaMeTpd Nponecca, 4To  o0y-
CJIOBTIEHO BHCOKO# 8KTHBHOCTBI aToMapHOIT'o BOIOpona, € ONHOE CTODOHH,
W BHCOKO#l peakiMOHHO¥ CNOCOCHOCTEN YyTOJNLHOTO BellecTBa, aKkTUBHDPO-—
BAHHOTO NOCPEJCTBOM CBEDXTOHKOTO M3MeJbYEeHHA — ¢ JpyTroii.
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Crexyer Conee IeTalnbHO OCBETHTh 3HAYEHME OTIEJNBHHX oneparuit
B o0leM npolecce THUPOreHHSaluy YITOJBHOT'O BelecTBa, axTUBADOBAH-
HOT'0 M3MeJEYeHUEM Iepell CMSMeHMeM WIM IIpY INCIEeprHPOBAHHMM B Cpe-
Ie nacrooGpasoBaTeJid.

[lpomiecc u3MeABYEHHA YTUIA COIPOBONIAETCA HHTEHCHBHOH 3JEKTpH-
saumeit. OHa ceA3aHa ¢ paspylleHHeM JTOJLHOTO BemecTBa I  0C0yCJI0B-
JIeHa DaspHBOM XMMUYECKUX CBA3eil, NepecTpoiixoil CTPYRTYpH  MoJe-
KyJ, NOABNEHNEM CBOGOIHHX PaINKaNoB, KOTOpHe (QUKCUpDYyWTCA Kak Na-
pamMarHMTHHe IeHTpH. C poctom I[Il HadmomaeTcA pPoCT MOJOEMTENEHOTO
SHAYOHUA YISJBHOH HANpPAXEHHOCTH 3JEKTDOCTATHYECKOI'O IOJA yTOAb—
HO-BOBIYIHOTo aspo3ond (radm. 3.22 - 3.24).

B nopjasnmomer CONBEMHCTBE CJAYYEeB B yIVIAX CoJee TOHKOI'O M3-
MeJIbYSHUA (JUKCHDYeTCA COJBlIee KOJINYSCTBO NapaMarHUTHHX I@HTDOB.
YruBuTEeNBEHO BHCOKAA MX KOHIEHTpaIMA UKCHDPyeTCA B IDOLyKTax Oy-
PeHMA NOIypPOB, ocoleHHO B yruax mapok K, OC m T. ABTOpH Hccaeno-
BaHui (CapaHuyx u Ip.,198I) oTMeYanT, UTO CIOCOGHOCTE DJIEKTPUB0-
BATBCA TECHO CBABAHA C KOJMYeCTBOM NapaMaTrHUTHHX IIeHTPOB,  KOH-
LOHTpAIMA KOTOPHX 3aBMCUT OT CTOINSHM IMCIEPCHOCTH, MapKum  YyTud,
cnocofa ¥ CpemH WSMeJbYeHHA. B NONoJHeHHe K BHBOIAM aBTODOB OT-
MeTHM, 4To KoHueHTpamua [IM B 3HaAUMTeNbHO#l Mepe oIperejyfAeT  pe-
aKIMOHHY® CHOCOCHOCTE: yTuiA. lloBHUEHWe peaxlMoHHOfI cmocoCHoCTH

TaGmima 3.22
S3aBUCHMOCTE yNeNBHOJ HANMDAREHHOCTH NOXA OT KoHUeHTpamma [N
(no B.M.Caparwyk u np., I98I)

MecTO BAATHA MpPOGH: Toxuirackitil anams yra P Yreavaas Iilthnxfzen'rpaum

TpOXBBOJIC TRERHOA IacT ¢ T c s gt ey

ofbenuHeHHe, maxXTa L o Sodma 1018w /r
ﬁ?u/w-u’“

lepsomafickyrors, Somoroe 1, I,I0 7,40 33,I 3,50 85,3 1,08 12,9

A ’

nga..aﬂaplncmm -"- 0,9 6,40 31,6 I,34 B5,9 I,Is I4,6

Jlone! )

HM. Wu -"- 0,9 7,80 33,4 2,60 86,1 I,29 16,1

CTaxasoByTOIE > :

M. YecHoxosa -"- I,20 I,90 28,6 I,02 87,6 I,92 277

Apri 0B , 5

uM. Hsoropa m, I,I3 6,84 28,I 3,20 85,7 1,94 27,4

Apremyroas, .

ng Aprema my 0,99 4,16 3I,4 I,00 85,8 2,68 38,3
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Tadnuna 3.23
Komenrpanma IMI » npodax yras, N -IO"IBcn.n/r
(no B.M.Capasyyr  1p., I98I)

Ipasams, MaprRE yras

4 o, T | E [ K
0,25-0,5 1I0,8 16,2 7.2 ..16,9 -6 18,3 9.7 18,8 .20,8..20,9 19,5
0,0 0,2 16,1 17,2 [ R - s Ly B 1 R R SRR [ TR o W - i el
Tparmsa, Mapxm yrasa

M oc 2 g A
0,25-0,6 23,5 34,4 29,0 26,4 18,0 20,3 29,0 3I,2 37,8 32,1 43;2 38,1
0,0-0,2 33,9 43,2 29,2 27,3, 21,7 .23,2 8.7 31,2 41,6 33,5 45,9 49,2

JTOJBHOH NHAM  NpPOARIASTCA B €€ B3PHBOONACHOCTH. IIpuM M3MeabYeHU
yTaA B ¥uIKoil cpeme, Hanpymep B BoZe, Te Xe IPOLECCH paspHBa M-
MI9eCcKoi cBASH M o0pasoBaHWA CBOOCOIHHX PaliKajoB ABIAITCA HAYalb—
Holt cTammeit TpaHcopMalE OpraHMYecKoil maccH yrud. lMeXaHoTeCcTpyx-
uus OMY conpoBoxzaeTca 0CpasSOBoHMEM XUIKWX ¥ Ta3000pasHHX  Ipo-
IYKTOB, BHXOJl KOTODHX NPMBOIMT K H3MeHeHuD oTHomemua C:H ocrarod -
Holt opraHwYeckoil MaccH.

llsmeHenue opraHMyecKoil MAcCH yIVIA NIpH er'0 IUCHeDPrHpOBaHMN B
cpesie HedTENpOIYKTOB NPOTEKAeT HECKOJLKO HHAYEe. LONeKYJH MUIKUX
TNpPOIYKTOB, COpPCHPOBAHHHE Ha WBSHWIBHOH NOBEDXHOCTH YTOJBHHX dYac-
THLl, OPHEHTHDYKNTCA B SJEKTDHYECKOM IOJe ¥ YacTWyHO IufQyHIMpyLT
BOBHYTDDb YTONBHHX dYacTin. Imidysus SHaUnTeJbHO olGiervyaeTca  Je-
(eKTaMy CTPYKTYPH paspyllaeMoro yToABHOT'C BellecTBa. BHCOKan cMma-
9UBalliad CNOCOCHOCTh KEPOCHMHOBHX {(paKiuif He()Tm Takxe CIOCOOGCTBY-
eT ruydoxo# mmiysum. IpuM IUIpOTeHE3alNM yIViA, aKTHBHPOBaHHOI'O
U3MeJIbYeHMeM B Cpelie He(TeNpoLyKToB, NOCJeNHWe BHCTYNAKT B DOJH
JOHOPOB BOJIOpOIa, O YeM CBHUIETEJBCTBYeT YMeHLUIeHHe pacxola BOJO-
pola. Ioaydanwmuecs XUIKMe NPOIYKTH IPY THAPOTEHMSalNd yTOJBHO-
He(TAHOI NacTH, XaK NpaBuio, OTIMYAKTCA NOBHIIEHHHM COIepKaHHeM
8pOMATHYECKHX U HENpPeIeJEBHHX YIVISBOIODOLOB N0 CPaBHEHHK C  Ipo-
JIyKTaMia THIpOTeHU3aliy NacTH, IPUTOTOBIGHHOW CMellMBAHMEM JT-
Jf ¢ He(TenpoIykTamu Ge3 ee MEeXAHOXMMAIOCKOH aRTHBAlMA.
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Tadmma 3.24
IlapaMeTHATHHE XaPaKTePHCTHEKE yIJIA B 3aBHCHMOCTH
or yenopuil usmenbyenua (no B.U.Capamuyx m mp.,I98I)

HaMexsrweHr Budypen
MecTo Ba3ATHA | Mapka isaon B asoTe Ha BOMyXe B LMype
o iy N.1072°, [ BT [v. 17075, | u,r |w.10°18 [ 5,7
maxra cmae/r T | " C|cmm/r | "Clomm/r | TC
¥ I0 H 1{8 - - 110 4,1 1,1 3,8
%I i 3 - - 6,3 4,2 36,4 3,8
k42 X Ke - - 16,3 4,0 5,6 4.7
k42 Il 3 ‘- - 12,1 3,9 8,0 3,9
TomroBCKas jiiet e 10,5 3.5 257 4,8 IBLS S
mM. MemnHEkoBa I' Ka I4,8 3,8 25;7 4,1 Iv7;0742:8
CesmmoBcrad & Kg 13,8 3,8 22,6 4,3 e 33
M. Adaxymosa T 3 22,1 2.8 42,2 .82 FT820 ulsY
lupoBcrasn e ) 32,0 2,5 45,0 3,0 80,5 = °T,7
uM. Aprema X 2 25,6 2,9 45,3 3,1 Bl @b
M. HsoToBa ' 22,1 3,07 63T 3,3 40,0 -3,7
cﬁ"priemm§a el 19,4 e M 3,5 50,I 3,0
. Kamiauua
?ﬂonamqrm) K ' IO - - - - 5586
SN oc 8 24,6 1 e ¢ B 3,6 65,3 3,I
-" - oc 7 23,0 330K 2 3,3 65,8 3,4
Yraeropexaa T I 19,5 s 154 935 3,8 26,3 3,7
o N i 3 38,1 2,9 L9728 3,0 97,9 . 3,3
M P 30,5 2.5 98k 2,9 81,8+ 8,1
-" - A G 26,3 2,9, 58,3 3,3 8L,0- 58T

3.2.7. T'eonorryecKad MHTEPNOPETAIMSA HCCHASNOBaHMit
10 CMHTeSY JTJIeBOJOPOIOB M3 JTUIA

OnuTH noxasaiu, 9TO B MEHeDANBHOH Macce, oGJjamamieil BHCOKAM
BOCCTAHOBHTEJBHHM NOTEHIAAN0M, BONA PasjaraeTcA C BHIEJEHUEM BO-
Jopolia, a opraHHdYecKoe BeulecTBO IPUCOSIMHAET BHISJAUMIECA BOJO-
por. OGcyxmas pesyJabTaTH OCATyMOOGDAa30BAHWA U3 IUCHEPCHOI'0 Opra-
HEYEeCKOTO BellecTBa NYTeM ero IUIpPOreHNM3alliil B MHUHepaXbHO# cpene,
HeJbp3d o0o#TH BONIPOC O poOJIM MUHepDANBHOH# MAcCH B ®TOM Ipomecce.
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0 ToM, uTO npeodpasoBaHAe 3aXOPOHEHHOT'O OPr&HMYSCKOTO BemecTBa B
He(Th IPOMCXOIMT B IVIMHMCTO# MACCe BCIENCTEBME GCTECTBEHHHX IIpo-
IIeCCoB, NPOTEXAWUMX YCKODEHHO NOJ BIMAHMEM KaTAINTHYSCKOH axTHB-
HOCTH TVIMHECTHX MUHEDAJOB, IHCANOCE HEONHOKDATHO, M STO IOJOXe-
HYe OHIO B O0CTaeTCA KpaeyTOJBHHM KaMHeM THIOTeSH HefTeMaTepHHC-
KHX CBAT. Posib IJIMH NpH 00pasoBaHMM He{TH I rasa CHOeIMANbHO pac-
cMoTpeHa B padore A.B.Zpocra (I947) M B ero CoBMECTHOHf cTaThe ¢
J.K.OcHmxoit (I95I). YxasaHHHe &BTODH PA3BMBANT NPENCTABICHUA O
NACCHBHO# Do IIMHMCTHX MMHEDAJNOB, BHIOJHAOUMX (VHKLMM KaTaid-— .
3aTopoB, HO He MSMEHAKUMXCA B Ipomecce HedreodpasoBamua. Ilpumep-
HO TAKyD ¥e TOYKy 8peHuA BHckaszan P.I'pum ( Grim, I953). IlosmHee
U.I. 3xyc (I962, 1972) ropopur 00 aKTMBHO{ DOJM IVIMHMCTHX MUHEpa-
JIOB B Ipomecce HejreodpasoBaHmA. Ilo ero MHEHHD,OpraHEYecKoe  Be-
mMecTBO B DeayibTaTe TMIPOTSHH3aUMA B BOCCTAHOBHTENBHHX  yCJOBHAX
TpaHcopMUpyeTCA B He(/'hb M ONHOBDEMEHHO C STHM MOHTMODWUIOHAT
TpaHCHOPMIDYETCA B I'HIDOCJHLY. YHIOHMBIMCE OT OGCYRIGHHA BOIpOCA
0 TpaHCHOpMAIMM MOHTMODWLIOHATA B TROPOCJKNIY, MH 320CTDAEM BHEMa-
HWe Ha NpEBEIEeHHOM BHCKA3ZHBAHMW, CBASHBAA 6T'0 C HalMA IpeNCTaB-
JIGHMAMA O TOM, 9YT0 MUHEDANBHAA Cpela ONpeNeJiAeT BeJMYMHY BOCCTa-
HOBHTEJHEHOTO NOTEHIMANS ¥ I'eHSDUPYeT BONOpOJ, HEOGXOMMMEi LA
TUIPOTEHR3aINY OpPraHMYecKoT0 BemecTBa. [lo Hamemy mHeHmD,  (fopmu-
pOBaHHe MUHeDATBHOTO cocTaBa HedTemaTepMHCKO# NOpOIH IpOTEKaeT
napajUlesIbHO ¢ IPOLEeCcCOM NpeoCpasoBaHMA MCXOIHOTO OPTaHNYecKoro
BellecTBa, NpUYeM er'c BOCCTEHOBJIEHHe M HACHIEHVEe BOIOPOUOM 0GyCJIOB—
JIOHO OKHCJEeHMEeM MCXOIHOT'0 MUHODAJIBHOTO BEMeCTBA Ha IyTH er0 NIpeB-
pallGHNSA B TVIMHMCTHE MUHEDANH. B COOTBETCTBHMM C OSTHM B HAIMX BRC—
NepuMeHTaX He HMCNOJAL3YHTCA "roTOBHe" IVIMHH, HO MCIOJB3YWTCH, Ha-
IprMep, TOHKOIMCNEpPCHHe 0asalbTH, KOTOpHe IPEeBpAUalTCHA B IVIMHY
BO BpeMd ONHTa, OCOCEHHO IpH IIATEJbHOH! BHISDEKE .

Bropoit BecbMa BaxHHi IYHKT B I'e0JOIMYeCK0il MHTEpIpeTallny
Ja00opaTOPHHX HCCJGNOBAHME H NDOMHIUIEHHOT'O CHHTE3a yTJeE0I0pPOIOB
N3 JTJIA OTHOCHTCA K SaBHCHMOCTH IDUPOTHOTO GHUTYMOOCDA30OBAHHA OT
CTEeNeHY IUCIEePCHOCTY OPTaHWYeCKOT'0 BemecTBa. JTa 3aBHCHMOCTE,BH-
TeKammad HS BCEI'0 ONHTA MCCJENOBAaHUA M MCHOJAb3yeMmad IpPOMHIVIEH-
HOCTHD, M3yvanack B.A.Ycnesckuv (I962) Ha npuponmHHX oOwmexTax. Ha
OCHOBAHAM 8TOT'0 CHOpPMyJMpoBaHO IpsBuno YenmeHckoro:. "Yem  Goasue
CTeNeHb NUCNEPCHOCTM M PACCOAHHOCTH OPrAHMYECKOTC BEmecTBa, TeM
BHIle CTeNeH: er0 NpeBpalleHus B CTODPOHY OMTyMuHM3ammu".

I26



BumepasIoXeHHHE MATEDHAJH SKCIeDUMEeHTAIBHHX MCCJeNoBaHW Ia-
0T OCHOBSHME JTBEDRIATH, YTO M3GDPAHHAA CHCTEMS MOIEJUPOBSHUA,0C—
HOBAHHAA HA MOXAHOAKTUBAIME BemeCTB, IOCTATOYHO ANEKBATHO OTpa-
XaeT NPUPOTHHI Nponecc CUTYMOOODA30BAHUA 34 CYET IMCIEPCHO-pac-—
CeAHHOT'0 JT'OJBHOT'O BEmecTEa.

SaxaHuMBaA o0cyxueHWe OUTYMOOGDABOBAHMA H3 TOHKONUCIEDPCHHX
VIJMCTHX MATEpPHAJOB B BOCCTAHOBHUTENBHHX JCJOBAAX, MOXHO CHODMy-
JIMPOBATE CJEHyH¥e BHBOIH:

I. VccrenopanuA [oKasamd BOSMOXHOCTH 00pa30BaHUA YIJIOBOTO-
POIHHX Ta30B ¥ CATYMOHMIOB M3 DACCeAHHOT'0 B MUHODANBHOHE  Macce
TOHKOJWUCIIOPCHOI'O YI'0JBHOI'0 BelecTsa.

2. OCHOBHHM MeXaHW3MOM NpeBpallgHUA OPraEAYeCKOTO BemecTBa B
CHATYMOUIH ABJIASTCA MEXSHOKDERUHT IpH MSMEJEYEHMM W HaCHIEHMEe Da-
S0PBEHHHX CBA3eH BHIEJAMAMCH BOIODOIOM.

3. T'exepauusa BOZOpPONa B SKCIEPHMEHTaX OCYCJOBJISHA DOAKIMAMA
METAJIOB C BOXOI-MIM BOIHHM pacTBopoM .CepOBOIOpONa, HO,KaK 3T
IOKA38HO DaHee, TOHEDAIA BONODONA TaKéM X8 YCIeXOM MOXET oGec-
NeYNBATECA B3aMMOIeiCTBHEM BOMH C OKMCJLTOUMCH YTJIEM WM  MUHE-
PANbHHM BEMECTBOM, HaOpWMep, Cyabfupmavy, CHOSPETOM WIX MmamMo3HTOM.

4, YemeX TMIDOTeHWSAIMOHHOTO KPEKWHI'a DM HEBHCOKO# TeMie-
parype (mmxe I00 °C) oGycnommeH, ¢ omEo#t CTODOHH, BHCOKO# aKTHB-
HOCTEK aTOMApHOT'0 BOZOpPOJA M G APyTroif — NMOBHNEHWEM DeaKIMOHHOR
CNOCOCHOCTH YI'ONBLHOr'O BEMEeCTBA BCJIEICTBUE er0 AKTHBAIMH NP U3-
MeJIb9eHNN .

5. ON3WK0-XMMAYECKAS YCJAOBMA GHTYyMOOOpA30BaHUA 33 CUeT
NpeIBADETEILHO aKTMBAPOBAHHOT'O OPTaHHIeCKOT0 BemecTBa  COOTBET-
CTBYWT YCJIOBEAM BOCCTAHOBIEGHUA BONOpONa BOIH IIDM ee B3amMojeitcT-
BUE C BOCCTAHOBUTAJIAMY.

6. MumepanpHAA cpena, B KOTOpoit TpaHcHopMupyeTcA OpraHHvecKoe
BEMECTBO, ABIAGTCA HE TOJBKO KaTalM3aTopoM, HO M aKTHBHO yYacT-
EyeT B IpoIgcce, BHIONHAA DOJEb T'eHepaTopa BOIODOIA M KOHIYKTHDY:
fMBMKO-XMMIYeCKEe TapameTpd (B mepEynw odepexs pH u Eh ) Ipomecca.
[PUBOIAMET0 K CHHTS3y YTVIeBOIODOIOB M3 pacCedHHOTO QPraHmIecKOr'o
BelecTsa. :

7. ToHKoe M3MeNbUYeHMe (aRTHBALUA MSMeIbYeHEEM) JTOJBHOTO
BeleCTBa ARIAGTCA OJHAM W3 BaxHeAmMX ycaoBmii mpouecca npespale-
HAS TBEDHOI'0 TOIUMBA B RUJKME OHTYMOWIH H IasooCpasHHe - yIIeBo-
ZIOPOIH.,

127



8. lMexaHONECTPYKIMA YTOJBHOIO BemecTBa MOuOoCHA ero pasioxe-—
HUK TIpM TEDPMOBAKYYMHOH merasaimu, Npiyew COCTaB BHIQJAINNXCH
Ta30B COOTBETCTEYST COCTABy BOUAHOTO I'asa, a NpeBpameHud yI'oJb—
HOT'O BeljecTBa NPOTEKAT B COOTBETCTBMM C KDEKMHT-TIPOLIECCOM, Yi-—
PABIAGMHEM OKHACHMTEJBHHMYM WIM BOCCTAHOBUTEJBHHMH YCJIOBHAMA.

IlpeBpanieHuA pacTBOPEHHHX B BOLE OPTaHFYECKAX BEMECTB
10 BIMAHHGM SKTHBHDOBAHHHX HASMEJbYCHMEM MUHEDAILHHI BELeCTB

UsBecTHO, YTO NON3EMHHE BOIH COJepRAT GOJBLIOE  KOJIMYECTBO
DACTBOPEHHHX OpraHWYeCKHX BemecTB, IPeNCTABICHHHX IDeHMylleCTBeH—
HO COJIAMM ODPTaHWYEeCKAX KUCJIOT. [I[peBpamlgHue Hx IpH B3auMOIeiCTBHH
C TOHKOIMCIEPCHHM aKTHMBMPOBAHHHM MUHEDAJBHHM BelieCTBOM IIpelCcTaB—
JUIeT HeMAJOBAKHHI MHTepec, OCOCeHHO B CBA3M C Ipodaemoii  mpomc-—
XOXTeHns M murpaumy Hedru. JUIA BHACHEMHA HEKOTOPHX Y4CTHHX BON- -
POCOB CJOXHO# NpolieMid TpaHCQOpMAIH OPraHMYecKuX BeuecTB, MAT-
PUDYOUMX C ILUIACTOBHMM BOZAaME, OHJY NPEINPUHATH SKCIEPUMEHTH, Ha-
NpaBleHHHe Ha WSyYeHHe YCJOBHil I'MOpOreHUSalMH BOLOpPaCTBODUMHX
OpraHMYeCKHX BelleCTB. JViA HMCCHeNoBaHMA OHWIM B3ATH I-NpoLeHTHHE
BOJOHHE PACTBOPH CoJeil TyMUHOBHX, KUPHHX ¥ HafTeHOBHX KuMCJIOT. B
KonugectBe 50-I00 MI OHM SAIMBAINCH B CGapaCaHH ILIaHeTApHOM MeJsb—
HumH 9M-2xI50, m B uX cpeme, Cyjepupynueit pH-Eh~ycaoBua, IpoBO-
IHI0CH M3MeJbYeHHe MUHeDaJbHHX BelecTB. JUIA CO3naHda BOCCTaHOBM-—
TeJBHHX YCJOBH ¥ TeHepaly BOIOPOIA MCIOJbS0BANMCH COENUHOHWA
oxcuza xexnesa (I}, BXomAm'e B cOCTAR GasalpTd, WM CYNBJMIH; B
OONBIMHCTBE ONHTOB IeHepalisi BOLOpOIa CBA3aHA C peariyell HaTHpa-
nIeIocd Xejesa H BOIH.

Jna cradmmsanmy mesovYHo CpejH B COCTAB MBMEJEYAeMOi NMXTH
BBOIWICA KANBIUT, & A cTadmmsalmy Kacjoli cpeiH, odpasymmeiicsa
IIpH M3MEJNBYSHNH CyJIBQUNOB, NPUMEHANCA OSHTOHAT. SarpyXeHHHE Be-
mecTea H3Mearvanuch B Tevenue 30 MEH, T.e. NOBONWIMCE IO pasMme-
poe I1,0-0,I mxM, YTO COOTBETCTBYeT pasMmepy YACTHII TIPHPOIHHX WIOB.
liia pHTeHCHJMKAIMMA MPOIECCOB ¥ C LeJbl HAKOIIeHWA ITO0CTaTOTHOTO
KOJTYecTBa NPOIYKTOB peakuyii dapadaHy ¢ peaTHpyIuiMi BellecTBaMA
BHJIEDXUBAJM TIpH 75 O¢ 7-I0 cyr. llocie ordopa Npod rasa Ha Xpo-
marorpal) OapadaHH BCKDHBAIMCH, TBeDIHII 0CTATOX 00eSBORMBAICH, H
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NPOIYKTH T'MIPHPOBAHHA SKCTDPATMPOBAIMCE XnopodopmoM. llocane ynmanie-
HAA OMWIFAEMHX BeUeCTB SKCTPAKT Das3lelid XPOMATOrpalWuecKnm  Ha
cwmkarese Ha 3 (paxumm (sioamus NeTpoJeiHHM o{MpoM, GEH30JOM U
cnuproCensosom) . [oaydyeHHHe (PAXIUH MCCIENOBANM MeTomoM JK-cnex-
Tpockonuyu. Cpasy oTMeTEM, 9TO JMK-CHeKTDH NOJYYeHHHX COeNUHEeHHI
OAMSKY K CIeKTpaM OpraHuYeCKHX BellecTB, BuueaeHHHX U.A. IleTep—
cwike (I960) m3 ropHEX mopon KonbCKOTO HOJYyOCTPOBA, M CONOCTABH-
M ¢ JK-cnexTpoMm caxanuHckoit Hegru (puc. 3.I2). Buxox xiopodop-
MEHHOT'O SKCTpaKTa B IPOLEHTAX IO OTHOWEHMK K MCXONHOMYy  OpI'aHU-
YEeCKOMYy BeilecTBy NpeicTaBleH B Tadin. 3.25. HauGosee ymaunHe omu-
TH, ZABIME BHXOJ XJIOpOQOpPMEHHOTO sKcTpakTa Goiee 20 % K Becy me-
XOIOHOTO OPTAHMYECKOTO BemecTBa: onHT I7c¢ (HajTeHAT Kayma H  He-
JIe30 KaK BOCCTAHOBATENS), ONHT I4c (oJear HATDHMA M XeJe30  Kak
BOCCTaHOBMTENL), onHT I3M (osear HaTpUA ¥ MeNb B BOXHOM DacTBO-
pe CepoBONOpOIa KaK BOCCTAHOBHTENE), omWT I6c (HajreHaT xamua u
#EJIe30 KAK BOCCTAHOBATENE), omHT I2v (oseaT Harpma M 0asanbT
Kax BOCCTAHOBUTENS) ,

A I

e

2PNNATTT N~
700 900 1100 1300 1500 1700 2700 2900 3100 N, cm™

Puc. 3.12. WK-cnexTps HedTed: uoaoxon' caxaaEHC-
xoft (1) ® MckyccTBeHHO@ (2)
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PesyABTATH ONHTOB [0 THADEDOBAHMD BOMODECTBODHMHX OPPAHHYOCKHX COOIMHOHWI

Homep TeopeTudeckue SaMepeHHHEe KomuyecTpo |Buxon xamopo-
Mexonnoe 0B | Hemecra, | PearenTh,onpe- SHAYEHRA EytepHne & 3HATOHWA (fopuerEOr0
OnHTa T TeJAmme RATAIATHIO0~ B TOM CTDAKTS B
SRR SIS BT - xue nodaEkd,| px En | rasa,on® | wcae R HoXoTHo~
i By, o'W
I g 3 4 5 [ 7 8 9 10 iI 2
Io* Tymar x 0,5 Fe + Hy0 7 -0,085 Benrommr I0 9,2 0,468 60 -
20 -"- 0,5 i 7 - -0,085 -G 92 . 0,468 He omp. - o,
30 -"a 0,5 AF 7 -0,085 -"_- 5 9,2 0,488 " - -
4c - i 0,5 = 7 -0,085 Basamr 5 9,2 0,468 60 - 18
SM -"- 0,5 Basamst + Hy0 ?7 -0,067 Basamr 5 9,2 0,468 25 - 5
B¢ TymuHOBHE
KHCJIOTH 0,5 Fe + Hy0 7 =0,085 Kempmar I0 6,3 0,58 I5 - 0,0
™ -"= 0,5 Cu + H,0 7 40,570 Kampmmer I0 6,3 0,58 He onp. Q,0
8c Tymar Ramms 0,5 Fes + H,0 7 -0,4 BenToRET 6,5 0,571 I50 48 o,
M - 0,5 Cu + Hy3 7 -0,30 -" - 6,5 0,671 62 31 ="
I0c Onear HaTpUA 1,0 Fes +H,0 7 =0,4 Kempmr IO 6,0 0,59 He omp. - =M=
1l Onear RATHIEA 1,0 Fes + Hy0 7 -0,4 Kememer I0 6,0 0,59 == - 0,0
I2m Onear HaTpHA 1,0 Easamsr + Hy0 7 -0,067 Benromnr 5 6,9 0,490 70 I7 22
I3u -" - I,0 Cu + HyS 7 -0,30 -"~ b 6,9 9,4%0 - 50,3 23,5
Idc -" - 1,0 Fe + H,0 7 -0,087 -"-5 6,9 0,49 130 80 25
IS¢ Hadrrenopne xucaom I,0 Fe + Hy8 7 -0,36 =M 8 a8 - I05 68 18
I6c Hagrenar xema 1,0 Fe + H 0 7 -0,087 = il GG L He onp. 61 22
I7c -ma 1,0 Fe + Hy0 7 -0,087 Bewropmr 5 6,9 0,59 ;7] 52 35
I8u LW L L0 Cu + HyS 7 -0,30 51°§ 5 5,4 0,628 e samep. 52 ox.
IS¢ -" - I,0 Fe + H,0 7 -0,087 510, 5§ 54 0,628 80 68 -t
20c Creapar HaTpEA I,0 Fe + HyS 7 -0,36 BenTOHRT 6,2 0,991 205 72 ="
2Ic Mo w 1,07 Fe + H,8 7 -0,36 =" 6,2 0,591 50 32  Be o0E.
22¢ TarsmeTHEOBAA
KHCAOTA 1,0 Fe + Hy0 7 -0,087 =W - - 90 74 0,0

* Byrsa npu HOMepe ONMNTA OSHAvAeT MATepHAN GapadaEa M MEJIOWMX Ter: € - CTANL 3, M - MeIb;
ﬂuupﬁnnﬁ xpenseseM mapre X9.



OmuT IZ2M mpencTaBiaAeT 0COCH# MHTepec, Tak Kak B HeM BoccTa-
HOBATEJLHHE YCJAOBHA W TeHEDaldA BONOPOJA CBABAHH MCKINUATEJEHO C
OKUCJeHHeM OasajgbTa. B 5TOM OINHTEe, MOXHO CKas3aTh, B TICTOM Buie
BOCTDONSBOIEHH JCIOBUA, KOTOPHE MOTYT CJIOXHTECHA B NDUPOJE: o4
BOCCTAHORJIEHMe, N THIPUPOBAHAE OPraHMYecKoro BemMeCTBa IPOH3OLUIN
BCJEICTBEE OKHCJSHMA 0YeHBb DacHpOCTpaHeHHO# B IpHpole TOpHOHE mo-
DOIH ,IPeJBaPATEJBHO AKTHERADOBAHHOR NMOCpPEINCTBOM TOHROI'O H3MeJbde-
Hua.B pesyabTaTe 22 % OT Beca HCXOINHOT'O OPTaHMYECKOTo BelecTEa
IpeBpaTWIOCh B OETYMOZK.B nopAmke NOACHEHMA TAGMIHHX IaHHHX
cleIyeT JaTh ONMCAHWE HeKOTODHX IDPYyTHX OOHTOB.OmHT Ic IpOBOIMICA
¢ rymaroM Kanvg.BapadeHH BCKDHTH cpasy mocie 30 MWH M3MelbYeHHA.
B cocTaBe I'asoB,KpoMe BOJOpOIA,TODYMX KOMIOHEHTOB HE ‘OKasaloch,
I B XN0pofOpMEHHOM SKCTpPaKTe CHTYMIHOSHHX BelleCTB He OGHADYXEHO.
OmHT 2c ABNASTCA IyCIUDYHOMM, HO B OTVINUME OT IC M3MEJIBYeHHEe 3a-—
TDyXSHHHX MATepHaloB IPOBOTWIOCE 10 5 MMH B TedyeHWe 6 mHeit. B
NPONyKTaX DeaKuui 3auKCHPOBAH0 NOABIEHNE CUTYMUHOSHHX BEIeCTB.
B nanpHefieM cTasNa NpaKTHKOBATHCH ONHUCAHHAA BHIE METONWKA, BRIK—
YaKmasA 7-IHeBHyD BHIEDEKY IOpyM Temmeparype 70-75 °C. B pesyabtare
BHXOZ, CUTYMEHOSHHX KOMIOHEHTOB IQBHCWICH, NOCTHIad B MAKCHMYMe
35 % oT Beca HCXONHOTO OPraHMIecKoro BemecTsa (omuT I7e).

Kax Bumum, B cocTaBe 00pasymmuxcA I'a30B TOCHOICTBYeT BOZO-
pox, (Gomee 90 %), B OTZEJBHHX OMHTAX 3afMKCUPOBAHO HATMYAE METa-
Ha (MeHee 2 %) W CNeIH TAKENHX yIVIEBOTODOIOB.

PesyspTaTi HCCIGNOBaHHA (paKimil, BHIEJIEHHHX U3 XI0POHOPMEH-
HOT'O 9KCTpaxTa, HpercTanieHy UK-cnexkTpamut Ha prc.d3.I13, 3.I14,
3.I5. Ha cnexTporpamve MeTaHO{TEHOBOH (paxiuuu O0TYETIMBO BHILJIAOT-
CA NOJIOCH TOTVIOmMEHHA B MHTepBamax I360-I370 m I470-I480 cM'I,
XapaKTepHHE IUIA MeTaHOBHX YIJIEBOIODOIOB, & Takke NoJjoca IOTIOome-
Hua B o6nactu I3I0 cM"I, 00yCJXOBIeHHAA HammdmeM IedopMaloHHHX
BHENHWX KoJeCaHuWii Tpynn CH2. IlonocH OOIVIONEHMA B 00JacTH 730~
720 oML 0CYCHIOBISHH MAATHHKOBHMI KOJeCaHWAMA METWIEHOBHX T'pyII
npE n > 4. Cradue nosock morstomenna II60 u 970 CM"I, I0-BHA-
IUMOMY, ABJIAKTCA KOJeCATeNbHHEME CHEKTDAMM HATEHOBHX YTJeBOXODPO-
moB. B odmactn I730-I7I0 cM"I OTMEYaRTCHA IOJOCH BAJNEHTHHX KoJe-—
Gamuit C = 0. B uenom MK-cnexTp neTpoteiiHoil @paxiymi momoleH CIek-
TpaM aHANOTWYHHX (paxumii, BHIEJOHHHX H3 NDHPOIHHX CHTYMOB.

YamTHBaA ckasaHHoe, clelyeT Ipexne BCEr'0 OTMETHTH, YTO0 00—
Das0BaHde CJAOXHHX COeIWHeHHI, BO MHOTOM HOIOCHHX HedTAHHM OCHTY-
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Mpoyexm npo3payHocmu
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Puc. 3.13. WK-cnexTpn MeTaHOHA(TeHOBHX PpakuUHA yraesoxopo-
I0OB, CHHTe3HPOBAHHHX B MWHepDAJLHHX CHCTeMaX cJegyomero coc-
Tapa:

1 - osear HaTpmd + CaCO, + H,0 + GEHTOHRT; 2 - Hedremar
Kanuda + BOXHHAL pacTBOp HZS + FeS; 3 - oneaT HATPHA + BOJZHHN
pacTBop HES + FeS; 4 - HaQTeHAT KaJHA + 6a3aqpT + HEO: 5%
HaTeHAT KaJHA + 6a3anbT + FeS + GOHTOHHT + B,0

MaMm, IpPOTEKal0 NOCTATOYHO CHCTpO IpM HeBHCOKoiHl Temmeparype. Boc-
CTaHOBHTEJIBHHE YCJIOBMA, SallaHHHe OKHCJIGHMEeM xeJjes3a, ero Cyabju-
ZIoB wim FeO Gasanpra, QKABAINCH NOCTATOYHHMZ IJIA 0CpA3CBaHIMA
OHTyMOMOB. BHCOKAA AKTMBHOCTH TOHKOIUCIEDCHHX TBEDOHX  BellecTB
Hemalo cnocoGCTBOBANA CHHXEHME IapaMeTpoB OHTyMooOpasobaHmd. MH-
TEHCHBHOCTDH IpOLecca NpeolpasoBaHWA CoJei opraHMYecKUX KUCJOT Ha
IyTH BX NpeBpalleHud B CHTYMOWIOH 34BUCHT He TOJBKO 0T 3aIaHHHX
napaMeTpoB, HO ¥ OT COCTapa HCXONHOT'O OPTaHMYeCKOro BemecTea. L
YacTHOCTH, COJM OJeMHOBOH M HafTeHOBOH KMCJOT B TeX Xe YJCJIOBHAX
IaoT Conblmii BHXOZX XI0POQOpPMEHHOT'O SKCTpaKTa, HEXeJM TyMaTH Ka-
JuA, cTeapaT HATPUA WM NANBMATAHOBAA KUCJOTA.
OGcyxnmas . pe3yJpTaTH HAMX ONHTOB OO0 B3auMoIeilcTBHI  coJei
OpraHNYecKnX KNCJOT CO CBOGONHHM BOICDONOM, CJGIyeT CONOCTABHTH
X C ONYyGAMKOBAHHHMM MaTepualaMy NpelHIyIMX HcciaeloBaHuii. Havamo
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Pre. 3.14. WK-cnek-
TpH GeH30AbHHI {pak-
UMl YyTAEBOXOPOMOR,
CHHTE3KDOBAHHHI B
MHHEDAALHHI CHCTO-
MaX chejypmero coc-
TaBa:

1 - oneat HaTpHA +
+ Caco3 + GeHTOHHT+
+ H,0 B CTaAbHOM
Gapadane; 2 =
HaTeHAT KaNHA  +
BORHHM pacTBOP H,S+
GeHTOHHT B CTAaJAbHOM
6apadane; 3 - oJear

lpoyerm  npPosLavHoCmU
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7170
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[0 |||
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=

7460

20

HafreHaT Kaama 4
6asaapT + H,0 B
cTaNbHOM GapadaHe; 5 - HadTeHAT KaAMA + 6azlaAbT + FeS + GeHTOHHT
+ Hy0 B MeNHOM dapadaHe

700 1500 1500 1100 900 4em™!
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ONHTOB NOJOREHO B IpolvioM cTojeTud K.JHTUiepoM, NOJYYUBIMM CMeCh
TpefeJbHHX ¥ HeNpeXeNEHHX I'a3000pasEHY H XUTKAX YyIVIeBOLODOIOB
OpH HATDEBaHWM BOpBaHE XI0- 420 °C.Hpononxaﬁ padoTy, K.SHTI6D DmOKA-
3an,9T0 EMPOBOE BEleCTBO XMBOTHOT'O IDOMCXORNEHMA ¥ CoraTHit Xupa-
MU M GeJKOBHM BemecTBOM (MTOILIEHKTOH Ipr 400 % m 20-30 atm moy-
TH HAUSJ0 IpeBpalanTca B yIVIEBOLOPOIHHE KOMIOHEHTH,CpPeId KOTOPHX
SHAUMTEJBHYD 9acTh COCTARIAKNT COSIMHEHNR, XADAKTEDHHe IJIA Hedref
(Kpxesmd, I964). Amanormynne omuTH K.Kodammm m K.fiMomoTo morasa-
Ji, 9TO M3 DHOBEIQ XUpa NPM CPABHATENHHO HEBHCOKOH TemmepaType
06pasynTes yIJIeBOJOPOIH, NpeuMyunecTBeHHO HajreHoBue (Coxoios,
1972)., B 1I927-193I rr. axamemax H.J.SenamHcKuii moaydan Hedreno-
JoGHHEe BemecTBa M3 XQJeCTepHHa, NaIbEMITEHOBO#, OJIEMHOBOR B cTe-
SpMHOBO# KMCJIOT, NYEJMHOTO BOCKA ¥ Kayuyka (3esmHckuii, JaBpoB-
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lpouerm npospayrocmu
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Puc. 3.15. MK-cHexTpH CHHPTOGEH30ABHHX (QpakuEi
YyrAeBONOPONOB, CHHTE@3HPOBAHHHX B MHHEDAAbHHX CHC-
TEMax cleAyrmero cocTapa:

1 - onear HaTpHA + CaCo, + GeHTOHHT +H,0 B CcTAAb-
HOM GapadaHe; 2 - HA)TEHAT KaJHA + BONHHWA pacTBOp
H,S + GeHTOHHT B CTaibHOM Gapadame; 3 - oJear
HATPHA + BOXHH# pacYsop H,S + FeS B CTaAbHOM Gapa-
6aHe; 4 - Ha@TeHAT KaaHA + 0asa’sT + H,0 B craAb-
HOM 6apadaHe; 5 - HajTeHAT KaJma + 6a3anbT + FeSt

+ OEHTOHHT + an B MexHOM fapadaHe

cxm#i, I941). Basupyscs Ha uneax H.J.3esmuckoro, A.B.@pocr (I947)
BKCIEDHMEHTAJNIEHO JOKasal BOSMOXHOCTEH NMOJYYEHHA YTJEBOLODPONOB NpH
TemmepaType mopanka 90-I150 oC us PAsIMYHHX OPraHMYeCKUX BEmecTs,
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HCNOJB3YyA B Ka9eCTBe KaTaIN3aTOpoB CyX¥e IpUpOIHHe IVIMHH. [tcie-
IoBamna A.B.lpocra NpHBeaM K BHBOXLY, YTO GOJBUUHCTEBO Hedreil od-
pasoBanoch NpH Temnepatypax, Jexamix B mHTepeane 90-300 o
B.Bpyxc, npomomias padoTH ®pocTa, ONYCTHI TEMIEpDATYpPHHI npene
He(reoGpasosarma nmo 65 °C (Bpon, Epemenxo, I957). 7.d.XancoH oT-
mMevas 00pas30BaHUe AapOMATHYSCKNX M HAITEHOBHX YTJIEBONODONOB 2
KUDHHX KHCJIOT mpn Temmeparype 260 °C (Bumemmpexmii, I963).
A.A.TletpoB ¢ coapropamu (I964) mccaemoBan NOAYYEHHE HO(TAHHL YT
JIGBOTOPOMOB W8 AUPHHX KACHIOT. TeDMOKATAIMTHYECKNM IyTeM.  AHAI0-
THYHHE MCCJAENOBAHMA 10 TePMOKATANIATHYECKOMy IDEBpalleHKnd  oJaen—
HOBO} KHMCIOTH ¥ XJIONKOBOI'0 MAcja NP HATDEeBAEMN B CTOKJAHHHX
TpyOrax nposBommi A.K. Kapmios (I967). IM oTmedeHo, YTO B IpHCYT-
CTBUMN aXTHBHOM ImHH (Kax KaTaimsaropa) MCXOJHHE BemecTsa — Ipe-
BpamalHuch B TYMMHOBHE KHCJOTH, XIOPOQODMEHHHE I cnuproleH30ibHH
GATYMOMIH .

B pagorax A.l.Eoromomosa u ero coaeropos (I96Ca,d; I9GI,
1963, I969, I974) onmyGimKoBauH pesSyABTATH MCCACIOBAHMiI  TpeBpa-
IeHUS HaJl TMWHAMY CTEApUHOBOR KHCJOTH M OJIGMHOBOK KMCJIOTH, IOJI-
IMKIMIECKNX HAfTeHOBHX yTJIEBOLOPOJOB I HATEHOBHX KHCJOT. ¥z
ycTaHoBNeHO, YTO B IPUCYTCTBHN AKTHBADOBAHHO TVIMHH TIDH aTMOC—
(epHOM HaBieHMM ¥ HarpeBarmmu jo I50-250 hy YKa3aHHHe BelecTsa
IipeTepueBanT IV[yGoKHe H3MeHEHUd, BHpARAKNMECA B NOABIEHHN Gojee
JIETKUX MOJEKYJa H& OJHOM IoJnce N 00elHEHHOT'0 BOIOPONOM CMOJIUCTO-
T0 ocTarxka — Ha JpyroM. B cocTaBe OTIEJANIMXCA I'a80B COJBIYR 70—
JI0 COCTABRIANT yTVIEKHUCJHOTa ¥ OKHCH yIVepora.

B I948-I965 rr. BOHpPOC O TeDMOKATAMMTHYECKOM INpEBpALGHHY
OpraHyveckny BelleCTB SKCIeDEMEHTANBHO mccaepoBaica B.Jl.CoxomoBuM
¢ coaBropamu (I968). OmHTH 3aKIOYAMNCh B CASLYKUEM: OCDasIH MOp-
CKOI'0 ¥ IDECHOBOJHOTO Wia, CONEpHAUer0 OPraHMyeckKoe BeuecTno,Ha-
rpesamcs mo I00-300 °C. Iipu osrom Hadmomanock oGpasoBaHue yTJe-
BogopogioB Cr-C4 u Conee TaxesHX. CKROPOCTB MX 0CpasoBaHmA  CHIa
samerHoft npn 200-300 °C w pesxo yMeHBDANACH NPH CHAKGHWM TOMIe—
paTypd. 9T padoTH OCOGEHHO MHTEDECHH TeM, YTO 0CBEKTOM MCCIEelNo—
Banmil ARIAETCA MOATOTOBJIGHHAS IPUPONOH TOHKOAMCIEPCHAA CMECh Op—
TaHNYeCKUX ¥ MAHEDaJIBHHX BelleCTB, B3aMMOIEHRCTEBYONMX IpH TeMnepa—
Typax, COOTBETCTBYMUMX YCJIOBMSIM KaTareHesa.

B omirax T.B.TuxoMoJIOBOi IpM TepMOKATAr'@HR3e OJIeMHOBOH KHC—
JIOTH, & TaKkKe CMecU CTeapuHOBO# U OJIEMHOBOA KUCJOT CHAM NOJYYeHH
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OeH3MHOBHe (paKImu, KOTODHe N0 DACIpeIEJEeHHN USOMEpOB TeNTaHa M
OKT@HA COOTBETCTBYNT CeHSMHaM NapajWHWCTHX HejTefl. CocTaB IasoB
(radn.- 3.26) noxasuBasT, YTO BaxHeillad DEAKUHMA TepMOKATAIMTHIEC—
KOTO Iporecca — NeKApGOKCAIMPOBAHKe, NO3TOMYy B NDOIYKTAX peaxumii
MHOTO yTiexHciIoTH (TuxomosoBa ¥ Ip.,I1968; IycTWIbHMKOBA M JID.,
1964, 1972; MertpoB m mp.,I1964).

| Tadmma 3.26
CocTap rasa, BHISWBIEIOCH IpH TePMOKATATN3e Ha CeHTOHUTE
HEKOTODHX OpraHEYecKmX kucyor (mo T.B.TuxomoioBsoit,I972)

| Ipomoa—- CocraB rasa, odmeM. %
fowomme | mram-— co. CH c c C
KHCJIOTH |HOCTB

1% AN L2 T T

g

Tymrosue  I00 83,26 * I5,00 0,46 0,53 0,10 0,65.
QmemsoBas  I00 74,83 0,43 0,32 0,28 24,14
CreapuHo—
Bag 100 6I,I0 0,38 0,72 26,90 II,00
TNamsvuTE-
HOBaA 100 83,70 0,I0 0,I0 16,10 -
Hagrenoswe IO0 ~ 78,90 He 0CH. He 0CH. 20,10

Bume OHJIO NOKa38HO, YTO MeXAHOXUMHYECKAd AKTHBALAA BelleCTB
B IUIaHeTapHO# MenpHMIE, NONQCHO HArpeBaHWK, YCKODAET peaxIyu,
NpHBOJAMAE K 0CpAS0BAHHD .yTJISBOLOPONOB. Ha 5TOM OCHOBAHME OMHTH
10 TepMOKATAJIATHYECKOMY IpeBpANeHMD XMPHHX KMCJOT M HX coJe# co-
NOCTABEMH C ONHTAME IO IUCHEDPrEPOBAHMD MEHEDANOB B Cpeie  BONO-
PAcTBOpPEMHX OpPraHWYeCKHX BemecTB. OCIMMM B JAHHOM CJy9ae ABIADNT-
CA M O0BEKTH MCCJSNOBAHHA, H MOXaHWSMH MNDEBpAleHAA; OTJIHIANTCA
TOJBKO CpeNCTBa HMHWIMEpDOBAHMA peaxumii. OCWHOCTE XuMMU3Ma INpeBpa—
meHHMi# IpM TEPMOKATAJIMSE ¥ B HAIMX ONHTAX MOINTBEDEIAETCA M CXON-
CTBOM SKCTDATHDyeMHX NPOIYKTOB,H CXOACTBOM I'a30BHX KOMIOHEHTOB.
OcHOBHO# pearmmeff mpeBpameHHEs  OPTaHWYECRHEX BeMeCTB IpH
BsauMomeficTRME ¢  IMCHEpPIMpYeMHM  MWHEDAJEHHM  BelecTBOM,
TAK X6 Kak 3T0 ycraHoBaeno T.B. TmxomonoBo# paa Tepmo-
KaTalnTHYeCKHX NpeBpamenuit creapuHoBoli ¥ 0JeMEOBOM KHCJIOT, ABIHA-
@TCA peaKlud JeKapOOKCHIXpoBanuA. Bropo#t Baxmof#t peamimeit, no Ha-
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meMy MHEHMN, ABJAGTCA DEAKIMA I'HIDUPOBAHUA CBOGOIHHM BOJOPOLOM,
H3OHTOK KOTODOTro (MKCHpDYeTCA BO BCeX OMHTaX. O6pasoBaHMe BOIOpO—
I& B HalLX ONMHTAX OCYCJOBNGHO NpeXEe BCEre peakumell MUHEDAIBHOTO
BemecTsa (Hampumep, Gasansra) ¢ Boxo#t. Bo MHOTEX CIyYadgX i re-
Hepalyy BOJOPOZa HCHOJNL3YETCHA DEeaKlld Xesesa C Boxo#k. BoJbmEHCTEO
ONHTOB N0 TEPMOKATANATHIECKOMY NPEBpANeHAN BHIOJHAIOCE B CTAIb-
HHX apTOKNaBax. Takue ONHTH OCOGEHHO G/JMSEX K HANEM, TAK Kak B
peaxuun BOBISKAeTCHA BOLOPOX, odpasywumuitcs NpH B3auMoIeiCTBUU CTe-
HOK peaKTopa C Napamy BojH. IWIDUpOBAHWE TAKEM BOXODOJOM  GyIeT
OpoTeKaTh NpM NOBHNEHHoH# TeMmepaType B aBTORJABe TOYHO Tak e,
KaK 7 B OapadaHe MeJGHHIH IpY HEBHCOKOH TemmepaType.

ConocTapifsa SKCIGDUMEHTH, NPOBETeHHHe B aBTOKAABAX NpU MO~
BHIIGHHOM JIABJIEHAN ¥ JOCTPATOYHO BHCOKOH TewmmepaType, C HaMHA
ONNTaM!, B KOTODHX XHMMYeCKad SKTHBHOCTH. BelleCTB NOBHINGHa  IOC-—
DPOLCTBOM TOHKOIO M3MEJbYeHMA, CJAELyeT HalOMHMUTE O, CHHTe3e Jyrie-
BOJIOPOJIOB B Ipoliecce CYyDeHWA CKBAXMH. YCJOBHA HA 3a00e CKBARIHH
non padoTamuM IoJOTOM, C OIHOM CTODPOHH, NONOCHH YCJOBHAM HH3KO-
TEeMIePATYPHHX THIPOTepPMANBHHX IpPOLECCOB, & ¢ Ipyroit - oYeHb
GAM3KM K YCJIOBHMAM HallMX ONHTOB, B KOTODHX Ha IepelHMil IJIaH BHI-
BHTQNTCA MEXAHOXMMWYIecKNe ABAeHWA. JeHCTBHTENBHO, NpM  TVIyOuHe
cxeaxutn Oonee. I000 M rumpocraTHYecKoe IaBIeHNe Ha 3adoe -TIpeBH-
waet I00 am™ u Temmeparypa vYacTo Brie I00 0C. 3Tr ycnmomus oTBe-
YaT OCHYHHM NapameTpaM HUSKOTEMIepATYDHHX THAPOTepM M JOCTaTOY-
HO GJMB3KY K YCJOBHAM ONMCAHHHX ONHTOB, IPOBOIMMHX B &BTOKJIABAX.
OnHOBpeMeHHO MMeeT MeCTO MeXaHOXUMAYeCKasd aKTHMBalud BeUeCTE
BCIOICTBME WX paspyumieHnd padoTalmuM IOJOTOM, NpAYEeM, Kak IOoKa-
saum omuTe (Hewopms, I97I), TemuepaTypa Harpesa padoTalumx dYac-
Teit moxora mocturaer 3I0-300 Oc (Gonee HuzKme TeMIepaTypH yrasaH—
HOT'0 MHTeDpBaJa CBOMCTBEHHH WLADOMEYHHM L0JOTaMm, 2 0ojee BHCOKHE -
DexymuM jgosgoTam THna PX) ., EcTecTBEeHHO, COBOKYNHOCTE JeHCTBEA
TeMIepaTypH, DABJIEHMA ¥ MOXSHOXMMIYECKO# aKTHBAmMM co3naeT Oiaa-
TONPHATHHE YCJHOBMA IUIA TEPMOXKATAJIATUYECKAX peaxuuit, NPHBOIAIAX K
CHHTESy yIVIOBOJOPOZOB B CKBaXuHe B Ipollecce ee CypeHms. JcroBHa
CHHTE3a JTJIeBOTOPOTOB K HAGNOIEHAA 84 MX I'eHepanuell B CKBAKUHE
onacasy 0.M.[Jegopmaum (I97I).

IIpoBeGHHOE CONOCTARNGHWEe NO3BOJIET I'OBODUTH O TOM, 4T0O B
OapadaHax IJaHeTAapHOX MeJBHHIH, T'Ze MAHeDaJbHOe BemecTBO aKTHBH-
POB2HO TIOCPENCTBOM TOHKOI'O MSMEJBYeHMA, MHMIOUMPYDTCA DEaKIuH
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TEPMOKATAIATHYISCKOr0 NPeBPAllGHAA OPraHNIeCKMX BOmSCTB, MMOKMEe
MeCTO B aBTOKJABAX IpH Temueparype 300-400 °C.

SaxanunBasd OOCYRIEHHe OCHTYMOOODA30BAHMA LU B3aumoneiicTBuy
BOJOPACTBOPUMHX ODPraHUYeCKNX COeMWHEHWI ¢ IWCHepCHOi MHHepanbHoi
Maccoi, cleIyeT eme pas o0paTATh BHUMAHMG HA MSMEHeHUe  MAHepa-
JI0B, KOHTAKTHDPYyWI¥X, HANDHMED C CONAMM IyMYyCOBHX KMCJOT. Crely-
ajlbHO0e H3yYeHHWEe BO3IeficTBHA BOIOPACTBOPHMHX IDOIYKTOB BHBOTDHBA-
HUA TYMyCOBHX yrse#t X oTHeJBHHX 6ro KOMIOHEHTOB Ha Taxme MiIHepa—
JH, KaK CHMOTHT, MYCKOBHT, DOT'OBHe OOM&HKHM, OPTOKJIA3, XJIODHT i
TalbK, NO0KAa3aMM BHCOKYR ArpDeCCHBHOCTE IYMIHOBHX ¥ JIpDYTHX OpTaHH—
YOCKHX KECJOT H UX coXeil. PasdaBieHHHe DACTBODH OPTaHUYECKUX
KHCJIOT BHBHBAWT MHTOHCHBHOE pas[yleHNe MUHSDEJOB, BCJASICTBHE KO-
TOPOTO XeJe30 M AJOMHHMI BHUEJAYMBAKTCA ¥ NpHOCpeTanT CIocol-
HOCTE K MATDAIMM B BUIe KOMILIGKCHHX coexmHeHmit (Mosvanom, Keymos,
I92I; UyRnmaMeHTAJNBHHE HCCAeNOBaHUA...,I1977). HeTpymHO NIpeICTABATE,
9T0 IpE NOBHMEHWM MENOYHOCTH CPeIH KOMIUIEKCHHE COeNWHSHWA XeJesa
(II) runposmsywrea, o6pasys Fe(OH),, C NpeBPAmeHHeM KOTOPOTO B
MATHOTHT CBA34HA TeHepalusa BOJOpona. Kax ciemcTBHe OXMCASHMA Fe2*
IIPOABHUTCA BOCCTAHOBJIGHNE BONOPONS BOJH M OpraHMYecKoro BellecTsa,
$0TOpOE B IOJE YCTOHIMBOCTHE BOIOPQUE NOJEHO TpaHCHopMUpPOBATHCH B
JTNEBOIOPOIHHE COSIMHEHK,

Ha ocHOBaHNE M3yYeHHUA NpeBpameHnii BOIOPACTBODHMHX OpTaHHI-
YeCKMX COeIMHeHM BO B3auMomefiCTBMM ¢ OKMCIANIMMCA MAHEDaILHHM
BEIECTBOM MORHO CIeJATh CJeIyhIMe BHBOTH:

I. SKCIepHUMEHTANbHHE HCCJSLOBAHMA IO T'HIDHDOBAHMD BHIEJAN—
IMMCA BOIODPONOM CoOJieit MUDHHX, Ha(PTEHOBHX M TYMEHOBHX KACJOT B
TPACYTCTBHA MEHED&ILHHX BeMecTB, ABLAKUMXCA BOCCTAHOBUTENAMM. N
KaTanM3aToOpaMe, NOKasaiM, YTO KOHeUHHe NPOIYKTH DEaKUuii CXONHH C
NPOIYKTAMA TEPMOKATAIMTHYOCKMX IDSBpamleHH TeX X8 BEMECTB.

2. UYepTH CXOICTBA YCHIMBAKNTCH, €CJM HPOIECC TEePMOKaTAIM3a
IPOTeKasT B aTMoc(epe BOIOpONA, 00pASyMIeroCA BCJAENCTBHE Deaxiuii
BOIH C MAHEDANBHHM BemeCTBOM WIM METaLIOM DeaxkTopa.

3. OKCNepUMBHTH [0 TMAPMPOBAHHMD BOINOPACTBODUMHX OpraHMdec—
KMX coeyuHeHn{i mpn Temmeparype Hmxe I00 °C u me mume 300 °C B
OpUCYTCTBAY SCTECTBEHHHX BOCCTaHOBATeNell — raranmmsaTopoB (Taxmx,
Kax TOHKONWCHeDCHHK dasambT), CJeIyeT DACCMATDHBATE KaK NOuTBep-
KISHAE CYUECTBYWNero MHEHHA O TOM, MTO BONODACTBODUMHE OpTaHHu-
YeCKVWEe COENMHEHWA MOIYT CJAYRUTH MCXONHHM BelleCTBOM B IPUDOIHOM
nponecce He(yrerasoodpasosanua (Mosvanos, I'ommom, I970).
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BsamMone#icTBAe KaploHATHOT'O JTJIepoZa C BOIOPOLOM
B MOMEHT eI'0 BHIEJeHNA

lprypoveHHOCTE MecTopoxneHn#t HedTM R RapOOHATHHM TOJNAM,Ka—
BEpHO3HOCTS HeTeHOCHHX ILIACTOB W3BECTHAKA M CBOeoOpasHHil cocTaB
TaB0B IIACTOBHX BOJ HATOJKHYJIM HAC HA Huen HedrerasoolpasoBaHms
33 CYeT KapOOHATHOT'O yIJIEPOIA. BepOATHOCTH IPHPONHOIO He(Teraso-—
o6pasoBaHui, Gepyuero Havalo 0T COy, BpAX J MOZHO IOCTABUTH NOT
COMHEHNe : OpTaHMYeCKH# CUHTe3 B Ouocepe OCHOBAH Ha ACCHMIIAIMA
CO,-m3 BO3Iyxa (nmpoucxoxnerue CO, BoszyXa MOXeT OHTH CBASSHO C
Das3oXeHNeM KapOoHaTOB), & M3BECTHHE TeXHOIOIHYeCKMe NpOLEeCCH
CuHTe3a yTJeBofoponoB u3 CO m H, omMvyalTCA TONBKO TeM, YTO ¢
LIeJIb0 CHUMEHMA DACX0JIA BOLOPOJA W3 NIpOIlecca WCKIOYeHA IpeIBapu-
TeJbHaA CTalli 002 + H2 = CO + H20.

Bonipoc o xapdoHaTax Kak He(jTeMaTepHMHCKMX NOpoIaxX He ABIAST—
CA HOBHM: BIEpDBHE eTo BHHeC Ha odcyxnmenue A.Jl.ApxaHrermbckuii, Ko-
Topuft B crarhe "I'le W KaK MCKAThH HOBHE He(TeHOCHHe 00IacTy B
‘CCCP" mmcan 0 HeOOXOIHMOCTH H3YyIeHMA "...OTDOMHHX TOJ KPCKHX
YOPHHX MSBECTHAKOB, KOTOPHE MOIYT, TOBOPH TEODOTHYECKH, OKA3ATH-
ca Hedrenpomssonmumet nopoamu (1954, ¢.496). B.B.Tarapcknit(I939)
YeTKo cHopMyJMpOBaN DAN NPUHIMNWANLHHX NOJOREHMH, I03BOJLIONMX
paccMaTpUBATE KapOOHATH Kak NOTEHIWAILHO BO3SMOXHHE He(TemaTepHH—
CKHMe NODOIH, X NONYePRHYJ CBASh He@TH ¢ mosomuramm. M.D.HanmBRuH
B "Vuennn o Qammax" (I955) nucas 00 o0pasoBaHuu HediTM B AOJOMHA-
Tax ¥ JOJNOMATHSUDOBAHHHX M3BecTHAKaX. H.B.Baccoemmy (I955,c.8I)
oTMevan: "Hesnp3dA, OFHAKO, IDOHTH MAMO KapOOHATHHX NODOT, Xak
BO3BMOEHO He(TeMaTeDMHCKHX, WS KOTODHX B HacToAuee BpeMd NOJyYa—
DT Godee 25 % mmpoBoit moCHuM HedTH, NIprYeM Lufpa sTa X3 roja B
TOoL BO3pacTaeT. Bo MHOTHX CJydYadX KapOoHATHHE NOPOIH ABIANTCA
JMIE KoJekTopamu. OIHAKO B DALE CJyJaeB HEJE3f, IO—BUIHMOMY,
ECKIOYATE BOBMOKHOCTE OTHOCEHNA HEKOTODHX KapOOHATHHX IIODOJ| R
ey Hedrenpoussomamux". U.A.Kympssnes (I959) mucan, 9To m3BEc-
THAKM NPEHEMAKT 3a HedTeMATepHHCKYD NOpoIy B BeHecysne,Ha Bmmi-
HeM BocTOKe, MUIKOHTMHeHTe M oCpala] BHUMAHME Ha MHTEDOCHyD 3a-
KOHOMBDHOCTH, NonMeYeHHyX B.B.BedepoM: He@TeNpPOABIEHNE B IOJIOMUE-
Te NpUYpPOYeHO K I0JOCAM DASBHTHA NECYAHO-TTIMHMCTHX (paxmmii, npu-—
gem HedTs mpucyTcTByeT B Hes(jpeRTMBHHX mopaX. IlociaenHee oGcTO™
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TeJbCTBO I'OBODAT B IOJB3Y NpPEINONOReHHA 00 00pas0BaHME HedTH
in situ. 3.B.YaiixoBckas (I960a,0) NpHBOIMT MHOTOUMCJEHHHEe Yde-
mmem:ane noxaaame.nscma MHI'paIIEH ONTYMIHOBHOT'O BemEeCTBA BHYTDH
i L B acTa B MOJIEKYJLApHOi (opme n
910 dn'ryr.m nepeuemamca 1o decmc.nemmm TpelMHaM ¥ KaBepHaM, KO-
TOpHe 06pasybnTCA B pesyJabTATe LUMDKY/LAIMM NON3eMHHX BOZ. HexoTo-
pEe ¥3 XapOOHATHHX ti)opwalmﬁ xapaxrepnaymca BHCOKHM conepxaanem
OHTyMOB. "3T : B| i X KapOOHATHE
IOpofiaX M HeCKOJABKO Nepepacnpele/iaTuch MO MeJKHM KaBepHaM, NopaM
n TpemmHam" (YaftwoBckas. I1960¢). (IomgepxHyTo Hamm - B.M.).
Odpaman BHEMAHFEE Ha HeYRJIOHHH{ pocT IoaM MEpOoBO# NOOHYIM HedTH M3
KapOoHATHHX Mopox, 3ametmn M.®@.Jpamr (I963), 9ro w3 236 KpymHeii-
IAX HO(TAHHX MOCTODOXNGHME, aupx cymvapio 30 % MHEpOBO# KoGHTH
KaNuTaIucTHIeCKUuX cTpaH, 2/5 HedTH nodHBaeTCA M3 KADOOHATHHX OT-
JoxeHu#t., I'exmaH (CGehman, I962), mayyad opraHNYecKoe BENECTBO 53—
BECTHAKOB, NOKasal, YT0 B KApOOHATHHX NOPOXAX, HAYACTO JMIIEHHHX
IlaXe. IpASHAKOB OMOT'®HHHX OCTATKOB, LHEDEIKO OCHADYRMBAKNTCA Opra-
HAYECKUE COSMHHOHMA, COJBIASA YacTh KOTODHX IPEICTABISHA YIJIEBO—
JIopomamu. Bompoc o OpHEpONe STHX YIVIEBOLOPOJNOE OH OCTABAAET  OT-
KDHTHM, TOJBKO 340CTpAeT BHHMAHMEe Ha ToM fakTe, 9T0 OCHADYXSHHHE
OPTaHAYECKHS COBIEHEHHA HE MOTYT OHTH NPOLYKTAMA TpPAHCEHOpPMAINAN
PACTHTRNBHHX WIM XABOTHHX OCTATKOB. H2a OCHOBAHMM NOTANBHHX INOT-
porpajudeckux uccaenosanmit A.M.OcmmnoBa (I964) mpuBomuT  HOKa3a-
TEJIbCTBA MeTACOMATHYECKOT'0 DASBATHA NOJOMHETA IO M3BECTHAKY H 06—
pamgeT BHEMAHMEe HA TOT (aKkT, YTO MHOTHe M3 36DeH NOJOMHATZ DOCM
Ha MEKpOKaIeJbKaX HedTu; CJAeNoBaTeJBHO, OHM 00pasoBauMchk He pa-
Hee NpOHMKHOBeHMs Hedrm. Ho ¢ yYeToM IAHHHX B CTATHE IOBONOB,Ka-
TETOPAYOCKA HCKINYAIIMX MATpAI0 He(TH HSBHE, MOKHO NpEIIOJORATEH,
9T0 odpasoBaHme ¥ Ho(TH, X NOJNOMUTA NPOTEKAN0 CUHXDOHHO B ENUHOM
npomecce MeTacomarosa. Ilocie 06CTOATENBHOI'0 PACCMOTDERHA I'@0JIOTH-
JeCKEX KOHIEIHi 0 KapOoHATHHX HedreMaTepHHCKHX TopoIax OBen
(owen, I964) npmmes X BHBOLY, 9T0, CYIA IO CTPATUTpalmIecKoMy K
CTPYKTYpPHOMY NOJIOXSHHM MHOTHX He(TAHHX ¥ ra3oBHX 3ajexeil B Kap-
GOHATHHX IOPOJAX, BXONAIME B X COCTAB YIVIEBOLOPOIH JNOJNEHH 00pa—
soBaTeCcA in situ. Bajie n Bekceil (Baillie, Vecsey, I967) Ie-
TANBHO MSYJYWIE pA3pe3 Yepes AIp0 CPeIHEeNeBOHCKOT'O DHJOBOTO KO-
IIeKca GJH3 03.JBH JUIA ONpeNeJeHHA NOCTCeIMMEETAIMOHHHX M3MeHe—
Apit nopon. Hu¥HAA 9acTh pMPOBOTO KOMIIGKCA, TDEJCTABIGHHAA  M3-

140



BeCTHAKOM C IPOILIACTKAMA CKeJeTHOTO IeTPUTOBOTO MaTepuaia, 130H-
pareJpHO NOJOMHTH3KpOBaHa. [opoBOe IPOCTPAHCTBO B JOJOMATAX Sa-
TOJIHEHO Curymamy. Ksapr, nuput, cfanepuT ¥ KaJIBIUT (Bropntnmﬁ)
CONYTCTEYIT IOJIOMATHU3AINN, M MX BHeCeHHe OCBACHAETCA T'HIpPOTep—
MaJBHHME IpoIeccamd, ABUBIMMUCA NpPAYMHOH IoJOMUTH3a1AM M odpaso-
BaHMA OuTyMoB. Eme omuH ydemuresbHHi npumep oOpascoBanua He@Tm B
kapdoHarax in situ npuBenes B padore JereHca u xp. (I967). Onm-
caH cJayvai o0pa3oBaHiA Hef'’M B H Y T P H KapOOHaTHO! KOHKpeLMH
MUONGHOBHX TPECHOBOIHHX OTJoxeHmit. 0C0NOYKa ee COCTOAT B' OCHOB—
HOM U3 MHKDOKPUCTALINYECKOT'0 KaNblLUTa. BHYTDEHHAR 9aCTh — CJQUC-
TaA: KaJBUMT NepecjauBacTCA ¢ IVIMHUCTHMM oGpasoBaHuAMM . KoHKpe-
1WA EMeeT Ipa KymoJoo0pasHHX BHCTYIA, M CIOHCTOCTE KOHOODMHO OT-
paxaeT ee MOpPIOJOTMIO: B KYTOJaX CJOK HErUCaNTCA H YTOHYADTCA, a
B OCHOBaHMM KYTIOJIOO0Opa3SHHX BHCTYTIOB — CKOIUIeHUMA HedTw. KoHxperpia
Ha 90-95 % COCTOMT M3 KAIBINTA, MMEETCH XAIENOH; CPEIH TJIMHMC-
THX MWHEDaJOB T'OCIOJCTBYeT WLIAT, B HeOOJLNOM KOJIXISCTBE NDPUCYT-
CTBYOT GapuT, HesecTHH ¥ rmnc. llocTymienre HedTH M3BHe HCRINYA-
eTcH.

IncJio MOXZOOHHX NpUMEPOB HETPYOHO NPUYMHOKUTE, HO IeJio He B
oToM. HecomMHeHHO OIHO: TeoJoTrHYecKHil maTepdal NaeT OCHOBAHNE YT-
BepRIaTh, 9TO He(Th I I'a3 MOTYT 00pa30BHBATBCA B KaploHaTa¥X, He
COIepFANNX OPraHNYeCKUMX OCTATKOB, B Iponeccax NOCTCeIuMeHTAlVOH-
HHX IpeBpameHmit: DOJOMATHSAlMK, SaMemeHus cyabfaramm ¥ T.I.

OmHaxo caeryeT OTMETHTh, YTO CYUWECTBYeT Apyrad TodYka SpeHHA,
KOTOpas B HACTOAlee BpeMA LOMMHUpYeT. CUMTAeTCH, TO KapGOHATHHE
T ARIANTCA JUIEL KOLISKTOPOM LA He(Th M rasa, o0pasylmExca B
TODDUTeHHHX OTJOXKEHMAX, ¥ TNPONECCH IOCTCEMMMOHTAIMONHNX Ipeodpa~
30BaHuit M3BECTHAKOB DACCMATDUBANTCA MCKINYMATONBHO KAK  NPOLECCH
NOITOTOBKYM KOJJIEKTODA; CAMa M3BeCTHAKOBAA ToJma kak Hedrenpous-
BOIAWAA HE DPACCMATDHBAESTCH.

K.®.Pomuonosa (I965) mpmwia K BHBOXY, YTO OCHOBHaA Macca
Hedrn Boaro-Ypansckoro Gaccefina odpasoBalack B KaplOHATHO-IVIM-—
HECTHX Tomax. 3.E.Bpeit u 9.[.3panc (I967) Takxe mpemmozarant,
Y10 odpasoBanMe He(TH NIPOTeKaNo B TJAMHHCTO# Tosme, a 3areMm HedTh
MUTDHpOBaJa B DHOBH] FSBECTHAK. OTH NPECTABEHHA 0 KapdoHATaxX
KaK NaCCUBHHX KoJUIeKTopaX paspessmor A.K.Kapmvor (I967), A.T.Bada-
ep # A.M.Axpamxomxaep (I954) n GOJNBIMHCTBO IPYyIMX TeONOI0B-HedTIA-
HMKOB, 4TO HaWI0 CBOe OTpaxeHHe B DAIe (yHIAMEHTAIbHHX pacoT
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("KapGoHaTHHE OTJIOXGHMA...,I1982; "KapGoHaTHHe (opwmammd...,I1982;
"KpuTepuu  METOLUKA...,I1986).

llpencTaBNeENA 0 pPOJM KAPGOHATHHX TOJIN TOJBKO KaK O HKOJJIGK-
TOpax He JMIeHH OCHOBaHM,HO HaM IymMaeTcd,KapOoHATH He NacCHB-
HHe pe3epByapH He(Ti, a aKkTUBHHe yYacTHHKM HedTeolpasopaHmd.
PyxoBoZCTBYACH DTUMKA NDEINOJOXEHUAMS, Hamuy CWI NOCTARIeH  DAX
ONHTOB LA pemeHMA OXHOi 3a7avyl: N0oKasaTh, B KAKNX YCJIOBHAX BH—
IendAomiiicA BOZOPOX CIOCCGEH DearHpoBATEL C YIVIEPONOM, BXONAUMM B
COCTaB YTJIEKMCJAOTH WIM KapOOHATOB, X ONpPENeNHTEH, MOTYT JX px
9T0M 06pa30BHBATECA YIVIEBOLOPOIH .

TeopeTHYECKA YCJOBHA DABHOBECHA HEKOTODHX COEIMHeHWil yIrue-
PoZia ¥ CepH NpelcTaBleHH Ha puc. 3.I6. lIx aHanus nosBoigeT Ipej-
noJarars odpasoBaiue MeTana (u, MomeT OHTH, STAHA) NDH OKHCICHUY
CYJBIMIHOE CepH BO B3auMoleiicTBMK ¢ KaploHaTaMy WNM YIVIEKHUCJIOTO.
JielicTBUTENEHO, DOJe YCTOHYMBOCTH HOHA CYJNB(NIHON Cepd B pacTBOpe
pacnojaraetcd B 0GHACTHM BHCOKOH NEJOYHOCTR M CONBUMX SHAYeHWH
BOCCTAHOBHATENBHOT'O NOTeHUMana. Hanporus, none ycrTofiumBOCTH Yrogb-
Hoft KMCJIOTH pacmojaraeTcd B JeBojt BepxHei#t wacTH amarpamme pH-En,
T.€. B 00JACTH NOBHIEHHOH KHCJIOTHOCTH U BHCOKHX 3HavYeHHit  OKHC-

Eh,B
0,44
0.2-‘ Puc.3.16. JIuarpamma
noseft  ycroWumBOC-
0,0 TH cyasdaToB, Kap-
GOHATOB M YyrAeBOXO-
=0,21 POHOB.
Tpanmus moae#h yec-
-0,4- TOMYHBOCTH

1 - BoEN, 2 - coe-
AMHeHH#  yraepona,
3 - coeARHeHHfl cepH

-0,64

=0.81




JHTeJBHOTO NOTeHMasa. ECTeCTBEHHO, MOXHO IpeinoJaraTh, YTo:Npo-—
IyKTaMy B3amMoneiicTBHA KapGOHATOB C pAacTBODAMM, HECYUMMA  CYIb—
Iy cepy, OymyT: aJeMeHTapHas (caMopomHas) cepa, CepOBOIOPOT
1 meraH. Ecay mpn 5ToM BOCCTEHOBHTOIBHHI MOTeHIMAN cicTeMu OymeT
JEBeamueH KakmM-nncoo e6pasomM, TO Kpome MeTana (Mnm BMeCcTO MeTana)
OyIyT CHHT@3MpOBATECA G0Jee CJOXHHE YIJIeBOLODOIH .

JUuTHBAA OTMEYeHHyN paHee BOSMOXHOCTL MMITALUI TIPUPOHHX
IPOLIeCCOB NpH CBEPXTOHKOM H3MEJBYeHNM, OHIO DelleHo NMpodHHE JHC-
TepUMEHTH NPOBECTY B GapalaHaX MeJBHMIH, I0Jarad, YTO0 3T0 N03E0-
JIUT BHABUTE BO B3aMMOZEHCTBNN oClEe TeHNSHIMMN NpeBpalleHMA  9THX
BelecTB.

I8 9KCNEPUMEHTOB OH/R B3ATH IPUPONHHE KapOOHATH M XMMYec—
K¥ YHCTHE COJM YTOJBHOH KMCIOTH, & TaKk®e TOBApHAA JIVIEKHCIOTA
("cyxoit sex"). OmHTH NMpoBOXWINCEH Ha MeabHme d1-2xI50 c IpHMeHE-
HHEeM YSyTyHHOif, CTanbHO# M MeIHo# JpoCHM M GapadaHOB M2  COOTBET-
CTBYNUWEr'0 MeTalia. PesyabTaTH 3KCIepUMEHTOB, BpeMA HEMEeJbLYeHHA H
BHIIODEKY JKA3AHH B Tacld. 3.27. B nopanke NOACHeHMA TaGIITHHI
‘TAHAHX CJaemyeT 0COCHOBATH BHOOD OCLEKTOB MCCJGNOBAHMA M DacCKa—
3aTh 3aMHGeJ HEeKOTOpPHX ONHTOB.

Teepnad yraexucaora B omutax I8I-207 Owia B3ATA IIA JOKA3a-
TeJLCTBA IPUHINMNAIBHON BOBMOXHOCTH BOCCTAHOBRIEHUA yTJepola IOX
IelicTEMeM aTOMADHOT'O BOIOpOIA B YCJIOBHAX, COSIaBaeMuX B Gapala-—
HaX MeJBHHIH BCJEICTBAE peanmuit ®xenesa ¢ yToJbHoil kucaoToil; Boc-
CTAHOBMTEJEHHI NOTEHIMAN ONpPEeNANCcA Deaxnueil MeTaLIMYecKoTo xe—
Jiesa ¢ YyroJbHOHE RUCJOTOMH:

Fe + cog“ = FeCO5 + 2e”, Eh = -0,756;

odpazoBaHne CHIEpHTa YCTAEOBIEHO MeToIami PeHTTeHOCTPYKTYDHOI'O
aHayza. I'opHasd Nopola apuesuT, CJ0NEeHHAA NPeMMYLIeCTBEHHO MUpPOK-
ceHamy (Imaanar m GpONSHT) M CouepEAmAS NOJIEBOH IMAT, NMEHEN: N
TpaHaT, BEeleHa Kak aldpaswB A MHTeHCH(MKAINMM M3HOCZ  MeJIoluX
TeJ ¥ KaK CpeICTBO YBeJWYEHMA NOBEPXHOCTH, Ha KOTOPO# IpoTeKawT
PeaxIiH .

B omurax 206 u 207 B KavecTBe IONOJHUTENABHOTO IOHODA yIVIepo-
Jla NpUMeHeHH aKTUBHDOBaHHRE H CypHil yToJb.

B omuTe 223 BMecTO TeXHUYeCKO# YIVIOKHCJIOTH B3fATA coz, obpa—
sywmasg B TOPMeTHYHOM GapalaHe NpHM peaxuyu OuKapGoHaTa HaTpui ©
cojlaHoif KHMCHIOTOlH, BBENEHHON C TOMOUBK UMpUIE Yepes Pe3HHOEYN

npofKy X XpHike OapadaHa.
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- Tadumua 3.27
PesysbTaTH ONHTOB 110 BOCCTAHOBJGHMO ¥ THIDUDOBEHAD KapGOHATHOTO yIJAEDOTa

Homep | Bpema Cocras rasoB, o0BeM. %
ONHTa MexozaHe i
H3MeJb— DEKH, 3
YeHEA, | CYT Ca | CO |0, Ny | Hy |CHy |CoHg |CaHg(CoHpy |3
n.60,c 2
I8Ix 002 (cyxot qen) m 45 '3 22,4 0,00 0,14 8,10 69,0: 0,1 O i R © 99,74
HyO (70 san)
I1S7q 002 (cyxoit aexn) m 45 5 050 0,0- I.60 9,20 68,0 0,0 0,3 0,25 0,0 - 99,35
Hy0 (75 wx)
I98H 002 (cyxoit na.n)+ 55 7 0,0 :0,0" 0,87 4,35, 9,0 cx. ox. + 0,0 0,035 99,22
+Hz0(75 wn) + :
+ apmexur (IO 1)
199 002 (cyxoft mexm) + 55 7 0,000 1.08::8,;85195,0 "cx: ax. - 0,0.-0,0 199,/88
+H0 (75 )+ :
ronas (IO r)
284y  NaHCO,(IO T) + 45 7 He omp. 14,9 0,0 0,0 0,0 0,0 -
+Feg(3 1) +
+H0 (70 mx)
2859 Nanco3(10 T) + 45 ) -" - 46,5 0,76 0,015 ca. 0,03 -
+Fe3, (4 1) +
+H20 70 mr)
2869  MarmesHT choéI,Gr)-HlS 7 -" - B8O #8406 200 40,0 0,0 -

+ Fed 5 1)+H,0(70 mn)

128

2879 MarHesmr Mgco43 T)+ 45 7 He OIpefeJAIoch 22,7 0,7 0,881 feny" - 0,5 -
Pes,(5 r)+H20%'?0 ) ‘

288y Kamsmar 08.003(5 v)+ 45 7 -" - 58,0 0,0 0,0 0,0 0,0 -
+#es(3 1)+Hy0 (70 M)

2899  KamermT Ca003(5 r)+ 45 7 - " - 37,0 1,050,I3 oci. 0,67 -
wosa(tl r)+1120('?0 M)

2909 Nn2603(3 T) + 45 T -" - 21,3~ 0,0 0,0 0,0 0,0 -
wes (371 +
+H50(70 M)

29I Na,CO (51 + 45 7 - 2:5 H0NE+0;0 g:0%.0,28 -
+1{esz(2 r) +
+1;0(70 M)

2969 Na,CO (5.7)+Hac.p-p 45 ¥ =" - 4;I=00700  '005.0,0 -
mzs(aa M)

2979  MarHesmT MgC0,(5 T)+ 45 7 =" 18,8 0,24 cx. ol: | OX. -
+H8C DD H,S (30 1)

2069 COz(cyxoﬁ JIeJJ;)+H20 60 7 0,06 0,0 0,70 2,8 96,0 0,0 0,26 0'.I CJaI. -

(80 mn)+apmexuT(5 T)+
+axTEB.yroas(0,5 1)

2079 COz(cmﬁ Jem) + 60 T 0,0 = 0,0/.0:457-5,3- 84,0 0,0 0,06 0,08 0,0 -
+H20(80 MI)+
e

223v NaHGO3(5 T) + 30 {7 1,34 0,0 0,90 I4,4 82,6 Q37 —cu. e 050 -
+H0 (80 wn) + .
+HCL(2 wr)+axTus.yroms(I T)




OmuTH 284+297 npencTAaBIALT eIMHYK CEpHI, B KOTOpoil mccaemo-
BANOCh B3aUMOLlCTEWE KapOOHATOB C CYJABQUIAME B HPOLECCE UX COB-
MECTHOI'C M3MeJIbYeHHA. 3aMHCeJl OMHTOB COCTOANL B COLDMKEHHE DAna
peaxmmii:

FeS, + 6H20 + 202 ---1N=.'(0H)2 - 2}12504 + 3H,
]-12504 + 03003 —D‘CB.SG4 + H20 + 002
3Fe(OH)2 -—'F9304 + 2H20 + Hy
002 + H2 - 00 + HEO

- COo + 3H2 -O-CH4 + HEO

W CyMMapHO : .
3FeS, + 6(:&003 + 12H,0 +Fe304 + 60&504 - 5CH4 + CO5 + 2Hye

llpemmonaraiock, Yo B3auMoneiicTeme CO, u Hy OymeT mpoTexars B
MOMSHT HX BHIEJICHHA.

Kax Bumro u3 Tada. 3.27, Ipi COBMECTHOM U3MeJBYeHHN XapldoHa-—
TOB C NUPUTOM 00pasynTCA DA3JMYHHE rascodpasHHe YIVIeBOIOPOIH,
(fuxcupyemde ¢ momombl Xpomarorpada. Ilo-BrmumoMy, NpH 9TOM odpa-
SYOTCA ¥ XKUAKAe OUTYMOMIH, Tak kak (UIsTpaT O0TYeTJMBO JIOMAHECIA-
pyer B Y@-uydax. B cepum SKCIePUMEHTOB ofpamaeT Ha celf BHUMAHNE
clelymuand BaKOHOMEDHOCTL: N3MeJbYeHMe KapOoHATOB C IUPHTOM BCe-
T2 OPABOMMT ¥ 00PA30BAHED YIVIEBOAOPONOB, HO Te X KaploHATH NpH
H3MeJEJEHUY C CepHHCTHM XeJie30M yIVIeBOZODPOJNHHX T'asoB He o0pasyir.
[lapasnejbHHE OIHTH C IBYMA CYABJHIAMA TDECYOT CBOEI0 OCBACHEHHA.
[lpemmonoxuTeNpHOe OCLACHOHWE BTO# SaX0HOMEDHOCTH BHTEKAaeT n3
NpefCTaBIeHAd O CXeMe Nporecca: NUDUT COLEDRAT OOJBIE CEpH, YeM
C@PHMCTO® #eJe30 ¥, COOTBETCTBEHHO, NAeT GOJNBNEe CepHO#t KMCIOTH
Ip¥ OKACJNEHNH. YMeHGlleHHe 3HadYerusa pH cmemaeT papHOBecHe B T0J8
yeroitmBeocTH yraesozoponos (Momanos, I982).

Ha oCHOBaHUM HMCCJEIOBAHMH MOMHO yBEDEHHO ONPeNesUTh: YCJIOBUA,
B KOTODHX KapOoHATHHil yTJepos MOXeT ‘BCTYyNATh B DEAKI C BOIODO-
oM, 00pasysa yIJIeBOIOPOUHHE COSIMHEHMA. JTHM YCJAOBHA, Kak M B
Hpe Iy ONHTAX, ONpPeNeJIOTCS YCAOBHAMA BOCCTAHOBJEHWSA BOICDOIE
BOMH. SHAYEHNe BOCCTAHOBKTENBHOTO NOTEHIEANA, HEOGXOMIMO8 W I0C—
TATOYHOE 19 BOCCTAHOBIGHHS BOJODPOAA BOIH IpHM NanHoM 3Havewmn pH,
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OLHOBPeMEeHHO yIOBJIeTBODAET YCJOBHAM 0Cpa30BaHMA yIVeBomopoia. B
OCHOBE SKCIEDMMEHTOB [0 CHHTS3Y YIVIeBOLOPOLOB U3 KApOOHATOR' Jie-
XAT IOTeHIVANIONpemedinaa Deaklud OKMCJeHUA NUpHTa BO B3ammMonei-
CTBHAM C BOHEO{i, BOCCTAHOBUTEJIBHHE NMOTEHIMAI KOTOpOH#, COIVIACHO HC—
cnenopanuam W.B.JesaxoBoit u U.J.hogaxosckoro (IS68), m3MeHAETCH
B SABECHMOCTM OT TEMIepaTypH: Eh®’ = -0,078 B, En17°° = -0,279 B,
En’%° = -0,474 5. :

9T0 NO3BOJAET YTBEDXKIAThH, YTO erc 3Havyenus mpu 300 O¢ Bmox-
He JI0CTaTOYHO VA NPOTeKaHHA Deaxiwii, NpUBOIAUMX K 00pasoBaHdn
yraeBonoponoB. PaHee HeONHOKPATHO NOKasaHo, YTO AKTHBALMA BE-
eCTB NOCPEeNCTBOM CBEDXTOHKOT'O M3MeJBYEHHA CONOCTaBHMA C aKTHBa-
nmejl HarpepasWeM, H YTJIeBOLODONH, TOJYYeHHHe B pesyJbTare BHieD-
KKM TOHKOIHCIEDPCHO# MMHepPANbHON CHCTEeMH MeCOy - FeS, - Hy0,
8CTh HeHW30eRrHOEe CJASICTBHE OKHCAMTENBHO-BOCCTAHOBHTONBHHX pearimi,
VHALMMPOBAHHHY USMeJbYeHMeM. ECTeCTBEHHO, HAUM pesyJbTaTH  cJe-
JIyeT CONOCTABATE: C, POSYAbTATAMA SKCIEDUMEHTOB IDYTHX JYCHHX.

llccnemoBaiinAg N0 CHHTESY JIVIGEONODOILOB M2 HEOPraHWYeCKHX CO-
exuHeHut 1 npexte Beero us CO, (a Tamke xapdoHaToB) M BOmH CHn
npomoakeHy B AKYyTCKe C NpPUMEHeHMeM IDYTUX TeXHUYOCKUX CDSICTB
MexanoaxTHBaimn (Yepckmit- m mp.,I986). CxeMH HCIOIHS0BAHHHX yCTa-
HOBOK [l HCCJCIOBAHHWA IeHepal# JIVIeBOIOPONOB BCISINCTBHE DeaK—
oait, MAMIMEDOBAHHHX MeXaHWYeCKHM BO3ZeilcTBMeM, NIpeICcTaBISHH Ha
puc. 3.I7 n 3.18. B nepBoM ciydYae MeXaHUYeCKoe BOSIeACTEBHMe Ha
peareHTH 00yCJOBIGHO MATHATOCTPHKUMOHHHM HBJIydaTeseM, pacoTaimm
BO Bpemd ONHTA, & BO BTODOM — AKTHBALMA MeXaHWYeCKIMA CRIANMHI
NpeIueCTEOBANA ONHTY M COCTOANA B MeXAHWYECKOM NEDECHNAHWN MUHe-
DANBHHX BelleCTB B CTEKAAHHOH ammyse, Bpamawmeilcad cO CKOPOCTEI
I ¢™". Pesynsrata omutoB H.B.Yepckoro u B.ll.lapepa (I984) mnpemn—
CTaBNeHH B Tada. 3.28 u 3.29, M3 KOTOPHX cAelyeT, YTO H3MeHOHMA
cnocoda MexaHWJeCKoil axTHBAIMM TBEDIHX DeareHTOB M YCJIOBME TIpo-
BEJIOHMA ONHTOB CYWECTBEHHO BJIMANT HA BHXOJ YyIVIeBOLOPOLOB, HO B
[IeJIOM NONTBEDRIALT DeSyJbTATH HallX ONHTOB. 9TO MO3BOJAET yTBED-—
RIaTh, 9T0 BOSMOXOH CHMHTE3 YIVIOBOJODOLOB € y49acTHeM KapCoHaATHOI'O
yraepona. HeoGxomumoe ycaoBHe CHHTe3a — BOCCTAHOBJIEHNME BOIOPOIa
npy B3auMoJeH#CTBHM BOJH C BOCCTAHOBHUTEJEM.

ABTOpH BHIIEHA3BAaHHO! PadOTH YTBEPROAWT, YTO CHHTES HIET M
B OTCYTCTBHE BOCCTAHOBUTEJGH, HO 9TO He NMONTBEDKIASTCA AHAIN30M
TaseB: NpUCYTCTBUE CBOGOIHOTO BOXOpONA ONHOBHAYHO TOBODHT 0f ero
BOCCTaHORIGHUN .
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Prc. 3.17. CxeMa yCTAHOBKH AAR H3y-
YeHUS BJAMAHMA cAadHX ynpyrux pedop-
Maumft Ha QH3WKO-XIMMHYOCKHE NpoleccH
B ropsni nopoRax:

1 - ofpasel MOPOAH; 2 - CTOKJAAHHHMN
Kopnyc padoveft xaMmepH; 3 - ¢apdopo-
BHA NopmeHb, NepelapmHfl cTATHYECKYN

HATPY3KYy; 4 - rpy3; 5 - CTeKAAHHHE
OyCHHKH, Nepelapmue HATPY3Ky Ha 006-
pasen; 6 - mopHECcTas KepaMEYecKas

npokAagka; 7 - ycTpoflcTBO AMA MOAAE-
YR MOpCKOR BONH B padovyym xamepy;
8 - Tpydka aas oTGopa rasa; 9 -
H3MepHTeNbHAA OwperTka; 10 - EaTVYMK
TeMmepaTypu; 11 - aJieKTpEYe CKHM
garpesateasr; 12 - TeNAOHM3OAALHA;
13 - MarHETOCTPMKUMOHHHMA H3NyYaTeAb
14 - pe3nmHOBHA oTpaxaTeab; 15 -
TopMonapa :

PEc., 3.18. CxeMa ycTaHOB-
KE AJA H3y4YeHMs (QH3IUKO-

IMMHYECKHX MpoleccoB B
o6pa3uax IopHHX NOPOX OpH

§' UMPKYNALEE NOPOBHX QALE-
3 HOB:
§ 1 - HarpeBaeMod KoOJeHO; 2
N - IMCnepcHuH# o6paseu; 3 -
}: ¢uALTD B3 CTEKAOBATH; 4 -
x CTeKAAHHNEe OYCHHKE; 5 -
aleKTpoHarpeBaTear; 6 -
UHpKyJAEDyONas Boxa; T -
\! ‘? IONONMNLHMK; 8 - KpaH; 9
=13 - cOCyX ¢ moamupanmef
\-ﬂ xXEEKoCTE0; 10 - ycTpodcr-

BO XAA oT6Opa rasa
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671

OImHTH 1O CHHTE3Y yIVIeBOLOPOAOB #3 KapGOHATOB
(mo H.B.9epcromy, B.I.lapesy, I984)

Tadmua. 3.28

Hcxonmuit oGpasern

KoHTakTHpOBaHHEEe aAKTHBEDOBaHHOR

Mexanvu9ecKoe axTUBMPOBaHHAE
Home : :
syl mpod ¢ Boxmolt |
COCTaB, MAC.% |BJIAXHOCTE, enocod IATEJBHOCTE, crocod IIATENEHOCTD, T,%
Mac. % cyT cyT
238 Fe;0,+FeC04, Bos o-  Bpauenue 200 Bes mupKyJLa- 16 20
52 cyxo aMITyJH 1H
239 Fes,,27 . 0,6 =M= 200 ="- 0 20
C-2I si0, #® np. DBomHas Yupyroe me 20 =" 20 60-90
Mnne?pa.rmJ,J‘BI cpena. m%ggaﬂne %3,111)- 3
cTaTHy,.Harpy 3Ko#
229 5105,90 Bos o-  BpaumeHnue 40 llpy LMPHYJLALMR T 60-70
CYXo# B aMITyJH MODPCKO
Fe;0,+Pe0,10 oo Co, Pe
RII 510,,75 1,2 Bpamenue 200 Be3 LMpKYJIALMA 2 20
CaC04,I5 e
It‘f.e3 4+Feo,10
Bos 0- ="= 30 Ilpn mupryaamun 10 70
501 510, CYXo# B
cpege COy
207 510,,70 I,2 ="- 43 Be3s mupkyJammm 0 20

CaC0g,30




0SI

CocraB rasoB mocJe OMNHTA
(mo H.B.YepckoMmy, B.II.lapesy, I984)

Tadauma 3.29

Homep T'eHepupoBaHHHe JTIEBOIODOIH [lpoure rasH Cymma
OIHTA Henpo-
CI-I4 Colg GBHB 1-04 - n=C, 1-05 ,qe.nygﬂue Ny 05 €0, Hy

238 0,43 0,88 0,50 0,02 0,2I 6 oox. 0,54 74,00 5,00 I7,90 0,52 I00,00
239 D120 0,21 0,60 1,07 67,40 10,30 19,90 0,40 . L6O,00
C-°I 48,67‘ .4,89 1,82 I,I2 0,08 &He o0H. He o0H. 34,93 6,38 2,07 0,I4 I00,00
220% 15,57 9,46 7,22 0,46 0,32 I,54 ©me o6m. 0,94 0,I3 4,41 54,53 95,59
2L IL;55 4,76 3,99% 0,19 i 0,IT He oo0H., 44,55 8,50 ea. 15,00  I0C0,00
501 0,056 0,06 0,21 He o6H. He 00H. He o0H. He oOH. 82,59 16,31 0,78 ue o6u. 100,00
207 1,08 0,05 0,07 He o6H. He oOH. He oOH. He o6u. 77,I7 0,89 0,24 20,50 I0Q,00

* OGuapyenn n=Cg - 0,31 % H 1n=Cg = 0,70 %



OGcymnan pesSyJbTATH ONHTOB 110 BOCCTAHORIGHHK KapGOHATHOI'O
yriepona BoropenoM "B MOMEHT BHIEJeHMA", CJeIyeT BCHOMHHETE OIHTH
Beprono, xoTopuit, HeiicTBYA YIVIGKHCIOTOH Ha WEJOYHHEe METALMH, I0—
Jy4a] aUeTWICHOBHE KHCJOTH. [locaemnue B NDHCYTCTEME BOIAHOTO Ia-
pa npespamanTcA B AUeTWIeH, YIVIEBOLOPOIH M CMOJMCTHE BemecTsa
(lloopanckuit, I96I).. ¥ Beprosc BOCCTAHOBIEHME CO, m rumpupoBanne
NpOTEKalN B BOCCTEHOBHTEJEBHOH odcTaHoBKe, o0ycJoRNeHHoi peaxuyveif
mMEeJIoYHOT0 MeTalla C BOIAHHM NapoM. BHacCoH Harpesanl CMechk Cepo-
BOZOpPOJA, JTJAEKHCIOTH, BONH U Xesjesa (TaM Xe), HO B OTAHYEE  OT
Beprono B ma¥ecTBe BOCCTAHOBHTEJA NCIOJILSOBAT XeJI630, YTO BHAYA—
TEJNHHO CMMEe K HaIEM ONHTAM, I'le BOCCTAHOBHTEJLHHII NoTeHIHan
TaK®e ONpeNeJseTCA peakuueil meyesa C BOUOH, YIIEKHCJAOTOH WM ce-
poBofioponoM. H.W.Mxoprukosa (I960), mcoxemys cmereMy CaCoy + Naclt
+ Fe + Hy0, NOJyYmIa npi Temneparype 450 ¢ meran, Bomopon
MardeTuT. 00 aHATOTHYHHX omHTaX coodmaer M.K.Kammuko (I968) co
ccmixoit Ha M.I.Typesnya, oCHapyXMBIEro METaH M IpPyIHMe rasoodpas-
HHE yTJEBOLOPONH B KoamuecTse xo 17,7 % u momopox (70,8 %) B
aBTOKIaBe (BEPOATHO, XEJE3HOM), B KOTODOM B TEUEHWE TPEX CYTOK
noimepruBaiack Temueparypa 450 OC n mamnenme oxoso 2000 aTu.
ABTOKI2B GHi SarpyReH YIVIOKMCJHM KAJIBIMEM M 3aMuT 2,5-IponeHT-.
HHM BOZHHM pacTBODOM XIODECTOTO KATNEIWMA. Pasimyne ONHTOB
H.0.MxopEuxoBoft u M.I'.TypeBddua COCTOMT JMUb B MCIOJAL30BAHUE M-
HepaIusaTopa (Cacl2 BMECTO NaCl); IpOYHe YCJOBMA MOJHOCTHD TOX—
JIOCTBEHHH .

OnuceHHHE ONHTH OTJINYANTCA 0T HAIlMX TOJBKO IapaMeTpamd Ipo-—
mecca, IpUYeM CAeILyeT OTMeTHTh, Yro Temneparypa 450 S TpedyeTca
IA 06ecneyeHus IACCONUAIMM KapOOHATA X YCKODEHHA DeaKIui XeJesa
¢ Bomoit. IloCKOJEKY Hamu OepeTCA IOTOBAA YIVIEKHMCJOTA WIM JHUCCOLM-
aumag KapGoHATOB INPOTEeKaeT IOJ BIMAHMEM KACJOTH, & Deaxima XeJesa
C BOZLO# HMHWIMEPYETCA NOCPEICTBOM TOHKOTO HM3MEJBYEHMS, IOCGTOJBKY
NAapaMeTPH MeXAHOXMMAYeCKOT'O Npoliecca CYmMecTBeHHO CHUXANTCA.

[lpoBeneHHHY HaME CHHTES YIVIOBOLOPOLOB M3 JIVIGKMCJIOTH W
KaplOHATOB IyTeM BOCCTAHOBIGHMA M THIDHDOBAHMA BONODONOM CJSIYeT
CONOCTABATE C NEPOKO MBBECTHHM CHHTE30M N0 Prmepy-Tpommy #3 OKu-
CH yrJepoza @ Bomopona. OrTrpuTii kax peaxmma B 1926 r. Qwmepom,
paspadoTaHHH{l KaK TeXHOJOTrMYecKuit mpomecc dmmepom m TpommeM B
1934 r.,sTOT CHATE3 COHJ peaiMs0BaH B KpynHoM Mmacmrade. B CCCP
TIPOMHILISHHOE TIPOM3BOACTBO AMMPATHYSCKAX YTJIEBOLODPONOB CHHTE30M

I5I



us CO m Hy ocymecrmiferca Ha HOBOY@PKACCKOM 3aBOJe CHHTETHYOCKAX
NpoIyXToB, TIe HCXOIHYW Ia30ByD CMech HOJYyYakT KOHBepcuei  npu-
pomHoro rasa CTaBpONOJABCKOTO MecTOopoxneHns. B TomckoM noamrexHm-
9YOCKOM MHCTHTYTe B TEeYOHH® pANa JeT BEIYTCHA HCCAeNOBAHUA NO CHH-
Te3y YIVIEBOJODOJOB M3 OKHCH yIJiepola M BOIAHOTO Hapa. CymHOCTE
CHHTe3a, no dmuepy-Tpommy, COCTOMT B DeaKIMAX I'a3000pasHHX OKCH-
IOB yTJiepola X BOLOpOIA HA KaTANMSaTOpaX B YCJAOBAAX BHCOKON Tem—
nepaTypH ¥ InasieHEd. OOHO ¥3 HanpapleHmit ECCIeXoBaHmit mpomecca
Ddumepa-Tpomna COCTOAT B UBYYeHHM CHHT@Sa yIieBomopoZos #3 CO m
Hy Ha NIpHPOZHHX KATAIMBATOPAX C LEJL NDIIOXSHHA NOJNYYOHHHX De-
SyJAbTATOB K DELEHMD NpolGieMH HNPOMCXOXNeHHA Hedrm. Kax mpaBmio,
3TH MCCJIeTOBAaHMA MCIOJABSYRTCA IJIA 0C0CHOBAHWA IJ[YOCMHHOTO IpPOHC—
xoxnenna Hedrm (Ilmxoeckm#t, m mp.,I1965). OGuuHO CepeTci CMeCH
CO:Hy = I:I npu namieHms 30 aT™ ¥ Temmepartype 470 °c. B pesyus-
TaTe peaxiuil MeXRNYy HEMM OCDASYHTCA IPENeJEBHHEe ¥ HeNpeNeJbHHe
YTJIeBOMOPOLH .

ComocTaBnAfd 3TH ONHTH ¢ HalAMW, I'Ie MCXOIHHM BEmECTBOM CH-
J0 Ta3000pasHoe 002. HeoGX0OuMo NONYeDKHYTH IBa CYWECTBEHHHX
oTJEMA. Bo-mepeux, cuHTes (no Ommepy-Tpommy, B onurax 0.4, Im-
KOBCKOT'O W IPYyTHX HCCJAeIoBaTese#f) GepeT HAYANO OT OKCHIZ JIJe-—
pofia, 9TO 3HAYUTEJNBHO Ilpolle, Tak Kak OTHanaeT CTANEA BOCCTAHOB-
JIeHUA yTiaernciaoTH mo CO. Bo-BTOpHX, LA CHHTE38 1O Qumepy-Tpon—
Iy BOZOPOXL BHpadaTHBAeTCA Ha OTHEJNBHOll yCTAHOBKe M IOCTyIaeT B
peakTop B BHEe Hy, 9TO 3HAYATENBHO YCJOXHAET NpOLleCC, Tax  Kak
TpedyeTcsA 3aTpaTa SHEPIHA Ha JUCCOIMAINM MoNeKya Hy; B Hamux
ONHTaX BOXODPON BHpadaTHBaeTCA B TOM Xe DeakTope ¥ IaHHAsd 3aTpa-
Ta SHOPTHM OTNANAST, YTO ABIASTCH, BEPOATHO, IJEBHO#  NpHumHOH
CHEROHHUA TOMIepaTypH.

SHAYMTEJBHO CJEMEe HalW ONHTH NONXOIAT K CHHTe3Y Io. KoasdeJmo
# duremerapnry (Xohlbel, Engelhardt, I952), B KoTopoM IOHODPOM
yTAepoIa 0CTAeTCA OKCMA yTaepofa, HO JNOHODOM BOAOPOia, KaK B B
Ham@X ONHTaX, ABIAeTCA BoZa. CuHTe3 no KoibGesm-SHreJbrapiTy BH-
paxaeTcA OCHYHO cymMapHO#t peakimeit

3 e
38C0 + Hy0 = (CH, <) )n + 2nC0,,

Te CUMBOJ (CH2 : )n 0003Ha4aeT NPHCYTCTBHe B NPOILYKTAX peak-—
IMA YTJIeBOLOPOLOB, COCTOAUMX M3 CBABAHHHX MOXIy cO0o#t pAIAKATIOBR
CHz. JKazaHHAdA CXeMA 0TpaxaeT JHMmb CYTH Ilpolecca, TO ecThk MCXoI-
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HH@ W KOHeYHHe NIpOIyKTH peaxumd. W.@.Bormasos (I962) cnpaBemmso
OoTMeYaeT, 4YTO IAHHAA DeaKuud YeTBepTOro NOopANKa KMHeTHMYEeCKM He-
BO3MOXHa. HeCOMHEHHO, OHa COCTOHT M3 pAIA BJNEMeHTADHHX peakimif.
OmHo¥# W3 mepBHX, MOXHO IpeHNoJaraTh, ABIASTCA KOHBEDCUA OKCHIA
yraspoua:

Co + H20 — I-12 + 002.

OGpasopaBmuiicsas BOIOPOX Cpasy Xe BCTYNAeT B peaKIMp CHHTe3a.
lianpHeiilee TeYeHHe INpolecca NpPeNCcTABAASTCA B CJASIYyKIeM BHIE.
AncopdupoBaHHHe Ha KaTaJm3aTope OKCHI, yTJepola M BOZODPON peard-
pyoT MexIy codoii ¢ odpasoBaHWeM OKCHMeTHIeHoBoi rpynns CHOH,
TaKKe copoupyemoil Ha KaTamM3aTope. oTa I'pylna B CBOK oYepelb pe-
arupyer C alCopOMpOBAHHHM BOIQPOIOM, 00pasys MeTHJIeHOBYW I'DYIILY:

CH - OH + Hy = CHy  + Hy0.

Caemynmpmit 5Tan CHHTE3a - DOCT YIVIOPOLHOH IenM Ha OCHOBE IBYXBa-
JeHTHOTO pamuKaja CHy. JormvHO NONYCTHTH, YTO OH HAYMHAGTCA Iy-
TeM COGIWHEHUA IBYX DANMKAIOB CHp ¢ oGpasoBanueM BTHNGHA. Tax
onrcusBaeTcA 1.Q.BormaHoBum cmHTes yrieBomopoxos ms CO u H,0.

ConocTaBnM NpHBefeHHOe ONMCAHHe C HalMM@ JaHHHMHA. OCHOBY
nporecca 1o KonbGemo-dHrenbrapnTy COCTaBAeT peaKlid KOHBODPCHH
C0O, mawuas Bomopol. B HamMX omHTaX I'eHepalud BOLOPOIA CBA3aHA C
peaximeit ®esesa ¢ BONO} WM yToJBHOR KucnoTO#. M TOMBKO B aTOM,
NoXauyit, COCTONT OTJMYME, TAK KaKk NaibHeiliee TedyeHue Ipouecca
YKIATHBAETCA B CYUECTEYLUUE IpeICTABIGHAA 0 MeXAHM3Me CHHTE3a
YyTJIeBoIOoponoB no <umepy-Tponuy wii KoabOean-oHTeaBTapiTy .

ViMeeT CMHCJ CONOCTABATH Halld ONNTH C onurTamz 2.5.Ysraimoka
(I972), xoTopuit NPOBOIMA CHHTES JIVIEBOIODOIOB U3 YIVIGKHCIOTH H
BOIH, pasiaraeMoii MeTaJIMYeCKNM MaTHUEM:

Mg + 2}120--1--Mg(0H)2 + Hy
R0 (Mg + HyC0, —= ligCo, + Hy)
u Janee 002 +EEIZ-- Co + Hzo

CO + Hy—» CHy + Hy0

Cxema cmHTe3a B onHTax 9J.E.Ueramoka nonodHa Hameil, HO MH BMECTO
MATHAA MCIOJBE30BAMN XeJe30, AKTUBHPOBAHHOS NOCDEJCTBOM TOHKOI'O
HMBMeJBYeHNA .
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Kak u3BeCTHO, HOpPMAJILHHY{ NOTEHIMAJ NP OKUCIASHHY MATHUA
Mg - 2¢” = M82+ paped -2,34 B, B TO BpeMd Kak OKMCJEHME HeJieza
Fe - 2¢~ = Pe’t otecnevyuBaeT Juub -0,44 B. EcTecTBeHHO,CTONL
CYIECTBEHHOS pa3JFYde B Beamymie Eh CHCTeMH He MOXeT He CKasaTb-
CA Kax Ha CKODOCTM peaxuuii, Tak ¥ Ha KOHEeYHHX NpOIyKTaX BoccTa-
HOBJIGHHUA JTJIEKHMCJOTH. TeM He MeHee CONOCTABJIEHHME HAIMX ONHTOB C
onuTami 3.5.Yexamoxa I03BOJNAET yTBEDHIATH, 9TO0 LA CHHTE3a yIvie—
BOIOPOIOB M3 002 He TpeCy®TCA MCKINYMTEJbHHE FM3HKO-XMMAIECKHEe
yenopua (KOTOpHE MOXHO TpPeANOJATATE JWNE B MAHTHR) , JOCTATOYHO
VMEeDeEEHX 3HaueHm#t Eh ,BINOJHe BO3SMOXHHX B TOJIE OCATOYHHX IOpPOIX.

SaxaHuNBaA OOCYRIEHWE CHHTEe3a YIJIeBONOPOLOB B ONHTAX no
BOCCTAHOBIGHMD ¥ THIPUDOBAHMI XapCOHATHOTO yIVIepoid, OTMeTHM,
YTO Ham pesyanrar (YIJIeBoZOpoIH Ha OCHOBe KaploHaTHOTO yIviepona)
He ABIAETCA HeOOBACHHUMHM (JeHOMEHOM; B TOif WM MHOH# Mepe BO3MOX-—
HOCTH CHHTE3a yruenojiopornos uz3 CO, 002 WIX KapOoHaTa M3y4YeHa X
IoKasaHa IPYTUMM KCCJAeIoBaTeJAMMA. HeAMA MCNOJNB30BaH MeXaHOXMMI-
YeCKi# Cnocol MHMIIMPOBAHUA peaxuui Iuccouuanuy KapdoHaToB, BH-
TECHEHUA BOIOPOIA M TMIDUDOBAHNMA, HO 5TO He MEHAET XUMMYECKOH
CYLHOCTH IpOLEeCcCa.

ConocramieHie ¢ SKCIHePMMEHTaMM IpPeIIeCTBOHHHKOB IOKA3HBAaeT
BOSMOKHOCTE QOpa30BaHMA YIVIEBOJODOLOB B pesyJeTaTe B3auMomeiicT—
BUA CyJBMIOB C KaploHATaMU, AXTUBMPOBAHHHMYM NOCDEICTBOM TOHKOI'O
U3MeJEYeHUsA, NpHWYeM BOCCTAHOBJEHHE KapGOHATHOIO yIyepola B INpu-—
pole MOReT CHThL OCYCJHOBIEHO OKMCJIEHHeM cyab{uia. BsammoneiicTBue
CYAL{MIA ¢ BONOM MOXET ABMTHCA NCTEHIMANONpeIesdAlued NnoJypeax—
mmeit (sanpmvep, 300 °C) u oGecnewnts TeHepaumw Boxopona, HEOOX0-—
IUMOTO L% TUODHDOBAHNA.

ComocTaBneHne DPe3yJbTATOB MEXaHOXMMUYECKOO CUHTEZa yIJIeBO—
IODPOIOB C M3BECTHHMA ONHTAMI H CHHTE30M HMIKOTO TOIUIMBA IO CIO-
cody ¢miepa-Tpomnma ¥ Koib0ela-SHrelbrapiTa NOKasHBAeT OCGIMHOCTE
IpOIIeCCOB ¥ TORNECTBEHHOCTH YCJIOBMIT 00pa30BaHuA YTIEBOLOPONOB.

CaMeTHM, YTO OKHWCJEeHMe CYJAb{MIoB NpHM B3aWMONEiiCTBAM C BO-—
moit (Wi XKapGoHATOM) IPOXONUT Yepes CTaIMD SJEMeHTHO# cepH, Ko-
TOopafd, Kak M3BECTHO, pacTBOpAETCA B CHTyMOMTAX, 9TO CJEMyeT
UMETH B BUIY IpU oGBACHEHMM I'eHE3MCa BHCOKOCEDHUCTHX HedTeil.

* *
#*

I. AxTHBAUMA MUHEpPaNbHHX BelecTB NOCPeNCTBOM MEeXaHHYSCKHX
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CHJI, Hanpumep IpM IMCHNepr¥pOBAHMM, HM3MEHAeT KMHeTHYeCKMi JaxTop
peaxumji TBEpPIHX PearsHTOB C XUIKOCTAMU ¥ I'asaMM, YCKOpAeT DIpu-—
OimxkeHKe TeTepodasHoift CHCTEMH K DABHOBeCH, CBOHCTBEHHOMy B3a-
MMOIEeHCTBAN BCEeX PeareHTOB CHCTEMH B 3aIaHHHX YCJOBMAX.

2. IlockonsKy TepMOIMHAMHYeCKMe KOHCTAHTH OOJBLMHCTBA Be-—
IECTE B CTAHNADTHHX YJCJOBMAX MSBECTHH ¥ CBOJGHH B TaCMMIM, No0-
CTOJBKY BEepOATHO® NpPOTeKaHMe peakiuii ¥ pABHOBECHOE COCTOSAHHE
reTepofasHoi CHCTeMH NMOMIAETCA TEOPeTHYECKOMYy pacdeTy.

3. Idccnancnanm Ha MOJGJBHHX CHCTeMaX NOoJATEBepxIalnT 'reope-
THYECKM DACYSTHHE pa.auonecuue COCTOAHUA TeTepo(asHHX CUCTeM, B
TOM 9WHMCJe TJIaBHOe NOJOoXeHHe, IPHHATOE 32 OCHOBY IpDH MOISJHpOBa~
HUM NPUPORHOre HedTerasooCpas3oBaHMA: CHHTEZ YIVIEBOUOPOLOB MOXET
npoTeKaTs npu <5 °C u I amm oduero NaBleHUA B BOCCTAHOBUTEJILHHX
CHCTeMaX, TIe BOIAa MeTacTAaCWIbHA M MMeeT TeHIeHIMK pasjaraThCA C
BHIleJIGHHEM BOIOPOJA.

4. DXCNEpPUMEHTANBHO YCTaHOBJIEHO, YTO B CTAHIAPTHHX YCJIOBMAX
CUHTe3 Ir'a3000pasHHX M XUIKUX yr.ueBonopo,noB, a Tarxme He(Tenomol-—
HHX GUTYMOB IpOTEKaeT IpH B3auMOIefiCTBHM BHIEJIAKLIEI'OCT BOLODOIA
C PA3iIMYHHMM YIVIEDOICOIepKAMMMA IDMPOTHHMY BEmMecTBaMud, & MMeHHO:
KameHHH{ M Cypu#t yroab, Topd, LeLmWIO3a, COJNM KHUDHHX, HadTeHOBHX
¥ TyMHMHOBHX KMCJOT, yIVIeKMCJOTa, OKMCH yIviepola M Ip.

5. PesyJnTaTH ONHTOB He NpPOTEBOpedAT (yHIAMEHTANBLHHM 3aK0-
HaM OpHPOIH H COIVIACYWTCA C IAHHHMM IDYyTHUX HCcJenoBaTreseit, OTId-
YaAch 0T HUX CNOCOGOM MHMITMUDOBAHUA (M3MKO-XMMHYECKUX npouaccon
¥ OCBACHUMHM MBMEHOHMEM IapameTpOB.

6. llome/mpoBanie NPUPOINHHX NPOLECCOB, NPOTEKAUMX B TOHKO-
IACIePCHHX MMHEpaJbHHX CHCTeMax, BHIOJHSEMOe C NpAMeHeHHeM Mexa-
HOXMMMYECKO# axTHBaNMM ¥ paspacoTaHHOK METOIVMKH, MMeeT Xopoume
NepCOeKTHEH .
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T'aapa 4

HEGTEOEPASOBAHIE
B CBETE XCIEPHMUEHTATBHNX MCCIEIOBAHMA

4.1. TnnoTesa HedTeMATEPUHCKAX CBUT

OKCIlepUMEeHTaNbHHEe MCCJSN0BAHNAA MO0 NOJYYeHHK YIVIeBOIODOIHH
T420B ¥ OUTYMOMIOB M3 TOHKOIUCHISDPCHOr'O JTOJBHOT'C BelleCTB2  pac-—
CMaTDMBRIOTCA HaMy KAk MOLeJb KJACCHYECKoil TMIOTesH He(TemMaTepHH—
CKUX CBHT, OCHOBaHHOIl Ha NpeJCTABJEHUAX 0 HefTerasoodpasoBaHAN
U3 IMCIEepCHOTO0 YT'OABHOT'O BelecTBa, PacCeAHHOTO B NEJHUTOBOM MUHE-
pasrHOft Macce. 3 CBeTe NPOBEIEHHHX JCCJAENOBAHMI NOJNYYawT CYUWEeCT-
BeHHOe yTOYHEeHNe HeKOTOpHe COCTABHHE YacTd IHNOTeSH HedTemare-
DHHCKNX CBHUT.

llpexue BCer'c cleIryeT OTMETUTE BIMAHYE aXTHBALUM IpM OUCHED-
THPOBAHMN KaK yTOJBHOT'0 BeuecTBa, Tak ¥ MUHEpaiNbHOH# MaccH. AXTE-
BUpOBAHHAA M3MeJbYEHMEM MEHepajJbHad MacCa BHCTYNAeT KaKk  IOoTeH-
nuasnonpeleliAlad cpela, Kax XMMUYeCKHil TeHepaTop BOLOpOIa A Kak
KaTauiusaTop, 4 IHCNeprHpoBaHHOS YTOJBHOS BeleCTBO, BCJENCTRUE
NOBHIGHAA JMMAYECKOH aKTMBHOCTH, pearupyeT C BHISJAOIUMCA BOIO-
pOIoOM NpA HEeBHCOKOH TemmepaTtype.

Bropaa IeTash, yTOYHEHHAA HKCIEDUMEHTANBHO, OQTHOCHUTCHA K ON-
DPeleJieHnn (M3MKo-XUMAYSCKEX YCJIOBHIt He(TerasooGpasoRaHUs U Ipex-—
Ie BCero noTeHIManoB Eh-pH. B cBoe Bpems I'.li.TeomopoBuy mo mpo-
(mmo Eh BHUeJAWI pAN NOTEHUHANBHO He{TeMaTeDMHCKHX (aimit: Cyiap—
funmean, CHNepPUTOCYNbEUIHAA, CYAbQUIHO-CHISDPHTOBAA, JENTOXIOpH-
TOCHIEPUTOBAT W CHEepAToJenToxaopuropad (TeomopoBwmy, I[oloHCKAas,
I960). Ofmasa mx X8paKTePUCTUKA ONPOAEJASTCSA NPACYyTCTBAEM  Jubo
cyapdunoe, Julo CHOEpHTa, T.e. TeMd MEHepaJamy, KOTOpPHe NpHHATH
B BECNEPHMEHTAX KaK BOCCTAHOBHTEJHW, OTBETCTBEHHHE 3a BHJIGJGHHE
BOJIOpoa, M KOHIYKTHpylW4e SHadeHWe PH-Eh — CHCTeMH.

TpeThe yTOYHEHHEe OTHOCHTCA X KayecTBY HMCXONHOT'O JTOJBHOTO
BELECTBa, BHDAXeHHOMy Yepes3 CTeNeHb yriedukaimn. Eojbliag rpymia
COTpYIHHKOB, padoTamuad ¢ B.J.Hammprmaum (I969), codpam olmmp-
Huit marepyan, XApaxTepusyluii reHepaluo ras3000pa30BAHHHX YIVIEBO-
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JIOPON0B 1 HelTpasbHoTo (Xx10podopMeHHOT0) OCUTYMOHIA B S&BUCHMOCTH
OT BMIA YTOJBHOTO BemecTBa (IyMycoBHil wiM camponeneBuit) m crene-
HE ero yrieduxamyd. I'pajuvyeckoe CONOCTABIGHME HAMX DKCIeDHMEH-
TANBHHX JaHHHX C IOOJOTHYeCKMMM NaHHHM# rpyind B.J.Hanuexuna
npencrasieHo Ha puc. 4.I. CoBnajeHve KpPEBHX HeJb3d CUMTATE CJYy-
HaiiHOCTEW: CJelyeT NDMSHATEH, YTO BHOpaHHHH Hamu CI0COC MOIEJMpo-—
BaHMA He(TerasooCpas0BAHMA NOCTATOYHO SUSKBATHO 0TDAXAET NDPAPOI-
HyD 38KOHOMEePHOCTE JaHHOI'O IIpoIecca.

Cremywuiasi neTaib, BHABJIEHHAA NPH MOJEJIMDOBAHAM, ONpelesseT
HUXHOKW TDAHMILY TeMIepaTypHOT'0 MHTepBasa Hedrera2000pa30BaHUA.
OKCHODUMEHTANBHO NOKA32HO, YTO TEOPeTHISCKH padcma*ranmaﬂ HUKHILR
TeMIepaTypHH npemes (MSMKO-XMMAYECKHX yCJOBHMit He(rerasoodpasoBa-
HuA JexnT okono 25 °C, onHAKO IpM BTOM CAGNYeT UMETh B BALY, UTO
MUHEDAJbHHE Bemectea (B TOM UMCHe. M YyroJib), AKTHBMDOBAHHHE  HM3-
MeJbYeHHeM, peaTUDYOT NpPM KOMHATHOH# TemmepaType NpAMEDHO Tak,Kax
OHM peaTHpyWT Npn HarpeBanmm Jo 200-300 °C. B cmasm ¢ sTuM yMec—
THO OOGCYIHMTH OI¥MH M3. NapanoxcoB HedmwAHO# IeoJoTHE. PaccMaTphead
He(Th Kax eCTEeCTBEHHYN CMeCh yIJIeBONOPOIOB, HCCIENOBATENH ONpe—
IeJiA0T ee Kak DABHOBECHYD IpM TemmepaType nopanxa 300-500 2 S
%0 BpeMA Kak OCHEKTHBHHE Ie0JIOTHYECKAe IaHHHE NOKA3HBAaKT,4YTO0 BMe-—
mainue TOPHHE NOPOTH He IONBepra/mch CYUeCTBeHHOMY HaT'DeBAHNN.
llaHHN{ napaloKC CHUMEeTCA, €CJM NDMHATH BO BHEMAHHE OCOGEHHOCTH
XMMAYECKAX peaxuuit, o0yCJAOBIeHHHX aXTHBaIpeil BemecTB IpH M3MeJib—
YeHWM: NefCTBUTENBHO, TemlepaTypa, O0CycJOBIeHHEA INIyGMHOM NOIpy-.
KOHMA WM NpyTHMM NDAYMHAME, MOReT He npesumars 200-300 °C, mo
XUMAYeCKHe Dpeakinu, oGyCJOBJNEHHHEe aKTHBaiMeil BemecTB NpH AUCIep-
TEDPOBAHHM, ¥ COOTBETCTBYKUE MM TeDMOIMHAMHYECKHME DaBHOBECHA
CHCTEM aIeKBATHH TaKoBHM, (OPMEDOBABIMMCA IpW Temueparypax 300-
500 °c.

llanee cienyeT OTMETHTL BHABJIEHHOE Ha MOIEJM 0C000e BIHAHHE
IMCIIePCHOCTH TBEDIHX DPOATSHTOB, yJaCTBYMUMX B IpouLecce. BHCoKas
IUCIEePCHOCT: MUHEDAILHHX BelecTB KaKk HeoOXomuMoe yCJoBHe IpHpOI-—
HOT'O He(pTerasooGpasoBaHMA NPOCMATDUBAETCA B DAIE ACHEKTOB.
Bo-TlepEHX, BHCOKafA IHMCIESPCHOCT: MUHEPATbHOH MACCH 03HAYAET BHCO-
xuit SHepreTAYeCKHil NMOTeHIMaN BelecTBa. DHe SaBACHMOCTH OT  IIpO—
HCXOXIOHUA TOHKOIMCIEDPCHOI MIHeDATbHOH MAcCH, OHa odnanaer "Hs—
CHTOYHOi" oHeprueit. llocaenHdaa axKyMyJMpyeTcA IHCIOSDCHHM BellecT-—
BOM B BHIE NOBEDXHOCTHO{ BHODTHMHM, SHOPIMA IACIOKAlWi, HapyLeHWdT
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Puc. 4.I. ComocramieHne 5KCHOPEMEHTANBHHX JAHHHX IO THIDOTeHWSAIEM YTOJNBHOIG BEW@CTBA B TOHKO-
macnepcHo# MuHepanbHO#l cpene ¢ IAHHEMM HATYDHHX HaAGIRIeHHH IO IeHepamuy TaS0B ¥ CETYMOMIOB oca-
JOYHHME Iopoamy 3anaHo-CHOMPCROro He@TerasgHoCHoTo Caccelsa (Hammexkwn ® np., I969).
MacmTad nmpom3BOJIbHHE. ABTODCKad SKCTDANOJNANEA KDEBHX, NOCTDOSHHHX IO JaHHEM B.J.Ha-
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¥ M3MEeHeHNsA KDHCTALIMYEeCKOH# CTDYKTYDH, SHEprid amoplHus3alud Kpuc—
TAIMYECKAX TeJ M SHePTHM, 3aTpavyeHHO# HA NEeCTPYKIMD MCXOTHOTO
MUHEDATBHOI'O BelleCTBA N NpeBpalleHus ero B HOBHe MuHepand  (iloa—
YaHOB ¥ 1p.,1988). B cWIy yKasaHHHX TUYGOKMX WSMEHOHMH (Msmyec—
KOT0 CTDOEHHA KPHCTAIMYECKUX BemecTB AeficTBuTenbHoe ((axruyec-—
K08) HBMEHEHHE SHEepreTHYeCKOr'0 NOTeHIMANa B LEeCATKM U COTHH pas
NPEEHIAST TEOPEeTUYEeCKOe 3HAYEeHHe NpUPOCTA SHTANBIUM BemecTBa 3a
cYeT yBeJMYeHWH NOBEpXHOCTHOH# sHeprum. B Tadm. 4.1 maeTca come-
CTaBIeHHEe BeJUYMH TeopeTHYecKoil yIeabHoil NOBEePXHOCTHOR BSHepIuH
(ymembHan NoBepXHOCTHAA HHEPIMA DABHA 3HEprosaTpaTaM Ha o6paso-
BaHVe eIMHIIH HOBOH MOBepXHOCTH) M (AKTHYECKOTO YBEIAYEHHA  5H-
TaJbNNA BemecTBa IPH yBeJMYeHMH CBOCOmHOMH moBepxHocTh Ha I cm®.

Oramyme TEOPEeTHYECKOr'0 ¥ (PAKTUYECKOT'O SHAYeHM: yIeJbHO# mo-
BEPXHOCTHOA ®Hepru¥ oCLICHASTCA TeM, UTO, Hapaly ¢ 3aTpaTamu
9HeDIMHM Ha 00pasoBaHVe HOBOA TOBeDXHOCTH BellecTBa, COBeplaeTcs
SHaYATeJbHO OoJiee sHeproemkad padoTa OO IEPECTpOiiKe HA3MEeJIbYeHHO-
To BellecTBa. 1A TpHMepa: u3MeNbYeHUe KBapa N0 SHaYeHu# yIern—
Hoit nosepxHocTn I00 MZ/I‘ [0 3aTpaTaM SHepIME paBHO IpeBpalieHND
I r xBapua B aMopiHMI kKpemHe3seM. Kax mokasamm mccaemopanma (lic-
TOMUH X Ip.,I1984), IpM TOHKOM M3MENLYSHHH KBApla HA ere IoBepX-
HOCTE 00pasywTcd NOATOKUBYINHMe HeHTDH Tmna E-NefeXToB ¢ aJeKTpO-
HOM He. "pasopeanHo#" KpeMHWeBO# CBASK. M IHpPOYHHe LeHTpH (07 -
IeQexTH) c moTepeil pJeKTpoHa Ha "BOBMymeHHHX" aToMaX KHCJIOPOZA.
AHANOIUYHHE M3MEHEeHMA CTPYKTYDH INPUNOBEDXHOCTHOT'O CJOA M3MeNb—
YaeMHX MIHeDAJBHHX BelecTB NPOHCXOUAT BCETIA.

DBropoe sHaveHMe NUCNEPCHOCTH — B YBeJWYOHHH CBOCGOTHOH mo-
BODXHOCTH, KOTOpasg B NaHHOM Cjydyae DACCMATPHUBAEeTCHA Kak yBelude-
HMe NOBODIHOCTU peaxTopa. (3BecTHO, YTO B NPUCTEHOYHOM CJIO@ pe-
aKTopa peaxiMy NpPOTeKanT MHTeHCUBHee, NOBTOMY YBEJMYeHWe  CyM—
MAPHOI IOBEDPXHOCTHN peaKTopa CHOCOCCTBYeT YCKODEHMD XMMIYECKIX
IpOIeCCOB, OCOGEHHO €CJ HMeeT MeCTO DalMKalbHH{ MeXaHus3M Xih-
YECKUX Deaximi.

OTmevas RIMAHME IUCIEDPCHOCTH HA NpoTeKaHwme Hedrerascodpa—
30BaHWA, HENH3A He 00paTHTh BHAMAHMA HA KaTAMTHYECKYD  aKTHB—
HOCTb MUHEPaIbHOTO BeHeCTBA C pasBUTOR NoBepxHOCTEW. JeflcTBHe
XaraamsaTopa TpedyeT HeIoCpeICTBEHHOI0 KOHTaKTa pearnpyliiX Be-
1eCTB G NMOBEPXHOCTBEN KaTammsaTopa, W YeMm Oojblle cBofomHad  IO-
BEPXHOCTEL KaTanusaTopa, TeM sfdeKTHBHee ero IeiicTBHE. ANNMOCHIH-
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Tadmma 4.1
ConocTapnerne TeopeTwyecKolt (dusmvecxoit)
n GaxTHyecko#t (Mexauwyeckoit) BeaMdmH
YIeJEHOR MOBEDXHOCTHOR SHEDIHH
(mo J.Tenmsm, I968)

YnesbHaA NMOBEDXHOCTHAA SHEDTHA,
apr/ IABTODH
pr/e
Marepuan . 7 3ME DEHIA
Te0peTHISCKAA THISCKAA
(qmsmyeckas) MeXaHWYecKan)
Kpapresuit 780 56000 T'pocc 1 1p.
1ecog
- 174000 NupeTT M Ip.
=, 107000 llesuuaTep
== 3700 SeJieHH-IlApeTT
't or I6200 mo J.Tenmsm 7 1p.
31000 5
Kanenur 78 3000 T'pocc u mp.
~"- 92000 [IMpeTT 7 Ip.
Kamennuit 40+50 I0000 XMopHC ¥ Zp.
yromm ! ;

KaTH I CWIMKATH (Hanpumep, Tpemes) OTHOCATCA K UHCHY JIeiCTBOHHHX
KaTaJ¥3aTopoB I'HIDOTeHESAlNH OPraHNYecKHX BemecTB, & MX BHCOKad
IUCIePCHOCTE — ONHO M3 YCJOBHil KaTaIMTHIOCKOH aKTMBHOCTH. AKTHB-
HOCTh KaTANIM3aTopa NMOYTE MCKINYATEJLHO ONpeliesiAeTCA CBoiCTBaAMA
@T'0 NOBEPXHOCTH. BOSHMKHOBEHUE B KDUCTALIMNTECKHX TeJax HNedexToB
¥ IUCJOKAalMif KpHCTaIAYeCKOoi pemeTKHM BO BPeMA TOHKOI'O IUCHepTH-—
POBaHUA ¥ MX MCYE3HOBEHUE B NOCJSNYRNEX NPOLECCAX DACKPHUCTALIA-
sSalMy WK NepeKpUCTAIM3alMy MUHEpaJOB B JMTOI'eHe3e NpPOTeKaeT ¢
BHIIJIGHNEM SHEDI'MH, 3MATHpPyemoi C NOBePXHOCTH B BHIS  NOTOKOB
SJEKTPOHOB WIM IeHepalMy CBOGONHHX pamnKanoB. CnocoGHOCTE K Te-
Hepanuy CBOGONHHX DAJMKANOB S&BICHT OT HAPYNEHHOCTH CTPYETYDH
KpHCT2JLIA B LIGJIOM, OT YHCJA CTDPYKTyPHHX XefeKToB M mECJIOKaImii,
HOJMYMA 5JIeMOHTOB-TIpHMEceii, 3aHAMAKIEX HE CBOe MeCTO B CTPYKTYpe
# T.n. PaspAnka sHePruW, CBASZHHAA C IepeKpHCTAIM3aleil IMc—
NepCHOI'0 MWHADAJBHOI'O BEMeCTBa, ABIAKNET0CA ONHOBDEMEHHO KaTald-
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.3aTOpOM, - ARJIGHHe, He CBOMACTBEOHHO® OCHYHHM KATAIM3ATOpDAM, KOTO-
pHe ocTapnTCA HeH3MEHHHME B IPOCTOM KATEJMTHYECHOM IpoLecce. 9ITo
cBoeoGpasne NPHPONHOTO KaTaIMTHYeCKOro Iporecca Hedrerasoodpaso-
BAHMA 3aCYXHBAGT NPECTANLHOTO BHEMAHEA M CNOLMANBLHOTO MCONENo-
BaHAA,

PaccmaTpuBasA NOBEDPXHOCTH TBEDIHX DEATeHTOB KaX CTEHKH  pe-
8KIMOHHHX COCYIOB, CJIEIyeT OTMETHTEH, YTO B MOMEHT yiapa  IBHXY-
mefCA YACTMIH O CTOHKY NOCHOIHAS MCHHTHBAGT YIBOSHFHI MMIYILC.
O9T0 ABNAETCA OXNHOH# M3 NDWYMH NOBHNEHHO# XAMAYECKOH  &KTMBHOGTH
TOHKQIMCIEPCHHX BEleCTB, B3aUMONeHCTBYIUMX C TasaMy WM KUIKOC-
TAMH .

B-TpeTEHX, BHCOKAd NUCIEDPCHOCTE YT'OJEHOI'O BEUeCTBa, y4YacT-
Bylmero B o0meM IpoIecce, ABIAETCA HOOCXONUMHM JCJOBHEM ere ax-
THBHOCTH KaK TBEpIOTO DeareHTa., AKTHBHOCTE 0CycJaoBiIeHa  Coablioi
OCHaxeHHO! NOBEDXHOCTHN, 2HEPIeTHYSCKM SKCTDEMAJBRHM NOJOXSHHEM
GoJBlleTo WYHCJa aTOMOB, BHBEIEHHHX B pedpa M BODIWHH YIJIOB, odpa-
30BaHHHX NepecevYeHMeM IOBeDXHOCTe# CKoJa M O0COCHM COSTOAHHEM 10—
BeDXHOCTHOT'O CJOA.

Tydoxue M3MEHEHWA CTDYRTYDH YyToJBHOI'O BemecTBa, 00ycJoB-
JIoHHHE TNDWIOXeHHEM MEeXaHWYeCKEX CHI M BHDAXeHHHE Yepes3  paspHB
XUMEYECKUX CBA3eil Kak cBoGOIHHe pauHkamk (furcupyemie METOTIOM
3l[P xax napaMarHNTHHe HEHTPH), ARLTOTCA BaxHeiimeff npmumeo}f mno-
BHIIGHHOR DEAKIMOHHOR CIOCOCHOCTH JHMCIePCHO-DACCEAHHHX (foccmmmii.
Ilpy sToM cJeIyeT SaMeTHTh, YTO I'eHepamdsa CBOGOIHHX pAIMKAN0B
SaBHCHT He TOJBKO OT MEXaHWYECKHX CHI, HO M OT CTeNeHH yriefuka-—
I¥E OpPTaHMYEeCKHX OCTATKOB.

CoBpeMeHHHE NDeICTARIEHNWS 0 CTPYKTYpe JIVIA KaK INOJEMepHOTO
00pas30oBaHAA X MeXAHHSMe ero JIeNOJUMepPH3AllM¥ OCHOBAHH Ha TOM, YTO
KpyNHHE CTACWIbHHe (parMeHTH apoMaTHIeCKOT'0 EIM I'MIpoapOMATHYec-
KOT'0 XapakTepa CBABAHH MeXIy coloif OTHOCHTENLHO CJACHME MeTHIe-
HOBHMYA, SQMDHHME WM THOS(UDHHME CBA3AME. Taras IBOitcTBOHHAA
CBAShH, CHIbHAA BHYyTpE (paTMeHTa W OTHOCHTEJBHO.cJadad Mexuy ¢par-
MeHTamM#, XapakTepHa ILIA yrieit BceX MapoX, XOTHA KOJMYeCTBEHHOE CO-
OTHOWEHNE DTHX CBA3el CYMECTBEHHO WBMEHAETCHA IO WKAaJe MeTamopdus-—
ma. Tem He MeHee, BCe YIVIM COJSPHAT HEOKOTODOe KOJMISCTRBO COeIUHEe-
HEi{f, KOTOpDHE SKCTDPATEDYWNTCA OpPTaHMYeCKMMH paCTBODUTAJLAMA (xnopb-
dopm, (eHOJ, TETDANMH, NEDWINH)WIN TOPSIMMK BONHHMY DACTBODAMH
mesoveli. Tax, Tepmumdeckas odpadorka B TerpasmHe (3-I0 mmr  npm
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400-425 °C) NPUBOIUT K MOYTH NOJHOMY PACTBODEHMI0 YIVIA B NUDHALAHE,
nprYeM MoJeKyaApHui Bec diparmentos 2000 (Yerwna, Mcaryasmim,I986).
Ormxenne yTias (Tax HasHBAeTCA B TeXHOJOTHM ONEpALHA NepeBola yI-
JIA B MMIKOe COCTOSHWE) SBIAETCH NpeIMeTOM CIeILMAaJBHOTO Heciaeio-
BaHuA., OcoCHif HHTepec IJIA Hac NpPEJCTARIAST KaTaIUTHIYSCKOe OFH-
HEHHe C HCIOJBL30BEHMWEeM NDHDONHHY MEHEDANBHHX BEUWeCTB. JCTAHOB-
neHo (TaM ®e), 9T0 MUHEpPANHHHE® KOMIOHOHTH yrueft X0Ts M BHCTYHAWT
B DOJIM KATANIHBATOPOB OXKMMEHNA, HO EMENT CJNIKOM HEBKYD aKTHE-
HOCTH; (oJiee aKTHBHH OKCHIH Be, Ni, 2Zn,V. DBHCOKY® aKTHBHOCTH
NPOARIANT CYABONEH Xesae3a (nupnt), MoJmOmeHa M Boasfpama. CHib-
HOJeiicTByIIMe KUCJOTHO—OCHOBHHE KaTalm3aTopH (A1013, sm::l.2 i
ZnCl,) 1O CBOGNMY COCTaBy GNM3KA K NPUPONHHM XJIODHLAM, CONGDRE-
IIMMCA B TepMANBHHX BOIaXx.

ll3Bned9eHne pacTBOPHMHX KOMIOHEHTOB M3 OypOro YIVIA SJEKTPO —
HOJNOHODHHMHA DACTBODHUTeNAMM (NaOH, KOH) MHTEHCHOMIMPOBAM C IO—
MOLBK MeXaHOAKTHEATOPOB DA3JMYHOTO THNa. BmiAnAMe cmocoda  mpej-—
BapUTEJBHOTO H3MEJbYEHUA yIJ1 HA CTeNeHb M3BIOYSHHA DACTBODPHMHX
OpraHMyecKHX CoenuHeHmi mpencTanBieHo B Tadn. 4.2.

Decam sKCTpakiuA PACTBODUMHX KOMIOHEHTOB CONDOBOXRNAeTCH Me-
YAHWYECKUM BO3NEfiCTBHEM, TO CTeNeHb M3mIeveHuA (mmr koofumuenT
zcnoxs3oBanua OMY) saBmCHT oT cnocoda oGpaGOTKE CyCIeHSHM
(radn. 4.3).

Kax BmmHo #3 Tadmm 4.2 u 4.3, pacTBODEHNME OpPIaHMYECKOI'o Be—
mecTBa Cyporo yIViA B [eJOYaX 3aBUCHT He CTOJEKO OT yHeNBHO# mo-
BEDXHOCTH MSMENBYEHHOT'O yIVIA (CTeNeHW ero AMUCIEePCHOCTH) ,CKOIBKO
0T cnocoGa WSMeJbYeHNd (E3Melbyalmero annapaTa ¥ DexXHMa ero pa-
6oTH) . OmHAKO IVISBHO® He B 9TOM. [JiA o0CyXIaeMHX BOLDOCOB Hedre--
Ta3000pa30BaHMA 33 CYET OpPTAHMYECKUX BENECTB IJABHOE COCTONT B
TOM, YT0 IECNEepCHOe JyToJbHOe BemecTso Ha 70-80 % moxeT OHTH me-
PeBeJIeHO B BOJHHE DAacTBOPH. [IpeBpamjeHMe BONODACTBODHEMHX OpTaHm-—
YeCKUX BemecTB B He(rh IyTeM IUIPOTeHM32IMN NPENCTABJISHO HAIMMY
ONHTAMM, ONMCAHHHNMM BHIE, & TAKES HCCJeI0BAHO SKCIeDUMEeHTAIBHO
(ExaTepurwHa ¥ Hp.,I198I). PesSyiIbTaTH TUNPOTEHMSAINME MCXOTHOI'O
HpuAGOPOIMHCKOT0 GYDOr0 YTV, NPOAYXTOB er'0 BOCCTAHOBJIGHHA sncl,
7 TBEpPNOT'0 OCTATKA IOCJe SKCTPAKIMA IUMeTHIPODMANBISTHIOM Ipel—
CTaBJeHH B Tadl. 4.4.

Taxmi 06pa3oM, HA OCHOBAHNN KaKk HalWX, TAK H IDYTHX De3yib—
TATOB OTYETJIMBO BHPUCOBHBAETCH BOSMOXKHOCTH NMpPeoGpasoBaHUA YT OJIb-—
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Tadmma 4.2

BiuAnwe npenBapUTENBHOE AKTHBALMK HA KOSIMIMEHT MCIOJNb30BAHUA
opraBEmyeckoit maccH yruaa (no J.B.Tmpumuoit u mp., I985)

Hamennyannmit . VuencHasa |PacTBo- | KosdduiueHT
PeruM axTHBAIMM [jopenik— UTeJNE | UCIOJBE30Bg~
i e HOCTI}:,M £ Hus, O,
Cr asg meabun- 10 kr/4, 2,8 atm, I,29 KOH 61,6
1a JlHenponeTpoB- CKOPOCTH Bpale- o
CKOT'0 rgpﬁorgo HHHPIUIaCCH a- <,05 KOH 96,6
HHCTUTYTa Topa 500 n 800 1,29 NaOH 66,8
06/ Mtk 2,05 NeOH 57,6
YIA Tg.ummncxoro 0,71 KOH 72,8
T feimre- 1,37  KoH 75,3
paTop
0,72 KOH 73,4
42 KOH 72,7
0,85 KOH 72,8
BT NaOH 74,7
0,59 NaOH 76,7
llapoBaa Meab- Iy 1500 KOH 74,4
E 54 1,36 KOH ¢
54q 1,36 NaOH 81,1
JKCTPaKTOp— I mun I,24 KOH 80,9
H3MEJIEYUTENE
5 muH 210 KOH 87,6
Jndde peHrmams— 1,73 KOH 84,7
Hafd MeJBHHUIA ;
LBOTMETA 1,38 KOH 83,4
aganor oM-2xI50) 1,86 KOH 85,0

HOI'0 BellecTBa B YIVISBOJIODOLHOE TOIUIMEO IyTEM NepPeERojia OpTaHuYec-
KOT'0 ‘BElleCTBA YIVIA B BOILOPACTBODAMOE COCTOAHME (WM aiwar opra-
HAYECKAX DacTBOpHTeJeil) ¢ nociefynueit THIpoTeHusamueil pacTBOpeH-
HOT'O BellecTBa, NpUYeM NpOIecC TpaHCTOpMALMM IMCIEePCHOTO  yTodb—
HOI'O BEUeCTBA B YIJVIEBONOPOMH IPOTEKAeT NpM HEBHCOKOH Temmepartype,
YTO0 COrJACyeTCH C HATYDHHMI HAO/MONeHMAMHA. B JMTepaType 10 I'eoii-
MiIF OpDTaHMYECKOIo BeIeCTBA MMEITCSA MHOT'OUMCIGHHHE CBEIeHHA IO

R Fals
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Tadmma 4.3
Bimsrme cnocoda odpadoTkE yraemeJowHo# (c KOH)
CycneHSHE HA Koo(uIMeHT HcnoJbl3oBanmA OMY
(mo X.B.Twpano#t ® gmp., I985)

Tun sKCTpPaKTO- Yenoprsa o6padoTru KormenTpamua |Kosddummens
pa-H3MeJbINTE— 3 TYMEHOBHX HCIOJH30Bg -

JA T2X [%,°C BpeMA | KHCJOT B cyc—|Hma OMY,

NeHSHHA,

Memanka T'epmdepra I : 8 100 Ix 6.21 74,1

OKCTpPaKTOp— I 210 30 I vun 3,07 45,1

St oxtag. e 40 3 muE 4,17 61,2

50 5 muH 5,65 83,0

60 9 MEH D0 84,5

Eg%l:epemmnaa 110 25 3,63 56,4

THIponBeTMETA 40 3,88 62,7

35 3,85 62,9

50 3,61 71,5
Tadmma 4.4

Pesymerary rumporemusaipm (no J.H.Exareperuso#t ¥ xp., I98I)
1
I wig Buxon OPOXYXTOB IHIDOI@HNSBAINE
A 5 % Cocras rasa, %
5% ﬁé E ﬁig s Bogna | Tas

SR |88Hg|85L | = lz:o 300 °C |>300°c CHy | CoHg | Cqlig | CO | COp
I 46,6 0,9 56,6 37,3 19,8 . 0,8-18,1 I2,7 12,2--6,0" 30,0 39,0
2 95,1 I,0 68,9 30,4 38,5 I,I 9,7 I7,2 218 6,9 5,8 48,3
5 40,0 0,7 62,7 8,I 20,61 0,91 176 -16,8 697 “4.7 2.8 .£9.8

HESKOTOMIODATYDHOMY KaTalusy pas/MiHHX OpraHFvecKHAX BelecTB, Ko-
TOpHE ydeme.uuo IOKasHBalT, YTO NpPONECCH HOBOOOpPA30BAHHA MIYT
IpE Temmeparypax nopamka. 90-I00- -9C (Baccoesmt,1972; Coxoxos,1972).
CnemoBaTesbHO, THIOTe3a HefToMATEDHHCKHX CBHT K&K cHCTeMa Ipen-
CTaBJeHN# 0 HHSKOTEMIepaTypHOM KaTaJUTHYSCKOM NMpeodpasoBaHMy
OHCIePCHOT'0 OPTaHWYecKOor'o BelecTBa B JHTOI'@He3e HMeseT moX codoi
NPOYHOe OCHOBAHHG.
g Ilo uawepna.néu HamuX SKCIeDUMEHTOB HedTeMaTepHHCKAL cBHTA
XapaxTepusyeTcd DANOM NPHSHAKOB: HANMYMEM OPTaHHYeCKOI'0 BeuecTsa
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COOTBEeTCTEYKNe# cTeneHn yriejmkanwu (MapkH); BHCOKoH muenepcHoe-
THO Kak yT'ONLHOTO BellecTBa, Tak ¥ MAHeDaJbHO# MACCH; TIDHCYTCTBH-
em (uwny nocTymwieHueMm) BoccTanopurenef (HanpuMep, CYJAB(MIOB  MIH
COBIMHEHMH 38KUCHOTO Xenesa); KaTaldTAYeCKOit aKTHBHOCTHO,a IViaB-
HOe - TakEMM (MSHKO-XMMMYECKUMM YCJOBMAMM, B KOTOpDHX BOId MeTa-
cTAGWIbHA M NPOARIAGT TEHUSHUHK K DasJOReHHD C BHIEJOHHEM BOLO-
pona.

B cBeTe SKCIEDAMEHTANBHHX HCCNeINOBAHMI, BHIOJHEHHHX NOJX Dy-
koBozcTBOM A.A.Tpodumyka u H.B.Yepcroro,runoTesa He@reMaTepPUHCKHX
CBHT Npe[CTABIAETCA B HECKOJBKO MHOM pakypce. llmcnepcHo-paccesH-
HOe opraHMyYecKoe BEUECTBO BMECTe C BMelfawied ero MuHepanbHOIl
Maccof HaxommTCA IoJ HeNpepHBHHM Bo3lefcTBMeM MeXaHWYecKo# sHep-
THM, TONLBOMMMOM NpY IOMONM CeHeMEYeCKHMX BOJH. CHIH TDeHEA Mexy
YacTMIaMd DHXIOH -NIOPOJH MHMIMUPYRT Tpréoxmmmdeckue peaxums (Tpo-
guMyx u np., I98I, I9830).

OTH peaxliud, NeTanbHO HCCJENOBAHHHE HEMOUKHMHA yJYeHHMK bl
onacanHEHe B KEure I'.Xajimuke (I987), OTANYALTCA DPANOM 0COGEHHOC-
reit. 1A OoCymecTBISHHA TPHOOXMMAYECKMX peakuuit mpum nepeMeHHOM
MeXaHWJeCKOM BOSHeiCTBHE C HarpysKam#, He NpeBHUAKIMMA NpeieJa
yupyrocTH TBEpHOTO Tesa, YPe3BHYANHO BARHHM ARIAETCH IpOLEcC pe-
JaKCcalEy yupyroil sHepr¥m, IpM KOTODOM BOSHMKAWT KOPOTKOKMBYUHE
KoJIe0aTeJbHO~BOSCOYRIGHHNS COCTOAHNA, DACTOJOKSHHHe IO YDOBHD
SHepIuH ropasfo BHIE COCTOAHM DPaBHOBECHOT'O TeILIOBOI0 Kosneba-
TEJEHOTO CIEKTpa, XapaRTepusyllero TeMIepaTypHHE YCJOBHA IAHHOTO
nponecca. hiaromapa (UIYRTyallnAM COSJANTCA YCJIOBAA JIOKANBHOTO
NpOTeKaHHA BHCOKOTEMIepaTyDHH:X Deaklmil, TeopeTHYecKH "HEBO3MOX-—
HEX" 1pM 3aNaHHoit Temmeparype, NpuYeM BEpOATHOCTH TPUGOXMMAYEC-
KXo}t peaxuum Tem Coable, YeM CoJblle BpeMd, B TeUeHMe KOTOPOTO Xu-
MIYecKas CBAShL HAXOIHUTCA B KoJelaTeJLHO-BO3CYXIEHHOM COCTOAHMM.
Ilpn paspHBe YYaCTKOB Iemei, HAXOLMIMXCA B yKA3aHHOM COCTOAHMN,
BOSHAKaNT MaKPOPATMKaJH, 970 0COGEHHO CBOHCTBOHHO TPHOO0XMMMYECKEM
npoleccan B NOMMMEpax, K YHCAY KOTODHX OTHOCAT MCKONAeMHe YT
(oCCHIM3NDOBAHHHE OpraHNYecKHe OCTATKH. lIONyueHHHe B TPUOOXMMI-
YeCKHMX Ipoleccax MAKpOpaIMKAIH XapaKTepH3yWTCHA NOBHIEHHOH BHYT-
peHHeil BHeprHeil ¥ NO2TOMYy MOTYT BCTYUATE B XAMHYECKHe peaiuy
TIpM HM3KUX Temueparypax, Koria oCHUHHe TepMAYeCKHEe DeakLuu  3a-
TOPMOXOHH .

HauGosnee BepOATHON peaxumeii "TpuooxMMIYecKEX" BO3CYRMIEHHHX
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PaIyKaJ0B ABJIASTCA 00pa30BaHNe HH3KOMOJIOKYJADHHX coeluHeHuii. He-
KOMISGHCHDOBAHHHE MMIYECKHe CBASH DAJMKANOB 3aMHKAWTCA COpOHpo—
BaHHHIM HA NOBEDPXHOCTH aTOMaMH BOJOpPOIa WX KHCJCPOLa B 3aBHCH—
MOCTI! OT YCJNOBMi Npolecca, Ip@ieM DasBHTAA CBOGOIHAA NOBEDXHOCTH
TBEpPIHX pPeareHTOB (YTONBHOI'0 ¥ MUHEDAJBHOIO BEUECTB) MIpaeT Ha
5TOM pTale MPOLecCsa pelskiyl DoJb.

WleXj)a30BHI CJO0}i Ha I'paEmI®@ TBeproe TeJo — I'a3 II0 CBOUM
CBOIiCTBaM BCerja 0oTJHYaeTcAd 0T TeX o0meMHHX (as, KOTOpHe OH pas-
IendeT. OH MOXeT OTIMYATHCA HEe TOJIBKO XHMAYSCKHMH, HO M (msu-
YeCKumi, 3JeKTPAYECKHEMH, MATHUTHHME, TepMONHHAMIYSCKMMA I Me-
ZAHMYECKHEMM CBOjicTBaM#, HO B NEpBYW 096pelb BCE-TaKH XVUMUYSCKMMA.
CopGupoBanuHii Ha yTJe KHCJAODOZ IpA NeCOPCIMM BHISNASTCA B BHIE
OKCHIOB yTJepoja, COpOHpOBaHHAA Ha KBaple BOIA — B BHIe BOIODPOIA
B T.1. OHepI'MA AKTHBAIMY XeMoCOopOIMU BOJOPONA HA CBEeXeo0pasoBaH-
HHX TNOBepPXHOCTAX MeTaloB GIMSKa K HyJ0, a4 Ha OKCHIAX MeTaulIoB,
ABILTAMXCA - KaTals3aTopaMn IpoleccoB IHApOTeHNSallNd, COCTABIAST
Beero 5-20 xkan/mons (ilexfasopas rpamdna..., 1970). OrTcuma BHTe-
KasT 00LACHEHHE ToCJeNHero sTama He{drera3’oo0pasoBaHA B MOLEJNAX
TPHOOXMMHYECKOTO CHHTE3a yIVIeBONODOIOB — MHTEHCHBHOE BHIEJEHNE
Ta3000pasiuy yIVIeBOLOPOIOB ¥ FMIKUX CHTYMOMIOB IpH nojorpese
peaxuuoHHoi maccn (lomyanes, I990).

D ceeTe KpaTKO M3VIOKSHHHX NpeNCTaBIeHU 0 TPHOOXUMHAYECKHX
peaxinax, 0CyCJOBASHHHX NePHOTUYSCKEMI YUPYTHMA KoJeCaHUAM,pac-
CMOTPHM TUNOTe3y HeTeMATeDMHCKNX CBUT B CBASH € TeKTOHOCefcMa-
YeCKMMM nponeccamu B 3eMmHOH kope (Orxpurue J 326), OTHpHTHME
axan. A.A.Tpodumyxom, axan. H.B.UepckmM, &.r.-m.H. B.Il.lapeBum,
x.x.H. T.A.Copoxo,  KOTOPHe yCTaHOBWIH, "... 9TO IpH  ympy-
THX ¥ IacTYecKuX JedopManuAX IOpHHX NOpON B YCJOBHAX ecTecT-
BEHHOTO 3aleTaHus NPOMCXOINUT MX MeXaHWdYecKas aKTWBalusg, B pe—
ByJbTATE KOTODOM OCYUeCTRIASTCA LMpOKad TamMa (J3HMK0-XIMIYeCKHX
npoueccoB. K MX WMCIY OTHOCATCA MEXaHOXMMAYECKHe Deaxuiy, TepMo-
IMHAMUYOCKHEG MapaMeTpH KOTODHX IpPaKTHYeCKM He B3aBHCAT OT Temie—
patypu cpej. [osToMy B nmedopMupyeMHX I'OPDHHX IOpOIAX NpU HUSKAX
rermeparypax (Menee 100 OC) ocymecTBIANTCA BHCOKOTEMISDATYDHHES
peaxuum, B TOM UMCJe U peaxumd Hedrerascodpasopanua” (KoHmmas,
I98Y, ¢.I2I). Ha oCHOBAHMM SKCIEDPHMEHTAJLHO YCTAHORIGHHHX JAHHHX
H B COOTBETCTBHN C (OpMyJoil HABBAHHOTO OTKDHTHA TIHNOTesa  Hef~—
TeMaTePNHCKUY CBUT JONOJHASTCA ¥ CYNECTBOHHO YTOYHAGTCH, IpHOG-
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peTas TakHe XapaKTepHMCTHEIN, KOTOPHE MOXHO MCIOJB30BATEH IPH Npor-
HOB@ NEepCHeKTHB He(Tera30HOCHOCTH DETMOHOB. BO3MOXHOCTDL CHIITE33
YTJeBOXOPONOE NpH Temmepartype Haxe I00 ¢, mo IpH MeXAHWYeCKHX
BO3MIeiCTBHAX Ha MNOpPOLY, BO-TEpBHX, NOBTOPHO OGBLACHAET IIPOTHBODE-
yie MeXIy IeoJOoTrMYecKMMH Marephaanl, yKasHBalmuMA Ha HUSKMe
TeymepaTypH NpupoiHoro HedTerasooCpa3oBaHMUA, M NAHHHMM SKCNepH-
MEHTANbHHX JIA00PATODHHX HCCJENOBAHNH, NPH BHIOJHEHHY KOTODHX
NpoNeCCH reHepamyi He()TH yIaBajiochk peain30BaTh JHMUE NN Tennepa-
Typax Bume 200-250 °C; Bo-BTOpHX, NOKA3HBAET, YTO B  NPUDOJHHX
YJCHOBMAX TEKTOHOCEHCMMYGCKHME NPOIECCH KOHTDOJMPYRT Hefrerasool-
pasoBaHMe B 3eMHOIl Xope. Ha aToM OCHOBaHME yTBepHIASTCA, WTO He-
({rerasoofpasoBaHie BOSMOXHO Ha JIOOHX TUIyOHHaX NOTDyXeHHA HewTe-
MATepPUHCKUX OTVIOXeHHMl M YTO NPeATOpHHEe M MeXropHHe BIANMHH, a
TAKXe 30HH WeJh{a ¥ IPyTHe BHCOKOMOOWILHHE YyYaCTKH CYyUM M OXea-
HHYOCKEX 00JAacTell ABIANTCA IEepPCIeKTHBHHMF pPeTMOHaMM BHe 3dBHCH-
MOCTA OT MOWHOCTM 0C&NOYHHX mopol (Teosoro-recXxumuyecKue KpuTe-
pud, .. ,I1976).

Bropo#l BapMaHT THUNOTEeZH HE{TeMATEeDUHCKIX CBHT OTMYAeTCA OT
IepBOT'0 TOMIBKO C I 0 C 0 6 0 M MeXaHOXUMHIOCKOH akIMBalluu: ec-—
JI¥ B NePBOM BAPHAHTE MEXAHOXVMMMYEeCKas axTHBAMA N pe T W e ¢ -
TBY e T Ipomeccy HedrerasooCpasoBaHUA M 3aKJKYaeTCA B Npel-
BapATEJIBHOM CBEDXTOHKOM MBMeNbYeHHHM, TO BO BTOPOM — MEXaHOXINM-
YecKasa akTuBalldd IeficTByeT BO B p € M A MNpeBpalleHUA (OCCHIM3JA-
POBAHHHX OCTATKOB B yIVIeBOLOPOIH IyTeM WHMIIMMDOBAHAA TPUCOIIMU-
YecKuX pearumit. EciM B nepBoM BapmaHTe IBIUIymei CHI0i sHUOTEDPMU-—
YeCKOTo Ipolecca ABIASTCHA MeXaHMYeCKas SHeDPI'HA, aKKyMyJUpOBaHHAA
MEHepANBHHM BEreCTBOM BO BPEMA H3MeJbYeHMA, TO BO BTODOM — 23TO
MeXaHUJYeCKas SHepruA celicMWYeCKUX BOJH, KOTOpas HeNpepHBHO NHTa-
T PeaKUIMOHHYK CHCTOMY.

OTH pasymyMd B Crnocolax NUTAaHWA DeaKUHOHHOi CHCTeMH MeXaHN-
9JecKo#l sSHeprmeil He NPMHIMNHEANBHH, Tak KaK OCHOBO# Ipouecca
npeBpaleHnd YTOJBHOI'O BemecTBa B He{iTk HABIAETCA  T'MIPO-
T'eHusaIud CBROCONHHM BOIOPONOM, TeHepHpYyeMHM NpH DA3JIOREHNH BOIH
B BOCCTAHOBHTEJLHHX YCJOBHMAX.

TpeTuil BADAAHT THNOTESH He(TeMAaTEDHHCKAX CBHT OTINYAGTCA
0T DACCMOTDEHHHX BHIIe CTocoCoM IHTAHUA DEaKIMOHHOK CHCTEemMH CBO-
GOJIHHM BOIOPOJIOM.

Boausy Hmisell IpaHdlH 3eMHOE KOpH IpeInojaraeTcs 30HA Jera-
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3aIM MAHTHM, KyZa NOCTYTIAT MAHTHHHE (NBeHWIBHHS) T'asH, & TaK-
X TasHi, oGpasyouuecs Ha IDAHANe "kxopa-MaHTIA" . B reoXMMIYECKOM
CMHCJIC HIKHAA PpaHAUA 3eMHoi KOpH coBnanaeT C HuFHejt rpaHmIe
YCTOHYMBOCTA BOTH. llomHO TOJATATH, YTO B S0He JIerasaliy — MaHTHH
TOCIONCTEYIUMMI Tasami GyIyT BOMOPOX, CO ®, BepoATHO, MeTaH:
nepeHit — KaK NPOAYKT DAsNORSHUA BOMH M NOCTYIUIGHHA WBEHWIBHOTO
BOIOpOJia 3a CUBT OKWCJSHWA THIPHNOB, & BTOPOii — KaK IPOIYKT IVIy—
GoKoro pasJIOXeHHA YT'OJABHOTO BeleCTBa, KapOOHATOB ¥ yTJI6BOIOPONOB,
a TaKke INOCTYIUIOHHI BMECTe C METAHOM WBEHIIBHOTO CO m3 MaHTHH.

Bume BOHH Ierasaly MAHTHM paclojaraeTcd 30Ha, B npejienax
KOTOpOj NpOTEKaeT CHHTe3 YIJIeBOAOPOXOB. Ona paccMaTpHBaeTCA
KaK OTKpHTasA KaTauTHYecKad cucTeMma, NpoHMIIaeMaa i T'a30BHX
crpyii (Pyzmenxo, Kynaxosa, 1986) . CuHTO3MpOBAHEHE YTVIOBOIODOIH,
pacTBOpEHHHe B M3CHTKe BOZOpona X (wix) meraHa, SBAKyMDYOTCA H3
30HH peaKmMM B B0HY HAKOIUIGHHA, INe GopMapy©LT 3aJexu HedTH u
() rasa. CuHTE3 yTJIEBOLOPOZOB B DeaxipIOHHO# 30He MOXeT IpoTe-
KaTh N0 M3BECTHHM cxemam @uuepa-Tpomua, KonpGesa~-JHreJprapira ua
CO u H, wim 1o ApyTHM cXeMaM W3 BOLHO-MeTAHOJLHHX cMecelf, B KO-
TOpHX MeTaHoJ 06pas3oBaH H3 CO u Hy wm COy u Hy HA npeyuIymei
cTamMM Ipolecca. OTH CXeMH HOCTATOMHO IeTanbHO 0COCHOBAHH B pa—
60Tax CTOPOHHHKOB "peopranMgeckoro” reHesuca He@m. He oTpHUas
BOSMOKHOCTM CHHTesa yraesoxopojios us CO m BOLOpona, OTMETHEM  He
MeHee BepOATHHIl IpoNecC I'HIpOTeHu3all OpTaHHYeCKUX OCTATKOB
cnaTes-rasoM (cmecsd Hy n C0). B TaxoM BapHaHTe THIOTe3a Hedre-
MATEeDHHCKUX CBAT CAMBASTCA C TNIpe/CTARICHMAME O HEOPI'aHNIeCKOM
CHHTe2e YIVIeBOJOPONOB B Hempax B EIMHy® "ruGpumHyR" THIOTEsy.

B cyemy "ruopumHoil" THNOTESH YKAAIHBAWTCA HAMM npencrasie—
U 0 He(TeoGpa30BaHMM 38 CHET kapdoHaTHOT'O yraepona, C TOil JIMB
pasHumeif, 4To HuxHe#d S0He NpHiAeTeA SHAYSHNS® nuranomeit MCXOMHHMH
pemecteama (CO u Hz) He TOJLKO 38 CYeT Jerasaly MaHTHH, HO X 34
cyer TAyGoKoro reTamopfusMa OCAOYHHX IOPOXN. Tlp BHCOKOi CTeneHn
MeTamop(Maua He TOJBKO BCe OpraHHieckue 0CTATKM, HO ¥ JUCIEepri-—
poBaHHHEe KapOoHaTH pasyiaranrcd,C sunenernem CO, (MosyaHOB ¥ IP.,
197I). B BomopoireHepupywuei cHCTeMe CHHTE3 yraeeonoponoB #3 COo
BriOJHe BO3NOXSH. JHEpPreTHIecKol ocHOBO{I pasyoXeHus KaploHATOB M
TeHepalun BoZopoja MORET GHTH MEeXaHWYeCKas DHEprHd, aKKyMyJMpo-—
BaHHAA NpH JMCTIePIHDOBAHMN TODHHX NODOL, MexaHWYecKas SHeprud
celicinryeckny KoJeGanuii M TEKTOHWISCKNX IBWReHN, 8 TAKKe TJyCHH-
HOe Temo Jemin.
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lrax, (M3MYecKOe MONeJHpOBaHNe IPHPOIHOTO Iporecca Hedrera~
3000pa30BaHnA, ONMCEHHOTO KIaccHYecKoil runoTes0it HejTeMaTepPHEHC—
KAX CBUT, NOKasajo CJaelylmee:

a) o6pasoBaHie yrIeBOLOPOLOB H GUTYMOHMIOB 3a CYeT IACIepC—
HO-pPacCeaHHOI'0 YTONEHOT'O BEmecTBa MOEET IPOTEKarh B TOHKOTUCIED=
cHoft MEHepAIBHOM cpele, eCJH IOCHeNHAA KOHIYKTApPYeT G¥3MKO—XUMA—
YeCKHe YCJIOBUA, B-KOTOPHX BOIE MeTacTadWiIbHA M pasjaraercA ¢ BH-
IeJIeHneM BOJOPOTA;

¢) o6pascBaHie y1VIeBOLOPOTHHX Ta30B M XKMMKUX OHTYMOKTIOB
BoaMoxHO npy Hepucorux (mmxe I00 00) TemmepaTypax B pesyJbTaTe
MO XAHO XUMITMECKOT0 [peoCpasnBaHid OpraHiYecKoro BeuecTba 0Canot-
HHX IOpOX IOX MefcTBHeM ARKyMyJIMpOBAHHO} SHEPTMM B TOHKOIMCIEPC—
HHX MUHEDAJBHHX CACTeMax Wi TerTOHOCeACMAYECKMX IPOIECCOB B
3eMHO# Kope;

B) B CBeTe M3JAraeMoil KOHISIIMZ HamMeTaeTCH TIepCIeKTHBa KOH—
BEpTeHIMYE THNOTe3 "oprapmyecKroro” 1 "HeOpTaHngecKoro” MpPONCXoX—
menua HedTH;

T) MoJeJabHHE HGCJELOBAHMA MOSBOJIAIM BHABATE X JTOYHETE . He-
KOTOpHEe JeTaju Iporecca Hefreras000pa30BaHii B IHCIODPCHHX MUIHO~
PATbHHX CHCTEMAX, 0CTABAACE 3 paMkax THNOTe3H HefreMaTepPHHCKEX

_ GBET, KOTOpas MOXeT OHTH IpefCcTaBileHa DATOM BApUAHTORB;

1) W3CpaHHEH} crnocol MOTeJMPOBAHIA, OCHOBAHHHE Ha NpUMEHEHHH
aRTHBAIWY MAHEpaJbHHX (B TOM WHCIe X JTOMBHHX) BEMECTB  IOCPem-
CTBOM NPUJIOEESHAA MEXAHWYeCKHX Cl, B J0oCTaTOHO# MOpe aueKBATHO
oTpaxaeT NpPUPONEHE Hmponecc M MOXST HMCIOJBI0BATECA B JAG0pATOPHHX
HCCJS0BaHUAX .

4.2. TumporeoJornYecKas TUIOTE3A

B 0CHOBG THIpOrecJoTMIecKol TUNIOTE3H JeXaT NpeNCTaBICHNA 00
o6pasopaHuy He(r: u rasa B Ipomecce MUT parin -BOJIOPACTBODHMHX
OpraHyYeCKHX BelecTs IO BOZONPOHMIAGMEM TOPUBOHTaM B Ipelelax
apresuaHcKuX 0acceiHoB. Tonmegensasn JM.M.TyORAHEM TpAY POYEHHOCTD
HeTAHHX MECTODOXISHNH K IPeJrOPHHM mporudaM, MeXTODHHM BIATIHAM
n mwaTdopMeHHEM NOIDYReHAAM C THIPOTE0JIOTHYOCKOR TOTKM SpeHUA
sajmouaeTCA B NpAMofl cBASH 3ajexell HeQTH M Tasa C apTe3HaHCKIMA
Gaccefmamu. Iouatue o He@TETa30HOCHHX GaccefiHax amnaeTcd odolma-
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KUMM BHDaxeHHWeM IPUPOINHOf 3aKOHOMEDHOCTH pasMelleHUA 3anexeil Hed—
TH ¥ rasa.

PaccMoTpEM 9Ty THUINOTE3Y C YYeTOM SKCHeDHMEHTANLHHX NAHHHX.
Ha uX ocHOBe HoKa3aHo, YTO B3amMoNelicTBMe MIHEpAIOB-BOCCTAHOBH-
Teseit ¢ Bouoil, Hecyue#l pacTBODEHHO® ODPraHMYecKoe BellecTBO, COM-
POBOXRI2eTCA BOCCTAHOBJIEHMEM M THIporeHnsauged BOLOPACTBOPUMHX
coself TYMAHOBHX, XUDHHX ¥ HadTeHOBHX KMCJOT. D pesyuasTaTe 5TOTO
B3anMoneicTBEA 00pasyloTca YyTASBONODONHHE TasH M Heﬁfrenonodfme"
CMecH GHTYMOHNOB, 06ocolamomuecs B OTHEJBHYW I'asoofpasHyl it
IMIKyD a3y, xoTopad He cMelMBaeTcA C Bomo#t. lHave romsopa, npo-
BellcHHHe HaMil ONHTH MOXHO DPacCMATDUBATE KaK 9KCIepIMEHTaIbHOe
NOITBEepRISHUE CYUECTBYWOUEr'0 MHOHIA O TOM,9YTC BOLOPACTBOPHMMHE Op-
TaHUYEeCKHNe COGIMHeHMA MOIYT CJYHUTH MCXOUHHM BeWeCTBOM B IPApPOI~
HHX IIponeccax HefTeoOpasoBaHus. B apresuaHcKux CacceifHax mpym mu- -
Tpanyy BoZL 0T o6jaacTeit NUTaHUA K OCJACTAM IV[yOOKOT'0 IOTDYXeHUs
MOTYT CAOKATHCA (MSMKO-XMMAYECKHE YCJIOBHA, COOTBETCTBYOIME JyC-
JIOBAAM IIPEBPAleHNA BOZOPACTBODUMHX OPLAHMYECKUX COeIWHEeHUit B
He(UTh ¥ TOpYMe I'asH. lI0pomH IIacTa-KOMIeKTOpA B JAHHOM CJyYae
UI'paloT poJE NPOTOYHOT'O SK30KIaBa WIM OTKDHTOH KaTaiMTHYECKoi cH-
CTeMH, & TOHKOIUCMEPCHHE MIHEPANBHHE MACCH BOIOYNODHHX IJIACTOB -
AKTHBHYN DOJb DEAreHTOB-BOCCTAHOBUTENEff, KOHIYKTHpymumX pH-Eh-
ycnoBua mpomnecca. CxemaTwyHo Hpomecc NpefcTaBleH Ha puc.4.2, 3a-
UMCTEOBAHHOM M3 pador E.M.AreroBcxoro u np. (I962).

OHCIePMMEHTANBHHE HCCIeLNOBAHMA 110 NpeBpalleH0 I'yMHHOBHX
IeJOYHHX SKCTPaKTOB M3 Oyporc yrisa M Topda B HedTenomoGHHe OHTY-
MOMIH TNpU B3auMONeHCTBMM BOIHHX PACTBODOB C CYJIBGMIAME  CJeIyer
OpUBIeYs Opy OOCYRIeHMH H3BeCTHOH’ npwpoqe}méc'rn OHTYyMOB K CYJIb—
(MIOHHM MeCTODOXISHMAM THIPOTEepMATbHOT'0 TeHesmca. 0 NpHypoYeHHOC-
T¥ CHTYMOHMIOB K I'MIPOTEDPMANBEHM 0GPas30BAHMAM BOOOCHE. ¥ CYJILEMITHHM
MECTODOXIEHMAM B YACTHOCTH MMeeTCS Macca CoolmeHMii B reojormiec—
Kol JuTepaType,qTo ‘IaN0 .0CHOBAHME IOCTEBHTH BONPOC O  Beuyuem
SHEYEHNY TUNPOTEePMAJIBHHX IPOIECCOB NpM (OpPMUPOBAHUM 3anemeil He(—
™ u rasa (@moposckas, ImkoBckmit,I97I; @umopoBckes u Ip., 1986).
CucTeMy Taxkumi BSTVANOB Ha NpUPONY HedI¥ ¥ JyIJIEBOLODPOIHHX I'a30B
MOMHO Ha3BATH TUNOTE30i{f THAPOTEpMaJEHOTO NPOMCXOKISHUS HedTH.
OHa mocTaTOYHO ApryMeHTHpOBaHa I'e0JIOTHYeCKEME HaGOIeHWAMM,000-
CHOBaHa (M3MKO-XUMAYECKUMM DacyeTami ¥ NONTBEDKISHE SKCIEPHMEH-
TAJIbHHEMA TaHHHME. He@TenpodBieHHA B acCcolMalMd ¢ pynauy IUmpo-—
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Prc. 4.2. Cxema HedTeoo6pa-
30BaHKA IO THIPOTEOJNOTHYEC-
Ko MoEenE M.E.AnnTOBCKOrO.
MnacT: 1 - NpOHMUAEMHe, 2-
BOROYMOPHHE NeJUTOBHX NOpPOX, B3amMOIefCTBYNMMI C NAACTOBHMH BOXaMH

TEDMAIBHOTO TeHe3Hca I IPUYyPOYeHHHe K KaJbIepHHM CTPYKTypaM ByJ-
KaHUYeCKOT0 NDOMCXOXKNEHAA MSBECTHH BO MHOTHX MECTax; UMENTCA H
IOCTaTOYHO KpYyNHHE He(TAHHE MecTopoxueHuA (Hanpmmep MMpnx u
OymeHnk B KaymopHMM) . ITO IAeT OCHOBAHME IHIOTESY I'HIPOTEpMAIb-
HOTO T'eHe3mca He{TM pacCMATpPHBATL KAl T'eOJOTHYECKyl 3amady Coab—
oro NpakTHYecKoro 3HaveHud. Ho B Heil mmeeTcA omHa meTalb, no
IOBOLY KOTOpOil BOBMOXHA IMCKYCCHS, — 5T0 BONPOC 00 MCTOYHMKE yTI-—
Jepona. MoxHO mpemmoyararh (Kax aTo Nesal0T HeKOTOpHe &BTOPH I'M—
noresy), YTO YIVIEPON, KaXK M IpyrHe KOMIOHEHTH THIpOTEpMAILHOI!
CHCTEMH, fARNAETCA SHUOTEHHHM o0pasoBanmeM. llocTymwieHue IVyOUHHO-—
T0 yIyepolia B BUNe KapCGOHWIOB WY UMAHWIOB OTPULATE HEAb3d, O0f-—
HaKO HaMy Ha OCHOBaHWM MOJEBHX HaO/IONeHWi U ONHTOB C BONHHMM BK—
CTpakTamy TyMAHOBHX BeU@CTB BHIBMHYTO Ha OCCYXISHHME aJbTepPHATUD-
HOe IpemMnoJioxeHde, N0 KOTOPOMY IpoLecc TUIpOTepMAalbHOI'0 He(Teold—
pasoBaHUA 0CyCJOBNEeH BcTpeveit IVIyOMHHHX CYJNBIMIOHOCHHX THIpPOTEpM
C SK30T'eHHHMHM DacTBODaMH, HECYWAMM DACTBODEHHOe ODIaHMYecKoe Be—
mecTBO, HalpuMep, B BUIE SKCTpaKTa M3 Topia. JCaoBMA 00pa3oBaHid
He(TEeNnoNoCHHX CUTYMOMIOB CKIANHBALTCA, [0 HalleMy MHEHHNO, TaM,Tje
BCTDPEYANTCA IMyOHHHHEe (BOCCTAHOBHMTEJLHHE) CYJAB(UIOHOCHHE THIpO-
TepMH C OMOTEHHHMA DacTHTEJBHHMA WIM XMBOTHHMY OCTaTKami, Ipej-—
CTABIGHHHMY BOIOPACTEODMMHMY OpPT'aHNYeCKUMY COeJUHEHMAMU. Bzaum-
HafA HefiTpam3amysa ¥ OKMCJMTEJNHEHO-BOCCTAHOBHUTONEHOE B3amMonelicT-
BHE NpPUBOJAT K QOpPMMPOBAHMK CYJBOMANHHX DYIHHX TeJ, C ONHOH cTo-
POHH, ¥ He(iTemoIOOHHX BeumecTB — ¢ Ipyroi, NpuvYeM CBA3L 9TUX
o0pasopaHuil — napareHeTHYecKad. BaammozeiicTBue TJyOMHHOTO BOC—
CTAHOBHTEJA C SK3O0I'@HHHMM PacTBOpaMy OpPTaHMYeCKUX BelecTB IIpH-—
BOIMT K 06pa30BaHMN RUOKUX WM TBEepIHX CUTYMOMIOB, NpPUYpPOYEH—
HHX K CYJIB(MIHHM DYIHHM TeJam.

I71



liA BHACHAHAA BTOT0 CHIM OPOBEIEHH MOJNEBHE UCCAENOBAHUA B
00JacTAX COBPSMEHHOT'0 BYJKAHM3MA, T NPONeCCH (ODMIDOBAHAA CYJIb-
(UUANX Tes ¥ CONYTCTBYMUME MM HedTenpoABIeHHA NOCTYIHH LI He—
NOCpPeCTBEHHOT'0 HadmoneHud. PaCoTH NpOBOIAMICE B Kaiblepe Y30H
(KamgaTra), rme TNpHSHAKE He(TeNpPOABISHMH YCTAHOBICHH pagee
C.}M.Hadoro, H.C.BeckpoBHHM M Ipyrumm. IIo uX HaCMONeHHAM,"., HedTH
B BHI MAcJAHMCTHX sejeHHX (Ce3 3amaxa) u GecupeTHux (c 3amaxom
KepoCHHa) IATEeH ¥ Kalesb BCILIHBAET HA IOBEDXHOCTE: BOIH B  38K0-—
IyIKaX BOXUSH TPAJOHOB M T'DASEBHX KOTIOB. OMyJILCEA He{TH B atco—
IMaIFy C PeaabTapoM H IPYTHME CyJAb(rmaMd CKaIUMBASTCA HEenocpem—
CTBEHHO MOJ MOBEDXHOCTHOME IVIMHHCTO# NOKDHIKOH B MOPHCTHX, THLPO-—
TEDMANEHO K3MEHEeHHHX NEeMB30BHX I'paBesuTax. deJeHad Hedrh KoHIeH-
TpUpyeTca B 06acTH m3oTepu 60-80 °C, decrmersam - 40-60 °C.

MY nhoH 3 A A (DOJYepKHYTO HaM#d -
B.M., A I‘), Tax Ee Kax W B VIaNeHEMI 0T HUX, TIe TeMIepaTrypa
" mmxe 35 °C. liypdamu mo-I,5 M BCKpHTH elje IPOCJKOM OKpANeHHHX TI'pa-

BEJIITOB, SKPAHUDOBAHHHX THIPOTEDMANBLHHME IVIMHAME, COISPRAINS
He(Th M peaikTap, NpEYeM TaM, Ime Temmeparypa mume 60 °C,  mpm-
CYTCTByeT TOJBKO 3edeHas Hedre" (BeckpoBHHi u Ip.,I1970). Ap-
TOPH CBASHBANT He@TeNpOABIEHHA C TpUQOHAME, TO ©CTEH IPeIICJaranT
NOCTyILICHWe He(TH H3 IVIyOMH X HaKOILIGHAC €€ B SKDAHMPOBaHHHX IO-
PUCTHX IPOIIACTKaX I'DABEJMTOB B HENOCDPeNCTBEHHOA GIM30CTH OT
Xepia IVIyCMHHOrO McToYHWKa. OmHaxo B BoOe T'pUQOHOB M HMCNADSHEAX
Ha TepMAJBHHX IUIOWANKAX HUKAKEX NPHUSHAKOB yIVIEBOLOPONOB He 00—
HapyxeHo, OcTaeTcsa HeoORACHMMOR JoRaimsarma HedTenpoABiIeHWi: B
HEKOTOPOM YIANEeHWM 0T KANAUWX KOTJIOB B 00NacTH M30TEpM 60-80.°C
U HUEe.

Vcxoma W3 ONMCAHHHX NpeICTaBIeHUE HaMmu NpeJNpPUHATH 10~
IHTKE OGHADYXOHWA HedTENpOABIEHNT BIANW OT I'DEQOHOB ¥ OyDIAUMX
HCTOYHMKOB, HO B 06JacT¥ (JOPMEDOBAHNA CYJBOMTHON XWIKHA, TOe CO=
IpUKACaNTCA TVYCHMHHHE CYAB(UIHHE CTPYH C NOBEDXHOCTHHMA BOJIAMH,
doraTHMH OpraHHYeCKHIM Bamacmom: Taxyw o6ynacTe: Haum nokasana
T.®.JImmmenko B pycre ¥ NoiiMe py9YbA MummRA, I7Ze IPOCISXMBASTCSH
NVPATOHOCHAH RWIKA, M IpH OTOHBaHWM O0pasloB OT Hee Io BoZe pas-
GerapTca He{TAHHE DAIyXHHE IIEHKH. SaKONYUKHM HA Gepery pyYhs
ToyonHo#t oxoso 40 ¢m Npope3awT NOYBEHHHH CJ0H H NOINOYBeHHHI
TODPAHAK; B HUX HAGMONAWTCA He(TeNpOABIEHHA, SHAYATENLHO OoJee
OCWIbHHE, ‘UeM BOJM3M BHXONOB TVyCMHHHX MCTOYHMKOB. He(Tk B BHIE
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Mecmo asidesenus He@mMu

Puc.4.3. HeQTenmposBAeHHe B MOMA-
Me pyvy. MEmmHa:

1 - noyBeHHO-TOPPAHON NMOKpOB; 2
- BHXOX CYABQWIHOM XHAKH, Mepe-
cexaemoft pyvybeM; 3 - 3epkano
TPYHTOBHX BOX; 4 - THApOTOp-
MaNbHO-H3MeHOHHNA TpaBelHTH

Pyd. Muwur

MaCJAHMCTHX OypPHX NATEH HENPEePHBHO NOABIASTCH HA NOBEPXHOCTHM BO-
I, sanojHAmueit saxomymxy (pmc. 4.3). leTaqsHoe HCCJISNOBAHUE
yaoHCKO# HedTyM u3 BTOTOC HefrenposamneHMA BHmoJHeHo 3 MY, m  pe-
SyJbTaTH NpHBeleHH, B padorax B.H.®noposckoit 1 U.M.I[IMroBCKOTO
(I97I). OTMeTHM TOJBKO, UTO Y3OHCKAA HE(TH XapaKTeDU3YeTCA BHCO-
Kol ONTHYeCKO#l AXTHBHOCTHN, ¥ 3TO CJASIyeT CUMTATE NPUSHAKOM, KO-
TOpHi TOBOPUT B NOJB3Y NpPEIJIOKEHHOH HaMM MOIeJM, HO OTHONL HE B
NOJB3Y IVIyOMHHOT'O HEOPraHMYEeCKOI'o €€ IPOMCXOXIeHMA.

_ B cBere manoxeHHoil unen HefTeolpasoBaHue OCLACHAGTCHA B3AUMO-
IelicTBreM IJIyCMHHHX CYJABQUIOHOCHHX DACTBOPOB C BoZami TOPQHAHWKOB.
JTIyGneHne BaKONyWeK He NDUBOIMT K MHTeHCHmKaimy HedTeBHIEJCHHA,
KOTOpOe OTYeNIMBO INPUYPOYSHO K S6PKALY IPYHTOBHX BOX. MOXHO Npo-
CIeIUTE 3aKOHOMEDHOCTH: B I'DHfOHAX, TIe KUIAT NOCTyIAanlas u3
TJIIyOMH Bolla, HO HeT OpTaHMYeCKUX BemecTB Ouoca, He(TeIpomsBIeHMii
He oCHapy®uBaeTcd; B odJacTH msoTepd 60-80 °C HaOmouamTca OHoJIo-
TUYecKas [eATEJBHOCTE M SeJeHad JMIKOCT: Oe3 sanaxa He(ru;  IpH
40-60 °C mammio axTMBHAA XWSHENCATENEHOCTE M IOABIEHME KEPOCUHO-
nonoGHo#t dpaxmuu; u B ollacTaAx, YHAJeHHHX OT IDHCOHOB, I'Ie TeM-
neparypa Haxe 40 °C, HO B WBOGWINY DACTHTENBHHE OCTATKH,  MOXHO
coOHMpaTh B OTHEJBHHX 3axonymkax no 0,5 1 B meHs Oypoidt XMIKOCTH
CO BCOME XApAKTEDHHMM NpUSHAKAMA He(T#. 9Ta 3aKOHOMEDHOCTE M03-
BOJIAST NOCTABATH IOJ COMHEHWe Teopup "IuycommHoft medrm" H.C.Lec-
EpoBHoro ¥ B.A.JledeneBa (IS97I) # CKACHATECH K TUnoTese "TUHpPO-
TepMaibHOll Hodru" B.H.@nopoBckoft u I.M.Ixosckoro (I97I),  npu-
YeM CYMTATE (B COOTBETCTBHM C NpeIIOMEHHOH HAMM MOfe]Bl),  9UTO
NOBEPXHOCTHHE M 0COGeHHO TOPJfAHHEe BOJH HECYT BOIODPACTBODHMHE
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OpraHuvecKue BellecTBa, BHCTYIAMuMe B KavecTBe JIOHOpa yIyepomja B
npoxiecce He(Teo0pas3oBaHid. Sa TVIYCHHHHMA DACTBODaME OCTAeTCH
JMib POJb BOCCTaHOBHTEJeil, CO3NaluUX YCIOBAA IiAA Hefreodpas3oBa-
HUA, ‘

Jetom 1988 r. mamm (losvanoB m np.,I990) meTanrsHo H3YYaIOCH
He(Tenpoanienne Ha yvyacTke "TpocTHuKOBHH" B kannnepe ¥30H.0GHIb-
HOe BCILIHBaHME He(TAHHX MATEeH 31ech HaGIOOANI0CH IIpH HapymeHUn
KapOoHaTHO# CTPOMATOJIMTOBOM NMOCTDOiKM, NepekpHBammeil ciaoif TOHKO-
JUCIepCHOTO WIOBOTO OCalKa C CYyJAbQuuami kejesa. HMiHAs  NOBepX-
HOCTh KapOoHATHOil NMOKpHUKY, NOJ KOoTOpoil ckamwmmeaerca "He(dre",
HOCHT BCe NDH3HaKM TpaBNeHHs, & Ial0BHJEJEHHA N3 WIOBOTO OCamKa
ColepiaT CepoBONOPON M yIVIeKMCJUit ras. @usuyecKad MoLeab 3TOTO
nponecca CHJa NOCTpoeHa caenylum odpasom (puc. 4.4). B npo-
3pavyHylw KOJIOHKY M3 OpI'CTeKJa, MMyl BBOL CHHMSY M JOBYUKY IUJIA
Tas30B CBEPXY, Cwan sarpymens (cumsy Bpepx): I) npoxanemmufl Xpym-
HHif TeCOK, CIyXaumi WIBTPOM U NOMYUKOHA; <) CEDHHCTOE XeJes30
(X4) xycouxamu IyiA TeHepalHHM CepoBONOpOHa; 3) XaploHAT KalbLud
(Mpamop) , He couepwannii NPUSHAKOB GHTYMUHOSHOTO BeuecTsa. CHuZY
Nno TpyCKe M3 JNeJUTe]bHO# BODOHKM IOXABANACH COJIAHAA KUCJIOTA
(pH ~ 4,5) . llpy B3amMOIeilCTEBHYM COJIIHOM KMCJIOTH C CEDHHCTHM HeJje—
30M BHIEJIANCA CepOBOJOPOX, KOTOpHII, NOIHUMAACE BBEPX N0 KOJOHKE,
pearupoBaJ ¢ MpamopoM. [IpoIyXTamy peaxumy KaploHAaTa KaubIpd c
CepOBOLOPOTON ABIAITCA JIVEBOLOPoxHEHe Tasu M COp, KxoTopue colH-
PanTcA B JOBYUKY. [[poABiaeHuMd XULRUX YTJIeBOKODOIOB B OIHTE He
3aperMCTPUPOBAHO, HO BOJHHI DACTBOD OTYETIMEC JIOMIHECLMDYET B
Yg-myuax.

ComnocTapny OICAHHYD MOLENL C YCIOBMAMU ‘HedTeNpoABIGHME Ha
y9acTRe "TpocTHuKOBUI" B Kanpnepe Y30H. CTpoMaToMMTOBAf MOCTDOI-~
¥a M3 KaploHATa Kanblld ¥ KpemHesema NepeKpHBaeT WIOBATYD Maccy
TOHKOIMCIOPCHHX CYJALIMIOB Reje3a, HAXOIANYKNCHA B 30HE HOTOKA KHC—
IHX TepManbHHX Box {pH = 4,5; T = 70 °C). HeTpymmo npemcTaBuTh
aHaJoTyMio ¢ ONMCaHHO JadopaTopHO#t Molelbl. B mpmpomHOM mpolecce,
TAK Xe KaK W B JaC0OpATODHOH MOIEeJH, TeHepaljd CepoBOXopola ofy-
CJOBIGHA B3auMoleiCcTBHEM CYJABL(UIOB XeJjesa C KACJHMA BOTamu. Du-
JIenAnmMiics CepoBOJOPOL B3amMozeiicTByeT ¢ KapGoHATOM KalblMA, 06—
pasys yIJeBonopoiH. B JaHHOM ciydYae He@Terasoo0pasoBaHAA yCMAT-—
pUBaETCA NPUYMHHO-CJGINCTBEHHAA CBASEH I'@0J0THYECKMX IPOIecCoB,
IMEKUMX PasVIMIHYl0 NPUPOLY. LOpPMIPOBaHHE WIOBOTO OCaIKka CYJBIMIOB
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XeJe3a CBASAHO C ByJKaHWYecKoi  (wmm
NOCTBYJKAHWYECKOii) NeATeNBHOCTEN, Ha-
KOIUIGHZE WSBECTHAKA € DYJIKaHAYEeCKO#
IeATEJLHOCTEN He CBABAHO; BHIRJEHHe

CEpOBONOpPOJa NpH IeiCTBUM Ha CYABEMIH
KHCJHX DacTBODOB CBASAHO C THIPOTEp-
MaJIBHO# JIeATeNbHOCTED, ONHAKO CHHTe3
yTJIeBONOPONOB IIpH B3anMonieiicTBUM
CepOBOZOPOLA C KaploHATaMy yxe He oT-
HOCHTCA K THIDOTEDMANEHOMY Ipoleccy,
HO' NIDMYMHHO C HHUM CBAZaH. Takyw moc-—
JeN0BATeJBHOCTS Tpoleccos Md  (Moava-
HOB ® Ip.,I1990) mpemnaraeM NMMEHOBETEH
CONpAXEHHHM NapareHesucoM. OH oTawda-
eTcA OT QCHYHOI'0 TeM, 4YTO HaKOILIeHHe
MUHEpaJbHOIl MaccH NepBoTo Tuma ¥ {op-
MHEDOBEHNE MWHEDAJBHHX MACC BTODOTO

TUTIa CBASAHH C DABIMYHHME TeOJOIHYec-

KMMM Oporeccamu, HO o0a IecorMYecKmx Puc. 4.4. Cxema mpudopa
Iponecca NPOTeKanT NOCIeN0BATENEHO B EAA MOXGNHDOBAHHA NpO-
OIHOM MecTe, IOSTOMY COHaXOXISHUE uecca B3auMoaeficTBHA
IByX (m Gonee) MMHEpANBHHX 00pasoBa- . COPOBONOPONHHX BOX ¢
Huif pasnuyHOro THna (TeHesmca) Ipei- H3BeCTHAKOM (MOACHeHRA
ONpeIeJeHo He SNMHCTBOM  YCJOBHR CO- CM. B TekcTe)

00pasoBaHua, & NPAYMHHO-CJIeNCTBeHHHMI
CBASAMMA, ONpefeuBIMME HX (MHHepaTb-
HHX 00pasoBaHuit) COHAXORISHHe. Bumimo,
accomuanmo He(TH C CYAbPUIHHME DYIaMHA
cJaenyeT IepecMOTDeTh B CBeTe MpeACTaBRIeHMit 0 CONpAReHHOM Napare-
Hesuce.,

PaccMOTDEHHH® BHIIE NPONECCH OXMMSHAA JTJA U OKCTDAKIMHE N8
HET'0 pacTBOPHMHX KOMIOHEHTOB IOSBOJLANT DPACUMPHTL DaMKH THIPOre0—
JOTHYeCKoif THNMOTEesH, BKINYME B KDYT 0CCYRIAEMHX BOSMOXHHY CIOCO-
00B mpupomHOro HefTerasoodpa30BaHnA BaPHaHT, CBASHBAKIMI yIVIeHa-
KoIweHMe ¥ He(reofpasoBaHye B CONpMeHHHI napareHesuc. $opMupo-
BaHWe YTOJBHOI'0 IJACTA CONPOBOXIAETCA OTXMMAHHMOM IMIACTOBHX BOJ,
yHoCAIMX C coloft BCH Maccy pacTBODHMHX OPraHMYeCKHX KOMIOHEHTOB.
[lpn Murpamuy Takme IUIACTOEHe BOJH MOIYT OKasaThCAd B BOCCTAHOBH-
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TeJbHO# o0cTaHbBKE, BOHTM B CONDHKOCHOBEHM® C BOLODPOIIeHEpPHpYI—
UMY NOPOIHHMA ToJuamyi. ECTecTBEHHO, B COOTBETCTBYNUMX  (MSHKO-
XMMIYECKUX YCJOBUAX DACTBOPEHHOE OpraHMYecKoe BeljeCTBO THIpore-
HUSMpyeTCA ¢ odpasoBaHHMeM He()TM mWIM Tasa, KOTOpHe odocodaTcA M
CEOIATCA B JIOBYNKe, o0pasyd Sajlexb.

llpr oGCyXNeHAM STOI'0 BapHaHTA CONDPAXEHHOI'O NaparcHesmca He-
00X0nuMo KOCHYTBCA PAcTBODUMOCTH OPraHAYecKoro BemecTea B IpU-—
POIHHX BOZJaX, MCNOIBSYHA MATepHaNH SKCHePIMeHTANBHHX HCCJeNoBaHUi
¥ NPOMHIVIGHHHX CNOCOGOB TNepepadoTKH TBEpHNOT'o TOILINEBA.

B xavecTBe NpHMepa IpUBEIEM DeIYJBTATH KCCAEEKOBAaHWi IO Tep-
MUYeCKo#l IecTpyKUuM Oyporo yIJA B NPUCYTCTBAN HEOPraHUMIeCHAX CO-
emuHennit pasauuHHX kaaccoB (Capawdyx, Tamko, I986).  Ipuponmmit
Cypuit yrous ¢paxmmm 0,5 MM odpadaTHpanu 3-NPOIEHTHHM BOLHHM pac-
TBODOM BEmEeCTB, YKASaEHHX B Tadn. 4.5,H saTeMm moIBeprajd  JecT-
pyxum B aBrokaase mpu T = 350-750 °C.

Kax BEEHO M3 NpMBeNeHHHY JAHHHX, NECTDYKIMA OPTaHiYecKoro -
BellecTBa Gyporo yrias NpOTeKasT NOCTATOYHO MHTEHCHBHO Jaxe B IpH-
CYTCTBHEM BOIH M SHAYATENBLHO YCWIMBAeTCA NpH NOGABICHMM KaKk KHC—
JoT, Tak # meJodeit (meficTeMe HefiTpANBHHX coJefi TAKEe YCHIMBAET
IeCTDYKLINN OPraHNYecKoit MaccH yrisg, HO B MeHbmeft cTenemu, 4Yem
KUCJOTH M WEeJoYM, OJHAKO BHXOJ IDeIe/]bHHX yIVIeBOJODOIOB B OIHTE
¢ NeyS0, movrd Taxoff e, KaKk B OmHT® C 5 % KOH).

Tadmma 4.5
TepuudecKas NECTPYKUEA GYPOro yIiA B NDHCYTCTBEN MMHODANLHNX BEmECTB
(no B.H.Capaswyx, B.A.Tamgo, 1966) .

JoGannmemoe mxgﬁ W’ Crenens | CocraB rasoo0pasHHX NpONYKTOB, &
YUMHYBCHOS : hepa- L

BemeCTBO  |EANKEX ggﬁg' ov.g | B | 0 "zl CO |COx+C4H, | Cpipn,n
Hy0 13,06 23,96 37,02 7,64 1,94 10,42 0,40 42,92 36,68
NaOH 23,71 34,48 58,19 10,1 0,70 4,12 I,e0 47,90 35,58
KOH (5 %) 26,94 44,93 71,87 9,2 0,7, 3,8 0,62 45,07 40,51
HCl 22,63 42,08 64,66 9,69 I,90 .9,26 0,48 41,47 .2
Hy30, 21,55 40,95 82,50 7,68 2,80 12,81 3,06 38,43 35,32
ﬂl03 26,94 33,41 60,35 7,93 I, I8 - 4,91 0,69 48,04 37,25
NeCl I8,32 28,02 46,34 12,12 2,07 10,06 3,33 38,92 33,50
Ne,50,:10 H,0 22,63 33,41 56,04 12,26 1,23 5,79 0,45 40,37 39,10
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/I3 MHOT'OYHMCJGHEHX ONHTOB M3BECTHO, YTO CYABJAT AMMOHWMA n
cepa YMeHBIAKT BHXOX IPOIYKTOB TepMUYecKoll mecTpyKiuM CypHX yI-
Jeit, a o0padoTKa TUAPOKCHIAMM MEJOYHO-3eMeJbHHX SJISMEeHTOE 3HaYE—
TEJILHO CHUEAET TeMIepaTypy TepPMAYeCKO# NEeCTPYKIMA & CHOCOGCTEyeT
YBeMYeHND BHXOKA HMSKOMOJEKYJADHHX COeIVHeHM#. PpaHIysScKuM ma-
meHTOM J 2643176 (omydm. 27.03.8I) sammeH cnocold KOHBEpCUU
TBEPLOT'0 TOILUMBA B Ia3000pasHHe YIVIEBOIOPOIH IyTeM HATDeRaHNH
yras (mo 50-450 °C) NPUCYTCTBHEM BOIH ¥ TUIPOCYIBIEIA WIH CYJIb—
(Mg WeJOYHOro MeTaIa.

JleTanbHEe uCcleloBaHWA NeilcTBMA menodeit HA OpraHWYecKoe Be-
mecTBO yrJieil nmoxasamM, 9TO HEMEET MECTO KODDeJAUMA Mexyy odpaso-
BAHNEM NAPaMATHETHHX IGHTDOB, KOTODHE OTOKIECTBIANTCH .CO CBO~
GOIHHMY DeXuKaNaMy, ¥ IMyOuHOft NpeBpameHus OpraHWYecKold  MaccH
JTJA B XUIKMe ¥ rasoodpasmEHe nponykrs (Byrysosa u mp., I985).

o ux mecaemoBanmaAM, MaxcmMym IMI urcupyeTcA B HHTepBAie TeMIe-
‘paryp 350-650 °C.npn IoGaBke S-NpONEHTHOT'O BOXHOTO DAacTBOpa NaOH
M B STHX Xe YCAOBAAX HaGNOIAeTCA MAKCUMyM NpeBpalleHHd yIJA B
KUIOKAe K Tas000pasHHe NMPOIYKTH.

Taxum o0pasoMm, IHNOTe3a THIPOTEPMANBHOI0 I'eHe3®ca HefTh B
CBASK C YIVIeHaxOIIGHMeM MOXeT DacCMaTPHBATECA B ODHIMHAIBHOM Ba-
puaHTe, KOTZA leJOYHHe NePerpeTHe BOJH IpopasaTHBAIT IMCIIepPCHO~
paccedHHOe JTOJbHOE BElleCTBO M MOJyYeHHHEe SKCTPAKTH THIDOTeHU3H-
DYIOTCA B CMeXHHX OGJECTAX, CJATAGMHX BONOPONTEHEDUDYIUMME  I'Op—
HHME nopomemi. B aTHX 00IaCTAX BOIHHO SKCTPAKTH, Hecymue pacT-
BOPeHHOe OpraHWJecKoe BeNecTBO, OyIyT NMTATh NpHpoIHH{t mpouecc
He(rerasoodpasoBaHud, NpoTeKawmuil Mof BIAMAHMEM BHISJANLETOCA BO—
Iopoma. :

Mccanemopanne npeBpameHuit coJeff KMpDHHX KMCJAOT NOK BIMAHUEM
BHIEJANNET0CA BOLOPOLA NOJYYRIO elle ONHO IPONOJIKEHMEe, OTHOCAUE-
8CH K MUTpAlMM M aKKyMylamy HedTH. /3BecTHO,9TO COJH KHDHHX
RUCJOT MOIYT CIOCOOCTBOBATH MATpaimy Hedry, o6pasyd ycToiduBHe
KoJuioMmH . OdpasoBaHWe He(TH IyTeM CKOILIGHHA JTJEBOIOPOAOB, MOGH-
JUBYeMHe N3 0CATOYHHX IOpon WX  "BHMHBEHMeM", DacCMOTDEHO,
HamnpEmep, B padore E.I'.Befixep (I960). JaTepamsHas Murpauus Hedru
B pacTBODEHHOM COCTOAHMM ¥ KOHIGHTDAIAA €8 B 3aJeXH  BCJSJCTBHE
HM3MeHeHHd pacTBopanmell COOCOOCHOCTH areHTa-HOCHTeJA DacCMaTpRBa-—
@TCHA KaK OIMH H3 BOSMOXHHX NDUDONHHX MEXAHWSMOB (OpMUDOBAHUA
MeCTOpOXIeHHH .
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. Buno npoeemeHo uccienopaHue pacTBOPMMOCTM He(TH B Boge IpH
PasIMyHOil TeMuepaType ¥ IOKA3aHO peskoe yBeJduueHue Hecymeil cio-
COoOGHOCTH BOIH, COIepramei BelecTBa, CTUMyIHDyLUHME 00pasoBaHie
crolixmx xowiounoB (T'oHmos,I969). B I970 r. B.C.BumeMupcKum,
A.A.TommoeuM, B.H.KpumoBoil cMOmesMpOBaHA JiaTepasibHAR MUTDAlE
paccesHHHX OMTYMOMIOB B BOIHOM NoToKe;paHee I'.J.llocnesoBEM ¥ Ip.
(I967) paccMOTDEHH BOSMOXHHE MEeXAHHSMH OCpAR0BAHMA 3aNeXeit us
BOJOHe(TAHUX pacTBOPOB.[IpH pacCMOTDERMH BO3MOXHHX MEX&HMSMOB 00-
pasoBaHud 3anexeil cpemy NpoYMX NPHYMH paspymeHMd KOJUIOHIHOT'0 pac—
TBOpA OTHMEYEH MEeXaHM3M BHIEJeHII HeGTH U3 BOIHOTO pacTBopa codieil
AUPHHX KMCJIOT B pesyabTarte HX Iunporennsaimn. CyTs MelaHusma co-
CTOMT B clemynuer. [pennosoxmM, YTO He{Th MUTDHPYET B BOIHOM
pacTBope CoJeil RMDHHX KHCJOT. 1A 0C0COOGJSHHMA €€ B CalMOCTOATENb—
Hyw ¢asy tpedyercA paspyliTE NOCTATOYHO CTOMKMit Kosnommuii pac-
TBOp. Ero paspylieEue MoxeT CHTH OCYCJIOBIEHO M3MCGHEHHENM COJeHOCTH
BOZ, TermepaTyDH WM IPYIUMA NDHYAHAME, HO B JuCOM CIyYae Taxoro
pacnajs BOKDYT Sanciy HelTH NOJLAHE CREIIMBATHECA COJII IIDHHX KMC-
JIOT, Dpuyenr MY KoANYEeCTBO IOJHHO COOTBETCTBOBATL pastiepay sale-—
5M, T.e. GUTH COM3MEDHUMO C Maccoil HaxonmeueilcH He(Ti. IToOr0 B
npupone He nadmomasTcA. CrenoBaTenblo, MMEeTCA MexXaHusi yThinsa-
MM areHToB-HOocUTeJiel, BHOOJHNBIMX CBOK MHMCCHMI B Il@pioZ TpaHc—
NOPTUPOBKU He(TH.

lloyeny He NpPeANOJNOKHTH, YTO COJM HMPHHX KMCJIOT, HIDABIME
POJb areHTa-HOCHTeJA, YyTPaTWid CBOX CIOCOOHOGCTH IIOBMIATL  DpacT-
BODMMOCTE He(TW B BOIle B DesyJbTaTe COGCTBEHHOT'O IPEBpameHUdg B
He(rs? BOBMOXHOCTE TAKOI'0 NpEBpaleHud NONTBEDRIeHA DKCIepHMeHTa-
MI, HOKa3aBliMi, YT0 B BOCCTAHOBMTEABHHX JCJAOBHAX COJH  NMPHHX
KHCJOT  IepexoiaT B OUTYMONIH B PESyJILTATe TePMOKATAINTHYEeCKHX
peaximii, Kax 5To noxasaHco onuTamm A.ll.Boromonosa ¥ Haummm, B
KOTODHX MMATHDOBAJICA NPOLECC HMSKOTEMIePATYPHOH IMIpOTeHnsaluy.
OGpaTuBmucs B He{Th, COJM FUPHHX KMCJOT MOTEDAT CBOX HOCYNYW
CNOCOOHOCTE, YTO IOBJeYeT 3a codoit odocodneHMe HedTH B CaMOCTOA-
TeABHYR Jasy,a 5TH COMM GecCJeNHC MCYe3HyT.BepoATHOCTE TaxoIo
npouecca B NpUpPONe BPAL JE MOXHO OTDHNATE,M TDYIHO IpPeIIOJOXUTEH
IpyToil MexaHnam "yrmmsamm® MWIBHHX DAcTBOPOB, CNOCOGCTBOBABIMX
00pas30BaHNl He(TAHHX 3aiexeil ¥ (ecciaeqHO MCYeSHYBIMX Iocae dop-
MHDOBaHAA MECTODORICHNL .

cexanuiBad OOCYuleHNe TUNOTEeSH IUNPOreosordYecKoro Wi Ini-
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POTepMATBHOT0 He(Teo0pasobaHusa, OTMEeTHM CJeIymlec :

a) oGpasoBanye YI'MIeBOZOPONOB 32 CYET BONODPACTHOPUMU Opra—
HUYECKHX BeHecTB NoJyYaeT NOATBeDXIEHMe B SKCIEeDHMEHTAaX;

6) (NBUKO-IMMMYSCKME YCJOBHA TPaHCHOPMALME BONOPACTBODMMEL
OPraHNYecKNX COeNUHeHMI B JIVIeBOZODOIH ONNCHBAWTCH TEMHI XC SHa-
YeHMAMN TapaMeTpoB Eh-pH, YTO M PAacCMOTDEHHHE BHIE YCJIOBUA IIi—
POT'eHusamy JMCTepCHOI'0 YyT'OJBHOI'0 BelecTna;

E) T'eoJOTHYeCKEe NpONEecCH Hedrera3oofpasoBanusi sa cyYeT Bo-
HOpacTBODMMHX OPraHMYeCKHX COeINUHeHHi MOTYT HUMeTh MecTo B apre—
BHaHCKHUX Gaccellliall, B THAPOTePMAILHHX CHCTEMAX, & TaKMe B JHTO-
T'eHe36 B CBASH C yIVICHAKOILIGHMEM.

4.3. TunoTesa He(TEOGP230BAHUI
<a cYer I(&pGOH&THOI‘O yruepolia

Lonpoc o6 yyacTuu KapdoHATHOTQ yTJepola B NPHPONHOM  IpPO-
Hecce He(TerasoodpasSoBaHMsg Haspea. callacH Heru, — OpPIYPOYEHHHE
K KapGoHATHHM KOJUIeKTODaM, COCTARIANT 3HAYNTEJNBHyX YactTh ee 00—
DMX 3anacoB B Hegpax. B HUX OTYETINBO BHYEJSINTCA CEpPHHCTHE I
GeccepHHMCTHe He(T¥; IepBHE BCTpeYawTCH B accomuallud ¢ KapdoHaT-
HO-CYJBEUIHEME OTJIOMEGHMAMA, BTODHE NDUYPOYeHH X JIOJIOMUTISHPOBaH-
HHM M3BECTHAKAM. ['e0JIOTHYECKNE MATEDHAJH NO3BOJSLOT KATEI'OpHYecKU
OTPUIATE NPOHMKHOBOHNE He(TU H2BHe mocJse 00pasoBaHHA KaBepH "
noJocTei. 5

Bume npuBelieHH omucaHud He(TenpoARICHMI B accOUMAUMM C Kap-—
GoHarami. B HEX CO Bceli ONpelesIeHHOCTHN BHDUCOBHBASTCH CBA3D
He(reras000pasoBaHna ¢ NpeofpasoBaHMeM USBECTKOBHX TOJ) B SIi-
TeHese - JOJOMHTH3aIMeir M cyapfarnsaiyelt. keTacomaTnyeckoe same-
WeHMe KapGoHATa KaJbINlA JNOJOMHTOM HEPeIKC COIpPOBOMRIAeTCHA 00pasc—
BaHMeM CHIEPHTOBHX ¥ MATHOTHTOBHX DyZ, T.8. HPOTOKaeT C yYacTHeN
(npuBHOCOM) He TOJNBKO MATHUA, HO M IBYXBANGHTHOTO 0Je3a, 4 Tak-
¥e erc YaCTHYHHM OKHCJIeHMeM. Kax Noxasano Bume, OKHUCISHHE IByX—
BAJEHTHOTO #eJe3a BO B3amMoIeliCTBHH ¢ BOXOH COBJacT yCJIOBHA TIe-—
Hepauuy BONOPONa M 0GPASOBAHUA YIVIEEOIODPOLOB.

Cunraercd, YTO METACOMATHYECKOe pas3BHUTHe THICA N0 KapOoHa-
tam (raaBHHM ofpasom — MSBECTHNAM) CBASAHO C Bo3ueilcTBHO Cyib—
Garaux (xuesmx) Box. OmHako TorT xe 2((@KT CYNL{ATOOGPASOBAHNA
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IMeeT MecTO NIpPH B3awMoZeicTBHM KaploHaTa KaJslua ¢ cyabdumamm,
KOTOpoe CONPOBOMIASTCA BHIEJNEHHMEM yTJIeBOIOPOIHHX r'asoB. B npo-
crejiieM CJIyJae MOXHO NpeNCTABATE ofpasoBaHWe MeTaHa M CepH  Kak
CIeICTEUe BOSLEHCTBAA PACTBOPA COPOBOAOPOfa Ha KapOOHAT KABIAA:

Cacoy + 2H,S + % 0, + 2H,0 = CeS0,+2H,0 + 5 + CH,

AG = -I58,5 kran

JlanEaA peaKMA XOpPOmMO BOCHPOMSBONMTCA B IIpOCTeHmeM omuTe,
He CBASAHHOM C axTuBalmeft MSMeJbYeHAeM K ONMCAEHOM BHme. KojoHKA
u3 oprerexia (cm. puc. 4.4.) sanomaerca (CHASY BBepx) THCTHM
TNPOKANEHHHM MECKOM, 3aTeM INPOCIeHHHM CODHUCTHM XeJe30M, CHOBa
IeCKOM ¥ NepeMeRAlNEMICA CJHOAMA M3BECTHAKA W Necka. CHUSY K Ko-
JIOEKE NOIBOMMTCA CJaCHi pacTBop cosmoi rucaoTd (pH = 4,5). Ce-
POBOZIOPOX, BHISJSIOUMICA NpY BIAMMOISHCTBMM CEDHMCTOTO XeJel3a C
coJAHO# XmesoToit, MOTHUMAeTCA B PACTBOPE BBEPX TIO0 KOJOHKE H BO3-
IefCTEyeT Ha M3BECTHAK. Odpaamuuecﬁ TasH CHAILMBAKWTCHA NON KOJ-
TaKoM, OTKyIa MX HSBIEKANT LUMpHUIeM A XpoMaTorpaiuyeckoro aHa-
Ju3a. B cocTaBe IasoB NOJHOCTED OTCYTCTIBYeT CepoBOIOpon M  (ME-
CHpyeTCA pAN IUKOB YIVIEBCIOPOIHHX I'a30B. IWIKOCThE OTYETIMBO JOO—
MuHecIupyeT B YO-iydax. B dosee CIOXHHX BADHAHTAX OKUCJIEHMA
Cynns(unoB Bo B3amvomeitcTBmm ¢ xapdoHaTaMm 0GpASYDTCA DARMIHHE
YTIeBOMOPOIHEe TasH. MaMeHeHUA XapOoHaTOR Kanbmua (ImosoMurTHsarmms
U cyne(aTHsamuA) CONDOBOETANTCH YBeUMYSHHEM IUIOTHOCTA H,  COOT-
BeTCTBEeHHO, 00pa30BaHHUeM IyCcTOT, KaBepH U TpeuwH, YTo Ciaaronpu-—
ATCTBYOT CKOIUIGHMD 3alexeil yIieBomoposoB.

Bropoii BamHHil MOMEHT CHHTEe3a YyIJIEBOLODOIOB M3 OKCHIOB yIvie-
pola ® BOJIOpOJA BSaKINYAETCA B BOCCTAHOBATENIX (MOHOpaX BJIeKTpO-
HOB), HeoOXOFHMHX A Ipolecca. Mi mMcHomesyeM peareHTH-BOCCTA-
HOBHTGEJIX K3 UHCJA NPHPOINHHX COeNMHeHMit: CYJbQuIH, COSTUHEHHA
Feot & ToMy nomoCmue; H.B.Uepckmit u B.I.lapes (I984) mexawnT
CTABKY Ha TpuOOXMMHUYECKHe peakumm: "BHCOKOSHOEHTHBHHNM IPOLECCOM
TeHepanuy HOH-DANAKAN0B H CBOCONHHX SJIKTDOHOB ABIASTCA TDOHHE
NpH CMeIeHN: ¥ B3amMofeilcTEME TBepHHX NoBepxHocTell" (c. 73I).

HaxoHeln, TpeTui BasHHI BOIpOC, KOTODHit HeM3GeXHO NOJXEH
BOSHUKHYTH Ipi OCCYENEeHHMM T'HNOTeSH HedTerasoo0pasoBaHmd C yyac-—
THeM KapOOHATHOI'O YIJIepoza, CBASAH ¢ (DOPMUPOBAHUEM KOJIEKTOpa
B RapdoHaTHO} Tose B NOCTCEIAMeHTAUMOHHHEA NepuoX. B MoJeasx
Yepcroro-lapesa peleHye sTOT'0 BOIpOCa HE NpPEIyCMOTDeHO. N B

180



CBOMX DACCYRNSHMAX M NPHE yCTpoiicTBe MomeNell mCxomuM W3 NpejoJo-
REHWA,YTO NOCTCEeIMMeHTAIMOHHHe Npeo0pasoBaHUA KaplOHATOB XalblMA
B CcyJab{iar KaJeuwsa NON IeitcTBEeM CYJb@MIoR (HanpuMmep CepOBOIOPO-—
Ia) ABNANTCA TeM eIVHHM IIPONECCOM,KOTODHE OIHOBpPeMEeHHO odecneun-
BaeT CHHTE3 YIVIeBOLOpPOLOB H JopMEpoBaHNEe KOJIEKTOpa.06pasoBaHue
JIOJIOMATOB ¥ AHIUIDUTOB 1O KAIBIUTY CONPOBORIAETCA YBEJMYSHHEM
LIIOTHOCTH T'ODHHX NOpOJ #,CO0TBeTCTBEHHO, NOABISHHSM CBOCGOIHOI'O
NIPOCTPaHCTBA .

[lpoBeieHHHE HCCJASHOBAHUA YOERIAWT HAC B CIpABEIIMBOCTH ¥T-
Bepmuenu#t B.E.Tarapckoro (I939), wro yeroilumpas accomuanma Hed—
TH C JOJOMATAMH ¥ CyJbfaTamu oOycHOBISHA ©IMHHM OpONECCOM INOCT—
CeIMMEHTAIMORHEX Npeodpa30Bannii U3BeCTHAKOE, CBASAHHHX ¢ TI'MADO—
TepPMANLHO MeATeJbHOCTED. SKCIePUMeHTANRHOE NOoNTBepEIeHue HaoJo—
meHuit 3.B.YalixoBokoit (I9606) W NpYTHX YOOMAHYTHX BHOE HCCIAEN0Ba—
Hu#t NMO3BOJAST ONpEJENUTH JBA IVIABHHX NOJOKeHWA: 4) KapGoHATHHIf
JTJIepOX MOXeT YYaCTBOBATH B NPUPONHOM NPOINECCe CHHTe3a YTIeBOJo—
DOTIOB B Hefpax; ) CHHT®S YTIEBONODONOB H (OPMUDOBAHME KOJISKTO-
pa 0CycJOBJISHH IWHHM TIDOIeCCOM NOCTCeNUMeHTallHOHHOI'0 Ipeodpaso-—
BaHMA M3BECTHAKOB. B clnpaBel/IMBOCTA 5THX NOJOMEHMT He MOXeT Hac
nokozedaTs 063cpHaA padora lx.Xamra (I97I). Pasmesad ToCHOICTEY-
pnee MHeHHe O TOM, YTO MCXOLHHM BemecTBOM LA HedreolpasoBaHmA B
KapOOHATHHX NOPOJAX NOCYRUIA OCTATKM CHOreHHHX OPraHUYeCKHX Be-—
mecTB, OH ofpamaeT BHUMAHWE Ha CJaenywuyde o0CTOATEJLCTBA:

I. llapafuHi, Ha@TeHH H ADOMATHYECKHE JIVIEBOLODOIH, COIEpPEa—
upe He Oojee 9 aTomoB yTiepona (3a MCKIOYGHMEM MOTAHA), HUBHMY
OpraHu3MaME He CHHTe3MDYITCA I B COBPEMeHHHX ocamKax OTCYTCTBY—
0T, CJAENOBATENBHO, OHM IOJXHH T'eHepUpOBATHECA B JMTOTEHESse.

2. llonxeHWe CONEDXAHNA THAREJHX YIVISBOILODOIOE B COBPOMEHHHX
ocaTKax N0 CPABHEHWD ¢ JIPeBHMME (MHOLEH M HHRe) HATAJHVEBAeT Ha
Ty X6 MHCJB: YacTh YIVIeBOIODOLOE, OCHADYXeHHHX B IPEBHHX NOPOIaX,
CHHTE3MpPOBaHa B JHTOT'eHese.

3. Husraa kaTaquTWYecKad aXTHBHOCTH KapOoOHATOB MO CpaBHeHUD
C TVIMHUCTHMA TIOPOIAMH II0SBOJAET npémonaram., YTO T'eHepanud Hef—
TH B KapdoHaTaX NPOMCXOWIa HA CONBIMX IJyCMHAX B TeveHHe Oojee
INUTeJBEHOIO BpPeMeHM, TO eCTh Ha NMOSIHHX CTaIUAX JMTOreHesa IIOCJe
KOHCOJIMIAnMA KapOoHATHOTO WIa.

4, PaTyMmH He MOTYT BHIEJATHCA B OKDYXakiHe MOPONH B DPe3yib—
TaTe paHHei# JmrudMkauum KapOOHATHHX WIOB, a B MoJexyasapHo#t dop-
Me NepeIBHralTCA B Ipejesax KaploHaTHOTO He({TeMaTepMHCKOro ILia—
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CcTa N0 TpemMHaM ¥ KaBepHam, OCPa30BaHHHM B DeSyJbTaTe IMDKYJLAUNH
NON3eMHHX BOJX. DO MHOTMX CJydYafXx MOXHO YBepeHHO TOBODHTE O Haxo-
KIGHUZ HedTH Ha MecTe ee odpasoBanma (momYepkHyTo Hamu - B.M.,

775 I
5. liveeTcA OrpOMHOE KOJMYECTBU IJIMHMCTHX MSBECTHAKOE M 43—

BECTKOBO-IVIMHNCTHX CJaHIeB. HeKOTOpHe M3 HUX Kak N0 XMMUYeCKOMY
COCTaBy, TaK M N0 YCJIOBHAM 3aJIeTAHAA NPHXOIMTCA pPACCMATDHUBATEH
KaX He{irenpon3BomAmie NMOpPOIH.

6. l3BecTHAKM B acconyaiyMa ¢ SBallOPATaMH O0pasylTCA B yCJIO-
BUAX, ONaTONPUATHHX JJIA TeHepalMy ¥ aKKyMyaAumd Hedru.

OTM BHBOZH [Di.AaHTa HUKa8K He NPOTHBOPEYAT NpPENCTABIEHUAM O
BOSMOKHOM (M BepOATHOM) y9YacTHu K2pGOHATHOTO YyIJIepomsa B IpHPOI-
HOM TIiporiecce HediTerasooGpasoBaHud.

SaxaHuMBaA OCCYXIeHMe THUNOTe3H, CJAeIyeT cIesaTh pAll  BHBO-
IOB:

a) oGpasoBaHHE yIeBOLOPOAOB C YYACTHEM KADGOHATHOO yIue-
pozna (mwm COZ), BHARIGHHOE H& OCHOBE SKCNEDMMEHTOB, HE IIPOTHBO-
DOYAT TeOJIOTHYSCKAM (JaKTaM N BAKOHAM TeDMOIMHAMIEY;

6) (uSHKO-XMMHYECKNEe YCJOBMA He(rerasooCpasoBaHHA C JYacTH-
eM KapGOHATHOTO YTWIEPONa ONpPeNeJADTCA NByMA JaKTOpaMu:  OKHCJM-
TeJEHO-BOCCTAHOBUTEJNEHO! peaxuyell BogH, oCGecnednsawmeil BHIeJeHHe
BOJIOPONA, W B3amMoumeficTBHEM KapGOHATA C DEaTeHTOM,  pasJarawmiiumM
kapdoHar ¢ BHEeJeHmem CO,;

B) TeOJOTMYEeCKMe YCJOBHA He(rerasoolpas’cBaHuA B KapGOHATHOH
TOJIIE ONPeIeJIA0TCA KaK MOCTCeIMMEHTALMOHHHE IIDeBPAalleHUA M3BECT-
HAKA B OOJOMMT MM THIC IIOX BO3AeHCTBHEM IUIPOTEPMAIbHHX DACTBO-
DOBj

T) JNOJOMATH3AIMA (MM THNCOOCDA30BAHME 10 MBBECTHAKY) COl-
POBOXIAETCA, BO-NEDBHX, H3MeHeHMeM IUIOTHOCTH NODOIH, YTO BIEYeT
3a codoit pasBuTHE IOpPOBOTO NPOCTDAHCTBA, M, BO-BTODHX, BHIGJGHH-
em COp, HEOGXOZUMOTO AIA Hefrerasoo0pasoBaHmd;

I) dopMEpOBAHME KOJUIGKTODA M BaloJHeHEe ero He(ThH NpoTeKa-
€T CHHXDOHHO;

8) o0pasoBaHWe YIVIEBOJODOLOB C yYACTHEM KapGOHATHOTO yIJe—
polia ¥ accormarma HedTE ¢ KapOoHATHHME KoJJeKTopam# TpedyeT cme-
IMAIbHOI'0 HCCAeOBaHMA.
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Iaasa

[[PYBIEYEHVE SKCIUEPHMEHTAJBHAX JAHHBX
[P OBCYRIEHAM MPYPONHMY SAKOHOMEPHOCTEI

5.1. PernoHaJBHOCTE pasMeleHNs 3aiexell Hejru ¥ rasa
B CBeT@ HKCIEDMMEHTAIBHHX JAHHHX

OCpasoBaHy¥e XMIOKOTO ¥ rasooCpasHOr0 TOLIMBA - npodiema XH—
My u uauveckoil xumuu. HedTe M ra3 MOryT OHTEH NOJYYeHH M3 pas-
JIMYHHX MCXONHHX BeNECTB MeTOIAMY OPTaHHIECKOTo CHHTesa (Hampumep,
u3 CO n Hz) JGo 3a cYeT KPeKMHI-NpOolecca M3 CJORHHX OopraHuvec-
Kux coemuHeHuit (Hanpumep u3 yrua), lpuBieveHNe SKCIEPUMOHTAIBHHX
IaHHHX IUiA O0CYRIeHMA T'eHesuca He(Tu ¥ rasa JCJOKHEHO DALOM
NDVHIMONAIEHEX NI0JI0KeHA), nasoxeHHEHX A.A.TpoduMyxom un np. (I983a).
TuIaBHHMM Cpejy IpPHHIMNOB 0GOCHOBaHMA Teopuil HefrerasoodpasoBanuit
Ha3BaHH, BO-NEpBHX, COGJOIEHWEe 32KOHOB TEeDMOIMHAMMKY, BO-BTODHX,
00BACHEeHNe TNPHPONHHX 3aKOHOMepHocTeit M,B YacTHOCTH, peruoHalb-
HOCTH DasMemeHHsA MecTODOXIeHWi He(TH M Tasa.

SHepreTHKa 00pagsoBaHua YIVIEBOLOPOZOB B NPOBENEHHHM HaMA HC-
CIeNOBaHNAX O0COCHOBAHA BHIle, M WX CHHTEZ COIVIacyeTCs C 3aKoHaMA
TepMonEHAMAKK. OGCYZHM COOTBETCTBHE DA3BMBacMOil KOHIIIMY BHAB-
JIGHHHM NPUPOINHHM BaKOHOMEDHOCTSM.

PerHOHANBEHOCTE DasMelleHMA He(TAHHX M TasoBHX MeCTODOXIeHHH
B Ipefenax ofHOT0 He(Tera30HOCHOT'O GacceifHa pacCMOTpUM Ha IpuMe-—
pe SanamHoi CuCmpn. PajloHmpoBanme 3alerell HedTH ¥ rasa ONHOMMEH—
HOTO He{TerasoHOCHOTO OacceilHa, HACKOJABKO Hawv H3BECTHO, BIEepDBHe
GuJI0 TpOBeNeHo coTpynEmkamy CHIMITulCa (Typapu # mp., I1963). K
nepAfepuitHEM 00IacTAM GacceitHa NPUYPOYGHH MECTODOXIOHUA rasa;
He()TAHHE Xe TATOTET K 00Jiee@ NMPOTHYTHM 6r'0 YacTAM, & B IeHTpAlb—
HHX 9aCTAX, TIe 0camovYHHe TOJIIY IpeTepnesu MSiCHeHWd, CBASAHHNE
C TIyCOKMM NOTDYyXeHHUeM, BHOBB JIOKQINSYWTCA I'asoBHe ¥ Ta30K0HTeH-
caTHHe MecTopoxueHmd. JudpepeHumaysd pasMemeHu1 HeJTAHHX M Iaso-
BHX Sasexelt SanamHoil Cudupu nosxe paccmorpeHa @.I.Typapu # Ip.
(1967, I1968). lloxasaHo, 9TO TA30EHe BaleXy IPYNIMpYOTCA B 0061ac—
2 Temmeparyp I3-70 °C u mammemmii 65-190 aTM, He(dTAHHE — OTHENE-
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HO B odnacTm 50-I30 °C u memwemmit I50-290 aTM, IpUYeM IOBOJBHO
OTYeT/MBO BHIGJASTCH eme BepXHAA YacTh B odaactm 80-I30 °C "
nasnennit 220-290 aT™, XaparkTepHsyluas YCJIOBMA JOKAIMSAIMM JIOTKAX
He(reli ¥ rasoKoBEIEHCATHHX MECTOpDOXRIeHM.

SaKOHOMEPHOCTE JIOKaIM3alMl He({TAHHX M Tas0BHX MECTOPOXTeHM
TeCHeiiMM 06pa3oM CILIeTaeTCA ¢ JApyro#f Xopomo M3BECTHOR 3aKOHO-
mepHoCcTED. M.M.AMMocoB (I96I, IS67), IpMMEHNMB METOIH YIJIEHeTDO-
Tpafyl K paccedAHHOMY BelleCTBY He{TeMaTeDPMHCKHX MOPOX, CleXal BH-
BOI 0 KODpPeJAIMOHHOH CBA3KM MexIy He(TerasoHOCHOCTED M CTENeHEND
yrae(uKamuy yTOJBHOTO BemecTBa Hopon. CoryiacHO BHABNEGHHOR MM 3a-
KOHOMEPHOCTH, MeCTODORIOHMA NPHPOIHOTO Ia3a acCOomMUpynT ¢ IOpo-
Iamy, DAcCedHHOe OpPraHWYecKoe BeleCTBO KOTODHX HAXONUTCA HA HHAS-
KUX CTeNeHAX yIJieQUKalM\ WIK,Hao00poT,NO0CTHAIO0 BHCORKX CTeneHei,
B TO BpeMA Kax He(TeHOCHOCTL CBOMCTBeHHA OTVIORGHWAM,yTOJBHOE Be-
MeCTBO KOTOpHX He Nepellio CTaiud XUPHHX yIJeit;HO HY HedTh,HH Tas
He acCOmMMpyRT ¢ NOpoImaMi, OpraHMYecKoe BeleCTBO KOTODHX  MeTa-
mopdmsoBaHo mo aurpamuroB (Ammocos, Topuxos, I966,I1968; Ammocos,
Epemmm, I97I).

OTH NOJIOXeHMA B M3BECTHO{ Mepe COOTBETCTEYWT BHCRABHBAHUAM
L.Yajfira oTHOCHTENBEHO carbon ratio - yIvieponHoro Koadfuimenta.
Hedru pemxo o6pasynT Wi COBCEM He odpasyloT cKoILIeHu# Ha mwioma-—
Iax, The yriaeponHuit xosdfumment donee 70, 4TO COOTBETCTBYyeT Ie-
pPexoly YTOJBHOI'O BEMECTBA K CTaNUM XUPHHX yrueft. T'asoBHe BalexH,
KakK IpaBWiIO, IPAYPOYeHH K IUIOmAmAM C 00Jee BHCOKUM YTJIEDOIHHM
roa(dummentom (AmmocoB, Topuxos, I968).

CBA3H CKOILTGHUH He(TM ¢ moporamy ONpemesyIeHHHX 30H KaTareHe-
3a, BHIEJAEMHX IO CTENeHH yrieUKaIMA DPACCEAHHOI'0 OPraHHYecKOTo
BemecTBa, NOATBEPRIASTCHA NpUMEPaMM N0 MHOI'MM KDYIHHM Hedreraso-
HOCHHM oGnactaM. H.B.Baccoesmy ¥ I'.A.AmocoB (I967) oTmewamm,dTo
NIpABHN0 yraepomHoro Kosdjummenta I.Vaiita — Beckad "ymura"  Gmo-
TeHHO-0caoYHoro (mo onpemenenmn BaccoeBHYA) WIM OCALOYHO-MAI'DA-
IEOEHOT0 NDOMCXOXIeHWA HedrH. Pazymaua B cOCTABe MCXOTHOTO Opra-—
HEYecKoro BemecTsa (cauponeneswi#t wm IymycoBuit pam) m  reoaorE-
YeCKHe YCJOBHA TAKRe CKaSHBAWTCA Ha IDOABICHWM YKA3aHHO# 3aX0HO-
mepHoCTH. Tak, Ha MOJOIHX IAATPOpMAX MUHMMyM HefreodpasoBaEMA B
CaIponesJeBOM OPTaHHYeCKOM BemecTBe NPUXOIMTCA Ha NepeXomHyn <Ta-
nmo B-J, a B IymycoBoMm - Ha Gonee mosmEme I' wm E (Hammsxwn ® mp.,
1969). CocTas rasosoit fa3H DACCEAHHOIO OPraHMYeCKOr0 BemecTBa Ha
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pasHHX CTAIWAX KaTareHe3a Ha NpUMepe aprWLMTOB TYTJeMMCKOU navy-
xu SananHo-CnéupcKo#t HusMeHHOCTH paccMoTpeH E.A.Porosmxoit (I967).
Ep ycTaHOBAEHO, YTO MAKCHMAIBHAA I'aso0Tiava apl'WwUIMTOB, COINepXa—
mx Gojee 5 % OpraHMYECKOro BelleCTBA CAIpONeJeBOr0 THUNA, HAG—
IaeTca OpH Me30KaTareHe3e, Tle OPraHAYecKOoe BelMeCTBO  OTBeYaeT
maprem J-T'.

B.J.Hamueruesm # np. (I969) moxasano, YTO TeHepaluA I'as000-
DPASHHX JTJIEBOJODOIOB B 3aBHCUMOCTH OT CTEIEHM MSMEeHeHUA OpraHd-—
YeCKOT'0 BelleCTBa ~ TYMHHOBOTO THIE MMEET IBA MAKCHMyMa: OIMH TIpH-—
XONATCA Ha OTIOREHWA, TNe ODPraHMYecK0e BemecTBO NOCTHIVIO CTaIUK
I,, a Bropo# - Ha E;. Heitrpamsmuit (xropofopmerHHit) OMTymoMt o6-
pasyeTcsd Jame BCEI'0 B OTJIOXeHWAX, TIe OPTAHNYECKOe BellecTBO Jo-
CTHIVIO CTeIeHH I‘2.

Wrax, no HaGMNOeRMAM MHOTHX MCcJenoBaTeJeit ycTaHOBIeHO, YTO
TeHepamyMA Ias000pasSHHX YIVIeBOJOPONOB MMEET ABa MAKCHMyMAa:  ONUH
npuxomuTcA Ha cramvp I, a Bropoit - Ha E; TeHepauuaA mopotiopmemc-—
T0 CUTYMOHIA MMeeT ONWH MaKCHMyM, NpuxoisAmmiica Ha cramuo I'.

' Tpajuyecroe comocTaBleHMe DeSyJNLTATOB HAKX ONHTOB C  JaH-
muvm B.J. Hasmeruea n np. (I969) npusemexo Ha puc. 4.I. KoHewHo,
HaWBHO COHI0 OH OXWIATE Xopome#l KOppenAlMy MeXIy SKCIepHAMeHTOM U
IpEPONoi#, HO HENB3A He BHUIETH BJEMEHTOB CXOICTBA, OCOGEHHO B
KDHBHX, OTpaXaWmAX BHXOX YIVIeBOLOPOIHHX rasoB. leficTBATeNbHO, B
HallmX SKCTIEPUMEOHTAX OTYOT/MBO BHABAJIOCEH NBa MAKCHMyMa I'eHepalmy
yraesomopoIlHuX rasoB: Ha cramuu Il u K. TouHo rakme IBa MaKCHMy-
Ma T'eHepaluy yIJIeBOIOPOIHHX Ta30B MNpHBOJeHH B BHIleHasBaHHo# pa-
d0Te IJIA CanpONeJMTOBOI'0 BEmMeCTBa, TOJBKO BTODO# MaxkcEMyM HpHX0o-
InTCA Ha cTammo X, 'a TepBHil EMEeT TEHIEHIMK CMECTHTHCA HA CTEIMD
.I[I. A CMEmNAHHOI'0 THIA OPTaHWYeCKOT'0 BEmEeCTBA OTYETJMBO  BHIGH
TOJEKO HHXHWI MAaKCHMyM, IpEXomsmmiica, HA CTaIHED 112, a BTOpoil Max-
CHMyM, Kak 0TMeYanT caMd MCCJAeNOBaTeNH, TOJBKO HaMeTWICA ONATH-
TaKW, KaK ¥ B HAWWX ONHTAX, BOMM3E cTammd K.

Kax Hamw omHTH, Tak X HadmomesmA B.J.HammBruHA M ero KoJuier
NOSBOJANT YETKO BHIEJNHMTH DE3KOE BO3PACTAHME BHXOIA HeHTDATBHOT'O
ouTyma Ha cTamuax J-T u T.
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5.2. I'maBHaa (asa HefreolpasoBaHUA

PaccmaTprBaeMas 30HAIBHOCTE DA3MOMEHNA HeOMTAHHX M Ta30BHX
MECTOpPORIEHN! B 3aBACHMOCTH OT CTENEeHW N3MOHEHMS DACCeAHHOI'0 Op—
TaHMYeCKOT'0 BellecTBA TECHO CILIETAeTCA C 3aKOHOMEPHOCTHN, M3BECT-
HO#f Kax TIvaBHadA (asa He(TeodpasoBaHmA B KaTareHeae 0CanovHoi
Tommi. M.M.AMmocos u B.M.Topuxos (I966) mpeinpuHAMM NOINTKY CO-
TOCTABJISHAA WSMEHEHHA DACCeAHHOT'0 OPraHHYeCKOI'o BelecTsa ¢ Hed-
TEHOCHOCTHD OCaA0YHHX NOpoX. [JaBHad fasa Npemmojaraemoro Hefre-
06pas0BaHNA, 110 MX MHOHMI, CBASAHA C HUSKOH cTemeHbH MeTamopdms-
Ma OpraHMYecKOT'O BelecTBA, OXBaTHBawmero cramuy oT B mo I' Bxumw-
YUTEJIBHO, Co cTamMAMM T'a30BHX H FMDHHX yIvielt CBASHBAETCA BTOpPO-
CTeNeHHAA (jasa, & C O0CaNOYHHMA NOpojaMu, I'Je OpraHuYecKoe Beumec-—
TBO NEpellio CTaNWl KOKCOBHX yrueil, HedTAHHE MeCTODORNEHMA OOHYHO
He accolMupynT.

Tonom nospuee A.9.KomToposwd, I'.M.[lapnapopa m II.A.TpyuxoB
(I967) Ha npuMepe Me3030HCREX OTJOXeHH:t SanagHoi CHOHDH BHIEIM
TJIaBHyD 30HY NPONECCOB Hedrerasoodpa3’oBaHWd, WMeA B BHIY BOHY
KaTareHesa IIOpOX, pacCesHHOE OpraHHYecKoe BelecTBO KOTOPDHX JOC—
TATVIO CTeneHy yruedumxammm, cooTBeTcTBymmei#t mapram J-I'. Pacomar-
puBas NapajleJbHO CTENeHb M3MeHeHHA OpPraHMYecKOT'0 BemecTsa B Ka-
TareHese ¥ MHTEHCHBHOCTE HedreoOpa3oBaHMA, aBTODH 0TMEYanT, dYTO
Hefrreo0pasoBaHAe HAYMHAETCA, KOTJA OpraHAYecKoe BelleCTBO JOCTH-
TraeT CTaIAH B‘a-.il. a TJaBHad 30HA cooTBeTCcTEyeT crammam I-T. Ja-
Jee, IO Mepe pocra yruefuralmu opraHMYecKor0 BemecTsBa, IpoLecc
Hereo0pasoBaHua 3aTyxaeT, HO T'eHepaiyd MeTaHa MIpoIoJIXaeTCd.
OcaJloyHHe IOpPOIH, I8 OpPraHuvecKoe BOIeCTBO NEpemIo crammo K,
He(TH He NpPOIYyIMPYyOT; C HUMA TeHeTHYeCKHA CBA3AH TOJBKO MeTaH.

B I969 r. pymwia padora, B KOTOpPOil HA OCHOBAHMM 0GOGCLEHMA
0CUMPHOTO MATepHala MOKasaHo, 9T0 Iaso0olpasoBaHne NpeiuecTsyer,
CONyTCTBYeT H 3aBepuaeT Hedreodpasosanme (Baccoemut u xp.,I1969).

Kax coemyeT u3 MBJIOXSHHOI'0, BCO DACCMOTDEHHHe MaTepDHaJH ,
Kacamnuecsd 30HATBHOCTH Da3sMeleHMA HedTAHHX M I'a30BHX MECTOPORIE—
HE#t B npefeJiax omHOTO CacceiiHa WM OTHOCAUMEcCA K BONPOCY 0O IJaB-
Ho#t (ase HedmeodpasoBaHWA, NOBBOJADT OTMETHTH OCUY0 3aKOHOMED-
HOCTh: I'a30BHE MECTODOENEHAA ACCOLMADYNT C OTJOXSHWUAMM, B KOTO-
PHX OpraHidecKoe BemMecTBO NOCTHIVIO CTeleHeil, COOTBETCTBYNNMX Map-
kaMm yrad Bg # [, WM Iepemro cTamimo T'. OmHOBpeMeHHO 9TH OTJIOXe—
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HUA OTJIMYaTCHA CNOCOCHOCTEO K MHTEHCHUBHOM I'eHepalmy JIVIeBOLOPOI—
HHX I'a30B. Il MMEHHO OIHNTH C YTOJHHHMY BelecTBaM COOTBETCTBYRUMX
cTanuii NOKasaly MAXCUMANLHHE BHXOIH YIVIeBOIODPOIHHX I'a30B.
Accommama He(TAHHX MECTODORISHMI ¢ mopomamu, T  OpL'aHNM-—
YecKkoe BemecTBO MNepellio CTamuu BS-JL, HO He mepemno crTamm K, on-
peliesfAeTcA Kak TyaBHad (asa HefreoCpasoBaHMA B KarTar'eHese  oca-
IOYHHX NOpoN, YTO COBNAIAeT C SKCNEPVMEHTANBEHHMM JAHHHMM, KOTO-
pHe NoKaBaiy BO3PACTaHMS BHXOZ& XIOpOJODMEHHOTO SKCTpDAaKTa  IDA
nepexoje 0T ONHTOB C YIVIAMA Mapky j K omnHTam ¢ yrooam T, ¥ X
1 pesKoe IaueHMe IpH NepeXone K ONHTaM ¢ yraamd mapok T, A u
rpaduToM. 9T0 COBINGUEHWe SKCIODUMEHTANBLHHX NaHHHX C  NPUPOTHOi
S2KOHOMEDHOCTEN TaKKe HeJb3fl CUMTATE ciydailHocTEN.

5.3. [IprypodYeHHOCT: He(TAHHX M Ia30EHX MeCTOPOXIeHmMi
K NpUOpeXHHM OTJIORGHHAM, WeJBdy, IeJbTam
1 TaJeoleJbTaM Dex

Cremynmad 3aK0HOMEPHOCTE, KOTODYD MOFHO OOBACHUTE, OCTABAACE
€ pamrax pasBUBaeMOH KOHLEMIWUM, KacaeTCdA NPUYPOYOHHOCTH HEHTAHHX
U T'a30BHXY MECTOPOXIeHWH X Weanfy COBpeMeHHHX M NajeoMopeil, X coB-
PEeMeHHHM JelbTam M NaleoleibTaM. [IPOMHIUIEHHHEe CKOIUIGHWA yIVIeBO—
JNOPONOB ONPENEeNeHHO TATOTEONT K.I00epeXbld MOPCKMX dacceiHoB, K
mesb@aM ¥ UMPOKUM OTMesAM. IIpMYypPOYeHHOCTH HeDTAHHX MEeCTOPOXIEHWI
X OeperoBoil JMHUN BO MHOTHX MeCTaX 3eMHOI'O Wapa OTMeYarachk
J.Jl.Pacceaom (I958). CoBpemenHH{l BHXOX He@TeIONCKOBHX CKBaXHMH Ha
WeJsb{ ¥ PasBATHE MOPCKUX NDOMHCJIOB - ApDKOe INIPOABJIGHME OTMEYeHHOi
3aKOHOMepPHOCTH, Ha doxe koropoit H.M.Mapkosckmit (1965,I1970,I973)
0TMEUEeT YaCTHyM, HO OYeHb BAMHYW OCOGEHEOCTE: KPyIHHe W Kpyn-
Helllie MECTODORUEHEA He(yTM NPUYDOYeHH K menbTaM (Win naieoleib—
TaM) peK WIM K S/UIOBHAJBHO-DYCJOBHM OCAIKAM IPHODeRHHX 30H.

B cBeTe pasBUBaEMOi KOHIEMIMYM NaHHAA B4KOHOMEPHOCTh  HaXo-
IUT IPOCTOe M eCTECTBEHHOe 00BACHeHMe. CelMMeHTAIMOHHHE Oacceiim
IUTaRTCA TEPPEI'eHHHM MAaTeDHAIOM, NpHYeM DeKM ABRIADTCA  IVIABHHMI
TPAHCIOPTHHMA ApTepUAMHE. [IpecHHe BOIH — BHAYMTEJEHO Jyduyne pac-
TBODATENH OPraHMvYecKHX BellecTB, HeXeJM MOpDCKasg Boja. B cocrase
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DeYHHX BOJ pPACcTBODEHHOT'O OpraHWYecKOI'o BeumecTBa B 5 pas  Gousle,
9YeM MIHeDPAJNBHOTO, M eXeTomHHi cTok cocramiger 720 mmy v (Anexus,
Bpazumrosa, I1963). Teoxuvmveckuit Gaphep, NpelCTABIGHHHE Mepexo-
IOM DPeCcHHX BOX K COJIEHHM, NpelONpeje]deT BHNANSOHNe CHOCHMHX ¢
KOHTMHEHT2 BOINOPACTBODEMHX ODIaHMYECKHUX COeIMHeHHil, ROTOpHE
oforauanT neJsTOBHE OTJIOXSHHA.

B npuCpexHHX OTMeNAX X meabfax HaKALIMBANTCA (POCCHIMBHPOBAH-
HHEe OCTATKM, TaKk KaKk B 3THX o0JACTAX MODA 0YeHb MHTEHCHBHO pas-—
BUB26TCA XM3Hb, YTO ¥ CO3TAET YCJNOBHA WLIA 0COTaleHWA YIVIEPOIOM
GOpPMUPYIUMXCA OTJIOMEHMIE.

B npyroft fopMyJMpoBRe TA K8 3aKOHOMEDHOCTH BHDAXSHA KaK Xa-
paxTepuCcTHKa He(TeNpOMBBOIAMAY OTJaoXeHm#. o NpodWwmo OKMCIMTENb-
HO-BOCCT2HOBUTEJLHOT'0 NOTEHUMANa BHIEJAETCA DAN (Qamuit  NoTeHIE-
albHO He(TenpoM3BONANMX IIOPOX, & MMEHHO: CyJb(MIHas, CHIepUTO-
CyNb{HIHAA, CYJIbOMIHO-CHIEPATOBAad, JeNTOXI0PUTO-CHIePUTOBaA n
CHIIePHTONIeNTOXIOPAHTOBAA. Bce OHE OTHOCATCA K. TDYINEG TPRGDEXHHX
OTJIOXeHH{I, ¥ BCe MX TMODPONH XAPAKTEPHEYKTCA OTDUUATENBHHMA 2HA-
YeHHAMM Eh , YTO OCYCJOBJIEHO OKUCJIGHMEM IBYXBAJNSHTHOTO XeJesa 1
(wm) cyasfunHoil cepH.

CHocEMHE C KOHTWHEHT& TOpDHHE NOpoIH JMGO He YCNeBalnT OKHC—
JMTHECH, JMG0 NepepadoTka Teppm‘anﬁoro maTepuana B CYGaxkBaJbHHX
JCAOBHAX HCKIOYAGT BOBJefCTBHe aTMOCHEDHOrO0 KHCJIODOZa, HO  IpH-—
OpexHHe OTJIOKEHNA ABIANTCH OTHOCHTEJbHO BOCCTAHOBAGHHHMU, O YeM
CBHIETEJBCTBYeT NpodWib, NpercTaBieHHH{t Ha puc. 5.1.

BHOBL 00pasyluyecs XeJe3UCTHE MUHepPaJH KOHISHTDHDYITCA B
TUIMHHCTHX nopojax. "lomamiammee GONBIMHCTBO MODCKMX IVIME — CHue-'
PUTOBHE, ¥ TOJBKO CPABHUTEJEHO DelKMe YepHHEe WIH, YIVIMCTHE CJAHIM
I TOpoYHe CJIAHIE OCpasylT THONYHY® MUpATHy® (ammoe" (Crpaxos,I959,
¢. 96). KoHIeHTpal®A IBYXBaJSHTHOTO X¥eJe3a B OIpeleNeHHHX fammax
0CANOYHHX NOpOX NOBHMeHa HACTOJBKO, YTO 9TO0 HAXOOHT CBOE OTpame-
HMG B HaSpaHmu dammit - CHIepWTOBasd, CHLEPUT-IaMo3UTOBad, Mamosyu-
TOBaq M NUpETHAd. IIpM NpPOBENEHNA BHUEONUCAHHHX SKCIEPUMEHTOB
cyandum ¥ vuHepasH, comepxemme Fe (II) (B Tom wmcse cmmeput), Hc-
NOJE30BAMNCH B KAYeCTBE MNOTOHUMANONDENSAIMX MAHEeDAIBHHX B~
WeCTB, C OKMCJAEHMEM KOTODHX MH CBASHBAEM BOCCTAHOBHTEJEBHHE JCJO-
BAA cpeiH. OxmcaeHde CYJB{MTHON cepH M BaKMCHOTO XeJie3a KOHIYKTH-
pyeT BOCCTAHOBHTEJNEHHE YCJOBHA, B KOTODHX BOIA DasjaraeTcd C BH-
TlelleHEeM BONODONA, & BHIeJmomuics BOLOPOX pearmpyer ¢ OpraHivec-
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OKECJIOHHAA IVMHA; 5 — KpeMEMCTHE Wi (IMaTOMOBNE BOIOPOC/H K pammosApma); 6 -

u3BecTKOBHA w1 (mo OmeaHorpajuveckoft sHmumaonemms, ., 1974)
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KHM BeleCTBOM, IpeBpamad erc B OMTYMUHOSHOE WIM B CMeCh yTIVIEBO-
noponoB. [[pOpexHHe MODCKEE OcCamky, oGorameHHHe (DoCCHIM3MpOBaH-
HHMY OPI'aHMYECKMMH OCTATKaMA ¥ XapakTepPUsyKUMecA BOCCTAHOBHTENIb—
HHMU cBoftcTBaMm, €CTECTBEHHO, CTaHOBATCA He(Tenpou3BONAIUME OT~-
JIOXSHEAME B TVIOGANBHHX MACHTAGaX, & NeJBTOBHE OTJORGHWA BHIOJA-
0TCA Ha MX foHe Xak 0C0G0 MPOIYKTHBHHE.

B cpA3M ¢ 5THM HEOOXOIMMO OTMETHTH, YTO TDAHCTDECCHM MOpA
C pasBHTHEM MeJHOOBHX OTIORSHWE ABIANTCA NEPUOIOM, CJNATONPUAATHHM
InA He(TeHaKoIUIeHHA, & TPAHCTDECCHBHOE 3aseTaHhe MODCKHX OTJIOXe-
Huit- UCTIOMB3YETCA KAk NMOMCKOBHit mpusHax npM HedrepasBeNoYHHX pa-
“Gorax (Tpodumyx, I963).

5.4. IIBe reHeTHUeCKMe JWHMN HefreodpasosaHus

B HemocpencTBeHHO# CBASK C paCCMATDUBABMOH 3aKOHOMEDHOCTHR
JeRNT CIeIyliliaf, KOTOpag B CBeTe SKCIeDUMEHTANBHHX NaHHHX = HAX0-
IUT JOTMYOCKOe OOBACHEHMe. JABHO M3BECTHO, YTO cpemm Hefreidr Mu-
pa CymWecTBYeT XBA KIacca: cepHmcTHe.(comepmaxme cepH > 1,5 %) m
GeccepamctHe (¢ comepxanmem cepu. < 0,5 %). YacToTa BCTpevae-
MOCTH TeX H JApPyIr'ux Hefreft npuMepHO OINVHAKOBA, HO NOPA3UTEJLHO
NpaKTHYeCKH IIONHO® OTCYTCTBHE Hedreil co CpemHEM CONEpEAHHEM CEeDH
0,6 % < s< I,5%. OCuvHOe oOBficHeHne - odorameHwe Hedrm pac-
TBODEHHO# Cepoii B Ipomecce MUTDAIEy - HE BHISDRHBAGT KPUTHKE,Tax
Kak Npy HTOM He MOXeT OHTh UeTKOTO JeJeHHA Ha JIBa Kiacca. 910
IaBHO NpUBHAHO MHOTMMM MCCJEIOBATEJAME M ONpeleseHO Kak IBe Ie-
HeTHYeCKHe JHHAE Hedreodpasosanua B npupome (Ycmenckmii, Pamyen—
K0,1947; Pamgenxo, I1965,I1967). IipencTaBNeHMA 0 IBYX TOHOTHYECKUX
JMHEAX He(TeoCpas0oBaHMA BHTEKADT M3 9KCHEDUMEHTAJILHHX  HaHHHX.
lleficTBUTENBHO, €CJM CUMTATH, YTO I'eHepalusi BONOpPOIA CEASAHA c
OKHCJIeHMEeM okcuma xesesa (II), To odpasyuumascsA IpE 2ToM HedTs,
BCTECTBOHHO, OyneT CGemHa cepoif, HO OTHOCHTENBHO GoraTa TaKIMA
sJeMeHTAMU~CI[yTHHKAMA XKeJie3a, Kak HHUKeJb, BaHaIWi # Ip.

B npyrom cuyvae, ecim IeHepal@s BOIOpOZa CBA3AHA C  OKHCIe-
HEEM CyJbfumoB, TO ofpasywmadca Hedrs OymeT odoramaThCca  cepoii,
TaK KAk OKHECIEHHe Cynefmma Io cyasjara NPOMCXONAT 9epes CTamun
aJeMeHTapHoit cepH, KoTopad NOCTATOYHO XODOWO pacTBOpASTCA B Hed-
TH WIX pearupyeT ¢ OPraHMYeCKAMA BelleCTBAMA.
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Eciu npemnoxeHHOe OCRACHEHHEe 0TBEYAET IeHCTBHTENBHOCTH, TO
cleIyeT ORMIATH 3aKOHOMEDHOH NPHYPOYeHHOCTH BHCOKOCEDHMCTHX He(-
Teili ¥ TMICOHOCHEM ToJmaMm. lMeeTcs JM Taxad S3aKOHOMEPHOCTE B IpH-
pome? B momcKax oTBeTA Ha STOT BONPOC CJEAYeT 00paTHTHCA ONATH—
Taxm ¥ padore’ 0.A.Pamwenko (I965, c.265): "PacmpoCTpaHeHHOCTE
CepHNCTHX Hefreit B miaTopMeHHHX He@TEHOCHHX o6nacTaAX HadmomaeT—
cA B YCJIOBHAX COYETAHUA KapOoOHATHHX ¥ cymefaTHHX nopox. Ilpm Ha-—
JMYMA MOIHHX THIPOXMMAYECKAX OCATKOB CoIepRAHMe Cepd B  HedTax,
Kax npaswio, npeshuwaer I,5 %". Janee B Heft 0TMeYaeTca rapMOHH-
9YecKad COIVIACOBaHHOCTE MeXIy odorameHueM He{TW cepoii M pasBHTHEM
THNCOB B COOTBETCTBYKI[Me TEOJOTHYECKHEe SNOXH M odpamaeTcd BHEMA—
HAEe Ha TOT aKT, YTO IIpU 3aJeTaHmy He(TH B KapOOHATHHX KOJLISKTO-
DaX aHANOTHYHHi NapajuleJiMsM HMeeT MeCTO TOJBKO B CJydae covera-—
HUA KapGoHATOB C cyiabfarami. BAIuMO, accoIMallii BHCOKOCEPHHUCTHX
He@reit ¢ cyapfaramm ABNAETCA BaKOHOMEepHOM. Mu Taserm oT MHCAM,YTO
NpeIJIOKeHHOS OCBACHEHNE yKaSaHHOH# 3SaBHCHMOCTH ARIAESTCA eIMHCT-
BeHHO IpaBWIbHHM. MSBecTHO eme,lo kpaifHe#t mepe.lBa 0GBACHEHHA
IpIMH 0GDA30BAHUA EHCOKOCeDHMCTHX HegTe#f B IpHpome, M HO  CUH-
TATBCA C HAMM HET HHKAKHX ocHopaHmit. Tak, B.A.JVcmemcxumit u 0.A.
Pamyenxo = (I947), paccmaTpuBad BOIDOCH TeHeBHca THNOB Hedrei,
CYMTanT, YTO IOBHIIGHWE CONEDRAHHAA CepH - IpolecC BTODHYHHIi, CBA~-
saHHH} ¢ Murpaimeit He@Ti. Bo Bpems NpoXOXueHWd HedTm Io IopozaM,
doraTHM cepoif, He{Te sKCTparupoBala NocJeIHDD. MMeercs ¥ BTOpOe
' o0mACHeHMe 00pasoBaHmMsA BHCOKOCEDHHCTHX Hedreit. Kax usBecTHO, Op—
TaHUYecKHe BelecTBa MO OTHOWEHAN K cyiabfaram ABIANTCA BOCCTAHO- -
BHTEJAME, ¥ UX B3auMOJeiiCTBMe MO#ET B OIpeNeJEHHHX TepMoIMHa—
MIAYECKMX YCJOBMAX IPUBECTH K 0GDAS0BAHH 3JEMEHTapHO# Cep.
'B.A.Ycnencku#t (I962) mmcaj, YTO 3aXODOHEHHOE OPraHAYECKOe Bellec-
TBO B IEJIOM NONBEpPraeTCA OKRHCJAEHHN ¥ B OKHCIAMTOJBHHX, M B BOCCTa-
HOBUTeJNbHHX (almAX, M YeMm CoJblie OKUCJISHO OpPIaHndecKoe BeMecTBO,
TeM GoJblie BOCCTAHOBIEH MUHEeDAJIbHHI KOMILUIEKC I0DOX. EnsHeneATess-
HOCTh CYAb(aT-BOCCTAHABIMBANIMY GaKTepwi, B JYacTHOCTH,  OCHOBaHA
Ha DPeaxmmaX OKUCJEHNA OpPraHNYeCKHMX BemecTB. 4

HeT HyRIH HOJIEMASMDOBATH N0 BOIPOCY, KaKkoe K3 NPEIVIOKEHHHX
00®ACHEHM ARNASTCA NpaBAIBHEM; LIA oTBera TpelyeTca TOHKM aHa-
JIM8 KOHKDETHHX YCJOBU# M, B CWIY KOHBEPreHIWM, T'OCHOACTByMmed B
IpHUPOLe, MOXKeT 0KasaThCA, YTO B ONHOM CJyJae CIpaBeIIMBO OTHO
00BACHEHNe, B JpPYTOM - Apyroe. OmHaxko, aHamMB3MDysa KOHRDETHYD 00—
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CTAHOBKY, CJEIYeT HMeTh B BUIY BCEe BO3MOXHHE IYTH 0Cpas0BAHIA,
YTOoGH BHOpATh M3 HAX HaMG0JNee BEPOATHHIL.

5.5. loTeHmmanbHad He(TEeHOCHOCTH
apTesWaHCKHX daccefiHOB

Crepyuuad 3aKOHOMEDHOCTE, KOTODYD ClemyeT OGCYIuTE C IDH-
BIeYEHWEeM SKCNeDHMEHTANLHHX JAHHHX, H3VNOXREHHHX BHIE, OTHOCHTOA
K BOIPOCY O TOTSHIMAILHON HeJTeHOCHOCTH apTe3HAHCKAX daccefHOB.
Tomvevennaa U.M.Tyoxmmm (I932) ofmad 3aKOHOMEPHOCTE DacIpocT-
paHeHus He(TAHHX MECTODORNeHHH, BHDaReHHAA B TOM, WTO OHM IpH-
YpOUeHH K MeXTCODHHM, NDeJTOPHHM WM IIaTHODMEHHHM BIAJMHAM Iep-
BOTO TMOpANKA, ¢ THIPOTEONOTHYSCKO# TOUKM SDEHUA NO3BOJHET pac—
cMATpUBATH MX KAk 3anexu, cPopMupoBaBUMECA B YCIOBUAX DPasSBATHA
apTesuaHCKEX dacceifHoB. laloxeHHad TOYKa 3pPeHUA chopMy poBaHa
M.E.AreToBcKkaM (I958), XoTopwii cumMTan, 9TO NCHATHE O Hejreraso-
HOCHHX Oaccefiax SBIASTCA BHDAXEHMEM MHCJM O NPAYPOYEHHOCTH MEC—
TopoXneHni HefTM M Tasa X apTe3maHCKuM OaccelHam, PaspuTue npei-
craBienuil 0 THIPOTeCIOrXYecKolt rmnoTese MPOMCXORNEHHA HeJTH 0C-
HOB2HO HA KANNTANBHHX nccnenonaanﬁx TpaHCc(opMaIAl OPraHUYecKoIo
BemecTsa NOL3EMHHX BOJ apTesdaHcKux GacceifHoB. M.E.AMpTOBCKEE X
ap. (I962) mpocaenumM K3MEHEHHe OPraHMYecKUX BemecTB, MU DIy -
mUX N0 ITACTaM ADPTeSHAHCKMX dacceilHoB oT odiacTelt NMMTAHMA N0 06-
nacTefi pasTpySKd, ¥ YCTAHOBAM DA 3aKOHOMEDHOCTel, roBOpAIMX O
BOBMOXHOCTH 0ODA30BAHMA YIVISBONOPONOB M3 OPraHAYeCKEX  BeUecTB,
PAcCTBODUMHX B BOZE.

B ronoJHeHHe X DaHee MIJIORKSHHHM De3YJBTATaM MCCJISNOBAHMA
HN3MEHEHNMA COCTABA OPTaHMYECKMX BEMECTB, PacTBOPeHHHX B BOIAX
fixyrcroro Gaccefina, ommcars B padore A.M.Kocoranoma Ip.(I966).
CrepyeT ckas3aTh, UTC OPTAHWYECKHMe KHCJIOTH X MX COJH, DacTBOPUMHE
B Bole, KOK BOSMOAKHHE MCTOYENKM YIJIepofa B IPHPOIHOM Hejreodpaso-
BAHUM MSJABHA NPUBJSKATHA BHUMAHHE HEceJenoBaTeseit, ¥ MPONECCH mpe—
BpAleHAA TAKHX BEmECTB B He(Th HEONHOKDaTHO CIyRWIE O0CBEKTAMH
mccmenopanusa. B CCCP Havano 2TMM HWCCJSOBaHMAM eme B I936 r. mo-
noxun axamemuax H.B.3eiuuckuft, KOTOPHA WSJIOXWI NMpeICTABICHHA - 00
QJIeMHOBOM, NANEMATHHOBOA M CTeapMHOBOE KMCJIOTaX KaK MATePHHCKUX
pemecTBax He{ru. Bonpoca 0 poJM BOXOPACTEODMMHX OPTaHMYSCKUX Be—
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mecTs B HedTeoOpasoBaHWE Kacaymchk Takke B.M.Cemwkos m II.H,Tammu-
xuHa (1964, I967). OOCTOATENBHO MPONECCH HUSROTEMISDATYPHOTO Ra-
TAJIATAYECKOT0 NpeBpameHis OpraHMYeCKUX KUCIOT H HX coJel pac-
cMoTperH A,J.BoroMosoBHM, M SHAYEeHHe STHX IDOIECCOB B IDUDOTHOM
He(Te0o0pa30BaHAN 0CBENEHO HM NOCTATOYHO IOJHO.POJb TYMEHOBHX
KECJOT B 3eMHO¥ Rope NomyepkHyTa A.Camam (I964), xoropuit, B
YaCTHOCTH, OLEHABAeT CONepRAaHWe B 36MHOR Kope yIJyepoa ¢ opra-
HudecKo# ¢BA3RD C-C ¥ oTMedYaeT, UTO TOJNBKO B BUIe I'YMUHOBHX KUC—
JIOT er0 KOJAYeCTBO COCTABIAET OKOJO 60-1010':'. TO €GTH IIPEMEpHO
B I0 pas Coxbie,d9eM B XKMBHX OpraHu3Max.

Ha ocHOBaHWM SKCIEDHEMEHTOB N0 I'eHepaly BOXOpoIa B TOHKO-
IHCIEePCHHY MUHEpalbHEHX CHCTeMax ¥ I0 I'MIPUPOBAHEK M3 BOILOPACTBO-
DUMHX coJeft OpraHEWYecKHEX KHCJOT BOINDOC 00 HX DOJW B IPEPONHOM
HefreoCpasoBaHmy HaMi CTABWICA HECKOJBKO HHAYE (Mosrzaros,['oHI0B;
1970) . Ecy DmeJMTOBHE MOPOXH, ABIANNMECH BOLOYUIODOM, DacCMaTpH—
BATh KaKk XUMHYeCKU@l TeHepaTop BOLOpOIA, TO €CTECTBSHHO Ipelnoia-
TaTh, YTO0 BHIeJSANIMiCA BOXOpOn GYIeT HENPepHBHO HMOCTYNATE - B
IIacT-KOMIEKTOP, N0 KOTOPOMy NBARSTCH BOZA, HECYUad DPacTBODPSHHOE
OpT'aHUYEeCKOe BENECTBO, M pPeardpoBaTs ¢ HociemEmM. TaxuM o6pasoM,
BONPOC O DONE OPWPONHHX OPraHWYeCKHX BEHECTB, MUTPUPYIUMX C IUIa-
CTOBHME BOJam#, B Iporeccax He@TeoOpasoBaHWA CBOINUTCA K HX TpaH-
copmalivy I0J BIMAHVEM BHIEJAOMETOCH BOINOpOna. [IpoBemeHHHE ONHTH
10 TpeBpaleHAl BOZOPACTBODUMHX OpIaHWYeCKAX BOIESCTB B BOCCTaHO-
BATOJBHHX YCJIOBHAX, OTBEYANNUX YCJIOBHAM TeHepalWy Bomopola, IOm-
TBEpMWIA CYUECTBYINEe MHOHE O TOM, UTO COMN XUDHHX, HaTEHOBHX,
TYMHHOBHX ¥, HENO HOJATATH, NPYTMX OPTaHMYECKAX KUCIOT MOTYT CJy-
HATH MCXONHHM BEMECTBOM B IPHPONHHX fIpolieccax HedTeoOCpasoBaHuA.

PesysneTaTH ACCISNOBAHWA B3aMMOISHCTBAA BOIOPOIA C YKABaHHHMH
BEMecTBaMI TIOKASHBALT BOSMOXHOCTE NPEBDANCHAS KX B CUTYMOMIH,
OGIM3KEe K IpPEPOIHOHE He@dTH. TeoN0THISCKES yCJIOBHA, B KOTODHX
BO3MOXHe Takad TpaHcfopMmalmsa, PacCMOTDPEHH, B YaCTHOCTH, B pado-
rax M.E.AneToBeKorc. JeiicTBRTENBHO, eCHM 0GISCTH NUTAHMA apTe-—
3HaHCKOI'0 GaccejiHa pacnoNoxeHa B IofAce cTeme# mwiu caBaEE®, To

= Crenyt .1 caBaHHH OTJMYANTCA MCKIOYUTENBHO BHCOKOH Npomyx-
TUBHOCTEN TYMUHOBHX M JPYTHX OPIaHMYeCKHX BelleCTB, BHHOCHMHX Me-—
TEODHHEMKY BOJIAMH .
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ILIACTOBHE BOFH OyIyT 060ramaThCA DacTBODUMHME OPTaHWYECKUMA COe—
IMHeHWAMA . MUTDHDyS BMecTe ¢ BOZOi Mo ILIAcTy M3 o6racTei NMuTaHuA
B 001aCTh IVIyOOKOTO NOTDYXeHHA apre3uaHcKoro OacceiiHa, opraHwdec—
KEe BENecTBa NOJNKHH NpeTeplneBaTs M3MeHOHMA B COOTBeTCTBMM C W3-
MEHOHHAMA TEMIEDATYDH ¥ NaBTeHMsA. ONHOBDeMOHHO IJIACTOBHE  BOTH,
pearnpyA ¢ MAHEpAIbHHM BemMEeCTBOM ILIACTA-KOLIEKTOpa WM BOIOYIIOpP-
HHX ILU1acToB (B COOTBETCTBMM C DACCMOTDEHHHMM paHee IIPeJICTABIEHUA—
ME 06 ORMCJMTEJBHO# DO BOIH) MOTYT TeHepUpOBATH CBOGOZHHE Bo-
Iopoxn. MHave roBopA, MIACTOBHE BOMH, OCOTANGHHHE OPraHAYecKuM
BemeCcTBOM, B Ilpollecce MUTpaIMyt MOTYT OKA3aTHCA B TARMX (PU3MKO-XM—
MITYECKUX YCJIOBHAX, B KOTODHX BOZA METACTACWIBHA ¥ EMEeT TeHIeH—
10 pasjaraThCA ¢ BHIEJEHWMeM BOIOpola. B sTUX yoloBmAX, Kak IoO-
KasHBaOT pacyeTHHe IaHHHWe, YCTOHYMBHMEA QopMamMyl opraHmdecKuX coe—
IVHeHN{I ABNANTCA YTJIEBONOPOoIH. To eCcTh: (M3UKO-XUMUYOCKHE YCJIOBHA,
B KOTOpHX BoJla pasjaraeTcd C BHISJOHNEM CBOCOTHOT'O BOIOpoIa, OT—
BEYalT yCJOBHAM 00pa30BaHMA YIVIEBOLODOIOB, B TOM WHCIe Oojiee TdA-
KOJHX, YeM MeTaH, NOJA yCTOHYMBOCTH KOTODOTO, KAK IOKasaHo Ha
paHee pPaCCMOTPEeHHHX IMarpamMvax, YacTHYHO NepeKpHBANT MoJe yc-
ToHYMBOCTY BOINH M, CJA6N0BaTeJbHO, MeTaH MOReT 06pasoBaThCA  3a
CYeT DA3VOXSHUA CJIOKHHX OpTaHMYeCKUX coeluHeEui#t. COOTBETCTBEHHO,
Ha OIpeleJeHHOM sTale MUTpDally TOXSEMHHX BOL, HECYUMX DacTBOpeH—
HHE OpraHmYecKme BemecTBa, OyIeT 00pasoBHBATLCA NPEMMYUECTBEHHO
MeTaH, 3aTem B 00JacTAX Gojee INYOOKOT'0 MOTpyReHMA apTesdaHCKo—
T'o OacceiiHa MOTYT CJHORMTHECA YCJOBHA IJIA T'eHepalMy IpPYyTHX YyIJIeBO-
IOponoB, 00pasoBaHye KOTOPHX IDOTeKaeT ¢ MoOwmsamweif Bomopoma
M3 BOIH.. . '

Hmernno Taroil mpomecc o6pasoBaHWA YIVIOBOLOPONOB 3a CYGT
B3auMolle#iCTBAA C BOXOPOIOM, BHTECHAEMHM H3 BOIH IIPE €€ peaKIMAX
C OKHCJAKIMMCA MAHEDaNbHHM BeECTBOM, BOCIDOMSBOMWICA HaMm B
SKCIlepUMeHTaX. B KavecTBe MUHEDANBHHX BEMECTB, BHTECHANUMX BO—
IIOpOX, HCHNOMb30BAICA GA3aJbT, CYALIUIH Eele3a WM MeTALIIYECKOe
®eJe30, HaTHpamueecd BCJASNCTBME M3HOCA MEJIDUMX TeJ WIM  CTEHOK
GapadaHoB. [l mHTeHCcH{MKAIMM IPOIECCOB MUHEDANbHHO BeliecTBa
nofBeprajuch TOHKOMY M3MeJEYSHMN B BOIHO# cpemle, coZlepxameii pac-
TBOPEHHOE OpraHMvYeckoe BemecTBo. Tem CaMHM co3JABANNCE HIealbHHE
YCJIOBMA M JJIA KATAJMTUYECKHX IIPOIECCOB HA CBEXe0CpasoBaHHMY (ax-
THBHHX!) NOBEDXHOCTAX MIHEPANLHHX SepeH,F I peaxuuit aTomap-
Horo (BechMa axTEBHOI'Q!) BOZOpPONA C OPraHMYeCKMM BENECTBOM, IOI-
JeRalUM THIPUPOBAHNN.
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Panee HamM NOKa3aHO, 9TO AKTHBH3ALMA M3MEJbYSHHHX BEmMECTB B
IUIAHeTADHON MeJIBHMIE CTUMYJHpYeT TAKNe Deaxly, KOTOpHe IONOCHH
peaKIuAM, HA3HBaeMHM B I'eoJIOTHYecKoit JmTepaType "TepMoXaTAMMTI—
gecKkuMu" . [l pesynbTaTH ONHTOB IO OKMCJISHHN MUHEDAJbHHX BemecTB B
BOXHO# cpenle, comepxame#f pacTBODeHHHe OpPraHAYeCKRe BemecTsa,
TORNECTBOHHH DeSyJbTarTaM ONHTOB IO TOPMOKATAMMTHYECKOMYy IpeBpa—
MeHWK TeX Xe OpPraHNYecKnX BelleCTB NpHM HAT'DeBaHHWM X B aBTOKIaBaX.

PaccMmaTpuBas TeoJOTHYSCKHME NAHHHE, HampuMep Io 3ananHo-Cu-
Oupckoif paBHWHe, MOXHO BHENSTE CTANHWIHOCTE M3MEHEHHA OPTAHNYECKUX
BeMecTB ILUIACTOBHX BOX, KOTOpad NPOCASKMBASTCH B HaIpaBISHHN
IpeBpalleH’s 0pPraHNYecKoTo BeuecTBa B He(Ts ¥ ropiuuit ras. Hegrn
¥ TasH HaxawmBabTcd (4 ¢ yYeToM NPOBENEHHHX HMCCJANOBAHM, MOXKHO
CKasaTh 06pasynTcA) B B0HAX DACIPOCTDAHEHHS OTJOXSHHH C MOBHIIEH—
HHM CofepxanmeM oxcima xesesa (II), To ecTh B oGIACTAX BHCOKOI'O
BOCCTAHOBYUTENBHOT'0 NOTEHIMANA, SHAUeHME KOTODPOT'0 ONpeNedsTCs
B3auMOZe#CTBIEM BOIH C ORUCJAOIUMCS MUHEDAIBHHM BemecTBoM.Ms ms—
JIOXGHHOTO BHIE® cJelyeT, YTO NPUPOIHAA 3aKOHOMEDHOCTE TpaHCcfopma—
IUY OPTAHWYeCKOI'0 BemecTBa IWIACTOBHX BOJL HAXOIUT YIOBISTBODE-
TeJEHOe O0BACHEHWE Ha OCHOBE 3KCIEDUMSHTANBHHX IAHHHX.

5.6. 0 cBA3M yraeHOCHHX M He{TeHOCHHX GacceiftHOB

PesyapTaTH SKCNEPEMEHTOB IO NpeBPAlleHAN BOLOPACTBOPHMHX Op—
TaHUYeCKUX COeIWHEHM{I B cpele TOHKOIHWCIEPCHOT'0 MMHEDaJbHOTO Be-—
mecTBa MOTYT OHTH HCIOJB30BAHH TaKXe NpM OOCYRISHHM BONPOCOB Te-
HeTHYecKoi#t cBASH He{TAHHX MECTODOXTeHH# C YTJEHOCHHMH OacceiiHamu.

Ecom npueATE, YT0 QopMUpOBaHMe JIVIeHOCHHX ILIACTOB IPOMCXOIHUT
IyTeM YILIOTHEHHA HCXONHOM MACCH M BHEEMAHUA BOIH, TO YX0IANUe BO-
IH, 8CTEeCTBeHHO, OyIyT HaCHMeHH DACTBODHEMHMA OpraHHYecKAMH  Be-
mecTBaM#. B Npomecce MECpAlMM N0 IVACTY oGOTaleHHHE OpraHmYecKEM
BEMEeCTBOM BOJH MOTYT IONACTE B OCJACTH MHTEHCHBHO# IeHepalldp BO-
Jopoia. TMIpOTeHMWsaMA OPraHHYecKHX BemecTB NphABemeT K o0pasoBa-—
HAD Hedirm, ee 0GOCOGIeHM B CAMOCTOATENHHYD (as3y H HaKOILIeHWD B
CBONOBHX NOINHATHAX. Hpnuepom'reo.nomecxon CHTyaluy, B paMxax
KoTopoi#, BO3SMOXHO, OCYMECTBIANICA DACCMOTpPeHHHI MexaHWsM He({Teol-
pasoBaHmdg, MOXeT CIYXUTH HOHTEHOCHAA NDOBUHIA [uHIMHAATCKOT'O
cBona. Heramue m rasoBe mecTopormeHma Oraiio, IHmmawu, KeHTyxxH,
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Tennecn, Anadayu . MEccHCHIE NPHUYpPOYEHH X oCuMpHO# IeoaHTHKIMHA-
JM, M3BecTHOH NMOJ HAa3BaHWeM CBOJA LMHIMHHATH, O0CH KOTODPOTO Ipo-—
XOIHUT Yepes HOHTD mTaToB KeHTYykKkM, TeHHecH, N0 CeBepo-3ananHoi
oKpauHe mTara AladaMa K CeBEpO-BOCTOWHOR wacT mrara Muccucmmm.
Ceoxn LMEOMHHATE OTIENAeT ANNANAYCKYW I'eO0CHHRIMHANE 0T BOCTOYHOI'O
BHYTDEHHETO KaMeHHOYT'OJNRHOTO Oaccefina. lMecropoxuenma HedTm pac-
NoJarabTCA B 30He, TIe NoJoTonamanmue IVIACTH HA CBONE IPHHEMEIT
XpyToe NaIeHHe Ha CeBepHO# M ceBepo—samnanHo# CTOpoHAX, OIyCHab-—
mexess B Muccmcmncxmit Gacceitn (Anpecos, fixyGos, I948). YraeHoc-
HOCTE Mmccucrmckoro accefiHa cBA3SaHa ¢ ONIOXEHUAMA CHCTEM oT
ODIOBHKCKO# N0 NeHCAIBBAHCKOH, I C STHAMM Re OTIOXSHHAMA CBASAHA
He(reTras0HOCHOCTH, KOTOpad KOHTDOJMDYeTCHA NODACTOCTEHN MOPOI-KOJI-
JEeKTOpoB. TO €CTh NpemNOJORESHME O NAapalleju3Me IPONeCCOoB yIVIeHa-
KOILIGHNA ¥ HedTeoOpasoBaHMA, HEOIHOKDATHO OTMEYABNEECA B TPYIAX
BeJymMX HeJTAHEKOB ¥ JHMTOJNOTOB, IONTBEDKNASTCA NDUBEIEHHHM IIDH-
' MBpOM, & OOLACHeHWEe MeXAHWSMA CHHXDOHHOCTH STHX IIPOIECCOB BHTe-—
KaeT M3 Tec]oTHYecKofl MHTepIpeTamil SKCNepAMeHTOB N0 T'HEDPOTSHM-
3alliy BOJNOPACTBOPMMHX OPT'AHMYeCKHX BellecTB.

5.7. Accoumarma "xapGoHATH X HedTn"

YeroltunBan accompanys KapGoHATOB ¢ He(THI MSIABHA IpHBISKa—
©T BHEMAHWUE T'e0J0T0B-HE(TAFMKOB. BHuenpuBeneHHH} kxpatkuit  0630p
JATEepaTypH N0 NAHHOMY BOIDPOCY BHABWI IBE TOYKH SDOHHMA HA ACCOLM—
anmo "kaploHaTH - Hedrs". OUHM IoJAaraioT,dTo TPOmEHHOBATHE M  .Ka—
BeDHOBHHE MBBECTHAKH - TOJBKO JUIB KOLJIEKTODH He(T: ¥ rasa; 1o
HAmEMy MHEHMD, Kapdona'rrmﬁ YyIyepon — Y4YacTHUK npnpom{ora nponec—
ca HefrerasoodpasopanuA. Cioexyer 3aMeTdTH, YTO HEYTO HOIOCHOE
ycMaTpuBaeTCa W IpE OCCYENEHUM DOJIM TVIMHMCTHX IOPON B IPUPONHOM
HedTerasoodpasoBaHEN: M0 MHEHWO OIHHX, IVIMHA - NACCHBHHHE ydacT-
HFK Ipomecca X B JydueM CIyyae KaTald3arop, N0 MHEHHD IPYTHX,
OponeccH "cospeBaHuA" TVIMH M HedTerasoolpas’oBaHMA NPOTEKawT na-
PaJUIe-HO B CHHXPOHHO. [I09TOMy CYueCTBOBAHME IBYX TOYEK 3pPEHHA
Ha DOJb KaploHATOB B IDAPOXHOM He(Teras3oo0pasoBaHH# HE MOXET -
BHBHBATH YOMBJACHUA., B TO %o BpeMAa CJIORMBIAACA CHIYAUHMA TAKOBA,
uTo GoJiee NONOBHHH MEDOBOH NOCHYM He(TH CBASAHO ¢ sKCILIyaTaumei
MeCTOpOXTeHUfl, NPHYPOYSHHHX K KaploHATHHM ToJIaM, ¥ NMOTpeCHOCTU
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pasBUTHA He{TEnoMCKOBHX padoT IUKTYOT HOOGXOIMMOCTEH pelleHudA 3a-
Jay reHesuca HefTu, accommmpynumedt ¢ xapdoHaTaMu.

BepoATHOCTE NPUPONHOTO CHHTE3a YTVIEBOLOPOMNOB M3 OKACH yIVie—
polia ¥ BONOpPOJA HEONHOKDATHO o0CYXRIajach B TeoJOTMYECKOi JuTepa-
Type, HO, Kax NpaBWio, B CBA3M C THNOTe3aMy IJIyCHHHOI'O TPOMCXOX—
nerus Hedrn (Iydposmm, I960; Herepcwive M Ip.,I1965; [ukoBckmit n
Ip.,1965; Pymaxop, HuxoEoB,I966; Boiiko, Yexamox,I966; Ocamumii,
Yeramox, I1966; Yeramox, 1971,1978; Kpaouxus, I986). BmecTe c TemM,
farTHYecKul MaTepHal TOBODHT OTHHIEL He B NOJNB3Y INYCHHHOTC TeHe-—
8HCa YTVIEBOXOPONOB. 9TO OCOCEHHO HDKO IGMOHCTDHDYeTCS Ha IpHMepe
BzauMogieficTeiA Bogopoma ¢ CO m COy, KoTOpOe NpHBOIMT K odpasoBa~
Hio MeTara (¥ ToNEKO MeTaHa) mpn TemmepaType cmhme 500 °C, a mpwm
CHUXEeHNHN TeMIiepaTypH B cocTaBe NPOIYKTOB DEAKIMM NOABJLA-
DTCA TAXeJHe yraesomopomd (Pymaxos, HuxoHos, I966). PanHoBecHH}
cocTaB rascs npz 550 ¢ comepruT 22 % merasa n 5 % Bomopoma, a
npy Gojiee BHCOKHX TeMIepaTypax HNOJA BOIOPOIS BO3pacTaeT 3a Cuer
YMeHBIeHUA COIepXaHWA NAapoB BONH M YIASBOIOpPOLOB. lHade TroBOpd,
cuHTes yraesoxmoponos u3 CO, CO, ¥ Bomy Wiy BOOPOAE NpOTEKAST
yonemro npz Temneparype 300 °C m IPaKTHIECKE HEBOSMOKEH IpH Tem—
nepatype Buue 800 °C. Ho cmuTes JIUIeBOIOPONOB NpPOTEKaeT JHME B
BOCCTAHOBUTEJEHHX YCJIOBHAX, KorNa Boma MeTacradwrsHa. Takum o0-
pasoM, Bonpﬁc 00 ycJ0BMAX 06pas0oBaHAA yTJIEBOJLOPOLOB B KapdoHATHOH
ToJmie CBOOUTCA K BOMNpOCaM O NPAPOLe BOCCTAHOBHTENA, Dasiaralne-—
TO BOLY, ¥ Ipolleccax TPARIEHUS M3BECTHAKE C BHIGIEHMEM YIJGKHUCJIO-
TH. OTBeTH Ha 9TH BompocH (B WacTHOM ciydae) mawn B.B.Tarapcxum
(I939) na npumepe (HOPMEDOBAHMA He(TEHOCHHX NOJOMATOB PepraHH,Ko-
TOpHe 00pasoBaNMCh B CJACOKUCIAOH# cpejie B BOCCTAHOBMTONBHHX  yC-—
JIOBUAX TpPH IOCTYILIeHUH TJyOHHHHX DACTBOPOB, BHHOCAIMX CYJB{HN-
. QepraHckad BIaiWHA XapaKTeDASYeTCA KAK 30HA DasSBUTHA  CYIb-
EUITHO-YTIIEKNCII0-METAHOBHX NEPETPeTHX BoL. CocTaB MX — XJIODMIHHH
HATPHEeBO-KaJbIMeBHt, MuHepamisamua oT 83 mo 164 r/a. Teoxmmvec—
Kad cpela MMeeT CJeIymRmde DoxazaTein: Eh - oT -300 mo -400 MB,
pH - ot 5,3 5o 5,6, Temmeparypa 200-350 °C (Pacnpemesenne ra-
80B...,I1972) . OnucaHHHe YCJOBMA OTBEYALT BCEM TDPeGOBAHMAM no
odécnevyeHn o0pas0BaHEA JIUIeBOLOPONLOB-U3 KapGOHATHOI'O yIUIEPOZaA.
BosMOXHOCTE TeHepalliil YTUISKHCJOTH IPA YMEeDeHHO BHCOKKX TeMie-—
paTypax moxasaHa npmvumvm omuramu (Kuecum, Iaxomos, I967). m
MCCJIeOBAHO B3aWMoIeicTBHe KapOoHATHHX NOpOJN C BoXoii B MHTepBane
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TemmepaTyp oT 75 mo 250 °C w ycramomneHo, WTO BHNEJeHNE YTIEKMC-
JOTH B 3aMETHHX KOIMYeCTBAX HaumHaercsa mpu I00-IS0 °C. Hamdonee
BEDOATHHM IIPOLIECCOM, NPYBOLANEM K TeHepallun 002 B J@HHHX  YCJO—
BuAX, ABIAeTCA THApoums. Komrvecrso (O, obpasywmefics nps rumpo-
Juse, yBeJMYUBANOCH C POCTOM TeMIepaTypH ¥ HOBHIGHMEM COIeDXAHUA
OKCHIA MAaTHMA B TopoXe. Hanpmsep, mpm odpadorke I70 T mosoMaTH-
SMPOBAHHOTO E3BecTHAKa 850 MI IMCTWIIMDOBAHHOQ BOIH BHIEIWIOCEH
1242 CMS COy. Hamm ONHTH IO aKTHBAIMI KapGOHATOB M3MENbLYCHHEM
TIOKa3HBalT, YTO BHIEJECHHE 002 B pesyJabTaTe NeCTPYKIMY TOJOMUTE U
METHe3HTa MOXeT NpOTeKaTh Ipu eme Gonee Hu3Koil Temmepatype (Mon—
YaHOB ¥ Hp.,197I). SnMreHeTHYECKHe NpeodpasoBaHuA KapGOHATOB,
WIyIMe C SamelleHHeM MSBeCTHAKa JojaoMuToM (Wwinm rumcom) M compo-
BOXIASKIASCA BHIEJEHWOM yIVISKMCJOTH, paccmorperH I'.M.TeomopoBugeM
(I949, I954, I965). KoHKpeTHO I'eHESHMC aHTWIDHTa X IMICa  Hedre-
HOCHOK Qopmenmu Breitn (Oxmaxoma) paccmoTpex Mewpom (Muir, I934).

fla oCHOBAHME MSIONGHHOT'O BOnpoc o reHepaimu CO, npu npeod-
PASOBAHMM M3BECTHAKOR B SMMIeHE3€ MOXHO CUYMTATHL pelleHHHM. Jig
PelieHAA BTOPOT'0 BONDOCA — 0 BOCCTAHOBATEJBHHX YCJOBHUAX, HE0GX0-
IMMHX JUIA CHHTe3a YIVIOBOIOPOJOB M 0CeCHeYMBANMNX CHHXDOHHyL C
BupesnenneM COop reHepaimo BONODONA, — MMENTCA BCe HeOGXOoUMMHE
IannHe. TepmanbEHe BOIH, NOI IeiicTBHEM KOTOPHX NMpPOTeKaeT NpeBpa—
MeHAe H3BECTHAKA, BHHOCAT CYJBJMI—MOH ¥ DyIHHE KOMIOHGHTH. JBO-—
JIOIEA PYLOOCpasymiiX PacTBOPOB, IOCTYIAKNMX B 0CATOYHYN TOJLYy M
BCTpevYaumMX Takoi TeoxumMYecKuit daprep, Kak XaploHaTHaa ToJma,
H3ydYeHa TOCTATOYHO IeTanbHO, 2 HEeNOoCPeICTBeHHHE HAGIMKIEeHHA DyIo-
o6pa30BaHua B He(TeTas30HOCHOM peTMoHe IpPOBOIATCA Ha n-oBe  llaH-
THIAK, B TaxoM CHOXHOM NpOIlecce HAC MHTeDecyeT OIHa JeTalsb:
OKHUCJIOHHe CYIBIMI-MOHa BO B3AMMOIeilcTBHM C H3BECTHAKOM. JTO B3a-—
IMOme#CTEME CBOIMTCA K OKHCIHSHMO CcyJb(muHCH# cepd ¢ odpascBaHUEM
BJIEMeHTAPHOH! CepH MIM CYJIbfaT-MoHA. [lapajuleqbHO HIET BHIEJeHVE
€O, n odpasoBaHKe meTaHa. OxucieHHMe CYJB(EMHOX ceph 0CecnevHBaeT
BOCCTAHOBHTEJLHHIE NMOTEHIMaN CHCTeM:. B pesyaprare (opMHDYeTCA
yxasanuHil Bume cocTaB BOL (CYABIMIHO-YIJIGRACIO-METAHOBHX) X CO-
Ny TCTEYWWMX I'a30B, NPENCTABIEHHHX JTISRUCTHM I'a20M, METEHOM i1
Bozopozom (lMosgamos, I982).

Hrax,’ o6pasoBaHue CUTYMOMIOB B KapGOHATHOH TOMME CBOIUTCA K
O00BACHEHND (HopMApyHlefiCA B SNMTeHe3e acconfauuy T'OPHHX Nopoj:
M3BECTHAK (yXe B SHAYMTENBHOH JaCTH NeTPUTOBHME), IOJIOMAT, THNC
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wm aHranpur (MoxeT CHTE, eme COJEB X cepa). VMeHHo B Takoil acco-
ANy yCTAHOBIEHH He(TEeNpPOABNEHAA B KapOOHATHHX TO/MIAX DaBIUYHO-
T'0 BO3SpacTa 0T MOKeMOpHA IO Me3030d. OnmcaHHEHH mpomecc ARIASTCH
ONHOBDEMEHHO U npoueccoM (HOPMADOBANHA KOJISKTOpa, H IPOLeccoM
HefrrerasoolpasoBaHud, X INpPONECCOM AKKYMyJLAMM YIVIEBOZOPOIOB B
3AJIeHY .

5.8. [IpnypoveHHOCTE MeCTOpOXLEeHMil HeQTH B Tasa
K 5BanopUTOBHM Oacceftnam

3aKoHOMepHaA NpUyPOYSHHOCTE He(TAHHX M T'a30BHX MeCTOPOXEeHu
K 5BANOPHTOBHM OTJIOXEHMAM XODOWO M3BECTHA M He OMHH pas CJIyxuwIa
IpeIMeToM OoOCYRISHHA Ha COBEUAHWAX CaMoT0 DABJINYHOI'0 paHra (CM.,
Hanpumep, - Ocamovnue GacceitiH..., I98I; CoaeHOCHHE (OPMAIUL...,
1979; Hpoucxoxnemme Hedru...,I972 u zp.). OmHako Ha Beex copema-
HUAX W CeMMHApaX NDOCTDaHCTBEHHAA NDHYDOYSHHOCTH MECTODORISHME
He(TH M rasa K COJIepPOIHHM OacceiHaM paccMATDUBANACEH KaK CJEJICTENE
0COCHX CBOJCTB COJGHOCHHX OTJIOXEeHWi, cnocoGeTBYHuMX (0pMAPOBAHMIO
MecTopoxnennii He@ru ¥ rasa. Bo BHUMAHWE NPUHUMATNCH: CBOACTBA CO-
JIAHHX TJIACTOB KaK WNEANBHHX IOKDHIEK HeQTAHHX N TasoBHX MeCTODOX~
TleHuit, acodennocm COJLAHOH TGKTOHIH{I’I, cnocodcmymeﬁ @opmposa.m
JIOBYWEK M pryme Bonpoc o papar H e
QTJIOXeHN{ B KOHKDOTHO[i COpMe BIepBHe Onpene-m M.A. EapKOB (1971),
OTHeJBHHE BHCKa3HBAHMA 10 STOMYy BONDOCY €r0 NpemUeCTBEHHHKOB HE
BHXOMWIN 38 DaMKN NpefToJoReHui.

B pa6orax li.A.Kapxosa (I97I, I975, I98I) paccMaTpuBanTCA T'e-
HeTHYECKHEe CBASK He(reoCpasoBaHMA M COJeHAXOIWIEeHEA. Ha  ocHoBe
IeTalpHOTO IaneoreorpafMyeckoro aHaiMsa MM YCTAHOBISHO, YTO CO-
JIGPOJEHE JATYHH COOGWAMMCH C OTKDHTHM MODeM Yepe3 IDOMEeXyTOYHHe
GacceiilH, OTUHypPOBaHHHE OT MODA LENBD OCTPOBOB, GaHoK ® (mu)
pudoBHX IOCTPOeK. B mpejesax NPOMEXyTOYHHX 6acceiHOB BOBHHKAIA
HACKJINYMTENBHO OiaronpuaTHaa o0CTaHOBKA LIA CKOIUIEHWS OpraHudec—
KOro Marepmana. Sreck fopMypoBasMch MOWHHe pudoreHHHe KaploHAT-
HHe ToJd, OUTYMEHOSHO-CJAHI[eBHe KapOoHaTHHe cepnd, a BOKDYT
OCTDOBOB - pasHoo0pasHHe TeppHIeHHHe I'DPy(o3epHHCTHE W NeJNTOBHE
OTJIOKEHNA. [HorMe OMTYMWHOSHO-KAPOOHATHHE COpPUN IOMAHWKOBOT'O TH-
12 oCaXmaiuch B NPOMEXYTOUHHX OacceitHax, ¥ HX JopMIpOBaHWe CBA-
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3aHC C HaKOIWIeHWeM coJleif B COCONHAX, TECHO NDAMHKANNMX 9BAaIl0pU-—
TOBHX OacceiiHax. SHaveHMe 3THX OTVIOMOHMI KaX He(TenpoM3BOIAuIX

' XOpOlio M3BECTHO. AH29POOHAR BOCCTAHOBUTENLHARZ OGCTAHOBKA CHNOCOG-
CTEyeT xopomeit COXPABHHOCTY OPUE8HMYeCKOT'O BEWeCTBa, GONBIME CI0-
DPOCTH OCANKOHAKOIIOHUS ¥ HEeIOCTATOK KUCIOPOIA B BOIAY IOBHMEHHOMR
COJIeHOCTH CGRCHeYXRBalT (HOCCIINBAIKN OPTAHAYSCKMX OCTATKOB B He-
OKHCJOHHOM COCTOAHAN, & MCXOINHOE BemEeCTBO - OCTATKH IpeHMMyuecT—
BOHHO HMBUMI OPTaHW3MOB - XapPaKTepUSYyeTCd HaJIuuMeM aanjaTardecKHx
CTPYKTYP ¥ NOBHUGHEHM COLEpXAHHEM BOXOpPOJAa, YTO DacCMATpUBAeTCH

Xax (axTop, ONpemesAONMi NPUYypPOYEHHOCTE 3alexeil yTMeBOZOPOLOB K
daccefliam coneHaxomrenus (KyimGaxmia, I982).

YeaoByUA 0CATKOHAKOIUIEHNA M KOHEeYHHEe accoLyalii MIHepalIoB B
YUMIYECKUX 0CGAIKaX BOX, NOBHIEHHOH# COJEHOCTH NOpeICTARJEHH * Ha
puc. 3.8 b Bume ImarpamMy B XoopmuHarTax pH-Eh (Tappesc, IS62).
9Ta mmarpaMMa COCTABICHA HA OCHOBE 000CUEHMA OTPOMHOTO (faKTHYeC—
Korc MaTepuana. KoHeWHHe XMMUYECKHE OCAUKY U3 BOL NOBHUEHHOE CO-
JIGHOCTH, B3ATHE HA I@arpauMe B KBAIpaTHHe CKOCKA, COOTBETCTBYIT
SBallOPUTOBHM 0CaIKaM cMepomx OaccellnoB./3 npmBenenHo#f mmar-
paMMH BHZHO,B OKACJMTEJNBHHX YCJOBUAX BHIATANT CYJIB{aTH KaJbIHd,
TamAT ¥ JOJOMAT, HO OCaXNEHNA M HAKOIUIeHHUA OPraHHYeCKOTO BelecT-
Ba He TIPOVCXONUT; OPTaHNYecKoe BelleCTBO aAKKYMyJIXDYyeTCA  TOJBKO
B OTIOXSHNAY, XAPAKTePUSYIUMXCH BOCCTAHOBAUTENLHHMH YCIOBHAMY,
CRO[CTBEHHHMI DACCMOTDEHHHM BHIle GacceiiiaMm cosJeHaxomneHud. lans-
Heifias HcTopuA (OCCHIMSMPOBAHHHY. OCTATKOB MOXET DaCCMATPHUEATHCA
B CBETe NPOBENEHHHX DKCIEDHUMEHTOB B ABYX BapdaHTaX: JMO0 IIPAMHM
IpeBpaNeHIeM 38X0POHEHHHY OPIaHMYeCKUMX BemecTB B JIVIEBOLODOIH
IO, BIMAHMGM BHIEJMNMErocs BOJOPONA ¥ AKKYMyIAIMA Hedrn M rasa
B DHJOBHY. COODYHEHMAX WI¥ B TeDPUI'CHHHX I'DyC03eDHUCTHX OTJOXe-
HUAX, Ju00 JJUIHHEM IyTeM, depes cynbfaTpemyrmmo (xax OHoTeHHYD,
TaK ¥ aGUOTeHHYN) IpH BSEUMONHCTBMM OPraHMYecKor'c BelecTBa c
cyabaTaMy X NocJaeIyomeM TPARICHUN M3BECTHAKA BHISIANUUMCHA CEpo-—
BOIOPOIOM C ONHOBDEMEHHHM o0pasoBaHueM YIVIeBOIOpoZoB 1 dopmmpoBa-
HEEeM KoJulexTopa B KaploHaTHO# Tosme.

Ilpn oGCcy®RIeHHN IepBOT'0 BapHaHTa - 00pasoBaHWe OeCCepHMCTHX
Hereft 3a cveT OCCAMMSMPOBAHHHX OPTaHHISCKEX OCTATKOB - BCTAeT
BOIpPOC 00 MCTOTHHKE BOJNOPOHa. IIpMypPOYEHHOCT: BOHIOPONE K Kamiii-
HHM COJAM — (AKT OOmeH3BECTHHI; 0 I'eHe3HCe STOTO BOIOpPOIA BHCKa—
SHBalTCA Da3NYHLE NPeINoNOXeHMA, DPacCMOTDEHHHE B.}1.Moava~
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HoBHM, (I982) . llyTeM SKCIEeDMMEHTOB IOKA3aHO, YTO WHCTO IJMIYECKoe
BHIOJIOHX® BOJIOPOJTA MMEeT MECTO Npy HAFPEBAHMNM B BaKyyMIDOBAHHOX
npoCupKe JKOGHX MUHEDANBHHX BeNecTE, COLepRANY IBYXBaleHTHOE He-
Jie30, eCJM CocTaB BOIHO# cpellH XapaKTepusyeTcs WENOYHOi peaximeil.
CnemoBaTeJIbHO, BHIEJIGHHe BOIOpPOXA NpH I'MIpOJIU3e coxei Fe2* no-
®eT MMEeTh MeCTO B NPHUPONe; HeoOX0MMMOe JCJOBMEe NIA  NpPOTeKaHHA
IaHHOTO0 npolecca - cJaadomenodyHas cpeja, a HeolXomuMad IpemnoCHJ—
Ka - COBMECTHOE OCamIeHme coJed Fect ¢ XIopHIoM KaymA. l[3BecTHO,
YTO PACTBODUMOCTL FeCl, OJaM3Ka K DPacTBODEMOCTH KCl1 M 3HAYUTEJE-
HO BHIl®, YeM NaCl, MOITOMy FeCl, OyneT BCErza OCamNaTHCA TOJBKO
COBMECTHO C Ke¢l. [IpoBejeHHHe ONHTH NO3BOJIOT CBASHBATE I'eHepalln
BOIOpola ¥ NpPORCXOXIeHUe KpacHo# OKpacKku KauMilHHX coJeii B ONUH
npolecc THIpPOJAU3a U OKACJSHHA cojeit ABYXBaJeHTHOT'0 R®ejesa B Iiac-
Te KaamiiHo# comu B nocTcemuMeHTalmMoHHOoe BpeMa (Moswanos, 1982).

loABuEmEecA B HOCJAEJHee BDeMA MATODHAJH NO3BOJANT  BHHECTH
Ha o0CyXueHde eme OIMH MeXaHM3M o0pasSoBaHuA BOJIODOIA B TOJLE Xa-
Jamimux coseit. o Hadmonemmam B.H.Annononosa (I979), B muHepanax
KaJma conepm*rca'dmmne KOMMYeCTBO BKJIDYeHHit rasa, rae no 90 £
asoTa ¥ NOBHIIGHHOe COZEpNAHNMEe BOXOPOMAa ¥ JIVIEBOLODOIHHX TIa30B.
SamMeveHo, 9YTO ¥ B CBOGONHHX Tas3axX KaauiiHHX MecTopoxmeHuit asoT
ABRASTCA BeIyumM KomnoHeHToM. OTMeYeHO Tak®e, UTO KOJINYECTEO MUK-—
POBKJIOYEHMIl I'asa B CWILBMHE NOBHIAETCA OT €I'0 KPACHHX pPASHOBUI—
HOCTei X NMeCTPHM M YTC B TalMTe M KapHaLIMTe 00LeM rasa B JecAT-
K¥ pd3 Huie. I HawoHEn, TJaBHOe B uccaemoBanmAX B.H.AnnosoHopa -
BHARNEHa TeCHAA CBASH MRy COIepXAHMeM NDAMeCH aMMOHUA B Kanluii-
HHX MMHepaJaX ¥ Ia30HACHIeHHOCTHD nopox. OTcioma menaeTcsa EBHBOT,
YTO OCHOBHHM MCTOYHMKOM A30Ta ARJIAGTCA AMMOHME. YMECTHO NOCTABMTE
BONPOC 0 HApareHesHce a30Ta W Bomopoma (& Taxkme yIJIEBOIODPONHHY
rasoB) Ha OCHOBe HMcciefoBammii B.H.AnmosoHoBa. [pemcTaBlIfeTcs cJe—
Iynu@it MexXanusM OIHOBPEMOHHOTO o0pasoBaHMA a30Ta ¥ BOIOpOIA IpH
OKHCJEHMM COJeli AaMMOHUA. "

PagwoaxTneHu m30TON 40K, IpeBpamasck B 40,p HU3Iy9IaeT dJIek-—
TpoEH. [lox meitcTBHMeM MOTOKa 3JASKTPOHOB aMMOHN pasjaraeTcsd Io
SJeMeHTApHHX Tas0B as0Ta M BoIOpofa, & Npr Hamrmm CO, i opra-
HEYECKHX COeIMHeHmit BumesmomuiicAd BOIOpOX o0pasyeT YIVIOBOLODONHHE
rasi. Taxum o0pasoMm, OTJIORGHMA KANMIHHY coJelt MOTYT paccmaTpu-
BATHCA KAK XUMUMeCKHii TeHepaTop BOLOpoja, THe ero BHIeJeHHe 00y-—
CJIOBIEHO OKucJaeHHmeM coselt re (II) mwim amvoHuA.
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BTOpHM HCTOYHAKOM BOZODOIA B 5BAJIOPATOBEX OTIOKSHAAY . MOTYT
OHTEL CYJIbaTHHE HODCIH, & TOYHee - NDOUEeCC NOCTCeNuMEHTALMOHHOTO
NpeBpalicHAA KapOoHATOB MOKET CONpPOBOMIATHCA BHIEJSHWEeM BoIopcIa,
eCJE MMEST MECTO OKHCJGHNE CYIb{MI~MOHA B BSamMOTSHCTEUN C Kap-
GoHaToM. SaMelleHMe M3BeCTHAKOB JOJOMATOM WM TMICOM MOEET' Ipo-—
TEKaTEL B SIMIeHese Nop JIeficTEMenM CYARQUIOHHX TEDMATLHHX BOH, Ea—
TpEMep MO CXeMam:

ECaCO3 + MgS + 4H20 = CaSO4 + CaMg(CO3)2 + 4H2

B RIAGL
20&003 45 E(NH4)QS + 4H20 = ZCaSOdr + 2N, + CH4 + 00, + 10H,;

TO K6 TpH YISCTUH NOJACYIBGANE SMVOHHA:
60&003 - 14H20 + (NH4)236 =-6Ca.SO4 + Ny + ZCH4 + 400, + 14H,.

Hocagmape npa ypaBHeHNA HPUBOIAT K COCTABY I'asoB, TAMMYHOMY
IIA SBANODUTOBHX OTJOXEHH, MECTODOXUeHNl caMOpoIHO# CepH X Ta-
30BOT0 COCTaBa BOZ 004a0Tell COBPSMEHHOTO DaSBATHA NDEITCDHHX
BNEIVH, '

TaxnM 00pasoM, BHIeJNSHHE BOLODPOIA I 00pa30BaHHE JIVIEROIODO-
IOB CBASHBAETCA C NOCTCEeINMEHTAIMOHHHMEA NDONECCaMH, TDOTEeXAnMUME
B TOJme SBANODATOBHX OTJCRSHAN. CHHTEHETAYHOCT® JTIEBOIOPOIHHX
Ta20B BMENANMM Iopoiam ormevaercd A.A.OGopmmem w mp. (1979).
CUHT@HeTMYHOCTE HUIKWZ CUTYMOB U, BHOUMO, SNUTGHETHUHHX HOJOMHATOR
NpPOABIASTCHA, B YACTHOCTH B TOM,YTO0 KDHCTALINKE IOJCMATA DPacTyT
1o xanenpkem Hedrm (OcumoBa, I964). Ha poik NOCTCEIMMEHTAIEOHHHX
npeolpasoBanuf XaploHATHHX NOPOL B CRBE3HM C M HefTers30HOCHOCTHD
JKSSHBAeT DAL NCcaenoBaTenei,B Tom Wmeae 3.7.Cepmox ¥ mp. (I1982).
[Opr sToM ocoCo OTMEJaeTCH IOJOMUTASALUA ol BIAHEEM MATHAA, IO—
CTyTaWmere ¢ I'MIpoTepMAARHHME pacTBopamu. CumTaercsd,yTo 3TOT
Ipollecc IPMBOIUT X (DOPMIDOBAHMR KOJLTEKTOpa, HO CJAeIyeT Npellosa—
TaTs, YTC NPEyPOYSHHOCTL MECTODORISHHIX He@TH H rasa K NOJOMATH-
SEPOBSHHHM M CYJIBCATH3NDOBAHHHM MSBECTHAKAEM OCYCJIOBICHA CHHTEHE-
THYHOCTEH IBYX NpolieccoB: {ODMADOBaHWS KOJIEHTOpa @ 00pa3oBaHie
He(iTH ¥ Taza, SaNOJHAGEX KOJLISKTOD.

llpaBoMEpHOCTE BHHECEHNA HA OGCYHIeHNe BTOPOTO. BApEanTa He(—
Tera3000pa30BaHNA B COJSHOCHHX TOMIAX BCASICTEHAS NOCTCEIMMEHTa-
UROHHHX 1IpeoCpascEaHull onupaeTesa He TOJALKO Ha CKCHeDPHMeHTAIBHHE

<02



TaHEHe TI0 B3anMMOJIefiCTBHK CepOBONODOLHHX BOJ ¢ KaploHaTamu, HO X
He TeolioTHYecKNe MccneropaHnsi. Hamdojlee o0CTOATENLHO I'e@0J0THY8C—
KHE MSTeDHANH H3JIOXeHH B pacorax A.l.lloameamosoit (I1979,1982).
Ormevas, 9TO ¢ OaccsilHaMi CONSHEKCILIeHRA cBfAsaHo noutm 60 %
MIDOBHX 2alacoB T'a%a ¥ YT0 TONBKO nosoBwHa na mmx (31 %) pacmo-
JaraeTCA 0L COJNSBHMA MOKDHUKAME, & BTOpad noiaosuEa (Toumee,

28 %) CKOHIBHTDHDOBAHA B OKOJO— K HAJICOJEBHX OTIORSHUAX, TIE CO—
JieBas NOKpHUWa oTcyTcTByeT, A.M.lloymBanoBa QOBEPNEHHO CIpPABSILIN-
BO saxmoyaeT: "B (opMMpOBaHMM SOH KPyNHOMAcWTaGHOTO IasCHAKOILIe-
HEA B GacceilHax, X&paKTepH3YIUMXCA DACMDOCTDAHEHHEM COJEHOCHHX
TOpOx, XUCpPaeT POib... HO CTOJBKO SKpaHMpyllasd CHOCOCHOCTE COJA-
HHX TOJM, CKOJBKO 0COCHe yCiOoBHA, NPMBOIAME K 00pasoBaHED MOL
COJAMM KDYIHHX 00BeMoB Tasa’ (ram me, c¢.I28). Sro s3ammodeHHe
ABWIOCH M IocTaHoBKo# Bompoca O TeHEBHCEe MeTaHa ¥ CepoBOIOopOIA.
OnHoBpEeMeHHOe 00pasoBaHHe MeTaHa H CePOBOIOpoIe, No MHeHmD A.U.
llosBaHoBolt, oCycJlOBIEHO TepMOKATANMMTHYECK!IM NpeBpaleHdeM 38—
XOPOHGHHOTO opraHmbieckoro BemecTea. Odpasysd emmuuil NIOTOK, o0&
rasa npuodpeTanT CIOCOGHOCTE K CTPyiHOR murpamm:.

HeT Heo(XOMUMOCTH OTDHUIATEL HANOXEHHHE NDeICTABISHHAA 0 I'e-
HeBs#ce MeTaHa X CepoBONOpoZa, HO B CBETO DasBMBacMoit HaMm HOH-
IeNINy CIeIyeT CIOeJSThH 3aMeUaHMA, KOTODHE CKOpee HANO paccMaT-
pUBATE KaKk NePCHeKTEBY IAmbHelm¥ HACciemoBaHmii. BnoJHe BepOATHO,
YTO BOSHUKHYT ONpeieJeHHHe TDPYMHOCTHY NpH CBeLeHMm JajaHca: TIe-
Hepamidi CepoBOTOpOoIa 3a CUeT DasjoXeHMd CGeldK0B M IPyTMX OHOTeH-
HHX CepPOOPraHHYECKNX COSIMHEHH) MOXeT OKa3aThCA HEeIONyCTHMO HAS-
Koit B cpaBHeHWNM C TeHepauuel MeTaHa NP TePMOKATAIMTHICCKOM pas—
JIOXGHAM OpTaHMYeCKHX 0CTaThoB. Tem doiee dTO, HADANY C CEpPOBO-
IOpoIioM, B STHX YCJIOBHAX QOPMUPYHTCA BHCOKOCEDHMCTHe He(TH M ca-
MOpDOJHAA Ccepa, He T'OBOpA y&e 0 BTOPUYHHX (SINTOHETHYECKHX) CYy/Ib-
farax. B cBAsH ¢ 9THM HaM IpelcTamigeTcd (oJjee BepOATHHM IpoLscc,
B KOTQPOM CEpOBOIODON ABIASTCA NEePBUYHHM IO OTHOWEHHN K METaHy .

Kax noxasanoe Ha muarpamme (cm.puc.3.8),o00pasopasme ayTHreH-
HHX CYJIBJATOR Reje3a B accouualyy ¢ IpyTumu MuHepanams (rmme,
raymT, NSBECTHAK) 9BANOPATCBOIO OCAINKOHAKOIUIGHWA BIOJIHE BEPOAT—
HO 7 HaOmonaeTcA B NpHpoIe. PasnoXeHrMe CYAB(MNOB B WeJ09HOi cpe-
Xe Ipy NOBHMeHHo# TemmepaTrype NPUBOINT K AX NECTPYRUMA C  Iepe-
XomoMm cynbdmu-uoHa B pacteop (Momsamom, lcymos, I9BI), B xoTopom
OH ABIAGTCA arpPeCCHBHHM DearsHTOM ¥ 110 Mepe OKMCHNeHHE I NOIRNICJe—
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HUA. pacTBopa (IpH ero IBWXeHHN BBEDX 10 paspesy) NpeTepneBaeT
CHIeIYIIMe NPeBpAleHIs | 52~ —= 50 - 5t = 50, TO €CTH  OT
CyJB{uIHONK CepH dYepe3 aleMeHTapHyl (camopofHyw) mo CyIb{mTHO#
cynedaTHol. Cynp(uMIHHe IMIpPOTepMANBHHE BOIH XADAKTeDHH LA 00—
JacTefl TU[yCOKOTO NOTDYREHWA OCANOYHHX TOPOM; CYJb{aTHHe BOIH -
CyTh TOBEDXHOCTHHE BOIH. BsamMomeilcTBme CYyJNBQUIHHX BOE C  OKAC—
Janrenav (Hanpumep, xapdoHaTamy) IPUBOIMT K 00DPABS0BAHMY DJIEMEH-
rapHoit cepd mam cyapdaToB. UepoBOLODONHHE BOIH ARIANTCA YACTHHM
ciyyaern CYyALJMIHHX TepMalbHHX BOI M IOCTATOYHO UMPOKO DAaCIpPOCT—
paHeHH B NpUpOJe BHE CBASH C OpraHdYecKUM BemecTBoM. [loaToMy ac-—
coumauup "MeTaH - cepoBomopon", BULUMO, NpaBAJIBHEe paccMATPUBATEH
KaK NPOIYKT B3auMome#cTBMA CYALUIHHX TEpMAIbHHX BOX C KaploHa—
TaMi B DNHEreHese, a NPOCTPAHCTBEHHYN NPUYPOYeHHOCTE MecTOopoXie—
HUii Her ¥ rasa K COJEHOCHHM OTJOREHHAM - KaK NapareHeTHYECKYW.
SaxanyuBasg OCCYRIeHHMe 3aKOHOMepHO# NpHypPOYeHHOCTH MeCTOPORIeHH
He@TH M rasa K 5BallOpDHTOBHM OTJIOReHMAM, CJeIyeT CKasaTh 0 Tep-
MHEYECKAX YCJOBEAX DA3BATAA YKa3aHHHX ToJm. CymecTBynmas  TOYKa
3peHUA CBASHBAET IOBHIEHWE TeMNepaTypH C OHCTPHM HNOr'pyReHHeM
9BaNOPUTOBHX TOJII, & SHOMAIBHH{ TeoTepMUYECKMil I'pajMeHT - ¢
NpPAYPOYEHHOCTEN HX K DUPTOBHM 30HaM. B CBeTe pasBHBaeMoif  KOH-
[eMMy- MOXHO BHHECTHM HA 0GCYRIOHWE ANbTePHSTHBHYK TOYKY 3DeHnd,
COTJIACHO KOTOpO} NMOBHINEHWe TemnepaTypH OCLACHAETCA He  TOJIBKO
NOTpyReHMEM OCANOYHHX NOpoX, HO M BK30TePMAYSCKAMA NDOLECCAMH,
NpOTeKAWIMMI B NOTDYyRAONMXCH Toalax. PACCMOTDEHHHE BHIE mpo-
11COH NOJOMATHBAUMYN X CYIbIATHSAINAY MSBECTHABCE, DOAKIME 0Opa-
30BAHMA MeTaHa, CepOBOJOpoIa, YIVIEKWCJOT'O I'a3a W a30Ta IIpH B3a-
mMONefiCTEME TEePMATbHHX BOXL C RAapOOHATAMA KANBIMA €CTh 9K30TED—
MHAYeCKHe NPOLeCcCH. JHEePIHUA, BHOSJAKNWAACA NpU JATOTeHe3e ocalixa,
B YacTHOCTY NpH KPHCTALIM3alUM cojeil, IJINC SHEPIHA SK30TEepMH-
YeCKHX NpeBpameHu#l B SMNT'eHe3e MOTYT CJAYKUTL NPUYMHOE Temwomoi
aHoMaIM¥. JTa SHEPIMA MoxeT OHTHL meuxymeff cmioit mpomeccoB Hed—
#e00pa30Banid, TO eCTh CHHTe3a CoJjiee CJOKHHX, YeM MeTaH, yIye-
BOIOPOIHHX COenuWHeHH.

5.9. Accomuarma "Hedrr M resmit"

llopasasmonasa Macca l'eJmd NOCHBaeTCH NOIYTHO C HedTERL N yrie-
BOJIOPOIHEMY TasaMi. Accolnauua"He®Ts"N TeJuii"oYeHs MOCTOANHAA,
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ee Jaxe NHTANTCA NpPEJCTABATH B KaYeCTBE NOKASATENLCTBA IYCHHHO-
TO, IPORCXORNEHUA He@TH, NOYeMy-To HoJarad, 9TO TeJmit — TUyOHHHHI .
ras, KOTODH{i HE MOXeT BHIUSNATHCA B SKBOTGHHHX YCJOBUAX.

06pa3oBaHie Teimd B 3eMHOH KODe CBABAHO MCKIDWMTENHHO C pa-
IMOSKTUBHHM DACIANOM BJEMEHTOB. BoJiee DACHpPOCTDAHEHHHE  MSoTOon
4o o6pasyeTca Hpy Paclajye ypaHa M TODUA:

238 206

U - ““°Pb + B —vacTim wm 8 aTomMoB 4

239, 207

Pb+ 7d -JacTH Wi 7 aToMoB _4'He
208

u

232

Th - Pb + 6o —uacTmy wm 6 aTomon 1He.

TpeTuit ¢ nepuonoM nojypacnana I2,46 JseT ImepexomuT B CTa—
OWIbHHH, HO 0YeHb DeIKMii usoTon “He, KOJUYECTBO. KOTOPOTO B IpH-
polle HUYTOXHO Majo. Il[pOCTpPaHCTBEHHASI CBASE MOXIY KOHLEHTPaIMAMH
ypaHa ¥ JIOKaMsan@eil IeJmiicoepranmx yr.neaoxopoma:fix TasoB Ipo-
CMaTpHBaeTCA NOCTATOYHO OTYeTJMBO: Ha (JOHe NOBHNMEHHO# yYpaHOHOC—
HOCTH TODHHX NOpoN OCUMpHHX TeppurTopwii.ClA HaduomaeTcA NOBHUEH-
Hasl TeJMeHOCHOCT: NPHPONHHX IasS0B 3TO# CTDAHH, & OTIEJBHHE Mec—
TODOXRIEHMA T'eJNHd COCEJCTBYNT C MECTODOXIeHMAME ypaHa. Ha ocHoBa-
HHEY BCECTODOHHETO aHAMMSa T'eQJIOTMM ¥ TeHe3HNca TeJHA ¥ JeTalbHOTO
0GCYRIGHAA ACCONFAIMN TeJUA C YIVIOBONCDONHHMA TasaMyi # GHTYMAMKA
B.ILAKyLeHN NpMWA X CAeIyoueMy 3armoIeHm0: "BHABIGHHAR SaKOHO—
MEDHOCT: B I'e0TEKTOHMYECKOM DACIDONENCHMM TeJMOBHX 3aleXell  aB-
JFIeTCA pesyJbTHpyKlel HANOReHMA B IOPOCTDAHCTBE IBYX 30H pasmelie—
HUA MECTODORIEHMIl MOJe3HHX MCKONAeMHX, He CBABAHHHX LDYyT C Ipy-
ToM, - He(@TAHMX ¥ pamuoakTHBHHX" (fxymemm, 1963, ¢.94). Jamee
eme pag moxyepkueaeTcd: "Takmm odpasoM, C Kakoil GH CTODOHH MH
HE PacCMATpMBAIM OCUMe SAKOHOMEDHOCTE (OPMHDOBAHHA TeJMEHOCHHX
Ta30B, JO CHX NOp MOCTOAHHO CTAJKHBAINCE C pas/AYHHMA (opmamm
OpOABIERNA B NPHPOJNE ONHOTO M TOro #e (akTopa — CoBMENeHHe B
NPOCTPAHCTBE ¥ BO BPeMEHM 30H pPACIDOCTDAHEHWA B 3eMHOM . Kope ]
IBYX COBEpUEHHO T'eHeTHIECKH He CBASAHHHX IDYT C JIPyToM TpyIn mo-
JIe3HHX MCHOIaeMHX — TAXEJHX DaIMOaKTHBHHX METALIOB ¥ IIPHDOIHHX
Topousx Tasos" (TaM xe, c.96).

9Tum BHCKasHBaHueM B.II.fixylleHn, KpylHeiero cneOMaimcTa B
o6nacTi TeQJNOTHH I'eJid M K TOMy ®e coTpynHuka BHVIPH,MoxHO OHIIO
OH 3aXOHYMTEH OOGCYRIEHMe IpmpopHoit accoumaumm "Hedrs M resmit",Ho,
BepOATHO, HEKOTOpHE NONOJHMTEJNBHHE JaHHHe He CyIyT JIMUHWMMA.
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llpexne BCeT'o CJEIYET OTMBTHTE CIOCOGHOCTE OPraHuYecKoro Be-
LeCTB2 KOHIEHTPUPOBATL ypaH. "Ora KOHUIEHTpALWA YpaHA oprasidec-
KHM BellecTBOM ~ (KT HCKAMYATEJNLHH{t B ero IeoorMYecKol MeTo=-
puit..." (Bepuamcxnit, 1934, c.257),

' lleperuHHe (MBHAYANLHHE) COHAKOIIGHMA OPTAHNYECKOTO BeleCTBE
X ypana, '0CyCHOBJIGHHHEe I'e0XMMAYECKEME NPOLECCAMM MUTDSLMNM M &al-
KMy OJISMOHTOB B SeMHOil Kepe, NpeoNpereanT BCe NOocaeIyulec:
00pasoBaHne He(TH H Tasa U3 OpraHfdecKoI'o BellecTEa ¥ NapaIeJLHOoe
00pasoBaHie TeJid IpH pamMoaKTHBHOM paclglle ypaHa. fmmgwred Jn
3TH NPONecCH TONBKO NADAUISIBHUMEA W CUEXDOHHHME WM DaIWaImid JI—
paeT KaXyn-TO pPOib B TPAHCHODMANEE OpTaHNYecKor'0o BemecTsa ? [laH-
HHl Bompoc OGCYWIAJICA B TeOJOTHYSCKoil JUTEpaType B IBYX ACTeK-
TaX: KaK palpalMoHHOe DpasJIoXeHUe BOOH C BHIeJeHHeM BOoIopouna R
KAl panMalMOHHO-XMMUYecKUit CHHTES yIieBOLOponoB. OmHarko  oTBeTZ
HeT, MMENTCA TOJBKO NPeINOJOXSHHA ¥ JOTaIKH.

Bropoe samevaHne OTHOCUTCA K T'eHE3NCYy FPAHOBHUX MECTOPORIEHHii -
¥ OCHOBaM MPOTHOSHDOBAHYA YPAHOBO-DYIHEX npopmmini u pafionos (Oc—
HOBH NPOTHN33...,1986)., B cxeme CHCTeMATHKN 9SKIODGHHHX MECTODOX—
JeHnit ypasa ofpaTuy BHUMaNNWe Ha Ipymny B - mafmisTpanumoEnde (smm-
TeHeTVISCKME) MeCTODOMIeHuit ypana, odpascBaHHHE NOJSeMHHMI BOJAMI.
B a7oft Tpynme BHIEAAETCA KIACC MIACTOBO-MHJUMIBTDAIMOHEEI MECTOPOH—
IeHuil B apreauaHCKMX dacceliEax. PosutoEMii THI ypaHOBHX, CeNeH-ypa-
HOBHY ¥ BaHAIW/i-ypaHOBHX MECTODONIESHHE (POpMHDYeTCed B NECYaHIKAX
YTJIeHOCHHX OTJOXeHU# ¥ MpHYpOYeH,Kak NpPaBRAIO, K PHXIHM OTJIOREHILAM
NpeArOpHHY M MEXTODHHX BIaJUH,. Hax BHIHO ¥3 NPUBENEHHOTO ONMCAHII,
TeOJOTHYeCKNe YCJOBKA (JOPMUDOBAHUSA YDAHOBHX MECTODOXIGHWH DOJIO-
BOI'0 THNE BIOJHE COBNALANT C YCJIOBMAME (ODMAPOBAHWA HEJTAHHX
MeCTopoXTeHRl B COOTBETCTEIM ¢ IYNOTes0ft Tuporeciormyecforo od-
pasoBannd crolvieHmit Hefry @ rasa. Paccyxmas oT o6paTHOTO, — KOH—
cTartapyenM: NOCKOJBKY INaHHHE YpaHOBHEe MOCTODOKISHWA OTHOCATCH X
Tpynne sHUTeHeTHYECKUX, MOCTOJBKY CBASaHHHE C HUMHU IO YCJOBHAM
GopMApOBaHNA He()TAHHE MECTODOXISHHA TaKXe IOJIFHH DacCMATPUBATECH
KaK SNHI'eHEeTUYECKHE.

Hocaernee 3ameyaHue OTHOCHTCS X accoumaumn "HedTh ¥ Tesmit".
Ee mMoiHO paccMATPHBATE KaK IapareHeTHYeCKyH accolyamin, HMes B
BHUIY OTIANGHHOE DOICTEO: KOHIEHTDAIMA ypaHa CBA3aHA € aKKyMyJa-
el OpraHyyecKoro memecTsa. OprarmyecKoe BeUECTBO TPaHCEOPMIDY-—
eTca B HedTh M YIVIEBONOPOXHHE Ta3H; NApaIelbHO B HE3aBHCHMO
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WHET pANMOARTHBHHN DACHAN ypaHa ¢ BumexcHmeM resmsa. Tenuii ¢ yrae-
BOTOPONHHME Tasalm cdpasyeT olLyn TasoByR salexs. [lapareHesuc yc-
MATpPEBESTCA B NpUYHHHO-CJAeICTBeHHO! cBA3H, onpernedddneit coBMecT-
HYD aEKyMyJAAmMR YTJIeBONOPOJOB M Teadd, XOTA NpOIeccH NX ofpascna-
HUA MMeNT DasyMYHY NpPRpOLYy .

5,10, Accoumaima "cepneHTHHHNTH ¥ HedTR"

Accoumaina "He(N'P # cepNeHTHMHMTH" HE OTHOCHMTCA X YMCIYy pac-
_ NpPOCTPAaHEHHHX ¥ XOpolio M3yYeHHHI,OHA JNOMAHGETCA B cTarse  Kpo-
noTruHA,laxsaperoBoit(I1959) ¥ B HeXoTOpHX IpYyTHX MyGMHKAIMWMLX,
TVIEBHHM 06pasoM B CBHASH ¢ 0GCYRIGHNEeM IVyomHHoTo (Marmaruyeckoro)
reHesnca He{TH.

CeprnenTuHM3aIMA — WUPOKO DACNPOCTPAHEHHHA B NpHUpole Npouece
MOCTMATMATYYECKOT0 KBMEHEHUA THNepGasuToB, He MMemumii TpAMOil chi-
3} C-MaTMATHSMOM X TeM Golee CepNeHTHHETOBOH marmoi (Xecc, I957).
CywHOCTh CepUeHTHHMSAINK COCTOMT B 3aMENEHWH NePBMYHHX  MarMaTi-—
YeCKUX GeBBOIHHY KeJeB3UCTO-MATHeSHATBHHY CHIMKaToB (IvaBHHM ofpa-
30M QJMEMHZ M DOMGMYECKOTO NMPOKCEHZ) BOZHHM CIIMKATOM MaTHUA -
CODIeHTHHOM, o0nad QopMyJa KOToporo Ngg [(OHJBS:L 4010]. B mpo-
recce saMelleHus OJMBEHA CeprneHTHHOM Xesaeso (II) Bumensercs 1, Jac—
THYHO OKUCJAACH, NPEBPANAcTCA B CePNeHTHHWSAIMOHHMI MATHOTHT, Ha-
CTONBKO TOHKO PpACHpPeJeseHHHI B CEPNeHTHHUTe, YTC pasfeseHue Mar-—
HeTHTa ¥ CepNeHTHHA B OTIeABHHE MOHOMUHepAIbHHE (pariyy NpaxTi—
YECKY Hepo2ioxHo. CepHeHTVHMZAlMA — NpoliecC THIDOTeDMAIBHHI, 1po-
ucxomuT B mHTepsane 200-400 9C nom BoszeilcTBHEM BOIH I YIJEKUCIO-
TH, 3aTparuBacT NpeNMyleCcTBOHHO ANBIMHOTINIMHE THNepOasHuTH Tadlpo-
TNepUmOTATOROH (opManud, NpeBpauas B COPHEHTHHUTH LeJHe MACCHBH
TepulypruToB N JYHUTOB.

CepnenTuHnSaINA SAMHTEDECOBATA HAC NPEXNe BCETo Kak  [0CT-
MarMaTAYeckuil nponecc, B KOTODOM IBYyYBANCHTHOe Meaes30, BXOjAlnee
B COCTER QJMBHHA, YACTUYHO OKUCIAACEH, NDPEBPallaeTCHi B MATHOTHT.
9T0 ORUCJIeHWe, NpONCXoIAmee NOJ BINAHAEM TMIDOTEDMETBLIHY DACTBO-
DPOB, JOMEHO IpPOTERATh C BHIEIEHUEM BOLODONA.

CnenmansHHe HCCHASIOBAHIA NOCTMATMATHYECKA: UsMeHeHui (B Toum
upcae CepneHTHHMSAINM) IHNepdasNTOBHX TOPHHX NODON GHIN NpoBeme=
HH J.B.Arafonosum u T.A.AHnpeemoit (I973) ¢ mcnonnsoBaHumenM  pas-
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padoranEoft B VTl MOTONUKE BCKPHTHA Ta30BHX KOMIOHEHTOB  I'OPHHX
nopon (Ammpeesa, Momgamos, I978) m rasoamammsaTopa®  cnermamsHoi
KOHCTDYKIMM, HSTOTORIEHHOTO B MHcTHTyTe Karammsa CO AH CCCP. Pe-
:mmTa;ru NpPOBEeIeHHHX MCCHeNOBAHUYE ¢ HeOOXONUMHMY - NOACHEHWAMA
npeicTanieHy B Tadi. 5.1, JaHHHe KOTOpo# NMORa3HBALT, ITO TasH
AIBNAHOTHIENX IENePOASUTOB ABIANTCSA BOLODOTHO-YTJIEBOIODOIHHEM,
NperMyIeCTBEHHO METAHOBEMW, B CepHeHTMHWBMPOBAHEHX IOpojax yIue-
BOJODONHHX I'a20B He OCHADYREHO; B HEX COIEDKATCA TOJNBKO BOIODON.
ABTOpH OOpamanT BHUMAHWS Ha BAKOHOMODHO® YMEHEUGHNMe BOJODOJA B
pany nopox (B cms/nr): aMbIEHOTHNENE Tmmepdasuts (H, ~ 0,63) -
NOpOJH TOJeHT-0a3aIbToBOE dopMarm (H2 ~ 0,I7) - BYJIKaHATH aH-
Ze3ur-CazarbToBoit fopmaimn (Hz < 0,I5). Dro madmomenue mocTa-—
TOYHD XOPONO COIJIACYeTCA C SaKOHOMEDHHM YMEHBUHNEM  CONepXaHusd
OJIEBHHE (ero fasmmroBolt cocTammmumef - F62[5104_'_] X 3BoJNIHei
H30MOPIHHX DAZOB NUPOKCEHOB B CTOPOHY OTHOCHTENBHOI'O YMEHBIEHUA
comepxanua Fe (). Ecum i HOPATOB ¥ UYAPHOKATOE XADAKTEDHH 3B—
amr ¥ PeppocwmT, comepwamge Xo I00 mox.% e (II), To mua Tomem-
TOB I 0asajbTOB XapaKTepeH aBTHT -’ ca(Mg,Fa(H),Al)z-[(si,A1)206].
a I anuesuToB - OoJee XapaKTepHH amimOoJH, dYeM IMPOKCEeHH.
Hapamy ¢ rasooCpasHHME yIVISBONOPOIAMA B A&NBIMHOTHIHHX  TH—
nep6asurax oCHADYXeHH XUIKWe, Npmyem MK-CIHeKTpH BHIGNEHHHX OH-
TYMOEIOB OJM3KA K CHeKTpaM CHTYMOMIOB, BHIGJEHHHX U3 YJbLTpPaoc-—
HOBHEX  mopoX KoJbCKOro n0-Ba, M OYeHh GJMSKM K CHEKTDY
"neTpuXop" - SKCTDaKTy, Hecymemy TIMHMCTHIi 3anax. Ha ocHoBaHMn
NPOBEIGHHEHX HCCA6M0BaHWit aBTOPH NOCTATOYHO OGQCHOBAHHO JEJAKT
BHBOX, YTO 00pasoBaHWe YIVIGBOZOPOXOB (Xxpome MeTana) oGyCJIOBIEHO
"...0076e TIOSTHAMA HWSKOTEMIeDATYDHHME NpPONSCCAME, HANORMBIMMICH
Ha yxe cHopMEpOBaHHHE YIBETpaocHoBHHe mopoiu" (Arajomos, Anmpee—
Ba, 1973, ¢.692). Cpems STHX NOCTMATMATNYECKMX NDEBpameHH mep—
BOG - DAsOXeHWE OJMBHHE M NHPOKCEHOB C OKUCJGHMOM KOMIQHEHTOB,
doraTtHX FeO , I BHJeJeHMeM Bojopona. JarbHefimee B3amMomeiicTBHe
Bogopofia ¢ COp NPMBOIUT K CHHTESY YIVIEBOZOPOLOB, KOTODHe (JuKcwm-
pyoTea B mopojax Kak Koabckoro n-sa (lerepcmnse,I960),Tax  n
anBIMAOTANHNY TymepGasurax YyxoTkm (ArafoHos, Aunpeesa, I973).
CremyeT OTMETUTE, YTO CEDNEHTMHM3AIMA, ABIAACH IPONECCOM, HIy-

% Bee amamTuvyeckme padoTH IO ONMpEEJGHUD COCTABA Tasa it
T'a30COMSPEAHMA T'OPHHX NODPOJ BuNoJHeHH T.A.AHIpeeBoii.
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Tadmma 5.1

KoMnoEeHTHHY COCTAB I'a30B YIBTPAOCHOBHHX M OCHOBHHX NOpoX YyxoTHE
(no J.B.ArafoHoBy u T.A.AHmpeesoit, I973)

H Komnorentaui cocras,oM>/kr, % |Tasoco—
o Topsas nopona AATEBERAY
odpasua By | CH-II CoHg l Catg ] CO2+00| cu®fur
506 Jysur - wETpySHBEAE T.I., coc- _L1,40 6,02 0,28 0,0 0,0 7,70
TOANAA M3 OJMBHEA CO SHAUHTEIb-
Hoit (IO %) fammroBolt cocras— 24,80 71,80 3,40
aamme it
3266 - - 122 3,52 03I cr. Q03 5,08
24,0 69,30 6,10 0,6
310 =i L35 510 0,04 0,0 0,0 6,48
20,80 78,60 0,60
3268 ToT Xe IyHHT, SaTPOHyTHX BTO- 0.05 3,23 0,34 0,03 0,16 3,81
e o R e o 1,3 84,80 8,% 0,80 4,2
415a Tapndyprar - IiyOmHHeA yasTpacc- 0,47 _6,I4 0,56 0,14 0,0 7,30
HOBHAS TIOPOJiA, CJOXKSHHAA OJHBH~
HOM ¥ DOM g-'gacm NUPOKCEHOM 6,5 84,10 7,50 I,90
417 S 0.08 _2.66 0.08 0,05 0,0 2,87
2,80 92,70 2,80 I,
327 Bepm smsglgaaga i 0,0 2% 028 016 0,0 3,08
GazansToRIHAR 09TH He
CORDRANAR DOXGBMY MAETOB,CHO- 87,40 7,40 5,20
XCHHAH NPEAMYNGCTBHHO OJMBA—
HOM ¥ IHONCHIOM
109 CepneETHENSMPOBAHHENE BepmAT JB.88 tueE . 000 0,0 S0 I,01
37,60 6I,40 I,00
507-3  OHCTATHTHT - MADOKCEHAT, COC— 0.87 . 8,18 “0,I2 0,0. 0,0 4,17
ToANMA MOYTH M3 OJHOTrC BHCTA- f
THTA 32,0 65,60 2,40
1908 M 054529 0,0 0,0 0,0 3,88
25,70 74,30 S
32Ie BsGcTepHT - NHPOKCEHHT, co.uap— Q.79 0,09 _I.08 0,0 _0.22 2,18
Xamai Kak MOHOKJMHHHE, Tak K -
poMOrYecKrl NHDOKCEHH - 47,20 2,80 34,60 15,40
4I3e Jomewmur - n:poxcenz;mc.m— 0,0 3,00 0,73 0.05 0,74 4,52
-mn TNOYTH HCKIDIHTY
ZHONCHIOM-THPOKCOHOM 63,70 16,90 1I,60 I7,80
70 T'paHaT - MMpOKCEHOBAR Iopola T 0Rb T 0i1? 0,0-20,0 4,98
9I,60 5,00 3,40 3
825 Tad6po-HOpET - MHTpYsmBEaf mo- _0,I8 0,20 0,0 0,0 0,0 0,38
Ppoya, CHOREHHAA OCEOBHHME ILI&- 47.40 52,60
THORNASAMH H DOMGHY. n:zpoxcenou— L ’
SEEETOM, cogepmamM Fe (II)
B-607 CepneATHHASHDOBAHEHI TDORTOMMT - _5,62 oa. 0,0 0,0 0,0 5,7
ACHOXDECTANIMYOCKAR Jtopom co- 9g.80 -
cmma.n H3 OCHOBHOI'0 ILIATHO- ¥
¥ QJMBMHA,OKDYRSHHOTO HA
xon-mxre ¢ IIAIHOKJAS0M BEHIOM
WS NPONYRTOB PACIAfA
Ies CopnenTHHMT - NpopyxT ragporep~ _0,31 0,0 0,0 g0 0,0 0,31
METEHO-METACcOMATHYOCKOTO HSMe-  Tnp

HeHWA yILTPAOCHOBHOM IODOZH




M ¢ BHIOJEHHEM BOLOPOoJa, ONHOBPEMEHHO CIOCOGCTBYeT 9BAKyalNH
JTIeBOIOPOLOB, U accouuanus "CepHeHTHHNTH — HeQTE", NO-BUIIMOMY,
ABNACTCH 3aKOHOMODHO N0 NPHYMHHO-CASNCTBEHHHM CBA3AM, T.€. MO-
8T paccLaTpUBaThed KaK NapareHes. CepneHTHHASALET yJAbTDA0CHOB-
HHX IOPOJ Kax Ipouece I'eHepallun BojopoNia ABIASTCA IpUYMHOE Hed-
Teo6pa30BaHNA B BHURNGHAINMY TOMIAX, COLEDHANEX DACCESIHHOE opra-
HIYECK0E BOLECTBO, WM B ILIACTAX-KOWLIEKTODAX, IUTAGMHX OpraHd-
YOCKUM BELECTBOM C ILIACTOBHMH BOTAME.

STOMy NapareHesy 0 CHX MOD He YHOeJAN0CE NOJKHOT'O BHHMAHNA,
JOTA CBENGHNA O JIOKAIMSaIyl. He(ITAHHX ¥ Ia30BHX CKOIVIeHWiI HaX Mmac—
CHBAMY CEpINEHTUHMTOB WIM NPAMO B CEepPNEHTMHUTAX HEOIUHOKDATHO OT-
ievaJmeh NccaeroBarenAavi. Tax, Hanpumep, H.B.Musmeom (I967) omu-
cal piaf, He(irerasonposABneHuil Ha lre TimeHckol o6nacTy, onpeneJeHHO
CBASAHHHX C CepneHTHHUSAUZel YAbTPaoCHOBHHX IODON, CXATARMUX (yH-
JamesT, 7 ¢ fHSUYeCKHMY ABNGHWAMM: yMeHblleHNeM ILUIOTHOCTH H DasBH-—
THEM TPeLHOBATOCTH, YTO BHPAXAeTCA BOSIHMAaHMEM NOBepXHOCTH (yH-
TaMeHTa, ¥ ONHOBPOMEHHO C XMMWYEeCKEMH FfBJIGHMAMA: BHIEJICHMEM BOIO-
pOIa W CUHTE30M yTJIeBOIOPOJOB IpH yYACTHM JTJIGKHCAOTH NOT3EMHHX
BOJ IWIM DAcCesHHOI'0 OPTaHWMYeCKOT'0 BENIECTBE B BHIGIERAIMX 0CaI0T-
HHX TIOpojiax. Bosmuvanne (yHOaMeHTa KOHJODPMHO 0TDAaKaeTCd B 0CAN0Y—
HOM YeXJe KoK aHTHIIIIANbHHe pryli:Typu, npHYeM KX (OpMHpPOBaHME
CBA3AHO C pasjioMamy, N0 KOTOPHM BHIeJILOUMiCA IIPH CepneHTHHH3AINN
BOLODOJ, GeCHpeNATCTBOHHO NPOHNKAET B TOJILY 0CANOYHHX IOpOX, pac-
TeraeTed N0 TPOHMIAEMHM IIACTaM M THAPOreHM3UpyeT (OCCUIR3UPOBAH—
HUE@ OpraHNvecKHe OCTATKM, IpeBpaunasd HX B JIJEeBOXOpomH. CmHTes yr-
JeBOIOPONOE M (JOPMAPOBAHME WX 3ajexeil IpoTexaioT Bo Bceit Tosme
0CATOYHOT0 Yexia OT (YHIAMEeHTa BKJIOIMTEJBLHO JO YDOBHS I'DYHTOBHX
BOX.

Teneruveckas CBA3L MECTOPORIEHUN JTIEBOUOPONOB C CEepHeHTUHV—
saiyeit nopol (YHIAMEETA, XOPONO BHABIAEMOl Teo(M3A9eCKUME METOIa—
M, MoReT (moswHA!) HCMOJLSOBATHCA KAK INOMCKOBH KpHTepuit  Ipn
IOMCKaX M pasBelKe Ha HedTh M ras.

CicayeT OTMETHTH elle ONHO BaxHoe 00CTOATENBCTBO. B paccMoT—
PeHHOM NapareHese, KAK M B cIyYyae CHHTe3a yIVIEBOIOPOLOB IpH Jo-
JIOMATH3AINYA M3BECTHAKOB, NpPOCASRUBAGTCA GIWHAA Iels Te0J0THIECKHEX
IpOIIeCCOE, CBA3AHHHE 3BEHBA KOTOPOHl CYTH TEeHEeSNHC JIVIeBOJODOJIOB —
CHHXpPOHHOE (OpMUpODaHUEe TDEIMHHOT0 KOJUIEKTOpA WM MOJIOXMTENBHHX
CTPYXTYp - CKOIUIEHNe He(Tu H Tasa B sajexax. OdpasoBaHue MecTo-
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poxneHuit He()TW ¥ Trasa BO3MOXHO JUMUL NPU GIATONDUSITHOM CIOZEHILI
He(TerasoMaTepUHCKO} I'e0JOTUYSCKOH ~HUTYyaImy.
£

B cpeTe ejuHOI KOHIENUMA M HA OCHOBE DESYJIBTATOB MOJIGIBHL
HCCJIETOBAHMI PACCMOTPEHH IVIABHHE B3aKOHOMEDHOCTH pASMELleHMAa M
IPOABNEHHA JTJICBOLOPOJHHY IasoB, He(TH H OCHTYMOMUOB, MX XApaK-
TEDHHO acCOLHalMy . XomMuiekcamu (Wwin {OopMaijimm) TODHHX IIODOL,
AX NpMYypOYEHHOCTh K ONpeXeJeHHHM IeoJOTHYSCKHM CTPYKTypam. Cme-
TeMaTHIecknit 0030p MPUPONHHX 3aKodoMepHocTeii, XapakTepHHX acco-—
mpanuit 1 napareHeTHYeCcKHX cBA3eft NosBOJAGT cHeNaTh PAN BHEBONIOB,
7 IepBHM CpeIM HuX OyIeT yTBepiueHdAe, YTO NPOMCXORIEHNe He(TH A
JTUIeBONOPONHHX Ta30B He CBASAHO HaNpAMy L ¢ IVIyOWHHHMM, MaHTHiiHM-—
MA ¥ Ja@e MarMaTHYecKuM IpoleccaMy, YTo HepTeo(pas3oBaHne NpoTe-—
KaeT B TOJIE OCAIOYHHX IOPON B NpPOIecce JIMTOISHeSa WM ailureHesa.

TU3UKO-—XMMAYECKME YCJOBMA He@Teraso06pa30BaHud, WMSyJeHHHE
Ha MOTGJIAX M ONUCAHHHE KaX yCJOBMA DASJIOKEHUA BOJH B BOCCTEHOBU—
TeJBHUY Npoleccax, HIYIEY ¢ BHIGJCHHEeM DONOPONa, NpelonpelesiAoT
3aKOHOMEDHHE ACCONMANMN He(TH M rasa, NpUYPOYEHHOCTH HX MeCTo-
POXINEHWH K CeIUMEHTAIMOHHHM UM apTe3HaHCKHM OacceiinaM, npocTpaH-
CTBEHHO® DACIHOJIORSHNEe W TVIyOuHHOE paclpelel]eHue 30H He(Teras00l-
pasoBandd B NpejesaX He(TerasoHOCHHX OacceiiHoB. '

PaceMOTpeHHHE 38KOHOMEDHOCTH TOSBOJIANT HECKOJBNO DPaclpHTEb
CJIORUBIMECH NPONCTARNEHIM 0 TVIABHHX B0Hax (mwm (aszax) He(reraso-
00pasopanuA, NONCJFIB H¥ NPeACTABNEHHAMM 0 30Hax (man (asax) re-
Hepammn Bojiopoge (M cepoBomopoya) B Juro- (mwm pmi-) reHese.
TeoicruuecKas CUTYald, D KOTODOH peaansynTci NOTEeHINANBHHE DOt-
MOKHOCTH He@TerasoolpasoBaHila, ONpPENCNASTCH YCAOBIIMY HAKOILIeHMUT
0CANOYHHX IIOPOJ, CONEepRAuMX HMCXOXHCe YIVIepoICcoIepraimee BemecTRO,
M COHAXOXIEHUA B aCCOLMAIMN ¢ HAUMI BONOPOATeHEpPHDYIWMY. TOPHH::
NOPoJ CHUEPATOBOH#, CHISPAT-aMOSHTOBOH mm Cyan@ummuoil (armi.
Orcna - DPUYPOYEHHOCT: MECTODPOXIGHUIt He(TH 1 rasa K JeJbTail peX,
K NpPUGDeXHHNM OTJIOMSHUAM KAk COBPEMEHHHX, Tak M Najeomopei.

JBe reHeTHYecKme JNHNE He(Teo(pal30BaHWA OOBACHAITCA  JIEyMA
TJIaBHHME B OPUPOJe peareHTaMi, OKNCICHHNE KOTODHX ofecleuynBaeT
TeHepaln BOZOPOIAa; BOCCTAHORJIEHNME BOJODONA IIDH OKACJHGHHH  Coe-
ImHOmMit SaXMCHOTO menesa (CHIepWTa, WAMOSHTA M TOMY MONOCHH: AB-
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JASTCA NpuuMHO# o0pasoBaHmA GeCCepHHCTHX HedTeit, a TeHepauyd Bo-
IOpojia NpH OKMUCJIeHHAM CYAb(MmHO{ cepH NMpPHBOMAT K 06pa30BaHUD Cep—
HHCTHX Hedreit.

Boxpmoe sHaueHEe B NPAPONHOM He(rerasooCpasoBaHMM — MI'DalT
BOJOPACTBOPUMHE OpPTaHWYeCKWe coeImHeHmA. M ywactme B cnurese
JTJIeBOLODONOB NPEeNONDeesasT N0TeHIMATEEYY HedTerasoHOCHOCTE ap—
TesnaHCKMX daccefiHos.

CaTyanus, CRIAIHBANMAACA IpH NpeBpalleHEN KapGoHaTHHX IODPOL
B OOMTeHe3e TOJ BIMIHMEM CYABQMIHHX ¥ MATHMAMDUBHOCANMX TEpMATb-
HHX BOJ, MOXET NDUBECTH X He{rera3colpa3cBaHMD C ydYacTmeM xapio—
HaTHOTO yTueposa wm CO,.

IIpEypOYeHHOCTE MeCTOpOXIeHME He{ry i Tasa K SBaloPUTOBHM
GaccefiHam ¥ accommaiud "He@Th, Ia3 — COJEHOCHHa Tomm" IpencTaB-
JOT MPEPOIEYR 3aKOHOMEDHOCTE, OCHOBAHHYND Ha napareHesuce.

Accommamua "He{Th, YIVIGBOZOPOMHHe TIasH — IeJmit" He ABIA-
eTCA NIapareHeTHYeCKoll, HO IpeIcTaBIAeT yCTOIUMBYH IPUPOIHYD Sa-
KOHOMEPHOCTE, OGYCJIOBIEHHY COBNaIeHMEM BO BpEMEHH I IpOCTpaH-
CTBE IBYX CBASAHHHX IDPYyT C JPYI'OM NPOLECCOB HAKOIIGHWA OpPraHn-
YeCKUX BeUeCTB M TAREJHX DAINOAKTHBHEHX BJEMEHTOB.

Acconpamna "CepneHTHHETH — He®TL" MOXeT MMETh MECTO B HpH-
poze IOTOMY, 9TO CepHeHTMHM3AIA — NOCTMATMATHYSCKM HMBKOTeM-

- nepaTypHuit (200-400 “e) Imponecc, WIyumit ¢ BHISJEHMEM BOIODONA.
Taxas accoruanysa, Hamo IOJATATE, He ABIAETCA TNAapareHeTHYIecKoi,
HO BaKOHOMEeDHA.
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SAKJIOYERNE

Hecnenonanue NprponHoro HedrerasooCpasoBaHuA Ha (UBUYECKHX
MOJIGJIAX NMOSBOJIIO YTOYHATH M KOHKDETM3HEPOBATH TVIABHHE NOIyUeHWd,
NOJOXSHEHe B OCHOBY HOBO# KOHIIGNITMH.

I. lcxomsum BemecTBOM NPHUPOIHOTO HedTerascoCpasOBaHMA MOIYT
GHTH JoGHe YrIepoICOoLepRAlie BemecTB2, B JIOCTATOYHOM KOJIMYECTBE
CKOHUETPUPOBAHHHE WM NOCTYNAmie B DeakUUOHHYD 30HY, & MMEHHO:
- ImcnepcrHe (OCCUINSMPOBAHHHE OCTATKE GUOPeHHHX BemEeCTB B MMpO—
KoM IyanasoHe cramuit yraedukarmu oT Topda mo rpafura;

- BOJOPACTBOPHMHE OpPraHUYeCKHe COeINHHEHUT;

- KapGoHaTH I NPONSBOMHEE OT HIX 002, CO%’ g Hcog, H2003 u CO;

- KapOuIH Xexesa, MApPraHna M IPYyTHX MeTalICB, BCTpeYANINecHd B
3eMHOft Kope;

- KapCOHWIH, IMAHWATH, pojaHmmy x CO, mocTymammue B TOMY 0CaI0T-
HO-BYJIKGHOTSHHHX TIOPOJ U3 OY&I'0B ByiKaAWsMa (B sKCIepHMEHTAaX HE
HCIONH30BAMICE, HO BRIIOYEHH B NepeYeHh KaK BOSMOXHHE MHCXOIHHE
BelmecTBa HefrerasoolpasoBaHnA Ha OCHOBE HATYDHHX Haluomennit B
xanpnepe YaoH Ha KamgaTke) .

JloHOpOM BOZODOIA BO BCEX BKCIEPUMEHTANBLHHX CHCTEMaX BHCTY-
Iasta BoIa WM BOIHHE DACTBOP CepPCBOTOPOIA.

2. dusnro-XUMMYEcCKNe YCJOBHA He(rerasooCpasoBaHWA olpeme-
JHAOTCA YCAOBHAMI T'eHepalldd BOMODOI2 IpH B3amMoneiicTBHE BOJH e
ORMCJIANIMMCA MUHEePaNBbHHM BelecTBoM. Pemammuy (PakTOpPOM Kax  BOC—
CTAHOBJIGHNA BOACDOJA, TAK M MpeoGpA3SOBAEWA KCXONHHX YTJIEDONCO-
IepRaliX BeNeCTB B YIVIEBOJOPOIH ABIANTCHA Eh-pH —YCJOBHA CHCTEMH,
KOTOpHe KOHIYKTHPYWTCA B3amMoneiicTBMeM MMHepadbHO# MaccH ¥ mom-—
3eMHHX BoI. OCpasoBaHue yIJeBOJODPONOB BOSMOXHO B MUHEPAJBHHX CHU-—
cTeMax mpm cTaEmapTHHX yexommax (25 °C m I atm ofmero jamnemma),
a Taxxe IpA TOBHNEHHHX BHAYOHHMAX TOMIepaTypH ¥ NaBIeHNd, HO
TOXBKO NpPHX YCAOBHEHA odoTrameHHA
CHC¢CTEeMH BOXODOJIO M. ARTHBAINA MIHEDAIBHOE CHCTEMH
MeXaHM4YecKoil sHeprueil, axKKyMyJMpOBaHHOHE IpH NpemBAPNTENBHOM H3-—
MeJIEYeHNH WX HeIpepHBHO NOZBOIEMOft X cuMcTeme, HaIpumep, NOCpem—
CTBOM BHOpauuy, CHOCOGCTBYeT CHIXSHMD TeMIepaTypH M YCKODSHMD
pearimit cEHTe3a JTUIEBONOPONOB. [IOBHmMEHWe IABNEHWA B CHCTEME CIO-—
COOCTEyeT 06pA30BARMI XUIKMX YIJIGBOIOPOTOB.
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OHBIKO-XUMAIECKAe JCJIOBHAA CHHTE3a YIVIeBOJOPONOB, MCCAeI0BAH-
HHE Ha SKCINepPHEMEHTAJbHHX CHCTeMax, BIOJHEe MOIYT MMEeTh MecTo B
NpUpOJe B TOMIE OCANOYHHX NOPOX ¥ CJIATONPUATHO CRIATHBALTCH B
OTJIORSHMAX CYJB{MIHOHA, CHNepUTOBOM, CHNEDUT-NAMOSHTOBOA H Namo-
_suToBO# dammit, TIe OKUCINTEILHO-BOCCTAHOBATEJNBHHI mMOTeHIMAT ody-
CJIOBIEH OKHCJIEHMEM CYJIBJMIOB,'CHNEpATA H HAMOSHTA.

3. C reoxumrdecKo#f TOUKM 3pEHMA YCJOBMA OpPI'aHMYecKoro CHH-—
Te32 0GyCJOBJIEHH KDyT'OBOPOTAMM yIJepola I BoIopona B 2eMHo# Xope,
KOTOpHe NIepeceKalTCA JBAaXmH: B Omocdepe, INe CHHTE3 OPraHNIeCKEX
BEMECTE NPOTeKaeT IpH Y9acTUX COJHEYHOT'O CBEeTa, M B 0CANOYHHX
IeJMTOBHX HOpofax, IZNe KOHHIEHTPEPYWTCA yIJIepOACONepRAuMe BemecTsa °
I comepsuTcA "M3CHTOYHHA" 3amac cosHevHol SHepruM, aKKyMyJDIPOBaH-
Ho#t 'Tqaxomcnepcaum BeHecTBOM IDH er'0 MEMeJbYeHUN B THNEPTeHese.
JoHOpOM BOZOpOJa B 0COMX CHYyYaAX ABIAETCA BOJA, HO MOCWIN3aLMA
BOTOPOZa BOIH B NDUPOXHOM OPPaHMYeCKOM CHHTE3e NpPOTEeKasT pasimy-
HHMJ Ty TAMMA: IpH POTOCHHTE3e — Uepe3 OKHCJIOHWE BOIH IO IepeKUCH
BOJOpOTA, & IpH CHHTe3e yIJNEeBOZOPOIOB B HeIpax — Jepes BOCCTa-
HOBIGHWE BOIH C BHIeJEeHMeM CBOOOIHOI'0 BOXODPOJA.

4. DHepreTHMYecKo# OCHOBOH XUMUYECKUX DPeaxIimil BOCCTaHOBICGHWMA
BONOPOTa ¥ CHHTE3a JIVIEBOILODONOB -CJIYKUT MEXAHWYOCKAS SHEpIud,
AKKyMyJIPOBAHHAA TOHKOMUCIIOPCHHM MAHODAJIBHHM (B TOM WHCIe yIOIb-
HHM) BemeCTBOM, WIM SHOPIMA cefCMIMeCKHX BOAH, coBepmalumX pado-
Ty TpeHma. Tax wm MHaYe Ipouecc HefrerasoolpasoBaHuA CBH3AH G
MeXaHOXMMAYeCKo#t axTmBanme#f TBepIHX peareHToB, TO €CTh C  HM3Me-—
HEHFEeM SHEePreTHYECKOT'0 COCTOAHMA, (USMYCCKOI'0 CTPOGHMA M XHUMU—
YeCKHUX cBoficTB BemecTBa IOJ NeifCTBHEM MeXAHUYISCKEX CHJI,  TOJBKO
B [EpBOM CIyYae MeXaHOaKTABAIMA 0CyCJIOBJIeHA padoToif M3MeJbYeHNd,
a BO BTOpPOM --padoToit CHI TpeHHA. :

5. IaBHHe XUMWYECKMe NPOLECCH B SKCIePUMEHTANBHHX CHCTeMax
GepyT Havalo OT BOCCTEHOBJISHWA BOLOPOZE B DSAKIMAX BOIH C ORAC-
JADIVMCA MIHEDAIBHHM BemecTBOM. llocleHynue NpONECCH 3aBMCAT OT
HCXOJNHOTO BEmMEecTBA M MOTYT OHTH IpPeICTABJEHH :

— THIPOTSHW3aIVOHHHM KDeKMHI'OM IpM B3auMome#CTBHE aTOMADHOTO BO-
ZOpOZA C. BHCOKOMOJOKYJADHHMI COeJMHEHWAMY

— HACHmMEHMEeM BOLODOMACM CBOGONHHX DAIUKANOB, 0CPA30BAHHHX MeXa-

HOXEMAYECKMM IyTeM IDA TDPeHWM WM MSMeJLYeHMM YTOJNBHHX JacTHIl;

— OKHC/MTEIRHO-BOCCTAHOBUTEJBHEMA DOAXIMAMA BOZOPOLA M OKCHIAaMM

yraepoma (CO,, CO).
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HecKoJibKO 060COGIEHHO' CTOAT peakImy KaplumoB ¢ Bouoit;  oHM
OIHOBPEMEHHO 06eCIeuMBanT 1 BOCCTAHORJIGHHE BOJODOJA IPH OXUCHAe—
HUM KapOumoB, X BsauMoneficTBHe KapOUIHOTO JIVIEPOZE C BHIEJLANIMM—
CA BONOPOLOM.

B 3KCHepMMEHTAJBHHX CHCTOMAX BCE BHIISNSDSMC/ISHHHE NDOLBCCH
OCYmeCTRAIMCE IpH KoMHaTHO# (WM moBHmeHHO# mo 70 0¢) remmepary-
De U JaBiIeHmH, CJIMSKOM K arMocdepHoMy. Buuesanmuiica BOZODOX Jaxe
B STHX JCJOBUAX DEATHDPYeT ¢ JIOOHM BONeCTBOM OT IIGJUIVIOBH NO. Tpa-
fuTa BRINMATENBHO, & TAKES 002 ¥ KapGoHaTam#, He I'OBODA YEe 0
Kapoupgax, :

[IpomeccH, HCCAeNOBAHHHE HA OSKCIEDMMEHTANBHHX CHCTeMax, BEIoJ-
He MOTYT IpPOTEeKaTh B IPHPONHHX YCJIOBAAX, CBOJCTBEHHHX 0CANOYHHM
nopomam. Ha oCHOBaHMM MAJIOXEHHOI'0 He@ThH NpeICTABNIASTCH Kak ecTec-
TBEHHH} IDOJYKT OXHOT'O H3 TJIEBHEMIMX IeONIOIMYeCKUX IIPOIIECCOB -
00pasSoBaHMA 0CANOYHHX NopoX. "Hedrs — IMTA JmToreHesa".

lanoXeHHas KOHNENIWA BHIODXWBAET MCIHTAHME HA HENPOTHBODe-—
YHBOCTh (AKTHYECKOMy marepuany. OcTapadch B €€ paMKax, MOXHO
VIOBTGTBODHTENEHO OGHACHATE BEPTUKAIBHYD I IUIONATHYD 30HATEHOCTEH
pasMomeHEd HeDTAHHX M Ta30BHX MECTODORIGHME B Ipemesax - OXHOTO
Jacceiina, DpHypPOYeHHOCTH: He(TerasolpofBTeHHit K OTIOREHAAM OIpe-
IeJeHHOll CTaIuy KaTareHesa, JOKaMSalml MX B CBABK C (ammamsHoi
M3MEHYMBOCTE T'OPHHX IODOX, TATOTEHME MECTODORNEHRHE K mWensdy o
IeJLTOBHEM OTJIORSHHAM, 00Das0BaHUe N0 JBYM T'eHeTHYSCKEM JIMHIAM
CEDHUCTHX ¥ GeCCepHMCTHX Hedrelt, cBASE HO@TOHOCHHX M YTIEHOCHHX
GacceilHos, accoLHalo T'eJiid ¢ YTVIeBOLODOINHHMMA. Tasami, IeHeTHYec—
Kyl CBA3: He(Terazoo0pas3oBaHWi ¢ CepHeHTMHUSAuMelt M IpyTHe SaKo-
HOMEDHOCTH, YCTAHOBIGHHHE sMIMpnMYeckd. KoHmemma Hefrerasoodpa-—
S0BaHAA, OCHOBANHAA Ha NPENCTABIOHMAX 00 AKTUBAIMM MUIHEPATbHHX
BelleCTE MeXAHMIeCKIMMA CHJIAMI, HAXOIMTCA B COOTBE@TCTEHM C OCHOB—
HUMI 2aKOHAMM IPHEPOIH ¥ YIOBISTBODHTENLHO O0CBACHAET 9HEPTeTHKY
0praHfYecKOrT'o CHHTe3a B JHUTOTeHe3e, He mpiuderad K THENOTETHYSCKUM
HCTOYHMKSM Tervia. [IpMHMMAA BO BHMMAHWE MEXaHOAKTUBAINO,  MOXHO ;
0CBACHUTE M3BECTHU NADafoKC 0 HeCOOTBETCTBHU COCTABA HedTu TeM—
NepaTypHEM YCJOBHAM ee 00pasoBaHdfA: BENecTBa, AKTHBADOBAHHHE Me-
YAHWYSCKUMH CWJIAMM, DeaTupyRT NpH KOMHATHO# TemmepaType Tax,Kak
OHH pearHpynT Ipy TeMieparype 200-300 0¢. CooTBeTcTBEHHO, MeXa-
HOXJIMMYeCKOE@ DpaBHOBecHe npu 25 OC amexBarHO TepMOIVHAMMYECKOMY
DABHOBECHI NP Temiepatype mopamka 200-300 °C. Ocodemmo  mamuo
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YYATHBATEL 0oGpasopaHie CBOCOJHHX DaNUKasoB BCJSJCTBHE MeXaHHYeCKO—
To BO3IefcTBUA Ha (OCCHAMSMpOBAHHOe OHOTeHHOE BewecTBo. Ecial Ha
NePEHX CTAMUAX JMTOreHe3a DaspylieHHe JUTHNQUMIMPOBAHHHX TKaHe#
IpOTEKaeT NpeMMyMeCTBEHHO OpH BOSKeHCTBYH Ie/UIMOSHHX MAKCOSAK—
Tepuit, To y®e Ha TOpHAHOK CTANMM NMPOECXOMUT 0GPABOB&HME IYMUHO-
BHX KMCJOT C De3KMM IOBHMEHWEM KOHI@HTDAIN HNAapaMaTHATHHX ILEHTDOB,
OTpaRAlIEX HaJudHe CBOGOINHHX DAIHMEAJOB.

Ha cTamuy KaMeHHHX yTJe# IpONOJKASTCH IpoUace y’semeanﬂ
CoJepraHnd 4 KOHISHCHPOBAHHOCTI 8DOMATIYECKEX ALEP X CHCTeM T, -
cBAZeit, BCJENCTBHE Yer'o BHOBb BO3PACTAET KOHIEGHTDAIWMA CBOGOMHHX
paINKaNoB. JTOT HpOLECC SHIAOTePMWIECKH, H MCTOTHUKOM 9HEpPI'HM
JJIA ero NPOTEKAHNA MOKST CJYEUTE TOJBKO SHEDPrMA MUHEDAJBHOH Mac-
CH, KOTOpad ONpeleldeTcA MeXaHWYOCKHMM BOSMEiCTBMEM Ha HES.

IIpoGrnema NpPOMCXOKIEeHWA He{TH NMpeicTaBiaeT OTpOMHHE MHTepec
B HaY9YHOM M IIDAKTHYECKOM OTHONGEWM, & e THOCeOJOrHYecKne acler-
TH NpUBJERAr BHMMaune (QunocofoB-eCTeCTBOMCIHTATENeH, paccMarTph-
BAXITX METONOJOTHYECKNE BONPOCH Ieojoruu. OmHaro aBTOpH (uiocod-
CKO-METONOJNOTHUECKEX padoT, OYeBHEHO, 3avYapOBaHHHE OCTPHME Jieda-
Tail MOXIY CTODOHHMKAME TIyCHEHOTO (HeOpPraHWYeckoro) CUHTesa
He(/¥ ¥ CTOpOHHEEAME "opraHMYeckoro" o0pasoBaHUA €& B JHTOreHes3e
73 (POCCENMSNPOBAHHHX GHOTSHHHX 0CTATKOB, ISMOHCTDHDYLT OUMGOYHHE
MeTOIH mozXoma K Ipodiaeme. B camoM Havale NOSHABATENBHOTO  IIpoO-
necca OHM & priori [NPMHUMADT OIHY M3 KOHKYPHDYRUHX THIOTES.
Jansie BCce pasBHBAETCA B COOTBOTCTBHN C IDHHATO! TOYKOH} BpeHHA:
IpUBIeRanTCcA JOBOTH JA, RPHTHKYDOTCA apIyMeHTH [TPOTVB m KOHeTHHi
pOSyILTAT BHIASTCA 38 I'HOCEOJOTHYSCKUt aHamua.

Tlonpodyem Moxof#TM K OTBETY Ha BONpPOC O IpApome Hedrum  mo-
CJIeZOBATeJBHHM NpUOIMEeHAeM, He IpDHHMMAA HWYero 0eS IOCTATOTHOR
apryMeHTallnu .

I. Hedirs cOCTOMT NMOYTH LEJEKOM M3 COeIMHEHW yraepona M BO-
Iopona, I0STOMY I[epBHE BONDOCH NOJUKHH 3ByYaTh HPEMEpHO TaK. Us
yero odpasyercd He(rs? Kaxne BemecTBa ABIAMACH HCXO[HHMA B IIpH-
ponHOM mpoliecce HedTeo6pasoBaHMAT

OTHOCHTEJNLHO. BOLOPOJA OTBET NDAaKTHYECK! ONHOSHEWiMi: B po-
JI IOHOpa BOIOPOJA2 B NpemesaX 3eMHOl KOpH CKOpee BCerd BHCTYHAsT
BOJE KaK CamMoe DAaclpoCTpaHeHHOoe BemecTBo, (oraToe BONODPOTNOM..

OTHOCHTENEHO YTJIePOJA CIMCOR BOSMOXHHX MCXOMHHX Bel8CTB
SHAYMTENBHO IVIMEHee: (JOCCHIMSMPOBAHHHE OCTATKE CHOTeHHH.. BellecTB,
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OpraEMYeckue KUCJHOTH ¥ WX COJMH, KapOoHATH, 002 NOI3eMHHX T'a30B,
 KapOWIH, KapOOHWIH, CUERIBHAA KUCJOTA H- 68 TPOKU3BOTHHE, CO.. Bee
IepevNCIeHAHe BelleCTBa BCTpeYanTcA B IpejiellaX 3eMHOM KODH X Naxe
(MKCEPYTCA Ha ITHEBHOH MOBEPXHOCTH.

2. YrueBonopOIH CYTh KOBaJeHTHHE COSIMHOHMA yIVIepoma W BO-
Zopoja, NOUTH Haleso JMIeHHHe IeTepoaToMOB X IDeRIe BCEr'o KUCJO-
pona, YTO CBHNETEJBCTBYST O BOCCTAHOBHTONBHHX YCIOBHAX CHHTESA.
Orcona CJeIymas TpyIna BoNpocoB. Kax o6pasyeTcda CBOCOUHHI BONO-
0L, TOTOBHE K 00pasoBaHMO KOBaJISHTHHX cBiseit ¢ yrnepozoM?  Kax
MATDADYeT CBOGOIEHI BomOpox? e HepeceKanTed IyTH MUTparyn cBO-
GoImHOTO BOTODOIA ¢ yTJepozoM? B KakoM BAUS IOCTyNaeT yriepol B
POaKIMOHHYD 30HY T

CBoGomEN# BOmOpoX 06pasyeTcd B DABIMTHHX (H3MKO-XIMIIECKAX
TIponeccax pasoReHUA BomH, !{sBecTeH TUyOMHHME BOZODOX Kak  Ipo-
IYKT BHCOKOT@MIeDATYDHOTO DasJOXSHAR BONH B MarMaTHYeCKuX — oda—
rax; BOSMOXSH WBEHIIbHHi BOZODOIL, KOTOPHH ofpasyercd IpH OXHCJIEe—
HAFW TUIPHIOB; DaIWOreHEH{ BONODOJZ BHIEJNASTCA KaK noGovnHit  mpo-
IYKT pammoaKTHBHOTO pacnama; B padore B.U. MoxrgamoBa (I98I)  od-
CYRIASTCH BHIENEHNS BOAODPOIa B ORVCIATEeNEHO~BOCCTaHOBATEIBHH X
PeaKmmAX BOJOH C MHIHEDAIBHHM BOIeCTBOM B JHTOTBHE3E.

Bonopon odramaer (B macwTadax TeoJOTHIECKOT0 BpeMeHn) dec-
NpemeibHOd MPOHMIAeMOCTHI0 ¥ MOMeT MUI'DHDPOBATE CKBO3B JGHE TIOPO—
IH.

Vrnepon B KOBAISHTHHX CBASAXN NPUCYTCTBYeT B OmOTeHHHX Opra-—
HIUECKIX COOIMHOHMAX M B3aXODOHASTCA C OCANOYHHME NOpoJaMi B STOH
{opme, TOTOBOH 1A HeTeraso0Cpa30BaHud.

KapGonaToRaxoleRne 1 ofpasosamme (0, B HEIpPaX TaK®e CBABA-
Ho ¢ (opMEpOBaHMEM OCANOYHHX IIOPOX.

KapOmmi, KapGOHWH, COMM CHHWIBHOZ KMCTOTH — SHIOTEHHHE 00-
PA30BAHAA, ¥ WX IOCTYIJIGHEE B TOJIy OCANOYHHX TOPON CBA32HO c
DIyCHHEHME SKCTAJAIMAME B BULS TEPMANBHHX BOT, NHEBMATOJMTOBHX
BOSTOHOB ¥ T.I. O6pasoBamme yIaepoia, CHOCOCHOTO.BCTYNATE B KO-
PafeHTHHE COeIMHEHHA C BOJOPOLOM, CBASAHO C OKHCJIGHMEM MCXOTHHX
pelecTE. HampmMep, OKWCIeHHe KapOuIoB Eejesa NPUBOAAT HAPAMYD K
o6pas0BaHuio MeTaHa, IpH ORWMCJIGHNN KapOmuoB Maprannma o0pasyeTcs
Hesias TamMa yTUIeBOJOpOJOB B BHIG Ta30B M XKEAKOCTel, 0YeHB NOXO-
KX Ha He@Th. {

3, Kasamoch 'GH, OTBeTH HA BTOPYW I'DYIIy BONPOCOB CTABAT Hac
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nepen BHGOPOM: WX NPWHATH 32 MCXOIHHE BEMECTBA OPraHWYECKH® 0C—
TATRKE B KapOOHATH ¥ HOATH 0O JMHEM "SKSOTSHHOTO" NPOECXORUGHHS
HedTH, WIE NDUEATH I/IYOHHEHe BemecTBAa (KapOWiH ¥ Jp.) 32 HCXOI-
HHe ¥ NMO#TH NO JMHMM 3HIOTeHHOTO Hefrerasco0pasOoBaHMA. OymHaxo
NONOXNeM ¢ BHOOpOM IyTH IO OTBeTA HA CJEIyIUm# BOIDOC: RAKOBH
fRBMKO-XAMIYECKHES YCJIOBUA NPEBPAlOHAA MCXOOHHX BEMECTB B yIJIeBO-
IOpoIH?

Fcym cuETarhk MCXONHHMA OHOT'OHHHE OCTATKE, TO Hedrerasoolpa-
80BAHKe NpOMCXoxuT (HA OCHOBAHWM NPOBENEHHHX SKCIEDEMEHTOB) B
BOCCTAHOBETEJBHHX YCJHOBHAX, KOTIa BOJa MeTacTalWwibHa E pasiaraeT-
CA ¢ BHIEJSHMEM BOIODOJA.

Ecym coMTaTh HCXOUHHME IVIYCHHHHE BemecTBA — RapOHjiH, TO yc-
JoBEA He(drerasoo0pasoBaHMA ONPSNEAANTCA ONATH~TAKHM YCJOBHAME
pasioxeHNA BoIH (C BHIeNeHMeM CBOGONHOTO BOZKOPOZA) IDH €6 B3am-
MoneiicTEAM ¢ KapOumamm. OCa IyTH COIIMCH M YOTKO 0YepTAIM fUsH-

| KO-XUMWJECKHE YCJOBES He{rerasooCpasoBaHMA KaK YCJOBHES DasloXe-
HEA BOIH C BHIEJGHHeM BOZopoXa. I'pDaHMI yCJOBHH CHHTeSa yIMeBO-
IOPONOB COBEPMEHHO TOYHO ONpeNeJATCHA TePMOIMHAMWISCKEMH pacde—
TaME KaK HUXHAA IpaHuNa yeTofUMBOCTH BOJH H Kak BEpXHAA I'paHUIA
yerofumBocTH KaplmmoB. llpuMep Taxoro pacdeTa A CHCTOMH IpH
25 9%C u I aT™ odmero IABNEHWA NPEBOMSH HA puc. 3.7 B BHmE HOmaT-
pamvi moJyei ycroiumBOCTH B KoopIMHATAX pH-Eh. Ioxe yeToiumBoc-
TH YyTIeBONOPOIOE (KpoMe MeTaHa) IOJHOCTRD COBIAZEST C IONeM yC—
TOUYIMBOCTHE BOXOpPOIA BHE SaBUCHMOCTHM OT TOT'0, KakWe yIIepoIcomep-—
Eamye BemecTBa NDUEMMADTCA Sa HCXOTHHe.

4. Cremymuad TpyImna BONPOCOB HalpaBleHa HA BHACHOHHMe SHep-
TeTHYECREX 0CHOB HefrerasocolpasoBaHMA. EciM HCXONHHMA BemecTBaMz
CYHTaeM KapOWmH, TO BONpOC 00 HCTOYHMKe SHEDIMM He CTOMT: odpa-
S0BaHHEe YTJIeBOJOPONOB IIDH OKMCJICHAM KapCHIOB BO Bl3amMmomeiicTBum ¢
Bomofi — mpomecc sK30TepMAYecKHit. ECAM Xe B KAYeCTBE HCXONHHX
BemecCTB IpEHAMANTCHA (OCCAIMSHDOBAHHHEe OpraHMYeCKHe 0CTATKH, TO
BCTaeT BONpOC 00 MCTOYHHKe SHEDPIMM, HeodxomuMmo#t Iia NpeBpaleHHA
HESKOKaJxopriiHOro Tomea (opraHmYeckne YIUeUIEDOBAHHHE OCTATHH)
B BHCOROKanopmiiHoe TowmBo (Hedrs ® r'as). B NOMCKEX 0TBeTA pac-
CMATDHBAIACE PasiMYHEe THIOTOTHYSCKH BO3MOXHHE HCTOYHUKH SHepD-
THH: TU[yOHHHO® TeII0 3eMIHM, PAINOTeHHOe TeIUI0 BMeWauiX IODOX,
Tas0reHepPATOPHOS TOIUIO, BHISJANNEeCH IPH OKACJIGHWE OPraHIIeCKHX
OCTATKOB ¥ Jp. B ommcaHHo#t momesm HedTerasoo0pasoBAHES SHEPreTH—
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YeCKOK OCHOBOR Iporecca ABIAETCA MEXaHOXUMMYECKAA aXTHBAINA MA-
HEpAJIPHOTO BelleCTBa, BHDAXSeHHAA B U3MEHEHMM 3anaca CBoGOIHOR
SHepPrmu MIHepaJbHHX BelleCTB (e3 M3MeHeHWA HX TeMmneparypH, odyc-
JIOBNIGHHAA IMCIePrApPOBAHMEOM TODHHX NOPOXN WIM TDEHHeM YACTH DHX-—
JIHX MOpOH HOpH NPOXOXKNSHMH CeicMMYecKMX BoH. B TOM M B IpyTroMm
cJIy4ae sHepreTHKa He(Terasooldpas3oBaHMA CBASHBAETCA C MeXaHWYeC—
KAMH CHIaME cJeIyumell memouxoii: MeXaHUUSCKHe CWIH IOCPENCTBOM
TPeHAA WM yZapa BHSHBAKT MeXaHOXMMUYeCKHe NpeBpalleHWA BeMEecTB,
HIym¥e ¢ axKyMyJdipeil cBoOOIHO# SHepruM, KoTopad B CBOK 0Yepelb
CTEHOBHTCH IBHXyUeil cWIoif SHIOTepMWYeCKMX peaklMii pasIoXeHUA BO-
IH C BHIEJGHMEeM BOLOpPOIA M THIPOTSHE3aIMeil opraHMvecKMX oCTaATKOB
WA OPYTUX NPOUeCCOB CHHTE3a YIJIeBOTODPOIOB.

Bor ToneKo Temephb, NOCNe BHACHEHMA BHICNOCTABJIEHHHX BOIDO-
COB, MOXHO NEepPeXOIuTh XK OOCYRISHHO KOHIENTyadbHO# d0asH HefTera-
3000pa30BaHAA KaK CHCTeMH NpPAICTaRICHWH 0 TeHeSHce YIJIeBONODONOB.
IlepeBona Ha TeOJOTMYECKMHt ASHK IPOTEBOCTOAHAE IBYX KOHLEIMIAi
("opraamveckoro™ m "HEOPraHMYECKOro" TI'eHE3HCA, KAK HX NDHHATO
HasSHBAaTh), CleryeT CHOpMyJMpOBATH IOCJEINHHE BONpPOCH. IIe odpasy-
eTcA HeMTE? B KaKkuX I'ecJOTMYeCKUX NpoIeccax CRIATHBALTCA (M3MKO-
XUMAYECKUE YCJIOBHA, HOOOXONEMHE WIS CHHTe3a yraepomopomosB? C sH-
JOTeHHHMA WM SK30T@HHHMM IIpoeccamn CBA3aH0 odpasoBaHWe HedTH?

OTBSTH Ha HEX JNOJDKHH ONUpaThCA Ha Tec]oTHYecKMe IaHHHEe, HO
MaTepHasH NOJNEeBHX MCCJASNOBAHM{I Iaseko He BCEIJa NOSBOJIANT OTBE-
THTH Ha BOINPOCH 0 IeHe3HCe MeCTODORIeHMil Jaxe Torua,Korja pevyb
MIeT 0 TBeDIHX NOJE3HHX MCKonaemux. C ¥eM cBa3aTh, HalpmMvep, o0-
pasoBaHWe DyIHHX 3ajexeil B 0CANOYHO-BYJKAHOTEHHHX TOJMAaX HIH
IVIACTOBHE 3ajJeXy MATHeTUTOBHX pyn? Tem GoJee TPYIHO OTBEYATE,
KOTZa 9TO OTHOCHTCA X JOTKONOIBHEHHM I'as000pasHHM WIN XATKYMM IO-
JIOSHHM MCKONAEMEHM. :

JlonosHuTeNBHHEe TPYIOHOCTH OCYCJIORIEHH 3aKOHAMM KOHBODIOHINH,
KOTOpaA TOCHOICTBYEeT B NPHpPOIe K NPHBOIUT K 06pasSOBAHKMD HPOLYKTOB
CXOINHOT'O THIIA M3 DasSJWYHHX HCTOYHMKOB M DAS/IAYHHMA MyTAMA. Ha-
npuMep, naparHeifcH, odpa3oBaHHHe B pesyJbTarTe INyCOOROI'O MeTamop-
@m3ma ocamovHHX MOpPOX, H OPTOTHeilcH, 00pasoBaHHHe U3 BYJKaHAISC—
KHX IOpOJ, HepasjHIMMHe B o0pasue, NPOMSOLUIM DaSMIHHME IyTAMM
W3 DasiMYHHX MCXOIHHX BemecTB. KoHBepTeHIWs B OTHONGHMM He(rera-
3000pa30BaHNA BOCEMA BODOATHA: (MSHKO-XUMAYOCKHe JCJOBMA CHHTE3a
YTIeBOIOPONOB B HONpaX He ONpeieAlTCA XapakTepoM MCXOINHHX BelecTs,
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KOHeuHH#t npomyxrT # (opma saiexeit TOXe He MOIYT CJIYEHMTH IOKasaTe-
JieM T'eHe3Hnca. EAWHCTBeHHH# NpUsSHaK TeHeTHYecKoi CBASH HedTH c
OHOTeHHHM BENEeCTBOM — ONTHYECKAA AKTUBHOCTEL, OIHAKOC I e@ He Bce
CUYRTADT GeccnopHoit "yamKoi" poIcTBEHHOCTH.

B noxpsy npemcTanieHuit 0 CBASH He(TH C SHIOTEHHHMM IIpOIEC—
caMy BHIBHT@ETCA HEMAA0 apryMeHTOB, CPeIM KOTODHX Hambonee Beco-—
MHEMY CJIeIyeT NpMSHATL SKCHeDHMeHTaJIbHHE NaHHHe 110 HeopraHWdecKo-
My CHHT®Sy yTJIeBOLOpOLOB, Hampumep u3 CO u Hoj omHaxo m OHH  He
UMenT OINHOSHAYHOI'0 TOJKOBAHMA B T'eONOTHM. HET HMKAKMX OCHOBAHMI
OTHOCHUTE CHHTe3 KUIKHX yIuieBomopoxos u3 CO m Hz K MaHTHiHHM IIpo-
neccaM. I'eHepammsa.MCXONHHX BeMeCTB (002, co, HB) BIOJHE  MOXeT
IMEeTH MECTO B TOJIE OCANOYHHX NOPON Kak OCYCJOBJIGHHAT DeaKIMAMI,
CBO#CTBEOHHHMI KaTareHesy. llo (H3MKO-XMMIYECKHM YOJOBHAM IIDOIECCH
Ommepa-Tponma mwiu KoipOena-OHTeNbrapiTa COOTBETCTEYIOT YCJIOBMAM,
KOTOPHE MOTYT CJAOXATHCA B TOJIE OCANOYHHX IOpOJ 0e3 BCAKOTO BO3-
ZeficTeEA (WM NpE KOCBEHHOM BO3IeHCTBHEM) SHIOTSHHHX (AKTODOB.
{R3MKO—-XUMAYECKaA MOZea: aCHOT'eHHOTO CHHTe3a YIVIEBONOPOIOB B
IPUPONHHX YCJNOBHAX, NpencrasieHHas A.Il.Pynemxo x I.U1.Kynaxosoit
(1I986), ¥ xRaTamuTuUYecKue CHHTOSH u3 CO n H2, omucanHHe A.J.Jang-
Iycom # C.M.Jloxrenum (I986), sHaumTeNbHO OMuMEe K aHAMMSY Hedre-
Ta3000pas0BaHEA B 0CANOYHOH! ToJme, YeM K SHIOTEHHHM IIpomeccam,
X0TA GH NOTOMY, 9TO OCAIOYHHE IOPOIH "HACHWEHH" XaTaIM3aTopamu,
AKTHBADOBAHHHMI TOHKMM MBMeJLbYSHWEeM, & OCaNoYHHe TOJIH OimEe K
OTKPHTHM KaTQIMTUYECKIM CHCTEMAM, 9eM KPHCTALINYECKHe Hopomd (x
3TOMy BHBOLY, HAJO0 CKAsaTh, NPAXONAT M CAMA &BTOPH, OTHOCH MECTO-
DORIEHNS JTJISBOLZOPONOB K CAMHM BeDXHWM TODASOHTaM B6MHOE  KOpH
BII6 TDAHWIH Bola-nap, T.e. Hume 427 °C). Ilpm BHEMATeIHHOM . aHa-
JH3e I'e0JOTHYeCKHX NpelcTaBIeHHi HcciaeloBaTeneit o mpomecce Hed-
Teraaooﬁpaaosam ® ero MecTe B 3eMHO# KOpe HEBOJLHO CHIOHACHBCH

4TOo mpnpyefr - eme He HO(IJ'IL, a To, 4TO yEe HG(IH‘B. - cdpasona—
JIOCE Ha MECTe ee CKOILIeHHA. B CBeTe STOr0 NpeINOJNOXeHWA PaccMoT—
DHEM TeOJOTHYSCKHNe NpPOINEeCCH, B X0Ie KOTODHX MOIYT CIOXUTECA (M3u-—
KO-XEMAYeCKUe YCJ0BHA HedrerasoodpasosanmA. HavneM ¢ IpeIcTaBIe-
HMif 0 IVyOMHHOM TeHeSNCe HCXOINHHX BemecTE. DeSyCJOBHO, B MAHTHM
6CTH BGe, BKINYAA HEONHODONHOCTE paclpeleseHWd SJeMEHTOB. Xapar-
Tep IVyCHHHHX BeleCTB,. BHHOCHMHX M3 MAHTHM, B HACTOMNEEe  BPOMS
JOCTATOYHO X0pOlo H3Yy4YeH M KOJMYeCTBEHHO ONpeliesieH: pasrpyska
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MAHTHIHOTO BOIOpOIA cocrarigeT oxoao I,3 mipnm M3/I'0,11, HE cuuTad
OBeHWIEHO# BOJH B KoumdecTse 3,6-I0"" 7/rom, oGpasoBamme KOTOpOi,
HaIO NoJaraThb, CBASAHO C OKACJIGHUEM T'MIDUNOB Ha T'paHMIe  3eMHAaf
Kopa - MaHTHA, BHHOC IMyOumHHOTO MeTaHa I60 mmH M°/rox. OGHapyxe-
HUEG B TVIYOMHHHX TIOPOJaX, BHHOCOHHMX, HaUpuUMep, B TPYOKaX B3pHBa
¥3 M2HTHM, CaMOPDOIHHX 3JEeMeHTOB: Xeje3a, XpoMma, HUKeJd, a TaKEe
KapOonnoB, KapOoHWIOB, LMAHIIOB M DONAHWAOB — BCE 3T0 CEHIETENL—
CTByeT O CYUeCTBOBAHUE TaM BOCCTaHOBATEJNHHOX 0CCTAHOBKH, COOTBET—
CTByMue# MoK yCTORYABOCTH METALINYECKOTO Xeje3a. TONBKO B IOJE
yeToitdmBocT ¥eJe3a BO3MONHA KDHCTaLIMBalMd MarHeSHANBHHX OJMBH-
HOB H ODTOIMDOKCEHOB — XADAKTEDHHX MUHEDANOB OCHOBHHX M FJBTpa-
OCHOBHHX IVIyCUHHHX NopoX. OxucJIeHHme TVIyGHHHHX YIVIEPOZLCOJEPHALMX
BemecTs Wi BaanMomeficTeme CO ¢ BOIOPOIOM IPH COOTBETCTBYMUMX
P-T-ycnoBMax Ipy HaJMdMd KATAIUSATOPOB M KOLIEKTOPOB MOKET IpH-—
BECTH K CHHTe3y yIJIeBOIOpOIOB Ha Kakolt yromHo IVyCuHe ¥ BHe 3a-
BHCHMOCTH OT THIA BMeMamiX IopoX. [[poMHILTeHHHe CKOILIGHHA yIie-
BOJIOPONOB ONMCEHHOTO TeHesuca TATOTENT K IVIYOHHHHM DASJIOMaM &
S0HaM CpeKYMpOBaHMA TOPHHX Iopoj. MHOTNa B KavecTse "HEOCIODHMO-—
T0 JoKazaTejscTBa" IV[yGMHHOIO IPOMCXOXISHWUA 3alexeil rasa IpuRiIe—
Kal0T SHOMAJLHO BHCOKME IJacToBHe mapneHma (ABIM), mo cBoelt Besu—
qnHe OMMBKMe K JUTOCTATHYeCKOMY. PaccMOTDHM KDETHYSCKK 5TO IOKa-
3aTeNBCTBO. Bo-NepBHX, HaM HeM3BECTHH Te JNABNEHUd, KOTOpHE  Cy—
mecTBYOT Ha HeBeIoMoit ruyduHe, npeBumammei I00 KM; MoxeT OHTE,
cieprIecKoe CTpoeHHe 0GQJOYEX SeMIHM CpadaTHBaeT KaX pasTDY30UHHH
CBOI, ¥ TABIeHWe BHIeJeRamMX IIOPOI He BO3pacTasT C IUydmHO#t Imo
08CKOHEUHOCTHT BO-BTODHX, CKOJH JT'OIHO BHCOKOE JARISHWE MOEET
pasSBUBATHCA HA Joodoit riyCuHe, e ¢ I M T aM THNDOMNCXO-—
3 a e .
CrenoBaTeNbHO, 9T0 "HEOCHODHMOE IOKA3aTeNbCTBO" IV[yOMHHOIO I'eHe-—
3mca, NOCTYILUIeHWe Tasa U3 MaHTHH MOEEeT DaccMaTpMBAThCA B ra-
YeCTBe NOKA3aTeJLCTBA I'a3000pa30BaHHA HA MECTe eI'0 HaXOXIeHWUA.
JenoBus, GIATONpHATHHE JJIA CHHTE3a YIVIEBOILODOLOB, MOTYT

CJOXETECA IPH I'MIPOTEDMANBHHX Npomeccax. TeopeTHyeckas CBASL OH-—
TyMoB (&HTpPaKCOMMTOB) C CYJBEMTHHMA DyIaMH HeONHOKDATHO odCyxma—
Jachk B JMTepaType. Poib I'MIpOTepMANBHHX (AKTODOB B SBOJIANMM yIUIe-
POIHHX BemecTsB H fopvmpoBaHmm CKomieHu# Hedru m rasa paccMOTpeHa
B.H.@mopoBckoit ¢ coasropamm (1986, ¢.567): "Bemymad poJb THIPO—
TepMaJbHOro nponecca B GopMupoBaHMm He(TAHHX CKOILIGHME cama 1o
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celfe He yKasHBaeT HA MCTOYHUK YIVIEDONHHX BeUWECTB B TMIPOTEDMAIB—
HHX cmeTemax" (nomgeprryTo Hamu — B.M., A.T.). HostoMy ymecr—
HO NpeINoJOFATE, YTO0 TEOPOTEDMANbHAA CHCTeMA b Co3maeT (PM3mKo-
XAMAYECKre YCJIOBHA NpeBpalieHNA BONODPACTBOPHMHX CHMOTGHHHX BEMecTB
B yTyeBomopeId. Cam Ipomece NpelcTaRIAeTCA Kak Ba3amMomelicTBme
TU[yOMHHHX BOCCTaHoBHTeNel (mMesoYHOro COCTABA) C OPTPAHAYEOCKAMA
KHCJOTaMH Ipy TemnepaTtypax Huwke 400 9. Ero BpAL JHM MOXHO CYHTATE
TUyOMHHHM SHOOTeHHHM WIM MaHTUiHuM. Cieiyer 3ameTWTh, YTO  pac—
CMOTDSHHHA MEXaHW3M JOCTATOYHO OJHS0K K 3aMelleHNMK KapOoHaToOB B
SNUIeHe3e 107 BIMAHWEM CYABQUIHHX TUNPOTepPMATIHHHX DacTBOPOB, M
BoOOme I'UIpPOTEPMANLHAA INEATONBHOCTH, OCHOBAHHAA Ha'm;ydmmnx
pacTBOpax, TECHO CMHKSSTCA C IMIPOT'eOJOTMYACKMME IIporeccamd,
HIyuAMA B 0CaNOYHHX OacceiiHax, ¥ SavacTy® NPOILYKTH TaKUX pasimd—
HHX OpONeccoB HepasvMYuMH.

llocTMarmaTHYeckyue NpONECCH, TakWe, HAlpUMep,KaK CepneHTHHY-
3allyA OJMBMHA YJIBTPAOCHOBHHX I'OPHHX IIODOL, PACCMATPMBANTCA Kak
IpoIecCcH I'eHepalud BOIOpOJA, He CBASaHHHe C MarMaTMYeckoit mesd—
TEJIBHOCTHI, ‘HO 00eClnevMBaKmMe YCJIOBAA NpeBpaueHss yIJepoucomep—
zaupx sewecTs (naxe COp) B yTieBORODPOTH.

B rmansHedweM MH JOJEHH pPaccMOTDETh YCJIOBHA Hefrerasoodpaso-
BaHUA B JHATOTeHe38, YT0 ABIAETCA NPEIMETOM OOCYRISHHA B JaHHO#
padoTe, W NOKA3aTh, YTO M OHM MOTYT MMETH HEONHOSHAUHOE TOJKOBa—
HYe, HalpuMmep, €CJM NPUHATH, YTO INOHODOM yIVIepols ARIAGTCA pac-—
CeAHHOE OpraHMYecKoe BemecTBO, & BOIOPON NOCTYNaeT M3 IVIyOWH, H3
MaHTHHE .

Haxoner;, He Hano 3adHBAThL 0 CMOT'SHHOM MeTaHe M, COOTBETCT—
BEHHO, IpeiojaraTh BO3MOXKHOCTE CHHTES3a CJOKHHX yrnenonopomn B
HeJIpaX HA OCHOBe OMOTGHHOI'O MeTaHa.

MoxHO OHJIO O NpPOHOJAMTE paccuorpeane T@OJOTHISCKAX NPOIec—
COB, B XOZle KOTODHX CKRJIANHBANTCA YCJOBHA CHHTE3a YIVIEBOLOPOIOB,
HO M NpABEIGHHHX NPHMEDOB IOCTATOYHO LJIA TOr'0, YTOOH yOSIMTECA B
HEONHOSHAYHOCTH TOJKOBAHWA TeOJOTHYECKUX HACHKWISEN, NPHPOIHHX
3axoHOMepHocTelt, TeoxymMuYecknx fpneHui. Ha OCHOBAHMM HBIOXEHHOIO
caepyeT cOOpMyJIMpOBATE BHBOZ IO BOIPOCAM METOIMKE I'eCJOTHISCKMX
HceaemoBaHnil ¥ I'HOCEOJOTHMH NpodrevH I'eHesWca He{TH B rasa: IOKa
BOIPOCH JIGRAT 'B IUIOCKOCTH TOYHHX HAyK, MH MOXeM HaiiTH JmGO OXHO-
SHayHHil OTBeT, JMGO ero ANLTEpPHATHBY, HO KaK TOJBLKO BOIPOCH Iepe-—
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XOIAT B 0CNaCTh T'eCJNOTMM, MH BHHYXNOHH NOBOJBCTBOBATHCA IDEMION0-
KeHHAMM, KOHISMIWAMA, THIOTe3aMH, TAX KaK HaM 0CTAeTCA TOJBKO Jo-
TaJIHBaTRCA 0 TEeCJOTMYeCKHX IpoIeccax, IPOTeKABIMX B NANEKOM OpOl-
JIOM Ja®e B TeX TOMaX, KOTOPHE HNOCTYIHH HeNoCpPeICTBEHHOMY HaGmo-
IOHND ¥ U3yYeHun. [[09TOMYy B I'0JOTMM IOCHONCTEYOT THIOTESH X BH-
padoTaHH CBOM METOIH IPOBEPKM IHIOTETHYECKMX KOHIEMIM: ¢  IeibD
paspaCoTKU TEOpHH, OCHOBAHHO# HA IMAlTeKTHYIeCKOH# JOTHEE.
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