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

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

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

Pa6ota paccunmTana Ha TeTPONOroB, reOTEPMHCTOB H BY/IKAHOIOOB,

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

OrpeTcTBeHELNl pPenaxkTop

KaHaMoaT reoiOro-MHHEPATOTHYeCKHx Hayx
B.T. NMOJAAK

© Usparemcteo “Hayka”, 1977
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NPEANCIOBUE

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

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

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

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

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



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

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



I'JIABA TIEPBAA

OBINIHUE IPEACTABJIEHHA O TEOTEPMHUYECKOH POJIM
THIPOC®EPEI

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

POJIb NIO/I3EMHOH THAPOC®EPHEI B DHEPTETHYECKOM PEXHME

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

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

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



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

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

Cxema rujpodH3HYecKOl 30HAJILHOCTH

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

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

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

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

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

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

CreoiicTBa ceBobOAHONH BOMALI B

pasiiM4HBEX I'MApoPHaudecKHx soHax

MouHocTe 30HEI (B KM)

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

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

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

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

5-1,25 - - 3

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

Rice, Walsh,

C JonosHeHHeM H SkCTpamnoiguxell aBTOpa,

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

1958

10~%.10"7

102

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

0]

0]




Tabnunua 2

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

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

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

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

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

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

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

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

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

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

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

Conpeuenm.le rHApoTepMaibHbIe CHCTEMBbI

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

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

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



TaGnuua 3

TemoBLle XapaKTepHCTHKY HEKOTODLIX CHAPOTeDMAJIbHBEIX CHCTEeM

T Ypenenas
emmbasg TennoBas

Tiponapsamsieg mommocTs, | TTOWARE, moumocTs, | HocnepmoBarenn

cHCTema 103xxan/c 10 10 o2 wiienasl

(cm2.c)

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

yeckass aoHa

KamuaTku
O6nacTe YeTBepTHY= 300 - 0,32 "

HOMO BY/IKAHU3—

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



FJIABA BTOPASA

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

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

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

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

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

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

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

IOJIEBBIE H AHAJIMTUMECKHWE MCCIIEJOBAHUA

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MoryT ObiTk BCTpeueHbl 3 crydad:

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

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

qq)ag' nep= dy — g + QA;

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

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

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

0 = Mg xan/(M2 + c).

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

qy —dg—Q=19".

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

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

wug Q7 B moboii MOMEHT BpeMeHH 7.

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

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

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

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

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

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

1) BynkaHOreHHBIE MOPOABl — BOAHO-UIENOYHOH pPaCcTBOP;

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

3) BynIKaHOTeHHBIE MOPOABl — AMCTWIIMPOBAHHAS BOMAd.

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

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

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

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

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

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

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

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

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

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

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

2-HopmanbHelx LacTBopax HCl, meHee ycrofiunB B G-HOpPMANBHBIX pacTBOPax
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