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TEPMOSJIEIKTPH‘JECKPIE CBOHCTBA MHUPUTOB
HEKOTOPBIX 30JIOTOPYAHDbIX MECTOPO)XAEHHHA
PA3JIHYHBIX THTIOB

A. ¢ TIHEHHUYKHWH

(IMpexacrasiena npodeccopoM A. M, KysbMuubiM)

C. N. TonocoB (1939) BnepBble 06paTHJA BHHMAHHE HA HaJHUHe Y Ii-
PUTOB TEPMOSJEKTPHUECKHX CBOHCTB W Ha BO3MOXHOCTb HCIOJb30BAHHA
TepMosJeKkTpuueckoro sddexra mAs AHATHOCTHKH MHHepaJoB. B masbneit-
piem @. Cwmut, (F. Smith, 1947), I'. A. Top6aros (1957), I'. U. Kusases,
B. K. Kyneas (1969), [Tpoxopor (1966,1970) u mp. paspaboraju METOAHKY
onpeaenennss T2AC B nupuTax M HEKOTOPBIX APYTHX HOJYTPOBOAHHKOBBIX
Cyab(pHAaX H BLIABHJIN BO3MOXHOCTb IIPHUMEHEHHSI TepPMOIJEKTPHUECKHX
CBOICTB NHPHUTOB MPH METANJOTeHHYECKHX HCCIeN0BaHHAX. [epMO3IeKTpo-
JABHAKYILIAS CHJIA SIBASIETCS UYBCTBUTENLHBIM THIOMODP(HBIM CBOHCTBOM Mil-
PHTOB H JIPYTMX PYIHBIX MHHEPAJOB -— ITOJYIPOBOLHHUKOB H B IOC/IeAHEe
BpeMs LIMPOKO HCHOJIb3YeTCs NPH H3YUEHHH MHHEPaJ0B PYAHbIX MECTOPOHK-
JIeHUH,

ITHPHT OTHOCHTCS K KJACCYy MPHUMECHBIX MOJYMPOBOAHHUKOB, U «UUCTHIE»
AUpUTH o6JaanaoT AbpoyHoi (P) npoBoaumoctoio [4]. Ecau B nupute npu-
CYTCTBYEeT MNpPHMECh 3VIEMEHTOB ¢ BajdeHTHocTbio Boime 2(Tit*, Nit?, Crtd,
Snt*), nsomopduo 3amewatomnux xeaezo (Fet?), to muput npuobperaer
asnekTpounyio (N) npoBopumocTb. [IByxXBasleHTHBlE HOHBI, BXOASIILIHE H30-
MOpGhHO B pelleTKy, He MEHSIOT COOCTBEHHYIO NBIPOYHYIO MPOBOAUMOCTb ITH-
puta, a ogHOBaJeHTHble Houbl (Aut!, Ag+', Cut!, TI+') ycuausawt addekr
JAbIPOYHOIl NMPOBOLHMOCTH.

B cBs13u ¢ TeMm, uTO BO3MOXKHOCTb H30MOPGHOTO BXOXKIAEHHST 3J1€MEHTOS
BLIlIe NMPU BBICOKHX TeMmepaTypax, TO CJAEAYeT OXKHAaTb, YTO CPeAH MHPH-
TOB BbICOKOTEMIIEPATYPHBIX MeCTOPOXKAEHHI OyAyT npeob.aanaTb NHPHTHL
C 3JeKTPOHHON NMPOBOAHMGCTLIO H HA0OOPOT, CpeAH MeCTOPOXKAEHHIT HHU3KO-
TeMOepaTypHEIX, TeM GoJiee OCATOUHBIX, OYyAyT pacnpocTpaHeHbl MHPHTLI
¢ AbIPOYHOIl NMPOBOAHUMOCTHIO.

[TupuT gBAsETCA OAHHUM H3 PACIPOCTPAHEHHBIX CyAb(MHIHBIX MHHEpPaJa0s
30JJO0TOPYAHBIX MECTOPOXKAEHHH PasHYHBIX THIOB, B KaXIOM MecTopoxknie-
HUH [0 BPEMEHH CBOero 0Opa30BaHHs NPOSIBJASETCH OT OJHOH [0 HECKOIbKHX
TeHePauMil NHPHTA, OTBEYAIOUMX OlpejeJeHHbIM CTaaAHAM H CTyNeHAM
MHUHepaaoobpazoBaHusi. OH MposBIsieTCS B 30JOTOHOCHBIX KBaplEBBIX XH-
Jax, TIPpOXKHJIKAX © THIPOTEPMaabHO H3MeHeHHHX nopongax. IlosTomy
¢ LeJbl0 BbisABJEHHs '0COOEHHOCTEH MUPHUTA, CBA3AHHBIX C 30J0THIM OpYAeHe-
HHEM, YCTAHOBJIEHHS TEOXUMHUYECCKHUX pasnnqnﬁ H NMPH3HAKOB, MO3BOJAIOIIHUX
OTJIUYUTL THPHTBl OAHHX 30J0TOPYIHBIX MECTOPOKAEHHI OT APYTHX, ObLIH
H3YyUYeHbl TEPMO3JIeKTPHUECKHE CBONCTBA MHPHTOB H3 KBADPLEBLIX JKHUJ H OKO-
JopyaHo H3MeHeHHbIX nopoj Kommynaposckoro, Bbanaxunuckoro, Ouabxosc-
koro, Tapnauckoro, Dbepesosckoro, JIo6aBHHCKOTO H MHOTOBEPLIHHHOTO
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:

30JI0TOPYAHBIX MecTopoxaeHnin Cubupu, ¥Ypana u [JlaabHero Bocroka.
Teonoruyeckie OCOOEHHOCTH MECTOPOXIEHHHl AOCTATOYHO HOAPOGHO pac-
CMOTpEHbl B JIUTEPATYpe, H NO3TOMY Ha 3TOM BOIIPOCE 3[leCb He OCTaHAaBJM-
paemcs. Caepyer Jiiub ykasatb, 4yto Kommynaposckoe, OnbxoBckoe, bBa-
naxynHckoe W TaplaHCKoe MeCTODOXAEHHS PasMeUlaloTes B CTPYKTYpPHO-
danMasipHOil 30He caJaupCKoro LHkia Koucoduauuu Caano-AnTaiicKoOR
ckJafuyaTtoli obaacty;’ BepesoBckoe — B repuMHHAAX Ypana; J41100aBHH-
CKOe — B 30HE ME3030HCKON aKTHBH3aUH¥ APEeBHHX CKJIaX4aThiX CTPYKTYp
3abaiikaabsa, a MHorosepuinHHOe CBSI3aHO C Me30KaHHO30HCKHUM BYJIKaHHI-
MoM THXOOKEAHCKOrO CKJaaj4yatoro mosica. MecTopoXAeHHsT OTHOCATCA
K JKHJbHBIM, TOKBepkoBuM (KomMmyHaposckoe, Banaxuunckoe, Bepesos-
ckoe, JIo6aBHHCKOe, MHOTOBEPIIMHHOE) H KOHTAKTOBO-METAaCOMATHYECKHM
(Tapranckoe, OJIbXOBCKO€) THIIAM H NPEHMYLECTBEHHO TATOTEIOT K BYJIKa-
HOTEHHO-OCaJA0YHBIM TOJILAM Pa3IHYHOrO BO3pacTa, Pa3GHTLIM Ha OJIOKH
NPOJOJbLHBIMH M TONEPEYHBIMH pa3pbiBaMH H NPOPBAHHBLIMH TPAHUTOHIHBIMA
HHTPY3HSAMH. 30JIOTOPYAHbIE MOJST HUMEIOT CKJIaa4aTto-0/I0KOBOE CTpoeHHe i
NPHYpPOYEHHl K y3J1aM HauOOJbLIEro yCJAOXKHEHHs CKIaAyaThiX H Pa3pBIBHBIX
CTPYKTYp. MecTOpOXKIeHHS NPOCTPAHCTBEHHO H, NO-BHIHMOMY, IeHeTHYECKU
CBA34HB ¢ TPAHHTOMJIHBIM MarMaTH3MOM H pasMelieHbl B MPHKOHTAKTOBBIX
30HaX WJH HLOKOHTAKTAaX rPaHOJHOPHTOBLIX HHTPY3HBOB CPEHUX M MaJIblX
ray6un (mo 5—1,5 xx). I[lo xapakrepy OKOJODYAHBIX IIPOUECCOB (pa3sBHTHE
6epe3uToB, adbOHTHTOB, MYCKOBHTHIX METACOMATHTOB) H TOMOTEHH3AIlHil
Ta30BOKHAKHX BKJKOUeHHH B kBapuax (240—460°C) npoueccel MuHepaso-
06pa3oBaHisi H3yuaeMbIX MeCTOPOKIEHHI OTHOCSTCSE K BBICOKO- M CpedHe-
TeMIlepaTypHbIM.

M3ayuenue T3AC MUPHUTOB MPOH3BOAMJAOCH HA YCTAHOBKE, CMOHTHPOBAH-
ot mo cxeme B. T'. Ilpoxoposa [4]. 3aMep 3IC NPOU3BOLM/ICA MUJIHAM-
riepHaHOBOABTMeTpoM (tun P-325). DiaexTpoasl npHMeHSAIHCh MeJHbLIe, HIJIO-
HAHOH (POpPMBI, KOHCTPYKIUHSA KOTOPBIX MO3BOJIsI€T NPOH3BOLHTL 3aMepbl Kak
B OTJe/]bHBIX KpHcTaanax (fo | MMm), Tak u B wrydax v aHmindax. HMame-
peHHe T3AC BCex MHPUTOB HPOM3BOAHUJCH NMPHU TOCTOSIHHOH TeMmepaType
(250°C). OnpeneneHue TeMnepaTypbl NPOH3BOAHJIOCH € MOMOIILI0 XPOMeJh-
KareJsieBoif TepMonapsbl.

Ha puc. 1 mokaszaHbl rHCTOrpaMMbl T3AC MHPHTOB HCCJEAYEMBIX MeCTo-
POXJIEeHHIl, U3 KOTOPOTO BUAHO, YTO MHPHTHI PYAHBIX KHJ H OKOJOPYAHO H3-
MEHEHHBIX MOpOA 06JafalT Kak 3aeKTpoHHoit ([7), Tak u neipounoit (P)
IIPOBOAUMOCTbIO. MCKJIOueHHe COCTaBJAIOT NHPHTH JI10GaBHHCKOrO MecTo-
poXAeHHs, a6/1afaoniie B OCHOBHOM TOJBKO 3J€KTPOHHOH NPOBOAMMOCTBIO,
1 MHOroBepIIHHHOTO MECTOPOXKASHHS, 00/1aJarlero TOJbKO AbIPpOYHOM
IIPOBOAMMOCTBIO. 4

DJIeKTPOHHAsT W IbIpOYHAsi [IPOBOAHMOCTb MHPHUTOB H3 KBapPLEBLIX KH.I
M OKOJOPYNHO H3MeHEHHBIX MOPOJ, BCTPEUAUlasics B OLHOM MECTOPOKAE-
HUHU, TOBOPHT, NO-BHAHMOMY, O PE€3KO Pa3/IHYHbIX TEPMOAHHAMHYECKHX YCJ/O-
BHUSIX POCTa KPHUCTAJ/JIOB, O [BYX DE3KO pasHOTeMHepaTypPHHIX acCOLHALH-
X — Huskotemnepatyphoit (150—200°C) nnst p-nHPHTOB H BLICOKOTEMIIE-
patypHoit (Gosbie 250—300°C) nas n-nuputos [4].

JI s rHCTOrpaMM T3/AC MHPUTOB XapaKTePHA MHOTOBEPLIHHHOCTDL (OCOOEH-
HO Y n-MHPHUTOB), YTO yKa3blBaeT HA HAJIH4HE HECKOJbKHX TeHepauHH NHUpH-
TOB B 30JIOTODYIHBIX MECTOPOXKIEHHSX, KOTOPble OTPaXKaloT MHOTOCTaMMii-
HOCTb, MHOT'O3TANHOTTh B HX (DOPMHPOBAHHH.

[1o xapakTepy pacnpenesieHus: T3Ac (puc. 1) y IHPHTOB pPa3HEIX MecTo-
POXIEHHII eCTh CYHIECTBEHHble Pa3JHUYUA H HekKoTopasd oOWHOCTb. Tak,
B JII06aBHHCKOM MeCTOPOXK/EHHH BCTPEYAIOTCH B OCHOBHOM MN-TTHPHTHL,
a B MuorosepurinHoM — p-upuThl. [Ipuuem, naa JIro0aBHHCKMX NHPHTOB Ha
FHCTOrpaMMe 3aMeTHA ABYXBEPLIHHHOCTL B ‘paclpefeleHHH T3IAC, 0COOeHHO
JJISi IHPHTOB H3MEHEHHBIX GOKOBBIX MOPOJ, UTO CKOpee BCEero yKashlBaeT HA
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Puc. 1. TucrorpamMa T3Ac MHPHTOB {MecTopoxienus: JI — JlioBGaBun-

ckoe, T — Tapnanckoe, K — KommyHnaposckoe, bBa— Banaxdnnckoe,

O — Oabxosckoe, M — MHoropepuiBHoe), | — H3 KBapLUEBLIX WJ;
2 — u3 OKOJNOPYAHO H3MEHEHHBbIX NOpoJ
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JBe TreHepalMM NHPUTOB: PAHHIOWO, B CBA3M ¢ (GOPMHUpPOBAHHEM THApPOTEp-
MaJbHO H3MCHEHHbLIX NOPOJ, H NO3JAHIOI0, B CBA3H C (POPMHPOBAHHEM KBap-
HEeBOPYAHBIX KHJ. Y p-THPHTOB MHOTOBepLIHHHOTO MECTOPOXKAEHHSI U3 KBap-
IIeBbIX 2KHJ H OKOJIOPYAHO H3MeHEHHBIX MOPOA B pacnpelesieHHH T3IAC HaBJIo-
AdeTcsl JIeBOaCHMMETDHYHAs OAHOBEDIUMHHOCTb M IMOUTH OAMHAKOBBIE MO-
najbhble 3Hadenus T3acC (30—35 mB). Tem cambiM nmopuepkHBaroTcA 0JU3-
Kue (bl/ISHKO-XHMH‘{ECKI/Ie YCJAOBHA OTJOKEHUA NHPHTOB B 2KHJIAX H BMEIld-
IOLMX THAPOTEPMAAbHO M3MEHEHHBIX MOPOAAX.

[as nuputoB H3 BMewlamomux nopoi bepeszosckoro n basaxunHckoro
MECTOPOXK/JEHHH XapaxkTepHa B OCHOBHOM [AbIPOUHAS TOBEPXHOCTL, YTO,
REPOSAATHO, 0OYCAOBAUBAETCSH ONMHAKOBOH CTEHEHLIO H3MEHEHHSI BMEILAKLIUX
noposa (OepesuTnsauusi). B 0epe3oBCKHX TNHPHTAX H3 BMeELLAIOWHX MOPOR
3JIEKTPOHHASA NPOBOJUMOCTb BLISIBJSIETCS B OCHOBHOM TOJILKO B CKOJAaX KpH-
CTaJUIOB, YTO, MO-BUAMMOMY, MOXKHO OOBACHHTD HapPYLIEHHEM CTPYKTYpPbl
KpucraJnoB. Ilupursl U3 KBapueBblXx xHJI Tapaauckoro, bepesosckoro, Ba-
aaxunHckoro, KommyHaposckoro u OJIbXOBCKOTO MeCTOPOXKAEHHH UMEIOT KaK
n- Tak U p- NPOBOAMUMOCTb, NMPHYEM 1A KOMMYHADOBCKHX MHPHTOB Xapak-
TePHOH SABJAETCH P-NPOBOAHMOCTE.

MOIla.HbeIe 3HAUECHHUsA T3AC OHPHTOB A4 KBapPUEBLIX XKHJgT U OKOJO-
PYAHO H3MEHEHHLIX MOPOMA, XOTH M Pa3JHMHBl JJIS PA3HBIX MeCTOPOXKIeHHH,
40 B UeJoM OJU3KH U B cpenHeM paBHbt A5 A-nuputoB 10—25 uB, nas p-
nuputos 20—40 uB.

C uesblo BHISIBJIEHHS BAMAHHS (OPMBI  KPUCTAJMJIOB MNHPHUTA HA TePMu-
3/J]eKTPHYECKOe CBOMCTBA OBIMM HCCAEeNOBAaHBl KPYNHBIE KPHUCTAJbl NHUPHTA
KYOHYeCKOTO M NEeHTaroHxoAeKasapuueckoro rabutryca bepeszosckoro mecro-
poXIeHns (BBHAY OTCYTCTBHSI KPYNHBIX KPHCTAJJAOB MO IPYTHM MECTOPOIK-
TeHHSIM TaKHX MCCAeOBAHMN He NPOBOAMJOCH). DBIIO yCTaHOBJIEHO, 4TO
GOJILLIHHCTBO KPHCTAJMJIOB KYOHYECKOTO M [MEeHTAaroHI0AeKasApHuueckoro o6-
JIHKA W3 OKOJIOPYIHBIX H3MeHeHHBIX MopojJ o6/ajxaeT AbIPOYHOH IIPOBOAM-
MOCTBIO (pHuC. 2). DJAeKTPOHHAS NPOBOAHMOCTSL 3a(HKCHPOBAHA B OCHOBHOM
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Puc. 2. Xapakrtep T1C TIeHTAaFrOHAOIEKAdIPOB

(a) u ky6oB (6) DepesoBckoro MecTopoxK-

Jenusi: | — M3 KBapueBbIX XKW, 2 — H3 OKO-
JIOpYIHO H3MEHEHHBIX MOPOA

Ha CKoJax KpHcTadnoB. Hao6opoT, MUPHUTH KBAapPUEBLIX MKHJI HMEIOT, Kak
npasuso, KyOHuecKHl rabuTyc M npeoG/adalouly 3JACKTPOHHYIO TPOBOIH-
MOCTb, T. €. XapakKTep T3AC NHPHUTOB OJHOTO MECTOPOXKAEHHS He 3aBHCHT OT
(hopMbl HCCIEAYEMBIX KPHCTAMA0B OJHOH TreHepaluu. '

Ha ocHoBaHuM H3yueHHsl TePMO3/JEKTPHUECKHX CBOHCTB MHPHTOB 30J10-
TOPYIHBIX MECTOPOKAEHHH DPAa3JHUHBIX THUIOB MOXHO C/lesaTh CJEeIVIOIHE
BLIBOJLBI.

ITupuTbl 30/0TOPYAHLIX MECTOPOXKAEHHH 00.1a7al0T 3JEKTPOHHOI
¥ JABIPOYHOH NPOBOAHMOCTBIO, H JHWb HA JIl06aBUHCKOM M MHOroBepLIHIi-
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HOM MEeCTOPOXK[EeHHUAX YCTAHOBJIEHA TOJIbKO 3JIEKTPOHHASI H TOJbKO IBIPOY-
Hasi MPOBOJHMOCTb COOTBETCTBEHHO.

2. Hannurve B OJHOM MECTOPOXKAEHHH MUPHUTOB C 3JEKTPOHHOH H IbI-
POYHON NMPOBOAUMOCTBHIO, BO3MOMXKHO, YKa3blBaeT Ha pazJjiHyHe B TePMOJHMHA-
MHYECKHX YCAOBHAX HX (POPMHPOBAHHs B pa3Hbie CTaJHH THAPOTEPMaJbHOTO
npoiiecca.

3. B xapakrepe pacnpene/eHUs 3HAUCHHHA T3AC IHPUTOB HabJionaercs
MHOTOBEPIIHHHOCTh (OCOOEHHO y A-NHUPHTOB), YTO, MO-BHAHMOMY, OTpaxaer
Ha/Jp4He HeCKOJbKHX NeHepauHH IHPHTOB.

4. B ckonax KPUCTANANOB NHPHTA € JBIPOYHOH IPOBOLAMMOCTBHIO valle
npoABJfeTCs 3JeKTPOHHas NPOBOJHUMOCTb, T. €. XapaKTep T3AC KPHCTAJIOB
NUPHTA 3aBHCHT OT XapaKTepa U CTeleHH Jedopmauuit KPHUCTAJJIOB.

5. ITupurnl B dopme (100) u (210) m3 Bmemarwmux GepesutoB Bepe-
30BCKOTrO MECTOPOXKJEHHsI XapaKTepH3yIoTcs OJMHAKOBOH JBIPOYHON TIPOBO-
JIHMOCTbLIO, a MUPHUTH! TeX e (OpPM H3 }KHJ — 3JIeKTPOHHOH NPOBOJAHMOCTHIO,
CnenoBarteqbHO, XapakTep T3AC NUPHTOB OJHOTO MECTOPOXKAEHHS He 3aBH-
CUT OT GOPMBI HCCAELYEeMBIX KPHCTAJJIOB OJHOH TeHepalluH.

6. Ilo xapakTepy T3AC MHPHUTOR 30JOTOPYAHBIX MECTOPOXKIEHHN CYAHTh
0 TeMlepaType MHHepaJoo0pa3oBaHusi 6e3 yd4eTa ApyrHX (PakTopoB 3aTpyi-
HHUTEJLHO.

7. IlpoBeneHHble HCCJelOBAHHMS TOKa3aJH, YTO NHPHTH OOJBLUIMHCTBA
THAPOTEPMAJbHO H3MEHEHHBIX NOPOJ 30J0TOPYAHBIX MECTOPOKIEHHH pas-
JHYHBIX THIOB HMeEIT OJU3KHe (HU3HUeCcKHe CBONCTBA C MUPUTAMH 30JI0TO-
KBapuUEBbIX KU, T. €. HX (DOPMUPOBAHHKE NIPOUCXOAUIO0 B GIH3KHX YCJAOBHAX H,
BEpOSITHO, B PYAHBIH 3Tan MHHepaaoo0pa3oBaHus.
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