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U OPOEHA TPYJOBOTO KPACHOI'O 3HAMEHH
HOJHUTEXHHYECKOTO HHCTUTYTA mm. C. M. KHPOBA
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OCOBEHHOCTM KPUCTAJIJIOMOP®OJIOTUH
H TEPMO3JEKTPUYECKHUX CBONCTB NMUPHUTOB
30J0TOPYAHBIX MECTOPO)XIEHUY PA3JIMYHBIX THITOB

A, 4. TNNEHHUYKUWH, A, ®. KOPOBEMHHKOB, A. B. MALIIOIIEBCKUH

(Ilpeacrasnena npodeccopom A. M. KyspMmEHEIM)

ITupAT sBASETCS ONHHM M3 PACHPOCTPAHEHHHX CYMbGHIHHIX MHHEpA-
JIOB 30JI0TOPYAHBIX MECTOPOXK/IEHHN PasMYHBIX THIOB. ITo BpeMeHm cBoero
06pa3oBaHusi B KaxJIOM MECTOPOXKJeHHH NPOSBASETCS OT ONHOH 1O Hec-
KOJMIbKHX TeHepaluH MUPUTa, OTBEUAIOMUX ONPEAeTCHHEIM CTAlusIM H CTyIe-
HAM MHHepaJooTJOxxeHuss. OH MPOABJIAETCS B 30/I0TOHOCHBIX KBaplEBHIX

. JKHJIaX, NMPOKUIKAX W THAPOTEPMAJbHO H3MeHeHHHX mopoxax. ITostomy c

IIeJIbIO  BBISIBJIEHHS] THIOMOPGHBIX OCOGEHHOCTEH IMPUTOB PA3JHUHLIX TH-
" TIOB 30JIOTOPYIHBIX MECTOPOKICHHH OBLIH H3YyUeHH MOPGOJOTHS KPHCTAJl-
JIOB H TEPMO3JIEKTPHUCCKHE CBOHCTBA MHPHUTOB M3 KBAaPUEBEIX KHJ M OKO-
J0pyIoHO m3MeHennnx nopon Kommymaposckoro, Bamaxuuuckoro, Ogapxos-
ckoro, Tapmanckoro, Bepesosckoro, Jlio6aBuHCKOro ¥ MHOroBepuUIHHHOTO
mecTopoxaennii Cubupu, Ypana u Hanvuero Bocroka. I'eosoruueckue oco-
GEHHOCTH MECTOPOX[IEHHH TOCTAaTOUYHO NOAPOGHO PACCMOTPEHHI B JHTEPATY-
pe M NO3TOMY Ha 3TOM BOIpOCe 31ech He ocraHaBauBaeMcA. Ciuenyer JHUIb
ykasatb, yro Kommynaposckoe, ‘OabxoBckoe, Banaxunuckoe u Tapaanckoe
MECTOPOXKIEHHA pPa3MeNaloTcs B CTPYKTYPHO-(hanuanbHON 30He cajaup-
ckoro nukia xouconupannu Casgno-Anrtalickoll cknapuatoli ofnactu; Bepe-
30BCKOE — B Tepuunupax ¥pana; Jli06aBHHCKOE — B 30HE ME3030HCKOH aK-
THBH3allUH NPEBHUX CKJIAAYaTHX CTPYKTyp 3abadkanabs, a Muorosepuinn-
HOE CBSI3aHO C ME30KaHHO30HCKHM BYJKaHH3MOM THXOOKEAaHCKOro CKJjanya-
TOrO mosica. MecTopOXKIEHHST OTHOCATCS K KUJIBHBIM, HITOKBEpKOBHIM (KoM-
MyHaposckoe, bamaxunnckoe, DBepesosckoe, JlioGaBunckoe, Muorosep-
INNHHOE) M KOHTAKTOBO-MeTacomatmueckuMm tunam (Tapaanckoe, Onabxos-
CKO€) H NPEeHMYIIECTBEHHO TATOTEIOT K BYJKAHOT€HHO-OCAJOYHBIM TOJIIAM
Pa3JInYHOTO BO3pacTa, pa3OUTEIM Ha GJIOKH INPOJOJBHBLIMH H TOIEPEYHBIMU
pPaspbiBaMH W NPOPBAHHBIMU TI'PAHUTOHIHBIMH HHTPY3HAMH. 30JOTOpPYAHLIE
IIOJIS MMEIOT CKJaJA4yaTo-6JIOKOBOE CTpPOEHUWE M INPHYPOUEHBI K y3JaM HaH-
GOJIBIIEro YC/AOKHEHHA CKJIAaA49aThiX H Pas3pBIBHBIX CTPYKTYp. MecTopoxkie-
HHsl TIPOCTPAHCTBEHHO M, IO-BUAHMOMY, I'eHETHYECKH CBS3aHBI C T'PAHUTOHX-
HBIM MarMaTH3MOM H pasMeIleHbl B IPHKOHTAKTOBLIX 30HAX HJIH 3SHIOKOH-
TaKTax T'PaHONHOPHTOBBLIX HHTPY3HBOB CPEAHHX M  MaJjbiX IJay6GHH
(mo 5—1,5 rkm). h :

ITo xapakrepy OKOJODYIHBIX IPOIECCOB (pa3BUTHE GEPE3UTOB, anbOu-
THTOB, MYCKOBHTOBbIX METACOMATUTOB) W TOMOTEHH3AIMH TIa30BOXKUAKHX
BKJIIOUeHn# B KBapuax (240—460° C) nmpomeccsl MHHepaJsooGpa3oBanus H3y-
UYEHHEBIX MECTODOXK/JEHHH OTHOCATCS K BBICOKO- M CPERHETEMIEPaTypPHHIM.

H3syuennro MopdoJIOTHH KPUCTAMI0B NHPUTA B CBA3H C':YCIOBHSIMH HX
o6pasoBanus nocBsuleH psan pabor [1, 2, 5, 9 u np.]. OxHaxo 1o 30J0TOPYI-
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HBIM MeCTOpOXKIeHHSAM TakHue CBeleHHs KpaliHe orpaHHueHbol. [losromy as-
TOPBI TOMBITANNACH XOTsI OB YaCTHIHO BOCIOJHUTH 3TOT npobena. B pesyabra-
© Te JeTaJbHOro H3yueHHs MOPQOJOrHyecKuX OCOOEHHOCTeH KPHCTaJJIOB IIH-
pHTa yKa3aHHLIX MECTOPOXKIEHHI OBJIO YCTAaHOBJIEHO Ha/lHuYHe CeMH Mpo-
crix popm: a (100), e (210), o (111), d (110), n (211), s (321), s' (312),
KOTOpPBEIE BCTPEYarTCsl B claeAyiomux kKomGuHapusx: (100), (111); (100),
(111), (211); (100), 321); (100), (210); (100), (210), (111); (100), (210),
(1113, (321); (100), (210), (321); (100), (210), (111), (211); (100), (210),
(111), (321), (312); (210), (L11); (210), (111), (321); (210), (111), (321),
(312); (210), (110) u B BUAe mpocThix ¢opm: (100), (210), (111). B 3aBu-
CHMOCTH OT Pa3BHTOCTH TeX UJIH HHBIX GopM BbiAesaeHO 40 Mopdooruyeckux
THNOB KpHucTanaos (puc. 1). McciaenoBanusaMu yCTaHOBJEHO, YTO B pasyiuyd-
HBIX MECTOPOKJEHUSIX KOJHUUECTBO KOMOHHAIUOHHEIX THNOB KPHCTAJJIOB NH-
pura pasauuno. Hanpumep, B KBaplueBO-pYAHHIX Xua1ax KoOMMyHapOBCKOro,
Ouabxosckoro, Tapaanckoro u JIGaBHHCKOTO 30I0TOPYAHBIX ToJell 3aduK-
CHpPOBaHO HaHOGOJblIIee KOJHUECTBO KOMOWHAIMOHHLIX THIOB KPHCTAJ/JIOB —
23, 22, 24 u 20 coorBerctBenHo (puc. 2). HaoGopor, NHPHTH THAPOTEPMAb:
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Puc. 2. HacroTa BCTPEUAEMOCTH THIIOB KPHCTAJIOB MHPHTA B XBapIEBLIX XKuJax H
B
KBAPUEBLIC KUIB .| _ pooofira-
BMeIIAI0Ne NOPOAH *
JatoIWui THIl, 2 — pacnpocTpaHeHHBIH TaN, 3 — CIOPaAWICCKE BCTPEYAOWMIICS —THI.

OKOJIOPYJIHO H3MEHEHHBIX BMEN[AOIHX Nopoxax

HO H3MeHEeHHBIX BMEIIAUINX NopolA (6epe3uTo-JUCTBEHUTH) 3THX XKe PYI-
HBIX TOJeHl pe3ko oGefHeHbl KOMOMHAUHOHHLIMU TUnamH. [THpHTHL 30/10TO-
PYAHBIX KHJ MecTopoxienuii banaxuuno, Bepesockoro m Muorosep-
IIHHHOTO TaKxke O6efHbl KOMOWHALHWOHHBIMH THIIAMH, a KOJHYECTBO KOM-
6I/IHaI_IPIfi KpPHUCTAJJIOB HNHUPHTA KAaK XKHUJ, TaK ¥ BMEWAlOOHUX mopon mno4uTH
oxunakoBo (10—9, 8—8, 6—5 cooTBeTCTBEHHO, pHUC. 2).

YacToTa BCTPEUaEMOCTH PA3JIUYHBIX THUIIOB KPHCTAJJIOB MHPHTA OMHUCHI-
BaeMbIX MECTOpPOXIEHH NOKaszaHa Ha puc. 2. M3 Hero BuaHa 3axKOHOMEp-
HOCTb PACIPOCTpPaHeHHs] KPHUCTAJVIOB IIHPHTA, KOTOpasi BHIpayKaercs B Ie-
PUOLMYHOCTH TOSIBNEHUS KPHUCTAJJIOB, OTBeyalolledl NOPSAKOBEIM HOMEpaM
1, 9, 16, 25, 33. A aTH HOMepa OTBEUAIOT HadaJdy TIODH3OHTAJbHBIX pPAJOB
cxeMbl MOpdOTOrHUECKHX THIIOB KpUCTanIoB pHe. 1. Kak nokassiaior puc. 1
" 2, HanGoJee PAa3BUTHIMH Ha MECTOPOKAEHUSAX ABJAAIOTCS KPHUCTAJIbl HHPH-
TOB NEPBHIX TPEX BEPTHKAJLHBIX PSI/IOB, IPeJCTaBICHHBE NPOCTEIMU GOpMa-
ma (100) u (210) u kom6unanusimu (100), (210) u (111). DTH THOBEL KpH-
CTa/JIOB SIBJASIOTCH OOIIMMH Kak JIJS 30JI0TO-KBAplEBHIX XKHJ, TaK W JJI4
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THAPOTEPMAJIbHO H3MEHEHHEIX 1OpoX. BoJee cioxubie (opMB KPHCTANIOB
IMUPHTA OTHOCATCS K CHCHU(PHUHBIM (THOOMOPGDHBIM) JIs Ka¥XKIOTO MECTO-
poxpenus (puc. 1—3). I'padux pasButocTu rpaveli B KOMOHHAUHSX KPH-
CTaNNOB MHPHTA PA3JHYHLIX MECTOpOxkAeHu#d (puc. 3) Tak:ke MNOKa3bIBAET,
yto HauGoJjee pasBUTHIMU (HOPMAMH NHPHUTA JJS 30JOTO-KBAPLUEBHIX KUJI
siBasitores opmul (100), (210) u wacruumo (111), a aas BMeN[arOmIMX THA-
porepma/ibHO H3MeHeHHEIX nopon — (100) u (210).
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Puc. 3. Fpaduk pasBrTOCTH TpaHel B KOMOHHALUAX KPHUCTAMIOB mapura (A - B XBap-

ieBHIX XKUaax, B — B OKOJMODYAHO W3MEHEHHHIX mOpojax). Mecropoxaenua: 1 —

Jlio6apurckoe, 2 — Tapman, 3 — Bepesosoxoe, 4 — Banaxunnckoe, 5 — Kommyna-
posckoe, 6 — OJbxoBekoe, 7 — MHOTMOBepIIMHHOS

Ha wmecropoxaenuax baaaxunno, BepesoBckoM # MHOrOBepIIHHHOM
MHMPHTH KaK KBApDUEBLIX KHJ, TaK H THAPOTEPMAJbHO H3MEHEHHBIX OOKO-
BHIX TIOPOJ, XapaKTePH3YIOTCA MOUTH OJHHAKOBOH pPa3BUTOCTBIO IPAHEH B KPH-
crajguax (puc. 3). dTa 0COOEHHOCTb NMHUPHTOB, NO-BHAUMOMY, OObAcCHSETCH
OMM3KUMH YCJIOBHAMH HX 00pa3oBaHud, T. e. OJH3KO OJHOBPEMEHHBIM HX
BO3HHKHOBEHHEM KaK B KBapIEeBLIX KHJaX, TaK H BO BMeEINAIOIINX NOPOJaXx.
Ha 310 xe yKaspiBaer B OJHHAKOBHI HAGOp 3NEMEHTOB-TpHMecedl B NHPH-
Tax XKHUJI M CHAPOTEPMAJIbHO M3MEHEHHHIX GOKOBBIX nopon (puc. 4).
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Puc. 4. Pacnpegesenne 3716MEHTOB-IpHMecell B MUPUTAX OKOJOPYLHO
- H3MeHEHHBIX MOPOL U KBAPIEBNX XKHJI (XBapleBble XKUJH,

BMeIlaloniue H0pOLEL)
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Kpatko paccmorpum xpucramnoMmopdosoruieckie 0cO6€HHOCTH MHDH
TOB Pas3JUUHBIX 30JOTOPYIHBIX MECTOPOKIEHUN. ' o

Dopma a (100) aBasercs HanbOJee pacnpoCTPaHEHHON KakK B KBap-
LUEeBBX KHJAX, TAK ¥ BO BMEHIAIOIIHX NMOPOAAaX BCeX MECTOPOKIACHHH, 3a
uckaouenHeM Depesosckoro. Ho HauGosiee xapakrepra 3Ta dopma Kpu-
crajnosB nuputa s Kommynaporckoro, BamaxuuuHckoro 1 MHOroBepmuH- .
Horo Mecropoxjenust, [panu (100) xpuCTaAJIO0B MHPUTA IIOUTH BCErjaa IOK-
PBITHL KOMOMHAUHOHHOH INTPHXOBKOH (mo knaccudukanmu [3]), mapad-
nensHol ocu 30Hbl [001], 1 oco6eHHO NMHPHTH U3MEHEHHBIX GOKOBHIX MOPO/L.
Hepenko ma rpansx (100) mosiBisiercst secTHUYHAST KOMGHHAIIMOHHAS HITPH-
XOBKa C IIOJIMTOHAJBHBIMH CJOSAMH HapacTaHHsA, OCOOEHHO y KPHCTAJJIOB
komOugamun (100), (111). Hapacranue ciioeB IpOHCXOIHT JHGO U3 OLHOTO,
au00 H3 HECKOJDBKHX LIEHTPOB. B mocjeqmeM ciyuae MOTYT BO3HMKAaThb MNO-
JIOXKHUTeJbHbIE H OTpHIaTebHble $OopMbl peabeda rpaneli (100). Ouens pen-
ko rpanu (100) nupura poBHBble, OyecTsilive H HE HECYT Ha cefe paxe cJe-
J0B KQMOHHaLHOHHON wmrTpuxoBku. Muorma Ha rpausix (100) nosBmsiorcs
BUIMHAAY M CyOMHAMBHAB Ky6a u xkomOumanum (100) ¢ (210) (Muorosep-
mnHEoe, OJIbXOBCKOe MecTOpoxAeHHsA). IIpu 3TOM IITPUXOBKA Ha TpaHAX
cyOMHAMBHAA H KDHCTA/NJIa-X03AKHA, KaK IIPaBHJIO, COBNANAET.

®opma e (210) B cBoeM pas3BuTHH yCTymaeT KyGy, HO Tak XK€, KaK H
Ky0, siBAsieTca npeobnafaiouiell o OTHOLIEHHIO K APYrHM dopMaM H orpe-
neJjisier 0OGJIMK KPHCTaJJIOB NMHPHUTA BCeX THUIOB MecTopoxkieHuil, Ho ocoGen-
HO OHa XapaKTepHa [Js NHPUTOB KHJI H GepeauToB bBepesorckoro mecto-
poxknenus (puc. 2). I'pann (210) oObluno poBHEBIE, OaecTauine, 6e3 CaeIOB
KOMOMHaUHOHHON IITPHXOBKM, HO HHOTAA MNOKPHITEL Pe3KOil BepTHKAaJbHOM
IITPUXOBKOH Kak cnjomuol (bBanaxumuckoe, Kommynaposckoe, JlroGaBuu-
ckoe, MHorosepmuHaHoe), Tak u npepoiBucroii (Osnbxosckoe). Kak nmpasuio,
TYCTOTa IITPHXOBKM YBEIHYHMBACTCH K HEHTPaJbHBIM BEpPTHKAJbHBIM peb-
paM KpuCTa/lJOB NHpHTA. B cayuasx, KOrjia KpHCTaJJIBl NHPHTA OTBEUAIOT
36-my tany (puc. 1), ma rpangx (210) nosBnseTcs JECTHHUHAsS KOMOHHA-
IIMOHHAs LITPUXOBKA C IOJHTCOHAJbHBIMH HJIH TPEYTOJbHBIMH CIOSMH POCTA.
JlJ1s1 DOJUTOHAJBHBIX CJOEB OJHY JIMHUM CJ0EB IapaejbHEl BepPTHKaJb-
HoMy pe6py rpauu (210), a apyrue (KaKk M B cjydae TPEYTOJbHHX CJIOCB)
06pasyioT ¢ 3THM pebpoMm yroa 40—45°. Kpucraanwl nuputa Bepesosckoro
MECTOPOXKICHAR XapakKTepu3yloTcs CBoeoOpasHOH IUTPHXOBKOH TrpaHeH
(210). Ha rpanax (210) raGmozaercsi TOPH3OHTaJbHas IUTPHXOBKA HIH
KOMOUHANHs FOPU3OHTAJBHON U BEPTHKAJLHOM IUTPHXOBKH, Kak pes3y/bTar
nocjaoiinoro pocra rpaneil. Hepenxko mrpuxoBka Ha rpasn (210) npusHMaer
OYeHb CJIOKHBEIA Y30p 3a CUeT BHIMHAJbHEIX 00pasoBaHdil. B ofmem ciayuae
npeoGianaer rOpH3oHTaNpHAdg HNITPHXOBKA.

®opma o (111) BcTpeuaercs BO MHOTUX KPHCTaJJaX NUPHUTOB 30J0TO-
PYIHBIX MecTopoxaeHui. OfHaxo no ceoeMy passutuio rpanu (111) mamuo-
ro ycrynamor rpansm (100) u (210). B ksapuesmx xunax bepesosckoro,
Banaxuunckoro, MHoroBepumHHHOro MecTopoxkzaeruii rpaup (111) o6rruxo
TOJIBKO TNPHUTYIJISET BePINHHB KPHCTAJJIOB Ha BBRIXOAAX KpucTajJorpadu-
yecKux ocefl TpeThero nopsaka. Ha mecropoxnenusx Kommynap, OnbxoBka,
Jlio60Bb rpanp (111) Kpucrananos nmupura HepeAKO AOMHHHpYeT Hajx ApYy-
I'HMH, ¥ KPUCTAJIL IPHOGPETAIOT OKTa3ApHueckuii o6uk. B ckapHOBO-3010-
TOPYZHOM MecTOpOAeHnu Tapiau rpaub (111) oxnHakoBo passuTa C rpa-
aamu (100) u (210) xpucrannoB nupura. B THAPOTEpPMAaJbLHO H3MEHEHHBIX
BMEINAIINX NOPOLax BCeX THIOB MeCTOpOxKAeHHH rpaHb (111) B KpHcTas-
Jax NMUpHTA 3aHUMaeT PE3KO NOAYHHEHHOe 3HaueHHe HJIM OTCYTCTBYET COB-
cem. [Tosepxuoctu rpauu (111) o6ruHO poBHEIE, OaecTsamue, 6e3 CIELOB
IITPUXOBKU. JIumb Ha HanGosee pas3BuThX rpaHax (111) nossasiores Tpe-
YIOJIbHHKH POCTa ¢ 06pasoBaHHEM CJIOXKHBIX Y30poB 6J1aroxapss MHOTOLEHT-
poBoMy pocty rpaneil. OpHeHTHPOBKA JHHHI CJ0eB, 06pa3yIoluX TPEYroab-
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HHKH DOCTa, N0 OTHONIEHHIO K pe6paM OKTasjApa 3aKOHOMEpHA: YIJBl MEKIY
pebpaMu OKTasApa W JHHHAMH TPEYroJbHHKOB pocta pasBubl 90 um 30° coot-
BercTBeHHO. Hepeaxo Ha rpansix (111) mosiBasiioTcs BHIMHAJH, YTO O0cOOeH-
HO XapaxkTepHO Jjs NHPHTOB KOMMyHapOBCKOrO PyAHOrO IIOJS.
®opma s (32]1) moABsseTCA peNKO, XOTd M BCTpedaercs B 12 THmax
kom6unanus: 8, 13, 14, 15, 22, 23, 24, 30, 31, 32, 39 u 40 (puc. 1}. B 60an-
LIXHCTBE 30J0TOPYAHBIX MECTOPOXKAEHUI B IHPHTAX KBapleBO-30J0TOPYA-
HBIX KHJ rpadb (321) cnaGo passuta, u Jumb B Gepesutrax bepesosckoro
MecTOpoXKIeHHs rpaHb (321) B komOuuanuu ¢ rpassio (312) (tune 32, 40,
pHc. 1) BcTpevaercs J0BOJBHO uacTo. Ha Mecropoxkpenusx bamaxunbo
MHOroBepIIMHHOM B NIHpHTaX rpaHb (321) He BCTpedeHa.
®opma n (211) oTHOCHTCA K YHCHY PEAKHX H BCTPEUAETCS TOJBKO B
Tpex tunax kKombGunaumi: 7, 21 u 30 (Bepesosckoe, Banaxuunckoe u Jlwoba-
BHHCKOE MeCTOpoxkKieHusi). B mpememax Depesosckoro m bamaxyuHCKOro
MecTopoXaeHul rpaub (211) B komGuuamun ¢ (110) u (111) obGpasyer 7-if
THII KPHCTAJ/JIOB IIHPHTA U BCTPeYaeTCA KaK B KBAPIUEBO-PYAHBIX JKH/IAX,
TaK ¥ BO BMEIAIUX Gepe3nTax. :
®opwma d (110) BcTpeuena B KpPHCTAMIAX NHPHTOB TOJAbKO Kommy-
HAPOBCKOTO PY/HOTO NOJSI H CKOpPee BCEro SIBJAAETCH QOPMOU PacTBOPECHHS.
Tepmoanektpuueckue cBofictBa (TIJC) nupUTOB M3ydyanuCh MHOTHMH
HCCAEMOBATENISIME B CBSI3H ¢ JMATHOCTUKON MuHepajoB [4] u mpu merasso-
reHHUecKHX HccaenoBanusax [6, 7, 8,]. Mccaeposannsi mokasajd, 4to «4u-
CTHIE» OT TIpUMecell MUPHTLL 06AanalT ALPOUHOH (p) NMPOBOAUMOCTBIO, &
¢ npumecsimu Tit®, Nit®, Crt3, V*+° Sn*t, usoMmopodno 3aMemlalomIux ABYX-
BAJICHTHOE JKEJIe30, MUPUT TPHOGpeTacT 3JeKTPOHHYIO (71) MPOBOXHMOCTD.
HaoGopor, mpumecH onuoBajeHTHHX Meramnos (Au*', Ag*', Cu*', TI™)
yCUNHBAIOT 3 PeKT ABIPOUHON NPOBOJHUMOCTH.

VauTEBasg TO 06CTOSITENBCTBO, 4TO BO3MOXKHOCTL H30MOP(QHOTO BXOWK-
JEeHUsT TPEXBaJIEHTHEIX METaJJIOB B PCLIETKY NHUPHTOB C BO3pacTaHUEM TeM-
meparyp MHHepasoo0pa30BaHHA yBeIHUHMBaeTcs (a cjlefOoBaTe]bHO, H BO3-
pacraer poab 3JEKTPOHHO! NPOBOAMMOCTH KPHCTAJJIOB), MHOTHE aBTOPHI
TIPUXOAST K BEIBOAY O BO3MOXKHOCTH HCNo/b30BaHua T C mupHTOB 4 Na-
JeOoTeMIepaTypHbix Lesefl. B cBA3d ¢ 3THM IS BLIABJEHHS OCOOEHHOCTEH
IUPUTOB PA3JIMYHBIX THIOB 30/I0TOPYAHBIX MECTODOXK/JIEHHH, YCTAHOBJICHHS
reOXUMHUYECKHX IIPH3HAKOB OT/HYHS IHPHTOB ORHMX MeECTOPOXKAEHHI OT
APYTHX, KpOMe MOPGOJOTHH W 3JeMEHTOB-TIpuMecell NHPUTOB, OLLIU H3yye-
HBl TePMO3J/IeKTPHUYECKHE CBOUCTBA.

Hsmeperne TIJC nHpuTOB NPOBOJIHJIOCL HA YCTAHOBKE, CMOHTHPOBAH-
noit no cxeme B. T. TIpoxoposa [7]. 3amep DJC ocymecTBisiacs MH/IH-
BOJBTMETpOM THia P-325/VY. DeKTpojs! MpUMeHSIUCh MeIHbIE, HIJIOBHIHON
dopmel. Mamepenune TOIC Bcex NHPUTOB NPOM3BOAHIOCH NPH TEMIEPATY-
pe 250°C. TemnepaTypa Ha ropAueM 3JEKTpoJe Olpelenssach ¢ TOMOILDBIO
XpaMeNb-KaneaeBoil TepMonaphl. Peay/IbTaThl H3MEpEeHHil CBeeHE B THCTO-
rpaMmbl TAJIC NHPHTOB pa3IHYHBIX MECTOPOXKAeHWi 3oiora (puc. 5). Ms
THCTOrPaMM BMAHO, UTO MUPHUTHl M3 XKUJI H BMellaWIIuX MOpox 006JalaioT
37IeKTPOHHOH (7) u awpounodl (p)-mpoopumoctbio. Hckmouenne cocTasas-
10T TOJAbKO NHPHTH JIGABHHCKOTO MECTOPOKJAeHHs, obpanamomye B OCHOB-
HOM TOJBKO 3JeKTPOHHOH IPOBOAMMOCTbIO, 1 MHOrOBepIINHHONO MeCTOPOXK-
Zenus, obanaoliye TOJbKO ABIPOYHOH MPOBHIMMOCTbIO. ISl THCTOTpaMM
T3AC nupuToB XapaxkTepHa MHOTOBEPIIHHHOCTb, YTO, TO-BHAHNMOMY, 0Tpa-
JKaeT HaJuuyie HeCKOJbKHX FeHepaiiil NHPHTOB BO MHOTMX 30J0TODPYIHBIX
MeCTOPOXK LIeHUSIX. ,

Kpatko paccmorpum TOIC nuputoB OTAEILHBIX MecTOpoxpeHuft. Ilu-
puThl JII06ABHHCKOTO MECTOPOKAEHHS 00/1aaloT TOJbKO JEKTPOHHOH IpO-
BOXMMOCTBIO H B €IUHHUYHBIX KPHCTAJ/ax NpodBafeTcd AwnpouHad. Ha ru-
cTorpaMMe 3aMeTHa JBYBepIIMHHOCTb B pacrpeienennn TIC u ocobenno
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Puc. 5. Tucrorpamma TJC nupuros. Mecropoxpenus: J1 — Jlwbasunckoe, T — Tapaan,
b — Bepesosckoe, K — Kommynap, Ba — DBanaxumuckoe, O — Oapxosekoe, M — Mmo- .
ropepmmmEOe: 1 — B KBAPIUEBHX 3KHJIaX, 2 — B OKOJODYRHO H3MEHEHHLIX IIOPOMAX

]IS TIHPUTOB H3MEeHEHHBIX GOKOBBIX IOPOJ, UTO CKOpee BCEro yKasblBaer Ha
JiBe TeHepaluH NHPHTOB: PAHHIOW, B CBA3H ¢ (OPMHPOBAHHEM THIpPOTEp-
MaJIbHO M3MEHEHHBIX IOPOX, M NO3JHIOW, B CBfA3H ¢ GOpMHpOBaHHEM KBap-
1eBO-PYAHLX xkuja. MonanbHoe sHaueHne oTBeuaeT 55—60 u 70—75 mé B
KBaplieBbIX kujaax u 15—20, 55—60 ms B G0KOBLIX mOpojax, pasbpoc ot 10
Jio 80 ma. IMuputel TapAaHCKOrO CKapHOBO-30JOTOPYAHOIO MECTOPOKACHHA
06/1aa0T ALIPOYHON H SJAEKTPOHHON IPOBOAMMOCTBIO. s n-nHpHTOB OT-
MeuaeTcsl HEYeTKO BhIpaxKeHHas JByBepuHHHOCTH rucrorpammul T3IC,
MOZaJbHOE 3HAUeHHe OTBeuaer maTepsatam 20—25 u 60—65 ms, pasbpoc
ot 10 no 85 ms. ¥ p-nmupUTOB HaAOJIOAAE€TC ACAMMETPHYHAA OJHOBEPILHH-
nocte B pacnpenenenun TAIAC, momanbHoe 3HaueHHe OTBeYaeT HHTEPBAY
10—15 ms, pas6poc or 10 10 60 ms. [lupurer BepesoBCcKOro MeCTOPOXAEHHA
0GHApYKHBAIOT KAaK 3AEKTPOHHYIO, TAK H ALIPOUHYIO POBOAUMOCTE. Bo BMeE-
IaIONIHX 0epesuTax BHIABJSIOTCS B OCHOBHOM P-TIHPHTHI, XapakTep pacmpe-
nenepusg TDAC xoTopuix OJMH30K JOTHOPMAaJbHOMY. Mopanbgoe 3HaveHHe
oTBeuaeT HHTepBaay 35—40 u8, pazdpoc or 10 go 70 me. B nupurax u3 BMe
IafomuX GepesuToB 3JIEKTPOHHAS NPOBOIAUMOCTD BBISBIACTCS TOJALKO B
CKOJIaX KPUCTAJJOB, 4TO, TO-BHAKNMOMY, MOXHO OOBSCHHTh HApYyIIECHHEM
CTPYKTYpH KpuCTainoB. JKuibHble NHPHTH Depe3oBCKOro MeECTOPOXACHHA
XapaKTepH3YIOTCs ABIPOYHON H 3JEKTPOHHOH IPOBOAMMOCTbIO. ¥ A-TUPUTOB
uKcHpyeTCs HESICHO BEIpAMKEHHAS TPEXBEPLIHHHOCTb, THCTOrpaMMel pacipe-
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nenenust TOAC, monanbHoe 3HaueHHEe KOTOPHIX 5—10, 30—35 u 60—65 ms,
pas6poc ot 10 go 80 ms. [lasi p-mUpHTOB XapaKTepHA ABYBEPLUIMHHOCTH. Mo-
RanbHoe sHayenne TIAC 5—10 u 30—35 u8, pasGpoc or 5—75 ms. MHuoro-
BepIIMHHOCTh rucrorpamm TIJC nupuToB, OueBHIHO, O0GYCJOBJIEHA HAJO-
XKEeHHEeM IHPHTOB PasHbIX reHepallui.

Hccregosanne T C nuputoB pasinunoro raguryca us Gepesutos Be-
PE30BCKOrO MECTOPOXKAEHHS NOKasano, 4TO GOJBIUMHCTBO KPHCTAJJIOB KY-
OHYeCKOr0 M HeHTarOHAOAEKadApHUecKoro 06auKa 06aafaloT ABIPOYHOI
NPOBOAMMOCTBIO (pHC. 6). DjeKTpOHHAH IPOBOAUMOCTbL 3aUKCHPOBaHA B

a

F ...nﬂ o ﬂ

90 80 70 60 SO 40 30 20 10 -[+10 20 30 40 50 50 7o 0 ms

- 2

Puc, 6. Xapakrep TOAC nentarongopekasapos (A) u rexcasapos
(b) Bepesosckoro mecTopoxueHus; | — B KBAPUEBHIX XHAAX, 2 —
B OKOJOPYAHO U3MEHEHHBIX BMELAIOIHX MOPOAax

OCHOBHOM Ha CKOJIaX KPHCTaJI0B. Hao6opoT, NIHPUTH KBApLEBHLIX XKUJI HMe-
I0T B OCHOBHOM KyOmyecku# raGuTyc n npeoG/alalonylo 3JeKTPOHHYIO IIpo-
BOJUMOCTbD.

B DanaxuHHCKOM MeCTOPOKAEHHH OOHApYXKeHBl KakK f-, TaK U pP-IHPH-
Thl. Bo BMemarwomux Gepe3utax npeolsafanT p-MHPUTH, FECTOrpaMMa pac-
npenenenns TOHAC KoToprlx xapakTepusyeTcsl OJHOBEPIUHHHOCTBIO, MoLab-
noe 3nauvenne TOIIC nuputToB orBewaer wuHTepBandy 20—25 ms, pasGpoc
or 10 no 65 me. Hasa XKUJBHBIX 71-THPUTOB DanaXxuUHHCKOTO MeCcTOPOXKAeHHS
XapakTepHa ABYBEPUIMHHOCTb TrHcTOorpamMMbl pacnpefenenus TIAC. Mo-
HdanabHoe 3Hadenue — 5—10 u 35—40 us, pazbpoc ot 5 no 60 ms. ¥ p-nupu-
TOB KBapLEBBIX XHJ Xapakrep pacnpenenenus T C cxojgeH ¢ TaKOBBIM
pP-TIHPUTOB U3 OGEPE3UTOB.

[Tuputer KoMMyHapoBcKoro pyanoro mnoJsi of6JgafzaioT 3JeKTPOHHOH H
ALIPOYHOH MPOBOAUMOCTBIO. Xapakrep pacnperenenus TIJAC Ha rucrorpam-
M€ HMEeT TeHJEHUHIO K JIeBOACHMMETPHYHON OJXHOBEPHIIMHHOCTH. ¥ IHPHUTOB
W3 KBApDLEBBIX JKUJ IIPOSIBJASeTcss M- U pP-IIPOBOJHUMOCTb, IpHUEM
IJIsl n-IIAPUTOB MOAaJbHOe 3HaueHHe coctaBaser 15—20 us, pasbpoc ot 10
10 80 m8, a nansg p-nupuros — 20—25 ms, pasbpoc ot 10 go 65 ms. Y n-nupu-
TOB BMEWAIOMINX TIOpPOA MOjadbHOe 3Hauenue cocrasider 20—25 ug, a y
p-nupuroB — 15—20 us.

Jaa ONbXOBCKOrO MeCTOPOXKIEHHS XapaKTepHbl KaK n-IHUPHTHL, TaK U
p-nupuTH. B KBapueso-pyAHBIX XKuiax npeobaanaioT p-HHPHTH, a paclpe-
nenenne TIC na rucrorpaMme onpefessiercs OJHOBEPIIMHHOH JEBOACHM-
MeTpU4YHOH KpHBOH. MomanbHoe 3nHauenne TIOAC 3THX NHPHTOB OTBEYaET
15—20 ms, pasz6poc ot 10 xo 60 ms. i n-nUpUTOB XKHUJI MOAAJBHOE 3HAYE-
nue TOOAC orsBeuaer 20—25 ms, pazbpoc 10—50 ms. [IupuTEH U3 BMEILAIO-
IIUX NOPCJ TaKXkKe XapaKTeDH3YIOTCA 3JeKTPOHHOH U ABIPOYHOH IPOBOLUMO-
croio. Monanpuoe snauenne TIMOC aas n-nuputoB — 10—15, 30—35 s,
pasbpoc — 5—50 mg; pas p-nupuros — 25—30 ms, pasbpoc — 10—65 us.

Huputet MHOrOBepIIMHHOIO INPHUNOBEDXHOCTHOIO MECTOPOXKAEHHS Xa-
PaKTepH3YIOTCsl TOJBKO ABIPOUHOi npoBoguMocthio. Pacnpenenenne TOIC
Ha THCTOrpaMMe OJHOBEPUIMHHOE, JeBoacHMMeTpuunoe. MoJanabHoe 3HaUe-
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nue TJIC B xunbubix nupurax 25—30 ue, pas6époc 20—70 m6; B TPONHIH-
Tax u KBapuurax—30—35 us, pasbpoc 15—bH0 ua. TeMm caMbIM MOAYEPKUBA-
10T¢s1 61usKHe GUINKO-KHMUIECKHE YCIOBUS OTJIOXKEHHUS MHPHTOB B- XXHWJIAX H
BMEIIAIONINX MHAPOTEePMaJbHO H3MEHEHHBIX TOPOAAaX.

BriBoabl

Ha ocHosaunu nsydenns KPHCTaIOMOP(OIOrHH, TepmoaneKTqueCKHx
CBOHCTB H 3JIeMEHTOB-TIPHMeCEHl HHPHUTOB 30JOTOPYAHBIX MeCTOPOKACHUH
Pa3NMYHBIX THIIOB MOXKHO CAENATh CJAeAYIoNIne OGII¥e BBIBOIBI.

I. TunnunpiMH GOpMaMH IHPHUTOB 30JI0TOPYAHBIX MECTOpO}KﬂeHHH AB-
asores (100), (210), (111) penko Berpewatoress (321), (312), (211) wu
(110). Hau6osiee yacTo KpHCTA/LIB NHPHTOB IPEACTABJICHH B BHIE KOMGH-
naumi (100), (210), (111) u B Buzme mpocreix ¢opm (100) u (210) (1. e
KPHCTAJJIBl IePBBIX TPEX BEPTUKAJIbHBIX DANOB pHC. 1). DTH TUNBl KpACTAI-
JIOB TUNHYHBI JiJisi 30JI0TO-KBAPLUEBbIX KU/ H OKOJOPYAHO H3MEHEHHBIX IIO-
pod. TunomopdHEIME (hOPMAMK KDHCTAJJIOB NHPUTA AJAS KAXKIOTO MECTO-
POXKJEHHS B OTHEJbLHOCTH OyAyT HaubGoJee CAOKHEE KOMOHHauuu ¢GopMm
(naunnast ¢ 4—>5-ro BepTUKAJIBLHOTO psifia puc. 1).

2. Jlna mupHTOB 30JI0TO-KBApUEBBIX XKW BCEX H3YUYEHHBIX MeECTOPOXK-
Aenni cporictBenHn! rpasu (100) m (210), a AaA HEKOTOPHIX MeCTOpPOXKAe-
nuit (Kommynap, Tapman, OnbxoBka) — (111). HanbGosee passuteiMu rpa-
HAMH IIHDPUTOB OKOJNODYAHO M3MEHEHHBIX WOpOx fABadloTca Takxke (100)
u (210). B saBucuMOCTH OT Pa3BUTOCTH 3TUX IpaHell U onpexeqsiercs 06JMHK
KDHCTAJJIOB NUPHUTA.

3. I'parn (100) u (210) KpucTa/J/I0B NHPHTA 30JOTOPYAHBIX MECTOPOXK-
HEHHH OCJOXKHEeHE BepPTHKaJAbHON KOMOHHAIMOHHOH HJIM JIECTHHYHON KOMOH-
HaAIlHOHHOH IUTPHXOBKOH ¢ mocsofHbM poctoMm rpased. Ha rpanu (111) yac-
TO HaOMI0JaI0TCS TPEYTrCABHUKH POCTa.

4. B 30JI0TODYAHBIX MeCTOPOXKOEHUAX DbepesoBckoM, BanaanHCKOM
MmuorosepmnHEHOM 00pasoBaHHe NHPUTOB B JKHJIAX M MAPOTEpMAasbHO H3-
MEHEHHEIX OOKOBBIX HOPOJLAX, NO-BHAMMOMY, IIPOHCXOJAHJIO B OJH3KHX Tep-
MOJAYHAMHYECKHX YCJOBHAX, Ha 4YTO YKa3blBaeT OAMHAKOBasth pPA3BHTOCTb
rpaHell B KOMOHHAIUAX KPHUCTAJJIOB (pHC. 3), OJHHAKOBOE KOJHUECTBO MOP-
(hOoJIOrM4ecKHX TUIOB KPUCTAJJIOB MUPUTA B JKMWJAAaX M TUADOTEPMAJIBHO H3-
MeHEHHBIX GOKOBBIX Hopojax (pHc. 2) M OJH3KuUI XapakTep pacupefeseHHs
3JIEMEHTOB-NIpUMecell B HUX (pHC. 4).

5. ITupuTH 30J0TOPYAHBIX MECTOPOXKAEGHMH pas3/iMYHbIX THIOB obJaja-
IOT KaK 3JIEKTPOHHON, TaK U ABIPOYHON IPOBOJAHMOCTBIO, H JulIb Ha Jlioba-
BHHCKOM H MBHOrOBepUIHHHOM MeCTOPOXKIEHUAX YCTAHOBJIEHA TOIBKO 3JI€KT-
pOHHAA ¥ TOJIBKO ALIPOYHAST NMPOBOAMMOCTL COOTBeTCTBeHHO. Hannune B op-
HOM MECTOPOKAEHUH NHUPHTOB C 3JEKTPOHHOH U ALIPOYHON THPOBOAMMOCTBHIO
BO3MOXKHO YKa3blBaeT HA pasjuuie TEPMOIHHAMHYECKHX YCJIOBHI HX (op-
MHDOBaHHA B pasHble CTaJHH THAPOTEpPMAaJJbHOTO Npolecca.

6. ITuputel B dopme (100) u (210) u3 BMemalOmHuX 6epe3m9x3 Bepe-
30BCKOTO MECTOPOXKJEHHSI XapaKTepH3yloTcs OAHHAKOBOH ILIPOYHOH IPOBO-
JAMMOCTbIO, a MUPUTHL TeX Ke (POPM H3 XKUJ — JIEKTPOHHOH NPOBOLUMOCTHIO.
Caenoparenbro, xapakrep TOAC nmupuTOB OLHOTO MECTOPOXKHEHHsI HE 3a-
BHCHT OT (GOpPMBI HCCIEAYyEeMbIX KPHCTAJIO0B OJHOH TeHepalluH.

7. B cxonax KpHCTaJIOB NMHPUTA C JABIPOYHOH MHPOBOAMMOCTHIO 4YacTO
IPOSIBJISAETCS 3JIEKTPOHHAsh NpoBoauMOcTb. Ilo-Buanmomy, xapakrep TDIAC
KPHCTA/IJIOB NHPUTA 34aBHCHT OT XapaKrepa M CTeleHH JAedopMainui
KPHUCTaJIJIOB, :

8. o xapakrepy TOJC nupuTOB 30/I0TOPYAHBIX MECTOPOKAGHUH OTpe-
LeseHHe TeMIepaTypsl MHHepasnoo0pa3oBaHusl Ge3 yuera APyrux (axkTopoB
B BbICIIEH CTENEHH 3aTPYAHHTE/BHO.
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‘9. NsyueHue pacmpenejeHus 3JeMeHTOB-IpHMecell B NHPUTAX 3070-
TO-KBApILEBLIX KM U GOKOBHIX NMOPOJ MOKa3ano, 4To AJis MHPUTOB BMeIlalo-
IIMX MOPOJ XapaKTepHO NpeoOnafaHue HEKeas Hal Ko6anabToM, a IJasd IH-
PHTOB KHJ — Ha060poT.

10. TlpoBeneHHble HCCM€AOBaHMS IOKa3asHd, YTO NHPUTH GOJbIIHHCTBA
TUAPOTEPMAJIbHO U3MEHEHHBIX MOPOJ 30JOTOPYAHLIX MECTOPOXKJACHHH pas-
JUYHBIX TUNOB UMeloT Osuskue Mopdosornyeckue uUepTtol U (HU3HYECKHE
CBOHCTBA, YTQ M NHPUTH 30JI0TO-KBAPIEBBLIX KMJI, T. €. HX (POPpMHDOBaHHE
NPOHUCXOANJIO B OJNU3KHX YCJAOBUAX H, BEPOSTHO, B PYAHBIH 3Tan MHHepaJo-
o0pa3oBanHus.
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