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ESOTERMAL ORE DEPOSITION CONCEPTION IN GOLD ORE REGIONS OF SOUTH
SIBERIA FOLDED STRUCTURES

L.V. Kucherenko

The material, genetic and geologic criterions of the similarity and distinctions between
gold deposits origined in carbon - bearing schist series and non - schist substratum are discussed.
Magmatogene mesothermal origin of both aggregates of deposits are proved.

VHIK 553.495:553.411

PEJIKHE 3JIEMEHTHI # 30JI0TO B MECTOPOK/IEHUAX CEBEPO-KA3AXCTAHCKON
YPAHOBOPYTHOU ITPOBUHIINH

Houenyer A A., Puxpasos JLIIL., Huxoxaer C.JL.

Buepsrle npusefera nudopManus 06 yYPOBHIX HAKONJIEHUA DeKUX BIeMeHTOB U 30JI0Ta B YPAHOBOPY I~
HBIX MECTODPOMKACHUIX TPOBUHIIMY., PACKDHITH! IPUYHUHEL 06Da30BaHUsA BRICOKMX KOHIIEHTPAIHII 5IeMeHTOB Ha
paze 06LexTOB. AHOMANLHEIE COLEDIKAHNS PEIK02eMeNbHbIX BIEMEHTOR, I'TABHBIM 00pa3oM erkHx JaHTaHO-
HUAOB, XAPAKTEPHEI IJIA PYA MECTOPOMKSHHH, JTOKANHSYIOUINXCH B IOHKOIDAHUTAX M SNHIeHIUTaX MHTDY3HB-
HbIX KOMILIEKCOB JAeBOHCKOro BospacTta. Haubossnine cogepKatHus CPefHUX U TAMKEIBIX JaHTAaHOUIOB OTMe-
YaIOTCH B PYAAX TEX MECTODOKAEHUI, PIe OTCYTCTRYeT ABHAA CBASH ¢ HHTPY3MBHBIMYE KOMILIeKcaMu. Bricokue
copepsanud soiora (0,n 1/ T) BHIABIEHB B PyLaX T MECTODOKASHUH 1 YIACTKOB, YT0 00yC/I0BIE€HO ABYMS I'IaB-
HEIME (PAKTOPAMM: COBMEIeHHeM pasHoGOpPMaHOHHOI0 ¥ TIOJMXPOHHOIO 30JIOTOIO ¥ YPAHOBOTO 0Dy AeHEeHM s
B IIpefenax OXHUX PYACKOHTDOMAPYIOUHMX CTDYKTYP 1 BEICOKOI1 3o10ToROCHOCTRIO (0,1 — 11,0 T/7) moAOMHUT-YT-
JNEDPOIUCTHIX CAaHIEeB MaphiKcKoil cBuTh (Rosh). Crenan BBIBOJ O BHICOKHX IIEDCIIEKTUBAX BRIABICHHUA B IPO-

BUHOUH MGCTOpO}KHeHHﬁ BoraTelX KOMILIEKCHBIX 30JI0TO-YPaH-PEeIKOMETANBHLIX C INIATUHOUAAMU DY A.

BBEJEHUE

Cesepo-Kasaxcranckas ypanosopyaras nposurnus (CRYPID) samumaer cesepHy 4acTh
Koximeray-Cesepo-Tarn-lllanbckoro ypanoHOCHOTO HosAca U obbegnaseT 6oiee 50 yparOBHIX Mec-
ToposkneHmit. BoICOKHe mepCeIleKTHBRE YPAHOHOCHOCTH IPOBMHINH GbLIN onpesienensl yxe B 1950~
e Togsl. C MOMEHTA OTKPBLITHHA IePBhIX MeCTODOXKAEHHI B IPOBMHIINM IPOBENEHBI SHAUNTENbHBIE
O6'BEMBI FEOJOTHYIECKHX, TeoQM3NUeCKHX, MeOXUMHUYECKWX U APYIHX HCCIeLOBAHHUIN, npobypeHa
ceepxray6okasn cksaykpna CT-1, gaBuias YHUKATBHYIO Te€OJOTHYECKYIO HHDOPMALNIO.

B npoBMHLME HAPALY ¢ MECTOPOKIEHUAMH YPaHa BEIABIEHL U PA3BEAAHbl HPOMBIIILIEHHbIe
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SHIOTeHHbIe MEeCTOPOXKASHHUA 0J0Ba, 30JI0Ta, ypaHa, BoIb(ppama, MeTaMOpdOreHHbIE MEeCTOPOMKIe-
HHUS aJIMA30B, POCCHINM 0JI0BA, TUTAHA U IMPKOHUS, & TAKMKe DAL NPOABICHUE APYTHUX I10JIe3HBIX
HCKOTaeMbIX, CO3LAI0INNX B IeJOM YPaH-30J0TO-DeSKOMETANBHEIN MeTaLI0TeHHYeCKHE TpoduIs
HPOBUHIIMH.

DopMUpPOBAHNE MECTODOKISHUH IPOBAHIINY IIPOUCKOANIIO B PA3THYHIX Ie0AHHAMUYECKHX
o6cTaHOBKAX ¥ HAa PASHBIX dTaniaX pasBuTus pernoxa. Hepeako pasHOTHIIHEIE MECTOPOMKASHASA IIPO-
CTPAHCTBEHHO U Me0JOTMYECKY COBMEIEHE! B Ipefeiax OJHUX PYAHBIX Y3JI0B U [oJei, 4To 06yeaos-
JNUBaeT B PAME CAYYAEB MOJUTEHHBIH, MONIHXPOHHLIA I KOMILIEKCHBIH XapaxTep OpyAeHeHud.

QcobernHoctu reonoruveckoro crpoerus CKYPII moaBonaoT Npors03upoBaTh 3ech BEICOKHE
NepCHeKTUBLl PYAOHOCHOCTH 30H PETMOHAILHBIX CTPYKTYDHO-CTPATHIPAGUUECKUX HECOIIachHi, ¢
KOTOPHIMHU B ABcTpanny, KaHajie ¥ IPYTHX paioHaX MUpA CBABAHBI KPYIHENIIe MeCTOPOIKICHNA
GoraThIX KOMILIeKCHBIX 30JI0TO-YpaH-pegroMeTaabsrx pya[1,2,3]. Oanaro, B cBA3H ¢ y3KOBELOM-
CTBEHHBIM TOAXOJOM, MHOTYE MECTOPOMKACHUA He NOJYYHIN KOMILIEKCHOH ONEeHKY Ha IIMPOKUM
KPYTI 8JI€MeHTOB, B TOM YHCJe U 30JI0TO.

Takixe HeOOXOAUMO YUUTEIBATE TO 06CTOATENIBCTBO, UTO IS TePPUTOPUH IPOBHHIME XapaK-
TEPHO MIHPOKOe PA3BUTHE KOD BbIBETPUBAHUSA. JT0 SHAUUTENHHO OTPAHNYMWBAET BOBMOMHOCTH IPO-
BEJEHMS MOBEPXHOCTHBIX JUTOTEOXUMHUYECKNX UCCIeAOBAHNH M BEIBATAET HA IeDBLIH I8 H [IOCTa-
HOBKY KOMILIEKCHBIX T€OXMMUYECKIX HCCIEA0BAHYHM HA PABBEIYEeMBbIX H OKCILIYATHPYEMBIX MECTO-
POYKAEHNAX, KOTOPBIe BCKDHITHI TOPHBIMEU B OyposeiMu paGoramu. Ilonyuenusiéi rakum obpasom
MaTepHaJl ABJIAETCS BeChMa IeHHBIM VIS IIOCTPOSHAS Mogeseil (GOPMUPOBAHNA PYIHBIX MECTOPOXK-
LeHHH, OeHKN MeTAJLUIOTeHHYeCKUX OcoDeHHOCTeH NPOBHHIMH, BHIPalOTKM HPOrHO3HO-IIOHCKO-
BBIX KpHUTEpHes c1aboIposBIeHHOI0 H ITyboK03aIeraloIero OpyaeHeHns .

Hamu 6b111 1TpOBe/[eHbI NCCIeLOBAHNA YPOBHEH HAKOIIJIEHUS PeAKO3eMeIbHbIX, HEKOTOPBIX
PeAKUX 2eMEeHTOB M 30JI0Ta B PYAaX ¥ PyAOBMeIIalonux mopoxax 6oee uem na 30 MecToporaeny-
AX ypaHa, 0JIoBa, 30J0TA ¥ APYTHX IIOJIe3HBIX HMCKOMAeMBIX IPOBHHIUN. B mcciegoBanuax raxxe
npuarManu yuacrie B.B. Berpos u J1.O. @egopuna. B ocuoBy paboTsl MOJI0MKEHE! Pe3yALTATEL MH-
CTPYMEHTANBHOrO HeATPOHHO~aKTHBAIIMOHHOIO aHAIM3A, BBINOJHEHHOr 0 Ha 6ase McclaeroBaTelb-
CKOT'0O SIIeDHOT'0 PeakTopa B 1abopaTopuy ATePHO-reoXHMuYecKux uccaegosauni Tomckoro monu-
TeXHUYeCKOro yuusepcurera (3as. jiaboparopuett E.I'. Beprman, amanuruk A.P. Cyaeixo). Kon-
TPONEHBIE aHANU3Rl mpoBogmauck B jaboparopuax III'0O «Cremreonmorusas (Pecuvbonuka Kasax-
crag), [I'O «Bepesorreonorusas, Koasckoro punnana PAH. PesyabraTe! H3yUeHWss OJOBOPYIHBIX
mectoporkgenutt CKYPII onybaukopans! panee [4].

CTPYKTYPHO — TEKTOHHYECKAA XAPAKTEPHCTHKA CKYPII

CKYPII B reorexToHIYecKOM ILIaHe oTBeyaeT KoxkuleraycKoMy 40KeMOPHCKOMY CpeJUHHO-
MY MacCCHBY H €ro KaJIefOHCKOMY IeOCHHKJANHANBHO-CKJIaIIaTOMy 00paMIe 0, KOTODPBIE, B CBOIO
ouepenk, ABAAITCA (PparMeHTaMH I0TC-3aIaJHON BETEBH Kajeouu ¥ paro-MoHTI0IbCKOro ICABYIK-
HOTO Iosica. 3anajgol rpanuilel nIpoBuHUNH sBiasgerca Typrafickuit nporub, Ha 1ore oHa CKpbITa
IIOJ BEDXHEIAJNe030UCKIMH OTNoXKeHuaMY TeHnscKoi BUagNuHbI, Ha ceBepe IJIABHO MOrPYsKaeTcs
nox Me3oxalHo30HCKUI yexos 3anaxHo-Cubupcko HUSMEHHOCTH, BOCTOUHON IDAHULEH CIYMUT
CesmeruHcKuit mporud.

Texrormueckoe crpoerue CKYPII onpegensiercs, raaBHEBIM 06pasoM, PASBUTHEM [BYX THUIIOB
PerHOHAILHBIX GJOKOBBIX CTPYKTYD, XaPaKTePH3VIOIINXCA Pe3K0 PASINYHOMR IJIOTHOCTHIO B COOT-
BETCTBHH C HAJINYKNEM MJIH OTCYTCTBHEM I'DAHUTUSWPOBAHHOT0 DYHAAMEHTA: PASYILIOTHEHHBIX I'pa-
HUTHSUPOBAHHBIX IMOXHTOHANBHBIX GJI0KOa ¥ IIOTHBIX, IPENMYIIECTBEHHO JHHeHHO-CRIALYaThIX
MexbII0KOBBIX 30H. IlepBEIe OTBEUAIOT CTPYKTYPAM, HMEIONIHM [IPeEMYIIeCTBeHHOE BO3ARIMAHUE C
HIMPOKUM NIPOABIeHHEM IPOIECCOB IPAHNTHSANINHY, BTODBIE — CKIAYATHIM 30HAM Ha MecTe pudTo-
TeOCHHKIHHATBHBIX CTPYKTYD (puc. 1).

B paseuruu Kokinerayckoro cpeguHHOr0 Maccusa u, cienosarensno, CKYPII srinenaiorea
yeThIpe I'JIaBHBIX 9TAlld, HA KOTOPHIX (DOPMHUPOBAIICEH XapaKTepHble CTPYKTYPHO-hOopMaTHOHHbIE
xomitekcel (CPK).

Tlepssoiii, nokeMOpHHCKME 9TAT CBASAH ¢ 3aPOKACHNEM M GANTeIbHON 3BOMIONUEH TPaHHTO-
THeHCOBBIX KYI0JI0B, (JOPMHEDOBaHVEM KPHCTAINYECKOTO PYEAAMEHTA H 0CAJ0YHOI0 YeXIa JPes-
el mnardopmel. [iaa CPK aToro THna xapaxrepHa BLICOKAS CTeNeHs METAMOP(QHIMA U TPAHNTH-
3a1HU ¢ 00pasoBaHUEM CTPYKTYD THUIIA FPAHUTO-IHEHCOBLIX KyNoaos. MeramopduuecKe 1 MarmMa-
THYecKHe 00paBoBaHUA OTOTO ATANA XAPAKTEPUSYIOTCH IPEUMYILECTBEHHO PEAKOMETANbHOM TeOXH-
MIHecKo# cnenuaansanyueii. Bmecre ¢ TeM, CyIiecTBEHHOIO PeAKOMETAIBHOI0 OPYACHEHUSA B CBAZH
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Puc. 1. Texmonuueckas cmpyrmypa Cesepo-Kazaxcmarnckoll YParosopyOHOL RPOSUHL LIS

I = nodnamua: I - Koxuiemaycxoe, I1 ~ Bazpadoscko-Illamcroe, I11 - Tmumpuescroe, IV —~
Hrapraunazawcroe, V— Ewrkuonvmeccroe, VI — Epmenmayceruii anmurauropuis; 2 — 8bICMY bl
JoKeMOPULICI020 U HUNCHENALe0301CK020 Pyndamenma; 3 — npozube: VII — M -wywureruir, VIIT -
Mapvescruir, IX — Cmepaumamar — Iapurceruil, X ~ Kanrmeickonveruiy, XI — IT emponaenos-
crwlt, X1I ~ Boemouno — Koxwemayeerxutr (6noxu: XIlTa — Cmennareruir, X116 - Koxcenzupcop-
cxuil, X116 ~ Asamceruii ), X111 ~ Cenemuncruit, X1V ~ Tenuscrasn enaduna; 4 — npozubut, 6o1no-
HeHHbLe OPAOBUK—CULYPUILCKUMU OMIOHEHUAMU, 5 — KAMEHHOYZ0LbHO-LEPMCKUE obpasosanus; 6 ~
Kanedoncrue zpanumoudvl; 7 — 0CHOBHBIE pa3iombl; 8 — ypanosopydrvie ysav. ( HOMepa 6 MAJbLX
kpysxerax ): 1 — Hwumcexuii, 2 — Mloknarx — Kamvuwossiil, 3 — Yucmonoavcruil, 4 — Banxauiun-
crull, 5 — I'panescicuir, 6 — Yazaunckuir, 7 — Mlamexuit, 8 ~ Kokcenzuperuii, 9 — Axcy - Manvibai-
cruil

¢ JAHHBIM 3TalloM He BBIABIIEHO, XOTA IPeANOChUIKY umMerTes [6].

B reyenwue BTOporo, panHeKeM6pHICKOr0-paHHECHIIYPHACKOTO oTana HeoZHOPOXHEH Kokge-
TaBCKUi CPeANHHBINA MacCHB 060coGMICH BHYTDH KalefOHCKOMN CKIAAUATOMN CHCTEMbI KaK yCTONYH-
BBIH 6J10K 3eMHOM KODBI. B 8T0 Bpemsa B o6paMIeHu MaccHBa PA3BUBAICTCS PHTOTEHHEbIE nporubel
C XapaKTepPHbIMHA MIEI0YHO-YIbTPAMa(UTOBBIMH, I'HIePOASHTOBBIME MHTPYSHAMI B O(DHOIATOBLI-
MY KOMILIEKCAMH.

B nmosamecmaypuiicKo-NeBOHCKOEe BPeMs BCA 06JACTH BOBJIEKAETCA B IPOLECCHl KOHTHHEH-
TaJIbHOTO OPOTeHesa, B X0e KOTOPHIX (OPMHUDYIOTCA TJIABHEIM 00pa3oM KOHTUHEHTaIbHEIE (BYIKA-
HOT'eHHO-0CaJOUYHEIe) (Qaluy ¢ UPHCYIel UM peskoll GanuaIbHOH M3MeHUYTBOCTHIO. MarMarmuec-
KHe ¥ 0CaJoUHG By IKaHOTeEHEIe 00DasoBanRnd BTOPOrO H TPETLETO BTRITCE XAPAKTePHIYIOTCH CHIe-
poxansKobIIbHOR CrHennaIusanei.

Tperuit sTan passuTha 06ycAOBIEH NPOLECCAMM TEKTOHO-MATMATHYECKON AKTHBU3AUUYN B
IO3THEM IIaJe030e ¥ DAHHEM Me3030€ B CBA3H ¢ 9BOJIOLMeld CMeKHBIX TepuuHCcKux — Typraft —
Cpennre-Tampmanberoit n Yunrns-TapGaratickoit sor. Ha sToM arale IpoHCXOARIO yepenoBaHye
cragui crabunusanuy ¥ aKTHBH3AIIH TeKTOHMYECKOro pesxuMa. CTabnInsaonHbIe Bepx Henare-
osotickue COK cosxeHs! HCKIIOYATENBHO OCAJOYHBIME GopManmaMu. B Me3030MCKYIO CTauio
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popmuposanucs COK Ta®pOreHHEIX BIAaAKH C NPUCYIIMME UM YIJIEHOCHBIMM MOJIACCOH/{HBIMH
KOHTHHEHTAIbHBIMH OTI0KeHIAMH, KOTOPbIe HEPEKO COIIPSIMKEHBI C KOHTPACTHO-Au(pdhepeRnnpo-
BAHHBIME 00PasoBaHUAMY TPaxubasaIbTPHOINTOBOR QopManyy.

Begymumu yparosopyaubivu dhopmanuamu CRYPII asnaioresa popManuy B HUSKOTeMIiepa-
TYpHBIX MeTacoMaTuTax (ypaHosad, ochop-ypaHoBas B vficuTax M ypaHoBad, moaubeH-ypaHoBas
B alicuTax ¥ Gepesurax). JHIOreHHOEe YPAHOBOE OPYACHEHNE IPUYPOIEHO K CTPYKTYDPHO-MeTalIoTre-
HHEYECKHM 30HAM, BbLAEISeMEIM B KORTYPax PUQTOTeHHEIX 30H JeCTPYKIIHHE 3eMHOY Kope!. B menom
Ha TePPUTOPHU TPOBUHIIUH BhIEJISIeTCH YeTEIpe OCHOBHbIE MeTaIIOTeHNYecKue 301 [1], cooTser-
CTBYIOLINE PAHTY PYJAHBIX PaiiOHOB, KOTOPEIe 00beAMHAIOT 9 OCHOBHBIX PYAHBIX Y3J10B (puc. 1).

ITpoBeEHHEIMY HCCAEAOBAHUAMY OXBayeHs! 20 YPAHOBBIX MECTOPOKACHU ¥ yUACTKOB BOCH-
M{ PYAHBIX Y3JI0B BCEX OCHOBHBIX YPAHOBODYIHBIX 30H mpopuHmuu: Wmumcko-BajikammuCKO#,
Bypayxekoi (Bomogapexoii), Yarnuucko-Magsibaitckoit m Kybacansiperoi (tabur. 1).

PE3YJBTATHI HCCJETOBAHUAN U X OBCYKIEHUE

VisyueHHBIe YPaHOBOPYAHBIE MECTOPOXXIEHAA PA3IMYHBIX DYAHBIX Y3JI0B U 30H 3HAUUTEIHHO
OTAMYAIOTCSA IO YPOBHAM HAKOILIEHHA B XapaKTepy pacupefenenus penxux (Sc, HE, Ta), pearose-
menpunx (La, Ce, Sm, Eu, Yb, Lu) anemerToB u 301074 (1261. 1, pHC. 2).

CyMMapHoe cofiep/Kanue H3YYeHHBIX pefKo3eMenbHbIX anemenTos (XTR) B pyzax 6onbums-
CTBA MECTOPOMAEHMI 3HAUNTENILHO IPEBOCXOAUT UX CPejlHee COTEPXKaHMe B 3eMHOM Kope (KaIapk).
Vckarouenne COCTABIAIOT paAn Mectopomgennil Mmumeko-Barkamyackoil ypaHOBOPYARON 30HBI
(Kampimmosoe, AxkarbOypiykckoe, [eprauésckoe, BocTok, OMbruHCKoOe), KOTOPBIE B OCHOBHOM OT-
HocaTCs K Gepesmrosoli popmanmu. [lo Bexmunne ZTR ypanoBODYAHBIE 30HBI B IIOPAAKE BospacTa-
HEs BhICTpaMBaioTcA B pajg: MmmmMcko-Banxkamunckas - Bypaykckas (Boaogapekas) - Harums-
cxo-Mannibaiickas - Kybacagpiperas. Makcumanbuoe comeprxanue XZTR ormewaerca B pyzax
ATalICKOro MEeCTOPOMKIOHA, 3aIeraloero 8 JefiKoKPATOBLIX IPAHNTAX ONHOMMEHHOIO MacCuBa
(YD;.5), 1 B pynax Kybacageipexoro u [Ipupeunoro MEeCTOPOKICHNH, 33JIeraloniyX B IeT0YHbIX HH-
TPY3UBHO-BYJIKaHOTeHHBIX o6pasoBanuax Mmmumckoro maccusa (€11Ds3).

C ypesnuennem TR B pyAax MeCTOPOXKAEHNH 3aKOHOMEDHO HBMEHALTCA COOTHOIICHHE JIEr-
KHX, CPeIHUX H TxENsX JaHTaHorgos. 06maa cyMMa PeKO3eMeIbHBIX 2IeMEeHTOB BO3pacraeT B
OCHOBHOM 38 CY6T yBeJandeHus nérxux ganragounos (La, Ce), mpu 5ToM yBeNHUHBAIOTCA OTHOLIE-
g La/Yb n La/Lu (puc. 2).

CoorHomenye J6rkux u cpeganx danranonzos (La/Yb, Ce/Yb) B MecTOpOXKACHNAX MEHALT-
¢ BeChMA 3HAUMTENLHO KAK B GOJBIIVIO, TAK B B MEHBIIVIO CTODOHY OTHOCHTENBHO UX OTHOIIeHHH
B 3eMHOI Kope. BMecTe ¢ TeM, Kax BUAHO Ha IMATDAMMAX, BeIMUMHA KIADKOBBIX OTHOLIEHWH die-
MEHTOB JeluT 0BIIVIO BHIGOPKY MeCTOPOXKACHHU Ha ABe PASHOBEIHKME IPYIILI, 13 KOTOPEIX (05"
mas rpynna (12 MmecToposkAeHII 1 yY4aCTKOB) XapaKTepuayeTcs CMellleHNeM OTHOLIEHHSA B CTOPOHY
JNEerKUX JaHTAHOHNIOB.

B cooTHOmeHR®H AETKUX ¥ Taxensix aarranongos (La/Lu) ormeuaerca ofpaTHAd 3aBUCH-
mocts. Ilonapasaioee GOMBIIUHECTEO M3YUEHHBIX 00beKTOB (15 u3 20) oTanyaorcd cMelenueM oT-
HOIIEHNHE B CTODOHY TAMENbIX NaHTAHOHIOB (yMeHsinerRue La/Lu) oTHOCHTENLHO OTHOUIEHNA HX
comep:KaHUH B 3eMHON Kope. IIpuuéM 5TO OTHONIIEHME MUHHMAJIBHO B PYAaX MeCTODOXKAEHWH
WNmumcro-BanamnacKoi 3086, KOTOPLIE XapaKTepUayIOTC] MUHNMATLHBIM cofeprranueM ZTR.

TTo orromrennio Sc ¥ Ta Bce MECTOPOMKAEHNUA CABUHYTEI B CTOPOHY Ta OTHOCHTEIRHO OTHOIIE-
HUH# KAapKOB sremedTos. Taxske Bce 663 HCKIKOUEHUA U3YUeHHBIe MECTOPOXKIEHUA XapaKkTepusay-
J0TCS BEICOKVMHY HagKJIapKoseIMU cogepxanuamu HE. Beé aTo ykassiaeT Ha BEICOKYIO CTelleHb I'e-
OXMMEUECKOTO POJACTBA YpaHa ¢ PEAKMMY U PefKo3eMeJbHBIMH dleMeHTaMy Ipu GOPMUPOBAHHMY
IAAPOTEePMATLHDIX YPAHOBLIX MECTODOKAeHNI IPOBHHIINH.

Bricokue comepsxanud sojnota (> 0,05 r/T) BeIsiBIeHE B PYJAaX CeMU MECTODPOXKICHWHA 1 y4a-
CTKOB PAsIHUYHBIX DYAHBIX 30H ¥ y3710B. AHANINS MaTepHAaI0B IOKashIBaeT, UTO HOABJICHNE BHICOKUX
KOHIeHTpanui soxora 06ycnopieso AByMa (axropamMu. Bo-iepBeIX, BRICOKHE KOHUEGHTPALWH 30~
JI0Ta BBIIBJISIOTCH B pyAax ypaH-6epesuroBoit opmannu (Axxanbypirykckoe, BukTopoBekoe mec-
TOPOMKAEHHA) MK IPH COBMEILEHHH YPAaHOHOCHBIX aficutoB u b6epesnrop (IllaTckoe, Harnusmckoe
MECTOPOKACHNA). BTopbIiM QaKTOPOM, OIPEJeNAI0NMM BEICOKYIO BOJOTOHOCHOCTD DY, SBJASETCH
JToKanus3anusd opyneHeHus (difcuroBoit nau GepesuToBoi hopManuy) B 30J0TOHOCHBIX YITIEPOAKC:
TO-KPEeMHMCTHIX CAaHUAX MWAaPHIKCKOH cBHTE (Rogy ).

BmecTe ¢ TeM, eCTh XapaKTepHble OCOOGEHHOCTH B pPACIpEeieHNH PeIKUX, PeAKO3eMeIbHEIX
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Tabmuia 1
Conepxanne peKuX 3JIEMEHTOB 1 30JI0Ta B PYaX YPaHOBBIX MECTOPOKAECHUIL
CKVYPIT

Sc La Ce Sm Eu Yb Lu Hf Ta Au

X X X X X X X X

|v~v~v;v-v~v~v—v;1v—v

1. HmmMcko — bankamuHCKas ypaHOBOpYAHAS 30HA
1.1. oxnak — KaMbIIIOBBIH pyIHEIN y3en
VY paHOHOCHBIE MCUTEI B KPaCHOLUBETHEIX Monaccougax (D.;)
1.Mectopoxaenue loknak

1157 123 J1ole6 |40 [36[63[35[65[31[30[22[24[70]29[<05] [ -]

2. KamMbIlIoBO€ MECTOPOKNCHHE

14 1257981 49 [<30] | <3 ] J18]30(<05] T<05] 14 J1of1,8] 75 - ]

1.2, UYncrononbCkuH pynHBIH y3en
YpaHOHOCHBIE GEpEe3UTHL:
- B craHIax mapbikckoi (Rag) 1 anmpeeBckoit ¢BUT (R3an)
3. AxxaHOYpIYKCKOE MECTOPOXKICHHE

14 140 [ <7 ] | <30 <3 J3ol7slss] 772371 T120l90 727797 T0,18]120

- B KpacHOIBETHBIX Monaccounax (D.;)
4. BUKTOPOBCKOE MECTOPOXKICHUE

10 [20f100]160]<30] [<3] [1,3]37]05[58[20[39]63] 7171097 85]005]93

1.3,  bankammHCKMIH pyIHBIX y3€1
Y paHOHOCHEIE Oepe3HThI
B CJiaHIaX e(pUMOBCKOM CBUTHI (Pter)
5. JlepradeBcKoe MEeCTOPOXKIACHHE

10 [ 74 | <7 ] [<30] [ <3] 1281160]491107]27] 42|85 |86 |4,6][140]

B TeppUreHHBIX oTiI0XeHIX (Oy.3) u addyzusax (Dy3)
6. Mecropoxaenue Boctok

19140 ] <7 ] [32]68 1 <3] 11,71 34 [<05] [<0,5] [1s T4 T32]110] - ]

B KHCIBIX 3 dy3mBax (D;3)
7. OneruHCcKOe MECTOPOXKICHHE

3 196 ] <] [<30] [ <3 ] 130110789790 [33133] 74 106]44]85 ]

2. Bypnyxckas (Bononapckas) ypaHOBOpyIHas 30HA
2.1. I'paueBckuil pyassii ysen
YpaHOHOCHBIE 3HCHTHI
B rpanuTax Jleraeeckoro maccusa (yDj)
8. I'pateBCcKoe MECTOPOKACHHE

s

23 [ 68 190 ]120]<30] <3 ] T29712979,71150]19[100]801 69 [1,0]55]

9. KocaumHoe MECTOPOKACHUE
B 30He KOHTaKTa mopduputos (€.2) ¥ ClaHLEB MAPHIKCKOH CBUTBI(R24h)
9.1. IlenTpagpHbIi y4acTOK

23 [120] 31 [ 63 [ 91 [190]7,1[50 [1,7] 66 [2,1 [ 55]2,9] 61 [ 20 [100]0,9 | 87 [0,20]150

B CNIAHIIAX MIAPBIKCKOM CBUTH (Roqh)
9.2. Yuactox Caprybek

35160 11198 | 120(290| 18 [200; 08 | 8 | 1,461 |05 66 18 | 110} 0,7 | 54 |0,16| 92

B BYJIKAHOTECHHO-TEPPHIeHHbIX oToxeHusAX (O3-Sy)
9.3. KyTy30BCKHH y4acTOK

17 [ 24 [ 30 ] 60 | 93 [ 92 [ 20 [168] 1,7] 65 [ 29129 [1,3[300] 17 [130[13[36 [ - |

B IIECYaHHO-CNAHLEBLIX OTAOXKEeHHAX (Ran)
9.4. BonoTHBIH y4aCTOK

94129 1120] 85 [<30] [ <3 ] (27133088 [22]55[23[55]1,3][190] - |
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Sc La Ce Sm Eu Yb Lu Hf Ta Au
X X X X ' X X X

’IV;V”V“V’V vizgtvicivizclilviliz Tv

~ 9.5. 3amagHbl y4acToOK
s3l73[uofuus[<30] [<3] To9[e4]<05] [1,7]103] 10 [140]06] 58] - 1
3. Yarnuucko — Mansibaiickas ypaHoBOpyqHas 30Ha
3.1.YarnuHCKWit pyaHbIi y3en
YpaHOHOCHBIE 2MCHTHI B KBAPLUTaX U CIAHIAX [HAPBIKCKOH CBHTHI (Rogn)
10. YarmmHcKoe MeCTOpOKICHHE
20 [106] 24 [38 [34 [ 85 [ 15 [140[ 1,81 30 [3,9]210] 06 ]110] 12 ] 58 | 0.7 | 35 Jo,330]170
3.2. larckwii pyaHbIii y3en
11. llatckoe MecTOpOXKIEHHE
CoBMelleHbl yPaHOHOCHEIE SHCHTH! H GepesuTsl B ByikanuTax (O5)
16 [ 90 [ <7 ] |44 172 <3] [27[66[05]110]<0,5] [49] 79 [ 0.6 ] 64 [0,15] 97
12. Aramckoe MecTopoXIeHHE
Y paHOHOCHbIE JHCHTEI B ICHKOKPATOBBIX rpanuTax (YD)
11 [ 25 [130]100]200]140] <3 | 120136 (1,147 [1,4] 88 ] 17 | 84 | 1,1] 47
3.3. KokceHrupckuii pyaHsiif ysen
YpaHOHOCHBIE JHCHUTBI B U3BECTHAKAX TACTHIKOIBCKOTO Topi3onTa (O5')
13. 3a03epHOE MECTOPOXKACHHE
47138192790 [72 88 [ 16 [100[09[48 [ 1577 [3,0] 80 ] 19 [ 64 [ 0,6 ] 24 ] - |
14. TacThIKONBECKOE MECTOPOXKICHUE
92180 [ 12 [74 [44 1140790170 [ 1,1 [ 44 | 11 [150] 2.8 [ 150] 24 [100T0,6] 29
4. KybacaapIpckas cTPyKTYpPHO — METAIIOTeHHYECKAs 30Ha
4.1. Kybacanbipckuil pyaHbli y3en
YpaHOHOCHbIE SHCHTEI B armeiinurax Mummcekoro Maccusa (stDs)
15. Mecropoxaenne Kybacausip

-

i

16 | 32 [ 100] 68 [180] 66 | <3 | 2,6 ] 43 ]2,0 [144]<05] [ 86 [ 90 [1,0] 74 - |
16. Mecropoxaenre lpupeunoe
3,81180] 90 [ 6l J160]140] <3 ] [ 28] 4471,0]49 [<05] [ 39 J100]1,2]49 ] - ]
) Cpennee comepxaHue 3IEMEHTOB B 3¢MHO# Kope [ 5]
30 (16 [33[] T35 Tuwa] T122] Jo3] 131 [1] [ 0003

llpumeyanue: X - cpeqHEe COAEPKAHUE DIEMEHTA, T/T;
V- koaddunuent rapuanmu, %
[Tpouepk — copepxanue Au <0,05 r/t

SJIEMEHTOB ¥ 30JI0Ta B MECTODOMKIEHMMX OT[AEJbHBIX YDAHOBODYAHBIX 30H W DaiiOHOB, KOTOpBIE
00YCITOBIEHEl MX T€OIOTHYECKUMY ¥ MUHEpATeHHYeCKUMHE 0COBeHHOCTAMH.

Hummcxo-Bankamunckas ypaHOBOPYAHAA 30HA o0beIUHAET T H3YICHHBIX MeCTOPOM e HUK
TPEX pasaYHbIX pyAHLIX Y3108 (Lloxnak-KamMeimrossrit, Uucrononbcxnit, Bankamunckuii). Mec-
TOPOMKJEHHS DTOH 30HBI B OONBIIMHCTBE CBOEM XapaKTepHAVIOTCH HAMMEHbITHMHI (cybrapKoBbI-
mu) xonnerrpanuamy LTR, sa HCKIOUeHNeM MeCTODOKACHMIL, JOKAINABYIOIIHXCA B KPACHOI[BET-
HBIX MOJIACCONAX OPOreHHBIX JenpeccHoHHbIX cTPYKTYP (Illokmak, Bukroposekoe). CooTrolrenne
nérxnx (La) u raxénsix marTanonzos (Lu) B pygax MECTOPOXKASHAH MaKCHMaIbHO CMEIleHo B CTO-
DPOHY THAMENBIX 2IeMeHTOB, UTO BhIPAKASTCA MUHNMANBHON BeTHUNHON La/Lu (puc. 2).

B pynax wmecroposxnenuit Uncronmonscroro pygmoro ysia (Axxanbypaykckoe, BuxTopos-
CKO€) BbISIBJIEHbI BBICOKHE KOHIEHTPAIIMH 30JI0Ta, B cpegHeM a0 0,18 r/t (raba. 1). Opynesenue B
Ipefenax ysina cBA3aHo ¢ GepesuTtopoit popmartueii. ITo nanmeim [1] B pysax Takixe 0TMeUAIOTCS TT0-
BhIIIeHHbIe KoHneHTpanun Ti, As, Zn, Cu, Pb, Hg. IIponecc ¢opMHpOBaHUA OpPYAEHEHUS BBLI
CTIOKHBIM, OTMEYAeTCHA HATOMKeHNe 9UCUTOBOH 1 OePe3UTOBON MeTACOMATHYECKHX (POpMAIHii.

Bricoxue KOHIIEHTPAIMY 30710Ta B PyAax AKKaH6YDIYKCKOTO MECTODOMKIEHUS, TI0 HaIeMy
MHEHHUIO, CBA3AHEI C YII€POAUCTO-KPeMHUCTEIMY CAaHIAME MIAPLIKCKOM cBUTHL (Ragy), KOTOPDIE B
lpefiesiax pyAHOro ysja NOBCEMEeCTHO KaTaKJIasuPOBAHBI ¥ COAEPIKAT GOIBIIOE KOMHIECTBO Tell IPa-
HUTOWULOB.

Bricoxas 30710TOHOCHOCTS Py BUKTOPOBCKOrO MECTOPOMKACHUS obyciIoBIeHa COBMelIeHHeM
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PASHOTHIHLIX IIPOILECCOB, UTO MOATBEPIKAAETCA BHISABIEHHEM B TOH e reoorudeckoil 06cTaHOBKE
(B KPaCHONBETHBIX MaJacCOMAaX) THAPOTePMANLHOTO 30JI0TOT0 OpyAeHeHus B Oepesurax (Jlursu-
HOBCKOE PYAOIPOABICHUR).

ITepcreKTHRBE 30JI0TOHOCHOCTH YPAaHOBHIX MecTopoxkzeHnt Mimumcko-BankamuacKkod 30HEL
MOSKHO OIEHHTH KAK BEChMA BBICOKHE, 0COOEHHO B CIyuae HAJOKEHUS IIPOIECCOB 0epe3nTHIaAIHN
HO OTHOKEeHHA IIAPBIKCKON cBumrhl. Hamrmmu ucciegoBaHUSMHM He OXBAUYEHBLI MECTOPOKICHWSI
WVImpMCeKOTo PYRAHOTO Y372, Te TaK Je MOMKHO OJKMAATh BHICOKHE COeP:HaHua AU, Ha UTO YKashl-
Baer Haauuue camoponuoro Ag B pysax llermrpansaoro mecroposxperus [1].

Mecroposkaenus MmmMmcro-BarxammEcKoil pygHON B0HBI XapaKTepH3YIOTCH MaKCHMAaib-
BpIMH yposHamu Haxonnerus HE (go 85 ~ 120 r/r 8 pymax JleprauéBckoro 1 AKKaHOYPIYKCKOTO
mecroposkaenuit) u Ta (go 8,2 — 4,6 v/t — Bankamusckuil pyassiil ysen). Pyzopmemaomiue crpyk-
Typsl BalKkaluwHCKOTO pySHOTC yaJa 61y MOOHMALES! B BaKJIIOUUTEIbHBIE CTagHH oporeHesa [1],
LA KOTOPOTO XapaKTepHO IPOABIeHUe CIeHANN3NPOBAHHOr0 PEAKOMETAIBHOI0 MarMaTuama [6],
YTO ¥ HAJIOMKIJIO CBOMH OTIEUATOK HA TeOXHMUUYECKHNH CIIEKTD YPaHOBBIX MECTOPOMKISHWH.

Bypaykckas (Bonoxapcerad) ypasoBopyaHAd 30HA BKJIOYaeT B cebda KpynIHeHIINi B IPOBHUH-
nuu 'pauésexnit pyausii y3eia. l'eoTekToNuecKas MO3AIINA Y312 ONIPEAEISETCH ero pasMeleEueM
B ceBepo-3ananuoi vacT KorieraycKoro MacCHBa B IPUYPOUEHHOCTEIO K 00JIACTH PerHOHANIBHOTO
CTPYKTYPHO-CTPATUIPadUIeCKOT0 HECOITIACHS MEMXIY KDHUCTALIHYEeCKNM NOKeMOPHHCKUM OCHO-
BaHHMEM U najeozongamu Hagoxenaoro Illapsikeckoro uporuba. KpynaedmaMu MecTOPOXKAEHHAMM
yana ssasiorca Kocaunnoe u I'pauésckoe, Pyasl MeCTOPOMKISHHH XapaKTepU3yIOTCH cTabMIbHO
BBICOKHMH COACPIKAHUAMHU PelKo3eMenbunIx anemenTos (ETR) upyu BEICOKMX BapHaluaX OTHOIIE-
HUH nanTaxonnos (puc. 2).

Ormeuaerca ofijee cCMellleHNe OTHOCHTENLHO KJIAPKOBBLIX OTHOINEHMH B CTOPOHY THIHKEIBIX
(La/Lu) u nérkux (La/Yb) anemenTon. Ha KocaunuoM MeCTODOKAEHUHN B PyLax, JOKAINIYIOMHX-
cs B CIAHIAX HNIaPLIKCKOM CBUTHI, BLIABISHE! BRICOKHE COfepyraund sonora {cpeguee no 0,2 r/1).

Haubonee gerarbHble HCCACIOBaHUA ObIJIN BHITOAHEHEI B pefienax KocauynmHEOro MeCTOpOHK-
IeHHd, IEe N3VUCHO OpYAeHeHNHe Ha b yYacTKax U MOJIyYeHbl YVHHKAJbHBIE I'e0JIOr0-TeOXNMIIeCcKHe
MaTepHajbl II0 BCeMY paspesy PyIOBMEINAaioiuX OTIOKeHHH mo cBepxraybokoll cxkpaxune CI'-1
(raba. 2).

Tabmwna 2
CpeﬁHee conepmaHHe pem(nx 3JIEMEHTOB H 30J10Ta B ITCOJNIOTHUCCKHX 06p33033HHHX
KocaunHOro MeCTOPOKICHHUS 110 JAHHBIM H3ydeHHs KepHa ckBakuHEl CI -1, T/T

T'eocnoruueckue obpa3oBanms, Sc La ] Ce | Sm | Eu | Yb | Lu | Hf | Ta | Au
HHTEpPBAJl 10 KEPHY CKBAKUHDI
Hduabasossre nopdupurs (5€,.2), 47 5,6 19 251 1,5]26 14067 03] 27 <005
18 ~ 2465 m
DHCHTHI, passuTsie o 1Ha0a30BBIM 24 14 21 3,1 221271 08| 4,2 1,0 1<0,05
nopdupuram, 2465 - 2522 M
Tonanuts (,,5), 2522 - 2746 M 18 20 33 391151291081 55| 08 |<0,05
CxapHBI, pa3BUTbIE [10 OTNOXKECHHAM IapbIKCKOH| 13 16 47 6,2 1,7 | 3,1 1,0 | 6,0 | 0,8 | 0,10
CBUTEL, 2746 — 2929 M
Kpapuuts! ¥ KBapl-yriIepoUCThIE CIIAHIE] 3 2,2 1 6,1 0,7 1,1 04104 1081 031030
mWapLlkeKoif cBUTL, 2929 ~ 3152 M

Ananns paussix no CI-1 nokassigaer, YTo BCKPHITHIE HA PAyGHHE PYAOHOCHLIE SHCHTEI, pas-
BUTBIE 110 A1a0a30BEIM HOPMUPATAM, IIO0 CRONM FeOXHMHUUYECKHUM XapaKTepUCTUKAM COOTBETCTBYIOT
pyvaam enrpansroro yuacTra (8 palione Koroporo 6slIa 3a/I0/KeHA CKBAXKUHA) M BeCbMa OJIM3KH K
TOHAJIUTAM, KOTOPhIE, BOSMOYKHO, B JAHHOM CAyYae UIpany pojib GQIIOUIOIPOBOIHAKA.

O6pauaer Ha ceba BHEMAHMWE BBHICOKAS 30JIOTOHOCHOCTH OTJIOMEHWH HIAPBLIKCKOM CBUTHI.
Cpepggee cogep:ranne sonora B gux xocruraer 0,3 r/r. Bmecre ¢ TeM, 3T¥ OTA0XEHNUA BECbMa HEOA-
HODOJHL X MaKCHMAJbHEIE cogeprRanus sonora (10 8,6 r/T) oTMeYa0TCd B IHPHUTCOREPMKAIIINX YT~
JIEPOAMCTEHIX CJAAHILaX Y8pHOro IBeTa. B crapHax, pasBuUTHIX Ha KOHTAKTe C TOHAJUTAMM, cpefHee
comepaxanue 3om0Ta samerno Hike (0,1 r/1). OgHaxo, B mpejenax pyZHOIO IT0JS H3BECTHO PYAO-
nposisnenne JlecHoe, rie BHISBIEHDI 30JOTOHOCHBIE CKAPHEI ¢ CyabGHAHON MUHepanu3anyue, pas-
BHTBIE II0 IIOPOAAM IIaPBIKCKOM CBHTHI.
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Bcé 3T0 ABJIAETCA YOeAMTENbHBIM AOKA3ATENBECTBOM BRICOKOH HEepBHYHOM 30J0TOCHOCHOCTH
OTJIOKEHMI MapEIKCKOM CBUTEI, KOTOPAsA B CBOIO OUepelh ABIAIACH HCTOYHUKOM 30JI0Ta P Qop-
MUPOBaHUY B €€ OTVIOKEHUAX GoJiee MO3JHETO 9HAOTEHHOTO OPYAEHEHUA. DTO MOATBEPIKIASTCH U
MaTePHaIaMH HCCIefOBAHNA OJIOBODYAHBIX MEeCTOPOKAeHN nposuHInH [4].

Ha orpenpubix yuactrax KocauwHOTO MeCTODOXM(/EHUS BBISBIEHBI BLICOKHE COLEDPIKAHU
PeKO3eMeNTbHBIX SIIEMEHTOB (Ce, Sm, Lu). B orzensusix npobax LlenTpantsroro yuacTka cogepsxa-
HUSA 3TUX 37EMEHTOB B HECKOJbKO PA3 HIPEBOCXOAAT OCPeJHEHHBIC SHAUSHHMA. B 2THX npobax Taxixe
BBHIABJIEHBI AaHOMATHHO BHICOKKE KOHLeHTpanuu Sc (zo 150 r/T), Hf (zo 93 r/t), Sb (10 12 r/1), Zr
(o 400 r/T), Nb (mo 140 r/1), Y (no 60 r/7).

B cBA3sw ¢ yEEKAIBHOCTHIO FeOXUMHYECKOTO CIEKTDPA, PYAbl OTAEIbHBIX JOKAILHBIX Tel Ko-
CaYNHOTO MECTOPOXKIeHNs OBLIN HCIIONB30BAHE Kaxk IPUPOJHAA CTPYKTYpoobpasyiomas obasra
LISl HONYYeHHA BRICOKOTEMIIepATYPHON KepaMHUKH ¢ ODUIHHAILHBIMHE YIPaBASeMEIMY CBOHCTBAMY
[7, 8, 9]. 9T0 oTKpEIBAET HOBBIE HEPCIIEKTHREI MCIIOJIb30BAHNA ChIPHS M [IO3BOJIAET CTABUTE BOIIPOC
0 KOMILIEKCHOM PeIKOMEeTalbHO-DeIKOBEMeILHOM XapaKTepe ypanossix pys KocaunHoro m Heko-
TOPHIX Zpyrux mecropoxxzennit CKYPII [10].

Ecrs m gpyrue nanHble, YKa3hIBAIOUINE HA BHICOKOE CONEPIKAHNE PEIKUX H PEIKO3EeMeIbHbIX
3JeMeHTOB B pyAax mecrtopoxnenuit I'pauéncroro pyauoro yana. Tak B pygax I'pauéscxoro mecro-
POYKIeHH A OTMeUAI0TCA IOBEIIEeEHbBIE CONePIKAHNS PeJKO3EMENTLHBIX 3JIeMeHTOB eDHeBoi Py
(10 0,1 - 0,2 %), a raxxe Li, Sc, Zr, Sn, F, Be, Nb, ocofenno B6Iu3¢ KOHTAKTA TPAHUTOS C M3BECT-
HAKAMHE MIADBIKCKOM CBUTEI, Te Pe3KO yBReanuuBaercs cogepxanne POy 10 2,5 ~ 27 % [1].

Bricoxoi perroMeTanbHOCTHIO XapaKTePU3YIOTCS TaKIKe BMellaoine opyaerderne I'payes-
CKOT0 MECTOPOYKASHH A I'PaHuTHI JleraeBckoro Maccusa (YD, 5). AHAIN3Z OTHEAbHLIX TPO6 rpasATOR-
JI0OB MacCHBa HOKazhIBaeT BeICOKHe KoHuenTpanuu La (180 /1), Ce (310 r/7), Sm (60 r/1), Th (11
r/t), Yb (52 r/1), Lu (7,4 r/1).

Yarpuncro-Manpifalickad YDaHOBODYAHAS 30HA BKJIOUAaeT B ceba 6 PYAHBIX Y3108, B3 KO-
TOPBIX ITPOBEJEHHBIMY HCCIe[OBAHHAMY OXBAUEHE! 5 MecTopoxaennii Yarnmurcroro, Illarcxoro u
Koxceurupekoro pynusix ysaos. [loMuMo ypara paccMarpuBaeMasi 30Ha BKJIHOYaeT B cebg Kpyn-
meiimmee B Kazaxcrane BacuabKOBCKOe 30JI0TOPYAHOE MECTOPOKAEHYE, MeJIKoe IONNMeTalInyec-
Koe MecTopoxaeHue Bepésopckoe, DYZOIPOSRACHWA 0JOBA U JKejesa, MUPKOH-THTAH-MATHETHT-
MILMEHHTOBBIE POCCHITIH,

Tlo cpegHUM XapaKTepHCTHKAM PeIKOMETANLHO-DEIKO3EeMeIbHOTO CIIeKTPA MEeCTODOK IeHMISA
Yarnuncxo-Mansifafickol ypaHoBopyAHOH B30HE! 3aHHMAIOT IPOMENKYTOUHOE IONOKCHNE MEIKIY
mecropoxkesusamu WmuMero-Bamamunckoil u Bypaykcxo-Bonogapcxko#t ypaHOBOPYZHBIX 30H
(puc. 2). Pesko Brifjienserca Aranickoe MeCTOPOIKAEHME N0 BBICOKOMY COIEPIKaHWIO PEeIKUX dJie-
merToB (XTR), uTo 06ycrosreso GopMuPOBaHNEeM OPYAEHEHHUS B ISHKOKDPATOBBIX rparnTax (YD .0).
ITo senuuume La/Lu ocHOBHas rpynma MecTOopoAeHHH (KpoMe ATAIlICKOT0) CMeNIeHA B CTOPOHY
THMKEBIX JAHTAHOUIOB OTHOCHTEIbHO KIAPKOBBIX OTHOIIEHHH 971€MEeHTOB.

B opegenax YaraMuacxoro pyxHoOro yajia n3ydeHo oJHONMEHRHOe MecToporxaerue. Ilo xornen-
TPAIWH Y COOTHOIIEHUIO DETKHUX ¥ PeIKO3eMe IbHbIX 3JIeMeHTOB JarnnHCKoe MeCTODOXKIeHHEe HMe-
eT cyOKIapKOBble XapakTepucTuku. Sproit oTanunreasHOE 0CO0eHHOCTHIO MECTOPOXKISHNAA ABJIH-
eTCs BHICOKAS 30JIOTOHOCHOCTh YPaHOBBIX pyA (B cpexnem 0,3 r/T, g0 2,2 r/T 110 OTHENBHBIM PO~
Ham). ITo gamuriv [1] B orAeapELIX 3aje/Kax MECTOPOYKIEHHUA coJepiKaHme 30o0Ta cocrasaser 0,6-
3,8 r/T.

Bricokas sos0roHOCHOCTE YaranHCKoro MecTopoxedns obbacHaeTca pagoM dhaxropos. B
npefenax pyAHOTO y3Ja pacruojaraeTca Kpynsoe BacniabKoBCKOe MeCTOPOXAeHNe 30I0Ta, OTHOCA"
meecs K (opMaIiyu 30J0TOHOCHBIX 0epesuToB. ¥ paHOBOE OPYJAEHEHUEe DYAHOrO y3na, Mo AaHHBIM
CBUHIOBO-N30TONHLIX KCCASLOBAHNM, NOIUXPOoHHOE, chopMUpOBaBIIeecs B nHTepsae oT 420 xo
250 - 270 man. xer [1]. Ormeuaercs copMenieHye pa3HOTHIIHBIX I'HAPOTEPMANIbHO-MeTaCOMATHYEC-
KHX usMeHeHU I (alicuTusanus, GepesuTusanud, MIHHNCTO-THEDOCIIONHCTRIe H3MeHEOHNA ), Pasand-
HOH reoXUMIYecKol crenuannsanuy (ypaHcBopyAHLIe, 30J0TOPYAHLIE) KaK B IpefeiaX ypaHOBO-
PYIHBIX 30H, TAK ¥ Ha BacHJIBKOBCKOM MeCTODOXKIEHUH.

Tak, nposeaéHHERIME pasuorpabuueckuM uccaegosanuamu [11] yecranosnaer nocrbepesuTo-
BBIH (HOCT30JOTOPYAHBIN) XapakTep YPaHOBON MUEepann3anuy Ha BacHIBKOBCKOM MeCTODOMXIe-
HHY, KOTOPAS CBA32HA ¢ PASBUTHEM PASINUHEIX PopM remaruta (I0 IUPUTY U B BIAe TOHKOH ceTH
HIPOXKIIKOB), UTO IIO3BOJISET CIeJATE BEIBOJ O HAJOMKEeHNH YPAHOHOCHBIX 3HCHTOR HA 30JI0TOPYAHbIE
GepesuThI.
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C npyroif CTOpOHBI, BAXXHBIM 00CTOATEILCTBOM SBJISAETCA TO, UTO PyAsl HarIuHCKOro MecTo-
POXKIEHNS 3aJIeraloT B Ipe/ieNax MaphlKCKOH CBHTEI, BRICOKAA B0JOTOHOCHOCTE KOTOPOH (pUKCHDY-
€TCs Ha BCeX M3YUYeHHEBIX 06beKTax.

IlaTckuit pyausLii y3ea o0 beAUHACT TPH YPAHOBOPYLHBIX MECTOPOKACHAS U DAL PYAOIPOIB-
JneHuit, orgocamuxca K Kapamarckoii mog3oHe, B COCTAB KOTOPOH TAKIKE BXOLAT MECTODOMKICHILA
30JIOTOTIOIEMeTaJIHdecKoi hopmanun (Aituobax, Harmansik, Marcop). B mpemenax Illarckoro
PYAHOIO y3Jjla H3yUeHbl ypaHoBble MecToporkIerusa [llarcKoe u Aramckoe, 3HAUUTENLHO OTIHYAIO-
HIHecA APYT OT APYTa MO0 Te0NOT0-CTPYKTYPHEOH [IOSHITMHA M TeOXUMHUUECKOMY CIIeKTDPY DY,

Pyasr IlIaTCKOrO MECTOPOXKACHNSA IOKATH30BAHE! B aHA3HT00a3aIbTOBEIX IIOPMOUPHUTAX U TY-
thax cpennero opnosuka. Vimest cybKIapKoBble XapaKTePUCTHKY COAeDKaHUE U OTHOIICHHI pex-
KUX I peAKO3eMeNbHbIX DJIeMeHTOB, MECTOPOXKICHNE 3aHUMAET COOTBETCTBYIONIee IIONOKEHNe HA
mmarpammax (puc. 2). Bmecre ¢ rem, pyast IllaTckoro MeCTOPOMICHNA XapaKTePHBYIOTCS BLICOKOH
3onoroHOCHOCTHIO (0,15 r/T). IT0, IO HaMIeMy MHEHHIO, OGYCJIOBIEHO MOJIUTEHHBIM U HOJTHXPOH-
HBIM XaPaKTepOM OPYAeHeHHUdA, YTO M 00'bACHSIET CIOXKHBIA MHOIOCTaUHHEIH XapaKTep PYLHO-Me-
TACOMATHYECKOTO IIPOIlecca ¥ ITUPOKHI reoxumuyeckuit cunexrp pyx (U, Mo, Zr, Th, Sr, Ti, Zu, Cu,
As, Sb, [1]). Bruskuil reoxuMu4ecKuil CIEKTD Py BLIABICH HAMM Ha 30JI0TOMOIUMETAIITICCKOM
MecTropoxaenun JKanaabik, Tie cogepaHue 3070Ta focTuraer 6,3 r/T IpH CpeIHUX KOHIEHTPAIH-
ax 1,1 r/r.

Pygel ArallicKOTO MECTODOMAEHHS 3ajeraloT B JEMKOKDATOBHIX I'DAHHTAX OZHOMMEHHOTO
maccusa (YD;.;). Hapazy ¢ BrICOKHM cofiepiraHeM H3y4eHHBIX PeAKO3eMeTbHbIX 3JeMeHToB (TabI.
1, puc. 2), B pynax ormedaercs [1] seicoxoe cogepxanne Zr (380 r/r), Y u Nb (n*100 r/1). Brico-
K¥e KOHIeHTPaluH PeKHX H peJK03eMeIbHLIX 3IeMeHTOB B Pyax o0bACHAIOTCA MeTaLIOreHue-
CKO¥ crennantu3anuell TpPAaHUTONAHBIX KoMiLtekcoB Kasaxcrana nefikoxkparosoit cepuu [6].

B cocras KokceHrupeKoro pysHoro ys3ia BXOLUT 6 MeCTOPOMIEHHTH, U3 KOTOPBIX M3YUeHE
Hanbosee xpynusie 3ao3epHoe n TactolKoascKoe. 062 MECTOPOXAEHNS OTHOCATCH K MeHOTHUCCKH
yEHKaNTbHOH (ochop-ypaHoBOH cybhopmanun, KOETPOIUDPYEeMOH# THAPOTEPMAIbHO-METACOMATH-
4YECKUMH M3MeHeHUAMHU Tula sucutusanuy. OpyneHeHde IPeJCTABIEHO MPEMMYINECTBEHHO Cyh-
TLJIACTOBBIMH JIMH3000DA3HEIMY BaJI€KaMI, JOKAIN30BAHHBIMY B H3BECTHAKAX TACTHIKOALCKOIO I'0-
pusonTa (O3!). Pysl XapaKTepH3yITCA MOBBINEHHEIMA KOHIEHTPAIMAMY PeIK03eMelbHbIX DJie-
menToB (ZTR, prc. 2) ¢ BripaikenHsIM cMelNenneM B cTropory cpeauanx {La/Yb) u raménsrx (La/Lu)
JaHTAHOMUAOB OTHOCHTENBHO UX KJIAPKOBLIX cooTHomeHnH . Hapany ¢ peikoseMe IbHBIMY DIeMeHTa-
MU B PYaX MeCTODOKIeHu# oTMeualoTca Bhicokre cogepxanua Th (1o 0,2 %), Zr (x0 0,8 %), Sr
(700,32 %), Tiu Mn [12]. B pynax aTHX MeCTOPOXIEHUMN He BHIABIEHO TOBLIIIEHHEIX KOHIIEHTDA-
i soJiora.

B cocraB Yarmurcko-Mansibalickoif ypaHOBOPYAHOR 30HBI TAKKe BXOIUT AKcy-Mausi6aii-
CKHIl pyAHBIH y3ed, 00befuBEAIOINNE PAR MeCTOPOXASHNN ¥ Py Aonpoasierui ypara. IloMmumo ato-
ro, B IIpe/iefiaX PYAHOTO y3Ja POABJIeHL 30JI0TOPYAHEIE MecTopoxaenus (AKey u ap.) B 6epesurax
(xkBapn-somoropynHas GopmManusa) ¥ IPOABIEHHA CKAPHOBO-MATHETHTOBOH MuHepanusanuu. IIpu
aToM ycTaHoBIeHO [1], uTo MoaubaeH-ypaHoBoe OpyAeHEHNe SBIAETCS HANOMKEHHBIM 10 OTHOIIE-
HUIO K MHHEPaJH3aUNK KBAPI-3010TOPYAHOHA ropManuu. Bmecre ¢ Tem, Ha ManriGaiickom ypaso-
BOPYZHOM MECTODOXKAEHWH YCTAHOBJEHO IPHCYTCTBHE CAMOPOAHOIO 30J0TA B IOCTPYAHBIX apce-
HUJIHO-KapOoHaTHRIX xuiax [1].

lIposenentrie HaMU PanMOreOXHMHYECKHE HCCIEAOBAHUA HA 30J0TODY/THOM MECTOPOK IeHHEe
AXCy IIOKa3bIBaiOT, UTO B 30JI0TOPYAHBIX GepesuTax IPOMCXOAUT SHAUUTETBHOE Iepepaclpeneie-
EHe ¥ yBeJINdYeHne KOHIEHTPANY ypaHa H ocoberEo Topus. Takum obpasom, 6oiee parHee IpoaB-
JleHye 30JI0TOPYAHOI0 Ipollecca B Ipejerax PyAHOTO ¥31a MOIVIO CO3LaTh TeOXHMHYeCKIe IpeIo-
CBLIKHY [Jisl POsiBeHAs 60Jiee MO3HET0 YPAaHOBOPYAHOTO IIPOLECcca, KOTOPBIH B CBOIO OUepefb 3a-
BeplLIKIICH (POPMUPOBAHHEM IIOCTPYAHBIX 30JI0TOCOAEDIKAIINX MUHEPATbHEIX ACCOIMAIlMii.

KybGacanpipckas CTDYKTYPHO-METANIOTeHUYECKas 30HA HMeeT B CBOEM COCTABe OJHOMMEH-
HBIA DYAHBIN y3es, IpecTaBleHHbIH IByMs MecTOpoRAeHuAME — Kybacaasip u [Ipupeunoce. Mec-
TOPOKIEHNA IPUYPOUEHEI K YJIbTPAINeI0YHEIM HopogaM (snuieiinuram) MIIMMCKOT0 HETPY3HBHO-
ro maccusa (€tnD;). Ho nanmeim [13] ypaHosoe opyneHenne OTHOCHTCHA K (POPMAIINE YPAHOHOCHBIX
oiicuTOB. BMecTe ¢ TeM, caM MacCHB ABJIAETCA CAOMKHBIM II0 COCTABY MHOTO(DABHBIM ILTYTOHOBYIKA-
HOM, mieJIOYHbIe II0POAbI KOTOPOI'O HCILITAIH MHOTOKPATHOE IOCTMAarMaTH4YecKoe mpeobpasoBanue
(or pagHuUX K 6o/Mee MO3AHNM): HeeINHUBAIUA, NEOTUTHIANMA, MIKPOKINHNIANN, GHOTHTH3A-
Ius, MyCKOBUTU3aLuA, KapboraTusanusa [14]. B pesyibraTte uero B cocTaBe IMOPOJ MACCHBA OTME-
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yaeTcs OGUIbHAA AKIeCCOPHASA MUHEPAJIH3AIIA, COAEPKATIAA PEAKIE U PeIKO3eMeTbHbIe SIeMeH-
ThHI: UMPKOH, MOHAIUT, DIINHUT, aHATA3, JeliKoKceH, Topar u ap. [14].

Bcee aT0 ompesiennio BBICOKYE KOHIEHTDALMH PeXKO3eMeNbHBIX 2IEeMEHTOR (ZTR) B pynax
ypaHOBbiX MecToposxzeruil Kybacansip n Ilpupeunoe, KoTOphIe COIOCTABMMBI ¢ XapPaKTEPHCTHKA-
MH pyJ Aramickoro Mecroposaenus (puc. 2). Coornomenue nanranonnos (La/Lu, La/ Yb), suaun-
TEJTBHO CMEIIeHO B CTOPOHY JIETKHUX 3JIeMEHTOB OTHOCHTEIBHO HX KJIaPKOBBIX XapaKTepucTuk. Py-
ABI STHX MECTOPOKIEHUN TAKIKe XapaKTepusyoTcs Haubosee BLICOKAMU cofepskanuamu HE, como-
CTaBMMBIMH JHIOb ¢ pyAaM# AXrauCypryKcKoro, Jleprauercroro i OJbIHECKOTO MECTOPOMKACH U
HmmmMero-Bankamueckoi ypaHOBOPYAHOH 30HEI (Taba. 1).

OGCHOBHBIE BBIBO/ABIL

Muorue rugporepMaibHble ypaHOBhIe MecTopoxaeHnst CeBepo-KaszaxcraHckoi ypaHoBOpY -
HOU IPOBUHUMYA XapPAKTePUBYIOTCA BLICOKHM COAEPIKAHUEM DEAKOZeMENIBHEIX, DEAKNX 3JEeMeHTOB
u 30J10TA.

[IpenmyniecTBeHHO HAKAILIMBAKOTCA JeTKue danranouast (La, Ce). Cpesn peAKHUX 2/eMeHTOB
npeobranaer Hf. Maxcumanbable KOHIEHTPAIME PEIKO3eMeIbHBIX 3JIeMEHTOB, KOTOpBIe 00y CI0B-
JIEHBI, TTaBHBIM 00pa3oM, JETKUMK TaHTAHOMAAME, XapaKTePHE! IJIA DY MeCTOPOMKISHHH, 10Ka-
NU3YIOMUXCH B TEHKOTPAHATAX W SNUIEUTIATAX WHTDY3HBHBIX KOMILIEKCOB JEBOHCKOTO BO3PACTA
(Aramckoe, Kybacaasipckoe u Ilpupeunoe mecroposxienns). B To ke spems Hauboxbiime coxep-
maHuA cpenuux (Sm, Eu, Yb) u tamensrx(Lu) 1aHTaHOMAOB OTMEYAIOTCA B PYJaX TeX MECTOPOIK-
NeHuH, Tie OTCYTCTBYeT ABHASA CBASH C HHTPYSUBHBIMH KOMILTEKcaMu, - AKKaubypaykckoro, Koca-
YMHOTO, 3a03epHOro, TacTEIKOIBCKOTO U AP.

Pacmpenenenne pefKo3eMeIbpHEIX 3JIEMEHTOR B PYJaX MECTOPOMKAeHHN HeogHOponHO. Tax,
Py JeTalbHBIX MCCIeOBAHUAX, IPOBOTUMEBIX Ha KOCAUMHHOM MECTOPOMIeHNN, BHIABJIEHBI JO-
KaJbHBbIE yYaCTKH BHICOKUX KogneHTpanui Ce, Sm, Lu, a Takxe Sc, Hf, Zr, Nb, Y, uro mossosuio
HCIOB30BATH UX B KAUeCTBe CTPYKTYpoobpasyromeit 106aBKY A OJIYUeHHS BHICOKOTEMIIePATYD-
HOU KePAMHKY C OPUTHHAJIbHBIMYA CBOMCTBAMH.

Brrspaens! BIcOKHE CONEPKAaHEA AU B pyAax 7 YPaHOBBIX MECTODOMKACHUN W y4aCTKOR (Me-
cropoxnennsa - Akkanbypiayxckoe, Bukroposckoe, Yarnunckoe, Illarcxoe, yuactrxkn Ilentpans-
uei# 1 Caprybex KocaumrOro MecTopoxgenns). IIpUYHHbI TOBHIIIEHHON 30J0TOHGCHOCTH OIIpee-
JAOTCH ZBYMS TIABHBIMY QAKTODAMA.

Bo-nepsrix, 970 cOBMEIIeHHE B IIpe/lellaX PYAOKOHTDPOMUPYIOINNX CTPYKTYD PYAHBIX TIONeH U
V3J0B pasHOCTaAUNHOMY 30JI0T0- M YPAHOBOPYAHOHE Murepanusanyuy. IIpryem oTMEUATCH KaK HANO-
seHMe foJlee TO3HEH yPaHOBODYAHOH MUHePAIH3AUH Ha 3010TopyAHYI0 (BacHIbKOBCKOE 300TO-
pyznHoe 1 MaHbIfalicKoe yPaHOBOPYIHOE MECTOPOIKICHUA), TAK K IPOABIeHKla Hoee o3gHe 10 0T~
HOIIEHHIO K YPaHOBOMY OPYJAEHEHMIO 30.10T0i Munepanusanuy (Magsibalickoe ypaHOBOPYZHOE Me-
CTOPOKACHIE);

Bo-BTOpRIX, 5T0 BRICOKAS 30JOTOHOCHOCTL [JOJOMHUT-YIVIEDOLMCTHIX CIAHIEB MIAPBIKCKON
cBuTH (Ryg,). Bricokoe comepskanme 30J10Ta B PYAOHOCHBIX B0HAX B CBASH € OTIOMEHUAM IIAPHIK-
CKO¥ CBHWTH (PUKCHDYETCHA KaK Ha ypaHorRopyIHEIX (AXKKaHOYpIyKCcKoe M Yaraimuckoe, V4acTKHE
Henrpaneueiit u Capryber), Tax u Ha 0onoBOpyAHBIX ([Jonenkoe, CrippiMber) MeCTOPOKICHHIAX.
Bricoxas 30JI0TOHOCHOCTD OTIOMEHUH MIAPHIKCKOM CBUTHI BHE PYAHBIX TeJ YCTAHOBJIEHA TAKIKe IO
JaHHEBIM 4HAJIN3a KePHA cBepXIaybokol ckpamuubl CI'-1, npoiizernoii B npexenax Kocaunmroro me-
CTOPOIKACHUAS.

O1ioeHNA IIAPEIKCKOH CBUTEI CIATraI0T Ipabenbl, IPHYPOUYeHHEEIe K PUQPTOBLIM 30HAM, ATH-
Ha KoTophIx gocturaer 550 kM [15]. CBuTa pesko HecorIacHO 3ajeraeT Ha MeTaMOPPHUTAX KYYCIeK-
CKOH CBUTHI HUMKHETC pHded I IOBCeMEeCTHO XADAKTePUIVeT A IIOBLIIICHHBIM conepixannem Ph, Zn,
Cu, As. ®opMUpOBaHHe CBATH IPOUCXOANIIO B OTHOCHTENBHO CIIOKOMHOM TeKTOHUYECKOM pPesKiMe
B ILIATHOPMEHHBIX yeaoBuax [15].

Heobxogumo oTMeTHTD, YTO BRIIOJHEHHBIe HeeaenoBanud [ 16, 17] pasnosospacTarix yepHO-
cnaHnepsix Toxiy CesepHoro Kasaxcrada mo3BONMIM BHIABHTEL B HHX TaKiKe HAPAAY € B0JOTOM U
PeRKO3eMeNrbHEBIMI 3JIeMeHTaMHI BbICOKYe coJepiranug matusongos (Pt, Pd, Rh, 0s). Bee s1o mos-
BOJIsIET IPOTHO3KNPOBaTH BHICOKME HePCIeKTHBE BhHIABIEHNA B CBABH C OTHOMKCHUAMHK MAPBIKCKOH
CBUTHI HOTATHIX KOMILIEKCHBIX 30JI0TO-YPaH-PEIKOMETANBHEIX C IIATUHONAAME PV, aHAJIOTH KO-
TOpBIX U3BecTHHI B Kurae, Ancrpanun, Kanane u gpyrux paitonmax mupa [18, 19].

Taxmm 06pazoM, IpOBefeHHLIE HCCIENOBAHNA MTOKA3BIBAIOT, UTO MHOI'HME YPAHOBBIE MECTO-
posxaenns CKYPII o cocraBy SBIAIOTCA KOMILIEKCHLIME YPAH-30JI0T0-PEAKOMETAILHEBIMHE MECTO-
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poxnenusaMu. B cBoe BpeMs 9TH MeCTOPOXMIEHHUSS OLEHUBAINCH TOJTHKO KAK YPaHOBbLIE HJIHM KOM-
nrexcuslie ¢ pochopom man monubaerom [1]. Msyuernne 3050Ta 1 peAKUX 31eMeHTOB Tpebyer ocTa-
HOBKH cIenuanusupoBaHHbx pabor. B KauecTBe BasKHeEHINEro JIHTOJIOTO-CTPATHIPaAGUUIECKOro
KpHUTEpUst BHISBICHUS OOrarhlx KOMIIEKCHEBIX 30JI0TO-YPaH-DeJKOMETaNbHBIX C ILIATHHOUZAMH
PV IIPOBHHLOMHE CJeyeT PACCMATPHUBATEH OTIOXKEHHS IIADBIKCKON CBHTHI, BHICOKA 30JI0OTOHOCHOCTD
KOTOPOM yCTAHABAMBASTCA B IIPOCHEKUBACTCH Ha BHAUNTENHHOM IPOTSYKEeHNH B CBASH C M3yUeHH-
eM PasIuUHBIX 10 COCTABY M I'eHe3HCY DYXHBIX MEeCTOPOXKIAeHHH.

B nodzomosxe mamepuanos k onybauroearnuio oasvwyno nomowsb okasaau I1.H. Jlanynos u
H.H. Haiibaysp.
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RARE ELEMENTS AND GOLD IN DEPOSITS NORTH-KAZAKHSTAN URANIUM
PROVINCE

A.A. Potzeluev, L.P. Rikhvanov, S.L. Nikolaev

The information on levels of accumulation of rare elements and gold in uranium deposits of
a province for the first time presented. The reasons of formation of high concentrations of ele-
ments on a number of objects are uncovered. The abnormal contents of rare earths, mainly if mild
lanthanoids, are characteristics for ores of deposits localized in leucogranites and epileucite of
intrusive complexes of Devonian age. The greatest contents of mean and heavy lantha-noids are
marked in ores of those deposits, where there is an obvious connection with intrusive complexes.
The high contents of gold (0,n ppm) are detected in ores 7 deposits and sites, that is conditioned
by two controlling factors: by overlapping verious formation and polychronic golden and uranic
mineralization within the limits of one ore-control of structures and high gold content (O,n — n,0
ppm) dolomite-carbon shales sharicskoy of suite. Is drawn a conclusion about high outlooks of
detection in province of deposits rich complex gold-uranium-rare metals with nouble metals of
ores.
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IIOKA3ATEJHW HEQOJHOPOIHOCTU '’EOXUMHYECKOIO CIIEKTPA KAK KPUTEPHH
PYJTOHOCHOCTH (HA NIPUMEPE ITIOJIEY PEIKOMETAJIBHBIX MECTOPOKIEHHHN)

Houneayes A.A., Faspunos P.IO.

B npouecce puphepeHInAIBHOTO IIePeMeIeHI S BeIeCTBa UPOUCXOHUT UBMeHeH e o61IIero xapaKkTepa
reOXHMMHYECKOr0 CHEKTPA reosiornyecKux obpasoBauuii. SToT 1porece oTpaskaeTcs Ha yBeIUYSeHUHU ITI0Ka3aTe-
et gucnepenu (JII'C) n sapuanuu (BI'C) reoxuMuyeckoro cnexrpa, KOTOpble PACCUATHIBAIOTCH TIO HOPMHKPO-
BAHHOMY COLEDIKAHHMIO BCEX IIPOAHANUBUPOBAHELIX bieMenToB. VX cTarucTHyecKas YCTONIHBOCTE ONIpeiensd-
eTCs KOJIMUeCTBOM IPOAHANH3HPOBAHHBIX XHMUYEeCKHX anemenToB. O6nacTs Bos3eiicTBua oxasarenes JI'C u
BI'C, nonyuenspx no BHIGOPOYHEIM KRHHBIM, COOTBETCTBYET PAsMepy IecJOTHYecKOoro npoCTpPaHCTRBa, OXBA-
eHHOTO BEIGOPOUHBIM onpofosanuem. O6nacTs Bo3selicTBNs IOKasaTenel, ONeHEHHEIX 110 efUHENYHOH npobe,
ompenensercsa ee reoMerpuel, Ha npumMepe pefKOMETAIbHBIX MECTODOXKACHUH IOKa38HO 3HAUUTEIbHOE YBE-
aavenune [I'C u BI'C 8 HanpaBieHry OT NOPOX K Meracomararam u pynam. Msyuenwe JITC u BI'C mossonser
OCYILIeCTBIATE FEOMETPHUECKOE MOJEIHUPOBAHNE UX [IPOCTPAHCTBEHHON H3MEHUHBOCTH, NONYHUaTh KauecTBeH-
HO HOBYIO HH(MOPMALHI0 0 XapaKTepe | CTPYRTYDe reoXuMuYeckoro nois. Iloxasarenn HeoZHOPOAHOCTH I'e0-
XEMHYECKOTO CIIEKTPA IeCNOrduecKuX 00pazoBagmil MoryT OBITh HONYYeHbl H HCHOJb30BAHLI B KAUECTBE KPU-
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