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MPENUHCIIOBHE

3anaun, nocrasaennsie XXVI cvesnom KIICC mno pacumpeHHio
MHHEpPaJbHO-ChIPbeBOi Ga3wl, TpebyloT paspaloTKH  MPOrpeccHBHBIX
METOJIOB MOHCKOB IOJIe3HEIX HCKomaeMulX. K HX uHCay OTHOCATCSH reo-
XHMHUECKHE MEeTOJB, KOTOPhi€ NPelyCMaTPHBAIOT: BHISIBJEHHE HOBBIX
NPOMBIIVICHHBIX MECTOPOXKAEHHI I0JIe3HBIX HCKONAaeMBIX Ha OCHOBe
HHTEPIPETAHH H OUEHKH FeOXHMHYECKHX moJeili ¥ aHOMaJwuii; mayde-
HHEe reoxXxuMHYeckHx ocobennocteil (uiaHroB u ray0b0KHX HacTeil 3IKe-
MJIyaTHPYeMbIX MeCTOPOXKAEHH{T AJsi OOHApyMKeHHs CKPHITHIX Tes [0-
JIeSHBIX HCKONaeMBIX; cO3Jalie reoXHMHYeCKHX KapT GOJMBLIHX TEppH-
TOpPHil, TJe OCYIIeCTBJIAETCS pPEerHoHaJbHOE TIe0JOrHuecKoe KapTHPO-
BaHHe, Ansi pa3pabOTKH MPOTHO3SHBIX peKoMengauuit na Gyayulee;
onpejeeHne M0 TeOXHMHUYECKHM JaHHHIM TOTEHIIHAJbHOA NMPOAYKTHB-
HOCTH B OTHOIICHHH MOJE3HLIX HCKOMaeMbIX IeoJOrHUCCKHX o6pa3oBa-
HHH pasqHYHOTO THNA H Maciuraba.

OcHOBH TEOXHMHYECKHX NOHCKOB TIOJE3HBIX MCKOMaeMHX OBUIH
sanoxennt B Tpymax M. WM. MenneneeBa, A. II. Kapnusckoro,
H. C. Kypuakosa, B. M. Bepnanckoro. B pasBuTHH re0XHMHUECKHX
METO/IOB IIOHCKOB M PasBeJKH MECTOPOKJIEHHI NMOJe3HBIX HCKOMaeMBIX
GosblliHe 3acayrH TpHHaajaexar MHorum yuennm: A. E. ®epcmany,
A. I1. Bunorpanosy, B. A. Cokonosy, H. H. Cadponosy, A. I1. Cono-
BoBy, A. A. CaykoBy, E. M. Cepreesy, C. II. Muaznepy, E. M. Ksar-
koBckomy, B. M. Kpacuukosy, M. M. T'unsbypry, A. HU. Tlepensmany,
B. B. Tlonnkapnoukuny, C. B. TIpuropsny, JI. H. Osunnuukosy,
JI. B. Taycony u ap.

B nocnennue 1Ba AECATHNETHS TeOXHMHUYECKHE METOJBI TaKkKe IO-
Jayunnn Goablioe pacnpocTpaHenne 3a pybGemom, ocobenno B Kana-
ae, CIIIA, BenukoOpuTanuy.

B nannofi paGore 06o6uIeHE MaTepHaJnl 1O OCHOBHBIM BOMpOCaM
METOJIHKH TEOXHMHUeCKHX NOHCKOB TBepPABIX TNOJE3HBIX HCKOMAEMBIX.
B paGore ucnonb3oBaHsl pesyabTATH TeOXHMHUECKHX HCCJE0BaHHI,
Kotopsie Gbuin Bemosnensl B, I1. AznekceesniM, B. I'. Beaupranossim,
C. V. Bapransnom, B. K. Boakossm, B. B. omuakom, 10. K. Kya-
PABLEBLHIM H AP.

Otnenphble pasaenst pa6orst 6uwti npocMmotpenn: A, C. Bepumnu-
ueiM, JI. M. Topmxesckum, A. I1. ConoBoBriM. Mx 3amMeuanusi, npeaio-
JKEHHSl H COBETHI YYTeHHl NPH NMOATOTOBKE PYKOMHCH K meyaTH. Boub-
wIyI0 MOMOIIBIO B NMOAroToBke rpaduxm okasana I'. I'. Pyceukas.
Beem um aBTOp BHIpaxkaer cBoio mnpHaHarteabHocts. OcoGyio Giraro-
JAapHOCTh aBTOP MPHHOCHT penensenty H. H. Tpodumosy, 4bH KPHTH-
YecKHe saMeyanus CHOCOﬁCTBOBa.ﬂH YJAYULICHHIO KHHIH.




OBBEKTH! U METOA bl TEOXMMHYECKHX NMOHUCKOB

CHCTEMHbIH AHAJIH3 OBBEKTOB FEOXHMHUYECKHX MOHCKOB

CucremMa npencraBasier co0oii O0O0BEeKTHBHOE eNHHCTBO 4YacTeli
(npeaMeTOB, SBJEHHI), 3aKOHOMEPHO BHYTPEHHE CBA3aHHBIX Pyl C
apyrom., Cucrema onupaercs Ha KJaaccH(HKaluWio, T. €. Ha pasjene-
HHe MHOKECTB H3yyaeMblX uacTeil (IpeAMEToB) Ha OTAe/bHblE IpyIl-
OB 10 TEM HJIM HHBIM NPU3HAKAM.

Hnsi cucTeMHOro anaansa OOBEKTOB FeOXHMHUYECKHX NMOHCKOB MMe-
0T 3HAYeHHE CJAEeAYIOllHe KiaccH()HKAUHH HJIH TPYNOHPOBKH, OMNpe-
JensoulHe XapakTep reoXHMHYECKHX MPOrHO30B H METOAHKY TeOXH-
MHYEeCKHX IIOHCKOB: pasjeleHHe OOBEKTOB NOHCKOB Ha KOHEUHLIE I
NpPOMEeXYyTOUHEIe; CTaAMIHOCTL TIeoJ0ropasBejodYHbIX palbor; Mac-
WTabHOCTh OOBEKTOB MOHCKOB; NEPHOAHYECKAs CHCTEMa XHMUUECKHX
anemenroB [. M. MenpeneeBa. Kaxngas us stux KiaaccubuKamui
HJH TPYNOHPOBOK OTpazaeT CHCTEMY C BHYTPEHHHMH CBSI3fIMH, KOTO-
pHe MOXKHO HCIOJB30BATh [AJisi NPOTHO3HPOBAHHS M NOHCKOB MECTO-
POKJeHHI N0JIe3HBIX HCKOMAEeMbIX.

KoneunbtiMu 00beKTaMH NOHCKOB BOOOINE H TeOXHMHYECKHX B ua-
CTHOCTH $BJSIOTCH NPOMBIILIEHHBIE MeCTOPOXK/JIEHHsT M Tena IoJes-
HHX HCKonmaeMbiX. JlocTHIKeHHe 3TOH IeaH B COBPEMEHHBIX YCJOBHAX
HepefiKo TpeGyeT NpeiBapHTeNbHOTO BBHIABJIEHHS, H3YUEHHS H OLEHKIN
NPOMEXYTOUHBIX O0BEKTOB — aHOMAJBHHEIX MOJEH, CBSI3aHHLHIX C Tep-
CNEeKTHBHBIMH pafOHaMH, 30HAMH, CTPYKTyPaMH, MacCHBAMH H JAPYTH-
MH TEOJIOTHYECKHMH O00pa30BaHHAMH, B Ipelenax KOTOPHIX MOIYT
OLITh BLIABJIEHBEI MECTODOMKAEHHS MNOJE3HEIX HCKonaeMbX. [Ipomexy-
TOYHBIMH OOGBEKTAMH IpPH TEOXHMHUECKHX MOHCKAX SBJSIOTCA aHO-
MaJjibHble TEOXHMHYECKHe MO pasjuuHoro macuraba u ¢opmanuon-
HOTO THIIA.

Ha nepBHx 3Tamax pasBHTHS TEOXHMHUYECKHX METOJOB OPHEHTH-
POBaJIiCh HEMOCPEJACTBEHHO HA KOHEeYHHE OOBEKTH MOHCKOB, TaK KakK
cpenu HEX OBLIO HeMaJo OOLEKTOB, BHIXOJHMBIIMX Ha MOBEPXHOCTH,
HO BH3yaJbHO TPYAHO pasanuuMeiX. K HHM, Hanpumep, OTHOCHJIHCH.
HITOKBEPKOBhle MECTOPOKAEHHA MoJaHOZeHa, BoJb(pama, 0J0Ba, KO-
TOpPEIE XapaKTepH30BAJHCh OTYETIHBHIMH TeOXHMHUECKHMH aHoMa-
JHAMH B PHIXJIBIX 3JI0BHAJBHO-JENIOBHANBHEX OTJOXKEHHAX Ha JHEeB-
HOH ToBepxHOCTH. B mocaepyiomue nepHoAb, KOrAa CTald HCKaTh
CKPHITHIE MECTOPOXKJEHHA, TOSBHJIACh He0OXOAHMOCTb H3YYeHHS CBfi-
3aHHBIX C HHMH aHOMAaJbHHIX TeOXHMHUYECKHX MoJieH, KOTOpHe mnpen-
CTapAAIOT co00ji JHUIL NMPH3HAKH HJAH NPEANOCHIIKH MOHCKOBOTO MpO-
rHO3HPOBaHMA, T. €. ABJAITCA MO CYLIECTBY NPOMEKYTOUHEIMH 0065-
E€KTaMH MOUCKOB.

Kpome Toro, nosiBiusace BO3MOXKHOCTL H HEOOGXOAHMOCTH I'€OXHMH-
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YEeCKOro H3y4yeHHs OOJbLIMX TEPPHTOPHI AJs NOJNYUEHHs KapTHHEI
PErHOHANbHHIX FE€OXHMHUYECKHX MOJIefi ¢ BBIAGJEHHEM aHOMAaJbHHX CO-
CTABJAIOIHX, KOTOpPhHIE MOTYT SIBJATbCA MPEANOCHIKAMH INOHCKOBOIO
IPOrHO3HPOBAHHSA ONpEeAENEHHBIX BH/IOB MOJE3HBHIX HCKOMAeMBIX HJH
ux komiiekcos. [logoGuble perHoHajbHEE TeOXHMHYECKHE MOJs TakK-
HKe npeictaBasior coboji NpoMeXxyTouyHble 006BEKTH — OOBEKTH TI0-
HCKOB MO0JI€3HBIX HCKOTIAeMBIX. ; ‘

Caenosarenbno, B COBPeME@HHBIX YCJAOBHAX MYyTh K KOHEYHHIM 00D~
€KTaM TOHCKOB JIEKHT uepe3 BhLIBJIeHHE, H3YUeHHE H OLEHKY IpoMme-
JKYTOYHHIX OOBEKTOB — aHOMAJbHBIX I€OXHMHUECKHX IOJIeH, BB~
IOIHXCs HAa (oHe HOpMaJbHBIX reoxnMuueckHx noseit. Te m apyrue
HoJig IO YCJAOBHSM TNPOABJAEHHS B re0/IOTHUeCKHX o0pa3oBaHHAX MOJ-
pasfensloTCs HA: JHTOXHMHYECKHE, THAPOXHMHUYeCKHe, GHOTeoXHMH-
YecKHe, aTMOXHMHYECKHEe, pa/JIHOreOXHMHYeCKHe, SJAepPHOreOXHMHYe-
CKHE. -
HopmanbHHE reoxumuueckue moast —3To obnacti reocdep c
6AH3KHMH K KJAaPKOBHIM CONEPIKAHHAMH XHMHYECKHX 3JIEMEHTOB 3a
npefesiaMH MECTOPOXAeHHH H NPOSBJIEHHH MOJE3HBIX HCKONaeMbIX.
AnoMa/ibHBIE TEOXHMHYECKHe TMOJsl BBHAENAIOTCA B HOPMa/bHBIX IO-
JIIX TOBHIIEHHBIMH HJIH NOHHXEHHHIMH NPOTHB (OHOBHIX (Ka1apKo-
BBIX) 3HAYEHH[ COMEPKAHHAMH XMMHYECKHX SJIEMEHTOB H BKJIOYAIOT
co6CTBEHHO reoxHMuyeckne anomanuu (puc. l,a). B ofmem Buae
reoXHMHYeCKas aHOMaJHs MNpeAcTaBiaser coboit yacTb reOXHMHYECKO-
ro mojs, B Npejiesax KOTOPOii OTMEUAalOTCsl MOJOXKHTeJbHbE HJIH OT-
pHIATENbHEE OTKJIOHEHHS COJAEPXKAHHA XHMHYECKHX SJIEMEHTOB OT
reoxuMuyeckoro ¢ouna, I'eoxumHueckas aHoOMasiusi, CBS3aHHAS C KOH<
KPETHHM MECTOPOXKJEHHeM HJH MPOSBJEHHEM I0JIe3HOrO HCKOMaeMo-
ro, OOLIYHO HA3LIBAeTCs TeOXHMHUCCKHM OPEOJIOM.

SHJOreHHEIE MECTOPOXK/eHHS H NpPOSBJAEHHs CONPOBOXKIAIOTCA 9H-
JIOTEHHHIMH MEPBHYHBIMH OpEOJaMH H aHOMAaJHAMH, SBJIAIOMIHMHCA
COCTABHEIMH YacTSMH aHOMaJbHHIX TE€OXHMHYECKHX NOJeH B KOpeH-
Hblx nopojax. IIpH BLIBeTPHBAHHH H paspyLICHHH SHIOTEHHHIX MeCTO-
poxkIeHHit 06pa3yloTcss SK30reHHbIe * BTOPHYHBIE aHOMaJbHbIE IeOXH-
MHYECKHe MOJIs, BK/IOYAIOUIHE IK30TE€HHBIE BTOPHUHBEIE OpeoJH (aHo-
MajHH) B DPHIXJABIX aJJIOBHAJbHBIX, JEJIOBHAJbHLIX, JEIHHKOBHX H
NPHOPEKHO-MOPCKHX OT/IONKEHHAX, a TaKXKe B BOAAX M PACTHTENbHOM
NOKPOBE, H SK30reHHble BTOPHYHBIE T'e€OXHMHYECKHE NOTOKH B aJlio-
BHAJIbHBIX OTJIOXKEHHAX W BOAaX. MecTOpPOXKAEHHS 3K30T€HHBIX ToOJe3-
HBIX HCKONMaemulx (couseii, pocHopHTOB H ApP.) CONPOBOKAAITCA IK30-
TeHHBIMH NEDPBHYHLIMH AHOMAJbHBIMH TOJSIMH, NDH BHIBETDHBAHHH H
pPaspylIeHHH KOTOPLIX BO3HHKAIOT 3K30T€HHbIE BTOPHYHBIE aHOMAaJb-
HBIe Te0XHMHYeCKHEe MOJIs.

[To ycnoBusM 3amerannst BHAENSIOTCA AHOMAJBHHIE TEOXHMHUE-
CKHe TNOJsi OTKPHITHIE — BHXOASINHE Ha MOBEPXHOCTh M CKpHITHE —
caense, norpeGenHbie H morpeGenHo-caensie (puc. 1,6). ITo macmra-

* 3pech W nanee NPHHATA €MHAs TEPMHHOJIOTHS: 3K30TeHHble (K30 — BHEMINHE)
H 3HJOreHHLle (3H/I0 — BHYTPEHHHE) BMecTO rHNepreHHsle (Haj, BHile) H THIOTEHHBIE
(runo — nox, nuKe).

5



Oy pacnpocTpaHeHHs aHOMaJibHBIE TEOXHMHUECKHE TOJS TOoApa3aess-
I0TCA HAa TPH TPYNNBL: IVIAHETapHBIC, PerHOHaJbHbLIE H JOKaJbHBIE.
Bee anomanbHBIE TreOXHMHUECKHE I0JIS, BO3HHKHOBEHHE KOTOPHIX
ofycsioBieHo npoueccaMH (OPMHPOBAaHHS MOJE3HBIX  HCKOMAaeMBbIX,
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Puc. 1. Cxema reoxHMHYecKoro mojasi (a) H THNB AHOMAaJbHHIX FeOXHMHYECKHX MO-
Jeft mo ycnosusaM  3aneraHHs (0 — paspes, 8 — IJIaH).
1 — mectopox/enne; 7 — rpajaiHi CoZepXaHHil XHMHYECKMX siementoB (C, — Knapkomue,
C¢—¢|GHOBHE, Cakaﬂomam;llme, C6 — GoproBbie); 3 —rpaduku W3MEHeHHA  COJEpPKaHuR
XHMHYECKHX 5JeMERATOB (NYHKTHP — N0 3KCONOHeHTe, CHJoluHAsS JAHHHS — QPOATAAbHO); 4 —
SHAOreHHble (NnepBHYHLIE) Opeoasl; 5 — 3K30reHHbie (BTOpPHYHEIE) Opeodbl; 6 — MOTOKH; 7 —
KOpEeHHBIC MNOPOALI; \‘J—pmxnhlc OTA0MEeHHsA. AHOMAJbHbLIE TEOXHMHYECKHEe [0 [HOTK]JH'I‘NQ
(BMxoasne HaA MNOBEPXHOCTB); CKpLITBIE: Il — caennie, 111 — norpeGeniinie, 111" — norpe-
GenHo-caennue
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Moryr ObiTh HA3BaHbl NMPOAYKTHBHBIMH (pyianbiMH). Kpome Toro, BHI-
JeNII0TCST AHOMAaJibHBIE TeOXHMHYECKHe MOJf: MeTPOreHHble MM 1o-
poJHbIE, CBA3aHHbIE ¢ OTKJIOHEHHAMH B pacHpejeNeHHH CoJepXKaHHi
XUMHYECKHX 3JIeMEHTOB B Te0JIOTHUeCKHX 00pasoBaHHAX BHE BIHSAHHs
KOHKPETHBIX MECTODOKIEHHH MJH TNPOsBJEHHIT NOJE3HBIX HCcKomae-
MBIX; AKKYMYJAsATHBHBIE WJIH JaHawadTHee, c(opMHpOBaBIIHECS B
6J’Ia[‘0ﬂp[-iﬂTIlb[.\l .TIEHIKU.IHCIJTE.\’ H HEINOCpeACTBEeHHO HEe CBs3aHHBIC C MO-
JIE3BHBIMH HCKOIIa€éMbIMH; TeXHOreéHHbI€, BO3HHKIIHE B CBA3H C TeXHH-
YEeCKOH [esATeNbHOCTbIO ueaoBeka, IleTporenHuble, akKKyMyJsTHBHEIE H
TeXHOreHHble aHOMa/bHLIE TEOXHMUYECKHE MOJIf TAaKXKe OTHOCATCT K
[IPOMEKYTOUHEIM 00BbeKTaM MOHCKOB. B OIZHHX ciyuasix 3TH aHOMalb-
Hble [O0JIs OCJOMKHAKT HHTEPIpPeTalHio NPOAYKTHBHBIX moJied, B JIpYy-
THX — COOCOOCTBYIOT BBIJAEJNEHHIO MOTEHIHAJbHO NPOAYKTHBHHIX TIeo-
JorudeckHx o6pasoBanmji (MHTPYSHBOB, FOPH30HTOB OCAJ0YHBIX HJIH
BYJIKAHOTEHHBIX [OPOJ, Pa3pHIBHBIX HapyIleHHil), KOTOphIE SBJIAKITCSH
NpPeANOCHIKAMH TOHCKOBOrO MPOTHO3HPOBAHHS MECTOPOXKEHHi onpe-
JIeJIeHHBIX BHJIOB MOJIE3HBIX HCKOMAeMBIX.

B mesom Heo6XommMm CHCTEMHBIi aHaaH3 0GBHEKTOB — OT INpoMe-
JKYTOYHHX JO KOHEUHBIX —H CHCTEMHBIH TOJAX0J KO BCEMY Tpoiec-
Cy FeOXHMHUYECKHX MOHCKOB.

CraauiiHOCTh Ie0JOTOpa3BeloYyHbIX paboT — 3TO OCHOBHas opra-
HU3AIMOHHAA CHCTEMa OCYLIECTBJIEHHS Te0JIOTOCHhEMOYHBIX, IOHCKO-
BhIX M PasBeOuYHBbIX pabGoT AN BLISIBJEHHS KOHEYHOro 0ObeKTa —
NPOMBIIIJIEHHOTO0 MeCTOPOXK/IeHHs MoJie3Horo uckonaeMmoro. CocraBHbIE
YyacTH CTAIHMMHOCTH B3auMocBfszaHbl. IlpoBenenne Kamxpjoj mocniensed
H3 HHX BHIIOJHSETCA € ydYeToM npeabaymux uacreil. Ha oraenbruIx
CTaAufAX M NOACTAAHSX INpolecca NMOHCKOBEHE METOAH BBHIMOJHAKTCS
no onpejeneHHuM npuHuunaMm. Cpean 3THX MeTOJOB reOXHMHUYECKHE
METOALl HrpaioT OOJbINYI0 pOJb AJS BHIAIBJEHHS MHOTHX BHJOB TO-
JIC3HBIX HCKOMaeMHX. IIpH perHoHaJbHHX TeoJOrochbeMOYHHX H Teo-
¢usnyeckux paborax (1- u 2-1 moacramun I craguu) sTH MeTOAH iO-
3BOJIAIIOT BBLIIBHTE H OKOHTYDHThL perHoHajbHbE aHOMaJbHbEle Te0XH-
MHUYECKHEe MOoJisi, KOHTPOJHPYIOUIHE pa3MelnleHHe NPOBHHUMH moJes-
HBIX HCKONaeMHIX. B OTZe/bHBIX c/yuasx NPH perdoHaJbHBIX CheM-
KaX M [OHCKAX TeoXHMHYEeCKHe MeTOAb o6ecneduBaloT  BhisIBIeHHE
KPYNHBIX MECTOPOXKACHHI, BBIXOIAIIHX HA ToBepxHOCThb. IloHcku
CKPHITEIX 00beKTOB Ha | cTaguu ocyumlectBasioTces Ha 4-ff moacra-
JAHM — raAy6GHHHOrO reosiorHueckoro KaprtupoBanusi. [Ipu mposenenuu
o6mux nouckos (l-g moxcrazms 1l crapus) B mpejenax NPOBHHIHH
BLIJE/ISIOTCA MNMepCcHeKTHBHBEIE 30HBI, XapaKTePH3YIOIIHEeCs JOKaJbHbl«
MH aHOMaJbHEIMH reoXuMHueckumu nonsMu. Ha crexyiomefy nozacra-
JHH NETalbHLIX MOMCKOB B Npejesax JOKaJdbHBX aHOMabHBIX moJef
OKOHTYDHBAIOTCsl MEepCHeKTHBHBIE TeOXHMHYECKHE aHOMalHH, SBJSAIO-
Hipecs NpPsAMBIMH NOHCKOBLIMH INPH3HAKAMH IIOJE3HBIX HCKONAaeMblX.
Bonee moapo6GHOe H3yueHue 5THX aHOMAJHil M HOBBIX AHOMAJHH BH-
MOJIHsAIeTCA Ha MOJACTaJHH TNOHCKOBO-OlleHOUHBIX pabGor. Ha crammsax
NpeABapHTENbHON H AETaJbHOH PAa3BeJIKH H3yyalOTCs TeOXHMHUYECKHe
anoMaaud Ha (yaHrax M B raAyGOKHX YacTAX MecTOopoxjeHuid. Buyr-
PEeHHHe CBA3H MEXJy OTJAEJbHHEIMH CTAaJHAMH M MOACTaJHMH TeoJo-
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ropasBeflouHbX paGor o0ecneuHBalOT BO3MOMKHOCTH HeNpephIBHO-TIpe-
PBIBHCTOrO CHCTEMHOTO aHa/H3a TreOXHMHYECKHX NOJIel /s peleHHs
KOHKDCTHBIX MPAaKTHYECKHX 3a/ay.

CHcreMublii aHa/MH3 OGBEKTOB MeOXHMHYECKHX TOHCKOB MO3BOJSET
paccMOTpeTh H yYecTb MacuITab HCKOMBIX 00beKToB. B wnacrosuice
BPEMsi HAMEYAKOTCs JBAa HANpaBJeHHA B pemleHHH 3Toro Bompoca. Co-
IVIACHO MEepPBOMY HaNpaBJEHHIO Ka)KJAofi CTAAUH H MOACTAIHH MOHCKO-
BbIX PaGOT MOJIKHEL COOTBeTCTBOBATh OXHIaeMble OOBEKTH ompeje-
JIGHHBIX MaclTa6oB — OT PYAHHIX PafiOHOB, PYAHHX Y3JIOB, 30H, PYJ-
HBIX TOJEH 10 MECTOPOMJIEHHHA H Tel TOME3HHIX HCKOMAeMbX. JLis
I crangmm, koria ocymiecTB/SIeTCS TEOJOrHYECKash CheMKa MacmTaba
1:200 000, oObekTamMn MOMCKOB CYUHTAIOTCA pYAHHE paiioHH, npH
chemke macwraba 1:50 000 — pymusie ysas. Has I1 craaun — pya-
Hbl€ IIOJIA, MECTOPOMKJEHHS, TeJia NOJIe3HBIX HCKOmaeMbiX. B 3aBHCHMO-
CTH OT (OPMBI M, PasMEPOB 3THX OOBEKTOB DEKOMEHJYeTcs BHIGHPATH
H NapaMeTpel CETH reoXHMHYeckoro onpobGosanus, Ilpm 3tom cumra-
€TCsl, UTO MOXKHO CYWIECTBEHHO pa3peluTb ceTh mpobooT6opa Ges
ymep6a Aas 10CTOBEPHOCTH IMOHCKOB.

BTopoe Hanpasnenue, paseusaeMoe M B mamHofi pabore, OpHEHTH-
PYeT reoOXHMHYeCKHE NOHCKH Ha BHIIBJEHHE KOHEYHOrO OODbeKTa —
MECTOPOXKCHHS MOJIE3HOT0 HCKONMAeMOro, HMEIOUIEro NpOMHIIIeHHOe
8HAYEHHEe NI KOHKPETHHIX I€0JIOr0-5KOHOMHYECKHX VCJIOBHIL. DTHM
ONpENeNAIOTCA H MapaMeTpsl CEeTH TeoXHMHYECKOro onpofoBaHus,
PEeriaMeHTHPOBaHHbIE B COOTBETCTBYIOmIefi HHCTpyKuuu [25], koTo-
pBIE TO3BOJAKIOT, € OLHOH CTOPOHBLI, HE MPOMYCTHTh MPH MOHCKAX JIIO-
6oro macmrtaba raaBHBIT OGBEKT, a ¢ APYrofl — He 3aHHMATBHCS He-
OIHOKDATHLIM TNOBTOPEHHEM TIe€OXHMHYECKOro onpo6OBaHHS HA OXHHX
H TeX Xe mIomaisax. BuaBnseMble npu MoHCKax aHOMAaJbHbE [EOXH-
MHYECKHe M0Jisl, KOTOphle CAyXKaT JHUIb NMPOMEXYTOYHHIMH OGBbeKTa-
MH MOHCKOB, MOIYT HMEHOBATLCSl aHOMAJbHBIMH TeOXHMHUECKUMH:
pafiOHaMH, y3JaMu, 30HAMH, LEHTPAMH H T. 1. B 3aBHCHMOCTH OT HX
MOPGOJOTHH M PasMepoB, HO 3aMEHATh STH MOHATHS NPH TEOXUMHU-
YECKHX MOHCKax GoJiee OnpefeNeHHBIMH TePMHHAMH — DYAHBNI paii-
OH, PYAHBI y3es, pyAHOe mOJie He HMEeT CMEICJIa 0 MOJYYeHHs AaH-
HBIX BCECTOPOHHEfi OleHKH. CiefyeT TakXe YYHTHIBATH, YTO B HOBBIX
METOJIMYECKHX YKa3aHHAX MO NpOorHosHeiM pecypcam [23] oGbexTH
NpPOrHO3a, BHISIBJISIEMBIE IIPH NMOHCKOBHIX pab0Tax KOMIJIEKCOM METo-
J0B, DEKOMEHIYeTCsi HashBATh JOCTATOYHO OCTOPOIKHO — TOYEUHBIMH
H naomannbiMu. K ToYeYHsIM OTHOCATCA OOGBEKTH, MOHCKOBHE NpH-
31aKH KOTOPHIX CKOHIEHTPHPOBAaHbI Ha MJIONIaAH, GJH3KOTO K pasMe-
paM MecTOpOXKJAeHHs OXHAaeMmoro (hopmanuoHHoro Tuma. ITaomagns-
MH CUHTAlOTCH OGBEKTH, Ijie NMOHCKOBhHIE NMPH3HAKH, YKa3LBalOllHe
Ha BOSMOXHOCTb OGHADYMKEHHS MECTOPOXKAEHHs, PacCesHbl MO Tep-
PHTOpHH, pa3Mep KOTOPOH MHOrOKpPaTHO MpEBHIIAET CPEeIHIO IJIO-
manb MECTOPOXAEHHS.



MOJIEJIJMPOBAHHE OBBEKTOB TEOXHMHYECKHX
MOUCKOB

MogennpoBanne OOGBEKTOB TIeOXHMMHYECKHX TNOHCKOB 3aKJI0UaeTcs
B MOCTPOGHHH M H3YYEHHH MOJeJicH TeOXHMHUYECKHX NOJeil AJas pas-
pabOTKH TEOPETHUECKHX OCHOB HX HHTepnperamuu H oueHnku. Takoe
MOJCJIHPOBaHHE NpeAyCcMaTPHBAeT CHCTEMHBIH aHalmu3 oOT Mojenei
CTpPOeHHs I 4TOMOB XHMHYECKHX 3JIEMEHTOB [0 MOJeJeil Te0XHMHYECKHX
noJsieif, aHOMAJHA W OpPeOJIOB Pas3JHYHOTO THMa W Macwmraba. B ma-
cTOfillice BpeMs NPHMEHHTEJbHO K TeopeTHUeckoMy OOOCHOBaHHIO
FEOXHMHYECKHX IIOHCKOB MOMKHO pasjiHYaTh CJAeAylollHe BHAH MoJe-
JIHPOBAHHA: TEOXHMHYECKOE M MHHEpaJIoro-reoXHMHYecKoe, reoJioro-
reoXuMHYEeCKOoe, MaTeMaTH4YecKoe,

B oCHOBe TEOpPHH TeOXHMHYECKOTO M MHHEpaJoro-re0XHMHIecKOro
MOJIEJIHPOBAHHs JIeXKaT MoJoXeHHs obuiei reoxumun [11], cpean ko-
TOpHIX OGOJbIIOE 3HAYEHHE HMEIOT: TEeOXHMHYECKHE KJacCHOHKaIHH
XHMHYECKHX 3JIeMEeHTOB, 3aKOH O BceoOllieM paccesiHHH H MHTpallHH
XHMHYECKHX 3JIeMeHTOB B reoctepax, acconHaliu XHMHUYECKHX 3J/IeMeH-
TOB, (PaKTOpPEl MHIpalHH XHMHYECKHX 3JIeMEHTOB (BHELIHHE H BHYT-
peHHnue).

O6mieii TeopeTHUECKOH OCHOBOIl CHCTEMHOTO aHAajaH3a M HHTepmpe-
TalHH TeOXHMHYECKHX TMOJeHl H aHOMAaJHii Pa3JHYHOTO THOA ABJIAIOTCA
2e0xuMutecKue KAACCUpUKAYUL XUMUYCCKUX dAemenTos, pa3paboraH-
Hble Ha Gase NMepHOAHYECKON CHCTEMBl 3JeMeHTOB MenngeneeBa MHOTH-
Mu reoxumukamu — B. WM. Bepnapckum, B. M. Toabmpumuparom,
A. E. ®epcmanom, A. H. 3aBapunkum. Cpenn 9THX KaaccupHKaumi
HanbGosee pacnpocTpaHeHa kaaccupukanusa B. M. Tonpammuara, B oc-
HOBY KOTOPOH MNOJIOMKeHL CTPOEHHE 3JIEKTPOHHEIX 060J0UeK HOHOB H
BE/IMYHHA ATOMHEIX 06beMOB. B Heil BJesieHbl 4YeTHIpE TPYNNbl XHMH-
YecKHX 3JIeMeHTOB, Ha3BaHHSA KOTOPBIX NPOYHO BOLIJIH B MPAKTHKY BCeX
FeOXHMHUYECKHX HCCIeJOBaHHA: aTMO(QHJH, B KOTOpPHX Npeobia-
AAT aToMbl ¢ 8 3MeKTPOHHEIMH O0OJOYKaMH; JHTO(QHJIEH, B KO-
TOPHX HOHBI GOJIBIIHHCTBA 3JEMEHTOR MMeEOT 8 3JMeKTPOHHHX 060J0-
YeK; XaabKOGHJAB ¢ HOHAMH, HMEIOIIHMH 18 3jekTpoHHBIX 060/0-
Yek; cuaepod H B, B KOTOPHIX HOHB HMEIOT HOCTPaHBAIONIHECS
snekTponnble obonoukn. Knaccubnkanus B. M. Foapammuara, yuaTn-
BaloN[asd CTpOeHHEe 3JEKTPOHHBIX 000JI0YeK HOHOB, BIOJHE ONpaBlaHa
Al TEOXHMHYECKHX TMOCTPOEHHit M HuTeprnperanuil. Oanako Aas TOro
YTOGH aTOM TPEeBpPAaTHJCS B HOH (KaTHOH MJIH aHHOH), BeCbMa BaXKHa
o61as CTPYKTypa 3JMeKTPOHHOro objaka, KapTHHAa KOTOPOro crana
BLISICHSITBCA ViK€ TOCJe CO3AaHusl YKa3aHHOH KJacCH(HKauuu 0 Hauia
CBOE BhIpaXKEHHE B COBPEMEHHOM BapHaHTe NepPHOJAHYECKOH CHCTeMbl
Menpeneesa. Oua npeacrasiser coGoil cucreMy (yHAAMEHTaNbHBEIX
8HaHHI CBOMCTB H MOBENEHHS XHMHUYECKHX 3JeMEeHTOB, uMewlny 6oJb-
LIoe 3HAUYEHHE MJs HHTEpIpeTalHH W OUEHKH reoOXHMHYEeCKHX NoJefl H
HNpPOrHO3a TNOJe3HBIX HCKONaeMBIX. DTOT BAapHAHT IepHOANYECKOH CH-
cTeMbl 0COGEHHO MHTEPECeH B CBA3HC TeM, UTO, BO-TIEPBHIX, B OCHOBY €r0
APHHAT KOPOTKHII BapHaHT Kaaccupukanns, npeanoxennnii [ .M. Men-
ZleJleeBBIM H OTJHMYAKIIHHCA ONTHMAJbHBIMH BO3MOMKHOCTAMH COIMO-
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CTaBJeHHA XHMHUECKHX 3JIEMEHTOB [0 PAas3JHYHBIM Tapamerpam;
BC-BTOPHIX, B 3TOT BapHAHT BHECEHO HOBOE COJEp:KaHHe, OCHOBAHHGH
Ha TEOPETHYECKHX MOJOMKEHHSX KBAHTOBON MEXAaHHKH, OOBLACHSIOLWIHX
CTPOEHHE ATOMOB XHMHUECKHX 3JIEMEHTOB. JTO HOBOE OTPaiKeHO B Bhi-
JleJIeHHH CeMEHCTB XHMHUYECKHX 3aJieMeHtoB (S, p. d, [), cBoiictBa M
N0JIOKEHHEe KOTOPHIX B NMEPHOJHYECKONl CHCTEME HMET NpsSMOe OTHO-
uleHHe K MPOrHO3y MECTOPOXKAEHHH MOJe3HHX HCKomaeMbix. Iloatomy
OCTAHOBHMCSI Ha XapaKTEePHCTHKE THX CEMEHCTB XHMHYECKHX 3JeMeH-
1cs [6]. _ ;

B coBpeMeHHON mepHOAHYEcKoil cHcTemMe MeHeneeBa xumHuecKne
3JIEMEHTBl 10 CTPOEGHHIO 3JEKTPOHHBLIX 000J0YeK MOApa3jesioTcs Ha
yeTHpe CEeMEHCTBAa; §-— 3JEMEHTHI, Y KOTOPHIX IOC/IeiHel 3anoJIHAeTCs
9JIEKTPOHAMH BHENIHSsT SHepreTHuyeckas opOHTaJbL S; p — 3JeMeHTH,
¥ KOTOpHIX MOC/IeJHell 3amoJiHsieTcsl BHEIIHAS SHeprerHyeckas opoOu-
Tajb p; d — 3JeMeHTH, ¥ KOTOPHX MOC/HeAHeH 3aMOJHSeTCs BHYTpPeH-
HASl SHepreTHueckas opOHTanb d; [ — 3JeMEHTH, Y KOTOPHX MOCJe.-
Heil 3amoJiHsieTCss BHYTPEHHSsl 3HepreTHueckas opOHTamab f.

Pacnonoxenne B Tabnuue MeHpneneeBa XMMHUECKHX  3JIEMEHTOB,
OTHOCSIIKXCS K PA3JIHYHBIM CeMeHCcTBaM, NMpexkJe BCEro OTpaKaer me-
PHOAHYHOCT, H3MEHEHHs] XHMHYECKHX CBOHCTB Kak No rpynmam (mo
BePTHKAJH), Tak H N0 nepuoxam (mo ropusoHramu). Takas xe ne-
PHOAHYHOCTb OTpa)Kaercsi H B H3MEHEHHH CBOMCTB reOXHMHYECKHX ac-
COLHANHA XHMHYECKHX 3JI€eMEeHTOB.

ITo oTHOCHTENBHO! MOABHIKHOCTH B TEOXHMHUECKHX IPOIECCAX XH-
MHYECKHE 3JeMEHTH MOryT OBITh OXapaKTePH30BAHBI CJEAVIOLHM 06-
pPa3oM: SJEMEeHTH CeMefiCTBa §, CHJIBHO NOJBHIKHBIE B Pa3JHUHBIX YC-
JsoBHAX (pacTBOpax H pacljaBax); 3JeMeHTH ceMefcTBa p, IOABHIH-
Hble NPEeHMYLIeCTBEHHO B pAacTBOpax; 3JeMeHTH cemeiicts d u f,
cnaGonmoOABHIKHEIE B pacTBopax M Gojiee NMOABHIKHBIE B pacmiabax.
B nocnennem cayuae HMCKJIIOUEHHE COCTABJSIOT 3JEMEHTH MOGOUHBIX
JIOATPYNIN, y KOTOPHIX OCOOEHHO 3aMeTHA «KOHKYDEHUHA» BHEUIHEH
9HepreTHYeCKoH OpOGHTAIH S H BHYTpPeHHeill d NpH 3aNOJHEHHH HX
snextponamu. CRoeoGpa3HEIMH OCOGEHHOCTAMH B OTHOIICHHH MOJIBHIK-
HOCTH B SK30T€HHHIX YCJOBHSX XapaKTepH3YIOTCS HEKOTOpPbie 3JieMeH-
Tl d B [ — mMaprasel, ene30, K00aabT, HHKEJIb, BAHAAHH, MOJHOIEH,
peHuit, ypau U peakue 3eMJH (eBpoOmuii, caMapHii), ¥ KOTOPHIX HMe-
eTcsi HEeCKOJILKO COCTOSIHHI OKHCJIEHHA, CPABHHMBIX MO YCTOHYHBOCTH.

B npupoaubix mporeccax HauGoJee MOJBHIKHBI 3/JEMEHTH TeX Ce-
MeicTB (s, p), AN KOTOPHIX XapaKTePHO HaJHYHe BAJICHTHHIX 3JeK-
TPOHOB Ha BHEIIHHX 3HepreTHYeckKHx opburansx. IloTenumansl 3THX
3JIeKTPOHOB HEBEJIHKH, TAK 4TO HX aTOMBl BCTYNAIOT B pasjiyHbIe Coe-
JUHHEHHs JIerye, 4eM aTOMBI 3JIEMCHTOB JABYX ADPYTHX cemeficts. Bee ato
onpesiensieT BO3MOMKHOCTh TOBLILIEHHOH MHTPAIHH 3J€MEHTOB § H p
KaK B SHIOreHHBIX, TAK H B 3K30TE€HHLIX YCJAOBHAX. XuMHUecKHe 3Je-
MeHTHl cemelicTB d u [ B GoJblUHHCTBE cJaydaeB 06/ajaioT MeHblieh
NMOJBHIKHOCTBIO B CBSI3H C TE€M, YTO HX BaJIeHTHHIC 3JIEKTPOHH pacno-
JIOYKEHBl Ha BHYTPEHHHMX AJHEpreTHUecKHX opbHransx. IloTeHuuab
HOHH3aLIHH 3THX 3J€KTPOHORB BHIIE, H HEOGXOAHMO YBEJHUEHHE TeM-
nepaTypel H AaBJEHHA AJMs Hadaaa H nporekanus peakunii. Cnenopa-
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TEJAbHO, MHTpalHs 5J1eMeHTOB d M [ JAOJNXKHA NPOHCXOAHTH TPEHMY-
IIECTBEHHO B 3HJAOTEHHHIX YCJIOBHAX — B MarMaTHYeCKHX pacliaBax
HJIH BBICOKOTEMIEPATYPHLIX pacTBOpax. YCJIOBHA JKe MHrPALHH XHMH-
YECKHX 3JIEMEHTOB ONpeleNsioT 0cOGeHHOCTH HX KOHIEHTpauuu v ¢op-
MHDOBAaHHE IIPOMBILIJIEHHBIX MECTODPOMKAEHHH TOJNE3HBIX HCKONaeMEIX.

Taxkum o6pasoM, A1 cOCTaB/IeHHs] TOHCKOBOK FeOXHMHUECKOH Kiac-
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Prc. 2. T'eoxumugeckas KiaccH(HKAaNHs XHMHYECKHX SJEMEHTOB, COCTABJECHHAS HA
OCHOBE COBpeMeHHOii nepHoanueckofi cucremul JI. M. Meujeneera M reoXHMHUTECKOd
kaaccHdukanuu B, M. Toapmumuara.

Armodunbi: | —s, 2—p; natoduan: 3—s, 4—p, §—d, 6—F; xanskopuau: 7 —p, 8 —d,
9 — d-camepoduanl (MHAEKCH SJ1eMEHTOB BhIJeNeHW WPHPTOM: S — NYHKTHpP, P — TOHKas JH.
HuA, d —xupHas auuud, f— NOAYEpPKHYTO)

CHOHKAUMH XHMHYCCKHX 3/EMEHTOB B OCHOBY CJAEAYeT NPHHATH COBPe-
MEHHBIIl BADHAHT IEPHOJHYECKOl cHCTeMbl MeH/eneeBa, COXpaHuB Tpi
3TOM HaMMeHOBaHHsl GOJBIIHX rpynn saeMentoB no B. M. oabgumu -
Ty. Ilpennaraercs BLIAGAHTD CeAYIOIIHE MOATPYNNH XHMHIECKHX 3JIe-
MeH108 (puc. 2): s, p-aTMOHILL; S-, p-, d- ¥ f-1HTODHAH; p- U d-xanL-
KOQHJIB; d-CHAepOPHIIbL

ITonckoBasi TeOXHMHYECKAsl KIaCCHOHKANMSA XHMHUECKHX SJCMeEki-
TOB siBJsieTcs O6Iell TeOpPeTHYECKONH MOJEJbI0 TeOXHMHYECKHX MoJeil
paznuHbix reocdep semuoro mapa, OHa Moxer GHTH HCNOAb3OBAHA
AJif TIDOTHO3a H MOHCKOB NOJIE3HBIX HCKONAeMbIX NMPH WHTEPNpeTanuu
H OLeHKe KOHEYHBIX H IPOMEKYTOYHBIX OOBEKTOB reOXHMHYECKHX TMO-
HckoB. Tak, mpu mnpoBepke HJIH TPOTHO3e 3J€MEHTOB-HHIHKATOPOR
(cnyTiuKOB) B aHOMAaJBLHOM reOXHMHYECKOM I0Je HJIH MECTOPOKACHHH
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HeoOXOLHMO OPHEHTHPOBATHLCS HA PAAL MepHoanyeckoi cuerembl. Ec-
JIH M1aBHBHIM 3JIEMEHTOM B aHOMAJbHOM I10Jie SIBJSIeTCS MeAb, TO 3Jie-
MEHTAMH-CIYTHHKAMH MOryT OHTb d- H p-XaAbKO(QHILI — IHHK, raj-
JIHH, repMauui, MBILbAK, cejeH, cepe6po, KaAMHH, HHAHA, OJOBO,
CypbMa, TeJJyp, 30JI0TO, PTYTh, TAJJIHi, CBHHeI, BHCMYyT. ITO Teope-
THYECKasl MOJAE/]b PAfa 3JEeMEHTOB-CIYTHHKOB. YTOUHHTH €€ ClcAyer
Ha OCHOBe CBeJAEHHI O MOJOMKEHHH HCcJaeayeMoro o6bekTa B omnpefe-
JIEHHON reoXHMHYECKOH (MeTas/IOTeHHYecKOH) NpPOBHMHIMHM MHJH 30HE.
Ecan riaBHEe 3JeMeHTHl B aHOMaJbLHOM TFeOXHMHYECKOM IoJie — HHO-
6ufi H TaHTaJ, TO 3JEMEHTAMH-CIYTHHKAMH MOryT ObITh d-JTHTO(DHJbI:
HTTPHH, LHPKOHHE, MoaubaeH, JaHTaH, raduul, Boibdpam; 3JeMeHTa-
MH-IPHMeCAMH, HMEIOIHMH Pe3KO NOJYHHEeHHOe 3HaueHHe, — XaJabKO-
hunei.

Jns HHTEpPNPEeTALHH H OLUEHKH aHOMAaJbHBIX IeOXHMHYECKHX moJef
MOKeT HCOIL30BATHCSI METOJHKAa PAaCuJIeHeHHs HX 10  acCOLHAIHAM
XHMHYECKHX 3JIEMEHTOB, B KOTODHIX NpeobafaloT cuAepodHib, Xalb-
KOQHJBI HJIH ApPYyrHe ceMeHcTBa 3JIEMEeHTOB. ]

Hanpumep, no namuum B. B. T'yseswu [31]. na teppuropnn 3anaguoft YykoTKH
BEIJIE/IAIOTCA [Be aHOMaJjbHHe miomand. OfHAa H3 HHX, NPHYPOYEHHASA K MOAAM pas-
BHTHA YJbTPAOCHOBHHIX H OCHOBHHIX MOPOJ, XapaKTepHayercs accoluaihed cuje-
podHJBHBIX 3JeMeHTOB (HHKeab, KoGanbt). as BTOpOH aHOMaJbHON TJOMIAZH, Tie
BYJIKAHOreHHO-0CaJIOYHEIe TOJNILHM BepXHeH IOpHl NPOPBAaHBl HHTPY3HAMH raGOopo-MOH-
LOHHT-CHEHHTOBOH H rPaHHTOMAHOR dopMmaukl, BeAYIHMH ABJAAIOTCH XaJbKO(HIBHLIE
9JIeMEHTH: Mellb, cepeOpo. CBHHEl, LUHHK H JAP.

PaccmatpuBas aHOMaJIbHBIE TEOXHMHYECKHe TOJsi H COGCTBEHHO
re0OXHMHYECKHe aHOMAaJHH, caeayer o6paTHTh BHHMaHHE HA TO, YTO He
BCe XHMHYECKHE 5JeMEeHTH NepHOLHYEeCKOH CHCTEMBl CO3aI0T OJHHAKO-
BO OTUeTJHBHE aHoMaauH. [Io aToMy mpHSHAKy MOXKHO BHIISJHTbL JBE
IPYNIB XHMHUECKHX 3JIeMEHTOB: 3JIeMeHTH], CO3[aiollHe HeoTYeT/THBHIe
reOXHMHUYECKHE AHOMAJHH, H 3JIEMEeHTH, CO3LAIOIIHe OTYET/HBHE TIeo-
XHMHYecKHe aHoMasuu (Taba. 1). B npuBeneHHO# rpyNIHPOBKE XHMH-
YeCKHX 3JeMEeHTOB II0 XapaKTepy CO3/aBaeMblX eOXHMHYECKHX aHOMa-
JIHil yKa3aHbl KJapKH 3J€MeHTOB B JuTocdepe, a TakxKe ceMeficTBa XH-
MHYECKHX 3JEMEHTOB B COOTBETCTBHH C COBPEMEHHLIM BApPHAaHTOM Iie-
pHOAHUYECKOH cucteMu (s, p, d, f). K rpynne sneMeHTOB, co3aamomiux
HEOTYETJHBLEe FeOXHMHYECKHEe AaHOMAJHH, OTHOCHTCA GOJBIIHHCTEO BHI-
COKOKJIapPKOBLIX 3JeMeHTOB. B 3Ty 3Ke rpynmy momajgaioT MHOTHE HH3-
KOKJIapKOBLIE 9/IEMEHTH, BLIfIBJIEHHE KOTOPHX CYIIECTBYIOIIUMH CIIOCO-
6amMu aHajHM3a MOKa elle 3aTPYAHHTENbHO B 0OWIell Macce reoxuMmuye-
cKoifi mpoGnl (HanmpuMep, Npas3eoiHM, caMapHii ® 1p.), Hau (asosoe
COCTOSIHHE 3JeMeHTOB TpeOyer ocoforo mnoaxoiaa mpH or6ope mpob
(manpumep, asor, xjop u Ap.). B rpynny s/1eMeHTOB, cO3AAIIIHX OT-
YeT/IHBBIE T'eOXHMHYECKHE aHOMAJHH, BKJIOYAIOTCH JHIIL HEKOTODHE
BEICOKOKJIAPKOBHIE 3JIeMeHTH (Kanuil, HaTpHil, Maruufi) u GoJabluHHCT-
BO HH3KOKJapKOBHIX, Cpe/lHee COJlepiKaHne KOTOPHIX B auTOChepe Hame-
psieTcst COTBIMH, THICAUHEIMH M JECATHTHCAUHBLIMH JOJSIMH TPOIEHTA.

OcHOBHEI® NOJIOKEHHSI 3AKOHA O 8ceobujem paccesnuu 1 muzpayul
XumudecKkux snementos 8 2eocgepax OuHAM  3aN0XKeHH B paborax
®. Knapka n B. 1. Bepnanckoro. B. M. Bepnaackuii B kuure «ITapa-
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TaGauna

.I‘pynnnponxa XUMHYECKHX 3JIEMEHTOB IO XapakTepy CO31aBAEMBIX reOXHMHYECKHX

AHOMAJTHIl
S-'IEMQHTH, cosjialolHe reoxXHMHYeCcKHe aHOMAaJHH Mo cemeficTBam
Kaapk
..a:mcodnpu.
? HEOTYEeT/HBbIe OTYET/IHBAIE
p d f s p d f
102
101 O, s
n Ca Al Fe K, Mg,
Na
101 Ti, Mn
10—2 Cl Ba; 8t By 5 F Zr
Rb
10-3 N |Y,La| Nd 1i | b, Ga, b S5 N0 | e
Sc B | Sm Ni, | gy
Zn, Co,
Nb
10—4 Tl Hf | Gd, Pr, | Cs, Be | Sn, Ge, | Mo, Ta,| V
Sm, Dy, As, Br w
Er, Th,
Ho, Eu
10—% In G YD, Tt Shaid
Tu
10— Se Pd Ag, Hg
10—1 Te Bi Au
10—#8 Re
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reHe3uc XHMHUYECKHX 3/AEMEHTOB B 3€MHOIl Kope» mucana: «B necunn-
Ke HJH Kamie— Kak B MHKPOKOCMOCe — oTpakaeTrcsi OOLIHiH cocTaB Koc-
Moca. B Heit moryT OHTL HafiJeHBl BCe T€ 3JIEMEHTHl, KakHe Ha-
6so/1a10TCst .Ha 3eMHOM 1uape, B HeGeCHBIX NpocTpaHcTBax..». Cospe-
MeHHasi OpMyJHPOBKa ITOrO 3aKOHA AAeTCS PAAOM HCCJeA0BaTesei.
A. T1. ConoBos [43] onpezneasier ero caeayouum obpasom: «B mo6oii
TOYKE FeOXHMHUECKOro MOJsl COLEPHKAHHS BCeX 3JeMeHTOoB, OoJbliHe
HyJisl, 3aBHCSAT OT IPOCTPAHCTBEHHBIX KOOPAHHAT H HENOCTOSHHBI BO
Bpemenn, uan Cx=f (x, y, z) >0.. B abcomoTHOM GOJBUIHHCTBE TO-
YEeK FeOXHMHYECKOro MOJI COAEPIKaHHs PYAHHIX 3J1€MEHTOB OJIH3KH K
rudpam ux knapkoB (Cx) H TOJIBKO B peAKHX cJayyasx npuoOperaior
3HayeHHs, CYLUIECTBEHHO OTKJOHSAWOIIHECS  OT STOr0 YPOBHA..».
H. H. Cadporop [42] oTmeuaer, uro TaG/nIB KJaPKOB 10 reocdepam
JOKa3LIBAIOT NOBCEMECTHOE paclpoCTPaHEHHE BCEX 3JEMEHTOB IMepHo-
JAHYECKOI CHCTeMHl B NMPHPOJE — «IeOXHMHUYECKOH 0COGEHHOCTH B paH-
re OCHOBHOIO 3aKOHa», KOTOPOMY YMECTHO NPHCBOHTh HMf €ro OCHO-
BOIOJIOXKHHUKOB, T. €. 3aKkona Knapka — Bepnajckoro.

AroT 3aKOH, yKa3biBas Ha BceoOlilee paccesHHe XHMHYECKHX 3Je-
MEHTOB, He 3aTpParuBaer BONPOCa O AHCIEePCHH HJH HEOAHOPOAHOCTH pac-
ceanns. BmecTe ¢ TeM mMelollHecss AaHHLIE O XapaKTepe MJaHETAPHLIX,
PEerHOHAJBHLIX H JIOKAJbHLIX TE€OXHMHUECKHX MOJeH 3IHAOTEHHOTO H
9K30I'€HHOI'0 THIOB I03BOJAET 060CHOBAHHO NPEANOaaraTh NepBHUHYIO
HEOJHOPOJHOCTh PACCestHUs XHMHYECKHX 3JeMeHTOB B reocdepax Bool-
me H B rAyGHHHBIX 30Hax jautocdepnl B uyactHoctu [B. M. Bypas;
10. B. Habunckuii; 14]. FiMenno nepBHYHAsh HEOZHOPOAHOCTh paccesi-
HHsg Morsia 00yc/J0BHTb BO3HHKHOBEHHe KOHIEHTPAlHi OTAeNbHBIX XH-
MHYECKHX 3JeMEHTOB HJIH HX acCOLHAIHil B Mpolecce MHIpAIlHH.

Murpanus XHMHYECKHX 3JIEMEHTOB B Pa3JHUHBIX reoctepax MpHBO-
AMT K (OPMHPOBAHHIO FEOXHMHUECKHX IIOJefi H aHOMaJHi, a Takke
MpOsIBJICHHH H MECTOPOXKAEHHH Noje3nblx Hekonaembix. Ilepuoanueckas
cucrema MeneneeBa orpaxkaer 3aKOHOMEDHOCTH paccesiHHS H KOH-
IeHTPALHH XHMHYECKHX 3JEMEHTOB: ¢ BBICOKHMH KJIapKaMH 3JieMeHThI
COCPeloTOYeHH B BepXHeil 4YacTH TabJaHubl, C HH3KHMH — B HHJKHefl.

I'eoxumuueckue nonst autocdepr CBA3aHHE ¢ FOPHBHIMH MOPOAAMH,
OTHAENbHBIE THIB KOTOPHIX SBJSIOTCH KOHUEHTPATOPAMH ONpeseJel-
HBIX XHMHYECKHX 9JeMeHTOB. [l HHTepNpPeTauHH H OIEHKH T'eOXHMH-
YyeCKHX aHOMaJHil HeoOXOAHMO 3HATh OCOOEHHOCTH MOJEJ]H reoxHmuue-
CKOTC MOJISi TOPHLIX MOPOA. BHISIB/IeHHE TOPHHIX NOPOA — KOHUEHTPa-
TOPOB XHMHUYECKHX 3JJEMEHTOB MOXKeT OBITh CJeJaHO MyTeM BHIYHCJEINHIT
K12pKoB (K03 dHIHEHTOB) KOHIEHTPALHH:

KK = C:m/ Crm’

rie Cyn — KaapK noponbl; Cx, — KaAapK JATOChEpH.

ITH KJ1aPKH NPHHEMAIOTCS 1O IMHPOKO H3BecTHol Tabanue A. IT. Bu-
korpazoBa unu Hoeoii Tabaune A. A. Beyca [9]. Mexnay nanHEIME
3THX HCCJaefoBaTedell cymecTByer pasanuue. Tak, B TaGauue A.I1. Bu-
HOTpajioBa KJapk JuToctepsl npeacrasiasier coboii cpeanee H3 cojuep-
JKAHHH B JABYX YAaCTSIX KHCJBIX H ONHON YacTH OCHOBHBIX MarMmaTuic-
ckHX mopoi. B tabauue A. A. Beyca gaHbl cpelHHe COJAepPMKAHHA pas-
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JeJbHO IS «ocaJouHofi 000JOUKH», «TPAHHTHOW 050a04YKu», «Ha-
3a/pion0oi 000JIOYKH», a TaKXKe B IeaA0M A5 JHTOCHepn! KOHTIHEeH-
tauabHOll (Ges ocamodHoro vexda) u Jjurocdepws bceit kopul (Ges oca-
noyHoil 000ACUKH).

PacemoTpum npuMepsl HEKOTOPHIX XHMHYECKHX 3JeMCeHTO3 M rop-
HBIX MOPOJ — HX KOHLEHTPATOPOB, NMOKAa3bBalOUIHE BAWHOCTL SHAHS
KJIaPKOB KOHIEHTPAllHH [J5 HHTEPNpeTalHH H OLEeHKH T20XHMHYECKHX
foJieli ¥ 2HOMAJIHL, CBS3aHHBIX C MECTOPOXKAEHHSAMH MOJESHLIX I1CKO-
naeMbIx.

Marsni. Kaapk aurocdepsl KoHTHHeHTadbHON (Ges ocafounoil 060J0YKH)
pasen 2,4 %, xnapku B rpandrax 0,33 %, B runep6asurax 20,5 %. Knapk# KoHIeHT-
paunn: B rpanurax 0,33:2.4=0,1 (paccesnme); B rumepbasurax 20,5:24=38,1
(konnentpanus). CiaefoBaTeJbHO, MPOMBIILIEHHBIE CKONJGHHA MAarHHA AOJIKHH OBITH
CBA3AHBl C YJIbTPAOCHOBHBIMH MOpOAaMH. B HHX ZeHCTBHTENBHO H3BECTHHl 3HIOTEH-
Hble JKHJEl MarHeanTa, BO3HHKIUHE Ha 3aKMIOUHTEJIbHBIX CTaAHAX MarMarHYecKoro
npouecca, M SK30reHHble 3aJeXXH Marmeanra. o0pasoBaBliuecs B mnpouecce (Gopmu-
POBAHHS KOPH BLIBETPHBAHHA.

Huxkeuan Kiaapgu: autochepu 9,5-10—2 %, rpanurton 0,45-10—2 9%, runepGasn-
To8 200-10—2 %. Knapkn xonuentpauuu: rpamutos 0,05 (paccesuue), rumepGasutoB
21 (xomuentpauus). Ecin B rpanntax BHABJEHA reOXHMHYecKas aHOMAanHs HHKeJd,
TO OHA Moxer OblTh CBfi3aHa WJH C MpOIeccaMH, HaJOXEeHHBIMH Ha TPaHHTHL, HJH
¢ KCceHosMraMu runep6asHTOB, OCTATKAMH KPOBJH TPAHHTHOrO HHTpyauBa. B camux
JKe MaccHBax runep0a3uTOB reoXHMHUECKHE aHOMAJHH HHKeas OOLIYHLI H MOTYT NpH
ONpefeeHHEIX 3HAYCHHAX COJEPIKAHHH 3TOro 3JeMeHTa XapaKTepH3OBaTh Nepcmek-
THBHbIE YYAaCTKH A5 OOHapyzKeHHsi PYAONPOSABJEHHH HJH MECTOPOMKAeHHil 3TOro 3Je-
MeHTa.

Bepuanauni Knapku: murtocdepum 1.5-10-¢ %, rpanuros 3,5-10—* %, rumep-
GasuroB 0.2-10~% % . Kaapkn KOHUEHTpalHH: rpanHToBR 2,3 (KOHUEHTpamHs) THOEp-
Gasutor 0,1 (paccesnne). CiefoBaTesbHO, €CJH TEOXHMHYECKHE AaHOMAJHH OepHIHA
BHABJIEHE B IDAHHTHRIX HHTPY3HBAaX, TO OHH CBA3aHLl ¢ OAHON H3 TpaHHTHHX a3
HAH € NOCTMArMAaTHYECKHMH IpoueccaMp (rpefiseHH3auud H Ap.), TeHepHPYeMBIMH
TPaHUTHEIMH WHTPYsHaMH. Hanauune reoxHMHuecKMX aHOMalnii OepHJIHA B THnep-
6GaanTax He Moxer OuTh Bhi3BaHO (GopMupoBaHHeM 3THX nopoA. Ilpuunny nosBJjeHHs
TAKHX aHOMAaJHil H 3/lecb HeoOXOAHMO HCKaTh B CBA3H ¢ IPaHHTAMH, KaK 3TO ycra-
HOBJIEHO B psijle PafloOHOB PasBHTHS MECTOPOXJAeHHHl GepH/IHEBHIX PYyA.

3onoT1o. OTHOCHTCH K TeM 3JeMeHTaM, MJisi KOTOPHIX peulath Bompoc 00
SIBHOH KOHIEHTPALMH B KakHX-JHG0 Nopojax TPYAHO, HO BMeCTe ¢ TeM MOMKHO
O6HAapPYKHTh OOLULYI0 TEHACHIHIO K KOHIEHTPAIHH.

napku (n-10-7 %): muroctpepa 1,7, rpanuter 0,8, rpanoxnoputa 1,2, THOPHTH
2,8, ocHoBHEIE Topoanl 3,6, yabTpaocHoBuee mopoxut 6. Kak BHAHO, oTMeuaercs
NPOrpeccHBHOE HapacTaHHe KaAapKa 30/0Ta OT KHCIBIX K OCHOBHBIM noposam. B To
JKe BpeMs KAapkH Bcex nopoj Gau3ku (oAHA H Ta ke JeKaja), NOITOMY NOsBJIEHHE
B TEOXHMHYECKOM [10Jie aHOMaJHil 30J0Ta C KOHueHTpaumeii n-10-%-10-57%,
TIO-BHAHMOMY, MOXHO OOBSCHHTH HAJIOKEHHEM  MOCTMArMaTHYeCKHX  IIPOLECCOB,
CONPOBOXKAAIONNX CPe/lHHE M OCHOBHBIE HHTPYSHH. DTO NOATBEPIKAAETCS MHOTOYHC-
JICHHBLIMH TIPHMEPAMH MeCTOPOMKJAEHHH 30/10Ta, CBA3AHHEIX NapareHeTHYECKH ¢ MaJkl-
MH HHTDPY3HJMH IOBLILEHHOH OCHOBHOCTH.

”Tamm 06pa3oM, NpH HHTEPNPETALHH H OLEHKE FeOXUMIYEeCKHL Lio-
Jieil H ZHOMAaniHii HeoOXOAHMO YYHTHIBATH OCOGEHHOCTH KOHUEHTpPauUHH
H PAacCCAHHA XHMHYECKHX 3/IeMEHTOB B OIpEeNeNeHHLX THIax ropHBIX
nopoa. Oanu M3 HEX MOryT GHTb NOPOAAMH-KOHIEHTPATOPAMH OJHO-
IO 3JEMEHTa, BHIAGNSAACL HAa (hOHE TeOXHMHYECKOro IoJisl AOCTaTouHO
KOHTPACTHBIMY T€OXHMHUCCKHMH aHOMAJIMSIMH, ApYrHe oOHAPYHHBAIOT
TCOXHMHUCCKHE CCOGEHHOCTH MO COBOKYIHOCTH acCCONMANHH — Xurue-
CHRHX 3JIEMEHTOB.

15



Accoyuayuu xumuveckux ssemenros (AXJ) —3TO Takne HX c000-
IECTBA, KOTOPHIE ONpPEAEIsIOTCA CXOACTBOM IEOXHMHYECKHMX Napamer-
POB H BOSHHKHOBEHHE KOTOPHIX 00YyCJOBJIEHO OOIIHMH NPOilECcCaMu HX
murpauun. Ilonsrue AXD cuuraercs Oonee IHPOKHM, 4YeM DOHsITHE
«[HaparcHe3uc XHMHYECKHX JIeMEHTOB».

B reoxgMHueCKHX MOJAX XHMHUECKHE 3JeMeHTHh OOHapyIKHBAKTCH
B ClpefeNeHHbX ACCOUHANMAX, BO3HHKIIHX B Pe3yJbTaTe aHAOTeHHbIX,
SK30TEHHBIX H METaMOP(OreHHLIX MPOLECCOB.

®opma cymectBoBanus AXD B HOPMaJbHBIX H AHOMAJbHEIX Ted-
XAMHYCKMX GLOJSX MOKeT OBITh MHHEpPaJbHOH H HeMHHepaJLHO.
B HOpMa/abHBIX JHTOMEOXHMHUECKHX HOMAX AXD MOTYT HAXONWTLCA B
BAie CAMOCTORTEJNbHBIX MHHEPaJoB — MOPOA006pPasyolluX, BTOpOCTE-
NeHHHX # akueccopunix. B HemuHepasJbHOH (OpMe XHMHAYSCKHEe 3Je-
MEHTH MOPYT TNPHCYTCTBOBATh B BHAE HOHOB Ha INOBEPXHOCTH KpH-
CTajAJiop, B 4HOMAJBHBIX JHTOTEOXHMHUECKHX MOJIAX M OCOOEHHO B
reoXHMHUYECKHX aHOMaJusax npeoOsajgaeT MHHepajbHasi ¢opma c cy-
mectBoBanna AXO. MayuyeHnue sHIOTeHHHIX TEOXHMHYECKHX OpPEOJIOB
NCKasblBaeT, 4T0 B HX MNpejesax YCTaHaBJHBAITCS MHKPOBKpalJeH-
HHKH H MHKPONPOXKHJIKH MHHEPAJIOB IOJIE3HBX HCKOMAeMbIX H HX CHyT-
HUKOB,

Hanpumep, no pamusim C. Y. Bapransna, B 30HaX PasBHTHA 3HAOTEHHHX Opeo-
JI0B MELHOKOJYeAaHHHX Mecropoxjenuil Cepepuoii ApMeHHH OTMEYAKTCs MHKPO-
BKPalVIeHHHKH H MHKPOTDOMKH/IKH XaJbKONMHPHTA M IHPHTA (Meneconepxaiiero),
KOHIEHTPHPYIOLLHECA BJOAb TJOCKOCTell CMATHS H TPEUHH BO BMEIIaiOIHX H3Me-
HEHHBIX TMOpojax.

B 3HAOreHHBIX FEOXHMHYECKHX OpeosaX H aHOMAaJHsX, CBA3aHHBIX
¢ BOAb(PAMOBHIMH H OJIOBSIHHBIMH MECTOPOMKJEHHSAMH, TaKxke Ipeos-
najzer mumepanbHas ¢opma cymecrsosanus AXD. Tak, Hanpumep,
Ea nuomann [lepJoBOropcKoro rpaHATHOrO HHTPY3HBA OPEOJIbl BOJIb-
¢paMa COOTBETCTBYIOT OpeojaM Bojb(pamura (pHC. 3). Tlomob6uoe
75€ COOTBETCTBHE OTMeYaerTcsl M /ISl 9K30T€HHBIX OPEOoJIOB M aHOMaJHil,
no panusiM B. B. TMonukapnoukuna [39] u np.

O606mas nanusie A, A. Beyca u C. B. T'puropsna, I'. A. Tonesoi,
H. A. PocasikoBa, I'. K. Poccmana, H. M. CadponoBa u apyrux uc-
caenoBaTesell, MOXKHO COCTABHTb CBOAHYIO Tabaunmy (opm CyIIecTBO-
BAHHS XHMHUYECKHX 3JeMEeHTOB-HHAMKATOPOB B TEOXHMHYECKHX TOJSIX
u aHomaausix (raba. 2).

Hayuenne dopm cymecrBosanus AXD B reOXHMHYCCKHX MOJAX MO-
3BoasteT Gojee YBEpEHHO HHTEPNPETHPOBATh H OLEHHBAThH reOXHMHYe-
CKHE aHOMAaJIHH, a TaKiKe BHIOHpaTh M NPHMEHSTh ONpe/esieHHble Bil-
Bl aHAJH30B reoxumuyeckux npob. IIpu H3yuyeHHH IeOXHMHYECKHX MO-
Jeil colepiKaHue XHMHUYECKHX 3JEeMEHTOB ONpENEeNIseTcs: cyMMapHoe
(asoBOe) — MO BCeM (OPMaM HX CYUIECTBOBAHHs (CIIEKTpasbHBL
aHaiau3 W Ap.) MAM pasielbHOE — IO HEKOTOpHIM (opmam (aHaiHsbl
CIielHabHble — JHTH30HOBHIE, BHITSKKH H JAP.).

Jlisi MHTEpTpeTanni JHTOXHMHUYECKHX TOJIeH, B KOTOpBIX Npeolia-
HaloT MuHepanbhbie (opMbl cymecrBoBanus AXO, oueHb BaXKHBIMH
SBJASIOTCS KOHTPOJIbHBIE MHHEPAJOrHiecKHe aHAJHM3Bl OMNpeje/eHHO
IPYNNBl T€OXHMHAUECKHX NP0o6. D10 0coGeHHO HEOOXOAMMO IPH HHTEp-
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Puc. 3. Kaptel sHJoreHHHX opeonos Boabdpama (a) wu BOWBQ)pMTﬁH(&) .Hag x
naomazn [lepsoBoropecKoro rpaHHTHOrO HHTPY3HBA. © :

1—5 —rpanaunr  comepxauuit Boabdpama u BoandpamnTa; s—rpﬂﬂarinc-pdiapu. 7—-K0HT}'D.J ;-'
NOpQHPOBHAHEIX TPaHATOB; § — KPYNHOIEDHHCTHIE IPAHHTE] 9 — pas ﬂwe Ha y‘q{é’;”’ \
. s 1.




Tab6auma 2

DopMbl cyuiecTEOBAHMA AcCOUMAUME XMMHYECKHX 37emenToB-HHAnKaTopos (AXJ)
B FEOXUMHYECKHX MOJAX M AHOMAJIHAX

Munepamsrasn dopMa

l Hesymepanshas dopsa

Toan
HOpMaJbHbLIE aHoMaJIbHEIe HOpMaJIbHBI® AaHOMAJTbHbIG
JIHTOXHMHYeCKHEe SHJIOTeHHHE
Munepans nopofo- Munepanst moses-| Haomopguste mpr- | Hsomopdusie npu-
ofpasyiomye M aK- | HBIX HCKONAeMsIX M |MecH B MHHepajaxX- | MeCH B MHHepalax
HeccopHuIe MHHepaJIOB-CIyTHH- | KOHIEHTPaTOpax NOJIe3HBIX ~ HCKOMae-

OGnoMkn KpHCTaI-
JIOB aKIECCOPHBLIX
MHHEpANOB

KOB

MBIX H CIYTHHKaX

lasoxuzkHe BRIIOYEHHS B MHHepaJjax
FOPHLIX TOPOX H Ap.

JIATOXHMHUYECKHE S5K3O0TeHHHE

OGnOMKH KpHCTAT-
JIOB, MHHEpaJIoB MO-
JIE3HBIX HCKONAEMBIX
H MHHEpaJoB-CIyT-
HHKOB

Cop6unonssie OpMBl (HOHBI, YACTHIE,
copGHpOBAHHLIE HA MHHEpaNaX H TOopo-
Jax).

PacTBOpHE! NMJIEHOYHLIX H NOPOBHX BOA.

Merannoopranudeckue CoelHHEHHS
(rymatsl, ¢ymBaTh)

Bagecn (TOHKO-
JHCNepcHLIe  YACTH-
Ul MHHEpaNoB H
TOPHEIX TOPOA)

A3po3onH  TOPHEIX
TOpoj,

18

F'ingpoxaEMHYeCcKHe

Bapecu (Tomko-
JHCTIePCHEIE YACTHILE!
MHHEpAJIOB TIOJIe3HEIX
HCKONAeMbIX)

ATMoxuM

Aspozomn  moges-
HBIX HCKOMaeMbIX

Konnonamas ¢opma  (NceBLoKOJLIOH-
Jbl), MOHBI 3JIEMEHTOB AacopGHPOBAHHAIX
KOJIJIOHIaMH .

Herunso pacrBopeHHble (HOPMEI XHMH-
YecKHX 3/IEMEHTOB B BHJE HefTpaJbHBIX
MOJIEKYJl H TNPOCTHIX KOMIIEKCHHIX HOHOB

HUYEeCKHe

l'aspr 1 naper Taawl u napet

BrHoreoxmMuueckue

DotoMuHEpaIbl

Oprarmqecm{e COeJIHHEHH A




nperaiii M oneHke 06BHEKTOB € YCTOHUHBBIMH B 3K30T€HHBIX YCJIOBHSAX
MHHepaJaMH.

DakTopol MUSPAYUL XUMUYECKUX INEMEHTO6, ONpeAe/solHe a0~
BH5l BOSHHKHOBEHHS HX accolHaluii, a Takxke (OpMHPOBaHHE FeOXHMH-
YeCKHX IoJeil W aHoManuii, co Bpemenn A. E. ®epcmana npHHATO
DOAPAa3JensiTh Ha JBe TPYNNbI: BHYTPeHHHE W BHEIIHHE,

BryTpenHue (akropel BKJI0YalOT CTPOEHHE aToMma, KPHCTaJ/JIOXH-
MHUYECKHe CBOHCTBA, YAeJbHYI0 Maccy, yOpyrocTb NapoB H JIETYYeCTb,
pacTBopuMocTh, BHemHne GakTOpH — 3TO TepMOAHHaMHuecKHe, (QH3U-
KO-XHMHYECKHe (TeMIeparypa, AaBJeHHe, KOHUEHTpAlHsa) H SHEPreTH-
YecKHe VCJOBHS CHCTeMBl. BaHBIMH [Jf FeOXHMHUECKHX IPOrHO30B
ABJASIOTCS CJAeAYIOlHe KPHCTAJJOXHMHYECKHE CBOHCTBA: XHMHYECKAs
CBA3b B KDHCTAJJHYECKHX pEIIETKAaX, 3JeKTPOOTPHLATeJbHOCTh, pa-
OHYCblL ATOMOB H HOHOB, H30MOp(dH3M, JHEPrHs KpHCTAJJIHYEeCKOH pe-
HIETKH.

ITo THMaM XHMHYECKOil CBSI3H BbIAEISETCA YeThIpe TPYNIEl MoAeseit
KPHCTaJ/JIHYeCKHX pelIeTOK: HOHHbIe, aTOMHBIe, MOJEKYJspHEe, Meral-
arveckne. OQHOH H3 BaXHBIX KPHCTAJNIOXHMHYECKHX XapaKTEPHUCTHK,
RO3BOJAIOINX 00DbACHATE (DOPMHPOBAHHE TOH HJH HHOH TPYINHl pe-
HICTOK, SIBJASETCH 2JEKTPOOTPHILATEJAbHOCTH, T. € SHEPrHs
NPHTAMEHHS] JAHHBIM aTOMOM BaJIEHTHBIX 3JEKTPOHOB INIPH COEdHHE-
HHH ero ¢ Apyramu aromamu [11].

ConocrapiieHue BeJHYHH 3JeKTPOOTPHUILATENLHOCTH OTAEJLHBIX Ce-
MeHCTB XMMHYECKHX 3/eMEeHTOB C Iebl0 HHTepHpeTaluH TreoXHMHYe-
CKHX ToJsieif NpeACTaBJseT HHTepec. DJIEeMEHTHl CeMeficTBa § HMEIOT
HH3KHEe 3HAYeHHss N HeGOJBIOH pasMax BeJHYHH 3JEKTPOOTPHIATENb-
Hocteir (0,4—0,9 MIx). 2DnemenTs cemeiicTBa d OTJAHUAIOTCA He-
CKOJIbKO 60Jiee BHICOKHMH I0KA3aTeIAMH NPH MeHbLIeHl aMINIHTYAE HX
KojgeGauuit (0,6—1,0 MI:x). DneMenTs p XxapakTepusyloTcs Haubo-
Jiee BHICOKHMH BeJHYHHAMH H OOJbIION aMIVIMHTYAOH HX KojeOaHHit
(0,5—2,7 M]1x). CnegoBaTe ibHO, HOHHBIE CBSI3H B pelmeTkax GhopMmHu-
pyloTcs NOYTH BCerga NpH YYacTHH 3JIEMEHTOB CeMeficTBa p, BXOAS-
HIHX B COEIMHEHHS] C 3JeMEHTAMH ceMelicTB S, d W TeMH 3JIeMEHTaMH
cemeficTBa p, KOTOphle XapakTepH3YIOTcs COJBIIHMH  PAa3iHUYHAMH B
3JEKTPOOTPHIATENLHOCTH. YUHTBLIBASI 3TO NOJIOMKEHHEe, MOMKHO HHTEp-
NPETHPOBATh EOXHMHYECKHE TMOJS H aHOMaJHM, a TakiKe NPOrHO3HpPO-
BaTh acCONHAUHH XHMHUECKHX OCHOBHBIX 3JE€MEHTOB-HHIHKATOPOB H
cnytHukoB. Ilpn 3ToM paccmaTtpuBaeTcs TONLKO ONpeAe]eHHAS TEPMO-
AuHaMuyeckas cucrema. Hanpumep, B 3HIOT€HHONI TeHeTHUECKO CH-
CTeMe NepeHOCYHKAMH METAJJIOB SIBJAFIOTCH COEJAHHEHHA, B KOTOPHIX
OOMBIIYIO poJb HIPAIOT 2NEMENTH CeMelicTBA p ¢ NHCOKHMH BeJIHUH-
HaMu saextpoorpuuarenryocteit (F 2,7 MIx, O 22, Cl 1,9, S 1,5,
B 1,2, Si 1,1 MIIxk). B nporecce o6pa3oBanHs TOCTMATMATHYCCKHX
MECTOpOXKAeHul (OPMHDYIOTCA pPVAHBIE Teja, FeoXHMHYeCKHe OPeOJIl
H Opeoss u3MeHeHHHX mopoxa. Ilpn 3ToM npoHcXoauT paspyiucHHe
KOMIIJIEKCHBIX CcOeJIHHeHHH W BhIajeHHe MHHepasoB. B opeonax, Ha-
PALY C DyAHBIMH MHHEpaJaMH, COAepIKAIIHMH 3JeMEHTHI ceMeiicTBa

(sonbdpam, monubmen u Ap.) W sJAeMeHTH ceMmeficTBa § (6Gepu,
JHTHEBBIE Clioakl), 00Pa3yiOTCs MHHEPAJHl, COAEpKALlHE SJeMEeHTH
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ceMeficTBA p ¢ BBICOKHMH 3HAYEHHSMH 3JEKTPOOTPHIATEJIbHOCTH
(pmioopur, Typmanun, kpapu u Ap.). Ilo orHoWeHHIO K PYAHBIM TejaM
OpeOJIbl STHX MHHEPAaJOB H JEMEHTOB MOTYT 3aHHMATb BHeLUIHHE 30-
Hbl, CO31aBas O6/aronpHATHLIE YCJAOBHS JIJIsl IPOTHO3a H NMOHCKOB CKpPHI-
‘TOro opyaeHenus [8, 46].

BaxueiM (pakToOpoM AJs HHTEPNPETalHH FeOXHMHYECKHX moJjeil H
aHoManuil sBasiercd H30MOpPGH3M — crnocofHOCTL OJMHSKHX 1O
CBOJCTBAM XHMHUYCCKHX 3JEMEHTOB 3aMellaTh ADYr Apyra B KpHCTald-
JIHYECKHX pellleTkax, o0yc/oB/ieHHBIll BeJHYHHAMH PajHycOB HOHOB H
aToMOB. AHaJIH3 BeJHYHH PaJHyCOB HOHOB H aTOMOB Ha COBPeMeHHOH
Tabauue MenjeneeBa nokasbiBaeT INePHOJHYHOCTL MX pachpe/eseHds
10 ceMeficTBAM XHMMHYECKHX 3JeMeHTOB (S, p, d, f) B mpemenax oT-
AesbHBIX rpynn. IlepmoaudnOCTBIO pacnpesesieHHs BeJIHYHH PajHyCcOB
HOHOB B 3aBHCHMOCTH OT ceMeHCTBa XHMHUECKHX 3JIEMEHTOB, NMO-BH/AM-
MOMY, MOXeT OLITh B ONpeje/eHHOH Mepe 00bACHEH H30BAJeHTHHI H
reTepoBaJieHTHHIT H3oMopdH3M, BuiaedeHHbll A, E. PepcmanoM.

PaccMoTpHM HEKOTOpPHIE NpPHMEphl H30BAJEHTHOrO H3oMopdHaMa,
fIpeJCcTaBJsoNue HHTepec AN HHTEPNpeTalHH TeOXHMHYECKHX MoJei.

3onoto m cepebpo, ofpasyoliye NPHPOAHHI CINaB, HMeWT GJAH3KHE
pajuycsl MOHOB H aTOMOB [3osoTo coorBercrBenuo 1,37 u 1,44; cepe6po 1,13 (1,23)
# 1.44). B SHAOTeHHBIX MECTODOXKJAEHHAX 5TH SVeMeHTH (QopMupyioT GJH3KHe IO
napameTrpaM OpeoJisl BOKPYr pyAunix Tes. OfHako B CBA3M ¢ OGBIYHO MOBHILIEHHBIM
cojepkanneM cepeGpa B pPYAHEIX TejaX OPeOJbl 9TOTO 3JeMeHTa HECKOJbKO MiHpe
H TpoTsKeHHee. B 9K30reHHHIX mpoueccax AAs MeCTOPOXKAEHHIl C KPYNHHM 30JI0TOM
MOryT (GOPMHPOBATLCA IIIHXOBHIE OPEOJIEl H pocchink 3os0T7a. Jlas MecTopoaeHHH
€ TOHKORHCIEPCHBIM 30JI0TOM, OCOGEHHO B CYJbL(MHAHEX pPYJAaX, B 3K30TeHHHX VCJI0-
BHSIX NMPOHCXOJMT pasjesieHHe 30Ji0Ta H cepe6pa B BEPXHHX YaCTAX 30HH OKHCJIEHHS,
rie paspyiraertcsi NPHPOAHBI CNJIAB STHX 3JEMEHTOB. B HMKHHX YacTaX 3THX 30H
MOJKEeT BHOBb HaGmoAaThesl COBMAJCHHE MAKCHMYMOB HX HaKOMJIEHHS.

Ilnpkonufi u raduui umeilor Gauskme pamnycet nonoB 0,87 u 0,86, uro
obecrieyHBaeT MX M3OBaJIEHTHHI H3oMOp(hH3M, KOTOPHl MoeT OBITH HCNOJL3OBAH
NpH aHaJH3e reoXHMHYecKux noJeil. ITpH cOOTHOMIEHHH COAEPMAHHH 3THX 3JEeMEHTOB
B Mudepaje nupkore 30:1 (uumpkonwit: radHHi), HMEIOTCA OCHOBAHHS NPEANONAraTh
Hajguune TadHHS B TEX MECTOPOXKJAEHHAX, KOTOpHle CO3/1al0T KOHTPACTHHIE TeoXH-
MHYECKHE aHOMAJHH LHPKOHH.

HuolGuit m TaHTaJJ— NOCTOAHHEIE CHNYTHHKH — HMeT paanyce uHoHos 0,69.
StH sjaeMeHTH 06pa3yioT Psaj MHHEDPAJOB, MOJYUMBIIMX HA3BAHHE TAHTAJA0O-HAOGATOB.
B 3HfOTEHHBIX MECTOPOXKAEHHAX STH 3JeMeHTH cemefictBa d (OPMHPYIOT reoxuMHu-
YecKHe anoMaluH, JOKAJIH3YIOUIHeCs TJIaBHBIM 00pasoM B KOHTYpe TeX HHTPY3HBOB,
C KOTOPHIMH OHH TeHeTHUeCKH CBf3aHHL. B npoluecce 3K30reHHLIX H3MeHeHHH TaHTak
% HHOGHH OOCLMHO He pasfensioTcs H3-3a2 Ooapmofl YCTOMYHBOCTH WX MHIEpaJoB.
ChnenoBateasHO, OTMeYaeTcsl H COBNAJEHHe TEOXHMHYCCKMX aHOMaamit 3THX JABYX
3JIeMEHTOB.

Penxue 3eman oOGbefHHEHH B rpynny JaHTAHOMAOB, MJIA KOTOPHIX YCTAHOBJEHH!
GiuakHe paauycsl uonos (0.99—1,22), Ilpu oGmapyXeHHH B TIeOXHMHYECKOM TO0J€
OHOrO H3 3JEMEHTOB STOH TPYNNH MOXKHO NPEANoJaraTtb HaJHuHe H  APYIHX
3/1eMEeHTOB.

TerepoBanenTnuit H3oMophH3M, XADAKTePHBIA JJIST XHMHYECKHX
3JIEMEHTOB € PasHOil BaJeHTHOCTbIO, OTMeUaeTcs H JAJS 3JeMEeHTOB OJI-
HOrO M TOro e cemeiicTBa, Hanpumep, 2/eMeHTH ceMeiictBa d — MO-
JubeR M PEeHHH — MMEIOT Pa3Hyl0 BAJeHTHOCTb, HO OJAMHAKOBHIH pa-
anyc wuona — 0,68. Pennit — cpepxpaccedHHulll  anement  (Kaapk
n+10-% %) — comepKUTCA B NOBHIIEHHBIX KOJHYECTBAX TOJLKO B MO-
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aubnennte (1o 2-10- % ). CuenoBaTesnbHO, OlLEHHBAS TEOXHMHUECKHE
dHOMaJIHH MOJIHﬁJIEHﬂ, HeJb3s SaﬁbIBaTb O BO3MOMKHOCTH 06Hapyme-
HHSl CBA3AHHBIX C HHMH PYJAHBIX TeJ, B KOTOPLIX BEPOSAITHO MOSIBJIEHHE
MOJHOAEHHTA ¢ NPOMBIICHHBIMH COAEPKAHHAMH DPeHHS.

DHepruss KPHCTAJ/JHUYECKOH pelleTKH—3T0 3IHEPrus,
KOTOpas 3aTpauyHBaeTcsl Ha paspylIeHHe ee, HJH 3Heprus, BhAeaseMas
npu ee o6pasoBaHuH. JT0 NoHATHe, BBefeHHoe A. E. ®epcmanom, ume-
€T 3HaYeHHEe IIPH aHaJH3e MHHEPaJbHHIX (OPM CYUIECTBOBAHHS XHMH-
YeCKHX 3/IeMEHTOB B FeOXHMHYECKHX MoJsx H aHoMaausax. Ilo gopmy-
Je, npeanoxenHoit A, E. ®epcmanoMm u yrounenHoi B. M. JleGene-
BBIM, MOKeT OBITb ONpe/e/]eHa SHePrHs KPHCTA/JIHYECKOH pelIeTKH:

v=256(sk A + sk B+ 3kC...),

Tle 9K — 3HepreTHUecKHil kosdunuent. CorjacHo SMIHPHYECKHM pac-
yeram A. E. ®epcmana, 118 aHHOHOB H MaJIOBaJIEHTHBIX KATHOHOB 3K =
=w?/2R;; Ans KaTHOHOB 9K=w?/2R;-0,75(R;+0,20), rae w —Ba-
JIEHTHOCTb, R; — paauyc anuona; A, B, C — 3JeMeHThL.

Jnst mpuMepa onpefesHM SHEPTHIO KPHCTAJJIHUYECKOH PELIeTKH ra-
JIETa ¥ KBapua:

V= 256(0,45 + 0,25) = 0,75 Mk (ramut),
V= 256 (8,6 + 2 x 1,55) = 12,5 MIlx (ksapi).

ConocraBjieHHe 3THX BeJIHUHH NOKA3HIBAaeT, YTO KPHCTANJIHYECKHE
PelleTKH YKa3aHHBIX MHHEPAJIOB II0 HEPTHH BechbMa CYLIECTBEHHO OT-
JIyaTes. JT0 OOBACHAET YCTOHYHBOCTE B 3SK30TEHHBIX YCJIOBHAX
KBapla H HeyCTOHYHBOCTb raJiuTa.

Onpenensisi BeIMYHHY IHEPrHH KPHCTANIHYECKOH PEleTKH AJIs
KOHKDETHBHIX MHHEPaJIOB, MOXHO B NepBOM NPHOJHXKEHHH NPOrHO3H-
poBaTh MOBeJeHHe HX B 5HJAOTeHHBIX H 3K30Te€HHBIX YCJAOBHAX H pelliaTh
BONPOCH O (hOpMe CYIIECTBOBAHHS XHMHUECKHX 3JeMEHTOB B IeOXHMH-
YecKHX Nojsix. B wacrHocTH, npejacTaBiseT HHTepec BOnpoc o HOpMH-
POBaHNH pOCCHINEll MHHEDPAJIOB; YCTOWYHBEIX B 3IK30I€HHLIX YCJOBHAX.

B rpynny BHyTpeHHHX (AaKTOpPOB MHIpAUHH MOTYT OBITb OTHECEHBI
TaKye H3MEHEHHs H30TOIMHOIO COCTaBa XHMHYECKHX 3JIEMEHTOB, 3Ha-
HYEeHHS KOTOPHIX A/l F€OXHMHUECKHX ITOMCKOB PACCMOTPEHBI B HEKOTO:
peix paborax [2].

Brewnue ¢paxroper muepayui XUMHYECKAX 3JEMEHTOB HMEIOT TaK-
e CyIlecTBeHHOe 3HaueHHe JJisl HaJeXXHOH HHTEPIHpeTalluH TeOXHMH-
UYecKHX noneil u anomannii. Ilpn aHanH3e 3HAOTeHHHIX INPOLECCOB
JOJKHBl YUHTHIBATECA CJefyiolue (GpakTopsl TAyGHHHOM MHrpauua (mo
H. . Cadponosy): npouecc OCTHBaHHA MarMaTHYECKHX TeJ H IOCT-
MarmMaTHYeCKHX DacTBOPOB, TEKTOHO-MarMaTHuYecKas oGCTaHOBKa, Mpo-
HHIlaeMble W SKPaHHDYIONIHE CBOHCTBA TOPHEIX NOPOA, AH(D(OY3HOHHBIE
H MH(UIbTPAUHOHHBEIE CBOHCTBA NMOCTMArMaTHYeCKHX pacTBopoB. Pac-
CMOTPHM HEKOTOpHIe H3 YKa3aHHHIX (paKTOpOB.

JuddysHusa—MelIeHHOe NPOHHKHOBEHHE pacTBOpa B NOPOAY,
npolecc paBHOMEPHOrO pachpejesieHHs] BellecTBa OT YYacTKOB € BbI-

COKOH KOHIEHTPALMel K yYacTKaM ¢ NOHHMKEHHOH KOHILeHTpalHei.
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HuduabrTpauus — npocaynBaHHe pacTBOpa  uepe3 TPEUIHHBl H
NPOHHIaeMEIe 30HBL

JHuddysnonneie reoOXHMHUECKHE OPEOJHl ONPENENsoTCs MOPHCTO-
CTBIO FOpPHBIX NMOPoA. MakcHManbHOE yAajieHHe OT PYAHBIX Tej OT Mmep-
BEIX MerpoB mo 100—200 m. HuduabTpaunonsbie reoXxHMHYECKHE
OpeoJibl HMEIOT MPOTSAKEHHOCTh OT COTEH METPOB JI0 MepBLIX KHJOMET-
POB NO TPOCTHPAHHIO H BOCCTaHHI pyaubix Ted. Ilpm stom wmoryr
(OPMHPOBATBLCSL «MOJOKHTEJIbHBIE» OpPeoJbl KOHIEHTPAllHH XHMHUE-
CKHX 3JIEMEHTOB, NPHBHOCHMEIX THAPOTEPMAaJbHHIMH pPacTBOPaMH,
a TaKKe «OTPHLATEJIbHBEIE» OPeoJbl'paccesHUs XHMHUECKHX 3JIEMEHTOB,
BLIHOCHMEIX H3 BMEU[AIOMHX MOPOL.

[IponnuaeMocTs H 3KPAHHPYIOLIHE CBOHCTBA MOPOA MOTyT OTpa-
JKaThCcs Ha XapakTepe 30HAJIbHOCTH reOXHMHUECKHX aHOMaJHil H opeo-
noB. Hanpumep, npn HanHYHH HeNPOHHILaeMbIX 5KPAHOB B HHX MOTYT
ObITh BBISIBJIEHB TOJLKO HauboJjiee NMOABHIKHEE JETYHHE JIEMEHTH, CO-
3/lal0llHe BepxHHe YacTH opeosoB. Ha yyacTkax TeKTOHHYECKH Hapy-
LIEHHBIX 3KPaHHPYIOUIHX TOPOJ MOKET INpOsBJAATLCS 30HAJNBHOCTH Ieo-
XHMHUYECKOTO OpeoJia, XapakTepHas AJisi JaHHOTO MECTOPOXKAEHHS.

[Ipn uHTepnpeTanmuu SK30TeHHHIX TF€OXHMHYECKHX ToJielf W aHOMa-
JHH cpeAH BHEIUHHX (PAKTOPOB MHTPANIMH JOJIKHBI YUYHTHIBATHCA KHC-
JIOTHOCTH PACTBOPOB H OKHCJIHTEJBHO-BOCCTAHOBHTEJNBHHIH OTEHIHAJ.
Baxuoe snauenne npuoGpeTaloT KAuMaTHUECKHe (AKTOPLI, THIIE JAHA-~
wadTos, GOPME MHIpallHH XHMHYECKHX 3JIeMEHTOB B T'€OXHMHUECKHX
NOJIAX.

Teonrozo-zeoxumudeckoe modeauposanue 3aKIIOUAETCS B H3YYEHHR
Mojenell KOHEYHHIX OGBEKTOB TeOXHMHUYECKHX NOHCKOB, T. €. MeCTO-
POXKIEHHI MOJEe3HHX HCKOMAaeMHX, N0 CJeAYIOIHM NapaMeTpaM: Xxa-
pakTepy H OTYETNHBOCTH (KOHTPAaCTHOCTH) FeOXHMHYECKHX aHOMaJuil,
co3flaBaeMbiX 00beKTaMH; YCJIOBHAM 3aJieTaHHs 10 OTHOLIEHHIO K CO-
BpPEMEHHOII TOBEPXHOCTH; reHe3HCcy H MOP(OJOrHH; 30HAJILHOCTH.

Mogenn KoHeuHHIX OGBEKTOB (MeCTODOXKIEHHH) MO XapakTepy u
OTYET/HBOCTH CO3JaBaeMhIX HMH MNEPBHUHBIX IEOXHMHYECKHX aHoMa-
auii  (OpeosoB) OTpPaxKaloT AaCCOLHAIHMH  3JeMeHTOB-HHAHKATOPOS,
a TakKKe MOHCKOBOE 3Ha4YeHHe KaiK/0fl H3 BBIJEJIEHHHIX TPyNn o6bek-
TCB (Taba. 3).

E I rpynne raaBHBIM 3/€MEHTOM-HHAHKATOPOM SBJISIETCS BeAyIIHMH
XHMHUECKHH 9JIeMeHT MOJIe3HOT0 HCKOIaeMoro: B COJAX — KaJHi, HaT-
puit unu Marauii, B docdopurax — docdop u 1. A. Bo II rpynne raan-
HbUT 2JIeMEHT-HHAHKATOP aHOMaNbHOTO MOJA BBHAEIHTH HE BCErjaa npo-
cro. laa pemenns: sToro Bompoca TpeGyeTcsl YUHTHIBATH BCE H3BECT-
HBle reoJIOTHYeCKHe W MHHEePaJoro-reoXHMHYecKkHe ocobeHHOCTH KOH-
kperHoro o6bexkra. I'pynna III xapakrepusyercs, 4TO reoXHMHUYSCKHE
MeTOAbl 415 MOHCKOB aHOMAJHH HMEIOT BCIOMOraTeNbHOe 3HAUeHHEe Mo
CPaBHEHHIO C TIe0JIOTO-MHHEpaJIOTHUeCKHMH H reo(@H3HYeCKHMH MeTo-
IaMH.

Moznenn 06BEKTOB MO YCJAOBHSAM 3aJeraHHd MO OTHOIIEHHIO K CO-
BpeMeHnoii NMOBEPXHOCTH XapaKTEepPH3YIOTCs OCOGEHHOCTAMH NpOsBIe-
HHS aHOMAaJIbHEIX FeOXHMHYECKHX noJeii. MecTOpOXaeHHs, BHIXOAALIHE
Ha NOBepPXHOCTh, OTPaXKaloTCs B Heil MPH3HAKAMH, KOTOpPLIE MOTYT OHTDL
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