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BompocaMm memmdpupoBaHus U MHTEPIIPETAllMU CTPYKTYp LeHTpansHoro Tuma (CLT) npu nposene-
HUU JUCTAaHLIMOHHBIX CTPYKTYPHO-TE€0JOTUYECKUX U CTPYKTYPHO-TeOMOP(DOIOTUYECKUX UCCAeIOBaHM I
ynensercs: KpaliHe majoe BHuMaHue. [Tpu atom emie B 70—80-x rr. XX B. qokazaHa BaxHasi pojb CLT
B JIOKQJIM3ALMU MECTOPOXIECHUI U PyOHbIX ToJiei. [TonoxeHne faHHBIX CTPYKTYp 00513aTe€JIbHO AOJIK-
HO YYMTBIBaThCS MPU PELICHUHU 3aad MTOMCKa U IIPOrHO3a MOJIE3HBIX MCKOMaeMbIX B KOHTEKCTE MeTal-
JIOTEHUYECKOTO aHaJIN3a Y PEKOHCTPYKIIMY Te0JIOTUIEeCKO MCTOPUM PA3BUTHS U3yYaeMbIX TIJIOIIAEH.
ITpakTyecku OTCYTCTBHE PE3yIbTaTOB MaccoBoro nemudpupoBanus 1 nHTeprperanuu CLT moxHO
OOBSICHUTD ITOKa ellle ¢J1Jabo pa3paboTaHHOI METOAUKOM BhIIEICHUS U aHa3a pacCMaTprUBaeMOTro THIIa
CTPYKTYp. B uccnenoBaHuy 17151 TEpPUTOPUM I0TO-BOCTOUHOTO 3abaiiKajibsi MPENCTaBIIEH aBTOPCKUIA
monxon K aemdpupoBanuio 1 uHrepnpeTannu CLT, B ToM 4nciie B CBSI3U C JIOKAIM3AIIAEi PyTHBIX
00BEKTOB Pa3IMUHBIX T€0JIOTO-TIPOMBIIITIEHHBIX (T€0JIOTO-TEeHETUUECKUX) TUTIOB B paMKaX KOHIEIIIUU
dopMupoBaHUsT MUHEPATBLHBIX crcTeM. [Toaxon ocHOBaH Ha UCIIOIB30BAHUM COBPEMEHHBIX TeOMH(OP-
MAaIIMOHHBIX TEXHOJIOTHi, JAHHBIX TMCTAHIIMOHHOTO 30HANPOBaHUs 3eMJIu (pagapHasi Tormorpaduaeckast
CheMKa) BBICOKOTO pa3pelleHtsI, Co3TaHuu MMbPOBO Moaean peibeda U TPUMEHEHUM KOMILIEKCHOTO
CTPYKTYPHO-TIPOCTPAHCTBEHHOTO aHam3a. [IpoBeneH cTaTuCTUIeCKnii aHa I3 BBIIEIEHHBIX Ha TUTOIIAAN
CUT, moka3aBiimii INIaBHOE YBEJIMYSHHE YKCIA CTPYKTYP ¢ YMEHBIIICHNEM UX JUaMeTpa. YCTaHOBIICHO,
YTO MPOCTPAHCTBEHHBIE MAKCUMYMBbI 3KCTEHCUBHOCTHU OPYIEHEHUS B IIPEAEaX TEPPUTOPUN CKOHLIEH-
TprpoBaHbl Ha niepudepun kpynHbix CLT u B HemocpencTBeHHOM 01M30CTU OT HUX. BOJBIIMHCTBO U3-
BECTHBIX KPYITHBIX PyIHBIX 00bEKTOB MTPUYPOUEHBI K BHYTPEHHUM 00JIacTsIM CTPYKTYp MeHee 10 kM B
nornepeyHuke. [TocTpoeHsl MonebHbIE pa3pe3bl, MO3BOJISIONINE YCIOBHO PEKOHCTPYMPOBATh IITyOMHHOE
TOJIOKEHNE MarMaTUYeCKMX 04aroB, C KOTOPbIMU CBsi3aHbl BeifeaeHHbIe CLIT, 1 TeM caMbIM OTIpenesuTh
BEPOSITHBIE MCTOYHUKN METAJUIOHOCHBIX (OIIOMIOB. YCTaHOBJICHA TeCHAsI IIPOCTPAHCTBEHHAS CBSI3b BbI-
SIBJIECHHBIX MarMaTUYECKUX 04aroB ¢ ITYOMHHBIMU pasjioMaMM. s onpeneneHus Haubosee Oaaromnpu-
SITHBIX YYaCTKOB OTJIOKEHUSI PyTHON MUHEPATU3alMK CO3IaHbl BECOBbIE TTPOTHO3HO-TTOMCKOBbIE MOIETN
tepputoprun. OHU OCHOBAHBI HA CTPYKTYPHO-IIPOCTPAHCTBEHHBIX KPUTEPHSIX, BKITIOYAIOIINX HE TOJIHKO
ctpykTypHbIe 35ieMeHThl CLIT, Ho U cerMeHThl U3BECTHBIX Pa3pbIBHBIX CTPYKTYP. TOUHOCTh KOMILIEKC-
HoOIt Moaenu coctaBuiia 89%. Takum 0O6pa3oM, B COOTBETCTBUU C KOHLIEMIMEN MUHEPATIbHBIX CUCTEM,
PEKOHCTPYUPOBAHBI UCTOYHUKY, ITyTH MUTPAIIMKA 1 MeCTa HanboJiee BEpOSITHOTO OTIOXEHUS PYITHOM
MUWHEpaJIU3aIU.

Knrouessie crosa: CTpyKTYpHI LICHTPAIBHOTO THUIIA, PyA000OpPa3yIOIIe CUCTEMBI, TeOMH(MOPMAIIMOHHBIM
aHaJIM3, IUCTAHIIMOHHOE 30HAMPOBaHUe 3eMJId, LIudpoBast Moaeb pejbeta, MeTaIJIOTeHUYEeCKU I aHa-
JIN3, KOHIIETITYaJIbHAasT IIPOTHO3HAsI MOJIEIb, BECOBasl IPOTHO3HO-ITONCKOBAsI MOJIETb, METAaJUIOTCHUS,
IOTO-BOCTOUYHOE 3abaiiKalibe
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BBEAEHUE
B paMKax MHOTOYMCJIEHHBIX COBPEMEHHBIX PErUO-

HaJIbHBIX TMCTAHIIMOHHBIX MCCIESIOBAaHUMN TeOJIO-
TMYEeCKUX CTPYKTYP 3amade JOCTOBEPHOTO meIind-
pPUPOBaHMS, U3YYEHUS U UHTEPIIPETALIMU CTPYKTYP
neHTpaipHoro Tuna (CIT) yacTto mpuaaeTcs BTO-
pocTeleHHOe 3HaueHue. B OOIBIIMHCTBE CTPYK-
TYPHBIX M3BICKAHUI JaHHAS 3aJaya Jaxe He cTa-
Butcsg. CHT B 3amamgHoii TuTepaType 4allle BCero
0003HayaloTCI TEPMUHOM “KOJIbLIEBbIE CTPYKTYPHI”
U B HaubOosiee oOIIEeM ompeneaeHUu MpeacTaBis-
10T CO0OIi reoJIOTHYeCKHe 00pa30BaHUS KOJBIIEBOM,
OKPYIJION MJIM OBaJibHOM (hOPMBI B MJIaHe, HaOJIO-
JlaeMbIe Ha ITOBEPXHOCTH 3eMJIM U JPYTHX HEOECHBIX
ten (Saul, 1978; ConoBbeB, 1978). JlaHHbI TepMUH
BriepBEIe BBel A. Xapkep B 1904 1. mis onmmcaHus
KOMILJIEKCOB BYJIKAHMYECKUX IIOPOI, OKPYKEHHBIX
CHCTeMaMU KOJIbLIEBBIX JaeK. B HacTosIee BpeMs K
CHLT oTHOCSIT OKpYIJIbI€ T€OJ0IrMYECKUEe CTPYKTYPhI
1 MOPGOCTPYKTYPHI pa3IMYHOrO TeHe31ca, TUaMeTp
KOTOPBIX COCTABJISIET OT NECATKOB M COTEH METPOB
IO MEeCATKOB U COTEH, PEXe ThICSIU, KMJIOMETPOB.
Takke B poCCUICKOI TUTEpaType NPUMEHUTEIBHO
K IIOMCKaM M pa3BelKe PYAHBIX MECTOPOXICHUI 1
CTPYKTYpaM PYIHBIX IO, pa3pabOTKe IreoIoro-re-
HETUYECKUX MOJeIeil, aKTUBHO MCIOJIb3YIOTCS 0113~
kre K CHT mo cMbICiTy TEpMUHBI “KOHLIEHTpAYECKAST
ctpyktypa” (Jlyunuxkuii, bongapenko, 1974), “cu-
crema neHtpanbHoro tnma” (Exos, Xynsakos, 1984),
“MecTOpOXIeHNEe KOJIbLIEBOTO TUITA” U “KOJIbLIEBOIt
pynoHocHbIN koMIuteke” (Hesckuit, ®poos, 1985).

HayuyHo-MeTommueckue MOOXOObl K BEISIBIIC-
HUIO, KJ1accuGuKalny, aHAIU3y U UHTepIIpeTallun
CUT moayyuiau cBoe MakCUMaJlbHOE pPa3BUTHE B
OCHOBHOM B TpylaX COBETCKUX MccienoBaTeaei
B 70—80-x romax mpouuioro Beka. JaHHbIil ¢dakT
00BSICHSIETCS TOSIBUBIIEICSI BOBMOXHOCTbIO pabo-
Thl ¢ KOCMUYECKUMU CHUMKaMu. UMeHHO B 3TOT
nepuon B.M. PoixkoBoii 1 B.B. CoJloBbEBBIM U3-
naHa “Kapta MOp@OCTpYKTYp LIEHTPaJIbHOIO TUIIA
tepputopun CCCP” macmra6a 1 : 10000000 (Perk-
koBa, ConoBbeB, 1975). [NoapoOHbIe MOSICHEHUS O
TepPMUHOJIOTUM, METOIUKAM M pe3yJIbTaTaM JIeimd-
pUPOBaHUS, OTPAKEHHBIM Ha 0003HAYCHHOI KapTe,
a TaKKe MHTepIIpeTals pe3yIbraToB, 0000IIeHBI
B pabote “CTpyKTyphl LIEHTPAJIILHOTO TUTIA TePPH-
Topun CCCP 1o gaHHBIM reojoro-reoMmop@oo-
ruyeckoro aHanusa” (ConoBbeEB, 1978). YunurteiBas
MmaciutabHblit pakTop — ciiaboe MPOCTPaHCTBEH-
HO€ pas3pellieHre MepBbIX JaHHBIX TUCTAHIIMOH-
Horo 3oHaupoBaHus 3emau ([133) u mpakTUdecKu
OTCYTCTBHE BO3MOXHOCTU IMPUMEHEHUSI KOMIIbIO-
TEPHBIX TEXHOJOTUHU IJIsI X 00pabOTKM — aBTOpaM
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YCTHUHOB u np.

Ha tepputopunn CCCP B 0CHOBHOM yHAJIOCh BBISI-
BUTb TOJIbKO KPYITHBIE U OYEHb KPYIHBIE CTPYKTY-
PBI, pa3Mep KOTOPBIX BApbUPOBAJI OT COTEH JIO ThI-
CS9 KMJIOMETPOB.

B ocnosnoMm n14 BeigeneHus CHT B o603HaueH-
HBIA BhIIIE TTepuoA pa3padoTaHbl U MIPUMEHSJIUCh
METOAUKU T'e0JIoro-Mopdoaornyeckoro u Mmopdo-
CTPYKTYPHOTO aHAJIM30B B COYETAHUM C METOTAMU
00pabOTKM TTepBhIX MOJIydeHHBIX JaHHBIX [133. [1pn
9TOM ITOKa3aHa BO3MOXHOCTb BbIIEIEHUS CKPBITHIX
Tre0JIOTMYECKUX CTPYKTYP, He BCETa BEIpaKeHHBIX
B peabede U pUCYHKE PEUYHOI CeTH, C ITOMOIIBIO
aHaaMn3a reoPU3NISCKUX U TEOXUMHUIECKUX TIOJICH.
B pesynerate nemugpuposanuss CLT Ha ocHo-
Be 00001IeHUsI 0OJbIIOI0 KOJMYECTBA IOMepey-
HbIX npopuneit B.B. ConoBbEB BbIAEIUT TPU OC-
HOBHBIE TOITOJIOTMYECKNE TPYIIIbI, CBOMCTBEHHBIC
TpeM MOP(OJIOTMYECKUM KATETOPUSIM LIEHTPaIbHBIX
dopMm. UM, mogo6HO MOpPGOJIOrHUecKOMY Moapas-
JIeJICHNI0O TEKTOHUYECKUX CTPYKTYP, MPEIIOKeHO
HCIIOJIb30BaTh TEPMUHBI “KOJIbIIeBasi CTPYKTypa” —
IJ1s1 0003HAYEeHMST OTPULIATEIbHBIX MOP(OCTPYKTYP
U “KyTIoJIbHAsA CTPYKTypa” — IJISI TIOJIOKUTEIbHBIX.
11 KOMIUIEKCHBIX CTPYKTYP, COYETaIoIINX B cede
CBOIicTBa 00eMX KaTeropuii, mpemarajoch Ipu-
MEHSITh TEPMHUH “KyIOJBbHO-KOJbIIEBast CTPYKTypa”
(KKC) (ConosbeB, 1978).

IIpoBeaeHHOE KapTUpOBaHUE, CUCTEMATU3aLIUS
W CPaBHUTEILHBIN aHaINU3 TTO3BOJIMIIN YCTAHOBUTD
BO MHOTUX PYJIOHOCHBIX MPOBUHIIUSX MUpaA IIN-
poKoe pacIpocTpaHeHHe pa3HOOOpPa3HBIX HIO-
TeHHBIX PYIHBIX MECTOPOXIECHUN, TIPUYPOUEHHBIX
K CUT, cunTaBmImxcsd paHee TOCTATOYHO PEIKU-
MU CTPYKTYPHBIMU oOpa3oBaHusaMu (ToMcoH u ap.,
1982; HeBckuii, @poios, 1985). TakuM obpazom,
MNOATBEpXKAeHAa BaxHasl nipakTtuueckas poab CIT
B ITOCTAHOBKE M pelIeHWM 3a7ad MOoMCKa IToje3-
HBIX MCKOTIAeMbIX M MPOTHO3HBIX METAJJIOTeHU-
YeCKUX IMocTpoeHuit. B 3To ke BpeMs BOZHUKaET
MHOXECTBO TUIOTE3 (DOPMUPOBAHUS PA3TUYHBIX
tunoB CILT B cBSI3U ¢ reoJlorMuecKuMU IIpoliec-
caMM, TAKUMM KaK peTMOHAJIbHbIE TEKTOHUYECKHE
IBUXEHUSI, GOpMHUPOBAHUE COJSHBIX KYIOJIOB U
JUAMAPOBBIX CKJIAAOK, MPOSIBIEHUE TUAPOBYJIKA-
HU3Ma, 00pa3oBaHNWE BOPOHKO- U TPYOOOOpa3HBIX
KapCTOBBIX TTOJIOCTEM, TTaleHue METEOPUTOB Ha T10-
BEpPXHOCTb 3eMJIM, MeXaHU4YecKasd aKTUBHOCTh Mar-
MaTUYEeCKUX PACIJIABOB 1 BBEIPBIBAIOIINXCS U3 HUX
¢JII0M 0B, BHEAPSIOLIMXCSI B BEpXHUE TOPU3OHTHI
3€MHOIT KOPHI, ByJTKAaHNYeCKask AKTUBHOCTb.

ITono6nbie mocBgauieHHbie CLT nccnenoBanus
0003HAaYeHHOI'0 BpEMEHHOTO 3Talla B 3aIlagHOMi
JIMTepaType MPaKTUUEeCKU OTCYTCTBYIOT. JlaHHBIN
Ne 4
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AEITNOPPUPOBAHUE U MHTEPIIPETALLMA CTPYKTYP LEHTPAJIBHOI'O TUIIA...

daxt J1.B. I'ypeBuu 00BsICHSIET HAIIPaBJIEHHOCTbIO
paboT 3apyOexKHbIX UCCenoBaTeeil B 3TOT IepUO]I
Ha pa3BUTHE TEKTOHUKU IUINT U COBEPIIEHCTBOBAHME
CBEPXTOYHBIX T€OXMMMNYECKIX U3bicKanuii (I'ypeBuy,
2009). K coxanenuto, ¢ pacriagroM CCCP Bmecte ¢
HETaTUBHBIMU MPOLIECCAMU B T€OJIOTUH IIPOU3OIIIEST
7 pe3Kuii crmam mHTepeca K mpooneme naydenus CLIT.

C navana 2000-x IT. BO3MOXHOCTHU OJIsl pelie-
HUS 3a1a4 B 00JacTU BbIIEJIEHUSI U MHTEpPIIpeTa-
uuu CHT pe3ko Bo3pocau Giaarogapsl JIaBUHO-
00pa3sHOMY Pa3BUTHIO KOMITbIOTEPHBIX TEXHOJIOTUIA,
MOSIBJICHUIO BO3MOXHOCTHU ITOJYUEHMST Pa3IndHbIX
BBICOKOTOUYHBIX T€0JIOrMYECKUX, reo(U3NIEeCKUX 1
F€OXUMUYECKMX JaHHBIX, CHYTHUKOBBIX CHUMKOB
BBICOKOTO pa3pellleHUsI 1 Pa3HOPOMHBIX TaHHBIX
33, BKIOYasa pamgapHylo, paauoJOKAIlMOHHYIO,
MYJBTH- U TUIIEPCIEKTPAIbHYIO CheMKM, a TaKXKe
MPY 3HAYUTEJIbHOM COBEPIICHCTBOBAHUM CPENCTB
cbopa, 06paboTKM U aHaIM3a MPOCTPAHCTBEHHOM
re0JOrMYecKoii MH(pOpMaIiU C IIOMOIIbIO T€OUH-
dopmaimonHbix cuctem (I'MC). BTo obycaoBuIO
HOBYIO BOJIHY MHTEpeca IeoJIoroB K JaHHOM Mpo-
o6i1eMe o Bcemy mMupy. B Poccun Hanbonee o0b-
eMHbIe UCCIeTOBaHMs U 0000IeHre MaTepHraioB
o CUT orpaxenn B padorax /I.B. I'ypesuua, A.W.
IToneraea u O.A. MemepsikoBoit (I'ypeuy, 2009;
I'ypesuuy, 2010; ITonetaes, 2015; Memepskona, ITo-
netaes, 2018). J1.B. I'ypeBu4, ocHOBBIBasICh Ha CBO-
€M JIMYHOM OITbITEe peayiM3allii MPOTHO3HBIX U MO-
HMCKOBBIX pabOT Ha METAJUIMYECKUE TT0JIE3HbIE MC-
KOITaeMble B pa3IMYHbIX peruoHax Poccumn, cTpan
CHI u Adpuku, ¢ UCIOaIb30BaHMEM KOHKPETHBIX
MPpUMEPOB, CMOT 00OOIINTh OOLIMPHBIN MaTepUa
MPEIBIAYIINX UCCIEIOBAHUI U TIPEIIOXUI YETKYIO
TepMuHoioruio u knaccugukauuio CIT, ocHo-
BaHHYIO Ha TeHETUYECKOM Itoaxone. JIJIsT CIOXHBIX
CUT, umennux JIUTETbHYIO UCTOPUIO Pa3BUTHS 1
IMO3TOMY XapaKTepPU3YIOIINXCI MHOTOUMCICHHBIMU
BJIOXKEHHBIMM KOHIIEHTPUUYECKUMU CTPYKTYpPaMH,
OH MPEIJIOXMUI VCTIONb30BaTh TEPMUH “MYJIBTUPUH-
roBag cTpykrypa” (I'ypesuu, 2009).

B 3aBucuMocTH OT cTerieHu reoMopdoIornie-
CKOi1 BBHIpaXXeHHOCTH, 0COOCHHOCTEH TeOMETPpUH,
BEIIeCTBEHHO-CTPYKTYPHBIX INPU3HAKOB, pa3Me-
pOB M I'eHe3Mca, Ha CeTOMHSIIIHNI TeHb CYIIECTBY-
eT MHoxXecTBO Kinaccudukauuit CHT (ConoBbes,
1978; Kocmuueckasg ungopMmanus ..., 1983; ExoB,
XynsikoB, 1984; bpioxaHoB u ap., 1987; I'ypeBuu,
2009). K HauboJiee KpyMHbIM MOApa3AeAeHUSIM Te-
HETUYIECKOM KIacCU(UKALIMKA OOBIYHO OTHOCSIT Mar-
MaTOreHHBIE, METaMOP(OpPTeHHEIE, TEKTOHOTEHHEIE,
TeKTOHOTCHHO-MarMaToreHHEIe, apKOTeHHEIE, MH-
TpeTreoreHHbIC, SPO3NMOHHBIC U UMITAKTHEIC.
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Heo6xommmMo OTMETUTh, YTO HA COBPEMEHHOM
3TaIe MOSBUIOCH 3HAYMTEIILHO OOJIbIIe 3apy0exK-
HBIX NMyOJIMKAlLNi, MOCBSIIICHHBIX N3YYCHUIO pa3-
JuuHbIX TeHeTndeckux tTunoB CLT, ¢ mpakTuue-
CKMM MIPUJIOXKEHUEM PE3YJIBTaTOB UX CTPYKTYPHOTO
aHaJiM3a B 00JIaCTU IIPOTHO3a IMOJIC3HBIX MCKOTIae-
MbIX. [1py 3TOM maHHBIE PA0OOTHI B OCHOBHOM ITOCBSI-
LLIEHbI UCCIENOBAHUSIM EIMHUYHBIX, paHEE YCTAaHOB-
JICHHBIX, CTPYKTYP B IIpeaeaax U3BECTHBIX PYIHBIX
TaKCOHOB. OIHUM M3 SIPKHUX IIPUMEPOB SIBISIOTCS
HUCCJIETOBAaHUS KOJBLIEBON CTPYKTYPhl UMITAKTHOTO
npoucxoxneHust Bpenepgopt B FOAP, B npenenax
KOTOPOM pacmHojioKeHbI OoraTeiIne MecTOPOXKIe-
Hus 6acceitHa BurBatepcpann. CTpykTypa ycra-
HOBJIEHA IO CHUCTeMe KOHILIEHTPUYSCKUX pPa3IOMOB
1 HaJIWYWIO LEHTPaTbHOIO MOTHATUS GyHIaMEH-
ta (Robb, Meyer, 1995). OueHb 4acTo B 00JaCTIX
aKTHUBHOTIO IIajie0- U COBPEMEHHOI'O BYJIKaHM3Ma
CUT npeacraBieHbl KOJbLIEBBIMU (OTpULIATEIbHBI-
MH) CTPYKTypaMU — KajbIepaMiu, U3y4eHHUIO MeXa-
HU3MOB (hOPMUPOBAHMST KOTOPHIX TAKKe MOCBSIIIE-
HO MHOXECTBO COBPEMEHHBIX paboT 3apyOesKHBIX
uccnenonateneii (Cole et al., 2005; Gudmundsson
et al., 2006; Marti et al., 2008).

B naHHoOIi cTaThbe HA OCHOBE KOMILIEKCHOIO MpPO-
CTPAHCTBEHHO-CTPYKTYPHOTO aHajiuW3a pe3yjbTa-
ToB AetanbHoTO nemudpupoBanusg CLT cnenana
MOMBITKA YCTAHOBUTh UX CBSI3b C OMpeaeJeHHbBIMU
PYZ000Opa3yoIIMMU CUCTEMaMU U OLIEHUTH POJIb
JMaHHBIX CTPYKTYP B (POpMUPOBAHUM KPYIIHBIX PYI-
HBIX 00BEKTOB B KOHTEKCTE I'€0JIOIrMYE€CKOM MCTO-
pUM pas3sBUTHUS TEPPUTOPUM C aKTHUBHBIM Majeo-
ByJKaHu3MoOM. KoHuenuuss MUHepaJbHbIX CUCTEM
MnpemiokeHa Kak MyJbTUIUCHUATIIMHAPHbIA MOAXO0/,
OPHUEHTUPOBAHHBINA HAa aHAJIU3 BCEX T€OJOTMYECKUX
(bakTOpOB, KOHTPOIUPYIOIINX (DOPMUPOBAHHUE U CO-
XpPaHHOCTbh MUHEPATbHBIX MECTOPOXIEHUI, C yue-
TOM MUTpaLlMX PYAHBIX KOMIIOHEHTOB U3 UCTOY-
HUKa, aKKyMYJISIUU B 060J1e€ KOHLIEHTPUPOBaHHOM
¢dopme 1 COXpaHHOCTHU B ONpeAeIeHHBIX 0OCTaHOB-
kax (Wyborn et al., 1994). MeronoJiorust MUHepalb-
HBIX CUCTEM YCIIeIIHO KCIO0JIb30Bajach NpU aHaU-
3¢ yCJIOBUIT (pOpMUPOBAHUS PYAHBIX MECTOPOXKIIE-
HUH pa3nuyHBIX TeHeTudeckux TumoB (Pirajno,
2009, 2016; Hagemann et al., 2016; Huston et al.,
2016). B 3TOM KOHTEKCTE HAa OCHOBE pa3paboTaHHO-
ro aBTOPCKOIo Moaxo/a 3ajayva Al pupoBaHus U
KOMIUIEKCHOM NPOCTPAHCTBEHHON MHTEPIIPETALIAA
CLT mo3BosseT BOCCTAaHOBUTD JIOKaJTbHBIE MarMa-
TUYecKMe ouaru. JanpbHeluii yyeT Kapkaca pas-
PBIBHBIX HapyllleHUi, MOAEIMPOBAHUS KOJbLIEBBIX
TPEIIMH HaJ IMOAHUMAIOIIUMCI MarMaTU4eCKUM
o4yarom, IpMMeHEHKWE aHaIrM3a MPOCTPAHCTBEHHO
CBSI3aHHBIX C HUM Pa3pbIBHBIX CTPYKTYP Pa3TUUYHbBIX
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paHroB, TEKTOHO(HU3NIECKUX 1 TeONMHAMNYIECKUX
PEKOHCTPYKLUI TTO3BOJISIOT MPOCAEAUTD IMyTH MU-
rpauuuy GJIIOKUI0B U MIPOTHO3UPOBATh 001aCTU HaU-
0o0J1ee BEPOATHOTO OTJIOKEHUS PYAIHON MUHEpaJIH-
3anuu. PaccMoTpeHre MarMaTU4eCKUX 04aroB B Ka-
YeCTBE OMHO3HAYHBIX MCTOYHUKOB METAJJIOHOCHBIX
¢aonI0B B TAaHHOM CTaTbe, YYUTHIBAS MaparcHETU-
YeCcKUi XapakTep CBSA3U pa3IMYHbIX TUIIOB MUHEpa-
JIM3alMY C UHTPY3UBHBIMHU, CyOBYJIKAHUYECKUMU U
9(ddy3uBHBIMU TeJlaMH1, HOCUT YCJIOBHEII XapaKTep.
HaubGonee BepossTHbIE 00JIaCTU JTOKAJIU3ALUU PYA-
HOII MMHEepaIn3alluid MOTYT OBITh OIIpeaeIeHbI IPU
pPa3HOCTOPOHHEM CTPpYKTypHOM aHanu3e (CadoHoB
u ap., 2007).

OBbEKT MCCIIEAOBAHNA

Hccaenyemast TeppUTOpUS I0T0O-BOCTOYHOTO 3a-
Galikalibsl pacIiojioKeHa B Ipenesiax JIMCTa rocyaap-
ctBeHHOI reonornueckoit KapTel (I'TK) M-50 (bopast)
macmTaba 1 : 1000000 u xapakrepu3yeTcsl CJIOXKHBIM
TreOJIOTMYECKUM CTPOSHUEM, a TaKKe JJIUTETbHOMN
HUCTOpUEIi pa3BUTHSI, KOTOpasi, IT0 MHEHUIO BCEX UC-
cienoBareieii, BO MHOTOM OITPeIeIIIa JIOKAT3AIIIIO0
mynsruMeTaiabHoro (Au, U, Mo, Pb-Zn, Sn, W, Ta,
Nb, Li, ¢aroopuT) 3HIOTeHHOTO OpyAeHEHUS B TIpe-
JieJIaX OMPENEIEHHBIX PyIO00Pa3yIOIINX CUCTEM.

B pernonanpHOM IUIaHE TUIOIIAAb OTHOCUTCST K
30He cowieHeHMs lleHTpanbHO-A3MaTCKOro MO-
BIKHOTO 1osica 1 CuOMPCKO# IUIMTHI, TPaHUILY
MEXIY KOTOPEIMH IIPOBOAST 110 MOHT0J10-OXOTCKO-
My paznomy (TaycoH u ap., 1984; KpacHsiii, 1997,
I'eonormueckas ..., 1999), Beigensst mo okpauHe Cu-
oupckoil mauTsel CelleHIMHO-A0J0HOBYIO CKJIaa-
qaTyo obsacth 1 MoHT010-OXOTCKYIO CKIamda-
TO-HAABUIOBYIO cUcTeMY (ur. 1). DTu 30HEBI B psiae
paboT paccMaTPpUBAIOTCS KaK TEPpEeNHbI C CUaTU-
YyecKUM (PYHIAaMEHTOM, aKKpeTUpoBaHHBIE K Cu-
OUpCKOMY KpaTOHY B MO3JHEM pudee U KeMoOpuu
(I'yceB, XauHn, 1995; IlapdenoB u ap., 1999). Ha
ceBepo-3alane TeppPUTOpUM BeiaessioTes [lpuimmm-
KUHCKUMN 1 Xusok-Butumckuii 6Joku CeneHru-
Ho-$16/10HOBOI cKJlamuartoit oonactu. [TpUIIMIKH-
CKMIi OJIOK XapaKTepu3yeTcsl IIMPOKUM Pa3BUTHEM
BEIXOJOB paHHEIOKEeMOPHICKOro KpHCTaIde-
CKOTO OCHOBaHMSI — MeTaMOpP(MUTOB U I'PaHUTOU-
OB, a TaKxKe 0oJiee MO3MHUX MHTPY3UM paHHEIa-
JIE030MCKOT0, MO3IHETIEPMCKOTO 1 MO3IHEIOPCKOTO
(cyb6BynKaHMYeCcKMe 0Opa3oBaHMsI) Bo3pacTa. Xu-
JIOK-BuTHUMCKMit 610K IIpeacTaBiieH He3HAYNTEIb-
HBIM 110 pa3MepaM ¢parMeHTOM Ha KpaiiHeM ceBe-
po-3amnaje TeppUTOPUM U CIO0XEH paHHEeIaae030M-
CKMMH TPAHUTOUIAMMU.

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

YCTHUHOB u np.

LenTpanbHO-A3MaTCKU MOABUXHBIN MOSIC K
1ory oT MoHroyio-OXoTcKoro pasjiiomMa, o MHEHUIO
OIHUX MCCJIeIOoBaTeIeii, IIPEICTaBIsIeT COO0 Yepe-
JIOBaHME pa3HOIo pa3Mepa 0J0KOB U BBHICTYIOB KpH-
CTaJUIMYECKOTo (pyHIaMeHTa (MUKPOIUIUT — MUKPO-
KOHTMHEHTOB), a TakxKe (PparMeHTOB CKJIag4aThbIX
M CKJIagJaTo-HaaBUTOBBIX cucTeM (KpacHsblit u mp.,
1999), a mo MHEHUIO NPYTUX — KOJUIaX Pa3HOPOIHBIX
Y Pa3HOBO3pACTHBIX TeppeitHoB (I'yceB, XauH, 1995;
IlapdenoB u ap., 1999). Ha paccmaTpuBaeMoii Tep-
PHUTOPUM B COCTaBe IOsICA BBHINEISIOTCS ATMHCKAS
MerazoHa MoHrono-OX0TCKOM CKJ1amayaTo-HalBU-
roBoii cucteMbl U KepyneHo-ApryHo-MaMbIHCKUH
KOMITO3UTHBIA MUKPOKOHTUHEHT WJIN CYIIEPTEPPEIH.

ATHMHCKas MeTra3oHa, orpaHndeHHast OHOH-TypuH-
ckuM, MoHrono-OxorckuMm 1 BocToUHO-ATMHCKUM
[TyOMHHBIMY pa3jioMaMU, IIPEeICTaBIeHa KOJIJIakeM
pa3IMYHBIX 110 pa3MepaM TePPEHOB, CIOXKEHHBIX
0CaJIOYHBIMU U BYJIKAaHOT€HHO-OCaJIO0YHBIMU 00pa-
30BaHUSIMU OKPaMHHBIX MOpei, GOPMUPOBaBILINX-
Cs1 Ha pa3jIMYHBIX 3Tanax 1 Mpyu pa3IndHbIX Ieo-
IWHAMUYECKUX pexXumax 1o nepudepun Cubup-
CKOro KoHTHMHeHTa. [1o COBOKYITHOCTY NPU3HAKOB
B ATMHCKOI Mera3oHe BhIAensoTcss CpeaHeOHOH-
ckuit, OHOHCcKUI1, YpTyiickuit u bop3uHckuit Tep-
peitasl (ITapdenos u ap., 1999).

KepyneHo-ApryHo-MaMBIHCKUI T MUKPOKOHTH -
HEHT — 3TO OIHO M3 KPYITHEUIITNX KOMIIO3UTHBIX CO-
opyxeHuit B LleHTpaabHO-A3MaTCKOM MOIBUXXHOM
osice, IIpeICcTaBICHHOE Ha JaHHOM TepPUTOPUM O -
HOM U3 CBOMX YacTeit — KPYMHBIM APryHCKUM Tep-
peiitHoM. OH B CBOIO ouepellb TaKXKe MMEET CIOX-
HOE CTpOEHUE, MPOSIBIIIONIeEeCs] B HEOTHOPOIHOCTHU
XapaKTEePUCTHUK U TIIyOWHEI 3ajieraHusT (pyHIaMEH-
Ta, B pa3HOI CTEIIEHU €T0 rPaHUTU3alIN1, a TAaKXKe
B pachpele/ieHUU pa3HOBO3PACTHBIX reoJioruye-
CKMX 00pa30BaHUl B BEpXHEI 4aCTU KOPHI.

dyHgaMeHT ApPTyHCKOTO TeppeiiHa MOXHO pac-
CMaTpUBaTh KaK PaHHEIIPOTEPO30MCKOe aKKPEIIMOH -
HOE COOpYXeHUE, COCTosIIee N3 MahUIeCKUX 0J10-
KOB OCTPOBOIYKHOI'O THIIA U, IIPEAIIOJOXUTEIbHO,
nepBUYHOOcanouHbIX nopoxd (I'ocymapcTBeHHa ...,
2010). B panHeM mmpoTepo30oe 3TH 00pa30BaHUS MIpe-
TepIieJd apeaibHy0 rpaHutu3anuio. [1o coBokyr-
HOCTHU IIPU3HAKOB B APIryHCKOM TeppeitHe 0060c0o0-
ns1oTcsa 3aypyntoHryiickuit (Ypymtonryiickuit), I'a-
3umypckuit, Kanra-OpoyrHckuii 1 bopiioBouHbIi
610k (30HKBI). JI151 ApryHCKOro TeppeiiHa B 1IeJIOM
XapaKTepHa CeBEPO-BOCTOYHASI OPUEHTUPOBKA KPYII-
HBIX T€0JIOTMYECKUX CTPYKTYP, TIpUCYyIiast OoJblieit
yacTu Tepputopuu 3abaiikaibs (cM. ¢ur. 1).

W3 npuBeaeHHOro aHajau3a BUAHO, YTO Ha
TeppuTopumn aucta M-50 cylliecTBYIOT KpyMnHbIEe
Ne 4
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®ur. 1. CxeMa TEKTOHUYECKOTO paliOHMPOBaHUS I0ro-BocTouHoro 3abaiikanbs (F'ocymapcrBeHHad ..., 2010): 1 — Cenen-
ruHO-516710HOBAsT ckiTaquartas o6acTh; 2 — AruHckast Mera3oHa MoHTo10-OXOTCKO# CKITamyaTo-HAIBUTOBOI CUCTEMBI,
3 — ApryHckuii Teppeiin KepyneHo-ApryHo-MaMbIHCKOTO KOMIIO3UTHOTO cyliepTeppeiiHa; 4 — rpaHuLbl TEKTOHUYECKMX
TaKCOHOB U X HoMepa: | — Xunok-Butumckuii 610k, 11 — [Mpummnkunckuii 6ok, 111 — CpenHeoHOHCKUIA TeppeiiH,
IV — OHoHckuii TeppeitH, V — Ypryiickuit TeppeitH, VI — bopaunckuii Teppeitn, VII — BopimoBounstii 6710k, VIII — T'a-
3uMypckuit 6510k, IX — Kanra-OpounHckuii 670K, X — 3aypymoHryicKuit (YpyatoHTyiickuii) 6J10K; 5 — MO3nHEeIOpCKre
CTPYKTYpPHO-(aliaibHbIe 30HBI; 6 — cpenHe-TMo3aHeI0pcKre halraabHbIe 30HbI; 7 — HaceJIeHHbIe ITYHKTHI M UX HA3BaHMS;

8 — KOHTYp TII0IIaay TucTa Kapthl M-50.

CTPYKTYPHI, pasianyaromuecss HabopoM BEILECTBEH-
HBIX KOMILJIEKCOB Pa3HOTO BO3pacTa U pa3IMYyHOMN
¢dopMalMOHHOM MpUHAIJIEXXHOCTU. BoigeaeHbl paH-
HETIPOTEPO3ONCKHI, CpemHe-Mo3aHepUpENCKAIA,
no3gHepudelicKo-paHHENaae030MCKU, cpeHe- 1
MO3IHENATICO30MCKUMA, ITO3MHENEPMCKO-PAaHHETPU -
ACOBBI, TO3THETPUACOBBINA, paHHE-CPEIHEIOPCKUIA,
CpegHe-NO3THEIOPCKUM, MEJIOBOM W KAalTHO30MCKUIA
CTPYKTYPHBIE 3TaxXU ((Pur. 2).

PannenokemoOpuiickass ncrtopus 3aUKCUPO-
BaHa 110 (pparMeHTapHO COXPAHMBIIMMCS BBHIXO-
laM B cOoCTaBe JpeBHero yHaaMeHTa ApPryHCKO-
ro TeppeiiHa M ArMHCKOM Mera3oHbl. B mepene-
JlaX TIEPBOIO BBIACSIIOTCS Pa3pO3HEHHbIE YYAaCTKU

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU TOM 66

01aCTOMIJIOHUTU3UPOBAHHBIX U YaCTUIHO TPaHU-
TU3UPOBAHHBIX KPUCTAJIOCIAHIIEBO-TIJIaTMOTHEH -
coBbIX opona. U-Pb gaTUpoBKM KpUCTATITAYECKUX
clIaHIIEB M3 TTyO0OKOU CKBaXXWHBI CTpenbIOBCKO-
TO PYIHOTO TIOJISI COCTaBISIOT oKoJio 1800 MiH et
(MxyxoBa u ap., 1998). B ArnHCKOI1 Mera3oHe Bblae-
JISIIOT aM(PUOOIUTOBBIN KOMILIEKC HUXKHETO MPOTe-
pO30s1, MOABEPIaBILIMICSI HEOTHOKPATHON MeTaMOp-
dmzamn. OmonoxeHHBIN Rb-Sr Bo3pacT cocTaBis-
et 1500 muH net (I'ocynapctBeHHas ..., 2010). Kpome
TOr0, MOJIyYUJ paciopocTpaHeHue radbopo-yabTpa-
Ma(UTOBBIII KOMILIEKC, Hanboiee BEpPOSITHO, CBSI-
3aHHBIN C IPEBHUM 3€JICHOKAMEHHBIM MOSICOM, pa3-
BUBABIIMMCS BHOJb 30HEI MOHT0JI0-OXOTCKOIO
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YCTHUHOB u np.

®@ur. 2. OcHOBHBIE Teoiornueckre GopMaIuy 1 KpyImHeHIme MeCTOpOXIEHNSI TEPPUTOPUH IOTO-BOCTOYHOTO 3abaitka-
nbs (TocynapcTBeHHad ..., 2010): 1 — N—Q ocamouHble OTJIOXKEHUS, 2 — MeJIOBbIE BYJIKAHOTEHHO-0CAJI0YHbIE KOMILIEKCHI,
3 — 1OpCKMe BYJIKAHOTEHHO-0CaI0UHbIe KOMILIEKChl, 4 — PZ—MZ rpaHUTOUIHbIE UHTPY3UH, 5 — PZ ByIKaHOT€HHO-OCaIOYHbIE
KOMIUTEKCH, 6 — AR—PZ, TpaHUTO-THEICHI M KOMITIEKCHI MarMaTHIeCKUX TOpol, 7 — pa3pbiBHbIE HapyleHusl, 8—17 — pynHble
TI0JIS1 U MECTOPOXKIIEHUS (BHE MacITaba) C OCHOBHBIMU U3BJIEKAEMbIMM PYTHBIMU 3JieMeHTaMU: 8 — CTpeJIbIIOBCKOE PYIHOE TI0JIe
(19 mectropoxnenuii — U, Mo), 9 — basneiickoe pyaHoe nosie (baneiickoe u TaceeBckoe MectopoxkneHust — Au), 10 — bepesoBckoe
MectopoxaeHue (Fe), 11 — ByrmanHckoe mectopoxnenue (Mo, Pb, Au, Ag), 12 — BeictpuHckoe MecTopoxkneHue (Au, Ag, Cu, Fe),
13 — HoBo-I1IupokuHckoe mectopoxaeHue (Au, Ag, Pb, Zn, Cu, Cd, Sb, Bi), 14 — mectopoxnenue HoiioH-Tosnoroii (Zn, Pb, Au,
Ag, Sb, Cd, S), 15 — Opnosckoe Mectopoxaenue (Ta, Li), 16 — Yponaiickoe Mectopoxknenue (Bi, Au), 17 — IlleprnoBoropckoe

MectopoxaeHue (Sn, Zn, Pb, Be, Ag, In, Sc).

ryouHHoro pasnoma (I'eomoruveckas ..., 1999)
Y UMEBIINIA BaKHOE 3HaYEHWE B pa3MeIIeHUHN 30J10-
TopynHbIX 00bekTOB (IernoB u ap., 1994).

CpenHe- n no3mHepudeiickne KOMILIEKCHI CBSI-
3aHBI C IBYMS 3TallaMU OCAaIKOHAKOIUICHUS, a TaK-
K€ TBYKpPaTHBIM I'PaHUTOOOpa30BaHUEM, IOTHSITH -
€M 1 pa3MBIBOM TeppuTopuu. B cpemHepudeiickumia
9Tall HaKaIUIMBAJIKNCh KBapIMTO-IIeCYaHO-CIaHIIe-
BbI€ 1 KApOOHATHO-IIECYaHO-CIAHIICBbIC OTIOKCHHSI.

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

IlozmHepudeickuit 3Tan HaYaJICs HOBBIM IOTHSITH -
€M CO 3HAYUTEJIbHBIM pa3MBIBOM IT€CUaHO-CJIaHIIE-
BBIX OTJIOXKEHUM Y TPAHUTOB C (DOPMUPOBAHUEM KOP
BBIBETPMBAHUS Y KOHIJIOMEPATO-IIECYaHO-aJIEBPO-
JuToBOM hopmarimu. OcaaKoOHaKOILUIEHUE COITPOBO-
JKIAJI0Ch KOHTPACTHBIM BYJIKAHM3MOM C BO3PacTOM
792 muH aet (I'ocymapcrBeHHas ..., 2010; AdaHacoB
n np., 2007). IMosgHepudeiickuii aTar 3aBepIIniics
(opMupoBaHNEM I'PAaHUTOB CJIOKHOTO KOMILIEKCa
¢ Bo3pacTtoM 784—765 mutH net (Adanacos u ap., 2007).
Ne 4

TOM 66 2024



AEITNOPPUPOBAHUE U MHTEPIIPETALLMA CTPYKTYP LEHTPAJIBHOI'O TUIIA...

I'panurooOpa3oBaHme pudeiickoro BpeMeHu, Be-
POSITHO, OIIPENEINIIO METAJUIOTEeHUYECKYIO CITela-
mm3anuio Ha ypaH Kanra-OpoumHckoro u 3ay-
pymoHnTryiickoro (Ypymiouryiickoro) 6i1okoB (ITpn-
apryHckast 30Ha) ApryHCKoOTo TeppeiHa (cM. ur. 1),
e IIMPOKO pacIpocTpaHeHHbIe prudeiicKre TpaHm-
THI MOIJIA BBICTYIIaTh B KAYECTBE OMHOIO M3 IIPEIIIO-
JIaraéMbIX ICTOYHUKOB PYITHOIO BEIIECTBA B IIEPUOI
IMO3MHEME3030MCKoM akTuBr3anuu (Mimykosa u np.,
1998, 2007). Ilo manueiM JI.H. AnekceeBa, B ATUH-
CKOM Mera3oHe ITogoOHas1 poJib, HO B OTHOIIICHUN
30J10Ta, IPUHAIJICKUT 3eJICHOKAMEHHBIM ITOpoaaM
pudesi, B KOTOPhIX OOHApYyXeHbI HATKJIaPKOBBIE CO-
nepxaHus 3oj0Ta (Anekcees, 1975).

IMo3gHepudeiicko-panHenaneo30MCKII 3Tarn
HayvaJics IIUPOKUM PacIpOCTpaHEHUEM BEHICKUX
IIPOTUOOB MPEUMYIIECTBEHHO B IIMPOKOM II0JIOCE,
obpamisiioneit ¢ ceBepo-3anana [IpuapryHckymo
30Hy. CylIecTByeT MPEANoJIOXKEHNUE, YTO Ipujie-
rarlinast K Iporu0y 4acTh 30HBI IIPEACTABISIA CO-
00If KOHTUHEHTAJIBHBINM CKJIOH — IIeJTb(OBYIO 30HY
bacceitHa, rae MPeuMylIeCTBEeHHO ()OpMUPOBAINCH
TOJIIIM YIJIEPOOMCTHIX M3BECTHIKOB. Takxke mpe-
00yagaoT QIUIMIOUIHBIE TOJIIKU C OTAEIbHBIMU
IIPOCJIOSIMU YIJIEPOAUCTBIX CIAHIIEB, TY(POTreHHBIX
IIOPOXI M KBAapIlIEeBBIX IIECYAHUKOB, CBUICTEIbCTBY-
IOIIMX O Pa3MBIBE BBICTYIIOB I'paHUTHOIO (pyHIa-
MEHTA. DTal 3aBepIInICI BHeAPEHEM HeOOIbIINX
rPaHUT-JICMKOTPAHMUTOBEIX MAaCCUBOB M 00pa3oBa-
HUEM T0JIei CKapHOBO-TPE3eHOBBIX M KBAPII-CBET-
JIOCTIOOMCTBIX METaCOMAaTUTOB BOKPYT HuUX. Ompe-
JeJIeHUs1 U30TOMHOTO BO3pacTa rpaHUTOB U METaco-
MaTUTOB ApryHckKoro xpe0ta B 10xHoM [IpuapryHne
mokasplBaioT JaTupoBku 547—430 maH net (I'ocy-
JapCTBEHHas ..., 2010).

CpenHe-BepxHEIIaJe030MCKIE U BepXHEIIEPM-
CKO-HMXKHETPHUACOBBIE OTJIOKEHUS IIMPOKO IIPOSIB-
JICHBI Ha TEPPUTOPUHM I0I0-BOCTOYHOTO 3a0aiiKaabs
1 CBSI3aHBI C TeOCUHKIIMHAJIbHO-MHBEPCUOHHBIM (S—
D,—P,) u oporennsim (P,—T,) aTanamu, 0cOGEHHO
¢ bopMupoBaHUEM TPAHUTOMIOB B APITYHCKOM Mac-
cuBe. MHBEpCHMOHHO-OPOTeHHBIII MarMaTHU3M IIPO-
SIBJIEH HEOOIbIIUMU Ta0OPOUIHBIMUA UHTPY3USIMU
1 OOIIMPHBIMU 110 TUIOIIAIN IIUTOOOPa3HBIMH, I10
reopusndgecknuM gaHHBIM (JlyxoBckuii n np., 2000)
WHTPY3USIMU TUOPUT-TPAHOAUOPUT-TPAHUTOBOI'O
kommekca ¢ K-Ar Bo3pacTtom 275—254 MiH JeT
(FocymapcrBenHas ..., 2010; Kosmos u ap., 2003).
K aTamy oporeHe3a oTHOCUTCSI 00pa3oBaHME MOIII-
HOM MHOTOPUTMHUYHOI CEpUU, IIPEACTABISIONICI
MOPCKYIO TY(POTeHHYIO IeCYaHO-aJIEBPOJIUTOBYIO
MOJIacCy, IIPUYPOUYCHHYIO K JIOKAJTbHOMY IIIOBHOMY
nporudy, BEITIHYTOMY BAOJb BOCTOUHO-ATUHCKO-
ro CTPYKTYPHOTIO IIIBa B 3allaflHOM OTpaHUYCHUU
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ApryHckoro maccuBa. OcrajabHasl TEpPUTOPUS pac-
cMaTpuBaeMoOl ITIOIIaau MpeacTasiisiyia 00JacThb
BO3AbIMaHUIi. B mpenenax 1oro-BoctoyHoro 3a-
Oalikanbsl TIaBHBIEC 3Tanbl GOPMUPOBAHUS OCHOB-
HOW IPaHUTOUIHON Kopbl 3aBepumauch B P,—T,.
B nmaneHeiimem npeobaananu auddepeHInpoBaH-
HEIe TIEI00BBIE IBMKEHMSI C BOSHUKHOBECHUEM JIO-
KaJIbHBIX MPOTUO0B U OOIIMPHBIX CBOIOBBIX MOIHSI -
THIA, XapaKTePHbIX IS TIO3AHUX CTaaNii pa3BUTHS
MOABMKHBIX BHYTPUKOHTUHEHTAIbHBIX 00JIaCTEI.

B pa3zButuu Me3030u 10ro-BOCTOYHOTO 3abari-
Kanbs JI.M. KpacHblii BbiAesIeT STHIIAHCKU 3Tall
TEKTOHO-MarMatuiyeckoi aktususauuu (TMA),
C KOTOPBIM CBSI3aHBI MOIIHBIE IMPOIECCH OPOIeH-
HOI aKTUBM3aIUU BO BceM MoHT0J10-OXO0TCKOM
cKyagyaToM mosice. B pamkax atama BBIACISIOTCS
cranuu npegoporeHHoro (J,_,), oporeHHoro (J,_
3), TaporeHHO-oporeHHOTO (J;) U TapporeHHOro
(J5— K,) passurusa (Kpachsiit, 1997).

Ha panHe-cpenHeropckoii ctanuu B YHaa-I1laxra-
MUWHCKOI U Alraymn-YproMKaHCKOM 30HaX c(hOpMUPO-
BaH Iporud ¢ TeppUTreHHBIM BBIIIOJIHEHUEM, pa3rpa-
HUYEHHBIN BHYTPEHHUM OapbepHbIM MOTHATHEM Ha
MOPCKYIO ¥ TIPUOPEKHOKOHTUHEHTATEHYIO 30HEI.

B cpenHe-1o3n1HEIOPCKYI0 OPOT€HHYIO CTaaulo
Pa3BUBAIOTCS TUNIMYHBIE CTPYKTYpbl TMA — TJIbI-
OOBbIE CBOAOBO-KYIOJbHBIE TUIYTOHUYECKUE TTOMA-
HATHS, oOpaMJeHHBIE BYJIKAaHUYECKUMM JeIIpec-
cusiMu — “ouvaroBble CTpyKTyphl” (ToMcoH m Op.,
1974), xoTtophbie B pefbede TEPPUTOPUMN BbIPpAXKEHBI
KOHIIEHTPUIECKUMU MOP(POCTPYKTYpPAMU. DTOMY
BpPEMEHU COOTBETCTBYET 3apoxaeHue BocTtouHo-3a-
0alikaabCKOro MeracBoja, LieHTp KOTOpOro 0003Ha-
yujics HanboJiee 3HaAYUTETbHBIMY TUTYTOHOTEHHBIMU
MIPOSIBJICHUSIMUY, IIPUYPOUYSHHBIMH K IIEHTPAJIBHOMN
YacTH paHHEIPCKOTo Mporuoda.

B TadpporeHHO-OpOreHHYI0 CTaAuI0 MOJIACCOUI -
HbIE€ U BYJIKAHOI€HHO-MOJIACCOUIHBIE OTIOXKEHUS
BBIITOJIHSIIM HAJIOXKEHHBIE BIIAAWHBI B IIpenesiax Ie-
Mpeccuii MpealIecTBYIOIINX MePUOAOB CO CMEIIe-
HUEM K ITepudeprn TOKAJIbHBIX 04arOBBIX CTPYKTYP
(CBOIOB), UM BBHIMOJHSJIN BHOBb 00pa3oBaHHEIC
rpabeHooOpa3HbIe CTPYKTYPHI, IPOMOJIKAIOIINE
CBOE pa3BUTHE B paHHeMmelloBoe Bpems. Haubo-
Jiee KpyITHbIE BIIAAWHBI PAacIojarajiich B KpaeBhIX
yacTsax odopMmuBIIerocs K 3Tomy BpemeHu Boc-
TOYHO-3abaiikajibCcKOro MeracBoja. 3aBpepiiuaeTt
MarmMaTusM TappoTreHHO-OPOTeHHOM CTaauu KOM-
IUIEKC CYOIIEIOUHBIX ITIJTIOMa3UTOBbBIX JIEMKOTpaHU-
TOB C MO3IHUMMU anorpanuTamMu. MIx apeasn cMelieH
K omxHeil nepudeprun BoctouHo-3abalikanbcKoro
MeTacBona, W, B TO Xe BpeMsI, MACCUBBI KOMILJIEKCa
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KOHTPOJIUPYIOTCS 30HAMM KPYITHBIX Pa3JIOMOB, Ya-
CTO MEPHUIMOHAJIBHOTO IIPOCTUPAHMSI.

B uenoM mis reoornyecKux M MeTalJIOTeHU-
YeCKUX CTPYKTYp IOTO-BOCTOYHOIro 3abaiikaiabs
XapaKTepHO TECHOE COYeTaHWEe PEerMOHAIbHEIX Ce-
BEPO-BOCTOYHBIX 30H M Pa3JIOMOB C KOHIIEHTpHUYE-
CKMMH CTPYKTypaMHU U B IIEPBYIO OYepenb CO CTPYK-
Typamu BocToyHo-3abaiikanbCKOro MeracBoja
(Tomcon u ap., 1974; Adanacos u ap., 2007). I1pu-
HUMAasl BO BHUMaH1e 0003HAYEHHBIN CTPYKTYPHBIM
IUIaH, CJIOXKHOCTb I€0JIOTMYECKOIO CTPOCHUS 1 BhI-
COKME TePCIEeKTUBLI 00HAPYKEHUSI HOBBIX PYIHBIX
00BEKTOB, 3amada JemnpupoBaHusI U UHTEPIIpe-
tauun CLT B npenenax roro-BoctouyHoro 3abaiika-
JIbSI C 11eJIbI0 MPOTHO3a JIOKaJIu3aluu pyaooopasyio-
IIX CUCTEM SIBJISIETCS KpailHE aKTyaJbHOM.

st peureHus 3a1a4y BbISIBAEHUS UCTOYHUKOB
METaJIJIOHOCHBIX (PIIOMI0B 1 KapTUPOBaHUS PYIAO-
00pa3ylolMX CUCTEM, BbIACICHUS MEPCIeKTUBHbBIX
IIJIsl TIOMCKOB 00J1acTeil, MOCTPOEHUS Ie0JIoro-re-
HETUYECKMX Pa3pe30B U MOJEJIE BaXXHOE 3HAUCHUE
TaKKe UMEIOT MPENCTABICHHS O INIyOMHHOM CTPOe-
HuU Tepputoprun. KoHTpacTHBIM TUN reojaoruye-
CKOI'0 CTPOCHUS IJIOIIAAN M BBICOKAsI CTEIIEHb Ie0-
JIOTUYECKOM, reou3nuyecKoil U reOXMMHUYECKOM
M3y4YCHHOCTH IT03BOJIMUIM COCTABUTH KApTy INTyOMH-
Horo ctpoeHus macmrtada 1 : 1000000 (dyxoBckuit
u 1p., 2000; I'ocymapcTBeHHas ..., 2010).

B cooTBeTCTBUM C JaHHOW KapTOil, B BepXHei
YacTU 3¢MHOM KOpHI (10 20 KM) BBIIEISIOTCS paH-
HENOKeMOPUNACKUM KpUCTAIMIYECKUIA DYHIAMEHT
U BEPXHUU CTPYKTYPHBIN 3TaX, CIIOXEHHBI o0pa-
30BaHUSIMU pudes-paneposos. IIpu aTom B npe-
Jieagax BEPXHEro CTPYKTYPHOTO 3Taxa OTMeYaloT-
Cs1 KpYITHbIE OCTaHLbl, TEKTOHUYECKUE TIACTUHBI
1 BBICTYIIBI TOpon pyHIaMeHTa.

PanHemokeMOpUMCKUN KpUCTAIJIUYECKUN
¢yHIAMEHT MMeEeT CJIIOXKHOE€ MO3aMYHOE CJIO-
HUCTO-0JI0KOBOE cTpoeHUue. B HeM BhIAeHSAIOTCS TpU
KoMILieKca (“cios”) mopoa: HUXHUIL — TpaHy-
JINT-0a3UTOBBIN, CPEAHUI — THEMCO-AUOPUTOBBIH,
BEPXHUI — THEWCO-TPAaHUTOBBINA, OTJINYAIOLINECS
IPyT OT IpyTra COCTaBOM U Bo3pacToM (IlyxoBckuii
u ap., 1998). B cTtpoeHun KpUCTANIMYECKOTO (hyH-
JaMeHTa BBIOCISEeTCS Psid MepapXudecKu COMO.-
YUHEHHBIX CTPpYKTYyp. K cTpykTypam mepBoro mno-
psiiKa OTHOCSTCSI (pparMeHTHI IBYX MeTraOJIOKOB:
ApryHo-BepxHeamypckoro u baiikamo-CTtaHoBOTO.
Merabioku couleHsI0Tcsl 10 MOHIoJio-YacKoMy
nryoruHHoMy 1IBY (ur. 3). K cTpykTypaMm BTOpoO-
ro paHra oTHocsaTcsl BocrouHo-3abaiikanbCcKuit
apeaj-IUIyTOH 1 30Ha ero oOpamuieHus. s mry-
TOHA XapaKTepHa Pe3KO yBeJIMYeHHAasT MOITHOCTh

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU
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THEMCO-TpaHUTOBOTO “ciios1” (MIyOmHA 3ajleTaHus
nomowBsl 10 10—11 kM). 30Ha oObpaMiaeHUS IIUPU-
Hoii 70—140 KM UMeeT MOIIIHOCTh I'Heiico-IrpaHUTO-
BOro “cjiost” 10 4—6 KM.

BepxHUii CTpYKTYpHBIIT 3Tax CIIOXEH IPEUMY-
IIECTBEHHO MarMaTOreHHBIMU aBTO- M aJIOXTOH-
HBbIMU TeJlaMu, (OPMUPOBAHUE KOTOPBIX IIPOUCXO-
JIAJTIO Ha IIPOTSDKEHUU BCEH Te0JIOrMIeCKOM HCTOPUM
pPa3BUTHUS: OT PaHHETO MaJe030s A0 PaHHEro Heore-
Ha. BepTukanabHble pa3Mephbl 3Taxa B CpelHEM He
IIPEBBIIAIOT 3—4 KM, 3a NCKIIOUYSHUEM OTIEIbHBIX
MaCCUBOB, KOPHEBbIE YACTU KOTOPHEIX MOTYT HaX0-
IUTBhCS Ha ryouHe oT 5 mo 11 KM, a TakXke cTpa-
TUDULUPOBAHHBIX 00pa30BaHUI B TEKTOHUYECKUX
KJIIMHBbSAX. Ha rmyOuHe Bce JJoKajlbHbIE TeoJIoTnye-
CKMe TeJla 3Taxka PeIKO BBIXOIST 3a MpPeAesbl THeil-
CO-TpaHUTOBOTO “ciost”. HukHSIS rpaHua MeeT
CJIOXKHYI0 (DOpMy, OOYCIIOBIIEHHYIO MOp(doJioTueit 1
pa3IUYHOI INTyOMHOM 3ajieraHust HUXKHUX TpaHUIL
MarmMaTu4eCKMUX TeJl, IIPEeUMYIIeCTBEeHHO I'paHU-
TonaoB. CTpoeHNe BEpXHETO CTPYKTYPHOTO 3TaxKa
B KaXIOM U3 MerabjIoOKOB MUMEET CBOU OCOOEHHO-
CTH, KOTOPHIE KOPPEIUPYIOTCSI C 0COOEHHOCTSIMU
cTpoeHus pyHIaMeHTa.

METOAUKA NCCIIEJOBAHUA

Ha HavanbHBIX 3Tamax ¢ UCIIOJb30BAaHUEM UMe-
IOIIETOCS Pa3HOMACIITA0OHOTO KapTorpaduiecKo-
ro, CXeMaTH4eCKOro 1 (hakKTUIECKOIro MaTeprasa 1o
n3ydyaeMoMy OOBEKTY IpoBeaeHa o0IIpHast pabora
10 pa3paboTKe OPraHM3allMOHHOM CTPYKTYPHI TEP-
PUTOPHUANTBLHO IEHTPAIN30BaHHON 1 TeMaTUUECKU
pacrpenenaeHHo# 6a3bl JaHHBIX (B/1), BKiouaromieit
BCIO TOCTYIHYIO MH(POPMAIIMIO O T€OJIOTUH, IT0JIe3-
HBIX UCKOIIaeMBIX, IIPOTHO3HO-MUHEpareHMIeCKIX
JNAHHBIX, TEKTOHUKE, CTPYKTYPHOM palilOHUPOBAaHUH,
reoMopoJIOruu, reoPU3NICCKUX U TEOXUMUIECKUX
MOJISIX B MIpeeax usydaeMoii riomiaau. Ha ocHoBe
coznaHHoit Bl B rpanuiiax aucta Kaptel M-50 ¢op-
mupoBaicsd TMC-nipoekT “HOro-Bocrounoe 3abaii-
Kanbe”. KpoMe Toro, B pacnopsi’keHMU aBTOPOB Ha
TeppuToputo umenuch gaHubie /133 SRTM (Liping
et al., 2011), KoMOMHAILIMS KOTOPBIX, B COYCTAHUU
¢ ouudpoBaHHLEIMHU ToIOrpa¢uIeCKUMU OCHOBA-
MM, TTO3BOJIMJIA CO3MaTh IM(MPOBYIO MONEb pefbeda
(LIMP) BrICOKOTO pa3pemmeHus (15 M Ha TTMKCENb)
U1 peuneHus 3agayu aetngpuposanusa CIT. [e-
mugpupoBaHue npeamnojaraeMbix CHT mist 60yb-
LIei JOCTOBEPHOCTU MPOBOIMIOCH OIIePaTOPOM
B PYYHOM pPEXUMeE C UCIIOJIb30BaHUEM pa3INIHBIX
cnoco6oB Buzyanuzauuu LIMP — co3naHue TeHeBo-
ro peabeda ¢ BapualuusIMU ITOJ0XEHUST UCTOYHUKA
cBeTa ((uabTpalus n300paxkeHus ), UCKyCCTBEHHOE
Ne 4
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®yr. 3. CxeMa CTPYKTYPHOTO pailOHMPOBAHUS paHHETOKEMOPHUIICKOTO KPUCTAJUIMYECKOTO (PyHIaMEHTa 3¢MHOI KOPHI
I0r0-BOCTOYHOTO 3abaiikaibsi (Ha ypoBHe 5 KM cpesa) ([dyxoBckuit u ap., 1998; locynapcTBeHHas ..., 2010): 1-3 — Mera-
6710KkU 1 3BeHbs: 1 — 3abaiikanbckoe 3BeHO baitkano-CraHoBoro Merabjioka ¢ IIyOMHOM 3ajeraHus MOJOIIBbI THEHCOo-
rpaHuTHOTO KoMrutekca 8—14 km; 2 — Anmmano-CraHoBoe 3BeHO baitkano-CraHoBOro Merabioka ¢ TIyOMHOM 3aleraHust
IOIOIIBBI THEMCOrPAHUTHOIO KoMIuIekca 6—8 km; 3 — ApryHo-BepxHeamypckuii Merab/ioK ¢ OrpaHMYeHHBIM Pa3BUTHEM
THEMCOrpaHUTHOrO KOMILIEKca; 4 — TEKTOHUYECKME TPAHUIIbI MeXy OJOKAMM U 3BEHbSIMU; 5 — MPOEKIIUS TJIOCKOCTU
CMECTUTENIS pasjioMa, pasfe/Isaionlero MeTabJIOKA Ha YPOBHE MTUKUIIOMETPOBOTO cpe3a (MOHTOJI0-YICKUIA TITyOMHHBII
10B); 6 — apeay-IJIyTOHbl TPAHUTOMIHOIO COCTaBa (IMOJMXPOHHBIE O4aroBbie CTPYKTYphl): [ — Jlaypckuii ¢ omHOpOI-
HBbIM BHYTPEHHUM CTpOoeHUeM Iyookux yacteii, B3 — BocTouHo-3ab0aiikalbCKMii CO CI0XHBIM OJIOKOBBIM CTPOCHUEM;
7 — rpaHubl 6;10KOB BocTouHo-3abaiikanbckoro apean-rmurytoHa: 1 — Kykynebeiickuii, 2 — BepxHerazumypckuit, 3 —
YanuHo-3onuHckuit, 4 — HoBommpokuHcKkuii; 8§ — BepxHexmiokckast 30Ha cMaATus; 9 — BepxHeoslleKMUHCKMIT OJIOK ¢
MOBBILIEHHOI MOITHOCTBIO THelicorpaHnToBoro Komriekcea (1o 10.5 km); 10 — oyaroBble U TMHEHHBIE 30HBI TPAHUTH3A-
uuu: | — 3aButunckas, 11 — OpnoBcko-OnoBsiHHuHcKas, [11 — LlepnoBoropekas, 1V — 3aypyntonryiickas; 11 — KoHTYp
IuIoIaau JucTta KapTel M-50; 12 — peku v Mx Ha3BaHMUS.

“BbITSITMBaHUE” peyibeda, BblaeeHre MOP(hOJOruye- M BpEMEHHbIE BOOOTOKW) U OCEBbIE TMHUU XPEOTOB
ckux kiaccoB. Kpome Toro, B aBroMaTuyeckoM pe- (Bomopasaensl) (Kaw u ap., 1986). I1pu BeiIeIeHUMN
JKMMe€ C UCIIoJb30BaHueM crnennaiu3upoBaHHbix 1 CLT B kauecTBe KpuTepueB 3aBEPKU paccMaTpUBa-
pa3paboTaHHBIX aBTOpaMU Ha OCHOBE HelipoceTe- JMCh paaralbHO-KOHIIEHTPUYECKOE TTOJI0XKEHNE Bbl-
BBIX TEXHOJIOTMIA TTPOrpaMMHBIX cpelcTB ([pUIIKOB  SIBJIEHHBIX JIMHEAMEHTOB M X TMPEKIIMOHHBIE aHO-
U ap., 2023) MapKupoBaIuCh JUHEAMEHTHI — OTPULIA- MaJIMU, BhIpaXkalolyecss B UBMEHEHU N JTUMHEHHOCTH
TeJibHbIE IMHEKHbIE (popMbl penabeda (mocrossHHble (CosioBbeB, 1978).
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CrnenyoInuM BaXHBIM 3TallOM PaOOTHI SIBIISI-
JIOCh OIlpeAeeHre NPOCTPAHCTBEHHBIX KpUTEPU-
eB, 0JarOIPUSITHHIX ST pa3MeIleHUs pa3IndHBIX
THUIIOB MOJIE3HBIX MUCKOITA€MbIX OTHOCHUTEIBHO BHI-
neaeHHbIX CHT u uXx CTpyKTYpHBIX 3JIEMEHTOB.
JaHHbBIC KpUTEPUU YIUTHIBAJIUCH IIPU MIPOBEICHUN
CTPYKTypHO-TIpocTpaHcTBeHHOro ' MC-ananu3a n
GOpMYITUPOBAHUHN TTPEATIONOXEHN O BO3MOXHO
CBSI3U BBISIBJICHHBIX CTPYKTYpP C OIIpeAeIeHHBIMU
pynoobOpasytomumu cucremamu. I1o pesyiapraram
n3ydyeHuss MmHoroyuciaeHHbpiXx CLIT B pacmonoxke-
HUU CTPYKTYP OTHOCHUTEIBHO APYT ApPyra MOXHO
BBIIEIUTH OIIpenelieHHbIe 3akoHoMepHOCcTH (Iy-
pesuy, 2009). YacTo HabI0Ha€TCSI 3aKOHOMEPHOE
pacnioyioxeHue Meakux (“moyepHux”) CHT oTHO-
CUTENbHO “MaTepUHCKON” CTPYKTYphbl OOJiee BbICO-
KOTO paHTa — pacMojoXeHre TUTIA “TIOAIIUITHUK”,
opOUTaIbHAs JIOKATU3ALMS U CMEILeHNEe TOUYEePHUX
CTPYKTYp K BHCIIHEI I'paHMUIIC BHYTPU MaTCpUH-
CKoOM1 cTpyKTypHI (pur. 4r—e). Takoe B3auMHOE pac-
noJioxxeHue, mo MHeHuto JI.B. I'ypeBrya 1 aBTOpoB
JAaHHO CTAaThM, XapaKTEPHO IJISI KOMILIEKCa CTPYK-
Typ, COOPMUPOBABIINXCS B Pe3y/IbTaTe eIMHOIO I'€0-
JIOTUYECKOTO Mpoliecca, HO B paMKax pa3HbIX CTa-
ouii ero spomounu. Kpome Toro, omnpeneneHHBIS

YCTHUHOB u np.

MPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH OTMEYAIOTCS
7 UTT OMHOPAHTOBBIX CTPYKTYP, HAIIpUMeEp TTPUMBI-
kaHue (pur. 4B). Cexylluil xapakTep B pacroaoxe-
Huu CIHT, mo cpaBHEeHUIO ¢ TIPUBEACHHBIMU BHILLIE
MO3ULIMSMU, BCTpedaeTcst ropasno pexe (¢ur. 4a, 0).

I[Ipumep Moaenu IocaenoBaTeIbHONM 3BOJIIO-
IIUY BYJIKaHO-IUIYTOHMYECKON CHUCTEMBI OITyCcKa-
Hus ¢ popmupoBanuem CLIT, B 3aBUCMMOCTH OT
YPOBHSI 3pO3MOHHOIO cpe3a, IpUBeIeHO B paboTe
C.E. IxoHcoHa u ap. (Johnson et al., 2002). Pa3-
BUTHE CUCTEMbl HAUMHAETCI ¢ 00pa30BaHUs KOJIb-
LIEBBIX TPEIIMH HaJ MOIHUMAIOIIMMCS MarMaTh4ie-
CKMM 0YaroM ¢ pOCTOM KyIOJbHOI CTPYKTYpHI. 3a-
T€M BO3MOXKHBI Pa3jIMIHbIC BAPUAHTHI SBOIOINNI
MarMaTHM4ecKoro odara ¢ (oopMupoBaHUEM KOJIb-
LIEBBIX JaeK ¥ pa3jiOMOB Pa3HbIX PaHTOB C 00pa3o-
BaHMEM KajibAephl. JlaibHelilee pa3BUTHE BYyJKa-
HO-TUTYTOHMYECKOM CUCTEMBI MOXET OBITh CBSI3aHO
¢ TIOOABEMOM YacTH MarMaTU4ecKoro oyara u ¢op-
MHpPOBaHMEM HOBOM KaJbAephl, a TAKXKE BHEIPECHM-
eM “BJIOXKEHHOI1” MHTpy3uU. B utore Moxet cop-
MUPOBAaThCSl CIIOKHBII MYJIBTUPUHTOBBIN KOMITJIEKC
¢ LeHTpaJibHOM uHTpy3uen (¢pur. 5). Kak uszsecTtHo,
JIOKaJAM3alus U YCIAOBUS OTJIOXKEHUS PYIHON MU-
HepalIm3alluyd BO MHOTOM 3aBHUCST OT IJTyOMHHOTIO

@ur. 4. CxemMa IpOCTPAHCTBEHHBIX B3aMMOOTHOIIIEHI MOpdocTpyKTyp LeHTpaabHoro tuma (I'ypesuy, 2009) ¢ momosiHe-
HUSIMU aBTOPOB: CeKylllee HaJloxXeHue (a), coueHeHue (TpoitHoe) (0), MpUMbIKaHue (B), «IOIIIUITHUK» (T), OpOUTATbHBIE
CTPYKTYPHI (1), CMEIIEHNUE TOYEPHUX CTPYKTYP K BHEIIIHEH TPaHUIIe MATEPUHCKOI CTPYKTYPHI (€).
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YPOBHS O€MCTBOBABIIECH BYJIKAHO-IIJIYTOHUYECKOMN
CUCTEMBI (pymooOpa3sylolleil cucteMbl). Pa3Hble
YPOBHU XapaKTepU3YIOTCS oNpeneeHHbIM HaOopoM
PYAHBIX 3JIEMEHTOB WJIM UX OTCYTCTBUEM, BO3MOX-
HOCTHU UX OOHapyXeHUS OIPEneISIIOTCS yXKe COBpe-
MEHHBIM YPOBHEM 3PO3MOHHOIO Cpe3a.

HertanpHoe aemmdpupoBanre CLT mo3Bosser
BBISIBUTD MPOEKIINY OCIa0JICHHBIX 30H Ha THEBHYIO
IIOBEPXHOCTh. B cOOTBEeTCTBMU ¢ IPOBEIEHHBIMU pa-
Hee UCCIIEIOBAHUSIMU MPEANOJIaraeTcs, YTo JaHHbIC
30HBI (Pa3IOMbI, TPEIIMHOBATOCTh) 00PA3yIOT KOJIb-
LIEBOI CTPYKTYPHBII1 KapKac 1 CBOMMU KOPHSIMHU yXO-
JISIT B COOTBETCTBYIOIIVIE MATMOTCHEPMPYIOIIE OYaru.

Takum oOpa3oM, oTKapTUPOBAHHBIE KapKAaCHbBIE
9JIEMEHTHI CTPYKTYPHBIX (POPM paccMaTpHUBaIOT-
csl B Ka4eCTBE MOABOMSAIINX KaHAJIOB, IT0 KOTOPBIM
K TTOBEPXHOCTU MOAHMMAIOTCS Pa3HOIro pojaa 3Ma-
HaIlu{ ¥ PacTBOPHI (B TOM YMCIIE ¥ METAIIOHOC-
HbIE). DTUM (PaKTOM OIpPEAeIsIETCS PYAOKOHTPO-
nupyowas poab CIT. HeobxogumMo OTMETUT, YTO
B IIPEACTaBJICHHON paboTe yuuThIBaeTcs (haKTop
IIPEUMYILIECTBEHHO CTPYKTYPHOTO KOHTPOJIS, KOTO-
PBII TOJKEH, TIPY MPOBEASHUY ITPOrHO3HOI OIleH-
KU, TOTOJHSTHCS U BEIIECTBEHHBIM.

B.B. ConoBbeBBIM 1 MHOTUMM IPYTUMU UCCIIE-
IOBAaTeIsIMU HA OCHOBE JeTaJIbHOTO M3YYCHUS B3a-
MMOOTHOIIEHUI CTPYKTYPHBIX 3JIEMEHTOB B Ipeie-
nax MHoroumnciaeHHbIX CLT BbIsgBIeHBI HauboJee
OaronpusITHBIC YCIOBUS 1 00JIACTH IJIST JIOKAIA3a-
uuu pyaHoro BeiectBa (CosioBbeB, 1978; HeBckuii,
®poos, 1985). DMIUpUUECKU YCTAHOBJICHHI CIIEIY-
0TI TTIO3UIIAY PaCIIPeaeTIeHNS IIOBBIIIICHHBIX 00b-
€MOB MUHEpaIn3aluy (B TTOPSIIKE BO3pacTaHUs X
3HAUMMOCTH): 1) BO BHEIITHUX KOJBLIEBLIX pa3ioMax
(dur. 6a); 2) B KapKacHbBIX y3i1ax (¢ur. 66); 3) B 30-
Hax MepecedyeHrs KApKaCHBIX 3JIEMEHTOB PETMOHAb-
HBIMU pa3ioMaMU U CKPBITBIMU pa3jioMaMu (hyH-
nameHTa (¢ur. 68); 4) Ha TIOLIAASIX UHTEPGhEPEH-
LMY Pa3HOIOPSAIKOBBIX M pa3zHoBo3pacTHhIX CILT
(cur. 6r); 5) B aMMKaJIbHBIX YaCTIX OIMHOYHBIX
KYHOJbHBIX (DOPM, OCOOEHHO IIpU IIepeCeYeHUN UX
[JTyOMHHBIMY pa3JIOMaMM.

OueBUIHO, YTO CTENCHD MEPCIEKTUBHOCTU KOH-
KpeTHO#1 00J1acTU ompenesieTcsl BEIMYMHON MMPo-
HULIAEMOCTHU TeX WJIM MHBIX YYACTKOB JIMTOCHEPHI.
BnonHe ecTeCTBEHHO, YTO CTYIIEHNUE JTUHEHHBIX 1
KOJIBIIEBBIX PA3JIOMOB, Y3JIbl MX ITIepeceYeHNs, HEOI -
HOKpaTHasi "HTepdepeHIIns CTPYKTYPHBIX (hopM —
BCE€ 3TO ITOKa3aTelU CUIILHOI pa3apoOIEHHOCTH,
a 3HAYUT, ¥ IPOHULIAEMOCTHU JUTOCGHEPHI IS 10~
TEHILIMAJIBHO METAJJIOHOCHBIX pACTBOPOB.

PaHee ObL10 TTOKa3aHO, YTO MHOTME CTPYKTYPHbIE
¢dopMBI, 0COOEHHO B paHTe aCTEHOKOHOB — CTPYKTYP
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acteHocepHoro 3anoxeHus (6oxee 1000 kM B 1o-
MepeYHKe ), MePCHEKTUBHBI HA KOMIUIEKC KaK TUIIO-
T€HHBIX, TAK ¥ TUTIEPTeHHBIX ITOJIE3HBIX MCKOITAeMbIX
(Conosbes, 1978). lonst MeCTOPOXIEHUI MONE3HBIX
HMCKOMaeMbIX BceX TUIOB, cBa3aHHbIX ¢ CLIT Bcex
MacIUTaOHBIX YPOBHEM, 110 OLICHKAM OIHUX UCCIIENO0-
Bareneii cocrapisieT 70—75% (bproxaHoB u np., 1987;
Kopuyranosa, Kopcakos, 2009), mo MHEHUIO Apy-
rmx — goxomut no 100%, rmpu yderte, 4TO Kakaoe Me-
CTOPOXICHUE pacIiojiaracTcs B Ipee/iax MHOXECTBA
CUT pa3Horo paHra u/Wiu Ha riepece4eHU JIeMeH-
TOB OMHOPAHTOBBIX CTPYKTYp (I'ypeBuy, 2009).

Hcnonb3ys nepedncieHHbIe KpUTepUH U HakTo-
pbI, C IPUMEHEHUEM CPEACTB KOMIUIEKCHOTO MpPO-
ctpaHcTBeHHOro 'MC-aHanu3a MOXHO clienarb
3HAYMMbI€ BBIBOJBI ISl PELICHUST 3a7a4 PEruoHasb-
HOTO MPOTHO3a U BBISIBJIEHUS HanboJiee mepcriek-
TUBHBIX 00JIaCTEI JTOKAIM3aIUu1 Pygo0o0pa3yoninx
CHCTEM B Mpe/eax paccMaTpUBaeMOil TEpPUTOPUH.

3agada IMpOCTPAaHCTBEHHOIro reomH@OopMal-
OHHOTO IIPOTHO3a B HayKax o 3emJe 3aKI04aeTcs
B BBISIBJIEHUU ONpPEAeIEeHHBIX 3aKOHOMEPHOCTEMN
(kpuTEepueB), COBOKYIHOCTb KOTOPHIX BO3MOXHO
IIpPeACTaBUTh B BUIE IIPOTHO3HOI KapThl, COCTaB-
JICHHO# Ha OCHOBE IIPaBUJI COYETAHUS BBISIBICHHBIX
KpuTepueB. JIsi 3TOro uccienyeMblii peruoH A0JI-
>K€H TIPEICTaBISITh COO0 OMHOPOMHYIO, B ONpene-
JIEHHOM CMBbICJIe, Teosiornyeckyto 30Hy (I'utuc, Ep-
MaxkoB, 2004; I'mtuc u np., 2013). Cpennt MHOXECTBA
IMOIXOMIOB K IPOTHO3HOMY MOIEINPOBAHUIO MIJIsI BU-
3yaJIn3alli¥ OCHOBHBIX KPUTEPUEB pa3MelleHUS Pyl -
HOIT MMHEpaIU3allii OTHOCUTEIBHO CTPYKTYPHBIX
anemeHTOB CLT 1 KpyImHBIX pa3IoOMHBIX 30H HAMU
BBIOpaH odMH 13 HanboJiee 3((HEKTUBHBIX U IIIMPOKO
HCIIOJIb3YEMbIX B METAJUIOT€HUYECKOM KapTHpOBa-
HUU, TIPOTHO3€ U TIOMCKE MECTOPOKICHUI TTOIE3HBIX
HMCKOITaeMbIX METOIOB — CO3[aHME BECOBOII IIPOTHO3-
Ho-mronckoBoit Moaenu (Franca-Rocha, et al., 2003;
Carranza, 2004; Porwal et al., 2010; Shahi, Rouhani,
2014). lanHble Moaenar 0a3upylOTCs Ha CTaTUCTUYE-
CKHUX aJITOPUTMAX, KOTOPBIE ITO3BOJISIIOT OIIPEICINTD
YCJIOBHYIO BEPOSTHOCTh HaJN4Us 00OBEKTa B KOH-
KPETHOM YyJacTKe 3€eMHOM ITOBEPXHOCTU Ha OCHOBE
TeOJIOTMYECKNX TAHHBIX U UX KOPPEISLINU C yKe 13-
BECTHBIMHU (3TATOHHBIMU) OOBEKTAMMU.

OCHOBHBIM NPUHIMUIIOM CO3IaHUS BECOBBIX
MPOTHO3HO-IMTOUCKOBBIX MOJEIEH SBIASIETCS BbIIE-
JIeHUe TeoJoThYecKuXx (PakToOpoB, KOTOPHIE UMe-
0T HanOOoIbIIYIO 3HAYUMOCTD AJIsl KOHLIEHTpaluu
MOJIE3HBIX UCKOIIAEMBbIX U MX JAJbHEUILECH MHTEP-
npeTalyu B KOHTEKCTE MPOSIBIIEHUI PYAHBIX 00b-
€KTOB Ha paccMaTpuBaeMoil Tepputopuu. ITocie
BbIJIEJICHUSI 3HAUMMBIX T€0JIOTMYeCK1X (haKTOpOB,
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®ur. 5. Monenb nmociienoBaTeIbHON 3BOMIOINN BYJKAHO-TTYTOHUYECKOM CUCTEMBI OITyCKaHUSI ¢ (DOPMHUPOBAHUEM CTPYK-
TYp LIEHTPAJILHOTO THIA B 3aBUCMMOCTHU OT YPOBHS 3p03MOHHOTO0 cpe3a (Johnson et al., 2002): I — dopmupoBaHue Kojab-
LIEBBIX TPEITUH HaJ MOTHUMAIOIIMMCS MarMaThdeckuM odarom, [1—IV — BapraHTBI 9BOIOIIMNA MarMaTUIeCKOTO oJara
¢ (GopMHpOBaHNEM KOJIBLIEBBIX JacK M pa3jIOMOB pa3HbIX paHTOB ¢ 06pa3zoBaHueM Kanbaepbl, V—VII — Bo3MOXHEIE Ba-
PUAHTHI JaJIbHENIIIEro pa3BUTHUSI CUCTEMBI C MOABEMOM YaCTH MarMaTUyecKoro oyara 1 (oOpMHpPOBaHMEM HOBOTO KOHYyCa
kanbaepsl (V), BHenpeHueM «BiaoxeHHo» uHTpy3uu (VI, VII), VIII — dopMupoBaHue cl10)XHOTO KOJbLEBOIO KOMILIEKCA C
LIEHTpaJIbHOI MHTPY3Ueit; HabMogaeMble CTPYKTYPhI LIEHTPAJIbHOTO THUMA: 1 — TIYTOH ¢ 0OpYIIEHHBIMM ITOPOIAMHU KPOBIIH,
2 — KOPHM KOJIbLIEBOI Haiiku, 3 — Kajbaepa, 4 — KOMIUIEKC KOJIbLIEBBIX Pa3JIOMOB, 5 — KOMILIEKC KOJIbLEBbIX PAa3JIOMOB C
LIEHTpaJIbHOM MHTpY3Ueid, 6 — ByJTKaHMIecKas AeTipeccusi, 7 — KOIbIIEBO KOMITJIEKC, TIPOPBAHHBIM aCCUMETPUIHOMN MH-
Tpy3ueii, 8§ — BIIOXXeHHBIE TUTYTOHBI, 9 — MyJTETUPUHTOBBIN KOMILUIEKC.
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®@ur. 6. [puHIMIIUATBHAS cXeMa JIOKaau3aluu mose3Hbix uckonaemeix B npenenax CLT (ConoBbéB, 1978) ¢ ykazaHuem
Ham0oJjiee BEPOSTHBIX 00J1aCTei JIOKAIM3allid PyIHOTO BEIleCTBA: B 30HE BHEITHUX KOHIIEHTPUUYECKUX OJIOKOB (a), B Kap-
KacCHBIX y371ax (0), B 30HaX CEKYIIMX pa3joMoB (B), B ydacTKaX CTPYKTYpHOI uHTepdepeHuu (T); 1 — pyaonposiBieHusI,
2 — MECTOPOXKACHMSI.

MMPOBOAMUTCS MX CTATUCTUYECKUI aHAIMU3 U OLIEH- KOCBEHHO BIMSIONIMX Ha JIOKAJM3aLMUIO PYIHON
Ka BIMSHUS KaXIOro M3 HUX Ha BEPOITHOCTb Ha- MUHEpaIU3aln.

JINYUS U3BECTHBIX PYIHBIX OOBEKTOB. DTU JaHHbIE 2. OnpeneneHue 3HaY€HUI MIEPEMEHHBIX — OCY-
3aTeM OOBEIMHAIOTCI B €IUHYIO MOIEIb, KOTOpasl MIECTBIISUICS pacdyeT KOJIMYECTBEHHBIX U IIPOCTPaH-
M03BOJISIET ONpPENEIUTh YCIOBHYIO BEPOSITHOCTb CTBEHHBIX MAapaMETPOB BbISIBICHHBIX KPUTEPUEB,
HaIn4ugd pyaHOro 00BEKTa B KOHKPETHOM y4yacTke KOTOPBIC BOSMOXHO MCITOJIb30BATh IJIs IIPOTrHO3a
3eMHOI TOBEPXHOCTH. BecoBble POrHO3HO-MoKc- JIOKATU3ALNK PYIHOH MUHEPATU3aLUY.

KOBBIE MOJENU SIBJISIOTCS KpaiiHe 3G GEeKTUBHBIM 3. OueHKa 3HaYeHU il IEPEMEHHBIX — ITPOBOIM-
MHCTPYMEHTOM IIPOTHO3a, TaK KaK OHMY IMO3BOJISI0T J1aCh OLICHKA 3HAYMMOCTU KaXIOIo IIapaMeTpa Iec-
OGBEIMHSATH PA3INYHbIC THITHI JAHHBIX M BBISIBIAT, PEMEHHOI HAa OCHOBE SKCTIEPTHBIX OLEHOK MIIM CTa-

CKPBITBIE CBA3U MEXJIy HUMMU. TUCTUICCKUX NAaHHBIX.

4. OnpeneneHre QYHKLUMU TTPUHAAIEC)KHOCTHU
— IJIs1 KaXIoi IIepeMeHHOI IIPOBOIMIOCH OIIpee-
JieHue (GyHKIMU NPUHAIIEXKHOCTH, KOTOpasl OMu-
CBIBaeT CTEIIEHb NMPUHAMIEXKHOCTH KaXXI0ToO 3Hade-
HUSA TIepeMeHHO# K JaHHOU KaTeropnu. MyHKIIms

1. OnpeneneHue MepeMEHHBIX — MPOBOAMII- MpUHALIEXHOCTH onpenensnach B MC Ha ocHOBe
csl OTOOp U ompeneeHre KpUTepUeB, IPSIMO WM HEYETKON JIOTUKM (JIMHeliHas IMpUHAIIeKHOCTD)

B o61iem Bujie co3naHue BeCOBOM MPOTHO3HO-TIO-
HMCKOBOI1 MOJIEJIA TEPPUTOPUH I0TO-BOCTOYHOTO 3a-
baiikanbs B cBsa3u ¢ pazButueM CLT u pa3pbIBHBIX
CTPYKTYP BKJTIOUAJIO IIepEeUNCIICHHBIC HIDKE IIATry.
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U XapaKTepu30Balla MHTePBaJIbl 3HAYCHUIA TTapaMe-
TpoB Kaxaoro kputepus ot 0 mo 1.

5. OmpeneneHue mpaBuil — GOPMYIUPOBAINCH
IpaBWIa IJIs COYETaHUs 3HaYEHUM NTepeMeHHBIX.

6. OnpeneneHyie BeCOBbIX KOG MUILIMEHTOB — IS
KaXIoro IpaBujia Ha OCHOBE 3KCIEPTHBIX OLIEHOK
WM CTAaTUCTUYECKUX JaHHBIX OMPEeISINCh BECOBBIC
Koo duieHTH. BecoBble KO3 GUIINMEHTHI MCTIONE-
30BAJIMCh IJIs1 yYeTa BaXKHOCTHU KaXKIIOro MpaBuia Ipu
OLIEHKE BEpOSITHOCTU HAJIMUMS PYJAHOIO OOBEKTA.

7. PacueT BepOsITHOCTU HaAU4YUS PYAHOrO 00b-
eKTa — JUISI pacueTa BepOSITHOCTH HAJIMYMS PyTHOTO
00BbEKTa HAa paccMaTPUBAEMOU TEPPUTOPUU HUCIIONb-
30BaHbI BECOBBIE KO3 MUIIMEHTHI U OLIEHKH Tepe-
MEHHBIX. B UTOre oCyllecTBlIeH pacyeT BepOSTHO-
cTeil 0OHapyXKeHUsI UICKOMOTO O0BEKTa.

8. TCCTI/IpOBaHI/Ie MOICIMN — CO3daHHad MOIAC/Ib
3aBEpAIaCb Ha TECTOBBIX (BTHJ'[OHHLIX) ydyacCTKax mJid
OIIpEACICHUA €€ TOUYHOCTU.

PE3VIJIBTATbI

Ha nudpoBoit Mmogenu penbeda mo CTpyKTyp-
HO-TeOMOP(OJOrMYeCcKUM MpU3HAKaM BbIIEIECHBI
npeanojaraemblie rpanunbl CHT (dur. 7a), koto-
pble, BO3MOXHO, IIPEACTABISIOT CO00i cucTtemMy
KOJIBLIEBBIX pa3JIOMOB C MpeodianaloiMU BEPTU-
KanbHbIME cMeteHusIME (CotoBreB, 1978). Ha cxe-
M€ IpaHUIIbl CTPYKTYP YCIOBHO, IIJIsI IIPOCTOTHI aHA-
J13a 1 00paboTKU, MOKa3aHbl MyYHKTUPOM B opme
kpyra. HeobxogumMo OoTMETUTh, 4YTO TeoMOpdOJIo-
TMYECKHU, B 3aBUCUMOCTU OT YPOBHS 3PO3MOHHOIO
cpe3a, HATOXEHHBIX TEKTOHUYECKUX U T€OJOTH-
YeCKUX IIPOLIECCOB, STAIOB aKTUBU3AaIlMU, HEIIpa-
BUWJIbHOI (hOpMEI IIpeamnojaraeMoro MarMaTuye-
ckoro ouara (miayroHa, uHTpy3uu), CII'T Bo3aMOXHO
3a(bMKCHPOBATh TOJIBKO II0 OTAEIbHBIM, COXpaHUB-
LIMMCS B MpoOIecCe MJIUTETbHOIO Te0JI0rMYeCKOro
pa3BUTHUS, 3JIEMEHTaM (IyTHd, CETMEHTHI KOJIBIIEBBIX
pa3IOMOB, paauaJIbHO-KOHIEHTPUIECKUE PA3TIOMbI
U TpelrHbl). [Tpy 3TOM GOJIBIIION OMBIT aBTOPOB IO
nemmmdpupoBanmio rpaann CLT Ha ocHOBe maH-
HBIX J133 BBICOKOIO pa3pelieHus moKasall, UTo UX
¢opma B OOJBIIMHCTBE CIYy4aeB CTPEMUTCS K KPYTy
U B PEIKUX UCKITIOUSHUSIX IIPUOIIKACTCS K OBaJIb-
Hoit. Pe3yabraThel 6oJiee AeTajJbHOIO AeIIUMPUPO-
BaHMS MO3BOJIMJIM YCTAHOBUTD, UTO JaXe OBaJIbHasI
dopMa CTPYKTyp uallle BCETO OOBSICHSIETCSI CEKY-
IIIMM HaJIOXEHUEM WJIW IMPUMBIKAHUEM HECKOJb-
kux otaeabHbix CHT, KoTopble uccienoBaTesIM He
BCerma yaaeTcsl BU3yaJlbHO BBISIBUTh. [eoMopdoio-
ruyecku B popme kpyra oosidHO otMevaroress CLIT,
BBIIC/ISIEMBIEC TIPEUMYIIIECTBEHHO 110 MaTepHajiaM

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

YCTHUHOB u np.

133, Ho Oonee meTambHEIE TTOJIEBbIE UCCAETOBAHUS —
MpUMEHeHNe Teo(PU3NIeCKNX METOAOB, Te0JIOTUYE-
CKOT'0 KapTUPOBAHUS, YKe MTO3BOJISIIOT 00JIee TOYHO
BBISIBUTH TeOMETpUUecKie HEOMHOPOTHOCTH TPaHUI]
B 3aBUCUMOCTH OT THTIA CTPYKTYPHI.

B.B. ConoBbeB Ha OCHOBE YCTAHOBJIIEHHOM “YeT-
KOl OMCKPETHOCTH JiaTepajbHBIX ITapaMeTpOB
CTPYKTYpP” BBIIEIISIET YEThIpE OCHOBHBIC MacCIITa0-
Hele Tpynnbl CHUT — MuHM- (KMJIOMETPHI), ME30-
(mecsaTKu KUIOMETpOB), MaKpo- (IepBbIe COTHU
KMJIOMETPOB), Mera- (MHOTHE COTHU U TBHICIUM
kunomeTpoB) (ConoBbéB, 1978). B macmtabe uc-
clIeAyeMOi TePpPUTOPUH, C YIETOM BBICOKOTO IIPO-
CTPAHCTBEHHOIO pa3pelleHMs] UCIIOJIb3yeMbIX JaH-
HbIx 133, Ham ynanocs BoisiBUTH CLT, Bxoasiuue
B IepBBIe ABe Ipynibl. Becero B mpepenax miaoma-
IV BBISTBJIICHO 1285 cTpyKTyp, TIpW 3TOM B OOJIBIIEM
KOJIMYECTBE MPEACTaBICHBI CTPYKTYPhI IMAMETPOM
meHee 10 kM 1 mwiomanasio meHee 80 km? (85%). bo-
nee kpynHbele CHT pa3BuThl B MeHbIEH CTENEHU
U COCTaBISIOT 15% OT 0011Iero KOJIM4ecTBa CTPYK-
Typ (dur. 76). [Ipu craTucTuecKom aHaau3e dojiee
4000 CHLT B.H. bproxaHOBBIM ¢ cOaBTOpaMu He 00-
HapyxXeHo BblaenecHHbIX paHee B.B. CojioBbeBbIM
nuckpeTHbIX Tpynn (ComoBeéB, 1978). YcraHoBIIe-
HO TOJIBKO IIJIABHOE YBEIMUYEHHE YMCIIa CTPYKTYP
¢ ymeHblleHueM ux nuametrpa (bproxanos u ap.,
1987), uTo HabIOJAETCA U B HAIEM Cydae.

151 060011IeHHOrO aHa/In3a MPOCTPAHCTBEHHbBIX
B3auMooOTHoIIeHnH BbIsiBIeHHBIX CLIT 1 n3BecTHBIX
PYIHBIX OOBEKTOB MOCTPOEHA CXeMa OTHOCUTEIbHO
YIEIbHO! IMJIOTHOCTU BCEX METAJUTMYECKUX TTOJIE3HBIX
HMCKOIIaeMBIX (MECTOPOXICHUS, PYIOIIPOSIBICHMS),
M3BECTHBIX B IIpeaeiax TePPpUTOPUM, C YKazaHUEM
rpaHuUll BbIAEIEHHBIX CTPYKTYp (dur. 8). ITo cBoe-
MY CMBICJTY, C TOYKM 3PEHUS NPOCTPAHCTBEHHOTO
pa3MeleHMST pyIHBIX 00BEKTOB, X OTHOCUTEIbHAS
yaeabHas1 IIPOCTPAaHCTBEHHAsI INIOTHOCTh OTpaXKaeT
KOJIMYECTBO MECTOPOXKIECHUN U PYIOIPOSBICHUNA Ha
eIVHULY TUIOIAAN 1 OJIM3Ka K MOHSATUIO “3KCTEH-
cuBHOCTH” opyaeHeHns (CMupHOB, 1944).

YcraHoBneHo, yto baneilickoe pyaHoe moJe
(BPIT — Au) noxanu3oBaHo BOJIKM3U 00JACTU MPU-
MBbIKaHUS U convkeHus AByx kpymHbix CHT Ha
IOTO-BOCTOKE 1 I0ro-3amazie (OTHOCHTEIIHFHO PyIHO-
I'0 1O0JIsT), a TaKKe HECKOJIBKMX MEHBIIINX I10 pa3Me-
paMm CTPYKTYp Ha ceBepe U ceBepo-3amnane. Heobxo-
JIUMO OTMETUTh, YTO B paMmkax KpyrnHbix CIT Ha-
OMI0AIOTCS «BIIOXKEHHBIE» CTPYKTYPHI 00JIee HU3KMX
pPaHTOB, KOTOpPHIE CMEIIEHBI K BHEIITHE! rpaHulie 1
00J1aCTH JIOKAIU3allM1 MECTOPOXICHUMN 1 PyAOIpO-
apaeHuii BPII. DTo roBoput 1160 0 MHOTOKpaTHOM
TEeKTOHO-MarMaTH4eCKOM aKTUBU3AIMU, TO €CTh
Ne 4
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®@ur. 7. (a) — cxema cTpykTyp HeHTpaabHoro tumna (CLIT), BelaeaeHHBIX IO CO3MaHHOM MM poBOIi Monenu peibeda st
JINCTa TOCYAapCTBEHHOU reosiornyeckoii Kaptel M-50 (rmoka3aHsl cTpykTyphl 6osee 10 km B nuametpe): A—b, B—I' — n1u-

HUU pa3pe3oB; (0) — rucrtorpaMMa pacrpeeeHus MHTEPBAJIOB 1uaMeTpoB Beex BoiaeaeHHbIXx CLIT oTHOCHTENBHO MX
konmyecTBa (15 ki1accoB).

MMOJIUCTAAUITHOM Mpolecce GOpMHUPOBAHUSI MOP- CBSI3aHHBIX, HO PACIIONIOKEHHBIX Ha Pa3IMYHBIX Iy~
GOoCTPYKTYp B JaHHOM 00gacTu, MO0 00 yyacTun OuHAX, MarMaTUYEeCKMX 04aroB, 4YTO, OE3yCJIOBHO,
B Ipoliecce OTIOXECHUS PyAHOM MUHepadu3aluyd B 000MX CIydasiX IMOBIIMSIO HA OTJIOXEHHUE OoraToi
HECKOJIBKAX OIHOBO3PACTHBIX 1 IIPOCTPAHCTBEHHO PYIHOM MUHEpAIU3aIINAMN.
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CrpensroBckoe pymHoe mone (CPIT — U, Mo)
JIOKAJIM30BAHO BOJM3M Pa3BUTHUS IBYX KPYITHBIX
“prnoxeHHbIX” Apyr B apyra CLIT Ha ceBepo-BocTO-
Ke, B IIpeaesiaX KOTOPHIX TAKKe Pa3BUTHl MHOTOYMC-
JICHHBIE 00Jiee MeJIKHe CTPYKTYPHI, OOJIbIIast YacTh
KOTOPBIX CMeIlleHa K 00JIaCTH IPOCTPAHCTBEHHBIX
MaKCHMYMOB pyIOHBEIX 00beKTOB. Ha ceBepo-3amane K
pyaxHOMY nomo TipuMbIKaeT rpyrma CLT 6onee HM3-
KHX paHToB. Takoe IpOoCTpaHCTBEHHOE pa3MeIlcHIe
CTPYKTYP TaK3Ke ITO3BOJISICT TOBOPUTD O TTOJIMCTAIMIA-
HOCTH IIpolIecca OTJIOXKEHMS OpyIeHEHUS W yIaCTUH
HECKOJIBKMX CBSI3aHHBIX (JOYSPHMX) WX HE CBSI3aH-
HBIX IPYT C IPYrOM pa3HOBO3PACTHBIX OYAroB.

B xauecTtBe enre ogHOIO HAIJIIAHOTO HMpHUMepa
MoxHO TIpuBecTr OpioBckoe Mectopoxnenue (Ta,
Li), Bxomsmiee B OpnoBcko-CHOKOMHUHCKUNA pyI-
HBII1 y3eJ1, KOTOPbI NpuypouYeH K XaHTUIaliCKOMy
IUIyTOHY M€3030MCKHMX I'PaHUTOB, BEIPAXKCHHOMY B
penbede B Buae KynoiabHoro nogHsatus (I'ocymap-
ctBeHHad ..., 2010), BEIIEIEHHOTO HAMU B OTIEIh-
ayro CLT. I'lpu 3ToMm 6oratoe opyaeHeHNe, HAn0O-
JIiee BEpOSITHO, CBSI3aHO C COYETAaHUEM ITTyOMHHBIX
MarMaTUYeCKMX OYaroB, BHIPAaXXEHHBIX B pebede
kpyrmHbeIMA CLI T, mpuMbIKaroIIuMy K pyaTHOMY Y3IIy
C ceBepa, BOCTOKA U Iora.

HeobxognMo oTMETUTBh, YTO Ha GUT. 8, YIUTHI-
Basi OOIIMPHYIO IJIOLIAAb UCCACAOBAaHMS, I Ha-
DIIAHOCTU, TToKa3aHbl TolibKo CLT 6osee 10 km
B IIOIIEpEYHUKE, P 3TOM, UMesI B BUIY BHICOKOE
IIPOCTPAHCTBEHHOE pa3pelleHNe NCXOMHbIX TaHHBIX
33, 6omee MeIKne CTPYKTYPHI TaKKe BBIICISIINCH
Y1 aHAJM3HUPOBAJINCh. YCTAHOBJIEHO, YTO BCE IIPO-
CTPaHCTBEHHBIE MAKCUMYMEI IJIOTHOCTHU OpyIeHe-
HUSI CKOHILICHTPUPOBAHHI Ha Nepudeprun KPYyITHBIX
CILT, a Takke BHE UX TpaHUII, HO B HETIOCPEACTBEH-
HOI1I 6;1M30CTH, OCOOEHHO OTHOCUTEIJILHO oOJacTeil
UHTep(PEepEeHIINN U IIPOCTPAHCTBEHHOTIO COJIMKE-
HUS, a TakKe IMpUMBbIKaHus cTpyKTyp. [Ipm atom
OOJIBIIMHCTBO M3BECTHBIX PYAHBIX OOBEKTOB IIPH-
YPOUYCHO K BHYTPEHHUM U Oau3nepudeprnIecKum
obacTsaM Oonee MeIKUX CTpyKTyp (MeHee 10 KM B
MIOIIEPEYHMKE ), B 3aBUCMMOCTH OT CTCIICHU pa3BH-
THSI KapKaca CeKyIIUX 3TU CTPYKTYPHI, WM pa3BU-
THIX B TPaHUIIAX CTPYKTYP, pa3pbIBHBIX HAPYIIICHUIA.
Spxum ToaTBepxkaeHneM 3Toro apiserca CPII, roe
19 U-Mo MecTopoXaeHU I JTOKaIU30BaHbl B Mpene-
JIaX OHOMMEHHOI KaJbIephbl Ha Tutomaay ~140 km?
B COOTBETCTBUHM CO CIIEIIM(MDUISCKIM KapKacoM pas-
pbIBHBIX HapylieHuit (Miykosa u ap., 1998; Wiy-
KoBa u ap., 2007). Kanbpaepa oTYeTIMBO BbIpaxkeHa
B MopdoJiorun pejibeda 1 BBIACICHA HAMU B Kade-
ctBe otaenbHoil CHT ¢ nmamerpom 13.2 KM.

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

YCTHUHOB u np.

Iloutu Bce KpynHBIe pyoHBIE OOBEKTHI PErMOHA
IEeMOHCTPHUPYIOT ITOOO0HYIO YCTAHOBIIEHHYIO 3aBM-
cumocth. UckiouenueM sBiasiercss bPII, koTopoe,
HECMOTpsI Ha JIOKAJIU3aIINIO B 00JIaCTH COMVKEHUS
kpynHeiimmx CLT Teppuropun, He IpUypOIeHO K
oonee menkum Mopdoctpyktypam. IlTpu aToM st
30j0TOro opyaeHeHust bPII npocnexuBaeTcs: yeTkast
IIPOCTPAaHCTBEHHASI CBSI3b C peTHOHAIBLHBIMU Pa3jIo-
MaMH CEeBEpPO-BOCTOUYHOI'O IMPOCTUPAHUS, a TAKXKe
JIMHEMHBIMU CTPYKTypaMu 00Jjiee HU3KOTO paHTa ce-
Bepo-3anagHoi opreHTHpoBKr (Cumonos, JIroba-
mmH, 1979), urpaBmmMu pojib GIIOUIOIIPOBOISIIINX
KaHaJIOB, PYTOKOHTPOJMPYIOIINX U PyIOBMeIlao-
IIMX CTPYKTYP, CO3IaBasi CBSI3b MEXIy IIpedIiojiara-
€MBIMU MarMaTUYeCKMMHU LIeHTpaMH, KOTOPbIE Map-
KUPYIOTCS BblAeIeHHBIMU KpymHbIMU CLIT.

Crenylomeit 3agadeil IBIASIIOCH CO3TaHNE CXEM
OTHOCUTEJIbHOI yIeJIbHOU IIJIOTHOCTHA M3BECTHHIX
PYIHBIX O0OBEKTOB II0 TUITY MUHEpaIU3allNy C yKa-
3anueM BbiaeneHHbIXx CLT mis mpocTpaHCTBEHHO-
ro aHaJin3a C LIEJIbIO BBISIBICHUS CBSI3U CTPYKTYD
C pyIooOpa3yoIIuMI CUCTEMaMU ONpeaeIeHHBIX
TUIIOB. YCTAaHOBJIEHO, YTO 30JI0TOPYOHBIE O0BEK-
THI JIOKAJIN30BaHbI IIPEUMYIIECTBEHHO B CEBEPHOI
(BPIT m MHOTOUMCIEHHBIE PYOOIPOSIBICHNS) U CE-
BEpPO-BOCTOYHOU 4YacTsaxX Teppuropuu (pur. 9a);
YPaHOBOPYIHBIC OOJIBIIEH YacThi0 — Ha I0T0O-BOC-
toke (CPII 1 MHOTOYMCIEHHBIC PYIOIIPOSBICHNS)
(bur. 96); cBUHIIOBO-IIMHKOBBIE OOBEKTHI, KPYII-
HEHNIIMM U3 KOTOPHIX SIBIISIETCSI MECTOPOXKICHNE
Hoiton-Tomnoroii, a Takke KpyIHbBIE MECTOPOXIIE-
Hug KoMIuiekcHbIX pyd (HoBo-IllupokuHckoe,
byrmannckoe) pacriojiararorcsi B BOCTOYHOM 4acTu
(¢dur. 9B); MaKcUMyMbl TIPOCTPAHCTBEHHON MJIOT-
HOCTH MEIU CBSI3aHBI B OCHOBHOM C HEOOJIbIITNMU
PYIONIPOSIBICHUSIMU, ITOP(MUPOBLIMHU ¥ KOMILJICKC-
HbIMU MecTopoxaeHusaMu (HoBo-IIInpokuHckoe,
byronanHckoe, BricTpuHCKOE), U3BECTHBIMU Ha
nccaenyeMoii niomanu (¢pur. 9r); cypbma, 0JIOBO
U BoJib()paM HU3BECTHBI MOBCEMECTHO B Mpeaeaax
TEPPUTOPUU U JIOKAJTIU30BAHbBI B KAUECTBE OTIEJb-
HBIX PYIOTPOSIBIIEHUI U HEOOIBIINX MECTOPOXKIE-
HUM (pur 91—x); MOTUOIEH B OCHOBHOM CBSI3aH C
HeOONbIIMMU PYAONPOSIBACHUSIMU, SIBIASICTCS TO-
NyTHBIM KOMIIOHEHTOM IpU WU3BJICYEHUU U3 PYI
CPII, a Takxe noo6niBajics Ha KpynHoM IIlaxTaMuH-
CKOM MECTOPOXIEHNHU, KOTOPOE BhIPAXXEHO CaMbIM
0OJILIIMM MaKCUMYMOM MPOCTPAHCTBEHHON ILJIOT-
HOCTHU B C€BEP-CEBEPO-BOCTOYHOM YAaCTU TEPPUTO-
puu (cM. ur. 93).

JdaHHBbIE CXeMbl MO3BOJIMJIM PAHXUPOBATh BbI-
aBiaeHHble CLT mo npeanonsaraeMoMy UCTOUHUKY
(ouary) B cBsI3U ¢ (OpMUPOBAHUEM OIPENETCHHOIO
TUIIA TTOJIE3HOTO McKonaeMoro. Hanpumep, camas
Ne 4
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@ur. 8. Cxema JToKaNIM3alUU BBISIBIEHHBIX MOP(MOCTPYKTYp LIeHTpanbHOTO TUMNA (60nee 10 KM B AMaMeTpe) OTHOCUTETHHO
MaKCUMYMOB YIEJIbHOI MIIOTHOCTU METAJUTMYECKUX MOJIE3HBIX NCKOMaeMBbIX (MECTOPOXIEHMs, pyaomnposiBieHus): A—b,
B—T' — yiuanm pa3pe3oB; 1 — MOpOCTPYKTYpHI IIEHTPAITBHOTO TUTIA; KPYITHEHIIINe PYIHbIE TIOJIST U MECTOPOXICHUS (BHE
maciTaba): 2 — CrpenbiioBckoe pynHoe mnone (19 mectopoxnenunii — U, Mo), 3 — Banetickoe pynHoe none (banetickoe n
TaceeBckoe MectopoxneHust - Au), 4 — bepe3oBckoe mectopoxaeHue (Fe), 5 — Byrmannckoe MmectopoxaeHue (Mo, Pb,
Au, Ag), 6 — brictpuHckoe MecTtopoxneHue (Au, Ag, Cu, Fe), 7 — HoBo-1llupokunckoe mectopoxnenue (Au, Ag, Pb,
Zn, Cu, Cd, Sb, Bi), 8 — Mecropoxnenue Hoiton-Tomnoroii (Zn, Pb, Au, Ag, Sb, Cd, S), 9 — OpioBckoe MeCTOpOXIECHNE
(Ta, Li), 10 — Yponaiickoe mectopoxnenue (Bi, Au), 11 — IllepaoBoropckoe mecropoxaeHue (Sn, Zn, Pb, Be, Ag, In, Sc).

KpyMHas BbIAeJIEHHAs HaMU CTPYKTypa ¢ AUaMeT-
poM 73.4 KM, pacrnojioXeHHasl B CeBEpHOIl yacTu
paccMarpuBaeMOil TEPPUTOPUM, BEPOSITHO, MAPKM -
pyeT rIyOMHHBI oYar, CBSI3aHHBIN C OTIOXEHUEM
30JI0TOM, CBUHIIOBO-IIMHKOBOM, MEAHOM, CypbMSI -
HOI1, OJIOBSIHHOU M MOJUOAEHOBOI MUHepainu3a-
uuu. I1pu nanbHelleM aHaau3e B 3aBUCMMOCTU
ot pa3putus pouepHux CHT unu HamoxeHus 60-
Jiee TTO3IHUX CTPYKTYP HUXXE PAHTOM, SIBJISIIOLIIAX-
csl OTpaXXeHWEM MEeHee INIYOMHHBIX 04aroB, MOSIB-
JISIETCSI BO3MOXHOCTD 00Jiee TOUHO JIOKaau3auuu

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU TOM 66

pynoo0pa3ylolux CUCTEM, CBSI3aHHBIX C OMpene-
JICHHbIM TUIIOM MUWHepanusauuu. Mcxons us ato-
ro, KaxKk y>e OTMeyajioch BbIllI€, 30JI0TO€ Opyle-
HEHUE OTHOCHUTEJIbHO PACCMOTPEHHOM CTPYKTYPHI
JIOKAJIU3yeTCsd B CEBEPO-3aMagHON YacTU, BEPOST-
HO, BCJIEACTBUE CONVIKEHUS W TPUMBIKAHUS IPYTHUX
CIT. CBMHIIOBO-IIMHKOBAas W MeAHasi MUHEpaIu-
3alMsl Pa3BUThl UCKIIIOUUTEIBHO B CEBEPO-BOCTOU-
HOI 4YacTu TakxXe B 00JacTsX CONMXKEHUS U TIpU-
MBIKaHUS K maHHoi ctpykrype CLIT 6oiree HU3KMX
panroB. CypbMa, 0J10BO U BOJIb(PAM JIOKATTUZYIOTCS

Ne 4 2024



346 YCTUHOB u np.

@ur. 9. CxeMbl JIOKaIU3aIUU BBISIBIEHHBIX MOP(OCTPYKTYP IIeHTpabHOTO THTA (6ojee 10 KM B MamMeTpe) OTHOCUTETHHO
MaKCUMYMOB yIeJIbHON TJIOTHOCTH METANTMUECKUX MOJE3HBIX MCKOMAEMBIX (MECTOPOXICHMS, PYIOMPOSIBIIEHUs] — BHE
maciitaba) 1o NiaBHOMY pyIHOMY 3JieMeHTY: 1 — rpaHuLia jqucta kapthl M-50; 2 — MOp(hOCTPYKTYpPHBI LIEHTPAJIbHOTO TUTIA;
(a) — 30110T0; (6) — ypaH; (B) — CBUHEIL-IINHK; (T) — Menb; (1) — cypbMa; (¢) — 010B0; (K) — Bosb(dpam; (3) — MOJIUOIEH.
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MIPEUMYILIECTBEHHO B I0XKHOM YaCTU B MECTax IIepe-
CEeUYeHMsI BHEITHUX KOJBIIEBBIX Pa3IOMOB JaHHOM
CTPYKTYPBI C KOJIBIIEBBIMHU Pa3IOMaMHU CTPYKTYpP
HU3KHUX paHTOB. Ilpy 3TOM pymoIpOsSIBIeHUS Cyph-
MBI IIPUCYTCTBYIOT X BO BHYTPEHHE YaCTH CTPYKTY-
PBI, HO OHU TaKXKe IIPUYpOYEHEI K 001acTh mHTEp(de-
peHu Tpex “BaoxeHHBIX” B gaHHyo CLT cTpyk-
Typ. MonubmeHoBasT MUHEpaIn3alns IIposBiieHa
B 3aIlafHOM, I0OXXKHOM M, OCOOEHHO MHTEHCHUBHO, B
BOCTOYHBIX 00JIACTSX OTHOCUTEIEHO CTPYKTYPBI, YTO
TaKXKe MOXKET OBITh OOBSICHEHO MPUYPOUYSHHOCTHIO K
nepudepuIeCKIM JacTIM BIOXEHHBIX WX IIepece-
Karommx gaHHyio ctpyktypy CLT. BoctouHee pac-
CMaTpMBaeMOM CTPYKTYpHI, B paiioHe lllaxTamuH-
CKOTO MECTOPOXICHUS, pacIipenesieHe MOJINOIecHA
CBSI3aHO C TIPUMBIKAHMEM 1 HEOOJIBIIIMM TI0 IIIOIIA-
I HanoxeHuem ogHopaHroBbix CIT, ¢popmupyro-
IINX JIMHEHHYIO 1IETIOUKY.

s peKOHCTPYKIMK [NIYOMHBI JIOKAIU3auU
IIpeAIojlaraeMbIX 04aroB, MX IIPOCTPAHCTBEHHBIX
OTHOIIIEHU, a TAKXKe YCTAaHOBJICHUSI CBSI3U C JIMHE-
HBIMHM TeKTOHHMYECKUMHM CTPYKTYpaMU M PYITHBIMU
00BEeKTaMM, BOCCTAHOBIICHHSI YPOBHSI 3PO3MOHHO-
ro cpe3a yepe3 BCI0 pacCMaTPUBAEMYIO TEPPUTOPUIO
CTPOMJINCH MOIEIbHBIC pa3pe3nl 10 IUHUSIM, OPH-
€HTUPOBAHHBIM C CeBepo-3amana Ha I0ro-BOCTOK —
BKPECT IIPOCTUPAHUs TMHEHHBIX ITTyOMHHBIX CTPYK-
TYp CeBEepO-BOCTOYHOIO IIPOCTUPAHUS M KPYITHBIX
XpeOTOB, a TAKKE C I0ro-3aliajga Ha CeBEpO-BOCTOK —
cyOmapaieJIbHO TIYOMHHBIM Pa3ioOMaM M OCEBBIM
JIMHUSIM XpeOToB nepBoro mopsiaka (¢ur. 10). JInHum
pa3pe30B MPOXOISIT Yepe3 KPYITHEHIe pyaHbIe 00b-
eKTbl TEPPUTOPUHU U MOKa3aHbl HA ¢ur. 7 u 8.

[Ipu co3ganmu MomeabHBIX pa3pe30B Ha HAYallb-
HOM 3Tane ¢ ucnoab3oBanuem LIMP oTcrpanBanach
COBpeMeHHas ITOBepXHOCTh. Ha ocHOBE M30JIMHUIA,
IMOJIyYCHHBIX B pe3y/IbTaTe MHTEPIIPEeTalluy TIIyOuH-
HBIX Teopu3ndecKnx maHHBIX (JyxoBckmii 1 mp.,
2000; MeTognueckoe mocodbue ..., 2005), Boccra-
HaBJIMBajach MOJOIIBA THEHCO-TPaAaHNUTOBOTO “cios1”
¢ ¢pukcamueil pa3noMoB PyHIAMEHTa U YCTAaHOB-
JIEHHBIX rpaHul BocTouHo-3a0aiikaabCcKOTO ape-
aj-1iyToHa (cM. ¢ur. 3), ¢ mporeccaMu OCTHIBAHUS
1 HEOTHOKPATHOM TPaHUTU3AIINN KOTOPOTO HCCIIe-
IOBaTEeIN CBSI3BIBAIOT (popMHUpOBaHNE B pelibede
miomanu BocTouHo-3abaiikaabCKOro MeracBoaa
(Tomcon u gp., 1974; Adanacos u np., 2007). Kpome
TOT0, C TEKTOHMYECKOI1 KapThl HAa pa3pe3bl BELIHOCH -
JINCH PA3JIOMBI Pa3IMYHBIX PAHTOB, B TOM YMCJIC TIIy-
OMHHBIC Pa3JIOMbI, Pa3AC/ISTIONINE TCPPUTOPUIO Ha
010Kk (cM. ¢ur. 1, 2). Takke 0OTMEYaTUCh TPAaHULIbI
BoiaeneHHbix CHT ¢ ykazaHuem nuameTpa CTpPyK-
TYpBI U TTO3ULINK KPYITHENIINX PYIHBIX OOBEKTOB.
Ha ocHoBe mpuMeHEeHHBIX MpeAlIeCTBEHHNKAMU
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METOIOB OIpeAeIeHNS IIyONMHBI 9PO3MOHHOTO Cpe-
3a KPYITHEWINNX PpYOHBIX IIOJIEA M MECTOPOXICHUIA
HamsHero Boctoka (MomunkoB, CkBopiioBa, 1974;
Pyunxsuct, Hexenckuii, 1975; Kymnapes, 1982;
Kazanckuii, 1986; Ban-Bau-E, 2001) npoBeneHa
PEKOHCTPYKIHUS ITAJIEOIIOBEPXHOCTH UCCIETYEeMOI
TePPUTOPUU HA Mepuo Mo3aHeMe3030ickoit TMA.
ITonydyeHHas 06001IeHHAs! MOBEPXHOCTDb TAKXKE BbI-
HeceHa Ha MOIEIbHBIE pa3pe3kl.

Haiee ¢ UCIIOJb30BaHMEM I'PaHUI MOP(HOCTPYK-
Typ, reojorudeckoit kKaptel (I'ocymapcrBeHHas ...,
2010) m BocCcTaHOBJICHHOM ITaJICOTTIOBEPXHOCTH pe-
LIAJICA BONPOC PEKOHCTPYKIUU TITYOUHBI JIOKAJIN-
3allMd MarMaTUYeCKUX O9aroB, CBSI3aHHBIX C BbI-
apineHHbIMI CLIT. I1o pe3ynbraraM mcciaenoBaHU
MIpeAlecCTBEHHUKOB YCTaHOBJIEHA JIMHEIHAs KOp-
peJISILs MEeXIY IIMPUHON CTPYKTYPHI M ITTyOMHOI
ee 3anoxeHus (ComoBbeB, 1978; ExxoB, XynasaKkos,
1984) — gyem Oosbllle TMaMeTp, TeM IIyOxXe JToKa-
JIM30BaH MpearojaraemMeiii ouar. IlonxeBsie HaOMIO-
IEeHUS 4acTO CBUACTEILCTBYIOT O TOM, YTO YIOJI Ma-
JIIeHUsI KOJBIEBBLIX COPOCOB, KaK IpaBuio, 90°—75°
(ComnoBbeB, 1978). Omnako /I.B. I'ypeBuu crpa-
BEIUIMBO OTMEYaeT BO3MOXHOCTh CYIIIeCTBOBAHUS
“yCcTynoB M meperndoB”, BCIENICTBIE YET0o CpeaHee
3HAYCHHUE yIJIa MaACHMS ONpenesieT OJIM3KUM K 53°
(I'ypesuu, 2009). IIpu 3TOM mpoBEeIeHHBIE MHO-
TOYHCJIeHHBIE J1a0OpaTOPHEBIE 3KCIICPUMEHTHI 110
MOIEJIMPOBAHUIO Mporecca popMUPOBAHUS Kallb-
Iepbl, C YIETOM CTPYKTYPHOI 3BOTIOINU BEPXHUX
JacTe M ACKOMIIPECCHU MarMaTu4ecKoil KaMephl,
IMO3BOJIMJIM MO3TAIIHO OTCJICAUTH Pa3BUTHE KOJIb-
LICBBIX TPEIIWH, pa3JIOMOB 1 ITOKa3aJii, 4TO B ca-
MBIX TIPUITOBEPXHOCTHBIX YACTIX B CJIydae MOJIHOTO
KoJIj1arca IeiCTBUTENbHO (popMUpPYETCs CHcTeMa
CTYIIEHYATHIX COPOCOB CO CPEIHMM YIJIOM MHaIAeHUS
30°—50°, Ho mpu mepexoae K Oosiee ITyOMHHBIM
YPOBHSIM, TPUOIMKAIOIIMMCS K MarMaTUIeCKOMY
o4Jary, KOJIbLIEBbIE Pa3JIOMBI CIUBAIOTCS B SIUHYIO
CTPYKTYpPY C YIJIOM maaeHus oau3kuM K 90° (Jly-
ynukuii, bonmapenko, 1974; Komuro, 1987; Marti
et al., 1994; Lipman, 1997; Roche et al., 2000; Aco-
cella et al., 2000, 2001; Roche and Druitt, 2001; Wal-
ter and Troll, 2001; Kennedy et al., 2004; Lavalle e
et al., 2004; Geyer et al., 2006; Marti et al., 2008).

BaxxHo OTMETHTB, UTO BHICOKAS IE€TAJIBHOCTh MC-
XOMHBIX JaHHBIX /133, BEICOKOE IIPOCTPaHCTBEHHOE
paspeiieHue cozgaHHoit [IMP u nolans, orpaHu-
yenHas auctoMm I'TK macmrada 1 : 000000, mo3Bo-
J HaM BeiaenTh CLT MCKITIOUnTEIPHO B paHTax
OT MUHU- (KUJIOMETPHI) J0 ME30CTPYKTYp (IeCITKU
kunomeTpoB) (1o B.B. CosoBbeBy). JlaHHbIE MOp-
(boCTpyKTYpHI XapaKTepU3YIOTCSI OTHOCUTEIBLHO He-
OOJIBIINM TITyOMHHBIM MOJIOXKEHNEM MarMaTHIeCKIX
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®ur. 10. O60061IeHHBIe cXeMaTHUYecKue pa3pesbl o JuHusIM A—b u B—T' (cM. ¢wur. 8, 9) ¢ peKOHCTpyKIIUeil TTOTOXEeHUS
MpeArnolaracMbIX MAarMaTHUECKHUX 09aroB OTHOCUTEBHO BBIICJICHHBIX TPaHUL MOP(MOCTPYKTYP LIEHTPAIBHOTO THUTIA U TI0-
JIOXKEHUSI KPYITHBIX PYIHBIX MOJIEH 1 MeCTOpOXAeHMit: 1 — penbed 3eMHOI TOBEPXHOCTU; 2 — TMOAOIIBA THEMCO-TPaHUT-
HOTo KoMIuieKca (cyosi); 3 — peKOHCTpyMpoBaHHasi 00001leHHAas MOBEPXHOCTh Najieopenbeda Ha meproa Me30301cKoi
TEeKTOHOMAarMaTU4YeCKOil aKTUBU3ALINU, 4 — THEMCO-TPaHUTHBIN KOMIUIEKC (CJIOi); 5 — THeiicO-TMOPUTOBBIN KOMITJIEKC
(croit); 6 — DIyGUMHHbBIE PA3JIOMBbI, Pa3ae/IsIONIe KPYIIHbIE TEKTOHMYECKKE OJI0KHU; 7 — IIyOMHHBIE PAa3JIOMbIL; 8 — pa3IoMbl
B UexJie, OIepsIolre U KOJblieBble TPEIIMHBI; 9 — mpennojaraeMble MarmaTuyeckue ovaru; 10 — BoctouHo-3abalikanb-
CKMi1 apeas-TuryToH; 11 — BBISBJICHHBIC TPAHUIIEI MOP(MOCTPYKTYP LEHTPATBLHOTO TUIIA M UX JUAMETP B MeTpax; 12 — HoMme-
pa KpYIHBIX TEKTOHMYECKUX OJI0KOB (cM. dur. 2): IV — OHoHcKMii TeppeitH, V — Ypryiickuii TeppeitH, VI — bop3uHckuii
teppeitH, VII — bopioBounsiit 6510k, VIII — I'asumypckuii 610k, X — 3aypymoHryitckuit (YpymoHryiickuii) 610K.

04YaroB, aKTUBHOCTh KOTOPKIX IIPUBOAMIIA K (OPMHU- TPAHUTOUIOB, TO CIMTACTCS, YTO BYJIKAHO-TLTYTOHM-
POBaHUIO JIOKAJBbHBIX MOPGOCTPYKTYp. Takke mpy  4decKasl CucTeMa BCKphITa 3pO3MOHHBIM CPEe30M Ha
pacueTax YYMTHIBAJICS YPOBEHb 9PO3MOHHOIO Cpe3a YPOBHE MHTPY3UM (MarmMatudyeckoro ouara). Ilpu
U T€0JIOTUYECKOE CTPOEHUE TeppUTOpUU (CM. (pur. 2). duKcauy ByJIKAHOTEHHO-OCAIOYHBIX OTJIOXECHUMI
Hanpuwmep, ecau rpanvubl CHT coBnagaroT ¢ mojao- M HaJW4YMU KOJblLEBOK (OTpULIATEbHOIM) MOpdo-
JKEHHEM MPEMYIIEeCTBEHHO Majae030iM-Me3030MCKMX CTPYKTYPhl OHA MHTEPIIPETUPOBAIach Kak Kajbiaepa.
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B aTOM ciygae Ha OCHOBE pacyeTa yIJIOB HaaeHUs
KOJIBLIEBBIX TPEIIMH U Pa3JIOMOB PEKOHCTPYUPOBa-
JIOCh TIOJIOKEeHUE ovara. B ciyyae Haauuus npusHa-
KOB KynoabHO-KOJIbLEeBbIX CIIT iy MyJIbTUPUHTO-
BBIX CTPYKTYP PEKOHCTPYHPOBAJICS KOMIUIEKC 09aroB,
YacTh M3 KOTOPBIX BCKPHITA 3PO3MHHHBIM CPE30M, a
4acTh HaXOOUTCS Ha IIyOMHE. YUUThIBasl BhIIIECKa-
3aHHOE, PEKOHCTPYUPOBAHBI INTYOMHHOE TTOJI0KEHUE
U JaTepalibHasl MPOTSKEHHOCTD MpeArnoaaraeMbix
MarMaTU4eCKMNX 04aroB.

M3 npeacTaBieHHBIX pa3pe30B BUAHO, UTO U3-
BECTHbIE KPYITHbIE PYAHbIe 00BEKThl MPUYPOUESHBI
MNpPEeMMYILIECTBEHHO K nepudepuu MajbiX JOKalb-
HeIX CLT, K nX KOJBIEBBIM pa3joMaM 1 TPEIIMHAM,
c(OpMUPOBAHHBIM Hal MarMaTUYECKHUM OYaroM,
KOTOpBIA HAXOAUTCS ITy0Xe COBPEMEHHOM THEBHOM
MOBEPXHOCTHU. bajiefickoe pyTHOe Tojie, Kak ObLUIOo
0003HAYEHO BHIIIE, SIBASIETCSI €AMHCTBEHHBIM HC-
KJIIOYEHUEM U IPUYPOYEHO K KPYITHBIM pasjioMmaM
CEBEPO-BOCTOYHOIO NMPOCTUPAHUS TPAHUYHOM 30HbI
BbopinoBouHoro u I'zuMypckoro 6J10KoB ApryHcKo-
ro TeppeitHa, HoO HaXOAUTCs BOJKM3U U B BEPOSITHOM
30HE BIWSIHMUSI CAaMOM KPYITHOM M3 BbISIBACHHBIX Ha
tepputopuu CLT.

Baxno ormetuts, uto CHT U cBA3aHHBIE C HUMU
PEKOHCTPYMPOBAaHHBIE MarMaTUYeCcKre Oo4aru BO
BCEX CJIy4asiXx Ie€MOHCTPUPYIOT TECHYIO IIPOCTpaH-
CTBEHHYIO CBSI3b C 3aBEpEHHBIMU paHee ITyOMHHBbI-
MU pas3jioMaMU, KOTOphIE, BEPOSTHO, UTPAIU POJb
MarmonoaBoasux kaHaaoB. Kpome Toro, CLT
(GUKCUPYIOTCSI HAMA B OCHOBHOM Haz 00JIacThIO
BJIMSTHUS BbIIENeHHOTO BocTouHo-3abaiikaabcKoro
apeaJl-ITyTOHa, KOTOPBIiA, IToABEprasich mpoleccam
HEOOHOKPATHOU rpaHUTU3aLMU U TepeTiaBIeHUs
(Tomcon u mp., 1974; I'ocymapctBeHHas ..., 2010),
MOT BBICTYIIaTh B Ka4eCTBE INIyOMHHOIO “MaTepuH-
CKOro” MarmMaTM4ecKOro oyara Jjis BCE€X BBISIBJICH-
HBIX HAMU JIOKAJbHBIX OYaroB.

Hauny4dmeit meMoHcTpalmeil Moayd9eHHBIX pe-
3yJBTaTOB IMTPOCTPAHCTBEHHOTO aHaJM3a U UHTEP-
npetauuu BeisiBIeHHBIX CLIT B KOHTEKCTE pa3BUTHUS
pyIo00pa3youInX CUCTEM SIBJISIETCS CO3TaHUE Be-
COBOI TTPOTHO3HO-TIOMCKOBOM MOV TEPPUTOPUI
mmcta 'TK M-50, neMoHCTpupyIOIIeit BepOsSITHEIC
00J1aCcTH JIOKAJIM3alluu pyIHOM MUHEpaIn3aluu OT-
HOCHUTEJIBHO BBISIBJIEHHBIX MOpdoCTpyKTyp. st ee
co3ganusg B TMC-cpene nipexae Bcero HeodXoamumo
BBIIETNTH, 0OOCHOBATHL U OINPENEIeHHBIM 00pa3oM
BU3YaJIM3UPOBATh MPOCTPAHCTBEHHBIE KPUTEPUU,
MIPOBECTU UX HOPMUPOBAHUE, ONPEACTUTh BEC KaX-
JIOTO KPUTEPUSI U YCTAaHOBUTH aIllIPOKCUMHUPYIOLIYIO
(GYHKIHUIO.
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C momomipio 'MC-TexHOMNMOTHIT M TIpOCTpaH-
CTBEHHOI'O aHaJIM3a IIOSIBJISICTCS YHUKAJIbHASA BO3-
MOXXHOCTD y4yeTa BhIsIBIeHHBIX B.B. ConoBbeBEIM 1
IPYTUMHU UCCIIeO0BaTeISIMI Hanboiee 01aronpusiT-
HBIX YCJIOBUI M 001acTell IJIs1 JIOKAJIM3allMK PyIHO-
r'o BEIIEeCTBAa OTHOCUTEIHLHO CTPYKTYPHBIX 3JIeMEH-
toB CUT. OpHuM 13 IJIaBHEMIITNX KPUTEPUEB SIBJISI-
€TCS IPEUMYIIEeCTBEHHAS IIPUYPOICHHOCTD PYIHBIX
00BEKTOB K BHEIITHMM KOJIBIEBHIM pa3jaoMaM MOp-
doctpykryp (ConmoBreB, 1978). Takxke ompene-
JISTach 30HAa TUHAMMWYECKOTO BIMSIHHS BHEITHUX
KOJIBLIEBBIX Pa3JIOMOB, KOTOpasi, HanboJee BEpOsIT-
HO, HaXOOUTCS B TMHEHHOI 3aBUCMMOCTH OT I1apa-
METPOB pacCMaTPUBAEMOM CTPYKTYPHI — YeM OOJIb-
IlIe TuaMeTp, TeM IIMpe 30Ha BAUSIHUS. s 3T0-
ro IPOBEACHO PaHXNPOBAHNWE BCEX BBIICICHHBIX
CTPYKTYp Ha MSATh KJIaCCOB, KOJIUYECTBO KOTOPHIX
MMOO0MPAaIOCh SMITMpUYecKu. I1pn 3TOM, yUnTHIBaSK
(haxT, yTo nnpocTtpaHcTBeHHOE HanoxeHue CIIT oxa-
HOT'O KJIacCa MOXKET OBITh CBSI3aHO C pa3IMYHBIMU
IpolieccaMy, pa3HECEHHBIMU BO BPEMEHM, KaxXIast
CTPYKTYpa paccMaTpUBaeTCs HaMU KaK OTHEJIbHBIN
00beKT. TakuM 0O6pa3oM, co3aaHbl CXEMBbI, OTpaXKa-
IOLIME BEPOSTHOCTD JJOKAJIM3allU1 PyIHON MUHEpa-
JIM3aLMU OTHOCUTEbHO BHEIIHUX KOJIBLIEBBIX pa3-
nomoB CHT (c¢ur. 11).

Kpome TOro, o4eBUIHO, YTO CTYIIeHWE JTMHEN-
HBIX W KOJILIIEBBIX pa3JIOMOB, V3Bl UX Tlepeceye-
HUSI, HEOTHOKpaTHAsI MHTepdepeHIINS CTPYKTYp-
HEIX (pOpM — BCe 3TO TToKa3arTesim CHJILHOU nedop-
MUPOBAHHOCTH T€OJIOTUYECKON Cpenbl, a 3HAUWT,
W IPOHUIIAEMOCTU JUTOCHEPHI IS TTOTSHIINATb-
HO METaJNIOHOCHBIX PacTBOPOB. TakuM oOpa3oM,
B ITMMC-cpene BblAEAEHBI M BU3YalU3UPOBAHBI
B BHJIE CXEM BCe IPYrue IMMpOCTPaHCTBEHHBIE KPUTE-
pun Hamboee TTePCITeKTUBHBIX 30H JIOKAIU3aInN
PYIHOM MUHEpaIU3allu OTHOCUTEIBHO DJIEMEHTOB
CHT. K HUM OTHOCUTCSI OTHOCUTEJIbHAS yaeJIbHAas
MPOCTPAaHCTBEHHAS TIJIOTHOCTH KOJBIEBBIX Pa3Jio-
MOB, TTOJ, KOTOPO! TToIpa3syMeBaeTCsd KOJIMUECTBO
CTPYKTYp Ha eIUHULY TUIOLIaAu. DMIIMPUUYECKHU,
YUYUTHIBAsI BICOKOE TIPOCTPAHCTBEHHOE pa3pelile-
HME UCXOMHBIX JaHHBIX 133, Ha OCHOBE cepuu Te-
CTOB YCTAHOBJICHbI ONTUMAaJIbHbIE pacyeTHbIE Mapa-
METPBbI JJIsl CO3AAHUSI CXEMBbI IIJIOTHOCTHU KOJIbLIEBBIX
pasinomoB — paauyc noucka 3000 M u pasmep MukK-
censt 100 m (pur. 12a).

BaxxHo OTMETUTBH, UTO CXeMa IJIOTHOCTHU KOJIb-
neBbIx pasoMoB CLT orpaxaeT mpenMyIIeCTBEH-
HO 00J1aCTH, IIe COMMIKeHHE CTPYKTYpP HOCTUTaeT
MaKCHMyMa, IIPY 3TOM UTHOPUPYIOTCS ONMHOYHEIE,
yIaJIeHHBIE OT IPYTUX, IepecedeHusl, KOTOPhIE IIpHU
MIPOCTPAHCTBEHHOM COBHAICHUM HECKOJIbKIX MHBIX
KpUTEepUEB MOTYT MPEACTABISITh IIEPCIIEKTUBHBIC
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@ur. 11. Busyanu3zaius nepcrneKTUBHBIX 00j1acTell IOKaaIU3aluy pyIHOM MUHEpaIU3allii BO BHEIITHMX KOJIbIIEBBIX Pa3JIo-
Max CTPYKTYp LEHTPaJIbHOTO TUIIA Pa3HBIX PAHTOB B 3aBUCUMOCTH OT AUAMETPA, C YYCTOM 30HBI JMHAMUYECKOTO BIIUSTHUSI:
(a) — m0 5 000 M, (6) — 5 000—10 000 M, (B) — 10 000—20 000 M, () — 20 000—35 000 M, (x) — 601ee 35 000 M.

00J1aCTU Ha UTOTOBOM MPOTHO3HO-TIOMCKOBOI MOJIe-
1. B ¢BSI3M ¢ 3TUM HEOOXOAUMO y4ecTh Bce 001a-
CTHU TIepecedeHNsT KOJIbLEBBIX pa3IoMOB. st aToro
CO3IAaHBI: CXeMa OTHOCHUTEJIbHBIX yAEIbHBIX IJIOT-
HOCTEM IIepeCEYCHUN KOJIbLIEBBIX Pa3JIOMOB, OT-
paxarolasi KOJIU4YeCcTBO NepeceyeHuid Ha eqUuHUILY
wiomanu (¢dur. 126), u cxema Bcex oOacTeil repe-
CEUYEeHUS KOJIbLIEBBIX pa3IoMOB ((pur. 12B), BbIpaxKeH-
HbIX B Bue OydepoB ¢ nuametpoM 10 kM (¢ yueTom

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

pa3MepoB UcCCIIeAyeMOi TEPPUTOPUN U BEPOSITHBIX
o0JsiacTeil pa3BUTUSI MUHEPAIBHBIX CUCTEM).

CHT npeacTtaBasioT co0oii IomaaHbie 00b-
€KTBI, XapaKTepU3YIOIIeCsI He TOJIbKO BHEITHUMU
KOJIBIIEBEIMU pa3jioMaMu (TpaHUIIaMHU), HO TIJIO-
manabo pa3Butusd. [1oaToMy HEOOXOOMMO yUeCTh
BO3MOXXHYIO IPOCTPAHCTBEHHYIO CBSI3b PA3IMYHBIX
CTPYKTYP APYT ¢ APYTOM WX MHTepdepeHIuIo (Ha-
JoxxeHue). s 3Toro KaxXnblii BhIIEIIEHHBIM HaMU
Ne 4
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®ur. 12. [TpocTpaHCcTBeHHBIE KPUTEPHHU HanboJIee TIEPCIIEKTUBHBIX 30H JIOKAIM3AIUNA OPYICHEHNSI OTHOCUTEIBHO CTPYK-
Typ LIEHTPaAJIBHOTO THUIIA: (a) — cXeMa OTHOCUTEIbHON YIEeIbHOM TUIOTHOCTU KOJIBIEBBIX Pa3ioMOB; (0) — OTHOCUTENIbHAS
yleJbHasl TUIOTHOCTD TMepeceYeHU il KOJIbLEBBIX pa3IoMOB; (B) — 00JIaCTH TNepecedyeHUs! KOJIbLEBBIX pa3IOMOB (BEPOSITHBIC
pYIHBIE y31bl); (T) — 061acTh HHTephEepEeHINH (IIPOCTPAHCTBEHHOTO HAJIOXKEHNSI) CTPYKTYP LIEHTPAJIBHOTO TUMA: 1 — enu-
HUYHBIE CTPYKTYPHI, 2 — HAJIOXEHUE ABYX CTPYKTYP, 3 — HaJIOXEHUE TPEX CTPYKTYP, 4 — HaJIOKEHME YeThIpex U OoJjiee
CTPYKTYD.

o0bekT CHT paccMaTpuBalcs OTAENAbHO U aHAJM- Yy4deTa TaKxKe CTPYKTYPHO-TIPOCTPAHCTBEHHBIX KpU-
3UPOBAJIOCH €r0 MOJIOXEHUE OTHOCUTEIBHO APYTUX TEPUEB, OJArONPUSATHBIX LIS JJOKAIUM3aLUMUA PYAHOMN
CcTpYKTYyp. B utore coznaHa cxeMa objacteilt MHTep- MUHEpaau3allMyd U CBSI3aHHBIX HE TOJIBKO C pa3BU-
depennum pa3nmuHbix CLT, kotopsie pa3outel Ha TueM CLT, HO n ¢ IMHEWHBIMU CTPYKTYpaMu. AHa-
4 xyacca — pa3BUTHE OJHOM CTPYKTYPHI, HAJTOXEeHWE JIOTUYHO KOJIBLIEBBIM Pa3jioMaM CO3[aBajliCh. cXema
IBYX CTPYKTYp, HAJIOXKCHUE TPEX CTPYKTYpP, HAJIOXKEe- OTHOCUTEIHLHOM YIEIbHOM IUIOTHOCTU BCEX 3aBEPEH-
HUE YeThIpeX 1 Oosiee CTPYKTyp (¢ur. 12r). HBIX Ha TJI0IIAAA pa3pbIBHBIX CTPYKTYp (dur. 13a),

Kak moka3zaHo paHee Ha OCHOBE MOIeJbHbIXx OTPaXalolllasd KOJMYIECTBO CTPYKTYp Ha CAMHULY
pa3pe3oB (cM. ¢ur. 10), pazsutue CLT npoucxo- IOWAaIn (pamuyc nmoucka 3000 M, pa3mep ITMKcena
T B HEMOCPEICTBEHHOI TpocTpaHcTBeHHoit cpsa- 100 M); CXeMa OTHOCHTEIBHOM YAETBHOI IIIOTHOCTH
3M ¢ KPYITHBIMHU [TYOMHHBIMHU U OTEPSIIOIIMMY nx MEPECEUEHMIT pa3phIBHBIX CTPYKTYP (kom4ecTBo me-
pas3noMaMu, KOTOpbie, HanboJjiee BEPOSITHO, urpaqyu  PECCUCHNMIA Ha euHUL woiany) (dur. 136); cxema
POJIb MATMOTIONBOSAIINX KAHATOB, CO3IaBas CB3b BCEX OOIACTEl MepeceueH sl paspbIBHBIX CTPYKTYP C
MaTEePUHCKHUX U JIOYEPHUX, MEHEe TIYyOUHHBIX, oua- PaniycoM oydepa 10 kv (dur. 138).
roB. COOTBETCTBEHHO, IPU CO3IaHWU MPOTHO3- OTaenbHO HEOOXOAUMO OTMETUTh, UTO Pa3phiB-
HO-TIOMCKOBOM MOJEIM HAMU MPEIIPUHAITA TIOMNBITKA  HBIE CTPYKTYpHI, B omtnure ot CLIT, hopmupoBaHue
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®ur. 13. [IpocTpaHCcTBEeHHBIE KpUTEpUU HanboJiee MepCreKTUBHBIX 30H JIOKAJIU3alMU OPYIeHEHUS] OTHOCUTENIBHO pa3jio-
MOB U CTPYKTYp LIEHTPaJIbHOTO THUIIA: (a) — CXeMa OTHOCHUTEIbHOM yIeNIbHON IJIOTHOCTU Pa3pbIBHBIX CTPYKTYP; (0) — OT-
HOCUTEeJIbHAs yIeJbHasg INIOTHOCTD IMepecedeHU pa3phIBHBIX CTPYKTYD; (B) — 00JIACTH TMepeceueHMS pa3pbIBHBIX CTPYKTYP;
(1) — 00J1aCTH 30H JMHAMUYECKOTO BIMSHUS [IyOMHHBIX pa3JIOMOB; () — 06JIaCTH 30H JMHAMMYECKOTO BIIMSIHUSI Pa3IOMOB
B BEpXHEM CTPYKTYPHOM 3Taxe;(e) — OTHOCHUTEIbHAS yAeIbHAasl IDIOTHOCTD IIepeCeYeHMsT pa3phIBHBIX CTPYKTYP U KOJIbLIE-

BBIX Pa3JIOMOB CTPYKTYP IIEHTPAJILHOTO TUTIA; (3K) — 06JIaCTH TlepecedeHUsT pa3phIBHBIX CTPYKTYP M KOJIBIIEBBIX Pa3JIOMOB
CTPYKTYp IIEHTPATHHOTO THUTIA.
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KOTOPBIX CBSI3BIBAIOT MIPEUMYIIECTBEHHO C BEPTHU-
KaJIbHBIMM IBMXKCHUSIMU, XapaKTepU3YIOTCS CIBU-
TOBBIMU IIepEeMEIICHUSIMH OJIOKOB, OKPYKCHHBIMU
30HaMU MHTEHCUBHBIX Ae(opMalinii, BEIpaKeHHBIX
IUIOTHOCTBIO OMEPSIIOIINX Pa3pblB TPEIINH, CHIDKA-
IOIIEICS 10 AKCIIOHEHIIMAILHOMY 3aKOHY II0 Mepe
yaajJleHUsI OT MarucTpaiabHoro paspsiba (Pai, Yep-
HemeB, 1970; Wilson et al., 2003; Faulkner et al.,
2006, 2011, 2018). ITomoOHBIE 30HBI BBIAEIEHBI
U JETAIbHO OIIMCAaHBI B CEpUM CTAaTeil 1 B MOHO-
rpadmsax (ILllepman u op., 1983; lepman, 2014) u
Ha3BaHBI 30HAMHU “IMHAMUYECKOTO BIMSHUS pa3-
JoMOB”. JIaHHBIE€ 30HbI TAKXXe SIBSIIOTCS Hanbosee
IIEPCHSKTUBHEIMU HAa OOHApyXeHUe pyIHOM MUHE-
panmu3anuy, 1 HaMU MPEAIpUHSITA MOIBITKA UX BH-
3yallM3alldy IS JaJIbHEHIIIeTo yueTa B CoO3IaBacMO
IIPOTHO3HO-TIOMCKOBOM Moaenu. 1 BEIYUCICHUS
CpenHEeM IMUPUHBI 30HBI TMHAMWYECKOTO BIIMSTHUS
oIpeAcaeHHBIX JIMHEMHBIX CTPYKTYP MCIIOJIbh30Ba-
JMCh noaxoabl, mpeanoxeHHbie FO.JI. Pebelkum
¢ coaBTopamu (Pebeukuii u ap., 2017). Ilpu atom
yuTeH (akT, YTO TJIyOMHHBIE Pa3aoOMbl XapaKTe-
pu3yloTcs 60jee MOIIHON 30HOI TMHAMUYECKOIO
BJIMSIHUS 110 CPAaBHEHUIO C pa3jioMaMU, pa3BUTHIMU
B BepXHEM CTPYKTypHOM 3Taxe (dur. 13r, 1).

ITomMuMo mpodero, B Ka4eCTBE MEPCIEKTUBHBIX
YYaCTKOB JIOKAJIN3alUM PYTHON MUHEpalIn3alun
paccMaTpUBaIMCh 00JIACTH IIepPeCeUCHUST KOJIbIIE-
BbIX pasnomMoB CUT u 1uHeHHBIX pa3pbIBHBIX Ha-
PYIIEHUA, 1719 KOTOPBIX TAKXKE CO3IAaBAJIUCh CXeMa
OTHOCUTENbHOM yaelbHO maoTHOCTU (dur. 13e)
U cxeMa Bcex objacTeit nepeceueHust (ur. 13:x).

st co3naHus BECOBO MMPOrHO3HO-MOUCKOBOM
MOIEIN TePPUTOPUM IOTO-BOCTOYHOro 3abaiika-
JIbsl BCE BBIACACHHbIC KPUTEPUU B CBSI3U C Pa3BU-
treM CLT u pa3puIBHBIX HapylIeHUiT 000CHOBAHBI
U TpeAcTaBlieHbl B BUAE cXeM (pacTpoB), OTpaxatro-
IAX IPagyrpOBAaHHON IIBETOBOM MapKUPOBKOI MNK-
cesieil 06JacTy NpOosIBICHUST KpUTEPHUS OT HAaUMEHee
0 HauboJjee 3HAYMMBbIX. 11 KaXXaoro KpuTepus
IIPOBOIWIIOCH OIlpeneneHne (PyHKIIMN TPUHAIIEK-
HOCTHU, KOTOpasi ONKUCHIBAET CTENIEHb MPUHAILIEXK-
HOCTH KaXXAOro 3Ha4Y€HHUsSI MEepeMEHHOM K JaHHOM
Kkareropun. OyHKIUS TPUHAIICKHOCTU OIIPEIETIs-
nack B 'MIC Ha ocHOBe HEUeTKOM JIOTUKY (JIMHEHAsI
MNPUHAMIEXXHOCTh) U XapaKTepU30Bajia WHTEPBaIbI
3HAYCHMI ITapaMeTpOB Kaxaoro Kputepus ot 0 go 1.
M3HavyabHO KOJIWYECTBEHHbIE 3HAYCHUS KPUTEPHU-
€B HaXOOWJIMCh B Pa3MYHbIX MHTEpBajaax, OTainda-
IOIIUXCS APYT OT Apyra uHoraa Ha nopsiaku. CooT-
BETCTBEHHO, (DYHKIIMS MIPUHAIJIEKHOCTHU MTO3BOJIMIIA
MPOBECTU “HOPMMUPOBAHME” MOJYYEHHBIX 3HAYEHU
U OCYIIECTBUTh UX KOPPEKTHOE CpaBHEHUE APYT C
npyroM. Ha ocHoBe pe3yJbTaToOB MCCIEAOBAaHUM
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MpEenIIeCTBEHHUKOB, 9KCIIEPTHOI OIIEHKU, CpaB-
HEHHUS C STATOHHBIMHA PYTHBIMA OOBEKTaMMU, JTUTE-
paTypHBIX U CTATUCTUYECKUX TAHHBIX IS KAKIOTO
KPUTEPUSI ONPEACISIUCh BECOBbIE KOA(MPUIIUEHTHI.
BecoBrlie K03 PUIIMEHTH UCTIOAB30BAJIUCH IJIST yUe-
Ta BAXXHOCTU KaXXJIOro KpUTEpHUs MPU OLIEHKE BEPO-
SITHOCTY HaJIM4YUS PYyAHBIX 00BbeKTOB (Tad. 1).

B pesynbTaTe HOpMUpPOBAHUS BBISIBJICHHBIX
CTPYKTYPHBIX KPUTEPUEB, C UCITOJIb30BAHUEM OIIpE-
NeJIEHHBIX BECOBBIX KO3 (PUIIMEHTOB, B 3aBUCUMO-
CTH OT Pa3BUTUS PA3JIMYHBIX TUIIOB CTPYKTYpP, CO3-
JIaHbl TPU BECOBbIE MPOTrHO3HO-IIOMCKOBBIE MOJIE-
mm — B cBsi3u ¢ pa3zButueM CLIT (dwur. 14a), B cBSI3M
C pa3BUTHEM Pa3pBIBHBIX HapymeHuil (pur. 140)
1 KOMIUIeKCHas (¢ur. 14B).

ToyHOCTh KaxXmoit MoIeau onpenensyiach Ha OcC-
HOBE 3TAJIOHHBIX PYIHBIX 00BEKTOB — MECTOPOXKIIE-
HUU W pygonpoOSsIBIIEHNI, U3BECTHBIX B IIpeaeiiax
mwiomaay. PacueTHass TOYHOCTh MOIEIU JIOKAJI3a-
LMY pyOIHOII MUHEpaIM3allii OTHOCUTEILHO Pa3BU-
st CLT cocraBuna 78%, MoIeu B CBSA3U C pa3BU-
THEM Pa3phIBHBIX HapylIeHui — 64% 1 KOMILIEKC-
Hoit Monenu — 89%. HeoGxonuMo OTMETUTD, YTO JUTS
BECOBBIX ITPOTHO3HO-TIOMCKOBBIX MOJEJIeit TOUHOCTh
6omee 70% cuuTaeTcs JOCTATOUHO XOPOIIUM Pe3yiib-
tatoM (Porwal et al., 2010; Shahi, Rouhani, 2014).
Hwskyro ToUHOCTE MO B CBSI3W C PA3BUTHEM pa3-
PBIBHBIX HAPYIICHU MOXHO OOBICHUTH OTCYTCTBU -
eM MH(POpMAIIH 00 OIePSIIOIINX KPYITHBIE Pa3PhIBbI
TpeIIMHAX, KOTOPHIE YacTO SIBIISIIOTCS PYIOBMEIIAI0-
IIMMM, a TAKKE HU3KOM CTeTIeHbIO JOCTOBEPHOCTH
KapTUPOBaHUS U OTOOPaKeHUsI CTPYKTYP Ha MeJ-
KoMacIITabHOM KapTe, KoTopas Oblla UCIIOJIb30Ba-
Ha B KauecTBe OCHOBEIL. McciaenoBaHus pa3pbIBHBIX
CTPYKTYp ISt O0Jiee KOMITJIEKCHOTO aHa/IM3a HYXKIa-
IOTCS B TEKTOHO(DU3NUYECKON M reognHaMUIeCcKOn
nHTepnpeTanuu. s momydeHnss taHHOM WHGOP-
Mal HeOOXOOMMO MPOBECTU TOMOTHUTEITHHBIN
KOMIUIEKC CTPYKTYPHO-TeOMOP(HOIOTHIECKIX NCCTIE-
MOBaHWi1, BKIIIoUasi (popMaIn30BaHHbIN JIMHEAMEHT-
HEIA aHaJn3, CTPYKTYPHO-TeOMOP(dOJIOTnIeCKIit
meton JI.A. Cum, TEKTOHOOWUHAMMWYECKWI aHAIN3 1
aHaJIn3 HaIpPSKeHHO-Ie(hOPMUPOBAHHOTO COCTOSI-
HUS TIOpOI.

OBCYXIAEHWE PE3YJILTATOB

B naHHOM uccienoBaHUM MPEACTaBI€H OPUTK-
HaJIbHBII aBTOPCKMI ITOIXO0M K AeI(PPUPOBaHUIO U
nHTeprnpetauny CLT Ha ocHOBe MprMEHEHUS COBpE-
MeHHbIX [ MC-texHonornii u aHaiau3a gaHHbIX 133
B KOHTEKCTE BBISIBJICHUSI PYIOO0OPa3yIOIINX CUCTEM.
IIpoBenmenHas padoTa SIBISIETCS 9aCThIO IIPOEKTa
MO CO3JaHNI0, HA OCHOBE COBPEMEHHbBIX METOIOB
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Tao6uauna 1. BecoBble ITPOrHO3HO-TTOMCKOBBIE KPUTEPUH IJISI TEPPUTOPUHN IOTO-BOCTOYHOTO 3a0aiiKalibst B CBSI3H C
pasButueM CUT u pa3pbIBHBIX CTPYKTYP

Koad-
0O0603Ha- "
Ne Kpurepnii IlosicHenue et
YeHune
Beca
B cBasu ¢ pasputnem CIIT — X
Makcumymbl BeposiTHOCTH | OTpakaroT 06J1acTi HanboJiee BEpOSITHOM JIOKAIU3aIluKi
JIOKAJTU3aINY PYITHON pyIHOI MUHepau3auu ot eHTtpa K nepudepuu CLT ¢
MHWHEepaInu3auu Y4ETOM 30HBI TMHAMUYECKOTO BIVSTHUST BHEIITHUX KOJIBIIEBBIX
| X OTHOCHUTEIbHO BHELTHUX pas3ioMOB, KOTOpasl HAXOAUTCS B JIMHEWHOM 3aBUCUMOCTH OT |
1 KOJIBLIEBBIX Pa3JIOMOB ImapaMeTpoB pacCMaTPUBAEMOIA CTPYKTYPBI
CUT, ¢ yaeToM 30HBI UX
MUHAMHUYECKOTO BIVSTHUS
(cM. dur. 11)
Makcumymbl OTpaxaioT 06JaCTH C HAUOOJIBIIUM CTYILIEHUEM
OTHOCUTEIbHOM ynenbHO | (cOMMXeHMEM) KOIbLEBBIX Pa3JIOMOB U MApKUPYIOT HauboJjee
2 X, TUIOTHOCTH KOJIBLIEBBIX nedopMUpoBaHHBIE Y TPOHULIAEMbIE 30HBI 0.8
pasnomoB CLT
(cM. dur. 12a)
Makcumymbl OTpaxarwT KOJUYECTBO MepecedeHU KOJIbIIEBBIX PA3IOMOB
OTHOCUTEIBLHOM YIEeNIbHOI | Ha eIUHUILY TUIOLIAAN U MapKUPYIOT HanboJiee COMMKEeHHBIE
3 X5 TUIOTHOCTH TE€PECEUYCHUI CTPYKTYPHBIE Y3JIbl 0.4
KOJIBLIEBBIX PA3JIOMOB IPYT
¢ npyrom (cM. ¢wur. 120)
OO6nactu nepeceyeHust OTpaxaroT Bce 00J1acTh NepecevyeHust KOJbLEBbIX PAa3JIOMOB U
4 X4 KOJIBLIEBBIX PA3JIOMOB APYT | MapKUPYIOT BCE CTPYKTYPHbBIE Y3JIbl 0.4
¢ npyroM (cM. ¢wur. 12B)
Oo6nactu untepdepeHuun | Otpaxalor KoanyectBo HanoxeHuidt CLT u mapkupyoT
(ITpOCTPaHCTBEHHOTO YYaCTKU CWJIbHOI pa3npo0JeHHOCTU U ITPOHUIIAEMOCTH
5 X5 Hanoxenus) CUT JToc@epsl I MMOTEHIIMAIBHO PYIOHOCHBIX PACTBOPOB. 0.8
pPAa3TMIHBIX PAHTOB Kpome Toro, yka3bIBalOT Ha CBSI3b MATEePUHCKUX (TTyOMHHBIX)
(cM. ur. 12r) U JOYECPHUX, MEHEee ITTyOMHHBIX, 04aroB
B cBA3M ¢ pa3BuTHEM Pa3pbIBHbIX HApyIIeHuid — Y
Makcumymbl OTpaxarT 00J1aCTH CKOILJIEHUS pa3pbIBHBIX CTPYKTYD,
OTHOCUTEIBHOM YIENbHOI | WX COMMKEHU, COWICHEHN Y MapKUPYIOT CTPYKTYPHO
6 Y, TJIOTHOCTH Pa3phIBHBIX neOpMUPOBAHHBIE 30HBI, MPENCTABIISIONINE COOO0M 0.8
HapylieHui (cM. dur. 13a) | yyacTKu nepeceyeHus (COWIEHEHUs) HECKOIbKUX Pa3IMYyHO
OPUEHTUPOBAHHBIX TEKTOHUYECKUX HAPYIICHUI
MaxkcuMyMbl OrpaxaloT HanboJIblIee KOJUYECTBO MepeceyeHu i
OTHOCUTEIbHOH YIEeJbHOI | Pa3IOMOB Ha eAMHULLY IUTOLIANU U MAapKUPYIOT HauboJee
7 v TUTOTHOCTH TiepeceuyeHuit neopMUPOBaHHBIE 30HBI M COMMXKEHHBIE CTPYKTYPHBIE Y3JIbI 0.4
2 Pa3pbIBHBIX HAPYIICHUN ’
IPYT C IPYTOM
(cM. ¢ur. 136)
O6nacTu repeceyeHUs OTpaxarT Bce 00J1aCTU TiepecedeHsT pa3phIBHBIX HApYIICHMI
8 Y, pPa3pbIBHBIX HApYIICHU I U MapKUPYIOT CTPYKTYPHBIE y3JTbI 0.4
TIPYT C APYTOM
(cM. ¢ur. 13B)
30Ha AMHAMUYECKOTO OTpaxkaroT 30HbI MHTEHCUBHBIX IeOopMalinuii BOKpYT
BJIMSIHUS TITyOMHHBIX Pa3pbIBHOI CTPYKTYPhI, BbIpaXKeHHbIE TNIOTHOCTHIO
Pa3pBIBHBIX HAPYIICHUIM OIIEPSIONINX Pa3pbIB TPEIIMH, CHUXKAIOIIEHCS T10
9 Y, (cM. wur. 13r) 35KCIMOHEHIIMAJIBHOMY 3aKOHY 110 Mepe yoaJeHUus OT 0.8
MarvcTpaJbHOTO pa3pbiBa. 30Ha IMHAMUYECKOTO BIUSTHUS
SIBJISIETCS Hanbosiee NMepCcreKTUBHOM 00J1acThbIO 1S
JIOKQJIM3aIuU PYTHOM MUHEpaIU3aIuu
30Ha TMHAMHWYECKOTO OTpaxaroT 30Hbl UHTEHCUBHBIX AeopMaliil BOKPYT
BJIMSTHUST Pa3pbIBHBIX Pa3pBIBHOI CTPYKTYPHI, BhIpAXKEHHBIE TUIOTHOCTHIO
HapyIlIeHU B BEpXHEM OTEPSTIONINX Pa3phIB TPEIINH, CHIXKAIOIIEICS 10
10 Y, CTPYKTYPHOM 3Taxe SKCITOHEHIINATHLHOMY 3aKOHY IT0 Mepe yIaJeHUs OT 06
(cM. ¢ur. 131) MarucTpajbHOTO pa3pbiBa. 30Ha TMHAMUYECKOTO BIUSHUS
SIBJISIETCS Hanbosiee NepCcreKTUBHOM 00J1IacThbIO 1S
JIOKaJIM3allMM PyAHO# MuHepanu3auuu. Otinyaercs oT Y,
MEHbILEH ITMPUHOK
TEOJIOTUA PYIHBIX MECTOPOXXKJIEHUM  toM66  Ned 2024
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06 Koad-
03Ha- "
Ne yenne Kpurepnii ITosicHenue ¢unuenT
Beca
B cBsa3u ¢ passutem CIIT u pa3psiBHbIX HapymeHuii — XY
Makcumymbl OTpaxaroT KOIUYECTBO MepecevyeHUil KOIbIEBBIX Pa3IOMOB U
OTHOCUTEIBHOMU YIENbHON | pa3pbIBHBIX HAPYIIEHUI Ha eMUHUILY TUIOIIAIN U MAPKUPYIOT
TUIOTHOCTH TE€PECEUYCHUI Hau0oJiee COMUKEHHbIE CTPYKTYPHBIE Y3JIbI
1 XY, KOJIBLIEBBIX PA3JIOMOB U 0.5
pa3pbIBHBIX HAPYILIEHUI
(cM. dur. 13e)
O06acTu epeceyeHus OTpaxaloT Bce 00JaCTH MepecedeHnit KOJbLIEBbIX Pa3IOMOB 1
KOJIBLIEBBIX PA3JIOMOB U Pa3pbIBHBIX HAPYILLIEHU, MAPKUPYIOLTUE CTPYKTYPHBIE Y3JIbI
12 XY, Pa3pBIBHBIX HApYIIEeHU 0.5
(cM. dwur. 13x)

@ur. 14. PervoHalbHbIC BECOBBIE CTPYKTYPHBIE TPOTHO3HO-TIOMCKOBBIE MOJIEIN TEPPUTOPHUHM I0T0O-BOCTOYHOTO 3a0aiiKabs:
(a) — MOIEIb C YYETOM CTPYKTYPHBIX KDUTEPUEB B CBSI3HU C PA3BUTHEM CTPYKTYP LIEHTPAIILHOIO THIIA; (0) — MOJIEIb C Y4ETOM
CTPYKTYPHBIX KPUTEPUEB B CBSI3U C Pa3BUTUEM Pa3PBIBHBIX CTPYKTYD; (B) — KOMILIEKCHASI MOIE/Ib C YYETOM CTPYKTYPHBIX
KPUTEPUEB B CBSI3M C Pa3BUTUEM CTPYKTYP IIEHTPAIbHOTO TUIIA M Pa3PhIBHBIX CTPYKTYP C YKa3aHUEM ITOJIOXEHUS U MeTall-

JIOTEHUYECKOW CIENUAIN3AIAN U3BECTHBIX PYOAHBIX 00BEKTOB.
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JTUCTAaHLIMOHHOIO aHaJu3a U HEMPOCETEBbIX TEXHO-
JIOTUIA, KOMIUIEKCHOW MPOTHO3HO-TTOMCKOBOU MOJIE-
JIN IJTSI TEPPUTOPUU FOTO-BOCTOYHOIO 3abaliKajibs ¢
LEeNbI0 (OPMUPOBAHMS HAYYHO-OOOCHOBAHHBIX pe-
KOMEHIAMA K MOCTAaHOBKE MOMCKOBO-OLIEHOYHBIX
paboT, paclIMPEeHNI0 MUHEPATILHO-ChIPbEBOM 0a3bl
Poccniickoit @enepanmm B 11e710M 1 3a0aiiKaIbCKO-
ro Kpas B 4acTHOCTU. IloayyeHHbIE pe3yabTaThbl
JTEMOHCTPUPYIOT IIUPOKKNE BO3MOXHOCTU CTPYK-
TYPHO-IPOCTPAHCTBEHHOI'O aHaM3a, 0COOCHHO B
cBa3u ¢ gemmdppuposanueM CLT, ¢ Toukm 3pe-
HUS pelleHus GyHIaMEHTAIbHBIX U MPaKTUYECKMUX
3a1a4y B 00JIaCTU BBISIBIEHUSI UCTOYHUKOB, IyTei
MUTpalMU U obiacTeil JoKaau3auuu pyaHOTO Be-
11IECTBA, a TaKXKe MPOTHO3a MOJE3HbIX UCKOMAeMbIX
pPa3JIMYHBIX T€0J0r0-MPOMBIIIIEHHBIX (T€0JI0T0-Te-
HETUYECKUX) TUIIOB.

YacTto mpu IpoBeOeHUMN CTPYKTYPHO-TEOMOP-
¢oJIoTMYeCcKOTO aHalIu3a, Aemnu@prupoBaHus KOC-
MOCHHUMKOB M LM POBBIX Moneneil peabeda He
yaensietcss gokHoro BHuManusg CHT — ecnm ux
BBIIEJISTIOT, TO IIPAKTUISCKHM OTCYTCTBYET KaKasi-JIH-
00 IpOCTpaHCTBEHHAsI MHTEPIIPETAINSI B KOHTEKCTE
T€OJIOTUYECKOIO CTPOCHMS ¥ UICTOPUH Pa3BUTHS pe-
TMOHA, CBSI3M JAaHHBIX CTPYKTYP C MOJE3HBIMU HC-
KomaeMbIMu. [Ipu 3TOM, KaK moKa3aHO B JaHHOM
cratbe, CLIT B 06acTsIX ¢ aKTUBHBIM ITaJICOBYII-
KaHMU3MOM UTPAIOT BaXXHYIO POJIb B JIOKAJIHU3aIUN
OPYIEHEHUSI U MOJLKHBI OBITh YUYTCHBI IIPH MeTa-
JIOTeHUYEeCKOM aHanu3e Teppuropun. I1o MHeHUIO
J.B. T'ypeBuua, ogHUM u3 HakTopoB, “OTHyrMBa-
ommx” uccienoBatencii oT Boeiaenenuss CLT, sB-
nsteTcst “00s13Hb npocThix hopm” (I'ypeuy, 2009).
JeiicTBUTEILHO, OIBIT aBTOPOB 110 JeInuppupoBa-
Huo CHT roBopuT 0 TOM, YTO OOJBIIMHCTBO U3 HUX
cTpeMsTCs K (popMe Kpyra, 4To, 6€3yCI0BHO, TpeOy-
eT OOBSICHEHMSI, KOTOPOE MOXKET OBITH JAHO TOJIBKO
B CBSI3U C T€OJOTMYECKUM CTPOEHUEM TEPPUTOPHUU.
IToTopumcs, uto CHT B (popme Kpyra uian cerMeH-
TOB OKPY>XHOCTH BBIAESIOTCS UCKIIOUUTEIBHO T10
maTtepuaiam 133 1 B yeM-To yIpoIlIamTcs IJIsl Tpo-
BeAeHMs NMpeaBapUTEAbHbIX PETMOHATBHBIX UCCIIE-
JoBaHuii. bojee netaibHbIe NMOJieBble U TeodUu3nIe-
CKM€ M3bICKAHUS MO3BOJISIIOT BhISIBUTh JJOKAJIbHbIE
HEOTHOPOAHOCTU IPaHULL U TOYHO ONPEACIUTh TUIT
paccMaTpUBaEMOil CTPYKTYPHI.

Bo MHOIMX MMCTAaHIMOHHBIX CTPYKTYPHBIX MC-
clieqoBaHUSIX 10 cux 1mop cuuraetcs, yro CLT mo-
CTAaTOYHO peIKMe CTPYKTYphl. besycioBHo, popmu-
pOBaHMKe ITONOOHBIX CTPYKTYP HAIIPSIMYIO 3aBUCHUT OT
00IIel UCTOPUHU T€OJIOTMISCKOIO Pa3BUTUS — Hau-
OoJIbIIINE IIAHCHI OOHAPYXKEHUS CTPYKTYP B CBSI3U C
pa3BUTHEM BYJKAHO-IUIYTOHUYECKUX KOMILIEKCOB
IIPUXOOATCSI Ha TEPPUTOPHUHU C MAJICOBYIKAHU3MOM
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U IPOLISAIINMHU IIpoleccaMy TeKTOHOMarmMaTHh-
yecKoil akTuBu3auuu. Ilpudyem, yeM Moaoxe cam
npolecc, TeM 0OJibllie BEPOSITHOCThL OOHAPYXKUTh
0oJIbIIIee KOJUUECTBO MEPCIEKTUBHBIX B CBSI3M C JIO-
Kanuzanueit mone3Hbix uckomaeMelx CLT, B MeHb-
LIE CTermeHU 3aTPOHYTHIX APO3UOHHBIM CPE30M.
HaHHBbIt (pakT 00s13aTEAbHO AOJKEH OBITH YUYTEH
MpU MOCTaHOBKE LIeJU U 3aday JUCTAaHIIMOHHOTO
CTPYKTYPHOIO HccienoBaHus. Kpome Toro, pesyib-
tat nemmgpuposanus CLIT Bo MHOTOM 3aBUCUT OT
MPOCTPAHCTBEHHOIO pa3pelleHUs] UCIOJIb3yeMbIX
MaTepuajoB. Kak ObLI10 ITOKa3aHO B JaHHOM CTaThe,
OoJIbIlIee IPOCTPAHCTBEHHOE pa3pelleHre IT03BOJISI-
€T BBIIESITH OOJiee JIOKaJIbHEIE, HeOOIbIINEe B IIO-
MepeyHUKe, CTPYKTYphl. TakKe 4yacTo uccienoBare-
JISIM JOCTaTOYHO CJIOXKHO MPOBECTU MHTEPIIPETALUIO
MaHHBIX CTPYKTYp. B 3TOM maHe coBpeMeHHbIE
cpenctBa u mHCTpyMeHTHI I UC, a Takke neTanbHbIC
maHHble J[33, MO3BOJISIOT 3Ty 3a1a4y PeIluThb C UC-
MOJb30BAHMEM MHOIOUYMCIEHHBIX OAXOA0B C MPHU-
BJIEUCHHEM MaTeMaTUYECKOro armapaTa U MeTOI0B
IIPOCTPAHCTBEHHOI'O aHAIM3a.

st TeppuTOpUN 10TO-BOCTOYHOTO 3a0aiiKabs,
YIUTHIBAS IIPOIIECCHI ITO3THEME30301CKOI TEKTOHO-
MarmMaTU4eCKOM aKTUBU3ALIMU, C KOTOPOil CBSI3aHBI
MOYTH BCE METaJUTMYECKKUe MOoJIe3Hble NCKOMaeMble
pernoHa, BeigeneHue u uHteprnperauus CLT apms-
eTcsl KpaliHe aKkTyaJibHOIt 3amaueii. PaHee st maH-
HOM TIJIoIIagu yKe IIPOBOIUINCH MOMBITKY BbIJIE-
nenust CUT (TomcoH u np., 1974; AdaHacosB u ap.,
2007; I'onmosuH m ap., 2008), HO Bce OHU CBOTUIINCH
K KapTUPOBAaHUIO KPYIHOI CTPYKTYpHl — BocTou-
Ho-3abaiikalbCcKoro MeracBoja, opMupoBaHue
KOTOPOT'O CBSI3LIBAIOT C aKTUBHOCTHIO YCTAHOB-
JIEHHOT'O I10 INIYOMHHBIM I'e¢0(pU3NYEeCKUM TaHHBIM
kpymnHoro (6onee 30 000 xm?) Boctouno-3abaii-
KaJIbCKOro apean-rytoHa (JyxoBckuii u ap., 1998),
a Takxke Heboblloi cepuu 6osee tokanbHbix CLT
BTOPOTO IMOpsAKa, MPeUuMYyIIeCTBEHHO B 30HE 00-
pamnenust MeracBoga (l'omoBun 1 np., 2008). I1pu
3TOM IIpoliecchl Mo3aHeMe3030iickoil TMA oxBa-
TWIN BCIO UCCIIEAYEMYIO TEPPUTOPUIO, U OTIIOKEHUE
PYIHOM MUHEpaIM3alliy O peaeIeHHBIX PSIIOB, KakK
nokasaHo b.JI. Pbi6anoBbIM, IPOUCXOAUIIO MOCTE-
IIEHHO, B pa3HbIe BpEMEHHEIEC ATalbl, C aKTUBHU-
3alMeil pa3IMYHBIX IUIOIIANAEi M TUIIOB CTPYKTYP,
¢dopmupoBanueM CLIT, B ToM 4nciie U BHE 30HBI
pa3BUTUSA U BIUSIHUS BocTouHO-3a0aiiKaabCKOTO
apean-turytoHa (Pei6anos, 2000; Pwi6amos, 2002;
Iletpos u np., 2017; AuapeeBa u ap., 2020). B atom
KOHTEKCTe KpaiiHe MHTEPECHBIMU, HO TMCKYCCUOH-
HBIMM, KaXyTCs HaIllM pe3yJIbTaThl UHTEPIIOISAIIN
neHTpoB BeigeneHHBIX CLT mo gmamerpy, KoTo-
pBle TOKAa3hIBAIOT YCTOMYMBYIO IIPOCTPAHCTBEHHYIO
Ne 4
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3aKOHOMEPHOCTb, CXOXYIO C OOIIUM CTPYKTYPHBIM
IUIaHOM Bcero 3abaiikanbcKoro peruoHa (¢pur. 15).

Oo6uactu pa3BuTHs Kak Manbix (mo 10 kM B nua-
MeTpe), Tak 1 KpyrmHbIX CLT (6o1ee 10 kM B nna-
MeTpe) GOPMUPYIOT Uepeayloluecs 1mosica (TpeH-
Jbl), OpPMEHTUPOBAHHbBIE MPEUMYIIECTBEHHO Ha
ceBepo-BOCTOK. TakxKe cpeau obJacTeil pa3BUTUS
CUT B03MOXHO BBIAEIUTH ropa3go MeHee MpOoTs-
JKeHHbIE JTWHENHbIE 30HbI CEBepO-3anagHoil opu-
eHTUpOoBKU. IIpu 3TOM Ha BCEM IPOTSKEHUU 30HBI
pa3Butus KpyrnHbiXx CLIT HeomHOpOOHBI, M HAOJIIO-
JAeTcs 1ar THTEHCMBHOCTU (DOPMUPOBAHUS CTPYK-
Typ. Eciii cpaBHMBATh IPOCTPAHCTBEHHOE MOJIOXKE -
Hue CLT oTHOCUTENBHO pa3BUTHS YCTAHOBJIEHHBIX
pa3pBLIBHBIX HAPYIIEHWI, TO BUAHO, YTO KPYITHBIC
CTPYKTYPHI B OOJBIIMHCTBE CIy4aeB OTKAapTHPOBa-
Hbl HAMU BHE€ IIYOMHHBIX HapyIllleHUi, HO B IIPO-
CTPAHCTBEHHON OJM30CTU K HUM. Majble CTpyK-
TYpbl, HAIIPOTUB, (GOPMUPYIOTCS IPaKTUUECKU
Ha TIyOMHHBIX pa3jioMax WM pa3jioMaxX BepXHEro
CTPYKTYPHOTO 3Taxa. DTO MOXET ObITh OObsICHE-
Ho TeM, yTo KpynHble CIHT MapKkupyloT riryOouH-
HbIe MarMaTU4YECKME O4aru, U CBsI3b ¢ KOHKPETHOI
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Pa3pBIBHOM CTPYKTYPOI, BBIOJHSBILECIH POJIb Mar-
MOIIOABOISIIETO KaHAIa, YCTAHABIMBAETCS TAKXKE
Ha HEKOTOPOW IIyOMHE, B 3aBUCHMOCTHU OT JIEMEH-
TOB 3aJieraHUs pa3pbIBHOIO HapylleHus. MaJjble
CTPYKTYPbl MAapKUPYIOT MEHEEe MIYOMHHbBIE OYaru,
LIEHTPBI KOTOPBIX HAXOASATCS BOJIU3U TTOBEPXHOCTHU
WJIN BCKPBITHI 3PO3MOHHBIM CPE30M B BUAE JTOKAJIb-
HbIX UHTpY3uii. KpoMme Toro, yctaHoBieHo, 4To 97%
PYIHBIX OOBEKTOB TEPPUTOPUN MPUYPOUYEHO K 00-
nactaM pa3Butus Manbix CIIT. JlaHHbBIA BBIBOA MO-
JKeT OBITh MCIIOJIb30BaH KaK JOMOJIHUTEIbHBINA IPO-
CTPaHCTBEHHBII KpUTepUuit mpu 1opaboTKe CO3aaH-
HOI IPOTHO3HO-TIOUCKOBOU MOZENU.

IMonyyeHHBIE KOJUYECTBEHHBIE IPOTHO3HO-IIO-
HMCKOBBIE MOJIEIU SIBJISIIOTCSI BaXKHOI OCHOBOIA JIJTS
JaIbHEUIINX CTPYKTYPHO-T€OMOP(dOIOrnueCKmX
U CTPYKTYPHO-TEOJOTMYECKUX U3bIcKaHuii. [1po-
BeIeHHbIE MCCIIENOBAHMS peajnu30BaHbl HA PEeTHO-
HaJbHOM MAacIITaGHOM ypOBHE, HO Ha OCHOBE Je-
TanbHBIX HaHHBIX 33 (15 M/mikc). K coxanenuio,
YUHUTBIBasI IETATbHOCTD UCIOJIb3yeMbIX MaTEpHAJIOB,
HE MIpeACTaBIIIeTCs] BO3MOXHBIM Ha JaHHOM 3Talle
WHTETPUPOBATH B CO3IaBacMbIe MOICIIM PE3y/IETaThI

@ur. 15. CxeMa UHTEPITOJISIIIUN IIEHTPOB CTPYKTYP IIEHTPAJILHOTO THUITA TEPPUTOPUY FOTO-BOCTOYHOTO 3abaifkasbs 0 3Ha-
YEHUSIM TUaMeTpa ¢ yKa3aHWEM TTOJIOKEHUS U METAIOTEHUYECKOW CIIeUaTN3aIiiy N3BECTHBIX PYTHBIX OO BEKTOB.
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reopu3NIeCKMIX U TeOXMMUYECKUX MCCIeIOBaHUI,
COOTBETCTBYIOLIMX MaciTady kKapthel (1 : 1000000),
OXBAaTBHIBAWOIIIEN paccMaTpUBAEMYyIO0 TEPPUTOPHUIO.
I1pm sTOM GoJlee AeTambHbIE TeO(U3NIECKIE U T€O-
XMMUWYECKME UCCIIeTOBaHUsI, COOTBETCTBYIOIINE JI€-
TaJIbHOCTU HAIIIUX MOJeJIeil, B Ipenesiax IUIoIaan
IIPOBOJAMIMCH IIPU M3YYEHUU OTHACIbHBIX IEePCIIeK-
TUBHBIX YYaCTKOB M CTPYKTYPHO-(POPMAIIMOHHBIX
30H. /11 3TMX y9aCTKOB BO3MOXHO cO3maHue 00-
Jiee neTaJIbHBIX MOJEJIel 3a CueT MHTeTPUPOBaHUSI
B Hallly MOZEJIb CIIeMaIN3MPOBaHHON MH(GOPMALIMI
0 reo@U3NIECKNX ¥ TEOXMMUIECKHUX ITOJISIX B 3aBUCH -
MOCTH OT MCKOMOTO TUIIa PYIHOI MUHEpaIU3aliu.

ITpu co3manuy NpencTaBIeHHBIX MOAEEN aKIIEHT
Jiesiasics IPeUMYIIECTBEHHO Ha POCTPAHCTBEHHO-Te0-
sormyeckoM aHamu3e CLIT u KpymHBIX pa3pbIBHBIX
HapyIIeHWH, a TAaKXe YCTAaHOBJIEHUU UX CBSI3U C pa3-
MEIIIEHUEM TOJIE3HBIX UCKOTIAeMbIX B KOHTEKCTE pe-
LIEHWS 3aa9M BBIACTICHUS PyI000pa3yIoINX CUCTEM.
3amauu BBISIBIEHUS, 3aBEPKU W MPOCTPAHCTBEH-
HO-CTPYKTYPHOT'O aHaJIM3a Pa3pbIBHBIX HAPYILIEHUI,
ONpENeNIeHUsT NX KWNHEMATUKHU, BBIIEICHUS HauboJsee
nehOPMUPOBAHHBIX U MPOHUIIAEMbBIX CETMEHTOB, TEK-
TOHO(U3NYECKOM, TEONMHAMUYECKOI U CTPYKTYPHOI
WHTEPIIPETAllVU, BBISIBICHUS U aHAIN3A OTEPSIOIINX
TPEUIVH, OLICHKU POJI Pa3pPhIBHBIX CTPYKTYP Pa3Iny-
HBIX PAHTOB B JIOKUIU3ALIMY OPYJEHEHUSI, B TaHHOM
pabote He cTaBWINCh. OHU TUTAHUPYIOTCS K PELIEHUIO
B JaJIbHEHNIIEM TSI UHTErpaliuy B CO3/1aBaeMyl0 MO-
JIEJTb Y TIOBBIIIIEHUS €€ TOYHOCTH.

BbIBOJbI

ITpoBeneHHast paboTa ¥ MOJyYEHHBIE PE3YIbTaThl
MO3BOJIVJIM CAEIATh CJAEAYIONINEe OCHOBHBIE BHIBOIBI.

1. Ha ocnoBe npumenenust ' MC-texHomoruii u aHa-
nm3a naHHbIx J133 ¢ coznanueM aetanbHoit LIMP Tep-
PUTOPHH FOTO-BOCTOUYHOTO 3a0aiiKaibsl pa3paboTaH aB-
TOPCKUIA MOAXOM K NeI(PUPOBAHUIO U T€0JIOT0-Me-
tajuioreHnuyeckoit nntepnperauuu CILIT B KoHTeKCcTe
BBISIBJICHUS 1 IIPOTHO3a PYI000PA3YIOIIMX CUCTEM.

2. B nipenenax TeppuTOpUM I0ro-BOCTOYHOTO 3a-
Oaiikajbs, yYYUTHIBAasI BBICOKOE IIPOCTPAHCTBEHHOE
paspemrenue LIMP, ynanocs BeisiButh 1285 CHT ot
1.1 no 73.4 xm B nuametpe. IIpu 3TOM CTPYKTYphI
nrameTpoM MeHee 10 KM U rioniansio MmeHee 80 Kv?
COCTaBJISIOT 85% OT 001Iero KOJIMYeCcTBa BhISIBJICH-
HBIX CTPYKTYp. YCTaHOBJICHO IIJIABHOE YBEIMYCHUE
qucJia CTPYKTYpP C YMEHBIIEHUEeM HX JhuaMeTpa.

3. YcTaHOBIEHO, YTO MPOCTPAHCTBEHHbIE MAKCH-
MYMbI OTHOCUTEJIBHOMN YIEIbHOMU IJIOTHOCTUA OpY-
JeHeHUsI (3KCTEeHCUBHOCTD OpYIeHEeHHs) B Ipeaesax
TEePPUTOPUU CKOHLEHTPUPOBAHbI HA Mepudepuu
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kpymHEIX CLT, a Takke BHE MX TpaHUIl, HO B HEIO-
CpeICTBEHHOM OIM30CTH, OCOOEHHO OTHOCUTEIHLHO
obnacrteit nHTepdepeHLIUN, MPOCTPAHCTBEHHOTO
COMKEHMSI M IPUMBIKAHUS CTPYKTYp. bonpimmHcTBO
U3BECTHBIX KPYITHBIX PYIHBIX 00BEKTOB IIPUYPOUEHO
K BHYTPEHHUM U Oau3nepudepruuecKuM 00JacTsIM
CTpYKTYyp MeHee 10 KM B OIepeuyHuKe.

4. Camas KpymHas BBIIBJICHHAsI CTPYKTypa Ha UC-
cIIemyeMOoM TITOIIAIN C UaMeTpoM 73.4 KM U pacro-
JIOXXE€HHAsI B CEBEPHOM YaCcTU IUIOLIAIN MAapKUPYET
ouar, BeposSITHO, ITapareHeTUYECKU CBSI3aHHBIN C OT-
JIOXKEHUEM 30JI0TOM, CBUHIIOBO-IIMHKOBOI, METHOM,
CYPbMSIHOM, OJIOBSHHOM M MOJIMOAEHOBOI MUHepa-
Ju3anuu. B 3aBUCMMOCTH OT pa3BUTUS TOYEPHUX
CUT wnmu HanoxeHus 0oJjiee MO3MHUX CTPYKTYP HIXE
paHTOM, SBJISIONINXCS OTPaXXEHUEM MEHee MTyOWH-
HBIX 0YaroB, IMOSIBJSIETCS BO3BMOXHOCTb 00Jjiee TOU-
HOI JOKaJau3alluy pyaoo0pasylolx CUCTeM, CBsI-
3aHHBIX C OINPENETCHHBIM TUIIOM MUHEPAIU3ALIUN.

5. Ha ocHoBe co3maHus MOIEIBHBIX Pa3pe30B,
BKJIIOYAs IOCTPOCHUE COBPEMEHHOMN THEBHOM I10-
BEPXHOCTU U PEKOHCTPYKIIMIO MajleOMOBEPXHOCTHU
OTHOCUTEJbHO BEJUUYUHBI YPOBHS 3PO3UOHHOIO
cpesa, IOCTpOeHMe ITONOIIBE THEeiICO-TpaHUTOBO-
IO CJI0sI, PEKOHCTPYKIINIO TIYOMHHOTO MOJIOXEHUS
BocTouno-3abaiikaibCcKoro apean-IuiyToHa, Ipa-
Hul CIIT, orpaxeHue pa3pbIBHBIX HapyIIeHUN
pa3HbIX PaHTOB, BBIHOC MOJOXEHUS KPYITHEHAIINX
PYIHBIX O0OBEKTOB TEPPUTOPHUHU, C UCITOJIb30BAHNEM
reoJiornyeckoit ”HGopMaiuu BOCCTAHOBJIEHBI TITy-
OMHBI JIOKAJIM3allMU TIpearojlaraéMblX MarmMaTuue-
CKMX 0Y4aroB B CBSI3U C BbIAEIECHHBIMU CTPYKTYpPaMU.
Ycranosneno, yto CLT u cBg3aHHBIE ¢ HUMU pe-
KOHCTPYMPOBaHHBIE MarMaTU4eCK1e oyaru 1eMOH-
CTPUPYIOT TECHYIO IPOCTPAHCTBEHHYIO CBS3b C INTy-
OMHHBIMU pa3joMaMU, KOTOpbIE, BEPOSITHO, UTPAIU
POJIb MAarMOIIOIBOISIIIINX KaHAJIOB.

6. Ha ocHOBe BBbIABIEHHBIX, 000CHOBAHHBIX
1 BHU3YaJIM3UPOBAHHBIX B BUJE OTIHEIbLHBIX CXEM
CTPYKTYPHO-TIPOCTPAHCTBEHHBIX KPUTEPUEB B CBI-
3u ¢ paszputreM CLT u pa3pbeIBHBIX HapyIIeHUIA,
C TIOMOIIIbI0 HOPMUPOBAHUS U OTpeaeaeHUsT Ko3d-
(puLMeHTOB Beca JJIsT KaxKA0T0o KPUTEPUS JIJIsT KCCIIe-
IyeMOM TepPUTOPHUU I0TO-BOCTOYHOTO 3a0aiiKaabs
CO3IaHBI KOJIMYECTBEHHBIE ITPOTHO3HO-TTOVCKOBEIE
MOJEIN, TOUHOCTb KOTOPBIX 3aBepsiach IO TOJIO-
JKEHHUIO TAJIOHHBIX MECTOPOXIEHUM U PYIONPOSIB-
JICHUi1, MI3BECTHHIX B Ipeaenax Itomand. TouHOCTh
KOMIIJIEKCHOW TPOTHO3HO-TIOMCKOBON MOIETH
coctaBuia 89%. JlaHHas MoIeb MOXET OBITh H0-
MOJIHEHA 3a CUeT NMPUMEHEeHUSI METOAOB CTPYKTYp-
HO-TreoMOp(OJIOrMYECKOT0, IIPOCTPAaHCTBEHHO-TEO0-
METPUIECKOTO U TEKTOHO(PU3NIECKOTO aHAJIM30B
Ne 4
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Pa3pBIBHBIX HAPYIIEHWI, a TAKKE MCIIOJIB30BaHA IIPU
CO3IaHUU JIOKATbHBIX IPOTHO3HO-TIOMCKOBBIX MOJIE-
JIei MepCIIeKTUBHBIX META/NIOTeHNYECKIX TAKCOHOB.

BJIATOAAPHOCTH

ABTOpPBI BbIpaxaloT MPU3HATEIbHOCTb Mpodec-
copy ToMCKOTO MOJUTEXHUYECKOTO YHUBEPCUTETA,
IUPEKTOPY HayIHO-MHHOBALIMOHHOTO IIEHTpa KOC-
MOTEOJIOTMYeCKUX UccienoBanmii “KocMoreomorus”
TITY nm.r.-m.H. A.A. TlouenyeBy 3a 00CTOSITEIHHOE
peleH3upOBaHUe, NETaJbHYIO BBIYMTKY TEKCTa,
KpaliHe LIeHHbIe 3aMeYaHusl U BaXKHbIE peaaKTop-
CKUe TMpaBKU, KOTOPbIE YUTEHBI MPU MOATOTOBKE
cTaThM K mevaTtu. Takske aBTOpHI OjaromapHbl aHO-
HUMHOMY PElIeH3CHTY 3a KpUTUUECKIE 3aMeUaHUs
I10 TIpeacTaBiIeHuIo MaTepraia. KpoMe Toro, aBTo-
PBI IpU3HATEJbHBI INITABHOMY HAyYHOMY COTPYIHMU-
Ky J1abOpaToOpuU Ire0JIOTMU PYIHBIX MECTOPOXICHUI
uMeHu akanemuka A.I. berextuna UTEM PAH
n.r.-m.H. 1.B. BukeHTbeBY 3a BaxXHbIE pelaKTOp-
CKHe 3aMeYyaHus U MPeaoKeHUs Mo MpeacTabiie-
HUIO MaTepuaaoB CTaTbM U HAaydYHOMY COTPYIAHU-
Ky JJabopaTopry MUHEPAJIOTUM MMEHM aKaJleMHUKa
®.B. Yyxposa UT'EM PAH k.r.-m.H. E.E. AMtme-
BOI1 32 LIeHHbIE€ COBETHI IIPY CO3IAHUU U ITIOATOTOBKE
rpapu4ecKrux MaTepuasoB.

OMHAHCHUPOBAHUE

Pabora BhinoyiHeHa Npu GUHAHCOBOI MOAAEPXK-
Ke rocynapctBeHHoro 3agaHust MI'EM PAH.
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DETECTION AND INTERPRETATION OF CENTRAL TYPE STRUCTURES
WITHIN THE TERRITORY OF SOUTHEASTERN TRANSBAIKALIA
FOR PREDICTION OF ORE-FORMING SYSTEMS
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Extremely little attention is paid to the issues of detecting and interpreting of central type structures (CTS)

when conducting remote structural-geological and structural-geomorphological studies. At the same time,
in the 70—80s of the 20th century, the important role of CTSs in the localization of deposits and ore fields

was proven. The position of these structures must necessarily be taken into account when solving problems

of searching for and predicting mineral resources in the context of metallogenic analysis and reconstruction

of the geological history of development of the studied areas. The almost absence of results of mass detecting

and interpreting of CTSs can be explained by the still poorly developed methodology for identifying and

analyzing this type of structure. In the present study for the territory of southeastern Transbaikalia, based

on modern geoinformation technologies, the use of remote sensing data (radar topographic survey) of high

resolution, the creation of a digital elevation model and the application of an integrated structural-spatial

analysis, an author’s approach to detection and interpretation of the CTSs is presented, including in connec-
tion with the localization of ore objects of various geological-industrial (geological-genetic) types within the

framework of the concept of the formation of mineral systems. A statistical analysis of the CTSs identified in

the area was carried out, which made it possible to establish a smooth increase in the number of structures

with a decrease in their diameter. It is shown that the spatial maxima of ore mineralization extent within the

territory are concentrated on the periphery of large CTSs and in their immediate vicinity. Most of the known

large ore objects are confined to the internal areas of structures less than 10 km in diameter. Based on the ap-
proach of constructing model sections, it was possible to reconstruct the deep position of magma chambers

associated with the identified CTSs, and, thereby, to determine the probable sources of metal-bearing fluids.
A close spatial relationship between the identified magma chambers and deep faults has been established.
To determine the most favorable sites for the deposition of ore mineralization, based on structural-spatial

criteria, which include not only structural elements of the CTSs, but also segments of known fault structures,
weight of evidence models of the territory have been created. The accuracy of the complex model is 89%.
Thus, in accordance with the concept of mineral systems, the sources, migration pathways and sites of the

most probable deposition of ore mineralization have been reconstructed.

Keywords: central type structures, ore-forming systems, geoinformation analysis, remote sensing of the
Earth, digital elevation model, metallogenic analysis, conceptual predictive model, weight of evidence
model, metallogeny, southeastern Transbaikalia
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BriepBrie mpoBeneHO U3ydeHUe MpeaCcTaBUTEILHOIO KOJIMUECTBa ajiMa3oB Maccoii 6osee 10.8 kapar, uz-
BJIEYEHHBIX U3 MECTOPOXIEHUHN SAKyTUM B Mpoliecce pa3neabHOro 000TalleHUs pyabl KaXXI0i KuMOepin-
ToBOI TpyOKH. [ToKazaHo, YTO MO TaKMM TUITOMOP(MHBIM XapaKTEePUCTUKAM ajiMa3a, Kak rabuTyc, comep-
JKaHME U arperanus a3ora, KOHLEHTpaLKs BOLOPOAA B AJIMa3e, BO3MOXHO [POBOAUTH NPEABAPUTEIILHYIO
OLIEHKY MECTOPOXXIECHUS IS IPOTHO3a HATUYUS KPYIMHBIX U 0CO00 KPYMHBIX IMa30B. YCTAaHOBJIEHO, YTO
KPYITHBIE aJIMa3bl U3 MECTOPOXAEeHUI JlanapiHO-AJIaKUTCKOTO paiioHa UMEIOT IIIMPOKUE BapUaLIUU MIPU-
MECH a30Ta 1 ee arperaluii o cpaBHeHUIO ¢ aiMazaMu U3 Mano6oTyoouHckoro u CpemHeMapXruHCKOTO
paiioHoB. OmpeneneHo, 4To CoaepKaHue KPYIMHBIX aTMa30B B TPyOKax AKyTHr 06paTHO NpOMOPLUUOHATb-
HO KOJIMYECTBY OKPYIIIbIX AoAeKkasnpounoB. Hanbosee mepcrneKTMBHBIMU IS OOHAPYXKEHUST KPYITHBIX
aJIMa30B SIBJISIIOTCS T MECTOPOXKIEHUS, B KOTOPBIX OOJIBIIMHCTBO aJIMa30B MPUHAMJIEXKAT OTHOMN MOMYJIsi-
LIMM — CPEeIHEea30THBIM HU3KOArpEerMPOBAaHHBIM aiMa3aM, KOTopble (hOPMUPOBAIKUCH MTPU TEMIIEPATYPE
~1100°C. TTo maHHBIM M3y4YeHUS KOJUIEKIINIT aIMa30B ITOKA3aHO, UTO B KUMOEPIUTOBBIX TPYOKaX C ITOBBI-
LIIEHHBIM COAEPKaHWEM a30Ta B aJIMa3aX OTMEUaeTCsl YBEJIMYEHUE TOJIU KPYITHBIX aIMa30B B MECTOPOXIE-
Huu. HanmpoTus, Mo arperaiuu a3ota B aiMa3ax, Kak napameTpy MocTpOCTOBOI UCTOPUU, HAOIIOAAETCS
OTpHIIaTeIbHASI KOPPEJISIIUS ¢ cConep:KaHMeM KPYITHBIX aiMa30B. IlokazaHo, 9TO B MCCIEIOBAaHHBIX KOJI-
JIEKLIMSX CYLIECTBYET OTpULIATEbHAS KOPPEIALNA MEXIY CONEpXKaHUEM BOIOPOIA B KPUCTAJUIAX ajiMa3a
U aJIMAa30HOCHOCTBIO MECTOPOXKIEHUS, a TAKXKE COAEepKaHUEM KPYITHBIX aIMa30B.

Karouesvie crosa: anmasbl, BKitoueHus, MK-crnekrpockonus, TunoMmopdusM ainmaszon, Cudbupckas
wiargopma

DOI: 10.31857/5S0016777024040022, EDN: cbcgua

BBEAEHUHE Ha cerogusinuii neHb Ha Tepputoprun CrOUpcKoi

1aTopMbl B SKYTCKOI aTMa30HOCHOI IMTPOBUHIIUHT

B nipoiiiom Beke ManonpoayKTUBHbIE KUMOEPIIH -
TBI C OYEHb HU3KUM COIep:KaHEeM aIMa30B B TOHHE
00paboTaHHOI Pyabl HE MPEACTaBIISUIM KOMMEPUYECKO-
ro MHTEpeCa Y KPYIHBIX MUPOBBIX KOMIIAHUIA B CHITY
HU3KOM 3KOHOMUWYECKOI PEHTA0eIbHOCTU Pa3padboTKuU
TaKuX pyAonposiBieHuit. [TepefoMHbIM MOMEHTOM BO
B3IVIsIIAX Ha MepCHEKTUBHOCTb OCBOSHUSI ITOTOOHBIX
MECTOPOXIECHUIM TOCTYXIJIO OOHAPYXEHIE B HU3KOAJI-
Ma3oHOcHBIX Tenax Kapose (borcBana) u Jlercenr (Jle-
COTO) KPYITHBIX TOPOTOCTOSIIINX KPUCTAJLIOB, U TOLIa
B OTpabOTKY ObLIN BOBJIEUEHBI OOBEKThI C HEBHICOKMM
colepXXaHUeM aJIMa30B B KUMOEPINTAaxX, HO C TIOBHI-
IIEHHOI T0JIel KPYITHBIX BBICOKOCOPTHBIX KPHUCTAJLIOB.

(SIAIT) n3BecTHO OONBIIOE KOJIMYECTBO KUMOEPIN-
TOBBIX TPYOOK C HM3KO 1 YOOTr0i1 aIMa30HOCHOCTEIO,
pa3paboTKa KOTOPhIX 9KOHOMUYECKU HE OIpaBaaHa.
B T0 ke BpeMs CylleCTBYIOT IPUMEPHI MECTOPOXKIIE-
Hui (Tpyokm 3apuniia, eitmoc, Komcomonbsckas),
IJIe OCHOBHOI BKJIaJl B BBICOKYIO CPEIHIOI0 CTOMMOCTD
aJIMa3HOTO ChIPhSI OKA3bIBAIOT HAXONKM KPYITHBIX KpYC-
TajuioB. M3BeCTHO, 4TO ajiMa3bl OOJIBIIMX Pa3MEPOB
BCTpeydarTcs penko. Ocobo KpyITHbBIE aIMa3bl Tpa-
JTUIIMOHHO TIPONAIOTCS MOIITYYHO Ha ayKIIMOHAX, T
TI0JIb3YIOTCS OOJIBILIVM CITPOCOM B CHJTY CBOEI YHUKAITb-
HOCTH, a CJIENOBaTeIbHO, UMEIOT BBICOKYIO CTOUMOCTb.

3a 6oJiee yeM NSATUAECATUIETHIOI UCTOPUIO aKITO-
HepHoii KomnaHuu “AJIPOCA” (ITAO) (mo 1992 roma
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ITHO “SIKYTAJIMA3”) HakOIIIeH 3HAYNTEIbHBII 005~
eM MHGOpMaIIK O pe3y/IbTaTax U3ydeHUs TAKMX PEIKIX
LIEHHBIX KPUCTAJUIOB. AJIMa3aM-TUTaHTaM XOPOILIETO
KauyecTBa, BeC KOTOphIX nocturaet 50 u 6oJjee Kapar,
4acTO IIPUCBAaNBaIM COOCTBEHHBIC MMEHA, CBSI3aHHBIC
CO 3HAYMMBIMU COOBITUSIMU I UIMEHAMM BBIITAFOILIXCS
JIIOEH, TeM CaMbIM BBIAETISASA UX KaK “MMEHHbIC aaMasbl”.
HeobxonumMo otMeTuTh, 4To ¢ 2005 T. OBLI0 NPUHSTO
pellieHre He TIpUCBanBaTh “UMeHa” TaKUM ajiMas3aM,
a yKa3bIBaTh HAMMEHOBaHME (haKTy M3BJICUCHUS aIMa3a.

B cBs131 ¢ 0cOOEHHOCTBIO 00pa30BaHUs KPYITHBIX
agMa3oB, MUPOBOE HAyYHOE COOOIIECTBO BhIALSIET
uX B otaenabHylo rpyrmny (Bowen, Ferraris et al., 2009;
Moore, 2014), o5 TaKUX aIMa30B IPUHSATO IIPUMeE-
HaTh a00peBuatypy “CLIPPIR” (Cullinan-like, Large,
Inclusion-Poor, Pure, Irregular, and Resorbed), uto
COOTBETCTBYET NX OCHOBHBIM XapaKTepUCTUICCKIUM
ocobeHHocTsIM — “ITomo6nbri Kymannany, KpymHblit,
bennbiit Ha BkItoueHust, Yuctoiit, HenpaBuibHOM
¢opmbl 1 PacTBOpeHHBII”.

M3ydyeHne KpyITHBIX aJIMa30B 1IOCTaTOYHO IIPO-
0J1eMaTUYHO, 0COOEHHO pa3pyllarlIMMUA METOAAMMU,
BCJICACTBHE X BBICOKOI CTOMMOCTH Y OTPaHUTYEHHOTO
JocTyma K HuM. MccnemoBaHnsIM KpyITHBIX aJIMa30B
nocBsIIeHa Hebonmbmas cepust nmyonukanuii (Evan
et al., 2016; Smith et al., 2016; D’Haenens-Johansson
et al., 2017), B KOTOpBIX MPeANPUHSITA MOMbBITKA yCTa-
HOBUTBh I'eHEe3UC TaKMX KPUCTAJIJIOB HA OCHOBAaHUM
HCCJIeNOBaHMs BKIIIOUeHN B HUX. BaxxHoe mokasa-
TEJIbCTBO TOTO, YTO KPYIHbIE ajIMa3bl KPUCTAJIIM -
30BaJIMCh U3 BOCCTAHOBUTEIBHON METaJLIMYECKOM
XKUAKOK (a3bl, ObLIO HAMAEHO MPU ONpeaAeIeHUN
BKITIoueHM1 3atBepaeBiiero Fe-Ni-C-S pacnnasa,
COIIPOBOXIAEMOTO TOHKMM XMIKMM CJIO€M MeTaHa—
BOIOPOAA M MHOTAA MAIIXOpUTOBBIM IpaHaToM (Evan
et al., 2016). B onyGIMKOBaHHBIX JAHHBIX YaCTO CO-
00II1aeTCs O CBEPXIIIYOMHHOM IIPOUCXOXKICHUH ajIMa-
3oB-ruranToB (Smith et al., 2016). Umerotcsa cBeneHusI,
YTO KpYyMHEIE ajiMa3bl U3 KUMOepauToB Tp. Kapose
B OCHOBHOM He colepxKaT a30Ta M OTHOCSTCS K TUITY
IIa no ¢pusunyeckoii knaccudukauuu (BeyepuH u ap,
1997), mu6bo comepxaT a30T B BEICOKOArperipOBaHHOI
dopme (tun IaB). Takke paHee ycTaHOBIIEHO, YTO
cpeny KpYITHBIX MHAWUBUAOB BCTPEUAIOTCST aIMa3hbl
MEPUIOTUTOBOTO M SKJIIOTUTOBOIO ITApareHe3MCOB,
otHocsmmecd K Tumny Ila (Moore, 2014). Ha ipencra-
BUTEJIbHOM KOJIJIEKIIMM aIMa30B KpYImHOCThIo +10.8
Kapar 1oKa3aHo, 4To J10J1s ajiMa3oB Tura lla pe3ko
BO3pacTaeT MpU PACCMOTPEHUHU TOJIBKO aJIMa30B KpyTI-
HBIX KnaccoB (Evan et al., 2017).

B nocnenHue roabl Ha MpUMeEpe U3yYeHUS BKITIOYE-
HUI B ajiMa3ax u3 KumoepautoB Kapose ObL10 Mokaza-
HO, YTO B OCHOBHOM 3TO SKJIOTUTOBBIE ajiMa3kl (53%).

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

BAPOAYXWHOB u np.

AJIMa30B IEPUIOTUTOBOTO MaparcHe3uca yCTaHOBJICHO
HecKoJIbKO MeHblle (44%), n Bcero 2% anma3oB 00-
JIafaloT MpU3HakKaMu cyoauTochepHOro MPOrUCX0oX-
nenust. UHauBumIyanbHBIM OTIIMYMEM MECTOPOXKICHUS
KapoBe MOXXHO cunuTaTh HaJU4Kne ajIMa30B C BKITIO-
YEHUSMHU SKJIOTUTOBOTO MAUIKOPUTOBOIO I'paHaTa
(Motsamai et al., 2018).

WM3yueHne KpynmHBIX aJIMa30B MTO3BOJISIET pelliaTh
Hay4YHbIE 33J]a41, CBSI3aHHbBIE C OMpeNeieHUeM UX re-
He3Mca, a TaKKe MPOTHO3MPOBATh KAYECTBO ajiMa3-
HOTO CHIphs. JIocTaTOYHO BBICOKOE MX COAEpKaHNe
B MECTOPOXKICHNH CYIIIECTBEHHO ITOBHITIIAET CPEITHIO0
CTOMMOCTB aJIMa3HOTO ChIPhsI, OIHAKO IIpoliecc 0OHa-
PYXXeHUS TaKUX aJIMa30B BeCbMa CJIOXHbBIN U JOPOTro-
crogiuii. /11t Toro 4ToObl OLIEHUTH KUMOEPJIMTOBOE
TE€JI0 MO KPUTEPHUIO MEPCHEKTUBHOCTU OOHAPYKEHMUS
KPYITHBIX aJIMa30B, TPeOYETCsI KOJIOCCATbHOE BIOXKEHME
CPENCTB B pa3BenovyHbIe padoThl. Takue aiMa3bl B KUM-
OEpPIMTOBOM TeJle TPUCYTCTBYIOT TOCTATOYHO PEIKO,
ITO3TOMY CITPOTHO3MPOBATh NX HAIMYME B N3ydaeMoit
TopoJIe — CJIOXKHAY 3amaJa.

Y100bI cChOPMUPOBATH CTATUCTUUECKU TIPEACTA-
BUTEJILHBIN Pe3yJIbTaT UCCISIOBAHUI 110 U3YUYCHUIO,
MOP(hOJIOrMYEeCKUM, CTPYKTYPHBIM, GU3NIECKUM
U MUHEPaJIOro-reOXMMMUYEeCKUM XapaKTepUCTUKAM
KPYMHBIX aJIMA30B C MPUBI3KOI K KOHKPETHOMY MeC-
topoxaeHuio, B AK “AJIPOCA” (ITAO) B 2022 1.
MPOBEAECHO pa3elbHOE 00OoralieHue pya OCHOBHBIX
oTpabaThIBaeMbIX KUMOEPIUTOBELIX TPYOOK U Tie-
CKOB pocchineit Akyruu. JlaHHas paboTta HarpaBie-
Ha Ha JeTajJbHOe N3yUYeHNE N3BJICUCHHBIX KPYITHBIX
anMaszoB BecoM OoJiee 10.8 kapat. Llenbio paboThl
SIBJISIETCS MOJIydeHKe HOBBIX JAHHBIX IO XapaKTe-
PUCTUKAM KPYITHBIX aJiIMa30B SAKyTUM 1J1s1 CO30aHUS
CTAaTUCTUYECKU 3HAYMMOM MOJEIU pacrpeneicHus
U TUIIOMOP(HBIX OCOOEHHOCTEH aIMa30B B U3YYEH-
HBIX MECTOPOXIEHUSIX.

GAKTUUYECKUN MATEPUAT

B naHHoi1 paboTe IIpoBeIeHO UCCaeI0BaHUE KPYII-
HBIX aJIMa30B U3 YeTBIPHAALIATU IIPOMBIILIEHHBIX
mectopoxaeHuil AAIL. Konnekius o61um Becom
6657 kapar cocrostia u3 377 o6pa31oB aIMa30B I0Be-
JINPHOTO ¥ OKOJIOIOBEIMPHOTO Ka4eCTBA BECOM OoJiee
10.8 xapaT Kaxablil, oTOOpaHHBIX U3 pa3padaThiBac-
MbIX AK “AJTPOCA” (ITAO) KOpeHHBIX U POCCHITTHBIX
MECTOPOXIEHMIA YEThIpEX aJIMa30HOCHBIX paliOHOB
Cubupckoii mnatdopmsl (CIT): JanapiHo-AJIaKUT-
ckoro (1AAP), Myuckoro (MAP), CpenHemMapxuH-
ckoro (CMAP) u Mano-boryoourckoro (MBAP).
Cornacuo kinaccudukauuu (F'OCT P 51519.1-99),
ucnojbzyemoil B AK “AJTPOCA” njis1 COpTUPOBKU
Ne 4
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IMEPBBIE PE3VJIBTATHI U3YUHEHUA KPYITHBIX AJIMA3OB...

aJIMa3HOTO CHIPhsI, Kiacc KpyrmHoctr +10.8 kapar —
CaMblii KpYITHBIM BECOBOI pa3Mep aJiMa30B.

OO0pa3tbl 11 uccaeaoBanus (pur. 1) ObUIM U3BIIE-
YEHBI IPU SKCTIEPUMEHTAITLHOM pa3IeIbHOM 00ora-
LIEHUU Py ITPOMBIILIEHHBIX KUMOEPIUTOBLIX TPYOOK:
Alixan B konuyectBe 28 mT., 3aps — 3 wr., FOouneii-
Hast — 42 mt., 3apHuna — 9 mr., YoauHas — 32 1ir.,
3amonsgpHasg — 10 ., Jdeiimoc — 10 mT., boryoouH-
ckas — 30 wr., Hiop6unckas — 50 wr., MHTepHaluo-
HajbHad — 50 mT. 1 pocchimneit: HiopouHckas (iecku) —
20 mt., BomopaszaenbHble rajiedyHuku — 11 mIT., oTio-
xeHus p. Upensx — 45 mt. AnMasbl UHIYCTPUATbHOM
cepum (Boart) He BOIIUTH B KOJUISKIIUIO IJISI U3YYEHUSI,
OTOMPAJINCH TOJBKO KPUCTAJLIbI IOBEIMPHOTO M OKO-
JIOIOBEJIMPHOTO KAYeCTBa.

st aHanm3a TUIIOMOP(HBIX XapaKTePUCTUK ajl-
Ma30B U COIepKaHMsI KPYITHBIX KPUCTAIIJIOB B MECTO-
POXIEHUM B3SIThI PE3YJIBTAThl M3Y4eHUS aJIMa30B U3
Tre€0JIOTUYECKUX ITPOO KOPEHHBIX MECTOPOXIECHUM,
IIpU 3TOM KPYIHBIE ajiMa3bl ObLIN IIPEACTaBICHBI
KiraccoM +1.8 Kapar, 1OCTaTOYHO MPeACTaBUTEeIbHBIM
B KOJIMYECTBEHHOM OTHOIIICHUU.

METOJAbI NCCJIEJOBAHHUA

M3yyeHue aamMa3oB IPOBOIUIIOCH C IPUMMEHEHUEM
METOA0B MUKPOCKOITUY U CITIEKTpOCKOIuu. B pamkax
JaHHOI pabOTHI TPOBEICHO UCCIETOBAHNE OCOOEH-
HoCTei MOP(OIOTUN, OIITUKO-CITEKTPOCKOITMUECKUX
CBOMCTB U KaUECTBEHHBIX XapaKTePUCTUK aJIMa30B,
a Takke (pa30BOro coctaBa MUHEPaJIbHBIX BKJIOYE-
HUI1 B HUX.

Munepanoeuueckoe onucanue aama3o6 BHITIOTHEHO
¢ moMolibio ouHoKysipa Leica Wild M420 u 6uHOKY-
JsipHOTO MUKpockomna Leica M205 ¢ BBICOKOUYBCTBU-
TeNbHOI g poBoii Bugeokamepoii Leica DFC495 non
yrpasieHneM nuiieH3nonHoro 10 “Leica Application
Suite” (LAS) version 4.1.0 build 1264.

W3yueHue okpacku aimazoe IIPOBOIWIIOCH B TAAIIA30-
He BoJiH 380—850 HM Ha cniekTpodoroMeTpe Shimadzu
UV2550 (SIrnoHust) ¢ IMpoKrUM AUANa30HOM U3MEHEHUST
criekTpanbHO# e — ot 0.1 7o 5 Hm.

st BO30YXXneHUs1 ghomonromuHecyeHyuuy TIpyu xa-
paKTepUCTHUKE 1IBETa CBEYEHMS UCIIOIb30BaH JIa3ep
AWIJI-3 ¢ mmnoit Bonab! 337 AM. CheMKa CIIeKTPOB (Po-
TOIOMUHECIICHIINY KPHUCTAJUIOB aJIMA30B BHITIOJTHEHA
C CroJb30BaHKUeM Bo3MoxkHocTeil KP-Mukpockona
InVia. MUcrounuk Bo30yxaeHus jazep KP-mukpockorna,
A\ 325 HM, MoutHOCTb 20 MBT.

Cnekmpockonus KOMOUHAUUOHHO20 PACCESAHUS
(KP-cnexmpockonus, Pamanoeckas cnekmpocko-
nus). CheMKa CIeKTPOB KOMOWHAIIMOHHOTO pac-
CeSTHMS BKJIIOUCHMII B aMa3ax BBIIOJHEHA Ha
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KP-muxpockore Renishaw InVia (Bemmkoopuranus).
Bce criekTphI ObUTH CHATBI TP KOMHATHOM TeMIIepaTy-
pe. cTouHrK BO30YKIEHNUS — TBEPOOTEIbHEIN JIa3ep
KP-mukpockona, A= 532 M, MmoiiHocTh — 100 MBT.
Hcnonb3oBanack oTpaxarenabHas rojorpapuyeckas
mdpakiornHas penerka 1800 uH/MM, U3MepsieMbIii
CTIEKTpaJIbHBII TUana30H MpY BO30YKIaIOIIEM U3JTyde-
Huu 532 1M cocrasis 0 <+ 1800 cM~!. O6bekTHB 50X
(Leica). [IpueMmHUKOM n3mydeHus ciayxuna Ilenb-
the-oxynaxknaemass CCD-marpuua 1024 X 256, pasmep
MUKCENIST 26 MKM. 3asiBIeHHOE IMPOM3BOAMUTENIEM CIIEK-
TpaJibHOE paspelienue, He Hike 0.5 cM™' B BUIMMOM
Irana3oHe (IIpY UCIIOJIb30BAHUM COOTBETCTBYIOIIX
KOMOMHAaIIMIT UICTOYHUKOB CBeTa, 00bEKTUBOB U pe-
LIETOK), BOCIIPOM3BOAMMOCTh He Huxe 0.1 cM~.

HK-cnexmpockonuueckue uccaedosanus (CbeMKa
MHPpaKpacHBIX CIIEKTPOB) aJIMa30B MPOBOAMINCH
Ha UK-Dypre-cniektpomerpe Bruker VERTEX 70
B KoMrutekce ¢ MK-mukpockorom Hyperion 2000. [u-
anasoH usmepenuii 400—5500 cm™'. Bolia BbIoNnHEHA
CheMKa MHTETPAIbHBIX (CO BCEro 00beMa KPUCTaLIa)
crieKTpoB. HopMupoBaHue CIIEKTPOB OCYIIECTBISUIOCH
M0 MOIJIOIIEHUIO B IBYX(hOHOHHOI o6n1actu (bokuit
u ap, 1986; Zaitsev, 2001). ITo ciexTpaMm orpenes-
nuchk KoHueHTpauuu C-, A-, Bl-, B2-nedexToB ain-
Ma3oB. KoahduieHThl MOIoeHUs Ha YacToTax
1973 1 2500 cm~! coorBercTBeHHO, 1973=12.5 cm~!
1 02500 = 4.9 cM~! GbUTM BHIOPAHBI B KAYECTBE Tapa-
METPOB BHYTPEHHETO CTaHIapTa.

HnenTudukaius MUHEpaJIbHbBIX BKIIOYEHUH IIPO-
BelleHa MeToIOM KOMOMHAIIMOHHOTO paccesHus (Pa-
MAaHOBCKasI CIIEKTPOCKOITHS ).

PE3VJILTATbI UCCJIEAOBAHUN
N UX OBCYXIAEHUE

BobIMHCTBO M3yYeHHBIX aIMa30B OTHOCUTCS
K I pazHoBuaHocTu 1o }O.JI. Opnosy (Op:os, 1973).
Kpucranner anmaza okrasapudeckoil GopMbl ObLIN
BCTPEUYEHBI BO BCEX MECTOPOXKIECHUSIX, HAUOOJIbIIee
KOJIMYECTBO OTMEUYEHO B MecTopoxaeHusix MbAP
(tabm. 1, ctp. 374—383). AnmMmassl TIepexoaHoin ¢Gop-
MBI psiia OKTa3ap-poOMOOIOaeKasIp YCTAHOBICHBI
B 13 u3 14 mectopoxaeHusx (¢ur. 2a). Pexe BcTpe-
YaloTcs JJaMMHApHbIE POMOOAOAECKAIIPHI, OKPYTJIbIE
JIONEeKa3IpOUAbl, KyObl 1 KOMOMHALIMOHHBIE (POPMBI.
W3 npyrux pazHosunHocteii 1o F0.JI. OpnoBy 0bu1H
BoIsBIIeHBI KyObI 111 pazHoBugHocTu (Tp. 3aps), an-
Masbl B o6ojtouke IV pasHoBumHocTH (TpyOKM Afixar,
boryoonnckas n Hiop6uHckas) 1 moITUuKpUCTAJIIN -
yeckue cpoctku VIII pasHoBumHocTH (Tp. Ajixan,
poc. p. Upensx).
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®ur. 1. Dortorpaduu usyyeHHbIx anmasos (a, 6) (uBet DJI) — tp. MHTepHauuroHaabHas (Ne242); (B, r) (uset DJI) —
1p. Hiopounckas (Ne167); (m, e) (uBet DJI) — Tp. Ymaunag (Ne79); (k) — tp. boryo6unckas (Ne135); (3) — 1p. BoTyoOouH-
ckas (Nel125).
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[Ipu BU3yaapbHOM M3YYEHUH ITIOBEPXHOCTH aIMa-
3a OIMMCAHBI pPa3IUYHbIe BUABI CKYJIBITYp (Tabm. 1,
ctp. 374—383). OcobeHHO BhIIesIeTcs Tpyoka Hrop-
ouHckas (92% anma3oB co cKyabnTypamu). Yaiue
BCTpedaloTcsl GUTYPHl TPaBICHUS B BUIE TPEYTOJIb-
HBIX BIIAAWH (MaKCUMAaJIbHOE KOJIMYECTBO B TPyOKax
Hiop6uHckas, 3apuuna n MAETepHAaIIMOHAIbHAS ),
a TakKe “IIpaMbl” — KaHaJIbl TPABICHUS Pa3TnIHOMN
MPOTSKEHHOCTH U IyOuHBIL. 1o KomuecTBy 1IpaMoB
Ha ITOBEPXHOCTHU JOMUHUPYIOT aJIMa3bl TPYOKU Aiixal
u 3apHuina. OTMeUYeHBI TAKXKe YeTBIPEXYTOIbHEIC BIIa-
IWHBI (MAaKCUMaJIbHOE KOJIMYECTBO B Tp. Afixain), Ka-
BepHBI (Tp. 3aIosapHasi), IIOJI0CHl IUIAaCTUIECKOMN
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nmedopmanmn (Tp. 3apHUIA), YepenuTIaTas CKYJIh-
nrypa (Tp. 3apHulia) u kopposus (poc. HoBuHka).
HaubGonpmiee Koam4ecTBO aiMa30B 03 CKYIBIITYP
OTMEYEHO B Tp. boryobuHCKas.

Cpenu KpyIHbIX aJIMa30B BCTPEUAOTCS KpUCTa-
JIbl pa3IMYHOMN OKpacKu: OECLIBETHbBIE, XKEJIThIE U KO-
PUYHEBBIE pa3HOM HACHIILIEHHOCTU, CEphble, YEPHBIE
(ur. 26). B 60oJIBIINHCTBE MECTOPOXKICHUI MIpe-
001a1a10T ajIMa3bl KEJITOTo psiAa, Jalle c1adoHacChl-
meHHble. OCOOEHHO MHOTO TaKMX aJIMa30B B MECTO-
poxaeHusx MBAP. B Tpyokax Afixan, boryoOuHckas
u HropOuHckast 3auKCHUpOBaHbI aiMa3bl B 000JI0YKe

®ur. 2. OCHOBHbBIE XapaKTEPUCTUKHU U3YUYEHHBIX KPYITHBIX aIMa30B U3 MECTOPOXICHUI SKyTHH.

1 — 1p. Aiixan, 2 — 1p. 3aps, 3 — 1p. FOOuneiinas, 4 — tp. 3apuuua, 5 — tp. Yonaunas, 6 — tp. 3amonspaas, 7 — 1p. eiimoc,
8 — p. HoBuHka, 9 — tp. boryobunckas, 10 — tp. HiopouHckas, 11 — poc. HiopouHckasi-niecku, 12 — tp. MUHTepHanmo-
HanbHasi, 13 — poc. BomopasaenbHble rajledHuKkU, 14 — otnoxeHust p. MUpensix;

a — radurtyc: O okrasap, O-D mepexogHas ¢hopMa psiaa oKTasap-monekasap, R mamuHapHbIi poMbomonekasap, D okpyr-
nblil mopekasapoun, C kyo, COR komouHaumonHas ¢gopma, 111 ps, IV pB, VIII pB — paznoBunHoctu no KO.JI. OpnoBy;

06 — rpynnsl no uBety: Cl — 6ecuBetrHble, Lt Y1 — cBeTno-xkentoie, YI — xentoie, Dk Y1 — HacbieHHO-XenToie, Lt Brn —
cBeTo-kKopuuHeBbie, Dk Brn — temHo-KopuuHeBsle, Gry — cepble, Blk — uepnble, Ctd — amMassl B 060JI0UKE;

B — cOpTHOCTh: Gem — 1oBeJMpHbIe aiMa3bl; Near Gem — OKOJIOIOBEJIMPHBIE aJIMa3bl;

r — uBeta QoroidoMuHecHeHUuu: Bl — cuHe-rony6oit; Pnk — po3oBo-cupeHeBbiil; Y-G — XenaTO-3eJIeHBbI;

VI — pUOIETOBBIIA.
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(IV pasnoBugHOCTE MO Kmaccudukaunu FO0.J1. Oprno-
Ba) C HACHIIIIEHHBIM JKeJITO-3eJICHBIM 1IBETOM BHEIIIHE
30HEKI K 60JIee CBETIIBIM SIIPOM.

BoNbIIMHCTBO KPYITHBIX aJIMa30B COIEPXKAT MUHE-
panbHbIe BKTIoueHus (91%). Hanbomee pacnpocTtpa-
HEHBI TpaduT 1 pa3IMIHBIC CYTbMUIBI, COmepKaIIIecs
B 83% usydeHHBIX anMa3oB. B KP-crnekTpax BkITIO-
yeHus rpadurTa UMEIOT OTHY MHTEHCUBHYIO MOJIOCY
okosio 1580 cm™! (G-mosioca). B ¢Bd3M ¢ TeM, 4TO HET
METOAMKU pacuyeTa MUHEPaJbHOIo COCTaBa Cyab(uI-
HBIX BKJIIOUeHMI 110 faHHBIM KP-criekrpockonuu,
B pabote Bce Cynb¢pUIHBIC BKIIFOUEHUS OObeTUHEHBI
B €IMHYIO TPYIIITY.

OcranbHble OOHApYKeHHbIE BKIIIOUEHUS TIPEI-
CTaBJIeHBI KaK MUHEpaJlaMU IICPUAOTUTOBOI aCCOIIM-
anuu (OJMBUH, XpPOMUT, MaJIMHOBBIH ITMPOII, SHCTA-
TUT), TaK U SKJIOTUTOBOM (OpaHXeBbIi rpaHaT, oM(a-
uT). B KpynmHBIX aMa3ax HaMU ObLIA OOHAPYKEHBI
BKJIIOUCHUSI, BCTPEYAIOIIECs B aJIMa3ax JOBOJIbHO
penko,— Hanpumep gioronut. OI0Oromnur B BUaE
KPUCTAJJIOB OKTa3ApUUeCKOM (POpMBI OBLT OTMEUEH
B ayiMa3zax Tpyook KOo6uneitnas, boryoouHckas, Hiop-
ouHckasl, MHTepHalMoHalbHas U pocchinu Bomo-
pasnenbHble TajJeyHUKU. OKTasnpuiIecKuii rabuTyc
(roronuta, MPENNOJOXUTEIBLHO, CBSI3aH C HACIEI0-
BaHHEM (pOpPMEI MUHEpaja-Xo3sgruHa. M3BeCTHO, 4TO
yacToTa BCTPEYaeMOCTU BKJIIOUEHUI (pyioromnura B aj-
Ma3ax cpaBHUTEeNbHO HU3Kas (0.1%) (Cobones u ap.,
2009; Meyer, 1987). Bmecte ¢ TeM (JIOrOmuUT SIBJISIETCS
BEOYIINM MHINKATOPOM MAaHTUIAHOTO MeTacoMaTo3a
(O’Reilly, Griffin, 2013), 4To ¢ y4eTOM TTOBBIIIIEHHOMN
pacIpoOCTPaHEHHOCTH TAKOBBIX B M3yYeHHBIX HAMU
anmMa3zax (1o 10% B HEKOTOPBIX MECTOPOXKICHMUSIX)
(Tabu1. 1) MOXeT CBUACTENLCTBOBATH O BEAYILEH pOIn
JIETY4MX KOMIIOHEHTOB B 00pa30BaHMU KPYITHBIX aJl-
Ma30B 1 YKa3bIBaeT Ha 3HAUUTEIbHBIC OTJINYUS OT
anMmasoB “CLIPPIR”.

Ha croumocTh aMa30B BIKUSIOT UX pa3Mep, Kpu-
cTaytorpaduueckas popma, Haruaue nePeKToB
B BUJIE TPEIIWH U BKJIIOYEHU, MPO3PAYHOCTh U LIBET
(F'OCT P 51519.1—-99). KpynHbie aaMa3sbl IOBEJIUP-
HOTO KayecTBa OTMEYEHbI BO BCEX MECTOPOXIEHUIX,
HauboJIee BBICOKAS AOJISI IPUXOAUTCS HA POCCHIITHEIC
MECTOPOXICHMSI, UYTO CBSI3aHO C €CTECTBEHHOM MpU-
POIHOIT COPTUPOBKOM ((PUT. 2B).

B n3y4eHHBIX aTMa3ax MpeooIaTaouMuy 1IBETa-
MU (DOTOTIOMUHECILICHIINY SIBIISIIOTCSI CUHE-TOJIy00i
U pO30BO-CHUpPEHEBBIN (ur 1, pur. 2r), mpuyem cpeau
anMaszoB JlanablHO-AJIaKUTCKOro 1 MyHCKOro paiio-
HOB JOMUHUPYIOT KPUCTAJUIBI C CUHE-TOIy00i1 (hoTo-
JIIOMUHecIIeHInei, a Manobotyoourckoro n Cpen-
He-MapxHHCKOTo — ¢ pO30BO-CUpeHeBoit. Takoe cooT-
HOIIIEHNE aJIMAa30B I10 IBeTaM (hOTOIOMUHECIICHIINI

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU
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COOTBETCTBYET JAHHBIM 13 OOJIBIIIOIO MACCHBA MEJIKIX
anMasoB (baza naHHbIx “RSEARCH — AJIMA3bI”)
(BaGenuH u ap., 2016) 13 reoa0rMYeCKMx Mpood cooT-
BETCTBYIOIIIUX MECTOPOXICHUM, a TaKXKe paHee OITy-
OMKOBaHHBIM padoTtaM (3MHYYK U Ap., 2001; 3uHUYK,
bapnyxunos, 2021, 2022, _,). B 6onblIMHCTBE MECTO-
POXOEHUI OBUIM OTMEUYEHBI aJIMa3kl C KEIITO-3eJICHOM
(oTomoMuHecLieHITEH, (PHUOIETOBOI U eIMHUYHBIN
cliyyaii ¢ xxentoit (Tp. boTyoOuHCKas), a TaKKe He-
CBETSIIIIMECS UHAUBUABI (MAaKCUMAJIbHOE KOJIMYECTBO —
B Tpyokax boryobuHckas u Aiixan). OTMedeHbI TaKKe
ajiMa3bl C 30HAJIbHBIM CBEYEHUEM — KOMOMHAalIei
JIByX LIBETOB (DOTOTIOMUHECIICHIINY B pa3HBIX 30HaX,
OIHAKO TaKue 00pa3libl IPUCYTCTBYIOT HE BO BCEX
U3YYEHHBIX MECTOPOXKICHUSIX.

H3ydeHne ¢hoTOMIOMUHECHIEHTHOM CIIEKTPOCKOIIHI
KPYITHBIX aJIMa30B IT0Ka3aJIo, YTO B CIIEKTPax CBeYe-
Hus 357 kpucrtamioB (94%) nmpucyTCcTByeT mooca
N3 (415 um), B 241 anmasax (64%) oHa TOMUHUPYET,
onpezaessisi po30BO-CUPEHEBBIN, CUHUI (ro1y00ii)
uBeT cBeueHus (tabi. 1, ctp. 374—383). ITonocet H3
(503 HM) 3apeTUCTPUPOBAHEL B CIIEKTPaX JIIOMUHEC-
neHuuu y 70 anmasoB (19%) u 12% anmasos, oHa
JTOMUHHUPYIOT B crieKTpax. KpucraaioB ¢ 6eccTpyk-
TYPHOM MOJIOCOM JTIOMUHECLIEHIIMU ¢ MAKCUMYMOM
640 um 127 xkpucrasios (34%).

B tabauue (tabu. 1, ctp. 374—383) npencraBieHbI
Ppe3yJIBTaThI OIpeNeIeHUSI OOIIETo COnepXKaHMsI a30Ta
(cymmapHoe conepxkanue azota B A u Bl dopmMax), KoH-
LieHTpaLys a3ota B A-chopme, Bl1-hopme, B% (arperarius
a3oTa), MTHTEHCUBHOCTH MOIIoIeHus B2-11eHTpa, rmosmio-
JKeHUe MoJIOChl B2-11eHTpa, MIHTEHCUBHOCTD MOIIOLLIEHYS
Ha uaun 3107 em™! (H-LieHTp).

B nemnom comepxkaHue oOIIero a3ora B KpYIHBIX
aJMa3ax HaXOAUTCS B IIIMPOKOM AHaNa3oHe U Ba-
pbupyeT ot 0 mo 1142 at. ppm (dur. 3, Ta6a. 1). Ipe-
00J1aJa10T KpUCTAJLJIbl CO CpeAHEeN KOHLEHTpaluei
ctpyktypHoro azora 400—950 at. ppm u arperaiueii
20—40%. I1pu 3TOM B BLIOOPKAX 13 MECTOPOKICHUIA
HOAAP, CMAP u MAP oGHapyxeHo 19 6e3a30THBIX
anmasos (N, MeHee 25 at. ppm), IIPEACTaBIEHHbIE
JIAMWHApHBIMA pOMOOAoAeKa3IpaMu, ITePeXOTHBIMU
(dopmamu n Kyomyeckum radburycom I pasHoBUIHOCTH
no Oprosy FO.JI. (Opnos, 1973).

Ha nuarpamme pacrpeneieHusI aIMa30B 10 KOH-
LIEHTPALMU CyMMapHOTo a3ora (N, ) ¥ CTelneHu arpe-
rauuu (B%) (¢ur. 3) mecropoxnenus JAAP o6pasyior
0o0IIIMpHOE 00JIaKO TOUEK, YTO MOXKET YKa3bIBaTh Ha
(bopMuUpoBaHUE TAKKX aJIMa30B B pPE3YJIBTATe HECKOJIb-
KHX 3TaroB aiMa3oobpa3zoBanus. Kak BugHo 13 ¢ur. 4,
colepxKaHUe KPYITHBIX aJIMa30B B MECTOPOXICHUUN
KOppeJIUpYeT C YpOBHEM arperaiuu aiMa3oB, 3aBU-
CAILIMM OT 0COOEHHOCTEM pOCTa MU ITOCTPOCTOBBIX
Ne 4
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®@ur. 3. PacnipeneneHue 3HaUeHU KOHIIEHTpaK cyMMapHoro a3ota (N,,) ¥ cTeneHu arperauuu azora (%B) B KpyImHBIX
ajMasax M3 MPOMBIIIUIEHHBIX MECTOPOXACHUM AKyTrK. 3HaueHus1 HaHeceHbl Ha nuarpaMmy Teiinopa (Taylor, 1990). Me-
CTOPOXIECHMS CTPYIIITMPOBAHBI 110 TPEM JMarpaMmaM € y4eTOM Bapualluu puMecu a3oTa (0T y3KOii 10 IIUPOKOIt).
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M3MEHEeHUI aaMa3sa. B To ke BpeMs KpyITHbIe aIMa3bl
n3 CMAP nu MBAP na nuarpamme (¢ur. 3) mocratou-
HO IUIOTHO CTPYIIIIMPOBAHbI, B YACTHOCTH JaHHBIE 110
anMasam u3 Tp. MHTepHamoHaIbHas IIPaKTUIeCKU
OIMHAKOBBIE, YTO CBUACTEIBCTBYET O €AMHBIX TEM-
IepaTypHO-BpeMEHHBIX ITapaMeTpaxX 1 MAaHTUITHBIX
ycaoBUsIX oOpa3oBaHUs aiMas3a. Takum odpazoMm,
MOXHO IIPEATIONIOXKUTh, YTO HanboIee IPOTyKTUBHBI-
MU Ha KPYITHBIEC aIMa3kl SIBJITIOTCSI Te MECTOPOXKIIE -
HUSI, B KOTOPBIX OOJIBIIMHCTBO aIMa30B IIpUHAIEKAT
OIHOM MOMYJISIIINY — CPpeIHEea30THRIM HU3KOarperu-
POBaHHEIM ajiMa3aM (TeMIiepaTypbl (D OPMUPOBAHMS
anmasza ~1100°C).

OTIMUNTEILHON 0COOEHHOCTBIO N3YYCHHBIX all-
Ma3O0B SBJISIETCS OYeHb HM3KAasl MHTEHCUBHOCTD WX
nosHoe orcyrereue auHun 3107 em~! B UK -cniexTpax,
KOTOPYIO OOBIYHO CBSI3BIBAIOT C IIPUMECHIO BOIOPOa,
B Buze nedexra VN, H (Goss et al., 2014). B Hamnx
HUCCIeA0BAaHUSIX TOJBKO 1Sl 11 KpucTaninoB 3auKcH-
pOBaHbI KO3G(MULIMEHTHI MOMIOLIEHU Goee 2 cM ™,
IIPY 3TOM YCTaHOBJIEHO, YTO B OMHOM KPUCTaJLJIe MH-
TEHCUBHOCTH NoJiockl 3107 cm~! mocturana 4.9 cm~!.
HogBrle nccienoBanus BonopoacoaepKaiiyx leHTPOB
coBpeMeHHBIMI MeTomamu SIMS (Macc-criekTpome-
TpUs BTOPMYHBIX MOHOB) ITOKA3aJI, YTO TOJIBKO 9aCTh
BOIOPOIA HAXOMUTCS B ONITUYECKM-aKTUBHOM (Dopme
1 MOXET OBITh OIIpelie/ieHa CIIEKTPATbHBIMKI METOIAMU
(Kammuckuit u np., 2020). B To e BpeMs B paboTax
(Xauarpsa n np., 2008; Fritsch, Hainschwang et al.,
2007; XagaTpstH, AHamkHa, 2021) KOHIIeHTpaInio
BOIOPOICOIEpKAIINX Ae(DEKTOB, OIIPENeICHHYIO Me-
tonoM MK-crekTpockonuu, CBSI3bIBAIOT C MEXaHU3-
MaMHM pOCTa U MAHTUMHBIMHU YCIOBUSIMU aIMa30-
00pa3oBaHUs. DKCIIEPUMEHTAIEHO YCTAHOBICHO, YTO
IIPY OTIpeeSICHHBIX YCIOBUSIX 00pa3oBaHue aIMas3a
IIPOMCXOINT B pe3yabTaTe peaklny JUCCOIUALIN
MeTaHa. [1000YHBIM ITPOXYKTOM TaHHOTO IIpoIiecca
saBisieTcs Bogopon (Sokol et al., 2017; Kolesnikov et al.,
2009), KOTOpBIi1 MOXET BXOAUTH B CTPYKTYPY ajiMa3a,
YTO C YIETOM HAIIIMX JAHHBIX O HU3KOM COICPKaHUH
BOIOPOIA B KPYITHBIX aJIMa3ax, CBUIETEIILCTBYET O He-
61aronpusATHOM (paKTOpe HATMUMS ITOBBIIIICHHBIX
KOHIIEHTpAIIMii BOAOPOAA MPpY aiMa3000pa3oBaHuU
KPYIHBIX MHAUBUIOB. Ha 3ToM 0CHOBaHUM MOXHO
cenaTh BBIBOI O TOM, YTO MOBBIIIEHHBIC 3HAYCHUSI
KOHILIEHTpaL1 BOJOPO/A B aJIMa3ax He TOJIEKO OTPH-
11aTeIbHO CKa3bIBAIOTCS Ha 0011l aTIMa30HOCHOCTHU
MECTOPOKACHMSI, HO U B IICJIOM KOHTPOJIUPYIOT CHH-
JKEeHUE comepKaHusl KPYITHBIX aJIMa30B.

CornacHo MOp(MOIOTHIECKOMY KPUTEPUIO ajIMa-
30HOCHOCTH, cpopmynupoBaHHoMy B.M. Kontu-
neM (3unuyk, Konrums u ap., 2001), eciiu mojist Kpu-
BOTPaHHBIX TOAEKAAPOUIOB MpeBbimiaeT 18—20%,
KMMOEPJIUTOBOE TEJIO MOXHO OTHECTU K KAaTErOpUU
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HU3K0aJIMa30HOCHKIX. IloMuMo aTOr0, B ITMTepaType
OIlMCaHa KOPpEesLMs MeXIy pacIipeneieHueM a3oTa
Y BOAOpPOIA B aIMa3ax U aJIMa30HOCHOCThIO MECTO-
poxaeHus (XayaTpsiH, AHaumkuHa, 2021). C ogHoit
CTOPOHEI, YKa3aHHbIE 3aBUCHMOCTH MOTYT UMETh Me-
CTO JJ1s1 4YacTu AKyTCKMX MECTOPOXAECHUM, C IPYroi
CTOPOHBI — [IJISI MECTOPOXICHW I, UMEIOIIUX IIIUPOKIE
Bapraly KOHLUEHTpAaLUUM a30Ta (HECKOJIbKO reHe-
paluii aTMa30B, pa3aeIcHHBIX 110 BDEMEHU M TEM-
rnepaType), IpMMeHSITb YCPEeTHEeHHbIC 3HAYCHUSI, 110
HallleMy MHEHUIO, HE COBCEM KOPPEKTHO.

B Hamieit pabote mpeanpuHsATa ITONBITKA Ha OC-
HOBaHUM M3Y4YEHUS KPYITHBIX aIMa30B COIIOCTABUTh
pas3IMYHbIe TUTTOMOP(HBIE XapaKTePUCTUKU aIMa30B
B MECTOPOXAECHUU C COAEpKaHMEM KPYIHBIX KPU-
ctajtoB. Heo6xonMMo OTMETUTh, YTO YCpEeTHEHHbIE
JAaHHBIE 10 a30Ty IIPUBENCHBI IUISI BHIOOPOK aIMa30B
¢ arperaumeii npuMecu Huxke 30%, Tak Kak MpoBe-
JNIEHHOE MCCJIeNOBaHUEe KPYITHBIX aJIMa30B ITOKa3ajio
JTOMUHHMPOBAaHNWE HU3KOATrpeTUPOBAaHHBIX aJIMa30B.
Ha ¢wur. 4 orob6paxeHBI pe3yIbTaThl U3YUYEHUS al-
Ma30B U3 re0JIOTNYEeCKUX MPOO KOPEHHBIX MECTO-
poxnenuii (baza nanHbix “RSEARCH — AJIMA3BI”)
C MIPENCTAaBUTEIbHBIM KOJMYSCTBOM M3y4eHHBIX
aJIMa30B BCeX KJIACCOB KPYITHOCTH 110 TpyOKaM:
Tp. Aiixan — 806 wr., Tp. 3apst — 3440 wrT., Tp. KO6U-
neiitHas — 3105 T, Tp. 3apHuua — 4089 ., Tp. Ymau-
Hag — 6299 wit., Tp. SanonsgpHas (2664 wr.), Tp. Heii-
moc (181 wT.), Tp. HoBuuHka (3235 1r.), Tp. boTtyo-
ouHckas (1504 wr.), Tp. Hiop6unckas — 6050 mir.,
Tp. UuTepHanmonansHasg — 3141 wr. (3a6enuH, Ko-
BaJIbYYK U 1p., 2016). Bce 3HaueHUs npeacTaBIeHbI
B YCJIOBHbIX equHuLax. Ha ¢ur. 4 Tpyoku pacroso-
>KeHBI B IOPSIIKE YBEIMYSHUS JOJIM OKPYIJIBIX ajiMa-
30B. YCTaHOBJIEHO, YTO COAEPXKaHUE aIMa30B B 3THUX
TpyOKax 0OpaTHO MPONOPLIMOHATIBHO KOJIUYECTBY
OKPYIJIBIX TONEKA3IPOUIIOB.

Hapsny ¢ mopdoiorueii anmasa Ha ¢ur. 4 BeIHe-
CEHBbI yCPENHEHHbIE JaHHbBIE 10 O0IIEMY CONEPXKAHUIO
azora u ero arperauuu (basa nanaeix “RSEARCH —
AJIMA3bI”), a Takke conepKaHWe KPYITHbIX aIMa30B
Kj1acca +1.8 kapaT, 1OCTaTOYHO IPENCTaBUTEILHO-
ro B KOJIMYECTBEHHOM OTHOIlleHMU. Kak BUIHO 13
PUCYHKa, C POCTOM COJepXKaHUs a30Ta B ajiMa3ax
YBEJIMIMBACTCS TOJIST KPYITHBIX aJIMa30B B MECTOPOXK-
neHnu. HampoTtus, 1o arperanyuu a3ora B ajiMa3ax,
Kak MoKa3aTeJI0 MOCTPOCTOBOM UCTOPUH, OTMEUEHA
oTpuLIaTelIbHAs 3aBUCUMOCTD C COep:KaHUEeM KpyIl-
HBIX aJIMa30B.

Ha npumepe MectopoxaeHuii MyHcKoro paiioHa
(Tpy6ku JleiiMoc, 3anonsipHas 1 HoBrHKa) OTYETIMBO
HaOJogaeTcss 00paTHasi 3aBUCUMOCTb MEXTy KOHLIEH-
Tpaimeit a30Ta 1 aIMa30HOCHOCTBIO B CBSI3M C TEM, UTO
Ne 4
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Dwr. 4. KOppCJ'[HL[I/IOHHbIC 3aBUCUMOCTU OCHOBHBIX XapaKTEPUCTUK aJIMa30B.

MecTtopoxaeHus: cM. ¢wur. 2.

IMpuMeyaHue: OKPYIJIble MOAEKadNPhl, %; AIMa30HOCHOCTb, Kap/T; colIepkaHue aMa3oB Kiacca +1.8 Kapar B atMa3HOM
ceipbe, %; cpenHsisi LeHa anmasos, $/kap (manusie LICA, 2022 r.); N, CpenHuii, at.ppm — yCpenHEHHOE CONEPKaHUEC
a30Ta B ajiMa3ax; cpelHsis arperauusi, % — ycpenqHeHHas arperauus puMecy a3ora.

WMEHHO B 3TUX KUMOEPJIMTOBBIX TeIaX 3HAUUTEIHLHO
BBILLIC JOJISI OKPYIJIBIX aJIMAa30B, OTpaxkarollasl CTeleHb
BO3IEHCTBHUS HA aJIMa3bl IPOLIECCOB PACTBOPEHUS
U, COOTBETCTBEHHO, CIIeLIM(bUIHbIE YCIOBUS IBOJIIO-
LIMY aJIMAa30B JaHHBIX MECTOPOXIECHUIA. B aTOM Ki1toue
MectopoxneHus Jeitmoc, 3anonsgpHas 1 HoBuHka
MPEICTABISIIOT 0OCOObII MHTEPEC, TaK KaK IPpU HU3KOM
CYMMAapHOM aJIMa30HOCHOCTU B HUX YaCTO HAXOASIT
KpYITHBIE 1 0c000 KpyITHbIE (0osee 50 KapaT) aaMasbl.

CraTHuCTUYECKUE PE3YIBTATHL 110 CONSPKaHUIO
KpYIHBIX aMa30B (+1.8 kapaT) moKa3bIBalOT, YTO IS
BBICOKOAJIMa30HOCHBIX MecTopoxaecHUii MHTepHa-
nuoHanbHasg, boryobuHckas, HiopOuHcKkas u Aiixan
HabogaeTcs oopaTHast KOpPeasILus MKy KOJrde-
CTBOM OKPYIJIBIX aJIMAa30B U J0JIeH KPYITHBIX, COIepXKa-
HHUEM U LIeHOI aiMa3Horo chipbd (¢pur. 4). Hanportus,
JIJISI OCTaJIbHBIX pacCMaTPHUBaeMbIX MECTOPOXKIECHUIA
C TIOBBIIIEHHOM JOJIEH TOAEeKA3APOUIOB IIPOCICKABA-
€TCsI TIOYTH TIPsSIMasi 3aBUCUMOCTh. DTO MOXKHO 00b-
SICHUTD TE€M, YTO IIPOLIEHTHOE COMEPXKAHME OKPYIJIBIX
IOIEKa3IPOB, KOTOPHIE SBISIIOTCS (pOpMOil pacTBope-
Hud (ConuH, ZKumynes, 2002), moka3bIBaeT CTEIEHb

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU TOM 66

BJIMSIHUSI TIPOLIECCOB PACTBOPEHUS B MECTOPOXKJIE-
HUU — 9eM 00JIbllIe UX KOJTUYECTBO, TEM NUHTEHCUBHEE

IIPOMCXOAMJIN TIPOLIECCHL I TEM MEHBIIE aJIMa3HOTO

ChIpbsI HaOMomaeTcs B Tpyoke. Tak Kak pacTBOPEHUIO

0e3 ocTaTKa B MEPBYIO OYePeIb ITONABEPraloTCs MEJIKIe

ajiMa3bl, TO MEHSIETCSI paclipeneeHne KpUCTaJJIOB

IO KJ1accaM KPYIHOCTHU B TTpo0e, BCIEACTBUE YETO

3aKOHOMEPHO BO3pacTaeT 0JIsl KPYITHBIX aIMa30B

110 OTHOIICHUIO K OCTAJIBHBIM KJIACCaM KPYITHOCTH.
CpenHss LigHa aIMa30B 110 MECTOPOXKIEHUSM 3aBUCUT

OT MHOTHX (PaKTOPOB — (hOpMa KPUCTAIIJIOB, HAIMUUE

IedeKToB, IBETOBBIC XapaKTepucTuku. OmIHAKO pac-
MpeaeaeHue Mo KPYITHOCTH — CaMblil BaXXKHBIN (hakTop,
BJIVISTIOIINIA HAa CTOMMOCTBD aJIMa3HOTO ChIpbsl. Ha ¢wur. 4

MIPOCIISKUBACTCS TIPSIMast 3aBUCUMOCTD CPeIHE 1IeHBI

aJIMa30B OT KOJIMYECTBA KPYITHBIX KPUCTAJLJIOB B U3yYa-
€MBIX MECTOPOXIEHUSIX. HeCKoIbKO NCKaxkaloT KapTu-
Hy Tnoka3zatenu Tpyook boryoduHckas u KOouneiiHas

BCJIEICTBUE BBICOKOTO KQUueCTBa M CTOMMOCTH aJIMa30B

KPYITHBIX KJIACCOB, PE3KO MOBHIIIAIONINX CPEIHIOKO LICHY

aJIMa3HOTO CHIPHS.
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3AKJTIOYEHUE

BriepBbie mpoBeneHO U3yyeHue MpeacTaBUTeIb-
HOTro KoJIMYecTBa ajiMa3oB Maccoii 6ojiee 10.8 kapar
U3 TMIPOMBILIJIEHHBIX MECTOPOXIEHUI AKyTUM, 13-
BJICYEHHBIX B MIPOLIECCE PA3IEIbLHOTO O0OTallleHUS
PYIbI KaXI0M M3ydaeMoil KUMOEPIUTOBOM TPYOKU.

Ha ocHOBaHUM ITOJTYYeHHBIX JAHHBIX MOXHO IIPO-
THO3MPOBATh HAIMYKME KPYITHBIX aJIMa30B IIPU IIpe-
BapUTeJIbHOM OIIcHKE MecTopoxaeHuii. Tak, 1mo Ha-
[IeMy MHEHHIO, COYeTaHUE OIIpeNeIeHHBIM 00pa3oM
MOPGOJIOTMIECKUX Y OITHKO-CITIEKTPOCKOITMIEeCKIX
ImapaMeTpOB aJIMa30B U3 Ie0JIOrMIeCKIX KOJUICKIIMi
MOXET YKa3bIBaTh HA BEPOSITHOCTh OOHAPYKECHUS
KPYITHBIX UHIVUBUIOB.

OmpeneneHbl THITOMOP@GHBIE 0COOEHHOCTH U3-
YUYEHHBIX aJIMa30B IS TeJ C pa3IMYHbIM ColepXKa-
HUEM KPYITHBIX aJIMa30B U Ka4eCTBOM aJIMa3HOI'O
cbipbst. Cpenu aiMa30B Ie0JIOTMYECKUX KOJUIEKIIUA
YCTAHOBJIEHO IIMPOKOE PaCIpOCTpaHEHUE OKTa3IpOB
TSI KUMOEPJIUTOBBIX TeJI C BEICOKOI MOJei Kpym-
HBIX aJIMA30B; C IOHMKEHNEM COIepKaHMST KPYITHBIX
aJMa30B B KUMOEPIMTAX pacTeT A0JIsI TePEeXOIHbIX
GOopM 1 OKpYIIbIX AJoAeKa3apoB. st 60JbIIMHCTBA
KUMOEPJIMTOBBIX TPYOOK, TIe AOJISI CPeIHEa30THBIX
(500—800 ppm) HuU3KoarperupoBaHHbIX (10 30%)
KPUCTAJUIOB MoBhIilIeHa (6osee 50%) B coueTaHUU
C TIOHKEHHBIM coliepKaHeM TTpUMeECH BOAOpOa
(H,, mo 1.5 cM™!) 1 OKpyIIBIX TOKIEKAdAPOB (MEHee
20%), MOXHO OXMAATh HAJTMUYME KPYITHBIX aIMAa30B.
Hapsay ¢ aTum 115t KUMOEPJIMTOB C BHICOKUM CONIEeP-
>KaHUEM OKPYIIIBIX aiMa3oB (6osee 20%) 1 MOBBIIIIEH-
HBIM YCPETHEHHBIM 3HAaUYCHUEM a30Ta (IUIST TPYITIIEL
HU3KOarperupoOBaHHBIX aJIMa30B) TAKKE CYIIECTBYET
BEPOSITHOCTh OOHAPYKEHUST KPYITHBIX KPUCTAJLIOB,
YTO, II0 HAIlleMy MHEHHIO, CBSI3aHO C IIpOolieccaMu
IIPUPOTHOTO PACTBOPEHMS MEIKMX KPUCTaJIOB. B Ta-
KHMX MECTOPOXKICHMSIX BO3PACTAeT KOJIUIECTBO aJl-
Ma30B KPYIHBIX KJIACCOB B TOOBITOI MAapTUU U, CO-
OTBETCTBEHHO, CpEeIHEH LIeHBI 32 KapaT aJIMa3HOTO
cbIpbsi. UMeHHO mo3TOMY J00bIYA 2 IMA3HOTO ChIPbS
13 MECTOPOXIEHWI ¢ HU3KOM (YOOTO0I1) ai]Ma3oHOC-
HocThlo (Tp. 3apHua, HeitMoc) peHTabe bHa 3a cUeT
MMOBBIIIEHHOM JOJIM aJIMa30B KPYITHBIX KJIACCOB.

B nanbHeimmx padboTtax 1Mo 3ToMy HanpaBIeHUIO
HeoOXO0IMMO MPOBECTU PEBU3MIO U3BECTHBIX KMM-
oepautoBbix Tesl SAAIl Ha HaIMYKMeEe KPYITHBIX U OCO-
00 KPYITHBIX aJIMa30B 110 JAHHBIM I€OJIOTUYECKUX
KOJUTEKIIUIA.

[IpoBeneHHOE MccaenoBaHEe TOKa3aa0 aHOMAaJb-
HYIO pacIpoOCTPaHEeHHOCTh BKIIIOUeHUI (hIoronura
B KPYIHbBIX aaMa3ax (10 10% B HEKOTOPBIX MECTO-
POXICHUSX), 9YTO MOXET KOCBEHHO CBUIETEIILCTBO-
BaTh 00 X 00pa30BaHUU B MpoLiecCaX MAHTUIHOTO
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THE FIRST RESULTS OF THE STUDY OF LARGE DIAMONDS
FROM INDUSTRIAL DEPOSITS OF YAKUTIA

L. D. Bardukhinov’, E. M. Sedykh’, A. A. Evstratov?, K. V. Garanin?, N. N. Zinchuk’

Wilyuyskaya Geological Exploration Expedition PJISC “ALROSA”, ul. Vilyuyskaya, 7B, Mirny,
Republic of Sakha (Yakutia), 678174 Russia
2Public Joint Stock Company “ALROSA” ul. Lenina, Mirny, 6, Republic of Sakha (Yakutia), 678175 Russia
3West Yakut Scientific Center, ul. Tikhonova 5, b. 1, Mirny, Republic of Sakha (Yakutia), 678170 Russia
*e-mail: bardukhinovld@alrosa.ru

A representative amount of diamonds larger than 10,8 carats extracted from deposits of Yakutia during the
separate ore processing of each kimberlite pipe has been studied for the first time. It is shown that according
to such typomorphic characteristics of a diamond as habitus, nitrogen content and aggregation, hydrogen
concentration in a diamond, it is possible to carry out a preliminary evaluation of the deposit to predict the
presence of large and giant diamonds. It has been established that large diamonds from the deposits of the
Daldyn-Alakitsky area have a wide variations of nitrogen impurity and its aggregations in comparison with
diamonds from the Malobotuobinsky, Srednemarkhinsky areas. It is determined that the content of large
diamonds in the pipes of Yakutia is inversely proportional to the number of rounded dodecahedroids. The
most promising deposits for finding of large diamonds are those in which the majority of diamonds belong to
one population — average nitrogen low-aggregated diamonds that were formed at a temperature of ~1100°C.
According to the study of geological collections of diamonds, it is shown that in kimberlite pipes with an
increased nitrogen content in diamonds, a raising in the proportion of large diamonds in the deposit is noted.
On the contrary, according to the aggregation of nitrogen in diamonds, as a parameter of the post-growth
history, there is a negative correlation with the content of large diamonds. Increased value concentrations of
hydrogen in diamonds not only negatively affect the total diamond content of the deposit, but also generally
control the decrease in the content of large diamonds.

Keywords: diamonds, inclusions, IR spectroscopy, typomorphism of diamonds, Siberian platform

T'EOJIOTUA PYAHBIX MECTOPOXXAEHUN  tom 66  Ned

2024


mailto:bardukhinovld@alrosa.ru

375

IMEPBBIE PE3YJIBTATBI U3YUEHHW A KPYITHBIX AJIMA3OB...

€S EN 1'0 9°€9¢l 0°s1 0ty 6°TIS JE:I 09) LoH 1A a-o/ed » €11 134
EN 1'0 §°L9¢1 L8 €0¢ 9°6¢8 Jqud LoH b AVT a-o/ad » 1911 w
€S EN 0°0 P59¢l 0 vel 1'10¥ jqud Iud ‘dwQ ugdp IAVT 0/ad] » peTl = |47
eN 10 Th9el €L 8°C¢ 84S JE:I o) ugih ‘LY IAYT a-o/ad » pLTT W o
EN 10 9°€9¢l 9l I'sg (%1 g JS ‘ug LoH AYT a-o/ad » 1Tyl z 6
EN 10 L°T9¢l sal §°6S 8°99¢ 14 JSd I0 L3H IAV1 a-o/4d » 1Syl 3 8¢
€S EN 10 9°G9€1 'S €°LT 7886 Aud 1D bl 1A 0/ ad] » ¥9°1¢ 5 Lg
EN 1'0 S eoel €8 £pe 0°sSt Aud iie) LoH A a-o/ad » €0°ST 3 9¢
EN €0 #°09€l 6°Cl S°09 (749 1d LoH ngdy Ly IANd a-o/adi » 16°61 £ S¢
€S EN 10 9%9¢l (a4 L'ST €eLy Jyud LoH LoH AVT a-o/ad » PO°LI s ve
€S ‘EN 0 849¢l '8 8°St 8°L8L jqud 1) ugdp I A o/ad| » £6°61 €€
€S EN 0 9v9¢l ‘g 0°St $91L Jqud 10 I 1A 0/ 8d | wen 78°9¢ (43
EN “0¥S - - - - - UID-1A i) LoH wgIa ad 1] ” 18°S1 o I€
B ‘ ‘ ‘ B ‘ . wRDH ‘ wo
0r9 ‘€N 0 9°€9¢l L 8°6¢ 999, HOE 10 ugdy, A o N Lb81 m 3 0¢
€S EN 0°0 9°€9¢l £'c 1°61 6°€6¢ Aud i) ugdp IAY] 0 wen 90°Cl 8 6C
0cs 90 T°€9¢1 €1 €0C v018 "HOE LoH LoH £19 o/ad] B [Zall 8T
0zS 80 G°89¢1 80 L°81 9°Lp01 uIn-[x LoH RD| A1 O/ad » [Y9y41 LT
EN €0 1°9¢l 9 vy €9LT [E:I 10 ugdp ‘L) AV a-o/adq » 86°CI 9T
€N ‘0TS 90 9°€9€l €T L1T L'¥S9 wH-[x IS0 D AT O/ ad] » L£9°91 T
€N ‘0TS L0 6°19¢1 6T 6°8C €°ss 19 LoH D'l A1D MO0/ 8d | » 80°¢I T
0TS - - - - - "HOE LoH I A19 o/ ad| » 6£°CE €
0zs 8°0 L°69¢1 0y 0ty 6°0¢8 "HOE IS 1D ugip I A1 O/ ad| » #0°9C = [44
0TS §0 S°L9EL v'e e S°Lb8 un-[x 1oH uglh A19 o/ ad] » S6'v < K4
0T S0 6°99€1 60 1'81 8°I18L un-1x %) ngdy I £19 0O/ ad | » Y0°cl - 0T
€N ‘0TS 80 1°19€1 [ L€ 6°SLS "HOE 10 ugih A19 00/ ad | » L8°6T 61
€N ‘0TS 0°0 L'99€1 8°C L6l L18S “400H is} ugdy PO ad AL » S6°€T 81
0TS 10 €°0LEL 9°¢ €'¢C 1°'98L “HO0H 1D LoH o) ad AT » [yt L
EN ‘0FS 01 Totl 9 8°6C 9°08$ un-[x 10 ugih ‘L) A19 o/ ad] » 6£v1 o 91
EN “0FS L1 0°€9¢1 S0 1'9¢ £°88% "HOE IS 1D ugip ‘I A1 ¥0O/ 4d | ” $6°8¢ 3 Sl
EN “0PS 60 0'p9€1 €1 vst 1669 “HoE 1590 ugth fio o/ad] won | g0t | E pl
0%9 ‘EN 0 9°69¢€l1 Sl PI€ 9°91L "HOE is} ugdp Ly 1A a-o/adi » ¥8°TC o €l
€H ‘€S ‘EN L0 v69¢1 L1 0°08 S°816 19 0o} ugdp L A3 a-o/ad » S6°01 8 4|
0v9 ‘€N 0°0 L°69¢1 90 cu 0°ces "HOOH 10 ugdy, IAVT o/ad| » wel 11
€S 'EN 10 L19¢1 Iy 8°IE gsst fud LoH ugdp I AT 0/ad] » 19°61 01
EN 0% £'69¢1 60 sul Loty 1 AR 1oH AT | @-o/edp | wen | ssl 6
EN ‘0FS 0 0°29¢1 L'y 0°LE 8°€LT "HOE JS D ugdy ‘I g a-o/ad » yeTl 8
EN 0 6°19¢1 L1 8°6¢ o€l HOE IS 1D ugdp Iy A o/ad] » 06°C1 L
€N ‘0¥9 - - - - - "HOOH 10 M| A ad [TIA » 1791 9
oS - - - - - "HOE 1D ugLp £19 o/ad] ” 1081 S
0v9 ‘€N - - - - - "HO0H 10 .:mww,b_ A1D a-o/ed » LI'€T 4
ors - - - - - “HO0H 10 ugih ‘L) A o/ad ] » €7°8C €
EN “0S - - - - - "HOOH 1D ugLp ‘I A1 O/ad] » 66T 4
N ‘0TS - - - - - 200K JS90 | doudp Ty ) ad AL T 8L°0p I
91 S1 vl €1 a 11 01 6 8 L 9 5 v € 4 1
=
@ = -~
mm < P4 @ m = m g m m wm @) W
% £ = w S ) 2 2o gk g o = SR k] % g g
23 2 b o ¥ 2 23 | 2% 58 s | 7Eg | 2 |8 |2 g | =
2 3 g i ® 5 £ ¥ 5 E e Of 2 g 5 | 2 | B
e - T - e 53 Sz g8 E R ] = o
- 2 s "8 =& g g d =
m T < < I

UULAME UMHIKOJOLOIW XIIHHIUMIIINOAL €U d0€eIIre XIFHIAdY golieedgo muLondaredex J19HEOHO() *| BIMIOR],

04 2024

TOM 66

TFEOJIOIrUA PYAHBIX MECTOPOXIAEHU N



BAPOAYXWHOB u ap.

376

IS

eN §0 L19€1 01 0°LS 169 "HOE 95 11 90 ugdy D a-o/ad » st 8
EN €0 9°99€1 99 Sor £°16¢ "HOE 5] LoH A 0o/4ad] » Y98l I8
3 3 < 3 3 . w 3
eN 80 L09€1 4 016 6°LTl HOE %s) ugdp Ad a-o/adq aum A 14 5 08
<
N 00 79€1 L's 79 8°02C L ae 35 ugdp [y AT a-o/ad] . sir | 8 6L
10 94 ‘10 g
EN 10 ¥ 09€1 60 ¥'6C 69S a a0 ww ‘10 bl jie) a-o/ad » wa m.A 8L
-
9¢S ‘€S ‘€H ‘eN 0 €°29¢l 99 0t e JE:I awmuh,wu bl AV1 a-o/gd » L8°T1 m LL
079 ‘€S ‘EN 10 LY9€l 6°¢ v'IC 0°LEY yud JS 1D ) ugdp A 0/ ad] » PO€l 9L
€S EN 1'0 9%9¢l v'6 6ty s 1 1010 ugdp 1A 0/9d] » TesI SL
€S ‘EN 0 §zoel 1'6 [4i4 8769 1 JS 1D ‘ug LOH IAa 0/9d] won €0V YL
0TS “eN 00 9°G9¢l 01 €01 L°SLE yud ISIDTI0 ugdp I AV1 o/4d] B 10°1T €L
EN 10 L€9€1 8°01 I'Iv 6°1SY 1 ie) ugdp IAYT A/ ad] » 95°11 U
IS ‘€N ‘019 €0 €79¢l 68 ¥18 L'YIL yud 1D ngdy ‘L) uig 11 0/4ad] » P81 1L
EN 1'0 T09¢l 8°0 §°9C L19 JE:I JS1o uglh jie) y/ad] » 8T el oL
9.
EN 10 L19¢1 (44 £re 1ore 19 1D b 10 ¥/ ad | Mom 0S¥l 69
EN 10 119¢1 €y 69 8L 14 a5 m 90 1oH D a-o/ad » 881 89
N 10 9b9€l ‘11 9t £95S 14 10 LoH g A 4/ 8d| » S6°S1 L9
€S ‘€H ‘€N 0 LT9€T 69 v6€ €L 19 JS D ugdp IAVT o/ ad| » 9511 99
9€S €S €N 0°0 Teoel 81 viel 9°61¢ Aud 10 ugdy, D o/ad| » €0°¢1 9
EN 0 ¥19¢€1 9°c 0ty 661 19 JS o ugdp ‘L) AV o/4d]| won 1L°0T = 9
EN L0 0°19¢1 8°C 0°0S oLt 1a %s) LA D d/ad » 99°C1 z €9
167 “9€S “eN ‘€H 0°0 §°09¢l 1'0 '8 9°0¢ wo-[A | JSIDI0 ugdy, ug 1] d/ad| » zall ~ 9
9€S ‘TS ‘€S EN 0 L*€9€1 UL L'8Y Tiee g IS 1D LoH IAVT a-o/4d| ” |VArd! 19
EN “0S _ _ _ _ _ ar ¢ 0/ ad wen ‘ g
400H LoH ugdp ‘L) urg Nq a-o/ad 1m0 YOIl ) 09
d
16% ‘€S° €H ‘N 20 80951 61 £°6¢ 9901 19 JITS) 5 T 1D a-o/ad] won STl | m 65
SLS ‘9¢S ‘PH “EN 60 S 0LEl €0 00 €1 490H D Byl wx g Nq A/ ad| » 08°TI m 8S
11
9€S EH “EN ‘0TS 0°0 S19¢1 9°g (454 szee 400H EiNeTs} dm_:w uig a a-o/4d » 0€el m LS
EN 0 9°€9€l 'S I'ly 689C g IS 1D ugip A1 M/ ad] » 86°CI 8 95
9€S ‘vH €S "IN L1 Y 0LET LTI 0ty 7088 uIn-1x %s) D'l A y/ad| » PLET S
Y mmm mw oz - - - - - “a09H 10 ol wg g aunod . £0°s1 bs
EN ‘0¥9 - - - - - “HOOH 10 D'l g a/adg » SEsI €S
0r9 ‘EN €0 9°69¢1 L0l [a34 vc68 Jud 10 I AV a-o/adj » w8l 4
167 ‘9¢S ‘N ‘€H 00 6°09€1 10 I'6 08¢ un-1x IS 1D ugdp ‘ay g yq a-o/adq » 69°81 Is
9€S “€H ‘€N ‘0TS 10 S°09¢l Tl £pve 1'cL "€O9H JS 1D 0 ugdp ‘L) urg Nq o/49d » 10°61 0S
€S ‘EN 10 1°€9¢1 06 9°9¢ L'6ES 1d 1D ‘Iud ngdy ‘I IAVT a-o/ad » ¥9°1T 67
3 3 3 < 3 ot 3
EN 1'0 L°€9€1 I'L oy Ty 14 IS 1D D'l A1D y/ad| awm 8°1T 8t
€S ‘EN 1'0 LT9E1 L0 S 1861 “400H 1D 10 DI D a-o/adi » 88°91 Ly
EN 10 P 19€1 0y I'vS 0°cLl g JS 1D 10 ugdp ‘I D a-o/ed » €9°L1 9%
‘1
EN 0°0 7091 [ 84S 8°G8C 1 .msmu "wu ugdp ‘I IAVT o/4d] » 90°6€ St
EN 10 9°€9€1 v'8 L€ SIS g 1D LoH A d/ed | won 18°01 44
91 ST 4! €l cl 11 0l 6 8 L 9 S 14 € [4 1
=
(] = o | =
w o i< <
53 - z o & w5 =9 g 5% A g
oS ™ 1) Is) g B O m Iz =~ ) o =
= E = W o R = <=3 S & =| SO S & 5] -
ek ° B o = B g3 2% ek S N1 Z O - - N
S © N o y
s 2 3 : G % S | EE | 2: | E:f S | eEF | &8 | B | & |2
ez - L - S 53 §E g & E S S 3 S 5
== 8 g g = =2 q e 3 g
m S < 2 v @

"QUHOXIOTOd] | | BNHIQR],

2024

04

TOM 66

TFEOJIOTUA PYAHBIX MECTOPOXIAEHWU



377

IMEPBBIE PE3YJIBTATBI U3YUEHHW A KPYITHBIX AJIMA3OB...

. 10 §69g1 €0 99 §o1p wo-ik | Jsuo ugdp o) 0/ad] . a | g 12
0ss §0 SpLel L0 LSl LTS "HOE 10 Lo £1D M0O/ad] » 3l g 0zl
0v9 ‘€S ‘eN (4! 8°89¢1 §0 '8 8°0¢y "HOE JSID I A1p ¥/9d] » 1§43 % 0 611
€H EN 00 0°S9¢T 0T €91 Lv0g "403H ISTID ugdL TN PO ad Al ” Wy | 2 = 811
‘€H “EN ‘TS 0 L9L€1 0 9v1 '995 wD-1A 10 ugdp PO ad Al » 17°1€ ) ~ LI
€N 019 60 €£€9¢1 90 0€ 0°80% 403 1D ugdp £19 a-o/ed] . PEP9 £ 911
€S EN ‘tH ‘ ‘ . ‘ . B d d won ‘ g
00 8°SLEl 00 L'6 €°88¢ wD-IA 1D ugdp PO ad A woN 96°9¢ g s
N 00 L9€l 80 el €161 ud 1D LoH 1D a-o/4d] wen Syl il
16t ‘SLS ‘ _ ‘ ‘ ‘ B d ‘
‘965 “vH ‘EN ‘€H ono A oﬂo ﬁw 0 Mv 0 wo-IA 1D :mwr AV o/ed] » wmn: €1l
089 “VH “€H “tN 0 s'zoel 9 1'8L 0°sze It 1D ugdy Iy wg o/ad] » 86°01 — a
9€S “€H “EN “0CS 10 6'19€1 €°s §'19 (3914 1d 1D ugdp wgid | d-o/ady . 68l | 2 11
9€S ‘€H ‘eN 61 PiILEL 10 L'ty L°8¢l 14 1D ”:mmmw_c_ wg 3d a/adg ” 6591 3 011
w
9€S N ‘0TS 0 T19¢1 o 69 0°'8S wD-IA 10 ,:v_wm ,Mw wgia | da-o/edg - 6781 g 601
=
SLS ‘96 “EH EN 0% - 0% 0% 0 "49H 10 wgdy y | WA a/adi , srel | E 801
9€S ‘€H “EN ‘0§ - - - - - "HOE 10 ugdp Iy wgyd | d-o/ed] » 8¢*6l L01
w2
9€S ‘€H “EN “0C§ 80 §19¢1 8L 8'Ly 6'95€ "HOE 1D ugdp Iy wgi¥d | d-o/ad| Em 1$°Ly 901
EN S ) 119¢1 ¢t pog 0°0€1 19 s ugdp D a-o/sdj . 6511 )
9€5 "IN ‘€S “0v9 0 $zoel 6L 'S S§'e0L 409H IS0 ugdp Iy pit:| o/4d] » 7011 01
EN ‘€H 00 T09¢l 00 8°0 6°S1 400H JISID 10 LoH 10 a-o/8d] » 61°v1 €01
9€$ ‘tH N 0 6°09€1 LT L'69 691 14 1D ugdp Iy £19 a-o/ed| » 80°I1 201
9€$ ‘IS N ‘tH (40 0°19€1 s'€ TS 6°0L1 €00H IS0 "nmﬂmﬂi wg¥a | a-o/edp » €1yl 101
9€$ ‘IS “EN 60 0°79€1 19 0Ly 19y "HOE IS0 b wgya | g-o/adj » pL Il S 001
EN 10 L°09€1 LT I'ly 6°Epl i 1oH ugdp A1 a-o/adp » 68°¢l S 66
EN 0} 0°€9€l 9 0°0S 0°cee "HOE JSUID I £1D a-o/ed] » 9Ll = 86
3 < 3 3 < 3 3 wo G
€H “eN 0 T19¢1 €T 6°c€ €181 i IS0 ugdp 1D a-o/adp ;@m 1161 _ L6
N 0 0°9€1 L8 661 9°'L0Y 19 BN) ugdyp 1AV a-o/adp » 09°CI 2 96
N 10 6'19€1 t's L'Ly 6°05C 19 IS0 ugdp 1D a-o/ad won srel z $6
0¥9 “EN 00 L'€9€1 8y L'st L8 ud 1D ugdp 1AV o/ad] » sL'91 < 6
0v9 ‘€S N 0 P 69¢l 811 v'ee 6°026 Aud IS0 ugdp IAXa o/4d] » LLTT B €6
N 10 9°19€1 €T €8¢ vl i 14D 1d 10 ugdp s} a-o/ad| » €511 g 6
0v9 ‘N 00 £°29¢1 €1 P8I 9¥81 ud 1D ugdp I IAVT a-o/ed| wen (434l 16
SN 10 0°€9€1 19 8°0€ Lese 19 IS0 I [} a-o/ed| » $6°01 06
9¢s "tH N 0 1'79¢1 6C 1'cs 1'691 WoO-IA HN) ugdy Iy wgNd ¥/ ed » «€n 68
3N €0 8°19¢I L'L L'€S 6'8LE 19 o) ugdp 1D o/ad] » 91l 88
N L0 §'zoel I't L'9L 8°05¢ 19 1D 10 ﬁ%ﬁf@ £10 a-o/4d| - 88°CI L8
9€$ "€H "N 0TS 00 1°19€1 01 £°€T 186 "400H 10 ugdp I | wgya | @-o/edp . p9°€l 98
€S EN 10 9°€9€1 0zt (A2 9'vbs te o ugdyp AV 0/ad] » L€l s8
16% ‘ ‘ ‘ ‘ ‘ -0/ ad ‘
‘o "Eﬂmz ‘CH 4 $19¢l 60 Tor €L8 1d 1D :Mwh wg vy a-o/ed| . Jiadl +8
‘9€$ YH ,vmz ‘¢H 00 L'T9el 0 0°11 S8l 809H 10 I L wgdd | g-o/ed] ” 99°v1 €8
9l Sl 4! el 14! 1! 01 6 8 L 9 S 14 € [4 I
=
(] = o | =
o & z z . = =0 2 k= A 3
2F - = g 8 2 gz %S S OE& o w 3
=g == o o X = I=E=3 = & = Cow S & o -
g3 B N 9 = A sg | gE | fe SR - - R O - O
S ©° N = = y
g2 g e | 2| % > | §S | B8 | B3 | ¢ |sEE | & |& |E|¢
ez - — - =] 58 = g g = =R 3 S 5
=g 3 Z - = = & © g g
m £ = gv @

"QUHIXIOTOd[] '] enuroey,

04 2024

TOM 66

TFEOJIOIrUA PYAHBIX MECTOPOXIAEHU N



BAPOAYXWHOB u ap.

378

EN'EH "0T¢ 10 6°€9€1 Tl Il 190 O | JSUD Ty L wgya | g-o/sdj . Iy 191
0v9 “9€6 *€S "EN S0 8°0LET I'T gar 9°L5¢ yud IS0 ugdL I A1 a-o/4d1 » (454! 091
€H "EN "0Ts 0°0 9°9¢l 6°1 '8l 78 qud IS99 10 ugdp I wig 11 a-o/ad » €r'el 6S1
¢ 3 3 3 < 3 “H < <
0v9 N o L1981 8 681 L'69% | o e | ML AT o/ad] . 8zel 86l
EN “0¥9 - - - - - 00H 1D ugdp Iy wg ] a-o/ed] . 1€°€1 L81
€H EN "0cs €0 v 99€1 I'y 9°€T 7°€69 "409H 1D ugdp I Ad a-o/ed » L€l S 981
ovs 0T T'89€1 1 1T 8°L69 wn-x D ugdL I uIg 17 g-o/4d] » Y791 3 SSI
ENC0P9 &) pL9¢1 Iy Toz 6sts Wd | gD | rEdr AT | a-o/ud] . ool | £ pS
EN éwc 10 1°69¢1 (44 (Y4 0°8¢S yud IS 1D ngdp ‘I AT a-o/ad » ¥9°L1 3 €51
S EN 0¥S Il £°0LEl 4l sl S08¢ wo-[A | JSIDUD ugdp IAVT a-o/4d » 6£°61 y 491
EN "0cs €0 ye9gl Y 8°LT 1168 "HOE 0] ugdp L) g o/ad » 79°'cT z IS1
09 ¢ ¢ ¢ ¢ ‘ _ ¢ dr ¢ _ d won . =
‘€79 ‘98¢ €S “EN 0 9°69€1 I (474 1°9¢¢ un-x 1D U ugdL I A1 a-o/ad 109N P9°I€ g 01
CEN €0 £79¢1 6°¢l I'L8 1916 14 190 ugdr L) AT 0/ad] » L811 6v1
0v9°€S "tH tN ! £°89¢€1 €1 I'ee 8499 Aud J$ 1D ugdL I A1 a-o/adg » o'el 8vl
0v9 €H ¢N 10 S E9€l Tl 94| 8°€LT Aud JSun 1LoH A1 0/ ad] » 8971 Ll
el 0°0 9°€9€1 80 6l b6l 19 dwo ‘uo ugdy D o/ad] . £e'T 9p1
€S TS ‘€H ‘N ) ) . ) ) .
0v9 €S EN 0°0 €°99¢1 s'e S'6l 1019 ud 1oH ugdp 1A o/ad | won 79°9¢ St
EN0P9 €0 6°TLEl €T 6°L1 8°9Y9 uID-x iTs) ugdL T A5 q-0/4d1 » 69°1€ gl
‘eN ‘ ‘ ‘ ‘ ‘ wo ‘
EHEN 0ze 0% £e9gl £0 sL SLs1 Hud 10 i o} a-o/adr | 20| erhe £pl
EN 00 ¥'T9¢1 9c €€ 9°LIE 19 JS D LoH D a-o/ad » LL*91 m wl
EN ‘019 1D >
S0 S°L9ET 0°¢ 61 $°E6S yud ‘dwQ ‘uD ugdp AT 0/ 4d] » 6811 © vl
e ‘Tud ‘v
079 9¢S €S N 10 £°L9¢1 L'e 60 7868 ud ) ugdp I 1A 0/ad| won (Ul ol
9¢S EN €H 0zs 00 8°b9¢l 80 el 1'z8¢ H00H ) b wgyd | da-o/adj » £6°01 6€1
EN 0Y9 9T € eLel 6y 861 I°LLS "H09H Rls} ngdp I Bk a-o/adp » 16°6C 8¢l
Jes, €0 6'99¢1 (A4 vTy 9°96¢ “H00H 15 ugdp Ty 41D a-o/ad] » 8I°p1 = Lg1
€H €N "0Ts 1'0 £99¢1 §T L'eg 9I18% "H09H JS1o ngdr ‘I AT a-o/ad » Ssml m 9€1
0TS ‘EN Tl T'69¢1 (4} L6 6°SLE wn-1A 1D ugdp I uwg 1y a-o/ed » 8S°I1 8 SEl
0TS ‘EN 0°0 0°99¢1 L0 sor $'88¢ "8O0H 0 IoH g 17 a-o/4d g » 8LLIT m el
PN ‘0¥9 00 £°99¢1 81 (W1 LIS "400H 3] LoH £1D o/4d » 08°81 3 €€l
EN ‘019 1’0 P 69€T 9T 9°0C 0°889 qud D ugdy ‘L) A a-o/ed| » W g 431
3 3 3 3 3 3 w " o]
0v9 ‘N 00 Tr9el I'e 8°61 0°9t¥ qud 3] LoH A1 o/4d] som L6°81 g 1€l
0
EN “0%9 0 T°99¢1 I3 €°0¢ 1°0€9 qud 1D ‘Tud TIoH AT a-o/adp » 09°6C = o€l
0v9 ‘N 00 S'g9€l LT 8°61 9°9TY qud 1d 10 it D o/ad » L9°T1 621
0v9 ‘N 1'0 S°L9€1 0°S 944 6°618 yud ilte} ugdL I A o/4d » 06°SI 8Tl
0v9 ‘EN ‘0 9p9€T ! L1 670 qud JSID ugdy ‘L) IAYT o/8d] » (! Jrdl
EN €S IS "SLS 10 £°85¢€l 00 L'st Sy 1A 1D IoH 1A a-o/adp weD vl 9zl
VH €N "tH 0 LpLED 1I'0 €91 €1vT "800H 1D LoH 2] ad AL » ¥8°II st
0%9 ‘€H €N 9°0 1'79€1 01 9t PIpE ‘HOE JSID ToH A10 a-o/4d1 » 00°€T 74!
ﬁwwu.mu 00 9°0LEl L0 (21 (4339 wn-[1x 1D ugdp PO ad AL » 96°S1 €Tl
‘966 ‘6N “€H 00 8°99€1 70 L's1 0°LST A 0] LoH g 17 a-o/4d1 » e (44!
91 Sl 4! €l 4 11 01 6 8 L 9 S 14 € C 1
=
<] = = =
o T w o i< =
e < o W g3 m m m m E mm —~ & @ m
5 E x et o R Ka == = o & = % ) & 3 -
S 2 o = s ® E g3 28 e 5 =E2 = £ B & Z
S £ o g : a ES s & o 3 oE3 g 5 g
® = i 2 ] R ] = = Iz <8 =5 IS & = m ==
Ok - = - = =2 S E g8 g g8 & © e
ol 2 £ & = = g o 5
m E < g @

"OUHIXIrOTOd [*] BNHIQR],

2024

04

TOM 66

TFEOJIOTUA PYAHBIX MECTOPOXIAEHWU



379

IMEPBBIE PE3YJIBTATBI U3YUEHHW A KPYITHBIX AJIMA3OB...

EN0se §0 8°59¢1 g 80C Tn9 wo-k | ysuo | madray | An 0/ad] won | oLee 002
N 10 8°99¢1 0T 6'91 £vIS Hud IS0 ugdyp AT 0/ ad] » (430 661
fH N 00 0°€9¢l €L '8¢ 1607 14 1D ugdr A1 a-o/adg » 96°T1 861
079 9¢S €S EN 10 v'69¢l I'L 89 (4233 ud J$ 1D ugdp 1A3d 0/ ad| ” 18°11 L6l
00L €N 10 £9€1 9°¢ 1T L'69% Aud 10 1oH A1 0/ad] » YT 961
0v9 EN 00 9°99¢1 (41 181 TIss yud IS 1D ugdy A1 0/ad] won v0'€T s6l
05 EN (44 PILET v'T 0°0¢ 8pLS H0oH IS0 I P ad Al » vCEl 6l
079 "eN 3! 1LEl Al 8°6¢ L°89¢ Aud ¥ 1D IoH we T a-o/adp » W €61
EN 079 60 gLl 0°s 88T 0121 qud 1D I A1D o/ad] . 80°p1 61
- 00 0°SLEl 00 00 €5 400H 1D ugdp Iy it ¥0D/4d | » 90°9$ 161
L 60 8°L9€1 8l 602 $°L€9 wo-1x 1D ugdp Iy PO ad Al » #9°11 061
€5 TS "EN “0FS
Toy ¢S "tH 'tN 60 1°89€1 0 €€ bTee "209H IS0 ugdp PO ad AT ” 8L°0¢ 681
€S “EN ‘09 ‘ ‘ ‘ ‘ ‘ ‘ ‘ wen ‘
60 L'L9€1 0T €0t 7'9€8 Aud INls) a3 ‘ugdL o) a-o/ed| 1eoN 90°t1 881
EN 0 TTotl LS 0°89 0°ste 14 ISUD 10 B | 1A7Y] g-o/4d] ” (Ugral L81
EN €0 L19€1 'L L'v9 (4183 19 10 ugdy A1 0/ad] ” STl 981
0v9 ¢N 00 6°€9¢l 4! el 08¢ HOE N o ‘ugdL D a-o/adp » Wl <8l
0v9 tN 10 9°69¢1 8y 9°€e 9929 Jud 1D ‘ud ugdp I3 A1 0/ad] won 0€°81 81
EN 10 L°29¢1 69 Loy ¥'9ey 14 ENEE) ugdyp PO ad Al » €1l €81
BOUMITIELOEO o1 0°0 6°T9¢1 0°0 0°0 0°0 499K 1D LoH f1D ounodu . Ll 281
‘s nmmﬁ_z “Ops (4 0°69€1 81 €£0¢ 9°89¢ wo-1A ENEt) ugdp Ly PO ad Al » 61't1 A 181
079 €N €0 0°89¢l §T vIe Ten9 wWo-IA J$ 1D ugdp I A1 a-o/adp . wa | S 081
L Mwﬂu €N 0°0 pL6E1 00 00 0’0 "a9H 1D s AT annodu ) p6°I w e 6L1
0v9 N 0% 1°69¢1 €1 T pLi Hud IS0 o fip a-o/ad1 . swa | T 81
0v9 N 00 6p91 e Ll 0Ly Aud o ugdp D o/ad] o | vOL | B 121
0v9 “9€6 "€S "EN 10 0°99€1 8T L'81 €p8Y Aud JSUDI0 | ugdLId D o/ad| » 4yl g 9.1
ESEN 80 vyLEl 0l 9L 8°006 14 1D o ‘ngdL IA3d 0/4ad| weD vI'6l g sLl
079 N AU p'S9€l s I'ee 8°TLS Yud IS0 ugdp TN A1 a-o/ed] ” vO'T1 VLl
0v9 €S EN 80 0°L9¢1 e JRY 069 | WO | oy | MEALIN | AT | @-0/ad] . il €11
EN0zs ) £59¢1 Ly I'ee p265 I o e | LD | e o/ad] , wn w
£ 'EN S0 9°59¢l 0°6l 8°8¢ L'%96 14 IS0 ugdr I 1A o/ad| » 96°CI 1L1
0v9 €S N (44 'L9¢l I'e '8l v'8%9 ud J$ 1D ugdp 2} ad Al » s8¢l 0Ll
EN 0v9 L0 T'89¢1 €9 Loy S'PEL yud 1D ugdp Ty wg ] 0/ad] ” (481 691
w.
N 00 - 0% 00 00 409K 10 ngdL | KT | @-o/edl | 0 | s 891
‘96 TSEH'ES EN €7 £°89€1 8l 602 60£9 wo-A 1D ugdyp 1A o/ad] . Ll L91
N €0 To9el 9L L'€s 6'ps¢ 14 3$9D 10 ugdyp 1A 0/ad| » wst 991
EHES ENOve 0 TLogl 6c T s'szy W | e e | vEdL AT o/ad] weo | 90°8I o1
N 90 6591 by 0'Le I'b8p 1 D g & | ¥oD/8d] , 90°11 p91
EN 60 0°59€1 '€ 8°8¢ $89y "HOE 1D ugdp Iy wg 1 y/ad] » L0T1 €91
0cs ST 1°99¢1 [ T 9L 400H LoH ugdy I 2e) ad A » TSl 291
9l Sl 4! el 4! 11 01 6 8 L 9 S 4 € [4 I
E
[ E - = k<
oI w k=) 2%
e < = W 3 3 m m m m E mm = 2 w m
xE = w ] xR = = = 3 & =| C“ow 3 & 5 o
S 2 o = ° = 2 g3 23 B2 = =g g = e 2 = z
g?° = g 2 : = Eg s g o g of 3 5 % o
B o = T R o = =2 =l 3] = =5 IS & = W I
ez O - S 58 gz S5 g ga = 2
SE 2 £ & = = g gz s
m = < < o

"OUHIXIOTOd[ [ BIHLIQR],

04 2024

TOM 66

TFEOJIOIrUA PYAHBIX MECTOPOXIAEHU N



BAPOAYXWHOB u ap.

380

EN 0¥9 0 §L9el 09 0°ce L188 Aud o) ugdy I 1A 0/ad] ” 1071 e
EN 0%9 10 9°c9¢l L9 L'st v'r<9 fud J$ 1D ugdp Ly A1 o/ad] . 8L'€l 0ve
0%9 €N 10 §°L9¢1 0% (44 8'geL fud 1D ugdy I IA¥1 0/ad] » 9811 6€C
079 "eN 10 £°99¢1 19 L'st 0IvL Aud ) b A1 0/ad] ” 81°€T 8€T
EN 079 10 £°69¢1 'S LT 9°L6S Aud RNE) ugdp L) AV 0/ad] » 9g°sT LT
EN 0¥9 00 g'L9¢l1 Il 1! LI5S Aud J$ 1D ugdp 1A71 0/ad] ” 85°¢l 9¢T
EN 0%9 10 9°69¢l 69 T8t S6LL Jud Js 1D ugdy I A7 0/ad] ” 10°1 x4
079 "eN 10 '69¢l 9's vt €188 Aud ) ugdy A1 o/ad] » 9e’ et
ENCOP9 0 $'L9¢1 €6 p'6C 87e8 Aud 39D som AV 0/ad] Toon €| £t
9€6 '€S "EN 10 v'so¢l I'L €€ 9'Lsh Yud ¥ 1D Lon IA¥1 0/ad] ” s | g (434
9€S €S N 10 '69¢l $T 181 9179 Aud 1D 1oH A1 annodu » wn S 1€2
€S EN (44 £eLel 9y LT L6 00 J$ 9D ugdp A7 0/ad| » 89°¢1 = 0€T
9£€ €S "EN 10 T's9el L's Tyt 7’619 Aud 1D ugdp 1A 0/ad] » 81°LI 3 z 6¢
EH €S N 1'0 679t s'e 691 L96¥ Jud 1D ugdy I 1A 0/ad] ” €L | E o 8T
EN “0v9 90 PILED (4 L'6 r'eeL Aud ) ugdp 1A 0/ad] won 91'81 £ R LTt
9£6 €S "IN 10 T'99¢1 TL 18T 6°€TL Hud ) dy A 0/8d] » wn | g 9z
EN 079 10 9°L9€1 86 8'LT L'y88 Yud IS0 ugdp I A1 0/ad] ” Tl g see
EN 09 10 §'L9¢1 L 6'LT 0°L8L qud 1D LoH A1 a-o/adg ” 801 % vt
0vs 0 PILED TL 8°LL 0°9€6 Jud LoH ugdp Iy A7 0/ad] . 09°11 = (344
EN 09 €0 PILEl 'S 8°st 7506 Aud ¥ 1D ugdy A1 o/ad] » ¥8°91 we
EN 079 - - - - - Jud 1D ugdp A7 0/ad| » SL'vT 144
ENCOv9 10 9691 9 1'ec ) g 3$ 99 ugdy AT o/ad] o | 9L 0ce
9£6 €S "EN 10 £°59¢1 9 89 709 Aud J$ 1D IoH A1 a-o/adp » £0°s1 61T
9¢S €S EN 10 PILED L's 'St T'ss6 fud IS0 LoH AT a-o/adj » 66°S1 81¢
9¢5 €S N 10 9°c9¢l 6L 0°6¢ $19L Aud 1oH ugdL I 1A o/ad| » §8'sl Lz
S EN 10 1°59¢1 vy (474 12v9 Jud HNt) LoH A1 0/ad] . 66°€1 91z
€S EN 10 PILEL 6 9T L8901 Aud LoH ugdL Iy 1A 0/ad] wep 86°11 sic
0ovs (42 LTt 0 BIG Tovs wWo-1X 1D i PO adAT ” 9¢TI 3 44
EN 09 0 Tl YL (433 0°THII Yud 1D LoH A1 a-o/ed] ” e g £1e
ENC0P9 10 0°99¢1 0 61 0°695 W | goftue | MDY | kT | ao/udg . ocel | 2 ae
€8 "7H €N "0vS i €TLEl Il 61 $'859 un-1x IS D ugdp ‘I ) ad A ” €Tyl g 1z
€H N 01 €°L9¢1 Lt I'ee L'908 00H NS ugdL I 1) ad Al ” £y | 2 01z
N 10 9°¢9g1 L1 ey 0°skS A iy oo | MEILI [ K o/ad] , wre |2 60¢
£ tHENors €0 e €1 €91 0129 Aud 10 ugdy wo o/sd] s | s | 2| 2 80¢
IS 'WH €S "N 6C 69l L1 0z 6859 wo-1X 1S 99 ugd] ‘13 A1 o/8d] » o1 | 8 % L02
0cs "EN 00 9°s9¢l 6% 9'€T §009 Jud W dwo Lo A7 0/ad] ” v | £ 90T
N 0 9°¢9g1 I T8 11z 19 a6 ‘o ugth AV | a-o/sdp | wen | go9l s0c
EN 10 szogl 0°¢ [/ 8pET 19 J$ 1D b 10 a-o/adp » 1611 0T
EN 0v§ 10 0°59¢1 8°C sl 01y Aud ) ugdr I A1 a-o/=d] » 91°'91 £0T
EN 09 0l I1LET vl L'81 T'€89 "HOE RN) ugdp Iy A1 a-o/edg . vs'ee 404
EN 00 L69¢l 8% £¢t T19s Jud E) ugdy ‘dy 1A V1 0/9d] ” s0'ee 102
91 Sl 14! €l cl 1! 01 6 8 L 9 S 14 € [4 !
=
<] = = =
] kel o =<
22 < z | o8 | g5 | 38 | § | &E o g
& E = < S R & gg £z g8 5 S5 g 132 | =
g3 2 N 9 = A s | gE | fg S | FES | E | £ |2 B o=
S 2 d g i ® S | EE | &g 5 S |e 2 | & |z |2 |¢
| & g = I T 9 o = IS} ® T
& - Z - = =3 g E S5 = sg° = ° g
al: 2 E & == g ok =
= T < < )

"OUHIXIrOTOd [*] BNHIQR],

2024

04

TOM 66

TFEOJIOTUA PYAHBIX MECTOPOXIAEHWU



381

IMEPBBIE PE3YJIBTATBI U3YUEHHW A KPYITHBIX AJIMA3OB...

€H €S "EN 10 v'69¢l 6 €L 9°9L9 fud LoH ugdp A1 0/ ad| » 6e'¢l 08¢
9LS €S EN €0 6°99¢1 9 8°ce 6'8€8 yud 1oH ugdp A1 0/ad] won un | vz 6LT
EN0¥9 €0 S99¢1 6°SI S'Lg 8°LLS Jyud 1D LoH 1A o/4ad] » 99°C1 mm 8LT
« o Z
0r9 N 10 §°L9¢1 €1 sl sLis Aud 390 ugdp AN o/ad] won | 6591 | B Lz
€S 'EN 0°0 1°69¢1 91 4! S'vsy Aud IS0 LoH 1AV] o/ad] wen v6°61 9Lt
TS TN 0cs 00 T°29¢T L 9% ¢IeT M IS5 ugdL I wgNa o/ad] » 661 sie
< < < © < < wo <
0v9 EN 10 9'p9¢1 9y Tst 96t Wd | T | ML AT o/ad| | 09 . pLT
9€6 €S "EN €0 T's9el T6 8°0¢ 8°IpL 1 o ugdL I 1A o/4d| won €01 g £LT
EN 0v9 - - - - - Jud JSUD WD | W AV a-o/adj » £9°1 £ we
9¢S €S N $0 8°0LEl € 181 209 ud RNtS) ugdr I A1 o/ad1 > 06l | BT 1.2
9ts SN 80 0°89€1 L e 8919 Aud js9o | ugdp oy Wi | ao/udr |0 | een | &8 0L
0v9 N 0% 9°99¢1 0L Tee 9'cLp | o o ugdp AT o/ad] weo | opuL | EF 69¢
9€¢ €S "IN 00 T's9el 6€ 8'6l £°1eS ud J$ 1D ‘Tud IoH A1 0/ad| » pr'el g 89¢
1SN - - - - - "HoE 1D 1oH D) a-o/udp | 20 | e = 192
SIS N 90 0°€sel 10 £ TsL 14 1D LoH D a-o/adp » Ip'S1 ¢ 99¢
€S tN z0 9°69¢1 Lyl 8°Z¢ 6899 Aud o) ugdy A1 0/ad] won 0z 9t
ENCOPY 00 V60t 61 0°<T 7605 ud IS Tud ugdp D 0/4dT wsn LS°CT 9z
0v9°€S €N 10 0°59¢1 96 s LvLS Aud 1D 10 ugdp I AT o/ad] » pe'el €92
0v9°¢S EN 10 L'p9el 67 L'st 8008 Aud IS0 ugdp Iy [} o/ad] » 65°81 = e
¢ G 3 < < < AH <
or9 N 10 S5 ) r'ee I'sp9 ud O Tt som AT o/ad] , 60°s1 Z 192
or9 N &) 6°99¢1 9 Lo L0ES W | N g | LD | ko 0/ad] . 99°0C d 092
EN “0P9 o 9°69¢1 69 8°LT 8°L09 Aud 10D ugdp ‘1 IAYT o/ad] » 91’1 65T
¢ ‘eS¢ ‘ ‘ ¢ ‘ ‘ ‘ we ‘
0v9 9tS €8 N 10 9°c9g1 901 16z 8589 ud J$ 90 ugdp AT | @o/edr | R0 oSt | 85
0v9 tN 10 9°69€1 9 L'st S°0SL Aud 1D ugdy A1 o/ad| » e 2 LST
¢ ) 3 < < < AH <
0v9 €H EN 0% s9¢1 Ly L'st €919 Nud g ugdy A1 | a-o/ad] , 9621 W 957
0v9°EN 10 ILED 0°¢ 6l 6°€06 ud 1D ugdp A1 o/ad] » 6°01 £ 944
079 N 00 0'P9€l 01 LSt 0°10€ "#00H IS 10 I 1D o/ad] » 01yl kS ST
EN 09 10 9°c9¢l $9 9°8¢ L08L fud 1D ‘Tud ugdp A1 o/ad] » szel | B €T
0v9 ¢N 10 §'L9¢1 19 'St 1'e18 Aud 1D ugdL Iy AT o/ad] wen 1l S 434
0v9 N £0 991 801 £ee 0°0£9 g i) cugdy Ty AYT | a-o/ud] . 81 | B 134
0v9 "EN 10 L'19¢1 6 8'6l €109 fud RNS) ugdp 1 10 o/ad| » v8°Tl £ 0T
EN0¥9 10 9°59¢l 6 9°8¢ 9629 ud 1D ugdr I3 A1 a-o/adj » 6L11 £ 6vC
09 €N 10 0°v9€l L'y s'ee LL0S qud 1010 ugdp I A1 o/ ad] » 9'81 87T
¢ < < < ¢ © < wo 3
P9 EN 0% Lp9€1 I'e 861 p'SLp Nud i) ugdp L D o/ad] o | 6081 1t
019 €S "EN (44 9°c9¢l 901 Spe 9°LSL ud JSIDI0 | ugdLId A1 o/ad| » 16°01 9re
S EN 09 10 S°L9€1 08 §Ie 0708 Jud 1010 ud | ugdL Ly 1A 0/ad] . £8°01 ve
EN 0v9 0 §°89¢1 8 66t €208 Aud BNEt) ugdy A7 0/ ad] . S1°8T it
€S N €0 L69¢l T S'Ll $°989 fud 1D ugdp 1A 0/ ad] » 29°0¢ 374
ES EN 10 1°69¢1 0%9 (424 8°919 ud 1D ugdr 1A 0/8d] wan 6°0C we
91 S1 14! £l cl Il 01 6 8 L 9 S 4 € [4 I
=
) = - = <
oI o =l 373
e < o W g3 m m m m E mm —~ e w m
5E = = ] R = <=3 = & =| oo 3 & 3 )
ek o N a w 2 23 23 =g - =g 2 g £ 3 £ Z
E 3 E 2 ® > | EE | Bf | £ S| g F | 8 | B £ ¢
&z - - 3 =8 SE g8 E =g 7 -
al: . E & ks g E £
m o < < (¢

"OUHIXIOTOd[ [ BIHLIQR],

04 2024

TOM 66

TFEOJIOIrUA PYAHBIX MECTOPOXIAEHU N



BAPOAYXWHOB u ap.

382

0%9 “EN 0 §goel 6 6°1¢ 8'stL Aud 1D ugdp Iy A1 o/ad| » 10°11 Lig
]
0¥9 N 8l 8°19¢1 v'T I'ee 0T "HOE ) LoH LD ad I11A Mow 8LYI 91I€
0%9 ‘9€S ‘€S EN €0 9'69€1 '8 L'ig S'¥89 Aud 104410 | ugdL Ly 1A 0/ad | » 18°L1 sig
0v9 EN 10 8°89¢1 LT L'81 T'v69 qud .m_nmweo LoH A1 o/4d] » 9911 vig
0%9 ‘9€S ‘€S EN 10 vL9€1 8T Ll '5h9 Aud 1D 10 ugdp A1 0/ad] » 69°€I €1g
0¥S ‘eN 00 8°59€1 6l 'Ll 15§ Aud Bl ugdp A1 o/ad| » 8T11 4f3
0¥9 ‘€S*EN 10 0°99€1 6Tl L've L'ses Jud IS 9D 10 ugdp 1A o/ad] » S8l 163
. ‘ ‘ ‘ ‘ . IS0 ‘
€N 0¥9 10 8°99¢1 ' €81 6°15S Aud “dwo 1o I A1 o/4d| MMO 16°01 01€
EN "0v9 10 £'99¢1 8 £'8C T0L9 Aud IS0 ugdy Iy 1A o/ad | ;um 6£°61 60¢
EN 0%9 €0 P'69€1 09 €6¢ €488 Aud 1910 ugdp Iy A1 0/ad| mmm 9I'v1 80¢
9€S ‘€S EN €0 $99¢1 LS '8¢ 816 Aud IS 9D 10 ugdp 1A o/ad| » 0T L0g
9€S €S “EN €0 0°99€1 91l £6¢ €0sL Jud ISIDI0 ugdp 1A 0/ad] won orel 90¢
3 3 3 < < 3 < wo 3
9€S ‘€S ‘tH N €0 P'S9€l '8 (42 8°9%9 ud LoH ugdp ‘I 1A o/ad] ;om 1l sog
€SN 10 8°89¢€1 L'y 3 eI ud 1D ugdp I A o/4d] wan 99°11 v0g
€5 “€H ¢N (40 0°TLel 0 L'yt I8¢y wo-IA FNto) LoH A1 0O/ 8d | » €01 €0g
€N ‘€H €1 9°L9€1 9'¢ 9'67 6°€IS wo-1A 1D LoH 1A a-o/ad| » '€z - 0¢
]
0v9 ‘EN 9°0 1'p9¢€l T8 L'sy 8'sTL "403H 10 ugdr Iy 1A g-o/ad w_em £L°61 g 10€
9€S ‘€S EN €0 0°69€1 01 3 v6vL ud “:_woh_o 1oH 1D o/ad] » €11 m = 00¢
9€S ‘€S EN €0 9'69€1 Tel 0°s€ $TsL ud 10 ugdp 1A o/ad| won 60l | = g 66¢
N €0 191 zot st £0LS Hud 10 ugdL Iy | wig o/ad] wn | v6T | 5 A 861
9€S ‘€S EN 41 P'S9€l 6 8¢ €189 ud el ugdp 1A o/ad| wen L6°T g L6T
EN “0pS 8°0 9'v9¢l LT 181 8°T0S UID-IA dwo ugdy 1A¥] o/ad] » €€yl 96C
3 G < < 3 < 3 3 wo <
9€S "IN “€H 00 9'€9€1 0 '8 86vC wo-1A FNto) ugdp wg ] 0/ad| ;um SI'81 S6T
0¥9 “EN 10 el s 9 0°6$ qud 15 mmao 10H A1 o/ad| wen 88°I 144
€N 0P9 (41 £99¢1 66 8°6¢ 769 Jud 1D ugdyp Iy wgia o/ad] » 88°L1 €62
EN 079 10 6'79€l I'c 4! L'v0S Aud 1D ugdy IAYT o/ad] ” 68°01 6t
¢ &}
ENCOP9 90 pTLel 011 999 8302 Aud J$90 | ugdr Dy PO ad Al e | sST 162
H ,_me.mmm,mz 90 6°L9¢1 e 9'c 8108 Aud 10 ugth warn | @o/wr | wo €611 06
ENCOvE 10 0°esel 0% <3 105t 409K 10 Wi wgya | a/edi won | 8891 68
0v9 “9€6 "€S "EN 0 6'99¢1 ' £0C €1y yud 18I0 10 ugdp AV a-o/ad] ” LO'TT 88¢
0v9 €S EN €0 9°c9¢l (4 0°LE 818 Aud J$ 1D 10 ugdp 1A 0/ad| wen L911 L8T
€H YH TS €N 0 6°€9¢1 00 99 soze uID-1A D ugdp A1 a-o/ad| ” o'l 98¢
16v "9€S "€S'tH 0°0 r'esel 0°0 gor 8691 "43H RNS) ugdy wgNd d/ad] » S0°s1 $8¢
€SN ‘ ‘ . ‘ ‘ ‘ dr ¢ d won ‘
€0 9'L9€1 vy (474 €695 ud JSID ugdyp Iy A1 o/ad] N v9°Te 8T
9£€ "€S "N €0 9°59¢l 811 1°9¢ £1e8 qud JSID 10 LoH 1A 0/ad] ” wu €8¢
16y "9€s €N "tH $0 6°L9¢1 vl L8l 0'v1S ud LoH b w1 0/ ad] » 98°¢l 8¢
9Es €S EN £0 T'9¢1 L91 Lsg Tor8 Yud ) LoH 1A 0/ad] ” 431! 18C
91 Sl 14! €l cl I 01 6 8 L 9 S 14 € [4 I
=
(] = o | =
<l @ < k=l =
e < = W 3 3 m m m m E mm = & w m
L T z 1 2 : 5% | B8 gg = cgs | S g 1§ |z
o N IS r -
2 S g o g : £ £3 g £ Z g g of 3 z = | £ | 2 | “
® 5 i 2 _ R - ES g g 53 Q% 2 g g & 2
A= . L - g =N £z s E S 3¢ 3 S 5
ol 2 £ & = = g o 5
m s < cv @

"OUHIXIrOTOd [*] BNHIQR],

2024

04

TOM 66

TFEOJIOTUA PYAHBIX MECTOPOXIAEHWU



383

IMEPBBIE PE3YJIBTATBI U3YUEHHW A KPYITHBIX AJIMA3OB...

. . . . . . wen .
N 70 0°9€1 $6 ey €peL 14 Lo ugdp ‘dy A a-o/ad| 1N 1§ se
09 ‘EN 0 Sp9€l 86 7'8¢ 6°659 14 10 ‘1 ugdy, ‘dy| 1A o/ad] wan 6%°S1 IS¢
N 0 p0LEl 08 I'bs 0°90S "HOE £1s} Lo AT a/ady ” 10°sh 0s¢
. . . . . s .
N 00 1'29€1 L9 L'y 6°6€€ 1q 40 dwo ugdy ) a-o/ad| " €T 6h€
. . . . . ; u | ] . -0/ ud won . .
0¥9 €N 0 Pp9€l I's Iy 7169 yud 5) cugd] “dy AT a-o/ad| 1eoN 16l 5 8p¢
N 00 Sb6el 10 0°0 00 “400H £1s) ay I wg a o/ad| won €9°1 S L€
SLS “9€S . . . . . . 8
T6b ‘H ‘SH ‘EN 00 L8bEl 00 00 00 19 115} ] :m_ﬁ wig qa onnodu ; 0LTl T b€
€H ‘eN 00 L19€1 6t 8¢ 1L0€ g IS0 vh_:mgmk h AT o/9d| wen wiLe £ Spe
~
$H ‘EN ‘0TS €y §96¢1 0 00 0°0 “400H 10 "mwhﬂ wg g y/ad| ” €1'8L 8 bpe
€S “EN “0P9 I'C €gL€l 9 0'Tr €09 wo-[A 0 ugip wgya | Y0o/ad] M_Mw bb59 1323
SLS “9€S “6¥ . . . . . ) LT .
1S PHCH N 00 0°sLel 00 00 0°0 400H 0 gip wgya | Yoo/ad| Ewo 9.°€9 e
T 00 0'shel 0 0% 0% wo-IA 10 ugih wgya | ounodu o | €99 v
N 10 9'b9€l 601 08T 9195 g IS0 ugip A ¥/ad| N 601 o€
EN 019 €0 PILEL 8's $'6C 6L yug IS0 ugdp Iy wg 1 o/4d| " 8P 11 6€€
EN 10 yToel Y L€ 9'61¢ 1d JS D LoH AT a-o/adj » (2091 5 8¢
079 “9€6 “€S “EN 0 L°99€T 8T K54 8TLS "HOE IS 10 ugdy A1 o/ad| " VeV | 3 L£€
EN 10 v'09€1 9 8°6¢ €6t 14 IS0 ugdp £1D a-o/adg » 1T 2 z 9¢€
‘ . wo . 8
€N ‘0TS - - - - - 400H £15) ugdy wgg | Yoo/ ed| sum st | 2 seg
16 9€S “€H ‘EN €0 6°79€1 I S8 0°€8¢ 14 10 ugdp ug 1] y/ad| . $6°01 = pee
9€S ‘eN ‘€H 00 8°19¢1 0 €6 501 14 NI} ugdyp D o/ad| ” Wl S 333
019 ‘€S ‘€N €0 9°89€1 I's sz s Aug LoH ugdp ‘dy A o/ad] ” b0l 435
96 n_wm mmm K 00 - 00 00 0 200H JS9D m:: wg xg a/edq won 80°0¢ 1€
€S eN €0 L79¢1 Lu €9 8°8p8 g E15) emgmﬂx IAda a-o/ad| " €Il 0€€
019 ‘€S ‘EN 0 §L9€1 LT L0y LTE01 qugd 10 ugdp IAda o/ad| " 011l 6¢
i 509 SIS 6% 9Ll 901 LbE 6056 wo-IA 1oH ugip wg g o/ad ] . 6881 | I 8z¢
966 ‘TS N ‘€S 2
(956 v ‘o ‘6 It £°99¢1 sl 79 ¥'SL6 wo-IA 10H 10H A o/ad] woo |yt | O L€
EN 10 LTYE1 sol 8°6¢ T8l 14 1D LD A1D a/adg » W w 749
€N - - - - - It INRIS) i D a-o/ad| ” 81p1 g sze
0%9 ‘9€S ‘€S ‘EN €0 PILET §9 06T 6788 yud k15) :m%y I AV 0/8d] - 98°€l = vTe
16t . i . . . . i . 5
L AT 00 00 00 00 400H 0 g, oy wg yq o/ ad ] ” 08°Cl g €ee
0%9 “€S "EN €0 L89€T Sy 9°€C 9°7eL Aug 10 ugdp AT a-o/ad| ” prcl (443
. . . . . s ) won .
€N 10 109€1 Il zoe TsL 19 45 14 0 ugdy o} a-o/adg o 60°€l 143
0%9 “EN 0 6°0L€1 09 vy T62s "HOE JS 9D ugdy A y/ad| aom 96°9¢ 0ze
079 ‘N 0 8°€9¢l '8 ¥'8¢ 018 yud 1D LoH A1 o/ad] won 87Tl 61¢
€N 019 70 L0LET 9'¢ %74 889 qud IS 1D I A a-o/ad| , 8°01 8I¢
91 Sl 14! €l cl 11 0l 6 8 L 9 S 14 € C 1
=
9] = = = =<
oz w o) 3 ho
ke < o W g3 m m m m E 3 m —~ & @ m
5z = w o R K I=R=3 = o N =| P00 o 3 & 5} o
i o ‘z ° = 5 g s s B g 3 =g g 2 S - T z
o g © g R - E 2 s B ZZ g oE 2 3 = S
w = i 2 ] R ] = = Iz <8 =5 IS & = m ==
e g - o — 5 53 gz g q E S o 3 S =
ol 2 £ & = = g o 5
m E < :v @

"OUHIXIOTOd[ [ BIHLIQR],

04 2024

TOM 66

TFEOJIOIrUA PYAHBIX MECTOPOXIAEHU N



BAPOAYXWHOB u ap.

384

‘IGHALATAdIIO OH QIIHHBL — «-» ‘LOIAALOLAD1O — LOH
¢ BOUUIMIBLIEOOH — "g00H ‘YIGHII'BHOE — "HOE ‘UI99OLIIOUP — [A ‘UITHIUIE-OLIIK — UID-[A ‘UI9goHIdND-080£0d — Jud ‘UOQAIrOI-0HUD — | ‘UHULAd — 1y ‘Lumedwo — dwQ
‘LULBLOHE — UY ‘HOoduUll — I ‘LMEQHIBN — S]A] ‘LeHedI — 110 ‘cleHE — Juy ‘LUioIord — [yq ‘cenre — el ‘LUNOdX — Iy ‘HUAULO — [ ‘TUDIUAD — J§ ‘Ludedl — 10 ‘Bucoddod
— dy ‘unmendodar YOMIIRULIBIII 190010l — T{[[]] ‘I9HUIeLE 919HII0JAddL — Lgd] ‘I9HUIeLd JI9HII0IAXddIILoh — HGLE ‘eMdoduiew — LI ‘[9Hdogey — a3y ‘BdALLIGIAND
BeLehLUddon — M)HUdE ‘BUHAIGRdL I9IreHEN — Y ‘UIIHdOh — Y[ ‘U19dad — A10) ‘OMhOIr0Q0 € — PI) ‘UITHILAE — UID) ‘UIIHOHRNAON-OHWAL — Ul Y ‘UIMgOHhUdOM-0ILIgD
— u1g 1] ‘UI9LIX-OHHAIMIIORH — [A Y UMLK — [A “UMLIDK-OULIEd — [A 1] ‘UIHLIAN099 — [ ‘eWdod BEHHOMITEHUQWOXN — YD ‘0A — ) ‘dreexoror yiariAdio — (I
‘dreexororogwod MiaHdeHUWeL — Y ‘dreedoror-dreeryo ersd ewdod BeHIoxadou — (J-(O ‘dreeido — O ‘19eeNIe JIMHAUIRIOION0M0 — WD) JBIN ‘[9EBNIR JIIHANLRE0l — WD)
‘Hoped UMMOHUQOALOQOLRIN — JVYIN ‘Houed umioHuxdewoHIad) — JVIND ‘Houed UMMOHAIN — VN ‘Houed HIIHOOHOERIWIR UMMOLUNBIY-OHIIIIR]] — JVV/ "OUHEhIWHUd] |

9% . . . . : ; P : d :
“T6b ‘CH VH €N 10 L19€1 s 128 0°LYT HOE IS0 o I wig ya a/ad » €eiel LLE
EN 10 9°89€l 9°91 (4172 $6S6 19 10 ‘dwo 1oH A3 onnodu » 9T'¢l 9Lg
3 3 3 3 3 3 q 3
EN 0 P pocl 6’3 565 L1188 1| JS 10 cugd] dy X o/ad] . 19°6¢ 3
‘9gc T @wﬁ: ‘N 10 LT9€1 911 v6L sTTy ‘HOE kis} I wgiq sunodu N €€°vT vLE
eN 10 L°79¢1 8°01 0‘Ly S09 1q 1D L3H A19 aunodu » £8°4C €Lg
eN 10 9°59¢l [l 9 8°9%9 14 IS D I IAVT aunodu » 66°ST [43
EN €0 ¥ Toel L8 L'€S €°L0€ g D ugdy ‘dyf urg 1] o/ed] » $9°11 1L€
079 ‘9€S ‘€S “eN 0 ¥ 69€1 L9 6°sT 6896 Yud IS0 :mmﬁ ‘ay IAVT 0o/ ad | » Sl 0LE
f f f ¢ f . LI f
EN 0°0 9°€9¢l £9 9'sy 0°ze €09H 1D ‘ugdy “dy wgya a-o/adj » €971 69¢
< w <
€N “0¥9 - - - - - "HOE %s) I A a/adg Em $9‘8T = 89¢
079 ‘€N 00 8°19¢1 9l 867 Tc01 19 IS0 ud I D y/ad | » 68°S1 m L9€
9¢S ‘€S TS ‘EN 10 £°e9¢l 6°01 T'ss 0pSt 14 1D ‘un I IAVT b/ ad | wen 88°LI = Z 99¢
€N ‘0T§ 0°0 L19€1 s e Thve "4O3H 1D rgiiil wig ya aunodu » LO°T1 g o S9¢
¥H ‘€N ‘0FS 10 LEL6EL 10 0°0 0°0 "HO0H IS0 LoH wg 1] auhodu ” 10°S1 £ ¥9¢
EN 00 8°79¢1 89 8°8¢ S09% 14 %s) dy ‘o I IAVT auhodu » Sl z £9¢
EN 10 LY9E1 9°¢l 0°cs 8°5TS 14 kis} o I AV] sunodu » L6°S1 79¢
EN “O¥S §1 SpLEl €9 L's¢E 8°06L "HOE 1D LoH IAVT 4/ ad | » Sl 19¢
€N “0¥9 10 S'L9€l 6'c 6°1C ¥879 ud kis} ugdy ‘dy IN1s) a/ad » €€°LI 09¢
3 G 3 3 3 3 3 wo. G
079 ‘€N 0°0 Li€9¢l Y 0°LT S°8hh Aud JSI1D LoH AT a/ed Ew 79°0¢ 65¢
0¥9 “€H ‘€N 00 S°L9ET v'8 0‘cy L°T69 ud D10 dy IAVT a-o/4d wan 99°LT 8¢
EN 10 6v9€1 6°L 0°St 61v9 19 1D bl A1 aunodu » 8€°LT LS€
3 < <. 3 3 < wa 3
¥H ‘0vS Il T°99¢1 vT 86 6°1¢8 wo-[A 10 uglh Ty £19 O/ad| Em 69°11 9¢
079 “9¢S ‘€S ‘N €0 ¥69€1 €9 £°0¢ 6888 Yud 1D 10 ugdy IAV1 a-o/adj » 9T°LI 943
97 . . . . . . uglh d .
‘966 €S OH ‘EN 0 69¢1 98 SIp 6°0S 14 IS 1D ‘ugd] ‘dy 1A 0/ ad] wen LL'ST £33
SLS ‘9€S ‘PH ‘€N 0 S°L9€1 0°0 0°001 €1 "HOE JS D 1oH A19 aunhodu » (4344 €6¢
91 Sl P1 €l 4 11 i 6 8 L 9 S ¥ € [4 I
=
<] E =1 =
oI Z 3 = =le) g I m
53 < w g g 3 e e g = 52 S o | &
5 E x ot ] R & E g & & =! Yoo 3 & 5] -9
3 3 o » . & = 23 g3 R o =g = £ 3 = z
S 0o k< e} e N = £3 o g T = g oE 3 = = o
x5 ' = i R - S = e ) Sz 3 8 Z S
o2 - _ = S Sl S = s g gg° = © <
al 2 = "3 == g g4 5
M o < < v (]

‘OUHBRHOM() | BNHIQR],

2024

04

TOM 66

TFEOJIOTUA PYAHBIX MECTOPOXIAEHWU



TEOJIOTHS PYIHBIX MECTOPOXIEHHH, 2024, mom 66, Ne 4, c. 385407

VIIK 553.411

CAMOPOJHOE 30/10TO U3 AJUIFOBUAJIBHBIX OTJIOXKEHUU
KbIBBOXCKOI'O PAUOHA N EI'O BEPOATHBIE
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Ha ocHoBe uzy4eHust TMmoMopGHbBIX 0COOEHHOCTE 30JI0Ta U3 aJUTIOBUATIBHBIX OTIIOXKEHU KBIBBOXKCKO-
ro paitoHa CpemHero TuMmaHa, BKIIIOYast IIPOMBIIIICHHBIC POCCHITIH, OITPEIe/ICHBI HaOoJIee BEpOSITHBIC
TeHETHUYECKUE TUITbI KOPEHHBIX MCTOYHUKOB. BeunHa 4yacTuIl 3010Ta BapbMpyeT B IIMPOKUX TIpenesnax,
JOCTUTAsT pa3MePOB HEOOJIBILIX CAMOPOIKOB, HapsIIy C OKaTAHHBIMU BCTPEYAIOTCS CJ1a00 OKaTaHHbIE M He-
OKaTaHHBIC YaCTUIIEI. MHOTHE M3 HUX IIPETePIIe/IA IOBTOPHBIEC AeOpMalIK B BUIE KOHBEPTOOOPA3HBIX
M3rMO0OB, BMSITUH U Pa3pbIBOB. Y OOJIBIIMHCTBA 30JIOTUH HAOIIOOAIOTCS BBICOKONIPOOHBIE KaitMbl. B co-
CTaBe 30J10Ta Bcerna npucyTcTByeT Ag, nHoraa — Cu, Pd u Hg. Yacto oOHapykuBaloTCs YaCTUIIbI 30JI0Ta
OJIOYHOTO CTPOCHUS C BEICOKOCEPEOPUCTHIMU ITPOXIIKOBUIHBIMU 30HAMU. B CpOCTKax ¢ 30J10TOM U B BUIE
BKJTIOUEHMIT B HEM OTMEUalOTCs TUPUT, TAJICHUT, U3peaKa — MUHEPaJIbl psida KOOaTBTUH-TepcrnopduT, aH-
KEPUT, TaJIECHOBUCMYTUT, CAMOPOIHbBII BUCMYT, aypOCTUOUT, a TakKe cynloBUKOBUT (PtSe2), BnepBbie ycTa-
HOBJICHHBII B perroHe. BoimereHo Tpy THIIA 30J10Ta: 1 — roMOTeHHOe cepedbpocomepxKaliee, 2 — OJI09HOe
C BBICOKOCEPEOPUCTHIMU MPOKMIKOBUIHBIMU 30HAMU, 3 — PEKO BCTpevaloleecs: cepedpoconepxaiiiee
¢ npumecsimu Cu, Pd. Mopdororusi, cocTaB u CTpoeHHEe POCCHIITHOTO 30JI0Ta CBUIETEIBCTBYIOT O €ro TI0-
CTYIUICHAU B POCCHIIH M3 Pa3IMIHEIX, B TOM YHCIIE OJIM3KO PACIIOIOKCHHBIX NCTOYHUKOB. Hanbombimii
WHTEPEC MPEACTABISIOT 30HBI Pa3BUTHUS B pUDEHCKIX TOPOIax TUAPOTEPMATBHOI TTPOXUIKOBO-BKpar-
JIEHHOH CyTb(hUIHON MUHepaIi3allui, OpUEeHTUPOBAHHbBIE B CEBEPO-3allalHOM HaIlpaBJIeHUH, YaCTUIHO
BCKPHITBIC TIPX pa3paboTKe pocchirieil. 3omoto ¢ mpuMmecsamu Cu 1 Pd, BeposiTHee Bcero, CBSI3aHO C TIPO-
MU3BOIHBIMM Oa3uToBoro Marmatusma. Bosbcko-BriMckoe, a Takke LmneMmckoe n Yetiacckoe nomHATUS
Cpenxero TuMaHa MOTYT pacCMaTpPMBAThLCSI KaK MePCIeKTUBHBIE B OTHOIIEHUH KOPEHHOM 30JI0TOHOCHOCTH,
3aCITyKMBAIOT JATBHEHUIIIErO N3YICHNS 1 TIPOBEICHMS TTOMCKOBBIX PadoT.

Knrouesbvie cnosa: camoponHoe 301010, CpenHuii TuMaH, ajuTioBUii, TUTIOMOP(U3M, 2JI€MEHThI-TIpUMe-
CU, MUHEpaJIbHbIE BKIIIOYEHUSI, KOPEHHbIE UCTOUHUKU

DOI: 10.31857/S0016777024040038, EDN: casxwk

BBEJIEHHWE K IEBOHCKMM KBaplI€BbIM IPaBEJIMTaM U KOHITIOMepa-

taM. B 10 3ke Bpems1 A.A. KotoBbiM, A.M. TTI9KMHBIM,

Cpennuit TuMaH OTHOCUTCS K IEPCIIEKTUBHBIM
PYIHBIM palioHaM B OTHOIIIEHUH 30JI0Ta, aJIMa30B,
TUTaHAa, pEIKMX MeTaIOB, 60KcuToB. [IpencraBineHus
0 METAJUIOT€HUM 30JI0Ta SIBJISIOTCS HanboJiee ca-
00 pa3paboTaHHBIMHU: He SICHBI TeHETUYECKIE TUITBI
KOPEHHOI MUHepaIn3allii, a HEMHOTOUYMCIICHHBIC
HMMEIOIIUECS POCCHINMU U3yYEeHbI BeCbMa IMTOBEPXHOCTHO.

M3ydeHne reoa10oru4ecKoro CTpOeHMsI pernoHa
U TMTOUCKOBBIE PA0OThI BEAYTCS B TEYEHUE MHOTHX JIET.
B 1980-x rT. B ceBepHOi1 yacTtu Boibcko-BriMckoro
MOIHSITUSI OTKPhITA 30JI0TO-PEIKOMETAIbHO-aIMa-
30HOCHas najgeopocchinb Muet-F0, mpuypoueHHast

M.IO. OctpuxusiM, B.A. Kanyctuaeim, @.J1. FOma-
HOBbIM, B.A. llynapom, .M. ITapMy3uHBIM U APYTU-
MU reoyioramMmu YXTuHckoi I'PO nmpoBeneHsbl cnieniia-
JIM3UPOBAHHEBIC IIOMCKOBBIE paOOTHI HA POCCHIITHOE
30JI0TO C OXBAaTOM 3HAUMTEIbHOM Tepputopun Cpen-
Hero U FOxHoro TumaHa. YCTaHOBJIEHO €ro IIUpPOo-
KO€ pacIipoOCTpaHEHNE B YeTBEPTUYHBIX OTIOXKCHHUSIX,
B aCCOLAIIMHU C 30JI0TOM OOHApPYXKEeHbI MUHEPaJIbl
1aTUHOBBIX MeTayioB. B 1988—1989 rr. B.A. [yna-
powm, IL.T1. butkoBbiM, B.T. [IlaMeTbKO B X01€ TO-
HMCKOBBIX pabOoT Ha ajMa3bl IIOITyTHO OOHAPYKEeHEI
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IIPOMBIIIJICHHBIE COOEPXKaHMsI POCCHIITHOTO 30J10Ta,
B TOM YMCJI€ KPYITHOTO (BIUIOTh 10 CAMOPOAKOB), B MO -
MEHHO-PYCJIOBBIX OTIOXeHUIX pyd. KbiBBOXK. [To31-
Hee D.A. Kynbakosoit, I1.T1. burkoseim, M.M. Jly-
HSIIIIEBBIM OBUIH BBISIBJICHBI TEPPACOBBIC U ITOMMEH -
HO-pycJ0Bble pocchiniv Ha py4. CpenHuii KbIBBOXK,
JleBriit KeiBBOX, JIMMBTEMBEND, 00beIMHEHHBIE B KBIB-
BOXCKO€ 30Ji0TopocchinHoe noJjie. B 2009—2014 rr.
B.I1. CaBenbeBbiM 1 Apyrumu reosioramu OO0 “VYxra-
reocepBHC” TIPOBENECHBI ITONCKOBO-OIIEHOYHEIE PAOOTHI
¢ TIOICYEeTOM 3anacoB 30;10Ta CpemHeKbIBBOXKCKOM,
KbiBBOXKCKOI, [IMMTEMBENTBCKOI POCCHINE, KOTOPhIE
IMO3:Xe OBLIM YaCTUYHO OTPaOOTaHBI.

OCHOBHBIE CBEICHUS O 30JI0TOHOCHOCTUA KBIBBOX-
CKOTO paiioHa U3JIOXKEHBI B PSe MPON3BOACTBEHHBIX
OTYETOB M YaCTUYHO oIyosmkoBaHbl (dymap, 1996;
Maitoposa, 1996; Maxees u ap., 1996; Makees, ynap,
2003 u np.; TumaHckuit kpsx, 2009; ImyxoB u ap.,
2018). HecMoTpst Ha 3HAYUTENbHbBIN 00BEM T'€OJIO-
rMIeCKUX paboT, KOPEHHbIE UICTOYHUKH POCCHIITHOTO
30J10Ta He ObLIM BhIABNIEHBL. B mocinennue ronsl ®I'BY

“BCET'EMN” ¢ yuactueM MHcTUTYTa reonornu @UILL

Komu HII ¥YpO PAH BBITTOTHEHO Te0IOTUYECKOE
nousydyeHre KbIBBOXCKOTO paiioHa. Llenbro HaImmx
WCCJIENOBAHUM SBISIOCH YCTAHOBJIEHUE CTENEHU
OKaTaHHOCTH, COCTaBa, CTPOCHUS U IPYTUX TUIIO-
MOpPGHBIX 0COOEHHOCTE CAMOPOIHOIO 30JI0Ta U3
aJUTIOBUAJIBHBIX OTJIOXEHUI, BKIII0Yast IPOMBIIILJIEH-
HBIE POCCHIIH, OIIpee/ieHNe HAa UX OCHOBE JaJIbHOCTHU
IepeHoca 30JI0Ta ¥ TeHETUIECKOTO TUIIA BO3MOXKHBIX
KOPEHHBIX ICTOYHMKOB, BBIJeIeHUEe HanboJiee rmep-
CIIEKTUBHBIX YIaCTKOB.

T'EOJIOTMYECKOE CTPOEHUE PAMTOHA

B reonornyeckom otHomeHuu CpenHuii TumaH
SIBJISIETCS YacThlO KpyImHO#t TuMaHCKOI cKiagya-
TO-HAABUTOBOI CTPYKTYPbI, BEITSIHYTOM B CEBEPO-3a-
IMaJHOM HaImpaBIICHUM U BXOIsIIeii B cocTaB [1euop-
CKOM IJIUTBI, OTpaHUYNBas ee ¢ oro-3anaga (I'eieH,
1987; Tumanckuii kpstx, 2009 u np.; l'ocynapcTBeH-
Had ..., 2015). Beiaensiercs ABa CTPYKTYPHbBIX 3Taxa:
pudeiickuit pyHIaMeHT, CJIOKEeHHBbIIT MeTaMopdhU-
30BaHHBIMU U CHJIBHO OVCIOIUPOBAHHBIMU TEPPU-
TeHHBIMU U TEPPUTCHHO-KapOOHATHBIMU TOJIIAMMU,
U m1aT(OpMeHHBIN YeXoJl, MpeACTaBIeHHbIN haHe-
PO30MCKMMHU OCaTOYHBIMU U BYJIKAHOTEHHO-0CAI04-
HBeIMU niopofamu. [IpociaexkuBaeTcs psio KpyITHBIX
pa3phIBHBLIX HApYIIEHUI ceBepOo-3arnagHoro MpoCTH-
paHusi, B yactHocTu, LleHTpanbHo-TuMaHCcKuUit Haf-
BUT, 3anmagHo-TumaHckuii 1 BoctoyHo-TuMaHCcKuUit
pas3noMbl. Pudeiickie mopoabl BEIXOASAT Ha TTOBEPX-
HOCTb B ipeaenax Yetmnacckoro, Boabcko-BriMckoro
u [{unemckoro nomHsATUi (ur. 1).

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

ITAPXAYEBA n np.

48°00'
66°00"

63°20'
53°00'
1 2 3 4 5

50 kM

®@ur. 1. CxeMa pacrnonoxeHus! MOAHATHM prdeiicKoro
¢yngamenta CpenHero Tumana. 1 — Me3030iicKkue
OTJIOXKEHUS; 2 — TaJle030iCK1e OTIOXKEHUS; 3 — IMOPOIbI
pudes; 4 — pa3pblBHBIC HApYIICHUS: a — Pa3JIOMBI,
0 — HaaBuru; 5 — KeiBBoXCcKMI paiioH. Lludpamu
o6o3HaueHbl mogHsTus: 1 — Lunemckoe; 2 — Yemnacckoe,
3 — Bomnbcko-Beimckoe.

Bonbcko-BriMckoe mogHATUE IpeacTaBisieT co0oi
ropcT-aHTUKINHAIb. B ee oceBoit 30He 0OHaKEeHBI
pudeiickie Topoasl, KOTOPhIE HAa KPBIUIBSIX C PE3KUM
VIJIOBBIM U CTpaTUTpadIecKM HecoTIacueM Tepe-
KPBITHI TAJIEO30MCKMMU OTIIOXKEHUSIMU. BEIpOBHEH-
HEIE BOJOpa3aelibHbIe TPOCTPAHCTBA W TTOHVKEHUS
3a6omoueHbl. OOHaXKeHHOCTh paitoHa ciabas. He-
0OoJIBIIINE KOPEHHBIE BRIXOAHBI ITOPO, HAOII0matoTCs
B LICHTPAJIbHOM YaCTH MOTHSTHS T10 TOJIMHAM Hanbo-
nee KpynHbix pek ITokbio u benoit Keassl 1 pyybeB
Cpennnit KeiBBoxX, KbiBBOX, JIMMTEMBEID.

KbIBBOXCKMIT paitoH 3aHMMAET LIEHTPAJTbHYIO YacThb
Boabcko-BbIMCKOro MOgHATHS U CIOKEH TIpeUMYyIIe-
CTBEHHO ITOpOIaMU BepXHETo pudest, peTepreBILIMMUI
peruoHaIbHbIA MeTaMOpP(dU3M 3eJIeHOCIaHIIeBOl da-
1 (pur. 2). Beigensirorest Kucjiopydeiickas U BbIM-
ckasg cepun. Kuciaopyueiickasi cepust mpencTapieHa
cJIaHLIaMU U TleCYaHUKaMMU ITMKEMCKOI CBUTHI, 00-
HaXXalolIMMUCS B I0TO-3aMaJHOM YacTH ITOAHSITHSI.
OcHoBHas TUIOIIAAb PailoHa CIoXeHa MopoAaMu
BBIMCKOIT cepyur, KOTOpasl BKIIIOYAET MOKBIOCKYIO
1 JIYHBOXKCKYIO CBUTBI, XapaKTepHU3YIOIIUeCs OIM3KIM
JINTOJIOTUYECKUM COCTaBOM C IIpeodIagaHueM cepr-
LIMT-KBapL-XJIOPUTOBEIX aJIEBPOCIIAHIIEB C IMH3aMU
U TIPOCJIOSIMU CEPULIMT-KBapILEBbIX YIIepoacoaepka-
IIMX aJIeBPOCIIAHIIEB 1 OTAECTBHBIMU CIOSIMH KBaplile-
BBIX ¥ KBAPLIMTOBUIHBIX IIECYAHUKOB.

Marmaruueckue oopaszoBanust Boibcko-BriMckoro
TOOHSITUSI IGJISITCS Ha IBA KOMITJIEKCa: CpeaAHETUMAHCKUI
Ne 4
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p 1
D 1
RFZZV RF2IV 3
C, 2
D, 3
REW 4
RFpk 3
RFEfy RFp¢ 6
c BDkt 7
Dkt Cu 12
c VBRF,sr 8
u

9
Cu, Hg Cu Hg Cu, Hg 10

Cu, Hg

B
RF pk 6
RF pz # Cu 5 1l
BD,kt 3 a
Cu, Pd Cu, Hg Cu
D3
VBRF st
P]
RF p?
C 2 KM

1-2

®ur. 2. CxeMa reoJJoTHIECKOro cTpoeHrst KeIBBOXCKOTO paifoHa (110 MaTepHalaM OT4eTa O pe3yJibTaTax paboT 1o 0OBEKTY
“TIIT1-200 mucroB Q-39-XXXV, XXXVI (KsiBBoxkcKas 1wiomans) ®IBY “BCET'EN”, 2020 r., ¢ ynpouieHUIMU U AOMOJ-
HEHUSIMU) 1 0COOEHHOCTH COCTaBa AJTIOBUAIBHOTO 30JI0Ta. | — HUXKHENEePMCKHE OTJIOXEHMS: IMHBI U aJIeBPOJIMTHI, Mep-
reJid, TIPOCJION MECYaHUKOB, U3BECTHSAKOB, TOJOMUTHI, U3BECTHSAKM; 2 — HUKHE-CPETHEKAMEHHOYTOJIbHEIE OTIOXCHUS:
[JIMHbBI, apTWIIATHI, MEPTEJIN, U3BECTHIKH, JOJOMUTHI; 3 — OTJIOXKEHUST BEPXHETO IEBOHA: IJIMHBI, MiepeciiauBaHue U3BECT-
HSIKOB ¥ TJIMH, aJIeBPOJIUTHI, TIECYaHUKM, U3BECTHIKM, apTWLIUTH; 4—6 — cpenHeprudeiickue oTIoXeHUsT: 4 — MeTarecya-
HUKH, TIepec/lauBaHNe METalleCYaHUKOB ¥ METAaJIeBPOJIUTOB, TIepecilauBaHKEe aJIeBPOCIAHIIeB M (PUJUTUTOBUIHBIX CJIAHIICB
JIYHBOXCKOM CBUTBI, 5 — KBapIIUTONECYaHUKU, MEeTaleCUaHMKN, METAAIEBPOJIUTHI, aJleBPOCIAHIIbI, CIAHIIbI MOKBIOCKOM
CBUTHI, 6 — CJTAaHIIBI ¥ METalleCYaHUKH MDKEMCKOM CBUTHI; 7 — MailK¥ TOJIEPUTOB KAHWHO-TUMAHCKOTO CyOBYJIKAHNYIECKOTO
IIOJIEPUTOBOTO KOMILIEKca; 8 — maiika rabopomoIepuTOB CPEemHETUMAHCKOTO rab0poI0IepUTOBOrO KOMILIEKea; 9 — pas-
pBIBHBIE HapyieHust; 10 — 30I0TOHOCHBIE POCCHINHU (a) U pocchinenposiBiaeHus (0), 11 — cpenHuii coctas 300T1a (Mac. %):
a — Au, 6 — Ag, B — Ipyrue dJeMeHTbI-IIpUMecH (yKa3aHbl HaJ TUarpaMMoii).

rab0pO-10J1EPUTOBBI KOMIUIEKC MTO3IHEr0O pudesd  gaiikamu J0JEPUTOB, OPUEHTUPOBAHHBIMU B Cy0-
Y KaHMHO-TUMAHCKUi J0JIEPUTOBBII KOMILIEKC Cpell- MEPHIMOHAILHOM HaIlpaBJIeHNUH, TIPOPBIBAIOIINMU
Hero neBoHa. K cpeqHeTHMaHCKOMY KOMILIEKCY OTHO- TTOPOIIBI MMKEMCKOM, ITOKBIOCKOM 1 JTyHBOXCKOM CBUT.
cutcs HeOoblas qaiika rabopon0IepUTOB, BCKPhITas [lI1poko pa3BUTHI pa3pbIBHbIE HAPYILIEHUS Pa3-
B paiioHe cpenHero redeHus pyd. JIlynBox. [lopo- nuuHoit opueHTupoBku. Hanbosnee KpynHbIMU sIB-
Ibl KAHWHO-TUMAHCKOTO KOMIUIEKCA NPEACTABIEHbI  JIIOTCSA Pa3IOMbl CEBEPO-3aIalHOTO IIPOCTUPAHUS,
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B IIpeneiax KOTOPBIX IOPOIbl MHTEHCMBHO pacciaH-
1I0OBaHbI, HAOJIONAIOTCS 30HbI BKPAIJIEHHOM 1 IPO-
>KUJTKOBO-BKPAIJIEHHOM CyIb(PUIHON MUHEpaTu3alu
(3oHbI nupuTU3aLMKn). Hepenko oOHapyXuBalTCs
MIPU3HAKK KOP BEIBETPUBAHMS, IIPEICTABICHHBIX Ha
coInpeaeabHbBIX TEPPUTOPUSIX, B YACTHOCTH, T€BOH-
CKMMU OOKCUTaMHMU.

YeTBepTUUHbBIE OTJIOXKEHMUSI, C KOTOPBIMM CBSI3aHbI
paccMmaTpuBaeMble 30JI0TOHOCHBIC POCCHIIH, (hOp-
MUPOBAJIXCh B BO3PACTHOM JMaNa30oHe OT CPEIHETO
HeoIllelicToleHa 10 rojoleHa. X MOLIHOCTb OOBIYHO
HE MpeBbIIIAeT HECKOJBbKUX METPOB, HO Y TTOMHOXUS
CKJIOHOB MOXET ObITh 3HAYUTEAbHO Bbille. [IpucyTt-
CTBYIOT MOPEHHbIE OTJIOXKEHMSI, 3ajIeralollre BO BIla-
JIUHAaX JOYETBEPTUYHOIO peabeda, B JOIUHAX PeK.
MopeHbI CTOXKEHbI CYTNIMHKAMU, Pa3HO3€PHUCTBIMU
IecKaMM, BaJlyHaMH Y TaJIbKOM pa3IMyHO# CTeTIeH!
oKaTaHHOCTH. [Ppy0000JIOMOYHBIN MaTeprall IMTOJIO-
TMYeCKM HEOMHOPOAEH U TIPENCTaBIeH ITeCYaHUKaMMU,
U3BECTHSAKAMU, JOJJOMUTAMU, KBapLIMTaMu, Oa3aJIbTO-
BBIMHU TTOp(UPUTAMHU, KBAPLIEBO-3IIUAOTOBBIMU IIOPO-
JaMM, KpEMHUCTO-IJIMHUCTHIMU CJIaHLIaMU, KOTOpPhIE
0 CBOEMY OOJIMKY U COCTaBY OJIM3KH K YPaJIbCKUM
Y TUMaHCKMM TTopoaaM. BmecTe ¢ 3TUM oTMevaroTcs
YyXKIbl€ 1JI51 perMOHA NOPOAbl, TAKME KaK I'PAHUTHI,
OMOTUTOBBIEC THEWMCHI 1 IPYTY€, U3BECTHBIC HA TOCTA-
TOYHO yIaJ€HHBIX TEPPUTOPUSIX, OTKYIIa, BEPOSITHO,
MPOUCXOAUJI CHOC pa3anyHoro Marepuasna. C MopeHa-
MM TECHO CBSI3aHbI (hIIOBUONISILIMATIBHBIE OTIOXKEHUSI,
COCTOSIIIME U3 CYIIIMHKOB, IIECKOB, TaJIcYHUKOB.

IMoBceMecTHO pacrpocTpaHeHbl aJUTIOBUAIbHBIE
OTJIOXEHMS, ClaralplIre HaalmoiMeHHEIC Teppachl
pa3IMYHBIX YPOBHE, a TaKKe IMOMMBI U pyciia pex
U pyybeB. B OCHOBHOM 3TO CYITIMHKU, CyIIeCH, pa3-
HO3EPHUCTHIC TIECKU C TpaBueM M rajeuHuku. [1pe-
obnagaeT MaTepuaa MecTHBIX Topoa. Ha rutockux
BOIIOpAa3IeIbHBIX BO3BEIIICHHOCTSIX ¥ CKJIOHAX pa3-
BUTHI 3JII0BUAJIbHBIC U ACTIOBUATIBHBIC OTIOXECHMUS.
OTMevarTCesl 036pHO-AJUTIOBUAILHBIC OTJIOKEHUS,
KOTOpBIe MIPeACTaBICHBI TOJIIAMHU aJIeBPUTUCTHIX
[JIMH 1 TIECKOB ¢ TOHKUMU IIPOCIOSIMU Topda.

OCHOBHBIE 30JIOTOHOCHBIE POCCHINU IIPUYPOUYEHDI
K nonauHam pyd. Cpegnuii KeiBBox, KbiBBOX 1 JIM-
TeMbEnb. CpeaqHEeKBIBBOXCKAsI POCCHINb BKJIIOUYA-
eT IMMOIIMEHHO-PYCIIOBEIE U TEPPACOBBIE OTIOXECHMS
U TIpOTATUBaeTcsa Ha 3 KM npu mmpuHe oT 10 go
40 M. ITpoayKTUBHBIH 30JJOTOHOCHBIN TIACT MPUY-
POYEH K IPUIIOTUKOBO YaCTU aJUTIOBUS U CJIOKEH
rajJlIeYHO-IMeOHNCTO-TIIMHUCTEIMU OTIOXCHUSIMU
¢ HEOOJIBIIMM KOJINYECTBOM BaJyHOB. MOIITHOCTD
ruiacta coctansisier 0.5—1.5 M. Pacnipenenenue 3omota
MMeeT CTPYMHBIN XapaKTep, BBIIEISIeTCS HECKOJIb-
KO CTpyil uupuHOM 10 15 M. KbIBBOXKCKast pOCCHIIb

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU
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pacriojioxeHa B cpenHeM TeueHuu pyd. KeisBox. [{mm-
Ha pocchinu cocTtapiseT 1.7 kM, mupuHa — 10 80 M.
[IponyKTUBHBII TIACT paciojlaraeTcs B MPUILIOTUKO-
BOI 9aCTH TTOMEHHO-PYCI0BOTO ayuTioBust. OCHOBHAS
4yacTh IIacTa MpeacTaBieHa raledyHO-1LeOHUCThIMU
W TJIMHUCTO-TpaBUAHO-TaJ€YHBIMU OTIOXKEHUSIMU
C OTIEJbHBIMU YIJIOBATO-OKATAHHBIMHU 00JIOMKaMU
BaJyHHoI pa3mepHocTu. Kak u miist CpenHeKbIBBOX-
CKOI pOCCHINU, pacHpeaeeHue 30J10Ta B IIpeaeaax
miacrta crpyiiHoe. JIuMTeMbENbCKask PpOCCHIIb pacHo-
JIOXKEeHa ceBepHee KbIBBOXKCKUX POCCHITEH B cpeaHeM
TeYeHUHU pyd. JIUMTeMDBEND U IIPOTITUBAETCS Ha pac-
crosiHue 9.6 KM Iipu cpenHeit mmpuHe 46 M. 30J10TO
COCPEIOTOYCHO MPEUMYIIECTBEHHO B ITPUILIOTUKOBEIX
MecYaHO-TPaBUMHO-TaJIeYHbIX OTJIOXEHUSIX.

KopeHHbIe TTopofbl, ciaraloiue IIoTUK 30J10TO-
HOCHBIX POCCHITIEI ¥ OOHAXKAIOIIECS B pYCIe PYYbEB,
00pa3yioT clIaHIIEBhIE MECTKN, OPUESHTUPOBAHHEIS
MPEeUMYIIECTBEHHO MOMEePeK HaIlpaBJIeHUsS TeUSHUSI
U 3aII0JIHEHHbBIC ITeCUaHO-IJIMHUCTBIM MaTepUalIOM,
B KOTOPOM IOUTH BCELIa IIPUCYTCTBYET 30JI0TO.

MATEPUAJI U METObl UCCIIEJOBAHUM

B xone mosieBbIX pabOT IIPOBEAECHO ILIUXOBOE OIPO-
OoBaHMe AJUTIOBUAIBHBIX OTIOXKEeHUN pyd. CpemHuit
KeiBBOX, KbIBBOX, JIUMTEMBEND, JIeBbIN KbIBBOXK
u p. IToksio. [1po6kI 0TOMpanuch U3 COBpeMEHHOTO
PYCIIOBOIO, IIOMMEHHOTO AJTIOBUS X pa300PHOIO ILIO-
THKa (CIaHLEBbIX 1IETOK). O0BbeM MPod BapbupOoBai OT
0.01 10 0.1 M>. TIpo6BI TPOMBIBAIUCH [0 CEPOTO LLIH-
xa, 0poMOGOPMUPOBAINCH C BBIIEICHUEM TKEIIOM
dpakuum. 3aTeM MPOBOAUIICS €€ KOAUYSCTBEHHbIH
MUHEPAaJIOTUYECKUM aHAJIN3 U OTOOP MOHOMPaKIINit
3o0Ta. Becero mpoaHanu3upoBaHo 169 IUIMXOBBIX
mpo06. BusyanabHast fMarHoCcTUKa MIUHEPAJIOB 3aBepsi-
Jlach METOIAMM PEHTIEHOCTPYKTYpHOTIo aHanu3a. 13-
yueHo okoso 1700 gacTtutr 3o5101a. C MCIOE30BaHNEM
OINTHUYECKOro OMHOKYJSIpHOTO MUKpockona MbC-9
OLIEHMBAJIMCh UX BeJIMYMHA, (hopMa, CTEIIEHb OKaTaH-
HocTr. OCOOEHHOCTN MUKpOpeabeda, BHyTpeHHEE
CTPOCHHE U COCTaB YaCTHII 30JI0Ta 1 COAEPKAIIIMXCS
B HUX MUHEPaJIbHBIX BKIIOUEHUI N3y9aIUCh IIPU I10-
MOIII PacTPOBOTO NIEKTPOHHOIO MUKpockomna Tescan
VEGA 3 LMN c ucnonszoBaHueM npuctaBku INCA
X—MAX ¢upmsl Oxford Instruments ¢ HanpskeHUEM
20 kB, BakyymomM 0.05 I1a n amameTpom mydyka 2 MKM.
Bpewms akcniozunyn — 500000 ummynbcoB. I[Ipenapatsbl
JUTSE 9JIEKTPOHHO-MUKPOCKOITMUECKMX MCCIIeIOBaHUI
TOTOBMWJIMCH I10 CTaHIapTHOUM MeTonuke. s usy-
YeHUS MOP(OJIOrMH YaCTUIIEI 30JI0Ta ITOMEIIAICH
Ha MeTaJUIMYeCKHUE I1aii0bl, MTOKPHITHIE JBYCTOPOH-
HUM 3JIEKTPONPOBOISIIIUM cKoTuyeM. [Ipu u3roros-
JICHUM TIPEIIapaToB IJIsl UCCIEA0BAHNS BHYTPEHHETO
Ne 4
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CTPOEHUS 1 COCTaBa 30J10Ta YACTULIbI TOMEIIATUCh
Ha IJIACTUKOBBIE 111aKi0bI, TOKPHITHIE ABYCTOPOHHUM
CKOTYEM, KOTOPBIC 3AIMBAIMCH STIOKCUIHONA CMOJIOM,
a 3aTeM npunuingoBbiBavch. Hanbuienue npemnapa-
TOB IIPOBOINJIOCH YIJIEPOIOM.

PE3YJIBTATbHI UCCIEJOBAHUN

Munepansubtii cocmas msaxcenoil gpaxuyuu
ANN0BUANbHBIX OMA0NCCHUIL

Tsxenast ppakuys asIIOBUATIbHBIX OTIOXECHUI
KbiBBOXCKOrO paiioHa npeacTaBieHa 33 MuHepalaMu
(¢pur. 3). Hanbonee 1MpoKo pacnpoCTpaHEHHbIMU

Bonotok
Munepan
I'panar
MnpmeHuT
Iupxon
Bnuaor
JleiikokceH
I'eétur
Kuanut
Pytun
CraBpoaut
MarHeTur
I'emaTur
AMPuo0JIBI
ITupokceHsl
Kynaput
IMupurt
lanenur
XanbKONMUPUT
Turanut
Anatut
Anaras
KopyHn
InmuHens
XPOMILITUHEIU,
Typmanun
MycKOBUT
XJ10puT
XJtoputous
Kaccurepur
KuHoBapb
IlepoBckut
Maptur
OnuBUH

[Toxblo KbIBBOX

CI1.3H.

12 3 4 5 6

Cpennmii JleBrrid
KeBBOxXX KBIBBOX TEMBEID

389

SIBJISIIOTCSI TpaHAT U WJIbMEHUT. B MeHbIIIeM Koamde-
CTBE, HO ITIOYTU MOCTOSIHHO MPUCYTCTBYIOT IIMPKOH,
BIUIOT, JICHKOKCEH, T€TUT, KHAHUT, PYTUJI, CTABPO-
JINT, MAaTHETUT, TeMaTuT, aMpuooael. Criopagmye-
CKM BCTPEUAIOTCSI TUTAHUT, allaTUT, aHaTa3, KOPYHII,
IIITAHE]Tb, XPOMUT, TYPMaJIMH, CJIIOMACThIC MUHEPAIHI,
XJIOPUT U XJIOPUTOU, KACCUTEPUT, MOHAIIUT, MAPTUT.
B otnenpHBIX Tpo6ax OTMEYAIOTCSI eIMHUYHEIC 3epHA
KMHOBapH, IIEPOBCKUTA W OJIMBUHA.

CaMopomHOe 30JJ0TO OOHAPYXKEHO B OOJbIIMH-
CTBe LLIUXOBBIX po6. Ero cogepxxaHue BapbupyeT
B IIMPOKUX npenenax, nocturag 350 mr/m3. Han-
0oJiee BBICOKOE CONEpXKaHUE 30J10Ta, B TOM YHUCITE

Jm-

JIynBox BoiiBox

€1.3H.

€I.3H.

CI.3H.

€1.3H.
€1.3H.

€I.3H.

®@wr. 3. CpenHee conepXaHe MITHEPAJIOB TSLKEION (DpaKIiy U3 aJUTIOBUAIBHBIX OTIoXeHU KbIBBOXKCKOTO paiioHa (0TH. %):
1 — 6omee 50, 2 — 2550, 3 — 10—25, 4 — 5—10, 5 — 1-5, 6 — MeHee 1; €. 3H. — eAMHNYHBIE 3HAKH.
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KPYITHOTO, YCTAaHOBJICHO B TETUT- U IIMPUT-COAEpXKa-
IIMX MUHEPAIbHBIX aCCOLMALMIX Ha pyd. CpenHuit
KbiB- Boxk 1 KbIBBOX, pa3dMbIBaroOllIMX 30HbI BKpa-
TUIEHHOM CyTb(GUIHON MIHEpAIN3alni B pUQeicKIX
tojmax. CoBMECTHO ¢ 30J10TOM BO MHOTHMX ITIpo0ax
B BUJIC €AMHUYHBIX 3HAKOB BCTPEYAIOTCS MUHEPAJIbI
IUIATUHOBBIX METAJJIOB, B YaCTHOCTH, N30 eppoIuia-
THHa, TeTpadepporuiatnHa, Os-Ir-Ru criiaBel, paHee
OTMeuaBlIMecs B aJulloBuM pyd. KbIBBOX U p. UepHoii
Kensel (Makees u ap., 1996).

Camopoonoe 3010mo

CaMopoagHO€e 30710TO UMEET MPEUMYILIECTBEHHO
OIHOPOIHBIN XENTHIN, KPACHOBATO-XKENTHIN LIBET,
pexe BCTPEeYaroTCs COJIOMEHHO-KeNThie YacThllbl. Ha
MOBEPXHOCTU 30JIOTUH HEPEIKO HAOIIOAAIOTCS KOPOU-
KM YEPHBIX U KPACHOBATO-0YPBIX OKCUTUAPOKCUIOB
MapraHlia U XeJjie3a, PeaCcTaBIEHHbBIX TOIOPOKUATOM,
MHAPOJIO3UTOM, JIETTUTOKPOKUTOM.

Ipanynomempus. BenarHa 4acTUII 30J10Ta B U3- yYEeH-
HBIX IIUTMXOBBIX ITpo6ax BapwerpyeT oT 0.05 10 2.0 Mm
(dur. 4). Haubonee paciipoctpaHeHHbIM (59%) siBis-
ercsa Menkoe 30510710 (0.25—1.0 MM) ¢ IpeobIagaHneM
yactuil 0.25—0.5 Mmm. B MeHbI1Ieli cTereHr OTMeYaeTCst
BecbMa MeJIKoe 30J10T0 BeJimurHoi ot 0.1 1o 0.25 MM,
cocTapisiioniee 29%. B oCHOBHOM OHO Ha0IIonaeTCst
B LIUTUXOBBIX TTpobax pyd. KeiBBoX, JIeBblii KbIBBOX
u Jlumtembens. Honst Tonkoro 3omota (MeHee 0.1 mm)
00BIYHO He npeBbiiact 11%. MckmoueHreM aBisieTcst
py4. KeBoX 11 JIeBblii KbIBBOX, Iie €ro KOHLIEHTpaIusI
BbIlIe. CaMble KpYITHBIE 30JI0TMHBI pazMepoM A0 2.0 Mm
BCTpedyeHbI HaMu B mpodax pyd. Cpennuii KeIBBOX 1 p.
IMokwsio. Ux nonst He ipeBbiiiaet 1%.

Crnemyer 3aMeTUTh, YTO paHee 30J10T0 CpeqHEKbIB-
BOXXCKOM POCCHITI ITPU OIBITHO-IIPOMBIIIIICHHBIX
paboTax xapakTepHu30BaJoCh Kak KpynHoe (0oJee

ITAPXAYEBA n np.

0.5 MM), BCTpedamch CAaMOPOIKH pa3MeEPOM 10 2 CM
u BecoM 110 24 1 (lynap, 1996; Makees, dynap, 2003).

Mopghoaoeus. TlogaBnsioniast 4acTh CaMOPOIHOTO
30j10Ta KBIBBOXKCKOTO paitoHa MMEeT IJIaCTMHYATYIO,
TabJIUTYATYIO U KOMKOBUAHYIO (hopMy (dur. 5). Cpenu
IUTACTUHYATBIX M TAOJIUTYATHIX YACTUILL BEIACIISIOTCS
YIJIOBATO-OKPYIJIblE, OKPYIJIbIE, YIIMHEHHbIE, YTO-
IIeHO-Ta0JIMTYAThIe, CyOM30METPUUHBIE, B PEIKHX
clydasix — JelryiiuaTeie YacTulbel. Hapsmy ¢ Humm
MPUCYTCTBYIOT YACTHIIbI CIOXKHOM (hopMBI. Penxumu
SIBJISIIOTCS IIIAPOBUIHBIE U CTEPXXHEBUIHBIC YACTHUIIEL.
Ilo cTeneHn yIIOMIEHHOCTH 30JI0TO MOAPAa3aeIIIeTCs
Ha yMepeHHO- (73%) u cubHO yruonieHHoe (22%),
cyousomerpuaHoe (5%). UckmoueHueM SIBISIeTCS yda-
ctok [Tokbio, Ie npeobaamaoT CUIBHO YILIOIEHHBIS
dopmel (64%), a yMepEHHO YIUIOLIECHHBIE BCTPEYAIOTCS
B OMYMHEHHOM KoJindecTBe (36%). BaxxHo OTMETUTB,
YTO JIJII MHOTMX YaCTUII 30J10Ta XapaKTePHbI IIOBTOP-
Hble TeopMalii, BOZHUKILIKE, BEPOSITHO, YXe TTOCIe
MX OKaTbIBaHUS B BOMHOM ITOTOKE U BhIPpAXKalOIIeCs
B KOHBEPTOOOPAa3HOM CMSITUM, M3rM0ax, CAaBIMBaHUH,
CJIOXKHBIX KOHTYpaX, ITOXOXKMX Ha pa3phIBHI.

ITo cTeneHn 0KaTaHHOCTH 30JI0TO AEJIUTCSI HAa HEO-
KaTaHHOE, CJIa000KaTaHHOE, ITOJIyOKATAHHOE, XOPOIIO
U COBEpIIeHHO oKaTtaHHoe (¢ur. 6). HeokatanHoe
30JI0TO BCTPEYACTCS B eIMHUYHBIX CIyJasX Ha BCEX
yyacTkax, Kpome ydactka ITokbro. HecMoTpst Ha ero
PEIKYIO BCTPEYaeMOCTh B PyCJI0BOM aJUTIOBUM, OHO
B IOCTaTOYHO OOJIBIIIOM KOJIMUYECTBE OOHAPYXKEHO
HaMH B IIUIMXOBBIX KOHIIEHTpAaTaX, MOJy4YEeHHbIX IPU
MPOMBIIIJIEHHOH pa3paboTke pocchlneit (¢ur. 7). Yac-
TUIIBI 30JI0Ta UMEIOT CJIOXHYIO, YaCTO BETBSIILYIOCS
(opMy C TTOJTHBIM OTCYTCTBHMEM IPU3HAKOB OKaTaH-
HocTU. [ToBEpXHOCTh YaCTHUIL UMEET CIIOKHBIN penbed
C MHOTOYMCJIEHHBIMY YIIIOBATHIMU HEPOBHOCTSIMU,
OyrpamMu, IMKaMHM, OTIIcYaTKaMH.

80
n=118
IS
E 60 n=21 1
% n=1075 n=93 2
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= n= 1694
2 4 n=397 3
2 4
8
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S 20
=
0 &g R R & $ 5
S @) 3 S
A o S Q’@q&o@
L N & ’Q@&zﬁ\ < QoQ
®ur. 4. [ucTorpaMMa BCTpeYaeMOCTH 30JI0Ta IO TPAHYJIOMETPUUECKNUM KiiaccaM B KbIBBOXXCKOM paiioHe: 1 — 1.0—2.0 MM,

2 —0.5-1.0 mm, 3 — 0.25—-0.5 MM, 4 — 0.1—0.25 MM, 5 — meHee 0.1 MM, n — KOJIMYECTBO 3€PEH.
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®ur. 5. Dopma M OKATAHHOCTh TUITMYHBIX YaCTUIIL 30JI0Ta: a, 6 — MIaCTUHYATAs, YIUTMHEHHO-TIJTACTUHYATAsT C XOPOLIei
CTEIIeHbIO OKATAHHOCTH; B — IJIAaCTUHYATAsI XOPOIIO OKaTaHHAS C TOPLIEBBIM BAJIMKOM; T — KOMKOBHIHASI TTOJIyOKaTaHHasT,
Il — OKPYIJIO-11IapOBUIHAS COBEPILIEHHO OKAaTaHHas; € — CJOXHAs MOJyoKaTaHHas; XX, 3 — IUIACTUHYAThIE XOPOIIO OKaTaH-
HbIE ¢ KOHBEPTOOOPAa3HBIM CMATHEM; M — CJIOXKHAas cllabookaTaHHas. M306pakeHsT BO BTOPUYHBIX JIEKTPOHAX.

CnabookaTaHHOE 30JI0TO BCTpevYaeTcs B HEOOIb-
1LIOM KOJIMYECTBE Ha BCeX YYacTKax, CoaepKaHue ero
BapbupyeT oT 4% (Jlesblit KbiBBoX) 10 23% (Cpennuii
KbIBBOX), B CpeaHeM 110 BCEM yYacTKaM COCTaBJISIET
19%. 30710TUHBI UMEIOT COXPAHUBILIECS IIEPBOHA-
yajibHbIe pyaHble (hopMmbl (ur. Su). OHU perumMyle-
CTBEHHO YIJIOBaThI€, CO CJ1a00 OOMSITBIMU KpasiMU, Kak
MIpaBUJIO, CJIOXKHOI aHTeAPaIbHON POCTOBOI (DOPMBI.
MHorna otMevaroTcst HeOObIIYE YYACTKU C BaTUKAMMU.
30J10TO 3TO¥ IPYIITLI XapaKTepU3yeTCsl IOHMKEHHBIMU
CpEeIHMMU MOKAa3aTeIsIMU YILIOIIEHHOCTU U BBICO-
KOI COXpaHHOCTBIO OTITEYaTKOB PYIHBIX MUTHEPAJIOB
1 MHAYKIIMOHHBIX MOBEpXHOCTEH. J10J1s1 OKpyImocT
B KOHTYpE YaCTHI] COCTABIISIET OT 5 10 25%.

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU TOM 66

ITonyokaTtaHHO€ 30J10TO ITMPOKO PACITPOCTPAHEHO
B HICCIIEMyeMOM paiioHe, 4acTOTa €ro BCTPEYaeMOCTH
cocraBiseT 45%. Ha KuiBBoxkckoM 1 CpeHEKBIBBOX-
CKOM YyYacTKax TaKoe 30JI0To ipeobmanaet. [Ipu sTtom
B BepxOBbsiX pyubst CpenHuii KbIBBOX BCTpe4aeMOCTh
MOJTyOKaTaHHOTO 30JI0Ta BHINIE, YEM B MIpeaeiax pac-
MOJIOXKEHHOM HUXKE 0 TEUEHU IO ITPOMBILUIEHHO pOC-
CBIIH, TIE €r0 OKAaTaHHOCTh Bo3pacTtaeT. Ha yuactke
JleBblit KbIBBOXK MOJTyOKaTaHHOE 30JI0TO BCTpeUaeTCs
B MPUOJIU3UTETHLHO PABHOM COOTHOILIEHUY C XOPOIIIO
OKaTaHHbIM 30J0TOM. [[JIS1 MOJIyOKaTaHHOTO 30J10Ta
XapaKTepeH YIUIOIIEHHBIN YIIIOBaTO-OKPYIIBIA OOINK,
MMEIOIINI YIJIOBaThIe W MMOJTHOCTBIO CIJTaXKeHHEBIE
BBICTYIbI HA TTOBEPXHOCTH (ur. 5¢). Y Hero Moryr

Ne 4 2024
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®ur. 6. [McTorpaMMbI BCTpEYaeMOCTH 30J10Ta 10 CTETIEHN OKATAaHHOCTU Ha yyacTkaX KbhIBBOXCKOro paiioHa: 1 — HeoKaTaH-
Hoe, 2 — c1abooKaTaHHOE, 3 — MoJlyoKaTaHHOE, 4 — XOPOILIO OKaTaHHOE, 5 — COBEPILIEHHO OKaTaHHOE, N — KOJIMYECTBO 3EPEH.

(a)

(8) (r)

20 MKM

(6)

(m)

20 MKM 50 MKM

®ur. 7. HeokaTtaHHOE 30JI0TO CIOXKHOM (OpMBI (a, 6) U TUIIMYHBINA pebed ero MoBepxHOCTH (B, T, a). M306paxkeHus BoO

BTOPUYHLIX SJICKTPpOHAaX.

HaOII0aThCS MPOTSKEHHBIE YIACTKM C HAKJIeTIaMU
1 BaJIMKaMHU, YaCTUIIBI CJIOKHOI (DOPMBI MOT'YT OBITh
OKOMKOBaHHI (ur. 5r). 107151 OKpYIIIOCTU B KOHTYpPE
YaCTUII 30JI0Ta cocTaBisieT ot 25 1o 50%.

XOopoI110 OKaTaHHOE 30JI0TO BCTPEYAETCsI TOBOJIb-
Ho 4acto (30%), mpu 3TOM ero pacrpeneaeHue 1o
pa3IMyYHbBIM yJacTKaM HepaBHOMepHoe. Ha ydacTtke
[Mokwbio oHo npeobranaet (69%), a Ha IPyTruX ydact-
Kax 4yacToTa BCTPEYaeMOCTH 3HAYMTETbHO HIXE — OT
26 (na CpenneM KniBBoxke) mo 47% (Ha JleBoM KbI-
BBOXe). 30JI0TO TIPEACTaBICHO MPEUMYIIIECTBEHHO
JICTICITKOBUIHBIMU YaCTULIAMU C BAJTMKAMU 10 KpasiM

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

(dpur. 5a—s, X, 3). MeHee pacnpocTpaHeHbl KOMKOBATHIE,
YelryiidaThie, SJUIMIICOMIAIbHBIC ¥ TAaHTEIIeO0pa3HbIe
(bOPMEI C TTIOYTH MJIH MOJIHOCTBIO CITIaXKEHHBIMH BhI-
ctyramiu. J1oJIst OKpYIIIOCTH B KOHTYPE YaCTHII 30JI0Ta
cocrasisieT ot 25 10 50%.

CoBepllleHHO OKaTaHHOE 30JI0TO HaOI101aeTCs
penKo, ero 10Js cocTapisieT okoso 4%. Takoe 30-
JIOTO MEET POBHBII KOHTYP, YYaCTKH C BaJIMKAaMU
U CUJIBHYIO CITIaXKEHHOCTb MUKpopenbeda (pur. Sma).
Hod1st OKpYIIIOCTH YaCTHUII 30710Ta cocTapiseT ooinee 90%.

HOBCpXHOCTB B TOM MJIM UHOM CTETICHU OKaTaH-
HbIX YaCTHUII 30JI0Ta AMYaTad, HMano—6yropana;{
2024
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(a)

(r)

(©)

50 MKM

(m)

25 MKM

(®)

10 MKkM

(e)

25 MKM

393

10 MKM

50 MKM

®ur. 8. OcobeHHOCTH MUKpOpPETbeda YaCTUII 30JI0Ta: a — YIVIOBATHIE M CTYIIEHYATHIC OTIIEYaTKN MUHEPAJIOB-CPOCTKOB;
0 — KaBepHa ¢ yactuiiaMu KBapiia (Qz) 1 HOBOOOpa30BaHHBIM I'yOUYaTHIM 30JI0TOM; B, T — OOPO3/Ibl CKOIBXEHUS, 11apa-
MUHBI; I, € — SIMYATBI ¥ IMYaTO-OyropyaTslii penbed. M300pakeHrst BO BTOPUYHBIX 3JI€KTPOHAX.

Ta6mmna 1. XuMyuyeckMii COCTaB TUITMYHBIX YacTHUI] 3010Ta KbIBBOXKCKOro paitoHa

Nemn | NeoGpasia MecTo ConepaHus 2JIEMEHTOB, Mac. % K Mpo6-
onpeneneks | Au | Ag | Cu | Pd | Hg | Cymma | HOCTb, %o
py4. Cpennauit KeiBBOX

1 201202 LIEHTp 99.85 — — — — 99.85 1.00 1000
2 KaiiMa 99.75 — — — — 99.75 1000
3 203201/1 LEHTP 99.08 0.89 0.52 — — 100.49 1.00 986
4 Kpait 99.53 — — — — 99.53 1000
5 TEMHBIN — — —

y4acToK 83.57 16.13 99.70 838
6 600302 LEHTp 90.92 9.20 — — — 100.12 1.10 908
7 Kaiima 99.63 — — — — 99.63 1000
8 MPOXKUIKA 89.69 9.36 — — — 99.05 906
9 600202 LIEHTp 98.54 3.23 — — — 101.77 1.01 968
10 Kaiima 99.13 — — — — 99.13 1000
11 600203/2 LIEHTP 89.52 10.61 — — — 100.35 1.12 894
12 Kaiima 100.48 — — — — 100.48 1000
13 60002/3 LIEHTD 57.75 41.92 — — — 99.67 1.73 579
14 KaiiMa 99.91 0.88 — — — 100.79 991
15 10I-18/2 Marpuia 92.80 3.05 3.48 — — 99.33 1.07 934
16 JlaMelTh 90.66 0.59 9.41 — — 100.66 901
17 KaiiMa 98.94 — — — — 98.94 1000

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU
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Taomma 1. [MponomkeHne

ITAPXAYEBA u np.

No it Ne o6pasia Mecto ConepxxaHus 2JIEMEHTOB, Mac. % K Ipo6-
oTpeeIeHUS Au Ag Cu Pd Hg Cymma " | HOCTb, %o
18 10r-3/2 LIEHTP 82.28 17.50 — — — 99.78 1.21 825
19 Kaiima 99.72 — — — — 99.72 1000
20 2902k-CKbI-18/29 LIEHTP 92.84 6.89 — — — 99.73 1.07 931
21 Kaiima 99.80 — — — — 99.80 1000
22 MPOXKIIKA 55.45 44.33 — — — 99.78 556
23 10I-146/1 LIEHTP 98.14 1.58 — — — 99.72 1.02 984
24 KaiiMa 100.56 — — — — 100.56 1000
25 2902-CKBbI-18/12 LIEHTP 97.99 2.26 — — — 100.25 1.02 977
26 Kaiima 99.70 — — — — 99.70 1000
27 MPOXKIIIKA 49.77 50.68 — — — 100.45 495
28 6078K-5 LIEHTP 75.85 24.79 — — — 100.64 1.30 754
29 KaiiMa 98.68 — — — — 98.68 1000
30 6078M-2 LIEHTP 82.12 14.43 — — 4.03 100.58 1.22 816
31 KaiiMa 100.52 — — — — 100.52 1000
32 6079K-3 LIEHTP 91.69 8.81 — — — 100.50 1.08 912
33 KaiiMa 98.82 1.94 — — — 100.77 981
34 5427/3 LIEHTD 85.66 11.67 — — 4.32 101.65 1.17 843
35 Kaiima 100.4 — — — — 100.4 1000
36 5427/4 LIEHTP 97.27 2.51 — — — 99.78 1.02 975
37 KaiimMa 99.0 — — — — 99.00 1000
38 MPOXUIKA 48.54 52.6 — — — 101.14 480
39 5428/9 LIEHTP 88.48 0.40 10.71 - — 99.58 1.14 888
40 Kaiima 100.46 — — — — 100.46 1000
41 601601/5 LIEHTP 99.05 0.91 — — — 99.96 1.00 991
42 Kpait 99.24 - — — — 99.24 1000
43 601601/6 LIEHTP 77.21 20.54 — — 3.81 101.57 1.25 760
44 KaiiMa 96.64 3.54 — — — 100.18 965
45 601601/7 LIEHTP 95.31 2.04 2.81 — — 100.16 1.05 952
46 Kaiima 100.17 — — — — 100.17 1000
pyu. KbiBBOX
47 2907Ap-KbIB-18/4 LIEHTP 96.11 3.81 — — — 99.92 1.05 962
48 Kaitma 100.65 — — — — 100.65 1000
49 MPOXUIIKA 87.77 12.59 — — — 100.36 875
50 2907a-KbIB-18/14 LIEHTP 69.26 31.87 — - — 101.13 1.44 685
51 KaiimMa 99.50 — — — — 99.50 1000
52 29098-3 LIEHTP 100.21 0.84 — — — 101.05 1.00 992
53 KaiiMa 100.19 — — — — 100.19 1000
54 NPOKHIKA 94.89 5.19 N - N 100.08 948
55 29098-4 LIEHTP 99.72 1.17 — — — 100.89 1.01 988
56 KaiimMa 100.32 — — — — 100.32 1000
57 MPOXUIIKA 28.58 71.28 — — 2.85 102.72 278
58 2912a-5 LIEHTP 99.55 1.84 — — — 101.39 1.00 982
59 Kaiima 99.93 — — — — 99.93 1000
60 TMPOXWIKA 81.49 19.02 — — — 100.52 811
61 2954-7 LIEHTP 99.17 0.64 — — — 99.81 1.01 994
62 Kaiima 100.43 — — — — 100.43 1000
TEOJIOTU A PYAHBIX MECTOPOXJEHUM TOM 66 Ne 4 2024
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Taomuna 1. IIponomkeHue
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No it Ne o6pasia Mecto ConepxxaHus 2JIEMEHTOB, Mac. % K Ipo6-
oTpeeIeHUS Au Ag Cu Pd Hg Cymma " | HOCTb, %o
63 2955-1 LIEHTP 99.96 0.78 — — — 100.74 1.00 992
64 Kaiima 99.92 — — — — 99.92 1000
65 MPOXWIKA 48.13 53.05 — — — 101.18 476
66 510-01-7 LIEHTP 92.64 5.84 0.48 — — 98.96 1.08 936
67 Kaiima 99.61 — — — — 100.14 1000
pyu. JleBbiit KbiBBOX
68 2940Ka-4 LIEHTD 98.95 1.47 — — — 100.42 1.01 985
69 Kaiima 99.71 - — — — 99.71 1000
70 2940Ka-7 LIEHTD 96.62 4.16 — — — 100.78 1.02 959
71 Kaiima 99.01 — — — — 99.01 1000
72 29416-1 MaTpuia 81.34 17.33 0.69 — — 99.36 1.23 819
73 JlaMeJb 77.65 — 21.92 — — 99.57 780
74 Kaiima 100.01 — — — — 100.01 1000
75 29416-2 LIEHTP 98.06 0.51 2.29 — — 100.86 1.01 972
76 Kaiima 99.51 — — — — 99.51 1000
77 2941r-3 LIEHTP 97.38 0.88 0.38 1.89 — 100.53 1.01 969
78 Kaiima 97.88 — — 1.06 — 98.93 989
79 2941r-4 LIEHTP 91.30 5.77 2.71 — — 99.78 1.09 915
80 Kaiima 99.74 — — — — 99.74 1000
81 2941r-6 LIEHTDP 97.92 3.38 — — — 101.30 1.02 967
82 Kaiima 99.47 0.37 — — — 99.84 996
83 29418-19-3 LIEHTP 70.44 29.44 - — — 99.88 1.42 705
84 Kpaii 100.34 — — — — 100.34 1000
85 MPOXWIKA 87.95 12.02 — — — 99.97 880
86 2941r-19-6 LIEHTP 87.56 12.29 — — — 99.85 1.14 877
87 Kpait 99.84 — — — — 99.84 1000
pyy. AuMTeMbEND
88 2919r-AM-18/3 LIEHTD 82.90 17.08 — — — 99.98 1.20 829
89 Kaiima 99.56 — — — — 99.56 1000
90 2919r-ANM-18/1 LIEHTP 95.66 6.02 — — — 101.68 1.04 941
91 Kalima 99.91 — — — — 99.91 1000
92 29186-A1M-18/1 IIEHTP 99.73 1.37 — — — 101.10 0.99 986
93 Kalima 98.31 — — — — 98.31 1000
94 MPOXUIKA 58.42 42.10 — — — 100.52 581
95 2919r-IUM-18/6 LIEHTP 91.94 7.32 — — — 99.26 1.09 926
96 Kaiima 100.57 — — — — 100.57 1000
97 29194-1 LIEHTD 88.28 11.80 — — — 100.08 1.15 882
98 Kaiima 101.17 0.45 — — — 101.62 996
p. [Toxnbio
99 205303/1 LIEHTD 72.91 27.14 — — — 100.05 1.36 729
100 Kaiima 99.38 0.65 — — — 100.04 994
101 204701/3 LIEHTD 85.71 14.40 — — — 100.11 1.15 856
102 Kaiima 98.86 — — — — 98.86 1000
103 205601 LIEHTD 93.66 6.33 — — — 99.98 1.06 937
104 Kaiima 99.19 0.80 — — — 99.99 992
105 204704/19 LIEHTP 92.65 8.29 — — — 100.94 1.07 918
106 Kaiima 99.47 — — — — 99.47 1000
TEOJIOTUS PYIHBIX MECTOPOXIEHU ToM 66 Ne4 2024
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Taommma 1. OxoHYaHue

EBA u np.

No i Ne o6pasia MecTo ConepxxaHus 3JIEMEHTOB, Mac. % K, Ipo6-
OIIpeneIeHus Au Ag Cu Pd Hg Cymma HOCTb, %o
107 204704/10K LIEHTP 98.73 1.05 — — — 99.78 1.01 989
108 Kaiima 99.93 — — — — 99.93 1000
109 MPOXUIIKA 66.92 32.81 — — — 99.73 671

IMpumeuanue. IIpouepk — ameMeHT He ycraHoBieH. K, — Ko3(@dULMEHT HEOMTHOPOIHOCTU, PACCUMTAHHBI KaK OTHOLIEHUE
colepXaHusT Au B KaiiMe K coIepkaHWIo AU B IIEHTPAJILHOI YacTH.

(¢ur. 8). MHorna Habm0aaI0TCI KaBEPHBI C HOBOO-
Opa3oBaHHBIM B 3K30T€HHBIX YCIOBUSIX TyOUAThIM
30JIOTOM. YUacTKU, HEe 3aTPOHYThIE OKAThIBAHUEM,
OoJiee IaaKue, MHOIIa HaOMI0Oa0TCs YIJIOBAThIe UIn
CTyIeHYaThle OTIIeYaTKX MUHEPAJIOB, HAXOAUBIINX-
cs1 B cpacTaHUsIX ¢ 30;10ToM. bobimoit maTEpec, Ha
Halll B3MJISII, TIPEACTaBISIOT OOPO3abl CKOJIbXKEHMUS,
CBUIETEJbCTBYIOLINE 00 YK€ OTMEUaBIIMXCS BhILLIE
MOBTOPHBIX TehopMallMsIX YaCTHUIL 30J10Ta.

Buympennee cmpoenue u xumuueckuii cocmas. Ya-
CTUIIBI POCCHIITHOIO 30J10Ta XapaKTePU3YyIOTCs HEOI -
HOPOIHBIM BHYTPeHHUM cTpoeHuneM. Habmonaorcs
KaiMBl, OJIOYHOCTb, TP OXKMJIKOBUIHBIE 30HBI, CYIIC-
CTBEHHO pa3jinyaloliuecs o XMMUIeCKOMY COCTaBY.
ConepxaHue npuMecu Ag B 30JI0T€ B LIEHTPaIbHBIX
OTHOCHUTEIHHO OMHOPOMHBIX YYaCTKaX 3epeH BapbupyeT
B IIIMPOKUX penenax, nocturasi 41.9 mac.% (taoo. 1). Hau-
0oJiee YacTo BCTPEYAETCsI 30JI0TO ¢ KOHIIEHTpaIuei
Agor 0.4 10 4.1 mac.%. MakcuMabHbIE COIEPKAHUS
Ag xapakTepHbl 115 30j0Ta CpeaHEeKbIBBOXCKOTO
yuacTtka. B peakux ciaydasx B 3010Te pyd. CpenHuii
KriBBOK, KBIBBOXK 1 JIeBb1i1 KBIBBOXK OTMEYAIOTCS
Cu—-0.4-10.7, Pd —0.4—1.9, Hg —2.2—4.3 mac.%.

Ha yyactkax [Iumtembenb u [Tokblo B 30J10T€ ycTa-
HOBJICHO TOJIBKO Ag.

IIpo6HoCTk 30510Ta KosebeTcst oT 579 no 1000%e.
Hau6onee yacTo Ha BcexX yuacTKax BCTPEYaeTCs BbI-
coKOMnpoOHOe 30510TO — 951—-999%0 (dur. 9). B Bep-
XoBbsIX py4. Cpennuii KeIBBOX 1 Ha yyacTkax JIeBbIi
KpiBBOX 1 [TOKBIO IPUCYTCTBYET BECbMa BBICOKO-
MMPOOHOE 30JI0TO, B KOTOPOM Ag U Ipyrue IMpuMecH
He 0OHapYKMBAIOTCS.

JJ1st GOJBIIMHCTBA YaCTHUII 30JI0Ta XapaKTePHBI
BU3yaJIbHO HAOJII0IaeMble BEICOKOIIPOOHBIE KaliMbl
(¢pur. 10). DTm KaitMBI OBIBAIOT CITJIOITHBIMU VT TIPE-
PBIBUCTBIMU, OTJIMYAIOTCS HATMYMEM MHOTOYHCIICH -
HbBIX MEJIKMX OTHOCUTEIbHO M30METPUYHBIX WIIH 11~
JIEBUTHBIX BETBSIIUXCS ITOP, BBIXOASIIUX HA IOBEPX-
HOCTb 30J10THH. IlInprHa KaiiM 0OBIYHO COCTaBIISIET
5—15 mxMm, Ho nHorga nocturaet 30—70 Mxm. Berpe-
YaroTCS YACTULIBI, B KOTOPHIX IIEPBUYHOE 30JI0TO CO-
XPaHWJIOChH JIMIIb B BUAE HEOOIBIINX PeauKTOB. [1pu-
MeCH B KaiiMax B OOJIBIIMHCTBE CIIy4aeB OTCYTCTBYIOT.
Tem He MeHee, MHOTAa oTMevaeTcsl Ag, colepXaHue
KOTOpOTo He npeBbilaer 3.3 Mac.%. B onHoii 13 ya-
ctull 30710Ta yyactka Cpennnii KbIBBOX 06HapyXeHa
Hg — 2.2 mac.%. I1poGHOCTH KaiiM BapbupyeT oT 910

n=2>52
80
R
:” — —
£ 60 n=7 n=233 {
S _ n=34
§ n =234 n=146 2
z 3
2 40 4
2 5
g
S 6
SC‘: 20 7
! e & & o © &
I o O S &
SR ) & . D
A & ARSI Q &

®ur. 9. [ucTorpaMma MPOGHOCTH B LIEHTPATBHOI YacTh 30J10THH (%o0): 1 — 1000, 2 — 951-999, 3 — 900-950, 4 — 800—900, 5 —

700—800, 6 — 600—700, 7 — 500—600, n — KOMMYECTBO YACTHIL.
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(a) (B)
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®ur. 10. Xapaxkrep pa3BUTHUS U IIUPHHA BEICOKOIIPOOHBIX KaliM (CBETJIOE) Y YaCTHII 30JI0Ta: a — HepaBHOMEpHas y3Kas,
0 — crulolHasl, B — IIUPOKasi HEpaBHOMEpPHasl, T — IIHUPOKAasl C PEJIMKTOM NepBUYHOTrO 30J0Ta. Lludpamu obo3HaueHa
MpoOHOCTH 30J10Ta (%0). U300pakeHusT B 00paTHO-PACCESTHHEBIX JIEKTPOHAX.

n=7
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80 n=9%

n=46 =230

n=32

60

40

Yacrora BcTpeyaeMocTH, %

20

S R & ‘\‘y = s &
& o o PR
& Y 9« oS

S

®ur. 11. TucrorpamMmma MpoOHOCTH 30JI0Ta B KaiiMe
(%o0): 1 — 1000, 2 — 951-999, 3 — 900—950, n — koM~

YECTBO 30JI0OTHUH.

10 1000%o (dur. 11). I[IpeobiagaroT YaCTUIILI 30J10Ta
¢ BeChMa BBICOKOITPOOHBIMHU KaiimMaMu. B Tabr. 1 mpu-
BeleHbI KO3 (PUILIMEHTH HEOMHOPOTHOCTH, XapaKTe-
pU3yIOLIMEe COOTHOIIIEHUE COIepKaHUi AU B KaiiMax
U LIEHTPaJIbHBIX YaCTSIX 30JI0TUH, UCTIOJIb3YIOIIECs
B psne pabot (CunaeB u ap., 1987; Lalomov et al.,
2016). 11 KbIBBOXCKOTO 30JI0Ta B OOJIBIIUHCTBE
CJTy4aeB 3TO COOTHOIIIEHUE KOJIE0IeTCs B Mpeneax
1.0—1.2, Ho uHorna gocturaet 1.4—1.7 (mpu OoTHO-
CHUTEIILHO HU3KOM COIEpKaHUM AU B LIEHTPATBHBIX
yacTax). MoXHO TaKxKe OTMETUTb, YTO HE OOHapy-
JKMBAeTCs Y€TKO BBEIPAXKEHHOI IIPSIMOiT CBI3KM MEXKIY
conep:KaHMeM JOBOJBHO PEIKO IPUCYTCTBYIOLIETO Ag
B KaiiMax M LIEHTPAIbHBIX YaCTSIX 30JI0TUH (¢ur. 12).

¥V 3050Ta yuactka KbIBBOX pexe Ipyrnx yuacTKOB
obOHapyXuBaeTcs 6J104HOE (3EpHUCTOE) CTPOSHUE.
Bbrioku umeroT pasnuuHbie pa3mepsl 1 popMy (dpur. 13).
BaxxHoi1 0cOOEHHOCTBIO SIBJISIETCS TO, UTO MO Mepude-
puu GJIOKOB YacTO Pa3BUTHI ITPOXXUJIKOBUIHEBIE HU3-
KOMPOOHBIE 30HBI IIMPUHOMI 70 50 MKM, HE UMEIOLIKE
pe3kux BHyTpeHHux rpanuil. ConepxaHne Ag B HUX

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU TOM 66
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Ag B eHTpe, Mac. %

®ur. 12. CooTHoOIIEHNE coaepXaHUl Ag B LIEHTPE Ya-
CTHII 30JI0Ta U KaiimMe.

00b19HO cocTanisieT 35—40 mac.%. Ha KbiBBoxkckom
y4acTKe B OJHOI M3 YaCTUII 30J10Ta YCTAHOBJICH TTPO-
KUJIOK ¢ copepxkaHueM Ag — 71.3 u Cu — 2.9 mac.%,
B Ipyroii mpu conepxaHuu Ag —43.1 mac.% 3acbukcu-
poBaH Pd — 0.4 mac.%. I1o cocTaBy POXWIKY C BbI-
COKUM Ccofiep>KaHUEeM Ag COOTBETCTBYIOT BJIEKTPYMY
U Kroctenuty. Ha ¢wur. 13r, o mokazaHo TUITUYHOE
pacnpeneneHue cogepxaHuit Au u Ag 1o npouito
B OHOM U3 TlepeceyeHnit YaCTUIIBI 30J10Ta C OJI0Y-
HBIM cTpoeHreM. Kak BUIZHO, OHO UMEET CIIOXKHBIN,
KOHTpACTHBIN XxapakTep. MHTepeCcHBIM SIBIIIeTCS TO,
YTO HU3KOIIPOOHBIE ITPOKMIIKOBUIHBIE 30HBI Ha Ipa-
HU1IaX OJIOKOB YaCTO CMEHSIOTCS ellle 0ojiee y3KUMU
BeCbMa BBICOKOTTPOOHBIMU 30HAaMU, BOBCE HE CONEP-
KalMMuy cepebpa 1 Apyrux nMpuMeceii, a MHOTIa OHU
HabsoaaroTcs 060co0IeHHO ApyT oT apyra. [1pu aTom
00HAPYKMBAETCS UX COMPSIKEHHOCTD C BBICOKOITPOO-
HBIMU BHEITHUMU KaliMaMMU.

B ogHoilt 13 yacTul 3010Ta Ha yyactke CpemHuii
Kb1BBOXX OOHapy:XeHa OTY4eTIMBas CTPYKTypa pacnana
Au-Cu tBepaoro pactopa (¢dur. 14). Coaepxxanue Cu
1 Ag B MaTpuile cocTaBiseT 2—3 mac.%. B MequcThIx

Ne 4 2024
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®ur. 13. BiaoyHoe cTpoeHME 30J10Ta: a — OJIOKM € PasIMYHbIM coaepXaHueM cepedpa; 0, B — MPOXKWIKOBUIHbBIE HU3KO-
MpOOHBIE 30HBI, pa3BUBAIOIIMECS 10 Meprdeprn OJIOKOB (TEMHOE), ¢ HAJTOKEHHBIMM Ha HUX Y3KUMH BBHICOKOIIPOOHBIMU
30HaMu (CBETIOE); I, I — OJIOYHOCTh U XapaKTep paclpeneIeHus 3010Ta U cepebpa B tuHeiHoM rpodwie. Iudpamu yka-
3aHa IPOGHOCTH 30J10Ta (%o0). 306paxeHns: B 0OpaTHO-PACCESTHHBIX 3JIEKTPOHAX.

miactuHkax cogepxanue Cu — 8—9 mac.%, a Ag —
0.5—0.6 Mac.%, o cocTaBy OHU COOTBETCTBYIOT (pase
Au,Cu. Hapsny ¢ TOHKMMH MJ1aCTUHKaMU Habrona-
10TCs OoJiee IUPOKUE MeAbcoaepKallye 000Co0IeHMS.
B gacTuie 3010Ta co CTPYKTYpOIi paciaga TBEPIOTO
pactBopa yuyactka JIeBblii KbIBBOX ycTaHOBJIEHO O0JIee
BbICOKOE conepxkaHue Cu B MEIUCTBIX MJIACTUHKAX —
1o 21.9 mac.%.

Munepanvhbie cpacmanus u exarouenus. B pycnoBoM
aJUTIOBUM OTMEYAETCSI 30JI0TO C BKITIOUCHUSIMHU KBap-
11a, OTIIEYaTKAMU IIPEAIIOJ0XUTEILHO KPUCTAILJIOB
nupura, caton, Fe-Mg kapooHaToB. B ocTaTouHBIX
MIPOIYKTaX IIPOMBIIIJIEHHO IIPOMBIBKI POCCHITIEH,
MPUCYTCTBYIOT CPACTAHMS 30JI0TA C KBApLIEM, a TAKKe
YaCTULIBI TOPOJ CEPULIUT-KBAPLI-TETUTOBOIO COCTaBa
C HaxXomdIIMMCS B HUX 30J10TOM (¢ur. 15).

B Buae MUKpOBKIIIOUEHMI B POCCHIITHOM 30JI0Te
yuyacTtkoB KbiBBOXK, ITokbio, JIeBbiit KbiBBOX, Cpen-
Huii KbIBBOXX HAMU yCTaHOBJICHBI KBapll, MyCKOBHT,
MU PUT, XaJbKOIMUPUT, TAJICHUT, aHKEPUT, MUKPO-
MUHEpaJIbHbIC (Da3bl psiga KOOATBTUH-TePCAOPdUT,
TaJICHOBUCMYTHUT, aypOCTUOMUT, CAMOPOIHBIA BUCMYT
(dur. 16). O6pamaetr Ha ceds] BHUMaHKME TO, YTO MU-
KpPOMUHEpaIbHBIE BKIIIOYEHSI Hanboee XapaKTepHbI
IUISL 30J10Ta € OJIOYHBIM CTPOECHUEM.

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

M3 cynbduaoB HauboIee yacTo BCTpeyaeTcs ra-
JIEHWUT, MHOTIA ¢ TipuMeckio Bi (Tad. 2). OToenbHEBIe
3epHa IpencTaBIeHbl TaJICHOBUCMYTUTOM, B KOTO-
pom conepxanue Bi coctaBnsieT 54.4 mac.%, nipu-
cyrctByeT Se — 0.4 mac.%. B cpactaHuu ¢ TaJleHUTOM
00OHapy:XKMBaIOTCSI MUHEPaJIbHBIE (pa3bl psiga KoOaab-
TUH-TepcaopduT ¢ mpumMeckio Sb (tadi. 3). Kpome
TOro, 000COOJEHHO WUJIM B CpaCTaHUU C TAJIECHUTOM
HaOJII0maeTcsl aypoCTUOUT, B COCTaBe KOTOPOT'O II0Y-
TH BCeTaa ycTaHaBiauBaeTcs Bi B Konmuuecte 1.2—
3.1 mac.% (ta6in. 4). B onHOM cilyyae TMarHOCTUPOBaH
camMopoaHbIii BUCMYT. Ha JIeBOKBIBBOXKCKOM ydacTkKe
OOHapyKeHBI YaCTUILIBI 30J10Ta C BKIIIOUEHUSIMU MO-
HallMTa ¥ CeJICHNUIA IUIATUHBI, SIBJISIONIeiics, TI0-BH-
JIMMOMY, TIEpBOI HAXOIKOI MUHEpaJia CyIOBUKOBUTA
(PtSe,) nHa Tumane. B kayecTBe OCHOBHBIX IPUME-
ceit B cynoBukoBuTe npucyrctByeT Pd u Te (tabi. 5).
Temryp ycTaHOBJICH B TOM MUHEpaJe BIIEPBBIE, UTO
OTJIMYAET €ro OT CYAOBUKOBHUTA U3 METACOMAaTUTOB
IOxHoii Kapenuu, rae oH 6611 oTKpHIT (ITonexoBckuit
u 1p., 1997) 1 mo3BoIsIET HAM BBIIEJINTD TEJLTYPCO-
JepXalryto pa3HOBUIHOCTD.

OBCYXIAEHHWE PE3YJIbTATOB

AJUTI0BUaJIbHOE 30JI0TO B npeaciax n3ydeHHO-
Tro paﬁOHa JOCTAaTOYHO OAJHOPOAHO, TEM HC MECHEC
Ne 4
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(@) ©)
8.7 Cu
3.1Cu
50 MKM 3.5Cu 10 MM
(B) (r)
0.7 Cu
21.9 Cu
21.7 Cu
0.9 Cu
13.1 Cu
20 MKM 10 Mxm

®ur. 14. Meanconepxaliee 30JI0TO CO CTPYKTypoit pacnaga Au-Cu TBeproro pactsopa yuyactkoB CpenHuii KeiBBoX (a)
u Jlesolit KeiBBOX (B) ¢ yBenmueHHbIMU (pparmenTamu (0, T). LHudpamu ykaszansl conepxanus Cu B Mac. %. M300paxeHus
B 00paTHO-PACCESTHHBIX AIEKTPOHAX.

(2) (6)

Rt

Au

Gth
Au

®@ur. 15. 30/10TO B CepULIMT-KBapL-TETUTOBOM arperate (a) M €ro yBeJM4eHHbII ¢pparMeHT (6). Au — caMOpOIHOE 30JI0TO;
Gth — rétut; Ser-Qz-Gth — cepulIMT-KBapI-T€TUTOBBIN arperart; Rt — pytun, Qz — kBapil. M3o6paxkeHust B 06paTHO-
pAacCesTHHBIX JIeKTPOHAX.
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400 ITAPXAYEBA u np.
(@) (©) (8)
Ms
Py Gn
Py CuS
5 MKM 5 MKM 50 MKM
(r) (m) (e)
Gn
Cbt-Grdf
Ausb
Ghbit Gn
Gn
Gn 10 MKM 5 MKM 20 MKM
(x) (3 ()
Bi Svi
2 MKM 5 MKM 1 MKM

®ur. 16. MukpoMmuHepaibHbIe BKIIIOYEHHUs B 30510Te KBIBBOXKCKOTO paitoHa: Ausb — aypocTrouT, Bi — caMopoIHbIil BUCMYT,
CuS — koBemnuHonono6Has da3za, Gbit — rajeHoBUCMYTUT, Cbt-Grdf — MuHepanbl psaa KodaasTuH-repcaopdut, Gn —
raJieHuT, Ms — MycKkoBuUT, Py — iupur, Svi — cynoBukoBuTt. U306paxeHuss B 00paTHO-paCCESTHHBIX 3JIEKTPOHAX.

00HapyXMBAIOTCS ONpeaeSIeHHbIE MPOCTPAHCTBEHHbIE
0COOEHHOCTH, BEIpaXkalolIrecs, IIpeXe BCEro, B €T
CTPOEHUM U COCTaBE JIeMeHTOB-TMIpuMeceil. Hanbonee
LLIMPOKO PACIPOCTPAHEHO OTHOCUTEIHHO FTOMOTEHHOE
cepebpocoaepxaiiee 307010 (dur. 2). Pexe, HO Tak-
K€ Ha BCeX yJacTKax, MPUCYTCTBYET OJIOUHOE 30JI0TO
C HU3KONPOOHBIMU MPOXUIKAMU, IJISI KOTOPOIO Xa-
paKTepHBI BTOPUYHbIE AeOpMallMU U pa3IudHbIe
MUKpOMHUHepaJibHble BKIItoueHUs1. Ha CpenHeKbl-
BBOXCKOM y4acCTKe B cepedpocoaepKalleM 30710Te
nHorna yctaHasauatorcs Cu, Hg, Ha KbIBBOXXCKOM
u JIeBoKbIBBOXKCKOM ydyacTkax — Cu, Hg, Pd. ¥ no-
JaBJISIOLIEr0 OOJbIIMHCTBA YaCTHULL 30J10Ta UMEIOTCS
BbICOKOIIPOOHBIE KaiiMbl. MOXKHO BbIIEIUTD TPY TUIIA
30Ji0Ta. JIBa 13 HUX SIBASIIOTCSI OCHOBHBIMU: TOMO-
TeHHOe cepedpoconepxaliee 30J0To (30010 I Thna)

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

7 OJIOYHOE 30JI0TO C BEICOKOCEPEOPUCTBIMU TIPOKUII-
KOBUAHBIMU 30HaMU (301070 11 Tumna). 3onoto 111 Tumna

BCTpeYaeTCs PEIKO U OTJIMYAETCSI TEM, UTO HapsITy ¢ Ag

B ero coctaBe npucyTcTBytoT Cu 1 Pd (He Bcerma cormyT-
cTBylomme npyr apyry). [Ipm 3ToM pTyTh OTMEUaeTCs

B €IMHUYHBIX CTy4YastX B 30J10T€ Pa3HbIX TUIIOB.

I1pu paccMOTpeHUM TIPOCTPAHCTBEHHOTO M3Me-
HEHUS 30J10Ta B HAIIpaBJIEHUH OT BEPXOBHEB PYUbs
Cpennuiit KeIBBOXX BHU3 T10 TeYEHUIO, BKJIIOYAs TIJ10-
IIaab TPOMBIIIJIEHHOM POCCHITIN (MTOJIMTOHA), CyIIIe-
CTBEHHBIX pa3/IMINii B OKATAHHOCTHU U COCTaBe YaCTHUII
He ycTaHoBJIeHO (¢pur. 17). HuzkonpoOHbIe MPOXUIKA
U BKJTIOYEHMSI CYJIB(UIIOB B 30JI0T€ BCTPEUAIOTCS KaK
B BEPXOBbSIX (TAJICHUT, KOOAJTBETUH-TepCcAOPdUT), TaK
1 B CpeIHEM TeUEHHUU B IIpeIesiax IMoJIUroHa (IIMpur, ra-
JIEHUT, KobaabTMH-repcnopdut). Tem He MeHee MOXHO
Ne 4
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Tabmmua 2. XuMHUYeCKHil COCTaB rajleHUTa U raJIcHOBUCMYTHUTaA, Mac. %

401

S Se Pb Bi Cymma OMmnupuueckas popmyina

11.97 — 87.52 — 99.50 Pb, 46S0.04

13.94 - 85.15 - 99.09 Pby ;S 03

11.93 — 88.47 — 100.40 Pb, 475003

13.91 — 83.91 2.74 100.56 (Pby 95Big 03)0.08S 1.02

12.33 — 87.63 - 99.96 Pb, 455005

12.39 — 88.06 - 100.45 Pb, 455095

12.15 — 87.44 — 99.59 Pb, (5S¢ o5

11.99 - 87.92 — 99.91 Pb, 46S0.94

17.06 0.40 28.09 54.43 99.97 Pb, 1,B1, 65(S5.995€0.04)4.03

IMpumeuanue. [Tpoyepk — 31eMEHT HE YCTAHOBJICH.

Taomuua 3. XuMu4ecKuii COCTaB MUHEPAJIOB psifia KOGaNIBTUH-Tepcaopdut, Mac. %

S Fe Co Sb Ni As Cymma OMmmupuueckas popmyina
21.57 11.98 10.92 - 150 | 4422 | 100.19 | (Fey35Nig5C00 30000685 055109
20.20 10.62 10.00 - 1313 | 4534 | 99.28 | (Nig5Feq5C0028)006A81 005 104
24.55 3.88 23.08 - 4.36 44.97 | 100.84 | (CoyeNigFeq)o56A 05511
24.99 5.48 16.54 - 7.85 45.68 | 100.54 | (Cop4uNigFe)is)os1AS0 065 3
19.14 5.60 6.15 - 2293 | 46.76 | 100.58 | (NijesC0prFe 110058103509
22.42 5.18 27.32 - 2.62 4225 | 99.79 | (CoysFeq 1sNij 070074 0151 13
20.11 6.04 15.77 0.43 135 | 43.82 | 99.32 | (CoyssFeq 15Nig1)097A8 91113
20.85 5.93 12.36 0.32 1441 | 4736 | 101.23 | (C0y4Nig33Fe0.18)006(AS 05500 010995105
19.53 6.17 12.33 0.33 1290 | 42.72 | 100.22 | (Nig35C0 36F€) 10)0.95(AS0.095b0.01) 100 106
IIpumeuanue. [Ipoyepk — 2JI€MEHT He YCTaHOBJIEH.
Ta6mmua 4. XuMudeckuii cocraB aypocTuouTa, mMac. %
Sb Au Bi Cymma OMnupuueckas popmyna
40.23 55.96 - 96.18 Au, 5Sb,
39.89 57.76 2.34 99.99 AU, 5(Sb, 56Big 05) 161
39.69 58.14 1.97 99.81 AU, 40(Sb, 56Big 0a) 160
38.14 59.44 2.36 99.94 AU, 45(Sb, 5oBig o5) 55
36.98 60.17 2.71 99.85 AU, (Sb, Bij 06), 53
39.89 56.34 2.81 99.04 AU, 57(Sb, 5;Big 06) 63
43.06 54.43 3.07 100.56 Au, 55(Sb, ¢sBig g7) 1 72
35.80 61.71 1.21 98.71 AU, 55(Sb, 44Biy 3), 47
40.53 56.21 2.59 99.33 AU, 5(Sb, 5sBig06) 164
ITpumeuanue. [Ipoyepk — 2JI€MEHT HE YCTAaHOBJIEH.
T'EOJIOTM A PYTHBIX MECTOPOXJIEHU ToM 66 N4 2024
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Tabmmua 5. XuMnuecknii cocTaB Te/UTypCOAepKallero CyI0BUKOBUTA, Mac. %

ITAPXAYEBA u np.

Se Pd Te Pt Cymma OMnupuueckas popmyia
44.65 2.11 4.34 49.66 100.76 (Pt 57Pdg 07)0.904(S€1 904 T€0 12)2 06
43.37 1.44 3.81 50.87 99.49 (Pty6,Pdg 05)0.97(5€, 05 T€0 10)2.03
42.33 1.94 4.25 51.54 100.06 (Ptg.93Pdg 06)0.99(S€1 0 T€0 12)2.01
41.58 1.25 4.81 52.26 99.9 (Pt 96Pdg 04)1.00(5€1 s7T€0.13)2.00
43.42 1.47 3.92 51.63 100.44 (Pt 9,Pdg 05)0.97(S€1 02 T€0 11)2.03
60 n-352
40
60 n-52 20 Hg
40
20 H(; Hg Cu
60 n-12 0
40 Cu
20
0
60 N1 w0 " 60 n-553
60 n-321 h, 20 40
20 0
40 0 20
g0 1n-20 20 Cu Hg 0
60 Hg gu
40
20
0 Cu 250 m
Hg
1 2 3 4 5 6 7
1 km

®@ur. 17. CogepXaHHe 3JEMEHTOB-TIpUMeEceil U CTeleHb OKATAHHOCTH 30JI0Ta W3 aJIIIOBUAJIbHBIX OTIOXEHUIA
CpeaHeKBIBBOXCKOIO y4acTKa: 1 — gquarpaMma cocraBa 30JI0Ta: XKEJIThIil CEKTOp — Au, CUHMII — Ag, Oelblil — apyrue
3JIEMEHTBI-TIPUMECH (yKa3aHbl CBepXY TMarpaMm); 2—5 — TUCTOrpaMMBbl CTEIIEHN OKATaHHOCTU 30Ji0Ta (%): COBepIIeHHO
okaTaHHoe (2), Xopollio okaTaHHoe (3), mojiyokaTaHHoe (4), citabookaraHHoe (5); 6 — KOHTYp NMPOMBIIIIEHHOM POCCHITU
(IOOBIYHOM MMOJIUTOH); 7 — ITOTEHIIMAIBHO IIEPCIEKTUBHAS HA 30JI0TO 30HA PA3BUTHUSI CYIb(GUIHON MUHEPATU3ALHL.

OTMETHUTD, YTO Ha IIOJIMTOHE CoAepKaHME 30JI0Ta B all-
JIIOBUAJIbHBIX OTVIOXKEHMSIX Har0oJiee BEICOKOE, U 31€Ch
HaliieHbI caMble KPYITHBIC YaCTULIBI 30J10Ta. B KopeH-
HBIX ITOpPOIaX IIPOCIIEKNBAIOTCS 30HBI Pa3BUTHS CyJIb-
¢dUIHOM MUHEpaInU3aluy, B aCCOLIUAIIN C TIMPUTOM
OTMEYAIOTCS TAJIEHUT M XaJIbKOITUPUT.

PesynbraThl U3ydyeHUs TUIIOMOPGHBIX 0COOEHHO-
CTeii 30J10Ta 13 aJUTIOBHAIBHBIX OTIIOXEeHU KbIBBOX-
CKOro paifoHa Mo3BOJISIOT CYAUTb O €r0 BEPOSITHBIX
KOPEHHBbIX UCTOYHUKaX. Kak M3BeCTHO, CTENEeHb

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

mpeoOpa3oBaHUil IepBUYHOM (DOPMBI SIBISIETCS I10-
KazaTresieM JaJbHOCTH IIEpeHOCa 30J10Ta OT KOPEHHOTO
ncrounnka (Ilerposckas, 1973; llwuno, 2002; Huko-
JaeBa u 1p., 2015). Ilpeobmamanne XOpoIIo oKaTaH-
HOT0 ¥ MOJTyOKAaTaHHOTO 30JI0Ta Ha BCEX yIacTKax
CBUIIETEIILCTBYET O €r0 TOCTATOYHOM YIaJICHHOCTH
OT KOPEHHBIX NCTOYHUKOB. [1ocKoIbKY 3aMeTHOTO
M3MEHEHHUS CTEIICHN OKATAHHOCTU YaCTHIL 30JIOTUH
B HaIlpaBJICHUU OT BEPXOBbEB PYIbEB BHU3 110 TeUEC-
HUIO He OOHAPYKMBAECTCSI, BEChMa BEPOSTHO, UTO UX
Ne 4
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MNOCTYIUIEHUE B PYCJTOBOM aJIIOBUIA MTPOUCXOIUIIO
3a CYET MaTepualia BOOOPa3aeabHbIX, CKIOHOBBIX
U TEPPACOBBIX YYACTKOB, MPOTITUBAIOIIUXCS BAOJIb
pyubeB. BMecTe ¢ 3TUM, HaXOIKKU COBEPLICHHO He-
OKaTaHHOTO 30J10Ta U MEJIKMX CaMOPOJIKOB B Mpeae-
nmax CpenHeKbIBBOXKCKOM 11 KBIBBOKCKOM pOCCHITIEH
CBUIIETENBLCTBYIOT O OJ1M30CTH KOPEHHBIX UCTOYHUKOB,
XOTS CJIeAyeT UMETb B BUY, YTO IIEPEHOC 30J10Ta OT-
YacTU MOT OCYIIECTBJISTbCS B 00JI0MKaX MOPO C €ro
MOCEAYIOIIM BEICBOOOXKIACHUEM.

OTtmeueHHBIe HaMU BTOPUYHbBIE TepOpMaliuy ya-
CTHII 30JI0Ta — U3TUOBI, CIUTIOIIMBAHUE, CKPYIMBaHUE,
BMSITUHBI, pa3pbIBbI, 00PO3Ibl CKOJIBLXKEHHUS — MOXHO
OOBSICHUTD HE TOJIBKO IIEPEHOCOM 30JI0Ta B BOTHBIX
MOTOKAX U COYNAPEHUEM C APYTUMU YACTULIAMU, HO
1 X BO3MOXHBIM IepEeMEIICHUEM U CAAaBINBaHUEM
B I€JIIOBUAJIBHBIX OTJIOXKECHUSIX U CJIAHIIEBBIX IIIETKAX,
a TakKKe HaXOXISHUEM B IIPOMEXYTOYHBIX 0Cag0d-
HBIX KOJUIEKTOpaX, B TOM YHCJIe IPEBHUX POCCHIIISIX.
YacTuisl 30JI0Ta ¢ pa3pbIBaMU 1 BCISICTBUE 3TOTO
YIJIOBaTBIMU KPassMU MOTYT OBITH OIIMOOYHO OTHE-
CEHBI K C1a000KAaTaHHBIM WJIA HEOKATaHHBIM, YTO
B IE€MCTBUTEIILHOCTU HE TaK 1 HE SIBJISIETCS IIPU3HA-
KOM ux O0auxkHero cHoca. ITonoGHoe nceBnopyaHoe
30JI0TO paHee OTMEYaJIOCh B IEBOHCKOM ITaIe0pOC-
ceimu MyeThio, pacnoaoXeHHO B mpenenax Boib-
cKko-BriMckoro mogHsATHA ceBepHee KBIBBOXKCKOTO
paiiona (®umunmnos, Hukudoposa, 1998).

Hanuune y 00JabpIIMHCTBA YaCTHUIL 30J10Ta BBICO-
KOIIPOOHBIX KaiiM, B TOM YHMCJIE IIIMPOKKUX C TIOJTHBIM
OTCYTCTBUEM Ag, CBUAETEILCTBYET 00 UX JOBOJBHO
MHTEHCHUBHOM IIpeo0pa30BaHMM B 30HE TUIEpPreHe-
3a, BO3MOXHO, HAXOXICHNHU B KOpaxX XMMUIECKOTO
BeIBeTpuBaHUs. ClienyeT 3aMeTUTh, YTO IPUPOIA I10-
JIOOHBIX KaliM MOXET ObITh Pa3IMYHONM, BKJIIOYAsI KaK
BBIHOC cepeOpa U3 IIPUIIOBEPXHOCTHBIX YUACTKOB, TaK
1 HapactaHue HoBoro 3oj10Ta (Hukomnaesa, 1978; Myp-
3uH, Mamoru,1987; Hukonaesa, SI6nokosa, 2007;
Ocoseukuit, 2016; Hukudoposa u ap., 2020; Groen
et al., 1990; Chapman et al., 2021; Lalomov et al., 2023).
HecMoTpst Ha TO 9TO TpaHUIIBI KaliM M EHTPaIbHBIX
yacTell M3y4YeHHBIX HAMU 30JIOTUH BU3YaJIbHO PE3KUE,
MOXHO II0JIaraTh, YTO BaXKHEMIITYIO POJIb UTPAJIA BCE
K€ TIPOIECCHl BEIHOCA cepedpa. 00 3ToM CBUIETE Ib-
CTBYET CJIOXHAsI KOH(PUTypaInsI TpaHMIl, IOTISPKI-
BaIOIAsl PEJIMKTOBBIN XapaKTep IIePBUIHOIO 30JI0Ta,
HaJIM4YKe ITOp B IIpeaeIax caMUX KaiiM, OTCYTCTBHE Ha
IMOBEPXHOCTH YaCTHUII 30JI0Ta pOCTOBEIX (hopm. Bapua-
LIV IIXPUHBI KaiiM ¥ OTCYTCTBHUE CBSI3M MEXKITy COIEP-
KaHheM Ag B KaliMe M IICHTPaJIbHOI 9aCTH 30JI0TUH
MOXHO paccMaTpPUBAaTh KaK CBUAETEILCTBO TOTO, YTO
TUIEPTeHHOE BO3IEICTBHE HA 30JI0TO OBLIIO HEPaB-
HoMepHBIM. O0Opa3oBaHME Ha IIOBEPXHOCTU YACTHIL
30JI0Ta, HAXOASIINUXCS B AJUTIOBUATBHBIX OTJIOXKCHMSIX,
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HOBOTO 30JI10Ta OTMEYaJI0Ch HAMM JIMIIb B €IMHIYHBIX
CIyJasix B BUIE I'yOUaThIX MUKPOCTPYKTYP.

Oo6pataeT Ha cebsl BHUMaHUE OJIOUHOE 30JI0TO
C HU3KONPOOHBIMU MPOXUIKAMU, HanboJiee Xxapak-
TEPHOE /I CWIIBHO AeopMupoBaHHBIX YacTull. [1o-
JIOOHOE 30JI0TO JOCTATOYHO IIMPOKO PacIpOCTpaHEHO
(Cassa, Ilpeiic, 1990; Hukomaesa u np., 2015; I'epa-
cumoB, 2022). 1711 KbIBBOXKCKOTO 30J10Ta IIPABOMEPHO
JIOMYCTUTh, YTO OJIOYHOCTh U BOSHUKHOBEHMUE HU3-
KOTIPOOHBIX MPOXUIOK 00YCIOBIEHBI TIpolieccaMu
TBeproda3HoOI NepeKPUCTAIIN3AINYN (TPAHYJISIINN )
n MexaHomuddy3ueii cepedpa K rpaHUIIaM OJIOKOB IO
JIeCTBUEM JaBJICHUST OMHOBPEMEHHO ¢ neopManmeii
yactull 30j10Ta. OOpa3oBaHNE TOHKIX BEICOKOIIPOOHBIX
IIPOXWJIOK Ha IrpaHUIIaX OJIOKOB, COIPSDKEHHBIX C BbI-
COKOIIPOOHBIMM BHEIITHUMU KaliMaMM, CBSI3bIBACTCS
HaMU C OMHOBPEeMEHHBIM BEIHOCOM cepebpa Kak 13
IIPUTIOBEPXHOCTHBIX, TAK ¥ U3 OCIA0JICHHBIX BHYTPEH-
HUX MEKOJIOUHBIX YYACTKOB IIPY HAXOXKICHNH YaCTHIL
30J10Ta B 9K30T€HHBIX YCIOBUSX. [1py aTOM Henmb3s
MOJTHOCTBIO MCKITIOYATh BO3MOXHOCTDH OTJIOXKEHUS
ITO3IHETO BHICOKOIIPOOHOTO 30JI0Ta 10 TPEIIHAM.

Bonbioe 3HaueHNe B OTHOIIIEHUY YCTAHOBICHUS
TeHETUYECKOro TUIMAa KOPEHHbBIX MCTOYHUKOB aJLJIIO-
BHAJBLHOTO 30JI0Ta MPEACTABIISIOT JIEMEHTHI-TIPHUME-
CH, a TaKK€ MUHEpaJIbHBIE CPACTAHMS 1 BKIIIOUEHUS
(ITerpoBckasi, 1973; Myp3aun u np., 1981; Hecrepenko,
1991; Huxkonaesa, fSI61okoBa, 2007; Haymos, Oco-
Beukwmii, 2013; Hukomaesa u 1p., 2013; I'acekos, 2017;
Leake et al., 1998; Chapman et al., 2000; Chapman
et al., 2011). CocTaB pocChIITHOTO 30710Ta KBIBBOX-
CKOro palioHa, B KOTOPOM B OOJILIIMHCTBE CIy4aeB
OTMEYAaeTCs JIUIIb IPUMECh Ag, SIBJIICTCS XapaKTep-
HBIM JIJISI MHOTMX 30JIOTOCY/Ib(PUIHBIX MECTOPOXKIE-
Huii. Hapsimy ¢ Ag B pOCCBHIITHOM 30JI0T€ Ha y4acTKax
Cpennmit KeiBBoxX, KeiBBoX, JIeBbIit KBIBBOXX MHOTIA
conepxutcsa Cu 1 B emMHNYHEIX crydasx Pd. U3BecTHo,
yT10 CU JOCTaTOYHO YaCTO OTMEUAETCS B COCTaBE CaMO-
pomHoro 3o0ota. [1py 3ToM 30JI0TO C OTHOCHUTEJIBHO
BbICOKMM coaepxaHneMm Cu (6osee 2—3 mac.%) Hau-
boJiee XxapaKTepHO IIJIsI MECTOPOXKICHUI, JIOKAIN30-
BaHHBIX B IIOPOIaX OCHOBHOTO cocTaBa (CIMpuIOHOB,
IInetnes, 2002). Yto kacaerca Pd, To oH ycraHasmm-
BaeTcs B 30JI0Te 3HAUMTENbHO pexke Cu. TeM He MeHee
najutaguiicomepxaliee 30JJ0TO U3BECTHO Ha IIeJIOM
psizie MECTOPOXISHUI, TATOTEIONMINX TAKXKe K IIOPO-
JlaM OCHOBHOTO U YJIBTPaOCHOBHOTO cocTaBa (Omang
et al., 2015) wnu cBsI3aHHBIM ¢ HUMHU (Myp3uH 1 Op.,
2021); BcTpeuaercs u B 3010tuHaX (Pd mo 0.85 u Pt mo
2.23 Mac.%) KoT4eqaHHbBIX Py, 3aJIeTalOIIUX B KUCITBIX
BYJIKAHUTAX pUOJUT-0a3anbTOBOM accoupauuu (Bu-
KeHTbeB, 2003). Haxonku B pocchinsgx KbIBBOXKCKOTO
paitoHa camoponHoro 30j0T1a ¢ npumecsaimu Cu u Pd
YKa3bIBaIOT Ha 00pa3oBaHUe TaKOTO 30JI0Ta B CBSI3HU
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C UMEIOLLIMMMUCS B 3TOM paitoHe gaiikamu rabopou-
JIOB, YTO COINIACYETCSI C paHee BhICKa3bIBaBIIMMMUCS
npeacrasineHusamu (Makees u np., 1996). Uspenka
OTMeYaloIasicsl B KbIBBOXKCKOM 30JI0TE€ PTYTh MOXHO
paccMaTpuBaTh B Ka4eCTBE MpU3HAKA ITTyOMHHOTO
XapakTepa pa3pbIBHBIX HApPYIIIEHUH, IPexXae BCETO
KPYITHBIX HapyIIeHU ceBepO-3anaaHOoro mpocTu-
paHus, y4acTus B py1o0o0pa30oBaHUU MOCTYNAIOIIMNX
10 HUM (IIIOUIOB W BIUSIHUS IIOPOO OCHOBHOTO CO-
craBa. B Kkakoii-To Mepe 3TO ITOATBEPXKIASTCS HAXOI -
KaMU KMHOBapM B aJUTIOBUAJIbHBIX OTJIOXKEHUsIX. B TO
ke Bpems Hg B camopogHOM 30J10Te BCTpevaeTcst
B pa3JIMYHBIX TUAPOTEPMaIbHBIX MECTOP OKACHUSIX
VYpaina: MeETHOCKapHOBBIX, HO 0COO€HHO B KapJIMH-TU-
e ¥ KoT4edaHHBIX, e npuMech Hg B camoponHoM
30JI0Te MOXeT mocturath 11—12 mac.% (BukeHTbeB,
2003; BukentbeB u 1p., 2016).

[IpennonoxeHUs: 0 TOM, YTO MOTEHINATbHBIMU
KOPEHHBIMU UCTOYHUKAMM POCCHIMTHOTO 30j10Ta Cpe-
Hero TuMmaHa SIBASIOTCS TUAPOTEPpMaTbHbBIC 30JI0-
TOCYAbGUIHEBIC PYAOIPOSBICHUS, (OPMUPOBAHNIE
KOTOPBIX 00YCJIOBJICHO MPOLIeCCaMU TEKTOHO-Mar-
MarmMaTU4eCcKo aKTUBU3ALMH, ITPOSBISIBIINMUCS,
B YaCTHOCTH, B IIO3IHENEBOHCKOE BpeMsl, BLICKA3hI-
Bajiuch MHOrMMM Teojioramu (dymap, 1996; KoueTkos,
1996; MaiiopoBa, 1996; Tumanckuii Kpsk, 2009 u ap.).
OnucaHHble HAMU U IPYTMMU aBTOPAMU CPACTaHUS
1 MUHEPaIbHBIE BKIIIOYEHHMS B 30JI0TE SIBJISTFOTCS TIPSI-
MBIMU CBUIETEIBCTBAMU €TI0 aCCOLIMALIMY B KOPEHHBIX
00BEKTax ¢ KBapleM, MyCKOBUTOM, IIUPUTOM, Xallb-
KOTIMPUTOM, TAJICHUTOM U KapOOHaTaMMU.

BwMmecTte ¢ 3TUM IIPUCYTCTBYE B a/UTIOBUATbHBIX OTJI0-
JKEHMSIX YaCTUII 30J10Ta, PA3INIAIOIINXCS 110 CTETICHN
OKaTaHHOCTHU, HAJIMYMIO BTOPUYHBIX IePOpMalIUiA,
COCTaBY M COACPKAHUIO JIEMEHTOB-TIpUMeECEi, pH-
CYTCTBHUIO T€X WJIN UHBIX MUHEPATbHBIX BKITIOUEHUIA,
YKa3bIBaeT Ha TO, YTO KOPEHHBIC pyAHBIE 0OBEKTHI MO-
I'YT OLIMYATHLCS APYT OT IPYTra YCIOBUSIMM JIOKAIA3ALHI
U COCTaBOM DY, a TAKXKE YIaJIEHHOCTBIO OT POCCHITIEN.
OtMeuaroleecs B aJIJIIOBUM 30J10TO ¢ mpuMecsamu Cu,
Pd, Hg B pa3zanyHoil KOMOMHALIMY, MUKPOBKIIOYEHU -
amu muHepasoB Pd, Pt, Co, Ni, mo3BossieT mpearo-
JIOXUTD CYILIECTBOBAaHME T€HETUUECKON 1 IIPOCTpaH-
CTBEHHOI1 CBSI3U KOPEHHBIX MICTOUHMKOB TaKOTO 30J10Ta
¢ 0a3UTOBBIM MarMaTU3MOM M TTYyOMHHBIMU pa3IOMaMMU.

K noteHI11MaaIbHO 30JI0TOHOCHBIM MOXHO OTHECTHU
30HBI Pa3BUTHS MPOXUIKOBO-BKPAIUIEHHOM 1 BKpall-
JIEHHOI cybhUaHOMI (CyTb(hUAHO-KBAPLIEBOM) MU~
Hepaau3aluy, HaOIIogaloecss B MHTCHCUBHO pac-
CJIaHIIOBaHHKIX pudeickux nopoaax KeIBBOXKCKOTo
paitoHa. OgHa 13 TaKUX 30H, OTMeYaBIIasiCs BhILIE,
XOPOILIO BCKPHITA MPY MPOMBILIJIEHHO! pa3padoTKe
CpenHeKbIBBOXKCKOI pocchinu (¢ur. 17). DTa 30Ha,
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n3ydyeHHast Hamu paHee (Ky3netos u mp., 2014), xa-
pakTepusyeTcs pa3BUTHEM IIPEUMYILLIECTBEHHO ITUPUTA,
MPUCYTCTBHEM TaJIeHUTA, XaJIbKOIIMPUTA, Tepcaopdu-
Ta, MUPPOTHHA, KOOAJIbTUHA, challepuTa, KOBEUIMHA,
MUHEPAaJIOB BUCMYTa U TeJuTypa. B accolanyy ¢ HUMu
HaXONATCS MUHEPAJIbl pEIKUX 3eMeJlb — MOHALIUT,
KCEHOTUM, OTMEYAIOTCSI MUHEepaibHbIe a3kl Ag-Se,
Pb-Nb, Th-U, Sr-Tb cocraBa. Brinensiorcst nBe oc-
HOBHbIE CTaINU MUHEPAIOO0Opa30BaHUS: PAHHSIST —
MUPUTOBAS U TIO3THSS — C(PaepUT-XaaIbKOIIMPUT-Ta-
JICHUTOBAsI ¢ MUHEpAJIaMU PEIKUX METAJJIOB U PEAKHUX
3eMenb. K coxaaeHn1o, caMOpOIHOE 30J10TO B 3TUX
30HAaX ITOKa He 0OHAPYXEeHO, HO, BEPOSITHEE BCETO,
OHO OTBEYAcT ITO3IHEeH cTanTuy MUHEpaaIoo0pa3oBa-
HUS U Pa3BUTO BECbMa HEPABHOMEPHO.

B cBs13u ¢ mpo061eMoit KopeHHOI 30JJ0TOHOCHOCTHU
MHTEPECHBI HAXOAKU CAMOPOIHOTIO 30J10Ta B IIPOTO-
JIOYHBIX MTPO0ax KaTakJIa3upOBAaHHbBIX IECYAHUKOB Ha
WX KOHTAKTE C CEpULIMT-KBapL-XJIOPUTOBBIMU CJIaH-
LIaMU JTYHBOXCKOI cBUTHI Ha CpemHEeKBIBBOXCKOM
yuactke (CokepuH 1 1p., 2023). 30510TO TIpencTaBIcHO
MEJKMMHU YaCTULIAMU OKPYITIO-KOMKOBATOM WJIM CI0X-
HOM (popMBI O€3 ciieoB okaTaHHOCTU. VX cTpoeHue
XapaKTepU3yeTCsl OTHOCUTEILHO OAHOPOAHOM BHY-
TPEeHHE 00JIACThIO Y KOHTPACTUPYIOLIEH 10 COCTaBY
HHU3KoMpoOHoM Katmoii. ComepxkaHne cepedpa BO
BHYTPEHHMX 00JIaCTSIX BapbUPYET B Y3KOM MHTEpPBAJIE
3HaYeHUit — oT 6 10 9 Mac.%. OT LeHTpa K Kpalo 30-
JIOTUH HabJI0gaeTcs cHavyaia riiaBHoe, 3aTeM pe3Koe
yBeJIMYeHre KOHLEHTpaLuu cepedpa 1o 10—17 mac.%.
Ha noBepXHOCTH 3010TWH NPUCYTCTBYIOT HEOOIbIINE
BbIJEJICHUS BECbMa BEICOKOIPOOHOTO 30J10Ta TOJI-
LIIMHOM 10 5 MKM, KOTOPbIE BBIIJISIAAT KaK MO3IHSIS
reHepauus 30J0Ta, HapacTarollasi Ha HU3KOMPOOHbIE
30HbI. [IpucyTcTBHE TaKOro 30J10Ta B mpobax recya-
HUKOB HE SBJISIETCS PE3yJbTaTOM MOMNagaHUs B HUX
30JI0Ta U3 NMEPEKPHIBAIOLINX PHIXJABIX OTJIOXEHUIA.
Ero obpasoBaHue, BeposiTHEE BCETO, 0OOYCIOBICHO
(punpTpanreit 30JJ0TOHOCHBIX TUAPOTEPMAaTbHBIX pac-
TBOPOB BI0JIb TEKTOHMYECKM HAPYLIEHHOIO KOHTAKTa
CJIAHLIEB U MECYaHUKOB.

Haxorenue 30510Ta B Y4eTBEPTUYHBIX OTJIOKEHHUSIX
KBIBBOXCKOIO paiioHa Ha4aja0Ch B CBSI3U C OPO3MOH-
HO-JIEHyTAIIMOHHBIMY COOBITUSIMU B TOCPEIHEIETBEP-
tuaHoe BpeMs (dynap, 1996). I1poucxonut cHOC 30J10-
TOHOCHOTO 00JIOMOYHOTO MaTepHrajia C BO3BBIIIEHHBIX
YYaCTKOB ¥ HAKOITUICHHE €T0 B OTPUIIATEIBHBIX (popMax
penbeda, B TOM YMClie B JOIMHAX CYIIIECTBOBABIIINX TOLIA
BOJIOTOKOB (ipeBHUX ManeononrHax). Heorekronuue-
CKW€ IBIDKCHUSI, OIIPEIe/IMBIIIIE COBPEMEHHEII TEOMOp-
(ponornyeckuii 001K permoHa, MHULIMUPOBaIn obpa-
30BaHME HOBBIX BPE30B PEUHBIX JOJIMH, TAIbHEUIIIYIO
5PO3HI0 KOPEHHBIX 30JI0TOPYIHBIX IIPOSIBICHNIA, (DOpPMU-
POBaHUE AMOBUATBHO-ACTIOBUATBHBIX 1 AJLTIOBUATBHBIX
Ne 4
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CAMOPOJIHOE 30JI0TO U3 AJIJTIOBUAJIbHBIX OTJIOXEHUI...

OTJIOKECHU 1 30JIOTOHOCHBIX poccmneﬁ C BOBMOXHbBIM

TICPCOTIIOKCHUEM 30J10Ta U3 boiee pPaHHUX pOCCbIHCfI,
B 4aCTHOCTH, N3 J€BOHCKMX HaHCOpOCCbIHCﬁ, JIOKaJIN-
30BaHHbIX B KBAPLIEBbIX I'PaBE/INTAX.

Turnomop@dHbIe 0COOEHHOCTU AJUTIOBUATIBEHOTO 30-
JIOTa CBUAETEIBCTBYIOT, UTO €TI0 MOCTYIJIEHUE B aJLTIO-
BUAJIBHBIE OTJIIOXKEHUS TPONCXOANIIO U3 PA3IMYHbBIX
Y pa3HOYJAJIEHHBIX KOPEHHBIX UICTOYHMKOB, B TOM YHCJIE
pPAacCIONOKEHHBIX B HEOCPENCTBEHHOI OJIM30CTU OT
pocchineii. Pe3yabraThl HAllIMX UCCIEI0BAHUI TTO3BO-
JISIIOT B KQYECTBE NMEPCIEKTUBHOM HA KOPEHHOE 30JI0TO
BbIIEUTh CpeTHEKBIBBOKCKYIO 30HY pa3BUTHSI BKpa-
TUIEHHOM W IIPOKMIIKOBO-BKPAIUICHHON CYyIb(PUIHOM
MUHEpaIU3aluy, IPOTSTMBAIOLIYIOCS Ha 3HAYUTEb-
HO€ PacCTOSIHME, BKJTI0YAsI paCIOJIOXKEHHBIN CeBEpHEe
KeiBBOXCKMIT yyacToOK. [IpeacTaBisiioT MUHTEPEC BOIO-
pasnenabHble 001aCTH, 0COOEHHO IIaBHBIN BOOTOpa3aes
Bosnbcko-BbeIMcKOro noaHsaTus:, KOTOphlie BCIEACTBUE
ITOXOM 0OHAXKEHHOCTU OCTAIOTCS C1a00 U3yYEeHHBIMMU.

SAKIIIOYEHUE

CaMOpoIHOE 30JI0TO U3 aJUTIOBHUAJIbHBIX OTIIOKEHUIA
Kb1BBOXCKOTO paiioHa, B ToM unciie CpeaHEeKbIBBOX-
ckoit 1 KbIBBOXKCKOIT TPOMBIIIJIEHHBIX POCCHITEH, Xa-
pakTepu3yeTcs IMPOKMMU BapualiMsIMU (POPMBI, OKa-
TaHHOCTHU, CTPOSHUSI, CONEePXKAHUS JIEMEHTOB-IIPHME-
ceil u npyrumu ocobeHHocTsIMU. [IpeobnangaeT cpenHe
M XOPOIIIO OKaTaHHOE 30JI0TO, M3PeaKa BCTPEUaIOTCs
HeOKaTaHHEBIEC YaCTUIIbL. BemmurHa 3010TH BapbupyeT
B IIIMPOKUX ITpeesiaX BIUIOTh IO HEOOJIBIIIX CAMOPOI -
KOB. MHOTHE YaCTHIIBI 30JI0TA IIPETePITe/IA IIOBTOPHEIC
nedopman. BecbMa xapakTepHBI BBICOKOITPOOHEIE
KaiiMbl. B cocTaBe 30510Ta B OOJIBILIMHCTBE CITy4aeB ycTa-
HaBJIMBaeTCs JIMIIb cepedbpo. MHorma BMecTe ¢ cepedbpom
otmevarotcs Cu, Pd u Hg. Hepenko o6HapykxuBaroTcst
YaCTHULIBI 30J10Ta OJIOYHO-MO3aMYHOI'O CTPOEHMSI C HU3-
KOITPOOHBIMU MPOKMIKOBUIHBIMM 30HAMU, TIPOCTIEKI-
BaroIIMMMUC TT0 Tieprudepry 6J10KoB. B cpactanmsx ¢ 30-
JIOTOM U B BUJIE BKJIIOUEHUI OTMEYAIOTCSI KBapIl, ITUPUT,
AHKEPUT, TAJICHUT, MyCKOBHT, M3pPeIKa — MUHEPAJIBI Psaa
KOOANBTUH-TepCcAOPMUT, TATEHOBUCMYTUT, CAMOPOIHBII
BUCMYT, aypOCTUONT, a TAKKE CYTOBUKOBUT, BIICPBLIC
YCTAHOBJICHHBII B peToHe. Beimensiorcst Tpu ThIIa 30-
JIOTa, ABAa U3 HUX SIBJITIOTCS OCHOBHBIMU: TOMOTEHHOE
cepebpoconepxaiiee 300710 (30/10T1o I Thmna) u 61ouHOE
30JI0TO C BBICOKOCEPEOPUCTHIMU P OXKWIKOBUIHBIMU
3oHamu (30010 11 TMTIA). 30510TO 11 THTIA BCTpewaeTcs
PEeIKO 1 OTIMYAETCS TeM, YTO Hapsimy ¢ Ag B €ro cocTa-
Be nprcyTcTByIOT Cu 1 Pd (He Bcerma ConmyTCTByIOIINE
npyr apyry). [Ipu 3ToM pTyTh OTMEYAeTCs B eIMHIIHBIX
CJIy4asix B 30JI0T€ pa3HbIX TUIIOB.

TumoMmopdHBIE 0COOEHHOCTHA POCCHIITHOTO 30-
JIOTa CBUIETEIBCTBYIOT O €r0 CJIIOKHOI 3K30TeHHOMN
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rctopuu. Hanbonee BepoSITHBIMU KOPEHHBIMU UCTOY -
HHUKaMU SIBJISIOTCSI 30HBI Pa3BUTHUS CYIbOUITHOMN
MUHEepaJu3alnu, JOKaIN30BaHHbIC B pu(eCKIX
cJaHIEeBbIX Toax. [IprcyTcTByOIIEE B POCCHITISAX
3osoto ¢ npuMecsimu Cu, Pd u Hg cBsizano ¢ 3oHamu
30JI0TOCYIb(PUIHOM MUHEPATU3ALHI — IIPOU3BOIHBI-
MU 6a3UTOBOrO MarMaTU3Ma U KOHTPOJIUPYEMbIMU
[JTyOMHHBIMY pa3JIOMaMU.

Bonbcko-BeiMckoe, a Takxke [unemckoe 1 Uer-
sacckoe noaHsaTust CpenHero TuMaHa 3acIyKMBaOT
BHUMAaHUS U TIPOJOJIKEHUST TOUCKOBBIX paboT Ha
KopeHHoe 30j10T0. OcTraiorcs ¢j1adbo M3y4eHHBIMU
M3BECTHBIC B 3TUX palioHaX YIIEPOAUCTBIE U yIJIe-
porIconepKaline CepulnT-KBapleBhIe aleBpOCIaH-
LIbI ¥ KOPBI BEIBETPUBAHUS, TAKKE IIPEICTABIISIONINE
HWHTEPEC B OTHOIICHUU 30JI0TOHOCHOCTH.

OMHAHCHUPOBAHUE

Pabora BbiToIHeHa B paMKaxX roCcyJapCTBEHHOTO 3a-
nmanvs MactrTyra reonmornu @UIL Komu HII YpO PAH.
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NATIVE GOLD FROM ALLUVIAL DEPOSITS OF THE KYVVOZHSKY
DISTRICT AND ITS PROBABLE PRIMARY SOURCES
(VOLSKO-VYMSKOE RISE, MIDDLE TIMAN)

K. G. Parkhacheva’ *, Yu. V. Glukhov/, M. Yu. Sokerin/, S. K. Kuznetsov/, R. I. Shaybekov’

Institute of Geology of Komi Science Centre of the Ural Branch of the Russian Academy of Sciences, Pervomayskaya, 54,
Syktyvkar, 167982 Russia
*e-mail: ksparhacheva@yandex.ru

Based on the study of typomorphic features of gold from alluvial deposits of the Kyvvozh region of Mid-
dle Timan, including industrial placers, the most probable genetic types of primary sources were deter-
mined. The size of gold particles varies widely, reaching the size of small nuggets; along with rounded

ones, there are weakly rounded and unrounded particles. Many of them have undergone repeated defor-
mations in the form of envelope-shaped bends, dents and tears. Most gold coins have high-fineness rims.
Gold always contains Ag, sometimes Cu, Pd and Cu. Gold particles with a block structure with high-sil-
ver vein zones are often found. In intergrowths with gold and in the form of inclusions are noted in it
pyrite, galena, and occasionally minerals of the cobaltine-gersdorfite series, ankerite, galenobismutite,
native bismuth, aurostibite, and also sudovikovite (PtSe,), which was first identified in the region. Three

types of gold have been identified: 1 — homogeneous silver-containing, 2 — block with highly silvery
vein-like zones, 3 — rare silver-containing with impurities of Cu, Pd. The morphology, composition and

structure of placer gold indicate its entry into placers from various sources, including nearby sources.
Of greatest interest are the zones of development in Riphean rocks of hydrothermal veinlet-disseminated

sulfide mineralization, oriented in the northwest direction, partially exposed during the development of
placers. Gold with Cu and Pd impurities is most likely associated with derivatives of mafic magmatism.
The Volsko-Vymskoe, as well as the Tsilemskoe and Chetlasskoe uplifts of Middle Timan can be consid-
ered promising in terms of primary gold content and deserve further study and prospecting.

Keywords: native gold, Middle Timan, alluvium, typomorphism, impurity elements, mineral inclusions,

primary sources
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B nporuiecce ¢hopMUpoBaHUs KITACCUUECKUX JATEPUTHBIX OOKCUTOB B ITpoBUHLMY DyTta IKamnoH-MaH-
JIWHTO OJaromapsi CIIOXKHOMY OBYX-TPEXCTaIMITHOMY TeHe31Cy C(DOPpMHUPOBATICH OTJIMYHBIEC 10 BHEIITHUM
MPU3HAKaM, LIBETY, TEKCType, CTPYKTYpE, JIMTOJIOr0-TeHeTUYeCKKe TUIIh O0KCUTOB. [1peniaraemasi reHeTH -
yeckasl TUIM3aIus1 O0KCUTOB, OCHOBaHHAsI HA TEKCTYPHO-CTPYKTYPHBIX OCOOEHHOCTSIX TTOpo, (haKTUIECKU
SIBJISIETCSI OCHOBOIA JIJIST T€0JIOTO-TIPOMBIIIJICHHOM KJIacCU(UKAIIM MECTOPOXKICHUM pernoHa. MzydeHue
TEKCTYPHO-CTPYKTYPHBIX 0COOEHHOCTEN GOKCUTOB — 3TO IIyTh, OJlarogapsi KOTOPOMY MOXKHO COCTAaBUTh
npeacraBiieHue 00 yCIoBUsIX UX oOpa3zoBaHus. UMeHHO B TEKCTypax U CTPYKTYypax Pyl 3aredatieHa ux
TreHeTn4ecKast UICTOPHSI. YCTAaHOBJIEHO, YTO MECTOPOXKIEHNSI, B MpeesiaX KOTOPBIX TTPeo0IaIatoT 3aIeku
0CaIOYHO-JIATEPUTHBIX U XMMUYECKU-TIPe0Opa30BaHHBIX OOKCUTOB, OTJIMYAIOTCS. HE TOJIbKO OOJIBIINMU
MOIIHOCTSIMUA PYIHBIX TeJI M 3HAUUTEIbHO 00JIee BBICOKHMM COEPXKaHMEM OOIIIEro INIMHO3eMa B pyiax, HO
¥ TIOBBIIIEHHBIMU CONEPKaHUSIMI MOHOTUAPATHEIX (DOPM aTIOMUHUSL. DTO OIpeIelisieT U Pa3IMIHbBIC 9KO-
HOMUYECKHE TI0KA3aTeIM SKCIUIyaTaLllMK U TEXHOJIOTMIA METAJUTypru4ecKoro mepeeia GOKCUTOB.

Karouesgoie crosa: @yra JIxamioH-MaHIMHTO, OOKCUTHI, TEKCTYPHO-CTPYKTYPHBIE 0COOEHHOCTH, TeHe-
TUYECKHUE TUTTHI OOKCUTOB

DOI: 10.31857/S0016777024040045, EDN: casoog

BBEJEHUE

BokcuThl — ChIpbe 111 TPOU3BOACTBA aTIOMUHUS.
TekCTypHO-CTPpYKTYpHBIE 0COOCHHOCTH Pa3INIHBIX
JIMTOJTOTMYECKUX TUIIOB OOKCUTOB B 3HAUUTEJIbHOMN
CTEIICHU OTPaxKaroT 0COOCHHOCTHU YCIOBUM 1 MeXa-
HU3MBbI UX 00pa3oBaHUs 1 MTO3BOJISIIOT IIPOTHO3U-
pOBaTh KOHIMIIMOHHOCTb OOKCHUTOB YK€ Ha CTaIuu
MEPBUYHOM pa3Beaku. Pa3po3HeHHbIe TaHHBIE O TEK-
CTypax U CTPYKTypax OOKCUTOB CYIIIECTBYIOT B paboTax
E.B. Poxxkosoii, .. BymuHckoro, FO.K. T'opelkoro
u ap. (Bardossy, Aleva, 1990). CneuuanbHbIX pabor,
MOCBSILIEHHBIX aHAJIM3Y TeKCTYPHO-CTPYKTYPHBIX
0CODOEeHHOCTEe OOKCUTOB C TeHETUUECKOI TOUKHU 3pe-
HUS, B TEOJIOTUUECKON JIUTEPATYPE HE CYIIECTBYET.
M.B. ITacTyxoBa Ha OCHOBAaHUU U3Yy4YEHUS CTPYK-
TYPHBIX OCOOEHHOCTEM OOKCUTOB BbleIWIa ITPYI-
bl MECTOPOXIEHUI, CBSI3aHHBIX OOIIIMMU YepTa-
MU CXOMCTBA U pa3inyusl. bbliy oTpakeHbI IJIaBHbIE

TeKCTYPHO-CTPYKTYPHbIE 0COOEHHOCTH OCHOBHBIX
TUIIOB OOKCUTOB ILJIaT(POPMEHHBIX MECTOPOXKICHUIA.
Br110 0OTMEUYEHO, YTO KiTacCU(UIIMPOBATh OOKCUTHI
10 TEKCTYPHO-CTPYKTYPHBIM 0COOEHHOCTSIM MOXHO
TOJIBKO C YI€TOM B3IJISIIOB HAa TeHE3KC, KOTOPHIX IIPH-
Jep>KUBaeTcs uccienoBaresb. [1pu nzydyeHun 6okcu-
TOB pacir¢poBKa CTPYKTYPHI ITO3BOJISIET YCTAHOBUTH
XapaKTepUCTUKM MCXOIHOTO MaTepuaia, CIiocod ero
paspylleHMs, IepeHoca, HAKOIUIEHHS U TaJIbHEHIIIEro
npeobpa3zoBaHusl. TekcTypa O0KCUTOB TaKXKe CBUJIE-
TEIBCTBYET 00 YCIOBUSIX HAKOILICHMS MCXOTHOTO MJTH
COOCTBEHHO OOKCUTOBOIO MaTepuasa v JaJbHeHlIIero
ero rpeodpaszopanus (ITacryxosa, 1985). B.T. ®pomnos
KJ1accuULIMPOBa OOKCUTHI IO CTPYKTYPHBIM OCO-
OEHHOCTSM, MUHEPaJIbHbIN COCTaB MPU 3TOM UMET
BTOPOCTEIIEHHOE 3HaueHue. bbliv BbIIEICHBI 1BE
[JIJABHBIE CTPYKTYPBIL: IIEIUTOMOP(MHAS 1 3epHUCTAS.
K nepBoii oTHOCATCS aMmopHBIE, KOJIOUIATHHO-BO-
JIOKHHUCTBIE 1 MUKPO3E€PHUCThIE PAa3HOBUIHOCTH,
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K 3€pPHUCTBIM — OOJIUTOBEIE, 00OOBHIE, KEITBAKOBEIE,
00JIOMOYHEBIE OT IEOHUCTO-TAJICIHBIX JO MeCYaHBIX
(®ponos, 1993).

Hist k1accugpukanuym 60KCUTOB UCITOIb3YIOT Ie-
HETUYECKHE, TUTOIOTUIECKIE 0COOEHHOCTH, XMMM-
YeCKHUI 1 MUHEPaJIbHBIIA COCTaB, TEXHOJOTMYECKIE
cBoiicTBa (Bardossy, Aleva, 1990; Lapparent, 1930;
Madencilik, 2001; Topeukuii, 1960; Borateipes, 1999;
Muxaiinos, 1973). OgHako o4eHb PEIKO MPOBOAUTCS
KOPPEJISIIUST 3TUX CBOMCTB C TEKCTYPHO-CTPYKTYP-
HBIMU 0COOeHHOCTAMU 60KcuTOB. I. bapnoum kiac-
cuduurpoBan OOKCUTHI MO YCIOBUSIM 00pa30BaHUS
U CTPOEHUIO 3ajiexeit. JlarTepuTHbIe OOKCUTHI ObLIN
HEIMOCPEICTBEHHO CBSI3aHbl TEKCTYPHBIMU OCOOEH-
HOCTSIMU U COCTaBOM C ITOJACTUJIAIOIIMMHU UX MaTe-
puHckumu noponamu (Bardossy, Aleva, 1990; Gow,
Lozej 1993; Horbe, Costa, 1999; Mutakyahwa et al.,
2003; Liu, 2010). ITo ctpoeHmto 3anexeit TakKe BbI-
IEJISIIOTCS. MECTOPOXKICHUS CPEeaAN3eMHOMOPCKOTO,
Ka3aXCTAaHCKOI'O, TAXBUHCKOTO, aPhEKCKOTO 1 IPYTUX
tuioB (Bardossy, Aleva, 1990). Briociencteum ata
kiaccudukanus o6es1a pacmmpera (CaBko, OBUMH-
HUKOBa, 2022).

JIuTonoro-reHeTUYECKMe TUIIBI OOKCUTOB IIPOBUH-
1y Oyta JIxamnon-Manmguaro (OIM) 6buH BbIAe-
JICHBI TI0 COBOKYITHOCTH T€OJIOTUYSCKMX IIPU3HAKOB,
MMHEPAJIBHOTO Y XMMUYECKOTO COCTaBa, ITOIyYSHHBIX
B pea3yJibTate OypeHUs U pa3BedKU, KOTOPhIE BEJIUCh
¢ 1998 r. (Mamenos u ap., 2020,). PazHooOpa3HbIit
COCTaB MaTEPUHCKUX MOPOJ, IO KOTOPBIM 00pa3o-
BaJMCh OOKCUTHI, 1 HAJTMYKME BTOPUUHBIX ITEPEOTIO-
JKEHHBIX OOKCUTOB YCJIOXHSIU 3Ty 3aaady. OnHako,
aKIIEHTUPYSI BHUMaHME Ha TEKCTYPHO-CTPYKTYPHBIX
0COOEHHOCTSIX OOKCUTOB, HaM BCE XK€ yIaJoCh Haii-
T U 0000IIUTH 3aKOHOMEPHOCTHU, TTO3BOJISIOIIAE
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00BEIMHUTD UX B pa3In4Hbie Tpynibl. M3yyeHue Tek-
CTYPHO-CTPYKTYPHBIX 0COOEHHOCTE OOKCUTOB — 3TO
eIMHCTBEHHBII ITyTh, OJ1arogapst KOTOPOMY MOXHO CO-
CTaBUTb IIPEACTABIICHNE 00 YCIOBUSIX MX 00pa30BaHUsI
(CupotuH, 1973). UMeHHO B TEKCTypaxX U CTPYKTypax
pyA 3areyariieHa UX FreHeTU4eCKast UCTOPUs.

Ha cpaBaurenpHOo HeOombIIoi romany ®AM
COCPEIOTOUYEeHBI OTPOMHBIE 3aI1achl OOKCUTOB Pa3Iny-
HBIX JIMTOJIOTO-T€HETUYECKUX TUIIOB, 00pa3oBaHue
KOTOPBIX CBSI3aHO C MHOTOCTaAWIHOCTBIO, 3ameyar-
JICHHOM B TEKCTypax U CTPYKTypax pya.

B manHOM MccllenoBaHUM CTaBUIIKCH JIBE 3a1a4UM:
BO-TIEPBEIX, VK€ Ha CTaINK IIOMCKOBBIX paboT IIpH Be-
JIEHWY TOJIEBOM JOKYMEHTAIIUM 10 TEKCTYPHO-CTPYK-
TYPHBIM OCOOEHHOCTSIM OIPEAEIUTh BO3MOXHOCTD
MPUHAIIEKHOCT OOKCUTOB K Pa3JIUIHBIM JINTO-
JIOTO-TeHETUISCKUM TUTIAM M, BO-BTOPBIX, OLICHUTD
COOTBETCTBHE I'eHETUUECKMX KJIAaCCOB B 1IEJIOM UX
re0JIOro-3KOHOMUYECKOM MePCIIeKTUBE.

3a oCHOBY ObLIa B3ATa TeHETHUYECKasT Kiaccugm-
Kanust 60KCUTOB, IpemtoxkeHHass B.1. MamenoBbeim
(Mamenos u np., 2020,). B Heil 110 reHeETUYECKOMY
MPU3HAKY ObLIO BbIAEIEHO 3 TUIIa OOKCUTOB: KJIaCCU-
YeCKHe JIaTepUTHBIE, C(OPMHUPOBABIIIMECS 110 KOPEH-
HbBIM ITIOpOJaM, OCalOUYHO-JIaTEPUTHBIE, 0Opa30BaHUE
KOTOPBIX TTPOU3OIIJIO IO OCAAOYHBIM PBIXJIBIM TTOPO-
nam cepun CaHrapenu, 1 THOWIBTPpAIlMOHHO-METa -
COMAaTUYECKUE, XUMUUESCKH U3MEHEHHbIE OOKCUTHI
U COITYTCTBYIOIIIME TTOPOIbI, 00pa30BaBIIMECs IO
omioxeHusMu cepuu CaHrapenu 6yiaronapsi UHTEH-
CHBHOMY IIepepacipeneIeHUIO BEIIeCTBa B Ipodue
BeIBeTpuBaHUs (¢pur. 1). Dra kiaccupukamnus oblaa
paciiMpeHa v JOTIOJIHEHA, B HEl yaaioch 0000IINTh
BCE pa3HOBUIHOCTU OOKCHUTOB, BCTpeUaIOIIeCs
B npoBuHLMKU DIM. Hamu oHu GbLiu pasaeneHbl
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@ur. 1. CxeMaTHYECKOE PACIIONIOXEHNE TeHETUYECKUX TUIIOB GOKCUTOB B GOKCUTOHOCHOM ITpOGie KOPbl BBIBETPUBAHMSL:
1 — ocagouyHO-JIaTePUTHBIC, 2 — UH(PUIBTpALIMOHHO-MeTacoMaTu4ecKue, 3 — JaTrepuTHbIe (in siftu), 4 — Kelne3ucThle JlaTe-

pUTHI, 5 — DeppUTIIAHTUTBI, 6 — MATEPUHCKUE TTOPOIBI.
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I10 JIUTOJIOTMIECKUM OCOOEHHOCTSIM MaTepUHCKOTO
cyOcTpara, B TOM YHCIIE IIePEeOTIOKEHHOrO. 3a OCHO-
BY IIpPUHUMAJICSI He MUHEPaJIbHBIM COCTAB, a UMEHHO
TEKCTYPHO-CTPYKTYPHEIE 0COOCHHOCTH MaTEPUHCKUX
IOPO, TaK KaK UMEHHO 3TU XapaKTePUCTUKH OTpa-
JKEHEI B COBPEMEHHOM ITPO1JIe KOPHI BEIBETPUBAHUSI.

®AKTUYECKUI MATEPUAT

bbuiu n3ydeHbl 00KCUTBI U3 Pa3HbIX 30H MPOQUIIST
KOpBI BEIBeTpuBaHuA ITpoBuHIUKY OJIM. Mcmonb-
30BaJIMCh 00pa3ubl U3 Koyuiekuuu B.M. Mamenosa,
nepenanHoii B UTTEM PAH, a Tak:xe u3 My3es B ro-
pone Canrapenu Ha 6a3e komnanuu Ltd Geoprospect.
CroJib OOIIMPHBIN MaTepras Mo3BOJsSIET MPU BCeM
MHOTroo0pa3uu JUTOJOTMYECKUX TUIIOB OOKCUTOB
U COMYTCTBYIOLIMX MM MOPOJI JIaTEPUTHBIX TOKPOBOB
BBISIBUTb KaK MX OOILME YEPThI, TaK U pa3Indusl.

OBILIME CBEAEHHUA O BOKCUTOHOCHDbIX
JJATEPUTHBIX ITOKPOBAX ITPOBUHILIN N
OYTA 1XKAJTJIOH-MAHAWHTO

Teppuropus ®yra JIxamion-MaHINHTO, IIPAYPO-
YeHHasl K OTHOMMEHHO MOP(hOCTPYKTYpPE U K SIUHOMN
re0TeKTOHMYECKOU CTPYKType — MiIaT¢hOpMEHHO-
My yexsy CaxapcKoil IIUTHI, B Ipeaeaax nepeMeH-
HO-BJIAXKHOT'O TPOMTUYECKOTO KiarMmMaTa 3anagHoit Agd-
pUKMU, ABJsIETCS KpyNHelieid B Mupe O0KCUTOHOC-
HOM npoBUHLIMEN. OHA HAXOOUTCS HA TEPPUTOPUU
Pecny6nuku I'BuHes, BOCTOUHAS 4aCTh 3aXBaThIBAET
pecyoauky Masu, a ceBepHast — HeOOJIBIION y4acTOK
tepputopun I'BuHeun-buccay.

ITpakTr4ecKu BCSI TEPPUTOPUST IIPOBUHIIAM TTPU-
ypoOY€eHa K IJIOIIAIN pa3BUTHS CyOTOPM30HTAILHO 3a-
JIETalOIIMX TEPPUTEHHO-0CATOYHBIX OTIOKEHUIM TIJIaT-
(popMeHHOTO Yexyia. DTU MOPOIbI TOYTU IIOBCEMECTHO
WHTPYAMPOBAHBI CUJIJIAMU U AaiiKaM1 OCHOBHBIX
MOPOJI Me30301CcKOM TparmnoBoii ¢popmanuu. Cpenu
OTJIOXKEHMI T1J1aT(OPMEHHOTO YexJia pacpoCcTpaHe-
HBI CYIIECTBEHHO IJIMHUCThIE MIOPOIBLI — APTUJIIUTHI,
aJIeBpO-aprLINThI, MEJIKO3EPHUCThHIE KBapLIEBO-IJI-
HUCTBIE aJICBPOJIUTHI 1 ajieBpO-necyaHuKu. CUJLIbI
Y TAKKW COCTOSIT U3 I0JIEPUTOB, KOHTa-11aba30B
U Ta6OPO-A0JIEPUTOB.

ImaBHBIMU (haKTOpaMM, OIIPEACISIIOIIUMHA BO3-
MOXHOCTb 00pa30BaHUS U 0OCOOEHHOCTU BHYTPEHHETO
CTPOCHUS 1 COCTaBa OOKCUTOB B JIaTEPUTHBIX KOpax
BBIBETPMBAHMS 3TOM IIPOBUHIIVH, SIBJISIIOTCS: HAJTNIME
aJIOMOCHJIMKATHOIO CyOCTpara, IOJIOXKUTEIbHBIC I10-
Jorue opMbI penbeda B mpeaerax MeCTOPOXKICHUIM,
KJIMMAT U JJIATEIbHOCTD 0JIarOIPpHUSTHOTO IJIsI O0K-
CUTOOOpa3oBaHUS BpeMeHHOoro nepruona (MamenoB
u ap., 2020,).

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

BHYYKOB u ap.

Hapsny ¢ akTHMBHBIM XUMHUYE€CKUM BBIBETPUBA-
HUEM UMeJIO MECTO MEPEOTVIOKEHNE 00JI0MOYHOTO
MaTepuajia ¢ QOpMUPOBaHNEM KOHTUHEHTAIbHBIX
00pa3oBaHU1 BOOHOOCAJIOYHBIX U CYXOIOJbHBIX (ha-
LIMi1, KOTOPBIE IOABEPraIiCh ITIOBTOPHOMY JIATEPUTHO-
MY BhIBETpUBaHUI0. OTI0XEHUs CPEIHEr0 MUOLICHA,
BBIIEJICHHBIE B ceputo CaHrapenu, chopMUPOBAIN
OOILIMPHBIE aJlJIIOBUAIbLHO-03epHbIe paBHUHBI (Ma-
medov et al., 2021, Mamenos u ap. 2020,).

Oco0eHHOCTbIO KOHTUHEHTATbHBIX 00pa30BaHUM
Ha ()OHE MHTEHCUBHOI'O XMMUYE€CKOTO BEIBETPUBAHMS
SIBJISIETCSI TO, YTO KPYITHOOOJIOMOYHBII MaTepuran
MPEACTaBJIeH, B OCHOBHOM, KAMEHHMCTBIMM ITOPOIaMU
JIaTepUTHBIX TOKPOBOB. KOopeHHBIE allOMOCUITUKAT-
HBbIe ITOPOIbI HACTOJIBKO OBICTPO XMMUYECKH BbIBE-
TPUBAIOTCS, YTO IIPAKTUYECKH He AAIOT HAKOITJICHUIA
TPABUMHO-TAJIEYHOMA Pa3MEpPHOCTH, a AE3UHTEIPUPY-
J0TCS IO TIecKa M IIMH. B ajurroBUM cOBpeMEHHBIX PeK
BaJIyHHO-TaJICUHbIe HAKOILJICHHUs 00pa3yIoTCcs, B OC-
HOBHOM, Ha HEOOJIbIIIOM PACCTOSTHUH HIKE TTOPOTOB.

B npenenax naHHOM NpOBUHLIMM BIAaXHbIN, TIepe-
MEHHO-BJIaXHBII U TPOMTMYECKUIA KJIMMAaT U, COOT-
BETCTBEHHO, aKTUBHOE XMMMNYECKOE BHIBETPUBAHME
NpeodIagaiv Kak MUHAMYM C KOHIIa MeJa 10 HAaCTOSI-
11IETO BPEMEHHU.

JUTOJIOTO-TEHETUYECKHWE TUIIbI
BOKCHUTOB U COITYTCTBYIOLIUX ITOPO/,
PA3BUTLBIX B TIPOBUHLINUN ®OM

JlatrepuTHBIE KOPBI BHIBETPUBAHUS B MIPOBUHLINU
Pa3BUTHI MIPAKTUYECKHA TOBCEMECTHO, TOKPHIBAIOT
CIUIOIIHBIM YE€XJIOM TIOCKWI W MOJOTOBOJTHUCTBINA
penbed BomopasaeabHBIX IIPOCTPAHCTB U OCTAHIIOBBIX
BO3BBILIEHHOCTEN Y MX OTPOTOB U MOJOTUX CKJIOHOB.
Kopsl BEIBETpHBaHUS OTCYTCTBYIOT TOJIBKO Ha KPYThIX
y4yacTKaxX CKJIOHOB Y COBPEMEHHBIX JTHMILAX TOJIVH,
BKJIIOYAS TIOMMY ¥ IEPBYIO HAAIOMMEHHYIO Teppacy.

B 060061116 HHOM BUI€ BEpTUKAIbHBIN MTPOPUIb
KODPBI BEIBETPUBAHUS CJIOXKEH ABYMS pa3IMYHbIMU
JIMTOIOTMYECKUMMU Topu3oHTamu (MakapoBa u ap.,
2023). HuzxHuii, NIMHUCTBINA TOPU3OHT COCTOUT U3
MMOJIMMUHEPAJIbHEIX IICEBIOMOP(MHBIX INIMH, B KOTO-
PBIX CHM3Y BBEPX IIOCTEIICHHO MCUE3al0T (PparMeHThI
c1a00 BBIBETPEILIX MAaTEPUHCKUX ITopoz. B BepxHeit
4aCcTU TOPU30HTA OTMEYAIOTCSI MPEUMYIIECTBEHHO
CBETJIO-Cephbie KAOJIMHOBBIC INIMHBI, KOTOPHIC eIlle
BBIIIIE CTAHOBSITCS MECTPOLBETHBIMU, a 3aTeM IIpe-
HMMYIIECTBEHHO KPAaCHOLIBETHBIMU 32 CUET YBEJIMICHMS
colep:KaHus TUIPOKCHUIOB XKeJie3a.

BepxHuit ropu30HT — COOCTBEHHO JIATEPUTHbBIA
MOKPOB — CJIOKEH MPEeUMYLIECTBEHHO MUHepaia-
MU THAPOKCHMIOB N OKCHUAOB 2KEJI€3a U aJIIOMHNHUA.
Ne 4
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TEHETUYECKAA TUTIN3ALINA BOKCUTOB ITPOBUHLIMU OYTA...

JlaTepuTHBII IOKPOB SIBJISIETCS OOKCUTOBMEIIAOIIEH
TOJIIIEH KOPBI BBIBETPHUBAHUSI.

B 60KCUTOHOCHBIX JJATEPUTHBIX TTOKPOBax HaOJIIO-
JaeTcs BepTUKalbHas 30HAJIbHOCTh. B HIDKHel yacTn
Ha rpaHuIIe C TMTOMAPXXeM MPaKTUUECKN TOBCEMECTHO
Pa3BUTHI XKEJIE3UCTHIC JIATEPUTHI IIEPEXOTHOMN 30HHI,
TaK Ha3bIBAEMBI OOKCUTOBBIN “TIpIHUK”, TIPEICTaB-
JISIIOIUI COOO0I OXPUCTO-CEPYIO MU KPACHOLIBETHYIO
nopuctyto rnopony (Mamenos u ap. 2020,). I1o cBoemy
COCTaBY 3TOT “NPSHUK” WMEET MOBBIIIEHHOE COMEP-
JKaHue KpeMHe3€éMa 1 XKeje3a M HU3Koe coiepKaHue
mmHo3eMa (<40%) (Ilunwmnosa u np., 2022).

boxcuTbl 00BIYHO 3aHMMAIOT CPENHIOK YaCThb pa3-
pe3a 1aTepUTHOTO MTOKPOBA, €CJIU CBEPXY 3aJleraeT
BEPXHUM XeJe3UCThIA TOPU3OHT — KUpaca (10 2 M),
JIMOO CJIararoT BCIO BEPXHIOIO MOAMOYBEHHYIO YacCTh
BBIIIIE TEpeXOMHOM 30HKI. [Topomsl Kupacsl, chop-
MMPOBAHHBIE M0 AJIEBPO-apTUIUIUTaM, UMEIOT OpeK-
YUEBUIHYIO U KOHIJIOMepPaT-0peKUYneBYIO TEKCTYPHI,
a o JoJepruTam — IJIAaKOBUIHYIO U KOHIIEHTpUYe-
CKHM-30HAIBHYIO MOJI0CYATYIO TEKCTYPY.

s pa3pe30B KJIACCMYECKOTO JIATEPUTHOT'O THUIIA,
c(HOpMUPOBABIIMXCS 10 KOPEHHBIM TEPPUTEHHO- OCa-
JOYHBIM OTJIOXEHUSIM IIAT(POPMEHHOTO YeXJIa, HHTPY-
OUPOBAHHBIM CUJUIAMM U JaiiKaMU OCHOBHBIX ITOPOII,
XapakTepHa MpsiMasi 30HAJIbHOCTb. B 3Tux paspesax
B BepXHeIl YacTH JJATEPUTHOTIO MMOKPOBA OOKCUTHI
CTaHOBSITCS 00JIee KeJIe3NUCTEIMU JTU00 CMEHSIIOTCS
KeJIe3UCTHIMU TaTepUTAMU — KUPACOIA.

OtMeyaloTcs pa3pe3bl, B KOTOPBIX OOKCUTHI OoJiee
BBICOKOT'O Ka4eCTBa 3aJIeraloT B CaMOM Bepxy (IIpsMo
IO/ TOYBOI) ¥ BHU3 110 pa3pe3y UX KauyecTBO (comaep-
xaHue Al,O,) nagaetr. 10 06paTHas 30HAIBHOCTb,
oOHapy:KeHHasl B JaTepUTHBIX IIOKPOBAX, Iie OOKCUTHI
00pa3oBaIKCh 10 ITePEeOTIOKEHHBIM ITOPOIAM CEPUN
Canrapenu, Tn00 1Mo 06eJIeHHBIM KOPEHHBIM TTOPO-
JlaM B JIOX€E CPENHEMHOLIEHOBOIO KOHTUHEHTAILHOTO
6acceiina (Mamenos u ap., 2020,).

[maBHBIE OTIMYMS XapaKTepa 30HAJIbBHOCTH, BHY-
TPEHHETO CTPOEHHMSI U COCTaBa MOPoJ OOKCUTOHOCHBIX
JIATEpUTHBIX IIOKPOBOB 00YCIOBICHBI pa3IUUUSIMU
MaTepUHCKOI0 cybcTpaTa, o KOTopoMy cpopMupo-
BaJINCh OOKCHUTHI ¥ COITYTCTBYIOIINE UM JIATCPUTHBIC
nopozns! (Mamenos u np. 2020,).

Ta6mmna 1. MuHepaibHbIi cocTaB OOKCUTOB
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B nipoBuHIIMm ®JIM ycTaHOBIEHBI TPY Te€HETH -
YeCKHUX TUIIa OOKCUTOB: IaTEPUTHEIE, OCATOYHO-JIa-
TEPUTHBIC ¥ THOWIBTPALIMOHHO-METaCOMAaTHIECKIE
WIN XUMUYECKY U3MEHEHHBIC.

BasioBbIit XMMMUECKHMIT COCTaB OOKCUTOB BapbUPYET
B nipenenax (Mac.%) (Mamenos u np., 2020,, 2021):

— kJaccuueckue in situ — SiO,— 0.27—14.68, AL,O, —
40.16—54.9, TiO, — 1.51-7.91, Fe,0,—9.5-33.9, CaO —
0—-0.45, MgO —0.02—-0.44, K,0 — 0-0.13, Na,O —
0-0.3, P,O5_,— 0.3, ITITIT — 15-32;

— 0calo4yHo-JaTepuTHBIe 60KCUTHI — Si0, — 0.18—7,
AL, O, — 43.28—68.47, TiO, —1.29—-17.55, Fe,0;—1.64—
27.25, CaO —0.01-0.4, MgO — 0.02—0.28, K,O —
0—0.13, Na,O — 0-0.1, P,O5_,— 0.6, ITITIT — 17-32;

— UHOUIBTPaLMOHHO-MeTacomaTnyeckue — Si0, —
0.2—3.46, Al,0,— 40.08—67.97, TiO, — 1.99-8.1,
Fe,0; —0.39-34.31, CaO —0.01-0.36, MgO —0.03—
0.35, K,0—-0-0.08, Na,0 —0.03—-0.35, P,O5_,— 04—
0.2, ITIIIT — 17-33.

MuHepalbHbI COCTaB pa3IMYHBIX JTUTOJOTHYEC-

CKMX TUIIOB OOKCUTOB TIpuBeAeH B Ta0a. 1 (MamenoB
u 1p., 2020,).

PE3VJIBTATbBI 1 UX OBCYXIEHWE

KoMrreKcHBII TUTOJIOTO-TIeTpoTrpadniecKuit
aHaJIM3 OOKCUTOB IO3BOJIMII YCTAHOBUTH XapaKTepHBIC
MpU3HAKU I TPEX JIUTOIOTUIECKUX TUIIOB, IO~
YepKUBAIOIINX MHOTOCTaINITHOCTDb NX OOpa30BaHUS.

JJATEPUTHBIE BOKCUTbI

Cpenu maTepuTHBIX 00KCUTOB ITpoBuHINY OIAM
BBISIBJICHBI 3aJICXKM, 00pa30BaBIIMECS iX Situ B PE3YyiIb-
TaTe 3aMEIIEeHMS Pa3IMYHBIX ITOPOM;: 1) CYIIIeCTBEHHO
INIMHUCTHIX TEPPUTEHHO-0CAT0YHBIX apTUJIJINT-a-
JIEBPOJIUTOBBIX TOJII] OT BEPXHEIIPOTESPO30MCKOTO
IO IEBOHCKOTO BO3pacTa 1 2) Me3030MCKINX MarMa-
TUYECKMX MOPO TPAIIIIOBOM (hopMaLn: TOJEPUTOB,
KOHTa-a11aba30B 1 rabopo-I0JIepUTOB.

bokcumul in situ no ansespo-apeursumam
Cpenu 3Tux nopofd 00HapyKeHbI rceBAOMOopd-
Hble OOKCUTHI TTOJIOCYATOM M MACCUBHOM TEKCTYPHI.
B GobiioM ynciie MeCTOpOXXAEHWI Hapsiay ¢ 6JJoKaMu

JluTonormyeckue TAIIBI Tub6cur, bémur, Térur, I'ematur, Amnaras, Pyrtun,
GOKCHUTOB Mac.% mac.% Mmac.% Mac.% mac.% mac.%
Krnaccuueckue in situ 52—89 <2 2—19 2-22 1-4 1-3
OcagoyHO-JIaTepUTHbIE 43—-87 2-22 2-9 2—11 1-3 1-3
MHOUIbTPaLUOKHO- 3881 2-18 2-7 1-5 1-3 1-3
MeTacoMaTU4YeCKUe
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Y TOPU30HTAMU IICEBIOMOP(HBIX OOKCUTOB U JIaTe-
PUTOB B OOKCUTOBBIX 3ajieXkaX TakKKe IMPUCYTCTBYIOT
OOKCUTHI U JIATEPUTHI C 00JIOMOUYHBIMU TEKCTYpaMMU.

IIcesdomopghrbie bokcumbl XapaKTepU3yIOTCsI TOH-
KOM MOJI0CYATOCThIO, YHACIEAOBAHHOI OT IIEPBUYHOM
CJIOUCTOCTH aleBpO-aprLIMTOB ((ur. 2a, €). BokcuThl,
0o0pa3oBaHHBIE IO MACCMBHBIM apTriUIMTaM, 00Iaga-
IOT ME€HEee BBIPaKEHHOM IT0JI0CYATOCTHIO IIPU PAaBHO-
MEPHOI MEJIKO-CKPBITOKPUCTAJUIMYECKOM CTPYKTYpE.
Pa3sMepnl 3epeH MUHEPAIOB B 00JIOMKaX MO3BOJISIOT
CYIMTh O TUIIE 3aMelleHHBIX UCXOMHbIX KOPEHHBIX I10-
pon. 'emaTut cnaraer ynjmHeHHbIE 3epHa, 00pa3yoLIe
PaBHOMEPHYIO, pexke HepaBHOMEPHYIO BKPAIUIeCHHOCTh
B rtopoze (¢ur. 2a). [To MaccMBHBIM IeCYaHUKAM pa3-
BUTHI TICEBIOMOP(MHBIE OOKCUTHI Y TaTepUTHI ((puT. 20).
LIBeT 6OKCHUTOB MOXET MEHSITHCSI B 3aBUCUMOCTH OT
colep:KaHUs B HUX 3KeJie3a OT ITOUTH Oelbix (dur. 2B)
U PO30BBIX 0 KOPUUHEBO-KPACHBIX ((UT. 2T) 1 JaxKe
JIMJIOBO-KPACHBIX (3a CYeT TeMaTUTa) B Pa3HOBUAHOCTSIX
C BBICOKUM coAep>KaHUeM xese3a (pur. 21).

ITox MUKPOCKOIIOM OTYETJIMBO MPOCIAEKUBACTCS
noJyiocyarasi, C peAIKMMM Y4aCTKaMM KaBEpPH, TEKCTY-
pa v MeIUTOBas CTPYKTYpa, KOTOpask U3SMEHSIETCS 10
aJleBpUTOBOI. MecTaMu CoOXpaHsIeTCsl peJIMKTOBas
aJIeBpUTOBAas CTPYKTypa, YHacJeAOBaHHAs OT UC-
XOIHBIX AJIEBPOJIMTOB. PazMep u Mopdosiorus 3epeH
CBUJIETEJILCTBYIOT O JIMTOJIOTMYECKOM COCTABE 3aMe-
IIEHHBIX UCXOMHEBIX KOPEHHBIX ITopon. ®parMeHTH
C KaBEPHO3HOM TEKCTYPOM CIIOXKEHBI B OCHOBHOM

(a) (6)

(r) (1)

BHYYKOB u np.

MHKpPO-, TOHKO3EPHUCTBIM THOOCUTOM, IPEICTaB-
JICHHBIM U30METPUYHBIMU BBIICTICHUSIMMU.

Cpenyt TMOOCUTOBOM OCHOBHOIT MacChl pacCesTHbI
TOHYAMIIINe 3epHa TE€TUTA, cocTaBisiomero 10—25%
obbeMa. [eMaTHT cimaraeT M30MeTpUIHbBIC 3€pHA, He-
PaBHOMEPHO paclipenesicHHbIe B mopoze. ComepxaHue
reMAaTUTOBBIX 3epeH cocTasisieT ~5%. Pasmep mop —
1o 0.5 mMm. Ux xommuectBo — ~5%. LlemenTupyro-
mrast reieMopdHast 0eyast Macca MMeeT MacCCUBHYIO
KOJJIOMOPGHYIO TEKCTYPY M MeIMTOMOPGHYIO 10
aaHuTOBOM CTpyKTYpy. ClIOXXEHa OHA aTIOMOTeIeM —
MUKPOMNOPUCTBIM aMOPGHBIM OKCUIOM aJIIOMUHUS,
HOJyIpo3pavHasi, UMeeT OeJIblii, pexe >KeJITOBAThIi
uBeT (dur. 3a). B nceBmoMopdHBIX OOKCUTAX COmEP-
>KaHMe MOHOTHIPATHBIX MUHEPAJIOB aJIIOMUHMUS: O€-
MUTa U AJIIOMOTETUTA HEBbICOKOE. Kak nmpaBuiio, oHO
He npesbiiiaeT 2—2.5%. CooTHOIIEHUSI MUHEPAJIOB
KeJle3a 1 aJIIOMAHUST U3MEHSIOTCST 3HAYUTEILHO 1 CBSI-
3aHbI MeXIy co00ii 00paTHON Koppesiuueit. B 1e-
JIOM TICeBIOMOP(MHEIC OOKCUTHI ITPOBUHIINI HA3KOTO
(AL,0, 40—45%) u pexe cpenHero (45—50%) KauecTBa
(Mamedov et al., 2021).

Ob60mounble 6oKcumbl in Sity 110 aJeBpO-aprujUINTaM
BCTPEYAIOTCS B TpEIIMHAX BEpXHEM YacTh PO GUIIS
MMPaKTUYECKH BO BCEX JINTOJIOTO-TeHETUIECKIX TUTIAX.
OHHU cOCTOAT U3 00JJOMKOB ITCEBIOMOP(MHBIX OOKCUTOB
pa3MepoM A0 1 cM, CLIeMEHTUPOBAHHBIX KOJUIOMOD-
(bHBIMU HaTEeYHBIMU (POPMAMU TUAPOKCUAOB XKeJie3a.
IIpoiiecchl puznuecKoro BEIBETPUBAHUS U cydDdo-
3MOHHO-KapCTOBBIC SIBJICHUS PUBOISIT K yCaaKaM

(®)

(e)

@ur. 2. [Ipumepsl GOKCUTOB in Situ: a — 10 0CaaOYHBIM IOponaM cBUTHI I1uTa, 6 — M0 0cago4YHbBIM MopoaaM CBUTHI Teau-
MeJie, B — 0 0CagOYHBIM ITOpoJaM JIeBOHa, T — 0 0CafOYHBIM ITopoaaM cBUTH Papo, 1 — Mo 0cagoYHBIM MOPOIAM CBUTHI
®apo, B pa3IN4YHOI CTENIEHN OPOrOBUKOBAHHEIE, € — [10 MATMATUYECKUM IIOPOIaM OCHOBHOTO COCTaBa.

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU
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TEHETUYECKAA TUTIN3ALINUA BOKCUTOB ITPOBUHLIMU OYTA...

1 IpO0JICHUIO Ha MeCTe IICEBIOMOP(MHBIX OOKCHUTOB
¢ obpazoBaHuEeM OpeKYMEBUAHBIX TEKCTYP. 3a cUeT
3aHOCA MO TPEIIMHAM ITOYBEHHBIX ITM30JIMTOB C IO~
BEpPXHOCTH U OXKeJIe3HEHMSI, YaCTO BHYTPH IICEBIOMOP-
(HBIX OOKCUTOB 0OHAPYKMBAIOTCSI 00JIOMOYHEBIE OoJiee
3KEJIE3UCTHIC JIATEPUTHI C BKIIIOYEHUSIMU TTU30JIMTOB.
BrIsiBieHBI TaK:Ke 00pa3oBaHuUs TUIIA XeMOOPEKYMIA,
00pa3oBaHHBIE 33 CUET BEIBETPUBAHUS 1 00pa30BaHUSI
MUWHEPAJIOB 3KeJie3a 10 MEJIKUM TpellMHaM KJIUBaXka,
YHacIeAOBaHHBIX IICEBIOMOP(MHBIMUA OOKCUTAMU
OT KOPEHHBIX ITopoa. B Ki1accmyeckoM 1aTepuTHOM
OOKCUTOHOCHOM ITOKpPOBE, B CaMOii BEpXHE YacTu
paspe3a 1o IouYBoi, OpeKYreBUAHbIE OOKCUTHI 1 Jia-
TePUTHl OTMEYAIOTCS Yallle 1 000TrallleHbI JKeJIS30M.
O0J10MKH TIpeACTaBIEHB UMEHHO TICeBIOMOP(MHBIMUI
OOKCUTAMMU in Situ.

ITox MuKpocKomnoM B OOKCUTAX, pa3BUTHIX ITO KBap-
1IeBOMY IeCYaHUKY, BUIHA OCHOBHAas TMOOCHUTOBAS
Macca ¢ BKJIIOYeHHEM KBapleBbIX 3¢peH Pa3IMIHBIX
pa3MepoB. 3epHa KBaplia U30METPUYHBIE, pa3MEPOM
ot 0.1 1o 1 MM, He OKaTaHHbBIE 1 YIJIOBAaTO-OKaTaHHbIE,
YTO MOATBEPKAAET BHIBOA 00 00pa3oBaHUN OOKCUTOB
in situ. TuOOCUT LIeMEeHTUPYET 00I0MKM KBapla. Takxke
HaOIIOAI0OTCS MEJIKME BKITIOUEHUS TETUTA pa3MepoM
10 0.05 MM M TJIEHKU TUAPOKCUAOB XKejle3a Ha 3epHax
kBapua (¢pur. 30).

bokcumut in situ, cghopmuposantsie
N0 Me3030UCKUM OCHOBHbIM NOPOOAM

Ilcesdomopubie bokcumot, 06pa30BaBIINAECS IIO
nJoneputam ((ur. 2e), OTIMIAIOTCS MACCUBHOM TEKCTY-
pOii CO CKOPJIYIIOBATOM OTAEIbHOCTHIO, MEJIKOKpAM-
4yaToi paBHOMEPHOM OKPaCKOI U MOPUCTOCThIO. LIBeT
OOKCUTOB MEHSETCSI B 3aBUCMMOCTH OT MOJOXEHUS
B pa3pese U conepkaHus XKejie3a, OT Oyporo u JIujio-
BOTO JI0 XEJITOBATO-CEPOTO Y BHICOKOTTTMHO3EMHUCTHIX

(a)

Gbs
Gbs

Ght Ght

Gbs Gbs

400 MKM
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pasHoBUAHOCTeN. MHOTIA BCTpEeUyaloTCs y9acTKH
¢ 0pUTOBOIT CTPYKTYPOIl — OECIIOPSITOTHO pacCIIo-
JIOKEHHBIMU 3epHaMu rudbocuTta, réTuTa U KBapla
B 00lLIei1 OTHOPOIHOI Macce, 0Opa30BaHHOI 3a cUeT
renxedUKay JOJAEPUTOBBIX TTOPO/T.

IlceBmoMopdHBIE OOKCUTHI 001aTAI0T MAaCCHUB-
HOI TEKCTYypPOIl 1 MUKPO-, MEIKOKPUCTATIJIMYECKOM
CTPYKTYpoii (dur. 4a). {151 HMX XxapaKTepHa YHACJIen0-
BaHHasI CTPYKTypa MCXOTHBIX JToeputoB. I1o 3epHam
IUIarMoKJIa3a pa3BUBaeTcs ru00ocut. [€TuT u reMaTut
HUMEIOT YIJIMHEHHBIE 1 U30METpUYHbIE (hopMBL. [ere-
(pukarmss 6GOKCUTOB MPOSIBISIETCS B Pa3BUTUU CTYCT-
KOITOIMOOHBIX BHIICJICHUI alIOMOTeIsl. Y9acTKaMy OHU
PaCKpUCTA/NIM30BaHbl B TOHKO3EPHUCTBII THOOCUT
(¢ur. 46). 3a cueT reneuKalMU anog0JIePUTOBBIX
OOKCHUTOB, NPaKTUYECKU HEITPO3payHbIX B IPOXO-
ISIIIEM CBETe, HapyIIaeTCsl PEINKTOBBIN PUCYHOK
0(pUTOBOI CTPYKTYPHI, M3-32 YETO OH YUTAETCSI C TPY-
oM. B HekoTopbIx 1mndgax HabaogaeTcsl pa3BUTHE
BTOPUYHOTO r'MOOCUTA 10 CTEHKAM TPELIUH U KaBEPH.

Obnomounbie bokcumol. B HIDKHE yacTu pa3pesa, Ha
TpaHUIIe C TIEPEXOIHOM 30HOM U TICEBIOMOP(PHBIMU
IIMHAMM, OOKCUTHI 1 JIATEPUTHI UMEIOT KEIBAKOBYIO
1 OJIOKOBYIO TEKCTYPY, CBSI3aHHYIO C Cy(h(HO3MOHHO-Kap-
CTOBBIMU TIpolieccaMu. [MOOCUT KpYITHOKpUCTAIIIINYC-
CKMIA, C TATMYHBIMU TBOMHUKAMM, LIEMEHTUPYIOLINIA
OCTPOYTOJIbHBIE OOJIOMKH arperatoB réTuta (4epHoe)
B OCBETJICHHOM OpeKUYneBUIHOM OOKCcHUTe (¢uUT. 4B).

Ecnu 60kcuThl IO 1ojiepuTaM He reneduiimpoBa-
HbI, T.€. HE 3aTPOHYTHl UHTEHCUBHBIM IIPUBHOCOM
aJTIOMUHUS, OHHU CJIaraloT PyIHBIE 3aJIeXK HU3KOTO
(B ocHOBHOM coziepxanue Al,0,—40—43%) kauecTBa
C HU3KUM ColepKaHMeM MOHOTMAPATHHIX (a3 alio-
MuHus (Mamenos u ap., 2020,).

(6)

Gib 510,

Ght
Gib
Gib Gib 400 MKM

@ur. 3. a — 6oKcuUT, 06pa30BaHHEBIN 1O aJIEBPO-apTYILIUTY, 6 — GOKCUT, 0Opa30BaHHBIN ITO KBaplIeBBIM MecyaHukaM. I1po-
3pauHblit LM (HUK. +). Gbs — ru66¢cut, Gth — rérut, SiO, — kBap.
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(@) Gbs

Gbs
Gbs

Pl

Gbs

800 MxM
Gbs

(8)

Gth

Gbs

@ur. 4. BoKCHUT 110 A0TePUTY: a — OPEKUYNEBUIHBINA OOKCUT, 6 —

BHYYKOB u ap.

(6)

Gbs
Gth
Gth
Gb
S 800 MKM
Gbs
Gth
800 MxMm

aro0JIepUTOBBIN OOKCUT MacCUBHOM TEKCTYPHI, B — OOKCUT

MacCUBHOM TeKCcTyphl. [1po3paunsrii nummd(Huk. +, Pl — mnarnoknas, Gbs — ru66cut, Gth — rétur).

NHOUJIBTPALIMOHHO-
METACOMATUYECKHE (XUMHNYECKHA
N3MEHEHHDIE) JATEPUTHBIE BOKCHUTbI

XUMUYEeCKM U3MEeHEeHHbIe OOKCUTHI 00J1a1aloT
OOJIMTOBOI TeKCTypoit (pur. 5a), apaHnToBOI U hap-
¢dopoBuUIHOI cCTpyKTypamu (dur. 50), a Takxke co-
XPaHSIOT TEKCTYPHBIE TIPU3HAKU UCXOTHON ITOPOIbI

(cpur. 5B).

Pa3mMep 001MTOB B XUMIYECKU ITPe0Opa30BaHHOM
OOKCHTE TT0 ajieBpo-aprmummTaM Bapbupyet oT 0.1 mo
0.4 mm. LleMeHTUpYIOLLASI MacCa COCTOUT B OCHOBHOM
13 MUKpPO-, TOHKOKpHCTaJUTMYecKoro rudbocura. Oo-
JINTHI CJIOKEHBI TETUTOM M reMaTUTOM. Cpeayt OCHOB-
HOI Macchl THOOCHTA TaKXKe paccesTHBl TOHYaIIe
3epHa réTUTa, KOTOPHIN ITPUAAET IOPOJe MaaeBO-Kel-
TBII UBET. B MUKPO-, TOHKOKPUCTAITNYECKOI TH00-
CUTOBOI Macce BCTPEYaIoTCsI CTYCTKU, KOJTIOMOP(hHBIC
BhIIENIeHUST ahaHUTOBOM MOJIYIPO3pauyHoOii Oe10it
MAcCCHhI, UMEIOIIIeil IToKa3aTeIb IPEIOMIICHUS BHIIIIE,

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU

yeM y Tuo6cuta. OHa cinoxeHa MUKPOKpPUCTAILIINYE-
CKHUM 6EMHUTOM. Pazmep crycTkonoaoOHbIX renemMopd-
HbBIX BbIIEICHUIM OOBIYHO HE MPEBBIIIAET HECKOIBKIX
MuuMeTpoB. Deppu- 1 remMarToreslb pa3BUBaAIOTCS
10 T€TUT-TUOOCUTOBOMY CyOCTpaTy, 3aMelliasl €ro.

LlemenTupytomas ¢parMeHTH Macca UMEET Mac-
CHUBHYIO TEKCTYpY Y pa3nensieTcs Ha aBa Tura. [lepBblii
THTI TIPEICTABJICH TeieMop@HOI OeToit moaynpo3pad-
HOMI Maccoii a¢aHUTOBOM CTPYKTYPhI, CIOXKEHHOMN
aJIIoMoreNieM, UMeeT OeJTbIil, peXKe KeJITOBATLIN 1IBET.
Bropoii TuI cioxeH KoIoMop@HOI KeJIe3UuCToi
KaBepHO3HOI1 Maccoii. LleMeHTUpYyIOILLIas Macca Ipe-
CTaBJISIET COOOI TUCTIEPCHOE, CTYCTKOBUAHOE, KOJLIO-
MopdHO-aaHNUTOBOE, pexke MU30JIUTOBOE BEIIECTBO
TJTMHO3EeM-3KeJIe3UCTOro cocTaBa (¢bur. 6a). B xumu-
YeCKM-ITpeoOdpa3oBaHHBIX OOKCUTAX HAOMIOIaeTCs
3HAYUTEJbHOE KOJUYECTBO MOHOTMAPATa aTIOMUHMSI.
OonuThl, pa3aMepoM MeHee 1 MM, CJIOXEeHBI, IJIaB-
HbIM 00pa3oM, 6EMUTOM. B Gosiee KpymHBIX OOJUTaX
Ne 4
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(a)

(0)
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(B)

®ur. 5. XuMnuecku npeodpa3oBaHHbIE OOKCUTHI in Sifu: a — OOKCHUT OeJblii reieMop®HBIA (hapdOpOBUIHBIN ¢ 00JIUTA-
MH, 6 — rezeMopdHBI ahaHUTOBBI OOKCUT, HE COXPaHMBIINI ITPU3HAKKY UCXOTHOM IIOPOIBI, B — OOKCHUT IO ajJeBpO-ap-
TWJUTUTY, COXPAaHUBIIWMA CTPYKTYPHBIE IPU3HAKU MCXOMHBIX ITOPOI.

3aMETHO TOHKOE YepenoBaHue OEMUTOBBIX U THOOCH -
TOBBIX KoJiell. LleMeHT — rTHOOCUTOBBIN, KPYITHOKPH -
CTaJITMYECKUii (ur. 60).

XUMHUYECKU-U3MEHEHHbIE Oeble, KPEMOBBIE U CE-
poBartbie reeMopHbIe OOKCUTHI, IIOBCEMECTHO 3a-
JIEraloT MOA 0Cad0YHO-JIaTEPUTHBIMU OOKCUTaMU
cepuu CaHrapeau. AnuTeabHas MO0 BpEMEHU BOC-
CTaHOBUTENIbHA TJIceBast 0OCTAaHOBKA B aJUTIOBUAJIb-
HO-03epHEIX ocankax cepun CaHrapenayu o0yCcIOBHIA
MAacCCOBBII1 BEIHOC 3Kele3a. DTOT Mpoliecc He MOT He
3aTPOHYTH U MOACTUIAIOIINE TIOPOIbI JIOXKA, OCOOEHHO
B BBICTYITaX MUKpoOpenbeda MogouBbl. AHAJIOTUY -
HbIe 00eIeHUs KAaOJIMHUTOBBIX INIMH HaOI0Ma0TCs
IOJI COBpEeMEHHBIMU MOMMEHHBIMHU OTJIOKEHUSIMU
B IOJIMHAX MHOTHX PeK PErMOHa, B OTIMYME OT pa3pe-
30B KOP BBIBETPUBAHMSI Ha TTOJIOXUTETBHBIX (hopMax

T'EOJIOTUA PYAHBIX MECTOPOXJIEHU TOM 66

penbeda, rne KaoMTMHUTOBBIE IIMHBI B CBOEH BEpXHE
4yacTu Bceraa 0oJiee Keae3ncThie, MeCTPOLBETHbIC WU
Jaxe KpacHOLBeTHHIE. JlaTepuTU3alusl ITONCTUIIAI0-
LIMX TTOPOJ TPOXOIMIa COBMECTHO C BBIIIIEJIEKAIIIM -
MU 00eJIeHHBIMHU ocagkamu cepuu CaHrapenn, 4To
MpUBeJI0 K (OPMUPOBAHUIO BHICOKOKAYECTBEHHBIX
MaJIOXeJIe3UCThIX O0KCUTOB. [1poBeneHHbBIN MoACYET
GaslaHca BelleCTBa Ha U30BOJIIOMETPUYECKOM OCHOBE
B reJeMop@HBIX OOKCUTAX IO OTHOIIEHUIO K KOPEH-
HBEIM IOpOAaM MOKa3bIBaeT, YTO IIpH 00pa3oBaHUM
3TUX OOKCUTOB IIPOU3OILIET KOJIOCCATbHBINA ITPUBHOC
amomuHusa (Mamenos u aop., 2020,). I[IpusHocC ano-
MUHUS IIPOUCXOINII, 0€3yCIIOBHO, 13 BEpPXHEM YacTH
paspesa, U3 NOABEPrIIUXCS JaTepUTU3ALUMN 0CaI0U-
HO-JIATEpUTHBIX OOKCUTOB. B Klaccueckux 1aTepur-
HBIX OOKCUTAX TOXKE ITPOUCXOMUT IIepepacipeacicHIe

Ne 4 2024
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BEIIECTBA C HAKOIUICHHMEM aIIOMIHUS B HIDKHEH YacTh
o6okcuToBoro ropuszoHTa (Mamedov, 2005). OgHako
K03 DUIMEeHT KOHIIEHTPALIMK ATIOMUHUS OOBIYHO
He IIPEeBHIIIAeT ABYKPAaTHOTO HAKOIUIEHUS, TOTIA KaK
pu 06pa30BaHUU XUMUUECKU-TTPe0Opa30oBaHHbBIX
ookcuToB oH Ooisee Tpex. KonnuecTBo MpUBHECEH-
HOIo aJlOMUHUS B 2 pa3a 0oJibllle, YeM OBbLIO B Ka-
KIOM KyOMYEeCKOM METpPe MaTepUHCKOIO KOPEHHO-
ro cyoctpara. Kpome Toro, B 3Tux 60KCHUTax oO4eHb
HU3KO€, HE CBOMCTBEHHOE JIaATEPUTHBIM OOKCUTaM
colepKaHue Xejie3a. B oTmune ot KilacCMIecKuxX
JIaTepUTHBIX OOKCUTOB, B reJieMoOp(HBIX OOKCUTAX
MMOBBIIICHHOE COmepKaHNe MOHOTUAPATHEIX (OpM
AIIOMUHUS HAaOJIIOOAETCST B OOJIUTOBBIX OOKCHUTAX
(Mamedov et al., 2021).

BbokcuThl JaHHOTO TUTOJIOTO-TEHETUYECKOTO THIIA,
C MaKCHMaJIbHOM CTETIEHbIO KOHLICHTpal 1 aIlOMU-
HUA, OTHOCATCA K I/IH(l)I/UIpraL[I/IOHHO—MCTaCOMaTI/I—
YECKOMY KJIAaCCy C XUMMNYCCKUM Hp606pa3OBaHI/ICM

(a)

Gth

Gbs/Bhm
400 MKM

(®)

Gbs/Bhm

400 MxM

BHYYKOB u np.

MaTepUHCKOTo cyocTpara. X KauecTBO, KaK ITPaBHIIO,
OYEHB BBICOKOE, OJIM3KOE K 0CATOYHO-IaTepUTHBIM
ookcutaM. OHU PUKCUPYIOT MTOJOXEHUE KOPEHHOTO
JIOXXa CPEeTHEMMNOLIEHOBBIX KOHTUHEHTAJIBHBIX OTIIO-
keHuit (Mamenos u ap., 2020,).

OCAJOYHO-JTATEPUTHBIE BOKCUTHI

B cooTtBeTcTBUY € pazuuHbBIMU (hallSIMU OCATKOB
B [IPOBUHIIMU BBIIEJISIIOTCSI KOHIJIOMEPAT-O00KCUTHI, Tpa-
BEJIUT-OOKCUTHI ¥ TIECYaHHUKOBUIHBIE OOKCUTHI ((hur. 7).

Konenomepam-bokcumeot CIIOXKEHBI TATBKOM, KaK
npaBuiIo, pa3Mepom ot 2 10 7 cMm (dur. 7a). Pexke
B OCHOBAHUM pa3pe3a BCTPEYAIOTCs BaTyHBI (OOJIbIIIe
10 cM) u noJiyoKaTaHHbIe [BIOBL. [leMeHTUpyromas
YacThb ITOPOIBI MpEACTaBIeHA ITIeCYaHUKOBUIHBIMU
0OKCUTaMU C BKJIIOUCHUSIMU TPaBUIHBIX 3€PEH, Clie-
MEHTHUPOBAHHBIX TeJIeMOP(OHBIM [NMTMHO3EMUCTHIM
BEIIECTBOM 1 MUKPOKPUCTAUIMIECKIM TOOCHTOM.

(6)
Gbs/Bhm
Gth
Gth
400 MxM
(r)
Gbs/Bhm
800 MKM

®ur. 6. Xumuuecku rnmpeoodpa3oBaHblil reJieMOp@HBII OOKCUT: a — ahaHUTOBasI CTPYKTYpa; 6 — OOJIUTOBAsI CTPYKTypa, B —
KPYITHbIe THOOCUTOBBIE KPUCTAJLIbI, T — BTOpUYHag rejedukaus mno tpeimuHe. [Ipo3paunsiit numd (Huk. +, Gbs — ru66-
cut, SiO, — kBapi, Bhm — 6€mur, Gth — rérut, Hem — remarur,
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(a) ©)
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(®)

®ur. 7. OcagouyHO-TaTepUTHBIE OOKCUTHI: @ — OOKCHUT KOHINIOMEPATOBLIN 110 OTIIOXKEeHUAM cepun CaHrapenu, 6 — rpaBe-
JIUT-GOKCHUT TI0 OTJIOXeHUsIM cepur CaHTrapenu, B — GOKCUT MeCYaHUKOBUIHBIN TTO OTJIOXKEeHUsIM cepry CaHrapenu.

B cocTtaBe 006J10MKOB npeo061agaloT CBETIbIE CEephbIE,
KPEMOBBIE U HESICHO MSATHUCThIE ahaHUTOBBIE, MUKPO-
KPUCTAJUIMYECKUE BBICOKOTTIMHO3EMUCTHIE OOKCUTHI,
a TaKXe OOJIMTOBBIC OOKCHUTHI. BOKpYT XKene3nucThIX
0000BUH HAOMIOIAIOTCS OTOPOUKM rMdOcUTa (ur. 8a).
BcTpeyarotcst okpyriible 00JJ0OMKHY aroajieBpOJIMTOBOTO
0okcHTa, OKaliMJIEHHBIE OTOPOYKOM KPYITHOKPHCTAI-
JINYeCcKoro rud6ocuta (CBETI0-Cephlil) C YIJIMHEHHbI-
MU TabJIUTYATHIMU OPHUEHTUPOBAHHBIMU MEPIEH-
IUKYJISIPHO K IOBEPXHOCTH O0JIOMKOB CPOCTKAMU
KpucTtaioB. YepHEIe BEIAEISHNS — 3aMellleHHBII
rétutoM MarHeTuT (ur. 86). OoaUTOBBIE OOKCUTHI
3a4acTylo o0pa3yioT B KOHIJIOMEPaTOBBIX OOKCUTAX
HeIIpaBUJIbHEBIE 110 (pOpMe Tejia, BBITIOIHSIS ITOJIOCTH
W KpYIHBIE TpeIIWHBI. OOGJIOMKHU U LIEMEHT UMEIOT
CBETJIYIO OKPACKy U MaJOXeJIe3UCThIi1 BBICOKOIJIM -
HO3E€MUCTBII COCTaB.

KoHromepar-60KcHTHI, 3ajieratolinye B OCHOBaHUN
paspe3a O0KCUTU3MPOBAHHBIX opon cepun CaHrapenu,
110 CPaBHEHMIO C IPAaBEIUTOBBIMU U TIECYUaHUKOBU/I-
HBIMU, oOoraiieHbl 6éMuToM (Mamedov et al., 2021).

Ipaseaum-60kcumol OTINYAIOTCS OT KOHIJIOME-
paT-60KCUTOB B OCHOBHOM pa3MepoOM OOJIOMKOB

(a)

Gbs/Bhm

800 MKM

1 MEHBIINM cofepxaHueMm 6émuTa (pur. 76). Cpenu

00JIOMKOB IPaBUITHOM pa3sMEPHOCTH BCTPEUAIOTCST KaK

OKPYIJIbIe U30METPUIHBIE, TaK U C YIUIOIIEHHOM (op-
Moii. BcTtpeuatorcest micaMMUTOBBIEC, 6000BO-00TOMOY-
HbIe OOKCUTHI, C IMSAITHAMU oxeJle3HeHus1. O0I0MKU

CJI0KE€HBI TOHKO3€PHUCTBIMU KpUCTAJUIAMU THOOCUTA

CBeTI0-ceporo 1BeTa. boee KpymHble KpUCTAUIbI THO0-
CHTa HAOTIOMAIOTCS B TPEIIMHKAX M KaBepHax (¢ur. 9a).
M3omeTpruHbie 00JIOMKH CJIOXKEHBI CBETJIBIMU CEPhIMU

aaHUTOBBIMU U MUKPOKPUCTATUIECKUMI OOKCUTAMU

(dur. 9a). B yrutonieHHbIX 00JJOMKax MHOIIA Ha0Iroaa-
€TCsl HesICHasT TOHKAsI II0JI0CYATOCTh, XapaKTepHasT JIst

OOKCHUTOB 110 aJIeBPO-apTrJIINTaM 1 X OpOTOBUKOBaH-
HBIM pa3HOBUAHOCTSIM. LleMeHTOM SIBIsIeTCS TIeCIaHm -
KOBUIHBIN OOKCUTOBBIN MaTepura (¢ur. 90).

Ilecuanukosuduvie 6oKcumot 10 TEKCTYPHBIM
U CTPYKTYPHBIM TIpM3HAKaM B OCHOBHOM aHaJIOT Y-
HBI IEMEHTHUPYIOIIEH YacT KOHIJIOMEpaT- 1 rpaBe-
JMT-00KCUTOB ((UT. 7B). DTN MaCCUBHEIE TTOPUCTHIE
ITOPOIBI CBETJIOTO PO30BATO-KPEMOBOTO 1IBETA, C BbI-
COKMM coepXaHueM IMHo3éMa (>54—55%). [1pn
9TOM Cofiep>KaHU€e B HUX OEMHUTA 3aMETHO HUXKE, YEM
B KOHIJIoMepaT-0okcutax (Mamedov et al., 2021).

(6)

Gbs/Bhm

800 MKM

®ur. 8. KoHrmoMepaT-00KCUTHI: a — KeJIe3UCThbie 0000BUHBI ¢ THOOCUTOBLIMU OTOPOYKAMU, 6 — OKPYIJIbIE OOJIOMKHU aro-
aneBponrToBoro 6okcuta. [1po3paunstii mud (Huk. +, Gbs — ru66cut, Bhm — 6émur).
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(a)

Gbs/Bhm

800 MxMm

BHYYKOB u ap.

(6)

Gbs/Bhm

800 MxM

®ur. 9. [paBeTUT-O0KCUTHI: 2 — IICAMUTOBBIN, 6000BO-00JIOMOYHBIM OOKCUT, 6 — GOKCUT I10 ajeBpo-aprwiuram. [Ipo-
3paunblit nng (Huk. +, Gbs — ru6ocut, Gth — rétur, Hem — rematut, Bhm — 6émur).

B nuingax BuaHo, 4To 06JOMKM pa3MepoB MecyaHOi
U MEJKOTPaBeJIMTOBON (paluii CLiIeMEHTUPOBAHBI T'e-
JIeMOP(MHBIM BELIECTBOM U MUKPOKPUCTATNIMYECKIM
rub6ocutoM (c¢ur. 10a).

OcHoBHas Macca 60KcuTa KOJJIoMOpGhHON TeK-
CTYPBI COCTOUT U3 CUJILHO KOPPOAMPOBAHHBIX 36pPEeH
KBaplia B rub0CUT-0EMUTOBLIX arperaTax apaHMTOBOM
CTPYKTYphl. HaOmtonaroTcs BKITIOUEHUS TETUTA U Te-
MartuTa. 3epHa KBapiia pa3mMepoM oT 0.1 10 0.6 MM
HWMEIOT U3OMETPUYHYI0, OKaTaHHYIO (popMYy, UTO TO-
BOPUT O NTepeMeIIeHUM KOMIIOHEHTOB. 1o KpasiMm oHr
KOPPOAUPOBAHBI M OKANMIIEHBI XXeJIe30CoAe pKaIlIuMU
IUieHKaMu. B pe3ynbraTe BhllleauMBaHUs KBapla
00pa3yloTCcsl MyCTOThI, HA MECTE KOTOPBIX KPUCTaJI-
nu3yetcs ruoocut. ['emaTuT u rETUT, B OCHOBHOM,
00pasyIoT IIJIEHKU, KOTOphle 3aHUMAIOT ~15% -
¢da. BerpeuaroTcst Takke penkue BhIICICHUS 3epeH
reMaTtuTta 1 rétuta pasmepom 10 0.1 mm (pur. 100).

(@) Gbs/Bhm

Gbs/Bhm
400 MKM

CBoeobpa3syie nepeoTI0XKEHHBIX KOHTUHEHTAIbHBIX
OTJIOKEHUI B YCIIOBHUSX MHTEHCUBHOTO XUMHUUECKOTO
BBIBETPUBAHUS 3aKIJII0YACTCSI B TOM, YTO B COCTaBe
00JIOMOYHOTO MaTepHalia IIpeodIagaloT KaAMeHUCTEHIE
MPOAYKTHI JIATESPUTHBIX KOP BHIBETPUBaHUS (KeJie-
3UCTHIE JIJAaTePUTHI U OOKCUTHI). B mecyaHo-TJIMHU-
CTBIX (ppaKLIMsIX, HA00OPOT, TTpeobIagal0T KAOJTUHUT
¢ KBapl1ieM, ecJid B 30He MOOMIIN3ALIMU IIPUCYTCTBOBAI
KPYIHO-CPEIHE3ECPHUCTBINA KBapII.

Hapsny ¢ kopeHHBIMU TTIOpOJaMU B TIPOBUHIIUN
B pa3HoOe BpeMs 00pa30BaIMCh pa3IMYHbIE TUITbI KOH-
TUHEHTAJIbHBIX OTJIOXKEeHUI. B hauuanbHoM mpoduie
MX MOXHO TIPOCIEIUTH OT IJTI0BUS Ha OOBaIsX, Ue-
pe3 AeMoBUaIbHbBIC IJIEH(BI CKIIOHOB U CKOTICHUS
KOJUTIOBUSI, JEJTIOBUATIbHO-TIPOTIOBUATBHBIX BBIHO-
COB Y OCHOBAHMS CKJIOHOB, IO aJUTIOBUS B THUIIIAX
COBpEeMEHHBIX TOJNH. B HacTosIee BpeMs Ha (poHe
ToIbeMa TEPPUTOPHH TTPEOOIIANAIOT ITPOLIECCH SPO3UH

(6)

Gth/Hem

Gbs/Bhm
SiO,
Gbs/Bhm

Gth/Hem 400 MKM

®ur. 10. [TecuaHMKOBUIHBIN OOKCUT: 0OJIOMKHU IECUaHOM M MEJIKOTPaBEIUTOBOM pasMepHOCTH (a); 3epHa KBaplia B TH00-
cuUT-6EMUTOBOI MUHepaibHO Macce (0). [Tpospaunsrit tumd (Huk. +, Gbs — ru66cut, Gth — rérur, SiO, — kBapu, Hem —

remMaTuT, Bhm — 6émur)
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U JUTIOBUATbHBIE OTJIOXKEHUST Pa3BUThI (pparmMeHTap-
HO. B GOJIBIIIMHCTBE palfOHOB B pyciiax 0OHAXKAIOTCS
KopeHHBIe TToponsl (Mamedov et al., 2021).

Oco6oe 3HaueHure 111 (GOPMUPOBAHUSI MECTO-
pOXaeHUI OOKCUTOB paccMaTprBaeMoi MPOBUHIIUU
HMMeEJIO CPeTHEMUOLIEHOBOE BpeMsI, KOTa ¢ IOAbEMOM
0asurca 3p0o3MM MPOU3OIILIO HAKOTIJIEHUE MOIITHOM
(1e meHee 130—150 M 110 OCSIM MIaBHBIX APEHAXKHBIX
CHCTEM) TOJIIIIY BOTHOOCATOYHBIX KOHTUHEHTAIBHBIX
oTioxeHuil cepun CaHrapenu. HykHue cTyneHU
MpeICPEeTHEMHUOILIEHOBOTIO peJibeda ObLIN ITorpe-
OEHBI TIOJ] OTUMM OTJIOKEeHUAMU. Takum oOpaszom,
00pa3oBaIMCh OOIIMPHBIE AJUTIOBUAILHO-03EPHbBIC
aKKyMYJISITUBHEIC IIOBepXHOCTH. Han HMMY BO3BHIIIIA-
JIUCh OCTaHIIbI 00JIee APEeBHETO pesibeda M3 KOTOPOTro
IOCTYIIaJI 00JI0OMOYHBII MaTepual.

CMeHa BaJlyHHO-TaJICYHBIX OTJIOKEHUI B OCHO-
BaHUM TOJIIIU, Yepe3 ecyaHo-rpaBuiiHbIe, Mmecya-
HO-IJIMHUCTBIMU B BEPXHEIl 4aCTH, CBUIETEIHCTBYET
O TPAHCTPECCUBHOM XapakKTepe 0CaaKOHAKOIIJIEHUS
(Mamenos u ap., 1985). B omiuyue ot 60j1ee MOIOABIX
KOHTMHEHTAJIbHBIX 00pa30BaHMi1, OTIOXCHMS CEPUU
CaHrapenu 3aHUMaJu K KOHILY CPEIHEro MUOLIeHa
3HAUYUTEIHLHO O0JIee ooImMpHBIe Tomanu (Mamenos
u ap., 2020,). BrionHe oueBUAHO, YTO HayaBLIEECs
B IIO3HEM MUOIIEHE OITyCKaHMe 0a3rca 3pOo3un U pac-
YJICHEHNE aJUTIOBUAJIBHO-03¢PHOM paBHUHBI COIIPO-
BOXIAJIOCh BBIBOIOM M3 30HBI OOBOTHEHMS B 30HY
JIaTepUTU3aLMU (BBIIIE YPOBHS TPYHTOBBIX BOM) OT-
noxenuit cepuii Canrapenu. K Hacrosiiemy BpeMeHU

Tabmmma 2. TeKCTyphl ¥ CTPYKTYpPhl OOKCUTOB
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MepBUYHbIE 0canky cepry CaHrapeau He COXPaHUIKCh.
Mx nareputrszanus npupena K oopa3oBaHMUIO0 OOKCH-
TOB. [JTaBHBIMM IIPU3HAKAMU TOTO, YTO JIATEPUTHOE
BBIBETPUBAHUE MIPETEPIIeI UMEHHO paHee JaTepu-
TU30BaHHBIE U TTEPEOTIOKEHHBIE TTIOPOIbI, SIBIISIIOTCSI:

1. Beicokast cTerneHb OYUCTKU OT KpeMHe3eMa, CO-
JepKaHue KOTOPOro B KAOJUMHUTE U KBaplie ObLIO
JIOCTAaTOYHO BEICOKMM, OCOOEHHO B ITeCYaHO-TJIH -
HUCTBIX OCagKax.

2. BOKCUTBI 3aHMMAIOT CTPOTO OIIPEASICHHOE 10~
JIOXEHME B pa3pese KOophl BeiBeTpuBanus. [log atumu
0oKcuTaMH, TaK XK€ KaK B KJI1aCCUYECKOM JIaTepUT-
HOM npoduiie, HabIonaeTcs KeIe3UCThI TOPU30HT,
a HKe — rceBIoMop¢HbIE KAOJTMHOBbBIE TJIMHEI.

3. Ha ygacTkax, HMXe I10 CKJIOHAM, IJIe OTJIOXKECHUS
cepun CaHrapenu cpe3aHbl, 10 KOPEHHBIM ITIOpOIaM
MMOBCEMECTHO HAOII0Ia0TCS TTOJIHBIE TPOpUIIN JIa-
TEPUTHOM KOPHI BEIBETPUBAHUS C OOKCUTAMU. DTO
TOBOPUT O TOM, UTO YK€ ITOCJIe ACHYIALINN OTI0XKe-
Huii cepun CaHrapeay, BpeMeHU U 01aronpusTHBIX
YCJIOBUI OBLIIO JOCTATOYHO JIJISl IATEPUTHOTO OOKCHU-
TooOpaszoBaHusa (Mamenos u ap., 2020,).

Takum obpa3zoM, U3ydeHUe TEKCTYPHO-CTPYKTYp-
HBIX OCOOEHHOCTEM pa3JINYHbBIX JIMTOJIOTUIECKUX
TUIOB OOKCUTOB MO3BOJIMJIO YCTAHOBUTH, UTO CY-
LIECTBYIOT KaK KOHBEPTeHTHbIE, TaK U UHIMKATOP-
HbIE TPU3HAKH, KOTOPbIE MOXXHO MCITOJIb30BaTh TIPU
JIMarHOCTHUKE BHICOKOJUKBUAHBIX pya. [ToydyeHHBIE
JaHHbIE CBEJEHBI B Ta0I. 2.

Jlutonornueckuii YHacienoBaHHbIE TEKCTYPBI

TUIT

TexcTyphl MepeOTIOKEHHBIX
OOKCUTOB

TekcTyphl U CTPYKTYPHI

U CTPYKTYPBI OT MATEPUHCKUX
opof,

XMMUYECKOTO MPeoOpa3oBaHus
JIaTEPUTOB

Knaccuueckue in situ

INceBnoMopdHbBIE GOKCUTHI
aJIeBpO-TEJIUTOBOI,
M0J0CYaTOil, MACCUBHOI

1 KaBEpHO3HOI TEKCTYPBHI.
CrpykTypa neiuroMopdHasi,
acaHuTOBAasI, 0O(pUTOBASI, MUKPO-
1 MEJTKOKPHMCTAJUTMIeCKast

IlceBnoMopdHbIE
OpeKuYreBUIHbIE OOKCUTHI
00JIOMOYHOI KOJIJTIOMOP(HOIA,
KeJIBAKOBOI 1 OJIOKOBOI
TEKCTYPbI

HudunsrpanimonHo- | TlceBnomopdHbie 60KCUTHI I'enemopdHBIE GOKCUTHI
MeTacoMaTu4yecKue M0J0CYaTOoi 1 MAaCCUBHOM KoJUIOMOp(HOI, KABEPHO3HO-
TEKCTYpPHI, apaHUTOBOIM TPELIMHOBATOM, OOJTUTOBOIL
CTPYKTYPBI TEKCTYphI, apaHUTOBOIA,
¢dapdopoBUIHONI, TM30JUTOBOM
CTPYKTYPbI
OcanoyHo- Konrmomeparossie,

JIJATCPUTHBIC

rpaBeUTOBbIC
U MECYaHHUKOBUIHBIE,
OOKCHTEI C 00JIOMOYHOIA,
KOJJTOMOP(HOIA,
0OJIMTOBOI TEKCTYPOIA,
MUKPOKPUCTAJUIAYECKOM,
a(aHUTOBOM, TICAMUTOBOM
CTPYKTYpPOit
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3AKJTIOYEHUE

HcTopus reoaornyeckoro pa3BUTUs paccMaTpu-
BaeMOil TeppUTOPUM, HAKOILJICHE€ MOIITHOM TOJIIIN
KOHTHMHEHTAJIbHBIX BOTHOOCAJOYHBIX OTIOXKEHUIA,
CYILIIECTBEHHbIE SMIUTeHETUYECKME TTpeoOpa3oBaHuUsI
B IVIE€BOI1 TEOXMMMYIECKOM 00CTAaHOBKE KaK CAMMX OT-
JIOXXKEHMIA, TaK ¥ ITOICTUIAIONINX MX KOPEHHBIX ITOPOI,
Ha (DOHE MIMTEIbHOM 3IOXM JIATEPUTHOTO BBIBETPU-
BaHMSI, IIPUBENM K (DOPMHUPOBAHUIO CIIEIIN(PUISCKIX
OOKCHUTOB, OTIMIAIOIINXCSI YHUKAJTBHBIM KaueCTBOM
1 OOJIBIIMMM MOIIHOCTSIMM PYIHBIX Tell. ITporec-
Chl MOOWJIM3alIMK U TIepepacIipeaeieHus BelecTBa
B MOIIHOM TOJIIIE PHIXJIBIX OTIOXKEHMIA, IIOYTH JINIIICH-
HOI XeJe3a, MPU UX JaTepUTU3aIuY IPUBOIVIN K MH-
TEHCUBHOMY HaKOIUICHUIO aJIIOMUHUS KaK B caMOit
TOJIIIE, TAK ¥ B 00CIIEHHBIX ITOACTUIAIONINX IIOPOAaX.

Ha ¢doHe (popMupoBaHMS KI1aCCUUYECKUX JTaTEPUT-
HBIX OOKCUTOB paccMaTpuBaeMoOi MpOBUHLMY, Oy1a-
rofgapsi CI0XKHOMY IBYX-TpeXCTaauiiHOMY TeHe3HCy,
chopMUPOBAICH OTJIMYHBIE ITO BHELITHUM IIPM3HAKaM,
LIBETY, TEKCTYpe, CTPYKTYPE, TUTOJIOr0-reHeTUYeCK1e
TUITBI OOKCUTOB.

151 maTepUTHBIX OOKCUTOB in Sit YCTAHOBIIEHBI
CJEYIOIINE XapaKTepHbIE 0COOCHHOCTH:

1. ITceBnoMopHbBIE TEKCTYPbI U CTPYKTYPhI, YHAC-
JIeHOBaHHbIE OT MAaTEPUHCKUX IMOPO/I.

2. IIpucyrcTBUE Mopoa 00JJOMOYHOIO, OpeKUne-
BHIHOI'O CTPOEHMSI, 0OPa30BaBIINXCS 3a CYCT IIPO-
LIECCOB yCaaKU, CMEHbBI TEMIIEPATYPHOTO PEXUMa,
BJIMSTHUSI KOPHEBOI CUCTEMBI, TPEIIIWMH TeKTOHM -
YEeCKOIO WJIM IPaBUTALIMOHHOIO TTPOMCXOKIACHUS,
BHYTPUKOPOBBIX SIBJICHHI1 cy(P(HO3MOHHO-KAPCTO-
BOT'O TUIIA U T.II., KOTOPbIe aKTUBU3UPYIOTCS Ha
(boHE MTHTEHCHMBHOTO XUMHUYECKOTO BHIBETPHUBAHMSI.
3. I1pu 3TOM 06;70MKH TICEBIOMOP(MHBIX OOKCHUTOB
00pa3oBaIrcCh HA MECTe U HEe OBbLIM CYLIECTBEHHO
repeMenIeHbI. DTO ITOATBEPKAAETCS YIIIOBAThIMMU,
He OKaTaHHBIMU (DOpMaMK 00JIOMKOB.

st nHPUIBTPalMOHHO-METACOMATUYECKUX, XMUMU-
YECKU MpeoOpa30BaHHbIX JATEPUTHBIX OOKCUTOB i Situ
YCTaHOBJIEHBI CJIETYIOIIUE XapaKTePHbIE 0COOEHHOCTH:

1. TIlceBmoMopdHBIE TEKCTYPHI Y CTPYKTYPHI, YHAC-
JIeIOBaHHbBIC OT MATEPUHCKUX IOPOI.

2. Pa3zBuTHe 1o TpeImHaM 1 IIyCTOTaM OOJIBIIIOTO
KOJIM4eCTBa reieMopdHoii 6e10it moaynpo3pay-
HOM Macchl ¢ KOJIJIOMOP(HOI TEKCTYpoii u ada-
HUTOBOM CTPYKTYPOM, CIIOXKECHHOM aTIOMOIECICM.
3. JlatepuTr3auus NOACTUIAIOLINX TTOPOJ, ITPOX0O-
JIiJ1a COBMECTHO C BBIIIeIeXaIlIuMKU 00eIeHHBIMU
omnoxeHussmu cepuur Canrapenu. IlpuBHOC anio-
MMHUS IIPOMCXOOM U3 BEepXHEH 9acTH pa3pesa, U3
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MOABEPTILIMXCS JTATEPUTU3ALIMY OCAJOYHO-JIaTe-
PUTHBIX OOKCHUTOB.

11 ocaioyHO-TaTepUTHBIX OOKCUTOB YCTAHOBJIE-
HbI CJIEAYIOIINE XapaKTepHble 0COOEHHOCTH:

1. OkaraHHbIC BaJIyHHO-TaJe4YHbIC OTIOXCHUS
B OCHOBaHUU TOJIILIN, Yepe3 ITecyaHO-rpaBUMHbBIC,
MeCcYaHO-IJIMHUCTBIC B BEpXHEM 4YaCTH OOKCUTHI 110
oTIoXeHUsIM cepun CaHrapeau.

2. JlateputHu3anus mepeMelIeHHbIX 0CaaKOB.

IIpennaraemas reHeTHUYeCKasl TUTIM3ALAS OOKCU-
TOB, OCHOBaHHAasl Ha TEKCTYPHO-CTPYKTYPHBIX OCO-
OEHHOCTSIX ITOPOJI, (PAKTUUECKHU SIBISIETCI OCHOBOM
JIJTSE TEOJIOTO-TIPOMBITIJIEHHOM KiTacCu(pUKAIINT Me-
CTOPOXAEHMIT pernoHa. AHaAINU3 TTOKAa3bIBAET, 4YTO
MECTOPOXKIEHUS, B TIpeaeaax KOTOPhIX MpeodIagatoT
3aJIeXXM 0CalOYHO-JIaTePUTHBIX U XUMUUECKU-TIpe-
00pa3oBaHHBIX OOKCUTOB, OTJIMYAIOTCS HE TOJIbKO
OOJIBITMMY MOIITHOCTSIMY PYIHBIX TeJT M 3HAUNTEITEHO
0oJiee BLICOKMM COAep:KaHeM O0IIIeTo ITMHO3EMa
B pyJax, HO U TOBBIIIEHHBIMU COAEPXKaHUSIMU MO-
HOTUIPATHBIX GopM. DTO ompenensieT U pa3IndHbie
SKOHOMMYECKHE MoKa3aTeIn SKCIUTyaTallu 1 TeX-
HOJIOTWIA METAJUTYPIrYeCKOro Tepeaeaa O0KCUTOB.

Ve Ha cTaguu MOMCKOBO-OLIEHOYHbIX U pa3B€aoy-
HBIX pa60T IIPUMCHCHUC npezuIaraeMoﬁ TUIIU3alIU
TIO3BOJIUT IPOTrHO3UPOBATH ITPOMBIIIJICHHYIO ICTHHOCTDh
OOKCUTOBBIX 3aiexKeit 1 MCCTOpO}KI[CHI/Iﬁ B IICJIOM.
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GENETIC TYPICATION OF BOXITES OF THE FUTA PROVINCE
OF JALLON-MANDINGO (WEST AFRICA) BY TEXTURAL
AND STRUCTURAL FEATURES

D. A. Vnuchkov” *, N. M. Boeva> **, M. A. Makarova’, E. S. Shipilova’, V. 1. Mamedov’,

N. S. Bortnikov’

! Institute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry, Russian Academy of Sciences,
Staromonetny per., 35, Moscow, 119017 Russia
*e-mail: dim89060471812@mail.ru
**e-mail: boeva@igem.ru

In the process of the formation of classical lateritic bauxites in the Futa Jallon-Mandingo province, due to

a complex of two-three-stage genesis, different lithological and genetic types of bauxites were formed in

external characteristics, color, texture, structure. The proposed genetic typification of bauxite, based on the

textural and structural features of the rocks, in fact is the basis for the geological and industrial classification
of deposits of the region. Studying the textural and structural features of bauxites is the only way through
which one can get an idea of the conditions of their formation. It is in the textures and structures of ores their
genetic history is imprinted. The analysis shows that the deposits, within which deposits of sedimentary-
lateritic and chemically transformed bauxites predominate, are distinguished not only by greater thicknesses

of ore bodies and a significantly higher content of total alumina in the ores, but also by increased contents

of monohydrate forms. This also determines various economic indicators of the operation and technology

of metallurgical processing of bauxite.

Keywords: Futa Jallon-Mandingo, bauxite, textural and structural features, genetic types of bauxite
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