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Ha npumepe MeTaocagouHBIX ITOPOI CAKYKAHCKOM CBUTHI KEMEHCKOM cepruy yIOKaHCKOTO KOMIUTeKca AJl-
JIAaHCKOTO IIIMTa PACCMOTPEHA BO3MOXHOCTh UACHTU(DUKALIMY UICTOYHUKOB TEPPUTESHHBIX MIOPOJT HA OCHO-
BE TEOXUMUYECKUX JAHHBIX C UCMOJIb30BAaHUEM MOJIENIM IMHEWHOTO ITporpaMmMupoBanus. [TokazaHo, 4To
WCTOYHMKAMU METaIleCUaHUKOB CAKyKAHCKOI CBUTHI MOIJIM SIBJISIThCSI TOHAJIUT-TPOHILEMUTOBBIC THECHI
(56.9%) u neitkokparoBble TpaHUTO-THe#CH (17.3%) ONEKMMHCKOTO KOMILIEKCA, MaJIeopoTepO30icKue
IPaHUTOMIBI KyaHIUHCKOTO KoMruiekcea (7.6%) Yapo-OaEKMUHCKOro reo610Ka, a TakKskKe MeTaBYTIKAHUThI
démoponckoii Tonmu (15.4%) u pa3Bureie B ee npeaenax rHeiico-rpaHuthl (1.8%) 3amamHo-AJIIaHCKOIO
Merabsioka. [ToayyeHHbIe pe3ybTaThl XOPOILIO COMIACYIOTCs C UMEIOLIUMUCS 111 METaNecyaHUKOB CaKy-
KaHCKOM CBUTHI Nd-U30TOMTHBIMU U TEOXPOHOJIOTUUECKUMHM TaHHBIMH, YTO CBUIETEIBCTBYET O IIIMPOKUX
BO3MOXHOCTSIX BBIACICHUS U MOUCKA UCTOYHUKOB TEPPUTEHHBIX OTJIOXKEHMIA C MCIIOIb30BaHUEM MOJIEU
JIMHEHOTO TTPOrpaMMUPOBaHUSI.

Karouesbvie cnrosa: TeppUTreHHbBIE TTIOPOIBI, PENKO3EMETbHBIE JIEMEHTHI, MOZEJIb IMHEITHOTO IMPOrpaMMUpPO-
BaHUsl, AJITAHCKUM IIUT, YIOKAHCKUI KOMILJIEKC, CAaKyKaHCKasl CBUTa
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Nnentudukanus UCTOUHUKOB TEPPUTESHHBIX MTO-
POl IIpEICTaBIsIeT OOHY U3 BaXKHEMIIMX 3agad oca-
Io4Hoi reosioruu. CyllecTBYIOT pa3jMyHble MTOIX0-
IIbl K €€ pelleHUI0, HanboJiee NonyJIsipHble U3 KOTO-
pBIX OCHOBaHBI Ha pe3yJbTaTax TeOXMMUYECKUX
nccnemoBannit [1—4]. OgHAKO 3TH MOOXOIBI TaJIeKO
He Bceraa IMO3BOJISIOT ITOJIyYUTh YIAOBJIETBOPUTEIb-
HEBIC pe3y/IbTaThl.

Ocano4HbIe MTOPOIbI, KaK U OOJIBIIMHCTBO Ie0J10-
TMYECKMX 00BEKTOB, 00Pa3yIOTCs U3 Pa3IMIHbIX C-
TOYHUKOB, KOTOPBIE MOTYT OBITh OXapaKTepU30BaHbI
HEKOTOPBIMU TeOXMMMYECKMMU ITapaMeTpamMu. Ba-
KE€H KaK BBIOOp CaMMX UCTOYHMKOB, TaK U ITapaMeT-
POB, IO KOTOPBIM IIPOU3BOIMTCS CpaBHEHME 00pa3iia
nopoAbl ¢ MOASIbHOU cMechlo. KauecTBo mapamer-
pOB, XapaKTepU3YIOIINX MUCTOYHUKHU, OIIPEACIISICTCS
MX YCTOWYMBOCTbIO K HAJTOXEHHBIM BO3ACHCTBUSIM.
OnHuM 13 3PPEeKTUBHBIX MMOAXOA0B IIPU U3YUYCHUU
KJIACTOTEHHBIX OTJIOXKEHUWIT U UX UCTOYHUKOB CHOCA
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SIBJISIETCS] UCTIOJIb30BAHUE PEIKO3EMETbHBIX JIEMEH-
ToB (P33D), COOTHOIIEHNSI KOTOPHIX COXPaHSIOTCS B
0CaTlOIYHOM MaTepuajie B TeX e, KaK IMpaBWIO, TIPO-
MOPLHUSAX KaK B MAaTEPUHCKOU MOpoe, HECMOTPST Ha
BbIBETPUBaAHUE, TEPEHOC, CENMMEHTALIMIO U pa3any-
HOTO ypoBHS MeTaMopdu3M [1—4]. OueBuaHO, 4YTO
MUWHUMAaJIbHBIC PA3JINYMS B CONEPXKAHUSIX U COOTHO-
meHussx P30 mexay paspyliamoiuMcs UICTOUHUKOM
1 (OPMUPYIOIIUMCS OCaTOIHBIM MaTEPUaIOM OYIyT
HaOJIIOIATHCS B HEMMOCPEICTBEHHOI OJIN30CTHU OT MC-
TOYHHKA B YCIIOBUSX OTPAaHUYCHHOTO BIVSTHUS TTPO-
1IECCOB BBIBETPMBAHMS, TPAHCIIOPTUPOBKU U Tiepe-
OTJIOXEHUS AeTpUTa (IeTPOreHHbIe OCaAOYHbIe TTO-
poxnsl riepBoro nukia (first cycle)).

B maHHOI1 cTaThe COIIOCTaBUM MOMACIBHYIO CMECh
WCTOYHMUKOB C 00pa3lioM OCaJ0uYHOM IMMOPOIHI IO CO-
nepxanuto P39. bynem paccmarpuBaTh UICTOYHUKUA
1 o0pasel] KaK BEKTOPbl, KOMIIOHEHTEI KOTOPBIX —
cozmepxanust P39. Ilycte S; = (ay;, ay;, ..., a,) — j-i
MCTOYHUK, ISl KOTOPOIO a; — BECOBOE COINEPKAHUE
i-ro sanemeHTa u3 Habopan P3D (i=1, 2, ..., n). Ho-
IIyCTUM, YTO IJISI CMECH M3 M BEIOpAaHHBIX MCTOYHM-
KOB 3aJlaHbl UX BECOBBIE OJIU X, Xy, ..., X, OO03Ha-
Y1M 3Ty CMeCh KaK BeKTop M. B aTom citydae comep-
xanne P3D B cmecu M Oymer oOImMchIBaThCS
JIMHEHON popMoit
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M = X]Sl + X282 +...+ Xmsm.

EctecTBeHHBIM SBsIeTCS TPeOOBaHNE, YTOOBI CO-
nepxanus P39 B cMecu (BekTop M) He MpeBOCXOIU -
JIM coziep>KaHui1 B 00pa3iie, KOTOPhI 0003HAYMM KakK
Bektop B = (b, b,, ..., b,), T.€.

XS, +x,5, +...+ xS, £B. (1)

Takoe TpebGoBaHUE OOMYyCKAeT, B YACTHOCTU, BO3-
MOKHOCTBb CYIIIECTBOBAHUSI KaKWX-TMOO HEYITCH-
HBIX UICTOYHHUKOB. J06aBUM K JIEBOI YacTH HepaBEeH-
ctBa (1) HeoTpuuarenbHbIA BEKTOP Y = (Y}, Y2, «++5> Yn)>
TaKOM, YTOOBI HEPABEHCTBO ITPeoOPa30BaIOCh B pa-
BEHCTBO:

OueBUIHO, YTO HEOTPUILATEIbHbIE KOMIIOHEHTEI
BeKkTopa Y — 3TO pa3HuIa (HeydTeHHasl I0JIsI) B CO-
nepxaHusix P30 mexny o6pa3lioM U CMeChIO UCTOU-
HUKOB. MIMeHHO BelmyMHa BeKTopa Y oIIpedesisieT
Ka4eCcTBO alMNpoKCHMMallMM oOpa3lla CMEChIO BbI-
OpaHHBIX UCTOYHUKOB. OxapakTepusyeM BeJIUUYUHY
BeKTopa Y TaK Ha3bIBa€MOI OKTa3ApUYECKOIl HOP-

n
Moit: F = z 1|y,-|. Takum obpasom, IIpu 3a7aHHOM
i=
oOpasue B u uctounukax S, S,, ..., S,, XejgaTreabHO
BBIOMpPATh BECOBBIE JOJM X, Xy, ..., X UICTOYHUKOB

TaKMMM, 4YTOOBI 3HadyeHMe ¢yukoun F (1ieneBas
GyHKIIMST) ObUIO MUHUMAIBHO.

Heob6xonumo y4yecTh elie OgHO OOCTOSITEIbCTBO.
BecoBrle BeanunHbl P3D Kak B 00pa3nax-mncToYHM-
Kax, TaK M B 00Opas1iax IMopoasl SIBIISTIOTCS OTHOCH-
TeJIbHBIMU BeJIMYMHAMU, T.€. OHU OTHOCSITCS K OIIpe-
JIeJICHHOIM BECOBOIT emmHMIIe oOpa3na (cKaxkeM, omHa
ToHHA). [ToaTOMY HEOOXOOAMMO TTOTPEOOBATH, YTOOKI
BEC CMecHU, aIlllIpOKCUMUpPYIOlLIeil obpa3ell, He Ipe-
BOCXOIIMJI 3TOI BeCOBOIT €MMHUIIHI, T.€.

X +X+.o o+ X, +W=1 3)

rae W > 0 —cBoOomgHasI mepeMeHHasl.

HTtak, 3amaya orpeneyeHusl BECOBBIX NOJE UC-
TOYHUKOB [IJIsl 3aJaHHOro oOpaslia MOXeT ObITh
OKOHYATETLHO C(hOpMyTHpOBaHa CICTYIOIINM 06pa-
30M: HAWTU PELIEHUE X|, X3, ... X, Y15 V2 -+ Y CUCTEMBI
ypaBHeHU (2) u (3), yIOBIETBOPSIOIIEE YCIOBUSIM:
X, ;20 =1,..m;j=1, 2, ...n) u pynkuus F npu
5TOM MMeJia O MUHMMAJIBHOE 3HAYeHUE.

MaremaTtnyeckast GopMyIMpOBKa HaNIei 3agaun
TIpeaCcTaBIIsIeT co0oii, TaKMM OoOpa3oM, 3ajgady Jiu-
HEMHOTO MporpaMMUpoBaHus [5, 6]. Anroput™ pe-
HIeHUS 3a1a4M, CUMITJIEKC MeTox [7], mporpaMMupo-
Basics Ha 1K B cucteme Windows 1 Mcriosib30Basics B

Hammnx BI:I‘-II/ICJ'[G:HI/IF{X1 .

! BexropHoe ypaBHeHue (2), Oyayyu pacruCaHHBIM B KOOPIU-
HAaTHOM BUIIE, IPEACTABISIET CUCTEMY N IMHEIHBIX YpaBHEHUIA.
Taxoe npencrasieHue 6oJiee XapakKTepHO Npu GOPMyJIUPOBKE
3a/1a4 JIMHEITHOTO MporpaMMupoBaHus. Mbl He paclnucbiBaeM
€ro paayv 5KOHOMUU MecTa.
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Monens TMHEIHOTO TPOTPAMMUPOBAHMS IJISI He-
KOTOPBIX T€OJIOTUYECKUX 3a0a4, CBI3aHHBIX C U3y4e-
HHEM CMecCeM, SIBISIETCS aAeKBaTHOM, BHITEKAIOIIEH
U3 caMOi CyLIHOCTHU 3agauu. Kak JoIrmoJTHUTeIbHBIN
TIpUMEP UCIIOJIL30BAaHUSI 3TOM MOJEIU, MOXKHO yKa-
3aTh Ha 3a7ayy HOPMaTUBHOTO aHaiu3a [6, 8, 9].

Jlag oLeHKM KadecTBa IIPUOIIKEHUST oOpaslia
CMECHIO TMPENNnoIaraeMbIX UICTOUHUKOB BbIBOAWUJIOCH
3HaueHue ¢dyHkuuu O.F. — oTHolleHMs lieneBoit
¢yHKuIMM F K cyMMe KOMIOHEHTOB obpasla, T.e.

O.F = F/z';1 b, x 100. HTEpBan 3Ha4eHUI 3TOI

dyHKIUM MoxeT GbITh oT 0 mo 100%. 3HaueHws,
GIM3KME K HY/II0, COOTBETCTBYIOT OOJiee TOUHOI ar-
MpOKCHUMAaLIUM COCcTaBa oOpa3la BIOpaHHBIM Habo-
POM MCTOYHMKOB (B HallleM cJIy4ae 3TO OCHOBAHO Ha
CpaBHEHUM MOJIEJILHOM cMecHu 1 obOpa3slia 1o couep-
xkaHuio P30). CyxneHue o TOM, yIOBIETBOPUTEIBHO
5TO 3HAYEeHUE IJIs 0Opa3lia UM HET, BO3MOXHO, CJie-
JIyeT OCHOBBIBATh HA COITOCTABIIEHUU €0 C OTHOCH-
TEeJILHOM TOYHOCTBIO ompeneiacHuss P3D B obOpa3lie,
€CJIM 9TO AOCTyMmHO. B obmiem ke ciyyae (yHKIIUIO
O.F. MOXXHO MCITOIB30BaTh Kak Mepy KayecTBa all-
MIPOKCHUMALIMU COCTaBa 00pas31a Npyu CpaBHEHUHU pas3-
JIMYHBIX HAOOPOB UCTOYHUKOB.

Heckoabko c10B HEOOXOAMMO CKa3aTh O BEJIUYM-
He W, 0 ee BO3MOXHOI pealbHOM MHTEpIIpeTallin.
DTa BeIWYMHA JOMNOJHSET BEC OINTUMAJILHOU (B
CMbIC]Ie MUHUMYMa liejeBoii ¢yHkuuu F) cmecu no
equHunbl. [To3TOMy ee MOXHO paccMaTpuBaTh Kak
BECOBYIO [IOJII0O HEKOEro HEYYTEHHOI'O MCTOYHHUKA.
BaxxHo 3amMeTuTh, 4TO IIpU aHAIM3€ pe3yabTaTa pe-
IIEHUSI HEOOXOAMMO CONOCTaBICHUE 00eNX BEIMIMH
O.F uW.

B nutepatype M3BeCTHBI MOMBITKU TpeacTaBiie-
HUS 00pa3siia MopoJibl CMEChIO BEHIOPAHHBIX UCTOYHU -
KOB Ha OCHOBE COITOCTABJICHUSI COIAEPKaHUS B HUX
P33. Kak nmpumep, otmMmeTuM crathio Kacansy u ap.
[10]. ABTOpBI UCTIONB3YIOT HE ITOMHBINA HaObop P30, a
HeKHre mapaMeTpbl, (PyHKIINU, IIOCTPOSHHEIC HA OC-
HOBe comepxXaHuii P3D m uX OTHOIIEHWIA, IIpUIeM
YUCJIO 3TUX TapaMeTpPOB BbIOMPAETCSI CTPOTO paB-
HBIM YKCJIy MpearojiaraéMblXx UCTOYHUKOB. Bcenen-
CTBME 3TOTO, 3aja4a HaXOXISHMs 101 Mpearnosara-
€MBIX UCTOYHUKOB B CMECH CBOAUTCS K PEILICHUIO
CHUCTEMBI JIMHEMHBIX YPABHEHUM C KBAJApPaTHOM MaT-
pulieit. Takoil IToaxo IpeacTaBiIsieTCss HeyJadHbIM,
T.K. OH HE TapaHTUpPYyeT IBYX OCHOBHBIX TPeOOBaHMIA
K pellleHNI0, a UMEHHO: HeOTPULIATEeIbHOCTh BEJIU-
YUH COAepKaHUsI UCTOYHUKOB B CMECHU U HE TIPEBBI-
IIIEHHE Beca CMECH BECOBOI €IMHUIIBI, OTHOCUTEIIb-
HO KOTOPOI ompenessuimch comepxanus P3D (cwm.
Bhillle). [IpyMeHeHMe TaKoro IIOOXoJa BO3MOXKHO
TOJIBKO B €IMHCTBEHHOM CJly4yae, KOraa st IaHHOTO
oOpa3iia TOYHO U3BECTEeH HabOp UCTOUHMKOB U 3a1a-
4Ya COCTOUT B HAXOXKIEHNM MX BECOBBIX CONEPXKAHUIA
B obpasle.
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Puc. 1. Cxema 6JIOKOBOTO CTpOCHMST AJITAHCKOTO IIMTA 1 30HbBI ero couwieHeHus ¢ JIKyrmkypo-CTaHOBOM cKiiamyaToii ooJia-
CThIO. ] — KailHO30MCKHE OTJIOXEHUS; 2 — ME3030iCKHIE, MaJc030MCKIE U BEPXHEPOTEPO30iiCKHE TIaT(OPMEHHBIE OTI0XKE-
HUsI; 3 — YIOKAHCKUM KOMITIEKC; 4 — YJIKAHCKUM KOMILIEKC; 5 — chaHepO30iCKKMe TPaHUTOUIbI, 6 — IPAaHUTOUABI KOIAPCKOTO
KOMIUIEKca; 7 — aHOPTO3UTHI; §— I3 — AnpaHckuii mut: § — Yapo-OnEkMUHCKMI reob10K, 9 — 30Ha couieHeHus1 Yapo-Onék-
MMHCKOTIO 1 AJITaHCKOI0O Ire0010K0B, /0 — 3amagHo-AagaHCKU Merabyiok AJiJaHCKOro reodjioka, // — 30Ha cowieHeHUsT 3a-
nagHo- 1 BocTouHo-AImaHcKoro MerabjoKoB AJIIaHCKOTo reo6oka, /2 — BoctouHo-Annanckuit (YaypcKuil) Merabaok Ar-
JaHckoro reo6oka; 13 — baromrckuii reo6:10K; /4 — Monroio-OxoTckast ckiiamyaTtas ooyacte; 15 — BepxosiHcko-YyKkoTckast
cKJIamyaTtasi obactb; /6 — balikanbckas ckiamguarasi o6aactb; 17— JIxXyrmkypo-CraHoBas cKiiamgdarasi 001acTh; /8 — 30Ha co-
yneHeHUs1 AngaHckoro mmta u Jxyrmkypo-CTaHoBoO ckinamyaToit obnactu; /9 — paspbeiBHble HapymieHus. Lludpamu B
KpykKax 0003HaueHbI 30HbI pa3pbIBHbIX HapyuieHuii: 1 — XKyuHckast, 2 — Yapa-TokkuHckas, 3 — TapbiH-Opsxckas, 4 —
OnomokuTtckasi, 5 — bopcanunHcko-Hemokunckast, 6 — Angano-Kunuepckast, 7 — TuMnToHcKkuit Haasur, 8 — Umxkeko-Cy-
Tamckasi, 9 — TeipkanauHckas, 10 — Ynkanckas, 11 — HenpkaHckas. Pumckumu umgpamu o6o3HavyeHs! 61oku: | — 3amanHo-
Onékmunckuit, 11 — Yapckmii, 111 — Tokkunckuit, IV — YapyonnHckuii, V — Onomokutckuii, VI — BoctouHo-OnéKMUH-
ckuii, VII — Humubipckuii, VIII — Menemkenckwmii, IX — Xon6onoxckuii, X — CynHaruHckuit, X1 — lonamckuit, X1I — Teip-
kanckuii, XIII — Kanapckuit, XIV — Kypynstunckuii, XV — 3BepeBckuii, XVI — Cyramckmii, XVII - Aromkanckuit, XVIII —
JIkyrmxypekuii. [TpsiMOyroibHUKOM IMOKa3aH UCCIIeOBAHHBIN paiflOH BBIXOIOB ITOPOJ CAKYKAHCKOI CBUTHI KEMEHCKOM Cepuu

-58°

YIAOKaHCKOIo KOMILJIEKCa.

IIpu ucronb30BaHUM MOJEIM JIMHEHHOTO IIpo-
rpaMMUpOBaHUs B 3amadye U3ydeHUs cMeceil, Kak B
HaIlleM cydae, MOXHO 3aJaTh M3HAYaJIbHO OoJjiee
IIUPOKUI HAOOP MpeanojaraeMblX MICTOYHUKOB MO-
IeabHON cMecn. ONTUMMU3AIMOHHBIN TIPUHIINTI, 3a-
JIOKEHHBIM B 3TON MOIEIU, OyIeT BBITIONHSATL POJIb
cBoeoOpa3Horo GujabTpa, BeiOMpass Haubosee Mmom-
XOISIIe WUCTOYHUKKM M3 Habopa (CM. IpUMEpPHI B
Tabm1. 3).

Bo3MOXHOCTL TPUMEHEHUST U3JIOKEHHOTO MOIX0-
J1a GbLIa IIpOBEpeHa Ha MprUMepe pacueTa mpearnosiara-
€MBIX MCTOYHUKOB METAlleCYaHUKOB CaKyKaHCKOM
CBUTBI KEMEHCKOM CEpUU YIOKAHCKOIO KOMILIEKCa
MajeoIpoTepO30s 3aIlaIHOI YacTu AJIIaHCKOTO 11~
Ta. DTOT IIPUMEP UJLIIOCTPUPYET BO3MOXHOCTD BbI-
6Gopa nmpearnoiaraeMbIX UICTOYHUKOB B ITMPOKOM JTHA-
Ma30HEe COCTaBOB (OT Y/IBTPada3UTOB A0 TPAHUTOMUIIOB)
1 BO3PaCTOB OT (Me30apxesl 10 MajJeolpoTepo30sl).

MeraTeppureHHbIe  OTJIOXEHHUSI  yIOKAHCKOTO
KOMILJIEKCA BBIMOJHSIOT oOwupHbIE Komapo-Yioo-
KaHCKUI IPOruo 1 LIEeJIbIN psia IpadeH-CUHKIMHANICH
(HumxnexanuHckyo, OJIIOHICUHCKYIO, YTYMCKYIO)
Yapo-OnE€KMHMHCKOro reotjoka AJJaHCKOTO IIUTa
(puc. 1, 2). DTH OTIIOXEHUS SIBISIIOTCS TUIIOCTPATO-
TUTIOM HIZKHETO TpoTepo3os Bocrounoit Cubupu n

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

HanpHero BocToka, ciy:kaT BO3pacTHBIM PEIEpOM B
perMoHalbHOI cTpaTurpadurueckoil IiKaae U BMe-
LIAIOT KpYITHeilliee B MUPE MECTOPOXKICHUE MEA-
CThIX MecuaHukoB [11, 12]. MeTaocagouHble MOPOIbI
ylnokaHckoro komiuiekca Komapo-YiokaHCKOro
nporvba ToapasaessatoTcss (CHU3y—BBepX) Ha Komap-
CKYI0, YMHEMCKYIO 1 KeMeHCKyIo cepuu [11]. B cocTaBe
MnocieNHeN BBIAESIOTCS CaKyKaHCKasi M Bblllesiexa-
111as1 HAMUHTUHCKAsA CBUTBI. OTJIOXKEHUSI CAKYKAHCKOM
CBUTHI TIPEACTABJIIEHbI I[JIaBHBIM 0O0Opa3oM MeTaMop-
¢U30BaHHLIMM B 3€JICHOCIAHIIEBOM (halluy ITecYaHr-
kaMu. MoiitHocTb cBUTHI coctaisieT 1900—4400 m.

ITo nmerommumcs nerporpadIeCcKUM U TIETPOXH -
MUYECKUMM JaHHBIM MeTaneCYaHUKU CaKyKaHCKOM
CBUTBHI COOTBETCTBYIOT METPOTE€HHBIM OTJIOXKECHUSIM,
JIJISI KOTOPBIX BJIMSIHUE MPOLIECCOB PELIMKIUPOBAHUS
0CaJOYHOTr0 Marepuajga BbIPaXXeHO HECYIIECTBEHHO
[13]. Cpennue comepxxaHusi P3D B u3ydeHHOII BbI-
OOpKe MeTareCYaHUKOB CAKYKAHCKOI CBUTHI TIPUBE-
neHbl B Tadi. 1. Mcxonss n3 ocoO6eHHOCTEN reoJIoru-
yeckoro crpoeHuss Yapo-OnEKMHMHCKOro reot6ioka
[14], ncTouHMKaMu cHOcCa IJIsI METalleCUaHUKOB ca-
KYKAHCKOM CBHUTBI MOTJIM SIBISITbCSI HEOTHOKPATHO
MeTaMop(du30BaHHBIE IIPEUMYIIECTBEHHO MeE30ap-
XelcKrue oOpa3oBaHMUS OJEKMUHCKOIO TOHAJIMT-
ToMm 509
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Puc. 2. Cxematuueckasi TeoJiormdeckasi Kapra YaokKaHcKoi non3oHbl Kogapo-YnokaHckoro nporu6a 1o [18]. 1 — yeTBepTHU-
HbIe OTJIOKEHMUSI Y TIJ1aT00a3a1bThl; 2 — IOPCKUE YIJIEHOCHBIE TEPPUTCHHBIE OTIOXEHMST; 3 — MO3AHeNaIe030MCK1e TPAHUTHI,
TPaHOAUOPUTHI, TPAHOCUEHUTHI U MOHLIOHUTBI MHFAMaKUTCKOTO KOMITJIEKCa, HeeTMHOBbIE CHEHUTBI, F[PAHOCUEHUTBI U MOH-
LIOHUTBI XaHUHCKOTO KOMIUIEKCa; 4 — MeCTPOLBETHbIE OTJIOKEHUSI OPAOBUKA; 5 — MECTPOLIBETHbIE OTIOXEHUST KEeMOPHUST; 6 —
TMECTPOLIBETHBIE OTJIOXKEHUS MO3[HET0 HEOTIPOTEPO30s1; 7 — MaJeoNpoTepo30iickue rabopo-auabdassl, rabOpo u nruada3oBbie
Nop@GUPHUTHI TOPOCCKOTO KOMILIEKCA; § — MajeonpoTepo30iCKre pacCIOeHHbIe MHTPY3UKM YMHENCKOTo KOMIUIeKca; 9 — ma-
JIEOTNPOTEPO30MCKME 'PAHUTBI KOJAPCKOTO KOMILIeKca; /0 — nmajieonpoTepo30iicKue peaKoOMeTaIbHbIe TPAHUThI KATYTMHCKO-
ro koMriuiekca; //—13 — maneonpoTepo3oiickre KapOOHATHO-TEPPUTEHHBIE OTJIOKEHUSI YIOKAHCKOTO KoMIulekca: /1 — Ke-
MeHcKasl cepusi, 12 — yuHeiickast cepusi, 13 — Komapckasi cepusi; 14 — Heoapxelickre aHOPTO3UThI KaJIapCKOTO KOMILUIEKCa;
15 — apxeiickue ci1abo MeTaMop(hHM30BaHHBIE O0CAIOYHO-BYJKAHOTEHHbBIC TOJIIIN CyOraHCKOTO KOMILIekca; /6 — apxeiicKue
TOHAJIUT-TPOHIBEMHUTOBBIE OPTOTHENUCHI OJIEKMUHCKOTO KOMILIeKca; /7 — yapcKasi Tola (rpaHaT-0MOTUTOBBIE U TPaHAT-TH-
MepCTeH-0MOTUTOBBIE (FCHITMMAaHUT, TKOPAUEPUT) TJIarMOTHEMChI, OCHOBHbBIE KPUCTAJNTMYECKUE CIaHIIbI, KBaApLUTHI U
MarHeTUTOBBIE KBapLIMTHI); /8 — KajlapcKasi Toja (rpaHaT-0MoTUTOBbBIE (£ CUITMMaHUT, TTUIIEPCTEH) IUIAaTMOTHEMCHI C TIPO-
CJIOSIMM UM JIMH3aMU JIByTUPOKCEHOBBIX KPUCTAUIMYECKUX CIAHIIEB, N3BECTKOBO-CHJIMKATHBIX IMOPO/I, KBAPLIMTOB U MarHeTH-
TOBBIX KBapuuTOB); /9 — MeTamopdurueckre 1 MarMaTudeckue Komruiekeol [xxyrmkypo-CraHoBoro cynepreppeiitHa LleH-

TpaJ'ILHO-A3I/IaTCKOF0 CKJIag4aToro 1iosica; 20— PaspbIBHbIC HAPYILIEHU .

TPOHIBEMUT-TPAHOAUOPUTOBOTO KOMIUIekca [15],
OnonmuHCcKOTro (pparMeHTa TOKKO-XaHMHCKOIO 3e-
JIEHOKaMeHHOro nosca [16], rmosgHeapxeiickue rpa-
HUTOUIBI XaHMHCKOTO KOMILIEKCA Y TPaHUTOUIbI Yya-
pPYyOmdaKaHCKOTO M KyaHOIMHCKOTO [17] KOMIIIEKCOB.
Kpome toro, Nd-u3oToItHbeIe JaHHEIC IJIST MeTarec-
YaHUKOB CaKYKaHCKOM CBUTBI KEMEHCKOIl cepuu
ynokaHckoro komiuiekca [18], a takxke U—Th—Pb
(LA-ICP-MS)-reoxpoHoaoruyeckmue mTaHHBbIE st
JIETPUTOBOTO IIUPKOHA U3 MOACTUIAIONINX € MeTa-
MecYaHWKOB unHelickoit cepuu [19, 20] cBUOeTeb-
CTBYIOT 00 yJaCTHHM B MCTOYHHMKAX MX CHOCA HeycTa-
HOBJICHHBIX MOPOJ IaJIeONpOTEPO30MCKOro (OKOJIO
2.0 mupn n1eT) Bo3pacTta. B cBsI3u ¢ oTCyTCTBHMEM Ha
COBPEMEHHOM 3p03MOHHOM cpe3e Yapo-OnekMuH-
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CKOTO reo0JI0Ka TaKKUX IMMOPOM, HAMU B KaUeCTBE BO3-
MOXHBIX TMAJIEONTPOTEPO30MCKMX NCTOYHUKOB OBIJIN
B3STHI CPEIHUE COCTABEI ITOPO (pEMOPOBCKOI TOJIII
U YHIPUHCKOTO rabopo-11opUT-TOHATUTOBOIO KOM-
miIekca 3amamgHo-AJITaHCKOTO Merabjioka AgaH-
ckoro mmta. Conepxanus P39 B pasimmyHbIX TUIIaAX
MopoJ OJEKMUHCKOTO KoMIuiekca (aMbuboIuThl 1
OCHOBHbIC KPUCTAJUIMYECKNE CIaHIIbI, THEMCHI TOHA-
JINT-TPOHIBLEMUTOBOIO I TPAaHOIMOPUTOBOTO COCTABA,
JIEAKOKpAaTOBbIe TPaHUTO-THEMCHI), OJIOHAMHCKOIO
¢parmenTa TokkO-XaHMHCKOIO 3€JIECHOKAMEHHOIO
nosica (MeTarepuaoTUTOBBIE Y MeTa0a3aIbTOBhIE KO-
MaTUUTHI, MeTaba3ajbThl), a TAKXKE TPAHUTOMIAX Xa-
HMHCKOTO ¥ KyaHAWHCKOIO KOMILIEKCOB, IOpOAax
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Taomuna 1. CpenHue (n = 15) conepxanus P39 (MKr/r) B MeTarnec4yaHMKaxX CaKyKaHCKOU CBUThI KEMEHCKOU CEpUU yI0-

KaHCKOT'O KOMILJIEKCa

La Ce Pr Nd Sm Eu Gd

Tb Dy Ho Er Tm Yb Lu

41.0 85.2 8.67 30.7 5.38 1.06 3.95

0.51 2.75 0.54 1.56 0.23 1.57 0.25

Taomuua 2. Conepxxanusi P39 (MKr/T) B IpedrojiaraéMbIX MCTOYHMKAX METAaeCYaHUKOB CAaKyKaHCKOM CBUThI KEMEH-

CKOW CepuM yIOKAHCKOTO KOMILJIEKCa

Olm-1 | Olm-2 | Olm-3 | Olm-4 | Ol-um | Ol-bz han kn un fd_ks fd_gn
n 12 24 3 2 4 5 4 3 5 5 9
La 13.46 25.1 324 91.3 1.17 3.14 130.5 62.8 29.6 344 42.6
Ce 29.2 45.0 64.5 179.4 2.94 7.95 |244.5 133.7 53.9 84.4 76.0
Pr 3.63 4.59 7.28 19.47 0.42 1.22 26.2 14.70 5.55 9.24 7.37
Nd 14.49 15.57 27.1 66.2 2.20 6.07 93.1 50.8 19.86 37.0 24.4
Sm 3.02 2.33 4.52 9.60 0.72 1.99 15.43 11.62 2.88 6.88 3.41
Eu 0.92 0.67 1.10 1.95 0.25 0.69 2.97 0.63 0.99 1.75 1.23
Gd 2.97 1.66 3.64 7.07 0.99 2.78 11.97 11.44 2.61 5.22 2.69
Tb 0.43 0.19 0.51 0.92 0.17 0.49 1.87 1.72 0.35 0.68 0.34
Dy 2.41 0.93 2.84 4.69 1.20 3.28 9.46 11.30 1.57 3.32 1.49
Ho 0.49 0.17 0.55 0.83 0.27 0.71 1.78 2.58 0.31 0.63 0.29
Er 1.38 0.45 1.53 2.18 0.79 2.08 4.59 7.32 0.91 1.82 0.81
Tm 0.19 0.06 0.22 0.28 0.11 0.31 0.63 1.17 0.12 0.25 0.12
Yb 1.30 0.40 1.44 1.64 0.72 2.02 4.50 7.45 0.85 1.50 0.79
Lu 0.19 0.06 0.21 0.23 0.10 0.31 0.60 1.12 0.14 0.23 0.11

ITpumeuanne. OnEKMUHCKIN KOMITIEKC: Olm-1 — aMpuOOIUTHI 1 OCHOBHBIC KPUCTA/UTMUEeCKUE cIaHIbl; Olm-2 —TOHAIUT-TPOHAbE-
MUTOBBIE THeliCchbl; Olm-3 — rHeichl rpaHOTUOPUTOBOTO cocTaBa; Olm-4 — JeiiKOKpaToBbIe TpaHUTO-THeChl. OJIOHAMHCKUM 3€JIeHO-
KaMeHHBI nosic: Ol-um — MeTalepuI0TUTOBbIE U MeTaba3abToBble KOMaTUKThI; Ol-bz — MeTaba3anbThl. [ paHuTOMIB: han —XaHUH-
CKOTO KOMILIeKca; kn — KyaHIMHCKOTO KOMILJIEKca. un — rabopo-auopuThl, TOHATUTHI U TPOHILEMUTBI YHTPUHCKOTO KOMILIEKCA.
fd_ks — mMeTaByJIKAaHUTHI (OCHOBHBIE KPUCTAJUTMYECKUE CIIAHIIBI U TUTIEPCTEH-OMOTUTOBBIE THEICHI) (DemopOBCKOTro KoMIUIeKca 3araj-
HO-AJIaHCcKoro reo6soka. fd_gn — rHeiico-rpaHuThl B mipeaesax ¢hemnopoBckoro Komiuiekca. CpegHue coctaBel P3D B mopoaax (n)
paccuMTaHbl MO JIMTEPATyPHBIM U HEOITyOJUKOBAHHBIM TaHHBIM aBTOPOB.

GETOPOBCKOM TOJNIINM M YHIPUHCKOTO KOMILIEKCA
TIpUBEACHBI B TA0M. 2.

PesynbTaThl BEIYMCIEHUI TTOKAa3aldu Clieayloliee
(tabu. 3, puc. 3). Cpenu npenroiiaraeMblX UCTOYHU-
KOB METaIleCYaHMKOB CAKyKaHCKOM CBUTHI CYIIe-
CTBEHHasl POJib MPUHAMIEXKUT TOHAJIUT-TPOHIbEMU -
TOBBIM THeiicam (Olm-2, 56.9%) u neiiKoOKpaTOBLIM
IrpaHUTO-THelicaM  OJIEKMUHCKOTO  KOMILIeKca
(Olm-4, 17.3%), B MeHbIIIEel CTENIEHN METaBYIKAHU -
TaM (OCHOBHbIM KpUCTAJUIMYECKMUM CllaHOaM MU
TUTIEPCTEH-OMOTUTOBBIM IJIarMorHeicam) hETopoB-
CKoMt TOJIIIM N PpasBUTBIM B €€ IIp€acjiaXx rpaHUTO-

raeiicam (15.4 1 1.8% coOTBETCTBEHHO), a TAK3KE Ma-
JICOTIPOTEPO30MCKUM TpaHUTOMJIAM KyaHIWMHCKOTO
komiIuiekca (kn, 7.6%). Bkiiag BO3MOXHBIX UCTOYHH -
KoB OJIOHIMHCKOTO 3eJIeHoKaMeHHOoro T1osica (Ol-um
n Ol-bz), aMpuOOIUTOB U TPAHOTUOPUTO-THEHCOB
onékmMuHcKoro komiuiekca (Olm-1 u Olm-3), ra66-
pPO-IMOPUTOB U TOHAJUTOB-TPOHABEMUTOB YHIPUH-
CKOTO KOMILIeKca (U) M TPAaHUTOB XaHMHCKOTO KOM-
miekca (han) B MeTaniecyaHMKax CaKyKaHCKOM CBU-
ThI KEMEHCKOM ceprM He BeIpakeH (T1adJ. 3). Huskue
BesnurHbl O.F. (Kak Mepbl pa3andusi CMECU UCTOY-
HUKOB 1 JAaHHOIO oOpa3slia o cojaepxxaHnuio P39D) u

Ta6mmna 3. Bkian (%) npenmnoyiaraeMbIX UICTOYHUKOB B COCTaB MeTalleCYaHMKOB CaKyKaHCKOIM CBUTBI KEMEHCKOM CepUHr

YAOKaHCKOI'0O KOMIIJICKCa

O.F. (%)| Olm-1 | Olm-2 | Olm-3 | Olm-4 | Ol-um

Ol-bz

han kn un fd_ks | fd_gn W

2.75 0 56.92 0 17.33 0

0 7.63 0 15.43 1.83 0.85

ITpumeuanue. O.F. (%) — object function — Mepa pa3nuuusi cMeCU KICTOYHUKOB M JaHHOTO 00pa3siia o comepxanuio P3D. W — Beco-
BOE pasinuure cMecHu 1 obpasna. OcraibHble 0003HAaYEeHUS KaK B Ta0JI. 2.
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NAEHTUOUKALMA NCTOYHUKOB TEPPUTEHHBIX OCAJOYHLBIX ITOPO

Hons (%) npenmnoyiaraeMbIX UICTOYHUKOB B

60 MeTanecyaHuKax KEMEHCKOMU cepum

S50F
40 -
30
20
10 -

Olm-4 kn

1 _

fd_ks fd_gn

Olm-2

Puc. 3. Bkiag nipearmnosaraeMbix KCTOYHUKOB (10151 B %)
B MeTalnecyaHMKax CaKyKaHCKOM CBUTHI KEMEHCKOM ce-
pVU yIOKaHCKOM Cepuu.

W (BecoBOTro pa3inyusi CMecU 1 obpaslia) yKa3biBa-
IOT Ha aIeKBaTHOeE TpencTaBlIeHNe BEIOPAHHBIX MO-
NEeTbHBIX MCTOYHUKOB. [loiydeHHBIE pPE3yJlbTaThl
MOJIEIMPOBaHUSI BO3MOXHbBIX UICTOUHUKOB MeTarec-
YaHWKOB CAKyKaHCKOW CBHUTHI KEMEHCKOM cepHnu
YIOKAHCKOTO KOMILJIEKCAa XOPOIIO COIIACYIOTCS C
uMerIuMucs 1t HuxX Nd-M30TOMMHBIMU U T€OXPO-
HOJIOTMYECKUMM JaHHBIMU [ 18—20], cBUIEeTEeIbCTBY-
IOIIMMU O Pa3MbIBE IOBEHWUJIbHBIX UCTOYHUKOB Ma-
JIEOTIPOTEPO30IMCKOTO BO3pacTa.

IIpuBeneHHbIN B paboTe MpUMep pacueTa Coaep-
Xanuii P39 B MeTarecuaHnKax caKyKaHCKOI CBUTBI
YIOKAHCKOTO KOMILJIEKCa KaK CMECH COCTaBOB IIpe-
rnoJjiaraéMbIX UICTOYHUKOB C MCIOJb30BaHUEM MOJIC-
JI1 JIMHEHHOro MpOrpaMMMpPOBAHUSI II0KAa3bIBAET
IIAPOKME BO3MOXHOCTH BBIACICHMS 1 MOUCKA BO3-
MOXKHBIX MCTOYHUKOB TEPPUTCHHBIX OTIOXEHUIA.
DTOT IOAXOI MOXKET OBbITh MCIIOJb30BaH, B YaCTHO-
CTH, U IUISI aHAJIM3a BEPOSITHBIX ICTOYHUKOB 00JI0-
MOYHOTO LIMPKOHA OCaJIOYHBIX TTIOPO/I.

NCTOYHUKU PUHAHCUPOBAHUA

HccnenoBanust mpoBedeHbl Ipyu (UHAHCOBOM IIOI-
nepxxke HUP UT'TA PAH FMUW-2022-0003 u rpaHTta
PH® (mpoekt Ne 21-17-00164; reoxuMmndecKue UCCIeno-
BaHUSI).
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IDENTIFICATION OF SOURCES OF TERRIGENIC
SEDIMENTARY ROCKS BASED ON GEOCHEMICAL DATA
USING A LINEAR PROGRAMMING MODEL

O. V. Graunov4, V. N. Podkovyrov**, V. P. Kovach?, Corresponding Member of the RAS A. B. Kotov’,

S. D. Velikoslavinsky“, T. M. Scovitina®, E. V. Adamskaya“, and V. A. Khorovoi®

¢ [nstitute of Precambrian Geology and Geochronology, Russian Academy of Sciences, St.- Petersburg, Russian Federation
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The possibility of identifying sources of terrigenous rocks based on geochemical data using a linear program-
ming model is considered on the example of metasedimentary rocks of the Sakukan Formation of the Kemen
Group of the Udokan Complex, Aldan Shield. It is shown that tonalite-trondhjemite gneisses (56.9%) and
gneiss-granites (17.3%) of the Olekma complex, Paleoproterozoic granitoids of the Kuanda complex (7.6%)
of the Chara-Olekma geoblock, metavolcanic rocks of the Fedorov Formation (15.4%) and gneiss-granites
developed within it (1.8%) of the West Aldan megablock could be the sources of metasandstones of the Saku-
kan Formation. The results obtained are in good agreement with the Nd isotopic and geochronological data
available for the metasandstones of the Sakukan Formation, which indicates the wide possibilities of identi-
fying and searching for sources of terrigenous deposits using a linear programming model.

Keywords: terrigenous rocks, rare earth elements, linear programming model, Aldan Shield, Udokan com-

plex, Sakukan Formation
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