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U-Pb (SIMS)-B0o3pacT UMPKOHOB M3 MHTPY3MBHbIX NOPOL MxeMCKoW 30HbI TuMaHckoro Merabnoka dyHaameHTa lNeyopckon cu-
HEKNU3bl, BCKPbITbIX MATbIO CKBAXKMHAMM, CBUAETENLCTBYET O AABYX 3MM304aX NO3AHEA0KEMOPUIMCKOrO MHTPY3MBHOMO MarMaTu3Ma.
MepBbit Men Mecto okono 600 MAH neT Ha3ag, Ha rpaHuue pudes — BeHAa, a BTOPOW NpUypoYeH K no3aHemy BeHay. Bospact rpaHu-
TOB U3 CKB. 1-HmxHsas Ompa u 1-Mpunykckas coctanset 602 = 2 u 593 £ 14 mnH net cooTBeTCTBEHHO. [paHmnThl ckB. 11-Manag lNepa,
1-t0xHbIv [Kbep 1 gnopuThl ckB. 21-Manblo umetoT Bo3pacT 557—536 MAH neT u KOppenupyrTcs ¢ OporeHHbIMKU rpaHuTomaamu (555—
544 mnH net) Mpuneyopckoi pa3noMHOWM 30HbI (MTpeanonaraeMoi CyTypbl oporeHa TuMaHua).
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The results of local U-Pb (SIMS) zircon analysis indicate that plutonic rocks drilled by five boreholes in the Izhma zone of the Timan
megablock of the Pechora Basin basement were not intruded simultaneously in the Late Precambrian. The first episode of magmatic
activity took place at c. 600 Ma (at the Riphean — Vendian boundary), while the second one is confined to the Late Vendian. The ages
of the granites from the 1-Nizhnyaya Omra and 1-Prilukskaya boreholes are 602 * 2 and 593 * 14 Ma, respectively.
The granites from the 11-Malaya Pera and 1-South Djer boreholes and diorites from the 21-Palyu borehole are 557—536 Ma old, being
well correlated to the 555—544 Ma old orogenic granitoids of the Pripechora fault zone (the supposed suture of the Timanides orogen).
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BeepeHune

TeoxpoHonormyeckue uccienoBanus Ha EBpomnerickom
CeBepo-BocTtoke Poccuy 6611 HauaThl B 70-€ rofbl IIpo-
IIJIOTO BeKa ¥ IoHavaay 6a31poBaaucCh UCKIIOUUTETBHO
Ha K-Ar-metopge. IlepBbiit 0630p 140 BO3pacTHBIX OIIpe-
JleJIeHMIi 110 0CaIOYHO-MeTaMOPGUIECKUM M MarMaTu-
YyeCcKUM nopogam TumaHcKoro noaHsatus (Tumana, Tu-
MaHCKOT0 Kpsixka, TMMaHCKO IPSbl) U MpUaeTralouux
Tepputopuit MeseHckoit 1 [ledopcKoit CMHEKIN3 chellaH
I. H. AkumoBoii (1980). Ha py6exe cToneTuii mpeamo-
YyTeHMe CTa/I0 OTHAaBaThCS pe3yabTaTaM JaTUPOBaHUS
eIMHUYHbIX 3epeH I[MPKOHA 110 OTHOILIEHNIO PaJUOTeH-
HBIX 130TOMOB cBuHIla 207Pb/206Pb (Gee et al., 2000; Aup-
penues, JlapuoHoB, 2000), KoTOpbie He BCceraa coBnaga-

siu ¢ Rb-Sr-m30XpoHHBIMM Bo3pacTamu (AHApenues, 1998;
Anppenyes, JIuTBuHeHko, 2007) 1 T03TOMY TpebOBaIn
JIOTIOTHUTENbHOM apryMeHTalu. B mociaenHme roasl mpu
IAaTUPOBAaHMM MarMaTUYeCKUX, MeTaMOpP(UUEeCKUX 1
0CaJI0YHBIX [TOPOJ, Hanbosiee BOCTpe60BAaHHBIM U30TOII-
HBIM MMHePaJIoM-TreoXpOHOMETPOM CTa/I LIMPKOH Kak
HauboJiee YCTOMUMBBIN K BTOPMYHBIM M3MeHeHusIM. COB-
peMeHHas Mpenu3uMoHHas Macc-ClleKTpoMeTpuuecKas
anmnaparypa no3BoJsieT IPOBOAUTD JIOKATbHBbI M30TOII-
HbIJ aHAMN3 CBUHIlA HAHOTPAMMOBBIX ¥ MEHbIINUX CO-
IepskaHuit B HEHapyIllIeHHbIX AOMeHax B Mpejeyiax MH-
JIVBYAYaTbHOTO 3€pHa MOCPeACTBOM BTOPUYHO-MOHHOM
macc-cnekrpomerpum (SIMS) Ha MOHHBIX MMKPO30HIAX
SHRIMP.
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VIMeHHO TaKue Mccae10BaHNsI HeOOXOAVIMBI IJIs1 BbI-
SICHeHMS BO3pacTa MarMaTudeckux rnopog byHaaMeHTa
[Teuopckoii cuHeK/IN3bI. B Hallem pacropspkeHUM MMeeT-
Cs1 KOJUTeKIIMSI KeDHOBOTO MaTepyana U3 CKBaXXMH, BCKPbIB-
mux yHgameHT [Ie4opCcKoil CMHEK/IM3bI, TO3BOIMBIIIAS

OCHOBHbI€e YepTbl re0JIOrM4YecKoro
cTpoeHus MeyopcKoit CMUHEKNU3bI

[Teyopckast cMHeKIM3a MIpeCcTaBaseT co60it KpyI-
HYIO0 PerOHaJIbHYI0 TEKTOHNYECKYIO CTPYKTYpPY B COCTa-
Be TuMaHO-I1e4yopCcKOit ININTHI U pacIioaraeTcss Mexay

TumanoM u [TpeaypaibCKUM KpaeBbIM Mporn6om (puc. 1).
TumaH SIBJISIETCS I0T0-3aMaJHbIM OrPaHMYEHMEM IITUTHI

nposectu SIMS-maTuMpoBaHMe LMPKOHOB U YCTAHOBUTD
BO3pacT MHTPY3UBHOTO MarMaTu3ma.
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Puc. 1. A — TekTOHUUECKOE CTpoeHMe dyHAaMeHTa [TedopcKoit CMHEKTN3BI U ee o6pamieHus (o Tumano-Ileyopckwuii..., 2000;
Bensakosa u Ap., 2008): 1 — BoctouHo-EBporneiickuit KpaToH; 2 — 3anmagHo-Cubupckas mimra; 3—6 — Ypai: 3 — [IpenypanbCKuit
KpaeBoit mporub, 4 — 3anagHo-YpaabcKas MerasoHa, rmajaeo3oiickue Komiiekcsl Iait-Xos, o-Ba Baitrau u apxumnenara Hosas
3emtst, 5 — LieHTpanbHO-YpaibcKas MerasoHa, BepxHenokeMb6puiickue komiuiekcsl [Taii-Xost, 0-Ba Bajtrau u apxumnenara Hoast
3emuist, 6 — BocTouHo-Ypanbckas Merasona; 7—11 — dyamamenT Tumano-ITedopckoit rintsi: 7 — TuMas, 8 — VxkeMcKast 30Ha,
9 — BBIXO/IbI HAa TIOBEPXHOCTb KOMILJIEKCOB yHAameHTa, 10 — [Teyopckas 30Ha, 11 — BosnbIesemenbckast 30Ha, 12 — IIpunevopckas
30Ha pa3loMoB (ceBepo-3amnaaHas yacTb — YapKaio-IIblieMelkuit pa3iom, I0T0-BOCTOYHAS YaCcTh — Vblu-UMKIIMHCKUI pa3-
som). B — cTpoeHne byHIaMeHTa I0ro-BOCTOYHOM YacTy V>kKeMCKO# 30HbBI 10 reodM3UUeCKUM JaHHbIM U pe3yabTaTam Oype-
Hus: 1 — CJIaHIIbI ¥ KBapLUMUTOIIeCYaHUKY BepxHero pudesi; 2 — KOHIVIOMepaThl, TOJMMUKTOBbIE aJIeBPOIUTDI, KpaCHOLIBETHbIE
ajeBpOCIaHIlbl BeHJa(?); 3 — IJIacThl MArHUTHBIX NTOPOJ; 4—5 — MHTPY3UBHbIE ITOPOJbI BEHICKOTO BO3pacTa: 4 — rpaHuUThI,
TPAHOOVIOPUTSI, 5 — raG6POAVIOPUTBI, IMOPUTSI, IVIATMOTPAHNUTBI; 6 — CKBasKVMHBI, BCKPBIBIIIME MarMaTudeckue mopoasl. Lindpamu
0603HaueHbl CKBakMHBI: 1 — 1-Yapkaio, 2 — 1-I0knast Yapkaio, 3 — 1-Bocrounas Yapkaio, 4 — 54-Cenysixa, 5 — 1-HoBas,
6 — 26-BocTouHas Xapbsira, 7 — 2-Besik, 8 — 4-Caupguseii. [IoquepKHYThI Ha3BaHMSI CKBaXKMH, 06CY>KAaEMBIX B 9TV paboTe

Fig. 1. A — tectonic structure of the basement of the Pechora basin and its frame (according to Timan-Pechora..., 2000; Belyakova
et al., 2008): 1 — East European Craton; 2 — West Siberian Plate; 3—6 — the Urals: 3 — Cis-Ural Foredeep, 4 — West Ural mega-
zone, Paleozoic complexes of Pai-Khoi, Vaigach Island, and Novaya Zemlya Archipelago, 5 — Central Ural megazone, Upper
Precambrian complexes of Pai-Khoi, Vaigach Island, and Novaya Zemlya Archipelago, 6 — East Ural megazone; 7—11 — base-
ment of the Pechora plate: 7 — Timan; 8 — Izhma zone; 9 — exposures of the basement; 10 — Pechora zone; 11 — Bolshezemelskaya
zone; 12 — Pripechora fault zone (northwestern part — Charkayu-Pylemets fault, southeastern part — Ilych-Chikshino fault).
B — basement structure of the south-eastern part of the Izhma zone according to geophysical data and drilling results:
1 — Upper Riphean schits and quartzite-sandstones; 2 — conglomerates, polymictic siltstones, red-coloured Vendian siltstones;
3 — layers of magnetic rocks; 4—5 — intrusive rocks of Vendian age: 4 — granites, granodiorites, 5 — gabbro-diorites, diorites,
plagiogranites; 6 — boreholes that reached igneous rocks. Numbers indicate boreholes: 1 — 1-Charkayu, 2 — 1-South Charkayu,
3 — 1-East Charkayu, 4 — 54-Seduyakha, 5 — 1-Novaya, 6 — 26-East Kharyaga, 7 — 2-Veyak, 8 — 4-Sandivey. The names of the
boreholes discussed in this paper are underlined
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1 BKJIIOUAETCSI B €e COCTaB. B reosornueckom CTpoeHUn
CHMHEK/IM3bI YUaCTBYIOT AMUCIOIMPOBaHHbIE 0CALOUHO-Me-
TamopduuecKye 1 MpopbIBaIoIIye MX MarMmaTudeckue 0o-
pa3oBaHMs BepxHeIOKeMOpUiicKoro ¢pyHIamMeHTa, Iepe-
KPBIThI€ OPJAOBUKCKO-KaifHO30/ICKMUM ILIaT(POPMEHHbIM
yexJI0M HeMeTaMOpP(}¥30BaHHbBIX OCAIOUHBIX U BYJTKaHO-
TreHHbIX MopoA. MOITHOCTD Uexja M3MeHs eTCsl OT 4—7 KM
B LIEHTPAJIbHbBIX YACTSIX BIAAMH CMHEKIN3bI 10 1—4 KM Ha
CBOJAX ¥ MOHATUSIX, IO3TOMY BbISICHEHME CTPOEHMS QyH-
naMeHTa [TeyopcKoii CMHEK/IN3bI 3aTPYAHEHO 110 MPUIM-
He OrpaHMYEHHOCTY Ie0IOTMYeCcKoii MH(GOpMaInu, ToJTy-
YyaeMOii MCK/IIOUUTEIbHO 0 KepHY CKBasKMH Pa3HbIX Ka-
Teropuii ybuHo 10 5 kM. B otgenbHbIX 610Kax TuMaHa
3a CYeT IITy0OOKOT0 3PO3MOHHOIO Cpe3a MOPOIHbIE KOM-
TJIeKChI QyHIaMeHTa BbIXOST Ha IOBEPXHOCTD.

Ionroe BpeMs Cy>XIeHUSI O CTPOEHUYM U TeKTOHUUe-
CKOVi mpupone dbyHaaMeHTa I1euopCcKOii CMHEKIN3BI OC-
HOBBIBAJIXCh HA OOIIMUX re0JIOTUUYECKUX COOOpasKeHMSIX,
aHa/IM3e perMoHaJbHbIX reopU3NIYeCcKMX MoJeii, XapaKkTe-
pe IucIoKaLuii I1aThopMeHHOTO uex/ia, ¥ JUIIb ¢ Hava-
J1a 50-X rooB IMPOIIJIOrO CTOJIETHS B CBSI3Y C IIPOBEIeHM-
€M r'eoJIoro-pasBelOuHbIX paboT Ha HeTh M ras cTajia Ha-
KaIIMBaThCs Teoormueckas MHGOpMaIys 0 CocTaBe Mo3J-
HeJgoKeMOpuiicKux obpasoBaHuii. O6006I1IeHMe reo-
JIOTMUECKUX U TeoPU3NUeCKUX MaTePUAaIOB IO CKBaXKM-
HaM, BCKPbIBIIMM (YHIaMEHT, ITPOBOAMIOCh B OCHOBHOM
JI. T. BenskoBoit (1982, 1988; Pudeii..., 1987; Bensakosa,
CremnaneHko, 1990, 1991). 3Tu faHHble, LOTIOJIHEHHbIE CBe-
IeHUSIMMU 110 HEMHOTOYMC/IEHHBIM BHOBb ITPOOYPEHHBIM
CKBa)XMHAaM, B HAaCTOsIIlee BPeMs COCTaBJISIOT (PaKToJIO-
TMYEeCKYI0 OCHOBY [JIS1 BbISICHEHUSI CTPOEHMS U TeofuHa-
MMUYECKOTO pa3BUTUS 3aKpbITOI yacTu IleuopcKoii cuHe-
k3l (TumaHo-Ileuopckuii..., 2002; bensskoBa u gp.,
2008; Pease et al., 2004).

Ha ocHoBaHUM TeodU3nIeCcKMX JaHHbBIX U Pe3yJIbTa-
TOB OypeHus B coctaBe pyHmamenTa TumaHo-ITedopckoit
TUIUTHI TI0 BellleCTBEHHOMY COCTaBy M XapaKTepy Marma-
TH3Ma BbIIE/ISIOTCS TUMaHCKMUI MeradaoK, BKIYAIOIIIA
cobcTBeHHO THMaH ¥ IIpUIerarolryio K Hemy C CeBepo-
BOCTOKa >keMCKy10 30HY, 1 bonbuiesemenbckuii mera-
6J10K B cocTaBe Ileuopckoii 1 BonblliesemMenbCckoil 30H
(Jenees u op., 1974; bensikoa, 1983; [lenees, 3ariopoxieBa,
1985; BenskoBa u ap., 2008). ['panniia Mexxay Meradioka-
MM IPOBOANUTCS IO [Ipuneyopckoit pa3aoMHONM 30HE, CO-
crosieit n3 Yapkato-IIpimemernikoro 1 Mibrd-YMKIIMHCKOTO
ITyOMHHBIX Pa3/IOMOB, IIPOCTUPAIOIINXCS B CEBEPO-3a-
MMagHOM HarpaBjeHuu oT Ypana go ITeuopomopckoii Bria-
nuHbl (KoctioueHko, 1994; OnoBAHUILHUKOB U Op., 1996).
Pa3yioMbl, He BhIpaskeHHbIE Ha TTOBEPXHOCTH, 3aPUKCUPO-
BaHbI I10 TTOJIOKUTEIBHO MarHUTHOM aHOMa/IUU, UMEeHY-
emoii ITpunevopckoii (Tadapos, 1970). Ee ¢BsI3b ¢ n3Bep-
SKeHHBIMM TTIOPOJaMU TOATBEPXKIaeTCS pe3y/lbTaTaMu IITy-
60Koro 6ypeHms.

B cTtpoennu TumaHcKoro Mera6ioka MpyMHMMAIOT yua-
cTue BepxHepudeiickie MpeuMyleCTBEHHO TEPPUTEH-
Hble OT/IOKeHMSsI, a Ha TMaHe BBIXOASIT Ha ITOBEPXHOCTD
1 KapOoHaTHBIe MTOpobl. B IbkeMCKoit 30He BCKPBIThIE
CKBa>KMHaMM TTOPOJIbI COMTOCTABJISIIOTCS 110 COCTaBY MPO-
Tosnta ¢ pudeitckumu cnanuamu Tumasa. I3 MHTPY3UB-
HBIX 06pa3oBaHmii Mpeob1afaloT IPaHUTOUIbI, pEXKe BCTpe-
YaloTCSI MOHILIOHUTbI, CUEHUTDI U JUOPUTHI.

B IMevopckoit u B [Ipumeyopckoii 30Hax GyHIaMeHT
CJIOKeH IUCTOLUMPOBAaHHBIMM BYJIKAHOT@HHBIMM TTOPOJa-
MM 6a3a/IbT-aHae 3UT-JalyT- PUOIMTOBO M3BECTKOBO-1IIe-

JIOUHOI cepum U uX Tyhamu ¢ IPoCIoIMy GUTUTOBUI-
HBIX CJIaHIIEB. IHTpY3MBHbBIE 06pa30BaHMsI Pa3IMUHOTO CO-
CTaBa, OT KMCJIOTO A0 Y/IbTPAaOCHOBHOIO, YCTaHAB/IMBAIOT-
s 10 Te0(M3MUECKUM JaHHBIM U pe3y/bTaTaM OypeHus.

B BosbliiesemenbCcKO 30He BepXHsSIS 4acTh pa3pesa
MpeacTaB/ieHa BepxHepudeicko-BeHACKMMM KPacHO-
LIBETHBIMU U CEPOI[BETHBIMY PUTMUUHO-CIOUCTBIMU TEP-
PUTEHHBIMU U TY(HOTEPPUTEHHBIMY OTIOKEHWUSIMM C TIpe-
obnamanneM TyhOUTOB M KUCIbIX BYJIKAaHUTOB. Hioke mpe-
rosaraeTcsl pa3BUTHe OCHOBHbBIX U YIbTPAOCHOBHBIX T10-
poz. UHTpy3MBHBIE TTIOPObl IIpeiCTaBIeHbl TPAaHUTOM -
IaMu 1 rabopo.

OcobeHHOCTH cTpoeHMs hyHaaMeHTa [Teyopckoit cu-
HeKJ/IN3bl, CIeKTP MarMaTUUeCKUX MOPOJ, 1al0T OCHOBA-
HJe UHTEPIIPEeTUPOBATh TMMaHCKMIT MeTrabJIoK KaK CeBe-
PO-BOCTOYHYIO (B COBpeMEeHHbIX KOOpIMHATaX) MacCUB-
HYI0 KOHTMHEHTaJIbHYI0 OKpanHy Bocrouno-EBporeiickoro
KoHTuHeHTa (ITyukoB, 1975; T'enteH, 1991). OHa pocTu-
pasnach o [Ipuredyopckoit 30HbI pa3jIOMOB, IIPeICTaBIs -
1omieit coboit cyTypy oporeHa TumaHug — ciief, 3aMbIKa-
Hus [Tedopckoro okeaHa (benskoBa, CTermaHeHKo, 1990,
1991; ITyukos, 2005; bensakosa u ap., 2008) B pe3ysbrare
akkpelMoHHbIX (benskoBa u ap., 2008) min KOMIU3UOH-
HbIX (Ky3HenoB u 1p., 2006, 2007) npoueccoB. B 3T0i1 30-
He, a TaK)Ke B PacIioyio)keHHbIX ceBepo-BocTouHee [leyop-
CKOJ1 1 Bosbllie3eMeIbCKOM 30HaX 0OGHAPYKMBAIOTCS T10-
poIbl, 06pPa30BaBIINECS B YCIOBUSX aKTUBHOM OKPaMHbI
(benskoa, CternaHeHko, 1991; [loBxxukosa u ap., 2000;
benskosa u ap., 2008).

Bospact mHTpy3uBHBIX Topof, dyHaaMeHTa [TedopcKoii
CMHEK/IN3bI B pa3HOe BpeMsI OCHOBBIBasICS Ha K-Ar, Rb-Sr
1 Pb-Pb 130TOMHO-re0XpOHOMETpUYECKUX AAHHbBIX (AKM-
moBa, 1980; ®uiiman u ap., 1981; AugpenueB, IMTBMHEHKO,
2007; Augpenues, Jlapuonos, 2000; Gee et al., 2000), a
B TIOC/IEIHEE IeCTUIIETVE OCHOBHOE BHUMAaHMe ObLIO yie-
JIeHO JioKaybHbIM U-Pb (SIMS) M30TOIHBIM aHaIM3aM Ip-
KOHA, B pe3y/ibTaTe Yero COBpeMeHHbIMM BO3PACTHBIMU
IaHHBIMM ObUTM OXapaKTepM30BaHbl MarMaTU4ecKye mo-
ponsi IIpumneyopckoit, Ileuopckoit u bosbliie3eMenbCcKo
30H (AHapeuueB u nap., 2014a; 2017a; 2023a; 202306;
Cob6onesa u ap., 2023).

B HacTosIemM cooOIeHMM MbI PUBOAYM I'eO0XUMMU -
yeckue 1 U-Pb (SIMS)-gaHHbIe 110 IIMPKOHAM U3 UHTPY-
3UBHBIX TTIOPOJ, BCKPBITHIX MATHIO CKBAXKMHAMM B 10TO-BOC-
TOYHO yacTu M>kemcKoit 30HbI B 1950—60-e roapr:
1-Hwkusia Ompa, 1-TTpunykekas, 11-Masnas ITepa, 1-I0xHbIi
Ixbep u 21-Tlanbio (puc. 1).

MeToabl UccnepoBaHus

KoHueHTpauumu rneTporeHHbIX 371IeMEeHTOB, IPeACTaB-
JICHHBIX B BUZi€ OKCUIOB, OIpee/ieHbl MeTOAOM TPaguLIv-
OHHOTO XMMMYeCKOro aHaim3a B TumaHo-Iledopckom Ha-
YYHO-UCC/IeS0BATeNIbCKOM LieHTpe (YxTa) u UHCTUTYyTE reo-
Jiornu Komu HaydHOro 1jeHTpa Ypanbckoro orpenenus PAH
(CoikTbIBKAp). OnipeneseHus COAePsKaHui 371eMEeHTOB-TIPH-
Meceil BBIIIOJTHEHBI METOL0M MacC-CIIeKTPOMEeTPUM C UH-
IYKTUBHO cBsi3aHHOM na3moit (ICP-MS) B IKII «['eoana-
JUTUK» IHCTHTYyTa reonoruu 1 reoxumuy YpO PAH (Exare-
PUHOYDPT), poLeaypbI OnmybMKoBaHbl (POHKMH 1 Ap., 2005).

U-Pb-maTupoBaHue eIMHUYHBIX 3€peH I[MPKOHA U3
ckBakuH 1-Huokusist Ompa, 11-Manas Ilepa, 1-10kHb11
I>xpep u 21-ITanbio MpoBOAUIOCH B LleHTpe M30TOITHBIX
uccnenoanuit actutyTta Kaprmuckoro (CaHkT-Iletep6ypr)
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Ha MOHHOM MMKpo30oHAe SHRIMP-Ile, a u3o6paskeHus BHY-
TpeHHel CTPYKTYPbI LIMPKOHOB IOTyUeHbl Ha CKAaHUPYIO-
IIeM 3JIeKTPOHHOM MMKpockorre CamScan MX2500 ¢ ka-
TomontoMmuHeceHTHOM cucteMmoit CLI/QUAZ2. IIvipkoHbI 13
ckB. 1-ITpuiykckas uccienoBannuch B LleHTpe MukpoaHa-
yim3a CraHdopackoro yHuBepcureta u ['eoyiornueckoi
cyk06b1 CILIA (SUMAC) Ha MoHHOM MMKpo3oHae SHRIMP-
RG. 306paskeHusI IMPKOHOB TOTy4YeHbI HAa CKAHMUPYIOIIEM
31eKTpoHHOM MuKpockorie JEOL LV 5600, ocHallleHHbIM
KaTOA0/IIOMMHECIIeHTHBIM 1eTeKTOPOM. VI30TOIHbIe U3-
MepeHMs BBITTOIHSINCH COTVIACHO CTaHAAPTHBIM Mpolie-
nypam: SHRIMP-IIe (Larionov et al., 2004), SHRIMP-RG
(Ireland, Gibson, 1998; Coble et al., 2018). O6paboTka 1o-
JIyUeHHbIX aHAIUTUUECKUX TaHHBIX IPOBeeHa C UCIO0Jb-
3oBaHueM nporpammbl SQUID-2 (Ludwig, 2009), ajis cra-
TUCTMYECKOTO aHan3a 1 rocrpoenus U-Pb-muarpamm mc-
M0b30BaHbI TpuiiokeHus Isoplot 3.75 (Ludwig, 2012) gis
nporpamMmbl Microsoft Excel n IsoplotR (Vermeesch, 2018).
Ornortrternst Pb/U HopMupoBaHbl Ha 3HaueHme 206Pb/238U =
=0.0668 B crangapTHoM LipkoHe TEMORA, uTo cooTBeT-
CTBYeT Bo3pacty 416.75 muH et (Black et al., 2003).

Oco6eHHOCTM MUHEepasibHOro
M XMMMUYECKOro coctaBa nopoga,

I'paHnTBI BOCTOYHOI1 1 OTO-BOCTOUHOM YacTy MxkemcKoi
30HbBI 0ObEAMHSIOTCS B HISKHEOMPYHCKMIT KOMIUIEKC JIBY-
onogsHbIX rpaHuTOoB (bernsikoBa, CrenaneHko, 1990, 1991 u
Ip.). OH npencTaB/ieH BeCbMa KPYITHbIM Te/I0M, BCKPBITHIM
CKBakMHOV 11-Masast Tlepa Ha mry6uHe 3311—3353 M,
a TaKoke AByMs MaccuBamu: HuskHeompuHCkum u TIpmimyk-
ckuM (puc. 1). HIoKHeOMpPUMHCKNIT MacCUB BCKPBIT CKBaXKM-
"Hamu 1-Hwmxkusas Ompa (1946—1970.1 m), 1-3anan-
Hag ITokua (2170—2268.4 m), 1-IOxxHb1M [I>Kbep (2232—

2305.4 m), a ITpmyKcKmit — ckBaskuHamu 1-ITpuitykekast
(3014—3122 m), 11-Cpennsisga MbinBa (2270—2363 m) u
12-Cpennsist MbiiBa (2325—2406 M). ['pannTHbIE Tena QK-
CUPYIOTCS B (DU3MUYECKUX MOJISIX KaK rPaBUTAIMOHHbIE M-
HUMYMBI U OTpuUllaTe/JbHble MarHUTHbIe aHOMaIUU.
Teonormyeckue B3aMMOOTHOIIEHMS C BMEIIAIOIVIMU [T0PO-
JlaMy YCTaHOBJIEHBI B CKB. 12-CpemHsss MbLiBa, rae HabImo-
JlaeTcsl PBYIIMIT KOHTaKT TPAHUTOB C IUCIOLPOBAHHBIMU
6voTuTOBBIMM CIaHIIaMM dyHaaMeHTa (beskoa u ip., 2008).

JOMMUHMPYIONIMM IE€TPOTUIIOM SIBJISIIOTCS ABYC/TIOSI -
Hble TPAaHUTHI (pUC. 2), U JUIIL B KpaeBOJ 4acTu
HwmxneompuHckoro maccusa (CKB. 1-FOxHbIi [IKbep) OT-
MeualoTcst 6MOTUTOBbIE TPAHOAVIOPUTHI, @ B CKB. 1-TIpmTyk-
CcKasi cpely MeJIKO3ePHUCTBIX TPAHUTOB HaOMIONAI0TCST KPYII-
HO3€pHMICThIe IerMaToMgHbIe IpaHUThI. [IpeobnagaioT po-
30BaTble U cepble MacCVBHbIE pABHOMEPHO MeJIKO- U Cpe[i-
He3epHUCThIE IOPOLAbI TPAHUTOBOV CTPYKTYPBI. [J1TaBHBIMU
MOPO006pa3syIIMMU MUHEpAIAMMU SIBJISIFOTCS KBapll, Ka-
JIVeBbII1 TTOJIEBOJA LITIAT M M7IaTMOKIIa3, BO BTOPOCTEIIEHHbIX
KOJIMYEeCTBAX MPUCYTCTBYIOT OMOTUT M MYyCKOBUT, aKIiec-
COpHble MMHEPaJbl NIpeJCcTaBleHbl MarHeTUTOM, alaTy-
TOM, LIMPKOHOM, TpaHaTOM, TUTAHUTOM, TYPMaJIMHOM, MO-
HaIMTOM, KCEHOTMMOM. BTOp1uHbIe M3MeHeHMs TPaHUTO-
V0B NPOSIBJIEHBI IPEUMYILLECTBEHHO B 30HaX pacciaHiie-
BaHMS U BBIPAKAIOTCS B Pa3sBUTUM XJIOPUTA, CEPULIUTA,
KaJIbLIUTA, SMIMI0Ta, HOBOOGPA30BaHHOTO KBaplia, 1iee-
CTMHA, MOITMOIEHUTA, TUPUTA U XAIbKOIIUPUTA.

Kpome rpaHuToB uccienoBaauch aMmpuboI-61moTu-
TOBbIE IVMOPUTHI, BCKPbITbIE CKB. 21-Tlanbro (3360—
3524 m) BocTouHee [IpMITYKCKOTO TPAHUTHOTO MacCuBa,
MpaKTUUYeCcKu Ha rpaHulie ¢ 30HOM Vnbrd-UMKIIMHCKOTO
pasnoMa. Cepble MeJIKO- U CpelHEe3ePHUCThIE IVOPUTHI,
MHBbELVPOBaHHbIE MeJIKMMM KPYTONagalolMU Tena-
MU J1€/iKOTPaHUTOB, MUMEIOT MaCCUBHYIO, HA OT[e/IbHbIX

Puc. 2. Mukpodortorpadpun mandoB 13 cCKBaXKuH (C aHaamu3aTopom): a — 1-Hiskusasg Ompa (06p. 125), b — 1-TIpuaykckas
(06p. 33), c — 11-Masnas ITepa (06p. 22), d — 1-10xkHbIiT [[kbep (06p. 19), e — 21-ITanmbio (06p. 30-11). Qz — kBap, Pl — miaruo-
Kia3, Fsp — mienouyHoit moneBoii mmnat, Bt — 6uotut, Hbl — poroBast o6mMaHka, Ms — MyCKOBUT, Ap — ariaTuUT

Fig. 2. Thin-section photomicrographs in cross polarized light from boreholes: a — 1-Nizhnyaya Omra (sample 125),b — 1-Pri-
lukskaya (sample 33), c — 11-Malaya Pera (sample 22), d — 1-South Djier (sample 19), e — 21-Palyu (sample 30-11). Qz — quartz,
P1 — plagioclase, Fsp — alkali feldspar, Bt — biotite, Hbl — hornblende, Ms — muscovite, Ap — apatite
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y4acTKax TPAaXUTOUAHYIO TEKCTYPY, 00YCIOBIEHHYIO T1a-
paniesbHOM OPUMEHTUPOBKONM JIENCT MJarnoksjasa.
CTpyKTypa Iopof, rmnmManoMophHO3epHIUCTASI, C JTEMEH-
Tamu TOpGUPOBUAHOM (pUC. 2). IMOPUTHI CJIOKEHBI I1J1a-
T'MOK/Ia30M, POTOBOJi 0OMaHKOI1, OMOTUTOM, KBaplemM U
MUKPOKIMH-TIEPTUTOM, aK1ieCCOPHbIe MMUHepabl IIpe/i-
CTaBJ/IeHbI allaTUTOM, IIMPKOHOM U PYOHBIM MUHEPAJIOM,
MpaKTU4YecKy Halleao 3aMellleHHbIM TUTAaHUTOM.

BonbIIMHCTBO M3yUYeHHbIX TPAaHUTOUA0B MMEIOT HOP-
MAaJIbHYIO IIeJIOYHOCTD (Tabsl. 1) 32 MCKIIOYEHVEM YaCTU
nopoy, ckB. 1-TIpuitykckas, comepsKaiiyx noBblllieHHOe (10
9.63 Mac. %) KoJIM4eCTBO Ie109ei.

Mo meTpoxuMmuueckoii Kaaccupurauum (puc. 3, a) mo-
ponpbl, BCKpbIThIe CKB. 1-HiokHsst OMpa, OTHOCSTCS K afa-
MeJUIUTaM, FPaHUTaM, IJIaTMOrPaHUTAM U TIaTUOIeKO-
rpaHuTam. 'paHntonasl cKB. 1-TTpuiaykckas sSIBJISIIOTCS
TPaHUTAMU, CyOLIETOYHBIMY U LIE€IOUYHBIMY TPAHUTAMMA.

Cks. 11-Maas [1epa BCKpbIBaeT TPOHAbEMUTHI M afaMer -
JINThI, a CKB. 1-I0HbIN [I)Xbep — TOHAIUTHI, TPAHOLMNO-
pUTBI ¥ TpaHUThI. i3yuyeHHbIe NOPOAbI CKB. 21-Tlanbo OT-
HOCSTCSI K JMOPUTAM M KBaplieBbIM AMOPUTAM.

ITo BenmumHe otHomeHust Na,0/K,0 npeobnagarommii
TUII I[@JIOUHOCTY TPAaHUTOUIOB U IMOPUTOB — KalneBo-
HaTpueBblii. HaTpreBylo ciennduKy MMeIOT BCe IPaHUTO-
unbl ckB. 1-I0xHbI1 [kbep (Na,O/K,0 — 1.31—1.57), nBa
cocrasa rpaHuTouAoB ckB. 1-Hukuaag Ompa (Na,0/K,0 —
2.79 u 2.84) 1 OOMH KBapLeBbIi IMOPUT CKB. 21-ITanbio
(Nay0/K,0 — 4.14). OTHOCUTEILHO MOBbILIEHHOEe COLep-
skanue K,0 oTMeuaeTcst TOIbKO B OBHOM 06paslie cybiie-
JIOUHOTO TpaHuTa 13 cKkB. 1-IIpmrykckas (Na,0/K,0 — 0.05).
ITo copepkanmnio K,O AyopuThI ¥ KBaplieBble IMOPUTHI CKB.
21-TTabI0 ¥ GOMBIIMHCTBO IPAHUTONUIOB OTHOCSTCS K BbI-
COKOKaJ/IMeBbIM MOPOaM, YaCTb TPAaHUTOMIOB CKB. 1-HVDKHSS
Ompa u ckB. 1-FOxHbBI [I3)Kbep — K yMepEeHHO-Ka/IMEeBbIM.

Ta6nauma 1. ComepskaHus MeTPOreHHbIX OKCUIOB B MHTPY3UBHBIX ITOpPOoAax MkeMcKoit 30HbI, Mac. %
Table 1. Main oxide contents in plutonic rocks of Izhma zone, wt. %

CkBaxXMHA 1-HwkHsag Ompa 1-ITpunykckas
Borehole 1-Nizhnyaya Omra 1-Prilukskaya
Dy6uHa, M 3109.2— | 3114.9— | 3117—
D‘épth’ ) 1960—1970.1 3049 3101.2—3109.2 1149 | 3117 122
N¢ o6pasiia
Sampll’e NLE). 125 | 125/1 | 125/2 | 125/3 | 125/4 | 32 33 | 331 | 332 33/3 33/4 33/5
Sio, 72.90 | 69.36 | 73.72 | 75.51 | 73.83 | 71.30 | 70.94 | 71.98 | 72.28 | 69.66 72.10 71.04
TiO, 033 | 000 | 0.11 | 0.17 | 005 | 0.15 | 020 | 0.20 | 0.16 0.20 0.20 0.20
Al,O5 13.84 | 17.60 | 16.18 | 15.28 | 16.47 | 14.65 | 14.92 | 14.33 | 14.52 | 14.78 14.82 14.92
Fe,05 0.48 | 0.66 | 0.16 | 052 | 1.00 | 1.76 | 032 | 0.10 | 0.07 0.72 1.84 0.57
FeO 119 | 249 | 086 | 0.15 | 050 | 022 | 1.44 | 1.51 | 0.93 0.22 0.22 1.22
MnO 0.03 | 0.03 | 002 | 000 | 000 | 002 | 003 | 0.02 | 0.00 0.01 0.03 0.01
MgO 039 | 033 | 030 | 032 | 000 | 1.04 | 1.04 | 1.11 | 0.16 0.96 1.12 0.88
Ca0O 091 | 126 | 090 | 059 | 0.84 | 090 | 1.57 | 1.34 | 1.00 1.12 1.34 1.01
Na,O 418 | 3.17 | 2.66 | 4.68 | 455 | 337 | 335 | 2.95 | 2.86 0.38 3.73 2.67
K,0 437 | 487 | 356 | 1.68 | 1.60 | 5.62 | 4.85 | 532 | 6.77 8.35 3.89 6.19
P,0; 0.14 | 0.15 | 0.14 | 000 | 0.00 | 0.09 | 0.08 | 0.19 | 0.16 0.22 0.10 0.21
Mor./LOI| 0.83 | 1.22 | 0.14 | 086 | 044 | 1.16 | 127 | 1.16 | 1.00 2.71 0.85 1.14
Cymma/Sum| 99.59 | 101,14 | 98.75 | 99.76 | 99.28 | 100.28 | 100.01 | 100.21 | 99.91 | 99.33 | 100.24 | 100.06
CxBaxkuHa |11-Manas Ilepa 1-FOskHbI1 [IxpED 21-Tlanbro
Borehole |11-Malaya Pera 1-South Djer 21-Palyu
Drybuna, m | 3316 3394 | 2200 | 2262.6—2265 3391.9—3395.9 3520—3524
Depth, m
Igarggll’g‘i}%a 22 | 2271 | 19 | 19/1 | 1922 | 30/10 | 30/11 | 30/15 | 30/32 | 30/36 | 32/7 | 32/9 | 32/10
Sio, 71.10 | 68.84 | 65.06 | 70.98 | 65.40 | 53.46 | 56.88 | 55.20 | 55.00 | 55.76 | 53.74 | 55.46 | 54.14
TiO, 045 | 040 | 0.80 | 0.26 | 0.84 | 1.59 | 1.84 | 2.00 | 1.47 | 1.33 | 1.95 | 191 | 1.94
Al,O5 13.28 | 1542 | 15.64 | 15.75 | 16.33 | 16.26 | 16.86 | 17.00 | 16.18 | 16.46 | 15.71 | 16.28 | 15.97
Fe,05 045 | 3.67 | 148 | 039 | 0.78 | 2.83 | 2.96 | 2.65 | 241 | 2.48 | 485 | 4.11 | 4.39
FeO 2.92 - 3.16 | 190 | 3.73 | 6.68 | 5.55 | 6.23 | 593 | 517 | 6.14 | 6.38 | 6.35
MnO 0.06 | 004 | 007 | 023 | 007 | 0.15 | 0.15 | 0.15 | 0.14 | 0.13 | 0.15 | 0.15 | 0.18
MgO 150 | 1.18 | 1.68 | 0.08 | 1.62 | 4.01 | 442 | 4.12 | 457 | 419 | 361 | 3.52 | 3.21
Ca0O 112 | 074 | 3.87 | 1.38 | 412 | 6.46 | 638 | 6.18 | 591 | 591 | 5.80 | 6.25 | 6.24
Na,O 2.79 | 336 | 3.86 | 426 | 3.24 | 2.83 | 2.36 | 248 | 2.76 | 2.89 | 227 | 2.39 | 2.34
K,0 404 | 3.67 | 2.84 | 326 | 2.07 | 2.18 | 057 | 225 | 2.62 | 2.56 | 242 | 221 | 2.29
P,0; 0.13 | 0.14 | 025 | 000 | 000 | 025 | 025 | 025 | 025 | 024 | 037 | 034 | 0.36
Moo /LOL | 2.00 | 243 | 139 | 1.16 | 1.03 | 241 | 124 | 137 | 1.99 | 244 | 220 | 1.72 | 1.69
Cymma/Sum| 99.84 | 99.89 | 100.10| 99.65 | 99.23 | 99.11 | 99.46 | 99.88 | 99.23 | 99.56 | 99.21 |100.72 | 99.10
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ITo comepskaHMIO 1€EMEHTOB-IIpUMeCeit ucciaenye- 449 r/1), Th (11.4; 11.7 r/T) U JOIIOTHUTEIHLHO JIETKUMM
Mble TPAaHMUTOUIBI MOXHO pas3buTh HA JBe TPYIIIbI: penkumu 3emisimu (LREE) u o6egaenst HFSE — Zr (32.2;
I — u3 ckB. 1-Hwxkussa Ompa u 1-ITpunykckas, II — u3 cks. 90.8 r/T), Hf (1.51; 3.42 1/T) — ¥ TSDKEJIBIMU PEIKUMMU 3EM-
11-Maunas ITepa u 1-FOkHbiii Ikbep (Ta6m. 2). [To cpaBHe- assmu (HREE). VX rimaBHBIM OT/IMYMEM OT TPAHUTOULOB
HMIO C MOZ,eJIbHBIM COCTaBOM I'DaHUTOB CpeAVMHHO-0Kea- I rpyniniel siBnsieTcs nosbinieHHoe cofepskanue REE B 1ieniom
Hu4eckux xpe6toB (Pearce et al., 1984) rpauntonap! [ rpyr- (129—186 r/T npotus 30—66 r/T B rpaHnTOMIAX | rPYIIIIbBI).
TIbI 0OOTalleHbl KPYMTHOMOHHBIMU JIUTOQWIBHBIMU J1€- JTO OT/IMYMeE XOPOILO BUAHO Ha rpadmkax pacrpeneneHus

menTamu (LILE) — K (1.33—6.93 mac. %), Rb (157; 276 1/T), REE, HopMmupoBaHHbIX K coctaBy xoHgpura CI (Sun,
Ba (187; 238 r/T), a Takke Th (6.20; 7.58 1/T) 1 06emHEHbI McDonough, 1989) (puc. 3, c). [I1s1 Bcex pacCMaTpMBaeMbIX

BbICOKO3apsimHbiMu snemenTamu (HFSE) — Nb (5.97; IPaHUTOUIOB XapakTepHo oborairenne LREE oTHocKTeNb-
7.89 /1), REE, Zr (64.0; 71.1 r/T), Hf (2.06; 2.26 1/T) (pUc. 3, HO HREE (Lay/Yby — 21—24 B rpanuTonnax I rpymmnst u
b). 'panuTtoupl II rpyIinbl IpUMMEpPHO Tak ke 060raneHbl 7—33 B rpaHuTOMIax Il rpyIinbl) 1 IPOSIBJIEHHbBIN TePUInT

LILE (K — 1.72—3.35 mac. %, Rb — 71; 128 r/1, Ba — 285; Eu (Eup/Euy” — 0.29—0.42 1 0.24—0.44 COOTBETCTBEHHO).
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Puc. 3. [lnarpamMmmbl Ojist TPAaHUTOUI,0B U OUOPUTOB MxkemcKoii 30HbI hyHIameHTa [leuopcKoit CMHeKIM3bl: a — Kiaccubukam-
onHas guarpamma (Na,O + K,0) - SiO, (Iletporpadmus..., 2001), b — cnaiipep-guarpamma pacrpeneneHus 31eMeHTOB-TIpume-
ceii, HOpMMPOBAHHBIX Ha MOZEbHBIN COCTAB I'PAaHUTA CPpeaMHHO-0KeaHnYecKux xpe6ToB (Pearce et al., 1984), ¢ — crieKTpbI
P33, HopMupoBaHHbIX K cocTaBy xoHapuTa CI (Sun, McDonough, 1989). CkBaxkuubl: 1 — 1-Hwkusiss Ompa, 2 — 1-TIpmnykckas,
3 — 11-Manas [epa, 4 — 1-I0kubIit Ikbep, 5 — 21-Tlanblo. [Tonst Ha guarpaMme (a): 1 — rab6poHOPUTHI, rab6po, rabopoano-
PUTHI; 2 — MOHIIOTa66p0; 3 — AMOPUTHI, 4 — MOHI[OAVIOPUTHI; 5 — MOHI[OHUTBI; 6 — KBApIIEBbIE AMOPUTHI; 7 — KBapIEBbIE MOH-
LOAMOPUTBI; 8 — CMeHUTHI; 9 — 1ie/iouHble CMeHUThI; 10 — ToHanuThl; 11 — rpaHOAMOPUTHI; 12 — KBaplleBble CUEHUTHI;
13 — miesouHbIe KBapIeBbIe CUEHUTHI; 14 — TpaHOCUMEHUTHI; 15 — 1IeI0UHbIEe TPAHOCUEHUTHI; 16 — TpOHABEMUTHI; 17 — ajma-
MeJITUThI; 18 — cy6lenouHblie TpaHuuThl; 19 — maarnorpanuTsl; 20 — rpaHuThl; 21 — HIeJI0UHbIE TPAHUTHI; 22 — MJIATMOKIA30-
BbI€ JIEMIKOTPAHUTHI; 23 — JIEKOTPAHUTHI; 24 — aJIICKUTHI; 25 — IIeJTIOUHbBIE AJISICKUTHI

Fig. 3. Diagrams for granitoids and diorites of the Izhma zone of the basement of Pechora basin. a — classification diagram
(Nay0 + K,0) - SiO, (Petrography..., 2001), b — spider-diagram for trace elements normalized to model composition of ocean
ridge granites (Pearce et al., 1984), c— chondrite-normalized (Sun, McDonough, 1989) REE chart. Numbers refer to boreholes:
1 — 1-Nizhnyaya Omra, 2 — 1-Prilukskaya, 3 — 11-Malaya Pera, 4 — 1-South Djer, 5 — 21-Palyu. Numbers refer to fields on (a):
1 — gabbronorite, gabbro, gabbrodiorite; 2 — monzogabbro; 3 — diorite, 4 — monzodiorite; 5 — monzonite; 6 — quartz diorite;
7 — quartz monzodiorite; 8 — syenite; 9 — alkaline syenite; 10 — tonalite; 11 — granodiorite; 12 — quartz syenite; 13 — alka-
line quartz syenite; 14 — granosyenite; 15 — alkaline granosyenite; 16 — trondhjemite; 17 — adamellite; 18 — subalkaline gra-
nite; 19 — plagiogranite; 20 — granite; 21 — alkaline granite; 22 — plagioclase leucogranite; 23 — leucogranite; 24 — alaskite;
25 — alkaline alaskite
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JImopuTbl U KBapleBble IMOPUTHI CKB. 21-Ilanpio 1o
cofep>kaHMIO 3IeMeHTOB-TIpMMeceit TTI0X0K!M Ha TPaHUTO-
uapl Il rpynmnel, 10 CpaBHEHUIO C KOTOPBIMM OHU COLEp-
KaT JIMIIb HecKonbKo 6onbiie Nb (24.8 r/T) u REE (325 1/T).

Pe3ynbTaThbl U UX 06CYKAEHUE

Cke. 1-Huxcnaa Ompa BCKpblia TpPaHUTBI B UHTEP-
Baje 1946.0—1970.1 M nox, HIXKHEOPAOBMUKCKUMU Tecya-
HUKaMM CeAbENbCKOI CBUTHI — OCHOBAHMS 0CaJOUHOTO
yexJia. LIMpKoHbI, BeigeleHHbIe 13 06p. 125 (1960 m), npexn-
CTaBJIEHbI CYyOUIMOMOP(MHBIMMU IJIMHHOIIPU3MATUUECKY -
MU KpUCT/IJIaMU CBET/IO-PO30BOTO 1IBeTa, TPO3PaYHbIMMU
Y MYTHBIMHU. [IJIHA KpUCTa/IOB cocTasisieT 106—
231 MKM, KO3GGULIMEHT YIJIMHEHMUS Kypn) 1.5—3.2.
Ha kaTomo/moMyHeCieHTHbIX M300pakeHUsIX (puc. 4) BUI -
HO, UTO JIJIs1 3epeH B OCHOBHOM XapaKTepHO SIpKOoe CBeue-
HMe (B HEKOTOPBIX 3epHax — TOJbKO B I[eHTPa/IbHbIX Ua-
CTSIX, @ KpaeBble MMPAaKTUYeCKY YepHbIe). B 6osbIieil yactu
3epeH HabII0aeTCs TOHKAST OCUMJ/UISIIIMOHHAS 30HAIb-
HOCTb, B 3epHe 7 30HAIbHOCTb OoJiee Tpybast. B HEKOTOPbIX
3epHax (3, 7, 9—11) MOXXHO IIPeTI0I0KUTD HaJluuMe yHac-
JleOBaHHBIX (BeTPUTOBbIX?) simep. B 3epHax 2, 6, 8, 10 n
SIIePHOV YaCTy 3epHa 3 COAepsKaTcCs BBITSIHYThIe, U30THY-
Thie ¥ aMeOOBUIHbIE TEMHbIE BKIIOUEHUS] Pa3MePOM 0
50 MKM.

[TpoananusupoBaHo 11 3epeH (Tabi. 3). Bce sHaue-
HUS aHAIUTUUECKUX JTaHHbIX KOHKOPJIAHTHBI, IVICKOP-
IAHTHOCTb BapbUPYeET OT +6 10 —3 %, HO MMOJIyYeHHbIe pe-
3y/JbTaThl HEOLHO3HAUHBI. MI30TOIIHbIE AaHHbIE T10 aHa-
JIUTUYECKUM KpaTepaM CeMM 3epeH, B KOTOPbIX aHATU3M-
pOoBaNIMCh CpegHMe U TTepudepuvecKyie YacTy 3epeH (30HbI

Cks. 1-Hmwxuss Ompa, 06p.125
-
1.1

¥ 100 Mmxm

Cks. 1-Ilpunykckas, 00p.33

3.1 4.1 61 71 11.1
- G T g @ &) e o g
L1 01 100 MxMm

Cks. 11-Mamnas Ilepa, 06p. 22

200 MKM »

Cks. 1-1OxHs1i1 Ixnep, 06p. 19

L1 21 200 MKM

Cks. 21-Ilansro, 06p.30-11

1.1 3.”
2.1 3.1

pocta), 06pa3yT KOMITAKTHBIN KIacTep, OTBEYAIOIIMi1
Bo3pacty 602 = 2 mutH jieT (puc. 5). ComepskaHus ypaHa
B 9TMX KpaTepax cocTtasisieT 232—940 MKr/T, TOpUs —
171—360 mkr/t, Th/U = 0.23—0.86. B KpaeBoii yacTu 3ep-
Ha 4 (U = 4185 mxr/r, Th = 205 mkr/t, Th/U = 0.05) mosy-
yeH Bo3pacT 559 * 2.4 mutH yieT. B Tpex 3epHax (3,7 u 9)
a”Haym3upoBauch sapa (U = 122—230 mxkr/tT, Th = 63—
129 mkr/t, Th/U = 0.42—0.58). ITo 3epHam 7 u 9 mosryueH
KOHKODJAHTHBINM Bo3pacT 1333 + 11 MJIH JieT, 110 3epHy 3 —
1662 * 18 MH J1eT.

Cke. 1-IIpunykckas BCKpblIa TPAaHUTBI B MHTEPBAJIe
3014—3122 m nom, KBapleBbIMM ITeCYaHMKaMy HUXKHEOP-
IOBUMKCKOM CeabeNbCKOM CBUTBI. AHAMM3MPOBAINCH 3€pHA
uypKoHa 13 06p. 33 (3101.2—3109.2 M). 3TO CBETIO-KeJI-
TOBATO-PO30BbIE, CBET/IO-PO30BbIE BHITSIHYThIE CYO-
UAMOMOPQHBIE KPUCTAIIbI OUITMPAMUIAIbHO-IPU3MATH-
yeckoro raburyca, jymHoi 60—500 MKM rpu Ky 3.5—17,
C IIaJKMMM TPaHsIMM, TPO3payHble U MOMYIIPO3pavyHbIe.
Ha kaTomo/moMyHeCieHTHBIX M300pakeHUsIX (puc. 4) BUI -
HO, UTO B 3epHax 1 ¥ 8 MpUCYTCTBYIOT 60jIee CBETIbIE LIUP-
KOHOBBIE SIIpa, OKPY>KeHHbIe 00jIee TEMHBIM HEe30Ha/Ib-
HBIM LIMPKOHOM. [I7151 3epeH 3 U 6 xapaKTepHa JIOCKyTHast
30HA/IbHOCTb, a 111 3epeH 2,4, 5 u 10 — ocIM/IISIMOH-
Has 30HaAbHOCTb. BHYTpeHHSS YacTh HEKOTOPBIX 3epeH
He30HabHas (3epHa 9, 11) uau uMeeT TOCKYTHYIO 30HaJb-
HOCTb (3epHO 7), a Ha nepudepun 3TMX KpUCTAJIIOB IPO-
sIBJIeHA TOHKAsT OCUMJIISIIMOHHAS 30HATbHOCTb.

[TpoaHanu3upoBaHo 11 3epeH (Tabn. 3). IyCKOpAAHT-
HOCTb aHAJIUTUYECKMX JAaHHbIX IIPEBbIIIaeT 5 % 1 JINIIb 10
yeTpIpeM 3epHaM (7,9, 10 u 11), npoaHaM3uPOBaHHBIM B
30HAaX pOCTa C TOHKO OCIM/IISILIMOHHO 30Ha/IbHOCTHIO
(U —115-361 r/1, Th — 79—215 r/1, Th/U — 0.54—1.11),

Puc. 4. KaTomonoMiHeclieHTHbIE M306paskeHNs 3epeH HYPKOHA ¢ HOMepaMy aHAJIUTUIECKUX KPaTepPOB AUMaMeTpPOM 25 MKM
Fig. 4. Cathodoluminescent images of zircon grains with numbers of analytical craters with a diameter of 25 microns
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Ta6amuna 2. CopepikaHue 3JIeMEeHTOB-TIPUMeceii B MHTPY3UBHBIX IMOpOAax VDKeMCKOi 30HbI, T/T

Table 2. Trace element contents in plutonic rocks of Izhma zone, ppm

CkBaXMHa 1-Hwkussa Ompa 1-TIpuykckas 11-Manas Ilepa | 1-FOxHbIi [IKbEp 21-Tlanbto
Borehole 1-Nizhnyaya Omra| 1-Prilukskaya 11-Malaya Pera 1-South Djer 21-Palyu
I;;ggll’:‘;%a 125 33 22 19 30/11
Li 181 43.7 61.0 41.5 3.49
Be 5.56 441 4.23 1.45 1.45
Sc 1.99 2.46 6.42 741 19.1
Ti 1011 1047 1551 2263 14069
\Y 8.70 13.1 25.4 59.1 273
Cr 4.60 6.92 9.51 16.4 9.40
Mn 212 146 251 226 1189
Co 2.97 3.64 6.13 7.75 26.3
Ni 3.74 4.07 5.36 7.39 15.2
Cu 8.40 23.7 5.02 27.5 19.0
Zn 40.9 32.1 324 62.0 121
Ga 21.8 21.3 17.0 16.7 26.9
Ge 1.47 1.16 1.51 1.02 9.90
Rb 276 157 128 70.5 133
Sr 88 87.7 54.8 328 458
Y 6.10 4.53 7.62 6.78 44.2
Zr 64.0 71.1 32.2 90.8 189
Nb 7.89 5.97 11.0 740 24.8
Mo 0.13 1.05 0.08 0.30 1.10
Ag 0.71 0.54 0.75 0.64 0.14
Cd 0.00 0.004 0.00 0.04 0.22
Sn 10.8 3.16 791 1.71 3.83
Sb 0.06 0.06 0.12 0.08 0.03
Te 0.00 0.07 0.01 0.00 0.16
Cs 194 5.93 114 591 2.50
Ba 187 238 285 449 716
La 14.0 11.3 25.6 41.1 64.3
Ce 29.4 24.0 54.5 84.2 138
Pr 3.29 2.92 6.42 9.54 16.4
Nd 12.1 10.8 25.3 35.0 60.9
Sm 2.36 2.20 5.66 5.80 11.7
Eu 0.32 041 0.90 1.17 2.69
Gd 1.64 1.58 4.53 3.50 11.2
Tb 0.23 0.22 0.61 0.42 1.58
Dy 1.22 1.08 3.00 2.26 8.46
Ho 0.20 0.19 0.46 0.38 1.57
Er 0.52 0.44 1.07 1.03 4.15
Tm 0.07 0.06 0.13 0.14 0.58
Yb 0.43 0.34 0.86 0.89 3.54
Lu 0.06 0.046 0.11 0.13 0.51
Hf 2.06 2.26 1.51 3.42 4.51
Ta 1.44 0.94 1.98 0.57 1.08
A 1.38 0.67 0.71 0.40 0.56
Tl 1.34 0.98 0.85 0.49 0.63
Pb 19.1 31.2 22.3 10.9 9.89
Bi 0.58 7.06 0.80 0.10 0.052
Th 7.58 6.20 11.7 114 13.8
U 2.84 2.99 4.30 2.33 1.77
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ToSyueH cpeJHeB3BellleHHbI i KOHKOPHIAHTHbBI BO3pacT
593 + 14 mutH sieT (puc. 6), COTIOCTaBUMBbIii C BO3PaCcTOM r'pa-
HUTOB U3 cKB. 1-HiokHsasg Ompa.

Cke. 11-Manas Ilepa pacrionoxeHa B 100 KM K ceBe-
po-3anany ot ckB. 1-HukHsst Ompa. 'paHUTBI BCKPBITHI B
uHTepBaje 3311—3353 M MoJ HYKHEeOPIOBUKCKMUMU ap-
TWITUTaMU HUOETbCKOI CBUTHI. LIMPKOHBI BbIEIEHBI U3
06p. 22 (3316—3324 m). OHM ITpeICTaB/IEHbI PO30BLIMMU ITO-
JIYTIPO3PayHbIMM CYOUAVMOMOPOHBIMU AJTMHHOIPU3MATH -
YyeCKMMMU KpucTtauiaMu giaHoin 130—440 MkM, KVM —2.5—
4.0. Ha KaTOmO/MIIOMMHECIIEHTHBIX U300 paskeHMsIX (puc. 4)
MPaKTMYECKY BO BCEX 3€pHAX HAO/IONAETCST TOHKAsT OCIMJI-
JISUMOHHAs 30HaJTbHOCTh WM ee caefbl. B 11leHTpa/bHOIi
YacTy 3epHa 5 COmep>KUTCSI OKaTaHHOE IETPUTOBOE SIIPO.

BeimonHeHo 11 aHanu30B B 10 3epHax (Tab:. 3). B nByx
kpatepax (9.1 n 10.2) AMCKOPLAHTHOCTb BO3PaCcTOB CO-
crasisteT 20 v 160 %, T03TOMY 3TU aHAIM3bI ObIIN VICKITIO-
YyeHbI U3 pacueTa. B ocTanbHbIX KpaTepax AMCKOPIAAHT-
HOCTb M3MeHseTcs oT +7 1o —3 %. B simpe 3epHa 5 (U — 313
/T, Th — 98 r/T, Th/U — 0.32) 3adMKCcUpOBaH KOHKOPIAHT-
HbIV BO3pacT, paBHbI 1464 * 11 miH neT. ITo ocTajbHBIM
Bocbmu 3epHaMm (U — 275—1973 r/T, Th — 96—414 r/T,
Th/U — 0.09—0.47), He3aBMUCUMO OT MeCTa JIOKaIM3alun
aHIUTUUYECKUX KPaTepoB, ITOTyYeH CpegHMT KOHKOP-
JIaHTHBII Bo3pacT 557 = 1 MutH siet (puc. 7). 3aMeTuMm, 4TO
paHee 13 3TOTO Ke 0Opa3iia 1o YeThIPEM 3€pHAM IIMPKO-
Ha 6b11 onipemenen 207Pb/206Pb-Bo3pacT METOIOM CTYIIEH-
YaTOTro MCIIapeHusI CBUHIIA, COCTaBMUBIIMIi 551 + 8 MutH JteT
(Gee et al., 2000).

B cke. 1-FOxcHeutil [cbep TpaHUTBI BCKPBITHI B MUHTEP-
Bajte 2232—2305.4 M 1107, ITlecuaHyKaMu CeIbEIbCKOI CBU-
ThI. LIMPKOHOBBIE 3epHA OTOMPAINCH U3 OMOTUTOBOTO Ipa-
HomuopwuTa (06p. 19, r. 2200 m). ITpeobnagaoT 6eciiBeT-
HbIE 10 CBET/IO-PO30BBIX YIJIMHEHHbIE OUTMPAMUAATbHO-
Tpu3MaTUyecKye mpo3pauHble, C I1aK0I MTOBEPXHOCTHIO
3epHa ayiuHoi 80—250 MKM mpu Kyan 5—6. B HUX Ha Ka-
TOJOIOMUHECIIEHTHBIX M300paskeHUsIX (pUcC. 4) BUAHA
rpybasi ocHM/UISIIMOHHAs 30HaJIbHOCTD. B 0ceBoit yacTu
3epeH 1 u 8 comepskaTcs KpyIHbIe TEMHbIE BKIOUEHMS.
LlenTpanabHast 30Ha 3epHa 7, bosiee cBeT/Ias B KATOAHbIX
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Puc. 6. [luarpaMmma ¢ KOHKOpAMEH 111 KpUCTA/UIOB IMPKOHA
13 rpaHUTOB CKB. 1-IIpmnykckas. KOHKOpAaHTHBIV BO3pacT
593 *+ 14 mutH net (26, n =4, CKBO = 0.79)

Fig. 6. Concordia diagram for zircon grains from granites of
the 1-Prilukskaya borehole. Concordant age — 593 * 14 Ma
(26,n =4, MSWD =0.79)
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JIy4yax, OKpy>keHa 6ojiee TeMHOJ KaiiMoit. 3epHo 9 Xapak-
TePU3YeTCs MOUTU M30METPUUHOI (OPMOIL U CIIakeH-
HBIMM OUepTaHMSIMMU, er0 TeMHas LieHTpaJbHas 4acThb
OKpY’KeHa CBeT/I0M KaiiMOi.
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Puc. 5. lnarpamma ¢ KOHKOpAMe# sl KpUCTA/IOB LIMPKOHA
13 rpaHuTOB CKB. 1-HiskHsst OMpa. 3gech 1 faiee Ha puc. 6—9
KOOPAMHATHI aHATUTUUECKUX KPaTepOB — LIEHTPbI /JTUIICOB
norpemHocTeit (+2c). Kpome TOr0, Ha BK/IagKaxX pUCYHKOB
6—9 111 HaITISIIHOCTY OTOGPaskeHbI GUTYPATUBHBIE JUTUTICHI
B yBeJIMUeHHOM MaciiTabe. Ha BKIaaKe, IeMOHCTPUPYIOLIE it
I[BETOBYIO I'paJalliio KOHLIEHTpaluit ypaHa, 6e/ibiM KOHTY-
POM BbIZieJIeH 3JUINIIC, [0 KOTOPOMY pacCUMTaH KOHKOPAAHT-
HbI} Bo3pacT 602 = 2 myH et (2o, n = 7, CKBO = (0.0028)

Fig. 5. Concordia diagram for zircon crystals from granites of
borehole 1-Nizhnyaya Omra. Here and below in Fig. 6—9 the
coordinates of analytical craters are the centers of error ellipses
(£20). In addition, for clarity, the inserts all pictures 6—9 show
figurative ellipses on an enlarged scale. On the inserts dem-
onstrating the color gradation of uranium concentrations,
the ellipse used to calculate the concordant age of 602 = 2 Ma
(26,n=7,MSWD = 0.0028) is outlined in white
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Puc. 7. Iuarpamma c KOHKOpAMeH IJis1 KpUCTAIOB LIMPKOHA
13 TPaHUTOB CKB. 11-Masnas [Tepa. KoHKOpAaHTHBI BO3pacT
557 =1 muH net (26, n = 8, CKBO = 1.5)

Fig. 7. Concordia diagram for zircon grains from granites of
the 11-Malaya Pera borehole. Concordant age — 557 £ 1 Ma
(20,n=8,MSWD = 1.5)
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Puc. 8. [lnarpaMma ¢ KOHKOPAMEH /it KPUCTA/IOB LIMPKOHA
13 TpaHOOMOPUTOB CKB. 1-IOskHbIN IKbep. KOHKOpIaHTHBI
Bo3pacT 536 = 8 mutH Jiet (26, n = 7, CKBO = 0.014)

Fig. 8. Concordia diagram for zircon grains from granites
of the 1-South Djer borehole. Concordant age — 536 = 8 Ma
(26,n =7, MSWD = 0.014)

PesynbraTsl aHanmMTMUECKMX M3MepeHuii B 10 3epHax
npuBeneHbl B Tab. 3. Cemb purypatuBHbix Touek (U —
426—1977 /1, Th — 229—3096 r/T, Th/U — 0.12—2.40) C
206pp/238U-Bo3pacTamu 530—552 MIH et Ha rpaduke
(puc. 8) cocTaBSIIOT KIacTep, COOTBETCTBYIOIINIT KOHKOP-
IaHTHOMY Bo3pacTty 536 * 8 MyTH jieT. ITo OCTa/IbHBIM TPEeM
3epHaMm (7, 8 u 9) nosydeHbl 60j1€e TpeBHME 3HAYEHMS
206ph238U-Bo3pacta — 994 * 24, 604 = 12 1 1691 31 maH
JIeT COOTBETCTBEHHO.

B cke. 21-ITanwio 1ion 4OIOMUTAMU U MepTreisiMu
CpeIHeOoPAOBMKCKOI MaToMaKapUXMHCKO CBUTHI B MH-
TepBae 3360—3524 M BCKpPBITHI AMOPUTHI. PaHee 13 06p.
30 ¢ rry6uHbI 3360 M 110 OTHOIIEHUIO PAaJMOTeHHbIX U30-
TornoB cBuHIa 207Pb/206Ph B yeThIpeX LMPKOHOBBIX 3€p-
Hax ObLI MosTy4yeH Bo3pacT 560 + 15 muiH et (Gee et al.,
2000). VcceqyeMble HAMM 3€pHa IIMPKOHA OTOUPAINCh
13 00p. 30/11 (3391.9—3395.9 m). OHM MpeaCTaBJISIIOT CO-
6071 CBETIIO-PO30BbIE MTPO3PAYHbIE UIMOMOPQHbIE 3epHA
OUIIMPaMMIATbHO-IPU3MATUUYECKOT0 06/IMKa ¥ 00JIOMKM
YIJMHEHHO-TIpU3MaTUUEeCKUX KpUCTaioB. Pasmep 3epeH
200—550 MKM mipu Kyan 4—5. Ha KaTomO/IOMUHECII€HT-
HBIX M300pa’keHMSIX B IMPKOHAX HAOIOAAI0TCS rpybast oc-
UWUISIIMOHHAS 30HAJIBHOCTD U c1aboe cBeueHue (puc. 4).
HecsiTh 3epeH LIMPKOHA MpoaHa/IM3MPOBaHbl B 11 KpaTe-
pax (Tabi. 3), cpegHMIT KOHKOPAAHTHBIN BO3PaCT COCTaB-
sisgeT 545 £ 3 mutH et (puc. 9).

3akiloueHue

PesysbTaTsl toKanbHOTO U-Pb (SIMS)-matupoBaHus
LIMPKOHOB 13 MarMaTU4eCKUX II0POJ, I0r0-BOCTOUHOM
yactu VskeMcKoit 30HbI pyHIameHTa [leyopckoii cuHe-
KJIN3bI CBUETENbCTBYIOT O IUCKPETHOCTY TPaHUTOreHe-
3a, YTO CTaBUT I10J, COMHeHMe OTHeCeHye II0POJ, K e MHO-
My KOMIUIeKCY. BO3MOXKHO, ero cienyeT BbIIesITh B 00be-
me HiskHeoMmpuHCKOro u [IpuiayKcKoro MmacCuBoB, Ha UTO
yKa3bIBaeT GJI1M30CTh IMPKOHOBBIX BO3PACTOB B CKB. 1-Hk-
Hsst Ompa (602 * 2 MutH 1eT) U B cKB. 1-TTpmtykckas (593 +
* 14 muH niet). [To-BuaMMOMY, X MOKHO COIIOCTaBUTD I10
BO3pAaCTy C BBIXOOAILIMMM Ha ITIOBEPXHOCTb UHTPY3UBHBI-
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Puc. 9. [lnarpaMma ¢ KOHKOPAMEH /11 KpUCTA/UIOB IIMPKOHA
U3 OuopuToB CKB. 21-Tlanbio. KOHKOpPAAHTHBIN BO3pacT
545 = 3 muH sieT (26, n = 11, CKBO = 0.024)

Fig. 9. Concordia diagram for zircon grains from diorites
of the 21-Palyu borehole. Concordant age — 545 = 3 Ma
(20,n=11, MSWD = 0.024)

mu ropogamu CeBepHoro TrmaHa, TeM 60jiee UTO OHM Ha-
XOIATCS B OOHOM KOpOBOM Merabjioke. SIMS-IaTupoBKU
10 UMPKOHAM U3 CeBePOTUMAHCKUX TrabOpomo/IepuToB,
OJIBUH-KEPCYTUTOBBIX rab0p0o, CMEHNTOB M I'PAHNUTOB
pa3HbIX MacCMBOB 00Pa3yIOT y3KUii MHTEpBaI — 617—
598 mutH Jsiet (Larionov et al., 2004, Andreichev et al., 2020,
Anpgpenues u p., 2021), a o6pa3oBaHue MOPOT, CBSI3bIBA-
eTCcsI C IUTIOMOBBIM MarmaTtusmom (CrernaHeHko, 2015;
Cob6onesa u ap., 2021).

Ipyroit anu3on MarMatusma 3aMKCUPOBaH B IIUP-
KOHaX 13 TPAaHUTOUIOB B CKB. 11-Matas I[Tepa (557 + 1 mitH
jieT) u B ckB. 1-1OkHbIi [[Kbep (536+8 MuTH j1eT). Biinskuit
Bo3pact (545 * 3 MJIH JIeT) TOKa3ajy HMPKOHBI U3 TUOPU-
TOB CKB 21-Ilanpi0. DTU NOPOAbl KOPPEIUPYIOTCS 10 BO3-
pacTy ¢ Mo3gHeBeHICKMMM CUHOPOTeHHbIMM I'PaHUTaMMU,
BCKDBITBIMM CKBasKMHamMu 54-Cemysixa, — 545 £ 7 MJTH j1eT
(AuppenyeB u Ap., 2014a), 1-Yapkaio — 544 + 6 MJTH JierT,
1-IOskHast Yapkato — 555 = 2 Myt JjieT 1 1-Bocrounast Yapkario
— 545 = 5 maH net (AHgpeudeB u ap., 2017a) B
[Tpumne4opcKoit 30He Pa3IOMOB, BIOIb KOTOPO¥ QYHKI[M-
OHMpOBAaJia 30Ha CyOMYKLIVY U CBSI3aHHAsI C HEJt OCTPOBO-
Iy>KHas CUCTeMa, 3aHMMaBlIasi Tepputopuio Iledopckoii
30HbL. VIM MpeJIiecTBYIOT IT03JHEOCTPOBOAYKHbIE TIIarmo-
TPaHNTBI, yCTaHOB/IeHHbIe B [leuopckoii 30He B ckB. 1-HoBast
— 564 + 5 mytH et (AHApendeB u ap., 2023a).

Bospacr, nipespiatommii 0.9 mapg et (B aHaauTuye-
cKMx Kpatepax 3.1 (1657 £ 9 mutH net), 7.1 (1333 £ 7 MH
jeT, 9.1 (1330 £ 11 MJIH J1eT) HUPKOHOB U3 TPAaHUTOB CKB.
1-Hwmxuss Ompa, kpatepe 8.1 (998 + 24 miH j1eT) UMPKOHA
13 rpaHUTOB CKB. 1-TIpmitykckast, kparepe 5.1 (1459 £ 6 MutH
JIeT) LIMPKOHA U3 TPaHUTOB CKB. 11-Maas I[lepa u kpare-
poB 7.1 (994 * 24 mutH ieT) 1 9.1 (1691 + 31 mutH J1eT) 3epeH
LMPKOHA U3 rpaHUTOB CKB. 1-I0xxHbIM [IKbep) MonydyeH 1o
MIpeuMYyILeCTBEHHO OKPYIIBIM SIApaM LIMPKOHA, KOTOPbIe,
IO BCeli BUAMMOCTH, YHAC/IeHOBaHbl M3 IPaHUTO00pa3yIo-
IIero, BEpOSITHO, 0OJIOMOYHOr0 cybcTpaTa. Ha 310 yKasbl-
BaeT HaJInuye aHaJOTUUHBIX JaTUPOBOK Cpeli BO3pacTOB
JIeTPUTOBBIX IIMPKOHOB U3 MeTaTepPUreHHbIX TIOPOJ, BepX-
HemokeMb6puiickoro pyHgaMeHTa TrMaHCKOTO Merabioka
ITeyopCKO¥1 TIINTBI, BLIXOISIETO HA TOBEPXHOCTDh B OTAE/b-
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HBIX HOIHITHSIX. DTO IIOPOAbI OapMUHCKOI cepum CeBepHOTro
Tumana (AHgpenueB u ap., 20146; 20176; 2018), uetnac-
ckon (YoopaTtuHa u ap., 2017; bpycauuyHa u gp., 2021;
Brusnitsyna et al., 2022), Bpimckoii (CoboseBa u 1ip., 2019)
u obapipckoii (CoboneBa u ap., 2024) cepuii CpenHero
Tumana, mxkexxnmckoit cButsl I0xkHoro Tumana (Ky3Henos
u ap., 2010; I'pakoBa u np., 2024; CoboneBa u ap., 2024).

Hccnedosarue svinonHero no meme «ImybunHoe cmpoe-
Hue, ze00uHamMu4eckas 36010Yus, 83aumodeticmeaue zeocgep,
Mazmamusm, Memamoppusm, U30MmonHas 2e0XpPoHoJI02Us
Tumaro-CesepoypaibCKozo cezmeHma aumocgepot» MHcmu-
myma zeonozuu @PUL] Komu HIL YpO PAH, I'P N2 122040600012
-2) c uacmuuHoti No00epcKoli 8 pamKkax memol 20Cy0apcmeeH-
Ho20 3adanus UIT YpO PAH (I'P N° 123011800013-6).

Asmopul 8vipaxcarom 61az00apHoCMb peyeH3eHmam 3a
KOHCMpYKMueHble 3ameuaHus, cnocobcmeosasuiue cyuje-
CMBEHHOMY YAYUUIEHU) CMambU.
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