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DOPMEPOBAHKS . .+« v vttt et et ettt et e e e e e et e e e e e e e e et e et e e e e
@ameesa A.A., Epogeesa K.I., Cmenanoea A.B. Mopdonorusi u BHyTpeHHEE CTPOCHHE LUPKOHA
B TEPPUTEHHBIX MOPOAAX SATYIHAS CEero3€PCKOM CTPYKTYPBI . « « o v e e e et e e et e e e e e eee
Xamoapo H., Ckyonoe C.I. IlepBbie TaHHBIE O BO3PACTE CIIOTyMEHOBBIX ITETMAaTUTOB MECTOPOXKICHIS
MMarku, npoBuHIKA HyprcTaH (AQTaHUCTAH) . . . .t v ettt et et ettt ettt et e e eeans
Xauampan M.I'. OcoOeHHOCTH MUHEPAIBEHOI'O U XUMUYECKOTO COCTaBa MeTaMOp(H30BaHHBIX KOHIJIO-
MEPATOB BOPOHBUX TYHIIP . . . o . ottt ettt e e e e e e e e e e e
Xnvicmyn C.H., baoanuna E.B., Casamenkoe B.M., /leprowes A.K. V3oronnas Pb cucremaruka
PEAKOMETAIITFHBIX TPAHUTOB U BMEIIAIONIUX WX MTOPOJ DTHIKHHCKOTO MECTOPOXKACHHUS . . . . oo v v o v .. o
Ilgemkoe M.O., Cnupun O.B. VccnenoBaHue aHU3OTPONHM IUAIEKTPUUECKOM NMPOHULIAEMOCTH
TOPHBIX MTOPO B AMama3one 4acToT 25 [i— 1 MITIT. ... ... e
Yeoomapesa B.A., /lyokosea K.A., Illumnose C.b., Ky3neyoe A.b. I'ecoxummaeckne 0coOCHHOCTH
TJIMHUCTO-KapOOHATHBIX TOPOJ] MOTPAaHUYHOTO CEHOMAaH-TYPOHCKOTO ypoBHs FOro-3anagnoro Kpeima
Yyakoea E.b., 3enenxoeckuii I1.C., Xoxpsakoe B.P. CHOyreoXuMu4uecKasi CbeMKa Kak METOJI KOHTPOJIS
3arpS3HEHUSI ATMOCHEPHOTO BOBIYXEA . « - ¢ v v e v et et et et e et e e e e e et e e e e e e e e e e e
Hlamcymounose M./1., Ilempoe¢ C.B. KanueBble MOJIEBbIE MINATHI 30J10TOPYJHOIO MECTOPOXKIEeHUS Ps-
OMHOBOE KaK MOTEHIIHMATBHBINA TOMYTHBIM KOMIIOHEHT PYIL - « « ¢ o v vt v te e et et et et et e e e e ee e
Hlanosanoe A.B., I'oe¢ A.I. JloxanpHass TEKTOHMKA BOPOHEKCKOTO KPHUCTAUIMIECKOTO MacCHUBa
METOJOM QYHKIIHHA TIPHUEMHIKR . « « « « o v v et e et ettt e e et e e et e e e et e e e e e et e e e e e e
Hlapnape H/JI., Posckosa H.H. OnieHka BOCIIPOM3BOAMMOCTH CIIOCO0a MOJYYESHUSI HAHOYACTHI] KBapia
W3 IIYHTHTOBBIX TIOPOL « - « .« e vt et et et et et et et et e e e e e e et e e e e e et e e e et e e e e
Hlupseesa I1.B., Camconos A.B., Epogeesa K.I'., Cmenanosa A.B., Makcumoe O.A., Kunuueea O.E.
Onenka ycnoBwii (DOPMHPOBaHUS TPaHUTOB B TPAHYJIUTOBBIX Komrmiekcax Jlammanmcko-Komsckoro
OpOTeHa: pe3yNIbTaThl U3yUeHHUs TOyOOTo KBapIa U IMpKoHa B rpaHuTax 0. O3zepuanka [lopreii ry0sr
HOpuues A.H. AxrieccopHOE CaMOpPOAHOE cepedpo M3 BHICOKOTIIMHO3EMHCTHIX XPOMHUTHTOB Boiikapo-
CorapracKOoT0 MaccuBa (ITomsapHBIH Yparm, PocCrsT) ... .. .. o
HOcynosa A.P., Hypeanueea H.I'. OcoOEHHOCTH BEIIECCTBEHHOTO COCTaBa JOHHBIX OTIIOKCHHM 03epa
Kangpeikynb (PecryOmuka BamKopTOCTaH). . . . .. oot
Axoenes E.IO., /Ipyncununa A.C., [pyscunun C.B., Heanuenko H.JI. Tsoxenvie MeTawibl B HOA3EMHBIX
Bozax [IpeaBomKbs 1 NOTEHIUATBHBIE PUCKH AJISI 30POBBS HACCTICHUS - « .« v o v veeeeeeeeee e
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3AKOHOMEPHOCTH PACITPOCTPAHEHMA TAXKEJIBIX METAJIJIOB
N METAJIJIONIOB B ITIOYBAX HEKOTOPBIX OB BEKTOB HE®TEIIPOMBICJIA
PECIIYBJIMKH KPBIM (MBIC KA3AHTHUIIL, O3. TOBEYHUKCKOE)

AJlekceeBa I/I.E.l, BecconoBa A.M.l, 3ejIeHKOBCKMIl H.C.l, Homauncxuii L.A."2

! Canxm-ITemep6ypeckuii 2ocyoapemeentviii yrusepcumenn, i.alekseeval 92020@gmail.com
? Poccutickuii 2ocydapemeennviii nedazoeuveckuii ynusepcumem um. A.M. Tepyena

BBenenue. Oxup1ii HeTera3zosslii pervon Poccun, rmovatomuii B ceds Kpeim u mensd Yep-
HOTO U A30BCKOTO MOpEH, SIBISIETCS OJHUM W3 He(dTerazomoObIBAIONIMX PETHOHOB Ha TEPPUTOPHUH
Poccuiickoit deneparuu.

OcHoOBHas yacTh yrieBoa0poa0oB FOKHOToO pernoHa cocpefoToyeHa Ha menbde, OJHAKO 3HAYu-
TeJbHBIE 3amackl He)TH U Ta3a OOHAPYKEHBI U Ha CYIIIE.

KepueHckuii moJiyocTpoB, pacloioKEHHBIH B BOCTOUHOM yacTtu KpbiMa, Takxe obianaer o6-
IUPHON 6a301 MPUPOTHBIX YTIECBOAOPOIOB.

Jlo6siya HepTH Ha moxyocTpoBe Hayanach eme B XIX Beke, koraa Ha TeppuTopun YoHTeIeK-
CKOTo MecTopokaeHus B 1866 1. Obuta mpoOypeHa nepBas HEPTsAHAS CKBaXKHHA (B TOM YHCIIE Mep-
Basg B KpbIMy). DkcruryaTanusi MECTOPOXACHUS MPOaoJIKanach BIUIOTh A0 1960-x rr. B Hacrosmiee
BpeMsi Ha TEeppUTOpUU YOHTEIEKCKOro MECTOPOXKICHUS 3aKOHCepBHpoBaHa 61 ckBaxkuHa, U3 19
MPOUCXOJUT CaMOIIPOU3BOJIBHOE U3NTMBaHNE HE(DTHU HA MOBEPXHOCTHh 3€MIIH, B PE3yJIbTAaTe Yero 00-
pasyroTcs HeOousbIMe Mo pasmepy HedTsHble o3epa. M3nuBanue HedTH HA MOBEPXHOCTH 3eMIIH
HOCHUT OTYACTU MPHUPOJAHBIN XapakTep, BCIECICTBUE OCOOCHHOCTEH I'€0JIOrMUeCKOro CTPOEHUs JaH-
HOU TEPPUTOPUH.

Kpome Toro, oqHUM U3 KPYITHBIX MECTOpPOXAeHHH HepTr Ha KepueHCKOM TOTyOCTpOBE SBISETCS
MpeicoBoe (KazaHTHIICKOE) MECTOPOKICHHE, PACIIOIOKEHHOE B KOTJIOBUHE Mbica KazanTum. Xapak-
TEPHOH OCOOEHHOCTHIO MECTOPOXKACHHUSI SBISETCS HAJIM4YME MPUIIETAIoNiero K Hemy KaszaHTuIickoro
roCy/IapCTBEHHOTO 3alOBEHUKA, OOpaMJISIONIET0 TEPPUTOPHIO KOTJIOBHHBI. Takoe B3aUMHOE pacrio-
JIO)KeHUE OOBEKTOB HePTEHpPOMBICTA U 0CO00 OXpaHSEMBIX MPUPOTHBIX TEPPUTOPUN TPEaIoIaraet
BO3MO)KHOE HAJIMYUE aHTPOMOIC€HHOI'O BO3JIEHCTBUS Ha 3alOBEIHMK, B MpPEEIax KOTOPOro MPUPOI-
Hasl cpeia JOHKHA COXPAHATHCS B €CTECTBEHHOM COCTOSIHUM, a JTF00asi XO3sHCTBEHHAS e TEIbHOCTD
YeJIoBEKa CTPOro 3aIperaercs.

Obvexmul uccnedosanus — KOTIoBUHa M. KazaHTur, rie Ha HACTOAIINI MOMEHT MPOU3BOIUTCS
no6br9a HeTH, U paiioH ObIBIIEr0o YOHTEIEKCKOT0 MECTOPOXKAEHUST HeTH, IpuiIeraromui K o3. To-
6eunkckoe. K kxornoBune M. Kazantun npuypouen KazaHTurickuil 3amoBeIHHMK, KOTOPBIH MOXET
OBITH TIOJIBEP)KEH BO3JECHCTBHIO CO CTOPOHBI HedTeao0bIBatomero koMmiiekca. Paiion 03. TobOeunk-
CKO€ TI0/IBEP>KEH BO3ICUCTBHUIO KaK BCIIEICTBUE paHee MPOBOAUMON TOOBIYH, TaK U MO €CTECTBEHHBIM
IpUYKHAM, 00YCIOBIEHHBIM OCOOCHHOCTSIMU T'€0JIOTMYECKOT0 CTPOCHUS TEPPUTOPHUH.

Llenv pabomel — yCTAaHOBUTH 3aKOHOMEPHOCTH PACTIPOCTPAHECHHSI TSKEIBIX METAJUIOB U METall-
JIOUJIOB B MOYBAaX HEKOTOPBIX 00hekTOB HedTenpombiciaa Pecnydnuku Kpeim (M. KazanTun, paiion
03. Tobeunkckoe).

Metoabl uccienoBanmsi. [Ipoosr mouBsl oTOMpanuce MeTogoM KoHBepTa coriacHo ['OCT
17.4.4.02-2017. IIpo6ooTbop Ha M. Kazantun ocymectsisiucsa depe3 kaxasie 200 m. B pabore
TaKXe YYUTHIBAIOTCA 12 mpo0 MOYBHI, OTOOpAHHBIX HA TeppUTOpHUH 3amoBeaHuka B 2019 r. Ha Tep-
putopun YOHTEIEKCKOTO MECTOPOXKACHHS OBLIO MpoioxkeHo Tpu mpodwis. [Ipodsr oTOMpanmicey
yepes 15 m.

Anamu3 npo6 Ha coxepxkanue Cd, Ni, Cu, Pb, Zn, As, Cr, Mn, Co, Hg ocymiecTBisiiicss ¢ momo-
IO ONMTHYECKOTo AMUcCHOHHOTO criekTpoMerpa ICPE-9000. [Tpo6sl, oTobpannbie B 2019 r. Ha Tep-
putopun Ka3aHTUIICKOTO 3ari0BeIHUKA, aHATM3UPOBAIUCh Ha conepxkanue Cu, Cr, Zn, Pb, Ni pentre-
HO(ITYOPECIICHTHBIM METOJIOM C TIOMOIIIBI0 PEHTI€HOBCKOTO aHanu3aropa AP-104.

Ilempo3sasoock, 1-4 okmsbpsa 2024 2. 7
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B nensix omeHku 3arpsi3HEHUs TEPPUTOPHH UCCIEITYEMBIMU TSHKETBIMUA METAIJIaMH U METAIIJIOU-
JlaMU1 TIPOBOJIMJICS pacdeT CyMMapHOTO Tokasarens 3arpsisHenus Z, (Caer u ap., 1990):

Z.= XK —(n—1).
Pacuer (bOHOBLIX KOHI_ICHTpaLII/Iﬁ HCCIICAYCMBIX 3JICMCHTOB OCYLICCTBIIAJICA IO MCAUAHC, YTO
IMMO3BOJICT YUECTh TCOXUMHNYCCKUEC OCOOEHHOCTH TEPPUTOPHUUN NCCIICAOBAHM.
Pe3yJ'lLTaTI>I ucciaenopanus. I1o pe3yjibTaTaM JIa60paTOpHBIX HCCIIeIOBaHUM ObLIH MMOCTPOCHELL

COOTBETCTBYIOIINE KapThI-CXEMbI 3HAYCHUH CYMMAapHOTO ITOKa3aTelisl 3arpsi3HEHUs TO0YB Ui TeppH-
topun M. Kazantun (puc. 1) u paiiona o3. Tobeunkckoe (puc. 2).

VeioBHbIe 0003HAYeHHSI

[ Teppuropns Kazantunckoro
3aMOBCTHUKA

O Hedyranbie kavanku

3HaueHHE CYMMapHOro Nokasarens

3arpA3HCHHA ZC B TOUKAX HaOMIONCHHA:

. <8
@s-16
(1632
@

— p. Huna
b — I'pynropas gopora
[ e— B [IpoMblILIEHHBIE 00BEKTBI

Puc. 1. KapTa-cxeMa CYMMAapHOTO IMOKAa3aTCyid 3arpsA3HCHUA IIOYB KOTJIOBUHEIL M. KazanTun

03. Tobeyukckoe

VeaoBHele 0603HAYEHHA
3HaueHHe CYMMapHOTO NoKasaresst Z¢
B TOYKAX uaﬁmoncum:

0~

@®si6
W 3B vedirn
= Crok He)TH OT MecTa N3THBA
= ['pyHTOBas j1opora
7 03. Tobeunkckoe

Puc. 2. Kapra-cxema cyMMapHOTO TTOKa3aTels 3arpsi3HeHNs [T0YB B paiioHe 03. Tobeunkckoe

Ilemposasoock, 1-4 oxmabps 2024 2. 8
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IIo CYMMAPHOMY MOKAa3aTCJII0 3arpsA3HCHUSA MOYB TAKCIBIMHA MCTAJUIAMU U MCTAJLJIOUaMH TCP-
puTopusl KOTJIOBUHBI M. KazaHTun XapakTepusyercss HU3KUM YPOBHEM 3arpsi3HEHHs, OJHAKO HaOIIo-
JaeTcs JIoKaJabHOoe 3arpsisHeHrne. OOHapyKeHBI IBe TOYKU HAOIOACHUS, T/Ie 3HAUCHUE MOKa3aTens Zc
XapaKTepU3yeT YPOBEHB 3arpsi3HEHUS KaK YMepPeHHO omnacHbii (0T 16 1o 32) u onacHerit (>32). Jlan-
HbIe TOYKH HAOJIIOJICHUS TPUYPOUEHBI K IICHTPAJIBbHON J0pOre W MPOMBILIUICHHBIM OOBEKTaM.
HauGonwsmuii BKas B 3arpssHeHue BHocAT As, Pb, Cu.

Pe3ynbraThl aHanu3a MOJy4EHHBIX 3HAYCHUM CyMMapHOIO IIOKAa3aTellsd 3arpsi3HEHMs [I04YB TEPPHU-
TOpHH pailoHa 03. TOOEUUKCKOE TOBOPAT O HU3KOM (JOIYCTUMOM) YPOBHE 3arps3HEHUU MMOYB JIAHHO-
ro 00BeKTa UCCIICIOBAHMUS.

BoiBoabl. Takum 00pa3oM, BBISIBJICHHBIE 3aKOHOMEPHOCTU PACIPOCTPAHEHMSI M3Y4aeMbIX MOJI-
JJFOTAHTOB B ITIOYBax O6’bCKTOB HACTOALICIO UCCICAOBAHUA IIO3BOJJIAOT CACIATH BBIBOJ O HAJIWYUHN
BO3JICHCTBUS HEe(TEIOOBIBAIOIIETO KOMITJIEKCA Ha TEPPUTOPUIO KOTIOBHHBI M. Kazantun. OCHOBHOMU
BKJIa]] B 3arpsi3HEHHE TIOYB KOTJIOBUHBI CBS3aH HE CTOJBKO C HEMOCPEACTBEHHOHN N0ObIUYeH HedTH,
CKOJIBKO C JAPYTMMHU BUJAMH aHTPOIIOT€HHOH NEeATENbHOCTH, COMPOBOXKIAIONINMH €€ (TpaHCHIOpTH-
POBKa, CXKHTaHUE U JIp.), TAaK KaK TOYKU ¢ HanOoJiee BEICOKMMH 3HAYCHHUSIMH UCCIIEyeMbIX MOKa3aTe-
JIel IPUYpOYCHBI B OCHOBHOM K TIPOMBIIIUICHHBIM O0BEKTaM M aBTOMOOWMIIBHOU nopore. [Togo0HbIit
YPOBEHb 3arpsI3HEHUs XapaKTEePEH AJIs IPOMBILITICHHBIX PAaOHOB.

Ha Tepputopun uccrnenopanus B palione o3. ToOeunKkckoe ke 3arps3HEHHUE TTOYB HOCHUT JIMIITh
y3KO JIOKaJbHBIM XapakTep U MPHUYPOUECHO HEMOCPEICTBEHHO K MECTY M3JHMBa He(TH HA MOBEpX-
HOCTb 3€MJIH.

Cnmcok JIuTepaTypsl

I'OCT 17.4.4.02-2017 MexrocynapcTBeHHbIH crannapt. Oxpana npupossl. [Tousl. Metonsl 0T00pa U HOATOTOBKU
npo0 /I XMMHUYECKOTro, 0aKTepHOJIOrMYecKOro, TeJIbMHUHTOJIOTHYECKOro aHanm3a — Beex. 2019-01-01. — M.: U3n-Bo
cranaapTos, 2017. 10 c.

Caem IO.E., Pesuu b.A., Anun E.I1. u op. I'eoxumus okpyxaromieii cpeasl. M.: Heapa, 1990. 335 c.

Iemposzasoock, 1—4 oxmsbps 2024 . 9
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OLIEHKA IIOJ3EMHOIi COCTABJISIOILEN B IPUTOKAX PEKH OBH
B PAIOHE IOCEJKA AKCAPKA C MOMOIIBIO METO/A CMEIIEHMS
(ITO MMHEPAJIA3ALINN)

Auaentbes 10.10.

Hnuemumym eeoepagpuu PAH, alentev49@jigras.ru

Munepanusanus 1 TeMiepaTrypa sBISIOTCS OJHUMH U3 HanboJiee JIETKUX B ONpPEICIICHUH Ta-
pPaMeTpOB MOBEPXHOCTHBIX BOJOTOKOB, OLIEHKY KOTOPBIX MOKHO BBIITOJIHUTH HEMOCPEACTBEHHO Ha
MECTe B TOJIEBBIX YCIOBUAX. HO Ha OCHOBE JaHHBIX ATHX IMapaMEeTpoB (TeMIeparypa, MUHEpalIn3a-
1), UCIIOJIB3YSI METOJ CMEIICHHS, MOXKHO CHelaTh IMpelBapUTelbHbIe BHIBOABI 00 OCHOBHBIX HC-
TOYHUKAX MUTaHHs TTOBEPXHOCTHBIX BOJOTOKOB U BOJJOEMOB, a TAaKXKE BBISIBUTH YYaCTKHU ¢ HauboJee
WHTEHCUBHOW pa3rpy3KOH MOA3EMHBIX BOJ U YYAaCTKH, MOJBEPKEHHBIE aHTPOIIOT€HHOMY 3arps3He-
HuUto (Anentbes, 2023).

Ceno Axkcapka pacroyioXeHO Ha TeppuTtopuu SIMano-HeHenKkoro aBTOHOMHOTO OKpyra U sIBJIsI€T-
csl IMUHUCTPATUBHBIM LeHTpoM [Ipuypanbsckoro paitona. Ceno pacnosioxeHo Ha Gepery pexu O0wH.
[Tomumo OOM B pailoHEe HACEJIEHHOTO IMMyHKTa AKCapKa PacroJIOKEHO YEThIPE BOIOTOKA, SBIISIOIIHUX CS
ee npurokamu — [lepsoiit Jlor, bespimsaunsiii Jlor, Cennoii Jlor, peka IlemGoii — 1 HeckoabKo Oonee
MEJIKUX BOJOTOKOB. PazMenieHue JaHHbIX BOJOTOKOB ITOKa3aHO HAa PUCYHKeE 1.

Puc. 1. Cxema pacrnonoxeHusi UCCIeTYEMbIX BOJIOTOKOB

Bonoc6opnas mmomans pyubs Ilepssiit Jlor cocraBiser mopsaka 12 KM, [UTHHA — 5 KM. [[upuna
pycia BomoTOKa KoneOnercs B mpeaenax 2—3 m. CpemHsis riyOuHa BomoToka m3mensercs: ot 0.2 1o
0.4 M. BomocbopHrast Tutorniaib pyubs be3bIMSHHBIN cocTaBisieT 2 KM’, JUIMHA pyciia COCTaBIISIET TIOPSII-
Ka 2.5 kM. BoJOTOK Ce30HHBIN, B 3MMHUI MEPUOJ MOJHOCTBIO niepemep3aeT. Pydeit Cennoit Jlor umeer
BOJIOCOOpHYIO TIomab mopsiaka 0.5 KM JlnmuHa pycna cocraBisieT nopsiaka 1 km. Peka [Tem6oit ume-
€T BOJAOCOOPHYIO IJIOIIa /b 0K0J10 70 KM Jnmuna peku coctaBisieT 18 k.

Ilempo3zasoock, 1-4 oxmsbps 2024 2. 10
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B Hactosimieii pabore OynyT paccMoTpeHsl Tpu BopoToka: pyueit Ilepssiit Jlor, pyueit Cennoit
Jlor, peka IlemOoii. B maHHBIX BOJOTOKAaxX JOKHO TMpeoOjaaaTh MUTAHUE 3a CUET aTMOC(EpPHBIX
0CaJIKOB (B TIEPBYIO OYEpelb CHETOBOE), HO B KAUECTBE JAOMOIHUTEIHHOTO UCTOUHUKA TUTAHUS MOXKET
BBICTYNIaTh pasrpy3ka U3 BOJOHOCHBIX ropu3oHTOB. Ha paccmarpuBaemoil TeppuTOpuH Haumbojee
OMU3KUMHU K 36MHOU TMOBEPXHOCTH (T10 TIIyOMHE 3aJIeraHus) MOXHO BBIICIHUTH JIBa BOJOHOCHBIX KOM-
TIeKca, MPUYPOUYCHHBIX:

¢ K HCPACUJICHCHHBIM BCPXHHUM U COBPCMCHHBIM aJUTIOBUAJIbHO-MOPCKUM, O3CPHO-AJUTIOBUAJIbHBIM
1 aJUIIOBUAJIBHBIM OTJIOXKCHUAM,

® K HEpacCWICHECHHBIM aJIbII-CEHOMAHCKUM OTJIOXKEHUSIM.

3aneraHve OTJIOKEHHMI MOKa3aHO HAa CXEMaTUYHOM THAPOTreO0JOTHYECKOM pas3pese, MPUBEICH-
HOM Ha puUCyHKe. 2. BOJOHOCHBIE TOPU30HTHI pacCMaTPUBAEMbIX KOMILJIEKCOB SBIISIFOTCS HAIIOPHBI-
mu. [Ipu 3TOM faxe BOJbI, IPUYPOUEHHBIE K HEPACWICHEHHBIM BEPXHUM U COBPEMEHHBIM aJlIIOBU-
AJIbHO-MOPCKUM, O3CPHO-AJIJIFOBUAJIBHBIM U AJUTFOBHAJIBHBIM OTJIOKCHUAM, UMCIOT JOCTATOYHO BbI-
cokyro mMuHepanuzanuw (mo kinaccupuramuu 'OCT P 54316-2020 oTHOCATCS K MPECHBIM JIHOO
MaJOMUHEpann30BaHHbIM). VX cpemusis muHepanusanus cocrapiser 0.67 r/m. Boabl BOJOHOCHBIX
TOPU30HTOB, IPUYPOUEHHBIX K HEPACWICHEHHBIM aJlbII-CEHOMAHCKUM OTJIOKEHHUSM, UMEIOT Oojee
BBICOKYIO MHUHEPAIHU3ALUIO I10 CPABHEHHUIO C BOJAMU F'OPU30HTOB, IIPUYPOUECHHBIX K YETBEPTUYHBIM
OTJIOXKEHUSIM, U OTHOCATCSA K TpYIIE MaJOMHUHEPAIM30BaHHBIX JHOO ciIabOMHHEpaTIN30BaHHBIX
(FOCT P 54316-2020, 2020) co cpenneit munepanuzanueit B mpenenax ot 1.80 mo 2.00 r/m.

Hcxons u3 aHanm3a ruporeosiornyeckux yCJIOBUM, B KAUECTBE OCHOBHBIX HCTOUYHUKOB TOJ3EM-
HOI'0 MUTaHUA PACCMATPUBACMBIX IMOBCPXHOCTHBIX BOJOTOKOB MOXXHO BBIACIIMTL TOPHU30HTHI, IPH-
YPOUEHHbIE K HEPACUICHEHHbBIM BEPXHHM U COBPEMEHHBIM aJUTIOBUAJIbHO-MOPCKHM, O3€pHO-
aJUIIOBHANBHBIM U aJUIIOBHAJILHBIM OTJIOKEHHUSIM. IIuTaHue 3a cder BOAOHOCHBIX T'OPHU30HTOB, IIPU-
YPOUEHHBIX K HEpACUJICHEHHBIM aJIbII-CEHOMAHCKUM OTJIOXKEHUSIM, TNOO HEBO3MOXKHO, JINOO HE3HAUU-
TCIIBbHO. HeCMOTpH Ha TO 4YTO 3THU I'OPU30HTHI ABJIAIOTCA HAIIOPHBIMU, OHU OTACIICHBI OT IMOBCPXHOCTU
JIOCTATOYHO MOIITHOM BogoynopHoi Tommiei (Kal-Qui-in) (puc. 2).

YenosHele 06o3HaueHns

-1 ER-2El-3E-4[ |50 16

Puc. 2. CxemMaTUuHbII rTUAPOreoJOTHYECKUN pa3pes:

1 — HepacuJIeHEHHBIC BEpXHHE U COBPEMEHHBIC AJTIOBHAILHO-MOPCKHE, 03€pHO-aJUTIOBHANIbHBIC, AJUTIOBUATBHBIE OTIIOXKE-
HUSL; 2 — HEPACWICHEHHbIE Y€TBEPTUUHO-MEJIOBBIE OTJIOKEHHUS; 3 — MEJIOBBIE AJIbII-CECHOMAHCKHE OTJIOKEHHUST; 4 — aJIeBPUTHI,
TJIMHBI; 5 — CYTTIMHKY; 6 — TIECKH, CyIleCh

Ha ocHOBe ruapOoXMMHUYECKUX OCOOCHHOCTEH BOJOHOCHBIX T'OPHU30HTOB, NMPUYPOUYECHHBIX K HE-
pacuwIeHEHHBIM BEPXHUM M COBPEMEHHBIM AJIJTFOBUAIIBHO-MOPCKUM, 03€PHO-aJUTIOBUAIBHBIM U aJUIIO-
BUAJIBHBIM OTJIOKEHUAM, TI0 Gopmyie 1, mpuBeaeHHoi B pabore (Mapkos, 2022), BHIIIOIHEH pacyerT:

Mt—Moc
guonox = Qp (1)

Mmax—NMoc
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e Qp — PACXOJ PEYHOr0 CTOKA HA PACUCTHBIA MOMEHT BPEMEHH t, M /C; ( TOJ — MOI3EMHAs COCTAB-
JISOIAs PEYHOTO CTOKA HA PACUETHBI MOMEHT BPEMEHH t, M°/c; Mt — MUHEpaIM3aIKs pe4HOro CTOKA
Ha pacyeTHBIH MOMEHT BpeMeHH t, MI/1I; Moc — ocpelHeHHOE 3HAaUeHNE MUHEPAIU3aLUN TBEPIbIX
U )KUJKUX OCaJKOB, MI/JI; MMax — MakcUMalbHas MUHEpAJIN3alisl pEYHOrO CTOKA.

BrinonHeHa o1ieHKa pojiM BOJOHOCHBIX TOPU30HTOB, MPUYPOUEHHBIX K HEPACWIEHEHHBIM BEPX-
HUM M COBPEMEHHBIM AJTIOBUAIBHO-MOPCKUM, 03€pHO-aJUTFOBUAJIBHBIM U JTIOBUAIBHBIM OTJIOXKEHU-
SIM, B IMTAHUM TOBEPXHOCTHBIX BOJIOTOKOB, PACIOJIOKEHHBIX B OKPECTHOCTSX HACEJIEHHOTO IYHKTa
AKcapka, B MEKEHHBIN EPUOI.

ABTOp pabOTHI B CBA3U C HEOOJBIIUM KOJMYECTBOM HAOIIONCHUN 32 XUMHUYECKHM COCTaBOM
paccMaTpuBaeMBbIX ITOBEPXHOCTHBIX BOJOTOKOB B KadecTBe MMax B gopmyse | mpuHuMaeT cpen-
HIOI0 MUHEPAIN3ALMI0 BOJOHOCHOIO KOMIUIEKCA, IPUYPOYEHHOIO0 K HEPACUICHEHHBIM BEPXHUM U CO-
BPEMEHHBIM aJUTFOBUAJIBHO-MOPCKUM, 03€PHO-AJLTIOBUATIBHBIM M QJUTFOBUAIBHBIM OTJIOKEHUAM (TIOTEH-
LIMaJbHOTO MCTOYHUKA MUTAHUS MOBEPXHOCTHBIX BOJOTOKOB). JlaHHBIE 110 MHHEpAIU3alUMU BOJO-
HOCHBIX F'OPU30HTOB 3TOr0 KOMILJIEKCA MOJIyYE€Hbl Ha OCHOBE aHalIM3a Pe3ylbTaTOB Ja00PATOPHBIX
UCClIeJOBaHUM MpoO BOABI (32 pa3Hble BpEMEHHBIE NEPHObI), OTOOPaHHBIX MPU MPOBEACHUH TUAPO-
TF€OXMMHYECKOIO ONMPOOOBAHMS CKBAKUH, a TAKXKE B PE3yJbTaTe MPSIMBIX 3aMEPOB IOJEBBIM KOH-
JYKTOMETPOM B CaMOM3JIMBAIOLIMXCS CKBaAXXMHAX. MMax mpuHUMaeTcs paBHoi 660 mr/m. Ocpen-
HEHHOE 3HAY€HHE MUHEPAIN3alUU TBEPAbIX U )KUIKHUX 0caakoB (Moc) OblIO MOJydeHO Ha OCHOBE
aHalii3a JUTepaTypHbIX UCTOUYHUKOB (JIbruarun, 1981; ®@otues, 1999), a Takxke eIUHUYHBIX 3aMe-
POB MHHEpAIU3ALMK KUIKAX OCAJKOB, BBIMOJHEHHBIX C IOMOIIBIO MOJEBOTO KOHAYKTOMETpa B
palioHe HacelneHHOro nyHkTa Akcapka. OcpeJHEHHOE 3HaUY€HUE MHUHEpAIU3alUK TBEPAbIX U KUJ-
Kux ocankoB (Moc), ucnoyibp3yeMoe B JalbHEHUIINX pacuerax, mpuHuMaeTcs: paBHbIM 30 mr/n. [lan-
Hble, HEOOXOAMMBIE JUIsl pacuera BEJIMYUHBI MOJ3EMHON COCTABIISIONIEH PEYHOro CTOKAa IS pac-
CMaTpUBAEMbIX OOBEKTOB, MOJYYEHBl B PE3yJbTaTe MPOBEACHUS IOJEBBIX PabOT M NPUBOAATCA
B Tabmnuie 1, a pe3ynbTarhl pacueToB — B Tabnuue 2.

Tabauua 1. J[agabie IO MUHEpATH3AIIAN U PacXoJlaM ITOBEPXHOCTHBIX BOJIOTOKOB B MEYKCHHBIN TIEPHOL

Bogorox Pacxox BooToka (Qp), M’/c MuHepanu3anus BOIOTOKa, MI/J
pyu. epssrit Jlor 0.181 470
py4. Cennoii Jlor 0.017 74
pexa ITemOoit 0.989 410

Tabauua 2. Pe3ynpTaTel pacuyeToB

BonmoTok

IMoa3eMHast COCTABISIIOLIAs CTOKA
(q mox) , M*/c (B MEKEHHBIIT epHO)

% TOA3€MHOTO IMUTAHUs, OT OOIIEro
pacxona (B MEXECHHBIH IIepro)

py4. Ilepserii Jlor 0.125 69.5
py4. Cennoti Jlor 0.001 7
peka Ilemboit 0.596 60

Ha ocHOBe mosy4eHHBIX pacyeTOB MOXKHO C/€JaTh BBIBOJI, YTO ISl HEOOIBIIUX BOJAOTOKOB, pac-
MOJIOKEHHBIX B pallOHE MCCIEAOBaHMS, MUTAHUE 33 CUET MOJI3EMHBIX BOJI B MEKEHHBIN MEpUOJ CO-
craisieT 6oiee 50 % ot obmiero pacxozaa u konebsercs B npenenax 60—70 %. V3 naHHOW TeHIeHIIUN
BBIOMBAIOTCS JIUIIH TAHHBIC, TIOTy4eHHbIE TI0 pyubio CeHHoit JIor, y KOTOporo Ha MmoJ3eMHOe MUTaHUE
B MEXEHHBIM mepuoja npuxogutcs aumb 7 % oT obmiero pacxona. Takue pe3ynbTaTbl MOTYT ObITh
00yCJIOBJIEHBI TeM, YTO OTOOp Mpol W ompeaeneHre MuHepanu3anuu B pyuse Ilepsorit Jlor u peke
[TemOo0#1 IPOBOIMIKCH B JICTHEIO MEKEHB, a B pyube CeHHoil JIor — B 3MMHIOI0 MEXEHb, U, BOZMOXHO,
B Mpo0Oy BOABI M3 PyUbs TOMAaja 4acTh CHETa U JIbJIa, YTO, B CBOIO OYepe/b, IPUBEIIO K YMEHBIICHUIO
(haKTHYEeCKOW MUHEpAIU3AIMH B BOAOTOKE (pa3yO0KUBAHHUIO).

MeTo/ cCMeIlIeHHs Ha OCHOBE MHUHEPAIHU3AINH TPU OIICHKE TIOJ[36MHOTO MTUTaHMs HEOOIBITUX BO-
JIOTOKOB TOKa3ajl cBOIO 3(()EeKTUBHOCTh, YTO Ja€T BO3MOXKHOCTb €ro 0oJiee MIMPOKOr0 MCITIOIBb30BaHUS
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JUTSI BBIZICTICHUS] BEJTMUMHBI MUTAHUSI HEOOIBIINX BOJOTOKOB, 0cO0eHHO B paiione Cubupu u Kpaiinero
Cesepa, T11e U1 MEJIKHX BOJOTOKOB HE MMEETCS JIOCTaTOYHO JUIMTEIBHBIX PSIOB HAOIIOMCHHUHA TS
KOPPEKTHOTO pacwieHeHUs ruaporpada, a moa3eMHbIe BOJIbI 00JIadat0T TOCTATOYHO OOJIBITUMU 3HA-
YeHUSIMA MUHEpaM3aiui. MeToj CMEIIeH!sT Ha OCHOBE MUHEpAIM3allii B 3T PallOHaX MO3BOJISET
BBITOJIHUTH OIIEHKY B3aWMOCBSI3H MOJI3EMHBIX W MOBEPXHOCTHBIX BOJ JJISl PELICHUS IIeTI0T0 KOMILIEKCa
HAYYHBIX U MPUKIATHBIX THIPOIOTHYECKUX M THIPOT€OJIOTUIESCKUX 3a/1a4.

Hccneoosanue 8bINOTHEHO 8 pAMKAX MeMbl 20CYOapCmeenHo2o 3adanus Mncmumyma 2eocpaghuu
PAH FMWS-2024-0007 (1021051703468-80).

Cnmcok JIuTepaTypsl

Anenmves FO.FO. OcoOEHHOCTH TEMIIEPAaTYPHOTO PEXUMa IOJ3EMHBIX BOJ YETBEPTUYHBIX OTIIOKEHHUH Ha MpUMeEpe
MOCKOBCKOT'O BOJIHO-JIEJIHUKOBOT'O BOJIOHOCHOTO Topu3oHTa B McTpuHckoM paiione MockoBckoii obnactu / AKTyasibHbIe
npoOJIeMbl TeoJIOTHH, reou3uKH U reoskosiornd. Matepuansl XXXIV MosonexHoit HaydHOU IIKOJIBI-KOH(EpeHIHH,
nocssienHol namsatu uineH-koppecrnonaenTa AH CCCP K.O. Kparua u akagemuka PAH @.I1. Murpodanosa (CaHkr-
[etepOypr, 2—6 okTsi6pst 2023 r.). CII6, 2023. C. 19-21.

I'OCT P 54316-2020 Bosna MuHepanbHble MPpUpOaHbIe NUTheBbIe. OOIMEe TeXHn4ecKue ycioBus. M.: CraHnapTHH-
dhopm, 2020. 45 c.

Mapros M.JI. OtieHKa MOBEPXHOCTHOW M MOJ3EMHON COCTABJISIIONIAX PEYHOTO CTOKA M0 MHUHEPATU3AINH BOIBI
/I Tuapocdepa. OmacHsie porecch U spiaeHus. 2022. T. 4, Ne 1. C. 93—-104.

Jlvruaeun M. FO. MuHepanu3anus 1 XUMHUIECKUH COCTaB aTMOC(EpPHBIX 0caTKkoB B ApKTHIECKOM cekTope EBpaszuu
// Bectauk MI'Y, cep. ['eorpadums. 1981. Ne 5. C. 80-81.
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MHOTI'ODPA3HAA UHTPY3UA KAAJTAMO: MUHEPAJIOT O-IIETPOTPA®UYECKHUE
OCOBEHHOCTH ®A3 1 OCOBEHHOCTH NCXOJHOI'O PACIIVIABA

AHHCHMMOB P..JI.I, baaTbioaeB H_I.K.l’z, APHCKHMH A.A.3, IlerpakoBa M.IL!

1 . o . . .
Hucmumym zeonoeuu u ceoxpononozuu 0okembpus Poccutickou akademuu nayx, romjulleoanis@mail.ru
2 o o
Canxm-Ilemepbypeckuil 2ocydapcmeennulii ynusepcumem — Hucmumym nayx o 3emue
3 o
Teonoeuueckuii paxynrvmem Mockosckoeo eocyoapcmeennozo ynugepcumema umenu M.B. Jlomonocosa

Maccus Kaanamo pacnonokeH B npezaenax Paaxe-Jlagoskckoil mI0BHON 30HBI Ha rpanuiie CBeko-
dbenHckoro moaABMXKHOTO mosica 1 Kapenbckoro kparona. OH MpoOphIBaeT apXxeWCKUe TPaHUTOTHEHCHI,
PAHHETIPOTEPO30MCKIE METaBYJIKAHUTHl COPTaBAJIbCKOM CEpUH M METaTypOMAWTHI JIQJ0KCKOW CEepHH.
[Toponsr MaccuBa MeTaMOp(U30BaHbI BMECTE C OKPY>KAIOLIUM TOJIIAMU B YCIOBUAX HU3KOTEMIIepa-
TypHOi amdpubonuToBoil damuu (banteidae u ap., 2000). U-Pb Bo3pacT KBapleBBIX AMOPUTOB
BTOpO# (a3pl maccuBa Kaamamo coctasmsier 1888 + 5 mute net (boraues u ap., 1999).

Ha ocHoBanuu paboT mpeapLayIux HcciaenoBareseil, a Takke COOCTBEHHBIX IMOJIEBBIX HaOIIo0/1e-
HUH npeanonaraeTcs TpexdasHoe crpoenne maccua: (1) MepuAOTUTHL, OJUBUHOBBIE KIMHOMHPOKCE-
HUTBI, TUIATHOMTUPOKCEHUTHI U TaO0PO, B TOM YMCIIE aHOPTUTOBKIE; (2) rabOpOHOPHUTHI, TAOOPOINOPHTHI;
(3) muopuTkl, KBapLEBbIE TUOPUTHI, TOHATUTHI, TNIATHOTPAHUTHI.

JlaHHOE HCClIeIOBAaHNE OPUEHTHPOBAHO HA XapaKTEPUCTUKY ATUX (Da3 M yCTaHOBJIEHUE BO3MOXKHOM
OOLTHOCTH UX UCTOYHUKOB.

Munepanoro-nerporpadpuyeckas xapakrepucruka ¢as. Ilopoowvr I1-ii ¢haszvl enedpenus.
Memanepuoomumst (puc., a, 0) IPEUMYIIECTBEHHO CIOXEHBI MarmaTtudeckuMm oJuBuHOM (Ol)
(4045 %, 3neck u manee conaepxanus B 00. %) u meramopduyeckoir poropoir oomankou (Hbl)
(~55-60 %). Becrpeuaercsa cepnentus (Srp), xnoput (Chl) u maruerut (Mt). CtpykTypa nopo/isl O1a-
CTOTHIUMOMOP(GHO3EPHHUCTAS C HIIEMEHTAMU TETEIbYaToOM.

Ol coctaBa Fogy.g4 (31€CHh M 1asiee cOCTaBbl MUHEPAJIOB MTpUBEIeHBI 0 1aHnHEIM PCMA) o6pa3yet
runuanoMopgHsie, okpyrible kpuctamiasl. [lo Tpemmnam pasBuBaerca Srp. Hbl mpeacraBiena
KCEHOMOP(HBIMU, peXe THUMHIUNOMOP(HBIMU NMpU3MATHYECKUMU 3epHamMHu. B mpoxopasiiem cBere
OecuBetHas uiau cnaboOypoBarasi.

Onusunogvle MemaxkIUHONUPOKCeHUmbl U mMemagebcmepumsl (puc., B, T) CI0KEHBl MarMaTuye-
ckumu MuHepanamu: Ol (o 25 %), opronupokcenom (Opx) u kKIuHONUPOKceHOM (CpX) WM TOJBKO
Cpx (cymmapso ~40 %) u metamopduueckoit Hbl (~ 35%). B nogunHeHHOM KoM4YecTBe BCTpeya-
forcst ouotut (Bt) u Mt. CTpykTypa nmopo/isl 6J1aCTOrHITUAMOMOP(PHO3EPHUCTASL.

Ol npencraBiieH KCEHOMOP(GHBIMH, peXKe OKPYIJIBIMU 3€pHAMU, HHTEHCUBHO TPEUIMHOBATHIMH,
MECTaMM 3aMelICHHBIMH uanuHrcutoM. Cpennuii coctaB — Fogs. Opx obOpasyer kceHoMOpdHBIE
3epHa, OECIBETHBIE WIN cepo-0yphie B mpoxosiieM cBete. Cepo-Oypblii OTTEHOK 00YCIOBJIEH TOH-
KOW BKPAIUICHHOCTBIO PYJHOr0 MUHepana. MHTepecHO, 4TO B mopojie, B KOTOPOW IPHUCYTCTBYET
Opx, Ol BcTpeuaercst TOIBKO B BHjIe BKIIOUEeHUH B OpX, UTO MO3BOJISET MPEINOI0KUThH MEPUTCKTH-
yeckyto peakuuio: Ol + pacmnaB — Opx. Opx mo cocraBy oTBeuaeT 3HcTatuty, mg# = 0.79-0.64
(cpennee 0.70). Cpx (mg# = 0.92—0.77 (cpennee 0.84)) nmpeacrapieH TUMUIUOMOPGOHBIMHA HUJTU KCE-
HOMOP(HBIMU KPUCTAIJIAMHU: TPAHULIBI 36pEH MOBCEMECTHO HEPOBHBIE M3-3a PEAKIIMOHHBIX B3aUMO-
otHomeHui ¢ Hbl. Okpacka GecriBeTHas uiau Oypas 3a C4eT TOHKOM BKPAIUICHHOCTH PYHOTO MUHE-
pana. MHorma Takasi BKparIeHHOCTh MOJYEPKUBAECT TOHKYIO OCHMJUIALIMOHHYIO 30HAJIBbHOCTH. Hbl
00pa3yeT kceHOMOp(HBIE 3€pHa, BBHIMOJHSIOMNAE MPOCTPAaHCTBO Mexay kpuctamaamu Ol m Cpx.
Oxpacka 3eneHoBaTo-0ypasi, IIEHTPAIbHBIE YaCTH YaCTO OKpAIIEHbl UHTEHCHUBHEE KPACBBIX.

Memaeabobpo cnoxeno kpynHbiMu Kpuctaiuiamu Hbl (mo 1-2 cm) (2040 %), Mexxay KOTOPBIMU
pacnionaratorcsi Oonee menkue 3epHa Hbl, mnarunoknasa (P1) u Cpx, Hbl u Pl unu tonsko Hbl. Ipen-
MOJIOKUTEIBHO JaHHBIE MOPOJABI SBJISIOTCS MOJHOCTHIO MEPEKPUCTAITM30BAaHHBIMU, U TOJIBKO Cpx
B HUX MMEET MarMaTtudeckoe npoucxoxaeHue. CTpykTypa noposl nmoppupodiacroBasi.
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®dotorpadun nr(oB OCHOBHBIX THITOB MOpoJ 1-i (a—¢)
u 2-i (k, 3) (a3 BHempeHust MmaccuBa Kaanamo:

a, 0 — MEeTanepuI0TUT; B, I' — OJIMBUHOBBIH METAKIIMHOIIMPOKCEHNT; 1, € — AaHOPTUTOBOE MeTarabopo; x, 3 — MeraradOpoAnopHT.
W300paxeHus clenaHbl Py MapauiebHbIX (a, B, 1, %) U CKPEIIeHHBIX (0, T, €, 3) HUKOJISX

Hbl o6paszyer manomopdHble BKpaluIeHHUKH U Oojiee MeNKHEe HANOMOP(HbIE WIM TUIHINO-
Mop(HBIE KPUCTAUTBI B OCHOBHOM TKaHH. [1eoxpousM oT OypoBaTo-3eJEHOTO JI0 3€JCHOr0, JOCTa-
TouHO cnadbIif. ITo okpacke Hbl BkpamieHHUKOB 1 OCHOBHOM TKaHU He paznuyaercsi. CpX OCHOBHOM
TKaHU TPEICTAaBICH UAMOMOPGHBIMU WM THIAIHOMOPPHBIMU 3epHAMH U30METPHYHON HIIH C1a00
yIUTMHEHHOH (hopMmbl. B mpoxoasmiem cBete OeciBereH. Pl ocHOBHO# TkaHu 00pa3yeT KCeHOMOp(HBIE
WY THIUAROMOPGHBIE KPUCTAIUIBI, BBITOIHIET IPOCTPAHCTBO MexX 1y 3epHamu Cpx u/unu Hbl.

Anopmumosoe memazabbpo (puc., na, e) cioxeno Pl (45-55 %), Hbl (40-50 %), wisMeHUTOM
(mo 5 %), orMeuaroTcsi He3HaunuTenbHble KonuuecTtBa Bt, Chl, kimHOUIOM3MTA, amaturta. Pl, ckopee
BCEro, UMEIOT MarMaTuyeckoe mpoucxoxaenue, a Hbl — meramopuyeckoe. CtpykTypa noposl 6ma-
cTorabopooduTOBas, TEKCTypa NUPEKTHBHAS, 00yCIOBICHHAsS OPUEHTUPOBKON KpucTaiuioB Pl, uHo-
rna Hbl. Pl obpasyer kceHoMOpdHBIE WK THNIUAXOMOPGHBIE 30HABHBIE KPUCTAUIBL: sipa Ang.gs,
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KaifMbl — Angs.4s. [ paHuIIbI MeXy siapaMu U Kaiimamu peskue. Hbl oOpasyer kpynHbie, ©30MeTpHUY-
HbIE 3€pHa C HEPOBHBIMU IpaHullaMu. L[BeT cepo-3eneHsblil, )kenTo-0yphiii, B HEKOTOPBIX 3€pHaX IEH-
TpaJibHasi 4acTh MMeeT Oojiee CBETIYI0 OKpacKy, ueMm Kpas. Bt oOpasyer menkue, uauoMopdHsie
MJacTUHYAThIe KpUcTaUIbl. PasBuBaercs mo 3epuam Hbl.

Ilopoowt 2-ii ghaszwl enedpenusn. Memazabopoouopumst (puc., x, 3) cnoxensl Pl (50-70 %), Opx
(mo 20 %), Cpx (0-5 %), Oypoii, Bo3moxkHo, Mmarmatudeckoid Hbl (mo 30 %), Bt (mo 10 %), Mt (o
3 %). Metamopduueckre Munepaisl — 3eseHas Hbl, akruHonut, KyMMHHITOHUT. CTPYKTYpa MOPOIbI
OsracrorabOpooduToBas ¢ 3EMEHTAMU MTOWKHJIUTOBOM.

Opx popmupyeT yaIMHEHHBIE, pEXKe H30METPUIHBIE 3epHa. MOT'YT HAOJIIOIaThCS JTaMeNId pacra-
na, cnoxkeHHsle Cpx. Opx mpencrasieH runepcrenoM mg# = 0.49-0.54 (cpennee 0.52). Cpx (mg# =
0.74-0.63, cpeanee 0.68) mo mopdomnoruu cxox ¢ Opx. Moryt Ha0I0aTECS JTaMENIH pacraja, clio-
»kennbie Opx. Marmatudeckas Hbl oOpasyer pe3ko kceHomop(dHbIe, «KIIKCOOOpa3HbIe)» BHIACICHNUS,
BKITIoHaronue B ce0s kpucramisl Opx, Cpx, Pl. [Tneoxpoupyet ot 3eneno-0yporo ao 6yporo. Bt mpu-
ypodeH K 3epHaMm Oypoit Hbl u BRINISIIMT Kak KPUCTAILTU3YIONIUNACS OJJTHOBpEeMeHHO ¢ Hel. [Tmeoxpo-
UPYET OT CBETJIO-KOPHUYHEBOTO 10 OYTH 4epHoro. Pl 0Opasyer runuanomMopdHbie yUIMHEHHBIE 3€p-
Ha. BOJBIIMHCTBO 3€peH HE30HAJbHbIE, UMEIOT COCTaB Angg.so. M3penka BCTpedaroTcsi 30HAJIbHbIE
KPUCTAILJIBI, B KOTOPBIX Spa MPEICTABICHBI MIATHOKIA30M cOCTaBa Angg.79, @ KaltMbl — Angg.so. Jst
KaiiM XapakTepHa rpy0as OCHWULIIIMOHHAS 30HAIBHOCTh. MeTamopduueckne ampuOombl (3emeHas
Hbl, aktunonuT, kyMmmuHIrTOHUT) U Chl MOTYT 3amMenaTe MTUPOKCEHBI BIUIOTH 10 0OPa30BaHMS MOTHBIX
niceBioMopdo3.

Ilopoowr 3-it ¢hazvt enedpenusn. Memamonarumsi. CTpyKTypa mopoa OIacTOrumuanoMopdHo-
3epuucTas. [lopoasr cnoxenst Pl (55-60 %), kBapuem (15-30 %), Bt (10-15 %), Hbl (3—15 %). Bro-
pPOCTETIEHHBIE W AKIIECCOPHBIE MUHEPAJbI MPEACTABICHBI KAUEBBIM IOJICBBIM IIIMATOM, IUPKOHOM,
anaTUTOM, MUJ0TOM.

PI ob6pazyroT runuauomMopdHbIe, HEPEAKO YATUHEHHBIC KPUCTAIIIBL. | paHUIIbl 3epeH HEPOBHBIE,
0 KpasiM HaOJro1aeTcsl rpaHyIsiius — oOpa3zoBaHue Oojiee MEIKUX U30METPUUHBIX 3epeH. Marmartu-
yeckas rerepanus Pl npencrasnena anaesuHom (An = 50—40). Kpucramisl He30HalIbHbBIE WIN C OC-
MWUTBIITIOHHON 30HAJIBHOCTHI0, 00JI€€ TOHKOM | SICHOM, TI0 cpaBHEeHHIO ¢ Pl u3 mopox 1-it dha3wl BHe -
penus. ITo Pl MmoryT HaGnrogatbest BTOpUYHBIC U3MEHEHUS (SMUAOT, KIMHOIIOU3HT, Oosee Kucibiid Pl
(An 30-5)). KBap oGpa3yer kceHOMOpGHBIE 3epHa ¢ HEPOBHBIMU, M3BUJIUCTHIMH TPaHUIIAMH, TIO
KpasiM Takoke HaOmomaercs rpanyssinus. Hbl oOpasyer runuanomopdHble WM KCEHOMOP(HbBIE KO-
POTKONpPU3MaTHYEeCKUEe KPUCTAJUIBI CUHEBATO-3€JIeHOro 1BeTa. Bt mpeacrasien runuanomMopGHbIMHU,
pexe HIMOMOP(HBIMH KPUCTANIAMH CBETJIO-KOPHYHEBOTO, Oyporo 1BeTa.

W3 npuBeaeHHBIX JaHHBIX CleAyeT, 4To OT 1-i da3bl ko 2-i (a3e Bo3pacTaeT KeIe3ucCTOCTh
marmaTuueckux (pemuueckux muHepanoB (Opx, Cpx), kpome Toro, B CpX HECKOJIBKO YMEHBIIACTCS
conepxanue Ca. Ot 1-i1 ¢a3bl k 3-i1 pa3e ymeHbIIAETCSI OCHOBHOCTh MarMatudeckoro Pl.

Hcxoanslii pacniaB nmopox maccuBa Kaamamo. OreHka cocTaBa MCXOMHBIX U OCTaTOYHBIX
paciuiaBoB ¥ TeMmmeparypbl mpoBeneHa Ha ocHoBe mporpamMmmMbl COMAGMAT v.3.75 (Ariskin,
Barmina, 2004), ¢ ucroyib30BaHUEM TOJX0/I0B, U3BECTHBIX KaK METO]] TCOXUMHYECKONH TEPMOMETPUHI
(dpenxkens u np., 1987).

Jljis MoieTMpoBaHUs OBUTH PACCUUTaHbI CPEAHUE COCTABHI ISl MPUMHUTHBHBIX U AU QepeHIInpo-
BaHHBIX COCTaBOB Topoxa 1-if u 2-it ¢a3 BHeapenus. CoctaBbl mopox 3-i (a3sl HE UCIOIB30BAINCH,
tak kak COMAGMAT He npenHazHaueH JUisi pabOTHI ¢ KBapIICOASPKAIIMME MOpoIaMu. beutd BBI-
OpaHbl HayallbHbIE MapaMeTphl: conep:kanue Boabl B pacmiase 0.2 Bec. %, naBnenue 4 xbap, Kucio-
poauslit 6ypep QFM+1.

AHanu3 nuarpaMM «IETPOreHHBINH OKCHJ — TEeMIIepaTypay» MO3BOJWI MOJYyYUTh COCTaBbl OCTa-
TOYHBIX PACIUIaBOB st opoA 1-if u 2-i a3 u Temmnepatypsl hopmupoBanus 3tux nopoa (~ 1190 °C
u 1140 °C, coorBercTBeHHO). CocTaB ocTaTOuHOTO paciuiaBa 1-it ¢aszer: Si0; — 47.75 Bec. %, ALO; —
15.07 Bec. %, FeO — 12.47 Bec. %, MgO — 7.98 Bec. %, CaO — 12.09 Bec. %, Na,O — 1.81 Bec. %, K,O —
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1.29 Bec. %. CoctaB ocTaTogHOrO pacruiaBa 2-it ¢aser: SiO; — 53.74 Bec. %, AlL,O; — 15.57 Bec. %, FeO —
12.42 Bec. %, MgO —4.63 Bec. %, CaO — 7.65 Bec. %, Na,O — 2.70 Bec. %, K,0O — 1.55 Bec. %.

JlJiss OIIEHKH COCTaBa MCXOJHOTO paciuiaBa ObLT COMOCTABJICH PAcUETHBIM COCTaB OJMBHMHA HA
TPACKTOPUH KPUCTAIUIM3ALMK CPETHETO COCTaBa MPUMUTUBHBIX Mopo 1-if ¢a3bl BHeApeHus, ¢ cocTa-
BOM Ham0oJiee MarHe3MallbHOTO OJIMBWHA, HabOmromaemoro B 3Tux mopoaax (~Fogs). CoBmanenue
HaO0JIF0/IaeMOT0 U PACUETHOTO COCTABOB OJIMBHHA OTBedaeT Temmeparype ~ 1223 °C. CocTaB moyiy4eH-
HOTro UcxoAHoro pacruiaa: SiO; — 48.06 Bec. %, AlL,O; — 12.58 Bec. %, FeO — 12.62 Bec. %, MgO — 9.49
Bec. %, CaO — 13.69 Bec. %, Na,O — 1.62 Bec. %, K,O — 0.84 Bec. %.

Jlnst IpOBEpKU MPHUHAUIEKHOCTH 00pa3oBaHUsS MOpPOJa ABYX (a3 U3 eIMHOr0 MCTOYHHKA Oblia
paccunTaHa ¢pakIMOHHAs U PaBHOBECHAs KPUCTAIM3ALMU UCXOAHOTO paciijiaBa U MOCTPOEHBI Tpa-
€KTOPUU KPUCTAIUIM3AIMHN B KOOPJIMHATAX «IIETPOTCHHBINA OKCHIl — Temneparypay. [Ipu mobom Turme
KPUCTAJUTM3AIUNA COCTAaBbl OCTATOYHBIX PACIUIaBOB 1-i 1 2-i (a3 B 11€JIOM XOPOIIIO YKJIAJABIBAIOTCS HA
TPACKTOPUHN KPHUCTAJUIM3AIMKA HCXOJHOTO paciuiaBa. DTO TO3BOJIAET MPEINONOKUTh, YTO MOPOIBI
nepBbIX IBYX (pa3 MaccuBa chopMHUPOBAIKCH U3 €JUHOTO UCTOYHUKA.

BuiBOaBI

1. MarmaTtudeckasi accomuausi TpuMUTHBHBIX TopoA 1-it ¢gazer: Ol + Cpx = Opx. Opx ob6pa3zo-
BaJIcs 3a cueT nepurekruyeckoit peakuuu Ol ¢ pacrmaBoM. B 6osee nuddepeHmpoBaHHbIX TOpoIax
ucuesaet Ol, mosBnsercs Pl. B mopomax 2-i ga3br Marmatuyeckas accoruanus npeacrasiena Cpx +
Opx + Pl + Mt (+ Hbl?). B noponax 3-ii ¢a3el Marmatuueckue MUHEpasisl npenactasieHsl Pl u Qz,
MarMaTH4eCcKux (peMHUYECKUX MUHEpaAIOB He coxpaHuiaochk. OT 1-if ¢a3sl ko 2-i ¢a3e Bo3pacTaeT xe-
ne3uctocth Opx u Cpx, ot 1-i ha3sl ko 3-if Ppa3e yMeHbIIaeTcsi OCHOBHOCTh MarMarudeckoro Pl.

2. [Mopoasr 1-it m 2-i ¢da3 mMaccuBa UMEIOT €IUHBIM MCXOMHBIM pacriaB. 3-a (a3a mMoria Kak
00pa30BaThCsl U3 MCTOYHHUKA, OOIEro C MOPOAAMHU MEPBHIX ABYX (a3, Tak U MMETh HE3aBUCHUMOE
npoucxoxaenue. /st perieHust 3Toro Bonpoca TpeOyroTes JaibHEHIINe UCCIIeTIOBaHNUS.
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JAVKHU TPAHUT-ATUIMTOB, ACCOLIMUPYIOIIUE
C IPUMUTUBHBIMU T'PAHUTOUJAMU, CATIMUHCKHUA BATOJIUT (KAPEJIHUS):
TEOXAMUSI, TIETPOTPAGUS

AcnieBny A.A." 2, Konbinzes A.A.'

1 .
Hucmumym eeonozuu Kapenvckozo nayunozo yenmpa PAH, moon_andreeva@mail.ru
2 N .
Tlempo3agoockuil 20cy0apcmeenHbill yHugepcumem

BBenenue. AHOPTO3UT-panakMBUTPaHUTHBIC KOMITIEKChl (manee APT'K) mopon siBisitorcst «BuU-
3UTHOM KapTOUKO» okeMOpuiickoro marmarusma. Marmatusm API'K ucnbitan mmpokoe pa3Butue
B uHTepBase 2—1 mupa net Hazax (Jlapun, 2011). Kucnbie moposel, accoruupyromue ¢ API'K, oTHo-
CATCS K TpaHUTaM A-TUTa  00pa3yloTCs B yCIOBUSX BBICOKUX TEMIIEPATYP U AaBICHUH.

Nzyuaembrit B gaHHOW padore CanMUHCKHA OaTOJMUT SIBISICTCS TUIUYHBIM TPEACTaBUTEIEM
APT'K. Ero mopojp! copMUpOBaTTUCh HA TPAHUIIE TTAJICONPOTEPO30s U Me3onporepo3ost (Neymark et al.,
1994; Amelin et al., 1997). CanmuHCcKuii 0aTOUT HaXOAUTCS Ha CThIke CBEKOKApEIhCKON CKIIaava-
Toll obnactu u Kapenbckoro kpaTtoHa, €ro BHEAPEHHUE MPOUCXOJAUIIO MO MOIIHOW HAJBUTOBOM 30HE
MEXJly 3TUMHU JBYMS KPYIHBIMU TEKTOHUYECKUMHU CTPYKTypamu. baronut BkitouaeT B ce0s aBa oc-
HOBHBIX 3JieMeHTa: CaTMUHCKUN MacCUB, PACTIOJIOKEHHBIM BHYTPH CKJIAIYaTON 00JIacTH, M Y IISUIer CKHiA
MacCHB, KOTOPBIH MPECTaBIIAET COOOM €ro CaTeITUT U HaXOIUTCS B OPOJax KpaToHaA.

UccnenoBanne CanMHuHCKOTO 0aToiIMTa MMEET OOJNBIIOE 3HAUCHUE JIJIsi TIOHUMAHUS T€OIMHAMU-
YECKHUX MPOLIECCOB U pacIMPPOBKU UCTOPUU PA3BUTHS PErHOHA.

Hear pa6orsl. OmnpeneneHne TE€OXUMHUYECKHX OCOOCHHOCTEH 3aKIIIOUUTENBHBIX ITaIloB
CTaHOBJICHUS] MACCHUBOB MPUMUTUBHBIX IPAHUTOUJIOB, CBSI3aHHBIX C aHOPTO3UT-PANlaKUBUTPAHUTHBIMU
KOMILJIEKCaMH TIOPOJI.

Metoabl ucciaenoBanus. lccnenoBaHue paccMaTpuBaeMbIX MOPOJA MPOBOAMIOCH MPHU MOMOIIU
METOZI0B ONTHUYECKOW MUKPOCKOIMHU. KOMIIOHEHTHBII COCTaB MUHEPAJIOB HccienoBad MerogoM COM Ha
Tescan Vega Il Ish u sneprogucniepcronHom ciekrpomerpe INCA energy-350, anamutuk TeproBoii A.H.
ConepxaHusi OCHOBHBIX JJIEMEHTOB B IMOPOJAX OIPEICISUTUCh METOJOM PEHTTEHO(IYOPECIIEHTHOTO
anam3a (XRF) ¢ ucnonp3oBanmem ARL ADVANT'X-2331 (Thermo Fisher Scientific, [lIBeliniapus).
KoHueHTpanu MHKpPO3JIEMEHTOB M PEIKO3EMENBHBIX 3JIEMEHTOB omnpenessumck merogoM ICP-MS
C WCTIOJIb30BaHUEM  KBJIPYyIMoJibHOTO ~ Macc-criektpomerpa Agilent 7900 (Agilent Technologies,
Cunranyp) mo meroamke (Svetov et al, 2023). Bce aHanmuTUYecKue HCCIICAOBAHUS TMPOBOIMINCH
B llentpe kostexktuBHOrOo momib3oBanus Mucturyra reomormu KapHI[ PAH (Ilerpo3aBojck). Pacuer
COCTaBa MOPO/T Ha MTOPOI000pa3yIOIIe MUHEpaITbI iporu3BoawIcs MetogoM CIPW.

O0ekT ucciaegoBanusi. OCHOBHBIM OOBEKTOM HCCIEIOBAHUS SIBISIUCH JAliKW TPaHUT-AIUIUTOB
(manee I'A), accouuupyromye ¢ MPUMUTUBHBIME TpaHuTongamMu CaaMUHCKOTo 6atonuta. MOIHOCTb
I'A naek Bapwsupyet ot 3 110 5.5 cM.

Pe3yabTaThl nccjieqoBaHusl U 00cyxkaeHue. [ TaBHBIME TTOPOA00OPa3yIOMUMHA MUHEpaTaMu
TPAHUT-AILIUTOB SBJSIOTCS KaJMEBBIM MOJICBOW IIMAT, KBapll, IJIArMokKia3, BTOPOCTEHEHHBIMH —
OMOTHUT U QITFOOPUT. AKIIECCOPHBIE MUHEPATBl — IUPKOHUEBBIE CUITUKATHI (ITUPKOHOIUTOMOI0OHEIE)
U pyaHble MuHepasbl. VcciaenoBaHHble TPAaHUT-AIUIMTBI Ha KiIacCU(UKAIIMOHHON TuUarpamMme B KO-
opauHatax Si0O; — (NayO + K,0) monagaroT B moJist aIICKUTOB U IIETOYHBIX AIICKUTOB, HX COCTABBI
xapaktepu3yrorcs Onmu3kumu 3HadeHussMu Si0, (puc. 1, A). [lopoasl cpaBHEHHS — TPaHHUTHI parna-
kuBH U rpaHuT-nnopupsl u3 (Kousmmes u np., 2020; Konyshev, 2023) — nomagaioT npeumyie-
CTBEHHO B MOJIS IIEJIOYHBIX, CyOIIEIOYHBIX TPAHUTOB U JICUKOTpaHUTOB. ['A XapakTepu3yroTcsl He-
3HAYHUTENILHO MOBBIIICHHBIM 3HaUeHHEeM moka3arens SiO,, B CpaBHEHUU C TPaHUTAMU parakvuBH (J1a-
nee I'P) u rpanut-nopdupamu (manee I'Tl). Bce paccmarpruBaeMbie rpaHUTHBIE TTOPOIBI CHOPMUPO-
BaJIMCh MPU CXOXKeM NOHMKeHHOM ypoBHEe PH,0 u yBenmuennom PCO, cornacho (Ebadi, Johaness,
1991) (cwm. puc. 1, b).
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10} A MpaHuT panakusm A TpanuT-nopdmps!
LLlenoyHble rpaHnTbI A TpaHuT-nopcupsbI B panuT-annuThbl
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Puc. 1. CocraBsl I'A u nopon cpaBHEHUS:

A — nmuarpamma TAS; B — nHopmatuBabie Q-Ab-Or cocTaBbl IpaHUTOB, paccuuTanHbie MeTogoM CIPW

['paHUT-aTTUTHI XapaKTEPU3YIOTCS HU3KUM cojiepkaHueM Ti, OBBIICHHBIM Na U TTOHMKEHHBIMU
coaepxanusiMu Mn u Mg, otmeuaercst komnaktHoe pacnpenenenue K (puc. 2).
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Puc. 2. Jlnarpammel Xapkepa ans I'A 1 mopon cpaBHEHUS
YcnoBHble 0003HaYCHUS HACHTUYHBI IPEACTABICHHBIM Ha puc. |

CpaBuurenbhblii aHanu3 cnektpoB REE mokaszan, uro cnektp rpanut-ammra AK270820-2
HanOonee cxox co cnekrpamu I'Tl u I'P, Ho o6ennen no Bcem REE (puc. 3). B nenom I'A nemon-
cTpupyloT TeHaeHnuio k oboramennto HREE, mo cpaBHeHHIO ¢ OCTaJIbHBIMH pacCMaTpUBAaEMbIMU
rpanutamu ((Gd/Lu)y < 1).

1000 -
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Puc. 3. Cnextpsl REE uccnenoBaHHBIX TpaHUTOB, HOPMHUPOBAaHHbBIE
K cozepkaHusaM B XoHapuTax mo (Anders, Grevesse, 1989)
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Jlalik1 TpaHUT-aIUINTOB XapaKTEePU3YIOTCs OONBIIMM pa30pOCOM HOPMHUPOBAHHBIX 3HAUYEHUI 11O
cpaBuenuto ¢ I'P u I'TI, B menom xapakrepusyrorcs obemnenuem mo Cs, Ba, Sr (puc. 4). O6pazen
AKO010622-4 naubonee copnagaer co cnekrpamu I'P u I'Tl, onHako B cpaBHEHUH C HUMU JUIs TAaHHOM
MOPOJIbI XapaKTepHbI MOHWKEHHBbIE coaepxanus Cs, Ba, Th, Nb, Sr, moBeimennsie conepxxanus U,
Ta, Hf, Zr, Tb, Y. I'panut-arumuter AK270820-2 u AK030922-4 HaMHOTO OTJIMYAIOTCS OT CIIEKTPOB
I'P u I'TI, ouu oboramensl Th u 0o6eguens! Zr, Hf, REE.

I'parmn:l panakvweu

100 ] | [ FpanuT-nopcupsbl
paHuT-annuTbI
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—®— AK310523-76

10}

Mopoaa/npumMmuUTUBHAA MaHTUs

1
CsRbBaTh U Ta Nb La Ce Sr Nd Hf Zr SmTb Y

Puc. 4. CniexTpsl pacnpeielieHrs MUKPOAJIEMEHTOB UCCIIEIOBAHHBIX TPAHUTOB,
HOPMHPOBAHHEIE K COMICPIKaHUSIM Ha MPUMUTHBHYIO MaHTHIO 110 (Hofmann, 1988)

Ha xnaccudukanmonno-npornosHoit auarpamme Zr/Hf — SiO; ¢ yBennmueHuem cTeneHH KpH-
CTAJUTM3aIMOHHON TuddepeHmanuy HalIoaeTcsl YeTKOe pa3/iesieHHe HCCIIeAYeMbIX IPaHUTOB Ha
rpymnisl (puc. 5) (Zaraisky et al., 2008). Zr/Hf oTHOIIEHNE TpaHUT-AIIIUTOB CPABHUTENIBHO HIDKE, YEM
B IPaHUTaX pPamakWBH M T'PAaHUT-MOpQHpax, MOMagaeT B MOJIe TPAaHUTOB, KOTOPbIE MOTYT /JaBaTh
Sn-W-Mo-Be opynenenue. [Ipu arom K/Rb otHomenue B ['A He omyckaetcs Hike 170, 4To, BEpOsT-
HO, UCKJIIOYAeT MX MPOHCXOXJICHHE OT 0oJiee BOIIOIMOHHO-PA3BUTHIX JICHKOTPAHUTOB CO CXOXKUM
(Gd/Lu)y otHomienuem (Konsrmies u ap., 2020).

"paHo- .
avoputbl| ['PaHUTBI JlenkorpaHuTbl
L I

X
AA

I
o
]
6e3pyaHble
rpaHuThI
1
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|
[ |
|
MpeitseHoBbIE
Sn-W-Mo-Be
MECTOPOXAEHUS
'}

10

Y

0 t Ta mecTopoxaeHus
65 70 75 80
SiOy

Puc. 5. KnaccudpukannonHo-rporaosnas guarpamma Zr/Hf — SiO, o (Zaraisky et al., 2008)

BLIBOIH)I. PaCCManI/IBaeMBIe TpPaHUT-AIIJIMTBI OTHOCATCA K IIPUMUTUBHBIM T'PAHUTOUIAM. OIIHaKO
MOPOJIBI OTJIMYAIOTCS TIOHMKEHHBIMU coaepxkaHusmu Ti, Mg, Mn, Cs, Ba, Sr, a Taxxe MOBBIITICHHBIMU
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Na, Th, U, Ta, HREE, pexe — Y. B HEKOTOpBIX U3 paccMaTpUBaEMbIX MMOPO HAOIOIAETCS HATTUIHE
YCTOMYMBBIX IMPKOHUEBBIX (ha3 — HUPKOHOJIUTONOJOOHBIX, B TO BpeMsl KaK B I'paHUTaX parakuBu
U TpaHUT-Mopdupax 3To Beeraa UCKITIOYUTEIEHO [IMPKOH.
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JPEBHEMIIME KOPBI BBIBETPUBAHUA ®PEHHOCKAHJIMHABCKOT O IIIUTA.
IMAJVIEOKIMMATUYECKHUE PEKOHCTPYKIIUHN

BbakaeBa A.B., Yaxxenruna C.10., CeetroB C.A.
Hnemumym zeonoeuu Kapenvckozo nayunozo yenmpa PAH, sashe-ku@yandex.ru

BBenenue. V3ydeHne runepreHHbpIXx 00pa30BaHU JOKEMOpPHS MO3BOJISIET XapaKTepHU30BaTh Ia-
JCOKJIMMAT U TaJIeOCpPely BBHIBETPUBAHUS IOCPEICTBOM PA3IUYHBIX HM30TOMHBIX U T'€OXUMUYECKUX
MeTo10B. [To100HbBIe UCCIe0BaHMS OCIIOKHEHBI CIIA00M COXPAHHOCTHIO JJOKEMOPHIUCKUX OTIIOKCHHH,
00yCJIOBJICHHON 3PO3MOHHBIMU TpoIleccaMu U MeTaMoppUUecKUMH npeodpazoBaHuIMU. OcoOEeHHO
pPeAKHU MPOIYKTHI BRIBETPUBAHUS apXEHCKHUX OCHOBHBIX U YJIBTPAOCHOBHBIX mopoj. Hambomee coxpa-
HUBIIMMUCS U W3YYEHHBIMU SBISIOTCS XJIOPUT-CEpUIIMTOBBIE oTioxeHuss Denny Dalton Bo3pacta
2.95 mupa ner, chopMHUpOBaHHBIE Ha 0a3albTOBO-aHIAE3UTOBOM cyOcTpaTe, KaamBaibCKkuii KpaToH,
Ad¢puka (Heard et al., 2021); cepuuuThl U BBICOKOKEIE3UCTHIE XJIOpUTHl Mt. Roe #1, 2, Bo3pacTom
~2.76 mnpn net, copMUpOBaHHBIE Ha TTopoAax 0a3anbTOBOro coctasa, [lmnbapa, 3anagHas ABcTpa-
must (Yang et al., 2002).

Ha teppuropun ®eHHOCKaHAMHABCKOro HiuTa B KOJBCKON NPOBUHIMM ONHCAaHBI CAIpPOJIMTHI
Bo3pactoM 2.5-2.44 mupa net (Mmanapa-Bap3yrckuii 3eneHokaMeHHBIN mosc) (Soomer et al., 2019);
B Kapenbckoil rpaHuT-3eIeHOKAMEHHOW OO0JIACTH M3y4YeHBbl KOpBI BBIBETPHBAHMS Ha TPAHUTOHMIAX
U CpeIHUX MeTaByJkaHuTax JlexTuHckoi M Xu3oBaapckoil CTpykryp (2.8 mupa ner) (Andumosa,
Matpennues, 2006). B Kolikapckoit ctpykType Bennosepcko-Cero3epckoro 3e€HOKaMEHHOIO 1osica
(Kapenbckuif KpaTOH) YCTAHOBJIIEHBI M H3y4€HBl (PparMeHTbl KOp BBIBETPUBAHUA KOMATHUUT-
0a3abpTOBOM accormauu Bo3pactom 2.9-2.6 mipn et (Bakaeva et al., 2024), KOTOpbIe BBI3BIBAIOT
UHTEpeC KakK, BEPOSITHO, OAHU U3 Haubosee APEBHUX OOBEKTOB KOHTHHEHTAJHLHOTO BHIBETPUBAHUS
OCHOBHBIX-YJIBTPAOCHOBHBIX ITOpoJ Ha KapenbckoM KpaToHe.

30HBI TUIIEpPTreHe3a Ha TeppuTopuu KolkapcKkol CTPYKTYpHl IPEACTABICHBI MPOQPUISIMU BBIBET-
puBanus Manoil momuoctu (20-100 cm), ogun (PS-1) U3 KOTOpBIX OmMHMCHIBAJICS paHee B paboTax
(CeeroBa, Pribakos, 1987; Bakaeva et al., 2017), a apyroii (PS-2) 6b1:1 o6Hapyken B 2023 1.

Metoasl ucciaenoBaHusi. V3ydeHue Kop BBIBETPUBAHHUS KOMAaTHUT-0a3albTOBOW acCOIMALUHU
MIPOBOIMIIOCH BIOJIb BOCTOYHOTO Oepera o3epa [Tutkunamnu B Koitkapckoit ctpykrype. B xone mose-
BBIX pabOT OBUIO BBIMOJHEHO CIUIONIHOE OOpO30BOE OMPOOOBAHME AIIIOBHAIBHOTO pa3pesa IIo
HaIpaBJIEHUIO CyOCTpaT — KOpa BBHIBETPUBAHMS — MEpEKphIBalolIne OTiIokKeHus. Bee mabopaTtopHbie
U aHAJIMUTUYECKUE HCCIEeIOBaHUA MPOBOIMINCH B LleHTpe KOJIEKTHBHOTO MoJsib30BaHUs MHCTHTYyTa
reosioruu KapHIl PAH (Iletpo3aBoack). [lerporpaduueckne ucciaeaoBanus MPOBOAMINCH C UCTIOb-
30BaHMEM MOJSPU3aLMOHHOTO MuKpockona «Leica Labolux 12 Pol». Mopdonorus u xumudeckuii
COCTaB MUHEPAJIOB OBUIM OMpeJeTICHbI Ha CKaHUPYIOIIeM eKTpoHHOM MuKpockone VEGA 11 LSH
(Tescan, CIIIA) c »sHeproaucnepcuoHHBIM MukpoananuzaropoM INCA Energy 350 (Oxford
instruments, BenukoOpurtanus). OnpeneneHue coaep>kaHusi OCHOBHBIX 3JIEMEHTOB BBIIIOJIHEHO METO-
nom pertreHodayopeciienTHoro aHanmza (XRF) ¢ wucmonb3oBammem ARL ADVANT'X-2331
(Thermo Fisher Scientific, [IBeiapus). CocTaB MUKPOIJIEMEHTOB M PEAKO3EMEIbHBIX 3JIEMEHTOB
omnpeneneHn MertogoM ICP-MS ¢ ncnosnbp3oBaHneM KBaapynoibHOTO Macc-criekTpomerpa Agilent 7900
(Agilent Technologies, Cunramyp) mo metonuke (Svetov et al., 2023). MuHepanbHBIN COCTaB MOPOT
OBbUI OLIEHEH METO/IOM IMOPOIIKOBOW peHTreHOBCKOM mudpakuuu (XRD) ¢ ucnonszoBanueM nudpak-
tomerpa ARL X'TRA Thermo Scientific (Thermo Fisher Scientific, IlIBefiniapust).

PesyabTarsl. Kopa BeiBeTpuBanus PS-1 3aneraer mexay AByms JaBOBBIMU IOTOKAMHM KOMa-
tuuToB. OHA TIPENCTABISIET COOOM XJIOPUT-KBAPIEBBIH TOPU30HT MOITHOCTRIO 50 cMm. B marepun-
CKHX U TIEPEKPBIBAIOIINX MMOPOAAX COXPAHSIIOTCS PEAKHE PETUKTHI TEKCTYpPhl CITMHU(EKC, a2 B MUHE-
paTbHOM COCTaBe MPe00Iaat0T aKTHHOIUT, TPEMOJIUT (PEeIKO poroBas oOMaHka) U xjaoput. OTHaKO
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B MAaTEPUHCKHX JIaBaX HapsAy ¢ XJIOpUT-aM(puOOTUTOBONM MHHEpPATbHOUM accolMamueil Takke MpH-
CYTCTBYIOT KBapll, KaJbLUT, aTbOUT U (DIOTOMUT, KOTOPbIE B KOPE BHIBETPUBAHUS OOHAPYKEHBI HE
obiu (puc. 1). AKiieccopHble MUHEPAIBI B pa3pe3e MPeJICTaBICHBl TUTAHUTOM, allaTUTOM, TUPUTOM
U XaJIbKOTIUPUTOM.

Chl

Qz
Ttn
Tle
Cal
Ab
Phl

Depth (m)

Komatuumr
[T Komarnurossiit Tyd
I Kopa suiseTpuBaHNs

FO0RCONN

PS-1

I T
0 50 100 O 50 100 O 20 40 0 10 20%

Puc. 1. MunepanbHbIid cocTaB mopoA (B %) B 3aBUCUMOCTH OT TIIyOHHBI pa3pesa:

Ab — ans0ut; Amp — am¢pudoir; Cal — xansrut; Chl — xmopur; Phl — pmoronut; Qz — xBapi; Tlc — Tanek; Ttn — TuTaEUT

Bropoit ropu3oHT BhIBeTpuBaHUs CHOPMUPOBAH Ha Tydax KOMATUHUTOB. MOIIHOCTH Hambomee
BbIBeTpeHHOU Tommu (PS-2) nocturaer 1 M. Ha ocHOBe MUHEpaIOrHYeCKUX Bapualuidi B pa3pe3e Obl-
JIM BBIJICJICHBI TPH TOPH30HTA: CyOCTpaT (KOMAaTHUTOBBIE TY(BbI), XJTOpUT-aM(PrOOIOBbII ropu30HT (S),
WHTEPIPETHPYEMBI KaK CANpPOJIUT, U XJOPUTOBBIM TOpu30oHT (PS-2), nHTEpnpeTHpyeMbIii kKak Kopa
BbIBeTpuBaHus (puc. 1). [1o TekcType U MUHEpPAIbHOMY COCTaBY CaIllPOJUT MOAPA3ICSISICTCS HA HUXK-
HUH (Siow) ¥ BEpXHUH (Syp) CIOH. Siow 10 MHHEPATBHOMY COCTaBY OJHM30K K CyOCTpaTy, HO 001anaer
CJIOMCTOM TEKCTYpOH U XapaKTepusyeTcs OONBIINM KOJIMYECTBOM TallbKa, HAXOISALIETOCS B OCHOBHOM
Macce M JuH3ax. Cioll S,, pacciaHLOBaH W IPOHU3aH CEPUSAMH TOHKHX TPELMH (TapasulesIbHBIX
U TIEPIICHANKYISPHBIX CIAHIIEBATOCTH U CIOMCTOCTH), 3aMOJHEHHBIX METKO3EPHHUCTHIM XJIOPHUTOM.
Sup COCTOMT B OCHOBHOM M3 Xj0puTa 1 ampubona. [lopoasl cyOcTpara MacCUBHBIE, CI0KEHHBIE MUK-
pokpucTauiaMu am(puOoIOB (AKTUHOIUT U poroBasi oOMaHka) pasmepoM 10 50 MKM, 3aKIIOUEHHBIX
B MEJIKO-TOHKO3EPHUCTYIO XJIOPUTOBYIO MacCy, a TaKKe OTAENIbHBIMH, MOJIHOCTHIO MCEBAOMOPHHO
3aMelIeHHBIMA aM(pUOO0JIOM BKPAIUICHHUKAMH MUPOKCEHA. AKIIECCOPHBIE MUHEPAIBI MPEICTABICHBI
TUTAHUTOM, allaTUTOM, LIUPKOHOM, MMUPUTOM, XaJIbKOIUPUTOM, MarHETUTOM U XPOMUTOM. BbiBeTpeH-
HBIi TOpPU3OHT PS-2 WHTEHCHBHO pacCaHIIOBaH W TPEACTABIEH MPEHMYIICCTBEHHO XJIOPUTOM
¢ KBapiieM. B HiKHel JacTu ciiosi BCTpeyaroTcsl peluKThl aMPrOO0IOBBIX 3epeH U 0OJIbIIOe KOoIuye-
CTBO amaTuTa U TUTAHHUTA. AKIIECCOPHBIE MHHEpalbl: TUTAHUT, MUPUT, XAITbKOMHPUT, IHPKOH,
XPOMMAarHeTUT U peakue kceHomopdusaie 3epHa La- u Ce-padbnodana, pazmepom 1-2 MKM.

IIporieccrl runeprenesa okazajid BIMSHUE HA XUMUYECKUH cocTaB Mopos (puc. 2), 4To HAILIO OTpa-
JKEHHE B MH7eKcax nHTeHCcuBHOCTH BhiBeTpuBaHus CIA (Nesbitt, Young, 1982), nocturarommx 3HaueHui
83-91 B PS-1 1 92-95 B PS-2, Toraa kak B MaTepUHCKUX MOPOAAX 3HAUECHUS MHIEKCA HE MPEBBIIAIOT 46.
3nauenus CIA 80-100 yka3piBatoT Ha MHTEHCHBHOE BhIBeTprBaHue (Nesbitt, Young, 1982), mostomy Ko-
pol BeiBeTpuBaHus PS-1 u PS-2 Moryt ObITh MHTEpHPETHPOBAHBI KaK Pa3BHBAIOILIMECS B PE3YNIbTaTe
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MHTCHCUBHOTO XHMMHYECKOTO BbIBeTpuBaHUSA. WHaekc wu3MeHeHus wmapudeckux mopoa MIA-R
(Babechuk et al., 2014) Takxe neMOHCTpUPYET TEHICHIIMIO K POCTy OoT 3HaueHuit 10—16 B mare-
PUHCKHUX MOpOJax U canposinte A0 2528 B BeIBETpeHHBIX ToNmax PS-1 u PS-2, uro cBuaerenscTByer
00 yMepeHHOM BBIBETPUBAHHH.

Bapuanuu otnomenus Ti/Al menstorcst B y3kom untepBaine 0.024-0.028 B paspesax PS-1
u PS-2, uTo yka3wsiBaeT Ha oTcyTcTBHE TIporeccoB nepeotioxenus (Rye, Holland, 1998). Monspaoe
cooTHomeHne Al/Si sBsSeTCs MHIAUKATOPOM TITMHOOOpA30BaHUsS B MOPOJAx, MOCKONbKY Al Hakar-
JIMBAETCS B IIIMHUCTBIX MHUHEpajax Mo CPaBHEHHIO ¢ MCXOomHbIMH cuiukaTHbIMU (Sheldon, Tabor,
2009). T'opusont PS-2 umeet 6onee Bbicokoe cooTHomieHne Al/Si oTHOCHTENnBHO cyOcTpaTa U ca-
MPOJINTA, YTO CBHUICTEIHCTBYET 00 WMHTCHCHBHOM TJHMHOOOpa30BaHWUU B 3TOM clioe (ToapoOHee
B Bakaeva et al., 2024).

Fe u U sBastorcs red-oX 4yBCTBUTENBHBIMH 3JIEMEHTAMH, KOTOPbIE MOTYT BECTH ceOsl Kak Io-
JBUKHBIC M HETOIBHKHBIE JIEMEHTBI B 3aBHUCHMOCTH OT atMmochepHbix ycioBuii (Driese, 2004;
Sheldon, Tabor, 2009). Mousiproe otHomenne Fe®/Al sBiaseTcs MOCTOSHHBIM BO BCeM paspese.
MonsipHO€ OTHOIICHHE Fe*'/Al ymenbiaercss B PS-2 otHocurenpHO cyOcTpara u camposura. [lose-
nerne Fe’™ ykasbiBaeT HAa BOCCTAHOBHTEBHBIC YCIOBHS BHIBETPHBAHHS, KOTOPHIE 00CCIICUMBAIOT
BoimenaunBanne Fe? " u3 PS-2 i ero Murpamuio B 06;1aCTh CarposIuTa.

Otnomuenne U/Th mensercsa ot 0.18 1o 0.30 ¢ HE3HAUYUTENLHBIMU KOJIEOAHNUSIMU B HUKHEM CJIOE
canponuta (Siow) 1 PS-2. Huzkue Bapuanuu U/Th yka3siBaioT Ha cnaboe Uil yMEpeHHOE BBIBETPHBA-
HUE W OTCYTCTBHE 3HAUUTEIHLHOTO OKHCIHMTEIbHO-BOCCTAaHOBUTENIbHOTO TpanuenTta (Sheldon, Tabor,
2009), a Takke MOT'YT CBUJIETEILCTBOBATH O HENEPEOTIIOKEHHOM XapaKTepe KOp BbIBETPUBAHMUS.

PenkozemMenbHbIE AIEMEHTHI 4aCcTO UCIIONB3YIOTCS B KAYECTBE OJJHOTO M3 MHIANKATOPOB BHIBETPH-
Banus (Laveuf, Cornu, 2009). MarepuHCKHE MOPOABI U CAMpPOIUT O0JANAI0T HU3KUMHU 3HAYCHUSIMH
> P33 (10-15 ppm), Toraa kak B ropu3onTax PS-1 u PS-2 npoucxoaut nakomienune Y P32 (14 no
44 ppm), 4TO XapaKTEPHO JJIsl TUIIEPTeHHBIX 00pa30BaHUil.

Ce aHOManmusi IIHUPOKO HCIOJB3YETCS NJSl OTCIEKHUBAHUSA OKUCIUTEIbHO-BOCCTAHOBUTEIHHBIX
ycrouii BeiBerpuBanms. Ce'™ menee pactBopum, yem Ce’”, mostoMy monoxutenbHas anomanmns Ce
yKa3biBaeT Ha kucioponuyio cpeny (Laveuf, Cornu, 2009). Komatuurossie naBel 1 PS-1 HE umeroT
WM UMEIT cnabo orpunarensHyto anomanuio Ce/Ce* = 0.83—1.00. KomaruntoBsie Tydsl U canpo-
auT oOmanaroT OGosiee BbicokuMHU 3HaueHusMH Ce/Ce* = 1.14-1.48, koropsle cHmkaroTcs B PS-2
(Ce/Ce* = 0.99—-1.35), yTO MOKET CBHIETEIILCTBOBATH O BHIBETPUBAHUU B OCCKUCIOPOIHBIX MM HU3-
KO KUCJIOPOJTHBIX YCIOBUSX.

Fe™ /Al Fe/Al .
molar molar U/Th REE,. (ppm) Ce/Ce

So_g o

T T T T T — L — T T u
40 60 B0 1000 0.020.04 0.06 0.080 02 04 06 080 05101520250 02 04 06 0 10 20 30 40 50 05 1.0 15 20

== ¢] Komatuut Komatuntossii Ty [Jll#] Kopa euisetpusanus

Puc. 2. OcobeHHocTH pacnpeaeacHus] TCOXUMUIECKUX HHIIEKCOB BhIBETpHUBaHUs B ipoduisix PS-1 u PS-2.
MIA-R (Monek. koi1.) paccuutas mmo popmyie (Babechuk et al., 2014):
MIA r)=100x[Al,05/(Al,03+Fe;051+tMg0O+CaO*+Na,0+K,0)]. Munexkc CIA (Monek. Koi.) paccuutaH 1o Gopmyine
(Nesbitt, Young, 1982): CIA=A1,03/(Al,05+CaO*+Na,0+K,0)x100. CaO* y4utsiBaeTCsl TOIBKO JJIsi CHIMKATHBIX MUHE-
panoB
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[TapameTpsl maneocpens! (Tabi.) OLEHUBAIKUCH Ui Mpoduis BbiBeTpuBaHUA PS-2 mo mpuunze
HaWIy4lllel COXPaHHOCTU JIaHHOTO paspe3a. OleHKa oCylIecTBIsUIach MaTEMaTHYECKUMH METO/IaMH,
OCHOBAHHBIMM Ha F€OXMMHUYECKUX Bapualysx B mpoduie BeiBeTpuBanus. [lonpobuee meroauka npu-
BOJUTCS B pab0OTax, yKa3aHHBIX B MPUMEYaHUH K TaOJI.

[TapameTps! naneocpensl BIBeTpUBaHUs ropu3oHTa PS-2 Kolikapckoil cTpyKTypbl

pO,, PAL pCO,, PAL pH MAT, °C MAP, Mm/rox

ITapunansHoe
JTaBJICHUE KUCIIOPOaa
B aTMOcdepe

IapunansHoe aaBieHne | KucaotHOCTh CpenneromoBast CpenHeromoBoe
yriaepona B atmocdepe cpesl TeMIeparypa KOJIMYECTBO OCAIKOB

PS-2 1 x10* PAL 22 PAL 59+03 10+ 0.5°C 1353 + 182 mm/rox

Ipumeuanue. pO, u pCO, paccunransl o meroguke (Retallack, 2017) u (Sheldon, 2006), COOTBETCTBEHHO. MeTon
pacuera pH npuBonutcs B paborte (Lukens et al., 2018). MAT onenuBanacek mo popmyne (Oskarsson et al., 2012),
a MAP o ¢popmyne (Sheldon, Tabor, 2009).

BeiBoabl. Kopel BbeiBeTpuBaHusA, u3ydeHHble B Koilkapckoii cTpykrype Benmosepcko-
Cerozepckoro 3eneHokameHHOro mosica (Kapenbckuii KpaToH), OTHOCATCS K ME30-HE0apXehHCKOMY
BO3pacTy. AHAJIU3 UX MUHEPATHLHOTO COCTaBa M XUMUYECKUX Bapualiii CBUACTEILCTBYET O MpOIleC-
cax TuIepreHes3a B yCIOBUAX OCCKHUCIOPOIHON (HU3KO KHUCIOPOIHOM) Cpelbl ¢ mageoaTMochepHbIM
ypoBHeM pO; okoio 1 X 107* PAL. Kpowme Toro, kopa BeiBeTpuBanus PS-2 ¢popmupoBanack B ycio-
BusX kucion cpensl (pH = 5.9 £ 0.3), 9to cooTBeTCTBYET BRICOKOMY coaepkanuto pCO, B aTmo-
coepe (~22 PAL) (Bakaeva et al., 2024) u cornacyetcs ¢ ycTaHOBIEHHBIMU paHee npeaenamu pCO;
B atmocdepe gokemOpus (1o GOE), paBasiMmu 10-50 PAL (Driese et al., 2011). ITpu 3Tom maneo-
HKOJIOTUYECKUE PEKOHCTPYKLIHMU IMOKA3bIBAIOT, YTO KOpa BbIBeTpuBaHHs PS-2 ¢dopmupoBamacs Bo
BinaxxHoM (MAP = 1353 + 182 mm/ron) u xonogHom i ymepeHHoM (MAT = 10 £+ 0.5 °C) kinumate
(Bakaeva et al., 2024).

Paboma svinonnena 6 pamkax I'oczaoanus UI" KapHI] PAH FMEN-2023-0009.
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OIEHKA 3KOJIOTHYECKOI'O COCTOSAHUA BO1bI O3EP
HAIIMOHAJIBHOI'O MMAPKA «CEBEKCKHI» IO 300IIJIAHKTOHY

Bapab6am K.B.., YepHoBa E.H.23, Ilax .M.

! Uuemumym nayx o 3emne Canxm-Ilemepbypeckozo 2ocydapemeennozo yuusepcumema, st106197@student.spbu.ru
? Buonoeuueckuii paxynomem Canxm-IlemepGypacko2o 20¢y0apcmeeniozo ynusepcumenda
3 000 «Mexcpezuon-Ixcnepm»

BBenenne. YBennueHue mMacmTaboOB YETOBEUECKON NEATEIHHOCTH HEW30€KHO MPUBOINT K 3a-
IPSA3HEHUIO OKpYXalolleil cpelpl, BKIOYas BoJOeMbl. BogHble pecypchl UTparoT KIIOUEBYIO POJIb
B 00ECIIEYeHNHU YeJIOBeKa BOJOM AJis MUThS U OBITOBBIX HYXKJ, YTO JIENaeT KpailHe BaKHOW 3amauy
OLICHKH CTETICHHU 3arpsi3HEHUS BOJBI U OIpe/ieieHus ee KauecTBa. J{Jis ATUX Leseil ucnonb3yor Gpusu-
KO-XMMHYECKHEe U OHnonornyeckue mMeronsl. K mociaeqHuM OTHOCUTCS OMOMHIMKALUS — OLIEHKA CO-
CTOSIHUS OOBEKTOB OKpY)Karollel cpeibl MO COCTOSHUIO OMOTHI. buonHIMKauus mo3BoJisieT oOHapy-
JKUTh BO3JEHCTBUS HA BOJOEM, IIPEALIECTBYIOLINE BPEMEHHU aHalIM3a, IOCIEACTBUS Pa30BOr0 WIIHU
MPEPBIBUCTOrO 3arpsisHeHus. Vcrnonabp3oBaHue 300MJIaHKTOHA JJIs OINpeieeHHs] KauecTBa BOAbI METO-
JamMu OMOMHIHMKAIMU OOYCIIOBJIEHO TE€M, YTO M3MEHEHMs YCJIOBHH CYyIIECTBOBaHHMS OPraHHU3MOB OT-
paXkaroTcsl Ha €ro BHJIOBOM COCTaBe, KOJMYECTBEHHBIX MOKA3aTeNsX, COOTHOIIEHUU OTIENbHBIX TaK-
COHOMMYECKHX T'PYII, CTPYKType MOMYJISAIHHA, YTO MO3BOJIAET UCIOIB30BATh €r0 I OLEHKU TPOhH-
YecKoro craryca BojoemMa. Llenbio paboThl SBIETCS oNpesesieHue KayecTBa BOAbI 03€p HallMOHAIb-
HOro napka «Ce0eXCKHU» ¢ TOMOIIBI0 METO10B OMOMHIUKAIIMH 10 300TIJIaHKTOHY.

Oo0bekT uccaenoBanusi. HanmonansHeiil mapk «Cebexckuii» pacrosaraercs Ha tore [IckoBckoit
o0acTH, Ha BoJopas3zene IByX pek: 3amagHas J[Buna u Benmkas, yto oTHOCATCS K Oacceiiny bantuii-
ckoro mopsi. Teppuropust OOIIT (oco60 oxpaHseMble MPUPOAHBIC TEPPUTOPHUH) OXBATHIBAET OOLITUP-
HY!0 yacTh akBaTopuu IlckoBckoro IToozepss.

Marepuanbl U MeToabl. OT60p TTPOO 3001UTaHKTOHA TIpon3BoAmiIcs 8, 9 u 10 aBrycra 2022 r.
B HanmoHaimbHOM mnapke «Cebexckuit» Ha o3epax Cebdexckoe, OpoHo, O3epsiBku, benoe u Batureps-
€B0. B kxauecTtBe opyaus J10Ba UCIOJIb30BAIACH IUNIAHKTOHHAS ceTh J[>kenu. CHavana yepes ceTh ¢ OT-
KPBITHIM KJIAIIAHOM TIPOITyCKalu BOJY, YTOOBI yAIUTh BO3MOXKHBIE OCTAaTKH opranu3mMos. [locine 3to-
ro KjamaH 3aKpbIBajlM, OMYCKAJIU CeTh Ha HY)XHYIO TI1yOuMHYy U noaHumanu. [pyroii meron orbopa
npo0 3aKIT0Yalcs B MPOIEKUBAHUM BOJBI U3 BojgoeMa uepes ceTh Jxean. Hekoropsie mpoOsl ObuH
MOJTY4Y€HbI ¢ MOMOIIBI0 TTposikBa 100 TUTPOB BOJIBI, @ HACTH — METOAOM MPOTSIKKH OT 4 10 8 METPOB.

[Tonyyennyro npoOy mepenuBaiy B MPUTOTOBJICHHYIO mocyay U ¢ukcupoBamu 40 %-m pacTBo-
poMm ¢opmanunHa. PopManvH NPUINBAIUA B MPoOy C TaKUM pacdeToMm, uyToObl momyumics ero 4 %-i
pactBop (1 wacte Qopmanmua Ha 9 yacteld Boapl) (Meromuyeckue pEeKOMEHIAIMHM 1O cOOpy...,
1984). Touku oTO0pa nmpob MokazaHel Ha cxeme (puc.).
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PesyabTaTsel. s Bcex Tpex npod Ha 03. benoe 3nauenue nnnekca [llenHoHa BappupyeT B mpe-
Jienax, XapakTepHbIX I OJUTOTPOGHBIX BOJAOEMOB (2.66—2.76), MHAECKC CapOOHOCTH TO3BOJSET
KJIaCCHU(UIIMPOBATh BOABI 03epa Kak omurocanpooOnsie (1.08-1.43) (tabm. 1). IIpu 3TOM MHAEKC
MsiomeTca Takke OJWHAKOB I TPeX MpoO, OJHAKO OTHOCHT 03epo K Tuiry Me30TpodHbIX (0.59—
0.97). HeogHo3Ha4yHbIe pe3yibTaThl MOJTYYEHBI U MPHU OLIEHKE TPOPHUECKOTO CTaTyca o3epa: OT OJIH-
rorpodHbix (0.73) no ’BTpoduBIX (3.03). [TomyueHHbIE 3HAYCHHUS HHICKCOB C YU€TOM MpeoOIaianus
npencrasutenei Cladocera mo 6moMacce Mo3BOJSIOT OTHECTH 03. bernoe k Me30TpoQHBIM.

Tabauua 1. PaccunTanable MHACKCHI IS ONIPEACIICHHS KadecTBa BOBI s 03. bemoe

Ne ipo6BI
18.2.1 18.11.1 18.11.5
8 M 100 n 100 1

N, 3K3./Ky0.M 87685 16300 26404
B, Mr/ky6.m 1347.7 262.8 568.2
Wunexc [lennona H(N) 2.76 2.67 2.66
WuTepnperanus OJIMTOTPOQHBIN OJUIOTPOQHBIN OJIUrOTPOQHBIN
Nclad/Ncop 1.35 0.73 3.03
WuTepnperanus Me30TpOdHBII OJUrOTPOQHBIN 9BTPOQHBIH
®daynucrtudeckuil uHaekc Mssmerca E 0.85 0.97 0.58
WHaTepnpeTarust Me30TpOdHBII Me30TpodHBII Me30TpOodHBII
S nHzIekc canpoOHOCTH 1.43 1.34 1.08
WHuTepnpeTarust oJIrocanpooHas oJirocanpooHas oJirocanpooHas

0O3. Cebexckoe UMeeT 3HaUeHUsI BUAOBOTO pasHooOpa3us B mpejenax ot 3BTpoduoro (1.65) mo
ommurotpodroro (3.36) (tabis. 2). DayHHUCTHUECKUN WHIAEKC MsaMerca uMeer 0ojiee paBHOMEPHBIC
MOKa3aTeln M XapaKTepu3yeT BoIbI o3epa kak me3orpodHbie (0.38—1.04), TO e MOXHO CKa3aTh
Y TIPO UHJEKC TPOPHUUECKOTO cTaTryca: ABE M3 TPeX MpoO HAXOIATCS B Mpeaesiax Me30TpOo(HON 30HBI
(0.69—1.33). Uupaexc canpobHoCcTH Konebaetcst oT onurocanpodHoro (1.40) mo Gerame3ocanpoOHOTO
(1.53). Taxxe MO)KHO OTMETHUTH ITpeoOIaaHNe KaK M0 YUCICHHOCTH, TaK U TI0 OoMacce Mpe/ICTaBH-
teneir Cyclopoida wan Calanoida, 970 B COBOKYIHOCTH C OTHCAHHBIM BBIIIE IO3BOJSET OTHECTH
03. CebOexckoe K Me30TpO(hHOMY THITY.

Taéamnna 2. PaccuntaHHbIe MHACKCHI JJIs ONPEICICHUS KauecTBa BOAbI s 03. Cebekckoe

Ne ipo6bI
nc-1.1 Ic-2.1 I1c-2.2
100 n 100 1 6™

N, 9k3./Ky0.M 30999 84610 81598
B, Mr/ky6.m 723.9 2037.5 12223
WNunexc ennona H(N) 2.37 1.65 3.36
WuaTepnperanmst Me30TpOdHBII 3BTpOdHBII oJUroTpOoHBIH
Nclad/Ncop 1.20 1.33 0.69
WnTepnperanus Me30TpOQHBIN Me30TpOQHBIN ONUroTpoQHBINH
®ayHuctuueckuil uuaekc Mssmerca E 1.04 0.38 1.03
WnTepnperanus Me30TpOQHBIN Me30TPOQHBINH Me30TpoQHBII
S uHIEKC canmpoOHOCTH 1.53 1.46 1.40
WuTepnipetanmst OGeTame3ocarpoOHas oJITOCaNpoOHas oJirocanpooHas

3HaueHUs! MHAEKCOB TSI BceX Tpex Mmpod 03. OpoHO AOBOJIFHO MPOTUBOPEUYMBBIE: pa3dpoc 3HAUCHUI
WHJIEKCOB BUJIOBOTO pasHooOpasust (2.68—1.88) u Tpoduueckoro craryca (0.84-3.02) ot onmurorpodHOTO
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110 ABTpo(hHOTO, PayHUCTHUECKOTO HHAEKca — OT Me30TpodHOro (0.42—0.46) no runepasrpodHOTO (4.75)
(tabin. 3). Uanexc canpobHoCcTH Koseosercs ot onmurocarnpoOHoro (1.28) mo 6erame3ocanpobdnoro (1.53).
Takum 00pa3zoM, TPOPHUUECKHIA CTATYC 03epa TATOTEET K ME30TPOPHOMY.

Tabauua 3. Paccuntanabplie MHACKCHI IS ONPEACIICHNS KadecTBa BOABI Tt 03. OpoHO

Ne ipo6BI

NO7 18.7.1 NO8

100 n 7™M 8 M
N, 9k3./Ky0.M 42420 67618 25843
B, Mr/ky6.m 899.9 1263.5 618.7
Wunexc Hlennona H(N) 2.54 2.68 1.88
WuaTepnpeTanmst Me30TpodHBII OJUTOTPODHBII 3BTPOdHEII
Nclad/Ncop 3.02 0.84 1.29
Wntepnperanus 9BTPOHBIIH OJIMroTPOQHBIN Me30TPOQHBINH
®Daynuctnueckuit nHACKC Msamerca B 0.42 0.46 4.75
WuaTepnperanmst Me30TpodHBII Me30TpOodHBIH TUTIEPIBTPO]HBII
S uHIEKC canmpoOHOCTH 1.28 1.47 1.53
Wurepnperanus onurocanpoOHas onUrocarnpooOHast GeramesocanpoOHas

Bemuuunbr mnpekca Illennona (2.59-1.55), a Taxxke wuHaexkca Msoamerca (0.57-2.38) mis
03. O3epsiBKU HOCAT Me30TpodHO-3BTpodHBIN XxapakTep (Tadn. 4). Muaekc canpoOHOCTH XapaKTepu-
3yeT BOABI 03epa Kak onurocanpoOHsie (1.33—1.44). Tpoduueckuii ctaTyc MEHSIETCSI OT OJIMTOTPO(d-
Horo (0.72) mo »BTpodHoro (1.90), ucxos U3 BBIIIECKA3aHHOTO, a TAKXKE C YI4ETOM MPeoOIajaHus 1o
YUCJICHHOCTH B Onomacce npeacrasuteneit Cyclopoida nan Calanoida.

Tabauua 4. PaccunTanuble HHACKCHI 715 ONIPEACNICHNs KauecTBa BOBI Il 03. O3epsiBKU

Ne ipoGsI

18.7.6 18.11.4 18.7.3 18.7.8 18.11.3

100 n 100 1 100 n S™m 4™
N, 9K3./ky0.M 16270 2200 28140 20514 16593
B, Mr/ky6.m 317.9 20.6 679.3 279.1 316.6
Mupexe ennona H(N) 2.51 2.59 2.03 2.20 1.55
WuTepnperanus Me30TPO(HBIA | Me30TPOQHBIN 9BTPOHBIH Me30TpoQHBII 9BTPOQHBIH
Nclad/Ncop 1.12 0.72 0.91 0.75 1.90
WHaTepnpeTarust Me30TpO(dHBIN | OMUTOTPOMHEIHN | OMUTOTPOPHBINA | OMUTOTPOGHBIN |  IBTPODHBII
aymICTICCIA HeKe 2.05 0.57 1.07 1.67 238
WuTepnperanus 9BTPO(DHBIN | Me30TpO(dHBIH | Me30TpOHbIH 9BTPOQHBIH 9BTPOHBIH
S uHAEKC canpoOHOCTH 1.34 1.37 1.59 1.33 1.44
WHaTepnpeTarust oyrocanpo0- | omurocanpo6- | 6eramesocanpod- | onmrocamnpod- | oJMrocanpoo-

Hast Hast Hast Hast Hast

Pesynbrarer ungekca lllennona (2.76-2.34) u tpodudaeckoro craryca (1.09—1.50) mis o3. Baru-
TEPHEBO HAXOJATCS B HUAMA30HE OT OJIMTO- 10 Me30TpodHBIX (Tabm. 5). MHaekc campoOHOCTH UMeEeT
3HAUEHUS, CBOWCTBEHHBIC ONUTOCANpPOOHBIM BomoemaMm (1.43—1.49). dayHucCTHUECKHI WHACKC
MsiomeTrca HaxoauTes B AuanazoHe mMe3oTpodHsix o3ep (0.40-0.83). XapakrtepHoe aiis o3epa mpeoo-
napanue Calanoida wan Cyclopoida xak To YHCICHHOCTH, TaK M MO OMOMAcCCe IMO3BOJISIET OTHECTH
JTaHHBIA BOJOEM K OJIUTOTPO(HBIM.
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Tabauua 5. PaccunTanabple MHACKCHI IS ONPEeAeIICHNs KauecTBa BOBI I 03. BsITHTepheBO

Ne ipo6BI

18.7.3 18.11.5

100 n 6M
N, 9k3./Ky0.M 54400 174116
B, Mr/ky6.m 1304.2 21913
WNunexc Hlennona H(N) 2.76 2.34
WuaTepnpetanmst ouroTpodHBIH Me30TpOdHBII
Nclad/Ncop 1.09 1.50
Wntepnperanus ONUroTpoHBIN Me30TpOQHBIN
®ayHuctuueckuil uHaeKC Mssmerca B 0.40 0.83
WuTepnipetanmst Me30TpODHBII Me30TpOdHBII
S uHIEKC canmpoOHOCTH 1.49 1.43
Wurepnperanus oJIrocanpooHas oJMrocanpoOHast

BoiBoabl. Ilo pesynbraram pazbopa mpobd ¢ o3ep HanuMoHaIbHOTO Mapka «CeOexCKuity ObUTH
IIOCYHUTAHbI KOJIMYECCTBCHHBIC JAaHHBIC. HHACKCHI BUIOBOTO pa3H006pa31/151 I_HCHHOHa, TpO(l)I/I‘-IeCKOI‘O
craryca mo AHIpPOHHUKOBOHW, MsdMeTcy U canmpoOHOCTH, a Tak)Ke YUCIEHHOCTh U Ounomacca. M3
CPaBHEHMS BBIYMCIICHHBIX 3HAYEHUI MHIIEKCOB BUJOBOIO Pa3HOOOpasus, campoOHOCTH U Tpoduye-
CKOTO CTaTyca MOJIy4eHBI BBIBOABI O TOM, uTO o3epa Cebexckoe, benoe, OzepsiBku 1 OpoHO OTHO-
CATCA K ME30TPOHBIM «yMEPEHHO 3arpsi3HCHHBIM» BOJIOEMaM, a 03. BATUTEpbeBO — K OMUTOTPOd-
HBIM «IUCTBIM.

Cnmcok JIuTepaTypsl

Meroauyeckne pekoMeHIauuu no coopy u o0paboTke MaTepuanoB IpU T'HAPOOHOIOIHYECKUX HCCIEIOBAaHUAX HA
MPECHOBO/IHBIX BOJOEMAaX: 300IUIaHKTOH M ero nponykuus / Pen. I'I'. BunGepr, I.'M. JlaBpenrseBa. JI.: ['ocHUOPX,
1984.33 c.
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AYTHUHI'EHHBIE AKIIECCOPHBIE MUHEPAJIBI I'VTIMHUCTBIX CJIAHHEB ATYJIUA
CEI'O3EPCKOM CTPYKTYPBI: MOP®OJIOT MYECKUE OCOBEHHOCTH U BO3PACT

beccmepTHbIH K.H." 2, CyxaHoBa M.A.> 3, CuiaeBa O.M.* 5, YcruHoBa B.B.l,
CrenaHnoBa A.B.l, I'anankuna O..JI.3, KepBunen A.B.!

! Unemumym 2eonozuu Kapenvcrkozo nayunozo yenmpa PAH, kirillbessmertnyy@gmail.com
? Canxm-ITemepbypeckuii 2ocydapcmeennbiii yHusepcumen
 Unemumym zeonoeuu u 2eoxpononozuu PAH
* Feonoauueckuii uncmumym PAH
? Mockosckuii 20¢y0apcmeentblii yHusepcumen

BynkanorenHo-ocaouHble KOMIUICKCH ATyust (2.3—2.1 Mipj JieT) MHUPOKO pacIpoCTpaHEHBI Ha
Tepputoprun OEHHOCKAHAWHABCKOTO IIUTA U SBJSIOTCS BAXKHOUW YacThio UcTOpHH ero pazButus (Coko-
70B # 1ip., 1970). OnHUM U3 OMOPHBIX OOBEKTOB I M3y4deHUS ATYausT DEHHOCKAaHIUHABCKOTO IITUTA
sBrsieTcst Cerozepckasi CTpYKTypa, pacioioskeHHasl B BOCTOUHOM yacTi Kapenbckoro kpaToHa Ha Tpa-
aute Bognosepckoro u LentpansHo-Kapenbsckoro TeppeitHoB (CitabynoB u nip., 2006). OHa npeacTas-
JIseT o060l CHHKIMHATB TLIOMAIpio 900 KM, CII0KEHHYIO PasIHIHBIME META0CALOYHBIMU U METaBYII-
KaHUYECKUMH TIOPOJIaMH, KOTOPBIE OTHOCSTCS K HIDKHEMY U cpenHeMy styiuio (CokosoB u ap., 1970).

BynkaHoreHHO-0CaI0UHbIE KOMIUICKCHI ATYNUS B paiioHe 03. Cero3epo BKIIOYAIOT TEPPUTESHHYIO
TOJIIY CepPhIX M KPACHBIX NMECUaHUKOB U KBAPLUTO-NIECYAHUKOB C MPOCIOSMHU aJIEBPOJIUTOB U aprHlil-
JUTOB, a TaKXK€ WX HHTPAKIACTOB. Pa3MepHOCTh TEPPUTECHHBIX MOPOJA BApbUPYET OT IMETUTOBOM
(<0.005 mm) mo menkoraneunoi (2—10 mMm), ¢ mpeodagaHeM KPYIMHO3EPHUCTHIX TTecyaHukoB (0.5—
1 mm). Dopma KBapIEBLIX 3€PEH YaCTO OKAaTaHHAS M MOJyOKAaTaHHAs, PEKE XOPOIIIO OKaTaHHAS U YT-
JoBaro-okataHHas. [IpeoOnanaer miuoxas u cpenHss copTupoBka. [loBcemecTHO B pa3pe3ax BcTpeda-
IOTCSI KOCOCJIOMCTBIE TEKCTYpPhI M 3HAKH PSOU BOJHEHHS, & B APTHJUTUTOBBIX PA3HOCTSIX — TEKCTYPHI
TPELIUH yChIXaHUS.

Cpenu MeTaocagouHBIX MOPOJ] BRIICISIOTCS JIBE MAYKH TIIHHHUCTHIX CJIAHIIEB, KOTOPBIE pa3inya-
IOTCA TI0 TEKCTYPHO-CTPYKTYPHBIM OCOOEHHOCTSM U MHMHEpPAIbHOMY U XHMHUYECKOMY COCTaBaM.
BepxHsis v HIDKHSIS QUKW TTUHUCTBIX CIAHIIEB Pa3[EsIFOTCS B pa3pe3e MOTOKOM PAHHESTYIUHCKHX
0a3anbToB. [ TMHUCTHIE CIAHIBI TPEUMYILIECTBEHHO ciokeHbl uuToM (80 % u Oosnee), 0010MOUHAS
yacTb (MeHee 10 %) npencrasiieHa kBapueM. [l HUOKHEW NMayky XapaKTepHO HaJIM4YUe ICEBAOMOP-
¢$h03 TUMOHHTA TIO TTUPUTY.

Pentrenoa3oBeiii aHanM3 TMOKa3aj, YTO TOHKO3EPHUCTHIC TIUHUCTBIE IMPOCIOU JBYX MadeK
MPAKTUYECKU HE Pa3IMyaloTCs MO0 MUHEPAIbHOMY COCTaBYy B MpeJesiax CUHKIMHAIU. MUHepalbHbII
COCTaB 3TUX TOJII MPEICTABICH KBAPIEM, MYCKOBUTOM, OMOTUTOM U XJIOPUTOM, B TIOJYMHEHHOM KO-
JNYECTBE MPUCYTCTBYIOT KaJbIUT, TEMAaTUT, MUPUT, OPTOKIIa3, MarHeTUT. OTANYUTEIBHONH 0COOEHHO-
CTBIO TJIMHUCTBIX CIIAHIICB BEPXHEH MauKH SBIISIETCS BBICOKOE COACpKAHUE reMaTHTa.

XUMUYECKHI COCTaB INIMHUCTBHIX CJIAHIIEB HM)KHEH MauykKy 3HAYUTENbHO OTIMYAeTCs OT COCTaBa
TVIMHUCTBIX CIAHIICB BepXHEW mauku. Tak, BEpXHss Mauka XapakTepu3yercs 0ojiee BBICOKUMHU COIEp-
kanusamu Si, Mg u Ca 1 3HaUuTeNnsHO OoJiee HU3KUMH KoHIeHTparusaMu Al u K. ['muHUCTBIC claHIb!
HIDKHEW MAYKU OTJIMYAIOTCS 3HAYUTETFHO 00Jiee BRICOKMMH COACPKAHUSIMHE TSKEIBIX U JIETKUX Pe/l-
Ko3emenbHBIX AmeMeHToB (Nd 10 428 /1, Yb 1o 19 /7).

AKIieCCOpHbIE MHUHEPAIbl HIDKHEW TAYKH TIMHUCTBIX CIIAHIEB MPEICTABICHBI IUPKOHOM, MOHA-
UTOM, KCEHOTUMOM W MUHEpaJlaMu TPyl pyTuiia. [{lupkoH npeacraBieH 00JI0MOYHBIMH TPEIIMHO-
BaTbIMU 3€pHAMH C OTYETJIMBOWU OCHMIIISTOPHON 30HAILHOCTHIO U pazMepom oT 50 10 250 MM, Mop-
dosornvyecky OJU3KUMHU K NMUPKOHY BMEINAIOIIMX MecyaHukoB. KceHotnm dopmupyeT kceHoMopd-
HbIe 3epHa pazMepoM A0 100 MKM, HaChIIEHHBbIC BKIIOUCHUSMU. MOHAIUT MPEACTABICH PEAKUMU
Kpuctauiamu pazmepamu nopsiaka 30-60 mxwm, penko g0 100 MmxM. MopdosIoru4ecku BhIACISIOTCS
JIBE PA3HOBUIHOCTH MOHANuUTAa. J{Jis epBoOii XapakTepHBI MEJIKHUE YITIOBaThIE 3epHA pa3MepoM He Ooliee
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60 MxM, 11 BTOpoi — KceHoMop(dHbIe 3epHa pazmepoM 20—40 mxMm. Taxoke ObuT 0OHApY>KEH MOHAIIUT
CO CJIOKHBIM cTpoeHueM. Sapo pazmepamu 50 Ha 30 MKM COIEPKUT MHOXKECTBO BKIOUeHUH. O00-
JI0YKa OHOPOAHA. SInpo u 000I0YKa KOHTPACTHO OTIMYAIOTCS Mexay coboil. Tak, supo 6oraro Th,
Ce, Si, a o6omouka — La. Pasmep 3epen coctaisier 140 MKkM B tuamerpe.

AKI1ECCOPHBIE MUHEPAJIBI ITIMHUCTBIX CIAHIIEB BEPXHETO YPOBHS KOHTPACTHO OTIMYAIOTCA OT aK-
LECCOPHBIX MHUHEPAJIOB HIDKHEr0 ypoBHs. MOHALUT MpeJCcTaBlieH 3€pHAMHM HENpPaBHIBHON (opMmbl,
KOTOpBIE 3HAUUTEIBHO MEHBIIE IO pa3MepaM (5—25 MKM), yeM B HMXHEH nauke. KceHoTuM oTCyT-
ctByeT. OOHapyKeHbl ayTUTCHHBIH amaTUT U TUTAHUT. ATATUT MPEACTaBI€H CYyOMAMOMOP(HBIMU
U KCeHOMOP(HBIMH 3epHaMu pazmepoM oT 30 1o 120 MKM, TUTaHUT — 3epHAMH HETIPpaBUIIbHOW (op-
MBI, pa3Mep KOTOPBIX BapbUpyeT B npeaenax 2045 mxMm. B HEKOTOpBIX Citydasx cojepKaHue TUTAHUTA
B [IOPOJIE€ IPEBBILIAET SATH IPOLIEHTOB.

MuHepansl TpymnIbl pyTUia MpeAcTaBIeHbl ABYMs Pa3HOBHIHOCTIMH. AHaTa3 popMUpYET cepo-
BaTO-)KEJNThIe 3epHa pa3mMepoM okojo 100 MKM, pyTHII — BBITSHYTbIE 3epHa OJIEHO-KENITOrO LBETa,
C BBIPAXXEHHOM TPEIMHOBATOCThIO. X pazMep Bapbupyet oT 60 10 150 MKM.

beun nposenenst U-Pb ID TIMS reoxpoHosiorndeckue UCCIEI0BaHUS OJHOPOIHBIX 3€PEH MO-
HaIUTa U KCEHOTHMA U3 TJIMHUCTBIX CIAHIIEB HIKHEro ypoBHs. EnMHMYHBIE 3epHA MOHAIUTA U Kce-
HOTUMa nojaBepraiuch pasnoxenuto B HCl, xumMuueckoe BblAeNeHHE CBUHIA M ypaHa MPOBOAMIOCH
B cooTBeTCTBUU co cTanmaptHoil meromukon T.E. Kpoy (Krogh, 1973), npenBapurensHo k mpobOam
0GABIISAIICSA H30TOMHEINA HHMKaTOp ~°Pb + **°U. M3Mepenue n3otonHoro cocrasa Pb i U BemomHs-
nock Ha ipubope Triton TI B MaCcTHTYTE reomorun u reoxpononoruu qokemopust PAH (MI'T /I PAH).
Bo3pacTt MoHanuTa B INIMHUCTBIX CJIaHLIAX B CEBEPO-BOCTOUHOM dacTH Cero3epckoil CTpyKTYphI
cocraBisier 1855 £ 14 mun netr (CKBO = 1.14), Bo3pacT KCEHOTHMA W3 TJIMHUCTHIX CJIAHIEB IOTO-
3amaaHoi yactu cTpykrypsl — 1751 + 5 mun siet (CKBO = 0.033).

Jlnst 3epeH MOHalKTa, UMEIOIIUX CJI0XKHOE CTpoeHHUE (Ipo M 000J04YKYy), OblIa MpUMEHEHA
metoauka xumuueckoro natupoBanus (CHIME). M3mepenus Owvumn nposenenst B UI'T/] PAH na
31eKTpoHHO-30H10BOM aHanu3atope JEOL JXA-8230. U-Th-Pb 3nauenus Bo3pacra siaep, morydeH-
HbI€ B OTJEJIbHBIX TOYKAX, B COBOKYITHOCTU JAIOT CPEIHEB3BEIICHHOE 3HauUeHue Bo3pacrta 2472 + 42
miH JietT (CKBO = 1.3), a o6omouex — 1753 £ 101 muia et (CKBO = 0.41).

Takum 00pa3oM, mepBbIe pe3yabTaThl U3YYSHHUS TIIMHUCTBIX CIIAHIIEB HWKHETO U CPEIHEro STYIHUS
B Cerozepckoi CTpyKType MoKa3ajii, YTO HECMOTPS Ha CXOXKHUI cOCTaB OPOA00OPa3yIOLIMX MUHEPAJIOB,
AKLIECCOPHBIC MUHEPAJIbI BEPXHEH U HUXKHEHU IAYEK CYLLECTBEHHO OTJIMYAIOTCA APYr OT Apyra. Tak, i
HIDKHEH MauKy XapaKTEPHO BBICOKOE COJIEp)KaHNe MOHAINTA, KCEHOTUMA, a TaKkKe HaIW4ue pyTuia, aHa-
Ta3a U UUpKoHA. Iy BepXHEH Mauky TJIMHUCTBIX CIAHIIEB XapaKTEpHO OOJIBIIOE KOJMMYECTBO araTHTa
Y TUTAaHWUTA, KCCHOTUM HE YCTaHOBJICH, MOHALIUT (OPMUPYET €AMHUYHBIE MEJIKUE 3epHa. Pe3ynbraThl
U-Pb (ID TIMS) u U-Th-Pb (CHIME) reoxpoHOIOTHYECKUX WUCCIESIOBAHUI TPEANONIAratoT, 4To B Qop-
MHUPOBAaHUM TJIMHUCTBIX CJIAHIEB HIKHEW MayKd y4acTBOBAI MCTOYHUK CHOCA, COACP)KABIIMN MOHAIIUT
¢ Bo3pacToM okono 2.5 mupn ner. OOpazoBaHue OMHOPOAHBIX 3epeH MoHarmra (1855 + 14 muH ner)
u kceHoTuMa (1751 £+ 5 MITH J1eT) B TIMHUCTBIX CJIAHIIAX MOXKET OBITh CBS3aHO C METaMOP(hUIECKUMHU CO-
OBITHSIMM WJIM aKTHBHBIM BO3JCHCTBHEM (PIIIOMIa M MAPKUPYET 3MU30J TEKTOHO-METaMOp(PHIECKOM
nepepaboTKU ATYIUNCKOTO BYJIKaHOT€HHO-0CaJ0uHOro yexya Ha Kapenbckom kpaToHe.

IIpu pabome ucnonvzoeanocy 0b6opyoosanue Anarumuueckozo yewmpa Mucmumyma e2eono2uu
KapHI] PAH, LIKII AUPU3 UIT]] PAH u Pl] «Penmeenoouppakyuonrvie mMemoovl UCCIe008aAHUA»
CIIoI'y. Ilpu noooepoicke npoexma u 8 pamkax peanuzayuu npoekma PH® Ne 23-17-00260.
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MAHI'EPUT-IIOJOBHBIE NTHKJIABbBI
N ACCOIMUPYIOIIHUE C HUMU ITOPO/Ibl CAIMUHCKOI'O APTK
(FO’KHASA KAPEJIUA), CPABHUTEJIBHBIM TEOXUMHNYECKHU AHAJIN3

Bacuiabes C.C." 2, Komubimes A.A.'

1 .
Hucmumym zeonoeuu Kapenvckozo nayunozo yenmpa PAH, karel sergey@mail.ru
2 . ¢
Ilempo3zagoockuii 20cyOapcmeeHHblil YHugepcumem

BBenenue. AHOPTO3UT-panaKUBUTPAHUTHBIE KOMIUIEKCHI Tmopon (manee API'K) sBustorcs
«BU3UTHON KapTOUKON» TOKeMOpHUIiCKOro mMarmatu3Ma Ha Hamei ruianere. Tunm marmatusma, 00-
pas3yrouiero JaHHble KOMILUIEKChI, UMEN IIUPOKOE pAacIpOoCTpaHeHHEe B MHTepBasie 1-2 Mipa JeT
Ha3aJl U B HACTOSIIEE BPEMsI HE UMEET MPSIMBIX aHAJIOTOB.

MaHreputaMy HW3HAYaJIbHO Ha3bIBAJNach TUIEPCTEHOBAs WM aBIUT-THIIEPCTEHOBAasl pa3HO-
BUJIHOCTh MOHILIOHHUTA. B MHpe CylecTBYIOT pa3inyHble KOMIIJIEKCHI IOPOJ, C KOTOPBIMHU acCOLM-
HUPYIOT MAHTE€PUTHI, HAPUMEP: aHOPTO3UT-MAHTEPUT-YAPHOKUT-TPAaHUTHBIA KoMmIuiekc Halin, bpa-
3mwins (Scandolara et al., 2013; Fraga et al., 2009), aHOpTO3UT-MOHIIOHUT-YaPHOKUT-TPAaHUTHBIN
kommiekec mopoa Kopocrensckoro miuyroHa, Ykpauna (Shestopalova et al., 2015), manreput-
YapHOKHUT-panakKuBUTPaHUTHBIN KoMmiuieke mopon Ceppa na IlposBuaenc, bpasunusa (Scandolara
etal., 2013) u ap.

W3yueHne npoueccoB, NPUBOAAIINX K 00pa30BaHUIO JTAaHHBIX OOBEKTOB, UMEET Kak (yHIaMeH-
TaJbHBIN, TaK M IPAKTHICCKUN HHTepec. DyHaaMeHTaIbHBIN CBS3aH ¢ pacuu(pOBKON IBOJIONHUHA KO-
poBoro mMarmatusMma Ha ruianete. [IpukinaaHoil nHTEpec 00yCIOBICH MOBBIIICHHBIMU KOHIICHTPAIHSI-
MU TaKHX 3JIEMEHTOB, kak Fe, Ti, P, Zr, uHOT/1a TOCTUTAIONIIMMHU TTPOMBIIIUICHHO 3HAYMMBIX 3HAUCHUH,
B HaXOJSIIMXCA B aCCOLMALIMUA C MAHTEPUTAMU OPOIAX.

O0bekT ucciaenoBanusa. ManrepuT-nog00HbIE TOPOALI OTMEUYAIOTCA B cocTaBe CaIMUHCKOTO
0aTonuTa B €r0 CEBEPO-BOCTOYHOM OoOpamieHUM IpaHuToB panakubu (XKnanosa, bepesun, 2012;
Bacunbes, Konsrmes, 2023), otnocsmerocs kK APT'K. Mccnenyemsie moposl oOHaXkaroTcst B 60p-
Tax AOpOXkHOU BeleMKH Tpacchl CopraBaia — Ilerpo3aBonck (368—371 kM), Henmoganeky oT Hace-
nenHoro nynkta Konarcensra. Ouu GpopMupytoT Tesna HeGO0IbIIONH MOIIHOCTH, 10 MIEPBBIX METPOB
B IIOIIEPEYHHUKE.

Metoasb! ucciaenoBanus. CojuepxaHus OCHOBHBIX AJIEMEHTOB B MOPOJaxX ONPEeIsUINCh METO-
noMm pentreHoduryopecuentHoro ananusza (XRF) ¢ wucmonmszoBammem ARL ADVANT'X-2331
(Thermo Fisher Scientific, IlIBetimapus). KoHieHTpaum MHKPOIJIEMEHTOB M PEIKO3EMEIbHBIX
3eMeHTOB ompenensiuc Mmerogom ICP-MS ¢ ucnonb3oBanueM KBaJpymoJbHOTO Macc-
criektpometpa Agilent 7900 (Agilent Technologies, Cunramyp) mo metoauke (Svetov et al., 2023).
Bce ananutnyeckue ucciaeaoBaHus TPOBOAMINCH B LIeHTpe KOJMIEKTUBHOTO M0Jib30BaHust UHCTUTY-
ta reonorun KapHI[ PAH (Ilerpo3aBojick). B xauectBe 00bEKTOB comocTaBiaeHus (IO JUTEpaTyp-
HBIM JAaHHBIM) OBLTH BBIOpaHBI: AaHOPTO3UT-MAHTEPUT-YAPHOKUT-TPAHUTHBIN KOMIUIEKC ATUPOHJIAK,
Cesepnas Amepuka (Seifert et al., 2010) (manabsle o coctaBe 45 mpo0), MaHTEpPUT-YAPHOKHUT-
panakuBUTpaHUTHBIA KomIuieke noposa Ceppa na Ilposunenc, bpasunus (Scandolara et al., 2013)
(manHBIE O cocTaBe 25 Mpo0), aHOPTO3UT-MAHTEPUT-PATTAKMBUTPAHUTHBIA KoMIUIeKe HaitH, bpazmmms
(Fraga et al., 2009) (manubIe 0 cocTaBe 14 mpo0).

Pe3yabTaThl u 006cy:kaenue. Ha quarpamme TAS 11 H”HTPY3UBHBIX TTOPOJ (puc. 1) TOUkH co-
craBoB nopoj Canmunckoro APT'K monagator B mosisi IpaHOCUEHUTOB, YMEPEHHO-ILEIOYHBIX TPaHU-
TOB W JICUKOTPAHUTOB, JICHKOTPAHUTOB HOPMAJIbHOM IIEIOYHOCTH. MaHrepuT-ToI0OHBIC MOPOJIBI
CanmuHCKOTO 6aTONMTa OTBEYAIOT MO0 KBAPIEBHIX AMOPUTOB. B 11€10M 1O COMEPIKAHUIO TIaBHBIX
3JIEMEHTOB OHH CXOXXH C MAaHTE€pPUT-MOAOOHBIMU TMOPOJAMHU JPYIHX TIEOJIOTUYECKUX OOBEKTOB,
HO OTJINYAIOTCS OT HUX MEHEE LIEIOYHBIM COCTaBOM.
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Komnnekc nopoa HauH Ha cesepe Bpasunum
Komnnekc nopoa Ceppa aa MposuaeHc Ha toro-3anagHoM AMasoHCKOM KpaToHe

Komnekc nopog y ropHoro xpe6ta AaupoHaak

1l

Komnnekc nopoa CanmuHckoro 6atonuta

*  Annut &% YapHokuT  4p MaHrepnT-nono6Hble
W [lermatut @ AHopTO3UT
® [panut O WotyHut

Puc. 1. /Iluarpamma Tas 15 BiCCIIeTyeMBIX TIOPO.T

PaccmoTrpenue rpadukoB 3aBUCHMOCTEH COAEpKAHUNW MHKPOIJIEMEHTOB OT KOHIEHTpamuu Si0;
B noponax Canvuuckoro API'K mokasano, 9yto Hambosiee 3HaYMMble BapUalliyd HAOTIOJAIOTCS IS
TaKHX 3JIEMEHTOB, Kak Nb, Zn, P, Zr.

Conepxanus Nb B Manreput-nogooHsix nopoaax Canmuuckoro API'K mocturaroTt 3naueHuit
Boiie 100 ppm, B TO BpeMsi Kak B MaHTe€pPUT-NMOJAOOHBIX MOPOJAaX IPYruX KOMILJIEKCOB €ro KOH-
LIEHTpalluM, KaK IpaBuio, Huxe B 4-5 pa3. Conepxanus Zn B noponax Canmuuckoro APT'K Tak-
xe Beime (>300 ppm), yeM B MOpOJaX CPaBHEHMs, B KOTOPHIX MaKCHMallbHbIE 3HAUYCHUS HE Ipe-
BoImarOT 250 ppm. /s P HaGmromaeTcss CHUKEHNE €ro KOHIIEHTPAIUN ¢ YBEJIMYECHUEM COIEpKa-
Hus Si0; kak B mopojax CanmuHckoro API'K, Tak u B MaHTepuT-moJoOHBIX MOPOAAX APYIHX
KOMIIJIEKCOB. MakcuMmainbHbie KoHIeHTpauuu P B mpenenax Canmuackoro APT'K wabmromarorcs
B MaHTE€pUT-NIOA00HBIX nopoax. [To nupkoHuto y Manreput-nogo0Hsix nopox Caamunckoro APTK
TaKk)ke HaOJII0/aI0TCs MaKCUMAaJbHbIE COJIEpKaHUS B CPaBHEHUU C APYTHUMH MOPOJAaMHU JTaHHOTO
KOMIIJIEKCA, 3TU COJEPXKAHUSI HAXOJATCS HAa YPOBHE MAKCHUMAJbHBIX COJEpPKaHUN B MaHTEpPUTax
KOMILIEKCa AJMPOHAAK.

BobiBoabl. MaHrepur-nogo0Hble MHKIABBI B rpannTax panakusu Canmunckoro API'K koHTpact-
HO OTJIMYAIOTCS OT MOCIeAHUX 1o coaepkanusim Nb, Zn, P, Zr. [Ipu 5ToM B CpaBHEHHUH C MaHTEPHT-
MOTOOHBIMU MOPOJAMH U3 APYTUX KOMILIEKCOB 10 P u Zr oHHM cxoxwu, onHako o Nb u Zn oTmeua-
fotcst paznmuuus. Ob6oramienne MmaurepuT-moao0HbIX mopos Canmuuackoro API'K Nb u Zr, BeposiTHO,
00YCIIOBJICHO TIOBBIIIICHHBIMU COJICPKAHHMSIMU HIIBMEHUTA ¥ IUPKOHA B MOPOAX.

Paboma svinonnsnace 6 pamkax peanusayuu npoexma HUP 216 UI" KapHI] PAH.

Ilempo3zasoock, 1-4 oxmsbps 2024 2. 34



Mamepuanvt XXXV MO100eXHCHOU HAYUHOU WIKOIbI-KOHpepeHyuu, noceawenHou namsamu uiena-koppecnondenma AH CCCP K.O. Kpamya u akademurxa PAH @.I1. Mumpoghanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI'MH, T'EODQH3UKHU U I'EODKOJIOI'H

120

100

80

£ ° £
S el i b . * &
] S ° xR § * . S
z o® - .y 4 200
“or s i s o o0
.
S ¢ 2 o o *e, * e .
. d [ oo ¢ - - 100
o * 586 . %
20 s o, 0 g
O * o * * *»
o 0O . o * ® °® * *® * b o
*e &S ® ° °
* o % * ..& 'Y *
olL® P , %% v
48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
SiO,, macc.% Si0,, macc.%
10000 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o
o
e
. L - 2000
® U o *
‘0' *
* S %
* o 4 *4
1000 | ¢ . g ° 1 r - 71500
E Lo % %&%‘ *, = £
o
e ® v 4 o6 s g
- . 0 & * N
o . + 4 1000
o3 o w * . g B
° 4
oo e ? »
° ® . R N
100 | y L o o CO - 500
® . o0¢ gﬁ )
& T e e e & ‘
[ . * * LY
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Iaﬁ%l ‘I 1 1 1 1 1 1 1 1 1 1 1

48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80

SiO,, macc.% SiO,, macc.%

KoMmnnexc nopo y fopHoro xpe6Ta AQupoHaak

*  Annut 3% YapHokuT 4 MaHrepuT-noaobHbie
W lervarur @ AHoprosut
@ [panut O Worynur

Puc. 2. Tluarpammsel Xapkepa o Nb, Zn, P, Zr mis nopon Canmunckoro API'K u mopoj cpaBHeHwMs

Cnmcok JIuTepaTypsl

Bacunves C.C., Konviues A.A. MuHepalpHble acCOLUALUH TOJMMUHEPATIbHBIX CHIMKATHBIX BKIIOYEHUH B IMPKOHE
W3 MaHTepUT-NOJOOHBIX 1opox, CalTMHHCKHHA aHOPTO3UT-pallaKMBUIPaHUTHBEIA KoMIuiekc, Kapenus / AxTyanbHble npo-
OJeMBI TeoJIoTuH, reou3nKH 1 reodkonoruu: Marepuansl XXXIV MononexHoi Hay4yHOH IIKOJIBI-KOH(QEPEHINH, M0-
cBsmeHHoN mamsatu wieH-koppecnonaeHTa AH CCCP K.O. Kparna n akanemuka PAH @.I1. Mutpodanosa, UT T/l PAH,
02—06 oxTs16ps 2023 roma. CI16: CBoe m3narenscTBo, 2023. C. 42-45.

Koanosa B.C., bepe3un A.B. VI3y4eHne moposa Ha KOHTaKTe ¢ TPaHUTAMHU palaKiBH CaJIMHHCKOTO MaccuBa // Tpymsl
MexnynapoaHoit Monoaexxnoi koupepenmmn «Hayku o 3emine u Husmmmsamusa». T. 1: Hayku o 3emne. CII6: PTTIY
uM. A.W. T'epuena, 2012.

Emslie R.F., Hamilton M.A., Thériault R.J. Petrogenesis of a mid-Proterozoic anorthosite-mangerite-charnockite-
granite (AMCG) complex: Isotopic and chemical evidence from the Nain Plutonic Suite // Journal of Geology. 1994.
Vol. 102. P. 539-558.

Fraga L.M.B. et al. The mesoproterozoic mucajai anorthosite-mangerite-rapakivi granite complex, Amazonian
craton, Brazil // The Canadian Mineralogist. 2009. Vol. 47, N 6. P. 1469-1492.

Scandolara J.E. et al. Geochemistry and origin of the early Mesoproterozoic mangerite-charnockite-rapakivi granite
association of the Serra da Providéncia suite and associated gabbros, central-ecastern Rondonia, SW Amazonian Craton,
Brazil // Journal of South American Earth Sciences. 2013. Vol. 45. P. 166—-193.

Seifert K. E. et al. Geochemistry of massif anorthosite and associated rocks, Adirondack Mountains, New York
/I Geosphere. 2010. Vol. 6, N 6. P. 855-899.

Shestopalova E. et al. The age of monzonites of the eastern part of the Korsun-Novomirgorod pluton (Ingul mega-
block of the USh) // Geofizicheskiy Zhurnal. 2015. Vol. 37, N 4. P. 114-125.

Svetov S.A., Stepanova A.V., Burdyukh S.V. et al. Precision geochemical (ICP-MS) analysis of Precambrian rocks:
the method and accuracy estimation // Transactions of the Karelian Research Centre RAS. 2023. Vol. 2. P. 73-86.
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OIEHKA I''1TYBUHBI TPOMEP3AHUA I'PYHTA
HA OIIOJIBHEBOM CKJIOHE B JOJIMHE PEKHN BOPKYThbI
HA OCHOBE JAHHbBIX O TEPMUYECKHUX YCJIOBUAX
3UMHMUX CE30OHOB U PEXXUME CHEI'OHAKOIIVIEHUSA

Buxors A.H.
HUnemumym eeonocuu umenu akademurxa H.I1. FOwxuna Komu HI] YpO PAH, vikhot.anna@mail.vu

3amep3aHue U OTTaWBAHUE MOYBBI U TPYHTOB — NPUPOJHOE HUKINYecKoe sBieHue. Okono 50 %
TEPPUTOPUN 3EMIIH TMOJBEP’KEHO NMPOMEP3aHHUI0 B KAKOW-TMOO0 MOMEHT TOJOBOTO IMKIIA, NPH 3TOM
20 % 3emnu mokpsiTo BeyHou mepsnotoi (Hugh, 2008). TemneparypHblii pexXuM MOYB U TPYHTOB
U TTyOMHA MX TMPOMEpP3aHMs TJIABHBIM O0pa30M 3aJal0TCsl TAKUMH MapamMeTpamMH, Kak TemIepaTrypa
BO3/lyXa B 3UMHUH MEPHUO/, BBICOTA, IUIOTHOCTb, CTPYKTYpa M TEIUIONPOBOAHOCTH CHEXHOTO MOKPOBA
(IIepctiokos, 2008; Erlingsson, Saliko, 2020). Cogep:kanue BiIard B Mo4Be U IPyHTAX, UX TEIUIOBBIC
CBOMCTBa, KOJIMYECTBO OCAJIKOB U CKOPOCTh BETpa TaKXKE UIPAIOT HEMAIOBAXHYIO POJIb MPHU OIpee-
JIeHUU TIyOMHBI MpoMep3aHus. B HacTosiiee BpeMs M3MEPEHHUs: ITHX MapaMeTpoB MPOBOJSATCS SIIU-
30IMYECKHU TI0J] OTIpeieNIieHHbIE MPAKTUYECKUE 3a/1a4ll B CTPOUTEIBHON KIMMATOJIOTUH, ITPH MPOEKTHU-
POBaHUU, CTPOUTENBCTBE U IKCIUTyaTallMH MHXEHEepHBIX coopyxenuit (Yedek et al., 2021), aBToMoO-
OWJIBHBIX M JKEJE3HBIX JOpOT, B cebckoM xo3siicTBe (Kahimba et al., 2009), skonorun (Kypoukuna,
SAxosnesa, 2020) u ap. CTOUT OTMETUTH, YTO B pallOHaX LUKINYECKOTO MPOMEP3aHUSA-OTTauBaHUS
Te0JIOTUYECKON Cpelibl YCKOPEHO MPOTEKaHNE TAKUX HK30TCHHBIX T'€0JOTrMUYEeCKUX MPOIECCOB U SBIIE-
HUM, KaK KPHOT€HHOE BBIBETPUBAHHE, OMOJI3HH, 00Bajibl U T. 1. Hamm uccrnempoBaHus MPOBOAMINCH
B paiioHe omoi3Hs T. Bopkytsel (67°30" c. m. 64°02' B. n.) Ha yiu. Illaxtepckas nabepexnas. ['opon
pacrosiaraercsi B 00JIaCTH paclpoCTpPaHEHHUs] OCTPOBHOM MHOTOJIeTHEH Mep3noThl. MccnenoBareinb-
ckue padoThl BKIIOYAIM YTOYHEHHE MOIIHOCTH I€0JIOTUYECKUX TOPU30HTOB, CJIAraloINX OMOJI3HEBbIH
CKJIOH, pacyeT TJyOMHBI MPOMEp3aHHsl IPyHTAa M CPaBHEHHE HMX MEXIy cO00i M C HEKOTOPHIMU
HaOMogaeMbIMH TaHHBIMHA, TipeaocTaBieHHbIMU [ KY PK «I'eokpuonornueckas ciryx6a».

Omno3HeBoe TeNo HAXOAUTCS Ha OYE€Hb KPYTOM 3PO3MOHHOM CKJIOHE COBPEMEHHOW peyHOH I0-
JUHBI p. BOpKyThI, [yMHA OMOa3HEBOro ydyactka okoiao 400 M. C mOMOIIbI0 BEPTUKAIBHOTO JIEKTPH-
YeCKOro 30HAMPOBaHUS M reojormueckoil kaptel (I'ocymapcrBenHast..., 2005) ObIJIO YCTaHOBIEHO
CTPOCHUE BEPXHEHW YacTH Ire0JOTUYECKOTO paspesa: 10 riyouHsl 0.4—1.5 M U B HEKOTOPBIX MeCTax
10 3.0 M 3ayeraroT TeXHOreHHbIe oOpazoBanus (tH) HeoHOPOAHOTO cocTaBa, BKIFOUAIOIINE IeOCHb,
JPECBY U PEIKO CYTJIMHKH, HA y4acTKax /10 TayOuHs! 3.0 M MOTYT MPUCYTCTBOBATh HACBIITHBIE IPYHTHI
C HECKOJIbKO MHBIMH BKJIIOUEHHSIMH — 3TO IPAaBUH, TajlbKa, MIECOK U CYTIIMHKU; 10 T1yOouHsl 4.0—6.8 M
HaXoJATCs JIEAHUKOBO-MOpPCKHE CYrNUHKHU (gmE-Irg) ¢ comepkaHuem rpaBusi U TajdbKU B IOJOIIBE
10 25 % u npociosiMi MIECKOB M cymecel; nanee 10 13—14 M 3aneraroT nojaycKalbHbIE OTIOKEHHS
(P12lvz), KOTOpBIE IPEACTABIAIOT COOOM TIEpEeCIanBarONIUECs] CHIIBHO BBIBETpEIIbIC, TPEIIMHOBATHIC,
TIIBI00-111e0EHUCThIE TIECYAHHUKH, aJICBPOJIUTHI, APTHUILTUTHI, YIIIUCTHIE apTUIUTATHL U YTIIU, BO3MOYKHO
UX MepeciauBaHue CO CKAIbHBIMU MOPOIaMHU.

B unccrnenoBanusax BEIOOP pacyeTHOTO METO/1A 3aBUCUT OT Te0rpa(puyecKoro MmojoKeHuss 00beKTa
U3YUEHHUs, XapaKTepa OTIOKEHUN U pa3HUIbl cTeneHeil 3amep3aHus U oTTanuBaHus. HaOnronenus 3a
TEMIIEPaTypoil BO3AyXa C LENbI0O SMIUPUYECKOTO OIpEeNesIeHUs] TIYyOMHBI MPOMEp3aHHs I1OYBBI
Y TPYHTOB ObUTH HcTofib3oBaHkbl emie B 1890 r. (Stefan, 1890). YpaBuenue Credana — omgna u3 mnep-
BBIX HM3BECTHBIX TEOPETHUECKUX (opMyn IUisi pacueTa MPOMEpP3aHUsI T€OJOTHYECKOM cpelbl. DTo
ypaBHEHHE TMOJY4YeHO U3 (PYHIAMEHTAIbHOTO YpaBHEHHS JABM)KEHHS TOTOKAa U COXPAHEHHUs Teria
U UMEET BH/JI TIPU HAJIMUUHU CHEXXHOTO IOKPOBa:

2hytnt
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rae Ay — KO3QQHUIHUEHT TEeIIONPOBOAHOCTH Mep3ioil mopoasl, Bt/m-°C, t, — cpeanss temmnepaTtypa
Bo3ayxa, °C, T — NPOJOJKUTENBHOCTh IPOMEP3aHusl Ha KOHEI MeCAla XOJOIHOro nepuoaa, 4, Qg —
TeruioTa (ha3oBOro Mepexoja, BT“—I/M3, Con — 00BbEMHAs TEIIOEMKOCTh MEpP3JbIX mopoj, Br-u/m-°C,
hy, — yCIIOBHAst MOIITHOCTH CJIOS TETIJIOM3O0JISAIIMH (CHEKHOTO TTOKPOBA), M.

Pexxum mpomepsaHuss TPYHTOB OBbUT pacCUMTaH MJii BEpPXHEH YACTH OIOJI3HEBOTO CKJIOHA
y OPOBKH OIIOJI3HEBOTO CPBIBA, T€ caMmasi BEpXHSS 4acTh pa3pes3a A0 NIyOHHBI 3 M MpecTaBlieHa TeX-
HOTEHHBIM TPYHTOM, H JJIsi CKIIOHOBOW YacCTH — 00JIACTH OOHAKEHUS MOYCKATbHBIX OTIOKeHuH. Hc-
XOJHbIE JIaHHBIE JJIS PacyeToB MpeCTaBiIeHbl B TaOnuie. JJaHHble METEOPOIOrnYeCKUX HaOII0AeHUN
3aMMCTBOBAHBI C CaliTa METEOCTAHLIMU T. BOPKYTHI.

[TapameTpsl, HcTioNb3yeMBbIe IS pacdeTa TITyOnHBI TPOMEpP3aHUs

TemnonpoBoAHOCTh CkpblITas Temnora JIbaucTOCTD O0bemHas
MepP3JI0ii MOPOJIBI, KPUCTAJTM3ALUU BOJIbI, | TOPHOM MOPOJBL, | TEIIOEMKOCTh MEp3JI0it
Br/m-°C Br-u/kr Kr/m’ noposl, Br-u/m-°C
TeXHOreHHBIN TPYHT 1.45 360
93 200
CKaJIbHBIE OTIOXKEHUS 1.9 400

V3meneHue riryOMHBI IPOMEP3aHUs TPYHTA, BapUAIMK CPEAHEMECIYHON TeMIepaTypsl BO3ay-
Xa B XOJIOJHBIN MEPUOJ M HAKOIIJIEHUsI CHEXXHOM Tonmu (puc. 1) oTpaxkaroT TO, KOrJa yCTaHOBUII-
Csl CHEXHBIM TMOKPOB MJIM HACTYNWIM OTPHUIATENbHBIE TEMIIEpaTypbl BO3[yXa, KaK MHTEHCHBHO
OHM MEHSJINCh B TEUEHHUE 3MMBbl U KaK OHU OTPaXXaJUCh Ha pexume npomepsaHus. B oktsabpe
HacTyNalT KIMMAaTUYECKUE YCIOBUS JUJI YyCTOMYHMBOTO CE30HHOIO MPOMEP3AHUS BEPXHETO CIIOS
TOPHBIX MOPOJ, TOI/A K€ HAauYMHAET (OPMUPOBATHCSA MOCTOSHHBIM CHEXHBIA MOKPOB. CpenHss
TeMIlepaTypa BO3JyXa OKTSIOpsA 3a mepuo] uccienoBanuii cocrasiser —3 °C. OcHOBHOE mpomep-
3aHHME NMPOUCXOAMUT K KOHIY siHBapsA. OneHka rIyOMHBI IPOMEpP3aHMs aeT 3HauY€HUE KOppesilun
(kkop) ¢ HAOIMIOMAEMBIMU KIMMAaTHYECKUMHU apaMeTpaMU: CpPEAHEMECSIUYHON TeMIepaTypoil Bo3ay-
Xa MECAIIEB C OTPUIATEILHON CpeIHEMECAYHON TemmnepaTypoit Bo3ayxa — 0.55-0.81, MOIHOCTBIO
cHexHoro nokposa — 0.32—0.67. MuHUMaNbHOE 3HAYEHUE CBS3U «TJIyOMHA IIPOMEP3aHUSI — TEM-
nepaTrypa BO3JyXa» OTMEYaeTcsl B CaMyl0 MHOTOCHEKHYIO 3UMY 3a BEChb IE€PHOJ UCCIEIOBaHUN —
2018-2019 rr. Ha nekortopsix rpadpukax (2013-2014, 2014-2015, 20162017, 2018-2019 rr.)
BbIIENIAETCS PE3KUH POCT IIIyOMHBI MPOMEP3aHUs B MECSLbl C MAaKCUMaJIbHO MOPO3HOHN Temmepa-
Typoi Bo3ayxa no —27.8 °C.

Pe3ynbTaThl pac4eToB M UX CPAaBHEHHME C HEKOTOPHIMH HAOJIOJa€MbIMHU JaHHBIMHU IO JBYM
TEPMOMETPUUYECKUM CKBAKMHAM OTOOpakKeHBI Ha pHC. 2. PacXoXXJeHue pacueTHbIX U HaOIIOACH-
HBIX INIyOMH NMpoMep3aHus TEXHOTEHHOro rpyHTa coctasisieT 10 30 % npu cuiibHOM Kod(pduum-
enre koppemsiuuu 0.76—0.92. PacueTHble HaHHBIE B 1I€JIOM BOCIPOU3BOJAST AMHAMHUKY Ipoliecca
IpOMEp3aHMUsl.

HccnenoBanus mokasai, 4TO U3 JABYX KIMMAaTHYECKHX MapaMeTpoB, IPUMEHSEMBIX B pacuere
no Merony Credana, onpenensollee BIUsSHIE HA TIyOMHY NIPOMEp3aHusi TPYHTOB Ha OIOJI3HEBOM
CKJIOHE B JIOJIMHE P. BOpKYTHI OKa3bIBaeT CpelIHEMECSIUHAsl TEMIEpaTypa BO3ayxa Iepuoja, Koraa
CpelHee 3HaueHue TEMIEpAaTyphl BO3/lyXa UMEET OTpHUlaTeabHoe 3HadeHue. Mexons u3 koapduim-
€HTa Koppeisuuu 1 AaHHbIX nepeMeHHbIX 0.55-0.81 no Yennoky cBA3b MeXAy 3TUMM ITOKa3aTe-
JSIMH — OT 3HAUYUTEIbHOU 110 CWiIbHOH. [IpuHMMas BO BHUMaHHE, UYTO CBS3b «IJIyOMHa IpoMep3a-
HHS — MOIIHOCTb CHEXHOT'O MOKpoBa» no Yennoky ymepenHas u 3HauutenbHas (kiop = 0.32-0.67),
B TJIbHEHUIINX UCCIIEIOBAHUSX MPEATNOIaraeTcs IPOBECTH aHAIN3 OCOOCHHOCTH HAKOIUICHHUS CHEXHOT'O
IIOKPOBA U B3aUMOCBS3U «IJ1yOMHA MPOMEP3aHUs — MHTEHCUBHOCTb CHEI'OIaJJ0BY.
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Puc. 1. PaccuntanHble rryOUHBI TPOMEP3aHUS U KITUMATUYECKUE TTapaMeTphl
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Puc. 2. PactipeniesieHre pacCUnTaHHBIX U HAOIIOJCHHBIX TIIyOWH IpOMep3aHusl

CHucoK JIuTepaTyphl

l'ocynapcTBenHas reonorunueckas kapra Poccuiickoit @enepannu. Mznanne Bropoe. Macmrra6: 1 : 200 000, cepust:
[onsipro-Ypansckas. Q-41-V, VI (Bopkyra). O6bsicuutenbHas 3anucka / Ilox pea. AWM. Bomonasckoro. ChIKTBIBKap:
3A0 «I'TK MHUPEKO», 2005.

Kypouxuna B.A., Axoeneea U.FO. Mopo3HOe TydeHHE TPYHTOB KaK (PaKTOp T€OIKOJOTHIECKOTO PUCKA B YCIOBHUSAX
ropona MockBsl // T'eodkonorusa. MuxenepHas reonorus. ['maporeonorus. ['eoxpuonorus. 2020. Ne 1. C. 86-92.
DOI: 10.31857/S0869780920010081.

Hlepcmioxos A.B. Koppensanus TemMrepaTrypsl TOYBOTPYHTOB C TEMIIEpaTypoil BO3IyXa M BEICOTOH CHEKHOTO TIOKPO-
Ba Ha Teppuropun Poccun // Kpuocdepa 3emmm. 2008. T. XII, Ne 1. C. 79-87.

Erlingsson S., Saliko D. Correlating air freezing index and frost penetration depth — a case study for Sweden
// Proceedings of the 9th International Conference on Maintenance and Rehabilitation of Pavements. Mairepav9, 2020.
Vol. 76. P. 847-857.

Hugh A.L.H. Climate change and soil freezing dynamics: historical trends and projected changes // Climatic Change.
2008. Vol. 87. P. 421-434. DOI: 10.1007/s10584-007-9322-8.

Kahimba F., Ramanathan S.R., Danny D.M. Modeling soil temperature, frost depth, and soil moisture redistribution
in seasonally frozen agricultural soils // Applied Engineering in Agriculture. 2009. Vol. 25, Iss. 6. P. 871-882. DOI:
10.13031/2013.29237.
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PUCYOPPUTHI U NOJIEBOIINMATCOAEP KAIIUE ®OUJTOJIUTHI
MECTOPOXXIEHUS «OJJEHUHN PYUEN» XUBUHCKOI'O HIEJIOYHOI'O MACCHUBA

TIoituyk O.(I).l, Konomiéa H.I." 2, Maxomoseknii S1.A."2

! ITenmp nanomamepuanosedenus KHL] PAH; o.goychuk@ksc.ru
? Feonoeuueckuii uncmumym KHI] PAH; n.konopleva@ksc.ru

BBenenue. XuOMHCKUN MacCHB PaclooKeH B ApKTHUYECKOH 30He Poccun B IIEHTpaIbHON 4acTH
Konbckoro nomyoctpoBa. B ero crpoenunt BeIACHSIOT HEQETUHOBbIE CUEHUTHI ((POIMSHUTHI), KOTOPbIE
pa3leNeHbl Ha IBE YaCTH KOHUYECKU-KOJIBLIEBBIM Pa3jIOMOM, 3allOJIHEHHBIM (GOUI0NIUTaMU (MEIbTeH-
ruT-ypTutramu). Ha rpanuue ¢ nocieaHuMu HeeTuHOBBIE CUEHHUTHI 1O/ BO3eCTBHEM 00OTameHHO-
ro KaJluéM OCTaTOYHOro (pOoHUI0JUTOBOrO (prrona ObUIH MPEBPALIEHBI B PUCUOPPUTHI — MOHKHUIIUTO-
BbI€ (KaJIbCUJINT)-HE(DETMHOBBIE CUEHUTHI. ABTOMETACOMAaTHUECKUE U3MEHEHHS B caMUX (hOUIOTUTAX
NpUBEJIM K OOPAa30BAHUIO IMOJIEBOIINATCOACPKAIIUX UHOIUT-YPTUTOB. PrcUOppHUTHI U MoOJIeBOIINAT-
coJiepKalie UHOIUT-yPTUTHI IPEACTABISIIOT COOOW HETPEPBIBHBIN PSJI MOPOJI, TEHETUUYECKU CBSI3aH-
HBIX MEXIy COOOW mMpolieccaMu KaJdbCHIIMT-OPTOKIa30BOT0 Moikmioonacre3a (IlaxomoBckuit u mp.,
2009; UBantok u np., 2009). B nanHoii pabote mpencTaBieHbl pe3yabTaThl H3yYeHUs PUCUOPPUTOB
U TIOJIEBOLLITIATCOEp)KAMX  (POUIONUTOB MecTopoxaeHus «Onenuil Pyueit», pacnoioxeHHOTro
B IOr0-BOCTOYHOH 4acTu (POMIOIUTOBOrO KOJbla XUOMHCKOTO MacCuBa. XUMHUYECKUN COCTaB MUHE-
pajioB ompeneneH Ha MUKpoaHaim3aTope MS-46 Cameca (yckopstomee Hanpspkerue 20 kB, cuna to-
ka 30 HA, nuamerp 30HzAa 2-20 MKM) M CKaHHMpPYIOIIEM 3JeKTpoHHOM Mukpockone ZEISS EVO
25 UltimMax 100 (manpspkenune 20 kB, cuna toka 2 HA). BSE-u300pakeHus moiaydeHbl Ha SJIEK-
tpoHHoM Mukpockorie ZEISS EVO 25 UltimMax 100.

Pe3yabTaThl. Pucuopputsl U mojeBommarcoaepkamue GouI0IuThl — 3TO (aBTO)METACOMATHTHI,
CJIO’)KEHHBIE MPEUMYIIECTBEHHO OPTOKJIa30M, HE(heTMHOM M TEMHOIBETHBIMH MUHEpAlIaMHu (STHpH-
HOM, STUPHUH-aBTUTOM, (DJIOTOTTMTOM, aHHUTOM, TUTAHUTOM, JJAMIIPOPHUIUIUTOM B OapUTOIaMITPOHII-
JUTOM, acTpoPMILIUTOM, JonaputoM-(Ce), JTOPEHIIECHUTOM, HIEpOAKOBUTOM, HIBMEHHTOM, MUHEpa-
JaMU TPYIIBI dBANAIATA U aMm$uOoIaMu (KanuiapPBeICOHUTOM, KaTUHPUXTEPUTOM, KaHideppo-
9KEPMAaHHUTOM, KaIUHPEppopuxTepuToM)). OTIUUUTEILHONW YepTON ITUX MOPOJ SIBISETCS HaJIHMYUe
KpynHbIX (70 20 ¢cM B MONEpeYHUKE) METAKPUCTANIOB OPTOKIIa3a ¢ MONKUIUTOBBIMU BKIIOUEHHUSIMHU
HedenuHa pa3Hoi cTeneHn HauoMopdu3Ma, HEPEIKO 3aMEIIEHHOT0 KaabcHiIuToM (puc. 1, a—B). Kpo-
M€ TOr0, BCTPEUAIOTCSl CUMIUIEKTUTONOIO0HBIE arperaTbl U3 OpTOK/Ia3a M KaJlbCUINTa, 00pa3yroiue
niceBgoMopdo3sl o Hedenuny (puc. 1, r).

6]
Puc. 1. BSE-u3zo6paxenus
P e KOMOWHHPOBAaHHBIX HITH(OB
Bt . ¢ (a, 6 — 006p. OR-1382- 890;
: : : B — OR-1382-1000; r — OR-1382-1020):

a, 0 — y4aCTKM KpHCTaJUIa OPTOKJIa3a ¢ BKIIOYE-
Kes (Ba). . Sty _ & HUSIMM  BBLIEJICHUI He(l)eJ‘IIfHa c HpO)KI{J‘IKaMI/I
o] L bE > <\ KaJlbCHJINTA; B — 30HAJIBHBIN Y4aCTOK HMONHKUIIO-
i : KpHCTaJUla OPTOKJIa3a (30HBI Pa3IHYarOTCsl CO-
nepxanneM BaQO: Gosee cBeTibie 30HBI HaUOO-
nee oboramensl BaO); r — 3amemenue Hedenu-

" Nph

Kfs(Ba) A A ' Ha CHMIUIGKTHTOIONOGHBIM arperatoM 3 opro-

; He Y : ¥ KJla3a ¥ KanbCwinTa. Aeg — seupun, Amp — am-

Fap By < ' by P @ubon (xanutipepposxepmannum), Fap — ¢pmo-
e ‘ . / ¢ panamum, Kfs — opmoxnas, Kfs(Ba) — opmoxnas,
. Kis(Ba) ~ Q% X ek obozawennviti BaO, Kls — xanvcunum, Lmp —

namnpoghunnum, Lop — nonapum-(Ce), Nph —

[ Sowon | Hegenun
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B pucuoppurax u nonepommnaTcoaepkamux GouI0IUTaX B aCCOIHAIMN C OPTOKIIA30M, He(enu-
HOM ¥ KaJIbCHIIUTOM OTMeEUeHa IMO3JHSA OapueBas MUHEpAIN3alus B BHIIE MEJIKUX BbIIeNeHui (oc-
(aToB Oapus (apKTUTa ¥ 1p.) U 1IeTb3uaHa (puc. 2).

Puc. 2. BSE-u300paxxenus koMmOMHUpOBaHHBIX NUTH(DOB (a — 00p. OR-1382-1554, 6 — 06p. OR-1382-890):

a — BbIeNeHe 0apueBbIxX (ocdaToB (CBETIbIC BhIICICHHS) B OPTOKIa3e; O — BbIACICHUE 1IeNb3UaHa Ha rpaHule HedelrHa
U opToKiasa. Aeg — seupun, Cls — yenvzuan, Kfs — opmornasz, Kls — kanvcunum, Nph — negoenun, Ntr — namponum

YCTaHOBIEHO, YTO MPU OOpa30BaHUU PUCUOPPUTOB M TOJEBOINIMATCOASPKANINX (OUIOIUTOB
B COCTaBe HedellmHa MpH yBeIHUeHHH coaepxkanus K yBenmuuuBaiuch cojepxkanus Al u cHWKammch
. +
coaepxanus Na, Si, Fe’ (puc. 3).

E = y = 3,6153 - 0,5329*x; =] y =4,9037 - 0,888"x;
r=-0,6814 r=-0,7815

4,06

0,92 0,96 1,00 1,04 1,08 0,92 0,96 1,00 1,04 1,08

y =2,1245 + 1,6324°; S o m y = 0,7988 - 0,6041*;
r = 0,6855 = r=-0,4535
Bm

022

Fe3*

0,14

0,10

0,92 0,96 1,00 1,04 1,08 0,92 0,96 1,00 1,04 1,08

K K

Puc. 3. 3aBucumocts comepxannii Na, Si, Alu Fe'™ ot conepxanuit K B Hedennme (¢.K.)

B uccrnegyembix oOpasnax OpTokia3 B KauecTBe MHUKporpumeceidl coxepxkutr BaO (mo 2.29
mac. %), Na,O (mo 0.83 mac. %), Fe,O3 (o 0.85 mac. %). OGoramiennsie 6apueM ydacTku o0pa3yroT
KPUNITOIIEPTUTOBEIE BPOCTKH B OPTOKJIA3€, a TAKXKE YYaCTKH, KOTOPHIC PA3IMUYAIOTCS COICpKAHUEM
BaO (puc. 1, B). B coctaBe opToknasza coaepxkanne K cBsS3aHO 3HAUUMBIMU KOPPETSAITMOHHBIMH 3aBH-
cumocTsMH ¢ coxepxkanmneM Si, Fe’', Na u Ba (puc. 4). Haubomnee cBOGOIHBIM OT MHKpOIPUMeECEit
SIBIISIETCS OPTOKJIA3, COICPIKAIININ OOJIbIIIee KOJINIECTBO KPEMHHS.
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] y = 0,4834 - 0,4832*x; o

y = 0,3029 - 0,3003*x;
r=-o078711 °™ a

r=-0,6972

0,06

0,030

0,020

Ba

0,010

0,000

0,900 0,940 1,020

0,900

0,940 1,020

3,05
y =0,1887 - 0,1792*x; y =2,6936 + 0,3153*x;

r=-0,5744 o O r=0,4476

0,030 m] o

0,020

Fe®

0,010

0,000

0,94 0,98 1,02

0,900 0,940 0,980 1,020

Puc. 4. 3aBucumocts conepxanuii Na, Ba u Fe’ u Si ot comepsxannii K B oprokmase (d.x.)

O6cy:kaenne pe3yabraTtoB. [IporonmuroBeie MOpoasl (POUITOTUTE U HEPETHHOBBIC CHCHHTHI)
MOJIBEPIIINCH BO3ACHCTBUIO OCTATOYHOTO (DOMIOTUTOBOTO (hIIIOM/IA, HACKIIICHHOTO JIETYyYUMH KOMIIO-
HEHTaMHU ¥ KallieM, B PE3yJIbTaTe 4Yero MPOUCXOAMUIO METacCOMaTHYECKOe MpeoOpa3oBaHUE TOPO.
@Omron IPOHUKA MO0 MEK3EPHOBOMY MPOCTPAHCTBY W MUKPOTPEIIMHAM, BBI3bIBAas YaCTHYHOE pac-
TBOpPEHHE M U3MEHEHHE cOCTaBa HedellMHa, MUKPOIIEPTUTOBOTO KaJHEBOTO TIOJIEBOTO Iimata (B Hede-
JMHOBBIX CHEHHUTAaX), 00pa3oBaHue MOWKMUIIO0IACTOB OPTOKIIA3a, a TAKKE 3aMelleHne HedearHa u op-
TOKJIa3a KaJbCHWJIUTOM. [IpM 3TOM COCTaBBI OPTOKJIA3a W KAJIbCHUJIMTA OKA3bIBAIOTCS CBS3aHHBIMU
3HAUYUMBIMU KOPPEJSILIMOHHBIMH 3aBUCUMOCTSIMH C COCTaBOM HedemnuHa (Tadur.).

Koaddurments koppersiiyu cocTaBoB HedellnHa, OPTOKIIa3a U KalbCHIINTA

KoMImoHeHThI KommoneHTs! opTokiiaza KoMmnoHeHTHI KaJbCUInTa
Hedennna Na K Al Fe*" K
Si 0.34
Fe’* -0.46 0.34
Na 0.39 -0.34 0.64
K —-0.80 0.69 -0.53 0.60

BBuny TOro uto y pucHOppuTOB U MOJEBOILNATCOAEPKAMIMX (POUIOIUTOB pa3HbIE MPOTOIUTHI,
NOPOJIbl U3MEHSUIUCH HEOJUHAKOBO, MIO3TOMY CPEIH KOMILJIEKCa PUCUOPPUTOB M MOJIEBOIINATCOACP-
JKaIux (OUIOIUTOB BBIJIEISIOT HECKOJIBKO pasHOBHIHOCTEH TTopo (AreeBa, bopymkuii, 2004).

BricBoOox natomuiics B mporecce KajaueBoro MeTacoMaTo3a HaTpuid pacxoyeTcst Ha mpeodpaso-
BaHue MepBUYHOro HedennHa, a Takke Ha oOpa3oBaHHe SrUpuHA U HaTposuuTta. Kpome Toro, HaTpwii
MOYET YXOJAUTH U 32 MpPEeJebl PUCUOPPUTOB H MOJIEBOIITIATCOACPKAIIUX (POUTOIUTOB, 00pa3ys 30HBI
anbOUTU3ALMN U ATUPUHU3ALMH, KOTOPBIE MPOCTPAHCTBEHHO COMPSDKEHBI ¢ pucuopputamu (I'anaxos,
1975), a Takxke yabTpaarnauToOBbIE KUIIbI, IIMPOKO PACIPOCTPAHEHHBIE B 3TUX MOPOJAX.
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Kanscunut siBisiercst 60siee MO3IHUM IO OTHOIICHHUIO K OPTOKJIa3y U He(elInHy MUHEPAJIOM, HO-
CKOJIbKY B OPTOKJIa3e OH 00pa3yeTcs B BHIIE OTICIBHBIX 30H, CPACTasCh CO INIMATOM, a B HedennHe
pa3BUBaeTCsA B BUJE CETUYATHIX MCeBAOMOP(O3 Ha KOHTAKTE HedelnHa ¢ OPTOKIA30M, a TAKXKE B BHJE
KaeMOK Y TIPOKMJIKOB IO TperuHaM. O0s3aTeTbHBIM YCIIOBHEM HANYHS KaJIbCUIIUTA B IIOPOJIC SBIISCTCS
NPUCYTCTBUE B HEH moiikmiobaactoB oprokinasa (ITaxomoBckuii u ap., 2009).

[ToHKuIOKpUCTAIIIIBI OpPTOKIIa3a 00pa3yroTcs u3 ¢ionaa, o00rameHHOTO OapueM, MO3ITOMY
B PUCUOPPHUTAX U IOJIECBOLINATCOACPKAIMX YPTUTAX MBI UMEEM JelIo ¢ H30MOp(HOI cMechio
K(AISi305)-Ba(Al,S1,0g). BepositHo, mipu mipeoOpa3oBaHUM ATHUX TMOPOA Oapwii YaCTUYHO YXOIHII
B PAaCTBOP U 3aTEM YK€ MEPEOTKIABIBAICSA B BUJE MO3HUX OapueBbIX MUHepanoB (pochaToB Oapus
¥ [IeJIh3MaHa) B CaMOid TTOPOJIE MITH B CBS3aHHBIX C HEH IMEerMaTuTax.

Paboma evinonnena 6 pamxax mem HUP FMEZ-2022-0019 u AAAA-A19-119100290149-1.
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Tanaxos A.B. Tlerponorust XuOuHCKOTO IIeaogHoro Maccusa. JI.: Hayka, 1975. 253 c.

Hsaniox I'1O., T'opaunoe I1.M., Tlaxomosckuii A.A. m np. CaMmoopranmu3anusi pyaHbIX KoMmruiekcoB. CHHepTreTHde-
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392 c.

THaxomosckuii A.A., Axoeenuyx B.H., Heaniox I"I0. Kanbcunnt XnbuHckoro u JIoBo3epCcKOro MeI0YHBIX MAaCCUBOB
(Konbckwuii nonyoctpoB) // 3anucku Poccuniickoro munepanoruueckoro oomecrsa. 2009. T. 138, Ne 1. C. 123-123.

Iemposzasoock, 1—4 oxmsbps 2024 . 43



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKOIbI-KOHDeperyuu, nocésujernol navamu ynexa-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI'MH, 'EODQH3UKHU U 'EOOKOJIOI'H

WCCJIEJJOBAHUE CBOMCTB OTCEBOB ITPOU3BO/ICTBA IIIEGHS
C MECTOPOXKIAEHUSA «<HEBXKABAPA» (IOKHAS KAPEJINSA)

I'onyoeBa ML.A., IleTrpos C.B.
Canxm-Ilemepbypackuii cocyoapcmeennulii yHueepcumem — Uncmumym nayxk o 3emne, golubevamira@gmail.com

BBenenne. O0beKT HccIeI0BaHUs — OTXO/ABI JpobieHus kapbepa «UeskaBapay, pa3padbarbsiBae-
MOT0 Ha JOOBIUY HEPYAHOTO CBIPbs, UCIIOIB3YEMOTO JJIl U3TOTOBJICHHUS IIEOH. Y4acTOK Heap Haxo-
nutces Ha tepputopun [psoxuHckoro pariona Pecriyonuku Kapenus, ero miomans 290 ra, miomanb
camoro kapbepa coctasnseT 119.8 ra. B kapbepe BCKpPBIT HHTPY3UBHBII MaccuB rabOpo-10JepUTOB
najeonpoTepo3oiickoro Bo3pacrta. [lopoasl cogepxar 30HbI METaMOP(HUUECKUX U METACOMATUYECKUX
U3MEHEHMH, POCIION 0calouHbIX mopoA. Ilo cBoemy kauyecTBY miebeHb U3 Tab0po-10siepuTa MpUro-
JIeH IS 3aMOJIHUTENEeN TshKeNoro O0eToHa, JOPOXKHOTO U IPYTHX BUAOB CTPOUTENHCTBA, O€3 OrpaHU-
YEHHH 0 paanannoHHbIM cBoiicTBaM (bopucosa u np., 2013). IIpon3BoacTBO TOBapHOro MaTepuaia
COCTOMT M3 TPEX ATANOB IPOOJICHHUS, MTOCIIE KaKIO0TO U3 KOTOPHIX 00pa3yroTcsl OTXO/Ibl, PEACTaBIeH-
HbIe oTceBoM MeHee 0.5 MM, u oOecnbutMBaHus. Llenbio paboThl sIBIIsIeTCS M3y4YeHUE JAHHBIX OTXO0B
MIPOU3BOJICTBA, a TAKXKE MOMCK B HUX MOJE3HBIX KOMIIOHEHTOB, MOTEHIMAIBLHO MPUTOJHBIX ISl BO-
BJICYCHUS B IKCILTyaTaIHIO.

Martepuanbl 1 MeToAbl HcciaeqoBaHus. QakTHUeCKUil MaTtepuan ObUT MPEACTaBIEH OTCEBOM
JACVY-1 u 3. Takxe O6put 0TOOpaHbl 00pa3Ibl TOTOBOK MpOAyKUUU — meOHs ¢ppakuun 20-40 MM
¥ MaTepuaj HETOCPEJACTBEHHO U3 Kapbepa — Mpooda U3 KMIBI M U3 MacCHUBa rabOpo-107IepUTOB.

Pabota ¢ marepuanoM cocTosia U3 CIeIyIOIUX ITAMOB!

e Ilerporpaduueckuii ananu3 nUIM¢GOB, U3TOTOBICHHBIX U3 IMIEOHS W M3 00pas3IoB MOPOI,
B3SITHIX B Kapbepe;

e ['panynmomeTpuuecKuil aHaM3 OTCeBa: moiydeHue ¢pakmuii, coorBeTcTByOMmMX ['OCTam,
HCIIOJIb3YEMBIM Ha IIPOU3BOJICTBE;

e C(Cyxas marHuTHas cernapauus ¢ppaxkuuu o6omnee 2.5 Mm;

e [lonydyeHue rpaBUTAllMOHHOTO KOHIIEHTpaTa ¢ppakunu Menee 0.16 Mmm;

e MarnutHas cenapanys NOJYYEHHOTO TPABUTALMOHHOTO KOHIIEHTpaTa Ha TpyOke J[IBuca
U JaJIbHElIIee M3rOTOBJICHHE IIai0-aHnuM(OB C MapaMarHUTHBIM, HEMAarHUTHBIM M MarHUTHBIM
KOHIIEHTPATOM;

e PeHTreHOCHeKTpaIbHbIM MUKPOAHAIN3 MOTYYSHHBIX Iali0-aHILTH(OB;

e PentreHoan(pakMOHHBINA aHATN3 MPOOBI U3 KUJIBI B rab0po-10JepuTax.

PesyabTaThl HcciaenoBaHus. VcxoaHblii mMarepuan A IpaHYJIOMETPUYECKOTO aHalu3a ObLI
npeacrasieH 4 npodamu — otceB ¢ JICY-1 (2 u 3 craguu apoo6nenus), JICY-3 (HeobecbIIeHHBIN OT-
CeB 2 CTaJuM), JEkKaJIbIM OTCEBOM, a TAKXK€ MbUIBIO, OJYYCHHOU B pe3yabTaTe 00eCbUIMBAHUS OTCE-
Ba. PaccuroBka mpousBoamiack o (pakiusM, COOTBETCTBYIOUINM HCIIOJIb3yEMbIM Ha MPOU3BOACTBE
(Mm) — 6omee 2.5 — 1.25 — 0.63 — 0.315 — 0.16 u menee. [1o pe3ynpTaTamMm pacCUTOBKHU MOJIYYEHBI TIPO-
nopumu (%): 18.5; 20.9; 18.0; 17.5; 10.4; 14.4 coorBerctBenHo mus JICY-3, 51.5; 33.7; 11.0; 1.9; 0.6
I nexanoro orcena, 0.9; 38.2; 19.0; 13.3; 13.3; 15.4; 1.1 ana ACVY-1 3 cramuu u 20.9; 29.2; 18.0;
15.0; 8.5; 8.8 musa 2 cragum (Tadm. 1).

Cormnacuo (I'OCT 31424-2010, 2011) orceB ACVY-1 (2 u 3 cranun) u JICY-3 cOOTBETCTBYET KPYII-
HBIM, CpEIHUM U MeIKuM reckam Il kimacca mo comepskannro dactuil Mmeree 0.16 mm (tads. 2). OmHako
OTCEB HeJIb3 OKOHYATEIbHO OTHECTH K JJAHHOMY KJlaccy 0e3 MpoBeleHHs JAOMOIHUTEIbHBIX HCCIEN0-
BaHU# Kod(purrenTa GUIbTpanuu u coAepKaHUs TIIMHUCTBIX YaCTHUII, OTPEICIIIEMbIX METO0OM Ha0y-
xanus. 1o pe3ynabratam rpaHyjIoMeTpUYECKOro aHaIn3a, JISKAIbIH OTCEB TaK)Ke COOTBETCTBYET TPeOo-
BaHUM CTaH/apTa, OJHAKO 3TO MOKET OBITh CBSI3aHO C IIEMEHTALIUEH CIIEKaBIINXCS 3€PEH.
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Tabauua 1. Pe3ynbpTaTel TpaHyIOMETPHUSCKOTO aHAIN3a OTCEBA

Cy-3 . Cy-1 Cy-1
(Heoﬁeilﬂblﬂeﬂﬂblﬁ) Jemansrii (3I£Talll/lﬂ) (ZIiTaIII/lSI) Men

CHUTO, mm BEC, T % BeC, T % BEC, T % BEC, T % BEC, T %
>2.5 46.0 18.5 128.6 51.5 2.0 0.9 47.9 20.9 0.7 0.2
2.5-1.25 52.1 20.9 84.0 33.7 88.1 38.2 67.0 29.2 3.4 1.0
1.25-0.63 45.5 18.0 28.0 11.0 43.5 19.0 40.3 18.0 9.9 3.0
0.63-0.315 43.6 17.5 4.8 1.9 30.8 13.3 343 15.0 254 7.3
0.315-0.16 25.8 10.4 1.4 0.6 30.8 13.3 19.4 8.5 45.7 13.2
<0.16 35.9 14.4 2.7 1.1 35.6 15.4 20.2 8.8 261.4 75.4
BCETO 248.9 100.0 249.5 100.0 230.8 100.0 229.0 100.0 346.5 100.0

Ta6auuna 2. Jlomyctumoe copepskanue 3epeH KpymHocThio 6osee 10 u 5 mm 1 menee 0.16 mm B mecke Il xmacca
(FOCT 31424-2010, 2011)

T'pyria recka 13 0TceBoB ApoBICHUA Jonyctumoe conepxanue, % no macce, He 0oJiee, 3epeH KPYIHOCTHIO
>10 MM >5mm | <0.16 mm
OueHb KpYIHBIN U NOBBIIIEHHON KPYITHOCTU 5 15 10
Kpynuslil 1 cpenHuii 2 12 15
Menkuit 0.5 10 20

Jlanee mpou3BOaMIIaCh CyXasi MarHUTHAsI cernaparys ¢pakiuu 6oiee 2.5 MM ¢ TOMOIIBIO cenapa-
topa CMC-20M3, naxomsmierocs B CII6I'Y, a Taxke Bpy4uHyro. PaboTa mpoBoauiace ¢ 1ebi0 Orpe-
JIeNIeHHsI COJIepKaHUs MarHUTHBIX MUHEpaJIoB B oTceBe. [1o pe3ynbTaram aHaim3a MOJyYeHbI 3HaUe-
Hud (%): ACY-1 (2 cragus) — 0.6; ACVY-1 (3 craaus) — 0.4; ICY-3 — 0.5; nexansiit orceB — 31.0.
CopeprkaHue MarHUTHBIX MUHEPAJIOB B OTCEBE HE3HAUUTENIBHO U HE MPEACTABISAET MPOMBIIUIEHHOTO
WHTEpeca, MOBBIIICHHOE COJCPYKaHNEe MarHUTHOW (DpakIuy HaOIFOACTCS B JIEKAIOM OTCEBE, UTO, BEPO-
STHO, 00YCJIOBJICHO BTOPUYHBIMHU U3MEHEHUsIMH (Ta0. 3).

Tab6auna 3. ConepkaHue MarHUTHOM (ppakiinu B 00pasiax oTcera

CopeprkaHle MAarHUTHBIX MUHEPAJIOB
BCErO, T Mmar, T %
JACY-1(3) 1000 4 0.4
ACY-1(2) 1000 6 0.6
JACY-3 (3) 1000 5 0.5
Jlexanbiii 5400 1674 31.0

O6paboTka marepuana mexee 0.16 mm npouzBoguinack B OO0 «JIMMCy. [list paboTsl ObLIH BBIOpa-
Hbl 0TceB ¢ JICY-3, nbutk 1 exaisliii otceB. CHavaia mpou3BOIMIIOCH PA3ICSIEHUE 10 TUIOTHOCTHBIM CBOM-
CTBaM C MOMOIIBIO KOHIICHTPAIIMOHHOTO CcToNa. B pe3ynbrare yaaneHust Jerkod (hpakiyy MOTyueH rpaBH-
TAIIMOHHBIA KOHIIEHTPAT U3 KaKAOKM MPOoObL. 3aTeM JaHHBIA MaTepuat ObUT pa3/ieiieH 10 MarHUTHBIM CBOM-
cTBaM Ha TpyOKke /[3Buca, B pe3ynbTaTe 4ero noxydeHbl Tpu (ppakiuy — MarHWTHAS, TIOTy4eHHAsT TOJILKO U3
MaTepraia JIeKaJIoro OTCeBa, MapaMarHWTHAs M HeMarHuTtHas. Jlanee W3 KOHLIEHTPaToOB HM3TOTOBJIEHBI
5 mai0-aHnu (OB JUIs JaTbHEHILETo MPOBEICHUS PEHTTCHOCTIEKTPATIbHOT0 MUKPOAHAIU3A.

[Terporpaduueckuii aHAIM3 MPOU3BOAWICS HA MOJSIpU3AIIMOHHOM MUKpockone Leica DM2500-P.
[To pesynbraTam aHanm3a OBUIO BBIACIICHO TPH TPYIIBI MOPOJ: BMEIIAIONINE CIAHIIBI, JTOJCPUTHI
Y KOHTAKTOBBIE METaCOMATHUTHI.

[TopomooOpa3yromuMu MUHEpaIaMu JO0JIEPUTOB SIBISIOTCS TUIATHOKIIA3 U MUPOKCEH, 3aHUMAIO-
e B nopoae B cpeaneM 41 % u 43 %, coorBercTBeHHO. Hanbornee pacrnpocTpaHeH MOHOKJIMHHBIH
MUPOKCEH, OJJHAKO BCTPEYAIOTCS PElIKHE 3epHa ¢ poMOMuYeckod CHUHroHueil. B kauectBe BTOpOCTE-
MEHHBIX MUHEPaJIOB MPUCYTCTBYET KBapil (10 6 %), moneBoii mmart (10 5 %), pyaHble MUHEPAJbI
(mo 6 %). AxueccopHble MHUHEpANbl MPEACTABICHBI AlaTHTOM, BCTPEYAIOTCS KapOOHATHI, TaKKe
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HaOroarTes rpaduueckue cpacTaHus MOJIEBOTO IINaTa ¥ KBapla — rpaHo(Upsl, CX0KHUE CpacTaHUs
BCTPEYAIOTCS y MOJIEBOTO HINAaTa UM MUPOKCEHa C PyAHBIM MUHepasioM. [1opo/bl moaBepKeHbI CUITh-
HBIM BTOPUYHBIM M3MeHEeHUAM (10 90 %), o mUpoKCeHy pa3BUBAETCS XJIOPUT U am(puOOoI, MoJeBoil
IINAT COCCIOPUTU3UPOBAH, BCTPEUACTCS SMUIOT.

Cpenu BMEIIAIOMIMX TOPOJ  BBIACHSIOTCS KapOoHaT-aM(uOOJOBBIE CHAaHLBI M KBapl-
am¢ubo0BbIe PUITUTH. MUHEpaNbHBINM COCTaB PUIIUTOB B CpeAHEM IpecTaBiieH kBapieMm (57 %)
u ampudonom (10 40 %). [Ana xkapOoHATHBIX ClaHLEB — KanbUUTOM (10 73 %) u amdudonom (20 %).
Bropocrenennbie MUHEpalbl IPUCYTCTBYIOT B 000MX BUIAX CIIAHIEB, IPEACTABICHBI PYIHBIMU CYJIb-
bunamu u oxuciaamu xkeneza (10 6 %), mupokceHoM (1m0 7 %). BTOpHUHBIM MHUHEPAIOM SIBIISIETCS
XJIOPUT, pa3BUBaOIIKiCS 10 aMmpubOIy U MUPOKCeny, 3amenias 10 50 % 3epeH, Takxke HabII0aI0TCs
€IMHUYHBIC 3€pHA AMUI0Ta. BeTpeuaercs: akiieCCOpHBIM anaTUT, PEAKO MOJEBOM IIIaT.

MeracomaTu4eckue IMOpPOJbl MPEACTaBICHb MPONWINTH3UPOBAHHBIMUA JoJepuTamMu. bombinas
qacTh nopos! (10 60 %) ciokeHa XJIOPUTOM C TOHKO3EPHUCTHIM IUIarHOKIIa30M, HAOIIOat0TCs PeIIuK-
TOBBIE 3€pHA MHUpOKCeHa. Taike B mopojae mpucyrctByer ampu6on (1o 30 %), kopaueput (10 5 %),
KapOOHATHI U KIIMHOLIOM3UT B €AMHUYHBIX MIPOSBICHUSX.

PeHTrenocnexTpaibHblii MUKpPOAHAIU3 MIPOU3BOAUIICS B PECYPCHOM IieHTpe «['eomojienby» Ha
CKaHUpyIoeM 3J1eKTpoHHOM Mukpockomne Hitachi S-3400N ¢ ananutuueckumu mpucraBkami. Lle-
JbI0 MUKpPOAHANU3a SIBJISUIOCH BBISIBICHHE MOTEHIMAJIBHBIX MOJE3HBIX KOMIIOHEHTOB B MaTepuaiax
oTceBoB. [y u3yyeHus: ObLIM MCIOJIb30BaHbl IPABUTALIMOHHBIE KOHIEHTPAThl — MarHUTHAsI, HEMar-
HUTHAas M mapamarHuTHas ¢paxmuu. [[ns onpeneneHus MUHEpasioB ObUIM BBIOpaHBI Hambosee yno-
BJIETBOPUTEINIBHBIE CIEKTPBI — CyMMa BecoBbIX IpoueHToB 100 + 1. B pesynbrare aHanusza JaHHBIX
oTpezieNieHbI CeIyIOIINe MUHEPAIIbI:

1. Jlns MarHuTHOM ppakuuu: UIBMEHHUT, TUKOHUT, TATAHOMArHETUT, TUTAHUT;

2. Jlnst mapaMarHuTHOW (pakuuu: OapuT, JUONCHI, TUTAHHUT, CPaACPUT, XAIbKOIUPUT, OOPHHT,
KJIMHOLIOU3UT;

3. JIns HeMarHUTHOW (pakiuu: MUPUT, XaIbKOIUPUT, TAIEHUT, OapUT, AUONCHUA, OOPHUT, Xajb-
KO3UH, allaTUT, CaMOPOIHAs Me/lb, KITHHOLIOU3UT.

3amaueil peHTreHO(a30BOro UCCIEI0BaHUS SBISUIOCH BhISICHEHHE (Da30BOro cocTaBa MaTepuaa,
B3ATOTO M3 KWJIBI B Kapbepe rabopo-aoaepuToB. M3HauanpHO o0pasel y)ke HaXOIuiIcs B MOPOIIKO00-
paszHoil hopme, uMmen 3eraeHoBaTo-0embIl 1BeT. CheMKa MpoBoAMIIachk B abopatopuu «PeHTrenmu-
(dbpakMOHHBIE METO/IBI HccaeaoBaHus» Ha Audpakromerpe MiniflexIl ¢ MenHbiM aHogOM. Y clmoBUs —
11ar cbeMKHU — 3°, BepTUKalbHas 1eiab — 1.25 MM, BTopas — 8 MM, TpeThbs 1I€Ib OTKPbITA, HAYaJIbHbII
yros ceeMku 20-5°, koHeuHbIi — 80°, mociie CheMKU CYETYMK BO3BPAIIACTCS B UCXOJHOE MOJIOKEHHUE.
O6paboTka naHHBIX TpoBoaMiIack B mporpamme PDXL.2. Ilo pe3ynbpraram aHamm3a, COCTaB HCCIIETY-
eMoro oopasia MpeiCcTaBiIeH CMEChIO KalblIUTAa U KIMHOXJIOpA. J[aHHbIE MUHEpAJbI SIBISIIOTCS BpEI-
HBIMH KOMITOHEHTaMH IPU MPOU3BOJACTBE IIEOHS, MOMaJaHue XWIBHOTO MaTepuajia B MPOIYKIHUIO
sBisieTcst OpakoM. [1oe3HBIX KOMITOHEHTOB BBISIBUTH HE YAAJIOCh.

BuiBoawbl. B pesynbrare uccnenoBaHusi CBOWCTB OTCEBOB MTPOU3BOICTBA LIEOHS C MECTOPOKICHUS
«UemxaBapa» ynanoch BBISIBUTH, YTO, COMIacHO rocymapctBeHHOMY ctaHmapty ('OCT 31424-2010,
2011), orceB ACY-1 (2 u 3 cragun) u JJCY-3 cOOTBETCTBYET KPYNHBIM, CPEIHUM M MEJIKUM IECKam
Il kmacca o copepxkannto yactull MeHee 0.16 mM. OpHaKo OTCEB HENb3s1 OKOHUATEIBHO OTHECTH
K JaHHOMY KJjlaccy 0e3 MpoBeleHHs JOMOJTHUTENbHBIX HCClefoBaHui. Matepual, MoiaydaeMblid Mpu
00eCTbUINBaHUH, TAK)KE MOXKET OBbITh HCIOJIb30BaH B MPOU3BOJICTBE B KAU€CTBE MHUHEPAIHLHOIO MOPOIII-
Ka, TpeOyIoTCsl JOMOJIHUTENbHBIE HccieqoBaHus. KauecTBeHHBIN aHAIn3 MUHEPAIbHOTO COCTaBa IOKa-
3aJ1 IPUCYTCTBUE B OTCEBAX TUTAH- U JKEJIE30COIEPKALINX MUHEPAJIOB B MaJIOM 00OBEME.

CHucoK JIuTepaTyphl

bopucosa P.U., Illopoxosa T.B., Pycanos B.B. u dp. OT4eT 1o pe3ysibTaTaM pa3BeJIOYHBIX PabOT Ha MECTOPOKIe-
HUU Tab0poamnabasza UerkaBapa (CTPOUTENBHBIN KaMeHb), MPOBeNEeHHBIX B [IpsokuHCKOM paiioHe PecmyOmmku Kapenwst.
Pecny6smnka Kapenus, t. Iletpo3zaBosck, 2013. 291 c.

bynax A.I'. Pacuer popmyn munepanos. M.: Hexnpa, 1964. 132 c.

I'OCT 31424-2010. Marepuaisl CTpOUTENbHBIE HEPYAHBIEC U3 OTCEBOB JIPOOIICHHS IUNIOTHBIX TOPHBIX nopox. 2011.
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ITOJIOCYATBIE XKEJIE3UCTBIE KBAPIHUTBI KOCTOMYKIICKOI'O
3EJIEHOKAMEHHOTI'O ITIOSACA KAPEJIbBCKOI'O KPATOHA:
IF'EOXUMMUA U PU3NKO-XUMHNYECKHUE YCJIOBUA OBPA30OBAHUSA

I'onuapos /I.A.
Boponesicckuil 2ocyoapcmeennviil ynusepcumem, geosci3l@gmail.com

Benenne. Ilonocuatsie xenezuctoie kBapuuthl (BIF — banded iron formation) npencrasmusitor
co0oi1 MeTaMoppHr30BaHHBIE XEMOTEHHBIE OCA/IKH, HAKOIJIEHUE KOTOPBIX MPOUCXOIMIIO B paHHEM JI0-
keMOpun. BIF gBRstoTCS 4acThio apXeMCKUX KPaTOHOB, a OJHUM M3 MECT UX INPOSBICHUS SIBIISCTCS
Koctomyknickuii 3eieHokaMeHHbIH nosic Kapenbckoro kparoHa.

PerunonanbHas reoJiorusi. Kapenbckuii kpatoH npencraBisier co00i oMuH U3 OJIOKOB (IIPOBUHIIMI)
apxerckon kopbl B cocraBe dennockanauHaBckoro nmra. BIF Kocromykiickoro 3e1eHOKaMEHHOTO TOSI-
ca pacroyIoKeHbl B IIEHTpaIbHOM "acTu Kapensckoro kpatoHa (Slabunov et al., 2024). 3nech BIIeIeHO
yerbipe accormarmu BIF: BIF-1 — skene3uctbie KBapUThI, aCCOIMUPYIONINE C 0a3aIbT-KOMaTUUTAMU PY-
BUHBaapckoil cButhl (2.87-2.81 mnpa ner); BIF-2 — ¢ puonutamu-ganyraMy HIypioBaapcKoOil CBUTHI
(2.8-2.79 mnpn net); BIF-3 — ¢ rpayBakkamMul U KUCJIBIMH BYJIKAHUTaMH KOCTOMYKIIICKOW CBUTHI (2.76—
2.74 mapa ner) u BIF-4 — ¢ HeoapxelicKuMU rpayBakKaMu CypiamIiHCKoW cBUTHI (CrnaGyHOB U Jp.,
2023). Hambonee pacrnpocTpaHeHbl U d3KOHOMUYeCcKH 3HaunMbl BIF-3, ssisronuecs: Tunuaasivu BIF
TUna AJIromMa, Ha 4TO yKa3bIBaeT X B3aUMOCBS3b C KUCIIBIMU BYJIKAHUTAMU B OJTHOM pas3pese.

Ilerporpadusi u munepasiorusi. BIF-3 oGmamaror TemHo-cepoii okpackoi (puc. 1, a), MeIKo-
3epHHUCTON CTPYKTYpOHl M mosiocyaToi TeKcTypoil. IlomocuarocTs 00ycnoBieHa TepeciauBaHHEM
M0JI0C, 00OOTAIEHHBIX PYJAHBIMH MUHEpajaMu (MarHeTUTOM) U HEPYJIHBIMA MUHEpaJiaMH (KBaplieMm,
kapOonatamu, ampudoIamMu u 6moturom) (puc. 1).

| 1|mpmuuulnu||m\
9

Puc. 1. ITonocuatocts B BIF-3 Ha MakpockonmaeckoM ypoBHE (a): Fe — ciotikm,
o0oraieHHbIe MarHETUTOM, Si — CIOMKH, 00OTallleHHbIE KBapLieM; HA MUKPOCKOMYecKoM ypoBHE (b),
0]l MUKPOCKOTIOM, B TIpoxozsiuieM cBeTe: Qz — kBapy, Mag — MarHeTuT

AKIIECCOpHBIE MUHEPATBI MPEJICTABICHBI AlIATUTOM H CYIb(uaaMu (MMPPOTHHOM M XaJbKOITUPH-
TOM), BTOpI/I‘-IHBIC — 3IMUO0TOM U XJIOpI/ITOM.

I'eoxumusi. Bo Bcex o6pasmax BIF-3 cymma Si0; u Fe,Osior cocTaBisier 83—98 %. B 0onpmn-
CTBE OOpa3IOB YCTAaHOBJICHHI TOBBIMICHHbIE KoHIeHTparmun Al,Os; (0.6-6.9 mac. %, cpemnee
2.2 mac. %), auzkue TiO; (0.02-0.18 mac. %, cpemnnee 0.07 mac. %), cymmbr mienoueir K,O+Na,O
(0.23-3.93 mac. %, cpennee 1.25 mac. %). ConeprkaHue IETPOTEHHBIX OKCHUIOB COMTOCTABHMO C TaKO-
BbIMH B apxeiickux BIF tuna Anroma.
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Puc. 2. PAAS-mopmupoBannsie conepxanns REE+Y (a);
PAAS-nopMupoBaHHBIe conepkanus paccesHHbIX neMenToB (b) (Condie, 1993)

B BIF-3 ormeuatorcsi HeBbicokue comepxanust REE+Y (3.15-64 ppm, cpennee 36.5 ppm), no-
noxurenbabie Eu/Eu*, La/La* u Ygy anomanmuu u orcyrctBue Ce/Ce* (0.9-1.04, cpenanee 0.97) ano-
maiuii (puc. 2, a). B pacrnpenenennn REE otmeuaercs oboramenue Tspkensimu (HREE), otHOCH-
tensHO JieTkux (LREE) ((La/Yb)sy = 0.21-1.17, cpennee 0.58). Otnomenue Y/Ho (31-42, cpennee
36) npeBbimiaeT XoHApUTOBOE (28). MonspHabie oTHomeHus Ni/Fe umeror Huskue 3nadenus (0.04-0.57
x 10™). ComepsKaHHs PEIKHX W PEIKO3EMENbHBIX SMEMEHTOB OYeHb HHU3KHE H BEChMa H3MEHUMBBHIC.
B oTnenpHBIX 00pa3max yCTaHOBIEHBI MOBBIINICHHBIE KOHIeHTpanuu Rb (1.4-111 ppm, cpennee 39
ppm) u Ba (6.54-799 ppm, cpeanee 175 ppm) (puc. 2, b).

HNuTepnperanusi reoxumuveckux aaHHbIX. OOoramenne HREE otHocurensHo LREE
((La/Yb)sy = 0.21-1.17), monoxurensubie La/La* u Ygn aHOManmuu m CynepXxoHIPUTOBBIE COOTHO-
menust Y/Ho (31-42) cBuaerensctByioT 0 HakoruieHud BIF-3 B Mopckux ycnoBusix. IlonoxurenbHble
EwEu* anomanuu CBUAETENBCTBYIOT O THAPOTEPMaIbHOM MPUBHOCE OCHOBHBIX KOMIIOHEHTOB. J[ist
oTpezieNieHus] CTETIeHN THAPOTepMaIbHOro MpuBHOCa npu GopmupoBanuu BIF ucnons3oBanucey nua-
rpammbl Fe — Al — Mn u Al/(Al+Fe+Mn) — Fe/Ti (puc. 3) (Stern et al., 2013). Ha HuX To4k#u cocTaBOB
BIF-3 monanaror B 1ojisi METAIZIOHOCHBIX THAPOTEPMATIBHBIX 0canakoB (puc. 3). ['maporepmanbHbIi Npu-
BHOC BeIlleCTBa OlleHUBaeTcsi B cpeaHeM Oosee 80 % (puc. 3, b), 4To yka3plBaeT Ha TUAPOTEPMATIbHBIH
MPUBHOC KaK OCHOBHOW MCTOYHUK MOCTYIICHUS BELIECTBA.

a) Al b) 10000

Menarvyeckue ocagku
Tuxoro OkeaHa

[Pelagic sediments
of the Pacific Ocean] 1000

MeTannoHocHble ocaaku KpacHoro Mops
[Metalliferous sediments of the Red Sea)

MeTtannoHocHble ocagky BocToyHo-TUXOOKeaHCKoro NoaHATHA
[Metalliferous sediments of the East Pacific Rise]

He rugpotepmansHble
ocagkn
[Nen-hydrotermal

sediments] _-BIF-3 Menarnyeckne ocaaku

Tuxoro OkeaHa

E 100 [Pelagic sediments
H . BIF TeppureHHble ocagku w of the Pacific Ocean]
ESNpOTSPRSOH- s [Terrigenous sediments]
[Neoproterozoic BIF]
10
MeTtannoHocHble ocagkwn
COBPEMEHHbBIX OKEaHOB
[Metal-bearing sediments TeppWreHHble ocagku
of modern oceans] [Terrigenous sediments]
1
Fe Mn 0,0 0,1 0.2 03 04 0,5 0.6 0.7 0.8
MmopoTepMankHble ocaiku Al/(Al+Fe+Mn)

[Hydrotermal sediments]

Puc. 3. Cocrassl BIF-3 (opamkeBslie KBapaThl) HAXOIATCS B TOJIAX, XapaKTEPHBIX IS THAPOTEPMATHHBIX
ocankoB Ha quarpammax: Fe — Al — Mn (Stern et al., 2013) (a) u Al/(Al+Fe+Mn) — Fe/Ti (b) —
TUIPOTEPMAILHBIN BKJIA B IIEJIOM olleHnBaeTcs 0oiee 90 % (Stern et al., 2013)
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OtcyrcrBue orpunarensHbix Ce/Ce* anomamuii (0.9—1.04) u Huzkue xonnerTpanuu U (0.09—
0.82 ppm) yka3bIBalOT Ha TO, YTO HAKOIJIEHHE MPOUCXOAMNIIO B YCIOBUSIX OTCYTCTBHUS 3HAUUTEINb-
HOTO KOJIMYECTBAa KHCIOpoJga B aTMocdepe, To ecTb 10 Bennkoro OKUCIUTENBHOTO COOBITHSA
(GOE ~2.47 mnpp et Hazan).

CunbHas nonoxxkutensHas koppemsiuus Alb,Os; u TiO; (puc. 4, a) HO3BOJSAET NPEANONI0KUTh KOH-
tamuHanuio BIF-3 Teppurennsim marepuanoMm. CHIIbHBIE MOJOXKUTEIbHBIE Koppemiuun Al,Os u Zr
(puc. 4, b) u REE, TiO; u Zr (puc. 4, c), a takxe Hf u Zr (puc. 4, d) yka3piBaioT Ha npeodyagaHue B
MCTOYHUKAX CHOCA MOPOJ] KUCJIOTO COCTaBa.

Huskie cofepKaHus XpoMa, HH3KHe MomspHsie oTHomenust Ni/Fe (0.04-0.57 x 107%), orcyr-
ctBue koppesiuun mexay MgO u Cr (puc. 5, a) u cnabas xoppemnsiuus mexay MgO u Ni (puc. 5, b)
YKa3bIBAIOT HA MaJIyl0 pOJib IOPOJ] YIbTPAOCHOBHOTO M OCHOBHOI'O COCTaBOB B MICTOYHHUKAX CHOCA.

BoiBoa. BIF-3 gBasitorcs tunuunbiMu BIF Tuma Anroma, HakoOIJIEHHE KOTOPBIX MPOUCXOIUIIO
B MopckoM Oacceitne 10 GOE. TeppureHHbIil NMPUBHOC HE SBISETCS MPEOOIaTaONIIM UCTOYHUKOM
BemectBa g BIF-3 u B Gombiielt Mmepe cBs3aH ¢ pa3pylieHneM mopoj KUCIoro cocraBa. OCHOBHbBIC

koMmnoHeHThI BIF-3 cBs3aHbl ¢ ruipoTepManbHBIM IPUBHOCOM, J0JI1 KOTOPOI'O OLIEHUBAETCS B CPETHEM
ooitee 80 %.
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Puc. 4. Tnarpammel koppemsimuit s BIF-3 mexay TiO, n Al,O; (a);
Zr u Al,O3 (b); Zr u TiO, (c); Zr u Hf (d)

12

Puc. 5. lnarpammsl koppeisiuii 1 BIF-3 mexay Cr u MgO (a); Ni u MgO (b)

Ilemposasoock, 1-4 oxmabps 2024 2.

49



Mamepuanvt XXXV MO100eXHCHOU HAYUHOU WIKOIbI-KOHpepeHyuu, noceawenHou namsamu uiena-koppecnondenma AH CCCP K.O. Kpamya u akademurxa PAH @.I1. Mumpoghanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI'MH, 'EODQH3UKHU U 'EOOKOJIOI'H

CHucoK JIuTepaTyphl
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KCEHOJIMTHI IIATHOKJIA30BBIX TOPOJ APXEICKOTO ®YHIAMEHTA
B OPTOAM®UBOJIUTAX KYIOJIbHBIX CTPYKTYP CEBEPHOIO IIPUJIAIOKbSI
(BAJITHHICKH LINT)

I'yopenxo U.M., Kotosa U.K.
Canxm-Ilemep6ypeckuii 2ocyoapcmeennuiii ynueepcumem, Cauxm-Ilemepoype, st098037@student.spbu.ru

I'panuTOrHENCOBBIE KYIOJIa, IIPOSIBJICHHBIE B COBPEMEHHOM 3PO3HMOHHOM CPE3€ JIOKAIbHBIMU BbI-
X0JlaMU apxeicKoro ¢pyHaaMeHTa B 00paMIeHUH TOJIL] PaHHErO MPOTEPO30s, SIBJSIFOTCS XapaKTEPHBIM
3JIEMEHTOM T'€0JIOTHYECKOTO CTPOEHMSI 30HBI COIPSKEHMSI FOr0-BOCTOYHOM YacTH PAHHENPOTEPO30M-
ckoro CBekO(DEHHCKOTO aKKpEIMOHHOTO Tosica U apxeiickoro Kapembckoro kparona. HawambHbie
9Tamnbl Ppa3BUTHs 3TOW CTPYKTYPHI CONMPOBOXKIAINCH M3JIMSIHUEM KOHTHHEHTAJIbHBIX 0a3aJIbTOB, B TO-
ciemyroneM cMeHuBIIMXCcsl okeanndeckumu (Korosa u ap., 2011, 2020). MaTpy3uBHBIE danuu 3TOr0
MarmaTusmMa IHPOKO MPOSIBIEHBI B ApXEHCKUX siipaxX KyNOJIbHBIX CTPYKTYP B BHJI€ MHOTOUUCIIEHHBIX
JAKOIMOI00HBIX TeJ, KOTOPBIE PACCMATPUBAIOTCS B KaueCTBE MOABOJAIIMX KaHAJIOB 0a3aIbTOMIHOTO
BYJIKAHH3MA U BBIJCIISIOTCS KaK «BHYTPHUKYIIOIBbHBIE aM(PUOOTHTED.

Nzyuensl Mopdosiorust u coctaB KPYMHBIX «OBOUIONOT00OHBIX» JIEHKOKPATOBBIX BKIIIOUEHUN B Me-
JaHOKPATOBBIX opToamduboanTax VMMUIaXTUHCKON KYyMOJIBHOM CTPYKTYphl. BKiroueHus pasmera-
IOTCS BJIOJIb BOCTOYHOI'O KOHTaKTa B Mpe/ieax JIOKaJbHOW 30HbI B CEBEpHON YacTu MHTpY3uBa. Cpeau
OKPYTJIBIX OBOMIONIOIO0HBIX BKIIFOUEHUH BBISIBIIEHBI HEMHOTOUMCIICHHBIE YTIIOBaThIe 00J0MKH (puc. 1).

Puc. 1. JlefikokpaToBbie BKIIOUEHHS B OpToampudonuTax:

A — o6t Bug oOHaxkeHusi; b — gpparmenT okpyrioro BkitoueHus; B — yrioBareie BKIIOUEHUS

N3yuenue cpe3oB 00pa3loB MOKa3ajao0, YTO BKIIOYEHUS 3a4acTyl0 UMEIOT HEMPaBUIbHYIO (opMmy,
I'PaHUIBl BKJIIOYEHUH HEPOBHBIC, pe30pOMpPOBaHHbIC, BHYTPEHHEE CTPOCHHUE BKIIOYCHHH HEOIHO-
poxnoe (puc. 2). Ha pucynke 2 B ka4ecTBe MpUMepa MPEACTaBICHO BKIIOYEHHE, B KOTOPOM BBIJIE-
JSIOTCST HEOJTHOPOAHAS cepo-Oenas MaTpuIla, BKIIOYAONIAs JEHKOKpaTOBbIE (parMeHTHI Hempa-
BUJIBHOM (OPMBI C HEPOBHBIMHU KpassMU M TEMHOLIBETHBIN MaTepHall, IPOHUKAIOLINI BO BKIIOUEHUE KaK
4aCTh MEJIIAHOKPATOBOTO IIEMEHTUPYIOIIETO MaTpUKCa U 00pa3yIonuii IPEephIBUCTHIC TUH30BHIHBIE
MPOCIION B TeJI€ BKIIOYECHUS.

Puc. 2. Baytpennee ctpoerue (A) e
u rpanunsl (b) BmroueHwmit - P
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OnTH4ecKMMH UCCIIEOBAHUSMH YCTAaHOBJIEHO, YTO JIEUKOKPATOBBIE BKIIIOUEHMS! CIIOKEHBI CKOII-
JICHUSIMU KPYIHBIX KPUCTAJUIOB PAHHETO IJIarnokias3a, pe3opOMpOBaHHBIMU MEIKO3EPHUCTHIMU ILIa-
TMOKJIa3aMM MO3JHUX T'€HEpalMil U MEJIaHOKPATOBBIM MAaTEpHAJIOM «IEMEHTHPYIOIIET0» MaTpUKCA.
O4eBHIHO, YTO MPEUMYILECTBEHHO CErperanuy paHHEro IUIaruoKiia3a W3HA4YalbHO Cllarajiu JIeHKo-
KpaTOBbIE BKIIIOUEHMUS.

Hcxons u3 popMbl U CTPYKTYphI BKIIOUEHHUI OBLIO ClieTaHO MPEANOI0KeHHe, YTO 3TO KCEHO-
JUTHI BMEIIAIOUIUX TOPOJI, CYHIECTBEHHO IIJIArMOKJIA30BbIX MO COCTaBy. Bepcus o KkceHoauTax xo-
pOIIO coryiacyercsi ¢ MPUKOHTAKTOBBIM MOJIOKEHHEM BKIIOYEHUN. TeKCTYypHBIH PUCYHOK MOPOJ
¢ obunueM KceHONUTOB (cM. puc. 1, A) chopmupoBaics, Mo-BUAUMOMY, B pe3yiIbTaTe UHbELUPO-
BaHHUS 30HBI OpEKUYMPOBAHUS BMELIAIOIIMUX IUIATHOKJIA30BbIX MOpPOJ 0azalbTOUJHOW Marmoi.
MHoro4HcIeHHbIe 00JIOMKH TMJIAarMOKIJIa30BbIX TOPOA ObUIH 3aXBadyeHbl paciuiaBoM. B aTom cinydae
HaO0aeMble OKpYIJible (OpMBbI BKIIOUEHHIl — 3TO CIIEICTBHE BO3ACHCTBHS 0a3aJbTOMIHOTO
pacriaBa Ha KCEHOJMUTHI, 3)PEeKT KOHTAMHUHALIUU, NIPU KOTOPOH MPOUCXOJUT YACTUYHOE PACTBO-
peHue 00JI0MKOB.

B pamkax monenu KOHTaMUHAIlMM CTaHOBUTCS MOHSATEH XapakKTep CIIEKTPOB PEIKO3EMEIbHBIX
anemeHToB (P3D), mpencTaBieHHBIX HA PUCYHKE 3: TIPH €IMHOOOpa3HBIX crieKkTpax P30 KCeHOIUTOB,
O0TOOpaHHBIX Ha pa3HBIX OOHAKEHHSX, pa3nuyaiorcs (Gopmbl crekTpoB P30 B KOMIUIEMEHTapHBIX
STUM KCEHOJHUTaM MpoOax MeNIaHOKpPaToBOro aM(puOONIMTOBOro Marpukca. Takas KapTHHA MOKET
ObITH 00YCIIOBJICHA Pa3HOM CTENEHBI0 KOHTAMHHALMU 0a3aIbTOMHOTO pacijiaBa B Pa3HbIX y4acTKax
MarMaTH4ecKor KaMephl.

10,00

1,00

Nopoga/XoHaput C1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
B A2

Puc. 3. I'padpuk HOpMHUPOBaHHBIX copepkaHuidi P30 B pa3HBIX KOMIOHEHTAX MOPOABIL:

1 — nelikokpaTOBbIE KCEHONUTHI; 2 — MEJIaHOKPATOBbIl MaTpukc. HopMupoBaHo k cocTaBy
xonzapura no (McDonough, Sun, 1995)

[TpuHUMas BepCHIO O KCEHOIUTAX, HEOOXO0AUMO MOHATh, KAKUE TOPOABI MOCTYKUIN UCTOYHUKOM
TaKuX KCEHOJMTOB. VHTpy3uBHBIE (aliy paHHENPOTEPO30MCKOro 0a3aJbTOMAHOTO MarMaTH3Ma,
IPEICTAaBICHHbIE B HACTOSIIUI MOMEHT OpTOaM(PuOOIMTaMU, UHBELUPOBAIN TOPOABI apXEHCKOTro
dynnamenta Kapenbckoro kpatoHa. C yueToM cOCTaBa KCEHOJIMTOB 3TO JIOJDKHBI OBITH CYIIIECTBEHHO
IUIarMoKJa30Bbie MopoJibl. K paccMOTpeHHIO MPUHATHL Ba BO3MOYKHBIX BapHaHTa UCTOYHHMKA apXei-
CKHX KCEHOJIUTOB: OPOJIbl TOHAIUT-TPOHAbEMUT-TpaHoanoputoBoi cepun (TTI'-cepun) n anopros3u-
TOBBIC KOMIUIEKCHI. MBI CpaBHWIN IUIATMOKIA30Bble KCEHOJIMUTHI C ABYMsSI 00O3HAYEHHBIMH THIIAMHU
KOMIUIEKCOB I10 COCTaBy IJIarMOKJIa30B U 110 coaeprkanuto P30.

Bricokast 107151 aHOPTUTOBOTO KOMIOHEHTA (110 An74.75), IPH BEAYIIEH pOJIM aHJe3MHA U J1abpa-
nopa (Ansy.7p), B PEIUKTaX pPaHHUX (MEPBUYHBIX) KPYIMHBIX KPUCTAJJIOB IUIATHOKIIAa3a M3YYEHHBIX
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KCEHOJIUTOB IJIOXO COOTBETCTBYET COCTaBY muarnokiiazoB nopoa TTI-cepun (Anjg.so, [leTporpa-
dbugeckuit koaekc..., 1995), HO cormacyercsi ¢ cOCTaBaMH IIJIarMOKja3a apXelCKUX aHOPTO3UTOB
(Angp.90; Ashwal, Bybee, 2017). B nopogax TTI-cepun Hanbosee BICOKOE COAEpKaHUE aHOPTH-
TOBOI'0O KOMIIOHEHTa B IJIarMOKJIa3aX, COMOCTaBUMOE C M3YYEHHBIMU KCEHOJIMTAMH, XapaKTEPHO
U1t ToHATUTOB. [loaTOMy U1l cpaBHEHHS cojaepkaHuii P35 B3sATHI XapakTEPUCTUKU TOHAIHWTOB
apxerickux TTI-cepuii bantmiickoro mmta, npuBeneHHble B (Pannumit moxemOpwmii..., 2005),
a Taxke cpennue 3HaueHus no TTI-cepuu B nenom (Yekynaes, ['neGoBunkuii, 2017); aia comno-
CTaBJICHUS C apXEHCKMMH aHOPTO3UTAMH HCTOIb30Banuch AaHHble (Polat et al., 2009) o mopomax
komruiekca duckeHecceT Ha oro-zamaae [ pennanauu, rae aydiie BCEro 0OHAXKEHBI M COXPaHU-
nuch apxerckue (2.97 Mupa 1eT) aHOPTO3UTHI, a Takxke pesynbTathl (Jlapun u ap., 2006) uccre-
JIOBaHUsI AHOPTO3UTOB KajdapcKoro komrmuiekca (2.62 mupn ner) Annano-CTaHOBOro IIuTa
(puc. 4). Pucynok 4 nemoHCcTpupyeT 0€3yCIOBHOE CXOJCTBO CIEKTPOB P30 M3ydeHHBIX KCEHOIH-
TOB C apXEUCKUMH aHOPTO3UTAMH U SIBHBIE PE3KHE Pa3IUdHsl ¢ TOHAIUTAMHU U CPEIHUMHU COJIEp-
s)kanusiMu B nopoaax TTI-cepuu. KceHONMTHI, Kak U apXelcKue aHOPTO3UTHI, XapaKTEPU3YIOTCA
M0 OTHOUICHUIO K XOHAPUTOBOMY CTaHIApPTy HE3HAUUTEIbHBIM oOoramieHueM jerkumu P33 mpu
HOPMAJIBHOM WJIM TTOHM)KEHHOM COAEPX AaHUU TSHKEIbIX P30 U SpKO BRIPAXKEHHOUW MOJI0KUTEIbHON
€BPOINUEBON aHOMAJIMEN.

1000

100

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Al A2 &3 @4 H5

Puc. 4. Ciextpbl pactipeiesieHis] HOpMAPOBAHHBIX CoepKaHui P33 i1 n3ydeHHBIX
JIEKOKPAaTOBBIX KCEHOINUTOB, apXEHCKUX aHOPTO3UTOB (MaccuB DUCKeHecCeT,
mo: Polat et al., 2009; kanapckuii koMmiuiekc, mo: Jlapus u ap., 2006) u mopox
TTI -cepun (110: Panuuit nokem6pwuii. .., 2005; Yekynaes, [ mebourkuii, 2017).
Hopmuposano k coctaBy xonaputa no (McDonough, Sun, 1995):

1 — neKOKpaTOBBIC KCEHONUTHI; 2—3 — aHOPTO3UTHI MaccuBa duckenecceT (2) U KalapcKoro
komriutekca (3); 4-5 — TTI -cepus: Tonanuts! (4) u cpennue cocrassl 1o TTT -cepuu (5)

B pabote (Ashwal, Bybee, 2017) nmpuBoasTCS CBOAHBIE TaHHBIE, COTTIACHO KOTOPHIM JIJIsl aHOPTO-
3UTOB cTapiie 2.7 MIPJ JIET XapaKTEPHbI OUTOBHUTHI U aHOPTHUTHI (AN7¢.9s), ISl aHOPTO3UTOB C BO3-
pactoMm 2.7-2.5 muipA JieT — nadpaopbl, OUTOBHUTHI, aHAEC3UHBI (AN4g.90); B TPOTEPO3OUCKHUX aHOPTO-
3UTaX COCTaB IUIarMOKJIa30B BapbUPYET OT OJUTOKIa3a J0 Jiabpaaopa (Anpszg). Ha ocHoBe 3THX
000011eHIIT MOXKHO T0JIaraTh, YTO BapHallMKd COCTAaBA M3yYEHHBIX PAaHHHX IJIaTMOKIA30B, KAK KCEHO-
JUTOB MOPOJ apxeiickoro (yHIaMeHTa, 0ojiee BCEr0 COOTBETCTBYIOT aHOPTO3UTaM C BO3pacTom 2.7—
2.5 mapna Jer.
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Kak mpaBuiio, B mpeapIIyluxX MyOJMKausax B Ka4yecTBE JOMHHUPYIOUIETO THUIA apXEHCKUX MO-
pOa B COCTaBe KYIOJBHBIX CTPYKTYpP 30HBI cowileHeHuss CBeko(eHHCKOro mosca u apxeiickoro Ka-
PEIBCKOrO0 KpaTOHA YKa3bIBAINCh T'PAHUTOTHEHCHI, COCTAaB KOTOPBIX COOTBETCTBOBAJ TOHAJIUT-
TpoHIbeMUTOBOMY psny (Jlamoxckas..., 2019). ITomydeHHBIE pe3yabTaThl MOKA3bIBAIOT, YTO B COCTA-
BE apXeHCKUX KOMIUIEKCOB, C(OPMHUPOBABIIUX AP0 VMIMIMIAXTHHCKOTO KYMOJa, MPUCYTCTBOBAIH
AQHOPTO3UTHI.

Paboma evinonnena npu noooepowcke Pecypchnoeo yewmpa Mukpockonuu u MUKpOaHaiu3a
Cliol'y.
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IFEOXUMHWYECKHE OCOBEHHOCTH Li-MECTOPOKAEHUA
B APEAJIE 9TBIKMHCKOI'O MACCHUBA (BOCTOYHOE 3ABAUKAJIBE)
N IMTPOBJIEMBI ET'O 'EHE3UCA

Jepromes A.K., banannna E.B., lllyouna H.E.

Canxm-Ilemep6ypeckuii 2ocyoapcmeennuiii ynueepcumem, Canxm-Ilemepoype, st098045@student.spbu.ru

BBeagenne. Octpast mOTpeOHOCTH B TUTHH, BOSHUKIIIAsI B TOCIEAHHUE TO/IbI, pUBEa K He00X01u-
MOCTU PEBHU3UU CTAPBIX JTUTHEBBIX MECTOPOKICHUH U, TJIaBHOE, MTOMCKA HOBBIX OOBEKTOB JIMTUEBOTO
CBIPBSi. MBI IPENPUHSITN HOMBITKY 00paTUTh BHUMAaHKHE Ha U3BECTHOE 00OTallleHue JIUTHEM IK30KOH-
TaKTOBBIX TIOpoJl MaccuBOB Li-F penxomeTamnbHBIX TpaHUTOB. Llenbio paboThl SBISIIOCH BBISBICHUE
FEOXUMHUYECKHX 0COOEHHOCTEW BMEIIAIOMIUX MOPOJ DTHIKHHCKOTO MAacCHBa, OLIEHKA BO3PACTHBIX CO-
OTHOILICHUH 3THX NOpoJ U TpaHuToB. Oco0oe BHUMaHUE ObLIO yIEICHO METaCOMATHUECK U3MEHEHHBIM
MopoJiaM B apeajie MaccuBa aMa30HUTOBBIX TPAHUTOB DTHIKHHCKOTO MaccHBa.

I'eosiornyeckuii ouepk. DTHIKMHCKHIA MaccuB Li-F aMa30HUTOBBIX IPaHUTOB pacnojoxeH B Bo-
crouHoM 3abaiikanbe. Bo3pact maccuBa, onpeneneHubiii Rb-Sr MmeTomoM mo mopojam, COOTBETCTBYET
142.1 £ 0.8 miH net (Koctuusia u ap., 2004). Apean DTBIKHHCKOTO MacCUBa OTIWYAECTCS OOJBITUM
pazHooOpa3ueM reHeTUYECKUX U METAJTIOTeHUYECKUX TUIIOB opyleHeHus. Tak, TaHTaloBoe opyeHe-
HUE COCPEAOTOUYCHO B JICMUIOJIUT-aMAa30HUTOBBIX TPAHUTAX AMMKAJILHON YacTH DTHIKMHCKOTO MacCH-
Ba B BHJIC MEJIKO3EPHUCTON BKPAIUICHHOCTH MUKPOJUTa U TaHTaiduTa. Ha ceBepo-BocTOUHOM (priaHTe
BO BMEIIAIOIINX IIOPOJIaX paclolaracrcs Tonas3-KBapleBo-KHIbHOE KACCUTEPUTOBOE MECTOPOKIECHUE
Crapas Oteika. B HaAKymoapHOM 30HE MaccHBa OOHAPYKEHA «IMTHEBAs 3aJI€XKby, MPEACTABIISIONMIAS
co00l TOHKO3EPHHCTHIE POTOBHKOIOI00HBIE MOPOJIBI IIMHHBAIbIUT-KBAPI-TOIa30BOT0 COCTaBa, 00-
pa3yroIue peruoHaaIbHbIC 30HBI OONBIION MPOTKEHHOCTH (10 2 KM) UM MomtHocTH (6omee 400 m),
JAJIEKO BBIXOJSIINE 32 TPEeibl SK30KOHTAKTa. bonbiine MacmTabbl BBIX0/1a, BBICOKUE COJIEPKaHUS
JUTHUS U PEIKUX MEeTO0YHbIX AmeMeHToB (10 6100 ppm Li u go 395 ppm Cs) nanu ocHOBaHHE pac-
CMaTpUBaTh 3TY 3aJICKb B BUJIE NMEPCIEKTUBHOTO JIUTUEBOTO pynoNposBieHus. ['eHeTnueckas npupo-
Jla 3THX TOPOJ KpaiiHe NUCKYCCHOHHA — OT THAPOTEPMAIBbHOW JUTHOHHUT-TOnaszm3anuu (JIeBUIKmii
u ap., 1963) no 3akanodHbIX HOPOJ, CBSI3aHHBIX C OHTOHUTOBBIM MarmaTu3MoM (beckun u ap., 1994).

Pesyabrarel. Vccnenyembie BMemaronme nopoasl npuHapiexar k OHoH-bop3uHCKON cepud,
K TAMEHTMHCKOM, TOCYJapeBCKOM M, HAKOHELl, HWKHEIOPCKOW cuBadyMHCKOU (J1sv) (cTapoe Ha3BaHME
OHOH-OOp3uHCKas) cBuTaM. OOpaslbl HauMeHee M3MEHEHHBIX BMELIAIOUIUX MOpPOJ TaMEHTMHCKOM
CBUTHI ObUIM OTOOpAaHBI OKOJIO CTPOMTENBHOro Kapbepa KupueHoBckoro Au-Ag-MecTOpOXIeHHS,
pacroyioxeHHoTo mpuMepHO B 15 kM k C3 oT DThIKHMHCKOTO MaccuBa. OOpa3ipl IECYaHUKOB TOCY1a-
PEBCKOI CBUTHI B3ATHl B 2 KM K IOT'y OT UHTPY3ud. [IopoJibl CUBAUMHCKON CBUTHI, HEMIOCPEACTBEHHO
BMeEUIAIOIINE UHTPY3UIO, SIBISIIOTCS HanboJiee M3MEHEHHBIMH, YTO MPOSIBISETCS B UX MHTEHCUBHOM
OpPOTOBUKOBAHUY, IMTUOHUTU3AINH U TOMAa3u3auu. JJanHbie neTporpadudeckoro ¥ MUKpO30HI0BOTO
aHaliM3a MOoKa3alld, YTO MPOIECcC JUTHOHUTHU3AIMN 3aKI04YaeTcss B 00pa3oBaHUM LIMHHBAJIbANUTA,
MOSIBIICHWH BO BMEMIAOMIMX TMOPOJax OOJBIIOT0 KOJUYECTBA KPUCTAIIIOB POMOOBHIHOTO TOTMAa3a
U, Hapsay ¢ daooputom, peakux ¢ropunoB Na, Mg, Fe, Al (cemnaura, Bebepurta).

Kak mnokazanu naHHble XMMHYECKOTO aHAIM3a, COJACP:KAHHUE JHUTHS BO BMELIAIOLIUX IOPOJAx
YBEJIUYMBACTCS 110 Mepe MPUOMMKEHNUS K DTBIKUHCKONW WHTPY3UHU OT 33 ppm s TOPOJ TaMEHTHH-
ckoil cBUTHl U 315 ppm ansa rocynapeBckoi ¢cBuThl 10 6100 ppm B nmopojgax CUBaYMHCKON CBUTHI.
[To cpaBHEHHUIO ¢ HEM3MEHEHHBIMU MTOPOJAMU B METACOMATHUTaX pacTeT coaepxkanue Li 1o 6100 ppm,
Rb 10 3880 ppm, Cs 1o 166 ppm, B MeHbIIeH Mepe Bo3pacTaeT cojepkanue Sn, Ta, majaeT KOHIIEH-
tparus W, U, Th, Sc, V.

XUMHUYECKUN COCTaB yKa3bIBA€T HA TO, UTO MOPOJIbI, MOCTY>KUBIINE UCTOUHUKOM MaTepHuaa JJis
BMEUIAIOMIUX TOPOJ PACCMOTPEHHBIX CBUT OTBIKUHCKOTO MacCHBa, 00pa3oBajiCh B 0OCTaHOBKaxX
3pernoi KOHTUHEHTaIbHOU KOpbl (Penb3uToBbIil ncTounuk) (Bhatia, 1983).
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Jlns oueHkn Bo3pacTta (opMupoBaHus Li-copepKamux pOTrOBHKOB, BO3HHKIIHUX IO IMECYAHO-
CJIAHLIEBOM TOJIIIE CUBAYMHCKOM CBUTHI, OB BBIJENIEH LUPKOH. B pe3ynbrare npoBeneHHbIX METOIOM
LA-ICP-MS (T'MH CO PAH, Vnan-Y1») uWccnenoBaHUN YCTaHOBJICHO, YTO CPeIud OOIOMOYHBIX
IIMPKOHOB B MeCUaHHKaX MPeodIagaloT MUPKOHBI C TUKAMH Ha KPUBOHM BeposiTHOCTH: 483 + 3 MJTH JIeT
u 257 £ 2 MJIH JIeT, 9YTO COOTBETCTBYET COOBITHSIM HUKHEOPIOBUKCKOTO M IEPMCKOIO BO3PACTOB
(BO3MOXXHO, YHIMHCKUN TPaHUT-TPAHOAUOPUTOBBIN Komruiekc P;). K cokanenuto, ObUM TOTyYIECHBI
BO3pacThl HUCKJIIOYUTEIHFHO JIETPUTOBOTO IIMPKOHA OCAMOYHBIX TOJNII, 0e3 (QUKCAIUN BIUSHUS
BHEJPEHUs OTHIKMHCKOTO MHTpYy3uBa. llpoBeneHHble HCCIEAOBaHUS I[OKa3ald, YTO LHUPKOH
BMEIIAOIIUX TMOpoA He (UKCHPYET HU B COCTaBe djeMeHTOB-pumeced (P33), HM B BO3pacTHBIX
XapaKTEePUCTUKAX KAKOTO-THOO0 BO3JEHCTBUS CO CTOPOHBI BHeIpHBIIeics uHTpy3un Li-F rpanuTos.
JlanbHelIe uccaeI0BaHus MOTYT OBITh CBSI3aHBI C MOMBITKONW OIEHUTHh Ar-Ar-Bo3pact cOOCTBEHHO
Li-ciron 3 poroBUKOB.
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CEJUMEHTOJIOTHYECKAS XAPAKTEPUCTUKA
BEHYAIOHIUX JOJIOMHUTOB MATOMCKOI'O HAI'OPbAA
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Pyabko I[.B.3, denroxknn U.B.}
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Teonozuueckuti uncmumym PAH, annadrazd@gmail.com
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Mocxkosckuii cocyoapcmeennwiil ynueepcumem um. M.B. Jlomonocosa
3
Huemumym gusuxu 3emnu um. O.JO. [lImuoma PAH

BBenenne. Benuaromumu nonomuramu (BJl) Ha3biBalOT ManOMOIIHBIN (MeIMaHHAs MOIIHOCTh
9 M) (Hoffman et al., 2011) ropu3oHT IO0JOMHTOB, YaCcTO MEPEKPHIBAIOIINN JICTHUKOBBIC OTIIOKCHHUS
HeonpoTepo3os. JIutonornyeckre 0COOEHHOCTH BEHUAIOIIUX JOJIOMUTOB, MIEPEKPHIBAIOIINX OTIO0KEHHS
HEONPOTEPO30MCKOTo oyneneHeHnss MapuHo (okono 635 miH J1eT), mo-cBoeMy yHukaiabHbl (Hoffman
et al., 2007). Ilpeanonaraercs, 4ro cioii BJ] HaKonuICs CHHXPOHHO Ha pa3HbIX KOHTUHEHTaX B Pe3yJiib-
TaTe OBICTPOro pa3MOpaKUBAHUS IKBATOPUATBHBIX MOPEH MOCIe TOTALHOTO oJieicHeH . Benvaromue
JOJIOMUTBI HAJT JIETHUKOBBIMU TOPU30HTAMH MapHHO pacCMATPUBAIOT KaK TTIO0ATBHBI MapKUPYIOIIHNA
TOPHU30HT, IO MOOIIBE KOTOPOTO OnpeesieHa HYbKHsIs rpanuia sauakapus (Knoll et al., 2006).

[Ipenmonaraemple MEXaHU3MBI B YCIIOBUS GopmupoBanusi BJ] 4acTo 0CHOBaHBI JIUIITL HA U30TOII-
HBIX JAHHBIX, B TO BPEMs KaK HEOOXOoIuMas JIUToJIoTrueckas (akTypa s 000CHOBaHMS (aiuii oT-
CYTCTBYET. DTO, B CBOIO OYepe/lb, CIIY)KUT MPEMSATCTBUEM BBISCHCHUS MEXaHU3Ma HAKOIUICHHS 3THUX
OTJIO)KEHUN U TECTUPOBAHUS KaK TMIIOTE3bl UX CUHXPOHHOTO HAKOIUIEHHUS, TaK U TUIOTE3bl TOTAllb-
HBIX OJIeJICHEHHH. MBI TIPOBOIMM MaKCHUMAIILHO JETATbHOE JTUTOJOTHYECKOE M3yYeHHE BEHYAIOIINX
nojaoMuToB Ha [laroMckoM Haropbe, 4TOOBI YaCTUYHO BOCIIOIHUTH 3TOT Hpoben. Huxke npeacraBieHb!
MpeBaApUTENbHBIC PE3YIbTAThI 3TUX UCCICTIOBAHUH.

Ha ITaromckoM Haropbe U B CMEXHBIX paiioHax CHOMPCKOM T1aTGOopMbl BCKPHIBACTCS OJHWH W3
HanOoJiee OJHBIX pa3pe30B BeHa. B ocHOBaHMM pa3pe3a BEeH/a PETHOHAIBHO MPOCIIEKHUBACTCS JIeI-
HUKOBBIA TOPH30HT, a B KpOBJIe 3TOT0 ropuszonta cioit BJ[ (Uymakos u np., 2013). B HacTostmumii mo-
MEHT HaMH OOHapyxeHo 5 oOHaxkeHuil BJl Ha 3HaUMTENBHOM YAAJCHUU YT OT Apyra. ITO MO3BOJIS-
eT u3yuuth BJ[ He Tonpko mo crpaTurpaduueckoi BEpTUKAIM, HO U MO JIaTE€palid — B Pa3IMYHbIX
darnuanbHBIX 30HAX Mmaneo0acceifna.

MatepuaJjbl u MeToAabl. [1o pacnonoxeHuto n3yueHHbIE pa3pe3bl MOXKHO pa3JeuTh Ha JIBE TPYII-
nbl. [lepBas rpynma BkiIo4aeT oOHaXkeHUsI Ha pekax Ypa u bonbmoii Ilarom (GapakyHckas cBuTa),
a BTopas — Ha HeOonbmom o3epe «KapaceBo» BOIM3M o3epa Huuatka, a taxoke Ha pekax Cenp u [[xe-
nvHIa (Kymaxynaxckas cBura). Haumyumme paspessl Ha pekax bombioi [latoM (Buaumast MOITHOCTh
5M) u Cenb (BUAMMAs MOIIHOCTH 1.3 M) A€TaabHO ONMPOOOBAHBI M OMUCAHBI, OCTAJIBHBIC pa3pe3bl 00-
Ha)KEHBI TUI0XO, JUIS HAOJIOJIEHUA JTOCTYITHBI JIUIIbL TIEPBHIC JAECATKA CAaHTHMETPOB Pa3pe3oB, OTHAKO
OHHM OBUTH TIPUTOTHBI JUTSI OIIPOOOBAHUS U U3yUEHHUsT 00pa3IoOB IMOPO/I B TAOOPATOPHBIX YCIOBHSIX.

Ha ontrueckoM MUKpOcKorie Ob1T0 H3y4eHo 56 numdoB. YTOYHEHUE CTPYKTYPHI U MUHEPAJIOrude-
CKOT'0 COCTaBa BKJIFOYEHUH MPOBOAMIOCH C UCIOIb30BAaHUEM CKaHUPYIOLIEH 3JEKTPOHHON MUKPOCKOIUU
(COM) ¢ 5HeproAucCrepCuOHHbIM aHAJM30M M PaMaHOBCKOM CIIEKTPOCKONMHMH. XMMHUYECKUH MHOTO3JIe-
MEHTHBIN aHAJIN3 BHIMONHSIICS peHTreHoduryopeciienTHbIM (XRF) ananmuzatopom Olympus Vanta M.

PesyabTaTsl. B xone nerporpaduyeckoro usydeHusi ObLIO BBIACICHO JBE (Al BEHYAIOIIUX
JOJIOMHUTOB, OJIM3KHE aHAJIOTU KaXKJI0M U3 KOTOPBIX OMMCAHBI B JINTEPAType B IPYrUX palOHAX MHpa:
damus cBeTI0-CePhIX — KENTOBATHIX MEIIOUIHBIX T0JIOMUTOB (1) U (amus CIOUCTHIX KPACHOIIBETHBIX
MEPTeJUCTHIX TOJIOMHUTOB (2).

Dayus nenoudnvix doromumos (1) B pazpese mpecTaBisieT coO00i CBETIO-CephIe TOJIOMHTHI CO
CTPYKTypaMU THUIM B HWYKHEW YacTH pa3pe3a U TOHKOW mapajuieIbHOW WM MOJOTOHAKIOHHOM CJIOU-
crocthro. Ha pexe bonbmoit I1aToM BCKkpbeIBaeTCsi HEPOBHBIM KOHTAKT C HUXKEJIECKAIMMU JUAMHUKTH-
TaMH OOJIBIIICTIATOMCKHI CBUTHI (pHC., 0).
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Jlutonormueckue ocobennoctn BJI Ilatomckoro Haropbsa. @arusi CIOWCTHIX KPACHOIBETHBIX MEPIeIHUCTHIX
nonoMuToB (2) B paspese (¢porto M.B. Jlareimesoii) (a), ¢pauus menrougHsix godoMuToB (1) B paspese
(doto C.B. Pynpko) (6), couctoctsh armu 1, nmapayuielibHbie HUKOJIHU (B), MOCIOWHBIA TTOWKUITUTOBBIA [IEMEHT,
(anust 1, ckperieHHble HUKOMH (T), CTPYKTYpHI, HartoMuHaronwe Girvanella, ganus 1, nmapaniensHple HUKOH (1),
BpacTaHus TajbKa B Makponenonaax, (amus 1, ckpelieHHble HUKOIH (€), CIOMCTOCTh (haluu 2, napauiesbHbIe
HUKOIH (K), KIIMBAXX PaCTBOPEHUs, (harust 2, CKpeLIeHHbIe HUKOH (3)

B numndax damus 1 xapakrepusyercst Kak J0JIOMUT CEpOro I[BETa, CIOMCTOCTh BhIPAKEHA Ye-
peIoBaHHEM CIIOHKOB MOITHOCTBIO 710 3—5 MM, CIIOKEHHBIX MUKPHTOBBIMH TEOUaMHu (B TUTEpa-
Type 3TU 00pa30BaHMs MOJYUYUIIU CIIeIMaIbHOE Ha3BaHHE MAKPOIEIOUIbl) 10JIOMUTOBOIO COCTaBa
pasmepom 0.1-3 MM (puc., B), C MOCIONHBIM MOWKUIUTOBBIM KalbIIUTOBBIM IIEMEHTOM (pHC., T)
U CJIOMKaMH KOMKOBAaTOTO MUKPHUTOBOTO JOJIOMUTA, IO CTPYKTYpPE CXOJHOTO C MUKPOOHAIbHBIMU
TPOMOOJIUTAMH.

[Topoasl B pa3pese Ha peke bonpmoi [Tatom JIokanbHO JEMOHCTPUPYIOT OTIUYHYIO COXPAHHOCTh
MaKpOTIETIOU IOB, YTO MO3BOJISIET CACNATh PSJl BAXKHBIX HAOTIOACHUN:

1) B 0O1HOM CJTIO0¥KE MOTYT COCEICTBOBATh MAaKpPOTIEIOU bl pa3HOTO pa3mepa (puc., B)

2) mioxasi COPTHUPOBKA HCKIIOYAET MEXAHHUYECKHH TEPEeHOC U COPTUPOBKY MEIOUI0B IO
NEWCTBUEM BOJIH

3) Makpomnenouasl B MOMEHT CEAUMEHTAINA UMENd H30METPUYHYIO OKpYriayto (GopMmy U ObuIH
MATKMMH O00Opa30BaHUSIMH, TaK KaK OHU OBIBAIOT CMATHI HAa KOHTAKTe APYT C APYrom, HO 0e3 mpu-
3HAKOB PAaCTBOpPEHMA MOA AaBiieHHeM. [locie momagaHus B OCalloK OHH OBICTPO OOBI3BECTBISUIUCH,
MOCKOJIbKY HE UCIIBITAIM BEPTUKAIBHOIO CKAaTUs MIPU YIUIOTHEHUH OCaJIKa.
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Kpowme Toro, B o1HOM M3 IUIM(OB ¢ HAWIy4IIel COXPaHHOCTHIO MOPOJIbI BIIEPBHIE B CTPOCHUH
MaKpOIeJIOUI0B HAalJIEHBI CTPYKTYphI, HanmoMuHawmue Girvanella (puc., x). Girvanella, npencras-
Jstroast co0oi KaJbIIMHUPOBAHHYIO 000JIOUKY HUTEBUIHON ITHAHOOAKTEPHUHU, PACTIPOCTPAHEHA C KEM-
Opwusi, HO B psijie MyOJIMKAIUK COOOIaeTCsa 0 HaxXOAKax €€ U B mpoTepo3oickux otinoxeHusx (Klein
et al., 1987; Bengtson et al., 2009). IIpsimoe oTHeceHue dTuX MukpodbuonutoB k Girvanella, onnako,
BpSJ JIM BO3MOXXHO BBUAY HENPUKPEIJIEHHOHN M, BEPOATHO, AaKe IJIAHKTOHHON (hOopMBbl 0OHTaHMS,
JIETaI KOTOPOW MPEJCTOUT €I1I€ BBIACHUTD.

MukpoOuanbHOe 00pa30BaHKE MAKPOICIOUIHBIX (paruii mpyu HU3KOW THAPOAMHAMHUKE OTIPOBEP-
raeT pacnpoCTpaHEHHOE MHEHHE O ()OPMUPOBAHUHU 3€PEH MAKPOIICIIOU/IOB B 30HE MOCTOSHHOM BOJHO-
Boit arutaruu (Hoffman et al., 2007). B xauecTBe m0Ka3aTenbCTBA «BOTHOBOMY TUITOTE3bI PUBOIUTCS,
B YaCTHOCTH, MHTEpIpETAIMs TUIOU B KayecTBE T'MTaHTCKOM mTopmoBoi psou (Hoffman et al.,
2007), c KoTOpO# psi; aBTOPOB apryMeHTHpoBaHHO He cormnartatorcs (Noel P. James, 2001).

Taxoke B yacTu nuugoB ¢ paspesa Ha peke bonbmioit [TaToM BcTpeyaroTcst IpOU3BOIBLHO OpPHEH-
TUPOBAHHbIE BpacTaHus TajbKa B Makponenouaax (puc., €). O0pazoBaHue BTOPUYHOIO TajbKa MO J0-
JOMHUTaM BO3MOKHO mpu Temmepatypax 100-200 °C u ywyactum Goratoro KpemMHe3eMoM Quirona
(Wan et al., 2017). DT0o TOBOPUT O TOM, YTO TOPOJA MPOXOAUJIA CTAIUI0 KaTareHe3a, 0O YeM TakkKe
CBUJCTEILCTBYIOT YCHTYWKU OMOTUTA C HU3KUMH I[BETAMH HHTEPOEPCHIIMH W BKIIIOUCHUS PYIHBIX
MUHEPAJIOB B HUX.

Dayus croucmvix KpacHOY8EeMHbIX Mep2eiUcmslx 00A0MUmos (2). AHaIOTUYHbIE TTOPOABI 10 He-
JABHETO BPEMEHHU HE OCBELIAJIUCh B JIUTEpaType WU HE paccMaTpuBaiuch B kauectBe BJI, HO
B MMOCTIEHUX paboTaxX MX OTHOCST K BEHYAIOIIUM JOJIOMHUTAM M MOAPOOHO M3YYAIOT, IPUYEM WHOTIA
TaKue Pa3HOUTEHMS BCTPEUAIOTCS ISl OJIHUX M TEX K€ pa3pe3oB, Kak B ciyyae ¢ paspe3oM ut-
nosronmeH Ha llImuniGeprene (Halverson et al., 2004; Fairchild et al., 2022).

B paspese 3T0 TOHKOCIOUCTBIE JOJOMHUTHI MOIIHOCTBIO J0 2 METPOB OOpPAOBO-0EkKEBOTO IBETA
C TUIIU-CTPYKTYpPaMU pa3MepoM OT MEPBBIX CAHTUMETPOB 110 25—-30 cM, cocTosIIME U3 3€PEH AOJTOMHU-
Ta MUKPUTOBOM Pa3MEPHOCTH C HEPAaBHOMEPHO pacIipe/ieJICHHON Mo pa3pe3y ajJeBPUTOBOM MPUMECHIO.
KonTakTt kpacHonBeTHBIX Bl 1 AHAMHUKTUTOB B OOHAKECHHSIX 33/ICPHOBAH, OJTHAKO MEXKAY TUAMUKTHU-
TOM U JIOJIOMUTOM HaOJIFOaeTCs CJION (DIFOBUOTIISAIUAIBHBIX IIECYUaHUKOB, a 3aTeM CJ1ab0 OOHaKeH-
Hasl TTIMHA, IOCTETICHHO MEePEXO/IAIIasi B Mepreib U MEPTreIUCThIN JOJIOMUT (PUC., ).

B mumndax mopoasl mpeacTaBistoT co00i JOJIOMUT MHUKPUT-MUKPOCTAPUTOBBIN, PACCIOCHHBIN
TOHKUMHU BBIICTICHUSIMU KPAaCHOIIBETHOTO PYIHOTO MUHEpasa (00HapyXeH KaK MarHETHT, TaK U TeMa-
TUT), BOJIM3U KOTOPBIX HAOIIOAAIOTCS CKOIJICHHS aJIEBPUTOBOIM M PEAKO MEIKO3EPHUCTON MOJUMUK-
TOBOW TEPPUIE€HHOM IpuMecH (KBapla, MOJEBBIX IINATOB, CIIOA), cocrasisomen or 1 go 10 %,
a Takxke 1-2 % 3epeH nupura. ['eMaTur pacnpeneneH Kak ClIosIMU, TAK U B KQUECTBE PACCESIHHBIX MO
Uiy MENKuX 4acTuil (puc., k). OTnenpHbIe OeNble CIIOMKU U MSTHA IPOU3BOIBHON (hOPMBI B TOPO-
NI TPAaKTUYECKU HE COAeprKaT reMaTHTa, 3aTO 4acTO B HUX HAOII0JAeTCsl pacKpUCTAJUIM30BaHHBIN
KpeMHE3eM U KapOoHaT.

CJIOMCTOCTh KOHTPOJIMPYET TaK HA3BIBAEMBIN KIMBaXX PACTBOPEHHUS, MPEACTABISIONINN COO0M
napajuiesibHbIe TIEPBUYHON CIIOMCTOCTH CTHJIOJIUTOBBIE MIBBEI. BIOIb MOBEPXHOCTEH pacTBOpPEHUS
HaKaIUIMBaeTCsl Kak reMaTUT, Tak U TeppuUreHHas npumech (puc., 3). Habmionaercs cnapuToBslii
KQJIBIUT, TPUYPOUCHHBIN K 30HaM pacTBOpeHUs. CTHIONUTU3AIUS CHIBHO U3MEHHIIA MMOPOAY, 1O
MOJIOTHM IIIBaM CJIOXKHO OMpeAeIuTh MoTepro o0vema mpu pactBopeHuu (Koehn et al., 2016).
B pa3pese He HabmonaeTcs CIe10B PUTMUYHOTO U3MEHEHHUS COJIEpKAHUS MPUMECEH, OMMMCAaHHOTO
nns nopooubix BJL (Fairchild et al., 2022; Wallace et al., 2019), uto MBI CBSI3BIBa€M C pa3BUTHEM
cTUNnONHUTOB. M3yueHune mopo sl ¢ ucnoiab3oBanuem COM mokaszano HaTHYHe THE3]T KaTbIIUTOBOTO
[[EMEHTA.

BeiBoasbl. Ha rore Cubupckoil miatopmel BCTpedeHbl ABe (aluu BEHYAIOMIHUX JOJIOMHUTOB,
CYILIECTBEHHO OTJIMYaoIIuecs Apyr oT apyra. [loponsl, nmpencraBieHHble B 3TUX (auusIX, 3aHU-
MalOT CXOJHOE CTpaTUrpapuyeckoe MojaoxKeHue U Moriau GopMuUpoBaTbCs TMO0 CHHXPOHHO, MO0
TUaXpOHHO MO Mepe TPAHCTPECCHUH, B cliydae Haiauuus penbeda B Oacceitne. s nmepoit darun
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TEKTOHUYECKHE IVIACTHHbBI JIAIVIAHICKO-KOJIbCKOI'O OPOTI'EHA:
IMPUMEP OCTPOBOB IIOPBEU I'YBbI (O-BA O3EPYAHKA U ITAJIEHBIN)

Epogeena K.I.""%, Camconos A.B."%, Crenanosa A.B.2, JlapnoHoBa 10.0.!, Makcumos O.A.

1 o« .
Hnemumym eeonoeuu pyouvix mecmopooicoenuil, nempozpaguu, munepanozuu u ceoxumuu PAH, xenin.erofeeva@ya.ru
2
Hnemumym ceonocuu Kapenvckoeo nayunoeo yenmpa PAH

['maBHBIM HampaBJIEeHHEM HCCIIEAOBAHHUI Ie€0JOTUYECKOro MPOLUIOro 3eMiIn sBJseTcs pacuud-
POBKa cocTaBa MU UCTOPUU (HOPMUPOBAHMS OPOTEHHBIX MOSCOB. DTH MOsAca, CHOPMUPOBAHHBIE TPU
KOJUIM3UU KOHTHMHEHTAJbHBIX OJIOKOB B XOJ€ 3aKpPBITHUS OKEAHMYECKHX OacceiHOB, MOTYT CoOJep-
XKaTh B ce0e CTPYKTYypHO-BEIIECTBEHHBIE KOMILJICKCHI PAa3HBIX 3TAMOB BCET'O CYNEPKOHTUHEHTAIBHO-
ro LMKJIa, BKIOYas Packol, CyOMyKIHIO, KOJUIM3UIO U MOCTKOJUIM3UOHHOE pacTsbkenue. Haunbonee
CJIOKHBIMU ISl U3YUEHHUS ABJISIIOTCS NAJIEONPOTEPO30MCKUE OPOr€HBl, KOTOPBIE MPETEPIENN TEKTO-
HUYECKYIO0 (pparMeHTalurio B xoje Oosiee MO3AHUX CYNEPKOHTHHEHTAIbHBIX IUKIIOB, YACTUYHO 3a-
XOPOHEHBI T0J] 0CaJOYHBIM YEXJIOM JPEBHUX IJIATPOPM U B 3HAUUTEIBHON CTENCHH YHHUYTOXKCHBI
sposueit. ['mybokas 3po3usi IpeBHUX OPOT€HOB 3aTPYIHAET U3yUeHHE aKKPETUPOBAHHBIX CYOdYyKIIU-
OHHBIX KOMILIEKCOB, HO JIa€T BO3MOXHOCTh M3y4aThb OCOOCHHOCTH CTPOCHMS M COCTaBa IITyOOKHX
YPOBHEH TEKTOHHUYECKUX CTPYKTYp ITOTO THIA.

KnaccuueckuMm npumepoM NaneonpoTEPO30MCKUX OporeHoB ciaykuT Jlamnanacko-Konbckuit
oporeH (JIKO), pacnoyioxeHHBIN MEXIy apXxelckumu Ojokamu B BocTouHOM Dennockanauu (Daly
et al., 2006). Dtot oporeH siBisieTcs pparMeHTOM Oosiee KPYIMHON TEKTOHUYECKOH CTPYKTYpBI, KOTO-
pasi Ha ceBepo-3amajie OrpaHMYEeHa HOPBEKCKUMH KaJjeJIOHHJAAMH, Ha IOT0-BOCTOKE MEpeKphITa oca-
No4YHBIM uexsioM Boctouno-EBporneiickoii miardopmel (Bogdanova et al., 2016). MccnenoBanue kom-
mwiekcoB nopox JIKO Ha mpoTSAMKEHUM HECKOJIBKHX JECATUIIECTUN BBIIBHIIO CIOXHOE HAaJABUIOBOE
CTPOEHHE Apa ITOI0 OPOreHa, KOTOPOE COCTOUT U3 MAaKeTa TEKTOHMUYECKUX IIJIaCTUH, COBMELIEHHBIX
Ha koymm3noHHoM craguu (Daly et al., 2006). Borpocsl BHYTpEHHETO CTPOSHUS, COCTaBa, BO3pacTa
U IPOUCXOKJICHHSI TIOPOIHBIX KOMILJICKCOB OTJIENBHBIX TUIACTHH 00CYKIAUCh B HECKOJIBKUX padoTax
(manpumep, bamaranckwuii, 2002; banaranckuii u np., 2005) 1 B 11eJIOM OCTAIOTCS ¢1a00 U3y4YCHHBIMHU.
B namem nokiane mpeacTaBieHbl pe3yabTaThl u3ydyeHus Kanmanakia-YMOMHCKON 30HBI — KpaeBoi
yactu anpa JIKO B 30He cousieHEeHHs MajieonpoOTePO30MCKUX BYJIKAHOT€HHO-0CAJOYHBIX KOMIUIEKCOB
YMmOuHckoro Onoka ¢ apxen-najaeonpoTepo3oiCcKUMH KoMmIulekcamMu bemomopckoro Onoka. Kanna-
Jakia- Y MOMHCKas 30Ha BCKPBITa Ha ocTpoBax U Mbicax Ilopweit ['yObl, paccMaTpuBaeTcst Kak makeT
Pa3HOBO3PACTHBIX TEKTOHUYECKUX IUIACTUH (TEKTOHUUYECKHUX ITOKPOBOB), Pa3eJIEHHBIX 30HAMU CJIBU-
TOBBIX Jedopmaluii ¢ ”THTEHCUBHOW OlacTOMUIIOHUTH3aKeH (Hapumep, bymmvud u ap., 2007, 2009,
2020). brnaromapst npekpacHoil 00Ha)KEHHOCTH HMPUOPEKHBIX TEPPUTOPUNA U XOPOIIEH COXPAaHHOCTH
MOPOJIHBIX KOMIUIEKCOB ATOT pallOH YK€ HE OJHO JAECATUJICTHE MPHUBJIEKaeT BHUMaHUE Hccie10BaTe-
Jeil B 001acTH BBICOKOOAPUYECKOTO U BBICOKOTPAJHOTO MeTaMopdu3Ma U METACOMATUYECKUX MPO-
neccoB (Hampumep, bymmun u np., 2007, 2009, 2020; Aszumos, bymmun, 2009; ApanoBud u np.,
2009, 2010; Jlebenesa u ap., 2010, 2012). B To ke Bpemst BOIIPOCY COCTaBa M BO3pacTa MPOTOJIUTOB,
CJaralpInX 3TH TUIACTHUHBI, YACJICHO Topa3ao MeHblne BHUMaHus (Bridgwater et al., 2001; Tuisku,
Huhma, 2006; Kopukosckuit u ap., 2014). O0bekToM HaIIMX KCCIEAOBAaHUM ObUIM JIBa OCTPOBA,
O3zepuanka u [lanenslil, KOTOpbIE HAXOASITCS HA paccTOsTHUU MeHee 0.5 KM JIpyT OT pyra h, COrJIaCHO
CYLIECTBYIOIIIMM TEKTOHMYECKMM CXEMaM, OTHOCSTCS K €IMHOMN IIACTUHE «ThIJIOBOM 30HE MEJaHKa»
(banaranckwuii, 2002; banaranckuii u ap., 2005; Azumos, bymmun, 2009).

Ha octpoBe O3epuanka npeoOianaror mnosnoromnagarmomue Bt-Amp-Px rpanynuto-rHencsl, co-
JepKaIiue MHOXKECTBO OYJWH, JIUH3 W JUH30BUIHBIX MPOCIOEB aM(pUOOIUTOB, U pelKue cyoco-
IJIaCHBIE TeJla pa3THEHCOBAHHBIX T'PAaHUTOUNIOB (IpaHUTHI-1). Bece 3Tu mopoasl cekyTes >KuiiamMu
MOCTTEKTOHUYECKUX TPAHUTHBIX MErMaTUTOB.
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['Heiichl O COCTaBy OTBEYAIOT aHIE3UTAM U JaIlTaM, 00JIadal0T CHILHO (PPaKIIMOHUPOBAHHBIMU
CHEKTpaMH peako3eMenbHbIX ameMeHToB (P39) ¢ La/Smy 1.9-2.8 u Gd/Yby 3.4-4.0, ¢ cuiibHOM TOTI0KH-
TeNbHOU aHOManueil Ba, mMeHee mposiBIeHHOW mosoxkurensHou aHomanued Eu (Euw/Eu* 1.1-1.6)
u otpunarenbHoi anomanueir Th. Moaensabie Bo3pacTsl Tng(DM) mst mopon cocrasisitoT 2.70-2.83
mipya neT. LlupkoH W3 THEHCOB MpeacTaBiIeH MPU3MATUYCCKUMHU W DIUTMIICOBUIHBIMU 3€pHAMH
¢ koxpdurmenTom ymmHEeHUs 1.5-2, co craakeHHbBIMU peOpamMu U BepinHamMu. Bee 3epHa obmagaror
rpyObIM BHYTPEHHUM CTPOSHHUEM: CONEpKAT Aapa C OCHUIUIATOPHON 30HAIBHOCTBIO, OKPYKCHHBIE
CBETJIBIMH BBICOKOYPAHOBBIMU KaiimaMu pazmepom 110 80 mxkMm. Bo3pact snep BappUpyeT B HIMPOKUX
npenenax ot 2.06 no 2.78 miupa aer ¢ Haubosnee 3HAUMMBIM UKOM 2.70 mupn siet. Bospact kaiim
cocrasisieT ~1.90—1.94 mupp ner.

AM}HUOOIUTHI TTO COCTaBY OTBEYAIOT 0a3albTaM U UMEIOT IHUPOKHE BapHAIlMd BCEX TEOXUMUYC-
ckux xapakrepucTtuk: MgO Bapwsupyet ot 8.4 10 19.9 mac. % npu ymepenHom conepxkanuu Al,O;
7.6—12.8 mac. % u nobimieHHOM — Ti0; (o1 0.5 10 1.3 Mmac. %). MukposneMeHTHBIN cocTaB ampuoo-
JUTOB Takke uMeeT odeHb mupokue Bapuanuu (Cr ot 180 mo 1460 r/1; Ni ot 250 mo 940 r/1; Zr ot 42
1o 80 r/T). Cnektpsl pactipenenenust P35 ne ogHopoausr (La/Yby 3.8-10.9, La/Smy 1.1-1.7, Gd/Yby
1.1-2.7) u obmanarot orpunarenbHbiMu anoManusiMu U, Nb (Nb/Nb* 0.4-0.7), Zr, pexe Sr.

I'panumei-1 Mo cocTaBy OTBEYAIOT TPAHOAMOPUTAM M UMEIOT T€OXHUMHYECKUE XapaAKTEPUCTUKH
AQHOPOTE€HHBIX TPAHUTOUJOB C BBICOKUMHU KOHLEHTPALHUSMHU U CHJIBHO (PpakiMOHUPOBAHHBIMU
cnektpamu P33 (La/Smy 2.6-3.1, Gd/Yby 2.9-3.4), ¢ monoxxurenbHbIMH aHOManusiMu Zr u Ti.
MogenbHbIi Bo3pacT paHHUX TpaHuToB Tng(DM) coctaBisiet 2.40 mapa neT.

Octpos Ilanenwblii cioxen pasHooOpasueiMu Grt-Px-Bt, Grt-Px, Px-Bt rpanyauto-rHeiicamu,
B TOM YHUCJIE COAEpKAIIUMU OOMIBbHYIO CYIb(UIHYI0O MUHEPATH3AUIO, C HEOONBIIUM KOJIHMYECTBOM
MEJIaHOKPATOBBIX MPOCIoeB aMpuOoIuTOB. B mopoaax mposiBIEHBI JOKATbHBIE TEKTOHUYECKHE JTUC-
JOKanuu (CABUTH, COPOCHI M B30OPOCHI), MPOUCXOIUBIINE TIPH YIACTUH TMO3IHUX MOCTTCKTOHHYECKUX
MErMaTUTOBBIX JKHII.

I'neticol IO COCTaBy OTBEUYAIOT OaszanbTaM W aHAe3uTaM. B merabaszambTax CHEKTPHI pacrpe-
nenenus P30 ymepenno ¢pakinuonuposansl (La/Smy 1.1-1.8, Gd/Yby 1.1-2.4) ¢ oTpunaTeabHbI-
Mu aHoManusiMu Th, MeHee niposiBiIeHHBIMU — Zr 1 T1, 1 moyiokutenbHor aHomanueit Sr. CriekTpsl
pacnpenenenus P30 B metaannesutax 6osee oboramens! Bcemu P33, o cpaBHeHUIo ¢ MeTabas3u-
Tamu, MeHee (pakuuonupoBansl (La/Smy 1.6-2.0 u Gd/Yby 1.6—1.7) ¢ CunbHBIMU OTpHUIIATEIb-
HbiMu aHomanusmu Th, St u Ti. Mogensabie Bo3pacThl Tng(DM) nns raelicoB cocrasisitor 1.99—
2.12 mapna net. B meTaba3anbprax NUPKOH GOPMHUPYET 3€pHA OKPYTJION M AJIUTICOBUIHOU (HOPMBI
C €JIOYHOM, CEeKTOPUANBHON MM CMa3aHHOHM OCHMIUIATOPHOM 30HanmbHOCTHIO. U-Pb Bo3pact 3epen
BapeupyeT oT 1860 g0 1950 muH net ¢ mukom ~1916 mun ner. [lupkon u3 Metaanne3uToB obia-
JaeT MPEUMYIIECTBEHHO KOPOTKO- M JJIMHHONPU3MATUUECKOU (QOpPMON C OKPYTIBIMU TPaHIMHU
U pedpaMu U OJHOPOAHBIM, PEXKE CMa3aHHBIM OCHWUISITOPHBIM BHYTpeHHUM cTpoeHueM. U-Pb
BO3pAcT LHMPKOHA OJIM30K K TaKOBBIM B MeTabaszanbTax M BapbupyeT oT 1856 mo 1967 mun ner
¢ MUKOM B obmnactu ~1950 miH Jer.

[TonydeHHbIe TaHHBIC 1O MOPOJHBIM KOMIUIEKCAM JIBYX MPOCTPAHCTBEHHO-COMMKEHHBIX OCTPO-
BOB JI€MOHCTPUPYIOT KOHTPACTHBIE PA3IMYMUs UX COCTaBa U BO3pacTa. DTO yKa3bIBaeT Ha OoJiee ClIoXkK-
HOE, YeM OBLIO MPEeJIOKEeHO paHee, cTpoeHue spa Jlamnanacko-Konsckoro oporena, pacmmdpoBka
COCTaBa U UCTOPHH (POPMHUPOBAHUS KOTOPOTO TPEOYET AOMOJHUTEIBHBIX JETANIbHBIX BEIIECTBEHHBIX
Y TEOXPOHOJIOTHYECKUX HCCIIETOBAHUH.

Baarogapuoctu. ['eonornyeckuii Matepuan coopan Ha TeppuTopuu KaHmamakiickoro rocyaap-
CTBEHHOTO MPUPOIHOTO 3aMIOBEAHHUKA MPU OOJIBIIION ITOMOIIN €r0 PYKOBOJICTBA U COTPYAHHUKOB.

Hccnedosanus evinonnenvt npu gunancosoii noooepaicke eparnma PHD 23-17-00260.
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MHMHEPAJIbI HAJAT'PYIIIIbI INIIMHEJIN
B IOPOJAX KOHTO3EPCKOI'O KOMILIEKCA
(KOJIbCKHH ITOJYOCTPOB)

3a6apuuk H.U., Muxaiiiosa F0.A., IlaxomoBckuii S1.A.

T'eonoeuueckuti uncmumym, @HUL] Konvckuii nayunvi yeump PAH, n.zabavchik@ksc.ru

Beenenne. KoHTO3€epCcKkMil BYJIKaHO-IIJIYTOHMYECKUM KOMIIJIEKC, BXOAsmMi B cocrtaB Koib-
ckoil menouHor mpoBuHIMK (Arzamastsev et al., 2001), pacrionoxeH Ha ceBepo-BocToke Kob-
CKOT'0 MOJyoCcTpoBa. ['eosornueckoe crpoeHne KoMiiekca u3ydeno nojapoono (Kupuuenko, 1970;
CanpeikuHa u ap., 1978), ogHaKO KOIWYECTBO PabOT, MOCBAMIEHHBIX MUHEPAJIOTHH 3TOT0 00BEK-
Ta, HeBeIUKO (Ap3amacueB u ap., 1998; Ilerposckuii, CaBuenko, 2014; Ilerposckuii, 2016; Ko-
zlov et al., 2020). Tak, k HacTOsIIEMy BPEMEHH B TIOPOIaX KOMIUIEKCA ObLT H3BECTEH TOJIBKO OJUH
NpPEeACTAaBUTENb HAATPYNIBl IINUHENN (IUNUHETUAO0B) — MarHeTuT. OH onucaH MHOTUMM HCCIIEN0-
BaTesIMA KaK TUITUYHBIA aKIIECCOPHBIN, a MHOTIa U TTOpoA000pasyomuil MmuHepan. Hamm uccneno-
BaHMsI BBISIBUJIM TOpa3zio Oosbliee pa3HoOOpa3ue MIMUHEINI0B B OPOoJax KOMIUIEKCa: KpOMe MarHe-
TUTA 37I€Ch YCTAaHOBJIEHBI YJIbBOUIMHNHENb, XPOMHUT, MarHe3nopepput, MarreMuT 1 TUTAHOMArTeMHUT.
B pabote npuBeaeHbl JaHHBIE O XUMUYECKOM COCTaBe, MOP(HOIOTHHU U aCCOLUALUAX MePEUUCIICH-
HbIX MHHepanoB. Ha3BaHus MUHepasoB JaHbl B COOTBETCTBHU C COBPEMEHHOW HOMEHKJIATYpPOM
(Bosi et al., 2019).

KpaTkas reosiornyeckas xapakrepuctuka. B crpoennun Konroszepckoro koMIiiekca ydacTBy-
10T Kak 3 Qy3UBHbIE, TaK U UHTPY3UBHBIC TOPOAbI. OCHOBHOI 00BEM 3aHMMAIOT OCAZOYHbIE, TUPO-
KJIacTHYecKue U 3P Qy3uBHBIE TOPOJIbI, 3AMOTHSIIONINE OKPYIIYIO KalbAepy AMAMETPOM OKOJIO 8 KM.
[TonHbIl pa3pe3 3TUX MOPOA Pa3lENSIOT HA TPU TOJIIM: HUKHIOK TEPPUTCHHO-BYJIKAHOTEHHYIO,
CPEIHIOI0 BYJIKAaHOTEHHYI0O W BEPXHIOI KapOOHATHO-TEPPUTeHHYIO. TeppUreHHO-BYJIKaHOTCHHAs
TOJIIIIA CJIO’KEHA aBTUTUTAMH, YEPEIyIOUUMHUCS ¢ aBIUTUTOBBIMH Tydamu, Tydhduramu, Tydonecua-
HUKaMH, JICBPOJIUTaMU U aprusuiutaMu. Ee momHocTs coctaBisier 600—750 meTpoB. BynkaHorenHas
tomma, MmouHocThio 700-900 meTpoB, mpezacTaBieHa He(ENIWHOBBIMH Oa3aimbTamu, (HedenuH)-
MEJIUIUTOBBIMU 0a3alibTaMu, METWINTUTAMHU, MelaHedeNnHUTaMu, HeenTuHuTamMu, (3BAUAIUTOBbI-
MH) (poHONMMTAMHU, a Takke Typamu 3TuX nopoxa. Camas BepxHss, KapOOHATHO-TEppUTreHHas (WIH
KapOOHATUTOBAS) TOJIIA, MOIMHOCTEIO 0KOJI0 1000 MeTpoB, CiiokeHa KapOOHATUTOBBIMHU JIaBaMH, MX
tyamu, Typdutamu, TyhoOpexunsMu, KapOOHATHHIMH ITECYAHUKAMH, aJIEBPOJIUTAMH, U3BECTHIKAMHU
U jponoMuTamMu. WHTpy3UBHBIE MOpOJABI pacrmojaraircs o nepudepuu KalbJepbl, Ha TpaHUIlE
C BMEILIAIOIIKUMY THEHCAMMU: TeJla IMPOKCEHUTOB PACIIOJIOKEHBI B CEBEPHOU U FOI0-BOCTOYHOMN YaCTHX,
a 1oJioca He(PETMHOBBIX U MIEJTOYHBIX CUEHUTOB MHpuHON OT 400 10 700 MeTpOB 0OpamMIIsieT Kaabae-
py ¢ ceBepo-3anaja. B neHTpanbHO# yacTu KajabAepbl HAXOIUTCS MTOKOOOpa3Hoe CyOBYIKaHUYECKOE
TEJI0, CII0KEHHOE MMKPUTOBBIMH TTOpPupHUTamMu, KapOOHATUTaMH, KaMaopuTaMu, a TaK)Ke aBTOOpEK-
YUsIMU KapOOHATUTOB U METACOMATHTAMH.

MatepuaJbl 1 MeTOAbl. MaTepuaaom sl UCCIEAOBAHUS MOCIYX U KEPH CKBaAXXUH Ne 6 u 7,
npoOypennsix Jlosozepckoit I'PIT B 1970-1977 rr., a taxke 43 oOpa3ua mopoj, COOpaHHbBIX aBTO-
paMu B iepuo/ mosieBbiXx padot 2022 r. M3ydeHne XUMHUYECKOr0 COCTaBa MHHEPAIOB M UX B3aUMO-
OTHOILUEHUH BBIIIOJIHEHO HAa CKaHMPYIOLIEM 3IEKTpOHHOM MHKpockone (COM) LEO-1450, ocha-
IIEHHOM PEHTI€HOBCKOW AHEProaucnepcuoHHoi cucremoit AZtec ¢ nerekropom ULTIM MAX 100
('l KHII PAH) npu cnexyionux nmapameTpax: yckopstouiee Hanpspkenue 20 kB, Tok 31eKkTpoHHO-
ro 30812 1.5-2.0 HA. PeHTreHOCTpyKTYpHBIC UCCIICIOBAHUS MUHEPAJIOB BBIMOJHEHBI ()OTOMETOIOM
Ha npubope YPC-55, kamepa PKJ 114.6 mm, 40 kV, 15 mA, Fe-uznyuenue (' KHI] PAH). /Ina-
THOCTHKA MUHEPAJIOB METOJIOM CIIEKTPOCKOMHUN KOMOMHAIIMOHHOTO PACCEsSHUS BHIMIOJHEHA Ha CIICK-
tpometpe EnSpectr R532, coBmenieHHOM ¢ onrtrnaeckuM Mukpockornom Olympus BX-43 (I'od KHI]
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PAH), moutHOCTb J1a3epa (¢ JuHOM BoJHBI 532 HM): 18 MBT, cniekrpansHOe pa3peimieHue: 5—8 oM,
00bexTuB MuKpockoma: 20x (NA 0.4), Bpems skcriozuruu: 500 mc, ynucino moBTopenuit: 20, nua-
METp JIa3€PHOTO JIyda: 2 MKM.

PesyabTartsel. B noponax Konrosepckoro Kkomiiekca yCTaHOBJICHO IIECTh MUHEPAIOB Ha/ITPYIIITbI
[IMTUHETN: MarHeTUT, XPOMUT, YJIbBOLIIHHENb, MarHE3UO()EPPHUT, MATTEMUT U TUTAHOMATTEMHUT.

Maenemum — HanboJIee MHUPOKO PACTIPOCTPAHCHHBIN MUHEPAJI U3YYCHHON HAaArpymimsl. B aBru-
TUTaX OH MpeJCTaBiIeH MENKUMU (10 30 MKM B IMOTMEPEYHUKE) 3epHAMU KyOUYECKOTO 00JIMKA, TAKKE
OTMEYaIOTCs BbIACNICHUs HeNpaBWIbHON (hopmbl. bosnee kpynHble KceHOMOPGHBIE BBIIECIECHUS Mar-
HeTuTa (10 1 MM B MONEPEYHHUKE) YaCTO 30HAIBHBI [0 XUMUYECKOMY COCTaBY: IEHTpalIbHasl 4acTh
oboraieHa XpoMoM, a KpaeBas — TUTaHOM (puc. 1, a). B 1eHTpagbHBIX YaCTAX TaKMX 30HAIBHBIX
3epeH HEepEeaKO BCTPEYAIOTCS BKIIIOUCHHUS TUOTICHAA U ceprieHTHHA (puc. 1, a). B aBruturax Takxe
0oOHapyKeHbl 30HANIbHBIE CeTperaluu, I71€ MarHeTUT OKPYKEH MEePOBCKUTOM, TUTAHUTOM U aHJpa-
nutoMm (puc. 1, 6).

B 6a3zanbrax MarHeTUT MPEICTABIIEH MEIbYaMIIUMU BBIJCICHUSMHU, PACCESIHHBIMU B OCHOBHOM
Macce MOpoAbl, HO B TO K€ BPEMs MPUCYTCTBYIOT U KPYIHBIC KPUCTAILIIBI A0 0.5 MM B TIOTIEpEYHUKE
C JIaMeJsIMH UJIbMEHHUTa. B HeennHOBBIX CHEHUTaX MarHeTUT — aKLECCOPHBIM MUHEpa, uisd Kapoo-
HATUTOBBIX TY(OB XapaKTEPHBI CKEJIETHhIC (OPMBI KPUCTAIOB, IEHTPATbHAS YacTh KOTOPBHIX 0o0Oora-
nieHa XpoMoM. YacTo B KapOOHATUTOBBIX U CUJIMKATHO-KapOOHATUTOBBIX Ty(pax MarHETUT COXpaHSIETCs
TG B IEHTPATBLHOW YaCTH 3€pHA, IO KPasiM OH 3aMEIICH MarreMUTOM.

XUMHYECKUM COCTaB MarHeTUTa BapbUpPYyeT B IIMPOKUX Mpejenax. B ocHOBHOM 3TH H3MeHe-
HUS OTPAXAOTCS B CTEMNEHH OOOTaIlleHHs] XPOMOM, KOTJa COCTaB CTAaHOBUTCS IMOTPAHUYHBIM
C XpOMHUTOM, a TaKXe€ TUTAaHOM JU00 ke 000MMHU dTUMHU KOMIOHeHTaMu. Hampumep, coctaB 060-
TaleHHOro0 XpOMOM, a TaK)Ke€ MarHueM W TUTaHoMm MmarHetuta (Mac. %): TiO, 6.67, Al,Os3 4.82,
Cr,0; 24.72, FeO 52.89, MgO 8.91, NiO 0.21, cymma 98.22 cooTBeTcTByeT ¢opMye
(Fe’"0.80Fe* 0.71Cr0.67M g0 45A10.19Tio.17Ni0.01)3.0004.

Puc. 1. Marretur B nopogax KoHrozepckoro komruiekca:

a — 30HaJbHOE BhIJENeHHEe MarHetuTa (Mag) B aBruTHTe, coxepkailee BkiIrodeHus auorcuzaa (Di) m ceprneHTnHa
B lleHTpanbHO# yactu (00p. KT-28/2); 6 — marHeTut, okpyxeHHblid nepoBckutoM (Prv), Tutanutom (Ttn) u aHmpamurom
(Adr) B aBrurure (00p. KT-33/1A). Mag(Cr) — maraeTut, oboramennbiii xpomom; Mag(Ti) — MarHeTur, o0oraieHHbINH
tutadom; Nph — Hedenun; Phl — paoronur; Tmgh — TuTaHOoMarremurt. M300paxeHns: B 00paTHO-PACCESIHHBIX AJIEKTPOHAX
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Mazeemum u mumanomaecemum. MarreMut (puc. 2, a) — BTOpO#l MO pacmpoCTPaHEHHOCTH MHU-
HEepajl U3 HAATPYIIBI IIMHUHETN, OH pa3BUBAETCs MO0 MarHeTuTy. MuHepalbHbIN BUJ ObLI MOATBEp-
KJEH ONTHUYECKUMHU HCCIEAOBAHUSMU: B OTPAXKEHHOM CBETE€ MUHEpal M30TPOIEH, LIBET — CBETIIO-
CepbIil ¢ roy0OBaThIM OTTEHKOM, 0 OTPaKEHHIO OJIM30K K MAarHeTUTy. Takyke MarreMuT MOATBEPKIEH
METOJIOM TOPOIIKOBOM pEHTreHorpadu: MUHEpPaAl OTHOCUTCS K HAATPYIIE IIMUHETH U €r0 MEKIUIOC-
KoCTHBIE paccTosHus (d, A) cootBeTcTBYIOT MarreMuTy: 2.958 (35), 2.518 (100), 2.089 (16), 1.704 (10),
1.607 (24), 1.476 (34). Turanomarremut (puc. 2, 6) MEHee paclpOCTPaHEH, YeM MarreéMuT, JUarHOCTHPO-
BaH M0 XMMHYECKOMY COCTaBY M ONTHYECKUM XapaKTepUCTUKaM. [ marremurta W TUTAaHOMAarreMuTa
XapaKTepPHO HAJMYUE MHOTOUUCIICHHBIX MOP U MEJIbYANIIINX BETBSIIMXCS TPEIIUH, 3aOTHEHHBIX Pa3HO-
00pa3zHbIMU KapOOHATAMU — KaJIbLIUTOM, JOJIOMUTOM, aHKEPUTOM, CHJIEpUTOM. MarreMur 4acto oopasyer
KaliMbl BOKPYI' MarHeTUTa, OJTHAKO TUTAHOMArTe€MHUT BCETJa BCTPEUaeTCs CaMOCTOATENbHO. PenpesenTa-
TUBHBIIM aHANIN3 MarreMuTa u3 kapooHarutoBoro tyda (mac. %): SiO, 1.16, TiO, 7.21, Al,O5 1.33, V,0;
0.28, Fe,0O; 84.66, MnO 240, MgO 3.34, CaO 0.16, cymma 100.54 cootBercTBYyeT (Qopmyme
(Fe3+2,15Ti(),18Mg0,17MIlo,07Al(),ossio,04V(),o1C30,01D0,32)3,0004 (D — BaKaHCI/Iﬂ). CocraB TUTaHOMArTeMUTA U3
kapOoHatuToBoro Tya (Mac.%): SiO; 2.77, TiO; 13.69, Al,O3 0.94, Cr,0; 0.47, V,05 0.25, Fe,05 82.45,
MgO 0.24, CymMmMa 100.80 COOTBCTCTBYCT (l)opMyne (Fe3+2,03Ti(),34Sio,09Alov()4Mg(),o1V0,01CI’0,01D(),47)3,0004.

80 mMkm

Puc. 2. MarreMuT u THTAaHOMArTeMHT B TTopojiax KoHTo3epckoro KoMIuiekca:

a — marremut (Mgh), pasBuBatomuiics no marmerury (Mag) B kapOonaruroBoM tyde (00p. KT-6/5); 6 — 3epno
tutaHomarremurta (Tmgh) ¢ BrimoueHusimu anarasa (Ant), nonomuta (Dol), cunepura (Sd) u xanskonupura (Ccp)
B CUIIMKaTHO-KapOoHatuTtoBoM Tyde (00p. KT-32/1). Di — amoncua; Phl — ¢uoromur. M3o0paxenus B odOpatHO-
paccestHHBIX AIIEKTPOHAX

Vaveownunens — OTHOCUTENIBHO PEIKMA MUHEpaT U3YYCHHBIX MOpo. OOHapyKeH B 00pasIie aB-
TUTUTA, T/I€ MPEACTaBIeH MEIKUMH (10 60 MKM B MONEpPEYHHKE) KCEHOMOP(HBIMH KpUCTAJIaMHu,
MHOTJa CKeJIEeTHBIMH. OTMEYalOTCsl TakXKe KaliMbl yJIbBOILINUHEIN BOKPYT OOOTAIIEHHOTO XPOMOM
marHeTura (puc. 3, a). PempeseHTaTuBHBIA XMMHYECKHH cocTaB MuHepana (mac. %): TiO, 19.74,
AL O3 2.74, Cr,05 2.56, V,03 0.45, FeO 67.56, MnO 1.92, MgO 1.37, CaO 0.10, NiO 0.30, cymma
96.74 cootserctryer dopmyie (Fe* | s0Fe’ o 60 Tio.55A10,12Cro.08Mg0.0sMng 06Nio.01 Vo.01)3.0004.

Xpomum SBISIETCS MAIOPACIPOCTPAHEHHBIM MUHEpPAJIOM. B aBruTtuTax OH mpejicTaBieH B BHJIE
BKJIFOUCHUI MENKUX KpHCTALUIOB (0 50 MKM B momepeuHuke) B onuBuHEe. Kpome Toro, munepan
IPUCYTCTBYET B Tydax, TZe claraer HEHTPAIbHYI0 YacTh 3€pPEeH, OKPYKCHHYI0 MarHeTHTOM
(puc. 3, 6). CoctaB MuHepaja MIMPOKO BapbUPYET, B KAYECTBE MPUMECEH MOCTOSIHHO MPUCYTCTBYET
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tutan (1o 6.43 mac. % Ti0O;), amomunanii (10 6.99 mac. % Al,O3;) u marauit (mo 10.88 mac. %
MgO), a Takxke Hukenb (1o 0.36 mac. % NiO). Penpe3eHTaTUBHBIN aHaIU3 XpOMHUTA M3 aBTUTUTA
(mac. %): TiO, 6.34, Al,0O3 5.48, Cr,05 39.08, FeO 39.71, MgO 9.27, NiO 0.24, cymma 100.12
COOTBETCTBYCT (bopMyne (Cl‘l.04F62+0_59Fe3+0_42Mg0_46A10.22Ti0_16Ni0_01)3_0004.

o
20 MKkm

Puc. 3. YapBommuHenb u XpoMUT B Hopojaax KoHTo3epckoro koMIuiekca:

a — xaiima yneBommuaenu (Uspl) Bokpyr oOoramenHoro xpomom maraeruta {Mag(Cr)} B aBrutute (00p.
KT-30/1); 6 — xpomut (Chr), okpyxeHHBIH KaiiMoii mMarHeTuTa (Mag) B cHIMKaTHO-KapOOHATHOM Tyde
(06p. KHT-51a/07). Aeg — srupun; Ant — anaras; Cal — kanpitut; Di — quoricun; Dol — nomomut; Phl — ¢moromur.
M3o0pakeHus1 B 00paTHO-pACCETHHBIX JIEKTPOHAX

Macnesuogpeppum — camblii peIKUA MUHEpaNI U3 HaArpynnsl mmuHeau. OOHapyKeHO BCEro JBa
menkux (40 u 60 MKM B MOTIEpEYHHKE) 3€pHA B CHIMKATHO-KapOOHATUTOBBIX Tydax. OmTHO U3 3epeH
colepkuT 3HaunTenbHy0 npumech 110, u CryOs u ero xumuueckuit coctaB (mac. %): SiO; 0.26,
TiO, 11.84, Al,03 4.21, Cr,03 16.47, FeO 49.10, MgO 15.02, CaO 0.08, NiO 0.89, cymma 97.87
COOTBCTCTBYCT (bOpMYJIe (Fe3+0.81Mg().73F€2+0.54CI'().43Tio.nglo.16Ni0.ozsi0.01)3.0004. Bo BTOPOM 3CpPHC
cojep)kaHue MpuMeceil HeBeIMKO U ero coctas (mac. %): TiO, 2.06, Al,Os3 2.07, Cr,05 4.70, FeO
62.71, MnO 0.98, MgO 2037, CaO 0.36, NiO 0.41, cymma 93.66 otBeuaer Gdopmyre
(Fe™* 1 70Mgo.99Cro.12A10,08Ti0.0sMno 03Nio.01Cag.01Fe” 0.01)3.0004.

3akiarouenue. B nopogax KoHTO3epCcKOro KOMIUIEKCA YCTAHOBJIEHO IECTh MUHEPAIbHBIX BUI0B
W3 HaJArpynmbl WIIUHEIH, MSITh U3 HUX BbISBIEHBI BepBble. CaMbIM PEIKUM MHUHEPAIOM SIBISETCA
Marue3nodeppur, najee B IMOPSJIKE YBEIUYEHHS PACIPOCTPAHEHHOCTH CIEIYIOT YJbBOIIINHHEIb,
XPOMHT, TATAHOMAITEMUT, MarréeMUT, MAarHETHUT.

Uccnedosanue evinonneno 6 pamxax memol FMEZ-2024-0008 u npu noooepoicke npoexma PH®
Ne 21-47-09010.
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carbonatite complex (NW Russia). Part II: Geological interpretation // Crystals. 2020. Vol. 10, N 10. P. 873.
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SBEMUIETPACEHUSA KAPEJIMUA 3A TIEPUO/ 2000-2023 rr.

3yeBa U.A., JIykuna M./l., Ponuonos I'.H.
Hnemumym eeonocuu Kapenvckoeo nayunoeo yeumpa PAH, ek92wa@mail.ru

CelicMuueckuii MOHUTOPUHT Ha Tepputopun Kapemuu npoussoautca ¢ 2000 r. Ceiicmuueckast
cetp Kapenmuu coctout u3 5 cTaHIMi, OCHAIEHHBIX MUGPOBBIM oOopynoBanueM. B crartbe (3yeBa,
Jlebenes, 2017) mpeacraBieHbl OCHOBHBIE CBEJICHUSA O CEHCMUYECKUX CTaHIUAX. PacueT OCHOBHBIX
napameTpoB coObITHi mpousBoautTcs B nporpamme ELRESS ¢ ncnons3oBanremM cKOpoCTHOM Moaenn
BARENTS (Acmunr, 2004). CocTaBieH CBOAHBIN KaTaior 3eMJICTPSCEHH 1Mo JaHHbIM Kapenbckoit
n OuHckol ceiicmuueckux cererd 3a 2000-2023 rr. BeisiBieHO, 4YTO oyaru 3eMJIETPSICEHUIN paciosio-
JeHBbI B ceBepHOM yacTh Kapenbckoro kpatona u benomopckoro noasuxHoro nosica. CBOAHbIN KaTa-
JIOT BKJIFOYAET B ceOst 75 COOBITHII MPUPOAHOTO MPOUCXOXACHHUS ¢ Marautygamu ot 0.5-3.2 (3yesa,
2023). Hanpumep, camble CHJIBHBIE 3E€MJIETPSACEHHUS 3a JaHHBIA nepuon mnpousouum 22.10.2001
¢ marauTy0# 3.2 u 6.12.2002 ¢ marautynoi 3.1 B Jloyxckom paiione. 19 despans 2001 r. 3emnerps-
CeHME MPOU3OILIO B paiioHe 03. [Taanaspsu Ha rimyoune 10 xm ¢ marautynoi 1.9. B 2015 r. 3aperu-
CTpUPOBAHbI 3emieTpsaceHus: ¢ maruutyaamu 1.9 u 2.4 B Jloyxckom paitone. JIBa 3emiieTpsiceHus
oTMeueHbl B pailoHe benoro mopsi. B paitone r. KocTomykimm 3aperucTpypOBaHbI MPUPOIHO-
TEXHOTE€HHbBIC 3€MJIETPSICEHUS. DMUIECHTPHl 3€MIICTPACEHUN HAXOAWIHWCh B pailoHe Kapbepa «lleH-
TpaJIbHBII». 3eMIIETPICEHUs MPOUCXOAIT B 3eMHON Kope Ha riyoune 0-35 kM (3yema, 2023). Ha
pUCYHKE NpeJCTaBleHa 3amuch 3emieTpsaceHuss B KaneBanbCckoM paiioHe, KOTOpOe MPOH3OILIO0
29.12.2018 na rmyoune 34.5 kM ¢ MarHuTy 101 1.6. DIUIEHTpP 3eMIICTPSACEHHSI pacIojaraics B TOUKe
¢ koopauHatamu 65.18° c. m1. u 31.84° B. 1.

z KOS6

3emnerpsicenne 29.12.2018 B KaneBanbckom paiioHe

Hannune BBICOKOYUYBCTBUTENIBHOW ammapaTypbl cecMUYeCKOW ceTh (DUHISHIUU IO3BOJISET
peruCTpUpOBaTh 3eMICTpsACeHHs Ha Tepputopun Kapemuu ¢ marautymamu MeHbine 1. 11 oxTaOps
2012 r. B 15:00:48.9 (UTC) na riayoune 26.3 kM Obl10 3a(h)MKCHPOBAHO 3eMJIETPSICEHUE C KOOPIUHA-
tamu 65.823° c. m1., 30.342° B. 1. u ML = 0.5, a 25 derpansa 2014 r. B 18:53:06.6 (UTC) Ha riiyouHe
10 kM 3emierpsicenue ¢ koopauHaramu 65.965° c. 1., 31.373°8. 1. u ML = 0.6.

Iemposzasoock, 1—4 oxmsbps 2024 . 69



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKOIbI-KOHDeperyuu, nocésujernol navamu ynexa-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI'MH, 'EODQH3UKHU U 'EOOKOJIOI'H

B uenom mepuox 2000-2024 rr. xapakTepuszyeTcsi cliaboi CeHCMHYECKONH aKTUBHOCTBIO IS
tepputopuu Pecryommku Kapemnusi.

Hccneoosanue evinonneno 3a cuem epauma Poccuiickoco nayunoco ¢honoa Ne 23-27-10002,
https://rscf.ru/project/23-27-10002/, @onoa eenuypHuix uneecmuyuti Pecnyoiuxu Kapenus.

CHucoK JIuTepaTyphl

Acmune B.D. Co3naHue IporpaMMHOTO KOMILIEKCa JJIsi aBTOMATU3ALNHU JIETEKTUPOBAHHUS, JIOKALUK U HUHTEpIpeTa-
IIUU CEHCMUYECKNX COOBITUI M €ro MCTOIh30BaHUe I u3ydeHus ceiicMuaHocTH CeBepo-3anaaHoro pernoHa: Asroped.
IiC. ... KaHa. ¢us.-mat. Hayk: 25.00.10. M., 2004. 24 c.

3yesa U.A. UnenTndukanus ceiicMuueckux coObITHi Ha Tepputopun Kapemnu: ABToped. muc. ... KaHA. (u3.-MarT.
Hayk: 1.6.9. M., 2023. 24 c.

3yesa U.A., Jlebedes A.A. XapakTepHbIe YepPThl CCHCMHUECKUX 3aITUCel POMBIIIJICHHBIX B3PHIBOB Ha KocTOMYKITICKOM
JKENE30pyTHOM MECTOPOXIICHHUH 10 JaHHbIM cTaHImu Kapenbckoit cetu / BectHuk BopoHekCKOro rocynapcTBEHHOTO
yausepcureta. Cepus: ['eonorus. 2017. Ne 2. C. 133-141.
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OCOBEHHOCTH PACHPEAEJEHMS ¥'Cs, “K, ***Ra, **Th
B MIOYBAX I'OPOJIA MOHYET OPCKA
(MYPMAHCKASI OBJIACTb, KOJIbCKHI IIOJTYOCTPOB)

HUraosckmnii C.A., SIxoBjes E.10., baxkenos A.B.

Dedepanvhblii UCCAE008AMENbCKUL YEHMP KOMNIEKCHO20 U3yueHust Apkmuxu
umenu axademuxa PAH H.I1. Jlaséposa Ypanvckoeo omoenenus PAH, iglovskys@mail.ru

Baxxnelmmmu UCTOYHUKAMH aHTPOIIOTEHHON PaAMOAKTUBHOCTH JIJIsi TEPPUTOpUU T. MOHUYEropcka
SIBIISIIOTCS: cTpaTrocepHble BBIMAACHUS B pe3ybTaTe aTMOC()EPHBIX SACPHBIX UCIBITAHHIA, JTIOKATLHBIC
BBITIAJICHUS B PE3YJIbTATEe UCIIBITAHUM Ha siIEpHOM mojurone apxurnenara Hosas 3emis. MccnenoBanus
npenpiaynmx yet (Pomanosud u ap., 2006; Kuzmenkova, Vorobyova, 2015; BopobseBa u ap., 2017;
HukanoB u nap., 2019; MenentbeB, 2021) He ompenenuiad TOBBIIICHHBIX 3HAYCHUW €CTECTBEHHOU
¥ TEXHOTCHHOW PaJMOAKTUBHOCTH B MoYBax MypMaHCKOW 0oOnacTH. Y eNbHasi aKTUBHOCTb TEXHOT€H-
Horo *’Cs B BepxHeM cioe mouB m3Mensiercs ot 3 10 60 Br/ kr (BopoGbeBa u ap., 2017). Konbckuit
IIOJIyOCTPOB SIBJIIETCSI MECTOM, IOTEHIMAIBHO OMACHBIM ISl 3arps3HEHUs paguoHyKiIngamu (puc. 1)
B pe3yJbTaTe BO3MYIIHOTO nepeHoca (Pomanosuy u ap., 2006; Kuzmenkova, Vorobyova, 2015; Huka-
HOB U [1Ip., 2019; MenentseB, 2021). 3arps3HeHue no4s BT COOTBETCTBYET YPOBHIO MHPOBOTO (hOHa,
U paHee «CYIIECTBEHHBIX YYaCTKOB CO CJIeIaMH BbIMAJCHUS PAJAHOaKTUBHBIX OCAJIKOB MOCTIE aBapuu Ha
UYepnoObuibekoit ADC He BoisiBiIeHo» (Hukanos u np., 2019). ITockonbKy mogaBisomas 4acTb Hacese-
HUSl APKTHKH NPOKUBAET B TOPOJax, a IaHHBIX O MPOCTPAHCTBEHHOM pacHpeesIeHun yIeIbHOMN pa-
JTMOAKTUBHOCTH TOPOJICKUX IOYB B YEpTEe TOPOJOB HEJOCTATOYHO, MPEICTABISAETCS HEOOXOIMMBIM
U3YyYEHHE UX COCTaBa KaK KOMIIOHEHTa OKpYKaloIlel cpelbl YeloBeKa. 3HauuTeNbHas 4acTh ropoja
pa3MeleHa Ha pOBHOW TeppuTopuH, Ha otMeTkax oT 120 no 130 m H.y.m. Ilognoxxue rops! Hron npen-
CTaBJISIET COOOM paBHUHHYIO, HAKJIOHHYIO K 03. MoH4Ye-ry0a Tepputopuro. TeppuTopus ropoaa 3aHH-
Maer 36.5 kM’ (ITpaBuna 3emutenonb3oBanus. .., 2024). UeTBepTUUHBIE OTIOKEHUSI 00pPa30BaHbI JIE -
HUKOBBIMH, (DIIIOBUOTIISIUATBHBIMYU, 03€PHO-JIEIHUKOBBIMU U TOCIEIETHUKOBBIMA 00pa30BaHUSMHU.
K mnomazmsm ¢ rexaorennsiM nanamadrom otHocures OAO «Kombunat Ceeponukens H-1». Mope-
Ha 3ajieraeT MOBCEMECTHO HEMOCPEICTBEHHO HAa KOPEHHBIX Mopoaax. B ee pa3pese B mpenenax MoHue-
ropcka BCTPEYEHBI CYNECh; I'PaBENIUCTHIE, PA3HO3EPHUCTBIE, PEXKE IBUIEBATHIE IIECKH; CYIJIMHOK
C MPOCJIOSMH TBUIEBATHIX MECKOB; raJICYHUKOBBIEC U 1IeOeHUCThIe 00pa3oBaHusl. bONIOTHBIE OTIOXKEHUS
OTMEUAIOTCS Ha 03€PHBIX TePpacax, B KOTJIOBUHAX U JIPYTUX MOHMKEHUSX MEX]Y XOJIMaMH U TpsiiaMu
U Ha CKJIOHaX M pa3BUTHI Ha modepexbe 03. Hioabssp.

Martepuaasl n Meroabl. Jletom 2018 r. aBTOpamMu HccieloBaHa yAelbHas paglOaKTUBHOCTh
nouB Ha Tepputopun MoHueropcka. Ha mpenBaputenbHOM 3Tarne BBIOMPAIUCh 30HBI B COOTBET-
CTBUU C THUIIOM 3aCTPOMKH, a TaKXKe ONpeaeseHbl TOUKH 0TOopa mpod moyBkl. B Xxo/e sxcneunmon-
HBIX paboT ObUTO 0TOOpaHO 58 Mpod BO Beex paiioHax, 14 moadakenbHBIX MTPOO MOYBHI 32 YEPTOH To-
poa, CHIBHO TOJBEPKEHHBIX TeXHOreHHOMY Bo3zaeiicTBuio OAO «KomOunat CeBeponukens H-1»,
U3 MSATHCAHTUMETPOBOIO MOBEPXHOCTHOIO cjosi moyB (puc. 1). IIpo6sl MOYBKI BRICYIIMBATUCH PU
temneparype 105 °C B cymunbpHOM mikady. [Ipu mpoBeneHUN raMMa-CieKTPOMETPUYECKUX H3Me-
pEeHUN paaMOHYKIIHUIbI 7Cs, #°Ra, #*Th u K OTNPEACISUTICh, Ha HU3KO(GOHOBOM IOJYIIPOBOTHH-
koBoM ramma-crekrpomerpe ORTEC (CIHIA) Ha 6a3e KOaKCHAIbHOTO T€PMAaHHEBOTO JETEKTOPA
GEM10P4-70 Beicokoit umctotel (HPGe) ¢ mpomeccopom uMmynbCcHBIX curHainoB SBS-75
U nporpamMmmHoro obecneuenus ['amma-mipo (Ortec..., 2008). MunumansHas oOHapy>KuBaeMas aKTHB-
HOCTb IIpU BpeMeHM Bo3aeicTBUA t = 12 ¢ B reomeTpun Mapunemnu s nerekropa GEM10P4-70 0
cocrasuina 0.3 bk mis 226Ra, 15 bk gag 4OK, 0.1 bx gug B37Cs u 0.2 Bk IUIS 232Th (Yakovlev et al.,
2023). ®pakuMOHHBIM COCTaB OMpPEALIICS ¢ MoMoIlbio mpocenBaromnieir Mammabl AS200 (Retsch,
I'epmanus) c HabopoM cHT OT 45 MKM 110 2 MM. ABTOMOOWJIBHBIE TaMMa-CIIEKTPOMETPUIECKIE
UCCIIEIOBAaHUS BBIMOJIHSINCh C HCIOJNB30BAHUEM MOOMJIBHOIO CHUHTUJUISILIMOHHOTO Tamma-
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cnexkTpoMerpuueckoro komiuiekca RS-700 (Kananma), xoTopslii mMeeT HHMQPPOBOM CHEKTPOMETP
¢ paspemieanem (1024 kaHana), MO3BOJSIONIMKI BBITIOJIHATh W3MEPEHUS OOIIEeH paarnoaKTHBHOCTH
MECTHOCTH 4epe3 CKOPOCTh CUeTa B CeKyHAY. M3MepeHus BBIMOJHSINCH Ha BbIcoTe 1.7 M Haj mo-
BEpXHOCTHIO 3eMiTi. CIIEKTpOMETp pa3Meliain B OarakHUKe aBTOMOOuUJIsA. B o0mieil ciiokHOCTH Npr
ramMmma-CreKTpOMETPHIECKo cheMke Oblo 00padoTano 370 Touyek m3mepenuii (puc. 2). TouHOCTH
npuBs3ku coctaBimsia £1-1.5 M (MoOunbHas cucrema paguomMerpuyeckoro kKoHTposs RS-700)

(MobwibHas cuctema. .., 2019).
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Puc. 1. Pagnanmonno-onacHele 00BeKTH Ha TeppuTopun Koibckoro m-osa (A)
1 TOYKH 0TOOpa 00pas3ios (B) Ha pparmMenTe kaprocxembl (HYHKIIMOHAIBHOTO 30HUPOBAHUS

(ITpaBuna 3eMienoas30BanHus. . .,

2024), Bxiroyasi 30HbI 3aCTPOHKH:

1 — Mano3TakHOM >KUIOH, 2 — MHOTO3TaXXHBIMH MHOTOKBAapPTUPHBIMH JIOMaMH, 3 — KHJIOW LIEHTpa ropoja, 4 — TOProBbIX
00BEKTOB, 5 — YUPEKACHHUI 3PaBOOXpAaHEHHUS; 6 — ITAPKOB U CKBEPOB, 7 — TOPOJICKUX JIECOB, JIECOMAPKOB, § — OOBEKTOB

criopta, 9 —

MIPOM3BOJICTBEHHO-KOMMYHAIIEHOH, 10 — 00BEKTOB MHKXEHEPHOTO OOECIIeYeHHS W TOYKH OTOOpa TOYBHI Ha

nondakerpHEIX Tepputopuax (C) B r. Mongeropcke B 2018 1. Ha dparmente kocMocHuMKa Google. IlpocTpancTBeHHOE
pacmpesenenne yaenbHoil akTHBHOCTH ne3ust > Cs (D) M eCTECTBEHHBIX PaAMOHYKIHAOB B mouBax ropona (BK/kr):

“2Th (E), K (F) u **°Ra (G)
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Pe3yabTaThl HccienoBaHus U UX o0cy:xaeHue. B MoHyeropcke mmpokoe pacupocTpaHeHUE
MOJIYYIJIH YPOMKBA3U3EMbI ¢ TOPU30HTOM «ypOUK» — 30HOW aKKyMYJISAIIMH U OMOTEHHOW TpaHC(hOop-
MaIii OpraHO-MUHEPATHLHOTO M UCKYCCTBEHHOTO MarepHalia, KOTOPhI CHOPMHUPOBAJICS CHHIIHTO-
TeHHO MO/ BJIMSHUEM XO3SICTBEHHON JESATENIbHOCTH YeloBeKa. B 3TOM cioe colep:KuTcs He MeHee
10 % aHTpOmOreHHbIX BKJIIOUEHUH. PerianTo3eMbl GOpMHUpYIOTCS Ha Ta30HAaX B KBapTajaX ¢ KaMeH-
HOW MaJIo- U MHOTOATaXXHOHM 3aCTPOUKON. XOpomo chopMUpOBABIIUNCS MOYBEHHBIA MPOGHUIb OT-
MedJaeTcs TOoJ| IPEBECHON U KyCTaPHUKOBOW PAaCTUTEILHOCTHIO B MAPKOBHIX U JIECHBIX 30HaX (UrmoB-
CKHit u 1p., 2023a—B).

B 30HBI 3acTpoiiku JOMaMy MaJiOi 3Ta)XKHOCTH MOMAJAI0T TOYKH OTOOpa mouB — 6, 7, 61, 62;
MHOT'03TaKHbBIMA MHOTOKBApTUPHBIMH AoMamu — 1-5, 8—16, 19, 23-28, 31-35, 43-45, 48, 49, 51-53,
55, 56, 60, 68, 69; nentpa ropona — 24, 25, 32, 35; ToproBeix 00beKTOB — 50, 57; yupexneHuit 3apa-
BOOXpaHeHus — 65; mapkoB U CKBepoB — 17, 66; TOpOJACKUX JIECOB, jeconapkoB — 20, 22, 23, 54;
00BEKTOB criopTa — 21, MPOU3BOICTBEHHO-KOMMYHAILHOU cdepbl — 16—18, 29, 38-41, 64, 67; o0bek-
TOB MHXEHEpHOTro obecrneuenust — 3638, 59 (puc. 1). MakcumanbHOE 3HaYCHUE YIETHHON aKTUBHO-
CTH PaJHOHYKIHAOB B MpoOax ropoickux mous (58 mpo6) cocrasmio — °'Cs — 31.3, *°Ra — 14.2,
232Th — 18.3, 40K — 498 Br/kr. Cpennee 3HaYeHHUE YACITHHON aKTUBHOCTH 137Cs, 226Ra u ***Th B 30He
BiusHusg OAO «Komb6unat CeBeponukens H-1» Obuto BbIIIE B TO BpeMsi, KOTJa ynelbHas aKTHB-
Hocth 'K B po6ax TOPOACKHX MOYB Obina Hike. HanGoblune 3HAYCHHS YACTbHONW aKTHBHOCTH
137Cs xapakTepHbI UIs [I0YB IAPKOB, €I0BO-0EPE30BBIX JIECONAPKOB, PACIONOKEHHBIX BIOIb JICHHH-
rpajackoi HabepexxHo# (T. 17 u 20) HegaieKo OT AETCKOTO SKOJOTHUECKOTO TapKa, U B FO)KHOM YacTH
ropojia B MOYBax B Mpeaesax 3aCTPOHKH MHOTOITaXHBIMU MaHenbHbIMU JoMami (T. 1). [Ipennonara-
€M, UTO JIpeBECHbIE HACAXJACHUS MOTYT BbICTYNAaTh 3/1€Ch B POJIH «(DUIBTPay, YIaBIHUBasl MbUIb BO3AY-
Xa ¥ MOBBIIIAs] KOHIIEHTPAIUIO 3arPs3HSIONINX BEIISCTB B TIOYBE 3a CUET OMaJla JIUCTHEB. 3HAYCHUS aK-
tusHOcTH °'Cs 10 20 BK/KT BBISBIICHBI B MOYBaxX IIEHTPAJBHON M FOXKHOW YacTel Topoja B IMpenesax
3aCTPOMKH MaJIo- U MHOTOATAKHBIMH MHOTOKBAapTUPHBIMU KWJIBIMU JAOMaMu (TOYku 5, 6, 22, 24, 32,
33, 35, 40, 50, 54, 56, 60, 61).

Pacripenenenne yaenpHOW aKTHBHOCTH ECTECTBEHHBIX PAJHOHYKIHMIOB B TOYBAX Pa3IUIHBIX
(GYHKIIMOHAJIBHBIX 30H [UIAHUPOBOYHOM CTPYKTYpbI I MOHUEropcka MMeeT paBHOMEPHBINA XapakTep,
IIPUYEM paclpereicHue #2Th, kak u *°Ra, nMeeT CXOKHii xapakrep (puc. 1). MakcumanbHble 3Haue-
HYS yenbHOM akTuBHOCTH *'K OMpe/ieIeHs B T0YBaX Gepe30BOro W HBOBOTO jieca BOIM3H Mepecede-
Hus np. Jlennna u yn. Komaposa Ha 6epery p. Hionaii (1. 67), 16 OTMEUEHBI TaK)Ke BHICOKHE 3HAUe-
HUSl yIEJIbHON aKTUBHOCTH >2Th u *°Ra. 3nauenus YAECIbHONH aKTUBHOCTH 0K ot 40 1o 200 Bx/kr
BBISIBJIEHBI B TIOYBAX 3alaJHON YacTH B IPOU3BOACTBEHHO-KOMMYHalbHOU 30He (T. 3840, 58),
a Tak)Ke B MOYBAX 3aCTPOMKH Majo- 1 MHOTO3TKHBIMH KUJIBIMH JJoMaMH B 1ieHTpe (1. 31, 32, 35, 36,
48, 49, 60, 64), B BOCTOYHOU 4acTH, HETIOCPEICTBEHHO MPHUMBIKAIONIEH K 03. Monua-ryba (1. 14, 17,
20, 26, 28), 1 B 10KHOIi yacTi ropoxa (T. 5, 6, 11, 61). Huskue 3HauCHHS YIeIbHOI akTHBHOCTH 'K
(menee 40 bx/kr) ompeneneHsl B mo4Bax y o3zepa (T. 41) u nmpuBok3anpHOro mocce (1. 57) u B 10ro-
3amaJIHOM YacTH ropoja B IMpelesiax MHOTOAITaXHOW MaHeJIbHOW 3acTpoiiku BOIM3U 03. HromabsaBp
(1. 1, 3). B mouBax 6epe30BOro u UBOBOTO Jeca BOIM3U nepeceyeHus np. Jlennna u yn. Komaposa
Ha Oepery p. Hromaii (T. 67), Ha mpuBOK3adbHOM m1occe (T. 1, 38), 4acTHOTO JEpPEeBSIHHOTO CEKTOpa
(1. 39), manenpHOU 3acTPOMKHU OKpecTHOCTeH Mopra (T. 65), 3AI'Ca, nenrpanpHOro mapka (T. 50, 66),
Ha nepeceueHnn yi. HromoBckoit 1 HoBOMposio)keHHON Ha y4acTKEe MaJIOdTaKHOU 3acTpoiiku (T. 51)
OTMEYEHO MAaKCHUMAJIbHOE 3HAYEHUE YIEIbHOU aKTUBHOCTH “¥Ra. Ha ocrampHOit TEPPUTOPHUHU rOpoaa
3HAYEHUS yJIeJIbHON aKTUBHOCTH 22°Ra B mousax 6bu10 Meree 10 Br/kr. B mousax 0Oepe30BOr0 U MBO-
BOTO Jieca BOMM3M mepecedenus mp. Jlenmna u yn. KomapoBa Ha Oepery p. Hromaii (1. 67),
B IMPOM3BOJCTBEHHO-KOMMYHaJIbHOU 30HE (T. 39), B palioHE MaJ03TaXHOW KUPIUYHOW 3aCTPOUKHU
(1. 33), BOIH3M MHOTOATaXHON MAHENBHOM 3aCTPOMKH (T. 4) yeTbHas aKTHBHOCTb —~Th, kak u “°Ra,
MaKkCHManbHa. 3HaueHust - Th Hibke 6 Br/Kr 3a(pKCUPOBaHBI B MOYBAX MAPKOBBIX U JIECOMAPKOBBIX
30H, pacroIOKEHHBIX BAOJIb JIeHuHrpaackoi HabepexxHoi (1. 17, 20), u B mpoOax TOPQSHBIX OTIOKEHUIH
y 6e3piMsiHHOTO 03¢epa (T. 41) u o3epa Hrogpsasp (1. 59).
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B pamkax uccnenoBanuii MoHueropcka Obiia mpoBeeHa raMMa-CheMKa MECTHOCTH € UCIIONB30-
BaHHEM MOOWMIIBHOTO Tamma-criekTpomerpa RS-700 (MobunbHas cucrema..., 2019), koTopas mokasa-
Ja, 94TO B TpeJienax Topoja MOXKHO BBIICTUTHh TPH JIOKATbHBIC 30HBI Tamma-usnydenus (ot 0.056 mo
0.074 mx3B/4), TIE, OTHAKO, HE MPEeBbINIeHBI cpennue o Poccun 3Hadenus (ot 0.04 mo 0.20 Mx3B/4).
3amagHas TpaHMIla OJHOM M3 ATHX 30H PACIOJIOXKEHA B paioHE 3aCTPONKH MaHETbHBIMH MHOTO3TaX-
HbIMU JToMaMmH B paiione ymui 10 I'Bapaeiickoit nuBu3uu u lllkonpHoi. Jlanee neHTpanbHas 30Ha
NPOTSATHBAETCS BOJb mp. MeTtammyproB 1 KoMcoMonbCckoi ynuiel 10 mepecedenus ¢ HromoBckoit
ynuneil. CeBepo-BOCTOUHAs 30HA 3HAYEHUN raMMa-u3Iy4eHUsl IPUypoUYeHa K KBapTaly C MaHEIbHBIMU
MHOTO3TaXHBIMU JJOMaMU B paiioHe JIeHnHTpajckoil HabepexHoii u yi. Kuposa (puc. 2).

HO>xHas 30Ha 3HaUeHMI pUypOYeHa K MaHEJIbHBIM MHOTOATaXKHBIM JoMaM B paiioHe ynui ['py-
30Boi 1 MopomikoBo# u tory mp. Jleanna. Takke MOKHO BBIJCIUTH JABE 30HBI raMMa-U3JIy4eHUS Ha
BOCTOKE TOpOJia C MEHBIIMMHU 3HAYEHUsIMU (MK3B/4) B palloHE MATHATAXKHBIX MaHEIbHBIX JOMOB
yi. bpenoBa u np. Mertamnypros. [loBreiieHre 3HaUYeHU TaMMa-u3nydeHuss B MOHUYEropcKe Xapak-
TEPHO JJI1 TEPPUTOPUIN C KUPNHUYHOU 3acTporikoil 70—80-x rogoB XX Beka U palOHOB PACIIOI0KEHHUS
MaJIbIX apXUTEKTYPHBIX (POpPM, MMOCTPOCHHBIX C MPUMEHEHUEM IpaHUTa. B OCTaNBHBIX YaCTAX TOpoja
3Ha4YCHHS OOIIel raMMa-akTHBHOCTH cocTaBmin MmMeHee 0.05 Mx3B/4, a B roro-Boctounoit (CsiTo-
BO3HECEHCKUHU KadeapanbHbIi cO00p) U ceBepo-3anagHoil (paiioH yn. CeBepHOIi) yacTsIx ropojaa
3Hauenus Obun Meree 0.03 Mx3B/4 (puc. 2).
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Puc. 2. 'amMa-cbeMKa TEpPUTOPUU TOPOJA C UCTIOIB30BaHUEM raMMa-ciekTpoMerpa RS-700; MOIIHOCTE 10361
ramMMa-u3ny4eHus, Mk3B/4. [TyHKTHpOM TOKa3aHbl MapIIPyThl HF3MEPEHUI MOITHOCTH J03bI TAMMAa-HU3TyYCeHUS

|
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BbIBO/IbI. [10TydCHHbIC JaHHbBIC 110 YACIbHOR aKTHBHOCTH "~ CS M €CTECTBEHHBIX PaIHOHYKIIH-
noB 2*Th, *°Ra, **K B mousax r. Monueropcka He npesslimatoT 11JIK, xapakrepHbIx ans uccienye-
MOii Teppurtopun. CpenHue 3HAYCHHS YIeIbHOI akTHBHOCTH - Cs, “*°Ra u **Th B 30He BIMSHUS
wiomanakn «CeBepoHUKeNb» Ha MOJ(aKeNIbHbIX TEPPUTOPHUAX OBLIM BBINIE, YeM B ropoAckou. J[ns
7Cs B momdakenbHBIX MOYBAX HA KOro-3amaje oT r. MOHYEropcka MaKCHMAIbHOE 3HAUCHHE Y/IEib-
HOl aKTMBHOCTH mocTHrano 63.4 Bi/kr. ViensHas aktuBHOCTh “°K B mpo6ax rOpOACKHX IOYB Oblma
ke, MakCHMAaNbHOE 3HAYCHHE Y/IETbHON aKTHBHOCTH "~ CS B FOPOJCKOMN UepTe B M0UBAX B MPEIe/ax
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MIPOU3BOJICTBEHHO-KOMMYHaNbHOU cepsl coctaBuio 31.3 br/kr. CpenHee 3HaueHUe YIEIbHOW ak-
THBHOCTH °'CS B MOYBAX BOJM3M MHOTOATAXKHBIX JKUIIBIX nomoB coctaBmwiio 11.74 bx/kr, mpousBo-
CTBEHHO-KOMMYHaNIbHOH cepsl — 15.44 BK/Kr, Mamo3Ta)KHBIX JKUWIBIX JOMOB — 4.55 BK/Kr, 3aCTpoiKH
JIeJIOBOT0, OOIIECTBEHHOTO W KOMMEPYECKOTro HazHaueHus — 7.58 BK/Kr, 00BEKTOB WHKEHEPHOTO
oOecnieuenus — MeHee 3 Bbr/kr. 'amma-cbheMka TeppuTopiu MOHUEropcka He BhISIBHJIA aHOMAJIMU pa-
TUAIMOHHOTO (oHa. MOIIHOCTh /03Bl TaMMa-U3Iy4yeHHUS TEPPUTOPUH TOpoJa HE MPEBbIIIAET
0.074 mx3B/4ac, uro MeHbIne 3HayeHnit o Poccun (ot 0.04 1o 0.20 mMx3B/4). [ToBhIIeHUE 3HAYCHUIA
XapaKTepPHO ISl TEPPUTOPUNA ¢ KUpNHYHOU 3acTporikoil 70—80-x rogoB XX Beka W pailOHOB pacmo-
JIOKEHUST MaJbIX apXUTEKTYPHBIX (POpPM, MOCTPOSHHBIX C MPUMEHEHHEM TpaHHUTA. AHAIU3 PaJHOaK-
TUBHOCTH U (DPPaKLMOHHOTO COCTaBa IMOYBHI BBIABHII IMOJYYEHUE KOPPENALUU C BHICOKUM YPOBHEM
CTAaTHCTUYECKOHN 3HAUUMOCTH (C y4eToM p-value) Mexay 2Rau 'Cs.

Hccneoosanue evinonneno npu noodepoicke Munucmepcmea Hayku u evicuie2o 00pa308aHus
Poccuiickoii @edepayuu (Ne 2oc. pecucmpayuu 122011300333-1).
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WCCJIEJJOBAHMS ITPOSIBJIEHUI PAJTOHA 222 HA KAPBEPAX
KOHJOMOKCKOI'O U MIPHOHEXKCKOI'O PANOHOB PECITYBJINKHU KAPEJIHUS

Nabun AM., llImakoB A.B., Cemoukun /I.P.
Tlemposzasoockuii eocydapcmeennulil yrugepcumem, andrey.m.ilin@gmail.com

JloOGpIua HEpyIHBIX MOJE3HBIX HCKOMAEMbIX, TAKUX KaK HIeOEeHb, B Kapbepax MOKET MPUBECTH
K YBEJIMUEHHUIO KOHILIEHTpAIK pasoHa 222 B BO3QyXe. DTO MPOUCXOAUT MPU UCIIOIb30BAaHUHM METOJA
MacCOBBIX B3PBIBOB ISl TOOBIYM CTPOUTEIHLHOTO MaTepHalia U MPOU3BOJACTBA KaMeHHBIX Os10Kk0B. -
OCHb MPHUMEHSETCS B Pa3IUYHBIX cepax CTPOUTEIHCTBA, BKIIOYAs TOPOKHBIE PabOThI, BO3BEICHHE
JKWJIBIX IOMOB, 00YCTPOMCTBO TEPPUTOPUU U JIaHAMA(THBIN 1HU3aiiH, TPOU3BOJCTBO IJIUTKU U APYTHE
UH)KEHEPHBIE IPOEKTHI (HApUMeEp, CTPOUTENILCTBO AaMO U MOCTOB).

Cormacao Hopmam pammanmonnour 6e3omacHoctrn (HPB 99/2009): (CanlluH 2.6.1.2523-09)
YCTaHOBJIEHBI NPEEIbHbBIE AONMYCTUMbIE CpEAHErooBble 3HaueHus DPOA panoHa U €ro JOYEpHHUX
IPOAYKTOB pacrmaja B BO3AYXE KUIbIX U OOIECTBEHHBIX 3AaHUA:

— 100 Bx/™’ B CTPOSAILUXCS U PEKOHCTPYUPYEMBIX 3[aHUAX, a TAKKE B 31aHUSAX, CTPOUTEILCTBO
KOTOPBIX OCYHIECTBIISLIOCH nociie 1991 r.;

—200 Br/M’ B 9KCIUTyaTUPYEMBIX 3[JaHUSX, TOCTPOEHHBIX 10 1991 r.

N3mepenus mpoBonuianck Ha Tepputopuu kKapbepoB «CyHay» (KoHmomoskckuii paiioH, H00bIua
TOPHOM TOPOJBI AJIsi MPOU3BOJICTBA IIEOHS, METOA CKBAXUHHBIX 3apsnoB), «bombmas Ys» (Ilpu-
OHEKCKHUI paiioH, 100bIYa TOPHOM MOPOABI JIJIsl MPOU3BOJCTBA IIEOHS, METO/I CKBaXXUHHBIX 3aps0B),
«/Apyropeuxoe-2» (IIpuoHexckuil pailoH, JOOBIYAa TOPHOH MOPOIBI JUISI MPOU3BOACTBA OJIOKOB,
mImypoBoi Meton) (puc. 1).

Mecropoxaenne CyHa CI0KEHO HHTPY3UBHBIMH MOPOJaMH CHJLIA 3a0HEXKCKOro rabopomonepu-
TOBOTO CHJUIOBO-JAaHKOBOIO KOMIUIEKCA PaHHEro MpOTepo30s. B CTpyKTypHOM OTHOIIEHUM MECTO-
POKIEHUE MPUYPOUYEHO K BOCTOUHOMY KpPbUIY AHTHUKJIMHAIBHOW CTPYKTYPBI TPETHETO IMOPSIIKA, OCh
KOTOPOW MPOXOJUT 3amaJHEee ydyacTKa MeCTOPOKIAeHUsA. KpblUibsd aHTUKIMHAIM CIOKEHBI MTOPOJaMU
cwia (METKO3epHUCTBIMU Arabazamu, 1uaba30BEIMU NOpGUPHTaAMU, MUHAAIEKAMEHHBIMH Jrada3a-
MU, KPYITHO-CPETHEKPUCTALINICCKUMH Tab0po u rabOponnadazamu), a Takke Tyhamu u Typduramu
3a0HEKCKOM CBUTHI, KOTOPBIE BCKPBITHI CKBAKMHAMU 32 NpeaeaaMu MecTopoxacHus. [lanenue nopon
BOCTOYHOE, yriIbl tageHus 10—20°. MomHocTs opos criuta coctapisietr oT 50 go 200 m (Kaiipsik, 1964;
Muxainos, 1981). TekTroHMYeCKUX HapyUIEHUH, BIUSIOIIUX HA CTPYKTYpy ydyacTka, B Ipeaeiax
Mectopoxkaenuss CyHa He yctaHoBieHo (Jlertsapes, 2006).

Mectopoxaenue bonbias Y pacnonaraercss B HEHTpaldbHON yacTu 3anagHo-OHEXCKOM cuHe-
KJIM3BI, UMeoLei GpopMy, OJIM3KYI0 K OBaJIbHOW, M MpoTATrUBaoieiica ot r. I[letpo3aBoacka B oro-
BOCTOYHOM HarpaBijieHnu Oosiee ueM Ha 160 kM, mpu MakcuMmaibHOU mupuHe 60 kM. CTpyKTypa nume-
eT 6JIOKOBOE CTpOEHHUE, 00YCIOBICHHOE CMELICHUSIMH 110 30HAM MOIIHBIX TEKTOHHYECKUX Pa3JIOMOB,
paccekaronmx MopoJsl C CEBEPO-BOCTOKA Ha Ioro-3amaj. MHTpy3uBHBIE 00pa3oBaHUs B pailoHe
MPEJICTaBICHB UHTPY3UsIMH Tab0po-nuaba3za u amabasa, 3ajeralonMi B BUAE CHIIA B TOPOJAX
[MokmMuHCKOW CBUTHI. B TeosornyeckoM CTpPOCHHUH MECTOPOXKACHHS MPUHUMAIOT ydacThe radb0opo-
nuaba3bl, 00pa30BaHUs HUKHEW MOJCBHUTHI HIOKITMHCKONW CBHUTHI KapTHPYIOTCS CEBEPO-BOCTOUHEE
Y I0T0-3aI1aJJHEE MECTOPOKACHUS U MPEACTaBICHBI KBAPLUUTAMU PO30BO-CEPBIMHU, MEIKO-, TOHKO3Ep-
HUCTBIMM U UHTPY3UAMU. VIHTEHCUBHOCTbD Y/AEIbHON TPEIIMHOBATOCTH 10 IaHHBIM PaHEe POBEAEHHBIX
pabort cocraBmia 2.25 M/M* (crbHOTpeHOBaTbIe Topob!) (Topumbis, 2009).

Mecropoxaenue [Ipyropeunkoe-2 Takxke pacrnoJiaraeTcsi B npezenax 3anagHo-OHEeXCKOM cuHe-
KJIM3BI, B I0OOKHOH ee yacTu. Pa3nom, oOpamiIsroniuii MecTopoXaeHHE C CeBepo-3amajia, 00pa3yer Kpy-
TOW CKJIOH IpsiZI000pa3HOil BO3BBILIEHHOCTH HaJl JOJIMHOM p. Jpyras peka. B reonoruueckom acnekre
MecTopoxaeHue J[pyroperkoe-2 npeactaBisieT cOO0H ydacTOK CHIIa, CIOKEHHBIN rab0opo-1radazom,
BUJIUMON MOIIHOCTBIO 0k0JI0 60 M (Treipkun, 2016).
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Puc. 1. O030pHas kapTa ¢ ykazaHueM Touek HaOmoaeHus, M 1 : 500000

N3mepenus o0beMHoN akTUBHOCTH (OA) IMpOBOIMIMCH HA OTKPBITOM IMPOCTPAHCTBE METOAOM
W3MEPHUTENIbHONM KaMmephl. [Ipw 3TOM OBUT HMCTHOIB30BaH H3MEPHUTEIBHBIA KOMIUIEKC «Ajbdapant
APIT» (Poccus) B pexume OA-20. DKcriepuMeHTaIbHbBIE JaHHbIE OBLIM MOJYYE€HBl B COOTBETCTBUH
C aTTECTOBAaHHBIMHU JUISl 3TUX KOMITJIEKCOB METOMKAMH. 3aMephl IPOBOIMIIUCH JI0 U MOCTE MPOBEACHUS
B3PBIBHBIX PadoT.

N3Mepenns mokazaiyd W3MEHEHME KOHIIEHTpaluu pajoHa 222 B BO3JyXe MOCJIE MNPOBEACHUSA
B3pBIBHBIX paboT (Tab. 1):

1. Kapsep «Bonbiuast Vsi» (ogoliBa kapbepa) 10 mposeerns pabor 7 + 10 Bx/m’, mocite mpo-

BeeHus paGot 178 + 55 Br/M’;

2. Kapsep «JIpyropenxoe-2» (IOZOIIBa Kapbepa) 10 MPoBeAeHHs pabor 6 + 9 Br/M’, mocme

npoBeenns pabor 100 + 39 Br/m’;

3. Kapsep «CyHa» (ruromazka JIC3) 1o mposenerns pabor 917 + 183 Br/M’, mocie mposeze-

Hust pabot 188 + 25 Br/wr.

B nporecce aesuHTerpaiii TOpHOM Macchl, epepadaThiBaeMO Ha me0eHb pa3HbIX (PpaAKIUH,
BO3MOYKHO BBICBOOOXKJICHHE PaJloHa U3 MyCTOT, HO n3Mepenne OA Ha OTKPBITOM MPOCTPAHCTBE OKOJIO
JC3 MoxeT OBITh CHJIBHO HCKaXEHO BIHMSHUEM (DaKTOpoB arMochepbl, B OTIMUKME OT W3MEPECHHMA
MOYBEHHOTO PaJIoHA.
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Tab6auna 1. Pe3ynpTaTel HaOMIOACHNH Ha Kapbepax

Kapwep Hara/Bpews, PacnonoskeHue TOUKH HAOJIIOICHUS Obneémmas aKTHBHOCTg,B’
2023 r. TOTPENTHOCTh, BK/M
03.03/13:45 BriToBKa 10 B3pbIBa 7+10
03.03/14:20 ITomomBa kapeepa nocie B3pbIBa 21+£15
Bonbmas Ys 03.03/14:44 TInomanka JIC3 14 £13
03.03/16:30 TTogomBa kapbepa 178 £55
03.03/16:35 BriToBKa 0+0
07.03/6:43 BriToBKa 31+21
07.03/9:42 BriToBKa 32+22
CyHna 07.03/ ITnomanxa JIC3 no B3phIBa 917+ 183
07.03/11:31 ITnomanka 1C3 nocine B3pbiBa 188 £ 25
07.03/ BriToBKA 77+ 34
12.03/ ITomomBa xapbepa 10 B3pbIBa 6+9
Hpyroperkoe-2 12.03/ BriToBKa 56 £28
12.03/ ITomomBa kapbepa nocnie B3pbIBa 100+39

[TonyueHHble AaHHBIE MOKA3bIBAIOT HAJIUMYHME CBSA3M MEXAY CEMCMHUYECKMM BO3ACHCTBHEM Ha
MacCHB W U3MEHEHUEM KOHIIEHTpAIuu pasioHa 222 B Bo3znyxe. JlanpHelmue uccneaoBaHust TpeOyoT
MCIIOJIb30BaHUsI METOIMK HEMPEPBHIBHOTO HAOMIOIeHUs (YCTAHOBKA HA TUIONIAIKAaX HAOIIOIEHUS CTaH-
LU{A, OCHAIIEHHBIX AATYMKAMHU CEHCMHMYECKOTO BO3JEMCTBUS, METEOJATYMKAMH M PaJUOMETPAMHU
00BEMHOM aKTUBHOCTHU pazioHa 222). JIONOJHUTENBHO HaMU ObUTM Mpou3BeleHbl u3MepeHus B IIpu-
OHEXCKOM palioHe BH0JIb Tpacchl A-215. B CTpyKTypHO-TEKTOHUYECKOM IIJIaHE TEPPUTOPHUS SBIISIETCS
yacTbio [IprOHEKCKON CHHEKIU3bl. B F0KHOM 4acTH CUHKIMHAIM Pa3iOMbl MEPECEKAIOT YPaHOBBIE
anomanmnu (Mmanuno, [llento3epka, FOxxnas Peibpeka) u pynonposieineHus: ypana (Peiopexka, [Ipyras
Peka, Bexpyueit) (I'pomoB u ap., 1982) (puc. 2), KOTOpble SIBISIOTCS UCTOYHUKOM panoHa (bexman;

Skosnes, SIkoBnesa, 2020).

A

Matseesa
Cenbra

{UHO
L

Eaxpy4en

[opHO®
LLlenTo3epo

X

LApyre

KaxkxapoBo

P':H(-POPC‘LLKOC..M._
BETICCROE™

Fexa

Puc. 2. PactionoskeHre pa3pbIBHBIX HAPYIICHUH B F0’kHOM "acTu [Iprnonexckoro paitona, M 1 : 200000

pa3pbIBHBIC T€OJOTHYECKUE HAPYIIICHHS
TIPOSIBJIICHUS YpaHa 110 TaHHBIM reojorunyeckux naptuit (I'pomos u ap., 1982)

Ilemposasoock, 1-4 oxmabps 2024 2.

78



Mamepuanvt XXXV MO100eXHCHOU HAYUHOU WIKOIbI-KOHpepeHyuu, noceawenHou namsamu uiena-koppecnondenma AH CCCP K.O. Kpamya u akademurxa PAH @.I1. Mumpoghanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI'MH, T'EODQH3UKHU U I'EODKOJIOI'H

Ha nanHoi TeppuTOopuu BeIeTCs aKTHBHAS N00bIYa HEPYIHBIX MOJE3HBIX UCKOMAEMbIX KaK Me-
TOJOM CKBOKHHHBIX 3apsJIOB, TaK U IITYPOBBIM MeTO/IoM. ClleTyeT OTMETUTh, YTO BO BPEMs H3Mepe-
HUI MPOUCXOIMI KaUTAIBHBIN PEMOHT (eaepanbHOi Tpacchl A-215 ¢ OTCHINKON JOPOKHOTO MOIOT-
Ha 1meOHeM ¢ kapbepa «bombias Ysy». Pe3ynbprarsl HaOM0AeHUN TPUBEACHBI B TA0IHUIIE 2.

Ta6auna 2. Pe3ynpraThl HAOMIOACHUH BAOIB Tpacchl A-215

No KO\%}SSI;ZTH Hata/Bpewms, P aCTIONOKEHHE O0bémuas aKTI/IBHOC’gb,
2023 r. MOTPEIIHOCTh, BK/M
C. 1l B. [I.
1 61.24542 35.58582 17.06/11:07 Mectoposxaenue [Ipyropernkoe-2 62 +33
2 61.45937 35.12666 17.06/12:36 p. Sluu 271409 + 54281
3 61.70829 34.50713 17.06 Bwesp B [lerpo3aBoack <1
4.1 | 61.26719 35.54186 24.06/13:30 Hopora A-215, 54 km 29344 + 5868
4.2 —/— —/— 04.08/13:28 —/— <1
43 —/— —/— 23.08/12:38 —//— <1
4.4 —/— —/— 30.09/13:54 —/— 9+13
4.5 —/— —/— 11.10/15:11 —//— <1
5.1 | 61.44644 35.20294 24.06/14:41 1. Nmannno 324632 + 64926
5.2 —/— —/— 04.08/12:38 —//— 10+ 14
6 61.58358 34.68251 24.06/15:05 Epomkuna Cenbra 7373 + 1494
7 61.72910 34.46999 24.06/15:29 1. Ykecenbra <1
8 61.77944 34.32627 24.06/17:01 ITetpo3aBojck, yi. ChIKThIBKapcKas <1
9 61.24461 35.58458 29.06/13:59 Mectopoxnaenue [[pyropermkoe-2 <1
10 61.29756 35.51273 29.06/19:32 1. PeiOpeka 26502 + 5300
11 61.42595 35.25222 29.06/19:57 1. Bexpyueit 18796 + 3759
12.1 | 61.45751 35.01670 29.06/20:24 1. Hlokma <1
12.2 —//— —//— 04.08/14:01 —/— 34 +26
12.3 —/— —//— 23.08/12:38 —/— <1
12.4 —//— —//— 30.09/13:24 —/— <1
12.5 —/— —//— 11.10/14:41 —/— <1
12.6 —//— —//— 15.10/9:30 —/— 8+11
13 61.49349 34.82509 29.06/20:50 pyueit BanTuk 1036 + 207
14 61.54292 34.68446 29.06/21:14 1. [lenacenbra 7297 + 1459
15 61.62885 34.62529 29.06/21:41 c. [lepeBsiHHOE <1
16 61.25823 35.55006 30.07/07:35 1. pyras Pexa 66586 + 13317
17 61.36406 35.41989 30.07/17:31 Hopora A-215 68 km 1428545 + 285709
18 61.45175 35.08172 30.07/17:56 1. [oxma 22172 + 4434

B panee ony6nukoBanno# ctathe (MnbuH, CéMoukuH, 2023) ObUTH YIOMSIHYTHl aHOMAJILHO BBI-
COKHE 3Ha4eHHs] 00BEMHON aKTUBHOCTH pasioHa 222 B 1. [lerpo3aBoscke Ha yi. lllepbakoBa B yacTHOM
JIEPEBSHHOM JIOME Ha IEPBOM 3TaXke.

CHucoK JINTepaTyphl

bexman M. .H. Panon: Bpar, Bpad ¥ MOMOIIHUK: Kypc Jeknuil. Jlekmus 4, ctp. 5 [DnekTpoHHBIH pecypc]. — Pexxum
noctyna: http://www.avdspb.ru/Docs/radon.pdf.

I'pomos F0.A., Cmenanoe U.B., Xacanos MU J]. n np. OT4eT 0 pe3yibpTraTax MPOTHO3HO-TEOJOTHYECKUX PadoT Mac-
mrabda 1 : 50 000 mapruu Ne 8 u maptuun Ne 7 nHa [Ipuonexckoit rromaan B 1977 u 1981 ropax (m. Yedbuno, 1982 1.) /
Kapenbckuit punnan ®BY «TOI'U no Cesepo-3anagnomy denepaabHoMy okpyry», naB. Ne 3297, 1982. 157 n., 7/7rp.,
1 xu., 1 1m.

Heemspes H.K. Otuer 0 pe3yinbraTtax reojioro-pa3BeloqHbIX padoT Ha MecTopoxJieHnH 1uaba3oB CyHa (CTpOUTEIb-
HBII KaMEeHb JUTs TPOM3BO/ICTBA LIeOH), BBITONHEHHBIX B Konnomnoxckom p-ue PK B 2005-2006 rr. ITerpo3asoxck, 2006
/ Kapensckuii punman @BY «TOI'M no Cesepo-3ananHomy denepanbHOMY OKpyry», HHB. Ne 3396.

Hnoun AM., Cémouxun /[.P. I3mepenus pagona 222 B HeKoTophIx 3maHusIX [lerposzaBojcka // PecypcocOeperaro-
M€ TEXHOJOTHH, MaTepHalibl U KOHCTPYKIMK: COOpHUK CTaTel HaydHO-TIpakTuieckoi koHpepenmuu (15 mas 2023 r.).
ITerpozaBonuck: ITerpompece, 2023. C. 44-46.
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Kaupsax A.Y. Ot4eT 0 TeooTocheMOYHBIX padorax MacmTabda 1 : 50 000, mpoBeneHHbIX KOHIOTOXKCKOW MapTHel
B Konmonoxxckom u Mensexberopckom paiionax KACCP B 1962—-1963 rr. 1964 / Kapenbckuit punmman ®BY «TOT'U
o CeBepo-3amagHomy deaeparbHOMy OKpyTy», HHB. Ne 4205.

Muxatinos B.I1. OTder o pe3ysbraTax JeTalbHOH pa3Benku Boco3epckoro MecTopoxaeHus rab0po-n11aba3oB (ChIpbe
Ha CTPOUTENbHBIN 1ebeHs), npoBeneHHoit B Konnonoxckom paiione Kapensckoit ACCP B 1980-1981 rr. 1981 / Kapeis-
ckuit punnan @BY «TPI'M no Cesepo-3anagHomy denepaibHOMY OKpyry», HHB. Ne 3101.

Topuyvin A.H. OT4er 1o OLEHKE MECTOPOXKAEHH rad0po-1nada3oB (CTPOUTENBHBIA KaMeHb JJIsl IPOU3BOJCTBA
meOHs) bonbmas Ys B [Ipnonexckom paiione Pecrybnuku Kapenus (¢ noncuerom 3anacos no kareropuu C1+C2 mo
cocrostHuio Ha 1.11.2009 r. / Kapenbsckuit pmman ®BY «TOI'U no Cesepo-3anangnoMy ¢enepaabHOMy OKPYTY», UHB.
Ne 3776.

Toiprkun A.H. OtdeT o pe3ynabTaTax mopassenku KOro-Bocrounoit miomanu CeBepHoro ydactka JIpyropenkoro me-
CTOPOXKIeHUS Tab0poa0aepruTOB (OJIOUHBIM KaMEHb), TPOBeNeHHON B [IpHOHEKCKOM MYHHIIUTIAIBHOM paiione PecmyOim-
ku Kapenms B 2016 1. / Kapenwsckuii punmman ®BY «TOT'U no Cesepo-3anagnomy deneparsHOMy OKpyTy», HHB. Ne 4550.

Hroenes I'.A., Arxoenesa B.C. VickaxxeHne paanaiioHHOTO (JOHA TOPOJICKON Cpelbl BCICICTBUE arpeCCUBHOTO BIIHS-
HUs TexHocdepsl. 1 atam: pagon u anbda-dpon // Bectauk KPAYHII. ®us.-mat. Hayku. 2020. T. 32, Ne 3. C. 154-164.
DOI: 10.26117/2079-6641-2020-32-3-154-164.
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O HAXOJKAX ATPUITUJ] IOWATRYPA TIMANICA
(MARKOVSKY) (BRACHIOPODA) M STIMBUO3E

KaanooBa I1.1.

Deodepanvhoe ecocyoapcmeentoe 0100JcemHnoe 0bpazosamenvHoe yupedicoenue sblcuieco 00pa308anus
«Poccuiickuil eocyoapcmeennbiii 2eonoeopazeedounviii ynusepcumem umenu Cepeo Opoorconuxudzey, pikalbova@mail.ru

JleranpHOE HM3ydeHHE SMUOUOHTHM YPE3BBIYAMHO Ba)XXHO NMPU KOMIUIEKCHOM H3YYEHHH CaMbIX
Pa3TUYHBIX HMCKOMAEMBIX JOHHBIX OPTraHU3MOB Ui TIOHMMAHUS JBOJIOIMU COBPEMEHHBIX BHUJIOB
(Ba#itueBa u ap., 2023; Cemuna u np., 2023).

MatepuanaoM Ui JaHHOTO MCCIEI0BAaHUS MOCITYKUIa KOJUIeKIus atpunuy lowatrypa timanica,
HacuuThIBaromas 347 3K3eMIUISIPOB M HAXOJALIAsCS Ha XpaHEHUHU Ha Kadelpe MajeoHTOJNIOTHH U pe-
ruoHanbHOM reotorun MI'PU. Komnekuus 6pu1a coOpana corpyanukamu Ilaneontonoruueckoro bro-
po Ha lOxxanom Tumane Ha p. YxTe (ypouunie Cupadoii) B CTPATOTHITUMYECKOM pa3pe3e CUPAYOUCKOM
CBUTHI (BepXHUU (QpaH), MPEICTAaBICHHONW TONIIEH TMepecianBaHus MIeNb()OBBIX CBETJIBIX TOI-
CTOIIJIUTYATHIX U3BECTHSAKOB U MEPTresei.

CupayolCKuii TOPU30HT B CYOPETHOHAIBHON CTpaTUrpaduyeckoil cxeme BEpXHEIEBOHCKUX OT-
noxxennit Tumano-ITedyopckoil MPOBUHIIMK TTOApA3/IeNieH Ha JBa MOJATOPU30HTA U BBHIJICICH B 00beMe
HIDKHEH YacTH KOHOJOHTOBOM mom30HBl Lower gigas, BepxHel YacTH OpaxHONOJOBOH 30HBI
Nervostrophia latissima — Adolfia siratschoica u 30ub1 Theodossia uchtensis, mo ocTpakoaam BepxHei
gactu 30HBI Schweyerina normalis — Bicornellina bolchovitinovae (ITapmysuna, 2005). Hmkaemy
MOJTOPU30HTY OTBEUYAET BEPXHsSA 4acTh OpaxmomomoBoi 30HEI Nervostrophia latissima — Adolfia
siratschoica, a BepxHemy — 30Ha Theodossia uchtensis. MenkoBogHO-11eb()OBEI THIT pa3pe3a pac-
IIPOCTPAaHEH B 3alaJHBIX, CEBEPO-3aMaHbIX U CEBEPHBIX pailoHaX MPOBHUHLMUU U MOJpa3AeiieH Ha TPU
NOJTHIIA: TePPUTCHHBIH, TIIMHUCTO-TEPPUTeHHO-KapOOHaTHBIM 1 kKapOonaTHbIH. Ha FOxxnom Tumane
YCTaHOBJIEH MEJIKOBOJHO-IIENb(OBBII TTHHUCTO-TEPPUTrEHHO-KapOOHATHBIA TMOJATHI pa3pe3a CHU-
pauorickoii cButsl (ITapmysuna, 2005).

Cupayoiickue OTJIO0KEHHUs MpeACTaBiIeHbl 3apu(OBBIMU MEIKOBOJHO-IIENb(POBBIMU (aLlUSIMHU.
B cTpoeHun HIKHEH 9acTH CBUTHI MPUHUMAIOT YYaCTHE IICAMMOJUTHI, U3BECTHSIKH, TICTUTOBBIC U3-
BECTHSIKU U MEIUTHI, pUTMUYHO YEepeIyIOIINecs MeXay co00il, B BEpXHEH 4acTu — OJIOMUTU3HUPO-
BaHHBIE CBETJIO-XKEJITOBATO-CEPhIE U3BECTHIKU. HU3bI pa3zpesa HECYT ciieibl KpailHETO MEJIKOBObS:
JIUH3BI OOJIUTOBBIX U3BECTHSKOB, CKOIUIEHUSI OHKOJIUTOB. CymMMapHasi MOIIHOCTh CBUTHI JOCTUTAET
130-250 m.

Bun Iowatrypa timanica n3BecteH u3 cpennero u Bepxuero ¢pana KOxxnoro Tumana (Pecny6nuka
Kowmn).

[Ipu neranpHOM aHaANM3e UMEIOIIMXCS MaTtepuaioB Ha 112 pakoBuHax lowatrypa timanica ObLIH
HalICHBI pa3InYHbIC AMHUOUOHTHI — MUKPOKOHXH/IBI, MIIIAHKH, OPaXHOMO/IbI, & TAKXKE CIEAbl )KH3HE-
JESITEIbBHOCTH CBEPIISIIIUX OPTaHU3MOB.

Cpenu MUKpOKOHXHJ yCTaHOBJIEH oauH B — Palaeoconchus cf. tenuis (Sowerby 1839). TpyOku
Palaecoconchus cf. tenuis o6Hapyxenbl Ha 108 pakoBuHax atpunmi. Beero BeisBieHO He MeHee 1541
TPYOKH MaJI€OKOHXYCOB.

B nonasnstromem OonbimHCTBE ciaydaeB (86 %) MUKPOKOHXUIBI MOKPBHIBAIOT 00€ CTBOPKH PaKo-
BUH Opaxuomnof. Y 12 % 3K3eMIUIipOB MUKPOKOHXH/IBI PACIIONIAraloTCs TOIBKO Ha OPIOIIHBIX CTBOPKAX.
VY 2 % 006pa31ioB MUKPOKOHXUIbI BBISIBICHBI TOJIBKO HAa CIUHHBIX CTBOPKAX.

VY pakoBuH OpaxuoIoJ, MOKPBITBIX MHUKPOKOHXHMJIAMH C OOEHUX CTOPOH, YMCJIO MOCIECTHHX Ha
Pa3HBIX CTBOpKax pasnuyHo. Y 47.3 % 3K3eMIUIIpOB YHCI0 TPYyOOK Ha OPIOIIHON CTBOpPKE B pa3HOU
Mepe Oonpllle, YeM Ha CIIMHHOW CTBOPKE (B CaMOM KOHTPACTHOM cCllyyae Ha OpIOIIHOW CTBOpPKE
Habmonanach 41 TpyOka, a Ha CIMHHOM — UG /1Be). Y 18.4 % 3K3eMIUIsIpOB YUCIIO TPYOOK Ha CIUH-
HOW CTBOpKE B pa3HOW Mepe Oouiblie, 4eM Ha OpIOIIHOM CTBOpPKE (B CaMOM KOHTPACTHOM Ciydae
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Ha CIIMHHOM cTBOpKe Habmioganack 21 TpyOka, a Ha OpromHoi — nmumis oxaHa). Y 33.3 % o6pa3uos
YHUCJIO TPYOOK Ha pa3HbIX CTBOPKAaX OBLIO MPUMEPHO OJMHAKOBBIM.

B nonasmstromnieM 60NBITMHCTBE CIy4aeB MUKPOKOHXM/IBI MTPUKPEIUICHBI HA CTBOPKAX Opaxuomnosy
Xa0THYHO B CaMbIX Pa3HbIX UX MecTax. Y OJHOIO 3K3eMIUIsipa HaOJroAanach oT4eTINBas TUPIsSHIA
U3 TPEX OJAMHAKOBOIO pa3Mepa TPyOOK, pacloNI0KEHHBIX MapajUIeIbHO epeHEMY Kparo.

BoapmMHCTBO BBISBIEHHBIX HaMU MIIAHOK (16 3K3eMIUISIpPOB) MPEANOIOKUTEIBHO OTHOCSITCS
K poay Corynotrypa. Tpu sK3eMIuIspa npeaBapuTeIbHO onpeaeneHbl Kak pox Leioclema.

Mmanku poaa Corynotrypa XapakTepU3YIOTCS TOHKMMHU BETBALIUMUCS KOJIOHUSMH, COCTOSI-
IMIMMH U3 OJHOPSIHO PACTIOJIOKEHHBIX KOPOTKHX WM JJIMHHBIX SYEEK, CHIBHO CYXEHHBIX B IPOK-
CHUMAaJIbHOM YYacTKe.

Minanku BbIABIEHBI Ha 19 pakoBuHax atpunua — Ha 10 OpIOMIHBIX M HAa 8 CHMHHBIX CTBOPKaX.
[TpuBenennbie HU@pPHI MOKA3bIBAIOT, YTO MIIAHKaM ObLIO BCE PaBHO, Ha KAaKOW CTBOpPKE aTpUIHJ
MOCEJISATHCA.

Bo Bcex ciyuasix Ha 0JTHOM pakOBUHE HAOIIOAACTCS OJHA KOJOHHMS.

Ha OpromHbIX CTBOpKAax MIIAaHKKM HaOMIOAAINUCh B IIEHTPE PAKOBUH aTPUIUI, Y MEPEIHETO
Kpasi, a TAaK)Ke y MPaBoTo Kpas pakoBUHBI. Ha CIMHHBIX cTBOpKax MIIAHKHU 3a(UKCUPOBAHBI B 1I€H-
Tp€ PaKOBUH aTPUIIMJ, a TAKXKe y IepegHero kpasd. Ha oqHON CIMHHONM CTBOPKE KOJIOHMS MIIAHOK
Ha0I0/anach Kak B LIEHTPE PaKOBHHBI, TaK W BOJM3M ee mpaBoro kpas. Kpome Toro, Ha oaHOM
CIIMHHOW CTBOpKE KpymnHas (pa3MepoM 15 MM) KOJIOHMS MILIAHOK 3aHMMaJla IPaKTUYECKU BCIO IO-
BEPXHOCTh CTBOPKH. PazMepsl konoHuil mmanok poaa Corynotrypa BapeupytoT ot 1.5 mm g0 15.0
MM, HO 00bIYHO cocTaBistoT 1.6—4.0 MM. Pazmeps! konmonuit Mimanok poaa Leioclema coctaBmusitor
1.6-2.5 mm.

®opma kosjoHUH MimaHok poaa Corynotrypa HenpaBHiIbHas, popMa KOJOHUH MIIaHOK poza Lei-
oclema okpyrias.

Ha mectn pakoBuHax (IByX OpIOLIHBIX CTBOPKAaX M YETHIPEX CIMHHBIX CTBOpKax) lowatrypa
timanica ObUTH BCTPEYECHBI OYEHBb CBOCOOpa3HbIe SMMOMOHTHI. Ha OprONIHBIX CTBOpPKAax OHH OOHApY-
JKEHbI Ha TIPaBOM OOKY y Kpasi, a TaK)K€ MPUMEPHO 10 LEHTPY CTBOPKU HEJANEKO OT MEPEIHEr0 Kpasi.
Ha cniuHHBIX cTBOpKax SMUOHMOHTHI HAWIEHBI B IIEHTPE (1[Ba HK3EMIUISIpa) U HA MPABOM OOKY Yy Kpas
CTBOPOK (z1Ba 0Opa3iia). Ha Bcex o0pasnax HaliICHO TOIBKO IO OJJHOMY SMHOUOHTY.

[ToceneHIpl MpeACTaBIAIOT COOOM YIIONIEHHBIE OBAIbHBIE WM CYyOOBaJbHBIE CTPYKTYpPbI, HHO-
I7la ¢ HEMHOTO MPHUIOAHATHIMUA KPasiMH, OT KOTOPBIX B pa3Hble CTOPOHBI OTXOST HIJIbI, PSMBbIE UIIH
HEMHOTO M30THYTHIe. Kpas maHHBIX 3MMOMOHTOB MHOTAA c1abo rodpupoBanbl. OO pa3mep dMu-
O01OHTOB BapbupyeT oT 1.8 10 6.5 MM, HO 00bIYHO cocTaBiseT 4.1-5.0 mm.

Crnensl cBepiieHH 0OHApPYKEHBI HAMH Ha 7 pakoBHHaX lowatrypa timanica — Ha ISITH OPIOIITHBIX
ctBopkax (71.4 %) ot oOmiero 4ucia SK3eMIUISIPOB C NepopauusiMu U Ha JIBYX CIMHHBIX CTBOpPKaX
(28.6 %). Hu y onnoro oOpa3ua cBepiieHUsI HEe ObUIM OOHApyKEHbI cpa3y Ha 00eHx CTBOpKax. YKa-
3aHHBIC UQPBI TOBOPAT O TOM, YTO JUI OPraHU3MOB, aTAKOBABIINX OpaxuOINO, NPEANOUYTUTEIIbHEE
ObLIM OpIOIIHBIE CTBOPKU. DTO BBIMVIAIUT €CTECTBEHHO, TaK KaK y JIaHHOTO BMJA CIIMHHAS CTBOPKA
Ooutee mI0CKasi, 4eM OpIOIIHAs, U UMEHHO Ha Hell B3pocible 0COOU, CKOpee BCETo, U JISKAIU Ha TPYHTE.
[Tpu TakOM NOJIO’KEHNU UMEHHO OpIOIIHAs CTBOPKA MOTJia ObITh aTaKOBaHA XHUITHUKAMHU.

OOBIUHO CBepJICHUS ABISAIOTCS €AMHUYHBIMH. JIMIIb Ha ofgHOM 0Opasile Ha OPIOIIHON CTBOpPKE
HaOIOAMCh Cpa3y YeThIpe nepdopaiuu, pacinoyioKeHHbIE HEAAIeKo APYT oT apyra. Becero o6Hapy-
eHo 10 orBepcTHil.

Pacnonoxxenne mepdoparuii paznuano. Ha GoapmmHCTBE OPIOITHBIX CTBOPOK (4 3K3eMILISIpA)
CJIEJIbl CBEPIJICHHUM pacroiaraloTcsi MpUMEpPHO B UX IeHTpe. JIUIb Ha 0JHOI OpIOIIHON CTBOpPKE Mep-
dopanmst HabIIOATaCh HETOCPEACTBEHHO Y KOMUCCYPHI, paspylias nepeaHuil kpail crBopku. Ha
CIMHHBIX CTBOPKaxX CBEpJCHHs NPHUOMIKEHBI K Komuccype. OnHO M3 HHX pacrojiaraercs cjeBa
OT MaKyIIKH, a JPyroe — HeJaJleKo OT MepeTHEro Kpasl.

Cnenpl cBepiieHHMI BepTHKaJIbHBIC, HENTyOOKHE, HE Cy)Kaloluecs Mo Mepe yrayosnenus. Pasmep
niepdoparuii BappupyeT Ha OpromHbIx cTBopKax oT 0.3 1o 1.0 MM; Ha criuHHBIX cTBOpKax — 0.5-0.6 MM.
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Pazmepsr nepdoparuii Ha pa3HbIX CTBOPKAX MICHTUYHBL. HECKONBKO OONBINMIA TUAa30H UX W3MEHEHUS
Ha OPIONIHBIX CTBOPKAX O0BSACHSACTCS OOJIBIIUM YHCIIOM CBEPIICHUN.

W3 oOHapyKEHHBIX OTBEPCTHI OOJBIIMHCTBO SBIAIOTCS HEMOJHBIMH. JIMIIb OHO M3 HUX, CYIS
[0 COXPAaHHOCTH, BO3MOXKHO, SIBJSIETCSI CKBO3HBIM, IPOCBEPJICHHBIM C YETBEPTOM TMOMBITKH OJHUM
CBEPJIMJIBIIMKOM (OpIOIIHAsi CTBOPKA ¢ YeThIpbMs nepdoparusmu). B OonbIIMHCTBE cilydaeB cBepIe-
HUS MPEACTaBIIEHBl KPYIJIBIMU BbleMKaMu. JIUIIb OIHO OTBEpCTHE, PACHOJIOKEHHOE y CaMoro Kpas
OpIOIIHOM CTBOPKH, SIBJISETCS] OBAIBHBIM.

MO>KHO NPearnoaoKuTh, YTO OOHAPYKEHHbIE HAMU OTBEPCTHS OCTABUIM UMEHHO XMIIHBIE TaCcTPO-
TM0/IbI, HATAJaBIINe HA )KUBBIX OPaxuoMoI.

[Ipukpenyienue N3y4eHHbIX MUKPOKOHXHU MOTIJIO ObITh KaK MPUKU3HEHHBIM, TaK U IOCMEPTHBIM.
B nonp3y npuKu3HEHHOT0 NPUKPEIJIEHHS CBUAETEIBCTBYET PACIIOIOKEHNE MHOTUX U3 HUX Y CaMOro
Kpasi nepeaHeil KOMHUCCYpbI, B TOM YKCJIe HAJIMYUE THPJISHABI U3 TPeX OJUHAKOBOTO pa3mepa TPYOoK,
PacIoIOKEHHBIX NMapaUIeIbHO TIOOHOMY Kparlo.

B monb3y mocMepTHOrO NPUKPEIUIEHHS TOBOPUT PACHOJIOKEHHE MaJeOKOHXYCOB Ha 00eux
CTBOpKax Opaxvomno], He3aKOHOMEPHOE paclpeziefieHHe Ha paKoBUHAX Opaxuono TpyOOK pa3IudHO-
ro pa3Mepa, a TaK)Ke PacrooKeHHE y OJTHOTO 00pa3iia TpPyOOK Ha BHYTPEHHEM SApe OpaxHuomobl.

[Tocenenne MITaHOK Ha U3YYEHHBIX aTPUNKAX B OOJIBIIMHCTBE CIydaeB ObLIO MPUKU3HEHHBIM.

OO0 3TOM CBUAETETBCTBYIOT HAXOAKH OOJIBIINHCTBA KOJIOHUN MIIAHOK B HETIOCPEICTBEHHOM OJH-
30CTH OT KOMHCCYPBI (HEKOTOPBIE KOJIOHMHM CTPOrO OrpaHUYeHbl Komuccypol). IIpukpennenue y ko-
MUCCYPBI, PSIIOM C BXOJSUIMM MOTOKOM BOJIbI, CO3/JaBa€MbIM HaXOIMBIIUMHUCS B MTOCTOSSHHOM JIBHIKE-
HUM pecHuYKamHu Jopodopa Opaxuornoapl, 00ECredrBaIo MIIAHKaM JIy4IIUE YCIOBUS MUTAHHUS. DTO
MO3BOJISJIO MOJIY4aTh KUCIOPO. AJIs AbIXaHHUSL.

OOHapyxeHue €IMHCTBEHHOM KOJIOHMHM MILIAHKH, PAcIOJOKEHHOW Ha MepenHed KoMuccype,
OJIHO3HAYHO CBUJETEILCTBYET O MOCMEPTHOM IOCEJIIEHUH MIIAHOK, TaK KaK >KHUBbIE Opaxuornopl,
NPUOTKPBIBAst CTBOPKH, MPETSATCTBOBAIIH IEPEX0ly oOpacTaTesieil co CTBOPKU Ha CTBOPKY.

Ha nmomto pakoBuH ¢ mukpokoHxuaamu mnpuxomutcs 31.1 % ot oOmero 4ymcia M3y4eHHBIX
Iowatrypa timanica, ¢ mmankamu — 5.4 %, ¢ npogyktuaamu — 1.7 %, co cnenamu csepienuit — 2.0 %.
Ot uudpel yKa3bplBalOT Ha M30MPATENbHOCTh MPUMEHEHHS Pa3IUYHBIMH OpraHU3MaMH aTPUIU
B KauecTBe cyOcTpara M Ha KpailHE pelKoe MHCIOJIb30BaHHWE TacTPONOAaMU pakoBUH lowatrypa
timanica B kaudecTBe nuimu. [lomydeHHble 1UQpBl, B CBOIO OuYepeab, MOTYT KOCBEHHO TOBOPHTH
U O YHCJICHHOM COCTaBE pa3IMYHBIX OECIIO3BOHOYHBIX B IMaJICO0HOIICHO3aX.

CHucoK JINTepaTyphl
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KOB Ha pakoBMHax atpumuj lowatrypa timanica (Markovsky) (Brachiopoda) u3 cupadoiickoii cBUTH (BepxHedpaHCKUH
noawsipyc) FOxuHoro Tumana / Manosaruu. Hayka. O6pasoBanue. 2023. Ne 89. C. 41-55.
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CTPOEHME JIEJHUKOBOM I'PSIJIbI OHIOMO3EPCKHE KENBBI
(IOI' KOJIBCKOTI'O ITIOJIYOCTPOBA)

Koaienko H.A."?, KopcakoBa O.I1." %3, Bamkos A.A."3, ToJscTtoOpoB ,Z[.C.1

! Feonoauyeckuii unemumym Konvcrkoeo nayunozo yenmpa PAH, nik.kovalenko2000@gmail.com
? Mypmanckuii apkmuyeckuii ynugepcumem (dpunuan MAY 6 o. Anamumer)
’ ®I'BY « BHUHOkeanzeono2usy

BBenenue. I'psana Ongomosépckue KeliBbl pacnosiokeHa B 10KHOM 4yacTh KoJbCKOTO MOJIyoCT-
poBa Ha paccrosiHuU 28—32 KM OT cOBpeMeHHOro Oepera bemoro mopsi, ¢ ceBepa OHa OrpaHUYeHa Je-
npeccuent ¢ korsoBuHaMu o3ep Bepxnee Onnomosepo, Cpennee Onnomosepo u Huxnee Ongomose-
po, 03. Menkoe u 03. UépHoe. D10 1oro-zamajaHas 4actb Oojiee KpymHOro odpa3oBaHus — Tepckux
KeiiB, kotopoe cocrout u3 rpsa Keiisa I u Il u tanetrcs Ha 300 kM, MOBTOPSISi KOHTYP COBPEMEHHOTO
nobepexbs Konbckoro momyoctposa (puc. 1).

p. Mo

—F
\ - / Puc. 1. [Tonoxenne Tepckux Keiis
\ ",‘V (KOpMYHEBBIM MOKA3aHA TSI
'\ o _\ ( % \ Keiia I, 3enmensmm — Ketipa 1I)
H O

[udpamu nokaszauns! o3epa: 1 — ba-
603epo, 2 — Psa6o3epo, 3 — HumwxkHee
Onnmomosepo, 4 — Bepxuee OHIO-
Mo3epo, 5 — Menkoe, 6 — YUepHoe

p Llasanbra ‘i’{emﬁ\" olr‘c? -

I'pana Keiia II, Bxmouaromas Onpomos€pckue KeiiBbl, nmeer mmpuny ot 0.5 no 3.5 km
U SIBJIsIeTCsl MHOTOrpeOHEBBIM 0Opa3oBaHueM. Ha ceBepo-3amagHoM ckiIOHE Tpsasl BOKpYr OHIoMO-
3epckux o3ep W babo3epa BCTpedaroTCsi PeNUKTOBBIE OEpPEroBBIC JHMHUM HAa OTMETKax okoio 160 m
H.y.M., 4TO Ha 20 METpOB BBIIIE COBPEMEHHOI'O YpOBHA yKa3aHHBIX 03ep. [1o Bceil 30He Tepckux Keiis
MPUCYTCTBYIOT TPOSIBICHUS JIETHUKOBOW JIMHEMHOCTH (IPYyMIIMHBI, HaJOKEHHbIE HA MOPEHHBIE TPSIbI,
03bl, KaHAJIbl CTOKA M CBS3aHHBIC C HUMHU BOJHO-JICTHHKOBBIC OC3JKH). Marepuan Ha MOBEPXHOCTH
KeiiBbl Il cocTouT M3 cMecu mecka ¢ rajJbKol U BalyHaMH, CPEIU KOTOPBIX MHOTO sppartuyeckux. [lo-
BEpXHOCTHBIN Marepuan rpsasl Keiia I mpeacrasnen rinaBabiM oOpa3om twmioMm (Héttestrand et al.,
2007). Bayrpennee crpoenne OHmomo3épckux KelB paHee HE M3ydalloCh, MOATOMY IENBIO PAOOTHI
OBUIO OMpeesIeHHEe T'€0JIOTHUECKOT0 CTPOSHHUS U BEIIECTBEHHOTO COCTABa CJIAraroIluX UX OCaKOB, YTO
HE00XO0MMO JUI YTOUHEHHS] MOJIENHN ACTIIALMAIMKI B BOCTOUHOM yacTi Koabckoro perrona.

MeTtoanka padoT BKJIIOYAIa U3yUYEHHE CTPYKTYPHO-TEKCTYPHBIX U JIMTOJOTHUYECKUX OCOOEHHO-
CTeil OTI0XKeHUH, GOPMUPYIOUINX TIPSy, MPU MOMOIIM KOMIUIEKCA T'€0JIOTUYECKUX, TeoMOp(OoIoTu-
YECKUX U CTPYKTYPHBIX METOJIOB, a TaKXke MeTporpapuieckoe onucanue nuiM@os, MOIyISHHBIX U3
rajek, OTOOpaHHBIX U3 ITyp(}HOB U OOHAKCHH.

PesyabTaTthl. Bo Bpems noseBbix padot B 2023 1. n3ydanuch ocaiku B mypdax U oOHaKEHUSX,
pacroyioXeHHbIX B pa3HbIX dacTax Oumpomosépckux Keits (puc. 2). Haubomnee mokazarenbHbIE pa3pe-
3561 OBUIH HCCIIENOBaHBI B Toukax Habmonenus TH 2, TH 3, TH 4, TH 9.
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Puc. 2. [TonokeHue Todek HaOIIOIC-
HUS C pa3pe3aMu OCaJKOB, CJIATarOIIuX
Onpomosépckue KelBol
(ocuoBa — kocMocHUMOK Google Earth)

Touka nabmogerusst TH 2 (66°20'28.6" c. m1.; 38°23'25.7" B. A.) pacnojoXeHa Ha BEPIIMHHON
MOBEPXHOCTHU TPsIbl ¢ abc. oT™M. 280 M H.y.M. K 3amajay-roro-3amnaay oT TPUrOmyHKTa 215 M H. y. M.
I'psina B 3TOM MecTe opueHTHpOBaHa Mo a3uMyTy 75°. OcagouyHas OCIe0BAaTENBHOCTD U3ydyalach
B myp(de, OpueHTUPOBAHHOM ToTiepek rpsiabl. Ero mmpuna 1.4 M, jymmaa 4.2 M, riryouHa 2.4 M.

BckpsiTast ocagouHas nociaea0BaTENbHOCTD IIPEICTaBIEHa Ha pUCYHKe 3. B ocanouHol nocieno-
BaTEJIbHOCTHU MPEACTaBICHbl B OCHOBHOM II€CUaHbIC OTJIOKEHUS, MPUCYTCTBYET JEAHUKOBBIN Tua-
MUKTOH TIECYAHUCTBIM C TpaBUEM, Tanbkol W BamyHamu. OTIOXEHHS NePOPMUPOBAHBI, CMSATEHI.
MakpoCKONMYEeCKOe U3YyYCHUE TAJICK M3 OTIOKCHHH MOKa3ajo, YTO KPYMHOOOJOMOYHBIM Marepuai
MPEACTABJICH IUIArMOTPAHUTAMHM, IIEJIOYHBIM CHEHUTaMH, KBapleBO-TOJIEBOIINATOBBIMUA MMOPOJIAMH,
KPaCHOIIBETHBIMHU MTeCUYaHUKAMHU B aM(pUOOIUTaAMH.

C » 325 " 235 =

5 58

M
0

15 +] 20050 3B =] 4l 2004 5{= oo ]
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Puc. 3. JIuTonoruueckoe CTpoeHUE 0CaTOYHON OCIEAOBATEILHOCTH
B Touke HaOmoaeHust TH 2 (mo: Bamkos u ap., 2023):

1 — KOpeHHbBIE KPUCTAIMYECKNE OPOABL, 2 — TAJI€YHUK C TPABUEM U BATyHAMH, 3 — TUAMHUKTOH I1ecya-
HUCTBIH C TpaBHEM, rajlbKOH U BalyHaMu, 4 — €COK Pa3HO3EPHUCTHIN, MOHOTOHHBIN, C TPaBUEM U Baly-
HaMH, 5 — MECOK Pa3HO3EPHUCTBIN, CIOUCTHIM, C TpaBUEM M BalyHaMmH, 6 — MECOK MENKO-, TOHKO3EPHU-
CTBIH, CIIOUCTBIHN, 7 — aJ€BPUT C IPOCIOAMU MECKa MEJIKO- U TOHKO3EPHUCTOr0, 8 — ajeBpPUT C MPOCNIOs-
MU INHHBL, 9 — pa3pbiBHBIE HapylieHus, 10 — Iecok KpyImHO3EpHUCTBIM, CIOUCTSIH, C rpaBueM, 11 — mecok
MEJIKO-, CPEAHE3EPHHUCTBIH, CIIONCTHIH. [[BeT ocanKoB NpHONIMKEH K €CTECTBEHHOMY

Touka nabmonenus TH 3 (puc. 2) HaXOAUTCS HA MMOBEPXHOCTHU TPSAIBI CEBEPHOTO 0OpaMIICHHS
HauBeIciiedn vactu Ownpomoszépckux KeiB. 3geck Obln 3amoxken mypd (66°2040.4" c. .,
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38°23'46.9" B. n.) TmyOHHOM 1 M, KOTOPBIM BCKPBITHI PBIXJIbIE, CIIOUCTHIE (CIIOMCTOCTD JIMH30BHIHAS)
Pa3HO3EpHUCTBIEC IECKU C TPABUEM U TaJIbKOM.

Touka nHabmoaenuss TH 4 (puc. 2) pacnonokeHa Ha BEpIIMHE X0JIMa ¢ OTMETKO 186.5 M H.y.M.,
KOTOPBII BXOAUT B MOP(OIOTHUECKUI KOMIUIEKC XOJIMHUCTO-TPSI0BOr0 penbeda. 31ech OblT 3aJI0kKEH
mypd (66°20'08.1" c. mr., 38°23'32.2" B. n.) rmyOuHONH OKOiO 1 M, KOTOpPBI BCKPBLI TaJIeYHO-
BAJIYHHBIIl MaTepHall C IECYaHO-AJICBPUTUCTBIM 3aIIOJIHUTENIEM; [IECOK Pa3HO3EPHUCTBIN (IIpenmylie-
CTBEHHO MEJKO3E€pPHMCTBHIN), NbliIeBaThld. Ha HEM 3aseraer 1MaMuKTOH, IPEACTABICHHBIN aleBpUTH-
CTBIM IIECKOM C OOJIBIIUM KOJIMYECTBOM I'PABUs, T'aJIbKH, BATYHOB.

B toukax nabmonenus TH 5 — TH 8 (puc. 2) BCKPBITBI TOJIBKO CIOUCTBIEC MECYAHBIE OTIOKEHUS
C IPUMECHIO I'PaBUsl, FAJIbKH, BAJIyHOB.

Touka nabmogenus TH 9 (puc. 2) pacnonokeHa Ha CKJIOHE HEOOJIBIIOTO X0JIMa, TJI€ B PACUHCTKE
(66°16'40.1" ¢. m1., 37°55'08.5" B. 1.) ryOuHO#M 1.1 M BCKPBIT TUaMHUKTOH, MPEACTaBICHHBIN TJIMHH-
CTBIM QJIEBPUTOM C I'PAaBHEM, T'aJbKOM, BAJIyHAMHM, C IIPOCIIOSIMU M JIMH3aMHU niecka. CBepXy 3aieraer
IUTOTHBIM MEJIKO3EpHUCTBINA NECOK ¢ MEJIKUM IPaBUEM M 3€pHAMH KPYITHO3EPHUCTOTO MECKa.

OO0cyxaenue u BbIBOAbL. B ctpoennu rpsapl OngoMo3épckue KeliBbl yuacTBYIOT IPEUMYIIIECTBEH-
HO BOJIHOJIEHUKOBBIE OTJIOKEHHs. DTU OTJIOKEHHSI B OCHOBHOM 3aJIeraloT Ha JJOHHOW MOpeHe HeOOoJIb-
10K MOIIHOCTU. B CTpOeHMM IpsiioBOro M XOJIMHCTO-TPSIOBOTO penbeda, MpeacTaBIeHHOTo BAOb ce-
BEPHOI'0 CKJIOHA BO3BBIIIEHHOCTH M HAa Y4acTKEe K BOCTOKY OT 03. Menkoe, (IoBHOIIALMAIBHBIE OTJI0-
JKEHHS TIPEJICTaBICHbI B BUE 030B. B 3amagHol 4acTy BO3BBILICHHOCTH 3T OOpPA30BaHUS MEPEKPHITHI
JMMHOIIIALMAIBHBIMU OcagkaMu. Ha 10)KHOM CKJIOHE BO3BBIIIEHHOCTH XOJIMUCTBIE MACCUBBI UMEIOT I10-
KPBIIIKY U3 JUAMUKTOHA, KOTOPBIHA 110 CBOUM TEKCTYPHO-CTPYKTYPHBIM IIPU3HAKaM COOTHECEH C JJOHHOM
MopeHou mnportanBaHus (Kamnmsackas, TapHorpaackuii, 1993). D10 0o0BsCHSIETCS HACTyNMaHHEM MaJlo-
MOIITHOTO JIEJHHUKA C I0ra BO BPEMS €ro KpaTKOCpOouHOU akTuBu3anuu (Bamkos u ap., 2023).

BoaHoe1HUKOBBIE MTECKU BEPXHEro sipyca BO3BBIMIEHHOCTH (pHUC. 3), KOTOPbIE XapaKTepusy-
IOTCS HApYIIEHHBIM 3aJIeTaHUEM M YIJIOBBIMH HECOTJIACHSMHU Ha T'PaHUIE OTACIBHBIX MX OJIOKOB,
HEPEKPHITHI IUIAEO0pPa3HbIM TOKPOBOM HECOPTHUPOBAHHBIX OTIOKEHUH € OOJBIIMM COAEPKAHUEM
I'paBUsl, TaJbKU W BaJyHOB, MO JINTOJIOTO-CTpATUrpapUUIEeCKUM MPU3HAKAM OTHECEHHBIX K aOsIu-
oHHOM MopeHe cribiBanus (Kamnmsackas, Taprorpaackuii, 1993). YcnoBus 3aneranus u nedopma-
IIUM BOJIHOJICTHUKOBBIX U JICITHUKOBBIX OTJIO)KEHUH YKa3bIBAIOT HA TO, YTO ATH Ae(opmaiuu BbI3Ba-
HBI J1aBJICHUEM JIETHUKA C 0ora Ha ceBep. Takas majneorisiuoaornyeckas no3sunust OH1oMo3EpCKUX
KeiiB BiucsiBaetcs B ol1iee npeacrasieHne o0 oopazoBanuu Beeit rpsaasl Keiisa 11 (Hittestrand et al.,
2007), 9acThI0 KOTOPOU OHHU SIBIISFOTCSI.

[Tonmy4yeHHbIE TaHHBIE O JTUTOJIOTO-CTPATUTPAPHUECKOM CTPOCHHUU pa3pe30B MOKa3alld, 4To rpsia
Onnomozépckue KeiiBbl croxkeHa INIaBHBIM 00pa3oM BOJIHOJEIHUKOBBIMU OC3JIKaMH, KOTOPBIE OT-
KJIaIbIBAJINCh Y Kpas JeAHuKa. X KpaeBas MO3MLUS CIIEAYEeT U U3 JaHHBIX, IPEACTABICHHBIX paHee
1o pe3ynbTaTaMm JaemudprupoBaHus AUCTAHIIMOHHBIX MatepuaioB (Héttestrand et al., 2007). Matepu-
a1 Ipu uX (OPMUPOBAHUHU TIOCTYMAII U C CeBepa, U ¢ tora. [loaydeHHble JaHHBIE O MeTporpaduyeckoM
coctaBe Ipy0000IO0MOYHON (PpakiUKM CBUIAETENBCTBYIOT O HAJIMYUHM TajeK TEPCKUX IE€CYAHUKOB,
HAXOJALIMXCS B KOPEHHOM 3aJIETaHUU Ha I0Te 10 OTHOLICHHUIO K M3ydaeMoMy o0bekTy. Kpome Toro,
BBISIBJICHBI TAJIbKM CUEHUTOB, KOTOPBIE MOIIM OBbITh NPUHECEHHBIMU JIETHUKOBOM JONACThIO, HAXOMS-
nieiicsa Ha ceBepe 1o oTHoueHuto k Onnomo3épckum KeliBam.

Paboma sevinonnsanace npu gpunarncosoii noooepaicke epanma PH® Ne 22-17-00081 u uwacmuuro
6 pamkax 2oczadanus no meme ' KHI] PAH FMEZ-2024-0007.
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INETPOI'PAOUYECKHUE OCOBEHHOCTHU METACOMATHUTOB
MEJHO-ITIOP®UPOBOT'O MECTOPOXKAEHUA MUXEEBCKOE (YPAJI)

KopocTtblies A.B.
Canxm-Ilemepbypackuii 2ocyoapcmeennulii yHueepcumem, aleksander_korostylevi@mail.ru

BBenenne. MuxeeBckoe MeAHO-MOP(OHUPOBOE MECTOPOXKICHUE pacmoiioxkeHo Ha HxHOM
Vpane, B UensOounckolt oOiacTu, U OoTHOCUTCS K 3aypanbckoi merazone ([lmorunckas, 2010).
MecTopoxaeHue OTHOCUTCS K HOBOHMKOIIaeBCKOMY PYIHOMY Yy3I1y, KOTOPBI YCIOBHO pa3ieileH
Ha HoBoHukonaeBckyro, MuxeeBckyto U YIbsiHOBCKYIO 30HBI (I'pabexeB, 2014). OcHOBHBIMU
BMEIIAIOIIKUMHU TIOPOJIaMU pailoHa SBIIAIOTCS JEBOH-KApOOHOBBIE BYJIKAHOI'€HHO-0CAJOYHBIE TOJIIN
(ITnotuuckas, 2010).

MuxeeBCKHI pyIHBIH KOMIUIEKC HETIOCPECTBEHHO CBS3aH C JBYMS T'€0JOTUYECKUMU OOBEK-
TaMH: Pa3jioOMOM CEBEpP-CEBEPO-BOCTOUHOIO MPOCTUPAHUS M UHTPY3UBHBIMHU TelaMu — JAailkamu
IPAaHUTOUJOB, CEKYIIMMH OCagouHble ToimHM. [lmactnHOoOOpa3Hble, KpyTO3aJleralonue pyJaHbIe
TeJla PacIOoJIOKEHbI MPEUMYIIECTBEHHO BO BMEIIAIOIIMX MOPOJax U MaJaloT COTJaCHO 3aJleTaHUIo
UHTPY3UH.

MertacomaTuyecKue Mpolecchl MHUPOKO pacnpocTpaHeHbl B MuxeeBckol 30He. B 1ieHTpanbHOi
YacTH 30HBI MIPE00IaiaeT CepUIUMTH3ANNS JaeK TPAaHUTOUIOB, a OMMKe K KpasiM OOJbIle MPOSBICHBI
IpoLiecChl XJIOPUTH3ALUUU U CEpULIMTU3AINKN TopoAa. Bmematoniue 6a3ainbThl TakkKe IMOJBEP>KEHBI
MeTacoMaTu3My: Habmoaercs oopasoBanue nponmiutos (I'padexes, 2014).

[lepBuuHOE OpyAeHEHHE MPEACTABICHO IITOKBEPKOM IPOKHUIKOBBIX U BKPAIUICHHBIX Py
(Antymwkus u 1p., 2019). OcHOBHBIE pyIHbIE MUHEPAJIbI — MUPHUT U XaJIbKOIUPHUT, TAKXKE BCTpEUa-
I0TCS OOPHUT, MOJIMOJICHHUT, apCEHONUPHUT, callepuT, TAICHUT, OJeKibie pyasl, 301010 (IlmoTuH-
ckas, 2010). CynbpuaHbIM TeraM IpeIIecTBYIOT CUIIMKAaTHbIE 00pa30BaHuUsl, COCTOSIINE U3 IIUI0-
Ta, xjJoputa u aktuHonuta (I"padexes, 2014).

MatepuaJjbl 1 MeTOAbI HcciaenoBaHus. [IpoBeneHo nerporpadguueckoe UccaeI0BaHUE MPO3pad-
HO-TIOJIMPOBAHHBIX NUIHM(OB, 00pa3IIbl U1l KOTOPBIX B3ATHI U3 ABYX CKBAKUH MHXEEBCKOTO MECTOPOXK-
nenus. JInsg merporpaduyeckoro omucaHusi MOPOJ HCIOJIB30BAICS TMOJSIPU3AUOHHBIA MHKPOCKOI
Leica DM2500 P.

W3 Bcex nccnenoBaHHBIX ONTUYECKUMU METOAaMHu 00pa3lioB 0ToOpaHbl 6 Hanbojee MpeacTaBu-
tenbHBIX. [Ipu ux oTOOpe, B MEpBYI0 Ouepeb, YUUTHIBAJICS MUHEPAIbHBIM COCTaB, COCTaB M3HAYAIb-
HOM MOPOJIbI, a TAKXKE BCE 00PAa3Ilbl JOJDKHBI ObUIM UMETh PA3THMYHYIO TIYyOHMHY 0TOOpa, YTOOKI ObLIIa
BO3MOXHOCTH IIOCTPOUTH TEMIEPATYPHBIH MPO(UIIb MO MOTYYSCHHBIM JaHHBIM.

XUMHYECKHI COCTaB Mopoj; 0ToOpaHHbIX 00pa3ioB u3ydeH B PL] CIIOI'Y «I'eomozenb» Ha cka-
HUpYIOIIEM 3JIeKTpoHHOM Mukpockorne Hitachi S-3400N ¢ sHeprogucnepcHOHHON HPHUCTaBKOM
Oxford Instruments X-Max 20. OCHOBHOM HEJBbIO TIPOBEICHUS dJEKTPOHHO-30HI0BOTO MUKpOaHaIN3a
ObUIO YTOYHEHHE JJAHHBIX, TIOJTYYEHHBIX MPU NEeTporpauueckoM aHajau3e, a TAKKe IMOIydeHHue XUMH-
YECKOr0 COCTaBa OCHOBHBIX METACOMAaTHYECKHX MHUHEPAJIOB Ul ONpenesIeH s yCIOBHM UX 00pa3oBa-
Hus. [locne pacyera XUMHUUECKOTO COCTaBAa OCHOBHBIX METACOMAaTHUYECKHX MHHEPAJIOB MCCIIETYEMbIX
NopoJ1 OBLIIM pacCUUTaHbl BO3MOXHbBIE YCIOBHUS UX 00pa3oBaHUSI.

BbapomeTpuueckue ycnoBust 00pa30BaHUsI TATAHUTOB OBLIN ONPEIEICHBI C IOMOIIBIO SMIUPUYE-
ckoro 6apomerpa (Erdmann et al., 2019). Jlns pacueTa ucnosib3oBanachk popmyna:

P (xbap) = 1.02 x Al,O3 B TuTanure (B macc %) + 0.59.
[Ipu pacyerax He yUYHUTHIBAIUCH JaBiieHus MeHee 2 kbap u 6osee 5 kbap, uTo cBs3aHO C orpaHu-
YEHUSIMU HCTIOJIb3yeMOoro 6apomerpa. Pe3ynbraThl pacdeToB ObLIM CBEJCHBI B TAOIUILY.

Temneparypsl pacculTaHBI 10 OTHOLICHUIO KOJIMYEeCTBA (YOPMYIBHBIX €AWHUI Si K KOJIHYECTBY
(OpMyIBbHBIX €IMHUI] IByXBAJICHTHBIX KaTHOHOB B xsoputax (Bourdelle, Cathelineau, 2015).

Iemposzasoock, 1—4 oxmsbps 2024 . 87



Mamepuanvt XXXV MO100eXHCHOU HAYUHOU WIKOIbI-KOHpepeHyuu, noceawenHou namsamu uiena-koppecnondenma AH CCCP K.O. Kpamya u akademurxa PAH @.I1. Mumpoghanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI'MH, 'EODQH3UKHU U 'EOOKOJIOI'H

Pe3yabTaThl ncejeqoBaHusa. B pe3ynbrare onTHYECKOTO UCCIEA0BaHUS 00pa3IoB OOHApYKe-
HBI JIB€ OCHOBHBIE accollMalid MeTracoMaTuToB. [lepBas — mponuauToBas, COCTOAIIAsA U3 XJIOPUTA,
amduoona (mpeuMyIIecTBEeHHO aKTUHOJIUTA), SMHUI0Ta U KayibluTa. Hanbonee yacto moio0HbBIM 1pe-
o0pa3oBaHMsAM ObUIH MTOJIBEPKEHBI BMEIIAIOIINE BYJIKaHUYECKHUE MTOPOIbl OCHOBHOTO cocTaBa. Bropas
accoluanus — KBapIl-CepuiuToBas. Ee OCHOBHBIMU MUHEpAIaMH SIBIISIFOTCS KBAPIl, CEPUITUT, KAJIBIIUT.
Haubonee yacto 3Ta acconuanys nposiBiieHa B Aaikax, pa3BUBasCh O TUOPUT-TIOPPHUPaM.

CTOUT OTMETHUTD, YTO 3TU ACCOIUAIUN HE SBISIOTCS B3aMMOUCKITIOYAIONINMH U HEPEIKO BCTpe-
YaIOTCS BMECTE B OJTHOM M TOM K€ MOPO/Ie, B KAYE€CTBE PA3HOBO3PACTHBIX 00pa30BaHUM.

C nomol1pI0 31EKTPOHHO-30H0BOT0 MUKPOAHAIN3a MOJIy4eHO 296 TOUEUHBIX aHAIN30B, MOJIXO0-
JSIUX JUTSE UX Tocaeayromei oopadotku. MccnenoBansl Hanbosiee paclipoCTpaHEHHBIE METaCOMATH-
YECKUE MUHEPAJBL: XJIOPUT, aM(pUOOIBI Pa3TUIHOTO COCTaBa, SMUIOT C IOM3UTOM M TUTAHUT. OTO-
Opanbl HauboJiee YAOBIETBOPUTEIbHBIE CHEKTPHI, 0 KOTOPBHIM pacCUUTaHbl (OPMYJIbI MUHEPAJIOB.
Bce ¢gopmynel paccuuTaHbl IO KOJIWYECTBY aHUOHOB. C HMCTIOJIB30BAaHHUEM DPACCUUTAHHBIX (POPMYI
MUHEPAJIOB BBIYUCIICHBI YCIOBUSA UX OOpa30BaHUs: AABICHUS (11 TUTAHUTA) U TEMIEPATyphl (IS
xyoputa). Pe3ynpTaThl pacueToB qaBieHus mo coaepxkanuio Al,O; B TUTaHUTE CBEJIEHBI B Ta0IuUILy 1.

Tab6auna 1. PacueT nasienuii o conepkanuio Al,O; B TuTaHKUTE

Ne mmdpa Criextp Conepkanue, B Macc % P (xBap)
MgO Al,O; SiO, CaO TiO, FeO | Cymma

1017 2.5 Cnexrp 41 1.94 32.99 | 29.22 | 38.05 1.3 103.5 2.5688
1019 27.75 Cnexrp 121 2.59 30.35 27.79 | 33.62 | 0.59 94.94 3.2318
1019 27.75 Cnexrp 134 2.06 30.54 | 28.12 | 3632 | 044 97.48 2.6912
1019 27.75 Cnekrp 135 2.73 30.08 | 28.03 | 34.33 0.73 95.9 3.3746
1019 441.5 Cnexrp 197 245 31.02 | 28.85 | 36.79 1 100.11 3.089
1017 231.75 Cnexrp 258 0.3 2.51 2997 | 27.76 | 35.89 1.45 97.88 3.1502
1019 594.5 Cnekrp 275 1.03 1.44 33.33 26.11 | 32.66 | 3.29 97.86 2.0588
1019 594.5 Cnekrp 293 1.79 31.25 28.3 36.17 1.62 99.13 2.4158

[To paccuntaHHBIM (OpMYIIaM XJIOPUTOB COCTABJICH TPapuK OTHOUICHUS KOJIUYECTBA (POPMYIIb-
HBIX €UHUI] Si K KOJIUYECTBY (OPMYIbHBIX €IUHUIl ABYXBAJICHTHHIX KaTHOHOB (puc. 1). Ha ero
OCHOBE COCTaBJICHA TaOJIUIIAa TEMITEpATyp AJI XJIOPUTOB (TabI. 2).

Al-free
Chlorite

a——

R¥*=1

Clinochlore
Daphnite

Si /014 [apfu]

R¥*=2

o

®75125¢ Yo "
125-175°C

2 4 @ 175-225°C

@ 225275°C

@ 775-325°C ‘o

@ >325°C

T

2 3 4 5 6
a | R2* /014 [apfu]
Puc. 1. I'paduk oTHOMmIEHNS KOTMMYECTBA (POPMYJIBHBIX €AMHULL Si K KOTUYECTBY

(OpPMYNBHBIX €HHUL] IByXBAJICHTHBIX KATHOHOB B XJIOPHUTaX (@) 1 OH ke KpynHee (0).
UYucnamu Ha BBIHOCKAX MTOKA3aHbI HA3BaHUS CIIEKTPOB
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Tabauua 2. Temneparypbl 00pa3oBaHUs XJIOPUTOB

Ne mmuda CriexTp T, rpan C T, rpag C, ycpenneHHas
1017 2.5 Crextp 7 275-325
1017 2.5 Cnekrp 10 >325
1017 2.5 Coexrp 11 >325
1017 2.5 Coekrp 12 275-325
1017 2.5 Cnekrp 13 >325
1017 2.5 Coekrp 14 >325
1017 2.5 Cnekrp 20 >325
1017 2.5 Coekrp 21 >325
1017 2.5 Cnekrp 23 275-325 >325
1017 2.5 Cnekrp 25 >325
1017 2.5 Cnekrp 26 275-325
1017 2.5 Coekrp 31 275-325
1017 2.5 Cnekrp 32 >325
1017 2.5 Cnektp 33 >325
1017 2.5 Cnekrp 35 275-325
1017 2.5 Cnektp 38 >325
1017 2.5 Coekrp 44 >325
1017 154.50 Cnekrp 48 225-275
1017 154.50 Cnekrp 62 275-325
1017 154.50 Cnektp 67 225-275 275-325
1017 154.50 Cnekrp 69 275-325
1017 154.50 Cnekrp 76 225-275
1019 27.75 Cnexrp 111 275-325
1019 27.75 Cnexrp 118 275-325
1019 27.75 Cnexrp 119 225-275
1019 27.75 Cnexrp 123 275-325
1019 27.75 Cnexrp 136 275-325
1019 27.75 Cnexrp 137 225-275 225-275
1019 27.75 Cnekrp 163 275-325
1019 27.75 Cnexrp 164 225-275
1019 27.75 Cnexrp 167 225-275
1019 27.75 Cnexrp 171 225-275
1019 27.75 Cnexrp 172 225-275
1019441.50 Crnektp 202 275-325
1 019 441.50 Cnexrp 205 275-325 275325
1019441.50 Crnekrp 215 >325
1019441.50 Crnekrp 218 275-325
1017231.75 Cnexrp 239 275-325
1017231.75 Cnexrp 240 275-325
1017231.75 Cnexrp 241 275-325
1017231.75 Cnexrp 247 275-325 275325
1017231.75 Cnexrp 248 275-325
1017231.75 Cnekrp 255 175225
1017231.75 Cnexrp 257 275-325
1017231.75 Cnexrp 259 225-275
1 019 594.50 Cnexrp 278 >325
1 019 594.50 Cnexrp 285 >325
1 019 594.50 Cnexrp 286 >325
1 019 594.50 Cnexrp 290 >325 >325
1 019 594.50 Cnexrp 294 275-325
1 019 594.50 Cnexrp 295 >325
1 019 594.50 Cnexrp 296 275-325

HOHY‘ICHHBIG TCMIICPATYpPbl BEHIHCCCHLI HAa T'COJIOTMYCCKUC Pa3pE3bl COOTBCTCTBYIOINX CKBAXKHUH
(puc. 2).
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BobiBoabl. B nannoit pabote paccmMoTpeHo MUXeeBCKOe MECTOPOXKICHHUE KaK KJIacCHYecKoe Me-
CTOpOXKJIeHHE MeqHO-nopduposoro tuna. [IpoBeaeHo ucciaenoBaHue oOUIEH CTPYKTYpbl MECTOPOXK-
JICHUS, MCCIIEOBAaHBl 00pa3lbl MPO3pPavyHO-MOIMPOBAHHBIX HUTM(GOB U3 CKBAXKUH MECTOPOXKICHUS.
CocraBrieHO meTporpaduieckoe OMUCaHUE MOPOJ, MOJYUYEHO MPEICTaBICHUE 00 OO0IIeH CTPyKType
MeTHO-TTOP(UPOBBIX MECTOPOXKACHUHN C TOUKU 3peHust nerporpaduu. BoienaeHbl 1 onucaHbl OCHOB-
HbIC MHHEPAJIBHBIE aCCOLMALUU METACOMAaTUTOB MECTOPOXKACHHUS, IOITYYCHBI NIEPBUYHBIC TPEICTaB-
JICHUSI O TUTIOXMMHU3ME M YCIOBHSIX 00pa30BaHMs MUHEPAJIOB B paMKaX JABYX CKBAXKHH.
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OIEHKA COIEPXAHUA PAJIMOHYKJINJOB B IPOGAX I'PYHTOB
BEPEI'A OHEXKCKOM I'YBBI BEJIOI'O MOPSI

Jlanuxos I1.U., SIxoBaes E.JO.
OI'BYH OUIIKUA YpO PAH, 2. Apxaneensck, pavel.lapikov.i@gmail.com

TexHOreHHble PaJMOHYKJIUABI PACIIPOCTPAHEHBI IO BCEW IJIAaHETE M BCTPEUAIOTCS B Pa3IMUHBIX
KOMITOHEHTaxX OKpyxaromei cpeasl. OHM momanu B aTMocdepy B XO/€ HCHOJIb30BAHUS SICPHOTO
OpY)KHS U aBapuil Ha aTOMHBIX JJIEKTPOCTAHLUAX. benoe Mope sABiseTcsl OJHUM U3 Hambosee UHTe-
PECHBIX MECT MCCIeIOBaHHUs HAKOIUIEHUS] TEXHOT'CHHBIX PaJUOHYKIUIAOB B APKTHKE BBUIY OCOOCH-
HOCTEW THJIPOJIOTUYECKOTO PEXUMA U HAJIMUHUs JIOKAJIBbHBIX MCTOYHUKOB TEXHOTCHHBIX PaJMOHYKIIHU-
JIOB Ha ero nodepexne (Anues u ap., 2006).

Uccnenyemast B pabote tepputopus moodepexbs OHExckoi ry0bl beroro mopst HaxomuTcs Ha
OHEeXCKOM MOTYyOCTpOBE B 26 KM OT ropoja Ouera.

[TouBs! 0. Arpel npeacTaBieHbl MECUaHBIMU AJUTIOBUATBHBIMU ITOYBAMH C BBICOKOI CTETIEHbBIO 3a-
COJICHHOCTH, Pa3HBIM COJICP)KAaHUEM U TOJIIUHON I'YMYCOBOI'O TOPH30HTA, CHIIbHO MU3MEHSIOUICHCS OT
TUIa MUKpOpelbeda.

JInst OLIEHKHM COJIepKaHUsI PAaJMOHYKIHUIIOB B MpoOax ModYB OBLI MPOM3BEACH OTOOp TpyHTa
B 5 TOYKax METOJOM KOHBEpTa C JJIMHOM CTOpOHBI kBaapaTta 1 meTp. Bce mpoOsl mouB oToOpaHb! Ha
MUKpOpenbe)e MOPCKUX OEPETOBBIX BAJIOB C INTIOCKUM CJIA00BOJTHUCTHIM WIJIH OYyTPUCTHIM PETbe(OM.

B touke I10-1 npo6sl oTOMpanuch B 7 TOPHU30HTAX, C IIaroM 5 ¢M A0 IIyOuHBI 35 CaHTHMMETPOB.
B ocTtanbHBIX YeThIpex TOYKax OTOOp MPOBOAWICS B 2 TOPU3OHTaxX C IMarom 5 cM. 3aTeM MpoObI J0-
CTaBJSUTHCH B J1a00PaTOpHIO, pocymHBaarch mpu Temneparype 105 °C no Llenbcuto 1 roMOreHn3upo-
BaJIMCh (Tabm. 1).

Tab6auna 1. [Tepedens npod

Kox mpo6st upora Hounrota Jara or6opa
Io-1 64°08742.18 38°00716.74 21.10.2023
o-2 64°08736.28 38°00722.85 21.10.2023
I10-3 64°08730.16 38°00727.59 21.10.2023
1o-4 64°08724.03 38°00742.16 21.10.2023
I10-5 64°08736.69 38°00737.63 21.10.2023

Papnonyxmuael 7¢s, ©Co, #*°Ra, #*Th u “K OTIpEICIISIIN Ha HU3KO(GOHOBOM TOJTYIPOBOTHU-
koBoM ramma-crnekrpomerpe ORTEC (CIIIA) nHa 6a3e koakcuanbHOro nerekropa GEM10P4-70 u3
BbIcokouncToro repmanus (HPGe), ¢ mpoueccopom umnynscHbIx curtanoB SBS-75 u nmporpaMMHbIM
obecrieuennem Gamma Pro. Pacder ynenpHOUM OeTa aKTHBHOCTH OMNpPEACISIA C MOMOIIBIO alb(da-
6era-paanomerpa PKC-01 «Abemus» (HTL «Ammmutynay», Poccus).

B xone mpoBenenus ucciaeaoBaHus ObUTH MOMY4YEHBI cienytonue 3HaueHus (tadn. 2). Cpennss
ylenbHas 0eTa akTUBHOCTh BO BCEX TOPHU30HTAaX IJisi BceX MpoO BapbupoBanach Mexy 280 Bx/kr
1 470 Bk/Kr. AKTUBHOCTH €CTECTBEHHBIX PAIUOHYKINIOB, TAKMX KaK 226Ra, 22Thn 40K, 3HAYUTEIILHO
HE HM3MEHSJIUCh C TIIyOWHOW, a CpeJHHe AaKTUBHOCTH JJs BCEX TOYEK NPoO0O0TOOpa COCTABWIIM:
2.8 Br/kr, 3 Bx/kr u 278 BK/KT, COOTBETCTBEHHO.

AxtuBHOCTH °’Cs I0CTHTana MakCHMyMa B BEPXHHX CIIOSX IMOYBHI (FOpH30HTEI 0—5, 5—10)
¢ OOJNBIINM COZIEpP)KaHUEM T'yMYCOBBIX BeliecTB. CpeHss aKTUBHOCTh B MIOBEPXHOCTHOM CJIOE IOYBBI
BCs cocraBuna 7.2 BK/Kr, 4TO He NMPOTHBOPEUHT MpEABIAYIMM wuccaenoBanuamu (Kpsydrionac
# 1p., 2020). AxtrBHOCTB “°CO BO BCEX TOPH30HTAX MCCICAYEMBIX P06 HE 0GHAPYKHBATIACD.
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Tabauua 2. MccrnenoBaHHbIe TapaMeTphl

Ne Touka TopusoHT Pagmarnmonusie mapameTpsl poosl, Br/kr
/Tt oTbopa Ayn., P Ra-226 Th-232 K-40 Cs-137
1 Io-1 0-5 330 Menee 4.6 Memnee 3.4 430 7.6
5-10 368 2 2 320 1.36
10-15 280 2.6 2.9 300 0.56
15-20 340 2.8 34 283 Menee 0.31
25-30 320 3 4 320 Mesnee 0.14
30-35 340 3.5 4 282 Menee 0.17
2 I10-2 0-5 360 3.2 3.8 290 11.4
5-10 340 Menee 4.3 2.3 230 2.26
3 I10-3 0-5 370 1.9 1.8 273 13.6
5-10 280 2.1 2.6 180 3.1
4 I10-4 0-5 470 3.1 3 248 14.5
5-10 450 2.5 2.9 200 9.1
5 I10-5 0-5 410 4.4 4.2 280 10.6
5-10 355 Menee 3 3.2 230 4

Takum oOpa3om, B Halieil paboTe OBLTN MOJYYSHBI TaHHBIC 110 PACTIPEACICHUIO €CTECTBEHHBIX
U TEXHOTEHHBIX PAaJMOHYKJIHMIOB B ITOYBAX HAa YYacTKE B IpeeNax 3anagHoro nodepexnbs OHExXCKo-
ro mosiyoctpona Ha O6epery OHexckoi ryosl benoro mops. [lomydeHHble 3HaUEHUsI HE TTPOTUBOPE-
qaT npeaAblaAymuMm HCCIICAOBAHUAM IO COACPIKAHUIO TCXHOICHHBIX PAJUOHYKIIMIAOB B IMOBCPXHOCT-
HOM CJIO€ TIOYB B JJAHHOM paloOHE.

J1J1st OLIEeHKM BO3MOKHOTO BO3CHCTBUS M 3HAYUMOCTH JPYTUX UCTOUYHUKOB B BUJE PaJUAIMOH-
HO-OMACHBIX OOBEKTOB OEeIOMOpPCKOro mobOepexbss Ha aKTUBHOCTH TEXHOTCHHBIX PaJIHOHYKIUIOB
B Mpo0ax IMOYB HEOOXOJAMMO TPOBECTH JIOMOJTHUTEIbHBIC HCCIENOBaHUSA ¢ OOJbIed reorpadueit
oTbopa npo0, pacIIMPEHHBIM MIEPEYHEM OMpPEACIIEMbIX PAIUOHYKIUAOB, UCIOIb3yEMbIX B BBISBIIC-
HUU MCTOYHHKA PaJMOaKTUBHOIO 3arpsA3HEHUs, a TaKkKe y4ecTh (PU3MKO-XUMHYECKHE MapaMeTphl
MOYB paiiOHa MCCIICIOBAHUS.
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OCOBEHHOCTH PEAKO3JEMEHTHOI'O COCTABA IUPKOHA
N3 JEMKOI'PAHUTOB KOMIIVIEKCA JIAI'MAH (A®I'AHUCTAH)

Jeamosa E.B.", Xamaapa H.?

1
Hucmumym zeonoeuu u ceoxpononozuu dokembpus PAH, levashova.kateryna@yandex.ru
? Canxm-ITemep6ypeckuii 2opuviii ynusepcumem umnepampuyvi Examepune II, nazifullahhamdard@gmail.com

Beenenue. C neiikorpanutamu Tpetheil (ha3pl KoMIuiekca JlarmaH Men-maneoreHoBoro Bo3pac-
Ta CBSI3aHbI MErMAaTUTOBBIE MECTOPOXKIACHUS JIUTHUS, YTO JI€JIaeT €r0 MEpPCIEeKTUBHBIM OOBEKTOM
JUTIsl BCECTOPOHHETO HAayYHOTO HcclieqoBaHus. ['eoXxuMuueckoe nccieoBaHiue HUpKOHa KaKk MUHe-
pana-uHIMKaTOpa MO3BOJISIET JesIaTh BBIBOABI 00 SBOJIONMHU BMelalle ero nopoasl. Kommiek-
cy Jlarman nmpuHaanexat o0pa3oBaHUs TPEX OTIACIBHBIX UHTPY3UBHBIX (a3, 0O0pa3yrmmx Kpym-
Hble TpaHuTHBIe MaccuBbl (Rossovskiy, Chmyrev, 1977). IlepBas ¢da3a mpeacraBieHa MelKo3ep-
HUCTBIMH U CPEIHE3EPHUCTHIMHU IPAHOJUOPUTAMHU, BTOpas aza — KPYNMHO3EPHUCTHIMU TOpdUpo-
BUJIHBIMU TPaHUTAMU, a TPEThSl — CPEAHE3EPHUCTHIMH MYCKOBUTOBBIMHU, PEXKE IBYCITIOASHBIMU
nerkorpanuramMu. Ilo MuHepalbHOMY COCTaBY JIEMKOTPAHUTHI COCTOST M3 KaJIUMEBO-HATPUEBOTO
nonesoro mmara (30-40 %), kBapua (25-30 %), nnaruokinasa (onurokias, okosuo 30 %), Mmycko-
Buta (5-10 %), HabmomaeTcs MenuTU3alusS U 00pa3oBaHHE I[OM3HUTA IO MJIaruokiaazam. Akiec-
COPHBIMHM MUHEpPAJIaMU SBJISIIOTCS allaTUT, IUPKOH, TUTAHUT, FpaHart.

OO0BbEeKT W MeTObl HCCJIeI0BAHUSI. BHYTpEHHSST CTPYKTYpa HUPKOHA, KOHTPOJIh HATMYHUS MUK-
POBKIIIOUCHHIN HM3y4YaINCh B peXuUMe 0OpaTHO paccesHHbIX A1ekTpoHoB (BSE) Ha pacTtpoBoM aiek-
TpoHHOM Mukpockone JEOL JSM-6510LA ¢ ED-cnextpomerpom JED-2200 (UI'T/ PAH). Conep-
*aHue peako3zeMenbHbIX 37eMeHTOB (REE) u peakux 3neMeHTOB B IMPKOHE ONPEAENsiioch HAa MOH-
HOM MuKpo3oHzae Cameca IMS-4f (1O ®TUAH) no crannaptHoil MeTozuke. bbuto rccaenoBaHo iBe
poOkI JIEHKOTPaHUTOB: TIpoba 18 Obl1a 0TOOpaHa U3 MTOKOOOPA3HOTO TEa, PACIIOI0KEHHOTO BOJIH-
3 CIIOAYMEHOBOTro MectopoxaeHus Ilamku; nmpoda 19 — u3 oOHaxeHui, pacloIOKEHHBIX B 12 kM
ot ropoaa Ilapys.

Pe3yabTaThl M uX 06cy:kaeHne. B uccnenyeMpix HUPKOHAX HAOIIOAAETCS OCLUIUIALMOHHAS
30HaJILHOCTbh, IPEUMYILIECTBEHHO pa3BHUTasl B KPaeBBIX 30HAX (PHUC.), TOTJA KaK B LIEHTPAJIbHBIX 30-
Hax 3€peH OHa pa3BHUTa c1ab0 WM OTCYTCTBYET. [lJIsg EeHTpalIbHBIX 30H IUPKOHOB MpoOs! 18 xapak-
TepHO Oosee BbICOKOe coxaepkanue Y (B cpemnem 2200 ppm), REE (B cpemnem 1150 ppm),
Th (B cpennem 140 ppm). Conepxxanue Hf B Hux cocraBmser 11200-34500 ppm, B cpenHeM —
19500. B kpaeBbIX 30Hax JaHHBIX IIMPKOHOB OTMeuaeTcs yBenndeHue cojnepxkanue Ca u U B 1Ba
pa3a, MOBBILICHHAS] KOHIICHTPALMs KOTOPhIX B COCTaBe LUPKOHA, KaK MPaBUIIO0, KOCBEHHO CBHU[E-
tenbcTByeT o BausHum Gaounos (Geisler et al., 2007). Conepxanne P mepemeHunBO, IpU 3TOM
B Pa3HBIX 30HAX 3€pHA OHO B CPEHEM OCTaeTcs Ha 0JlHOM ypoBHE (okoso 600 ppm). Conepxanue
Hf B kpaeBbix 30Hax mupkoHOB (15900-32800 ppm, B cpennem 24800) B 11e10M BBIIIE, YEM B I[CH-
TpaJbHBIX 30HaX. B HEKOTOPHIX 3epHAX OTMEUEHO 3HAYMUTENbHOE (IPUMEpPHO B JiBa pa3a) yBEIH-
yenne conepxkanus Hf oT neHTpanpHOl K KpaeBoii 30He (Touku 3—4, 9—10, puc.). Th/U otHomIe-
HUE B IIEHTPaJbHBIX 30HaX cocTasiseT B cpeaHeM 0.11, B kpaeBbix — 0.06. CriexTpsl pacnpenene-
Husg REE B neHTpanbHBIX U KpaeBBIX 30HAX B LEJIOM HUMEIOT CX0XKYI0 KOH(OUTYypaluio, 3a UCKIIIO-
yeHueM aMIuiuTyasl Ce-anHomanuu. Crnektpsl REE neHnTpanbHbIX 30H HUPKOHOB nuddepeHunpo-
BaHbI OT JeTkuX K TspkenbiM REE (Lun/Lay — B cpegnem 3540), oTmedaeTcst orpuiiatenbHas Eu-
anomanus (0.05-0.18) u npeumymiecTBeHHO noJjioxurtenbHass Ce-anomanus (puc., a—e), 4T0 COOT-
BETCTBYET TUIIMYHOMY ISl IUPKOHA MarMaTU4YeCcKOro reHesuca xapakrepy pacupeaenenuss REE.
KpaeBbIM 30HaM HIMPKOHOB CBOMCTBEHHBI BhIpakeHHas orpunarensbHas Eu-anomanus (0.05-0.17)
n otcyrctBytomas Ce-anomanus (0.95-4.32, B cpennem 1.66). Crenenb (pakMOHUPOBAHUS
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nerkux REE (Smy/Lay — 6—24) Huke 10 cpaBHEHUIO ¢ IIEHTpaibHBIMU 30HamMu (Smy/Lay — 13-119),
TakuM oOpa3zoM criekTp B oosactu jJerkux REE ctanoBuTCst CyOropru3oHTaNbHBIM (pHC., 6—2).

B neHTpanbHbBIX 30HaX MUPKOHOB MPOOKI 19 0TMEYEHO MOBBIIIEHHOE COJEPIKAHUE BCEX OIpejie-
JSIEMBIX IPUMECHBIX 3JIEMEHTOB, YTO OTJIMYAET UX OT KpaeBbIX 30H. [Ipexae Bcero, 1eHTpaIbHbIE 30-
Hel oboramiensl Hf (17500-23600 ppm, B cpeanem 21800), Y (B cpennem 7200 ppm), P (B cpeqnem
2400 ppm), U (B cpearem 6500 ppm), REE (B cpennem 4400 ppm), Ca (B cpennem 186 ppm). Ypo-
BEHb COJICpP KAHUSI IPUMECEH B KpaeBhIX 30HAX IIUPKOHOB HUXKE B 2—3 pa3a u Oolee, 3a UCKIIOUCHUEM
coxepxanust Hf (22600-29900 ppm, B cpeaunem 26600). Th/U oTHomIeHHe B IEHTPAIBHBIX 30HAX CO-
craBisieT B cpenHeM 0.01, Torma kak B KpaeBbIX 30HaxX oHO kpaitHe Hu3zkoe — 0.002. CriekTpsl pacope-
nenenusi REE Bo Bcex Toukax HUPKOHOB TpoObI 19 (puc., 0—e) XapakTepu3ylTCs OTCYTCTBHEM
Ce-aHOManuu M NMOHM)KEHHBIM YPOBHEM cojiep:kaHus Bcero cnekrpa REE u BBINONIOXEHHBIM CIEKT-
pom B obnactu serkux REE mist kpaeBbix 30H. Crenens ¢pakinnonuposanus jerkux REE (otHoIIe-
Hue Smy/Lay) yMeHbIIAeTCs MPU Mepexojie OT LEHTpa K Kparo 3epHa ot 29—-59 nmo 2.5-7.2, cooTBeT-
cTBeHHO. AMIuuTya 3HadeHus Eu-anomanuu cocrasisietr 0.03—0.07 u 0.05-0.11, cOOTBETCTBEHHO.
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Crekrpsl pactpenencaus REE, Hopmuposanusie k xouaputy Cl, mist nupkoHoB nipoOs! 18 (a—2)
1 1poOsI 19 (0, ) u3 JekikorpaHuTOB KoMIUIekca Jlarmas, a Takxe BSE-n300paskeHus1 IUPKOHOB
C TIOJIOKCHUEM aHAIMTUICCKAX TOYCK HOHHOTO 30H/a (IMaMeTp KpaTepoB COCTABIIAET MPUMEPHO 20 MKM)

IIpuunnoii orcyrcTBusi Ce-aHOMaJIMK MPUHATO CUUTATh CMEHY CTENEHU OKMCIEHHUS MarMaru-
YeCKOTO paciiaBa Ha 0osiee BocCTaHOBHTENbHBIE yciaoBus (Schulz et al., 2006). Ognako B 1TaHHOM
cllydae CMeHa YCIIOBHUH KpHCTaJUIM3allMM IIUPKOHA He HabmogaeTcs. B monb3y 3TOro cBHAETENb-
CTBYIOT: Tofobue crnekTpoB pactnpeneneHus REE B neHTpalbHBIX W KpaeBBIX 30HAX; OTCYTCTBHUE
3HAYMMBIX U3MEHEHUH aMmuTy el Eu-anomanuu. OHa He n3MeHsieTcst MO0 YMEHBIIAETCsI, YTO, B CBOIO
ouepesib, TOBOPUT O MOCTOSHHOM WJIM BO3pacTarolel (PyrUTUBHOCTH KUCIOPOJAa, HEOOXOAUMON ISt
oxucnenns Eu®" no Eu’’. Mamensromuiics cocras LUPKOHOB, BEPOATHEE BCEr0, CBUIECTEILCTBYET
0 TJIaBHOW 3BOJIONMH rpaHuTHOTrO pacmiaa (Claiborne et al., 2010). 'aduuii B riccneayeMspIx mup-
KOHax, KaKk yXe yKa3blBaJlaCh paHee, paclpe/eieH HEPaBHOMEPHO B IIpe/eax 3epHa: KpaeBble 30-
HbI, UMEIOIIIME OCHWIISIUOHHYIO 30HAIbHOCTh, 3HAYUTENbHO OoJee HachlieHbl Hf, ueM nenrpans-
Hele 30HBI. C poctom Hf xoppenupyercs poct conepxanus Li. [IpuasaTo cuutaTh, 4T0 CoepKaHue
Hf B nupkoHe oTpaxaeT ypoBEHb €ro COJepXkaHUs B paciljlaBe M 3aBUCUT OT MapaMeTpOB CPEIbI
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KpUCTAJIM3allMN B Tpouecce ¢paknuoHHON auddepenunanuu rpaHuTHod wMarmbl (Linnen,
Keppler, 2002; Claiborne et al., 2006). Takum o6pazom, orcyrcTBue Ce-aHOMAIUU B IUPKOHE W3
JIEHKOTpaHUTOB KoMIUIeKkca JlarMaH MOKeT ObITh OOBSCHEHO COBMECTHOW KPUCTALIM3AIUEH LHP-
KOHa C TUTAHUTOM (B MEHbILIEH CTENEHU — C alaTUTOM), IIPH ITOM CMEHA CTEIE€HU OKHCJICHHS Mar-
MaTHYECKOTo paciuiaBa Moria orcyrcrBoBaTh (Loader et al., 2022). Turanur, sBASSCH MUHEPAIOM-
koHUeHTpaTopoM Jerkux REE, Takke moxeT 3¢p(eKTHBHO BMeIIaTh B ceOsl 3HAUUTENbHOE KOJINYe-
ctBo Tsokenbix REE. Takum o0pa3om, MOXHO OOBSICHUTH OOCIHEHHE KPACBBIX 30H ITUPKOHOB HE
tonbsko Jerkumu REE, Ho u Bcem cniektpom REE (puc., e—¢). Bnusane kpucraiiv3anuu anaTuTa Ha
dpakuuonupoBanue Ce OLICHMBAETCSA KaK MEHEE 3HAYMMOE, YeM BIIMSHHEC TUTAHUTA, MMOCKOJIBKY B
HEKOTOPBIX IIMPKOHAX cojepkaHue gocdopa He M3MEHsETCS B Ipelesax 3epHa, a MHOTJA Jaxe
yBennumnBaeTcs (Touku 9 u 10, puc., 2).
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ITPOBJIEMbI OHEHKH PATOHOOITACHOCTH CEJTATEBHBIX PAMOHOB
(HA IPUMEPE APXAHI'EJIbCKOH ITPOMBIIIIVIEHHOU ATJIOMEPALIUN)

JIuzynoa ML.A., SIkosJes E.1O.

Dedepanvroe 2ocyoapcmeeHHoe 6100xcemHoe yupedicoeHue Hayku DedepanbHblii UCciedo08amenbCKull YyeHmp
KoMNIeKcHo20 usyyenus Apkmuxu Ypanvckozo omoenenus Poccuiickoti Akademuu nayx, marigeol7@rambler.ru

C xonna XX — nagana XXI B. MHOrO4MCIIEHHBIC UCCIIEIOBATENN Kak B Poccru, Tak u 3a pyOeskom
YIESIIOT BHUMaHUE Mpo0ieMe N3ydeHUs paJoHa U JI0YEPHUX MPOIYKTOB €ro pacrajia u K HaCTOAIIeMY
MOMEHTY, HECMOTPSI Ha JOCTaTOYHO OOJIBIIOE KOJIMUYECTBO PadOT, MOCBALICHHBIX BOMPOCY, HHTEPEC
K IIpo0sieMe ero BO3JeHCTBUS Ha YEIOBEUECKHI OpraHu3M U HEOOXOJUMOCTH OLIEHKU €Tr0o CoAeprKa-
HUS B OKpYyXarolel cpelne Toiabko Bo3pactaeT (OKykoBckuii, Spmomenko, 1997). Oto cBs3aHo
HEMOCPEACTBEHHO C BBICOKOM TOKCHYHOCTBIO PaJIOHA, a TAKXKE C TEM, UTO OH SIBJISAETCS OJHUM M3
TJIaBHBIX MCTOYHUKOB NMPUPOJIHOTO M3NydeHHUs (Ha ero noito npuxonurcsa 6onee 50 %), He umes
IIPU 3TOM LIBETA WJIM 3aMaxa, TO €CTb OH MOXKET OBITh 0OHAPYXKEH TOJIBKO MOCPEACTBOM CIIeIHANb-
HBIX U3MEPUTEIbHBIX IPUOOPOB.

B cBs3M ¢ yCTaHOBIJIEHHOM ONACHOCTBIO paJOHA AJIS 340POBbS UEIOBEKA NPEIIPUHUMAIOTCS Me-
pBI 110 00ECMEYEHHIO KOHTPOJIS 32 €ro COAEpKAaHUEM B pailoHaX MOCTOSIHHOTO MPOXXUBAHUS JIOACH,
0COOEHHO aKTyaJbHO BOIIPOC CTOMT B 30HAX TOPOJCKOM 3acTpoiiku. [loctymaronuii B 31aHUs paioH
BBIJIETISIETCS] IPEUMYILIECTBEHHO U3 IPYHTOB, 3aJIETalOIIUX B OCHOBAaHUU (PyHJaMEHTa, KpOME TOro, OH
MO>KET BBIICNSATHCS U3 CTPOUTENIBHBIX MATEPUAIOB U IPYHTOBBIX BOJI, @ TAK)KE TEKTOHUYECKUX Pa3iio-
MOB BOJIM3U TeppuTopuu 3acTpoiiku ([psuxoB u ap., 2019). [TosTomy nepen mpoBeICHUEM CTPOH-
TEJIBHBIX PabOT J0JKHA OBITH ONpeesieHa paJloHOONACHOCTh TEPPUTOPHH 3acTpoiiku. HopMaTuBsl o
0e30MmacHOMY COJIEp)KaHUIO paZioHa OTIMYAIOTCS B psije cTpaH, B Poccum 3TOT mokaszaTenb yCTaHOB-
nen Hopmamu paguanuonHoit 6e3omacroctn 99/09 u pasen 80 MBi/M*-c. Takum 06pa3zoM, Ha OCHOBE
JIEMCTBYIOIIMX B HACTOSIIEE BPEMS HOPMATUBOB B IPOTPAMMYy HMHKEHEPHO-T€OJIOTMYECKUX H3bICKa-
HUI BKJIIOUEHO 00s13aTeIbHOE U3MEPEHUE TUIOTHOCTH MTOTOKA pajioHa — BEJIMYHMHBI, 110 KOTOpoii B Poc-
CUU ONpPENEAeTCs OLIEHKA PaJOHOONACHOCTH YYaCTKOB 3aCTPOMKH.

Jlnst cocTaBieHUs METOJIUK JTAHHOTO M3MepeHus ¢ koHna 90-x rogos B Poccun Gb110 npoBeeHO
MHO’KECTBO HAayUHBIX HCCIEAOBAHUHN U IUIAHOBBIX 00CIIEIOBAaHUI TEPPUTOPHIL, pa3pabOTaHbI pa3iny-
HbIE IPUOOPHI U CIIOCOOBI ISl OTPEICTICHUsI HA3BaHHOTO MoKa3aTels. B HacTosiee Bpems ectb pabdo-
ThI (SkoBneBa, 2010), cucremMaTu3upoBaBIIMEe BCE TPUMEHSIEMbIE PaHEE METOJIBI U MHCTPYMEHTHI 110
U3MEPEHUIO IJIOTHOCTH MOTOKA PajioHa, MPOU3BEICHA UX KIACCU(PHUKAIMS 1O TUITY AETEKTOpa, U3Me-
pseMoro mapamerpa, JUIMTEIbHOCTH MU3MEPEHUsS] U KOHCTPYKTHBHBIX OCOOCHHOCTEH HAKOMUTEIbHON
kaMmepsl. B pabote (SIxosnea, 2010) paccMOTpeHbI pa3iMuHbIE U3BECTHBIE METO/IBI U3MEPEHUS TLIOT-
HocTH ToToka pazona (I1T1P) u TopoHa ¢ TBepbIX TOBEPXHOCTEH, COUETAHHS dTUX METOOB, UX TIpe-
UMYIINECTBA ¥ HEJIOCTATKH, MPUBEACHA WX KiIaccu(UKAIMS KaK JJIs MOJIEBBIX, TaK U JJIs JlabopaTop-
HBIX YCJIOBUM, MPOAHAIM3UPOBAHA TOYHOCThH OMPEACICHUI U BIUSHUE MOMYTHOW OIEHKU U3MEPEHUMN
TOpOHa.

Hakonuiennslie 3a 3TO BpeMs SKCIEpUMEHTaIbHbIE JaHHbIE M MyOJMKAIMKU BBISBUIN 3HAYUTEIb-
HYI0 MpoOJIeMy: 0Ka3aaoch, YTO BEIMYMHA IUIOTHOCTH IMOTOKA pajioHa o0ianaeT OOJbIION W3MEHYH-
BOCTBIO BO BPEMEHHU JUIsl OHOM M ToM ke tomanaku (Mukises u ap., 2008; Axosnesa, 2010; Jlox-
HUKOB " Jip., 2020; PerxakoBa u ap., 2020). OgHoil 13 OCHOBHBIX MPUYMH U3MEHYMBOCTU 3HAUEHUU
[IITP sBrsieTcst BapuaOeabHOCTh (PU3UYECKUX CBOMCTB MOBEPXHOCTHBIX TPYHTOB M MEHSIOIIMECS BO
BpEMEHHU aTMOC(EpHBIC YCIOBUS, B TOM YHCJE Pa3HbIE PEKUMBI YBIKHEHHUS TPYHTOB (JIOXKHHMKOB
u ap., 2020).

Jlnst onleHKH (paKTOPOB, BIUSIOMIMX Ha PE3YJbTaThl U3MEPEHUHN, TPOBOIMINCH KOMIUIEKCHBIE HC-
cienoBaHus B pa3HbIX peruoHax Poccum u ctpanax CHI'. BHuMaHue ynensyioch TaKUM MOKa3aTeNsIM,
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Kak reorpaduyeckoe mojokeHrue 00beKTa UCCIEOBAHUS, THII TPYHTA, TPAHYJIOMETPUUYECKUI COCTaB,
TEMIIEpaTypa, AaBJIEHUE U BIAXKHOCTh aTMOC(EpPHOTO BO3/AyXa, TeMIEpaTypa MouBbl. B pesynbTarax
UCCJICIOBAaHU OTOOpaXKeHBI JaHHBIC MO M3MEPEHHIO0 TUIOTHOCTH IMOTOKA PagoHa B Pa3HBIX THIIAX
TPYHTOB 10 MUHEPAIBHOMY COCTaBY, TeHe3UCy, mopuctocT (ProkakoBa u ap., 2020), Ha pa3HBIX TITy-
6unax or6opa npob (ToxapeBa, Anumosa, 2021), B pa3HbIX KIMMAaTHYECKHX YCIOBUSAX U MPU pa3HbIX
atMocdepHbix mokazarensx (Ymamos, [lunosa, 2017; I'ymabsun, 3a6omorckuid, 2004) u npoBeneH
aHAJIU3 BIMSHUS HA3BaHHBIX (DAKTOPOB HA M3MEHYMBOCTH IMOKazareieil. Bee aTu pabGoOThI MO3BOMISIOT
YCTaHOBUTH, YTO Haubosiee CUIbHOE BIUSHUE Ha BBIXOJ PaJioHA OKAa3bIBAIOT TUM TPYHTA, €T0 BIIAX-
HOCTb, IIJIOTHOCTb, TOpUCTOCTH (JIoskHUKOB U 1p., 2020), reonoruueckoe ctpoeHue teppuropuu (Mu-
KJIseB U 1p., 2008; dpsukoB u ap., 2019) u B HeKoTOpoOi cTeneHu atMocdepHbie OCaaKu (TeM He Me-
HEe ATOT KOMIIOHEHT M3y4yeH HeaoctarouHo (PepkakoBa u ap., 2020)), oka3bIBaloIIUe BIUSHUE HA
BIIQXKHOCTh TpyHTOB (PhpKakoBa u np., 2020), 4To B CBOIO O4Yepenb BIUsAET HA KOd(hPHUIIMEHT dMaHa-
[IUU — el OJIMH BaXKHBIN moka3arens (Mukises u np., 2008; Penkakosa, Pamenckas, 2009).

B cBsi3u ¢ TeM uyTO yka3zaHHbBIE HCCIEOBAaHUS MOATBEPAMUIIN BBICOKYIO BapHaOENbHOCTh BEIU-
YUHBI IJIOTHOCTHA MOTOKA pajioHa B pa3Hble MOMEHTHI BPEMEHH, TAKON MOJXO0J K OIEHKE PaJoHO-
OMacHOCTHU TEPPUTOPUI cTajd mojaBepraThes kputuke. [lo MHeHUIO OONBIIMHCTBA HCCleI0BaTeNeH,
JaHHAas BEJIMYMHA HE MOXET ObITh €IMHCTBEHHBIM HOPMATHUBHBIM TOKA3aTelIeM I OMPEISICHUS
YPOBHSI pajioHOONacHOCTU. Psi uccienosareneit mogHUMai 3TOT BOnpoc B myOnukanusax (Muxois-
eB u jap., 2008; Sxosnesa, 2010; ProxakoBa u np., 2020), pa3 3a pa3oM ykasbiBas Ha HEOOXOAH-
MOCTH JIOIOJIHUTEIBHBIX HCCIEeI0BaHUM, OoJiee ri1y00KOro u3y4eHus: Bonpoca, KOMIUIEKCHOTO MOJ-
X0J1a K OLICHKE UCTOYHUKOB paJl0Ha B CENUTEOHBIX pailoHaX.

B nacTosmee BpeMs He BbIpaOOTaH €JUHBIA MOIX0] K METOJOJIOTHH MPOBEIEHUS OLIEHOK pajo-
HOOIIACHOCTU Y4aCTKOB 3acTpoiiku (PrikakoBa u ap., 2018), TeM He MeHee yx e HaKOIUICHHBIM OMBIT
MOJKET OBITh MPHUHAT B OCHOBY PEKOMEHAALMM NI AalbHEHIIEro U3y4yeHus: BOIpoca U MpOBEACHUS
paauanMoOHHO-3KOJOTHYeCKUX u3bickanui (MuxkisieB u ap., 2008; ["aeBckuii u np., 2010; Sxosnesa,
2010; PerxakoBa u ap., 2018). K oCHOBHBIM peKOMEHAIMSAM MOXKHO OTHECTH CJICAYIOIINE: TTPOBE/Ie-
HHUE U3BICKAaHUH B TIEPUOJ] CYXOW YCTOHYMBOM MOTO/bI; HEOOXOIUMOCTh YUYUTHIBATh MIPU MPOBEICHUN
U3BICKaHUI M3MEpEeHHUs B ATAJOHHBIX THUIAX MOPOJ, Mpeodiajarolux B KadecTBe (yHAaMeHTa,
KJaccu(pUIMpPOBaB HA OCHOBAaHUHM (PU3NUYECKUX CBONCTB T'PYHTOB YYaCTKH 3aCTPONKH MO CTEICHH
PaJOHOONACHOCTH; MOAKIIOYEHHE K JAaHHOTO poJia KiaccuuKalusIM OpraHu3aliu, 3aHUMaIoIuecs
WH)XCHEPHO-T€0JIOTMUYEeCKUMHU U3bICKAaHUSIMU; MPOBEACHUE CTPYKTYPHO-IeOMOP(OIOrHIecKOro aHa-
Ju3a TEPPUTOPHUH 3aCTPOUKHU C LIEJIbIO BBIABJICHUS aHOMAJBHBIX PaJOHOOIMACHBIX 30H; HEOOXOIHU-
MOCTb Y4€Ta IPOrHo3a OyAYIIEero MOCTYIUICHUS palloHa C y4eTOM MaTeMaTHYEeCKUX MOJeNei, npea-
JIO)KEHHBIX B psife ucciaenoBannii (Mukmsies u ap., 2008; PerkakoBa, Pamenckas, 2009); yder koH-
CTpYKIMU 3aanus (TIyOWHa 3amokeHus (yHIaMeHTa, WHTCHCHBHOCTH BBIJICNICHUS pajloHA U3
OTPXKIAIOIINX KOHCTPYKIIUM, KPATHOCTh BO3yX000OMEHAa B OyIyIIeM 3IaHUU U JIP.).

HecMoTpst Ha OYEBUAHYIO aKTYaJIbHOCTH IPOOJIEMBI OIIEHKH PaJlOHOOIIACHOCTH TOPOJOB U MHOTO-
YUCJIEHHBIE UCCIIEI0OBAHMS BOIIPOCA B Psifie peruoHOB Poccru, Takoi 3HAUUTENbHBINA TEPPUTOPUATIBHBII
CyOBEKT, Kak ApxaHreibckas 00J1acTh, MPAKTUUECKH HE TOABEPrajicsi 0OcIeJOBaHUSIM B IUIaHE paifo-
HUPOBAHUA IO COJIEPKAHUIO paioHa. ApXaHTrelbCKasi MPOMBIIIJICHHAs arjioMepaiis BKIIOYaeT B ceds
Takue ropoja, kak Apxanrenbck, CeBepoaBHHCK, HOBOABHHCK, U MPHUIIETalONIe HACEICHHBIE MyHKTHI
[Tpumopckoro paiiona. Hacenenue arnomepanuu 1o ganHbeM 3a 2023 1. coctaBisier 500 ThIC. YeIOBEK,
OCHOBHas IJIOTHOCTb HACEJIEHUs cocpeoToueHa B ropofax Apxanrenbck U CeepoasuHck. Kpome To-
ro, arjioMepanus sIBISETCSl TEPPUTOPUEH 3aCTPOUKH PA3TUYHBIX 3HAYUMBIX MPEANPHUITUN, TAaKUX Kak
CYAOCTPOUTEIbHBIE U CYJOPEMOHTHBIE, JIECO-IepeBonepepadaThIBalONIEe U LIEIUII0JIO3HO-0yMaskKHbIE,
TUJIPOJIM3HBIN 3aBOJ U Pl IPYTUX KPYITHBIX MPOMBIIUIEHHBIX O0BEKTOB. TeM He MeHee Ha CeroJHSII-
HUH JICHb UCCIIEIOBAHUS 10 OLIEHKE PaJIOHOONIACHOCTHU arjioMepaluy HOCAT €IMHUYHBIA XapakTep.

B pa6ore (ITyuxom, Kucener, 2011) mpuBenensl pesynabrarhl ucciegoBanus 2008-2010 rr.
KOJMYECTBEHHBIX TOKa3zaTelleldl pacmpeneieHuss 00beMHONW aKTHBHOCTH pagoHa-222 B BO3JyXe
MOABAJbHBIX MOMELIEHUN KHJIBIX JOMOB U MOYBEHHOM BO3JyX€ Ha TEPPUTOPUU ApPXaHTeIbCKOU
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NPOMBIIUJIEHHOM arjmomepanuu. VcciaepoBaTensiMu yuyTeHbl HAKOIUIEHHBIE HA MOMEHT MPOBEICHUS
paboT 0COOEHHOCTH MPOAYLHPOBAHUS PaJOHA, B YACTHOCTH, YAEJIECHO BHHUMAaHHE Te€OJIOTMYECKOMY
CTpoeHHI0 TeppuTopuu. Kpucrammmaeckuii pyHIaMeHT, MPEICTAaBIEHHBIN TpaHUTOTHECaMu apXest
U MIPOTEPO30s1, MEPEKPHIT OTIOKEHUSIMH pudess u BeHaa MouHocTbio 700 M, CI0KEHHBIMHU Tecya-
HUKaMH, aJleBPOJIUTAMH U apTUUIMTAMU, COJAEPKAIIMMHU MOBBIIIEHHOE KOJIMYECTBO YypaHa, U MpHU
HaJIMYUM TPELIUH U Pa3IoOMOB M3 HUX MOXET MOCTyNaTh Ha MOBEPXHOCTh PaJOH B 3HAYUTEIHLHOM
komnuectBe (IlyukoB, Kucenes, 2011). Kommiiekc 4eTBEpTHYHBIX MOPOJ COCTOUT M3 IECUAHO-
[JIMHUCTBIX OTJIOKEHUH, KOTOpble Ha TEPPUTOPUHU arjoMepaluyd HUMEIOT MPEUMYIIECTBEHHO MOpP-
CKOM, aJUTFOBHAJIbHO-MOPCKOW T€HE3UC, a TaKXKe BCTPeUaroTcs TOpQsiHbIe OOJIOTHBIE OTIOKEHUs. B pa-
6ote oOparaercs BHUMAaHUE HA BO3MOXKHOCTH JTAHHBIX MOPOJ] MPOMYCKaTh PaioH U3 TPEIIMHOBATHIX
BEH/ICKUX OTJIOKEHUH BBH]Y BBICOKOM MOPUCTOCTH, IMPU ITOM IIMHUCTHIE OTIOXKEHUS TAKXKE COJIepKaT
MOBBIIIICHHBIC KOJMYECTBA paaus-226, KOTOPBIA NpH pacraje JaeT pagoH-222 U CIOCOOCH HaKaIlIH-
BaThCS B )KWJIBIX TOMEILICHUSX.

Pe3ynbraroM uccienoBaHus craja KOJMYECTBEHHAs! OLIEHKA COAEP)KaHWsS pajoHa-222 B BO3IyXe
MO/IBAJIbHBIX MMOMEILIEHUHN XKUJIBIX JIOMOB M TIOYBEHHOM BO3/yX€ Ha Tepputopun arinoMmepanuu. B r. Ce-
BepoaBuHCKe B 2008 1. o6cienoBano 98 00BEKTOB, CpeI KOTOPHIX MPEBBIIIICHHS] HOPMAaTUBHBIX TOKa-
3aresnieil BBISBICHBI B OJJHOM M3 HHUX. 3aBUCUMOCTH COJIEP)KaHUsl paJioHA B MOJBAIBHBIX MOMELIEHUSIX
ropoja OT paJMOaKTUBHOCTU CTPOUTENHHBIX MaTepHajOB HE BbIABIEHA. PaOOThl MOBTOpEHBI Yepes Toj
1ocjie MPOBETPUBAHUS 10/IBAJIOB, OTMEUEHO CHIKEHHE IOKa3aTesiell aHaJIOTMYHOTO MEePHOAa MPeblIy-
miero roga. B 2009 r. o6cnenoBano 317 o0bekToB ApxaHrenbcka, CeBeponBruHcka 1 HoBoBUHCKa, mpe-
BBIIIICHUS] HOPMATHBOB BBISBJICHBI CyMMapHO B 15 w3 Hux. [Ipu 3TOM (hOHOBBIE MOKa3aTeNM HA YIUIAX
TOpOJIOB HE MPEBBIIIATA HOPMBI, 8 3aBUCUMOCTH COJEP KaHUs paJloHa OT PaJMOAKTUBHOCTU CTPOUTEIh-
HBIX MaTEpUAJIOB TAKXKE HE BBISBICHO, B CBS3U C YEM CJICJIaH BBIBOJ O MOCTYIUIEHUHU PaJlOHa U3 MOJICTH-
JAIOLIMX TPYHTOB, a TAKXKe O BO3MOXKHBIX HAPYIICHUSX MPOPUIAKTUIECKUX MEPONPHUSITHIL, YTO U MpUBE-
JI0 K CKOTUICHHIO OMAcHOTo ra3a. Taxke ObUTa ucclieioBaHa 00beMHasi aKTHBHOCTh PafioHa B TIOYBEHHOM
BO3AyXe Oosiee yeM B 450 TOYKax B TOPOAAX WM MPHIETAIONINX TEPPUTOPUAX aromeparuu. [Ipu nocra-
TOYHO OOJIBILION BapUATUBHOCTH ITOKa3aTesel BBISBICHA aHOMaJbHasl BhICOKas KoHUEHTparws (1o 3016
Bx/M’) B paiione mocenka Prkacuxa.

JlaHHbBIEe, TOTyYE€HHBIE B pPe3yJbTaTe UCCIEAOBAHMS, BHECIH BKJIAJ] B OLICHKY PaJHMO3KOJIOTHU-
yeckoi cutyauuu peruoHa. OaHako pa®oOThl HE ObUIM MPOAOTKEHBI, XOTS Psi MOKa3aTenen me-
MOHCTPUPOBAJ TMPEBBIMICHUS JEUCTBYIONIUX HOPMATHUBOB, & TOYHOW HMH(OpMAINU O MPHIHHAX
aHOMaJIbHOW KOHIIEHTpanuu B Pukacuxe He ObLIO MpencTaBiIeHO, TaK KaK MCCIeJ0BaHUE JHIIb
0003HaunI0 MpobiieMy, U B UTOTax pabOTH OBUIM JaHbl PEKOMEHAAIMH K JalbHEUIIEMy H3yde-
HUIO BOMPOCA U OLICHKH B3aMMOCBS3U PaJOHA C T'€OJIOTHYECKUM CTPOCHHUEM TeppUTOpHuu. Jpyrux
UCCIIEOBAaHNUM pasloHOONacHOCTU TeppuTopuu nocie 2011 r. He TpoOBOAMIIOCH, KaK HE MPOBOAU-
JIOCh U MepecMOTpa METOAUKH OLICHKH U3MEPEHUN Ha OCHOBAHUU HOBBIX MOJYYEHHBIX HCCIIEA0Ba-
Huit mocae 2010 r.

BoiBoa. B cBs3M ¢ OTCYTCTBHEM CHCTEMAaTHYECKOTO XapaKTepa UCCIENOBAHUM B ApXaHIrelb-
CKOM NPOMBIIUIEHHON arjloMepaluy, €€ TYCTOHACEICHHOCTbIO U BBICOKOW MPOMBINUIEHHOW 3HAYMU-
MOCTBIO HEOOXOJMMO BO300HOBJICHHE Pa0OT MO OILEHKE paJoHOOmacHOCTH Tepputopuu. Ocoboe
BHUMAHHE CJIEAYET YACIUTh HOBBIM HCCIICIOBAHUSM BOMPOCA, OOO3HAYCHHBIM PEKOMEHIALUSIM
OpeAbIAYIIUX HccaeoBaTeleld, KOMIUIEKCHOMY MOAXOAY OIpeeseHHs] cTaTyca pagoHOONacHOCTH
TEPPUTOPUI U U3MEPEHUSM IUIOTHOCTHU MOTOKA PaJiOHA C YYETOM KakK Ie0JOTMYECKOTO CTPOEHUS
TEPPUTOPHH, TaK U (PU3UKO-MEXAaHUUECKUX CBOWCTB MOPOJ M aTMOC(HEPHBIX YCIOBU pailoHa Mpo-
BEJICHUS PaldoT.

Paboma svinonnena npu noooepowcke epanma PH® 20-77-1005.
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OIEHKA IIEPCIIEKTHUB NCIIOJIb30BAHUSA KOCMUYECKUX CHUMKOB
AJIA BBIAEJIEHUSA OTAEJIBHBIX 'EOJIOTHYECKHUX KOMIIVIEKCOB

Jlykuna MLJL.

Hnemumym eeonoeuu Kapenvckozo nayunozo yenmpa PAH, mariarychanchik@gmail.com

C pa3BUTHEM KOMIIBIOTEPHBIX TEXHOJIOTUH Pa3BUBAIOTCS M METOJbI T'€OJIOTMUECKHUX HCCIeN0Ba-
Huil. OHU CTAHOBSITCS MEHEE TPYIO- U BPEMSA3aTPATHBIMU, MOSBISIOTCS BO3MOXKHOCTU TPOBEIACHUS
uccie0BaHui yaaneHHo. K TakuM MeToaM OTHOCUTCS TUCTaHIIMOHHOE 30HAMpoBanue 3emiu (J133).
OHO OCHOBAaHO Ha CIMOCOOHOCTH 3€MHOU MOBEPXHOCTH OTPa)KaTh W MOTJIONIATH JJEKTPOMATHUTHOE
n3nyuenue (PaiikynoB u ap., 2014). OtpaxeHHas COJTHEUHAsI paaualus, a TAKKE COOCTBEHHOE H3JTy-
yeHue 3eMin (TEIIOBOE) PETUCTPUPYIOTCS JaTUNKAMU CITyTHUKOBBIX CHCTEM.

C nHauana 2000-X To/10B CTaqy aKTUBHO M3Y4aThCsl BO3MOYKHOCTU MTPUMEHEHUS JUCTAHIIMOHHOTO
30HIUPOBAHUS, B TOM YHCIIC B T€OJIOTMH M TOPHOM Jiene. biaromapst ToMmy 4TO pa3IUYHbBIE TOPHBIC
MOPOJIbl U MUHEPAJIbl OTPAaXKAIOT U TMOIJIOIIAIOT W3JIyUYE€HUE OIpPEAeTICHHBIX IJIUH BOJH, MOSBUJIACH
BO3MOXHOCTh JIMTOJIOTHUECKOW IudepeHanum mo KocMuyeckuMm cHumkam (Adiri et al., 2016;
[llemsaxuna, 2019).

B macrosmieit paboTe mnpuBeneHBl NpUMEpPhl 00paOOTKH MYJIBTHUCIEKTPAILHOTO CHHUMKA
Landsat 8 OLI (na ocHoBe penu3za ot 21.05.2024 r.). B xadecTBe 00beKTa UCCIIEIOBAaHUS BBIOpaHa
tepputopus [Iutkgapantckoro paiioHa u cesepHoro Ilpunamoxps. CaenaHa MONBITKA BBIACICHUSA
obnacreli BeIxona TopHbIX mopoa. Obpabotka Benack cpeactBamu [10 QGis, HCTIONB30BATUCH Me-
TOJbI KOMIIO3UTHBIX U300paKEHUI B UCKYCCTBEHHBIX IIBETAaX U METOJ I1aBHBIX KOMIIOHEHT (PCA).
BrIsBIICHO, UTO HAMIYYIINI KOHTPACT JAIOT KOMIIO3UTHBIE H300paKeHHsI ¢ BKIIOUYCHHEM 5 U 6 Ka-
HanoB (uH(ppakpacHoe mznydenue). [locie o6padoTkn Metomom PCA rpaHuibl 0ObEKTOB CTaHO-
BATCS OoJiee YETKUMH, YTO BHUJHO Ha KJIACCU(UKAIMOHHBIX M300paKEHUSAX. ITO MPOUCXOIUT 3a
CYEeT YMEHBIIECHUS Pa3MEPHOCTHU JTaHHBIX U KOHIEHTPAI[Md OCHOBHOW MH(pOpPMAIMU B MEPBHIX TPEX
KOMITOHEHTaX.

Ha sty ke momans momxydeH MyJIbTUCHIEKTPaIbHBIN CHUMOK Sentinel-2 ot 27.05.2024, nmero-
muid Oonee BhICOKOE MpocTpancTBeHHOE paspemienue (30 m Landsat 8 OLI npotus 10 M Sentinel-2).
OH MO3BOJISIET YIYYIIUTh KIaccU(UKAIMIO MOBEPXHOCTU U O0Jiee TOYHO BBIACIUTH WHTEPECYIOIINE
OOBEKTHI.

133 MOXeT HallTH MpUMEHEHHWE KaK MH(POPMATUBHBIA CaMOCTOSITEIbHBIM METOJ MCCIIeT0BA-
HUS TIOBEPXHOCTH 3€MIIM, TaK M BCIOMOTATENbHBIA K Ipyrum meronam. Tepputopus Kapenun
B OCHOBHOM TOKPBITa PaCTUTEIbHOCTHIO, TO3TOMY HM3y4YaeMbIi METOJ KeJIaTelIbHO MCIO0JIb30BaTh
COBMECTHO C METOJIaMH MOJABICHUS PACTUTEILHOCTH HA KOCMUYECKUX CHUMKAaX, YTO 3HAYHTEIb-
HO YJIYYIIUT KAPTUPOBAHUE T€OJTOTHUECKUX U JTUTOJOTHYECKUX €THHUII.

Hccneoosanue evinoaneno npu gunancogou noodepacke Munucmepcmea 0opazoeanus u HayKu
P® 6 coomsemcmeuu ¢ Ilpoepammoui nayunvix ucciredoganuii Mncmumyma eeonocuu Kapenvckozo
HayuHozo yeumpa, pee. homep 1022040100088-4-1.5.7,1.5.1.
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CTPOHIIN-90 B BEPXOBOM TOP®E
(BOCTOYHASA YACTDb HEHEIIKOI'O ABTOHOMHOI'O OKPYT'A)

JlykomkoBa A.A., fikosaes E.1O., OpJaos A.C.

@I'BYH ®UIIKUA YpO PAH, a.luckoshkova@yandex.ru

BBenenue. B Hacrosiee BpeMsi TEXHOTE€HHas paJOaKTUBHOCTh Ha ceBepo-3amnaae Poccun uzy-
YaeTCcsl Ha MHOTUX TEPPUTOPHUSAX. MHOTOYMCIIEHHBIE UCCIIENOBAHMS 110 YAEIbHON aKTUBHOCTH TEXHO-
TEHHBIX paJuoOHYKIUAOoB (ue3uii-137, crponunii-90, ceunen-210, ypan-234, ypan-238, mIyTOHUMN-
239, myronuii-240, amepunmii-241 u n1p.) B mouBax, pacTUTEIBHOCTH, JOHHBIX OcCaakax M Topde
NpoBe/ieHbl B ApXxaHrenbckoi obnactu (Bakynosckuii u nip., 2008; Jlypwse, Kybacosa, 2015; Kucenes
u np., 2017; SAxosnes u nap., 2020, 2021, 2023; Yurypsny u 1p., 2023 u ap.). B Mypmanckoii o6a-
CTHU TaK>Ke MPOBEJEH PAJl UCCIEAOBAHUN MO yIEIbHOM aKTUBHOCTH TEXHOTEHHBIX U30TONOB (LI€3Uii-
137, crponnuii-90, nmytoHuii-238, muyronuii-239 u miayronmii-240) B mouBax, pacTHUTEIBLHOCTH,
TUAPOOMOHTAX, JOHHBIX OTIOXeHHUsIX (MarumoB u np., 2014, 2022; Uneun u ap., 2022). Muoro-
JeTHUE PaJAMOIKOJIOTUYECKHE HAONIIOAeHHs MPOoBOATCS B bapeHIleBoM Mope, Ha OCHOBE KOTOPBIX
PEKOHCTPYMPOBaHbl OCHOBHBIE MOTOKM Murpauuu nesusd-137 m crpoHuus-90 (Marumos u ap.,
2022; Unbur u np., 2022). B Pecnybnuke Kapenusi mpoBeeHO HMCCIEI0BaHUE MO aKTUBHOCTH
ue3us-137 B qounsix otnoxenusix (Kucenes u ap., 2017) u np.

TeXHOTrCHHBIH PaJHOAKTHBHBINA H30TOI * ST ¢ ITHTEIBHBIM IEPHOIOM Honypacmaa (29 Jer) spsi-
eTcs Hanbollee pacrpOCTPAHEHHBIM MPOJYKTOM JACTCHHS ypaHa U TUTYyTOHUS, IPOUCXOIAIICTO B sACp-
HBIX PEaKTOpax, MOCKOJbKY JOJTOKUBYIIMNA M30TON OTHOCHUTCA K OMOJOrMYECKH 3HAUYUMBIM pPaHo-
HykingaM. OH XapakTepu3yeTcsi BBICOKOM TOKCHYHOCTBIO (Ipymna paJualloOHHON omacHocTu «by)
U3-3a CBOEH CIIOCOOHOCTH aKTHBHO BKIIIOYATHCS B OMOJIOTHUECKUI KPYrOBOPOT BELECTB. SBIsAACH aHa-
JIOTOM KalbIHsL, *°ST JITKO BCTYIIACT B HPOIECCHl OOMEHA BEIIECTB PACTCHMIH, )KUBOTHBIX M YEIOBEKA
(Bacunenko, Bacunenko, 2002).

B nmanHoi#t 0o0acTu uccienoBaHuil BOmpoc 00 ypoBHE 3arps3HeHHs Topda ceBepo-3anana Poccun
TEXHOTC€HHBIMU M30TONAMHU SBJISIETCS aKTyaJbHBIM U M3y4eH HeqocTaTouyHo. CoryacHo 0030py Hayy-
HBIX MyOJIMKAIUi, UMEIOTCS CBEJIEHUS 00 yAeIbHON aKTUBHOCTH %Sr B mousax. THNMYHBIA HHTEPBAIL
YACIbHON aKTUBHOCTHU Ngr st Bcex mouB Poccun cocraBmsier 0.80—8.6 bx/kr. Cpenussi ynenbHas
aKTHBHOCTB 'St 1uist Bcex mouB Poccum — 4.7 Br/kr. B necHbix mouBax ceBepo-3amana Poccum (Ha
npumepe MypMaHCKOW 00J1acTH, UMEIOIIECH JIOKAIbHBIE NCTOYHUKHU 3arps3HEHUS MPUPOJTHOU CPEIIbI
TEXHOTCHHBIMH PaJUOHYKIHIAME) yIeIbHAas aKTHBHOCTH ~°Sr coctasisier 3.0-18 Br/kr (MaTHuoB
# 1p., 2014). Llenbio HCCIIEOBAHMS SBISIETCS OIPENCICHHE YACIbHON aKTHBHOCTH * ST B BEPXOBOM
Topde 60m0Ta Henenkoro aBTOHOMHOTO OKpyTa (BOCTOYHASI YaCTh OKPYTra) M BBISIBICHHUE OCOOCHHO-
CTel BepTUKAJIBHON MUTPAIlK H30TOMA B TOpde.

O0bexThl U MeToAbL. Ha Tepputopun HeHelkoro aBTOHOMHOTO OKpyra IpOMBIIUIEHHBIE 00b-
€KThl PaCIOJIOKEHbI B BOCTOYHOM YaCTH, U JIOKAJIIbHbIE UCTOYHUKU 3arpsi3HEHMS] PUPOTHON cpeibl
%Sr otcyTcTBYIOT. B OKpyre pasBHT TOILIHBHO-SHEPreTHUECKHil KoMiuieke. HedrerasoBast mpoMsiii-
JICHHOCTH SIBJISIETCS BEAYIICH OTPaciibi0 DYKOHOMUKH OKpPYra M OKa3blBaeT HAWOOIbIIEee BIMSHHE HA
NPUPOJHBIE KOMILIEKCHI HEeHEeKoro aBTOHOMHOTO OKpyra. Bo3aelicTBue Ha MPUPOIHYIO Cpeay OTMe-
YyaeTcs Ha BCEX CTaAMsIX pa3paboTku MecTopokacHwid. [Ipu qo0bYe U TPaHCIOPTUPOBKE YTIIEBOIO-
POZIOB MPOUCXOTUT MEXaHUYECKOE, XUMUUECKOE, paIuallMOHHOE, ONOIOrHYECKOe, IIyMOBOE, TEILIO-
BOE 3arpsi3HEHHE TPUPOTHON cpefbl. PamuanmonHoe 3arps3HeHne npu qo0bue He()TH U raza CBs3aHO
C MOCTYIUIEHHUEM €CTECTBEHHBIX PAaJIMOHYKIHMIOB HA MOBEPXHOCTh B COCTABE MUHEPAIN30BAHHBIX TO-
MYyTHBIX BOJ U C TIPEBHIIIICHUEM UX €CTECTBEHHOTO YPOBHS (IIPUPOIHOTO (PoHA).

OOBEKT ucce0BaHus — BEPXOBOM TOp( MOXOBOTO THIIA, OTOOPAaHHBIN Ha TeppuToprun Henerkoro
ABTOHOMHOT'O OKpyra Ha riayouHe 27 cM. Mecto B3ATHS TOP(SHON KOJOHKH — B 27 KM BOCTOYHEE
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ropoaa HapesiH-Map (KOOpAMHATHI TOUKH B3ATHS KOJIOHKH N67.61729°, E53.62222°). IIudp xomaoH-
ku — TH-2. Topdsayto xononky orOupanu B setHuid nepuon 2019 r. B cOOTBETCTBHM C TocyAap-
ctBeHHbIM cTannaptoMm (IOCT 17.4.3.01-2017, 2018). [Tocne oTbopa konoHka Topda OblIa paszene-
Ha Ha 13 cioeB (mpo0): mepBbIit BepXxHHiA ciioit 0-3 cM, HHTEepBaJI ACIICHUS CICTYIOIINX CJIOEB — 2 CM.

B nmpo6ax BepxoBoro Topda ompeneneHo mecTb OCHOBHBIX (PU3MKO-XMMHYECKUX MOKa3aTeseH.
AxTyanbHYIO (PHyater) 1 0OMEHHYIO KUCTOTHOCTD (pHgay¢) ONIpeesnisiii MOTEHIIMOMETPUYECKUM METO-
noM (I'OCT 11623-89, 1990) un usmepsanu Ha ananu3zaTope xuakocreit Jxcnept 001-3 ¢ npumeHeHu-
€M KOMOMHHPOBAHHOTO CTEKITHHOTO 31ekTpoaa ICK-10603. 30mpHOCTD (Agy), MACCOBYIO TOMIO Kap-
Gouaros (COs>), coepaHie BOIOPACTBOPHMBIX coiteit (Soluble salts) ompeaensuiu rpaBuMeTpHUe-
ckuM metogoM (I'OCT 26213-91, 1992; TOCT 26423-85, 2011; TOCT 27784-88, 1988). MaccoByo
JIOJIF0 OPTaHUYECKOro BeulecTBa (X) ONpeaessii pacCyeTHBIM METOAO0M, YUUTHhIBas 30iabHOCTH (I'OCT
26213-91, 1992; TOCT 27784-88, 1988). Jlns onpenenenus GU3NKO-XUMHUUECKHX CBOMCTB HUCIIOJI30-
By cymmibHbIN mkap Memmert UF75plus, mydensayto neus DKIIC-10 n ananuTuveckue Bechl
BJI-224B.

Taxxe B Ipobax BepXxoBoro Topda ompeeeHa yaeabHas aKTHBHOCTh PaIMOHYKIHIA * St GeTa-
PaAMOMETPUYECKUM METO/IOM C PaAMOXUMHUYECKOM MOATOTOBKOM COTIaCHO aTTECTOBAHHOM METOMKE
(Meronuka usmepenwuii..., 2013). MeTtonuka ocHOBaHA Ha U3MEPEHUH OeTa-U3Ty4eHHs] CYETHOTO 00-
pasia, COICPIKAIIEro CETeKTHBHO BBIACICHHBI n3 mpobsl nttpuii-90 (°°Y), sBasromuiics ouepHIM
MPOYKTOM paciazna 'Sr M HAXOMAIIMICS C HUM B PaAHOAKTUBHOM PABHOBECHH B IPo0e, U pacuere
yaenpHoit aktuBHOCTH Y (P°Sr) B mpoGe. Vi3MepeHue CHeTHBIX 06Pa3IoB BBHIIOTHSIOCH C IPHMEHE-
HUeM anbda-0era pamuomerpa PCK-01A «AGenus» ¢ mporpaMMHBIM oOecreyeHueM «AOlenus
1.0.7.0» HEMOCPEACTBEHHO TOCHE €ro MpurotosieHus. [1o kaxmomy cueTHOMY o0Opasily MpOBOIAMIN
IATh U3MepeHui. [IpoaomKUTENbHOCTE €AMHUYHOTO U3MEpeHus cueTHoro oopasua 1000 c.

PesyabTaThl n oocy:kaenne. JKumkas Gasa (3.9 < pHyaer < 4.4) 1 TBepas daza (3.2 < pHg < 3.7)
UCCIIEyEMOro BEpXOBOT0 TOP(a UMEIOT KUCITYIO PEAKIHIO CPEIbI.

CornacHo TUTEpaTypHbIM JaHHBIM, KOHCTUTYIIMOHHAS (MIEpBUYHAs) 30JIbHOCTH BEPXOBOTO TOP-
(a, KICTOYHUKOM KOTOPOU SABISIETCS MUHEPAIbHAs 4acTh pacTeHui, cocrapisier 2.5-4.0 %. Uccneny-
EMBII BEPXOBOM TOP( SABJISACTCS CPEIHE30TBHBIM M BBICOKO30JIBHBIM (5.0 % < Ay, < 57 %). Bricokas
30JIbHOCTh HAOJIOZAETCSl B CAMBIX BEPXHHUX CIIOSX TOP(psSHOrO Mpodmiis U, BO3MOXKHO, 00yCIIOBIIEHA
HAHOCHOH (BTOPUYHOMN) 30JIbHOCTBIO, MPECTABICHHON HEOPraHMYECKUMHU COEAMHEHUSIMH aTMochep-
HBIX BBITIAJICHUH TPOU3BOICTBEHHBIX 00BEKTOB OKpYTa.

XuMUYecKue 3JeMeHThl B Tophe HaXOoIATCs B BUIE MOHOB, COJEH MM KOMIUIEKCHBIX COEIUHE-
Huil. B BepxoBoM TOpde maccoBast mons kapOonaros cocraBisger 0.26—0.60 %. B caMbix BepXHUX
(rmyouna 0—7 cMm) ¥ HIKHHUX cilosx (riayouHa 19-27 cm) HaGmrogaeTcsi MAaKCHMaJIbHOE 3HaUYEHUE T10-
Kazares, BO3MOXKHO OOYCJIOBJICHHOE BBILIENIAUMBAHUEM U3 BepXHUX cioeB. CoxepikaHue BoJoOpac-
TBOPUMBIX COJIel BapbupyeT B AuanazoHe 1.1-1.8 mr/r. 3acomeHHocTs TOpha oTCyTCTBYET (KOJMYe-
CTBO BoJopacTBOpuMBIX coineid meree 0.3 %). BepxoBoif Top¢ oTnnyaercss BBICOKON J10JIel OopraHu-
yeckoro BemecTBa (0T 43 % 10 95 %). TopdsHoit npoduns npencrasieH 3aTopHoBaHHBIM TPYHTOM
(Ash > 50 %). Tonmpko BepxHuil cioit TophsHoro npoduis (rryouna 0-3 cM) COCTOUT U3 BBICOKO30-
asHOTO Topda (10 % < Agy <50 %).

TexHnoreHnHsli n30TON 3ahpUKCHPOBAH MO BCceMy TopdsiHOMY Tpoduitio (puc.), yAenbHas aKTHB-
HOCTB 'St cocrasisieT 0.63—1.9 Br/kr. [lomydeHHbIe 3HAYCHUS COrNACYIOTCS C JAHHBIMHE 110 YICIb-
HOM aKTUBHOCTH TE€XHOTEHHOTO M30Tomna B nmoyBax Poccun. CpenHee 3HaueHUE yIeIbHOW aKTUBHO-
ctu *°Sr cocrasmsier 0.94 + 0.02 BK/KT, 9TO He IPEBHIMIAET YCTAHOBICHHBIH MUHIMAIBHO 3HAYNMBIIL
Hopmatu (CanlluH 2.6.1.2523-09, 2009) u HuMke cpenHero mapaMmerpa s Bcex nmouB Poccuu.
*Sr noxanmm3yercs B BepXOBOM Top(e HepaBHOMEPHO. MUHHMAJbHbIC yeIbHbIC AKTHBHOCTH ST
HaOMI0al0TCs B caMoi BepxHel yactu npodwmis (Ha riyoune 0—7 cMm), MakcUMallbHas yAelbHas
aKTHBHOCTH ST — B cpenHeill uactu mpodmmst (Ha rmybuue 15 o). I[Iuku B cpemneil U HIDKHEN
gacTu npo¢uisi, BEpOATHO, cBA3aHbl ¢ aBapueil Ha UepHoObuibckoit ADC (1986 r1.) U sanepHbIMH
HCIBITAHUAMU 10 1963 I., COOTBETCTBEHHO.
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VY nenpHast akTUBHOCTD gy A
B BepxoBoM Topde (mpodras TH-2) h, oM

BepTUKaIbHbI MUTPALMOHHBIH TYTh *'Sr B TOp(AHOM Tpoduie o0yCIOBICH COAEPKAHAEM
BOJIOPACTBOPUMBIX COJIEH, YTO MOATBEPKIAETCA MAaTEeMaTHYECKUM KOPPEISLHUOHHBIM aHAJIU30M
(r=10,70 £ 0,14). IIpu GoybIIOM COAEP)KaHUU BOAOPACTBOPUMBIX cojeil (Hanmpumep, (NHy),COs,
K,CO3, Na,COs; (NHy)3PO4, K5POy4, NazPO4 1 ip.) oTMeuaeTcst BRICOKas yAeIbHAS aKTUBHOCTh Ny
B BepxoBoM Topde. CTpoHIUIl SBISETCS HIETOYHO3EMEIbHBIM 3J1eMeHTOM. [10 XMMHUYECKUM CBOii-
ctBaM Sr* momo6en o6mernbM katronam NHy', K, Na™ u o6pasyer xap6omatst 1 pocdarsr. Hamu-
ane anmonos CO;>, PO,> B Topde CHOCOOCTBYET TMOTJIOUIEHUIO Sr*". 3HaumMbIe KOppEISLHOHHbBIE
3aBHCHMOCTH MEXY YAETbHOM aKTHBHOCTBIO * ST M APYTHMH (H3MKO-XMMHUECKAMHU TOKA3aTeI MM
Topda HE yCTAaHOBJICHBI.

BoiBoabl. B BepxoBoMm Topde mpombiuieHHOH 30Hb HeHerkoro aBTOHOMHOTO OKpyra (BOCTOY-
Hasl 4acThb) yJeIbHasg aKTUBHOCTb TEXHOTEHHOTO PAJUOHYKIIN]IA 98¢ cocrasisier 0.63—1.9 Br/kT. AK-
THBHOCTb ST HE TPEJCTABISET OMACHOCTH JUIs OHOTHI M denoBeka. Hakoriennio *°Sr B TophsHOM
npoduiie CrocoOCTBYIOT BOJOPACTBOPUMBIE COJIH. BepTUKanbHBIN MUTPALIMOHHBINA TYTh *Sr mokasai,
YTO OCHOBHBIMHM €T0 WCTOYHUKAMHM I OKpYra SIBJISIOTCS NMPOLUIbIe TJI00aNbHbIE BBIMAICHUS OT
SIEPHBIX UCTIBITAHUH, Y4epHOOBUIHCKON aBapuH.

Hccnedosanusn evinonnenvt npu gunarcosou nooodepocke epanma PHD 20-77-10057 «/[uaeno-
cmuka dezpadayuu mepsiomul Ha base uzomonnvix mpaccepos (<1UPU, 6'°0+6°H, 57 C+*C)».
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JII/ITOCTPATHFPAq)MqEqKI/Iﬁ AHAJIN3 TPHUACOBBIX ITOPO/T
JTOJJOMHUTOBOMN ®OPMAIINU KYPAUUHA
BACCEMHA ITAJIbLMUPBI

Moxamman H.l’z, 3opuna Cc.0.! , Xamajaa H.:?

Ji . . . .
Kaszancxuu (Hpusonscckuil) gpedepanvhuiil ynusepcumem, Kazanw, nosheen.g. mohammad@gmail.com;
svzorina@yandex.ru; nadia.m.hamada@gmail.com
2 o
Jlamacckuii ynusepcumem, Jamack, Cupust

BBenenmne. bacceitn [lanbmMupsl pacnosioxkeH B CEBEpHON YacTH ApaBUIICKOW IUIUTHI, OH rpa-
HUYHUT C HECKOJbKMMM TEKTOHMUYECKMMH 30HAMHM, BKJIOYas CUCTEMY pa3joMOB MepTBOro mops
u BriaguHy EB¢pata. B Xo/e KOHBEpreHTHOTO B3auMoJelcTBHUS Mexay ApaBuiickoi u EBpaswmii-
CKOM IJIMTaMU paccMaTpPUBAaEMbIil PETHOH NpeTepIell CYylIIeCTBEHHbIE U3MEHEHHs. B Teuenue Tpu-
acoBoro nepuoja B Oacceiine [laabMupbl TPOUCXOAUIO MOUTHOE OCAJAKOHAKOIUICHHE, XapaKTepH-
3yloleecs: OTI0KEHUEM JJOJIOMUTOBBIX, U3BECTHIKOBBIX, CIAHIIEBBIX M aHTUIPUTHBIX CI0€B. Tek-
TOHMYECKAasi aKTUBHOCTH, BBHIPAXKEHHAs B (DOPMHUPOBAHMM PA3JIIOMOB U CKIANOK, TAKXKe CIOCO0-
CTBOBaJIa JIMTOCTpATUTrpauueCcKOMy pa3BUTHUIO T0JIOMUTOBOM Gpopmanuu Kypaunna.

JlutocTparurpadguyeckas XxapakTepucTuka 10J10MuToBoi popmanun Kypaumna. [Jono-
mutoBas ¢gopmanus KypaunmHa mpencraBiser co0oil TOJILYy TOPHBIX MOPOJ CPEJHETPHACOBOIO
BO3pacTa, TUIIMYHBIMU JJIs KOTOPBIX SABJIIETCS MpeodiafaHnue T0JIOMUTOBBIX U3BECTHIKOB, TIMHU-
CTBIX CJIOE€B, U3BECTKOBBIX MOPOJ U aHTHAPUTHBIX oTioxkeHuu (Barazangi et al., 1993). Orta dop-
Malusl XapaKTEePU3YETCs IOBTOPSIOUICICS IMOCIEeI0BATEIbHOCTBIO OTJIOXKEHUH, cHOpMHUPOBAB-
IIUXCS B MEJIKOBOJIHOM MOPCKO# cpene (puc.).

dopmaruio MOKHO pa3JieIUuTh Ha TPU TOPU30HTA, Y KAXKJIOTO U3 KOTOPBIX CBOM OCOOEHHOCTH
OCa/IKOHAKOIUIeHUs. HUKHUI TOPU30HT B II€JIOM CIIOXKEH JOJIOMUTOBBIM H3BECTHSKOM C IJIMHM-
CTBIMH TIpociosiMU. CpeqHuN TOPU3OHT OTIHWYAETCS 00Jiee MOIIHBIMU OTJIOKCHHUSIMH JOJIOMHTA
U U3BECTHSKA. BepXHMIl rOpU30HT XapakTepuU3yeTcsl MOBBILIEHHBIMU COJAEPKAHUSIMHM aHTUIPUTA,
YTO yKa3bIBaeT Ha CMEHY OOCTaHOBKHU CpPEJlbl OCaJIKOHAKOIUICHHUSI B CTOPOHY Oo0Jiee 3BaropuTOBON
(Brew, 2001).

Ocanounsbie pannu u cpena ocaakoHakomiaenusi. Ocagounsie panuu B GpopManuu J0I0MHU-
ToB KypaunHa xapakrepusyooTcs pazHooOpa3ueM cpell 0CaJAKOHAKOIUIEHHUsI OT MEJIKOBOJIHBIX MOP-
CKHUX J10 JaryHHbIX. [IpeoOnaganue noloMUTa U M3BECTHSKA MpPENAINoiaraeT CylIleCTBOBAHUE /M-
HaMUYECKOM Cpesibl OCaJKOHAKOIUIEHUS — MPWIMBHO-OTIMBHBIE TEUEHUS U BOJHOBBIE JIBUIKEHUS.
Hanuune rmMHUCTBIX CIOEB, MEPEMEKAIOIINXCS C TIOJOMUTOBBIMH (pallisiMu, YKa3blBacT HAa NEpH-
olMuecKHe KoyieOaHUs B YCIOBHMSX OCAJKOHAKOIUJICHHS, BEPOSTHO BbI3BAaHHbIE H3MEHEHUSMHU
YPOBHS MOPSI WJIM KIIMMAaTHYECKUX YCIOBHH (TalI.).

AHTUAPUTHBIE CIIOU B IIJIACTE YKA3bIBAIOT HA MOBBIIIEHHBIH YPOBEHb 3BAlOPUTU3AIUHU, KOTO-
pBIf MOT BOBHMKHYTH B pe3yibTaTe MEPHOJO0B 3acyluinBoro kiaumarta (Mohammad et al., 2024).
PaccMmarpuBaemble OTIIOKEHUSI UMEIOT BaXKHOE 3HAUYEHME JUIsl IOHUMAaHUs TUAreHeTHYECKUX Mpo-
[IECCOB, MOBJIMABIINX Ha IUIACT, BKJIOYAs JOJOMHUTHU3ALMIO U 00pa3oBaHHEe BTOPUYHOMN MOPHUCTO-
CTH — KPUTHYECKHUX (HaKTOPOB MJIs pa3Beaku yrieBogopoaoB (Mohammad et al., 2023).
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JluTonoruueckue u CeTUMEHTAIMOHHBIE OCOOCHHOCTH YCIIOBHI 0CaIKOHAKOIUICHHUS KYPaunHCKOM
OJIOMHUTOBOM CBUTHI

W aHTUAPHUTA, KOTOPBIH CMEHSET-
Csl M3BECTHAKOM C MEHBIICH MO-
PHUCTOCTBIO

JlonomutoBas JIutonorus OOcTaHOBKH
CBHUTA HonoMut: mopucTslid, TpemuHo- | CpeaHe-MenkoBoHbie MOpckue | OT BHYTPEHHEr0 MOPCKOIO
Kypaunna BaThIil C MepecinanBanueM ciania | ¢auuu. Ha qHe — 9T0 OTKpBITHIC | Ienbda 10 MPUIMBHOTO

Mopckue (aruu cpemHed Tiry-
OWHBI, KOTOpBIE IOCTEIEHHO
CMEHSIOTCS (halMsIMU 3aMKHY-

TOTO MOpS, & 3aT€M JIATYHHBIMHU
banusivu

TpuacoBast nonomuroBast popmanust Kypaunna ¢ kapOOHaTHO-3BAIlOPUTOBOM CYKIIECCUEH U CBS-
3aHHBIC C HUMHU JIUTOMAIMH WUTPAIOT BAKHYIO POJIb B 00pa30BaHWM M HAKOIUICHHH YTJIEBOJIOPOIOB.
Hannure MukpuTa rOBOPUT O TOM, YTO CpeIa OCAIKOHAKOIIIICHHS OblJIa CIIOKOMHON U HETJTyOOKOM, YTO
MO3BOJISUIO HaKaIUTMBaTh MEJIKO3EPHUCTHIC OTJIOXKEHHUS. B TO ke Bpems *KHJIbl aHTHIPUTA M MUPUTA
MPEATONararoT, 4YT0 OKpYy’Karolas cpesia Obuta OECKUCIOPOAHON ¢ IeproiaMu 3BanopuTu3annu. Hamu-
YKe MAPUTA TAaK)Ke TIpeInoiaraeT OOMIre OPraHuIecKoro BEIIECTBA B OKPY KarOIIeh cpefie (puc. ).

Tw-105-1/17

XRD
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HeKOTOpBIC (1)aI_II/II/I HM3BECTHIKOBBIX OTJIOKCHUN B IlOJIOMI/ITOBOﬁ (I)OpMaLII/II/I KypaqHHa, C MUHCPAJIbHBIM
MPOLCHTHBIM COACPIKAHUCM (OHpCZ[eJ'ICHHI:IM MO0 JaHHBIM PEHTICHOBCKOT'O ,I[I/I(i)paKLII/IOHHOFO aHanH3a)

BiansiHMe TEKTOHHYECKHX TMPOIEeccOoB Ha JurocTpaTturpaduio. TekToHMUYecKas HBOIIOLMS
Oacceiina [lanbMupBI ChIrpana OTPOMHYIO POJb B (hOPMHpPOBAHUH TOJIOMHUTOBOM popmammu Kypauu-
Ha. Cl10)KHAasE TEKTOHWYECKAst HICTOPHUSI PETHOHA, XapaKTEPUIYIOMIASCS HECKOIBKUMHE dTallaMH COKATHSI
U pacUIMpeHws, CrIocoOCTBOBAIAa (POPMUPOBAHHIO CEPUU PA3IIOMOB U CKIIAJIOK, ONPEACTUBIINX CTUIH
OCaJIKOHAKOTUIEHHsI. Pa3ioMbl M CKJIaIKH CO3MaHM CTPYKTYpHBIE JIOBYIIKH, KOTOPHIE MOTYT MMETh
pelaroniee 3HaueHue sl HAKOIUICHHUS yriieBonopooB. [edopmarus gonomuroBoii popmarmm Ky-
padnHa TpuBeia K Pa3BUTHIO TPEIIUH U PA3IOMOB, KOTOPBIE YCHUIIMIN BTOPHYHYIO TIOPUCTOCTH J0JI0-
MUTOB, CJIEJIaB UX MOTEHIIMAIBHBIMH pe3epByapaMu sl HeTH | rasa.

Pa3Benka yriaeBoaoponaoB. JlonomuroBas gopmanus KypaunHa o6nagaeT oOMIMPHBIMH BO3-
MOXHOCTSIMH JJIs Pa3BEIKH YTIEBOJOPONOB Onarojgaps ee OJIarOmpHUsSTHBIM JIUTOJIOTHYECKUM
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U CTPYKTYPHBIM 0COO€HHOCTSAM. Hanuune nomMOMUTOBBIX (aiuii ¢ BBICOKOW BTOPHUYHON MOPHUCTO-
CTBIO B COUETAHUU CO CTPYKTYPHBIMU JIOBYIIKaMH, C(HOPMUPOBAHHBIMU pa3IOMaMU M CKJIaJKaMH,
JieJIaeT 3TOT IUIACT MEePCIEeKTUBHBIM JIJIS Pa3BeIKH HEPTH U rasa.

ITonnmanue cpenbl 0OCaJKOHAKOMIEHUS U TEKTOHUYECKON MCTOPUHU JOJOMHUTOBOW popmanuun
Kypaunna nMeer BaxHOE 3HAUCHHE ISl IPOTHO3UPOBAHUS MECTOIOJIOKEHUS U Ka4eCTBa YIJIEBO-
JOPOAHBIX KOJIEKTOpoB. CodeTaHue JIUTOCTPAaTUrpauuecKoro U CTPYKTYpPHOIO aHalu3a MO3BO-
JSeT BBISABIATH NEPCIEKTUBHBIC JJI pa3BeJKH PErHOHBI U pa3pabarbiBaTh Ooiee 3¢ (eKTHUBHBIC
HOJXOJBI.

BeiBoabl. Jlutoctpaturpaduyeckas oueHka gomomuToBoi (opmamun Kypaumna Oacceiina
[TaneMupbl HeceT LEHHYH HH(OPMAIMIO O IeOJOrMYECKOW MCTOPUM U HBOJIIOLMM 3TOTO0 PErHoHa
B Tpuace. B nccienoBanuu moq4epKuBaeTCs BaKHOCTh OCAAOUHBIX (haluii, 0caouHbIX Cpea U TEKTO-
HUYECKUX MPOLECCOB NpH (GOopMHPOBaHNUHU (HOpMAIMK U €€ NMOTEHIMalla B KaueCTBE pe3epByapa yrie-
BOJIOPOZIOB.

Paboma evinonnena sa cuém cpedcme Ilpozpammer cmpame2uuecko20 akaoemuuecko2o auoep-
cmea Kazanckoeo (Ilpugondicckozo) ghedepanvrozo ynusepcumema (IIPUOPUTET-2030).
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OIEHKA PECYPCOB MECTHBIX CTPOUTEJIBHBIX MATEPHUAJIOB
PU NTHXKEHEPHO-TEOJIOTMYECKOMW CHEMKE
YETBEPTUYHBIX OTJOXKEHWI KAPEJIUA

Huxundopos A.T'.
00O I'EO «Komnaexcy, eoaster@yandex.ru

Beenenne. MmxenepHo-reonorndyeckue ycioBus PecnyOnmuku Kapenus, kak u Tepputopuu
DEeHHOCKAHIMHABCKOTO IIUTAa B IIEJIOM, OJAromMpUATHBI AJs MIHPOKOTO HMCIOIH30BAHUS MECTHBIX
CTPOUTENbHBIX MaTepuanaoB (MuHepaabHO ChIpheBas 0aza..., 2006). DTo cBsI3aHO C OOMIMEM KOPEH-
HBIX CKAJIbHBIX MOPOJI, MIECKOB pa3HON KPYIMHOCTH, TaJICYHUKOBBIX, TPABUHHBIX U BATyHHBIX TPYHTOB.
OcHOBHBIE pelIeHHs 0 UCTOJIB30BAaHUIO MECTHBIX CTPOUTENLHBIX MaTepHaIOB MPUHUMAIOTCS 10 pe-
3y/lbTaTaM HH>KEHEPHO-TEOJIOTMUECKUX M3BICKAHUH (ITall MPOSKTUPOBAHNS) U KOHTPOJIBHBIX UCITBITA-
HUI CBOMCTB I'PYHTOB (3Tall CTPOUTEIHLHO-MOHTAXKHBIX padoT). [IpuMeHeHne HaxoAT He TOJIBKO Iec-
KM ¥ TAJICYHUKOBBIE TPYHTBI, HO M OTBAJIbl CYIECUYaHOIO U CYIJIMHUCTOTO COCTaBa, KOTOPhIE MOKHO
UCIIOJIb30BaTh Ui OTCHINKM Ma3yX KOTJIOBaHA, TPAHIIEH, IIaHUPOBKU TeppuTopuu. llpuHiun uc-
MOJIb30BaHUSI MECTHBIX CTPOUTEIHHBIX MAaTepUaIOB dKOHOMHUYEH WM DKOJOTWYCH MPHU HAIJIEKAIIEM
KOHTPOJIC COCTaBa M COCTOSIHUS T'PYHTOB. B maHHOW paboTre mpuBeneHa Kiaccupukaiuys Hanbosee
pactpoCTpaHEHHBIX TPYHTOB YETBEPTUUHBIX OTIOXKEHHUI Kapenuu ¢ TOUku 3peHust uX MPpUMEHUMOCTH
B Ka4eCTBE MECTHBIX CTPOUTEIbHBIX MaTepHalioB. B kauecTBe MCXOMHBIX JaHHBIX UCIIOJIb30BAaHbI pe-
3yJbTATHI TA0OPATOPHBIX MCIBITAHUA TPYHTOB B paMKaxX HH>KEHEPHO-TEOJIOTMYECKUX HU3bICKAHUIA.

Metoabl. [Ipo6bl rpyHTOB 0TOMpATMCh KOMITJIEKCOM METOJI0B, BKJIIOYAIOIIMX KOJIOHKOBOE Oype-
Hue, mypdsl ¥ BeleMKH. [lecku U TIHHUCTBIE TPYHTHI UCCIIEIOBAHbI CTAHIAPTHBIM HA0OPOM UCTIBITA-
HUN B paMKaX MH)XKEHEPHO-T€0JIOTMUECKUX padoT (orpeaeseHre rpaHyIoOMeTPUYECKOro cocTaBa, Co-
Jep>KaHUsl OPTaHUKH, XMMHYECKOTO COCTaBa BOJHOM BBITSKKHU, 3aCOJICHHOCTH, KapOOHATHOCTH, 3a-
TUTICOBAHHOCTH M Je(OPMAIMOHHBIX XapaKTEPUCTHUK TPYHTOB) M KiIacCH(PHUIIMPOBAHBI COTIACHO
('OCT 25100-2020, 2020). Jlnsa mpuBeaeHus MokazaTeiael rpaHyJIOMETPUIECKOTO COCTaBa, Ompe-
nenenHoro B cootBercTBuu ¢ (TOCT 12536-2014, 2014), k xnaccudukanuu o (I'OCT 8736-2014,
2014) ucnonb3oBan ko3 unreHT Koppensiuu coraacHo (Kosmnos, 2011). HeomaopoaHocTs TpyH-
ToB Bbluuciena B cootBercTBuu ¢ ('OCT 25100-2020, 2020), HEOJHOPOAHOCTh CTPOCHUS TPYHTO-
BBIX MacCHBOB OIpEJIeJICHa B MPOIECCe MHKEHEPHO-TEOIOTHIecKoi cheMkn (MacmTadsr 1 : 2000,
1 :5000, 1:10000) cornacHo TUTOIOTO-(aIHATBHBIM OCOOCHHOCTSIM.

Pe3yabTarsl. Jleonuxosvlie omaoxcenuss. OCHOBHAsE MOpPEHA cjaraet OOLIMPHBIE TEPPUTOPUU
Ha DeHHOCKaHAMHABCKOM IHIUTE. JIUTOJIOTMYECKH MOPEHHBIE TI'PYHTBHI HEOJHOPOIHBI MO COCTaBY,
TaK)ke MPOCIekKUBAECTCI HEOJHOPOIHOCTh TPYHTOBOI'O MacCHBa, CBS3aHHAsA C HAIMYUEM BHYTPUMO-
PEHHBIX JIMH3, OCTAHIIOB, BAJIYHOB. B palioHax pa3BUTHs dyelrydyaTol MOpEHBI HAOII0AAeTCs TOpHU-
30HTaJbHasA HEOJHOPOAHOCTh ¢ uepeaoBanueM B npeaenax S0—-100 M cynecuyaHo-CyriIMHUCTBIX pa3-
HOBUIHOCTEH (1. ABIEEBO), IBUIEBATHIX U I'PABEIUCTHIX NeckoB (1. Jlenmo3epo). OcHOBHAs MOpeHa
CJ0KeHa MOIMHBIMU (10 20 M) CJIOSAMH, TTOPOH 3aJIETAIONMMU TOPU3OHTAIHPHO WM HAKJIOHHO (Cy-
recuaHasi MOpeHa CBEpXy, CYTJIMHUCTas — HUXKe, Hanpumep: T. [lerpo3aBojck, 1oxHas yacth [Ipu-
oHexckoro paiona). B Cesepnoit u 3anagnoit Kapenun pacnpocTpaHeHbl MOPEHBI, MPEICTABIISAIO-
e co0oil BalyHHO-TIECHaHYI0 cMech. JIOKalbHO JaHHBIE TPYHTHI HCTOJB3YIOTCS KaK MCTOYHUK
necka Il knacca pa3HOil KpymHOCTH M MECUYAHO-TAJIECYHUKOBBIX cMecel. [IpuunHa oTHeceHus: AaH-
HBIX TpYHTOB Ko Il Kjaccy cBsizaHa ¢ TUTOJOTUYECKH OOYCIOBICHHONW HEOJHOPOIHOCTHIO MOPEHBI,
cojepxailel Kak KpYIHbIE BKIIIOUEHMS, TaK U MbUIEBATO-TJIMHUCTBIE YacTUIlbl. Bce MOpeHHBIe
TPYHTBI, BKJIIOYas CYNECYAHO-CYTJIMHUCThIE Pa3HOBUHOCTU, MOCJE YJAJEHUSI BATYHOB MOTYT HC-
MOJI30BATHCA JUIsl OTCHINKY Ma3yX KOTJIOBAHOB U TPaHILEH, SBIASICh HETEKYYUMH, HE COAEp Kallu-
MU OPTaHUYECKHUE OCTATKH TPYHTAMH.
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DrrosuonayuanrbHbvle OmMaA0NCeHUs CIyKaT OCHOBHBIM HMCTOYHUKOM KAa4ECTBEHHBIX CTPOUTENb-
HBIX TIeCKOB | Kitacca, TajJledyHUKOBBIX TPYHTOB U MECUaHO-TPABUMHBIX cMecel. [IpuunHa — B 0coOeH-
HOCTSIX OCa/IKOHAKOIIJICHUSI B YCJIOBUSX BPEMEHHOTO MOTOKA JABIKYIIEHCS BOABI 0€3 (parMeHTOB Op-
TaHUYECKOTO BEIECTBAa B MEPEHOCMMOM MaTepuaiie (JeIHUKOBas oOcTaHOBKa). Hanbosbiee 3Have-
HHUE UMEIOT JIMHEeHHbIE (DIIOBHOTIIAIUANIBHBIE CTPYKTYPBI — 0361 (emunos, 1998).

DnrosuoznayuanbHvlie BHYMpPUMOPEHHbLe OMI0JCEeHUs CAaraloT JUH3bI U MPOCIOU MOIIHOCTBIO 710
4 M BHYTPHM CYIIECUAHBIX U CYIJIMHUCTBIX MOPEH, MPEICTaBIICHbI Yallleé BCEro MECKAMH MEJIKHUMHU U
cpenHeit kpynHocTH. MmeroT Hanbosblliee pacpocTpaHEHUE B 30HAaX KPAeBbIX MOPEH, HA OTAEIbHBIX
y4JacTKax OCHOBHOM Mopensl (T. Ilerpo3aBojck: paiionsl Jlpesnsinka, [lepeBanka, PriOka). CreneHb
OJTHOPOJAHOCTH Ka)KIOW JIOKAJIbHON JIMH3BI BBICOKAsI, HO JIOKAJIbHOE PACHOJIOKEHUE JIMH3 HE MO3BOJIS-
€T OIEHUBATh MX KaK 3HAYUMBIA pecypc 0e3 mpuBliedeHHs] reo(PU3NIECKIX METOJOB U MPOSKTHOM
HEOOXOIMMOCTH.

DarosuoenayuanbHble NPUIEOHUKO8blEe OMIONCEHUs TIPEICTABICHBI TIECKaMH Pa3HON KPYITHOCTH,
4acTO C BaJIlyHAaMH M TaJIbKO# (Hampumep, B paiiore 03. Csimo3epo u 03. JlococmHHOE), 00J1a/1a10T BhI-
COKOM HEOJHOPOJHOCTBIO COCTaBa M LIMPOKUM PAcIpOCTPaHEHHEM IO IIOUIaAN (IIPOTSKEHHOCTh —
MepBbIC KMJIOMETPHI) U MOIIHOCTBIO 10—15 meTpoB. YacTo BeTpedaroTCsl CylecuaHble U CYTIIMHUCTBIC
JIMH3bI 03€PHO-JIEAHUKOBOIO MPOUCXO0KIEHUS, OCTAHIIbl MOPEHHBIX I'PYHTOB. JIOKaJIbHO BCTpEUaroTCs
BaJTlyHHBIC TPYHTHI (paiion p. Kyrmwkma, 1. Bunnuna). 3HaunTtenpHOM pecypcHOr 0a30ii mecka u rpa-
BUHHBIX CMECEH ABIIAIOTCS KaMOBbIE CTPYKTYpHI ([emnos, 1998).

O3epHyle U 03epHO-TIeOHUKOBbLEe OMN0NHCEeHUs TIPEACTABICHBI CIOUCTHIMU OAHOPOAHBIMU TIO CO-
CTaBy IpyHTaMU — TJIMHAMH, CYTJIMHKAMU, CYNECSIMUA U MECKaMU, C MPOCIOSIMU TaJIECYHUKOBBIX OT-
noxeHui. O3epHbIE OTIIOXKEHHUS, KaK TPABHIIO, UMEIOT BBICOKYIO MOIITHOCTH (10 40 M B [Ipunagoxee
U 10 55 M B OnoHEUKOM paiioHe AJisi 03€PHO-JIEAHUKOBBIX OTJIOKEHHUM) U 3HAYUTEIBHOE pacipo-
CTpaHEeHHE IO IUIoUIaAH (IECATKH U COTHU KMJIOMETPOB B 3aBUCHUMOCTH OT O€peroBoil JIMHUM COBpE-
MEHHBIX M NPUIEIHUKOBBIX BOA0EMOB). O3epHble necku cooTBeTcTBYIOT neckaM [ u II xmacca ot
MEJIKUX J10 OYeHb TOHKHX. bosiee KpymnHble pa3HOBUIHOCTH TeCKa HEe BKIIIOYAIOTCS B KJIaCCU(PUKALIMIO
M3-32 BBICOKOTO COZICpKaHUS MbLIEBATO-TIMHUCTBIX YaCTHUI] (COAEPKAT MPOCIOH MbUIEBATHIX aJIEBPUTOB
u ruH). CoBpeMeHHbIE 03€pHbIE CYNECH, TTTUHBI U CYIJIMHKYA MPaKTUYEeCKU BCETJa MPeCTaBICHbI BbI-
COKOMMHEPAIbHBIMU WJIAMU TEKy4Yel KOHCUCTEHIIMH, HE MPUTOJHBIMU I BTOPUYHOTO UCIIOJIb30BAHMSL.
O3epHO-TIeTHUKOBbIE HETEKY4He TJIMHUCThIE TPYHTHI MOTYT UCIOJIb30BATHCS ISl OTCHIIKU Ma3yX KOT-
JIOBAaHOB M 3aCHITIKM TPAHIIEH, HO MPHU CTPOTOM KOHTPOJIE Ka4eCTBa, TAK KaK JAaHHBIC TPYHTHI Hanboee
CHJIBHO TOJIBEPKEHBI MPOIIECCY TUIBIBYHOOOPAa30BaHMsI M3-3a MPOCIIOEB MbLIEBATHIX YACTHII.

Annioeuti IpeCTaBIEH NEPEOTI0KEHHBIMU B pyclie U JOJUHE PEKU MECTHBIMU T'PYHTAMM pas-
HOro re’esuca. B cuiy 3Toro ammoBUi MOXKET MMETh Pa3HbI COCTAaB M CTENEHb OJHOPOJAHOCTH.
B mpenenax pycen pek, MpOTEKAMIIMUX MO palloHAM Pa3BUTHUS MMECUAHBIX MOPEH M (DIIFOBUOTIISIU-
aJbHBIX OTJOXEHMH, monydaroT pa3putue necku I u Il knacca pa3Hoil KpyMHOCTH, a aJUTIOBUN PEK,
MPOTEKAIOIIUX B MpeJesiax CYNeCUaHO-CYIJIMHUCTBIX MOPEH WM MOpCKUX otioxeHuu (p. Kewms,
p- BoIr BONU3M yCThsI), MpeACTaBieH BHICOKOMHHEPAILHBIMU WJIAMH, HE MPUTOAHBIMU K HCIIOJIb30Ba-
HUIO B CTPOUTEIIBHOU OTpaciu.

OneHka pecypcoB MECTHBIX CTPOUTEIBHBIX MAaTepUajoB IMPOBOIWIACH MO CIEAYIOIIUM KpHUTE-
pusim: 1. Mooynv kpynnocmu u cooepacanue SIUHUCMbIX Yacmuy OJisi NeCKO8 U HeKOMOopbIX Nblie-
gamvlx 2pyHmos. 2. Xapaxmepucmuku 3anoaHumens O KPYHNHOOOIOMOUHbLIX — 2PYHMOS.
3. Cooeporcanue u ouamemp meepovlx GKIOUEHUll OJisi 8CeX MUN08 OUCNEPCHbIX 2pyHmos. 4. Cno-
coOHOCMb 2PYHMO8 K NIbl8YHOOOpa3zosanuto. YUuuThiBaica (axT, 4to TpyHThl Kapenuu He oTHO-
CATCS K BOJIOPACTBOPUMBIM U 3aCOJIEHHBIM B CHIJIY T€0JIOTUYECKUX MPUYHH.

Mooyns kpynHocmu ONpEAeNnsics Ui MECKOB C IMOJyYeHHEM MPSMOIo pe3yibTara B COOTBET-
ctBuu ¢ (I'OCT 8736-2014, 2014) u c nepecyeToM yepe3 UHTErpajIbHYI0 KPyNMHOCTh coriacHo (Kosz-
noB, 2011). PesynpTarel 1023 gacTHBIX J1aOOPATOPHBIX OINPENEICHUNA I TIECKOB CBEICHBI B TAOJIUILY.
B Tabmuue u panmee MmO TEKCTY MCIOJB3YIOTCS CIEAYIOUIME COKpalleHus: aQQ — aJIoBuid,
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1Q — o3epHble oTiHOXKEHHS, gQ — JIGTHUKOBBIE OTIOXKEHUSI (MOpeHHBIe), 1gQ — 03epHO-JIeTHUKOBEIE
otnoxeHus, fgQ — GroBHOTISIIIHATBHBIE OTIOKEHUS.

PacnpocTtpaneHnue neckoB ceMu CPYII U ABYX KJIACCOB IO KPYMHOCTU B OTJIOKCHUSIX PA3HBIX TEHETHUECKUX
tunos B Kapenuu

o (rog%yggggg(c)ﬁ, 2014) Tnace I cnace
[ToBbIIEHHOM KPYTTHOCTH fgQ, aQ fgQ, aQ
Kpymnnsrit fgQ, aQ fgQ, gQ (Cesepnas Kapemus), aQ
Cpennwmii fgQ, aQ fgQ, gQ (Cesepnas Kapenns), aQ
Menkuit feQ, 1Q, aQ fgQ, 1Q, gQ (Cepepnas Kapenus), aQ
Ouenb Menkuit Tonsko II knacc fgQ, 1Q, gQ (Cesepnas u Llenrpansnas Kapenns), aQ
Tonxkwit Tonbko IT kmacc fgQ, 1Q, 1gQ, gQ (Cesepnas u Llentpansnas Kapemns), aQ
OueHb TOHKUIT Tomnsko II kacce fgQ, 1Q, 1gQ, gQ (Cesepnas n Llenrpansuas Kapenus), aQ

Xapaxkmepucmuxu 3anonHumens 0Jisl KPYRHOOOIOMOUHBIX epyHmMo8 onpedeneHul coaaacho (IOCT
12536-2014, 2014). KpynHo0O10MOYHBIE (BaJIyHHBIE M TaJICYHUKOBBIC) TPYHTHI C 3aIOJIHUTEIIEM
B BHJIE [1I€CKA OT MEJIKOT'0, CPETHET0, KPYIMHOTO U MOBBIIIEHHOW KPYITHOCTH SIBJIIIOTCSI KAUE€CTBEHHBIM
HENYYUHUCTBIM CTPOUTEIBHBIM MAaTepUaloM, KOHTPOJb KadyecTBa KOTOPOro Mo Ko3(puiIueHty
VIUTOTHEHUST MOXHO TPOBOAWTH HETOCPEICTBEHHO BO BPEMS BBIMOJIHEHHS CTPOUTEIHHBIX pPadoT.
Bcerpeuaroress B MmopenHbix TpyHTax CeBepHoit Kapenuu u (aroBHOTISIIMANBHBIX OTIOXKEHUAX. Jlo-
KaJIbHO BBISIBJICHBI B JIUTOPAJIbHBIX 30HaX bemoro Mops (MOpckue OTIOXKEHHUS), B aJUTFOBUAIBHBIX
rpyHTax (Yalle BCEro Kak NpPOAYKT IEpPEOTIOKEHHUs CylecuaHo-TecyaHbIXx AuamMHuKTOB). [Ipoumne
KPYIMHOOOJIOMOYHBIE TPYHTHI MOTYT CIYXHUTh KaK MaTepHall OTCHIIKH Ma3yX KOTJIOBAHOB, TOPU30H-
TAJIbHOW TIAHUPOBKH.

Cooeporcanue u ouamemp meepovlx 6KIIOUEHUU O 8ceX MUN08 OUCHEPCHBIX 2PYHMOS SIBIACTCS
KpUTEpUEM, OIPEIESIONINM, BO3MOKHO JIM UCIIOJIb30BaTh IPYHT B Ka4eCTBE YIJIOTHSIEMOI'O OCHOBA-
HUS TIPH COOJIIOZCHNUU TPOYUX YCIOBUH. J[mameTp BKIIOUEHHMH HE JOJDKEH MpeBbIaTh 15 cM, a co-
nepxkanue — 50 % mo o0vemy, UTO ompezenseT OONbLIYI0 YacTh MOPEHHBIX IpyHTOB Kapenuu kak
HYK/JIAIOIIYIOCS B CEMapaldy ¢ UCKIIOYEHUEM KPYIHBIX BalTyHOB. KpynHbie BalyHbl Tak:Ke BCTpeda-
I0TCS B OTJIOKEHUSAX (PIIOBHOIIIALMAIBLHOTO reHe3nca. Ha npakTuke yaaneHue BalyHOB MPOUCXOIUT
HEIMOCPEICTBEHHO MPU OTKOMKE KOTJIOBAHOB U TPAHILIEH.

Cnocobnocms 2pyHmog K nivl8yH000pa306aHuIo ABASETCS OTPUIIATEILHON XapaKTepPUCTUKOM.
B nanHo#i paboTe HEe paccMaTpHBAIOTCS «MCTHHHBIC» IUIBIBYHBI — TUAPO(UIBHBIE TPYHTHI, YXKe
HaXOJAIMecs B HApYUIEHHOM (IUIBIBYHHOM) COCTOSIHMH. /laHHBIE MIIBIBYHBI BBISBISIOTCS MPU U3bI-
CKaHMIX, cllab0 OTJAI0T BOAY, U BOMPOC UX UCIOJIb30BAHUS B CTPOUTEIHCTBE HE BO3HUKAET. [lpu
MPOEKTUPOBAHUM U CTPOUTENIHCTBE BAXKHO OLEHUTH CIIOCOOHOCTH I'PYHTA MPOSBISTH IUIBIBYHHBIC
CBOICTBa NMPU U3MEHEHUH T'HAPOJMHAMUYECKONH 0O0cTaHOBKH. Hanbosplee KOIMUECTBO BCTpEUaro-
nmxcs B Kapenuu ciiydaeB nposiBieHHs TUIBIBYHOOOpPa30BaHUS Ha JIHE KOTJIOBAHOB MJIU TP UCIOJIb-
30BaHUM OTBAJIOB CBS3aHO C O3EPHBIMH OTJIOKEHHUSIMU. 3/1€Ch UTPAIOT CBOIO POJIb TAKXKE BBICOKAS
MOPHUCTOCTH JTaHHBIX TPYHTOB (K03 durment nmopuctoctd oT 0.45 1o 0.8 u BhImIE y cirabonpoHuIa-
€MBIX TJIUH), HATHYHUE KOJIJIOMIHBIX MBUIEBATHIX YAaCTHUII, OOIIAs TUTOJIOTUYECKAs CIIOUCTAst HEOTHO-
POAHOCTb, CIOCOOCTBYIOIIAs AUHAMUKE BOJ. MOpEHHBIE IPYHTHI PEAKO MEPEXOMAST B IJIBIBYHHOE
COCTOSTHHE B €CTECTBEHHBIX YCIIOBUSX, 00J1a7ast HU3KOM MOPUCTOCTHIO, HO BTOPUYHOE HCIIOIbh30Ba-
HUE TbUIEBATONECYaHbIX MOPEH (ITOCJIE HAPYIIEHUS] €CTECTBEHHOW CTPYKTYPbI) JOHKHO COMPOBOXK-
JaThCS YIUIOTHEHHEM 110 2.1-2.2 /e’ wiu 1o koapdunmenta yriotaeHus 0.95 mist CHIYKEHUS TIOPH-
cToctu. B o0memM ciyyae MmibIByHHBIE CBOWCTBA MPOSIBISIIOT MbLIEBAThIE NMECKH U CYNECH, KOTOpbIE
MOTYT OBITH BBISIBJICHBI BO BCEX T€HETUYECKUX TUTAX OTiIoxkeHn Kapemuu.
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3akmouenne. Haubosee nepcrneKTHBHBIME AJIsL UCIIOJIb30BAHUS MECTHBIX CTPOUTENBHBIX MaTe-
pUaoB (HEMYYMHHUCTBIX NECKOB CTPOUTENBHBIX I'PYII U KJIACCOB) SIBISIOTCS PallOHBI pacnpocTpa-
HeHus necuyaHbix MopeH (CemepHas u 3amagHas Kapenus), (mioBHOITISLMATBHBIX OTIOXKEHHH,
03€PHBIX U 03E€PHO-JIETHUKOBBIX OTJIOKEHUH (JIOKanbHO). [Ipy 3TOM BCe MOpEHHBIE IPYHTBI OAXO-
JST A1 BTOPOCTETIEHHBIX CTPOUTENBHBIX paboT (OTCHINKA Ma3yX KOTIOBAHOB, IUIAHUPOBKA) TOCIIE
ylaJeHusl KPYNHbIX BAJyHOB M C KOHTPOJIEM YIUIOTHEHMs. O3epHble U 03€pHO-JIEJHUKOBBIE OTJIO-
YKEHUS MBIJIEBATO-IIECYUAHOI0 COCTaBa Yallle IPYTrUX FeHETUYECKUX TUIIOB IPYHTOB MPOSIBIAIOT IUIbI-
BYHHBIE CBOICTBA.

Cnmcok JIuTepaTypsl

I'OCT 25100-2020. I'pynTsl. Knaccugukauuns. Benen B neiicTBue B KauecTBe HallMOHAIBHOTO cTanaapra Poccuii-
ckoii @epepamuu ¢ 1 sHBaps 2021 r. mpuxazom @DenepanbHOrO areHTCTBa MO TEXHUYECKOMY PETYIHPOBAHUIO
u Metposoruu ot 21 wmrons 2020 r. Ne 384-ct. Pazpaboran HaywHo-ucciaenoBaTenbckuM HPOEKTHO-M3BICKATEIbCKUM
U KOHCTPYKTOPCKO-TEXHOJIOTHYECKUM MHCTUTYTOM OCHOBaHMH M moa3eMHbIx coopyxkenuil (HUMOCII) um. H.M. I'epce-
BaHOBa — MHCTUTYTOM OTKpPBITOrO akIHOHEpHOTO obmecTtBa «Hayuno-nccnenoBatensckuil nentp "CTponuTenscTBO " »
(AO «HUII "CrpourenbctBo'"»), 2020 r.

I'OCT 12536-2014 I'pyHTBI. MeToaBI TaOOPAaTOPHOTO ONPEAEICHHUS TPAHYJIOMETPUIECKOTO (3EPHOBOT0) M MHKpOAr-
peraTtHoro coctaBa. BBejeH B eiiCTBHE B KaueCTBE HAITMOHAILHOTO cTaHAapTa Poccutickont @eneparyum ¢ 1 uronst 2015 .
npuka3zoM denepaTbHOTO areHTCTBA 0 TEXHUYECKOMY PETYJIIMPOBAHHUIO U MeTposioTuu oT 12 mexadbpst 2014 r. Ne 2022-cr.
Paspaboran OTKpPBITHIM aKIUOHEPHBIM 00mIecTBOM «IIpOM3BOACTBEHHBIH M HAay4YHO-HCCIEAOBATEIbCKUI MHCTUTYT
10 WH)KCHEPHBIM U3BICKaHUAM B CTpouTenbcTBE» (OAO «ITHUMUC»), 2014 1.

I'OCT 8736-2014 Tlecok mist cTpouTenbHBIX padoT. TexHuueckue ycnoBus (¢ ITompaBkoii). BBeneH B nericTeue
B Ka4eCTBE Hal[MOHAIBHOTrO cTaHaapTa Poccuiickoit denepanuu ¢ 1 anpens 2015 r. npukaszom denepanbHOro areHTCTBA
10 TEXHUYECKOMY PEryJIMpOBaHHIO U MeTposioruu oT 18 HostOpst 2014 1. Ne 1641-ct. Paspaboran ®enepanbHbIM rocyaap-
CTBEHHBIM YHHTapHbIM mpennpusitieM «HaydHo-MccienoBaTenbCKuii U NPOEKTHO-M3bICKATENLCKMH HHCTUTYT MO HPO-
O6neMaM 100BIYM, TPAHCIIOPTA M MEPEPAOOTKH MHHEPAIBLHOTO CBHIPbS B MPOMBIIIJIEHHOCTH CTPOUTEIBHBIX MaTEpHUalIOB)»
(PI'VII «BHUITNHcTpomebipbe»), 2014 T.

Jlemuooe HM.H. Dtarbl GOpMHUPOBAHHUS M OCOOCHHOCTH JIOKAJIHM3AIUH TOJIE3HBIX HCKOMTaeMbIX Kapenuu B yeTBepTHY-
HOM riepuo/ie // I'eonmorus n nonesnsie nckonaembie Kapemmu. Bemm. 1. Tlerpo3aBonck, 1998. C. 137-142.

Kosnoe A.B. K Bomipocy o coorBercTBun kinaccupukammii OCT 25100-95 u TOCT 8736-93 mis necka mo KpyIHO-
ctu // Bectauk MI'CVY, 1997-0935, 3-2 123-127, Poccus, Mocksa, 2011. C. 123-127.

MumnepansHO-ChIpbeBas 0a3a Pecnyonmuku Kapenus. Ku. 2: Hemerammueckue mose3nsie uckomnaemble. [Tog3emMHbie
BoABI M JieueOHbIe rps3u / B.I1. Muxaiinos u np. [TerposzaBoack: Kapemus, 2006. 355 c.
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MUI'MATHU3ALNUSA IIOPO OCHOBHOT'O COCTABA
B IPEJEJIAX HYIIMHCKOMHU TOJIIIU BEJIOMOPbHA

HuxomaaeBa A.M.l, Baarbi6aes LK. 2, Opuenko A.B.

1 . .
Canxm-Ilemepbypeckuii 2ocyoapcmeennulii yHugepcumem, Uncmumym nayk o 3emie,
annnikola33@gmail.com
2
Hnemumym eeonoeuu u eeoxpononoeuu dokemobpus PAH

BricokoTemmnepaTypHblii MeTaMOppU3M TPUBOAUT K IUIABJICHUIO MOPOJ ¢ 0Opa3oBaHUEM pa3-
JUYHBIX TUIIOB MUTMATUTOB. IIpy ompeneneHHbIX BHEIIHUX YCJIOBUSAX YaCTUYHOE IJIaBJICHUE pea-
JU3YyeTCsl U MO TPOTOJIUTY OCHOBHOTO COCTaBa. B maHHOM cooOmeHuu paccMmarpuBarorcs PT-
yCIOBUS U (PIIOMIHBIA PEXXUM IIABJICHHS HEOONBIIOTO MaccHBa METarabOpOHOPHUTOB B Mperesiax
YYNUHCKOU Tonu benomopss.

CnenyeT OTMETUTD, YTO MUTMATUTHI IIMPOKO Pa3BUTHI B belIoMOpPCKOM MOABUKHOM IOSICE U SIB-
JSIOTCS OJTHUM U3 PACTIPOCTPAHEHHBIX TUIIOB MOPOJ 3TOM CTPYKTYphl. [IpesiiecTBeHHUKaMH IPOBO-
JWIOCH JETAIbHOE M3YYE€HHE MUIMAaTHTOB benoMopckoro Komiiekca, HapuMep, B pailloHe MbIca
ToncTuk U NMpuserapIuX 0OCTPOBOB, IJle OTYETIMBO YCTAHABIMBAETCA HE MEHEE TPEX SIMU30/0B Yyiib-
TpaMmeTamop(du3Ma, pa3aeNeHHbIX BHEIPUBIIUMHUCS TelaMH ApY3UTOB. B paiione yuactka Tymoit I'y-
OBl BBIJENIAETCS MUHUMYM JIBa 3MK30Ja yiabTpameramopdusma. [lepBrie MUTMaTUTBI TPaHyJIUTOBOM
¢anmu, a BTopele 00pa3oBaHbl MOCJIE BHEAPEHUS TEJl TOHAJIUTOB U TPOHAbeMUTOB (PaHHMI nOoKeM-
Opuii..., 2005).

[Ipennonaraercsi, 4T0 YyNUHCKUE THEMCHI OBLIM JIBAXIbl MUTMaTHU3WPOBAHBI, CHayaja B XOJE
Heoapxenckon koyu3un (2.72—2.69 mipp jeT), a MOTOM B MaJIieONpOTEPO30€ B Ipoliecce cBeKO(hEeHH-
ckoil koym3uu. MccienoBanue HEOCOMbI MUTMATUTOB MOKA3ajl0, YTO OHM MOJMXPOHHBI M pa3BUBa-
I0TCsI IO paznudHoMy cyoctpary (Ciadynos, 2008).

W3yueHHBI HAMU MacCHB MeTarabOpOHOPUTOB PACIIONOKEH B LIEHTPAIbHON YacTH UynmMHCKOTO
MaparHercoBoOro mnosica B LEHTpaIbHOM yactu benoMopes. [losic cnokeH MUrMaTU3UpOBaHHBIMHU Tpa-
HAT-OMOTHTOBBIMU M KHAHUT-TPAHAT-OMOTHTOBBIM THEWCAMH, CPElIU KOTOPBIX OTMEYAIOTCS JIMH30-
BUJIHBIE T€JIa MEJTKO3EPHUCTHIX IPaHAT-OMOTUTOBBIX THEHCOB — PEJIMKTHI HAUMEHEE U3MEHEHHBIX Mep-
BUYHO ocaiouHbIX nopos (CnadyHos, 2008). i mopoabl NpopBaHbl HEOOIBIIUMH TE€JIAMU OCHOBHBIX
U YJIbTPaOCHOBHBIX MTOPOJ B BHJIE AA€K UM MAaCCHBOB.

MaccuB npeacTaBiseT coboil JIMHEHHO-BBITSIHYTOE TENO CYOIIMPOTHOTO MPOCTHPAHHS, HEOOIb-
o BUAMMOW MoImHOCTH A0 50 M B momepeyHuke W anuHor 6omnee 100 M. MaccuB mpencraBiieH
MUTMaTH3UPOBAaHHBIMH TI'paHaT-aM(pHO0IIOBBIMU KpHCTALIOCHaHIAMU 1 aMpubonuTamMmu. Murmaru-
3alMs OpOJl MaccuBa HepaBHOMepHas. HabOmiomaeTcst aBa Tuma JIEHKOCOM, OTIMYAOIIUXCS pa3Mme-
POM, MHHEpAJIbHBIM COCTaBOM M OTBEUAIOIIMX PAa3HbIM 3TalaM MUrMatuToodpasoBanus. [lepseie, 60-
jiee paHHUE, JIEHKOCOMbI HEOOIbIINE 110 MOIIHOCTH, OT COBCEM TOHKUX MUJUTUMETPOBBIX MPOKUIKOB
70 5 CM, COCTOSIT IPEUMYILECTBEHHO U3 JIEMKOKPAaTOBBIX MUHEPAJIOB — KBapla M IOJEBOrO IIMNAaTa,
BCTPEUAIOTCS €IUHUYHBIE 3€pHa MEJKOro TpaHara, NMpu ATOM aM(pHUOOIMUTH3ALUS BOKPYT 3THX
000co0eHNni He TaKkasi MHTEHCUBHAsI, KaK B JPyrOM THIIE.

Bbonee nHTEHCHMBHO MpOsIBIIEHa MUTMaTU3allks, CEKyIlas 0ojee paHHIOK JeMKOoCcoMy, BIOJb 30H
CABUTOBOI'0 TEUEHMSI CEBEPO-3aIIaJTHOIO MTPOCTUPAHU. 31€Ch JIEHKOCOMAa UMEET BUJ] KPYITHO3EPHUCTBIX
JICHKOKPATOBBIX 000c0o0IeHni MoIITHOCTRIO 10 20—30 cM, coaeprKalux rpaHaT U KIMHOMHPOKCeH. Bo-
KpYT Hee HaOuo1aeTcs MolHast aM(puOOIUTH3aus U YKpYITHEHHE 3epeH aM(pubona u rpaHara.

Jlst coctaBa MeTtarabOpoHOpUTa 3TOro MaccuBa Ha PT-muarpammax (a3oBbIX paBHOBECHH, pac-
CUMTAHHBIX METOJAOM MHMHMMH3auuu sHepruu ['m66ca B mporpamme PERPLEX v. 7.16 (Connolly,
1990, ¢ obnoBnenusamu a0 2023 r.), BEIMOJHEHHBIX TP pasHbix cooTHomeHusx H,O u CO,, ycra-
HOBJICHO cienymomee (puc.). [lpu mpeumyiecTBeHHO BOIHOM (UIIOMAE B TOPOJE MHUHUMATbHAsS
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TeMreparypa nosisiaeHus pacmiasa 670 °C B quama3one naBiaeHuit ot 8.5 k0ap u Beime. [Ipu cHmxe-
HUM JaBJICHUS TEMIIEpaTypa MOsABJICHUs paciiaBa yBenuuuaercs 10 770 °C. Takum oOpa3om, u3me-
HEHUE JaBJIeHHUS Ha 1 kOap MPUBOAWT K TMOBBIMIEHUIO TeMriepaTypsl miaBieHus ~10 °C. Ilpu stom
BEpXHss 00JacTh MOJIsA, HAaUMHAas ¢ 5 KOap, CyIIECTBYIOIETO pacijiaBa BCEra COJACPKHUT B CBOEM CO-
CTaBe JKeJe30MarHe3naibHylo ¢azy — IpaHar, B OTJIMYKME OT HU3KOOApUUeCKOW 001acTH, B KOTOPOH
MPUCYTCTBYIOT OPTOMTUPOKCEH U OMOTHT.

IIpu nosinenun B cucteme CO, = 0.3 yBeIrM4YMBaEeTCS TeMIEpaTypa MOsIBICHUS NEPBBIX MOPIUI
pacrmiaBa 1o 770 °C mo cpaBHEHUIO ¢ BoJOHACKIIIeHHON cuctemoit moutu Ha 100 °C (puc., B). [Ipu
3TOM (paKTOp AaBJIEHHS MEpPEecTaeT UrpaTh CYHUIECTBEHHYIO POJIb Ha UX MOsBIEeHUE. [ paHaT mpucyr-
CTBYET BMECTE C PAcIUIaBOM B OOJIaCTH JAaBJICHHIA BhINIE 7 KOap, 4TO BBINIE HA 2 KOap MO CPaBHEHUIO
C BOJIOHACBIIIEHHOW CHCTEMOW. 3aMETHO YBEJIMYMBAETCS I0JIE YCTOMUYMBOCTH KIMHOMUPOKCEHA, a
o6uotut coxpansiercs 10 850 °C u 5 k6ap.

IIpu yBenmuuennun kosmudectBa CO, = 0.6 MUHMMAaIbHAs TEMIIEpATypa IJIABJICHUS TAKKE YBEJIU-
yuBaercs 10 790 °C (puc., I'), mpu 3TOM (pakTop AaBiIeHHUS HAUYMHAET UrPaTh OOPATHYIO POJb, MO
CPaBHEHHUIO C BOJOHACHIIIEHHOW CHUCTEMOMW, yBENUYHMBAs TEMIIEPATypy MOSBICHUS MEPBBIX MOPIHA
pacraBa rpu 6osee BeicokoM aasneHnu 10 840 °C, uto Ha 150 °C Gosbliie, 4eM B BOJIOHACHIIICHHON
cucteme. ['paHar ¢ pacniaBoM NPUCYTCTBYET B 001acTd BhIle 9 kOap, KIMHOMUPOKCEH YCTOMYUB BO
BCEM II0JI€ pacCMaTpUBaeMbIX IMANa30HOB TEMIIEPATyphl U JaBJICHUs, a OMOTUT ycToiduB a0 860 °C
u 8.2 xbap.

A) 10 B)1°

GiCpxAmpMelt GiCprAmpMelt

[asnetxve, k6ap

GIBPIAmPCIZ

0 300 420 540

PICpxAmp|

Opxiim

p'C”"Opxum

300 420 540 66 780 900 300 420

0 780 900
Temnepatypa,’C

54 660
Temnepatypa,’C
PT-nuarpamMmsr (ha30BBIX PABHOBECHH, PACCUNTAHHBIC METOIOM MHUHUMH3AIINN SHEPTHH
I'u66ca B nporpamme Perplex (Connolly, 1990) mjist MmerarabOpoHOpHTa IPU Pa3HOM
BOJTHO-YTTICKUCIIOTHOM (ITIOUIE:

A — monHas (ba?,OBaSI AuarpaMma 1np1 BOJAOHACBIIICHHOM (1)J'IIOI/I[[€; b-T — OGJ’IaCTI/I, OrpaHUYCHHBIC MOSABJICHUEM pacillaBa:

b — conepxxanue CO, = 0.0, B — comepkanne CO, = 0.3, I' — conepxanne CO, = 0.6. CokpallleHus: MUHEPAJIOB TaHBI 110
(Whitney, Evans, 2010)
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AHanu3 (azoBBIX AMAarpaMM PAaBHOBECHW MO3BOJIIET YCTAHOBHTH TaK)KE XUMUYECKUH COCTaB
JeMKOCOM MpH Pa3HbIX 3aJJaHHBIX apaMeTpax TeMIepaTyphl U AaBiieHus. Tak, IpU MOCTOSIHHOM JaB-
aeHuu (Hampumep, 9 k0ap) U yBeIMYSHUN TEeMIIepaTyphl pe3Ko noBwinaercs coaepkanue Al,O3, FeO,
MgO, CaO, no monmxaetcsi cogepxkanune SiO,, Na,O, K,O. Takas TeHneHnns 3aMeTHaA U TIPH JaBJie-
HUH, paBHOM 7 1 5 k0ap.

Ecmm 3adukcupoBate Temmnepatypy (Hampumep, Ha otMeTke 780 °C) u yBenmn4yuBaTh JaBlCHUE,
TO OyAeT 3aMeTHa CJeayIonas 3aBUCUMOCTh: coaepxkanue Si0,, FeO, MgO, Na,0, K,O ymensraer-
cs, a conepxkanne CaO u Al,O3 moBeImaercs (Tadm.).

CocTaBsl pacIuIaBoB MU pa3HbIX Mapamerpax Pu T

P, x6ap T, °C SiO, Al,O4 FeO MgO CaO Na,O K,O H,O
CO,=0.0
P=9 T=900 58.43 17.38 2.16 0.81 5.62 3.11 0.94 11.55
T=780 64.92 14.78 0.43 0.08 4.32 291 1.04 11.53
T=660 64.63 14.12 0.08 0.00 2.63 3.61 245 12.48
P=7 T=900 57.56 17.82 3.40 0.86 5.37 3.74 0.96 10.28
T=780 66.42 14.33 0.80 0.15 3.76 3.17 1.14 10.23
P=5 T=900 59.42 16.87 3.53 0.99 4.42 4.47 1.52 8.78
T=780 67.50 13.95 0.91 0.20 3.13 3.51 2.15 8.65
CO,=0.6
P=9 T=900 66.00 16.19 1.73 0.34 3.99 2.03 5.22 4.51
P=7 T=900 66.23 15.86 1.97 0.42 3.73 2.29 5.42 4.08
P=5 T=900 67.04 15.40 2.12 0.49 3.55 2.50 5.42 3.49

Kpatkuit 0030p nmuTepaTypHbIX JaHHBIX O MJIABJICHUH OCHOBHBIX ITOPOJ HE TPOTUBOPEUUT HALIUM
JAHHBIM O KOJIMYECTBE U COCTABE I'PAHUTHOTO PACIUIaBa, KOTOPHI MOXET OBITh MOJYYEH MPH MeTa-
Mopdu3Me W IUIaBleHnH MerarabOpoHopurta. Hampumep, Ha ceepo-3amane lllotnananu B paiione
JBIOMCOBCKOTO TPaHYIUTO-THEHCOBOrO KOMIUIEKCAa YaCTUYHOE IIJIaBJICHHUE i1 Sifu MEeTarabOpOMIHBIX
MOPOJ] IPUBENIO K 00Pa30BAHUIO KPYITHO3EPHUCTHIX IJIArHOTPAHUTHBIX JIEGHKOCOM C KJIIMHOMHUPOKCe-
HOM (Johsonon et al., 2012). IToka3ano Takxe (Flagler, Spray, 1991), yto nnaruorpanutsl @pyHbe
B KaHaJCcKuX Anmnanadax OblM 0Opa3oBaHBI B [Ba 3Talma: Ha MEPBOM dTalle MPU BBICOKOTEMIIEpa-
TypHOM MeTaMop(u3Me MPOUCXOMIN IMJIacTUUecKrue aedopMalui B CABUTOBBIX 30HAX U 00pazo-
BBIBUINCH aM(pUOOIHUTHI 0 TabOpO, HA BTOPOM 3Tare MPOUCXOJWIIO YACTUYHOE TUIaBJIeHUE amM(pu-
6onuTa ¢ 0Opa3oBaHUEM JIEMKOCOM IIArHOTPaHUTHOTO cOCcTaBa. JlBa pa3HbIX THUIAa MUTMaTHTa, Ce-
IPEralOHHBIA U JKWI000pa3HbIi, BBIIEISAIOTCS B apXeMCcKHMX MeTaba3uTax K IOTY OT KaHAaJCKOTro
['perBunbckoro ¢ponta (Sawyer, 1991): nefikocomsl xmibHOTO Thma odoramnieHs K,O, Ba, Cs, Rb,
LREE, Th, Hf, Zr u P,Os 1o cpaBHEHHIO ¢ BX META0A3UTOBLIM MPOTOJIUTOM U UMEIOT OOJiee BBICO-
ke otHomeHus La/Yb. B ornuune ot HUX JIEMKOCOMBI U3 CETPETUPOBAHHBIX MUTMAaTHUTOB 00€HE-
vel REE, Sc, V, Cr, Ni, Co, Ti, Th, Hf, Zr, Nb u P,0Os no cpaBHEHUIO ¢ UCXOTHBIMU MOPOIAMH.
B MurmatusupoBannoM komruiekce Ckarrepa B ceBepHbIX kaneaonuaax Hopserun (Selbekk et al.,
2000) B MUTMaTU3MPOBAaHHOM MeTarabOpo OTMeuYeHa CBA3b JICHKOCOMBI C JTAIKOBBIM MarMaTu3MOM,
YTO CBUJIETENILCTBYET O CErperaluuy paciiaBa u ero NepeMeneHuu.

Iemposzasoock, 1—4 oxmsbps 2024 . 115



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKObI-KOHGeperyuu, nocesujennol navamu ynera-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI' MU, 'EODQH3UKHU U 'EODKOJIOI'H

Taxum 06pa30M, MOKHO CACJIAaTh CIACAYIOIINEC BHIBOABI:

1. HavanpHas TeMreparypa miaBjieHUs MOPOo MOXKET u3MeHAThcsa Ha S0—150 °C B 3aBUCUMOCTH OT
COOTHOLICHUA KOMITIOHCHTOB BOJHO-YTJICKUCJIOTHOT'O (I).HIOI/II[a.

2. CBs3b JIEUKOCOM C JIOKAJIbHBIMU CIIBUTOBBIMU 30HAMH YKa3bIBaeT Ha BAXKHYIO POJIb Iedopmaruii
[IPY YaCTUYHOM IUTABJICHUHU JJISl H3yYEHHOTO METarabopoHOPUTOBOTO MacCHBA.

Aemopwbi barazooapam 3a coemecmuvle noaesvie pabomul u KOHcyabmayuu 0.2-m.H. B.B. bana-
eanckoeo (I'M ®UI] KHI] PAH, 2. Anamumst). Paboma eévinoinena npu puHancogol noooepicke
memul 2oczaoanus MI'TJ] PAH FMUW-2022-0002.
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O BJIMSAHUU OU3UKO-XUMHNYECKUX TAPAMETPOB
HA HAKOIIVIEHUE U PACIIPEJAEJEHUE PAIMOHYKJIN1OB
B TOP®SAHBIX 3AJTEXKAX CEBEPO-3AITAJIA POCCHUHA
(Ha mpumepe Mi1acckoro 60J10THOro MaccuBa ApPXaHreJbCKoil 00J1acTH)

Opaos A.C., SIxosJaesB E.1O.

Dedepanvhvlii UCCAC008AMENLCKULL YEHMP KOMNAEKCHO20 usyyenus Apkmuku um. akademuka H.I1. Jlaseposa YpO PAH,
Apxaneenvck, Poccus, alseror@yandex.ru

BonoTtHeie 3k0cucTeMBl 3aHUMAaIOT orpomHble momaau (1o 30 % ot teppuropuit Poccuiickoit
ApPKTUKH) W SBISIOTCSI OCHOBHBIMHU OuorieHozamu EBpomneiickoro Cesepa Poccun (Cupun u np.,
2017). Bepxossie (oMOpoTpodHBIE) TOPDHSIHUKU B CBSI3U C MPEUMYIIIECTBEHHBIM aTMOC(EpHBIM MMHTa-
HUEM, C OJIHON CTOPOHBI, SBIISIOTCS YHUKAIBHBIMHU YKOJIOTHUYECKUMU apXHBAMH, UCCIEIOBAHUE KOTO-
PBIX JaeT HEeHHYI0 HHOOPMALHIO AJI1 TOHUMaHUSI MPOILIBIX SKOJIOTMYECKUX U KIUMATHUYECKUX COOBI-
TUH, a ¢ IPYroi CTOPOHBI, COAEPKAT JaHHBIE 00 aHTPOMOTEHHBIX 3arpsI3HAIONIMX HArpy3Kax, CBSI3aH-
HBIX ¢ HAKOTUICHHEM IIMPOKOTO criekTpa atMocdepHbix 3arpsizauteneit (I1lesuenko u np., 2015; Savi-
chev et al., 2020). TopdsiHbie 3anexu, Kak HEOThEMIIEMbIH KOMIOHEHT OOJIOTHBIX 3KOCHUCTEM, CTaH
OCHOBHBIMH KOHIICHTPATOPaMH TE€XHOTE€HHOM paJl0aKTUBHOCTH, MOCTYNHUBILEH HA MOBEPXHOCTH 3eM-
7 ¢ Havaja aToMHOM 3pel (Mroz et al., 2017; Roux, Marshall, 2011; Yakovlev et al., 2021). OcobeH-
HO OCTpO 3Ta mpobdsieMa CTOUT JJisi ApxaHTelbcKor obyactu, rae B 60-¢ rr. XX B. Ha TEPPUTOPUHU
0. HoBas 3emiist mpoBoguIInCh MacIiTaOHbBIE sIICPHBIC HCIIBITAHNS, B PE3YIbTaTe KOTOPBIX B OKPYIXKa-
IOLIYI0 Cpeay MOCTYMHIIIO 3HAUUTEIbHOE KOJIMUECTBO PaAMOAaKTHBHBIX MaTepHuaoB. Psii BeImaBmux Ha
MOBEPXHOCTh TOP(SIHUKOB PaJMOHYKIHIOB OKa3ajics 3a(UKCHpPOBAH OPTraHUYECKUMU U MUHEPAITb-
HBIMHU KOMIIOHEHTaMHU Topda B TOJIIIIE 3ajiexkeil OO0JOTHBIX MacCHBOB. JleMOHUPOBAHHbBIE B CEBEPHBIX
TOp(STHUKAX PaTUOHYKIUABl BBI3BIBAIOT 03a00YCHHOCTh KaK C TOYKH 3PEHHS MOBBIMICHUS T030BBIX
Harpy30Kk Ha OMOTY TOP(MSIHO-00JOTHBIX YKOCUCTEM, TaK M TPEOYIOT MPOSIBJICHUSI OCTOPOKHOCTH TIPH
XO03sICTBEHHOM HCIIOJIb30BaHUM Top¢a, HampuMep, B KauecTBe yaoOpeHuit uim torusa (Helariutta
et al., 2000). B cBsi3u ¢ rmo0anbHBIM MOTEIUICHHEM KJIMMaTa U BO3pacTarollell TEXHOTCHHOW Harpys-
KOH Ha O0JIOTHBIE SKOCUCTEMBI, CBSI3aHHOM C KypCOM TOCYJapCTBEHHOM MOJUTHKY, HAMPABICHHBIM Ha
aKTHBHOE OCBOEHHE APKTUUYECKHX TEPPUTOPHI M B TOM 4Hciie ApxaHrenbckoi oomactu (Yka3 Ilpe-
suneHta PO..., 2020), 3Ha4UTEIbHO MEHAIOTCS THAPOJIOTHYECKHE U (PU3UKO-XUMUYECKHUE XapaKTepu-
CTHKU TOP(MAHBIX OTIOKEHUH. Takoe n3MeHeHue (PU3NKO-XMMHUYECKUX MapaMeTpoB U YCIOBUM TOp-
(bSHBIX 3a7eKel MOXKET MOCTYKUTh TPUINHON MUTpAIuU 32 UKCUPOBAHHBIX UMHU PaIUOHYKIIUIOB,
YTO CO3/1a€T JOMOJIHUTEIbHBIE SKOJOrHYeckue pucku. IIpu 3ToM CTpyKTypa CBsI3ei Mex Iy TUaApO-
JOTHYECKUM PEKUMOM, (HU3UKO-XUMHUYCCKUMH U PATUANMOHHBIMU MapaMeTpaMu SIBISIETCS OYCHb
CJIOKHOW M J0 KOHIIa HE W3y4Y€Ha, a MPEJCTaBICHHbIE B JUTEPAType PE3yIbTaThl IPOTUBOPEUUBEI
U OTPAaHUYMBAIOTCS B OCHOBHOM HM3YYEHHUEM BEPTUKAIBHOTO PACTIPEACICHHS PATUOHYKIUIOB B
3anexax 6osioT 3amagHoit EBpomnbl B kKoHTeKkcTe nctopuueckux moctymieHuit (Fialkiewicz-Koziel
et al., 2020; Lokas et al., 2014; Mroz et al., 2017; Roux, Marshall, 2011), a gns CeBepa P® u BoBCe
MPAKTUYECKU OTCYTCTBYIOT. [l03TOMY mMoslydeHHE HOBBIX 3HAHUH O (PU3MKO-XUMUYECKOM PEKUME
TopdsHbIX 3anexeit EBponeiickoro Cesepa PO u u3ydeHne ux BIUSHHS Ha MOJBUKHOCTH U MOBEJE-
HUE PaJUOHYKIHMIOB B TOPQSHBIX OTIOXKEHHSIX MOJ JCHCTBHEM psiJa HEraTUBHBIX (PAKTOPOB ecTe-
CTBEHHOTO U aHTPOMOTEHHOTO T'e€HE3MUCa SIBISICTCS aKTyallbHOH 3a1aueil.

B Hacrosimem uccienoBaHun ObLTH 3aJ€HCTBOBAHbI TPAJUIIMOHHBIE U COBPEMEHHBIE METOJIbI
(TpaBUMETPUYECKUN METOJ, MpsMasi MOTEHIIMOMETPHS U KOHIYKTOMETPHS, MUKPOCKOIHUS B TIPOXO-
JSIIEM CBETE, aTOMHO-a0COpOIIMOHHAS CIIEKTPOCKOMHS, TEPMUUECKOE Pa3IoKEeHHUE ¢ JEeTEKTUPOBa-
HUEM TMPOAYKTOB U Jp.), IIHPOKO MPUMEHsEMbIe B 00JacTH XUMHUHN U Gu3HKu Topda, U coBpeMeH-
HbI€ METOJIbI PaIMOIKOJIIOTHH (TaMMa-CIIEKTPOMETPUS, alb(ha-CIeKTPOMETPHS C PAIUOXUMHYECKOM
NoAroToBKOH). Mcmonb30BaHME ATHX METOJOB, HAapsSAy CO CTATUCTHYECKOH 00paboTKoH
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U aHAJU30M IOJTYYEHHBIX SKCIEPUMEHTAIbHBIX JaHHBIX 00€CIeYnBaIOT JOCTOBEPHOCTh MPEICTaB-
JIEHHBIX B paboTe pe3ynbTaToB.

B paGote u3yueHbl OCHOBHbIE (PU3MUYECKUE, XUMHUUYECKUE U (PU3UKO-XMUMHUECKHE MapaMeTphl
1 0COOEHHOCTH MX U3MEHEHHUS TI0 BEPTUKATLHOMY NPOGUITIO TOPPSHBIX 3aJIeKEH O0pealbHOTO BEp-
XOBOro 00JI0Ta B €CTECTBEHHOM M aHTPOIIOI'€HHO HApYIIEHHOM COCTOSHHH. BBINONIHEHA OlleHKa aK-
TUBHOCTH DPsifia PAAMOHYKJIHIOB aTMOochepHbIX BeimageHui (Am-241, Cs-137, U-238, U-234 u Pb-
210) u ux pacmupenencHue B mpouisx ucciaeayeMbix 3anexeid. C MpuBIeYCHUEM CTATUCTUYCCKUX
METO/IOB aHAaJIM3a BBISBICHBI CBSA3U MEXY GU3UKO-XUMHUUYECKUMU U PaJUallMOHHBIMU MTapaMeTpaMHu
Y4acTKOB OMOpPOTpO(HOro TOp(siHMKa ¢ €CTECTBEHHBIM U TPaHC(HOPMHUPOBAHHBIM B pe3yJbTaTe
ocymieHus: ruzpoaorndyeckum pexumom. Ha npumepe Cs-137 BBINOTHEHO MOAECIUPOBAHUE MUTpa-
IIUM TEXHOT'CHHBIX PAJIMOHYKIUIOB MO MPOMUIIO 3aJI€KH U OLIEHKa OCOOCHHOCTEH €ro CBA3BIBAHUSA
topdom. [1o pe3ynbraram uccieJoBaHUN MOKHO CENATh CIEIYIONINE BBIBOIBI:

1. JInst  wucchaenyeMblx — 3ajiekedl  XapakTepHO HaJIM4YME€ KOHTPACTHOTO  OKHCIIUTENBHO-
BOCCTAaHOBUTEJILHOTO PEXUMa: MPHU JBUKEHUH OT MOBEPXHOCTU BIIYOb 3aJI€KU YMEPEHHO-OKHCIIHU-
TEJIbHBIE YCIIOBHS TOCTETIEHHO CMEHSIOTCS MHTEHCHBHO BOCCTAHOBUTENIBHBIMU. YCTAHOBIIEHO, YTO
OCYIICHHE MPUBOAUT K CYIIECTBEHHBIM M3MEHEHHUSM MPAKTUUYECKH BCEX HCCIEAYEeMBIX NMapaMeTpoB:
COIIPOBOJKIAETCSl CHIDKEHUEM BIIArocoJepKaHus B Topde, 4To crocoOCTByeT Oosiee WHTEHCHBHOM
a’pallii U BBIPAXKAETCS B POCTE OKUCIUTEIbHO-BOCCTAHOBUTEIHLHOTO MOTEHIIMAA U YBEJIMYCHUH WH-
TEpBaja €ro CE30HHBIX KOJeOAHHH, YBEIMUCHUH TUIOTHOCTH 3aJI€XKH, CTETICHU Pa3JIOKEHHs, CO/IeprKa-
HUs B Topde A0IH TEPMOJUHAMUYECKH YCTOWYUBBIX COCUHEHHN — OUTYMOB U T'YMHUHOBBIX KHCJIOT,
a TaKk)Ke M3MEHEHUAX B 3JIEMEHTHOM COCTaBE, KOTOPBIE YKAa3bIBAIOT HA YBEIMUCHHE CTETICHU OKUCIICH-
HOCTH OPraHUYECKOTO BEIECTBA U YBEJIMYEHUU JOJIM apoOMaTHUECKUX (parMeHTOB B HeM. [Ipu aTom
nporecchl (PU3NYECKON M XMMHUYECKON TpaHC(POPMAILIUH 3aJIe)KHU B XO/1€ OCYIICHHUS MPHUBOAAT K CMe-
HICHUIO OOOTAIICHHOTO 30JIbHBIMU AJIEMEHTAaMHU M PAaJUOHYKIHIAMU CJI0S K MOBEPXHOCTH 3aJI€XKH,
a cpenHsAs CKOPOCTh HAKOIUIGHHS TOp(a OT E€CTECTBEHHOTO K OCYIICHHOMY YYaCTKy CHIKaeTCs
B 3 paza (¢ 0.48 £ 0.08 cm/rox 1o 0.15 = 0.02 cm/ron).

2. OxapakTepu30BaHbl BEPTUKAIbHBIE MPO(UIN pacrpeneneHuss paguoHykauaoB Am-241, Cs-
137, U-238, U-234 u Pb-210 B 3anmexax €CTECTBEHHOTO M HapYIIICHHBIX YY4aCTKOB BEPXOBOTO 00JIOTA.
BrisiBIeHO HEpaBHOMEpPHOE pacIpeelieHHe UCCIEYyeMOro psiia paJuoOHYyKINIOB, IPU 3TOM JUISL HC-
CJIeIyeMOl 4acTu anpoOupoBaHHBIX TOpPsHBIX 3anexei (0—50 cM) B 11e710M HAOMIOAACTCSl CHIYKEHUE
AaKTUBHOCTEH MpH ABMKEHHHM OT MOBEPXHOCTH BIIIyOb 3anexxu. 3amackl Cs-137 mis uccnemyemoro
IPUITOBEPXHOCTHOTO CIOSI MOIHOCTBIO 0.5 M cocTaBman 385 Bk/M? Iisi eCTECTBEHHOTO ydacTKa,
404 Bx/M”> ams yuacTka ¢ MOCTMETHOPATHBHBIM 3aGonaumBanueM W 717 Br/M® [jisi OCYLIGHHOTO
yuacTka. 3amacel U 71 HUCCIIeNyeMOro MpUIOBEPXHOCTHOIO €10 MOIIHOCTHIO 0.5 M cocTaBwIH
17.9+107* r/m* s ectecTBeHHOrO yuacTka, 32.4+107* /M 1 yuacTKa ¢ MOCTMETHOPATHBHEIM 3a60-
naumBanreM 1 25.5¢107* r/M® amst ocymenHoro ydactka. TakuMm oGpa3soM, MOXHO CKa3aTh, 4TO OCY-
IIEHUE HE OKa3bIBAET CYIIECTBEHHOTO BIUSHUS HA BBIMBIBAHUE 3TUX PATUOHYKIIUIOB U3 3aJIEHKH.

3. IlokazaHo HaJM4YKMe CWIBHBIX TMOJIOKUTENIBHBIX CBA3EW B pacmpeneneHun uzoronoB Cs-137
u Pb-210 ¢ okHCIUTEIbHO-BOCCTAHOBUTEIBHBIMU M KHCIOTHO-OCHOBHBIMH YCIIOBHSIMH, KOTOPBIE CY-
IIECTBEHHO U3MEHSIOTCS B XOJIe OCYLIEHHs, a TakkKe OOHapyKeHa MOJI0KUTEIbHAs CBSI3b C COJEpIKa-
HUEM 30JIbHBIX 3JIEMEHTOB, BOJOPACTBOPUMBIX cosiell U metamuiamu K, Na, Mg u Mn. [l u3otonos
U pacnpeneneHnue cBsi3aHO NPEUMYILECTBEHHO C TaKUMHU MapameTrpamu, kak Eh, 3ompHOCTB, comep-
*KaHue KapOoHaToB U MakposneMeHToB Ca u Al, npu 3ToM cBs3b ¢ PpakTopom Eh ycunusaercs B psny:
€CTECTBEHHBIH y4YacCTOK, OCYHICHHBIH y4acTOK, Y4acTOK C MOCTMEIHOPATUBHBIM 3a00J1auMBaHHEM.
Ha nmpumepe y4dacTka ¢ €CTECTBEHHBIM THJIPOJIOTHYECKHM DPEKMMOM IOKa3aHO, 4TO Mex(aszHoe
pacnpenenenne Cs-137 xapakTepu3yeTcss YBETUYCHHEM MHTIPAIIMOHHO-CIIOCOOHBIX (hopM (pacTBOpeH-
HBIX U CBSI3aHHBIX CO B3BEIICHHBIMHU YAaCTUIAMH) C TIyOMHOU 3anexu. Tak, mis ropuzonta 0—10 cm
pacnpenenenne Mexnay ¢aszamu Topda, B3BECH, PACTBOPEHHBIX KOMITOHEHTOB cocTtaBisier 98.1, 0.9
1 0.9 %, coorBerctBenHo. IIpu 3ToM Ha ryOuHe 20-30 cMm pacmpenelieHHe UMEET CIeAylolee
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cootHomienue: 85.4 % st TBepaoit dazel Topda, 10.9 % st B3BemeHHbIX YacTull u 3.6 % i pac-
TBOPEHHBIX KOMIIOHEHTOB.

4. B ycIOBHSIX MOJEIBHOTO HKCHEPUMEHTA MOKA3aHO, YTO MAaKCUMallbHas TNyOMHA BEpTHUKAIb-
HO# Murparuu Cs-137 B yCIIOBHAX €CTECTBEHHOTO y4acTKa cocTaBuia 17 ¢M, Ipu 3TOM HaOJII01aeT-
csl HepaBHOMEpHOE pacrnpeaeneHue no riryoune: 90.5 % akTUBHOCTH M30TOMHOM METKH 3ahUKCHPO-
BaHO B cyoe 0-5 cm u b 9.5 % B cioe 5-17 cM. /[ OCyLIEHHOr0 y4acTKa BEPTUKAJIbHAS MHU-
rpauust Cs-137 cocraBuna 14 cm, a pactpenenenue Oosnee paHoMepHoe: B cioe 0—5 cMm 3adpukcu-
poBaHo 65 %, a B 5-14 cm cBs3aHo 35 % ot BHOcuMoro konmdectBa (300 bk) Cs-137. YBennyenue na-
pamerpa pH (B unrepBane pH ot 2 1o 6) compoBoXkaaeTcsi pocToM creneHu cBa3biBanus Cs-137
BepxoBbIM Topdom ¢ 1.3 no 72.3 % (npenenbuoit agcopOuuu ¢ 0.95 no 51.18 bx/r).
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CO3JAHME CUCTEMbBI MOHUTOPUHI'A TEPMETUYHOCTHU '’EOMEMBPAHBI
N JIOKAJIM3ALUA YTEYEK YEPE3 TEOMEMBPAHY

Iletuna B.A., HBaHoB A.A.

®@I'FOY BO «Poccutickuil 2ocydapcmeeHHblil 2e01020pa3eedounblil yHugepcumem umenu Cepeo OposicoHuKuose,
vicka.petina@yandex.ru

Beenenne. ['epmeTnuHOCTE TeoMeMOpaH SBISETCS KIFOUEBBIM (JaKTOPOM B 00ECTICUEHUU IKOJIO-
THYECKOW 0€30TMacHOCTH W HAIC)KHOCTH PA3IUYHBIX WH)XCHEPHBIX COOPYKCHUH, TAKMX KaK XBOCTO-
XPaHWUJININA, TIOJIMTOHBI 11l 3aXOPOHEHHSI OTXOJIOB, PE3€PBYApHI U MPYAbl. Y TEUKH Yepe3 reomemMopa-
HBl MOTYT MIPHUBECTH K CEPHE3HBIM SKOJIOTHYCCKHM ITOCIEICTBUSAM, TAKUM KaK 3arpsi3HEHHE TPYHTO-
BBIX BOJI, TTOYBBI U aTMOC(EPHOTO BO3/1yXa, UTO JENACT KOHTPOJIb T€PMETHUYHOCTH U JOKAIU3AIIUIO
yTE€YEeK KPUTUIECKH BKHBIMH 33Ja9aMH.

['eomeMOpaHbl IIUPOKO UCTIONB3YIOTCSI B PA3IMYHBIX WHKCHEPHBIX M DKOJOTHYECKHUX MPHIIOXKE-
HUSX W3-32 UX CIIOCOOHOCTH MPEAOTBpAlIaTh MPOHUKHOBEHUE JKUAKOCTEH M ra30B. OHM H3TOTABIH-
BAIOTCA U3 PA3NIUYHBIX MOJMMEPHBIX MATEPHAIIOB, TAKUX KAK TMOJUAITHUIICH, MOJTHUBHHUIXIOPU U TIO-
JUMPONIICH, KOTOPhIE 00JIAal0T BHICOKOW YCTOWYMBOCTBHIO K XUMUYECKUM U (DPU3UUYECKUM BO3JCH-
ctBusiM. OHAKO CO BPEMEHEM M TIOJ BO3JICHCTBHEM BHEIIHUX (PAKTOPOB (TeMmmeparypHbie Kojeba-
HUS, MEXaHUYECKHE MOBPEKIACHHS, XUMUUECKHE PEAKIMH) IIEJIOCTHOCTh TeoMeMOpaH MOXKET Hapy-
IaThCs, YTO BEJET K yTeukam (puc. 1).

Puc. 1. Pa3pbiB reomeMOpaHb

B Poccuiickoit @denepanun yaensercs 00JIbIIoe BHUMaHUE c(hepe OXpaHbl OKPYKAIOIIEH Cpe/Ibl
U HOpPMAaTHUBHBIX TpeOoBaHUU. B COBpeMEHHOM KOMMYHAJIbHOM XO3SIICTBE MPEIYCMOTPEH LIEIbIiA
KOMILJIEKC MEPONPUITHI 10 cOopy, mepepaboTke, YTUIN3AIMU U 3aXOPOHEHHUIO OBITOBBIX OTXOOB.
JleficTBUSI TIO YIPABIICHUIO OTXOJAaMHU BKIIOUAIOT COPTUPOBKY MYyCOpa, MEepepadOTKy 4acTH OBITO-
BbIX OTXOJIOB, KOMIIOCTUPOBaHHE, CKMTAaHHE OTXOJO0B, a TaKXKe INIyOOKoe HX INpeoOpa3oBaHUE.
B utore Bce 3TH MephI JOKHBI CITOCOOCTBOBATh YMEHBIICHUIO KOJMYECTBA OTXO/I0B, TOIJIEKAIINX
3axopoHenuto. Co3iaBaemasi CUCTEMa MOHUTOPUHTA YT€UEK U3 XBOCTOXPAHUIIUIL M TBEPABIX KOM-
myHaIBHBIX 0TX0710B (TKO) B mporecce npoBeneHus: yka3aHHBIX MEPONPUSTUN TTO3BOJIUT CBOEBPE-
MEHHO MPOBOJUTH OOHApY>KEHUsI U JIOKAJU3ALUI0 yTEeYeK, HAaHOCALIUX BpEN OKpYXKalollel cpene
Y 3JI0POBbIO YEJIOBEKA.
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KoHeyHbIM TIPOAYKTOM MPOEKTa CTAaHET KOMILJIEKCHAS CUCTEeMa MOHUTOPUHIA YT€YEK B XBOCTO-
XpaHwmmmax u Mmectax 3axopoHeHus TKO. Drta cucrema OyaeT cOCTOSATh W3 CETH JATYUKOB-
3JIEKTPOAOB, IPOTPAMMHOTO OOecTiedeHus Ui 00paboTKH JaHHBIX M HaOopa aJropuTMOB JIJIsl aHAJIH-
3a maHHbIX. [IpuHIUIT pabOThI CUCTEMBI MOXKHO OIMHCATH CIEAYIOIMM 00pa3oM (puc. 2).

JlaTYuKH-3IeKTPOABI OYIYT YCTAHOBJIEHBI B TPYHTAX BOKPYT XBOCTOXPAHMIIUII M MECT 3aXO0PO-
Henuss TKO. Onu OynyT pa3menieHsl TaKuM 00pa3oM, 4ToObI 00eCIeYynBaTh MOJTHOE MOKPHITUE TEP-
PUTOPHUU U BBISIBJIATH JTIFOOBIE U3MEHEHUS B DJIEKTPUYECKOM MOTEHIMANIC TPYHTA, BEI3BAHHBIE yTeUKa-
MU. JlaTYUKHU-31eKTPOAbl OyIyT U3MEPATh PA3HOCTh MOTEHILMAJIOB B IPYHTaX B PEXHUME PEaTbHOTO
BpEMEHH. DTH JaHHbIe OyAyT OTpaXkaTh U3MEHEHUS B JICKTPUYECKOM CONPOTUBICHUH TPYHTA, KOTOpBIE
MOTYT yKa3bIBaTh Ha HAJIW4YUe yTeuku. M3mepenus OyayT mpou3BOAUTHCS HEMPEPHIBHO, OOECIIeUurBast
MOCTOSIHHBI MOHUTOPHHT COCTOSTHHSI TeOMEMOpaH.

.. Mutaowye .
- +MNeKTpoabl - -
R L  T'eomem6paHa
e o o ¢ [ ‘ﬁ-ﬂ%!%_x MpnemHble
" anekTpogbl

Puc. 2. Maket cucteMbl KOHTPOJISA

Bce maHHBIE ¢ MaTYMKOB-3IEKTPOIOB OyayT coOupaThcsi W TepedaBaThcsl B IEHTPATBHO-
AQHATUTHYECKYIO CUCTEMY 10 TIPOBOTHBIM HIIM OECIIPOBOIHBIM KaHAJIaM CBSI3U. DTO 00ECTIeUHT omepa-
TUBHOE TMOCTYIUICHHE MH(POPMAIINU B CUCTEMY MOHUTOpUHTA. [Iporpammuoe obecnieuenue Oyaer otT-
BEYAaTh 32 OpPraHU3aIMio cOOpa JaHHBIX U UX Mepenady Ut JaTbHEHIIero aHanmu3a.

[lenTpanpHO-aHAMHTHYECKAsE cCUCTeMa OyaeT oOpabaThiBaTh MOCTYMAIINE JaHHBIE B PEATbHOM
BpemeHu. OHa OyzeT aHaIM3UpPOBATh U3MEHEHHS B PA3HOCTH MOTEHIIMAJIOB U BBISBISTH BO3MOXKHBIC
aHOMAaJlMU, KOTOPBbIE MOTYT CBHJIETEIILCTBOBATh O HANMYHMH yTedeK. [IporpammHoe oOecrieueHue
OyIeT MpenoCTaBIATh BU3YATH3AIMIO JAHHBIX, TO3BOJISSA CHEIHAIMCTAM OTCICKHUBATH COCTOSHHE
reoMeMOpaH U ONepaTHBHO PearupoBaTh Ha OOHAPYKEHHBIC YTCUKH.

Ota cucreMa 00eCTIeUnT HeNPEPBHIBHBI MOHUTOPHUHT COCTOSIHHSI TeOMeMOpaH, orepaTUBHOE 00-
Hapy)XCHHE W JIOKAJTU3aIlMI0 YTEUeK, a TaKKe IO3BOJIUT MPHUHUMATH CBOEBPEMEHHBIE MEPBI IS
NPEJOTBPAIICHUS YKOJIOTHYECKUX KaTtacTpod.

Cucrema MOHUTOPHHTA, OCHOBAaHHASI HA CETH MHUTAIOIIUX JIEKTPOJIOB AJII KOHTPOJSI TepMeTHY-
HOCTH TeOMeMOpaHbI, UMEET BHICOKYIO IEHHOCTh B O0JACTH JKOJIOTUW M MPEIOTBPALICHUU yTEUeK
KUAKUX 0TX0/0B. Ee ncronb3oBanne o0ecnieunBaeT HAICKHYIO 3aIUTy OKPYKAIOIICH CPEbl U M03-
BOJISIET OTICPATHBHO pearupoBaTh Ha BOSHHUKIIUE MPOOIIEMBI.

JlaHHasi cuCTeMa MOHMTOPHHTA Ha OCHOBE CETH MHUTAIOIIUX U MPUEMHBIX 3JIEKTPOJOB MPEICTaB-
JsieT cOO00W BaXKHBIA MHCTPYMEHT B 00JIACTH SKOJIOTHH M yIpaBiieHus otxonamu. Ee cmocobHocTh 00-
HApYXUBATh YTEYKU JKUAKUX OTXOJOB B PEATHHOM BPEMEHH M MPEIYNPEkKAaTh O BOZMOXKHBIX IPO-
OyieMax JienaeT ee HeOTheMJIEMOM YacThl0 CUCTEM 0€30MaCHOCTU MPOMBIIUIEHHBIX 00BEKTOB.

3akaouenne. CuctemMa UMeeT MUPOKUIN CHEKTP MPUMEHEHHUS B PA3IMYHBIX OTPACISIX U 00Ja-
CTSIX, TJIe HEOOXOAWMO KOHTPOJIHMPOBATH TC€PMETHYHOCTh T'€OMEMOpPaHBl M TPEAOTBPAIIATh YTCUKY
KUAKUX OTX0A0B. [loTeHIIMaNBHBIMU 00JIACTSIMU UCTIONB30BAHUS SBIISIOTCS:

1. ITpoMbIuIeHHBIE OOBEKTHI: MOHUTOPHHI TEXHHYECKHX EMKOCTEH, pe3epByapoB, XBOCTOXpa-
HWIWII JUTs1 HeTH, TIOJIE3HBIX UCKOMIAEMbBIX, XHMUYECKHX BEIIECTB, arperaToB U IPYTUX KUJAKOCTEH.
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2. YTUIU3alMOHHBIC TPEANPUATHSI: KOHTPOJb MPOYHOCTH M TEPMETUYHOCTH TeOMEMOpaH IMpu
XpaHEHUHU U 00pabOTKeE KUIKUX OTXOOB.

3. DKOJOTHYECKUE OOBEKTHI: CUCTEMa MOXET MPUMEHATHCSA B MECTaX 3aXOPOHCHUS OIMaCHBIX
OTXOJIOB, OYHCTHBIX COOPYXEHHUSX, Ha 3aBOJaxX IO MepepadOTKe OTXOJOB W JIPYTHX OO0BEKTaX,
CBSI3aHHBIX C DKOJOTHYECKOil 0€30IIaCHOCTRIO.

4. T'opHOIOOBIBAIOIIKME TPEANPHUATHS: KOHTPOJIb YTEUEK XHMMHYECKHUX pPEarcHTOB, IOJIC3HBIX
HCKOITACMBIX U JAPYTUX MaTEPHAJIOB IPHU JOOBIYE U IepepadoTKe MOJIC3HBIX HCKOIAEMBIX.

5. Cucrtema 1o3BOJIIET aKTHBHO CIICAWTH 32 COCTOSTHHEM IeOMEeMOpPaHbl, OBICTPO pearnpoBath Ha
BO3MOJKHBIC MPOOJEMBl YTEYKH W MPEIOTBpAIlaTh SKOJOTHYECKHE YPE3BBIYAMHBIC CUTYaIMH. DTO
oOecrieurBaeT BBICOKHI YpOBEHb OC30IMACHOCTH M CHW)KACT PHCKH HETATHBHOTO BO3JICHCTBUS Ha
OKPYKAIOIIYIO CpeNy.
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I'EOJIOI'MYECKAS ITO3NIHUA U OCOBEHHOCTH ®OPMHUPOBAHMUSA
TEPBYCKOWM I'PAHUTHOM UHTPY3UU B CEBEPHOM IIPUJIA TOXKBE

ITo3ragoBa IO.C.I, Baarsi6aes LK."?

! Canxm-Ilemep6ypeckuii 2ocyoapcmeentwiii ynusepcumen, st087031 @student.spbu.ru
? Unemumym 2eonoeuu u 2eoxporonozuu dokembpus PAH

Beenenue. IHTpy3uu rpaHUTHOTO COCTaBa MIMPOKO PACHPOCTPAHEHBI B APEBHUX KpPaTOHAX
U TOJBIKHBIX MOsAcax (OporeHax). OTH UHTPY3UH OOBIYHO MACCOBO BHEAPSIIOTCS HA MO3JAHHUX CTa-
IUSX Pa3BUTUSA OPOTEHHBIX KOMILIEKCOB. B OCHOBHOM OHM BO3HHUKAIOT 32 CYET IEpeIuiaBieHUs
IpeBHEH M HOBOOOpPA30BaHHOW KOHTHHEHTaIbHOM KOpbl. OJHON M3 TaKMX WHTPY3UH, BO3HUKILIEH
BO BpeMs CBEKO(EHHCKOI'0 OporeHesa, sipisiercs: TepByckast UHTPY3Usl TPAHUTOB S-THUIIA.

TepByckass UHTpY3us HaxoauTcs Ha Tepputopun CeBepHoro [Ipunagoxest B mpenenaax BBICOKO-
TeMIIEpaTypHOTO (TPaHyJUTOBOI0) OJIOKA, COCTOSIIECTO M3 PAaHHENPOTEPO30OUCKUX TIIyOOKOMETaMop-
(hM30BaHHBIX U MUTMATHU3UPOBAHHBIX BYJIKAHOTEHHO-OCAIOYHBIX TOMII. B 3TOM rpaHyIUTOBOM OJIOKE
HIMPOKO PacpoCTpaHEeHbl pa3INyHble IUTYTOHUYECKUE MOPObl, Hanbojee ApeBHUE U3 KOTOPHIX UMe-
IOT OCHOBHOM COCTaB M IPEJICTABIICHBI SHAESPOUTAMH U TaOOpOoHOpUTaMH ¢ Bo3pacToM 1.89 mipa et
(3aecy u manee U-Pb Bo3pactel mupkoHa; banteibaeB u ap., 2004). Onu cexytcst 601€ee MOJIOIBIMH
JTUOPUTAMH U TUJIATMOTPAHUTAMH, BO3pacT KOTOopbix 1.89—1.88 mupa net (banteibaeB u np., 2004).
PaccmarpuBaemasi B 1aHHOM cooOmieHnn TepByckas MHTpY3usi oOpazoBanach 1.86 mupa neT Hazan
(banteibaeB u ap., 2004).

Nzydenuto TepByckoii MHTPY3uU TOCBsIIeH psaa padbot (Capanuuna, 1972; Koros, CamopykoBa,
1992; IllunakapeB u ap., 1994; banteioaes u np., 2004; Cenosa u nap., 2004; Jlagoxkckas mpoTepo30ii-
ckasg..., 2020 wm nppyrue). B »aTux pabotax OBUIM paccMOTpPEHbl B OCHOBHOM MHHEPAIOTo-
neTporpaduyecke, reOXMMHYECKIE 0COOEHHOCTH MOPOJI U HEKOTOPBIE IPYTHe BOMPOCH! CTAHOBIICHUS
UHTPY3HH, HO HE OBLIO XapaKTEPUCTUKU TEKTOHUYECKUX YCIOBUH TpU (HOPMUPOBAHUN MarMaTUIeCKON
KaMephl. DTOMY acnekTy ¢popMupoBanus TepByCKOW HHTPY3UH TIOCBSIIICHO TAaHHOE COOOIICHHME.

MunepaJsioro-nerporpaguyeckue ocodeHHOcTH TepByckoil MHTPY3HH. TepByCKUE I'DAHHUTHI
MMEIOT JOCTaTOYHO MPOCTONW MHUHEPAIbHBIN COCTaB: IIaBHBbIE MOPOA000pa3ylolIe MUHEpaIbl — Ka-
JIMEBBIN TOJIEBOM IINAT, IUIArHOKIA3, KBapll U OMOTHT. B kauecTBe BTOPOCTENEHHBIX BCTPEYAIOTCS
MYCKOBHUT, U3peAKa rpaHaT. BTopuuHbIMU MUHEpaJIaMH SBJISIOTCS MYCKOBHT, OnoTuT 11, Xmoput. Ak-
[[ECCOPHBIE MUHEPAIIBI TPEJICTABJICHBI IMPKOHOM, MOHAIIUTOM U PyJHBIMH MHUHEpATaMu (MarHETUTOM
u wibMeHuToM). [1o Marepuanam nosjeBbIX HaOMIOJEHUI CTPYKTYpa IPAHUTOB BapbHUPYET OT MEIKO-
3epHHUCTON /0 KPYIMHO3EPHUCTOM, a TEKCTypa BCTPEUaeTCs MAacCHUBHAs, TPAXUTOMJHAs, MOJOcYaTasl,
JIOKaJIBLHO MPOSBIICHA Pa3rHEHCOBAHHOCTH B 30HAaX JeopMalnii mpocToro capura (puc. 1).

Puc. 1. CtpykTypHBIE 0OCOOCHHOCTH IPaHUTOB TepBYCKOW MHTPY3UH:

A — TpaxWTOHMHAs TEKCTypa CepbIX Pa3HO3EPHHUCTHIX I'PaHUTOB; b — MukpodoTorpadus numda rpaHuTa ¢ OPUSHTUPOBAH-
HBIMH 3epHaMu OnoTuTa (pasMep mois 3perus 1.0 x 0.5 cm)
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O MexaHu3Me BHeIpeHHsI HHTPY3un TepBycKHX rpaHUTOB. MHOIOYNCIICHHBIE JaHHBIE TOBO-
PAT O MPOUCXOXKACHUU TPAHUTOB S-THUIA B PE3yJbTaTe TUIABJICHUS KOPOBOTO BEIIECTBA M JIBIIKCHUS
(MUTpanuu) paciyiaBoB BI0JIb 30H Aehopmanuu rnpoctoro casura (Brown, Solar, 1998). B mporecce
3TOTO JBUXKEHUS 00Pa3yIOTCS MOPObI, TEKCTYPHBIC U CTPYKTYPHBIE OCOOCHHOCTH KOTOPBIX TOBOPSIT O
HaIpaBJICHUH TepeMEIIeHUs MaTepuaia Baoib caBuroBsix 30H (Collins, Sawyer, 1996). AnarekTude-
CKHE TPAHUTHI XapaKTePU3YIOTCS OOJBIICH BI3KOCTHIO U 00pa30BaHbI U3 MEHBIIMX MOPIUN pacIuiaBa
110 CPaBHEHUIO ¢ UHTPY3UBHBIMU TpanuTamu (Thompson, 1999).

HNutepecHoit ocoOeHHOCTHIO TepBYCKON HWHTPY3UH SBISETCS ACUMMETPUYHOE CTPOCHHUE
B paspese MpH JOCTATOYHO M30METPUYHOU (popMe B IIaHe Ha COBPEMEHHOM JPO3HOHHOM cCpe3e.
CeBepo-3amaaHplii KOHTAaKT 3TOW WHTPY3WU C BMEIIAIONIUMU THEWCAMU U MUTMAaTUTaMH UMEET
CyOBEepTHKAIIBHOE 3aJieraHhe B OTIUYHE OT BOCTOYHOTO, KOTOPBIA, MPEATOIOKUTEIBHO, MaaeT
noxa yriom 30—40° k 3amanay, 94To, BEpPOATHO, OTpakaeT 0OCOOCHHOCTH CTPOCHUS MarMaTH4YeCKOu
KaMmepbl B MOMEHT BHEIpEHUs rpaHuToB. [losieBble HAOMIOIEHUS TTOKA3bIBAIOT, YTO BAOJIb BOCTOY-
HOTO KOHTakTa TepBYCKON MHTPY3WHU C BMEHIAIONMIMMHU MOPOJAMH IIHPOKO PA3BUTHI KCEHOJIUTHI
(ux pa3Mepsl — MEepBbIE CAHTUMETPBI U METPhI) U KCEHOOJIOKH (OT MEPBBIX JCCATKOB METPOB 10
80 METpOB) MHIMATUTOB U KBApIIEBHIX JIUOPUTOB JIABYaTCAPCKO-UMIMHHEMCKOTO KOMILIECKCA,
CIIEMEHTHUPOBaHHBIC TEPBYCKUMH T'paHuTtamu (puc. 2, A). [lo Mepe IBHKEHHS Ha BOCTOK BCTpe-
YaI0TCs MOJIOCYAThIe TPAHUTHI (a3UMYT MPOCTUPAHUS 3EPEH MOJEBOTO IIMAaTa COBMAAAET C a3UMY-
TOM TpocTHpaHus mosioc). [1onockl mpeAcTaBiIeHbl CHIIBHO Je(GOPMUPOBAHHBIMUA KCEHOJIHTAMHU
BMemaromux nopon (puc. 2, b).

Puc. 2. ®otorpadun BOCTOYHOT0 KOHTaKTa TepBYCKONH HHTPY3UH C BMELIAIOIIUMH OPOAAMHU:

A — Opexdyuy THEWCOB W MUTMAaTWUTOB B TPAaHWTHOM Marepuaie; b — moyocuaThie (TEHEBBIE) TPAaHHUTHI, 0OpPa3yIOIIHECs
npy BHeApeHUH TepBYCKOi MHTPY3HH B IIOPO/IBI PaMBbl

U3BectHO, uTo TepByckas rpaHUTHAs HHTPY3HsI (OPMUPOBAIAch CHHXPOHHO ¢ TepBycKoit 30HOM
OpeK4YrpoBaHMs KOMIUIEMEHTapHO oOpa3zoBaHuio Meiiepckoro Haapura (banteibaes u ap., 2023).
[Ipennonaraercsi, 4ro B pe3ynbTare HaaBuranus CBexkodpeHHckoro Oyoka Ha Kapenbckuil KpaToH
MIPOM30IILIO YaCTHYHOE TUTABIICHHE KOPBI M 00pa30BaHUE TEPBYCKHX T'PAHHUTOB, COACPKAIINX TEKTO-
HU4eckue Opexkunu. Bo3pact 3tux rpanutoB (1.86 mupa neT) ykas3pIBaeT Ha HaJBUTAHHUE BO BpeMs
(dhennniickoit oporenuu (1.89—1.85 mupn net), BTOpol U3 TpeX OPOreHnH KOMIUIEKCHOTO CBEKO(EHH-
ckoro oporeHesa (Lahtinen et al., 2008).

Oco0eHHOCTH BHYTPEHHETO CTPOCHHSI BMECTE CO CTPYKTYpPaMU M TEKCTYpaMH MarMaTH4ecKoi
MPHUPOJIbI TEPBYCKUX IPAHUTOB YKA3bIBAIOT HA CTAHOBJICHUE 3TOW MHTPY3UU BO BPEMsl JIATEPATLHOTO
TEeYCHHsI (IBHIKEHHS) IMOTYPACKPHCTAUIM30BAaHHOTO paciljlaBa B MarMaTmueckoil kamepe. Ha srto
YKa3bIBAIOT TPAXUTOMJIHOCTb 10 MUKPOKJIHMHY CEBEPO-BOCTOYHOIO W BOCTOYHOTO MPOCTHPAHUS,
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cyOnapasuienpHasi ceBepo-3anaJHOMy M BOCTOYHOMY KOHTAKTaM MHTPY3UH, U TOJIOTask JINHEHHOCTh
10 3TOMY JK€ MarMaTU4eCKOMY MUHEPAILY.

Takum oOpa3zoM, TeueHHEe NONYPACKPUCTAITIM30BAHHOI'O TPAHUTHOTO PacIljiaBa MPOUCXOAUIIO
B aHU30TPOIIHOM II0JI€ HAINPSKCHW BHYTPU MHTPY3HMH, CO3aHHOM C)KaTUEM Ha IOCJIECIAHMX CTa-
nusx perHuiickoit oporenun. Takas TeKTOHHMYECKass OOCTAaHOBKA CTAHOBJICHHS TEPBYCKON HHTPY-
3UM, O-BUAMMOMY, SABJISETCS OJHOM U3 IPUYUH aCHMMETPUYHOIO CTPOCHHMS €€ CEBEepO-3anagHou
U BOCTOYHOW KpaeBbIX uyacTel. JKHMIIbI TEPBYCKMX TI'PAHUTOB HCHBITANU JedopMaiii MpOCTOro
CIBHUra, OPUCHTUPOBKA U JICBOCTOPOHHMHM XapaKTep KOTOPBIX MICHTHUYHBI TAaKOBBIM B 30HaX Je-
dbopmanuii mpocToro ciBura, 00pa3OBaHHBIX B MOJYPACKPUCTAIIM30BAHHBIX MMOPOJAX TEPBYCKON
uHTpYy3un. ClienoBaTeIbHO, TEPBYCKHE TPAHUTHI S-TUIA C BO3pacToM 1.86 muipa JIET UMEIOT MO3/I-
HEOpPOTEHHBIN, a HE MOCTOPOTEHHBIA XapaKTep OTHOCUTEIbHO (PEHHUHCKONH OPOTeHHMU U HE MOTYT
CUMTATHCS MOCTOPOr€HHBIMHM I'PAHUTAMU JJIUTEIBHOIO KOMIUIEKCHOI'O CBEKO()EHHCKOTIO OpOreHesa.

bnazooaprnocmu. ABTOpBI BBIpaXKaloT OOJBIIYI0 TpHU3HaTeNbHOCTH B.B. bBamaranckomy
(UI' Konbckoro ®UILL PAH, r. AmatuThl) 3a IOMOIIb, OKa3aHHYIO MPHU TMOJEBBIX U KaMepadbHBIX
uccienoBanusx TepByckoil MHTpy3uu. Mbl Takke BecbMa Onmarogapusl koyuteram O.C. BuBmauuy,
P.JI. Araucumoy (MI'TJl PAH, r. Cankrt-IlerepOypr) 3a coBMeCTHBIE TOJIEBBIC HCCIECIOBAHUS
JJaHHON UHTPY3UH.
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OINEHKA COIEPKAHUA Cs-137 B JTOHHbBIX OTJIOXKEHUAX
APKTHYECKHUX PEK CEBEPO-3AIIAJIA POCCHUH
(Ha npumepe HeHenkoro aBTOHOMHOI0 OKpyra)

ITyukor A.B., SikoBaes E.1O., Ipyxununa A.C., Ipy:xunun C.B.
DPI'BYH ®UIIKHUA YpO PAH, andrey.puchkov@fciarctic.ru

BBenenune. B nociennue necATuneTus yaensercs oco0oe BHUMaHUE SKOJOTUYECKUM TpO-
O61emMaM ApPKTHKH B CBSI3U C OCBOCHHMEM €€ IMPHUPOJHBIX PECYpPCOB, YTO 3a4acTyl0 MPUBOAUT K 3a-
I'PSI3HEHUI0 00BEKTOB OKpYXaloUlel cpeabl pa3nuyHbIMU NojuTtoTaHTaMu (Bergmann et al., 2022).
Cpenu MHOTOYHMCIEHHBIX YKOJIOTHUECKUX MpoOieM Poccuiickoit ApKTHKH Ba)KHOE MECTO 3aHUMa-
€T paJnoaKkTUBHOE 3arpsasHeHue (Martumos u ap., 2019). Tak, nanpumep, CeBepo-3anagHblil cek-
Top Poccuiickoil ApKTUKHU XapaKTEepU3yeTCs 3HAUYUTEIbHBIM KOJIHMYECTBOM PaJHallMOHHO-OMACHBIX
00BEKTOB, KaK NEUCTBYIONIUX, TaK U MMEIOIIUX CTaTyC «O00BEKTOB siiepHOro Hacimenus» (Matu-
moB u Ap., 2019), OCHOBHBIMHU M3 KOTOPBIX SABIISIIOTCS PaIMOAKTHBHBIC BBITIAICHUS TOCIIE SIEPHBIX
UCIIBITAHUM, B TOM YHCJIe Ha apxurenare HoBas 3emiis, 3arps3HeHHs OT 3aNaJHOEBPONEHCKUX pa-
JTUOXMMUYECKHX 3aB0oA0B BenukoOputanun u @panuuu, mnociaeacTBus UepHOOBUIHLCKON KaTa-
ctpodsr 1986 r. (Matumos u np., 2019; Enudanosa, Emudanos, 2020), nesTeabHOCTb MPEATPHUS-
TUH aTOMHOTO CYJOCTPOCHHMS M CyIOpeMOHTa, 0a3 aTOMHBIX Kopabiel u moaBoaHbIX 070K Ce-
BepHoTO (hiiora BM® Poccuu, 3aBo10B 10 mepepaboTKe W XpaHEHHIO PaTUOaKTUBHBIX OTXOJ0B
(Marumos u ap., 2019).

[lepeuncneHHble MCTOYHUKU TEXHOTEHHOW paJWOAKTUBHOCTH OOYCIIOBIMBAIOT IOMaJaHue
PaIMOHYKINI0OB B Ha3eMHBIE MU MOPCKHE SKOCHCTEMBI, OMOTY, OHHBIE OTJIOKEHHUS BOJOEMOB
u T.7. BoaHas cpena urpaetr BakHYIO pOJib B MUTpAIlMU U MepepachpereieHu HCKYCCTBEHHBIX
pamuonyknunoB (Alokhina, Gudzenko, 2021). Haubosee 3Ha4MMbIM HCTOYHHKOM UH(OpMauu o
BHEIIIHEM BO3/I€HICTBUM PaJHOHYKINAOB B BOJAHOM Cpesie SBIAIOTCS JOHHbBIE OTI0XKEHUS, KOTOPHIE,
OyIly4u eCTEeCTBEHHBIMHU OapbepamMu JJISI HCKYCCTBEHHBIX PAAUOHYKIUIOB, OTPAKAIOT IKOJIOTHYE-
CKO€ COCTOSIHUE PeK U uX BogocOopoB (Juranova et al., 2020; Alokhina, Gudzenko, 2021).

Haunbonee THNUYHBIM MPEACTABUTENIEM TEXHOTCHHON paauoaKTHBHOCTU Ha Tepputopuu Ce-
Bepo-3amagHoro cekropa Poccuiickoit ApkTuku siBisierca paguoHykiaug Cs-137, KoTopbeid oTim-
YyaeTcsl HanOoJbIIeH aKTUBHOCTHIO, 3HAUUTEIBHBIM MepuoaoM mnoiypacnanga (30 geT) U BHICOKOM
pannotokcuyHocThio (Enudanosa, Enudanos, 2020). Bemapmuii Ha moBepXxHOCTh 3eMau Cs-137
MUTPUPYET B KOMIOHEHTAX OKPYXKAIOMIeH Cpeabl U PACIPOCTPAHIETCS MO MUIIEBBIM LEMSIM, YTO
MOYKET IPUBOJIUTH K TTOBBIIIIEHHOMY 00JTydeHuto yenoBeka (Mxurapesn, Kopabnuna, 2020).

AKTyanbHBIE JaHHBIE 00 YPOBHSX aKTUBHOCTH TEXHOTCHHBIX PAJUOHYKIUIOB B JOHHBIX OT-
J0XeHUsAX pek HeHenkoro aBTOHOMHOTO OKpyra OTCYTCTBYIOT. BMecTe ¢ TeM paHee mpoBeeHHbIE
uccnenoBanus (IlyuxoB u ap., 2020, 2023; Puchkov et al., 2023) nmoka3zanu Haau4yue 30H MOBHI-
HIEHHOTO COJEp)KaHUs TEXHOTEHHBIX PaAMOHYKIHAOB B pbiOe Ha Tepputopuu Henemkoro asTo-
HOMHOI'O OKpyra. B CBsI3M C 3TUM Li€JIbI0 JAHHOI'O MCCJIEAOBAHUs SIBISETCS M3yUYEHHE paclpese-
nenust Cs-137 B noHHBIX OTI0XkEeHUIX pek CeBepo-3anana Poccun Ha npumepe Henenkoro aBTo-
HOMHOT'O OKpYTa U OI[EHKAa BEPOSTHBIX UCTOYHUKOB 3arpsi3HEHUS TAaHHBIM PaIuOHYKIHIOM.

MatepuaJjbl u MeToabl. VccaenoBanue akTUBHOCTH TeXHOT€HHOro Cs-137 B JOHHBIX OTIIO-
KEHUSIX MPOBOAWIOCH Ha TeppuTopun Henenkoro aBroHOMHOro okpyra B mnepuopn c¢ 2020 mo
2023 r. B pexkax Kanumnckoi tynapsl (Umxka, Hech, Bukac, Oma), bonpmiezemenbckoil TYHAPBI
(KonBa u VYca), a Takxke B ycthe peku lledopsl. [lns uccnenoBanus Obio oTobpano 199 mpob
JTOHHBIX OTJOXeHui: p. Umka — 6 mpod, p. Hecy — 18 mpo6 (B Tom umcie 3 mpoOsl U3 03ep),
p. Buwxac — 11 mpo0, p. Oma — 9 npo6, p. Konsa — 43 npo6s1, p. Yeca — 26 npo0, p. Iledopa —
86 mpo6. Kapra paiioHoB oTbopa mpoO mpeacraBieHa Ha pucyHke. [IpoObl JOHHBIX OTIIOXEHHI
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OTOMpPAINCH C TOMOIIBI0 OIMHKOBAHHOIO KOBIIa Ban BuHa u BeicymIMBanucey B CymuiIbHOM MIKady
BINDER E28 npu 105 °C. Onpenenenue aktuBHOCcTH Cs-137 mpoBoauiu ¢ mpuMeHEeHHEM HU3Ko(]o-
HOBBIX IOJIYNIPOBOAHUKOBBIX ramma-crekrpomerpoB ORTEC (CIIJA) Ha ocHOBe KOakCHaJbHBIX Jie-
tektropoB GEM10, GMX25, GEM40 u3 ocob6o uucroro repmanus (HPGe) ¢ uudpoBsiM aHanmzaTo-
pom u mporpamMmubiM obecrieueHneM (MAESTRO-32 u GAMMA-VISION-32, a Taxxke
SpectralineGP).
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['panynomerpudeckuii cocTaB JOHHBIX OTJIOXKEHHUM ONMpenesyii Ha BUOPOCUTOBOM aHaJIN3aTOpe
AS 200 control (RETSCH). B npo6ax TOHHBIX OTJIOKECHHI TaKKe OMpenesiii GU3NKO-XUMHUSCKUE
TI0KA3aTelH, TaKHe KaK COlepKaHue OPraHHYecKoro BelecTna, kKap6oraros (COs>) U 3015l

Pe3yabTaThl U 00cy:k1eHus. Pe3ynbrarel nccnenoBanus ynenbHol aktuBHocTH Cs-137 mpen-
CTaBJIEHBI B TAOJIHUIIE.
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Panuanuionnsie, GU3NKO-XMMHYECKHE TTapaMETPHI U TPaHYJIOMETPUIECKHI COCTaB JOHHBIX OTIOKEHHN
pek Kanunckoi u boinbiiiezeMenbekoil TyHIp

DH3UKO-XMMUYECKHE

o o,
AKTUB napaverpoL, % I'panynomerpudeckuii coctas, %
TUB-
Opra-
Peka 3ua- | HOCTS Huue- | Kap-
yeHue Cs- 30i1b- 500 250 100 45 <45
CKO€E Oona- | 2 MM 1 Mmm
137, HOCTh MKM MKM MKM MKM MKM
Br/icr Bellle- TBI
CTBO
Paiion 1
MMH. 0.60 94.02 0.44 0.12 0.02 0.12 0.31 4.57 16.67 1.01 0.10

Hecy | makc. 36.00 | 99.56 | 5.98 4.59 0.89 294 | 2091 | 69.86 | 82.61 | 49.36 | 4.65
CpenH. 9.44 | 9722 | 2.78 1.81 0.30 1.04 5.78 | 2532 | 47.37 | 19.16 1.82
MHUH. 0.60 | 96.16 | 0.15 1.15 0.24 0.00 0.35 14.35 | 26.32 | 15.25 | 0.55
Bmxac | makc. 290 | 99.85 | 3.84 2.98 6.94 6.15 14.49 | 33.01 | 50.06 | 28.95 1.57
CpenH. 1.80 | 98.01 1.99 2.01 2.90 3.20 6.23 | 24.64 | 41.68 | 2243 1.07
MUH. 1.60 | 97.01 1.41 1.15 0.79 1.45 297 | 20.09 | 30.65 | 10.98 | 0.51
Umxka |Makc. 540 | 9859 | 2.99 2.13 0.79 2.30 19.35 | 32.06 | 53.16 | 26.15 | 2.51
CpenH. 325 | 97.86 | 2.14 1.77 0.79 1.88 10.04 | 25.52 | 41.36 | 20.76 1.57
MUH. 0.50 | 95.49 1.02 0.62 0.39 1.00 3.36 18.68 | 32.85 | 9.56 0.58
Oma Makc. 4.00 | 98.98 | 451 1.86 5.42 9.01 17.32 | 29.63 | 45.16 | 2947 | 3.19
CpenH. 1.98 | 97.91 2.09 1.27 2.40 5.37 12.67 | 24.44 | 39.01 | 16.66 1.47

Paiion 2
MMH. 0.60 96.84 0.11 0.05 0.02 0.05 0.03 0.10 7.48 0.09 0.03

ITeuopa | makc. 220 | 99.89 | 3.16 1.35 5.30 4.02 14.25 | 87.23 | 96.03 | 84.07 5.08
CpenH. 1.23 99.18 0.82 0.35 0.82 0.59 1.79 18.99 | 62.11 | 15.15 0.88

Pation 3
MMH. 0.7 87.57 0.59 0.32 <0.01 | <0.01 | <0.01 | <0.01 1.09 <0.01 | <0.01

KonBa | makc. 123 | 9941 | 1243 2.6 1694 | 15.19 | 59.05 | 85.83 | 74.92 | 44.16 | 15.52
CpenH. 2.1 96.97 | 3.03 1.14 2.94 2.93 5.89 | 22.08 | 39.19 | 15.51 3.92
MUH. 0.6 96.53 0.32 0.18 | <0.01 | <0.01 | <0.01 3.00 2.88 0.41 <0.01
VYeca Makc. 4.1 99.68 | 3.47 2.11 22.1 23.42 | 49.21 | 8291 | 80.07 | 26.82 | 15.47
CpenH. 1.36 | 98.98 1.02 0.63 3.24 3.33 854 | 37.13 | 34.62 | 7.46 3.21

Pe3ynbrarsl npoBeneHHON paboOThl MOKa3alM, YTO JOHHBIE OTJIOKEHUS U3YUYEHHBIX PEK XapakTe-
PHU3YIOTCS B OCHOBHOM HU3KHM cofepxkanneM Cs-137 B nuanazone or MUA 1o 5.4 Bx/kr co cpenHum
sHauenneM 3.3 bk/kr. Ognako B Oacceitne p. Hecwh conmepikanue Cs-137 B TOHHBIX OTJIOKEHUSX J0-
cturaino 36.0 Bx/kr (o3epHbie 0TIIOKEeHHS) U 22.9 BK/KT (peUHbIe OTIOKECHHUS).

[ToBbimienHass akTuBHOCTh Cs-137 B moHHBIX ocaakax p. Hecwk cormacyercss ¢ JaHHBIMU IO
MOBBIILIEHHOMY COJIEpKaHUIO TAaHHOTO PaJuOHYKJIHAA B JOHHBIX ocaakax bemoro mops, kyaa Bna-
naet p. Hece. PaHee mpoBeneHHble HccliefoBaHUs benoro mops moka3anv, 4TO aKTUBHOCTH
Cs-137 B noHHBIX ocangkax BapbupoBaia oT 7.1 mo 46.5 bk/kr. Takue MoBBINICEHHBIC 3HAUYCHHS aB-
TOpaMH OOBSICHSIIOTCSI PEYHBIM CTOKOM C BOJIOCOOpPOB MaTepuasa Ti100adbHBIX aTMOC(HEPHBIX BBI-
naJeHu|, BKIoYas NpoayKTsl aBapuu Ha YADC, a Takke 3arpsA3HEHUSIMU C 3allaJHOEBPONEHCKUX
npennpustuii (Anues u ap., 2006).
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BrisiBIeHa CX0KECTh U3yUYCHHBIX PEK MO (PHM3UKO-XUMHYECKUM MapaMmerpaM (TpaHyJIoMeTpuye-
CKHH COCTaB, 30JIbHOCTb, COJIEP)KaHNE OPTaHUYECKOTO BellecTBa U KapOoHaToB). OCHOBHOM I'paHy-
JIOMETPUUYECKUIM COCTaB JOHHBIX OTJOKEHUH omnpenensuics pasMepHocTsiMu 250 mkxM, 100 Mxm
u 45 mxMm. ConepkaHue OpraHMYECKOro BEIECTBA B JOHHBIX OTJIOXKEHMAX BapbupyeT oT 0.44 %
1o 12.43 %, a conepxanue kapOoHaTOB He npesbimaeT 4.59 %.

CopO1uoHHbIE CBOICTBA JOHHBIX OTJIOXKEHHUH OIpPENENsIIOTCS, TJaBHBIM 00pa3oM, HMX Belle-
CTBEHHBIM W TPaHYJIOMETPUYECKUM cocTaBoM (Juranova et al., 2020). CnegoBarenbHO, TOTOTHUTEIb-
HyI0 HHpOopManuio 0 HakotuieHnH Cs-137 B TOHHBIX OTJIOXKEHHSIX PEK MOXKET JaTh KOPPEISITHOHHBINA
aHAJIU3 OTPEIeSIEMBIX TAPAMETPOB H3YyUEHHBIX TPOO.

Jnia pex KaHuHCKOHM TYHAPBI OTMEYaeTCsl MOJOKUTENbHAS KOPPETSUOHHAS 3aBUCUMOCTD MEXY
conepxxkanueM Cs-137 u dpakmusmu 45 mxm (R = 0.55) u <45 mxMm (R = 0.63), a Takke ¢ coaep:kaHu-
eM opranmueckoro BemectBa (R = 0.70), uro roBoputr 0 coueTaHun (U3MYECKON U XUMHUUYECKOU
copommu paguonykiuaa Cs-137. Huzkue aktuBHOCcTH Cs-137 B TOHHBIX OTiIOkKEeHHSIX p. [ledopsr He
MO3BOJIWJIN BBISIBUTH CYIIECTBEHHBIX B3aUMOCBS3eH ¢ (pU3MKO-XxuMUUecKMMH Mapamerpamu. Koppe-
JSUMOHHBIN aHaNW3 JUisl AOHHBIX OTIOXeHHM p. KosBbl Mokaszan, 4To BapHaTUBHOCTh AKTUBHOCTH
Cs-137 3aBHCHUT OT cojiepkaHusi opranuyeckoro BemecTtBa (Ha 50 %), oT coaepkaHusi Gppaxuuii
<45 mxM (Ha 27 %) u 45 mMxm (Ha 20 %). 10t JOHHBIX OTJIOKEHUH p. Y ca BApUATUBHOCTh aKTUBHOCTH
Cs-137 oGecneunBaercss u3MeHeHUEM cojiepkanus Gpakuuu 45 MM (Ha 60 %) u conepkanueM op-
TraHWYECKOTo BemecTBa U ¢ppakunu <45 Mxm (Ha 32 % B COBOKYITHOCTH).

JlJis OLlEeHKH MCTOYHUKOB PaJMallMOHHOrO 3arpsi3HeHus: OacceiiHa p. Hech momydeHbl gaHHbBIE
pacueTa TPaeKTOPHUIl JBUXKEHUS BO3IYIIHBIX Macc C 3arps3HUTENSIMU Ha ocHOoBe mojenu HYSPLIT
(Stein et al., 2015). Pe3ynapTaThl pacuera TPacKTOPHI MOKa3ajld, YTO OCHOBHBIMH HAIPaBJICHUSIMHU
JBUKCHHSI BO3IYIIHBIX MacC BO BpeMs MPOBEACHHs HauOoJee KPYIMHBIX PaJUallMOHHBIX COOBITHIA Ha
apxunenare Hoas 3emunst B nepuon ¢ 1955 mo 1962 r. sSBISUIHCH CEBEPHOE, 3aMaIHOE U BOCTOYHOE.
Hu onmna u3 TpaekTopuil IBYKEHUS BO3AYIIHBIX Macc He ObLla HAalpaBJieHAa B CTOPOHY MOJTYOCTPOBA
Kanun u Ha Tepputopuro 6acceitna p. Hecb. CnemoBarenbHO, MOKHO TIPEAIIONaratb OTCYTCTBUE BIIH-
SIHUSL Ha paIMOHYKJIMJHOE 3arpsi3HeHne OacceiiHa p. Hech moKambHBIX (TpOoc(epHBIX) BhINAICHUH.

C y4eToM OTCYTCTBHS KOPOTKOXKMBYIIMX PAAHUOHYKIUIOB, a TaKXKe pe3yiIbTaTOB pacuera Tpa-
EKTOPHUI JBM)KCHHS BO3AYIIHBIX MAcC OT HauOoliee KPYIMHBIX PaJIUAlMOHHBIX COOBITUI Ha apxure-
nare Hoas 3emuisi, BEpOSATHBIMU MCTOYHUKAMU MOBBIIIEHHOTO cojaepxanusi Cs-137 B OHHBIX OT-
noxeHusx p. Hecwk sBIArOTCS rinoOanbHBIe aTMOC(hepHBbIC BBIMAJACHUS W Clell aBapuu Ha UepHO-
onieckoit ADC.

Pabomul no oyenke ghuzuxo-xumuueckux napamempos npogooUlUCs npu GUHAHCOBOU NOOOePIHC-
ke epanma PH® 20-77-10057 «/Juacnocmuka Oezpadayuu mep3nomsl Ha OA3e U30MONHLIX Mpacce-
poe (UUPSU, 6180+6°H, 61 C+*C)».
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HOBASI HABJIIOJATEJIbHASL CETh IIMPOKOIIOJIOCHBIX
CEMCMOJIOT'MTYECKHNX CTAHIIMN B IEHTPAJIBHOM YACTH
BOCTOYHO-EBPOINEMCKOMU IIJIAT®OPMBbI

Pe3unyenko P.A.l, Toes A.I'."?

! Muemumym ounamuxu eeocqpep umenu axademuxa M.A. Cadosckoeo PAH (MII” PAH), reznichenkora@yandex.ru
? Hnemumym usuru 3emnu umenu O.FO. IInmuoma PAH (H®3 PAH)

LenTpansHas yacte Boctouno-EBpomneiickoit mnatdopmer (BEII) siBasieTcst peruonom ¢ 00Jib-
I0M aHTPOINOT€HHON HArpy3KOW M pa3BUTHIM MPOMBIILICHHBIM MPOU3BOACTBOM. Ha 3TOl Tepputo-
pUU IEHCTBYIOT IECATKH KapbepoB MO J0ObIUE MOIE3HBIX NCKOMAEMBIX, TAKUX KaK U3BECTHSAKH, J0-
JIOMUTBI, KEJIE3UCThIe KBAPIUTHI, TPAHUTHI U T.J.; IPEANPHUATUHN, BEAYIIUX AOOBIUY PYyA C UCIOJb-
30BaHMEM IIAXTHBIX U MacCOBBIX B3pBIBOB. B psjie ciydaeB celicMUYECKHE CUTHANIBI OT B3PBIBHBIX
paboT (¢ MarHUTy 10 Oosiee 3) MPUHUMAIOT 3a 3EMJIETPSICEHHS, OHU OKA3bIBAIOTCS TTOMEIIEHHBIMU B
ceiicMosiornueckre OIOJIJICTeHH M KaTaJord MPHPOJHON CEHCMHUYHOCTH, MCKakas TeM CaMbIM HH-
dbopmanmio o peanbHOU NpupoaHO# ceiicmuaHocTH (AnymkuH, 2013). [Ipu 3TOM B HEHTpaIbHOM
yactu BEII peructpupyrorcs 1 TEKTOHUYECKHE COOBITHSI, MAaTHUTYAA KOTOPHIX B HEKOTOPBIX CiIyYa-
SIX MOJKET MPEBBIIATh OLEHKY B 3.5 (AnymkuH u ap., 2019). C TeKTOHNYECKON TOUYKU 3PEHUS LIEH-
TpasibHasa yacth BEII siBnsieTcss MecToM CO€MHEHUS B €MHBIA KOHTUHEHT TPEX apXEMCKUX MpoTo-
KpaToHOB (MerabmokoB) — @PenHockanauu, Boaro-Ypamuu u Capmatuun (Munn u ap., 2010;
Bogdanova et al., 2016). IIpu 3ToM ocTarOTCsi HEOCTATOYHO U3YUYEHHBIMH BOMIPOCHI MX TITYOMHHOTO
CTPOEHHUS U BO3MOXXHOU I'€TEPOr€HHOCTU CTPYKTYPBl BEPXHEH MaHTUU. AKTyalbHOM 3anaueil sBis-
eTcs pa3paboTKa KpUTEpHEB AUCKpUMHUHANMK ceiicMuueckux cooOwitTuii Ha BEII, uto Tpebyer
HAKOIUICHHUSI KAK MOYKHO OOJIBIIIET0 KOJUYECTBA BOJHOBBIX (hOPM M pa3BUTHUs HAOIIOJATEIBHON ceTn
cericmmyeckux craniui (Korrat et al., 2022; Zhu et al., 2024).

JHonroe BpeMms ceiicmonornueckue uccinenoBanus BEII cnepxuBanuch oTCyTCTBUEM HAOIIO-
JNaTeNbHONW CeMCMUYECKOW CEeTH, U4TO Jielali0 HEeBO3MOXKHBIM MPUMEHEHHE COBPEMEHHBIX METOOB
aHajM3a JaHHBIX. B mocnenHue roxasl maboparopueil ceiicMOIOrMUEeCKHX METOIO0B MCCIIETOBAHUS
nutochepsr U PAH coBmectHO ¢ naboparopuei reonHdpopmatuku UD3 PAH Oviu ycTaHoB-
JICHBI IIUPOKOIIOJIOCHBIE CEMCMOJIOTHYECKUE CTAaHIUU B IeHTpanbHOoU dacTu BEII mo okpyxkHOCTH
co cpenHuM paguycoM 300 KM ¢ HEHTpaJbHBIM HaOMIOAATENbHBIM IYHKTOM, PAaCHOJIOKEHHBIM
B 1maxrte reousndeckoii oocepparopun «MuxueBo» (puc.). CocraB HaOIIOAATEIBHON CETH Mpea-
CTaBJeH B TalIHUIlE.

HaGaromarenbHast ceTh

Crannus Kon crannun Iupora (°) Honrora (°) H;?::OTITE?H) OTI’EI[)a:IiHH
MuxneBo MHV 54.95 37.76 0.008-50 2004
bopox BROK 58.07 38.23 0.033-50 24.11.2022
VoM UDO 57.80 34.90 0.008-50 07.06.2023
KypuaTos KRCH 51.64 35.43 0.033-50 26.06.2023
Enbas YLN 5441 33.13 0.033-50 13.10.2023
Koctpoma KSTM 58.27 41.25 0.033-50 24.05.2024
Bnagumup VLD 56.18 40.86 0.008-50 06.02.2023
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TexroHnueckas cxema (Ha ocHoBe: MuHIIL 1 1p., 2010; Bogdanova et al., 2016). KpacHbiMu KBajipatamul ykasza-
HBI JCUCTBYIOLINE B HACTOSIINN MOMEHT CTAaHIIMM HOBOH celicMuueckoi ceT. CHHUMU KBaJpaTaMu MOKa3aHbl
crannuu OUI EI'C PAH

CraHIUM YKOMIUJIEKTOBAHBI COOTBETCTBYIOIIMM IOCTaBICHHBIM ILIENsIM O0OOpPYIOBaHUEM C CO-
0JII0ICHHEM TEXHOJIOTHH YCTaHOBKHU CEMCMOJIOrMUECKUX HaOII0qaTeNbHbIX MYyHKTOB. CelilcMoioru-
YecKHe CTaHIMM OCHamIeHbl ceiicmopeructparopamu Reftek 130(B) (BROK, UDO, KRCH, VLD,
YLN) u Hensra (KSTM) ¢ ycranoBinenHoi yactoToit auckpernzanun 100 I'ti, celiMomorndaeckuMu
natunkamu Guralp CMG-3T (BROK, KRCH, YLN, KSTM) ¢ uactotHbiM auanazonom 0.033—
50T u STS-2 (MHV, VLD, UDO) ¢ gacrotaeim nuama3zoHom 0.008—50 I'u. [ns crannuu MHV
HCIIOJIb3YETCS] MACCUBHBINA LIEMEHTHBIN MOCTAMEHT, OTJIUTHIN B 000PYIOBAHHOM IMOMEIIEHUH [IaXTh
obcepBaropun «MuxaeBo» (Kouapsa u ap., 2022). Cranuus BORK ycraHoBiena Ha mocTamMeHT
B 000pYZIOBaHHOM TaBWJIbOHE Ha Tepputopuu reopusnydeckoit ooceppatopun MD3 PAH «bopoky.
Just craniun VLD maTduk yCTaHOBJICH Ha IEMEHTHBIN MOCTAaMEHT BHYTPH OOOpYIOBaHHOIO Tpa-
BUMETPUYECKOTO IMaBWJIbOHA Ha IMOJUTOHE BraguMupckoro rocygapcTBEHHOTO YHHBEpPCUTETa
(Bal'Y). dns crannuit UDO u KRCH B cymecTByOmMUX TEXHUYECKUX TOMEIICHUAX OBLUTH OTJIUTHI
[IEMEHTHBIC TTOCTaMEHTHI cpenHuMu Tadaputamu 0.7x0.7x0.7 M ¢ KepaMHUYeCKON TUIMTKOW Ha MOBEPX-
HOCTH IS 00eCriedeH sl TOPU3OHTATBLHOCTH M YCTOMYMBOCTH ceiicMompueMHHKOB. CeiicMornpueM-
Huku ctaHmuid YLN n KSTM 6bun ycTaHOBIICHBI BHE TTOMEIIEHUN HA CYIIECTBYIOIINE MTOCTAMEH-
ThI, OTJIUTHIE TIO UJACHTHYHON TEXHOJIOTHH JJII CEHCMOJIOTHYECKUX HAOIOACHUH TPUOIU3UTEITEHO
B 2010 1., 1 000pynOBaHBl M3TOTOBICHHBIMH JIa0OpaTOpHUE ManorabapuThIMH TEXHUYECKUMHU CO-
OpPYKCHHUSIMU JIJIsI 3alIUTHI OT BHEITHUX BO3JACHCTBUI ¢ TEpMO-THApPOU30isiuei. Bece cranmum 060-
pPyIOBaHbl HCTOYHHUKAMHU Oecriepe0OMHOr0 MUTAaHMUS C 3alIUTOM OT H30BITOUHOIO HAIMPSKEHUS
Y aKKaMyJISTOPHBIMH OaTtapesMu, 00eCleuynBaIUMe OT 2 10 4 nHel (QyHKIIMOHHUPOBAHUS CTaHITUI
B CJIy4ae OTCYTCTBHS 3JIEKTPOMUTAHHUS.
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PacnonoxxeHne ceiicMUYECKUX CTAHIIMN M UX alnapaTHoe oOecredeHue MO3BOSIOT pelaTh 3a-
Jlayl KOHTPOJIS 332 CEMCMUYHOCTBIO pa3iauyHOro re’esuca Ha tepputopun BEII, a Takxke nmpoBectu
CpPaBHUTEIBHBIM aHATN3 TIIYOMHHOTO CKOPOCTHOTO CTPOCHHS Pa3IMYHBIX TEKTOHUYECKHUX JJIEMEH-
TOB, CJIATAIOIINX PETHOH UCCIIETOBAHMS.

Paboma sewinonnena c ucnonvsoganuem oannvix YHY «Cpeonewiupomuwiii Komniekc 2eodu-
3uueckux Haomooenuu "Muxueeo" u 6 pamxax eocyoapcmeennvix 3adaunuti MJ]IT PAH
(Ne 122040400015-5) u UD3 PAH (Nel122040600103-7).
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BO3PACT AYTUTEHHBIX KAPBOHATOB MOPSI JIAIITEBBIX
O JAHHBIM *'Th/U JATUPOBAHMSI

Pyban A.C.', Makcumon ®.E.

1 o o o . .
Hayuonansvnuiii uccnedosamensvcxuil Tomckuil noaumexHuyeckull ynugepcumem, ruban@mail.ru
2 . N
Canxm-Ilemepbypackuii 2ocyoapcmeeHHblil YHugepcumen

B nocnennue nBa AecSATUNETHS ypaH-TOPHEBOE NaTUPOBAHUE HE TOJIBKO YCIEIIHO MPUMEHSETCS,
HO U SBJIIETCSI OCHOBHBIM METOJIOM JJIsl ONpEJAENIEHUs] BO3pacTa ayTUIE€HHBIX METaH-IIPOU3BOIHBIX
KapOOHATOB, YTO TO3BOJIIET MPOJHUTH CBET HA PsJ BOMPOCOB, KACAIOIIMXCS MPOCAYMBAHUS Ta30CO-
AepxKaiux QIIouI0B, B Yucie KOTOpbIX (1) MpoIomKUTEeNbHOCTh pa3rpy3ku MeTaHa U ee MepHoanY-
HOCTh, (2) U3MEHeHHUe cocTaBa (prrona, BKIIOUYAs MPOUCXOXKICHUE yriepona, u (3) reoJoruvyeckue
(dhakTophI, crocoOCcTByIOMKE (HOPMUPOBAHHUIO TOJIBOAIINX KAHAIOB W/WIW HHHUIIMUPYOMUE (IIou-
nomurpanuto (Sauer et al., 2017; Himmler et al., 2019; Jlorsuna u np., 2022). Ha ceroansimHuii 1eHb
aKTUBHas pa3rpy3ka MeTaHa 3aperUCTPUPOBaHA B TpeX pailoHax Mops JlanTeBbIX: BHYTPEHHH 1IeNb)
(foro-BOoCTOYHAS YacCTh BOJM3U JENBTHI p. JIeHBI), BHEITHU 1IeTh() U KOHTUHEHTAIBHBIN CKIIOH (IIeH-
TpanbHbIe YacTu akBatopur) (Shakhova et al., 2015; Ruban et al., 2022). Ognako ayturenasie kap0Oo-
HaTHBIE 00pa30BaHusl, IPOCTPAHCTBEHHO MPUYPOUYCHHBIE K 3aPETUCTPUPOBAHHBIM METAHOBBIM CHIIAM,
oOHapyKeHBI TOJHKO HAa BHEIIHEM IIeTh()e 1 KOHTUHEHTAIBHOM CKJIOHE.

JlaTupoBaHHe KapboHATOB MPOM3BOAMIOCH > Th/U Metomom B 1aGopaTopuu reoMopdomoride-
CKUX W majieoreorpa@uueckux HCCICIOBAHHUN TOJIIPHBIX PETHOHOB W MupoBoro okeana CaHKT-
[TeTepOyprckoro rocyJapcTBEHHOTO YHUBEPCUTETA, 10 METOAMKAM, ITOPOOHO OMHCAHHBIM B paboTax
(Makcumos, Kysnenos, 2010; MakcumoB u ap., 2022). ITockonbKy aHanu3upyeMble 00pasibl ayTH-
TeHHBIX KapOOHATOB COJIEpXkKaT B CBOEM COCTABE 3HAYUTENIbHOE KOJIMYECTBO JETPUTOBOIO MaTepuara,
SIBIIFOILIErOCS, IOTIONHUTEIBHBIM H «3arPS3HSIOIMMY» HCTOYHUKOM > Th, Gblia IPUMEHEHA H30XPOH-
Hasi KOpPPEKIHs, OCHOBaHHAs Ha KoiuuecTBeHHOM ompezaeneHun uzoronos U u Th B cepun onHOBO3-
pactabIX 00pa3ioB (Geyh, 2001). KomnmuectBenHoe onpenenenue uzotonoB U u Th B oOpasuax mpo-
BEJICHO C YYETOM HX IOJIHOTO MEPEBECHUS B PACTBOP C MPUMEHEHHEM PaTUOXUMUYECKON METOAUKHU
(MakcumoB, Kysueros, 2010). Anbda-criekTpoMeTpudeckoe OIpeaeeHue H30TOIOB B8y, By,
22Th, 2°Th nposoaunocs Ha ciekrpomerpe ALFA-DUO (ORTEC). [liist pacuera H30XPOHHOTO BO3-
pacrta KapOOHATOB MCIOJIb30BATACH «TMHEHHas» MeToauKa (MakcumoB u 1p., 2022).

OBHewHun wensd

@ KOHTUHEHTanbHbIN CKNOH

—OH 6521
@+ 6939/10
—@— 6939/11
BospacTHoe pacnpesieleHue U3yYeHHBIX 00pa3IoB . Gaeed e
AYTHTEHHBIX METAH-TIPOH3BOJIHBIX KAPOOHATOB MOpst JIamTeBbiX g s 4 3 2 1 0
1o auHbM >~ Th/U natupoBaHus ThiC. NeT

OmnpezneneHue BO3pacTa ayTHUTEHHBIX KapOOHATOB OBLJIO BBIOJHEHO Ui OJHOrO oOpasua
C BHelTHero mmenbda u Tpex 00pasioB ¢ KOHTUHEHTAJIBLHOTO CKJIOHA (puc.). B cBsi3m ¢ mpumeHeHneM
M30XPOHHOTO MPUOIMKEHHST BO3PACT KapOOHATOB PACCUMTHIBAJICA 1O JIAHHBIM KOJMYECTBEHHOTO OIpe-
nenenust u3otornoB U u Th B Heckodabkux (OT YeThIpeX [0 IIECTHU) OTAENbHBIX YaCTAX KaxJ0ro
3 06pasioB. ~°Th/U M30XpOHHBIA BO3PACT KAapOOHATHOrO 00pasla C BHEUIHEro uienb(a paBeH
2.6 £ 0.4 teic. ner. [laTMpoBKM Tpex OOpa3lOB ¢ KOHTUHEHTAIBHOTO CKJIOHA OMPEICIICHbI Kak
1.8 = 0.3 thIC. 71ET, 2.6 + 0.4 TBIC. JIET U 2.7 *+ 0.6 THIC. JIeT. ClIeyeT OTMETHUTD, YTO JIJIsl 00pa3oB 6521
1 6939/10 BO3pacT paccunTaH C y4€TOM KOPPEKIIMOHHBIX MHJEKCOB, IMOJTYYCHHBIX U3 «KIACCHUCCKHUX)»
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M30XPOHHBIX JIMHEHHBIX 3aBUcHMOcTel. s oOpasoB 6939/11 u 6939/16 He ynanock paccuuTarh BO3-
pacT oJOOHBIM 00pa3oM, B CBSI3H C YeM JUIs ydeTa JAETPUTOBOIO 3arps3HEHMs ObLI UCIOJIb30BAH KOP-
PEKIMOHHBINA MHIEKC, ONpeIeeHHbIH mo o0pasiy 6939/10.

HaOmonaemoe pacnpezeneHue M3yd4eHHbIX OOpa3LioB MO BO3pPACTy MOXKET CBHUIETEIbCTBOBATH
0 TOM, YTO OJIaronpusTHBIC YCIOBHSA Ul OCAXICHUS KapOOHATOB HA KOHTHHEHTAIHHOM CKJIOHE BO3HU-
KaJId KaK MUHUMYM aBaxabl — 2.7 £ 0.6 Teic. jeT u 1.8 + 0.3 ThIC. JNeT Hazan. CregoBaTesbHO,
Ha yyacTKax pas3rpy3kd MeTaHa oOpa3oBaHHe KapOOHATOB HeE SBISETCS HEMPEPHIBHBIM IPOIECCOM
U, IO-BUJIUMOMY, HOCUT UHTEPBAIbHBIN XapakTep, YTO MOXKET ObITh BbI3BAHO KAK BapUallUsIMH WHTEH-
CHBHOCTH IIOTOKA, TaK M BPEMEHHBIM NpeKpalieHueM (IIIOUAHOTO MPOCAUYMBAHUS, HAIPUMEDP, BBHUILY
3aKpbITHUS MOJBOMSIIMX KaHaoB. OHAKO, yUUTHIBAs TOT (PAKT, YTO COOTBETCTBHE M30XPOHHOIO BO3-
pacta TOYHOMY BpeMeHU (OpPMHUpPOBAHUS OOBEKTa HCCIEAOBAHMS 3aBHCUT OT HECKOJIBKUX (DaKTOPOB
(ITPOIOIKUTENBHOCTD POCTA, BO3pAcT 00BEKTA, OTKPBITOCTh PAAMOMETPUYECKON CUCTEMBI), HEMb3s UC-
KJIIOYaTh BapuUaHT, IpU KOTOpOM oOpazoBanue oopas3noB 6939/11 u 6939/16 npoaomkanock 10 HAIero
BpeMeHH. [lonyueHHble (yHKIMOHAIBHBIE 3aBUCIMOCTH U30TOIHBIX COOTHOIIEHUH HE OTPULIAIOT TaKOH
BO3MOXKHOCTH. [IpH TakoM CIieHapuu pa3HbIi BO3pAcT MPOAHATM3UPOBAHHBIX KapOOHATOB MOXKET 00b-
ACHSTHCSI BPDEMEHHBIM BEPTHKAIbHBIM cMelieHrneM CMT3, BbI3BaHHBIM U3MEHEHUEM B UHTEHCHBHOCTH
dronaHOM pasrpysku. [Jpyrumu cinoBamu, U3y4eHHBIE 00pa3Ibl MOTIH OBITH MPUYPOYEHBI K Pa3HBIM
ctparurpaduaeckum ropusorTam: 6939/10 k «Bepxuemy», a 6939/11 u 6939/16 k «amxHEemMY». [Ipen-
10JIaraeTcs, YTO SMHU30JMYEeCKas MHTCHCHU(PHUKALUS Pa3TPy3KH METaH-coJepkaliero (ironaa cnocoo-
cTBOBaIa pacmmpenuto CMT3, B pe3ynbraTe 4ero B ATOT IMEPHO]T KapOOHATOOOPA30BAHKUE TIPOUCXOIH-
JO HE TOJBKO B HM)KHEM», HO M B «BEPXHEM» CTpaTUrpapuyeckoM TOPU30HTE, K KOTOpPOMY, IO-
BUIUMOMY, TipuypodeH obpaszerr 6939/10. Cpennuii Bo3pacT oOpasiia, OTOOPAHHOTO ¢ BHEIIHETO MIeJTh-
¢a, conocraBum ¢ 0ojee «IpPeBHUMU» 00pa3laMi ¢ KOHTUHEHTAJILHOTO CKJIOHA, YTO OTPakaeT UX OT-
HOCHUTENIBHO CHHXPOHHOE (opmupoBaHue. IIpu 3ToM chpaBeAavBO JONYCTHTh, YTO M Ha BHEIIHEM
mienbde MOrio ObITh HECKOJIBKO MEPHUOJIOB AKTUBHOTO KapOOHATOOOPA30BaHUs, B TOM YUCIIE HA Pa3HBIX
cTpaTturpa(puyeckux ropu3oHTax.

Paboma ewvinonnena npu gunancosou noododepiicke Poccuiickoeo Hayunozo ¢ponoa (epanm
Ne 23-77-10002).
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BTOPUYHASA MUHEPAJIN3ALUSA B BUTYM-COAEPKAILIIUX
BYJKAHUYECKHX ITOPOJAX CEBEPO-MUHYCHUHCKOM KOTJIOBUHbBI
(PECITYBJIMKA XAKACHA)

Pyoan A.C., HukoanaeBa A.H., Moayknaesa JI.K., Pyamun MLA.
Hayuonanenuiii uccnedosamenvcruti Tomcekuti norumexnuyeckutl yrusepcumem, ruban@mail.ru

JleBOHCKME U TpHUacoBble ByJKaHHMYecKue nopoisl CeBepo-MHHYCHMHCKON KOTJIOBUHBI MHTEH-
CHBHO IIOJIBEP)KEHBl BTOPUYHOMY MHMHEPAJIO000pa30BAHUIO, BBIPAKAIOMIEMYCS B 3alOJHEHHUU IIOp
U TpeluH KapOoHaTaMH, HEOIUTaMu U puiiiocminkaramMu. Kpome Toro, 3Tu mopoJiel conepar TBep-
JbIe OUTYMBI, TAK)KE 3aMOJIHSIOMUE Mophl auameTpoM a0 2 cM (CepebpernHukosa u ap., 2002, 2003;
®enoceeB u np., 2017). 'eoxumuueckas crienupuka OMTYMOB YKa3bIBAaeT Ha TO, YTO UX (HOpMUpPOBa-
HHUE MOIJIO MPOUCXOAUTH B PE3YyJIbTaTe MUTPALUU U3 COCETHUX KapOOHATHBIX WM HBANIOPUTOBBIX I10-
pon (lamunoBa u np., 2023). Takum obpa3om, ByjiIkaHHuueckue nopoasl CeBepHoil Xakacuu npezo-
CTaBJISIIOT YHUKAJIbHYIO BO3MOXHOCTb Ul M3Y4EHHUS MHHEPAI0o00pa3yolX MPOLECCOB B CUCTEME
«BOJIHBIA PacTBOP — YIJIEBOAOPO/IbI — BYJIKAHUYECKHE ITOPOJIBD».

N3ydeHHble ByJIKaHHYECKHE NTOPO/IbI IIPeACTaBIeHbl paHHeIeBOHCKUMU (Dy,e) 6a3ampTamu, Tpa-
xu0a3anbTaMu U TpaxuaHae3uda3aabTaMH, 3aJI€TalOIUMH B BHJIE TNIACTONOJOOHBIX TEJ, a TAKXKE TPH-
aCOBBIMU M3MEHEHHBIMU OJIMBUHOBBIMM 0a3ajbTaMu, Clararolumu aaiky KombeBckoro KoMIuiekca
(ovTk). CornacHo manabiM XRD-aHanu3a KaJbUUT U aHAJIBIUM SBJISIOTCS TJIAaBHBIMH BTOPHYHBIMU
MUHEpaJaMH, 3alOJHAIOUMMHA MOPbl U TPEIIMHBl B W3YyYEHHBIX BYJIKaHHUTax (puc. 1). BropuuHsiii
KaJBIIUT OOHAPYXEH BO BCEX M3YUYCHHBIX 00pa3liax, TOT/Ia KaK aHAJIbIMM MPOSBIECH TOJBKO B HU3Me-
HEHHBIX OJMBUHOBBIX OazayibTax. B panHeneBOHCKHUX Oa3anbTax, TpaxubazanabTax U TpaxwaHae3uoda-
3aJbTax KaJbLUT Pa3BUT 110 OCHOBHOM Macce MOpOJI, 3aloJHsAS MPOCTPAHCTBO MEXAY MOpoa00odpa-
3YIOIIMMHU MHUHEpallaMM WJIM 3aMelas MX, oOpa3yeT >KWJbl, a TAKXKE 3alOJIHAET INEPBUYHBIE MOPHI
B acconmanuu ¢ ourymamu u Mg-Fe ¢pumnocunukatamu. M30TonHbIH cocTaB KajbuTa (puUc. 2) CBU-
JE€TENbCTBYET O TOM, YTO UCTOYHMKOM YTJIepoja sBJsUIaCh MOPCKas BOJa, KOTOpasi MOIJla IPOHUKATh
B M3BEepXKEHHBIE ToNIH basaltic body Mo MHOTOYHCICHHBIM TpPEIIXHAM B ITOPOJIAX MOCIIE 3aTOTICHHS
Tepputopun. B To e BpeMs pasnmums B 3HaueHHsX &' °C B KaIbIHUTE C PA3HBIX YYACTKOB OTPAXKAIOT
BJIMSIHAE JIOTIOJIHUTENIBHBIX UCTOYHHUKOB YITIEpO/ia, B KaYeCTBE KOTOPHIX MOTYT BBICTYIATh Kak yrJie-
BOJIOPOJI-COAECPIKaIME THIPOTEpMalIbHBIE (IIIOH]IBL, TAK U METEOPHAas BOJA.

Puc. 1. COM ¢ororpadgun BTOpHIHEIX MUHEPATIOB B M3YYCHHBIX BYJIKAHUYECKUX ITOPOAAX
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B N3YUYCHHBIX BYJIKaHNMYCCKUX ITOpOoaax -

B TpuacoBbIX M3MEHEHHBIX OJMBHHOBBIX 0a3albTaX aHAJBIUM 3aIOJHICT MHOTOYHMCIICHHBIC TEp-
BUYHBIC TIOPEI, a ero (JOpMHUpPOBaHKE, TIO-BUMMOMY, SBIISIETCS pE3yIbTaTOM B3aUMOJICHCTBUS BYJIKaHU-
9YecKOro marepuaiga ¢ OOOrameHHBIMH HATPHEM BOJIHBIMU PACTBOPAMH, MPEICTABISIONIMMHU COOOMH
CMECh METCOPHBIX M MarMaTu4ecKux BoJ. KajabIUT mpencTaBiieH IByMsl TEHEpAIUsIMH, Pa3IHYarOli-
MHUCS TIO TEKCTYPHBIM OCOOEHHOCTSIM, H30TOITHOMY COCTaBY yriiepojia ¥ HAIUYHIO/OTCYTCTBHIO TIPUMe-
CH Maprasia. JTH pa3In4us MOTYT YKa3blBaTh KaK Ha Pa3HbIA cOCTaB (DIFOMIOB, KOHTPOIUPYIOIINX
dbopmupoBaHHe KapOOHATHOW MUHEPATU3AINH, TAK U HA Pa3HbIE 3TaIbl (IFONIHON aKTUBHOCTH.

BropuuHbie MUHEpaNTBI KaK B PAHHEJCBOHCKUX, TaK U B TPUACOBBIX BYJIKaHUTaX (HOPMUPOBAIUCH
B JBa dTana. Ha paHHEM MOCTMarMaTu4ecKoM STare MPOUCXOAUIIO MPEUMYIIIECTBEHHOE 3aMOTHEHUE
nepBUYHBIX 1Op. Ciie10BaTeIbHO, MHTCHCUBHOCTH BTOPHYHOT'O MUHEPAIIO0OOpA30BaHHS HA ITOM JTarle
OTpaHUYUBAJIACh MTOPOBLIM MPOCTpPaHCTBOM. OOpa30BaHKE KATBIUTOBBIX KU MIPOUCXOHIIO MO3THEES
B YCJIOBHUSX JOMHUHHPOBAHUS MOPCKUX (s beickapckoii cepum) mim MeteopHbIX (11t KombeBckoro
KOMIUIEKCa) BOJ U OTPEIEIISIIOCh PA3BUTUEM CUCTEM TPEIIHH.

Paboma svinonnena npu gunancosoil noodepicke Munucmepcmea HayKku u gvlcuieco oopazosa-
Hus Poccutickou @edepayuu (npoexm Ne FSWW-2023-0010).
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FJIA:YKOHI/IT-AMMOHI/II\/'IH])IE HAHOKOMIIO3HUTbI:
HOBBIM ITIOAXO0 K CO3JAHUIO YAOBPEHUU BYAYHIEI'O
HA OCHOBE ITPUPO/IHBIX MUHEPAJIOB

Pynmun MLA.
Tomcxutl norumexnudeckull ynusepcumem, rudminma@tpu.ru

['MaykoHUT — 3TO CIOUCTBI MUHEpaJ U3 rpynmbl GUITOCHUINKATOB, ITUPOKO PACIPOCTPAHEH-
HBIIl B 0CaJOYHBIX MOPOAaX, 0COOEHHO B MOpckux oTioxkenusx (Hukonaesa, 1981; Rieder et al.,
1988; Drits et al., 1997). biaarogapst BBICOKOMY COJIEp)KaHUIO KaJIUs U Keje3a TIayKOHUT UTpaeT
BAXXHYI0O pOJIb B TEOXMMHYECKHUX TMpolleccax, MPOUCXOIAIIMX B OCAJOYHBIX OacceifHax
(Baldermann et al., 2022). I'naykoHUT umeeT najeoreorpad@uieckoe 3HaUYCHUE — OH CIIYXKUT WH-
JTUKATOPOM JAPEBHUX MOPCKUX YCIOBUM U MOYKET MCIOJIB30BATHCS I PEKOHCTPYKIIMH MAIeOreo-
rpauyecKkux yCJIOBUN B pa3dWUYHBIX Teosorndeckux smoxax (Hukomaesa, 1977; Amorosi, 2012).
Ero yHukanbHas cioucTas CTpyKTypa obecreunBaeT CiocOOHOCTh K HOHHOMY OOMEHY U aicopo-
WU Pa3IUYHBIX XUMUYECKUX COEUHEHUM, YTO JeJaeT TayKOHUT HHTEPECHBIM 00bEKTOM HCCIIe-
JIOBaHWI B Pa3MUYHBIX 00JacTAX HayKd. B mociienHue Toabl HAHOKOMITO3UTHI HA OCHOBE TJIayKO-
HUTA MPUBJIEKAIOT BCe OoJiblllee BHUMaHUE Ojarojapsi CBOUM YHHKaJIbHBIM CBONCTBaM, KOTOPBIE
MO3BOJISIIOT UM «CTa0UIM3UPOBATh» aKTUBHBIC KOMIIOHEHTHI (HYyTPUEHTHI) U 00ECIIeUnBaTh UX (-
dbexTuBHY0 n0ocTaBKy B mouBy (Dasi et al., 2024). [IpumeHeHne TIayKOHNUTA B KAYECTBE HOCHUTES
JUIS. Q30THBIX COCNMHEHHH, TaKUX KaK aMMOHUW W HUTPAThl, OTKPHIBAET HOBBIE BO3MOKHOCTH
B CO3JIaHUU YI0OpEHM ¢ ynydiieHHbIMU XapakTepuctukamu (Rudmin et al., 2023; Pyamun u ap.,
2024). Otu ymoOpeHHs: MOTYT CIOCOOCTBOBAaThH Oojiee palMOHaIbHOMY HCIOJIb30BAaHUIO IHTA-
TEJbHBIX BELIECTB, MOBBIIIEHUIO YPOKAaTHOCTH U CHUYKEHHUIO HEraTUBHOTO BO3JEUCTBUS HA OKPY-
XKarwIyo cpeny. B cBa3u ¢ 3TuM pa3paboTKa TIayKOHUT-aMMOHHUWHBIX HAaHOKOMITIO3UTOB U WC-
CJIeJIOBaHUE UX CBOMCTB MPEACTABISIET COOOM aKTyabHYIO 3a7auy JJIs COBPEMEHHOW MPUKIATHON
MUHEPAJIOTHH, T€OIKOJIOTUHA W arpoXuMuu. llenapio MaHHOTO HCCIIeNOBAaHUS SIBISETCS U3y4YEHHE
aJIcCOpOLIMOHHBIX XapaKTEPUCTUK IIayKOHUTA B COCTaBE aMMOHUUWHBIX HAHOKOMITO3UTOB U OIIEHKA
uxX 3((exkTUBHOCTH B KadyecTBE YAOOpPEHUH C KOHTPOJIUPYEMBIM BBICBOOOXKIEHHEM Ha OCHOBE
SKCHEPUMEHTAIbHBIX HAOIIOIEHUIN U MOJIEKYJISIPHO-TUHAMUYECKOTO MOJICTTUPOBAHHUSI.

B xoxe uccienoBanus ucnonb3zoBaics riaaykoHuT u3 Kapunckoro mectopoxaenus (Poccus),
xumudeckas popmyna koroporo Obiia ompeneneHa kak Ko g(AlysMgosFe;2)[Si3.8Al92]010(OH),.
[Ipomecc moAroTOBKHM MaTepuaia BKJIOYal OOOraieHHe TIayKOHHTOBOTO KOHIICHTpaTa U €ro
JMaJbHEHUIYI0 aKTUBALUIO C MCIOJIb30BAHMEM PA3JIMUHBIX KOHLIEHTpAlMii HUTPATHOTO aMMOHHS
(ot 1 % no 12 %). lns xapakTepUCTHKHU MOJTYYSHHBIX INIayKOHUT-aMMOHHUIHBIX HAHOKOMIIO3UTOB
(FAH) mpumeHsIuCh claeayromue MeTolbl: peHTreHoaudpaknuonubii ananus (PJIA), ckanupy-
folas 3yekTpoHHas Mukpockonusa (COM) c sneproaucnepcronubiM ananuzoM (3/1C), mpocBeuu-
Baromas eKkTpoHHas Mukpockonus ([I19M) ¢ nokanpHON nudpakmuei IeKTpoHOB, HHDpaKpac-
Has crnekTpockonus (MK), repmorpaBuMerpuueckuii u nuddepeHunanbHbii TEpMUUYECKU aHaIu3
¢ cunxponHoir Macc-criektpometrpueid (TI-JITA-MC), a Takxe wmeron bpynayspa-DmMmerra-
Tennepa (BOT) nns onpenenenus yaelbHONW TOBEPXHOCTH U pa3MepoB mop. JlabopaTropHbie 3Kcre-
PUMEHTHI IO BBICBOOOXKJCHHIO HYTPUEHTOB MPOBOAMIKCH C ucrnoib3oBanueM I[IBX BopoHOK,
HaIlOJIHEHHBIX CMechl0 KBapueBoro mnecka u I'’AH. Yepe3 ycTaHOBIEHHBIE MHTEpBAJIbl BPEMEHU
(ot 1 mo 56 mHeit) uzmepsauch mapameTpsl GunbTpaTa, BKiIoYas pH, KOHIIEHTpalluu UOHOB Kajus
(K"), ammonns (NH4") u murpatoB (NO;3 ). ArpoTecTsl BKIIOUAIH BHIPALIMBAHHE OBCA B YAIIKaX
[Terpu ¢ no6asnennem I"AH. [TapannensHo TPOBOIUINCH KOHTPOJIbHBIC IKCIIEPUMEHTHI 0€3 100aB-
JaeHust ynoOpenuil. Ha pasHBIX CcTagusx pocTa pacTeHUH OINpenessuINCh SHEPrusl MpopacTaHus,
BCXOJKECTh, BRICOTA M CyXOH Bec pacteHuid. J[ns MmonexymsapHo-guHamuaeckoro (M) MmoxenupoBanmst
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B3aUMOJIEHCTBUS IVIAyKOHUTA C PACTBOPOM HUTPATHOTO aMMOHHS MCIOJIb30BAJIOCHh CHJIOBOE I0JIE
ClayFF (Cygan et al., 2021).

PesynbraTel PJIA mokazanu, 4TO ¢ yBeJIMYEHUEM KOHUEHTPAlMU aMMOHHS B HCXOJHOM pac-
TBOpPE MPOUCXOIUT 3aMETHOE PACIIUPEHHUE MEKCIOEBOr0 MPOCTPAHCTBA IIIayKOHUTA. DTO pacuIu-
peHue oTpa)xkaeTcsl B CMEIIEHUH 0a3adbHBIX pedIeKCOB Ha TU(PPAKTOrpaMMax, YTO YKa3bIBaeT Ha
MHTEPKAISAIUI0O aMMOHUWHBIX HOHOB B MEXKCJIO€BbIE TPOCTPAHCTBA IIayKOHUTA. BakHO OTMETHUTD,
YTO TaKHEe M3MEHEHHUS B CTPYKTYpE MUHEpaia CBHAETEIbCTBYIOT O €r0 BBICOKOH acopOLnOHHOM
CIIOCOOHOCTH M BO3MOKHOCTH CO3JaHUs CTaOMJIBHBIX HaHOKOMIIO3UTOB. J(omoJHUTENbHBIE AaH-
HbIE, IIOJIYYEHHBIE C TOMOLIBIO IIPOCBEYUBAIOLIEH A1eKTpoHHON Mukpockonuu (II9M), noarsep-
JUJIU 9TU HAOII0eHUsI, TOKAa3aB YBEJIUYEHUE TOJIIUHBI KPUCTANIMYECKUX CIIOEB B HAHOKOMIIO3H-
tax. CTpykTypHble U3MeHeHus, 3apukcupoBanubie PJIA u [I9M, Takke MOATBEpKIAIOTCS JaH-
veiMu K. Ha skcnepumenTanbHbix U cMoaenupoBaHHbiX MK-cnekTpax ObUTM BBISIBICHBI Xapak-
TEepHBIE MUKW MPHU KOHIICHTPAIMU aMMOHUS OT 6 %, yKka3pIBalol[ue Ha 00pa30BaHNE HOBBIX THUIIOB
BOJIOPOJIHBIX CBSI3€H M B3aUMOJEHCTBHE aMMOHHUIHBIX MOHOB C CHJIOKCAHOBBIMHU KOJIBLAMH TJIay-
KOHUTA. DT U3MEHEHUS B CIIEKTPaX CBUJETEILCTBYIOT O CIOXHBIX MOJEKYJISIPHBIX B3aUMOJECH-
CTBHSIX, KOTOpbIE MPOUCXOAAT Mpu (HOPMUPOBAHUU TIIAYKOHUT-aMMOHUUWHBIX HAHOKOMITO3HUTOB,
U OOBSACHSAIOT yIy4llIeHUE aCOPOIIMOHHBIX CBOWCTB TAKUX MAaTEPUAJIOB.

TI'A-JITA-MC BbIsSIBUIT TATH OCHOBHBIX 3TanoB notepu macchl B 'AH, xoTtopsie cBs3aHbI
C Pa3IMYHBIMU MPOLIECCAMU YAAJIEHUS BOJBI U aMMOHUS U3 PA3JIUUYHBIX MOPOBBIX MPOCTPAHCTB.
HaunOonbiiee BHMMaHUE MpuBJEKIa moteps macchl 10 4.3 % B nuama3zoHe temmepaTryp oT 325
10 590 °C ¢ ungukanueii non-rokos NHy, NH; u NO', uro yKa3bIBaeT Ha BHICBOOOXKICHUE a30T-
COJIePKAIIUX COCAMHEHUN M3 MEXKCJIOEBOTO MPOCTPAHCTBA IIayKOHUTA. DTOT (PakT 0coOEHHO Ba-
JKEH, TaK KaK CBUJIETEIbCTBYET 0 HaIM4MKU B ['’AH a30THBIX cCO€IMHEHUI B MUKPOIIOpaxX MUHEpaa,
YTO B CBOIO OYepeab MOAUEPKUBAET MOTEHIHAN K IPOJIOHTUPOBAHHOMY BBICBOOOXKIECHUIO B MMOYBY
ATUX HYTPUEHTOB.

MJI monenupoBaHue mokaszajao, YTO MPU KOHIIEHTpAUMU aMMOHHUA 6 % MPOUCXOIUT 3HAYU-
TeNbHOE U3MECHEHNE B TPAHCIIOPTHBIX U CTPYKTYPHBIX CBOMCTBaX pacTBopa. B wactHocTH, HaOIIO-
JaeTcs ocjabjeHue BOJOPOJHBIX CBS3€H, UTO BEACT K yBeIWUCHUIO KOd(unumeHToB nuddy3un
nonoB NH;" u Monekys Boabl. DTH JaHHBIE KOPPENHPYIOT C Pe3yibTaTaMH SKCIEPHMEHTOB IO
BBICBOOOXKACHUIO HYTPUEHTOB, TJ€ OTMEYEHO MPOJOHTMPOBAHHOE BBICBOOOXKJIEHHE aMMOHUS
U HUTPATOB, 0co0eHHO B 'AH ¢ koHuentpanueir ammonust 6 % u Bbime. IToT 3¢ (exT nposioHra-
IUU O0BSACHSIETCS YKpPEIJICHHEM BOJOPOJHBIX CBSI3€H B MHUKPOMOPOBOM MPOCTPAHCTBE TNIAYKOHH-
Ta, YTO 3aMeUIIeT BBICBOOOXKJIEHUE aCOPOMPOBAHHBIX COCIMHEHMHA M CIIOCOOCTBYeT Oosiee paB-
HOMEPHOMY MOCTYIICHUIO a30Ta B MMOYBY.

JlabGopatopHbie arpoTecTsl, MPOBEACHHBIE ¢ HCMONb30oBaHueM ['AH, mpoaemMoHCTpupoBaiu, 4To
HAHOKOMIIO3UTHI C cozepkaHueM aMMoHHUS 3 % o0ecreunBaoT ONTUMANbHBIE YCIOBUS JUIsl popac-
TaHUS ¥ HAYAJIBHOTO POCTa OBCa (pHC.). bbUIO yCTaHOBIEHO, YTO MPU YBETUYCHUHU KOHIIEHTPAIIUU
aMMOHHUsI 10 6 % U Bblllle HAOIIOAAETCSl 3HAYUTENILHOE YBEITMUYEHUE BBICOTHI PACTEHUI M HX CyXOro
Beca. JTU pe3yJbTaThl MoM4epKuBaioT 3G hekTuBHOCT, 'AH Kak MCTOYHMKA MUTATENHHBIX BEIICCTB
Ha Pa3HbIX CTAIUAX pocTa pacTeHuil. OcoObIil HHTEpeC MPEACTABISIET TOT (akT, 4To Mpu OoJiee BHICO-
KUX KOHIICHTPAIUSX aMMOHHUS B HAHOKOMIIO3UTAX JOCTUTAETCA OamaHC MEXKAY MPOJIOHTUPOBAHHBIM
BBICBOOOKJICHEM HYTPUEHTOB M MX JOCTYIHOCTBIO JUIsl PACTEHUM, YTO MOATBEPKIAET MEPCIEKTUB-
HOCTb 3THX MaTE€pHaOB B arPOXHUMHUH.
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[IpoBeneHHOE HcceIOBaHUE MPOJEMOHCTPHPOBANIO, YTO TJIAYKOHHT-aMMOHHMIHBIE HAaHOKOM-
MO3UTHI 00JIaAIOT BHICOKUMH aCOPOLIMOHHBIMUA CBOWCTBAMU M MOTYT 3(()EKTUBHO HCIIOIb30BATH-
Cs B KauyecTBe yAOOpEHHI ¢ KOHTPOJMPYEMBIM BBICBOOOXKAcHUEM a3oTa. [Ipumenenue 'AH B ar-
papHOil IPaKTUKE OTKPHIBAET HOBBIE BO3MOXHOCTH JJIsi MOBBIIIEHHUS 3(PPEKTUBHOCTH HCIOJIb30Ba-
HUSl a30Ta, YTO MOXET CIIOCOOCTBOBATh HE TOJBKO YBEIUYCHHUIO YPOXKAWHOCTH, HO M CHUKCHHUIO
9KOJIOTMUECKOTO BO3ICHCTBHS Ha OKpyXaroulylo cpeny. Hanbosiee mepcrieKTUBHBIMU C TOYKH 3pe-
HUSl TIPUMEHEHHS B CEIBCKOM XO3SHCTBE SBJISIOTCS HAHOKOMITO3UTHI C KOHIIGHTpAalMeld aMMOHUS
ot 6 % 10 9 %, KoTOpBIE 0OECTIEYNBAIOT POJOHTUPOBAHHOE BHICBOOOKICHIE HYTPHUEHTOB, CTUMY-
JUPYS pOCT U Pa3BUTHE PACTECHUH.

Oco60 crienyer OTMETHTh MEPCIEKTUBHOCTh KOMIUIEKCHOTO IMO/IX0/1a, OCHOBAaHHOT'O HAa COYeTa-
HUH DKCTIEPUMEHTAIBHBIX METOJIOB M MOJICKYJISIPHO-AMHAMUYECKOTO MOJeIMpoBaHus. Takoi moaxon
MIO3BOJISIET HE TOJBKO TIY0Ke MOHATh MEXaHU3MBI a/ICOPOLIMU M BHICBOOOXKICHHS a30THBIX COEIMHE-
HUI B CTPYKTYpE TJIAyKOHUTA, HO U ONTHMH3HPOBATH MMapaMeTPhl CHHTE3a HAHOKOMITO3UTOB, YTO CY-
IIECTBEHHO MOBBICHIIO MX 3()()EKTUBHOCTH B pEAIbHBIX arpOHOMHYECKUX YCIOBHsX. [IpuMeneHue
MOJICKYJISIPHO-JMHAMUYECKOTO MOJICTIMPOBAHUS B COYETAHHH C JIAOOPATOPHBIMU SKCIIEPHUMEHTAMHU
OTKPBIBAET HOBBIE T'OPH3OHTHI B Pa3padOTKE BBICOKOA((EKTUBHBIX M IKOJOTHYECKH Oe30MacHBIX
yIOOpEeHUH, 9TO OCOOEHHO aKTyaJIbHO B YCJIOBHSX TJI00aBbHBIX BBI30BOB B Chepe YCTONUYHBOTO pas-
BUTHSI 9K0OE30IIaCHOTO CEJIbCKOT0 XO035HCTBA.

Paboma ewinonnena npu ¢unancosoii noodepowcxe Poccuiickoeo uayunoeo ¢onoa (epanm
Ne 22-77-10002 «Hanokomnosumsl Ha OCHO8e 2IUHUCMBIX MUHEPAN08 KAK HOBble IKOJI02UYECKU
be3zonacHvle YOoOpeHUss KOHMPOIUPYEMO20 OetUCMBUAY).
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IUHKOBASI MUHEPAJIM3ALIUSA B OONJOBBIX )KEJIEZHAKAX
BAKYAPCKOI'O MECTOPOXKAEHUA BAITA/THASL CUBUPD):
KJIIOYEBBIE ITPOLHECCHI U TEOXUMHNYECKUE NTHIUKATOPBI

Pynmun MLA.
Tomcxutl norumexnudeckull ynusepcumem, rudminma@tpu.ru

[{uuk sBISIETCS BaKHBIM MHUKPO3JIEMEHTOM, KOTOPBIA UTPpaeT KIYEeBYIO POJb B OMOreoXuMuye-
CKHX IIMKJIaX KaK COBPEMEHHBIX, TaK U ApeBHUX okeaHoB (John, Conway, 2014; Vance et al., 2017).
OTOT METaJl1 y4acTBYeT B pa3IUYHbIX OMOXUMUYECKUX MpoIieccax, BKIo4as (OTOCHHTE3, (PUKCAlHIO
a30Ta U MeTa0OJIU3M YIIIepoja, 4TO JeNIaeT €ro M3yuyeHHE BAXKHBIM MJIs MallcOPEKOHCTPYKIui. He-
CMOTpPSl Ha OMOr€OXMMHYECKYI0 3HAUMMOCTh LIMHKA, MEXaHU3Mbl HaKOIUICHUS U pacIipe/ieieHus IuH-
Ka B MOPCKHUX OCaJI0UHBIX OacceliHax TpeOyroT aeranpHoro mzydenus (Hu et al., 2019; Nozaki et al.,
2021). Onenka mpupoapl MMHKOBOW MUHEPAIM3AIIMN B OOUIOBBIX JKEJIE3HIKAX CTATKHUBACTCS C PSIAOM
JTUCKYCCHOHHBIX mpobieM. OMHON U3 TIABHBIX SIBIISETCS OMpPEEICHUE MCTOYHHKOB IMHKA M MeXa-
HU3MOB €0 OCAXKICHHS B CHEIU(PUUECKIX YCIOBHUSIX HAKOIUIEHUS >KeIe3HSIKOB. Borpockl 0 ToMm, Kak
[IUHK aKKyMYJIHPYETCS B MOJOOHBIX OTIOKEHUSIX, KAKUE MPOIECCH CIIOCOOCTBYIOT €ro OCAKIACHHIO,
TaK)K€ OCTAIOTCS OTKPBITHIMHU.

bakdapckoe MecTopokIeHHEe, PACIONIOKEHHOE B Ipeaenax orpomMHoro 3amaaHo-CuOupckoro
JKEJIE30PYIHOTO OacceiiHa, MpeACTaBIsIeT cCO00M OJMH M3 KPYITHEHITUX O0OBEKTOB, Te HAOIIOAaeTCs
OTHOCHUTEIIEHO BBICOKAsi KOHIICHTpAIIUs [MHKA B OOMIOBBIX KeIe3HsKax. B 3Toii paboTe mpeacraBieH
KOMIUIEKCHBI aHajIu3 MUHEPAJIOTUU U T€OXMMHH IIMHKA B OOUJOBBIX JKEJIE3HSKaX MECTOPOXKICHHUS,
HATPaBJICHHBIA HA BBISICHEHHE YCIOBUH (OPMUPOBAHUS U MMMOOWIN3AIMHA METaJIa B MOPCKUX BBI-
COKOJKEJIE3UCTHIX OTIOXKeHUsX. Llenpio nccnenoBanust ABIsSETCS INIyOOKOE MOHMMAaHHE MPOIIECCOB,
MIPOMCXOUBIINX B IPEBHUX MOPCKHX OacceiiHax, U omnpeaencHue (pakTopoB, BIUSIONINX HA (HOPMU-
poBaHHME LMHKOBBIX MHUHepaioB. lIpenmnonaraercs, 4Tto ucciaeoBaHUE MO3BOJUT HE TOJIBKO MOHATH
0COOCHHOCTH [IMHKOBON MUHEPATU3alUi B KOHKPETHOM MECTOPOXKICHUU JKEJIE3HSIKOB, HO U TPE/IO-
KUTh KOHLENTYyaJbHbI€ MOJEIH, KOTOPbIE MOTYT ObITh MPUMEHEHBI K IPYTMM aHAJIOTMYHBIM 0CaJ[04-
HBIM OacceiiHaM.

B xoxe pabotsl Obl1a coOpaHa KOJUISKITHS 00pa3IloB JKEJIE3HIKOB M BMEIIAIONIUX TIOPOJ C IUH-
KOBOW MMHEpPAIM3AaLUEH U3 KepHA pa3iIMYHbIX CKBaXUH bakuapckoro MmecropoxiaeHus. s uccneno-
BaHUsl 0OPAa3IOB MCIOJB30BAIKNCH CIEAYIONIME METOMbI: MeTporpaguueckuil aHauu3, CKaHUPYIOIIas
anekTpoHHast Mukpockomnus (COM) ¢ sneprogucnepcuonnsiM ananuzom (DJ1C), pentrenoduryopec-
neHTHe aHanu3 (P®A), macc-cmektpomeTpusi ¢ WHAYKTUBHO-CBs3aHHOUM tutazmoit (MCIT-MC),
a Takke Rock-eval muponu3 mist onpeneneHus cofepKaHusl OPraHUYECKOTO YIriiepoia. ITH METOIbI
MO3BOJIMJIN JIE€TAIbHO KCCIIEOBaTh MOP(OJIOTHIO M COCTaB LMHKCOAEpXKAIIUX MUHEPAJIOB, a TaKxke
TEOXUMHUYECKHIE XapaKTePUCTUKU 00pa3IoB.

JluTonoruveckass HEOJHOPOJHOCTh MOPCKHX KEJIE3HAKOB IMPOSIBISIETCS B YEPEIOBAHUM TEPPU-
TeHHBIX M XEeMOTCHHBIX (harmii. XeMoreHHbIe (aliu MpeACcTaBIeHbl BapHAIMSIMU OOHUIOBBIX, ITETIOU-
JOBBIX MM OJHOPOJHBIX JKEJE3HSKOB CO CIEAYIONIMMH OTJIMYUTENbHBIMH XapaKTepUCTHKAMU:
(a) KoHpUTYpallMH TEPPUTCHHBIX U AyTUTCHHBIX KOMIIOHEHTOB, (0) MUHEpaIbHBIA COCTAB U YCIOBHS
HaKoIUIeHUs. TeppureHnole ¢anuu — 3TO0 NPUOPEKHBbIE MECYAHUKU WM IIeIb(OBBIE aJeBPOJIMTHI.
KitoueBbiME akTOpaMu, ompeAenstomuMu (aruu, SBISIOTCS YPOBEHb MOpS, BIHSHHUE TUHAMUKU
MOTO/HBIX WM HITOPMOBBIX BOJIH, MOJOXEHHE OTHOCUTEIHLHO OeperoBoi JMHUM, MPUTOK Kele30-
COJIeprKalINX PacTBOPOB U OMOMPOTYKTHBHOCTb.

[{uHukoBass MUHEpaIn3alUs MPOSIBISIETCS MPEUMYIIECTBEHHO CpPeld XEMOTeHHBIX (aiuil xemnes3-
HSKOB, B KOTOPBIX J10Jis1 ob1mero opranudeckoro yriaepona (TOC) naxonutcst Ha yposue 0.1-0.4 %.
MuHepanbl peo01aialoT B IIEMEHTE U MaTPUKCE KEJIE3HAKOB (PHC.), PEKE BCTPEUAIOTCS CPeId KOp-
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TEKca 0OMI0B. B mpocTpaHCcTBe MOPOA IIMHKOBAs MUHEPAIU3aLUs MPEACTABIsAET COO0W MUKpPOBKpAII-
JICHHOCTH (PHC.), KOTOpasi TECHO CBSI3aHa ¢ KapOOHATHBIM LIEMEHTOM. B Kele3HAKax CO CIUTOIIHBIM
WK (pparMeHTapHBIM CHIIEPUTOBBIM IIEMEHTOM BIOPTIIMTOBBIE MUKPOBKPAIUICHHUS PACIPOCTPAHIIOTCS
B MHKPO30HE KOHTAKTa C TIMHUCTBIM MaTpUKCOM (pHC., a—0). [Ipu 3TOM BIOPTINTOBBIE MUKPOBKpAI-
JICHUsT WHOTAA TMOBTOPSIIOT KOHTYP CHIEPUTOBBIX arperaroB (puc., 0). Heckonbpko crenuduyunas
CTPYKTypa IMHKOBOM MUHEpAIHM3alUH B JKEJIE3HSIKaX ¢ MUKPOIPOKMIKOBOH CHACPUTOBOM CTPYKTY-
poii (puc., B). B 3THX CIOSX MHKPOBKpAIUIEHUS IIMHKOBBIX MHHEPAJIOB MEPUOJUUECKU HAXOISATCS
BHYTPH CHICPUTOBBIX MHUKPOIPOXHUIKOB. JTO MPOCIEKHUBACTCA Jake B CTPYKTYPax, IZl€ CHIACPHUTO-
BbI€ MUKPOIIPOKUIIKM TPOHU3BIBAIOT TPEIIMHBI OOJIOMKOB KBapua (pHc., B) MJIM OOMIOB, a B 3TUX
HPOXKMIIKAX OTMEYArOTCsl MHKOBBIE MHUKPOBKparuieHns. [[MHKOBbIE MHHepasbl MpeCTaBICHBI Tpe-
UMYIIECTBEHHO BIOPTLUTOM, CaMOPOJIHBIM IIMHKOM, PEXE IMHKHUTOM U JAPYTUMH METaJUIUIaMH
(TOHTKCUHUT) ¥ CYIb(PUIAMHU C TPUMECHIO ITMHKA.

®dororpadun 00pasioB, X neTporpadudeckrue CHUIMKU 1 0030pHbIe COM-H300paKeHHS JKEIEC3HIKOB,
MOKA3bIBAIOIIUE CTPYKTYPY [IMHKOBOH MHHEPAIU3AINH B TIPOCTPAHCTBE JKEJIC3HIKOB:
a — MUKPOBKPAIUVICHUS BHOPTHOHUTA B CMCKTUTOBOM MATPUKCE BOIM3H CHUIACPUTOBBIX (bpaFMCHTOB; 0 — MUKPOBKPAIUVICHU
BIOPTLIMTA HA TPAHUILIE CUACPUT — CMEKTHUT; B — MUKPOBKPAILJICHHUS BIOPTIMTA B CUJEPUTE, KOTOPHIE B BUAEC MUKPOPOKHUIIKOB

TIPOHU3BIBAIOT JACTPUTOBBINA kBapil. Brh — 6epteepun, Gth — retur, Sd — cuneput, Sme — cmektut, Wur — BropTut, Qz —
KBapI|

BropTuut, Hanbomnee pacnpocTpaHeHHBI MHUHEPAJ, IPEICTaBIICH KaK B LIEMEHTE, TaK U B KOPTEK-
Ce JKEJIE3NCTHIX OOUAOB U BCTPEYACTCS B Pa3HOOOPA3HBIX MOpQoIornieckux Gopmax, BKIOYas IUia-
CTHHYaTble, ppambouaanbHble U OnoMopdHbIe arperaTsl. OTH (POPMBI CBUICTEILCTBYIOT O CIOXKHBIX
YCIOBUSX KPHCTAJUIM3AIMH, KOTOPHIE MOTJIM BapbHPOBATh B 3aBHCUMOCTH OT aKTHBHOCTH METAIlIO-
HOCHBIX ()IIOUIOB. AHANU3 pacHpe/IeNICHHs 3JIEMEHTOB B BIOPTLIMTE BBISIBUI 3HAUYUTEIbHBIC BapHUAIIUU
conepxanuii Zn, Fe, a taxke mpumecu Na, Sb, Ba, Ta, Cd. DTu nanHble yKa3pIBalOT Ha BEPOSITHO
pa3HooOpa3HbIil MPoLecC KPUCTAILIM3AIMHI, TP KOTOPOM U3MEHSIOIINECS YCIIOBUS CPEIbl IPUBOIIIN
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K (OPMHPOBAHUIO MUHEPAJTIOB C pa3HBIM XUMHUECKUM COCTaBOM. BKitoueHHe ApYrux HUHKCOJEpKa-
IIMX MUHEPAJIOB, TAKUX KaK CAMOPOAHBIHM IIMHK, IMHKUAT U TOHI'KCUHUT, MOAYEPKUBAET pa3HOOOpa3ue
T€OXMMUYECKUX YCIIOBHH, KOTOpBIE MOIJHM CIIOCOOCTBOBATH OCAXKIEHUIO M KOHICHTpAIMU ITMHKA
B OOUJIOBBIX JKEJIEC3HAKAX.

[MuHk B nopojax bakyapckoro MecTOpoXIA€HUs AEMOHCTPUPYET MOJIOKUTEIBHYIO KOPPEIALHIO
¢ Co, V, Mo, Pb, P30 u Y, U, Sb, As, Th, Fe, Ni. OrpuniatensHas cBs3b xapakrepHa mis K, Si, Ba,
Ge, Al. Taxxe xoppemsanuu Mexay Zn u TOC He npocnexuBaeTcs. B mombeiTkax moucka 3aKOHO-
MEpPHOCTEN M3MeHeHus cojepkaHusd Zn u Fe Oblna caenaHa OLlEHKA OTHOIIEHUS M€OXUMHUYECKOIO
npokcu Zn/Fe B miiaHe MeCTOpOXKIEHUS, BKJIIOYas MOBEPXHOCTH (CepeluHa M MOJOIIBA) JKeje-
30pyAHBIX ropu30oHTOB. IIpokcu Zn/Fe Ha MopsioK yBEIUYMBAETCS B OJHHUX IUIOCKOCTSIX TOPH30H-
TOB XKEJIE3HSIKOB.

[TunkoBas MuHepanu3alus B bakuapckoM MECTOPOXACHUH XapaKTepHU3yeTcsi pazHooOpaszuem
MUHEPATBHBIX (OPM, BKIIIOUYAsT HECKOJBKO PAa3HOBUIAHOCTEH BIOPTIIMTA, KOTOPBIA SIBISIETCS OCHOB-
HbIM MUHEPAJIOM-HOCUTENIEM IMHKA. BIOPTHHAT KpUCTA/UIM30BAJICS NPAKTUYECKH OJHOBPEMEHHO
C CUAEPUTOM, YTO MPEIINOJIAraeT UX COBMECTHOE MPOMCXOXKAECHUE U3 OAHOrO pacTBopa. B penkux
CllydasX LUHK OcCaxJajics B caMopoJHO# ¢opme. Ilpemaratorcs pasnuuHble cueHapuu (Gpopmupo-
BaHUs [IMHKOBBIX MUHEPAJIOB, 3aBUCAIINE OT UHTEHCUBHOCTH (DIIOMIHOTO IMMOTOKA U YCIOBUN OCa-
ka. IIpu ymepeHHOM (UIIOMIHOM MOTOKE LIMHKOBBIE MHHEpAIbl OCAXAAIOTCS BOJIU3U TIIMHUCTOIO
MaTpUKCa WM Ha TpaHUIE ¢ KapOOHATHBIM BEIIECTBOM. B yCIIOBHSX MHTEHCHUBHOTO (DIIOMIHOTO
IpOCaYMBaHMs LIUHKOBbIE MHUHEpabl KPUCTAIUIM3YIOTCA Cpeau KapOOHATHOM «MaTpuubl» (cuie-
pPHUT), KOTOpas MOXKET pa3pyllaTh paHee OOpa30BaHHbIC OOWIBI U TEIOHAb WIH JaXKe OOIOMKH
KBapia. Takue MpoIecchl YKa3bIBalOT Ha OJIM30CTh K odary (JIIOWTHON pa3rpy3KH B ApeBHEM Oac-
ceitne. Jlpyroil MexaHu3M KpHUCTaJUIM3allMK BIOPTIMTA MpeIoaraeT 3aMerienue GppamMOonioB mu-
puTa, TOUYHEe, OJTHOU M3 pasHOBHIHOCTEH (pamOounoB mupurta (Rudmin et al., 2020), pazmep koTo-
poii e npebimaer 10—15 mxm. MoHbI 1TMHKA MIPOHUKAIU BO (ppaMOOUIBI MUPHUTA, B3aUMOICHCTBYS
CO CBOOOJHBIMH CYyIb(UIHBIMU aHUOHAMM, YTO IPUBOJIIO K 0OPAa30BaHUIO BIOPTLHUTA. DTO MOA-
TBepkJIaeTcss ¢ppamOonianbHbIMU (POpMaMu BIOPTIMTA U MPUCYTCTBHEM NPOMEXYTOUHBIX Fe—Zn
¢a3. [IpyruM BO3MOXHBIM MEXaHM3MOM SBIIIETCA 00pa30BaHUE BIOPTLUTA B MMOPUCTOM OpraHUYe-
CKOM JICTPUTE, BEPOSATHO, IMOJ BO3ACHCTBHEM CyIb(aTpeaylupyommx OakTepuii, uro Tpedyer
JanpHenmero ucciuenoBanud. CaMOpOAHBIM IUHK KPUCTAJUIM30BAJICA B HM30JIMPOBAHHBIX MAaKpO-
U Me30mopax (pUIUIOCHINKATOB, TJ€ OTIMYUTENbHbIE (PU3NKO-XUMUYECKUE YCIOBHSI CIIOCOOCTBOBA-
JM OCaXJIEHUIO MeTajula 0e3 ydacTus cylb(ua-uoHOB. TOHTKCUHMT, KaK U BIOPTLMT, 4acTO BCTpe-
yaeTcs B KapOOHATHO-MUHEPATN30BAaHHBIX JKEJE3HSAKAaX, YTO TAaK)KE yKa3blBaeT Ha IapareHeThye-
CKYIO CBSI3b U €IMHBIM HCTOYHUK YIJIEpOJia M LIMHKA B YCIOBHUSAX HU3KOTEMIEPATYpHOH (urongHON
NEATEIbHOCTH.

C oaHON CTOPOHBI, ayTUI'CHHBIE IIUHKOBbIE MHMHEpAJIbl CBUIECTEIbCTBYIOT O ClELU(UUECKUX
Te0JIOTHYECKHX IMPOIeccax, ¢ APYroil — reOXMMHUYECKHEe OCOOCHHOCTH IIMHKA MOTYT CIIYXXHTh WH-
CTPYMEHTOM JUIsl PEKOHCTPYKLIUU YCIOBUH OcaJkooOpa3oBaHMs. buoreoxuMmudeckuil UK LIMHKa,
OKPYKEHHBII HECKOJIbKUMU TEOPHUSMHU U HEPELICHHBIMU BONPOCAMHU, UTPAET BAKHYIO POJb B IIOHU-
MaHHUM 3BOJIOIUHN MOPCKUX OacceHOB U ocagkoB. OTCYTCTBHE KOPPEIALUU MEXIY COAEpPKAHUEM
Zn n TOC B xene3HsKax U BMEIIAIOINX NOpoaax bakuapckoro MecTOpoKIeHUs yKa3bIBaeT Ha He-
3HAYUTENIbHOE BJIMSHUE OPIraHUYECKOT0 MaTepuaa Ha OrO/IKeT IIMHKA B IIOPOJIaX, YTO yKa3bIBaeT Ha
€ro MPEerMYIIECTBEHHO (IIOUAHOE MPOUCXOXKACHNE. BiusHue ruipoTepMaibHbIX HCTOYHUKOB IIpe-
o0janaer HaJ OpraHMYEeCKUMHU, YTO HOATBEPKIACTCSI MUHEPAIbHBIMU ACCOLMALMSIMU, XapaKTEPHBI-
MU U (QIFOMIHON aKTUBHOCTH. DTH JAaHHBIE CBHJIETEIBCTBYIOT O BO3/JIEHCTBUU HU3KOTEMIIEpaTyp-
HBIX METaJVIOHACHIIEHHBIX (PJIIONI0B HA (POPMHUPOBAHHE MOPCKHUX OCAJIKOB, YUTO MOKET UMETh 3Ha-
YeHHe JJIS IPOTrHO3UPOBAHUS NOJUMETAIUTMUECKUX 3aliexel B 3anagHo-CuOupCKOM KeIe30pyIHOM
Oacceiine. l3menenne koHueHTpamnuii Zn, Pb u As BJ0JIb C€BepO-BOCTOYHOTO HAMPABICHUS PYIHBIX
T€J YKa3blBa€T Ha I'PAJUEHT COAEP)KAaHUS ITUX AIEMEHTOB, YTO MOKET IIOKA3bIBATh HAIPaBICHUE
K IIpearoyiiaraeMoi (UIIOMIONPOBOIALICH CTPyKType. B 3TOM e HampaBlIeHHH YBEIUYHMBAeTCA
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uHaeke Zn/Fe, 4To mpejuiaraeTcs UCIOIb30BaTh B KAUECTBE T€OXUMHUECKOTO MHACKCa. BkparieHus
BIOPTLHTA B KapOOHATHOM LIEMEHTE MOTYT CIY>KUTb JTOMOJHUTEIBHBIM KPUTEPUEM IS UACHTU(U-
KaIlM¥ MPOKCUMAIIbHBIX 30H MPENO0JIaraeMoro HU3KOTEMIIEPATYPHOTO TPOCAYMBAHUS.

Paboma svinonnena npu punancosoii noooepaicke npoekma FSWW-2023-0010.
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CPABHEHHUE COCTABA COJIEBOT'O PACILTABA H KNa-AJIIOMO®TOPHUIOB
B CUWJIMKATHO-COJIEBOU T'PAHUTHOU CUCTEME IIPH 500 °C U 1 KBAP

Pycak A.A.l, lexnna T.A.”

1 . ;
Hucmumym zeoxumuu u anarumudeckoul xumuu umenu B.M. Bepnaockozo PAH, rusak@geokhi.ru
2 N 9
Mockogckuii eocydapcmeennulil yHugepcumem umenu M.B. Jlomonocosa

Ilens pabGoTel — u3y4yuTh (Pa3oBble OTHOWICHHS B MOJAEIBHONH TI'pPaHUTHOM cCHCTEME
Si-Al-Na-K-Li-F-O-H npu nonmxkenuun temmepatypsl ot 800 °C qo 500 °C u 1 xb6ap mo MeToay moj-
X0Jla K PAaBHOBECHUIO C JIBYX CTOPOH «CBEPXY BHU3» U «CHHU3Y BBEpX» JUIs aHanm3a (pa3oBBIX OTHOIIIE-
Hull B cucteme. OHOM U3 3a/1a4 pabOTHI SABISUIOCH CPAaBHEHHE COCTABOB 3aKaJIEHHOTO COJIEBOTO pac-
wiaBa U GTOpUIHBIX (a3, KPUCTATUIU3YIOMUXCS KaK U3 COJIEBOTO, TaK M U3 CHIMKATHOTO pacIijiaBa
B paccMaTpUBaeMol cucTteMe. DKCIEPUMEHThI TPOBOAMINCH HA YCTAaHOBKE BBICOKOTO Ta30BOT0 JaB-
nenust B UOM PAH (r. YepHoroinoBka).

HcxonHblld COCTaB alOMOCHUIIMKATHOIO pAcIUlaBa OTBEYaJ T'PAHUTHOM 3BTEKTUKE CHCTEMBI
KBapI-albOuT-opToKiaz mpu Ttemmeparype 690 °C u maBnenun 1 kb6ap H,O mpu conepxkanun
1 mac. % F (Manning, 1981) u 1.5 mac. % Li. J{ns HachImeHus 3TOro CUIMKATHOTO pacIuiaBa ajlioMo-
dbTopuaHpiMu  (pa3zaMu B HMCXOAHYIO IMUXTY BBOJWIM CMECh COJIEBBIX KOMIIOHEHTOB COCTaBa
(L1, Na, K);AlFs, 6muskoro no crexuomerpuu kK kpuonuty (Crl). [{ist mpuroToBaeHUs UCXOTHBIX CO-
CTaBOB HCITOJIb30BAITUCH CIEAYIONINE PEaKTUBHL: BBICyIIeHHBINH Tenb Si0,, LiF, K,SiFs, NaF, AlF;,
AlSi10s, Al,Os. B onbiter no6asisuin okcunbl REE onpenenenabiMu mapamu, 4ToObI HE IPOUCXOTHIIO
nepekpeiBanue cnektpoB REE mpu mukposzongoBom anammse (Y,0s3, La,O3; Smy0s3, GdyOs, Tby0s;
CGOQ, EuZO_v, n H0203; DyZO3; Pr203, LuZO_v,, SC203; EI’203, Yb203; Nd203, Tm203; SC203, Gd203)

[TpoayKTHI SKCIIEPUMEHTOB U3YyYaJIHCh HA CKAHUPYIOIIEM 3JIEKTPOHHOM MHKpockone Jeol JSM-
IT500 (Jeol, SImomms) ¢ DdHepro-aUCIEpCHOHHBIM crekTpomerpom Oxford X-Max™ (Oxford
Instrument Ltd., Benuko6puranus) Ha reojgoruueckoM paxkyiabrere MI'Y umenn M.B. JlomoHnocoBa
npu yckopsitomeM HanpsbkeHun 20 kB u Toke 0.7 HA. Onpenenenue conepxanuii Li u REE B skc-
NepUMEHTANbHBIX 00pa3uax Obuu BeimonHeHbl B ACUL] UIITM PAH. M3mepenust mpoBOIWIN Ha
KBaJIPyMOJbHOM MacC-CIIEKTPOMETPE C MHIAYKTHBHO cBsi3anHOW murazmont X Series II (Thermo Sci-
entific, CIIIA) ¢ npucraBkoii s nazepHoir abmsauuu UP266 MACRO (New Wave Research,
CHIA). N3ydeHue BaJIOBOTO COCTaBa AIFOMOCHUIIMKATHOTO M COJIEBOTO 3aKaJICHHBIX PacCIlJIaBOB, CO-
nepxamux Li, REE, Y u Sc, npoBoannu Ha Macc-ClEKTpOMETpe C MOHU3AIHMEH B HHIYKTUBHO CBsI-
3aHHOM TIa3me ¢ nBoitHo# (okycupoBkoii Element-2 xadenpsr reoxumun MI'Y umenn M.B. Jlo-
MOHOCOBa. B psine 00pa3ioB riaBHbIE U PEAKO3EMENbHbIE AIEMEHTHI B aTIOMOCHIMKATHBIX CTEKIIax
M3y4ajJuch C MOMOIIBIO 3JEKTPOHHO-30HIOBOTO MHUKpoaHanu3atopa Superprobe JXA-8230 (Smo-
Hus) B MI'Y umenn M.B. JloMmoHOcoBa Ha Kadeape meTpojoruu M BYJIKAHOJIIOTUU B JabopaTtopuu
JIOKaJIbHBIX METOJOB MCCIEeI0BaHUs BenlecTBa. i mpe1oTBpalleHus pa3pylIeHUs: CTEKOJ aHaIUu3bl
MPOBOJIUIIN B pexkuMe pachokycupoBaHHOTO mydyka (0 10 MKM) IpH YCKOPSIOIIEM HampsKCHUH
10 kB u cune Toka 10 HA.

B skcnepumentax npu 800 °C u maBnenmu 1 kOGap BO3HUKAET AFOMOCHUIIUKATHO-COJIEBAs
HECMECHMOCTbh, PaBHOBECHBIMHU (a3aMu SBIISIIOTCS ATIOMOCHJIMKATHBIN paciijiaB, 3aKalsioIUics
B CTEKJIO, U IIETOYHO-ATIOMOPTOpUIHAS cojieBas ¢asza, oOpa3yrolias Mpy 3aKaike MOJIUKPHUCTAIIIH-
yeckuil arperat coiieBbix (a3. Ilpu comepxanuu Boasl ~10 mac. % B cucteme obpaszyercsi cBOOOI-
Has BojHas ¢asza. [Ipu 500 °C u 1 kbap U3 aTIOMOCHIMKATHOTO paciiiaBa 00pa3yloTcs KPUCTAILIIBI
kBapia g0 100 MKM ¢ XapakTepHOH OrpaHKOM, HHOT/Ia BHYTPU 3€PEH KBapIiia oOpa3yrTCs KpUCTa-
7Bl HATPUEBOTO U KAIMEBOT'0 KpHUOJHUTa. Takas CTpyKTypa rOBOPHUT 00 MX COBMECTHOM KPUCTAJIU-
3alMM U3 paciuiaBa. Taxke M3 CUIMKATHOIO pacijiaBa Ha KOHTaKTe COJIEBOIO M CHUIIMKATHOIO pac-
IJIABOB KPUCTAIUIM3YIOTCS JICHCTHI TOJMIUTHOHHUTA, WHOTAA OOpasyromue paauaibHO-TyYUCThIC
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BbiiesieHnsi. CoNeBOM paciiyiaB MPaKkTUYECKH MOJHOCTHIO PACKPUCTAUIM30BaH B BUAEC (PTOPUIOB
menoueid 1 REE (LnF3), Tonbko kpymubie riaodynu (>500-700 MKM B JuaMeTpe) coleprKaT ocTa-
TOYHBIN cOJeBOH pacruias, 6orateiii REE. ATOMOCHIUKATHBIN pacIuiaB HAXOAUTCS B METaCTaOUIIb-
HOM, NIEPEOXJIaKI€HHOM COCTOSTHUU U3-3a 00JbIIOTO coaep:kanus propa B cucreme. Kpuonur xpu-
CTA/NIM3yeTCS M U3 aTOMOCUIMKATHOTO, M W3 (TOPHIHOTO paciiiaBa B BUAE (a3 CYIIECTBEHHO
HaTpPUEBOTO U Oojiee KaTMEeBOr0 COCTaBa. JTO HOBOE SIBIIEHHE B JAHHBIX SKCIEPUMEHTAX T'OBOPHUT
o ToM, yto 1ipu 500 °C yxe He 0Opa3zyeTcst HEelpepbIBHBIA TBEPJIbI PaCTBOP MEXKIY HATPUEBHIM U
KaJIMEeBBIM KPHOJUTOM, KakK 3TO Haboaa10ch npu Oosiee BbICOKOM Temneparype. dropuansie Gazbl
REE B packpucTaUIM30BaHHBIX IJI00YIsX 00pa3yloT MHOTAAa KaMbl B KpaeBbIX yacTsax. ColeBoii
OCTATOYHBIM pacruiaB oOoramieH JUTHEM, U B MPOLIECCE 3aKajIKu U3 HEro Kpucraminzyercs GTopua
JIUTUS — TPANCHUT.

B naHHBIX 5KCnIepuMeHTax, TpoBeAeHHbIX Mpu ~10 mMac. % BOAbI, B 3aKAJICHHOM allFOMOCHUJIMKAT-
HOM CTEKJIe Ha0JIt01ajach MOPUCTOCTh. [1ophl XapaKTepu3yroT MOTEPIO BOJBI PACIIIABOM B MPOIECCE
3akaiku. [loper nocturamm 5 mxMm B guametpe. [Ipu Temneparype 500 °C u naBnenun 1 k6ap pactBo-
puMocTh Boabl He npesbimaeT 10 %, 4To rOBOPUT O TOM, UYTO HE BCS BOJA pacTBOPSIETCS B pacIllaBe
Y BBIICNIAETCS B BUE CBOOOIHOTO BOAHOTO (hirronaa.

CpaBHeHHE cOCTaBa IIEI0YHO-aTIOMO(PTOPUIHBIX COJIEBBIX TIIOOYIEH, OTPaXaroIIUX COCTaB CO-
neBoro pacruiaBa LF, u ¢a3 menovynsix anoMo(TOpuI0B MOXKHO MPOBECTH HAa OCHOBAaHUM JAHHBIX,
MpEJICTAaBICHHBIX B Tabmuax 1 u 2.

Tab6aunua 1. Cpegane 3Hauerns (mac. %) cocTaBa MONMUKPUCTAIITHYECKUAX COJIEBBIX
rnoOyneii (LF) mo 6oapmoi mnomany mpu 500 °C u 1 x6ap (om. 883-890)

DNeMEeHTHI 883 884 855 886 888 889

Si 10.84 2.85 2.56 2.60 0.56 4.62
Al 8.70 11.43 6.83 10.41 9.64 7.34
Na 13.17 8.11 10.72 15.47 14.22 9.99
K 5.36 5.33 5.55 3.37 6.54 0.11

Mg 0.70 0.77 0.00 0.18 0.18 4.79
Ca 0.21 0.16 0.24 0.13 0.22 0.18
F 53.05 49.73 43.67 49.84 54.29 44.77
(0) 10.80 4.94 5.06 2.68 2.00 6.05

La 1.78

Ce 2.66

Nd 1.86
Pr

Sm 2.47 0.11

Eu

Gd 1.76 0.14
Tb 2.09

Dy 1.67

Ho 1.53

Er 2.95

Tm

Yb 2.95

Lu

Y 2.95

Sc

CymmMma 108.66 89.64 79.03 86.36 93.68 79.96
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Taoaumna 2. Cpeiaue coctaBsl (Mac. %) menouHbIx amoModTopuIos B or. 883—-889
mpu 500 °C u 1 x6ap, HOJIydYCHHbBIC Ha BOJIHOBOM CIICKTPOMETPE

OneMeHThI 883 884 885 886 887 888 889 889

Si 0.05 0.09 0.06 2.60 0.07 0.00 0.00 0.06

Al 15.06 27.15 13.85 10.41 14.85 14.15 14.30 6.39

Na 27.10 14.95 23.46 15.47 28.46 22.75 23.52 8.89

K 2.70 2.57 2.66 3.37 2.55 3.10 0.00 29.17
Mg 0.11 0.00 0.09 0.18 0.08 0.07 2.57 0.00

Ca 0.05 0.05 0.03 0.13 0.12 0.16 0.05 0.12

F 59.29 59.98 57.42 49.84 57.90 56.20 59.92 47.99
O 0.40 0.46 0.29 2.68 0.67 0.63 0.23 0.59

La 0.00

Ce 0.00

Nd

Pr 0.00

Sm 0.10

Eu

Gd 0.08 0.15

Tb 0.12

Dy 1.67

Ho 0.00

Er 0.20

Tm

Yb 0.25

Lu 0.00

Y 0.00

Sc 0.24 7.98

Cymma 104.76 | 105.55 97.85 86.36 104.92 97.51 100.60 | 101.33

CpaBHeHue coctaBa cojieBbX rnoOynei LF (tabn. 1) m menounsix amoModTopuaos (Tadi. 2)
10Ka3asio, B coieBOM paciuiaBe LF HaOmromaercst cylecTBEHHBIH HEJIOCTAaTOK IEJIoYel Mo CpaBHe-
HUIO CO CTEXHOMETpHUEH KPHOJIUTA M HEOCTaTOK Mo ¢GTopy. Takke B COJIEBBIX INIOOYJISAX YacTo CO-
JepKaTcsl KUCIOpOA M KpeMHUi, unoraa nocieganero a0 10.84 mac. %, yTo, ckopee BCero, CBsA3aHO
C 3aXBaTOM Karlejb aJIlOMOCHJIMKATHOTO paciljlaBa BHYTPh COJIEBOTO INI00YJIs, HEPEAKO HAOII01aeMbIM
B OIBITaX, YTO TOBOPHUT O XHUJKOM COCTOSHUU CHCTEMBI A0 3akainku. CoyeBble TrI00ymu comepxaT
REE 1o ~2 mac. %, Gonbmie Bcero kouueHtpupytorcs Er, Yb, Y, ux comepkaHus HOXOIAT IO
~3 mac. %. PazHuIla B cymme cBsi3aHa C COJAEP>KaHUEM BOJIbI U JINTHSI B PACILIIABE.

Kpuomut (K, Na);AlFs npenMyImiecTBEHHO HATPUEBOTO COCTaBa, UCKIIOYCHUEM SIBIISIETCS KPHUO-
auT u3 onbita 889, B kKoTopoM 29 mac. % kanus. [1o ctexuomerpuun 0osiee HATPUEBBIE COCTABBI COOT-
BeTCTBYIOT KpuosuTHOHUTY (NazAly(LiF4);) nu cummoncury (Na,LiAlF¢) mo HemocTaTKy CymMMBlI,
a KaJIueBbIe COCTaBbl COOTBETCTBYIOT 3ibnaconuty (K;NaAlFg). Kpuonut Gonee mienounoi, Gomnee
TJIMHO3EMUCTBINA, IO CPaBHEHHUIO C COJIEBBIM OCTATOYHBIM PAaCIUIaBOM, B KPHOJUTE (PAKTHUECKH HE
MOXET COJEPKATHCS KPEMHUN, UCKIIIOUEHUEM SIBIIsIeTCs ONBIT 886. KpHOIUT coepKUT AecsaThie 10JIU
REE, Torna xak cosjeBoi pacruiaB HakainuBaeT WHorda u 6osnee 3 mac. % REE, a Ttaxke kpuoaut
MoeT cofepxarb JuThid. [lo manueiM (AndepbeBa, 2012) conepxaHue JUTHS B KPUOIUTE MOXKET
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nocturath 3.4 ar. %. Kosadduuumenr pazneneHuss JUTHS MEXAYy aTIOMOCHIMKATHBIM DPACIUIaBOM
u kpuomutoM ~0.4 (Andepnena, 2012). Panee Oputo mokazano (I'pamenunkuit u np., 2005), gto
B IIPUCYTCTBHHU Ooubine 1 Mac. % JIUTHS B CHCTEME COJIEBOM PACILIaB OTAEISACTCS OT ATFOMOCHIMKATHOT'O
110 MEXaHU3MY KHJIKOCTHOH CHIMKATHO-COJIEBOH HECMECUMOCTH.

Taxum oOpa3om, cpaBHEHHE cocTaBa coeBoro pacruiasa LF, conepxatuero F u Li, u kpucrammu-
3YIOIMXCS U3 HEro altoMo(TOpUIOB, a TaKXKe BBICOKHE COJEPXKAHUS B COJIEBOM pACIUIaBE PEIKO3e-
MEJIBHBIX 3JIEMEHTOB 10 CPABHEHUIO C KPUCTAIUIMYECKUMHU IIOMOPTOPHIAMH MOATBEPKAAIOT Tpe-
CTaBJICHHE O CYILLECTBOBAaHUU CHJIMKATHO-COJIEBOM HECMECUMOCTH B T'PAHUTHOM CHCTEME U CIIOCOOHOCTH
COJIEBOT'O pacIulaBa K KOHIIEHTPUPOBAHUIO PYIHBIX 3JIEMEHTOB.

Paboma svinonnena npu nooodepowcke cocyoapcmeennozo 3aoanusi ' EOXU PAH.

Cnucok JuTeparypsl

Angpepvesa A.0. SIBneHne CUIMKaTHO-COJICBOM JKUIKOCTHONH HECMECUMOCTH B MOJEJIBLHON IPaHUTHON M HedeauH-
cuenntoBoii cucreme Si-Al-Na-K-Li-H-F-O: ABroped. muc. ... kauna. reos.-munep. Hayk: 25.00.04. M., 2012. 23 c.

TI'pamenuyrun E.H., ]exuna T.U., [leeaimosa B.H. ®a30Bbie OTHOIICHUS BO (YTOPCOACPIKAIIMX TPAHUTHOW 1 Hede-
JMH-CHEHUTOBON CHCTEMax M pacHpeleIeHHe 2JIEMEHTOB Mexay (azaMu (3KCIepHMEHTaIbHOE HccienoBanue). M.:
I'EOC, 2005. 188 c.

Manning D. The effect of Fluorine on liquidus phase relationships in the system Qz-Ab-Or with excess water at 1 kb
// Contrib. Mineral. Petrol. 1981. Vol. 76. P. 206-215.
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AHAJIN3 ITAJTIEOMAT'HUTHBIX JAHHBIX 110 MAT'MATHYECKUM
N OCAAOYHBIM ITIOPOJAM JEBOHCKOI'O BO3PACTA

Caabnast H.B.!, Hocupuan AT’

1 . . . P
Teonozuueckuti uncmumym Poccuiickou akademuu Hayk, natasavi@inbox.ru
2
Dedepanvroe 2ocyoapcmeennoe blodxcemuoe yupescoenue nayku Hucmumym 3eMHo20 MazHemusma,
uoHocgepwvl u pacnpocmpanerus paouosonn um. H.B. [Tywkosa Poccuiickoii akademuu Hayk

B Hacrosmuit MOMEHT JE€BOH OCTAeTCsl MPOOIEMHBIM MEPUOIOM C TOYKH 3PSHHS MAIEOMarHEeTU3-
Mma. [lareomarHuTHbIE NaHHBIE PA3JIUYHBI, @ MAJIEOMAarHUTHAS 3alKCh B TOPHBIX MOPOJAAX CIOXKHA IS
WHTEPIpETAlUY BCICACTBUE PAa3BUTOrO MEpPEeMarHUYMBaHUs, HU3KOWM HAMAarHUYEHHOCTH MOPOJ U B He-
KOTOPBIX CIy4yasX CYIIECTBEHHOTO BKJIaJa B €CTECTBEHHYIO OCTAaTOYHYI0 HaMarHWYEHHOCTb BSI3KOM
HaMarHMYeHHOCTH. Tak, 4acTh MMEIOMUXCS JaHHBIX MO0 MarMaTHYeCKUM TOPOAaM JIEBOHA COACPIKUT
HETUITUYHbIE KOMIIOHEHThI €CTECTBEHHOM OCTaTOYHOM HAMAarHWYEHHOCTH, T.€. KOMIIOHEHTHI, HE COOT-
BETCTBYIOIINE «OXUAAEMbIM» Mostocam Juist 3toro nepuoaa (Kazanckuii u np., 1996; baxenos, JleBa-
mosa, 2011; [anummo, [TaBnos, 2019; Jly3an u nap., 2023). IT0 MOXKET OBITH CIEIACTBHEM CIIOXKHOU
KOH(UTypaIiK TaJeonoisi Wi XK€ aHOMAaJIbHON 3allMCH MarHUTHOTO TOJIst 3eMJIM B TOPHOW IMOPOJIE.
CrnoxHast KOH(UTYpaLKsi TEOMarHUTHOTO TIOJIsI, OTJIMYHAS OT JPYTUX I€OJOTHYECKUX 30X, U 3a4acTyIO
oTMeYaeMasi Hu3Kas nayieoHarnpsbkeHHocTh nons (Shcherbakova et al., 2017; Hawkins et al., 2019) nos-
BOJISIFOT BBIABUIaTh MPEINONI0KEHHE O MYIbTHIONBHOCTU moud. [locnennee mompasymeBaeT yxoll OT
OJIHOM M3 OCHOBHBIX TMIIOTE3 MAJIEOMarHeTU3Ma — TUIOTE3bl [IEHTPAIBHOIO OCEBOTO JUMOJNS IS 3TOTO
NepUOJIa BPEMEHH U TIOATOMY HYX/IAaeTCs B CEPbE3HBIX JOKa3aTeIbCTBAX.

JUJis OLIeHKH TaJIeOMarHUTHOM 3aMMCU B OCAJOYHBIX TOPHBIX MOPOAAX U BBISBICHUS BO3MOXKHBIX
HETUMHUYHBIX KOMIOHEHT Mbl IPOBEIN OTOOP KOJUIEKIMM OpPHEHTHPOBAHHBIX MaJ€OMarHUTHBIX 00-
paslioB M3 pa3pe30B BEpPXHEro W cpeaHero neBoHa [maBHoro (242 mryda) u llertpanpHOTO
(222 mtyda) 1EBOHCKOTO MOJI M MPOBENU PsAJl MATHUTO-MUHEPATIOTHUYECKUX U MaJe€OMarHUTHBIX UC-
cnenoBaHuii. B pabore moka3aHo, yTo Ha oObekTax [aBHOTO AeBoHCKOro moiis (AAxHoBO (p. Csch),
Annoma (OHexckoe 03epo), Perne (o3epo UnbpMeHb)) mIMPOKO pa3BUTO MEpEeMarHUYMBAaHKUE JCBOH-
CKHX TOPOJ] B TIO3JHENAJICO30MCKOe BpEeMs, UYTO YK€ (PUKCHPOBAIOCH MPH WCCIICIOBAaHUH Pa3pe30B
I'maBHOTO neBonckoro noutst (ITorapckas, 1984; I'ypesuu u ap., 2005; Mocuduau u ap., 2020 u np.).
[TepBoie pe3yabTaThl MO 00BbEKTaM BepxHero jaeBoHa LleHTpanbHOTO MeBOoHCKOTrO Toiist (JImBeHCKuMi
Kapbep, JJoHckoe MecTopok/IeHnEe 3BECTHAKOB) MOKa3alli, YTO paclpesiesieHue BEKTOPOB €CTECTBEH-
HOM OCTaTOYHON HAMarHMYEHHOCTH OJIM3KO K XaOTUYHOMY, M aHAJIOTHYHBIC JaHHBIE ObUIM COBCEM
HEJITaBHO TOJIy4eHbI 110 o0bekTaM ABcTpanuu (Hansma et al., 2015; Green et al., 2021).

AHnanu3 6a3bl maneoMarHUTHBIX MaHHBIX (Pisarevsky et al., 2022) u moydeHrne HOBBIX OIpEe-
JeHu#, B 4acTHOCTH, TT0 BocTouno-EBpomneiickoi miargopme, MOXKET MOMOYh OTBETUTH Ha BOIPOC
0 TOM, KaKue THIbI MMaJeOMAarHUTHON 3amucHu HAOIIOJA0TCS B TOPHBIX MOPOJaX, Kak B MarMaTuye-
CKHX, TaK U B OCaJOYHBIX, YTO OCOOCHHO Ba)XHO, MOCKOJIbKY HETUITHUYHbIE KOMIIOHEHTHI ObUTH OOHa-
pYKEHBI Ha HACTOSIIIUNA MOMEHT TOJIBKO TIPU MCCIIEAOBAHUN MarMaTHYeCKUX TOPHBIX MOPOJA. AHAU3
0a3pl JaHHBIX MO TUITY MOPOJ, KAYEeCTBY JaHHbBIX, HAIMYMIO KOMIIOHEHT HEIEBOHCKOTO BO3pacTa Mmo3-
BOJIUT BBISIBUTH B3aUMOCBSI3b MEKIY 3TUMH (DAKTOPAMH.

Pabomvr  nposoounuce npu  Quuancosoi.  noooepyxcke epauma PH®  23-27-00461,
https://rscf.ru/project/23-27-00461/

CHucoK JIuTepaTyphl

baxcenos M.JI., Jlesawosa H.M. AMmuTyna BEKOBBIX BapHalllii HalpaBJjeHUs T€OMarHUTHOTO TOJIA B BEpXHE/e-
BOHCKHX BynkaHuTax CesepHoro Tsub-11lans / ®uzuka 3emum. 2011. Ne 12. C. 74-86.

Typesuu E.JI., Xpamoe A.H., Poouonog B.Il. u dp. [laneoMaraeTusmM OpJOBUKCKHUX U JEBOHCKHUX OCAJIOYHBIX MOPOJT
ceBepo-3amnana Pycckoii miaTdopMbl: HOBBIE TaHHBIE O KWHEMaTuke banTuku B maneo3oe u 0 IepMo-TPHACOBOM TIepeMar-
HnunBaHny // @usuka 3emmn. 2005. Ne 7. C. 48-64.

Iemposzasoock, 1—4 oxmsbps 2024 . 150



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKObI-KOHGeperyuu, nocesujennol navamu ynera-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI'MH, 'EOQH3UKHU U 'EODKOJIOI'H

Hocuguou A.I'., Ilonos B.B., Kypasnes A.B. BepxHeneBOHCKHE OTJIOXKEHUS ((PpaHCKHUU SApyC) ceBepo-3amaaa
Pycckoii mnatdopmel: maneoMarHuTHble AaHHble // HedreraszoBas reosnorus. Teopus u mpaktuka. 2020. T. 15, Ne 4.
http://www.ngtp.ru/rub/2020/42_2020.html.

Kaszanckuu A.1O., Kyneypyes JI.B., bpaecun B.FO. TlaneoMarHuTHBIE HApPaBICHUs TEBOHCKAX KOMIUIEKCOB BOCTOY-
HoW yacTu Anrae-CassHCKOH ckiamgdaToit oonactu // [laseomaraeTu3M U MarHeTU3M TOPHBIX mopoa. M., 1996. C. 48-50.

Jlysan M.E., Memenxun /I.B., Enucees A.A. K Bonpocy KOHGHUrypayy JI€BOHCKOIO T€OMarHUTHOTO MOJISL U PUYH-
Hax ICEeB/I0Xa0TUYECKOT0 pacIpe/IeIeHus [TaJlcOMarHUTHBIX BEKTOPOB IO pe3ysibTaTaM M3y4eHHs: 6a3uToB MUHYCHHCKOTO
nporuba // Becepoccuiickast KoHpepeHIHs ¢ MEeXIYHAPOAHBIM ydacTHeM «[laneoMaruHeTn3M M MarHeTU3M TOPHBIX TTOPOI»:
Coopuuk Te3ucoB. Kazans: Kazan. ®en. Yu-1, 2023. C. 38.

THozapckass U.A. Tlaneomarnernsm neBoHa Pycckoil minardopmsl // IlaneoMarHuTHbBIE METOIBI B CTpaTUrpadUu:
Co6opHuuk HaydHbIX TpyAoB. JI.: BHUT'PU, 1984. C. 42-55.

Hlayunno A.B., Ilasnos B.D. CucreMaTnka NaJeOMarHUTHBIX HANpaBlIeHUH paHHETO-CPEIHEro JeBOHA MHHYCHH-
CKHX BIQJIH: HOBBIC JTaHHBIE U cTapbie poOsieMbl / @usuka 3emmu. 2019. Ne 3. C. 97-116.

Green T., Slotznick S.P., Jaqueto P. et al. High-resolution late devonian magnetostratigraphy from the canning basin,
Western Australia: A re-evaluation // Frontiers in Earth Science. 2021. Vol. 9. DOI: 10.3389/feart.2021.757749.

Hansma J., Tohver E., Yan M. et al. Late Devonian carbonate magnetostratigraphy from the Oscar and Horse Spring
Ranges, Lennard Shelf, Canning Basin, Western Australia // Earth Planet. Sci. Lett. 2015. Vol. 409. P. 232-242.
https://doi. org/10.1016/j.epsl.2014.10.054.

Hawkins L.M.A., Anwar T., Shcherbakova V.V. et al. An exceptionally weak Devonian geomagnetic field recorded
by the Viluy Traps, Siberia // Earth Planet. Sci. Lett. 2019. Vol. 506. P. 134-145. DOI: 10.1016/j.epsl.2018.10.035.

Pisarevsky S.A., Li Z.X., Tetley M.G. et al. An updated internet-based Global Paleomagnetic Database. Earth Science
Reviews // Earth-Science Reviews. 2022. Vol. 235, 104258. https://doi.org/10.1016/j.earscirev.2022.

Shcherbakova V.V., Biggin A.J., Veselovskiy R.V. et al. Was the Devonian geomagnetic field dipolar or multipolar?
Palaeointensity studies of Devonian igneous rocks from the Minusa Basin (Siberia) and the Kola Peninsula dykes, Russia
/I Geophys. J. Int. 2017. Vol. 209 (2). P. 1265-1286.

Iemposzasoock, 1—4 oxmsbps 2024 . 151



Mamepuanvr XXXV Mmono0esxicroti nayunoil wikoawi-kongepenyuu, nocesuennot namsimu yiena-koppecnonoenma AH CCCP K.O. Kpamya u akademuxa PAH @.I1. Mumpoganosa

AKTYAJIbBHBIE IIPOBJIEMbI 'EOJIOIMH, TEODHU3UKU U 'EOOKOJIOT'MH

BEIIECTBEHHBIN COCTAB U YCJIOBUSI OBPA3OBAHHUS UETBEPTUYHBIX
OTJIOKEHUU B PAMOHE ITOCEJIKA JIYITYE-CABUHO
BANAJ KAHJAJAKIICKOI'O BEPEI'A, KOJIBCKHUI PETHOH)

Cepruenxo JI./1. 12 KopcakoBa O.11." %>, Bamkos A.A."3, ToJscrodpos I.C.!
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Mypmanckuii apkmuyeckuti yrugepcumem (punuan MAY ¢ 2. Anamumut)
’ ®I'BY « BHUHOxeanzeonozusy

Beenenue. Paiton mocenka Jlynmue-CaBuHO HaxoauTces Ha modepexbe Kanmanmakiickoro 3aiuBa,
B €ro KyToBOH 4acTu. PaGoThl 1O M3y4eHUIO BEIIECTBEHHOTO COCTaBa YETBEPTUUYHBIX OTIOKEHUI
Y BBISICHEHHE YCJIOBHI WX 00pa30BaHM 3/1eCh CBSI3aHBI C HEOOXOIUMOCTBHIO YCTAHOBUTH OCOOCHHOCTH
(dhopMUPOBaHHS KOMIUIEKCAa MOPEH M COMPSDKEHHBIX C HUMHU BOJTHOJICAHUKOBBIX (popMm. B xoxe pabot
OBLTM M3YYCHBI OCAJOYHBIC IMOCIEAOBATEIIBHOCTH B pa3pe3ax, BCKPBIBAIOIINX JICAHUKOBBIC TPSIbI
B IBYX Kapbepax B Kanmanakmickom paiione (puc. 1).
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Puc. 1. [lonoxxeHue n3y4eHHBIX pa3pe3oB, 0003HaAUYCHHOE KPaCHBIMHU Kpy>KkaMu 1 Iiudpamu 1 u 2. OcHoBa —
l'ocynapcTBenHas reonornyeckas kapra..., 2012
B paﬁOHe HCCIIENOBAHUS TMPEACTABJICHBI JICAHUKOBBIC, BOAHOJEAHUKOBBIC OTJIIOKCEHHUSA, Kpa€Basd MOPEHA, OTHOCAIIAsACH

K CTaJMH CallblIayCCENbKa, IPAI0BO-KOJBICBAs MOPCHA, JIOKOMHBI CTOKA TaJbIX JICTHUKOBBIX BOJ, JCIbTHl U KOHYCHI
BbIHOCA, ApyMiIHHbI (HeakoB u ap., 1989)

MeTtoanka pa6oT. bouin BBHIIOTHEHBI JIMUTOJIOTO-CTPATUTpaguyIecKoe OMMCaHnue pa3pe3oB B pac-
YHCTKAaX CTEHOK KapbepoB, CTPYKTYPHBIE UCCIIEOBAHUS (3aMEphbl JIEMEHTOB 3aJIETaHUs CIIOEB), MET-
porpauueckoe U3y4eHue rajek u3 0caaKkosB.

PesyabTaTnl. Paszpes 1 (puc. 1) Obul m3ydeH B Kapbepe, BCKPHIBAIOIIEM OJHY M3 TPAL
(67°11'48.3" c. mr., 32°21'36.2" B. 71.), BXOAAIMMX B MOP(}OJOTHUECKUM KOMIUIEKC MapaylieabHO-
rpsaoBoro penseda. Ha pa3HbIX cTeHKax Kapbepa ObLIO 3aJI0KEHO IECTh PACYUCTOK (pHC. 2).
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Puc. 2. CtpoeHue neTHIKOBOM IpsAbl B Touke HabmoaeHus 1 (puc. 1). JlnarpaMMbl OpHEHTHPOBKH ATUHHBIX
ocell KpyITHOOOJIOMOYHOTO MaTepralia IIOCTPOSHBI Ha HIKHEH nomycdepe cetku [IIMuaTa; H30JIMHIH TUIOTHO-
cTH npoBeneHsl yepes 2.5-5-7.5-10 % (no: Bamkos u ap., 2024, ¢ ©3MEHEHUSIMN)

Pacunctka 1 (puc. 2) BckpbIBaeT Hauboliee BBICOKYIO 4acTh rpsiibl. B Hell Ha rimyObuny 5 M
IpEeCTaBIeH JUaMHUKTOH, MEPECIauBAIOIIUNCSA C aJeBPUTUCTBIM TOHKO- M MEJIKO3EPHUCTBIM IEC-
KOM, C Pa3HO3EPHHUCTHIM MIECKOM, C OOJBIINM KOJTUYECTBOM I'PABHsl, TaJbKU U BayHOB. [lMaMUKTOH
CJIOUCTBIN 3@ CUET TOHKUX M3BHJIMCTBIX IPOCIOEB U JIMH3 IE€CKa MOUIHOCTBIO 10 3 cM. Ha riryOune
1.2-2.0 M u 3.7-4.5 M BBINOJHEHBI 3aMepPbl OPUEHTUPOBKY MaIeHUs JUIMHHBIX ocel ranek. Ha o6enx
nuarpaMmax (puc. 2) OTYETIIMBO MPOSIBISIOTCS ABA MAKCUMyMa C OPHEHTHPOBKOU 1Mo a3umyTy 20—
200°, 61M3K0# K MpoCTUpaHUIO TpeOHs Tpsaabl. BHH3Y Kapbepa pacducTKoi 6 (pHc. 2) TOXKE BCKPHIT
MEeCYaHUCTBIM AMAMHUKTOH, COAEp Kaluil OoJblIe BaJyHOB U rajleK, 4YeM AMAMHUKTOH B IIPUBEPIINH-
HOM yacTu rpsaabsl. OpUEHTUPOBKA rajieK U BAJIyHOB 371€Ch IONEPEK MPOCTUPAHUS T'PsIIbI C OAHUM OT-
YETJIMBBIM MaKCUMYMOM 0 azumyty 115-125°. Tlerporpaduueckuii cocTaB rajiek IpencTaBiIeH po-
30BBIM TPAHUTOM, IJIAarMOBEOCTEPUTOM, MeTarab0opo, poroBooOMaHKOBBIM aMpuboauToM (110 rado-
pouay), KBapI-IoJeBOINIaToOBOW MOPOJOH, TPaHUTOM, ap(PEeHICOHUTOM, PUCUOPPUTOM, OUOTUTOBBIM
rHEMcOM. DTO B OCHOBHOM MECTHBIE ITOPOBI.

CrtpoeHnue rpsiasl Ha CEBEPO-3aMalHOM CKJIOHE TPsIIbl BCKPBITO pacuucTkon 2 (puc. 2). 3mech Ha
riyOuHe 2 M 3ajieraeT JUaMUKTOH, aHAIIOTUYHbIN BCKPHITOMY pacducTKoi 1. OH mepekphIT pazHo3ep-
HUCTBIM IIECKOM C T'paBUEM, € JMH3aMHU (0 12 ¢M MOIIHOCTH) IPaBEIUCTOrO KPYMHO3EPHUCTOIO Iec-
Ka, KOTOpBIE MajgaroT 1o azumyty 167° mox yrimom 16° (BamkoB u ap., 2024). Hang neckom 3aneraet
aJIEBPUT MOIIHOCTHIO 710 0.8 M, C IPUMECHIO MI€CKa, I'paBysl, €IMHUYHBIMU TraJIbKaMU U BaJlyHaMH U ¢
00JIOMKaMH MOPCKHUX PAaKOBUH. AJIEBPUT MEPEKPHIT Pa3HO3EPHHUCTBHIM, CIOMCTHIM 3a CYET I[BETAa U
IPaHCOCTaBa NECKOM MOIIHOCTBIO 10 1 M.

B HmxHe# yactu pacuuctku 4 (puc. 2) BBISBICHO NepeciiauBaHKE MECKa aleBPUTUCTOTO, HECOP-
TUPOBAHHOT'O, CJIOUCTOIO 3a CYET TOHKUX IPOCIIOEB NECKa MEJIKO-, CPEIHE3EPHUCTOrO MECKA, C JIUH-
3aMHU Pa3HO3EPHHUCTOr0 KOCOCIOUCTOrO MecKa. JTa MecyaHas ToJa MOIIHOCThI0 Ooiee 4.5 M pazou-
Ta MOJOTUMHU cOpOCaMH U CABUTAMHU; MaJICHUE CMECTUTENICH CIIBUTOB 10 a3umyTy 260° o yriom 9°;
cOpocel ¢ ammuTynoi cmemenus 10 0.1 M HakioHeHHI 1o azumyTam 22°, 122°u 325° nox yrinamu
37-55° (BamkoB u ap., 2024). Beimie 3aneraet aleBpUTHCTBINA TIECOK C TPaBUEM, TajJbKOW M PEAKUMU
BaJlyHaMH, HAKJIOHHO CJIOMCTBIM, KOTOPBI B CBOK OUYEPE]b MEPEKPHIT KPYIMHO3EPHUCTHIM MOHOTOH-
HBIM TECKOM MOIIHOCTBIO 10 0.3 M, ¢ OOJIBIIMM KOJIMYECTBOM I'paBusl, TaJIbKU U BaIyHOB. Takoe xe
CTpoeHue OBIJIO TaK)Xe YCTAaHOBJICHO B pacuucTKax 3, 5 u 7.

Ocajaky JIEJHUKOBOIO MapareHeTUYECKOTo psiia, BCKPHITHIE KAPhEPOM B TOUKE HAOIIONEHHS 2
(puc. 1), ObuTu U3yueHsl B 2 pacuucTkax. [1epBoil pacuucTKO BCKPBITHI CJIOUCTHIE AJIEBPHUTHI, MECTa-
MU HEPEKPBIThIE KOCOBOJIHUCTO CIOMCTHIMM NECKaMU CO 3HaKamM psiOU. Belie 3aneraer aneBpuTH-
CTBII pa3HO3EPHUCTHIN MECOK, CIOUCTHIN 3a cueT rpaHcoctaBa. CBepxy B pa3pese IEpBOM paCUUCTKU
3aJIeraeT TpPaBUMHO-TAJICUHUKOBBIM KPYIMHO3EPHUCTBIM MECOK C BajdyHaMHU. BTOpol pacuucTKoOu
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(puc. 3) can3y BBepX BCKPHITHL: (1) mecok MomHOCThIO 0.4—1.8 M pa3HO3EpHUCTHIN, CIOUCTHIN, pa3-
OUTHIN CKOJIAMH C MAJEHUEM CMECTUTENs MO a3uMyTy 15° mox yrimom 83°; (2) cIOMCTBINA aleBpHUT
C IPOCTIOMKAaMHU aJIEBPUTUCTOTO TecKa; (3) pa3HO3EPHUCTHIN MECOK MOIIHOCTHIO 10 1.1 M, pa3ouTsrit
KITUHBSIMH.

Puc. 3. ®oTo BTOpOIL pacuncTKH B Touke HabmoaeHus 2 (puc. 1)

OO0cy:xneHne u BbIBOABI. [10TydeHHBIEC TUTONOTO-CTpaTUrpaduuecKue JaHHbIE B TOUKE HAOI0-
JeHust | cBUIETENbCTBYIOT O TOM, YTO B 3TOM 4acTH MOOEpekbs IPsibl CIOKEHb B OCHOBHOM JIHa-
MUKTOHOM C JTMH30BUAHON CIOUCTOCTHIO. [laneHne clIoucTocTd B JUAMUKTOHE B HIDKHEH 4acTH pas-
pe3a 0OBIYHO HAIPaBJICHO MEPHEHANKYIISIPHO MPOCTUpaHuIo Tpsal. [IlpumepHO Takke OpUEeHTHPOBAHbBI
Y UTMHHBIC OCH TaJIeK U BAJIyHOB. B NMpUBEPIIMHHON YacTH pa3pesa AITUHHBIE OCU TaJeK OPUEHTUPO-
BaHbI MapajienbHo IpedHio rpsaa. CocTaB JUaMUKTOHA B OCHOBHOM COOTBETCTBYET KPUTEPUSIM, BbI-
SIBIIGHHBIM JJIS1 OCHOBHBIX MOPEH IMOCJIETHETO JIeTHUKOBOTO MmokpoBa B Konbsckom perunone (EB3epos,
2017). OTnoxeHus, MepeKphIBAIOIINE TUAMUKTOH B TOUKE HaOM0AeHNs 1, OBIITM BCKPBITH TOJIBKO HA
CKJIOHaX HEKOTOpPbIX rpsia. [lecku u aneBpuThl ¢ TUH3aMHU, HACHIIIICHHBIMU OOJIOMKAMH PaKOBUH, Ha
CKJIOHE OJTHOW M3 I'psii MOYKHO COMOCTaBUTh C MOPCKUMH OCaJIKaMH paHHEro royomeHa. @opmupona-
HUE K€ CAaMHX TPSI U B LEIOM MapauieIbHO-TPSIIOBOTO peibeda MPOUCKOIIIO B CYyOTrIIAIUaTbHBIX
YCIIOBUSIX BO BpeMsl 3aKJIIOYUTENbHBIX (a3 COKpallleHus MOCIEAHEro JIeIHWKOBOIO IMOKpPOBa, T.€.
HeBckoi u canmnayccenbka [ (Korsakova et al., 2023). O ¢popmupoBanrch BO BHEIIHEH 30HE Mep3-
JIOTO MOJIEAHUKOBOIO CyOCTpaTa Ha OTHOCUTENBHO HEOONIBIIOM YyAaJE€HUH OT KpaeBOW 30HBI OJiefie-
HEHUs, 0OCOOCHHO TMPU KOHTAKTE€ HECKOJBKUX JICIHWKOBBIX JIOMACTEH WMIIM SI3bIKOB, KOT/Ia OJHA JIO-
MacTh sABIsIIACh yrmopom st aApyrou (Kamnsuckas, Tapraorpanackumii, 1993), uro xapakTepHoO A T0-
Oepexbs mpuBepIIMHHON yacTn Kanmanakiickoro 3anuBa B paiione nocenka Jlymie-CaBuHo.

B touke HaOm0eHN 2 BCKpBITA 030Bas TPsA/ia, K KOTOPOM MPUJIETACT XOJIMHCTO-TPSIOBBIN pe-
need. OTCyTCTBHE Ha MOBEPXHOCTHU TPSIIBI JISTHUKOBBIX OCAJKOB CBHJIETEIBCTBYET O €¢ popMUpoBa-
HUU B OKCTpariisiualbHbIX ycIoBUsX. ['eHe3uc 3toit popmel penbeda MoATBEPKAACTCS JIUTOIOTHYE-
CKHUM CTpPOCHHEM pa3pe30B. B ee hopMupoBaHUY MPUHUMAIOT Y9aCTHE B OCHOBHOM TIECUAHUCTBIC OT-
JIO’KEHMSI, 9aCTO 00OTaIIEHHBIE AJIEBPUTOM, COJICPKUTCS TPUMECH TPyOO0OIIOMOYHOTO MaTepuraa.

Paboma evinonusniace npu unancosoli noddepacke epanma PH® Ne 22-17-00081, a mak-
aHce uacmuyno 6 pamxax eoczaoanus no meme I' U KHI] PAH FMEZ-2024-0007.
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3ATPSI3BHEHUE AKBATOPUM APKTUYECKOM 30HbI POCCHUM IJIACTUKOM:
ITOCTAHOBKA ITPOBJIEMbI U METOJ JUCTAHIHMOHHOI'O MOHUTOPHUHI'A
IHOJIMMEPHBIX OTXOA0B

CepawoxoBa E.A., lannios A.C.
Canxm-Ilemepbypackuii copubiii yHusepcumem umnepampuyst Examepunsi 11, serdukovaelizaveta489@gmail.com

BBenenue. B HacTosAmMII MOMEHT OJJHUM W3 BUJOB aHTPOIIOT€HHOI'O BO3ACHCTBUS Ha OKPYXkako-
HIYIO Cpefy SIBISIETCS 3arps3HeHne miacTukoM. [lomumepHbie MaTepuaisl B 00IbIIOM 00BEME MOCTY-
naioT B rugpocdepy, B pe3yibTaTe 4ero HaHOCUTCS BPEl MWILIMOHAM BHUJOB KHUBBIX OPraHHU3MOB.
Pacnagasich Ha MeNKWe YaCTHIIBI MO ACHCTBUEM TEUEHHI, COTHEYHOTO CBETa U APYruX (hakTopoB,
KpYIIHbIE IJIACTUKOBBIC MPEIMETHI MPEBPAIAlOTCs B MHUKpPOIUIACTUK. HecMoTpst Ha TO 4TO Bpen OT
MUKPOIUIACTHKA JIO KOHIIA HE M3YYCH, €r0 YyXe MPHU3HAIOT OJHON M3 MIOOATBHBIX JKOJIOTHYECKUX
yIpO3 UEIOBEUYECTBRY.

Oco0eHHYI0 00€CTIOKOEHHOCTh 3arpsi3HEHUEM IMOJIMMEPHBIMUA OTXOJIaMHU BBI3BIBAIOT aKBATOPHH
ApPKTHYECKUX PETHOHOB Hamleil cTpaHbl. EkerogHeple apKTUYECKHE SKCIEIUIIMU M HCCIeI0BaHUS
NOJITBEPANIIN BBICOKOE coJiepkaHue mactuka B bapenuesom Mope (Iloroxkesa u np., 2021). Cesizano
3TO C TE€M, YTO IJIACTHK pa3jiaraeTcsi B TEUCHUE JIECATKA JIET, a PU HU3KUX TeMIlepaTypax CO3JatoTcs
Oosee OJaronpusiTHBIC YCIOBHS JUISI €r0 CYIIIECTBOBAHUS B IPUPOIHON cpene. BiusHue naHHOTrO 3a-
IpSA3HEHMs], B TIEPBYIO OYEPElb, MOXKET OTPA3UTHCS Ha 3/I0POBbE UEIOBEKA: MUKPOIUIACTUK IO MHIIIE-
BOI IIENH TOMAIaeT B OPTaHU3MBI PBIO, B TO BpeMs KaK PHIOOJIOBCTBO SIBJISIETCS OCHOBHBIM CIIOCOOOM
MUTAaHUS HacelleHus APKTHYECKUX pernoHoB (3aiikoB, Coboies, 2021). Bropoi dakTop 3akimouaercs
B CIIOCOOHOCTH TUIACTHKA BIUSATH Ha M3MEHEHHE KJIMMAaTa M BIIOCIEACTBHH HAa POCT TasHUS JICTHUKOB
U YBEIMYEHHE YPOBHS MUpPOBOro okeaHa.

[Mpuunna 3arps3HeHHss MOpeld ApPKTHKU TOJUMEpaMy BKJIIOYACT JBE TJIaBHBIC COCTABISIOIIUE.
Ecnu B rycToHacesneHHbIX paiioHaxX CTpaHbl JaHHAs MpoOsieMa CBs3aHa C HAKOIJICHUSIMU OTXOJ0B Ha
cylie, TO B APKTHKE OCHOBHBIMH UCTOYHHKAMU 3arpsS3HEHUS SBISIOTCS CYyIOXOACTBO U PHIOOIIOBCTBO
(ABmonnna, Cob6ones, 2022).

B 3apy0exHBIX cTpaHax yXe Hadajlu MPUHUMATh MEphI 10 00phOe ¢ 3arps3HEHUEM IIACTUKOM
KakK B cepe OYUCTKU BOJIOEMOB, TaK U B 00JJACTH MOHUTOPHHIAa HAKOIIJICHUS U MEpEMEIICHUs TOJH-
MepHBIX 0TX070B B okeaHe (Lebreton, Andrady, 2019). Ha ocHoBaHMH CyIIeCTBYIOIIMX HCCIEIOBa-
HUH B JaHHON 00JIaCTH MPOBEJEH HAaYyUHBIM 0030p, Pe3yIbTaTOM KOTOPOTO SIBJISIETCS OMHUCAHUE alro-
puTMa 0OOHapYyXEHUS IJIaCTHKA B OKeaHe. AJNTOPUTM BKIIIOUAET TPH KIIOYEBBIX dTama: cOOp U MOATo-
TOBKAa UCXOJHBIX JJAHHBIX, PeABapUTEIbHASI KOPPEKIIHMS CHUMKOB U TeMaTH4eckas 00paboTka.

Ha miepBoit ctanuu mocine n3ydeHusl Hay4HbIX CTaTeil, MHPOPMAILIMU B COITUABHBIX CETSIX, MyOIH-
Kaiuii B UHTepHeTe U Ipyrux UCTOUHUKOB aBTOPAaMU MPOBOAUTCS aHAJIHU3 TEPPUTOPUMA, MPEAIONONKHU-
TEJBHO 3arpsi3HEHHBIX TuIacTHKoBBIMU oTxofamu (Themistocleous et al., 2020). B nacrosimee Bpems
MHOCTPAaHHBIMU YYEHBIMU IMOATOTOBJIEHBI OTKPBIThIE HA0OPHI JAHHBIX O IUIACTUKOBOM MYCOpE, HaXo-
JSIIEMCST KaK Ha OEpETrOBBIX TEPPUTOPHSIX, TAK U B OTKPHITOM MOpe. APXHBHI CO3[aHbl HA OCHOBAHUU
SKCIEPUMEHTAIBHBIX JTAaHHBIX, KOTJa B paMKax HMCCIEJOBAaHUN Ha BOJE pa3MEIIATNCh CIeUalbHbIC
«IJTACTUKOBBIC TUIOTHI», CHIETAHHBIC W3 TUIACTUKOBBIX MakeToB U OyThUIOK (Topouzelis et al., 2020), u
pEeaTBbHBIX TAaHHBIX O MYCOPHBIX «OCTPOBax», coopanHbix 1o Bcemy mupy (Kikaki et al., 2022).

HaGops! maHHBIX BKIIOYAIOT PACTPOBYIO, BEKTOPHYIO U TEKCTOBYIO MH(GOPMAIUIO: PACTPBI — 3TO
CHUMKH ¢ OCCHIIOTHBIX JieTaTenbHBIX arnmapaToB (BITJIA), BEKTOPBI — TOYKH MECTOTIONIOXKEHHUS MY-
COPHBIX YYaCTKOB C TE€OMPUBS3KOM, a B TEKCTOBOM POpME 3a4acTyIo MPEACTABICHBI TaHHBIE O KOCMO-
cHUMKax Ha Ty ke Teppuropuio (Topouzelis et al., 2020). Jlns Poccun B HacTosAmuii MOMEHT aHaJIO-
TOB HET, HO CBEJCHHS O MOJMMEPHBIX OTXO0JIaX, HAlJICHHBIX B OKEaHE, MOKHO TOJTYyYUTh HA OCHOBA-
HUU PE3YNIbTATOB dKCTIEAUINI poccuiickux yueHbix (IToroxkesa u np., 2021).
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[TpuoputeTHo A 1enu OOHAPYKEHUS IUIACTHKA Ha MOBEPXHOCTH BOIBI aBTOPHI HCIOJIb3YIOT
cnyTHUK EBpomnelickoro kocMuueckoro arentcrsa Sentinel-2. CriyTHUKOBBIE CHUMKH TOJIYYalOT C OT-
KPBITBIX MCTOYHUKOB, Hampumep, ¢ noprana ['eomormueckoi ciyx0b1 CIIA (USGS). Ilomydenue
CHMMKOB Ha pa3HbI€ JaThl CbeMKHU JaeT BO3MOKHOCTh OIICHUBATh BPEMEHHYIO TMHAMHUKY U3MEHEHUH.

[lepen BbIMIONIHEHWEM TEeMaTHYECKOW OOpaOOTKH MPOBOAMTCS MpPEIBApUTENbHAS KOPPEKIHS
CHUMKOB. KoppeKkiusi BBIMOTHSETCS B HENSAX YCTPAHCHHS BHUIUMBIX T€OMETPHUUYECKHUX HMCKaKCHUH,
MPUBS3KH K ONpEeSIEHHOW cucTeMe KOOPAMHAT, yJAJIeHHsI COTHEUHBIX OJIMKOB U YIy4dlICHHUS BU3Y-
anpHOTO Boctpusatus (Duarte, Azevedo, 2023). Takum 06pazom, MPOBOIUTCS TPU BHUIA IPEI0OpadOT-
KH: T€OMETpPHUECKasl, paiuoMeTprudeckas 1 arMocepHas.

OCOOCHHOCTBIO TEMAaTUYECKON 00pabOTKH CIyTHUKOBBIX CHHUMKOB SIBJISIETCS pacdeT HHIEKCa
mnaBatomero mycopa (FDI — Floating Debris Index), KoTopblii MO3BOJISIET BBIAEIUTH TIACTUKOBBIC
00BekThI (Biermann et al., 2020). FDI ocHoBaH Ha paHee U3BECTHOM «HHACKCE TUIABAIOIINX BOJAOPOC-
nei», co3maHHoOM i cnyTHHKa Landsat-8, Tonpko B maHHOM ciydae kaHan Red 3ameHen Ha
RedEdge. ®opmyna 1y pacyera npecTaBieHa HIKE.

FDI = Rnxir — R'NiR (1)
RNk = Rre2 + (Rswiri — Rre2) * (ANir — Arep) / (Aswiri — Arep)) * 10, ()

rae Rk, Rrez 1 Rgwiri — Ommoxauit uagpakpacusnii quanazon (NIR), Red Edge 2 (RE2) u kopoTtko-
BOJIHOBOU MH(ppakpacHslii nuanazoH SWIR-1, cOOTBETCTBEHHO; ANr, ARED B Aswir] — 9TO JJIUHBI BOJTH
(B HAaHOMETpAX), cooTBeTcTBYIomMe auanazonaMm NIR, RED u SWIR-1 criyrHuka Sentinel-2.

Jlanee B 3aBUCMMOCTH OT THIIA MCXOHBIX JAHHBIX MOXKET MCIIOIh30BaThCS ABA MOAXO0[a MAIlIMH-
HOTO 00y4eHHs: ¢ yuuTeneM u 0e3. OHOM u3 HanboJIee BHICOKOPOU3BOAUTEIBLHBIX MOJICIICH SIBIISCT-
cst Support vector regression (Basu et al., 2021). Ilocie Tematudeckoil 00pabOTKH MO MOJY4EHHBIM
JAHHBIM MOJKET OBITh MPOBEJICHA OICHKA TUTOIIAIU 3arpsA3HCHUS U TUHAMUKH €€ M3MCHEHHS CO Bpe-
MeHeM. [TomHast cxema ONMMCaHHOTO METO/1a MIPE/ICTaBICHA HA PUCYHKE.
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BoiBoabl. 3arps3HeHrne APKTUKH TUIACTUKOM — OJIHA M3 aKTyaJbHBIX 3KOJOTHYECKHX MPOOIeM
JUist Hatied ctpasbl. Llenpio Oynymux HaydyHBIX MCCIIENOBaHUM SBJSETCS pa3pabOTKa METOAMKH aB-
TOMATHYECKOTO OOHAPYKEHUS TIACTHKA U CO3/IaHHE CUCTEMBI €T0 MOHUTOPUHTA HA TEPPUTOPUU aK-
BaTOpHil apkTHueckux Mopeit Poccun. C maHHOM 1eNIbIO TIPOBENIEH 0030p HAYYHBIX CTaTe u mHGOp-
MallM{ B COIIMAJIBHBIX CETSAX O MECTOMOJIOKEHUU MOJ00HOT0 3arpsa3HeHus: B PO, Ha oCHOBaHUH KOTO-
pOro YCTaHOBJIEHO, YTO CYLIECTBYET OCTpasi HEOOXOIUMOCTb B HM3YYEHHM 3arps3HEHHUS IJIACTHUKOM
aKBaTopuil ApKTHKH, a UMEHHO: bapeHueBo Mope; 3anuB IBanoBa, 0. HoBas 3emist, ApxaHrenbckast
00J1acTh; aKBaTOpuM OCTpoBa BosbocTpoB, ropojckoe moceneHue YMoOa, Tepckuii paiioH, MypmaHn-
ckasi obmacte. Cremyromiel 3ajadell cTaHeT pa3padOTKa CUCTEMbI MPOTHO3UPOBAHMS TEPEMEIICHHS
OTXOJIOB TJIACTUKA HA TIOBEPXHOCTH BOJIBI.

Paboma evinonnena 6 pamkax eocyoapcmeennoco sadanus Munucmepcmea HAYKU U 6blCuLeco
oopaszosanus Poccutickoii @edepayuu (FSRW-2024-0005).
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2
Hncmumym ceonocuu Kapenvckoeo nayunoeo yenmpa PAH
3 - N
Canxm-IlemepOypeckuti 20cy0apcmeeHHbll yHugepcumem

BBenenue. B mnameonporepo3oe NPOU30LUIM KapAWHAIbHBIE HM3MEHEHHSI IIPOLIECCOB Kak
B HeJpaX, TaKk U Ha MOBEPXHOCTH 3€MJIM, KOTOpPbIE HAILIM OTPaXeHHE B I€0JIOTHYECKO JIeTOMHCH,
B TOM 4ucie B ocajouHbIx moponax (Reading..., 2011). SArynuiickuii ocagounsiii yexon Cerozep-
CKOW MYJIBbJbI COXPAHUII IEPBUYHBIE TEKCTYPHBIE M YaCTO CTPYKTYpPHbIE MMPU3HAKH, YTO JENaeT 3TOT
0OBEKT yIauHBIM ISl U3YYCHHS IPEBHUX OCAOYHBIX TOPOJ, MO3BOJsIsA paciin(poBLIBATH IK30TCH-
HbI€ TPOLIECCHI 3araJOYHOro Mepuoaa UcTopuu 3eMiu. B HacTodmeM nokiaze mpeacTaBieHbl HO-
BbIE JINTOJIOTUYECKHUE, TE€OXUMHMUYECKHE U T€OXPOHOJIOTMYECKUE JaHHBIE ISl NOPOJ CEr03€pCKOro
ropu3oHTa Atynus Cero3epckoil CTpyKTypbl, O3BOJSIONINE YTOUYHUTD YCIOBUS UX CETUMEHTAIUU.

ABTOpaMy OCHOBOIIOJIATAOIIHNX PabOT MO HM3YUYECHHUIO OCATOYHBIX M BYJIKAHOTEHHBIX MOPOJ
ATYJIUS SABJISAIOTCS Takue y4deHble, kak Puiikonen (Puiikonen, 1960), CokomnoB (CokoyioB u map.,
1970), CseroB (CsetoB, 1972), KynukoB (KynukoB u ap., 2017, u ccbuiku B naHHou crathe). [lo
nociaeqauM naHHbIM (KynmukoB u mp., 2017) ATYIulCKUNA HaATOPHU3OHT (ATYIUHCKYIO CHUCTEMY)
IIPUHATO Pa3JeATh HA CErO3€PCKUMN, CYIIECTBEHHO TEPPUTCHHBIN, U OHEKCKUM, CYILECTBEHHO Kap-
OOHATHBIN, TOPU3OHTHI (0THENbI). B cocTaB cero3epckoro ropu3oHTa BKIIOYECHBI SHTO3EpCKasi (U ee
aHAJIOTH), MEJIBEKbEropcKas (M ee aHaJloTH: CEeBEpOCEro3epcKas, BOPOHOBOOOPCKas, KOMKapckast)
CBUTHI U HIKHAS TEPpUTEHHAs 4YacTh TYJIOMO3EPCKON CBHUTBI, B COCTaB OHEXKCKOIO TOPHU30HTA
BKJIFOYCHBI TEPPUTEHHO-KaPOOHATHBIE CPEIIHSSI K BEPXHSIS TOJICBUTHI TYJIOMO3EPCKOMN CBUTHI.

PesyabTaTel. CBoaHbIN pa3zpe3 Cero3epckoil CTPYKTYphl MPENCTaBIsET COOON TEppUTrEeHHYIO
TOJIILY, B KOTOPOM BBIJIEJICHBI TPH MAaYKH, PA3ACICHHBIC IBYMsI TOPU30HTAMH BYJIKAHUTOB OCHOBHOIO
coctaBa. JIMTOJIOrHYeCcKH MAYKU IMPEACTABICHBI YEPEIOBAHUEM KBApLEBBIX 'PABEIUTOB, IECUAHU-
KOB, JIEBPOJINTOB ¥ apTUJUIMTOB CBETJIO-CEPOrO U KPACHOTO I[BETOB, IIPU ITOM B Ka)KJI0M MauKe MOX-
HO BBIJCIUTH OT OJIHOTO JI0 IBYX TPaHCTPECCUBHO-PETPECCUBHBIX LIUKIIOB.

I'pasenumul CIOKEHBI MTOJYOKATAHHBIMU U OKAaTaHHBIMU 3€pHAMHU KBaplia, 00JOMKaMH KBapIlH-
TOB, PEeXe 00JIOMKaMHU TPAHUTOHUIOB, pa3MEPOM OT 2 MM 10 2 cM. MaTpHKC MpEeACTaBIsIET CO00i
KBapLEBbI aJeBPOJUT, CIEMEHTUPOBAHHBIM WIUIUTOBBIM, pEXE XJIOPUT-WUIMTOBBIM M KBapll-
WTATOBBIM 0a3abHBIM M OPOBO-0a3aJIbHBIM LIEMEHTOM. XapaKTepHa Kocasi CIIOUCTOCTh. ['paBenuThl
BCTPEYAIOTCS MPEUMYIECTBEHHO B HIDKHUX YacTAX IMKJIOB, HauOoJiee KPYIMHO3EPHUCTHIE Pa3HOCTH
OTMEYAIOTCS MPU HEMOCPEJACTBEHHOM 3aJIeTaHUM MOPOJ Ha MOJCTHIIAIONIUX SATYIUMCKUX KOpax BbI-
BETPUBAHUSL.

Ilecuanuxu CI0XEHBI MOTYOKATAHHBIMU, OKATAHHBIMU U YIJIOBATO-OKATaHHBIMH 3€pPHAMM KBap-
112, peXe MOJIEBOro IINaTa, YenryikaMu OUOTHTA, PEIKO MYCKOBUTA, 00JIOMKaMU KBapIlIMTOB U TPaHU-
TOHUIOB, C IIMPOKOM BapHaIlMel 1Mo pa3MEepHOCTH MPH Mpeodsiafanuy KpymHo3epHUCTHIX (0.5—1 mMm)
pasHocTeil. Matpukc 0a3ajbHBIE M MOPOBO-0a3ajbHBIA MIUIMTOBBIM, pEXe XJIOPHUT-HIUTMTOBBIN
U KBapILWJLJTUTOBBIN, UHOT/Ia C PACCESIHHBIM T'€MaTUTOM, YacTO C TEPPUTeHHOM aJeBPUTOBOI MprMe-
Cbl0, B KOTOPOW MOMHMMO KBaplla BCTPEYAIOTCA €IMHUYHbBIEC 3€pHA LIMPKOHA, MAarHeTUTa, MUPOKCEHA.
B nopopax uHOrAa mpUCYTCTBYET ayTUTeHHBIN KanblUUT. [Ipeobnagaer ropuzoHTalbHAS CIOUCTOCTD,
9acTo MPOSBIEHBI KOCOCIONCTBIE TEKCTYPHI, HEPEAKO 0OHAKAIOTCS TEKCTYPHI 3HAKOB psiOu. I[lecyanu-
k# cocTaBISIOT OT 50 10 90 % oObeMa OTIeTbHBIX Pa3pe3oB.

Anesponumol CIIOKEHBI YIIIOBAaTHIMH 3€pHAaMH KBaplla, MPUCYTCTBYET NPUMECh MarHeTUuTa, OHo-
TUTA, peXe MYCKOBUTA, PEIKO BCTpeualoTcs 3epHa HUpKoHA. LleMeHT Ga3anbHbIN MILTUTOBBIN, pexke
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KBapLWLIMTOBBIM, 4aCTO C PACCESIHHBIM F€MaTUTOM, HHOTIAa ¢ KadbIUTOM. CIOUCTOCTh TOPU30HTAIIb-
Hasi. AJIEBPOJIMTHI YacTO 00Pa3yloT TEKCTYPhl TPEIIUH YChIXaHUs, MEXTPEIIMHHOE MPOCTPAHCTBO
KOTOPBIX 3aMIOJHEHO MEPEKPHIBAIOIIMMU MECYAHUKAMMU.

Apeunnumul IPEACTABIAIOT COO0N WIJINT, HHOTJA C PACCESHHBIM IeMaTHUTOM, PEIKO C XJIOPHUTO-
BOM MO0 KaJbIIMTOBOW cocTamistiomeil. YacTo mpuCyTCTBYeT peakas MpUMech KBaplla, MarHeTUTa,
pexe OMOTHUTA, aTeBPUTOBOM pazMepHOCTU. CIOUCTOCTh rOpU30HTaNIbHASL. YacTo 00pa3yloT TEKCTYphbl
TpPEUIMH yCcbixaHus. B pa3pese cBeTsI0-3e/IeHbIe pa3HOCTH Yallle BCTPEYAIOTCSl B HUKHEM IIUKIIE B BUJE
MPOCJIOEB MOIIHOCTHIO OT 1 10 30 cM, a Takke B BUJI€ MHTPAKIACTOB B NEeCUaHUKax. YacTtoTa BCTpe-
YAa€MOCTH U MOIIHOCTU CJIO€B KPACHOIBETHBIX T'€MATHUTOBBIX PA3HOCTEH YBEIMYMBAETCS OT MEPBOTO
[UKJIA K TPEThEMY, IIPU 3TOM OHH Hallle 00pa3yIoT TEKCTYphl TPEIIMH YChIXaHHUS.

B pasznbix yactsax Cerozepckoil CTpYKTYphI BbIJCICHHBIEC JIMTOTUIIBI BEChbMa OJJHOPOAHBI MO CBO-
UM TeOXMMHUYeCKHM XapakTepucTHKaMm. J[aHHBIE IO COACPKAHUAM IETPOTECHHBIX JIEMEHTOB Jie-
MOHCTPHUPYIOT BBICOKHE 3HAYEHUsI KOHIEHTpALMi KpeMHE3eMa B 0CaI0UHBIX opoAax (sl mecyaHu-
KOB U T'paBeUTOB cpeaHee 3HaueHue 80 %), MOBBIIEHHBIE coaepKaHus okcuaa Maraus (>3 %), BbI-
COKHE 3HAa4YeHUs OO0IIeH IeN0YHOCTH (cpenHee 3HaueHue 4.5, MakcumanbHoe 3HadeHue 11) u npsmyro
KOPPEJSILHIO COIepKaHui OOJBIIMHCTBA 3JIEMEHTOB OT COJIEpKaHus MIMHO3eMa. AHAINU3 KOHIIEHTpa-
U peKUX U PEIKO3EMENTbHBIX JIEMEHTOB IMOKa3all OOIBIION pa3dpoc MaHHBIX MPU HOPMHUPOBAHUU
Ha PAAS, oTHOocHTenbHOE O0OTaIlleHNE apTUUTUTOB JIETKUMHU PEIKO3EMETbHBIMHU JJIEMEHTAMH, TI0-
BBIIIICHUE KOHIICHTPAIMI TaKUX PEIKUX dJeMeHTOB, kKak Ti, V, Cr, B TpeTbeM IUKIIE CeIUMEHTAINH
U 0COOCHHO B HIDKHEH €ro 4acTH.

Jlia onmpenesieHnsi BO3pacTa NCTOYHUKOB CHOCA TEPPUIEHHOIO MaTepualla U3 pas3HbIX JIUTOTHU-
OB TIOPO/JT Pa3HbIX IIUKJIOB cequMeHTaluu Obuto nmpoBeaeHo U-Pb natupoBaHnue JeTpUTOBOTO LIUPKO-
Ha M3 IIECTH 00pa3loB 3ama{HON YacTu U Tpex 00pa3ioB ceBepo-BocTouHOU yactu Cerosepa. Popma
3epeH B OCHOBHOM 3JUIMIICOBUAHAS WJIM KOPOTKOIIPU3MaTHIecKasi, HauOoJIblasi CTereHb abpazuu 1mo-
BEPXHOCTH U pebep Gukcupyercss B 00pasile TPEeTbero Iukia ceauMmeHtanuu. [IpeobnamaroT 3epHa
C HEOJHOPOIHBIM JIMOO OJHOPOJHBIM MeTaMOpP(UUYECKUM BHYTPEHHUM CTPOCHUEM, PEXE BCTPEUAIOT-
Cs 3epHa C MarMaTM4eCKOW OCHMJUIATOPHOM 30HAJIBHOCTHIO. [IOBCEMECTHO BCTpedaroTCs YaCTUUYHO
WIM TIOJIHOCThIO METaMHUKTHBIE 3epHa. [ ocaakoB MEepBOro HUKIA CEIMMEHTAIMH XapaKTEpPHbI
MYJIBTUMO/IaJIbHBIE CIIEKTPBl pacIlpeleleHusl BO3pAcTOB LUPKOHA ¢ mukamu 3.19-3.16, 2.97-2.95,
2.92-2.90, 2.89-2.88 (momuHupytor), 2.75-2.76 (momunupyooT) u 2.74-2.72 mupa aet. s ocaakos
BTOPOro LHUKJIA ceAuMeHTauuu — nuku 3.22-3.19, 2.76, 2.73-2.72 (aomunupyior), 2.67 u 2.57—
2.61 mupna net. [ns TpeTsero mukia npeoodmanaet nuk 2.71 Mapa JieT, Takke HaOmo1aTes HeOO0b-
e nuku 2.9-2.8 u 2.6 mipp ner.

BoiBoabl. Ha ocHOBaHMU ITPOBEICHHBIX HCCIEA0BAHUN MOXKHO CIIENaTh CIEIYIOIINE BEIBOIBI:

(1) Bsicokas 3penocTh MOpoJ MO COCTaBy U (hopMe yKa3bIBaeT Ha MX HEOJHOKPATHOE MEepeoTiIo-
xeHue. Xopoliasi OKaTaHHOCTh MPH II0XO0M COPTHUPOBKE XapaKTepHa JUIsl IUISHKEBBIX OTJIOKEHUH, YTO
COTJIacyeTcsl ¢ TeKCTYpaMH 3HAKOB psiOW BOJTHEHHS M TPEIIUH YChIXaHUS, a TAKXKe C JAHHBIMU 10 Ta-
neoreorpadun satynus Kapensckoro kpatona 1970 r. (Cokomnos u np., 1970).

(2) bau3ocTh re0OXMMUYECKUX XApAaKTEPUCTUK JUTOTUIIOB IEPBOTO U BTOPOTO LIUKIOB MOXKET
yKa3bIBaTh Ha pa3pylleHUE U NMEePEOTIONKEHNE TEPPUTEHHOTO MaTepuasa eAMHON MUTAIoUIeil TpOBUH-
uuu. [loBeimennsie cogepxkanust Mg, Cr u V B ocajikax TpPEeThero IUKJIA YKa3bIBalOT Ha IMOSBICHUE
HOBOT'O HCTOYHHUKA pa3pylIieHusi 0a3UTOBOTO COCTaBa.

(3) Cnabas creneHp abpa3uu 3epeH IMPKOHA B OCAJKaX IEPBOrO M BTOPOTO IMKIJIA CEIUMEHTA-
IIUU CBHUJIETEIBCTBYET O TOM, YTO UCTOYHHUKHU SIBJSIOTCS MPOKCUMAIBHBIMHU 110 OTHOLIEHUIO K KOHEY-
HoMy OacceiiHy. OCHOBHBIMU MCTOYHHUKAMH CHOCA TEPPUTEHHOTO MaTepHalia, B TOM YHCIEe [UPKOHA,
MOTJIM BBICTYIaTh CAHYKUTOHJIbI — YMEPEHHO IIEJIOYHbIE MarHe3uajibHble TPAHUTOU/IBI, IIIUPOKO pac-
npocTpaHeHHble Ha KapeabCckoM KpaToHE, BO3PACT KOTOPBIX JJIs 3allaJHOM YacTH KpaToHa COCTaBJIS-
et 2.74-2.72 mupp net. Takke WX MarHe3uajabHBIA COCTaB MOKET OOBSCHUTHh YacCTO BCTpEUArOIIeecs
npesbieHne coaepxannit MgO B obpasznax (>3 mac. %).
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(4) TloreHnuanbHBIMH OOBEKTAMHU pa3MbIBa SBISIOTCS MOPOABI beprayibckoro 3eneHoka-
MeHHoro nosica (2.73 mapn net, ApectoBa u ap., 2012) u I1anozepckoro maccusa (2.74 mapa Jer,
Jlo6au-XKyuenko u ap., 2007). Haubosnee npeBHHE NMUKHU, BEPOSTHO, COOTBETCTBYIOT TUOPUTAM
U TpoHABeMUTaM Bomioszepckoro komruiekca, umeromuMm Bo3pact 3.22-3.15 mupn ner (Lobach-
Zhuchenko et al., 1993).

Hccnedosanus svinonnensvt npu noooepxcke epanma PH® 23-17-00260.
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Tromenckuil 20cyoapcmeeHHulil yHugepcumem

Beenenmne. Vcropus IIutkspantckoro paifona Peciyonuku Kapenust TecHO cBsizaHa C OTKpPBITH-
eM u paspaboTkoit B XIX Beke MECTOpOXKICHHs OJOBO-Xeye30-nmoaumeraumueckux pyn (Kapenus
npombiiierHas, 2022). [Ipu 1o6bp14e MUHEPaTBbHOTO CBIPbS Aa)Ke COBPEMEHHBIE TEXHOJIOTUH T103BO-
JISIIOT KCIIOJIb30BaTh HEOOJBIIYIO YaCTh U3BJIEKAaEMOMN MOPOAbI, @ BCE OCTAJIbHOE HAKAIUIMBAETCS B BU-
Jie OTBAJIOB. XUMUYECKHE IEMEHTHI U3 OTBAJIOB PACCEUBAIOTCS O] BIUSHUEM MPUPOIHBIX MHUTPALIU-
OHHBIX TIPOIIECCOB U SIBJSIIOTCS MCTOYHHKOM 3arpsi3HeHus BOAHBIX 00bekToB (Konsbimer u ap., 2021;
Navarro et al., 2008; Dauvalter et al., 2024). Kpome Toro, camo Hanuuue pyaHOH MUHEpalIU3aluu
B paiione uccinenoBanuii (Trustedt, 1907; Valkama et al., 2016; Konyshev, 2023) MoxeT mpuBOIuTH
K MOBBIIICHUIO KOHLIEHTPAIMI psia Makpo- U MHKPOKOMIIOHEHTOB B MPHUPOAHBIX Bojxax. ITommmo
3Toro, cutyauust B [IuTkspaHTCKOM paiioHe OCIIOXKHSETCS MPUCYTCTBUEM MPOMBIIIICHHBIX TPEIIpus-
THUH, CIOCOOHBIX OKa3bIBaTh CYHIECTBEHHOE BIMSHME Ha KAYECTBO M HKOJIOTHYECKOE COCTOSIHUE BOJI-
HBIX PECYpCOB, TAKUX KaK LEJUIIOJI03HO-O0yMaXXHbI KOMOMHAT U PsAJl TOPHOAOOBIBAIOIINX MPEATPUs-
THl. B HacTosIeM HCClIeIOBaHUM OCHOBHOM 3a/lauyeld SIBJSIOCHh M3YYEHHE XMMHYECKOTO COCTaBa
MPUPOJHBIX BOA (PEK, pyubeB, o3ep) [IuTksipaHTCKOro paiioHa C 1IeNbI0 OLIEHKH X KayecTBa.

MeToanka onpodoBaHusA M XHMHYECKOro aHan3a. B pamkax vccine0BaHus IPUPOJHBIX BOJ-
HBIX 00BEKTOB OBLITH OnpoOoBaHbl 12 BomoTOKOB (peku Tynema-iioku, YKcyH-iioku, Puctnos, Jlrotu-
Haos1, Pamenos, Kenmnosi, Huetos, Xenoost pyd. Bexkaost u Tpu 0e3bIMSIHHBIX pyubst), 6 03ep (Huets-
sapBH, XsIpKKkEcermamnu, Xonyriamnd, [lepsutammu, Bankanammu, Jlagoxkckoe) u 60J0TO psAIOM C 03.
Bankanamnu. [IpoObl U3 KpYNHBIX BOJHBIX OOBEKTOB OTOMpAIM B HECKOIBKMX TOYKAX OMPOOOBAHUS
(puc. 1). [Ipo6ooTdop mpoxoaun B ieTHe-oceHHui repuoa ¢ 2019 mo 2023 r.

MNuTkapaHTa

Google Earth

Imae

4)"7
:: o 10 km

Puc. 1. PactionoskeHne Touek OHpO6OBaHI/I$I BOJHBIX 00BEKTOB
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Ha mecrte or6opa npo6 onpenensmuchk nokazarenu pH, Eh, snekrpornpoBonHoCTh, coaepxanue
pactBopenHoro kucinopona (DO) u temneparypa Boasl. s onpenenenus conepxanus CO,, HCO;,
COs* mpo6s! 0TOMpaTH 6e3 BO3AYLIHON HPOOKH B OYTHLIKE 00beMoM 300 MJI, IIPeIBAPUTEIBHO TPH-
KTl IPOMBITBIE UCCIIeMyeMOl BOIOM. JIJisl aIeMEeHTHOTO aHajau3a M MOHHOM XpoMarorpaduu Ha TOY-
K€ onpoOoBaHMs BOY (GMIBTPOBAIN uepe3 MeMOpaHHbIe PUIBTPHI ¢ pasmepoM nop 0.45 MKkM B aHa-
JUTUYECKU YUCTHIE MOJIUIIPONUIICHOBBIE TPOOUpKH 00beMoM 15 M. M3mepenue copepkaHusi KOMIIO-
HEHTOB KapOOHATHOW CHCTEMBI MPOBOIMIOCH METOJOM MOTCHIIMOMETPUYECKOTO TUTpoBaHus. KoH-
LEHTPALMi OCHOBHBIX MOHOB aHAIM3HPOBAIM METOJ0M HMOHHOHN XpoMarorpaduu. DIeMEeHTHBIA aHa-
JU3 TMPOBEJIEH METOJAaMU aTOMHO-3MUCCHOHHOM CHEKTPOMETPUH U MAaCC-CHEKTPOMETPHUH C MHIYK-
THBHO-CBSI3aHHOM TUIa3MOil.

Metoabl 00paboTku JaHHBIX. Ha3BaHUA XMMHUYECKHUX TUIIOB JAaHbI [0 BO3PACTAaHUIO COACPIKA-
HUS KOMITOHEHTa M BKJIIOYAIOT MOHBI C coJiepykaHreM Oonee 25 Mr-ake/%. B kadecTBe OlIEHKH mare-
MaTHYECKOT'0 OXHJIAHHUS HCHOJIb30BAIOCH CpeAHee apHu(PMETHUECKOe WM CpeJHEee TeOMETPUUYECKOe
B CJIy4ae, eclid BIOOpKa COOTBETCTBOBAJIA HOPMAJIbHOMY WJIM JIOTHOPMAJIbHOMY 3aKOHY pacrpezene-
HUSI, COOTBETCTBEHHO. B MpOTHBHOM cilydae B KAa4eCTBE OLICHKM MAaTeMaTHYE€CKOTO OKUJAHUS HC-
M0JIb30BaJIaCh Me/IMaHa.

[Ipenenbuo nomyctumble koHueHtpauuu (I1JIK) ompenensiuce corjaacHO ITBYM HOPMaTHUBHBIM
JIOKyMEHTaM, 4TOObl OLEHUTh COOTBETCTBHE KayeCTBa BOJbI HCCIEIYEMBIX OOBEKTOB HOpPMAaTHBaM,
YCTaHOBJIEHHBIM Ul 00BbEKTOB pekpeanioHHoro HasHaueHus (IIJ1Keq) (O6 yTBepkaeHun caHuTap-
HBIX..., 2021) n 115 00bexTOB pEIOOXO03akicTBeHHOr0 Ha3HaueHus (I1JIK,) (O6 yrBepxkaecHun HOpMa-
THBOB..., 2016). BBuay Hannuus TOJBKO BaJIOBOM KOHILEHTpauuu xpoMma B kauectse IIJIK,, ncmosns-
30BaH HopMatuB 0.07 mr/mn. 3nauenne I1J1K,x DO onpenensnock cornacHO KaTeropuy BOJHOIO 00b-
eKkTa pbi0oxo3siictBenHoro 3HaueHus (I'ocynapcTBeHHbIH ppIOoX03siicTBeHHBIN peectp, 2024). s F
BBU]ly OTCYTCTBHS IaHHBIX O €r0 ()OHOBOM KOHIEHTPALlMU, HO YUUTHIBAsI, 4YTO MOPOJbI paiioHa Hcclie-
JoBaHUH BKIO4aOT (ropuabl M apyrue muHepaisl ¢ropa (Ivashenko, 2023; Konyshev, 2023)
U €CTECTBEHHbIE KOHIIEHTpAllMM HOHAa (TOpa B MPUPOTHBIX BOJAX MOTYT OBITH JOCTATOYHO BBICOKH-
mu, B kauecTse [1/IK,« ucnonb3oBanu MakcuMaibHoe 3Hauenue 0.75 mr/i.

Pe3yabTaThl. ['eoxuMuueckass 0OCTaHOBKA M3YYEHHBIX BOJHBIX OOBEKTOB SIBJISIIACH OKHCIIH-
TesNbHOM. B GonbmmHCTBE ciiyyaeB Bojbl XapakrepusoBaiuch Eh 6onbmie 100 MB. Konnentpauus DO
BapprpoBaia ot 3.36 10 9.40 mr/i, mpu 3TOM TOJIBKO B IBYX 00BEKTax oHA ObuTa HIKE 4 Mr/i (p. Jlto-
TUHA0s U p. Puctnos B Touke onpoOoBaHus 0K0JI0 UcTOpuyeckoi maxTthl Jironukko-1II u ee oTBasoB).
B Jlamoxxckom o3epe 3HaueHne DO modTH BO BCeX TOYKAxX MPEBBIMATIO 6 MT/JI (TOJIBKO B TOYKE OIPO-
0OBaHHUS BO3JIC MEIUTIOJIO3HO-OyMakHOTO KoMOMHaTa KoHmeHTpaus DO cocraBuna 5.97 mr/m). Ta-
KUM 00Opasom, 1o mokaszatento DO moutu Bce uccieayeMble MPUPOAHBIE OOBEKThI COOTBETCTBYIOT
TpeOOBaHUSAM, MPEABIBIIEMBIM K BOJHBIM 00beKkTaM pekpeannonHoro (DO He mMenee 4 Mr/n) u pbi-
00X 034ICTBEHHOTO Ha3HaueHUs (BTopas kateropusi — DO He MeHee 4 MT/I1, iepBast U BICIIIAst KaTero-
pusi — He MeHee 6 MI/1).

[Tokazarens pH uccineayeMblx TpUPOAHBIX BOJ M3MEHSUICS B IIUPOKHUX Mpenaenax, oT 5.28 1o
8.75, T.e. cpema M3MEHsUIaCh OT CIAO0OKHCION A0 menoyHou. [IpeobramaromuMu SIBISLUTUCH BOJIBI
C HEUTpaJIbHOW 00CTaHOBKOM, cpenHee 3HadeHue pH cocraBuno 7.22. CrnemyeT OTMETHTh, YTO KHC-
aeIM pH xapakTepu3oBaguCh TOIBKO J1Ba 03epa U p. Puctuos B 150 M HMKE IO TEYEHUIO OT IIAXTHI
Jlronuxko-III.

[To 3HaYeHUIO0 MUHEpAIU3AIUU IPUPOIHBIE BOJIbI OTHOCUIIMCH K YJABTPANpPECHBIM C MUHEpaIN3a-
nuerd 1o 100 mr/n, numb pyd. Bexkaoss uMen OTHOCHTENBHO BBICOKOE 3HAYCHHE MUHEpAIHM3aAIiN
(345.7 mr/n). Ilo cpenHUM 3HAYCHUSM MUHEpAIU3aIis B MalblX BogoeMax (22.26 Mr/i) Oblia mo4tu
B JIBa pa3a HIKE M0 CpaBHEHUIO ¢ BojoToKamu (41.39 mr/im) (3HaueHus1 AaHbl IPU UCKITIOYCHUH PyY.
Bexkaos, xapakrepusyromierocss kak BbIOpoc). [Ipu 3ToM MuHepanusamus Boj Jlamoskckoro osepa
B cpeaHeM coctaBwia 47.32 mr/in. Takum o0pa3oM, Mbl HaOIIOaEM TEHICHIIMIO K BO3PACTaHUIO 3HA-
YEHUN MUHEpaIU3alUU B PSy MaJlble BOJIOEMbI — BOJOTOKH — Jlagoxkckoe 03epo.
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[IpeobnagaromuM XUMUYECKUM THIIOM JJISI BOJOTOKOB TI0O aHHOHHOMY COCTaBY SIBIISIJICS TUIPO-
KapOoOHATHBIA. ENMMHUYHO OTMEYanuch OOBEKTHI C MOBBIIIEHHBIM COJIEP)KaHUEM XJIOpUA-UOHA B aHU-
OHHOM cocTaBe: p. PameHos (ruapokapOOHATHO-XJIOPHIHBIN), p. PUCTHOS B 0HOM U3 Todek onpodo-
BaHUs (CyNIb(PaTHO-TUAPOKAPOOHATHO-XJIOPUIHBIN), p. YKCYH-HOKHU (XJIOPUIHO-TUIPOKAPOOHATHBIH).
UyTh OoJbIIIee YUCIIO O0BEKTOB XapaKTEPU30BAIOCH OTHOCUTEIHHO MOBBIIICHHBIMU KOHIICHTPALIUSIMU
cynbdaT-roHa: p. Puctuos B Tpex Toukax onpoOoBaHus (Cyab(haTHO-THAPOKAPOOHATHRIN U CyIb(dat-
HO-TUJPOKapOOHATHO-XJIOPUIHBIN), p. JlIoTUHAOs Bo3ie poaHuka PymHuuneii u yctee p. Kenumos
(cynsdatHO-THIpOKAapOOHATHBIN), pyd. Bexkaos (runppokapOoHaTHO-Cyab(daTHBIN). B KaTHOHHOM CO-
cTaBe B ocHOBHOM mpeoOnanan Ca, pexxe Na, oqHako conepxkanue Ca 0CcTaBajaoCh CYIIECTBEHHBIM.
OTmeTHM, 4TO IPUCYTCTBHE MOHA HATPHs B KOHLEHTpauusax 6ojee 25 Mr-sks/% 4acTo accolMupoBa-
JIOCh C TIOBBILIEHHBIM COJIEPKAHUEM XJIOPUA-HUOHA, TPU 3TOM MUHEPATIU3ALMs BOJ OCTaBaJlaCh KpailHe
HU3KoW. UTO Kacaercs COOTBETCTBHSI MaKpOKOMIIOHEHTHOT'O COCTaBa HOpPMAaTHBaM KadecTBa, TO OT-
KJIIOHCHHUs HAaOIIOJAIMCh TOJILKO B Py4. Bexkaos MO KOHIIGHTpAIMH Cyib(paT-HOHA OTHOCHUTEIHLHO
TTJIK .

J1Jis1 BOJOEMOB TaKKe OTMEYaIoCh MpeodiajlaHue THAPOKapOOHATa B AaHHOHHOM M KaJIbIUs, PEKE
HaTpus, B KATHOHHOM cocTaBe. bbuin BCTpeueHbl TOJIBKO TPU OOBEKTa, XapaKTEPU3YIOIIUECS CYJIIb-
daTHO-THIPOKAPOOHATHRIM THIIOM BOJ] IO aHMOHHOMY cOCTaBy (o3epa HueTwsipBu, XspkkéceHnammmu
1 XONYyHJIaMITA B OJTHOM M3 TOYEK OMPOOOBAHMS).

KoHIeHTpaIus HeopraHmdeckux coeauHenuii azora (NO; -, NO, , NH,") B Boge mcciemyeMbIx
IPUPOJHBIX OOBEKTOB B OOJBIIMHCTBE CIy4aeB HAaXOIWIach B Ipejesiax HOPMATHBHBIX 3HAYEHHUH.
IpeBbimennus xonnenTpauun NO, orHocurensHo IIJIK,, Habmonamuck Tonabko B Boje 03. Huets-
SPBH U B OJTHOM M3 TOUYEK orpoOoBaHus Jlamokckoro o3epa.

B manbix Bogoemax koHueHnrpanuu Fe u Al, pexxe Mn, Cu, Zn npesbimanu [IK,x. Ormeuanuce
enuHnYHBIE IpeBpinieHus o F- u V. B Bomorokax Fe, Al, Mn, pexe F, Zn, Mo npessimanu ITJIK,,,
TaK)Xe BCTpEHAIMCh eAMHUYHbIE npeBbilieHus o Be u Cu. OTaenbHO OTMETUM pyder-npuTok p. Pu-
cTHos, rae Hadmogamucs npeseiienns IJIK,, mo nenomy psagy muxposnementos — Al, Fe, Mn, V,
Co, Cu, Zn, Mo, W.

Ornocurenso ITJIK e, B OONBIIMHCTBE PACCMOTPEHHBIX BOAHBIX OOBEKTOB HAOJIIOIAINCE ITPE-
BhIeHus 1Mo Fe u Al. B BomoTokax oTMeuanuch Takke eIMHUYHBIC MpeBbimieHus: mo Mn u F. Cneny-
€T OT/ICIIbHO YIIOMSIHYTh py4eil Bexkaosi, KOTOPBI XapaKTepru30BalICS HAMOOJIBIICH MUHEpaIu3auen
U BBICOKHM COZICpKaHHEM CYIb(aT-uoHa, — 3TO eMHCTBEHHBIN U3 U3YYCHHBIX BOJHBIX OOBEKTOB, TIE
He Ha0II0aI0Ch MPEBBITIICHUS KOoHIeHTpanuii Fe u Al, oqHako ObUTH MOBBIIICHB! KOHIIEHTpanuu Li
U. I1onHOCTBIO COOTBETCTBOBAIM IIEJISIM PEKPEALIMOHHOTO BOAOIOIb30BAHUS 110 MUKPOKOMITOHEHT-
HOMY cocTaBy BoJbl 03ep [lepsimamnu, Bankanammnu u 60y0Ta psiAoM C HUM.

KoHuenTpauun MUKpOKOMIIOHEHTOB B Bojie Jlamoxkckoro osepa coorsercTBOBaNU IT/IK e, OT-
HocutenbHO [1/IK,x, B HEKOTOPBIX TOUKax OmpoOoBaHMs HaOJroaMuCh npepbimenns mo Al, Fe u Mn.
Taxxe 66110 0TMEueHO conep:kanue Cu Ha yposHe ITJIK,y B Toukax onpoOoBaHHs OKOJIO IEII0I03-
HO-OyMaxHOTO KOMOMHaTa ¥ BOJM3M oTBaioB Kpachas ['muHka.

Oo6cy:knenne. [Toutn Bo Bcex M3YYEHHBIX BOJHBIX 00BEKTax HaOJIOAeTCSd HECOOTBETCTBHE Ka-
4yecTBY OTHOCUTENBHO IIJIK ey 1O enuHMYHBIM MoKazarensaM. CiieayeT OTMETHTh, YTO BBISABJIEHHBIE
npesbiieHus [1IK,cqp B BOJOTOKaX CBA3aHBI C BEIIECTBAaMH 1—4-T0 KIIaCCOB ONAaCHOCTH (NH4", Mn,
Fe, Cd, Cr, U), B oTu4mre OT BOJOEMOB, T/I€ MOBBIIICHHBIMU KOHIEHTPAIIMSAMU XapaKTEPUIYIOTCS
BemecTa 4-ro kiacca onacHocty (Fe, Al, NO,"). Otnocurensno ITJIK,x n3ydeHHblE 00BEKTHI Xapak-
tepusytorcst npesbimieHusMu [1JIK no Gonee mmpokomy psimy MHKPO- M MakpOKOMIIOHEHTOB, NPHU
TOM Malible BojoeMbl U Jlajmoxckoe 03epo XapaKTepU3YIOTCs JIYUIIMM KAadeCTBOM IO CPAaBHEHUIO
¢ BooTOKaMHU. bombiiast ponb cynab¢aT-noHa B MAKPOKOMIIOHEHTHOM COCTaBE BOJIOTOKOB 110 CpaBHe-
HUIO C BOJl0O€MaMU U Oofiblliee pa3HOOOpa3ue MUKPOKOMIIOHEHTHOTO COCTaBa, MO HallleMy MHEHHIO,
ABIIAIOTCS TIOKa3aTeNsiMu 0oJiee CYIIECTBEHHOTO BKJIaJa IOJ3EMHBIX BOJ B MUTaHHE BOJOTOKOB.
Hauny4dmiee kadecTBo BoabI B JIagokckoM 03epe 00YCIOBIECHO 3HAYUTEIHHBIM €€ 00bEMOM, UTO CIIO-
CcOOCTBYET CONPOTUBIICHUIO TeXHOTeHHOU TpaHchopmaruu (I'eoprues u np., 2021).
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[TpeBbimenue [1/IK B BomHBIX 00bEKTaX, HE MOABEPIKEHHBIX OYEBUIHON aHTPOIIOTEHHOMN Harpy3Ke,
a TaKXe CX0XHi Habop KommoHeHTOB, npeBbimatomux 11K, cpean koTopsix Beaenstores Fe, Al, Mn,
TUIWYHbIC U1 OOJIOTHBIX BOJ CEBEpPHBIX M yMepeHHBIX mupotT (Casuues, 2009; /lomapenko u ap.,
2017; Ivanova et al., 2021), a Taxke Cu, Zn, F, BXoasimue B cOCTaB MUHEPAJIOB CKAPHOBOPYIHBIX TEJ,
TOBOPUT O HEOOXOAUMOCTU OOCYKICHHUSI PETHOHAILHBIX HOPMAaTUBOB KA4eCTBa C YUETOM T'€OXHUMHUYE-
CKHUX OCOOCHHOCTEH TeppuTOopHH. J[aHHBINA BOIIpOC paHee yxe nogaumaiics B padore (JlozoBuk, [lnato-
HOB, 2005). BOJBIIMHCTBO BBISIBICHHBIX OCOOCHHOCTEH XMMHUYECKOTO COCTaBa BOJ OYCBHIHO CBS3aHO
C MIPUPOIHBIMHU TPOLIECCAMH PACTBOPEHUS CYNIbOUIHBIX U GTOPUIHBIX MUHEPAJIOB, a TAK)Ke KIMMAaTHU-
YECKUMH U JIAaHAMA(THBIMA OCOOCHHOCTSIMH TEPPUTOPUH, KOTOpPBIE OOYCIOBIMBAIOT 3a00JauyMBaHUE
Y HaKOTUJICHHE B BoJax opraHudeckux coeanHenuit (Komynaitnen u ap., 2016; KadectBo moBepxHOCT-
HBIX BOJ..., 2023), crocoOHBIX 00pa30BHIBATH KOMIUIEKCHI C IIMPOKUM PSJAOM MUKPOKOMIIOHEHTOB,
B ToM umciie TokcnuHabiMu (Dinu, Shkinev, 2020; Konyshev et al., 2021).

OnHako ecTh HECKOJIBKO TOUEK ONMPOOOBaHMUs, B KOTOPHIX HECOOTBETCTBHE KayeCTBY 0OYCIIOBIICHO
anTponoreHHbIM (hakTopoM. Tak, oTMedaercst peskoe cHuxkeHue pH Boasl p. Puctrost B Touke otdbopa
B 150 M Hmke no Tedenuto ot maxthl Jlronukko-III u ee orBanos (puc. 2): MmeananHoe 3HayeHue pH
cocrapisieT 7.29, B TO BpeMs Kak B YIOMSIHYTOM To4ke onpoboBanus pH Boabl cHmxkaercs 10 5.38, 4to
HE COOTBETCTBYET TPEOOBAHUSIM, MPEIBIBISIEMbIM K KaueCTBY phIOOXO03SHCTBEHHBIX BOJ0eMOB. Hero-
cpencTBeHHo ke Bozie Jlronukko-III B p. Puctnost Habnrogaercs HU3Kas KOHIIEHTPAIUs PACTBOPEHHOTO
KHCJIOPO/Ia, HE COOTBETCTBYIOIIAs HOPMATHUBY JIJIsl PHIOOXO03SHCTBEHHBIX BOJIOEMOB BBICIICH KaTErOpuH,
K KOTOpO# oTHeceHa p. Puctnos cornmacHo ["'ocymapcTBeHHOMY phIOOX03SIIICTBEHHOMY PEECTPY.
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BD. PucTros BHU3 110 TeYEHHIO HanpasneHue TedeHua p. Puctmosn

Taxxe cienyer oOpaTuTh BHHUMaHHME Ha 3HAYEHHE KOHIICHTPAIMM PACTBOPEHHOIO KHUCIIOpOAa
B BoJie JIajookcKoro o3epa B TOUKE ONMPOOOBAHUS BO3JIE IEJUIIOIO3HO-OyMaXHOro KOMOMHATa, KOTO-
pOe OKa3anoch YyTh HUKE€ MUHUMAJIBHO JTOMYCTUMOTO 3HAYEHHUS! Ui phI00X03sIiICTBEHHBIX BOJJOEMOB
BBICILICH KAaTEropuM, a Takke Ha nosbllieHue KoHueHTpauuu Cu go yposusa IIJIK, B 3ToM TOYkKe
onpoOoBanus u y orBasioB KpacHas ['muHka, rie B OCHOBaHUU 3ajeraeT mopoja, boraras XajabKOIu-
puUTOM, 110 KOTOpoMy pa3BuBaeTcsa manaxut (Konyshev et al., 2024).

3akaroyeHne. XUMUYECKUN COCTAaB M3YYEHHBIX BOAHBIX OOBEKTOB (hOPMHUPYETCS B OCHOBHOM
10J] BIIMSIHUEM TPUPOJHBIX (PaKTOPOB (pacnpocTpaHEeHUe PyJHONH MHUHEpan3aluH, 3a00J0YCHHOCTD
tepputopun). [Ipespimenus [1/IK mo cxogHOoMy psiay 2JI€MEHTOB B 3TOM CiIydae TOBOPHUT O HE0OXO-
JUMOCTH 00CyXJeHust pernoHanbHbIX 3HaueHui [TJIK. OnHako B HEKOTOPBIX TOYKAaX ONMPOOOBAHUS
OTMEYAeTCsl BIMSHUE MMPOMBIIIJICHHOTO MPOU3BOJCTBA U OTBAJIOB KaK JEHCTBYIOLIUX, TaK U UCTOPH-
YECKHX TOPHO-000TaTUTENbHBIX MPEANPHUIATUN. ITO 00YCIOBINBAET HEOOXOJUMOCTh PEKYIbTHBAIIUH
OTBAJIOB U MOHUTOPUHTA XUMHUYECKOTO0 COCTaBa BOJBI B TOUKAX, PACIOJIOKEHHBIX BOJIM3U MPOMBIII-
JICHHBIX TPEANPHUATAN U OTBAJIOB TOPHO-000TaTUTENFHOTO IPOU3BOJICTBA.

Paboma evinonnena npu ¢unarncosoti noooepcke epanma PH® 22-77-10011. Aemopwi baacooa-
pam Kouviwesa Apmema Anexcanopoeuua, Toponoea Anopes Cepeeesuua u byeaeéa Unvio Anexcan-
0posuUYa 3a NOMOWb 8 NPOBEOEHUU NONEBbIX UCCTIe008AHUII.
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AITATHUT KAK THANKATOP MUHEPAJIBHBIX TUIIOB
N NMTPOAYKTHBHOCTHU PEAKOMETAJIJIBHBIX IET'MATUTOB
(HA IPUMEPE Li 1 Be MECTOPOXKJAEHUHU KOJIbCKOI'O PET'THOHA)

CosoBbeBa A H.', 3o03yasn P, Mopo3oBa JLH."2, Cadonos AB/!

1 .
Teonocuueckuii uncmumym KHIL] PAH, Anamumsi, Poccus, a.soloveva@ksc.ru
2 oo N
Bcepoccuiickuii nayuno-uccie0o8amenbCkuti UHCHMUmMym MUHepaibHo2o cvipbs, Mockea, Poccust

Beenenne. CunukatHble pacijiaBbl MOTYT HACBIIIATHCS allaTUTOM C CaMbIX paHHUX J0 MO3IHUX
CTaauii KPUCTAIUTH3AIUH, YTO B COYETAHUU C BBICOKOHM CTaOMILHOCTBIO amatuTa B mporecce audde-
pEeHIMAIMK TPEANoaraeT BaXKHYI0 MHIMKATOPHYIO POJb 3TOTO MHUHEpaja B MPOIECCE 3BOJIIOLUU
marmbl (Pichavant et al., 1992; Chu et al., 2009; Roda-Robles et al., 2022). Ilpu 3ToM U3MEHEHUS
B COCTAaBE amaTHTa 3aBHCIT OT PA3IMYHBIX (AKTOPOB, TAKUX KaK COCTAaB BMEMIAIOIIEH MOPOJIbI
U CTPYKTYpa paciuiaBa, HacklmeHue riaunaozemoM, fO, u remmeparypa. [loaToMmy aeranpHOE U3ydeHUE
XUMHUYECKOTO COCTaBa araTuTa MOXET JaTh LEHHYI0 MHQOpMalHio 00 YCIOBHSIX KpUCTATU3aLUU
BMEMIAIOIINX €0 MarMaTHYeCKUX MOPOJ. AHAJOTHYHBIM 00pa30M MHHEPAT MOXET MPECTABIATh CO-
0ol MOJe3HbI MHCTPYMEHT MPHU pa3BelIKe MOJE3HBIX HCKOMAEMBbIX B CIydae PYIAHBIX MECTOPOXK]Ie-
HU, CBSI3aHHBIX C MarmMaTudeckuMu nopoaamu (Hampumep, (Belousova et al., 2002; Mao et al.,
2016)). Amatut KaK MUHEpaJ, COEePK AN OCHOBHBIC JICTYYHEe KOMIIOHEHTHI MTO3THEMarMaTHYECKUX
u runporepmanbHbix QuronnioB (F, Cl, OH), MoxeT ObITh HUCIIOJIb30BaH KaK MHIUKATOP MPOIIECCOB,
MPOUCXOJSIINX B MIPOLIECCE PBONIOIUH METMaTUTOBBIX paciiaBoB. [Ipu 3ToM cocTaB amaruta MoKeT
UrpaTh poJib B KaueCTBE BAXKHOI'O IOMCKOBO-PA3BEIOYHOTO IMOKa3aTesss MUHEpAlIbHON clielnan3a-
UM 1 KauecTBa pyJ nerMaTutoB. C 3Toil 11enbi0 ObUIO MPOBEIEHO N3YUYEHHE COCTaBa anaTUTa U3 pas-
JMYHBIX MUHEPAJIbHBIX TUIIOB METMaTHUTOB, B TOM YHUCJE C Pa3HOM MPOIYKTUBHOCTHIO, Koibckoro
peaxomeTtauibHOro nosica (Mopo3sosa u ap., 2024).

Pe3yabTaTel u 00cy:kaenne. Munepan Obut oToOpan u3 mpod (10-12 Kr) HeHTpambHbIX PYIHBIX
30H mermatuToB Li MecTopoxaenuii (Kommosepckoe, [lonmoctyrnpoBckoe, OXmbuIbK) 1 Be mecto-
poxaenusi lllonryii. CoctaB m3ydeHHBIX TpoO ciemyrommii: 1) Kommosepckoe mectopoxkaeHue —
KBapL-aJIbOUTOBBINA ¢ MUKPOKIMHOM (OCHOBHOM pYAHBIA MuHepal — criogyMeH ~20 00.%); 2) I[Toamoc-
TYHIPOBCKOE — KBapL-aIbOUT-MUKPOKIMHOBBINA (Jenmuaonur 5-8 00.%, cmonymen 3-5 00.%);
3) OXMBUIBK — KBapI-aJIbOUT-MUKPOKIUHOBBIA ¢ TypManuHOM (cnonymeH 1-2 06.%); 4) Illon-
Iyl — KBapu-anbOUTOBBINA ¢ OepuiioM. IlomyTHBIMU MOJIE3HBIMU KOMIIOHEHTaMHU BO BCEX Mpobax
ABIsitOTCs MuHepansl Ta u Nb: KoayMOUT-TaHTANIUT, MUPOXJOp M MHUKponuT (Zozulya et al.,
2024). ITo conepxannto Li,O (Zozulya et al., 2024) uccnegoBannsie npoObl u3 Li MecTopoxe-
HUH MOXKHO YCJIOBHO OTHECTH K CIeQyloImIuM Tumam: «b6orateie» pyasl (Kommosepckoe,
2.27 Bec.%), «psapoBbie» (Iloamoctynnposckoe, 0.55 Bec.%), «6eanbie» (OxmbuibK, 0.14 Bec.%).

Omnpenenenue cocrasa 3epeH anaruta nposoauiock B ' KHI PAH ¢ nomouibio 351€KTpoHHO-
30H10BOro MukpoaHaiuzaropa Cameca MS-46 ¢ Ttokom 3oHaupoBanHus 20-30 HA, yCKOPSIOUIUM
HanpspbkeHueM 20 kB n quamerpom 30xaa 5—-10 MKMm.

N3ydyenHble MUHEpajbl anaTUTa U3 PEIKOMETAUIbHBIX MerMaTtuToB KoibCckoro permona ObuTu
uaeHTuGUIMpoBanbl Kak ¢ropanatuthl. Comepxkanns CaO 3HaYUTENBHO BhINIE B Be mermarurax
[Honryiickoro mecropoxaenus (53.8-56.6 mac.%, cpennee 55.5 mac.%) u Li mermarurax mecro-
poxaenus OxmbUibk (54.7-56.0 mac.%, cpennee 55.35 mac.%). Jdns Konmozepckoro u Iloamoc-
TYHAPOBCKOTO MeCTOpoxaeHui conepxanue CaO HeMHoro cHukawotces 10 51.9-52.7 mac.% (cpen-
Hee 51.9 mac.%) u 51.07-53.1 mac.% (cpennee 52.5 mac.%), COOTBETCTBEHHO. B cocTaB n3yueHHBIX
armatuToB BXoAsaT Mn u Fe, kotopbie B cTpykType MuHepana 3amemarT Ca. Jlns dropanatura u3
Konmozepckoro u ITonMOCTYHAPOBCKOIO MECTOPOXKACHUN XapaKTEPHO HECKOJBKO MOBBIIMICHHOE
conepxanue MnO [2.7-4.1 mac.% (cpeanee 3.1 mac.%) u 2.1-3.3 mac.% (cpeanee 2.5 mac.%),
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cootBercTBeHHO], 1 FeO [0.09-0.23 mac. % (cpemuee 0.12 mac.%) u 0.08-0.19 mac. % (cpennee
0.12 mac.%) coorBercTBeHHO]. [t Mmectopoxxaennii Oxmbuibk U Lllonryit cogepxkanue MnO B anatu-
Tax 3HauuTenbHO yMmeHsbImaercs [0.9—-1.07 mac.% (cpemnee 0.40 mac.%) u 0.2-2.2 mac.% (cpennee
0.83 mac.%), coorBercTBeHHO], a FeO — nmo 0.1 mac.% wunu BoBce orcyrcTByeT. Anatuthl Konmosep-
ckoro u IlonMmocTtyHznpoBckoro mecropoxkaeHuil cozaepkar npumecbk SrO — po 0.14-0.19 mac.%.
Haxonnenne Mn B anmatutax u3 pazHbix Li merMaTUTOB OTpa’k€HO HA PUCYHKE (@) M MOKa3bIBAaET 3aKO-
HOMEPHOE YBEIMYCHHE €ro CoiepkaHus oT MecTopoxiaeHuss OxmbUIbK K [lomMmocTyHApOBCKOMY
u npanee Kk Konvoszepckomy. YBennuenne Mn B anatutax u3 Li IerMaTuToB COTNIaCyeTcs ¢ UX CTEIEHBIO
pynoHocHoctH («Oemnbie» pyasl OXMBUIBK, «psaoBeie» [loaMocTyHApoBCcKUE U «Ooratbiey» Konmoszep-
CKHE) U, CKOpEee BCEro, CBSA3aHO C POCTOM CTENEHH (PpaKLMOHUPOBAHUS U YBEIHMUEHHEM COJEP)KaHUs
Mn u Fe B ocTaTOYHBIX pacIiiaBax B COUETAaHHUHU C yBenndeHueM coaepkanus SiO, u AL O;.

Conepxxanne Cl B amatutax Li MecTOpOXIECHUI HU3KOE M YaCTO HUIKE MIPEIESIOB OOHAPYKCHHS
(0-0.02 mac.%), B To BpeMsi kKak MuHepai u3 Be nmermarutoB LIIOHTyHCKOTO MECTOPOXICHHUS MOXKET
coJiep’kaTh 3HaUYMMBbIe KOHLeHTparmu 3nementa (10 0.13 mac.% (puc., b)). C yueTom TeOpeTHYECKOTO
OH, anatut u3 Be mermMaTuTOB MO COCTABY JIETYYHX KOMIIOHEHTOB 3aMETHO OTJIMYAETCS OT MUHEpala
u3 Li mermatutoB B cropony yBenuuenus Cl u OH (puc., c).
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Taxum o6pa3om, conepkaHre MapraHiia B anaTUTe MOXKET yKa3bIBaTh Ha CTENIEHb PYIOHOCHOCTH
BMEIIAIONINX [TErMAaTUTOB U SIBISATHCS Y(PPEKTHBHBIM OUCKOBBIM KpuTepueM. Bapuarmu B conepxa-
Huu F, Cl, OH B anaturax HecyT nHpopmaimio o coctase GpaionaHoN (a3bl B IerMaTuTax u B Mpese-
Jax KPYMHBIX TETMAaTHUTOHOCHBIX MPOBUHIMIA MOTYT YKa3bIBaTh Ha THUIIBI MUHEPAIN3ALUN PEIKOME-
TaJUTBHBIX NIErMaTHTOB (HarpuMmep, B Koabckoil MpOBUHIINY anaTUT 13 Be merMaTuToB OTHOCUTEIHHO
6omee 6orat Cl 1 OH B cpaBHeHUU ¢ MUHEpaJIOM U3 Li merMaTuToB).

Paboma noooeporcana Poccuiickum Hayunvim ghonoom (epanm Ne 22-17-20002).
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XAJBKO®UJBLHAS (Ag, Sb, Hg, Cu, Pb) MUHEPAJIN3ALIUS
B SIIUTEPMAJIBHBIX TEMATHUTOBBIX J)KUJIAX TEPCKOT'O BEPEI'A,
KOJIbCKHUH PETUOH

CoaosbeBa A.H., 303yas J.P., bopucenko E.C.

Teonoeuueckuui uncmumym ©@HUIL] KHI] PAH, Anamumut, Poccus, a.soloveva@ksc.ru

BBenenue. B nanHoii paboTe n3ydeHa HeoObIYHAs XaIbKO(pUIbHAS MUHEpAIU3AIUs U3 HEJABHO
OTKPBITBIX T€MAaTUTOBBIX XHJI B pallOHE aMeTUCTOBOro mectopoxkaeHus Meic Kopabmb. DT Tena
MOKHO OTHECTH K cepuu (IroopUT-0apUT-KBapI-KapOOHATHBIX KU ¢ MOJUMETAIIMUYECKONH MHUHepa-
JU3aluel, MUPOKO pacpoCTpaHEHHBIX B ceBepHOM OopTy Kamnmamakmickoro rpabena (Kanmamakii-
ckoe u Tepckoe mobepexns Konbckoro momyoctposa) (Pexorosa, 1990).

Uccnenoanme naparenesncoB cucteM Fe-S-O u Fe-Cu-S-O umeer Oonbiioe 3HaUEHUE, TaK KaK
UX TIOBEJIEHUE ONpeeNsieT MHOTHE 3aKOHOMEPHOCTH PacCIpe/ieieHUs] METAJIOB B MECTOPOKICHUSX
(berextun, 1949). Pexxumbl cepbl U KUCIOpPOJa UMEIOT pa3HOHANpaBICHHbIE TEHICHIIMU, KOTOPBIE
OTpeeIAI0T U3MEHEHHE MUHEPAIbHBIX acCOIMAIINi B IIpeieax OJHOM CTaluu U HaJOXKEHHE Pa3HbIX
CTaJuil B Ipouecce py10o0pa3oBaHusl.

PesyabTarel u odcy:xnenusi. Munepansl Ag, Pb, Sb, As, Hg, Cu, BnepBbie 0OHapyKeHHbIE
B FEMATUTOBBIX JKUJaX MecTopoxaeHus Mpic Kopabmnb, oTHOCATCS K cynbdumam, cyab(ocoism,
cynbdoapcennaM u nHTepMetamuaam. Cieayer OTMETUTh, YTO MUHEpaIu3alks BecbMa HepaBHO-
MepHa ¥ BBISBJICHA B IIpe/ieNiaX HECKOJIBKUX HEOOMbIINX (IEPBhIE CAHTUMETPHI) YIaCTKOB KHUII.

L'anenum PbS o0pa3yeT KpUCTAILIbI KYOMYECKOTO TaduTyca pasMepoM a0 12 um, 3amomHsis CBo-
00IHOE MPOCTPAHCTBO MEXAY IUTACTUHKAMH reMaTtuTa (puc., a). CoctaB MHUHEpana CTeXHOMETpHYe-
CKHII.

I'pynna xanvkozuna Cu,S, 6bU1a OOHapyXeHa B BHUJE €IMHUYHBIX 3€PEH B aCCOLHUALUM C ILIa-
CTHUHYAThIM T€MAaTUTOM U alaTUTOM B HOBOOOPA30BaHHOM KBaplie KUJI U MPEJCTaBIsIeT co00i 3epHa
u30MeTpuyHOW GopMbl A0 S5 um (puc., b). JlaHHBI MHHEpad HWMeEET CICAYIONIMA COCTaB:
Cu 72.92 mac.%, Fe 3.43 mac.%, S 22.59 mac.%. Ilo cooTHomeHu0 GopMyabHBIX K03(hdULIHEHTOB
(Cug sFep4S4) munepan naubomnee 030k Kk aHIIUTY Cu;Sy.

Apeenmononubasum Ag;6Sb>S;; — 0OWMH U3 caMbIX PacIPOCTPAaHEHHBIX MHUHEPAJIOB CYIh(OCoIei
B FEMATHTOBBIX JXKUJIaX U Opekdnsx. BeTpeuaeTcs B BHIE YTIOBATHIX 3€PEH OT 3 10 7 um MEXIy Iiia-
CTUHKaMHU T'eMaTWTa, a TaKKe KaJIWEeBOro IMOJIEBOTo minara (puc., ¢, €). MuHepan: MOXeT cofepxkaTb
npumecH As (0.3-1.19 mac.%).

Kunosapv HgS obpacrtaet 3epHa cynbdocoseit Ag, pa3mepsl 00OHapYKEHHBIX BBIJICIICHU MEHEE
1 pm (puc., c, d).

Enunuunble 3epHa MUHEPAJIOB U3 epynnvl amaiveamul cepebpa AgyxHgy Obun 0OHapyKEeHbI B ac-
COLlMallUM C IUIacTMHYaThiM rematuroM. Ilo xmmmyeckomy cocraBy (Ag — 57.20 mac.%, Hg —
40.68 mac.%) MUHEpaJl MO’KHO OTHECTH K BECbMa peAKoMy BUAY — iyaHbxeuty (AgsHg).

THupapeupum Ag;SbS; obpazyeT kceHOMOp(HBIE 3epHa Pa3MEPOM J0 3 pUm B OKOJOKHIBHBIX
MeCYaHUKaxX, B KOTOPHIX MPUCYTCTBYIOT ITUIACTUHKU T€MaTUTa, YTO YKa3bIBa€T Ha €ro THApOTepMallb-
Hyt0 npupoay. CocTaB MUHEpaIa CTEXHOMETPUUECKUH.

Apcenonupum FeAsS HaOmomaercs B BUAC 3€pEH M30METPUUYHOM, yrioBaroi ¢hopmel 10 10 um
U TaK e, KaK MHOTUE APYTrUe MUHEPAJbl, 3aMOJHIET MPOCTPAHCTBO MEXKY IUIACTUHYATHIM T'eMaTH-
ToM (pHc., f). CocTaB 61M30K K cTexHoMeTpruueckomy ¢ Hebobioi npumeckio Co (0.37-0.56 mac.%)
u Ni (0.13 mac.%).
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[Taparenesuc u Mopdosiorus cyabhuaoB, cyiabdocoinei u cyabhoapcennnon (BSE nzobpaxenus):

a — raneHut; b — ¢aza Cu-S; ¢ — KHHOBaph B CPACTAHWH C apTEHTOIOINOa3UTOM; d — CBOAHAs 3IeMeHTHas kapTa no Fe, Hg,
Ag, S yyacTka Ha pHC., C; e — apreHTONoIN0a3uT; f — apceHonupuT. Oz — KBapL; KfSp — KaJaueBbli mojieBol mmat; Hem —
remarut; Ap — anatut; Gn — rajeHut; Ab — ans0ut; Aplb — aprenrononn6asur; Cin — KHHOBaph; Apy — apCEHOUPUT

Cremnuduyeckon XapaKTepUCTUKON reMaTUTOBBIX k1 Mbica Kopabmnb siBisieTcss MaccoBast Kpu-
CTJUIM3ALMs IJIACTUHYATOrO0 TeMaTHTa, P KOTOPOU B MOpoe 00pazyeTcs MHOXKECTBO MyCTOT pa3-
JUYHON (OPMBI MEXy IUTACTUHKaMU MHUHepana. L{upKynsuus ocTaTOYHBIX THIPOTEPMAIbHBIX pac-
TBOPOB MOTJIa IPUBOJUTH K KPUCTAIM3AIMA MUHEPAJIOB XaIbKO(UIBHBIX 3JIEMEHTOB B 3THUX IYCTO-
Tax 0e3 BUAMMBIX NPU3HAKOB PEAKIMOHHBIX B3aWMOOTHOIIEHHWH C aCCOLUMHUPYIOUIUM TeMaTHUTOM
(puc.). AnanorunyHas popMa HaxoKJeHUs TUIMYHA U A5 6aputa 1 REE MuHepaioB, KOTOpbIe Xapak-
TEPU3YIOTCS IPU3HAKAMU CBOOOJHOTO pocTa — cepyJbl, METKH, paaruabHO-TydncThie 3epHa (Colio-
BbEBA U JIp., 2023).
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Hackonbko HaM H3BECTHO, KHHOBAph U JIyaHbXeuT B KoabCKkOM pernoHe paHee He ObLIN Omuca-
Hbl (bopucoa, Bonomun, 2015). [Ipu 3ToM ux oOHapyKeHHE UMEET BaXKHOE 3HAYEHHUE, TaK KaK yKa-
3bIBACT Ha HU3KOTeMmepaTypHblie ycnoBus (<200 °C) kpuctamum3anuy XaibkopuibHOH MUHepain3a-
IIUU B UCCIEAYEMBIX KHMIIaX.

Kpucrannuzaius cynbpoaHTUMOHHTOB cepeOpa B IeMaTHUTOBBIX JKHMJIAX COTJIACYeTCsS C TOBBI-
IICHHBIM COJICP)KaHUEM TSKENbIX XaabkoduioB (As, Sb, Bi) Bo BMemarmux mopoaax, mpu 3TOM HX
KOHIIEHTPAIIMU 3HAYUTEIHLHO BHIIIE, YeM B OKOJIOKIJILHBIX M HCM3MEHEHHBIX ITECYaHUKAX.

Accoruanus OKCHUIOB jkejie3a (B TOM YHCIIe TeMaTUTa) ¢ CyiabhuaaMu U CyinbhocoIsIMu HaOIr0-
JaeTcsl B PyAaxX CBUHIIOBO-IIMHKOBBIX MECTOPOKICHUH, HU3KOTEMIIEPATYPHBIX MOTUMETAITHIECKIX
TUAPOTEPMANIbHBIX JKHJIAX, BYJIKAHOT€HHBIX KOJYEJaHHBIX MECTOPOXACHUSX, MPOSBICHUSX COBpE-
MEHHBIX «YEPHBIX KYPUIBIIUKOB» OkeaHndeckoro qHa (CmupHoB, 1961; Kosanes u ap., 1993; Mos-
roBa u 11p., 2010; Konraps, 2013).

dopMupoBaHUE HEOOBIYHOW TeMaTUT-APTeHTONOINOA3UT-MUPAPTUPUTOBON ACCONMAIIMUA B TH-
pOTEpMaIbHBIX KUjaax MecTopoxacHus Mpic Kopalib MOXET ObITh OOBSICHEHO CIEAYIOMUM o0pa-
30M. McTouHuKOM cepeOpa MOT CIyXHTh OOWJIBHBIA ayTHI€HHBIH T'€MaTHT M3 MOPOBOTO IIEMEHTa
KPaCHOLIBETHBIX NECUYaHUKOB TEPCKOW CBHUTHI, KOTOPBIM MO/ BO3ACHCTBUEM T'MIPOTEPMAIbHBIX pac-
TBOPOB PACTBOPSUICS U MEPEOTIAarajics B BUJE CTEXUOMETPUUECKH YUCTOro remMaruta. Ciemayer oTMme-
TUTh, YTO COJEpKaHUE cepeOpa B MeCYaHHKaX MPEBBIIIAET KJIAPKOBbIE 3HAUCHHUS JJISI 36MHON KOPbI
B 5-10 pa3. Cepebpo B Buae pactBopumoro Ag,SO, crnocoOHO MUTPHPOBATH B TUAPOTEPMAIBHBIX
YCJIOBHSIX, OCOOCHHO B TIPUCYTCTBHHM Cyib(daTra OKHCH >Kelie3a W CBOOOJHOW CEPHOM KHCIIOTHI.
Fe,(SY'04); nerko mojBepraercst TepMHUECKOMY PasliokeHHMIo ¢ obpasoBanneM Fe,03, SO, 1 cBo6oI-
HOTO Kuciopoja. Peakius sBIsSeTCS OKUCIUTEIbHO-BOCCTAHOBUTEIHLHOM M MPHUBOIUT, B YaCTHOCTH,
K BOCCTAHOBJICHHIO CEpPbI, YTO, B CBOIO OYepE/ib, MOXKET MPHUBECTU K 0OPa30BAHUIO MUMEIOIIMX TTOHH-
JKEHHYIO BaJICHTHOCTh CEPHI Cylb(oconeit cepedpa.

Taxum o6pazom, popMupoBaHe XanbKO(QUIBHON MUHEPATH3AIMKA B TEMAaTUTOBBIX JKUIax Mpica
Kopabap npoucxonusao npu pe3koM U3MEHEHHH COCTaBa FMAPOTEPMAIBHBIX PACTBOPOB U MaplUajib-
HOT'O IaBJICHUS CEPhI U KUCIOPOJA.

Paboma svinonnena 6 pamkax epanma PH® Ne 22-17-20002.
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I'PAHAT-IIVIAI'MOKJIA3OBBIE KPUCTAJIVIOCJIAHIIbBI
KOJIBULIKOT'O 'ABBPO-AHOPTO3UTOBOI'O MACCHUBA:
HOBBIE U-Pb TAHHBIE

Cremenxko E.H., basnosa T.b., Yamuun B.B.
Teonocuueckuii uncmumym KHL] PAH, e.steshenko@ksc.ru

Konbckas mpounIust bantuiickoro (PeHHOCKaHIMHABCKOTO) IIUTA SIBISIETCS YHUKATBLHON 00J1a-
CTBIO Pa3BUTHUS MOJIMXPOHHBIX MHTPY3UN TaK Ha3blBAEMbIX «aBTOHOMHBIX» aHOPTO3UTOB, 3aJleraro-
IIMX B Pa3jMyYHbIX CTPYKTYPHBIX oOcTaHOBKax. [laneonpoTrepo3oiickue aHOPTO3UTOBBIE MacCHBBI 00-
pa3yloT JBe BO3pacTHbIE rpynisl. bojee npeBHUE U3 HUX (CYMHMICKUE) MapKUPYIOT 30HY COWIEHEHUS
Konbckoro 6:10ka u benomMopckoro noABMXHOTO MOsICa, Pa3BUTHI BJIOJIb CEBEPO-BOCTOYHOTO KOHTAKTa
Jlananacko#l rpaHyIMTOBOM 30HBI, a Takke B npezenax Kangamnaknicko-KonBuikoi 30ub1 Jlamnany-
cko-KonBuukoro rpanynutoBoro nosica. bojgee Monoabie (CBeKO(EHHCKHE) UHTPY3UH aHOPTO3UTOB
IIPUYPOUYCHBI UCKIIIOUUTENBHO K JlarmaHackol 30HEe IpaHyJIMTOB U Pa3BUTHI KAK B €€ I0JKHOU 4acTH,
TaK U B IIpeJieJax CEBEPO-BOCTOYHOTIO KOHTAKTA.

KonBuukuii rab0po-aHOPTO3UTOBBI MAacCHB pAacCIoNiokeH Ha fore KoibCKoro moiayocTposa,
B paitone KomBunkoit ryosr Kanpamakmickoro 3anuBa bemoro mopsi. B ocHoBaHMUM 3aneraer Jielko-
KpaToBoe MeTarabopo momrHocThio 200-300 M, cpenHss 4acTh MOITHOCTBIO 1—2 KM CIIO)KeHa MeTa-
AQHOPTO3UTAMH, MHOT/IA C MAJIOMOIIHBIMU TPOCIOSIMU U JIMH3aMH JIeHKOrabOpo, a BEepXHss 4acTb
mMoutHocThio oT 200 M 110 1.5 kM mpencrasiena meraradbopo. Bee moponsr KonBuiikoro maccusa uc-
IBITATM METaMOP(PU3M TPaHYJIUTOBOM (aluy, B 3HAYUTEIBHON CTENEHH KaTaKIa3upOBaHbl U MUIIO-
HUTH3UPOBAaHbI. MacCUB MEPEKPHIT IUIOCKOTYHIPOBCKON TOJIIEH IpaHaT-IMPOKCEH-IIIIarnOKIa30BbIX
KPHCTAJUIOCIAHIEB MOITHOCTBIO HE MEHEE 2 KM.

Jlis BBISBIEHUS BO3PAcTHBIX pyOexkei (opMUpOBaHMS TIpaHAT-TUIArHOKIIA30BbIX KPHUCTAILIO-
cinanneB KonBuiikoro Maccupa Obuia mpuMeHeHa MeToauka uzoronHoro U-Pb natupoBanus enuHuy-
HBIX 3¢pEH LUPKOHA C HCIIOIb30BAHIHEM HCKYCCTBEHHOrO Tpaccepa “* Pb (basiHoBa u ap., 2007).

Jnst onpenenenus uzoronnoro U-Pb Bo3pacTa nupkoHa u3 rpaHaT-IuIariokiIa3o0BoOro KpUCTaIo-
cianma KonBuIikoro aHopTo3uToBOro MacCMBa OBLIO BBIIETIEHO YeThipe MopdoTuna (puc. 1).

[lepBblif MOpGOTUN MpenCcTaBlIeH W30METPUUHBIMU KPUCTAJUIAMU LHUPKOHA CBETIO-PO30BOTO
1[BeTa. 3epHa Mpo3payvHble, MOBEPXHOCTh HE KOPPOAMPOBaHA, OJIeCK CTEKISHHBIN. CpenHue pazMe-
poi— 0.12 x 0.12 MM, Ky—1. Benmunua maccsl cpeaero kpuctamia — 7 x 107°r. B nupkoHe BbIsiBIIe-
HbI BHYTpHU(ha30Bas (30HATBHOCTh, CEKTOPUATBHOCTD) U (ha3oBasi (BKIIOYEHUS) HEOTHOPOIHOCTh. 30-
HAJbHOCTh PUTMHUYHAS.

Bropoii Tunn — n3oMeTpuYHbIE KPUCTAIIBI HIUPKOHA TEMHO-KOPUYHEBOTO LIBETA. 3€pHA MOJIYIPO-
3paydHble, MOBEPXHOCTD CJIETKa KOPPOIUpoBaHa, Oieck crekistHHbIN. Cpeanue pasmepsl — 0.14 x 0.14
mM, Ky—1. Benmunna macesl cpeasero kprctamia — 11 x 107° r. B mupkoHe BbIsBICHa BHYTPH(pA30-
Basi HEOJTHOPOJAHOCTb, IPEACTABIECHHAS 30HAJIbHOCTBIO U CEKTOPUAIIBHOCTHIO.

Tpernii TN npenacTaBiIeH NPU3MATUYECKUMHM KPUCTAINIAaMU LUPKOHA CBETJIO-)KEITOrO IIBETA,
NpO3payHbIMHU, TIOBEPXHOCTh HE KOPPOJMpPOBaHa, Oieck cTekiIsHHbI. Cpeanue pasmepsl — 0.175 X
0.07 mm, Ky—2.5. Bennunna mMacchl cpennero kpuctamia — 8 x 107°r. B mupKkoHe BbISBICHA BHYTPH-
¢azoBast HEOTHOPOAHOCTb, IPECTABICHHAS 30HATILHOCTHIO U CEKTOPHAIBHOCTBIO.

YerBepThlii MOPPOTUN — KOPOTKONPU3MATUYECKHE KPHUCTAUIBI IIUPKOHA TEMHO-KOPHUYHEBOTO
[[BETA, MOJYNPO3payuHble, TOBEPXHOCTh KOPPOIAUPOBAHA, OJECK OT CTEKISTHHOrO 10 *upHoro. Cpen-
ue pasmepsl — 0.175 x 0.105 mm, Ky—1.6. Bemmaunna mMaccs! cpeaero kpucramia — 8 x 107°r. B mup-
KOHE BBISIBJIEHBI BHYTpH(]a30Basi (30HATBHOCTb, CEKTOPUAIBHOCTH) U (pa3oBasi (BKJIIOYEHHS) HEOAHO-
POAHOCTb.
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[TomydeHHBIN M30TOMHBIN BO3pacT, paBHbIM 1964 = 10 muH jeT (puc. 2), BEPOSITHO, OTpa)xaeT
HayvaJbHBIHN 3Tan npeodpa3zoBaHuil MPOTOIUTA OCHOBHBIX KPUCTAIUIOCIAHIIEB.

Puc. 1. BSE n3o00pakeHnst UPKOHOB U3 TpaHaT-IJIarHoKIa30BOro Kpucramiocaanna (mpoda 276)
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Hccnedosanus evinonnenvt no meme 20cyoapcmeennozo 3adanus FMEZ-2024-0004.

Cnucok 1uTeparypsl

basnosa T.5., Kopgy @., Toom B. u op. I'ereporennocts crangaptoB 91500 u TEMORA-1 mnst U-Pb natupoBanus
eMMHNYHBIX UpKoHOB // XVIII cummio3nyM no reoxumun u3oTonoB uM. akaa. A.Il. Bunorpamosa: Tes. moxn. (Mocksa,
14-16 nostops 2007 1.). M.: TEOXU PAH, 2007. C. 42-43.
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BO3PACT TIPOTOJIUTA I'IMHO3EMUCTBIX THEVICOB
YYIINHCKOI'O ITIOACA BEJIOMOPCKOU IMTPOBUHIIUNA:
PE3YJbTATHI U-Th-Pb HCCJIEJJOBAHUM IIUPKOHA

CyxanoBa M.A."2, Epogeesa K.I'>*, Anamckas E.B.,
CrenaHnoBa A.B.4, Canpuuxosa E.B.!

" Unemumym 2eonocuu u 2eoxpononozuu doxembpus PAH, mariia.sukhanova.0l @mail.ru
? Canxm-ITemepbypeckuii 2ocydapcmeennbiii yHusepcumen
! Huemumym zeonoauu pyonvix mecmoposicdenuti, nempozpagpuu, munepano2ui u eeoxumuu PAH
Unemumym eeonoeuu Kapenscrkozo nayunozo yenmpa PAH

UynuHCKUN NOSIC SABJISIETCS. OTHUM M3 KIIFOYEBBIX 3JIEMEHTOB B CTPOCHHHM bernoMopckoil mpoOBUH-
UK — foro-3anaanoro ¢opnanaa Jlammanacko-Konbckoro KOmIM3HOHHOTO OpOreHa, PacioI0KeHHO-
ro B ceBepo-BocTOUHOM yacTu denHockananHaBckoro murta (Panauii qokemOpuid. .., 2005). [TpunasaTo
CUUTaTh, YTO MPOTOIUTOM IMOPOJ, crlararoumx YynuHCKuil nosic, 6bun rpayBakku (MbIckoBa u Jp.,
2003), koTopsie B X0/I¢ pa3BUTHs bemomMopckol mpoBUHIMK ABXKbI (2.7 1 1.9 Mapa neT Hazam) moj-
BEPIVINCh METaMOpP(UYECKUM IPeoOpa3oBaHUsAIM B XOJE AKKPEUHMOHHO-KOJIM3MOHHBIX IPOLIECCOB
(CnabynoB u ap., 2021). B Hacrosmiee Bpemsi CYIIECTBYIOT JIMIIb €AMHUYHBIC OIIEHKH BO3pacTa IMpo-
TOJINTA TIIMHO3EMHCTHIX THelcoB UynuHckoro nosca (bubukosa u ap., 1997, 2004; CnabynoB, A3u-
MOB, 2022).

Jlnst ompenieneHust Bo3pacta NpoTOINTa TITMHO3EMHUCTHIX THeiicoB Obutn mpoBeneHsl U-Th-Pb uc-
cnenoBanus nupkona. OTéop 0O6pa3loB MPOBOAMICS HA TPEX YUAacTKaX, PacloIOKEHHBIX B CEBEPHOI
yacTU benoMopckoii MpOBUHIIMK HA pa3InyHOM yAajneHuu ot sapa Jlamnanacko-Koabckoro oporeHa.
U-Th-Pb uccrnenoBanue mupkoHa MpoOBOAMIOCH ¢ Hciofb3oBanrueM Meroaa LA-ICP-MS B UucTutyTe
reosiorun u reoxponosiorun qokem6pust PAH (r. Canxrt-IletepOypr) u B ['eonornyeckoM MHCTUTYTE
PAH (r. Mockga).

IlepBblii y4acTOK pacrosoKeH B CEBEPHON YacTH benoMopckoi MPOBUHLIMY HA PaccTOSTHUU 1 KM
K BOCTOKY OT nocesika Taauno. Grt-Ky-Bt rHeiicbl 3TOro yyactka coliepxat CBETIIO-CEPBIN MOTyIpo-
3pavHblii HUPKOH KOPOTKO- M JUTMHHONIPU3MATUYECKOH, pexxe nzomerpuuHoi opmel. Pazmep 3epen
BapeupyeT B nipeaenax 70—250 mxm. [{upkoH uMeeT ciokHOe BHYTPEHHEE CTPOCHHE: AP0 U 000JI04-
KU (4alle BCEro ABYX TUIOB). YacTb SAep COXpaHAET OCHWIIATOPHYIO 30HAIBHOCTh, OJJHAKO CTEIICHb
METaMHUKTHU3ALUU SAep UCCIeNYeMOro HUPKOHA JOCTaTOYHO BbICOKasl. JIJisi M3y4eHHOTO IIMPKOHA Xa-
pakrepHa AuCcKopAaHTHOCTh —0.26—14.26 %. [lns pacyera Bo3pacTa UCIIOJIb30BAIMCH AHAIU3BI C JHC-
KOpPJIAaHTHOCTBIO He Goree 2 %. Bospact (*°’Pb/2%Pb) snep maxoaures B npemenax 2743-2995 mun
JIET, TaK)K€ MPUCYTCTBYET OAHO PO ¢ Bo3pacToM 3154 MiH sieT. MakcuMyMbl Ha KPUBOM OTHOCH-
TEJIbHOM BEPOATHOCTH BO3PACTOB SIAEP COCTABIAIOT 2.82 mupa jer u 2.96 mupa ner. Bospact
(*“’Pb/**°Pb) paunux 06o0UYeK BapbUpyeT B mpeaenax 25162731 MIH neT, a MAKCHMyM Ha KPHBOIi
OTHOCHTEJIBHON BepOSTHOCTH paBeH 2.64 miH set. Bospact (*°’Pb/?%°Pb) mosguux 060mouek n3MeHs-
ercs B npegenax 1849-2086 miuH net, MakcumyM coctasiseT 1.90 mipa ner.

BTopo#i yyacTok pacmonokeH B LIEHTPaIbHON 4acTH beromMopcKod MPOBUHIIMK MEXIY O3€-
pamu [Muprtozepo u Crenanosa JlamOu B 2 KM K 3anagy oT cTaHuuu AMOapHBIi. beit n3yyen uup-
KOH U3 MHTEHCHUBHO MurMmatuszupoBanHoro Grt-Ky-Bt rueiica. B mopoae B paBHOU cTeneHu npes-
CTaBJIEHbl U30METPUYHBIE, KOPOTKONIPU3MATUUECKUE U JJIMHHONPU3MATHUYECKNE KPUCTAIIIBI LIUP-
KoHa. OKpacka HUPKOHA TaKXkKe CBETJIO-cepasi, KpUCTAJUIbl OJIyNnpo3payuHbl. B crpoennn nupkona
BBIJIEJSAETCS SAPO C XOPOUIO COXPAHUBILIEHCS OCHUIUISTOPHONW 30HAJIBHOCTHIO WIJIM MOJBEpPTIIEEC
c1aboif MeTaMUKTH3allMK U O0OJOYKH JIBYX THUMOB. /[MCKOPIaHTHOCTh M3YyYEHHOTO LIMPKOHA Ba-
ppupyet B npeaenax —0.27-23.82 %. Jlng pacueToB MCIOIb30BAINCH aHAJINU3bI C JUCKOPJAHTHO-
cThio He 6oree 2 %. Bospact (*°'Pb/**°Pb) siaep cocrapister 27722893 MIIH JET, TAKKe HPUCYT-
CTBYET OJJHO 3€pHO, BO3pPACT spa B KOTOPOM COOTBETCTBYET 3216 MiH jieT. MakcuMyM Ha KpUBOU
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OTHOCHTE/IBHOI BEPOATHOCTH Bo3pacTa cocTaister 2.80 mupx ner. Bospact (*“’Pb/*%°Pb) pannnx
06osouek m3Mensiercs ot 2551 1o 2754 muH JieT, BO3pacT MrMKa Ha KPUBOW OTHOCHTEIIbHON BEPOSITHO-
cti — 2.69 mupx ner. Bospact (*“’Pb/*°°Pb) mosmmmx 06onodek BaphUpyeT B AHAmasoHe 1854—
1992 man net, npu 3TOM BO3pacT nuka cocrasiser 1.91 mipp ser.

Tperuit yuacTok pacmoyioxkeH B paiioHe o3epa [ledHoe B 3 KM K BOCTOKY OT Mocesika AMOapHBIN.
N3yuenHas mopoja npeacTaBisieT coboil MHTeHCMBHO MUTrMatu3upoBaHHbid Grt-Ky-Bt raeiic. [up-
KOH [PEUMYILECTBEHHO  KOPOTKOMPU3MATUYECKUH W  JJTMHHONPU3MATUYECKUN,  CEpoBaTo-
KOPUYHEBBIH, MOJYyNIpO3payHbliil. BHyTpeHHEe CTpOeHrE aHAJIOTUYHO CTPOEHUIO IIMPKOHA U3 THEMCOB
C JIBYX JIPYTUX YYaCTKOB, COXPAHHOCTh sijiep Xopomas. /s u3y4eHHOro nHupKoHa XapakTepHa AHcC-
kopaaHTHOCTb 0.1-45.5 %. /Ins pacuera Bo3pacTta UCIOIb30BATUCH AHAIU3bI C TUCKOPIAaHTHOCTBIO HE
6onee 10 %. Bospact (*"’Pb/*°Pb) smep Bapsupyer B unTepBane 2778—2838 MIH €T, MAKCHMYM Ha
KPUBOH OTHOCHTENBHOI BepOsTHOCTH cocTaBmsiet 2.82 mupx set. Bospact (2’ Pb/*°°Pb) pannux 060-
nouek — 2583-2695 mutH net, MakcumMyM — 2.63 mipx net. Bospact (*°’Pb/2%Pb) mosmuux obomouex
coctabiisieT 1853—1886 muH set, makcumym — 1.85 muipn Jer.

Takum 00pa3oM, BO BCeX M3YU4EHHBIX 00pa3iax MPOSBICH BO3PACTHON MakCHMyM 2.8 MIIpJ JIET,
YTO MOXET CBHJETEIBCTBOBATH O TOM, YTO MPOTOJUT TJIMHO3EMUCTHIX THeNcoB UynuHCKOro mosica
B CEBEPHOMN M IEHTpaJIbHON yacTiax bemoMopckoil mpoBUHIMM UMeN obliee IPOUCXOXKACHUE U 00pa-
30Bajicsl He paHee 2.8 Mip/ JieT Hazal. [lomydeHHble TaHHBIE B II€JIOM COBIMAJIAIOT C ONMYOIMKOBAHHBI-
MU paHee OILIECHKaMH BO3pacTa. DTO MO3BOJIAET MPEIoJiaraTh, YTO B KAYECTBE UCTOUHUKOB IIPOTOJIUTA
3TUX THEHMCOB MOIUIM BbICTyMNaTh nmopoasl TTI-accommannu beaomopckol MpOBUHLIMKM C BO3PACTOM
2.80-2.83 mupn net (CnaGynos, 2008). Bo3pact paHHUX U MO3THUX 000JI0UYEK IUPKOHA U3 00pa3IIoB,
OTOOpaHHBIX B Pa3HBIX YacTsIX bernoMopckoi MPOBUHIMH, TaKXKE COBMAIAET, YTO MOXKET ObITH CBsI3a-
HO C METaMOP(UIECKUMHU COOBITUSAMU, TPOUCXOJAUBIIMMH B PETUOHE. ITOT (aKT MOATBEPIKIACT BO3-
pacT MOHaIUTA U3 TIMHO3EMHUCTHIX THeicoB UynuHckoro mosica: 1857 + 4 u 2727 + 46 mnn net (Cy-
XaHoBa u Ap., 2022).

Hccneoosanus aensaiomes exnaoom 6 peanusayuro memvl FMEN-2023-0009 UI" KapHI] PAH.
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INPUMEHEHHE AJI'OPUTMOB MAHIMHHOI'O OBYYEHHU S
JJIA JIMTOJTIOI'MYECKOU UHTEPIIPETAIIUU PA3ZPE3A CKBAKUH
1O JAHHBIM I'C

Taabi6oBa M.M." 2, CrapoceJien I[.A.1

! Tiomencuti Hnoycmpuansheiii Yuusepcumem, mylerav@mail.ru
2 I'voleo

Beenenme. [lannsie reopusnueckux uccnenpoBanuii ckpaxkud (I'MIC) SBisIOTCS OCHOBHBIMU Ma-
TepUajlaMy JIJIsl ONIPEAEIEHUs JINTOJIOTUN KOMIUIEKCca ropHBIX nopo. Kak nmpasuiio, mpouecc MHTEp-
npeTauuu reoQU3nYecKrX HCCIeI0BaHUMN CIEHUATUCTOM-TeO(PU3NKOM MPOBOAUTCS BPYUHYIO U Tpe-
OyeT 3HauUMTENIbHBIX BPEMEHHBIX 3aTpPaT, K TOMY K€ caM pe3yJbTaT WHTEPIPETAIlMd BO MHOTOM 3aBH-
CHUT OT OIIbITa, KBATHU(PHUKAIIMN UCTIONHUTENEH. PacxoxaeHus B pe3yabTaTe HTOTOBOW MHTEPIPETAIUN
BO MHOTOM CBSI3aHbI C TEMH CIIy4assMH, KOT/1a JINTOTUII XapaKTEPU3YETCs IOJMKOMIIOHEHTHBIM COCTa-
BOM, CMEIIIEHHEM HECKOJbKUX MHUHEPaJIbHBIX WM (DPAKUMOHHBIX Pa3HOCTEH, KOTOPBIE CTAHOBSTCS
IPUYMHON BAapUATHBHOCTH JUArHOCTHKH LIEIEBBIX TOPU3OHTOB M OINPEAEICHHON YCIOBHOCTH BBlJIE-
JICHUsI OTHENIbHBIX JUTOTUIOB. OCHOBHBIM HAIIPAaBICEHHEM COBPEMEHHOI MOBECTKH aBTOMAaTH3alUU
unrepnperanuu [MC crano mammuHOe o0y4yeHHE, IPUMEHEHHE KOTOPOro B 0003pUMOM OyaylieM
MO3BOJIUT 3HAYUTENBHO YCKOPUTH MPOIECC MHTEPIPETALUU U TOCIMOCOOCTBYET MONYYEHHIO Oojiee
KOPPEKTHBIX Pe3ylbTaToOB, YCTPAHUB TEXHHUECKHE OIIMOKH crenuamucra-uHtepnperatopa (Kounes
u ap., 2020).

Ha coBpeMeHHOM 3Tamne pa3BUTHs MAaIIMHHOE OO0y4YeHHE CIOCOOHO pelIaTh IENbId psf 3a1ad.
Cpenu HUX TakHe 3a/a4yH, KaK perpeccus, Kiaccudukanus, kiacrepusanus u 1.1. CaMo *e MalluH-
HOe O0y4YeHHEe MOJpPa3/eNsIeTcss Ha 2 OCHOBHBIX MOAX0Ja 00y4YeHus: o0yueHHue ¢ ydureneM (To ecTb
QITOPUTM UCHOJIB3YET MPUMEP, JaHHBIA €My CIIELUATUCTOM) U 0e3 yuuTens (aJITOpUTM MOApa3aeseT
JaHHBIE Ha KJIacChl HA OCHOBaHMU uX rpynnupyemoctu) (Kypranos, 2020).

Ilenp HacTOSIIMX HCCIEIOBAaHUM 3aKIIO4aeTcs B anpoOWpPOBAHHMM aJrOpUTMa MAIIMHHOTO 00Yy-
yeHus: «CirydaiiHbIN JIeC» U COMOCTABJICHUH TOIYYEHHBIX PE3YJIbTaTOB C pe3yJbTaTaMu PyYHOU WH-
TeprpeTarum.

[Ipu BBINOJHEHUH HCCIIEAOBAHMS BXOJHBIMU MaTepHallaMH TOCIYKWIH CIEIYIOIUE METOMIbI
['UC: (1) ramma-kaportax (I'K) u meitrponnsiit kaporax (HK) mo 5 ckBaxkuHam (4 ckBaXuHBI — 00Yy-
yaromas BeIOOpKa, 1 CKBaXXHMHa — TecTUpyeMasi), (2) py4Has jautosnorndyeckas unreprperanus [UC.
TectupyembiM cTpaTurpad@uyecKuM UHTEPBAJIOM MOCIYXUIU aYUMOBCKHE OTJIOKEHHSI HHXKHETO Me-
Ja, B pa3pe3e KOTOpBIX BBIIEISUINCH Clenylomue JUTOTUNbL: (1) mecyaHuk (Iopoaa-KoJIeKTop),
(2) TIUHBI ¥ aJIEBPOJUTHI (COBMECTHO) — TOPOABI-HEKOJIJIEKTOPA, (3) mecuanass kKapOOHATH3UPOBaHHAS
nopo/a (TioTHas nopoza) (Iopoaa-HeKOJUIEKTOP).

[Tockonbky mporiecc uHTEprpeTanuu spisercs arpudyruzanueid [ IC k coOTBETCTBYIOMNUM JH-
TOJIOTHUECKUM THUIIAM TOPOJI, TO B HACTOSILEM cilydae pemraercs 3aaada kinaccupukanuu (Kounes u
ap., 2020). Ona 3akaro4yaeTcss B TOM, YTO MaIlIMHHOE OOYYEHHE OIpeaeIsaeT, K KakoMy u3 N KJI1accoB
npuHaanexuT o0bekT. [log N kiaccamMu moapa3ymMeBarOTCs JIMTOTHUIIBI, KOTOPbIE MallWHA JOJDKHA
BBIIETIUTh HA OCHOBAHMU TOJYYEHHBIX 3HAHWUM, B XoJe oOydeHud. [ MalmIMHHONW MHTEpHpeTanuu
UCIIOJIb30Bajach MoJeNb 00ydeHus «CiydailHbIi ecy.

B cBoto ouepens, JaHHbIE, BbIJaBaeMble MalllMHE HA 00y4YeHUe, MOAPAa3AeNaioTCs Ha GaKTUIECKU
Uaylme Ha oOydeHue u Te, 4YTO MpeIHa3HAuyaloTCs Uil CaMONIPOBEPKHU. B HacTosIemM uccieaoBaHuu
OHM OynyT Ha3BaHbI BaJIUAALMOHHBIMU U COCTABIAIOT 25 % OT mepeqaHHBIX JaHHBIX Ha OOydeHUe.
[locne mpoBeneHus oOydeHUs B pe3ysbTaTe BalUAalMH ObUTM TOJIYYEHBI CIEIyIOIIUEe 3HAUYCHUS
OLICHKU TOYHOCTH:
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3HaYeHHs] B MATEeMAaTHYECKHX METPHKaX
OO1mast yCrenrHocTsb, % 85
Koaddunument ycnennoctu (rinusa), % 90
Koadpunuenr ycnemnocru (necuanuk), % 65
Koadpunment ycnemnoctu (III0THLIH), % 63

Takum 00pa3oM, MOKHO OTMETHUTH, YTO C HAUOOJIBIIIUM COBITAJICHUEM C PYYHOU MHTEpIIpETaIueit
ObUI BBIJICJICH JTUTOTHUIT «TIIHHAY.

Hcxons u3 moydeHHBIX pe3ysbTaTOB B METPUKAX, MPOBEACHHOE OOydeHUE MPUHATO CUUTATh
ycnenHbIM. Takast orieHka Oblla 1aHa Ha OCHOBAHUU OOIIEH COTIacyeMOCTH pe3yIbTaTOB MAIIMHHON
uHTepnpeTanuu ¢ pyuHoi. [Tox Helt monpaszymeBaercs, 4To B o0IIEM B TeX e UHTEpBajax, IJe BbISIB-
JIeHBI, K IPUMEPY, NMECYaHUKU B PYYHOM MHTEPIPETALNH, TAK)KE OHU BBIIEJIECHBI M B MaIIMHHOM. O0-
iee OTJIMYME JIUIIb CBSI3aHO C MOIIHOCTSIMH, OTHOCUMBIMU K KOHKPETHOMY JINTOTHITY.

Kak B py4Hoif, Tak 1 B MamMHHOM MHTEpnperanuu odnactu meronoB 'K u HK pacnpenenumuce
Ha TPU OTHOCHUTEIBHO 000COOJIEHHBIE TPYIIIBI TOUeK (puc.). s pydHON HHTEpIIpeTaIlluy XapaKkTepHa
Oonpliasi 30HAa MEPECeUEHHs] TOYEK pa3IMYHBIX JUTOTHIIOB MEXIy c000i, B TO Bpems Kak
B MAIIMHHOW WHTEPIPETAIMH TOYKH B OOJNbIIEH cTereHn TudGepeHIpOBaHbl.
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Pe3ynbpTathl BEIBECHUS JIMTOTUIIOB B Pa3pe3e TECTUPYEMON CKBa)KHUHbI
1 AMarpaMMBbl paclpeAeeHHs 3HaY€HUH JTUTOTUIIOB IPY PYYHOM U MaIllIMHHOM MHTEPIIpETaLUAX
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Kak 3ameTHO Ha pa3pe3e CKBaKUHBI, 3HAUUTEJIbHAS YaCTh MIECYaHbIX MMOPOJI PYUHON HMHTEpIIpeTa-
IIMM COXpaHEHa W MallMHHBIM aJITOPUTMOM. BmecTe ¢ TeM B MHTEpBalie, ONPEICICHHOM PYYHOH WH-
TepIpeTanei Kak MIMHUCTHIN, HA OCHOBAaHUH MAJIOAMIUTUTYAHBIX (PIyKTyaluii KpUBBIX alrOPUTMOM
BBIJICJICHBI TOHKHE TPOCIION TeCYaHnKa. Takke B OTICNBHBIX CIy4asX BMECTO IUIOTHOH MOPOJbI UH-
TepBajy ObUT IPUCBOCH JINTOTUI «TIECUYAHHK.

Hcxons M3 MOydeHHBIX PE3yJIbTaTOB MOXHO CIIENIaTh PsiJi BBIBOAOB. Tak, OoibIas 000co0IeH-
HOCTh 3HAYCHHMH MapaMeTPOB JIMUTOTUIIOB SBISETCS MOJIOKHUTEIBHBIM (DaKTOPOM MHTEpIpETalnH, I10-
CKOJIbKY TIO3BOJISIET O0Jiee €IMHOOOPA3HO MPOBOANTH JIUTOTHUITU3AINIO. BMecTe ¢ TeM Bce ke MpHCyT-
CTBYIOT OTJIETBI TOUEK JIMTOTHIIOB B «UYyXYIO» TPYIIY, YTO MOXET OBITh CBSI3aHO Kak ¢ HeJ00Oy4YeH-
HOCTBIO WJIHM TIEPEOOYICHHOCTHIO MOJICIH, TaK H C HECOBEPIIEHCTBOM caMoro anroputma. [lockomabKy
3HAYeHUsI MATPULIBI OLTHOOK SBHO CBHJIETEILCTBYIOT O TOM, YTO QJITOPUTM B MOJHOM Mepe HE MOBTO-
PSET MHTEPIPETAIUIO CIICIIUAINCTA, TO B TIOCIEAYIOIIEM TPeOyeTcsl MPOBEepKa IKCIEPTOM MOTyUdeH-
HBIX PE3yJIbTaTOB MAIIMHHOW MHTEPIPETALUH IS IPUMEHEHHS, K IPUMEPY, B TIOJICUETE 3a11acoB.

Takum 0Opa3om, B paMKax HACTOSIIETO MCCICIOBAaHM BBISABICHO cieayromiee: (1) momens ma-
MIMHHOTO 00ydeHus «Ciy4aiiHblii Jiecy» crocobHa 3((eKTUBHO BBIACTATh HHTEPBAT PAa3BUTHUS MTOPOI-
KOJIJICKTOPOB, YTO MO3BOJISIET MCIIOJIb30BaTh €€ JIUIsl MEPBUYHON MHTepnpeTanuu; (2) BMECTe C TeM,
JUI TOYHOW (pukcanuu 00BbEeMOB A(PPEKTHUBHBIX TOJIIMH TpeOyeTcss MpOoBEpKa NAHHBIX CIICHUAIH-
CTOM-3KcTiepToM; (3) MamMHHOMY aJIrOPUTMYy CBOWCTBEHHO pearupoBaHHE Ha cllaboe HM3MEHEHHe
kpuBblX [MIC, 4TO NPHBOAMT K BBIIEICHUIO TOHKUX IO MOILIHOCTH JIUTOJIOTHYECKUX Pa3HOCTEH;
(4) TOCKOJIbKY, KaK TpPaBWJIO, B TEPPUTCHHOM pa3pe3e Hauboyiee pacrpOCTPAaHCHHBIM JIUTOJOTHYEC-
CKUM THIIOM SIBJISIOTCS TJIMHBI, PEKOMEHYeTCsl oA0UpaTh uis 0OyueHHsl MOAETH C Hanbosee pas-
HOMEPHBIM pacrpeAesiCHHEeM JTUTOTHIIOB IO 00beMaM, YTO MO3BOJIUT MUHUMHU3UPOBAThH (aKTOp Hepe-
00y4YeHHUsT MOJICIIH.

Cnucok JuTepaTypsbl

3aneunuxos C.B. Moaenn u alnropuTMbl KOHPHUICHIINAIHLHOTO MAIIMHHOTO 00y4enwus // besonacHocTs nHOpMaIm-
oHHBIX TexHonoruii. 2020. T.27, Ne 1. C. 51-67.

Kounes A.A., Kozvipes H J[., Kounesa O.E., I'aakun C.B. Pa3zpaboTka KOMIUIEKCHONH METOAWKH MPOTHO3a 3 (HEeKTHB-
HOCTH T€0JIOTO-TEXHUYECKUX MEPOTIPHATHIA Ha OCHOBE allTOPUTMOB MaImMHHOTO o0ydenHwus // I'eopecypcenl. 2020. T. 22,
Ne 3. C. 79-86.

Kypeanos /[.B. O6 omHOM Meroje KiaccH(UKanuU HE(TSHOTO MECTOPOXKACHHS C HCIOJIB30BAHUEM KOMILIEKCa
Te0JIOTO-TIPOMBICIIOBBIX JaHHBIX MammuHHOTO o0ydenust // Becruuk HI'Y. Cepust: MH]opmannoHHBIE TEXHOJIOTHH.
2020. T. 18, Ne 1. C. 27-35.
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MHUHEPAJIOI'MYECKHUE OCOBEHHOCTH
MEJIKOAUCIIEPCHBIX KATAJIM3ATOPOB,
NHUIUHUPYIOIUX ITPOLHECCHI OKHCJIEHUA IIYHT'UTA

TepenTheB A.A.

Hnemumym eeonocuu Kapenvckoeo nayunoeo yenmpa PAH, alex.terentev27@mail.ru
Tlempo3zasoockuii 2ocydapcmeeHHblL YyHUGEpCUMEm

Beenenne. IllynrutoBsie mopoasl Kapemun o0OpasyioT Oonbliyl0o U pasHOOOpasHYIO TpYIITy
IpeBHUX (~2 Mupj JieT) yriepoacoaepxkamux mopona. Coaepkanue yriaepoja (ITyHTHTa) B TIOPOJE
cocTaBisieT oT goJei 10 99 %. OcoOblif MHTEpeC B UCCIIEA0BAHUH IIIYHTUTOBBIX MOPOJT IPECTABISET
B3aMMOJICICTBHE YIIIEPOIUCTOTO BEIIECTBA C HEYTIIEPOAHBIMU KOMIIOHEHTAMU, KOTOPOE MPOSBISAETCS
KaK Ha dTamax oO0pa3oBaHUs MOPObI, TAK U MPU UX MPAKTUIECKOM HCIIOJIB30BAaHUHA BO MHOTHX (PU3H-
KO-XMMHUYECKUX Tpoleccax. B 4acTHOCTH, B re0J0rH4YeCKUX MPOIeccax BBIACISAETCS Psi FeoXUMHUYe-
CKUX (YHKIMH YTIEpPOJUCTOrO BEIIECTBA, KOTOPOE MOXKET OKa3blBaTh BIMSHUE Ha (UHKO-
XUMHUYECKYI0O 00CTaHOBKY Cpebl U BBICTYIATh B KaueCTBE MEPEHOCUMKA M OCAJAUTENS METAJIOB Iie-
PEMEHHOI BaJICHTHOCTH, a TaKXKE, UTPATh BAKHYIO POJIb B PYJOOTIIONKECHUH KaK T€OXHUMHYECKUN Oa-
peep s pyaabix kommnoneHToB (FOmosuy, Kerpuc, 1994). [IlyHruTOBBIE TOPOBI IPEICTABIISIOT CO-
0Ol CIIOKHBIE YTIIepOI-MHUHEPATbHBIE KOMIIO3UIIMOHHBIC MaTepUaNbl, BKIIOYAIOIINE B CBOW COCTaB
MIOMUMO YTJIEpO/ia IMUPOKUMA CIIEKTP MaKpo- M MUKpodnemeHToB (Punmunmos, 2002). Ilepssie (Si, Fe,
Ti, Al, Ca, Mg, Mn, K, Na) BXxoasT, B OCHOBHOM, B IOPOJ000pa3yIOIIe MHHEPAIbI, TAKHE KaK KBapil,
CITIOJIA, XJIOPHT, allbOUT, KaJdbIUT U 10JoMUT. MukposnemenTs! (Cu, Zn, Co, Ni, Cr, V, Mo, Pb, S,
As, Se u Tp.) CBsI3aHBI C aKIIECCOPHBIMH, B OCHOBHOM, CyNb(puaHbIMI MuHEepaiiaMu. Cpeny HUX M-
PUT, BUOJIAPUT, XAJIBKOIIUPUT, chajeput, MUIIEPUT U IPYTHE, a TAK)KE CIOUCThIE CHIIMKATHI — POCKO-
amut U naparonut (Gumunmos, 2002). Ograko Hanbosee MPeaNOYTUTEILHBIME JUISI UCCIICIOBAHUS
CJIOXHBIX MPOIIECCOB B3aMMOJEHCTBUS YIJIEPOIUCTOrO BEIIECTBA U MUHEPAIbHBIX KOMIIOHEHT SIBIISI-
torcs myHruThl (C = 98 %), coneprkalye MUPOKUN CIEKTP MUKPO3JIEMEHTOB, B TOM YUCJIE KaTalu-
trnueckn akTuBHBIX (Kovalevski, Moshnikov, 2022). [Ipu sTom Hambosiee Ba)KHBIM BHIOM TaKOTO
B3aUMOJICHCTBUS SIBISIETCS OKHMCICHHE YTIIEPOAMCTOrO BEIIECTBA, KOTOPOE M3MEHSET CBOWCTBA €ro
MOBEPXHOCTU U BJIMSIET HA MHOTHE (PU3UKO-XUMUYECKUE MPOIECCHl MPU MPAKTHUYECKOM HCIOJIb30Ba-
HUU IIYHTUTOBBIX TIOPO/I.

Iean padorsl. Ha nmpumepe myHruTa BBIIBUTh OCOOCHHOCTH KAaTaJUTUYECKOTO BIIUSIHUS MU-
HEPAJIBHBIX MHUKPO- M HAaHOPa3MEpPHBIX KOMIIOHEHT Ha MpeoOpa3oBaHHE yTiepoja B MpoIleccax
OKHCIICHUS.

Mertoanl ncciaenoBanus. /s vccnenoBanus ObUTH BEIOPaHBI 00PA3Ibl IIYHTUTA U3 MECTOPOXKIC-
Hus lynera, conepxkamue He MmeHee 98 % yrinepona. OOpa3ibl MoABEprajiuch MEXaHUUECKOM oOpa-
00TKe A1 TIpeaHust GOPMBI TIOCKOMAPAUICIBHBIX TUIACTUHOK U 00padaThIBaIMCh CIIUPTOM IS yJa-
JICHUS 3arpsi3HEHUN ¢ MX ToBepXHOCTH. Jlasee 0Opa3ipl MOABEPraIuch CTYIEHYaTON TePMUIECKON 00-
paboTtke B My(enbpHOM Teun s yAaleHus BJIarkd U3 MHUKPOIIOp, Uil TOTO 4TOoOBI M30eXaTh paspylie-
HUs 00pasios, mpu temneparype oT 100 go 400 °C B Teyenne npuOImM3UTENsHO 2 yacoB. [Ipu 3ToM He
HaOJII0a7I0Ch BUAMMBIX CIIEOB OKUCIICHUS IIYHTUTA. TepMHUECKOe OKUCIEHUE ITYHTUTa IPOBOIUIOCH
npu temmneparype 550 °C B TeyeHue 15 MUHYT M 0Ka3aJ10Ch BU3YaJIbHO 3aMETHBIM. Te€pMHUUYECKH OKHC-
JICHHBIE 00pa3I[bl UCCIIEAOBATNCH HA CKAaHUPYIOIIEM dIeKTpoHHOM Mukpockone (COM) VEGA 11 LSH
bupmbl Tescan ¢ sHeprerudeckoi anamusupyromerd npuctaBkoi INCA Energy dupmer Oxford
Instruments, a Taxxe Ha J1azepHOM ckaHupytoiieM Mukpockorne Keyence VK-9700.

Pe3yabTarhl HccaenoBanusi m oo6cyxaeHune. VccienoBanue moBepXHOCTH OKHMCIEHHBIX 00-
Pa3loB IMIYHTUTA C TTIOMOIILI0 CKAaHUPYIOMIEH 3JIEKTPOHHON MUKPOCKOTHH BBISIBUJIO HAJIU4He 00Ja-
cTell HamboJiee aKTUBHOTO OKHCJICHHUS, KOTOpbIe UMEIOT (popMy, OIM3KYI0 K OKpYXHOCTH (pHc. 1).
B ob6nactu okucnenus (cM. puc. 1, cnextp 1) BBISBISETCS TOBOJIBHO KPYITHAsl YaCTUIA CO CIIOXKHBIM
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COCTaBOM, BKJIIOYAIOLINM PsiJl KATaJUTUYECKH aKTUBHBIX AJIEMEHTOB: BaHA/IUH, jKejIe30, HUKelb. Bme-
CTE€ C TeM B 00JIaCTH OKHCIICHUS (CM. puc.l, criekTp 2) HaOMogaeTCsl MEHbIIAs 10 pa3MepaM YacTHIIA,
coJiepkaiiasi ToIbKo BaHaaui. Cienyer OTMETHTb, YTO TaKke Oblla 0OHapy)KeHa 00J1acTh OKUCICHHS
C BeChMa MaJloi YacTUIIEH OTHOCUTEIBHO pa3Mepa 3Tor oomactu (cM. puc. 1, cnektp 3), comeprkammas
MOJIMO/ICH, YTO MOKET TOBOPUTH O €ro JIy4yllIel KaTalIuTHYeCKOH akTUBHOCTU. Takum oOpazom, oOpa-
30BaHUE 00JIaCTel aKTUBHOTO OKUCIICHHSI MHUIMHPYETCS COJACPKAHUEM Pa3IMUYHBIX KaTaIUTHUYECKH
aKTUBHBIX 3JIEMEHTOB. bojee TmiateiapbHOE HCClIEOBAaHHE IOKa3ajo, YTo oOpa3oBaHUE oOnacTei
OKHUCJICHUS OMpEJeAeTcss He TOJIbKO HAIMYMEM KaTAIUTUYECKH aKTUBHOTO AJIEMEHTa, HO U MHUHEpa-
JIOM, B COCTaBe KOTOporo oH Haxoaurtcs. Hanpumep, yactuna (puc. 2, cnekrp 1), conepskaiast BaHa-
IUi, BbI3BaJIa 00pa3oBaHKME O0JACTH OKHMCIICHMS, a 4acTHIA (CM. PHC. 2, CIEKTP 2), TaKXKe CoJepKa-
niasi BaHaAWM, HeT. Paznmuue »TuX gacTuil 00yCIOBIEHO, COTIIACHO CIeKTpaM (Tabmuia, puc. 2), pas-
JUYHBIM MHHEPAJIOTMYECKUM COCTOSTHUEM, MepBasi — MPEANoNoKUTEIbHO KapOUIoM BaHaAUs, a BTO-
past — BaHagueBoi ciogoi (pockoanutoM) (Kovalevski, Moshnikov, 2022). CnenoBarensHO, Ha KaTa-
JUTUYECKYIO CIIOCOOHOCTH 3JIEMEHTA MOXKET BIUATH TUIl MUHEpaJia, B COCTaBE KOTOPOTO OH HAXOAUTCS.

20pm Electran Image 1 10pm Electran Image 1

Puc. 1. COM u3o0pakeHre NoBepxHOCTH IyHruta  Puc. 2. COM u3o0paxkeHue MoBepXHOCTH LTYHTUTA
¢ 00J1acTSIMU OKUCIICHHS U YacTUL[AMHU ¢ 005acTsAMu OKUCIICHHS U V-COAepKaIUMHU
V- u Mo-cozepKamunx KaTain3aTopoB JaCTHIIAMHU B COCTAaBE Pa3HbIX MUHEPATIOB

MI/IKpOZ)JIeMeHTHBIﬁ COCTaB 00J1acTeli AaKTHBHOI'O OKUCIICHUS

Ciekrp | O | Na | Al | Si [ S [ c | K [ Ti | V] Fe]| Ni | As | Mo | Total
Puc. 1

1 38.1 | 4.21 338 1029 ] 072058281 ]136]175]5.76 100.00

2 49.9 | 6.35 1.08 | 0.82 | 1.12 40.7 100.00

3 56.6 10.0 33.4 | 100.00
Puc. 2

1 526 ] 77 13 [ 11 ] 19 35.5 100.00

2 595 ] 39 [ 86 | 177 7.7 2.6 100.00
Puc. 3

1 539 [ 9.7 2.5 23 315 100.00

2 417 | 6.1 0.88 1.5 475 | 23 100.00

3 318 [ 27 [ 29 [ 106 | 1.87 2.8 296 | 18 | 119 ] 3.9 100.00

HpI/IMe‘IaHI/Ie. BCJ'IC,HCTBI/IG MaJIbIX pa3MepoB o0JtacTeil aHaIM3 HOCUT KaYeCTBEHHBIN XapakTep U MnepecHuTal Ha 6€3yrne—
POAUCTYIO COCTABJIAIOIILYTO.
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Ha pucynke 3 nHaOmromaercs oOpa3oBaHHME pazIUYHBIX IO pa3MepaM o0JacTe OKHCIEHHUS O]
BIIUSIHUEM YACTHI] Pa3IMYHOrO cocTaBa (Tabmuua). Mcxoas u3 pe3ysbTaToB dHEPro-IUCcCIepCUOHHOTO
aHaJM3a, MOKHO CJIeNaTh BBIBOJ O TOM, YTO B 3aBUCUMOCTH OT KOJIMYECTBEHHOIO COJIEPKAHUSI BaHAIHS
¥ MUHepaJia, B COCTaBe KOTOPOTO OH MPUCYTCTBYET, MOXKET MEHSIThCS €r0 KaTaTUTH4YeCKas aKTUBHOCTb.
B nureparype ormeudaercsi, 4TO NpPUPOAA OKPYKEHHSI MOXET BIUSTh Ha CTPYKTYpYy KaTajluzaropa
U, B CBOIO O4epelb, OKa3bIBaTh CYIIECTBEHHOE BIUSIHUE HA €ro akTuBHOCTH (Kanues u np., 2016).

Penped obmacteli OKUCIIEHHSI HCCIIETIOBAIICS TIPH TIOMOIITH JIA3ePHOT0 CKAaHUPYIOMIETO MHUKPOCKO-
na. beumn noiydensl Mukpodororpaduu, Ha KOTOPHIX, ¢ UCMONIb30BaHueM mpuiaraemoro 10, 6wt
MpoBeIEH MPOMUIBHBIN aHaN3, MO3BOJUBIINN MMOTYYUTh MPUOIMKEHHOE TPEICTaBIeHHE O (Popme
UCCIIelyeMbIX 00JIacTeld, a IMEHHO — HEOJTHOPOJHOCTh JHA 1o penbedy (puc. 4). CiemyeT Takxe oT-
METHTB, YTO 3aMeTHA MINHIpUIecKas hopmMa 00IacTy.

Spectrum 2

.

20pum Electron Image 1

Puc. 3. COM wu3o0pakeHre NOBEPXHOCTH LIyHTUTa Puc. 4. NU300paxenue npopuiibHOTO aHann3a 0JHON
¢ 001acTAMU OKHCIEHHs U V-coAepKalliMU u3 obsiacTeld OKHUCIIEHHsI ¢ ONTHYECKOT0 MUKPOCKOTa
YacTHLIAMU B PA3HBIX MPOMOPLIUIX

BriBoanI

1. B mynrute u3 mecropoxnaenus lllyHpra nmpucyTCTBYIOT MENKOIUCIEPCHbIE MUHEpAbl, OKa-
3BIBAIOIIME KATAIUTUYECKOE BIUSHUE HA OKUCIICHHUE [ITYHTUTA.

2. KatanuzaTopsl MOTYT UMETh Pa3HbIA COCTAaB U pa3Mephl, KOTOPbIE MOTYT BJIUATH Ha BUJ 00J1a-
CTH OKHCIICHHUSI.

3. CocTaB MpeAnooKUTEIbHBIX KaTaTN3aTOPOB MPEICTAaBIICH, B OCHOBHOM, MeTalIaMu 4 mepu-
oJa.

4. Katanmutrdeckasi CIOCOOHOCTB AJIEMEHTOB OIPEJIENSIETCS, B YaCTHOCTH, MUHEPAJIOM, B COCTaBe
KOTOpPOTO OHHU MIPUCYTCTBYIOT.

Aemop evipadicaem dnrazooaprocms Koeanesckomy B.B. 3a kpumuueckue 3amedanus.

Paboma ewinonnena 6 pamxax I'ocyoapemeennoeo saoanusi Hnemumyma 2eonoeuu KapHI] PAH
¢ ucnonawvzosanuem oovopyoosanus I{KII KapHI] PAH.
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KPUCTAJJIOOBPA30BAHMUME ITPU TEPMUYECKOM OKHCJIEHUU ITYHI'UTA
HUI'O3EPCKOI'O MECTOPOXIEHUSA

Tosnenen T.1O.
Hnemumym eeonocuu Kapenvckozo nayunozo yenmpa PAH, t.tovpenets@yandex.ru

Beenenue. IllyHruTOBBIE MOPOJBI — TPYMNa YIIEPOACOACPKAIUX BYIKAHOTEHHO-OCATOUYHBIX
M 0CaJIOUYHBIX JokemOpuiickux mopoxa Kapemuu. B ux cocra Bxomsat ot 1 10 99 % yraepoaucroro Be-
niecTBa (LIyHTUTa), a TaKKe KBapll, aTlOMOCHJIMKATHI, KApOOHAThl, B HE3HAUUTEILHOM KOJIHUYECTBE —
cynbuapl. llynruroBas mopona ¢ copepxkanuem yriepogaa 98-99 mac. % (Buseck et al., 1997; van
Zuilen et al., 2012) siBnsieTcst KpaitHUM YICHOM pPsiia B TPEoOpa30BaHUK OMTyMa aHAJIOTHYHO rpaduTy B
cootBeTcTBUM ¢ quarpammoit Ban Kpesenena (Cornelius, 1987) u npeacrasnsier coboii Herpaputupye-
MBI yriiepo, 6osee OM3Kui K QyuiepeHonoj00HOMY, YeM K rpaduTy, Ha YpOBHE HaIMOJIEKYISIPHOM,
aTOMHOM M 30HHOM (311eKTpoHHOI) cTpykTyphl (KoBaneBckuii, 2009). B myHrure npucyTcTByIOT Ipu-
MECH TETPOTE€HHBIX U PEJIKUX 3JIEMEHTOB, KOTOPbIE MOTYT BXOJIUTh B MHUKpPO- U HAHOpPa3MEpHbIE KpH-
cramuiel 1 kiactepsl (Ketris, Yudovich, 2009), a Takxke cioeBbie TPUMECH, HHTEPKATUPYIOIINE YTIIePOT
(Kovalevski, Moshnikov, 2022). [Tpomeccbl 00pa3oBaHus MUKPOKPUCTA/UIOB B IITYHTUTOBOM BEIIECTBE
SIBISIFOTCSL. MAJIOMCCIIEJOBAaHHBIMU M TUCKYCCHOHHBIMU. [IpuMepoM CIyHUT MPUCYTCTBHE B IIYHTUTE
KapOuJ0B BaHaIUs, KOTOPBIE MPEANOIOKUTENFHO ObUTH A€CYOIMMUPOBAaHbl U3 HarpeThiX CUILHO BOC-
CTaHOBJICHHBIX I'a30B, BHEIPEHHBIX B yraeposucroe BemectBo (Kovalevski, Moshnikov, 2022).

Panee (Toemenern, 2023) ObUIO MOKAa3aHO, YTO MPU TEPMHUUYECKOM OKHUCIECHWU IIYHTHUTA MECTO-
poxnaenus Lllynbra (3aoHexbe) MPOUCXOAUT 00pa30BaHNE KPUCTAIUIOB OYNT(HOHTEHHUTA, KOPHYOUTA
u aianuta (puc. 1). [losiBieHne Tex UIU MHBIX KPUCTAJUIMYECKUX COEAMHEHUN ONMpeeNsioch TeM-
nepaTypoi, Ipyu KOTOPOH OCYIIECTBIISIOCHh OKUCIIeHUE HIyHruTa. CHHTE3UpPOBAHHBIE KPUCTAJUIBI HE
00HapyXUBAIOTCS TIPU UCCIIETOBAaHUM MCXOIHBIX 00pa3loB M BCTPEUAIOTCS B MPUPOAHBIX 0OCTaHOB-
Kax, HE XapaKTEePHbIX JJIS TeHe3uca IyHTruTa. BeposTHeIM criocobom 0O6pa3oBaHusi MUKPOKPHCTAIIIOB
SIBJISIICSI MEXaHU3M «OPUEHTHPOBAHHOTO cparuBanus dactuiy (MBanoB u ap., 2014), mocpencTBom
KOTOPOT'O NMPUMECH LIYHTHTA, BEICBOOOKIAIOMINECS B XOA€ TEPMHUUECKOT0 OKHCICHHS, 00pa3yioT Ha-
HOKJIACTEPhl U MUKPOKPHUCTAILIBL.

Puc. 1. ®otorpadhu MUKPOKPUCTAIIIOB B OTPAYKECHHBIX JIEKTPOHAX
(a — annmanut, 6 — OynTPOHTEHHHUT, B — KOPHYOUT) U B IPOXOISIIEM CBETE
(r — ajmanuT, 1 — OynTHOHTEHHUT, € — KOPHYOHUT)
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Lenpto Hacrosimieil paboThI SBISETCS MPOBENCHHE MOIEIBHOTO 3KCIEPHUMEHTa MO H3YUCHHIO
MPOLIECCOB KPUCTAUIO00pa30BaHus MpU TEPMHUECKOM OKHCIEHHWU HIyHruTa Hurosepckoro mecro-
POXKACHUS.

Martepuanasl u MeToabl. s ncciaenoBanust 6611 0TOOpaH obpasen mynruta Hurozepckoro me-
CTOPOXKJICHHSI, TEMIIEpaTypa U JaBJieHHe 00pa30BaHMs KOTOPOTo ObLIM OJIM3KM K aTMocdepHbIM. O0-
pazen apobuiicsa no gpakuuu menee 0.1 MM u obpabarteiBancs 10 % pacTBOPOM COJNISIHON KUCIOTHI.
Tepmuueckoe OKUCIIEHHE IIYHIMTa MPOBOIMWIOCH 10 00pa30BaHUs BU3YaJbHO OJHOPOJHOW 30JIbHOM
Macchl ipu Temneparype 500 °C, ¢ exxeTHEBHBIM BOCBbMUYaCOBBIM HArPEBAHMEM U OCTHIBAHHEM TIEUH,
B TeueHne mecsaua. [lomydennas 30ipHas Macca JUCTIEPrUpoBaIach B BOJIE, OCIE Yero TOHKas (pak-
[[Usl HAHOCWJIACh Ha aJIOMUHHUEBBIC TUIACTUHBI 0€3 MOMOIHUTEIHLHOTO HANBLUICHUS ISl MCKIIOYEHUS
yriepoaHoro 3arpsisHeHus. OOpasibl UCCIIEAOBANINCH Ha CKAaHUPYIOLIEM 3JIEKTPOHHOM MHUKPOCKOIIE
(COM) VEGA 11 LSH ¢upmer Tescan ¢ sHepreTudeckoi aHamusupytomieid npucraBko INCA
Energy ¢upmbr Oxford Instruments. [TapameTpsl ckanupoBanus: W-katon, Hanpsbkenue 20 kB, Bpe-
Msi CKAHUPOBaHHsSI B CTaHAAPTHOM pexume cbeMkH 90 ¢. OOHapykeHHbIE MUKPOKPUCTAILIBI HCCIIE10-
BAJIUCh METOJIOM PaMaHOBCKOH crekTpockonuu (pamaHoBckuii crmekTpoMeTp Nicolet Almega XR
¢ BO30Y)KJICHHEM aprOHOBBIM JIa3€POM C JITTHHOM BOJIHBI 785 HM).

Pe3ysabTaThl M 00cyx)nenue. BoisiBieHo, uTo Ha GoHe GecPOpPMEHHBIX 30JIbHBIX 00pa3oBaHUl
XOpOILIO BUJIHBI MUKpPOpPa3MepHbIE KPUCTAIUIBI C Pa3IMUYUMOI OIpaHKOM, UMEIOIINE Pa3InIHYyI0 MOp-
¢donoruto (puc. 2) u cocras (Tabdm.).

Puc. 2. ®otorpadu MUKPOKPUCTAIUIOB B OTPAKEHHBIX AIEKTPOHAX (2—B)
1 B TIPOXOJSIIEM CBeTe (T—¢)

BenencTBue manmbix pa3sMepoB KPHUCTAIUIOB M HEBO3MOXKHOCTH WX HMICHTU(UKAIUK METOJI0M
PEHTTEeHOBCKOM Au(paKkIiy UCIIOIB30BAICS METOJI KOMOMHAIITMOHHOTO paccesHus cBeta. J(uarnocru-
Ka KpUCTAJUIOB MO0 PaMaHOBCKHM CIIEKTpPaM MPOU3BOJMIACH C MCIIOIB30BAHUEM MHHEPAJIOTHYECKUX
6a3 Raman Sample Library, RRUFF Raman Minerals. Ha pucynke 3 mpexacraBiensl ¢ororpaduu
HanboJiee BCTPEUAIONIIETOCS MHKPOKPHUCTAUIA, PAMAaHOBCKHI CIIEKTp KOTOPOro Hambojee OIM30K
K criekTpy remaruta (Fe,03).
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B mpupone remMatuT — IIUPOKO paclpOCTpaHEHHBIH MHUHEpaj, HEpeAako oOpasyeT Ooibline
CKOIUIEHUA U pynaHble 3anexu. OObrueH 17 3Qy3UBHBIX MOPO/JI, Yalle BCEro BCTpeyaeTcsl B TUIpPO-
TepMabHbIX Xuiaax. OOpazyercs BMecTe ¢ MarHeTUTOM B CKapHax B pe3ylbTare Meramopduma
TOJI] OypOro *eJe3HsIKa, KOTOPhIE B YCIOBHUSIX MOBBIIICHHOTO JAABJICHUS U TEMIEPATypbl 00€3BOXKHU-
BalOTCS U TPEBpAIIAIOTCS B reMaTuT-coaepkamue nopoasl (Kagenckas, 1976). B Gonbmmx komnmue-
CTBaX MPUCYTCTBYET B JOKEMOPHIICKUX MeTaMOp(HU30BaHHBIX MMOJIOCYATHIX JKEIEe3HBIX pyAax. B kaue-
CTBE TMPOJYKTa W3MEHEHHUs WM BBIBETPUBAHUS (IPU JCTHApATAIIMHM OYpOro >KEIe3HSKa B YCIOBUSIX
)apkoro knumata) (Kagenckas, 1976) oO6pa3yercs B BUAE BTOPHYHON MPUMECH B TaKHX JKEJIE30CO-
JepKalIuX MHUHEpalaX, KaKk MarHeTHUT, JIMMOHHT, CUJEPUT. B KadecTBe TOHKOIUCTIEPCHOW MPUMECH
paccesiH BO MHOTHX OCaJIOUYHBIX TOPHBIX NOPOJIaX, B TIIMHAX (SBJISETCS MPUYMHON UX KPACHOM U po30-
BO-KPAaCHOU OKpacku) MpH OKHUCICHUH MAarHETHTA B BEPXHUX 30HAX MATrHETHTOBBIX MECTOPOXKICHHIA
(maptur) (Kanmenckas, 1976).

Ha ¢one 301pHBIX 00pa30BaHMii MOXKHO YBUAETh OTPOMHOE KOJUYECTBO OJIM3KUX K FEMATHUTY
MHUKPOKPUCTAIIIOB poMO03Ipuieckoil (hopmMbl win B GopMe rekcaroHajabHoN Ounupamuabl. OIHAKO
CHUHTE3UPOBAHHBIE MUKPOKPHUCTAIUIBI HE OOHAPYXUBAIHCH MPHU KCCICIOBAHUHM HMCXOIHBIX 00pa3IoB
nryHruta Hurozepckoro MectoposkaeHusi, mo3ToMy aecyoaumanus (KpucTauin3anus u3 ra3oBoi ¢a-
3b1) AIBJISIETCA HanOoJiee BEPOATHBIM CIIOCOOOM X 00pa30BaHUS.
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Puc. 3. ®otorpadhuu MUKPOKPHUCTA/IA B OTPAKECHHBIX JIEKTPOHAX (), B MpoxosineM ceete (0),
PaMaHOBCKH CIIEKTP MUKPOKpHUCTAILIA (B)

[Iporecchl TEPMUYECKOTO OKHCIIEHUSI HIYHTUTa COMPOBOXKAAIOTCS MOCTENEHHBIM yJaIeHUEM yT-
Jepoja M BBICBOOOXKICHHEM INpHMeced. B ycnoBHSX dKCHEpUMEHTa MpH aTMOC(HEpPHOM JaBICHUH
U MEJJICHHOM TEPMHUYECKOM OKHCIICHUH IIYHTHTa HE MOTIJIa BOSHUKHYTh aTMoc(epa MepechleHHOTo
napa. Haubomnee BeposTHBIM ctocoO00M 00pa30BaHMsI MUKPOKPUCTAIIIOB SIBISETCS MEXaHU3M «OpHEH-
TUPOBAHHOTO cpantuBanus yacTui» (MBanoB u np., 2014), mpu KOTOPOM THEPECHIIIEHUE B CHCTEME
CHUMAETCS 3a CueT 00pa3oBaHUsl HAHOYACTHUII, KOTOPHIE 3aTeM OOBETUHSIOTCS M YIOPSIOYUBAIOTCS
¢ 00pa3oBaHMEM KPUCTAIINYECKON (Da3bl.

Wnentudukanus Apyrux BCTPEUAIOUIUXCS B 30JbHOM Macce MUKPOKPHUCTAIIOB Oblia 3aTpyIHU-
TenbHA. BO3MOXKHO, 3TO CBSI3aHO C TE€M, YTO MMEIOIIHMecs MUHepajorudeckue 06a3pl Raman Sample
Library m RRUFF Raman Minerals He coaepxar B cebe nHpOpMaIMIO O pacCMaTPUBAEMbIX MHKPO-
kpuctaymax. [loMmumo sToro, aHamuzupyemasi o0JacTh MCCIICIOBAHMS 3aXBaThIBACT HE TOJBKO KPH-
CTaJlJI, HO U 30JIbHYIO YacTh 00pasiia, KOTopas MpU ChEeMKE MOXKET J0OaBIATh JOMOTHUTEIbHbIE TUKH
B PEAIbHBIN CHEKTP, YTO YCIOKHAET UIACHTH(PHUKAIIMIO MUKPOKPUCTAILIA.

Ilempo3zasoock, 1-4 oxkmsbps 2024 2. 185



Mamepuanst XXXV MO100eXHCHOU HAYUHOU WIKOIbI-KOHpepeHyuu, noceswenHou namsamu uiena-koppecnondenma AH CCCP K.O. Kpamya u akademurxa PAH @.I1. Mumpoghanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI' MU, 'EODQH3UKHU U 'EODKOJIOI'H

CTOUT OTMETHUTH, YTO MPH TEPMHUUYECKOM OKHCIECHUU IIyHruTa HHUro3epckoro MecTopoKIACHHS
He OBLJI0 OOHAPYKEHO CIIEIOB MUKPOKPUCTAILIOB OyNIT(GOHTEHHNTA, KOPHYOUTA U aJlJTAHUTA, KOTOPHIC
BCTPEUAIHCH MPU TEPMHUIECKOM OKHCICHHUU IIYHTUTA MecTopoxkaeHus [IlyHpra. DneMeHTHBIN COCTaB
aHAJTM3UPYEMBIX 00JIacTeld 00pa30BABIINXCS MUKPOKPUCTAIUIOB U MOJIOKEHHE OCHOBHBIX MTUKOB KOM-
OMHAIIMOHHOTO PACCESTHUS PA3JIMYHBI TSI IIIYHTUTOB Pa3HOTO reHe3uca (Tadi.). ITo MOXKET ObITh CBSI-
3aHO C TEM, YTO pa3Has MPUPOA U YCIOBHS (DOPMUPOBAHHS IIYHTMTOB (MaTEPUHCKOE BEUIECTBO, JIaB-
JICHHE W TEMIIEpaTypa, MPOIECCHl MUTPAIMU) IS Pa3HBIX MECTOPOXKICHHI BBI3BAaTN HAKOIUICHHE
MHUKPORJIEMEHTOB Pa3IMYHOIO COCTABA.

CocTaB MHKPOKPHCTAJIOB, TTOJIOKEHUE MMKOB KOMOWHAITMOHHOTO PACCEsTHUS
1 COOTBETCTBYIOIIAS UACHTU(DUKALINS

Huroszepo [llynpra
Ne DJIEeMEHTHBIN COCTaB Ilonoxxenue DJIEMEHTHBIN COCTaB Ilonoxxenue
aHATU3UPYEMOI OCHOBHEIX ITHKOB, aHATU3UPYEMOI OCHOBHEIX ITHKOB,
obmactu* cm obnmactu* cm
1 0, Fe, Cu, S, Si, Al 611.2 Ca, K, O, V, Ni, Na, Al, 960.3
496.5 Si, Mo, Cu, As 823.8
408.7 459.7
(remartur) (xopHYyOHT)
2 0, Al Fe, Si, Mg 339.9 0, K, Ca, V, Na, Al Si, 960.7
324.7 K, Mo 827.6
308.3 711.7
104.6 454.8
77 (6ynrdonTeHHUT)
3 0, Al, Si, Fe, Mg, Cu 340.9 O, Na, AL Si, S, K, Zn, 1315.6
328.9 Ca, Fe,Ni, V, Ce, La 657.4
309.9 609.6
777 405.9
(anmanur)
4 0O, Al,Ce, La, Si, F, S, 1627.9 Ca, K, C,0O,V,Fe, Ni, 959.7
Ne, Fe, Nd, Cu, Ca, K, Pr 1539.6 Na, Al, As, Si, P, S 829.9
1463.2 710
1370.9 456.1
1253.5 353.6
1186.1 (77?7)
(77?7)

[Ipumeyanne. AHamm3upyeMasi 0071acTh — KPUCTAJLUT + 30JIbHAS YacTh.

OKcnepumenmsl nposedeHvl ¢ UCNONb308AHUEeM HaYyHo20 obopyoosanus L[KII Kapenvckoeo HIJ
PAH. Paboma evinonnena 6 pamxax memor HUP Uncmumyma 2eonoeuu Kapenvckozeo nayunozo yen-
mpa PAH.
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PA3PABOTKA JIYHHBIX 'PYHTOB-AHAJIOI'OB
JJIA SKCIIEPUMEHTAJIBHBIX UCCJIEJOBAHUH

YBaposa A.B., Ciora E.H.

Hucmumym ceoxumuu u anarumuyeckoti xumuu um. B.Y. Bepnaockoeo Poccuiickoii akademuu nayx ('EOXHU PAH),
uvarova@geokhi.ru

Beenenne. VcrbiTanust HAy9HOH ammapaTypsl U 0TpaOOTKa METOIUKH HATYPHBIX IKCIIEPUMEHTOB
HY>KJAIOTCSl B CO3[JaHUU IPYHTOBBIX YCJIOBUM, OJM3KUX K JIYHHOMY PErOJIUTY, MOCKOJIBKY OHU OKa3bl-
BAIOT 3HAYMTEIbHOE BIMSHUE HA COCTOSHUE U (PYHKIIMOHUPOBAHHE MEXaHU3MOB U cucteM. [Ipu mpo-
BEpKE pabOTOCIOCOOHOCTH IIACCH W TOCAJAOYHBIX IIATGOPM HEOOXOIWMO YUUTHIBATH (PU3HUKO-
MEXAHUYECKHE CBOMCTBA IPYHTA: €r0 IJIOTHOCTh U MOPUCTOCTD, CLEMIEHHE U T.1. OJHAKO UCIOJIB30-
BaHUE HACTOSILETO JIYHHOTO PEroJinTa HEBO3MOXKHO M3-32 OIPAaHUYEHHOTO KOJUYECTBA MPUBE3CHHBIX
00pa3loB U €ro YHUKAJIBHBIX CBOWCTB, KOTOPBIE MOTYT U3MEHUTHCS MPH BO3ACUCTBUHM 3€MHOW aTMO-
cdepsl. [IpoBenenne UCnbITaHUA B YCIOBUAX 0€3BO3AYIIHOM Cpe/ibl BO MHOTHX CIIydasix 3aTpyIHEHO
WJIM HEBO3MOXHO.

B cBsizu ¢ 3THUM cyliecTByeT HEOOXOAUMOCTh CO3[aHUSl TPYHTOB-aHAJOrOB, MMHUTHPYIOIIUX
cBoiicTBa JNyHHOro peronuta. Jlaboparopusi reoxumun Jlynsl u rmaner 'EOXU PAH 3anumaercs
pa3paboOTKON T'PYHTOB-aHAJIOTOB ISl IIMPOKOMACHITAOHBIX MCIBITAHUN, a TaKXKe APYTUX SKCIEpH-
MEHTOB.

Onucanne co31aHusi TPYHTOB-aHAJ0roB. Pa3paboTka rpyHTa-aHaiora 3aBUCUT B IIEPBYIO Oue-
peab OT LeNu 3KCIepuMeHToB. Ha nepBom aTamne mpoBOAMTCS TIIATEIbHOE U3yUEHHE XapaKTEPUCTHK
JYHHOTO PErojiuTa, BKJIIOYasi €r0 XUMUYECKHI cOCTaB, PU3NYECKUE U MEXaHUYECKIE CBOWCTBA (Takue
KaK TpaHyJIOMETPUYECKHUM COCTaB, INIOTHOCTb, TOPUCTOCTD, YTOJI BHYTPEHHETO TPEHUS U CLEIUICHUE),
1 GOopMHUPOBaHUE 33]]a4 HIKCIIEPUMEHTOB.

Crenyrommii 3Tanm BKIIOYAaeT BHIOOP KOMIIOHEHTOB JJISi CO3JaHUs JIYHHOTO TpyHTa-aHayora.
[Tpoueccrl 0TpabOTKH OYpOBBIX CHAPSAOB, OLEHKU MPOXOJUMOCTH KOJIECHBIX CHUCTEM HIIM TECTUPO-
BaHM MOCAZOYHBIX MIaT(GOpM TpeOyIOT 3HAUUTENBHOTO 00beMa rpyHTa. B Takux ciydyasx OCHOBHOE
BHHUMaHUE CJENyeT YIENISITh MOJCIUPOBAHHIO (PU3MUECKUX U MEXaHHMYECKHUX CBOICTB IpyHTa, 3aBU-
CAIIMX OT TPAHYJIOMETPHUYECKOro cocTaBa M (opmbl yacTil. s 3TUX 1ieneil rpyHT-aHalIor MOKHO
U3TOTOBUTH U3 JIETKO BO30OHOBISIEMBIX W HEJOPOTUX MaTepUasoB, MPU STOM MHHEpAIbHBIA COCTAB
HE SIBJSICTCS KPUTUIHBIM.

OpHako, eciay UCHBITaHUS CBSA3aHBI C MCIOJB30BAHUEM MPUOOPOB CIEKTPAIBHOIO aHAIN3a WIH
C OIpe/IeTICHHEM TEeTUIO(U3UYECKUX CBOKCTB, HEOOXOIUMO 00€CNeYnTh COOTBETCTBIE MUHEPAIHLHOTO
¥ XMMHYECKOT0 COCTaBa aHajora JIYyHHOMY Peroyiuty. B Takux ciydasx KOMIOHEHTHI JOJKHBI ObITh
BBIOpaHbI M3 MPHPOJIHBIX TOPHBIX MOPOJ, OJM3KHX [0 MHUHEPAILHOMY COCTaBY K JIyHHOMY TPYHTY.
Takxke Ha JaHHOM ATare Ba)XKHO YUYUTHIBATh JOCTYITHOCTh M IKOHOMUYECKYIO I€1ecO000pa3HOCTh MpH-
MEHEHHS BBIOPAHHBIX MaTEPUAJIOB.

Ha ocHoBaHuM mnpeabIaylIMX 3TaloB COCTaBISETCS aJTOPUTM IOATOTOBKH T'pYyHTa-aHajora.
B 3T0T 3Tan BXOAUT CMEIMIMBAHUE PA3INYHBIX KOMIIOHEHTOB B ONPEAEICHHBIX IPONOPLUAX, KOTOPbIE
NoOUPAIOTCS Al JOCTHMKEHHUs] HambOosee OJIM3KOro COOTBETCTBHS CBOWMCTBAM JYHHOTO PETOJIUTA.
Co3nanue MUHEPAJbHOTO aHAJIOTa SBJIAETCS Oojiee CIOKHOM 3amadell, Tak Kak MoTpedyeTcs UcTupa-
HUE U JApOOJEHHE TOPHOM MOPOJbl, OIM3KOIM MO CBOEMY XMMHUYECKOMY M MHUHEpPaIbHOMY COCTaBY
K JIYHHOMY PETOJIUTY, Ul TOCTHKEHHUS HEOOXOUMBIX rmapaMeTpoB. Jpobienue npuBoauT K 00pazo-
BaHUIO YIJIOBATBhIX YACTHI], XapaKTEPHBIX AJI JIYyHHOTO perojiurta. McrupaHue mo3BosseT MOTYYUTh
TOHKYIO (ppakiuio pazmMepom meree 0.1 mm. s MogenupoBaHust rpaHyJIOMETPUYECKOTO COCTaBa Io-
TpeOyeTcs MpocenBaHNe MOMyUYEHHBIX CMEcel depe3 KOJOHHY CUT U MOCIeNyollee NepeMelIuBaHue
B TpeOyeMbIX PONOPIHIX.
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W3zroroBneHHbIe 00pa3ibl MOABEPralOTCS HUCHBITAHUSAM, B XOJ€ KOTOPBIX aHAIM3UPYIOTCS HX
CBOWCTBA M COINOCTABIISAIOTCS C XapaKTEpUCTUKAMU HACTOSIILETO JYHHOro rpyHTa. B ciydae oOHapy-
KEHUS OTKJIOHEHUH OT TpeOyeMBIX apaMeTpPOB COCTAaB aHAJIOTOB KOPPEKTUPYETCs, U MPOLECC MOBTO-
pSETCs 10 NOCTHKEHUS yIOBIETBOPUTEIBHBIX PE3Y/IbTATOB.

PesyabtaTrel. B TEOXU PAH Obumn pa3paboTaHbl TPYHTBI-aHAJIOTH JJISl Pa3JIMYHBIX KCIIEPH-
MeHTOB. OgHUM H3 TepBbIX ObLT co3gaH VI-75 mis mmpokoMacmTaOHBIX OPOCKOBBIX HMCIIBITAHUN
muccuit «JIyna-25» (Slyuta et al., 2021). On co3aaH 10 ONMCAHHOMN BBIIIE METOAUKE U3 KOMIIOHEHTOB
TE€XHOT€HHOI'0 MPOMCXOXKIEHHUS, KOTOpble MMEIOT IOXO0KYI0 Ha JIYHHBIH perosut ¢GopMmy 4YacTHIL
(puc.). Jlynnsiii rpyar-aHanor VI-75 mo BceM H3MepsieMbIM KOHTPOJIBHBIM TapamerpaMm (HU3UKO-
MEXaHUYECKUX CBOMCTB U TPaHYJIOMETPUYECKOIO COCTaBa COOTBETCTBYET JYHHOMY TpyHTY. VI-75,
KaK U JYHHBIH PEroJIMT, XapaKTepPHU3yeTCsl CIIOCOOHOCTHIO YAaCTHIL CHETUIATHCS U 00pa30BBIBATh KOMKH
Ha MOBEPXHOCTH NPU MEXAHUYECKOM BO3/IEHCTBUU.

Hzob6paxenns COM rpynros-ananoroe VI-LH1 (a) (Mironov et al., 2023) u VI-75 (6) (Slyuta et al., 2021),
a TaKKe N300pakeHUe 110 MUKPOCKOIIOM B ITPOXOJISINEM CBeTe oOpasiia JiyHHOro perojura Ne 70181 muccuu
«Anomnon-17» (B) (https://www.virtualmicroscope.org)

Taxoke B CBS3H C BO3POCUIMM HHTEPECOM K IMPHIIOJISIPHBIM pailoHaM ObUI CO3aH I'PYHT-aHaJIOT
VI-LH1, 6au3kuii Mo MUHEpaIbHOMY COCTaBY K MaTEPHUKOBOMY JIYHHOMY PETOJIMTY, ITUPOKO PaCIIPO-
CTPAaHEHHOMY B BBICOKOTOPHBIX oOnacTsX. OH U3roTOBIEH U3 Ja0pajopHuTa, KOTOPHIA ObUT OJBEPT-
HYT U3MeNIbUeHHUI0 U uctupanuio (puc.). Ero ¢usnueckue u MexaHndeckue XapakTePUCTHKU TaKkKe
OYCHb OJIM3KH K TYHHOMY PEroiuTy (Tadi.).
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CpaBHeHHE CBOMCTB IPyHTOB-aHAJIOTOB M JIYHHOTO IPYHTa

O6paser IInoTHOCTH YacTHLL ITnotHOCTH VYron BHYTpEeHHEro Cuermienue (c),
(ps), I/em? (p), T/em?® tpenus (¢),° klla
VI-75 2.56 1.50-1.93 46-21 0-11
VI-LHI 2.86 1.29-1.81 42.440.4 2.5-15.8
JIyHHBIN peroaut 2.3-3.2 1.12-1.92 46.5-25 0-3

IIpumeuanne. JlaHHbIE 11O TyHHOMY peronuty u3: Carrier et al., 1991.

I'pynt-ananor VI-LH1 o6nanaer Gonee MUPOKUM CIEKTPOM IMpPUMEHEHHs OJarofapsi CBOeMy MU-
HEpPaIbHOMY COCTaBY, KOTOPBIN OJIM30K K JIyHHOMY peroauTy. OJHaKo OH BOCHPOH3BOJIUT TOJIBKO MH-
HEpaJIbHBII CKeJNIeT PerojinTa, He BKIIovast B ce0sl Takue BaKHbIC KOMIIOHEHTHI, KaK CTEKJIOBUIHBIC Ya-
CTHIIbl ¥ arrJIFOTUHATHI — CHEKIINECsS YaCTHIIbI, XapaKTEpHbIE ISl TYHHOro rpyHTa. Hecmotrps Ha 3t0,
VI-LHI1 ocraercsi IeHHBIM MaTepuaioM JUIisi MHOXKECTBA HKCIIEPUMEHTAIbHBIX HCCIIEI0OBAaHUM, HAMPU-
Mep, OH ObLT PUMEHEH JJIs UCCIIeIOBaHMI Onosiornueckoro BeimienaunBanus (Barbashin et al., 2023).

BoiBoabl. Pa3zpaboTka JTyHHBIX T'PYHTOB-aHAJIOTOB SIBJISIETCSI BaXKHOW 3a7ayeil Ui YCIIEIIHOTO
MIPOBEJCHUS WCIBITAHUN HAy4yHOW ammapaTypbl U OTPaOOTKH METOAMK HATYpPHBIX SKCIIEPHUMEHTOB,
CBSA3aHHBIX C HCCJEIOBAaHUEM JIyHHOro peronuta. IIpomecc co3maHus JIyHHOro IpyHTa-aHajora
BKJIIOYAET B ce0sl HECKOJIBKO ATANoOB, HAYMHAS C TIIATEIbHOIO aHajn3a CBOMCTB JYHHOTO PErojiuTa
U 3aKaHYMBasi JJAOOPATOPHBIMU HCTIBITAHUSIMU KOMIIOHEHTOB ¥ CMECEH U3 HUX.

CoznanHble TPYHTHI-aHAJIOTH 3P PEKTUBHO BOCIPOU3BOIAT CBOMCTBA JIYHHOT'O PETOJIUTA U OBLIN
YCIICIIHO MCIOJIb30BAHbI B PAa3IMYHBIX IKCHepuMeHTax. I'pyHr-ananor VI-75 npumensics mis Opoc-
KOBBIX HMCTBITAHUA U OTPAOOTKH TPYHTO3a0OpHBIX ycTporcTB, a VI-LH1 mpumensiercst B skcniepu-
MEHTax, TpeOyomuX (PU3MKO-XUMUYECKOTO COOTBETCTBHS JIYHHOMY PETOJIUTY, TAKHX KaK OWOJIOTH-
YECKHUE UCCIIEOBAHUS U pa3paboTKa TEXHOJIOTHH 00pabOTKH JIYHHOTO MaTepHaia.

Cnmcok JIuTepaTypsl
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HETPOI'PA@UYECKHUE OCOBEHHOCTH U YCJIOBUSI OBPA3OBAHUSI TOPOJ
YYACTKA PYJONPOABJIEHUSA « CEBEPHBIN» KHYAHCKOU CTPYKTYPbBI
TUKINEO3EPCKOI'O 3EJIEHOKAMEHHOI'O TIOACA

Ycoabuena A.E.l, BaarsiGaes LK." 2, Aunexcee MLA.!

! Canxm-ITemep6ypeckuii 2ocydapcmeentviii yrusepcumem, st09763 7@student.spbu.ru
2 Unemumym 2eonoeuu u 2eoxpononozuu dokembpus PAH, shauket@mail. ru

VYuacrok «CeBepHbIi» HaX0OUTCs B npenenax Kndyanckon cTpyKTypbl THKIIIE03€pCKOTO 3€71€HO-
KaMEHHOTO Tosica B BocTouHOM yactu denHockanauHaBcoro mmta (I'mebosunkuii, 2005). Ha aTtom
y4acTKe TMOPOJbl MPEACTABIAIOT NPAKTUYECKUH HHTEpeC, TaKk KaKk C HUMH CBfA3aHa 30JI0TO-
cynbhuIHAS pyAHAS MUHEpaIU3aldu. JTU MOPOAbI OTHOCATCS K Tukieo3epckoi momsone Ceepo-
Kapenbckoii 30161, BKIIIOYaromie Bepxueozepckyro 1 Xu30BapCKyrO TOJIIM CPEHE- U MO3THETONUI-
CKOTo Bo3pacra (apxeil), MeraMop(U30BaHHbIE B YCIOBUAX aM(PUOOIUTOBOMN (harmu.

[To BemlecTBEHHOMY COCTaBY MOXKHO BBIICIHUTH TpU TpyMmbl nopoxa: 1) amdubOonuTel rpaHaTo-
BbIe, IPaHaT-OMOTUTOBBIE, TPAHAT-OMOTUT-CKATIOJUTOBBIE; 2) THEWCH OMOTUTOBBIE, TPaHAT-KUAHUT-
OMOTHUTOBBIC; 3) TPAHUTHI IJIATHOMHKPOKIMHOBBIC (KUYAHCKUN KOMIUIEKC) U METaCOMaTUYECKHA U3Me-
HEHHBIC TPAHUTO-THEHCHI.

[To maHHBIM MpennIeCTBEHHUKOB, aM(GUOOIUTHI ABIISIOTCS METaBYJIKAaHUTAMH OCHOBHOTO U CpEJl-
HETO COCTaBOB, a THEHCHI — METaMOP(PHU30BAaHHBIMU BYJIKAHOT€HHO-OCAJOYHBIMUA U OCAIOYHBIMHU T10-
ponamu (Tydamu, Typdutamu u rpayBakkamu). Cpenu metadba3aabToB BepXxHEo3epcKoi TOMIN Tak-
K€ HaOJII0Ial0TCS TIPOCIION OMOTUTOBBIX THEHCOB, KOTOPHIE IO COCTaBY YaCThIO COOTBETCTBYIOT KHC-
JBIM BYJIKQHUTAM (METapHOJUTaM), a 4acThio — ocaakaM (MerarpayBakkam) (Kammuawna u np., 2017).
TouHOe ompeneNneHrne TeHe3nca HCXOIHOTO MPOTOIUTA 3aTPYJHSET OTCYTCTBHE PEIUKTOB MCXOTHBIX
CTPYKTYp U TEKCTYP.

OTtcyTcTBHE COBpeMEHHBIX HaHHBIX 00 PT-ycrmoBusix mMeramopdu3ma MOCTYXKHIO OCHOBAaHHUEM
JUISL TPOBEJICHUS] COOTBETCTBYIOIINX METPOJIOTUYECKUX HCCIIEIOBaHUM, pe3yabTaThl KOTOPHIX U3Jara-
IOTCS] HUXKE.

KparTkas nerporpadguyeckasi XapakTepHCTHKA MOPO/I Y4AaCTKA

Memamopgpuzoeannsle 8y 1KaHUMbL OCHOBHO20 U CPEOHE20 COCMABOE CIIATAIOT OOJBIIYIO YacTh
yaacTka «CeBepHBIN» B BCEH CTPYKTYPHI B IIEJIOM. DTO MPEUMYIIECTBEHHO T'PaHATOBbIE U OMOTUTO-
Bble amubonuTsl (puc. 1, a, 6), KOTOpBIE MO0 METPOXUMHUECKUM OCOOCHHOCTSM COOTBETCTBYIOT Me-
tabazanbTaMm W aHzae3utaM (MpickoBa, 2022). [Toponbl moaBepKeHbI HMHTEHCUBHBIM METacoMaTHYe-
CKUM mpeoOpa3oBaHUSM — OKBapIEBAHUIO, KapOOHATH3AIMH, CEPUIUTH3AINH, CKAMOJUTH3AINH.
B HekoTopeix ciydasx ambuOOIUTHI coepkar A0 25 % HOBOOOpPa30BaHHOTO KBaplia, B MPOKUIKAX
pa3BHBAIOTCS KapOOHATHBIE MPOCTOU, a aM(puOO B HEKOTOPHIX MECTax 3aMelIaeTCs CKAOJIUTOM.
Takxke oTMedaeTcsl CepULIMTU3ALINS [IJ1arnoKiasa.

Memamopgpuzosannsle 8yIKAHO2EHHO-0CA00UHbIE NOPOObL TIPEACTABIEHBI JIEHKOKPATOBBIMU
rpaHaT-OMOTUTOBBIMH, KHAHUT-TPAHAT-OMOTUTOBBIMU THEHCAMU (XM30BapCKasi CBUTA), C MOJIOCYATOM
WIM THEHCOBHUIHOW TeKcTypoul (puc. 1, B, r). BropocreneHHbie MUHEpaabl — MYCKOBUT, aM(puOo,
MUKPOKJIMH, PYTHJI, TyYpMalIuH U anaTuT. [lo meTporeoXuMuyeckuM OCOOEHHOCTSIM TakKue MOPOJIbI
UHTEPHPETHPYIOTCS KaK Ty(bl ¥ Ty(H(HUTHI pHOIUTOBOTO COCTABA.

I'panumo-cuneiicot u 2panumel 1O COCTaBY COOTBETCTBYIOT KHUCJIBIM HH3KO- U YMEpPEHHO-
HIEJIOYHBIM TIATHOMUKPOKIMHOBBIM TPaHUTAM, YaCTUYHO METaMOP(HU30BAHHBEIM U METACOMATHIECCKU
U3MEHEHHBIM. TeKCTypbl MacCHBHbIE, CIIa0OTHEHCOBHHBIE, CTPYKTYPbhl — THUIHUIMOMOP(PHO3EPHU-
CThIe, TpaHuTOBBIC. OCHOBHBIMU MUHEpAJIAMU SIBIISFOTCS: KBAPII, TUIATHOKIIA3, MUKPOKJIMH, MYCKOBUT,
OMOTUT U KaJIbLIUT. B KauecTBe aK1leCCOPHBIX MPUCYTCTBYIOT TYPMAaJIUH U araTuT.
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Pynnass munepanmuzaius BCTpedaercs, TJIaBHBIM 00pa3om, B ampubonuTax, peke — B THEHcax.
Cpennee comepikaHue pyIHBIX MUHEPANIOB B ampudonuTax 5—7 00. %, a rueiicax — 3—4 00. %. B rpa-
HUTOU/IAX PYTHBIX MUHEPAJIOB HET WM OTMEYAIOTCS CAMHUYHBIC MPOSBICHUS. [ TaBHBIMHU PYTHBIMHU
MUHEpaJIaMU SIBISIFOTCS TIUPUT, MUPPOTUH, UITbMEHUT, MATHETHT.

Ouenka PT-napamerpoB popMupoBaHusi NOpoJx

Jis TepmobapoMeTpuu TOpOJ ObUIM TPOAHATM3UPOBAHBI XMMHUYECKHE COCTaBbI MUHEPAIIOB
BUITJ]I PAH u nmpuMeHEeHBI HWXECICIYIONIME HHCTPYMEHTHI. JlaBineHHMEe MHHEpPaTooOpa30BaHUs
OILICHUBANIOCHh 10 MuHepanbHbIM acconuanusm: Grt-P1 (HO1, Holdaway, 2001), Grt-Bt-P1 (WZR04,
Wu et al., 2004), Grt-Hbl-P1 (DHPO0O, Dale et al., 2000), Amp-Pl (M15, Molina et al., 2015). dmas
OLIEHKH TeMIepaTypbl ucnoib3zoBanuck Tepmomerpsl: Hbl-Pl (HB94, Holland, Blundy, 1994), Grt-Bt
(HOO0, Holdaway, 2000), Grt-Chl (P91, Perchuk, 1991), Hbl-P1 (M21, Molina et al., 2021). Ilpu wuc-
MOJIb30BAHUY YKA3aHHBIX MUHEPAIIBHBIX TePMOOaApOMETPOB OBLIH MOTYUYEHBI CISAYIONINE PE3yIbTaThI
(Tabm. 1, puc. 2).

Puc. 1. ®otorpadun mndoB HEKOTOPHIX pa3HOBUAHOCTEH MOPO. yuacTka « CeBepHBIN»:

a — uauoMopdHbIe 3epHa rpaHaTa ¢ NOPPUPONOHKMIOONIACTOBOMH CTPYKTYPOH, BHYTPH KOTOPBIX 3aKIIIOUESHBI 3¢pHA KBapLa,
amdmubona, OHOTHTA, KBapIia U PyAHBIX MUHEPAJIOB; 0 — aM(UOOINT ¢ HEMATOOIACTOBON CTPYKTYpOH; B — KHAHHUT-TpaHaT-
OHMOTHUTOBBIH T'HEHC; I' — parMeHT nopdupobiacta rpaHaTa B INIMHO3EMHUCTOM THelce

Taoauna 1. PT-napameTps! hopMUpoOBaHUsI TOPO/] IO JTAHHBIM MHHEPAIBHOM TepMOOapOMETpUH

o 6;\f?,ua Hasnenue, k6ap Temmneparypa, °C
HO1; WZRO04; DHPO0; M15; HO0; HBY%4; P91: GriChl M21;
GrtPI GrtBtP1 GrtHbIP1 HblIPI GrtBt HblIPI ’ HbIPI
587572 7.5 7.5 650
5766/1 8.5-9.2 7.8-8.2 575-600 615-630 585
5880/4 8.5 8.7-8.8 685—700 690
5896/4 7.5-8.9 5.8-6.8 5.3-7.3 615 700-750 725
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Sample: 58752 feld 1, analyses: Ga-34 Ky40 Br48 P50

Sample: 5766-1, Seld. 1. analyses: Pid Chi-12 Gt-10 Hbk-13
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Puc. 2. PT-gunarpaMMel 1j1s M3y9EHHBIX 00PA3IOB C JIUHUSIMHA MUHEPAIBHBIX pABHOBECHI

JUTSI KCTTIOJIb30BAaHHBIX MUHEPAIbHBIX TEPMOOAPOMETPOB:

a — 5875/2, kuaHHUT-rpaHaT-OMOTHTOBBIA THeWC; 60 — 5766/1, rpanaToBbiii amduboaut; B — 5880/4, Ouotut-ampuodoI-
TpaHaTOBBIN THEHC; T — 5896/4, OHOTUT-TPaHATOBEIN aM(pUOOTHUT

JlonoHUTEIbHOE TIPUMEHEHUE TepMOOapoMeTpa ISl TlapareHe3uca rpaHaTa, poroBoii 0OMaHKH
u tutaruokiiasa (Dale et al., 2000) mo3Bonwiio BeisiBUTH Onm3kue 3HaueHus P u T (tabm. 2, puc. 3).

Ta6umua 2. PT-napameTpbl popMUpPOBaHHS MTOPOI, TOIYICHHBIE C UCIIOIb30BAHUEM TepMOOapoMeTpa
IUJIS TapareHe3uca rpanara, poropoid 0oManku u miaruokiiasa (Dale et al., 2000)

ITlemposzasoock, 1—4 oxkmsabps 2024 a.

Ne Toukn Grt Hbl Pl o
Ne oGpasua no Hbl xMg xCa xFe xMg xAb T,°C P, Koap

54 0.079 0.337 0.494 0.57 0.66 639 7.7

5766/1 55 0.081 0.325 0.497 0.62 0.67 616 7.2
24 0.076 0.312 0.512 0.60 0.67 592 7.6

22 0.069 0.369 0.491 0.52 0.69 641 7.9

68 0.229 0.176 0.576 0.87 0.37 598 9.5

5880/4 45 0.221 0.165 0.602 0.78 0.41 653 8.8
67 0.229 0.167 0.583 0.80 0.45 661 9.9

104 0.209 0.176 0.598 0.84 0.43 582 9.3

65 0.198 0.185 0.590 0.79 0.40 609 8.7

5806/4 29 0.219 0.171 0.592 0.84 0.47 644 8.8
7 0.168 0.166 0.636 0.60 0.39 550 7.6

5 0.196 0.181 0.603 0.87 0.41 590 7.6
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Puc. 3. lnarpamma c pesynbratamu PT-onenox (taba. 2)
hopmuposanus naparenesuca Grt-Hbl-PI (mo: Dale et al., 2000)

BeiBoasbl

Ha ocHOBaHMM MOTYy4YEHHBIX JAaHHBIX MOXKHO CUHUTATh, YTO M3yYCHHBIE MOPOABI yuacTka «CeBep-
HBII» 00pa3oBaiiCh B yCIOBHsIX aM(pubOoauToBO (hammu Metamopdu3Ma MOBHIIICHHBIX JTaBICHHM.
[Mocneayromue npeoOpa3zoBaHusl MOPOJ, BKIOYas 00pa3oBaHUe PYIHON acCOIUAINK, TPEOYIOT Jalb-
HEWIIIETo N3y4CHHUS.

Buvipasicaem ceoro npusnamenvrocms O.J1. 'ananxunou (UIT]] PAH, e. Cankm-Ilemepbype) 3a
NOMOWb, OKA3AHHYIO NPU U3VUEHUU COCMABO8 MUHEPAO8 NYmeM dJIeKMPOHHO-30HO08020 MUKPOAHA-
au3a.
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B nenrpanbhoii yacTn OHEKCKON MaJeonpOTEPO30HCKON CTPYKTYPhI IIMPOKO Pa3BUTHI 0a3UTHI
TOTUKOBUHCKOTO (2.06—1.92 Mipa JeT) HaArOpu30HTa, KOTOPhIE Pa3/IesaIOTCsS Ha 3a0HEKCKUHN J0JIe-
pUT-0a3aJIbTOBBI W OoJiee MOJIOOW CyHCapCKHi NMUKPHUT-0a3abTOBBIA KOMIUIEKCH (OHEXcKad. ..,
2011). M3BecTtHO, 4TO 0a3aabThl CYHCApPCKOW CBUTHI MO METPOTCOXHMHUYECKHUM IapameTrpaM OJIU3KH
k OIB-tuny (Chazhengina et al., 2023), Torga kak TEeKTOHUYECKask MO3UIUS, BAPHAIIUK COCTaBa M yCIIO-
BUsL POPMHUPOBAHUS 0A3UTOB 3a0HEKCKOTO MarMaTUYeCKOro KOMITJIEKCa OCTAIOTCS TIMCKYCCHOHHBIMH.

Hamu Obumi M3y4yeHbl MOAYyLICUHBIE JIaBbl B COCTABE 3a0HEKCKOW CBUTHI HAa CEBEPO-BOCTOYHOM
oepery IletpozaBojckoii ryObl OHEXCKOTO 03epa W yMEpPeHHO-Mg TOMKHUI00(HUTOBBIE HOJIEPHUTHI
B CEBEPO-BOCTOYHON 4acTH 3aOHEKCKOro MOJIYyOCTpoBa. B M3ydeHHOM pa3pese MOAYIIEUHBIE JIaBbI
nepecaanBaroTcs ¢ Ty(QpQporeHHbIMU MOPOJIaMU 3a0HEXKCKOM CBUTHI, BbIIIE KOTOPBIX C HECOTJIACUEM
3aneraer 0a3zajbHBIN TOpU3OHT cyiicapckoit cBuThl (KynukoB u ap., 1999). Ha 3aonexxckom momyocT-
pOBE CHJUIBI JOJIEPUTOB CYyOCOrJacHO 3aJieraloT BO BMEIIAIONIMX OCAIOYHBIX TOJIIAX 3a0HEKCKOU
CBUTBHI, TPEACTABICHHBIX 0a3anbTOBBIMU Tyamu, TyddoaneBponauramu u Tydoapruumramu (Sam-
sonov et al., 2024).

M3yueHre XUMHUYECKOTO COCTaBa MOPO MPOBOJMIOCH C IIOMOIIBIO PEHTI€HO-(DII0OPECIIEHTHOTO
aHaJIM3a ¥ METOJIOM MHIYKTUBHO CBSI3aHHOM IUIa3Mbl C MacC-CIEKTPOMETPUYECKUM OKOHYaHHUEM aHa-
mu3za (ICP-MS) B Llentpe xomiektuBHoro noas3oBanus (LIKII) UI' KapHL][ PAH (CsetoB u np.,
2023). AHanu3 TIaBHBIX JIEMEHTOB B KJIMHOTMPOKCEHE MPOBOIWICS C MCIOJb30BAaHUEM CKaHUPYIO-
miero 3nekrpoHHoro mukpockona TESCAN Vega II LSH ¢ npucraBkoil 17151 3HEpro-AuCcIepCUOHHOTO
pEHTTeHOCHEKTpalibHOro MukpoaHanusa Inca Energy-350 B Anamutnueckom nentpe UIT KapHI]
PAH, r. Ilerpo3zaBoack. M3mepeHne MHKpPORJIEMEHTOB B KJIMHOINMPOKCEHE MPOBOIMIOCH METOAOM
LA-ICP-MS c¢ ucnons3oBanuemM Macc-criektpomerpa Element2 w mpucraBku nazepHod abmsuuu
NWR-213: Nd-YAG B naGopaTopuy XUMHKO-aHAJUTUYECKHX HcclenoBaHui ['eonornyeckoro MH-
cturyta PAH, r. Mockaa.

[Toxymieunsie 1aBbl B COCTABE 320HEKCKOM CBUTBHI UMEIOT aMPOBYIO CTPYKTYPY CO CKEJIETHBIMHU
KpUCTAJIJIAaMH MIEPBUYHOTO KIMHOMUPOKCEHA U aTbOUTU3MPOBAHHBIM IuTaruokiasom. 1o cocraBy mo-
POIBI OTHOCATCS K Oa3aibTaM M aH[e3u0a3aabTaM HOPMAJIbHOM IIEI0YHOCTH TOJIeuTOBOU cepuu. [lo-
pozbl yMepeHHO-MarHesuanbHeie (Mg# = 47-50), conepxanue Fe,03 (12.5-13.66 mac. %) u TiO,
(1.06-1.2 mac. %) ymepennoe, a Al,O3 (14.40-16.19 mac. %) Bbicokoe. CreKTpsl pacnpeaeaeHus
penko3zemenbHBIX 7eMeHTOB (P3D) umetor nmonoruii HakimoH ([La/Sm]N = 1.1-1.5, [Gd/Yb]N = 1.3).
XapakrepHa ciabas nonoxxutenbHas Nb anomanus (Nb/Nb* = 0.8—1.1).

JlonmepuThl Ha 3a0HEKCKOM TOIYOCTPOBE 00Jaa0T MOUKUIOO(UTOBON CTPYKTYpPOH, OMKOKpH-
CThl COXPAHWJIM PEIUKTHl MarMaTHMYECKOTO KIMHONMMPOKCEHA, a MONMKUIMTOBBIE BPOCTKH CIIOKEHBI
anbOMTOM, 3aMECTHUBIIMM IMEPBUYHBIN Iularuokias. [lo XxuMuueckoMy cocTaBy MOPOJbI OTHOCATCS K
TOJIEUTOBOI cepuu, ¢ Bapuanueit Mg# ot 47 no 61. Conepxanue Fe,0;' Bapsupyer ot 8.7 1o 14.4
Mmac. %, TiO; ot 1.1 mo 1.8 mac. %, 00amarOT TOBOIBHO BRICOKHM cojepkanreM Al,O; ot 14.6 1o
19.1 mac. %. Pacnpenenenue P33 umeer cnabo auddepennupoannbiii xapakrep ([La/Sm]N = 0.9—
1.4, [Gd/YD]N = 1.4), orcyrcTByeT obennenne Nb (Nb/Nb* = 0.8—1.2).
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B ymepenH0-Mg noMKHI00(UTOBBIX 0JIEPUTAX PEITUKTHI 3€PEH KJIMHOMMPOKCEHA BAPUPYIOT T10
pasmepy ot 0.5 1o 3 MM, Hamie BCEro 3aMeIalTcs Mo KpasiM aKTUHOJIMTOM, pexe XJopuToM. [1o co-
otHomeHno MuHaNoB (En-Wo-Fs) kinnonupokcen oTHocuTes K aBruty (Morimoto, 1989) u xapak-
TEPU3YETCS BHICOKON MarHe3nanbHOCThI0 Mg# = 0.69—0.76, Huzkumu koHreHTpanusimMu Na,O (1o 0.3
mac. %), TiO; (ot 0.6 no 1.7 mac. %), a Al,O3; Bapeupyer ot 1 10 3 mac. %. CexTpsl pacnpeneacHus
P33 B mupokceHe UMEIOT CiieTka BOTHYTYIO BBEPX (opMy ¢ HEOOIBIIMM oOeqHEeHHuEM Jerkumu P30
110 OTHOILEHUIO K TSDKENBIM, MU 3ToM cpeauue P30 mpaktuuecku He (paKIMOHHUPOBAHBI IO OTHOIIIE-
Huto K TsokenbM ([La/Yb]N = 0.25-0.40; [Gd/YD]N = 0.9-1.6) (puc.). s Bcex U3y4yeHHBIX KIMHOTIH-
pokceHoB xapaktepHo obemanenue Sr (Sr/Sr* = 0.16-0.3) u cmabo Beipaxkennas Eu (Euw/Eu* = 0.7-1)
aQHOMAJTHA.

C ucrnons3oBanneM koddduimenta pacnpenencuus Kp(amement) PP (White, 2013) 6bin
paccurTaH COCTaB MOJIEJIBLHOTO pacIljlaBa, PaBHOBECHOTO C KIMHOMHMPOKCEHOM JIOJEPUTOB (pHC.).
[lo conepkaHuaAM M XapakTepy paclpeieiaeHHs] PeIKO3EMEIbHBIX U HECOBMECTUMBIX 3JIEMEHTOB pac-
CUMTaHHBIN MOJIETBFHBIN pacIulaB OJIM30K K BaJJOBOMY COCTaBY JIOJIEPUTOB M MOAYIIEYHBIX 0a3ajbTOB
3a0HEIKCKOU CBUTHI.

100
. %-%
1
- KnuHonupokceH/INMM
s - [lonieput/NMIM
0,1
s - Baszanst/MNM
s - Pacnnas/[M
0,01 ' 1 1 1 1 1 L L 1 1 1 1 L 1 1 1

"Nb La Ce Pr Sr Nd Zr Sm Eu Gd Thb Ho Dy Er Yb L

Crnextpsl pacupenenenus P32 1 HECOBMECTUMBIX 3JIEMEHTOB,
HOPMHUPOBaHHBIC HA MPUMHUTHBHYIO MaHTHIO (Sun, McDonough, 1989)

Takum 00pazom, XapakTep pactpeeCHNs TIIaBHBIX U PACCETHHBIX 3JIEMEHTOB B M3yYCHHBIX J10-
JIepUTaX CEBEPO-BOCTOYHON YacTH 3a0HEKCKOTO TOJYyOCTPOBA M TMOAYIICUHBIX JIaBaX 3a0HEKCKOU
CBUTHI IMO3BOJISICT TPEIIOJarath, 4YTO MOPOJAbI OJM3KK IO COCTaBy H, BEPOSTHO, (POPMHPOBAIHCH
B paMKax OJHOTO AMHN30/1a MarMaTHYeCKON aKTUBHOCTH U MOTYT OBITh OTHECEHBI K EJMHOMY (320HEXK-
CKOMY) JIOJICPHUT-0a3a]IbTOBOMY KOMIUIEKCY CO CJICAYIONIMMHU YCIOBUSMH (DOPMHUPOBAHUS M IBOJIIO-
I[UU PACILIABOB:

(1) ymepeHHO-MarHe3uaabHbIM COCTaB PACIJIaBOB M OTCYTCTBHE PaHHUX (PEHOKPHUCTOB B Oa3ajb-
Tax MpenojiaraeT HU3KUE CTENeHU (PpaKIMOHUPOBAHUS MEPBUYHBIX PACIIABOB B MPOMEKYTOUHBIX
Kamepax;

(2) omeHka coctaBa paBHOBECHOTO C KIMHOIMPOKCEHOM pAaCIlIaBa MOKA3bIBAET T€OXUMHYECKYIO
OIM30CTh K BaJIOBBIM COCTaBaM BMEIIAIOIINX MX JIOJIEPUTOB U MOIYNICYHBIX Oa3zanbToB. C OIHOM CTO-
POHBI, ATO YKa3bIBaeT HA KPUCTALTU3AINIO KIIMHOMHUPOKCEHA in Sifu, 9TO HE MPOTHBOPEUUT METPOTpa-
(drueckuM HaOIIOICHHSIM, a C APYTOil CTOPOHBI, MOATBEPIKAAET TEHETUIECKOE POJCTBO Mg-0JIepUTOB
U TIOTyIIIEYHBIX 0a3aIbTOB;

(3) cnaboe (ppaxkimoHUPOBaHHUE THKEIBIX P3D CBUIETENHCTBYET O MAJIOTVIYOMHHOM (BHE ITOJIS
CTaOUIBPHOCTHU TpaHaTa) IUIABJICHUH MAaHTHIHHOTO UCTOYHHKA;

(4) cnaboe oboramenne erkuMu P35 u odeHpb crmabasi AETUIETUPOBAHHOCTH BBICOKO3aPSIHBIMHU
AJIEMEHTaMU TMOPO/J] IPEINONAral0T HU3KUH BKJIaJ KOPOBOM KOHTAMHUHAIIUU.

Hccnedosanus svinonnensvt npu noooepxcke epauma PH® 23-17-00260.
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Mopdonorust ¥ BHYTpEeHHEE CTPOSHHE AECTPUTOBOIO LIUPKOHA M3 TEPPUICHHBIX MOPOJ HECET
B ceOe nHpopMalmio 00 UCTOYHHMKE, YCIOBHIX €ro KPUCTAIIM3AalMU, a Takke OOCTaHOBKaxX TpaHC-
MMOPTUPOBKHU M HaKoTUIeHHs o01omouHoro matepuaina (Corfu et al., 2003, Gértner et al., 2013).

B cocraBe arymmiickoro (2.3-2.1 mupn JieT) HaArOpU30HTa majneonporepo3oss Ha Kapenbckom
KpaTOHE IIMPOKO Pa3BHUTHI KBaplieBble rpaBeluThl U necuyaHuku (CokosoB u ap., 1970). Ogaum u3
MPUPOJHBIX TOJIMTOHOB JUISI M3YyYEHHUsI STHX IMOPOJI SBISETCS MAJICONpPOTEPO30ICKas ByJIKaHOTCHHO-
ocagouHasi Cerozepckas CTpYKTypa, pacloiokeHHasi B BOCTOUHOM yacTu Kapenbckoro kpatoHa.

Hamu Obimm m3yueHbl O0COOEHHOCTH LHPKOHA M3 cirabomMeTaMOp(pH30BaHHBIX TEPPHUTEHHBIX
OCaJOYHBIX TOPOJ SATYJIHS B BOCTOYHOM W 3amagHoM Ooprax Cero3epckoil CTpykTypsl (puc. 1).
B paifone I'myxoii ry0sl oOHaxaroTcsi (CHHU3Y BBEpX) apxeiicKkue TpaHHUTHl (yHIAMEHTa, KOTOpHIE
C HECorjacueM U KOpOW BBIBETPUBAHUS MEPEKPHITHI I'PaBEIUTAMU, IECYUAHUKAMHU C MIPOCIOSMU TJIH-
HUCTBIX crnanieB (CokonoB u ap., 1970; Alfimova et al., 2022) u 6a3aabTOBBIMH JIaBaMH JIBYX CTpa-
turpadudeckux ypoBHei. B paiione [lamanckoit ryosr B 3armagHoM 00pTy Cero3epCckoi CTPYKTYPHI
oOHaxaroTcs (CHU3Y BBEPX) MHTCHCHBHO PACCIaHIIOBAHHBIE MOPOJBI apXeHCKOTo QpyHIaMeHTa, Me-
TaMOp(HU30BaHHbIE KBAPIEBHIE IPABEIUTHI U MECUAHUKU C MPOCIOSIMH TTIMHUCTBIX CIIaHLIEB, Oa3alib-
TOBBIC JIaBBI JABYX CTpaTurpapuueckux ypoBHeW. B pamkax naHHO# pa®oThl ObLT M3y4YeH LUPKOH U3
MPEICTaBUTENBHBIX MPOO MECYaHMKOB M KBapLIEBBIX KOHTJIOMEPATOB STYIHS U U3 apXEHCKUX TpaHU-
TOMIOB (PyHIAMEHTA.

Brigenenue nupkoHa mpou3BOAMIOCH 10 CTAHIAPTHOM METOJUKE B TSKENbIX KHUAKOCTSIX. M3y-
YeHHe MOP(OJIOTHH M MOBEPXHOCTU 3€pEH MPOBOJIUIOCH METOJAMHU OINTUYECKOW MHUKPOCKOIHHU
Y C UCIOJIb30BaHUEM CKaHupyromlero jazepHoro 3D mukpockona Keyence VK-9700. Buyrpennee
CTPOCHHUE IMPKOHA U3Y4aI0Ch C UCIOJIb30BaHUEM KaToqHOM MoMuHecuenuu (CL).

[Tonoxxenue mpob B pa3pese NPUBEICHO HA pUCYHKE |, omucaHue MUPKOHA B Ipobax MPUBOIUTCS
TI0 pa3pe3y CHU3Y BBEPX.

IToroct
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B paiione I'myxoif TyObl B MOACTHIAIOIIMX TEPPUTCHHBIC KOMILUIEKCHI TpaHUTax (yHIaMeHTa
(SG2-12/1) mpeobnanaroT 3epHa MUPKOHA TUMHPAMUIAIBHO-TIPU3MATHYECKON, YIATUHEHHOW (DOPMBEI,
PENKO BCTPEYAIOTCS 3€pHA rHaUHTOBON (opMbl; kodppuuuent yanuHenus (Ky) or 1 :3 no 1 : 5;
Co/epKaT BKIIIOUEHHUS YEPHOTO IBETA; KPUCTALIBI IUPKOHA KOPUYHEBO-OPAHKEBOTO M CBETIIO-
KEJITOro 1BeTa B cooTHOIEHUH — 80 % TeMHbIX, 20 % CBETIIBIX; CBETJIbIE B OCHOBHOM HEPAaBHOMEPHO
OKpaIlleHbl, TEMHBIC PAaBHOMEPHO OKpAIEHBI, TPAaHU YETKUE, PEAKO C MpU3HAKAMH PACTBOPCHUS
(puc. 2). B CL Buana cinoxHas 30HanbHOCTb pocta. Oxoino 50 % 3epeH umeroT TeMHylo okpacky B CL
BCJIC/ICTBHE HHTECHCUBHOW METaMHUKTHU3aluu (puc. 3).

a) SG2-3/4

B) SG2-12/1 r) SG2-12/1

Puc. 2. ®oto nupkona u3 nopox ['myxoi ry0sbl, cielaHHbIE Ha JTa3epPHOM MHKPOCKOTIE

Jis 1uMpKoHa, BBIIEJICHHOTO M3 MPOOBI MECYAHHMKOB HUKHETO CTPaTUrpaduyeckoro ypoBHS
(SG2-3/4), xapakTepHa BBICOKasl CTENCHb OKaTaHHOCTH OousblIMHCTBA 3epeH. IIpeobnanmaior 3epHa
OKpYTJI0M ()OPMBI, y HEKOTOPBIX YAIHHEHHbIX KprucTamios (Ky ot 1 : 2 no 1 : 3) mpocnexkusaercs 1u-
NUpPaMUIHO-TIpU3MaTHdeckas (Gopma, A HUX TakKe XapaKTepHa BBICOKAas CTEIEHb OKAaTaHHOCTH.
I'panu KpucTamioB HeueTkHe; KpucTaibl KopuuHeBOro (40 % BBIOOPKH) W CBETJIO-KEITOTO IBETa
(60 %), OONBIIMHCTBO PABHOMEPHO OKpAIlICHO. B TEMHOOKpAIICHHBIX KpUCTAIaX HaOIIOJaeTCs
CWJIbHAsI 3POJUPOBAHHOCTh MMOBEPXHOCTU. B LUpKOHE copepkaTcs BKIIOUYEHUS YEPHOTO WU Oyporo
ugeta (puc. 2). B CL BuaHa cioxHas 30HAIBHOCTb POCTa, MPUCYTCTBYIOT sApa. Y YacTH 3€peH LUp-
KOHAa 30HAJIBHOCTH cpe3aHa rpanunamu 3epeH. Okono 70 % 3épeH umeroT TeMHyl0 Ookpacky B CL
BCJIEJICTBHE UHTCHCUBHOW METaMUKTU3AIUH (puc. 3).

Jlns nMpKoHa U3 MNIMHKUCTBIX cnaHies (SG2-3/6) xapakTepHa okpyrias gpopma 3epeH (Ky =1 : 2).
3epHa xentoBaroro (okoio 60 %) u TemHO-opamxkeBoro 1Bera (40 %), UMeroIUe HEOTHOPOIHYIO
OKpacky. ['panu u pebpa KpHCTAIJIOB HEYETKHE, C BHICOKOW CTemneHblo okaTaHHocTH (puc. 2). B CL
BHUJIHBI KCEHOTEHHBIE siipa U BiatoueHus. Okoiso 70 % 3epeH umeroT TeMHyto okpacky B CL Bcuen-
CTBHE MHTCHCUBHOM METaMHUKTH3AINH (puC. 3).

VY GONBIIMHCTBA 3€pEeH IMPKOHA, BBIACICHHBIX M3 MECYAaHUKOB CPETHEr0 CTPaTUrpaduieckoro
ypoBH: (SG2-3/9), BelpaxkeHHas yAIMHEHHO AMIUpaMHIHO-NIpu3MaTHyeckas gopma (Ky =1 : 3), ox-
HAKO 4YacTh 3epeH UMeeT (HopMy, OJIIM3KYI0 K OKPYIJIOH; KPUCTAIIbl KOPUIHEBO-OPAHKEBOIO I[BETA,
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pPaBHOMEpHO OKpalleHbl. ['paHl BUAHBI YETKO, peOpa UMEIOT c1adyro CTeNeHb OKAaTaHHOCTH; BCTpE-
YaroTCs BKIIIOUEHHs YepHOro 1Beta (puc. 2). B CL BuaHa clioXHast 30HATBHOCTh POCTA, MIPUCYTCTBYIOT
BKtoueHusa. Oxono 85 % 3epeH B BHIOOpKE MMEIOT TeMHYI0 okpacky B CL BciencTBue MHTEHCHBHOM
MeTaMUKTHU3aIuu (puc. 3).

Puc. 3. CL-uz00pakenus qupKoHa u3 u3ydeHHbIx npob (['myxas ryba)

B paiione n. [Toroct B [laganckoii ry0e u3ydeH MUPKOH U3 MPOO MECYaHUKOB, KBAPIICBBIX IpaBe-
JUTOB ¥ KBapLEBbIX KOHIJIOMEpaToB. B rpaBennTax W KOHrjIoMepaTax HE MPOBOAMIIOCH pa3jeieHue
o0pa3noB Ha MaTpHUKC/000MKH. B nmpkoHax u3 mpoOsl nmecuanukoB (SG2-2/3) npeobnamaer numu-
pamugHo-nipusmMaruyeckas Gopma sepen (Ky = 1 : 3). Kpucraniasl uMeIOT KOPUUHEBATO-OPaHKEBbIN
L[BET, PABHOMEPHO OKpallIeHbl. ['paH poBHBIE, Y HEKOTOPBIX 3€PEH MPUCYTCTBYIOT OKaTaHHBIE pedpa.
B CL Bugna cnoxnast 30HanbHOCTH pocta. Okomno 80 % 3epen umerot TeMHyto okpacky B CL (puc. 4).

Jlnst mmpkoHa u3 poObl KBapIieBbIX rpaBenuToB (SG2-2/4) xapaktepHa yrioBatas GopMma 3epeH
(Ky = 1 : 2). Kpucramnsl 1u6o 6ecupersie (50 %), mubo kpacHoBaTo-opaHxkeBoro nseta (50 %);
paBHOMEpHO OKpaileHbl. ['paHu u pebpa yerkue, HO HepoBHbIE. [IpUCYTCTBYIOT BKIItOUEHHSI Oyporo
ugeta. B CL BugHa ciokHasi 30HaJIbHOCTh pOCTa, MPUCYTCTBYIOT siipa. Okono 70 % 3epeH UMEI0T TeM-
Hy10 okpacky B CL BciecTBre HHTCHCUBHON MeTaMUKTH3auu (puc. 4).

3epHa ILMpKOHAa W3 TPOObI KBapUEBBIX KoHIIoMmepaToB (SG2-2/11) uMmeoT aUmupamMuiIHO-
HPU3MaTHYECKYIO (POpMY, OJHAKO YaCTb 3epeH umeeT hopMy, ommu3Kyro k okpyrioi (Kyor 1:2 o 1 : 3).
Kpucramisl UMEIOT TEMHO-KOPUYHEBBIH IBET; paBHOMEPHO OKpateHsl. ['panu u pedpa ci1abo okaTaHbl.
B CL BuzHa cnokHas 30HAIBHOCTH POCTA, MPUCYTCTBYIOT sapa. Okono 85 % 3epeH UMEKT TEMHYIO
okpacky B CL (puc. 4).
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Puc. 4. CL-u300pakerns mupkoHa n3y4eHHBIX poo (1. [Toroct, [Taganckas ry6a)

PaccmotpeB omnucanHble 0COOCHHOCTH ITUPKOHA, MOYKHO MPEIOIaraTh, YTo MOJICTHIIAIOININE TPAaHH-
ThbI MIOTEHIMAIBHO SIBJIIIOTCS MCTOYHUKOM LIMPKOHA B ATYJIUMCKUX NecyaHuKax. J[s 3epeH UpKoHa u3
PaHHUX TIECYAHWKOB ¥ TIIMHUCTBIX CTIAHIIEB XapaKkTepHa OKpyrias opma, a Takke Oosee CBeTIast OKpac-
Ka, YTO CHJIBHO OTJIMYAET MX OT LMPKOHOB, BBIIEICHHBIX M3 MOJICTWIAKONIMX I'paHUTOMIOB. LlupkoH n3
HIDKHEN OCAJIOYHOM IMAYKW TaKKE OTIMYAETCS OT LIUPKOHA M3 NECUYAHUMKOB CPEIHEN OCAJOYHOM NAvKH,
3aJIeralolMX Bbllle 0a3aNbTOB, I7I€ 3HAYUTENbHBIA MPOLEHT COCTABISIIOT MOTYyOKaTaHHbIE 3epHa. JTo,
BO3MO>KHO, OTPAYKAET CMEHY YCJIOBUI OCaIKOHAKOIIJICHUS U BKJIAJ] IPYTHX UCTOYHUKOB CHOCA.

Taroke OTMETHM, YTO IIMPKOHBI HIDKHUX TAueK 3amaIHoro W BOCTOYHOTO OOpTOB Cerosepckoit
CTPYKTYPbI OTJIMYAIOTCS APYT OT Apyra. ITO MOXKET CBHJIETELCTBOBATh O BKIJIAJIE PA3HBIX MCTOYHHUKOB
JUIS PA3JIMYHBIX YacTE€d CTPYKTYPBI, TO €CTh O JIOKAJIbHBIX MCTOUHUKAX CHOCA. 3€pHA LIUPKOHA HWXKHUX
TMaueK 3araHoi YacTH MEHee OKaTaHbl, TAK KaK, BEPOSTHO, UX MIEPEHOC ObUT OTHOCUTEIEHO HEOOBIIION.

BHyTpeHHee cTpoeHHe 3epeH HUPKOHA — HAJTMYKE SAEp U OCHMIIATOPHON 30HAJIBHOCTH — CBHJIE-
TENBCTBYET B MOJIb3Y UX KPUCTAJUIM3ALMU B TPAHUTHBIX MaccuBax. M3-3a mOUYTH MOTHOTO OTCYTCTBHS
B IMPKOHAX TOHKMX spKUX B CL KailM MOYXHO FOBOPUTH O TOM, YTO BMEIABIINE HUPKOH MOPOJIBI HE
MpeTepreNii WHTEHCUBHOTO MeTamopdu3Ma. BBICOKHI MPOIEHT METaMUKTH3UPOBAHHOTO ITMPKOHA,
BO3MOJKHO, SIBJISIETCS CIIEACTBUEM U3MEHEHUM I'PAHUTOUOB B KOPaX BHIBETPUBAHMUSL.

HUccnedosanus evinonnenvt npu noooepaicke npoexkma PH® 23-17-00260.
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MEPBBIE JAHHBIE O BO3PACTE CIIOAYMEHOBBIX IIETMATHTOB
MECTOPOXJIEHUAS MAIIIKHA, TPOBUHIAS HYPUCTAH
(A®GTAHHUCTAH)

Xamaapa H.', Ckyo0s10B C.Ir.?

' Canxm-Ilemep6ypeckuii 2opuwiii ynusepcumem umnepampuysr Examepunst 11, nazifullahhamdard@gmail.com
Unemumym eeonoeuu u eeoxpononocuu dokembpus PAH, skublov@yandex.ru

BBenenne. Adranucran obnagaeT KPymHBIMU ETMAaTUTOBBIMU MECTOPOXKACHUSIMHE JIUTHSI, IIPO-
CTPaHCTBEHHO U T€HETUYECKHU CBSI3aHHBIMU C TpaHUTaMH TpeThel (a3bl komriekca Jlarman maneore-
HoBoro Bo3pacta (Rossovskiy et al., 1976). Peaxomeramibapie nermatutel LCT-THna (crienuanus3u-
poBansblie Ha Li, Cs u Ta), K KOTOPbIM OTHOCSITCS CITOJTyMEHOBBIE MIETMaTUThI, IIIUPOKO MPEICTABICHBI
B BOCTOYHOI 4acTH CTpaHbl, B OCHOBHOM, B mpoBuHIMU Hypucran (Benham, Coats, 2007). Cymre-
CTBEHHBIN BKJIQJ B UX OTKPBITUE U IMOCIEAYIOLIEE UCCIEA0BAHUE BHECIU COBETCKHE reosnoru B 70-e
rogel XX Beka. OAHAKO KOMIUIEKCHOI'O F€OXPOHOJIOTMUECKOTO U MHHEPAIOr0-re0XMMHUYECKOTO HC-
CJIEIOBaHMs 3TUX PYIHBIX OOBEKTOB Ha COBPEMEHHOM YpPOBHE HE MPOBOAWIIOCH. B manHOM coobiie-
HUU MPEJCTaBIEHBI TIEpBBIe NaHHbIe 0 Bo3pacte (Rb-Sr merox, ID-TIMS) ciogyMeHOBBIX MerMaTH-
ToB MectopoxaeHusa [lamku, npoBuHumsa HypucraH, sBISIOIIErocss TUOUYHBIM MpPEICTaBUTEIEM
LCT-nermMatuToB B 3TOM peruone A¢raHucTasa.

I'eosnornyeckas xapakrepucrtuka. Mectopoxaenue Ilamku Haxoaurcsa B npeaenax [lapyHcko-
ro erMaTUTOBOTO 10JIs, B ropax Ha BbicoTe oT 3000 o 4300 m. 3neck Ha muomaayu 2 X 3.5 KM cpeau
MeTaMOppUYECKX MOpOJ KalIMyHACKOW CEpUU BEPXHEr0 Tpuaca — KPUCTAIUIMYECKHX CIIAHIIEB,
KBapIUTO-TIECYAHUKOB 1 MPAMOPU30BaHHBIX U3BECTHAKOB — OOHAaXKEHA Cepus MPOTHKEHHBIX (0 1 KM
u Oosiee MPU MOIIHOCTH 10 HECKOJBKHX JECATKOB METPOB) KPYTOMAJAIOIIMX IIErMaTUTOBBIX TEIN ce-
BEPO-BOCTOYHOTO MPOCTUPaHUsA ¢ OoraToil crnoayMeHOBOW MmuHepanu3anuei. CocTaB pyIOHOCHBIX
MErMaTUTOB YKa3aHHOTO MECTOPOXKICHHS — KBAapI[-CIIOAYMEH-MUKPOKINH-aIbOUTOBBINA. B ero npene-
JaX TErMaTUThI MPECTABIEHBI ABYMsI CPAaBHUTEIBHO KPYMHBIMU TesiaMu: kuiamMu Ne 1, No 3 u sxuib-
HOM 30HON Ne 2, mpejacraBisitomieii co00l «ceT4aToe)» COWICHEHHE MHOXECTBa Pa3HOOPHEHTUPO-
BaHHBIX XWIbHBIX (popm. [IpeaBapuTenbHO OIEHEHHBIE 3aMackl MECTOPOXKAEHUs 10 TIyouHbl 100 M
coctasistor 127 000 T Li,O (Benham, Coats, 2007).

Kuma Ne 3, wu3 BepxHeld uyacTu KoTopod Oblla oToOpaHa mpoda KBapL-MYCKOBHT-
mIarnokiiazoBoro nermatura D-05-1 Ha matupoBaHue, UMeEET MITOKOOOpasHyro ¢GopMy U 3aieraer
IPEUMYIIECTBEHHO COIJIaCHO BMEMIAIOIIMM NOpOJaM (TOHKOCJIOMCTBIM IPaHaTOBBIM U CTaBPOJIMTO-
BBIM KBapI-OMOTUTOBBIM cllaHiiam). [lo mpoctupanuto oHa npotsaruBaetcss Ha 600 M, MOIIIHOCTB OT 2
70 8 M. XapaKTepHO IHUPOKOE PACIPOCTPAHEHUE CaXapOBUIAHBIX arperaroB MEIKOKPUCTAIIMUECKOTO
anpouTa. Ha yuyacTkax ¢ OJOKOBOW M TErMaTOMIHON CTPYKTYPOM 4YacTO BCTpEYAETCS TypMalliH
(mepir), KpUCTAUIBl KOTOPOTO AocTUTaloT B JumHY 5 X 10 cMm. Kpome Toro, B BepxHeii (TOTOBHO)
yacTH kuiibl Ne 3 ObUTM OTMEYEHBI KPYIHbIE KPUCTAILIBI MMPO3payHOro 6epuiia (akBaMapuHa HEXHO-
roxyooro OTTEHKa M TOLICHHTA), B aCCOLMAIMH CO CHOJYMEHOM, MUKPOKIMHOM, aJIbOMTOM (KJIeBe-
JAHAUTOM ), TAHTAJTUTOM U MOJIUXPOMHBIM TypMaiiHOM (CKy0J10B U Ap., 2024).

Metoas! ucciaenoBanus. Monodpaxuu myckoButa (Ms) u muiarnoknasza (P1) Obumn Beinene-
HBI B MuHepanorudeckoit nadoparopuu UI'T /I PAH nmo ctaHmapTHBIM METOAMKAM C TPUMEHEHHEM
3JIIEKTPOMArHUTHOM cerapanuu M TKEIbIX kuakocTeil. M3oTonusiit ananus3 Rb u Sr npoBoauncs
Ha MYJBTUKOJUIEKTOpHOM Macc-crnekrpomerpe TRITON B crarmdyeckom pexxume (aHanutuk E.C.
Boromonos). Koppekiust Ha u30TONMHOE (PpaKIMOHUPOBAHUE CTPOHIUS MPOU3BOAUIIACH MPU TO-
MOIIM HOpMaJIU3allMi W3MEPEHHBIX 3HAYECHUW MO OTHOUIECHHIO *¥Sr/*°Sr = 8.37521. Hopwmanuszo-
BaHHBIE OTHOLIEHHS IPUBOJAUIIUCH K 3HAYEHUIO 7Sr/%Sr=0.71025 B MEXIYHAPOJHOM U30TOITHOM
craggapre NBS-987. Ilorpemnocts ompenenenus koHueHtpauuit — 0.5 %. Iloctpoenue wuzo-
XPOHHBIX 3aBHCHUMOCTEH W BBIYHCIICHHUE BO3PACTA, a TAKKE INEPBUYHOI'O OTHOILICHHUS *7Sr/*Sr);
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ocymectBisanock B nporpaMmme ISOPLOT. [lpu pacuerax BBOOUIUCH CIEAYIOLINE 3HAYEHUSI OTHO-
CUTENBHBIX MoTrpemHuoctTel onpeaeneHuss Rb-Sr manveix: 0.5 % — ans OTHOIICHUSA 87Rb/86Sr,
0.01 % — st oTHOWIeHHs © St/ Sr.

Pe3yabTaThl U HX 00cy:xneHue. [lomydeHHbIE H30TOMMHO-TEOXMMUYECKHE JaHHbIE (Tab.) oOpa-
HIal0T Ha ce0si BHUMaHHUE KpaliHe BBICOKUM cojiep:kanueM Rb B BanoBoit mpode (WR) mermatutoB —
1682 ppm u, COOTBETCTBEHHO, BEICOKMM Rb/St oTHOmMEeHneM. B pe3ynbrare Touka, oTBeUaronas Bary
MOPOJIbI, HAXOJAUTCSI HA M30XPOHE BHINIE TOYKH MYCKOBUTA (PHC.), UTO HE THUITHYHO JJIsi TPAHUTOHIOB.
Takue reoxuMHUECKre XapaKTEPUCTUKU TOBOPAT O KpaifHe BHICOKOW cTeneH! GpaKIMOHUPOBAHHOCTH
MErMaTUTOBOTO PacIliaBa.

Pesynbratel Rb-Sr ananusa mpo0Os! nermatutoB D-05-1

O6pazen Rb (ppm) Sr (ppm) Rb/*°Sr 7Sr/%Sr 26
WR 1682 2.556 2020.77 1.337401 69
Ms 1994 3.185 1917.58 1.311110 43
Pl 7.530 14.39 1.5156 0.730075 28

0.732
14 Tozs1
- 0.730
19 |o729
i 0.7280‘0
87Sr
868r 1.0
0.8 Bospact = 21.3 + 1.8 MnH net
(87Sr/86Sr), = 0.730 * 0.039
Pl CKBO = 5.4
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87Rb/8¢Sr

Rb-Sr quarpamma st mpo0Os! nerMatutoB D-05-1.
Pa3mep ¢purypatuBHBIX TOUEK OTBEYAET YPOBHIO 2G

Bricokoe 3nauenne CKBO, paBHoe 5.4, He MO3BOJISIET CUMTATh MOJYYCHHBIM JIMHEWHBIA TPEH]
M30XPOHOM B CTPOTrOM CMBICII€ 3TOr0 TepMUHA. OJHAKO pacCYMTAHHBIA BO3pacT mermatutoB 21.3 £
1.8 MiH JIeT MOKHO paccCMaTpUBaTh B KAUECTBE OLICHOYHOTO 3HAYCHUS.

Panee na Tepputopun AdranuctaHa ObUIM BbIAENIEHBI YETHIPE TJIaBHBIE CTaJUU MPOSBICHUS
Marmatusma (HWKHsI najeo3oickas — okono 500 muH jet; TpuacoBas — okoJio 230 MIIH JIeT; Melo-
Bast — okoJio 100 MJTH JIeT; 201IeH-0IUToIieHOBass — okoJio 35 MiH JieT; Debon et al., 1987). [Ipu stom
HOLICH-OJIUTOLIEHOBAsI CTA/AMsI 10 CUX IOP OCTAETCSI HAMMEHEE OXapaKTEPU30BAHHOU B T€OXPOHOJIOTH-
yeckoM oTHouieHnu. Eciu He paccmarpuBaTh K-Ar mMerop, ycTapeBIIMI B METOAMYECKOM IIJIAHE
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Y 3a4aCTyI0 AN HEKOPPEKTHBIE PE3YNbTaThl, TO JJis TPAHUTOB KOMIUIEKCa JIarMaH U CBSI3aHHBIX
C HUMU IIETMaTUTOB UMEETCS BECbMa OrpaHUYEHHOE KonnyecTBo (He 6osee 10) onpenenenuii Bo3pac-
ta Rb-Sr metomom (Desio et al., 1964). [Ins rpaHUTOB 3HAYEHUS BO3pPACTa COCTABIIAIOT MHTEPBAI
31-33 muH neT, 11 nerMatuToB — 21-27 miH set. [lomyyeHHoe B pe3ysibTaTe HAIIMX UCCIETOBAHUI
OTIpesielIeHue BO3pacTa O0pa3oBaHMs CHOJYMEHOBBIX NETMaTUTOB MecTopoxieHus [lamku okoio
21 MJIH JIeT coryiacyeTcsi ¢ ITUMHU 3HAYCHUSIMHU.
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OCOBEHHOCTHU MUHEPAJIBHOI'O U XUMHNYECKOI'O COCTABA
METAMOP®U30BAHHBIX KOHI'JIOMEPATOB BOPOHBUX TYH/IP

Xavarpsn M.T.

KHI] PAH, khachatryanmariam5 1@gmail.com

Konrnomepatsl panHero JokeMOpHs colepKaT MakCMMajbHble M3BECTHBIE Ha 3eMJjie 3arachl
3on01a U ypaHa (Kpennenes, 1974). Kpome Toro, MeTamIoHOCHBIE KOHIVIOMEPATbl MOTYT CIIYKUTh
MOTEHLUAIBHBIM MPOMEXYTOUYHBIM HCTOYHUKOM MPH (HOPMHUPOBAHUHM MECTOPOKACHUM U PYIONPOSIB-
JIEHUH 30J10Ta IPYrUX FT€HETUYECKUX TUIOB, KaK SMUT€HETUYECKHUX, TAaK U POCCHITIEH.

Cpenu meTamoppuuecKkux Toiil gokeMopus Konbckoro pernona KOHrJIoMepaThl pacinpocTpaHe-
HBI JIOCTATOYHO LIMPOKO, OHU (HOPMHUPOBAIUCH B apXee, MaeonpoTepo30e U B paHHEpUDecKoe BpeMsl.
Ho Merannorenndeckas posib KOHIJIOMEPAaTOB PETUOHA HAa HACTOSIIIEE BPEMSI OCTAeTCs CIa00M3yUYEeHHOM
(Bonkos u zp., 2021).

OpnHOM U3 Ba)KHBIX I'€OJOTHUYECKUX CTPYKTYP, TJI€ U3BECTHBI KOHIJIOMEPAThl apXelcKoro Bo3pac-
Ta, SIBISIETCS IIOBHAS 30HA Ha rpanuiie Mypmanckoro u llentpansHo-Konsckoro 6510k0B, B ipenenax
KOTOPOW pacCIoJIOXKEHBI 3eleHokaMeHHble Tosica Koamoszepo-Boponbsi u TuTOBCKO-YparyOockuid.
B nosice Konmosepo-BopoHbsi KOHTJIOMepaThl BBISIBIEHBI B COCTABE JIIBO3EPCKOIM CBUTHI B OCHOBAHUU
cTpaTturpaduyeckoro paspesa mosica ¥ B COCTaBe MOPOCO3EPCKON cepuH (Mopoco3epckas U coijart-
MBUTLKOBCKAsI TOJIIIM) B BEPXHEH YacTH €ro TeOJOrHYeCcKoro paspesa. JlaHHbIe KOHTIIOMepaTsl OyIyT
pPaccMOTpeHbI B HACTOALIEM JTOKIa/IE.

Brixosibl KOHTIIOMEPATOB JABO3EPCKONW CBUTHI MPOTIATUBAIOTCS OT 03. JIsiBO3epo Ha ceBepo-
3amajne 710 03. Jluie Ha ITro-BOCTOKE, TlIe OBUIH MPOCIEKEHbl Ha paccTosiHue okoJsio 20 km (JIyHe-
Ba, 1977). MomHOCTh HEOAHOPOAHOM IO CTPOEHUIO JISIBO3EPCKON KOHTJIOMEPATOBOM MMavKu B pail-
one rop CropHbix coctaBisgeT 60—70 M, B FOT0O-BOCTOYHOM HampaBieHUH (K 10Ty oT 03. JIuie) oHa
yBeanuuBaeTcs 10 150-180 m. ['anbku HepaBHOMEPHO paccesHbl B THeEWcax, a Takxke o0pas3yioT
JUH30BUAHBIE CKOMIEHHUsI MOITHOCTRIO 0.3—1.5 M npu npoTskeHHocTu oT 10-20 M Ha 3amage 1o
50-80 M Ha roro-BocTtoke. YeTKkol rpaHULbl MEXAY JTUH30BUIHBIMU CKOIJIEHUSIMU TaJIEK U OKpPY-
JKAIOIIUMU THelicaMu He HaOroaeTcsl. DT KOHIJIOMEpPATOBbIE JIMH3BI pacrojiaralorcs 1u0o ogHa
HaJ JpYroi, 1o KyIrucooOpa3sHO U pa3lieJeHbl MeXy OO0l Oe3ralleyHbIMH IUTacTaMH — Iecya-
HUKaMU, pexke rpaBeluTaMu, IpeBpalleHHBIMU B pe3yibTate MetaMmopdusma B THeiickl (JlyHesa,
1977). B paitone BopoHbuX TyHAp JHWH3BI KOHTJIOMEPATOB B COCTABE JIABO3EPCKOM CBUTHI PEIKUE
U MaJIOMOIIIHBIE.

B nopopax nmopoco3epckoii Tonmm Ha ydactke BoOpoHbUX TYyHIp KOHIJIOMEpAThI 3aJIeratoT Cpeau
CTaBPOJIUT-TPAaHAT-OMOTHTOBBIX THEMCOB B BUJIE TIACTOB M JTUH3. MOITHOCTh KOHTJIOMEPATOBBIX TEIN
oT 1-1.5 10 3—5 M, IPOTSIKEHHOCTh COCTABJISIET IECATKH METPOB. CIUIOMIHOTO TOPU30HTA KOHTJIOME-
paToBbIe MauKu HEe 00pa3yroT.

B npenenax conaTMbUIBKOBCKOW TOJIIM [EMOYKA JUH3 KOHITIOMEPATOB MPOTATUBAETCS Ha Jie-
CATKH KHJIOMETPOB 10 TpocTupaHuio. KoHrmomepaToBble MayKku, MpECTaBISIONME cO00i mepecia-
MBAaHHUE KOHTJIOMEpPATOB M BMEIIAIOIIMX THEWCOB U CIAHIEB, MPOCIEKHUBAIOTCS MO MPOCTUPAHUIO
tonmu Ha 1-3 kM npu mMomHocTH 200—-300 M. MOIIHOCTh OTAENIBHBIX TEJ B U3YYEHHBIX BBIXOAaX
00bruHO coctapisieT 0.2—0.5 M, uHOTAA 1.5—2 M, MPOTSHKEHHOCTh OT HECKOJIBLKUX METPOB JI0 HECKOJIBKUX
necaTkoB MeTpoB, uHorna 100-150 m (JIynesa, 1977).

CrpyXeHHOCTb TaJIeK B U3YYEHHBIX KOHIJIOMEpaTax HeBbIcOKas, 00biyHO MeHee 40 %, peako
ooniee 50 00. %. Cyns mo pasmepy raiek, nmumrb 50 % KOHTJIIOMEpaToB MOKHO Ha3BaTh MEJIKOTa-
JE€YHBIMH (CO CpeaHUM pazmepom okoiio 1.5 cm), mpumepHo 30 % cieayeT OTHECTH K TPaBeIUTaM.
OcraBmasica yacth (20 %) mo pasmepy o0JIOMOYHOTO MaTepHalsia SABJISETCS MECYaHUKOM. [ anbKu
B KOHTJIOMEpAaTax MOpOCO3epCKOil TONIM ObIBAaIOT KaK XOpOIIO OKaTaHHbIE, TaK U cliabooKaTaH-
Hble, WHOT/Ia C HEYETKHMMHU T'paHUIaMU. B COIIaTMBIIBKOBCKOW ToIle Qgopma rajlek BechMa
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pasHooOpa3Ha: okoso 75 % o0pa3loB UMEIOT rajbKy CHIBHO BBITAHYTOW (OpMEL, a B 25 % oOpa3uoB
rajJbKyd U30METPUYHBIE.

Cpenu xoHrmoMepatoB BopoHbUX TyHIp ObUTH BBIAEIEHBI MOHO- U MOJTMMUKTOBBIE KOHTIIOMEpa-
Thl. B MOHOMMKTOBBIX KOHIJIOMEpaTax BCTpeyaeTcss 0OJIOMOYHBIM MaTepuai TOJIbKO OJHOTO THIIA,
B MIOJIMMUKTOBBIX MOTYT OJHOBPEMEHHO BCTPEUATHCS TallbKHM TpexX U Oojee TuroB. O6IOMOYHAS CO-
CTaBJIAOIAs] KOHIVIOMEpAaTOB BOPOHBUX TYHJIp MpeACTaBIeHA CIAEAYOIUMI MUHEPAIbHBIMU TUIAMU
rajieK U rpaBus: KBapU-KOPAUEPUTOBbBIC, XJIOPUT-KBAPLEBBIE, MYCKOBUT-KBAPILIEBbIE, MyCKOBUTOBEIE,
KBaplLEeBBIC.

KBapi-kopauepuToBast rajibka COCTOMT U3 Kopauepura (65 00. %), kBapua (30 %) u Ouoruta
(5 %), akuecCOpHBIMM MHUHEpaJlaMu SIBJISIFOTCSI alaTUT, TYPMalIMH U XJOpUT. [lepBUuHOE BelecTBO
rajbKy TMPEJCTaBISET, CKOPEE BCEro, MIMHUCTBHIM MaTepuall MPEANOIOKHUTEIIBHO MEePBOHAYAIBHOTO
MOHTMOPHJIJIOHUT-HOHTPOHUTOTO COCTaBa; MPU METaMOp(PHU3Me TIIMHUCThIE MUHEPAJbl ObLIN 3aMe-
HICHBI KOPIUEPUTOM.

B xnoput-kBapueBsIX rajipkax coaepkanue xjaopura gocruraer 20 %.

B MyckoBUTOBOIi ranbke OONbINE MOJOBUHBI 00bEMa COCTABISET MYCKOBHUT, €T0 COJCpIKAHUE
MoskeT focturath 92 %. MyckoBUT 00pa3yeT TOHKO3EPHUCTBIN arperat pa3HOOPHUEHTUPOBAHHBIX ye-
myeK. [lepBUuHBIA COCTaB MYCKOBUTOBBIX TalIeK, CKOPEE BCETrO, KAOJWHUTOBBIM WM KBapll-
KaOJIMHUTOBBIH.

MycKOBUT-KBapIieBasi rajbka cocTouT U3 MyckoButa oT 30 1o 50 % u kBapua (50-70 06. %).
Pazmep uwenryexk myckoButa coctanisiet 0.02—0.04 MM, yenryikyu pa3HOOPUEHTUPOBAHHBIE.

B xBapreBsix ranpkax kBapil 3aHuMaeT ot 80 10 99 % oObema ranpku, pazMep 3epeH BapbUpyeT
ot 0.1 1o 2 MmM. BTopocTeneHHbIe U aKIIeCCOPHbIE MUHEPAJIbI, MPECTABICHHBIE OMOTUTOM, MYCKOBH-
TOM M IUIATHOKJIa30M, cOCTaBIsiOT OT 1 10 20 00. % ranex.

MyCKOBHUTOBBIE M KBApL-KOPAUEPUTOBBIE TAJIBKH, 110 BCEH BUIUMOCTH, Ha3bIBAaTh «TaJIbKOW» HE
COBCEM KOPPEKTHO, MOCKOJIbKY MAaJOBEPOSITHO UX 00JIOMOYHOE mpowucxoxkaeHue. Ckopee BCEro, Imo
NEPBUYHOM MPUPOJE 3TO INIMHHUCTBIE CTSHKEHMS, CIOKEHHbBIE TUAareHETUYECKMMHM MUHEpalamH, BO3-
HUKIIUMH B pe3yJbTaTe MepepacnpeeeHus: BEUECTBA B OCAIKE.

HanonuuTenb KOHIIIOMEpaToB B OOJBIIMHCTBE CIy4aeB MPEACTABICH PA3IMYHBIMU OHOTHUTOBBI-
MU THeEWCaMU, pexXe IBYCIIOISHBIMU WM OMOTHUTOBBEIMHU cllaHIaMU. B o0pasmax mopoco3epckoii
TOJIIN, OTOOpaHHBIX Ha BepuinHe r. [lemmanaxk, OMOTUTOBBIN THENC COAEPKUT MUHEPAIBI TIIMHO3E-
Ma: aHJaTy3UT, CTABPOJIUT, KOpAUEPUT. Pazmep 3epeH HamoJHUTENST KOHTJIOMEPATOB CHIIBHO Pa3iiu-
YaeTcsl OT TOHKO3EPHUCTOIO MecyaHuka ¢ pazmepoM 3epeH oT 0.1 1o 0.25 MM 10 cpeHe3epHUCTOro —
¢ pazmepom 3epeH ot 0.5 1o 1 mm.

JIn1st HanmoJTHUTENST KOHTTIOMEPATOB ObUTH pacCUMTaHbl THAPOIU3ATHBIHN, aTFOMOKPEMHEBBIH, hemMuye-
CKUii, TATAHOBBIN, HATPUEBBIN, KATMEBBIH, IIIETIOYHOM, )KEIe3UCTHIN U IJIATHOKIa30BbIA MOIYIIN U 00IIas
HopMatuBHas menoYHOCTh (CxisipoB, 2001). [TomydeHHbIE XapaKTEPUCTUKU TTOKA3BIBAIOT, YTO TIETPOXH-
MHUYECKHE TTapaMeTPhl IEMEHTa KOHTJIIOMEPATOB OJIN3KH K TTapaMeTpaM BMEIIAIOIINX KOHTIIOMEpPAThl OHO-
TUTOBBIX THEHCOB M JIBYCITIOJITHBIX CJIAHIIEB (COTIIAaCHO JaHHBIM u3: benonumenkwii u mp., 1980).

HamonHuTenbs KOHTIIOMEPATOB U3 COJIATMBUIBKOBCKOW TOJIIM OTHOCUTCS K apko3am. [IpoObl
KOHIJIOMEPATOB MOPOCO3EPCKOM TOJIIM MO COCTAaBY OTBEUaIOT rpayBakkaMm. Bce mpoOsl, 3a uckito-
YEHUEM OJHOMW, OTJIMYArOIIelicss HU3KuUM coepxkanueM K,O, nexar B npeaenax mois, 3aHIMacMoro
MOPOJaMH TOPOCO3EPCKON M CONAATMBIIBKOBCKOM TOJIIII.

Bce uzydeHnHbie KOHTIIOMepaThl ObUTH MeTaMOpP(U30BaHbI, O YeM CBUICTEILCTBYET:

1) [osiBnenune xapakTepHBIX i MeTaMOp(hUUYECKUX MOPOJ MHHEpAIOB KOpAUEpHUTa, OMOTHTA
¥ MYCKOBHTA, TpaHara, CTaBpOJIMTA, aHAAly3uTa, KHaHWTa. Meramopduueckue MHUHEpaIbl BMECTE
C KBaplLEM M IUIarMOKJIa30M 3aMeNaloT Kak MaTeprajl HAIlOJHUTENs KOHIJIOMEPATOB, TaK U NEPBUY-
HOE€ TJIMHUCTOE BEIIECTBO TrajIbKH.

2) Pa3zBuTHe XJIOPUT-CTAaBPOJIUTOBOTO TOHKO3EPHUCTOTO arperaTta no KOpAauepuTry — paccMmar-
pUBaeTcsi Kak MPOSIBICHHUE BTOPOro (paHHEMPOTEPO30MCKOro) 3Tala pPEeruoHadbHOrO METamop-

dbusma (pyrosa u ap., 1982).
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3) Poct mopdupobnactoB rpanarta, Kopauepura u anganysurta. [loppupobractel aHmamy3uTa
U KOpJUepUTa 1Mo pasmepaM U (Gopme MOTyT ObITh OYEHb NMOXO0KUMH Ha TajbKy, YTO CUJIBHO 3aTpy-
HSET U3yYEHUE KOHIJIoMepaToB BopoHbux TyHAp.

Bo Bcex o0pasiax KoHIrIoMepaToB, OTOOpaHHBIX B paiioHe BOpoHBUX TYHAp B CeBEPO-3aIaHON
yactu nosica KosiMozepo-BopoHss, B kauecTBe pyHOTO MUHEpaja MPUCYTCTBYET WIBMEHUT, COAEP-
JKaHUe KOTOpPOro B IIEMEHTE KOHIJIoMepaToB cocTaBiseT 1-5 06. %. Kpome Toro, B coctaBe 1ieMeHTa
BO MHOTHX 00pa3liax OTMEUYEHBI 3epHA MOHAIIUTA C KAWMOM palMOTeHHOTO U3MEHEHUSI.

CHucoK JINTepaTyphl

Benonuneyxuii A.I1., I'ackenvbepe B.I'., 'ackenvbepe JL.A. u Op. T'eonorus ¥ TeOXUMHS METAMOP(PUIESCKHX KOMIUICK-
coB panHero gokeMOpust Kombckoro nomyoctposa. JI.: Hayka, 1980. 240 c.

Boaxoe A.B., I'anamos A.JL., Jlaromos A.B. u dp. MeTallIOHOCHBIE KOHTJIOMEPAThI — MOTCHIUAIbHBIE HCTOYHUKH
pocceineit B Apktudeckoi 3oHe Poccum // Apktuka: sxosiorus w 3koHomuka. 2021. T. 11, Ne 2. C. 232-243. DOLI:
10.25283/2223-4594-2021-2-232-243.

Ilpyeosa I'M., I'nebosuyxuil B.A., [{yk B.JI. u Op. BEICOKOTpaJMeHTHBIC PEKIMBI METAMOP(PU3Ma B Pa3BUTHH 3€MHOM
kopsl. JI.: Hayka, 1982. 229 c.

Kpenoenes @.11. MeramonocHsle KoHrmoMepats mupa. HoBocubupck: Hayka, 1974. 239 c.

Jlynesa O.HU. [loxemOpuiickue koHrmomepatsl Konbckoro momyoctposa. M.: Hayka, 1977. 229 c.

Cknapoe E.B. VInteprnperalys reOXUMU4ecKuX JaHHbIX. M.: InTepmet nmxunupunr, 2001. 287 c.

Iemposzasoock, 1—4 oxmsbps 2024 . 207



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKObI-KOHGeperyuu, nocesujennol navamu ynera-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI' MU, 'EODQH3UKHU U 'EODKOJIOI'H

N30TOIIHAS Pb CUCTEMATHUKA PEAKOMETAJIJIBHBIX TPAHUTOB
N BMEINAIOIIUX UX ITIOPOJA O9TBIKHMHCKOI'O MECTOPOXJIEHUA

XJIBICTYH C.I/I.l, bagannna E.B.l, CaBaTeHKOB B.M.Z, deproies AK/!

! Canxm-Iemep6ypeckuii zocyoapcmeennwiii ynusepcumem, Cankm-ITemep6ype, st097825@student.spbu.ru
? Unemumym 2eonoeuu u 2eoxpononozuu ookembpus PAH, Cankm-Ilemep6ype

BBenenue. Bocrounoe 3alaiikaibe mnpeacTaBisieT coOOH YHHKAIbHBIH PETHOH MO OOMIIHMIO
Pa3IUYHBIX TUTIOB MECTOPOXKACHUN — 30110Ta, ypaHa, peakux metamwioB (Li, Be, Ta, Nb, REE, W, Sn),
MOJIMMETAIIIOB. PEruoH MMeeT CI0KHOE CTPOCHHME — C 3amaja Ha BOCTOK BbIAEIAIOTCA Jlaypckuid,
AruHCKHMH, ApPryHCKUH TeppeiHbl, 4TO O0OYyCIOBIEHO 3akpbiTHeM MOHTroa0-OX0TCKOro oOKeaHa
B ME3030MCKHI NepHuoj. BbIsBIEHNE HMCTOYHUMKOB pA3HBIX PYAHBIX KOMIIOHEHTOB JJI MHOIO-
YHCJICHHBIX TEHETUYECKUX THIIOB MECTOPOXKICHHI SIBJISETCS BAXKHOM re0JIOTHYECKO mpoOieMoit s
JaHHOTO peruoHa. B Hacrosmedn pabote mpoBeaeHbl Pb-Pb-u3oTonHbie wuccienoBaHus is
PEAKOMETAJUIBHBIX MECTOPOKIEHUH, CBSI3aHHBIX C IJIIOMa3UTOBBIMU I'PaHUTAMHU.

PannoaktuBHBIN pacnian npupoaHbix n3oronoB U ¢ obpazoBanuem Pb mpenocraBnser aBe He3a-
BUCHMBIE T€OXPOHOMETPUYECKHUE CHCTEMBl. PEKOHCTpYKIUs reosiornueckoil ucropuu Pb conmepixka-
[IMX MOPOJ MO U30TOIHBIM MOKa3aTeNsiM CBUHIIA SIBISETCS I€JIbI0 000COOIEHHOM HayYHON BETBU —
TUTIOMOOTEKTOHUKH (TTFOMOOJIOTHH), OOpaIlleHHOW Ha pPELICHHE CIOXKHBIX 337ad TeOXUMHYECKOTO
MOBEJICHUSI M30TOMNOB CBUHIA B MPUI0KEHUHM K JTOJTOCPOYHOM XUMHUYECKOW HBOJIIOIUHU 3E€MJIM MpPHU
MOCTOSTHHOM KOMMYHHKAIIMHM MEXy pa3NIuYHbIMU Pb conepkaiuMu cucteMaMy KOpbl 1 MaHTHH.

N3yuenne Pb MeTeopuTOB MO3BOIMIIO aTh OIEHKH M30TOMHOTrO coctaBa Pb panneit 3emnu. Ha
3TUX AAHHBIX OCHOBAH METO]l AATHPOBAHUSI MOMEHTA OTAEJIEHUS T'€0JIOTMUECKUX CUCTEM OT Pas3jny-
HBIX MCXOIHBIX PE3epPBYapoOB MO COOTHOMICHHUIO pamuoreHHbIX (206, 207, 208) u obObraroro (204)
IOPUPOIHBIX U30TOMOB Pb.

K nHacrosimiemy BepMeHHM OIyOJMKOBaHBI JaHHble Mo Pb-uzortonuum mis mopox M pya XaHru-
JaiiCKOTO pyaHOro y3na, Bkitoyatomero B cebst OpnoBckoe Ta-mecropoxaenue Li-F  rpanuTos
u CriokoitHuHCKOEe W-MECTOpOKI€HUE MYCKOBUT-aIbOUTOBBIX TPAHUTOB M BMELIAIOMIMX UX MOPOJ
(Dolgopolova et al., 2004), pacmonoxkeHHOro B ATHHCKOM TeppeitHe. Hamu BbIOTHEHO
uccienoBanue Pb-uzoronuu s pyA ¥ BMEHIAIOUIMX MOPOJ DTHIKHHCKOTO MacCHMBa aMa30HUTOBBIX
Li-F rpanuToB, pacroyiokeHHOro B ApryHCKOM TeppenHe.

I'eosioruyecknii ovepk. DTHIKHHCKHA MaCCUB aMa30HHUT-aJIbOMTOBBIX TAHTAJIOHOCHBIX TPAHUTOB
MMeeT TUIOMmAms 0KOIO 1 KM, H30MeTpHuHyio (OpMY, POPHIBAET TOIIIH MECYAHHKOB, APTHIUTHTOB
Y aJIEBPOJIUTOB HUKHEE-CPEIHEIOPCKOro BoO3pacTa. BOCTOYHBIN, 3amagHbId U FOKHBIA KOHTAKTHI
C BMEILAOIIMMHU TIOPOJaMU KPYThI€, CEBEPHBIN K€ IOJIOTO IOIPY’KAETCsA MOJ TOJILY OCAJ0YHBIX
nopoji. B BOCTOYHOM 3K30KOHTAKTE BMELIAIOIIME MOPOAbl NHTEHCUBHO OPOrOBHMKOBAHBI U NPEBpPA-
HICHBI B TOMA3-KBapI-CIIIOAsIHBIE Li-HOCHBIE Tpeii3eHbl MOMHOCTRIO 10 10—15 M, 0Opa3yst MECTOPOK-
nenue «Li-3anexp». OOHa)KaroIuMecss B 3pO3MOHHOM Cpe3e MOPOJIbl UMEIOT YETKYIO TOPHU30OHTAIBHYIO
30HAJIBHOCTh: K KOHTAKTaM MaccHuBa (B OCHOBHOM Ha €0 BOCTOKE) TATOTEIOT OCTATKH I1OPOJ allhKallb-
HOM 4YacTu, MpeiCTaBICHHbIE MEIKO3EPHUCTHIMU aMa30HUT-aJIbOMTOBBIMU allOTPAHUTAMU C JICTIH]I0-
JUTOM, XapaKTEpU3YIOUIMMUCS MPOMBIIIJIEHHBIMU COAEpXKaHUsIMHU TaHTana. Ha ceBepo-BOocTOUHOM
KOHTAaKT€ MAacCHBa PACIOJ0KEHO KBapI-TONA3-KUJIBHOE KAaCCUTEPUTOBOE MecTtopoxaeHue Crapas
Oteika (beckun u ap., 1994).

Marepuanbl, MeToauka. [y uccienoBanusi ObUTM 0TOOpaHbl 00pa3Ibl BMEUIAIONINX MECUYaHU-
KOB U QJIEBPOJINTOB TAMEHTMHCKOM, TOCY1apeBCKOM M CUBAYMHCKOW CBUT M3 apeajia IPaHUTOUIHOIO
MaccuBa. COOCTBEHHO WHTPY3HS MPOPHIBACT TOJIIM HUKHEIOpckod CuBaumHckoil (Jisv) (paHee
«OHoH-bop3uHCcKas») CBUTBI MOPCKUX OTJIOKEHUI OHTAaHTMHCKOM cepuu. J{ist u3ydeHns: HHTPY3UBHBIX
nopoJ ObUTM 0TOOpaHbl aMa30HUTHI U3 Li-F rpaHUTOB, rajJeHuT U XanbKomupuT. s XxapaKTepucTHKU
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KBapLEBO-)KWIBHOTO OpYACHEHMs] MpoaHAIM3UpOBaHbl 00paslbl cdanepuTa M XaJbKOINUPUTA
n3 MectopoxxaeHust Crapas OTbIKa.

H30TONHbIE XapaKTEepUCTUKU CBHHIIA O0PA30B DTHIKUHCKOTO MECTOPOXKICHUS U BMEIIAIOIINX
nopoJ ornpenessuich B uzotonHoi nadoparopun UI'TJ] PAH, Cankr-IletepOypr. C uenbio yaane-
HUS TPOAYKTOB BTOPUYHBIX U3MEHEHHM OBLJIO MPOBEAEHO MPEABAPUTEIbHOE KHUCIOTHOE BhIIIEIayn-
BaHHE MOJIEBHIX IINATOB, a 3aTE€M H30TOMHOE HCCJIEIOBAHHE OYHUIICHHOTO OCTaTKa IO METOMHMKE,
onucanHoi B (OBurmHHUKOBA U 1p., 2009). Xumudeckoe Boinenenue Pb, a takxe U u3 HaBeCOK mpo-
BOJMJIUCH IO CTAHAAPTHOM METOAMKEe Ha aHMOHHO-0OMeHHoW cmone Bio-RadAGI1-X8 B pactBopax
kuciotr HBr u HCI (Manhes et al., 1984). M3oTonHsiii ananu3 Pb u U BeIMOTHSICS HA MHOTOKOJUICK-
TOPHOM Macc-crekTpomeTpe Triton B pexXuMe OJHOBPEMEHHOW PEerucTpalii MOHHBIX TOKOB HCCIIE-
IyeMbIX 3JIEMEHTOB € morpemHocThio BHYTpH ombita 0.01 % (20). U3otonusiil coctaB Pb u U us-
MEpSJICS B OJHOJICHTOYHOM PEXUME Ha PEHUEBBIX UcHaputTensx. st u3MepeHuil NCroiIb30BalICs
CUJIMKATHBIA AMUTTEP B cMecu ¢ H3;PO4. OGmmit ypoBenp nabopaTopHoro 3arpsisHenus Pb u U He
npessiman 0.1 u 0.01 ur, coorBeTcTBeHHO. [lonpaBka M30TONMHBIX OoTHOIIEHUH Pb Ha ¢pakumronupo-
BaHHE MPOBOAMIIACH IO METOAMKE JIBOMHOTO M30TOMHOTO pa30aBieHMs C MCIOIB30BAHUEM Tpaccepa
252%pp-207py (MenpaukoB, 2005). OCHOBHBIE TPEAIOIIOKEHHUS, JISKAIIUE B OCHOBE TUTFOMOOTEK-
TOHUKH, B OCHOBHOM npuHamiexar Jloy u 3aprmany (Zartman, Doe, 1981), coznannas Moaemns ri1o-
OaJIbHBIX XMMHYECKUX CpPEeJl TI0 M30TOMHBIM IMOKA3aTeIsIM HEOJHOKPATHO OOHOBISIACH BHECEHHEM
HOBBIX CTATUCTUYECKUX JAHHBIX U MOMPABOK.

Pe3yabTaTsl, 00cyxaenue. [ IpoBeNeHNs CPAaBHUTEIBHOIO aHAJIM3a U30TOIHBIX XAPAKTEPHU-
cTUK Pb B pexoMeTauibHBIX IpaHUTaX U BMELIAIOUIUX UX MOpPOoJax ObUIU MOCTPOEHBI rpaduKu ABY-
CTaauiHOM BOMIOIIMOHHOM Mozenu Pb (Stacey, Kramers, 1975), Ha HUX pa3MeIIeHBI U COMTOCTABIICHBI
C TPEHJaMU SBOJIIOLIMU TUIIOBbIE pe3epByapbl MarM (puc.). Kak BUIHO U3 pUCYHKa, TOJIyYEHHbIE U30-
TOTMHBIC JAHHBIE BBISBIIIM CXOJICTBO HM30TOMHBIX XapakTepucTuk Pb B rpaHmTax ODTHIKMHCKOTO

o O o a]

o
]

18 18,2 18,4 18,6 18,8

® Typra —&— BepxHAA maHTuA HOBeHMNbHaA BepXHAA Kopa —@— [IpeBHAA BEPXHAA Kopa 3pO3MOHHbIE CMecH

B XaHrunan O Opnosckoe A 3TbiKa BMeLlatolLme A Crapas 3Tblka A ITbika

U3oTomnHslit coctas Pb B koopaunarax *”’Pb/***Pb — **Pb/***Pb
(BepTuKaIbHAS — TOPU30OTAIBHAS, COOTBETCTBEHHO) BMEIAIOIINX TIOPO ¥ TPAHUTOB DTHIKUHCKOTO,
Typrusckoro n XaHTWIIalCKOTO PyIHBIX y3710B BocTounoro 3abaitkanns

ITlemposzasoock, 1—4 oxkmsabps 2024 a. 209



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKObI-KOHGeperyuu, nocesujennol navamu ynera-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI' MU, 'EODQH3UKHU U 'EODKOJIOI'H

MaccuBa M BMemaomux nopojax. [lo Pb-uzotonHsiM napamerpam HabI0gaeTcsi CKIIOHEHUE K Tapa-
MeTpaM IOBEHIJIBHOM COCTaBIISIONICH BEpXHEKOPOBOro McTouHuka. dakt O6mmzoctr Pb m3oTomHBIX
COCTAaBOB MHTPY3UU U BMEIIAIOIIUX €€ MOPOJ B COBOKYITHOCTH C KOHTPACTHOM pyJIHOH crienuannsa-
e BHyTpU MecTopoxaeHuid — Li, Ta-HOCHBIE TPaHUTHI U SN-HOCHBIE KBAPII-TOIMA30BbIE KHUJIbI —
MOJKET CBUJETENICTBOBAThH O MPe00IaaaonieM BKIa (e Ie0JUHAMHUECKUX 00CTaHOBOK CKJIaa4aToro
1osica B MPOLIECC PYAHON CIIENHAIN3AUU HaJ BapHallell HCTOYHUKOB PacIlJIaBOB.

W3oTtonHble xapakTepucTuku Pb B rpannTax IThIKnHCKOTO MaccuBa Li-F rpanutoB ApryHcko-
ro TeppeiiHa Ha quarpamme B koopauHartax - CPb/*’*Pb — 2*’Pb/2%Pb pacmonoxens HuKe oS Co-
CTaBOB IOPCKUX Au-pyaHbIX MecTtopoxiaeHuil (Uyraes u ap., 2013). BepositHo, B opMupoBaHuu
peaKOMeTaUIbHBIX TPAHUTOB MEJIOBOTO BO3pacTa OOJBIIYI0 POJIb UTPAIO BEIIECTBO METaCOMATU3H-
pOBaHHO# MUTOCHEPHON MAaHTUH, TOTAA KaK Au-pyaHas MUHEpaIu3alus MpeaIIecTBYIOIIEro dTarna
dbopmupoBangach Mpu y4acTUM KOHTHHEHTAJIBbHOW Kopbl. KOpckmil 3Tam B T€OJIOTHYECKON MCTOPUU
peruoHa OTBEYaeT IOCTKOJUIM3MOHHOM OOCTaHOBKE, CIEAYIOUmel 3a 3akpbITHeM MOHTOJI0-
OxoTckoro naneookeana. B panHemMenoBo#l mepuoi MmarmaTudeckasi akTUBHOCTh pa3BUBajiach B 00-
CTaHOBKE pudroreHesa.

BoiBoabl. M3oTomHbie xapakTepucTuku Pb B rpaHuTax DTHIKMHCKOTO MAacCHBa MPOSBISIOT
CXOJICTBO C T€OXMMUYECKUMU XapaKTepUCTHKaMH Pb B pelkoMeTa/TbHBIX TPAaHUTaX XaHTUJIAHCKOTO
PYAHOTO y3Ja, pacloJIOKEHHBIX Ha ATHHCKOM TeppeitHe B Boctounom 3abaiikaiibe, U OTINYAIOTCS
OT MapaMeTpPOB JAEIUIETUPOBAHHOW MAHTHH.

N3oTonHble XapakTepucTUKH Pb B peaKOMeTaibHBIX T'PaHUTaX OTBIKMHCKOTO PYAHOrO y37a,
a TaKk)Ke B APYTUX PEIKOMETAUTLHBIX TpaHuTaXx BocTouHoro 3adaifkaibsi yKa3plBalOT HA 3HAYUTEILHYIO
POJIb BEIIECTBA KOHTMHEHTAJILHON KOPBI PETHOHA B UX 00pa30BaHUU.
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BBenenue. B HacTosimee BpeMsi CyIIeCTBYeT HEOOXOAMMOCTh OMPEACIICHUS TUAICKTPUUECKON
nponunaemoctu (I1) ropusix nopox B reopagapHom auanasone yactoT (ot 10 MI'q no 1 I'T'w). I'eo-
paavooKalusl SIBISETCA LIMPOKO HCIOJIb3YEeMbIM METOJIOM B 00jacTh reousmueckoil pa3BeiKu
U HepaspyIIaoieM KOHTPOJIe MHKEHEPHBIX coopykeHuit (Zhang et al., 2001; Daniels, 2004), a Taxxe
OTJIMYHBIM MHCTPYMEHTOM JUIsl OOHapyeHUs 1e(PEeKTOB, HEOJHOPOIHOCTENH U IPYTHMX OCOOCHHOCTEMH
Cpellsl, B TOM uucie HaTypanbHOro Kamus (Sambuelli et al., 2003). ns peructpanuu aHU30TPOIHH
METOJIOM Ie0paOoIOKaIIMK TpeOyeTcs IPKU KOHTPACT MapaMeTPOB IUIIEKTPUUYECKOIN MpOHHUIIaeMO-
CTH, MOCKONbKY mapameTpsl JI1 BAHSIOT Ha CTENEHb OTPAXKEHUS/TOTIOMICHHUS SIEKTPOMArHUTHOTO
curHana (PuHkenpmTedH u 1p., 1986). IlapameTpbl BIaXXHOCTH, TPEUIUHOBATOCTH, IMOPHCTOCTH
U TEKCTYPHO-CTPYKTYpPHBIE OCOOCHHOCTH TOPHBIX MOpoa OynyT BiusITh Ha 3HadeHus [I1 u, cooTBert-
CTBEHHO, Ha KaueCTBO KapTUHBI OTPpaKCHUU. BBIOOp METOIOB M3MEPEHUI NUAIEKTPUICCKON TTPOHHU-
[[AEMOCTH OTIPEJICNIICTCS YaCTOTHBIM TUANIA30HOM, a TaKkKe (PU3UKO-MEXaHHUYECKUMH CBOMCTBAMU Ma-
tepuana. Tak, Ha yactorax ot 100 ['m 1o 1 MI' npuMEHSIIOT KOHJIEHCATOPHBI METOJ] C UCITOJIb30Ba-
HUEM U3MEpUTeNIed MMMHUTAHCA — YCTPOMCTB JIJIsl ONpPEACIICHHs MapaMeTPOB KOMIUIEKCHOTO COIPO-
THUBJICHUS WM KOMIUIEKCHOM MTPOBOJIMMOCTH dJIeKTpuueckou 1ienu. Mceneayemsiii oOpaselr MmaTepua-
Ja, B CBOIO OYepe/lb, M3rOTABIMBACTCS B BUAE JUCKOB, IIACTUH Wi HuinHApoB (Ponuonosa, 2016).
[lens nccnenoBaHus 3aKiItovagach B pa3paboTke crocoda u3MEpeHus 1eHCTBUTEILHON U MHUMOM Ya-
CTeH IUAIIEKTPUYECKON MPOHHUIIAEMOCTH TOPHBIX MOPOA (TpaHHUT, TaOOPOIOIIEPUT U MPaMOp) U €ro
MPUMEHEHNN JUIsl TIOJYYEHHUs CBEACHUM O MpoIeccax AUIIEKTPUUYECKON pEelaKkCaly C YI4ETOM ecTe-
CTBEHHOM aHM3OTPOIUU TOPHBIX MOPoJ. OCHOBHOE BHUMAaHWE B MCCIICOBAHUH OBUIO YIETIEHO CO3/a-
HUIO HAJIE)KHOTO YCTPOMCTBA JI U3MEPEHUS JACHCTBUTEILHON U MHUMOW YacTEH JUAIECKTPUYECKOU
NPOHHUIIAEMOCTH TOPHBIX MOPOJI C UCHOIB30BAHUEM 00pa3IoB, HE TPEOYIOMHUX CI0XKHOM IabopaTop-
HOU IMOATOTOBKH.

Metoauka uccaegoBanuii. s mpoBeneHus 1abopaTOpHOro 3KCIEPUMEHTA HCIIOIB30BATHUCH
cienyronpe o0pasibl TOPHBIX TMOPOJ: CPETHE3CPHUCTHIA TPAHHUT, MEIKO3EPHUCTHIM TabOpoaoIepuT
U MpaMop. s u3ydeHus! BIAMSHUS OPUEHTUPOBKHU 3€pEH Ha JIUAJIEKTPUUYECKYIO MPOHULIAEMOCTb U3
KK0T0 THIA TOPHBIX MOPO OBIJIO M3TOTOBJICHO IO TPH TJIOCKUX oOpasma pazmepom 70 x 30 X 4 Mmm
B TpeX MEPIEeHIUKYSAPHBIX ApYyr apyry HampasineHusx (X, Y, Z). Ha oOpasiel HakIenBasics mpoBo-
Ui Mateprall (MeaHbIA CKOTY ToMmuHON 0.06 MM) ¥ IpUIIAaMBAIUCh METHBIC MMPOBOIHUKH. B Kaue-
CTBE M3MEPUTENBHON YCTaHOBKHM HMCIIOJIb30Baca u3Mmepurenb ummuraica « MHUIIA E7-20». IIposo-
JUIINCH 3aMepbl MOJIYJISi KOMIUIEKCHOTO COMpPOTHBIIEHUS (Z) 1 yria (a30BOro CABUTa KOMIUIEKCHOTO
conpoTtuBiieHus (@) B Auanazone yactot ot 25 I'my go 1 MTI'u. Jlns pacuera AeiCTBUTEIBHON U MHHU-
MO YacTel TUANEKTPUUECKON MPOHUIIAEMOCTH HUCIIOJIb30BATTUCH (hopMyiibl (1) 1 (2), COOTBETCTBEHHO.

—Sin(¢((u) )

e(w) =

mC0|Z((9)| (1)
1 = M
¢ (o) wCo|Z(w)] ),

/i€ @ — NUKJIMYECKasi 4acToTa, pa/c,
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Co — reomeTrpuueckasi EMKOCTb, €11. u3M. — ®, paccurTaHHasi KaK

2
rjae S — IIomaab MOBEPXHOCTH 00pasia, M-,

d — TonmuHa, M

&, — DIIEKTPUYECKAs TOCTOsIHHAS, paBHas §8.854- 107" d/m.
Taxxe ObLT PACCYUTAH TAHTCHC yTrila IUAIEKTPUUYECKUX MOTeph 1o popmyre (3).

Pesyabrarsl. [1o pesynbraTaM pacyera AEHCTBUTEIBHON U MHUMOM 4acTed JUAIEKTPUUECKON

1g(d)

r”
€
7

R €))

MPOHUIIAEMOCTH 00pa3lloB TOPHBIX MOPOJ, a TaKXKe€ TAHTEHCa yria MUANEKTPUYECKUX MOTEph IO-
CTpOCHBI TpaUKH, MPEJICTABICHHBIC HA PUCYHKE.

(a)
50 50 1
C X - X B X
a0 - ao| ! 08| -
L — z B — z e — z
30| 30| _06|
- I~ = - 9 -
w _ | P.D |
20| 20[ 04|
10| 10 02
O C 1 1 1 1 O C 1 1 1 1 O C 1 1 1 1
1,00E+02 1,00E+04 1,00E+06 1,00E+02 1,00E+04 1,00E+06 1,00E+02 1,00E+04
YacroTa, 'y, YacroTa, 'y, YacroTa, 'y,
50 1
B X B X
0| Y 08| Y
B — z 4 — z

30

20

10

tg(5)

1 1 1 1 1 1 1 1 1 1 1
0 1,00E+02 1,00E+04 1,00E+06 0 1,00E+02 1,00E+04 1,00E+06 0 1,00E+02 1,00E+04
YacToTa, 'y, YacroTa, 'y, YacroTa, 'y,
(8)
50 50 1
B X B X B X
a0 - a0 ! 08| -
L — 2 L — 2 "k — 2z
30| 30| _06|
- I~ = I~ 8 I~
w [ B % |
20 20 0,4
10| 10| 02|
= B [/
0 C 1 1 1 1 O = e 1 (l 1 N IT
1,00E+02 1,00E+04 1,00E+06 1,00E+02 1,00E+04 1,00E+06 1,00E+02 1,00E+04
YacToTa, Ny, YacToTa, Ny, YacToTa, Ny,

I'padviku 3aBUCHUMOCTH JCHCTBUTEIIBHOM (&), MHUMOM (&) 4acTel TUAIIEKTPHUUECKOM MPOHUIIAEMOCTH
W TaHTEHCa yIiia AUAIEKTPUIECKUX MoTeps (tg(J)) st odpasia cpegHe3epHUCTOro rpanuTa (a),
MEJIKO3E€pHUCTOr0 rabbpooneputa (0) ¥ Mpamopa (B) MPH Pa3IMYHBIX OPUCHTALTUSIX
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Ha rpadukax BuznHO, 4To Ha 00pa3max U3 rpaHuTa (CM. pHC., a) HaOMIONAeTCS HAaUOOJIbIIee U3-
MEHCHHUE JIeUCTBUTENIbHOM M MHHMMOK dacted JIII, ocoOeHHO B HM3KOYacTOTHOM oOmactw. JlaHHas
0COOEHHOCTh BBI3BaHA CIOKHOM CTPYKTYpPOIl MOPOJIBI, COCTOSINEH M3 KPYIHBIX 3€pPEeH IUIarHoKiIasa
¥ KBapma U MeJKuX 3epeH cimtoabl. OOpasmpl u3 radbOpomonepura (CM. puc., 0) UMEIOT MacCHUBHYIO
TEKCTYPY M MEJIKO3EPHHUCTBIA COCTaB, OJTHAKO M3-32 OPHEHTUPOBAHHOCTH 3€PEH TaKke HalromaeTcs
BIIMSIHAE Ha JEHUCTBUTEIbHYIO U MHUMYIO yacTu J{II, XOTS 1 HE HACTOJIBKO BBIPAKEHHO, KaK B Cydae
¢ oOpasuamu u3 rpanuta. Ha obpasuax u3 Mpamopa (CM. puc., B) IPAaKTUYECKA OTCYTCTBYET U3MEHe-
HHE JICHCTBUTENbHON 1 MHUMOM dactert JII1 Bo BceM amama3oHe 4acToT, a Takxke HabmomaeTcs 0osee
cTa0WIIbHOE MOBEJICHHE TAaHTEHCA YTl AMAJICKTPUUECKUX MOTEPh, YTO TOBOPUT 00 M30TPOIHON TEK-
cType 0e3 BBIPaKEHHOI MUKPOOPUEHTAIIIH.

[IpakTuyeckn y Bcex 0Opa3lOB TOPHBIX MOPOJ HaOMIONAeTcs COMMKEHUE 3HAYEHUH NIeHCTBH-
TenpHOM M MHUMOM yactelt /I B oTHOCUTENBHO BBICOKOYACTOTHOM oOnacTt (1 MI'r), omHako y 00-
paslia u3 TpaHuTa, OPUSHTUPOBAHHOTO MO OocHu X, HAONMIOAAeTCsS 3aHMKECHUE NEHCTBUTEILHON YacTu
JI1. Bei3BaHO 3TO, BEPOATHO, CHIIBHBIM BIUSHUEM CTPYKTYPBI HOPOIBI.

BobiBoabl. B xo71e nccinenoBanus ObUI0 BBISBICHO BIMSHUE MHUHEPAIHLHOTO COCTaBa U TEKCTYPHO-
CTPYKTYPHBIX OCOOCHHOCTEHW 00pasIoB W3 TpaHWTa, rabOpoaoJepuTa U MpaMopa Ha 3HAYCHUS JICH-
CTBUTEIILHON MU MHUMOM 4acTe¥ AUJIEKTPUUECKOW IIPOHULIAEMOCTH, YTO BBIPAKAETCA B AHU3OTPOIIUU
3MEeKTPO(U3NUECKUX CBOMCTB, a TAKXKE YKa3bIBA€T HA BO3MOXKHOCTh UX JHUCIIEPCUU U, KaK CJIE/ICTBUE,
CHIKeHue onHo3HauHoctu omnpeneneHus JII. Eciaum paccMmarpuBaemas mopoaa HMMEET CIOKHYIO
CTPYKTYpPY, BBIPQXKEHHYIO CJIOUCTOCTh U JIpyrHe 0COOEHHOCTH, CBsi3aHHbIe ¢ u3Mepenuem /11, To cre-
ZyeT OKUJaTh 3HAUUTEIIbHBIX IOIPEIIHOCTEN.
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[Torpanuunblie OTIOXKEHUsI ceHOMaHa U TypoHa KOro-3anmagnoro KpeiMa oTIH4al0TCsl MOBBILICH-
HOW IJIMHUCTOCTBIO, NMPHCYTCTBUEM IPOCIOEB, OOOTallleHHBIX OPraHWYECKUM BELIECTBOM (10 7—
10 %), copepxaT npuMech KBapl-CUJIMKATHBIX aJI€BPUTOBBIX U TOHKOIECYAHBIX 3€PEH. DTOMY HHTEp-
BaJly MOCBSIILIEHbl MHOTOUHCIIEHHbIE MyOauKanuu. MHTepec kK HeMy B 3HAUUTENIBHOM CTENEHU CBs3aH
C IPUCYTCTBUEM B NMPUKPOBEIBHOIN YacCTH CEHOMaHa TaK Ha3bIBAEMBIX «aKCYICPUHCKHUX CIIOEB)» TOJ-
mHOM oT 2 110 4 M. VX ¢popMupoBaHue CBA3BIBAIOT C TJI00ATBHBIM O€CKUCIOPOIHBIM OKCAaHUYECKUM
coositieM OAE 2, koTopoe IpuBJIeKaeT NPUCTATIbHOE BHUMAaHUE MAJICOKINMATOIOIOB B CBS3U C IO-
MCKOM IPUYMH IIPOUCXOJAIIETO NOTEIUICHUS.

Haxkomnnenue akcyJqepUHCKUX CI0€B OOJIBIIMHCTBO CHEIMAIMCTOB CBS3BIBAET C TPaHCTpeccUeit
IIO3/IHET0 CEHOMaHa, KOTopas MpHBeJa K I'YMHIU3alUN KIMMaTa U PaclpecHEHUIO MOBEPXHOCTHOIO
CJIOSI MOPCKOM BOJIBI, UTO TIOBJIEKJIO 32 COOON OociiabieHne epeMeIBaHus U BOZHUKHOBEHUE JIe(u-
IIUTA KKCIOpOoJa Y JHA. DTU yCIOBUs ObLIM OJAaroNnpHsITHBI ISl COXPAaHEHUS B OCAJIKaX OPraHHMYECcKO-
ro BemectBa (JleBuran u ap., 2010) 1 yacTHYHOTrO pacTBOpeHUs: KapOOHATOB 3a cyeT CHibKeHus pH
(Fabmymmm, 2002).

BwMecre ¢ TeM 10 HACTOSAIIEro BPEMEHU OCTAETCsl HEPEIICHHBIM BONPOC 00 MCTOUYHMKAX TEPPUTCH-
HOTO MaTepHalia, KOTOPbIi MOT CHOCUThCS pekamu ¢ Boctouno-EBponeiickoi miatdopmbl uimm MOOHUITH-
30BaJICSI TIPU Pa3pyLICHUHU BYJIKaHHUECKUX OCTPOBHBIX Iyr [lonTun. /Iy mposicHeHHus 3Toi mpoOieMbl
BBITIOJTHEHO T€OXMMHYECKOE M3YYEeHHE 00pasioB u3 oOHaxxeHW oBpara Akcy-lepe (oop. A-1, A-3 —
BEPXHUI CEHOMaH, akcyaepuHckue ciou; A-4, A5 — HwxHuil Typon) u r. Kpemennas (o6p. Kp-1/1 —
BEPXHUI CEHOMaH, aKCyJICpUHCKUE CIION). AHAIN3 XMMUYECKOIO COCTaBa MPOBEJCH PEHTIeHO(pIIyopec-
LIEHTHBIM METO/IOM U MaCC-CIIEKTPOMETPUUYECKUM C HHAYKTUBHO-CBsI3aHHOM 1u1a3Moit (ICP-MS).

B nccnenoBanHoOM BBIOOpKE MPECTAaBICHBI HOPObl TPEX JTUTOJIOTMYECKUX THIIOB, UACHTU(PULIN-
pOBaHHBIE CO CTaHAAPTHBIMU MUKpodanusimu (CM®) JIx. JI. Yuncona.

1. I'nmiHBI U3BECTKOBBIE, MECUAHUCTBIC U AJEBPUTHUCTBIE, OypOBaTO-UepHBIE, coAepXkalme Oonee
0.2 % (mo 8 %) TOHKOIUCIIEPCHOTO OpraHmueckoro BemiectBa (00p. A-1). B xapOOHATHO-TIIMHSHBII
MHKPHT MOTPYXKEHbI PEIKUE PAKOBUHBI IUIAHKTOHHBIX (hOpaMHHU]ED, MOJOCTH KOTOPBIX 3aIOJHSET Op-
TaHUYECKOE BELLECTBO, MEJIKUI PaKOBUHHBIN JIETPUT, 3epHA KBapua (10 30 %) aneBpUTOBOM, pexe nec-
gano# (0.05-0.1 Mmm) pa3mMepHOCTH, YEITYWKH CITFOIBI, CYIbGuabI, (hocdaTHbie PparMeHTHI pbIO, CITUKYIIBI
KPEMHHUEBBIX TYOOK U paguossipu. [IpucyTCTBYIOT eqMHIUYHbBIE MEIKUE MXHO(POCCHINU. MHOrOUNCIIeH-
HbIe TUH30BHUIHBIC (TommuHA A0 0.05 MM, mmHa 10 0.25 MM) CKOIIJICHHS TOHKOJIMCIIEPCHOTO OpraHuye-
CKOI'O BEILECTBA HAMEYAIOT TOPU3OHTAIBHYIO CIOMYATOCTh. DT MOPOAbl, oTHocsmuecs k CMO 1,
HAKaIUTMBAJINCh HIKe 0a3uca BOJHEHHMH B 3aCTOMHBIX YCIOBUSAX JUCTAIbHOM 00JIaCTH BHEIHETO pamIia.
31ech pa3IoKeHNUe OPraHUKHM MPOUCXOIMIIO B aHA3POOHBIX YCIIOBHSX, U €€ 3HAYUTEIbHAS YacTh Mepexo-
JWjIa B UCKOIaeMoe cocTosiHue. Kucible MiaoBble BOABI pacTBOPSUIM KapOOHATHI, YTO MOBBILIANO JIOJIIO
TJIMHBI, AJIEBPUTOBBIX 1 TIECYAHBIX YaCTHI], OMOTEHHBIX KPEMHHUEBBIX U (hoc(haTHBIX PparMeHTOB.

2. Meprenu aneBpUTUCTBIE U TIECYAHUCTBIE, CEPBIE U TEMHO-CEPBIE, C TOPU30HTAIBHON Clloiya-
TocThiO (00p. A-3, A-5, Kp-1/1). B cunnbHO TIMHHUCTHIN KapOOHATHBIM MUKPHUT MOTPY>KEHBI PAKOBH-
HBI TUNIAHKTOHHBIX, pexXe OCHTOCHBIX (hopaMUHU(ED, MOJTOCTH KOTOPHIX YacTO 3arOJIHIET OpraHnye-
CKO€ BEILECTBO, (parMeHThl TOHKUX KapOOHATHBIX UIJI, U MEJIKUHA pakoBUHHBINA AeTpUT. OOI0MKH
KBapla ajneBpuToBoil 1 necuanoi pasmepHoctH (0.005-0.25 mm) cocrasisot ot 5 10 10 % noponsl.
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[IpuCyTCTBYIOT CTBOPKHM MHOLIEPAMOB, YEHIYHKH CIIIOJIbI, 3€pHA TJIAYKOHUTA, CTSHKEHHS CyIb(UIO0B,
€IMHUYHBIE pOoMOOAApHI HoJ0oMuUTa, dhochaTHbie HparMeHTHI PbIO, paTuOIsIpUH, pelKue uXHO]OC-
cumu. Takue noponsl, otHocsmuecss kK CM® 3, popmupoBanuck HIKe 0aznca BOJTHEHHUH B 00CTa-
HOBKaX IMpPOKCHUMalbHON 00JacTH BHeIIHero pamma. Kuciaoponaa 3ech XxBaTano Ais )KU3HeIesATeNb-
HOCTH OCHTOCHBIX OPTraHHW3MOB M DPAa3J0KEHUs OpPraHMYECKOTO BellecTBa. BwliaensBuivecs mnpu
3TOM YIJIEKHCIBIN Ta3, CEPOBOJIOPO M OPraHUYECKHe KUCIOTHI IPUBOAWIMN K CHIKeHUIo pH uio-
BbIX BOJ M YAaCTUYHOMY PAcCTBOPEHHUIO KanblUTa. B pe3ynbTare B mopoaax (pUKCHpPYIOTCS HU3KOE
coJiepKaHuEe OPraHUYECKOro BEUIECTBA, MOBBIIICHHAS J0JI TEPPUTCHHOI0 MaTepuasa, KpeMHHEBbIX
U (ochaTHBIX OPraHOTEHHBIX (PArMeHTOB.

3. ToHKoe JHMH30BHUIHO-MOJIOCYATOE, YAaCTO HMHTEHCHUBHO OWOTYpOMpPOBAHHOE, YepeJOBaHUE
KaJIbIIUTOBBIX BaKCTOYHOB (OpaMUHU(DEPOBBIX TJIMHUCTBIX CEPhIX M MaKCTOYHOB JETPUTOBO-
KanbpIuchepoBo-PpopaMuHUPEPOBBIX NMecHaHUCThIX (10 5 %) cBetino-ceprix (oOpazen A-4). [Ipucyr-
CTBYIOT PaKOBHHBI IUTAHKTOHHBIX U OEHTOCHBIX (hopamMHHUDEp, TOTOCTH KOTOPHIX MHOTIA 3aTI0JTHEHBI
OIaJIOM WJIM OPTaHWYECKUM BEIECTBOM; KajbLUC(epbl; (pparMeHThl MHOLIEPAMOB; UTJIbI MOPCKUX
exeil nuamerpoM 10 0.05 MM; Menkuii pakOBUHHBIM AeTpUT; 3epHa kBapua (1-15 %) aneBpuroBoii
u niecyadoit pazmepHocTH (0.005—-0.1 Mm), yeryiKu CIIFO/IbI, TIIAYKOHUT, CTSDKCHUSI CYJIb(PHUI0B, MEI-
Kue yriaeuuupoBaHHble (pparMeHThl pacteHuid. DT u3BecTHAKM CM® 10 HakamimBaiuch B mepe-
XOJIHOM 30HE CPEIHEro pamMIiia Mexay 0azncaMu MITOPMOBBIX M HOpMalbHBIX BoJHeHUH. [1ITopMoBbIE
BOJIHBI COPTUPOBAIIN OCAJKHU, (hOpMHpYsl HEOONbIINE TIONOKUTEIbHBIE (POPMBI, CIIOKEHHBIE aJleBPUTO-
BBIMU M [ICAMMHTOBBIMU YacTULIAMH. B paznensomux ux AenpeccusX KOHLEHTPUPOBAICS METUTOBbII
KapOOHATHBIN M CHJIMKATHBIA MaTepHal.

['eoxumuueckre 0COOEHHOCTH 3TUX JIMTOTUIIOB OTPAXKAIOT METPOXUMHUECKHUE MOJTYJIH.

O6mrast HopmaruBHas menodHocts (HM+KM)=(Na,O+K,0)/Al,O3 u3y4eHHBIX 00pa3loB JEKUT
B nipeAenax 0.22—0.27, yTo xapakTepu3yeT UX KaK HOPMAIbHO-IIEIOYHBIE U MO3BOJISET MPEANOI0KUTh
NPUCYTCTBUE B COCTaBE TEPPUICHHON COCTABIISIONIEH MTPUMECH BYJIKAaHOT€HHOT'O MaTeprajia OCHOBHOTO
cocrana ([TanoBa, Axmenos, 2011). 3nauenus nanekca CIA (cymectBeHHO MeHbIMe 70 — MOPOroBOTO
3HAYEHHsI 3pEJIOCTH 0CAJKa) YKa3bIBAlOT Ha MPUHAUICKHOCTh K OTJIOKEHUAM 1-T0 IMKIIa IepeHoca U Ha
TYMUJIHBIE YCIIOBHS ocankoHakorieHus (Macmos u ap., 2003). Huskue 3Hauenus mapamerpa Ti/Mn (1-6)
MOATBEPKIAIOT MOPCKOM I'€HE3UC OCAAKOB, YTO COBIAJIACT C JIUTOJIOrHYecKuM aHanu3oM. [Topoas! ce-
HOMaHa ¥ TypOHAa CYIIIECTBEHHO OTJIMYAIOTCS 1o cooTHomeHuto Fe/Mn. [[ns BepxHero ceHomaHna (00-
pasubl A-1, A-3, Kp-1/1) 3Hadenune storo mapamerpa BapbupyeT oT 42 1o 52, a Uil HIKHETO TypOHa
(oOpasubr A-4, A-5) Haxomutcs B mpenenax 6—10. BepostTHO, 9TO SBISETCS CIEICTBUEM YBEITHUCHUS
IITyOMHBI OCAJKOHAKOIUIEHHsI HA TpaHHIe paccMaTpuBaeMbix sipycoB (ITanoBa, Axmenos, 2011). Ha
muarpamme K,O/Na,O — SiO; (Roser, Korsch, 1986) Bce o0pa3iisl monagaroT B MOJIe 3HAYCHUH, Xapak-
TEPHBIX JUII OKEAHWYECKUX OCTPOBHBIX JYr. DTO yKa3bIBaeT HA aKTHBHOE Y4acTHE B (POPMHUPOBAHUU
0CaJIKOB BYJIKAHMYECKHX TY(HOB WM MTPOYKTOB pa3pylIeHHUs TIOPOJ] OCHOBHOTO COCTaBa (pHucC.).
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Ha nuarpamme Hf — La/Th ¢urypatuBHbIe TOUKH MOMANalOT B MOJE€ OCTPOBHBIX AYT aHAE3UTOBO-
ro coctaBa. Hanbomnee n3BecTKOBBIE Pa3HOCTH MOPOJ TypoHa (A-4) joxaTcs Ha Iuarpamme OirmKe K
MIOJII0 OCA/IKOB, COPMHUPOBAHHBIX 32 CUET pa3pyIICHUsT OKEAHWYECKUX OCTPOBOB U TOJEUTOBBIX Oa-
3anbTOB. [loydeHHbIe pe3ynbTaThl MOKa3alu, 4TO 00pa3iel ceHomana (A-1, A-3) momangarot Ha aua-
rpamme V — Ni — Th B nose ocHOBHBIX Mopof, a Ha auarpamme (Roser, Korsch, 1988) — B mone cpen-
HUX mopoa. O6pasisl TypoHa (A-4, A-5) nmonagatot Ha auarpamme V — Ni — Th B mone mopo, 060-
raleHHbIX KBapleMm, Ha auarpamme Roser-Korsch — B mose nmopon, oGorameHHbIX kpeMHe3eMoM. Be-
POSITHO, 3TO 00YCIOBIEHO OOJIBIIEH CTENEHBIO NIMHUCTOCTH OTJI0KEHUI CeHOMaHa.

Takum 006pazom, pe3yabTaThl T€OXUMUYECKOTO HCCIECIOBAHMUS MOPOJ TPEX JIUTOJIOTUYECKUX
TUIIOB U3 pa3pe3oB oBpara Akcy-Zlepe u r. KpemenHas mokasanau, 4TO UCTOYHUKOM TEPPUTECHHOTO
MaTepuaa Mpu HaKOIUIEHUM IOTrPAHUYHOIO CEHOMaH-TYpOHCKOTo ypoBHs IOro-3amannoro Kpeima
SBIJISUTUCH MPOJYKTHI pa3pyIICHHUs] OCTPOBHBIX IYT MM OKEAaHMYECKUX OCTPOBOB, (POPMHPOBABILIKX-
cs B 970 BpeMms B [lontumax (Huxumme u ap., 2009), x 1ory (B COBpEMEHHBIX KOOpJUHATAX) OT pac-
CMaTPUBAaEMOI'0 PErHoHa.

Hccneoosanue evinonneno 3a cuem epauma Poccuiickoco nayunoco ¢honoa Ne 24-27-00197,
https://rscf.ru/project/24-27-00197/
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CHOYI'EOXUMHNYECKASA CBbEMKA
KAK METO/J KOHTPOJIA 3AT'PASHEHUA ATMOC®EPHOI'O BO3IYXA

YynakoBa E.B.!, 3eenoBcknii I1.C.", XoxpsKkoB B.P.

' Canxm-Iemep6ypeckuii 2ocyoapcmeennwiii ynusepcumem, chulkowa.ekaterina.b@gmail.com
? ®I'BY Hayuonansnsui napx « Cebesrcckutiy

BBenenue. CreneHp 3arpsi3HEHUST aTMOC(HEPHOTO BO3yXa OTHOCHTCS K YHUCIY MPUOPUTETHBIX
(hakTOpOB, BIUAIONINX Ha 30pOBhe 4enoBeka. OOBEMBI BHIOPOCOB BPEAHBIX BEIIECTB B aTMochepy
HEMPEPBIBHO PACTYT, YTO CBUACTEIHCTBYET O HEOOXOIMMOCTH M BaXKHOCTH CHCTEMAaTHYECKOTO H3yue-
HUS 3arpsi3HEeHUs aTMOC(hEPHOro Bo3lyXa ypOaHU3HpPOBaHHBIX TeppuTopuii. Ho B TO ke BpeMsi aTMo-
chepa — muHammuuHas cpena. CocraB BO3AyXa MOXKET HM3MEHSTHCS BO BPEMEHU M IMPOCTPAHCTBE.
B ycrnoBusix akTUBHOM LUPKYIALUU aTMOC(Ephl 3arpsA3HAIONIME BEIIecTBa MOABEPraloTCcsl a’paibHO-
My nepeHocy. OHU MHUTPHPYIOT Ha «YCJIOBHO YUCTBIC TEPPUTOPUU», TAEC MPAKTHUYECKH OTCYTCTBYET
MOCTOSIHHBIA MCTOYHHUK 3arps3HEHUs. B 3Tux ciydasx Takue BbIOPOCHI MPAKTHUYECKH HEBO3MOKHO
OTCIEANTh TMPSIMBIMU WU3MEpPEHHUSMHU. Torma I OIEHKHU 3arpsi3HEHUs aTMOC(EepHOTO BO3ayXa HC-
MOJIb3YIOT KOCBEHHBIE METOJIbI, HAlpUMEp, aHaU3 XUMHUYECKOrO COCTaBa TaKUX JEMOHHUPYIOIIUX
Cpell, KaK CHEXHBIM MOKPOB WM MOYBOTPYHTHI. JlJIT MOHHUTOpPWUHTA T€OXHMHUUYECKOTO COCTOSHHUS
cpeasl B OOIIT meton ynoOeH aiis OTCIICKUBAHUS 3aJIMIOBBIX BBIOPOCOB Ha OJIM3JICKAIIUX TEPPUTO-
pusix. Pe3ynapTaThl aHalM3a XUMHUYECKOTO COCTaBa aTMOC(HEPHBIX OCAJKOB MO3BOJSIOT OICHHTH HE
TOJIBKO BKJIAJl JIOKAJIBHBIX UCTOYHUKOB BHIOPOCOB, HO M MEPEHOC 3TUX MpPUMECEil BMECTE C BO3JYII-
HbIMU Maccamu (Pemetnukos u nip., 2010).

Heabro qanHOM pabOTHI SIBISETCS OIEHKA CTENIEHHU 3arpsi3sHeHUs aTMocheps! B npeaenax Cedex-
CKOTO HAIIMOHAIBHOTO TIapKa IMyTeM MIPOBEICHUS CHOYTC€OXUMHUECKON ChEMKH.

MeTtoasbl ucciaenoBanus. Oto6op mpod npoBoamics cormacHo 'OCT 17.1.5.05-85 «Oxpana npu-
ponsl. ['mapocdepa. OOume TpeboBanus K 0TOOpPY NMpPoO MOBEPXHOCTHBIX U MOPCKUX BOJ, JIbJa U aT-
Mochepubix ocanakoB» u P 52.04.186-89 (PykoBOACTBO MO KOHTPOJIIO 3arpsi3HEHUsI aTMochepsr).
[TpoOBI CHEXHOTO MOKPOBA OTOUPAIHUCH HA MapUIpyTaX CHETOMEPHOW CHEMKH B KOHIIE MEPHUONIA €ro
MaKCHMaJIbHOTO HaKOIUIeHUs. BriOop miomagok npo6ooTOOpa BIMOIHSICS B COOTBETCTBUU C PO30it
BETPOB, penbe)OM U MPOrpaMMOI HAOIIOICHUS HAIIMOHAIBHOTO Mapka. Kpome Toro, pacnonoxxeHue
TOYEK OMPEETAIOCh C YIETOM CeTUTEOHOM 30HBI Topoa Cebex n MHPpacTpyKTypHI (puc.).

— — - ———————

i ” O Toukw otbopa npob
O ’
‘ |

Po3a seTpos
1 C

2 c3 Cc-B

=y S Kapra-cxema Touex
S ; oTbopa mpod U po3a BETPOB
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OT16op mpob cHera OCYLIECTBIISUICS METOAOM «KOHBEpTa». ANMpoOMpOBAaHHE MPOU3BOAMIOCH HA
yaactke 1 X 1 M, mpoObl 0TOMpaIKCh HAa BCIO MOITHOCTH ITypda. M3 oToOpaHHBIX MPOoO COCTABISIIACH
cbopHast mpoba, BeCOM HE MEHee 2 KI, KOTopas MOMeIlanach B eMKOCTh U3 XUMHUYECKH CTOMKOIO
MOJTMMEPHOTO MaTepuaia u MapkupoBaiach (SlHuenko, 2020).

JUis u3MepeHus MIOTHOCTU U BBICOTHI CHEXHOTO MOKPOBA HCIIOJIB30BAJICS BECOBOM CHETOMEpP
BC-43 u caeromepnas perika. OOpasiibl cHera 10CTaBisuTHCh B Jaboparoputo CIIGITY, pacTaniauBa-
JUCh IPU KOMHATHOW TeMIlepaType, 3aTeM ompenessics oOuuii oobeM Tanbix Box. s Komude-
CTBEHHO! OLIEHKHM TBEPAOTO OCaJKa W JaJlbHEWIIEero pacuera MbIJIEBOW HArpy3Ku Tajble MPOOBI
cHera (pUIbTPOBANUCH Yepe3 OyMaskHble 00€330JIeHHBIC (PMIIBTPBI «CUHSS JICHTa», MPEIBAPUTEIHHO
BBICYIIIEHHBIEC M B3BELIEHHbIC HAa aHAJIUTHUecKuX BecaX. [locie 3Toro QuibTphl 030157IHCH B MY-
¢enbHOM neun npu Temneparype 450° Ha NPOTSHKEHUH 4 YacOB M MOBTOPHO B3BEIIMBAIUCH. Komu-
YECTBO BBINAJAIOIIETO CO CHETOM TBEPAOrO OCaJKa XapaKTepu3yeT 3amlblICHHOCTh TEPPUTOPUH,
(GuUIbTpaAT TAJOro CHEra OTPaXKAaeT CTENEHb 3arps3HEHHs BO3AYIIHOTO OacceliHa Hambosee pacTBO-
pUMBIMU (pOpMaMU 3JIEMEHTOB, KOTOPBIE SBJISAIOTCS HanboJiee TOKCUYHBIMU JIJISl PACTEHUN U HKUBBIX
opranu3mosB (OnexkyHoBa U 1ip., 2014).

B yue6noit naboparopun dusuko-xumudeckoro ananuza CIIOI'Y, cormacuno [lpukasy Pocrum-
pometa Ne 421 ot 18 urons 2014 r. «O coBeplIEHCTBOBaHUM JEATEILHOCTH FOCYJapCTBEHHOMN ceTn
HaOIIOICHUH 32 XUMUYECKUM COCTaBOM M KHCJIOTHOCTBIO aTMOC(EpPHBIX OCaKOB U CHEKHOIO IO-
KpOBay», B TaJIbIX BOJaxX ObUIM OMpEEICHbl TaKue MOKa3aTelu, Kak Cyiab(aThl, XJIOPHUIbIL, THIPOKAp-
OOHaThI, HUTPAThl, AaMMOHUN, HATPHUM, KaJlUH, KaJdbllUi, MarHuii, BennunHa pH, mMuHepamuzaius,
docdarsr. [okazarenn onpenesuuCh TATPUMETPUIECKUM METOAO0M, a TAKXKe C MOMOIUIBIO CTALMO-
HapHBIX HOHOMETpa, GOTOMETpa U MOTEHIIMOMETPA.

Pe3ysbTaThl Hccae10BAaHUA

JIJis OLIEHKM T€OXUMHUYECKOW OOCTAaHOBKH B PaMKax MCCIIEIOBAaHUS ObLTO OTOOpaHO 7 MpoO CHEX-
HOT'O TIOKPOBa Ha TEPPUTOPUH, OXBATHIBAIOIIEH YUAaCTKU HAIIMOHATIBHOTO MapKa C pa3IMuHON CTETICHbBIO
AQHTPONOTEHHOTO BIUSHUS (PHUC.): TOUKH pacrojarainch B ceauTeOHOoM 30He Topoaa Cebex u Omm3ie-
JKAIUX HACEJCHHBIX MyHKTax (Touka 4), B paiioHe 3KOTpOIIbl «3eJeHoro KBapranay (Touku 1, 2 u 3 ),
Ha TEPPUTOPUH TYPUCTHUECKOH 0a3bl «O3epsBKM» (TOUKa 7), B 30HE JICCOMMIBHOTO TIPEANPHUATHS (TOY-
Ka 4) ¥ Ha TEPPUTOPHSAX, HE MOJIBEPKEHHBIX aHTPOIIOTEHHOMY (hakTopy (Touku 5 u 6) (3eneHKOBCKU 1
ap., 2016). lns Bcex MCcaeayeMbIX MaKpOKOMIIOHEHTOB OBLUTH OMpPEIEICHBl MUHUMAIbHBIE U MaKCH-
MasibHble 3HadueHus. M3-3a orcyrcrBus IIJIK 11 cHEXXHOro mnokpoBa 3HAUEHHWsS] CPaBHUBAIMCH
C HallJICHHBIMU JINTEPATYPHBIMU TaHHBIMU U (DOHOBBIMU 3HAYCHUSIMHU.

0060061123 oTyYeHHBIE TaHHBIC, MOJKHO CAETATh BBHIBOJ, YTO B IIEJIOM T'MIPOXUMHUYECKUN aHATIN3
HE BBIABWJI 3HAYMMBIX MPEBBILICHUN KOHLEHTPALUi MaKpPOKOMIIOHEHTOB B TaJIbIX BOJAAX MOYTH IO
BCEM M3MEpSIEMbIM IapaMeTpam, UCXO/ U3 Yero MOXKHO C/eJIaTh BBIBOJ O OJaromnpusITHON 3KOJIOTH-
YeCcKo 00CTaHOBKE B HAIIMOHAJILHOM IapKe.

[To uToram ompeneneHns MUHEPATU3AIMH TAJIbIX BOJ OBLJIO YCTAHOBJIEHO, YTO BOJBI MPUHAJIE-
KaT K kimaccy ynbrpanpecHbix (Illebecra, Illamynosa, 2019). Kpome Toro, Obuid ompeaeseHbI
Ha3BaHUs BOJ U cocTaBieHa popmyna KypioBa mis kaxaon npodsl. B ocHOBHOM BObI THIIPOKapOo-
HaTHbBIE KaJIbI[EBBIE.

Conepxxanue cynb(}aT-MOHOB B CHEKHOM ITOKPOBE Ha OMNBITHBIX IUIOMIAKAX BapbUpPYeTCs OT
0.647 no 3.621. Ha nByx TOukax cojiepkaHue CyiIh(}haTOB HAXOIUTCS HUXKE Tpejesia OOHAPYKEHHUS.
MaxkcumanbHOe 3HaUeHUE JIOCTUTAETCs Ha TOUKe HoMmep 1, pacnoiaratomieincst B «3eJIeHOM KBapTaiey,
YTO MOXKET OBITh CBSI3aHO C OTHOCHUTENBHOM OJM30CTHhIO CHETONMYHKTA K aBTOJIOPOTe U peKpearoH-
HBIM 30HaM mapka. OJHaKO MakCHUMaJbHOE 3HaUCHHE Ha TOUKe | TakKe SBISETCS HECYIECTBEHHBIM
MPEBBIIICHUEM OTHOCUTENBHO JUTEPATYPHBIX JaHHBIX U 3HAUEHUH, MOJyYEHHBIX Ha ypOaHU3UPOBaH-
HBIX Tepputopusix (Pemernukos u ap., 2010).

Haubonpmre KOHIIEHTpauK M0 HUTpaTaM 3auKCUpoBaHbl HA TOYKax oTOOpa 5, 6, 7. Bece Tpu
TOYKH PAacIoaraloTcsi Ha Iore KapThl, OTKYyJa B JJaHHOE BpeMs rojaa mpeobisagaior Berpa. Konuen-
TpaIuy Ha JIaHHBIX CTAHIUAX 0TOOpa paBHBI 3.28 mr/m, 4.10 u 4.29 mr/i1, cooTBeTCTBEeHHO. ONHpasich
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Ha JIUTEepaTypHbIE JaHHbIE, 32 (POHOBBIC 3HAUCHUS MOKHO MPUHATH BCE T€, YTO MOMANAI0T B TUATIA30H
ot 0.7 no 1.8 mr/n (Cantan, 2015; MonoxxuukoBa u np., 2023). UeTsipe u3 cemu Touek oTOOpa mpod
MOTNAIal0T B JaHHBIA HHTEepBal. KOoHIIEHTpaluy IBYX TOYEK COM3MEPUMBI ¢ KOHIICHTPAIUSIMH P00
CHera, TOJIyYeHHbIMU aBTOpaMU CTaTel, paboTarolmMMU Ha YpOAHHW3UPOBAHHBIX TEPPUTOPHUIX
(PemernukoB u np., 2010; Monoxxaukosa u ap., 2023).

CopepxaHue XJIOPUIOB B CHEXHOM IOKpOBE Ha TOYKax OTOOpa CHUJIBHO BapbUpyeTcs —
HauOOJbIIMEe 3HAUYCHUS 3a)UKCUPOBAHBI HA TOUKax 1, 5 u 6. OHA U3 ITHX TOYEK HAXOIUTCS y IOPO-
T'¥, Y TApKOBKU U BXOJla B 30HY «3€JIEHOr0 KBapTajiay, IO3TOMY JaHHOE MOBBIIICHHOE COJEpKaHue
(12.31 mr/m) MoxkeT OOBACHATHCS HAIMYHEM XJIOPUAOB B COCTaBE aHTHTOJIOJNICIHOTO pearcHTa. J[Be
JIpyrue TOYKM pacIojlaraloTcsl B 30HE, HE HCHBITHIBAIONICH aHTPOMOTEHHOW HAarpy3Kd B paMKax
OOIIT, HO 3T TOYKH SIBISIOTCS CAMBIMU F0KHBIMHM Ha KapTe, TO3TOMY KOHIIEHTPAIMH MPEIO0I0KH-
TEJIBbHO CBSA3AHBI C a3PAIbHBIM IIEPEHOCOM.

OcTtanbHble MAKPOKOMITOHEHTBI JINOO HE MPEBBIIIAIOT HAWJCHHBIX JTUTEPATYPHBIX JaHHBIX, JTHOO
HaXOJATCS HIKE Tpefiesia OOHApYKEHHUS.

ConepxaHue B3BELICHHBIX YACTHUI[ B TajbIX BOJAX CHEra Ha TOYKaX BapbUpPYET B Mpeaesax
0.0010 r/m — 0.0318 r/n. CpaBHUBAas MOJYyYCHHBIC PE3yJIbTAThl C IUTEpaTypHbIMU JaHHBIMH (0.03—
0.08 r/m), 3ameTuM, 4TO MOJy4YCHHBIE MOMATalOT B AaHHbIM auanazoH (IIpuctoBa, Bacunesuw,
2010).

Kpome Toro, ¢ yuerom cHeroBoit skcro3unnu B Ce0eXCKOM HAIlMOHAIBHOM TapKe, KOTopast co-
craBisieT 80 qHEH, ObIa MOCYUTaHa TIBIJIEBAs Harpy3Ka Ha TEPPUTOPHIO IO CIIeAyIOIIeH dhopmyIie:

Pn =P /(S*t), mr / (M* X CyT),

rne P — macca nbun B mpobe, S — miomans mypda, t — BpeMs (B CyTKax), MpoIIeaniee ¢ MOMEHTa
YCTaHOBJICHUS CHEXXHOTO oKpoBa (MoBcecoBa u ap., 2018).

Ilo pesynpTaTam BBIYMCIEHHUM JEa€M BBIBOJ O KpailHE HU3KON cTeleHu 3anbuieHHOCTH B Ce-
0e)KCKOM HaITMOHAIHPHOM IapKe.

ITo pe3ynbraTam mpojenaHHoN pabOThl MOXKHO CHIENaTh CIEAYIOIINE BBIBOIbI:

1. Meton ocoO0eHHO y00€H B YCIOBHSIX padOTHI HAa YPOAHU3UPOBAHHBIX TEPPUTOPHSIX U TEPPHU-
TOPUSX, UCHBITBIBAIONINX CUJIBHYIO QHTPOIOTE€HHYIO Harpysky. /lJIi MOHUTOpUHIA T€OXMMHUYECKOTO
cocrosiaus cpeasl B OOIIT meron ynoOeH /Ui OTCISKUBAHUS 3aIMOBBIX BBIOPOCOB Ha OJIU3JIEKAIINX
TEPPUTOPHUSX.

2. KoH1ieHTpanuu n3MepsieMbIX THIPOXMMUUECKHUX [T0Ka3aTeled Ha TEPPUTOPUN HALlMOHAJILHOTO
napka «CeOeXCKU» He NMPEBBIIAIOT HAWJCHHBIX JIMTEPAaTYPHBIX JAaHHBIX MO COJACPKAHUIO MaKpo-
KOMIIOHEHTOB B TaJIbIX BOJAAX, UCIOJB3YEMBIX B KA4€CTBE OIOPHI AJIi CPAaBHEHUS, B CBSI3U C OTCYT-
crBuem I1JIK s cHera.

3. Ilo pe3ynbraTraM OLIEHKHM INBUIEBON HArpy3Kd M THAPOXMMMUYECKUX IOKa3aTeseld MOXHO clie-
JaTh BBIBOJ, O OJaromnpHusITHON SKOJIOTMYECKOH OOCTaHOBKE B HAIMOHAIBHOM MNapke. Teppuropus
MOXET OBITh HCIIOJIb30BaHa Kak (POHOBAs MPHU MPOBEACHUHM T'€O3KOJOTHUECKUX HMCCIEIOBAHUH, CBS-
3aHHBIX C U3Y4E€HHEM COCTOSHUA atMochepsl. CyleCTBEHHbIX 3aKOHOMEPHOCTEN MEXAy KOHLEHTpa-
IIMSIMU BEIIECTB Ha TOYKAaxX 0TOOpa He oOHapyxeHo. Takue moka3zaTenH, Kak Kalui, aMMOHUH, docda-
Thbl, HUTPUTHI U HATPUI, OKA3aJIMCh B KOHLEHTPALMAX HUXKE Npesiena OOHapyKEHHUS.

Cnmcok JIuTepaTypsl

I'OCT 17.1.5.05-85 «Oxpana npuponsl. ['mnpochepa. Oburre TpedboBaHus K 0TOOPY MPoO MOBEPXHOCTHBIX H MOP-
CKHUX BOJ, JIb/1a U aTMOC(HEPHBIX OCAIKOBY.

3enenxoscxui 11.C., Ioonunckuii M.1., Xoxpsixos B.P. IIpo0nembl peryinpoBaHusi JesTEIbHOCTH XO3SHCTBYIOIIUX
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topuii // BectHuk Cankt-IleTepOyprckoro ynusepcutera. Cepust 7. I'eonorus. I'eorpadus. 2016. Ne 3. C. 60-74.
DOI110.21638/11701/spbu07.2016.305. — EDN XAYYRL.

Moscecosa B.B., Bnyacuna A.C., Heanenxo K., Cmenansan A.A. OnpeneneHue ypoBHs NbUIEBOM Harpys3ku Ha
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KAJIMEBBIE ITOJIEBBIE IIITATBI 30JIO0TOPYJTHOI'O MECTOPOKJIEHUSA
PAEMHOBOE KAK ITOTEHIMAJIbHBIN IMMOITY THBI KOMIIOHEHT PY/]]

Hlamcytaunos M./I., Ilerpos C.B.
Canxm-IlemepOypeckuii 2cocyoapcmeennulil ynusepcumem, Hucmumym nayx o 3emae, shamsutdinov.michail@yandex.ru

BBenenne. 3omotopyaHoe MecTopoxacHue PsiOMHOBOE HaXOIUTCS HA TEPPUTOPUU AJJIAHCKOTO
MYHHUITUTIATHBHOTO paiioHa Pecnyonuku Caxa. OHO pacmolio)keHO Ha mpaBoOepexkbe peku SIKOKUT
B 44 KM K CEBEpO-BOCTOKY OT T. AnmaHa. MectopoxaeHue PsOMHOBOE OTHOCHTCS K 30JIOTO-
MEAHOMOP(HUPOBOMY TEOJIOTO-TIPOMBIIIUICHHOMY THITY, 30JI0TOPYIHAs MUHEpaTU3alus MpUypodeHa
K METaCOMaTUYECKH M3MEHEHHBIM ATUPUH-AaBTUTOBBIM IIEIOYHOIOJEBOIINATOBBIM CHEHUTAM, CHE-
HUT-TIOPPUPaM U KBAPIEBBIM CUEHUTaM. B MIUHEpaIbHOM COCTaBE PYy/Ibl OTMEYACTCS KpaifHe BBICOKOE
coJiep’KaHue KaJIMeBOTO IMOJIEBOTO LINaTa — MUKPOKJIMHA, CpeIHEE COJepKaHHEe KOTOPOTO COCTaBIIsET
67 mac. % (tabn. 1). BeaencTBue 3Toro pyabl XapaKTepH3YyIOTCS BBICOKUMH COJIEPKAaHUSIMH OKCH/Ia
kamus (11-14.5 mac. %), a Huzkue KoHueHTpauuu okcunga Hatpus (0.3-0.6 mac. %) npuBOAAT
K BBICOKMM 3HaueHusIM KasmeBoro moayis (K =25-30).

B Hacrosiiee Bpemsi Ha MecTopoxaeHUU Beaercs noosrda 3om0ta [TAO «Cenurmap». OTxoapl
oboramieHus! pya MECTOPOXKACHHUS MOTYT SBJISATHCS MOTEHIIMAIBHBIM UCTOYHUKOM TOITYTHOTO TTONTY-
YEHHsI TIOJIEBOILIATOBOTO ChIPhsI JJI CTEKOJIBHOW M KepaMHUYECKOM MPOMBIIIIEHHOCTH: 3a CUET BBICO-
KOT'0 COJIEP>KaHMsI MUKPOKJIMHA (OKCHJIA KaJIHsl ), HU3KOM KOHLIEHTPALlMKM HAaTPUEBBIX MUHEPAJIOB U KaK
CJIEJICTBUE — BBICOKOTO KaiueBoro Moayns. dakTopom, cuiabHEe BCEro yXyALIAIOUIMM MOTEHIHA
JTAHHBIX TTOPOJ] B KAUECTBE CHIPhS, SIBIISIETCS COICPIKaHUE OKCUIOB keme3a. B manHoit paboTte u3ydaercs
dbopma HaxXOXIEHUS jKele3a B MUKPOKJIMHE MecTopoxaeHus PsOuHOBoe, a Takke BO3MOXHOCThH €ro
UCIOJIb30BaHUS B KAYECTBE UCTOUYHHUKA MOJIEBOIINATOBOTO CHIPHSI.

Tabauna 1. Cpexanii MUHEpAITBHBIA COCTAB YA MECTOPOXKACHHS PsOmHOBOE

Musepaisl Mac. %
Kgapn 9.0
Kanuesslit monesoii mmat 67.0
IInaruokmnas 2.5
KapOoHats! (aHKEpUT, KAJIBIHT) 0.5
ITupoxcensl, aMmpuOOITBI 4.0
MyCKOBUT 11.5
[Mupur 2.0
Oxcuabl ¥ THAPOKCHUIIBI XKeTle3a 1.5
OcranbHbIE MUHEPAITBI 2.0
CymmMma 100.0

[Ipumedanne. OcTanbHbie MHHEPAIBI — JMUAOT, OAPUT, TUTAHUT, ANaTUT, Xallb-
KOIIUPUT, OOPHUT, TAIEHUT, C(haslepuT, apCEHOTMPHUT, CAMOPOTHOE 30JI0TO.

Marepunanbl 1 MeTOAbI HccaeA0BaAHMA. [[151 Mccieq0BaHNs U3 OTBAJIOB MOPOJ, HOArOTOBIICH-
HBIX I o0oTraimieHus, ObI0 0TOOpaHO 14 BBIKOJOK TOJIEBBIX IIMATOB, KOTOPBIE OBUIA BH3YaJIBHO
KJIACCH(UITMPOBAHBI 10 IIBETY HA TPHU TPYIIIIBL: «PO30BBIC», «CEPhIe» U «UepHBIEY. [ pyIina «po30BhIX)»
MOJICBBIX IIMATOB COCTOUT U3 7 00pa3IioB, «CephIX» — U3 4 00pa3IoB, «4epHBIX» — U3 3 00pa3ioB. [l
neTporpauyeckoil XapakTepUCTHKH IMOPOJ MECTOPOXKIEHHs ObUIM OTOOpaHbl 00paslibl C pa3HbIX
Y4aCTKOB MecTOpoxaeHus. Beero 6pu1o ommcano 8 nutndoB, 5 — mist mopoj ¢ ydactka «I JaBHBIN»
u 3 — u1s mopof ¢ yuyactka «HoBbliby.

Iemposzasoock, 1—4 oxmsbps 2024 . 221



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKObI-KOHGeperyuu, nocesujennol navamu ynera-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI' MU, 'EODQH3UKHU U 'EODKOJIOI'H

[letporpaduyeckoe omucaHue MOPOJ BBHIIOJIHEHO Ha MOJSPU3ALMOHHOM MHKpockore Leica
DM2500P. Onpenenenne KOJIMYECTBEHHOTO MUHEPATBLHOTO COCTaBa MOpo/ B MiTHdax Mporu3BOIUIOCH
METOIOM CTaHAAPTHOTO Npenapara no BaxpomeeBy (Baxpomees, 1956).

XuMUYecKuil cocTaB 00pa3loB U3yUYEH C MOMOIBIO PEHTTEHO-(DII0OPECIIEHTHOTO aHAIN3a, TIPU-
mensuics aHanmzatop Olympus Innov-X Delta. Pentreno-¢datoopecieHTHbIN aHaIn3 OTHOCUTCS K T10-
JYKOJMYECTBEHHBIM METOJAAM, JUIS MOBBIIIEHUS TOYHOCTH OMNpEesICHUs MPUMEHSIUCH CTaHIapTHbHIE
obpasubl CI'-1A (rpanut ansbutusupoBanubiii), CAIIC-3 (nepHOBO-MOA30MUCTAs CyllecuaHasl 1o4Ba),
CHK-2 (xobansTo-HuKeneBas pyna) u CBT-15 (koiyMOuTOBO-HHOOHEBHIN KOHIICHTPAT).

Jst yCTaHOBIICHUS JIOKATBHBIMH METOIaMU (DOPM HaXOKIEHHMS JKele3a B TIOJIEBBIX IINAaTaxX U3 Kaxk-
JIOW Tpynmbl ObUTO 0TOOpaHO 1o JBa 00pa3iia C CaMbIM BBICOKHM COJIEpyKaHUEM jkeJie3a. AHAJIN3 MPOBO-
muicss B pecypcHoM LeHTpe «'eomonens» HayuHoro mapka CIIOIY. Ilpumensics MeTon SHEpro-
JUCTIEPCUOHHOTO aHAJIM3a, UCTIOIh30BAJICS CKAHUPYIOITHA AJIeKTpoHHBIA MUKpockor Hitachi S-3400N.

Bbi1 poBesieH peHTIeHOCTPYKTYPHBIA aHATM3 ABYX 00pas3IoB «CEpOiiy IPYIIIBI s OLIEHKH CTere-
HU U30MOP(HOTO 3aMeIeHus AP Ha Fe'' B KPUCTAJUTMYECKOM pEelIeTKe MOJIEBbIX MaToB. /JJaHHbIM aHa-
JIU3 TIPOU3BOJAMIICS B PECYPCHOM LIEHTpE «PeHTreHou(ppaKkOHHbIE METOIbI NCCIIEAOBAHUS HAYIHOTO
napka CIIOI'Y. [Inst mpoBeneHusi CbeMKu TudpakTorpaMmmbl 00pasiisl ObUTH TIEPEBEACHBI B TIOPOIIKOBYIO
¢dopMy Ipy MOMOIIM KBapLEBOM CTYIKH, U3rOTOBJICHUE CYCIICH3UHU MPOBOUIIOCH HA CIIUPTOBOM OCHOBE.
Cremka audpaxTorpaMMbl MPOXOrIa Ha JU(paKTOMETpe BbICOKOro paspemieHusi Rigaku Ultima IV.
CrpeMKa BBIOIHSIIACh HA METHOM KaToJle, B Uarna3oHe 5—75°, co CkopocThio 1° B MUHYTY.

PesyabTartel uccnegoBanus. B xone nmerporpaduueckoro usydeHus ObUTO BBIIEIEHO TPU THIIA
NOPOJ: KBApLIEBBIA CUEHUT, LIEIOYHOW CUEHUT M CEPULMTU3UPOBAHHBIMN CHEHUT. KBapueBblii CHEHUT
MMEET CIEeNyIUMi cocTa: nojeBoi mmar — 75 %, kBapu — 10 %, myckoBut — 10 %, mimarnoknas —
5 %, remMaTuT; TEKCTypa MacCHBHAsl, CTPYKTypa MaHUANOMOP(PHO3EPHUCTAS U AITIOTPUOMOP(PHO3EPHU-
cras. lllesoyHOM CHMEHUT MMEeT CIeAYIOIIUA COCTaB: MOJIEBOM mmmar — 65 %, IEeI04YHON KIMHOIH-
poxceH — 25 %, myckoBUT — 7 %, kBapiy — 3 %, reMaTuT; TEKCTypa MacCHBHas, CTPYKTypa MaHUANO-
Mop¢HO3epHUCTas, TOWKUIUTOBAs U aJuioTpuoMopdHosepHucTas. CepuIMTU3UPOBAHHBINA CUEHUT HMe-
€T CIIEAYIOIINNA CpeHU cocTaB: noJieBoil mmar — 60 %, myckoBut — 30 %, tuiaruokias — 5 %, KBapiy —
5 %; TekcTypa MaccuBHasi, CTPYKTypa nmaHuanoMopdHo3epHucTas. TakuM 00pa3oM, KpUCTAJUIBI ITOJie-
BOTO IIIaTa UMEIOT UAMOMOp(hHYIO GpopMy u KpynHbIid pazmep (o1 1 1o 10-15 mm), oqHaKO B HUX Ya-
CTO BCTPEYAIOTCS BKJIIOUEHHS APYTrMX MUHEPAIoOB — KBaplla, MUPOKCEHOB, CIIOM, PA3IMYHBIX PYTHBIX
MHHEpaioB. HekoTopble 3epHa 1MoIBEepKEHbI BTOPUYHBIM U3MEHEHUSAM — MEUTU3AUN 1 KapOOHaTH3a-
un. B 1ienom coctaB v cTpyKTypa 1mopoJ1 6JaronpusiTHa AJ1s BbIACIEHHS [TOJIEBOILINATOBOIO MIPOAYKTA.

ITo pe3ynbraTamM peHTIeHO-(IIOOPECIEHTHOTO aHalu3a ObLTO BBISIBICHO JBa TPEHJA MOBEICHHS
3JIEMEHTOB: yBenudeHue coaepkanus Ca, Ba, Cu, Mn, Ti, V, Zn u ymensimenue Rb, Sr ot «aepHoii»
K «p030Boi» rpymnne. OnHaKo OONBIIMHCTBO AJIEMEHTOB HE UMEET HUKAKHX TPEHIOB, U JUII HUX BO3-
MO>KHO JIMIIb BBIACTUTH TPYIILY C MOBBIIIEHHBIMUA U MIOHM)KEHHBIMU coJiepkaHusiMu (Tadi. 2). Takxke
no pesynprataM RFXA ananmu3a Obiiv BeIOpaHbl 00pasibl ¢ HaHOOJBIIUM COJEPKAHUEM >Kele3a
B K10 U3 rpymil.

Ta6auua 2. [loBbimeHHBIE U TOHKEHHBIE COJIEPKAHHS AIEMEHTOB, XapaKTEePHbIE IS TPYIII MOJIEBhIX
IIITATOB MECTOPOXKAcHHS PsOnHOBOE

I'pynna [ToBsItIeHHOE COnEepKaHUE ITonmxeHnHoe conepxanue
«UepHasn» Cl, Co, Rb, Sr Ba, Cu, Ti, V, Zn
«Cepast» Mo Ni, Pb, Sn, Ca, As, Fe
«Po3oBast» Ca, Mn, As, Ba, Cu, Fe, Mn, Ni, Pb, S, Sn, T1, V, Zn Rb, Sr

DNEeKTPOHHOMHUKPOCKOITMYECKHUE METOJIbI TTO3BOJIMIIN YCTAHOBUTH (POPMBI BXOXKIACHUSI OCHOBHOM
JUMUTHPYIOIIEH MPUMECH B IOJIEBOLUNATOBBIX KOHIIEHTpAaTaX — MHMHEPAIBbHYIO (B BHIE MEIKHX
BKJIFOUYCHUI ) 1 n30MOpHYI0. B pesynbpTaTe 00pabOTKH pe3ynbTaTOB JIEKTPOHHO-30HI0BOTO MHKPO-
aHanmM3a 7 KaXI0ro M3 00pasnoB ObUTH ONpeeeHbl BUIbl MUHEPAIBHBIX BKIIOUEHUH. B o0Opasue

Iemposzasoock, 1—4 oxmsbps 2024 . 222



Mamepuanvr XXXV Mmono0esxicroti nayunoil wikoawi-kongepenyuu, nocesuennot namsimu yiena-koppecnonoenma AH CCCP K.O. Kpamya u akademuxa PAH @.I1. Mumpoganosa

AKTYAJIBHBIE IIPOBJIEMbI 'EOJIOI'MH, TEODU3UKU U 'EOOKOJIOT'H

1-1 («uepHBIit») OBITH OOHAPYKEHBI MUKPOBKIIFOUEHHUSI CIAEAYIONTUX MUHEPAJIOB: aab0uT, OapuT, re-
MaTHT, KBapll, STUPHH; B oOpasie 1-3 («uepHblity) — GapuT, reMaTuT, KBapl, MUPUT; B oOpasue 2-2
(«cepwlit») — anpbuT, OAPUT, TEMATUT, CTPOHIIMAHUT, ITUPKOH, STHUPUH; B oOpasme 2-3 («cephlii») —
anpOuT, 6apuT, reMaTUT, CTPOHLIMAHUT, STUPUH; B 00pasiue 3-5 («po30BbIii») — anaTUT, OapuT, ra-
JICHHUT, TEMATHUT, KBapIr; B 00pasiie 3-1 («po30BbIii») — anb0UT, 6apuT, TEMATHUT, KBAPII.

B cocraBax moJeBBIX LIMATOB M3 MOPOJ MECTOPOXKICHUs PsOnHOBOE oTMedaeTcst cTabuibHOE
MOBBILIEHHOE coJiepKaHue >kenes3a. [IpennonokuTensHo 3TO CBA3aHO ¢ M30MOP(HBIM 3aMeleHUEM
AP’ na Fe**. Cunraercsi, uto noBbiieHHsIe conepkanust Fe®” B IENOYHBIX MONEBBIX MINATAX XapaK-
TEpHBI, B YaCTHOCTH, JUIsI IIeI0UHBIX cueHuTOoB (bokuit u np., 2003). B «uepHoii» rpynme couep-
*aHue nzomopduoro xkenesa coctaBuiio 0.25 %; B «cepoit» — 0.07 %; B «po3oBoit» — 0.69 %.

Kpome Toro, nmpu u3yyeHUu MOpoA MpH MOMOIIM 3JIEKTPOHHO-30HJIOBOTO MUKpOaHajau3a ObLIO
oOHapy>KEHO JIBa BHJA MEPTUTOB: KaIUIEBUIHbIE W HUTEBUAHBIE (pHc.). IIpeamonaranock, yTo ¢ UX
dopMoii Moxer GbITh cBsi3aHa creneHp 3amemennst AI* na Fe’'. [l ananmsa 6bumm BeIGpaHb! 06pasLibl
2-2 u 2-3, xak obnagaronme HaubosIee BhIPAKEHHBIMH ITEPTUTAMH.

500um 250um

N3o0paxeHne B 00paTHO-PACCESHHBIX 3JIEKTPOHAX «HUTEBUIAHBIX)» MEPTUTOB 00pasma 2-2 (A);
n300pakeHHuEe B 00PAaTHO-PACCESHHBIX JICKTPOHAX «KAIUICBUAHBIX)» MEPTUTOB 00pasua 2-3 (b)

B xome 06paboTku audpakTorpaMM MOJIYYEHO MPEANOIIOKHUTEIBHOES COOTHOIICHUE MHUHEPAIIb-
HBIX (a3 B KOKJIOM U3 00pa3IoB. YCTaHOBJICHO, YTO KAJIHEBBIC MMOJIEBBIE MITIATHI MPEICTABICHBI CMe-
ChI0 MUHEPAJIOB — MUKPOKJIIMHOM M OPTOKJIa30M B Pa3HBIX COOTHOIICHUSX. Tak, B oOpasie 2-2 oOHa-
pyxeHsl optoknas (72.93 %), mukpoxiun (24.58 %) u ansout (2.49 %), a B obpasie 2-3 — MUKpPO-
kiuH (57.59 %), oproknaz (39.99 %), ansOur (2.26 %). OnpeneneHbl mapaMeTpbl 3J€MEHTapHOMN
STYEHKHU JUTS KOKJI0W U3 MUHEpallbHOH (a3 (Tadm. 3).

Ta6auna 3. [TapaMeTpsl 37IeMEHTAPHOM STYSHKH MOJICBBIX IIMATOB «CEPO» rPYIIbI MECTOPOXKICHUS PsiOnHoBOE

Ob6pazer 2-2 O6pazer 2-3

OpTokias MUKpOKIHH Annout OpTokias MUKpOKIHH AnnouT

a, A 8.5544 8.5944 8.1500 8.5485 8.5657 8.1410
b, A 12.9855 12.9797 12.8045 13.0050 12.9845 12.8090

c, A 7.2041 7.2139 7.1910 7.1838 7.1768 7.1596
a, °© 90.0000 90.4660 94.5700 90.0000 90.8430 94.0200
B,° 115.7830 115.9620 117.0000 115.9730 115.4680 116.7470
Y, ° 90.0000 88.2840 87.2800 90.0000 88.5660 87.9900
v, A’ 720.6700 723.1900 666.5000 717.9800 720.4100 665.0000
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[TapameTpsl 2J1EMEHTApHOM STYEHKHA U3Yy4EHHOIO MUKPOKJIMHA OTJIMYAIOTCS OT IIapaMeTpOB HEXKe-
ne3uctoro mojesoro mmata (Smith, Brown, 1988) u Mano otnuyaiorcst OT mapaMeTpoB HEXKEIE3UCTO-
ro mukpoxinHa (bokuii u np., 2003), TO3TOMY HEIb3s AOCTOBEPHO T'OBOPUTH O BXOXKACHHUU 3HAYU-
TEJIBHOIO KOJIMYECTBA jKeJie3a B KPUCTAJUITMUECKYIO PEIIETKY IOJIeBOro Himnara.

IIpompblinIeHHOE MCIIOIB30BAHNE MOJIEBBIX MINATOB. | TaBHBIMU HapPaBICHUSIMH HCIIOJIb30-
BaHUs IOJIEBOUINATOBOTO CHIPbS B HAPOJHOM XO3SHUCTBE SIBISETCA MPOU3BOJICTBO KEPAMHUECKOM
Y CTEKOJIBHOM MPOAYKIMHU. B CTEKOIBbHON MPOMBIIIEHHOCTH TOJIEBOILIIATOBOE ChIPhE IPUMEHSAETCA
JUIsL BBOJIa B COCTaB IIMXTHI IJIMHO3€Ma U ILIeN0oYel, Oaroiaps yeMy yJaydllaloTcs MEXaHM4ecKhe
CBOMCTBA, MOBBIIIAETCS TEPMHUUECKAs U XUMUYECKas CTOMKOCTh cTeKIa. B mpousBoacTBe kepamuye-
CKOM MPOAYKIMH TOJIEBbIE IIMAThl UCIOIb3YIOTCA B KaUueCTBE YHUBEpCAJIbHBIX IJIaBHEH (XaTbKOB,
2019). DneMeHTHBIN cOCTaB MOJEBOLINATOBOTO ChIPhs U1l KaXI0I0 U3 ATUX HAIpaBICHUM peryiu-
pyercs rocyaapctBeHHbIMM cTaHmapTamu: ['OCT 13451-77 «Matepuanibl MOJEBOIINATOBBIC
Y KBapL-1I0JIEBOILIIATOBbIE JJIs1 CTEKOJIbHOW IpombiinuieHHocTu» u ['OCT 7030-75 «Marepuainsl
M0JIEBOILTIATOBBIE U KBApI[-MOJEBOIINATOBbIE JJI1 TOHKOW KepaMUKH». B 3aBUCHUMOCTH OT CTENEeHH
COOTBETCTBUS TPeOyEeMbIM IMapaMeTpaM MOJIEBOIIIATOBOE ChIPhE MOAPA3ACACTCS Ha MapKu, Kax/jas
U3 KOTOPBIX MMEET CBOIO 00yIacTh NMpuUMeHeHHs. /[ ycTaHOBIEHHUS NMPUTOIHOCTH CHIPbA K MPO-
MBIIIJIEHHOMY MCIOJb30BaHUIO NPUMEHSAIOTCS CIEAYIOIIME MapaMeTpbl — MaccoBasi J0JId OKCuaa
xkeneza (FeyOs3), maccoBas monst okcunma amomuHHs (Al,O3), MaccoBasi OIS OKCHIA KPEMHUS
(Si0;), maccoBast 1051 cyMMbI OKcu10B Kamnbitus u Maraus (CaO + MgO), maccoBasi 10151 OKCHUJIOB
MIEJIOYHBIX METAJIOB M cymMmMa ux okcuoB (K,O + NayO), cooTHOIIEHHE OKCHJIOB MIEIOYHBIX METal-
10B (K0 : NayO). B pe3ynbrare 00pabOTKK JaHHBIX JIEKTPOHHO-30HJOBOTO MHKpPOAHAIU3a 3TH Ta-
paMeTpbl ObUTH pacCUMTAHBI I 00pa3IoB Kk I0W 13 Tpyni (Tad. 4).

Taoauna 4. [TapaMeTps! TONEBIX MIATOB MECTOPOXKACHUS PsiOuHoBoe

O6paserr Ipynna Feg/?3, Alf/?3’ S1022, KOZ/E), Ne;/zoO, CaOJOr/l(:/IgO, KZOJ(:/I:IazO, K,0:Na,0
1-1 «YepHbie» 0.53 18.47 | 67.62 6.94 6.58 0.00 13.52 1.06
1-3 «YepHbie» 0.18 1590 | 67.38 13.43 0.33 0.00 13.76 41.04
2-2 «Cepbie» 0.16 18.25 65.85 7.60 5.63 0.00 13.23 1.35
2-3 «Ceppble» 0.05 18.22 | 66.08 7.85 5.50 0.00 13.35 1.43
3-1 «Po3oBBIE» 0.93 18.73 69.74 8.65 5.64 0.00 14.29 1.53
3-5 «Po30BbIE) 1.04 17.33 64.86 15.65 0.38 0.00 16.04 40.90

B pesynbrare comocTaBieHHs XapaKTEPUCTUK OOpa3lOB C TOCYJAapPCTBEHHBIMU TPeOOBaHUSIMHU
K MOJIEBOIIIMATOBOMY CBIPbIO JJII CTEKOJbHON M KepaMUUYECKOW MPOMBIIIIIEHHOCTH BBISICHWIOCH, YTO
TpeOOBaHUSAM K MOJIEBOILINIATOBOMY CBIPBIO JUIsl MPOU3BOACTBA DJIEKTPOBAKYYMHOTO M BBICOKOCOPTHO-
T'O CTEKJIa COOTBETCTBYIOT 00pa3iibl 2-2 u 2-3; 1Isi IPOU3BOJICTBA JIUCTOBOTO TEXHHUYECKOTO CTEKIIa —
obpasmpl 1-3, 2-2, 2-3; 115t TpOoU3BOJACTBA TEXHUYECKOTO CTEKIa — o0pasuel 1-1, 2-2, 2-3; nus npous-
BOJICTBA JTUCTOBOTO OKOHHOTO CTeKJa — 00pasubl 1-3, 2-2, 2-3; aiis mpou3BOJCTBA U3CIHIA U3 TEMHO-
3€JICHOTO CTEKJIa M TAapHOTO CTeKJa — obpasmsl 1-1, 2-2, 2-3. TTonessie mmatel oopasmnos 1-3, 3-1, 3-5
MOJIXOJIST AJIsl TPOU3BOICTBA MOJICBOIINIATOBOTO CHIPhsS O€3 onpeAeieHHOW 00IacTi nmpuMeHeHus. Jls
W3rOTOBJICHHS TTOJIEBOIINATOBOTO CHIPbsS I IPOM3BOJICTBA TOHKOW KEPAMUKHU HE MOAXOAUT HU OJIUH U3
U3y4EHHBIX 00pas3IoB.

BoiBoabl. B noneBbix mmaTtax MectopokaeHus: PsaOnHoBOe kene3o BcTpeyaeTes B ABYX (opMax:
B BUJI€ MUKPOBKJIIOUEHHM KEJIE3UCThIX MUHEPAIOB — MUPUT, STUPUH U, BEPOATHO, T€MATHUT; TAKKE
MPENOJIOKUTEIHLHO YCTaHOBJIEHAa M30MOpdHas IMpHUMECh jKeje3a B CTPYKTYype IOJIEBBIX IINATOB.
Ha ocHoBe ananm3a mectu 00pasiioB OIEHEHa BO3MOXKHOCTD MMPOM3BOJICTBA MOJICBOIIIATOBOTO CHIPhS
U3 MOpoJ MecTopoxkeHus. J[Ba oOpasiia BO3MOXKHO HCIIOJIB30BaTh ISl MPOM3BOACTBA 3JIEKTPOBAKY-
YMHOTO U BBICOKOCOPTHOTO TEXHUYECKOI'O CTEKJa, TEXHUYECKOTO CTEKJIA, JINCTOBOIO TEXHUYECKOTO
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CTEKJIa, TUCTOBOTO OKOHHOTO CTEKJIa, M3ACIUN U3 TEMHO-3eJIEHOTO CTEKJIa U TapHOro cTekia. OnuH
o0paserr BO3MOKHO MCIIOIB30BATh IS TIPOU3BOJICTBA TEXHHUYECKOTO CTEKJIA, JINCTOBOTO TEXHUYECKO-
rO CTEKJIa, INCTOBOTO0 OKOHHOTO CTEKJIA, U3JEIUIA U3 TEMHO-3€JICHOTO CTEKJIa U TapHOTO cTekia. Tpu
o0Opasma HEBO3MOXKHO HCIIOJb30BaTh HU B OJHOM M3 obOyacTell mpuMeHeHus. [ maBHBIM ¢dakTopom,
HCTAaTUBHO BJIMAKOIIMM Ha Ka4YCCTBO MOTCHUHUAJIBHOI'O IMOJICBOIIIIATOBOTO ChIPbS, ABJISICTCS CIWUIIIKOM
BBICOKOE cojiepkanue okcuaa xxenesa (Fe,0s).
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JOKAJIbHAAI TEKTOHHUKA BOPOHEXKCKOI'O
KPUCTAVIMYHECKOI'O MACCUBA METOJIOM ®YHKIIUU TPUEMHHUKA

IIIanosajos A.B., T'oeB A.T'.

Hucmumym ounamuxu eeocghep umenu akademurxa M.A. Cadosckozo PAH, reznichenkora@yandex.ru

Beenenne. Bocrouno-Epponeiickas miatdopma (BEII) mpeacraBiser coboit MaccuB nokeMOpuii-
CKOM KOHTHMHEHTaJIbHON JHMTOC(Eephl B BOCTOUHOW EBporie, pacrionokeHHBIA MEXTYy KaJeIOHCKHUMH
1 OalKaJIbCKMMH CKJIaUaThIMU COOPYXEHUSIMU Ha CeBepe, FepIMHUIAMU Ha BOCTOKE M albIIMHUIAMU Ha
toro-3anaze. OHa Obl1a 00pa3oBaHa B pe3ysbTaTe MOCIEJ0BATEIbHOIO CTOJIKHOBEHUS TPEX KPYIHBIX, He-
KOT/Ia HE3aBHUCUMBIX y4acTKOB JuTocdepsl — @ennockannun, Capmariu 1 Bonro-Ypamuu okomno 2.1-1.7
mipa Jiet Hazan (Bogdanova et al., 2006). B niearpe BEII xomm3noHHast 30Ha, 9aCTHYHO TEPEKPHITAs
0Ca/I0YHBIM YEXJIOM, ITPAHULIBI KOTOPOI MPU ITOM XOPOLIO NPOCIEKUBAIOTCS 1O BBISIBICHHBIM Ha TEPpPU-
TOpHU aBjlakoreHaM. MeraGiIoKH pa3InyaroTcs 0 BO3pAcTy, FTeHE3UCY U TEKTOHUYECKOM CTPYKTYype.

Merabnok CapmaTisi, B CBOIO 0OYepeib, MOKHO Pa3feIUTh Ha HECKOJIBKO apXEHCKUX MPOBUHITHH,
CYIIECTBEHHO pa3IMYaroIIuXcs MexXAy co00il. Bo3pacT BeIjeIeHHBIX MPOBUHIMN KOJIEOIETCS MEXTY
3.75 u 2.7 mupp net, Gonee ApeBHUE MOPOABI 3aJIETal0T Ha IOro-3armajie, MOCTENEHHO CMEHSISICH Ooee
MOJIOJBIMU B CEBEPO-BOCTOYHOM HampaBiieHHMH. B 1eBOHCKoe BpeMmsi B pesyibrare pudroreHesa
1 GOPMHPOBAHUS aBIAKOT€HOB, B ToM umcie Ilpunstcko-nenposcko-onenkoro, Capmarus Oblia
paszeneHa Ha JB€ 4YacTH. B 10)KHOW 4acTW HAXOIUTCS YKpPaWMHCKHM IIUT, a B CeBEpHOMl — BopoHexk-
ckuil kpuctammueckuid MmaccuB (BKM). B npenenax BKM BbIIEASAIOT TpU IIaBHBIX TEKTOHUYECKUX
anemenTa (puc.) — meradiok Kypckoit marautHOU aHomanmu (KMA), mpeacTaBieHHBIM TPaHUTO-
THEHCOBBIMH OJIOKAMU apXeHCKOW KOHCOJUAAIMH C SIBHO BBIPA)KEHHBIMH KOMIIOHEHTAMHM TTOJHSATHHA
Y CIBUTOB, XOTEPCKUH, CJIOKEHHBIH B OOJBINEH CTENEeHU MopoaaMu BOPOHIIOBCKOM CEpHH, OCIIOXK-
HEHHBII MarMaToreHHbIMU 00pa3oBaHUsIMH, U JIOCEBCKYIO IIOBHYIO 30HY, MPEICTABISAIONIYI0 COOOM
AKTUBHYIO KOHTUHEHTAIIbHYIO OKpauHy. ['paHn4YHbIMY npu3Hakamu JIOCEBCKOM IIOBHOM 30HBI CIIy’KaT
CTeNeHb MeTaMop(u3Ma U yCTOWYHMBBIE aCCOLMATUBHbIE IPU3HAKU, JOCTATOYHO YBEPEHHO paclo3Ha-
BaeMbie B reopusndeckux noisix (Jlutocdepa..., 2012).
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Ha BEII uccnenoBanusiMu BHYTPEHHEH TEKTOHMKH B PETMOHAJIBHOM MaclITabe aKTUBHO 3aHU-
Majauch Takue uccienopatenu, kak [umanckuii A.A. (Illunanckuit u np., 2007), borganosa C.B.
(Bogdanova et al., 2016), YepnsimoB H.M. (JIutocdepa..., 2012) u npyrue. JoctaTouHO XOpOIIO
U3y4eHbl 0a30BbIE 3JIEMEHTHI CTPOCHUS 3€MHOM KOPHI U TEKTOHUYECKOTO pacuJIeHEHHs!, OJIHAKO JleTa-
JIM BBIICTICHUS U JIOKAJbHBIE CTPYKTYPBI TPEOYIOT CYIIECTBEHHOTO IOM3y4YeHHUs (CM. pHc.). SIBHO mpo-
CJIe)KUBAETCSl HEXBAaTKa M3y4eHUs! TNTyOMHHOTO CTPOCHMs pervoHa. Takke Haluuue U aKTUBHas pas-
paboTKa MECTOPOXKIICHUH TMOJIE3HBIX MCKOMAEMBIX, HAPUMEDP TAKHX KaK KEJIe30pYyTHBIE MECTOPOXK-
nenns KMA, SBIstOTCS MPeanoChIKaMy ISl JETAIBHOTO H3y4deHUs ocobeHHocTer cTpoeHuss BKM.

Metomauka. Ha tepputopun BKM, Haunnas ¢ okra6ps 2017 r., OTKpPBITH U IEHCTBYIOT JBE ILU-
POKOIOJIOCHBIE ceiicMudeckue ctanmuu Ennnoit reodusnueckoit coyx6sr PAH (OUL] EI'C PAH) —
«CtopoxeBoe» (VSR) u «Hosoxomnepck» (VRH). CelicMudeckue cTaHIIUM YKOMIUIEKTOBAHBI LITUPO-
KOIMOJIOCHBIMHU ceficMuueckuMu matankamMu CM3-OC ¢ yactoTHRIM auana3zoHoM 0.02—50 I'mr, a Taxke
oTeuecTBeHHbIMU peructpaTopamu Ugra (Anymkus u ap., 2024). CTaHuuu pacroyioKeHbl B pa3ind-
HBIX TekToHn4YeckuX 3emenTax BKM (JloceBckas moBHast 30Ha 1 XOMEPCKUH OJIOK), YTO MO3BOJISETT
IPOBECTU KauyECTBEHHOE COMOCTABIIEHHE CTPOEHUS JUTOC(EpHl ITHX FIeMEHTOB. {51 BoccTaHOBIIe-
HUS KMHEMATHYECKOTO CTpoeHUs JuTochepbl ObuT Mcmosib3oBaH mMeTon GyHkuui mpuemHuka (RF),
OCHOBaHHBIM Ha aHAIHM3E JAaHHBIX OOMEHHBIX BOJH, C(HOPMUPOBABIIUXCS HA KOHTPACTHBIX CelicMmUe-
CKHUX I'paHMIIaX B pallOHAX MECT YCTAHOBKH CEMCMUUYECKUX CTaHIIMIA.

B mporecce mpumenennst Mmetona RF Obuti MCTIONB30BaHBI 3aMUCH TENECEHCMUUECKUX COOBITUI
MarHuTyibl 0oJiee 5.5, Haxoasdmuecs Ha SMUIeHTpaIbHbIX paccTtosHUAX 40—100 rpagycoB. Meroauka
pacdera MHIWBUIYaTbHBIX (DYHKIMN MPUEMHUKA XOPOIIO M3BECTHA M MOJIPOOHO OlMcaHa B pabore
(Bunnuk, 2019). Meton moapa3aensercs 1Mo TUIY aHATU3UPYEMbIX OOMEHHBIX BOJIH HA JIBE COCTaB-
JSAIOUIME: OJHA U3 HUX OCHOBaHa Ha ucciaenoBanuu BosH P-S (PRF), a npyras — Ha ucnonab3oBaHuu
BostH S-P (SRF). /IBa Tuma BOJH UCTIONB3YIOTCS BMECTE JJIS IMOJYyUYEHHUS BCETO CIIEKTpa TITyOHH.

Jns pemenuss oOpaTHOM 3amaun ucnonb3oBaH Meron JleBenOepra-Mapksapna (Press et al.,
2007). beuto crenepupoBano mo 100 000 ciryqaifHBIX HadadbHBIX MOJIEICH, COCTOAIINX U3 TPUHAIIA-
TH CJIOEB, CBOOOIHBIMH MapaMeTpaMu B KOTOPBIX SBJISUIUCH: CKOPOCTH TOMEPEYHBIX BOJIH, OTHOIIICHUE
CKOPOCTEH MPOJOJIBbHOM U MOMEPEYHBIX BOJIH, a TAK)KE€ MOIIHOCTh Kaxaoro cios. s crabunuzanuu
UHBEpCUH cKopocTu Ha riryomHe 300 kM (UKCHPOBANIKCH HA 3HAYEHUAX coryiacHo moxaenu [ASPII
(Kennett, Engdahl, 1991). Meauanusie monenu mno 1 % gydymmnx MUHUMHU3HPOBAHHBIX HaudalbHBIX
MoJIeliel SBISUTMCH NCKOMBIMH pelIeHusIMU. bonee moapoOHo ¢ mporieccoM MHBEPCUH MOXKHO TO3Ha-
KOMHUTHCS B pabote (AnemuH, 2021).

Pesyabratsel. [lo pesynpraraM MOIETMpPOBaHUS 3€MHAs KOpa MOXET OBITh MpEICTaBICHA Ye-
TBIPbMS CJIOSIMHU, YTO TOJITBEPKJIA€TCs MPOBEIEHHBIMH PaHee Ha 3TOM TEPPUTOPUHU HCCIEAOBAHUIMU
I'C3 u MOB3, a Takxe reoJIorH4ecKUMHU UCCIIEAOBAaHMAME Xomnepckoro merabiaoka. Omnpenensercs
BOJIHOBO/I C BBIpaXCHHOW mojomBoi Ha riyomHe 30 kM mns ctaniud VSR u 34 kM st ctaHumu
VRH. B tabnuie npencraBieHbl UCCIeyeMble TapaMeTphl.

CpaBHHUTENBHBIN aHAIA3 PE3YIIBTATOB, IOJYUYCHHBIX B XOJI€ Pa3IUYHBIX HccienoBanmii BKM

I'my6una MouHOCTb NEPEXOAHOTO CI0s I'myOuna I'myOuna

rpaHuipl Moxo, KM 3eMHasl KOpa — MaHTHs, KM NIEPEX0JHOT'O CJIOs, KM| BOJHOBOZA, KM
ITonyuennsie
pesyabratsl (VSR) 42 - 39-46 20-30
ITonyuyennsie
pesynbratel (VRH) 45 - 42-48 20-34
[poduns KynsHck — 5 - B ]
Jluneuk (1968 1.) 3943
IIpomblluieHHBIE
m3puise (1972-1991 1) 41-45 8-11 - -
Ipoexr «Actpa» B . JBe rpanuub! nepe- .
(1991 1) 42-48 9-12 xona (44 u 48 xw) 20-30
Munn (1-EB) 43 10 _ —
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BeiBoabl. CKOpOCTHOE CTPOEHUE BEPXHEN MAaHTHM AJIs IBYX IOJYUYEHHBIX MOZEJIEH CYIECTBEH-
HO pasnuuaercs. g cranuun VRH BbIABISETCS BBIPAKEHHBINM CJIOM MOHWKEHHBIX CKOpPOCTEU
Ha riyonHax okojio 110—150 kM, KOTOpBIN HUKaK HE MPOSBISIETCS B MOJAEIH Ui cTaHuuu VSR.
BrisBnennsiii cnoii Mmapkupyet mid-lithospheric discontinuity (MLD). Hanuuue storo cios st
Pa3TUYHBIX PErHOHOB 3eMJTM HA OCHOBE CEHCMUYECKUX JaHHBIX BIEpBbIe ToKka3zaHo B pabote (Thybo,
Perchu¢, 1997). MLD wacTo paccMaTpuBaeTcsi Kak PEOJIOTHYECKU CIa0BIA CJION, KOTOPBIH, 1O BCEH
BUJIUMOCTH, MOACTHIIAET OCHOBHBIE KPATOHBI 3€MJIU U MPU 3TOM MOXKET JIOMOJHUTENIbHO MOBIUATH HA
uX cTabuiIbHOCTh. [ TyOMHA ero 3ajeraHus, MOIIHOCTh, a TaKXKe CEHCMUYECKHe CKOPOCTH B HEM pas-
JUYAIOTCS JJIsl Pa3HbIX TEKTOHHMYECKUX CTPYKTYP M 3aBUCST OT M€OJIMHAMHYECKUX M TEKTOHUYECKUX
npoueccoB. CTOUT 0OpaTUTh BHUMaHHE, YTO JIJIsl OOJIBIIMHCTBA PETMOHOB 3eMJIM 3TOT CIIOHM ompene-
nsetcst B auamnazone rayoun 100—150 km (Hui-Ying Fu et al., 2022). K HacTosmieMmy MOMEHTY He
c(hopMUPOBAIIOCH €AMHOM MOJIEIH, OMMCHIBAIOIICH MeXaHu3M (GOpMHUpOBaHUs U mpupoxy MLD.
[Tockonbky paHee Ha CXOAHBIX TIyOuHax MLD BBISABISIICS MO JAHHBIM MOCTOSHHBIX CTAHIUI
MHYV u OBN (I'oeB u ap., 2021), MOXHO caenaTh BBIBOJ O €r0 HaMW4uK U B utochepe CapmaTum.
Paboma evinonnena 6 pamxax eocyoapcmeentnozo saoanus UJ[I' PAH (Ne 12204040001 5-5).
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OIIEHKA BOCHTPOU3BOIAUMOCTHU CIIOCOBA IMOJYYEHUA HAHOYACTHUI]
KBAPIIA U3 IIYHI'UTOBBIX IIOPOJ

Hlapnaps H.." %, Poxkosa H.H.'

1 .
Hucmumym eeonocuu Kapenvckozo nayunozo yeumpa PAH, sharpar99@mail.ru
2 o
Dusuxo-mexnuyeckuti uncmumym Ilempo3agoockoeo 20cy0apcmeeHHo2o yHusepcumema

BBenenue. C pazBuTreM HAHOTEXHOJIOTHI KBapI] CTaJl OYeHb BOCTPEOOBAH BO MHOTHX OTPAcCisiX
HAayKH W TeXHHKHA. HaHOYACTHUIBI KBapia SBISIOTCS MEPCIEKTHUBHBIM MATEPHAIOM MJISI ONTUKH
(Hsin-Yi Peng et al., 2022) u mequmnunbl (Pei Feng et al., 2022). Kpome Toro, B HETaBHEM HCCIIE0-
Banuu (Wenning Zhou et al., 2024) 6pu10 mMoKa3aHo, 4To MOAU(MUIIMPOBAHHBIE HAHOYACTHUIIHI KBapIla
MIPH TOTIAJIaHMK Ha TPAHMILY pasjesia HedTh — BOAA YBEIHMUYHUBAIOT KOADDHUITUEHT U3BICUCHHUS HEPTH,
YTO MOBBIIIAET 3PPEKTUBHOCTD JOOBIYH HEPTH.

B UI" KapHII PAH Ob11 pa3paboTan 3KOJIOTUYECKH OE30IMaCHBIM CITOCOO MOTYYCHHs] HAHOYACTHIL
KBapIia B BOAHBIX qucrepcusx (Poxkosa u np., 2022). HanouacTuiibl ObUTM M3YYEHBI pa3THYHBIMU Me-
tomamu B nucnepceun W toieHkax (Illapmaps u np., 2023). Ho mo6oe mpuMeHeHne TaHHOTO crocoda
TpeOyeT MacTabupOBaHHs U BOCIIPOM3BOJMMOCTH COCTaBa, CTPYKTYPBI M CBOWCTB MaTepHaia (HaHO-
pasMepHoro kBapia). B manHoi#t paboTe Mbl CpaBHHM PE3yJIbTAThl HAIIETO MCCIEIOBAHUS IBYX 00pas-
IIOB C pe3yJbTaTaMu, MOJYyYEHHBIMH paHee, YTOObI IPOBEPUTH BOCIIPOM3BOIMMOCTh PE3yIbTaTOB JaH-
HOTO crioco0a.

Marepunainbl. OOBEKTOM HCCIEIOBAaHMS SBIISIOTCS JBa 00pasla KBaplia U3 IIYHIMTOBBIX IOPOJ
Makcosckoro mectopoxaeHus (Q1 n Q2). O6pazen Q1 6611 0TOOpaH U3 MPOKIIKA B OPEKIYMPOBAHHOM
IIYHTHTE U UMEET cepyro okpacky. Obpasery Q2 — Moi0ouHO-Oenblii KBapIl, OTOOpaHHBINA U3 KPYITHOM
KHJIBL, CEKYIIEH IIYHTUTOBYIO Tomiy. PoTorpaduu HCXOIHBIX 00pa3lioB MpeACTaBICHbI Ha pUCYHKE 1.
N3 3tix 00pa3uoB mpy MOMOIIM 3araTeHTOBaHHOM MeToaukH (PoxkkoBa u ap., 2022) ObUIH MOTyYEHBI
HAHOYACTHUIIBI KBaplla B BOJHBIX aucnepcusix. M3 3Tux aucnepcuil KaneiabHbIM METOJIOM MPHU KOHJIEH-
Ccaliy Ha CTEKJISTHHBIX MOJUTOKKaxX nonydmniu mieHkd (Q1 u Q2, coorBercTBeHHO). B KauecTBe 00bekTa
CpaBHEHHMsI HCCIIeIOBaH oOpaserl, nuccienoBanubiid panee (Illapmaps u mp., 2023).

Puc. 1. ®otorpaduu 00pa3ioB KBapia U3 IIyHTHTOBBIX TTOPO MaKCOBCKOI'O MECTOPOXKICHHS

Mertoasl. [Ipu nomomu penrreHogazooro ananuza (POA) onpexenunu (a3oBblii cocTaB U3-
MEJIBUYEHHBIX JI0 TOPOLIKOBOTO COCTOSIHUSA 00pa3inoB. PentreHorpadupoBanue BBIIOIHSIOCH HA
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aBromatndeckoMm audpaxromerpe ARL X’ TRA (Thermo Fisher Scientific) B uHTepBane yrios
20 = 5-75° ¢ marom 0.02° na CuKa n3nyyenun.

MeronoM crnekTpockonuu KoMOuHarmoHHOTO paccesHuss cBera (KPC) omenmnu cocrtas
U CTPYKTYpPY HOJYYEHHBIX IJICHOK. CHEKTphI MONy4YeHbl Ha JUCHEPCHOHHOM criekTpomMeTpe Nicolet
Almega XR (Thermo Scientific), caabkennoM mukpockornom Olympus cepun BX. Illupuna crek-
TpasbHOro okHa 350-3500 cM ', [THHA BOMHBI M3mydeHHs 532 HM. O6paGoTKa CIIEKTPOB HPOBOIH-
JIaCh € UCIOJIb30BAaHUEM ITPOrPaMMHOTO KoMIiekca Omnic.

MeTonoMm ckaHUpYIOUIEH 351eKTpOoHHON MHKpockonuu (COM) u3ydeHa MopQoiaorus moiydeH-
HBIX KBaplEBbIX 4YacTull. VccnenoBanrue mpoBOAMIOCH Ha CKaHUPYIOIIEM 3JIEKTPOHHOM MHKPOCKOIE
VEGA 11 LSH (Tescan) ¢ aaeprogucnepcuonabiM Mukpoananusatopom INCA Energy 350.

Pe3yabTatbl. Pe3ynbraThl KauecTBEHHOTO (Pa30BOro aHajau3a MOKa3aiau, YTO HCCIeAyeMble
00pa3ibl ABISIOTCS 0JHO(A3HBIMU U MPECTABISIOT COOO0M 0-KBapil.

Ha pucynke 2 npencrasiensl criektpel KPC uccnenyempix o6pasnoB kBapia. CoriacHo moiy-
yeHHbIM criekTpaM KPC, OCHOBHBIM KOMITOHEHTOM SIBIISIETCS KPUCTAJUNIMYECKHH 0-KBapi, O YeM
CBHUJETEJILCTBYET MUK Ha 4acToTe 466 cM . Kpome Toro, Ha crnekTpax TakKe NPUCYTCTBYIOT MUKU
B oGmacti gactoT 1330 1 1590 cM ', oTHOCAIIMECS K xapakrepuctuueckuM nukam (D u G) yrnepoau-

CTOTO BemiecTBa. Takxke MpucyTcTByeT nuk Ha yactore 1100 oM

UHTEeHCUBHOCTD, OTH. eA,.

400 800 1200 1600 2000 2400 2800 3200
BonHosoe yucno, cm-1

Puc. 2. Cnextpst KPC mneHoK U3 BOAHBIX AUCTIEPCUN HAHOYACTHUI] KBapLa ITYHI UTOBBIX
mopoA u ux uzoopaxenus: 1 — Ql, 2 — Q2, 3 — kBap1, UCCICTOBaHHEIN paHee

Otnomenne uHTeHCUBHOCTEN D- m G-mukoB (ID/IG) mo3BomsieT oxapakTepu3oBaTh CTENCHBb
YIOpSAOYEHHOCTH yrieposaa. JlanHoe cooTHomeHrne Menbie 1 s Becex oopasmos (Q1 — 0,48, Q2 —
0,64, uccrieqyemsrii panee — 0,86), 9To TOBOPUT 00 YHOPSAAOYEHHOCTH yIiiepoia KBapiia.

[Ipu momomu COM mnonydeHsl H300paxeHus: 4yacTul] o0pa3oB KBapua (puc. 3), MO3BOJIUBIINE
OXapakTepu3oBaTh (OpMy U pa3Mephl YaCTHUILI.

Puc. 3. DnexTpoHHO-
MUKPOCKOITUYECKHE CHUMKH YaCTHI]
KBaplia B UCCIEAYeMbIX 00pa3iax:

1-Q1,2-Q2
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W3 nonydeHHBIX N300paKeHH BUIHO, YTO B OOJBIIMHCTBE CIy4aeB YaCTHIIBI KBaplia MpeCcTaB-
JIEHBI YTI0BaTBIMM arperataMu pasmepom A0 5 MKM. Cpely HUX OPUCYTCTBYIOT OTJEIbHBIE YACTHUIbI
pazmepoM okosio 100 HM. PazMepsl yacTull, MOJIYyYEHHBIX B HACTOSIEM 3KCIIEPUMEHTE, COOTBETCTBY-
10T pa3MepaM KBapIEBbIX YAaCTHUL, IOJYYCHHBIX PAHEE.

BobiBoasbl. Bee nccenoBannbie 00pa3iibl MPEACTaBIAIOT COO00H a-KBapll, 4TO MOATBEPKIAIOT pe-
3ynbTaThl POA u KPC. 1o nanaeim KPC B cTpykType Bcex 00pa3IoB MPUCYTCTBYET TUICHOYHBIN yT-
aepon. Ha caumMkax, momydeHHbIX npH oMo COM, BUAHO, YTO YaCTHUIIBI BCEX 00pa3lioB 00pazyroT
MOXO0XKHeE 1Mo (hopme U pa3mMepy arperatbl U UMEIOT OJU3KHI pa3Mep OTAETbHBIX YacTULl. DTO 3HAYUT,
4To crnoco0, paspadorannsiii B UI" KapHIL PAH, no3Bossier noiay4yars HaHOYACTHIIBI KBapla ¢ BOC-
MPOU3BOJUMBIMU XapaKTEPUCTUKAMHU M3 BHEIIHE pa3inyaroluxcs o0pa3loB KBaplia IIYHTUTOBBIX
nopoJ MakcoBCKOro MECTOPOXKICHHUS.

Paboma evinonnena 6 pamxax peanuzayuu Ilpoepammol noodepocku HUOKP cmyoenmos, acnu-

PAnmos u auy, UMerwux yuenyio cmenems, gunancupyemou Ilpasumenvscmeom Pecnyoruxu Kapenus,
u 6 pamkax I'oczadanus KapHI] PAH FWME-0222-2019-0065.
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OIIEHKA YCJIOBUH ®OPMHUPOBAHUS TPAHUTOB
B I'PAHYJIUTOBBIX KOMIIVIEKCAX JIAINTAHACKO-KOJIbCKOI'O OPOI'EHA:
PE3YJIbTATBI U3YYHEHUSA I'OJIYBOI'O KBAPIHA U IUPKOHA
B T'PAHUTAX o. O3EPYAHKA IIOPBEN I'YEBI

IIupseBa I.B.", Camconor A.B.>?, Epojeena K.I." %3 Crenanosa A.B.%,
MakcumMoB O.A.Z, Kuanuesa O.E.?

! Poceutickuii 2ocyoapemeennviii 2eonozopazeedounsiii ynusepcumem um. Cepeo Oposconukudse,
polsha0000000@gmail.com
? Hnemumym eeonocuu Kapenvckoeo nayunoeo yenmpa PAH
! Huemumym 2eonoauu pyonvix mecmoposicdenuti, nempozpagpuu, munepano2ui u eeoxumuu PAH

Jlanmanncko-Konwsckuit oporen (JIKO) — kpynHasi TEeKTOHHYECKasi CTPYKTypa BOCTOUHOU DeH-
HOCKaH/WHU, c(hOPMUPOBAHHAA HA MECTE OKEAaHMYECKOro OacceifHa B KOHIE MAJIEONpPOTEPO30s MpU
KOJUTU3MHM apXEUCKUX KOHTHHEHTaIbHBIX OyiokoB. Ctpoenue JIKO ompenensercs depenoBaHUEM
MOJIOTOMAIAIONINX TUIACTUH PA3IMYHBIX MO COCTaBY MOPOJI, KOTOPhIe MeTaMOP(PU30BAHBI B YCIOBH-
X aM(puOOIUTOBOM M TpaHYIUTOBOM (aluu M paccMaTpUBAIOTCA KaK MaKeT CHHKOJUIM3MOHHBIX
TeKTOHHYeCcKuX mokpoBoB (Daly et al., 2006).

OtnuuutensHOl ocobeHHocThiO simpa JIKO B patione Ilopbeit TyOBl sIBAsSIETCS MPUCYTCTBHE
B TEKTOHUYECKUX IMOKPOBAaX THEMCOBUJHBIX FPAHUTOB C 3€pHAMHM M JIMH30YKAMHU ONaJIECIUPYIO-
niero rojayooro kBapua. 3TU TPaHUTHI IO JAHHBIM MPEANIeCTBEHHUKOB 00J1aJal0T IPKO BhIpaKeH-
HBIMU aHOPOTE€HHBIMU I'€OXMMHYECKMMM XapakTepuctukamu (Tepexos, Jlesuukuii, 1995), naru-
poBanbl Bo3pacTtoM 2.29 mupna net (Kaynmuna, bormanosa, 2000) u paccMaTpuBarOTCs Kak CHIBHO
nedopMHupoBaHHbIE A-TpaHUTHI, CBSI3aHHBIE C 3TanoM pudToreHesza apxeiickoit kopsl bemomop-
ckoro 61oka (Daly et al., 2006). B mamem qokiane mpeacTaBiIeHbl pe3yabTaThl U3YYCHUS TIPUPO-
JIbI TOTYOOM OKpacKu KBapla 3TUX I'PaHUTOB, OTOOpaHHBIX Ha ocTpoBe O3epuanka B [lopweii ryde
benoro mops. M3ydyeHHble TpaHUTHI CIaraloT Xopouo 000coOJIeHHbIE [JIaCTOBBIE Tela Cpeau Mo-
JI0CYATBIX TPAHYJIMTOB KHCJIOTO U OCHOBHOI'O cOCTaBOB. Tena BapbupyroT 1o MouiHocTd oT 0.4 1o
1.5 M mpu NpOCIEeKEHHON MPOTIKEHHOCTH ~1 KM. ['paHHIIBI T€NT TPaHUTOB B OOJBIIMHCTBE ClIyda-
€B COIVIACHBI [10JI0CYATOCTH BMEUIAIONIUX TPAHYIUTOB. Y CTAHOBIECHHBIH HAa OJIHOM YYacTKE CEKYy-
I KOHTAKT TPAHUTOB MO OTHOLIEHUIO K MOJOCYATOCTH BMEIIAIOUIUX I'PAHYJIUTOB MPOCEKAETCA
CKBO3HOM T'HEMCOBUIHOCTBIO.

['panuThl CpenHe3epHUCTHIE, PHKEBATO-KPACHOTO I[BETA C THEMCOBUAHON TEKCTYPOM, CIOKEHBI
MOJIEBBIMU IIMaTaMu (MUKPOKIUH ~25-35 %, mnnarumoknaz ~20-30 %), xBapuem (~25-35 %)
u 6uotuToM (~7-5 %). AKIIeCCOpHBbIE MUHEPAJIBI ITPEICTABICHBI IIUPKOHOM, allaTUTOM.

[To xumMuYecKOMy cocTaBy M3ydeHHbIe 00pa3ibl oTBeyaloT K-Na rpanoanoputaM U rpaHoCcH-
eHuTaMm. VX OTIIMUUTENbHBIMU F€OXUMUYECKHUMU OCOOCHHOCTSIMU SIBIISIFOTCSL BHICOKHE KOHIIEHTpa-
muu TiO, (oxomno 1.2 mac. %) u Zr (ot 910 no 1270 r/T). DTN XapakTepUCTUKU COMMIKAIOT pac-
cMaTpuBaeMble 00pa3lbl C U3YYEHHBIMU paHee MiiacToBbiMH Tpanutamu A-tumna (Tepexos, Jle-
BUIIKHM, 1995).

KBapu dbopmupyer otnenpHble 3epHa HenmpaBmwIbHOW (Gopmbl pazmepom a0 0.2 MM, JTHUH30-
BUJIHBIE 000COOJIEHUS pa3MepoM 710 3 CM O YIITMHEHHUIO, BCTPEUYAETCsl B BUJE OKPYTJIBIX BKIIOYE-
HUN B OMOTHUTE, B KPAEBBIX YACTAX KPYMHBIX 3€PEH IMOJIEBHIX IIMAaTOB (HOPMUPYET MUPMEKUTOBBIE
CPOCTKH. B OoT/IeNbHBIX 3epHax M JIMH30BUAHBIX 000COOIEHUAX KBaplla OTMeuYaeTcs OOJIbIIoe KO-
JUYECTBO BKJIIOUEHMH, KOTOPbIE MOXKHO MOAPA3[AeNUTh Ha aBa Tuna: (1) eAMHUYHBIE HEOPUECHTH-
pOBaHHBIE BKJIIOYEHHS OKpYyrioil (opmel pazmepom g0 30 MKM pyIHBIX MHHEpanoB (cdayepur,
MUPUT, XAJIBKOIUPUT) U CUIIUKATOB (MOJICBOM mmImar, OumoTut, ampuoomn); (2) opueHTHPOBaAHHBIC
BKITIOYCHHUSI UTOJBYATON (DOPMBI TONIIUHON MEHee 3 MKM MpH JuinHe yacto >30 MkM, Gopmupyromme
PeIIeTKONOo00HbIE CTPYKTYPhl B MUHEpae-X03suHe. BBUy MalleHbKOTo pa3Mepa BKIIIOYEHUH BTOPOTO
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TUNIA WACHTHU(QHKAIMSA WX COCTaBa 3aTPyAHUTENbHA C WCIOJB30BAHUEM METO/OB AIIEKTPOHHOM
n PAMAHOBCKOI MUKPOCKONHWHU — MPHU MONBITKE OMPEIEICHHUSI COCTaBa BKIKOYECHUS MPOUCXOIUT
3axBaT KBapieBoil marpuibl (10 98 % mac. Si0;). B To ke BpemMsi eqUHUYHBIE CIIEKTPHI MOKa3bI-
BalOT B M3MepeHHbIX cocTaBax 10 10 % TiO,, mo3Bossis npeamnonaraTb pyTuil (CareHUT) B KauecTBe
BKJIIOUCHUSI B KBapIIe.

Jliia onpenieneHys TeMiepaTypbl KpUCTaIN3aluy KBapua (10 GopMUpOBaHUS CTPYKTYp pacnaja
KBapIl+CareHUT) U IUPKOHA M3 TPAHUTHOTO paciiaBa B IBYX 00pa3liax TPaHUTOB U3 JIBYX ILUIACTOO00-
pa3HBIX TEJ pa3HON MOITHOCTH OBUIO MPOBEACHO M3MEPEHHE cojaepkaHui Ti B KBapIie W MUPKOHE
merogom LA-ICP-MS.

B MomtaoMm Tene (~1.5 M) rpaHuTOB B KBapIe GUKCUPYETCS 0OUIIMEe OPUCHTUPOBAHHBIX MTOJIb-
YaThIX BKJIIOYeHUH. KaTonomoMuHECIIEHTHBIE M300paKeHUs KBaplla XapaKTepPU3YIOTCS OIHOPOI-
HBIM SIpKO-TONyObIM cBeueHueM. Coaepkanue Ti B 3epHax Bapbupyet ot 246 10 295 r/t, 4T0 COOT-
BeTcTBYyeT Temmeparype ~880 + 5 °C (Wark, Watson, 2006) u nasnenuro 5.8 £ 0.2 x6ap (Zhang
et al., 2020). B manmomontaom (~0.4 M) Tele TpaHUTOB, CEKYIIEMCsl TO3IHEH KUIOW TPaHUTHBIX
MerMaTUTOB, KBAPI[ COJEPKHUT €IMHUYHBIC UTOJIbYAThIC BKIIOUYEHUS, PEIKO (popMUpyromue perer-
KOIOJI0OHBIE CTPYKTYpPHI. B KaTO0IIOMUHECHIEHTHBIX JIy4ax 3epHa KBapla o0j1a/1aloT TYCKJIbIM CHHE-
BaThIM CBEUCHHUEM, 00JIee BBIPAKCHHBIM B IICHTPAIbHON YaCTH; K KpassM CBEUCHHE CTAHOBUTCS TEMHO-
kopuuHeBbIM. [IpeoOnamaromee 3HaueHue coaepkanuii Ti B 3epHax coctamiseT oT 34 mo 47 1/T,
pexe 155-208 r/T, 9TO COOTBETCTBYET TemmepaType u naaBieHuto ~653 £ 5 °C u ~7.7 £ 0.2 xbap
n~820+5°Cwu6.2+0.2 x6ap (Wark, Watson, 2006), COOTBETCTBEHHO.

[{upkoH B TpaHUTax ABYX Pa3HBIX MO MOIIHOCTH Tel obiamgaeT OIMU3KON Mopdoorueid, gop-
MUpPYS 3€pHa KOPOTKO-, peKe IIMHHOMPU3MATUIECKOHN U SJUTMIICOBUAHON (DOPMBI CO CTiaKE€HHBIMU
pebpamu u rpaHsMU. BHyTpeHHee CTpOeHHE 3epeH XapaKTepH3yeTcs CMa3aHHOW OCIHILISTOPHON
30HaJILHOCTBIO, PEXKe OJTHOPOTHO; 3epHA OKPYKEHBI CBETJILIMU B KaTOAOIIOMUHECIICHIINN KaliMaMH.
Conepxanue Ti B IUPKOHE M3 MOIIHOTO M MaJlOMOIIHOTO TPAHUTHBIX TeJN OJIM3KO M COCTABISET
13-17 v/t u 1418 1/T, COOTBETCTBEHHO, YTO COOTBETCTBYET Temmeparypam ~776 +£10 °C u ~789 + 10 °C
(Watson et al., 2006).

[TomuMmo pacuera TemmnepaTypsl «Ti-in-zircon», MOXHO HCIIOIB30BaTh COCTaB BCEU MOPOIBI IS
OTIpeNIeTICHUs] TeMIIepaTyphl, TP KOTOPOH pacIuiaB JOCTHT Obl HACHIIMICHUS IMpKOHA. J[mama3oH
TeMIIepaTyp, MPU KOTOPBIX TPAHUTHBIE PACIUIaBbl JOCTUTAIM HACBILEHHS, cocTaBisieT 890-933 °C,
OTIpeieIsICs ¢ UcToNb3oBaHueM ypaBHeHus (Borisov, Aranovich, 2019).

[TonydeHHbIe pe3ynbTaThl MO3BOJISIIOT CAETIATh CIAEAYIOIINE BHIBOJIBI:

(1) Tomyb6as mpuposa OKpacku KBaplia, Kak M €ro sipko-roixyboe cBe4eHHe B KaTOJOIIOMHUHEC-
LEHTHBIX JIy4ax, CBSI3aHa C MEPECHIIIEHUEM KBaplia TUTAHOM BIUIOThH 10 (OPMHUPOBAHUS COOCTBEHHOM
TUTAHOBOM (ha3bl — pyTHIIA.

(2) Ha ocHoBaHMHM TpeX HE3aBHUCHUMBIX T€OTEPMOMETPOB YCTAHOBJICHO, YTO TPAHUTHBIN pac-
11aB OBLT BEICOKOTEMIIEPATYPHBIM, YTO MOATBEPKIAeT aHOPOTEHHYIO MPHUPOAY M3yYEHHBIX MOPOJI,
a ero KpucCTajIu3amus J0JDKHA ObLla MPOUCXOAUTH TPH AaBiieHWsX 5.8—7.2 xOap. YuutweiBas HP
MeTamophu3M BMelaoumux rpanyimuroB (~8.7-11 kbap, ~800-900 °C (bymmun u ap., 2020)),
MO>KHO MPEANOI0KUTh, YTO TPAHUTHI BHEAPSIUCH MO3KE 3TOr0 METAMOPPUYECKOT0 SMU30/1a.

Baaronapuoctu. ['eonorndeckuii Mmatepuan cobpan Ha Teppuropur KaHmanakiickoro rocyaap-
CTBEHHOTO MPUPOIHOTO 3allOBEAHHUKA MPHU MOJCPHKKE U IIOMOILK €ro PyKOBOJICTBA U COTPYAHHUKOB.

Hccneoosanus evinonnensvt npu unancosou noooepaicke epauma PH® 23-17-00260.
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AKIHECCOPHOE CAMOPOJHOE CEPEBPO
U3 BBICOKOI'/TMHO3EMUCTBIX XPOMUTHUTOB BOWKAPO-CBIHBUHCKOI'O
MACCHBA (ITOJISIPHBIA YPAJL, POCCHS)

Opuues A.H.

Tomckuii cocyoapcmeennulil yHueepcumem, juratur@yandex.ru

Haxonxu camopogHoro cepebpa B XpOMHTHUTAaX O(HOIMTOBBIX YIbTPaMa(UTOBBIX KOMILJIEKCOB
MHUpa OTHOCUTENBHO peaku. [locneanee o06cToATENbCTBO, OUEBUIHO, O0YCIOBICHO CIIOKHOCTBIO UX TO-
UCKa ¥ MOCIEAYIOIIEro XMMUYECKOTO aHaIN3a 10 MPUYUHE MUKPOCKOIIMYECKUX Pa3MEPOB BKITFOUECHHM
(mepBble MUKPOHBI, 3HAYUTENBHO pexke — A0 20 MKM) M HE3HAUUTENbHBIX KOHIIEHTPAIUil B TOPO/IE.

K HacrosiiemMy BpeMeHH M3BECTHO BCETO TPU COOOILIEHHS O HaXOJIKaX CaMOPOIHOIO cepedpa B Xpo-
MHUTOBBIX pyJax pPecCTUTOBBIX yibTpamaduToB Ypaina. [lepBas nHaxomka Obuta caenana FO.A. Bomuenko
B CYJb(UIHOM KOHIIEHTpaTe XpoMUTOBOM pyasl LlenTpansHoro mectopoxnenus: maccusa Paii-M3 (Ilo-
nspueiid Ypan) (Ctpoenue. .., 1990). OnHako cBeeHUS O COCTaBE CaMOPOTHOTO cepedpa aBTOPOM MpHBe-
JICHBI TOJIBKO KQUECTBEHHO, OYEBUIHO, U3-3a MAJIBIX Pa3MepOB OOHAPYKEHHBIX BKIIOYECHUI U OrpaHHYe-
HUH anmapaTHON TuarHoCTUKU. B kauecTBe TiaBHON M30MOpP(HOM MPUMECH B TAaKOM cepedpe oTMeUueHa
Cu (7o 3 mac. %). Bropas enuHrYHas HaXo/lka MUHEpaJIa B aHIUTM(E CIUIOIIHON XPOMUTOBOM PYIIbI U3
MmaccuBa Paii-13 Obina cnenmana A.b. MakeeBsiM (Makees, 1992). CormacHo npuBeIEHHBIM UM aHAIHA3aM
IJIABHBIMH M30MOP(HBIMU TPUMECSMH  IpOoaHaIM3upoBaHHOro cepedpa spustorcss Cu, Cr u Fe,
a B ClIe/IOBBIX KonmuuecTBax oOHapyxeHsl Pt, Os, Pd u Ir (B cymme 10 0.2 mac. %). Ilocnennee coobuienne
0 HaxXOJIKaX caMOPOJHOrO cepedpa B XpOMUTHUTAX MecTopokaeHus Anmasz-Kemuyxuna Kemmupcaiicko-
ro maccuBa (FOxHbI Ypan) paHee ciemaHo aBTopoMm Hactosei pabotsl (FOpuues, 2019). B xummue-
CKOM COCTaBe Takoro cepedpa ooHapysxkeHsl Zn (1o 0.8 mac. %), Pd (1.0 mac. %) u Cr (o 0.3 mac. %).

B nponecce HacTosIero u3y4yeHus BEIIECTBEHHOTO COCTaBa aKlECCOPHOM pyaHONW MUHepaIn3a-
M B XpoMuTHTax Bolikapo-CeiHbUHCKOTO yinbTpamaduToBoro maccusa Ilonspaoro Ypana (Ilepe-
BO3UYHKOB U Jip., 2000; I'ypckas u np., 2004; Hukonbckas u ap., 2021) MeTO10M pEHTI€HOCTIEKTPaITb-
HOT'0 MUKPOAHAJIM3a Ha 3JIEKTPOHHOM CKaHUpyroleM Mukpockorne Tescan Mira 3 LMU aBropom ObI-
JM IUarHOCTUPOBAHbI MHUKPOCKOIMMYECKHE BKJIIOYEHHsSI caMopoAHoro cepedpa. Ilpu aTomM MuHepan
OTMEUYEH TOJIBKO B COCTaBE BBICOKOTIMHO3eMHCTHIX (Al,O3 = 26-30 mac. %, Cr,0O3 = 39-44 mac. %)
XPOMUTHUTOB TapIOYpPrUTOBOTO CTPYKTYPHO-BEIIECTBEHHOTO KOMIUIEKCAa MaccuBa. B BBICOKOXpOMU-
ctbiXx (Al,O3; = 11-13 mac. %, Cr,03 = 56-58 mac. %) XpOMUTHTaX AYHUT-TapLOyprUTOBOTO KOM-
IUIEKCA M BBICOKOXPOMHCTBIX ~ XPOMHUTHTAxX TIOBBIIIEHHON  JKENE3UCTOCTH  TyHUT-BEPIIUT-
KIIMHOMUPOKCEHUT-Tab0POBOTO («I0JI0CYATOT0») KOMILIEKCa OH He 0OHAPYKEH.

CamoponHoe cepebpo HaOmrogaeTcsi B BHAE 000COOJEHHBIX CTYCTKOBUIHBIX BKJIIOUCHHUU TLIa-
CTHHYATOH (OpMBI MPEUMYILIECTBEHHO B 3€pHAX XPOMIINMHMHENN/A, 3HAUUTEIBHO peke — B nepude-
PUMHBIX YacTAX TAKUX 3€PEH Ha TPaHUIIE C CEPIIEHTUHOBBIM arperaTom, 3aroyHSIOMIUM HHTEPCTULINN
(puc.). Pazmep Takux BKIroueHuil uzmensercs ot 4 no 20 MxMm. B xuMudeckom coctaBe MHUHepala
NOCTOSIHHO oOHapyxwuBaetcs npumech Pd (1o 1.2 mac. %). B oTHomeHUH Apyrux XUMUYECKHX
3JIEMEHTOB MTPOAHATU3UPOBAHHOE CEPEOPO SIBJISETCS MOJHOCTHIO «CTEPUIIBHBIMY (Ta0II.).

[TocTosiHHOE PUCYTCTBHE B XUMUYECKOM COCTaBe cepedpa HETUITMYHOM Ui TaHHOTO MUHEpasa
HE3HAUMTEJIbHOW MPUMECH MaulaJsi aBTOP CKIOHEH CBA3BIBATh C M30MOP(GHBIM 3aMELICHHEM, YTO
00BsICHSIETCSl BBICPKAHHBIM COJIEpP’)KaHUEM 3JIEMEHTa BHYTPU KPYIHBIX 3epeH cepebpa. Ilpu atom,
OYEBHJIHO, MOCIEIHUN BXOAWI B COCTaB MUHEpana-«Oydepa» mpu ero KpucTalIH3ally B MpoIecce
HAJIO)KEHHOT'0 HU3KOTEMIIEpaTypHOro Mpeodpa3oBaHus (TrUapaTalii) UCXOIHBIX XPOMUTUTOB U BMe-
MIAIOLINX UX YIBTPAOCHOBHBIX Mopoj. [locnennee 00CTOATENBCTBO MOATBEPIKIAECTCS aKTUBHO TPOSIB-
JICHHOW CepIIeHTUHU3alMeH, a TaKkKe HaJIMYheM KpaeBbIX KailM 3amelleHus (C MOBBIICHHBIM MarHe-
TUTOBBIM MUHAJIOM) TI0 3¢pHaM XPOMIIIAHEINIOB.
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MuxkpodoTorpaduu caMopoaHOTO cepedpa B XPOMUTOBOM MaTpHIIS
U3 BBICOKOTTTMHO3EMUCTBIX XPOMUTHTOB Bolikapo-ChIHBUHCKOTO MacCuBa,
B peKMME 00paTHO-PaCCESHHBIX 1eKTpoHOB (BSE)
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XUMHYECKHH COCTaB CaMOPOIHOTO cepedpa M3 BBICOKOTIIMHO3EMHUCTHIX XPOMHUTHTOB Boitkapo-ChIHEUHCKOTO
yIbTpaMa(uTOBOTO MaccuBa, Mac. %

Ne i/ O6pasery Ag Pd CymmMma dopmyia
1 X-1507/21-191 98.55 1.03 99.58 Ago.9oPdo 01
2 X-1507/21-192 98.75 1.07 99.82 Ago.9oPdo 01
3 X-1507/21-193 99.12 1.12 100.24 Ago.9oPdo 01
4 X-1507/21-196 98.32 1.01 99.33 Ago.99Pdo 01
5 X-1507/21-197 98.26 0.99 9925 AgooPdoo1
6 X-1507/21-199 97.87 1.10 98.97 AgooPdoo1
7 X-1507/21-200 98.98 1.00 9998 Ago.9oPdoor
8 X-1507/21-201 98.45 0.96 99.41 Ago.9oPdo 01
9 X-1507/21-203 97.87 1.03 98.90 Ago.9oPdo 01
10 X-1507/21-204 98.24 1.08 9932 Ago.99Pdo.01
11 X-1507/21-206 99.15 1.09 100.24 Ago.9oPdo 01
12 X-1507/21-208 98.35 1.10 99.45 Ago.9oPdo 01
13 X-1507/21-212 98.20 1.17 99.37 Ago.9oPdo 01
14 X-1507/21-213 97.70 1.18 98.88 Ago.9oPdo 01
15 X-1507/21-215 98.52 0.99 99.51 Ago.9oPdo 01
16 X-1507/21-216 98.50 0.95 99.45 Ago.9oPdo 01
17 AM-1-67 97.57 1.23 98.80 AgosoPdooy
18 SM-1-68 98.30 1.24 99.54 AgosPdoor
19 SAM-1-69 98.04 118 99.22 AgosoPdoo

IIpumeuanne. MccnemoBaHre BBITOJHEHO Ha 3JIEKTPOHHOM MuKpockore Tescan Mira 3 LMU ¢ sHeproaucrnepcuoHHbIM
nerekropom UltimMax100 (Oxford Instruments) B IIKII «AHannTHYeCcKUil LEHTP TE€OXHUMUH MPUPOIHBIX cucTem», TT'Y
(r. Tomck). Vi3mepenus MpoBOIMIIMCE IPH YCKOpsitoreM Harpspkenun 20 kB, cuie Toka mydka anekTpoHoB 4.5 HA 1 Bpe-
MEHHM HaKOIUICHHSI cHeKTpa B Touke 60 cexyHn B pexume Point&ID (2000000 nmmynbcoB). Juamerp myuka 3oHma 1-2
MKM. B kauectBe craniaptoB uist Ag 1 Pd Obuti npUMeHEHBb! YHCThIe METaIbl, aHaJTUTHYecKast TuHus — La.

Panee nmogo0HOE camMopoiHOE cepedpo ¢ MPUMECHIO MaUIaus 0XapaKTepHU30BaHO B XPOMHTH-
tax Kemmnupcaiickoro yiasTpamadutoBoro maccusa lOxuoro Ypana (Pd go 1.0 mac. %) (FOpuues,
Cagpan, 2024), a Taxke B allOAYHUTOBBIX ceprieHTHHUTax KbvI3bIp-Bypiiokckoro ynprpamaduroBo-
ro maccuBa Kyprymubunckoro oduonutoBoro nosica 3anannoro Casna (Pd no 5.2 mac. %) (FOpu-
yeB, 2021) U BO BKpAaIJICHHBIX KyOaHUT-XaJIbKOMUPUT-TPOUIUTOBBIX pynax OKTAOPHCKOTO MecTo-
poxknenust Hopunbckoro pyasoro y3mna (Pd no 3.0 mac. %) (Kaaumbye u ap., 2024).

MoOunu3aius 1 KOHIIEHTPUPOBAaHUE CaMOPOJHOTO cepedpa, Kak OTMEUanoch BBILIE, CBA3bIBACT-
Csl C TIpolieccaMyl CepIICHTUHU3ANH U TIPe00pa30BaHMsl IEPBUYHBIX CUIIMKATOB U XPOMHUTOB, a TAKXKE
HaXOJSIINXCS C HUMU B TapareHe3uce akIeCCOPHBIX CYIb(PUAO0B IPU BOCCTAHOBUTEIbHBIX YCIOBUAX.
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OCOBEHHOCTH BEIIECTBEHHOT'O COCTABA JJOHHBIX OTJIO)KEHU O3EPA
KAHJPBIKYJIb (PECIIYBJINKA BAIIKOPTOCTAH)

KOcynoBa A.P., Hypraauesa H.I'.

Hucmumym zeonoeuu u Hegpmezazogwix mexrvonoeuil, Kazancxuii gpedepanvhulii ynusepcumem, i@ajusupova.ru

W3BecTHO, YTO OJTHOM M3 0COOEHHOCTEH 03€p SBIAETCS UX YYBCTBUTEIBHOCTh K KIMMATHYECKUM
n3menenusMm (Evans, Heller, 2003). KoMriekcHbIe ncce0BaHUS TOJIOIIEHOBBIX 03€PHBIX OTIOKEHUN
(BBICOKOTOYHOE JAaTHPOBAHUE BO3pACTa OTIOXKEHUH, TPAaHYJIOMETPUYECKHI, MUHEPATbHBIA U T€OXU-
MUYECKHI aHalIM3bl) MO3BOJSIOT PEKOHCTPYHUPOBATH OOCTAHOBKH O3€PHOIO CEIMMEHTOreHe3a ToJio-
[IEHa, BBIACIATh ACCOMMAIIMA XUMHUYECKHX AJJIEMEHTOB M BBISBIIATH OCHOBHBIE 3aKOHOMEPHOCTU UX
nudepeHIrany B TOJIIE TOHHBIX oTioeHui (Manbies, 2017).

B pamkax Hay4yHO-uccienoBaTenbckoi skcneauuuu B 2021 r. corpynaukamu MHcTuTyTa reomno-
ruu 1 HedTerazoBbix TexHoorui Kazanckoro ¢genepaibHOTO YyHUBEpCUTETA ObLT OTOOpaH KEPH JIOH-
HBIX OTJIOXEHUH o3epa KaHapbikynab, ATMHA KOTOpOro cocraBwia Oomee 5 M (54°29°42.5"" N;
54°03726.5"" E). Ot60p 00pa3iioB MpoOBOIWIICS CHElUaabHbIM TpobooToopHukom (bopucos, 2004),
C IIarom 2 CM.

O3zepo Kanapeikyab pacmonokeHo B 3anaaHoi yactu Pecnybnuku bamkoproctan B o1HOM U3
KOTJIOBUH benebeeBckoli BO3BBIIICHHOCTH. [IpeArnonoxuTensHo (GopMUpOBaHHE O3€pa HAYalOCh
~10300 =+ 200 ner nazaxn (ITaneoxmumarer..., 1989). KoTioBuHa 03epa KapcTOBO-3PO3HOHHOTO MPO-
UCXOXKJCHUSA. XUMHUYECKHH COCTaB BOJ THAPOKApOOHATHO-CYNb(ATHBIN HATPUEBO-MAarHUEBBIA, MU-
Hepanmuzamus 1.1-1.2 r/n, pH 8.1-8.5 (AGapaxmanoB u np., 2002). MomHOCTh JOHHBIX OTJIOXKEHUN
nocturaer 6—8 M. I1o COOTHOIIEHNIO OPraHNYECKOro BEIIECTBA U MHUHEPAIbHOW YaCTH OCAIKH KIlac-
cuUIMPYIOTCS KaK TIMHUCTBIN canponens (Hypramues u ap., 2009).

JUis BBISIBJICHHS OCOOEHHOCTEH yCIOBUH OCaIKOHAKOIUICHHS B TOJIOIEHE OBLIO MPOBEIEHO
JeTaibHOE UCCIIeJOBaHNE KEPHOBON KOJIOHKU 03epa KaHIpbIKyIib.

Papgnoyrnepognoe narupoBanue 14 00pas3noB OBUIO TPOBEACHO HA YCKOPUTEIBHOM Macc-
crekrpomerpe 1.0 MV HVE na ®akynerere Hayk o 3emne HaumonansHOro yHuBepcurera TaiiBaHs
(NTUAMS Lab). Meroauka moaroToBKu 00pasiioB U u3MepeHuid moapooHo onucana B (Kysuna u ap.,
2024). Jlns xamuOpoBKHM BO3pacTa OOpas3IloB HCIOJIb30BaJICS mporpammHbiid npoaykt OxCal v4.2.4
Bronk Ramsey (2013) u xanubOposounast kpuBas IntCal 20 (Reimer et al., 2020). ns moctpoeHus
BO3PACTHOW MOJIEIM OCaJIKOHAKOIIEHHUS HCTIOIb30BaIachk Moieb Bacon (Blaauw, Christen, 2011).

I'panynoMmerpuyeckuii aHaau3 MPOBOAUIICA METOJIOM JIA3€pPHON T'PAaHYJIOMETPUU C UCIIOJIb30Ba-
HUEM aHaju3atopa pasmepa yactull Bluewave (Microtrac, CIIIA), COBMEIIEHHOTO C CHCTEMOW 3a-
TPY3KH ¥ IUPKYISAIUH TpoObl ¢ MHTErPUPOBAHHBIM YIBTPa3BYKOBBIM aucrnepratopoM. IIpenBapu-
TenbHO 00pa3ibl Obutn ob6padoransl 10 % HCl u 30 % H,O, nns ynanenus kapOoHATOB U OpraHuye-
CKOT0 BelecTBa. J{Jst onpeaeneHust JIMTOIOTMYECKIX TPaHyIOMETPHUECKUX Pa3HOCTEH HCIIOJIb30BaHa
kiaccuukanus HemuTUGUIMPOBAHHBIX 0caakoB 1o (JIorBuHenko, 1984).

Jlnst onperneneHuss MUHEPAIbHOTO COCTaBa OCAJOYHBIX OTJIOKEHHUU HCIIONIB30BAJICS PEHTTEHOB-
ckuii muppakromerp D2 PHASER. Ckanupyromias 3JeKTpOHHAsT MUKPOCKOMHS ObLTa TIPOBEICHA TPH
MOMOIIM aBTO3MHUCCUOHHOTO CKaHUPYIOIIETO AJIEKTPOHHOro MuKpockona Merlin kommanuu Carl
Zeiss (I'epmanmsi), OCHAIIEHHOTO ACTEKTOPOM 3JeMeHTHOro aHammsa Aztec X-MAX. Pazpemenue
coctasisieT 127 3B.

DJIeMEHTHBIN COCTaB 03€PHBIX OTIOKEHUN ObUT MOTYYEeH MPU MOMOILU PEHTTEHO(IYOPECHEHTHOTO
cnektpometpa Bruker S8 Tiger.

Jliist 06pa3ioB B aBTOMAaTUYECKOM peKUMe ObUIH MOJTYyYeHbl KPUBbIE HOPMAILHOTO OCTATOYHO-
ro HaMarHWYWBAHUS TPH HEMPEPHIBHOM pPOCTE BHENIHEro mMarHutHoro moius ao 1.5 Tn. Ilo kpu-
BBIM HOPMaJIbHOT'O HAMarHW4YMBaHUs ObLT OMpe/eNieH BKJIaJ B MATHUTHYIO COCTABIISIIOLIYIO OCaJKa
Pa3IMYHBIX KOMITIOHEHT O3€pHBIX OTIOKeHuil: ¢eppomarnutHon (k ferro), nma-/mapamarHuTHOM
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(k_para) u cynepmapamarautnoii (k super) cormacHo meroauke, onucaHHoi B (Kosareva et al.,
2015). 3mepenus mpoBOAMIMCH HAa KOIpUUTHBHOM criekTpomerpe J meter (Iassonov et al., 1998;
[TaTent Ne 81805..., 2009).

[Io nmaHHBIM paaUOYIVIEPOJHOIO MATUPOBAHUS BO3pPACT HM3ydaeMbIX oOTioxkeHuid ~8000 ier.
CpenHsisi CKOPOCTh OCaJIKOHAKOIUIeHUs cocTtaBmia ~0.49 Mmm/ro.

[To pa3pesy ycraHaBimmBaeTcs mpeoOJialaHue ajJeBPUTOBOW (PpakiMH, COJACpPNKaHUE KOTOPOM
usmensiercs ot 52.82 % mo 79.41 %. Conepxxanue nenutoBoit dpakmuu (<0.005 MM) u3MeHseTcs
ot 7.82 % 1o 41.09 %, a ncammurosoit (>0.005 mm) — ot 1.83 % no 38.23 %. Md 3epen usmensercs
B nipenenax 0.0065—-0.033 mm co cpennum 3HaueHuem 0.0151 mm. Cornacuo knaccudukamuu Jlo-
FBUHEHKO, M3y4YaeMble OTJIOKEHHS MPENCTaBIAIOT cO0O0il mepecianBaHHE alleBPUTOBOM TJIMHBI,
CyIIECH AJIEBPUTOBOM, CYTJIMHKA TSKEJIOr0 AJIEBPUTOBOIO U CYIVIMHKA JIETKOTO aJI€BPUTOBOTIO.

Pesynbrarsl peHTreHonppakTOMeTpUH MO3BOIUIIN YCTAHOBUTD, YTO MUHEPAIbHBIM COCTaB Xapak-
Tepu3yeTcs mpeodaalaHueM B 0CaIKaxX aJUIOTUTCHHBIX MUHEPAJIOB (KBapIl, XJIOPUT, KAOJIUHUT, MOJICBBIC
HINAaThl, CII0Ja, poroBasi oOMaHkKa). AyTUTeHHbIE MUHEpajbl MPEICTaBICHbl MUPUTOM, KaJIbIUTOM,
AOJIOMUTOM, aparoHUTOM U T'HIICOM.

XHWMHMUYECKUI COCTaB JOHHBIX OTJIOKEHUH 03. KaHIPBIKYJb CONMOCTaBIEH C XMMUYECKUM COCTa-
BoM o03ep lOxxHoro u Cpennero Ypana, yTo MO3BOJIMIO BBIIBUTH PA3HUILY B CONEPIKAHUH JTUTO(PHIIH-
HBIX 3JIEMEHTOB (MarHusi U Maprasua). JlaHHbIe MO TJIABHBIM 3JIEMEHTaM OTJIOkKeHHH kepHa Kanapbl-
KyJIb 0TOOpaXkaroT BbIcOKoe conepxkanue Ca, Mg u Fe, koppenupyloliee ¢ HaXOAKaMH ayTUT€HHOTO
KaJIBIIMTA U JIOJIOMUTA B U3y4aeMbIX OCaaKax (puc.).

Cc=17.05% @ B <
¥ g=?7q,;;so;ﬂ, _ i Y 0=73,70%
¥ Si=1.5 ; o a= Y
".‘i-Ca=’12,35% - e I I(\jl;:=%9631//
A Mn=0,07:/o '-.' - v, Si=5,10%
Mg=0,58% ! 3 Al=2,60%

Fe=0,82%
K=0,23%

l-\.

Pe3ynbTaThl CKaHUPYIOIIEH 3JIEKTPOHHOM MUKPOCKOIIUHN:

a — KaJIpluT, riryonHa 168 cM (~3200 k.J1L.H.); 6 — nonomur, riayouna 350 cm (~5100 k.J1.H.)

KomrmuiekcHble ucciieqoBaHust 0CaaKoB 03epa KaHIpBIKyTh MO3BOJIMIN MPOBECTH PEKOHCTPYK-
IIUIO0 YCIIOBUM OCAJAKOHAKOIUICHHS B TOJOIICHE, a TaKXKe 0003HAYUTh HanbOoJee 3HAYUTEIbHBIC AIIH-
30/161 U COOBITHS Ha TPOTshKeHUU ATnantudeckoit, CyooopeanpHoil 1 CyOaTIaHTHYECKOW CTamuid
rOJIOLICHA.

Paboma svinonnena npu gpunancosoii noooepoicke epanma PHD 22-47-08001.

Cnmcok JIuTepaTypsl

A6opaxmanos P.®., Mapmun B.J., [lonos B.I'. u dp. Kapcr bamxkoprocrana. Y ga: MHctutyt reonorun Y GumMckoro
HayuHoro 1eatpa PAH, 2002. 383 c.

bopucos A.C. CucremMa TEXHOJIOTHMYECKOTO OOCCIICYCHUS TMAJICOMATHUTHBIX HCCICOBAHUN  OTIIOXKCHUU
COBpEeMEHHBIX 03ep: Jluc. ... JoKT. reon.-muuep. Hayk: 25.00.10. Kazaub, 2004. 267 c.

Kysuna /[ M., Illlepbaxos B.I1., Canvras H.B. u 0p. OTHOCUTENbHAS MANCOHANIPSHKEHHOCTh T€OMAarHUTHOT'O TOJIS
3a nocnennue 9000 et mo goHHBIM ocagkaM o3epa [llupa, CeBepHast Xakacus, onpeaeiaeHHasi 0 METOy MCceB0-1enbe
/| ®uzuka 3emim. 2024. Ne 4. C. 161-181.

Ilempo3zasoock, 1-4 oxkmsbps 2024 2. 240



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKObI-KOHGeperyuu, nocesujennol navamu ynera-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI' MU, 'EODQH3UKHU U 'EODKOJIOI'H

Jlozeunenxo H.B. Tletporpadust 0caioO9HBIX MOPOJ C OCHOBAMH METOJUKH MCCIEAOBAHUA: Y YSOHUK IS TEO0JI. CIell.
By30B. M.: Bricmast mkouta, 1984. 416 c.

Manvyes A.E. T'eoxuMusi TOJIOIIEHOBBIX pa3pe30B calporieei Mambsix o3ep tora 3amagHoi Cubupu m BocTouHoro
ITpubGaiikanes: uc. ... kaaa. reon.-MuHep. HayK. HoBocubupck, 2017. 199 c.

Hypeanuee /K., Ymemos 3.B., Aconos I1I. u Op. OcraTkn MarHUTOTaKTHYECKUX OaKTEpUH B OTIIOKEHHUSIX
COBPEMEHHBIX 03€p — HOBBIH MHCTPYMEHT najeoreodusuky // Yuen. 3an. Kazan. yu-ta. Cep. Ecrects. Hayku. 2009. Ne 4.
C. 180-191.

[TaneoknmmaThl MO3AHENEAHUKOBBS U roJjioiena. M.: Hayka, 1989. 168 c.

[Matent Ne 81805 Poccuiickas @enepanus. [lonesnas moxens «KospuuTusHblil criektpometp»: Ne 2008125924/22;
3asBi1. 17.06.2008; omy6m. 27.03.2009, bron. ®UIIC Ne 9 / Hypranumes [I.K., SIconos I1.I".; 3asBurens «Kazan. roc. yH-T
uMm. B.U. YapsaoBa-Jleannay. 20 c.: mi.

Blaauw M., Christen J.A. Flexible paleoclimate age-depth models using an autoregressive gamma process
// Bayesian Analysis. 2011. Vol. 6. P. 457-474.

Evans M., Heller F. Environmental Magnetism. Principles and Applications of Enviromagnetics // Academic Press.
San Diego. 2003. 299 p.

Jassonov P.G. et al. A modernized coercivity spectrometer // Geologica Carpathica. 1998. Vol. 49, N. 3. P. 224-225.

Kosareva L.R. et al. Ferromagnetic, dia-/paramagnetic and superparamagnetic components of Aral sea
sediments: significance for paleoenvironmental reconstruction // ARPN Journal of Earth Sciences. 2015. Vol. 4, N 1.
P. 1-6.

Reimer P.J., Austin W., Bard E. et al. The IntCal20 Northern Hemisphere radiocarbon age calibration curve (0-55 cal
kBP) // Radiocarbon. 2020. Vol. 62. P. 725-757.

Iemposzasoock, 1—4 oxmsbps 2024 . 241



Mamepuanvt XXXV M0100€#CHOU HAYHHOU WKObI-KOHGeperyuu, nocesujennol navamu ynera-koppecnonoenma AH CCCP K.O. Kpamya u axademuxa PAH ®.11. Mumpogpanosa

AKTYAJIBHBIE [IPOBJIEMBI I'EOJIOI' MU, 'EODQH3UKHU U 'EODKOJIOI'H

TAKEJIBIE METAJLJIBI B IIOA3EMHBIX BOJAX ITPE/IBOJIKbA
N INOTEHIMAJIBHBIE PUCKHU IUIA 310POBbsA HACEJIEHUA

Axosiaes E.10., Ipyxkuanna A.C., [Ipy:;xunun C.B., UBanuenko H.JIL.

Dedepanvblii UCCIEO0BAMENLCKULL YEHMP KOMNLEKCHO20 U3yUeHus ApkmuKu
umenu axademuxa H.I1. Jlaseposa YpO PAH, evgeny.yakovlev@fciarctic.ru

BBenenue. 3arps3HeHne TPYHTOBBIX BOJ TSXKEJBIMH METaJJIaMU SIBJISETCS 3HAYMMOI 3KOJIO0-
rUYeCcKOr MpobIeMoil, TOCKOIbKY METaJIJIbl HAaKAIUTMBAIOTCS B OpraHW3Me YelloBeKa MyTeM OHOaK-
KyMYJIAIUU, 0071a0al0T TOKCHYHOCTBI0O U KaHIeporeHHOCThIO (All et al., 2019). Jlns onenku puc-
KOB COJICpKaHUSI TSHKETBIX METAUIOB B TPYHTOBBIX BOJIaX IIUPOKO MPUMEHSIIOTCS METOABI pacuera
MHJIEKCOB KauecTBa Boabl. Tepputopus [IpeaBonxps pacnonokeHa B BOCTOUHOU yacTh BocTouHO-
EBpomneiickoii mnaTdopMbl U mpeacTaBiser co0oil mpaBobepexbe peku Bonru B paiione KyiiObi-
HIEBCKOT0 BOJOXpaHWINIIA. B OCHOBHOM CKBa)XKMHBI BOJOCHA0KEHHSI PACHOJIOKEHBI B MOpPOIax,
MPEACTaBICHHBIX MEPMCKUMH OTIOKeHUsMUA. B TIpenBomkbe BBIAEISIOTCS MPOMBIIUICHHBIE, TOP-
HbI€, TPAHCIIOPTHBIE, KOMMYHAJIbHbIE U SHEPreTUYECKUE THUIbl UCTOYHUKOB 3arps3HEHUs MOJ3eM-
HBIX BOJI, OJJHAKO HAWOOJIbIee 3HAUCHHE MMeeT cellbckoe xo3siicTBo (Hypues, 2002). YuurteiBas
BBICOKYIO 3HaYMMOCTbh MOJA3eMHBbIX BOJ [IpenBomkbs 17 X035HCTBEHHO-MIUTHEBOTO BOJIOCHAOXKe-
HUSL U OOJIBIIOE KOJMYECTBO MOTECHIMATBHBIX UCTOYHUKOB 3arPS3HEHUS BOJ| TSDKEIBIMUA METaJIaMHU,
OIIEHKa KadyecTBa MOoJ3eMHbBIX BOJ [IpenBoiIKbs SBISIETCS aKkTyalbHOM 3ajadyeil. B cBA3u ¢ 3TUM Lie-
JIbIO UCCIIEIOBAHUS SBIISIETCS OLICHKA CTEIICHU 3arpsi3HEHUs M013eMHbIX BoJ [IpeBOIKbS U BBISBIICHHE
NOTEHI[MATbHBIX PUCKOB JJIA 3J0POBbsI HACEIECHUSI.

Metoanueckasi yactb. OTOOp Mpo0 MOA3EMHBIX BOJ NMpoBoAMiCS B aBrycte 2022 1. Ha TeppH-
topun [IpenBoimkbs. Becero otobpana 41 nmpoba. ['mybuna onpoOOBaHHBIX CKBaXKHH BapbUpPYET OT 38
70 161 M. BonbmmHCTBO MPOO MOA3EMHBIX BOJ B3STHI U3 CKBAXKUH, HCIIOJIB3YEMBIX JIJIs1 BOJIOCHA0XKe-
HUSl HACEJICHHBIX ITYHKTOB, >KMBOTHOBOJIYECKHX (epM U JIpYrux ceiabxosnpeanpusituii. Otdéop npobd
BOJIbI BBITIONHSUTM B TPOOMPKH W3 TMOJMMEPHOTO0 Marepuana ¢ (DUIBTPOBAHHMEM dYepe3 MeMOpaHHBIM
buneTp ¢ pazmepom nop 0.45 mxm u mogkuciaennem HNOs.

W3mepenus pH n MuHepanu3anuy npoBOAWIM Mpu oTOOpe BoJbl mopTatuBHEIM pH-MeTpom HI
9126 (CHIA, Hanna Instruments) u koagykromerpom MAPK-603/1 (Poccusi, B3OP), cooTBeTcTBEH-
Ho. OnpezeneHne cocTaBa OCHOBHBIX aHHOHOB U KATHOHOB BBIMIOJHSIOCH METOJJOM MOHHOM XpoMaro-
rpaduun Ha xuaKocTHOM Xpomarorpade LC-20 Prominence (Shimadzu, Japan). Onpenenenue xoH-
[EHTpAaIMid METAJJIOB BBINOJHAJIOCH C HCIOJIb30BAaHHEM AaTOMHO-a0COPOLIMOHHOTO CHEKTPOMETpPa
ShimadzuAA-7000 (SAnonwmsi, Shimadzu).

Wuneke PIG (pollution index of groundwater) orienuBaeT BiusiHue napameTpoB pH, MuHepanu-
3alyM, COACP)KAaHWS WOHOB M PACCUHMTHIBACTCS COIIACHO MeToauke, onucanHoi B (Rao 2012). Uc-
noJjb3yercs cienymoomas knaccudukanus Boa: PIG < 1.0 — nveznauntensHoe 3arpsizuenue, 1.0 < PIG
<1.5 — cmaboe 3arpszuenue, 1.5 < PIG < 2.0 — ymepennoe 3arpsizaenne, 2.0 < PIG < 2.5 — cunpHOe
3arpsizaenue, PIG > 2.5 — ouenpb cuiibHOe 3arpszHenue. Pacuer ungekcoB TMEI (trace metal evalua-
tion index), TMTI (trace metal toxicity index), CR (carcinogenic health risk) u HI (non-carcinogenic
risk) mpencraBnen B cratbe (Yakovlev et al., 2022). IIpunsito, uto TMEI <0.3 — ouens uncro, 0.3—
1.0 — gucro, 1.0-2.0 — cma6o 3arpsizHeHo, 2.0—4.0 — ymepenHo 3arpssHeHo, 4.0—6.0 — cuibpHO 3a-
rpsi3HeHo, >6.0 — cepbe3Ho 3arps3HeHo. Knaccudukanus yposueit TMTI cnenyromas: 0—-100 — Hus-
Kasi TOKCMYHOCTh, 100-300 — ymepenHass TokcudHOCTh, 300—-500 — BbICOKass TOKCHYHOCTh, S00—
1000 — oueHb BbICOKasi TOKCUYHOCTB, BbIle 1000 — ype3BbIyaiiHO BBICOKAsi TOKCUYHOCTB. [loporosoe
3HaueHre HI paBuo 1.0, 4TOo 03Ha4aeT BO3MOXHOCTh BO3HHMKHOBEHHSI HEKAHIEPOTCHHBIX PUCKOB
npu HI > 1.0. Jlorycrumsrii muamaszon CR ot 1.0 x 107° 1o 1.0 x 107, mpn stom CR > 107 ykassisaer
Ha BBICOKUU PUCK BO3HUKHOBEHHS paKa.
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JKCHepUMeHTAJNBHASA YacTh. boJblias yacTh MOJ3EMHBIX BOJI 10 KATHOHHOMY COCTaBY SIBJISI-
€TCSl CMECSIMU KaJIbLIMEBBIX U HATPUEBBIX BOJ IPHU HE3HAUYUTEIHHOM BKJIAJ€ MAarHUEBOW KOMITOHEH-
ThI (Tabis. 1). [To aHMOHHOMY CcOCTaBy MOA3EMHBIE BOIBI OTHOCSATCS, B OCHOBHOM, K 30HaM THUIpO-
kapOoHaTHOTO M cynbdartHoro TUNoB (Tadn. 1). U3 guarpammer Ilalimepa MOXXHO OTMETHTH, YTO
18 npo6 MpYHAUIEKHUT THAPOXHMHYecKoi damun I (rumcossie Boxsl, Ca —~SO4%) 1 11 mpo6 oTHO-
csrest k armn 11 (MupaGuinrosbie Boxsl, Na'—SO,”"). VuursiBasi, uto Goubias 4actb mpol u3 I
u Il ¢anuii xapakTepu3yroTCsl MOBBIIEHHOW MuHepanu3anueid >1000 Mr/ia, MOXHO MPEANONIOKUTh
[IYOOKYIO IUPKYJALMIO TaHHBIX MOJ3EMHBIX BOJ. JIBe MpoOBl OTHOCITCS K TUIPOXUMUUYECKOU (a-
nuu I (comoBbie BOIHI, Na+—HC03_) U, BEPOSITHO, MPEJICTABISIOT cO00M BOJBI, chOpMUPOBAHHBIE
B pe3y/ibTaTe KaTHOHHOTO OOMEHA KajblUs Ha HAaTpuil npu GUIBTPALMK Yepe3 TEPPUTEHHYIO KOM-
noHeHTy paspesa. OctanpHbie 10 o0 BeIACISIOTCS B daruio [V (Ca2+—Na+—Mg2+—HCO3_) U npea-
CTaBJSIOT cOOOM TMAPOKapOOHATHBIE MPECHbIE MOA3EMHBbIE BOABI HETIyOOKON HUpKyIsiuu. [ns
U3y4aeMOro paiioHa XapakTEepHO HAJIWYUE 3BANlOPUTOB, PACTBOPEHHE KOTOPHIX (OpPMHPYET TUAPO-
XUMHYECKUNA OOJIMK MpeoOIaJaloluX THIICOBBIX W MHUPAOMIMTOBBIX Toa3eMHbBIX Boja (Hypues,
2010). Heob6x01uMoO OTMETHUTbH, YTO HCIIOJIB30BAHHE MECTUIMIOB BBI3BIBACT 3arps3HEHUE MOHAMU
noa3zemMHbix Box [Ipensomxbst (Hypues, 2002).

Tadauua 1. PU3NKO-XUMHUUYECKHE CBOMCTBA U OCHOBHBIC HOHBI MTOI3eMHBIX BOA [IpeaBomxKbs

Tumpo- 3na- Mumnepa- ConeprxaHrie HOHOB B BOJIE, MT/J

Tun Bozbl xummdeckas | pH | mu3anus, HCO® | 802 | o | ca | Mg | Na®
darus M/

yncoBELe MUH 6.93 503 0.0 100 | 21.2 | 58.1 | 282 | 32.5
I Makc 8.20 3088 286 1785 | 521 | 415 226 450
Bomer rirybokoit cpen 7.51 1468 60.2 876 106 218 109 183
OUPKYJALNA MipaGuni- MUH 7.53 506 0.0 111 85 | 14.2 7.1 49.4
Tossie (1) Makc 8.55 2398 770 1743 | 267 111 98.0 | 439
cpen 7.99 1481 141 817 115 | 66.7 | 35.6 | 321
BO,Z[BI, U3MEHECHHBIC COHOBHQ MHH 7.51 651 140 125 70.4 65.1 42.2 84.6
TIOJT BIUSTHUEM (IIT) Makc 7.80 950 562 160 110 107 47.0 150
MOHHOTO 0OMeHa cpen 7.66 800 351 143 90 86 44.6 | 117
Y SR Tuzapo- MHH 7.06 208 90.1 1.4 0.5 | 67.2 6.0 3.6
HIpecHbIe BOJbI KapOOHATHBIE | MaKC 7.84 788 305 72.1 | 664 | 216 | 70.0 | 56.5
(Iv) cpex | 7.39 362 161 37.8 | 11.7 | 96.4 | 224 | 25.8

KucnornocTs uccnemyemMbix BoJ Haxoawiach B uHTepBasie pH 6.93-8.55. Hemuorum Gosiee BbI-
cokue 3HaueHust orMeyvatorcs i ¢ammu II. CormacHo pekomenpanmsm BO3 1ist mUThEBOM BOJBI,
3HaueHust pH nomwkHbl HaxonuTbes B mpeaenax 6.5-8.5 (WHO 2017), 9To cOOTBETCTBYET MOJy4UCH-
HBIM JTaHHBIM. MuHepamu3aus noa3eMHbIX Boja BapeupyeT oT 208 mo 3088 mr/n. Bonee Bbicokue
3HaueHUs MUHEepanu3auu HaOmonaores 1 ¢amuit [ u II. YaureiBas pekomengammu BO3 nns mu-
TheBOI BoAbI, 67 % npod u3 dauuu [ u 73 % npod u3 pauuu Il He mpUroaHsI 171 NUTHS (MUHEpAIIU-
sammst Beime 1000 mr/m) (WHO 2017). Panee coobmanock, uyTo Cynb(aTHbIE KalbIMEBbIC BOIBI
[IpenBOKbS ¢ OTHOCUTENBHO MOBBIIIEHHON MHHEpalM3aluel SBISIOTCS CIEICTBUEM €CTECTBEHHBIX
IIPOLIECCOB PacTBOpPEHUS Turica BogoBMenaromux nopoa (Hypues, 2002).

AHanu3z coJep)kaHusl TSHKEIbIX METaJUIOB MOKa3all, YTo TUIlcoBbIe BOJbI ((amus I) oTHOCUTEND-
HO oboramensl Sr, Mn, Fe, Al, Co u Cr, B To Bpems Kak TlyOOKO3aIerapiine MUpabuInTOBbIE BO-
nbl (amus 11) comepkat HeMHOTUM OoJibiie KoHIeHTpanuu Ni, As u Pb (ta6a. 2). ConoBbsie moj-
3emHble BoAbl (hauuu I otnmuner G6onee BricokuM coaepxkanueMm Fe u Cu, a ruppokapOOHATHBIE
npecHbie BoAbl (haruu IV comepkaT HeMHOTUM OoJbive KoiquuecTtBa Ba, Zn u V. Panee 6b110 Mo-
Ka3aHo, YTO COAEPKaHHUE TSKEJIbIX METAJUIOB B MOoA3eMHbIX BoAax [IpeaBomkbs coctasiser Cu 0.1—
10 mxr/n, Pb 2-34 mxr/a, Zn 4-89 mxr/n u Cd 0.1-0.9 MKr/n, 9T0 HEMHOTHUM BBIIIE MTOTYyYECHHBIX
Hamu 3HaueHu (Hypues, 2002).
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Tab6uauna 2. CoaepkaHue METAJJIOB B MOI3€MHBIX Bojax [IpenBoImKbs, MKI/JT

Al Cr Mn Co Ni Cu /n Cd Pb As Fe Ba Sr \Y

mug | 0.0 | 0.20 | 1.50 | 2.00 | 0.0 | 0.20 | 0.50 | 0.10 | 0.50 | 0.50 | 0.50 | 1.80 | 990 | 0.50
I makc | 77.5 | 0.80 | 987 | 5.50 | 4.60 | 1.70 | 13.8 | 0.10 | 0.50 | 0.50 | 614 | 44.1 | 9409 | 0.90
cpen | 31.3 | 0.51 | 133 | 3.72 | 0.87 | 0.31 | 2.14 | 0.10 | 0.50 | 0.50 | 178 | 14.0 | 4998 | 0.53
mud | 1.40 | 0.00 | 3.30 | 0.30 | 0.00 | 0.20 | 0.50 | 0.10 | 0.50 | 0.50 | 3.40 | 1.20 | 236 | 0.50
II makc | 490 | 0.60 | 58.3 | 4.00 | 11.0 | 0.60 | 17.7 | 0.10 | 2.70 | 8.10 | 169 | 19.7 | 3789 | 4.20
cpen | 2.70 | 0.26 | 18.1 | 2.11 | 1.78 | 0.27 | 2.44 | 0.10 | 1.09 | 1.78 | 35.8 | 6.71 | 1492 | 0.84
muH | 2.10 | 0.20 | 18.0 | 1.90 | 0.30 | 0.20 | 0.50 | 0.10 | 0.50 | 0.50 | 3.30 | 11.6 | 1479 | 0.50
111 makc | 2.40 | 0.30 | 60.9 | 4.20 | 0.60 | 4.80 | 5.30 | 0.10 | 0.50 | 0.50 | 1640 | 18.2 | 1639 | 0.50
cpen | 2.25 | 0.25 | 39.5 | 3.05| 0.45 | 2.50 | 2.90 | 0.10 | 0.50 | 0.50 | 822 | 14.9 | 1559 | 0.50
mug | 0.0 | 0.0 | 0.0 | 040 | 0.0 | 0.20 | 0.50 | 0.10 | 0.50 | 0.50 | 0.00 | 1.20 | 348 | 0.50
v makc | 259 | 0.70 | 367 | 3.00 | 5.10 | 1.80 | 24.1 | 0.10 | 0.50 | 6.30 | 40.3 | 262 | 1699 | 6.70
cpen | 453 | 0.33 | 59.5 | 1.34 | 1.64 | 0.76 | 4.40 | 0.10 | 0.50 | 1.11 | 8.24 | 52.1 | 699 | 1.60

OneHka 3arps3HeHusi MoA3eMHbIX BOJ [IpenBomkbsl TSXKENbIMU MeTajulaMH OblIa MpOBEACHA
NyTeM pacdeTa MHIEKCOB KayecTBa BOJbl M MHIEKCOB OLIEHKH PHUCKA JJIs 3I0POBbSI HACEJICHUS
(tabus. 3). I'uncoBeie Boawl damuu | numeroT Gosee BRICOKOE 3arps3HeHue corjiacHo uHuekcy PIG
(1o 04YeHBb CHIIBHOTO 3arpsi3HeHust ), uHJIeKCy ToKcuuHOCTH TMTI (710 oueHb BBICOKON TOKCHYHOCTH)
U UHJEKCY HeKaHleporeHHoro pucka HI (Beime moporoBoro 3HaueHwus). BoI3pIBaloT 3arpsizHeHHe
nanHoi damun BeIcokHe comepxanns SO4°, Mumepamusamuu, Mn, Al, Co u Fe. MupaGumnrossie
rpyHTOBbIe BOAbl darnuu Il nMeroT moseiieHHbIe 3HaueHuss HHACKCOB PIG (10 o4eHb cUIbHOTO 3a-
IpA3HEHMS) U KaHUeporeHHoro pucka CR (Bbllle TOpOroBOro 3Ha4€HUs ), YTO CBA3AHO C MOBBIIIEH-
HBIM COJIEpKAHUEM SO42_, muHepanu3anuu, As, Pb u Ni. Cornacuo unaekcam TMEI (o cunbHOTO
3arpsi3HEHUs) MOJIBEPKEHBI 3arpsI3HEHUI0 COJOBBIE Moa3eMHble BOAbI (aruu III 3a cuer BrIcOKOTrO
conepxanus Fe. ['mapokapObonatasie BoabI aruu [V 3arpsa3HeHbl B MEHbBIIICH CTENEHU, OJJHAKO HA
WHJIEKChI OKa3bIBalOT BiausiHuEe As, Ba, Mn, Al u Ni. B mesom Ha MHAEKCH KauecTBa BOABI U PUCKHU
JUIs1 310pOBbsi HaceneHus [IpeBoMKbsl OKAa3bIBAIOT BIMSHUE COACPKAHUS SO~ MUHEpaJIU3al1H,
koHneHTpauu Fe, Mn, Al, Ni u As B 6onbmieii ctenenn u KoHueHTpanuu Ba, Pb u Co B MeHbIei
crenend. Haubonee 3arpssHeHHble ckBaxuHbl B 1. Wmmyp3uno-Cypunck, 1. Kamennsiit bpon,
n. bateipeBo, 1. SIHTUKOBO, 1. ATMaHYMKOBO, 1. bonbimas Akca, a. Tolicu, n. UyBamckue Kuiaku,
B CKBa)XKMHaX Ha ¢epmax B A. EMOynaroBo u 1. TokaBapsl.

Tabauua 3. MHaeKCch KadecTBa MOA3EMHBIX BOJ IIpenBOIKbS

Danus PIG TMEI TMTI HI CR
MUH 0.78 0.28 17.0 0.40 0.65

I MaKc 4.18 3.25 867 3.60 2.86
cpen 2.26 1.26 146 1.63 1.10

MUH 0.73 0.26 12.8 0.17 0.86

II MaKc 3.42 1.71 71.4 1.24 8.89
cpen 2.04 0.61 30.7 0.53 2.02

MUH 0.91 0.25 39.1 0.36 0.79

I MaKc 1.12 5.83 65.2 0.75 0.94
cpen 1.01 3.04 52.1 0.56 0.87

MUH 0.35 0.20 6.35 0.16 0.62

v Makc 1.02 1.44 408 1.70 4.14
cpen 0.54 0.54 95.2 0.54 1.68
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[Tomy4ens! KapThl 3arpsi3HEHUs TPYHTOBBIX BoJ [IpenBomxbs (puc.). BepositHo, reorenHoe mpo-
HCXO0XKJICHHUE SBISIETCA OCHOBHBIM (DaKTOPOM KauecTBa MOJ3eMHBIX BoJ IlpeaBoskes, oqHako kKaue-
CTBO BOJI MOJU(PHUIMPYETCS BO3JIEHCTBUAMU aHTPOIIOTEHHBIX MCTOYHUKOB. KapThl OTIMYalOTCS ApYyT
OT JIpyra, 4YTO OTpa)kaeT Mpo0JIeMy OLEHKHU 3arpsA3HEHUs] TEPPUTOPUI, TOCKOIBKY METOJIMKU pacueTa
MHJIEKCOB OIMPAIOTCS HAa pa3jINYHbIE CBONCTBA METAIIIOB.

® 0080
B e osor o 10 20km
@ N0,

A I CamrHeD,

‘ Mrrachericn ey of ot

Kapts! npocTpaHCTBEHHON BU3yalu3allii YPOBHEN 3arpsi3HEHU IOA3EMHBIX BOJ [IpeBokbs,
paccunrtannsle o uaaexcam PIG (a), TMEI (6), TMTI (), HI (1)

B mpoBeieHHBIX UCCIIEIOBAHMSIX MPEIICTABICHA OI[EHKA KauyeCTBa MOJ3EMHBIX BOJ [IpeaBOIIKbs
W PUCKOB JUIsl 37I0POBBSI HACEIICHUS, B PE3YyJIbTAaTe KOTOPHIX MOXKHO C/ENATh 3aKIIOYCHUE O HACTOS-
TEJIEHOW PEKOMEH/IAIIUN OYHUCTKU TPYHTOBBIX BOJI Iepel yoTpeOIeHuEM.

Paboma evinonnena npu ghunancosou noooepocke Poccutickoeo Hayunoz2o ¢onoa 8 pamxax
npoexma Ne 20-77-10057.
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