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IMEPBOE NPUMEHEHUE HEMTPOHHOI CHbEMKH B KOMILJIEKCE
C TEODJIEKTPOXUMMNYECKUMU METOJAMU HA DTAJIOHHBIX
TPYBKAX 3SUMHEBEPEXKKHOT'O AIMASOHOCHOI'O PAMOHA
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BriepBbie B ApXaHTe/IbCKOI alIMA30HOCHOW IIPOBUHIIMK OIMPOOOBAH METO PErUCTPALIAN
CBOOOIHBIX HEMTPOHOB, IIPUMEHSIEMBbIII B KOMILIEKCE C T€03JICKTPOXUMUIECKIUMHU METOTaMU.
OCHOBaHMEM K €0 IPUMEHEHUIO SIBJISIETCST pa3pabaThiBacMasi B HACTOSIIICE BPeMsl KOHIICTILIVS
0 (hopMUpOBAaHMM aIMa30B B TNTYOMHHOM OdYare, 3KpaHUPOBAHHOM TUTOTHBIMHU ITOPOAAMU, B
pe3yJIbTaTe Yero BO3pacTacT IIOTHOCTh S9HEPIMK BO30YKIEHHOU CPEIbI, YTO TPUBOIUT K TIPO-
TEKaHUIO SIICPHOM AUCCOLMALMNA aTOMHBIX SIIEp, KJIACTEPHOMY PaauOaKTHUBHOMY paciamy 1
HM3KO3HEPreTUIECKOM TPAaHCMYTaIlK 3JIeMeHTOB. [1pu cTaHOBICHUN KUMOEPJIUTOBOM TPYyOKHU
B Mpoliecce KJIACTEPHOIO PaaloaKTHBHOTO pacraga M HU3KOIHEPreTMUECKOM TpaHCMYTalluKi
ATOMHBIX SIIE€P BO3HMKACT 3JIEKTPOMATHUTHOE U3JTydYeHNE C SHEPTUEN KBAHTA OKOJIO HECKOJIBKIX
JIECITKOB — HECKOJIBKUX COTEH KIJIO3JEKTPOHBOJIBT. I10 pe3dyiabraTtaM IMpOBEACHHBIX OIIBIT-
HO-METOIMYECKHUX pabOT HaJl 3TaJJOHHBIMU ITepPeKPhIThIMU TpyOKamu [TuoHepckas u BepxHe-
TOBCKAas IMOJYYeHO MOATBEPKIACHUE 3TOM KOHLEMIIMY W TpelIokKeHa TOMCKOBasT METOIMKA,
OMUpAIOIIAsICS Ha 3TY TEOJOTUIECKYIO MOJIETb.

Karouesvie crosa: ApxaHresbCKasl aIMa30HOCHAsI MTPOBUHIIMS, METOJ PErMCTPallii CBO-
OOJHBIX HEHTPOHOB, KJIACTEPHBIN paJMOAKTUBHBIM pacnaj, 3JeKTPOMarHUTHOE M3JIyvYeHHUe,
OIBITHO-METOIMYECKHNE PabOThI, MOMCKOBAsI METOIMKA, T€0JIOTHYECKas MOICIIb.

The method of registration of free neutrons applied in a complex with geoelectrochemical
methods is for the first time tested in the Arkhangelsk diamondiferous province. The basis on
its application is the concept developed now about formation of diamonds in the deep cen-
ter, screened dense breeds. As a result density of energy of the excited environment increases
that leads to course of nuclear dissociation of nuclear kernels, cluster radioactive decay and
a low-energy transmutation of elements. At formation of a kimberlite tube in the course of
cluster radioactive decay and a low-energy transmutation of nuclear kernels there is an elec-
tromagnetic radiation with energy of quantum about tens and hundreds kiloelectronvolt. By
results of the carried-out skilled and methodical works on the reference blocked tubes Pioneer
and Verkhnetovsky confirmation of this concept is received and the search technique leaning
on this geological model is offered.

Key words: Arkhangelsk diamondiferous province, method of registration of free neutrons,
cluster radioactive decay, electromagnetic radiation, skilled and methodical works, search
technique, geological model.
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IITkana OTHOCHTEIBPHOM
HHTCHCHBHOCTH HEHTPOHHOTO
motoka (uMr/15 MuH)

-50
-45
-40
-35
-30
-25
-20

-15

-10
5
0

5
10
15
20
25
30
35
40
45

KoHTypsl KEMOEPIUTOBBIX
TPyOOK

Puc. 1. PacnpeneneHue MHTEHCUBHOCTH HeEii-
TPOHHOTO TOTOKA HaJl MEPEeKPHITHIMU TPyOKaMu
ITuonepckas (A) u Bepxnerosckas (b)

ce0s Mo MPUYMHE TOTO, YTO KPYMHbIE aHOMAJIUU B
HacTosillee BpeMsl MpakKTUYECKH BCce 3aBepeHbl. bosee
TOT0, 3[IECh BbISIBIIEHBI BBICOKOITPOIYKTUBHBIE TPYOKHU,
CJ1a00 MPOSIBJIEHHbIE B MATHUTHOM TI0JI€, YTO BBI3bI-
BaeT HEOOXOAMMOCTb YCTAHOBJIEHUST JOTIOJIHUTETbHbBIX
MOUCKOBBIX KPUTEPHEB, OMUPAIOIIMXCS HE TOJIBKO Ha
MarHuTHbIE aHOMAaJIUH.

Taxkue pa3paboTKM B HACTOsIIIEE BpeMsI BEIyTCs
KakK B TJIaHE U3YYEHMSI CTPYKTYPHO-TEKTOHUUYECKUX

00CTaHOBOK, OJarompusTHBIX [JIs1 JIOKaAU3aluu
TPYyOOK, TaK M C LIEJIbIO BbISIBJIECHUSI CaMUX TPYOOK.
OnuH 13 METOIOB MPSIMOTO WX BBISIBIICHUS, BIIEPBbIE
ornpoboBaHHbIi Hamu B AIIII, — MeTon perucrpauuu
CBOOOJHBIX HEUTPOHOB, MPUMEHSIEMbII B KOMILIEKCE
C T€02JIEKTPOXUMUYECKMMU METOJAMMU.

MeTtoanka uccienoBanmii. OcHOBaHUEM IS
NPUMEHEHHUSI YKAa3aHHOTO METoAa CIYXUT padpada-
ThIBa€Masi B HACTOsIIllee BpeMsl KOHLEMus o (op-
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MUWPOBaHMUM ajiMa30B B IIIYyOMHHOM ouare, 3KpaHU-
POBaHHOM TIJIOTHBIMU TIEPEKPHIBAIOIIIMMHM MTOPOIAMMU,
B pe3ysibTaTe BHEAPEHMS <«IJIA3MEHHOTrO» Juarnupa
C MOCJIENAYIOUEH KPUCTAUUIM3AIUEN BEIIECTBA, IMO-
CTEMNEHHO TEepexosIIero B KUMOEPJIUTOBYIO Marmy.
HabGonaemble KUMOEPIUTOBBIE (Da3bl BHEAPEHUST —
pa3Hble (ha3bl KpUCTAUIM3ALMK YKA3aHHOTO BellleCTBa.
B pesynbraTe Bo3pacTaeT IJOTHOCTb dHEPTUU BO3-
Oy>XJI€HHOI Ccpelibl, YTO TPUBOAUT K MPOTEKAHUIO
SIZIGPHOM TMCCOLIMALIMUA aTOMHBIX SIIEP, KJIACTEPHOMY
pPaaMoOaKTUBHOMY pacrialy M HU3KO3IHEPreTUyecKom
TpaHCMYTallUX 3JIEMEHTOB.

ITpu cTaHOBJIEHUU KUMOEPJIUTOBOU TPyOKU B
MpoLEcce KJIACTePHOrO paalOaKTUBHOIO pacrnaja u
HU3KOZHEPIeTUUECKON TpaHCMYTallMi aTOMHBIX s1I€p
BO3HUKAET 3JIEKTPOMAarHUTHOE U3JTyYEHUE C SHEPrUeit
KBaHTa, COCTABJISIOLIEN OT HECKOJIbKUX JAECITKOB /10
HECKOJIbKHX COTEH KUJIOBJEKTPOHBOJILT. ITpu Takmux
3HAUEHUSIX DHEPIMU MOXET MPOTeKaTh peakiius:

H? + H>> ,He’ + .n.

Taxk kak rnpoliecc MpoUCcXoaUT B 3aMKHYTOM TpO-
CTpaHCTBE MPU BBICOKMX TeMIepaType U AaBJIECHUH,
o0pa3yolIMecs: aTOMHbIE SiApa yKa3aHHbBIX 3JIEMEHTOB
BHEJIPSIIOTCSI B TOPHbIE MOPOAbI OKOJOTPYOOUHOTO
MMPOCTPAHCTBA W B JalIbHEHIIIEM OUCCUITUPYIOT B aT-
mocdepy [Kpusuuxwuii, 2017].

ITo pesynbrataM OMNBITHO-METOAMYECKUX PadOT
HaJl TaJJOHHBIMU TTePEKPBITEIMU TpyoKamu [TrnoHep-
ckas 1 BepxHeToBcKasi HAMM TTOJYYEHO MOITBEPXK-
JIeHWe 3TOM KOHLEMUMU M TPejIoXKeHa MOMCKOBas
MeTOJMKa, ONMUpaloIIascs Ha TaKyl TreoJornYecKyro
MOJIEIb.

ITo pesyabraTaM HEWTPOHHON CHEMKM Haj 3Ta-
JIOHHBIMU TPYOKaMU (DUKCUPYIOTCS JIOKAJbHbIE aHO-
MaJIMM HEUTPOHHOTO MOTOKA, MpeBbIliatlne (hoH Ha
20—30 uMIyJIbCOB U CBSI3aHHbBIC (B 3aBUCUMOCTHU OT
pa3Mepa Tpyoku) ¢ 5—15 Toukamu, pacrooXeHHbIMU
psiiom. IIpu 3ToM B 30HE BAUSIHUS KUMOEPJIUTOBOI
TpyOKM BHE €€ TUIOLIAAd MPUCYTCTBYIOT JIOKAJIbHbIE
aHOMaJIbHbIE BEIOPOCHI HEUTPOHHOTO TTOTOKA (puC. 1).

JJ1s1 BBISICHEHMST BOITpOca O TOM, CBSI3aHbI JIU 3TU
aHOMaJIMU C BO3MOXHBIM BJIUSIHUEM KUMOEPJIUTOBOTO

Puc. 2. 'paduku aHOMaIbHOI MHTEHCHUBHO-
CTH pacrpe/ie/IeHUs] HSUTPOHHOTO TIOTOKA B
OKpecTHOCTsSIX TpyOoku [TuoHepckas (BepTu-
\ KaJbHbII MaciTad 1 cM — 60 UMITYJIbCOB):
\ 3 1 — xoHTtyp Tpyoku I[luoHepckas mo aaH-
\ HbIM OypeHust; 2 — kKontyp I[1I'C; 3 — 30Ha
MpearnoaaraeMoro pasjioma

MarmatMsama Jubo OHM MOTYT HaOJI0JaThCsl U BHE
30HBI BJIMSIHUSI TPYOKM, HAMU B OKPECTHOCTSIX TPYOKH
ITvoHepckas Obula MpoBeJeHa HEUTPOHHASI CheMKa 110
JIBYM IIMPOTHBIM MpodwisiM JUIMHOU 10 KM ¢ 111arom
no npodwito 200 M.

PesyabTaTsl uccienoBanuii U nx oocyxuenue. Pe-
3yJIbTAaTbl HEUTPOHHOU CHEMKU TTO3BOJISIIOT TOBOPUTH
0 TOM, YTO Haubojee MHTEHCHBHbIE aHOMaJbHbIE
3HAUYEHUSI HEUTPOHHOTO MOTOKA (PUKCUPYIOTCS TOJIb-
KO B OKPECTHOCTH IIE€PEeKpPBLITOM TpyOKM B3pbiBa. Ha
OCTaJIbHBIX YacTsX Mpodueid MpUucyTCTBYIOT TOJbKO
eIMHUYHbIE aHOMaJibHble BbIOPOCHI HEUTPOHHOTO
MOTOKa, CBSI3aHHBIE ¢ 1—2 TouykamMu HAOJIIOAECHUS U,
BO3MOXHO, 0OYCJIOBJIEHHbIE TTYOMHHOU TEKTOHUKOM
(puc. 2).

Tor dakr, 4TO JOKaTbHbIE AHOMAJIUU HEUTPOH-
HOTO MOTOKA CBSI3aHbl B OCHOBHOM C 30HOU BJIMSIHUS
KUMOEPJUTOBOW TpPYyOKM, TMOATBEPXKAAETCS TaKxke
JIAaHHBIMU TreodIeKTpoxuMruueckoit cbeMku (TMT'M).
JlaHHBIE 2TOro MeToJa MO3BOJISIIOT PErMCTPUPOBATH
HaJl TIepeKPBhITBIMU TPYOKaAMU Pl XUMUUECKUX 2Jie-
MEHTOB, HaXOJSIIUXCSl B MPUITOBEPXHOCTHOM CJIOE B
MOJABMKHbBIX WX BTOPUUYHO 3aKpPETJIEHHbIX (hopmax.
IToBblillieHHAsT KOHLIEHTpALMs 3TUX 3JIEMEHTOB 00-
pa3yeT MOJOXUTEIbHbIE KOJIblIEBbIE aHOMAJIUU Hha-
meTpoM 10 1,5 km u mmpunoi 300—500 M, K MUHU-
MyMaM B LIEHTPaJIbHbBIX YACTSIX KOTOPBIX MPUYPOUYEHbI
Tpyoku ITuonepckasi u BepxHeToBckas. AHOMaJIUU
CBSI3aHbl C TIPUBHOCOM B MEPBYIO OYEpEAb JIETKMX
U TSKENbIX penko3emesbHbix asemMeHTOB (La, Ce,
Nd, Sm, Eu, Y, Gd, Dy, Ho, Yb, Lu, Li, Rb, Be).
HanbGosiee KOHTpAaCTHO KOMILIEKCHbBIE T€O3JEeKTPO-
XMMUYECKMEe aHOMAJIMU HaJ MEPEKPHITHIMU TPyOKamMu
BBIJIEJISIOTCS MO pe3yjbTataM (paKTOPHOTO aHaau3a
METOJIOM IJIaBHBIX KOMITOHEHT (puc. 3).

KoHdurypauus aHoManuii 1 UAEHTUYHOCTb MX
cOCTaBa MO3BOJISIIOT TOBOPUTH O TOM, UTO OPEOJIbI 3J1e-
MeHTOB Haj Tpyokamu [Tnonepckast u BepxHetoBckas
o0pas3oBajiich MO ACHUCTBUEM €IMHbBIX MPOLECCOB.
OO0 5TOM CBUIETEIBCTBYET CTATUCTUUECKU 3HAUMMAasI
MOJIOKUTENIbHASL KOPPEJSLUS MEXAY ColepKaHUueM
MOJABWKHBIX M BTOPUYHO 3aKpErUIeHHbIX (hOpM Ha-
XOXJIEHUSI 2JIEMEHTOB, a TakXe COIrJ1aCcOBAaHHOCTD
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Puc. 3. KomruiekcHast KoJblieBasi aHOMaJIMsl XMMUYECKUX 2J1eMeHTOB Hall Tpyokamu [Trnonepckast (A) u BepxHetosckast (b), BbleaeHHast
METO/I0M (haKTOPHOTO aHaIM3a 10 TIePBOil IJIaBHOI KOMITOHEHTE

aHoMmasuii Kak B Tpyoke ITnoHepckasi, Tak U B TpyOKe
BepxHeToBckas (BKJIajI TepBOIi TTaBHOM KOMIIOHEHTHI
(I 'K) B mosiHy10 qucriepcuto coctasisieT 57%).
MexaHu3M 00pa3oBaHUSI KOJIbLIEBOUM TOJIOXHU-
TEJbHON TEOXUMUUYECKOW aHOMaJUM MOXHO O0b-
SICHUTHb TeM, YTO TIpM BHEIPECHUN KUMOEPIUTOBOM
TPYOKM MOJA3EMHBIE BOJIbI, CONEPXKAIIUECS B TOPOBOM

MMPOCTPAHCTBE BMEIIAIOIINX TTOPOJ, HarpeBaloTcs,
yBeJIMUMBasICh B 00beMe Oosiee ueM B 3 pasa.

B pesynbTare TEII0BOTO pacIMpeHus TTOI3eMHBIX
Box opmupyeTcs (UIBTPAIIMOHHBIM TTOTOK, Ha-
MpaBJIEHHBI OT TPYOKM BO Bce cTOpPOHBI. C pocToM
TEeMITepaTyPhl YBEJIMINBACTCST PACTBOPUMOCTD COJICH B
Bojie. B OimkHei ropsiueit 3oHe ciiabo3akperyieHHbIe
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Puc. 4. KomniekcHasi kosbleBas aHOMaJus
2JIEMEHTOB-UHANKATOPOB KUMOEPIUTOBOTO
MarMaTu3ma, COBMELIEHHas ¢ JJOKAIbHbBIMU aHO-
MaJIMSIMU HEUTPOHHOTO MOTOKA, B 30HE BJIMSIHUS
KUMOepauToBbeIX Tpybok [Imonepckasi (A) u
BepxueroBckast (b)

BJICMEHTBI PAcTBOPSIIOTCS, PACTBOP (DMIBTPYETCS BO
BHEIIHIOK 30HY BJIMSHMS TPYOKHU, TIe IO Mepe €ro
OCTBIBAaHMSI PAaCTBOPEHHbBIC BElLECTBAa BHINAAAIOT B
ocanok [LlTokanenko, 2017, 2019].

[lon Bo3meiicTBMEM ONMMCAHHBIX BbILIEe (DU3UKO-
XUMUYECKUX IIPOLECCOB HEMOCPEACTBEHHO BOKPYT
TpyOKM (popMHpyeTcss 30HA, OOeIHEHHas ITOIBUK-
HbIMU M CJ1a003aKPEIUICHHBIMM KOMIIOHEHTaMH, a
Ha paccrosgsHur okono 500—1000 M — oboraleHHas
30HAa, KOTOpasi MAapKUPYET 30HY BJIUSHUS KUMOEpIM-
TOBOU TPYyOKHU.

I[Ipu sToM HauboJjiee KPYNHbIE U MHTCHCHB-
HbIe JIOKaJIbHbIC aHOMAaJMU HEUTPOHHOIO ITOTOKA
(uKCHUpYIOTCS Hall IePEeKPBITHIMU TeIaMU TPYOOK.
MHOIroO4YMCIeHHbIE MEJIKUE aHOMAJIMM HEUTPOHHOTO
IIOTOKA IIPUYPOUYCHBI K 30HE BJIMSIHKMSI KUMOEPIUTOBOMI
TPYOKU U INPEANOJIOXUTEIBHO CBS3aHBI CO ClIeIaMU
IIPOLIECCOB SIIEPHOM AMCCOLMALMU U KJIACTEPHOI'O
paguoakTuBHOrO pacnana (puc. 4).

PasMepbl 30H IpUBHOCAa—BBIHOCA IIOJIBUXKHBIX
(GopM HaxoXIEeHMSI BJIEMEHTOB B HECKOJIBKO pas3
IPEBBIIIAIOT pa3Mepbl caMoOil TPYyOKM, YTO I103BO-
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JIIeT paccMaTpWBaTh 30HY €€ BIMSHUS B KauyecTBe
MOUCKOBOTO 00BbeKTa 0osiee BbICOKOTO paHra. DToT
00BEKT MOXKET ObITh OOHAPYXKEH MyTeM IPOBEICHUS
reonJIeKTpOXUMrUYeckKoil cheMku MaciuTtada 1:10 000
B KOMILIEKCE C PeTHCTpaleil HEeHTPOHHOTO TTOTOKA
Ha TIepCTIEKTUBHBIX YJYacTKaX, JIOKAJIM30BaHHBIX Ha
OCHOBE CTPYKTYPHO-TEKTOHWYECKUX KPUTEPUECB.

AHOMaMM JJAaHTAaHOMIOB OCOOCHHO WHTEPECHEI,
caMoe BaXHOE€ — OHU TTOATBEPKHAIOT, YTO JIaHTa-
HOWIBI — TIPOAYKTHI SIIEPHOM MMCCOIMAIIMNA M Kia-
CTEpHOTO pacliaza TpaHCYPaHOBBIX aTOMHBIX SIep
(aKTUHOWJIOB).

B BBIIETEHHBIX aHOMAIMAX YETKO OTpaXkaeTcs
CUMMETPUYIHOE JIeJICHIE CBEPXTSDKEITBIX aTOMHBIX SIep,
HanpuMep, Y XUMUIECKOTO DJIEMEHTa JTapMINTAITHS:

1Hopg —mm 57La

™~

58Ce

Kpome ykazaHHOI peakiuu U3 Oojiee TSKETBIX
AKTMHOMIOB MOXHO BEIIEINTH CIICAYIONTNE TIaphl JIAaH-
TaHOMIOB, KOTOPBIE MIOKA3aI aHOMAaJTbHBIC 3HAYCHUST:

X %Dy, X T—>"'Yb,

67H0 71Lu

roe X — IMoka He OTKPBITble aTOMHBIE SApa.
Bo3HMKHOBEHUE FeOXUMUIECKUX aHOMAJIUI CTOb
TSDKEJIbIX aTOMHBIX SIIep, KaK IOoKa3alud MCcCaeaoBa-
HUS XUMMYECKUX U (PU3NUECKUX CBOICTB, BEPOSITHEE
BCETo, CBSI3aHO C T€M, UTO TSIXKeJIble TpaHCYypaHOBbBIE
aTOMHBIE sapa 00JaJaloT Ta30BBIMM CBOMCTBAMM.
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KoHeuHo, He MCKJII0UeHO, YTO JIAHTAHOWIbI B
TpyOKax B3pbIBa OOPa3ylOTCsl U B MPOLIECCE KIIACTEP-
HOro pajMOaKTUBHOIO paclaja CBEpXTSXKeJNbIX U
TSIKEJIbIX TPAHCYPAHOBBIX aTOMHBIX SIIEP, HAIPUMeED:

22U - BSi 5 2"2C 5 PRe > 239Y,

*Th — *Si — 4'°0 - *Ce,

22U 5 n - 4'%0 - 38Si - ONd.

AHOMAJIMM JIETKUX aTOMHBIX SiAep — pe3yabTaT
MPOLECCOB SIAEPHOM AUCCOLIMALIUM U KJIACTEPHOTO
pPaarvoakKTUBHOTO pacrajaa, MPOXOISIIEro B Hadyallb-
HYIO CTaJuI0 CTAHOBJICHUSI KUMOEPJIUTOBON TPyOKU
U TMOCIEIYIOLINX MPOLECCOB HU3KOIHEPreTUYECKOM
TpaHCMYyTallMM DJIEMEHTOB, KOIJa SHEProHACHIIIEH-
HOCTb TPYOOUHOTO MPOCTPAHCTBA OblJIa MAKCUMAaJIbHA.

BoiBoapl. 1. Pe3ynbrarel mpuMeHeHUs HEHTPOH-
HOI Ch€MKHU B KOMILJIEKCE C Ie€03JeKTPOXUMUYECKU-
mu Metogamu (TMI'M) mo3BossSIIOT peKOMEHA0BaTh
anpoOUpPOBaHHBIN KOMIUIEKC METOAOB IJis OLICHKU
MEePCIEeKTUBHOCTU JOCTATOUHO OOJBIINX MO MJIOLIAAN
YYaCTKOB paHTa KyCTOB KUMOEPJIUTOBBIX TPYOOK U UX
(bparMeHTOB MpHU TOUCKE CJIaOOMArHUTHBIX TPYyOOK
B3pbiBa B AAIL.

2. DTa MeToaMKa, OCHOBaHHas Ha pe3yjbTaTax
pabot Ha TpybOkax IImonepckass m BepxHeToBcKas,
JIOJKHA OBITh MOATBEPKACHA JATbHEUIIUM MPOBEIC-
HUEM OMNBbITHO-METOAUUYECKUX Pa0OT Ha M3BECTHBIX
KUMOEPIUTOBBIX TPYOKax.

HuK-2017. [IpoGiieMbl MUHEpPareHUM, 5KOHOMUYECKOM reo-
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Ysup Yxunans', H.B. Koponosckuii®

AKTUBHBIE COBPEMEHHBIE PA3JIOMbBI 3AITATHOI'O CETMEHTA
I'OP HWJINAH (CEBEPHbBIU TUBET)

DI'BOY BO «Mockosckuii eocydapcmeennuiii ynusepcumem umenu M.B. Jlomonocosa»,
119991, Mockea, I'CII-1, Jlenunckue Topot, 1

Lomonosov Moscow State University, 119991, GSP-1, Leninskiye Gory, 1

lopsl Lunuan — ceBepo-BocTouHask rpaHuiia TruGeTCKOro miaTo, NomiolaBiias cokpa-
IIeHWe 3eMHOM KOpBbI M KOMITEHCHUPOBABIIIAsi €ro JICBOCABUTOBBIM CMEIICHUEM TI0 pa3ioMy
AnTeiHTar. JletaabHoe U3ydyeHue reoMopdoIoruy peyHbIX T0JUH Ha ceBepHOM Kparo rop Llu-
JIMaH T0Ka3aJjio, YTO € MO3IHEro MiIeicTolieHa CKOPOCTh MOJHSITHUSI 36MHOM KOPbI B CEBEPHBIX
otporax rop Llunuan 6bl1a 60JIbllIe, YeM B UX IHEHTpaIbHON yacTh. B cBsI3W ¢ paciimpeHreM
Tuberckoro riaro mMexmay pasioMoMm Yanma u paznomom lOmeH oOpaszoBasicsi HOBEWIIM
MOsIC Pa3JIOMOB M CKJIaIOK Ha ceBepHOM Kpaio rop IlunuaH. B pesynabrate u3ydeHus BHICOTHI
PEUYHBIX Teppac 3a mocyieaHue 60 ThIC. JIET BBISIBJICHO, YTO CKOPOCTh BEPTUKATBLHOTO CMEIICHUS
o paznomy Yanma coctasnser 0,31£0,06 MM/Tof1, a CKOPOCTh TOPU3OHTAIBHOTO COKPAIIEHUS
3eMHoOIt Kopbl — 0,11£0,02 mM/roa. CKopocTh BEPTUKAJIBHOTO CMEILEHHUs TI0 HauboJiee ceBep-
HoMy pasziomy FOmeH onpezaeneHa paBHoit 0,33+0,02 MM/Toz, a CKOPOCTh TOPU3OHTATBHOTO
cokpaieHust 3eMHOi Kopbl — 0,53+0,03 MM/ron. AKTUBHBIE pa3JIOMbl B 3allalHOM CEIrMECHTE
ceBepHBIX Top Lwmman obycioBmmBaoT 12% 00Iero cokpalieHHWs 3eMHON KOpBI BO BCeEX
ropax [lumman. Kpome Toro, ckopocTb COKpallleHHsT 3eMHOI KOPBI B 30HE CEBEPHOTO Pa3Jio-
Ma ropasio 00Jblile, Y4eM CKOPOCTh BHYTPM 3THUX TOp. DTO YKa3bIBaeT Ha TO, YTO C MO3IHETO
MJIefcTOolIeHa CKOPOCTh MOAHSTUS ceBepHbIX rop LlnauaH Obu1a 60Jbliie, YeM LIEeHTPaTbHBIX.

Kurouesvie crosa: ropsl Llnavan, pedHbie Teppachl, aKTUBHBIN PasjioM, CKOPOCTh CMELIE-
HUS IO pa3iomy.

The Qilian Mountains, as the northeastern margin of the Tibetan Plateau, absorbed the
crustal shortening and accommodated the left-lateral displacement of the Altun Tagh fault.
Detailed geomorphologic study of river valleys on the northern margin of the Qilian Mountains
showed that since the late Pleistocene the crustal uplift rate of the northern Qilian Mountains
has been greater than the central part. Due to the extension of the Tibetan plateau between
the Changma fault and the Yumen fault the latest belt of faults and folds was formed on the
northern margin of the Qilian Mountains. The study of the height of river terraces over the
past 60 thousand years shows that the rate of vertical displacement along the Changma fault
is 0,31£0,06 mm/a and its horizontal crustal shortening rate is 0,11+£0,02 mm/a. The rate of
vertical displacement along the northernmost Yumen fault is 0,33+0,02 mm/a and its horizontal
crustal shortening rate is 0,53+0,03 mm/a. Active faults in the western segment of the northern
Qilian Mountains account for 12% of the total crustal shortening in the Qilian Mountains. In
addition, the crustal shortening rate of faults in the northern Qilian Mountains is much greater
than the crustal shortening rate of faults inside the Qilian Mountains, which further indicates
that since the Late Pleistocene the crustal uplift rate of the northern Qilian Mountains has been
greater than the central Qilian Mountains.

Key words: Qilian Mountains, river terraces, active fault, slip rate of fault.

Beenenue. CronkHoBenue WMuawmiickoit m EB-  THe rop, mcue3HoBeHMe OacceitHoB U T.1. (puc. 1, a)

pasuiickoil JutocepHbIXx mT 50 MIJIH JIeT Hasaj
MPUBEJIO K MOAHATHIO THOETCKOTo IIaTo W ero Ie-
pudepuyeckux rop [Molnar et al., 1975; Tapponnier
et al., 1977; England et al., 1997; Yin An et al., 2000;
Hetzel et al., 2002]. CoBpeMeHHBIE MCCIEIOBAHMS C
npumeHeHneM GPS MokasbIBaloT, 4TO CKOPOCTH CO-
KpallleHHsT 3eMHOI KOPbI MeXXay EBpasniicknM KOHTH-
HeHToM U MHauiickoii mutoii coctasisieT 40—50 mm/
rofl, HO ToJbko 18+2 MM/rom M3 HMX TOIJIOLIAETCS
I'mvamaiickuM TI0sIcOM, a OCTaJlbHOe COKpallleHHe
3eMHOI KOpBHI TpaHC(hOpPMHUpYETCS B IBIKEHUE IO
aKTUBHBIM pa3jioMaM, CKIIaAKooOpa3oBaHWe, TTOTHS-

[Hetzel et al., 2002; Zhang et al., 2004], yTo oTpaxkaer
COBpEMEeHHBIE OPOTeHHEBIe Tpoliecchl Ha TrbeTckoMm
rrato. g Jydinero MOHWMaHUS AWHAMHYECKOTO
mpoilecca cTolKHOBeHUsS MHmocrana ¢ EBpasueit
HEOoOXOOMMO TOHSIThL pacrpenelieHre aedopMainit
3eMHOIT Kopbl B Tubere [Hetzel et al., 2002].

T'opsr Lnmman mpenctaBisioT coboii ceBepo-BOC-
TOYHYIO TpaHuIy THGETCKOTO TIATO, MOTIOIIABIIYIO
COKpallleHre 3eMHOI KOpPBHI B CEBEPO-BOCTOYHOM
HaIpaBJIeHWH, YTO KOMIIEHCUPOBAIOCH JIEBOCABUTO-
BBIM CMeIlleHWEeM TI0 KPYITHOMY pa3jioMy AJTBIHTAT
(puc. 1, 6) [Zhang et al., 2006], orpaHUYMBAIOLIEMY C

! MocKOBCKMil TOCYIapCTBEeHHbI yHIBepcuTeT umen M.B. JlomoHocoBa, reonorndeckuii daxysbrer, Kadempa JMHAMIIECKOIT

reoJioruu, acrupant; e-mail: chenzhidan188@163.com

2 MOCKOBCKHiT TOCYIaPCTBEHHbII yHIBepcHTeT nMeHH M.B. JIOMOHOCOBA, TeoNOriMuecKuil (hakyibTeT, Kadeapa THHAMUICCKOIL
reoJIOruu, 3aBeayloluii Kabeapoi, npodeccop; e-mail: koronovsky@rambler.ru
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Puc. 1. Kapra TeKTOHMYeCKOIl OOCTAHOBKM B 3aMaaHOM YacTh ceBepHbIX rop Llnnuan (a); TekroHndyeckass kapTa Tuberckoro riato (6)
(B paMKe — paccMaTpMBaeMblii pailoH); TeKToHU4YecKas Kaprta rop Lwinan (6) u npoduias yepes ropsl Hwiman (e): I — B36poc, 2 —

CABUT, 3 — CJIENON pa3jioM, 4 — TOpbl, 5 — peKu
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ceBepa Tuberckoe miato u ¢ tora TapuMckuii 6J10K.
INonnmaHMe TEKTOHMYECKUX AedopMalnii B ropax
unuan umMeeT OoJibllIOE 3HAYEHUE JJII U3YYEHUS
npouecca aedopMmaunu TUOETCKOTO IJIaTO, TO3TOMY
CO BTOpOI MOJIOBUHBI XX B. OBUIM TIPOBEACHBI pa3-
JIMYHbIE uccienoBaHus B ropax [uiauaH. OmHako
KOJIMIECTBEHHOTO M3YyYeHUST TEKTOHMYECKUX nedop-
Mammii B ropax llwiamaH HemocTaTOYHO, YTO Mellla-
€T TIOHSATh 3BOJIIOLMIO0 TEKTOHMYECKOTO ITpoliecca.
I'eomopdomornueckuii MeToHd ITI03BOJISIET U3YYUTh
MMO3THEYETBEPTUYHBIE TEKTOHWYECKUE medopMalinu
B 30HAX aKTWMBHBIX Pa3JOMOB M CKIIAIOK, YeMy TIO-
MOTaeT JIeTaJIbHOE M3yYeHUe HOBEMIIUX AeopMalinii
pPEYHBIX Teppac.

TekTonnyeckas ooctanoska. ['opel Llunuan pac-
TTOJIOXKEeHBI Ha CeBEPO-BOCTOYHOM Kparo Tuberckoro
TJIaTO, C CeBepa 1 fora OKPYKeHBI OJIoKaM1 AJTalliaHb
n Laiima cooTBeTCTBEHHO, Ha 3arajae TpaHW4ar C Jie-
BOCABUTOBBIM Pa3IOMOM AJITBIHTAT, a Ha BOCTOKE — C
JIEBOCABUTOBBLIM pa3jioMoM XalsiHb (puc. 1, 6, ¢) [Hou
et al., 1999]. TubeTckoe 1MaaTo MOABEPTraeTCs CKATUIO
B CEBEPO-BOCTOYHOM HaIlpaBJIeHNUN, YTO TIPUBOIUT
K 00pa3oBaHUIO psla TOPHBIX XpeOTOB CeBepo-3a-
MMagHOTO TIPOCTUPAHUS, OMHUM M3 KOTOPBIX U SIBJIS-
erca xpeber LlmmmaH, Ha ceBepHOM Kparo KOTOPOTO
HabmomaeTcs psg pasnoMoB — Yanma, XaHblIa u
Omen (puc. 1, 8). Bce oHM mpencraBisitoT coboit
B30pOCHI C JIEBOCABUTOBOII KOMIIOHEHTOI, OTpaHU-
YUBAIOIINE TapaiebHBIe XpeOTHI TOPHOI CHCTEMBI
IIunuaH, a paznoM XaHbllla OrpaHUUYUBAET CEBEPHbBIN
Kpaif TOpHOI CHUCTEMBI, OMHAKO TIepeJl HUM BO3HUK
coBceM MoJiofoii B30poc KOMeH, orpaHMYMBarOLINIA
anTukiInHaIb Jlaousonsmao [Luo et al., 2013]. Cko-
POCTB COKpaIIeH!S 3eMHOM KOPHI B pacCMaTpUBaeMOM
paitoHe no maHHbiM GPS cocrasasier 5,5+1,5 mm/
ron (puc. 1, a) [Zhang et al., 2006]. Pasmom Yan-
Ma — JIEBOCTOPOHHUI CIBUI C HAIBUTOBOW KOMIIO-
HeHTOl. PaccMoTpuM medopMmalimi pedHBIX Teppac,
BBI3BAaHHBIC AaKTUBHBIMU IBIDKEHUSMHU TIO pa3joMaM
B ceBepHbIX xpebdTax rop I{uiuaH.

Teppacot p. baiian. Pexa baiisiH, npopesatolast
CceBepHBIN Kpaif rop LmimmaH, — ogHa W3 KPYITHBIX
peK B 3ToM paiioHe. Pexa mepecekaeT ¢ 1ora Ha ceBep
TPY KPYITHBIX aKTUBHBIX pa3ioMa — Yanma, XaHbIa,
IOmeH. B cooTBeTcTBIM ¢ pacTipeaeieHueM pa3ioMOB
1 MOp(OJIOTMYECKMMI XapaKTepucTuKamMu p. baitsaa
pasmensieTcsl Ha TpU OTpe3Ka: BepXHUM — OT pasjio-
Ma YaHma Ha for, cpemHuil — OT pasznoma Yanama 1o
pasznoma FOmeH, HKHMIT — OT pasznoma FOmeH Ha
cesep (puc. 2, a).

B BepxHem TeueHum p. baiisiH miolanb BOmO-
cbopHOTO OacceifHa BelWKa, JOJWHA M PYCIO PEKU
HIMpokue, mupuHa pycia peku 50—150 m. B BepxHeMm
TeUYEHUU OOBIYHO MPUCYTCTBYIOT 2—3 Teppachl BbICO-
Toit oT 2—3 1o 20—30 M, Bce Teppachl aKKYMYJISITUB-
Hble (puc. 2, e).

B cpemHem TeueHMM pedHas JOJWHA CYXKaeTcd,
W TIMpUHA pycja B HEKOTOPBIX MeCTaX COCTaBJISIET
TOJIbKO HECKOJIBLKO METPOB, TOTMHA TIyoxke. Teppacs

TTOCTETICHHO M3 aKKYMYJISITUBHBIX CTAHOBSATCS 1IOKOJTb-
HBIMU W SPO3NMOHHBIMHU. YMCIIO Teppac MOCTETTIEHHO
yBeIMUIMBaeTcsa. B roxHOI yactn ceBepHBIX Top Llm-
maH 2—3 Teppachl, a B LieHTpajabHOI — 4—35 Teppac,
TOIJa Kak B ceBepHoil — 6—7 Teppac. Bricora Teppac
uamMmeHsieTcst ot 2—3 1o 85—90 M. Teppackl cTaHOBSTCS
SPO3MOHHBIMU U IOKOJBHBIMH, YTO CBUICTEITHCTBYET
00 HEePruyHbIX MONHATUSIX XpeOTa (puc. 2, 8). I1poii-
ISl 4yepe3 aJulloBMaJIbHbIN Beep, p. balissH BiauBaeTcs
B OacceitH L3tocu.

B mmxnem teuenun p. BaitgH mpoTekaer yepes
MIPEeITOPHBIN aJUTIOBUATBHBIN Beep, B OTOM MeCTe
YUCIIO Teppac YMEHBIIIAETCSI, M TOJBKO IBE BBICOKME
Teppachl OCTAIOTCSI M CHOBA CTAHOBSITCS aKKyMYJIs-
TUBHBIMU (pUC. 2, 0).

Marepualibl 1 METObI MCCIEA0BAHMIA. TEKTOHU-
YeCKMe ABIDKEHUS aKTWUBHBIX Pa3JIOMOB BBI3BIBAIOT
paspyireHre u aedopMalrio PeYHBIX Teppac, 4To
oTpaxkaeT aKTMBHOCTH pas3ioMoB. [lo m3mepeHUIO
nmedopMaIii peIHBIX Teppac U OTpeneIeHUIO X BO3-
pacTta MOXXHO KOJIMYECTBEHHO OIIEHUTh CKOPOCTh CMe-
IIEHWS TT0 aKTUBHBIM pa3ioMaM. Hamu mcrob30BaHb
usMepeHus ¢ noMmoibio GPS 1151 mosyyeHust [aHHbIX
0 BBICOTE PEYHBIX TePpac BOJIM3M aKTUBHBIX Pa3IOMOB,
BO3PACT OMPENENAICT METOJAMH JIFOMUHECIIEHTHOTO
narupoBaHus (Luminescence dating) 1 KOCMOTeHHBIX
PaIOHYKJINIOB (]OBe) (Cosmogenic nuclide dating).

IMoce 3axopoHeHWsT MUHEPAJBHBIE YaCTHUIIHI B
ocazike TIOTJIONIAIOT SHEPTUio, M3TydyaeMylo OKpY-
KAIOIIMMHA PATNOaKTUBHBIMU 2JIEMEHTaMU, KOTOpast
YBEIMUIMBAETCA cO BpeMeHeM. KommdecTBO sHepruu
W3Ty9eHUs, 3alTaceHHON B MMHEPATbHBIX YacTUIIAX,
MOKHO U3MEPUTH C TIOMOIIBIO JIy4eBO MJIN TETTOBOI
CTUMYJISIIMU B JTAOOpaTOPUU M CPaBHUTH CO CTaH-
MAPTHOM CKOPOCTBIO HAKOIICHUS SHEPTUH, YTOOBI
TTOJTYYUTh BpeMsI, 32 KOTOPOEe MUHEPATbHbIC YaCTUIIBI
ObLIM 3aXOpPOHEHHI ITof 3emuieil [Zhang et al., 2015].
H3mepsisica Bo3pacT mnecyaHoro cjost teppacbl T3
BOJM3M pa3ioma YaHma, M €ro MCIojb30Baiyd Kak
Bo3pacT (popMupoBaHus Teppackl T3 (puc. 3, o).

KocMorenHble paTMOHYKIUABI — YaCTUIIBI KOC-
MHWYECKUX JyJeil, KOTOpbIe MOTYT pearupoBaTh ¢ Ma-
TepuajlaMM Ha MMOBEPXHOCTU 3eMJIM C 00pa30BaHUEM
HYKJINIA, TIPUYEM B TTOPOJIAX KOJTNIECTBO KOCMOTEH-
HOTO HYKJIWIA TIPOMOPHMOHAIBLHO TTPOXOJIKUTENh-
HOCTH BO3IECTBUS TOPHBIX TTOPOJ HA TTOBEPXHOCTb.
IMosToMy MO KONMWYECTBY HYKJIHMIA B TIOpOAaxX WIIN
OTJIOXKEHUSIX MOXXHO OTIPEAETTATE TIPOIOJIKATETBHOCTD
HaXOXICHMS TTOPOJ MJIN OTJIOXEHUM Ha 3¢MHOM T0-
BepxHocTH [Kong, 2002]. Mbl n3Mepuiiu conepkaHue
Hykaa 'Be B TOpHBIX MOPOIAX HA CeBepe pasioMa
IOMeH, B pesysibTaTe ObLT MOJYyYeH BO3pacT (OpMU-
pOBaHUsI peYHbBIX Teppac (Tadsuia).

PesynbTaThl MCCAeIOBAHUN M HX O0OCYXKIEHHE.
Jlegpopmauusa meppac 6 3one pazioma Yanma. Paznom
Yanma mmmHoi okoyno 120 KM mpeacTaBisieT coOoit
OIVH W3 TJIABHBIX Pa3jIOMOB B 3alamHOIl 4acTHU TOp
Hnman. HanpaBnenue nipoctupanus pasiaoMma YaH-
Ma ceBepo-CceBepOo-3armaaHoe, HaKJIOH CMEeCTUTENIS Ha
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Puc. 2. Xapakrepuctuku teppac p. baitsH: nzobpaxenue p. baitsiH (a); 6—e — dorto Teppac: 6 — B HUXKHEM TEYCHUU, 6 — B CPEIHEM
TEUEHUU, ¢ — B BEPXHEM TCUCHUU

Bo3spact Teppac no XpoHOMEeTPHYECKOMY METOAY KOCMOI€HHOTO
pammonykmaa ('° Be)

Bricora Bospact
IMonoxenune | Howmep Bospacr,
Teppachl, KOPPEKLH,
BBIGOPKU obpasia TBIC. JIET
M TBIC. JIET
Pycino pexku | BYBe-10 0 18,59 —
Teppaca T3 | BYBe-15 60—70 31,56 13,0+4,5
Teppaca TS5 | BYBe-16 90—100 83,02 64,419,0

toro-3anaj (50—70°) [Institute ..., 1993]. BocTouHbIii
CcerMeHT pasnoma Yanma Hapymmia teppack p. baii-
sgH. B mpodune pasznoma MoxXHO HaOJIOgaTh, 4TO

JIOKeMOpUICKUE cepble THEHChl (An) MepeKpbIBalOT
MMOILIEHOBBIN TecyaHuk (Nj,), a cam pasiom obria-
JaeT B3OPOCOBBIM XapakKTEPOM C YIJIOM CMECTUTENIS
70° (puc. 3, 8).

ITo n3MepeHnto BEICOTHI TEppac YCTAHOBJIEHO, UYTO
Ha Teppace T3 Mpoun3oI1I0 BepTUKAIbHOE CMEIeHIE
Ha 18+2 ™M (puc. 3, 6). OOpaszel A1 JaTUPOBAHMST B3SIT
U3 necyaHoro cjost Teppachl T3 (puc. 3, e). ITo usme-
PEHUIO TaTUPOBAHUSI METOJIOM (POTOTIOMUHECIICHITUN
Bo3pact Teppachkl T3 coctapnseT 58,7219,47 Thic. neT.
Wcxonst U3 3TOTO CpemHsIsi BepTUKaIbHasi CKOPOCTh
cMmelneHus 1o paznomy Yanwma ¢ 58,7219,47 Thic. Jet
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Puc. 4. ledbopmanuu teppac paznoma KOmen: mzobpaxkenue pasnmoma KOmeH, ceppie TOUKM — IyTh U3MEPEHUs Teppachl (a, 0); Mpo-
nosibHBIE TIpoduIn Teppac okosio paznoma FOmen (6); ¢oto paznmoma FOMeH Ha BOCTOUHOM CKJIOHE NOJUWHBL p. BaiisaH (o)

oucHupaercs B 0,31+0,06 mm/ron. 3aTeM BbIUMCIIE-
HO, YTO TI0O COOTHOIIEHWIO C TPUTOHOMETPUUYECKOI
(yHKIMENH CcpemHsIsT TOPM3OHTaJbHAsI CKOPOCTH CO-
KkpameHust coctasisger 0,11+0,02 Mmm/ro.
Jlechopmauyusa meppac 6 3one ceeepnozo Iluau-
aunckoeo pazaoma. CeBepHbiii LlunuaHckuit pas-
JIOM — KpYITHasT W CJIOXHas CHCTeMa B30POCOB,

TMOAPA3NCIISIONINXCSI HA 3aMagHbIiA, HEHTPAUTBHBIA 1
BOCTOYHBI CETMEHTHI, TIPUYEM B 3aITafHOM CETMEHTE
TJIABHBI pas3jioM — B30POC, KOTOPBIM pa3messieTcst
Ha 2 pasznoMa — XaHbllia U 0osiee ceBepHbiii FOMeH,
HanboJjIee MOJIONON 1 OTPaHNYMBAIOIINI aHTUKITNHAb
Jlaouzronbmao. Takum oOpa3om, ceBepHasl 4acThb rop
Innuan npeacrapisieT co00i CUCTEMY BbICOKOTOPHbIX
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Puc. 5. Tonorpadpuueckuit mpoduib p. baiiaH: nsobdpaxkenue peku baiisiH (a) u pa3pe3 penbeda B paccMaTpuBaeMoOM paiioHe (0)

XpeOTOB, OrpaHUUYEHHbBIX KPYMHbIMU B3Opocamu Tu-
0ETCKOro MjiaTo B CEBEPO-BOCTOYHOM HaMpaB/ieHUH,
NBIDKEHUE IO KOTOPBIM TPOMCXOIUT M B HACTOSIIICe
BpeMsI, UTO TIOATBepKAaeTCS nepopMalIusIMU PEIHBIX
Teppac IIaBHBIX PeK, MepeceKaroIInx XpeOTHl.

JedopMaliuy pedHbIX Teppac OCOOEHHO YETKO
MPOSIBJICHBI B JIOJMHE p. baiisH, roe cMelleHus BbI-
SIBJICHBI B MeCTaX TepeceYeHMs MOJMH KPYITHBIMU
B30pocamu. B 30He pasznoma XaHbllIa IepeMelleHre
Teppac He Be3ze ObLIO OIMHAKOBBIM, YTO CBUIETENb-
CTBYEeT O pa3HBIX TMOABIKKAX Ha JIEBOM WM IIPaBOM
ckJioHax noiauHbl p. baitsn [Liu et al., 2017]. Oue-
BUJHOE BePTUKAJIbHOE MepeMelleHue Teppac He
npousoliio B yuieabe p. luwo, pacrnonoxeHHOM
Ha 3aIagHoil cTopoHe moiuHbl p. baiisin [Hetzel et
al., 2006; Institute ..., 1993]. DTO HOKA3BIBAET, YTO C
MO3IHEro IJjIeMCTOLIeHa pa3jioM XaHbIlla ObLI OTHO-
CUTEJbHO CIIOKOWMHBIM.

B 30He Hanboiee MOJIOOOrO CEBEPHOIO pa3jaoMa
OMeH, KOTOpHIN Tmoape3aeT aHTUKIWHAAb Jlaol-
3l0HbMao [Song et al., 1989], xopoiiio BbIpaxkeHbI
nedopMal MOJIOABIX Teppac B JoJUHAaX p. baiisH,
YBEJIMUUBIINECS OT HU3KMUX K BBICOKUM Teppacam
(puc. 4), a Bo3pact Teppac usmensiercsa ot 13,0£4,5
o 64,4+9.0 teic. ser (tabiauia). 3a 3TO BpeMms
CKOPOCTb BEPTUKAJIBHOTO CMEIICHUSI MO Pa3IoMy
cocraBuia 0,68+0,09 MM/rom, a ropu3OHTaIbHOE
cokpauienue — 1,08%0,15 mm/roa. C 64,4+9,0 ThiC.
JIET CKOPOCTh BEPTUKAJIBHOTO CMEIIEHUS IO pas-
nmomy KOmen cocraBmsna 0,33+0,02 mm/rom, a
ropu3oHTanbHOTO cokpameHust — 0,53+0,03 mm/
rox (puc. 5).

B pesynbrare neTaabHOro U3ydeHus aeopMaiun
PEUYHBIX Teppac MO0 OCHOBHBIM peKaM, IepeceKalouM
ropHble xpeoThl [lunauaH, ycTaHOBJEHA BeJIMYMHA
cMmelneHus 1o gaHHbiM GPS mo rimaBHBIM pasiomam,
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TIPEACTABIAIONINM COOO KPYITHBIE B3OPOCHI, a TAKKe
TOYHOI BO3pacT Teppac.

CKOpOCTh CMEIIEHHST TI0 Hamboyiee CEeBEPHOMY
pasjioMy — JIEBOMY CABUTY — B €T0 IIEHTPaJIbHOI Ya-
ctu coctapisieT 10+2 MM/roa, Toraa Kak B BOCTOYHOM
CerMeHTe OHa yMeHbImaeTcs 1o 1—2 mM/rox [Zhang
et al., 2004]. 'eomopdosornyeckrue MeTOAbl JAaI0T
HECKOJIbKO apyrue mudpsl. Tak, B 3alamHoil 4acTu
caBUTa AJITBIHTAr B YETBEPTUIHOE BpeMs CKOPOCTH
cMeleHus cocrtaBnseT 17,5+2,2 MMm/rom, a B BOC-
TouHOI — 4,8+1 MM/TOm M ellle BOCTOYHEe, B KOHIIE
casura, — 2,2+0,2 mM/ron [Xu, 2004].

Casur Yanma mipeacTaBiisieT COO0M TPaHMITy MeX-
JIy CEBEPHBIMU U LIEHTPAIbHBIMU TOPHBIMU XpeOTamMu
LwimaH, TpaHMYNT Ha 3arazie ¢ pa3IoMOM AJITBIHTAr
n cimBaeTcst ¢ HuM. C 3aIraza Ha BOCTOK T10 pa3ioMy
YaHMa yBeIMUMBAETCST JIEBOCABUTOBAST KOMITOHEH-
Ta caBwWra, KoTopas cocrtamiser ot 1,33+0,39 mm/
rom Ha 3amame 10 3,11+0,31 MmMm/roa B LIeHTpe W 10
3,68+0,41 mm/rog Ha BocToke. CKOpPOCTh BEpTH-
KaJlbHOTO CMeIeHWs 1o caBury YaHma BapbupyeT
ot 0,60%£0,16 mm/ron Ha 3anage mo 0,31+0,06 mm/
rog Ha Boctoke (puc. 5) [Luo et al., 2013]. Otn
JaHHBIC OIYYEHBI WIS mociaeaHnx 599,47 TwIC. JeT.
Taxum 06pa3oM, CKOPOCTH JIEBOCTOPOHHETO CMeTIIe-
HUS 10 cIBUTY YaHMa TOCTETIEHHO YBEJIMUMBACTCS
C 3alrazia Ha BOCTOK, a CKOPOCTb BEePTUKAJIBHOTO
TmepeMelIeHnsI, Hao0opoT, yMeHbImaeTcs. Pasziom
KOMmeH ¢ mmo3gHero mieiicTolieHa MCIBITAT CHIIBHYIO
TEKTOHNYECKYIO Me(popMaIinio 1 TIpeBpaTHIICS B TJIaB-
HYIO aKTUBHYIO 30HY B ceBepHOI yactu rop Llvman.
CKOpOCTb TOPU3OHTATBLHOTO CMEIIEHUS Pa3ioMOB B
paccmarpuBaeMoM paiioHe cocrasisier 0,6410,05 mm/
TOM, 9YTO MPUOIU3UTETLHO paBHO 12% cokpallleHus
3eMHOI KOpbl BO Bcex ropax [unman [Zhang et al.,
2012].

3akmouenne. Ha ocHOBe 1MOJIEBBIX UCCIIET0OBAHUIA
un usmepeHuit GPS Ha teppacax p. baiisH B 3anangHoi
YacTH M Ha ceBepe rop LlmmmaH mosydeHBI TaHHBIE
o medopMallnM PEeYHBIX Teppac M WX Bo3pacTe, B
COOTBETCTBUHU C KOTOPHLIMU YCTAHOBJIEHA aKTUBHOCTD
pa3IoMOB B pacCMaTpMBaeMOM paiioHe.

T'eomopdonornueckre xapakTepuCTUKU Teppac
p. BaiisTH pa3nmuHBI Ha pa3HBIX OTpe3Kax ee TeUCHUS
W UMEIOT TeKTOHMYECKYIO TIpUInHY. B cooTBeTcTBUMI
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IIpencraBnensl nepBbie pe3yabTaThl U-Pb-130TONMHOIO 1aTMpoBaHuUs I€TPUTOBBIX IUPKO-
HOB (dZr) u3 ABYX Npo0, XapaKTePU3YIOLIUX TaBPUUECKYIO U 3CKUOPAUHCKYIO CEpUU KMMMe-
puiickoro ctpykrypHoro Komiiekca ['opHoro Kpsima. CusibHOE CXO/ICTBO HAOOPOB 3HAYEHUA
Bo3pacta dZr U3 HIKHETaBPUISCKOM CBUTHI TABPUUYECKOM Cepur 1 CAATUPCKOM TOJIIM ICKU-
OPJIMHCKOI cepuu MOATBEePKIAET (palmagbHbIN XapakTep MEPBUYHBIX B3AMMOOTHOILIEHUI 3TUX
cepuii. U3yueHHbIe BEpXHETPHUACOBBIC TTECYAHUKN UMEJIM CIMHYIO MTUTAIOLILYI0 TPOBUHIIMIO U
(opMupoBanch, CKopee BCEro, B pa3HbIX YaCTsIX OAHOTO OcaoyHoro dacceitHa. Haubonee
BEPOSITHO, UTO 3TOT OCAIOYHBIN OacceiiH ObLI YacThi0 KOHTUHEHTAIbHON OoKpanHbl bantuku.
[IpucyrcTBUe B mpobax 3HaUMTENbHOrO uynciaa dZr ¢ o4eHb IPeBHUMU 3HAYEHUSIMU BO3pacTa
>3,0 mupa siet (B TOM uuciie 3 3epHa apeBHeiux dZr ¢ Bo3pactomM ~3,9 MJpH JieT) aenaer
KPUCTAJUIMYECKUE KOMIUIEKCHI, MPEACTABJIEHHbIE B COBPEMEHHOU CTPYKTYpe YKpPauHCKOTO
1IMTa, OYeHb BEPOSITHBIMU TIEPBUYHBIMU MCTOYHUKAMU 3THX LIMPKOHOB. Kpucrammmyeckue
KOMIUIEKCHI ¢ TAKUM JAPEBHUM BO3PACTOM UPE3BbIUAHO PEIKU B MUPE, OMHAKO ILIUPOKO Mpe/I-
craieHsbl B [TononbckoMm u [TpuazoBckom Gokax YKpauHCKOrO IIMTA.

Knrouesoie crosa: I'opnbiii KpbIM, mo3agHUI Tprac, HIDKHETAaBpAYECKask CBUTA TaBpUIECKO
CepUU, CAITUPCKAst TOJIIIA SCKUOPIAMHCKOM CEpUU, IETPUTOBbIE LIMPKOHBI, U-Pb natupoBaHue.

The first results of U-Pb dating of detrital zircons (dZr) from two samples characterizing
the Taurica and Eski-Orda Groups of the Cimmerian structural complex of the Mountainous
Crimea are presented. The strong similarity of the sets of ages of dZr from the Lower Taurica
Formation of the Taurica Group and the Salgir strata of the Eski-Orda Group confirms the facial
character of the primary relationships of these Groups. The studied Upper Triassic sandstones
had a common feeding province and were formed, most likely, in different parts of the same
sedimentary basin. It is most likely that this sedimentary basin was part of a continental margin
of Baltica. The presence in samples of a significant number of dZr with very ancient ages >3.0
Ga (including 3 the oldest dZr grains with ages of ~3.9 Ga) makes the crystalline complexes
represented in the present-day structure of the Ukrainian Shield as the very possible primary
sources of these zircons. Crystalline complexes with such ancient ages are extremely rare over the
world, but are widely represented in the Podolian and Cis-Azov blocks of the Ukrainian shield.

Key words: Mountainous Crimea, Late Triassic, Lower Taurica Formation of the Taurica
Group, Salgir stratum of the Eski-Orda Group, detrital zircons, U-Pb dating.
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Puc. 1. T'eonoruue-
ckas cxema ['opHoro
Kprbiva, mo [Nikishin
et al., 2015] ¢ ympo-
LIEHUSIMUA M TIOJIOXKEe-
HMEeM MecCT oTOopa
npo06: I — OTIOXEeHUsS
menabda (BEepXHUM
MeJ1—30l1leH), 2 —
OTJIOXEHMS 1eabbha
U KOHTMHEHTAJIbHO-
ro CKJOHa (HMXXHUI
Men), 3 — OTJIoXe-
HUS 1eabda (Kea-
noBeii—Oeppuac),
4 — cpemHelpcKue
KOMILIEKCHI (ByJIKa-
HOT€HHO-0Ca0YHbIE
OTJIOXKEHUSI, MoJiacca,
1eab(GOBbIE OTIOXE-
HUs), 5 — TaBpUue-

- MecTa 0‘T60pa mpoo
Nel18-01 u Nel8-03

Cesacro-
TOJIbCKAs
raBaib

raBadb basakiiasa

1:
B 5

[ 2 I
e EH7

CKasd U SCKHUOPAMH-

cKast cepuM (BepXHHUI TpUAC—HIKHSS 10pa), 6 — TPOroBbie U LIeIb(OBbIe OTIOXEHUS (KeI0OBeii—HeoreH), 7 — aechopMUpOBaHHbIE
11eJb(GOBbIE 0OCATOYHbIE OTI0XEHUS (KeJI0BeH—301IeH)

BBenenue. B mociegHee aecsaTuieTHe B Ipak-
TUKY TEOJOTMUECKMX MCCIeIOBaHUN CTaau aKTMBHO
BHeAPATh MeTon maccoBoro U-Pb mzoromHoro na-
TUPOBAHUS NETPUTOBBIX LIMPKOHOB M3 OCATOYHBIX
ol Takue McciaemoBaHMS TO3BOJSIOT TMOJYYUTD
HOBYIO HanexHyio uH@opmauuio o U-Pb Bo3pacte
MePBUYHBIX UCTOUHUKOB IIUPKOHOB, KOTOPBIMU CIIy-
JKaT KPUCTAJUIMYECKME KOMILIEKCHI pa3IMYHOIO Mpo-
HUCXOXAEHUS (MarMaTUUeCKOro, MeTaMop(puuecKoro,
TUAPOTEPMAIBHOTO U 1Ip.). 3HaHUE Bo3pacra AeTPU-
TOBBIX LIMPKOHOB M3 OCAJ0YHON TOJIIIM B KOMILIEKCE
¢ Apyroii MHMopMalLueil ITaeT BO3MOXHOCTb OIIpe-
NeJISATh UCTOYHUKU CHOCA BelllecTBa I M3YYeHHOM
tomu. CorocraBiaeHre HAOOPOB 3HAYEHUI Bo3pacTa
NETPUTOBBIX IIMPKOHOB M3 PA3HBIX TOJIII IMO3BOJISIET
MPOCIEINUTD IBOTIOLNIO MUTAIOIINUX MPOBUHLIMI U Cy-
LIECTBEHHO OIOJIHSET MajieoreorpacpuyeckKe peKoH-
CTpYKUMU. Bo3pacT rpymnmsl caMbIX MOJIOABIX 3€peH
LHPKOHA C XOPOlleH aHATUTUYECKOM MTOTrPEeIIHOCTHIO
U TIpYEeMJIEMOM TMCKOPAAHTHOCTbIO MHOTAA YAAaeTCs
HCTIOJIb30BAaTh IS OTpaHMYEHUST MAaKCUMAaTbHOTO BO3-
pacTa 0cag04yHOI TOMIIU, U3 KOTOPOIi ObLIa 0TOOpaHa
M3y4YeHHas1 Ipoba, YTO 0OCOOEHHO BaxKHO, €CJIM TOJIIIA
(ayHUCTUUYECKU «HEeMasi».

K HacTosiieMy BpeMeHU HEKOTOPhIe CTpaTUIpa-
¢duyeckue odbpazoBaHus M-oBa KpbiM yxke oxapakre-
pU30BaHbl TaKUMU UCCIenoBaHUSIMU. Tak, B paboTe
[Nikishin et al., 2015] ipeacTaBlieHbl CyMMapHbBIE pe-
3yabTraThl U-Pb maTupoBaHus A€ TPUTOBBIX LIMUPKOHOB
u3 Habopa 1pob necuaHnkoB ¢ FOxxHoro 6epera Kpbi-
Ma, MIoManaluX B CTpaTUrpapuIecKuii MIHTepBaj OT
cpenHeu opbl 10 HeoreHa. B paborax [HukuiuuH u
np., 2016; Pynbko u np., 2018, 2019; Kuznetsov et al.,
2019] mpuBeAeHBI pe3yabTaThl U3YUEeHUs TETPUTOBBIX
LIMPKOHOB M3 IOPCKUX Touil. OmHakKo BepxHeTpua-
COBBIe—HIXXHEIOpPCKUe GuilieBble Toau Kpbima
IO CUX TIOp HE OXapaKTepU30BaHbI UCCACIOBAHUSIMU
NeTPUTOBBIX LIMPKOHOB. B craTbe mpeacTaBieHBI
pe3yabTaThl MEPBLIX TAKUX UCCIECAOBAHUI IIUPKOHOB

U3 IBYX IPOO, XapaKTepU3YIOIIMX TaBPUUECKYIO U
9CKMOPIANHCKYIO CEPUU.

OOmue cBelgeHUS O Te0JOrHYECKOM CTPOEHHH
KpbiMckoro m-osa. B reosiornyeckomM CTPOEHUU
m-oBa KpbIM BbIIEJIEHBI 1Ba OCHOBHBIX CTPYKTYPHBIX
aJIeMeHTa — cKJjlagyarasi ooiactb I'opHoro Kpeima u
CrenHoii KpsiMm (puc. 1).

CrenHoii KpbIM mpepcTaBisieT co00il 4yacThb
CKU(DCKON TIUThI — BIUTESPLUUHCKON CTPYKTYPHI C
T1aT(OPMEHHBIM CTUJIEM CTPOeHUsI, GyHIAMEHT KO-
TOPOH CJIOKEH TOKeMOPUICKMMU U MaIe030MCKUMU
KOMILJIEKCaMH, HEpaBHOMEPHO MeTaMOp(pU30BaHHBI-
MU 1 gedpopMupoBaHHbIMU. ['opHBIT KpbiM — YacThb
COBpPEMEHHOTro Anbnuiicko-Cpean3eMHOMOPCKOTO
(Anpnuiicko-I'mManaiickoro) KoOJJIM3MOHHOTO IO-
KpOBHO-cKj1ag4aToro mosica. B I'opnom KpbiMy BbI-
JIeJICHbl KUMMEPUICKUI (KUMMEPUIbI) U aTbITUNCKUI
(anpnuabl) CTPYKTYPHBIE KOMITIEKChl. KuMmepuiickuii
CTPYKTYPHBIN KOMIUIEKC 00pa3oBaH HEPaBHOMEPHO
MUCIOLIMPOBAHHBIMU OOpa30BaHMUSIMU, OXBaThIBAIO-
IIUMU CTpaTUrpauuecKrii MHTEPBAJI OT BEPXHETO
Tpraca A0 Hayaja KeJUIoBes.

I'panuua mexnay CrenHbiM KpbiMOoM M ckian-
yatoil obaacteio I'opHoro Kpreima npoxoaut mo Jlo-
30BCKOI 30HE CMSTUS CYOIIMPOTHOTO MPOCTUPAHUS,
KOTOpasl BCKphITa OypeHUeM U3-T101 MeJI-HEOTEHOBBIX
TOJILL YeXOJIbHOTO TUIIA B OKpecTHOCTIX T. Cumdepo-
nonsb [FOgun, 2011].

BepxHeTpracoBo-HIKHEIOPCKHME TOJIIU KUMMEPUI
I'opnoro Kpnima (o0mme cBemenusi). BepxHerpuaco-
BO-HMXKHEIOPCKHUE TOJIIM HMXHEro IMOAKOMILIeKca
KUMMEPUINCKOTO CTPYKTYpPHOTo KomIuiekca ['opHoro
KpbiMa clioxXeHbl TPEeUMYIIEeCTBEHHO TEPPUTCHHbI-
MU OOJIOMOYHBIMM U TJMHUCTBIMU TOpoAaMu. DTO
camMmble ApeBHUE CTpaTU(UIIMPOBAHHbBIE 0OOpa30BaHUS
T'opHoro KpriMa, a MX HOAOIIBbI HUTIE HE BCKPHITHI.
Ha ocHoBaHUM pa3iauyuii, BbISIBICHHBIX B JIMTOJIOTH-
YeCKUX XapaKTepUCTUKAX OTJIOXKEHUI 3TOro BO3pacTa,
BBIACNISIOTCS ABa MX TUMa. KaxXablii X HUX BbIAEICH
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B paHTe OJHOBO3PACTHBIX MU OJM3KO OJHOBO3PACT-
HBIX CEPUI — TaBpUUECKON M SICKUOPIANHCKOU CEPHIA.
ITonst pacnipocTpaHeHUsT MOPOJ TaBPUUECKON CEPUU
BBIIENISAIOTCS Kak [opHO-KpbIMcKass CTpYKTypHO-
(harrmanbHast 30Ha, a MoJjie PacpoCTpaHEHUSsT MOPOI
SCKUOPAMHCKON cepun — Kak Jlo3oBckasi CTpyk-
TypHO-(daumaibHas 30Ha. ['paHMIIa MEXIy 30HaMu
npoBoautcs 1o boapakckomy pasziomy [bosoToB u
Iop., 2004].

Taspuueckasa cepusa. TaBpuueckasi cepusi Ipen-
CTaBJIsIeT COOON MOIIHBIM CIOUCTBIA KOMILIEKC
(bUIIIEBBIX OTIIOXKEHWI ¢ O9eHDb YETKO MPOSBICHHOMN
PUTMHUYHOCTBIO. TaBpuueckast cepust JOBOJIbHO CUJIb-
Ho aucionrpoBaHa. CKOJIb-HUOYAb MPOTSIKEHHbIE 1
MPOJOIKUTEbHBIE pa3pe3bl cepur (PaKTUUECKU He-
u3BecTHHl. Haxonku rMckomnaemoii (payHbl B mopoaax
CepUU HEMHOTOUMCIIEHHBI, YTO BeCbMa CYILIECTBEHHO
OCJIOXHSIET KOPPEJISILIMIO Pa3pO3HEHHBIX U TEKTOHU-
yecku 000C00JeHHbIX (OTpaHUYEHHbIX) (DparMeHTOB
pa3pesa cepuu. TeM He MeHee, (payHUCTUYECKHE HA-
XOIKM, B TOM UKCIIe HAXOAKW PYKOBOISIIEH (hayHEI,
MO3BOJIWIM COCTABUTH CBOJHBIN PAa3pe3 TaBPUUYECKOMN
cepur M TMoKa3aTb, YTO B HEM IIpeACTaBIEHBI 00-
pa3oBaHUs KapHUMCKOro, HOPUIHCKOIO, PAITCKOTO,
CHMHEMIOPCKOT0, MJIMHCOAXCKOTO U TOAPCKOTO SIPyCOB
[ITanoB u ap., 2011; TeseneB u ap., 2012]. B o6beme
TaBPUYECKOW CEpPUU BBIIESIOT HUKHETABPUUECKYIO
U BepXHeTaBpuuecKyro cBUTHI [[TaHoB u ap., 2011],
a TakXe YEHKCKYIO TOJIy (MHOTAa €€ BbIACISIOT B
paHre CBUTHI), KOTOPYIO MOMEIAIOT B CBOJJHOM pa3-
pe3e cepur MeXIy BepXHe- U HUXKHETaBPUUECKOM
cButamu [ITanoB m np., 2004, 2011; Cradee u ap.,
2014]. danee BepxHeTaBpUYeCKasi CBUTA M YEHKCKas
TOJIIA HE paccMaTpUBaIOTCS.

HwuxHeTaBpuyeckass cBUTa pa3BUTa B Oacceli-
Hax pek boxapak, Anbma m Canrup. Pa3pe3 cBUTBHI
XapaKTepn3yeTcs YeTKO BBIPAXKEHHBIM PUTMHUIHBIM
ctpoeHueM QauiieBoro tumna. Ilo Haxoakam day-
HBI BO3PAacT CBUTHI CUYMTACTCSI HOPHUCKO-PITCKUM.
PutMuyHoe auilieBoe cTpoeHre pa3pe3oB CBUTHI U
4yacToe BbIMAJEHUE U3 pa3pe3oB OTIAEIbHBIX PUTMOB
/WA WX HIDKHUX BJIEMEHTOB, a TaKKe HEKOTOpHIe
IpyTHe TIpU3HAKM, TIpUBeAeHHBIe B padote [[laHOB
u ap., 2011], cBUAETENbCTBYIOT O TOM, UYTO HUX-
HeTaBpuUuecKasi CBUTa — OTJIOXEHMST AUCTATIbHOIO
¢auma. OHM HAKATIUBAJIUCh, OUEBUIHO, B IITyOOKOM
OacceiiHe, Ha 3HaUUTEJILHOM yIaJeHUU OT ero bopra
W CONPSTKEHHBIX ¢ HUM MCTOYHUKOB OOJIOMOYHOTO
maTepuana.

Ackuopounckas cepus. DCKUOPAMHCKAS cepust
clloXeHa 4YepeAyllIUMUCs MecuaHuKaMu, ajleBpo-
apriyuIMTaMM W apruuiutamMmu. MecraMu Jisl He-
KOTOpbIX (hparMeHTOB pa3pe3a CepUM XapaKTePHbI
3JIEMEHTBl XaOTUYECKOTO CTPOeHMsI. DTO BbIpaxka-
€TCsl B MPUCYTCTBUUM B pa3pe3ax FOPU30HTOB JIUKOTO
(buiia, OJMCTOCTPOMOBBIX TOPU30HTOB, pa3HOpaA3-
MEPHBIX OJUCTOMJIAK M TIJIaCTOBBIX OTTOPKEHIIEB,
CJIOXXEHHBIX TTOpOJaMU pa3HOTO BO3pacTa M COCTaBa,
MPEACTABSIONIMX COOOM, MO-BUANMOMY, KOHCEIU-

MEHTAIIMOHHBIE TTOKPOBBI WM OTHETbHBIE 3K30TH-
yeckue (3ppatumdyeckue) ribiobl. Bece 3T0 ykasbiBaeT
Ha TO, YTO 3CKMOPAMHCKas cepus chopMupoBaHa B
00cTaHOBKaX, XapaKTePHBIX IUTSI TIPUOIMKEHHBIX K 1C-
TOYHUMKY MaTepuajla BepXHUX yacTeit bopra OacceliHa
(KOHTMHEHTAJILHOTO CKJIOHA U 1meabda). [To ckimony
OacceifHa TiepeMelaanch Kak TypOUIUTOBEIE TTOTO-
KM, KOTOPBIE TIEPEHOCUIIN OOJIOMOYHEIN MaTeprai B
IIyOOKOBOMHYIO YacTh (PIMIIEBOTrO OacceiiHa, Tak U
CIoJI3aii OIOJI3HEBbIE TeJla pa3HOro pa3Mepa.

IMons pacripocTpaHeHUS TTOPOM 3CKUOPIMHCKOM
CepuM TPOCTPAHCTBEHHO coBmamaioT ¢ JI030BCKOit
30HOI CMSTHSI, YTO OOYCIIOBIIMBAET BeChMa CIIOKHOE
WX CTPOEHWE W OTCYTCTBHE TTPOTSLKEHHBIX HEHAPYIIIeH-
HBIX pa3pe30B cepui. B 11e;10M TOpOasI 3CKMOPINH-
CKOIf cepun GeTHBI HaXOAKaMU TTaJIcOHTOIOTMIEeCKIX
OCTaTKOB. B nmuTepaType ommcaHbl JIUITb eAUHUIHEIC
HaXOIKN PYKOBOIAIIEH (ayHBI, XapaKTepHOU I
HOPHMICKOTO, CHHEMIOPCKO-TITMHCOAXCKOTO W TOap-
ckoro sApycoB. Kpome Toro, B mopomax cepum BBISB-
JIEHBI TTAJTMTHOJIOTUIECKIE OCTATKM, XapaKTePHBIE ST
pa3HbIX MHTEPBAJIOB JaAUHCKO(?)-HMXHE0aiocCcKoro
cTpaturpaduyeckoro auamnazona [Mnmomautos u
op., 2015]. B menoMm sckuopanHCKasl cepusl CumMTa-
€TCS BO3PACTHBIM aHAJIOTOM TaBPUYECKOM CEpUM.
CsomHas ctpaturpaduyeckas ImociIea0BaTeIbHOCTh
CeprUM BOCCTAHOBJIEHA TIO €€ OTAETbHBIM TEKTOHU-
yecKr 000COOJIEHHBIM (pparMeHTaM U pacuyjeHeHa
Ha YeThIpe OCHOBHBIX TOMpa3ieeHUs: KyplOBCKast
(TaguH—HOpPUIT), caarupckas (pd3T—CHUHEMIOp),
MeHJepcKasi Wian cabjblHCKasl (MUIMHCOAX—HUXHUIA
TOap) M IKUOampcKas WM JI030BcKas (BepXHUI
TOap—HMWXHUI 6aiioc) TOMM (CBUTHI), MEXITY KOTO-
pPBIMU cTpaTtUTpadIecKre COOTHOIIEHUS He BCerma
JIOCTOBEPHO YCTaHOBJIEHBI. OOBIYHO KOHTAKThI MEXKIY
TOJIIIIAMU, BKITIOYaeMBIMU B 3CKUOPINHCKYIO CepHIO,
00 TEKTOHMYECKUE, IMO00 He OOHaXKEeHBI. DTUM HE
B TIOCTIEIHIOI OYepenb OOBSICHAETCS TOT (haKT, UTO
TEPMUH «CEpUsST» MPUMEHUM K pacCMaTpUBaeMbIM
o0pa3oBaHMUSIM YCIIOBHO. Jlajmee ommcaHa TOJBKO
caJTMpcKas TOJIIa.

Canrupckast Toma IpeacTaBiIsieT Co00i (panIIo-
WIHBIE OTJIOXKEHUS TePPUTEHHOTO cocTaBa. [ mopon
CAJITUPCKON TOJIIM XapaKTepHO HAIMUKWE B pUTMax
KPYITHBIX CJIOEB MECYaHWKOB U TOHKMX aJIeBPOJIUTO-
BBIX M apTUJUTMTOBBIX TTPOCIIOEB. PUTMIUYHOCTS B 5TOM
TOJTIIIE BEIIEPXKUBAETCS He Beerma. B mopomax canrmp-
CKO¥ TOJIIIM ObUIM HaliieHbl Monotis sp., COOTBETCTBY-
[olIMe HopuiickoMy Bo3pacty [bosoros, louT, 1999],
npyras ¢ayHa, COOTBETCTBYIOIIAs HOPUII-PITCKOMY
WHTepBay, a TAKXKe TTOJTMHOKOMIUIEKCHI, XapaKTepHBIE
JUIs1 paTa—HMKHero cuHeMiopa [CradeeB u ap., 2015].

Martepuasl 1 METOIBI HCCIeAOBaHUA. Xapaxmepu-
cmuka mecm omoopa npo6 Ha dempumogvie UUPKOHDL.
ITpoObl 1151 BeIAEIEHUST AETPUTOBBIX LIMPKOHOB (dZr),
pesyabTaThl U-Pb M30TOIMHOTO TaTHpOBaHMS KOTOPHIX
MpencTaBieHbl B CTaThe, OTOOpaHkbl JetoM 2018 T.

IIpo6a Ne 18-01 oToOpaHa M3 MECYaHUKOB, CJia-
TalolnX HIKHHWN 3JIEMEHT OTHOTO M3 (QJIUIIEBHIX
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Puc. 2. ®oto 06beKTOB MccaenoBaHus: A — o0LmMid BUI oOHaxkeHus1 B Kapbepe LlIkombHbIi; b — MecTto otoopa mpobdst N18-001; B —
OTIIEYaTOK pakKOBUHBI Monotis sp. B mopofax cajrupckoi toamu, Ha 400 M Huke 1o TeyeHuio p. boapak ot mecta o6opa mpoosr N 18-
003; I'— Mecto orbopa nmpodsr N18-003

pUTMOB (B TOYKe ¢ KoopauHaTamu 44°49'43” c¢. ui.,
34°4'33.5" B. I.) B pa3pe3e HUKHETAaBpUUECKO CBUTHI
TaBPpUIECCKOM CEpHUM, BCKPBITOM B CEBEPHOM OOpPTY
kapbepa IlkonbHblil (puc. 2, A, b). B aTom paspese
M3BECTHBI OOMJIbHBIC HAXOAKHU OTIEYATKOB, pexke
CJICTIKOB U Siiep IBYCTBOPYATHIX MOJUTFOCKOB Monotis
Sp., U4TO TIO3BOJISICT OTHOCUTH MPEACTAaBICHHBIN 3eCh
(parMeHT pa3pe3a K HOPUHCKOMY sIpyCy BEPXHETO
Tpuaca.

ITpo6a Ne 18-03 oTobOpaHa U3 recyaHUKOB, OOHA-
JKEHHBIX B pycie p. bompak (B Touke ¢ KooparmHaTaM1
44°46'58.32" ¢. ur., 33°59'44.96" B. 1.), B 150 M Ha
BOCTOK-CEBEPO-BOCTOK OT MOCTa 4epe3 p. bompak Ha
10XXHOM okpauHe ¢. TpynomtoboBka (puc. 2, B). Ilec-
YaHUKMA YYACTBYIOT B CJIOKCHUU BEPXHETPUACOBOTO
(parmeHTa paspesa, IMpUHAIIEXKAIIETO CAITUPCKOR
TOJIIIE ACKUOPAMHCKON cepuu. OTHeceHUe orpobo-
BaHHOTO (pparMeHTa pa3pesa K BepXHeMy TpUacy oI~
TBEPXKIAIOTCSI HAXOIKOM oTieyaTka Monotis sp., cie-
nmanHoi B 2016 r. crynentamu PT'Y Hul® umenu .M.
I'yoxuna A.1O. KoBaneBbiM 1 A.A. 3axapeHKOBOIT Ha
JIEBOM OOPTY OJIMHEI p. bompak, B TouKe ¢ KOOpauHa-
Tamu 44°47'02" ¢. m1., 33°59'33" B. 1., pacnoJIOKEeHHOM
Bcero Juiub B 400 M HMXe TI0 TeueHUIo p. boapak ot
MecTa otdopa rpoosl Ne 18-003 (HeornyOJMKOBaHHbBIE
nanneie H.b. Ky3sHeuosa, puc. 2, ).

Memoobt uccaedosanus. U-Pb nzotonHoe matu-
poBaHUE HUPKOHOB METOJAOM MACC-CIEKTPOMETPUU C
MHIYKTABHO CBSI3aHHOM ILIa3MOM C JlJa3epHOM abJs-
uueit (LA-ISP-MS) BbinmonHeHO B 1a00OpaTOpUu Xu-
MUKo-aHaymTuueckux uccienopanuii T MH PAH. g
JIa3epHOro oToopa MpooObl UCMOJb30BAHA CUCTEMa Jia-
3epHoit abasu NWR-213 («Electro Scientific Ind.»),
coBMellleHHass ¢ marHutocektopHsiM MCIT macc-
CMEKTPOMETPOM BBICOKOTO paspeleHus «Element2»
(«Thermo Scientific Inc.»). HenmocpencrBeHHo niepen
U3MEPEeHMEeM IallKKM C LUPKOHAMU TMPOMbIBAIU B
yAbTPa3ByKoBoi BaHHe B 5%-HoM pactBope HNO;,
3aTeM CIIOJaCKMBAJIM B AUCTU/UIMPOBAHHON Boae U
cyuvIM Ha Bosayxe. [lepeHoc ucrnapeHHOoro ja3epom
BelLeCTBA OCYIIECTBIISIICS MOTOKOM TeJisl C MOCaeay-
IOLLMM MOAMEIIMBAHUEM K HEMY Ta3U(UIIMPOBAHHOTO
aproHa. g cHUXXEHUsI ypOBHS razoBoro ¢oHa u
MOBBILLIEHUST CTAOMIBHOCTU aHATUTUYECKOTO CUTHAJIA
MpUMEHSIIach TOHKAs (GUIbTpaLIMS U MepeMelliBaHue
ra3oBbIX MOTOKOB. [Ipu mpoBeneHUM H30TOMHOTO
aHaJIM3a ObLIM MCIOJIb30BaHbI CIEAYIOIIME ONepalu-
OHHbIC MapaMeTphl.

Macc-cnexkmpomemp: uamepsieMblie Macchl — 2006,
207, 208, 232 u 238; BpeMsl CKaHMUPOBaHUS THMKa
(sampling time) — 3, 4, 2, 2, 2 MC COOTBETCTBEHHO);
TTOJIS IIMPWHBI MacCcOBOTO TMKa (mass window) — 8%;
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Puc. 3. JluarpaMMbl ¢ KOHKOPAM-
A ‘éé eil pesyapraTtoB usyyeHusi U-Pb
. @ M30TOIHOM CUCTEMBbI AETPUTOBBIX
| K K| s
08 Humueggg;meg:zhﬂncama N°1ﬁ1 1-04 HupkoHoB u3 mpod Ne 18-001
&aa%gvé;efu"gg'ngiﬁ% @ S (A) u Ne 18-003 (5). Duturnch
HOPWCKUIA U PSTCKUIA SPYChl 00 MOKa3bIBalOT 68%-Hblii JOBEPH-
i B S Ay TeNbHBI MHTEPBAT M3MepeHMUit
o NI BceX aHaiau3oB. Ha Bpeskax
MOKa3aHbl ONTHUYECKHE M300pa-
XKEeHUsI UMPKOHOB ¢ Haumboiee
) JIPEBHUMM 3HAYCHMSIMU BO3pac-
. Ta, LA — 1OJ0XEeHUsI KpaTepoB
i a6AIMK (IMaMeTp 25 MKM)
~
o
& 393048 mMnH net LA
[a\]
Ne18-01-1-04
L 1 1 1 1
B FopHbIn KpbiMm, %;o
canrupckas Tosniua =)
| 3CKMOpPOUHCKOU cepun
08 (c. Tpynonto6oBKa,
pycno’peku bBoapak) u’a?
>
06
-’
(2]
(523
Q i
~
o)
o
S 04 [ 7
N 7 Ne18-02-1-01 Ne18-02-2-009
%
NI 3883+9 MnH neT 3942+10 MnH neT
] W (D=-0,04%) (D=-0,12%)
o i
0,2 :
1 400 L 1 1 1 L 1 L 1 1
0,0
0 10 20 30 40 50

207Pb / 235U

YHCJI0 CKAHMPOBAHMI1 B MAaCCOBOM MHUKe (samples per
peak) — 50; uncio ckaHoB 800; Bpemst uaMepeHus Go-
HoBoro curHazia 15 c; Bpemst abssiiuu 30 ¢; MOIITHOCTD
RF-reneparopa 1100 BTt; pacxon moamMenivBaeMoro
raza (Ar) 0,910 i1/mMuH.

Jlazep: nuametp misiTHa 25 MKM; yactota 5 T
IUIOTHOCTH W3JIydeHust 6—8 ):[}K/CMZ; pacxojn rasa-
Hocurenss (He) — 0,900 n/mun. Hactpoiika macc-
CIIEKTPOMETPA COCTOSITIA B TOCTUKECHNN MaKCHUMalTb-
HOI1 4yBCTBUTEIBHOCTH M3MepeHust (110 curHary U™)
W MUHUMAJIBHOTO YPOBHS OKCHIOB (ITO OTHOIICHUIO
UO*/U") myreM BapbMpOBaHUS HEKOTOPHIX OIe-

PAIIMOHHBIX TTapaMeTPOB (CKOPOCTH ITOTOKOB Tasa,
MOIIIHOCTh TeHeparTopa, IOJOXEeHNEe TOPeTKU Macc-
CMEKTPOMETpA U T.1.).

Kanm6poBka mmpoBoamIach 1Mo BHEIIHEMY CTaH-
JIapTy ¢ ucrojb3oBaHueM nupkoHa GJ-1 ¢ arrecro-
BaHHBIM I10 M30TOITHOMY oTHoLIeHH0 ~°°Pb/***U Bo3-
pactom 601,9£0,4 miH net [Horstwood et al., 2016].
Cranpapt TipemoctaBiieH HallmoHaabHBIM ILIEHTPOM
TEOXUMHUYECKOI 3BOJTIOIUN U METAJUIOTeHUM KOHTH-
HeHToB GEMOC YHuepcutera Makkyopu (CuaHei,
Asctpanus). KauecTBo aHanu3a OLIEHUBAJIOCH MTyTEM
OTHOBPEMEHHOTO M3MEPEHUST HEM3BECTHBIX 00pas3-
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B03pacT KPHCTALIHICCKHX KOMHJ’IBKCOB praHHCKOFO IHATAa H npnneramumx '-laCTeI/I BEII

s BCPO

m BBII
# Ko, KH
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Puc. 4. I'uctorpammsl 1 KI1B 3nauenwuit Bo3pacra dZr u3 mpo6 Ne 18-01 (A4) u Ne 18-03 (b). B BepxHeii yacT pucyHKa IMOKa3aHa CBOAKA
M3BECTHBIX 3HAUYCHMIT BO3pacTa KPUCTAUTMIECKMX KOMIUIEKCOB (DyHIaMeHTa 10ro-3arnaaHoi yactu Boctouno-EBpomneiickoii miatdopmbl
(BEIT): YIII — VYkpaunckuii mmut, BKM — Boponexckuii kpucraummiyeckuii maccuB, BCO — Boaro-CapmaTckuii oporeH (Takke
¢urupupyet B ureparype kKak Bocrouno-Capmarckuii unu Bonro-/loHckoit oporen) [bubukosa u ap., 2009; Terentiev et al., 2018]),
BBIT — BosbiHckas BynkaHndeckast mpoBuHLMS [Shumlyanskyy et al., 2016], OMO — akkpeunoHHbIA oporeH OcHMIIK-MMKalleBUIN
(2,0—1,95 mapn net) [ymnsaackuit, bornanosa, 2009], BCPO — Bonsiab-Cpenne-Pycckuii oporen (1,8—1,75 mupn ner) [Bogdanova et
al., 2008]. Iiyrousr: Ku — Kuposorpanckuii (2,06—2,03 mipa set), HY — HoBo-Ykpaunckuii (2,04—2,03 mapa set), KH — KopcyHb-
Hosomupropoackuit (1,76—1,74 mapa net), Ko — Kopocrensckuii (1,74—1,8 miapa net) [Shumlyanskyy et al., 2015a, 2017]. daiiku B
Kupoorpanckom maccuse (1,81—1,77 mapa ner) o [Elming et al., 2010]

LIOB M KOHTPOJIbHBIX CTaHAapTOB LMpKoHa 91500 u
Plesovice ¢ aTTecTOBaHHBIMU 110 M30TOITHOMY OTHOIIIE-
HUIO 206Pb/mU 3HayeHusIMU Bospacta 1063,5+£0,4 u
337,2+0,1 mutH et cooTBeTcTBeHHO | Horstwood et al.,
2016]. J1s1 5TUX KOHTPOJbHBIX CTAHAAPTOB B XOJIE W3-
MepeHWI TTOJTyYeHBI CpeaHEeB3BeIIEHHbIe KOHKOPIAHT-
HbIe OlIeHKM Bo3pacTta (2c) 106916 u 339+3 MuH et
COOTBETCTBEHHO, YTO COTIJIACYeTCS C TPUBEIECHHBIMU
BBIIIIE ATTECTOBAHHBIMYM 3HAYECHUSIMU, TTOJTYYEHHBIMU
merongoMm CA-ID-TIMS [Horstwood et al., 2016].

Metonndeckrie TIpueMbl 1 KOHCTAHTBI, UCITOJb-
3yeMble UIST 00pabOTKM MEePBUYHBIX aHATUTUYECKUX
JIaHHBIX, IpUBeIEHBI B padoTte [Pomaniok u np., 2018].
O6paboTKa BBITIOJTHEHA C IMTOMOIIBI0 KOMMEPYECKOM
nporpamMmbl GLITTER [Griffin et al., 2008], nmpno6-
perenHoit TMH PAH, u nporpammsl [Ludwig, 2012],
pa3MelIeHHO B CBOOOIHOM TOCTYITE.

PesynbTaThl MCCAeAOBAaHUI M HX O00CYXKIEHHE.
Pesyavmamot usyuenus 0empumoevix UUPKOHOG U3

maepuueckol u 3cKuopounckou cepui. Illepsuunvie
anasumuveckue darHvle. B mpode No 18-01 usyue-
Hue U-Pb u3oTOmHOI CHCTEMBI BBIIIOJHEHO IJIS
204 3epen dZr (ta6u. 1, puc. 3, A). lng 117 3epen
dZr aHamM3bl XapaKTepU3YIOTCSI CUJIBHOM ITMCKOP-
naHTHOCThIO (D>[10%]). OHU UCKITIOUEHBI U3 Aajb-
Heliero paccMoTpeHust. OctajibHbIe 87 TaTHPOBOK
HCITOJIb30BaHbl MIJIsI TTOCTPOEHUSI THUCTOTPAaMMBI U
KpUBOI Ma0THOCTU BepossTHocTU (KIIB) (puc. 5,
A). MakcumanbHbIil MoJiydeHHbIl Bo3pacT 3930+8
(D=3,6%), muaumanbubiii — 241+3 (D=3,3%)
MJIH JIET.

B npo6e No 18-03 wmsyueno 100 3epen dZr
(Tabx. 2, puc. 3, b), mig 61 U3 HUX TTOJTy4EeHBI CUITh-
HO muckopaaHTHble 3HayeHus (|D| > 10%), ocraib-
Hble 39 MaTMPOBOK MCIIOJIB30BaHbI JUISI TIOCTPOSCHMS
rucrtorpammbl U KIIB (puc. 5, b). MakcumanbHbIi
MoJTydeHHbI Bo3pacT 3942+10 (D=—0,07%), munu-
ManbHBIN — 430+5 Mo et (D=4,0%).
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Taoauma 1

Pe3syabratel U-Pb uzoronnoro (LA-ICP-MS) natupoBanusi AeTPUTOBBIX MPKOHOB M3 HIKHETABPUYECKOH CBUTHI TABPHYECKON Cepumn

(mpoda Ne 18-01), Fopublii Kpsim

= aﬂgﬁ"gg’a W3MepeHHblE OTHOILEHUS Bo3spacT, MJIH JIeT

E) B IIPOOE | 207y, 235 206y, /238 206pyy /238 207y, /235 207 py, /206 D. %
2 | Ne 18201 Pb/~°U lo Pb/~°U lo RHO Pb/~°U | lo Pb/~?U | lo Pb/”Pb | 1o

1 |1-01A 6,20341 0,07651 0,35989 | 0,00403 | 0,91 1982 19 2005 11 2029 9 2,7
2 | 1I-01B 14,10322 | 0,17121 0,42618 | 0,00475 | 0,92 2288 21 2757 12 3120 8 31,6
3 | 1-0IC 10,21447 | 0,12477 0,36519 | 0,00407 | 0,91 2007 19 2454 11 2850 8 34,3
4 |1-02 6,6299 0,08374 0,37718 0,00424 | 0,89 2063 20 2063 11 2064 9 0,05
5 [1-03A 24,46086 | 0,3028 0,66453 0,00742 | 0,90 3285 29 3287 12 3288 8 0,15
6 [1-03B 21,93548 | 0,2755 0,6331 0,0071 | 0,89 3162 28 3181 12 3193 8 1,3
7 |1-04 45,30156 | 0,5746 0,8099 0,0092 | 0,89 3825 33 3894 13 3930 8 3,6
8 [1-06 15,13032 | 0,19936 0,55005 0,00628 | 0,86 2825 26 2823 13 2822 9 |[—0,13
9 |1-07 7,05619 | 0,09009 0,2503 0,0028 | 0,87 1440 14 2119 11 2862 9 55,2
10 | 1-09 6,50807 0,0901 0,3638 0,0042 | 0,83 2000 20 2047 12 2095 10 5,3
11 | 1-11 8,84683 | 0,10657 0,30877 | 0,00345 | 0,69 1683 17 2191 15 2707 14 | 42,8
12 | 1-12 8,56045 | 0,10397 0,36444 | 0,00408 | 0,81 1997 19 2277 12 2539 9 24,8
13 [1-14 15,20725 | 0,1883 0,55062 | 0,00622 | 0,91 2828 26 2828 12 2829 9 0,06
14 | 1-15 16,72576 | 0,21352 0,57291 0,00656 | 0,90 2920 27 2919 12 2919 9 |—-0,02
15 [1-16 6,56143 0,0827 0,3752 0,0043 | 0,90 2054 20 2054 11 2055 9 0,05
16 |[1-17 16,65238 | 0,2141 0,5716 0,0066 | 0,89 2914 27 2915 12 2916 9 0,07
17 | 1-18 12,2642 | 0,15494 0,34672 | 0,00393 | 0,83 1911 19 2610 13 3208 9 46,5
18 | 1-20A 21,24573 | 0,27686 0,62421 0,00717 | 0,88 3127 28 3150 13 3165 9 1,5
19 [1-20B 21,61141 | 0,29189 0,62892 | 0,00736 | 0,87 3145 29 3166 13 3180 9 1,4
20 | 1-20C 4,89218 0,06407 0,15 0,00171 | 0,43 811 10 1422 23 2511 35 | 71,9
21 [ 1-21 16,7984 | 0,21846 0,56107 | 0,00655 | 0,83 2866 27 2916 13 2950 9 3,5
22 | 1-234 19,67557 | 0,24583 0,50739 | 0,00579 | 0,91 2645 25 3076 12 3370 8 26,1
23 | I-23B 7,41563 | 0,09306 0,23038 0,00263 | 0,90 1334 13 2157 11 3068 8 62,3
24 | 1-24 4,20347 | 0,05316 0,18009 | 0,00205 | 0,90 1067 11 1675 10 2551 9 62,9
25 | 1-25 15,44902 | 0,20423 0,55435 0,00644 | 0,88 2843 27 2843 13 2844 9 0,02
26 |1-26 6,82638 | 0,09156 0,3826 0,00442 | 0,86 2088 21 2089 12 2090 10 | 0,09
27 | 1-27 7,75375 | 0,10059 0,22642 | 0,00259 | 0,88 1316 14 2203 12 3175 9 64,4
28 | 1-284 4,396 0,05835 0,13497 | 0,00155 | 0,86 816 9 1712 11 3095 9 78,1
29 | I-28B 3,56178 | 0,04726 0,1324 0,00152 | 0,67 784 9 1459 14 2652 14 | 74,6
30 | 1-294 27,42597 | 0,36715 0,63586 0,0073 | 0,86 3173 29 3399 13 3535 9 13,0
31 | 1-29B 29,4762 | 0,35505 0,70003 0,008 | 0,95 3421 30 3470 12 3498 8 2,9
32 | 1-30 15,36441 | 0,18278 0,45363 0,00514 | 0,92 2409 22 2834 11 3152 8 28,2
33 |1-31A 6,48806 | 0,07927 0,37326 | 0,00426 | 0,93 2045 20 2044 11 2044 9 [—0,05
34 | 1-31B 5,2055 0,0633 0,30232 | 0,00344 | 0,94 1703 17 1854 10 2027 9 18,2
35 | 2-01 5,19812 | 0,06222 0,18945 0,00215 | 0,95 1118 12 1852 10 2818 8 65,5
36 | 2-02 18,11193 | 0,21897 0,55005 0,00629 | 0,95 2825 26 2996 12 3112 8 11,4
37 12-03 14,44939 | 0,17593 0,53331 0,0061 | 0,94 2755 26 2780 12 2797 8 1,9
38 |2-04 6,15898 | 0,07582 0,36342 | 0,00415 | 0,93 1998 20 1999 11 1999 9 0,04
39 | 2-05 4,65126 | 0,05628 0,27386 | 0,00311 | 0,94 1560 16 1759 10 2003 9 24,9
40 |2-06 7,10822 | 0,08795 0,38854 | 0,00445 | 0,93 2116 21 2125 11 2134 9 1
41 | 2-07A 19,82864 | 0,23861 0,50527 | 0,00575 | 0,95 2636 25 3083 12 3389 8 27,0
42 | 2-07B 6,22316 | 0,07481 0,1567 0,00178 | 0,76 925 11 1968 14 3360 10 | 77,5
43 | 2-08 15,11302 | 0,18258 0,39066 | 0,00446 | 0,90 2118 21 2811 12 3353 8 43,0
44 |12-09 16,03012 | 0,19446 0,56283 0,00643 | 0,94 2878 27 2879 12 2879 8 0,03
45 | 2-10 1,51629 | 0,01833 0,08021 0,00091 | 0,66 480 5 788 10 1803 18 | 76,1
46 |2-11 28,23101 | 0,33915 0,68568 0,0078 | 0,95 3366 30 3427 12 3463 8 3,6
47 2-12 6,98369 | 0,08669 0,38743 0,00444 | 0,92 2111 21 2109 11 2108 9 [—0,16
48 |2-13A 16,24896 | 0,20239 0,55051 0,00636 | 0,93 2827 26 2892 12 2937 8 4,6
49 | 2-13B 1,40202 | 0,01704 0,0415 0,00047 | 0,30 219 3 484 18 2068 65 | 90,8
50 | 2-14 3,80797 | 0,04739 0,22602 | 0,00259 | 0,92 1314 14 1594 10 1989 9 37,5




BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTUAI. 2020. Ne 2 25

IlIpodonncenue maba. 1

. Howmep W3MepeHHbIE OTHOIICHUS Bospact, MIIH JeT

£ aHaﬂMga D. %
5 ]\B@Hlpé)_ Oel W7pp, 235y s W6pp, 238y o |RHO|2Pb/35U | 1o [27Pb/35U | 1o | 27Pb/2Pb | Io

51 12-15 5,02736 | 0,06037 0,27468 0,00315 | 0,79 1562 16 1812 13 2114 10 | 29,4
52 |2-16 6,84592 | 0,08353 0,38413 0,00442 | 0,94 2096 21 2092 11 2088 9 |—0,41
53 12-17 5,76896 0,06984 0,31647 0,00364 | 0,58 1752 19 1866 18 1995 20 | 13,9
54 [2-18 17,74329 | 0,21513 0,579 0,00669 | 0,95 2945 27 2976 12 2997 8 2,2
55 |2-19 2,62396 0,03178 0,1247 0,00143 | 0,51 729 9 1132 17 2016 26 | 67,4
56 | 2-204 4,88561 0,05832 0,16897 | 0,00194 | 0,96 1006 11 1800 10 2903 8 70,3
57 | 2-20B 4,39188 0,05299 0,15066 | 0,00173 | 0,95 905 10 1711 10 2917 8 73,7
58 | 2-21 0,29255 0,00451 0,04078 0,00048 | 0,77 258 3 261 4 287 15 | 10,3
59 | 2-23 1,25343 0,01523 0,0369 0,00043 | 0,96 234 3 825 7 3162 8 94,2
60 | 2-24 4,37525 0,05282 0,25852 0,00297 | 0,95 1482 15 1708 10 1997 9 28,8
61 [2-26 0,71374 0,01092 0,08857 0,00103 | 0,76 547 6 547 6 547 15 | —0,06
62 | 2-27 3,29241 0,03881 0,175 0,00199 | 0,96 1040 11 1479 9 2183 9 56,6
63 | 2-28 2,72954 | 0,03214 0,06061 0,00069 | 0,49 324 5 1003 19 3101 30 | 91,6
64 [2-29 6,41917 0,0775 0,37126 0,00424 | 0,95 2035 20 2035 11 2035 9 [—0,03
65 | 2-30 9,14178 0,10684 0,3728 0,00423 | 0,88 2031 20 2324 12 2592 8 25,2
66 | 2-31 14,99303 | 0,18926 | 0,54722 | 0,00641 | 0,93 | 2814 | 27 | 2815 12 2816 9 | 0,1
67 | 2-32 18,11028 | 0,21319 0,47753 0,00544 | 0,97 2516 24 2996 11 3335 8 29,5
68 [2-33 14,40149 | 0,17567 0,53804 0,00621 | 0,95 2775 26 2777 12 2778 9 0,12
69 | 2-34 6,48944 0,07587 0,25437 0,00288 | 0,97 1461 15 2044 10 2699 8 51,1
70 | 2-36 5,31242 | 0,06351 0,24321 0,0028 | 0,96 1403 15 1871 10 2439 9 47,1
71 |2-38 0,5748 0,01225 0,07404 | 0,00093 | 0,60 460 6 461 8 465 25 0,9
72 2-39 14,51705 | 0,17808 0,53931 0,00628 | 0,95 2781 26 2784 12 2787 9 0,3
73 | 2-40A 12,43251 | 0,19226 0,50495 0,0065 | 0,83 2635 28 2638 15 2640 11 0,2
74 |2-40B 11,93176 | 0,16755 0,49638 0,00609 | 0,87 2598 26 2599 13 2600 10 | 0,08
75 |2-42 17,89769 0,2164 0,5885 0,00682 | 0,96 2983 28 2984 12 2985 8 0,08
76 | 2-44 5,23541 0,06213 0,07298 0,00084 | 0,36 270 7 1026 48 3453 77 | 94,0
77 | 2-45 15,96653 | 0,18949 0,4466 0,00513 | 0,97 2380 23 2875 11 3243 8 31,7
78 | 2-47 17,41897 0,2174 0,57816 0,0068 | 0,94 2941 28 2958 12 2970 8 1,2
79 |2-48 14,709 0,18101 0,51751 0,00596 | 0,94 2689 25 2797 12 2876 8 7,8
80 | 2-49 11,48661 | 0,13695 0,43287 0,00492 | 0,95 2319 22 2563 11 2763 8 19,1
81 | 2-51 1,43713 0,01735 0,0618 0,0007 | 0,68 376 4 820 10 2346 15 | 86,3
82 [2-53 16,32418 | 0,19649 0,56691 0,00647 | 0,95 2895 27 2896 12 2897 8 0,08
83 |2-55 15,83791 | 0,23831 0,55729 0,0071 | 0,85 2855 29 2867 14 2875 10 0,9
84 | 2-56 4,60257 0,055 0,26598 0,00302 | 0,77 1515 15 1728 12 1996 11 | 27,0
85 | 2-57 4,97689 0,06013 0,27551 0,00314 | 0,94 1569 16 1815 10 2112 9 28,9
86 | 2-58 8,38048 0,10008 0,29724 | 0,00338 | 0,95 1678 17 2273 11 2862 8 46,8
87 |2-60 11,13961 | 0,13645 0,47131 0,0054 | 0,94 2489 24 2535 11 2572 9 3,9
88 |2-61 15,1187 0,18686 0,54899 0,00633 | 0,93 2821 26 2823 12 2824 8 0,2
89 |2-62 13,5448 0,16448 0,51708 0,00593 | 0,94 2687 25 2718 11 2742 8 2,5
90 | 2-63 5,06642 | 0,06113 0,24191 0,00276 | 0,80 1388 14 1797 12 2311 10 | 44,3
91 | 2-64 13,61155 0,166 0,4705 0,0054 | 0,94 2486 24 2723 12 2904 8 17,3
92 | 2-65 19,63256 | 0,23539 0,49992 | 0,00571 | 0,95 2613 25 3073 12 3390 8 27,8
93 | 2-66 15,20196 | 0,18164 0,42256 | 0,00482 | 0,95 2272 22 2828 11 3252 8 35,6
94 | 2-67 9,96384 0,11939 0,29364 0,00335 | 0,85 1640 16 2388 12 3107 9 53,2
95 | 2-68 11,31393 | 0,13539 0,43517 0,00496 | 0,77 2311 23 2511 14 2676 10 | 16,2
96 | 2-69 5,84994 0,07081 0,27812 0,00318 | 0,94 1582 16 1954 10 2375 9 37,6
97 | 2-70 2,57989 | 0,03129 0,16407 | 0,00187 | 0,94 979 10 1295 9 1865 9 51,1
98 | 2-71 9,81319 | 0,11806 0,34098 0,0039 | 0,95 1891 19 2417 11 2896 8 39,9
99 |2-72A 15,56529 | 0,19548 0,55608 0,00654 | 0,94 2850 27 2850 12 2851 9 0,02
100 | 2-72B 12,74572 | 0,16258 0,5092 0,00602 | 0,93 2653 26 2661 12 2667 9 0,7
101|2-73 1,52473 0,01891 0,04916 0,00057 | 0,44 276 4 651 14 2336 34 | 90,0
102\ 2-74 2,90996 0,03567 0,1092 0,00127 | 0,95 668 7 1385 9 2770 8 79,7
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IIpodonncenue maba. 1

. aﬁgg‘;gﬁ V3MepeHHbIE OTHOIIEHUS Bo3spact, MJIH JIeT

E. B TIpO0E | 2071y, 235 206py, /238 206y, /238 207py, 235 207py, 1206 D. %
2 | Ne 18-01 Pb/°U lo Pb/"°U lo RHO Pb/”°U | 1o Pb/~°U | 1o Pb/”Pb | lo

103 | 2-75 5,5149 0,0678 0,2239 0,0026 | 0,95 1303 14 1903 11 2640 9 55,8
104 | 2-76 14,35176 | 0,18829 0,52754 | 0,00632 | 0,91 2731 27 2773 12 2804 9 3,2
105 | 2-77 11,0793 0,1356 0,3918 0,0046 | 0,96 2131 21 2530 11 2867 8 30,1
106 | 2-78A 11,24788 | 0,13792 0,42268 0,00492 | 0,95 2273 22 2544 11 2768 9 21,2
107 | 2-78B 13,63934 | 0,16976 0,52614 | 0,00616 | 0,94 2725 26 2725 12 2725 9 0,01
108 | 2-79 5,81937 0,07179 0,26972 0,00314 | 0,71 1509 16 1842 14 2242 14 | 36,6
109 | 3-01 14,17931 | 0,18628 0,52018 0,0061 | 0,89 2700 26 2762 12 2807 9 4,7
110 3-02 1,86814 0,02384 0,03078 0,00036 | 0,18 113 3 305 41 2279 226 | 95,9
111|3-04 12,70335 | 0,16317 0,32938 0,0038 | 0,90 1835 18 2658 12 3361 8 51,9
112 3-05 5,30458 0,07234 0,31042 0,00364 | 0,86 1743 18 1870 12 2014 10 | 15,4
113 | 3-06 6,9037 0,0913 0,3464 0,0040 | 0,88 1917 19 2099 12 2282 10 | 18,5
114 |3-07 6,7325 0,0936 0,3798 0,0045 | 0,84 2075 21 2077 12 2079 10 0,2
115 3-08 0,37012 0,00624 0,05088 0,00061 | 0,71 320 4 320 5 318 18 | —0,5
116 | 3-09 18,79086 | 0,25571 0,45405 0,00529 | 0,74 2362 25 2960 16 3397 12 | 36,2
117|3-10 4,5830 0,0628 0,2638 0,0031 | 0,81 1508 15 1742 12 2035 10 | 29,0
118 |3-11 13,70082 | 0,17757 0,50974 0,00594 | 0,90 2656 25 2729 12 2784 9 5,7
119 |3-13 15,91174 | 0,20853 0,54795 0,00642 | 0,89 2817 27 2872 13 2910 9 4,0
120 3-14 20,79164 | 0,26607 0,50352 0,00582 | 0,90 2629 25 3129 12 3468 8 29,3
121 | 3-15 12,80854 | 0,16731 0,49849 0,00579 | 0,89 2607 25 2666 12 2710 9 4,6
122 | 3-16 5,76699 0,12037 0,24504 0,00352 | 0,53 1370 18 1788 23 2318 27 | 45,3
123 |3-17 15,78649 | 0,20778 0,55873 0,00648 | 0,88 2861 27 2864 13 2866 9 0,2
124 | 3-184 13,1632 0,1759 0,4465 0,0052 | 0,87 2380 23 2691 13 2935 9 22,5
125|3-18B 8,14012 0,10906 0,21188 0,00246 | 0,87 1239 13 2247 12 3355 9 69,0
126 | 3-19 19,0062 0,2625 0,6037 0,0071 | 0,85 3045 29 3042 13 3040 9 —0,2
127 | 3-20 17,2436 0,2444 0,5784 0,0069 | 0,84 2942 28 2948 14 2953 10 0,5
128 | 3-21A 15,6146 0,2053 0,5569 0,0066 | 0,90 2854 27 2854 13 2853 9 |[—0,02
129|3-21B 13,05545 | 0,16702 0,48021 0,0056 | 0,91 2528 24 2684 12 2803 9 11,9
130 | 3-22 15,6676 0,2413 0,5580 0,0072 | 0,83 2858 30 2857 15 2856 11 |—0,11
131|3-24 5,46071 0,06995 0,31073 0,00362 | 0,91 1744 18 1894 11 2063 10 | 17,6
132 ]3-25 6,7719 0,0869 0,3813 0,0045 | 0,91 2083 21 2082 11 2082 9 |[—0,03
133 3-26 6,34521 0,08563 0,3478 0,00411 | 0,88 1924 20 2025 12 2129 10 | 11,1
134|327 192181 | 0,2494 | 10,5000 | 0,0059 | 0,91 | 2614 | 25| 3053 | 13 3356 9 | 268
135]3-28 22,23396 | 0,28566 0,64124 0,00751 | 0,91 3194 29 3194 12 3194 8 0,02
136 | 3-29 2,93303 0,03756 0,17503 0,00204 | 0,64 1031 12 1340 14 1876 17 | 48,7
137 3-30 2,4936 0,0320 0,1286 0,0015 | 0,53 746 9 1054 15 1762 27 | 61,0
138 3-31 6,4905 0,0934 0,3287 0,0038 | 0,79 1832 18 2045 13 2266 11 | 22,0
139|3-32 1,6342 0,02384 0,06938 0,0008 | 0,46 409 5 795 14 2117 31 | 83,2
140\ 3-33 12,26698 | 0,17889 0,45288 0,0052 | 0,79 2408 23 2625 14 2797 10 | 16,6
141 | 3-34 12,57893 | 0,18817 0,43345 0,00503 | 0,78 2321 23 2649 14 2909 10 | 24,0
142 | 3-35 8,74978 0,13144 0,35793 0,00414 | 0,77 1972 20 2312 14 2628 11 | 289
143 | 3-36 5,4518 0,0826 0,2044 0,0024 | 0,57 1185 13 1844 18 2699 19 | 61,2
144 | 3-37 18,0273 0,27536 0,40773 0,00471 | 0,76 2205 22 2991 15 3573 10 | 45,0
145 | 3-38 6,45818 0,10079 0,36935 0,00429 | 0,74 2026 20 2040 14 2054 12 1,6
146 | 3-39 3,4744 0,0551 0,1923 0,0022 | 0,73 1134 12 1521 13 2112 13 | 50,4
147 | 3-40 13,6467 0,2197 0,49019 0,00574 | 0,73 2571 25 2726 15 2842 12 11,5
148 | 3-41 6,72606 0,20847 0,38018 0,00565 | 0,48 2077 26 2076 27 2078 31 0,2
149 | 3-43 11,19611 | 0,31898 0,40448 0,0058 | 0,50 2190 27 2540 27 2834 26 | 26,8
150 | 3-44A 13,94543 | 0,36793 0,51797 0,0073 | 0,53 2691 3] 2746 25 2789 24 4.4
151 | 3-44B 4,80357 0,1134 0,15325 0,00205 | 0,32 865 14 1569 43 2710 62 | 72,5
152 | 3-45 25,474 0,54293 0,67559 0,00877 | 0,61 3327 34 3327 21 3327 17 | 0,05
153 | 3-46 13,8293 0,2654 0,5274 0,0067 | 0,66 2730 28 2738 18 2745 15 0,7
154 | 3-47 4,0596 0,0698 0,2566 0,0032 | 0,72 1473 16 1646 14 1876 14 | 24,1
155 | 3-48 14,51595 | 0,22524 0,5403 0,00654 | 0,78 2785 27 2784 15 2784 11 0,0
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Oxonuanue maoba. 1

= aggg‘;ga W3MepeHHbIE OTHOIICHUS Bospact, MIIH JIeT b %
§ ]\B@Hﬁ?_%el 2W7py, 235 lo 206py, 2387 lo RHO | 26Pb/2%U | 16 |27Pb/5U | 16 | 27Pb/2Pb | 1o 70
156 | 3-49 13,2249 0,1861 0,5192 0,0062 | 0,84 2696 26 2696 13 2696 10 | 0,04
157 | 3-50 19,0148 0,2514 0,6031 0,0071 | 0,89 3042 29 3043 13 3043 9 0,03

158 | 3-51 15,0687 0,1980 0,5484 0,0065 | 0,90 2819 27 2820 13 2820 9 0,08

159 3-52 8,0097 0,1022 0,3337 0,0039 | 0,49 1796 21 2058 24 2330 28 | 26,2
160 | 3-53 6,1548 0,0788 0,0830 0,0010 | 0,25 254 10 805 87 2970 194 | 93,1
161 | 3-54 7,53817 0,09858 0,28848 0,00338 | 0,53 1587 19 2042 22 2539 24 | 42,1
162 | 3-554 7,35829 | 0,09651 0,26695 0,00312 | 0,89 1525 16 2156 12 2826 9 51,5
163 | 3-55B 8,0639 0,1074 0,2864 0,0034 | 0,88 1624 17 2238 12 2860 9 48,7
164 | 3-57 7,1701 0,0951 0,3016 0,0035 | 0,74 1689 17 2104 14 2537 12 | 37,9
165 | 3-584 17,2541 0,2340 0,4863 0,0057 | 0,78 2538 25 2924 15 3202 10 | 25,0
166 | 3-58B 16,4500 0,2234 0,4356 0,0051 | 0,80 2309 23 2870 14 3292 10 | 35,4
167 | 3-59 6,57911 0,09488 0,37505 0,00446 | 0,82 2053 21 2057 13 2060 11 0,4

168 | 3-604 9,93668 0,13113 0,37253 0,00432 | 0,83 2033 20 2409 12 2745 9 30,2
169 | 3-60B 14,9856 | 0,20027 0,55212 | 0,00643 | 0,87 2834 27 2814 13 2800 9 -1.,5
170 | 3-61 0,61635 0,00936 0,07805 0,00092 | 0,78 484 6 488 6 502 15 3,7

171 | 3-62A 26,50737 | 0,35974 0,68528 0,00801 | 0,86 3365 31 3365 13 3366 9 0,06

172 | 3-62B 18,74845 0,2562 0,4763 0,00556 | 0,82 2500 24 3014 14 3377 9 31,2
173 | 3-63 6,38421 0,08862 0,18797 0,0022 | 0,84 1110 12 2030 12 3161 9 70,3
174 | 3-64 3,65401 0,05116 0,21091 0,00246 | 0,47 1201 13 1393 19 1701 30 | 32,2
175 | 3-65 6,87142 | 0,09806 0,3842 0,00451 | 0,82 2096 21 2095 13 2094 11 | —0,08
176 | 3-66 2,94718 0,04203 0,08297 | 0,00097 | 0,39 458 7 1072 25 2694 42 | 85,8
177|3-67 0,39144 | 0,00598 0,03756 | 0,00044 | 0,77 238 3 335 4 1084 13 | 79,5
178 | 3-68 3,10172 0,03959 0,17937 0,00208 | 0,81 1052 11 1370 11 1909 11 | 48,6
179 | 3-69 1,31443 0,01716 0,06553 0,00076 | 0,89 409 5 852 8 2293 9 84,7
180 | 3-70 28.,44865 | 0,36729 0,70326 0,00818 | 0,90 3433 31 3435 13 3436 8 0,11

181 3-71 15,73524 | 0,20578 0,55847 0,00651 | 0,89 2860 27 2861 12 2861 9 0,05

182 | 3-724 10,41613 0,1366 0,39334 | 0,00457 | 0,89 2138 21 2472 12 2760 9 26,4
183|3-72B 10,40934 | 0,13821 0,3471 0,00405 | 0,88 1921 19 2472 12 2962 9 40,5
184 | 3-73 1,1441 0,0154 0,02896 | 0,00034 | 0,13 134 3 212 30 1198 280 | 89,7
185 |3-74 17,86972 | 0,24242 0,58724 0,00687 | 0,86 2978 28 2983 13 2986 9 0,3

186 | 3-75 14,89517 | 0,20338 0,5459 0,00637 | 0,85 2808 27 2809 13 2809 10 | 0,04
187 | 3-76A 6,75491 0,09325 0,38079 0,00444 | 0,84 2080 21 2080 12 2080 10 | —0,01
188 | 3-76B 6,56619 0,07954 0,37586 0,00434 | 0,95 2057 20 2055 11 2053 9 —0,2
189 | 3-77 0,26862 0,0055 0,03807 | 0,00047 | 0,60 241 3 242 4 249 24 3,3

190 | 3-784 9,69014 | 0,11728 0,36139 | 0,00418 | 0,96 1989 20 2406 11 2780 9 33,0
191 | 3-78B 11,10687 | 0,13485 0,4031 0,00467 | 0,95 2183 21 2532 11 2825 8 26,7
192 3-79 1,50662 0,01844 0,03776 0,00044 | 0,22 183 3 390 27 1930 119 | 91,8
193 3-80 8,15227 0,09783 0,31125 0,00359 | 0,73 1736 18 2220 15 2702 12 | 40,6
194 | 3-81A4 4,49316 0,05405 0,25058 0,00289 | 0,85 1428 15 1673 11 1996 10 | 31,6
195 | 3-81B 3,72064 | 0,04497 0,20769 | 0,00239 | 0,78 1197 13 1480 11 1914 12 | 41,0
196 | 4-01 4,74492 | 0,05948 0,21279 | 0,00246 | 0,68 1214 13 1656 14 2273 15 | 51,0
197 | 4-02 6,51568 0,08702 0,37421 0,0044 | 0,88 2049 21 2048 12 2047 10 | —0,12
198 | 4-03 8,48883 0,10678 0,3281 0,00379 | 0,92 1829 18 2285 11 2722 9 37,6
199 | 4-04 16,02352 | 0,20523 0,5622 0,00653 | 0,91 2876 27 2878 12 2880 9 0,2

200 | 4-05 28.81602 | 0,36989 0,70644 0,00822 | 0,91 3445 31 3447 13 3449 8 0,15

201 | 4-06 8,41852 0,12037 0,42398 0,00509 | 0,84 2279 23 2277 13 2276 10 | —0,12
202 | 4-07 4,75588 0,06264 0,17883 0,00208 | 0,71 1053 12 1747 14 2721 13 | 66,2
203 | 4-08 6,63366 | 0,08751 0,37795 0,00439 | 0,88 2067 21 2064 12 2061 10 | —0,3
204 [ 4-09 6,28746 | 0,08363 0,36397 | 0,00423 | 0,87 2001 20 2017 12 2033 10 1,8

[Mpumevanus. [TomxykupHBIM IIPUGHTOM BbIICICHBI 3HAYSHUST, TIPUHSTHIE 32 BO3PACT LIMPKOHA (TIpK Bo3pacTe <1 MJIPI JIET UTsT BBIYUCIIEHUS
BO3pacTa MCITOJIb30BaHbI OTHOLLICHUS 206Pb/238U, MIpY BO3pacTe >1 MJIpI JIeT — OTHOLIECHUS 207Pb/z%Pb). TMomuepKHYTH — MUHUMAIbHBII
M MaKCHMaJIbHBII BO3PACT IIMPKOHOB B Mpobe. D — AMCKOPIaHTHOCTh NaTUPOBOK. J1aTUPOBKM (KYPCUB) CO CTEIEHBIO TMCKOPAAHTHOCTH
[D|>10% wnu G0/bLION aHAIUTUYECKOI OLIMOKON He yYUThIBAIUCH B TucTorpammax, KITB u tecte Konmoroposa-CMupHOBa.
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Tabnuma 2

Pesyabratsl U-Pb u3otonnoro (LA-ICP-MS) natupoBaHusi AeTPUTOBBIX HUPKOHOB U3 CAJITHPCKOM TOJIIM ICKMOPAMHCKOI cepun
(mpo6a Ne 18-03), I'opublii Kpeim*

Howmep H3MepeHHbIE OTHOLIEHUS Bospact, MJIH JIeT
No aHayM3a D, %
n/n ]szgnlpg_%% 207py, 235y ls 206py, /238y ls RHO [2Pb/23U| 16 |27Pb/25U| 16 | 27Pb/2Pb | 1o
1 1-1 26,58676 | 0,34382 0,68606 0,00779 | 0,88 3368 30 3368 13 3369 8 0,1
2 1-10 15,5896 0,21691 0,55652 0,00627 | 0,81 2852 26 2852 13 2852 10 0,0
3 1-11 4,40326 0,05717 0,21232 0,00238 | 0,71 1229 13 1660 13 2260 13| 51,8
4 1-124 17,55764 | 0,22668 0,5377 0,00608 | 0,88 2774 25 2966 12 3099 9 12,9
5 1-12B 14,14641 | 0,18059 0,42605 0,00477 | 0,88 2288 22 2760 12 3126 9 | 31,7
6 1-134 10,29848 0,136 0,39038 0,00441 | 0,86 2125 20 2462 12 2754 9 1 26,8
7 1-13B 2,5096 0,03236 | 0,07774 | 0,00087 | 0,51 446 5 1044 16 2672 25| 87,3
8 1-14 12,09105 | 0,1654 0,477 0,00545 | 0,84 2514 24 2611 13 2688 10 | 7,8
9 1-15 8,7872 0,11761 | 0,33608 | 0,00378 | 0,70 1860 19 2297 15 2712 13| 36,5
10 1-16 14,55673 | 0,19859 | 0,47211 | 0,00535 | 0,83 2493 23 2787 13 3007 9 | 20,6
11 1-17 4,78185 0,07471 0,31657 0,00371 | 0,75 1773 18 1782 13 1792 13 1,2
12 1-18 44,8139 | 0,62059 | 0,82684 | 0,00935 | 0,82 3885 33 3883 14 3883 9 0,0
13 1-19 3,90341 | 0,04891 | 0,17401 | 0,00193 | 0,89 1034 11 1614 10 2484 9 | 63,0
14 1-2 5,07775 0,0676 0,28491 | 0,00321 | 0,55 1608 17 1800 18 2031 22| 25,5
15 1-20 520825 | 0,07227 | 0,31087 | 0,00354 | 0,82 1745 17 1854 12 1979 10 | 13,5
16 1-21 2,90853 | 0,03722 | 0,14298 | 0,00159 | 0,87 861 9 1384 10 2318 9 | 67,0
17 1-22A 6,11472 0,0844 0,35254 0,004 0,82 1947 19 1992 12 2040 10 | 5,3
18 1-22B 5,09361 | 0,06783 | 0,29781 | 0,00332 | 0,81 1679 16 1829 11 2004 10 | 18,9
19 1-23 13,16875 | 0,17952 | 0,48001 | 0,00541 | 0,83 2527 24 2692 13 2818 9 | 12,5
20 1-24 11,34766 | 0,16043 | 0,41462 | 0,00473 | 0,81 2236 22 2552 13 2814 10 | 24,3
21 1-25 5,71524 | 0,08003 | 0,12382 0,0014 | 0,31 601 11 1333 44 2838 70 | 83,7
22 1-26 5,2682 0,07682 0,20528 0,00234 | 0,78 1204 13 1864 12 2708 10 | 60,7
23 1-26A4 6,53752 0,09706 0,28483 0,00325 | 0,77 1616 16 2051 13 2523 11| 40,5
24 1-27 6,30577 0,09585 0,23741 0,00279 | 0,71 1370 14 2010 14 2752 12| 55,7
25 1-28 12,20511 | 0,16852 0,45183 0,00505 | 0,78 2402 22 2617 13 2788 10 | 16,7
26 1-29 3,51254 0,0626 0,198 0,00243 | 0,69 1165 13 1530 14 2080 15| 48,0
27 1-3 15,72009 0,2123 0,55883 0,00641 | 0,85 2862 27 2860 13 2859 9 -0,1
28 1-30 15,82913 | 0,23019 0,55995 0,0064 0,79 2866 26 2867 14 2867 10 0,0
29 1-314 7,0265 0,10275 0,2843 0,00323 | 0,70 1606 16 2095 14 2617 12| 44,0
30 1-31B 4,90976 0,08863 0,27746 0,00342 | 0,68 1579 17 1804 15 2075 15| 27,0
31 1-32 5,18915 0,07865 0,19697 0,00225 | 0,66 1154 12 1833 15 2725 14 | 63,0
32 1-33 0,84232 0,03088 0,09874 0,0015 0,41 607 9 620 17 670 49 9,9
33 1-34 6,3001 0,11575 0,36663 0,00453 | 0,67 2014 21 2018 16 2024 15 0,6
34 1-35 6,63331 0,10619 0,37739 0,00435 | 0,72 2064 20 2064 14 2064 13 0,0
35 1-36 6,50132 0,08383 0,37365 0,00418 | 0,87 2047 20 2046 11 2046 10 0,0
36 1-37 21,22162 | 0,28039 | 0,62993 | 0,00721 | 0,87 | 3149 [ 29| 3149 | 13| 3149 9 | 00
37 1-38 11,66443 | 0,15001 | 0,34059 | 0,00381 | 0,87 1890 18 2578 12 3175 9 | 46,5
38 1-39 15,56732 | 0,21658 | 0,45213 | 0,00527 | 0,42 2234 29 2540 33 2795 37| 29,2
39 1-4 6,75388 0,0894 0,23897 | 0,00269 | 0,85 1381 14 2080 12 2866 9 | 57,3
40 1-40 18,7043 | 0,28791 0,5136 0,0064 | 0,68 2658 29 3007 19 3250 14| 22,3
41 1-41 19,0144 | 0,25749 | 0,458099 | 0,00544 | 0,84 2532 24 3043 13 3400 9 | 30,8
42 1-42 28,84797 | 0,39839 | 0,58111 | 0,00662 | 0,82 2953 27 3448 14 3750 9 | 26,4
43 1-43 0,84269 | 0,01563 | 0,09849 | 0,00116 | 0,64 606 7 621 9 676 20| 11,0
44 1-44 14,44683 | 0,22233 0,52122 0,0062 0,77 2704 26 2780 15 2835 11 5,6
45 1-45 4,61845 | 0,07012 0,2664 0,00307 | 0,76 1523 16 1753 13 2039 12| 284
46 1-46 4,16596 | 0,05725 | 0,16403 | 0,00184 | 0,82 979 10 1667 11 2691 10 | 68,3
47 1-47 3,73697 | 0,05587 | 0,20908 0,0024 | 0,77 1224 13 1579 12 2093 12 | 45,5
48 1-48 9,97051 0,14138 | 0,45863 | 0,00518 | 0,80 2434 23 2432 13 2431 10 | -0,1
49 1-49 7,36954 | 0,10874 | 0,39772 | 0,00455 | 0,78 2159 21 2157 13 2156 11 | -0,1
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Oxonuanue maoba. 1

Howmep W3MepeHHbIE OTHOIIEHUS Bospact, MJIH JieT

No aHaJm63a D. %
n/m ]\Bfgnlpé?- 063 Wpy, 235 o 206pp, 238 lo RHO |26Pb/ 28U | 16 [27Pb/25U| 1o | 27Pb/2%Pb | 1o

50 1-5 0,64361 0,01371 0,0813 0,00099 | 0,57 504 6 505 8 508 251 0.8
51 1-50 0,53168 0,01022 0,06902 0,00081 | 0,61 430 5 433 7 448 22 | 4,0
52 1-51 8,96872 0,16202 0,44169 0,00558 | 0,70 2358 25 2335 17 2315 14 | -2,2
53 1-52 19,15012 | 0,28269 0,51033 0,0058 | 0,77 2658 25 3049 14 3319 10| 24,2
54 1-53 11,52884 | 0,17183 0,43334 0,00491 | 0,76 2321 22 2567 14 2768 11| 19,2
55 1-55 13,01122 | 0,20084 0,47519 0,00546 | 0,74 2506 24 2680 15 2815 11| 13,2
56 1-56 16,21392 0,3315 0,55837 0,00797 | 0,70 2860 33 2889 20 2910 16 | 2,2
57 1-57 6,38078 0,10391 0,35248 0,00426 | 0,74 1946 20 2030 14 2115 13| 9,3
58 1-58 12,2036 0,15777 0,32269 0,0036 | 0,86 1803 18 2620 12 3331 & | 52,3
59 1-59 13,87896 | 0,18341 0,50617 0,00566 | 0,85 2640 24 2741 13 2817 9 7,6
60 1-6 15,92985 | 0,22723 0,56163 0,00657 | 0,82 2873 27 2873 14 2872 10 | 0,0
61 1-60 4,26079 0,05761 0,18488 0,00206 | 0,82 1094 11 1686 11 2529 10| 61,5
62 1-62 23,65681 | 0,33335 0,59695 0,00695 | 0,83 3018 28 3254 14 3404 9 14,2
63 1-63 5,88628 0,08782 0,3325 0,00381 | 0,77 1850 18 1959 13 2076 12| 12,5
64 1-64 11,1432 0,15868 0,32574 0,00371 | 0,80 1818 18 2535 13 3173 10 | 48,8
65 1-65 27,5631 0,43189 0,62653 0,00779 | 0,74 3124 31 3392 17 3554 11| 152
66 1-7 6,26459 0,0884 0,36654 0,00417 | 0,81 2013 20 2014 12 2014 11 0,1
67 1-8 4,65081 0,06324 0,16854 0,00189 | 0,82 1004 10 1758 11 2827 10 | 69,4
68 1-9 15,44172 | 0,21626 0,55431 0,00631 | 0,81 2843 26 2843 13 2843 10 | 0,0
69 2-1 4,08038 0,05745 0,18213 0,00201 | 0,47 1059 12 1564 20 2333 28| 61,2
70 2-10 16,34999 | 0,25669 0,5588 0,00649 | 0,74 2862 27 2897 15 2922 11 2,6
71 2-11 2,44174 0,03703 0,05335 0,0006 | 0,33 273 5 832 29 2931 58| 92,9

72 2-12 13,48818 | 0,21318 | 0,47998 | 0,00547 | 0,43 2501 29 2664 31 2791 33| 13,9
73 2-13 10,41929 | 0,14509 | 0,38677 | 0,00441 | 0,82 2108 20 2473 13 2788 10| 28,5
74 2-144 3,94669 | 0,05484 | 0,14575 | 0,00165 | 0,80 8§77 9 1621 11 2793 10 | 73,2
75 2-14B 20,48534 | 0,28054 | 0,53261 0,006 | 0,82 2752 25 3115 13 3357 9 | 22,1

76 2-15 7,22809 | 0,10124 | 0,26381 0,00299 | 0,66 1496 16 2101 16 2760 14| 51,8
77 2-17 6,50063 0,09674 | 0,37408 0,00431 | 0,77 2049 20 2046 13 2043 11| -0,3
78 2-18 0,82376 | 0,01951 0,09916 | 0,00125 | 0,53 609 7 610 11 613 28 | 0,6
79 2-2 10,14999 0,15 0,37682 | 0,00425 | 0,76 2061 20 2449 14 2788 11| 30,4
80 2-20 6,19411 0,0909 0,36409 | 0,00414 | 0,77 2002 20 2004 13 2006 11| 0,3
81 2-21 6,43795 0,09648 0,3711 0,00424 | 0,76 2035 20 2037 13 2041 12| 0,3

82 2-22 26,59908 | 0,39967 0,6131 0,00706 | 0,77 3082 28 3369 15 3544 10 | 16,3
83 2-23 11,38545 | 0,17439 | 0,40334 | 0,00464 | 0,75 2184 21 2555 14 2864 11| 27,9

854 2-24 5,72875 | 0,07879 | 0,18611 | 0,00213 | 0,83 1100 12 1936 12 3004 9 | 687
85 2-25 15,35216 | 0,21376 | 0,55245 0,00635 | 0,83 2835 26 2837 13 2839 10 | 0,2
86 2-26 9,62559 | 0,14019 | 0,39105 | 0,00458 | 0,80 2128 21 2400 13 2639 10| 22,7
87 2-27 9,26326 | 0,14463 | 0,33939 | 0,00412 | 0,78 1884 20 2364 14 2810 11| 37,9
88 2-28 15,57337 | 0,22751 0,5562 0,00649 | 0,80 2851 27 2851 14 2851 10 | 0,0
89 2-29 12,97504 | 0,19113 | 0,48663 0,00567 | 0,79 2556 25 2678 14 2771 10| 94
90 2-3 15,20143 | 0,21235 | 0,55036 | 0,00622 | 0,81 2827 26 2828 13 2829 10 | 0,1
91 2-30 9,96904 | 0,15472 | 0,37465 | 0,00447 | 0,77 2051 21 2432 14 2768 11| 30,1
92 2-31 1,54757 | 0,02301 | 0,07412 | 0,00086 | 0,78 461 5 950 9 2362 11| 833
93 2-32 3,76911 | 0,05688 | 0,23034 | 0,00267 | 0,77 1336 14 1586 12 1937 12| 34,3
94 2-33 15,46738 | 0,25957 | 0,55147 | 0,00685 | 0,74 2831 28 2844 16 2854 12| 1,0
95 2-4 8,0948 0,11382 | 0,30481 | 0,00343 | 0,73 1695 17 2187 14 2687 11| 43,1
96 2-5 14,48329 | 0,22106 | 0,52357 | 0,00618 | 0,77 2714 26 2782 14 2831 11| 5,1
97 2-6 28,1685 | 0,40562 | 0,70215 0,008 0,79 3429 30 3425 14 3423 10 | 0,2
98 2-7 16,35707 | 0,24942 | 0,56751 0,00662 | 0,76 2898 27 2898 15 2898 11| 0,0
99 2-8 11,52058 | 0,17171 | 0,41512 | 0,00472 | 0,76 2238 22 2566 14 2836 11| 24,9
100 2-9 47,57682 | 0,70803 | 0,84403 | 0,00961 | 0,77 3945 34 3943 15 3942 10 | -0,1

*CM. npuMevaHus K tabu. 1.
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Puc. 5. TexroHunueckasi cxema YKpanHckKoro mura, mo [CaBko u ap., 2019]: GensiMu tmdpamu 1mokazaHbl MHTEPBATbl M3BECTHBIX
NPeBHENIIINX 3HAYEHUI BO3pacTa apXelCKUX KpucTtautmieckux mopoa B mips jet. [Togonsckuit u [puasoBckuit 610k YKpanHCKOTO
IIATA XapaKTepU3yIOTCs HATMIMEM B UX CTPOCHUU OYEHbB JAPEBHUX MOPOJ CO 3HAUCHUSIMU KPUCTAJUTU3AIMOHHOTO Bo3pacTta 1o 3,7 MIIpa
JIET U MOJeJIbHOTO Bo3pacTta cyberpara mo 3,9 mipa ger. OMIT — akkpenmonHbiit oporeH OcHunik-Mukamesnuu, UTIC3 — Wurynen-
[MaBnorpanckas cyrypHas 3oHa, [[C3 — lomoBaneBckas cytypHasi 3oHa, OI1C3 — OpexoBo-IlaBnorpanckas cyrypnas 3ona, KHIT —
Kopcynb-HoBomuproponckuii miyron, KIT — Kopoctensckuit turyroH, Kpe — Kpemenuyrckas ctpykrypa, Kpu — KpuBopokckast
cTpyKTtypa; I — apxeit, 2 — mpoTepo3oii, 3 — IUIYTOHBI, 4 — CYTYpHBIE 30HbI, 5 — KOMIUIEKCH OKPaMHHO-KOHTUHEHTAJILHOTO Tosica

bosiee mMosOBMHBI aHAIU30B C CHJIBHO IUCKOP-
JAHTHBIMU 3HAYEHUSIMU B 00eUX MPoOax CBUIETETb-
CTBYIOT O TOM, UTO dZr ObUIM MAacCOBO MOJABEPXKEHBI
TepMaJlbHOMY U/WIW MeTaMOpP(MUUEeCKOMY BO3JACH-
CTBMIO, BO3MOXXHO HEOJHOKPATHOMY, KOTOPOE B pa3-
Ho#i cterieHu Hapyiuiao U-Pb uzoTonHylo cucremy
B HUX, B TOM 4YHMCJie U 04eHb cyiiecTBeHHO (D>10%).
B nopopax, U3 KOTOpbIX OTOOpaHbI IPpOObI, HE BbI-
SIBJIEHO SIBHBIX CJIEIOB METaMOP(MUYECKOTo WU Me-
TacoMaTtuyeckoro usmeHeHus. [loatomy BeposiTHee,
yto dZr ObUIM peLUKIMPOBaHbLI U3 0oJjiee APEeBHUX
MOopoJ, MOABEPIHYBIIMXCS TePMAJIbHOMY M/WJIU Me-
TacoMaTUYECKOMY Bo3zeiicTBUI0. B HekoTophix dZr
BBISIBJICHBI OTAEJIbHBIE YYacCTKU (00J1acTH), KOTOpPbIE
MOXHO TPaKTOBaThb KaK MHXEpUTHOE (yHacjlIedOoBaH-
Hoe, ApeBHee) sSApo U Oojiee MOJOAYIO OOOJIOUKY.
OpHako Mo NpUYMHE MaJeHbKOTO pa3Mepa 3TUX 00-
JIaCTe WM HAJIMYMS HAPYLLIEHUI B HUX U3YYUTh XOTH
061 B oqHOM dZr U iApo, ¥ 000710UKY (YTOOBI OLIEHUTD
BpeMsl Bo3aeicTBUsI Ha dZr) He yaanoch.

Conocmaeaenue U—Pb uzomonuvix 3nauenuii
603pacma Oempumosvlx UUPKOHO8 U3 MABGPUHECKOU U
ackuopounckol ceputi. Habopbl 3HaueHUil Bo3pacTa
dZr 13 obenx mpod MOKa3bIBAIOT CUIBLHOE BU3YyalbHOE
CXOACTBO (MOATBEPKAAEMOE KOJTUYECTBEHHO TECTOM
Konmoroposa—CMmupHOBa: BenurnHa Ko3phUiueHTa
p paBHa 0,59), nposBisiolieecs B CASAYIOLIEM.

1. B oGenx npobax 3HaUYeHUsI BO3pacTa MOJIOXKE
KPHOTeHUS TTOTYYEeHbI TOJbKO IJIs1 €AMHUYHBIX 3€peH
(6 3epex dZr B mpode Ne 18-01 u 5 3epen dZr B mpo-

6e Ne 18-03) ¢ U-Pb u30TONMHBIMU AaTUPOBKAMH,
paccesiHHbBIMU B MHTEPBaJIe OT 3AMaKapus A0 Tpuaca.

2. CpenHuit M1 paHHUIA HeONpPOTepo30ii (Kpuore-
HUI ¥ TOHUI) U ME30IPOTEPO30il HEe MPEACTABICHbI
HU OJHMM 3€PHOM, a TOMUHUPYIOT dZr ¢ Maaeonpo-
TEPO3OMCKUMU U HEOAPXCHCKUMU 3HAYEHUSIMU BO3-
pacra. [Tpu 3TOM cambie sipKue (camble MHTEHCUBHBIC)
yacToTHBIe MUKU Ha KI1B nyist o06enx npod (majaeomnpo-
Tepo3oiickue — 2029 u 2052 MJIH JIeT U apXelickue —
2850 n 2806 MutH JieT) (aKTUYECKU COBITAJIM.

CTOJIb CWJIBHOE CXOACTBO YOEOWTENIbHO JOKA3bl-
BaeT, UTO BEPXHETPHUACOBBIE MECUAHUKMU M3 Pa3pe3oB
HUXXHETAaBPUUYECKOM CBUThI TABPUYECKOM CEPUM U CaJl-
TUPCKOM TOJILM 3CKUOPAUHCKON CEPUU UMEJIU EAUHYIO
MUTAOLIYIO TTPOBUHLIMIO. DTHU TOMLLU (POPMUPOBAJIUCS,
CKopee BCero, B pa3HbIX YacTSIX OJAHOTO M TOIO Ke
0CcagovyHoro dacceifHa Ha KOHTMHEHTAJbHOM OKpaurHe.

Bosmoorcnvie nepeuunvie ucmounuxu naieonpome-
PO30IICKUX U apXelicKux 0empumoasblx UUPKoHOE U3 eepx-
nempuacoevtx moauy ITopnozo Kpovima. 1lepBruHbIMU
UCTOYHUKAMM MAJICONMPOTEPO3OUCKUX U apPXEUCKUX
dZr B n3ydeHHBIX TpoOaX MOIJIU OBITh TOJBKO APEB-
Helle KPpUCTAIIMYECKUE KOMILIEKCH 3eMJu, T.e.
KPUCTAJUIMYECKUE KOMIUIEKCHI (DyHIaMeHTa KpaTOHOB.
Hanuuue ToabKo eAMHUYHBIX dZr TpeBHee KPUOTEeHUS
M OTCYTCTBUE (CpeaHe-+T03IHe-)HEOIPOTEPO30MCKUX
U Me30IIpOoTepo30McKUX dZr B M3yYEHHBIX IIpoOax
yKa3bIBaeT Ha TO, YTO BPSI JIM MaJI€ONPOTePO30iicKue
U apxeiickue dZr ObLIA PELMKIMPOBAHbI Yepe3 (Me30-
+Heo-)npoTepo3oiickue (MeTa)ocagouyHble TOIIIN.
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Topaszno BeposiTHee, YTO MaJeONpPOTEPO3OUCKUE U
apxeiickue dZr monaju B BepXHETPUACOBbIE TOJIIU
Toproro KpbimMa BMmecTe ¢ TMpPSIMBIMU MPOAYKTaMU
PaspylLIEHUS NATIEOTIPOTEPOZONCKUX Y HEOAPXEUCKUX
KPUCTAJUIMYECKUX KOMILJIEKCOB KpaToHa (LIMPKOHBI
1-ro uuKIIa ceaMMeHTallMK) U/ WIN ObLIU PELUKIUPO-
BaHbI Yepes Majeonporepo3oiickue (MeTa)ocagouHble
KOMIIJIEKCHI 3TOTO Xe KpaToHa, KOTOPbI HaXOIMJICs
Ha OTHOCHUTEJIbHO HEOOIbIIOM yAaJeHUN OT 00JacTu
cenMMeHTaluuu (MecTa oToopa o0pa3IloB).

Bbmkatiime Kk KpbsIMy apeBHeiIme KpaTOHHBIE
KOpOBbI€ OJIOKM HaXOISITCS B 3TO IOTO-3aIajHOM
yactu BoctouHo-EBporneiickoii mnargopmsl (BEIT)
(CapMmatus). Ha coBpeMeHHOM B3pPO3MOHHOM Cpe3e
3/16Ch BKCIOHUPYIOTCSI BBICTYIbI KPUCTAJUIMYECKOTO
¢ynnamenta BEIL: Vkpaunckuit mut u BopoHex-
CKMI1 KpucTajuindyeckuii MaccuB [bubukoBa u ap.,
2009, 2013; Bogdanova et al., 2008; Claesson et al.,
2014; Terentiev et al., 2018; Casko u ap., 2019], ap-
XelCcKUe M NajeonpoTepo30icKre KpUCTAIMYECKHe
KOMTIJIEKCHI KOTOPBIX MOTJIM OBITH TIEPBUYHBIMU HC-
TOYHMKAMU apXelCKUX U MajeonpoTepo3oickux dZr
B M3YUYEHHBIX TTpobax.

B npobax u3 BepxHeTpUACOBBIX TOJII ['OpHOrO
Kpbima 3aukcrupoBaHO 3HaYMTENbHOE 4YMcIo dZr
(14 3epen dZr B mpobe No 18-01 m 10 3epen dZr B
npode No 18-03) ¢ odyeHb APEBHUMM 3HAYCHUSIMU
Bo3pacrta (>3,0 MJIp JIeT), cpear HUX 3 APEBHEMIIMX
3epHa dZr ¢ Bo3pactoM ~3,9 mipna jet. Komriekcnol
C TaKMMU 3HAUYEHUSIMU BO3pacTa Ype3BbIlUaiiHO peaKu
B MMPE, OJJHAKO LIUPOKO MPeACTaBIeHbl Ha YKpauH-
ckom 1mmte (YII). Tax, IMomombckmii u IlpuazoB-
CKMIA OJIOKM YKpauHCKOTrO IIMTa XapaKTepu3yloTcs
HaJM4yuieM B UX CTPOCHUU OYEHb JPEBHUX MOPOJ CO
3HAUEHUSIMU KPUCTALIM3aLIMOHHOTO BO3pacTa BIUIOTh
nmo 3,7 MuIpI JIET M MOAECIBHOIO Bo3pacTa cyOcTpaTa
BIUIOTH 10 3,9 muipn et [Claesson et al., 2014; bubu-
KoBa u np., 2012, 2015; JTobau-Kyuenko u np. 2014,
2017] (puc. 4).

B ¢pynnameHnTe oro-zanagHoii yactu BEIT Takoke
LLIMPOKO MPECTaBIEHbI MaJIeONPOTEPO3OMCKUE KPU-
CTaJUIMYECKHe KOMILJIEKCHI aKKPEeMOHHO-KOJTU3UOH-
HOTO MTPOMCXOXIeHUS: perKThl Boiaro-Capmarckoro
(2,2—2,0 mapn siet) u Boabib-CpenHe-Pycckoro (1,7-
1,75 MJpa JieT) KOJUIM3MOHHBIX OPOTEHOB, a TaKXkKe
PeUKThl aKKpelMoHHOro oporeHa OcHulK-Muka-
mweBuuun (~1,95-2,0 mapa ner). KpynHbele BHYTpuU-
TUIMTHBIE MHTPY3UU B Tipenenax YIII npencraBieHb
miytoHutamu KopocteHbckoro u KupoBorpaackoro
MaccuBoB (1,74—2,06 mupa ieT) W TIpOPBIBAIOIITAMUT
ux paiikamu (1,88—1,77 mapn net). CBonka u3BecT-
HBIX apXEMCKUX U MaJIEONPOTEPOZONCKUX 3HAYECHUI
BO3pacTa KPUCTAJJIUYECKUX KOMILIEKCOB B 1OTO-
zanagHoi yactu BEIT mokasaHa B BepxHeil yacTu
pucC. 5 — OYEBUIHO XOPOIllee COOTBETCTBME BO3PACT-
HBIX IMANa30HOB MAJIEONPOTEPOZOUCKUX U apXEMCKUX
KPUCTANIMYECKMX KOMILIEKCOB I0T0-3aMagHON yacTu
BEIIl 1 COOTBETCTBYIOIINX MOIYJISLINNA TETPUTOBBIX
MpPKOHOB 3 TIpod Ne 18-01 m Ne 18-03.

K HacTosgmeMy BpeMeHM YXe HaKOIUICH TIpe-
cTaBUTEIbHBIM 00beM U-Pb M30TOMHBIX AaTUPOBOK
dZr 13 HEOmpOTEPO30MCKNX META0CATOYHBIX MOPOL,
VIII [bubuxkosa u ap., 2012, 2013; Claesson et al.,
2014; Shumlyanskyy et al., 2015b]. KoanuectBeHHOE
comocTaBjieHUe TOoJydYeHHbIX Hamu HaOoopoB U-Pb
M30TOMHBIX 3HaUeHWI Bo3pacta dZr M3 yKa3aHHBIX
mpo6 >1 MJpHO JeT ¢ CyMMapHBIMM aHAJTOTUYHBIMU
IaHHBIMM I Ioro-3amamHoii vyactu BEII, mpen-
CcTaBJIeHHBEIMU B pabote [Shumlyanskyy et al., 2015b],
BBIMOJIHEHO ¢ momolbto Tecta KoaMoropoa—Cmup-
HOBA C UCTIOJIb30BAHNEM MIPOTPAMMEI, pa3MeIeHHOM
B CBOOOJTHOM JIOCTYTIE.

DTOT TeCT UCTIONB3YeTCS TSI TOTO, YTOOBI OTIpe/ie-
JIATD, TIOMYUHSIOTCS JIV ABA SMITUPUIECKUX pacIipeie-
JIEHUsI OMHOMY 3aKOHY, JINOO OTPEIeTNTh, TIOTINHSI -
eTCsl JIM TIoJTydeHHOE pacrpeeieHue npeanogaracMomn
Mozaen. OGBIYHO CTaHAAPTHBIA YPOBEHh 3HAUMMOCTH
TecTa NMPUHUMAETCS paBHBIM 95%. DTO O3HaAYaer,
YTO, €CU BeIMYMHA KO3(D(UIIMEeHTa p TIPeBBIIIAcT
noporosoe 3HaueHue 0,05, To TecTupyemas ruroresa
BecbMa BeposiTHA (95%). Itk pacCMOTPEHHBIX HAMU
Mpo6 MoJTyYeHBI 3HaUeHUs Ko uiimeHTa p, paBHbIE
0,064 1 0,47 COOTBETCTBEHHO. DTO CBUJIETEILCTBYET O
TOM, YTO KPUCTAJTTMIECKIE KOMIUIEKCHI, aHAJIOTUIHBIC
TeM, KOTOphIE TIPEICTaBICHBI B COBPEMEHHOM CTPYK-
Type Y1, u/vnu npeBHeiilve rnaaeonpoTepo3oickue
0CaJI0YHBIC TOJIIIN, B KOTOPBIX MIPOAYKTHI 3PO3UU ap-
XEeMCKUX U TaJIe0NPOTePO30MCKIX KPUCTAITMYECKIX
KOMILIEKCOB B 1oro-3arnaaHoit yactu BEIT 6butn akky-
MYJIMPOBAHBI, MOTJIA OBITH TTOCTAaBIINKAMU KIACTUKHU
B BepxHeTpHracoBbie Tommu ['opHoro Kpreima.

BoiBoapl. 1. CunibHOE CXOICTBO CIIEKTPOB 3HAUe-
HU Bo3pacta dZr U3 U3y4eHHBbIX MPOO YyOeIUTETbHO
TTOKA3bIBAET, UTO IMTOPOIBI TABPUUECKOMN 1 SCKUOPIIH-
CKOI cepHil B MO3THEM TpHace UMEIN eANHYIO TTHTa-
FOIIYIO TIPOBUHITNIO, YTO TIOATBEPXKIACT (hallaTbHBII
XapakTep WX MePBUYHBIX B3aMMOOTHOIICHUIA.

2. IlpucyrcTtBue B mpoOax 3HAYUTEJbHOTO 4KMC-
nma dZr ¢ oYeHb OPEBHUMHU 3HAYEHUSIMM BO3pacTa
(>3,0 muIpz JIET, B TOM YKCJIE 3-X APEeBHEUIINX 3epeH
dZr ¢ Bo3pacToM ~3,9 MJpA JeT) yKa3bIBaeT Ha ToO,
YTO KPUCTALINIECKIE KOMITIEKCHI, TIpeACTaBIeHHBIC
B COBPEMEHHO CTPYKTYpe YKPamHCKOTO II1Ta, MOTJIN
OBITh OYEHb BEPOSITHBIMU TTEPBUYHBIMU UCTOUHUKAMU
9TUX UMPKOHOB. KpucTraymmdyeckre KOMIJIEKCH C
TaKUMU IPEBHUMM 3HAUYEHUSIMU BO3pacTa IIMPKOHOB
Ype3BBIYAWHO PEAKN B MHUpE, OMHAKO IMIUPOKO TIpe-
craBieHnsl B IlogonbckoMm m IIpmazoBckom OioKax
VKpauHCKOro 1uTa.

3. B nmosnHem Tpuace TaBpuueckuii ocaaou-
HBI OacceilH (hopMUPOBAJICS HAa KOHTMHEHTAJIbHOU
okparHe BocrouHo-EBporneiickoro KoHTMHeHTa (Mu
bantukn).

Dunancuposanue. ViccienoBaHsT BHITIOTHEHB B
COOTBETCTBUY C TJTAaHAMM UCCIIeIOBaHMI 110 TeMe ['oc-
saganuii TMH PAH u U®3 PAH, a TakKe 4aCTUYHO
rogmepkaHbl TipoektaMu PODOU (Ne 18-05-00495 u
Ne 19-05-00284).
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MHHO3AHEYETBEPTUYHASA ITAJTIEOOKEAHOJIOTUA HOPBEZKCKOI'O
MOPA HA OCHOBE AHAJIN3A BEHTOCHBIX ®OPAMUHUDEP

Huemumym oxeanonoeuu umenu I1.11. [llupwosa PAH, 117997, Mockea, Haxumoeckuii npocnexm, 36
DIrbOY BO «Mockoeckuii eocydapcmeennniii ynusepcumem umernu M.B. Jlomonocoea»,

119991, Mockea, I'CII-1, Jlenunckue lopet, 1

Shirshov Institute of Oceanology, RAS, 117997, Moscow, Nakhimovsky prospekt, 36

Lomonosov Moscow State University, 119991, GSP-1, Leninskiye Gory, 1

I'1y0OKOBOAHBIE KOJIOHKK, oToOpaHHble Ha ctaHusax AMK 5536 u 5524 B 68-m peiice
Hay4YHO-MCCJIEI0BATENbCKOrO cyaHa «AKaaeMuk Mctucnas Kesnplii», U3 ceBepo-BOCTOUHOM
yactu Hopsexcko-I'peHnanackoro 6acceiiHa NCCieI0BaHbl ¢ TOMOUIbIO CENMMEHTOJOTMUYECKUX
M MUKPOITAJICOHTOJIOTMYECKUX METOMOB. PacCMOTpeHBI M3MEHEHMSI COOOIIECTB OSHTOCHBIX
dopamuHudep B akBaTopuu HopBexXcKoro Mopsi, X U3MEHEHUsI BO BPEMEHU, UTO JaeT BO3-
MOXHOCTb MPOBECTU MaJCO0KEAHOJOTHMYECKHEe PEKOHCTPYKLIMM U CBSI3aTh MX C MOPCKUMU
n30TonHbIMU cTtagusmu (MIS).

Karouesvie croea: 1mMaaeooKeaHOJOTMUECKME PEKOHCTPYKLIMM, YETBEPTUYHBIC OTIOXKCHUSI,
GeHTOCHBIC (hopaMUHUMEPbI, MOPCKME M30TOITHBIC cTannuu, HopBexckoe Mope.

Deep-water cores selected at AMK 5536 and 5524 stations on the 68th cruise of the research
vessel «Academik Mstislav Keldysh» from the north-eastern part of the Norwegian-Greenland
basin were investigated by sedimentological and micropaleontological methods. Changes in
benthic foraminifera communities in the Norwegian Sea, their changes in time, which make
it possible to use paleooceanological reconstructions and associate them with marine isotope

stages are considered.

Key words: paleooceanological reconstructions, Quaternary stratigraphy, benthic foramin-

ifera, marine isotopic stages, Norwegian Sea.

BBenenune. MisMeHeHre KiimMara Ha 3emiie MpU-
BJeKaeT 00Jbllloe BHUMaHUE ILIUMPOKOW HayYHON
OOIIIeCTBEHHOCTU. XapakTepHas uyepTa M3MeHEeHUs
KJIMMaTa B YETBEPTUYHOM MEPUOAEC — PUTMUIHAS
CMEHa JIEAHUKOBBIX W MEXJICIHUKOBEIX 3TAIloB. DTH
W3MEHEHMS YUeHBIE TTBITAIOTCS OOBSICHUTH C TIOMOIIITLIO
KOJIe0aHUS COJTHEUHOW pagualid C TOYKHM 3PEHUS
OpOUTATLHOM TEOPUH IS OOJBIINX IMTPOMEXYTKOB
BpeMeHM, KOTOpbIe HAa3bIBAIOT IMKIaMU MuraH-
KoBMYa. B JlemHUKOBEIC MEpPUOMBI KCIIEHTPUCHUTET
OpOMTHI 3eMJIM JTOCTUTAT MHUHUMAIbHBIX 3HAYeHUIA,
CYLIECTBEHHO YCWJIMBAJIWChH TJIaHETApHOE MOXOJIO-
JaHue U POCT JIGAHUKOBOTO IMOKPOBa, a MeXJemd-
HUKOBBIE TIEPUOIBI, HA000POT, XapaKTePU30BAINCH
MaKCUMyMaM1 SKCIIEHTPUCUTETa, TETJIOBON PEeXUM
CTAHOBWJICS OoJiee OJIATOTIPUATHBIM, a JICTHUKOBEIC
LLIUTHI COKpAIlaIUCh WK MOJHOCTBIO ucuesaiu [bes-
BepxHuii, 2013].

Hopsexcko-I'pennanackuit 6acceiin (Nordic
seas) mpeacTaBiseT cobOif MECTO aKTUBHBIX I'€O-
JIOTMYECKNX M OMOJIOTMUECKUX PabOT POCCUMCKUX U
3apyOeXHBIX yUeHBIX. [IpembIayline McciieqoBaHUs
mukpodoccunmii B Hopseskcko-I'pennaHackom paiio-
He BHECJIM 3HAYNTEJIBHBIN BKJIAI B M3YUYEHNE MOPCKIX
u3otonHbix ctanuit (MIS) M manseokiMuMaTUYECKUX

peKOHCTpyKIUi. OmHAKO B OOJIBIIMHCTBE padoOT
MPUBOMSTCS ONMUCAHUSI KOMIUIEKCOB IIAHKTOHHBIX
(opamuHudep B KauecTBe Haubojee pacnpocTpa-
HEHHOU TpyIIbl MUKPOOPTaHM3MOB, MOCTPOEHHBIE
M0 HUM TajeoTeMIepaTypHble KPpUBbIE, C KOTOPBIMU
KOPPEIUPYIOT MOPCKUE M30TOIHBIC CTAAUM, a TaKXKe
paccMaTpuUBaIOTCSI OCOOEHHOCTH OTHAEIbHBIX CTamuit
wi nonacraguit. [lpenymaraemast ctaTbs BOCIIOJHSIET
3TOT Mpo0es, NpeaJiarasi JTaHHbIE UCCIeT0BAHUN, TTPO-
BEIEHHBIX TyTeM aHajni3a KOMIUIEKCOB OEHTOCHBIX
(opamuHudep.

B cratbe mnpencraBieHbl JaHHBIE, TMOJYyYEeHHbIE
B 68-M peilice HayIHO-MCCJIENOBATEIbCKOIO CYyTHA
(HUC) «Akagemuk MctucnaB Kenablii», coCcTOsIB-
wemcst getom 2017 r. CorpyaHukamu MHcTUTyTa
okeaHojiorun umenu I1.I1. IupmoBa Poccuiickoi
akagemun Hayk (MO PAH) Obuin otoOpaHbl 4 KO-
JIOHKU Ha JBYX CTAHLIMSIX B BOCTOYHOM (HOPBEXKCKOIA)
yactu Hopsexcko-I'pennanackoro 6acceiina (puc. 1).
Ha ocHoBe uccienoBaHusi HECKOJIbKUX TPyl O€H-
TOCHBIX (popaMUHUMEP U UX U3MEHEHUI BO BpeMEHU
yIaJIOCh BOCCTAHOBUTH KJIMMaTUuecKue (ayKTyaluu
1 najeoreorpaduuyeckue 0OCTAHOBKU 3a MOCIEIHUE
140 ThIC. NIET.

! WNuctutyt okeanonoruu umenn I1.I1. [upmosa PAH, naGopaTtopus majneo3Konoruu u ouoctparurpaduu, WHXeHep-UCcCiIeno-

Batesib; e-mail: liubov.kireenko1996@gmail.com

2 MockoBcKHMii rocyIapcTBeHHBIN yHUBepcuteT umMeHn M.B. JlomoHocoBa, reonormdeckuii (akyabTeT, Kadeapa permoHaIbHOM
reosioruu, npodeccop, AOKT. Teol.-MUHEp. H.; e-mail: Ifkopaevich@mail.ru

3 Wuctutyr okeanonorun umenu I1.I1. Hupmosa PAH, na6oparopus majaeosKojJornu u omoctpaturpaduu, 3aBeayIoLInii 1abo-

paTopueii, JOKT. Te0JI.-MUHEP. H.; e-mail: amatul@mail.ru
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Marepuaibl U MeTOJbl MCCJIETOBAHUS.
Cranmms AMK 5536 (73° 34,9 ¢. m1.; 7° 52,5
B. I.; iybuHa 2168 M) HaxoguTcs BOIU3H
pudTOBOI HONMUHBEI Xp. MoOHA, KOTOPBII
CITY>KUT CEBEPHBIM TTponokeHrnemM CpelrH-
HOAQTJIAHTUYECKON CIPEeIUHIOBOM CUCTEMBI.
Ha cranuuun AMK 5524 (71° 51,3’ ¢. 11.; 12°
7,19" B. n.; tnyouHa 1992 m), pacnosioxeH-
HOM Ha Iore oT 0-Ba MeaBexuii, MaTepual
0TOOpaH y 3aragHoro MOJHOXMSI KOHTUHEH -
TaJIbHOTO CKJIOHa bapeH1iieBa Mopsi, puyem
3HAUUTEbHYIO TIJIOIIAAb CKJIOHA oOpasyeT
MOIIHBIA KOHYC BbIHOCA.

MarepuayioM ajis UCCIeT0BaHUS MTOCTY-
KWK 125 mpo® TOHHBIX 0CaAKOB B 4 KOJIOH-
Kax Ha IByX cTaH1usX B HopBexckom Mope.
Paspesbl 1MojiydeHbl ¢ MOMOLIBIO yIapHON
TpyoKu Gosbiiioro auamerpa (TB/I), nHouep-
natenst (JIY) u mynbTukopepa (MK). InvHa
KOJIOHOK Ha CTaHUMSIX cocTaBisieT: Ha AMK
5536—4,37 m (TbA) u 0,15 m (YY), a Ha

~

AMK 5524—3,5 m (TAB) u 0,29 m (MK).
st uccaenoBaHus poObl U3 KOOoHOK Th/I
otoupanu 1o 1 cm ¢ uHtepBasiom 10 cm, a
s kojoHoK MK u I — no 1 cm Henpe-
PBIBHO Ha MPOTSKEHUM BCEro KepHa.

Bce mpoOb1 mepBuYHO 00pabOTaHBI MO EAUHON
METOJIMKe: 00pa3libl JOHHBIX OCaAKOB CHayaja Bbl-
CyILIMBaJIM, B3BEILIMBAJIM, 3aT€M C MIOMOILbIO KUCTOUKH
[IPOMBIBAJIL B CUTE C IMAMETPOM SYEHKU 63 MKM U
3aTE€M CHOBA BbICYILIHUBAJIU.

11 MUKPOTIaJIEOHTOIOTUUECKOTO aHaIu3a CyXou
MPOMBITBIN OCa0K MTOMEIaIu Ha YePHYIO TJIaCTUHY,
KBapTOBaJM U JEJIWIU Ha CIUIMThI. 3aTeM BbIOMpaIu
PaKOBUHBI OEHTOCHBIX (popamMuHMGep Mo OMHOKYJISI-
pom (rpu yBeaudeHuu x100) BpyyHyto TIpy MOMOIIHU
MpernapoBaibHOM UIJIbI U TOHKOU Kuctouku. Ilpu
onpeaeSeHU BUIOB HMCIIOJb30BaHA JIMTEpaTypa O
cucremaruke gopamuHugep [Jones 1994; Holbourn
et al., 2013]. B koMruiekce 6eHTOCHBIX (popamuHudep
BBIIEJICHO 55 BUIOB, KOTOPbIE IIPEACTABIISIOT 6 KPYyII-
HbIX oTpsioB. Ha ocHOBE MMKPOMaeOHTOJIOTMYECKO-
ro aHaju3a MOCTPOEHbI TpaPUKN UBMEHEHUST YUCTIEH-
HocTu (opamuHubep, MPOLEHTHOTO COIepXKaHUs
BUJIOB, TOMMHUPYIOLIKUX U COMYTCTBYIOIIMX TAKCOHOB.
TTocTpoeHue rpachrKoB MO3BOJINIO PEKOHCTPYUPOBATh
Takue rnmapamMeTphl, Kak riyorHa, TeMIieparypa, coje-
HOCTb, BJIUSIHUE TEUEHUM.

st u3ydyeHust Tpy60006JIOMOYHOTO MaTepuasa
JIEAOBOTO U aiicOeproBoro pasHoca, 0003HAYEHHOTO
IRD (ice and iceberg rafted debris), cyxoii mpoOMBbITbI
obpa3elr ImpocenBan yepe3 cuto auaMmeTpoM 100 MM,
3areM B KpyINHO#N (pakiiuu (aHAJOTMYHO METOJIMKE
MUKPOTIAJIEOHTOJOTUUECKOTO aHainu3a) MOACUYUThI-
BaJIM TEPPUTEHHbIE 00JIOMOUHBIE 3epHA. Pe3ynbrarh
aHanu3a cooTHolleHus IRD nmokasbiBaloT ycusieHue 1
ocabyieHue BIUSIHUS JIEAHUKOBOM AesITeIbHOCTH, TEM
caMbIM yKa3biBasi Ha KosiebaHus kiaumara [Taldenkova
et al., 2016].

|

Puc. 1. Kapra pacnojoxeHust cranuuii B Hopsexckom mope. Unciio KoJIoHOK

0003HauYeHO LUGpaMU PSIIOM C TOYKOM CTaHLIMU

HocToBepHBIit pacyeT IIPOIICHTHOTO COMePsKaHMS
BuaoB opamuHudep u IRD B obpa3slie npoBoauics
no 150—300 sk3emmisipoB/o6somMKoB. ITokazarenu
IIBYX METOMIOB TIEPECUNTHIBAIN KaK TIPOIIEHT M YHCIIO
9K3EeMILIIPOB/00JOMKOB Ha | rpaMM CyXOro Hempo-
MBITOTO Ocagka B Tpobe (9K3./T CyXOoro ocaaka WiIu
00J1./T CyXOoro ocajka).

HatupoBaHne KapOOHATHBIX OCTAaTKOB M3 KO-
JIOHOK BHITIOJNHSJIOCH PAgMOYTICPOTHBIM METOIOM
onpeaenaeHust Bo3pacTta [Bronk, Allen, 1995]. aa
3TOTO OTOMpaIN TUTAHKTOHHBIE (hopaMUHU(EPHI BUIA
Neogloboquadrina pachyderma (Ehrenberg, 1861),
pa3Mep HaBECKM KOTOPBIX COCTABIIST HE MEHeEe 5 MT.
Pesynbratel AMS-natupoBanusi (Accelerator Mass
Spectrometry) mosiydyeHsl B MMHCTUTYTE MccliemoBa-
Hus okeaHa IlekmHckoro ynuBepcuterta (Institute of
Ocean Research, Peking University, China). 3atem
¢ momoupio mporpammbl Radiocarbon calibration
program (CALIB7) paauoyriepoaHblii BO3pacT ObLI
MepecunTal B KaJleHOApHBINA (Tabnmia).
Panuoyriepoansie JATHPOBKU W MepecyeT B KaJeHIAPHBIH BO3PacT

IUIsE 0CAKOB M3yyaeMbix KoJIoHoK AMK 5536 u 5524 TB/I
B Hopgexckom mope

C Tny6una B | Marepuan | aTmpoBku Kanenmap-
TaH- ~ | no “C. 1 u .
st KOJIOHKE, | JaTupoBa ,» JI. H. | HBIil BO3pacT,

1 cM HUS + KaJ. JI. H.
2526 N. pach 15140 | 60 17 853
5536 49—-50 N. pach | 26 200 | 190 29 930
100 N. pach | 33 980 | 490 37 752
5504 0—1 N. pach 3886 25 3766
10—11 N. pach 6235 25 6604

Pe3syabTaThl MCCAeAOBAHUIA M HX 00CYXKIEHHeE.
JlaHHble 0 pacrnpeneaeHUU OEHTOCHBIX (hOpaMUHU-
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TaKCOHOB Elphidium subarcticum
AMIEIA Elphidium incertum
(l)OP <1)ep Dentalina pauperata
Cibicides sp
Cibicides lobatulus
Cassidulina teretis
Bullimina elegans
Astrononion galloways
Siphotextularia heterostoma
Cribrostomoides subglobosus
40
Pullenia 30
bulloides 20
10 |
0 [
50
40
Cassidulina 30
reniforme 20
ifo 10 \
0
10
8
IToanella 6
tumidula 4
2
6 0 2
M 100
accoBbIe€ BUABI 80
dopammundep, Oridorsalis 60
%, umbonatus 40
20
0 i
50
40
Cibicides 30
wuellerstorfi 20
10
0 ¢
80
Epistominella 60
exigua 40
20
0
6 15
Yncao BuaOB 10
dopammHNdep B IIpode 5 ‘
0 \
a 2000
UricaeHHOCTD 1500
GeHTOCHBIX popammEMPep, 1000
9K3./T CyX. Ocagxa 500
0
T'ay6una k0 A0HKM, -
o 0 1 2 3 4

Puc. 2. Kononka 5536 TbJl AMK-68 Ha xp. MoHa 1 XapaKTepUCTUKU ee pa3pe3a
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e
Mopckue 130TOIIHBIE CTagun
(MIS)
o 14000
12000
Cogepxxanmne 15000
3epeH Ae40BOro pasHoca, 8000

004./T cyX. ocagka

2
BcrpeuaemocTtn
MaA0OYMNCAECHHBIX

TaKCOHOB

dopammaNpEp

6
Maccossie Buabl

¢dopammuandep,
%

o

Yncao BA0B

¢opamuHudep B ipode

a
YncaeHHOCTDb

OenTOCHBIX popamuHKUPeEp,

9K3./T CyX. OcagKa

6000
4000
2000

0
Quingueloculina seminulum
Triloculina trihedra
Strainforthia complanata
Silicosigmoilina groenlandica
Pullenia coryelli
Parafissurina spp
Nonionella bradyi
Melonis barleeanus
Lenticulina gibba
Lagena spp
Ioanella tumidula
Hyalinea baltica
Fissurina spp
Elphidium asklundi
Dentalina pauperata
Cibicides sp
Cibicides lobatulus
Alabaminella weddelensis
Siphotextularia rolshauseni
Cribrostomoides subglobosus

Cassidulina
teretis

Elphidium
clavatum

Cassidulina
reniforme

Oridorsalis
umbonatus

Cibicides
wuellerstorfi

Epistominella
exigua

I'2yOuHa KOAOHK,

M 0 0,5 1 15 2 2,5 3 3,5

Puc. 3. Kosnonka 5524 TBI AMK-68 ¢ nogHoxust bapeHIIeBOMOPCKOro KOHTUHEHTAIBHOIO CKJIOHA (KOHYC BbIHOCA O-Ba MeIBEXMIA)

M XapaKTEePUCTHKU ee pas3pesa
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e
Mopckme M30TOIIHEBIE CTaANN 1
(MIS)
2000
() 1500
Cogaep>xkaHue 1000
3€epeH 41e40BOro pasHoca,
004./T cyx. ocagka 500
0 * T T * |
Triloculina trihedra-) A A A A A
2 Silicosigmoilina groenlandica- A A A
BeTpeyaeMocTh Pyrgo williamsoni| A A A A A A A A A A A A A A 2
p NonionellabradyiH A A A A A A A A A A A A A A 4
MAaAOYMNCACHHDBIX ergena spp- A A A A A
TaKCOHOB Fissurinaspp{ A A A A A A A A 4 2 A
dopamumENpEp Elphidium clavatum - A
Cibicidessp A A A A A A A A A A A A 4
Cibicides lobatulus A A A A A
Cribrostomoides-| A A A A A A A A A A
subglobosus
T T 1
20 1
Cassidulina |
reniforme 10
5
0 T T |
10 1
s
loanella 6
tumidula 4
s
0 T T |
25 1
8 20
15 A
Maccosbie BMABI Oridorsalis ) ]
Popavmundep, umbonatus i
%
0 T T 1
60 1
50 A
Cibicides % ]
. 30 A
wuellerstorfi |
10 A
0 T T |
50 A
) X 40 A
Epistominella
exigua 301
e 20 -
10 A
0 T T |
15 14
5 o w
Uricao BMAOB
dopamuEndep B Ipode 5
0 T T 1
a 6000 4
UnicaeHHOCTD 2000 1
4000 A
6enTOCHBIX PpopamuHNdEp, 3000 4
9K3./T CyX. 2000 ~
1000 +
ocajka 0 : . .
I'aybuna koaowkm, T T 1
) 5 10 15

M

Puc. 4. CooG1iectBo 6eHTOCHBIX (hopamMuHUbEP KOJTOHKU-AHOUYepraTesst Ha craHuuu 5536 AMK-68
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e
Mopckite M30TOIIHBIE CTaANN
(MIS)
0 30000
Coaep:xanne
20000
3epeH 2e40BOro pasHoca,
0064./T cyx. ocagka 10000
. . 0
Stainforthia complanata
Pullenia coryelli
Pyrgo williamsoni
e Parafissurina spp
Bcrpeuaemoctn Nonionella bradyi
MAaa0UNCASHHBIX Nonionella auricula
Marginulina obesa
TaKCOHOB Globocassidulina subglobosa
dopamuundpEp Fissurina spp
Dentalina pauperata
Cibicides sp
Cibicides lobatulus
Alabaminella weddelensis
Al'l'}lIOTVIHHPOBBHHBIe
120
Cribrostomoides 80
subglobosus
40
0
16
12
Cassidulina 8
reniforme
4
0
15
IToanella 10
tumidula 5
6
MaccoBbie BIAb 0
dpopamunudep, 80
9 60
o Oridorsalis
umbonatus 40
20
0
100
80
Cibicides 60
wuellerstorfi 40
20
0
25
20
Epistominella 15
exigua 10
5
0
18
Uncao BuAOB 12
¢$opamunmdeEp B Ipode 6
0
a 3000
UncaeHHOCTD 2000
O6eHTOCHBIX popamuHUPEp,
1000
Puc. 5. CooGuiectBo GeHToC- PK3./T CyX.
HBIX (opamMMHUDEP KOJOHKHU- OcCajakKa 0
MyJIBTUKOpPEpa Ha cTaHLuu 5524 T'ay6uHa KOAOHKH,

AMK-68 o™
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¢ep, IRD u Bo3pacTHBIE MPUBSI3KM IIPEICTaBIICHBI
Ha puc. 2—5.

COBOKYITHOCTH CETMMEHTOJIOTUYECKIX T MUKPO-
MaJIeOHTOJIOTUYECKUX NAHHBIX, MMOJTYUYEHHBIX IS
kosoHOK AMK 5536 u AMK 5524, no3Boauia BbI-
JCJIUTh 6 KOMILJIEKCOB, KOTOPbIE OTBEYAIOT MOPCKUM
n30TOIMHBIM cTagusiMm MIS (marine isotope stages),
a TaKXe CIeNlaTh CTpaTurpadpudecKue MPUBI3KU U
PEKOHCTPYHMPOBATh CEPUIO0 TTAaPaMETPOB TAJIeOCPEIbI.
BospacTthbie rpanuubl craguii MIS maHbl B cOOTBET-
CTBUU ¢ AaHHbIMU paboThl [Lisiecki, Raymo, 2005].

OTJI0KEeHUST MOPCKUX M30TOITHEIX cTannii MIS 6,
5 1 4 BCKPBITHI TOJIBKO B KoJioHKe 5536 TB/I, (puc. 2).

Cmadus MIS 6 (140—130 TeIC. 1. H.) BBIIeJIeHa Ha
OCHOBE OTCYTCTBUS PaKOBWH OEHTOCHBIX (hDOpaMUHU-
dep. DTOT cI1oii XapaKTeprU3yeTCs TAKKE BHICOKMM CO-
nepxanureM IRD (50 000—60 000 o6u1./T cyx. ocagka).
Otun 3HaueHus IRD oTBevaloT OTIIOXEHUSIM CTaauun
MIS 6 B kononkax mposmBa ®pama [Bylinskaya et
al., 2016].

Cramust MIS 6 BeleneHa B pa3pe3e Kak JeIHU-
KOBas 3I10Xa cpeaHero TeiictonieHa. Hauamo omene-
HEHMS MPUBEIO0 K TISIIMO3BCTATUUECKON perpeccuu
n yBeqmueHuio 1uromanu CeBepo-EBpasmiickoro
JIETHUKOBOTO IIINTA, 3aXBaThIBABIIIETO OOJIBIIYIO YaCTh
EBpasuu u pueraroime K ee rpaHAIIaM OKpalnHHBIE
MODPSI. DTO OTPA3WIOCH B ITeJIATMUECKOM 1 OaTHAIBHOMN
JacTax OacceifHa Pe3KWM CHIDKEHUEM OMOIIPOIyK-
TUBHOCTH BIUIOTH IO TIOJTHOTO OTCYTCTBUSI paKOBHMH
OEHTOCHBIX (hopaMuHUDeED.

B crarpe [Bylinskaya et al., 2016] yka3zaHo, 4To
cragusgs MIS 6 mmMeeT GOJBIIYIO MOIIHOCTh, a B €€
OTJIOXKEHUSIX OTMEUEHO OOMIbHOE TPUCYTCTBUE pa-
KOBUH O€HTOCHBIX (popamuHudep. B Hamem ciaydae
M3Y4YEeHHBI MHTEepBaJ cTanuu B Kojonke AMK 5536
MMEEeT MaJIeHBKYIO MOIITHOCTh M HAXOIUTCS B TEPMH-
HaJIBHBIX CJIOSX KOJOHKH, BCJIEICTBHE YeTO OEHTOC-
Hble popamMuHUdEPbl MOTJIM OTCYTCTBOBaThb. TakuMm
00pa3oM, COOTBETCTBYIOIIMIA BBIBOJ, KOTOPBI OBLI
clellaH paHee, OTHOCUTCSI TOJNIBKO K BepXHEH JacTh
craauu MIS 6.

Cmaodus MIS 5 (130—71 TbIC. JI.H.) XapaKTepu-
3yeTcsl YBEJIMYEHUEM UMCJIEHHOCTU OEHTOCHBIX (Do-
pamuHudep n1o 100—500 3k3./r cyx. ocaaka. 3aTeM
oHa mocturia mMakcmmyMma (6omee 3000 3K3./T cyx.
ocaJKa) M COXpaHWJIa CBOW BBICOKME 3HAUCHUS IO
KOHIIa CTaINH. YBEJINMYMIOCh TAKCOHOMMYECKOE pa3-
HooOpa3ue OeHTOCHBbIX (hopamMuHUbep: C ONHON CTO-
POHBI, TTOSIBUIMCH MacCOBbIe BUbl Epistominella exigua
(Brady, 1884), Cibicides wuellerstorfi (Schwager, 1866),
Oridorsalis umbonatus (Reuss, 1851), loanella tumidula
(Brady, 1884) u Cassidulina reniforme (Ngrvang,
1945), a ¢ apyroii — MajJo4yMCIEHHbIE TAKCOHBI, CO-
0011IecTBa KOTOPBIX TTOAPOOHO yKa3aHbl Ha puc. 2—3.
BHYTpM KOMTIIEKCa MacCOBBIX M MaJOYMCIEHHBIX
(dopm oTMeueHBI cTpaTUTpadUUECKA BaKHBIE BHIBI
Pullenia bulloides (d’Orbigny, 1846) u Globocassidulina
subglobosa (Brady, 1881), KoTopble MapKHUpyIOT Ha-
yajo U oKoH4YaHue ctaauu MIS 5 u orpaHuyuBaioT

ATOT MHTEpPBaj BpeMeHHBIM oTpe3koM 130—71 ThIc.
a.H. [Bylinskaya et al., 2016; Struck, 1997]. Cpemn
MAacCOBBIX BUIOB (popamMuHudep B HaYajse TOPU30H-
Ta OTMEUEeHO JoMUHUpoBaHue Buma O. umbonatus,
KOTOPBIN XapaKTepeH TSI YCIOBUI ¢ HU3KMM TTOTO-
KoM opraHmyeckoro BeulectBa [Rathmann, Kuhnert,
2008]. 3aTeM ero coaepkaHue IMOCTETIEHHO CHIKAETCS
W K YWCIIy TOMWHAHTOB IPUCOCINHSICTCS APYroit
maccoBbiit Bun — C. wuellerstorfi, pacnipocTpaHeHue
KOTOPOTO YKa3bIBaeT Ha aKTUBHBIC THAPOJIOTUTICCKIE
YCIIOBUSI ¥ THA M TIOCTOSTHHBIN TTIOTOK OPTaHUIECKOTO
yrepona (Co,,) [Gottschalk et al., 2016]. ConepxaHue
IRD B aTOM MHTEpBajie HepaBHOMEpPHOE: B Hadaje
KOMIIIeKca (PUKCUPYETCS Pe3KUIA MK KOHIICHTPAINT
Marepuala JIeIOBOTO pa3Hoca, a 3aTeM BHYTPU WH-
TepBajna comepxanue IRD magaetr 1o MMHMMAaIBbHBIX
3HAYECHUM.

Craguio MIS 5 nensart Ha moacragum, roe MIS Sa,
5¢ n 5S¢ — Temible nHTEpBankl, a MIS 5b u 5d — xo-
JomHbIe. MOXHO MPEAITONIO0XKNTh, YTO 3TOT KOMIUIEKC
10 CBOMCTBAM 1 TTapaMeTpaM COOTBETCTBYET MHTEPBA-
ay moacraguy MIS 5a [Bylinskaya et al., 2016; Struck,
1997]. OTcyTcTBHE OCTaJIbHBIX TMOJACTAAUN MOXHO
OOBSICHUTH TIEPEePHIBOM B OCATKOHAKOTUIEHUM, TIPO-
W3OMIEAIINM B pe3ybTaTe aKTWBU3aLMU pUGTOBOI
30HBI Xp. MOHa, M HEIOCPEACTBEHHON OJIM30CTHIO
MecTta orbopa kojaoHkn AMK 5536 k ar1oii 30HE
[ITeiiBe u op., 2009].

C Havasiom ctaguu MIS 5a Hauanock noTeruieHre
KJIMMaTta, B XO/Ie KOTOPOTO IPOUCXOIMIIO COKpalle-
HUE JISTHUKOBOTO IIINTa, U €r0 TPaHUIIBI TIOCTETIEHHO
OTCTyNaJIM K KOHTMHEHTaJIbHO# YacTi EBpasnu. Bo-
JIHbIE TTIOTOKM, 0Opa3yolrecs 3a CUeT TassHUS JibJa 1
YCWJICHHST pEYHOTO BEIHOCA, CTIOCOOCTBOBAIN TIOTBEMY
YPOBHS MOpPST 1 M3MEHEHUIO THIPOJIOTUIECKOTO pe-
xkuMa. OTKPBITEIE MOPCKHE W XOPOIIIO a3pHUPOBAHHBIC
MPUIOHHBIE YCIOBUS TMPUBEIN K CMEHE 3KOJIOTHYe-
CKOIf 0OCTaHOBKU M CTUMYJIMPOBATIN TIEPUOTNIECKOE
«IIBeTeHMEe» (PUTOIIAHKTOHA B TeJIaTMIeCKON JacTh
OacceiiHa. YBelnMueHHE TMOTOKAa OPraHUMYECKOro Be-
IIECTBA M AaKTUBHAS TMAPOAVMHAMUKA B MPUIOHHOM
yactu OacceiiHa co3fany OJaronpusiTHbIE YCIOBMS
JIJIST pOCTa IMOIYJISIHUM OSHTOCHBIX (hopamuHudep.

Cmadus MIS 4 (71—57 TbIC. J1. H.) 110 CBOMM CBOMi-
CcTBaM IToxoXa Ha craguio MIS 6 n xapakrepusyercst
OTCYTCTBMEM PaKOBUH OCHTOCHBIX (opamMuHUQED.
DTO MOATBEPKAACTCS TOBOJIBHO OOJIBIIIM TIPUBHOCOM
IRD, 4yTo yka3pIiBaeT Ha pa3BUTHE JICAHUKA.

B teuenue ctagum MIS 4 ormeueH pe3kuii mepe-
X0 K HOBOMY JIETHUKOBOMY TIepHUOAY, TPEHII K OoJiee
CYPOBBIM TEMITepaTypHBIM YCIOBUSIM. TakM 00pa3om,
KIIMMaTUYECKHE YCIOBUS U TTaJlc00KeaHOJIOTnIecKast
00CTaHOBKA CTaJIM AHAJIOTUYHBI TAKOBBIM B TIPEIBITY-
1LIeM JIETHUKOBOM Ttepuone MIS 6, B pe3ynbrare 4ero
CO3MTAJINCH «TOJIOMHBIC» W/WJTN «MEPTBBIC» YCIIOBHS TSI
oburaHus Ha THe OacceitHa OEHTOCHBIX (popamMuHUpEp
[bensieBa u ap., 1994].

Cmaodus MIS 3 (57—29 TbIC. 1. H.). OTI0XEHUS
cranuu MIS 3, KkoTtopas B MoJIHOM 00bEME BCKpbITa
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TOBKO B KoJoHKe AMK 5536, ommyarorcst or HK-
JKeJIeXalnero TOpU30HTa YBETMUEHUEM YNCICHHOCTH
dopamunudep (200—300 5K3./r cyX. ocajaka) U Tak-
COHOMMYECKOTO pa3HOOOpa3usl, OMHAKO CYIIECTBEH-
Hoe ToBbIlIeHUe He Habawopaercs. COOTHOILIEHUE
MAacCCOBBIX BUIOB M KOHIIEHTPAIIWST MaJOUYNCICHHBIX
TaKCOHOB (opaMmHUGEP OCTAIOTCA aHAJTOTUIHBI
TakoBBIM B ctaguu MIS 5, HO BcTpeyaemocTh (o-
pamuHM(bep Ha TOPSIOK MeHbIe. EmmHUYHBIE Ha-
XOJIKU pakoBUH peodunbHoro Buna C. wuellerstorfi n
BBIXOJl Ha TepeaHui TaaH noMuHaHTa O. umbonatus
YKa3bIBaIOT Ha ITACCUBHYIO TUAPOANHAMUKY TTPUIOH-
HBIX BOJI M HU3KUM TTOTOK OPTaHMYECKOTO BEIIECTBA.
Cpenu TOMMHAHTOB B CBOIO OYepedb OTMEUYEH BU
C. reniforme — TUNIMYHBIN TIPEACTaBUTEIHL MOpPEH B
zamagHoil yactTu CeBepHoro JlemoBuUTOro oxeaHa,
W OH TIOSIBJISIETCS B CBSI3W C aKTWUBM3aIME TpaHC-
apKkTUYecKoro apudTa B ATIAaHTUUYECKOM OacceliHe
[Polyak et al., 2002]. Taxxe HaOmomaeTcsl IepBOE
nosiBieHUe MajoumciaeHHoro Buaa Cassidulina teretis
(Tappan, 1951), KOTOpBI MapKUPYET aKTUBHOE IIPO-
HUKHOBEHWE TpaHC(HOPMUPOBAHHBIX aTIAHTUYECKUX
BOJHBIX Macc B ApkTuueckuil 6acceitH [OBcensH u
np., 2015]. Ormerum, 4To B Hayvaje cTaguud (BUK-
CUPYIOTCSI BBICOKME 3HadeHUs1 copepxkaHus IRD
(40 000—50 000 06:./T cyx. ocagKa), KOTOpbIE 3aTeM
OBICTPO MAmaroT IO MUHUMAJIBHBIX.

Cranus MIS 3 xapakTepusdyeT MHTepcTaauall
(MesxcTagmai) B TOCIeTHEM JISTHUKOBOM TIEPUOJE
MO3AHeTo TIeiicToreHa. KimmMaTndeckne yCIoBUS
OBITM MeHee TeTUTBIMH, YeM B MEXIICTHUKOBBINA TTe-
puon. Bo BpeMsT KpaTKOBPEMEHHOTO ITOTETICHMUS
BO300OHOBMJICS aKTUBHBIN BOZOOOMEH MexXmy Ap-
KTAYECKNM M ATJIAaHTUYECKMM okKeaHamHu. OmHAKO
B TIPUIOHHOM CJI0€ THAPOJIOTMYECKHUI pesKUM OCTa-
BaJICd TACCMBHBIM. Bce mepedncieHHBIE YCIIOBUS
CITOCOOCTBOBAIM YBEJIMICHUIO OMOIIPOAYKTUBHOCTH
B OacceiiHe U BO30OHOBJIEHUIO Pa3BUTHUSI OEHTOCHBIX
dopamuaugep. Tem He MeHee Ha IHO IOCTYIIAJIO
ropa3ao MeHBIIe TN B BUIE TIJIAHKTOHA, W COOOIIIe-
CTBO OEHTOCHBIX (hopaMUHUGEP MMENTO HEBBICOKYIO
YUCIIEHHOCTb.

Cmaodus MIS 2 (29—11,7 teiC. 11. H.) BBIOCISIETCS
M0 PaguoOyTIAEPOAHBIM TATHPOBKAM M TIOSBICHUIO
B HIDKHEM YacTM KOMIIIEKCa CTpaTUTrpadruIecKoro
Buaa Siphotextularia rolshauseni (Phleger & Parker,
1951), xoTopelit MapKupyeT Havajao craguu MIS 2
[Struck, 1997]. Komruiekc xapakTepusyeTcsi HU3KOM
YUCJEHHOCTbIO OeHTOCHBIX (popamuHudep (10—
20 5K3./T cyx. ocajka), HO BUJ0OBOE pa3zHOOOpasue
W pOJIb TOMUHUPYIOUIMX BUIOB COXPaHSIOTCSI, B
TOM umucie u apkrudeckoro suaa C. reniforme. Bua-
nHauKatop C. feretis pacTipocTpaHeH B TEUCHUH BCETO
3TOro MHTepBaja, a Ha ctanmuu AMK 5524 naxe
BXOIIMT B COCTaB MacCOBBIX BUIOB OEHTOCHBIX (popa-
muHudep. Coaepxxanue IRD B koMruiekce 10BOJILHO
BBICOKOE, HO IPU 3TOM CUJIbHO BapbupyeT (oT 500
mo 12 000 o6x./T cyx. ocanka): B paifoHe xp. MoHa
CHOC TIpaKTUYECKW TpeKpaTujcs, a B pailoHe 0-Ba

MenBexuit — IPOIOIKAICS, JOCTUTHYB MaKCUMyMa
K OKOHYaHUWIO CTaIHMN.

Bo Bpems crannu MIS 2 npowusoiiuio noxosona-
HHE, KOTOpOe TIPUBEJIO K pacIIMPEeHUIO JIETOBOTO TT0-
KpoBa, TJISIIMO3BCTATUYECKOMY TTOHIKEHUIO YPOBHS
MOpS ¥ YMEHBIIICHUIO WJIM TIPEeKpalleHUIO0 TTPUTOKA
OpPTaHMYECKOTO BeIIeCTBA M3 MOBEPXHOCTHOTO CJIOS
Boabl. Hapsimy ¢ moxomomanueM KiMMara 1 JJeTHUKO-
BOI JIeITeJTbHOCTBIO B paifoHe MPOI0KAIOCh B3aTMO-
MEeUCTBUE MEXOY apKTUIeCKUMU W aTIIAHTUYSCKUMM
BOIHBIMHM MaccaMi. MOXHO TIPEATIOIOXUTh, YTO aK-
TUBHBIN BOAOOOMEH MEXTy APKTUKON U ATJIaHTUKOM
He JTaBaJl BOBMOXHOCTH Pa3pacTaTheCs JETHUKOBOMY
IINATY B TIyOOKOBOMHYIO YacTh OacceifHa, a aTJlaHTH-
YecKHe M apKTUIeCKNe TeUSHUS TIPUHOCUIIN ¢ COOOM
(PUTOIIIAHKTOH, KOTOPBIN (POpMUPOBAT HU3KUI TIO-
TOK OPTaHMYECKOTO BEIeCTBA B MPHIOHHYIO YacTh
OacceiiHa M oOecreyrMBajg COXpaHEHUE MOMYJISLUU
OEHTOCHBIX (hopaMUHUMED B ATY JIEAHUKOBYIO 2MOXY.

B cBs13u ¢ HEOONBIIOI CKOPOCTHIO OCaIKOHA-
KorieHnsT B HopBeXkCKOM MoOpe M IMCKPETHOCTHIO
oTO60pa 06pa3ioB B KojoHKe TBJI aetaibHO paccMmo-
TpeTh BEpPXHUU (TOCIeIHNI) KOMIUIEKC OKa3ajloCh
BO3MOXHO C TTOMOIIBIO KOJOHOK THOYepraTeslIst U
MyJabTHKOpepa (puc. 4, 5).

Cmaous MIS' [ xapakTepu3yeTcsi pe3KUM POCTOM
ypcaeHHocty (2000—6000 3k3./r cyx. ocamka), Tak-
COHOMMYECKOTO pa3HOOOpa3usi OEHTOCHBIX (popamMu-
Hudep U pe3KuM yMeHbleHueMm conepxkaHusi IRD.
ConepkaHre MacCOBBIX BHIIOB YBEIMYMBAETCS, B MX
cocTaBe HaONIIOmAeTCs HOBOE TIOSIBJICHWE MTOMWHAH-
ta — C. wuellerstorfi. BctpedyaeMoCTbh MaJIOUMCIIEHHbBIX
BUIIOB TOXKE YBEJTMUMBACTCSI, HAOJTIOMaeTCs TTOSBICHUE
HOBBIX TAKCOHOB OEHTOCHBIX (popaMUHU(DEP, KOTOPHIE
paHee He BcTpevaauch (puc. 4, 5).

Pannss daza npernsunanuu MIS 1 cooTBeTcTBYET
rpanuue (11,7 toic. ji. H.) [bapaiu u ap., 1987] okoH-
YaHUS XOJIOAHOTO TIO3THEro TUIeicToIleHa M Havaia
TETUTOM 3ITOXM TOJIOIIeHa, KOTOpast TIPOIOJIKAETCS IO
HACTOSIIETO BpeMeHHU. [loTereHne KimmaTa coTrpo-
BOKIAJIOCHh COKpAIlleHWEeM JISTHUKOBOTO IIHMTa, Tpa-
HUIIBI KOTOPOTO OTCTYMAJIM Ha OMKaifllie ocTpoBa
1 KOHTUHEHT, a 3aTeM ncue3nu. TassHue IeTHUKOBOTO
IIIATA CIIPOBOLIMPOBAJIO TIOCTICTHUKOBYIO TPAaHCTPeC-
CUIO U TIOCTEeTICHHOE 3aToIuieHue 1enbda. B pesyib-
TaTe 9T YCJIOBUS MIPUBETN K CMEHE TUIPOJIOTHIECKOTO
pekrMa M M3MEHEHWIO 3KOJIOTUIECKON 0OCTaHOBKU
Kak B TIeJIaTMYECKON, TaK WM B TMPUIOHHOW YacTu
Oacceitna. [ToTeruieHre 1 OTCYTCTBHE JIeTHUKA CPop-
MUPOBAJIN TMOCTOSSTHHBIN BepPTUKAJIBHBIN MTOTOK Opra-
HUYECKOTO BEIlleCTBA, a aKTUBHAS TUAPOIUHAMKUKA U
OJIaTOTIPUSTHBIE TIPUIOHHBIE YCIIOBUST CTUMYJIMPOBAIA
pa3BUTHE U TTOSIBIICHNE HOBBIX BUIOB OEHTOCHBIX (pO-
pamuHudep B 6acceitHe HopBexkckoro mMops.

BoiBoapl. 1. B HopBexxckoM mMope Ha OCHOBE
CeIMMEHTOJIOTUUECKNX M MUKPOITAJIeOHTOJIOTHYE-
CKUX JAHHBIX YIAJ0Ch BBIIEINUTD MIECTh KOMITIEKCOB,
COOTBETCTBYIOIINX MOPCKHUM HM30TOITHBIM CTaINsSIM
MIS 6—MIS 1 B Bo3pactHOM auanaszoHe 140 Teic.
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JI. H. — Hacrosimiee BpeMmsa. OHM OXBAaTBIBAIOT TPU
TEOXPOHOJIOTMUECKNX MHTepBajia (CpeaHUi TIIeiicTo-
LeH, TTO3AHMI TUIEHCTOLICH 1 TOJIOLIEH) U COBITANAIOT
C JIGTHUKOBBIMU W MEXJIETHUKOBBEIMU TIEPUOAAMU
MMO3THEYETBEPTUUYHOTO BpEMEHMU.

2. ITpucyrcTBue aTnanTuyeckoro Buna Cassidulina
feretis yKa3blBaeT HA BHEIPEHUE ATIIAHTUYECKUX BO-
THBIX MacC B ApKTWYECKUI OacceiiH, M, HAIPOTHB,
apktuueckuii Bun Cassidulina reniforme mMapkupyer
MPOHNKHOBEHNE B ATIIAHTUYECKUIT OKeaH BOJ TPaHC-
nonsgpHoro TedeHns. COBMECTHOE TOMWHUPOBAaHUE
3TUX BUIOB-WMHAEKCOB B HopBexkckKoM Mope BO
BpeMs TIOCJIeNHE JIEMHUKOBOI CTamuy yKa3bIBaeT
Ha aKTWUBHBIN BOAOOOMEH MeEXIy APKTUYECKUM U
ATIIAaHTUYECKUM OKeaHaMM.

3. [Tomo0OHO paccMOTPETh rOJIOLIEHOBBIE OCAIKN
yjaaaoch ¢ momolbio KoaoHok MK u 1Y, naHHbIe
KOTOPBIX XOPOIIO KOPPEIUPYIOT ¢ TMOKa3aTelIsIMU
konoHku TBJl. Havano ronoueHa BO Bcex MU3-
YYEHHBIX KOJOHKAaX YeTKO TPOCIEeXMBAETCS ITO
pe3KoMy BO3paCTAaHWIO UYMCIEHHOCTH OEHTOCHBIX
dbopamuHUpEep U CTPEMUTETBHOMY YMEHBIIEHUIO
IRD. OTMeTuM, 4TO B TOJIOLIEHOBOM KOMIIJIEKCE
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IIpuBeneHsl pesynbTarhl ompeneieHuin opamMuHudep U HAHOIUIAHKTOHA M3 pa3pesa
BepxHeMeJIoBbIX oTyoxkeHUil . AnaH-Keip (LenTtpansubiii KpeiMm). MHTepnpeTalys gaHHBIX
B COBOKYMHOCTU € MAJIMHOJOTUYECKUMU U MaJ€OMATHUTHBIMU MaTepualaMu, MOJTy4YeHHBIMU
paHee JUIs1 9TOro pa3pesa, Mo3BoJsIeT 000CHOBATh BO3PACT BMEIIAIOIIMX OTJIOXEeHU . B HIDKHEe
YACTU pa3pesa BbIACIEHBI CJIOU M0 MJIAHKTOHHBIM (popamuHubepam, OTBEYaIOLe CAHTOHCKOMN
yactu 30HBI Dicarinella asymetrica. BoiaeaeHHBIe 30eCh 0 O6HTOCHBIM (DopamMuHUbepam CI0u
TakXke MPUHAIJIEeXAT K CAHTOHCKOMY MHTEPBaIy M MO3BOJSIOT AaTh Oojiee IpOoOHOE ero Jese-
Hue. [To HAaHOTUTAHKTOHY yIaJI0Ch YCTAHOBUThL KOMIUIEKC nepexoqHoi 3oHbl CC17, cooTBeT-
CTBYIOIEH BepXHEMY CAaHTOHY—HMXXHEMY KamIlaHy. B mpenenax 3Tux oTJoXeHU HaXOAMTCS
MOIOIIBA BEPOSTHOIO aHajora MarHUTHOro xpoHa C33r, KOTOpyIo IpeaiaraeTcsl UCII0Ib30BaTh
B KayecTBe MEePBUYHOIO MPU3HAKa JJIs1 ONpeieseHrs] HUXKHE rpaHuIbl KaMITaHCKOTOo sipyca.

Kniouesvie crosa: Tpanunia caHToHa 1 Kamrana, [opubrit Kpeim, paspes Aman-Keip, ¢o-
paMuHK(bEpbl, HAHOILJIAHKTOH.

The article presents the results of the determinations of foraminifera and nannoplankton
from the section of Upper Cretaceous deposits Alan-Kyr (Central part of Crimea Mountains).
Interpretation of these data to gether with the palinological ans paleomagnethic materials
obtained earlier in this section allows to justify the age of deposits. In the lower part of the section
planktonic foraminifera assemblages are correlated with the Satonian part of the Dicarinella
asymetrica Zone. The benthic foraminiferal assemblages also show on the Santonian interval and
allow it to be divided in more detail. On the nannoplankton data it was possible to identify fossils
of the transition Zone CC17, corresponding to Upper Santonian—Lower Campanian. Within
these deposits is the base of a probable magnetic chron analogue C 33r, which is proposed to

be used as a primary feature to define the lower boundary of the Campanian.

Key words: Santonian—Campanian boundary, Mountain Crimea, Alan-Kyr section,

foraminifera, nannoplankton.

BBenenue. Pa3pe3 BepxHero mesa, BCKPBITBIA
B OJHOM U3 OBparoB y IOAHOXUs T. AnaH-KbIp,
okoJio c¢. JleueoHoe benoropckoro paitoHa Pecry-
omuku Kpeim (puc. 1) panee uzyvyanu JI.I'. bparuna
¢ koyeramu [bparuna u ap., 2016; beHbssMOBCKMiA,
Kormaesuu, 2016], KoTopble 000CHOBAIN MPUCYTCTBUE
B HEM ITOPOJl KOHBSIKCKOTO, CAHTOHCKOTO M KaMIlaH-
cKoro Bo3pacTa. Pa3pe3s mpeacraBiieH mejarudecKuMu
W3BECTHSIKAMU, MEPTeIIMU 1 U3BECTKOBBIMU TJIMHA-

MM C KOHKpelusMu KpemHel. Ciom HaKJIOHEeHBI Ha
CEeBEepPO-BOCTOK (a3uMyT najaeHus1 BapbupyeT ot 40 10
60°) nox yriom ot 10 mo 30°.

B 2017—2018 rr. mpoBeneHO AOU3yYeHUE DTOTO
pas3pesa, BKIoJalolllee ornrucaHue u otoop (1o cucreme
«obpa3zel] B o0pa3ell») najeoMarHUTHBIX, MaJUHOJIO-
TMYECKUX M MUKPOTIAJICOHTOJIOTMUECKUX (TUMHOLIMCTHI,
HaHOIUIAHKTOH, (popamuHudepsl) 1pod [['y:KUKOB 1
np., 2019]. CenumeHTOOrMYECKUE, TAJIEOMAarHUTHBIE
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JIaHHbIE, OINpPEJEICHUS] IMHOLIMCT U HaHOILJIAHKTOHA
JUUIS1 3TOTO pa3pesa MJIaHUPOBAJIOCh MOJYYUTh BIIEPBLIE.
M3yueHue 6EHTOCHBIX U IJIAHKTOHHBIX (hopaMUHUMED
npeanojarajoch MPOBECTU MOBTOPHO, MOCKOJbKY
npenblayle aHaJIOTMYHbIe UCCIE0BAaHMS ObLIN BbI-
MOJIHEHBI JJ1s1 HEOOoJIbIIOTO YKrciia npod. Kpome Toro,
PaKOBMHBI BbIACJSAN U3 KPEMHUCTBIX KOHKPELUA,
a He U3 BMeIamnmx mopo. C yueToM BO3MOXHOCTH
HETOYHOTO OIpelesieHUsI HEKOTOPbIX COOBITUHHBIX
ypoBHel M rpaHull B pabore [benbsimoBckuii, Ko-
maesud, 2016, c. 12], 6put0 oT™MeueHo: «[lomoxeHue
CaHTOHCKO-KaMITaHCKOW TpaHUIIbl B pa3pe3e AJiaH-
Kbip nmoka ocraetcst HeomnpeaegseHHbIM. Heobxoaumo
JajibHeIee ucciaeoBaHue 3TOro pa3pe3a, B KOTOpOM
cJieIoBaJIo Obl MPOBECTU MarHUTOCTpaTUrpauuecKue
HUCCJIeIOBaHUS, a TAKXKE MOMBITATHCS OOHAPYKUTH BUIL
Dicarinella asymetrica (Sigal), npyrue rjiaHKTOHHbIE
(opmbI 1 MakpodayHy», UTO YACTUUHO CACIAHO HAMU
U nyOJIUKYyeTCsl B 9TOU cTaThe.

B pesysbraTte najeoMarHUTHBIX UM MAJIUHOJIOTU-
yeckux uccienoBaHuii [I'yxxukos u ap., 2019] 6suio
JIOTIOJTHEHO Tpe/ICTaBleHue O cTpaTurpaduyeckoi
XapaKTepUCTUKE OTJIOXEHUI. B HUXHel yactu pas-
pe3a BbISIBJIEHBI J1B€ 30HbI OOpaTHOU MOJSIPHOCTH,
pasjiesieHHbIE MEPEPHIBOM B OOHAXKEHHOCTHU (~35 M),
KOTOpbIE TIPEAIOI0XKUTEILHO MOXHO COIOCTaBUTD C
HU3aMU 1 BepxaMu MarHutHoro xpoHa C33r (puc. 2),
COOTBETCTBYIOLLIEro B MexXmyHapoaHoii cTpaTurpadu-
YeCKOM 111Kajie paHHEMY M Hayaly CpeIHEro KamIiaHa
[Ogg et al., 2016]. B omioxeHus1x, obnagaroLmx 00-
paTHOM MOJISIPHOCTBIO, TATMHOMOP(MBbI, K COXKaJICHUIO,
He OOHapyXeHbl, HO KOMIUIEKChI JUHOLIMCT, BCTpe-
YEHHBIX BBIIIE IO pa3pe3y, YKa3bIBalOT Ha KaMIlaH-

/ Puc. 1. INonoxenue paspesa Anan-Keip B [opHOM

Kpwimy, o [['yxxukoB u ap., 2019]

CKMI BO3pacT BMELIAWIIMUX MOpoJ [AsieKcaHIpoBa,
I'yxukos, 2019; I'yxxukoB u np., 2019].

B craTbe npuBOAsSTCS OOHOBJEHHbBIE PE3YJIbTAThHI
0 pacmpocTpaHeHUM TUTaHKTOHHBIX ([1d) m GeHTOC-
HBIX (hopamuHudep (bP), a Takke MpeaBapUTEeILHBIC
JlaHHbIE O HAHOIUIAHKTOHE U3 pa3pe3a AjaH-KbIp.
AHaJIM3 TIOJIyYEHHbIX MaTepUaIOB B COBOKYITHOCTH C
MUKPONAJICOHTOJIOTUYECKON U MaJ€OMAarHUTHOU WH-
(popmarineit Mo3BOJIMII 1OCTATOYHO apTyMEHTUPOBAHHO
CYIUTb O BO3pacTe OTJIOKEHUIN U B3aMMOOTHOILIEHUSIX
cTpaturpapUIecKrx rpaHull, 000OCHOBAHHBIX 10 JaH-
HBIM pa3HbIX MetonoB [Bbparmua u ap., 2016; Benbs-
moBckuii, Komaesuu, 2016; I'yxxukos u ap., 2019].

Marepuassl 1 MeTOAbI HcciaeaoBanmii. [TocioiiHoe
onucaHue paspesa AnaH-Kbip, BeinoaHeHHoe E.IO.
bapabolkuHbIM, pUBEAEHO B nybaukauuu [Iyxu-
KOB U Ap., 2019]. TexHuueckass oo6padboTka 06pa3ioB
JJIS1 U3y4eHusl pakoBUH (opamuHUep BbINOJHEHA
B MMKpONaJleOHTOJ0rnuyeckoil jgadoparopuu I'eo-
Jsornyeckoro nuHcruryta PAH TI.A. TlpoumnHoil u B
JlabopaTopuu crpaturpaduu u najieoHronornu Hux-
He-Bosmkckoro HayuHo-uccaenoBaTeibcKOro MHCTU -
tyTa reosioruu u reopusunku (HBHUUIT) B Caparose
N.TI. Psa6oBbiM. O6pa3ubl 151 U3ydyeHusi HaHogOC-
cuiuii oopadbaTeiBaivi B MUKpPONaaeOHTOJI0TMUECKON
JlabopaTopuu reosiornyeckou ciayxon M3pauis
(Micropaleontological Lab Geological Survey of Israel)
M.H. Oseukunoii. U.I1. Psg60oBbiM oTMBITO 13 00pa3-
11OB, 9 M3 KOTOPbIX MPOUCXOAIT U3 nauku 1. Octayib-
Hble 4 obOpaslia XapakKTepU3YIOT IOCAeA0BaTebHO
2—5-10 nauku. Bce oOpasiibl 00paboTaHbl C UCTIObB30-
BaHMEM JIEJITHON YKCYCHOM KHUCJIOThI. OTOOp pakOBUH
BoinoHeH H.O.I'peyuxunoit u WU.I1.Ps6oBbiM. TT.A.
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Puc. 2. Pacunenenue paspesa AnaH-KbIp Mo IIaHKTOHHBIM, OEHTOCHBIM (hopaMuHUbepaM, HAHOIJIAHKTOHY U TJIaBHbIE OMOCOOBITHS

[IpommHoit obpabotaHo U OoTOOpaHO 9 0OOpa3LOB,
B3STBIX yepe3 Kaxkablie 5 M. OOpaslbl OTMbIBAIU
MO0 METOAMKE CIUIABJEHUSI C TUIMOCYIbMOUTOM (THO-
cyabdaToM HaTpusl) C Mmocaeaytoleii oopaboTkoi B
YJIbTPa3ByKOBOII BaHHe. TakuM o0Opa3oM, 0Opaslibl
1, 10, 20, 30, 35 u 40 OBIIM OTMBITHI B COOTBETCTBUU
¢ ABYMSI METOIMKaMH, MpuyeM HezaBucumo. 1P co
CMUPATIbHO-KOHUYECKON U CITMPATIbHO-TIJIOCKOCTHOM
paxkoBuHo# n3ydyanu JI.M. Komaesuu u H.O. I'peun-
XUHa, co cnupanbHO-BUHTOBOIM — I[I.A. IlpoinHa,
B® uzyuennt W.I1. Pa6oBbIM.

Marepuanom sl uccieaoBaHus HaHOMOCCUIui
nocayxxuiu 39 obpasinoB, TexHUYyeckas oOpaboTka
KOTOPBIX MPOBOAMJIACH COTJIACHO CTaHAAPTHON Me-
tonuke [Bown, Young, 1998]. Ilpemapatbl uccieno-
BaJIM B CBETOBOM MUKpOCKoIe «Zeiss Axiolab» mpu
yBeauueHuu 1200.

Buapi-ungexkce [1® chororpacupoBaHbl Ha
CKaHUpYIOIeM 3JIEKTPOHHOM MUKpocKore «Tescan
2300» B pexume BSE-gerekTopa B I'eonornueckom
nHctutyte PAH, a Ttakke Ha Kadeape MeTpooruu
reojornyeckoro ¢akyiaprera MI'Y umenun M.B. Jlo-
MOHOCOBA Ha 3JIeKTpoHHOM MUKpocKorie «JEOL JSM-
6480LV». PykoBonsiuue Buabl b® Obud M3y4eHbl 1
coTtorpadurpoBaHbl B JaOOpaTOPUU TMArHOCTUKU Ha-
HOMaTtepuanoB U cTpykTyp O6pa3oBaTebHO-HAYYHOTO
MHCTUTYTa HAHOCTPYKTYpP U 6uocuctem CapaToBCKOro
TOCYHUBEPCUTETA C MCMOJb30BAaHUEM aBTOIMMCCU-
OHHOTO CKaHUPYIOLIEro 3JeKTPOHHOT0 MUKPOCKOTA
«MIRA 2 LMU» («Tescan»). M300paxkeHust BUIOB-
WHAEKCOB MPUBEAECHBI Ha puc. 3.

Pe3yabTaThl HMcclie0BaHMii W HX 00CYXKIEHHE.
Iliankmonnsie ghopamunughepvr. Komriiekc crnupalib-
Ho-KoHnueckux 1M mpencraBieH B HIDKHEW YacTu
paspesa (06p. 40 u 39) npenuMylIeCTBEHHO paKOBMHA-
mu pona Marginotruncana Hofker, 1956. Cpean Hux
CO 3HAYUTEIbHBIM IIEPEBECOM ITPE00IIAIaI0T KPYITHBIE
(opMBI MHOTOKaMEPHBIX TAKCOHOB Marginotruncana
coronata (Bolli, 1945) u M. marginata (Reuss, 1845).
Hapsiny ¢ HUMM NPUCYTCTBYIOT €IMHUYHBIC 3K3EM-
isipel  Globotruncana linneiana (d’Orbigny, 1839).
[NosiBiieHUE 3TOrO BMIA IPUYPOUYCHO YK€ K CAHTOH-
ckuM otnoxeHusM [Kopaevich et al., 2007; Lamolda
et al., 2007, 2014; Coccioni, Premoli Silva, 2015,
p. 6; Kopaevich, Vishnevskaya, 2016; Tiirk Oz et al.,
2016, 2018]. Ha »ToM OCHOBaHUM camble HUXHUE
1poObI 39 1 40 u3 mayky 1 OTHECEHHBI K CAHTOHCKUM
OTJIOXKCHUSIM.

B unTepBaine nmpo6 38—33 Hapsiny ¢ mpeailecTBy-
oMU (hOpMaMH TPUCYTCTBYIOT PaKOBUHBI YMOM-
JIMKaJbHO-BBINYKIBIX Dicarinella concavata (Brotzen,
1934), a HauuHag ¢ npoo6sl 37 — D. asymetrica (Sigal,
1952) u nmopsanbHO-BbINYKJIBIX Contusotruncana
Sfornicata (Plummer, 1931) I1®. [1pucyTcTBYIOT Takxke
MnpeacTaBUTeIn poloB Archaeoglobigerina Pessagno,
1967 u Whiteinella Pessagno, 1967. Kommieke 1M
ITO3BOJISIET OTHECTU BMEIIAIOIIe OTIOXKEHUST K CaH-
TOHCKOI yacTu 30HbI Dicarinella asymetrica [Coccioni,
Premoli Silva, 2015]. IIpucyrctBue Buga-uHaekca D.
asymetrica He TUIIMYHO WIIM KpailHe OTPaHUYEHO JUISI
paspe3oB Kprima [Maciakosa, 1978; Konaesuu, 2010;
Kopuarun u ap., 2012], onHako B npodax 38—31 u3
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paspesa AnaH-KbIp OH MPUCYTCTBYET MOCTOSIHHO,
MpaBIa, B €AMHWYHBIX 3K3eMIUIsIpax. BcTpedeHBI
9TH PaKOBUHBI TAKXKE B €AMHUYHBIX 3K3eMITISIpax B
CaHTOHCKOM mMHTepBayie pa3pesa lllax-Borora m-oBa
Manremiak [Kopaevich et al., 2007], roe Bo3pact
JMaTUPOBaH JOTIOJTHUTEIEHO HaX0aKaM1 MaKpohayHbI
[Marcinowski et al., 1996; Walaszczyk et al., 2015].
K coxanenuio, B MaTepuaiie n3 KpbimMa coxpaHHOCTh
PaKOBHMH OYEeHb IITOXast, OHU XPYIKHUE, JJOMAIOTCS OT
IIPUKOCHOBEHUST KUCTOUKH.

B npoGe 30 BcTpeueHbl MepBbie IK3EMIISI-
pbl Globotruncanita elevata (Brotzen, 1934) u G.
stuartiformis (Dalbiez, 1955) oyeHb MIoXoil coxpaH-
HOCTH, a TaKKe MepBbIe npencrasuresn Globotruncana
arca (Cushman, 1926). B 10 Xe BpeMsl paKOBUHBI
Dicarinella concavata w D. asymetrica OTCyTCTBYIOT.
DTO TO3BOJIIET UMEHHO 3[eCh YCTAHOBUTH TPAHUILY
MEXIy CAHTOHCKMM 1 KaMITaHCKHM sIpycaMi, TaK KaK
OHa COBITA/IaeT C NCUE3HOBEHNEM 13 pa3pe30B yKa3aH-
HBIX BUIOB [Macnakosa, 1978; Caron, 1985; Premoli
Silva, Sliter, 1995; Petrizzo, 2003; Robaszynski, Caron,
1995; Petrizzo et al., 2011; Coccioni, Premoli Silva,
2015; Kopaevich, Vishnevskaya, 2016].

B mpoGe 10 mosBisSitOTCS MEPBHIE peIKUE K-
3eMIUIsIpel BUA0B Globotruncana ventricosa (White,
1928) u Contusotruncana plummerae (Gandolfi, 1955).
B 1eom komrureke TP meHseTCsS He3HAUYMTEBHO,
OJTHAKO CJIeIyeT OTMETUTD TIOCTETIEHHOE YMEHbBIIICHIE
yucia pakoBUH Marginotruncana marginata BIUIOTH
10 UX OTCYTCTBUSI B npobe 5. MHTepBan oT mpoObl
10 mo mpoOkI 5 comepKUT KoMILIeKC hopamMmuHubep,
otBevaronii 30He Globotruncana ventricosa, KoTopast
BBIZCIISIETCST OOBIYHO B CPeIHEH YacTM KaMITaHCKUX
omioxenunit [Caron, 1985; Premoli Silva, Sliter, 1995;
Petrizzo et al., 2011; Coccioni, Premoli Silva, 2015].

B npobGe 5 mosBASIIOTCS €AMHUYHbIE PAKOBH-
Hbl Globotruncanella havanensis (Voorwijk, 1937),
Globotruncana falsostuarti Sigal, 1952, yBenuuuBaet-
Csl KOJIMYECTBO 2K3eMILISApOB Rugoglobigerina rugosa
(Plummer, 1927) u miaHocniupaJibHbIX PAKOBUH pojia
Globigerinelloides (Cushman & Ten Dam, 1948). Bunbt
TIPEABIAYIIETO KOMITIIEKCA MIPOXOIST B 3TOT MHTEPBA,
MEHSTIOTCSI TOJIBKO WX KOJIMYECTBEHHBIE COOTHOIICHUS
oT obpasia K oopasiy. CucremaTnyeckuii cocran I[1D
MO3BOJISET BBIACIUTL B MHTEPBaJie Ipood 3—5 oTmoxe-
Hus 30HbI Globotruncanella havanensis.

B nipencraBeHHOM B cTaThe MaTepuaie cpeau [1M
IO BCEMY pa3pe3y CYIIECTBEHHO TMPEBATUPYIOT CITH-
paiibHO-BUHTOBbIE (popMmbl cemeiicTBa Heterohelicidae

Cushman, 1927 xopoiiieii cOXpaHHOCTH, B TO BpeMsI
Kak B Marepuajie, onybaukoBaHHOM B 2015 r., oHu
OTCYTCTBYIOT. OTHAKO KOMIUIEKC TeTepOTEIUIINI Je-
MOHCTPHPYET HeBBICOKOE pa3HOoOOpa3ne TaKCOHOB U
TIpeICcTaBIeH NCKITIOUNTEIBHO ABYPSIIHBIMU (hOpMaMu
pona Heterohelix Ehrenberg, 1843. I1pu ux onpenene-
HUU ObIJIa MCITOJTh30BaHA MPUKIIATHAs CUCTeMaTHKa
[Georgescu, 2016]. B HuxHeit yactu pa3pesa (po0bl
41 un 40) ycraHoBJIeHbl 0OUIbHBIE Mesikue Heterohelix
reussi (Cushman, 1938) u H. striata (Cushman, 1938),
HapsAy ¢ HUMM TIPUCYTCTBYIOT KPYITHBIE TAKCOHBI H.
papula (Belford, 1960). B o6pasuax 36—38 sadukcu-
poBanbl Heterohelix directa (Aliyulla, 1965), H. planata
(Cushman, 1938) u H. plummerae (Sandidge, 1932). Ha
MMPOTSKEHUH BCETO M3YYEHHOTO CTPATUTPAIEeCKOTO
WHTEepBaIa TAKCOHOMUYECKHI COCTaB TeTEPOTEITUIINT
MeHsIeTCS He3HAUNTEIbHO; BCe YCTAHOBJICHHBIE BHITIIE
(GOpPMBI IMEIOT IIIMPOKOE CTpAaTUTpaUIECKOoe PacIIpo-
cTpaHeHue (OT TypOHa 0 MAaaCTPUXTa BKITIOUNTETBHO).
COBMECTHO C HUMM Ha YPOBHE MPOOBI 5 MOSIBSIOTCS
PaKOBHHEI CpeIHEKAaMIIAHCKOTO (TIPU TPEXWICHHOM
JleJIeHUM sipyca)—maacTpuxTckoro Buna H. sphaeralis
(Georgescu, 2014) mioxoii COXpaHHOCTH.

benmocnoie ghopamunughepor. B npenenax uzyuae-
MOTO pa3pe3a YCTaHOBJICHBI CIIeAYIONINE TIoIpasaeie-
Hus o b® B paHre citoes (puc. 2): ciaou ¢ Stensioeina
incondita/perfecta (HIDKHUIT—CpeTHUI CAHTOH); CJTION
¢ Pseudovalvulineria stelligera/Stensioeina gracilis
(cpenHuii—BepxHuit cantoH); ciou ¢ Gavelinella
pertusa/Angulogavelinella sibirica (BepxHMit CAaHTOH);
ciou ¢ Pseudogavelinella clementiana (HUXHUMA
KamriaH); ciou ¢ Angulogavelinella gracilis (BepxHuii
KaMIaH).

Ciou ¢ Stensioeina incondita/perfecta ycraHoBe-
HBI IO TIPUCYTCTBUIO BUIA-UHAECKCA B MHTEpBaJe IIpod
37—41. KoMmIieKC TaKCOHOMUYECKU pa3HOOOpa3eH 1
MIpeACTaBIeH TIPEUMYIIECTBEHHO W3BECTKOBUCTBIMU
B® xopormreit coxpanHocT. Hambosblee cTpaturpa-
duueckoe 3HaUeHUE MMeeT BUN Stensioeina perfecta
Koch, 1977, xoTopblii BriepBbie ObLT YCTAHOBJIEH B
ceBepo-3aIragHoi YacT ['epMaHM B CpeTHEM CaHTO-
He [Koch, 1977], roe Oblia BeAeAEHA OJHOMMEHHAS
30Ha [Schonfeld, 1990]. Ananornunasi 30Ha BbIIeJIeHA
B HIDKHEM caHTOHe 3amamHoii Ykpaunbl [Dubicka,
Peryt, 2014]. IToaTomMy uHTEpBa cioeB ¢ Stensioeina
perfecta MOXHO OTHECTH K HIKHEMY—CpPeTHEMY CaH-
TOHY.

Cnou ¢ Pseudovalvulineria stelligera/Stensioeina
gracilis BbiIeseHBl B MHTEpBaJie Tpod 35—36 1o mosiB-

Puc. 3. [nankroHHsle U 6eHTOCHBIE hopaMuHUGepbl U3 pa3pe3a AnaH-Kbip. Y Bcex pakoBUH: a — J0p3ajibHasi CTOPOHA, Ha KOTOPOii
BUIHBI Bce 0OOPOTHI; b — GOKOBasi CTOPOHA; ¢ — YMOWJIMKAJIbHAsl CTOPOHA, Ha KOTOPOIl BUEH TOCIETHUI 060POT PAaKOBUHBI M pa3-
JIMYMMO CTpOeHUe YCThsl. MepHas JuHeiika 200 pm.

[TnankToHHBIe hopamunHudepsl: la—c — Marginotruncana coronata (Bolli), 06p. 40; 2a—c — Dicarinella concavata (Brotzen), o6p. 38;
3a—c — Globotruncana linneiana (d’Orbigny), o6p. 38; 4a—c — Globotruncanita elevata (Brotzen), oop. 30; Sa—c — Contusotruncana
plummerae (Gandolfi), o6p. 10; 6¢ — Globotruncana falsostuarti (Sigal), o6p. 1; 7 — Heterohelix directa (Aliyulla), o6p. 37; 8 — H. striata
(Cusman), o6p. 34; 9 — H. plummerae (Sandidge), o6p. 33; 10 — H. reussi (Cushman), o6p. 33; 11 — H. planata (Cushman), o6p. 35;
12 — H. sphaeralis (Georgescu), oop. 5.
bentocHble dhopamuHudepsl: 13a—c — Stensioeina perfecta Koch, o6p. 35; 14 a—c — Pseudovalvulineria stelligera (Marie), obp. 35;
15 a—c — Angulogavelinella sibirica, o6p. 34; 16 a—c — Pseudogavelinella clementiana (d’Orbigny), o6p. 30; 17a—c — Angulogavelinella
gracilis (Marsson), o6p. 3a
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JIeHU10 BUAOB-UHAeKcoB. Haubosiee ctpaTurpapuye-
CKM 3HAYMMBbI 371€Ch BUIbl Pseudovalvulineria stelligera
(Marie, 1941) u Stensioeina gracilis Brotzen, 1945,
KOTOPBIE MCITOIB3YIOTCS KaK 30HATbHBIC BUIBI-UHIEK-
cbl B psne cxeM [ beHbsimoBckuii, 2008; Walaszczyk et
al., 2016]. CornacHo MpeAcTaBACHUSIM LIUTUPYEMbIX
ABTOPOB 3TH OTJIOXKEHUSI MOXHO IaTHUPOBATh CpPeEI-
HUM—TIO3IHUM CAHTOHOM.

Crnou c¢ Gavelinella pertusa/Angulogavelinella
sibirica ycTaHOBJIEHBI IO TOSIBJIEHUIO BUIOB-UHJIEK-
COB, KOTOpBIE WCIOJB3YIOTCSI KaK 30HAJIbHBIC ISt
psina ouocTpaturpaduyeckux cxeM [beHbSIMOBCKUIA,
2008; BumaeBckas u ap., 2018; Dubicka, Peryt, 2014;
Walaszczyk et al., 2016], 4TO TO3BOJISIET WHTEPBAI
npo6 34—40 matupoBaTh MO3THUM CAHTOHOM.

Ciou ¢ Pseudogavelinella clementiana ycraHOB-
JIEHBI TI0 MPUCYTCTBUIO BUIA-WHACKCA B WHTEpBAJe
npo6 10—30. IlepBble 3K3eMIUISIPBI 30HAJILHOTO BUIA
OoOHapyXeHbl B BepxHeil yactu nauku 1 (mpoda 30).
ITo ero mosBaeHutro Ha BocTouHo-EBponeiickoii
T1aTopMe TTPOBOIUTCS TPAHMIIA MEXKIY CAHTOHCKUM
U KaMITaHCKUM sipycamu [BuiitHeBckast u nip., 2018].

Cnou c¢ Angulogavelinella gracilis BblmeieHBI
10 TIPUCYTCTBMIO BUIA-WHIAEKCA B WHTepBayie TPoo
1—10. B npeabiaymux padorax [bparuna u ap.,
2016, beubsamosckuit Konaesuy, 2016] takxke ObLIM
BBIICJICHB OMHOMMEHHBIE CJIIOM W JaHa XapaKTepH-
ctrka coobtiectBa b®. [o maHHBIM, TTOJTyYeHHBIM B
pe3ynbTare TeKylleil paboThl, YCTAHOBICH CXOMXHBIN
koMmrIutekc. [losBenne crpaTurpadudeckKd BaxKHOTO
Buna Angulogavelinella gracilis (Marsson, 1878) no3Bo-
JIIeT OTHOCHUTH TOT UHTEPBAJI K BepXHEMY KaMIIaHy.

Hanonaanxkmon. J1nsi 6uoctpaturpacduyeckoro
pacuwieHeHUs pa3pe3a Oblla BeIOpaHa CTaHIApTHAS
mkana Y. Cuccunxa [Sissingh, 1977] ¢ momoiHe-
Husasmu K. Ilepu-Hunbscen [Perch-Nielsen, 1985].
BhimenneHHBIN KOMITIIEKC COASPXUT HAaHO(MOCCUITUMN
TUTIOXOM M CpemHeil COXpaHHOCTH W HaCUYUTHIBAET
6ojee 60 BUIOB.

B HmxHeit yactu paspesa (mmauka 1, oop. 30—41)
BoleSeHa nepexoaHas 3oHa CC17 BepxHero caHTo-
Ha—HmxKHero kammnaHa. 3oHa CCI17 ompenensercs
Kak uHTepBai ot nosieineHust Calculites obscurus Def-
landre, 1959 no mosiBneHust Broinsonia parca parca
(Stradner, 1963).

Boimie nmo paspesdy (mauku 1—3, o6p. 17—29)
BhIeieHa 30HA HikHero KamiiaHa CC18. Ona ycra-
HaBJIMBaeTCsl KaK MHTepBaJ OT MOosIBJieHUsl Broinsonia
parca parca 10 Ncue3HOBeHUST Marthasterites furcatus
(Deflandre in Deflandre, Fert, 1954). PacuneHuTs 30HY
CC18 ue yganock. B obpasiie 25, HEeMHOTO BEILE TIe-
pephIBa B 0OCAAKOHAKOTUICHNH, HAOJIOMAETCS TTOSIBIIC-
Hue Br. parca constricta Hattner et al., 1980. [TonobHoe
€TO TIOSIBJICHNE HEIOCPEACTBEHHO BHIIIIE TTOSBICHUS
Br. parca parca B pazpe3e 3aKOHOMEPHO W OTIPEACIISICT
HUXHIOW TpaHully noazoHbl CCI18b, uTo oTMeyeHO
MHoTUMHU aBTopamu. OOHAKO B 3TOM paspese Ha
ypoBHE 00p. 25 3a(MKCUPOBAHO TaKXKe IOSIBJICHUE
Reinhardtites levis Prins & Sissingh in Sissingh, 1977,

KoTopoe, 1o JaHHbIM padothl [Perch-Nielsen, 1985],
JIOJDKHO OBITh TOpA3mo BEINIE, T.e. YK€ B BEepXHEM
kamraHe. Tem He meHee B myOnaukauuu P. bapHert
[Burnett, 1998] oTrMmeueHo, uto mosiBieHUe R. levis
MOXeT OBITh 3a(PMKCHPOBAHO M B paHHEM KaMIIaHe.
Ckopee Bcero, nHTepBaja o0p. 25—27 COOTBETCTBYET
3HAYUTEILHOMY TIEPEPBIBY B OCAAKOHAKOTUICHWH,
KOTOPBII He TIO3BOJISIET TIPOCIIEANTD YETKYIO ITOCTIEeI0-
BaTeJILHOCTD MOABIEHNS BUIOB. MHTEpBai oop. 5—16
(rmauku 1—3) COOTBETCTBYET HEPACUJIEHEHHBIM 30HaM
CC19—21, xoTopble BbIACISIOTCS HA YPOBHE HUXKHE-
TO—BEPXHETO KaMIlaHa TIPY eTo IBYYJICHHOM JIeTeHUN.
Bonee TouHOe mompasneneHre Ha 30HBI 3aTPYIHEHO
W3-3a OTCYTCTBUS 30HAIBHBIX BUIIOB-UHACKCOB. Bepx-
HsIsl 4acTb paspe3a (mayka 1) cCOOTBETCTBYET 30HE
CC22 BepxHero KamMIiaHa, HIDKHSISI TpaHUIIA KOTOPOit
yCcTaHaBIMBaeTcs 1o nosienenuto Uniplanarius trifidus
(Stradner in Stradner, Papp, 1961) B 00p. 4.

Pacnipenenenne B paspe3e AnaH-Kbvlp pakoBuH
dopamuaMbeEep U HAaHODOCCWINIA TO3BOJIUIO BHI-
JIeJINTh HECKOJILKO YPOBHEH 0MocoObITHil (puc. 3).

BreBogbpl. 1. BaxxHbple OMOCOOBITUS CBA3aHBI C
ypoBHeM 00p. 30, K HeMy HpuypoudeHa TI'paHHUIa
MEXIy CAHTOHCKUM M KaMITAaHCKUM sIpyCcaMM, JaTH-
poBaHHas Bumamu-uHaekcamu [1® u bD. Dromy He
MPOTHUBOpeYaT JaHHBIE O HAHOIJIAHKTOHE, TaK KaK B
00p. 29 3adukcupoBaHO MOsIBIIeHUEe Buaa Broinsonia
parca parca (Stradner), 4TO yBepeHHO yKa3bIBaeT Ha
KaMTIaHCKHWI BO3pacT BMEIIAIOIINX TTOPO.

2. Boimensemast Hioke 3oHa CC17 comepskut repe-
XOIHBIN CAaHTOH-KaMIIaHCKMI KOMITJIEKC HaHO(pocCH-
mmii. B To xe Bpems mpucyrctBue [1® Dicarinella
concavata (Brotzen) u D. asymetrica (Sigal) natupyet
STOT WHTEPBAJI KaK BEPXHECAHTOHCKUIA.

3. Kommrekcsl b® mo3Boiamam gaTupoBaTh WH-
tepBas Tipo6 30—39 Kak paHHUIA, paHHUUA—CpeaHUI
¥ TIO30HUI CaHTOH (puc. 2).

4. I'panuiel MarHUTHBIX 30H C34n u C33r npo-
XOIWUT Ha YPOBHE IIPOOLI 39, T.€. BHYTPU CAHTOH-KaM-
MMAHCKOTO WHTepBaJia M0 HAHOIUTAHKTOHY M CAaHTOH-
ckoro 1o [1® n B® [Guzhikov et al., 2019; I'yxukoB
u 1p., 2019]. B To ke Bpems B KJIaCCUUYECKOM pa3pese
I'y66mo (Utanus) oHa COBITAmaeT C TPAaHULICH MEXKIY
3oHamu Dicarinella asymetrica u Globotruncanita
elevata [Coccioni, Premoli Silva, 2015], a ciemoBa-
TeJTbHO, COBITAJACT C TPAHMIEH MEXITy CAHTOHCKUM
W KaMTIaHCKHUM SIPYCaMM.

5. BuImeneHHBIe B BBIIIEICKAIINX OTIOXKCHUSIX
COOBITHITHBIE YPOBHU TTO3BOJIMIN YCTAaHOBUTH TIPHU-
CYTCTBHME HIDKHETO, CpeIHEro M BepXHero KamIlaHa
(puc. 2, a Takke puc. 3 ¢ U300paKeHUSIMU PaKOBUH
I[1® n b®). Kpome Toro, B paspese MpeaIioaractcs
TepephIB B OCAIKOHAKOIICHUH, YCTAHOBJICHHBIN 110
JaHHBIM M3y4eHUs HaHOIUIaHKTOHAa 1 b®d.

baazodapnocmu. ABTOpbl GarogapHbl CBOUM
koyuteram A.1O. T'yxukoBy, E.IO. bapaGoliikuny,
I'.H. Anekcanaposoii, JI.I'. bparunoii, H.}FO. bparu-
Hy 1 B.H. beHbsIMOBCKOMY 3a COBMECTHYIO paboTy
n oOCyXmeHUe MmaTepuaiaoB. LleHHBIE CMBICTIOBEIE
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1 pedakiuoHHBIe 3aMedaHust A.M. HukumwnHa,
B.C. Buinesckoii, P.P. I'abayinHa moMoriu yiayd-
IIUTh COAEpKaHWE CTaThbU. ABTOPHI OJaromapHBI
A.M. 3axapeBuuy (1abopaTopusi AUArHOCTUKU Ha-
HOMaTepuayioB U cTpykTtyp OOpa3oBaTeIbHO-HAy4-
HOTrO MHCTUTYTa HaHOCTPYKTYp M Ouocuctem CI'Y
3a momouls B ¢dororpadpupoBanun b® na COM, a
takke B.A. MycaToBy (oTnen crpaturpaduu u na-
sneontonoruu HBHUMWIT). ABTopbl UCKpEeHHE Mpu-
3HATEIbHBI COTPYIHMKAM JTA00paTOPUU JIOKATbHBIX
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U-Pb BO3PACT IUPKOHOB 1 METAMOP®U3M IIOPOJ
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IMpencrapnensl pesyibratel U-Pb gatupoBaHusi IMPKOHOB, a TakXke METPOJIOrO-reoxu-
MMUYECKOTO M3YYeHMsI BMEIAIOIINX 00pa3lioB rpaHaT-OMOTUTOBOTO TUIATMOTHEMca M KBapIl-
I1arnokia3-amMmdnuo010B0ro rpaHodenbca U3 BULLIHEBOTOPCKOM TOMIINA — APEBHEUIIIUX MOPO/I
BoctouHoro nomeHa HOxxHoro Ypasa. BospacTHbie ompeneneHusi LIUPKOHOB MOJYYeHBI C
nomoliblo noHHoro Mukposzonaa (SHRIMP I1). MakcumanbHbIl Bo3pacT cyOcTpaTa Tuiaru-
OTHENCOB BUIITHEBOTOPCKOM ToIIIM He Mosioxe 2700 MJTH JIET, a TpaHyJIUTOBBIN MeTaMop(hr3M
IUTarMoTHelca MPUXOAUTCS Ha MPOTEepO30MCKUil Bo3pacTHOM auanazoH 1740—2220 miH JieT.
JaTUpOBKHU, TOJyYeHHbIE JJIs1 TJIarMorHeica U rpaHodeibca BULITHEBOIOPCKOM TOJIIIMU, OTpa-
katoT Bce ocHoBHbIe (PR, —P,) Bo3pacTHble pybexu pasBuTtus Ypana. MHorue u3 1aTupyemsbix
COOBITUI TIPOSIBJIEHBI JIMIIIb B TeHEPALUSIX [IMPKOHOB U HUKAK HE OTPaXKeHbI B MUHEPAJTbHbBIX
MapareHe3ncax M3y4yeHHbIX TTOPOI.

Karoueswie crosa: nmpkoH, U-Pb Bo3pacT, rpaHaT-OGMOTUTOBBIN THEWC, rpaHOdesbe,
BUIITHEBOTOPCKAsT TOJIIIIA.

In the article present results of U-Pb — dating of zircons and petrologic-geochemical study
of garnet-biotite plagiogneises and quartz-plagioclase-amphibole granofels host rocks samples
from Vishnevogorsky sequence of the oldest rocks of the southern Urals Eastern domain are
presented. U-Pb-dating of zircons were obtained by ion microprobe (SHRIMP II). The max-
imum age of the substrate plagiogneises Vishnevogorsky sequence not younger than 2700 Ma,
and granulitic metamorphism plagiogneises falls on the Proterozoic age range 1740—2220 Ma.
The dates obtained for plagiogneises and granofels Vishnevogorsky sequence reflect all major
(PR,—P,) age stages of the Urals development. Many of the dated events are manifested only
in the zircons generation and are not reflected in the mineral paragenesises of the studied rocks.

Key words: zircon, U-Pb-dating, garnet-biotite gneiss, granofels, Vishnevogorsky sequence.

Beenenne. I11bMeHO-BHIIIHEBOIOPCKIIT KOMILIEKC
(FOxHBII1 Ypan) HaXxoOUTCsl B KOJJIM3UOHHON «30HE
CMSITUS» IMPUHON 20—25 KM U TIPOTSKEHHOCTBIO He-
CKOJIBKO COTEH KMJIOMETPOB. B cTpoeHrn KoMIUIeKca,
OTrPaHMYECHHOTO C 3aIlajia ¥ BOCTOKA TEKTOHMYECKUMU
CIABUTaMM, COBMEIICHBI KaK MarMaTHU4ecKue (CUeHM-
Thl, MUACKUTBI, Ma(UT-YyIbTPaMa(UThI, [PAHUTOMIBI),
Tak U MeTaMopduueckue (THeichl, aM(MUOOIUTHI,
CJIaHIIbI, KBAPLIMTHI) IIOPOJIBI ITMPOKOTO BO3PACTHOIO
nara3oHa — OT apxesi 10 Iajieo30s |baxeHoB u ap.,
1992; Pycun u ap., 2006; Jlennsix, Bamuzep; 2006].

Crpaturpaduueckoe pacujeHeHUue MeTaMop-
¢udeckux Mopoja WibMEHO-BUIITHEBOTOPCKOIO KOM-
IieKca pacCMOTPEHO B psiie pabOT M OCHOBAaHO Ha
MpeacTaBIeHU 00 MX OCAJOYHOM IPOUCXOXKIACHUM.
IMoponbl 00a7a0T «IPaJAlIMOHHON CJIOMCTOCThIO» U
cJIaraloT pUTMUYHO TMOCTPOCHHbBIE TOPU3OHTHI, 00b-
eavHeHHble B Tonmuu [JleBuH, 1974; JleBuH u nap.,
1977; baxeHnoB u ap., 1992]. Bce Toniu BblaeaeHbI
MO JIUTOJIOTO-TIeTporpauyeckKuM MpU3HAKaM U TI0
MPOCTPAHCTBEHHO Pa300IleHHBIM pa3pe3aM, YTO OT-
KpbIBAaeT IIMPOKUE BO3MOXHOCTU ST Pa3IMUHBIX

! HHctutyt reonoruu u reoxumun uMenn A.H. 3aBapuukoro YpO PAH, 1. Hayd. c., IOKT. reojl.-MUHEp. H., npodeccop; e-mail:
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koppensumit [Pycun u ap., 2006; Jlenusix u 1p., 2006;
HertspeB u np., 1997; Pacckaszosa, 1992].

B HacTosi1iee BpeMst ApeBHEUIIMMU 00pa30BaHU-
M BocTtouHoro moMeHa Ypana cUMTAIOTCSI OPOIBI
CEJITHKUHCKOM CcepuM, KOTopble Moapa3feseHbl Ha
HVDKHIOI TOJILY — CEJISIHKMHCKYI0 U BEPXHIOK —
BUILIHEBOTOPCKY10. CelsiHKUHCKAsl ToJIa CJIOXeHa
OMOTUTOBLIMU, TPAHAT-OMOTUTOBBEIMU, CYITUMAHUT-
rpaHaT-OMOTUTOBBIMK TLIaTMOTHelicaMu, TpauTH-
CTBIMM KBapIIMTO-THeicaMu 1 aM(UOOTUTaMU, UMEET
TIepBIYHO MUKPOKOHTUHEHTAJTLHYIO TIPUPOTY U TIPS~
CTaBJIsIET cO0O0M (hparMeHT paHHEINPOTePO30UCKOM
KOHTHHeHTaJabHOl Kopwl [[Tyukos, 2010]. TI'eoxpo-
HOJIOTUYECKUE UCCAeA0BaHUS MOPOJ CEJISTHKUHCKOM
TOJIIIM TIOKA3aJy IIUPOKUM CTIEKTP 3HaYEHU A BO3pac-
Ta, B yactHoct, U-Pb Bo3pacT mo mmpkKoHam, coO-
crapysttolnii 208115 MITH JieT U UHTepIPeTUPYeMbIi
KaKk paHHMUI 3Tan MeramopdusmMa aMbuOOJIUTOBOM
¢amum [KpacHobaes u ap., 2001], a Takke 3HaYECHUST
Bo3pacta 323+28 u 275+22 mun jaet (Th-U-Pb no
MoHauuTy) u 468 u 276 mH et (Sm-Nd U30XpOHBbI),
onpeaeasone dTanbl Metamopduima [MBaHOB,
Epoxun, 2015; WUBanoB u ap., 2016]. ITopoas! Buii-
HEBOTOPCKO TOJIIIU, TTPe/ICTaBIeHHbIE OMOTUTOBBIMU
THeiicaMM, KMaHWT-TpaHaT-OMOTUTOBBIMU TUTIATHOT-
HelicaMM M KBaplUMTO-THeiicaMu ¢ TpaduToM, TeJamu
aMduO0JUTOB, KaJbLIM(UPOB U MPaMOPOB, COTJIACHO
3aJieraloT Ha MOpojax CEeJSIHKUMHCKOW TOJIIU, HO
UMEIOT JpYrylo UCTopuio Metamopdusma [Iertsipes
u 1p., 1997]. JlaHHBIX O BO3pacTe IMOPO. TOJIIIM HET.
st ompenesieHUsl BO3PACTHBIX 3TAOB 3BOJIOLMU
BUILIHEBOTOPCKOM TOJIIM OTOOPaHbl OCHOBHbBIE TUITbI
nopoJi (rpaHaT-OMOTUTOBBIN TJIATMOTHENC U KBapli-
TUIaTMOKJIa3-aM(pUO0JIOBBIN rpaHO(MEIIbC) Y UCIIOIB30-
BaHbl BO3MOXXHOCTH LIMPKOHOJOTUU, O0BEAUHSIOIIEN
MHGbOPMAIMIO O MUHEPATOTUYECKUX, TEOXUMUYECKUX
1 BO3PACTHBIX CBOMCTBAX IIUPKOHOB.

Marepuajbl U MeTOAbI UccaenoBanusa. [{upkoHbI
BhIIeIeHBI 13 00beMHBIX 1Tpo6 (30—50 kr) miaruor-
Heiica (K-1444) u rpanogennsca (K-1445). Cunukar-
HbIIi aHaJiM3 MOPOJ BBLIMOJHEH Ha CHEKTpOMeTpax
CPM-18 (Poccust) u EDX-900 HS («Shimadzu», Ano-
Hus), a penkue (PD) u penkosemenbHbie (P3D) ane-
MEHTBI OIpejieieHbl METOA0M MacC-CIEeKTPOCKOIUN
¢ MHAYKTUBHO cBsi3aHHO# miasmou (ICP-MS) nHa
npubope «<ELAN 9000» («Perkin Elmer», Kanana) B
HMHctutyte reosoruu u reoxumun YpO PAH. Mukpo-
30H/IOBbIM aHaJIM3 COCTaBa MUHEPAJIOB BBITIOJHEH Ha
pactpoBoM MuKpockonnie POMMA—202M ¢ Mukpo-
aHaJIM3aTOpOM. YcKopsolee HarpsckeHne 20 kBT,
TOK Ha oOpasie 10710 A, crangaptel ASTIMEX
Scientific Limited, MINM 25—35 Mineral Mount
serial No 01—044. M30TomHBIE aHAIM3Bl BHITIOTHE-
Hbl Ha MOHHOM MuKpo3oHae «SHRIMP II» B LI
BCETEW no cranpaptHoii metoauke [Williams,
1998], anammu3el P30 u PO B mupkoHax — METOAOM
BTOPUYHO-MOHHOM Macc-CreKTpOMETPUN Ha MPUdope
«Cameca IMS-4F» B MHCTUTYTE MUKPODIJEKTPO-
HUKU u uHopmatuku PAH. M3mepeHus BkiIouanu

5 TIOBTOPSIONIMXCS IIMKIJIOB HAKOIUICHWS CUTHAA.
BpeMst HaKoOTIUIEHMST OTIPEenessyioch aBTOMaTHYECKH
B 3aBHCMMOCTH OT €T0 MHTeHCUBHOCTH. O TOYHOCTH
W TIpeJesiax OIpeaesIeHUs 2JIEMEHTOB MOXHO CYIUTH
no aHanm3aM 3TajgoHa 91500 (ppm): La 0,02+0,01; Ce
3,4%0,1; Sm 0,48%+0,05; Nd 0,184+0,01; Gd 2,3%+0,2;
Dy 11x1; Eu 32%2; Yb 78+4. U3mepenust P35 u PO B
KpHMCTaJUIax TIPOBOAMINCH B TeX Xe TOUKax (KpaTepax),
yto u nipu U-Pb—aatupoBaHuu.

Pe3yabTaThl HCCeIOBaHUi M HX OOCYKIEHHE.
Munepanozo-zeoxumuueckue u nempoaocuiecKue o0co-
oennocmu nopod. Metamopduyeckre MOpoabl BUIII-
HEBOTOPCKOU TOJIIM SBISIOTCS BMEIIAIOIIAMUT JUTST
BumineBoropckoro 1ieao4Horo maccuBa (puc. 1).
I'paHaT-OMOTUTOBBIC TIIATMOTHEIMCHI CIATAal0OT 30HBI
MOIITHOCTBIO HECKOJBKO JECATKOB METPOB Cpeau
MUTMaTU3UPOBAHHBIX OMOTUT-TIATMOKIIA3-TTOJIEBOIII-
MmaT-KBapleBBIX OJIACTOMIJIOHUTOB. 17151 TpaHaT-610-
TUTOBOTO TIJIaTMOTHEMca XapaKTepHa ToyiocyaTast 1
JIMH30BHUIHO-TTIOIOCYATas TEKCTypa, Tophupob1acTo-
Bas crpykrypa. I[Topdupobmactel pazmepom 1—5 MM
MpeACcTaBJIeHB TpaHATOM, a OCHOBHAsI TKaHb JIUTIH-
JOTPAaHOOIACTOBOM CTPYKTYPHI CIIOKEHAa OMOTUTOM U
TUTarnoKJIa30M. B mmopome BcTpedaroTcst TPOKUIKA 1
JmH3EI (10 10 cM), 00pa3oBaHHbBIE KAJIMEBLIM IT0JIEBBIM
IIITIaTOM, aJbouTOM 1 (peHruTOM. Kpucramibsl rpaHara
WMETOT 30HaJTbHOE cTpoeHre. OT IeHTpa K Kpalo 3epeH
yBeTMYMBaeTCd coiep:kaHue Mn, CHIDKAIOTCS Mar-
HEe3WaJIbHOCTh M B MEHBIIIEH CTeTICHW KaJIbIINEBOCTD
(ueHTp Py 9Almg, ¢5Sps;o—1;Grs¢—g, #Mg = 0,20; xpait
Py 3—1sAlmg,_g3Sps;g_20Grsy—s, #Mg = 0,13+0,15)
(tabu. 1). B xpaeBbIx 30HaX HAOTIOOAIOTCS BKIIIOUEHUS
KBapua M O6uotuta. buoTuT mpubauKaercs 1Mo co-
CTaBy K (PJIOTONIMUT-aHHUTY, €TO MarHe3WaJbHOCTh BO
BKIIOUeHUsIX MeHsieTcs oT 0,48 mo 0,55, comepxaHue
tutaHa — o1 0,21—0,29 mo 0,13—0,14 x.¢. (k03 pu-
LMEeHTHI (hOPMYJibl). BUOTUT OCHOBHOM TKaHU MeHee
MarHe3uanbHbiil (#Mg=0,45+0,46) ipu comepkaHUU
tutana 0,20—0,22 x.¢. Ilmarnoxkmna3 (oamroxias
Anyy_3p) XapakTepu3yeTcst He3HAUUTEIbHBIMU Bapua-
msiMu cocrasa. @errut (#Mg=0,67; Si**=3,32 k.d.)
MarHe3WabHBIA ¢ HU3KUM CofiepKaHeM KpeMHe3eMa
(tabx. 1). Temneparypa oOpa3oBaHUS TpaHAT-OMOTH-
TOBBIX TIJIATMOTHEMCOB, TTOJYyYeHHAs TT0 BKITIOUCHUIO
O6moTHUTa B rpaHaTe U IpaHaTa ¢ OMOTUTOM M3 MaTpUK-
ca, oueHuBaetcs 1o Gt-Bt reorepmometpy [Perchuk,
1990] B 700—680 u 675—630 °C coorBeTcTBeHHO. 10
rpaHaT-¢eHTUToBOMY reotepmomeTpy [Ravna, Paquin,
2003] TemmepaTypa IO KaiiMaM 3€peH COCTaBJISICT
546 °C. Ilo cocTaBy MUHEPAJIOB U TeMIlepaTtype 00-
pa3oBaHMS TIATMOTHEWCHI BUIITHEBOTOPCKOM TOJIIN
OOBIYHO COTIOCTABIISIOTCS ¢ MUTMaTU3UPOBAHHBIMU
TpaHaT-OMOTUTOBBIMU THEWCAMM CENTHKMHCKOTO
61oka [KpacHobGaeB u ap., 2001].

KBapu-miarnokna3-am@puo010Bbie TpaHODETIb-
CBl 00pa3yloT cpelr TpaHAT-OMOTUTOBBIX THEHCOB
MPOCIION M JIMH3bI MOIIMHOCTBIO HECKOJBKO IeCST-
KOB caHTUMeTpoB. CTpyKTypa TpeACTaBUTEIHHOTO
obpaslia 3TOW TOPOABI MEIKO-CpeaHe3epHUCTas



BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTUAI. 2020. Ne 2 53

2
773
A4

i =2
LA ZZR
. NNE

. .. - C
o 5 sl

o . . l

\ 03. Apaky.n : E E l ll ;
3 R
v Y |
A Lo A K-1444
: : : K-1445] 03. CyHryanb
LA |1 Ty b I
== L

1
R R — 1 B 5
6 | A [X]6

(.17
.78

L ll osKnpe'l}JE |+_+|7
by [=]8

9 f:::H) Y 9
Z11q::: Y ] 10
: L
1 03. Kupetsi

2 =" = = = m ®m o E E N N N E E ENE N N N . ®

]

e~

a_n

Puc. 1. l'eonornyeckasi cxema MIbMEHO-BUIIHEBOTOPCKOTO KOMILIEKCA (@) M reoiornveckasi CXeMa BUIIIHEBOTOPCKOM 4acTU WJIbMEHO-
BUILIHEBOTOPCKOro KoMIuiekca (6), no [JleBuH u ap., 1997]: a: 1 — censtnkuHcKast Toa: aMmGuooauTel, rueiicsl, Murmatutel (AR—PR));
2 — maccuBbl MUacKUTOB (O3); 3 — MUJIOHUTBI IPAHUTOUAHOIO U cueHutosoro cocrasa (P,—T,?); 4 — mwionutsl KblnrbiMckoro
C/IBUTa-HAJABUra; 5 — eJaHYMKOBCKAsl TOJIIA: TEKTOHUTbI TPAHUTOMIHOTO COCTaBa; 6 — CAMTOBCKAasi MeTaTeppUreHHast Toiia; 7 — 3e-
JICHOCJIAHIIEBbIE OCAI0UHO-BYJIKAHOTCHHBIE KOMILIEKChI 3amaagHo-MarHutoropckoii u ApaMuibCcKo-CyXTeTMHCKON 30H; & — YBWJIb-
OUHCKUI MOHLIOHUT-IPAaHUTHBINA KoMILIeKC (PZ3); 9 — rHeiicoBuIHbIE IPAaHUTBI KUCETauCKOro KoMILlekca, /0 — MeTarunepoasutsl; 0:
1 — cauToBCKasl TOJIIA: KBAPUUThI, MJIATMOCTaHIIb; 2 — apaKy/ibcKasi TOJIIIA: MJIarMOCIaHIbl U TUIaTMOTHENCHI rpaHAT-OMOTUTOBBIE,
aMbuO0JIOBbIe; 3 — KBIIITHIMCKAs TOJMIIA: aM(bUOOIUTHI ¢ TIPOCIIOSIMU TUIATUOTHECOB, KBAPIIUTOB U MPAaMOPOB; 4 — MIbMEHOTOpPCKast
Touiia: aM(UOOIUTHI ¢ TTPOCIOSIMU TUTArMOTHENWCOB, KBAPIMTOB; 5 — BUIIHEBOrOpCKasi TOJIIIA: PUTMUYHOE TiepecianBaHye TUIaruorHe -
COB, IpaHO(EIbCOB, KBAPIIUTOB 1 MPAMOPOB; 6 — MUACKUTHI; 7 — TPAHUTHI; & — MeTayabTpaMauThl; 9 — TEKTOHUYECKUE PA3TIOMBbI;
10 — mecTo oTOOpa IPoO

rpaHoHeMaToOJIacTOBasl, TEKCTypa Iojiocyatass. Mu-  (#Mg=0,59, Si4+=7,95 K.(.) u Guotutom (#Mg=0,38,
HepaJbHbI cocTaB: amdubos, riardoknas, keapi, Ti=0,33 k.¢.). [11arnokiiaz cCOOTBETCTBYET OJIMTOKJIa-
OMOTUT M aKIeCCOpPHBIE (MJIBMEHHMT, UPKOH, Mar- 3y Ne 27—30 (tabxa. 1). TemmepaTypa obGpa3oBaHUS
HeTuT). AMduOOJI TpeacTaBlieH MarHe3uajlbHOW  IpaHodeabca ompeaeneHa Mo coctaBy amdudoaa u
porosoii oomaHkoit (#Mg=0,54+0,67), ¢ Bapnaumeii  riarmokiasa [ Blundy, Holland, 1990] u cooTBeTCcTBYET
coIepKaHus Si*" or 6,73 mo 7.34 k.d., Al or 0,33 560—640 °C u gasrenuio 6—8 MIla.

mo 0,51 k.. 1 Na ot 0,21 mo 0,58 x.¢., KoTopast o CocTaB IeTPOreHHBLIX OKCHUIOB B IpaHaT-O0MO-
KpasgM 3epeH YacTo 3aMellleHa KYMMHHTTOHUTOM THUTOBOM IIJIaTMOTHe#ce M KBapIl-TIaTMOKIIA3-
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Ta6nuna 1
Xumuyeckuii coctas (Macc.%) M KPUCTALIOXUMHYECKHE (DOPMYJIbI MHHEPAJIOB 1TOPO/] BULIIHEBOTOPCKOi TOIIIM
[Mnaruorneiic (K-1444) I'panodensc (K-1445)

KomrmoneHnt

Grt Bt Pl Ph Hbl Pl Cum
SiO, 37,82 37,39 36,27 35,65 61,20 50,40 46,57 47,86 50,84 60,57 54,60
TiO, 0,00 0,00 4,51 3,49 0,00 1,48 0,81 0,70 0,35 0,00 0,06
AL O; 21,35 21,17 18,73 19,14 24,35 30,46 10,05 8,65 6,55 24,67 0,70
FeO 29,6 27,94 16,00 18,64 0,00 1,39 14,86 14,12 12,93 — 21,93
MnO 4,70 7,91 0,08 0,20 0,00 - 0,18 0,04 0,03 - 0,47
MgO 4,80 3,68 11,20 8,89 0,00 1,61 12,62 13,32 14,48 - 17,85
CaO 1,69 1,49 0,00 0,00 5,57 0,00 10,64 10,87 10,68 5,65 1,27
Na,O — - 0,00 0,00 8,14 0,18 1,41 1,29 0,76 8,12 0,54
K,0 - - 8,76 9,23 0,32 10,12 0,27 0,27 0,17 0,21 0,00
Cymma 99,96 99,58 95,55 95,14 99,58 95,64 97,41 97,12 96,79 99,22 97,42
Si 3,00 3,00 2,69 2,70 2,73 3,32 6,76 6,94 7,34 2,70 7,95
Ti 0,00 0,00 0,25 0,20 0,00 0,07 0,09 0,08 0,04 — 0,01
Al 2,00 2,00 1,64 1,71 1,28 2,36 1,72 1,48 1,17 1,30 0,12
Fe 1,96 1,88 0,99 1,18 0,00 0,08 1,80 1,71 1,56 2,67
Mn 0,32 0,54 — 0,01 0,00 — 0,02 - - 0,06
Mg 0,57 0,45 1,24 1,00 0,00 0,16 2,73 2,88 3,12 3,87
Ca 0,15 0,13 0,00 0,00 0,27 0,00 1,66 1,69 1,65 0,27 0,20
Na - - 0,00 0,00 0,70 0,02 0,40 0,36 0,21 0,72 0,15
K — - 0,83 0,89 0,02 0,85 0,05 0,05 0,03 0,01 -
Cymma 8,00 8,00 7,64 7,69 5,00 6,86 15,23 15,20 15,07 5,00 15,02
#Mg 0,20 0,16 0,55 0,46 0,67 0,60 0,63 0,67 0,59
#Ca 0,05 0,04 0,79 0,80 0,87

[Mpumeuvanusa. Ungekcel MuHepanoB: Grt — rpanat, Bt — omorut, Hbl — porosast oomanka, Pl — omurokmas, Ph — ¢enrur, Cum —
KyMMUHTTOHUT. Kprcrautoxummdeckue ¢hpopMyIbl MUHEpaoB paccunTaHbl Ha: Grt — 8 katnoHoB, Pl — 5 katmonos, Bt u Ph — 11 atTomoB
xuciopona; Hbl, Cum — 23 aroma kucnopona. #Mg=Mg/(Mg+Fe), #Ca=Ca/(Mg+Fe+Mn+Ca) nna Grt, #Ca=Ca/(Ca+Na+K) mra Hbl.

amdubonoBom rpaHodensce (macc.%) Si0,=62,6
u 49,9; Ti0,=0,89 u 1,37; Al,0;=15,6 u 15,2;
FeO=7,57 n 13,1; Mn0=0,08 u 0,16; MgO=3,31
u 5,58; Ca0=1,59 u 8§,84; Na,0=3,55 u 2,61;
K,0=2,33 u 0,53 coorBercTBeHHO). [IpoTonnTom
IUIaTMOTHECOB MOIJIU CJIY>KUTh OCaI0YHbIC TIOPOJIbI,
00pa3oBaHHBIC IIPY 3PO3UK HATPUEBBIX IPAHOINOPHU-
TOB, a TPAaHO(MEIHCOB — YMEPEHHO-TJIMHO3EMHUCTOE
ra66po [Heenos, 1980; boratukoB u ap., 1981].
[lnaruorHeiic MMeeT MOBBIIICHHOE COIEpXKaHUE
P35 npu JIP3D >TP3D (taba. 2, puc. 2), xapak-
TepHasi 0COOEHHOCTh — HaJMYME OTPULIATECIbHOM
(Eu/Eu*=0,74) eBponueBoit aHomanuu. 1o reoxu-
MMUYECKUM MapaMeTpaM IUIariOTHEMChl COITOCTaBUMBbI
C TpaHaT-OMOTUTOBBIMM T'HEMicaMU CEITHKUHCKOI
oM (Tabj. 2). 'paHodeabc UMeeT HU3KOE colep-
xKaHue P39 (mo 19 r/T) npu ymioueHHOM CIEeKTpe
(La/Yb),~2,4, (La/Sm),=1,5, puc. 2). 1o nerpoxu-
MMYECKMM ITapaMeTpaM OH OJIM30K K aMpuboIuTaM
CEJITHKMHCKOM TOJIIIIH.

I'eoxpononorus. Mopghoaocus u énympennee cmpo-
eHue Kpucmaaioe yupkona. LIMpKoHBI IJIaTMOTHEHCOB
BUILIHEBOTOPCKOM TOJILLM MHOroo0pasHsbl (puc. 3, I).
B kayecTBe HamboJjiee TUIIMYHBIX, OOBEIUHSIOIINX
COUCTaHUsI PA3IMYHbBIX IPU3HAKOB, PUBEICHbBI KPH-
ctayibl A—I', KaXIblii U3 KOTOPBIX MOXET CIIy>KUTh

9TaJOHOM, YMPOIIAIOIIMM U O0JeryamiuM BOC-
npusitue apyrux. Kpucramr A ciy>XUT mpumMepom
00pa3oBaHusl 000JIOYKU BOKPYI paHHEH reHepaluu,
npeTepreBlleil CTPYKTYPHBII pacraj ¢ MosiBACHUEM
MHOTOYUCJICHHBIX BTOPUYHBIX BKJIIOUeHUi. B xpu-
crauie b HaGmomaeTcs 4yeTkast 30HAJIBHOCTD Y Tpe-
CTaBJISIOLLEro sSiAPO OOJOMKA M TMOCjien0oBaTe/bHOe
HapacTtaHue obosiouek paznuuHoro (CL) cocraBa.
O06o0cobJIeHHbIE BBICTYIIbI (0JI0KK) KpucTasia B mpen-
CTaBJISIOT HOBYIO T'eHepaluio, OObEAMHSIONIYI0O U
obpacTtaHue, U 3aMelIeHUEe C COXpaHEHHWEM peJUK-
TOB 30HAJIBHOCTH PaHHEW TeHepaluu, KOTopasl yxKe
npuobpesia NpsIMOyrojbHblii o6auk. Kpuctamn I’
CIYXXUT TIPUMEPOM 3aMelleHUsI ¢ UCKaXeHUeM 00-
JIUKa, MpUYeM KOHTYp €ro paHHel reHepauuu YeTKO
(bukcupyeTcst TOUeUHbIMU BKIIOUEHUSIMU. OTYETIMBO
NposiBisieTcss o0pa3oBaHUe 000J0YEK BOKPYT paHHUX
reHepaumii kpuctamia 18 ¢ YacTUYHBIM MX 3aMellle-
HUEM, a TakKe paHHsIsI TeHepalus Kpucramia 3 cek-
TopUalibHOTO cTpoeHus (puc. 3, I). OctaHLbl paHHUX
reHepauuii, oKpy>keHHbIe 000JJ0UKaMU, COXPAHUIUCH
y Kpuctaiia 13 u nomoOHbIX eMy KpucTauioB 8, 4, 5
(puc. 3, I), a ¢ yuacTueM OgHOBPEMEHHOTO 3aMelle-
HUS — y KpucTaia 14. ACMMMETpUYHOE 3aMelleHe
npu 06pa3oBaHUU 00O0JOUKM HAOIIOAAETCS Y KpUCTAT-
qnoB 7, 12, 15. Tlo3aHsist reHepalysi, BhIMOJIHSIIOLIAS
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Puc. 2. CriekTphbl pacripeneieHusl peaIKo3eMeIbHBIX 3JIeMEHTOB, HOPMUPOBAHHBIX K XOHAPUTY, 110 [McDonoagh, Sun, 1995], mist rHelicoB
(K-1444, K-357) u amdubonutoB (K-1445, 244-9, Wi 03-10), aHanuTuyecKkue NaHHbIe — CM. TabJI. 2

Tabnuna 2
Conepxanue (r/T) pefKo3eMeJbHbIX W PEIKIX 3JIEMEHTOB B METAMOP(HUECKUX TMOPOAAX

Kommonent | K-1444 | K-357 | K-1445 | 244-9 | W 03-10 Kommonent | K-1444 | K-357 | K-1445 | 244-9 | W 03-10
La 34,9 67,5 2,30 12,3 6,69 Sr 238,5 449.9 145 175 161
Ce 102,7 121,4 5,70 39,5 7,47 Zr 11,9 223 9,57 92,5 17,2
Pr 8,74 13,3 0,77 4,02 1,16 Hf 0,20 5,40 0,40 2,94 0,81
Nd 33,7 53,4 3,45 18,6 6,22 Ta 1,74 0,41 0,14 1,47 0,15
Sm 6,18 10,1 1,01 4,78 2,03 Nb 18,5 11,08 0,78 20,0 2,32
Eu 1,24 2,50 0,39 1,66 0,82 Y 16,0 20,2 8,52 29,4 20,4
Gd 4,18 7,56 1,23 5,16 2,97 Cr 426,8 104,6 449 262 368
Tb 0,61 0,90 0,21 0,82 0,52 Ni 36,1 46,2 78,7 69,6 78,5
Dy 3,62 4,04 1,43 5,12 3,84 Co 17,0 19,0 45,2 48,5 47,3
Ho 0,67 0,71 0,31 1,05 0,83 \ 112 147 365 406 257

Er 1,82 1764 0,91 2,82 2,42 Se 17,6 12,1 38,8 28,7 37,2
Tm 0,27 0,21 0,14 0,39 0,35 (La/Yb), 13,5 38,2 1,7 3,5 0,79
Yb 1,75 1,20 0,94 2,40 2,32 (La/Sm), 3,5 4,2 1,4 1,6 0,83
Lu 0,27 0,18 0,14 0,36 0,35 Eu/Eu* 0,74 0,87 1,07 1,02 1,02
Th 10,3 10,6 0,21 2,57 0,20 La/Se 1,98 5,6 0,06 0,43 0,07

U 1,72 1,25 0,19 0,67 0,10 Th/Se 0,58 0,88 0,006 0,09 0,005
Rb 129,6 50,2 3,15 9,94 8,94 Cr/Th 41,4 9,9 2138 102 1840
Ba 345,2 1358 69,1 168 68,8

Ipumeuanus. K-1444 — rpaHaT-OGMOTUTOBBIN IJIaTMOTHENC, BUIIIHEBOropckast toia; K-357 — rpaHar-OMOTUTOBBIN THEMC, CEJIsSTH-

KuHcKasg tonma; K-1445 — rpaHodenbe, BulliHeBoropckas tomina; 244-9 u M 03-10 — ambubonut, ceITHKMHCKAsT TOJIIIA.
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poJib 000J10UKM, XapakTepudyeT Kpuctasui 10.
OO0JIOMKH 30HaJbHBIX KPUCTAIIOB, UCIIbI-
TaBIIMX abpa3wio, TIPeACTaBICHBI 3¢pHOM |
U MMOAOOHBIMU eMy Kpuctajuiamu 6, 11, 16 u
17 (puc. 3, I). Bapuauuu coctaBa U Bo3pac-
Ta BCEX OTHUX MOJUTEHHBIX KPUCTAJUIOB OYIyT
paccMOTpeHBI HITXKE.

ITo BHemHUM nMpu3HaKam (0OJMK, TMPO-
3pauHOCTh, OTCYTCTBUE OKPACKM) ITUPKOHBI
rpa"Hodenbca (puc. 3, 1I) mpeacraBiasioT co-
00IIIECTBO OMHOTUITHBIX KPUCTAJUIOB, IIPUUYEM
KaXXIIBIA M3 HUX COOTBETCTBYET TTOJIMTEHHOMY
00pa30BaHMIO, COXpaAHSIOIIEMY HE TOJbKO
peuKTH paHHuX reHepammit (5.1, 6.1), HO n
JeTaii UX NepBUYHOM 30HanbHOCTU (3, 4.1)
u cekropuanbHocTH (1.1). Takoe cocyiiecTBo-
BaHMe TMOJOOHBIX TeHepallnil B KpHUCTalIax
OTpakaeT UTOTU WX IBYX3TAITHOM 3BOJIOIUU
C OTHOBPEMEHHBIM TIOSIBIIEHUEM ITPOIYKTOB
00pa3oBaHUS—TIPEOOpPa30OBaHUSI.

Bospacm wupkonos. Y 1IMPKOHOB IUIaru-
OTHEIICOB BO3pacTHBIC HATUPOBKU OXBATBI-
BalOT OrpOMHBINA MHTepBaa (2705—267 miH
ner o 2°Pb/>®¥U) u composoxmaorcst cy-
IIECTBEHHBIMM BapHallisIMu comepxkanus U
(1333—66 r/r) u Th (255—1 r/1). Hecmotpst
Ha TO YTO OGOJIBIIMHCTBO aHAJIM30B IIMPKOHOB
pacToIOKeHO Ha KOHKOPAWM WIHW PSIIOM C
Hel, IX MHTePITPEeTaLNs JOCTATOUHO CJIOXKHAS,
nopoii HeogHo3HauHas (Tabi. 3, puc. 4).

OObIYHO TMpPU aHajJu3e MPUYUH (MeXa-
HM3Ma) TOJA00HOro CMElleHUs aHaJIM30B
BHU3 TI0 KOHKOPIWM PAaCCMaTPUBAIOTCS BO3-
MOKHBIE M3MEHEHUS COACPKAHMST 3JIEMEHTOB,
WCITONIB3YeMBIX IIJIT OIpenesIeHUsT Bo3pacTa
WA X U30TOnoB. boyee peaTncTUYHBIM HaM
TIPEACTABIIACTCS MEXaHN3M MUKPOINCKOPINIA.
CoBwMmelleHre Ha puc. 4 pe3yabTaToB U30TOM-
HBIX aHAJIM30B ¢ HOMEPaMU COOTBETCTBYIOIIIX
KpucTajaiaoB (Tabj. 3) objeryaeTr OLEHKY U
BOCTIpUATHE 3TOTO MexaHu3Mma. Ero ocHoBy
COCTaBJIAIOT TMapHBIe aHaJM3bl KPUCTAJUIOB,
KOTOpBIe (DMKCUPYIOT Pa3HBbIE 3TAIThl UX 2BO-
JIIOLUU, T. €. TOCJeA0BaTeIbHOE TOSIBJIEHNE
reHepauuii 1 u 2. Hanuuue Takux rnapHbIx aHa-
nu3oB y reHepainuii (18)1—(18)2 kpucramia 18
wiu y reHepauuu (10)1—(10)2 kpuctamia 10
MO3BOJISIET MOCTPOUTh MUKpoauckopauu: D,
st (18)1—(18)2 ¢ BepXHUM—HUXHUM Mepece-
yeHussMu KoHkopauu Boau3u 2200 u 1300 mutH
qet u D, mng (10)1—(10)2 — ¢ cooTBeTcTBY-
oMy gatuposkamu 2000 u 1060 MiH JeT.
IMTapHbie aHanu3bl KpuctauioB 12, 8, 5 u 14

Puc. 3. MuHepajloro-reoxuMmyeckmue OCOOEHHOCTHU

nupkoHoB u3 ruiaruorHeiica (I) u rpanodennca (II)

BUILHEBOrOpcKoi Toaiu: A—I' — pa3HOBUIHOCTH 3e-

peH 1LMpKOHOB M3 ruiarvorHeiicoB; a — CL, 6 — BSE,

B — onTuKa (mpoxonsiuiuii cBet). Homepa KpucTauiios,

kparepoB — cM. B T1abu. 3. U, Th — r/1, T — MJaH set
(HO 206Pb/238U)
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B COBOKYMHOCTU C OJMHOYHBIMU AHAIU3AMU IPYTUX
kpuctamios (6.1, 4.1, 3.1, 11.1, 17.1) xectko pukcu-
PYIOT MOJIOKEHUE BULITHEBOTOPCKOM TOIIM B MOJTHOM
00beME OTHOCUTEIbHO KOHKOPAWM B KOOPAMHATAX
206Pb/238U_207Pb/235U.

Ha puc. 4 naHecensl 3Hauenust 2°Pb/?%U-
BO3pacTa TOJIbKO JUTS KPUCTAJUIOB C MApHbIMU aHAIU-

samu. C yuetom orHomweHust 2 Pb/?3U mpuseneHs
YTOYHEHHBIE JAaTUPOBKM OCTANBHBIX 3epeH W WX He-
OOJIbIINX TPYII.

Pacrromoxxenme mapHBIX aHAJIW30B KPUCTAN-
goB 13 (13.1—13.2) u 15 (15.1—15.2) He cBsI3aHO C
octanbHBIMA. OHM pa3BUBAJINCH HE3aBUCHMO, T.€.
00pa3yloT oTaenbHyIo rpymiy. Bmecte ¢ kpucran-

Taobnuuma 3
U-Pb Bo3pacT uMpKoHOB U3 MeTaMopduyecKuX MOPOJ BUIIHEBOTOPCKOIl TOJIIIN
Anams, 206Pbc, ConepxaHue, ppm 22;”’/ Bospacrt, miH ser (1) _ _ I/I3OT021'[0:IBIC o;;{omemzr:() _ Rho
Pb*/"°Pb* Pb*/~°U Pb*/~°U
KpaTtep % U | Th | 206pps U | 26py, /38U | 07pp,206py, i/% ) i{% , ié; ,
IMnaruornetic
5.2 0,38 260 2 9,5 0,01 267+4 0,0561+4,7 0,327+4,9 0,04232+1,4 0,29
8.2 1,11 811 5 31,5 0,01 28243 0,052616,4 0,325%6,5 0,04474%1,2 0,19
15.2 2,07 524 2 21,9 0,00 | 299,4%4,5 324 0,0529+18 0,347+18 0,04754%1,5 0,09
18.3 20,07 | 66 | 3,38 0,02 300+19 390 0,055+87 0,36+88 0,047716,4 0,07
14.2 1,28 126 1 6,07 0,003 348+8,2 0,056019,2 0,42749,5 0,0554+2.4 0,25
12.3 1,23 105 1 5,21 0,004 357+7,9 0,0577+11 0,453%11 0,0569+2,3 0,21
12.2 0,39 | 252 4 13,1 0,02 377+7,2 0,0558+4,5 0,463+4,9 0,060242,0 0,40
13.2 21,70 | 145 | 11 11,9 0,08 46317 440 0,056+54 0,57+54 0,0744+3,8 0,07
17.1 0,97 115 | 90 7,7 0,81 478%11 0,0566+8,3 0,600£8,6 0,0769+2,3 0,27
14.1 0,00 378 | 227 | 25,1 0,62 47919,5 0,0567+2,4 0,603%3,1 0,0772%2,1 0,66
11.1 1,10 57 47 4,47 0,85 557+17 0,059348,7 0,739%9,3 0,0903+3,1 0,34
3.1 0,79 81 77 7,7 0,99 67511 0,0648+7,3 0,986+7,5 0,1103+1,8 0,24
16.1 0,14 | 303 | 97 47,9 0,33 1088+21 1140432 0,0777%1,6 1,970+2,6 0,1838+2,1 0,79
4.1 0,41 88 33 16,2 0,39 1246+18 1313174 0,0849+3,8 2,500%4,1 0,2133%+1,6 0,38
10.2 0,39 | 631 | 109 146 0,18 1535443 1726%39 0,1057%2,1 3,92+3,8 0,2688+3,1 0,83
6.1 0,00 134 | 46 31,2 0,35 1552+18 1511£31 0,0941%1,6 3,533+2,1 0,2722+1,3 0,62
5.1 0,11 365 | 525 97,4 1,49 1741£18 1734%16 0,1061+0,9 4,537+1,5 0,3100£1,1 0,79
8.1 0,09 339 | 196 | 96,7 0,60 1846+18 1869+15 | 0,1143+0,82 5,224+1,4 0,3315+1,1 0,82
18.2 0,17 184 | 35 53,7 0,20 1879422 | 2029+23 0,125+1,3 5,83+1,9 0,3383+1.,4 0,73
2.1 0,23 173 | 98 50,6 0,58 1880420 | 2042+20 0,1259+1,1 5,877+1,7 0,3385+1,2 0,73
12.1 0,00 167 | 235 51,8 1,46 1989433 1931422 0,1183%+1,2 5,900%2,3 0,3614%+1,9 0,85
10.1 0,01 |1333| 82 426 0,06 2039+42 1997£52 0,1228+3 6,300£3,8 0,3721+2.4 0,63
18.1 0,06 548 | 107 194 0,20 2222420 | 2213x11 | 0,1389+0,64 7,879£1,3 0,4114%1,1 0,86
15.1 0,05 407 | 90 158 0,23 2401£39 | 2417£8,8 | 0,1564£0,52 9,730£2,0 0,45124+2,0 0,97
7.1 0,06 388 | 120 158 0,32 2501£23 | 253948,2 | 0,1681£0,49 10,990+1,2 0,4741%1,1 0,91
1.1 0,16 75 58 31,3 0,80 2559434 | 2619%19 0,1764%1,1 11,850+1,9 0,4873%1,6 0,82
13.1 0,06 | 239 | 101 107 0,44 2705+42 | 2678+12 | 0,1828%0,73 13,140%2,0 0,5213+1,9 0,93
I'panodense

1.2 0,83 171 13 6,01 0,08 | 255,8+5,1 0,046+13 0,257+14 0,0405+2 0,15
0,83 298 | 21 11,2 0,07 272,75 0,048819,6 0,291£9,8 0,0432%+1,9 0,19

0,01 504 | 39 17,5 0,08 | 256,2+4,3 0,053742,2 0,3002%+2,8 0,0406%1,7 0,61

4.1 0,04 | 504 | 37 18,2 0,08 | 264,9+4,5 0,0513+2 0,2967+2,6 0,0420+1,7 0,66
1.1 0,00 382 | 34 13,4 0,09 | 257,8+4.4 0,0509+2,3 0,2861%+2.9 0,0408+1,8 0,61
6.1 0,01 230 | 16 8,29 0,07 | 265,9+4,9 0,0545+7 4 0,317£7,7 0,0421+1,9 0,25
6.2 1,14 | 223 13 8,08 0,06 | 262,9+5,1 0,0451+14 0,259+14 0,041612 0,14
5.1 0,73 319 | 26 10,9 0,08 | 250,5+4,6 0,0472+11 0,258%11 0,0396+1,9 0,17
5.2 0,41 288 17 9,83 0,06 | 250,2+4,7 0,05%7,1 0,273%£7,3 0,3957+1,9 0,26
4.2 0,07 | 458 | 34 16,4 0,08 | 263,1+4,5 0,0501+2,3 0,2879+2.,9 0,0416+1,8 0,60

[pumevanus. [NorpemwrHocTs aHAMU30B * 1o; Pb, u Pb* — 001mii 1 pagroreHHblit cBUHEL. (1) — KOppeKLus MO U3MEPSIEMOMY 204pp,
Rho — koadpduument koppensiuu. IlorpeiHocts Kanubposku crangaptos 0,51%, 0,46% nns niaarvorHeiica U rpaHodebca cooT-
BeTcTBeHHO. OOpadoTka nmoayyeHHbIx U-Pb maHHBIX, TOcTpoeHUe rpadUKOB ¢ KOHKOPAMEH MPOBOAUINCH C TPUMEHEHUEM TTPOTPaMMBbI

ISOPLOT/EX.
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ILnarnorneiic
206Pb
my A D1 (18,1-18,2) ~ 2200-1300
D2(10,1-10,2) ~ 2000 - 1060
0,4 4
03 - 1(1,1)=2605+16; CKBO=2,1; P=0,13
1(7,1)=2534+10; CKBO=2,4; P=0,13
t(6,1)=1541+13; CKBO=1,3; P=0,25
02 | 1(4,1)=125018; CKBO=0,8; P=0,37
’ t(16,1)=1103+18; CKBO=1,8; P=0,18
1(3,1)=645+12; CKBO=3,1; P=0,59
t(11,1)=557+17; CKBO=0,14; P=0,91
0,14 t(14,1, 17)=479£14; CKBO=0,0; P=0,90
5 1(12,1; 12,3; 14.2)=36249; CKBO=1,14; P=0,28
w0d55 067 O 18.2;52)-267,243,8; CKBO=0,14; P=0,09
0,0 . T .
0 2 4 6 8 10 207Ph [/ 25U
206 Pl I'panodennc
238U L
0,44}
0,42
0,40
t=259,7+3,0
CKBO=0,034
P=0,85
0,38
0,36 . ,

0 0,18 022 0,26 0,30 034 7P /Uy

Puc. 4. U—Pb Bo3pacT IupKOHOB M3 MeTaMOPGUIECKUX TTOPOJ BUIII-
HeBOTOPCKOI Tom. Homepa KpuctamioB, aHAIMTUIECKUE JTaHHbBIE —

cM. Tabim. 3

gJamu 1.1 m 7.1 oHu HecyT MH(pOpPMALIMIO O BO3pacTe
cybcTparTa TJIarTMOTHECOB BUIITHEBOTOPCKOM TOJIIIH,
KOTOpBIi onpenensieTcsd naTepBaaoM 2400—2700 MaH
ser. Otcrona cienyeT, 4To gatupoBka 2200120 mMaH
JIeT TIpEICTaBIsIeT BO3PACTHOM pyOek, HaumHas C
KOTOpPOTO BUIITHEBOTOpPCKAs TOJIIA pa3BUBaIaCh KaK
eIMHOE 1IeJI0e, KaK TeOJIOTMYECKIIT 0OBEKT, MMEIOIIIMIA
¥ BO3pacTHEIE, ¥ TEOJIOTMYECKIE TPaAHMIIEI.

Bo3pacTHoe eIMHCTBO LIMPKOHOB TIpaHOdebca
JIOTIOJTHSIET X MUHEPAJIOTHIECKYIO M TEOXUMHIUECKYIO
6m3ocTh. OHO YBEpPEeHHO OIPEHeNISIeTCSI BO3PACTOM
259,7423,1 MJIH JIeT, OTHOCSIIIMMCST He TOJIbKO K LIUP-
KOHaM, HO ¥ K TTOPOJIe, YTO COTIOCTAaBIMO C BO3PaCcTOM
3aBeplIAIOLIMX MTPOLIECCOB Pa3BUTUSI TJIarMOTHENCOB
(267,2+3,6 MiH J€T).

Teoxumusa U-Th ¢ uyupxonax. B3auuMoCBSI3b 3TUX
mapamMeTpoB y OOJBIIMHCTBA MCCIIEIOBAHHBIX KpH-
CTaJIJIOB IINPKOHOB BUIITHEBOTOPCKO TOJIIN BKITIOYA-
€T HECKOJIbKO MPUHIUMHUAIBHBIX MOMEHTOB (pucC. 5).
OCHOBHOIT M3 HUX CBSI3aH C MHTEHCUBHBIM CHIDKECHU -
eM KoimdecTBa Th B ITO3IHUX TeHepallusaX IMPKOHOB
pyu mHepTHOM noBeneHn U. KnHeTKa M3MeHeHUST

t, MJIH JIET

(P 7
2500 —Q
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Puc. 5. Koppensunonnbsie B3aumootHomienus U—Th, U—t B

LIMPKOHAX TUIarMorHeiica BUIIHEBOropckoi Ttosiu. CrpeiakaMu

coenuHeHbl paHHue (/) u nozanue (2) renepauuu. U, Th — r/T,

t — mute Jiet (1o 2°°Pb/?3¥U), ananussl — M. Ta6u. 3. Tp — TpeHn
3BOJIIOLMK TUPKOHOB (J3) rpaHodebca

BO3pacTa Ip1 3TOM COBITAJIaeT ¢ oBeAeHueM Th u oT-
HOCUTCS KO BCEM 3epHaM, MPUYEM HE3aBUCUMO OT UX
Bo3pacta. PaHHMe reHepalivu LIMPKOHOB rpaHodesbea
1o 2*°Pb/?38U Bospacty mpakTidecky He OTIHYAIOTCS
OT MO3AHUX (Tabja. 3) W JULIb HE3HAYUTEJBHO — IO
coaepxanuto U u Th. IMo-BuagumomMy, Bce OHU UC-
MbITAIM UHTEHCUBHYIO BO3PACTHYIO MIEPEKPUCTALITA3A-
LU0 MPAKTUYECKU JI0 MOJTHOM Mepe3apsiiku X paauo-
aKTUBHBIX XpOHOMeTpOB. MToroBkIit Bo3pact 260 MTH
JIET JUTSI HUX OKa3aJicsl OJIM3KUM K BO3PACTy KOHEUHOTO
aTana 3BOJIIOLUUM LIUPKOHOB IJIArMOTHECOB, U 00e
MOPOJIbl UCIBITAIA CUHXPOHHBIE pa3HOMACIITAOHbIE
M3MEHEHUS Ha 3aKJIOUYMUTEIbHOM 3Talle SBOJIOLIUU.



BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTUAI. 2020. Ne 2

59

Tabnuma 4

CoxnepxkaHnue peaKo3eMeJbHbIX JIEMEHTOB B IIMPKOHAX U3 MJIATMOrHEca BUIIHEBOTOPCKOil TOMIIM, ppm

Kommo- [1naruorueiic, kparep* DTalIOHBI
HEHT 5.1 5.2 18.1 | 18.1/2 | 18.2 15.1 | 15.2 | 10.1 10.2 13.1 13.2 14.1 142 | M, | H,
La 0,15 0,19 | 0,94 | 0,58 | 0,42 1,52 | 0,22 | 0,23 | 0,40 0,15 0,28 0,03 0,08 [0,07| 29
Ce 92,4 1,3 18,1 7,3 1.9 18,2 1,2 3,0 7,4 7,4 4,7 47,2 0,5 16,7 | 174
Pr 1,13 | 0,17 1,17 | 0,78 | 0,37 | 0,74 | 0,11 | 0,19 | 0,40 0,27 0,25 0,39 0,03 [0,14| 14
Nd 13,92 | 1,03 7,79 | 6,54 1,90 | 3,37 | 0,60 | 2,03 3,17 4,73 1,3 6,6 0,17 | 1,13 | 75
Sm 17,7 | 0,71 6,0 4,3 1,1 2,4 0,45 4,5 3,0 10,6 1,3 12,9 0,16 | 2,8 | 45
Eu 2,26 | 0,39 | 3,08 235 | 0,85 | 0,11 | 0,17 | 0,43 | 0,58 0,75 0,43 0,86 0,11 | 0,51 6,3
Gd 54,22 | 2,89 | 24,73 | 10,04 | 3.8 8,9 2,46 | 24,42 | 8,14 57,1 6,6 59,3 1,4 19 | 157
Tb
Dy 150,7 | 19,1 | 106,4 | 29,2 21 36 17,1 | 70,5 22,5 216 36 226 7,8 80 | 650
Ho
Er 252,7 | 50,3 | 227,2 | 55,8 35 83 47,6 | 76,6 40 410 88 425 22 178 | 1148
Tm
Yb 437 132 478 111 73 153 134 97 78 654 184 636 93 391 | 2485
Lu 68,4 | 21,6 | 84,6 18,8 11 25 22,9 | 15,6 13,1 102 31 95 24 90 | 508
Cymma  |1090,58 229,68 | 958,01 | 246,69 | 150,34 | 332,24 |1226,81 | 249,50 | 176,69 | 1486,90 | 353,86 | 1509,28 | 149,25 | 749 |5335
(Sm/La), |191,76| 6,026 | 10,158 | 11,958 | 4,197 | 2,503 | 3,200 | 31,010 | 12,151 [ 109,935 | 74,334 | 794,034 | 3,411 | 63 | 2,0
(Yb/La), |4343,8(1028,82|748,721|282,478|255,474|147,656(887,837/607,249|292,388| 6248,12972,855| 35933,1 |1779,245| 7473 | 1245
Ce/Ce* |54,591] 1,7330 [4,16300| 2,6223 | 1,1844 | 4,1566 |1,89074| 3,4291 [4,54179| 8,8253 | 4,2628 | 112,716 | 2,5467 | 40,6 | 2,0
Eu/Eu* |0,2218(0,82087|0,77267|1,08643(1,27383(0,07184(0,49424/0,12380|0,35493| 0,0934 | 0,1426 | 0,0946 |0,72040| 0,04 | 0,23
Hf 9317 | 9106 | 9270 | 9932 | 9812 | 10043 | 11215 | 12378 | 10427 | 8766 | 9963 | 5247 | 10744
Ti 20,8 | 13,0 18,6 | 1786 | 6377 7.8 6,5 16,8 11,7 8,6 8,0 5,6 10,6
T, °C 810 764 799 - - 720 704 789 755 728 7,22 692 746

Mpumeuanus. Ce/Ce* = Cey/(Lay'Pry)”, Eu/Eu* = Euy(Smy-Gdy)”. Hopmuposanue no [McDonoagh, Sun, 1995]. M, u H; —
yCpenHEeHHbIe aHalu3bl (ToJydeHHbIe 11 Tpex TunuYHbiX M u H o6pasuos u3 [Hoskin, 2005]). Kpatep* — Touka aHajn3a B COOTBET-

CTBYIOIIIEM KpUCTaJlJie CM. B TabJ. 3 U Ha puc. 3.

P39 ¢ uyupxonax. Ilpu ycTaHOBJICHUU MPUPOIbI
LIMPKOHOB B TOCJEIHUE TOAbl CTadu ILIMPOKO MC-
MOJIb30BaTh OCOOEHHOCTU UX PEAKO3eMEIbHON CIie-
muanusanuu (tabia. 4, puc. 6). [Ipu comoctaBieHNN
MOJIHBIX PeIKO3eMeJIbHBIX creKTpoB (P3D-cnekTpoB)
LMPKOHOB uian ux (parmentonB (La—(Sm/La),, Ce/
Ce*—(Sm/La), ), U3BECTHBIX KaK KOOPAUHATHI XOCKHU-
Ha [Hoskin, 2005], nHorna ynaercst HOJy4uThb AOMOJ-
HUTEJIbHYI0 MH(bOpMaLuio 00 ux npupozae (puc. 7).

st obnerdenust Bocnpusitust P3D-criekTpoB pe-
aJIbHBIX KPUCTAJIJIOB MbI COBMECTUIIU UX C TOJOOHBIMU
CHeKTpaMM HauboJiee XapaKTepPHBIX MarMaTU4eCKUX
U TMAPOTEPMAIBHBIX LMPKOHOB — M u H;. Takoe
COBMEILIEHWE OTpa)kaeT CYTh 3aTPOHYTON MPOOIEMbI
B yncToM Buze (Tabim. 4, puc. 6).

HetpyaHo 3ametuth, yto P3D-cniekTpbl LMPKO-
HOB M| 1 H, cyiiecTBeHHO OTAMYAIOTCS OT CIIEKTPOB
peanbHBIX KpHUcTaioB (puc. 6). O6paiiaeM ocoboe
BHMMaHUe Ha pacnpeaeneHue P3D y BTopbix reHepa-
LU KpucTamioB 5, 14, 15 u 18, 00pa3oBaHHBIX MyTeM
3aMelieHus (!) paHHUX reHepaluii B OrpaHUYeHHOM
Bo3pacTHOM mHTepBasie 260—350 muH jet. OHO cy-

LLIECTBEHHO OTin4aeTcss oT P3D-cnekTpoB Mmo3gHuX
reHepauuii (!) kpucramioB 10 u 13, cBOHCTBEHHBIX
MarMaTUYeCKUM IIpolieccaM M COXPAaHSIOLIUM MpU
9TOM CBOM Bo3pacTHbie MeTKH (1535 u 463 MitH et
COOTBETCTBEHHO).

IMonmxennoe conepxanune JIP3D, cHuXeHHe
ux KonuyectBa oT Sm K La, JOMoJHEHHOe YeTKUMU
Ce- u Eu-aHomanusmu, omnpeaessieT MpUHaIIeK-
HocTh Kpuctayuia 5.1 k M-tumy. ConoctaBum ¢ €ro
cnektpoM P3D-cnekTp kpucramia 15.1, HO Haauuue y
Hero yriomeHHoi yactu (Sm=Nd=Pr~La) casuraer
ero K H-tumny (puc. 6). Pasnuumst HabmomaloTes u
MpU CpaBHEHUM OOJMKA 3TUX KPUCTAUIOB (puc. 3,
106;y 5.1 — HopMmanbHbIi, Yy 15.1 — CHOXHBIN, IBHO
HepaBHOBeCHBII). PaHHSIsI reHepauust Kpucramia 14
MPaKTUYECKU TMOJHOCTBIO COOTBETCTBYeT M-Tumy, a
MO3AHSST — JIWILb YacTuuHO H-Tumy.

HeonHo3HayHO BOCTIPUHUMAIOTCSI CBOMCTBA
kpuctasia 18. ITo oOIMKy M HalIWM4UIO 30HATLHO-
CTU 3TOT KpUCTaul 0JU30K K M-TUITy, a TIO COCTaBy
P35 — x H-tuny. DTta mpoTUBOPEUUBOCTb YETKO
MpocMaTpuBaeTcs pyu cpaBHeHUU P3D-crekTpoB ero
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Puc. 6. Criektpsl P3D IMPKOHOB U3 MJIarMorHeiica BUITHEBOTOPCKOW TOMIIH (HO-
1! Mepa KPUCTaJUIOB, TOYKM aHaiu3a — cM. Tabs. 3, puc. 3). M| u H; — cnexrpsl
P33, tunuyHble 1151 00pa3loB MarMaTuyeCKUX—TUIPOTEPMATbHBIX LIMPKOHOB, 110
[Hoskin, 2005]; H, — BeposITHBIi CIIEKTp LMPKOHOB METACOMAaTUYECKOro THIIA

1
La Ce Pr NdSmEu Gd Tb Dy Ho Er Tm Yb Lu

nocjiefoBaTeIbHBIX TeHepanuii (18.1—-18.1/2—18.2)
(puc. 6). B xoopanHarax XockuHa (puc. 7) oHU 3a-
HUMaIOT MPOMEXYTOUHOE IOJIoKeHUe Mexay M u
H-tunamu, npuyem no cogepxanuio P390 (La!) onn
OJIMKe K MarMaTUyeCKUM KpUCTajlaM, a Mo CTPYKType
CMEKTpa — K TUIPOTEPMAJIbHBIM.

Ilpexae yeM jaenaTb BbIBOAbI O MPUPOAE KpU-
crajia 18, oopatumcst Kk gaHHbIM ero BSE (puc. 3, ).
BunHo, 4To B 3TOM KpUCTajjie MPUCYTCTBYIOT 30HBI
pPa3HOTO CTPYKTYPHOTO COCTOSIHUSI, B COBOKYITHOCTHU
onpeaesiionue ero MeTacTabujibHOE COCTOSIHUE.
Marpuiua 3Toro Kpucrajijia He COOTBETCTBYET YPOBHIO
KPUCTALUIMYHOCTA LIMPKOHOB M, HO M HE IOCTUIJIA
CTPYKTYPHOI'O HECOBEpPIIEHCTBA LHUPKOHOB H. D1oT

KPUCTAJJT HAXOJAUTCS B YaCTUYHO MPeoOpa3oBaHHOM
(IIpOMEXXyTOUHOM) COCTOSTHUM, YTO U MIOATBEPXKIACTCS
JIJIsI HeTO Ha puc. 7.

Teomepmomempus no wuprony. Conepxanue Ti
B LIMPKOHAX U3 ILIarMOrHeiica Kojebiercs oT 5,6 g0
20,8 ppm (Ta6:1. 4), 4TO MO3BOJISIET TPOBOAUTH OLIEHKHU
TeMIIepaTypbl 0O0pa30BaHUs IIUPKOHOB II0 3TOMY Ia-
pameTpy cocraBa [Watson et al., 2006]. Temmeparypa,
onpezaeaeHHas 1o Ti B uupKoHe, Bapbupyet ot 690 1o
810 °C, yacTM4YHO TpeBbIlIasl OLEHKU TeMIMepaTypbl
JUUIS1 TIIarMorHeiica mo rpaHar-0MOTUTOBOMY TeoTep-
mMoMeTpy. OTMETUM, UTO I'paHAT-OMOTUTOBASI TEPMO-
METpHUs He BCeTaa MaeT OLeHKM ITMKa MeTamopdr3mMa
M3-3a2 HeBBICOKUX 3HAYCHMI TeMIIepaTyphl 3aKPBITHS



BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTUAI. 2020. Ne 2

aTOor0 ooMeHHoro paBHoBecus [Frost, Chacko, 1989].
Temmneparypa o0pa3oBaHMsI IPEBHUX MEeTaMOP(OTeH-
HBIX HUPKOHOB (Kpuctasuibl 18.1, 10.1 u 5.1 — 2222,
2039 u 1741 MAH €T COOTBETCTBEHHO) COCTaBIISIET
79015 °C (Ti = 18,7£2,8 ppm), 4TO COOTBETCTBYET
YCIIOBHMSIM TpaHYIMTOBOM (harmu. Temrreparypa mpe-
00pa3oBaHUs IIMPKOHOB, OTBEUAIOIINX BO3PACTHBIM
untepBaiam 480, 300—360 u 260—270 muH JeT, co-
crasisteT 690—720, 700—750 u 760 °C cOOTBETCTBEHHO
(Tabi. 4), 4TO HECKOJIBKO BBIIIE WJIM AHAJIOTUYHO
OlIEHKaM TI0 TPaHaT-O0MOTUTOBOMY T€OTEPMOMETPY U3
rtarnorHeiica. [1o ocobeHHOCTSIM cocTaBa rpaHaT U
OMOTUT TIIaTMOTHelca, a CIeI0BaTeIbHO, 1 110 YCIIO-
BUSIM MeTaMopdu3Ma, COMOCTaBUMEI C TpaHATOM M
OMOTUTOM MUTMAaTU3WUPOBAHHBIX TPaHAT-OMOTUTOBBIX
W CWJNTUMAHUT-TPAHAT-OMOTUTOBBIX THEICOB CENISTH-
KuHCKoM Tomuu [MenBenesa, Bamuzep, 2001].

Takum 00pa3om, olieHKa MTPUPO/IbI BCE COBOKYTI-
HOCTH IIMPKOHOB BUIITHEBOTOPCKOM TOJIIITHN, TIO3BOJISIET
cenaTh BEIBOABI M 00 MX MHOTOOOPA3NH M CIIOXKHOM
sBoJTOIIMK. HecOMHEHHO, YTO WX DBOJTIOLMS OTIpee-
JISTach HE TOJBKO YYacTHEeM Pa3TUIHBIX TTEPBUUHBIX
WCTOYHMKOB, HO M HEOMHOKPATHBIMU (Ha TIPOTSLKEHUN
>2000 mMuIH JIeT) TPOSIBASHUSIMM IIPOIIECCOB MeTa-
Mop(dur3Ma, BBI3BIBABIINX W IPOOJEHNE KPUCTAJIIOB,
W UX KOPPO3WI0, U 3aMellleHNe HOBBIM MaTepHUaJiOM.
OrpoMHOe BIUSIHHE TIPW 3TOM OKAa3bIBAJIO COCTOSI-
HUe MaTpPUILI KPUCTAIOB, €€ HECOBEPIIEHCTBO,
MacIITabbl ee TeHETUIECKON MeTaMUKTHOCTHA. Hesa-
BUCHMO OT TIPMPOABI HECOBEPIIIEHCTBA OHA CHIDKAaJIa
YCTOMYMBOCTh IMPKOHOB K BTOPUYHBIM TIpeoOpa3o-
BaHUSIM, KOTOpPbIE MOTJIM OCTAaHOBUTHCS Ha JIIOOOM
npomexyrouHoMm (!) aTame, He JOCTUTHYB MOJHOTO
nepepoxxaeHns. [IpakTudecku 3TO HaOIIOmaeTCs Y
OOJIBIIIMHCTBA UCCJIENOBAHHBIX KPUCTALIOB (pucC. 7)
¢ IBHOI TEHIEHIINE! 3BOTIOIMOHNPOBATh B CTOPOHY
H-Ttuna, nx npoMexyTouHasi crieunduka mo3BoJisieT
OTHECTH UX K MeTaMOP(MOTeHHOMY THUITY, 3aHUMAaro-
1eMy ToJIOXKeHue MexXxay marMaruyeckumu (M) u
ruapotepmanbHbiMu (H). Cutyanust ¢ kpucramioMm 18,
a Takke C TTO3THUMHU TeHepalnsIMi KPUCTAJIOB 5 U
15, KkoTopble COMUBWIUCH APYT C APYroM (puc. 7) He-
3aBUCMMO OT MapaMeTpOB PaHHUX TeHepaluii, TTOoa-
TBEep:KIaeT PeaTbHOCTh TaKOM 3BOIOLNMN.

Hecmotpst Ha pa3zHOOOpa3ue LIUPKOHOB BUIITHE-
BOTOPCKOM TOJIIIIN BO3MOXHBI CpeIN HUX COYeTaHUSI,
KOTOpBIE CTIOCOOHBI OOJIETYNUTH pellleHe HEKOTOPHIX
reHeTHYeCKMX BOTpocoB. OKaTaHHBIN OOJIOMOK
30HAJTLHOTO KpHUCTauia 1, a Takke TOMOOHBIE eMy
KpUCTa/UTbl 6 1 11 MOXHO paccMaTpuUBaTh Kak MH-
MUKATOPBI YIaCTUS B CyOCTpaTe TUIaTMOTHEWCOB Oca-
TMIOYHBIX TTopo. He mckimodeHo, 4To OKpYyTJIbIe Sapa B
KpHucTauiax 3 1 4 MOXHO TIPUPaBHSTH K OKaTaHHBIM,
COXPaHUBIINM CBOM CTPYKTYpPHBIE OCOOCHHOCTU U
nocye obpaszoBaHusi obosouek. [Tpu 3TOM cTpoeHue
1 9THX Sfep, M KpUcTauia 1 oTpaxaer WX MepBUIHO
MarMaTUJIecKoe MPOUCXOXKIEHNE, TOITYCKAIOIIee TIPH-
CYTCTBHE B CyOCTpaTe IIarMOTHEHCOB KaK OCaTOYHBIX,
TaK M MarMaTthdeckux Topoa. OOpazoBaHMe y HUX
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Puc. 7. Pacnpenenenve P39 B iMpKoOHaxX U3 IJIarMorHeiica BUITHEe-

BOTOPCKOM TOIIM B KoopAnHaTax XockuHa, rmo [Hoskin, 2005]. M

n H — apeansl, M; u H; — cnekTpbl TAIMYHBIX MarMaTnyecKux—

TUIPOTEPMATBHBIX LIMPKOHOB. CTpesikaMu COeAMHEHbl paHHUE U
MO3AHUE TeHepALIMK

000JI04eK He CHUBEJIMPOBAJIO «I1aMsITh» O pAHHUX 3Ta-
Max ux CylleCTBOBaHMSI, IPUYEM PEAIbHYIO TOMOIb B
3TOM MOIJIO OKa3aTh MOHWXEeHHOe coepxanue U, 4To
OTIEJIMUIO UX OT OCTAIbHBIX Pa3HOBUAHOCTEM (pucC. 5)
1 00eCcrnevynao UM TMOBBILIEHHYIO COXPAHHOCTb.

Crenuduueckue P3D-crieKTpbl BTOPBIX reHepa-
LIMIA HEKOTOPBIX KPUCTAIIOB B COBOKYITHOCTU MOXHO
paccMaTpuBaTh KaK HOBBIM METACOMATUUYECKMIA THUII
UUpPKOHOB — H,. VX MOSIBIEHUIO CIIOCOOCTBOBAIU
npouecchl 3ameuieHus (!) u oOpa3zoBaHMs Tpak-
TUUYECKU OECTOPUEBBIX MO3JHUX PA3HOBUAHOCTEM
(puc. 6). Kak yactb MeTaMOpP(MOTreHHBIX KPUCTAIIJIOB,
OHU ONPEAEIISIOT FTEHETUYECKYIO CYTh MOJUT€HHOCTH
LIMPKOHOB TOJIIIU 1, COOTBETCTBEHHO, CJIaraloliux ee
nopoa. MuHepaa0oro-reoXuMu4eckKre OCOOEHHOCTU U
BO3pacTHbIE MapaMeTpbl LUPKOHOB U3 rpaHodebea
U UX aHAJIOTUs C MO3THUMU PAa3HOBUIHOCTSIMU LIUP-
KOHOB U3 IUIarMOTHElca yKa3bIBalOT Ha UX ITOJHYIO
MEPEeKPUCTAIIUZALUIO B pe3yJibTaTeé MHTEHCHUBHO
MPOSIBUBILMXCS MPOLIECCOB MeTacoMaTo3a B 00pa3o-
BaHUSIX TOJIIIH.

3akmovenne. ['eoxMuyecKue 0COOEHHOCTU paH-
HenpoTtepo3oiickoil (PR;) reHepauuu LUMPKOHOB MO-
3BOJISIIOT MOJIaraTh, YTO OHU UCTBITAIM METaMOP(pr3M
npu P-T ycinoBusix rpaHyauToBoi ¢gauuu. LlupKoHbI
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cpenHeopaoBUKcKoro Bospacra (O,) M, BEpOSATHO,
siipa rpaHaTa C BKJIKYEHUSIMM OMOTUTA OTPaKaroT
MeTaMop(pu3M B YCIOBUSAX aM(pUOOIUTOBON (hamum,
COBMANAMIINI ¢ 00pazoBaHeM MUACKUTOB. [To3nHue
(C,—P,) GecropueBble pa3sHOBUIHOCTU IIUPKOHOB,
rpaHaT Alm-Sps, MaTpuUYHbIi OUOTUT U (PEHTUT
OTpaxarT IMO3IHUE TPOILECChl MeTacoMaTo3a Ipu
CIBUTOBBIX Ae(OpMaITUsIX.

JIMCKYCCMOHHOCTh MpeNCTaBIeHUl O BO3pacTe,
STAMHOCTU U YCJIOBUSIX MeTaMop(dur3Ma MopoJl BUIII-
HEBOTOPCKOI TOJIIM CBSI3aHAa C WX WHTEHCHUBHBIM
npeobpa3zoBaHreM MO AEHCTBUEM MPOLIECCOB IPaHU-
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JUHAMMKA TTAPAMETPOB CJ105 CE3OHHOI'O ITPOMEP3AHUA

DIrb0Y BO «Mockoeckuii eocydapcmeennuiii ynugepcumem umenu M.B. Jlomonocosa»,

119991, Mockea, I'CII-1, Jlenunckue lopsi, 1

DPIbYH HUncmumym eeoxumuu u anasumuyeckou xumuu umernu B.U. Bepnadckoeo PAH, 119991, Mockea, ya. Kocvieuna, 19
Lomonosov Moscow State University, 119991, GSP-1, Leninskiye Gory, 1

V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, 119991, Moscow, Kosygin st., 19

IIpuBeneHB METOAMKK M PE3yJbTaThl 3KCIEPUMEHTAIbHOTO MCCICI0BaHUS TMHAMUKU
TEMITEPaTypHOTO peXkruMa, BEJIMUMHBI MOIIIHOCTH CJIOSI CE30HHOTO TIpoMep3aHust 1 aedopma-
LIMI My4YeHUsl IOPOJI 3a MATUIETHUI TIEPUOJ HaTYPHBIX HAOMIOAEHUI HAa TEPPUTOPUU 3BEHU-
ropoackoil 6uosnornyeckoit ctanuuu MI'Y mmenu M.B. JlomoHocoBa, a Takxke pe3yJibTaThl
COTOCTAaBJIEHUSI C PAaCUYETHBIMU XapaKTEPUCTUKAMU, TOJYYEHHBIMU C TOMOIIBIO METOJ0B
YUCJIEHHOTO MOJIEIMPOBAHUS TIpoliecca IydeHusl.

Karouegoie cr06a: ce30HHOMEP3JIBIN CIIOM, MOPO3HOE MydeHUE, TEMIIePATyPHBIA PEXUM,
YKUCJIEHHOE MOJIEIMPOBaHUE.

The paper presents methods and results of experimental studies of the dynamic of the
temperature regime, the thickness of active layer and rock heave deformation over a five-year
field observations period, as well as the results of predictive modeling of these processes on the
Moscow State University Zvenigorod Biological station. The results of comparison of field data
with the calculated characteristics based on numerical modelling of heave process are presents.

Key words: active layer, frost heave, temperature regime, numerical modelling.

Beenenue. HayuHo-yueOHBIN cTallMoHap Teo-
JIOTUYECKOTo (akyJbTeTa MO MOJEBBIM METOAAM
TUIPOTEOJIOTUIECKUX, MHKEHEPHO-TEOJIOTUIECKHUX,
reOKPUOJOTUIECKNX, MHXEeHEepHO-Teodu3nie-
CKUX M DKOJIOTO-Te€OJIOrMYECKUX HCCleJOBaHUN
pacnojioXeH Ha TEePPUTOPUMU 3BEHUTOPOACKOU
ouosoruueckoir craHuuu (3bC) MockoBckoro
rocyiapcTBeHHoOro yHusepcutera umeHu M.B. Jlo-
MOHOCOBa. TeppuUTOpUST CTAaHIIMW HAXOTUTCS B To-
CyIapCTBEHHOM MPUPOIHOM 3aKa3HUKE PerMOHalb-
HOrO 3HauyeHWs1 U pacrojiokeHa B OIUHIIOBCKOM
paiitoHe MOCKOBCKOI 001aCcTH, TPUOIUZUTETBHO Ha
10 kM 3amaaHee r. 3BEHUTOPOI, HAa MpaBoM Oepery
p. MockBa. Ee Tepputopusi oxBaTbhiBacT pa3HbIC
reoMopdoJIornueckre ypoBHU W JIaHAa(Th, Ha
KOTOPbIX MPOSIBJIEHBI Pa3HOOOpa3Hbie TeoJioruye-
CKME TIPOLIECChl, B TOM YHMCJI€ TEOKPUOJOTUYECKHUE,
CBSI3aHHBIC C CE30HHBIM IMPOMEP3aHUEM U ITyYeHUEM
nopox. OcHOBHag 1ieJib Hallleil padoThl — BHIOOP Me-
TOAWK OIPOOOBAHUS TTOPO U TIEPBUYHBIN COBMECT-
HbII aHaIU3 PEe3yJIbTaTOB COMOCTABICHUSI HATYPHOTO
SKCMEPUMEHTAIbHOTO HCCHeNOBaHUS NTUHAMUKU
TEMIIEPaTypHOTO PEXUMa, BEIMYMH MOIIIHOCTH CJIOST
CE30HHOTO MpOoMep3aHus U AehopMaluyl ITydeHUs
IMOpOA 3a MSATWICTHUI TEepUoJ HATypHBIX HabJto-
IeHWI ¢ pacuyeTHBIMU JAHHBIMU, TTOJYYCHHBIMH C

ITOMOIIBI0O METOJ0OB YMCJIEHHOTO MOJACIUPOBAHUS
paccMaTpuBaeMbIX TTPOIECCOB.

MarepuaJibl 1 METObI MCCAe0BaHUI. Memoduku
N04e6bIX IKCNePUMEHMAAbHBIX Uccaedosanuil. I1no1an-
KU T U3MepeHUs geopMaLvy ITyYeHHUS Y TITyOMHBI
CE30HHOTO MPOMEp3aHMsI, KaK CO CHATBIM CHEXHBIM
W PACTUTENBHBIM ITOKPOBOM, TaK M B €CTECTBEHHBIX
YCIIOBUSIX, PACIOJIOXKEHBI Ha pa3HBIX TeoMopdosio-
ruyeckux ypoBHsix: noiime, I u Il HagmoliMeHHBIX
Teppacax p. Mocksa. Pa3pe3 1oiiMbl TIpeAcTaB/IeH YyeT-
BepTUYHBIMU AJLTIOBUAIBHBIMUA OTJIOXKEHUSIMH, TIpe-
WMYIIECTBEHHO TUTACTUYHBIMU CYIIECSIMU C JIMH3aMU
necka (puc. 1, a). | HagnoliMeHHas Teppaca cjoxeHa
aJITIOBUAJIbBHBIMU OTJIOXKEHUSIMU CepeOpsSTHOOOPCKOI
cButhl (a,11Isb). OHM BBITIOJTHEHBI CyTIECSIMU, CYTJIMH-
KaMM C TPOCTOSIMU TIeCKa M BKITIOYCHHUSIMU TaJIbKU
KapOOHATHOTO COCTaBa, CyMMapHasi MOIITHOCTb MOXKET
nocturath 8 M (puc. 1, 6). Il HagnoiiMmeHHast Teppaca
BBITIOJTHEHA AJTIOBUABLHBIMA OTJIOKCHUSIMU MHEB-
HUKOBCKOW CBUTHI (a,I1Imnv), nmpencraBieHHbIMU
yare BCero NMecYaHbIMM OTJIOKCHUSIMU OOIIEH MOIIT-
HocThlo okoyio 12 M [[Tonesbie ..., 2000]. OnbITHAs
IJIOIIANKA CIIOXKEHA CYTIIMHKAMU, TIPEATTOIOXUTEIEHO
00pa30BaBIIMMUCS BCJICACTBUE CIION3aHMS MOPEHHBIX
oTJIoXeHUI ¢ Bomopazaena (glIms) win miockocTHOro
cmbiBa (d1V) (puc. 1, 6).
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Puc. 1. Onucanue mopoa Ha TUIolAaKax: a — moiitma, 6 — I Teppaca, ¢ — Il teppaca, o [YBaposa u ap, 2018]

Memoduka uccaedosanus memnepamypHozo pe-
acuma nopod. MOHUTOPUHT TOPOM TIPOBOAUIICI C
WCTIOJIb30BAaHUEM TEPMOMETPUUYECKUX CKBaXKWUH,
pacnoyioxxeHHbIX Ha I u II Teppacax, Kak Herocpemn-
CTBEHHO Ha CIEIINaIbHO 000PYIOBaHHBIX IUIOIIAIKAX,
rie U3MEPSUIM BEJIMYMHBI JehopMalMy TydeHUsl U
MOILIHOCTHU cJiosl ce3oHHoro rpomep3anus (CMC) co
CHSITBIM PACTUTEJIbHBIM U CHEXHBIM MTOKPOBOM, TaK 1
PSIIOM C HUMU B €CTECTBEHHBIX YCIOBUSIX. CKBaXKMHbI
npoOypeHbl Ha MIYyOMHY J0 15 M, KOoTopasi xapakTre-
pU3YET MOIIHOCTb CJIOSI TOAOBBIX aMILIUTYI, U 000-
pYZIOBaHbBI TUTACTUKOBBIMU KOHIYKTOpaMu. B kadyecTse
TEMITEPATyPHBIX JATIMKOB, PACTIONOKEHHBIX C Pa3HBIM
1IaroM Mo TJyOWHEe, MCMOJIb30BaHbl JIEKTPUUECKIE
JaTYUKKU CONMpOTUBJIeHUs. HakomjaeHue maHHBIX 3a
5 JIET OCYIIECTBISJIOCH C TIOMOILIBIO JIOITEPOB (PUPMBI
«GeoPrecision GmbH» (I'epmaHust), KOTOpble MOXHO
MOAKIOYAaTh HEIMOCPEACTBEHHO K OeCpOBOIHOMY
muHupeructparopy M-logdw-DALLAS win k I-log (¢
GPRS unu 6e3 Hero) yepes aganrep SDI-12. [VBapoBa
u np., 2018].

Mownocmb ca0a ce30HHO20 NPOMepP3aAHUSs HaA
naouwadkax OMpeneasaid KOCBEHHBIMU METOIaMU
(TepMO- 1 3IEKTPOKAPOTAK, MEP3TOTOMEDP CUCTEMBI

HaHuiavHa) W 3aBepsiiv JaHHbIMU OypeHus [Meto-
Ibl.... 1986].

Memooduxa onvimnoeo onpedeneHus 6epmuKaibHbIX
degpopmayuii nyvenus CMC B 1eOM aHaJIOTHUYHA
TOM, KOoTOpast omnucaHa B padore [Metoasl.... 1986].
JaTtynky ObUTM YCTAHOBJICHBI B MIPEA3UMHUIN TIEPUO
Ha rioyoune 0,10; 0,15; 0,25; 0,35 u 0,55 m. OHu
MPEACTABISIOT COOOM MeTaJIUYeCKYIO TUIACTUHY
IIoManb0 64 cM?, K cepeirHe KOTOPOil IpUBapeH
MeTaJuIMYeckuii crepxkeHb (periep). UToObl B Mpo-
1ecce TpoMep3aHusl perep He CMep3alicsl ¢ TPYHTOM,
€ro M30JIMPOBAIM TMOJUXJIOPBUHUIOBOU TPYOKOM,
3aIoJIHEHHOW He3aMep3aatolleil cMa3koil. [TokazaHus
BEJIMYMH BEePTUKAIBHOU AehopMalluv MyYeHHUST BO
BpPEMEHHM CHUMAaJIu OTHOCUTEJBHO ITOJIOXKCHMST He-
TMOIBVIKHBIX PEIepoB, YCTAaHOBJICHHBIX A0 Hayaja
3MMHETO Teproa Ha TIIyOMHEe HUXKE MOIITHOCTHU CJIOST
CE30HHOTO MPOMeEP3aHusI, KoTopas Iy yenoBuii [og-
MOCKOBBSI cocTaBjsieT 1,7 m.

Memoouku pacuemnozo onpedenenus 2ayOuHbt
Ce30HHOMEP3.1020 CA0A U BEAUMUHBI 6ePMUKAAbHBIX Oe-
copmayuu nynenua. OnpeneneHve MOITHOCTH CJIOS ce-
30HHOTO MTPOMEP3aHUS IS TUIOIIAT0K, HAXOMAIIUXCS
B HATYPHBIX YCIOBUSX, a TAKKE CO CHATBIM CHEXXHBIM
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7 PaCTUTETHLHBIM TIOKPOBOM TTPOBOIMIIN TI0 METOIMKE,
usnoxeHHoi B padore [Komapos, Tunenko, 1987],
9Ta METOIMKA TTO3BOJISIET TIPUOIIKEHHO OIICHUBAThH
BIMSTHUE TMHAMUKW CHETOHAKOTUICHUS TTPH HATMINHT
SIMHUYHBIX M (DparMeHTapHBIX TMOJEBBIX MaHHBIX
CHETOMEpHOI cheMKHU. Permramach 3amada ¢ SIBHBIM
BBIZICIIEHEM (DpOHTA TIPOMEp3aHUsI, U TTOIyorpa-
HUYEHHOM cpeabl, 3aHuMarlein oosactb xe(0, o),
COCTOSIIEN M3 TPeX 30H: CHETOHAKOTUIEHWS, Mep3-
Jioil u Tanoi. 'paHuIa MeXTy MOCIENHUMU 30HAMU
3a/71aeTCs BO BpeMeHHU (t) MCKOMOU (yHKUMeN &(t).
Ha mHeBHOW MOBEPXHOCTH TeMIlepaTypa MEHSIETCS
MO MPOU3BOJILHOMY 3akoHY ¢(t). Ternodusnueckue
XapaKTEePUCTUKA B 30HAX KYCOUHO-TIOCTOSTHHBI. Ma-
TeMaTnueckasi (GOpMyJTUPOBKA 3TOI 3aJauil CBOTUTCS
K pelIeHuto HeJMHelHoW 3aaauun Tumna CredaHa:

oo (x,1) 5 0%y(x,1) B '
8‘5 - O('O 8x2 > € ( h(t)’ 0)9 (1)
ot (x, ’t) o2 9%t (x, T) )
aT 1 a 2 s € (0’ &(T))a (2)
oty (x, T) 0%t (x, T)
S5 xe@me) ()
fo(-h(7),7) = o(7); 4)
hix, 0) = y(x), xe(0; o), &)
tl (O T) = to (0, T)
a 0
SL0,1)= 20 50,7 ©)

1(&(1), 1) =1, (&(1), 1) =10,
d& Y ot ot
2

-\ s ()
d’c ox | 8x|x=ém_0

=E+0

j@( (@ (n D) gr—1y) dr< oo

A |t,(x, T)|<M; 008 (8)

rae { — TeMIeparypa; f, — Temmepatypa (HasoBoro
nepexona (Havayua 3aMep3aHusi); i — MOIITHOCTb CHEX-
HOTO ITOKPOBA; A 1 @ — KO2((PULIMEHTHI TEIIOIIPOBO-
JTHOCTHU M TEMITepaTypOITPOBOIHOCTH COOTBETCTBEHHO;
O — temoTa $a3oBbIX nepexonos; 0, 1, 2 — MHAEKCHI,
0003Havalomune 30HBI CHETOHAKOTUICHUS, TTPOMEp-
3aI0IIYI0 U TAJyI0 COOTBETCTBEHHO, gX — BEJIMUMHA
reoTepMUYECKOro rpaaveHTa. YcioBus (6) 3amaror
WIeaTbHBIN TETUIOBOM KOHTAKT HA TPAaHUIIE CHEXKHOTO
TTOKpPOBa W TIPOMEP3arolleii 30HBI, a COOTHOIICHUS
(7) — ycnoBusl Ha MOABUXHOUM TpaHUIlE pasaeia
npoMep3alolieid u Tanoil 30H. Ha HimokHeil rpanuiie
ycaoBue (8) 3amaeT 11b0 reoTepMUYECKIl TpagreHT,
JTOO TIPEATIONaraeTCsl OTPAaHMIEHHOCTh TEMIIEPATyPHI.

3amaua peaan3yeTcss METOIOM BO3MYIIEHUM (Mayoro
napameTpa).

st cirygasi, Korma JUHAMUKY CHETOHAKOTIUIEHUS
MOXHO aIlllPpOKCMMMPOBATh MapabOJIMYECKUM 3aKO-
HOM h= 3 (r)l/ 2 M cumTaTk, 4TO TeMIeparypa moBepx-
HOCTH HE 3aBHUCHUT OT MPOCTPAHCTBEHHON ITepPEeMEHHOMN
X (JIMHEMHBIN pa3Mep SKCIEPUMEHTAIBHON TUIOIAAKHA
Maj), pellIeHre 9TOM 3a1a4y IIPY OTPAHUUCHUM ABYMS
YWIEHAMU aCUMIITOTUYECKOTO Pa3j0XKeHUS B PsO MO
CTEIEHSIM MaJIoro mapaMeTpa CBOAUTCS K YPAaBHEHUIO:

-2 Cal \/E

== B+~B*-44C

)

rae

yojMao o B
7\,002 2&0

02 2ay
2 (aln]a

+\/E 0 a 0 q

& |ty ayaoh of p _Cl|tn|
0 012%0 2ay 0

rae f, — TeMmIeparypa Ha TOAOIIBE CJIOSl TOAOBBIX
aMIUTUTYL; 1, — TeMIlepaTypa MOBEPXHOCTH, erf (x) —
¢yHkuus ommobok Iaycca.

®opmyrna (9) yomoBIeTBOPUTEIbHO paboTaeT B
IIUPOKOM AWara3oHe MPUPOMTHBIX YCIOBHI, KOTma
3HAYCHUS ITapaMeTpa B, XapaKTepU3yIoIIeTo 3HaUeHUE
MOIITHOCTH CJIOSI CHETa B ONpeAe/IeHHBII MOMCHT Bpe-
MEHM, HE MPEeBbILIAIT BeAUIUHBI B < 5-10™ M/‘{acl/ 2
ITpu [3—>0 pellIeHne CTPEMUTCS K PEIICHHUIO 3adaun
0e3 HaTM4Irs CHEXXHOTO TTOKPOBa Ha MOBEPXHOCTH.

Memooduxu pacuemnoezo onpedeaenus 3Ha4uenuil eep-
MuKaibHvIx deghopmanuii nywenus. J1ns coroctaBiaeHUs
C OITBITHBIMU JTaHHBIMU WCIIOJNB30BAHBI PE3yIbTaThl
pacyeToB IO ABYM METOIMKAM: XOPOIIIO M3BECTHOU 1
obuenpusHaHHOU Metoauke B.O. OpioBa u MeToauke
HopHUWMN. IMpuHmunuaabHas pa3HuIa 3aKI04acTCs
B TOM, YTO B MOCIIEAHEN pacyeTHbIC COOTHOIICHUS B
SIBHOM BHJE COAepKaT 3HAYCHUS BJIATOIPOBOIHBIX
CBOWCTB TIOPOII, B TO BpeMsI KaK B TIEPBOM MX BIMS-
HHUE OITOCPEIOBAHHO YUMTHIBAETCS Yepe3 KOMITIEKC
XapaKTEePUCTUK TPYHTA (YHMCIIO TUTACTUIHOCTU U T.J).

Metonuka B.O. OpaoBa [OpaoB u ap., 1977]
MpeamojaraeT, 4To IJisg paifoHOB, XapaKTepH3yIo-
IIUXCST CE30HHBIM TTPOMEp3aHUeM TPYHTOB, CJEIyeT
pa3muuarth: 1) y4acTKH, CJIOXKEeHHBIE TPYHTaM1, KOTO-
pble UMEIOT TIPEI3UMHIOI0 BIIAXKHOCTH, PaBHYIO WU
OJIM3KYIO TTOJTHOMY BOTOHACKIIIIEHNIO COOTBETCTBEHHO,
T.¢. Korna W>W,,; 2) y4acTKu ¢ HEMOIHBIM BOJIOHA-
chilieHnem, korna W< W,

BraxHoctb W, —xapakrepHast pacueTHask BlIax-
HOCTB TIpe/ieia IydeHUsl He3aMep3Ilero rpyHTa, oIpe-
nessieMast o hopMmyie

b

C2|tH|a_2 >0
5

C= <0,
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Ps —Pa
Wpr = 0,92=—=—=+0,08Wy (1 ), (10)
PsPa
3.
rie p; — TUIOTHOCTB CKeJleTa TpyHTa, r/em’; Wy, —
Collep>XaHWe He3aMep3llUel BOABI, 4, — TeMmIleparypa
MpeKpalleHusl MyYeHus, onpeaeasemMasi o MeToau-
yeckuM pazpabotkaM. [1py KpaTKOCPOYHOM MPOTHO3€
OlLIEHKA BeJIMUMHBI MyYeHUs] NIMHUCTOIO HeHArpyKeH-
HOTO IpyHTa TIpu yciosun W > W, BBINOIHAETCS 1O

dopmyne
h=Py 0,510 20,z22,

w

1

rae W,,; — U30bITOUHOE JIbAOBbIACIEHUE; p,, — TUIOT-
HOCTb BOZIBI, I/CM; 0lg — KO3(POULIMEHT CKUMAEMOCTH
HeMep3Joro rpyHra, cm’/H; z — miybuHa mpomep-
3aHUsl. YMeHblllaemMoe ypaBHeHus: (11) olieHuBaer
JIMHEHYIO 1ehOpMaIiIo 32 CYET JIbI000pa3oBaHMs,
BBIUMTAEMOE — 3a CUET YCaIKU MOILIIHOCTHU TAJIOK 30HbI
BCJIeICTBUE 00e3BOXMBaHUS. J1JIsT BOZOHACKIIIIECHHBIX
MOpoJI BemunHa W, s XxapakTepu3syeT JbI0BblIeIeHUE,
KOTOpOE 00YCJIOBJICHO KaK 3aMep3aHUeM BOJIBI B IIOPax
¢ yBeJuW4YeHUEeM oObeMa Ha 9%, Tak M JIOJIell BOIHI,
MUTPUpYIOIIE B 30HY IpoMep3aHus. Ee 3HaueHwust
OIPEACIISIIOTCS 110 METOAMYECKUM pa3paboTKaM C
HCIIOJIb30BaHUEM TaOyIMPOBaHHBIX KO3 (UIIEHTOB
B 3aBUCHMOCTH OT KJIMMATUYECKUX YCJIOBUI U KOM-
IJIeKCca BOAHO-(U3UIECKUX ITapaMeTpoB (IOIHAasl BJla-
TOEMKOCTh I'PYHTa, BEpXHMII Ipesies IJIaCTUYHOCTH,
YUCJIO TUIACTUYHOCTH, IIOTHOCTh CKeJieTa TPYHTa).
it cityyast, XapaKTepU3YIOIIeTrocsl HeIOJIHBIM BOJIO-
HACBIILIEHUEM TI0pPOJI, TIPoLiecC IMydYeHUsT OyaeT Mmpo-
HMCXOAUTh B OCHOBHOM 3a CYET MUTPUPYIOIICH BOIBI.
Mcxomst u3 31010 BeJIMunHa M30BITOYHOTIO JIbIOBhIIC-
JICHUsI OYy/IeT OIpPenesAThCS 10 (popMyJie

Wl/l36 = \Vt(1909B - (I/Vpr - W), (12)

rie B u y, — mapaMeTpbl, ONpeneisiole MUrpa-
LIMOHHOE JIbAOHAKOILJIEHNUEe, OHU OMNpPEAeISIIOTCS 110
MeTOAMYECKUM peKoMmeHaalusm [OpioB u 1ap., 1977].

PacueT BeJIMUMHBI ITydeHUSI 1JIS1 TPEX MCClIe0Ba-
TeJIbCKUX TLI01aa0K Ha TeppuTopuun 3bC npoBoauics
no Meroauke HopHMMHM, agantupoBaHHO HamMu K
YCJIOBUSIM M MEXaHU3MaM pealu3aludu IpoleccoB
My4YeHUsI Ha OMbITHBIX Muiolaakax. OOt Bua pac-
YETHBIX (DOPMYJ UMEET BUI:

h =RJ (1,)", (13)

rie t,, — MepHoJ roaa ¢ OTPULATeIbHBIMU 3HAYE-
HUSIMU TemIiepatypbl; R U J — KO3(pPULIMEHTHI,
NEPBbIA 3aBUCUT OT KJIMMATUYECKUX YCJIOBUI paii-
OHa, a BTOPOM — XapaKTEpU3yEeT CBOKMCTBA ITOPO.
U JOMUHUPYIOUIMA MEXaHU3M IepeHoca BJaru,
OIPEAESIONINNA MUTPALIMOHHOE JIbJIOHAKOIUIEHHE, a
CJIe0BATENbHO, U BEJUYMHY BEPTUKaIbHOU nedop-
Mauuu nydeHus. JUis mionanaku, pacroloXXeHHOM Ha
II HapgmoliMeHHOI Teppace, 3TO MepepaciipeaesieHue
BJIaTU B TNIpoMep3alollleid 30He, s TUlolanku Ha [

HAAINOMMEHHOUN Teppace — BJIArOMNEPEHOC 34 CYET
padoOThl KANMMJUISIPHOM «KalMBbl», IS TUIOIIAAKKA Ha
ToiiMe BOJIM3M ype3a peKr — Hajlndrie HeTTyOOKOTO
BOJOHOCHOTO TOPHU30HTA.

Irowaoka, pacnonoxcennas na II naonotimenHol
meppace. T10BepXHOCTHBII CTOK obecrieueH. ['pyHT Oe3
MPU3HAKOB MOBEPXHOCTHOTO 3abosiaumBaHus. [loja-
3¢MHBIC BOIBI HE BIUSIOT Ha CTETICHb YBIAXKHEHUS
W BEJIMYMHY NIpea3uMHeN BiIaxHocTh (W), koTopas
cocrapisieT <60% OT BIAXHOCTU BEPXHErO IMpeiesia
TUTACTUYHOCTH:

h=0,15D./t -0,5-107% 0,02, (14)

Wo =Wy
REDNN
rne D — xoadduuueHT auddy3un He3zamep3aliei
BOJZIBI, M2/ Typ — MEPHOJI C Hayasla IIPOMEP3aHUA O~
pon, yac.; W — comepxxaHue He3aMep3I1Ieil BOJbI ITPU
KPUTUYECKON TeMIiepaType MpeKpalleHUs ITydeHus],
paccuMThIBaeTCsl MO CIELUaTbHOI METOmUKe; o U
S — TapaMeTphl, 3aBUCAIINE OT KIMMATUICCKUX YC-
JIOBUI M BIIAXKHOCTHU, C YYETOM HOPMATUBHOM TITyOMHBI
MPOMEP3aHUS & .. a0=0,5~§maxz/rnp, M*/a; §=0,7 n.e.

Ilrowadka, pacnonoxcennas Ha | HaonotimeHHOU
meppace. T1oBepXHOCTHBIN CcTOK obGecrieueH. [lon-
3¢MHBIC BOJBI HE BJIMSIIOT Ha yBIIakHeHUe. [ pyHT 0e3
MPU3HAKOB MOBEPXHOCTHOTO 3abojaurBaHus. [Ipen-
3uMHss (W) BraxHoCTb cocTasisieT MeHee 60% ot
BJIAXKHOCTH BEPXHETO Ipesesia IIacCTUYHOCTH:

h = 0,013(W, — Wy)(Dy 1), (15)

rae W, — BecoBoe 3HaYCHME HUXKHETO Tpeena rmia-
cTuyHocTH, %; D, — k03hOUIMEHT MOTeHIUAIO0-
MPOBOMAHOCTU, XapaKTePU3YIOLIMI MUTPALUIO BlIaru
K (DpOHTY MpPOMEP3aHUSI 3a CUeT KANWLISIPHBIX CUJI,
M2/u.

Ilrowaodka, pacnosoxcennas Ha notime. IlogzeMHbIe
BOJIbI BIMSIIOT HAa yBaxK€HUE HE3aBUCUMO OT YCJIOBUIA
MOBEPXHOCTHOTO CTOKa. I'pyHT ¢ mpuU3HaKaMM 3a-
OomaunBaHusl. banskoe 3ajeraHue rpyHTOBBIX BOJI:

D, H,
_K)(WKB - WHO)(HFB In———- E.vmax )s
Ol HrB - &max

Hy, >§max’ (16)

rae W,, — BIQXHOCTb paBHasl KanWUISIPHOW BJaro-
eMKoct, %, H.,, — riyOuHa 3ajeraHusi TPyHTOBBIX
BOI, M.

PesyabTaThl nccienoBanmii m ux oocyxiaenune. Ha
pUcC. 2 IpUBEICHBI PE3YJIBTAThl SKCITEPUMEHTAITHLHOTO
oTpeic/IeHNsT TMHAMUKK TeMIIepaTypHOTO pekuMa
opo IS TJIOLIAAKK 3a Iieproj HaomoneHuit ¢ 2013
o 2015 r. Ha pa3HOU IIyOMHE.

Ha ocHOBe JaHHBIX MOHUTOPWHTA, TIPUBEICHHBIX
Ha puc. 3, TOCTPOEHBI MPOMWIIN CpeTHEMECSIHBIX 3HA-
YeHMH TeMIlepaTyphl (CpeTHEeB3BEIIICHHbIC 3HAYCHIST)
10 TJIYOMHE pa3pe3a TS TIOIIAaI0K, PACTIONOXKEHHBIX
Ha I u II Teppacax. CpenHerogoBast TeMreparypa 1o-
pon cocrtapisgiaa +6,5 °C, 4To OTHOCUT IIOIIAAKY K

h=0,022(
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Puc. 2. JIuHamuka
TeMIepaTypHOTO
pexuma nopoz Ha | 40
Teppace Ha pasHou
ryouHe, mo [YBa-
poBa u ap, 2018]

——Ha nosepxHocTn

Temmeparypa, °C

e Ha rnybuxe 1,4 m emtig rly6UHe 10 M

-40
01.01.2013 31.05.2013 28.10.2013 27.03.2014 24.08.2014 21.01.2015 20.06.2015 17.11.2015
Jlara
Temneparypa, °C Temmneparypa, °C
-10 20 -10 20
— SIHBaps — SIuBaps
= = OeBpaib = = @eBpais
——Maprt ——Mapr
= - = Anpens = - - Anpens
< . < .
o) -=---Maii o) ----Mau
= =
% ....... WioHs % ....... HroHs
~ — Urons ~ — Hronb
Puc. 3. I'paduk pacnpe- — = Amrycr — = Asryct
JIeJIEHUsI CPETHEMECSUHbBIX —— Cents6ps —— Cenms6ps
3HAUEHUII TeMIlepaTyphl C 8
IYOMHOM ST TIJIOIIAI0K, -==-OkT10p5 -==-OxTs16pBH
PpAaCIOIOKEHHBIX Ha I Tep- Hos6ps 2 HosGos
pace (caesa) u Ha Il Teppa- 1 P
ce (cmpaBa), mo [YBapoBau e Hdexabps T e Jexabpn

ap, 2018]

30HE€ YCTOMUYMBOTO CE30HHOTO MpOMep3aHusl, I1yOrHa
rooBbIX aMIIuTya ~12 M. TemreparypHblie ipodun
KUCTIOJIb30BAJIU JUIS1 SKCIIEPUMEHTAIIbHOTO HAXOXKIEHMS
BEJIMUMHBI (1) MO 3HAYEHUIO TemIlepaTypbl Hauasa
3aMep3aHus opos (puc. 4), KoTopasi sl He3aCOJIeH-
HBIX MOPOJ MaJIO OTJMYAETCS OT HYJISI, a Takxke IS
PACUYETHOWM OLICHKU 3TOMW BEJIMUYUHBI IO COOTHOIIIEHUIO
(9) n 3HAYeHUs BepTUKAILHOU AedopMalum Iyde-
HUsl 110 cooTHouieHustM (14)—(16). Mcnonb3oBaHue
JIOTTEPOB TO3BOJISIET MTPOrpaMMUPOBAaTh BPEMEHHbIE
111aru U3MEepPEeHUsI TeMITepaTyphbl U1l TIPEATNoIaracMoro
rnepuoaa HaOIOJEHUMN.

AHanu3 noxkasaJjl ecTpblid CIIEKTP 3HAYEHUN U3-
meHeHust mouHoct CMC. Tak, Hanipumep, B TabJ1. 1
MPUBEIECHbI 3HAUEHUSI BEJIMYMHBI & Ha 22 siHBaps B
pasHble rojibl, OHU U3MEHSIOTCS OT MUHUMAaJIbHbBIX
3HAYEHU Ha TIJI01aAKaX, HAXOASIIUXCS B €CTECTBEH-
HBIX YCJIOBUSIX (MAaCCUB MPaKTUUECKU HE3aMep3LInii)
B 2017 r., no omyrumseix B 2016 r. B kauecTBeHHOM

OTHOIIIEHUY CHET OTEIUISIONIC BO3IECTBYET Ha TeM-
nepaTypHbIi pexxuM MOpoJ, HO BIAWSIHWME BEJUUMHbI
MOIIITHOCTM CHEXXHOTO TOKpPOBa HEOTHO3HAYHO, TIO-
CKOJIbKY HEO0OXOJMMO YUYWUTBHIBAaThb €ro IJIOTHOCTD,
BpeMsl Mepuojia ¢ MOJOXUTEIbHBIMU 3HAYEHUSIMU
TeMmreparypbl (OTTernesin), BAWsIHUE OJU3KOro Mo-
JIOXKEHHUSI YPOBHSI I'PYHTOBBIX BoJ (roiima). Bce ato
OpUBOAUT K TOMy, 4TO MouHOCcTh CMC — oueHb
TepeMeHYMBas BEJIMUMHA, CYIIECTBEHHO 3aBMCSIIAs
Takke OT TeMITa MPOMEp3aHUs, HaIpaBICHUS XOma
mmpoliecca MpoMep3aHUe—OTTauBaHUE W ITWHAMU-
KM BJIAXXHOCTHOro pexuma. HaxoxaeHue riayOuHbI
MMPOMEep3aHUs C TIOMOIIBIO MEp3JIOTOMEPA CUCTEMBI
JlaHwinHa Ha TJIOLIAAKaX CO CHSTHIM CHEXHBIM IT0-
KPOBOM ITPUBOIMNT K rorpeirHocTul 10 60% u 6oJee 1mo
CpPaBHEHUIO C pe3yabTaTaMu TepMOKapoTaxka, IpudemM
Ka4eCTBEHHO, KaK TPaBUJIO, B CTOPOHY 3aBBIIICHUSI,
MBI CBSI3BIBa€M 3TO C BIMSHMEM KOHBEKIIMU BO3IyXa
B TEPMOMETPUUYECKON CKBAXUHE.



68 BECTH. MOCK. YH-TA. CEP. 4. TEOJIOT' M. 2020. Ne 2
Temmeparypa, °C Temmneparypa, °C Temneparypa, °C
-30 -20 -10 0 10 20 -10 0 10 -15 -10 -5 0 5
8 ~ o o
= = =
Q Q Q
B B £
—~ \ ~ ~ - - 18012015
- = 18.01.2013 ‘ 18.01.2014 ‘ o
——2201.2013 22.01.2014 A o 3
15 X eeee011.01.2015 15 As
Temmeparypa, °C Temmneparypa, °C Temneparypa, °C
-15 -10 5 0 5 -2 -1 0 1 -6 -4 -2 0 2
< 0 0
AN 5
3 3 3 10
|l O O
B £ oY e
~ o 18012016 ~ - - 18012017 \ H - - 18012018
—22.01.2016 —22.01.2017 : —22.01.2018 \
19 50\

Puc. 4. PacnipesesnieHrie 3HaU€HUI TeMIIepaTyphl B CJI0€ CE30HHOTO NIPOMEpP3aHUsl B EPUOJ MoJIeBbIX u3mMepeHuit (18—22 siuBapst) ¢ 2013
mo 2018 r. Ha I Teppace

Tabnuua 1
Pe3yabraThl U3MepeHnii MOLIHOCTH CJIOSi CE30HHOTO MPOMEepP3aHus.
. Cpentsist I'nybuna npomepsanus &, cM
TI'eomopdonornyeckuii COCTaB OTIOKEHMII Ton OLIHOC
YPOBEHb / PACTUTEIBHOCTh TaB OTIOXCHITH M3MEPEeHUIA MOIIHOCTE |y myraue cHeXHOTO OTCYTCTBUE CHEXXHOTO ITO-
cHera, M MOKpoBa / OypeHue KpoBa / TepMOKapoTax
2018 18 13 -
[Moitma /TpaBstHUCTAS, cynech TEMHO-KOPUYHE- 2017 38 0 —
BCTPEYAIOTCST ONMHOYHEIC Basl IbUIeBaTas IJIacTU4d- 2016 21 33 —
JEPEBbHA Hast 2015 35 3 —
2014 15 9 -
2018 15 6 25
I HagmoiimMeHHast Teppaca / CYMECh CBETIIO-KOPUTHE- 201 &2 L =
an PP Bas MblLIeBaTasl riacTuy- 2016 28 18 24
JIyroBast
Hast 2015 21 12 15
2014 12 9 12
2018 14 8 19
) 2017 33 5 9
11 HagmoiiMeHHas Teppa- cynech recyaHucTas 2016 25 — 25
ca / apeBecHast Cepo-KOpUYHEBast
2015 22 7 14
2014 12 11 19

ITpumeuanue. [Ipoyepk — OTCYyTCTBUE HAOIIOACHUIA.

BiausiHue AMHAMUMKM BIAXKHOCTHOIO peXKMMa B
CMC, nepuonoB OTTeneNei, pacuJIeHEHHOCTH, peiibe-
(ha TPUBOIUT K TOMY, YTO Pa3IMUHbIE MPUOIMKEHHbBIE
WH3KEHEPHBIE COOTHOILLIEHNSI, OCHOBAaHHBIC Ha pellle-
HUM 3amad tura 3agadyn CredaHa, HarpuMep COOT-
HoueHus (9), a Takxke GopMyJibl, peKOMEH1yeMble B
HOPMAaTUBHOU JIUTepaType, He B MOJHOM Mepe OTpa-

>KalOT OCHOBHBIE TIPUPOIHBIE (DAKTOPHI, BIMSIOLINE Ha
MHTEHCHUBHOCTh Ipoliecca CEe30HHOrO MpoMep3aHusl.
DTO BUIHO U3 PE3YJILTATOB COIIOCTABJICHUSI PACYETHBIX
BKCIIEPMMEHTAJbHBIX JAHHBIX, IIPUBEICHHBIX B TAOJI.
2. laHHbBIE O TJIOTHOCTU U BJIAXKHOCTHW IOPOJ ITOJTy-
YeHBI IyTeM OIPOOOBaHMS B MPEA3MMHUU IIE€pPHO/I,
OCpeIHEHHbIEe 3HAaYECHUSI TeMIIEPaTyphbl TOBEPXHOCTH
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a
HHTEeHCHBHOCTE ITy4YC€HUs, cM/M

-1 -0,5 0

o

HHTEeHCHBHOCTE ITy4€HUs, cM/M

0,5 1 -5 0 5 10

15

-10

6

VIHTEHCHBHOCTH IIy4YCHHU, cM/M

S5 0 5 10

(o]

I'myOumna,
I'myOuna, M

0,6 0,6

— — ®poHT

npomep3aHus

0,6

Puc. 5. Dmiopbl THTEHCUBHOCTU BEePTUKAIBHBIX AehopMalinii mydeHus: ¢ TIyonHoi Ha noiime (a), I (6) u 11 (6) HagmoliMeHHBIX Teppacax
p. Mocksa B 2013 1.

MOPOJ, M ee HayaJlbHOE paclipefesicHue 1o IyouHe
MAacCHBa PacCYMUTAHBI 1O JAaHHBIM TepMomeTpun. I1o
STUM K€ TaHHBIM OblJIa YCTAHOBJIEHA TTPOAOJIKUTEb-
HOCTh Mepuoja C OTPHUIIATEIbHBIMU 3HAYCHUSIMU
TeMITepaTypbl HOBEPXHOCTH MOPOJ. Pacuer rryOMHBI
CE30HHOI0 TpOMEp3aHMsl BBIMIOJHEH JISI TPeX IUIO-
IIAJOK C YYETOM JTMHAMUKM M3MEHEHUS MOIIHOCTHU
CHEXXKHOTO ITOKpOBa M ISl BApMaHTa, KOI/a CHEXXKHBIM
MOKPOB OTCYTCTBYIOT.

Kak BuaHO M3 aHanmM3a pe3yJabTaTOB, MpPUBE-
JIEHHBIX B Ta0J. 2, MOTPELIHOCTh PACYETHBIX U IKC-
MEPUMEHTAJIBHBIX JaHHBIX MoxXeT mocturarh 100%.
CylecTBeHHast 10151 TAKOW CyMMapHOM MOTPeIHOCTU
CBsI3aHa C TTapaMeTPaMU PaCUETHOM CXeMbI, B ITIEPBYIO
oyepenhb ¢ armnapaTypHbIMUA MTOTPEITHOCTSIMUA HaX0X-
JIEHWsI BEJIMYMHBI TETUTONPOBOIHOCTU ITPOMEP3aIOLINX
rmopox (BIUsTHIE M3MeHEeHUS (pa30BOTO COCTaBa BJIaru
B CIIEKTpE OTPUIIATEIBbHBIX 3HAUCHU TeMIlepaTyphl)
U CJOXHOCTEN y4yeTa BpPeMEeHHON WM3MEHYMBOCTU

BEJIMYMHBI CHEXXHOTO ITOKPOBAa, TETIO(MU3MUIECKUX
XapaKTePUCTHK, BJIAXKHOCTHOTO PEeXMMa.
Pe3yabmamot conocmagaenus pacuemusix u noae-
6bIX OAHHBIX 0451 OUECHKU 8ePMUKAAbHBIX deqhopmauuil
nywenus. J17151 COTIOCTaBIICHUS Pe3yIbTaTOB HamboJee
ONTUMAaJIBHBIM pellicHreM OBIJI0 BBIOpATh TOM, B KO-
TOPOM M3MepeHHEBIE MedopMaliiy mydeHus Hanboee
XapaKTePHBI, TI0 TIOJTYYeHHBIM pe3yJibTaTaM Hanbolee
nomxoxsiium ctan 2013 1. CorjacHO 3KCIIepMMEH-
TaJbHBIM TaHHBIM TIyOMHA CE30HHOTO IMPOMEpP3aHMsT
Ha 9KCIIEPUMEHTABHBIX TUIOIIAAKaX B 3TOM TOIY B
cpeagHeM coctaBisiaa 20—25 cM, IMO3TOMY BIIOJIHE
MOKHO TIPEIITOJIOXUTh, YTO AehopMaly TTyIeHUS
OymyT (UKCUpPOBAThCSI Ha TIEPBBIX TpeX perepax oOT
moBepxHocTu. Ha smiopax BepTMKambHOU medop-
MaIi My9eHUs] (QUKCUPYETCS KaK ITOJOXUTEIbHAs
nedopManusi B rpomepalieii 3o0He (IydyeHue), Tak U
oTpuIIaTeIbHas medopMallns B Tajoil 30He, XapakK-
TepU3yIolas ycaaKy B Hell 3a cueT 00e3BOKMBAaHUS,

Taobnuma 2

Pe3yabTaThl conocTaBieHus PacyeTHO 1 HA0.IK01aeMoii IJIyOMHBI CE30HHOTO nmpomep3aHus Ha 22 suBaps 2019 r.

Pacuetnas rmyouna | PacuernHast rimyouna mpo- | [ToseBbie pe3yib- | [TosieBble pe3yabTaThl,
Ha6mionarenbHas 1utoiaaka / mioT- TMpoMep3aHus B ec- Mep3aHus 1o hopMysie | TaThl U3MEPEHUI | CHSATBIM CHEXHBIN U
HocTh (r/cm®) / BnaxHOCTh (1. €.) TECTBEHHBIX yCIOBUsX, | (9), npu p=0 (Hopma- B €CTECTBEHHBIX PaCTUTENIBHBIN TTO-
o cdopmyie (9), m TUBHAs TJyOWHA), M YCJIOBUSIX, M KpOB, M
IMoiima / 1,44 / 0,25 0,120 0,159 0,13 0,17
I nangmoiimenHas teppaca/1,80/0,27 0,098 0,132 0,06 0,21
I1 nannoitmennast Teppaca/1,96/0,33 0,212 0,235 0,09 0,15
Taonuuma 3

Pe3yabTaThl CONOCTaBIEHHS PACYETHBIX M KCIEPUMEHTAIbHBIX NAHHBIX HA 22 sHBaps 2013 r.

PacueTHas BerumuuHa IIy4YCHUA

HaGnronarenbHast 1o Ka
A man no meroauke B.O. OpnoBa, cm

DKCIMepUMEHTaIbHOE 3HAaYeHUE
BEJMYUMHBI ITyYSHUSs, CM

PacyerHast BeMuMHA TyYeHUst
no meroauke JopHUMU, cm

IMoiima 0,19 0,13 0,08
I HaxmoiiMeHHast Teppaca 1,2 0,98 1,66
II HannoiimeHHast Teppaca 0,79 0,74 0,87
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CBsI3aHHOTO ¢ 3(h(heKTOM MUIpallMM Bjaru K (OpOHTY
npoMep3anus (puc. 5). Pe3yabrarel cormocTaBieHUs
SKCIIEPUMEHTATBHBIX U PACYCTHBIX JTAHHBIX IO TBYM
METOJIMKaM TpUBEJEHbI B Ta0. 3.

B xavecTBe POIOIIKUTEILHOCTH TIepHOIa C OT-
pULaTeTbHBIMU 3HAUCHUSMU TeMITepaTyphl, KOTOPHIi
HeOoOXOAWM TIpM pacueTax MO O00EMM METOIMKaM,
OBbIT BEIOpaH HE BeCh 3UMHMI TIEPUOMd, a BpPeMs OT
€ro Havaja J0 MOMEHTa TPOBEIeHMS W3MEPeHU
(22 auBapst). Havano 3uMHero mepuoga OTCUMTAHO
oT 24 Hosi6pst 2012 1., Koraa 3HaUeHUE TeMIlepaTypbl
TIOBEPXHOCTH TTOPOJ, TIEPEIITO Yepe3 HyIeBYIO0 OTMETKY
(puc. 1). Takum obOpa3oM, pacueTHbI MEPUOJ C OT-
pULaTeTbHBIMU 3HAUYEHUSIMU TeMIIePaTyphl COCTaBUIT
62 mHsI.

AHanmM3 coTToCTaBIeHUS JaHHBIX, IPUBEICHHBIX B
Taby. 3, moKa3aj, 4To, HECMOTPsI Ha IPUHILIMITMAILHOE
paznmmure B OMMCAHWM TPOIecca MUTPAIlUM BIaTd K
(bpoHTY TIpoMep3aHUsS U OIpeAcIeHHBIC pa3TuJus
MpU y4yeTe BIUSHUS KIMMATHIECKUX (DAKTOPOB U
XapaKTepUCTUK TTOpPOa, 00a pacuyeTHBIX METOJa C
TMIPUEMIIEMON TIOTPEITHOCTBI0 MOXKHO WCITOJIh30BaTh
IJIsT TIPOTHO3MPOBAHMS BEJIWIMHBI BePTUKATbHOMU
nedopMalluy TYIeHUST I TIOIIAA0K, KOTOpPHIE
pacnionoxxenbl Ha I u IT Teppacax. /st moiiMbl mo-
TPEITHOCTh PACYeTOB, B YaCTHOCTHU T10 MeToauke B.O.
Opnosa, moxeT npeBbicuTh 100%. Ha Haimn B3,
9TO CBSI3aHO B MEPBYIO Ouepeab CO CIocoObOM yuera
BIMSTHUSA 3aJIeTalolIero 0,11M3K0 K TTOBEPXHOCTHA BOIO-
HocHoro ropu3oHTa. K HemocraTkaM 06eMxX METOIUK
pacdyeTa MOXHO OTHECTH CIeIM(UKY ydeTa KiIrMa-
TUYeCKUX (aKTOpOB, HATIpUMEp, B ClIydae, Koraa Ha
MPOTSCKEHUN 3UMHETO Tieprofa OyayT MPOUCXOIUTh
TMEPUOANYECKIAE OTTEIIeNIN, a 3aTeM IIPOMEP3aHMUSI.
K HemocTaTKaM MOXKHO OTHECTH TaKKe CIOXHOCTh
noxdopa 3HaueHUll KoadhUIMEeHTa BiarornepeHoca
B Metoauke JopHWMU, nockonbKy HeOOJIbIINE U3-
MEHEHUS BIAXKHOCTH TTOPOI TIPUBOIAT K N3MEHEHUIO
KOHEYHOM BEIMUMHBI IIyIeHUS Ha TTOPSIIOK.

BeBoapi. 1. CpenHeromoBasi TeMreparypa IIopo/
Ha TEPPUTOPUM 3BEHUTOPOICKON OMOCTAHIIMU CO-

CITMCOK JIUTEPATYPbBI

Komapos U.A., Tunenko I'.C. PelieHue 3agadu mpoMep-
3aHUSI—OTTaUBAHUS TP HAJTUYMU W3OJISIIUM Ha TTOBEPX-
Hoctu // T'eokpuosnorndeckue uccienoBanus. M.: U3n-Bo
Mock. yu-Ta, 1987. C. 260—280.

MeToabl TOJEBBIX T€OKPUOJOTUYECKUX HCClIeaoBa-
Huit: Metomuueckoe rmocooue / IMox pen. D.J1. Epiosa u
I'.U. Topneesoii. M.: M3n-Bo Mock. yH-Ta, 1986. 143 c.

Opnoé B.O., /lyonos F0.JI., Mepenkos H.J[. Tlyuenue
MpOMep3alolInuX IPYHTOB M €T0 BIUSIHUE Ha (DyHIAMEHTHI
coopyxenuii. JI.: Ctpoituznar, 1977. 184 c.

TToneBbie METOMBI TUAPOTEOTOTUIECKUX, MHXKEHEPHO-
Te0JIOTMUECKUX, TEOKPUOJOTUIECKUX, WHXXKEHEePHO-Teo(hu-

crasiser +6,5++6,8 °C, 4TO MO3BOJIIET OTHECTU €€
K 30HE YCTOMYMBOTO CE30HHOTO TTpoMep3aHus. [1pu
COITTOCTaBJICHNM MTaHHBIX O TIIyOWHE TTpOMep3aHus 3a
pa3HbIe TOABI 00HAPYXKEHO, YTO TTOPOIBI Ha SKCIIePH-
MEHTAIBHBIX TUTOIIAAKaX Ha MOMEHT TIPOBEACHUS 13-
mepenuit B 2013, 2017, 2018 rr. HaxXooUINCH B CTaAUN
WHTEHCUBHOTO mpomep3aHus. B 2015 r. Bciencrue
TIPOIOKUTETLHOTO TETUTOTO TIEPHOIA BO BpeMsI 3UMBI
TIOPOIBI TIOJTHOCTHIO OTTAas/IM, 3 K MOMEHTY TTpOBeIe-
HUS N3MepeHUI B SHBape CHOBA HavaJid TIpOMeP3aTh.

2. [TorpenrHoCcTh pacUeTHBIX U SKCIIEPUMEHTAITb-
HBIX BEJIMYWH TJTYOMHBI CE30HHOTO TTPOMEP3aHUS JUTS
3uMbl 2018/19 TT. MOXKET JOCTUTATD OIIYTUMBIX BEJIH-
yyH. CyliecTBeHHasT OIS TaKO CyMMapHOI TTOTpeTI-
HOCTH CBSI3aHa C MapaMeTpaMM PacueTHOM CXeMBI, B
TePBYIO O04Yepeab ¢ anmapaTypHBIMU TOTPEIITHOCTSIMU
HaXOXIEeHWST BEIWUYMHBI TETJIOTIPOBOTHOCTU IIPO-
Mep3alolInX Mopon (BIUsSHUE M3MEeHEeHUsST (a30BOTO
COCTaBa BJIaTM B CIEKTPEe OTPUIATSIHHBIX 3HAYCHUI
TEeMITepaTyphl) M CIOXHOCTIMM ydeTa BpeMEHHO
W3MEHUMBOCTU BEIMUMHBI CHESKHOTO TTIOKPOBA, TETLIO-
(pm3mIecKX XapaKTepUCTUK, a TaKKe C BIUSHUEM
MePUOINYECKIX OTTeTIeNIeil. DTO MPUBOAUT K TOMY,
yto MomHocTh CMC — auHaMuuyHasi BeJMYWHA,
KOTOpas CyIIECTBEHHO 3aBUCUT OT CKOPOCTH TIPOMEP-
3aHMSI, HAMpaBJIEHUs X0Ia Mpoliecca TpoMep3aHus 1
OTTaWBaHUS U, YTO BAXKHO, OT BIAXKHOCTHOTO peXXrMa.

3. HecmoTps Ha TIpUHIMIIHAIBHO pPa3IMIHOE
oIcaHue Tpoliecca MUTPAITNHY BJIaTH K (PPOHTY TIPO-
Mep3aHMsI, a TakKKe Pa3INIus TPU y9eTe BIUSHUS
KIIMMAaTHYeCKNX (DaKTOPOB M XapaKTePUCTUK TTOPOI,
METOAWKN PACUYEeTHOTO OTpeAesIeHNsT BeTUYUHBI ITy-
yenust B.O. Opnosa u JopHMNMUW nokazanu ymoBieT-
BOPUTEIBLHYIO CXOIUMOCTh C 3KCIIEPUMEHTATBHBIMU
JAHHBIMU JIJIs1 TUIOLLAIOK, pacnoyiokeHHbIX Ha [ u 11
HanmoiiMeHHBIX Teppacax. CyllecTBeHHas! TOTPel-
HOCTb U1 TUIOLIAAKU, PACIOJOXEHHOM Ha IOonMe,
00BSICHSIETCSI CIOCOOOM yueTa BIMSIHUS 3aJIeralollero
OJIM3KO K TIOBEpXHOCTH BOIOHOCHOTO Topn3oHTa. He-
00X0oIuM JajibHENIINIA, Oosiee yryOJIeHHBI aHaIu3
TOJTYYEHHBIX PE3YJIBTATOB.

3UYECKUX U 9KOJIOr0-TeoJOTnueckux uccaeaopanuii // Ion
pen. B.A. Koponesa, I'.W1. I'opneesoii, B.A. borociosckoro.
2-e usn., nepepad. u gon. M.: M3n-Bo Mock. yH-Ta, 2000.
352 c.

Yeaposa A.B., Komapose U.A., Hcaee B.C. 3akoHOMep-
HOCTU AVUHAMUKU TEMIIEPATYPHOIO PEeXUMa M CE30HHOTO
npoMep3aHusl Ha 3BEHUTOPOACKON OMOCTAaHUUM 3a TATHU-
JIETHUI TiepuoJ, HaOMoJeHU // AKTyallbHblEe MPOOIEeMbI
reokpuonoruu. T. 1. M.: KOV, 2018. C. 201—206.

[Mocrynuna B pepakiuio 24.09.2019
IMocrynuna ¢ nopaborku 16.10.2019
[Mpunsita Kk myoaukauuu 15.01.2020
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E.A.Msaesa', 10.B. Anexun®, M.A.Makaposa®

AHAJIN3 OCOBEHHOCTEN IMOBEJTEHNS MEMBPAHHBIX
TPEKOBbBIX ®WJIBTPOB B ITPOLIECCE DKCIUTYATALIUA

DI'BOY BO «Mockosckuii eocydapcmeennuiii ynusepcumem umenu M.B. Jlomonocosa»,
119991, Mockea, I'CII-1, Jlenunckue Topot, 1

Lomonosov Moscow State University, 119991, GSP-1, Leninskiye Gory, 1

M3yueHbl n13MEHEHUST CBOMCTB TpeKoBOro MmemopaHHoro dwibrpa @uTpeM c nuameTpoM
nop 0,45 MKM mpu GUILTPALIUM IUCTUUIMPOBAHHOM BOJBI, a TAKXKE M3MEHEeHNE 3HAYeHU 00b-
€MHOIi CKOPOCTH B peXXruMe HelpepbIBHOM (puibTpaiiuu. B xoae 9KcrnepuMeHTOB yCTaHOBJIECHO,
YTO YMEHBIIECHUE CKOPOCTH (PUIBTPALIMU Yepe3 TPEKOBBbIM MeMOPaHHBIN (DUIBTP 3aBUCUT He
TOJIKO OT TIPUCYTCTBUS B BOJIE B3BeCE M KOJUIOMIHBIX BEIIECTB, HO U OT (hU3UIECKUX CBOCTB
¢unabTpa 1 00YCIOBICHO U3MEHEHUEM BOJOIIPOHUIIAEMOCTH MEMOPAHBI B CBA3M C YACTUYHOM
JeCTpyKuuei GuibTpa, yIJIOTHEHMEM B MPOLecce IKCIUTyaTalluu, a TakKKe ¢ HaKOTUIEHUEeM
OTPULIATEJILHOTO 3apsiia MOBepXHOCTU Top u3-3a auccouuanmn COOH-rpym.

Karouesovle cnosa: simepHble TPEKOBBIE MeMOpaHbI, MUKPOQWIbTPALUsA, HelpepbIBHAS
¢uabTpanus, oOpraHMuYecKoe BElIeCTBO, BOAOIPOHUIIAEMOCTb.

Changes in the properties of a FiTreM track membrane filter with a pore diameter of
0.45 pm during water filtration and changes in filtration rates during continuous water filtration
were studied. The decrease in filtration rates during the passage of distilled water through a
track membrane filter is explained by the compaction of the filter and the change in membrane
permeability due to the accumulation of a negative charge on the pore surface due to the

dissociation of COOH groups.

Key words: nuclear track membranes, microfiltration, continuous filtration, organic matter,

water permeability.

Bsenenue. B HacTostiiee BpeMst OOJIBIION MHTEPEC
BBI3BIBACT M3YYEHHME OYMCTKU TPUPOTHON BOIBI C
IMOMOIIIBIO SIAEPHBIX TPEKOBBIX MeMOpaH [Fabris et al.,
2007; Howe, Clark 2002]. B otauune oT (pUJIbTPOB,
MU3rOTaBIMBACMBIX U3 LEJUTIOJIO3bI U €€ IPOU3BOAHBIX,
TEXHOJIOTHST M3TOTOBJIICHUSI TPEKOBBIX SIIEPHBIX MEM-
OpaH obecrieurBaeT paBHOMEPHOCTb pa3MepoOB MOp U
MaJIylO0 TOJILLIMHY pa3aeJuTe]IbHOro ciios, oiarogapsi
YyeMy CeJIeKTUBHOCTb TaKMX MeMOpaH BEIIIE, UTO
o0ecreurBaeT yCTOMUMBOe BblJeaeHUe (hpakiuii KO-
JIOUIHOW pa3MEePHOCTU U3 MPUPOIHBIX BOJ [AJleXuH
u 1ap., 2010].

Mukpodunbrpalius (pa3mepsl nop ¢GuiIbTpa OT
0,1 no 10 MKM) mpuMeHsieTcs sl yaadeHusl 3arpsi3-
HSIIOLIMX YacTHUll B BOJE, €€ MOXHO paccMaTpuBaTh
KaK 3Tarn JOOYMCTKM WJIM KaK IpeaBapUTeIbHYIO
00paboTKy Tepes; TaKuM MeMOpaHHBIM MPOLIECCOM,
Kak HaHoMuUIbTpaLuus uian oopaTHblii ocMoc [Fabris
et al., 2007].

BobiMHCTBO MUKPO(DUIBTPALIMOHHBIX MEMOpaH
M3roTaBIMBaIOT U3 MoJuMepoB. OCHOBHBIE TTPEeUMY-
11IeCTBa MOJUMEPHBIX MEMOpaH — BbICOKAsI TEXHOJIO-
TUIHOCTH W OOJIBIIIME BO3MOXKHOCTH TIPU YITPABICHUHT
CBOMCTBaMU U CTPYKTYpPOIi MEMOpPaHbI ITyTeM HEOOJIb-
X XUMUYECKUX 1/VIIN TeXHOJOTUUYSCKIX BapraLvit
npoiiecca U3roTOBJAEHUSI.

B xauecTBe MeMOpaHHOro MaTepuaja 4acTo
HUCIIONB3YIOT nojmastuiieHTepedranar (IIOTD, nas-
CcaH) — TepMOILJIAaCTUUHBIN TMAPOGMOOHBIN MOJIUMED,
IpUHaIIeXalni K Kiaccy nonuaduposn I[1OT [Apel,
2001]. On obGmamaeT BBICOKOW XMMMYECKOU CTOMKO-
CTBbIO K KHUCJOTaM, 1liejiouam, COJIsIM, COupTam, Ia-
paduHAM, MIUHEPaIBHBIM MacjiaM, OEH3WHY, XXupaMm,
acdupy.

MeMOpaHBI M3TOTaBIMBAIOT ITyTeM OOTyUeHHS «Ha
MIPOCTpPEJ» TOHKUX TTOJIMMEPHBIX TUICHOK M3 JlaBcaHa
ToMLKuHOM 10—20 MKM IMOTOKOM BbICOKO9HEPTETUUHbBIX
TSDKEJTBIX MOHOB (aproHOM, KPUIITOHOM, KCEHOHOM)
Ha yCKOpUTEJISIX (LIMKJIOTPOHAX, TaHIeM-TeHepaTopax)
WX B CIeLMaJIbHOM YCTaHOBKE Ha SIIEPHOM peakTope.
Kaxxnpiii MOH BIOJIb CBOEM TPAaeKTOPUHU ITOBPEKIACT
ITOJIMMEPHBIE MOJICKYJIbI, OCTaBJISISI CKPBITHINA Clien —
Tpek. OONy4eHHYIO TUIEHKY 3aTeM 3acBeunBaioT YD
CBETOM W TIOOBEPTAIOT TPaBJICHWIO B IIEJIOUYM IPU
3agaHHO TeMnepatype. [To KaxxaoMy Tpeky obpaszy-
€TCsl CKBO3HOE OTBEPCTHE — T0pa LIUJIMHAPUYECKOM
GopMBI, TMaMETP KOTOPOI TIPSIMO TIPOITOPLIMOHATICH
BpPEMEHU TPaBJICHUS U MOXKET U3MEHSITBCSI OT COTBIX
JToJieit MUKpOHA 0 HECKOJBKUX MUKPOHOB. JInameTp
BCEX ITOP OKa3bIBAeTCS OMMHAKOBBIM. [1pu obydeHnm
TUIEHKH MCITOJIB3YIOTCS BBICOKOMHTEHCUBHBIE TIOTOKHU
TSIKEJIbIX MOHOB, B 3aBUCMMOCTU OT TpeOyeMoro pas-

! MocKoBCKHii rocyrapcTBeHHbIi yHIBepeuTeT uMenr M.B. JIoMoHOCOBa, reonornyeckuii hakymbTeT, Kadenapa reoxXuMin, acrii-

paHT; e-mail: lendrover@list.com

2 MoCKOBCKHMII rocyqapcTBeHHBI yHnBepcuteT nMeHn M.B. JloMoHOCOBa, reosormueckuii daky/isrer, Kabeapa reOXMMIM, 10-
LIEHT, CT. Hay4. ¢, KaH/. reoJ.-MUHeP. H.; e-mail: alekhin@geol.msu.ru

3 MoCKOBCKHiT TOCYIapPCTBEHHBII YHIBepcuTeT nMeHr M.B. JIoMOHOCOBa, reosornaeckuil hakymbreT, KadeIpa TeOXUMUH, Hayd.

c.; e-mail: frolikovam@gmail.com
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Mepa IMop UX MJIOTHOCTh Ha MeMOpaHe COCTaBJIsIeT OT
COTEH ThHICSIY O HECKOJIbKMX MIJUTHAPIOB Ha 1 cM’
[Buczkowski et al., 2001]; ¢punbsrp ®uTpeM B 060itmMe
aHaAJOTUYEH MEIIKY, B MaJIyl0 BHYTPEHHIOIO TOJIOCTh
KOTOPOTO TOCTynaeT (uiabTpaT, 3aTeM CTeKarollui
MMOPUMSAMM Yepe3 CUIMKOHOBBIN IIIJIAHT B ITPOOOOT-
OOpPHUKM IIJIsT aHaJIN3a.

ILlens paboThl — uMCclieOBaHUE CBOMCTB Tpe-
KOBBIX MeMOpaHHBIX (WIBTPOB (MaTepuan [1DTD)
npousBojacTsa pupmbl MHHUT (IyoHa) mpu ux aKc-
TTyaTallii B OIBITaX JUIST JaJTbHEHUIIIeTO BBIACICHUS
1 U3y4eHUs TTOCIeI0BATETbHBIX (PaKIIdii OpraHmyJe-
CKOI'0 M MMHEPaAJIbHOTO BellleCTBa KOJUIOMJIHON pa3-
MEPHOCTU B MPUPOJIHBIX Bomax [AyiexuH u ap., 2010;
Alekhin et al., 2017].

Marepuansl 1 MeTOAbl MccaenoBaHui. {1 u3-
YUEeHUsI CBOMCTB TPEKOBBIX (PUIBTPOB B acIeKTe UX
JalbHeHWIIeTo MPUMEHEHUS B 3KCIIEPUMEHTAaX ITI0
BBIIEJICHUIO pa3MEPHBIX (pakKinii M3 TPUPOTHBIX
BOJI TIPOBENIEH PSiJ IKCMEPUMEHTOB C U3MEpPEHHEM
CKOPOCTHU (DUIbTPALIMU U OMpeeIEHUEM COACPXKaHUS
HeJIETY4eTo OpraHruYecKoro yriepoja B AMCTUILIAPO-
BaHHOU BOJE.

Ob6opyodosanue u ycaogus 3xcnepumenmos. B xone
9KCIIEpMMeEHTa Oblj1a coOpaHa yCTaHOBKaA, COCTOSILAS
U3 MOJIMIIPOIUJIEHOBOTO KOHTeHepa, Kyaa IOJHO-
CTBIO TMOTpyKaiu (PuabTp, a 3aTeM npoody Boabl. [Tocie
MPOXOXJAeHUs (PuabTpa Boja Mnomnagaia B HUXHIOW
e€MKOCTh ¢ TIpobornprueMHUKOM. DuiabTpauus ocy-
LLIECTBIISITIACh Oe3 MpUIaraeéMoro JaBjiIeHUs U 0e3 rmepe-
MEIIMBAaHMS, 3allleMJICHHbBII BO3MyX U3 (pHIbTpa ObLI
yaaneH. B kauecTBe (huabTpa UCIIOIb30BaIN SIIEPHBIN
TpekoBBIt GuibTp PuTpeM-0,45. OmirbTpyrommit
2JIEMEHT (PUJIbTpaA IIPEICTaBIISIET COO0M MHOTIOCJIOM-
HYI0 (DUIBTPAIIMOHHYIO CHUCTEMY U COACPXKUT TPU
cjiosi: TpyOyIO IOJMMEPHYIO IOAJIOXKY (puc. 1, a),
Ha MOBEPXHOCTh MOMIOKKU HakaTaH cjioii [I1DT® —
TJICHKH ¢ 3(P(PEKTUBHBIM UCXOTHBIM JUAMETPOM TIOP
0,4—0,45 mx™m (puc. 1, 6); nua npugaHusa MeMOpaHe
MPOYHOCTU Ha cjoe [1DTA momoTHUTETLHO CBEPXY
(OpPMUPYIOT PBIXJIBIN IMTPOHULIAEMBII CJION U3 CMeCHU
MOPOILIKOB TMOJMITUIEHA BBICOKOIO JaBJICHUS U TIO-
JIMTIPOTIUJIEHA METOAOM TEPMOIPECCOBaHUS (TEpPMO-
Hakatku). Pabounii pasamep AByCTOpOHHE! (hUIbTpa-
LIMOHHOII IUTACTHHBI cocTassieT 6:19,3 cm?. DuibTpsl
ATOM KOHCTPYKLMU PEAKO MPUMEHSIOT B TOJIYIIPO-
MBIIIJICHHBIX YCTAHOBKAX OYMCTKU BOMABI, OMHAKO WX
HCIOJIb30BaHMe TTOJTHOCTBIO OMpaBAaHo Tpu Jiabopa-

Puc. 1. DaekTpoHHbIe MUKpodoTorpabuu

MeMOpaHbl: @ — BHYTPEHHUIl CJIOi rpy0Ooit

MOJUMEPHON MOMIOXKKU, 6 — cioil [IDTD-
TUICHKH

BOCOR0 U ;

O

TOPHBIX U TMOJIEBbIX IKCIIEPUMEHTAX IO BbIAEICHUIO
pa3MepHBIX (ppaKinii, a TAKXKE B OBITOBBIX YCIOBUSIX
MPU OTCYTCTBUM HATIOPHOTO BOJOCHAOKEHUS.

Tlepen ncnonb3oBaHUEM (DUIBTPHI BBIMAUMBAIOT B
JUCTUJUTMPOBAHHON BOJIE JJIs1 YMEHBILIEHUS BIUSHUS
3arpsi3HEHUST TIOBEPXHOCTU MEMOpaHHBI.

BDrcnepumenm ¢ ducmuinuposannoll eodoiui. s
OLIEHKM M3MEHEHMsI CKOPOCTU (DWIbTpaLUU JUCTIII-
JIMPOBAHHYIO BOIY MPOIyCKaIM yepe3 puibTp (puc. 2)
no cieaymoliueir cxeme: 1) mepea 3KCIEPUMEHTOM
(unbTp BhIMauMBaIM B Bonue B TeueHue 10 cyT.; 2)
Ha IIEPBOM 3Talle OBLJIO MPOITYILIEHO 2 J1 BOALI, 3aTeM
cliegoBaja OCTaHOBKA Ha 15 muH.; 3) npomyieHo 1,5 11
BOJIIbI, 3aT€M OCTaHOBKA Ha 4 4.; 4) MpOIIyILLIEeHO S JI
BOJIbI, OCTAaHOBKA Ha 5 MUH.; 5) nmpomnyiieH 1 J BoablI,
Jlajiee OCTaHOBKA B TeyeHue 9 JHEN; 6) ITPOMyIIEeHO 3 JI
Boabl. Ha mpoTskeHMM Bcero sKcrepuMeHTa (puibTp
OoCTaBaJICsl TOTPYKEHHBIM B BOJLY.

Ha puc. 2 BuaHO, 4TO KaXblii pa3 Mmpu BO300-
HOBJIEHUU (PUAbTpALIMU TOCJIe OCTAHOBKU CKOPOCTb
(punbTpaliuy mpodbl yBeIMUYMBaAIACh MO CPAaBHEHUIO
C MUHUMaJIbHOU Ha mpeabiayiiem stamne. CtapToBast
CKOPOCTb HE BOCHPOU3BOAUTCS C MOTPELIHOCTHIO 10
30%.

YT100BI O0TOOpa3uTh OOIIYI 3aKOHOMEPHOCTH
3aMeIIJIEHUS CKOPOCTU (UIbTpallMU, Kaxjaasi He-
npepbiBHAas cepust (GpujibTpalMu, OrpaHUYEHHAas
OCTaHOBKaMu, Oblla HOpMMpOBaHa Ha IlOCJeAHEe
3HaUeHUE MPEeAbIAYIINI cepur. DTUM CITOCOOOM Oblia
MoJiydeHa HelpepbIBHAsSI KpMBasi 9KCMOHEHIIUAIBHOTO
YMEHbIIEHUSI CKOPOCTU (DUIIbTPALIMU B MPOLIECCE IKC-
nepumeHTa (puc. 3).

st o0bsicHeHus a(pdekTa yMeHbIIeHUsI CKOPO-
CTU TIPOXOXIEHUs AMCTWLIMPOBAHHOU BOIBI uepe3
(GuabTp OBLIM PacCMOTPEHBI CIEAYIOLIME BEPCUM:
1) 3arpsisHeHUWe OMCTUJUIMPOBAHHOW BOJABI AMATO-
MOBBIMU BOJOPOCJSIMU TIPU BOAOIOJATOTOBKE, UTO
BBI3BAJIO0 YAaCTUYHYIO OJIOKMPOBKY IOp (MILTpPA;
2) 3amepxka B nopax aedparMeHTUPOBaHbIX YaCTUIL
(unbTpa, KOTOPHIE MOMIM COXPAHUTBLCS MOCJE TMPO-
eayp (popMrpoBaHUS — MPOITUBKY TpeKoB B [1DTD
U UX TpaBjieHUs; 3) MPUCYTCTBUE MOCTOPOHHUX
3arpsi3HUTeNel (MUKPOOPTaHU3MOB, OCTaTKOB MU-
HepaJIbHbIX U OpPraHWYECKUX YacTull); 4) HemoyHas
9BaKyalus 3alleMJeHHOro BO3yXa U3 YacTu TMApPO-
(oOHBIX TIOp; 5) M3MEHEHME BOIAOINPOHUIIAEMOCTHU
MeMOpaHbl B CBS3U ¢ HAKOIUIEHUEM OTPULIATEIbHOTO
3apsijia Ha MOBEPXHOCTHU MOP, 0OYCIOBIEHHOE JMUCCO-
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Puc. 2. Vi3ameHeHue ckopocTu (puiibTpauuu (MJ/C) Mo Mepe MpOMNycKaHWs AMCTWIIMPOBAHHON BOJBI C OCTAHOBKAMU uepe3 (QUIbTp
@uTpeM 0,45 mxm (T = 25 °C)

2,1 -
1,9 o@
1,7 1 &
[3)
B 1,5 A
= y = 1,810,095
g 1,3 - R2=0,9677
<
g 1,1 -
S 0,9 -
i
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Puc. 3. Hopmuposan- & 0,5 - .
Hoe ofliee 3aMeUIeHIe
CKOPOCTHU (WIbTpALINU 03 , . . . , . , .
B IIpOLECCE IMPOITyCKa- ?
HMS OUCTUUIMPOBAH- 0 2 4 6 8 10 12 14 16
HOM BOJIbI OGLCM, I

uuanuit COOH-rpynm, 4To NpUBOAUT K CHUXEHUIO Puc. 4.5
o UC. 4. DJICKTPOH-
00BEMHOM CKOPOCTU (WIbTpaluu; 6) YIIOTHEHHE Hast MMKPO&};TO_
MeMOpaHbl ¥ yactuyHas auccounrannsd COOH-rpynn  rpagus nosepx-
C TTIOBEPXHOCTH U M3 TTOPOBOTO TTPOCTPAHCTBA (PUIIBTPA  HOCTH TPEKOBOA
B BOIHBII pacTBOP, BIUSIONIEE HA TBOMHOI /eKTpu-  MEMOpaHbl nocie
o o 6 AHBI nponyckaHusa
YeCKUi cIToif MeMOp . . mmcTHUMpOBAH-
g WCKITIOUeHUST HEeBEPHBIX MPEAITOI0XKEHUINA HOM BOIEL
MMOBEPXHOCTh MeMOpaHbI ObUTa cdoTorpadrpoBaHa
Ha CKaHUpPYIOIIeM 3JeKTPOHHOM MUKpockore (Jeol
JSM-6480LV). Ha ¢oto (puc. 4), BUIHO, YTO TO-

BEPXHOCTb d)I/UIpra ITOCJIC ITPOXOXKACHUA YE€PE3 HETO
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Puc. 5. DnexktpoHHble MUKpodoTorpabumn
MOBEPXHOCTU MEeMOpaHbl: @ — TpeKoBasi
MeMOpaHa 10 TMPOMyCKaHWs BOIBI, 6 —
TpekoBasi MeMOpaHa Tocje MPOIyCKaHUs
JNIMCTUUTMPOBAHHOM BOJIbI

—o— (uisTp 4 HOBBIH

—o— (QIWIBTP 5 HOBHII

—— (QIWIBTP 6 HOBHII

—&— JUCTIWUIAT 4yepes GmwisTp 0,2
MKM, JOOaBIeHa IIEPEKUCH

—— THCTWUIAT 4yepes Gmwistp 0,2
MKM

—o— (DEUTBTD JIEXKAN B JUCTHILIATE,

S

£ 0,951

=

Q

=

H 0,90

[¥a)

i

5

20,85

<%

S

S

% 0,80

m B}

0,75 T T T T T T
0 0,2 0,4 0,6 0,8 1 1,2
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IIPOITyIeHHOM Uepe3 0,2 MKM,
JoGaBiieHa IIEPEKHCH

Puc. 6. HopMupoBaHHbBIN MOTOK JOMOJHUTEIBHO OUUILIEHHON AUCTUIIIMPOBAHHONM BOABI Y BOJbI, HE MPOLLIEAIIE OYUCTKY

BOJBI HE 3arps3HeHa ITMAaTOMOBBIMU BOAOPOCISIMM,
YTO MCKJIIOYaeT TMPEANOJIOKEHUE O BOAOMOATOTOBKE,
JoIycKarolleit 3arpsi3HeHre (GUIbTpa BOIOPOCISIMU.

I MCKITIOUEHMST CIIeAYIONIeTO MPeaIOoI0KEHUS
CPaBHUJIM MCXONHBIE (PUIBTPHI M (UIBTPHI, IKC-
TUTyaTUpyeMble B YCTAaHOBKAax C IWCTWIIMPOBAHHOM
Bozoi (puc. 5).

Ha ¢oto moa ckaHUpYIOIIUM 3JIEKTPOHHBIM
MHUKPOCKOIIOM BHIHO, YTO TOPOBOE IPOCTPAHCTBO
HWCXOIHBIX (DUIBTPOB CONEPXKUT MaTepuan (hUIbTpa,
OYEBUIHO, HE YAAJIEHHBIN TOCJIe TPaBAEeHUS B 1IEI0-
Yy Tipu u3rotorieHuu. [lo Mepe mpoxoxkaeHus BO-
JTHBIX TTPO0 3allEeMJIEHHBIN B TIOPOBOM IPOCTPAHCTBE
MaTepuasl BBIMBIBACTCSI, M IUIOLIAAL CKBO3HBIX IOP
YBEJIMYMBAETCS, YTO IPOIMOPLMOHATBLHO ITOBBIILIAET
cKopocTh uiabTpauuu. Takoil 3¢g@ekT He HabI0-
JaeTcs B HAIIMX 3KCIEPUMEHTAJIbHBIX padoTax, u,
cJiefoBaTebHO, MOXHO YTBEpXIaTh, YTO B MOpax
HEe TPOMCXOIMT 3amepxkkKa aedparMeHTHUPOBAHHBIX
yacTul puibTpa.

Jng UCKIIOYEHUST AOMYILIEHUS O 3arps3HEHUU
OUCTWIISATA MUKPOOPraHW3MaMU WM JAPYTUMM Ya-
CTULIAMU OBLIM IOIMOJHUTEIBbHO TPOBEACHBI 3TAIbI
JOOUMCTKM mepen puiabTpaiueii, a UMeHHO: 1) muc-

TUWUTMPOBAHHYIO BOIY TPEABAPUTEIHHO MPOMYyCKaIn
yepe3 punabtp ¢ guamerpom nop 0,2 MKM; 2) aucC-
TUWUTMPOBAHHYIO BOIY TPEABAPUTEIHHO MPOIMYyCKaIn
yepe3 puapTp ¢ amamerpom mop 0,2 MKM, 3aTeM K
Heii mob6asisum niepekuck (10 mn 30%-noit H,O, Ha
5 1 H,0); 3) bunbsTp Ha HECKOJIbKO YaCOB MOMEIATN
B IUCTUUIMPOBAHHYIO BOMY, MMPEABAPUTEIHHO MPOITY-
1eHHyto uepe3 ¢puwibTp PuTpeM ¢ guameTpom mop
0,2 MKM ¢ mobaBlieHHeM Tiepekucu Bogoponaa (10 mi
30%-noit H,0, Ha 5 1 H,0).

Jnsa pacyeta OTHOCUTEIBLHONW CKOPOCTH 3aMe-
JIeHus1 (pUIbTpauMy OBbLI paccuMTaH IOTOK 4Yepes
MeMOpaHy J:

_9
A 2

m

J

rae J — IOTOK, MJ'I/MI/IH/CMZ; 0, — CKOPOCTD TOTOKA
dbunprpara yepez MmeMOpaHy, MJ/MUH; A,, — TUIOLIA/b
MOBEPXHOCTU MEMOpPaHHI, cM?. 3HaueHwe J B KaXKIblil
MOMEHT BpeMeHU ObLJI0 HOPMUPOBAHO Ha 3HaYEHUE
MOoTOKa Ji) B HAYaJIbHbIii MOMEHT BPEMEHU.

Ha rpaduxke (puc. 6) BUZHO, YTO OTHOCUTEIBHOE
3aMellJIeHue CKOPOCTU (DWIbTpalMU HE 3aBUCUT OT
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Puc. 8. I3MeHeHMEe CKOPOCTH DUIBTPAIIMK Yepe3 HOBBIN (GUIBTP C OCTAHOBKAMM U Yepe3 TOT ke GWIBTP MOoCie MPOCYIIKH
o Mepe MporycKaHus 17,5 1 IUCTUITMPOBAHHON BOJIBI

00aBJIeHUsI TTIEPEKUCH BOAOPOJA MJIU IIPOIYCKaHUS
IUCTULISATA 4Yepe3 Mpead@uabTp ¢ MEHbIIUM Jua-
MeTpoM Top. OTHOCUTEIbHOE 3aMelICHUE CKOPOCTH
(unbTpaly AUCTUILIMPOBAHHOM BOJIBI C ITEPEKICHIO
BOJIOPOJIa ¥ BOJIbI, TIPOMYILIEHHON Yepe3 MpeaduIbTp
(0,2 MKM, MOXKET OKa3aThCsl KaK 0OJIbIlie, HO C HOBBIMU
(unbTpaMu ¥ IMCTUJUIMPOBAHHOI BOjON 0e3 100aB-
nenus H,O,, Tak 1 MeHbllle, YTO JieaeT yKazaHHOe
MPEAIOJIOKEHNE TAKXKE HEBEPHBIM.

O4YeBHMIHO, YTO JUISI TaKuUX (UIBTPOB BeJIMKa
BEPOSITHOCTh IPUCYTCTBUSI B ITOpax 3allleMJICHHOIO
BO3IyXa, KOTOPBIM MOXET HaKaIlIMBaTbCS IO Mepe
IIPOXOKICHUST HOBBIX MOPIIMIA BOJbI (Ta30BbIi (DUJIb-
TpauMOHHBIN 3dexT). YToObl UCKIIOUUTL 3P deKT
BJIMSIHUSI BO3[IyXa B ITOpax, (UIbTPHI BhIMAYMBajIu

noctatoyHo gojro (mo 10 gHeit) B OMAMCTUILIAPO-
BaHHOI Boze, a Takxke, MO Mepe (puabTpauuu, OT-
KayuMBaiM Bo3ayX. OTMETMM, YTO OTKayka BO3dyXa
He BAMSET Ha yBEJMYEHUE CKOPOCTU (DUIbTPALIMU.
B nmomosnHeHue K MpoBepKe 2TOW T'MIOTe3bl (UIBTP
OB MOJHOCTBIO BBHICYIIEH, U TIpoliecc (UAbTpaluu
3aMylleH 3aHOBO ¢ TAKUMHU K€ HauyaJbHbIMU YCJIOBU-
SIMM, Kakue MPUMEHSUIMCh K HOBBIM (uabTpam. Ha
puc. 7 u 8 mokazaHbl rpaMKH 3aMeIJICHUSI CKOPOCTHU
dunprpauuu. I[Mocne mpocyiiku GpuabTpa UHTEHCHB-
HOCTb 3aMeiieHus (puc. 7) Bo3pacTalia 1o CpaBHEHUIO
C UCXOAHbIMU DuabTpamMu. Takke MOXHO OTMETUTD,
YTO HayaJIbHas1 CKOPOCTh (UJIbTPALIMU MTPOCYIIEHHO-
ro ¢puabTpa 3aMETHO HUXE, YeM IS HOBOTO CyXOro
¢unbTpa (puc. §8), UYTO CBUACTEILCTBYET O HEMOJHOM
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Puc. 9. 3aBucumocTtu ckopoctu GUIbTpalu OT MPOGWIFTPOBABIIErocs o0bemMa B 3-X (pUIbTpax

pereHepalu GUIbTpa Mociie MPOCYyIIKU, YTO IeaeT
YETBEPTOE TIPEATIONOKEHNE TaKKe HeBEPHBIM.

Hawubonee BeposiTHasi TMIIOTE3a SKCITOHEHIIUAb-
HOTO 3aMeJIeHUST CKOPOCTU (PUIIBTPAIlY JUCTUIIIH -
POBAaHHOI BOIBI — M3MEHEHHNE BOIOIIPOHUIIAEMOCTH
MmeMOpaHnbl. Panee B padore [AmurpueB u ap., 2001]
OBIJIO TTOKA3aHO, YTO TIPU TTPOITYCKAHNH TUCTULINPO-
BaHHOI Bombl yepe3 [1DTd-meMOpaHy POMCXOIUT
YMEHBIIIEHNEe BOAOMPOHUIIaeMOCTH. Takoir addekT
aABTOPBI CBSI3BIBAIOT C HAKOIIJICHWEM OTpPHUIIaTelb-
HOTO 3apsifia TIOBEPXHOCTU MOP M3-3a AUCCOLMALIUU
COOH-rpymnn ¢ noBepxHocTu (WiIbTpa U MOPOBOro
MPOCTPAHCTBA MPU TpaBleHUU TpeKoB [Anenb, Kpa-
Bell., 1991]. Takke B pa6ore [AwvITHepckmit, 1995]
00CyXaaeTcsi BEpOSITHOE YIUIOTHEHUE MOJUMMEPHOTO
Marepuaia (puiIbTpa, KOTOPOe MOXKET BIUSATH Ha BO-
JIOTTPOHUIIAEMOCTb.

Jlms TmonTBepsKIeHUS TUIIOTEe3bI O IMCCOIMAINN
KapOOKCUIBHBIX TPYIIT AUCTHJIMPOBAHHAS BOIA
OblL1a TpoaHalM3UpOBaHA Ha cojAepKaHUe HeseTy-
yero opranuudeckoro yriaepoaa (NPOC) no u nocie
¢unprpanuu. OnpeneneHue COAEPKAHUS OpTaHM-
YeCKOTO yTIiaepoia MPOBOAMIN Ha aBTOMATHYCCKOM
aHanuzatope TOC-Vcph («Shimadzu»). beuio B3sito
8 GUIBTPOB, AMaMETP KOTOPBIX COCTABIISIT 42 MM, OT-
MBITBIX B TUCTWIZIMPOBAHHON BOJIE TSI YMEHBIIICHUS
3arpsI3HEHUS UCXOMHOM TTOBepXHOCTH. Yepe3 HMX Mmpo-
nyckaau Boay 00beMoM okosio 300—500 M1, KOTOpyto
3aTeM aHaJIU3UMpoBaIU. JMCTULIMPOBAHHAs BOjAA /10
(punbTpaly He cofeprkaia OpraHMYECKOTo BeleCTBa.

BospacTaloiiee comepxkaHue OpraHUYECKOTO
BEIECTBa B BoJie (CoepKaHUe HeJIETyYero opraHuye-
CKOT0 yIJIepoa rmocje puiabTpaunm yepe3 8 MeMOpaH ¢
pasmepom nop 0,45 MkM Bapbupyet ot 1,7 10 2,7 Mr/m,

cpenaHee coaepxanue 1,93 mr/n), npoiieniieit yepes
(mIBETp, MOATBEPXKIAET TUIIOTE3Y O TUCCOITMAIINH Kap-
OOKCWIJIBHBIX TPYIII C TIOBEPXHOCTH TTOp M (PUIIBTpA,
a TaKke HEOOXOAMMOCTh MOHMTOPWHTA KOHIICHTpA-
U OPTAaHUYECKOTO BellleCTBa TYMUHOBOI TTPUPOIBI
MeTomaMHu crneKTpodoTomMeTpuu [AjexuH u Ap.,
2010]. IpeamnosoxuTeabHO B Ipoliecce hUIbTpaluuun
(mIBTp TaKKe YIIOTHSETCS M 9aCTh KApOOKCYITBHBIX
TPYTIIT TIEPEXOINUT B BOXHBIN PAaCcTBOP, YTO OOBSIICHSIET
YBeTMYECHUE COIAEPXKAHUS OPTaHWYECKOTO BeIlleCTBa
B TlepMeaTe M yMEHBIIEHUE CKOPOCTH (DYIIBTpALII
BOJIBI TTOCITE TIPOCYIIKN (PUIBTPA, YTO CBSI3AHO C W3-
MEHEHHEM BOIOIPOHUIIAEMOCTH, OOYCIOBICHHBIM
YAaCTUYHBIM pa3pylIeHNeM MTOBEPXHOCTH MEeMOpaHBI.

Pe3ynbTaThl 00pa0OTKM JAHHBIX M3YYEHHSI TPEKO-
Bbix MmeMOpaH @uTpeM cTaTHCTHYECKAMH METOIAMH.
[Ipu mpoBemeHUM 3KCIEPUMEHTa IO (PUIBTPAIIAN
OBLIO MCTIOIBL30BaHO HECKOJIBKO (ribTpoB. Ha puc. 9
MOKa3aHbl 3aBUCHUMOCTU CKOPOCTU (DIIIBTPALIMU OT
MpoPUIBETPOBABIIETOCS 00beMa B TPEX HOBBIX (DUITh-
TpaxX ¢ OAWHAKOBBIMHU CTPYKTYPOM M pa3MepoM TIOp.
Kak BUIHO Ha 3TOM pUCYHKE, CKOPOCTh (DUIIBTPaIluN
TUCTIITNPOBAHHON BOIBI TIPY OJWHAKOBBIX HAYaTh-
HBIX YCIIOBUSX Pa3InJHa.

Jlnst BBIABIIEHUS TIPUYMH TAKOTO TOBEACHUS
HOBBIC (DMIIBTPHI OBITM M3YyYeHBI Ha paCTPOBOM 3JICK-
TPOHHOM MUKpOCKoIie 10 ¢uabTpanuu. s Habopa
CTAaTUCTUYECKNX TAHHBIX O paclpefeieHNH Top B
mIBTpe (KOTMIEeCTBO CIAMBIIMXCS Y OMWHAPHEIX TTOP),
OTIpeNieJICHUsT TraMeTpa TOphl M pacyeTa TUIOIIAIN
nop caenano 29 ¢ororpaduit mist prabTpa 0,45 MKM.

Pacuer mmomany mop W MX pacripeiesieHusT 1o
TeOMeTpUIEeCKO (opMe Ha TPeKOBOM MeMmOpaHe
BBITIOJIHEH ¢ ucnoib3oBaHUEM mporpaMMbl STIMAN
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Puc. 10. ®oto, noayuyeHHOE C MCIOJIb30BaHUEM MporpaMMbl Stiman (KpaeBbie MOPbI MPU 00pabOTKe HE YUYUTHIBAINCH),
no [CokojioB u 11p., 2004]

[CokonoB u np., 2004], paboratonieit ¢ ¢ororpa-
GuaMH, OTCHATBIMM Ha 3JIEKTPOHHOM MUKPOCKOIIE
(puc. 10). beuta paccuuTaHa ruiolIaAb OAMHAPHBIX
W CIVBINMXCS TIOp UIS KaXXIOTO CHUMKA. 3aTeM IT0
HUM pacCuMTaHa CPeIHSS TUIOIIAAL: I OMMHAPHBIX
nop — 0,152 Mxm? (1576 omuHAPHEBIX TIOP), JUTS CITMB-
muxest — 0,181 Mrm? (702 cnuBLIMEcsT MOPbI), s
Bcex mop oHa cocrasmia 0,222 Mrm?. KonndecteH-

HOE pacripe/ieJieHre TIop 0 paguycaM MILTIOCTPUPYET
puc. 11.

I1pm epecyeTe MOMYIEHHBIX JaHHBIX HA CPETHUIA
JMaMeTp TIop TS (PUIIBTPOB C 3asIBJICHHBIM JUAMETPOM
nop 0,45 MKM guamMeTp IS OTMHAPHBIX ITOP COCTaBUII
0,49 MM, miast cauBLinxcd mop — 0,6 MKM u U1
Bcex mmop — 0,53 mMxwm. Ilpu pabdore ¢ 37aeKTpOHHBIM
MMKPOCKOITOM TaKKe BBITTOJTHEHBI 3aMepBl pa3MepoB

PacnpedenieHue no 2udpasaudeckum Guamempam
Obpaszey = 0-4_smooth_02
R_min =0,1405 (Mm), R_max = 0,2498 (MkmM), R_mid = 0,1948 (MKM),
R_SD =0.0183 (Mxm), Nse =87 (100,00%)

39,284994
35,356494 -
31,427995
27,499496 |
23,570996
19,642497
15,713998
11,785498 -

7,856999

3,928499 |

0,000000

Ni/N*

= E[ﬂ Il||§||§|

0,1000
01047
0,1094 -
0,1140 -
01187 -
01234
01281 -
0,1328 -
01375 -
01421 -
0,1468 -
01515
0,1562
0,1609
0,1655
0,702
0,749
0,796
0,1843

T
o @

0,1889 -
0,1936
0,1983
0,2030
0,2077
0,2124
0,217
0,2217
0,2264
0,2311
0,235
0,2404
0,2451
0,2498

ludpaenuyeckull duamemp, D MKM

Puc. 11. Pacnipenenenue quaMeTpoB Top GWIBTpa ¢ HOMUHAIBHBIM auamMeTpoM 0,45 MKM TI0 TaHHBIM CTaTUCTUYECKO 00paboTKu
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Puc. 12. BaexkrponHast dororpacust GpuabTpa ¢ 3aMepEeHHBIMHU BO
BpeMsI CheMKHU TUaMeTpaMK TMop (3asBJICHHBIA MPOM3BOIUTEICM
nuametp nop memopanbl — 0,45 MKM)

TOp, UTO COOTBETCTBYET PAcUeTy MO CTATUCTUIECKUM
JaHHbIM (puc. 12).

YkazaHHoe mporpamMMHoOe oOecIieueHHUe IOo-
3BOJIMJIO OTIPENEIUTh COOTHOIIEHUE CIMBIIUXCSI U
OJMHAPHBIX MOp Yepe3 KO3hGULINEHT (POPMBL.

st memOpanbl ¢ ropamu 0,45 MKM oIMHapHBIE
nopsl coctaBin 70%, cymmapHo caubiauecss — 30%
(B TOM uyucie: «CABOeHHbIe» Topbl 20%, «CTpOoeH-
Hble» — 6%, «yueTBepeHHbIe» 4%) [AnexuH u ap.,
2018; Alekhin et al., 2019].

J1J1s1 KOppeKTHOI 00pabOTKM Pe3yJIbTaTOB MUKPO-
(bUABTPAlIMOHHBIX 2KCIIEPUMEHTOB IO BBIICICHUIO
pa3MepHBIX (paklvii B IPUPOJHOI BOJAE C MCIIOJIb-
30BaHUEM SIIEpHOTO TpekKoBoro ¢uibtpa @uTpeM
HEOOXOIMMO YUYUTHIBATh psia (hakTopoB. TexHomorus
M3TOTOBJICHUS (DUIBTPOB (00IyYeHUE «Ha IIPOCTPEII»
TTOTOKOM TSDKEJIBIX MIOHOB M TTOCTIENyIoIIee TpaBIeH!e
B 1LEJIOYN) TIPEIIoiaraeT YIJIOTHEHNE eTo B Ipoliecce
BKCITTyaTalliu, TUCCOLMAINIO KapOOKCWIIBHBIX TPYIIIT
MoJMMepa 1 Kak CJIeACTBUE HAKOIJIEHUE Ha IMOBEepPX-
HOCTM MeMOpaHBI U B TTOPOBOM IIPOCTPAHCTBE IPO-
IYKTOB JECTPYKIIMH, a TAKXKe OTPUIIATEIbHOTO 3apsiaa
MOBEPXHOCTU MeMOpaHbI U TI0p, YTO YMEHBIIIAET BO-
JOTIPOHUIIAEMOCTb. JleCTpYKTYppOBaHHBIN MaTepHra
MeMOpaH MPUCYTCTBYET TakKxKe B TiepMeaTe, YTo IO~
TBepKIaeTcsl HaIWYMeM HeJIeTy4ero OpraHuyeckKoro

CITMCOK JIUTEPATYPhLI
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MMKPOBJIEMEHTOB M OPraHWYECKOTO BEIECTBA B PEYHOM
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6a M.A. DxcnepuMeHTaIbHble 00OCHOBAHUS KOJJIOUIHOM
TUIPOTEOXMMUN KOHTMHEHTaJIbHOTrOo cTtoka // Mart-mbl I11
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Anexun 10.B., Makaposa M.A., Kozauenko E.A. n ap.
WccnengoBanne mMeMOpaHHBIX MaTepHalioB C ITOMOIIBIO
3JIeKTpoHHOI MuKpockonuu // XXVII Pocc. kKoHd. 1o

yriiepoma 1 0003Ha4YaeT HEOOXOAMMOCTh YYUTHIBATh
BKJIaJ OPraHWYEeCKOTO BelllecTBA MeMOpaHBl IIpU
uabTpaM MPUPOIHON BOABI. 3apsi MTOBEPXHOCTH
Mop TaKMX MeMOpaH — BaXkKHas XapaKTepUCTHKa,
BJIEKTPOIIOBEPXHOCTHBIE CBOMCTBA B OOJBIION CTe-
TIEHU OTIPENETISTIOT CeIeKTUBHBIE CBOMCTBA MeMOpaH.

[Inomanghk Mop Ha pa3HBIX ydacTKax (PWILTPOB
HEOIMHAKOBa, TPUYMHOM 3TOTO CIYKUT HEOTHOPOI-
HOCTB ITOTOKA MOHOB 001y4eHus. KOHTpoJb cKopocT
puabTpaM TUCTWITUPOBAHHOW BOIBI TIepen SKC-
TMIEPUMEHTOM TTO3BOJISIET YCIIEITHO PeIlaTh 3Ty IPO-
0JieMy, HO OCTaeTCsl OTKPBITHIM BOIIPOC O KOHTPOJE
32 ICTUHHBIM TMaMETPOM TIOpP, KOTOPHII MOXET OTJIN-
YaThCS OT 3asBIIEHHOTO TTPON3BOAUTEIISIMH PA3TUIHBIX
TUTIOB TIOJITMMEPHBIX MEMOpPaH OT CEPUN K CEpUM.

BoeiBoasi. 1. OGmiee 3aMenjieHUE CKOPOCTH
(punbTpaniu Boabl 0e3 3arpsI3HSIOIIUX €€ BelleCTB
00yCJIOBICHO M3MEHEHHEM BOMOTIPOHMUIIAEMOCTH M
JOJDKHO YIUTHIBATHCS TP (PUITBETPAIINN.

2. 3amemieHue (prIbTpalMy IUCTUUIMPOBAHHON
BOJIBI BO BPEMEHM JIyYIlle BCETO OMUCHIBACTCS SKCIIO-
HEHTOM.

3. Hanuuue cBOOOIHBIX KapOOKCUIBHBIX TPYIII
00YCIIOBJIEHO TIPOIIECCOM M3TOTOBJICHMS (DUIBTpa, B
KOTOpPOM Ha HETO BO3IEUCTBYIOT TTOTOKOM BBICOKO-
SHEPTETUYHBIX TSKEJTBIX MOHOB.

4. Tlpu skcrayatanuu [1DTD-meMOpaH oHU
VIUTOTHSIOTCSI, W YacTh KapOOKCWJIBHBIX TPYIIT B
TIOBEPXHOCTHOM CJIO€ TIEPEXOAUT B PacTBOP, B 3TOM
KpoeTcsT TIpUYMHA YBEJIMYCHUST KOHIIEHTPAIIUUA Op-
TaHMYECKOTO BEIlleCTBa B BOIE, TPOIIEHIIeil depes
unpTp.

5. TpekoBble MeMOpaHbI He SABJISAIOTCS MeMOpaHaMU
C WIIeaJlbHO OTHOPOIHBIMHU TT0 AMAMETPY TTOpaMu, Tak
KakK Ha pacripefesicHie TTOp PaauKallbHO BIMSIET TIPO-
IEeHT KJIACTePHBIX CIMSHMA. I Kaxkmoit TTpoOsI TIpr
WCTIOTB30BAaHUM METOAA HETIPEPBIBHON (DMITETPAIINN C
LEJTbIO OTIPEeIIEHNS] ICTUHHOTO MOJIEKYJISTIPHO-MAacCOo-
BOTO pacripefeIeHHs YacTUIl KOJUTOMIHOM pa3MepHOCTH
Bcerma HeoOXOMUM TIPEABAPUTEIBHBIM KOHTPOJIb CKO-
pocTH WIBTPALINK TUCTUJUTMPOBAHHON BOIBI.
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B.!. Mawmenos', A.A. Yaycos?, M.A. MakapoBa®
BO3MO2XKHOCTb MEXAHOI'EHHO-OCAJIOYHOI'O OBPA3OBAHUA

BOKCHUTOB BbICOKOI'O KAYECTBA

DI'b0OY BO «Mockosckuti eocydapcmeennuiii ynugepcumem umenu M.B. Jlomonocosa»,

119991, Mockea, I'CII-1, Jlenunckue Topet, 1

GEOPROSPECTS Itd, l'euneiickas Pecnybauka, npeghekmypa boke, e. Caneapedu, okpye Cuaudapa
Lomonosov Moscow State University, 119991, GSP-1, Leninskiye Gory, 1
GEOPROSPECTS Itd, Republic of Guinea, Boke Prefecture, Sangaredi City, Silidara District

s oleHKM MPUHLMITMAIBHON BO3MOXHOCTH (POPMUPOBAHUS 3ajiexXell BhICOKOKAue-
CTBEHHBIX OOKCUTOB MEXaHOTEHHO-0CaJ0YHOM ITyTeM OBLIM UCCIIeIOBAaHbl KOHTUHEHTAJIbHEIC
OTJIOXKEHMS B KpallHUX YeHaX MX (PallMaJbHOTO psifa: 2JII0BUAIbHBIC OTI0XEHMS Ha MOBEpPX-
HoCcTU OoBajieli, mpeacTaBisioniue codoil 00JacTh MOOMIM3AlMU BElleCTBa; aUIIOBUAIbHbBIS
OTJIOXKEHMSI, TIPETEPIICBIINE TIEPEHOC U HauboJjiee CYIECTBEHHYI COPTUPOBKY B KOHTUHEH-
TaJIbHBIX ycsioBUsX. [lokazaHO, 4TO 3TH OTIOXEHUS HE JAIOT 3ayieXXell OOKCHUTOB BHLICOKOTO
KayecTBa JaXke B YHMKAJIBHO 0JaronpUsSITHBIX YCIOBHUSIX, a MEXaHOTCHHO-0CAIOYHBIN IIPOIIECcC
He o0ecrieunBaeT yCAOBUS ISt IPOCTPAHCTBEHHOTO Pa3/Ie/ICHUS aIFOMUHMUSI C XKEJIe30M U KpeM-
He3eMOM, 0e3 Yero MecTOpOXIeHUsI OOKCUTOB BBICOKOIO KauyecTBa (hOPMUPOBATHCS HE MOTYT.

Knrouegwie crosa: 60KCUTHI, (hallMaIbHBIN Psijl, AJUTIOBUAIBHBIE OTJIOKEHMUS, DJIIOBUAIbHbBIE
OTJIOXKCHMSI, KOHTUHEHTAJIbHbIE OTJIOXKECHMSI, KOpa BbIBETpUBaHUsI, [ BUHes.

To assess the fundamental possibility of the formation of deposits of high-quality bauxites
by mechanogenic sedimentary methods, continental deposits in the extreme members of their
facies series were studied: eluvial deposits on the surface of the bovaly, representing the region
of mobilization of matter; alluvial deposits that underwent transfer and the most significant
sorting in continental conditions. It is shown that these deposits do not produce high-quality
bauxite deposits, even under uniquely favorable conditions, and the mechanogenic-sedimentary
process does not provide the conditions for the spatial separation of aluminum with iron and

silica, without which high-quality bauxite deposits cannot be formed.

Key words: bauxite, facies series, alluvial deposits, eluvial deposits, cantinental deposits,

weathering crust, Guinea.

BBenenne. MexaHOTreHHO-OCaJOUHBIM TeHE3UC
OOKCHUTOB Mpearnoaraet, 4To 3a cueT paspylieHus u
MeXaHMYeCKOTo MepeoTIoXeH s MaTepraia 00KCUTO-
HOCHBIX JJATEPUTHBIX ITIOKPOBOB MOTYT (DOPMHUPOBATHLCS
MeCTOpOXaAeHUsT O0KCUTOB. OCHOBHOW apryMeHT
MPUBEPXKEHIIEB 3TOM TOYKU 3peHUsi 00 OocagouHOM
reHe3uce — HaJIMyue OO0JOMOYHBIX CTPYKTYp B OOK-
cutax [CaBko m ap., 2007; Bardossy, Aleva, 1990],
HampuMep, KOHTJIIOMEpPaToOBbIC, TPaBEJUTOBBIC U
MeCYaHNKOBHUIHBIE CTPYKTYPHI B OOKCHUTAaX MECTO-
poxneHns CaHrapeau U psna Ipyrux MECTOPOXIEHUI
[IIn6ucros, 2000].

IIpexme geM TOIBITaThCSI BBISICHUTH 3TO, HEOO0-
XOJMMO OCO3HaTb, YTO TaKoe OOKCUT U Kakue Mpo-
1ecchbl MPUBOIST K (POPMUPOBAHUIO MECTOPOXKACHUIA
0okcuToB. B Maciirabax camoit KpymHoii B Mupe 00K-
CUTOHOCHOM npoBuHIMK PyTa JIxkaaoH-MaHIMHTO B
I'BuHee, B mpeaenax KOTOPOU COCPENOTOYEHO OKOJIO
50% mupoBbIX pecypcoB [Mamedov et al., 2017], mo-
JapJsitolasl yacTb OOKCUMTOB 00pa3oBajiach 3a CUET
JTATEPUTHOTO BEIBETPUBAHUS TEPPUTCHHO-0CATOYHBIX,
CYIIECTBEHHO TJTMHHMCTHIX ITOPOJ BEHACKOTO, CHITYpHIA-

CKOTO M JIEBOHCKOTO BO3pacTa, a TaK:Ke Me3030MCKIX
JIOJICPUTOB.

Pacuets nokassiBator [Mamedov et al., 2019], uto
B YyCpeTHEHHOM MaTepUHCKOM CyOcTpaTe comepKaHue
SiO, n Al,O; B aOCOJNIOTHBIX 3HAYEHUSIX COCTAaBISIET
1655 u 440 Kr/M3 COOTBETCTBEHHO, a B OOKCUTAX —
okos1o 44 u 908 xr/m> coorBeTcTBeHHO. M3 3THX
JAHHBIX CTAHOBUTCS TTOHITHO, YTO ITPU 00pa30BaHUU
OGOKCUTOB XOTS M TPOMCXOAUT OTHOCUTEIIEHOE W a0-
COJTIOTHOE HaKOTUIEHWE TIIMHO3eMa, HO BCEeTo B 2 pa3a
¢ HebompmM  (908/440=2,06), Torma Kak BBIHOC
KpeMHe3eMa — Oosee yeM B 37 pa3 (1655/44=37,8).
CrenoBaTe/ibHO, 0oOpa3doBaHUe OOKCHUTa XOPOIIEro
Ka4yecTBa MPY XUMUYECKOM BBIBETPUBAHUU 00S3aHO
HE CTOJBKO TIpolleccaM KOHIIEHTpAIlMM TJIMHO3eMa,
CKOJIBKO BBICOYAMIIIEN OYUCTKE OT KPEMHE3EMA.

Hocutens TmMHO3eMa B JIaTEpUTHBIX KOpaX BHI-
BETpUBAHMSI TIPEICTABICH B OCHOBHOM THOOCUTOM,
KpeMHe3eMa — KAaOJWHUTOM B BEepXHEH YacTH TJIH-
HUCTOTO TOPU30HTA, WITUTOM, MOHTMOPUJUIOHUTOM U
KBapIeM — B HIDKHel. EcTecTBeHHO, BCTaeT BOIPOC:
MO3BOJISTIOT TN (PU3NIECKUEe XapaKTePUCTUKU ITUX

! MocKOBCKHIT rOCyIapCTBeHHbII yHUBepcuTeT nMeHn M.B.JIoMOHOCOBA, Te0I0ruecKuit akynbTeT, KOHCY/IBTAHT; e-mail: dr_v.

mamedov@mail.ru

2 GEOPROSPECTS ltd, director general; e-mail: chausov_alexey@mail.ru
3 MockoBckumii rocylapCcTBeHHbI yHUBepcuTeT uMeHu M.B.JlomoHocoBa, reosorndyeckuii ¢pakyabTeT, Kadeapa reoXuMuu, Hayd.

cotp.; e-mail: frolikovam@gmail.com
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MUWHEPAJIOB B MPUPOIHBIX YCIOBUIX 00ECIIEUUTh MX
MPOCTPAHCTBEHHOE pa3aeieHre MPU MTepeoTI0KEHUN
MaTepuaja KOp BBIBETPUBAHMUSI, TIPEXKIEC BCETO OTIE-
JIeHus] TMOOcUTa OT KaoJuHUTa U KBapua? B tadm. 1
MPUBEICHBI OCHOBHBIE (PU3NUECKUE XapaKTEPUCTUKI
3TUX TPEX MUHEPAJIOB.

Ta6numa 1

OcHoBHble H3MYecKHe XapAKTePUCTHKN THOOCHTA, KAOJMHATA

M KBapua
[TapameTpbl I'm66cut Kaonunut Ksapig
VIenbHBIH Bec, Kr/M° 2,4 2,6—2,63 2,65
XPYIKUWIA, HE | XPYIKUIA, | XpYyNKUU, HE
Xpynxocth pa3MOKaeT | pa3MOKaeT | pa3MOKaeT
TBepoocTb 2,5-3,5 2-2.5 7

M3 paHHBIX TaOa. 1 BUAHO, 4TO (U3UYECKUE
CBOICTBA yKa3aHHbIX MMUHEPAIOB OYEHb OJMU3KU U
HET SBHBIX MPEINOChUIOK, KOTOPbIE MO3BOJIUIN Obl
OTAENUTh TMOOCUT OT KAOJWHUTA W/UIU OT KBapla
B IMPOLIECCE TMEePEOTIOXKEHUS, TEM 00Jiee C BbICOKOM
CTEMNEHbIO OYMCTKH.

PaccMoTpuM pe3yabTaTbhl NEPEOTIIOKEHUS MPO-
NIYKTOB pa3pylIeHUsT OOKCUTOHOCHBIX JIATEPUTHBIX
KOp BBIBETPUBAHHUS B PEAJbHBIX MPUPOIHBIX YCJIO-
BUSIX OOKCHUTOPYAHBIX PalilOHOB paccMaTpUBaeMOI
MPOBUHIIUU.

O0beKThI U MeTOIbI MCCaeAoBaHMii. B mpenenax
KpynHeliieit 60KCUTOHOCHOM TpoBUHLUU DyTa
J>xaioH-MaHAWHIO MPOBEAEHBI HOBBIE MCCJIEA0BA-
HUSI KOHTMHEHTAJIbHbBIX 00pa30BaHMii B (halliaIbHOM
npodusie B pailoHe KPYIMHEUIINX MECTOPOXICHUIA
BBICOKOKaueCTBeHHbIX 0okcuToB (CaHrapeau, Cuiu-
napa, H/lanrapa, bynne-Baane, Byacco, Tuanukype,
Bypope, bunnkym) B 6acceiine pek Koron n TuHru-
JIMHTA Ha ceBepo-3aranae I'BuHelickoil PecryOoanku.

Poixiibie 0OpazoBaHUsl U3ydyeHbl B (halMaibHbIX
npoduasgx OT BJI0OBUS U SJIIOBUABHO-/IEIIOBUAIb-
HBIX OTJIOXEHHW, 3ajieralolnx Ha OOKCUTOHOCHBIX
JIATEPUTHBIX MMOKPOBaX, Ha BeplIMHAxX OoBajieil 0
AJTIOBUAJIBHBIX M O3€PHBIX OTJOXEHUI, KaK y OCHO-
BaHUS1 OOKCUTOHOCHBIX BOJOPA3/IebHBIX IPOCTPAHCTB
(OGoBaneii), Tak M Ha yZaJeHMU OT HUX B MOPOJAX,
MnpeTepneBInX Hauboyiee 3HAYMTENbHBINA MEPEHOC
U HauOOJIbIIYI0 COPTUPOBKY B KOHTUHEHTAJIbHBIX
yCJIOBUSX. PaHee aHaJOTMYHBIM aHaJU3 BbIMOJIHEH
B OokcuTopynHoM paiioHe JleOene-Kunaus BOIM3U
MECTOPOXIEeHUIT O0KCUTOB rpymmkbl [dedene [Mame-
noB, 1975].

CoBpeMeHHbIe dJI0BUAJbHBIE 00pa3oBaHUS B
paccMaTpUBaeMOM pailoHe M3yuyeHbl Ha TpUMEpE
5 mectopoxnenuit (Hlanrapa, bynne-Baane, Byacco,
Tuanuxkype, bypope) B pamMKax HccaeaoBaHUS TakK
Ha3bIBAEMOW PBIXJIOM BCKPHILLIM, KOTOPas B IIPOLIECCE
MOJTOTOBKY K 3KCIUIyaTallMM MECTOPOXAEHUI O0bIU-
HO cpe3aeTcs Oy/bI03epaMu.

AHan3 aJTIOBUAIBHBIX OTJIOKEHUI TTPOBOAMIICS
B HauOoJiee OJIaroNpUsITHBIX YCJIOBUSIX OJMKHETO
MepeoTyioKeHUs B nojaruHe p. KoroH, HuXxe mo teve-

HUIO peKU OT MECTOPOXKICHNI Hanboee BHICOKOKave-
ctBeHHBIX OokcuToB Canrapenn n Cunmpapa. I1po0ont
OTOMpaM B KOHIIE CYXOTO Ce30Ha, KOTma OT BOIBI
OCBOOOXKIAIOTCA 3HAYUTEBbHBIE YYACTKH PYCIOBBIX
daumit aTIoBUS W TIOABIISIETCS BO3MOXHOCTH TIPOIA-
TH 1ypGBI-3aKONYIIKM HAa HU3KKUX TMONMAaxX IOJIMH.
boutn 0oTOOpaHBI M MCCAEAOBAHBLI ITPOOBI AJIIOBUS
pa3IMuYHBIX (haluii:

— TpaBUITHO-TaJIeYHbIE OTIOXEHUSI PYCIOBBIX
daumii, HaxXoAsIIIUECs ITOH BOOOUW B CYXOM CE30H;

— TIeCYaHO-TPABUIHBIE U TPaBUITHO-TaJICUHBIE
OTJIOKEHUS ¢ PEIKUMM TJIBIOAMM, HaXOIsIIuecs B
CYXOM Ce30H B HAIBOTHOM TIOJIOXKECHUH, CJIarafolne
PYCTIOBBIE KOCHI ¥ TIPUOPEKHBIE OTMEITH;

— MEeCYaHO-TIMHUCTBIE U TIeCYaHO-TpaBUITHBIC
OTJIOXKEHMS TIPUPYCIOBBIX (almit (B 30HE Tepexona
OT PYCJIOBBIX (pallMii K TOMMEHHBIM);

— MEeCYaHO-TIMHUCTBIC OTIOXEHHS HU3KOU
TMONMBI.

Bcero orobpano 14 mpobO COBpEeMEHHBIX BJII0-
BUAJIBHBIX O0pa30BaHMI M 5 mpo0 aIIOBUAIBLHBIX
otioxeHuit B goauHe p. Koron. M3ydyeH rpanyiaome-
TPUUYECKUI COCTaB TPOO, MPOBEACH PEeHTTeHOMIYO-
PECLIEHTHBIN aHAJIN3, a TS YTOYHEHUS] MUTHEPAJIBEHOTO
cocTaBa MaTepuaj TOHKHMX TJIMHUCTO-aJIeBPUTOBBIX
dpakunii uccieaoBaH ¢ MOMOIIBIO PeHTTEHO-TUD-
PaKTOMETPUIECKOTO aHaIM3a.

MecTtopoxaeHrusi O0KCUTOB B M3ydyaeMOM pali-
OHE NPUYPOUYEHBI K MECTHBIM BO3BBILIEHHOCTSIM U
0oBajIsIM, B OCHOBHOM K WX ITOJIOTOBOJHUCTBIM W
IJIOCKOCTYIIEHYAThIM BepIIMHAM W BEPXHUM II0O-
JIOTUM 4YacTsM CKJIOHOB. MX abcositoTHasi BbIcOTa
cocrasisier ot 160 mo 290 M ¢ mpeBblllleHMEM Ha
45—205 M, COOTBETCTBEHHO, HaJ THUILAMU TJIaBHBIX
pex Koron u TuHrunmHaTa, IMEIOIIMMU a0COTIOTHBIE
otMmeTku 125 u 85 M. HeobOxoanMo TMOAYEPKHYT,
YTO OOKCUTOHOCHBIC JaTePUTHBIC TTIOKPOBHI PA3BUTHI
MIPEVMYIIIECTBEHHO Ha BEPXHUX TeOMOP(HOIOTMUSCKIX
YPOBHSIX CTyITeHUaToro peibeda. Ha HIDKHUX cTyTe-
HSIX BEITIOJIOKEHHOTO petbeda JTJaTepUTHBIE TIOKPOBEI,
Kak TMpaBuio, 6€6300KCUTOBbIE.

M3 npakTuku A0O0BIYHBIX paboOT B peruoHe K
OOKCHTaM OTHOCSTCSI TIOPOIBI JATEPUTHBIX KOP BBI-
BETPUBAHMUS, TTOACYET 3aITaCOB KOTOPHIX TTPOBOIUTCS
ipu 6opToBoM coaepxxaHuu Al,O5 ot 37 no 40%, pexe
10 45%. CoOOTBETCTBEHHO, CpPeIHNE 3HAYEHWS IS
MECTOPOXKIEHU 3TON TPOBUHIINM, TTOACYNTAHHBIC
pu 6opToBoM conepxanuu Al,0;>40%, Haxonsrcs
st Al,O3 B inanasone ot 42 10 46% npu cpenHem
conepxanuu SiO, B ocHOBHOM B mipenenax 1,5—3%.
Ha sToM ¢oHe Ha OTHEeNTbHBIX MECTOPOXKICHUSIX
cpenHue 3HaueHus cogepxkanus Al,O; IoBbIIAIOTCSA
1o 48—51%, a Ha mectopoxxneHnn CaHTapean 1 psje
cocemHUX — A0 55—61% B OTAENbHBIX 3ajIexXKaX.

Ha nHmxHux crymeHsix peibeda IIpeodamaioT
JKeJIe3UCThIE JIATEPUTHI, B KOTOPBIX coaepxkanue Al,O;
yMmeHbluaercst Huxe 37%, a cogepxanue SiO, MOBBI-
LIAETCST HE OUEHb CYIIECTBEHHO — 110 4—6% B cpenHeM
B BepXHUX 2—4 M JIaTEpUTHBIX ITOKPOBOB.
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Pe3yabTaThl HCCIeIOBaHUi M HX OOCYXKIEHHE.
CoBpeMeHHBIU PBIXJIbI 2MI0BUI HAa MECTOPOXKIe-
HUSIX OOKCUTOB TIpeACTaBIsIeT cOOOM reTeporeHHoe
obpa3oBaHMe, COCTOsIIee U3 00JIOMKOB (OT MEJIKOM
IpecBbl 10 TIbIO Oosee 30—50 ¢cM) MECTHBIX OOKCH-
TOB, JIATEPUTOB U CEPOLIBETHBIX CYTJIMHKOB, a TakKXe
JKeJIE3UCTBIX MU30JIUTOB — ayTUT€HHbBIX 00pa30BaHUIA.
MOoIIHOCTh 3TOTO TOPU30HTA MEHSIETCSI B IIMPOKUX
npenejsax — OT HECKOJbKUX CAHTUMETPOB A0 1,5—2 M
Ha 3aJIeCeHHbIX YYacTKax MOJIOTUX CKJIOHOB OOBaseit.
OTHU pbIxJible 00pa30BaHUsl MOYTH Ha MOJIHYIO MOIII-
HOCTb TIPOHU3aHbl KOPHEBOW CUCTEMOM TPABSIHOM U
JIpeBECHO-KYCTAapPHUKOBOW PacTUTEJIbHOCTU W BbI-
JIEJISTIOTCS HA MECTOPOXIEHUSIX KaK MOYBEHHO-pac-
TUTEJIbHBII TOPU3OHT.

ITo npuypouyeHHOCTH K MUKpoJaHaahTaM 3TU
PBIXJIbIE COBpEMEHHbIE 00pa3oBaHUsI MOXHO pasjie-
JINTb Ha TPU TPYMIIbIL:

— Ha IUIOCKHMX yJyacTkax O6oBajieli ¢ TpaBSIHUCTOM
pPacTUTENbHOCTDIO;

— Ha IUIOCKHUX CKJIOHax OoBajieil ¢ IpeBEeCHO-KY-
CTapHUKOBOU PaCTUTEbHOCTHIO;

— 3aHUMaloIIMe MPOMEXYTOUHOE TOJOXKEHUE.

Kaxk BUIHO M3 JaHHBIX TabJ. 2, TpaHyJIOMEeTpU-
YeCKMI COCTaB 3TUX TPeX TUIIOB MOYB OTJIMYAETCS
npexjae BCero KOJUYEeCTBOM MaTepuajia MeJKUX
(TecyaHo-TJMHUCTBIX) (Ppakluii, KOTOPOro OOJibllle
Ha TOKPBITHIX IPEBECHO-KYCTAPHUKOBOW PaCTUTEIIb-
HOCTBIO CKJIOHAX, TOT/Ia KaK Ha OTKPBITHIX MOBEPXHO-
CTsIX OOBaJieil pe3Ko MpeodiaaaroT KPYIHbIe (hpakivi,
npeacTaBjieHHbIe 00JIOMKAMM U TJIbI0AMU OOKCUTOB
W JIaTepPUTOB.

Tabnuua 2

I'panysioMeTpUYecKHii COCTaB Pa3JHYHbIX (pakumii cCOBpeMEHHBIX
PHIXJIBIX 00PA30BAHMII HA MECTOPOKIEHUSAX OOKCHUTOB, %

MuxkponaHamagpTHbie 00CTaHOBKU
(I)pa](]_[]/[;[7 Ha MECTOPOXICHUAX OOKCHUTOB
MM MOJIOTUE MO- | TPOMEXYTOU- | CKJIOHBI
. | cpenHee
BEpXHOCTU | Hasl cuTyalus | 6oBasieit

>100 5,9 4,2 13,7 7,9
50—100 12,3 3,5 6,2 7,3
25-50 16,0 6,8 9,4 10,7
1225 25,5 10,8 12,9 16,4
8§—12 16,8 18,2 8,8 14,6
Bcero

KPYITHbIE 76,4 43,5 51,4 57,1
(bpakuuu

5—8 8,3 19,3 6,4 11,3
2-5 7,5 21,7 7,8 12,3
Bcero

cpenHue 15,8 41,0 14,2 23,6
dbpakuumn

1-2 2,0 3,9 3.3 3,1
0,5—1 1,6 2,3 12,3 5,4
0,25—0,5 1,2 3,1 8,3 4,2
<0,25 2,9 6,1 10,5 6,5
Bcero

MeJIKUE 7,8 15,4 34,4 19,2
(bpakuuu

B cpenHeM B MOYBEHHBIX O0paszoBaHUSIX Tpe-
o0yiamaeT mMaTepua KPYIHbIX U CPeIHUX (paKIInii.
OdyeHb YEeTKO HabJlomaeTcsl 3aBUCUMOCTb XUMUYE-
CKOTO COCTaBa OT pa3MEpHOCTU MaTepuaja B pas-
JIMYHBIX (DPaKLMIX, YTO XOPOIIO BUIHO U3 JAHHBIX,
NpUBEIESHHBIX B Ta0J. 3.

IIpexae Bcero oTMETUM, 4TO Ipyb000I0MOUYHbIE
(pakiuu MMET XMMMYECKMIA cOCTaB, OJU3KUI K
TaKOBOMY Y MECTHBIX OOKCHUTOB.

Bo dpaxiugx or MeakorpaBuiiHON 10 Trpy6o-
MecyaHoi pe3Ko Bo3pacTaeT CoAepKaHUEe XKejie3a B
OCHOBHOM 32 CY€eT OOJIBIIIOrO KOJTMYECTBA TaK Ha3bIBa-
€MBbIX TTOYBEHHBIX MU30JIUTOB. DTO OKPYIJIble 00JOMKIU
rpaBUNHON pa3MepHOCTHU, B KOTOPbIX KOHUEHTPbI
KOJIOMOPGhHON CTPYKTYPhl XKEJIE3UCTOr0 COCTaBa
o0pacTaloT MEJKUMM YIJIOBaTbIMU OOJOMKaMU —
LeHTpaMu, 00pa3ysl OKpYyIJiblie (DOPMBbI ITU30JIUTOB.

B Mesiko-cpeaHenecyaHbiX (hpakinsax, 0COOEHHO
B aJIeBPUTO-TJIMHUCTBIX, PE3KO YBEJIUUUBAETCS CO-
JepxKaHue KpeMHe3eMa 3a CUeT MEJIKOTo KBapla U
[JIMHUCTOrO MaTepuaa.

BaxHass oco6eHHOCTb MMHEPAJIbLHOTO COCTaBa
MeJKUX (Gpakuuii — Haauyde B HUX MUHEPAJIOB,
HECBOMCTBEHHBIX TTOACTIIIAIONINM OOKCUTaM M He-
YCTOWYMBBIX TP JJATEPUTHOM BbIBETPUBAHUU, TAKUX,
KaK XJIOPUT U KaJIueBbIe MOJieBbIe 1IMaThl. B 3amMeTHOM
KOJIMYeCTBE (>5%) MOSIBIISIIOTCS] TNIMHUCTBIE MIUHEPa-
JIbl — KAOJMHUT U MOHTMOPUJUIOHUT, TaKXKe Hexa-
pakTepHbIe TSI BepXHEH YacTu JIATEPUTHOTO ITOKPOBA.
OTO CBUIETEJbCTBYET 00 aJUIOXTOHHOW MpuUpoOje
aJIeBPOTJIMHUCTOrO MaTepuasa 3a CYeT 30JI0BOTO MpH-
BHoca u3 Caxaphbl BeTpaMu xapMmatTaH [[loMOpoBcKas
u ap., 1998]. Yactb mumHUCTOrO MaTepuasa, Kak 3TO
otMmeual eme b.M. MuxaiinoB [Muxaitnos, Kyiuko-
Ba, 1977], obs3aHa pereHepaluyd TNpU pas3ioKEeHUU
OTMEPIIEN TPABSIHOW PACTUTEIBHOCTU, B COCTABE
KOTOPOI YCTAHOBJIEHO MPUCYTCTBUE KpeMHUsI. PeHT-
reHoAU(PaKTOMETPUUECKUM aHAIN30M YCTaHOBJIEHO
3HAYMTEIHLHOE, B OTIACJIBHBIX ONpeaeeHusIX 10 55%,
conepxxaHue peHTreHoaMopdHO# da3bl.

I'muHuCTOE BeleCTBO TakXke IOSIBIASIETCS Ha
MOBEPXHOCTH B pe3yJibTaTe IesTeIbHOCTU TEPMUTOB,
KOTOpbI€ JJIsI TIOCTPOUKU TEPMUTHUKOB BBIHOCST
MIMHY Y3 HUXXHUX TOPU30HTOB KOPHI BHIBETPUBAHMS
[Bardossy, Aleva, 1990].

OnHako IMoAaBJsIoNIas YacTb COBPEMEHHBIX PbIX-
JIbIX 00pa30BaHMIl HA MECTOPOXACHUSIX MpeACTaBIeHA
OpoayKTaMu (PU3MYECKOro paspyllieHUs1 OOKCUTOB U
JIaTePUTOB Ha MECTE€ C BO3MOXHBIM TJIOCKOCTHBIM
CMEIIEHUEM, T. €. UX MOXHO YBEPEHHO OTHOCUTh K
00pa3oBaHUSIM BIIOBUAIBHOTO U 3JTI0BUATbHO-AEIO-
BUAJILHOIO TeHe3uca.

BausgHue s3050BOro MaTepuajga Ha COCTaB IIO-
BEPXHOCTHBIX 00pa3oBaHWiI MOXHO paccMaTpUBaTh
KaK TOCTOSIHHBIN (DakTOp, BO BCSIKOM Ciyvyae ¢ MHU-
olleHa — BpeMeHHU Oe3yCJIOBHOTO CYIIECTBOBaHUS B
AdpuKe MycTbIHM CeBepHEe 30HbI CABAHHBI U CaxeJisl.

B mecuaHO-TJIMHUCTBIX (paKLUMSIX MTPUCYTCTBYET
CBOOOJHBIN KpeMHe3eM, T. €. KBapll, KOTOPbIiA TOYHO
(B aJIeBpUTOBOI pa3MepPHOCTU) TTpuHeceH u3 Caxaphl.
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XuMHYEeCKHii COCTAB Pa3inyHbIX (HPaKIHii MOYBEHHOTO MOKPOBa, %

Tabnuma 3

®pakuusi, MM SiO, AL Oy TiO, Fe,0; CaO K,0 P,0; LOI
KpynHorpaBuiiHble, rajiedHble U BaJyHHbIE (DpaKiu
>100 1,25 50,44 2,64 20,36 0,02 0,02 0,18 24,46
50—100 1,47 52,48 2,65 17,48 0,02 0,02 0,18 25,09
25-50 1,18 54,65 2,94 15,95 0,02 0,02 0,17 24,48
1225 0,96 51,82 2,66 20,58 0,01 0,02 0,23 23,09
8—12 0,86 48,36 2,38 26,42 0,02 0,01 0,26 21,08
I'pyGorecuanble, MEJIKO- U CpeIHErpaBuiiHble hpakinu
5—8 1,33 43,98 2,31 31,56 0,03 0,02 0,3 19,81
2—5 2,65 39,14 2,17 36,96 0,02 0,03 0,34 18,05
1-2 8,6 34,8 2,09 37,4 0,03 0,05 0,32 16,04
Menko- U cpemHerecyanbie Hpakiun
0,5—1 34,29 26,14 2,06 16,34 0,12 0,24 0,22 20,02
0,25—0,5 41,73 25,8 2,17 10,6 0,12 0,25 0,19 18,49
<0,25 47,45 23,03 2,17 7,97 0,14 0,29 0,17 18,14
AJIEBPUTOBBIE U TIIMHUCTbIE (HpakLUKU
0,10—0,25 41,54 20,65 2,2 7,95 0,22 0,38 H.O. 25,33
0,04—0,10 40,6 21,35 2,3 7,75 0,18 0,38 H.O. 25,33
<0,04 51,39 17,18 1,93 6,25 0,15 0,3 H.O. 20,91
Ta6numa 4
XuMHYeCKHii COCTAB PHIXJIBIX 00PA30BAHMIT M MOACTHIAOMINX OOKCHTOB, %
bosaib [TpoGa Sio, AL O4 Fe,0; TiO, LOI P,0; CaO K,O0 >
PBIXJIbIE 5,27 46,34 20,59 3,61 23,26 H.O. 0,02 0,06 99,23
OOKCHUT 1,43 50,70 17,4 3,44 26,33 H.O. H.O. H.O. 99,3
PBIXJIbIE 10,43 43,8 18,83 3,48 22,47 H.O. 0,03 0,1 99,24
HJ Anrapa
OOKCHUT 0,87 57,9 6,8 2,98 30,58 H.O. H.O. H.O. 99.4
PBIXJIbIE 11,43 44,03 17,26 3,53 22,75 H.O. 0,03 0,11 99,27
GOKCHUT 0,3 57,20 5,4 6,8 29,56 H.O. H.O. H.O. 99,26
PBIXJIbIE 22,02 37,88 14,58 3,91 20,51 H.O. 0,06 0,14 99,16
Ookcut 0,93 48,60 17,5 6,69 25,48 H.O. H.O. 0,01 99,23
byHne-Baane
PBIXJIbIE 19,42 39,48 18,55 2,58 19,12 0,16 0,02 0,09 99,54
OOKCUT 2,64 47,2 21 2,58 25,82 0,12 0,03 0,01 99,51
PBIXJIbIE 11,8 41,69 22,38 2,3 20,86 0,24 0,05 0,08 99,51
Tuanukype
BOKCHUT 1,13 49,1 20,5 3,18 25,24 0,18 H.O. 0,02 99,49
Bypope PBIXJIbIE 7,18 50,88 15,46 2,09 23,42 0,22 0,05 0,06 99,45
GOKCUT 0,97 54,2 15 2,22 26,83 0,12 H.O. 0,03 99,46
PBIXJIbIE 6,47 41,4 28,47 2,57 20,07 0,29 0,03 0,05 99,53
Byacco OOKCUT 2,09 41,2 30,4 2,86 22,59 0,14 0,02 0,02 99,51
PBIXJIbIE 2,45 45,78 26,71 2,78 21,27 0,27 0,03 0,02 99,55
OOKCUT 1,34 44,4 25,9 3,29 24,17 0,18 0,01 0,02 99,49
PBIXJIbIE 11,76 43,09 19,22 3,03 21,89 0,23 0,04 0,1 99,31
CpenHee
GOKCUT 1,1 50,54 17,5 3,58 26,51 0,15 0,01 0,01 99,35

HecMoTpst Ha TO 4TO B paccMaTpuUBaeMOM BbI-
oopke u3 14 mpoO B OONBIIMHCTBE CIy4YaeB BJIIOBU-
aJIbHO-JIeTIOBUAJIbHBIE 00pa3oBaHUs (HOPMUPOBATUCH
MpY pa3pylleHUU OOKCUTOB BHICOKOrO KauyecTBa (CM.
CcoCTaB KPYITHBIX (ppakivii B Taba. 3), UX BaJIOBBIN
cocTaB OOJIbIIIEH YaCThbIO OKa3bIBaeTCsS MEHee Kaue-
CTBEHHBIM IO CPABHEHMUIO C MOACTUIAIOIIMMU OOKCH-

Tamu (Tabi. 4), a B 30He MOOMIM3ALIMU MaTepuaa st
ITOCJICYIOIIEro IEPEOTI0KEHMS AaxKe He OOKCUTOBBIIA.
D1H 06pa30BaHUsI OTHOCST K PhIXJION BCKPBIILE U HE
BOBJICKAIOT B KCILIyaTallMil0 OOKCUTOB, TaK KakK Ha-
pSLY C BBICOKMM COIEpXKaHMEM KpeMHe3eMa B HUX
MPUCYTCTBYET OOJIbIIIOE KOJIMUYECTBO OPraHUYeCKOro
BelLECTBa.
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Ta6nunma 5
I'paHyioMeTpUYECKHii COCTAB ALTIOBHAIbLHBIX OTJIOXKeHuii p. KoroH, %
CoBpeMeHHbIe aUTIOBUAJIbHbIE OTJIoXeHus p. Koron
®pakim raJIeYHO-TPaBUITHO-TIEC- MecYyaHO-TPaBUITHbBIE ¢ BKIIIOUCHUSIMU R ——. rPaBUITHO-TIECYaHO-
MM ’ YaHbIe MEJTKOU TaJTbK1 P TJIMHUCTBIC
npubpexHas otmenb, K-3 | o6BogHeHHOE pycio, K-1 koca, K-2 fiep ?‘[?i)rlm? IP(Y_ZJTa K HU3Kas noiima, K-5
>100 2,5 H.O. H.O. H.O. H.O.
50—100 27,54 H.O. H.O. H.O. H.O.
25-50 36,78 H.O. H.O. H.O. H.O.
10—25 19,09 25,35 31,51 49,85 11,11
1-10 11,11 64,98 63,84 32,73 40,74
0,5—1 1,32 4,15 2,33 7,92 13,76
0,25—0,5 0,99 2,77 1,17 6,33 13,76
<0,25 0,66 2,77 1,17 3,17 20,64

IIpexne yemM mepelTH K aHaJIM3y OOCTAHOBOK
B 30HE BO3MOXKHOTO HAKOIUJICHUS IepeoTiaraeMoro
Marepuajga, OTMETUM, YTO MEXIy AHMIIAMU JOJUH
peK U BeplIMHAMU OoBajieil ¢ OOKCUTAMM MOYTH TO-
BCEMECTHO CYIIECTBYIOT HM3KME CTYINEeHHU pesbeda,
B Ipeaenax KOTOPBIX Pa3BUThI BBICOKOXEJE3UCThIe
Jnateputhl. COOTBETCTBEHHO, C 3TUX YYaCTKOB B 30HY
HaKOIUICHMSI TTOCTYIaeT MPEeUMYIIECTBEHHO HEOOKCH -
TOBBIII MaTepuai Jaxe B KPYIMHBIX (pakiusX.

M3 naHHBIX IpaHYJOMETPUUYECKOTO aHaliu3a
5 npo® aaaoBUANBbHBIX OTJOXEHUN M3 JOJMHBI
p. KoroH (1abi. 5) BUAHO, YTO MPAKTUYECKU BO BCEX
CJIyvasix, He3aBUCUMO OT (haliaibHOI 0OOCTaHOBKH, IO
Kom4ecTBy Tpeobiamaet (0T 52 1o 90%) rpaBUitHBII
MaTepual ¥ TOJIbKO Ha MPUOPEXKHON OTMENN 0OJIble
rajieyHoro Marepuaia. Ha Hu3Kkoi moiimMe, B oTIM4ue
OT PYCJOBBIX (hallvii, pe3Ko YBEJIMYUBAETCS KOJM-
YEeCTBO MeCYaHO-IIMHUCTOIO MaTepraja, OT KOTOPOTro
PYCJIOBBIA aJITIOBUI XOpOLIO OTMBIT. JIuilb B mepe-
XOIHBIX (halusgX KOJMYECTBO IeCUYaHO-TJIMHUCTOTO
Marepuajia yBeJWYMBaeTCs, HO B MEHbIICH CTENEeHHU,
YeM B MTOMMEHHBIX OTJIOXKECHUSIX.

HecmoTps Ha 6JIM30CTh K MECTOPOXIEHUSIM OOK-
CHUTOB CaMOTO BBICOKOTO KayecTBa, AaXe B KPYIMHBIX
(bpakiusx (rpaBUAHBIX U FaJIeYHO-TPABUIHBIX) PYCIO-
BOTO aJTIOBUSI COIEPXKaHUE IIMHO3eMa OTHOCUTEIbHO
BbicOKOe (38,7—45%), a MUHUMAaJIbHOE COAEpKaHUE
KpeMHe3eMa He CHIDKaeTcsa Huxke 8,66% (tabi. 6).
BusyanbHoe omucaHue JUTOJOTMYECKOIro cocTaBa
Martepuaia ¢ppakLMil MOKa3bIBAET, YTO HAPSIAY C rpa-
BUEM U TaJbKOM, CIOXEHHON OOKCHTaMU Pa3HOIo
KayecTBa, MPUCYTCTBYIOT OOJOMKM CJaOOBBIBETpPE-
JIBIX KOPEHHBIX MOPOJA — AO0JEPUTOB, NMECUaHUKOB U
ajeBpoapruuiuToB. IloaToMy HabatomaeTcsl MOBbI-
LIIEHHOE CoAep>KaHue KpeMHe3eMa IO CPaBHEHUIO C
AHAJIOTMYHBIMM (bpaKLMSIMU B TIOYBEHHOM FOPU30HTE
Ha MECTOPOXICHMSIX.

B anmoBum npubpexHoit ormenu (mpoda K-3)
0COOEHHO MHOI'0 OOJJOMKOB KOPEHHBIX IMOpon (B
OCHOBHOM POTOBMKOB) M 3KEJIE3UCTBIX JIATCPUTOB,
MO3TOMY BO (DpaKIIUsX rPaBUIHO-TAJIEUHON pasmMep-

HOCTH TTOBBIIIEHO COMEpXKaHUe KpeMHe3eMa U xkeJiesa.
DT0 00BSCHSECTCS TeM, UyTo AojauHa p. KoroH B aTom
palioHe ellle He BbIpaboTaHa 10 06aszuca 3po3uu, U B
peke OOHaXKaroTCsl U Pa3MbIBAlOTCSI MECTHbBIE KOPEH-
HbI€ TTOPOIIbI.

B ormioxkeHUsIX MOMMBI, B KOTOPhIX OK0JIO 50%
MPUXOAUTCS HA TIECYaHO-TJIMHUCTYIO COCTaBISIONIYIO,
KaK M cleoBaJo OXUAaTh, OOKCUTOBOIO MaTepuaia
OYEHb Majo, U 3TU OTJOXEHHUS IaJeKu IO COCTaBY
OoT 6okcuToB. Ho B HUX MPUCYTCTBYET OOJIbIIOE KO-
JINYECTBO OOPBIBKOB PAaCTUTEIBLHOCTH U KOPHEi, 3a
CYEeT Yero pe3ko YBEJWYMBAIOTCS MOTEPU IMPU MPO-
KaJMBaHUM.

Kak nmoka3sbiBaeT BaJoBbIl COCTaB COBPEMEHHOTO
ajutioBus p. KoroH, gake Xopolio mpoMbIThIE OT MeJl-
kux dpakuuii pyciossle dauuu (rmpodsr K-1, K-2 u
K-3) Henb3d OTHECTHM K KOHIAMIMOHHBIM OOKCHUTaM,
a TeM 0oJiee K MOTEeHIMAJIbHBIM pyJaM XOpOIILIEeTo Ka-
yecTBa. AHAJOTUYHBIN pe3yabTaT ObLT MOJyYeH TMpHU
M3y4YeHUU COBpeMEeHHOoro aumoBus p. Camy B paiio-
He MecTopoxaeHuit 6okcutoB Hebene u bamaHmyry
[Mamenos, 1975].

B nipoiiecce reosioropazsefouHbIX M KAPTUPOBOY -
HBIX pabOT B OOKCUTOPYAHBIX pailoHaX MPOBUHLIMU
®yta JIxxanoH-MaHAMHIO B COBPEMEHHOM aJUTIOBUM
peK He BCTpeueHbl CKOIUIEHUS OOKCUTOB, KOTOpbIE
MOKHO OBLTO OBl pacCMaTpUBaTh KaK MECTOPOXKICHUS
MEXaHOTeHHO-0CaI0YHOI0 reHe3uca.

TosnbKo B OMHOM cllyyae — B aJUIIOBUM p. TuH-
TUJIMHTA TIOA TOPM30HTOM MOJIOAOTO COBPEMEHHOIO
aJuTIoBUs (C OCTaTKaMU IPEBECUHBI, BO3PAaCT KOTOPOit
ompeznened B 1600100 yer) onmpoOoBaH TOPU3OHT
KPYITHOTAJICUHOTO aJLTIIOBUSI OoJiee APEBHETO, YeM ajl-
moBuii p. KoroH. B Tabn. 7 nmpuBeneHbl XMMUYECKUA
COCTaB KPYMHOTAJIEYHbIX OTJIOXEHUN MO (Dpakiusm
U UX TPaHYJIOMETPUUECKUIT COCTaB.

OTMeTHM, YTO Ha MOBEPXHOCTU TajeK U I'paBUs
HabJoganach IMHUCTA TUleHKa. JlaHHbIe XUMUuYe-
CKOro aHaJIM3a NIMHUCTOM TUIGHKU U TJIMHbBI U3 MEX-
TaJIeyHOTO TMPOCTPAHCTBA TpUBeIEHBI B Taba. 8. U3
MPUBEICHHBIX TaHHBIX BUAHO, 4YTO 59% OT BaJOBOIO



BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTUAI. 2020. Ne 2 85

Ta6auma 6
Xumnyeckuii coctas (%) coBpemennoro awmosusi p. Koron no ¢gpakuusim u njansbie o ux ranyjaomerpuieckom cocrase (I'C)

Opakuysi, MM |  sio, ALO, TiO, | Fe,0, RO+R,0 Lol | rc
O6BogHeHHOE pycio, mpoba K-1

>10 9,53 45,00 1,89 20,20 0,36 22,23 25,35

1-10 8,66 42,40 1,81 24,00 0,25 21,98 64,98

0,5—1 20,20 36,90 1,82 20,40 0,37 19,35 4,15

0,25—0,5 27,78 33,70 1,62 18,10 0,45 17,44 2,77

<0,25 28,93 34,50 3,41 14,30 0,56 17,45 2,77
BanoBelit cocraB 10,45 42,37 1,87 22,46 0,30 21,68

Koca, npoba K-2

>10 11,26 44,00 1,96 19,70 0,39 21,99 31,51

1-10 9,02 41,00 1,75 25,40 0,29 21,53 63,84

0,5—1 22,24 32,90 1,61 23,50 0,41 18,31 2,33

0,25—0,5 25,90 33,00 1,87 20,30 0,38 17,62 1,17

<0,25 30,37 29,60 2,76 19,60 0,53 16,24 1,17
BaJtoBblii cocTaB 10,48 41,53 1,83 23,43 0,32 21,49

ITpubpexHas otMesb, npoda K-3

>100 53,55 27,80 1,52 9,10 3.26 4,13 2,50

50—100 32,47 37,10 2,17 11,50 1.97 14,11 27,54

25—50 44,36 27,40 1,61 14,70 2.66 8,58 36,78

10—25 24,62 29,30 1,53 29,20 1.31 13,22 19,09

1-10 9,93 31,60 1,50 37,20 0,38 18,28 11,11

0,5—1 14,63 31,70 1,51 31,70 0,32 18,98 1,32

0,25—0,5 26,77 31,30 1,68 21,10 0,44 17,77 0,99

<0,25 43,98 32,90 2,08 5,80 0,48 14,13 0,66
BanoBrlii coctaB 33,15 31,04 1,74 19,18 1.91 12,22

30Ha mepexoya oT pycia K moiime, mpoda K-4

>10 16,06 40,70 1,89 19,90 0,72 19,92 49,85

1-10 10,85 38,70 1,81 25,90 0,31 21,46 32,73

0,5—1 27,10 33,00 1,51 17,50 0,42 19,71 7,92

0,25—0,5 33,52 31,30 2,65 13,60 0,79 17,33 6,33

<0,25 33,99 25,30 5,62 18,80 0,62 14,82 3,17
BajioBelii cocras 16,90 38,35 2,00 21,24 0,66 20,08

Huskas nmoiima, npobda K-5

>10 11,38 10,24 1,11 6,75 0,90 69,32 11,11

1-10 16,88 12,63 1,15 8,65 1.06 56,30 40,74

0,5—1 22,50 18,20 1,63 10,50 0,62 42,22 13,76

0,25—0,5 26,00 20,23 1,79 10,05 1.18 33,52 13,76

<0,25 28,10 25,85 1,75 10,75 0,67 28,23 20,64
BasioBblii cocTaB 20,61 16,90 1,42 9,32 0,92 46,88

Tabnauma 7

Xmuueckuii coctaB (%) OTJI0XKeHHil «apeBHero» aumoBusi p. TUHrHIMHTA MO (pakuMsaM U uX raHyJomerpuueckuii coctas (I'C)

Dpakuusi, MM SiO, AL O; TiO, Fe,0; CaO MgO Na,O K,0 LOI rc

>100 5,83 57,50 2,46 5,80 0,01 H.O. H.O. 0,09 27,59 3,13

50—100 4,60 58,10 3,07 5,10 0,01 H.O. H.O. 0,05 28,33 15,95

25-50 3,33 59,20 3,07 6,20 0,01 H.O. H.O. 0,06 27,40 19,28

10—25 6,40 55,90 2,64 9,10 0,01 H.O. H.O. 0,11 25,06 20,55

1-10 27,29 41,10 2,42 10,30 0,04 H.O. H.O. 0,32 17,69 32,39

0,5—1 37,63 36,30 2,31 7,40 0,04 H.O. H.O. 0,41 15,12 2,61

0,25—0,5 35,11 27,70 5,99 15,90 0,25 H.O. H.O. 0,44 13,69 2,61

<0,25 42,42 32,90 2,67 7,50 0,04 H.O. H.O. 0,53 13,22 3,48
0,1-0,25 48,13 28,74 3,48 6,35 0,16 0,21 H.O. H.O. 12,70
0,04—0,1 46,25 29,55 3,05 6,10 0,29 0,27 H.O. H.O. 12,98
0,005—0,04 44,55 31,58 2,18 6,20 0,02 0,16 0,086 0,88 13,78
Banosblii cocTaB 15,09 50,09 2,79 8,27 0,03 H.O. H.O. 0,19 22,76
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Tabnuma 8

Xummnyeckuii coctas (%) rajiek, MX IIMHUCTOM MJIEHKH M [JIMHbI-32M0JHUTENIS B IPABHITHO-TAJIEUHBIX OT/IOKEHUAX «IPEBHEr0» AJLTIOBHS
p. TunrniuaTa

Topozna SiO, Al,O4 TiO, Fe,0, CaO MgO Na,O K,0 LOI
rr;‘n‘f;f © MOBEPXHOCTH | 30 38 45,24 2,80 3,90 0,14 0,12 0,025 0,18 16,36
TalbKu U3 alToBUs 4,95 59,25 3,72 8,10 0,01 0,02 0,021 0,034 24,36
Eg‘;:i ggc“gﬁjfg: 39,38 35,70 2,52 5,50 0,01 0,095 0,044 0,28 16,47
Tabnauuma 9
Xummuecknii coctaB (%) KpyNHOrajieyHoro MoJOIOro pycjI0OBOTO AJUTIOBHS W OTJIOXKEHHi MoiiMbl p. THHrHIMHTA
no ¢pakuusam u ux ranyiromerpuyeckuii cocrap (I'C)
®pakuus, MM Sio, ALO4 TiO, Fe,03 RO+R,0 LOI Ic
AmmoBuit p. TUHTWIMHTA, KPYITHBIE TAJICYHUKN HIDKHEW 4acTu pas3pesa, T-2
>100 2,39 57,50 3,43 6,90 0,05 29,01 20,91
50—100 7,19 53,80 3,00 8,80 0,29 26,26 25,43
25-50 7,10 54,00 2,71 9,90 0,25 25,35 7,11
10—25 9,23 50,50 2,51 12,70 0,22 23,97 34,91
1-10 6,59 43,40 1,92 23,90 0,13 22,96 9,05
0,5—-1 11,62 41,80 1,66 21,70 0,15 21,92 0,86
0,25-0,5 24,76 37,20 1,65 16,50 0,22 18,74 0,86
<0,25 47,51 24,00 2,87 12,10 0,33 12,44 0,86
BanoBsiii coctaB 7,38 51,99 2,78 11,42 0,19 25,45
TloitmeHHbIE (haliK MOJIOAOTO aoBus p. TuHruiauHra, T-4
>1 43,61 28,80 2,54 8,70 0,44 15,24 18,24
0,5—-1 48,36 24,30 2,63 9,70 0,44 13,90 37,74
0,25-0,5 30,55 32,70 2,24 15,80 0,33 17,60 18,87
<0,25 50,35 23,20 2,84 9,60 0,43 12,97 25,16
0,1-0,25 48,13 25,28 2,25 8,40 0,34 15,04
0,04-0,1 58,12 16,34 3,25 6,30 0,41 11,48
0,005—0,04 48,25 21,03 2,30 6,80 0,92 20,32
BasoBeiit cocraB 44,63 26,43 2,59 10,64 0,41 14,61

COCTaBa IPEBHETO AJITIOBUS TIPEACTABICHO KPYITHBIM
rpaBMeM M TaJlbKOW OYeHb BBICOKOKAYECTBEHHBIX
OOKCHUTOB, XapaKTePHBIX IJIST MECTOPOKICHII TPYIIITHI
Canrapeau. [lneHka Ha rajbkaXx — MPOAYKT pPeCUIu-
(puxkanm 60KCUTOB, TaK KakK MO AaHHBIM AU(pPaKTO-
METPUUYECKOTO aHajM3a B 3TOH TJIMHE TPUCYTCTBYET
(20%) GombIIoe KOTMYECTBO OEMUTA, OJIM3KOE K €TO
colepKaHMIO B 3TUX TajbKax. B To e BpeMs B TIpo-
0c¢ TIIMH W3 MEXTaJeIHOTO MPOCTPAHCTBA OTMEYEHO
Bcero 2% 6émuTa.

OmHaKko TT0 BaJIOBOMY COCTaBY 3TU OTJIOXKEHMUS
XOTSI M OTJIWYAIOTCS BBICOKUM COAEpPXKaHWEM TJIH-
HO3eMa, HO MMEIOT TakXke HEIOTYCTUMO OOJIbIIoe
I BBICOKOKAYECTBEHHBIX OOKCHUTOB COIEpKaHUE
KpeMHe3eMa. KpeMHe3eM MpHCYyTCTBYET B OCHOBHOM
B (hopMe KaOJWHUTA C MOTYMHEHHBIM KOJMYECTBOM
CMEIIIAaHOCTOMHBIX TIMHUCTBIX MUHEPAIoB (VIJLTAT-
MOHTMOPWIJIOHNT), a TaKKe KBaplia.

3ajieraroiue Bblllie OoJiee MOJOAbIE rajeuyHU-
KM, BEpOSITHO, 0Opa30oBajCh B TOM YHCJIE 3a CYET
TMepeMbiBa HIDKEJIeXKaAIINX (IPEeBHUX) TaJeuYHUKOB
(3TO B OINpenesieHHON CTeNeHU YCJIO0BHOe 0003Ha-
YeHHNe, TaK KaK BEepXHUE TaJeUHUKH, 0e3yCIOBHO,
TOJIOIIEHOBBIE — COBPEMEHHBIC, a HIDKHHE — JIMOO
paHHETOJIOIIEHOBBIE, IMOO TTO3IHETIICHCTOIIEHOBBIE).
[Mo-BummMomMy, B TIporiecce TiepeMbIBa IPOn30IITa 60-
Jiee TTOTHAsI YITAKOBKA TaJleK W KPYITHOTO TpaBUsl, UX
yIeTbHOE KOJIMYECTBO YBEIMIIIIOCH M0 88%, a KOIM-
YECTBO MEeCYaHO-TJIMHUCTOTO IIEMEHTA YMEHBIIIMIIOCH.
CoOTBETCTBEHHO, B BaJIOBOM COCTaBE ITUX TaJeUHU-
KOB YMEHBIIMJIACh KOHIIEHTpAIMs KpeMHe3eMa. DT
TIOPOJIBI YK€ MOXKHO OTHECTH K OOKCHUTAM JOCTaTOYHO
BBICOKOTO KauecTBa (Tabiy. 9, npoba T-2), HO ¢ no-
BBIIIEHHBIM COIepKaHNEeM PeaKTUBHOTO KpeMHe3eMa
(B OCHOBHOM B (DOpMe TJIMHUCTHIX MUHEPAJIOB), YTO
TMOHKAET MPOMBILIJICHHYIO IIEHHOCTh TAKUX PYI.



BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTHZ. 2020. Ne 2 87
Ta6numa 10
Xumunyeckuii cocta (%) HanMeHee JIATePUTU3HPOBAHHBIX OTJIOXKeHHii cepun CaHrapeau
HanmeHee nateputn3upoBaHHBIC OTJIOXEHUs cepun CaHrapenu, . . AlL,O5/
(ty6uHa, M) SiO, | ALO; | TiO, | Fe,O3 | AL,O3p0n0 | LOI Fe,0s
I'paBuitHO-TaseuHble, ckB. 57024b (36—37) 43,54 | 37,39 | 1,77 3,22 0,20 13,05 11,6
['paBUitHBIE C TIECYAHO-TJIMHUCTBIM 3aITOJIHUTEIEM,
CKB. 57633b (32—34) 42,06 | 35,87 | 1,94 5,14 0,20 14,40 7,0
[NecuaHO-TIMHUCTBIC U TIIMHUCTO-TIecYaHble, ckB. 57118b (34,5—35) | 41,02 | 38,84 | 2,04 3,70 2,17 13,88 10,5
I'munbl MastonecyanucTeie, ckB. 58023 (35—36) 43,50 | 38,57 1,93 1,64 0,25 13,91 23,5

[Tpu 3TOM HEOOXOAMMO TTOAUYEPKHYTH, YTO CTOJIb
BBICOKOE COJlepKaHWe TIIMHO3eMa B TpaBUITHO-Tajied-
HOM ayuTioBHu p. TMHTMIMHTA 00S3aHO HAJIMYMIO B
30HEe MOOMJIM3alMM OOKCUTOB 3KCTpaKayecTBa TUIa
Canrapenu. Ho B camux 6okcutax tuna CaHrapeau
cojepkaHNe KpeMHe3eMa B OCHOBHOM HaXOAMUTCS Ha
ypoBHe 0,5—1,5%. [1pu 3TOM B MaTEPUHCKOM CyOCTpa-
Te TUX KOHTJIOMEpaT-TPaBeIMTOBBIX, TPABEIUT-TIEC-
YaHUKOBUIHBIX W TIECYAaHUKOBUIHBIX OOKCUTOB TTeC-
YaHO-TJIMHUCTHIN 3aITOJTHUTENb — IIEMEHT Yallle ObLT
0a3aJibHOTO TUIIA, T.€. €ro KOJUYECTBO ObLIO 0OJIbIIIE,
YeM 3aTTOJTHUTEIS TTop. SICHO, YTO MCXOTHbBIE MAaTepUH-
cKue oTIoXeHus cepunt CaHTapear OCaTOYHON CTaauu
(GopMUpoOBaHNS OOKCUTOB I10 BaJIOBOMY COCTaBY ObLJIA
JlaJleku OT OOKCUTOB, TeM 0oJiee BhICOKOTO KayecTRa.
DTO MOATBEPANIOCH TEM, YTO B HIDKHUX TOPU30HTAX
MecTopoxaeHnsT CaHTapea BBISIBJICHBI HEJIaTepUTH-
3MpOBaHHBIE OOCJIEHHBIE W PeCUTU(PUIINPOBAHHEIE
ucxoaHble oTioxkeHus: cepuu Canrapeau. B tadn. 10
MpUBEIeH XMMHUUYECKUI COCTAaB TaKWX OTIOXKCHUIA,
9TO TIPAKTUIECKN KAOJWHOBBIE TIMHBI C HEKOTOPHIM
KOJIMYECTBOM MWHEPAJIOB CBOOOIHOTO TIMHO3eMa.

OTMETHM, YTO Ha TTIOBEPXHOCTU TaJleK OOKCHUTOB
IpeBHETO ajuToBUS p. THHTMIMHTA MIPOIIECC PeCUITH -
duKaum yxxe mposiBUICS. AHaJIOTMYHbIE (DAKTHI OT-
MeueHBI 1 B OacceitHe p. Camy, TIpryeM 3a HECKOJIBKO
TBICAY, MOXET OBITh, 3a HECKOJBKO IECATOB THICSY
qret. JIeTKo TIpeACTaBUTh, UYTO TPOU3OMAET C ITUMM
rpaBUITHO-TAJICYHBIMUA OTJIOXEHHMSIMU depe3 Oosee
IUTUTETHHOE TEOJIOTMUECKOE BPEeMsI, UMesT peaTbHbBIN
MpUMep C aJTIOBUATBHO-03¢PHBIMU OTIOXECHUSIMU
cepun CaHrapeau.

Yto KacaeTcs MOMMEHHOTO aJUTIOBUS p. TWHTHU-
JIMHTA, TO MO BaJOBOMY cocTaBy (Tabj. 9) oH, KaK U
aJuUTIOBMIA TTIOWMBI p. KOToH, HMKaK He COOTBETCTBYET
6okcuTaM. Ho M B MeIKOTpaBUITHBIX M KPYITHOITEC-
YyaHbIX HpakIrIX KpeMHUEBBIN Moaynb (Al,05/Si0,)
MeHbIIe 1, T. €. UX COCTaB JajeK OT OOKCUTOB.

BoiBoapl. 1. Ve B BepxHeil yactu (halajibHOTO
mpoduid KOHTUHEHTAIBHBIX O0pa30BaHMIl DIIFOBH-
aJTbHBIX W 2JTIOBUATBHO-ICTIOBHATBHBIX TEHETHUECKIX
THTIOB — B 30HE MOOMJIM3AIINN TTPOTYKTOB pa3pyliie-

CIITMCOK JIMTEPATYPbI
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HUSA OOKCUTOHOCHBIX JIATEPUTHBIX ITIOKPOBOB — TIPO-
UCXOIUT TrhepeHITNAINS NX XUMHIECKOTO COCTaBa
B COOTBETCTBUU C TpaHyJOMETpHUEil 00JIOMOYHOTO
MaTepuaia. 9ta 3aKOHOMEPHOCTh HaCJIeayeTCsl B 30He
HaKOIICHHS TIepeoTIOKeHHOTO MaTeprana. CoOTBeT-
CTBEHHO, TOJBKO KPYITHOOOJIOMOYHBIE HAKOTUICHUS
MOTYT TIPUOJKATBCA IO BAJOBOMY XUMUUYECKOMY
cocTaBy K OOKCUTaM, HO M3-3a MEJIKOOOJIOMOUHOTO,
MMPEUMYIIIECTBEHHO TJIMHUCTO-TIECYaHOTO 3aTIOJTHUTE -
JIsI, BCETa TPUCYTCTBYIOIIETO B 3TUX 00pPa30BaHUSIX,
TepeOTIOKEHHBIE OOKCUTHI M HIKEJIeKAIe TIIMHBI
HE MOTYT 00pa30BbIBATH MECTOPOXICHMS Py BHICO-
KOTO KauyecTna.

2. Hu B omHOM ciyyae HaOJwAeHUI B pac-
CMaTpUBaeMOM U IPYTUX paitoHax rmpoBuHINN PDyTta
JI>xanoH-MaHIWHTO ITeCYaHO-TIMHUCTBIC OTIOXECHUS
PEYHBIX TOJWH W MECTHBIX 03ep He TPHUBEIN K 00-
pa30BaHMIO MEXaHOTEHHO-0CATOUYHBIX 3ajiexkeil 6OK-
CHTOB, YTO CBSI3aHO C HEBO3MOXHOCTBIO OTICIUTH B
MIPUPOTHOM TIPOIIECCE TIEPEOTIIOKEHIS METKIE 3epHa
rubocuTa oT KaoJauHUTa U KBapua. COOTBETCTBEHHO,
MTOMBITKA TPAKTOBATh TEHE3WC TaKMX KIACCUYECKUX
JIaTePUTHBIX MECTOPOXAEHU, Kak Jlebese, B KauecTBe
0CaJIOYHOTO B HEKOTOPOM TUIIOTETHYECKOM JIPEBHEM
BomoeMme [IlIubucros, 2000] abcomoTHO OE30CHOBA-
TEJILHO.

3. Ecau MexaHOreHHO-0CaJ0YHble OTJIOKEHUS
Ha CTaInM MX OOBOMHEHMS TOIBEPTraroTCsT SIMTeHe-
THYECKNM WM3MEHEHUSM B TJIEEBOM T'e€OXMMHUUYECKOMU
o0cTaHOBKe (00eJIeHUI0 — BBIHOCY XeJjie3a U pecu-
nuduKau), To MOXeT 00pa3oBaThCsl HOBBI MaTe-
PUHCKUI cybCTpat, 61aroNpUSITHEIN (C BEICOKUM Ke-
se3ncTeiM MonyneM (Al,O5;/Fe,05>5), kak 310 nMeeT
MECTO B JIpeBHEM aJUTIOBUM p. TWHTAJIMHTA WU el
OoJiee IpeBHEM B OTJI0XKeHUsIX cepuun CaHrapean), 1ist
TTOCJICAYIONIETO JIATEPUTHOTO OOpa3oBaHUS TI0 HUM
OOKCUTOBBIX 3aJlexXeil dKCcTpaKadecTBa (HampuMep,
mecTopoxaeHue CaHrapeau).

QDunancuposéanue. Pabora BBITIOJHEHA TIPU
¢duHaHCcOBOI TommepkKe roc3amaHmst AAAA-A16-
116033010105-7, MOCKOBCKHII TOCYyIapCTBEeHHBIN
yHuBepcuteT uMeHu M.B. JlomoHocoBa (MIY).

Mamedos B.H. ®auun COBPEMEHHBIX PBIXJIBIX KOH-
TUHEHTAJIbHBIX 00pa3oBaHuil bacceiiHa p. Camy U MX BO3-
MOXHas 60KCUTOHOCHOCTH // HoBbI€ JaHHbIE MO re0JIOruu
6okcutoB. M.: BUMC, 1975. Beim. 3. C. 104—115.
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PE3VJIBTATBI SKCIIEPUMEHTAJIBHOTI'O NCCIIEAOBAHNA
AKYCTUYECKUX CBOUCTB BOJOHACBIIIEHHOI'O ITECKA
B NUHTEPBAJIE TEMIIEPATYPBI OT —20 4O +20 °C

DI'BOY BO «Mockosckuii eocydapcmeennuiii ynusepcumem umenu M.B. Jlomonocosa»,

119991, Mockea, I'CII-1, Jlenunckue lToput, 1

Hnemumym kpuocgepor 3emau TromHI] CI[ PAH, 625026, Tromenckas o6a., 2. Tiomens, ya. Manvieuna, 86
Lomonosov Moscow State University, 119991, GSP-1, Leninskiye Gory, 1
Earth Cryosphere Institute, Tyumen Scientific Centre SB RAS, 625026, Tyumen region, Tyumen, Malygina st., 86

IMpuBeneHbI pe3yabTaThl YIBTPa3BYKOBBIX M3MEPEHUI C MCIIOJIb30BAaHMEM IPOIOJIBHBIX
M TIOTIEPEYHBIX BOJH Ha 00Opaslie TOJIHOCTHIO BOMOHACKHIIIIEHHOTO CPeTHEe3ePHUCTOTO TTecKa B
nuaraszoHe temriepatypbl oT —20 mo +20 °C, a UMEHHO 3aBUCUMOCTU KMHEMAaTUYEeCKUX U TH-
HaMUYeCKUX MapamMeTpoB YJIbTPa3BYKOBOIO CUTHAJA OT TeMIIEPATyphl, a TAKXKe OT MapaMeTpa
MOTJIOLIEHUSI YIIPYTUX BOJIH. [1penjiokeHHBII aBTOpaMU METO/I TTO3BOJIMJI PACCUMTATh MTapaMeTp
TorJIoleHUsT Py S BOJIH Ha yJIbTPa3BYKOBBIX YaCTOTAX JUIsl IIMPOKOTO AUaIia30Ha TeMIIEPaTyphl.
BenuunHa mapaMeTpa MOTJIOLIEHHsT B 00JACTU OTPUILIATEIbHBIX U TTOJIOXUTEIbHBIX 3HAUeHU
TemnepaTypbl omindaercs: B 40—>50 pa3 aist P BoJiH 1 Ha 2 miopsiaka ajis S BosiH. Habmogaercs
ruiaBHoe M3MeHeHue napamerpa rnorioieHust ot —5 °C (—10 °C ) go 0 °C mis P (S) BonH.
TTornonieHue, BIUSAOIIee Ha AMHAMUYECKHE ITApaMeTpPhl, ObICTpee pearupyet Ha pacTeryieHre
Mep3JI0TO TPYHTA, YeM CKOPOCTb, YTO HanboJiee aKTyaJbHO B CiIydae IJIaCTUYHOMEP3JIBIX ITOPOJT
U npu Temmneparype, 6;au3koii k 0 °C.

Kntouegvie crosa: ynbTpa3ByKOBble U3MEPEHMsI, TOMJIOLIEHNUE, MEP3JIble TPYHTbI, HEKOH-
COJIMAMPOBAHHBIEC TPYHTHI, JMHAMUYECKHME XapaKTePUCTUKH.

In this article we discuss the results of ultrasonic measurements using p and s waves on a
sample of full water—saturated sand in the temperature range —20 °C — + 20 °C. The results are:
dependence of kinematic and dynamic parameters of the ultrasonic signal on temperature and
elastic waves attenuation parameter. We propose method to calculate the attenuation parameter
of p and s waves at ultrasonic frequencies for a wide temperature range. The values of the
attenuation parameter at negative and positive temperatures differ by 40—50 times for p waves
and by 2 orders of magnitude for s waves. A smooth change in the attenuation parameter from
—5°C (—10 °C) to 0 °C for p (s) waves was observed. The attenuation affecting the dynamic
parameters reacts faster to the thawing of frozen ground than the waves velocity, which is most

relevant in the case of plastic—frozen rocks and at temperatures close to 0.

Key words: ultrasound, attenuation, frozen ground, unconsolidated ground, dynamic

characteristics.

Benenue. DpHekTUBHOCTh KOCBEHHBIX METOI0B
omnpenessieTcsl HaJlUuUUMeM KOPPEISIIMOHHBIX CBsI3eit
MEXJly CBOMCTBAMMU Cpeabl U M3MEPsSIeMbIMU Ilapa-
meTpamu. J1Jis1 BbISIBIIEHUSI KOPPEJISILIMOHHBIX CBSI3ei
KCIIOJB3YIOT Pa3IMUHbIe METOMIbl UCCIEOBaHUS, KaK
MoJieBble, TaK U JabopaTOpHbIE M3MEPEeHHUSs], B TOM
yucie GUnueckoe MoaeIMpoBaHueE.

B ceiicmopasBenke napameTpbl MTHOOPMaIlMOHHO-
ro cMrHaja pasjiejieHbl Ha KMHeMaTUuecKuii (Bpemsi
npuxoja) M IMHAMUYECKUe: aMILJINTyda CUTHaja,
4yacToTa, BUAUMBIN TEepUOJI, CIEKTPaJIbHbIN COCTaB.
Bpewmst npuxoja curHaia cBsi3aHO ¢ TAKUM CBOWMCTBOM
CpeJibl, KaK CKOPOCTh pacIipOCTPaHEHUSI TTPOAOJIbHBIX
WIM TIONEPEYHBIX BOJH, KOTOpasi B CBOI OYepelb
aHAJMTUYECKU CBSI3aHA C YIPYTMMU XapaKTepUCTU-
kamu [epudd, lenmapr, 1987]. HAuHamuueckue

ImapaMeTphl CBSI3aHbI ¢ MMOMIOLIEHNEM SHEPTUH CeIC-
MWYECKUX MJIU 3BYKOBBIX BOJIH B Cpelie, IIPUYeM pac-
YeT TOTJIOIeHUS C MCITOTb30BaHUEM TUHAMUYECKUX
ImapaMeTpoB OoJiee CIOXHAs 3amada, YeM pacueT CKOo-
POCTH BOJIHBI TI0 BpeMEHH €€ TTPUX0Ja U PACCTOSTHHUIO
MEXIY UCTOYHUKOM M MPUEMHUKOM.

3aBHCUMOCTH 3HAYEHUI CKOPOCTH YIIPYTUX BOJTH
B BOJOHACBIIIEHHBIX AUCIIEPCHBIX TPYHTaX pa3HOM
3aCOJICHHOCTH OT TeMIIepaTyphl JOBOJHHO XOPOIIO
M3y4YeHBI KaK OTEUEeCTBEHHBIMHM, TaK U 3apyOeKHBIMU
nccaenopateasiMu [Boponkos u ap., 1991; ®poiios,
1998; Li et al., 2016]. Mi3MeHeHUSIM TWHAMWYECKHX
ImapaMeTpOB BOJIH, PAaCIIPOCTPAHSIOIINXCS B TPYHTAX
IPY TIOJIOKUTENBHBIX M OTPUIATEIbHBIX 3HAYCHU-
SIX TeMITepaTyphl, B JIMTepaType yIeJeHO HaMHOTO
MEHbIIIe BHMUMaHUs. TeMmrmepaTypHasi 3aBUCUMOCTD

! MockoBCKuii TocynapcTBeHHbIi yHuBepcuTeT nMen M.B. JIoMoHOCOBa, Teoornyeckuii hakyibreT, Kadeapa ceiicMOMETpUN 1
re0aKyCTUKH, CT. TIpeI., KaHma. ¢us.-Mar. H., MHctutyT Kprochepsl 3emau TioMHI[ CO PAH; e-mail: m.s.sudakova@yandex.ru

2 MoCKOBCKHiT TOCYIaPCTBEHHBII yHIBepcuTeT nMeHn M.B. JIOMOHOCOBA, T€OIOTHUECKIl (hakyiIbTeT, Kadempa cecMOMEeTPHH 1
re0aKkyCTUKH, 3aBeAyrolmnii Kadenpoii, npodeccop, 1oKTop dus.-mat. H.; e-mail: vladov@geol.msu.ru



90

BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTUAI. 2020. Ne 2

AMIUTATYABI ¥ 9aCTOTHI TIPOIOIBHBIX BOJTH TTOJTHOCTBIO
BOJOHACHIIIIEHHBIX TTECKOB aHAIM3UPYeTCs B padboTe
[Dou, 2015], mpOomOJbHBIX W TIONEPEYHBLIX BOJH B
TeCYaHO-WIMCTBIX CMECSIX Pa3TMIHON BOJOHACKIIIICH-
Hoctu — B [Park, Lee, 2015], pe3oHaHCcHas 4yacToTa
CHUTHAJIOB TIOTIEPEYHBIX BOJIH B TT€CYAHO-TJIMHUCTHIX
CMecsIX ¢ BOJOHACHIIIeHHOCTBhIO 15% — B [Kim et
al., 2018].

Jlen B Mep3ibIX MMOpOmax HE TOJBKO BBICTYITaeT
KaK KOMITOHEHT, XapaKTepU3YIOLINIC YIIPYTUMU TTa-
paMeTpaMu TBEPIOIO Tejla, HO U KaK LIEMEHTUPYIollIee
BEIIeCTBO JUIST MIUHEPAJILHOTO 3epHa, W BCS Mep3iast
mopoJa XapaKTepu3yeTcsT CBOMCTBAMM MOHOJIHMTA
[Dposnos, 1998; 3vikoB, 2007; CkBOpLOB U Ap., 2014;
Kang, Lee, 2015]. B TanoM cocTosTHUM IIeMEHTALIMS
OTCYTCTBYET, M TPYHT MOXET OBITh OIpeiesieH KakK
HeKoHcoJuaupoBaHHbIN [BakynuH, 2011]. N3yueHue
VIIPYTHX CBOMCTB TIpU (pa30BOM TIepeXojie M3 YCIOBHO
KOHCOJMINPOBAHHOTO COCTOSTHUSI B YCIIOBHO HEKOH-
COTMANPOBAHHOE TIPEACTABIISIET OOJNBINON WHTEpeC,
0COOEHHO MPU YCITOBUM, YTO OOIIAst TECOPUST pacIIpo-
CTpaHEHUS YIIPYTUX CBOMCTB B HEKOHCOJIUIMPOBAH-
HO1 cpefie, YIUTBIBAIOLIAS TUCTIEPCUIO aKYCTHISCKIX
CBOICTB ¥ MOTJIOIIeHNE aKyCTUIECKO SHEPTUH B Cpe-
Jie ¥ CBSI3BIBAIOIAS CBOMCTBA aKyCTMYECKOTO CUTHAIA
¥ CBOWCTBA cpenbl, Ha TaHHBIII MOMEHT OTCYTCTBYET
[Brmamos m ap., 2016].

J1715T 5TOTO HY>KHO TIPOAHAIN3UPOBATh N3MEHEHUS
KMHEMATUYECKNX U JTMHAMMWYECKUX XapaKTEPUCTUK
CeCMMUECKOTO CUTHAIA Ha BCEX CTAIUAX TTepexoaa OT
MEpP3JI0TO TPYHTA K TaJioMy W Hao00poT. 3mepeHus
Ha (pU3UYECKUX MOJENSX C KOHTPOJIUPYEMBIM HM3Me-
HEHWEM CBOMCTB JIOJDKHBI IaTh HOBYIO MH(MOPMAIIIIO B
CYIIECTBYIOIIIME TIPEICTABICHMS O Cpefie, a pe3yIbTaThl
JOJDKHBI YTOUHUTD CYIIECTBYIOIINE MOIETN WU TIOM-
BUTHYTH K CO3IaHNIO HOBBIX. [lapaMeTp MOrTonieHus,
KpOME€ CKOpPOCTH pPacHpoCTpaHEeHMS BOJH, — elle
OIMH TITapaMeTp, KOTOPBI XapaKTepu3yeT cpedy, e
COCTOSIHUE Y CTEIIEHb €€ JIMHEWHOCTU U HEJIMHEN -
HOCTH.

CKOpPOCTb BOJIH IIJISI MEP3JBIX M TaJbIX BOIO-
HACHIIEHHBIX TPYHTOB OTJIMYAeTCS Ha ITOPSIIOK,
Torfa Kak TOTJIOIIeHNe — Ha 3 TopsiaKa, TTO3TOMY
3HAYeHNE TIOTJIONMIEHUS] MOXET TOYHee OXapaKTepH-
30BaTh COCTOSTHME TPYHTA, YTO HaMOOJIee aKTyaTbHO B
ciaydJae TIAaCTUIHOMEP3JIBIX TTOPO U TP BeJTMIMHAX
temmnepatypsl, 0m3kux K 0 °C. TemmnepatypHas 3a-
BUCHUMOCTD TTOTJIOIICHUS TIPOIOIBHBIX W TIOTIEPEUHBIX
BOJTH, U3MepeHHAasT pe30HAHCHBIM METOIOM TTPH TeM-
neparype oT —10 mo +10 °C, npusBenena B [Wu et al.,
2017], onHaKO 3TU aBTOPbI OTMEUAIOT HEHAIEXKHOCTD
pe3ybTaToOB IMpU Temrieparype Boilie —3 °C Bciea-
CTBHE OIIMOOK SKCTIEPUMEHTA.

31ech TIPUBOIATCS Pe3yIbTATHl YIBTPa3BYKOBBIX
W3MepeHU C MCITOJIb30BAaHUEM TIPOMOJIBHBIX U TI0-
MepevyHbIX BOJH Ha 00paslie MOJHOCThIO BOAOHACKI-
IIEHHOTO CPEIHE3ePHUCTOTO TecKa B AUAITa30He TeM-
nepatypsl oT —20 mo +20 °C. 3mepeHue u onmrcaHue
(pU3MKO-MeXaHNIECKUX CBOUWCTB M MHWHEPATHLHOTO

COCTaBa MCCIIEAYeMOTro oOpasla BEIXOIST 3a paMKH
Harrero uccienoBanust. CaMm 3KCIIEPUMEHT, METOIUKA,
armaparypa, MoJyYeHHbIe BOJHOBBIE KapTUHBI U MX
W3MEHEHNE BO BPEMEHHM OIMMCAHBI 1 TTPOaHATIN3UPO-
BaHHI B ctaThe [CymakoBa, BimamoB, 2019]. 3neck MbI
OCTAaHOBUMCS Ha 3aBUCHMOCTH KMHEMAaTHMYECKUX W
TMHAMUYECKIX TTapaMeTPOB YIbTPAa3BYKOBOTO CUTHAIA
OT TeMIIepaTyphl, a TAKKe Ha OIpeIe/ieHN TTapaMe-
Tpa TIOTJIOIIEHUS YIPYTMX BOJH TIPU (U3NIECKOM
MOJIECIMPOBAaHNHN B INMPOKOM IWAaria30He 3HAYCHMI
TEeMIIepaTyphl, BOZHUKAIOIINX TIPA 3TOM TpobIeMax
M CIIoco0ax MX pelieHusl.

3aBHCHMOCTb CKOPOCTH PACTIPOCTPAHEHHUS TPOI0.Tb-
HBIX ¥ MONEPEeYHbIX BOJIH W JHHAMHYECKIX MAPAMETPOB
CHTHAJIOB OT Temmepatypbl. JIyig vicciemoBaHus ObUTH
BBIOpaHBI CJIEAYIOLINE TTapaMeTPhl: CKOPOCTh PacIipo-
CTPAHEHWUS BOJIH B 00pasue V, aMInTyaa «KOHBepTa»
A: cymMMa aOCOJIIOTHBIX 3HAUYCHMIA MaKCUMAaJIbHOU U
MUHUMaJIbHOU aMIUIMTYObI CUTHAa W IIEHTpabHas
yacToTa F, cCOOTBeTCTBYIOIIAss MAaKCUMYMY CITEKTPaIh-
HOM IJIOTHOCTHU.

AHaM3 BOJHOBBIX KapTUH TPOJOJIBHBIX M TIO-
TePEeYHBIX BOJH TIPU M3MEPEHMSIX Ha JBYX MHTEepBa-
JIax Tpobera BOJIH TTO3BOJIVII OTIPEIETUTH TTOBEACHIE
KMHEeMaTHYeCKNX W AWHAMUYECKMX IapaMeTpoB B
Tpolieccax 3aMOPaXXMBAaHUS M OTTaMBaHUS 00paslia.
Ha puc. 1 u 2 npuBeaeHsl rpaduku mapaMeTpoB 3a-
nucu TMpoaosbHbIX (P) u monepedHbix (S) BOJAH OT
TeMIIepaTyphl, TOIYYeHHBIE B ITMKJIAX 3aMep3aHUs
n oTTamBaHUs. ['padmku TmpuBemeHBI B OUama30HE
temnepatypbl oT —20 no +20 °C u ot —5 no +5 °C,
YTOOBI HaTJIAMHEE MMOKa3aTh M3MEHEHUST XapaKTepH-
CTHK YIbTPa3ByKOBOTO CHTHAJIa B 00JIACTH Tepexoa
yepes 0 °C.

CpenHsss CKOPOCTh MPOAOJBHBIX BOJH B BOIO-
HACBIIIIEHHOM TaJIOM TiecKe cocTaBwia ~460 M/c, B
Mep3iaoMm mecke — ~5000 m/c. CpenHsIT CKOPOCTH
TOTIEPEYHBIX BOJH B BOIOHACHIIIIEHHOM TajlOM TIe-
cke coctaBmima ~200 Mm/c, B Mep3noM — 3300 m/c.
B uennom 3HaueHust ckopoctu P u S BOJTH HaxoasITCs
B TIpefiesiaX, U3BECTHBIX 10 JIUTEPaTypPHBIM TaHHBIM
[Boponkos, 1991; Park, Lee, 2014].

IMoutn Be3me 3HAYEHUS] CKOPOCTU MPOHOJTBHBIX
W TIOTIEPEYHBIX BOJIH, ITOJYYeHHBIX TPW OTHON U
TOI Xe TeMIiepaTrype BHYTPHU oOpa3siia, MpaKTUIECKU
TIOJTHOCTBIO COBITAIAl0T, HE3aBUCHUMO OT TOTO, KaKoOt
TIPOIIECC TIPOMCXOANT — 3aMep3aHue WIN OTTauBaHUE,
rpauMkM MMEIOT XapaKTepHbIi BUI «cTyneHu». [Ipu
MaJTbIX OTPHIIATETEHBIX BEIMUMHAX TEMIIepaTyphl 3HA-
YEHMST CKOPOCTU TIOTIEPEYHBIX BOJIH, TTOJYICHHBIX B
Tpoliecce 3aMOpaXkMBaHUs, OOJBIIIE, YeM B TIpoIlecce
OTTauBaHUsI, T.€. HAOIIOAAETCS SIBJICHUE «TUCTEPE3U-
ca». JIJIs TIpOMOTBLHBIX BOJIH TaKOM K€ pe3yibTaT He
HabJTIomaeTcsl: CKOPOCTh, TTOJTyYeHHAS TIPU M3MEepPEHM -
sIX Ha 0aze 4,5 cM mpu 3aMOpakMBaHWM, BbIllIe, Ha
6aze 10 cMm — oauHakoBas. B To xxe Bpemsi B pabote
[Nakano et al., 1972] npuBeneHBl CBeJcHUS O Ha-
OJIFOMIEHHOM TUCTEPE3nCce 1T CKOPOCTH TTPOIOIBHBIX
BOJTH B 00Opa3iiax mia W TJAUHBI TIPA 3aMOPaKUBAaHUT
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Puc. 2. 3aBUCHMOCTb CKOPOCTH PACIpOCTPAHEHUS U IMHAMUYECKUX MTApaMETPOB CUTHAJIA TIOMEPEYHBIX BOJH OT TEMIIEpaTyphl: A — TeM-
nepatypa uameHnsiercst or —20 o +20 °C, 5 — temneparypa usmeHsiercst ot —5 g0 +5 °C. TeopeTuvyeckue 3aBUCMMOCTH PACCYMTAHbI IO
dopmyne (1), npuBeneHHOi B TekcTe. [TapameTpnl (hOpMYIIbI PUBEIEHBI B Tabd. 2; L — paccrosiHue Mexay JaTduKamu
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1 OTTaWBaHUM TP MAJTBIX OTPULATEILHBIX 3HAUYCHUSX
TEeMIIEPaTyPHI.

Bun rpadukoB m3aMeHeHUS AMHAMWYCCKUX Xa-
PaKTEepUCTUK CUTHaja MOBTOPSET BUA TpadUKoOB
CKOpOCTH. B 11e10M 3HaUEHNS aMIUTUTYIBI ¥ YaCTOTHI
CHUTHAJIOB OOJIBbIIIE B CIyd4ae MEHBIIETO pPacCTOSHUS
Mexny natankamu. LleHTpanbHas 9yacToTra cUTHaja
TTOYTHU JTOCTUTAET 3asIBJICHHBIX B TACIIOPTE MTaTYNKOB
100 xI'qy TobKO B cilydae M3MEPEHUI Ha IIPOIOJIb-
HBIX BOJTHAX, KOTJIa TeMIlepaTypa oopasiia CoCcTaBJIsIeT
okojio —20 °C, a paccTrosHue MeXAy HaTYMKaMHu —
4,5 cm. 3n1ech LUeHTpalbHas yacTtoTa paBHa 98 kI
IIpy MEHBIIMX OTPUIIATEBHBIX BEIWYMHAX TeMITe-
parypbl (ot —20 no —5 °C) B ciyuyae U3MepeHUsT Ha
MTOTIEPEYHBIX M TIPOAOJBHBIX BOJHAX IIeHTpalbHas
YacToTa CUTHAJIA TIPU PACCTOSTHUHM MEXKIY JaTINKaMU
4,5 cm coctasisieT okojio 80 kI'u. ITpu paccrosHuun
MexXmy maTankaMu 10 cM IIeHTpajdbHas 4JacToTa B
MEpP3JI0M TlecKe B HECKOJIbKO pa3 MeHbiie 100 kI'i:
15—20 kI’ a1st IpoaoAbHBIX BOJAH U ~5 Kl B ciy-
yae TOIepeYHBIX. B WTOTE IEeHTpaiabHAs dJacToTa
CHWTHAJIa HIKe 3asIBJICHHOM U ee 3HaueHHUe HIDKe TIPU
0O0JIbIIIEM PACCTOSIHUM MEXAY JaTdMKaMU. DTOT (pakT
CBHIETEITLCTBYET O YACTOTHO 3aBUCHMOM TIOTJIOIIEHUHT
SHEPTUM YIIPYTHX BOJH B 00pasile, KOTOPOE MOXKET
OBITH BBI3BAHO HAJTWYMEM He3aMep3lleil BOIBI, rasa,
HEOJIHOPOIHOCThIO 00Opaslia, UYTo HaOJIOAaeTCs Jaxe
mpu TemIrepatype 3HaunTeabHo Hinke 0 °C. Ipu mo-
JIOKHUTETLHON TeMIepaType ILeHTpalbHasT 4acToTa
CHTHAJIa OXXMIaeMO HUXe MacIOpTHOM Ha 2 MopsIIKa:
OIHVM M3 aBTOPOB CTaTbW OBUT TTOJYYEeH W OIYyOIIH-
KOBaH aHaJIOTWYHBIN pe3yabraT [Bmagos u ap., 2016].
LlenTpaspHas yacToTa TPOIOIBHBIX BOJH COCTABIISIET
2,4 k'l Ipu pacCTOSIHUU MEXY JaTyukamu 4,5 cM u
0,6 xI'tr ipu paccrostaum 10 cm, a monepedHbIx — 1,5
un 0,9 xI'lI COOTBETCTBEHHO.

B ciyyae mepanoro obpasia amIuiMTyaa curHaia
Ha 3 nopsiaka 0oJiblie, YeM ISl TaJIoro, Kak sl Tpo-
TTOJTBHBIX, TaK 1 JUTS TTOTIePEYHBIX BOJTH, HE3aBUCUMO OT
paccTosTHHSI MeKIy aTaukamu. [1pu paccTosTHIT MexX Ty
natyrkamu 10 cM aMIuiMTyaa npy¥MepHo B 3 pa3a MeHb-
1IIe TP IIOJOXUTEIbHOM TeMmeparype u B 2—10 pa3
TIPY OTPUIIATESTLHOM TeMIIepaType, YeM TIPH PacCTOSTHIUN
4,5 cM. MckintoueHre cOCTaBiIsIeT Cydail Uu3MepeHMsI
Ha TIOTIepeYHbIX BOJTHAX TIPY OTTaMBaHWM OOpaslia — B
3TOM CJIydae aMITIMTyaa Ha pacctostHun 10 cM cpaBHMMA
u Jaxe Oosnble, yeM Ha pacctosgHuu 4,5 cMm. Taxoit
pe3yabTaT MOXKHO OTHECTH K OIIMOKaM, CBSI3aHHBIM C
HEKOHTPOJIMPYEMBIM TPIKUMOM JTaTINKOB.

DddexT «rucrepe3rca» HaOIIOZACTCSI HE TOJILKO
IIJIST CKOPOCTH, HO W TSI AMHAMUYIECKUX TTapaMeTPOB
MTOTIEPEYHBIX BOJIH TIPU BBICOKOM OTpPHIIATEILHOM
temneparype (mo —5 °C). 3HaueHus LEHTPaTbHOU
YaCTOTHI M aMIUTUTYIBl «KOHBEPTa» IJIST OMHOU U TOU
K€ TeMIlepaTypsl B IIUKJIE OTTaWBaHUSI MEHBIIIE, YeM
B IIMKJIe 3aMep3aHus. [1o HalreMy MHEHHIO, 3TOT 3(-
deKT 00BSICHACTCS HepaBHOMEPHBIM IPOMep3aHNeM
W OTTamBaHMEM OOpaslia B YCIOBUSIX DKCIIEpUMEHTA
[Cymakosa, Brmamos, 2019].

ITonbITKa TIPEACTaBUTH ITOJIyYEHHBIE 3aBUCUMO-
CTH B BHJIE MATEMATUYECKOTO BLIPAKEHUST TTPUBOINAT
K CJCOYIOLLEH anmpoKCUMAIMOHHOK (opMmyIie:

fmax’ t<ttr
f(t): fmax_fmin >
WJrfmin (M

roe f(f) — 3aBUCHUMOCTb CKOPOCTH, aMITJIUTYIbI WU
LIEHTPAJIbHOM YacTOTHI OT TeMIIepaTyphl, f — TeMIIe-
patypa, °C; f.« — MakKCUMaJlbHOe 3HaueHue (yHK-
LI, JOCTUTaeMOe TP OTPUIIATEIBHOM TeMIIepaType;
Jmin — MUHUMAabHOE 3HaYeHUe (YHKIUU, JOCTUTae-
MO€ TIpU MOJOXUTENbHON TemIepaType; #, — TeMIle-
paTypa Haydaja repexoaa OT MaKCUMaJIbHOTO 3HAUYCHUS
K MUHMMajibHOMY; N — MoKaszaTelb CTEMeHU; f ..
U fi, — U3MEpeHHble 3HavyeHus:; t, u N mondupa-
JINCh OTHOENBHO IS KaXXIOro ImapamMeTrpa W IIMKIIa
3aMep3aHus WM OTTAaWBaHUS ITyTeM TPUOIMKEHUS
pacCYMTAaHHON 3aBUCUMOCTH K 9KCIIEpPUMEHTAIBHOMN
METOJIOM HaMMEHBIITNX KBaZpaToB.

[Mapamertpsl 3aBucumocTeii 7, U N 1Sl CKOpO-
CTH, LIEHTPAJTBHOM YacTOTHl M aMIUTMTYIbl CHTHaja
IIJIST pa3HBIX TUTIOB BOJH MpHBeAeHBI B Ta0m. 1. JImsa
ITWHAMHWYECKHMX XapaKTepUCTHK TeMIlepaTypa Hadayia
repexonia U3 OJIHOTO COCTOSIHUS B Apyroe (f,) HUXe,
YeM JIJIT CKOPOCTH. DTO CBHIETEIBCTBYET O TOM, UTO
ITMHAMUYECKHUe rapaMeTphl CUTHAJIa ObICTpee pearnpy-
0T Ha HavaJo U3MEHeHWI B 00pa3lie, Ha pa3pylieHne
LeMEHTALINN 1 TIOSIBJICHNE KUIKOI BOIBI, a 3HAYMT,
10 3HAYEHUIO TTOTJIOIIEHNST BO3MOXHA OoJiee TOUHAs
OLIEHKA COCTOSIHUSI MEP3JIOrO I'PYHTA.

Tab6nauma 1

ITapameTpbl TeMNepaTypHbIX 3aBUCHMOCTEi (BHI, 3aBHCHMOCTH —
¢opmyaa (1)) ckopocTi MPOIOJIBHBIX W MONEPEYHBIX BOJH U
JMHAMAYECKHX XAPAKTEPUCTHK YJIbTPA3BYKOBOTO CHTHAJA

Tun n L, | IMapa- | Cko- Ammg- | Lent-
poriecc Tyga panbHas
BOJIH cM | Metp | pocTb
KOHBEpPTA | 4acToTa
- N 4 6 4
2 45 -
§ |3amopa- t,, °C —-2,2 —4 -3
2 | XuBaHue N 6 8 5
& 10
~ t,, °C -1,8 -2 -2
o
2 N 3,6 7 5
Z 4.5 "
5 |orramBa- ty, °C -1,2 -2,5 —4
g | Hume N 4 4 3
= 10
= tp °C | 2 —4,2 -3
= N 6 3 6
£ |samopa- ty °C —1,5 -3 -3
8 |xusanue N 3 3 3
@ Ty °C —2 —2 -3
o
= N 4 8 2,5
é oTTauBa- ly °C -2 -3 —6
% Hue N 4 4 3,33
= t,, °C | —2,5 —6,5 -3,6

[pumeyanus. t,, °C — Temneparypa Hayaja nepexona U3 Mep3-
JIOTO COCTOSIHUS B TaJlO€ WJIM HAa000pOoT; N — MokaszaTesib CTeNeHU.
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OneHka mapaMeTpa NONIOIEeHHs. 3HAYCHUS -
HaMWYECKUX TTapaMeTPOB CUTHAIA M UX 3aBUCUMOCTD
OT PACCTOSHUS MEXAY ITaTYNKaMM CBUICTEIBCTBYIOT
0 HAJUYMU YaCTOTHO 3aBUCHMOTO IIOTJIOIICHUS B
oOpasiie; 6osee TOro, 3MEHEeHWE TOTJIOIIECHUSI, BITH-
SIOIIeTO Ha MTWHAMWYECKHE TapaMeTphbl, 3aHMMaeT
Ha TeMIIepaTypHOU IIIKajie OOJBIINIT MHTEPBaAJI, YeM
ckopocTh. Ecnu 3HaueHUS CKOPOCTH TIPOMOJBHBIX
W TIOTIEPEYHBIX BOJH BBIXOAAT HA aCUMITOTY TIPHU
temnieparype ot —1,2 no —2,5 °C, To AMHAMHUYECKHe
mapamMeTpbl — IMpu Temmeparype or —2 go —6,5 °C
(Tabx. 1), moaToMy 1eJIecO00pa3HO OMpeaeIeHNUE T10-
TJIOIIEHUST U €TO 3aBUCUMOCTH OT TEMIIEPATypHI.

ITornoleHre 3aBUCUT OT 4acTOThl = B(w), 3a-
BUCHMOCTH TTOTJIOIIEHUST OT YacCTOTBI MOXKET OBIThH
anmnpoKCUMUpoOBaHa JUHeWHOU dyHkiuen: B(o)=
Bow, THE By=const.

Memoovt ouenku napamempa nozaowenus. K Hau-
0oJ1ee M3BECTHBIM METOIAM pacueTa TTapaMeTpa Iorjio-
IIEHUS OTHOCATCS METOJ YMEHBIICHUS aMIUIUTYIHI,
METO, CITeKTPaJTbHBIX OTHOIIEHWN W METOI CIBHTA
EeHTPaAIBHON YaCTOTHI.

MeTton yMeHbBIIIEHUST aMIUTMTYIBI TIPUMEHSIETCS BO
BPEMEHHOI 00JIaCTH M MMeeT PsiT TIPUHIIUTTNATBEHBIX
HEAOCTAaTKOB, KOTOpHBIE ACIAI0T eT0 TPaKTUIeCKU
HETIPUTOMHBIM [IIJIT TIpUMEHEHMST KaK TIPW pacuere
TIOTJIOLIEHUS TIO TIOJIEBBIM JTaHHBIM, TaK M 11O TaH-
HbIM J1a0OPATOPHBIX M3MEpPEeHUI. DTO HEOOXOAUMO
JUTST ydeTa OTpaXkeHUs W TpeJIOMJICHUS Ha TpaHUIlax,
MHTEp(hEPEHIINY C IPYTVMU CUTHAJIAaMU; METOJl HUKAK
HE YYWTBIBaeT M3MEHEHUS] YaCTOTHOTO COCTaBa TP
MPOXOXKIEHUN CPeabl BOJTHOM. B mabopaTopHBIX M3-
MepeHUSIX Ha OIMHAKOBBIX 00pa3liax pa3HOU JUTMHBI
METOH TpeOyeT COOMIOAEHUSI MOCTOSIHCTBA YCIOBUS
BO30YXXAeHUS W TIpHeMa, T.e. MOCTOSTHHOW CUJIBI
KOHTAaKTa 1 TPIKMMa TaTYNKOB, UTO B OOJBITMHCTBE
CJTyJaeB He TIPEICTaBIISIeTCS BO3MOXHBIM. Pe3yabraThl
pacyeTa rmapaMmeTpa TOTJIOIICHUS TAKUM METOIOM CO-
JepXKaT OIIMOKN M 37eCh HE TIPUBOISITCS.

MeTon cmeKTpaJlbHBIX OTHOIICHWN BIEpPBHIC
ObU1 onucaH B pabote [Sams, Goldberg, 1990]. CyTb
MeToJa COCTOWT B OIPENeSIeHUHM TapaMeTpa ITOTJIo-
LIEHNS Yepe3 OTHOLIEHMS CIEKTPOB CUTHAIOB S;(®)
n S,(®), MPOIIEAINNX TYTh /; U hy COOTBETCTBEHHO,
rne Ah=hy,—h;>0:

egn
_ LU o) )
Po = A do ' S

Merton cneKTpajbHbIX OTHOILIEHUIA TpeOyeT MU-
HMMAaJIbHBIX MPEANOJ0XEHUI O CBOMCTBAX Cpeabl U
napamMeTpax curHaua. C ero moMoluIbio aHaTU3UPYyeTCs
nepepacripeieJIeHue dHEprud CUrHaja 1o 4yactoram,
MO3TOMY 3TOT METOJ He TpeOyeT KOMIIeHCalluM 3a
JaCTOTHO He3aBUCHMBbIE (PaKTOpPbI, abOCOJIOTHOE
3HAUYEHUE aMIUIMTYIbl CUTHAJIA HE NPUHUUITUAILHO.
B xoHTekcTe 1a00paTOPHBIX UBMEPEHUIA 3TO O3HAYAET,
YTO paccMaTpUBAEMbIi METOJ HE UYBCTBUTEJEH K

MOTPELIHOCTAM B KOHTaKTe JaTUMKOB W oOpaslia, 1
MO3TOMY €r0 MOXHO MPUMEHSTH JIJIs1 pacyeTa Morjio-
LLIEHUST C UCTIOJb30BAaHWEM CUTHAJIOB, MOJYYeHHbBIX B
pe3yJbTaTe pa3HbIX U3MEPEeHUI Ha OJHOM U TOM Xe
00paslie Ha pa3HbIX «0a3ax» WM Ha IBYX OJMHAKOBbIX
obpasuax pa3HoOl JJIUHBI.

B 1O Xe BpeMsi 3TOT METOJl HaKJaJblBaeT OIMpe-
JIeJIEHHbIE OTPAHUYEHUSI Ha aHAJIM3UPYeMble CTIEKTPbI
curHayioB. Bo-nepBbIX, CMellleHWe CIIeKTpa B CTOPOHY
0ojiee HM3KMX YacTOT [JIsl CUTHaJa, TMpOoIIeAlero
MyThb /,, OTHOCHUTEIBHO /;, JOJKHO IMPEBOCXOINUTH
MOTPELIHOCTbh U3MEPEHUI U TIOTPeIIHOCTb BbIUKCIIE-
HUSI CHEKTpPoB. Bo-BTOpbIX, pa3HUlla B TOJOXEHUU
aMIUIMTYJIHBIX CIIEKTPOB Ha YaCTOTHOM OCU He J0JIX-
Ha OBbITh CJUIIKOM OOJBIION, T.€. CIEKTPhI TOJKHbI
MepeKphIBaThCS B 00J1aCTH, I/le aMIUTUTYIa CUTHAIOB
coctapister >0,5 or Mmakcumyma. MUHBIMU clioBamu,
3HaYeHUEe A/ JODKHO OBITH ITOJOOpaHO TaKUM 00-
pa3oMm, 4YTOObI CHEKTPbl CUTHAJIOB YAOBIETBOPSIIU
BbILLIEYKa3aHHbIM YycJoBUsIM. Tlo cyTu, 3TO O3Ha-
YaeT, YTO XOTs Obl MOPSIIOK MapaMeTpa MOMIOLIEHMS
By MOMKEH OBITb M3BECTEH 3apaHee, YTO HE BCETAa
BO3MOXHO. Kpome Toro, sl MpaBUJIBHOTO pacyera
CMEKTPOB HEOOXOAMMO HaJIMUME 1IEIbIX UMIYJIbCOB,
0e3 uHTephepeHIINN.

B mertone caBura lieHTpaJibHOW 4YacTOTHI Ta-
paMeTp TIOIJIOIIEHUsI BBIYMCIISIETCS Yepe3 pasHUIly
B LEHTPaAJbHBIX YacTOTax. DTOT METOJA TaKXe He
TpeOyeT KOoMMeHcalluyM 3a YaCTOTHO He3aBUCHUMBbIE
(hakTopnl. Ero MoXHO MCIOJb30BaTh BCeraa, Koraa
CUTHAJIBI, TIPOILUEAIINE TIYTA A, U h,, WIN CIIEKTPHI
3TUX CUTHAJIOB, MOXHO aripoKCMMUPOBATh KAaKON-TO
oiHOW aHanuTudeckoi dyHkuuei. [TpumeHstoT arn-
MpOKCUMAIIMIO CUTHaIa UMITyJIbcoM Pukkepa [Zhang,
Ulrych, 2002] uiau anmpoKcuMaluio CrieKTpa CUrHaja
pacnpenenenueM aycca [Quan, Harris, 1997]. ®op-
MyJia JJ1s1 OLIEHKU MapamMeTpa IMOMIOLIEeHUS] CUTHAJIOB,
uMermnx ¢opmy umiyibca Pukkepa, BBIVISIUT
CJeAyIOIIMM 00pa3oMm:

B ) O*)(2) — (th
* T w2, An G)

Ecnu ke mis curHaiaoB momoOpaTh aHaJIUTHYE-
CKYI0 (DYHKIIMIO HE TPEeICTaBIsIeTCs] BOSMOXKHBIM, TO
C TIOMOIIIBIO 3TOTO MeToJa TapaMeTp IOIJIOLICHUS
MOXKHO TOJIBKO OLICHUTb.

Memoo cpasnenus ¢ 3masonom — crocod TIpu-
MEHEHMST METOJa CIEKTPATbHBIX OTHOIICHU. DTUM
CocoOOM MOXHO ITOJIb30BaThCs, KOra HET HAOII0-
JEeHMIA Ha pa3HbIX 0a3ax, YTOOBI peayn30BaTb METOL
CIIEKTPAJIbHbIX OTHOIUCHUN B €T0 KJIACCUYECKOM MO-
CTaHOBKE.

CyTb MeTOAa CpaBHEHMS C ITAJIOHOM 3aKJIioya-
eTcs B ciemyiomieM. IlycThb cyllecTByeT 3TaJOHHBIN
o0Opa3sell, B KOTOPOM M3BECTHBI MapaMeTphbl pacipo-
CTPAaHEHHUsl YJIbTPa3ByKOBOro curHaia B;(w)= By o',
Bo;=const, y=1, TOorga cnexTp CurHajia, MpoLIeIIIero
B STAJIOHHOM oOO0pasle MyThb /4;, MOXHO BbIPa3UThb

dopmyioii (2).
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Bripazum morsionieHne B MCCIeIyeMOM oOpasIie
yepe3 MOTJIoIIeHNE B «dTajloHe». [1ycTh JimHa obpas-
L1a paBHA JAJIMHE 3TajOHa /A, TOrJa CIEKTP CUTHaIA,
TIPOIIIEIIETO MyTh /4; B oOpasle, paBeH

| joh,
S (jw)= So(jm)h—e_ﬁzm)h‘e r, (4)
|

rae B, u V — mapaMeTp MOrjoleHusi 1 CKOpOCTb B
o0Opas3iie;

% =exp [—Bl((l))hl + B2 (@A ]’ ®)
_ 1 Si(w)
BZ((D)_h_l lnmﬂ?ﬁ(@)) , (6)

rae Bo(w) U3BECTHO.

AHaJOTUYHYIO 3aBUCMMOCTb MOXHO MOJIYUUTh, €CIU
obpa3zell 1 «3TaJOH» UMEIOT pa3Hylo JuIuHY. s Me-
TOJa 3TajoHa ACHUCTBYIOT T€ € OrpaHUYEHUsI, UTO U
JUJISE METOJIa CHEKTPAJIbHBIX OTHOILIEHUIA.

Ha puc. 3, A npuBeneHbl NpUMepbl CHEKTPOB
CUTHAJIOB JATYMKOB MPOAOJbHBIX BOJIH, TOJTYYEHHbIX
B LIMKJIe 3aMep3aHusi. CreKTpbl CUTHAJIOB, MOJYYeH-
Hble Ha pa3HbIX 06a3ax, UMEIOT 00JIACTb MePEeKPHITUS
TOJIBKO TPU TOJOXUTEJIbHOU Temnepartype. Ilocie
noctrxkeHus 0 °C crneKTpbl MepecTarT IepeKpbl-
BaThCs, «pa3be3KaloTCsSI» Ha TeMIIepaTypHOI IIKaJe,
U orepalus AeJeHUs] CTAHOBUTCS HENpPaBOMEPHOMA.
Takoe cooTHOlLLIEHUE CITEKTPOB HAOJIIo1aeTCsl ISl BCEX
TUITOB BOJIH KaK B ITpOLIeCcCe 3aMOPaKMBaHUsI, TaK U B
npoiiecce orrauBaHus. IIpuunHa 3TOro 3aKkjoyaeTcs
B CJMIIKOM OOJIbIION pa3HUlle 0a3 U3MEPEHUN IS
KOHKPETHOI'O COCTOSIHUSI TPYHTA.

s onpenenaeHus mapameTpa NoraoeHUs MOX-
HO MCIOJIb30BaTh METOJI CIIEKTPaJbHBIX OTHOILIEHUIA
TOJIBKO JUIsl cllydasi oOpasla Mpu TOJIOXUTEIbHOMN
temneparype. [1pu Temmiepatype ot 0 °C 1 HUKe Takoi
pacuetr HeBO3MOXeH. B aToil cutyauuu mis onpenae-
JIEHUSI TTapaMeTpa TMOMIOIIEHUsT aBTOPbl TpeiaraloT
KCIIOJb30BaTh METO/I 3TaJIOHOB.

s onipeaesnieHus: mapaMeTpa MorjaoleHu s B 3a-
Mep3iieM oOpasiie B KaUYeCTBE ITAIOHA UCTIOJIb30BaJICs
TUieKcuriac. YJibTpa3ByKOBbIe UBMEPEHUS 1O TOU Ke
METOJIMKe U C TOM Xe anmnaparypoil [Cynakosa, Bia-
noB, 2019] 6buIM caenaHbl HA ABYX IJIEKCUTIACOBBIX
LUJIMHAPaX 1MaMeTpoM 7 cM U ajauHoi 7 u 15 cm. Ha
puc. 3, b nipuBeeHbI CIIEKTPbl CUTHAJIOB, MOJYYEHHbBIX
MpU U3MEPEHHUSIX Ha TUIeKCUTJIace U Ha o0paslie nmpu
OoTpHULIaTeIbHOM TeMnepaType. BuaHo, 4To ycioBus,
HeoOXonuMbIe ISl TIPUMEHEHUSI METO/la CPaBHEHMUS
C DTaJlOHOM, COOJIIOAEHbI: HabJIIOaeTCsl CMEeleHue
creKTpa B 00J1acTb HU3KUX YaCTOT, U CIEKTPHI Mepe-
KpbIBalOTCS MO YpoBHIO 0,5 OT MakcMMyMa, NMpuyeMm
CMHEKTPbl CUTHAJIOB, IMOJYYEHHbIX Ha LUMJIMHIpPAX U3
TUieKcuriaca ¢ JaTYMKaMmu MornepeyHbIX BOJIH, MOUYTH
HE OTJIMYAIOTCS MO MAaKCUMyMy TIPU YCJIOBUM, 4UTO
pasHulia npobera CUrHaJ0OB OTJIMYAeTCsl 0OJIbllIe YeM

B 2 pa3a, 4YTO CBUIETEILCTBYET O HCOMMHAKOBOM CHJIe
MIPIKUMa TaTINKOB.

B mmekcurirace mapamMeTp MOTJIOIIEHUS OTIpee-
JISIIICS TIO METOJY CITEKTPaTbHBIX OTHOIIeHUH (hopmy-
J1a 2), OH MOMyIMICs paBHBIM 3-1077 TSl IPOLOTBHBIX
BOJH ¥ 11077 [UIst MOTepeyHsIX.

Pe3yabTaThl pacyera mapaMerpa NOIJIOIIEHHS IO
3KCIEePUMEHTANBHBIM TaHHBIM. 3HAUYeHWs TTapaMeTrpa
TTOTJIOIIIEHUST OTIPENEIISIIIN TPEMST METOIaMU: B O0JIACTH
MMOJIOKUTETLHON TeMIIepaTypsl — METOIOM CITeK-
TPaJIbHBIX OTHOIIIEHMH, B 00JIACTH OOJIBIINX 3HAYCHU I
OTpHIIATeTEHOM TeMITepaTypbl — METOIOM CPAaBHEHUS
C BTaJOHOM W IIJIST BCEeX 3HAUEHWI TeMIIepaTyphl —
METOIOM CIBUTA LEHTPATbHOM Y4acTOThl. CHUTHAJIHI,
MMOJTydYeHHBIE B pe3ysbTaTe HAIlUX W3MEpPeHWH, ar-
MMPOKCUMUPOBATh UMITYJIbcOM PrKKepa HeBO3MOXKHO
(BOJTHOBBIE KapTUHBI Ha TIPOJOIBHBIX M TMTOTIEPEUHBIX
BOJTHaX B IIMKJIAX 3aMep3aHUs M OTTaWBaHUS TIPUBE-
neHsl B padore [Cynmakosa, Bnagos, 2019]), moatomy
C TIOMOIIIBI0 METOJa CABWTA IIEHTPAIBHON YacCTOTHI
rmapaMeTp TTOTJIOIIEHUS MOXHO TOJBKO OIICHWUTh, W
3eCh OH He SBIISIETCS OCHOBHBIM METOIOM pacuerTa.

Ha puc. 4, A npuBeneHbl 3HaYEHUS ITapaMeTpa
TTOTJIOIIEHMST, PACCYMTAHHOTO METOAOM CITEKTPATBHBIX
OTHOIIIEHWI (B 00JIACTH TIOJIOXUTEIBHON TeMrepa-
Typbl), METOJOM CpPaBHEHUS C 3TAJTOHOM (B 00sacTu
OTPUILIATEILHON TeMITepaTypbl) U METOIOM CIBUTA
YaCTOTHI.

ITapamerp mornomenus P- u S-BOJIH, paccyu-
TaHHBI METOIOM CABWTA IIEHTPATbHOM YacTOTHI, B
00JIacT! OTPUIIATEIFHON TEMIIEPaTypPHI JUIST pacCTOS -
HUSI MeXIy natdyukamu («06asbl») 10 cM Ha TOpsIoK
Oosblue, yem B, 1Jist «6asbl» 4,5 cM.

B oG1acty mos0XUTENBLHOM TeMMepaTyphl B ClIy-
yae 3aMep3aHus 3HAYeHUS IMapaMeTpa TTOTJIOMICHUS
P-BoJH, M3MEPEHHOTO METOIOM CTIEKTPATBHBIX OTHO-
IIeHWH, Ha TIOPSAOK MEHbIIIe 3HAYCHU, TTOJTYIeHHBIX
METOIOM aHaJin3a CABUTA ILIEHTPATbHON YaCTOTHI,
TIPY 3TOM 3HAYEHUS, TTOJTydeHHBIE [IJIST pa3HBIX «0a3»,
MpakTUYECKU COBMaaarT. B mpoliecce oTrauBaHus B
00J1aCTH TTOJIOKUTEIBHON TEMITEpaTyphl 3HAYEHUS 3
MTPOIOJBHBIX BOJIH COBITAMAIOT TIPH pacdyeTe METOIOM
NeJICHUST CTIEKTPOB M METOJIOM CABUTA LIEHTPATBbHOMN
YacTOTBI JUIS CIydas pa3HOTO PACCTOSTHUS MEXIy
MATINKaAMU.

3HaueHMs1 mapamMeTpa MomIoleHUsT S-BOJIH B 00-
JIACTH OTPUIIATEIHLHON TeMIlepaTyphl, OTIpeIeIcHHBIC
10 METOy CPAaBHEHMS C STAJIOHOM M METOAOM CIBHTA
IIEHTpaIbHOM YacTOTHI Ha «0a3e» 4,5 cM, TTpaKTHUeCKU
coBnaaatoT. B 0061acTu mosoXUTeIbHOU TeMIepaTypbl
3Ha4YeHUs [, MOJYYEHHBIE METOIOM CIBUTa LIEHTPAIb-
HOW 4acTOTbI, Ha MOPSIIOK OoJIbliIe B, MOJTYYEHHOTO
METOIOM JeJICHUsI CTIEKTPOB.

[1pu 3TOM, YTO OCOOEHHO BaXXHO, 3HAUEHUS P,
paccunta"HHubie B obnact 0 °C pa3HBIMU MeTOHA-
MM, UMEIOT OINH TOPSIOK MM JaXe OTINJAIOTCS B
npeneiax 10%. I[Mosromy 1Ist TOCTPOEHUST TeMITEpa-
TYPHBIX KPUBBIX TapamMeTpa TOTJIOIICHUS TTPOIOThb-
HBIX W TIOTIEPEYHBIX BOJH B TIPOIECCe 3aMep3aHUs
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Puc. 3. [IprMephI CIIEKTPOB CUTHAJIOB TIPOIOIBHBIX BOJIH B IIUKJIE 3aMeP3aHUsI TIPU Pa3HBIX 3HAUCHUSIX TeMIiepatypsl (7) BHYyTpU obpasia 1
pasHbIX paccTosAHUSIX (L) Mexy naTunkamu (A4) ¥ CrieKTpbl CUTHAJIOB Ha 00paslie TUIeKcUriaca pa3Hoii UHBbI (L) 1 Ha Mep3JioM o0pasiie
BOJIOHACBIIIIEHHOTO Tiecka (F). B ciiyyae P-BosiH TeMriepatypa obpasiia paBHa —8 °C, B ciiydae S-BOJIH TeMIlepatypa oopasia paBHa —6 °C
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W OTTaMBaHMUS BO BCEM TEeMIIEpPAaTypHOM IHMAaIla30He
OBIJT MCITOTL30BAH CIICAYIONINI TIPUHIIAT: B 00JIacTH
TTOJIOKUTETLHON TeMITepaTyphl MCITOTb30BaHBI 3HAYE-
HUS B, TOJyYeHHBbIE METOJOM JIEJIEHUSI CIIEKTPOB, B
0o0JIacTi OTpUIIATENIBHON TeMITepaTypbl — 3HAYCHUS
B, TOJly4EHHBIE METOJJOM CPaBHEHMS C STAIOHOM, U
B objacTu (pa3oBOTO Mepexojia MCIOJb30BaHbl 3HA-
YeHUsI, TIOJIydeHHBIE METOJAOM CIOBHTA IIEHTPaTbHOMU
YaCTOTHI.

s mprMeHeHNsT METOMIOB IEJICHNS CIIEKTPOB U
CpaBHEHMS C 3TAJIOHOM COOJTIONEHBI BCe TPeOOBaHNS;
MMPaBOMEPHOCTh MCITOJb30BAHMST 3HAUYCHUH, TTOITY-
YEeHHBIX METOIOM CABUTA IIEHTPAJTbHOI YacTOTHI B
obaactu —5+0 °C, moka3aHa coOII0IeHUEM PaBeHCTBA
3HAYEHNN f3; B OOIINX TOYKAX.

PesynbpTupylonine KpuBBIE 3aBUCUMOCTH OT
TeMIIepaTypsl TTapaMeTpa TOIIOIIEHUS TTPOXOIBHBIX
7 TIOTIEPEYHBIX BOJIH B TIpoIlecce 3aMep3aHus W OT-
TauBaHUSI B TeMIlepaTypHOM auariazoHe oT —20 10
+20 °C npueneHbl Ha puc. 4, b. [TonyyeHHbIe 3Ha-
YEHWST TTOTJIOIICHUS TS TIOJTHOCTRIO 3aMep3IIero Win
HEeMep3JIoro oopasia IpuBeaeHbI B TA0J. 2. 3HAYEHUS
ImapaMeTpa TIOTJIONICHNS B 00JIaCTH OTpUIIATEIBHOM
W TIOJIOXKUTENBbHOU TeMIIepaTyphl OTINYAIOTCS B
40—50 pa3 a5t P-BOJIH U Ha 2 MOpsAKa sl S-BOJIH.
Habnonaercs ruiaBHoe M3MEHEHMe MapaMeTpa Morio-
mweHust or —5 °C (—10°C) no 0 °C s P-(S-) BoJH.

Tabnuma 2

IToayyennbie 3Ha4Y€HHs MOTJIOIIEHHS /1A MOJHOCTBIO 3aMepP3LIEro
WM HEMep3J10ro o0pasua

Ipotecc/ Tun BosHbBI P+ P- S+ S-
3aMopax1BaHne 40-107* | 1-1107* | 17-107*]0,14-107*
OTranBaHue 50-107* | 0,8-107* | 35-107*| 0,1-107*

[IpuMevaHusi. P+ — MPOAOIbHBIC BOJHBI, TIOJIOXUTEIbHAS TEM-
repartypa; P- — MpOmOJIbHbIC BOJHBI, OTPUIIATENIbHAST TEMITEPATYpPa;
S+ — morepevyHble BOJHBI, MOJOXUTEIbHAS TeMIlepaTypa, S- —
MOTIEPEYHbIC BOJHBI, OTPULIATEIbHAS TeMITEpaTypa.

OTnuunTenbHasi 0COOEHHOCTh TeMIepaTypHBIX
KPUBBIX TTapaMeTpa MOTJIOILIEHUS MPOJOJIbHBIX U MO~
IEPEYHbIX BOJIH KaK B IIPOLIECCE 3aMeEP3aHus, TaK U B
Mpoliecce OTTauBaHUS — CKavYOK 3HAYEHUs B 00J1aCTH
0 °C. AnanornyHsiii 3¢¢exT onucaH B padore [Wu
et al., 2017] njis1 3aCOJIEHHOM MOYBBI B palilOHE TOYKU
3amep3aHus —3 °C.

3akmoyenne. [Tout Bo Bcex TOYKaxX TemIiepa-
TYpPHOII KpUBOI 3HAaYE€HUSI CKOPOCTU BOJIH (IIPOHOIb-
HBIX WM TMOMNEPEYHBbIX), MOJYYEHHBIX MPU OJHOU U
TOW Xe TeMrepaType BHYTpU obOpaslia, COBIIAIalOT B
LIMKJIaX 3aMep3aHusl U oTTanBaHus. HeszaBucumo ot
TOro, Kakoi Mpolecc MPOMCXOAUT — 3aMep3aHusi
WJIM OTTauBaHUs, rpauKU UMEIOT XapaKTePHbI BUIL
«cTyneHn». CpenHssi CKOPOCTb MPOJOJbHBIX BOJTH B
BOJOHACKIIIIEHHOM TaJIOM Iecke cocTaBuia ~460 m/c,
B MepanoMm necke — ~5000 m/c. CpenHsist CKOPOCTh
MOTIEPEYHbIX BOJH B BOJOHACBHIIIEHHOM TaJlOM Iie-
cke — ~200 M/c, B mepanom — 3300 m/c.

IIpy HeOGoOJbIIMX OTPULIATEIbHBIX 3HAYECHUSIX
TemrepaTypbl (0T —2 °C U BbIlE) 3HAYEHUSI CKOPOCTU

97
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Puc. 4. TTapamerp nornoueHus (B,), onpeneacHHbIl TpeMs Me-

TOJAAaMH, B OOJIACTU IOJIOXKUTEJILHOM TeMIlepaTypbl 3HaueHue [

OTPEICNISIOCh TI0 METOMY NEJICHWSI CIEKTPOB B KJIACCUUYECKOM

rmoctaHoBke |Quan, Harris, 1997], B o61acTit oTpUIaTeIbHON TEM-

repaTypbl — B MOIU(PUIIMPOBAHHOM BUIE (METOI STAIOHOB) (A);

PE3yIBTUPYIOIIME KPUBbIC ITapaMeTpa MOTJIOIEHUSI, COCTaBICHHBIE
110 pe3yJibTaTaM pacueTa HeCKOJIbKUMM MeTonamu (b)

MTOTIePEYHBIX BOJTH, ITOJYYEHHBIX B IIpolIecce 3aMopa-
SKUBAaHUSI TIPA TTOHMDKEHUM TEMIIepaTyphl, OOJIbIIe,
YeM B TIpollecce OTTaMBaHUS TPU MOBBIIICHUN TEM-
rnepaTtyphl: HAOJIt0JaeTCs SIBJICHUE «TUcTepe3rca». Dd-
(exT «rucTepusnca» TakxkKe HaOIIOMAETCS HE TOIBKO
IIJIST CKOPOCTH, HO W TSI JUHAMUYIECKUX TTapaMeTPOB
MTOTIEPEYHBIX BOJIH, MpWUYeM B OGJBIIEM WHTEpBajie
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OTpHULIATE/IBHBIX 3HAUEHUI TeMIiepaTypbl (0T — 6 °C
u Bbile). Ha Haun B3misi, 3ToT 3(hdekT oObsICHsIeTCS
HepaBHOMEPHBIM TTPOMep3aHNEM U OTTaMBaHUEM 00-
pasiia BOAOHACKHIIIIEHHOTO CPEeIHE3epHUCTOTO ITTecKa
B YCIOBUSX 3KCIlepuMeHTa. [ mmapaMeTpoB TIpo-
JIOJIBHBIX BOJIH 3(h(eKT rucrepesnca He HadJIIomaeTes.

IMpenmoxxeHHBINT METOMA TTO3BOJISIET PACCUYUTATh
mapaMeTp TorJiolieHnst P- 1 S-BOJIH Ha yIBTPa3BYy-
KOBBIX YaCTOTax [IJIST IMMPOKOTO AMAITa30Ha TeMIlepa-
TYpbl. 3HAYEHUS TTapaMeTpa TOTJIOIMeHNs B 00JIacTH
OTPUIIATETLHOM W TIOJOKUTEIBHOM TeMIIepaTyphl
ommyatorcst B 40—50 pa3 nj1s1 P-BoJiH U Ha 2 mopsiaka
1151 S-BosiH. HabmogaeTcst jiaBHOe U3MEHeHue Tapa-
meTpa norioieHus ot —5 °C (—10 °C ) mo 0 °C pnsa
P (S) BoaH. OTnuuTebHas 0COOEHHOCTh TeMIlepa-
TYPHBIX KPUBBIX TTapaMeTpa TIOTJIOIICHHS TIPOIOIBHBIX
¥ TIOTIEPEYHBIX BOJIH, KaK B TIpollecce 3aMep3aHus,
Tak M B Mpollecce OTTaMBaHUSI, — CKA4YOK 3HAYCHUS
B obsactu 0 °C.

Takum o06pa3oM, 00JacCThb OTPULIATEILHBLIX 3HA-
YEeHWI TeMIIepaTyphl ¢ TOYKHM 3pEeHUS aKyCTUICCKUX
CBOMCTB pa30mBaeTcs Ha 2 4acTH, YTO XOPOIIO W3-
BECTHO TI0 TeMITepaTypPHBIM 3aBUCIMOCTSIM CKOPOCTH
BOJTH, TIpUYEM B OCHOBHOM TIpOHOJLHBIX |DPposoB,
1998]. O6aacTh M3MEHEHHUS TTapaMeTpa MOTJIOIIEeHUS
Ha TeMIIepaTypHOI KPUBOIT 3aHMMaeT OOJBIIYIO YacTh,
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KPATKHWUE COOBIIEHWA
VK 550.34.062

M.B. Anémkun'

METOAUNKA ITOJABJTEHUA ITOBTOPHBIX MYJbCALIU
ITHEBMOUCTOYHUKA B MOPCKOHN CEMCMOPA3BE/IKE
HA MEJIKOBOJbE

DPIrb0Y BO «Mockoeckuii eocydapcmeentuiii ynugepcumem umenu M.B. Jlomonocosa»,
119991, Mockea, I'CII-1, Jlenunckue Topui, 1

Lomonosov Moscow State University, 119991, GSP-1, Leninskiye Gory, 1

Hapsny ¢ 351eKTpOMCKPOBBIMU 1 31€KTPOAMHAMUYECKUMU NCTOYHUKAMU, UCTIOIb3YEMbBIMU
B OCHOBHOM B pa0oTax, HalpaBJEeHHBIX Ha MCCAEIOBaHUE BEPXHEH 4acTW pa3pes3a, K YUCITY
HEB3PBIBHBIX MCTOUYHWKOB, IMOJIYYMBIIMX IIMPOKOE PACTIPOCTpaHEHUE, OTHOCATCS ITHEBMa-
TUYECKUE MCTOYHUKHU. DTOT TUIT UCTOYHUKOB B TEOPUM COOTBETCTBYET BCEM TPEOOBAHUSIM,
MpeabsBAsIeMbIM K reodusnveckoit anmnaparype. OcHOBHas MpobsieMa, OCIOXHIoIIas padoTy,
3aKJII0YAeTCsl B HAJIMYUMM WHTCHCUBHBIX TyJbCAlUid, OOJIBIION MIMTEIBHOCTH M3TydaeMbIX
CHUTHAJIOB, a TaKXXe B HE OYEHb BBICOKOI HaMEXKHOCTH HEKOTOPBIX KOHCTPYKIIUIA.

OcobeHHO OCTpO BCTaeT mpobiiema IyJbcaluii IMpu padoTax Ha MeJKOBoAbe. Maas
IyOMHa BOJbI HE MO3BOJISIET U3BJIEUYb CUTHATYPY, TPUEMIIEMYIO JJIsi TTIOCTPOCHUST pe3yJibTa-
TUBHOTO OfepaTropa, U3 JaHHBIX B CBSI3U C MHTep(EpeHIIMEl Myabcalluii OT MPSIMOIl BOJHBI
¢ ITHOM, a OTiepaTop MOAABJICHUS, U3BJICYCHHBIN M3 TEOPETUIYECKON CUTHATYpPBI, YaCTO HAeT
HeTnpueMJIEMbIl pe3yJbTar.

st pelieHus1 MpoOJeMbl MOAABIEHUSI BTOPUYHBIX MYJbCAllMii OT MHEBMOUCTOYHUKOB
Ha MEJIKOBOJIbE TIpejjiaraeTcsi COBOKYITHOE HCITOJb30BaHME WH(GOpPMALMKM O BTOPUUHBIX
MyJIbCALIMSIX, U3BJICUECHHOM M3 TIPSIMO BOJTHBI ¥ U3BJICYCHHOM U3 TOHHOTO OTpaXKeHUs, TIpe/I-
cKa3bIBalolleli 1eKOHBOMIOIMHU 10 (popMe CUTHAJIa M aIrOpUTMaM alarTHBHOTO BHIYMTAHMSI.

Karouesvle cao6a: MHEBMOCUCTOUYHUKM, MOPCKasli CEMCMOpa3Beika, CUTHATYpHasT JEKOH-
BOJIIOLIMSI, BTOPUYHBIC IIYJIbCALIMHU, BOJTHA-CITYTHHUK.

Also, as electric spark and electrodynamic sources, used mainly in works of the upper
part of the section, non-explosive sources, which have become widespread, include pneumatic
sources. This type of sources meets all the requirements for geophysical equipment. The main
problem of such kind of sources is the presence of intense pulsations, long duration of the
emitted signals, as well as not very reliability of some clusters.

Especially topical is the problem of pulsations during the shallow water acquisitions. The
shallow water depth does not allow to extract the signature acceptable for the construction of
the effective operator from the data due to the interference of pulsations from the direct wave
with the bottom, and the suppression operator which extracted from the theoretical signature,
often gives an unacceptable result.

To solve the bubble oscillation problems in shallow-water acquisition, it is proposed to use
combined information of bubble oscillation extracted from a direct wave, extracted from bottom
reflection, waveform predicting deconvolution and adaptive subtraction algorithms.

Key words: air guns, marine seismic, signature deconvolution, bubble oscillations, ghost-wave.

Bgenenue. IIpobGiema obpazoBaHUsI U MOjaBIe-
HUS BTOPUYHBIX IyJIbCAIIiT NCTOYHUKA THUIIA IIEHTP
pacimmpenus (B YaCTHOCTH, ITHEMOMCTOYHWKA) TIPU
MOPCKHUX paboTax XOpOIIO M3y4eHa TEOPETUUECKHU.
IMporeccer 0O6pa3oBaHUsI, PACIIPOCTPAHEHUS U 3a-
TyXaHUs BOJIH OTIMCAaHBI B JINTEpAType TIO MOPCKOM
ceiicMopasBenke, Hanpumep B [baym u np., 1973].
Ha mpaktnke ke reoM3WKN YacTO CTATKWBAIOTCS
C HECOBEPIIEHCTBOM CHCTeMBI HAONIONEHWI M arll-
mapatypbel. PaccMoTpyM 3Ty TIpobGiieMy Ha TIpuMepe
IMTHEeBMOMCTOUYHMKA. K 0gHOMY M3 MOMYJISPHBIX TTOM-
XOIOB K TIOABICHUIO BTOPUIHBIX ITyTbCAIINIT MOKHO
OTHECTH WCITOJb30BaHNE ITHEBMOIYIIEK C OCOOBIM
YCTPOMCTBOM TTHEBMOKaMep. B mapora3zoByro 1moiocTb,

o0pa3oBaBllIylOCsl MOcJie cpabaTbiBAaHUSI UCTOUHUKA,
MPOUCXOANUT BTOPUUHBIN BIycK Bo3ayxa. [Ipu Takom
MOJX0J€ MPOUCXOIUT Pe3KOe YMEHbILIEHUEe CKOPOCTHU
CXJIOMbIBaHUSI TOJIOCTU, B pe3yJibTaTe IyJabcallus
ocjiabisiercsi. B mHEBMOMCTOUHMKAX TaKOTO BUA MC-
MOJIB3YIOTCS JIBe BO3AyllIHbIEe Kamephl. [Tocie cpaba-
TBIBaHUSI TIEPBOM Kamephbl (FeHepaTop) U paclliupeHMsI
MOJIOCTU /10 MaKCUMaJIbHOTO paauyca MpOUCXOAUT
cpabaTbiBaHWE BTOpOUW Kamepbl (MHXekTop). Ilpu
MPaBUJIBHOM MOA00PE 0OOBEMOB TaAKUX ITHEBMOKaMep
(I=G"n, toe n=3,4) MOXHO HOOUTHCS TTOYTHU ITOJTHO-
ro rnojapyieHus1 nyjbcauuit, Ho obdumii KITJ Takoi
CUCTEMbI, COOTBETCTBEHHO, OyaeT HuxXe B #n pa3 [['y-
nenko, 2003]

! MocKoBCKHil rocyIapcTBeHHbIN yHUBepcuTeT nMeHn M.B. JloMoHOCOBa, reonorndeckuii haxybrer, Kadenpa ceilcMOMETPUH 1

re0akyCTUKHU, aclupaHT; e-mail: mark aleshkin@mail.ru
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I'mpponunamMuka moaBoaHOro B3pbiBa. BTopuu-
HBIE TTyJbCAIIMY MCTOYHMKA BO3HUKAIOT CIICTYIOIINM
obpaszoM. Ilpu cpabaThIBaHMM ITHEBMONYIIKM IIOJI
BOIOIT 0OpasyeTcsl TIOJIOCTh C Ta3aMM TIOI BHICOKUM
nmaBneHreM. [Toka maBieHUe ra3a IPEBHIIIACT THIPO-
CTaTUIeCKOe MaBJIeHNe OKPYXKaroIllel BOMHOM TOJIIHN,
TIOJT €TO BO3IEMCTBIEM Macca BOIBLI OyAeT ABUTATHCS
C YCKOpPEeHHEeM OT TOYKM B3pbiBa. Cmita maBiIeHUS
YMEHBIIIAeTCS TI0 Mepe pacIIUpeHUs ITy3bIpsa Ta3a U
CTAHOBUTCSI paBHOIM HYIIO, KOTHA pacIIMpeHue ITy-
3bIpS CHIKAET JIaBJIeHNE Ta3a J0 THAPOCTATHYECKOTO
[Kamuawun, Kammana, 1976]. Ho mockonbKy B 3TOT
MOMEHT BOAHAsI Macca JOCTHTAeT MaKCUMaJTbHOM
CKOPOCTHU ABVKEHUS OT UICTOYHHMKA, OHA TI0 MHEPITUHN
MPOAOJIKACT IBUTAThCSI B TOM K€ HaIlpaBJIieHUU, HO
yKe ¢ 3aMeUIeHMEM, TaK KaK Pe3yIbTUPYIOIas Cria
Terepb HampaBjieHa BHYTpb. Yepe3 HEKOTOpoe Bpe-
MS OBIDKEHWE BOTHOM Macchl TIpeKpalaeTcs, 3aTeM
cuJjia, HaTIpaBJIeHHAs! BHYTPh, BBI3BIBACT CXJIONTBIBAHIE
TIOJIOCTH C TIOCIICAYIOIINM Pe3KNUM YBeJTMUEHUEM JTaB-
JIeHWs Ta3a, W Tpoliecc MoBTopseTcsa. B pesyibrate
BTOTO Ta30BBIN MY3BIPh MYILCUPYET, W TPU KaKIOM
MyJAbCAalliM BO30YXKIAIOTCS CeCMHUYECKUE BOJIHBI
[[epudd, I'engapt, 1987].

Ecimm ripearmronoXnTh XKUAKOCTh HeCKMMaeMO, TO
JIETKO TI0Ka3aTh, YTO JBWKEHME TPAHMIIBI OIACHIBA-
eTCS HeJTMHEWHBIM nruddepeHIInaTbHBIM ypaBHEHIEM
2-T0 TIOpsIaKa:

, 3R? 1
R"+Z—==—(P-FR). (1)
2 R poR

PaccmaTtpuBasi cxsonbiBaHue cepuyecKoi Mo-
JIOCTU, KOTOpasi B HayaJbHbIi MOMEHT OyJIeT UMeTh
pannyc R, Y JaBjieHWe P BHYTPH, KOTOPOE 3HAUYM-
TEJIBHO MEHBILE THUIPOCTATUYECKOTO AaBJIeHUs Py, n
IIPUHAB, YTO TAKOE COOTHOILUEHUE 3HAYCHUI JaBJICHUS
coxpaHsieTcs Jist 00JbIlIei YacTu Tieprojia myjibcalid,
Peneii monyuywn npocroe peuieHue:

3 R( Ram
2po\ R?

— Z(P_R)) Rg‘lax _

b “1] @

R ”

DTo pellieHNe OMMICHIBAET CXJIONBIBaHNEe Peseen-
CKOW TIOJIOCTH.

Ecnu BBIpasuTh MaKCHMMAaJbHBIN paglyc depes
BEJIMYMHY MOJTHOM SHEPTUH ITyJTbCUPYIOIIETO My3bIps,
TO TOJyYuM ypaBHeHue Penes—Buinuca:

E1/3
T= 1,14\/p_0W. 3)

ITonyyeHHoe BbipaxkeHue (3) oueHb yIOOHO 1Jisl
OLIEHKM OTHOCUTEJIbHOU 3HEpPruM U aKyCTUUYECKMX
XapaKTePUCTUK Pa3HBIX TUTIOB MOPCKUX NCTOYHUKOB.
JJ1st TIpo11eCCOB, COMPOBOXKAAIOIINXCS 00pa30BaHUEM
chepruecKux ra3oBbIX IOJOCTE B BOJAE, 3Ta 3aBU-
CUMOCTb TEM JIYYIlIE COTJIACyeTCsl C SKCIEPUMEHTOM,
yeM OoJibliie TIyOMHA MTOrpyKeHUsT U3Jjiydaresisi U 4eM

MEHBIIIe TeTUIOOOMEH MEXIY Ta30M, HaXOISIIMMCS
B IIy3bIpe, M OKpYyxKalolleil XuakocTbio [Dragoset,
1990]. ®opmya (3) 4acTo MCIIONAB3YETCS IS pacueTOB
BO MHOTHX MPOTPAaMMHBIX OOECIeYeHMSIX, HO U3-3a
OTrpaHUYEHUIA, ONTMCAHHbIX BbIlLIE, TPU ONMMCAHUU aKy-
CTUYECKHX XapaKTePUCTUK NCTOYHMKA Ha MEJTKOBOILE
He coBceM MpumeHuMa [AnerkuH, 2017].

Ha ceiicMuyecKkrx MaHHBIX CUTHAJI BTOPUYHBIX
OyJbCalldil BBITJISIAUT KaK COOBITUS (OOBIMHO HU3-
KOYaCTOTHbIE), MOBTOPSIOLINE KaKI0€ OTpaxkeHUe C
OIpeIeJICHHBIM MEPUOIOM, 3aBUCSIIIUM OT XapaKTepu-
CTUK ITHEBMOITYIIIKY, B TIEPBYIO OUepelb OT ee 00beMa.
[pn >TOM SHEPTUS BTOPUYHBIX ITyJbCAIIUI MOXKET
OBITH BeChbMa BBICOKOI. DTOT 3(hPeKT BechMa BPeAeH,
TaK KaKk BTOPUYHBIC MyJIbCAllMM MHTEPDEPUPYIOT C
MOJIE3HBIMU OTPAXKEHUSIMU, CKPbIBAST UX.

Boana-cnyTHMK. BOJIHBI-CIYyTHUKW — TOMEXH,
BO3HUKAIOIINE TIPY TIPOBEICHIN MOPCKHX M Ha3eMHBIX
ceiicMraeckux padot. OHM 00pa3yloTcs IIpH 3arayosie-
HUY UCTOYHUKOB U TIPUEMHHMKOB 1 CBSA3aHBI C OTPaXKe-
HHEM BOJTH OT CBOOOTHOI MOBEPXHOCTH WX OT APYTUX
KOHTPACTHBIX TPaHMIL B HUKHEE MOJYIPOCTPAHCTBO.
Hanuuue BOJH-CITyTHUKOB MCKAXKAET aMIUTUTYAHbIA U
(a30BBII CIEKTPHI ceiicMuuecKoro curtHaia. OObI9YHO
OHM TIPOSBIISIIOTCS B OCTA0JIEHNM BBICOKHUX M HU3KHX
YacToOT, a TaKXKe B TMOSIBJICHUU HYJIeH aMIIUTYTHOTO
CIIeKTpa Ha HEKOTOPBIX yacToTax [CTemaHOB M Jp.,
2018], aTa 0cCOOEHHOCTb MPUBOIUT K YXYAIICHUIO pa3-
pelialolleil cnocoOHOCTU CeCMOpPa3BEIKU.

AHaM3 Takoro (hakTopa, OCJIOXKHSIIOIIEro CUTHA,
HeoOXoauM TIpU TToA0Ope MMapaMeTpoOB CUTHATYPHOI
JIEKOHBOJIIOLINM 1 0Ka3bIBaeT OY€HB OOJIBIIIOE BIMSTHHIE
Ha TOZOOpaHHBIN OIepaTop IOJABJICHUS BTOPUY-
HBIX IMyJibcallMii. B HEKOTOPBIX clydyasx nmoaaBaeHUeE
BOJIHBI-CITYyTHUKA W MOBTOPHBIX MYJIbCALMU MpPOKC-
XOIUT OTHOBPEMEHHO, HO B OCHOBHOM ITOJIaBJICHUE
BOJTH-CITYTHUKOB TTPOMCXOIUT Ha TOCIEAHMUX 3Tarax
CUTHAJIbHOU 00pabOTKM JAaHHbBIX, UTO HaKJaJbIBaeT
OrpaHUYEHHUs Ha OIlepaTop MOMABJICHUS BTOPUYHBIX
nyiabcauuii. ng 6opbObl ¢ BOJTHAMU-CIYTHUKAMU
4acToO NMPUMEHSIIOT HEeCTaHAapTHbIE CHUCTEMbl Ha-
OIOACHNS, WCITOJB3YIOIINe MHOTOKOMIIOHEHTHYIO
W MHOTOYPOBHEBYIO PETMCTPAIINI0, MHOTOYPOBHEBOE
BO30YXJIeHME U HAKJIOHHYIO OYKCUPOBKY ceilicMUue-
ckoit kocel [Hopperstad, Laws, 2006]. Takue meTo-
JUYecKue MpueMbl O0pbObI CO CIYTHUMKAMM OYEeHb
TPYIHO MPUMEHSITh Ha MPeieIbHOM MEJIKOBO/IbE, BO3-
MOXKHBIH IIIaT U3MEHEHHUS 3arTyOIeHUST CeCMITIeCKOM
KOChbl He3HauuTeJIeH, a paboTa ¢ HAKJIOHHOW KOCOM
BO3MOXHA TOJIBKO TIPU HCITOJIb30BAHUM KOPOTKOM
KOCBI, YTO HE COOTBETCTBYET OOJIBIIIMHCTBY IPOM3-
BOACTBEHHBIX TEXHUYECKUX 3adaHUIA.

IIpumMeHeHne rpynnmupoBaHUs] MHEBMOMCTOYHMKOB
JUTS TOJABJIEHHsT BTOPUYHBIX MyJbcanuii. Hapsimy ¢ nc-
TOJTb30BaHNEM OTIETbHO B3SITHIX ITHEBMOUCTOYHUKOB
IIMPOKOE PACTIPOCTPAHEHUE TOJNYUYMJIa TEXHOJIOTHS
ux rpynmnupoBaHus. CrlemoBaTelbHO, MPUMEHEHHUE
IPYNIbl MHEBMOMYILIEK Pa3HOTO o0beMa C pa3HbIMU
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Puc. 1. M3BneyeHHas curHaTypa mocje MpUMEHEHHUsl orepaTtopa MoaaBIeHNsT BTOPUUYHBIX MYyJIbCallMii Ha OCHOBE (DUJIbTpa COOTBETCTBUSI
(cneBa) ¥ M3BJICUEHHAsI CUTHATYpPa, MOCJIe TPUMEHEHHsT OTIepaToOPOB MOAABICHUSI BTOPUYHBIX My IbCALIMI, TIOJTYYSHHBIX C UCTIOIb30BAHUEM
npeacKasbiBaloliell 1eKoHBooLny (crpaBa). OBajoM BblAeIeHa 00J1aCTh, MOKa3bIBalolllasi OIIMOKKA B paboTe ornepaTopa

rneprogaMu KojiebaHUH MO3BOJSIET YMEHBIIUTh BTO-
pUYHBIE TYJIbCAllMM, TaK KaK MpPU MHTepGhepeHIIun
CUTHAQJIOB BTOPUYHBIE KOJEOAHMST CKIIAAbIBAIOTCS B
npoTtuBodasze, a TakkKe MOBBICUTh MHTEHCHMBHOCTH
MepBOro UMITYJIbCa AaBJICHUS M CO3IaTh HAMPaBIeHHOE
nznyueHue [Dragoset, Hargreaves, 2003].

B cnyyae moBblllIeHUST MHTEHCUBHOCTH TEPBOTO
UMITyJIbca 6a3y TPYIITMPOBAHUS U PACCTOSTHUS MEXITY
WCTOYHMKAMU BBIOMPAIOT MUHUMAJIbHO BO3MOXHBI-
MM UCXOAS M3 TpeOOBaHUII He3aBUCHUMOTO Tpoliecca
MmyJbcally Ta30BbIX NosocTeil. B ciiyyae ocimabieHus
myJjbcalluii, KaK OMMCaHO BbIlIe, 0a3a BbIOMpAETCS,
Kak JIJIMHA MHTep(PEePeHLIMOHHOM CUCTEMBI [IJIs1 OCia-
OJieHUs] BOJIH TIOMEX, OHa JOJIKHA ObITh HE MEHbIIIE
npeobiaaalolle JIUHbL BOJHBL. [IpenenbHoe MeTKo-
BOJIbE CO3/aeT MPobaeMy s TPYIITUPOBAHUS MTHEB-
MOMCTOYHMKOB, TaK KakK Ha TJTyOMHe MeHee 2 M 4acTo
CTAHOBUTCSI HEBO3MOXKHO COOJIIOAaTh ONTHUMAbHBIN
napaMeTp 3ariiyojieHust ceiicMoucrouyHukoB [Giles,
Johnson, 1973].

CurHatypHas JIeKOHBOJIIONHS HA dTane o0padoTKu
JaHHbIX. TaK KaK MOJIHOCTHIO PELIUTh IPOOJIEMY BO3-
HUKHOBEHHUSI BTOPMYHBIX MyJIbCallMii Ha 2Tare Toi-
Oopa METOAMKHU U MIPU MPOBEACHUHU MOJIEBbIX PadOT He
yaaeTcs, To 3Ta mpobyemMa NepexoauT B IpodiieMy Ma-
TeMaTU4eCcKoil 00pabOTKM CeMCMUUECKUX CUTHAJIOB.

IIpu obpaboTke ceiicMorpamMm, IOJYYEHHBIX B
pe3yJibTaTe MOPCKOU CEMCMUYECKON pa3BeIKMU, CUTHA-
Typa BKJIIOUaeT B ce0sl, KaK OMMCAaHO BbIIIE, TTOMUMO
MpoYunX (haKTOPOB, BOJHBI-CITYTHUKU CO CTOPOHBI UC-
TOYHHMKA U TIpueMHuKa. KaxeTcs, Ha repBbIii B3IJISI,
YTO I0J00paTh 0OpaTHBINA (GUILTP U MPUMEHUTH €ro
K TaHHBIM COCTaBJIsIeT JOCTAaTOYHO IPOCTYIO 3a1auy,
HO 3TO HE TaK IO HECKOJBKUM MPUYMHAM:

1) aMIUIUTYIHBIA CIIEKTP UMeEeT TITyOOKUI TIpo-
BaJI 10 YaCTOTe, OIpeAeisieMblil IITyOMHOI NCTOYHMKA;

2) BapuauMu IITyOMHBI UICTOUYHMKA B X01¢e padoT
MPUBOJAT K CMEIIEHUSM TPOBaJIa B CIEKTPE;

3) Menkasli rIyOMHA BOIbl — B TaKOM cClIyyae
BTOpPUYHbIE MYJbCAllMM MOTYT MHTEpP(EpUpoBaTh C
KPaTHOM BOJIHOWM, ITO3TOMY CTAaHOBUTCS HEBO3MOXHO
U3BJIEYb CUTHATYPY U3 IAHHBIX, €CJIA MPU MPOBEIEHUN
paboT riayorHa M3MeHsJIach HE3HAUUTEIbHO.

I1pu noadope onepaTopa MoJaBIEHUSI BTOPUUHBIX
MyJbCALlMi OOBIYHO MCTIOJB3YETCS HECKOJIBKO CTaH-
JIAPTHBIX TTOAXO/IOB:

1) mpenckasbiBalolasi 1€KOHBOJIOLIMS;

2) moJy4eHMe oreparopa U3 TEOPETUIECKHU pac-
CUMTAHHOW CUTHATYPBbI;

3) moJy4yeHMe oriepaTopa U3 CUTHATYphl, U3BJIe-
YEHHOW M3 MOJIEBBbIX TAHHBIX (TIpsiMasi BOJIHA, TOHHOE
OTpaxkeHue).

ITpumeHeHue omepartopa, MOJYYEHHOTO C TO-
MOIILIbIO TTPEACKA3bIBAIOLIEH TEKOHBOJIIOLIMHU, HE BCET-
J1a 1aeT yIOBJIETBOPUTEIbHbIN pe3yIbTaT, TaK KakK Mpu
MPUMEHEHNU oIlepaTopa MOJABJICHUS MyJIbCallMii Ha
MOJIEBBIX JAHHBIX BO3HUKAIOT BHICOKOYACTOTHBIE MO~
MEXU, XOTSI HA U3BJICUEHHOW WJIA CMOAEITUPOBAHHOM
CUTHATYype TOJy4aeTcs prueMyIeMblii pe3yJibTar.

ITonyyeHune oreparopa M3 TEOPETUYECKOW CUT-
HaTypbl YaCTO HE MPUHOCUT KEJAeMOTO pe3yJibTaTa.
CraHgapTHBIE aJrOPUTMBI pacueTa CUTHATyp, Tpel-
CTaBJICHHBIE B IPOrPAMMHOM OOECIEeYeHU M, MOJIEU-
PYIOT CUTHATypy B OJIMDKHEI 30HE, a pacCUMTaHHBIN
orepaTop NMPUMEHSIETCS K TaHHBIM, KOTOpPbIE MOJIy-
YeHBI B JajbHEl 30He MCcTOuHUKa (puc. 1, 2).

Eiuie omHy mpo0Gjiemy mpeacTaBiseT OTCYTCTBUE
BO3MOXHOCTH MOJIEJIMPOBATH BOJHY-CITYTHUK CO CTO-
POHBI TIPUEMHUKA MPU MOJEIUPOBAHUN CUTHATYPbI
B JajibHeil 30He. Bo3HuKaeT mpobjiema, CBsI3aHHas
C MPUMEHEHNEM MOJEJIIbHOTO orepaTopa K MoJieBbIM
NIAaHHBIM, OIlpeaessieMas HaJu4YUueM B celicMorpam-
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Puc. 2. Tlpumep ®AK (A4, b), 1o monaBieHUs] BTOPUYHBIX Tyjibcaruii (4) (oBajoM Toka3aHa 00J1acTh MPOSIBICHUS BTOPUYHBIX ITyJIb-

calii) ¥ TocJie BBIMOJHEHMS MOJAAaBICHUST BTOPUYHBIX MyJIbCALIMIA ¢ UCITOJB30BAHUEM aIallTUBHOTO BeIYMTaHMs (B5) (OBaJOM TOKa3aHa

00J1aCTh TMPOSIBJICHUsI BTOPUYHBIX MYJbCAlLlMii), BPEMEHHOI pa3pe3 J0 MOMaBJICHUs BTOPUYHBIX MyJbcalluil (B) W IMocje TOJaBICHUs
BTOPUYHBIX TyJibcaruii (/)

Max IMOMeX pa3HOi MPUPOIbI, KOTOPble HEBO3MOXKHO
YUYECThb TMPU TOJyYeHUN uMITyJabca. OUiabTp paccuu-
TBIBAeTCS MPU TMOMOILM CPEACTB PELIEHUST 0OpAaTHBIX
3a/1a4, TeM CaMbIM €ro MPpMMeHEHWe MPUBOIUT K He-
YCTOMYMBOCTHU pellieHus1. B yacTHOCTH, BbIllIe OTMEYe-
HO HaJIM4Me IITyOOKMX ITPOBAJIOB B CIIEKTPE UCXOTHOTO
HWMITyJIbca, OOYCJIOBJIEHHBIX BOJHAMU-CITyTHUKAMMU.
O6paTHbIil (pUIBTp OyAeT 00ecIreunBaTh 3HAYUTEb-
HBIII POCT DHEPTUU CIEKTPAJIbHBIX KOMIOHEHT. Tak
KaK B MOJIEBBIX TaHHBIX MTPUCYTCTBYIOT CayJyaliHble U
KOTepeHTHbIE TTOMEXU, He MMEIOIIIME TpoBaja B CIeK-
Tpe, TO MPUMEHEHNEe TaKOro oreparopa MpUBEAeT K
YBEJIMUEHUIO aMIUTUTYIbI TTOMEX.

Onepatop NeTePMMHUCTUYECKON TEKOHBOJIIO-
LIMY, TIOJYYEHHBIN U3 MOJIEBBIX JAHHBIX (M3 MPSIMOI
BOJIHBI MJIM TOHHOTO OTPaxkKeHMs1), MoKa3bIBaeT Hau-
JIy41Ive pe3yabTaThl MPU JOCTATOYHON HAKOTUIEHHOM
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CTaTUCTUKE M OTCYTCTBUY MHTEPDEPEHIIUU C MEPBOit
KpaTHOI BOJHOI OT MOBEPXHOCTH JHA.

Takoli moaxon XOpOoIlO TOKa3bIBaeT cedsl Mpu
[IyOOKOBOJIHBIX paboTax, HO UMEET Psil IIPodJIeM IIpU
paboTe Ha MEJIKOBOAHBIX aKBaTOPHUSIX.

BoiBoapl. 1. PaccMoTpeHHBIE pellieHUs He TT03BO-
JITIOT MOAABUTD MTOMEXY MOJHOCTBIO U TOCTUYb TAKOTO
COOTHOIIIEHUSI CUTHAJI/IITYM, KOTOPOE TMO3BOJISIET BbI-
JeISTh U3ydaeMble TOPU30OHTHI.

2. lIpeanonaraercs UCIOJb30BaHNE BCEX PACCMO-
TPEHHBIX PEIIeHWIT B COBOKYITHOCTHU, BKJIIOUMB UX B
001110 CUCTEMY alanTUBHOTO BBIYUTAHUSI.

3. Mcnonb3oBaHWe TIpU TONABJICHUHU TTyJIbCAIUi
TEOPEeTUUECKON CUTHATYPbI, HauboJee OJIM3KOM K pe-
aJbHOM, U (DOPMUPOBAHKE OIepaTopa U3 PacuyeTHOI
CUTHATYphl K TMPaKTUYECKON TpeOyIoT pa3paboTKu
CIIeIMaIbHBIX aITOPUTMOB.

Tynenko B.U. [THeBMaTMYeCKUE MCTOYHUKU YIIPYTUX
BOJIH IS MOpPCKO#t ceiicmopasBenku. Kpacnonap: KybaH-
CKMI TocyaapcTBeHHbIN yHUBepcuTeT, 2003.

Kanunun A.B., Kaaunun B.B., Ilueosapog b.JI. TloteH-
uanbHast 2(hGeKTUBHOCTh TPYIIMUPOBAHUS UCTOYHUKOB
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ITPABUJIA TIOATOTOBKU CTATEH K ITYBJIMKAIIAW B JKYPHAJIE
«BECTHNK MOCKOBCKOI'O YHUBEPCUTETA. Cepus 4. TEOJIOTUA»

Jnst myGaukauMy B KypHajie MPUHUMAIOTCSl CTaThbU
COTPYIIHUKOB, aCIMPAHTOB U cTyaeHToB MI'Y (B TOM uncie
B COABTOPCTBE C MPEACTABUTEISIMM JIPYTUX OpraHU3aIuii).
TekcT compoBoOXaaeTCs BBITMCKON M3 MPOTOKOJA 3acena-
HUS Kadenpbl, aKTOM 9KCIIEPTU3bI, CBEACHUSIMU 000 BCex
aBTopax: (haMWIKs, UMsI M OTUECTBO (ITOJTHOCTBIO), Kadepa,
JIOJKHOCTb, YU€HOE 3BaHUE, YUeHasl CTeNeHb, TeJedoH 10-
MalllHUi1 1 pabouuii, MOOMJIbHBINI, e-mail (00s13aTENbHO).
CraTby IPUHUMAIOT Ha reoyiorndeckoM dakyiabrete MIY,
KOMH. 515a.

TpedoBanus K 0)OpPMIIEHHIO CTATbH
U KPaTKOro cOOOIIeHus

1. CymMmapHBIli 00beM CTaTbM (BKIIIOYAasi PUCYHKM U
CIHUCOK JINTepaTyphbl) He MOJDKEH IIpeBbIATh 24 CTpaHU-
1IbI, 00bEM KpPaTKOI'O COOOIIEHUSI CYMMapHO COCTaBJISIET
6 cTpaHuIl. PekoMeHIyeTcsl CTaHIapTU3UPOBATh CTPYKTYPY
CTaTbM, MCIIOJIB3YSl TOA3aroJIOBKU, HampuMep: BBeleHHe,
TeopeTHYEeCKHil aHaJIu3, METOAWKA, IKCINEPUMEHTAJIbHAS
4acTh, Pe3yJabTaThl U HX OOCYXKIeHHe, 3aK/o4eHne (BbIBO-
IIbl) U TIp.

2. K craTbe Ha OTAENbHON CTpaHUIle MpuUaraloTcs
aHHOTaIMs (6—8 CTPOK) M KJTIoueBbIe ciioBa (6—8) Ha pyc-
CKOM $I3bIKE, a TaKKe aHHOTallMsl M KIIIOUYeBbIC CJIoBa Ha
aHTJIMICKOM s13bIKe. Ha oTmenbHOI cTpaHuIle HEOOX0IMMO
MIPUJIOKUTE TIepeBo (haMIIINii, MTHUIIMAJIOB aBTOPOB M Ha-
3BAHUS CTATbU HA AHTJIMMACKUN SI3BIK.

3. [epen 3arojl0BKOM pabOThl HEOOXOAMMO MTPOCTABUTD
VK.

4. TexcT noJDKeH OBbITh IMOATOTOBJIEH B penakrope Word
¢ ucrioiap3oBanueM 1ipucdra Times New Roman 12. Ums
(aitma MoxeT comepXaTb 10 8 CMMBOJIOB M MMETh pac-
mwpeHus .doc wim .txt. TeKcT moakeH OBITH paclieyaTaH
yepes3 2 MHTEpBaa, MoJjsl CO BCeX CTOPOH 110 2,5 cMm. Tekcr
MPEACTaBISIOT Ha OTAEJbHOM HOCUTes e (KOMIAKT-IUCKEe) U
B 2 3K3. pacnieyatku. CTpaHUIIBI CJIeAyeT TPOHYMEPOBATh.

5. PucyHnku, dororpacduu, Tabin1Ibl, MOAPUCYHOUHbBIC
TIOATIMCH TIPUJIATaloTCs OTACIBHO B 2 9K3. B KOHIIE CTAaThU.
Kaxnas tabnauia gokHa ObITh HareyaTtaHa Ha OTAEJbHOMU
CTpaHUIIE TeM Xe pUuhTOM, Yepe3 2 NHTepBajia, UMETh Te-
MaTUYeCKUi 3ar0JIOBOK U He TyOJUpOBaTh TEKCT. Tabauibl
HYMEpPYIOTCSI apaOCKUMM LIMMpaMu 1O TIOPSIAKY MX YIO-
MMHaHUs B TekcTe. Bee rpadbl B Tabamiiax 10KHBI UMETh
3aroJIOBKU 1 OBITH pa3iefieHbl BEPTUKATbHBIMU JIMHUSMU.
CokpallieHus CJIOB B TabJMIIAaX He JoIycKaloTcs. MaTtepuan
MO CTPOKaM JOJIKeH ObITh pasieseH TOPU3OHTAIbHBIMU
JIMHUSIMU.

6. ®opmyibl, MaTeMaTUYECKUE U XUMHUYECKUE 3HAKKU
JIOJDKHBI UMETh YETKOE HallhcaHue.

7. Pa3aMepHOCTb BceX (DM3NUSCKUX BEJIMUMH JTOJDKHA CO-
OTBeTCTBOBaTh MexxayHaponHoi cucteme enuHuil (CH).

8. Cnucok JuTepaTypbl NOJKEH COAepXaTh B aj-
(haBUTHOM TOpsIJIKE BCE LUTUPYEMbIE M YIIOMUHAEeMbIe B
TeKCTe paboThl, MHOCTpPAHHAsl JIMTepaTypa MOMeIaeTcs
TmocJje oTe4ecTBeHHOM Toxe 1o andasuty. [Ipu ccohlike Ha
U300peTeHre HeOOXOAMMO YKa3aTh roll, HOMEpP 1 CTPaHUILY
«BronnereHs uzobpereHuii». CChlJIKM Ha HEOMYOJIMKOBAH-
Hble pabOThI HE JOIMYCKAIOTCS (BOZMOXHBI CChLIKU Ha YCTHOE
coob1IeHre 1 aBTopedepaT KaHAMAATCKOMN I JOKTOPCKOM
nuccepraiu). bubnuorpaduyeckoe onucaHue TaeTcs B
cenymoonieM Mopsiake: ¢haMWIMM M WHUILMATLI aBTOPOB,
Ha3BaHME CTaThM, MOJHOE Ha3BaHWE PabOTHI, MECTO M3a-
HMSI, U3IATEJIbCTBO, TOJ M3AaHUs (I HENepUuOoaAUIECKUX
WU3[aHUI), 1T NepUOAMYECKUX — DaMWINU U MHUIMATIbI
aBTOPOB, Ha3BaHUE CTAaTbU, HA3BaHUE XypHajia, Toj Bbl-
IycKa, ToM, HoMep, cTpaHullbl. CCchlJIKa Ha JUTEPATYPHBIA
WCTOYHUK B TeKCTe NMpuBOAUTCS Tak: «B pabote [MBaHOB
u ap., 1999] ykazaHo, 4To...».

9. Hukakue cokpallleHusI CI0B, UMEH, Ha3BaHMUIi, KaKk
MpaBujio, He jaonyckatroTcs. Paspemiatorcs auiib o61iie-
TPUHSATBIC COKpallleHUsI Ha3BaHU Mep, (PU3NIECKUX, XU-
MMYECKUX U MaTeMaTUYECKUX BEJIMYMH U TEPMUHOB U T.[.
Bce ab0peBuatypnl, oTHOCSIIMECS K IMOHSITUSIM, METOAAM
aHAJIUTUYECKUM U 00pabOTKM JaHHBIX, a TaKXe K Mpuodo-
paM, TIpU MEePBOM YMOTPeOJIEHUU B TEKCTE MOJIKHBI OBITH
pacindpoBaHbI.

10. Kaxapiii pMCyHOK JOJIK€H OBbITh BBITIOJHEH Ha
Oesoit Oymare B BUIIe KOMIBIOTEPHOW pacrieyaTKy Ha Jia-
3epHOM INpuHTepe. g pacTpoBBIX (TOHOBBLIX) PUCYHKOB
ncnoans3oBath popmat TIFF ¢ paspemennem 600 dpi; Bek-
TOPHbIE PUCYHKU HEOOXOAUMMO MPEJOCTaBIITh B (hopmare
MporpaMMbl, B KOTOPOil OHU cleJiaHbl; 1 (oTorpaduit
ucnoias3oBath Gopmat TIFF ¢ paspeumieHnem He MeHee
300 dpi. Pucynku un ¢dororpacdum HOJKHBI OBITH YePHO-
OeIbIMU, YETKO BBIMOJHEHBI M TIPEACTaBIEHBI B 2 3K3.
KoMmnbloTepHbIii BapMaHT JOJKEH MMETh pacIIMpPEeHUSs
Aiff unm .cdr (Corel Draw) u mpeaocTaBisiTbesl Ha OT-
JIeJIbHOM HOcUTesle (KOMITAKT-IMCKe), PUCYHKU CIeIyeT
3aMuChbIBaTh B TOW MporpamMme, B KOTOPOW OHM CIEIaHBbI.
Ha oGopote Bcex WIIOCTpalluil yKa3blBalOT UX HOMED,
bamunuio aBropa M HasBaHue cratbu. OOpamaem Baime
BHUMAHHE HA TO, YTO TEKCT M PUCYHKH NpPeIOCTABJIAIOTCS
Ha OTAEJbHbIX JAUCKAX.

11. IlomprcyHOUHBIE TOAMKWCH TPUJIATAIOTCI Ha OT-
NIEJIbHOM CTpaHU1Ie ¥ 0(OPMIISIFOTCSI COTIaCHO TPEOOBaHUSIM,
WM3JI0KEHHBIM B TI. 4.

12. CraTbu, He OTBEYaIOIIMe MEPEYNCICHHBIM TPeOo-
BaHUSIM, He TTPUHUMAIOTCS.

13. JlonofHeHUsT B KOPPEKTYPY HE BHOCSITCS.

14. Penakiius >XKypHajia OCTaBJIsIeT 3a CO0Oil mpaBo
MPOU3BOAUTL COKpAIleHUEe U PEeIAKIIMOHHBbIC M3MEHEHUS
TEKCTa CTaTei.

IInaTta 3a ny0JMKaUMI0 He B3UMAeTCs.
bnaeodapum eac 3a cobawdenue Hawux npaeun
u pekomeHnoauyuir!

http://www.geol.msu.ru/vestnik/index.htm



YYPEOAUTEJIN:

MockoBcKuii TocynapcTBeHHbIN yHUBepcuTeT uMeHu M.B. JloMoHOCOBa;
reojjornueckuit pakynbrer MI'Y

PEJAKLIMOHHASA KOJUIET'UA:

JI.10. ITYIIAPOBCKHIM — ri1aBHBIA PeIakToOp, JOKTOP I€0IOTr0-MUHEPATOTMYECKHUX HayK, rpodeccop, akagemMuk PAH
E.A. BOBHECEHCKHM — 3aM. IJIaBHOTO PEeAaKTOPa, JOKTOP Te0JIOrO-MUHEPAIIOTMIECKMX HayK, Tipodeccop
P.P. TABAYJUIMH — OTBeTCTBEHHbIN CeKpeTapb, KaHIUAAT F€OJ0r0O-MUHEPATIOTMYECKUX HAYK, TOLECHT
U.M. APTEMBEBA — nipoeccop YHuBepcuteta Konenrarena, Jlanust

A.B. BEJIOHOXKO — mpodeccop YauBepcurera Ctokronnpma, LlIBemms

M.B. BOPUCOB — JOKTOp Ie0J0TO-MHHEPAJIOTHYEeCKMX HayK, mpodeccop

A.B. BPYIIIKOB — IOKTOp Te0JIOTO-MUHEPAJIOrMIeCcKNX HayK, IIpodeccop

A.A. BYJIBIYEB — n0KTOp (hU3MKO-MaTeMaTUYECKUX HayK, TIpodeccop

M.JL. BJAJIOB — 1okTop (hM3MKO-MaTeMaTUIECKUX HayK, TTpodeccop

T.B. TEPA — nipocdeccop IlIBeitapckoro MenepanbHoro texHonornueckoro ynusepcutera (ETH Zurich)
M.C. XJIAHOB — mipodeccop YuuBepcutera Conr-Jleiik-Cutn, CILA

H.B. KOPOHOBCKUII — IOKTOp re0Ioro-MUHEPAIOTMYECKNX HayK, mpodeccop

J.T. KOILIYT — DOKTOp Te0JIOTO-MUHEPAJTOrMYeCKNX HayK, Ipodeccop

A.B. JIOIIATUH — noKTOp OMOJOTMYECKMX Hayk, Tpodeccop

A.M. HUKUIIIUH — [OKTOp Te0JIOTO-MUHEePaJOTMUecKUX Hayk, Tpodeccop

A.P. OTAHOB — nipoeccop YHuBepcuteta Crouu-bpyk, CIIIA

AJL. TIEPYYK — IOKTOp reoJioro-MUHEPAJIOTUIECKMX HAYK

C.I1. ITIO3JHAKOB — [OKTOp IreoJI0ro-MUHEPAJIOTUYECKMX HAYK

B.A. CTAPOCTUH — IOKTOp Te0JIOTO-MUHEPAJTOTMIeCKNX HayK, IIpodeccop

A.B. CTYITAKOBA — [OKTOp T€0JI0r0-MAHEPATIOTNIYECKMNX HAYK, TOLIEHT

B.T. TPO®UMOB — [OKTOp T'e0JIOTO-MUHEPATIOTMYSCKNX HayK, IIpodeccop

B.K. XMEJIEBCKOI — IIOKTOpP T€0JIOrO-MUHEPaJIOTUIEeCKNX HayK, Ipodeccop

N.B. HIITYPOB — IOKTOp TEXHUYECKUX HAYK

PenakTop A.E. JIOCTUX

Anpec penakimu:

e-mail: vmu_red@mail.ru

Kypnan sapecucmpuposan 6 Munucmepcmee newamu u ungopmayuu PO.
Csudemenvcmeo o pecucmpavuu Ne 1552 om 14 ¢hespans 1991 e.

MoxmucaHo B meuath 15.04.2020. Mopmat 60x90' /4.
Bymara odcernas. apaurypa Taiimc.

Ven. neu. 1. 12,0, Yu.-u3n. . . Tupax 2K3.
WM3a. Ne 11474. 3akas

119991, Mocksa, I'CII-1, Jlenunckue ropsl, a. 1, ctp. 15
(yn. Akanemnka Xoxyosa, 11)
Ten.: (495) 939-32-91; e-mail: secretary@msupublishing.ru



ISSN 0201—-7385
ISSN 0579—-9406



MHJIEKC 70995 (xaraxor “Pocneyarn”)
MHJIEKC 34114 (xaragaor “IIpecca Poccun)

BECTH. MOCK. YH-TA. CEP. 4. TEOJIOT'MSI. 2020. Ne 2. 1—104

ISSN 0201—7385. ISSN 0579—9406.



