OT3bIB 0pHIIHATBLHOIO ONIIOHEHTA
Ha JMCccepTalMoHHyI0 paboTy BennBenkoit TaTbsaHbI AJlekceeBHBI
«IddexThI Macc-He3aBHCHMOT0 GpaKIMOHUPOBAHHUS H30TONOB CePbI H
KHCJIOpOJa B apxeiickoi atmocdepe 3emin»,
IPEICTaBICHHYIO HAa COUCKAaHHUE YYEHO! CTENEeHH JOKTOPA I'e0JI0r0-MUHEPAIOTHYECKUX HayK
1o crenuanbHoCTH 1.6.4 — Munepanorus, kpuctautorpadus. ['eoxumusi, reoxumMudeckue Me-

TOABI ITIOUCKOB ITOJIC3HBIX HCKOIIACMBIX

Hucceprauus, npencrapienHas T.A. Benusenkoii Ha CONCKaHHE yUYeHOH CTENIEHH TOKTOpa
re0JIOr0-MIUHEPAIOTHYECKHX HAYK, IIOCBSIIEHAa Pa3HOCTOPOHHEMY H3Y4EHHIO IIPOLIECCOB Macc-
HE3aBHCHUMOTO (ppaKIIMOHUPOBAHUS H30TOIIOB CEPBI M KHCIOPO/Ia, IPOTEKABIINX B apXeickoi aT-
Mocepe. DTH IpoLECcChl OCTABUIM ClIel B M30TOMHBIX ITapaMeTpax COCAMHEHHH cepsl — dlle-
MEHTa, HIPAIOLIEro OAHY U3 INIaBHEHIIHUX poJiei B GOpMUPOBAHUH Py JHBIX MECTOpOXKAECHUH. [laH-
HBIf MOMEHT B 3HAUHMTEJILHOM CTENEHH ONpeleNseT aKTyalbHOCTh paboThl. PesynbraThl, npen-
CTaBJICHHbIE B JHCCEPTAIlMH, MPEACTABIAIOT OOJBIION MHTEpEC Ui CIEIHATHCTOB, 3aHHUMAIO-
IUXCS HE TOJBKO OOLIMMH BOIIPOCAMH M30TOIHOM F€OXUMHH, HO U IpoLeccaMu pyaoobpa3oBa-
HUS, @ TAKKe SKCIIEPUMEHTAILHBIM H3YYeHHEM MEXaHH3MOB U BEJIMYHH MacC-HE3aBUCHMOTO H30-
TOITHOTO (pakioHrpoBanus. Heo6X0quM0 OTMETHTS, YTO B TUCCEPTAI[OHHOM paboTe aBTOp Je-
MOHCTPHPYET HE TOJBKO HOBEIE Pe3yJIbTaThl B 001acTH B 00JIaCTH 3KCIEPUMEHTA ¢ ra3oBoi (a-
30, HO ¥ pa3BUTHE METOANYECKUX ITOIXOJ0B K H30TOITHOMY aHAJIN3y CEephl H KHCIOpOoaa B Ipo-
JyKTax 3KCIEepHMEHTa U MPUPOTHBIX 00beKkTax. Takum oOpa3om, auccepranus TaTbsHbl AJleKce-
€BHBI BenuBenkoii sBisieTcs 3aKOHYEHHBIM 00bEMHBIM HCCIIEIOBAHIEM ¥ BHOCUT OOJIBIION BKIIA]
B COBpPEMEHHBIE T€OXUMHUYECKHIE 3HAHHUS.

B ocHOBE paboTHI JIeXaT pe3yIbTaThl, H3JI0XKEHHBIE B 26 CTAThsX, Oy 0JIMKOBAaHHBIX B BBI-
COKOPEHTHHIOBBIX POCCHUCKIX M MEXTyHapOIHBIX XypHaitax. KpoMe Toro, pe3ybraTsl HoK/Ia-
JIBIBAJTHCH aBTOPOM Ha MHOTOYHCIIEHHBIX KOHQEPEHIMIX U CHMIIO3UyMaX.

JloCTOMHCTBOM BCEX OIMyOJIMKOBAHHBIX paboT TaThsiHBI AJIEKCEEBHEI SBIISETCS TINATEb-
HOCTBh B METOJHYECKHX MOAX0AaX, KOTOpasi MO3BOJISET MOJIyYaTh Pe3yJIbTaThl MUPOBOTO YPOBHS.
BTOpBIM BBIMIPBIIIHEIM MOMEHTOM JUCCEPTALMH SBJISETCS OCHOBATEIbHAs 3KCIEPUMEHTAIbHAs
6a3a, co3naHHas aBTOPOM C KojuieraMu. B 3ToM cMbiciie paboTa MOXKeT OBITh OXapaKTepU30BaHa
KaK dTaJOHHAs, IIOCKOJIBKY TEOPETHIECKHE MOCTPOSHUS U IPUPOIHBIE HAOIIONCHUS BEICTPOSHEI
Ha HaJIS)KHOM JKCIEpHMEHTAIFHOM (pyHIaMeHTe. CTOUT OTMETHTh HOBU3HY U OPHIMHAIBHOCTD
SKCHEPUMEHTATBHBIX II0IX0I0B, BEICOKOE Ka4eCTBO U30TOMHBIX JAHHBIX, TIIATEIBHOCTH B HHTEP-

IpeTaIyy MOTy4YeHHBIX pe3yIbTaTOB.
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PaGoTa cocTouT U3 5 I1aB, BBEACHUS M 3aKIIOUEHHS, e¢ o0mmii 006éM - 288 cTpanmil,
coziepxanmx Kpome Tekcra 19 tabnu, 72 WUTIOCTpALMH U CIIUCOK JUTEpaTyphl U3 483 Haume-
HOBaHHUM.

Bo esedenuu hopMyTUpPYIOTCS IIETH U 3a0a4 paboThl, €€ aKTyalbHOCTh, HOBH3HA U IIpakK-
THYECKAs 3HAYMMOCTb, 3allHIIaeMBbIe MOJIOKEHHS, TO €CTh IPUCYTCTBYIOT BCe HEOOXOAUMBIE pa3-
JeTIbL. 371eCh KPaTKO U SICHO chopMyIHpOBaHA OCHOBHASI HHTPHTa pabOoThI, OTKY1a BBITEKAIOT LElb
U 3aJa4M UCCIIeOBaHus, (OPMYIHPOBKA KOTOPBIX TAKXKE SBIISIETCS YETKOH U SICHOM.

I'nasa I npexcrasisier co6oii 0630p TUTEpaTyphI 0 MAaCC-HE3aBUCHMOMY (HpaKIIHOHUPO-
BAHHIO H30TOIIOB CEPHI M KHCIOPOJa B IMPHPOAHBIX Mpoleccax. ABTOp ONUCHIBAET OCHOBHEIC ac-
IIEKTHI, KaCaloIIUeCs MacC-He3aBUCHUMOTO (paKIIMOHUPOBAHUS JAHHBIX 3JIEMEHTOB B IPEBHEH aT-
Mochepe 3emmn. O630p B Mepy KpaTOK ¥ XOPOLIO CTPYKTypHpoBaH. B 0630pe ABTOp paccmarpu-
BAET HBOJIIONHKIO B3IVISI0B HA IPHYMHBI BOSHUKHOBEHHS MacC-HE3aBUCHMBIX 9 (HEKTOB, MPOBOIUT
0030p UMEFOLIUXCS SKCTIEPUMEHTAIBHBIX paboT, MOCBSAIICHHBIX BOCIIPOU3BEICHUIO MacC-He3aBHU-
cuMBIX 3 (EKTOB Cepbl U KHUCIOpPOJa B (HOTOXUMHYECKHX PEaKIMsAX M 0000maeT uMEeromuecs
naHHBIe M mpencTaBieHus. CoBpeMeHHas U Ooiee paHHSS JIUTEpaTypa 10 NPeIMETy aHaIU3HupYy-
eTCs B MOJIHOM Mepe, OTHAKO HEKOTOpbIe paboThl ABTOPOM J¥iccepTaluy ymymeHsl. Hanpumep,
B JMCCepTaliy He ynomuHaeTcs 86-i Bemyck Review in Mineralogy and Geochemistry, Beimen-
mmii B Havase 2021 roja, MOJHOCTHIO OCBSIIEHHBIN Macc-He3aBUCUMBIM 3G deKTaM B H30TOITHOM
CHCTEME KHCIIOpOJa.

B TexcTe nmpUCyTCTBYIOT MEIKHE CTHIIMCTUYECKHE OIIMOKH U JOCaJHbIe ONleYaTKH, Ha KO-
TOPBIX HET CMBIC]Ia OCTaHaBIUBATHECSA. OHAKO Ha CTP. 17 MPUCYTCTBYET (parMeHT TEKCTa, BHI3EI-
BaIOIIUI BO3paXKeHUE: «/[1 OONbUUHCIMBA 3eMHbIX 00pA3y08 NONYYeHHble KOpPeAYUOHHbIE 3a-
sucumocmu 5>3S—6%*S u §°°S—6°*S xopowo coznacyromes ¢ meopemuyecku npedcrkazannvim xa-
pakmepom pakyuoruposanus (pucyrox 1.1), umo ompadicaem opmuposarue u30monHo20 co-
cmasa 6 mepmMOOUHAMUYECKU DABHOBECHLIX YCIOGUAX u3omonHozo obmena (Johnston et al.,
2007)». Ilo-BuauMoMy, aBTOp UMEET B BUY JIMHUU 3€MHOTO MacC-3aBUCUMOT0 H30TOIHOT0 (pak-
IIHOHUPOBAHHUS, Ha KOTOPBIX JOJDKHBI HAXOAUTHCS COCTaBbl, CHOPMUPOBAHHBIE HE TOJIBKO B «TEP-
MOJIMHAMHUYECKH PaBHOBECHBIX YCIIOBHAX H30TOIMHOr0 0OMEHay, HO M B IIpolieccax, COIPOBOXIa-
€MBIX KHHETHYEeCKUMH 3 (eKTaMu, KOTOpBIE TAKKe SBJISIOTCS Macc-3aBUCUMbIMU. MHBIME clto-
BaMH, PUHAUIE)KHOCTh KOHKPETHOTO COCTABa JINHUU MacC-3aBHCUMOT0 (hpaKkIMOHUPOBAaHUS HE
CBHIETEJILCTBYET O TOM, YTO JaHHBIH COCTaB ObUT chOpMHUPOBaH B yCIOBUSX TEPMOAUHAMHUYE-
CKOT'0 paBHOBECHSI.

Eme oxHO 3aMedaHye BO3HHMKAET IPHU CONOCTABICHUH COJICPXKAHUS JAHHOM IJIaBHI U €€
Ha3BaHUS, B KOTOPOM CTOMJIO yKa3aTbh, YTO pacCMaTPHBAIOTCS, B OCHOBHOM, MacC-HE3aBHCUMBIE

addexTr B atMochepe 3emin, MOCKOIBKY, KpoMe yrioMuHaHus paboTel KiniiToHa ¢ coaBTOpamMu
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1973 ropna, uensiit 6;10k Gosiee MO3AHEH TUTEPATyPhl O MacC-HE3aBHCUMOM (ppaKIIHOHUPOBAHUU
H30TOIIOB KUCIIOPOJa U cephl B 0030pe omyuieH. He coBceM y1auHOo U caMO Ha3BaHHUE IVIaBbl:

«MACC-HE3ABHUCHUMOE ®PAKIIMOHNPOBAHUE N30TOITIOB: UCTOYHUKU 1
[TPOLIECCBI»

@®pakHOHHPOBAHKE — 3TO U €CTh IPOIIECC, U HE COBCEM IOHATHO, KaK y Mpolecca MOryT
OBITh HCTOYHHUKH. BO3MOXXHO, uTO Jiyume ObUI0 OBl B Ha3BaHMM HaIMCaTh HEYTO BPOJE: MeXa-
HU3MBL, IPHYUHBI U T.J.

I'naea 2 siBnsiercs metoaudeckoii. Co3qaHue HOBBIX YHUKATBHBIX METOJHK - TPAJAHUIIHOHHO
CHJIbHOE HalpaBJieHHe Ja00paToOpHH, KOTOPYIO IpeICTaBIsAeT quccepTanT. MHOTHe TeXHUYECKHE
HAXOJIKH BBHIMJISAIAT BIIEYATIISIONIE, HET COMHEHHI, YTO OHU IIO3BOJIAIOT CYIIECTBEHHO IIOBBICHTH
HaJEXKHOCTh H30TOITHOrO aHAJIA3a, B TOM YHCIIe, MaJOPacIpOCTPAaHEHHBIX H30TOIIOB CEPBI ¥ KUC-
nopoaa. HanpruMmep, ienuTesb ra30BbIX IIOTOKOB € HYJIEBBIM «MEPTBBIM)» 00BEMOM, KOTODBIH 1103-
BOJIMJI COYETATh JOCTOMHCTBA JBYX M3MEPHTEIIBHBIX PEXKUMOB: on-line mpoGONOArOTOBKY B pe-
XHUMe€ TTOCTOSTHHOTO ITOTOKA T'eJIHsl U MacC-CIEKTPOMETPUYECKHE U3MEPEHHUS B CTATHYECKOM pe-
xuMme. JlTaHHOE YCTPOHCTBO MO3BOJIAIIO PE3KO YIIYUIIUTH KA4eCTBO aHAIA3a MAJIOpaclpoOCTpaHEeH-
HBIX U30TOIIOB CEPHI B ra3oBoii ¢ase, mpeacrasieHHon SFe.

ABTOpPOM ITOKa3aHO MPEUMYILIECTBO JJOKATHHOIO METO1a U30TOIHOTO aHAIN3a CEpPHI C IIPH-
MeHEeHHEeM (eMTOoCeKyHAHOro Jjazepa nepex SIMS, 4To He SBISETCS HEOXHMIAHHOCTHIO, IO-
CKOJIBKYy B MeTozie SIMS orpomHOe 3HaueHHE UMEIOT MaTpuuHble 3¢ dekTsl. [Ipu ucnapenun 06-
pasua GpeMTOCeKyHIHBIM JIa3epOM MPOUCXOIUT KOJHYECTBEHHAS 3KCTPaKIUs MaTepraia 6e3 a¢-
(GeKToB IIaBIEeHUS KpaTepa, KpOME TOTr0, MaTpU4HbIe 3P QEKTHl BIIOJIHE 0XXUIAEMO HHBEIUDY-
IOTCS TIPH TOCIIEAYIONIEH MHOTOCTYIIEHYaTOW OYMCTKe rasza. TeM He MeHee, B paboTe yAeIeHo
BHHMAaHUE U OI[CHKE MaTPHUYHBIX 3 (HEKTOB, a TAKKE TIIATEIFHO IIPOBEPEHBI IPYTHE HCTOUHHKH
ommO0K, OOBIYHO CONPOBOXKIAIOIIUX METOMBI JOKATHHOTO aHaIM3a. Bee ommcaHHbBIe METOIBI
noaxozbl, 6e3yCIOBHO, HAXOASTCS Ha CaMOM BEICOKOM YPOBHE.

3ameuyaHHUs K 3TOH I1aBe, TeM He MeHee, HAIILUIUCh.

1) Ha ctpanune 69 yka3zaHno, uro yuub 20 % aGiauuoHHOTro MaTepralia yCremHo GTopu-
pyerTcst B IPOTOYHOM PEaKTOpe, M 3Ta OlleHKa MoTpeboBaia yBEIUYECHUS pa3MepoB Kparepa IpH
U3Y4YEeHUHU CyIb(QUIHBIX MUHEepaioB 10 80 MkM B quamerpe 1 40 MkM B riryOuHy. B Tekcre nanHOM
rJaBbl He 00CyXIaeTcs, HaCKOJIBKO BEPOSTHO (PpaKLMOHMPOBAHHE H30TONOB CEPHI B IpoLEecce
HETIOJTHOTO (PTOPHPOBaHUs. DTO BeChbMa Ba)KHBI MOMEHT, IIOCKOJIBKY Oosbinast acTh (80 %) uc-
IApEeHHOI'0 MaTepualia 0CTaeTcs 3a MpeaeaMy H30TOMHOro aHauu3a. Hampumep, npu HENOJIHOM
(bTOpUpPOBAaHUH CHIIMKATOB (IIPH BBIXOJE KUCIOpoaa MeHee 95 %) HcKakeHue BeTHYHHBI H30TOII-
Horo otHomenus #0/'%0 cranoBHTCS 3aMETHEIM Ha ypOBHE TOYHOCTH METOJIA JIa3epHOro GTOpH-

poBaHus. IMEHHO O3TOMY IIPU UCIIOJIB30BAHNH CHCTEM JIa3€PHOTO (PTOPHPOBAHMS TPUMEHSIOT

Crpanuna 3 u3 8



)KECTKMH, 4aCTO BU3yaJIbHBIH, KOHTPOJIb 32 MMOJHOTOM MPOTEKAHUS PEaKUUH Pa3IOXKEeHHS MUHE-
pana. Kakum 06pa3oM IpoBepsuIoCh U YYHTHIBAIOCH BIUSHHUE JAHHOTO (pakTOpa B METOJE, OIH-
caHHOM B quccepranuu? Ha Tolt jxe cTpaHuile ABTOp YKa3bIBaeT, YTO «...0CHOBHBIE HCTOYHHKH
OHmUOO0K ... MOTYT OBITH acCOLMMPOBAHBI ¢ HEM30EXKHBIM (PPAKLIUMOHUPOBAHUEM H30TOIOB IIPU
KpHOTe€HHOH 1 XpoMaTorpapudeckoit ounctke SFe», HO HUIUEro He MULIET O MOJIHOTE MPOTEKAHUS
peakuuu GTopupOBaHUS KaK O BO3MOXKHOM HCTOYHHKE OIMHOOK.

2) Ha ctpanune 77 06cyXaaloTcs BOIPOCH cTaHnapTH3amuu u3mepenuit 8170, B muccep-
TAllU¥ YKa3bIBAETCS, YTO M30TOMHBIE XapaKTepUCTUKU pabodero raza O ObUTH paccuUTaHBI HUC-
X015 U3 IIPEATOJIOKEHHUS, UTO COCTABhI ABYX cTaHIapToB - rpanata UWG u xBapua NBS 28 nexar
Ha JIMHAH 36MHOTO (ppaknmoHupoBaHus ¢ HakiIoHOM 0.526. CTpaHHO, MoyeMy BBIOPaHO HMEHHO
3HaueHue 0.526, a He 0.528, KoTOpOE B mocneaHee BpeMs HCIOb3yeTcs Jaie Bcero. Ho cyTh
3aMedaHus He B 9TOM. J[JIs yKa3aHHBIX CTaHAAPTOB OBLIH Oy OJIMKOBaHBI KaTMOPOBKH, IPOBEICH-
HBIE METOJOM IPSIMOrO CPaBHEHHUS C MEXIYHapOIHBIMM BOAHBIMH cTaHzapTamu VSLAP u
VSMOW (Tanaka, Nakamura RCM-2013(27):285-297; Wostbrock et al. Chem Geol-
2020(533):119432). Ony6muxosanssie Bemuuunbl A’ 70 ms UWG cocrapumu —0.078%o (Tanaka,
Nakamura, 2013) u —0.071%o (Wostbrock et al., 2020), mis NBS 28: —0.063%o (Tanaka, Nakmura,
2013) u —0.059%0 (Wostbrock et al., 2020). Ccputok HE Ha OJHY M3 3THX paboT B JUCCEpTALUU
HET, X0Ts ojHa u3 pabot BewIa B 2020-M, a apyras - B 2013 roxy. Hakonen, BecbMa yaagHbM
Ob110 OBI MPUMEHEHUE TPETHETO CHIIMKATHOTO CTaHAapTa - onuBuHa Can Kapioc, B KOTOpoM Be-
mmumna A''0 6s11a onpenenena B pasHbIx maboparopusx (Sharp et al., 2016, Pack et al., 2016,
Tanaka, Nakmura, 2013) 1 KOTOpBIif TpaAUIIMOHHO UCIIOIB3YETCS B KAYECTBE BHYTPEHHETO CTaH-
JapTa IpH J1a3epHOM (PTOPHPOBAHHH.

B I'nage 3 npuBosTCS pe3ynbTaThl SKCIIEPUMEHTAIBHOTO H3YYEHHUS MacC-HE3aBUCHMOTO
(bpakIHOHUPOBAHHUS H30TOIOB CEPHI B POTOXUMHUYECKUX peaknusix ¢ yuactueM SO,. Hccrenosa-
HHS IPOBEJICHBI JEeTaJIbHO, H30TOMHbIE 3P (EKTH pacCCMOTPEHBI OTHOCUTEIBHO HECKOJIBKUX JKC-
NepUMEHTAIBHBIX IePEMEHHBIX: [UIMHBI BOJHBI 1 HHTEHCHBHOCTH U3JTyYeHHUs, TEMIIepaTypbl, KOH-
neHTpanuu padouero raza SO2. ABTOpY yAaIOCh TOKa3aTh, YTO IPUMEHEHHE KOMOUHHUPOBAHHOTO
U3JTy4YeHUs C pa3HOU JJIMHOM BOJIHBI B OTHOCUTEIBHON HHTEHCHBHOCTHIO ITO3BOJISET OMUCATH pac-
IpeAeeHue MaJopaclpoCTPaHEHHBIX H30TOMOB Cephl, HabmogaeMoe B Cyb(uaax apxeinckoro
BO3pacTa. Ba)KHBIM BBIBOZIOM M3 IOJyUYEHHBIX JAHHBIX SIBIISIETCS JOKa3aTeIbCTBO TOTO, YTO aHO-
MaJIbHbI€ H30TOIMHBIEC XapaKTePUCTUKU apXeHCKO# cepbl ObLTH MPHOOPETEHEI HA CTAJUH €€ aTMO-
cepHOro 1UKIa, H, TAKUM 00pa3oM, H30TOIHBIE AHOMAIUH CEPHI JOJKHBI 3aKOHOMEPHO IPOSIB-
JISTBCS B apXEHCKUX Te0JOrHuecKuX GopManusx HEe3aBUCHUMO OT UX MecTonoioxeHus. CoBpe-

MEHHBIe JuTepaTypHble AaHHble (Montinaro et al, 2015; Ono et al, 2006, 2009, Kaufman et al,
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2007; u npyrue paboTHI) B TaHHBIE, IPUBEICHHBIE B 5-1 I7IaBe HACTOAIIEH TUCCEPTAIMH, 3TO O-
TBEPXKIALOT.

3ameyaHHi K 3TOH I71aBe MPaKTUIECKH HET, XOTS, KaK U B APYTHX IIaBax, TyT BCTPEUAIOTCS
He coBceM yaunble (ppa3sl. Hanmpumep, Ha cTpanuie 89 npu o0bsICHEHUHN 3aBUCUMOCTEH H30TOII-
HOTO COCTaBa cepbl 8°*S U BeTHuHH H30TONHBIX caBHroB A*S i A3S or mapnuansHOro KaBIeHUs
SO2 B paboueii kamepe 3KCIEPHMEHTAILHON YCTaHOBKH (puc. 3.4), ABTOp cO0OIIaeT, 9To « s
BemuuH 5°*S 1 A**S MakcHMyMBI HaX0OJATCS B OJIOKMTENBHON 06/1aCTH 3HAYECHHH, a 17 BEH-
ypH AS - B oTpunarensHoit 06macTuy». Ecu B3MISHYTh Ha COOTBETCTBYIOIIMIA rpaduK pECyHKaA
3.4(B), TO mpUBEICHHBIE TaM HEIUHEHHBIE 3aBUCHMOCTH XapaKTEPU3YIOTCS MHHHMYMOM, a HE
MakcUMyMoM. B03MOXKHO, 3[1eCh CI€IOBATO0 MPUMEHHUTh TEPMUH «IKCTPEMyMBI», b0 Gonee
SICHO BBIPA3WTh TO, YTO UMEETCS B BUIY.

Ha crpanuiie 92 roBoputcst 06 OTCYTCTBHH «IIPSIMOTUHEHHOH (HYHKIIMOHATBLHON 3aBHCH-
MOCTHY» MEXXIy BETMYAHAMH H30TONMHEIX caBuroB A**S u A%S. Xouercs otmernts, 9To TaKoBoi
3aBHCHMOCTH HE CYIIECTBYET, CYIIECTBYET JINHEWHAs 3aBUCHMOCTb.

I'nasa 4 nocsIeHa SKCIIEPHMEHTATEHOMY H3Y4YEHHIO MacC-HE3aBUCHUMOTO (paKIMOHHU-
POBaHHSA H30TOIOB KUCIOPOAa B GOTOXMMHUECKUX PEAKIUAX C y9aCTHEM IIEPOKCHA BOJOPOAA.
Kak u B ciydae 3KCIIEPUMEHTOB C JUOKCHUIOM CEpBl, 3[€Ch TAK)KE NEMOHCTPHUPYETCS BBICOKHUM
TEeXHHYECKUI YPOBEHb B JM3aifHE KCIEpHUMEHTa U ero ucnojHeHuu. K Hanbonee BaXXHBIM pe-
3yJIbTaTaM 3TO# IJIaBbI X0UETCSI OTHECTH MOJy4YEeHHOE ABTOPOM J0Ka3aTeIbCTBO TOTO, YTO Macc-
HE3aBHCHMBIE H30TONHBIE caABUrH B H2O2 MOTYT BOSHUKATh P JUCCOLMAIIMU BOABI B OECKHCIIO-
POIHBIX YCIOBHSX M HE TpeOYyIOT HacIeI0BaHUS H30TOITHONH aHOMAJIUH OT aTMOC(EPHOTr0 030Ha.
Taxum oOpazom, npeaiokeHa CUIbHAs aIbTepHATHBA OOIIEPUHATON TOUKE 3peHus Ha GOpMH-
POBaHUS MacC-HE3aBUCUMBIX H30TOIHBIX CIBUIOB KHCIOPOa BO BCEX KUCIOPOACOAePIKAIIUX aT-
MochepHbIx razax (Lyons, 2001). Bosiee Toro, ABTOpY yAaI0Ch HOKa3aTh 3KCIIEPUMEHTAIBHO, YTO
W30TOIHBIE CIBUTU KHCJIOPOJa, aHAJIOTHYHBIE YHACIEIOBAHHBIM OT 030HA, MOXHO TaKXXe IOJy-
quTh B OeCKUCIOpoIHOM aTMocdepe 3a cueT GOoTOAUCCOIMAIH MOJIEKYJT BOJIBI IO JEUCTBUEM
KOPOTKOBOJIHOBOTO COJTHEYHOT'O M3JIyUeHHS. DTOT MPOLECC MOXKET paccMaTpUBaThCA Kak aGHo-
TeHHas albTepPHATUBA OKCUTE€HAIMH 3eMHOU aTMoc(depsl B apxee, ¥ aBTOp OCTaHABIMBAETCS Ha
MEXaHU3ME IOCTENIEHHOTO HAKOIUICHHS EPOKCHAA BOJOPOJa B JIEIHUKAX B 30Xy IJI00AIBHOTO
[I0XO0JI0AaHus 2.2-2.3 MIIpA. JIET Ha3aj € €ro MocIeIyOmUM OCBOOOXKICHUEM IIPY TassHUH JIETHH-
KOB U JUCIPONOPIMOHUPOBAHUH C 00pa3oBaHHEM CBOOOJIHOIO KACIOPOAA.

B kxagecTBe cBHIETENBCTBA TOMY, YTO INI0OATBPHOE MOXOJIOJAHHUE MMENIO MECTO, ABTOP
IIPUBOJUT MPHMEP H30TONMHO-00JErYeHHBIX KOPYyHA-coaepkaimx nopoa bemomopckoro mosica.

Onsako 3p1ech, MO MHEHHIO pELEH3€HTa, JIOTHKAa IOoDKHA OBITh 0OpaTHO#: riobaipHOE
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noxosonanue, uiam cobetue «slush-ball Earth» npusnekaercs kak OIMH U3 BAPUAHTOB HHTEPIIPE-
Tallud aHOMAJIbHBIX U30TONHBIX JaHHBIX, @ HE HA000POT.

Texnuueckoe 3amedanue K 3To# riase: Ha crp. 161 (mocnennuit ab3am) ABTOp HEBEPHO
ccbuUIaeTcst Ha pucyHoK 4.10, nmo-BuauMoMy, UMes B BUIy pHCYyHOK 4.11(a).

B 2nase 5 paccmarpuBaroTcss M30TONHBIE JaHHBIE, MOy4deHHbIe T.A. BenuBernkoil mis
IPUPOJHBIX CyIb()UIOB, KOTOpPBIE OBLIM H3yUYEHBI C LEJIBIO MPOCIECAUTH H30TOIHBIE AHOMAIUH
cepbl, ChOPMHpPOBaHHBIE B POTOXMMHUYECKHX MPOIIECCcax, MPOTEKaBIIUX B apxeiickoit atmocdepe
3emun. Be3yciioBHO, H30TOHEIE OTHOLIEHHS cephl 33 U 36 ABIAIOTCA NOIOJIHUTEIBHBIM Tpacce-
POM, KOTOpBIif KpaitHe HH(GOPMATHBEH IS CYIbH/IOB C OKOJIO HyIeBHIMH BETMUMHAME 5°1S.

WurtepecHoe HabMOAeHIE IPUBEICHO IS CyIbQHUIOB pyIonposBieHus JIekca, rae Benu-
YWHA M30TOIHOM aHOMAJIUH Cepbl-33 U M30TOIHBIA COCTAaB KIACCHYECKON M30TOIHOH CHCTEMBI
Cepsl BeAyT ce0s M0-pasHOMY B 3aBHCHMOCTH OT MOP()OJIOTHYECKHX 0COOEHHOCTEH CyIb(puI0B.
Kpucramumueckue arrperarsl, OKpy Karomue cyIbGUIHYI0 KOHKPEIHMIO OTIMYAOTCS Y3KUM JHa-
Ia30HOM BeJMYMH &°*S M BICOKO# BemmunHOiM anoMamuu A*S. ITepBoe HaGIrOIEHHE MOXKET TO-
BOPHUTH O (QIIIOMIHOM IIEPEHOCEe, YTO BEChMa BEPOSTHO ULl KPHCTAJUIMYECKUX (a3, BO3MOXKHO,
SIBJISTFOLITUXCSL POAYKTOM 00Jiee MMO3/IHEero nepeoTiokeHus cyabpunoB. OqHaKo BbICOKAs BENIU-
unHa aHoMaauu A*S MoxeT yKa3sIBaTh Ha JOMOJHATENbHEIH IPUBHOC CEPHI, HAIPUMED, C (IIro-
u1aMu, GUIBTPYIOUIMMHECS [T0 OKPY KAFOIIMMCS TOJIIAaM BO BpeMsi MeTaMop(dH3Ma, 0TMEYaeMOTo
JUISL JAHHOTO OOBEKTAa.

BecbMa HHTEpECHBIM SBIISIETCS PE3yJIbTAT, MOJIyYeHHBIH Ui Cy1b(GuaoB MoHYeropckoro
MAcCHBa, JUI KOTOPBIX XapaKTepeH y3Kuit nuana3oH BeuunH 8°4S B paitone Hyns. C ydeToM reo-
JIOTUYECKOH NMO3MIIMU MacCHBa 9TH JIaHHbIE MOXKHO TPAKTOBATH B I10JIb3y MAaHTUHHOTO HCTOYHUKA
CEpBl, YTO U JENaJIOCh PaHbIle, HO U3y4eHUs H30TOIMHBIX aHOMaHi ceprl-33. [TonydeHHsle auc-
CEpTaHTOM JaHHbIe, TeM HEe MEHee, ITOKa3bIBAIOT, YTO MCTOYHUK CEPHI B ATHX IOpOJaX HMEET
CJIOXKHYIO HCTOPHIO U YTO NPOLIECCHl KOHTAMUHAIMH SIBJISIOTCS OCHOBHBIM (paKTOPOM BOBJICUEHHUS
Cepbl B MarMaTHYeCKHe paciuiaBbl MOHYEropckoro MaccuBa. JlaHHBIN pe3yabTaT OYeHb HHTEpe-
CEH, HO B Ka4eCTBE €ro IOJIEeP)KKH He IIOMEeIano ObI COIIOCTaBUTh BBIBOJ O «CYINECTBEHHOH pOJIH
ACCUMMJILIUY CEPBI U3 OCAI0OYHBIX ITOPOJ B XOJI€ pa3BUTH MarMaTH4ecKux cucrem» (ctp. 220) ¢
JOPYTHEMH T€OXUMHUYECKUMHE M H30TOMHBIMU JaHHBIMH 110 MoH4Yeropcky. VX He Tak MHOTO, HO OHH
ecTb — 9T0 paboThl Koyuter u3 Kombckoro HayyHoOro neHtpa u paboThl 3apyOexHBIX aBTOPOB
(Chistyakova et al., 2016, 2020; Yang 2016 u apyrue pa6otsi). Bo Bcex paboTax oTMedaercs, 4To
KOHTaMHHALlUs MMeJa MecTo, Ho Obuta ciaboii. B cimydae cepbl ecTh OCIOXHSIOMUHA (akTop -
OKpY’KaloLIue ¥ MOJACTHWIAIOIINE MOPOIBI KpaifHe GeIHbI STHM 3JIEMEHTOM, W IS O0BACHEHHS
KOHTaMHHaIUK TpebyeTcs NpuBIedeHne 0COOBIX MEXaHU3MOB, 0 ueM roBopurcs B pabote Bekker

et al., 2015, KOTOpas IUTUPYETCS B TUCCEPTALIUH.
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B xauectBe 00mero 3aMmedaHus K JaHHOM IJlaBe XOYETCS NMOTYEPKHYTh, YTO M30TOITHEIE
JaHHBIE, IICTh JJa)kKe CaMble TOYHbIE U YHUKAIbHBIE, HEOOXOHUMO COTIOCTABIIATE C JPYTHMH I'e0-
XUMUYECKUMH, MUHEPATOTHYECKUMH, METPOJOIHYSCKUMU AAHHBIMH, YTOOBI KPUTHYECKH OIe-
HHUTH COOCTBEHHBIE PE3YJIbTAThL. DTOTO B IPEICTABICHHBIX pab0Tax, MOCBAICHHBIX PyAHBIM IIPO-
SBJICHUSIM U MECTOPOXKICHHSIM, IBHO HEOCTAET.

[TpuBeneHHEIE BBIIIE 3aMeYaHus He BIUSIOT Ha BHICOKYIO OLIEHKY, KOTOpOi 1aHHas paboTa
BIIOJTHE 3aciykuBaeT. TaThsiHa AJiekceeBHa BenuBenkas mpoJeMOHCTpHpOBajia BBICOKHH Mpo-
(becCHOHATBHBIA YPOBEHb U IPEICTaBUJIa MHTEPECHBIE PE3yJIbTaThl UCCIECIOBaHHM, MMEIOLIHE
byHIaMeHTaIBHBIN XapakTep. JlanHas 001acTh S9KCIIEpUMEHTA SBISETCS HOBOH, TpeOyeT BEICOKOH
AHAJTMTHYECKON TOYHOCTH, OOJIBINNX 3aTpaT BPEMEHHU H CHJI, pa3paboTKH COOCTBEHHBIX OPHUIH-
HaJIBHBIX IOJXOJ0B KaK K OKCIIEPUMEHTY, TaK U K METOJaM H30TOIIHOIO aHaim3a, 0000meHus
TEOPETHYECKUX 3HAHUM U UX MPUIIOKEHHUS K IKCIIEPHMEHTAIBHBIM pe3yJIbTaTaM Ul OObACHEHHS
npupoaHbIX Habmoaenuit. C aTuMH 3anayamu TaTbsiHa AekceeBHa, 6e3ycI0BHO, cripaBuiack. Ee
JCCEPTAIIHSI COIEPXKUT OOJIBIIOE KOJTHYECTBO YHUKAIBHBIX H30TOIIHBIX JaHHBIX H, HECOMHEHHO,
IpeACTaBIsIeT OOJBIIYIO LIEHHOCTh /ISl Pa3BUTHS HAIIMX 3HAHUH O Ipoleccax, MPOTEKaBIIUX B
npeBHel atMocdepe 3emiu. Jluccepranus UMEET XOPOLIYIO CTPYKTYpY, H3JI0)K€Ha JIOTHYHO, YH-

TaeTcs ¢ OOIBIINM HHTCPECOM.

3aki0uenne
Huccepranus T.A. Bemuenko#t «O¢dekTsl Macc-HE3aBUCUMOTO (paKIMOHHPOBAHHS H30TOIIOB
Cepbl U KHCIIopo/ia B apXekckoit atMochepe 3emMitny npeacTaBiseT co00i OCHOBATEIbHYIO 3aKOH-
YeHHYI0 paboTy B 00JIaCTH 3KCIEPHMEHTATBHOIO H3Y4YeHHS MAacC-HE3aBUCUMBIX H30TOIHEIX -
¢exToB B razax armocdepsl 3eMiaH. 3aIHUIIaeMble TOTOXKEHUS TTOJHOCTHIO 000CHOBaHbI Ipea-
CTaBJIEHHBIM (haKTHUECKUM MaTEPUATIOM M OTPAXKEHBI B COOTBETCTBYIOMMUX ITyOJIHKAIIHIX

[TocraBneHHbIe B paboTe IeIU JOCTUTHY THI O1arofapsi yCIemHoMYy PEIeHHUIO CIIe Iy OLIHX
Hay4HBIX 3a/1a4:

- pa3pabOTKH HOBOTO METOJa JIOKAIFHOTO IPEIM3HOHHOTO aHATH3a BCEX YETHIPEX CTa-
OWJIBHBIX H30TOIIOB CEPBI;

- 9KCIIEPUMEHTATIBHOIO U3y4YeHHs 3aKOHOMEPHOCTEH Macc-HE3aBUCUMOTO (paKLIHOHHUPO-
BaHHs M30TOMOB cepsl pH (otonuse SOz B 3aBHCHMOCTH OT psijja TapaMeTpOB;

- OKCIIEPUMEHTATBHOr0 O0OOCHOBAHHUS NPHUHIUIUAIBHOM BO3MOXXHOCTH T€HEPHPOBAHUS
TIIEpPOKCHa BOAOPOIa B GECKHUCIOPOIHON aTMOcdhepe i YCTaHOBIEHHS 3aKOHOMEPHOCTEH GopMu-

PoBaHuA H30TOITHBIX OTHOLLIICHUMU KHuCJIoOpoaa B Imponeccax (boronma BOJBI;
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- IPUMEHEHHSA KCIIEPUMEHTABHBIX JAHHBIX K KOJYEJAaHHBIM PYAOIPOSBICHUSAM apXeii-
CKuX KoMILTexcoB DeHHOCKaHAMHABCKOro muTa i CuOHpCKO# 1mIaThOpMEl U BBISBICHAS POJIH
boToxmME=EecKOro aTMoc(epHOro UKIA cephl B JOPMUPOBAHUH apXEHCKUX Py IHBIX OOBEKTOB.

Taxmm o0pa3oM, IuccepTamys IpeICTaBisieT KPyIHBIH BKIag B 00J1aCTH F€OXUMHUH CTa-
GHIBHEIX H30TOIIOB CepPBI M KHCIIOPOa, OCOOCHHO apXeHCKUX PYIHBIX 0OBEKTOB.

JluccepTaiusi COOTBETCTBYET NMACHOPTY CHeUaIbHOCTH 1.6.4 - « MuHepanorus, Kpucrai-
norpadus. ['eoXuMus, reOXuMHYECKHE METOBI IIOUCKOB TOJIE3HBIX MCKONAEMbIX», 3 IMEHHO B
myHkTax 13, 14, 15 u 19.

JuccepTanHoHHAasi padoTa MOJTHOCTHIO COOTBETCTBYET TpPeOOBaHHAM, NpeabsBJisie-
MBbIM K JIOKTOPCKHM AHCCEPTAIUSAM, YCTAHOBJIEHHBIM B I1. 9-14 IlocTaHoB/IeHHS IPaBHTE/Ib-
crBa P® "O mnopsinke npucykaeHns y4éHbix creneHeii” ot 24.09.2013 N 842 B pen. ot
25.01.2024 (Bmecre ¢ "IlostokeHueM 0 NpHCYKIEHHH YIEHBIX cTeneHeii'') a ee apTop, T.A.
Benusenkasi, 6e3 COMHeHHsl, 3aC/Iy’KHBAeT PHCBOECHHS YYE€HOI cTeneHH A0KTOPa reojoro-
MHHEPAJOTHYeCKHX HAyK mo cnemuaiabHocTu 1.6.4 - «Munepanorus, Kpucrauiorpagus.

FCOXHMﬂﬂ, reOXUHMHYECCKHE METOAbI MIOUCKOB IMOJIE3HBIX HCKOIIAECMbIX).

ABtopedepar oTpaxaer comepikaHue JUCCEPTALHH.

24. 09. 2024, Mocksa

Onmnonent / // E.O. lybununa

JIOKTOp reosoro-MuHEpaJorHuecKux Hayk mo crennanbHoctd 25.00.09 - 'eoxuMus, reoXumu-
YeCKHE METO/IbI IOUCKOB MOJIE3HBIX HCKOMIAeMbIX

I'maBHBIM Hay4yHBIH COTPYIHHUK J1aOOpaTOPUH H30TONHOM reOXMMHHU M reoxponojoruun UT'EM
PAH

Unen-koppecnonnent PAH
119017, MockBa, CTapOMOHETHBII IEPEYIIOK, 35

elenadelta@gmail.com; Ten. +7(916)025-60-75
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Caenenusi 06 opUIHATLHOM ONIIOHEHTE

A, Jlybununa Enena OneroBHa, Jai0 CBO€ COIJIaCHe BBICTYIIUTH B KauecTBe O(HIHAIBHOTO
OINIOHEHTa Mo auccepranuu Bemuserkoit Taresubl AnekceeBHbl Ha TeMy «OODEKTBI MACC-
HE3ABHUCHUMOI'O ®PAKIIMOHMPOBAHUA HM30TOIIOB CEPbBI M KHUCJIOPOJA B
APXEWCKOM ATMOC®EPE 3EMJIM» mo crnemmambHocTH 1.6.4  «Munepanorus,
Kpucrajutorpapus. I'eoXuMus, TeOXHMHYECKHE METOJbl ITOMCKOB IIOJIE3HBIX HMCKOIAEeMBIXY,
TNpeICTaBIeHHOM Ha COUCKaHHUE YUEHOH CTEeNEeHH JOKTOpa re0JI0ro-MHUHEPAIOrHIeCKUX HayK.

O cebe coobmaro:
@amuus, uMs, otyectBo: [Jyoununa Enena Onerossa
Vuenas creneHs, yueHOe 3BaHHE: JOKTOP re0JIOr0-MHHEPANOrHUecKuX Hayk, €wieH-kopp. PAH
[Iudp 1 HaMMEHOBaHHE CIIEHATFHOCTH, [0 KOTOPOH 3amuiena auccepranus: 25.00.09 -
I'eoxuMus, TeOXMMHYECKHE METOIBI IIOUCKOB 1oJjie3HbIX HekomaeMbix « CTABUJIBHBIE
M30TOIIbI JIETKHX OJIEMEHTOB B ITPOLIECCAX KOHTAMUWHAIINUU U
B3AVMOJIECTBUA ®JIFON-ITOPOA.

HaumeHoBanue opraHm3anum: VHCTHTYT TIeOJIOTHH PYIHBIX MECTOPOXICHMH, meTporpaduu,
MHUHepanoruu u reoxumuud PAH

JI0IDKHOCTB, CTPYKTYpHOE IOApa3 iesieHue: INIaBHbIN HayYHbIH COTPYIHUK, TJaOOpaTOpHs H30TOMHOM
T€OXUMHH U T€OXPOHOJIOTHH

Anpec opranusanuu: 119017, Mocksa, CtapoMOHETHEI# 1ep., 35

Tenedon opranusammu: (495) 951-45-79

e-mail: elenadelta@gmail.com
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S, lybununa Enena OneroBHa, a0 corjiacke Ha BKJIIOYEHHE CBOMX IEPCOHAIBHBIX JAHHBIX B
JOKYMEHTBI, CBSI3aHHbIE ¢ paboTOM AMCCEPTAllMOHHOTO COBETA, U UX JaJIbHEHIIyI0 00paboTKy, B
TOM YHCIIe Ha pa3MmelneHue cBeeHuil Ha caiite ®IBYH MHCTHTYT reoXumMun ¥ aHaTUTHYECKOMH
xumun uM. B.W. Bepranckoro PAH.
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