
OT3bIB 

oqmu;HaJihHOfO 0IIIIOHeHTa JJ:.X.H. B .E .TiomIKOBa Ha JJ:llCCeprnu;mo BeJIHBeIJ;KOH TaTb5IHhI 

AneKceeBHhI "3cp<peKThI Macc-He3aBHCllM0ro <ppaKIJ;llOHHpOBaHH5I H30TOII0B cepbl H KHCJiopo,n:a 

B apxeif CKOH aTMOC<pepe 3eMJill
11

' rrpe,n:cTaBJieHHYIO K 3aW,HTe Ha C0HCKaHHe yqeHOH CTerreHH 

JJ:0KT0pa reonor0-MHHepa.rrornqeCKHX HayK . 

.D:nccepTau;mr TaTh5IHhI AneKceeBHhI BennBeu;Koif rrocB5IW,eHa rrccne,n:oBaHHIO Macc­

He3aBHCHMhIX ll30TOIIHhIX 3<p<peKTOB, OTHOCHTeJibHO H0BOMY pa3,n:eny reOXHMHH CTa6ttJihHhIX 

H30T0IIOB. HHTeHCHBHbie reOXHMHqecKrre HCCJieJJ:0BaHH5I Macc-He3aBHCHMhIX H30T0IIHhIX 

3<p<peKTOB KaK CJie,n:cTBmI <ppaKIJ;llOHllpOBaHH5I CTa6HJihHhIX ll30TOII0B HaqaJillCh C IIHOHepcKOH 

pa6on1 TttMMeHca H Xeif,n:eHpeifxa III (Thiemens, Heidenre ich Ill, 1983), B KOTopol1 6b1n 
o6Hapy)KeH Macc-He33BHCHMblH H30TOnHbl H 3cpcpeKT npH o6pa30B3HHH 030H3 B 3JleKTpH4eCK0M 

pa3pH)].e . .IJ:11ccepTaU,HH T.A. BeJlHBeLJ,KOH n0CBHW,eHa ABYM HepeweHHbJM npo6J1eMaM re0XHMHH 

M3CC-He3aBHCHMbIX 3cpcpeKTOB - M3CC-He33BHCHM0MY cppaKLJ,HOHHpOB3HHI-O H30T0n0B cepbl B apxee 

H M3CC-He33BHCHM0MY cppaKLJ,HOHHposaHHI-0 H30T0n0B KHCJl0P0Aa npH o6pa3083HHH nep0KCH)].a 

B0A0P0Aa H 2O 2 B 6eCKHCJ10pOAHOH aTMOCq>epe. PeweHHe 3THX npo6neM HBJlHeTCH He06XO)].HMbJM 

3TanoM )].JlH n0HHM3HH51 cpopMHpOBaHHH aTMOCcpepbl paHHeH 3eMJlH H ee nocJ1e)].yI-Ow,e11 

0KCHreHau_HH. Heo6XOAHMbIM ycn0BHeM )].JlH ocyw,eCTBJleHHH 3TOH 33)].34H H npose)],eHHH 

C00TBeTCTBYI-OW,HX 3KcnepHMeHT3JlbHblX HCCJle)],0B3HHH HBHJl0Cb C03)].3HHe BblC0K0T04H0ro Macc­

cneKTp0MeTpH4eCK0ro MeT0)].3 H3MepeHH51 H30T0nH0ro C0CTaBa cepbl (833S, 834S H 836S), 4T0 HMeeT 

caM0CT0HTeJlbH0e 3Ha4eHHe. AKTyanhHOCTb H H0BH3Ha AHCcepTau,H0HHOH pa6oTbl T.A. Ben11seu,Ko11 

He Bbl3BbJB3lOT COMHeHHH . 

.D:nccepTau;n5I T.A.Bemrneu;Koif cocT0HT H3 BBe,n:eHH5I, II5ITH rnaB, 3aKmoqemrn, co,n:ep)KHT 

72 pncyHI<a H 19 Ta6JIHII. CrrHCOK JIHTepaTyp1,1 BKJIIOqaeT 4 79 HaHMeH0BaHHH.. O6w,HH 06'.heM 

JJ:HCCeprnu;mI - 280 CTp . .D:ttccepTaHT 5IBJI5IeTC5I aBTOpOM 22 CTaTeii: no TeMe JJ:HCCepTaUHH, 

orry6mIKOBaHHhIX B peu;eH3ttpyeMbIX )KypHa.rrax, cpe,n:H K0T0pbIX 3HaqnTeJibHYIO qacTb 

COCTaBJI5IIOT H3JJ:aHH5I, 0TH0C5IW,HeC5I K rrepB0MY H BT0p0MY I<BapTHJI5IM ITO peifTHHry WOS. B 

CTaTh5IX orry6JIHKOBaH OCHOBH0H MaTepna.rr, rrpe,n:cTaBJieHHhIM s JJ:HCCepTaIJ;HH. 

Bo BBe,n:eHHH o6ocHOBhIBaIOTC5I aKTYaJihH0CTh JJ:MCCeprnu;ttoHHOM pa60ThI, ee Hay1:JHa5I H 

rrpaKTHqecI<a5I 3HaqrrM0CTh, HOBH3Ha H JJ:OCTOBepH0CTh II0JiyqeHHhIX pe3yJihTaToB; 

cpopMynttpYIOTC5I u;enn 11 3a,n:a1:JH nccne,n:osaHH5I, rroJI0)KeHH5I, s1,rnocrrM1,1e Ha 3aw,nTy, 

rro,n:qepKHBaeTC5I Herrocpe,n:CTBeHHhIM BKJia,n: aBTOpa. 3,n:ecb )Ke rrpe,ucTaBJieHbI CBe,n:eHH5I 06 

arrpo6au;HH ,n:rrccepTaIJ;HOHHOM pa60ThI Ha rrpeCTH)KHbIX 0TeqecTBeHHhIX H Me)l<JJ:yHap0JJ:HhIX 

HayqHhIX cpopYMaX, rry6JIHKaUH5IX no MaTeptta.rry ,n:rrcceprnu;nn, II0I<a3aH0 C00TBeTCTBHe 

JJ:HCCepTaUH0HHOM pa60ThI rracrropTy HayqHOM crreu;HaJihH0CTH 25.00.09 - reoxHMH5I, 

re0XHMHqecI<He MeT0JJ:hI II0MCKOB IIOJie3HhIX HCI<OrraeMbIX. Bse,n:eHHe co,n:ep)KHT Bee 

He06XOJJ:MMbie CBe,n:eHH5I 0 JJ:HCCepTaUHOHHOH pa6oTe, K0T0pbie JJ:0JI)KHbI 6bITh rrpe,n:CTaBJieHbI B 

3TOM pa3,n:ene. 

I1epBa5I rnasa ,n:rrcceprnu;mr rrpe,n:cTaBJI5IeT ofoop Hay1:JHOM JIHTepaTyp1,1 rro TeMe 

,n:rrcceprnu;HH. Ee MO)KH0 pa3,n:eJIHTh Ha JJ:Be HepaBHhie ITO 06'.heMy qaCTH. B rrepBOH. 1:JaCTH Ha 

HeCKOJihKHX CTpaHnu;ax H3JI0)KeH p5IJJ: HCT0pttqecKHX q:>aKTOB M Cq>OpMynrrpOB3HhI II0H5ITH5I 

Macc-3aBHCHMhIX H M Macc-He3aBHCHMhIX H30T0IIHhIX 3q>q>eI<Tax. 8 3TOH qacTH, KOT0pa5I H0CHT 

CI<0pee 03HaK0MHTeJibHhlli xapaKTep JJ:HCcepTaHT ,n:orrycTHJI p5IJJ: oum6oK H HeTOqH0CTeH. Hx 

rro,n:aBJI5IIOW,ee rrpHX0JJ:HTC5I Ha CTp. 15. TaK, HarrpHMep, Ha 3TOM CTpaHnu;e ,n:rrccepTaHT 

3aKJIIOqaeT: "Pae1-toeec1-tblM 1-ta3bl6a10m maKoe nepepacnpeOeJLe1-tue uJomonoe Me:J1coy oeyMJl wtu 

6oJLee KOMno1-te1-tmaMU o6pamUMblX XUMU'-leCKUX peGKLfUU, 6 pe3yfl bmame Komopo20 

oocmu2aemcfl cocm0Jt1-tue UJomom-1020 pae1-toeecuJt e cucmeMe. Ku1-1emu4ecKoe 

(jJpaKL{UOl-tUpoea1-tue QCCOLfUUpy1om C 1-1eo6pamUMblMU UJlU 001-l01-IGnpa6JLe1-tl-tblMU npOLfeCCQMU, 6 

Komopbzx 1-1e npoucxooum pea1<.LfUU u3omon1-to20 06Me1-1a u, c11eooeameJZb1-tO, 1-1e MO:Jtcem 6bimb 

oocmuwymo 06Me1-11-1oe u3omon1-1oe pae1-1oeecue". To ecTh, rrpe,n:cTaBJieHHhie ,n:11ccepTaHT0M 
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cpopMyJrn:poBKH npe,ll,norrannoT CBH3h H30TOnHoro cppaKUHOHHpoBaHHH TOJlbKO C XHMI.PieCKHMH 

peaKUHHMH, qTo He Bcer,na TaK. l130TOnHoe cppaKUHOHHpOBaHHe MO)KeT Ha6mo,I1,aTbCH, 

HanpHMep, B npoueccax (pa30BhIX nepexo,ll,OB, ,ll,Hcpcpy3HH H T.n. Ha :noif )Ke CTpaHHUe YKa3aHo: 

"Teopemu'-lecKue ocH06bl rjJpaKifUOHupoeaHUf/, uJomonoe enepebze 6butu npeocmae!le1-1bz e 
pa6omax (Urey, 1947; Bigeleisen, Mayer, 1947,· Bigeleisen, 1965)". 3rn yrnep)K,I1,eH11e farrro 6hr 

cnpaBe,ll,JIHBO 6e3 CJIOBa "BnepBbre". BonpOCbI cppaKUHOHHpoBaHHH H30TOnOB 113yqarr11 3a,ll,OJiro 

,ll,O 3THX pa6oT, np111IeM HHTeHCHBHbie HCCJie,ll,OBaHHH BeJIHCh no cppaKUHOHHpOBaHmo H30TOnOB 

BO,ll,Opo,na Me)I(.IJ:Y )I(ll,ll,KOH BO,ll,OH H ee napOM. C TO'IKH 3peHHH TeopHH pa3,nenemrn l130TOnOB 

np11Be,ny pa6oTy I0p1111 fpeihpa, ony6n11KoBaHHYIO B 1935 r. (Urey H.C., Greiff L.J. (1935) 
Isotopic exchange equilibria// J. Amer. C h em. Soc. V. 57. P. 321- 332). MHoroq11cneHHhie 

CCbIJIKH Ha paHHHe l130TOnHhie pa60ThI MO)KHO HaHTH, HanpHMep, B KHHre EpO,ll,CKHH A.H. 

XHMHH l130TOnOB M.: HayKa. 1957. 645 C. Ha 3TOH )Ke 3JIOnOJIY1IHOH 15 CTpaHHUe ,ll,HCCepTaHT 

YKa3hIBaeT KOHKpeTHbie 3Ha1!eHHH ,ll,JIH napaMeTpa "A, xapaKTepH3YIOIUero 3aBHCHMOCTh 

KHHeTH'leCKHX H paBHOBeCHhIX K03(pq_)HUHeHTOB cppaKUHOHHpOBaHHH H30TOnOB OT MaCCbI. ,lJ:rrH 

paBHOBeCHbIX 3q_)q_)eKTOB A, npe,ll,CTaBJieHo KaK OTHOIIIeHHe cyMM o6paTHhIX Mace OCHOBHOro H 

3aMeruaIOIUHX H30TOnOB. O,nHaKo 3TO Bbipa)I(eHHe ,ll,JIH A, npe,ll,CTaBJIHeT co6oif JIHillh 

BhICOKOTeMnepaTypHbIH npe,ll,eJI H , B006rue fOBOpH, 3aBHCHT OT TeMnepaTyphr. ,[l) rn 

KHHeTH'leCKHX npoueccoB HeB03MO)KHO ,ll,aTh o6ruee Bbipa)KeHHe, T.K. 3TO Bbipa)I(eHHe 6y,I1,eT 

3aBHCeTb OT npHBe,ll,eHHOH MaCChl B,ll,OJlh KOOp,ll,HHaTbI peaKUHH, KOTOpaH pa3JIH1IHM ,ll,JIH pa3HhIX 

peaKUHH. (MerraH,ll,ep n. H CoH,ll,epc Y. (1983) CKopocTH peaKUHH H30TOnHhIX MorreKyrr. M.: 

M:np. 344 c.). B ,ll,HCcepTaUHH npHBe,ll,eHO Bbipa)I(eHHe A, ,ll,M cneuHaJibHOro CJIY1IM ,ll,Hq_)q_)y3HH. 

HecMOTpH Ha YKa3aHHbie IIIepoxoBaTOCTH, B 3TOH qaCTH rrraBbI npHBe,ll,eHhI Heo6XO,ll,HMbJe 

CBe,ll,eHH51 ,ll,JI51 noHHMaHH51 pa3JIH1IHH Me)I(,ll,y Macc-He3aBHCHMhIMH .H Macc-3aBRC.HMhIM.H 

.H30TOnHhIM.H 3q_)q_)eKTaM.H. OcHOBHM qacTh nepBOH rrraBhI nocB&IUeHa pa6oTaM no 

.HCCJie,ll,OBaHRIO Macc-He3aB.HC.HMhIX H30TOnHhIX 3cpcpeKTOB cepbl .H KHCJiopo,na, 'ITO H COCTaBJI&eT 

OCHOBHOH npe,nMeT ,ll,HCCepTaUHOHHOH pa60ThI. 3m 1IaCTh Han.11caHa Ha BhIC01IaihneM HaY1IHOM 

ypoBHe. ,n::nccepTaHT nOKa3aJI 6necrnruee 3HaHHe HaY1IHOH JIHTepaTyphI H npo,neMOHCTpHpOBaJI 

HCKyCCTBO aHaJIH3a Hay1IHhIX HCCJie,ll,OBaHHH. CcpopMyrrHpOBaHHbie B KOHUe rrraBhI 3a,ll,a1IH 

HCCJie,ll,OBaHH& Henocpe,ll,CTBeHHO CB&3aHbI C HepeIIIeHHhIMH BOnpocaMH XHMHH H reOXHMHH 

Macc-He3aBHCHMbIX H30TOnHhIX 3cpcpeKTOB H npH3BaHbI nporrHTh CBeT Ha cnopHbie BonpOCbI 

npHpO,ll,bI Macc-He3aBHCHMOfO cppaKUHOHHpOBaHHH l130TOnOB cepbl H KHCJiopo,na B apxeHCKHX H 

paHHerrpoTep030HCKHX o6pa3uax H TeM caMhIM paCIIIHpHTh HaIIIH 3HaHHH O BOCCTaHOBJieHHOH 

aTMOccpepe Ha paHHHX CTa,ll,H&X HCTOpHH 3eMJIH. HepeIIIeHHhIM MeTO,ll,H'leCKHM BonpocaM 

H3MepeHH& H30TOnHoro COCTaBa ,ll,JIH BCeH nneH,ll,bl H30TOnOB cepbl B 3TOH rrraBe y,ll,eJieHO JIHillh 

MHHHMaJihHOe BHHMaHHe. 

3TOT "He,ll,OCTaToK" c JIHXBOH ycTpaH&eTCH B Ha1Iarre BTOpOH rrraBhI, r,l],e ,ll,HCCepTaHT 

paccMaTpHBaeT OCHOBHbie npo6rreMbl BbICOKOTO'IHhIX H3MepeHHH H30TOIIHOro COCTaBa cepbr. 

,n:11ccepTaHT pacKphrnaeT He,ll,OCTaTKH cyruecTBYlOIUHX Macc-cneKTpOMeTpH1IeCKHX "in situ" 

MeTO,ll,OB H3MepeHHH H30TOnHoro COCTaBa cepbl B cyrrhq_)H,ll,aX C HCnOJih30BaHHeM Jia3epHOH 

a6JI&UHH 11 q_)TOpHpOBaHHH. B ,ll,HCcepTaUHH y6e,ll,HTeJibHO nOKa3aHO, 'ITO COBMeCTHOe 

HCIIOJlh30BaHHe cpeMTOCeKytt,ll,HOro Jla3epa npH a6JIHUHH cynhq_)H,ll,OB B noTOKe rerrmr, 

npoTO'IHOfO MeTO,l],a q_)TOpHpOBaHH& cyrrhq_)H,ll,HOro a3p030JIH, Kp.11oreHHOH 01IHCTKH SF 6 C 

HCIIOJlh30BaHHeM npoTO'IHhIX TepMoperyrr11pyeMbIX JIOByIIIeK H HHTepcpetl:ca, n03BOJIHIOIUero B 

ycJIOBH&X BhICOKOro BaKyyMa BBO,ll,HTh B HCTO'IHHK HO HOB HaHoo6pa3Uhl SF 6 KOpOTKHM 

HMnynhCOM, B CO'ieTaHHH C MHOfOKOJIJieKTOpHbIM Macc-cneKTpOMeTpOM 06ecrre1IHBaeT 

He06XO,ll,HMyID TO'IHOCTh npH H3MepeHHH l130TOnHoro COCTaBa cepbl ,ll,JIH Beet!: ee nrreH,ll,hI 

H30TOnOB. 3To ,ll,0Ka3bIBaeT nepBoe 3aru11ruaeMoe noJIO)I(eHHe, cyTh KOTOporo KaK pa3 H 

3aKJII01!aeTCH B pa3pa60TKe MeTO,ll,a BbICOKOTO'IHhIX H3MepeHHH H30TOnHoro COCTaBa cepbl B 
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cym,qn-1,nax. I1p11 pa.3pa60TKe MeTO,nHKH T.A. Berr11BeUKa51 nOKa.3aJia cefo1 TaJiaHTJIHBhIM 

3KCnepHMeHTaTOpOM. Pa.3pa60TaHHhIR 11 BHe,npeHHhIR MeTO,n Macc-cneKTpOMeTpH'IeCKHX 

I13MepeHHR, KOTOpbIR onepe)I<aeT 3apy6e)KHhie aHarror11, 'ITO pe,n:I<O BCTpeqaeTC51 B Hanrn ,QHH, 

51BJI51eTC51 Heo6xo,nHMhlM HHCTpYMeHTOM ,QJI51 peIIIeHH:51 nocTaBJieHHhIX reOXHMH'IeCKHX 3a,na'I. 

OcTaBIIIa51C51 qacTb BTOpoii rrraBhI noCB511UeHa I13JIO)KeHHIO MeTO,D:HKH I13MepeHH:51 I130TOnHoro 

COCTaBa KHCJIOpo,na (8 17
0 11 818

0). K CO)KaJieHHIO, 51 He o6Hapy)KHJI CBe,neHHR O naTeHTOBamrn. 

3TO B nepByIO oqepe,nh KacaeTC51 HHTepcpeiica ,QJ151 BBO,na HaHoo6pa.3UOB SF6, 'ITO 11 51BJI51eTC51 

MOHM 3aMe'IaHHeM I( rrraBe 2. 
TpeTh51 rnaBa ,n11cceprnu1111 T.A. Berr11BeUKOR nocBmueHa Macc-He3aBHCHMhIM 3cpcpeKTaM 

npH q>OTOJII13e SO2. OHa 51BJI51eTC51 ueHTpaJihHOH He TOJlhKO no CBOeMy pacnOJIO)I<eHHIO B TeKCTe 

,n11cceprnu1111, HO 11 no ee CMhICJiy. Ha1160Jihllll1H o6oeM 3KCnep11MeHTaJihHhIX HCCJie,noBaHHH 

npe,ncTaBJieH HMeHHO B 3TOH rrraBe, KOTOpa51 Henocpe,ncTBeHHO conp51)KeHa co BTOpbIM 

3aIIIHIIIaeMbIM nOJIO)KeHH:eM. B 3TOH rrraBe 3KCnep11MeHTaJihHO nOKa.3aHO B03HHKHOBeHH:e Macc­

He3aBHCHMOro I130TOnHoro cppaKUHOHHpOBamrn B npouecce o6rry'IeHH:51 MOJieKyrr SO2 B 

YJibTpacp11orreTOBOM (Y<D) ,n11ana.30He ,D:JlHH BOJlH (qacTOT, 3Heprnil:). Mccne,noBaHO BJ11151HHe 

,nnHHhI BOJlHhI SO2 Y<DM, TeMnepaTyphr 11 ,naBneHH:51 ra.3a SO2 Ha Macc-He3aBHCHMhie H30TOnHbie 

3cpq>eKThI. M30TOnHbie 3cpcpeKThI I13Mep51Jll1Ch B 3JleMeHTapHOH cepe, o6pa.3YJOIIIeHC51 nocrre 

cpoTOn113a SO2. 

,n:11ccepTaHT nonaraeT, 'ITO B03HHKHOBem1e Macc-He3aBHCHMOro cppaKUHOHHpOBaHH:51 

H30TOnOB cephl nOJlHOCThlO onpe,nen51eTC51 51BJieHH:eM caM03KpaHHpOBaHH51, KOTOpoe 

3aKJ1IO'IaeTC51 B npe11MyII1eCTBeHHOM ocrra6neHHI1 HHTeHCHBHOCTH Y<D I13JlY'IeHH51, Ha qaCTOTax 

nornoIIIeHH:51 I13JIY'!eHH51 32S O 2, no cpaBHeHHIO C ocrra6neHH:eM HHTeHCHBHOCTH Ha qacTOTax 

nornoIIIeHH51 H3JlY'!eHH51 pe,n:KHMH H30TOITOJIOfaMI1 SO2. Cne,nCTBHeM 3TOfO 51BJI51eTC51 

06oraII1eHI1e so (a 3Ha'IHT 11 3JleMeHTapHOH cepbI) np11 nornoIIIeHH:11 Y<D H3JlY'!eHH51 pe,n:KHMH 

I130TOnaMH cephI. Oco6oe BHHMaHH:e 6blJ10 y,neneHO BJ11151HHIO ,D:JlHHhI BOJlHhl Ha BeJlH'IHHY 11 

xapaKTep Macc-He3aBHCI1MhIX I130TOITHhIX 3cpcpeKTOB. 3KcnepH:MeHTaJihHO ,D:OKa.3aHo, 'ITO 

KOppeII51UHOHHhie 3aBHCHMOCTI1 Li33 S - 834
S 11 Li36

S - Li33 S pa.3Jll1'IHhl ,D:J151 Y<l> o6ny'IeHH51 C 

,QJIHHaMH BOJIH <200 HM 11 6onee >200 HM. I1p11 3TOM B Y<D o6rrY'!eHH:e B Ka)K,QOM 113 YKa.3aHHhIX 

,n11ana.30HOB B OT,neJihHOCTH He o6ecne'IH:BaeT corrrac11e YKa.3aHHhIX 3KCnep11MeHTaJihHhIX 

KOppeJI51UHOHHhIX 3aBHCHMOCTeil: C aHaJIOfH'IHhIMH 3aBHCHMOCT5IMH, Ha6JIIO,naeMblMI1 B 

cyrrhq>H,nax B apxeil:CKHX OTJIO)KeHH51X. Ho y,narrOCh 3KCnep11MeHTaJihHO ,QOKa.3aTh, 'ITO 

cyrrepno3HUI151 Y <l> I13JIY'IeHH51 113 06011x YKa.3aHHhIX ,n11arra.30HOB n03BOJI5IeT nony'IHTh 

KOppeMUHOHHhie 3aBHCHMOCTH, aHaJIOfH'IHhie TeM, 'ITO HMeIOT MeCTO B apxeil:CKHX 

OTJIO)KeHH5IX. 3TOT BhlBO,Q npe,ncTaBJ151eTC51 Kpail:He Ba)l<HhIM, noCKOJlhKY OH n03BOJI51eT CB513aTb 

Ha6rr10,naeMbie B apxeRCKHX OTJ10)1(eHH:51X Macc-He3aBHCI1Mhle 3cpcpeKThI C q>OTOXHMH'IeCKHMH 

rrpoueccaMH, HMeBIIIHMH MeCTO B BOCCTaHOBJieHHOR apxeil:CKOH aTMOccpepe. KpoMe TOro, 

,n11ccepTaHT cnpaBe,nnHBO OTMe'!aeT, 'ITO ITOJlY'!eHHbie pe3yJihTaThI CBH,neTeJlbCTBYIOT O HaJIH'IHH 

B crreKTpe 113ny'IeH1151 Morro,noro CorrHua Y <I> KOMITOHeHThI c ,nnHHaMH BOJlH Mettee 200 HM. B 

COBpeMeHHOM COJIHe'IHOM cneKTpe TaKa51 I<OMITOHeHTa OTCYTCTByeT. I1p11 3TOM ,n11ccepTaHT 

cnpaBe,D:JlHBO YKa.3bIBaeT Ha TO, 'ITO B crreKTpax MOJlO,D:hIX 3Be3,n COJIHe'IHOro TH:na TaKa51 

KOMITOHeHTa np11cyTCTByeT. TaKHM o6pa.30M, rrpe,ncTaBneHHbie ,naHHhie n03BOJI51IOT C'IHTaTb 

BTOpoe 3aIIIHIIIaeMoe noJlO)KeHH:e ,QOKa.3aHHhIM. BMeCTe C TeM 51 cq11TaIO, 'ITO )J;HCCepTaHT He ,no 

KOHUa HCnOJih30BaJI B03MO)KHOCTI1 aHaJIH3a nony'IeHHhIX HM I130TOIIHhIX ,naHHhIX. ITpe)K_ne 

BCero, He06XO,n:J,1.MO OTMeTHTh, ,naBJieHHe a 3Ha'IHT 11 nJIOTHOCTh KOJIOHKH MOJleKyrr B 

3KCrrep11MeHTaX, rrpe,ncTaBJieHHhIX B ,n11ccepTaUHH I13MeH51eTC51 11p11MepHO B 1000 pa.3. A 

pacrrpocTpaHeHHOCTh (rro 'IHCJIY aTOMOB) I130TOIIa 
34

S TOJlhKO B ~22.1 pa.3a HmI<e, 'IeM 

pacrrpOCTpaHeHHOCTh 
32

S. I1o3TOMY, ecnH ,n11ccepTaHT rrpe,nrrorraraeT, 'ITO 11p11 HH3KHX 

,naBneHH51X rrpo11cxo,n11T cyIIIecrneHHoe ocna6rreH11e Y <I> mny'IeHH:51 Ha qacTOrnx rrornoIIIeHH51 
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32
SO2, TO Heo6xo;::u,1MO yqHTbIBaTh, qTo npH BbICOKHX ;::i:aBJieHmrx 6y;::i:eT npOXOJJ:HTb 

0:cqepnbIBaHHe y <I> H3rryqeHmI Ha qacTOTaX norrromeHmI 
34

SO2. C ;::i:pyroii CTOpOHbI, npH 

HH3KHX ;::i:aBrremrn:x MO)I<HO O)I<HL{aTb, crre;::i:y51 npe;::i:noJIO)KeHH51M aBTOpa JJ:HCCeprnuHH, qTo 

CKOJib-JIH60 cymecTBeHHOro H3MeHeHH51 H3JiyqeHH51 Ha qacTOTaX norrromeHH51 33 S H 36S He 

npoHCXOJJ:HT. Ho TOr;::i:a, paccMaTpHBa51 cppaKUHOHHpOBaHHe 
36

S OTHOCHTeJibHO 
33

S (HJIH 

Hao6opoT 
33

S!3
6
S), MO)I<HO paccqHTaTb Berr0:q1rny Macc-3aBHCHMOro cppaKUHOHHpOBaHH51 B 

npoBe;::i:eHHbIX 3KCnepHMeHTax, a nocrre 3TOro oueHHTb Macc-He3aBHCHMYIO KOMnOHeHTy. TaKa51 

nepcneKTHBa npe;::i:CTaBJI51eTC51 BeCbMa 3aMaHqJ,IBOH B CBeTe BepHQ)HKaUHH npe;::i:nOJI0)I(eHH51, 

corrracHO KOTOpoMy npHqHHOH Ha6rr10;::i:aeMbIX H30TOnHbIX 3cpcpeKTOB 51BJI5IeTC51 

caM03KpaHHpOBaHHe. Eme OJJ:HO 3aMeqaHHe HOCHT TepMHHOJIOrHqeCKHH xapaKTep. YKa3aHHOe 

BbIIIIe pa3JIJ,IqJ,Ie H30TOnHbIX 3cpcpeKTOB JJ:HCCepTaHT o6b51CH51eT TeM, qTQ npH Y<I> o6rryqeHHH B 

BbICOK03HepreTHqecKOH qacTH cneKTpa npoHCXOJJ:HT np51Ma51 JJ:HCCOUHaUH51, a npH o6rryqeHHH C 

(A > 200 HM) Q)OTOJIH3 SO206513aH npeJJ:HCCOUHaUHH. ITpaBHJibHO onHCbIBa51 51:BJieHH.e 

npe;::i:HCCOUHaUHH, m1ccepTaHT Ha3bIBaeT ero "npeMHCOUHau;Heii". 3To np51Ma51 KaJibKa C 

aHrJIHHCKOro TepMHHa predissosiation. " I1opbIBIIIHCb
11 

B I1HTepHeTe, 51 C H3YMJieHHeM 

o6Hapy)KHJI nomyqyIO OKKynaUHIO OTeqecTBeHHOH HayqHOH JIHTepaTypbI "npeJJ:JJ:HCOUHau:0:eif 11. 

To)Ke CaMoe MO)I<HO CKa3aTb O TepMHHe "penyrrhCHBHOe COCT051HHe", KOTOpbIH TaK)I(e 

HCIIOJib3YeTC51 B L{HCCepTaUHH BMeCTO pyccK0513blqHoro 
11
0TTaJIKHBaTeJibHOe COCT051HHe". 

qeTBepTM rrraBa JJ:HCCepTaUHH nOCB51meHa 3KCnepHMeHTaJibHOMY JJ:OKa3aTeJibCTBY 

B03MO)KHOCTH o6pa30BaHH51 nepOKCHL{a BO;::i:opo;::i:a B 6eCKHCJIOpOJJ:HOH ra30(pa3HOH cpe;::i:e H 

H3yqeHHIO cppaKUHOHHpOBaHH.51 H30TOnOB KHCrropo;::i:a B 3TOM npouecce. 3TO HCCJie;::i:oBaHHe 

Henocpe;::i:cTBeHHO CB5I3aHO C BbICKa3aHHOH paHHee rnnoTe30H (Liang et al., 2006) 0 HaqaJibHOH 

OKCHreHaUHH 3eMHOH aTMoccpepbI, He CB513aHHOH C Q)OTOCHHTe30M. ITo 3TOH rHnoTe3e B sepxHHX 

CJI051X apxeHCKOH aTMOCcpepbI B BOCCTaHOBHTeJibHbIX ycrrOBH51X 3a cqeT Q)OTOJII13a napoB BOJJ:bl, 

o6pa30BbIBaJIC51 nepoKCHJJ: BOJJ:Opo;::i:a H2O2, KOTOpbIH B nepHOJJ: orre;::i:eHeHHH KOHL{eHCHpOBaJIC51 H 

HaKanJIHBaJIC51 B 3aMOpO)KeHHOM COCT051HHH B rre;::i:51HOM IIOKpose 3eMJIH. B nepHOJJ: noTenrreHHH, 

OH BbICB060)KL{aJIC51 npH TMHHH rre;::i:HHKOB H JJ:HCCOUHHpOBarr Ha H 2O H 02, 51BJI5151Cb TeM caMbIM 

HCTOqHHKOM KHCJIOpo;::i:a B apxeHCKOH aTMOccpepe 3eMJIH. Krr10qeBOH acneKT 3TOH rnnoTe3bl, 

CB513aHHOH C B03MO)l<HOCTbIO o6pa30BaHH51 H CTa6HJIH3aUHH H2O2 B 6eCKHCJIOpOJJ:HOH 

aTMOCcpepe 51BHJIC51 npe;::i:MeTOM 3KCnepHMeHTaJibHOro HCCJieL{OBaHH51 JJ:HCCepTaHTa. B 
npeJJ:bIJJ:YlllHX pa6ornx 6hIJIO ycTaHOBJieHO, qTQ nepoKCHJJ: BOJJ:Opo;::i:a ;::i:ettCTBHTeJibHO o6pa3yeTC51 

B npouecce Q)OTOJIH3a napoB BOJJ:bl, HO L{JI51 ero crn6HJIH3aUHH He06XOJJ:HMbI oqeHb HH3KHe ( < -
180°C) TeMnepaTypbl, npHqeM npH o6pa30BaHHH H2O2 Ha6JIIOL{aJIC51 KHCJIOpOJJ:HbIH MaCC­

He3aBHCHMblH moTOnHhrn 3cpcpeKT ( CM. HanpHMep, Savarino and Thiemens, 1999). 
ITpoBe;::i:eHHbie JJ:HCceprnHTOM 3KCnepHMeHTbl no o6pa30BaHHIO nepoKCHL{a so;::i:opo;::i:a B 

3JieKTpHqecKOM pa3p51;::i:e H B pe3yJibTaTe Q)OTOJIH3a napoB BOJJ:bl B npHCYTCTBHH p51;::i:a ra30B: 

MOJieKyrr51pHbIH KHCrropo;::i: , JJ:HOKCHJJ: yrrrepo;::i:a, MeTaH, aproH, nOKa3aJIH, qTo nepOKCHJJ: 

BOJJ:Opo;::i:a MO)I(eT 6hITb o6pa30BaH H crn6HJIH3HpOBaH npH HOpMaJibHblX ycrroBH51X. ITpH 3TOM 

Ha6JIIOL{aJIC51 Macc-He3aBHCHMbIH H30TOnHbIH 3cpcpeKT. KopeHHbIM 0TJIHqHeM npe;::i:cTaBJieHHbIX B 

JJ:HCCepTaUHH 3KCnepHMeHT0B OT ony6rrHKOBaHHbIX paHee 51:BHJIOCb npHCYTCTBHe napoB B0JJ:bl, 

qrn no3B0JI51JIO ocymecTBHTh peaKUHIO peKoM6HHaUHH OH pa;::i:HKaJIOB no peaKu:0:11: OH+ OH+ 

M --+ [HOO Hf +M --+ H2O2 + M, r;::i:e M - TpeThe Teno (HanpHMep, MorreKyrra BOJJ:bI) . obIJIO 

TaK)Ke nOKa3aHO, qTo serr0:q0:Ha Macc-He3aBHCHMOro H30TOnHoro 3cpcpeKTa ~ 17
0 He 3aBHCHT HH 

OT THna 3JieKTpHqecKoro pa3p51;::i:a B ra3e, HH OT MeTO;::i:a pa3JIO)KeHH5I BOJJ:bl ( Q)OTOJIH3, 

3JieKTpHqecKHH pa3p5IJJ:). Ha6rr10;::i:aeMbIH Macc-He3aBHCHMbIH H30TOnHbIH 3cpcpeKT 6bm 

HHTepnpeTHp0BaH KaK 51;::i:epHO-CnHHOBbIH H30TOnHblH 3cpcpeKT. ITpHCyTCTBHe 

KHCJIOpo;::i:co;::i:ep)KamHx ra30B OKa3bIBaeT HeKOTOpoe BJIH51HHe Ha Ha6mo;::i:aeMbie H30TOnHbie 

3cpcpeKTbI. )J;rr5I npHCYTCTBH51 MOJieKyrr51pHoro KHCrropo;::i:a 6bIJIH c;::i:erraHbI KaK 
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3KCITepHMeHTaJibHbie, TaK H TeopeTHqecKHe o:u:eHKH ITyreM M0)],emi:poBaHH5I C HCIT0Jib30BaHHeM 

ITporpaMMhI KINTECUS. Ehmo IT0Ka3aHo, qro ,ll,JI5I CHCTeMbI H2O-O2 BJIH5IHHe Ha 

Ha6JIIO)],aeMbIH Macc-He3aBHCHMbIH H30TOITHbIH 3<p<peKT 0Ka3bIBaeT o6pa30BaHHe 030Ha. B 

CHCTeMe H2O- CO2 0TBeTCTBeHHblM 3a H3MeHeHHe BeJilfqlfHbI Mace He3aBHCHM0ro 

qipaK:U:HOHHpOBaHH5I 5IBJI5IeTC5I peaK:U:H5I CO2 - co+ 0. 

3KCITepHMeHTbI, 0ITHCaHHbie B qeTBepTOH rnaBe, )],0Ka3bIBaIOT TpeThe 3ar:u:m:u:aeMoe 

IT0JI0)Kem1e, K0Topoe BKJIJOqaeT, B qacTH0CTH, yrBep)K,ll,eHHe 0 TOM, qT0 Macc-He3aBHCHM0e 

qipaK:U:HOHHpOBaHHe H30TOITOB KHCJI0p0,ll,a ITPH o6pa30BaHHH ITepoKCH)],a B0,ll,0po,ll,a o6ycJIOBJieHO 

5!,ll,epH0-CITHH0BbIM H30T0ITHblM 3<p<peKTOM. B )TOH CB5I3H X0TeJI0Cb 6bI IT0~epKHYTb, 1:JTO 

HaH6onee y6e)],HTeJibHblM )],0Ka3aTeJihCTB0M TaKOH ITpHp0,ll,bI Macc-He3aBHCHM0ro 

qipaK:U:HOHHpOBaHH5I H30T0IT0B KHCJI0p0,ll,a 5IBHJI0Cb 6hI o6Hapy)KeHHe BJIH5IHHe MarHHTH0ro 

IT0JI5I Ha MaCC-He3aBHCHM0e qipaK:U:HOHHpOBaHHe. 5I TaK)Ke X0TeJI 6h1 IIQ)],qepKHYTb, qTQ 

0ITHCaHHe K0MITbIOTepHoro M0)],eJIHp0BaHH5I BbI3bIBaeT p5I,ll, B0ITp0C0B. Bxo)],Hbie )],aHHbie 

,ll,0CTaT0l:JHbI )],JI5I Toro, 1:JT06bI o:u:eHHTb o6pa30BaHHe Toro HJIH HH0ro K0JIHqecTBa 030Ha, HO 

He)],0CTaT0qHbI )],JI5I xapaKTepHCTHKH ero H30T0ITH0ro C0CTaBa, IT0CK0JibKY 0TCYTCTBYIOT 

K0HCTaHTbI H30TOITHblX peaK:U:HH. KpoMe Toro, p5I,ll, peaK:U:HH He paccMaTpHBaeTC5I. B qaCTH0CTH, 

06MeHHbie peaK:U:HH: l7Q l 6O+16Q = 1602 + 170; 18Ql6Q+l6Q = 1602 + 180; l7Q l8Q+ l 8Q = 1802 + 

17
0; 

17
0

18
0+

17
0 = 17

02 + 
18

0; a TaK)Ke aHaJI0I'Hl:JHbie 06MeHHbie peaK:U:HH C 030H0M H 

aT0MapHblM KHCJI0p0,ll,0M He Yl:JHThIBaIOTC5I ITPH M0)],eJIHp0BaHHH. Bee 3TH peaKUHH 5IBJI5IIOTC5I 

,ll,Byxl:JaCTHqHbIMH H ITPH )],0CTaToqHo HH3KHX ,ll,aBJieHH5IX H,ll,YT 3HaqHTeJihH0 6hICTpee 

Tpexqacrn:1:JHhIX peaK:U:Hii o6pa3oBaHH5I 03mm 02 +O+M = 03 +M. 3To qacTo CB0,ll,HT Ha HeT 

B03MO)KHbIIT Macc-He3aBHCHMbIH H30TOITHbIH 3<p<peKT o6pa30BaHH5I 030Ha. MHe TaK)Ke 

IT0Ka3aJI0Cb HeBH5ITHblM o6'b5ICHeHHe ITpHp0,ll,bI 5!,ll,epH0-CITHH0B0ro H30T0ITH0ro 3cp<peKTa, 

Tpe6y10r:u:ero o65I3aTeJihHOro HarrHqH5I BHeurnero cna6oro MarHHTHoro IT0JI5I. B 3T0M ITJiaHe 

M0)KH0 ITopeK0MeH)],0BaTb KHHry A.JI. Ey-qaqeHKO (HOBa5I H30T0ITH5I B XHMHH H 6HOXHMHH. 

MocKBa, HayKa, 2007 r. , 190 c.). 

B IT5ITOH rnaBe H3JI0)KeHbI pe3yJibTaTbI H3MepeHHH H30T0ITH0ro C0CTaBa cepbl (833S, 834
S H 

836
S) B cyJihqlH)],ax H3 apxeii:CKHX IT0p0,ll, <l>eHHOCKaH)],HHaBCKoro r:u:Hra H CH6HpCKOIT 

IIJiaT<pOpMbI. bbIJIH 06Hapy)KeHbI MaCC-He3aBHCHMhie H30T0ITHbie 3<p<peKTbI ~ 33S H ~ 36S B 

HCCJie,ll,yeMhIX o6pa3uax cyJih<pH,ll,OB. y )Ke 3TO, C yqeT0M ITpemueCTBYJOr:u:Hx o6Hapy)KeHHH 

Macc-He3aBHCHMbIX H30TOITHblX 3cp<peI<TOB cepbl Ha ,ll,pyrnx K0HTHHeHTaX IT03B0JI5IeT 

paccMaTpHBaTb Macc-He3aBHCHM0e qipaKUHOHHpOBaHHe H30T0IT0B cepbl B apxee KaK 

ITJiaHeTapHoe 5IBJieHHe, 1:JT0 xopowo cornacy10TC5I c ITpe,L1,cTaBJieHH5IMH o ITp0HCX0)K,ll,eHHH Macc­

He3aBHCHMOH H30TOITHOH MeTKH ITPH <pOTOJIH3e aTMOCcpepHoro SO2 ITO)], B03)],ettcTBHeM 

C0JIHel:JH0ro Y<I> H3JIY1:JeHH5I. ,[(HccepTaHTOM ITpe,L1,ITpHH5ITa IT0ITbITKa )],aTh HeITp0THBopeqlfB0e 

o6'b5ICHeHHe Ha6JIIO)],aeMhlM K0HI<peTHblM cpaKTaM. Cne,ll,yeT ITpH3HaTb, qTQ ITpHBJieqeHHe 

ITpe,ll,CTaBJieHHH 0 TOM, qTo Macc-He3aBHCHMbie H30T0ITHbie 3cp<peKTbI B cyJihqlH)],aX 5IBJI5IIOTC5I 

pe3yJihTaTOM B0BJiel:JeHH5I B apxeii:CKHH reOXHMHl:JeCI<HH UHKJI cepbl ee <pOTOJIHTifqecKOH 

K0MIT0HeHTbI IT03B0JI5IeT o6'h5ICHHTb Ha6JIIO)],aeMbie oco6eHHOCTH ITp05IBJieHH5I Macc­

He3aBHCHMbIX H30T0ITHblX 3<p<peKTOB HeITp0THB0peqlfBblM o6pa30M. B qacTH0CTH, HX 

0TpHUaTeJihHhie 3Hal:JeHH5I ~ 33 S HHTepITpeTHPYIOTC5I I<aK ITpH3HaK o6pa30BaHH5I cyJih<pH,ll,OB B 

pe3yJihTaTe 6aKTepHMbHOH cyJib<paTpe,ll,yI<:U:HH, 1:JTO IT0,ll,KpeITJI5IeTC5I 0TpHUaTeJibHbIMH 

3Hal:JeHH5IMH 834
S. BbIBO)], 06 y-qaCTHH apxeii:CKOH 6HOTbI B qiopMHpOBaHHH cyJihqlH,ll,OB 

apxeii:CI<HX IT0p0,ll,, KOTOpbIH paHbllie CTaBHJIC5I ITO)], C0MHeHHe, HallieJI CB0e IT0)],TBep)l()],eHHe B 

CBeTe IT0JiyqeHHblX )],aHHbIX. I10JIO)l(HTeJibHbie 3Hal:JeHH5I ~ 33 S HHTepITpeTHpyIOTC5I I<aK 

ITp05IBJieHHe MeTKH, H30TOITH0I'0 C0CTaBa 3JieMeHTapHOIT cepbI, ITOJiyqeHHOH ITPH <pOTOJIH3e SO2. 

B ITpHp0,ll,HblX o6pa3uax o6Hapy)KeHbI K0ppeJI5IUHH. Me)K,ll,y ~
33

S H ~
36

S, aHarrornqHbie TeM, 

K0TOpbie Ha6JIIO,ll,aJIH B 3KCITepHMeHTe. MaTepHarr, H3JI0)1(eHHbIH B IT5ITOH rnaBe, CJIY)KHT 
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o6oCHOBaHiieM )],JUI <pOpMyJIHpOBKH qerneprnro 3auwmaeMoro IlOJI0)I(eHH5I, KOTOpoe MO)KHO 

cqHTaTh ,l],0Ka3aHHhIM. B KaqecTBe 3aMeqaHH5I K '.HOR rnaBe 5I XOTeJI 6hI OTMeTHTh, qTo B Hell He 

CKa3aHO, KaKHe BeJrnqHHhl napaMeTpa "A (CM. <popMyJiy 1.2 B ,l],HCCepTaIIHH) npHH5IThl )],JUI Macc-

3aBHCHMhIX KHHeTHqecKHX H30TOilHhIX 3<p<peKTOB (HanpHMep, 6aKTepHaJihHOR 

cyrrh<paTpe,ll,yKIIHH), Be,l],h HMeHHO OHH cJiy)I(aT HyrreBhIM 3HaqeHHeM npH 011eHKe Macc­

He3aBHCHMOR cocTaBrr5IIOmeii. 

B 3aKmoqeHHH ,l],HCCepTaHT 110,l],B0,l],HT KpaTKHe HTOrH ,l],HCCepTaIIHOHHOR pa60Thl. 

B 11erroM ,l],HCCepTaIIHOHHa5! pa6oTa T.A. BeJIHBeIIKOR 5IBJI5IeTC5I KOMITJieKCHhIM 

HCCJie,l],OBaHHeM coqeTalOil{eM npoBe)],eHHe 3KCrrepHMeHTaJihHhIX pa6oT C H3yqeHHeM 

npHpO,ll,HhIX o6pa3IIOB. ,[(HccepTaIIH5I IlOCB5IIl{eHa perneHHIO MacrnTa6HhIX npo6rreM 3B0JIIOIIHH 

Harnett nrraHeThl. B Kaqecrne HHCTPYMeHTa K perneHHIO 3THX npo6rreM, OHa HCIIOJlh3YIOT HOBYIO 

MaJIOH3yqeHHYIO o6rraCTh COBpeMeHHOR reOXHMHH CTa6HJihHhlX H30T0ITOB - Macc-He3aBHCHMhie 

H30TOilHhie 3<p<peKThl cephI H KHCJI0pO,ll,a. IlpH 3TOM myqemfe co6cTBeHHO Macc-He3aBHCHMhIX 

H30T0ilHhIX 3<p<peKTOB T.A. BerrHBeIIKa5! TeCHO YB5!3hIBaeT C HeperneHHhIMH reOXHMHqeCKHMH 

npo6rreMaMH. BhICOKOe MaCTepCTBO 3KCnepHMeHTaTOpa Il03BOJIHJIO eii pellIHTh 3a)],aqH, K0TOpbie 

OKa3aJIHCh He ITO)], CHJIY ,ll,pyrHM HCCJie,l],0BaTeJUIM. 3,l],eCh npe)I(,l],e Bcero XOTeJIOCh 6hI OTMeTHTh 

pa3pa60TKY BhICOKQTOqHoro MeTO,l],a H3MepeHHR H30TOilHOro C0CTaBa ,l],Jl5I Bceii nrre&,l],hl 

H30TOilOB cephl. 3TOT MeT0,ll, npeBOCXO,l],lfT no ToqHOCTI1 l1MeIOil{l1eC5I 3apy6e)I(HhJe aHaJIOfH. 

I1MeHHO HCilOJlh30BaHHe 3TOro MeTO,l],a 3aJI0)I(HJIO 0CH0BY ,l],JI5I ycnellIHOfO 3KCnepHMeHTaJihHOfO 

H3yqeHI15I Macc-He3aBI1Cl1M0ro <ppaKIII10HI1pOBaHI15I l130T0IT0B cephI np11 4)0TOJII13e S02. BhIBO,l], 

0 Be,ll,ymeii porrH aTMOC<pepHhIX <pOTOXHMI1qecKI1X npo11ecc0B ,l],Jl5I apxeiiCK0ro III1KJia cephI, 

3KCnepl1MeHTaJihHOe ,l],0Ka3aTeJihCTB0 Toro, qTo oco6eHHOCTH Ha6JIIO,l],aeMoro Macc­

He3aBI1CHM0ro <ppaKIIHOHHpOBaHI15I H30TOII0B cephl B cyrrh<pH,ll,aX apxeiiCKHX H 

paHHenpoTep030RCKHX OTJIO)I(eHI1R o6ycrroBJieHhl np11cyTCTBHeM B TO BpeM5I B COJIHeqH0M 

cneKTpe )I(eCTKOro Y<I> H3rryqeHI15I C ,l],JIHHHOR BOJIHhl MeHee 200 HM 5IBJl5IIOTC5I 

<pyH,ll,aMeHTaJihHhIMI1 pe3yJihTaTaMI1, KOT0phie HeC0MHeHHO BOR,ll,YT B KaHBY HallIHX 

npe,ll,CTaBJieHHR O reOXHMifqeCKHX o6CTaHOBKax Ha paHHeii 3eMrre. na6opaTOpHhie 

HCCJie,l],oBaHH5I KHCJIOpO,ll,l-IhIX Macc-He3aBI1Cl1MhIX l130T0ilHhIX 3<p<peKTOB ,l],aIOT HanpaBJieHlfe 

l1CCJie,l],OBaHI1R ,l],Jl5I TeCTHpOBaHI15I fHilOTe3hI a6HoreHHOR npHp0,ll,hI HaqaJia OKCI1reHaIIHI1 

aTMOC<pephl 3eMJIH. ,[(HccepTalll15I T.A. BeJII1BeI1KOR 3aKJia,ll,hIBaeT OCHOBY )],JUI HOBOR OTpacrrH 

re0XHMHH CTa6I1JihHhIX l130TOilOB: l1CilOJih30BaHH5I Macc-He3aBHCI1MhIX H30T0IIHhIX 3<p<peKTOB B 

aTMOC<pepHhIX <pOTOXHMifqecKHX npou,eccax )],JUI peKOHCTPYKIII1I1 reOXHMHqecKHX o6cTaHOBOK 

Ha paHHeii 3eMrre. ,[(HccepTaIII15I no MOeMy MHeHI1IO y,ll,OBJieTB0p5IeT BCeM Tpe6oBaHI15IM, 

npe,ll,'h5IBJUleMhIM K ,l],OKTOpCKHM ,ll,l1CCepTaIII15IM no cne11I1aJihHOCTI1 25.00.09 - reoXI1Ml15I, 

reOXI1MifqecKHe MeTO,l],hl Il0l1CKOB norre3Hh1X HCKOnaeMhIX, ee aBTOp - BeJIHBeIIKa5! TaTh5IHa 

ArreKceeBHa - 3acrry)I(I1BaeT np11cy)I(,ll,eHI15I HCKOMoii CTeneHH ,ll,OKTopa reorroro­

MI1HepaJiorHqec1<11x HayK. 

ABTOpe<pepaT ,l],HCCepTaIIHH a,l],eKBaTHO 0Tpa)I(aeT ee CO,ll,ep)KaHlfe. 

H.o. rnaBHoro HayqHoro c0Tpy,ll,HI1Ka fEOXI1 PAH, ~ 

,ll,OKTop XHMifqecKHX HayK ~ B .E.I10JU1KOB 

c~ 
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