
OT3bIB o$uqua.rrbHoro orrloHeHTa t

o Arrccepralllru Ha corlcKaHue y.reHofi crerleurl
KaHArrAara Qusurco-MareMarrrrrecnnx HayK rlucrnrcoya [auuu;ra HunoraeBuqa

Ha reMy: <<KsanToBbre rr KraccuqecKrre MeroAbI pacqera ArIrIoJrbHo-
3a[peueHHblx crIeKTpoB MaJrbIx MoJreKyJD>

no cneu uaJrbHocrlr 1,4,4, <<@usn.tecKafl xll M rIfl >

crreKTpoB cTOJIKHOBLITeJIbHO-

Ma|HITHO-A]ITIOJIbHbIX CTIeKTpOB

Cnerrprr croJrKHoBI{TeiIbHo-

B HaCTO.flIrIee BpeMs rlprlr4HAyrIUpOBaHHOfO [OrnOrIeHI{rI

MO.{eJrr{p oBaHldvr p aI'I.1.a\uoHHbIX flpoqeccoB B rIJIaHerHbIX auraocQepax. Tax,

,{uccepraqtroHHa.fl pa6ora [ocBrrrleHapa3BvrruIo MeroAoB pacqera rpex rrIrIoB

AlrrroJrbHo-3arrpeqeHHblx crIeKTpoB B fa3ax:

r,rHAyunp oBaHHoro norJIoIqeHI{.[, KBaApyloJlbHbrx I{

B rone6arenbHo-BpaIrlarenrnofi o6racru.

BOCTpeOOBaHbI

HarrplrMep, yyer KoHrlrHy€rJrbHoro nonrouleHrar B arMocSepe Mapca, cocrotBlrleft ua

paHHHX. craptkrflx ero reoJror[.{ecrofi r{cropr{u ?r3 yrneKldcJloro ra3a c npnMecsMvtHz

n cHa, no3BoJr.{er o6rqcHr{Tb Bo3MoxrHocrb cyrqecrBoBanns, Ha efo rloBepxHocr}I

BOAbr B XHAKOM COCTOSHI4pI, O rIeM CBUAeTeJIbCTByIOT MHOTOqUCJIeHHbIe

coBpeMeHHbre AaHHbre. B paAr{aquoHHbrx [poqeccax B selvluofi arlaocQepe

cyqecrBeHKafl. poJrb npr4HaAJrenrr4T TaK Ha3brBaeMoMy KoHT?IHyyMy BOA'HOTO nrya9

raKxe uMercrrleMy r{HAyrILrpoBaHHyro nplrpoAy. BcneAcrsue srrcorofi BaxHocrl4

r{HAyrl[poBaHHoro norJrorqeldvrs. I'ns. KJTUMaTI{IIecKIIX I{ acTpoxkTMLIIIeCKI4X 3aAaq

uwmya.ilbHbtM .f,BJr;rercx pa3Br4Tr4e reoperr4qecKr4x tuo4erefi, [o3BoJItIo.Iqux

,{ocroBepHo tr e$$ertraBHo olucbrBarb crreKTpbr rrHAyrII4poBaHHoro norJrollleHufl, B

rrrr4poKr{x Ar4arra3oHax repMoA}rHaMrrrrecKI4x ycronufi. Cnerrpu MarH}ITHo-

A?rrroJrbHoro [orJrorrleHr{r s IrIK o6racru B MHoroaroMHbrx MoneKyJlax paHee, rlo

ecefi BraAlrMocrv\ He paccMarpvrBaJrvrcb KaK lrMeroull{e KaKoe-nu6o cyqecrBeHHoe

3HarreHrre BBLTAy cnoefi nugrofi rrHTeHclrBHocrrr. Tor Qart, qro M€uIo IzHTeHcpIBHa.a

MarHLrrHo -AlrnonbH a.'I rroJro ca nornorqeHH.rr MoJr eKyirbl C 02 nnepsHe 6Hra



3apefr4cTpr4poBaHa B aTMocoepe Mapca, AoKa3brBaeT Heo6xo,{}rMocTb-TrrlaTeJrbHoro

r43yqeHr4.f, raKlrx cra6brx crreKTpo cKorrrrqecKrzx e S S erron.

,{ucceprallI4f, BKJrroqaer s ce6g BBeAeHI{e, Tpv rJIaBbr, 3aKrroqeHkre v clrllcoK

rllrrr4pyeMofi nzreparypbr. Bo eeederuuu o6ozHaqeHa aKTy€urbHocrb rrpoBeAeHHoro

llccJleAoBanvrfl., Ha) rHa.fl HoBI{3Ha, c$opvrynl4poBaHbl IIeJII,I v ga4aqv, a raKxe

om.rcaHa rrpr4MeHf,eMa.f, MeroAonofr{rr. Ilepean anaqa Ar4ccepTarl}ru IlocBrrrleHa

cTaTlrcTraKo-MexaHuqecKlrM acrreKTaM TeoperuqecKoro MoAeJrlrpoBallufl. cIIeKTpoB

croJrKHoBrrreJrbHo-r,rHAyrl[poBaHHoro rrornorueHux. B pa3Aeirax 1.1-1.2 upune4en

o6qufi o6sop [pr4MeHeHr{r Kracczqecrcofi crarlrcrLr.recroft MexaHrrKlr AJUr

nccJreAoBauvfl, cna6ocs.f,3aHHbrx MoneKyJrspHbrx KoMrrJreKcos. Krro.reBbrM B AaHHoM

cnfrae flBlrflercfl AeJreHVe Sa:onoro rpocrpaHcrBa MoJreKyJrrpHofi napu na o6racrra

cB.f,3aHHbIX, ueracra6r{JrbHbrx v cno6oAnrrx cocro.snufi. B pa3AeJrax I.3-I.4

rony-{eHbl BblpaxeHufl Arrfl, KzHeruqecrofi uacrv Klaccrirqecroft Synrquu JlarpauNa

AJI.'I IIpOLI3BOJIbHOII cLIcTeMbI AByX nteCTKLIX MOJIeKyJI B IOABIIXHOI{ CI4CTeMe

orcqera. C rIoMoIrIbIo [prrBeAeHuf, Kr.rHerur{ecKoft rracrr{ Qyurquu Jlarpanxa n

TJIaBHIIM oc.f,M npeAJro)KeH cuoco6 reHeparlralr Haq€urbHbrx yclonufi Ant

TpaeKTopHoro pacqera crreKTpoB croJrKHoBr{TeJrbHo-r{HAyrlupoBaHHofo noHrorrleHHrr.

PasAerrt 1.5-1.8 uocnxrqeHbr r4HTerpanbHbrM xapaKreprrcrrrKaM r{HAyrlupoBaHHbrx

crIeKTpoB - cneKTp€tiIbHbIM Iraouenrana. B KoHTeKcre Aannofi Auccepraquonnofi

paoorbl crleKTpanbHbre MoMeHTbr B rrepByro oqepeAb cyrqecTBeHHbr TeM, qTo MoryT

cJlyxarb orHocI4TeJIbHo rrpocrbrM TecToM cxoAr{MocTpr TpaeKTopHofo pacrreTa, He

rpe6yroqzu sBHoro MoAeJII{poBaHkrs. Ar{HaMr{Kr{ croJrKHoBesuit. Ha ocHoBaHr{r4

BBeAeHHbIx Synrcqufi JlarparnnavrfauumroHa olr{caHbr cxeMbr pacqera nynenoio z

BToporo crreKTpEulrHoro MoMeHToB AJrfl [por{3BoJmuofi cr{creMbr u3 AByx x{ecrK}rx

MOJreKyJr.

Bo emopoit anaae Al{cceprarluu o[]rcaHbr ocHoBHbre oco6eunocru

pa3BI{BaeMOfO TpaeKTOpHOrO MeTOAa paoqeTa CrreKTpoB cToJrKHoBuTeJrbHO-

LIHAyI{LIpoBaHHoro norJlorleHr{r B Aanrsefi I4K o6nacrll. llpuvreHeH}re rpaeKTopHoro

MeroAa rlpolrnJlrocrpllpoBaHo Ha rrpr4Mepe pacqera crreKTpoB cacreM Nr-N, vr CO2-



Ar. Ocsonnoe pa3flrarrxe B crreKTpax cToJIKHoBI{TeJIbHo-I{HAyrIupoBaHHoro

rloruIorr{eHvrfl, srux crrcreM 3aKJrroqaerct B ToM, rITo B cJlyrlae COz-Ar .qori tIcrI,IHHo

cB.rr3aHHbrx cocro{nafi cyrqecrBeHua Aax{e [p]I KoMnarnofi TeMleparype, rrro B

rrepByro oqepeAb npoflBn.seTc.fl [pr{ cpaBHeHIII4 C p$ynbTaTaMII MI{KpOBOJIHOBbIX

r{3MepeHuir. CucreMa N2-N2 I{HTepecHa, B rIacTHocTI4, TeM, IITO AJI.tt Hee, KaK LI AJI'

orreHb orpaHuqeuHoro qr{cJra Apyrr4x MoreKyr-spHblx uap, 6rrrt [poBeAeH rsaHrosHfi

pacqer c freroM aHu3orporrrzrl noreHrlr4aJlruofi v 4zuonrnoft rloBepxHocrefi.

Knaccn.recrufi rpaemopurrfi pacqer c I{crIoJIb3oBaHI{eM Tex x(e nonepxnocrefi

rroreHrl[anruofi gHeprrlr,r vr Ar4rroJrbHoro MoMeHTa Aaer ocHoBaHlaf, cyAI4Tb o

npr4MeHr4MocTr4 KJraccuKo-MexaHr4rrecKoro rroAxoAa K ofII4caHI4rO HHAyIIIIpOBaHHbIX

cIIeKTpOB B TaKTIX CI{CTeMaX.

Tpemon arana Ar{cceprarl}rra [ocBrrrleHa reoperl{qecKoMy MoAeJI}IpoBaHLIro

AkIIIOnbHO-3aIIpeqeHHbIX CIeKTpOB B MHOTOaTOMHbIX MOneKynaX, BO3HLIKaIOUT{X 3a

cqer KBa4pyloJrbHoro u MarHr{THo-AlarlonbHoro MexaH}I3Ma. O6lerrorvr

r{ccJreAoBalufl,.{Brrercf 3anpeuleHH€ur B Ar4noJlbHotvt upu6ll{xeHuli rroJloca Yz*Yt

uonerynsr COz, cla6rre Jrkrnvrvr e ?IK cneKTpe rlorllolqeHrrt Koropofi nnepsrre 6rrnu

3aperr4crpr{poBaHbr rrpr4 r{ccneAoBaH}rr{ arnaocQepu Mapca s 2020 roAy B paMKax

Myrccuu ExoMars. B 4auHofi uane Ar4cceprarllll{ ptnBlrro reoper}IrlecKoe orrucaH}Ie

role6arenbHo-BparqareJrbHbrx MarHkrrHo-AI{rIoJrbHbIX cneKTpoB MHoroaroMHbrx

MoJreKyJr, paHee orcyrcrBoBaBruee B Jrureparype. floragano, rITo AJII KoppeKruoro

MoAeJrlrpoBaHvrfl. cleKTpoB MafHI{THo-ArrrroJIbHofo TIoIJIoIIIeHLITI HeO6XOAUwIO

)NII4TbIBATb KAK BPAIIIATEJIbHYIO COCTABJI'IOUYIO MATHUTHO|O MOMEHTA, TAK LI

rone6areJrbHyro. flpz uorvroulu ab initio paccqlrraHHblx rloBepxnoctefi MarHI{THoro

MOMeHTa MoneKyJIbI COz npoBeAeHo MOAeJIlIpoBaHue MarHI{THO-AkT[OnbHoro

crreKrpa B o6nacru vz*vr r<ore6alru.s. Kpovre groro, rIpoBeAeH pacqer

KBaApyloJrbHoro crreKTpa n rofi )Ke rroJroce. CpanneHlle c rrpe.{blAyl{uu pacqeroM

(Yachmenev et aI, J. Chem. Phys. 154,211104 (202I)) rroKa3brBaer cylqecrBeHHoe

orJrr{rrr{e B LrHTeHcr{BHocrr{ [oprAKa 40%. Ilyrervr LrccJreAoBanufl 6oree flpocrblx

npuMepoB qlrcro BparrlareJrbHbrx ttwtnit o6napyNeHa Beporrnafl, HeroqHocrb B



npeAbIAyIrIeM pacqere, cB.s3aHHas. c pacqeToM coepr4rrecKr{x KoM[oHeHT TeH3Opa
!9

KBaApyloJlbHoro MoMeHTa. Koppercqrar AorryueuHofi paHee HeroqHocrlr rpurBoAr,rr K

ynr{[reHr4ro corJracu.rr

gKClepr4MeHTaJrbHbrMLr.

pacqerHbrx 3HarreHr4H LTHTeHCT4BHOCTT{ C

focmoeepHocmb o[pIcaHHbIX B Ar{ccepraqurr{ pe3yJrbraroe o6ecnerrr{Baercf,

nu6oporu noAXoAtIrII{x MeroAoB rrr,rcJreHuoro MoAeJrr{poBaHr4s,, KBaHToBo-

xl{MuqecKux rIoAXoAoB K orrr{caHuro HcnoJrb3yeMbrx B pacqerax uonepxnocrefi

MoJIeKyJItpHbIX cnoficrn, a raKxte cpaBHeHLreM c gKcneplrMeHT€lJrbHblMr{ AaHHbrMr4,

BKIIOqaS COBpeMeHHbre r43MepeHr{{.

Haywtan HoBtr:tHa npeAcraBJreHHoro Ar,rcceprar{r4oHHoro zccJreAoBaHufl He

BhI3bIBaer colunenufi. llpe4nonteHa 14 peurur3oBaHa B BprAe nporpaMMHoro rraKera

opHfI'IH€uIbHafl cxeMa TpaeKTopHOrO paoqeTa CIIeKTpoB cTOJIKHOBLITeJIbHO-

I4HAyII[poBaHHoro [ofJIoIrIeHI{t B 4a-urnefi IrIK o6lacru AJrs rpora3BoJrbHbrx

MoJIeKynf,pHbIX nW, cocro.rrulr4x rr3 xecrKr4x MoHoMepoB. ,{aunufi [oAXo.{

rIo3BoJI.[er I{cnoJlb3oBarb paccqr4TaHHbre Ha BbrcoKoM ypoBHe KBaHToBo-xuurEqecrofi

TeopI{I{'[oBepxHocrkI [oreHqI4anbHoft enepruv u vrH[yrlr4poBaHHoro AH[oJrbHoro

MoMeHra KoMrIJIeKca. 3$SerruBHocrb pa3BlrBaeMoro noAXoAa rroATBepx1aercfl.

cofJlacl{eM KaK c AaHHbIMIa gKcIIepI{MeHTaJIbHbIX Ll3Mepenzfi, TaK Lr }rMelouryrMucg.

pe3yJlbraraMld KBaHToBo-MexaHr4qecKoro MoAenr{poBaHufl.. B pa6ore B[epBbre

Teoperl{qecKz rlpoaHarlu3rrpoBaHbr rone6areJrbHo-BpaulareJrbHbre cneKTpbr

MarHI4THo-AI4[oJIbHoro lonrorrleHr{.rr B MHoroaroMHbrx MoJreKyJrax. llpone4euo

Teoperl4qecKoe MoAeJIrIpoBaHr{e cneKTpa MafHr{THo-Ar4rroJrbHoro rrofJrorrleHr{rr

MoJIeKyJIbI COz u IIoKa3aHo Xopouee corJlacue [peAcK€t3aHHorO TeopeTr4qecKu

paclpeAeJleHl{t I4HTeHcr{Bnocrefi rconebareJrbHo-BparqarenbHbrx nuuuit c AaHHbrMr4

ra6oparopHbrx rE:uepeHrafi .

Pesylrrarrr pa6otu ony1nuxonaHw B 5 crarbrx B BbrcoKopefirvnrosrrx

MexAyHapoAHbIX pellercupyeMbrx xrypHanax, BxoAf,rrlr4x B 6agrr AaHHbrx Scopus,

Web of Science, RSCI. Pesynrrarbl Ar4cceprarlr{oHHoror r{ccneAoBaHr{r Aonox(eHhr

Ha Iuecrl{ rconQepeuq[tx, B roM qI4cJIe sa  -xMexAyHapoAHbrx, TaK rrro ypoBeHr



allpo6arluv pa6orbl BnoJIHe AocraroqeH. AntopeQepar KOppeKTHO vr C

$
ne o6xo4ur rr,rofi uorurorofi orp axaer coAepxaHlre Arlccep r arluv.

B qenorvr pa6ora Brreqarlrfer KaK o6reuovr npoBe.{eHHbIX pacqeroB, TaK I{

BbrcoKr4M ypoBHeM HoBaTopqKofo TeopeTlrqecKofo fIoAXoAa, a ee pe3yJIbTaTbI

r4HTepecHbr KaK AJrr rxupoKofo Kpyfa TeopeTr4KoB pI sKcrIepLIMeHTaTOpOB, TaK I{ AJI'

r{ccJreAoB arwfir Qu:uuecrzx ceofi crB nJraHerHbIX arMoc$ep.

K pa6ore r,rMerorct cJreAyloqvre sameuuHu.fl:

1. Onaeruvr oruyt6r<u u rporycKlr B HecKoJrbKI{x Soprraynax: (1) Ha crp. 22 B

raMr4JrbronkraHe orcyrcrByer rroreHrlrr€rJrbua.fi sneprux; (2) ua crp.24 ectr ouru6ra

B orpaHrqeHuu o6nacru uHrerpupoBaHll.a; (3) Ha crp. 35 rporyueH 3HaK

ara$ $ ep eHrrllaJra y unoruo crl4 p acnp eAeJIeHHt

2. B pa6ore coAepxarcr repMranoJrorl{qecKl{e HeroqHocrz. Tax, qacro

yuorpe6nfleuas. n pa6ore a66pesuarypa CI/[I orpeAeJleHa Bo Bne4euuu qepe3

<<CronrnoBlrreJrbHo-VIugygupoBaHHbrfi Cuerrp) TaK rrro roJIbKo I{3 rlocJleAyloulero

TEKCTA CTAHOBI4TC.'I fIOHf,THbIM. rIoA sTkTM [OIpa3yMeBaeTCt

<<Crotr<noBr4TeJrbHo-LIslyuupoBaHHoe llornouleHlle), tBAf,rolqeect JILIIUI qacrHblM

cJrfraeM crreKrpoB, r{Hlyq}rpoBaHHbrx croJrKHoBeHI{f,MI{. BseAeHHas Ha crp. 22

<<na6oparopHar c?rcreMa KoopAr{Har) rrpr{Bf,3aHa K IIeHTpy Macc KoMrIJIeKca, qro

rrpoTrrBopeqr.rT ee o6qeupuHrToMy onpeAeJreHlrlo. Vlz-sa oTcyTcTBI{f ccbIJIKkl

HerroH.rrrHo, rrro aBTop rroApa3yMeBaer rroA TepM?rHoM (Koppen{uuoHHafl TeopeMD)

(mp. 71)

3. llo neuonf,rHofi rpuqr4He He paccMorpeH carurrft IIpocTorI cnoco6

Aecr.rMMerpvr3ar\ilvr KJraccr4qecKoro crreKrpa, upuno4xqrafi K Qarropy Zlll+exp(-

hw/kT)1.

4. Xenarenen KoMMeHrapLrf4 K Pzc. 2.5, o6rcnsroqlrfi npuquHy

HeclrMMerplrrrHocrlr rpaeKTopt4r{ rro orHorueHrrro K o6paqerurro BpeMeH?r

5. Tarxe neo6xo4uM KoMMeHraputrr K p€BAeireHr,rn [epeMeHHbrx n S-re 3.4,u2

KOTOpOT{ CneAyeT, rrTO ee nepBoe cJrafaeMoe oTBeqaeT qr4cTo BparrlaTeJrbHoMy

cneKTpy rrornorqeHvrro, a BTopoe 
- 

role6areJrbHoMy.



6. fnasHbrM HeAoqeroM pa6oru {BJrrerc.f, HeAocraroqnrrft anurvr3 rlpruIuH
i9

pacxoxAelJvrfl pacqeTa vr sKcrrepvMeHTa Ans crreKTpa cMecr{ yfJIeKrIcJIofo la3a c

aproHoM, reM 6oree .{ro paspa6orannrrfi Ar{ccepraHroM rraKer rporpaMM Aaer

BO3MOI{HOCTb CpaBH?rTeJrbHO JrerKO rrpOBeCTLr MOAenbHbIe pacqeTbl I{ ycTaHoBLITb

rpr{qr,rHy erlrx pacxoN4euzfi. Xelaremuo 6rrno 6rr rarxe npl4Becru rpaQIExt't

paArraJrbHbrx 3aBr.rcr4Mocrefi rioeQouqlreHToB B pa3JIoxeHI{I4 sHeprkIl4

Bar4MoAeficrnus Lr lrHlyqvpoBaHHoro ArdnoJrbHoro MoMeHTa rlo Qyuxqra.avr

JleNaugpa v conocraBrlTb rolyqeHHbre pe3yJlbrarbl c yxe ony6nuxoBaHHbrMll

.IIAHHbIMT4.

CAelannrre 3aMerraHlr{ He yMaJrflror 3HaquMocrl{ ALIccepraIII{oHHoro

r{ccJreAoBalvrfl.. r{uccepraqlrf, orBeqaer rpe6onaHvrflM, ycraHoBJIeHHbrM Mocr<oscrcuN,I

rocyAapcrBeHHbrM yHr{BepcureroM r4MeHr{ M.B.JIouoHocoBa r pa6orarr,r noAo6uoro

poAa. Co4epNaHze Ar4cceprar{uu coorBercrByer crIerII{€IJIbHocrrI I.4.4.

<<@Iasu.recKa.f, xuMr4.D) (no Szouno-rr,rareMarnqecKrrM nayxau), a ]IMeHHo

cJreAyroquvl ed HanpaBJreHr4rrM : (co3AaHLr e vr pa3pa6orra MeroAoB KoMrlbrorepHoro

MoAenupoBaHvrs, crpoeHr{.f, xrrMlrrrecKr{x coeAunenufi Ha ocuoBe [peAcraBrenufr

xeaHrosoft MexaHI,IKI{ ) crurrcrl4rlecKllx MeroAoB, Mero.qoB MoJleKyJlflpttofi

ALrHaMrrKrD); (rronyqeHr4e MeroAaMr4 KsaHroeofi xI{MI{I{ vr KoMnbrorepHoro

MoAeJrr{poBanrrfl, AaHHbrx o6 snerrponnofi crpyKType xI{MLIqecKLIX coe.4uneruEfi,

HaxoAsrrlprxcfl, B p€L3r[rrHoM oKpy]KeHlru)), a TaK]Ke KpI{TepHtM, o[peAeJIeHHbIM nn.

2,1-2.5 lloloxenux o rp[cy]KAeHuu yqeHbrx crenenefi B MocKoscKoN4

rocyAapcrBeHHoM yHr{Bepcr{Tere LrMeHr{ M.B.JIonroHocoBa, a raKnte o$oprvueHa

corJracHo rpe6onauusu lloroxreHr4fl o coBere rro 3arrlr4Te Alrccepraguit na coucnanue

yreuofi crerreHr4 KaH.{r.rAara HayK, Ha cor{cKanne yrenoft creIreHLI AoKTopa HayK

MocroncKoro rocyAapcrBeHHoro yHlrBepcurera r{MeHu M.B.JIoMoHocoBa.

Taruu o6pasona, corrcKarenr r{ucrxron,,{aHnun HurcoraeBr{rr 3acJryxr{Baer



npl4cyn(AeHllt f{eHoft creneHl{ KaHAEAaTa Q ururco -M aTeMarr4 qecKHX HayK no

cleunaJrbHo crr{ L . 4 . 4 . <<@nsu.recKar xr4 MprrD).

O$rEqualrnufi orrroHeHr :

AoKTop Snszxo -naareMarr{rrecKux HayK, AorIeHT,
upo Q eccop Srasuve cKoro S arynrrera (D e4eprurbHoro
rocyAapcrBeHHoro 6rcANersoro o6pa:oBareJrbHoro

f{penrAeHr4rr Bbrc[rero o 6p a": o Balr'LTA

<<Canrr-llerep 6yprcr<ufi rocyA yHrrBepcr4TeT>)
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