
OT3bIB o+rqua,,rbHoro orrrroHeHTa

Ha Arrccepraur.roHHyro pa60ry Ha corrcKaHne yueuofi crerreHr.r

I(aHAIlAara S u: ur<o-MareMaruqecmux HayK Tepa ut rcen u v Bepur An4peeBH br Ha

TeMy: <<Hearunup[qecKufr pacver v Heailua6aruqecrc urt auartu3 crpyr(rypHo_

AI'IHaMurlecKl{x rlapaMerpoB acrpo0uruvecKu Ba?KHbrx AByxaroMHbrx qacruu :

Karr.roHa ArH" u paAuKana CN>>

rro c[equaJrbHocru 1.4.4 _ <eu:r.rvecKafl xllMnq>>.

Molexylrr c BKJIroqeHHeM 3JIeMeHToB r4HeprHbrx ra3oB Aonroe BpeM{

ocraBanucb B TeHZ npz zccneAoBaHl4a 6laNHero Ir AurJrrHero KocMoca, rroKa s 2013

ro'4Y n pa6ore [Barlow M. J. et al. Detection of a noble gas molecular ion, ,6ArH*, 
in

the crab Nebula //science. - 2013. - T. 342. - J\b. 6164. - C. 1 343-13451 He 6,;Jtm

o6Hapo4oBaHEI pe3ynbrarbl, nonyqeHHbre KocMr{qecKHM TeJrecKonoM <feprue*>
nepeA oKoHr{aHueM ceoefr MLrQcLrt4. Couacso pe3ynbraraM Mr,rKpoBonHoBbrx

ua6nro4eHafr Kpa6onrzrnofr TyMaHHocrz 6rrr o6uapyxeH crreKTp KarvoHa 36ArH*,

oreevarorqnfi qzcro BpalrrarenbHblM nepexoAaM. Ha 3evne AoMr,rHr4pyroqr4M

I43oroIIoM flBIrflercfl ooAt' B KocMoce xe aproH, npon3BoAuuufi B TepMorAepHbrx

KOTJIaX MaCCHBHbiX 3Be3I, B OCHOBHOM rrpeAcraBJreH H3OTOrraMu36Ar u 38Ar. flo eroil
[pHrIt'IHe 6olrrua-s qacrb AaHHrIX, HaKor,rreHubrx B xo4e na6oparopHbrx

vccneAoBauwfr, Ilpr.rHarneNur a0ArH*, ? ne 36ArH*. 
BocnoJrHr.rrb upo6e:r, oAHaKO,

MoxHo reoperHrlecKl{' rena 6o-rree, r{To n na6oparopHo-KoHTponr4pyeMbrx ycnoBr4-f,x

3Mynl4poBarb rlporeKaroque B Me)K3Be3AH6IX o6larax [poqeccbr Sopvrapo BaHr4A

MoneKyntpHblx I4oHoB - 3afta.qa cJloxHa-q' KsaHroeo-MexaHr4r{ecxzfr pacqer BeJrr4qr.rH

I'I3oroIIoJIoroB KarI4oHa ArH*, ueo6xo4uurtx Anfl cneKTpocKorraqecKoro

IzarHocrlrpoBaHr4fr, v rB]flIrQ' IIo cyrv Uenbro uepeofr qacrl4 4aHuofi iluecepra4u.
Bropa'a )Ke qacrb pa6orrr nocBq[]eHa MoneKyle CN. tnx CN, B orrHr{ue or ArH*, r
Hacro{IqeMy BpeMeHH HaKorIneH Aocraror{Ho o6ruzpurtfr uarepzaJr, BKJTrovaroqufr

IaHHbIe Anfl ilecflrKoB Tblc{q nepexoAos' lloerolay 3alia.9ra 6'''ta HecKoJrbKo anofr. B
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qacrHocrr4, rrocrponTb perxeHue He roJrbKo nprMofi, Ho vt o6patrofr 3a1.aqv

c[eKTpocKofrr4r4, B paMKax KoTopofo MoxHo KoppeKTHo orrprcaTb KaK Bce

HMeroIIIuec_s cneKTpaJrbHbre AaHHbre, TaK 14 rrpeAcKa3aTb pflI AaHHbrx, eIIIe He

[oATBepxAeHHbrx Ha oIIbITe.

[raccepraqlloHHa-fl pa6ora cocro]rr rr3 BBeAeHLrfl) trflTvr rJIaB, 3aKJltoqeH:afl,, rre

npr4BoAflTc.rl ocHoBHbre pe3ynbTaTbl pI BbrBoAbr, cnHcKa nr4TepaTypbr 14 r{eTbrpex

upuloxeunft. Bo ene4elnuu o6's-scHeHbr rleJrr4, 3a4aqr4, aKTyanbHocrb 14 HoBr43Ha

r{ccneAoBaHLrfl' c$opnrynr4poBaHbr BbrHocrrMbre Ha 3allr4Ty rroJro)KeHws,. B ilepBbrx

Tpex rJraBax, no cyruecrBy HocflrrIHX Mero.qzqecxvtit xapaKTep, paccMarpr4Baerct

nrr6op raMr{JrbroHnana AByxaroMsofi uoreKyJrbr, BKJrroqa-r KaK HeaAua6amt\ecr<ue

no[paBKu, TaK r{ B3arrMogeitctuun crrrrH-crrprr Lr crrr4H-op6uta; aHanvrchpyrorct

KBaHroBo-xr4MnrrecKue MeroAbr pacrrera :rexrpoHuofi crpyKrypbr CI, CCSD(T),

MRCI, CASSCF; o6cyx4arorc-s Bo3Mo)KHocrr4 KoppeKTrrpoBKr4 cr{creMarr4r{ecKr4x

oruu6or npu Bbrr{LrcJreHr{r4 erexrpoHuoff 3Heprnrr, Bo3MoxHocru BKrror{eHvq Ha

lpaBax Bo3My[Ie Hvrfl cKarr-spHo-pen flTvrBttcrcr<ofr nonp aBK:a; MoAennpyercr o6 rqa-r

cxeMa perxeHr4r pa4r4aJrb:aofi reaHroBo-Mexauu.recKofi 3a4.aqr4 Anq AByxaronauofr

lroreryru. K HeAocrarKaM pr3JroxeHr4r Marepr4ana B rJraBax 1, 2 14 3 cne4yer

orHecrr{ HerrerKocrb rpaHurlbr MexAy o6:opHofi qacmfr v, co6crneHHo, Haqa.lroM

opr4r[H€LnbHoro r4ccneAoBaHr4fl. BosNaoxHo r{x Mo)KHo 6rrro 6u o6retrHHnTr, B oAHy

rnaBy B Ayxe rparzlll4oHHoro nr4reparypHoro o6:opa. Kpoue roro, B .uacrLr,

Kacarcqeitcn penxrHnzcrcrofr [onpaBKr{, orrr4parorqeficq Ha oneparop KonaHa-

fpraQ $ nHa, orcyrcrByror c c bIJIKr4 Ha rrr.rrep arypy.

tlereeprar rJraBa, rtocB-s[IeHHa-a KBaHToBo-xr4MI,IqecKoMy orrr4caHr4ro ArH*,

orKpbrBaer opnrr4Ha[bHoe HccneAoBa:npre Ar4ccepraHra. B rraKere MOLPRO,

r4cnonb3yq MeToA cB_s3aHHbrx KJracTepoB c ofpaHHqeHr,reM no cnr4Hy, o[pe.qeJreHbr

$yuxqraoHaJrbHbre 3aBucr4Mocrr{ rroreHrlnanbHofr eHeprulr ocHoBHoro cocroflHnr or

MexbrAepHofo paccTofHt4fl., pacalr4TaHbr paBHoBecHbre MelKbrAepHbre paccToflHr4fl,,

3HarreHpr.q eueprufr Ar4ccoqrlarfukr 14 SyHxqzx Ar4nonbHoro MoMeHTa Karr4oHa ArH*.

lloKasaHo, qro pocr qvera 6agracHlrx BonHoBbrx $ynxunfr BeAer K yMeHbrxeHwo

r,ry6uuu rnmr Fops-OuneureftnepoBcKoro roreHunana (Pncynox 4). frn 40ArH*
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BbItIIICJIeHHbIe 3HepTkIH AHCCOIJLIAIJJ4T4 I{ paBHOBeCHbre Me)Kb.rrlepHbre paceTofl]Hufl

Xopolxo cornacyloTc.fi c LIMeIo[]I4MI4c-fl B nl{TepaType 3KcnepHMeHTa.rrbHbrMH vt

TeoperLIr{ecKkIMI'I IaHHbIMI4 (Ta6nZqa 4). CpanHeHze, oAHaKo, paccqr4TaHHbrx H

HafiAeHHbIX 3KcrIepI{MeHTanbHo Berr.rqr4H nocnenoBareJrbHbrx pa3Hocrert eueprufi

xole6areJlbHblx yponnefi .uaer He6omuroe pacxoxAeHue 
- 

noprAxa 4 olparHbrx

caHTHMerp H He 3aBLrcur npI4 3ToM or xoleSarenbHoro KBaHTosoro .{acra. C

3aMeqeHI4eM )Ke H Ha 6onee r-sxerutfr D 3Ta ouru6xa 3aMerHo yMeHbrxaercq

(Ta6nraqa 5). Taxoe pacxo)KAeHl4e, KoHeqHo, HeJrb3r cr{urarb Kpr4Tr4rrHbrM, TeM He

MeHee, MHeHI4f, aBTopa Ha 3Tor cqer rBHo He xBaraet. llt rroJrocbr 0 
- 

1 Karr4oHa

40ArH* nocrpoeH role6arenbHo-Bparqare:nurrfr crreKTp; KoppeKTHo o6t 1acHsn

o6parHoe pacnpeAeJleHlle B R-seren ilpLt 5o:nruzx 3Har{eHr{.rrx BparilarenbHoro

KBaHToBofo qr4cLra, pacc.9.uraHuufi cneKTp npaKTurIecKI4 TorIHo Boc[poIr3BoAI4T

3KcnepHMenralrHrrfi. Hafi4eHHrte 3Har{eHr4q iracror BparqarenbHbrx nepexoAoB

36ArH* u 38ArH* npeKpacHo cornacyrorcq c AaHHbrMz Ha6lro4onuil (Ta6nHqa 6) B

KaqecTBe 3aMeqaHafl OTMeTHM CTpaHHOe OilpeAe.[eHr4e T4HTeHCHBHOCTTT nepexoAa

($opruyna (60)), rAe Marpu'firsrfr sJIeMeHr rr4rronbHoro MoMeHra ro{Bn{ercq He

KBaAparr4qHo, a lzHeffuo; Ia)Ke B orcyrcrBr4e yr{era xole6areJrbHo_BpatuarenbHoro

B3aHMoAefrcrsus tlotBneHl4e Sarropa XeHnf,-JloH4ona noApa3yMeBaer, rrro

cyMMl'Ipyrorcr KBaAparbI Marpr4r{Hbrx 3JreMeHroB. llocle4Hufi naparpa$ r,ranrr 4

3arpafl4Baer LlHTepecuufi Bonpoc o roM, KaK MeH.sercs co BpeMeHeM orHorueHl4e

Macc rporoHa n sneKrpoHa. Heo6xo4LrMafl nonpaBKa BBoAkrrcr e Sopnay ny Ans,

KpacHof o cMelleHr{ fl v p accqHTbrBaercx n s opuaJTr43Me lanxerr,r a.

fraea 5 uocnxrqeua MoneKyne CN. C noMorrlbro nporpaMMHoro naKera

MoLPRo 6ulu paccqvrallu $ynxrluu rroreHquanrHofi oHeprlrr4 An-s oneKrpoHHbrx

cocroqHvir (13)2>u, (1)tI-, (l-4'?L u Q-4)2t7, orpeAeneHbr 3Harr eHWfl paBHoBecHoro

MexbtAepHofo paccrotHlrt w 3Hepfr4rz n.Vcco:]j1'al\r4u, Bbrr{I4cJleHbI Marpl4lrHbre

3neMeHTbI Heagwa6aruuecKoro BIrkrflHkrfl 3neKTpoHHo-Bpaulare.lrbHoro

B3alrMoAeitcrsux 14 B3anMoAeitctrlux rprila cnuH-op6ura, nocrpoeHbr Synr<qurz

3neKTpHr{ecKrIX AIZTIOJIbHbIX MOMeHTOB n MoMeHTOB nepexoloB MeX(Ay

3neKTpoHHbIMH cocro{Hafll.rru. HaH6olee HHTepecHo BbrrJrrAr4T o6,racrr
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cpaBHZreJIbHo MaJIbIX 3HarIeHI4ft MelKbtAepHoro paecroflHnfl (PzcyHor 20), rAe

3Har{eH[-s HeKoropblx MoMeHToB nepexoloB Me)KAy BbrcoKoBos6yx4euurru 14

ocHoBHbIM SneKTpoHHbIMI4 cocrorHarMH oKa3brBarorcq loBonbHo orrlyrHMbrura. llo
HaIXeMy MHeHI4rO, HeAOCTaTKOM Ir3nOXeHH{ Marepla€ua flBnflercfl orcyrcrBHe

onpe4eleuzfr MarpHrIHbIX oJIeMeHToB, orBerlaro[]r4x cuzn-op6r4TanbHoMy 14

3neKTpoHHo-BpaqaTenbHoMy B3al,IMoAeitctnuxw, trpr4 3ToM BMecro [pr4Bbrr{Hbrx

TepMI{HOB, XapaKTepI43yIOIIII4X Marpr4rrHbre 3JreMeHTbr, aBTopoM r{cIIonb3yrorct

Bblp?)KeHr4fl"3HaqeHuA ctrnH-op6zranbHoro B3al4MoAefrerB2tfl" kt"Berr4.glunrr COB ra

npoBoAr4Tcfl pacrrer ponu6pouHbrx ypoBnefi cN, Aenaercq BbrBoA, rrro nonyr{eHHbre

3HaqeHH.fl ro roqHocrH HeMHofo ycrynaror 3Har{eHHflM, Koropble nafr4eurt c

rloMorl{blo rexHI4KI4 eQSerrnBHbIX oneparopoB. Peruaerc-s o6palrax 3a1a',,a

cneKTpocKorlav. KacarenrHo paAl4alrHofi 3aAarru orMerrlM, Teopzq eSSer<rwnnofi

napaMerpv3aIJ[r4 MoneKynflpHoro raMuJrbroHkraHa 4efrcreureJrbHo tro3Borrrer yr{ecrb

B3al{MoAeficrsze tAepHoro ABlzxeHr{.f,, cKa)KeM, role6auuit c ABr4)KeHr4rMr4 npoqr4x

crenegefi cno6o4rt; lpocrora, oAHaKo, OTMerraercr Jrlzlrrb Anfl enyrrafl o4Hofr

IIepeMeHHofi. Heenalll4pl4r{ecKl4e }Ke MeroAbr, B rracrHocrn, pa3BHBaeMbIe aBTopoM

AHCCeprarIr4r4, Mac rr r a1upytor Q fl u Ha MHO| O aroMHbre MoneKynbr.

B IIenoM AHccepraIIH-s BbIIIonHeHa Ha BbrcoKoM HayqHoM ypoBHe w

yAoBnerBopfler rpe6onaHvrflM, ycraHoBneHHbrM MocxoscKr4ra rocyAapcrBeHHbrM

yHHBepcHTeroM I{MeHLI M. B. JlououocoBa K pa6orarr,r logo6Horo poAa. Marep7alrr

n.Ilcceprar\Hvr orpa)KeHbl B uy6lHraqraxx aBTopa, conepxaHr{e coorBercrByer

[aclopry cnequulJlbHocrI4 I.4.4 <<@z:Hqecra.q xr{Mr4-f,)) (no Su:raxo-

MareMarI{r{ecKI4M Hayravr), a raKxe KpI4Tepr{-sM, onpeAeneHHbrM rrrr. 2.I-2.5

lloloxenvfl, o ilpzcy)KAeHLrr4 yqeHbrx creneHefr n MocroBcKoM rocyAapcrBeHHoM

yHI4BepcHTere HMOHI4 M. B. IovoHocona, a raKlxe o$opulena, corJracHo

npHnoxeHl{qM Ns 5, 6 llonoxenzq o Al4cceprarlraoHHoM coBere MocroecKoro

focyAapcrBeHHofo yHr4Bepcr4Tera r4MeHn M. B. IloNaoHocosa.
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