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Ynpyroe n Heynpyroe paccesiHue aroma Kucmiopoga Ha Monekyne
Kucriopoga B gnana3oHe KMHeTu4Yeckux aHepruin 10—6000 cm—!
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CeueHust ynpyroro u Heynpyroro paccestunst cuctemsl O(*Pg) + 02(3Z4 ) /151 1epBBIX KoJleGaTe bHBIX YPOBHE#
Mortekysbl O, PacCUMTaHBI KBAHTOBO-MEXaHMYECKH Ha OcHoBHOM mosepxHoctn Os('A’), momydenHoii ¢ momorbio
MeTofla MHOTOKoH(urypanuorHoro s3aumoneictsuss MRCI/AVQZ-F12. IlosydeHHble CedeHUs] pacCesiHUs MOTYT
OBITb KCIIOIB30BAHBI IS PACYCTOB CKOPOCTEil BO3OYKICHHS U PEJIaKCALMK KOJICOATe/IbHO-BPAIATEIBHEIX YPOBHEH
MoJtekymsl O, aTOMapHBIM KHCJIOPOIOM, HEOOXONMMBIX NI MOJETMPOBAHMSA HU3KOTEMIICPATYPHOH IITa3MBl,
CoflepaKaIeil KUCIIOPOJI, HAIIPUMEp, B ra30pa3psiIHbIX J1a3epax U TPABIJIBHBIX Kamepax.
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Kucnoponconep:xaliasg HepaBHOBeCHas! ILJIa3Ma fBJIAETCH
OOBEKTOM MHOTOJIETHUX 3KCIIEPUMEHTAJIbHBIX U TEOPETH-
YEeCKMX MCCJIENOBAaHMI BBMy IIMPOKOTO IIPUMEHEHHUs B
pasHbIX 00J1acTAX, BKJIIOYAas Pa3sHOOOpa3HBIE TEXHOJIOIHMYe-
CKHe HpuiokeHusl [1], Takue Kak TpPaBJICHHE Das3IMYHBIX
MaTepHasIoB U CHATHE PE3UCTa B MUKPOIEKTPOHHKe [2,3],
rasopaspsiiHele Jlasepsl [4] U IUIa3MEHHO-CTHMYJIIPOBAHHOC
ropenue [5]. PacTymmii nnTepec K paspsiiaM B KHCJIOPORE
NOPUBOIUT K IIOCTOSHHOMY CIpPOCY Ha JajIbHEHIIHE 3KC-
NEPYMEHTAJIbHEIE M TEOPETHYECKHUE HCCIIENOBAHUA TaKHUX
pas3pAIoB € UEJIbI0 YCOBEPIIEHCTBOBAHMS B IOHMMAaHUM
CJIOXKHBIX IUIa3MOXMMHUYECKUX HPOLECCOB, NPOTEKAIOUINX
B HUX.

Tak, HegaBHHME SKCIEPHMEHTAJIbHBIE JaHHbIE IO H3Me-
peHuio (YHKLIUM paclpefesieHus 10 KoyleOaHusIM B pas-
psiie B YMCTOM KHCJIOPOAE HHU3KOro pasjeHus [6] mo-
KaszajJy, 4YTO B OTJIMYME OT APYrUX MOJIEKYs (yHKIus
pacnpenesieHus 1O KojieOaHUAM B KHUCJIOPOAE OIpefesis-
ercd BO30yXIeHHEM 3JIEKTPOHHBIM YyHapoM KojlebaTellb-
HBIX ypoBHeil (v) W KoseGaTenbHOM pesakcammein O (v)
Ha aromax O, a mponecchl v—v-00M€Ha M peJlaKcalus
kosiebannii Ha O, HecymecTBeHHB. B pabore [7] mpen-
CTaBJIEHbl TEOPETUYECKUE PACUYETHl CEYEHMH BO3OYKIEHHUSA
O, snekTpoHHBIM yaapoMm 10 v = 41. CymecTBylomue xe
HOAXOAbl K ONPEEIEHHIO KOHCTaHT IpoLEcca peslaKCalliu
kosieGarenbHoro Bo3Oyxkaenust Op(v) Ha artomax O Bce
ellle HYKIAlOTCd B JONOJHUTEIbHOM aHaymse. M xora
pacueThl KoJie0aTesIbHO-BpallaTeIbHbIX CEYEHMI CHCTEMBI
O+ O; Ha OCHOBE KBa3MKJACCHYECKMX METOIOB, XOPOLIO
paboTarolMx B 00J1aCTH BBHICOKUX SHEPrHi, YK€ IIPOBOIHU-
Jmch [8], B myOIMKanusX MOXKHO HAWTH JIMIIb KOHCTAHTHI
CKOpoOCTell BO30Y)KIeHUsI U peJlaKcalldy, a HaOOphl CaMHUX
CeUeHHI BO3OYKICHUS M peJlaKcall (HaKe KBa3HKIIACCH-
YeCKHX) OTCYTCTBYIOT.
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e HacTosmieidl paboTHL BIIEPBEIC PaCcCUMTATh
KBaHTOBO-MEXaHUYECKHE YNPYrue U HEYNpyrue CedeHUs
paccesiamst cuctemsr O(*Pg) + 02(3Z; ), B KOTOpOii Kak
aToM, TaK U MOJIEKy/a KHCJIOpOa HaXOHATCS B OCHOBHOM
COCTOSHUU. []719 onucaHus HEYIPYroro paccesiHus aroMa Ha
ABYXaTOMHOI MOJIEKyJIe CYIIECTBYeT MHOKECTBO KBaHTOBO-
MEXaHHYEeCKHX METONOB M mpubmmkenuit [9], cpemu Ko-
TOPBIX MBI BbIOpain rubpumusii Meron (VCC-IOS) [10],
OCHOBAaHHBI HA WCIIOJIb30BAHWN METO[Ad CHJIBHOU CBSI3H
IJISl ONMCaHUs KojieOaHMit M aHAIUTHYCCKOro MOAXOofa IS
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Puc. 1. Ceuenust ynpyroro paccesHust mis cuctemsl O+O; B
3aBHCHMOCTU OT TIIOJIHOM SHEPruM JUIl Pa3IM4HBIX COCTOSHUI
MoJIeKyIIsl kuciopona v = 0-3u j = j' = 1.
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Puc. 2. KosiebaresbHO-BpalnaresbHble ceveHust paccesiusi aroma O Ha Mostekysie Oy B 3aBHCHMOCTH OT IOJTHOM SHEPIUH CTOJIKHOBEHHUS
JUISL BPAIIATENIHOTO KBAHTOBOTO 4ucia j = 19 u komebGarenbbix mepexoqoB v =0 —v' =1L, v=0—-v"=2, v=0—v" =3 (a),
v=1—-v=0v=1-v=2v=1-v"=30B)nv=2—-v=0,v=2—-v=1Lv=2—v =3 (c).

OIIICaHWs BPAICHUI, B IIEPBYI0 OdYepelb M3-3a €ro SKOHO-
MUYHOCTH.

st penrenns Hamel 3agadr HEOOXOOMMO BEIOPATh TpexX-
MEpHYIO MOTeHIMaTbHy0 noBepxHocTs V (R, r, 0), KoppekT-
HYIO B 00JIaCTH MEKaTOMHbIX paccTosanuit Oy I = 1—1.7 A,
g OOJIBIIOro KoJIMdecTBa YIioB flkoOM M B IIMPOKOM
muanaszone paccrosiauii (1-25A) mo koopnumate pacce-
sansi R. B Hacrosime#t paboTe mcmosb3oBaHa Hambosee
TouHass [11] MOBepXHOCTH OCHOBHOIO COCTOSIHHSI O30HA
0;('A), paccuuTaHHasi ¢ MOMOIIBIO METOa MHOTOKOH(MH-
rypaurionHoro Bsaumoreiicteuss MRCI/AVQZ-F12 [12] u
YCIEIIHO NPOTeCTUPOBAHHAS Ha PacueTax CeYeHHIl peaKTHB-
HOTO paccesHusl HCCIenyeMoi cuctemsl. PacdeThl ceueHwmit
HEYIPYroro paccesiHus B KoopauHaTax fKoOH MpoOBOIMIINCH

Hamu ¢ nomomisio nporpammel MOLSCAT [13], B koTopoit
Kak omusi peanm3oBad ruopumaeii Meton VCC-IOS.,

Hna paboTsl mporpamMMbl HEOOXOOMMO OBLIIO PacCUUTaTh
MaTpHYHBIE 3JIEMEHTHl MoTeHmuana V, ., (R, 0) wmexmy
KosiebaTebHbIMUA  yPOBHAMH MoJiekyasl Oy v u v/ s
(UKCHpPOBAaHHBIX 3HAYCHMI yria paccesiHus fkobm m mos-
HOro Habopa 3Ha4YeHWi KoOpAMHATH paccesiHAs R atroma O
OTHOCHTEJIBHO LIEHTpa Macc MoseKysisl O:

Ve (R O) = [w(OVR 0P (1)
0

rae ¥, u P, — BOJHOBBIC (QYHKIUH KOJIeOaTeIbHBIX
cocrostHuit O, v n v’. Pacyer mMarpudHbiX asieMeHTOB (1)
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Puc. 3. Ceuenusi Bo30Y)KIeHNsI BpalIaTE/IbHBIX IEPEXOI0B MOJIe-
kyisl O, B cTonkHOBeHUsX ¢ atomoM O s sHeprum 4935 cm™!
1 KosebarenbHOro mepexoga v =3 — v’ =0 ¢ BpamATENbHBIX
ypoBHeil j = 13 u 133 Ha HeueTHble YPOBHH |’

MIPOBOIMJICS C MCIIOJIb30BAHINEM MOITU(DHIIIPOBAHHOTO METO-
ma guckperHsix nepemennsix (DVR) [14,15], B koTopoMm B
KadyecTBe 0a3uCHBIX (pyHKUUMI ucnosp3oBauck M = 14 pac-
CUUTAHHBIX TOYHBIX COOCTBEHHBIX KOJIeOATEIbHBIX (YHKIMI
1, (r') oCHOBHOrO cOCTOSTHHST MOJIEKYIBl O5:

M
Vo (R 0) =3 CyuiV(R1i,0)Cy . (2)
i=1

3mece DVR Toukm rj sBJIAIOTCS COOCTBEHHBIMU 3HAYEHU-
amy, a C, j — COOCTBEHHEIMH BEKTOPaMU CUMMETPHYHOI
(14 x 14) maTpuml

[y = /wv(r)rwv/(r)dr. (3)
0

3HavyeHns] MATPUYHBIX JIEMEHTOB IMOTCHIMANa Vv’ ObUIH
paccuuransl 1o ¢popmysie (2) mist 14 xomebGaTebHBIX YPOB-
Hell, 256 yrioB flkoom m 200 TOYeKk KOOpaMHATHI pacce-
SHHSA, 3aTeM IOJIyYeHBbl aHAJIMTHYECKHe MPUOIMKEHUs 11
105 nBYMepHBIX NOBEPXHOCTEH, KOTOphle B [aJIbHEiIIeM
UCIIOJIb30BAJIUCh [l COBMECTHOTO penieHus 14 ypaBHEHHI
HlIpenunrepa. K coxaneHuio, ucrnosib3yeMass TpexMepHasi
HIOBEPXHOCTb 030HA HE MOIJIa OBITh IPUMEHEHa /71 SHePrui
O + O,-cToNKHOBeHMiA, 60JIbIINX dHeprun 14 kosebaresib-
HOT'O YPOBHSI MOJIeKyJIsl Oy.

Ucnons3oBaane mnporpamvmel MOLSCAT npusomur &
pacuery ko3¢ duimeHToB Q| , MPEACTaBIAIONMX coboil pe-
3yJbTaT pasyiokeHusi mo L mommuaoMam JlexaHmpa yrio-
BOIi 3aBUCUMOCTH S-MaTpuipl paccesuus. [lomydennsie Qp
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HCTIONB3YIOTCS JUIST PacieToB KoJieGaTebHO-BpaIlaTe bHbIX
cedeHuil Heynpyroro paccesiaus [16]:

T ,
nry®=ien Y (55 f)ere,

L=1j—7’|
(4)
e j, J’ — HavanbHBlC W KOHEYHBIC BPAINATEIIbHBIC KBAH-
TOBBIC YHCTIa, & BEIPAKEHUE B CKOOKax — 3 j-CHMBOJL

B otcyrcTBue OmMyOJIMKOBaHHBIX HAOOPOB CEUCHWIA IS
UCCTICyeMOil CHUCTEMBbl CHayajia IIOJIC3HO IPOAHATU3UPO-
BaTb IIOBEJCHUE CEYCHUII HMMEHHO YIPYroro paccesHusd,
MOJTy4aeMbIX U3 JUarOHaJIbHBIX 3JIEMEHTOB S-MaTpPULBI ITPU
v=v"=0-3. OHM JOJDKHBl MMETh XapaKTEPHbIE YEPTHI
CEYCHMI aTOM-aTOMHOIO YIPYIOro paccesiHusi, Takhe Kak
MaKCHMYMBI 1710pH, 4HCII0 KOTOPHIX PaBHO KOJIMYECTBY CBS-
3aHHBIX COCTOSIHMII HCCJIelyeMOro IOTeHIuaa, 1 pe3oHaH-
cbl (popMbl, HabTIOMaeMble U1 MEKaTOMHBIX IOTEHLHAJIOB
¢ obsacteio mpursikeHusi  [17]. Ha puc. 1 mpuBeneHsl
paccuMTaHHblE HaMH CEUEHUS YHPYTOro paccesHus s
cuctembl O + O, B 3aBUCUMOCTH OT IOJIHOM SHEPIruu AJis
MOJIEKYJIbl KACJIOPOIa ¢ KBAaHTOBBIMH uHciIaMu U = 0—3 u
j = j’ = 1. Xopolo BUIHBI KaK BOJHOOOpa3Hasi CTPYKTypa
Imopu y Bcex 4YeThpex Ce4YeHMil, TaK M MHOI'OYHCIICH-
Hble pe3oHaHCH (opMbI B 00JIACTH MaJIBIX 3HEPruil mss
ciaydasi v = v’ = (. PaspenieHre 3TUX PE30HAHCOB MpE-
CTaBJIeT JIMIIb aKageMHU4YeCKUHl HHTepec, MO3TOMY [najiee
MBI 00CYXIaeM TOJIbKO KosleOaTeIbHO-BpallaTe/IbHbIe ceve-
HUS HEYNPYroro paccesiHus. 3aMeTHM, YTO, IIOCKOJIBKY MBI
paccmaTpuBaeM cHMcTeMy M3 aToMoB '°O, 3jech U janee
YUYUTBIBAIOTCS COCTOSIHUSA TOJIBKO ¢ HEUECTHBIMU HavyaJIbHBIMU
1 KOHEYHBIMU BpallaTeIbHBIMU KBAaHTOBBIMU YHCJIAMU.

Puc. 2,a—c nemMoHCTpUpyeT 3aBUCUMOCTb PacCUMTaHHBIX
KoJ1e0aTe/IbHO-BpaIlaTesIbHbIX CEYEHHH OT 3HEPruM mJis
Pas3JIMYHBIX KOoJIeOaTesIbHBIX MepexofoB U (MKCHUPOBAHHBIX
HayaJIbHBIX U KOHEYHBIX BpAIlaTeJIbHBIX KBAaHTOBBIX UYHCEI
j = j’ = 19. Bce ceuenust BenyT ceOsi OMUHAKOBO: PACTYT C
YBEJIMYCHUEM SHEPruy ¥ 3aMETHO MOIYJIMPOBAaHbI BOJIHAMU
I'mopu. Paccuntannble ceueHus: BO30YKIEHUS HAUMHAIOTCA C
SHEPI'Uil, OTBEYAIOIINX YHEPreTUUECKUM ITOPOTraM OTKPBITUS
KosteGaTenpHbIX KaHaioB E; = 1549.6, 3075.4 u 4577 cm ™!
Wi | = 1—3 COOTBETCTBCHHO, IIOJIYYCHHBIC K€ CCUYCHHUS
1eB030YKIEHUSA MOTYT OBITh MCIOJIb30BAaHBI [JI OIHCAHHS
pernaxcau Mosiekysbsl O, M B HU3KOTEMIIEpaTypHOH IU1a3-
Me.

WnrepecHo yOenuThes Takke B TOM, YTO 3aBHCHMOCTD
HEYIPYruX CCYCHUH OT (PUHAIBHOrO BpaIIaTEeSIbHOTO YHCIIA
BereT cebsi CXOKe ¢ 3aBHCHMOCTBIO CEUCHHSI, TIOJTYICHHOH B
npubmkernn bopHa.

Tak, Ha puc. 3 mpencTaBieHBl CeYeHHS BO30OYKICHUS
BpaIaTesIbHBIX NepexooB MoIeKynbl O, B CTOJIKHOBEHHUSIX
¢ aromoM O mmsa sHeprum 4935 cm~! u xone6arespHOrO
mepexoma v =3 — v’ =0 ¢ HaYaIbHBIX BpamIATETHHBIX
ypoBreit | = 13 u 133 Ha nHederHeie ypoBHu |’. BumHo,
9TO CEYEHHs] MMCIOT IIOXOXKHE MAaKCHMyMBI TIpU |’ = | u
pasnmYaoTcs ToBefeHueM mpu |/, 60mpmmx . ,,XBOCT
ceyeHnss ¢ | = 133 cmapmaer 3aMmeTHO ObIcTpee, YeM IS
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j = 13. B nesioM BHj 3aBUCHMOCTH CEYCHHMS OT BPAI[aTeIb-
HOI'O KBaHTOBOI'O YHCJIa COOTBETCTBYET OXKHIACMOMY.

ABTOpBI OJKHIAIOT, YTO BIEPBHIC PACCUMTAHHBIC KBAHTO-
BO-MEXaHUYECKHE CEUCHHUsT OKAXKYTCS IOJIC3HBIMU MPH MO-
[CMPOBAHUH KUCIOPOICOACPIKALICH HU3KOTEMIICPATyPHOI
IUTa3MBl B Ta30paspsiiHBIX Jlasepax, Kamepax TOpeHWsl W
TpasieHus. Beck nosydennsiit Habop suavennii QL (E, v, v’)
¥ porpamma Ha si3bike PopTpaH, HeOOXOMUMBIC TS pacte-
Ta CEYCHU, MOTYT OBITh MOJIYYCHBI HEMOCPEACTBEHHO OT
ABTOPOB 10 3JIEKTPOHHOII MOYTe.
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