216

JNlekuuns 16.

OcHo8bl cucmemamuky 21eKmpoOHHbIX COCMOSIHUL OGVXGMOMHle MOJIEKVIL.

PaCCMOTpI/IM TCIICPb O6H_II/IG MNPUHIUIIBI CUCTEMATUKHN JJICKTPOHHBIX COCTOSTHUM ABYX-
ATOMHBIX MOJICKYJI. HaHOMHI/IM, YTO B aTOMax CHUCTEMAaTHKa COCTOSHUN OOBIYHO IMPOBOAUTCHA
10 3HAYCHUAM IIOJIHOI'O Op6I/ITaHBHOFO U IIOJJHOIo CIIMHOBOI'O MOMCHTOB BHCKTpOHHOﬁ 00o0-
JIOYKH. B OCHOBE Takoro moaxoja JICKUT TO 06CTO$ITCJ'II)CTBO, YTO OIICpaToOphl KBaApPAaTOB I1OJI-

HOT'O OPOHTAILHOTO H MOIHOTO CIIMHOBOTO MOMEHTOB 9JIEKTPOHHOI 060I0UKH aTomMa L 1 S?
KOMMYTHPYIOT ¢ orepaTopoM I'amuasrona.' TI09TOMY CyIIECTBYIOT CTALMOHAPHEIE COCTOSHHS
CUCTEMBI, B KOTOPBIX KBaJpaThl OPOUTAIILHOTO U CIMHOBOI'O MOMEHTOB BCEW COBOKYIHOCTHU
aTOMHBIX 3JIEKTPOHOB MMEIOT TOYHO ONpejeeHHble 3HaueHus. B Mosekynax Takoil moaxon
OKa3bIBACTCSI HEIPUMEHUMBIM. [IefiCTBUTENBHO, TOTEHIIMAN, B KOTOPOM JIBHIKYTCS SJIEKTPOHBI
B MOJIEKYJIe, HE XapaKTepu3yeTcs LEHTPAIbHOM CUMMeETpue, onepaTop KBajapara opOUTaIb-
HOTO 3JIEKTPOHHOTO MOMEHTA HE KOMMYTHUPYET C 3JIEKTPOHHBIM raMUJIbTOHUAHOM

|i..17] =0,
TO CCTh B CTALIMOHAPHBIX COCTOAHHUAX KBaApaAT 0p61/ITaJIBHOFO MOMCHTA TOYHO HC ONPCACIICH.
C npyroéi CTOpOHBI, B JBYXaTOMHOW MOJIEKYJIE MOTEHIMAJ XapaKTEPU3YETCs aKCHUAIbHOMU
CUMMETpUEl. JTO 3HAYUT, TAMUJIBTOHUAH 3JIEKTPOHHON MOACUCTEMBl KOMMYTHUPYET C OIepa-
TOPOM MPOEKIIUM MOMEHTA KOJMYECTBA IBUKEHHS Ha OCh MOJIEKYJIbI (OCh Z )

|A,.1.]=0.
OTO 3HAYUT, YTO MOKHO MOCTPOUTH HAOOp CTAI[MOHAPHBIX COCTOSIHMM 3JEKTPOHHOM MOJCHC-

TEMBbI MOJICKYJIbI, B KOTOPbIX BCJIMYNHA IIPOCKIUN Op6I/ITaJ'IbHOl"O MOMCHTA 3JICKTPOHOB Ha OCb
MOJICKYJIBI OIMPEACIICHA TOYHO, ITPUYEM BO3MOXKHBIC 3HAUCHU A 3TOMH MMPOCKIUHU €CTh

L =M,h, M,=0x1%2,..
Takum 006pa3om, MBI MOXKEM BBECTH KBAaHTOBOE yuciIo A = |M L| =0,L,2,..., xapakrepusyroliee

AJIEKTPOHHYIO CTPYKTYpPY MOJIEKYJBI. [IpUHATO MCTONB30BaTh CIEAYIOUIYI0 TEPMHHOJIOTHIO.
Cocrosinus ¢ A =0 Ha3pBalOT 2 COCTOSIHUSIMU MOJIeKybl, A =1- /7 cocrosHusamu, A =2 -
A COCTOSHUSAMH:

A 01 2 3

211 A @
Cocrosinus ¢ 0ojiee BBICOKUMH 3HAYEHUSIMHU KBAHTOBOTO 4Mcia /1 BCTpeuyaroTcs KpaiiHe pen-

k0. Jlna coctosinmii ¢ A # 0 KBaHTOBOE 4MCIO M, NPUHHUMAET J1BA BO3MOXKHBIX 3HAYCHUS
M, =%/, Bce 3TU COCTOSIHMS OKa3bIBAIOTCS JBYKPATHO BBIPOXKIEHBI. DTO BBIPOXKICHHE Ha-
3bIBaeTCs /1 -yJIBOCHHEM.

Kpome Toro, snekTpoHHast 000J04YKa XapaKTepU3yeTcss KBAHTOBBIM YHCIOM S, ompe-
JENAIONMM 3HaYeHHEe CYMMAapHOTO CIMHA BCEH COBOKYIHOCTH 3JEKTPOHOB MOJeKyJbl. [lo-
9TOMY SJIEKTPOHHBIH TepM® MOJIEKYJIbI IIPUHATO 0003HAYATH CIIEAYIONEM 00pa3oM

*$*14, manpumep, 'y, T, A,

PaccmoTpuMm Tenepp BOIPOC O TOM, KaKue€ MOJIEKYJIIpPHBIE TEPMbl MOTYT 00pa3oBaTh
JBA aTOMa, HaxOJsfIIMECs B ONPEACICHHBIX COCTOSHUAX, XapaKTEpU3YIOLUXCA 3aJaHHBIMU
(LI,SI) u (Lz,S2 ) Ecam atomMbl HaXoATCS 1alieko IPYT OT ApYra, TO MPOEKIUs OpOUTAIbHO-

' Me1 ionaraem, uro npubmmkenue LS - CBA3H ABIAETCS BHIIOTHEHHBIM.

* Kak ¥ U1 aTOMa, 2IEKTPOHHBIH TepM MOJIEKYJIBI COCTOUT H3 TPYTIIIBI COCTOSIHHI, KOTOPBIE SBJISIOTCS BBIPOIK-
JEHHBIMH C TOYHOCTBIO JI0 y4YeTa CIIMH — OpOUTAIBHOTO B3aNMOJICHCTBHS B JJIEKTPOHHOH 000JI0YKE MOJIEKYJIBI.
MBs1, onHaKo, He OyZieM KacaThCsl BOIPOCOB, CBSI3aHHBIX C N3yUYEHNEM TOHKON CTPYKTYPBI JIEKTPOHHBIX TEPMOB.



217

0 MOMEHTa Ka)KJI0T0 U3 HUX Ha JII00YI0 OCh, M1 B TOM YHUCJI€ Ha OCh MOJIEKYJIbI MOKET MPUHHU-
MaTh CIEAYIONINE 3HAYCHHUS:

M, =-L,,..+L,

M, =-L,,..+L,.
CrnenoBarenbHO, MPOEKIUS CYMMapHOrO OpOMTaIbHOTO MOMEHTAa Ha OCh MOJEKYINbl Oynaer
paBHa A = ‘M L, tM Lz‘. Kpome Toro, 3HaueHHE MOJHOTO CIHHA JICKTPOHHON 00OJOYKH MO-
JIEKYJIbI OTMIpeIesieTCsl CIIMHOBBIMU MOMEHTAMHU KaXKJIOTO U3 aTOMOB

S=|S,=S,|.[S, =8, +1).. 8, + 8, = 1,S, +5,.

B kauectBe npumMepa onpeacsimM MOJICKYJISIDHBIC TEPMbI, KOTOPLIC MOT'YT 06p330BaTB JABa aTo-
Ma BOAOpOJa, HAXOAAIMMUECId B OCHOBHOM COCTOSIHHUH. HOCKOJ’IBKy OCHOBHO€ COCTOSHHUE aTOMa

b

BOJIOpOJIa €CTh S, TO €CTh /I 00OMX aTOMOB, 0Opasyrommux Monekyiry S, =S, =1/2 u
M, =M, =0, 10 Haxomum A=M, + M, =0 un §=0,1. [TosTOMy BO3MOXXHBI CHHIJICTHBIH

¥ TPHIUIETHBIH X -TepMmbl: 'S u ~X . IMeHHO 5TH JBa TepMa H ObUIN ToNydeHs! Hamu B JI 15
IIPY pacCMOTPEHMM MOJIEKYJIBI BOLOpOAa B paMkax meroaa [antiepa — Jlonnona. Ilpu sTtom
CHUHIVIETHBIM TEPM ONMCBIBAECT CBSI3aHHOE COCTOSIHUE MOJIEKYJIbI, & TPUILJIETHBIN SIBIISIETCS pas3-
JIETHBIM.

Paccmotpum eme onun npumep. Kakue momnekynspHble TepMbl MOTYT 00pa3oBaTh J1Ba

aToMa, TepMbI KOTOpBIX ~S 1 “P (Hampumep, [Ba aToMa BOAOPOJA, OJMH M3 KOTOPBIX HAXO-
AUTCs B BO3OYXKIACHHOM p - cocrosinum)? [lockonbky B atom cinyyae M, =0, M, =0,1, 10

KBAaHTOBOE YUCJIO / TpUHUMAET JBa BO3MOXHBIX 3HaUeHus1 /A = 0,1, To eCTb BO3BMOXHBI 2 U

P ®) I1 TepMbl, KaXablid U3 KOTOPBIX

MOJKET OBITH JIMOO CHHIJIETHBIM,

nubo TpumieTHBIM. B wTore
HMEEM:

‘> T,y .

Jlerko cooOpa3uth, /1Ba MOCIE-

HHUX TE€pMa SBJISIOTCS Pa3jE€THbI-

MU. OCHOBHBIM TE€PMOM SIBJISICT-

csi, KaKk mpasuio, 'Y . XapakTep-
Hasl KapTUHKA, COOTBETCTBYIO-
mas paccMaTpuBacMOM CHUTya-
MM, npuBeaeHa Ha puc.16.1. Ha
OONBUINX MEXbBSJIEPHBIX pac-

R cTosHUAX (R >> a,) MoneKyJsp-
Puc.16.1. SnekTpoHHbIE TEPMbI ABYXaTOMHOW MONEKYNbI. HBIC TCPMBI BBIPOXKICHBI M COOT-
ATOMHble TepMbl S 1 2P, BETCTBYIOT JBYM HEB3aUMOIEH-

CTBYIOILUM aTOMaM B COCTOSIHH-
sx °S u *P. Ilpu cONmKeHHMH aTOMOB B 3aBUCHMOCTH OT MX KBaHTOBBIX umcen M, u M

DHEPTHUsS IEKTPOHHOM IMOJICUCTEMBI MOJIEKYJIBI OKa3bIBACTCS PA3IUYHOM, YTO W NMPUBOIUT K
paciuerieHuo TepMoB (cM. puc.16.1).

Hoepuas nodcucmema MoaeKybl.
Kak MBI yXe TOBOPHJIH, B paMKax aauabaTHUECKOro MPHOIMIKEHHS MOJIHAS BOJHOBAs
(bYHKIHST MOJIEKYJIbI IPEACTABIACTCS B BUIC
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¥(7.R) =y (7RO (R),
r/Ie BOTHOBAS (DYHKIHS SIEKTPOHHOM moacucTeMbl W' (7, R) ecTh peleHne 3aa4qu Ha coOCT-
BEHHbIC 3HAYEHUS U COOCTBEHHbIE (PYHKLHUHU IJIs omneparopa ['aMuiIbTOHA 3JEKTPOHHOM MOA-
CHCTEMBI, a siyiepHas BoHoBas Gpynkmus ¢ (ﬁ) OTIpeIeIIAETCS U3 3a1a9u
(7, + 7V R (R) = E¢™ (R), (16.1)

rae V" (R) - >nekTpoHHbIi TepM MOJ'IeKyJILI3. Pemus 3agady [uist 2JIEKTPOHHON IOJCUCTEMBI,
MBI [IOJy4aeM HaOOp 3JEKTPOHHBIX TEPMOB. {1 KaKJOro U3 HUX TENepb MOXHO MOCTPOUTH
Ha0Op SEPHBIX COCTOSTHUM.

BribepeM U1 onpeneneHHOCTH OJJHO KaKoe-THOO0 3JEKTPOHHOE COCTOSTHHE MOJIEKYJIBI

¥ TIepeiiieM K M3YdeHHIO sSICpHOTO JBIDKEHHs . Byaem nckath pemenne ypasuenns (16.1) B
BUJIE

o (R) = d(R)Y(2), (16.2)
rac é €CThb COBOKyHHOCTB er‘IOBBIX I(OOpI[I/IHaT, OHpeL[eJBIIOI_HI/IX TTIOJIOKCHUC MOHeKyHHpHOﬁ

ocH B MpocTpaHcTBe. BeromuHasi, 4To onepaTtop KHHETHUECKON SHEPTUU SJIEPHOTO JIBHKEHUS
€cThb

h /B
R e A
2u 2uR
(4;, A, - paguanbHas ¥ yriaoBas yacTH omnepartopa Jlamnaca, | - IpuBeAEHHAs Macca MoJie-
KyJbl), nepenuiieM (16.1) B Buze
1 g . 1 2
L 4 e @y o) -
D(R)\ 2u Y(02) 2uR
OueBunHo, ypaBHeHue (16.3) nomyckaer pasjeneHue nepeMeHHbIX, IpUYEM Uil YIII0BOM Jac-
TH BOJIHOBOW (DYHKIIMH UMEEM

2
—-h Ay =AY. (16.4)
MBI mosTy4niiM ypaBHEHHE Ha COOCTBEHHBIC 3HAUEHUS U COOCTBEHHBIE (PYHKIIMU YTIIOBOH dYac-
TH olepaTopa Jlamaca, onuchIBalONIETO YIJIOBOM MOMEHT SIIEPHOTO BpalleHus. Pemenue stoi

AY(Q)=E. (16.3)

3aJjaud XOpOLIO M3BECTHO: 3TO cepuueckue GpyHkuuu Y, (f)), a KBaJpaT BpalIaTeIbHOTO
MOMEHTa e €CTh
Jy=hJ(J+1).
3necs J =0,1,2,... - BpamarenbHOE KBAHTOBOE YHUCIIO.
VYuuteiBas peuienue 3aaaun (16.4), uz ypasaenus (16.3) nomyuum
h I/
—— A + VP (R)+——J(J +1) |O(R) = ED(R). (16.5)

2n 2uR
Taxkum oOpa3zoM, paaraibHOE IBIKEHHE sAep (ISl JUCKPETHOTO CIIEKTpa pedb UaeT 00 MX KO-
nebaTenbHOM ABMYKCHUN) TIPOUCXOAUT B IOTCHIIAATE

3 JUis manbHeHIero CymecTBeHHO, 9T0 d3QQEKTHBHAS SHEPTHS B3aUMOICHCTBUS AP B MOJICKYIIC 3aBHCHUT JIUIID
0T a0COJIFOTHOTO 3HAYCHUS MEXBAICPHOTO PACCTOSHISI, HO HE OT OPUEHTAIIUN OCH MOJICKYJIBI B TIPOCTPAHCTBE.
4 V(éﬁ“) R

Mg OynmeM cuHuTaTh, TOTCHIMAIBHAS KPUBas ( ) XapaKTEPU3yeTCsi MUHUMYMOM, T.€. Y MOJIEKYJIbI UMe-

I0TCS CBSI3aHHBIC COCTOSIHHS H SIIEpHAst OJICUCTEMA UMEET, B TOM YHCIIe, TUCKPETHBIN SHepreTHYeCKHid criekTp. B
Clly4ae PasJIeTHBIX TEPMOB CIIEKTD SACPHBIX COCTOSHUH TOJNBKO HENPepbIBHBIA. Takylo CHUTyalMI0 Mbl aHAJH3H-
poBath He OyaeM.
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2
2uR’
TO €CTb JUIsl KAXKJI0T0 KOHKPETHOTO 3HaueHus J BO3HUKaeT cBos noteHuan U(R), B KOTOpoM

UR) =V (R)+ J(J+1),

HAJ0 paccMaTpUBaTh paJaualbHOE IBUXKEHHE snaep. OCOOCHHOCTH IBUKECHHS B STOM IOTCH-
IMajge 3aBUCAT OT CTPYKTYpHI d1eKkTpoHHOro Tepma V /) (R). Onnako, HIKe MBI TOKaXKeM,
YTO BTOPOE ClIaraeMoe, 00YCIIOBICHHOE BpallaTeIbHBIM JBIDKEHUEM sIIEp, JaeT P HE CIIHII-
KOM OOJBIINX 3HAYCHHSX BpAIaTEIbHOTO KBAHTOBOTO YHCIA MAaJlbIii BKJIQJ B MOTEHIIHAI
U(R). IloaTroMy B 3TOM ciaraeMoM IpUOIM3UTENBHO MOXKHO CUUTATh, YTO R = R, T1e R, -
PaBHOBECHOE 3HAYCHUE MEXKBSJIEPHOTO PACCTOSHUS, COOTBETCTBYIOIIEC MHHUMYMY (DYHKITHH
V@ (R). Torna

UR)=V'“D(R)+E"™, (16.6)
Tae
h2
E" =——J(J +1) (16.7)
2uR,

2
- DHEPTUsA BpAIIATCIBbHOTO ABHUIKXCHUA ALCP. BeJ'II/I‘{I/IHy B=

2 Ha3bIBAIOT BpaIHaTeHLHOﬁ

0
mocTosHHOr. OTMETHM TAaKXXC, 4YTO BBOJAA MOMCHT HMHCPLHHUU MOJICKYJIbI OTHOCHUTCIIBHO OCH,

TIPOXOJIAIIEH Yepe3 LEHTp MacC MONEKYJIbl [ = WR; , BhIpaskeHHe ISl BpaIlaTebHON MOCTO-

SHHOM MBI MOKEM TaKKe Tlepenucarh B Buae B =h’ / (27) . Kak BugHo u3 (16.7) Bpamarens-
Hasl TIOCTOSIHHASI OIPEeIsieT XapaKTepHYIO BEJIMYUHY SHEPIUU SJEPHOrO BpaIllEHUs B MoJe-
KyJIax.

C yderoM clielaHHBIX MPEINONI0KEHUH MBI MOXKEM pacCMaTpHUBaTh KojeOaTelbHOE U
BpaIllaTeIbHOE JBIKCHUE SAAEpP B MOJICKYJEe HE3aBHCHUMO APYT OT JApyra W 3alucarh Tenepb
ypaBHEHHE, OIUCHIBAIONIEE KoJieOaTeIbHOE IBHKEHHUE JIEp B MOJIEKYJIe

n’ " ,
—EAR +V“(R) |@(R) = E" D(R). (16.8)

Baece EM - JHEPreTUYCCKHIA CIIEKTP KOJIeOATEIIEHOTO ABMKCHHUS SIIEP, KOTOPBIH MOTydaeTCs
u3 pemienus 3anauu (16.8). [lonaHast sHEprus sAepHOTO IBUKEHUS €CTh

E — E(vib) +E(r0t)
B61m31u MUHEMyMa TOJIOKEHNS] MUHAMYMa MOTeHIManbHyIo dyakmmo ¥ " (R) moxHO pas-
JIOXUTH B ps Teisiopa, OrpaHUUMBIINCE PHOIMKEHUEM TAPMOHMYECKOTO OCHUILIATOPA

. ' k(R-R,)’
V@ (R) :V(Q”)(RO)+%, (16.9)
Irac
sz(eff)
dR’> |R=R,

- TIOCTOSIHHASI KBA3UyNpPyrod Cuibl. B TakoM MpuOIMKEHUH CHEKTP COOCTBEHHBIX 3HAUCHUU
3azaun (16.8) mpecTaBisier coboil CIIEKTP rapMOHHYECKOTO OCLIAIIISITOPa’

E" =hQ(v+1/2). (16.10)

3 Y3 3/1€CH IoJ1aracM, 4To SHEPrusl OTCUUTLIBACTCA OT MOJIOKCHUA MUHUMYMa V(eff) (RO) .
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3mech 2 =./k/p - gacrora koneGanuii Monekyibl, v =0,1,2,... - Kone6GaTeIbHOE KBAHTOBOE

yrcio. [IpubnmkeHne rapMOHHYECKOTO OCIMILIATOPA VIS SACPHBIX KOJEOAHHMH CIPaBeJINBO
JIAIIG IS HEOOJIBIINX 3HAYEHHI K0JIe0aTeIbHOTO KBAHTOBOI'O YHCIIA.
Takum oOpa3om, A1t HEOONBIIMX 3HAUCHHUH KOJIeOATEIHLHOTO U BPAIIaTEIbHOTO KBaH-
TOBBIX UHUCCIT 3Heprm0 ﬁﬂepHOﬁ IIOACUCTEMBI MOKHO 3aIIucaThb B BUIC
E=hQWv+1/2)+BJ(J +1).
OrneHnM XapaKTEePHYIO BEJIIMYUHY SHEPTUU KOJeOAHWH W BpAICHHA MOJICKYJIb. MBI BUICIH,
YTO JJIsl BPAIaTeIbHOTO ABMKCHUS

(rot) ~ hz
©2uR;
[ockonbky R, = a, u h’ / (2ma;) = Ry, nyisl SHEPTHMY BPALIEHUH TI0Ty4aeM
E" ~ TRy,
1)

A 'k

OueHuM Terepb MaciuTab sHepruu KojebarenbHoro aswxkenus: £ = hQ = |—— . Iona-
w

dZV(eﬁ’ ) V(eff )

dR® |R=R, R}

1N

ras, 4to k = = Ry/ a; , NOJTyuuM

; m
E™ ~ |=Ry.
9
IIpyHrMass BO BHUMaHUE, YTO XapaKTEpHas JSHEPIUs JJICKTPOHHOU IIOJCHUCTEMBI MOJIEKYJIbI

E' ~ Ry, HaxomuM cleyloliee COOTHOIIEHHE MEXITy XapaKTePHBIMU 3HAYEHHSMU SHEPIUN
3JICKTPOHHOM, KOJIeOATeIbHON 1 BpaIlaTeIbHOW SHEPTUHA MOJICKYJIbI

m _m

pou

O6buHo m/pu~107*. TosToMy XapakTepHas SHeprus KosebaTenbHOro kanta 762 ~ 0.1 3B.

E©:EM E" =1

Jlns BpamatensHoii sHeprun B ~ 107 3B. 3HaueHNs SHEpruM KoaebaTeNbHOro KBaHTa U Bpa-
HIaTeTIbHON MOCTOSTHHOM Ui psla ABYXaTOMHBIX MOJIEKYJ MpHUBeAeHbI B Tabnuie. Kak BugHO,
C YBEJIIMYEHUEM MAaCChl MOJICKYJIBI SHEPIHs Kojie0aTeIbHOr0 KBaHTa /(2 W BpamiareiabHas 1o-
CTOSIHHAs yObIBAIOT.

MOJIEKYJIa R,, A nQ , »B B,»>B
H, 0.7412 0.5456 7.54-107
N, 1.098 0.2925 2.48-107
0, 1.207 0.1959 1.79-107*
cl, 1.988 0.0694 3.03-107

UyTts Gojiee moapoOHO OCTAaHOBMMCS Ha PACCMOTPEHHUU KOJEOATENHHOTO JBHIKEHHS
anep. JJo cux mop Mbl paccMaTpUBaid TOJBKO MPUOIMKEHHE TapPMOHUYECKOTO OCLUIUIATOpPA

ans moTeHImanbHoi kpuBoit V7 (R). B paMkax Takoro HpuOIDKEHHs CIIEKTp KonedaTelb-

HBIX COCTOSHUM SIBJISETCS SKBUIUCTAHTHEIM. OHHaKO, pPCaJIbHO TaKOC HpI/IGJII/I)KeHI/Ie pa60TaeT
JIMIOBb AJ1d IEPBBIX HECKOJIBKUX COCTOSIHUH. HJ’IH 0osiee BHICOKHX COCTOSIHUM CYHICCTBCHCH aH-
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TapMOHHM3M MOJICKYJIAPHBIX KoJjieOaHui. PeanpHas moTeHIManNbHAs KpUBasi MOCTEIIEHHO pac-
MUPACTCA, YTO MPUBOJUT K CTYIICHUIO KOJIe0aTeIbHbIX yp0BHeI>'I OHCEPI'UU.
VI[O6HOI71 annpOKchauHeﬁ BHUJAa ITOTCHIUAJIBHBIX KpI/IBI)IX paanqux MOJ'IeKyJ'I SABJIA-
€TCA IMOTCHIHAaJI M0p3662
2

V) (R) = D[l —exp(- (R - R)))]. (16.11)
Hepr,HHO BUACTH, YTO TOYKA R= RO COOTBCTCTBYCT MMOJIOKCHUIO MUHUMYMa HOTeHI_[I/IaJ'IBHOI\/'I
KPUBOI (paBHOBECHOE MEXbSIIEPHOE PACCTOSIHUE), a BenuuuHa D - riyOuHy MOTeHIMAIbHOU
SIMBI, KOTOPasi C TOYHOCTBIO JI0 YHEPTUU HYJIEBBIX KOJEOAHUI OMpeessieT SJHEPTUi0 AUCCOINa-
U MoJiekynbl. Paznoxenue Boipakenus (16.11) B pan Teitnopa BOIM3M MOTOKEHUST PaBHOBE-
CUs 1acT

| ) ,

V@ (R)=Da’(R-R,),
TO €CTb TAapPMOHHUYCCKOC HpI/I6JII/I)KeHI/I€, MMprU4CeM 4acCTOTa KOHe6aHI/II71 OKa3bIBACTCs paBHA
2Do’

il

TouHoe pemeHue cranuoHapHoro ypasHeHus Llpenunrepa ans yactuisl B noreHuane Mop-
3¢’ JlaeT ClieyIolee BRIPAKEHHE T JHEPreTHUECKOro CIIEKTPa CHCTEMbI

0=

EM =hnQ(v+1/2) —%(H 1/2)*. (16.12)

PO Bennuuny « :Uh.Q/ 4D Ha3biBa-
0T TIOCTOSSHHOW aHTapMOHH3Ma,

06bryHO K =107 +107°. Xapak-

TEpHbIA  BHUJ  IOTECHIHAIBHOMN

KpuBoi Mop3e u sHepreruue-

0 CKMIl CHEKTP B TAKOM ITOTEHIUU-
ajie INpeacTaBieHbl Ha puc.16.2.
Kak MbI 1 0xuaanu, mpoOuCXoauT
CTYILLIEHUE SHEPreTUYECKUX CO-
D CTOSTHUW K TpaHUIe KoyeOaTesb-
HOTO KOHTHHYyYyMa, IPUYEM YHUC-
JIO  COCTOSIHUM  JUCKPETHOTO
CIIEKTPa OKA3bIBAETCSI KOHEUHBIM.
JleficTBUTENIBHO, IIOJIarasi, 4YTO

R makcuMarbHOE 3HAYCHHUE SHEP-
Puc.16.2. 3HepreTUYMecKUA cnekTp coCTOAHUA B MM KOJeOaTeNsHOTO0 YPOBHS B
noTeHyvane Mopse.

JIMCKPETHOM CHEKTpe ecTb D, u3
(16.12) nerko mast MakCHMaJIbHOTO 3HAYEHMs KOJIeOaTeIbHOI0 KBAaHTOBOIO yuciaa Vv, . IOJy-

X

qacM
1 D
vmax ==
2 2h0
EH.[C OHHOﬁ qacTo HCHOJ’IB?)}’GMOﬁ aHHpOKCHMaL{Heﬁ IIOTCHUIHNAJIBHBIX KpI/IBLIX ABJISICTCA
IOTEHIUAJI HeHHapL[a—IbKOHcag, U3BECTHBIN TAaK)KE KaK MOTECHIHAT «IIIECTh — IBEHAIIIATHY:

% Ph. Morse (1903- ) — avepuKaHCKHii (pU3HK.

7 Bonee noapo6uo cm. JI.JI.Jlaumay, E.M.JIupumr Kpanrosas mexanuka. Hepenstusucrckas teopus, M.: Hay-
Ka, (1974), ¢.96-97
¥ J.Lennard-Jones (1894-1954) — anrmnuiicknii UMK — TEOPETHK.
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(eff) _ a 12_ a ‘
Ve (Ry=V, (Rj (R] . (16.13)

[Tonoxenne MuHMMyMa Ha kKpuBoii (16.13) nocturaercs B Touke R = $2a, riryOuHa MoTeHLu-
aNbHOM SIMBI ecTh V) /4. DTOT MOTEHUHMAT C YCIIEXOM HCIONb3YeTCsl Ul ONMCAHUS B3aHMO-

JICCTBUSI aTOMOB MHEPTHBIX Ta30B W OMHCHIBAET CWIIBI NpUTsHKeHUs Ban-nep-Baanbca, 00y-
CJIOBJICHHBIE B3aMMOJICHCTBHEM HABEJCHHBIX ATOMHBIX AMIIOJBHBIX MOMEHTOB, KOTOpbIE Ha
MaJlbIX PacCTOSIHUSAX CMEHSIOTCSI MHTEHCUBHBIM OTTaJIKMBaHUEM. TUIIMYHOE 3HAYEHHUE [IIyOu-
Hbl TIOTEHIMATBbHOM SMbl, BO3HHUKAIOIIEH NMPH B3aHMMOAEHCTBHUM aTOMOB JIpyI C JIPYI'OM, CO-
ctaBisieT BenmuuHy nopsizaka 0.01 3B, a paBHOBecHOE paccTOsiHHE MEXAy aToMaMu ~ 3 +4 A.
Takum oOpazom, oOpa3oBaHHE MOJEKYJSPHBIX KOMIUIEKCOB THUMa Ar,, Xe,, 00yCIOBIEHHOE

cunamu Ban-nep-Baanbca, BO3MOXKHO JUIIL MPU HU3KUX TeMmriepatypax. [loguepkHem, 4to
Ban-nep-BaanbcoBo mpuTsbkeHue ASMCTBYET MEXIY BCEMH aTOMaMH M MOJIEKYJIaMU U HE UMe-
€T HA4Yero o0miero ¢ 00pa3oBaHUEM XUMUYICCKOW CBSI3U MeK Ty HUMH (cM. [Ipmitoxkenue 8).

INeKmpoMazHUMHbLe Nepexoobl 8 MOAEKYIAX.

Msl yxe moIpoOHO paccMaTpUBalId JIEKTPOMArHUTHBIE NEpeXo/bl B KBAHTOBOM CHC-
TeMe, 00yCJIOBJIEHHbIE B3aUMOACHCTBUEM C BHEIIHUM KJIACCUUECKUM AJIEKTPOMAarHUTHBIM IO-
aeM (cM. JI_12) unm snexkrpoMarHUTHBIM BakyyMoM (cM. JI 13). Mbl Buzenu, 4To B 3J1€KTpH-
YECKOM JIUIOJIbHOM MPUOIMKEHUHN BEPOSTHOCTH MEPEXo/ia MPOMOpLUUOHAIbHA KBaJIpaTy MaT-
PUYHOIO 3JIEMEHTA JUIOJILHOIO MOMEHTA, CBSI3bIBAIOIIETO0 HAYaJbHOE U KOHEYHOE COCTOSHUE
cuctemsl. [IpudemM, eciiu MaTpUYHBIM AJIEMEHT paBEeH HYJIO, TO NEPEXO0Jl Ha3bIBAETCS 3allpe-
meHHbIM. Haia 3amada Ttenepp 3aki04aercss B TOM, YTOObI KOHKPETU3UPOBATh IOJTYUYECHHBIE
paHee pe3ysbTaThl U cPOpMyIMpOBaThH MpaBHUiIa 0TOOPA IS SJEKTPOMArHUTHBIX MEPEX00B B
MOJIEKYJIax.

3anuiuemM, MpexJie BCEro, BHIPAKEHUE ISl ONIEpaTopa JAUIMOJIBHOIO MOMEHTA CUCTEMBI.
B otnnune ot aToMapHOi, B MOJIEKYJISIPHON CHCTEME MOJIHBIA TUMOIbHBIM MOMEHT CKJIafbIBa-

€TCA U3 BJICKTPOHHOI'O AUIIOJILHOI'O MOMCHTA C_Z;(e) U OUIIOJIBHOTO MOMCHTA ﬂI[epHOfI Imoacuc-
TEMBbI D(N) . J_IJ'IH AUITIOJIBHOTO MOMCHTA HHCpHOﬁ IMOACUCTEMBI 3aIlIUIIEM
B = eR, +eR,.
Hepexow{ oT Rl )51 Rz K KOOpANHATC NEHTPA MACC MOJICKYJIbL
R = (MIRI +M2R2)/(M1 +M2)
H KOOPAWHATC OTHOCUTCIIBHOT'O JBUKCHUA [é = I_éz — l_él , IMCCM

_ - M =M. -
D" =2eR+e—1——2R. (16.14)
M +M,

B cucreme xoopauHart, cBsi3aHHOU ¢ meHTpoM Macc (R =0) 11 TMnoIsHOTO MOMEHTA sep-
HOM MOJICUCTEMBI TIOTYIUM

pm =M g
M, +M,

Kak BuiHO, 17151 roMosiiepHBIX MoJieKyl (M, = M, ) siAepHbIi JUIOJIBbHBI MOMEHT paBeH HYy-

(16.15)

JI0, TO €CTh BHEIIIHEE 3JIEKTPOMArHUTHOE MOJIe HE OKa3bIBaeT IMPSIMOIO BO3ACHCTBUS HA slEp-
HYIO MOJCUCTEMY MOJIEKYJIBI. DTOT PE3yJIbTaT BBITISIUT COBEPLUIEHHO €CTeCTBEHHBIM. [10 BTO-
pomy 3akoHy HpIOTOHA yCKOpeHHE aTOMHBIX SIIEp, CBSI3aHHOE C BO3JIEHCTBUEM Ha HHX AJIEK-

TPUYECKOTO IOJI BOJIHBI, €CTh ek /M . (i=1L2). IlooToMy npu paBeHCTBE MacC BXOAALINX B
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MOJICKYJIy aTOMOB, CHJIa HeﬁCTBYIOHIaH Ha HHX, OKa3bIBaACTCs OHHHaKOBOﬁ, a CJICO0BATCIIbHO,

YCKOpEHHE R=0, To ecTh BO3CIiCTBHE Ha AJEPHYIO MOJCUCTEMY MOJIEKYJIBI OTCYTCTBYET.
[TosToMy B nanbHeiiieM, npu GOpPMYJIHPOBKE MPaBUI OTOOpA A SIEKTPOMATHUTHBIX Tepe-
XOJIOB B MOJIEKYJIE, OyZieM pa3iauyaTh ciIydail FOMO- U FeTeposepHBIX MOJIEKYI.

B pamkax npubmmkenus bopHa — Onmnenreiimepa BOJHOBbIE (PYHKIUH HAYaJIBHOTO M
KOHEYHOT'O COCTOSIHMSI MOJIEKYJIbI IIPEICTaBUMBI B BUJIE

V(7 R) = v (7 R (R),
- = - =~ N g
Y, (7, R) =y 7R} (R).
Torma nus MaTpUYIHOT'O 3JICMCHTA OIl€paTopa AUIIOJIBHOTI'O MOMEHTA 3allUIICM
i - J@ . W — 7 () )
d,=(¥,[d +DV|#)=(¥,|d|#)+ (¥, [D™|#). (16.16)
PaccmoTpuM Teneps npasuiia 0T0Opa A MEPEXO00B B TOMO- U FETEPOSICPHBIX MOJIe-
KyJiax. OcTaHOBUMCS, MPEXKIE BCEro, HA MEPEX0Jax B Mpeaeiax OJHOTO AJIEKTPOHHOIO TepMa

(6e3 M3MEHEeHUs AIIEKTPOHHOTO COCTOSIHMSA MOJIEKYJbl). Takue mepexoasl Ha3bIBalOT Koyieha-
TEJIbHO-BpAIIaTeIbHBIMU. B 3TOM cily4ae MHICKCHI «i» M « f » Y BOJIHOBOW (DYHKIIMH DJIEK-

TpOHHOfI IOACUCTEMBI COBIIAJarOT. Torna YUUTBIBAsA, YTO B TOMOAACPHBIX MOJICKYJIaX H,Z[GpHLIfI
,I[PIHOJ'IBHI)Iﬁ MOMCHT OTCYTCTBYCT, a ManH‘IHBIfI SJIEMEHT JJICKTPOHHOI'0 AUITIOJIBHOI'O MOMCH-

Ta <W,@ d®©
K0ﬂ€6amefle0-8pau4am€JZbHbZe nepexodbl 6 npedeﬂax 00H020 INIEKMPOHHO20 mepma 3anpeuje-
Hol. B reTeposiAepHBIX MOJIEKYJIaX CUTyalus Apyras. Bo-mepBbIX, CyIIECTBYET NPSIMOE BO3-

JIeUCTBUE QJICKTPHUYCCKOI'O ITOJI BOJIHBI Ha AACPHYIO IMMOACUCTEMY MOJICKYJIBI, 4 KPOME TOTI'O
MOJICKYJIa MOXKET O6J'IaI[aTB QJICKTPUYCCKUM AUIIOJIbHBIM MOMCHTOM B CTAIMOHAPHOM COCTOsI-

s’ d O (R) = (" (7, R)|d
d; = (67 (R)dy (R (R)) + (04" (R D9 (R)). (16.17)

OOBIYHO ManPI‘lHBIfI 9JICMCHT J3JICKTPOHHOI'O AUIIOJIBHOTI'O MOMCEHTA CUCTEMBI IIJIaBHO 3aBUCUT

OT SIIEPHOM KOOPAMHATHI M MOYTH HE MEHSAETCS Ha pa3Mepe 00JIaCTH JOKaJIU3alUU sIepHON
BOJMHOBON  ¢yHkumu. IlosToMy B  cumily  yclIOBHS  OPTOTOHAIBHOCTH  (DYyHKIMH

<¢;N) (E)‘(I)f.N ) (R)> =0 OKOHYATEJHHO MOJIy4acM
d, = (" (B)|D[6 (R)), (16.18)

TO €CTh BCPOATHOCTH KOJ'Ie6aTeJ'II)HO-BpaHIaTCJ'II)HI>IX NEPpEXO0a0B B I'CTCPOAACPHBIX MOJICKYJIaX
OnpeaAcIsICTCS MAaTPUYHBIM 3JICMCHTOM JUIIOJIBHOTO MOMCHTA HHCpHOﬁ MMoACUCTEMBI MOJICKY -

wf€)> =(, MBIl IPUXOJUM K CIIEAYIOIIEMY BBIBOAY. B 2oMOs0epHbIX MONIEKYIaX

7 ,ﬁ)> . B pesynbrate u3 (16.16) nomyunm

Jbl. YUUTBIBAsA, YTO YIJIOBBIC YaCTH SAACPHBIX (DYyHKIHIA ¢(fN "1 o) ectb chepuueckue dyHk-
1uu, u3 (16.18) momyyaem npaBuio oTéOpa Mo BpaniaTeIbHOMY KBAHTOBOMY YUCITY
Al=J,-J =4%l.

Yro kacaercs mnpasuiia 0TOOpa Mo KoJaebaTeIbHOMY KBAHTOBOMY UHCIY, TO B TAPMOHHYECKOM
NpUOIMKEHUU OH OYEBUJIHO:
Av=v, —v, ==%l.

? TIpy HATHYMK KOBAIGHTHOI MOJISPHON MIIM HOHHO# CBSI3H, XapaKTEPHOI JUIs IeTeposIePHBIX MOJIEKYI, pacIpe-
JIETICHNE HIIEKTPOHHOM IUIOTHOCTH CMEIIEHO OTHOCHUTEIBHO IIEHTPA MAcc MOJIEKYJIBI, YTO M MPUBOJUT K IMOSBIIC-
HUIO 3JIEKTPOHHOTO JUITOJIHOTO MOMEHTA B CTAIIMOHAPHOM COCTOSIHHH.
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Cnenyer, onHaKo, IMETh B BUJIy, YTO BCJICACTBHE CYIIECTBEHHOTO aHTAPMOHHU3MA MOJIEKYJISP-
HBIX KOJICOAHUI 3TO MPABUIIO SIBISICTCS MPUOIMKCHHBIM U JIETKO HapyIIaeTcs JaKe B AUTOINb-
HOM TPUOITKEHUH.

[lepeiinem Temeph K pacCMOTPEHUIO 3JIEKTPOMATHUTHBIX IMEPEXOJIOB MEXKIY pa3iIvy-
HBIMU SJIEKTPOHHBIMU COCTOSTHHSIMUA MOJIEKYJBI. [Ipy Takux mepexojax aBTOMAaTUYEeCKH H3Me-
HSETCS U COCTOSIHHE SIIEPHOU IMOJCHCTEMBI MOJEKYNbl. [103TOMy OOBIYHO TOBOPAT 00 31€K-
TPOHHO — KOJIe0aTEIBbHO - BpallaTelIbHOM Iepexoae. Takue nepexosl BO3MOXKHBI KaK TOMO-,
TaK ¥ B TETEPOSIEPHBIX MOJIEKYyJax. BciencTBue opTOroHanbHOCTH 3JIEKTPOHHBIX BOJTHOBBIX

byHKIUH <\|/F;) (F,E)‘\pf” (?,E)> =0 u3 (16.16) nonyuum

d, = <yff \J @+ DM|¥) = <yff \c?@ ) = j (¢<;V> (R))* d?(R)o (R)R, (16.19)

rae

— — — \*¥ - —

a9 R = [ 7 R) dy . RydF (16.20)
- MATPUYHBINA 3JIEMEHT 3JEKTPOHHOTO JUIOJBLHOIO MOMEHTa CHUCTEMBI, KOTOPBIH IapaMeTpu-
YECKU 3aBHUCUT OT MEXBAIAEPHOTo paccTosHud. IlomyueHHOe BbIpakeHHE MUMEET OYEHb IpO-
CTOM (u3n4eckuil cMbIca. MaTpUYHBIA 3J€MEHT 3JIEKTPOHHOTO AMIIOJBHOIO MOMEHTa, KOTO-
pBIii B aTOMax €CTh HEKOTOPOE YMCIIO, B CIIy4ae MOJIEKYJISIPHOM CHUCTEMBI 3aBUCUT OT MEXbsI-
JIEPHOTO PACCTOSHUS U JJOJDKEH OBbITh JONOJIHUTENBHO YCPEIHEH 10 SAEPHON KOOpIUHATE.

IIpu ananuze MatpuuHoro snemeHTa (16.20), onuchIBarOIIEro0 3JIE€KTPOHHBIN Mepexo,
clleflyeT UMETh B BUJY, YTO J0 CHX IOp MbI HE IPUHUMAJIM BO BHUMaHHE HAIMYHE CITUHA 3JIEK-
TPOHHOM IMOACUCTEMBI MOJIEKYJIbl U ONEPUPOBAIN TOJBKO KOOPAMHATHOM YacThiO BOJHOBOM

¢yHKuMU. MBI TOMHHM, YTO MHOJ-

V@m(R) Hasl BOJHOBAs ()YHKIHS CHUCTEMBI
MOJET OBbITh IOCTPOEHA, Kak Ipo-

M3BEIICHHE KOOPJAMHATHOM W CIH-

HOBOW YacTU BOJHOBOHN (YHKIUH,

'1 npu4eM CUMMETPUYHOH OTHOCH-

! TEJIbHO NEPECTAHOBKU 3JEKTPOHOB

15 MecCTaMH KOOPJWHATHOW 4acTH CO-

H OTBETCTBYET AaHTUCHUMMETPUYHAs
CIIMHOBAasl 4acTh W HaobopoT. Kak
CJIEZICTBHE 3TOTO  yTBEPXKICHUS,
BO3HUKAET NpaBWIO 0TOOpa IO

CIMHY — 3alpeT MHTEPKOMOMHAII
(em. JI_12)

A5 =0,
TO €CTh, KaK M B aTOMAaX, EPEXO0/Ibl
pa3penieHbl MeXIy TepMaMHu OJH-
HAaKOBOM MYJbTUILUIETHOCTU. AHa-
5 nornyHo, u3 (16.20) HETpYAHO TIO-
JYYUTh MPaBWIO OTOOpa MO KBaH-
TOBOMY 4Hcily A, ompeaemnstorie-
T'O MPOEKIIUIO 3JICKTPOHHOTO OpOH-
K TampHOro MOMEHTa Ha OChb MOJ€-
KYJIBI:

Puc.16.3. DnekTpoMarHUTHeIR Nepexos Mexay ABymA AA =041
3NEKTPOHHBIMU COCTOAHUAMA MONeKkynbl. CnyJyan T
XOpowo "BNOKEHHBIX" TEPMOB. Kak cnencreue 3TOro mpasmia,
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IpU aHaJM3€ IpaBUiIa OTOOpPAa MO M3MEHEHUH BpalllaTeIbHOIO KBAHTOBOIO 4YHCJIA HOMHUMO

chopmyMpoBaHHOTO BbIle ycinoBus ( AJ = £1) BoO3HUKAET BOZMOXKHOCTH Tepexojia 0e3 u3me-

HEHWs BPALIATENFHOIO KBAHTOBOTO uncia . II03TOMy OKOHYATENBHO IS SIEKTPOHHO — KOJIe-
0aTeNbHO - BpallaTeIbHbIX MEPEX010B 3alULIEM
Al =0,£1.

Msbl yXe OTMeualld, 4YTO MAaTPUUHBIA 3JIEMEHT 3JIEKTPOHHOI'O IHUIIOJIBHOTO MOMEHTa

monekyasl (16.20), xak npaBuwio, sABIsSeTcs IulaBHOW ¢yHkimed. [losromy BenmuuuHy

d ;;) (R) = d, = const MOHO BBIHECTH U3-T10J 3HaKa uHTerpana B (16.19). Torga nomyunm

d;~F, =0 (R (), (16.21)
TO €CThb ManI/I‘lHHﬁ QJICMCHT NEepexoda IMPOMOPHHUOHAIICH HUHTCrpaly ICPCKPBITHA AACPHBIX

BOJIHOBBIX (DYHKIIMH, OTMMMCHIBAIONINX HAYAJILHOC M KOHEYHOE COCTOSIHHE SIJICPHOMN TOJICUCTEMBI
M [PUHAIUICKALIMX PA3IUYHBIM DJICKTPOHHBIM TEPMaM MOJICKYIIbl. VIHTerpan nepexpoitust F,

Ha3pIBalOT (hakTopom Ppanka — KoHmoHa'', KBaapaT ero MOZy/s ONMpEnensieT BepPOSTHOCTH
e 3aceeHusl KOJIeOaTeIbHBIX YPOB-

(R) HEHN AJIEKTPOHHOI'O TepMa MOJIEKY-
Jbl, B KOTOPOE MPOMCXOAUT JJIEK-
TPOHHO — KOJIeOaTeJIbHO - Bpalla-
TEIbHBIM nepexosn. Puznyeckuit
CMBICIT TIOJYYEHHOI'O BBIPAKCHMUS
3aKJII0YAeTCss B CIEAYIOLIEM.
MosxHO mnpeanonaraTb, 4TO 3JIEK-
TPOMAarHUTHBIN MEPEXO0J MPOUCXO-
1 JUT TIPY HEU3MEHHOM MEXbsIEp-
HOM DPacCTOSTHUM, IIPUYEM BEpPOST-
i HOCTb JTOr0 IIEPEeXoJa MaKCH-
MaJjbHa, €CIU SIEPHBIE BOJIHOBBIC
(YHKIMH HAa4yaJbHOTO U KOHEYHO-
ro COCTOSHMM JIOKaJIM30BaHbl B
OHOM W TOH ke oOjacTu mpo-
CTpaHCTBa, 4TO oOecmeYnBaeT
MaKCHMaJbHO BO3MOJKHOE 3Haye-
Hue ¢akropa Ppanka — KonmoHa.
ChopmynupoBaHHOE yTBepxkAeHUE Ha3bIBatOT MpuHLIuNoM @panka u Konnona.

PaccMoTpuM HECKOIBKO MPUMEPOB, WILTIOCTPUPYOIMX IpuHIun Ppanka — KonnoHa.

Ha puc.16.3 nzo0pakeHs! JBa 3JEKTPOHHBIX TEPMa MOJIEKYJIbl, IPUYEM JUIsl HUX PaBHOBECHBIE
MEKBSICPHBIC PACCTOSIHIS U KONebaTeIbHbIC KBAHTEI PHMEpPHO coBragaior -, Torma mpu re-
pexojie ¢ OAHOTO TepMa Ha JPYroil 3HaueHue KoyieOaTeIbHOro KBAHTOBOI'O YHCIIA MEHSATHCS
Oynet He3HauuTenbHO. [Ipu 3TOM mepexoJ1 ¢ 0AHOrO TepMa Ha APYroil HaJo PUCOBaTh B BHUJIE
BEPTUKAJIBHON JIMHUM, COCIMHAIOIIEH KJIACCUYECKHE TOYKU MOBOPOTA, €CIM IEPEXO0] OCylle-
CTBIISIETCSI MEXIy BO30YKICHHBIMH KOJIEOATEIHHBIMHI COCTOSHUSIMA MOJIEKYJbl. Eciu ke me-
pexXoJl MPOUCXOIUT MEXIY OCHOBHBIMU KOJ€OATEIbHBIMU COCTOSIHUSMH MOJIEKYJIBI, TO €ro
cienyeT n300pakaTh JIMHUEH, MPOBEJICHHON MPU PABHOBECHOM 3HAYEHHUU MEXBSICPHOTO pac-

Puc.16.4. OnekTpoHHo-konebaTenbHBIW Nepexos B
ABYXaTOMHOW MOSeKyne.

"B cnyuae AJ =0 u3nyuaemplii pOTOH YHOCHT MOMEHT H3 YIIEKTPOHHOI OICHCTEMbI MOIEKYJIbL.

" E.Condon (1902-1974) — amepukauckuii ¢usux. daxropom dpanka — KoHI0OHA HHOIJA HA3BIBAIOT TAKKE
KBaJpaT MOJYJISI BBEACHHOTO HAMH HHTEIPajia MePeKPBITHS.

"2 TIpo TaKue TepMBI TOBOPSAT, 4TO OHH XOPOIIO BJIOXKEHHI APYT B IPYTA.
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CTOSTHHS . Hpyras cutyamusi npeicTtaBiieHa Ha puc.16.4. B 3ToM ciydae paBHOBECHBIE pac-
CTOSIHUSL MEXAY SApaMH pazinyHbl. Kak BUIHO, B TAKOM CUTyallMM MPU MEPEXO0/e C TepMa Ha
TEPM TPOUCXOJUT CYLIECTBEHHOE H3MEHEHHUE KO0JIeOaTeIbHOr0 KBAHTOBOI'O YHCIIA, OIHUCHI-
BAIOIIETO COCTOSIHUE MOJIeKyIbl. [Ipu 3Tom mepexoas! «1» (Bo30ykaeHHe) U «2» (M3ITyUeHHE)
WITIOCTPUPYIOT BO3MOKHOCTH KOJIEOATENIbHOTO BO30YXKIEHHSI MOJIEKYJIBI, OCYIIECTBIISIEMOE
yepe3 BbILIE JIeXKAIIUNA 3JIEKTPOHHBIN TepM. B romosiiepHbIX Mosekynax, riae nepexoasl B mpe-
JIeJIax OJIHOTO AJIEKTPOHHOIO TepMa 3alpelieHbl, TaKOl criocod Bo30yKAeHHs KoieOaTeNbHbIX
COCTOSIHMI MOJIEKYJIbl 3JIEKTpOMar-

HUTHBIM I10JIEM OKAa3bIBAETCS €IMH- 1 ®)

CTBEHHBIM.

B kauectBe eme OgHOTO
npumepa Ha puc.16.5 mnpuBeneHa x7
KapTUHKA, WUIIOCTPUpYIOLIasl Mpo-
necc (HOTOMOHHM3AIUU  MOJIEKYJIbI
X,. PaBHOBecHOE MEXBAACPHOE how
paccTosiHUE B MOJIEKYJISIPHOM HOHE
X, Oomblue, 4eM B MOJeKyne X, .

[TockonbKy mepexoq ¢ TepMa Ha
TEPM TPOUCXOJUT MPH HEU3MEHHOM
MEXBSJICPHOM PACCTOSHUHM, MHUHH-
MaJlbHasi dSHEeprus KBaHTa fi®, He-
oOxomumas 1 (OTOMOHU3ALUU
CHUCTEMBI OKa3bIBACTCS CYIIICCTBCH-
HO OOJIBIIIE MMOTEHIIMATIA HOHU3AIHNA
I, (cMm. puc.16.5).

Puc.16.5. NoHnzayma ABYXaTOMHOW MONEKynkI.

3agaun.

16.1. Omnpenenuts MOJEKYJSPHBIE TEPMbI, KOTOpbIE MOTYT 00pa3oBaTh aToMbl O u H, Cu N,
C u O, Haxosmuecss B OCHOBHOM COCTOSIHUH.

16.2. Hcxons U3 COOTHOILEHHs HEONPEAETIEHHOCTEH, OLIEHUTh MUHUMAJIbHBIN pazMep obiac-
TH JIOKQJIM3ALUU SIEPHOTO BOJHOBOI'O MAKETa M SHEPIUI0 HYJEBBIX KoJeOaHUU B MO-

tenuuane Mopze V(R) = D(l —exp(—a(R—-R, ))2 , OR, >>1.
16.3.  MounekynsipHblii TepM HEKOTOpPOH MOJIEKYJIbI 3a1aercs BBIPAXKCHUEM
Vy(R) = D(R(f /R* 2R,/ R). HaiiTi Kone6aTeIbHO-BPAIIATENBHEIH CIIEKTP MOJEKY-

JIBL.

16.4. Cuuras cTeneHb K0ie0aTeIbHOTO BO30YKICHHUS MaJIOH, PEIIUTh MPEABIIYIIYIO 3a1a9y
B IIPUOIMKEHUN TAPMOHUYECKUX KOJICOaHUH.

16.5. B nByXaroMHOW MOJEKYJI€ MPOUCXOIUT SJIEKTPOMArHUTHBIA MEPEXOJ U3 OCHOBHOTO
KOJICOATEIBHOTO COCTOSIHUSL BO30Y>KICHHOTO BJIEKTPOHHOTO T€pPMa Ha HIDKEJICKAIUHA
AMEeKTPOHHBIA TepM. OnpenenuTs BEpPOATHOCTh KOJe0aTeNbHOIO BO30YXKACHUS MOJie-
KYJIbI, €CJTH YHEPTUM KoJeOaTenbHBIX KBAHTOB Ha 000MX TEpPMax OJMHAKOBBI, 2 PaBHO-
BECHOE MEXbSAEPHOE PACCTOSIHUE Ha BEPXHEM TepME B J1Ba pa3a OoJibllie, YeM Ha HUXK-

13 DTO CBS3aHO C TEM, 4TO B BOBﬁy)KI[eHHI)IX K0JIe0ATEIbHBIX COCTOSHHUSIX KBaJapaT MOOyJid HﬂepHOfI BOJIHOBOH
q)yHKL[I/II/I JOCTHUTracT MaKCUMAJIBbHOT'O 3HAYCHUA BOJIM3H KJIACCUYECKHUX TOUYEK IMOBOpPOTA, B TO BPEMA KakK I OC-
HOBHOI'O KOJICOATEIIbHOIO0 COCTOSIHUSI MaKCHUMAJIbHOE 3HaU€HHE IIOTHOCTU BEPOATHOCTH COOTBETCTBYET I1OJIOKE-
HHUIO PAaBHOBECHA.
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HeM Tepme R = 2R, . KosneOaHust MOJIEKYIIBI B 000X 3JICKTPOHHBIX COCTOSHHAX CYH-

TaTh TAPMOHUYECKUMHU.
Onpenenuth BEPOSITHOCTh KOJIEOATEIIEHOTO BO30YKACHHUS MOjeKysnsl NaCl nipu BHe-
3alHOM BKJIIOYEHHH BHEIIHETO OJHOPOJHOTO IMOCTOSIHHOTO 3JIEKTPUYECKOTO MOJS C
HanpsukeHHOCThI0 £ =10° B/cM, HanpaBIeHHOTO BIONbL OCH MOJIEKYJIBL. B HauambHbIit
MOMEHT BPEMEHH MOJIEKYyJIa HaXOAUJIach B OCHOBHOM KojeOaTenbHOM cocTossHuu. [lo-

CTOSIHHAs KBa3Hymnpyroi cumbl k =1.01-10° 1H/cM, paBHOBECHOE PACCTOSIHHE MEXKIY
aapamu R, =2.361 A. KoneOaHus cuuTaTh rapMOHUYECKHMU.

OneHuTh XapakTepHOE BpEeMs KXH3HH OTHOCHTEIBHO 3JIEKTPOMATrHUTHOTO IEpexoja
KoJie0aTenbHO-B030YykeHHOH Mojekynbl NaCl. KonebaHust MONEKyJIbl CYUTATh Tap-
MOHHUYECKHMHU.

Onpenenuts TEIUVIOEMKOCTh Pa3peKEHHOI0 ra3a, COCTOSILEro U3 JBYXaTOMHBIX MOJIe-
KyJI. MOJIEKyJIbl CYUTATh TAPMOHMYECKUMH OCLMAIIIATOPAMH.

TemnoeMKocTh MOJIEKYJISIpHOTO Bojopoaa /1> mpu temneparype 7' =1000 K pasHa
C, =27k (k - nocrosnnas bonbumana). OnpenenuTs TEMI0EMKOCTh MOJIEKYJISIPHOIO
neurepus D, npu TOH ke TeMneparype.

B TBEPAOM TECJIC MOTCHUIHAJIbHAA SHCPIrUusd MEKAaTOMHOI'O BSaHMOIlef/'ICTBI/ISI B 3aBHUCHMO-
CTH oT pacCTosAHNA MCKAY aToMaMH R OIPEACIIACTCS BBIPAKCHUCM

V(R) = D(l - exp(— oa(R-R, )))2 . Onpenenuth KOAQPHUIMEHT TEMIOBOTO JIMHEHHOTO

pacmmpenus TBepaoro tena. Crenars 4MCIeHHYI0 OueHKy st D=4 3B, R, =2 A,

a=10" em™.



