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B cnekrpe Bo30yKeHusi pe3oHAHCHOM JitoMuHeceHuu atroMoB Na B cmecu ¢ CF4 obnapyken mepexos-

CIIyTHUK PE30HAHCHOTO Iy0J/eTa, OTBEYAIOININI IPOIECCY OIHOBPEMEHHOIO BO30YIKIEHMsI aTOMa HA YacTo-

T€ PE30HAHCHOIO IIepexoa Na(2SI /2 — ’p, /2,3/2) 7 CTAJKHUBAIOIIEHCH C HEM MOJIEKY/IbI Ha 9YaCTOTE OC-

HOBHOTO ToHa MK-aKTHBHOW v3-MOIBI C SHeprueil kpanTa 1283 cM !, Na(QSl/g) + CFa4(vs = 0) + hv —

— Na(2P1 /2,3/2)+ CF4(vs = 1). ITokaszaHo, 4TO BOSHUKHOBEHHE OITHIECKOI CBSI31 MEXKYy BEPXHUM M HUKHUM

COCTOAHUAMMU ITOT'O aCUMIITOTHYIECCKHU (RNa—CF4 — OO) 3alIPpEHICHHOr'O IIepexoJa MOo2KeT OBITH OOLSICHEHO B paM-

Kax MOJeJsn, y'—IHTBIBa,IOH.Ieﬁ IIOJIAPU3alluI0 aTOMa B I10JI€ MOJIEKYJIbI 1 B3aHMO,HeI7ICTBHe JAUIIOJIBHOI'O MOMEHTa

nepexona CF4(vs = 1 — v3 = 0) ¢ AUNOIBHBIME MOMEHTaMH 3JIEKTPOHHBIX IIEPEXOIOB B aToMe. Pesysbrars

pacdeToB B paMKax ILaHHOﬁ MOJIEJIN HAXOASATCA B YAOBJIETBOPUTEJIBHOM COIVIaCUU C 9KCIIEPUMEHTOM. OTMG‘{E}HO7

aro CF4 MOXKeT mpeCcTaB/IsiTh MHTEPEC B KAYECTBE KOMIIOHEHTa PAbOUMX CpeJ] JIa3epOB Ha MEPEX0aX aTOMOB

IIEJIOYHBIX METAJUIOB ¢ uojHoN Hakaukoil (DPAL).

DOI: 10.31857/51234567821140020

1. BBenenue. IIporiecchl mapHOro onTudeckoro Bo3-
Oy 2KJIEHUs JIBYX CTAJKUBAIOITUXCS ATOMOB OJHUM (HDOTO-
HOM,

A(G) + B(G) + hv — A(E) + B(E),

rae G, E 0603Ha9a10T, COOTBETCTBEHHO, OCHOBHOE U BO3-
Oy 2KJIEHHOE COCTOSTHUS, OBLIN TIPEIMETOM PsIJIa UCCIIET0-
Banuii ([1] u ccpuiku B 9roit padore). JaHHbli mporece
SABJISIETCA OJHUM U3 IIPOsiBJIeHUIT OoJjiee 0OIIero mpoec-
ca, KOrjia JBe YaCTHUIbl OIIHOBPEMEHHO U3MEHSIIOT CBOU
COCTOSIHUSI B PE3YJILTATE ITOTJIONEHUS] UM M3JIy IeHUS]
dborona. B wacrHoCTH, XOpOIIO M3yueHsl [1| mporecce
THITA,

A(R) +B(G) + hv — A(E) + B(E),

rae R — pe3sonaHcHOe cocrostHEe, BO30yXKIaeMoe He3a-
BUCHUMBIM HCTOYHHMKOM (DPaJMAIMOHHbIE CTOJKHOBEHUS,
JIA3€PHO-UH/ Y [IUPOBAHHBII IIEPEHOC SHEPIUH ), BIIEPBBIE
paccMoTpeHHble B pabore [2].

WccnemoBanust CieKTpOB CMeceil aTOMApPHBIX T'a30B
¢ CF4 BoIgBWIN 3aMeYaTEIHbHYIO CIIOCOOHOCTH TOH MO-
JIEKYJIBI UHJIyIIUPOBATH [IEPEXO/IBI-CILy THUKU Ha KOMOU-
HUPOBAHHBIX 9aCTOTAX, OTBEUAIOIINX IHEPTUSIM COCTOSI-
HUl aToMa, YBeJMYeHHbIX Ha 3Hepruto KBanTta VK ak-
tusHOM v3-Mozpl CFy (1283 cM~ !, uro npubIM3nTeIHHO
COOTBETCTByeT MakcuMyMy Q-BeTBH),

A(G) + CF4(v3 = 0) + hv — A(F) + CF4(vs = 1).
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OcobeHHO 6J1arONPUSITHON SIBJISIETCSI CATYAIMs, KOIJa
SHEPrUs TOrO Iepexoa OJU3Ka K SHEPTUU OJHOrO U3
PE30HAHCHBIX 1epexo/ioB B atoMe, A(G)+hv — A(R), n
upu stom cocrosiiue A(FE) ceszano ¢ A(R) pasperer-
HBIM OITHYECKHM II€PeX0J0M. IIpU BBINOJHEHUU TUX
yCJIOBHIi BepxHee cocTosinue nepexona ciryrauka A(E)
CF4(vs = 1) pacnosaraercst BOJIU3M PE30HAHCHOIO CO-
crostaust A(R) CF4(v3 = 0) u cBsI3aHO ¢ HUM JUIIOJIb-
nunosbHbIM B3aumogeiicrsueM (IJIB), 06yciaoBieHHbIM
qurosbHbIME MoMeHTamu ([IM) nepexonos A(R < E)
u CFy(v3 = 1 < v3 = 0). Ilpuobperaemasi B pe3ysbra-
te JIJIB, npumech pe30HAHCHOTO COCTOSIHUSI ODecIevn-
BaeT ONTUYECKYIO CBSI3b ¢ OCHOBHBIM cocTosinneM A(Q)
CF4(v3 = 0). Ormerum, ecan nepexon A(R + E) pas-
pereH, To nepexoj A(G < E) 3amperies no npasuiam
orbopa. B maspHeiiiemM cocTosiHUS aTOMa, IEPEXOIbl B
KOTOPBIE U3 OCHOBHOTO COCTOSIHHS 3AIPEINeHbI, OyIyT
obosnauarsesas DF (dipole-forbidden).

MmocTpanueil CKA3aHHOIO BBINIE SIBJISIETCA IIEPe-
XO[1

Na(35%S;/2) + CF4(vs = 0) + hv —

— Na(3d2D3/2,5/2) -+ CF4(’U3 = 1)

Cocrosiaust Na(3d2D3/275/2) ONTUYECKU CBSI3aHBI C pe-
30HaHCHBIME cocTosHuaME Na(4p?P; /2,3/2), pacrioJio-
xerabiMa ~ 1100 v~ Boime Na(3d?Dy g, 5/2). Taxum
obpaszom, cocrosaus Na(3d°Ds)s 5/2)CFs(vs = 1) u
Na(4p2P1/2, 3/2)CF4(v3 0) pacmoJiaraiorcsi CpaBHHU-
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Ilepexon-coyrauk pesonancuoro gybsera aroma Na B cmecn ¢ CFy 61

TeapHO O6su3K0, ~ 180cM ™!, U cBA3aHBI MexKIy CcoBOI

B3aumoyieticteuem JIM mepexosion Na(3d2D3/275/2 >
— 4p2P1/273/2) u CF4(’U3 =1 < v3 = O) Han-
HBIl TepeXOJI-CIIyTHUK HAOJIIONAJCS B CIOEKTPE CMe-
cu Na ¢ CF4 B rasosoil sueiike [3], a Takxke B
9KCIIEPIMEHTe CO CKpeleHHbiMu Tyukamu [4]. Tlpm
9TOM OCHOBHAsl JIOJIs ATOMOB Na(3d2D3/2,5/2) peru-
CTPUPOBAJIACh BOIM3M HYJIEBOTO yIJIA PACCESHUs, 9TO
CBUJIETEILCTBYET O BO3OYXKJIEHUNM aToOMa IpU 00JIb-
X 3HAYEHUSX IPHUIIEJBHOTO ITapaMeTpa CTOJKHOBE-
HUsI, TAKUX, YTO OTKJIOHEHNE OT HAYAJIBHON TPaeKTOPUI
MAaJIo.

MHuorovncieHHbIe TPUMEDPHI CILYTHHKOB HAOJIIOa~
Jimck B cekTpax cMeceit Xe ¢ CFy B obimactu Bakyym-
Horo yibrpaduosera [5]. CioyTHUKM PE30HAHCHDBIX IIe-
pexonos (SRT) cymecrBeHHo oTaMya0Tcst 110 popmMe u
MHTEHCUBHOCTH OT CIIyTHUKOB 3allPEIEHHBIX [I€PEX0JI0B
(SDFT), a Take OT CILyTHUKOB NEPEXOJOB B BBICO-
KoJieskarue pesoHancHele cocrosinnsg (SHRT). Tumia-
weiii SDFT (SHRT) npescrasisier coboit y3kywo 1mo-
nocy (FWHM ~10-20cm™ 1), pacnosoxkennyto B6/m-
31 ACUMIITOTUYECKOU dHEPruu, PaBHOII CyMMe SHepruit
aTomMa M v3-KBaHTa, Torma kak SRT — mmpokas moJio-
ca (FWHM ~ 400 cm~1), KpbLIbs KOTOPOii TIOXOXKH TI0
dopMe Ha KPbUIbs YITUPEHHOTO JABJICHUEM “DOIUTEIb-
ckoro” pesonancuoro nepexojga. Ormerum, uro SRT
[IEPBOIO0 PE30HAHCHOIO II€peXojia Xe BIIEpBbIE HADJIIO-
nascs B [6].

Pazmuune mo ¢dopme SRT or SDFT u SHRT
OObSICHSIETCS PA3JIUINEM B PACCTOSHUSX MEXKJIy aTo-
MOM U MOJIEKyJso#, RA-cF,, IPU KOTODPBIX IIPOUCXOIST
nepexoybl: SDFT u SHRT oreedaror nepexogam Ipu
CPaBHUTEJLHO 00sbIuX KA cF,, IPU KOTOPHIX HIOTEH-
[UAJIbI OCHOBHOTO M BO30YKJIEHHOTO COCTOSIHUN MaJio
OTJINYAIOTCST OT COOTBETCTBYIOIIUX ACHUMITOTHICCKUX
3HadeHuil npu crpemiieHnn Ra cp, K OeCKOHedHOCTH
U MOTYT CYATATHCHA MPUOIU3UTETHHO MAPAJIIETbHBIMIA.
Kak cieficrBue 3roro, mepexonbl Ipu pasHbiX Ra cF,
UMeT OJIN3KUEe SHEPIUM, MX MUHTEHCHUBHOCTHU CKJIAJIbI-
BaIOTCS, YTO JTAET Y3KYIO MOJIOCY C MAKCUMYMOM BOJIN3U
JUIMHBI  BOJIHBI, COOTBETCTBYIOIIEH aCHUMIITOTHIECKO-
My 3HAYEHHIO SHEPrUU IIepPexXoJ/ia MPU OECKOHETHOM
PACCTOSTHUM MEXKJy 4YaCcTUIAMH. B CBOIO o4epejb,
SRT orBeuaroT nepexogaM Ipu MeHbHIUX RA_cp,, IPH
KOTODBIX XapaKTep B3aWMOJEHCTBUS B OCHOBHOM U
BO30Y2KJIEHHOM COCTOSIHUSIX CYIIECTBEHHO DAa3JInYIeH.
Kaxk ciiesictBre 5T0r0, MOTEHIHAILI PACIOIATAIOTCS HE
[IapaJuUIeJIbHO, MEPEXOJbl MPU Pa3HBIX Ra cp, HUMEOT
PA3JINIHbIE SHEPIUHU, UTO JIAET CIIEKTPAJIHLHO IMUPOKYIO
mosiocy. Ormerum, duro wuHTeHcHBHOCTH SRT  cyrme-
cTBeHHO Hmke 1o cpasHeruio ¢ SDFT — B makcumyme
[IOJIOCHI  PA3JINIUE MOXKET JIOCTUraTh 4-X IOPSIIKOB
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(pasyinure MHTErpasbHBIX HHTEHCUBHOCTEH HA MOPAIOK
MeHbIIIe).

Cuyruuku Beex tpex tunos (SRT, SDFT u SHRT)
nabsofanuch B crekrpax cmeceit Xe ¢ CoFg [5]. Duep-
rust kpanTa K akTusnoit v1g-moasl CoFg, KoTopast un-
JLYIUPYET 3TH MEPEeXObl, BECbMa HE3HAUYUTEJHHO OTJIH-
qaerca oT vy Moubl CFy: wg — v1g = 1283 — 1250 =
=33 eyl OTMeruM TaksKe, YTO CIYTHHKH, aHAJIOIUIY-
ublie 110 ¢popme SRT Xe, HabJIIOIAIUCH B CIIEKTPAX CMe-
ceit Kr ¢ CF4 u CoFg [5].

Kax nokaszanu Hepasuue ucciaegosanus [7], CFy un-
JIyIUPYET CIIyTHUKU HUXKHETO PE30HAHCHOrO Iybsera
ATOMOB TSKEJIBIX IeJ0UHbIX MeTasioB (IIIM),

A(H8281/2 + CF4(’03 = 0) —+ hv —

— A(np2P1/213/2) + CF4(’U3 = 1), (1)

e A =K, Rb, Cs. OHako 971 CIy THUKH CYIIECTBEHHO
oriamyatorca o SRT Xe u Kr: ux mHTeHCHBHOCTH IIpH-
6JIM3UTEILHO Ha JIBa HOPsJIKa BbIe, a (opma — Ciek-
TpasIbHO y3Kas nojoca ¢ FWHM ~ 30 cm™! — 6imska K
SDFT u SHRT B cuexrpax cmecu Xe ¢ CFy.

B mauHoit pabore 1pe/IcTaBIeHbI PE3YILTATEI UCCIIe-
JIOBAHUsI CIIEKTPOB BO30YIKJCHWUsST PE30HAHCHOM JIIOMU-
mecennuu aroma Na B cmecu ¢ CF4. Anajornyno ciy-
qaio Tskepix [1IM, B criekTpe 06HAPYKEH CITY THUK, OT-
seuatonuii nponeccy (1) (A=Na). Oxnako B oTyinune
ot Tsikenbix 1M, coyrauk aybsera Na mpemacrasiis-
eT coboil cpaBHUTEIBHO MUPOKyI0 mosocy, FWHM ~
~400cm!, moxoxkyio ma SRT Xe n Kr. Becbma Bepo-
SATHO, YTO ITOT CIIyTHUK 3HAYUTEJHHO crabee aHAJIOT MY~
HBIX II€PEXOJI0B B creKTpax Tskesbrx IIIM (abcomorHas
BEJINIMHA CEYECHUs] IOTVIONIEHUsI HEU3BECTHA, TaK KakK
9TOT TEePEXOJl YIAAJIOCh HAOJIIOIATH TOJBKO B CIEKTDE
B030y K eHus JroMubectenyn). CoryiacHo puBeIeH-
HBIM BBIIIIE apryMEHTaM, OOJIbINasi CIIeKTPAJIbHAs K-
pUHA CBUIETEIHLCTBYET O TOM, UTO TEPEXOJIbl ITPOUCXO-
JIST He Ha OOJIBIINX paccTosiHusX Ra_cF, , TP KOTOPBIX
[IOTEHIIUAJIBI BEPXHETO Na(3p2P1/2’3/2)CF4(U3 =1)mn
mknero Na(3s%S; /2)CFy(vs = 0) cocrosinmit pacmosa-
TaloTCsd MaPaJIeIbHO APYT JAPYTY, a upu 00jiee TECHOM
COJIMKEHUU MEXKJTy JACTHUI[AMU.

B ommmane or cocrosiunit A(DF)CFy(vs = 1), co-
crosiunst A(R)CFy4(vs = 1) He MoryT OBITH CBSI3aHBI
JB ¢ pesonancubiMu cocrosinusivu A(R)CFy(vs =
= 0). Dro cupaBemIMBO B JOOOM MOPSIJIKE TEOPUM
Bo3myTtennii. leticrBuresnsro, JI/IB MoxkeT CBA3bIBATD
A(R)CF4(v3 = 1) ¢ A(DF)CF4(v3 = 0), koropsle B
CBOIO OYepe b MOI'YT OBITH CBSI3aHBI TOJIBKO C JIPYTUMUI
cocrosiusamu tnna A(R)CFy(vs = 1). Kak mokaszano
B JIAaHHOI paboTe, eC yIeCTh MOJISAPU3AIIIO aTOMa B
roste MosiekyJibl, JIJIB MoyKeT IpHBECTH K IOsIBJIEHUIO
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npuMeceil pe30HAHCHBIX COCTOAHUI BO BTOPOM IIOPSJIKE
Teopuu BO3MYIIEHUil. Pe3ynbrarel pacueToB B paMKax
9TOIl MOJIEJIN YJIOBJIETBOPUTEILHO COIVIACYIOTCS C IKC-
[IEPUMEHTOM.

DkcnepumenT. OnTnyeckasi KIOBETa U3rOTaB/IMBA-
Jlach U3 KBaplieBoil TpyOku jguamerpoM 30 MM U uUMe-
ga mymay ~ 100 Mmm. K Topmam TpyOkm mpunanBasiach
okHa. K Kpaw OJHOro m3 OKOH IPHUIAWBaJIaCh TPyOKa
JIMaMeTpOM ~ 6 MM C IT€PeXOJ0M KBapI—MOJIHOIEHOBOE
CTEKJIO JIJIs TOJCOeNHEHNs K BaKyyMHOI cucreme. B
TPYOKY IMMOMEIIAJINCH KYCOYKN METAJITNIECKOTO HATPHS,
[I0CJIe Yero KIOBETa IIOJCOEIUHSIIACh K BAKYyMHOM CH-
creme. ITocsie oTkavukn n 00€3raKMBAHUS METAJLI IIE€Pe-
TOHsUICS B KIOBeTY. JlJisi mpeoTBpaInenns: KOHIEHCAIAN
MeTaJjljla Ha OKHAX KIOBETbI UX TeMIleparypa IOJJIep-
2KWBAJIACH BBIIIE TEMIIEPATYPbl OOKOBBIX CTEHOK. Jlasee
kiosera HanoJHsiack CF4 wiu Ar no nasienus 0.8 arm
[IPU KOMHATHOI TeMIlepaType U 3amaubajiacsk. Ormernm,
4TO crekTphl cMmeceir Na ¢ Ar HEOJHOKpPATHO HCCJIeJO-
Basch paxee ([8] u cebuikn). B manHoi pabore cekTp
9TOI CMeCcU M3MepsiICs JIJIsi CDABHEHUSI.

Tleuka myis HarpeBaHusi KIOBETHI OBLIa M3TOTOBJIE-
Ha u3 Menuoit TpyOoku. Topubl TPyOKM OBLIN 3aKPBITHI
dJaHIaMu ¢ KBapleBbIME OKHaMu. B cpexneil dactu
TPYOKHU UMEJIOCh OTBEPCTHUE JIJIsI PETMCTPALIAN JIFOMUHEC-
nermuu. OcraabHasi TOBEPXHOCTH 0OOMATHIBAJIACH CTEK-
JIOTKaHbBIO, [IOBEPX KOTOPOIl HaMaThIBAJIaACh HUXPOMOBasI
[IPOBOJIOKA.

st BO30yXKIeHUST JIIOMUHECIIEHIIUN HCIIOJIH30BAJI-
cst sazep Ha kpacuressix (Quantel TDIL-90) ¢ nakau-
Koii u3jyuenueM Tperbeil rapmonuku Nd:YAG sazepa
(Quantel, YG 980E-10). B orimuune or npeabiymmx
sKcrepuMeHToB ¢ Tsikesapimu M [5], uyBcTBUTEND-
HOCTHU ITOPTATUBHOI'O CIEKTPOMETPA OKAa3aJI0Ch HEeJO-
CTATOYHON I perucrpanuu JoMmuHecrieHimn Na. B
JIAaHHOI paboTe JIIOMUHECIIEHITUSI PErUCTPUPOBAJIACh Po-
ToyMHOXKUTejieM PIV-28, yCTaHOBJIEHHBIM 3a BBIXOJI-
HO¥ 1Iesibi0 MOHOXpoMaTopa Jobin-Yvon. lna momos-
HUTEJIbHOW 3aIlUThl OT PACCESHHOTO WU3JIyUCHUS JIa3e-
pa, mepeji BXOJIHBIM OKHOM (DOTOYMHOXKHUTEJISI YCTaAHAB-
JIMBAJICS MHTEPGEPEHIINOHHBIN (DUIBTP ¢ MAKCHMYMOM
ITOJIOCHI TPOITYCKaHMUs Ha JIJIMHE BOJIHBI 592 HM U IMMUPHU-
ol 10 HM.

PesyabraTsbl n 06cykaenusi. Ha pucynke 1 npes-
CTaBJIEHBI CIIEKTPBI BO30Y 2K ICHUS JIIOMUHECIICHITIH CMe-
ceit Na ¢ CFy u (mas cpasuenusi) ¢ Ar. Vsmepenust
IPOBOJIMJINCh TIPW TeMIlepaType ra3oBoit cmecu 1 =
= 272 4+ 3°C. Konmenrpamnus aTOMOB B HACBHIIEHHOM
nape Na npu 310ii Temneparype cocrasiser [Na] = 9.1x
x 10 em™3 (pacuer cormacuo [9]).

Kak moxnO Bumers u3 puc.l, B crekTpe cMecu ¢
CF 4 npucyrcrBytoT moJjioca S D1 Do, MakcuMyM KOTOPO
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Viaser — Vres (Cmil)

Puc. 1. (IlgerHoii onnaiin) CuekTpbl BO30Y K IEHUS JIFOMU-
HecueHy atoMoB Na 2P, /2,3/2 Ha TOIybOM Kpblie may6-
sneta Na (35281/2 — 4p2P1/2,3/2) IIPH JIa3ePHOM BO30Y7K-
nennn cmeceit Na ¢ (1) CF4 u (2) Ar (ncr, = nar =
= 1.9x10" cM™?) npu remneparype T' = 272 °C. Dueprus
OTCUYUTHLIBAETCs OT Tepexona Na, (35251/2 — 3p2P1/2) (s1m-
HUS Dl). ITosmoxkenne SD1 u SD2 cOOTBETCTBYIOT 3HEPTH-
AM cocTossHU Na 3p2P1/2, 3/2, YBEJIMIEHHBIX Ha SHEPTUIO
vs xBanTa CF4 (1283 cm™'). TIpoBan B criekTpax, coBma,Ta-
omuit ¢ a 1 b, BEposiTHO, 00YCJIOBJIEH JIA3€PHBIM BO30Y K-
nennem atomos Na 2P /2,3/2 B BBIIIE/ICXKAIIAE COCTOTHUS
Na 4d®’D; /2,5/2° TIOJIO?KEHUSA @ U b COOTBETCTBYIOT SHEPIH-
M IepexomoB Na (3p2P1/2 — 4d2D3/2) u Na (3p2P3/2 —
— 4d%D, /2,5/2), COOTBETCTBEHHO (pa3/IMYHe SHEPTHit CO-
CTOSTHMIA 2D3/2 u 2D5/2 coctasJiisieT Bcero 0.025 CMil)

pacmoJiaraeTcst BOJU3M SHEPIUil PE30HAHCHBIX COCTOSI-
umit Na(? Py /2,3/2); YBEJIMIEHHBIX HA SHEPTHIO U3-KBAHTA
CF4. Kak ormedajiock Bo Bpenenun, aHa/lOrMYHBIE
nepexo bl-ciry THUEKN BOsmsu acumntor A (2P /2,3/2) +
+ CF4(v3 = 1) Obuln OGHADYKEHBI B CIIEKTPAX CMe-
ceit rszkenbix IIIM ¢ CFy [5]. C y4erom sToro, mosocy
S DDy MOXHO yBEPEHHO OTHECTH K IIPOIECCY MAPHOTO
Bo36yxkaenus (1) (A=Na).

OTMmeTnM, YTO B CIIEKTPE IOTJIOIIEHUs [IPUA TEX Ke
YCJIOBUSIX 9KCIIEpUMeHTa 1oJioca S Dy Dy He Hab/IOM2eT-
csl BCJIEJICTBHE HEJIOCTATOYHON dyBcTBUTEIbHOCTHU. 1O-
IIBITKA YBEJIMYUTH KOHIIEHTPaIuo aTroMoB Na mocpe-
CTBOM YBEJIMUEHUS TEMIIEPATYPbI OKA3AJIACh HEYIATHON
BCJIEJICTBUAE XUMHUYECKON HECTADWIHBHOCTH CMECH MPH
JlaJIbHENIIEM HaI'DEBAHUM KIOBETHI.

[Ipencrasisier uaTEpEC CPaBHUTDH (POPMY CITY THIKOB
PA3HBIX PE30HAHCHBIX MepexoioB. Kak MOXKHO BUIETH
u3 puc. 2, nonoca SD1Dy (puc.2a) CyIecTBeHHO MIH-
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Puc.2. (Ipernoii onnaiin) CHyTHMKM DE30HAHCHBIX IIe-
pexonos: a — Na (35281/2 — 3p2P1/273/2) (sTa pabo-
Ta); b - Cs (68281/2 — 6p2P1/2) u ¢ — Rb (58281/2 —
5p°P123/2); d — Xe (5p°'So — 5p°s®P1) [5]. Dueprus
OTCYUTBHIBAETCH OT COOTBETCTBYIOIIErO PE30HAHCHOTO CO-
CTOSTHUSI (2P1/2 B ciaygae Na u Rb). e — CuyTHuK qumnosinb-
3alpenieHHoro nepexoaa Na (35281/2 — 3d2D3/2,5/2) [3].
Sueprus orcunteBacrcs ot Na (3d%Ds /2,5/2) BepTuxais-
Hasl JIMHUSI COOTBETCTBYET SHEPTUU VU3 KBAHTA MOJIEKYJIbI

CF4 (1283 cv™ 1)

pe cuytuukos ay6ieros Rb u Cs (puc. 2b, ¢). C apyroii
croponsl, nooca SDj Dy umeer cxonctso ¢ SRT Xe u
Kr. JIis cpaBuenust Ha puc. 2d mokasan SRT Xe.

s cpaBHEHUsST HA PHC. 2€ TAK¥Ke MOKA3aH CIIEKTD
SDFT Na(3s°S1/2 — 3d?D3/2 5/2) (cM. Beenenne).
CrekTp npejcraBisier codoit y3KyIO M0JIOCY, ITO 00bsIC-
HsieTCs aJjibHOAelicTByomuM xapakrepom /1B, koro-
poe mHIYIUPYyeT 3TOT repexon. Kak ormeduasocs Bo Bre-
Jenun, B orinuane or cocrosuuit A(DF)CF4(vs = 1),
cvenmBanue cocrosiuiit A(R)CF4(vs = 1) ¢ pesonaHc-
ubiMu cocrosiansMu A(R)CF4(vs = 0) He MOXKeT ObITH
ciencreueM Tosibko JIJIB. Kak mokazano Huzke, mMOsiB-
JIeHHe “pEe30HAHCHON IIPUMECH MOXKET ObITH 00bSICHEHO
[OJIsIpU3aIell aToMa B I10JI€ MOJIEKYJIbI.

B snekrpuueckoMm 1osie pe30HAHCHBIE COCTOSTHUS
P12, 3/2 npuobperaior npumecn DF cocrosmuii S, /5 u
2Dy /2,5/2, IPAYIEM TIPEMeECH OJIMZKARIITIX 110 SHEPTUH CO-
CTOSTHUI MMEIOT HaubOJIbIIINE BECOBbIe KOI(MDPUIMEHTHI
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U COOTBETCTBEHHO JIAI0T OCHOBHOI BKJIAJ B 00OCYy2Kiae-
Mble HuzKe 3 derTol. Tak, B ciiydyae mepBoro pe3oHaHC-
noro jybsera Na, K 9Toil rpyIirne COCTOSHU OTHOCIATCS
35?S1/5 (ocuoBmoe cocrosinue), 4s°S1 /o u 3d°Dy/s 5.
DHepPrun 3TUX COCTOSHUI U JUIOJbHBIE MOMEHTBI TIepe-
XOJIOB MeXKJIy HUMU IIpeJICTaBJIeHbl B TadJI. 1; TaM ke,
JJIsE CDABHEHWs, TPUBOIATCS JAHHBIE JIJIsI COOTBETCTBY-
rormux cocrosinnit Cs. Kak mokaswpiBaroT orneHku, 3¢-
deKT 0T BKJIFOUYEHUS BBIIIEIEXKAIINX COCTOSIHUI BeChbMa
MaJj. Ormerum Takake, 4o JIM 11epexoioB MeXK Ly cooT-
BeTcTByOmMUME napamu yposaeit Na u Cs pazangatorcs
He GoJiee, yeM Ha 20 %. DTo cupaBeIIMBO TaK¥Ke JJIs
K, u Rb. C apyroii cTopoHBI, SHEPrur HEKOTOPBIX W3
9THUX MEPEXO/IOB MOTYT PAa3NYaThCS B HECKOJIBKO Pa3
(rabi.1). Kak mokasbiBaer pacder (CM. HHXKE), B pe-
3yJIbTATe 9TOr0 HHTEHCUBHOCTH CITyTHUKOB PE30OHAHCHO-
ro aybsera Na u Cs passmdaiorcs 6ostee, 9eM Ha TOPsI-
JoK (~40 pa3).

B mepBom mopsijike Teopuy BO3MYINEHHIT BOJHOBAS
dyukuua (BD) pe3oHaHCHOrO COCTOSHUA B 3JIEKTPHU-
YECKOM II0JIE MOXKET OBITh IPE/ICTABJIEHA B BUIE CYM-
MBI HeBO3MyIeHHBIX B® aroma (B® u sHeprum peso-
HAHCHBIX COCTOSIHUI 0DO3Ha4YaroTCs WHAEKcamu k, | u
JIUII0JIb-3AIIPEIIEHHBIX COCTOSTHUN MHIEKCAME 11, ).

wl(Rk) = w(Rk) + Zaknw(DFn)a

riae ar, < 1 — BecoBble KO3 PUIMEHTHI, SIBHBIA BU/I
KOTOPBIX 00CY2KIa€TCsl HUKE.

Bosmossie dyukiun kBazumosiekyiasl ACFy moryT
OBLITH TIPeACTABJIEHBI B Buiae nmpomsBenerns BD arowma
n Kosebatenpabix BO Mosekysibl. B mepBom mpubiin-
2KEHUU MOTYT OBITH HCIIOJIb30BaHBI KoJiebaresbabie BO
HyJIeBOI'O TopsiKa (HeBo3MmyIneHnHble). Takum obpasom,
a1t BO BepxHero cocrostHus nepexojia-criyTauka u BO
BEPXHET0 COCTOSTHUST PE30HAHCHOTO IIEPEX0Ia MOXKHO 3a-
[HICATH

O (Re, M) = $(Ri)x(My) + Y agntp(DFa)x (M),

(2)

o' (Ri, Mo) = 9 (Ri)x Zalw (DFpn)x(Mo).

Marpuuanstit sstement IJIB 3Tux cocrosinuii mmeer Bg/l,[)l
(! (Ri, M1)|Vaaly" (Ri, Mo)) =

_ Z MnluM + Z mﬂmkMM. (4)
Bamnumniem Takke BO 0CHOBHOIO COCTOSIHUSI

= ¥(@)x(Mo) + Y acrt(Ri)x(Mo), (5)

k

Q/JI(Ga MO)

rae agr < 1 — BecoBble KO3(DDUIIMEHTHI.
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Tabsma 1. DHEprun U JUIOIBHBIE MOMEHTHI HEKOTOPBIX onThdeckux mepexonos aromoB Na m Cs [10]| (mia obserdenns cpaBHEHUS

3HAUEHMs] SHEPIUH OKPYTJIEHBI JIO LEJIBIX)

Hwxuee cocrositane Dueprusi, cMm 1 | Bepxnee cocrostame Dueprus, cm 1 DHeprus mepexoaa, cM L I, a.e.
Na aTom
3s1/2 0 3p1/2 16956 16956 3.5
3s1/2 0 3p3/2 16973 16973 5.0
3p1/2 16956 3d3z/2 29173 12217 6.8
3p1/2 16956 4s1/2 25740 8784 3.6
3p3/2 16973 3d3z/2 29173 12200 3.1
3p3/2 16973 3ds /2 29173 12200 9.2
3p3/2 16973 4s1/2 25740 8767 5.1
Cs atoMm
651 /2 0 6p1/2 11178 11178 4.5
651 /2 0 6p3/2 11732 11732 6.3
6p1/2 11178 5ds )/ 14499 3321 7.1
6p1/2 11178 7s1/2 18536 7358 4.2
6p3 /2 11732 5d3 /2 14597 2865 3.2
6p3/2 11732 5ds /2 14597 2865 9.7
6p3 /2 11732 7s1/2 18536 6804 6.5

Kax moxxuHO BuaeTh, B3anMozeiicteue IM mepexo-
108 A(Ryr) > DEFp(my) m CFy(v3 = 0 <> v3 = 1) cBa-
3BIBACT BTOpPOE cjaraeMoe B (2) ¢ HEePBLIM CJaraeMbIM
B (3) m — Haobopor — mepBoe ciaraeMoe B (2) co BTO-
pbiM ciaraeMbiM B (3). B pesysbrare aroro B3aumoeii-
CTBUSA BEPXHEE COCTOSIHUE IIEPEXO0/Ia-CITy THUKA, IPHOODe-
taer npumecu cocrosauii ¥ (R;)x(Mo) u (D Fy,)x (M),
KOTOpBIE ONTUIECKN CBSA3AHBI, COOTBETCTBEHHO, C TIE€P-
BBIM M BTOpBIM ciaraeMbiMi B (5). OJHAKO BKIIAJIOM
BTOPOI'O KaHAJa MOYKHO IIPEHEOpEedYb, TaK KaK BTOPOE
ciaraemoe B (5) siBisiercst MaJIoit 106aBKOiA.

JIMno/Ib-TUIoIbHOe  B3aMMOJEHCTBHE  CBS3bIBACT
BEPXHEE COCTOSIHUE II€PeXO/a-CIyTHUKA ¢ O0OMMH
cocrogHusMu nyosera. B pesymprare M coyTHEKA
SDy (k = 1,2) saBiasgercsa cyMMOil JBYX CJaraeMbIX
nponopimonaabHbix JIM nepexonos D1 u Do (1 u g,
COOTBETCTBEHHO ):

tspr = (WG, Mo)|er|™ (Ry, My)) = brips + brapiz,
(6)

rje

Hnl b0
b, = n . 7
M ;ak |Ek+h’l)3 *E1|R3 ( )

C yueroMm TOrO, 9TO fiz/pt1 = /2, coornomenue (6)
MOZKHO 3aIlHCATD B BHJE

tspk = pu1(br1 4+ V20k2). (8)

Cedenne mOTJIONIEHNST TTPOIIOPIMOHATIBLHO KBaapary M
nepexosa: 0 = Cu?/\, rjae A\ — JMHA BOJIHBI TIepexojia

u C' — xkodddunuent, 3apucsimuii ot Beidbopa eauuuir. C
YYIETOM 3TOr0

2
bii +V2b1a\ Asp2
bi1 + V2b1o

2
gsp1 _ <NSD1) AspD2

0sD2 1sp2,) Aspi AsD1

9)
DTO COOTHOIIEHUE MOYKET OBIThH UCIIOJIB30BAHO JJIS Pac-
YeTa OTHOCUTEIbHBIX HHTEHCUBHOCTEH CIIyTHUKOB, €CJIH
M3BECTHBI 3HAYCHUS KO3(hD(MDUIUEHT KBA3UOB )y, , BXOISA-
mux B (7). 3aMeTUM B CBSI3M C 9TUM CJIEJYIOIIEe.

IIpy cMemuUBAHUM B 3JIEKTPUIECKOM II0JIE€ BECO-
BbIe KO3(MUINEHTHI B PA3JIO2KEHUN BOJTHOBON (DyHKITUN
UPOINOPIMOHAIBHBI OTHOIIEHUIO [ik—n/|En — Ekl|, Tae
[k—n — JUIOJBHBIA MOMeHT nepexona A(Ry < DF,),
a Pa3sHOCTDb B 3HAMEHATEJE — JHEPTUs ITOrO MEPEXOa
[11]. OrHomeHue (9) He GyaeT 3aBUCETH OT HAPAMETPOB,
XapaKTePU3YIOIIUX FJIEKTPUIECKOE TI0JI€ MOJIEKYJIbI, €C-
JIU 3TW TIapPaMeTPhl BXOJAT KaK COMHOXKHTENU B (hop-
MYJy JUISL Gy HampumMep, ecin CMemmmMBaHue BOJTHOBBIX
dyHKImt aTroMa 00yCJIOBJIEHO ITOJIEM OKTYIIOJIBHOI'O MO-
MeHTa, KOTOpbIM obuagaer mosekyna CFy [12], Torma

_ @,ukfn
|E,, — Ex| R’

Akn

rjge © — OKTyNOJIBHBIN MOMEHT U R — paccTosiHIe MexK-
Iy aToMoM U Mosekysoil. Odesumno, yro © mpum mo-
craHoBKe B (9) cokpammaercs: (3T0 Tak»Ke OTHOCHUTCS K
B )-

Takum o6pasom, ecau (9) He 3aBUCHT OT ITApaMeT-
POB, XapaKTEPU3YIONHUX 3JCKTPUICCKOE IOJIE MOJEKY-
JIbI, MOJKHO OIEHHTL OTHOCHTEJbHBbIE HHTEHCHBHOCTHU
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ciyTHUKOB. Pacuer naer ogp1/ospe = 2.8,1.5,1.1u 1.0
st Cs, Rb, K u Na coorBercrBeHHO, YTO YI0OBIETBOPU-
TEJILHO COTVIACYETCsI C IKCIIEPUMEHTOM [7], 0sp1/0sp2 =
= 2.3 iz Cs u = 1.0 g Rb u K (mia Na sxcnepumen-
TaJbHOE 3HAYEHNE OTCYTCTBYeT, TaK Kak SD; u SD, ne
HaOJIIOJIAI0TCS KaK OTe/IbHbIE TI0JIOChI BCJIEICTBHE OJIu-
30CTH MX DHEPIHil).

OrmMeTnM, 9TO OCHOBHOW MPUYMHON 3HAYUTEHHOTO
pas/inuns MHTEHCUBHOCTEN CIlyTHUKOB Jiybsiera Cs siB-
Jssiercst HaKTOp OTCTPONKHU OT pe3oHaHca | By 4+ hvs — Ej|
B 3namenarejie (7), BeJMYUHA KOTOPOro paBHa hvs mjis
bi1 u bog, hvs — A mnst by u hvy + A s bay, roe
A = E(2P3/2) — E(2P1/2) = 554, 238, 58 u 17cm !
mrsa Cs, Rb, K u Na, coorBercrBenno. B ciygae aro-
MoB K n Na Beaumuuna A cyliecTBeHHO MeHbie hvs 1
[IOYTH HE BJIMLAET HA BEJIUMUUHY OTCTPOWKU. B MeHbmeit
creneHu 3To cupaBeuBo U st Rb. B ciayuae Cs A
COCTABJISIET Y2Ke MOYTH [MOJIOBUHY KBaHTa hvs M, Kak
CJIEJICTBHE 9TOTO, BEpXHee cocTosinne S| OKa3bIBaeT-
ca B hug/(hvg — A) =~ 1.8 pa3sa GJiiKe K PE3OHAHCHOMY
COCTOSIHUIO IO CPABHEHUIO C BEPXHUM cocTosiHueM S Da.

Ucnonb3yst (8), MOXKHO TAK¥Ke MOy IATh CJIEJYOIIee
COOTHOIIIeHNE cedeHuil ciryTHuka S D nepexona D1 pas-
HBIX aTOMOB

2
Al Al A2
05D, Hsp, ASDy (10)
A2 A2 VAT
SD, HsD, SD;

st mapet Cs u Rb pacger mocrarodno xoporro corsa-
cyercst ¢ sxcnepumentoM, o(SD)/a(SDRP) = 6.7 n
~2 6, cOOTBETCTBEHHO (OJHAKO BO3MOXKHO U CJIydailHOe
COBIIQJICHIE — KAK OTMEYaeTcs B [7], 9KCIepHMeHTAIb-
HbIE TIOI'PEITHOCTH MOTYT OBITh BeCbMa BEJIUKU B CHILY
OPUYMH TEXHUYECKOro xapakrepa). s cuyraukos K
u Na pacuer maer o(SDS®)/a(SDP) = 20 u 44 coor-
BETCTBEHHO. DKCHEPUMEHTAJbHBIE JAHHBIE OTCYTCTBY-
10T, Tak Kak ciyTHuku K n Na HabJ110/1a/11ch TOTBKO B
criekTpax Bo30yxkaenns. Kak ormedasocs Bo Beenenun,
60JIbIIIast CIIEKTPAJIbHAS IITUPUHA CIIyTHUKA CBHJIETEJIb-
cTByeT 0 MaJoit mHTeHcuBHOCTH. C 9TOI TOYKHU 3peHusI,
pacuernoe 3uauenue o(SD®)/o(S DY) orseuaer oxu-
JTAHUSIM.

3akmaouyenne. B crekrpe BO30yXKJEHUs  JIHO-
vunectienrmun = Na B cvmecu ¢ CFy  obHapyxken
[EPEXO/-CIYyTHUK,  OTBEYAIONUi  OJHOBPEMEHHOMY

BO3OYIKJIEHUIO AaTOMa U MOJIEKYJIbl Ha IEpexoax
Na(33281/2 — 3p2P1/273/2) u CFy(vs = 0 — vg3 = 1),
cooTBeTCcTBEeHHO. Hab ioqaeMblil CIIy THUK CyIIIECTBEHHO
OTJINYAETCsI TI0 CIEKTPAJIBHOM UPUHE OT aHAJIOIHIHBIX
cryTHIKOB TaxKeaprx IIIM: FWHM ~ 400~ u 30 cm— !,
Bosprast  cnexkrpaspHas —mmmpuHA
CBUJIETEJILCTBYET O TOM, UTO OITUYECKAS CBA3b MEXKILY
BEPXHUM Na(3p2P1/273/2)CF4(U3 = 1) u HWKHEM

COOTBETCTBEHHO.
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Na(3s251/2)CF4(vs = 0) cocrosmmsiMn mnepexosa-
CIlyTHUKa sIBJISIETCS PpEe3yJbTaTOM B3aHMMOJIEHCTBUSI,
3 PEKTUBHOCTH KOTOPOI'0 CPABHUTEILHO MaJia B 00JIa-
cTU PaccTOsHU RNa-cF,, DM KOTOPBLIX IOTEHIUAJIBI
9THUX COCTOSHUN TPUOJU3UTEHHO TAPAJIICIBHBI.

[Tokazano, 9TO IpH yUeTe MOJISTPU3AIUT aATOMa, B I10-
Jie MoJieKyJibl, JIM CIIyTHUKOB PE30HAHCHBIX I1€PEXOI0B
MOKeT ObITH O6bSICHEH BO BTOPOM TOPSIJIKE TEOPUHU BO3-
mymienuit B3aumozeiicreuem JIM mepexoga CFy(vs =
=1 4 v3 = 0) ¢ JIM 2JeKTPOHHBIX IIEPEXOIOB B ATOME.
PesynbraTsl pacdeToB B paMKaxX 3TON MOJIEIN HAXOJAT-
Cs B y/IOBJIETBOPUTEIHHOM COTVIACUU C SKCIIEPUMEHTOM U
OO'bSICHSIFOT OTHOCUTEJIbHBIE MHTEHCUBHOCTH CITY THHKOB
PE30HAHCHBIX IIEPEX0J0B PA3HBIX aToMOB. IIpeacrapiis-
€T MHTepeC JaJibHeilee pa3BATHE IIPEJIOZKEHHOU MO-
JIeJIM W, B YACTHOCTH, PACYeThbl abCOJIFOTHBIX CeveHUid
[I€PEXO0JI0B-CILy THUKOB.

B saksrouenne orMeTnM, 9TO UCCJIEI0BAHUs CMeceit
IIM ¢ CF4 moryT mpeacTaBiisiTh IPUKJIAIHON UHTEPEC
B KOHTEKCTE OIITUMU3AINN PADOYUX CPeJ] JIa3epoB Ha Iie-
pexomax aromos [1IM ¢ Haka4YKOil U3J1yYeHUEM JIMOTHBIX
sa3epoB (cM. 0630p [13] u cepuikm). B wactaoctu, CFy
MOXKET IIPEJICTABJIATH UHTepec Kak ajbrepHaruBa CHy
B Ka4yecTBe KOMIIOHEHTa paboveil cMecHu, yCKOPSIOIIEro
[IPOIIECC MEPEIAdn 3aCEJIEHHOCTA MEXKJTy DPE30HAHCHbI-
mu cocrosiausmu 2Py 1 *Pg o, 4r0 MMeeT KioueBoe
3HadeHne it 9(PEPEKTUBHOCTHA ITOIO THIIA JIA3EPOB.

Uccnenosanue cuekrpos cmeceit Na ¢ CF4 u Ar 66110
BBITIOJIHEHO Ha 0bopymoBanuu Pecypcroro nenrpa “Du-
3rgecKue MeTo bl uccienoBanns nosepxuoctu’ CIIGLY.

Hammrast paboTa ObLIa Mo IepKana FPAHTOM yHUBED-
curera UTMO # 59.06.04-05/08-19.
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