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OueHeHbl BEJIMYMHBI BO3MOXHBIX P- u P T-HeueTHbX PGEKTOB B AByXaToMm-
HbIX BaH-JEP-BAaaJIbCOBCKMX MOJIEKyJax. HMx 3HaueHMs OKa3bIBAIOTCS MPOMEXKYTOUHBIMHU
MEXIly 3HAUEHMUSMM, COOTBETCTBYIOIIMMM aTOMaM M MoOJEKyJam-pazgukaiaMm. Ilpusonsrcs
apryMeHTbl B TMOJb3y TOrO, YTO NPOMIPbIII OKOJIO ABYX IIOPSAKOB B BEJIMUMHE -
(exta IS BaH-IEP-BaaNbCOBCKMX MOJIEKYJ C HECNAapPEHHbIM JJEKTPOHOM, Tuma CsXe,
0 CPaBHEHMIO C MOJIEKYJAMM-DAJMKaJIaMH, MOXET OTYACTHM KOMIICHCMPOBATbCS DSAOM
NPEUMYILECTB IKCIEPUMEHTAIBHOM PaGoThl C BaH-AEp-BaaJbCOBCKMMH MOJIEKYJIAMH.

PACS: 11.30.Er, 35.10.Wb

OddexTh HecoOxpaHEHHsS NPOCTPAHCTBEHHOM UETHOCTH P, a TakXe OZHOBpE-
MEHHOrO HECOXPAHEHWS M TNPOCTPAHCTBEHHOM, M BPEMEHHOH ueTHocTH T B ABYX-
ATOMHBIX MOJICKY/IaX, OOJAajalomMX OTIMYHBIM OT HYJS CPEJHHM OSJIEKTPOHHBIM
MOMeHTOM, obcyxmaiorcs maBHO [1-3]. B takux momekynax P- u P,T-HeueTHbie
9/IEKTPOH-HYKJIOHHBIX B3aMMOJEHCTBUSX CMEMIMBAIOT BPAIIATEJbHHIE YPOBHH OZHOIO
9JIEKTPOHHOro TepMa. BosHukaromue npu 3toM P- u P ,T-HeueTHHEe 3(@EKTH
OKashiBalOTCd Ha 4-5 mopsukoB Gonbme [4,5] , yuem B aromax [6,7].

Kpyr paccmMaTpumBaBImIMXCS OO CHX IIOp MOJIEKYJ OrpPAaHMYMBAETCS MOJIEKY/IaMH-
pagMkanaMy THIA MeTa/ul-rajgoreH. K coxasieHmio, Bce 3TH MOJIEKYJB B CBOOO.-
HOM COCTOSIHMM HE CYIIECTBYIOT M B JIyYIIEM CJIy4ae MOryT ORITh MOJyYEHH TOJIBKO
B XMMHMYECKMX DEAaKIMSIX INpPH BHICOKMX TemmepaTtypax [8]. OTuM o0BscHSIOTCS M
TPYTHOCTH TIOCTAHOBKM SKCIEPMMEHTOB IO OOHapyxeHwio 3ddekToB HAapymenus
P- m P ,/T-vEBapMaHTHOCTEH B MOJIEKYJaX-paguKaJaX M HEYracalomuii HMHTEPEC K
TIOMCKY HOBBIX OOBEKTOB MUIS TAaKMX OSKCIepuMeHTOB. bBosee mpocTymHbiMM U ymo6-
HbBIMM B OKCIIEPUMEHTAJbHOM IUIAHE MOTYT OKas3aThCsl BaH-AEp-BaanbcoBckue (BJIB)
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MOJIEKYJIBI C HECHAPEHHHM 3jeKTpoHoM, THma CsXe, 3ddexTusHO o0Opasyromuecs
OpM CBEPX3BYKOBOM PaCHIMPEHHMH CMECH OJaropogHONO rasa C Majiod HPHMECHIO
atoMoB mesiousoro Mertayna [9]. B cBA3M C STHM aKTyaJeH BONIPOC O BEJMYHMHE
P- u P,T-weuerHux 3pcdexroB B BIIB monexkynax. [ag omucanus P- m P,T-
HeueTHHX 30@dEKTOB B ABYXaTOMHEIX MOJIEKYJaX Hamboiee YHOOHO TMO/IB30BATHCS
3 ¢exTHBHEIM CIIMH-BPAaIIATENbHBIM TAMIUIBTOHHAHOM [4]

Heps =Wigh(n-S'-1) + Wid,(S'n), (1)

A€ n — EOQUHMYHBIA BEKTOpP OCH MOJeKysmel, S’ — sddexkTuBHEN cnuH 3nexTpoHa, I
- cmuH TsXesnoro sapa. Ilepsuii wieH B mpaBoit yacte (1) sBasercs P-He4eTHBIM
¥ 00YCJIOBJIEH KOHCTAHTOM g5 3JIEKTPOH-HYKJIOHHOTO P-HEYETHOrO B3aMMOACHCTBHUS.
OcHoBHOM BKJIaA B 3Ty KOHCTaHTY AAcT aHANOJbHEM MoMmeHT sppa [10]. Bropoit
wieH B opmyne (1) cBS3aH C IMEKTPUYECKHMM HUMONBHEIM MOMEHTOM 3JIEKTPOHA
d. m gBagercs P,T-seyeTHHM. Benwuunsl wHTEpECyommx HAC 3pdexToB ompe-
HeASIOTCs KOHCTaHTamu WP u W¢, KOTOpHIE 3aBHCAT OT 3MEKTPOHHOH BOJIHOBOI
¢ysxuum Momekyns. OneHMM 3TH mapaMeTpsl MO IOPSAKY BEaWuMHE mas BB
Monekyn, Tuna CsXe. UucraeHHHE OLEHKM PacCMAaTPUBAEMEIX 3((MEKTOB MBI IPOBO-
muM ang CsXe, Tak Kak 3T0 camas Tsxenas u3 BB Monexyn ¢ m3BecTHBIMM Ham
mapameTpamu. Bompoc o cymecTBoBaHMM M mapamerpax 0(07ee NpeAmOYTHTEIBHEIX
BB monekyn, Hampumep, YbXe, OCTA€TCS OTKPHITHIM.

BosnHoBas (yHKums BaH-Jep-BaanbCOBCKOH Monekyabl. CornacHo [9], morenim-
anbHyio xpuByro BJIB MOZEKy/nH MOXHO ONMHMCATh C MOMOIIBIO AaJIbHONEHCTBYIOMIETO
BIIB npuTs>keHWS M KOPOTKOAEUCTBYIOHMIENO OOMEHHOTO OTTAJIKMBAHHS:

W(r) = Wivaw (r) + Wea(r) = — (% + % + % + > + Wea(r). 2)

Onpenensiomue noTeHUMATBHYIO KpUBYIO (2) KOHCTaHTH Ansi MOJeKynan CsXe mme-
0T B aTOMHOM CHCTEME EAMHHML CreAylommue 3Hauenms [11]:

Cs=8.9-10%.e., Cs=8.5-10%.e., C10=8.6 - 10%a.e. (3)
Kpome TOro, M3BECTHBI PaBHOBECHOE PACCTOSHHE M SHeprus cBszu [11]:
Ry=10.2a.e., Wy =4.78 - 10~ %a.e. (4)

OTOro JOCTAaTOUHO, UTOOH HAWTH DaBHOBECHYIO BCIMYMHY OOMEHHOH YACTH B BhL-
paxenun (2):
Wez(Ro)=1.7-10"3a.e. (9

CymecTByloT aBa BaXHBIX pa3/IAuMs mexay BIIB BsammoneiictemeM Viggw u
OOMEHHBIM B3aMMOAEHCTBHEM Vez. IlepBoe cocromr B TOM, uro Viggw AaeT BKJIA
B OHCPrui0 BO BTOPOM MNOPSIAKE TEOPHU BOMYMIEHHH, a V,, — B NMEPBOM NOpSAKE.
910 o3Hauaer, uro

d|Vigaw |0)°

Waw = 3 {2 Vwaw|0)

Zd: Wit (6)
Wez = (0]Vez |0). : (7)

Bropoe ormimume B TOM, uTO B3auMoAeHCTBHE Vwaw - AByxuactuunoe. OHo

NPUMEIIMBAET K BOMHOBOM (yHkumm |0) cocrosHus |d), monyuamommecs w3 mee
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AByXKpaTHeIME BO3Oyxnemmsmu. OOMeHHoe B3amMmopeictBue V,,, HAmIpoOTHB, -
ogHOYacTMuHOE. Ilo3TOMy, BOAHOBAs (YHKIMS MOJIEKY/IH TPUOIMXEHHO MOXET
OHITh 3amMcaHa B BUIE

VMO (d|W 0
v-m+ D=t Zu—'j{jf”, ®)

rae CyMMBl GepyTcs MO ONHOKDATHEIM M [ABYXKDAaTHHIM BO30YXICHHSM, COOTBET-
CTBEHHO.

MaTpuyHble 3JEMEHTHl HECOXPAHSIOUMX 4YeTHOCTh B3aumoneiicTsuit. O6a B3a-
IMONCHCTBHS, ONMpPENENSIOMIE MapaMeTPH raMwibToHMaHa (1), SBASIOTCS OHHOYA-
crmuEbiMu.  [losroMy TpeTwii wieH B ypaBHeHmm (8) He naer BKiaga B COOT-
BETCTBYIOIIME MATPUYHBIE 3JEMEHTH. ECTECTBEHHO NPEANONOXATH, UTO OCHOBHOM
BKJIQN BO BTOpOM wieH pmaer 6s — 6p,-cMemmBaHue B LE3WMH, TO ECTh

U~ (|6s) + 6|6p,))¥xe + ABYXKpaTHHiC BO3OYyXmEHMS, 9)

rme 6s- u Op,-GpyHKuMM LCHTPHPOBAHH HA ILE3MM M OCh 2z COBHAZAaeT C OCHIO
Mostekysl, a Ux. — OAEKTPOHHAS BONMHOBAas (pyHkums kcewona. B srom npuGm-
XeHun oOMeHHas dSHeprus W,., W MapamMeTp CMCHIMBAHHMS § AAKOTCS CIEAYIOMHMHA
BHIPAXECHUSMMU:

Wex i (63‘I’Xe|Vex|63WXe)u (10)

5 = (6P Uxe[Vea|65¥xe) (11)
A

[MockonbKy Ha Gonpmmx paccTosmusx Op,-pynxkums ybmBaer memnennee, uem Os-
¢dyskums, mMaTpuunsiit onemert B (11) momxken G me Membme, yem B (10). Oro
onmpasasiBacT ucnosnb3osanme ¢opmyn (5) u (10) ans ouenxkm 6:

5= Wec(B) _ 03, (12)
Ayp

Mn BeOpanu i 6§ 3HAK ”+”, TaK KaK 3TO 03HAYAET YMCHbIICHUE BEPOSTHOCTH
OOHADYXHUTh OMEKTPOH LE3dsi B 001acTH, 3aHATOM 3IEKTPOHOM KCeHOHA. Temeps
He npeacTaBaseT Tpyaa oueHmts W4, Bocmomeayemcs cdopmynoi (6.27) w3 o63opa

[4):

: T40p
"71/2(4(’7‘1/2)2 - 1) ’

e o, = 1/”6., ; ap——é/(ﬂuep )s Y1y2=V1—-0222% ve, U v, — bbexTuBHBE
IJIaBHBIE KBAHTOBHE umcna mis (yskumi |[6s) m |6p). Tlomcrasnss 6 ws (12) m
NpuHSB, 4TO Vg, = 1.9, vep =2.3 [6], momyuaem

we=16a%2°

(13)

Wé=—-426a.e =—1.7-10?® T'u(omextpon -cm)~ 1. (14)

yro B 24 pasa mesbme, yem B BaF [4], u B 90 pas MeHbme, yeM B MOJIEKyJje
YbF [5]. OrmeruM, YTO TOCKOJbKY PacCMaTPUBAECMbIC 3¢ eKTH HUMEIT CIIBHYIO
3aBUCMMOCTh OT Z, TO, OLEHHMBas MNOTEPH B BeAMUMHAX P- u P, T-HEUeTHHIX
apdexros nmpu nepexoge or paaukanos kK BJIB mornexymaMm, cieayeTr CpaBHMBATb
MOJIEKY/THl ¢ Onmakumm 3HaueHmsMH Z. B mamem ciayuae 9o mosekysnsl CsXe u
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BaF. Bocnosnp30BaBmuCh MPONOPIHOHAILHOCTHIO MEXAY KOHCTaHTamMm W9 yu Wg’ :
u3BjieueM napamerp W} u3 pacueta Monekynn BaF [4]:

Wy ~ %W{(BaF) =10 I'm. (15)

Hcnonp3oBaHHas 3nech MOAENTh HE TO3BOJSET NPETEHAOBATh HA OLEHKY, JydIIyo,
YeM 10 TOopsAKy BenvuuHE. OxHAakO OTMETHMM, uTO 6OJ€ee aKKypaTHHIE pacyeThl
BO3MOXHEI. [l 5TOr0 MOXHO HCHONB30BATh KAK MOMySMIMpHYecKuit merox [12],
TaK ¥ COBPEMEHHHIE UYMCJIEHHHIE MeTomnl [13].

B 3akmoYeHHe OCTAaHOBMMCS Ha BONPOCE O TOM, YTO MOXHO OXHIATb OT HC-
nonb3oBanus BJIB monexyn B kauecTBe OOBEKTa A/ 3KCOEPUMEHTOB IO KCCIIENOBA-
HUI0 P- n P, T-HEMHBApHAHTHHEIX 3/ICKTPOH-HYKJIOHHHBIX B3aMMONCHCTBHIA IInasnpys
HPELE3HOHHBIE MOJIEKYJISPHO-MyYKOBHE SKCIEPUMEHTH, NPUXOAUTCS NPUHAMATH BO
BHMMAaHHC HE TOJIbKO BEJMYMHE (DaKTOpa YCHJIEHMS MCKOMEIX ((MEKTOB IS TOM
WIN MHOM MOJIEKYJIH, HO W €€ (DM3MKO-XMMMYECKHe CBOiCTBA. C TOUKHM 3peHHs
Habopa CTaTHCTHKH, B IEPBYIO OYEPEAb YYMTHIBAIOTCS BO3MOXHOCTb CO3ATh NOCTA-
TOYHO MHTCHCHBHBIA Iy4OK MOJIEKYJ B pab04YeM COCTOSHMHM (HIDKHEM BPAIIATEIHHOM
OCHOBHOTO KOJIe6aTebHOro) M AocTHXuMas 3(EKTHBHOCTh perucTpaumu. B arom
IIaHe Haubosiee MEPCHEKTHBHBIM VIS PACCMATPABAEMBIX SKCIIEPUMEHTOB CUMTAETCS
panukan YbF [14], xoTopeii MoXeT OHTh 3pdEKTHRHO 3aAETEKTHPOBAH C MOMOLIBIO
TIOJIOXHTE/TbHOM MOBEPXHOCTHONX HMOHm3amym. O6pasyercs YbF B rasosoii (ase TpH
XUMHYECKOH peakupu YbF3; ¢ Al mpu temmeparype 1200C [8]. Ins copmmposa-
HUS NyYKa MCHoab3yercs pdysmonHmd mcTouHMk. B pesynprare myuox obnamaer
IMUPOKAMU YIJIOBEIM M CKOPOCTHHIM pacHpeNc/CHHSIMH, a 3aCEJE€HHOCTh paboyero
COCTOSIHMSI OKa3mBaeTcd mopsaka 103,

K ocHOBHEIM mpo6ieMaM NOCTAHOBKH MOJNEKY/ISPHBIX IKCIEPHMEHTOB MO TNOMCKY
P,T-HeyeTHHX 3(p¢exToB, HApsAAy C BONPOCOM CTATHCTHKH, OTHOCHTCH IIpobie-
Ma YCTpaHEHHMs OCHOBHOro JioxHoro adpdekra - kBagpatwusoro spdexra Illtapka
(15]. [ns ero mpuHIMNUANBHOTO MCKIIOYEHHMs B paGore [16] mpemmoxeHo wucmomb-
30BaTh MHTEPEPEHIMIO BHIPOXIACHHHIX (B IJEKTPHYECKOM IIOJIE) YPOBHEH CBEpPX-
TOHKOM CTPYKTYpH BMECTO TPAagMUIMOHHOIO pe30HaHCHOro wmertona Pamszes. s
OCYMIECTB/IEHUS MHTEPHEPEHIMOHHON METOAMKA HEOOXOZMM MOJIEKYNSPHBIA ITyuOK
C BRICOKOM CTENMEHBIO MOHOXPOMATHYHOCTH MO CKOPOCTH. YOacTCs JIM CO34aTh Ta-
KOM MyYOK XWMHMYECKAX DAaMKasIOB, HCNOJAb3Ys, HANpPUMEP, NPMHIMI, ONMHCAHHBIA
B paborax [17,18], ocraerca nox BompocoM. Mcmomb3oBaHME MEXAHMUECKOTO MO-
HOXpOMAaTopa IpH MAKCBE/UIOBCKOM PACHpPENENECHMH IO CKOPOCTH MOJIEKYJ B ITyyKe
or 3¢¢y3MOHHOr0O MCTOYHMKA MNpPHUBEAET K OONbIIOA MOTEPE MHTEHCHBHOCTH. B
ornmune or paaukanos, BB mosmekyam sddexTusHO 0obpasyrorca npu agumabaTu-
YECKOM OXJIaXIECHHH B CBEPX3BYKOBOM IIOTOKE, (POPMHPYIOmMEMCS IPH HMCTCUCHUH
M3 COIa B BaKyyM CMecH O/aropogHoro rasa ¢ Majioii NPHMECHIO NAPOB Ime-
jgoysoro Mmetauia [19]. Ilpm 3TOM B OpPMHUMIE AOCTHXMMB TPAHCASIMOHHHE W
BpamaTeJbHbIE TEMIECPATYPH MOpSAKa HECKOJbKMX rpamycoB Kempumna [20]. Kak
NOKa3kBaOT pacueTh [21], mepexox or 3dpysmoHHOro myuka Kk myuky, cdopmupye-
MOMY ra30fMHAMMYECKAM HMCTOYHMKOM, NAET CYMECTBEHHHH, A0 UYETHIPEX MOPSIKOB,
BBIATPHIII B MHTEHCHBHOCTH ITy4yka MOJIEKYa B paboueM coctosHuu. Tem HE MeHee,
OCHOBHOE JOCTOMHCTBO BJIB MOneKysn BHMAMTCS B BO3MOXHOCTH OCYIIECTBHUTBH CXe-
My MHTEP(EPEHIMOHHOrO 3KCEpUMeHTa Au(GEPEHIMANIBPHOIO THNA, AHAJOTHYHYIO
paccMoTpeHHo# B pabore [22].
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Ha Ham B3risiA, NPHUBENEHHBIE APTyMEHTH YKA3BBAKT B MOJb3Yy TOr0, UTO

IIPOMIPHIII OKOJIO ABYX NOPSAKOB B BeqmuMHaX P- u P, T-seueTHnx 3(¢exTos
aas BIIB Monekyn ¢ HeCmapeHHHIM 3/MeKTpoHOM, Tumna CsXe, MO CPaBHEHHIO C
MOJIEKY/IAMH-PAIMKAIaMH, MOXET B 3HAYMTENbHOH CTENEHNM KOMIECHCHPOBATBCS Npe-
MMYIIECTBAMA B JKCIepUMEHTasibHOM pabore ¢ BIB monexynamm.

Asropsl Gnaromapest B.®.Exosy m JI.H.Jla63oBckoMy 3a mosiesHmie 0OCyXnme-

gug. JlapHas pa6oTa BHIIOJIHEHA B PAMKaX IIOATOTOBKM JKCIEPUMEHTA MO MOHMCKY
abdexToB HapymeHus T-MHBADHAHTHOCTH B MOJEKYJAX, MOANEPXAHHOIO [PAHTOM
94-02-06242 Poccmiickoro ¢oHma ¢yHIAMEHTAJbHREIX HCCIEAOBAHUMA.
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