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B HaCTOHIUee BpeMH nrn:poRO ll3J'IaIOTCH crroco6hr o6pa30BaHHH ll CBORCTBa Be

nrecTBa B RJiacTepHofi cpa3e. TaR MaHhIRHHhIM n: coaBTopaMH [1, 2] 6hIJia npe,n:

Jiomena MO,ll;eJib BenrecTBa, COCTOHIIIero ll3 BhICOROB036y}I{,ll;eHHhIX aTOMOB, ycTofi

'lllBOCTb ROToporo orrpe,n;eJIHJiaCb 6oJibIIIllM nepeRphITlleM BOJIHOBhIX cpyHRIIllfi Ba

JieHTHhIX aJieRTpOHOB. Ilo3,n;Hee aTa MO,ll;eJib 6h!Jia llCIIOJib30BaHa ,ll;JIH o6'bHCHeHHH 

RJiaCTepHhIX CBORCTB XOJIO,ll;HO:ll: IIJia3MhI aTOMOB u;e3HH [3]. B HaCTOHID;e:tt pa6oTe 

rrpe,n;JiaraeTCH n:Ho:tt MexaHH3M y,n;epmaHHH cn:JibHO pa3pemeHHoro RJiacTepa, 6a-

3rrpy10nrn:ficH Ha MaJihIX aHeprllHX cpo,n;CTBa aJieRTpOHa C He:ll:TpaJibHhIM aTOMOM. 

PaHee [4] IIpHMhIM aHaJill30M ypaBHeHllfi <l>a,ll;,ll;eeBa [5] 6h!JIO IIORa3aHo, 'ITO 

acpcpeRTllBHhlfi IIOTeHu;HaJI (8fl) B3allMO,n;ei1CTBllH ,n;Byx aTOMOB B CllCTeMe ,, ,n;Ba 

aTOMa ll aJieRTpoH" npn: peaJibIIhIX MaCIHTa6ax aJieRTpOH-aTOMHOro cpo,n;CTBa 

HMeeT ,n;aJibHO,n;efiCTBJIOIIIlle CJiaraeMh!e e<pllMOBCRoro [6] II RBa3llRJJIOHOBCROro 

TllIIa, rrporropun:oHaJibHhle 1 / r-2 
ll 1 / r COOTBeTCTBeHno, ROTOphle onpe,n;eJIHIOT 

aCHMIITOTll'leCRJIO '!aCTb CIIeRTpa TaROfi CllCTeMhI. flpII 3TOM RBa3llRJiaCCII'le

CRllfi rrpe,n;eJI ,l(JIH 8fl COBIIa,n;aeT c acpcpeRTllBHhIM IIOTeHu;llaJIOM [7], IIOJIJ'IeHlihIM 

H3 ypaBHeHHH Illpe,n;n:Hrepa B rrpn:6Jin:meHHH BopHa - Onrrenrei1Mepa. ABTO

Mo,n;eJibHOCTb 8fl Ha pacCTOHHllHX, 6oJibIIIllX xapaRTepHoro pa,n;n:yca ,n;ei1CTBIIH 

rrapHhIX CllJI, II03BOJIHeT llCIIOJib30BaTb ,l(JIH aHaJIII3a y,n;o6Hh!e rrapHhle IIOTeHUll

aJihI Tn:rra cerrapa6eJibHoro noTeHrrIIaJia RMary'ln:. 

ORa3h!BaeTCH, B CllCTeMe "Tpll aTOMa ll aJieRTpoH" 8fl MelliaTOMHoro B3aIIMO

,n;ei1CTBllH TaR}I{e IIMeeT ,n;aJibHO,n;ei1CTBJIOIUlle '!aCTll C ROHCTaHTaMII CBH3ll, 6oJib

IIIllMll, '!eM B CJIJ'!ae CllCTeMhI ",n;Ba aTOMa ll aJieRTpoH". Hn:llie, ,l(JIH npocTOThI, 

6y,n;yT llCIIOJib30BaTbCH TepMIIHhI "TpexaTOMHaH" II ,, ,n;ByxaTOMHaH" CIICTeMa, 6e3 

yrroMHHaHHH aJieRTpOHa, rrpn:cyTCTBlle ROToporo ll orrpe,n;eJIHeT 3,n;ecb ,n;ByxaTOM

Hbie llJill TpexaTOMHhle acpcpeRTIIBHhle IIOTenu;n:aJihI. 

8cpcpeRTllBHbI:ll: IIOTeHu;HaJI TaRo:tt TpexaTOMHOfi CIICTeMhI HBJIHeTCH JIORaJib

HhIM, HO Tpex'!aCTll'IHhIM, TO ecTb He pa36IIBaeTCH Ha CJMMY napHhIX B3allMO,n;e:tt

CTBllfi •. Tpex'!aCTll'IHhle CllJihI rrpe,n;cTaBJIHIOT cepbe3HJIO rrpo6JieMy ,l(JIH aHaJIH3a 

crreRTpa TaRo:tt CIICTeMhI, a RBa3llRJiaccll'IHOCTb ,l(BIIllieHIIH ,n;eJiaeT rrpaRTll'leCRll 

HeB03MO}I{HhIM 'lllCJieHHhlfi pac'!eT COCTOHHllfi CllCTeMhI peaJibHhIX aTOMOB. KpoMe 

Toro, Han:6oJiee llHTepeCHOfi HBJIHeTCH o6JiaCTb aneprII:tt BhIIHe ,lJ;BJX'laCTll'IHOro 

rropora, Ror,n;a ,n;Ba aToMa H3 Tpex MoryT o6pa3oBaTb CBH3aHnoe cocTOHHHe, a 

TpeTbH '!aCTIIUa ORallieTCH B nerrpephIBHOM crreRTpe. floaTOMY ,l(JIH IIOJIHoro aHa

Jill3a IIJ}I{IIO llCCJie,n;oBaTb He TOJibRO crreRTp, HO ll cepn:II pe30HaHCOB, B ROTOphIX 

MomeT HaXO,l(llTbCH TpexaTOMHaH CllCTeMa. B HaCTOHIIIefi pa6oTe 6y,n;eT ,n;aHa 

cxeMa IIOCTpoeHHH acpcpeRTllBHOro IIOTeHu;IIaJia TpexaTOMHOfi IIO,lJ;CIICTeMhI '!e

Thlpex'!aCTll'IHOll Ja,n;a'IH B paMRax npn:6Jin:llieHIIH BopHa - OnneHre:ttMepa n: 

pacCMOTpeHhI ero CB0:il:CTBa JillIIIb ,l(JIH HeROTOphIX ROH<pHrypau;n::tt Tpex aTOMOB, 

Heo6xo,n;HMhle ,l(JIH llJIJIIOCTparrn:II yTBeplli,n;eHIIfi O ,n;aJibHo,n;eficTBYIOIUeM xapaR

Tepe 8fl ll RBa3llRJiaCCll'IHOCTII crreRTpa. 
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2 8q>q>eKTHBHbIH IlOTeHI..ll-faJI 

.n:JIH paCCM0Tpemrn tien,rpextiaCTlPIH0fi ClICTeMhl, C0CT0HIUeii: 113 Tpex aT0M0B 

II 3JieKTpoHa, BBe.n;eM y.n;o6Hhle 3,D;ecb K00PJllIHaThl RH0611 C lIHBapuaHTHOll 0T

H0CHTeJibHO nepecTaH0BOH aT0M0B HOOPJlHHaTOll 3JieHTp0Ha. TiycTb To, ll P0t -
CTaH.n;apTHhle TpextiaCTII'IHhle HOOpJlUHaThl RHo6u JlJIH aTOM0B. IIpn: 3TOM To, co

e,n;lIHJieT napy aTOM0B, a P0t - BeHTop, HanpaBJieHHhlll OT ueHTpa UHepuuu 3TOM 

naphl H TpeTbeMy aToMy. MH.n;eHc a = 1, 2, 3 onpe.n;eJIHeT OJlHY n:3 Tpex B03-

MOJRHhlX CUCTeM. Tor.n;a HOOpJlHHaTOll 3JieHTp0Ha a: 6y.n;eT BeHTop, coe,n;UHHIOIUUM 

noJI0JReHIIe 3JieKTp0Ha II ueHTp 1IHepuu11 Tpex aT0MOB. 

C ytieTOM MaJIOCTH MaCChl 3JieHTp0Ha, no cpaBHeHHI0 C aTOMHoii:, cxeMa no

CTpoeHHH 3cpcpeHTHBHoro noTeHuuaJia B npn:6Jin:JReHuu BopHa - OnneHreii:Mepa 

3aKJIIOtiaeTCH B Haxom.n;eHHll BeJIH'IllHhl lj ( T, p) H3 ypaBHeHUH l 

1 3 
- -~xW + ~- v(x;)\ll = U(T,p)w, 

2µ 0,=1 
(1) 

r.n;e µ- Macca 3JieHTpOHa, a v(x;)- napHhlll noTeHu:u:aJI B3aHM0JleMCTBUH 3Jlel{

TpOHa II aT0Ma C HOMepoM i . .LJ:aJiee 6y.n;yT HCnOJib30BaTbCH OJlHOpaHroBhle ce

napa6eJibHhle noTeHUHaJihl, .n;eii:CTBYIOIUIIe T0JIJ,HO B S-BOJIHe . .LJ:eii:CTBUe TaHoro 

noTeHUIIaJia Ha BOJIH0BJIO cpyHHUUIO MOJRHO npe.n;cTaBIITb B cpopMe 

v(t)w = v(t) < v(t')w(t') >, 

r.n;e yrnoBhle CH06KII o6o3HatiaIOT HHTerp11poBaHHe no BCeMy npocTpaHCTBY ne

peMeHH0ll t'. 
Cenapa6eJil>Hhlii BlIJl napHoro noTeHun:aJia onpe,n;eJIHeT npocTyIO cxeMy no

cTpoeHHH ypaBHeHHH JlJIH noTeHuuaJia U . .ll:JIH 3Toro HJJRH0 c,n;eJiaTb npeo6pa-

30BaHHe <I>yp1,e no nepeMeHHOll a:. TiplI 3T0M HO0pJlHHaThl p u T' o603HatiaeMhle 

HlIJRe HaH meCTHMepHhlii: BeHT~p R, He 3aTpar11BaIOTCH. <Dyp1,e-06pa3hl BeJIH'IllH 

V ( x;) w ( R, a:) HMeIOT np0CTOll BlIJl Tuna 

exp(ika;)v(k) < v(k)exp(-ika;)W(R, k) >, 

r.n;e BeHTOp a; coe,n;HHHeT noJI0JReHue aT0Ma C HOMepoM i u ueHTp HHepuu:u: Tpe

xaTOMH0fi ClICTeMhl . .ll:aJiee M0JRH0 Bhlpa3HTJ, w(R, k) tiepe3 HeH3BeCTHhle BeJIH

'IlIHhl B yrnoBhlX CHo6Hax n:, npoeu11pyH ee Ha cpyHHUUH v(k) exp(-ika;) JlJIH 

KaJR.n;oro i, nOJIJ'IHTJ, OJlHOp0JlHYIO CHCTeMy ypaBHeHuil:, H0TOpaH pa3pemaeTCH 

npu HyJieB0M ,n;eTepMHHaHTe. TaHHM o6pa30M noJiy'IaeTCH ypaBHeHHe 

(G(0) - 1)3 
+ 2G1G2G3 - (Gi + G~ + GD(G(0) - 1) = 0 (2) 

1 B 3TO:il: pa6oTe nocTomrnaH IIJiaHKa h = 1 

2 

•. I 

JlJJH 3cpcpeHTUBHOro TI0TenuuaJJa U, HOTOph!M BXOJlllT B ycpenHel!Hh!e no U.'.IHIYJJh

caM cpyHHUUH fpuna G; = G(r;): 

exp(ikT) 
G(r) =< v(k) U _ k2/2µ v(k) >. (3) 

3nech BeKTOphl T; coenHHHI0T nBa aTOMa, TO eCTh COBrranaIOT C noopnu11aTaMU To 

rrpu C0OTBeTCTBJIOIUel\l BhI6ope na6opa H0OpJlUHaT JlHo6u . .ll:JJH orrpeneJJCHHOCTI! 

rrapa qacTUI~ 6yneT HyMepoBaTbCH 110 HOl.tepy TpeTbeii: qaCTHUhl. 

YpaBHCHHe (2) C orrpeneJJeHUCM (3) crrpaBe]lJJUBO JlJJH JJI06hlx cerrapa6e,1hllh!X 

110Te11uuaJJoB. Hume 6yneT paccMaTpirnaThCH rroTenuuaJJ Jhiaryqu. m.iemmuii 

BUJl 
I 47r (1,,+/3)2/3 

v(k)v(k) = -µ (/32 + k2)(/32 + k'2)' 

rne BeJJu 1rn11a K, HBJIJieTCH BOJJJIOBhlM 'IUCJJOM peaJJJ,IIOfO (1,, > 0) H,1ll BHprya.11,

noro (1,, < 0) cocTonnufi c 311epruefi c = -1,,2 /2µ. a /3 011penem1er o6panrnii 

panuyc· neficTBHJI rrapnoro rroTenuuana u, HaH cnencTBHe, ero rny6uuy 32 /2p. 
IIpocToe mnerpup0Ba11ue naCT Bhipameuue nn11 G(r): 

G
-(/3+1,,)

2 
( 2/3 exp(-ru)-exp(-r/3) _ B+u _ •·) 

- /3 (/3 )2 /3 c:rp( r3) . +u -u r -u 
( c1) 

3.n;ech orrpeneJieno BOJJHOBOe 'IHCJIO 110Te11uuana u = J-2pU rrpu He u > 0. B 
naJIJ,HeMlllCM naM rronano6HTCJI 3Ha1ICIIHJI cpyHHUHU ( 4) B 11yne 

G(0) = (/3 + "')
2 

/3+u 

:u: B npe.n;en1,110111 cnyqae r ~ 13-1
: 

G(r)-+ (/3 + "')
2 

( 2/3 exp(-ru)). 
f3+u (f3-u)2 r 

3 CBoHcTBa 3q>q>eKTHBHoro noTeHJ:.lHaJia 

(5) 

( (i) 

PaccMoTpUM 8II B uyJie. IIonomHB r; paBHhlM nyJIIO, U3 ypaBHCHHH (2) 110,1y•mM 

npocToe Bhlpamen:u:e 
3G(0) = 1, 

TIOHa3hlBaIOmee, 'ITO B0JJIIOBOC 'lUCJJO 8II OTBC'laeT YTPOCHHOfi rny6mie napnoro 

3JICHTpOH-aT9MHOro B3aUMOJlCfiCTBH11, IIOCHOJihHY B napnofi 3a.n;a11c Ha co6CTBCII

Hhle 3Ha'ICIIUH JlJIH 3JJCHTpon-aTOMHOfi CHCTCMhl MIIOJRHTCJJh 3 OTCYTCTBYCT. C 
J'ICTOM (5) rJiy6una TpexaTOMH0ro noTenuuaJia B IIJJJC onpe)lCJJJICTCH B0JJIIOBhlM 

'IHCJI0M U/im : 

U/im = (VJ - 1)/3 + V3h:, 

;3 



KOTopoe o6pamaeTCJI B HYJih TOJihl{O JJ;JIJI BllpTyaJihHOfO 3HaqeHIIJI BOJIHOBoro qJI

CJia 3JieKTpOH-aTOMHOro B3allMOJJ;eil:CTBIIJI. 8tj>tj>eRTIIBHhlll }I{C IIOTeHJ..(llaJI Tpex

aTOMHOll ClJCTeMh! cymecTByeT IIpll K > -0, 423 /3. 
IlpllBeJJ;eHHhle Bhlll!e ypaBHeHIIJI JJ;JIH 3q>q>eRTIIBHOfO IIOTeHl.(llaJia roJJ;Hhl JJ;JIJI 

mo6oro cerrapa6eJihHoro B3allMO»;eiicTBIIJI, KOTopoe orrpe»;eJIJieT »;eTaJill rrap11hlx 

Cll,1 Ha MaJih!X paCCTOJIHIIJIX. Hllme Mhl 6y»;eM paccMaTpllBaTh cnyqail: pe3o

HaHCHoro B3allMOJJ;eil:cTBIIJI, l{OfJJ;a BOJIHOBOe qJICJIO CBJI3aHHOro COCTOJIHIIJI MHoro 

MeHhIIIe o6paTHOro pa»;Jiyca »;eil:CTBIIJI rrapHhIX CJIJI . .LJ:nJI IIOTeHl.(Jia:ra RMaryqJI 

pe3oHaHCHOCTh orrpe»;eJIJieTCH ycJIOBlleM Kj /3 ~ l. B 3TOM cnyqae aMIIJIJITy»;a 

rrapHoro 3,1e1<Tpou-aToMHoro B3aJIMo»;eil:cTBIIJI orrpe»;eJIJieTCJI 6nJimai11II1IM rromo

coM B TOql{e CBJI3aHHOfO (peaJihHOfO JIJIJI BJipTyaJihHOfO) COCTOJIHJIJI JI He 3aBIICJIT 

OT »;eTaJieil: rrapHhIX CIIJI, TO eCTh OT Bh!6opa IIOTeHl.(JiaJia • .ll:nH 8Il TpexaTOMHOH 

CllCTeMh! TaKaJI He3aBJICllMOCTh 6y»;eT BhIIIOJIHJIThCJI IIPJI. r; ~ ;3-1. 

PaccMoTpllM B pe3O11aucHoM cnyqae ypaBHeHJie (2). C yqeToM (6) OHO yrrpo

maeTcJI »;o BJI»;a, ne 3aBJICJIIUero OT /3: 

1 - 2fif2h - Ji - ff - fd = O; (7) 

exp( -Kr;)exp(-c;) 
f; = -------=---'----'---:.....:___:_, 

C; 
c; = (u - K)r;. 

BenJiqJIHhl C; orrpe»;eJIJIIOT IIOBe»;eHJie 8Il !IO ROOpJJ;JIHaTe r;: 

cf C;K 
U=---2 --+c:, 

2µri µr; 

JI JIMeIOT CMhICJI "ROHCTaHT" CBJI3JI, ROTOph!e 3aBJICJIT OT B3aJIMHOro pacrronome

HJIJI aTOMOB. 

Bn»; ypaBHeHJIJI (7) IIO3BOJIJICT CJJ;eJiaTh rrpe»;Bap!ITeJihHh!C Bh!BOJJ;hl O IIOBe

JJ;CHJill 8Il. Bo-rrepBhIX, qeM 6oJihll!e BeJIJiqJIHa J;, TCM MeHhIIIe COOTBeTCTByI0-

11.(aJI eil: ROHCTaHTa CBJI3JI. Bo-BTOphIX, ycJIOBlle pa3peIIIJIMOCTJI (7) HaRJiaJJ;hIBaeT 

orpaHJiqeHJIJI Ha Bem1qJIHhl f;: · 

12 + !2 < 1 
t J - ' 

i =J j, 

JJ;JIJI n106oil: rraphl Roop»;JIHaT. TaRJIM o6pa3oM, rrpe»;eJihHoe 3Haqe1rne f; = l 
JI, CJICJJ;OBaTeJihHO, MJIHJIMaJihHOe 3HaqeHJie JJ;JIJI Ci JJ;OCTJiraeTCJI TOJlhl{O B TOM 

c:ryqae, l{OfJJ;a OCTaJihHh!e »;Be ROMIIOHCHThl paBHhl HYJIIO, COOTBeTCTBYH l{OHq>ll

rypaUIIJI Pa ~ r a JJ;JIH RaROll-JIJI6o rraph! aTOMOB. 8TOT cnyqail: OTBe'laeT JJ;BYM 

Il.3OJillpOBaHHhIM aTOMaM, 8TI KOTOph!X llMeeT HpRO BhlpaIBeHHhle »;aJihHOJJ;CllCTBY

!011.(JIC cnaraeMhle C ROHCTaHTOll CBJI3ll C/im• B qacTHOCTll, B o6JiaCTJI Kr; ~ 1 
rrpe»;CJihHOC 3HaqeHJie ROHCTaHThl CBJI3JI C/im = 0, 567 ••• JIBJIJICTCH peIIIeHJieM ypa

BHeHJIJI c = exp(-c). IlpJI JII06h!x »;pyrnx ROHq>llrypal.(llJIX Tpex aTOMOB f; < 1 
JI c; > C/im· TaRJIM o6paaoM, rrapHhlll JJ;ByxaTOMHhlll IIOTCHl.(JiaJI JIBJIJieTCJI Bepx

HIIM rrpe»;eJIOM TpexaTOMHOfO B3allMOJJ;CllCTBJIJI. 
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KaR JI B JJ;ByxaTOMHOM c:ryqae (4], rrpll If, > 0 aCllMIITOTll'leCROe 3Ha'lemre u 
CTpCMllTCJI I{ K, OTBeqaJI peaJihHOll 3JICRTpOH-aTOMHOll ~BH3ll. B c;ry-qae Kr; ~ 1 

tj)yHRl.(llll f; 3aBllCHT TOJihRO OT c;, ll lIO3TOMY IIOBe»;eHIIe 8Il orrpe»;eJIJieTCJI 3TllMll 

rrepeMCHHh!Mll. B JJ;ByXaTOMHOM cny'lae TaRaJI 3aBllCllMOCTh cpa3y IIpllBOJJ;HJia I{ 

JJ;aJihHOJJ;eil.CTBYIOIUllM IIOTCHl.(llaJiaM eq>llMOBCROro ll RBa3llRYJIOHOBCROfO Tll!IOB. 

B TpexaTOMHOM c;ry-qae CllTyal.(llJI CJIO}I{Hee, IIOCROJihRY llMeIOTCJI Tpll .He3aBllCll

Mh!e ROOpJJ;llHaTh!, orrpe»;eJIJIIOlllllC TpeyroJihHllR 'laCTlll.(. 

Pa3yMeeTCJI, JJ;JIJI rrpocTpaHCTBCHHhIX ~OHq>llrypanllii Tpex TeJI, ROTOphle 3a

»;aIOTCJI OJJ;HOll ROOpJJ;llHaToil. r, Mhl BO3B pamaeMCJI R cny'laIO »;aJihHOJJ;eil.CTBllJI TaR 

me, RaR ll B JJ;ByxaTOMHOM c;ry-qae [4), HO C »;pyrllMll 3Ha'leHllJIMll ROHCTaHThl c. 
IlpnMepaMll MoryT CJIYIBllTh ROHq>llrypannn c Pi ----+ 0, ROr»;a aTOMhl pacrroJIO

}I{eHhl Ha OJJ;HOil. JillHllll CllMMeTpll'lHO OTHOCllTeJihHO aToMa C HOMepoM i, llJill 

ROHq>llrypal.(llJI paBHOCTOpOHHero TpeyroJihHIIRa. B rrepBOM cJiy'lae, C'lllTaJI JJ;JIJI 

orrpe»;eneHHOCTII p 1 = 0, rro;ry-qaeM r 2 = r3 = rt/2. Tor»;a ypaBHeHne (7) »;acT 

ypaBHCHlle JJ;JIJI C : 

c
2 = (8 + c)exp(-c), 

c eJJ;llHCTBeHHhIM peIIICHlleM c = 1,473 •••• 

JJ:nJI ROHq>llrypannn paBHOCTOpOHHero TpeyroJihHllRa ( r1 

ypaBHeHlle (7) peJJ;yl.(llpyeTCJI R BllJJ;y 

c = 2exp(-c), 

r2 r3 r) 

(8) 

ROTOpoe OTJill'laCTCJI OT JJ;ByxaTOMHOfO CJIY'laJI (4] tj)aRTOpOM 2, ll IIO3TOMY »;aeT 

60JihIIIYIO ROHCTaHTY CBH3ll C = 0, 8526 ••.. 

HeTpyJJ;HO IIORa3aTh, 'ITO 3Ta ROHq>nrypal.(llll aTOMOB JIBJIJieTCJI HeycTOll'lllBOil., 

TO CCTh JII06oe OTRJIOHCHlle OT ROHq>IIrypal.(llll paBHOCTOpOHHero TpeyroJihHllRa 

llMeeT 6onee r;ry6oRIIil. 8TI. .ll:JIJI Toro '1T06h! y6e»;llThCJI B 3TOM, pacCMOTplIM 

Bapllal.(IIIO 8u IIpll OTRJIOHeHllll CllCTeMh! OT 3TOil. l{OHq>Hrypannn npn q>llRCllpO

BaHHOM MOMeHTe HHepnnII llJIH R2 = (ri + r~ + rD/3. 3aMeTnM, 'ITO rrocTOJIH

CTBO MOMeHTa HHepl.(llll mR2 
O3Ha'laeT He3aBHCllMOCTh RllHCTH'leCROll 3Heprnn 

rrpn TaRHX Bapnal.(HJIX. 

BaphIIPYJI ypaBHCHlle (2) rro u n rro r;, c y'leToM nocTOJIHCTBa R n 3HaROB 

rrpoll3BOJJ;Hh!X BG j au_ IIOJIY'lllM 

ou = M (~(o; + 8~) + (81 + 82 )
2
); 8; =or;, M>O. 

TaRHM o6pa30M, BOJIHOBOC 'lllCJIO JJ;OCTHraeT MllHHMaJihHOro, a 8TI MaRCHMaJih

Horo 3Ha'leHllJI (8Ilmax) B ROHq>Hrypannn aTOMOB "paBHOCTOpOHHllil. TpeyroJih

HllR". Ilo3TOMY, llCUOJih3YJI 8Ilmax, MO}I{HO IIOJIY'lllTh OI.(eHRY CHH3Y Ha ROJill

'leCTBO ypoBHeil: ll CJJ;eJiaTh 3aRJIIO'leHne O »;aJihHOJJ;eiicTBllll npn 1IpOH3BOJlhHOM 

IlOJIOllieHHll aTOMOB. 

YpaBHeHne JJ;Bll}I{eHllJI Tpex aTOMOB co»;epllillT IIIeCTh He3aBllCHMhIX ROOpJJ;H

HaT. Y»;o6Ho Bh!6paTh rnnepctj>epn'lecRne Roop»;nHaTh! ( CM., HanpnMep, o63op 
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[8]). IloCRoJII,KY ,nJIH yTBepJR,nemiil: o ,na11bHo,neil:cTBy10meM xapaKTepe 3cpcpeK

THBHOro IIOTeHIJ;IIaJia ,nocTaTO'IHO pacCMOTpeTb TOJibKO S-BOJIHOBOe ,ll;BHmenne B 

Kaffi,ll;Oll rrape, TO rrepeMeHHhlMil ypaBHeHilH Illpe,n.1rnrepa 6y,nyT TOJibKO rnrrep

pa,nllyc R n mnepyrorr x: 

2 1 
R2 = -p2 + -r2· 

3 2 ' 

{3 r 
tg(x) = y 4 P. 

B 3THX rrepeMeHHhlX ,ll;BHJReHile aTOMOB OIIIlCbIBaeTCH ypaBHeHileM Ill pe,nHurepa, 

KOTOpoe ,D;JIH BOJIHOBOil: cpyum:i;Illl il>(R, x) C BbI,D;eJieHHhlM CTau,napTHhlM cpaKTOpOM 

1/rp npe,ncTaBJIHeTCH B BH,ne 

- _1_ (~it> ~~ 1 {)2 ) 
2m 8R2 + R8Ril>+ R2ax2il> +U(R,x)il>=Eil>, (Q) 

r,ne m- Macca aToMa. Ilpn 3TOM it> ,no]I}Kua rrpnHHMan, uyrreBhle 3HatJ:eHHH rrpn 

R = 0 , x = 0, X = 7f /2 n, nocKOJibKY paccMaTpnBaeTCH 3a,natJ:a ua co6cTBeuubie 

3HatJ:eHHH, cpyHKUilH it> ,nomirna 6bITb KBa,npaTH'IHO IlHTerpnpyeMoil:. 

PaccMOTpeHHhle 3cpcpeKTilBHhle IIOTeHIJ;IlaJibI IlMe!OT MaCIIITa6 ITOTeuu;naJib

HOil: 3Heprll.lI B3allMO,D;eil:CTBilH 3JieKTpoua Il aTOMa, TO eCTb COCTaBJIHIOT ,ll;OJIIl 

3JieKTpOHBOJibTa, Tor,na KaK ,ne6poil:JieBCKaH KRHeTH'leCKaH 3HeprllH aTOMOB ua 

aTOMHhlX MacruTa6ax paccTOHHllll COCTaBJIHeT TbICH'IHhle ,ll;OJIIl 3JieKTpOHBOJlbTa. 

TaKilM o6pa30M, ,ll;BillReHile aTOMOB cymecTBeuuo KBa3IlKJiaCClltJ:HO. l-ITo6bI y6e

,ll;HTbCH B 3TOM, paccMOTpllM peruemrn ypaBHeHIIH (9) C 8IImax, OITpe,neJIHeMbIM 

KOHcpHrypau;ne:li paBHOCTopoHHero TpeyroJibHIIKa. IIocKOJihKY 8IImax He 3aBn

cnT OT X, TO rrepeMeHHhle pa3,neJIHIOTCH II peIIIeHile MOJRHO IlCKaTb B BH,ne cyMMhl 

cpyuKu;nil: AK(R)BK(X), peIIIaH 3a,natJ:y na co6cTBeHHhle 3HatJ:eHIIH ,nrrH cpyuKu;nil 

BK(X), KOTOphle ,noJIJRHhl o6parri;aTbCH B HOJih npll X = 0 II X = 1r/2. PerueHIIH 

otJ:eBII,ll;Hhl II ,naIOT co6CTBeHHbie 3HatJ:eHIIH: -41{2 
(K=l,2,3 ••. ), ITpIIBO,ll;HIIJ;IIe K 

,no6aBotJ:HOMY noTeHu;narry oTTaJIKIIBaHHH B cpopMe 4K2 
/2mR

2
• YpaBHeHIIe ,nrrH 

A(R) KBa3HK11acc1ItJ:HO. B caMOM ,nerre, BBOM KOHCTaHTY 1 = vm{µ II JtJ:IIThl

BaH, 'ITO 1 ::::P 1, MOJRHO IlCKaTb pa3JIOJReHIIe ,neHCTBIIH S ITO 7: 

S = 1S0 + S1 + ·•· 

IIo,ncTaBJIHH A(R) B cpopMe exp(iS) B ypaBHeHIIe (9), IT011ytJ:aeM 06b1tJ:uoe KBa-

31rn11accIItJ:ecKoe peIIIeHIIe C rrpaBHJIOM KBaHTOBaHIIH Bopa - 30MMepcpe111,,na B 

BII,D;e 

I {Rmaz 

lnmin 

41{2 - 0.25 3 
u2 + 2µE - 2R2 dR = 1r(n + -). 

7 4 
(10) 

IIocrre,nHee CQOTHOJIIeHHe MO}RHO IlCIIOJib30BaTb ,D;JIH ou;eHOK KOJIIItJ:eCTBa ypoBIIeil, 

IIOJIOJRHB 3HeprHIO paBHOll 3Heprllll 3JieKTpOH-aTOMHOfi CBH3II IIJIII HJJIIO ,D;JIH BIIp

TyaJibHoro COCTOHHHH. ,LJ:arree HJJRHO npocyMMIIpOBaTb ITO BCeM /(' KOTOpbie 

6 

,n:aIOT tJ:IICJio n > 0. ITocKOJibKY 8IT Ha MaJihlX paccTOHHHHX 3aBHCHT OT Bhl-

6paHnoil Mo,n:em1 KaK 911eKTpon-aT0Mnoro, TaK H ITapnoro aTOM-aToMnoro B3a

nMo,n:eilcTBHH, TO pa3JMHO Bhl6npaTb rpa1muy Rmin B 0611aCTH 60,lbllleil, qe:,1 

xapaKTepnhle MaCilJTa6br 3THX B3alll\lO,n:eilcTBHH. TaKOH BbI6op ,leBOH rpaHll!lbl 

OTBeqaeT MO,D;eJIH C )lOITOJIHHTeJibHhlM MemaTOl\!HhlM OTTaJIKHBaHHeM na '.\!ellbIIIHX 

paccTOHHHHX. YBeJIH'IHBaH Rmin, l\lO}RlfO .n:o6HTbCH HCtJ:e3HOBeHHH CBH3aHHb!X co

CTOHHHH. 8Ta rpa1rnu;a ll 6y,n:eT OITpe,neJIHTb peaJibHhlH l\laCJIITa6 )lam,no.n:ettcTBHH 

8IT JlJIH Koncpurypaunn paBnocTopoHnero TpeyronbHHKa. 

,LJ:nH )lel\lOHCTpaunn BhlCKa3aHHhlX YTBepm,n:eHHH xopolllO ITO)lXO)lllT pHJl me

JIOtJ:HhlX l\leTaJIJIOB, HOTOpble Hl\le!OT ne6oJiblllYIO 3Heprmo CBH3ll (cpO/J;CTBa) 3JieH

Tpona H aToMa B S-Bonne. Mhl rrpnBe,n:eM ori:enHH .n:irn 
6 Li H 133C s c 311eprnefi 

cpo)lCTBa 0, 62 ll 0, 4 7 3B COOTBeTCTBeHHO [9). Ou;eHHH ,n:JIH H0JIHtJ:eCTBa ypoBHeH 

pacctJ:HThlBaJIHCb ITO o6nacTH 6oJiblllefi 5 6opoBCHHX paii:uycoB, TO ecTb 2. 65 A. 
Ilpn 3T0M HCII0Jib30BaJI0Cb aCHMITT0TIIqecHoe ypaBHeHHe (7). 11TaH, CllCTe:-.ia 
6 Li3 HMeeT 6011ee qeM 1,6· l 0 3

_ ypoBHeH ll llC'le3aeT ITPH paJlHyce 0TTaJ1HHBa!rnH 

6onee 20 A. CncTeMa 
133C s3 nMeeT 6011ee qeM 4,0-10

4 
ypoBnefi n HctJ:e3aCT npn 

pa)luyce 0TTaJIKHBanmr 6onee 34 A. ITocKoJibKY me ,n:nH pactJ:eT0B HCIIOJJb30Ba

nacb Koncpurypau;HH c caMbIM MeJIHHM 8p, TO npHBeaennhle OilCHKH HBJ1RI0TCH 

ou;eHJ<aMH CHH3J. 

4 3aKJIIO"LJ:CHHe 

MexaHH3Mhl KBaHT0Boro ,n:aJibHO,D;eHCTBHH B CHCTeMe THmeJib!X qacTHIJ; C II0'ITH 

KJiaCCIItJ:eCKOH .D:HHaMHH0H He MeHHIOTCH ITPH nepexoii:e OT ,n:ByxaTOl\lHOH 3a){a'rn 

[4] K TpexaT0MH0H ll o6'bHCHRIOTCH 60JiblllllM xapaKTepHb!M pa3Mepm,I 3JICHTpo11-

noro o6naKa .n:o6aBO'IHOro 3JieHTpona. 8Ta JRC qlll3HKa ,n:aJibl!O.D:CHCTBHH )l0JIJRHa 

ITpHCJTCTB0BaTb H B CHCTeMax c 6oJibJIIHM K0JIHqecTB0M aTOM0B. Oco6PHIIOCTb!O 

TaKHX KJiacTepoB .D:0JIJRHhl 6bITb 0Tpnri;aTeJibHb!H 3apHJl, 6oJiblllllC cpemme pacno

HHHH Memii:y aT0MaMH, a .D:JIH aT0MOB C He3aII0JIHeHHb!Mll 06ono•rnaMH BaJJel!TllhlX 

3JieKTp0H0B eme H ManrnTHbie CBOHCTBa, CBH3aHHhle C BhlCTpanBaHHCM HX nm

HOB aHTHITapaJIJieJibH0 CITIIHY BHeJIIHero 3JieKTpoua, K0T0pb!it CBR3bJBaeT CllCTe:11y. 

KaH,n:II,n:aTaMH Ha o6pa30Ba1rne TaKHX KJiaCTepoB MoryT 6h!Th He T0JihH0 aT0Mhl 

C ne6oJiblllIIM peaJibHhlM cp0)lCTB0M K 3JieKTpony, 110 lf C MaJioit BHpTyam,Hoii 

CBR3b!O. Bb!IIIe paccMaTpHBaJIOCb 3cpcpeKTIIBHOe B3aHM0,n:eitCTBllll Tpcx aT0M0B H 

OCH0BH0M C0CT0HHHH B ITpncyTCTBlflf BHeilJHero 3JieKTp0Ha, HO MeXaHH3M TaHor.o 

B3aIIM0)leHCTBIIH OTH0CllTCH K MemaTOMHb!M CTeITeHRM CB060,n:b1 ll He llCKJII0'laeT 

paccMoTpenue B036yJR,n:ennhlx aT0M0B. B 3TOM crryqae Momno roaopnn, o ,n:o6a

BO'IHOM ,n:anbno,n:eficTBy10rri;eM ITOTenri;uane ITPHTHJReHnn Mem)ly aToMal\lll H TaHoJ:I 

cpe)le. 

Pa6oTa ~h!ITonnena B paMKax ITpoeKTa K-40-96. 
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