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@ 06'be~HHeHHbiir~IDt~TYT R~epHbIX HC'Cne~bBj.\HHfi Jly6lÍ'a, 1986. 

'''1 ,::; I
~;,Ii; I' 

I "'1I"~ . :.~. ,I, 

I.	 BBeJIeHHe 

B rrocne~ee BpeMH C~bHO BOSpOC HHTepec K HC~eJIOBaHRID 8K30TH
xecxax nonoponoaonoõaax aTOMOB, COCTOJIIIf,IDC HS JJ:J: , CJ1z , K,:f.
 

-Me3~OB. He;IJ;aBHO dwr HaÓJIlOneH /1/ ('JIJU) -aTOM B aTor-mOM pac
nane 2/K• -'7(0i.f)~ , 8HepI'eTWIeCKHe ypomlH KOTOpOro paccxarana B
L
rrpH6~eHHY O~O- H JlBYXWoTO~Oro odMeHa C YlieTOM ~poHHOH rro~pH


saunH BaKYYM8 3/. B pa60Te 4/ rrOKaSaHO, liTO Ha cy~ecTBY~x YCKO

pHTeJI.lIX BUCOKHX 8HeprHf.t BOSMOiKHO Ha6JIIO;IJ;elrne aToMoB, 06paSOBaHHHX
 

.n;BYMfI rmOHaMlI (A;1Ci\) , .n;BYMff KaOHaMH (AZK) ,k+rr- (Al':.'1í) ,
 
('1i 't/C) A I< • ,l1,.7ur 8THX ,IJ;l1MesoaTOMOB HSMep.lIeMliMH BemfllliHaMlI flBJIIDOTCR


1i 
IYU(o)/~ H BpeMfI ~SHH B OCHOBHOM H Bos6y~eHHHX COCTORHHRX. 00

cy~aeTcR TalQ.Ke BOSMOJG!OCTn HSMepeHHR paSHOCTH ypoBHeH 8HeprHH 

b.\'J(li S) - '6,Vj(~I p). I1CCJIe.n;OBaHHe (CJi,f1í) , ('1\,K,> - .rr.HMeSOaTOMOB JIB-

JIfleTCR YHHI~bHUM cpe.n;CTBOj óeSMo.n;eJIbHOro orrpe.n;eJIeHRH rrapaMeTpoB 
IrnpaJIblIOro B3al'IMOJIeficTBM 5/. B paoore /~/ B paxsax BHpToH-KBap

KOBOR MO.n;eJIH aazneao BJI~e CKJInHOro IIOTeHI.lliaJIa na anepreraxe crere 
YPOBlIYI (7IrJí) - aTOMa 7/, BH'tIHcneHH S - BQJIHOBlle ,IT,JIHHhI 

jf~ -paCCeRHKH. B .n;aRROH padoTe paCCMaTpHB~eTcR CBflSaHHOe COC
TOHHHe ,nBYX sa~eHHNX oeccIIHHoBócr lacTH~ B ~aMKaX KBaSHIIOTeHI.lliaJIn
Hora rro.n;xo.n;a ]oryHoBa - TaBXeJIH.n;se 81. B pas~e~e 2 rrpHBe.n;eHa cxeMa 

BRlíHCJIeHHH ypoBHefi 8HeprHH BO~Opo.n;OIIO;IJ;odHoro aTOMa. B pas.n;eJIe 3 IIO
JIYlíeHa T9HKaR CTpYKTYpa ~eSOaTOMa. B pas;IJ;eJIe 4 BUlíRCJIeH.~8M60B

,cro:Ül: C.n;BHI' B .IJ:YIMeSOaTOMe A!,n;H~OTOHHOM rrpHÓJUDKemm C YlieToM a,n;POH
ROR nOnRpHSaUKH BaKYYMa 9 • 

2.	 CxeMa BUtrn:cnSHKH: YOOBHeit 8HepI'IDI B paMKaX
 

KBaSHnOTeHI]]:IaJInHOro rro,IIXona
 

KBa3HITOTeH~anbHHH rro.n;xOA rrOSBOJIReT COBMe~aTn npoCTOTY H Har
~fOCTb TpeXMepHoro OIIHCaHRR HepeJIRTHBHCTCKOH KBaHTOBaf.t MeXaHHKH 
(YPaBHeIDl:8 lIIpe.zumrepa) C KOBapHaHTllliM armaparon KBaHTOBOf.t reopna no-
JIJI. 

O~aH Ima3HrrOTeHnHaJInHOro rronxona nonpocno H3JIOJKeHa B 06c7eMa30pax IO,II, TI08TOMY HYIJKe rrpKBe.n;eM TQnbKO HY~lle HaM WoPMYJIll. 

B .n;aJIbHettrneM MEl Óy.n;8M paccMaTpMBaTb CBRSaHHYID CHCTeMY JlBYx oec
CIDIHOBl:lX 3apmKeHHDlX liaCTH~ C xaccoã m o. H m ~ • KsaSIDIOTeHlJliaJIb
Roe ypaBH8HHe B CHOTeM8 QeRTpa MaCC HMeeT B~: 

(M-/p2+m;;-~- (p2+ m~ ,) 'Y~'/P') ~ J:;~~~ V(p-;ct1rr) ~ (9'), 
( I) 

"1ttii\,'tif' l.ü~1 IHtmfI" 
U~~HWK itC.!elolll1d 
____ 6l1&Jlfr!CTEHA .-- "\-.Il~' 

I 



~ .~ 

rne M -Macca CBJIs8lllioR OnOT8Mbt, p H ~ - o'rltOOH'reJI:bHl:le 101M

rryJIbOhI B !WHe'tlHOM H Ha'tlMlJHOM OOC'l'Omm.RX. I\:aaamIOT8HUJfOJI V(f',4') ""9) 
onpeztenaerca B TepMHHax aMIIJmTy.n;hI pa008mm.rI BHe 9ueprOTH'leO!coft no
BepXHOCTll: 

v = T ( i + ~~ T) - <L T- T C;~ T+ ... , (2) 

r.n:e 

?rf)( ..... ...... (Í))
V,o r, 9, J 

_ 
-

3(.:2'7i ) f ( P 1') 
; ..,.... /'::"'1 2...'

M-\p~m2. p.2.+~-6 
Cl 

(3) 

p= (M10') - rroJIH1:lH llMlTYJIlJC CllCTeMll, a YMHoJltemfe nOHllMaeTCH B orrepa
TID3HOM CMbICJIe KaR llHTerpllpoBaHHe no npocrpancmy OTHOCHTeJIlJIlliX rpex
HMIIYJI:OCOB. 

~HTY.n;a paCC8JIHRff: 

r> (-\) _ ?(-f) r;::/<+)'T=[ªr i 
ÂG(-P [G~T)J-:I. t:. C - '-'I - ~o. 

( 4) 

Bh1p~eTCH ~epe3 ~plJe-oÓpa3 .n:BYXBpeMeHHo~ WYHR~ rpllHa B HMITYJIlJC
HOM rrpocTpaHcTBe: 

o<> 

GJP'cf' cy) = ~~ ) clpoJqô Q(P'9'<»)) t-> (P~7)), 9~(9°,4) J 

" (~1i)-= 

crrpoeRTMpoBaHHOH Ha rrOJIOJItHTeJIlJHO ~aCTOTHHe COCTOHHHH /10/. nna 
Cr~H~C.KaJIHpHOrO CJIyqaJI onepaUfffl rrpoeRTHpoBaHHH llMeeT BM,IJ; 

r;t'fl 1 1--' 1

G ([S,f'?) == G(P':r, 9) G'('}-~
 

, ~dP») /; Gf,' (15')' /1(f,ÇJ.(Õ/~(~ ~15 (9/ 'il,e- P""1~,«.(5) 

~8TMpeXBpeMeHHaH WYH~ rpllHa y.n;OBJI8TBOpHeT ypaBH8HHID E8Te-C~ITH
Tepa: 

G, - G0= Gc \< CS =- Gol<' Q" + ." (6) 

B paMRaX !{BaHTOBOH arréRTpo.n:ID!aMMKM !(Ba3MIIOTeHUHall MO~O rrOCTpOHTlJ 
rro TeopHH B03MYmeHHH: 

v-'- V' I ';f ...l-V +Y}..~"" 

(7) 
\/ _ \/ r="l(t)\/

v;.~ = TI'~ ) V~Cí - T~<l' - V'lí ~ V1X + I' " 

2 

r.n;e f7~ - a~RTyna OP~OWoTOHHOro OÓMeHa c PanHa~OHIUiMll rrorrpaB
KaMH, 7~ - aMIDIJlITy.n;a .IJ:ByxWoTolrnoro OÓMeRa H T • .n;. Y.n;OÓHO BhUJ;eJIHT:D 
HEHO KY~OHOBCKHH nOTeH~aJI 

VI'/ = ~. + L:J \{,r ) \; (KZ) = - 4/1 :lo! , 01 ~ ~-l (8)r:z . Lríí 

rne 1. -3apH,1J; ~aCTHIU:l B- ("Jf.I(pa" aTOMa).
 
YpaBH8HHe (I) B HepenHTMEHCTCROM rrpe.n;arre rrepeXo,IJ;HT B ypaBHeHHe mpe

;n;mrrepa
 

--\2. 1 (
(VI - :f )lf'(p'» =- (;)..11)3 yFt{; V(p~i', w) lf/(q) ~ 

- me>. }Y/I? \ A /.- M- In - 7r? (9) 
- ) VI; - dl f.f ma -í m(j 

3a HCXO.n;HOe rrpllÓJIHiKeHHe npmmMaeTCH TOqJiOe pemenae ypaBHeHIDr (9) C 

KYJIOHOBCKMM nOTeHmraJIOM, WI.H ROTOpOI'O 

i . / = _ (9: o{ ) ~I/ J n =- <. 2) .. 
(10)VV cn ~n2 

I+~n (p-) - KY~OHOBCKHe BOJIHOBUe ~HRmm. C,IÇBHr ypoBHeH orrpe.n:e
JIffeTCH no OÓ~OH TeopHH B03MYmeHHli. 

'vJ -=. WCJ» -+ 6. 'vJ ) 
cJ 3p 0\ \:, * (II)

6 W=- <V1 IA V I Vl?::: í ~ ...,. "\ C ~1 (P') ~ V(p'J 1\ w) <f{11 (~) .S 
B .n:aJIlJHeiroreM HaM rrOHa,IJ;OÓJlITCH 3Ha~eHHe BeJIH'llllil:l 

r.z .-x,p )
3 

cç(J/ Y;tI (.:;:-~O)!~ =:: 
r-y;11,3 ) (I2) . 

rne g - OpÓHTaJI:OHoe KBaHToBoe 'tfiIOJIO. 

3. TOHKM CTOYKTYpa ypoBHeH @MesoaTorvra 

Oómee Bl:l~eHH8 ~ KBa3llrroTeHllnaJIa, COOTB8TcTByromero o~o~
TOHHOMY oÓMeHY, B rrpnÓJIIDKemm paccesnaa HMeeT OJIe,nyIOUU1H BH.n; ( B 

--, "'" _"" ~ )CHCT8Me nearpa Macc ~o. = - Pe = P J <y:- C' : 

(~~)::: :telt.r;,,{('a,4,,) 'i\Y.:J() i». (pc.cr,)V.ft l ,.------,.() K 

(.2 ~L( (ir) /2. (C'I. (Cf) lI.) 1;( ((~ ")I~J--;r:j} 
(3) 

3 



r,D;8 r;r (Pc. li. o') = (í\. + 't €À '>f Pq (IC- <:) I , 

t;; 1 (r6 I ~b) = (rc;" 9(():J f~ (r::. ~) (Pc., e (o ) = :i II 

l<--=.(O,·P-õ,";) p~~~ =: GailS) =ff2-4111'- 7 G (g).ti'>":
,"", . Q.,e. 110,<; C-,<i: 

XOTH.n;I.ff ,IJ;IDlI8S0aTOMOB X = -1, Mh[ 6Y,D;8M m3HO nxcars 2 ,1J,JIíI TOro, 

qT06M OT~~Tb p8,D;lla~OHHMe rrOnpaBKH OT penRTMBHCTCKHX. ~TOHHHH 

nponararop 'Z!~~ (I~) Y,I(06HO BlI6paTb B TaK Ha3hIBaeMO:a IqJIOHOBCROH 

RaJllI6pOBRe: 
CC dCK.l...) CL le . 2'
 

//) (,);: j == _ ~ I r.d ( K) := 2) (1<) = c ) J. ü'-=,,) ~ 1
\(.. (14)
 

. . J (K 2.) (J" k i) ) . . _
j( . 

"2llJ (1<:) -= - -- (j - 1/2 T l/d - -:1,2,3..
/<. 'L f-

BeJm~a 01 (1<:3) orracasaer a<I$3RT rrOJI:íIpHsamrn: BaI\Y'YMa, a ~} Ic:.~)_ 

CTPYKTYPY COCT~ qacTMu.B CRnY MaJIOCTH cpe~ 3Haq8HHH HMTIYJIb

COB B aTOMe < p'2. .> ~ 2.f / 'NC(l / rrp011:3Be,I(eM pa3JIOjIteHHe B BlIpaJKeHHH RBa-

sanoTeHUL'IaJIa \{~ (13) rro napaaerpy f'lí;;1l. J M OCTaBJI.f!fI 'VIeHbI. rrep-
Boro nO~Ka rro 8TOMY rrapaMeTpy, rrarry~a8M: 

v;'6 ~ v, + .6. Vtt5 6 \/,;,- = \lu + \{ 
1 ., (15) • 

(p 2-_ 'f2.)~"-~ ~(K')fi(~')J(K')[ P'\. <1"_V~ ~ ;2 . Cl -€ !),ml1m~ 
z \ 

-4 12:2.' (16)m; tnf, 

~::- _ ~~2.{~d(k:>-)~(',e.)J(K2) - 1.] ) l!.L= _ J!2. • (17) 

KPOM8 TOro, MMeeTCH norrpaaxa R lOOIeTnqeCROH 8Hepnm M3 pa3JIOJKemUr
-,,2 

no ~2. xsanparaoro ROpHH B ypaaneaaa (I): 

-4l( 3.f')
~. ~ - -p- (1- :; -'- .(:J.'Ti)"" ['(lY- 9') . (18) 

x. n ~f:'> m" -4 17?e 

06cy,D;HM Terrep:o Wli3liqeCKHH CMHcn pa3JIli~ cnaraeMHX B orrpe~eJI8HHH 

(15). CYMMa rrOT8HIJJ{aJIOB ~ li \~in naer TORRoe paCu~8JT.JI8Jllie es-
JIOHOBCKaX ypoBHeH 8HepI'IDl: (10). IIOT8H~aJI Vc BMeCTe co BTOpbIM 

cnara8MI:lM rronpanxa (18) rrplffiO,1J;lfT ne TOJIbKO R 06ll.leMY C,D;BHry, saBH

C.mu8M,Y "OT raasaoro KBaHTOBOro l.J:Hcna h ,HO 11 R xapaKT8pHO~ ,Ir)IR 

CK8JIHpHOH MeRTpo.IUlliaMHKH c.n:mrry S -ypOBHH, anepnse OTMeqeHHOMY 

4 

TO,I(OpOBbIM /12/. TIoTeRIU1aJI v.~ npe.n:CTaB7IR8T C060R norrpaBKY Ha 

CTPYKTYPY qaCTM~ M naITRpM3aunro BaKYYM8 11: npHBO,D;HT K ~3M60BCKOMY 

cnnnrv , TIepe:ti.neM reneps R Bhl~cneHIDO TOHKOH CTPYRTYPU. B Kaq8CTBe 

rrOT8H~aJIa B ypasnenaa (1) caasana B03bMeM V, + V, 6e3 YQ8Ta pa

~aIJ;í10HHhIX norrpanorc, nOJIJIpli3aI.Ull1 Ba.KYYMa li CTpYRTYphI QaCTMIJ,: cÚJ<')-; i , 

~. (k 2 ) -;:: ?6.CK"0-=-1. IIo.rryqaIOll.\eeCR nocne TaKHX rrpli6JIIDKeHHH ypaBHeHH8 

COBrra~a8T c ypaBHeHH8M BpeMTa /12, I31 B CMCT8M8 ~RTpa Macqf. 

- pL 'p~ ( 3]< \J ' l \\1 - -:- ';' - i - -- J cr (-=J) -= 
'~r 51J~ 4;"1 me I 

(I9)
J?:''-1- (V~-+ Vc)~~ l((9)) (,1Ti)?> . p)"i 

YpaBH8HHe (19) rrplffio.IU'IT R rrpaBM.JIbHOM,Y onererpy 8HepI'IDI mnllb B nepsoa 
rrO~Re T80pHH B03M,Yll.\8HHH. IIepeITRllieM ypaBHeHH8 (19) B Roop~aTHoM 

npocTpaHCTB8 c YQ8TOM íIBlillX BhIpaJKeHHH ~ rrOT8HmlaJIOB: 

~'X p"'2.) 7'1 ( ?'f' )( W + ( 'Z:" - "'-:\" + 81'" -I  mO. + Wft + 

2 

-j- J;.cf. [p~ t"{ P' _ 1 n\.f(i') = o 

(20) 

2 m 11m ~ Z. 2. .:J. 2..2 

r.n;e 

--""I . --. -=> ~ x. ~ P-=-lV L =

MCrrOJIb3YH HBHHM BM.n: cp~~ 3HaQeHHH CT8rr8HeM Z H onepaT9pa 

p no .KYJIOHOBCICHM BOJIHOBMM rPYHKI.JWIM, IIOJIY~ nonpasxy R KYJIOHOB

CI\HM YPOBIDIM, r ,e , T9HKyIO cTpywrypy: 

~ W z: ( ~ o< ) 'I,!, [~ . _ _1_ ] +
 
[f SJ n 2; 8 ri se +-{
 

(21) .In", f?Jt' 
-t- (9:d-)~ ~ [deo ~ _1 ] f:::: 117 -+ n1~(m(j-/.p?f,) \13 8·/1 00 

Hano QTMeTlfiJ:" QTO npn CTpeMJI8mm aa 6eCKOHe~OCTb MaCClI 0,IJ;H0:R M3 

'18CTHU, CRroK8M~ m6 -'> <:::>c ("H,l(pa" aTOMa), BTOpo8 CJIaraeM08 CTper-mT

CJ1 K HYJIIO." li Ml:l llo.nytill:M aanecnroe /13/ BapWK8lllie: 

'vJ. (m 00) - (9.of)~a [-...:i. __-1._] (22) 
l::. ctn o.1)'\1~- - h' 8'n ,~e-l-i . 

5 



4. JI9MÓOBOrorti oJI]3Mr B JiliMesOaTOMe B O.n;Ho<fJoTOlllioM rrpM6JIIDKeI-nrn: 

o 'yqeTOM anpoHHoti I1anRpHsaunn B8KgYMa 

Xoporno M3BeOTHO /10,13/, qTO I1pM Bl:ltrnCJI8mm: JI9MOOBoRoro C.I(BM

ra npaxonarca 0,ItHoBpeM8HHo YOTpaH.A:T:D l,aR YJI:DTpaqmdJIeToBlle, TaR M 

HHwpaRpaOHl:le paoxonaaocra, 8'1'0 rrpliBo,rmT R TOMY J 'tITO na npaxraxe MC

ncorssyeeca, !\aR ÍIpaBl1JIO, "CMelllaHH08" paCCMOTpeHHe :3TOti npoôJIeMbI: 

HeparrRTRBHOTCRoe B OÓJlaCTM MaJIh~ "llaOTOT q>oTOHOB M peJIilTHBMCTCR~8 

B OÓJIaCTM áanDlliHX qaCTOT. BCJIe~CTBMe 8Tora B03HHRaeT rrpoáJIeMa 13/ 
"O~B~" rrOJIY'tI8IllibIX P8sYJI:DTaToB.3Ta npooaeaa anepsue ábLl1a perne

Ha I lIa OolIOBe ROBapMaHTHOrO ypaBHeHHil BeTe' - COJITIliTepa. HaP,o 

oTMeTwr:D, 'tITO nce acMJeRThI "CB.fISaHHOC'I'R" npoaazmorca JIRIllD npn MaJIhDC 

RMIIYJI:DCax Bl1pTYaJI:OHora WOTOHa. Ilapaaerp j\ • OrpaHl:'I'tfHBaIOl\.ll1ti Jlli3

RO"llaCToTHYlO (WI) OÓJlaCT:D, üJ!e;rr;yeT BhIÓpaT:D TarorM, 'tITOÓbI 

~ 

(i.x}J' ~< À <:<\.F . (23) 

Ha rrpaK1'RK8 y,nOÓRO B3.fIT:D .:1 "'"' 7::d.../-' • B COOTBeTCTBIDi c 8TMM ID{

rerpan no HMIIYJI:DOY BMPTYaJI:DHoro q>DTOHa pasoosea na .ltBe 'IaCTM.: 

SJ\.;J.I<O ~ [ ~ ol~k + 5cA 3j<] ) c(t:. o • 

(24)\'i2{>).-(K\< A 

)l:BYX"llaCTli'tffia.fI <PYRRlJ,IDI I'pRHa G y,nOBJIeTBOpHeT ypanaenzo BeTe-CQJI

IIHTepa (6). ~o ypaBHeHH.fI K orrpe,neJIeHo.RaK áeCROHe'tIHa.A: cYMMa H8rrpH

BO.rmMIDê B c~CJIe ,I03YX'tIaCTM'tffihIX C8'I8HHR ,1WarpaMM ~ei1:HMaHa. O~aKo B 

paccMaTpHBa8MoR 3~a'tI8 OÓhI'tIHa.A: T80pRH BOSMYm8HHR H8rrpMM8I~ ~ noc

Tpo8HH.fI anpa 1<'. TaK RaK H80ÓXO,Il;HM0 y'tIHTliBaT:D :3qxp8KTl:l "CB.fI3aHHOC

TM" (BSaJIIMO,n8HOTB:~'I.fI) B npoM8xYTO'IRbIX OOCTO.fIHIDIX CHOT8MbI ,nBYX qaCTHIJ;. 

Heoáxo~o rrOSTOl\W npoasne cra BbIÓOpo'IR08 OYMMMpoBaHH8 óeC!,On81fiIhIX 

rrOCJIe,noBaT8JI:DHOCT8H ,mmrpaMM, B:X0,IJ,HIlUD( B.ff.1J:PO K, 'ITO npoiue acero 
OOY1Il8CTBMT:D c jOMOm:Dro rro~o~ero ypaBH8HM.ff. 

B pacore 15/ áwro rrORa3aHO, 'tITO.ff.1J:PO f( rro,n'tiEIDIeTO.fI ypanae
HHlO TMrra nanOoHa - illBMHrepa B HY~OM ~ Hao rrpM6JIHxeHHH li HMeeT 

CJIe,nyR:IIUrif mm (pRO. I) : 

6 G ::: c -Go ~ ~o [ K;y +- KA] Go, 
(25) 

6 

~ Kb. -+K·~I 
~ 

.fi I'f * 
I 

+I 
~:r 

PRo. I. 
-H- 03Haqa8T ooparayn O.nnO'IaOTH'IHyro cIJYHKIJ,HIO I1:mHa czanapmrx 

'tIaCTMIJ; Sc.l~~ I K~ - anpo O,ItHoq>oToHHora oõxena o TO'tIe'IRhIMl'I 

neplllHHaMH J a 3 arnTpHXOBaHHbIH KPYiltO'I8K - epYHKUIDI I'pMHa .TI:BYX 

CI~pHbIX "llaOTMIJ; B JI80THH1fiIOM rrpMÓJIHilte}~. 

COOTBeTcTByromMfi RBa3nrrOTeHIJ;MaJI HMeeT BM~:
 

V ~ \1' = V r + ~ = Vc. + ~ \/;r ,
 (26) 

V~I~ = [E:au->]-t [Gc k
l1
, 1:. (Llf)[GY)J-~ 

I10CI\OJI:DKY rJIaBHYIO poJI:O B 9eIxIJeKTax "cnasaaaocra" zrpaer KYJIOHOBOI\Oe 

B3aHMO~eHCTBHe, TO B Hq OÔJIaCTH MO~8M MCrrOJI:D30BaTõ KYJIOHOBOKYID 

WYHRunIO I'pJiIHa Hep8JLF!TMBIfOTORoro 'YpaBReHIDI illpemmrepa (9). Mo,rm@fI.U1

poBaJlliora COOTB~TCTBY~M oópa30M. IIpn 9TOM O Hy*HOH TOquOOT:DID ~OC

TaTO't{HO HCnOJI:DSOBaT:D JIMIllD nOJIO~TeJI:DHO-qaOTOTHYIO rrpoeK~ID 'IeThIpeXBpe

MeIllioR epYHKmm Ipmta /10/ 

,I C~ (4)_ C;~"f) =- c.~) [~~l]-~[ G~fl -G:t)l[G:~(lj -s, G~+)
II (27) 

C+\ ,<'( r:::Y (.(.) ,(t)

G" (?,q') -=- l (271) Q (P-·:p Se! (Pc") ~f, (~)lf) 
r,n;e 

ri (..,. J ( '-----r) -{, ( o - -:i.Jl
( 

~":> a I f5 :=- P0_/ p ........ mQ~ {?, ~ p - f.:" c,• e- Ui')) , 

'I 

7f 
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,-----,(+) NR. ~ "1/0 (fi') lf/c, 1/1"'( q)Gc (P1C/,<s:»A- CC· (P'~I~) ~L w- W
I1 

-+ (i O 

3,necI> CYMMMpoBaIme Be,neTCJI KaR no ,nYICRpeTHoMY, TaR M no nerrpep1IBHOM,y 

crrexrpv snepraa. ITo,nCTamm WYHRmno rpMHa (27) B BI:lpaJK8IDIe.. COOTBeTCTBYIO

uiee ,nMarpaMMaM ( pMC. 1), M npoanrerpapoaaa no K" ,HaitIJ;8M RBa311l1q

TeHlJliaJI é:.V;;r (26) B HLt OÓJIaCTM lro/ ( B ClICTeMe nenrpa Macc 

"7:= o ): \ j«"", -'\1.1) eQ eg (ol3K t (.;tP- K)p 
t:::.v,: P,q"w =-- j- ® 

1"6 (:'2'Jí)3Ikl<Â~k' .j-Zf,u.cr;)'IJ.. ~e (P'-I:()' 

®[L" 4-/-" (P'- ~t?k) Y(,-,\f--.((;i<') _ (~Tt)~Ó}P'-,9) 1 (!Lf(- K/~
 

w- \AI.., - I<..-t lO (.cP')- ~q(P'-K)-K-+t'a V&Q.(é'J 'l~a..((f-i~) +
 

(28)( ') ~ 2 ~ (';::-' "") ti/ ?f -,~) '~ (' 3+ I Ç(, p-~ -'l L 7 ~ 'ffn P + ta. li. Te,) (<9 -+ ~a k _ (..QJi)' a CP-if') J® 
.1~(?')0.~~(p-!<~ ,VJ -WI1 - I<. -+ t o t.U.i ) '- ?:g(f5'-k ) _ I::. -+ i o 

(~- K)-? 7.. n1 q , g oi 
~·a.)e = ) oi-=: ~ 

G) ~I~ 6, (4'-~) .f 
I 

I'V/ C1 t ~ (i L17i 

eQ. :::- - e ) efb -= ;t e ", 

B COOTBeTCTBHH c OÓ1l\lIM WoPMan~SMOM BKn~ 3TO~ ~aCTlI KBaSHTIOTeHDHana 

, B c,nBMr 3HeprmI (11)óy,neT 

\A/< .( J~pJ~~ *...... .i:(,..0,-,\ ....
.b..W ~ ,) Ck~1 (p) 6.'Ill'(p,q ;w) 'f"C., ('1) 

rr (29), (J-0)b 

COOTBeTCTBYID1l\aH ,ne~CTBMTenI>Ha.rr ~aCTb jOnpaBjH R YPOBRRM B~p~aeTOJI: 

~ep8S xopomo ~SBeCTHuH ~orap~WM BeTe: 10, 13 

1./<= 4~('t:.x.)~3[~+ z2.J'[flt,(1O<)P +~ -R,~']
R~-AWI'\ 3'JíYl~' m; It1~ ,9.Ll!~~L.! eo (Jj.. )~P , (30) 

CKT 
r,ne UJ~e - cpe~ 3HeprKH Bosóy~eHRff o y~eToM rrpHBe~eHHOH MaCCR. 

8 

U 
.1' 
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:1 
I
 

Ilpn BbItUtlCJI8HI-II1 cnenrpa 8HeprIDi B BhICOI\Ol!aCTOTHOii (B'I)-
OóJIaCTM IvIOiK.HO, xas YI~a3b!BaJIOC:& mane , nperreope-n, sqxpeKTaMl1: CB.fISaHHOC.., 

Tl1 11 BOCnOJf:h30BaThO.íi I10T8HIJ;l1an:OM (17), ,rrOJIY'IeHHIDJI B rrpMÓJIIDKemm: pac

C8JIHMH. 

l: 
~; I,' '2. -o 21~(> -= 4Tr',x l [o (1<2.) ().(Kz') d(K2.) - 1. ] "- ~ - K 

~ I;) r7 2 )0 J b (31)J 

MH:aapH8HTHbl8 epYHl~IJ.1Ul: I1M8IOT BH,IJ;/ 16/:
I 

~ 
, " () (K 2 ) -: .i -+- ::!.... ~ (t \-11~., -+ 2-) + ~ (t ~ '>., )({,g j'1l 1'T1 2 '" '1 1'l. (f C(.e.

q,e <>l... '"'i (32) 

!' 
•
. I

I d U<2) = 1. - n (e-e+) - n (p-f+) - n(QfjpOHI:>I) ~ 

(33)
"- ,x k 2. 2 / ~ /9/17 (a.'Jf O H hI ) - .2 -.- -2 ) m", -

Ao-

~ rt'/1T r 
-) '1 ~1/1h 

rne ). -rrapane'rp IDí<ppaRpacHoro OÓpeSaHIDI, f7 -rrOJI.ffplISamIoRllltli one- • 

paTOp COOTB8TCTBYIOlllIDC 'IaCTIDJ,. Ilepexo,IJ;fI R BWUICJIemno BKJI~a rrOTeHI.J;PJ:a

~a L\ \): ,SaMeTMM, ~TO OCHOBHYIO ,n0JlI0 B c,I1;mrr ypOBHe~ 3HepI'IDI .n;M

MeSOaTOMOB ImeCeT sqxpeRT M8KTpoH-rrOSlITpoHHOH nOJUIpMSamm BaI\YYMa. B 
aTOM crry~ae HeJIbS.íi ITOJII>SOBaT:hCR HepenRTlIBllCTCRllMH BH~eHRHMH ~ 

ITOJIJIp113aIJ;l10HHoro oneparopa n(e- e -;) 

o/. /<.2
nNR. (-e-e+) :::= 1[""7í M: (34) 

,UeJIO B TOM, qTO xaparerepnae JIlVrrrYJIbChI 3 ,JJ;."trvI8S0aTOMe I ~.: j.-...- cf.. ma,t: 
I" )J,JI.fI COCTaBJIRIOIIUDC MeSOHOB JIR1I.fDOTCR HepeJIJITHBHCTCRllMH, HO no OTHomeHHKl 

K aneRTpoay pe~HT~BllCTCKHMH. 

B COOTBeTCTBJrn: c 8TlIM KBaSMrrOTeHlJ;HaJI t::. ~: ,B H,YjKHOM IIp1íIÓ~H-
~eHnl1 pa306neTCH H8 ~aCTlI, i 

6 v: :::: Ó \..Igepw. -+ 6 Vn()!I, g,,!<, 

t
 
! 

~ > - -4 Q.. (~ç{) \ ~ (-€ ~ ~ -.!...) + ...L (.f1.l'~ + _1) (
 : ; 

6. tep"", - 3 1 W\~ \.1 -Z).. 12. I1li .:{,>. 1z J + (35) 

II 
(

i:,
l 

~1i (:t-oC)< ~ v: 'Ir> li> v>- (36)+ -6-'- ~q,c:>,.1 MII,fal(, "=/lv (€-f-+)~bV(fq{')+11 (qJfCJf'~) •. 

J
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KaR YJlte BlIDIe OTMe~8JIOC:r, t HCIIOJIbSYH TOqHOe BhIpailteI-me /16/ .IJ)UI 

(29) H MO-COOTBeTCTBYromH~ C~Hr Orrpe~enHeTCH c rroMOmbro ypaBHe}~ oneparopa rr(~-e-+), Hj~eM BKJIa,n: nOTeHIJ;HaJIa A \/>ce-e"') B JI3M60B

~eT 6UTb rrpe~CTaBrreH B BH~e CYMMH HeCK~bKHX B~anOB: cKJIli c,lJ;BlU' )1IIMe8caTcM8 3 •I7/ : 1 ;. ( a ~ 
- BM~ MeSOHHOH BeplliHHHOM ~aCTH BTOPOro rrO~Ka: 

."> W("-s) - A W(iP) ~ - Ry\ ,L, t.1; x ,.' ( 42) 
o X t a\A!>(€e')'~ 4ci..f' (;;;.f.)'1 ~ 5~ (r7 VVta, -1)

6. VIJll {''''' :!. c.e.c l ~",2. -\:;.IA -- + -- +
.3li V1 Do..l )... 1 2 r.n;e -;I,) k:L o<:lf cLn/Jl (~I 2.) 

n( I< ... \ Z nt). ( h 1;1._ K 2.-+ io) 
l.f~€(37) j i 

_ .2 me. li =- ,/71cr. mt 
+ ~ (-f\.1 l~ f: -+- -L) ~ ~ 4'p 3 ( 1 vi- )1 / z.'2 >~ i

; 

j
, 

a. - .:J.JU '(-1 n1
Q i /Jlf

1\1'2. 2. À 12 J 3 n :'.o "Q,e . tO , 
l; 

- BMa..n MIOOHHOM rrOJI.fIpMsamm: BaKYYMa BTOPOro nopansa: 
CrreRTpaJI:bHaR W,yHKIJ;WI ...p (~2.) BO BTOpOM rrOPJU(Ke p8BHa: 

\. I > .' LÍ.:1: /1• .3 (;t .c)'4
A \\I ~1 (J<f ~) =- - __,J_"_ ~c: (38) D (a.2-) = of. (i -+ 1- x'\ /~ 

; ;1.)71 n~ ~ j)( _~71 2.} r (43) 

- BMa.,n anpoaaoã rrOJIJIpHsamm: BaKYYMa 
a B ~eTBePTOM nO~Ke rrpHBe~eHa B paooTe /17/: 

'> , _ 4 ~ c.9: oi. )~}>" J;c (39) O (0. _ 2. ) -::. -0(2.. F(v;-:7 ) 
t6Wl'I (a..~{)OIt 61) - :'1 'J( h ~ (4 In 2 ) J x 3u 2... ( 44);.) ( Ti 

KpOMe TOro, HMeeTCR nonpasxa OT BhIpaiKeH:ID! (2I)CRJIMbIBaR pesYJIbTaTbI)J.JIJI B1:l 06JIaCTH (37-39) c pe3'YJIbTaTOM ,I(JI.ff 

H1:l 'OÓJIaCTH (30) t rrOJIY~M ne aasacantee OT rrapaaerpa /l supa r6W(2S)-/d1/(2P~n1=-",,:ft(i- 3f' )} (45)
~eHMe ,I(JI.ff JI8MOOBCIwro cnnara (z -= 1.) : l L r s 12 -< (ma 1-m{ . 

:j 3 - 2 CI\JI~llBM BH~eHIDI (40) t (4r) t (42) t (45) H TIpoBO,1T,lI q}lCJIeIDroe HH
6.V,'/{2.S}=- dJ-" I~~ + ...:!-_.i-~J+ ! ' 

TerpHpOBaHMe,HaM,ll;eM CJIe~romMe SHa~eHRH ~aM6oBcROro c~BMra ~H ~MeG1im2. L l.U)Co.~ 12 s: m~ 
q 2,0 r: 

soaTOMOBI!
 
1 (40) b W(J.S-JP)CnJl ) = -1ft',~'f'10-37B , ( 46) 

-\- ,o< S-fi: [ft1 -+ __' _ ...i.. J114?2]
/tt1 :,.' 

12 -4 tJ12 •ç,íí me; ,J. Ll.I.2 , .:J Jn 
b W(~S-2.P)(JíK) = - Zt9

ib2 
'10- -:? B, (47) 

(41)t,\rJ(li» = ex f:!-3 r;7- -RI ~c~u' -I- ~ -R. RI,).] , ó \1/( !S-~ P)(kK) = - 11~5/6 . 10-3~ê>. ( 48) 
6 JI a. Wz I 1'\.1.. tU""\; 

I .. 2,1 
r~e 

Cro,n:a ne BKJIrotIeH BKJI8.,D; CHJ!IJHliX B3aMMo~eMCTBHfi , OOYCJIOBJI8HHbIM .(z~~) 

- o/.. 2f1 () K\.)_ (37), KOTOpIrti .IIBJI.lleTC'JI OO'beRTOM ~aJIbHe:t1I1Iero MOCJIé,n:oBaHIDI. Hano eU~8R _ 2/~((t69g8 3> (2~) ,~ - T ) ;;:"1 ~ - saMeTHTb, tITO, sorna m",,:- me -= rn , TO ,lJ)UI ,IU!Me308TOMa OTRphrT aHlIH
2.,0 rMHIJ;HOHHhdt KaHaJI, Orrn:ChlBa8MbM Ima3HIIOTeHIJ;HaJIOMI S c. <.1,- N.': 

. , 
QI1Hli.'l. (-:'? -:-')) . ,,2~ -= ° .3 oo 16' 6 9 ~ =f- (t 2 ) .. 6 \ I 0- _ ~ d«<:..~) O (K z) D (k 2) K..2~ ('Po. ~ I~)~ 1C\tr 

V{~ 4\1\1 4 Jo. J~ ( 49) I .LJ2.(' 

B rrpHHHTOM B ~aHHOa paOOTe npHo~eHHM BRJIa.n: aToro ~eHa Ha 
.6W(2 ~)-4WtlP)paBeH HYJIIO. 
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B SaKJIJO'leHHe aB'l'Opli BlipaJKaM 6Jraro.n:apHOCTb H.H. BoI'OJIOOOBY, 
C.B. I'epaClM>BY, r.B. Et)iKMOBY, B.A. MemepmIDBY, M.M. f(yCaxaJiOBY, 

~.~. HeMeHoBY, H.B. CKa'lROBY, A.H. CHcaRRHY, A.H. TaBXan~se sa 

nOJIeSHlie o6cYlK,l:IeHM. 
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KapKMXo~aeB A., ~aycToB P.H. P2-86-142 
CUeKTP SHeprHH (nn), (wk), Xkk)-AHMeSOaToMoB. 
3neKTpoMarHHTHoe BSaHMOAeAcTBHe 

06c~amTCS cBoAcTBa AHMesOaTOMoB, 06pasOBaHHWX (wn),
(nk). (kk)-MeSOHaMH. HSMepeHHe BpeMeHH ~SHH H pasHocTeA 
SHepreTH~ecKHK ypOBHea KOTOp~ AaeT anDTepHaTHBHoe onpeAeneHHe 
HHsKosHepreTH~ecKHK napaMeTpOB. B PaMK8X KBaSHnOTe~anDHoro 
UO~OAa norYHoBa ~ TaBx~~se HaAAe8Y SHepreTH~eCKHe YPOBHH 
(wn), (wk) , (kk) ,.. AHMeSOaTO~OB B npH6J'D1)1:eHHH oi\Ho4loTOHHoro 06
MeHa c y~eToM aAPOHHOA nonsPHg~ BaKYYMa. nonyqeHo B~pazeHHe 
Ana nsM6oBCKoro ~Hra nopSAKa a[f,s]. 

ra60Ta B~uonHeHa B na6opa~opHH TeopeTH~ecKoA WHSHKH OHKH. 

Coo&aeHHe ~fJlDloro HHCIIIT)'Ta lIJlepRWX IIOCJIlIlloB8HHit. .Ily6Ha 1986 

nepeBoA O.C.BHHOrpaAOBoH 

Karimkhodzhaev A., Faustov P.N. 	 P2-86-142 
(1111), (wk), (kk) Dimesic Atom Energy Spectra. 
Electromagnetic Interaction 

The properties of dimesic atoms produced by (nn), (11k), 
(kk)-mesons are discussed. The experimental measurement of the 
lifetime and of Lamb shift of energy levels of these atoms gi
ves a unique possibility of direct definition of low-energy pa
rameters. In the framework of the Logunov - Tavkhelidze quasi 
potential approach the energy levels of the (nw), (kn) , (kk) di 
mesic atoms are calculated in the one-photon approximation ta
king into account the hadronic vacuum polarization. The expres
sion for Lamb shift of the order a[f, 5] is obtained. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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