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lllKODOC P.B., nepMSIXOB- B.n. P4- ~416 

0 pona H88AB868TB~8CKKX 9~KTOB B npoueccax KynoHOBCKOrO 

B38HMOA&ICTBHH CDOlKRNX HAep 

Paapa60T8H MeTOA ~eTa He8AH868THqecKHX 9~KTOB B KYDOHOBCKOM 

B38HMOAeiCTBHH CDOlKHNX HAep 6e3 npaaneqeHHH.TeOpHH B03MYW9HaH ana 

can&Holi CBH3H ae6on&woro' qacna Kaaanoa. B peayn&TaTe pHAa yHaTapHNX . 

npeo6pa30B8Haft H8A HCXOAHbiM raMHnbTOHHBHOM, yqRTbiB8IOWaM CBH3b OTHOCa

T&nbHOrO ABHlK9HHH HAep C BayTpeHHRMH B036ylKA9HH_HMH KOnneKTHBHOrO 

TRna, AOCTHraeTCH npa6nH}K9HHOe pa3AeneHHe nepeMeHHbiX, npa 9TOM nony

qaeTCH OAHOMepHOe ypaBH9HH9 llJpeAHHrepa C nepeHOpMI!pOB8HHbiMa HCXOAHbiM 

HAepHbiM fiOT9HUH8nOM H KOnneKTHBHbiMH napaMeTp8MH HAep, 

COD&ueHMe ~HeHHOro KHCTHTyTa .aepHWX MCCAe~OB&HMI 

,lbr6Ha, 1974 

Jolos R.V., Permyakov V.P. P4- 8416 

On the Role of Nonadiabatic Effects in the 
Coulomb Interaction of Complex Nuclei 

The method of taking into account the nonadiabatic 
effects in the Coulomb interaction of the complex nuclei 
is developed without using the perturbation theory or 
strong binding of a small number of channels. A series of 
unitary transformations of an initial Hamiltonian (that 
allows for the connection of the relative nucleus motion 
with the intraexcitations of a collective type) resulted 
in an approximate devision of variables. In this case 
a one-dimensional Schrodinger equation with the renorma
lized initial nucleus potential and the collective nucleus 
parameters is obtained. 

Comauaieatioae of the Joiat laetitute for Nuelear Reeeareh. 
Dubaa, 1974 

BeeoeHue 

B paHHBX TeopeTH'IeCKBX pa6oTax accne.noaaHBe npo

u;eccoa ynpyroro paccegHag cnmKHbiX g,nep npoao.nanocL 

Ha OCHOBe OnTB'IeCKHX MO,neneH, KaK 3TO ,nenaJIOCL, Hanpa-

Mep, ,nng peaKu;HB: HYKJIOH + g,npo /I I . B pg,ne cnyqaea 

napaMeTpbl onTB'IecKoro noTeHu;BaJia y.nanocL ycTaHOBBTL 

Ha OCHOBe cpaBHeHBg C BMeiOUUIMBCg 3KCnepBMeHTaJILHbiMH 

,naHHbiMB no ;;r(yroMy paccegHBIO Tg:>KeJibiX BOHOB Ha g,npax 

/eM., Hanp., 2 /. 

B TO :>Ke apeMg pg,n accne.noaaHBH c onTB'IeCKBM noTeH

u;aanoM ,nng HYKJIOH • g,nepHbiX B3aBMO,neHCTBBH, BblnOJIHeH • 

HbiX Ha OCHOBe MeTo,na CBJibHOH CBji3B KaHaJIOB /3-4/, no

Ka3aJI, 'ITO BKJIIO'IeHBe B paCCMOTpeHBe HeynpyrBX KaHaJIOB 

npBBO,I(BT K CyiiJ;eCTBeHHOH nepeHOpMBpOBKe napaMeTpOB 

BCXO.I(HOrO noTeHIJ;Hana, ycTaHOBJieHHOrO TOJibKO no ,naHHbiM 

ynpyroro pacceJIHHJI. 3ToT :>Ke Bblao.n, aoo6me roaopJI, 

cnpaBe,I(JIHB H ,I(JIJI peaKIJ;HH C yqaCTHeM TJI:>KeJibiX HOHOB. 

B caM oM .nene, rpoMa,nHoe 'IHcno KaHanoa peaKUHH, MOmHOe 

KYJIOHOBCI<Oe B3aHMO,I(eHCTBHe CJIO:lKHbiX g,nep, KOTOpoe MO:>KeT 

npHBO,I(HTL K H3MeHeHBJIM KaK CaMOH cllopMbl Jl,nep, TaK H 

BX CTpyKTypbi • BCe 3TO B 3Ha'IHTeJILHOH CTeneHH yCJIO:lKHg

eT aHaJIH3 npo6neMbl ,nng cnyqag B3aBMo.neB:cTBH,. g,npo + 
g,npo /5/, IJpo6neMa yqeTa BJIHjiHHJI KYJIOHOBCKBX CHJI Ha 

BCXO,n KOHKpeTHbiX peaKI.UIH .1(0 CBX nop He BMeeT y6e,nH· 

TenLHoro peweHBJI. 

B HacTogmeB: pa6oTe npe.nno:>KeH MeTo.n yqeTa Hea.nua-

6aTB'IeCKBX 3~eKTOB a npou;eccax KYJIOHOBCKoro B3aBMo

.neB:cTBH,. CJIO:lKHbiX g,nep 6e 3 npHBJie'leHBg TeopHH B03Myme" 

HBg HJIH CHJILHOH CBJI3B He60JILWOrO 'IBCJia KaHaJIOB. B pe-

3YJibTaTe pg,na YHBTapHbiX npeo6pa30BaHBH Ha,n HCXO.I(HbiM 
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raMHJlbTOHHaHOM, yqHThiBaiOUUIM CB.JI3b OTHOCHTeJlhHOrO 

.ZJ.BH>KeHH.JI .R.ZJ.ep C BHyTpeHHHMH B036Y>K.ZJ.eHH.JIMH KOJIJieKTHB

HOrO THna, .ZJ.OCTHraeTC.JI llpH6JIB>KeHHOe pa3.ZJ.eJieHHe nepe

MeHHbiX. IlpH 3TOM llOJiyqaeTC.JI O.ZJ.HOMepHOe ypaBHeHHe 

Iilpe.ZJ.HHrepa C nepeHOpMBpOBaHHhiMH HCXO.ZJ.HhiM .R.ZJ.epHbiM 

ITOTeHI~HaJIOM H KOJIJieKTHBH.biMH napaMeTpaMH .JI.ZJ.ep. Pac

CMOTpeH CJiyqaii pacce.JIHH.JI TO)I(AeCTBeHH.biX .JI.ZJ.ep C OTHOCB

TeJibHhiM yrnoBLIM MOMeHTOM L .,Q. 

I. TaMUAbmoHuaH 

,lJ;JI.JI npOCTOTbl orpaHHqBMC.JI paCCMOTpeHHeM B3aHMO

.n.eiicTBH.II TO)I(.!J.eCTBeHH.biX .JI.n.ep. B 3TOM cnyqae raMHJihTo

HHaH HMeeT CJie.ZJ.yiOII{BH BH.ZJ. /6/: 

"" 2 
..:!:.__) + V ( R) + ·v ( R, a 0 ) , a (2) ) + 

R 2 KYJL 5I,ll;. 2ft 2ft 

2 a 2 
4 1i (~~-

H =- 2M aR 2 

/1/ 

+-y- I y+ (v,¢) (a (I)+a ( 2 )) + H(l) (a (I)) +H(2) (a(2)). 
v 2 R3 fl 211 2/1 2fl BH. 2p. 211 

3.n.ech R - paccTO.JIHBe Me)I(.!J.y neHTpaMB cTaJIKBBaiOIUHXC.JI 

.R.ZJ.ep; L - onepaTop yrnosoro MOMeHTa OTHOCBTeJJhHoro 

.ZJ.BH>KeHH.JI, v H cp - yrJI.bi, xapaKTepB3YIOUUie TpaeKTOpHIO 

HaJieTaiOII{ero .R.ZJ.pa; M - npBse.n.eHHa.JIMacca;y=31
2 z 2e 2R~ ' 

Z - . 3ap.R.ZJ. H R o- pa.n.Byc Ka)I(.!J.oro B3 .R.ZJ.ep; VKy,JL - Kyno

HOBCKBH noTeHnBan, V 5I,ll;. - onTBqecKBH noTeHnBaJI .ZJ.JI.R 

B3aHMO.ZJ.eHCTBH.JI CJlO>KHbiX g,nep. 06.blqHO V Jl,ll, B.bi6HpaeTC.JI 

B clJopMe noTeHnBana By.n.ca-CaKCOHa. ,D;anee, ·a~~ , a~ 
nepeMeHHble, OllHC.biBaiOUUie BHyTpeHHHe KBa.ZJ.PYllOJlbHble KO

ne6aHB.JI B Ka)I(.!J.OM H3 B3aBMO,IJ;eBCTBYIOUUIX .JI.ZJ.ep. H ~U. (i=1,2)
BHyTpeHHBe raMHJlhTOHHaH.bi g,nep. ,lJ;JI.JI BHyTpeHHHX raMHJib

TOHHaHOB llpBMeM llpB6JIH>KeHBe 3«WleKTHBHOrO rapMOHBqec

KOrO OCUHJIJl.JITOpa: 

H (i) (a (i) ) = - 1i 2 
BH. 2ft 2B 

~(-) 11 a 1 11 (i) (i) . 
(') (') +"T"C I (-) a a , 1=1,2, 

P a I a I L. J1 J1 -Jl a 11 a-jl. 

4 

r.n.e B - M:accoBhiH K03«W!BUBeHT, C - 3«W!eKTHBHa.JI >KecT-

KOCTb • 

C llOMOII{hiO npeo6pa30BaHB.JI: 

a = - 1- (a (l) +a (2)) f3 = 
1 (a(

2
)-a (l) ) 

211 yr 211 211 • 211 -;:f2 211 211 

raMHJlhTOHBaH /1/ npBBO,IJ;HTC.JI K BH.ZJ.Y: 

11 2 a2 ,1.2 
J1 =--(-- -)+VKyJL (R) +'VM 

2M aR2 R2 . 
(~ 11 , R)+ ;

3
IY.z:a2ft

/2/ 

1i2 11 a 2 a 2 1 11 --I(-) ( + )+-CI(-' (a a +f3 B ) 
2B aa aa a{3 a{3 2 ., 211 2-ji. 2tf 2-ji. • 

11 211 2-ji. 211 2-ji. 
11 

IJoCKOJlhKY nepeMeHHa.JI fJ2/1 OT.ZJ.eJI.JieTC.JI, B ,naJibHeHmeM 

6y.n.eM paccMaTpHBaTh JIBWh TY qacTh raMHJihTOHBaHa, Ko-

Topa.R He co.n.ep>KHT f3 
211

• 

II. Aoua6amuttecKoe npu6AuJICeHue 

Ilpe.n.nono>KHM, qTo .ZJ.BB>KeHBe no TpaeKTopBH npoBCXO.ZJ.HT 

3HaqHTeJlhHO Me.ZJ.JieHHee, qeM BHyTpeHHHe KOJie6aHH.JI B .JI.Il.

pax. Tor.n.a MO>KHO npeHe6peqb KHHeTBqeCKOH 3HeprHeH OT

HOCHTeJlhHOrO ,nBH>KeHH.JI. IIepeMeHH.ble R, v, ¢ 6y,nyT sxo

.ZJ.HTh B raMHJlbTOHHaH KaK napaMeTphl, H .ZJ.Jl.R peweHH.JI 3a.ZJ.aqH 

HY>KHO 6y.n.eT .ZJ.HarOHaJIH30BaTh 3aBBC.JIII{YIO OT a 2Jl qaCTh 

raMHJlbTOHHaHa: 

fi2 J1 a2 1 2 Y + --I(-) +-C~ Ia I +-~Y a • /3/ 
2B J1 a a . aa 2 J1 2J1 R3 2J1 2J1 

2Jl 2--p. 

3TO MO>KHO C.ZJ.eJiaTb C ITOMOII{biO npeo6pa30BaHB.JI: 

a :a - __I.._ Y
2 

/4/ ' 
2Jl 2/1 3 J1 

CR 
KOTOpOe npBBO.ZJ.HT /3/ K BH,IJ;y: 

il2 a2 1 ~ 5 y2 - - ~< -) J1 +- c ~ I cr I - - -- . /5/ 
2B J1 a; a; 2 J1 2J1 Srr Clt6 

2Jl 2-11 
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)J;BH:>KeHHe no a 2 fJ- Cl30,IJ;HTCJI K rapMOHB'IeCKBM KOJie6a

HBJIM OTHOCHTeJibHO a 2fJ- = 0 . fipB 3TOM a 
2

fJ- liJJIYKTyBpyeT 

OTHOCHTeJibHO BeJIB'IHHbl - -I.._ Y a He OTHOCBTeJibHO 
C R3 2fJ- ' 

HyJIJI, KaK npu OTCYTCTBBB KYJIOHOBCKOrO B3aBMO,IJ;eHCTBHJI. 

3TOT 34J4leKT 6biJI Ha3BaH 34J4leKTOM ,!J;BHaMB'IeCKOH ,u;e4JopMa
UBH JI,LJ,ep. 

H3 /5/ BH.LJ.Ho, 'ITO 3Ha'leHBJI BeJIB'IBH B B C He nepe

HOpMHPYIOTCJI, B TO :>Ke BpeMJI KYJIOHOBCKBH 6apbep YMeHb-

waeTCJI Ha BeJIB'IHHY _2_ Y
2 

• O.n.HaKo pa.n.uyc .n.eicTBHJI 
8rr C R6 

noTeHuuana ·v (a2 , R, R 
0

) scne.n.cTBHe .LJ.BHaMB'IecKoi 
,4,. 51,11. ~Jl 

.n.e'~'opMauuu R.LJ.ep YMeHLwaeTcJI: 

1 + 
2R 0 (1 + ~ ! Y2fJ- a2

11
) "" 

y2 fJ-
2R 0 0-~ -L), 

4rr y2 C R3 /6/ 

'I eM B KOMneHCBpyeTCJI· yMeHLWeHBe BeJIB'IBHbl KYJIOHOBCKO
ro 6apbepa /5/. 

IU. To'iHoe npeo6pa3oaaHue coauza 

ITpeo6pa3oBaHBe Tuna /4/ c npoB3BOJILHoi lilYHKUBei 

x (R) BMecTo y I CR3 3KBBBaJieHTuo cne.u;yroll{eMy npe.u;-
cTasneHBIO BOJIHOBOH 4JyHKUBB: 

a -
'P(a 2 ,R,v,¢)=exp[-x(R)IY2 --] 'P(a

2
1'R,v,¢), /7/ 

11 11 fJ- aa2fJ-

r.u;e B a,u;ua6aTB'IeCKOM npB6JIB:>KeHBB qJ 6biJia 6bl BOJIHOBOH 

4JyHKUHeH OCHOBHOrO COCTOJIHBJI rapMOHH'IeCKOro OCUBJIJIJITO

pa no nepeMeHHOH a 2fJ- , YMHO:>KeHuoi Ha lilYHKUHIO OT R , 
v , ¢ . 0.u;HaKo npu CTOJII(HOBeHBH TJI:>KeJibiX BOHOB /HMeHHO 

3TOT cnyqai Mbl B 6y.u;eM BMeTb s BRAY I ycnosue a.u;ua6a

TB'IHOCTH He BblnOJIHJieTCJI, B KBHeTB'IeCKYIO 3HeprBIO OTHO

CBTeJibHOrO ABB:>KeHBJI HeJib3JI C'IBTaTb MaJIOH BeJIB'IHHOH. 

llo.u;cTaBJIJIJI /7/ B ypasHeHue lllpe.u;uHrepa, Mbl nonyqaeM, 

'ITO W y,u;osneTsopaeT ypasHeHBIO c raMBJILTouuaHoM: 

6 

e 
X ( R) ~ y2fJ- a a 2fJ-

a " -x ( R) I Y 
H e fJ- 2fl- aa2fJ-

a 

1\ 2 a a 2 1 m - 2fJ-+m a 
=-~l(--x'!Y2fJ--) --;:;:!I(-1) (>L-xiyt6C Y -)x 

-'M aR fJ- aa 2p. R m fJ- 2fJ-lm :J.t+maa2fJ-

A - 211-m a 
x(L -xI y6 c2 I --) l +'V,m (a2 +xY ,R) +'V (R) + 

-m 11 11 -m .~ • .,_,. 11 211 KyJI. 
ua211 

5 YX 5 2 y + +--+ -Cx +(Cx+-) I Y a 
4rr R3 8rr R3 11 2p. 2fJ-

1i a 2 1 - -I (-1)11 +- C I (-) J1 a a 
2B 11 aa aa 2 11 2fJ- 2-p. 

2fJ- 2-jl 
/8/ 

r.n.e c2p. 
211' lm 

- K03ciMl>BUBeHTbl Kne6wa - rop.n.aua. 

IV. OnpeOeAeHue 3Q6UCJIUieil 0111 a 2fJ
¢YHKliUU 

'iQCIIIU 60AH060U 

-
llonbiTaeMCJI Bbi,IJ;eJIBTb B3 IJI 'laCTb, HeCyll{yiO OCHOB-

HYIO 3aBHCHMOCTb OT a 2fJ- • KoJIJieKTBBHaJI BOJIHOBaRiiJYHKU:BJI 

CB060,IJ;HOrO JI,D;pa B OCHOBHOM COCTOJIHHB HMeeT BH,IJ;: 

1 yOC 2 
exp l---! Ja J l. 

2 h fJ- 2fJ-
/9/ 

0.u;HaKo B pe3yJibTaTe npeo6pa3osauus /8/ B raMBJibTouuaue 

a2 
no1fBHJIBCb qneubl, nponopuuoHaJibHble , KO-

a a2fJ- a a2fJ-' 

TOpble nepeuopMBPYIOT KOJIJieKTBBHbiH MaCCOBbiH K03cMJB

uueHT, BHocs s Hero 3aBBCBMOCTb OT R , v, ¢ . Mbl AOJI:>KHbl 

Tenepb BCKaTb KOJIJieKTBBHYIO BOJIHOBYIO 4JyHKUBIO B OTJIB'IHOM 

OT /9/ BB,IJ;e, Y'IBTbiBaJI OTMe'leHHble BbiWe B3MeHeHBJI. 
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flonaraeM 

- 1 + "" IP (a ,R,v,¢) .. expl-"'~( (R)Y (v,¢)[a a] !IP(a ,R,v,d>). 
2JL L. IM I IM 2 2 1!\1 2JL 

3,D,eCb (J (R) - npOH3BOllbHaH llOKa cllYHKUHH, KBa,D,paTHble 

CK06KH [ ) IM 0603HaqaiOT BeKTOpHyiO CBJI3b. 

raMHnLTOHHaH ,D,nJI W nonyqaeTCH B peJynLTaTe cne-

.Il.YIOIUero npeo6pa30BaHHJI raMHllbTOHHaHa /8/: 

a a 1 + 
a R .., a R - i ~ (I ( R) y IM [ ~ a 2 ] IM 

A A 1 1-M+m ffi + 
'L .... 'L -·-!. (

1 
(R) y'l (I +1) C (-) Y [a

2 
a

2
] M 

m m 2 IM 1-M Im 1-M-m J, 

+ IM _a_ .... _a _ _ !, (I (R) YIM C 
2112

!1' a 2JL' 
aa oa 2 IMp.' 

2p. J1 
/10/ 

H HMeeT BH,D,: 

H = = -~ l ( ~- J. I (' Y + [a a ] -x 'I Y _a_ + 
IP 2M aR 2 IM I IM 2 2 IM 2p. a a 

J1 2p. 

, t: IO -- + 2 
+X !, "'I C2020 V2I + 1 y2f1 a2 ) -

If1 f1 

1 m " 1 1-M+m m., + [ ] 
-- !, (-) ('L --2 !, (I V 1(1+1) C 1-M lm (-) 1 IM-m ~ a2 IM-

R2 m m IM 

a -2f1+m Y --~ 
-x!. y6 c 2f1lm 2~tm aa2f1 

f1 
/11/ 

-5 V- 5 X !. ( (2I +0 1/2 

2r IPIL' I 

10 I 2 2 
C { lC ,Y a ,}x 

2020 1 2 2 2JL2f1 2f1 2f1 

8 

7 2JL-m 
x(·L -xvo!. C Y 

-m J1 2p. 1-rn 2p.-m 
a -

a a2p. 

I 1/2 1-M-m m + [ ) 
-2 1~ (I (1(1+1) CI-Ml-m(-) YIM+m ~a2 IM -

-5 V .2_ X !. ( V 2I + 1 C IO {I 2 2 l 
2 TT I p. p. ' I 20al 1 2 2 X 

xCl-m ,Y a )l+'V (a +xY ,R)+'V +_L..rx_+_2_cx
2
+ 

2p. 2p. 2p. 2p. JIA. 2p. 2p. K)[JI. 4 TT R 3 Srr 

v + 1 2 h2 -5-
+(Cx+-'-)I y a +-C !\a I +-v-( -

R3 11 2p. 2p. 2 p. 2p. 2B 4rr o 

ii.2 !, ( J: , (21+1)(2'L '+1) C IO {I 2 2 l y+ [ ] _ 
,l?L , IMaa 

IMLL I/2 LOL'O 2L L 2 2 IM 
2B y 4rr (2I+1) 

- 1i 2 ( ! (_:)fl 

2B f1 

~ -2 !. t: C IM Y + (-1) fla _a_) 
"'I ' 2' ' 

aa aa IMf1,£ 2f1 2f1 IM f1 aa 
2p. 2-p. 2-p. 

r,D,e { I 2 2 l-6)' - CHMBOll. 
1 2 2 . 

Mo>KHO 6blnO 6w Bhl6paTb ( 1 (R) H X (R) TaKHM 

o6pa3oM, qTo6w o6paTHnHCL B HynL Ko3clxl>HUHeHTbl npH 

[ a
2

a
2

] IM H I \;a 
2 

• O,D,HaKo HJ-Ja npHCYTCTBHH Bra

MHllbTOHHaHe .fueHOB rHna 

1i2 
- -X' I ( (2I + 1) I/2 

M 1 I 
ciO !Y+a _a_ 

2o2o 2JL 2 JL a a /12/ 
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\fJ 6y~eT no-npe>KHeMy JaBHCeTL He TOJIJ:.KO OT R, v, ¢, HO 

H OT a2 . Cnarae¥Lie THITa /12/ nponopUHOHanLHLI X'' 
T .e. cKopocTH H3MeHeHH~ .rumaMH'IecKoii ~el}lopMaUHH. 3TH 

'!_neHLI oTpa*aiOT co6oii Hea,I\Ha6aTH'IeCKHe J$<lleKTLI. EcnH 

W - peWeHHe 3a,I\a'IH B a,I\Ha6aTH'IeCKOM npH6niDKeHHH, TO 

cnaraeMoe /12/ npHao~HT a nepBOM nop11,I\Ke K no11aneHHIO 

,1\0ITOnHHTenLHOrO qneHa B BOnHOBOH ciJyHKUHH: 

-

lp + -
+ a\fl 

I y2fJ. a 2f1 aR 
f1 

+ ... 

Y'ITeM H3MeHeHHe \fJ, BLI3BaHnoe qneHoM /12/ B ra

MHnbTOHHaHe, C ITOMOI.l.(LIO npeo6pa30BaHB11: 

II' (a , R,1J, ¢) "" exp I - 1- I y+ a _.!!_ l x <P /13/ 
2f1 r 'CR) fJ. 211 211 aR 

raMHnLTOHHaH, C06CTBeHHOH ciJyHKl.(HeB KOTOporo 6y,I\eT $ , 
ITOnyqaeTC11 B pe3YflLTaTe ITO,I\CTaHOBKH /13/ B ypaBHeHHe 

lllpe,I\HHrepa ,1\n.ll ip , 'ITO CBO,I\HTC11 K cne,I\yiOil.(eMy ope

o6pa30BaHHIO raMHnLTOHHaHa /11/: 

a a 1 --- .... + y + 
2f1 -

a 
aR aa2i-L a a 21J. f'( n) 

+ 
I Y~ a 2 fL 

n .... 1 1 [(( n) + I Y + a ] "" n (l + H + ... ) 
'-' 2!1 2!1 f '( n) . :R 

a 
--> 

an 

= ( 1 + 

10 

f,..tr1[£(n)+l y+ a 2 ll .IJ. 2Jl J.L 

f'( R) 

a 
an 

£"( n) 

[f'(n) 12 

a 
Y+ + ••• )-, 

I 21J.a2J1 an 11 

l 

I 

-I 
r,I\e f (R) - 4JyHKUH11, o6paTHa11 f (R). OuenKH noKa3biBa· 

lOT, 'ITO: 

~ y+ a 
IL 2fJ. 2fJ. 

f"(R) 
«1, ~y+ a «1. 

[ f ' ( R)] 2 11 2fJ. 211 'f'(R) R 

3TO CB113aHO C TeM, 'ITO CT0111.l.(a11 B HepaBeHCTBaX nepeMeH

Ha11 a2fJ. coaepwaeT Hyneawe Kone6aHH11 OTHOCHTenLHO 

a 2{J. =0, ITOCKOnLKY npeo6pa30BaHHe C,I\BHra ITOnO)KeHHJI paB • 

HOBeCH11 y)Ke BLIITOnHeHO. lionee TOrO, - 1- ~ y+ 
a2fJ. 

Ja-
f'(R) f1 2fJ. 

MeTHO MeHLWe H3MeHeHH11 pa,I\Hyca, CB113aHHOrO C ,1\HHa

MH'IeCKOH ,1\eciJopMal.(HeH /6/. llOJTOMy B ,1\anLHeiiweM, no

CKOnbKY MLI HHTepecyeMC11 TOnLKO ynpyrHM pacce.JIHHeM, 

6y,I\eM nonaraTL, 'ITO 

a a R --R, __ _, __ . 
C!R C!R 

Cne,I\yeT OTMeTHTL, 'ITO oT6poweHHLie qneHLI BeCLMa cy-

l.l.(eCTBeHHLI ,1\n.JI OITHCaHH11 KynoHOBCKOrO B036y)K,I\eHH11. He
KOMbiH raMHllLTOHHaH HMeeT BH,I\: 

A h2 5 x' a 1 + 
H =- -- I[ 1---)-- -I e Y [a a 1 -

<I> 2M 4 rr (' a R 2 IM I IM 2 2 IM 

-x'IY __!_+ 
fJ. ~ ac 

1/2 , 10 y + a ] 2 _ 
x'l((21+1) tzozo 2Jl211 

IJ1 I 
2!J. 

--1 I(-)m [L + - 1 - Iv6c 
2

-!J.+m (-)mY+ a _a_-
nZm m f'(n) fJ. 2-!J.lm 2f.L-m 2JlaH 

_ _L I ~ ( 1 (I + 1 )1/2 (1-M+ m ( _) m 
2 1M I 1-Mlm 

y+ [aa] 
IM-m 2 2 IM 

a 2J.L+ my 
-xv6l C J.Llm ZJL+m 

J.L a a 2J1 

-Sv-5- x 
277 

! 
1; 2 10 I 2 2 l m y ~ 

~~(21+1) Czozoll 2 21C2J.L2p' 2J1 aZp.'x 
IJ.L/1' 

II 



" 1 ;- 2-jl-m )my+ 
x [ L +- ~ y6 C 2-jll-m(- 2jL+m 

-m f' ll 
a -

a21lai\" 

- l_ ~ ~ ( I (I+ 1) ) 1/2 C 1-M - m ( -) m y+ [ a a ] -
2 IM I . 1-M 1-m I M + m 2 2 IM 

a 2jL-my 
_ X\/6 ~ C Z{Lt-m 211-m a a 

2
p. 

fL 

-sv...i_x s 
277 lllfL' 

~ (21+1) t/2 c•o II 2 21 C 1-m,Y a )+ 
I 20 20 l 2 2 ZfL2/L 2!-L 2!-L 

+ V (a 2 , + X Y 2 , R) + V 
JI,LI. r fL KyJI, 

5 YX 
+-----+ 

4" R3 

5 v l + -Cx2+ (Cx + ..:t...-) ~ y2+ a2 + -C~ iaz !2 -
8 rr R3 p. 11 p. 2 IL p. 

~ ~ I; ~ ,( 2L + l) ( 2L ~ + l) C I 0 , 11 2 2 I yt [a a 1 

B - ' L I.: t/2 LOL 0 2 L, L 'IM 2 2' 
2 V 4rr IMLL ( 21 + l) 

+ 

ii2 S h2 fL a ,2 IM + /L ., +--v--t; --(~(-) ---2~ t; c X a 1-) ---2_-)-
28 4 11 O 2 8 ll aa"4p~ I!-lf'' I 2p.2{1 :q:t 2!1' aa2-f' 

fP 5 a2 2 a a 
- -{- -+-:£ Y2!J.--

28 4rr£' 2 an 2 f' f1 aa2fl an 

_ _!_!, I; ( 2l + 1)1/2 .C I 0 ~ y+ a _2__) . 
r, 1 1 20 20 ll 211 2p. a n 

/14/ 

OueHKH pa3nH'IHLIX qneHoB B I 14/ noxa3LIBaiOT, 'ITO He Bee 

OHH ~aiOT O~HHaKOBO Cy{UeCTBeHHLIH BI<lla~ B raMHllbTOHHaH. 

MO)I(HO npeHe6pe'IL pJI~OM 'lneHoB, ycnoBHJI ManocTH KOTo

pLix C TO'IKH 3peHHJI HX BnHJIHHJI Ha ynpyroe pacceJIHHe npH

Be~eHbl B fipHllO)I(eHHH. 

12 

i 
I 

j 
I 
' 

V. OnpeoeAeHue (JyHKl.#UU x(R) , 1;1 (R) u f'(R) 

YpaBHeHHJI ~nJI 41YHKUHii x(R), .;1 (R) H f'(R) nony'laeM, 

npHpaBHHBaJI Hynro K034Mt>Hu;HeHTLI npH ! Y 
2
+ a 2 " , [a 2 a1] IM, 

ll ll r 

+ a 
~ Y 2Jl a21l-- .B HTore 
Jl · an 

Cx + _r_ = o 
R3 

.~::2 .. , h 2 
'II , ( .a X ) --x 1--- +-=0 

M 4rr f' Bf' 

- ii2 X·'2(~C v21'+1CI'O )2-~-CIO 
2M 1 , I' 20 20 V 4rr( 21 + l) 20 20 

/15/ 

-v5:co - 1i2 I ~ ~;· ~2L~L+l) c•o II 2 1=o. 
10 28V4rr u: L L' (21 + 1)1/2 LOL'O 2 L'L 

qT06bl He YCllO)I(HJITb 3a~aqy llpH BbiBO~e ypaBHeHHJI ~llJI 

x( R) ' Mbl npeHetlperaeM BI<na~OM v M· B ~H:flaMH'IeCKYIO 
~elllopMaUHIO. 3TOT 34Ml>e1<T paCCMaTpHBallCJI B /'J/ H HOBOrO 

J<aqecTBa OH He BHOCBT. 

PeweHHJI ypaBHeHBH /15/ HMeiOT BH~ 

x(R) 
y 

CR3 

t/2 1 BC) 
1/2 = ( ( 4 + 8 , 2 

( :;; 4•) <. h v 1 + 5 M X 

{l0/28rr) 1/Z f, 
2 =!. (1- 8 ,2 

7 1f v1+5Mx· 

1 

13 



( 3/70 TT) 1/2 yBC l ) 
i__ -0- B ,J t, ~-as h v'l + 5Mx 

l 

f' 
B '/(l 5 B ,z) -x +--x · 
M 4rr M 

/16/ 

C DOMO~biO /16/ 6biJIO npoBepeHO BblllOJIHeHHe HepaBeHCTB, 

npHBeAeHHbiX B IlpHJIO:>KeHHH. 3TH HepaBeHCTBa YAOBJieTBo-

p.RIOT, eCJIH 1,5 ( "fi
2 

) t/t «I • HanpHMep, AJI.R 

MR: C 
CTOJII<HOBeHH.R ABYX HOHOB 

z 
74 Ge 1,5( ii ) 114 =0,25. 

MR~C 

VI. Pe3yAuramr.l u o6cyJICOeHUJI 

EcJIH orpaHH'IHTbC.R paccMoTpeHHeM TOJibi<O no6oBbiX 

CTOJII<HOBeHHH, TO raMHJlbTOHHaH AJI.R ~YHI<UHH ¢, I<OTOpyiO 

MO:>KHO C'IHTaTb B 3TOM cnyqae 3aBHC.RIUei TOJILI<O oT R. 
DpHHHMaeT BHA: 

" t.2 5 x' a 2 5 M a 2 

Hr~,=--IU---)-1 +-----1+ 
'~" 2M 4rr £' aR 4rr 8f'z aRz 

+ v (xY ,R} + v + _5_ ..1.:L + _5_cx2 + 
EA· 211 KyJI. 4rr R 3 8rr 

/17/ 

+ 1i2 y _1_ f" + 51i 2 (X ') 2 I f" vi:! C 10 

28 4rr 0 8rrM 1 I 2020 

B pa3Aene II Mbl y:>Ke o6cy:>KAaJIH 3~ei<Tbl nepeHop

MHpoBI<H DOTeHUHaJia, Bbi3BaHHble AHHaMH'IeCI<OH Ae~opMa
UHeH .RAep. Il03TOMY B AaJibHeKweM HX aHaJIH3HpOBaTb He 
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'<1' 
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t
o. 
0 

[f) 
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~ 

0 

CD 
C'f) 

_....;._ 

Q;) 0 

N Q: 

~ 
~· 

C\1 
~ 
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t-
~ 
C'f) 

C'J 

CD 

e-~ lu 
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00 
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6y,neM. ,lJ;nJI y,no6cTBa paccMoTpeHHJI nepenuweM /17 I, 
HCllOflb3YJI /16/: 

" ~ 
H¢=- 2M 1 

2 2 2 2R s 
1 + ....!._ ( z e ) (-o) 

az 

aR 2 

100 2R C R 
0 

x (z2e22 

4fi2 100 2R C ) 
-- 0 
M 

2R 0 s 
(-) 

R 1 a 
l + _x --(~:i:-)' ( 2Re) 8 R a R + v,~~ (II) • 

100 2RoC R 

r,ne B V 
3 

(R) co6paHhl see cnaraeMwe, 3aBHCJIU(lle oT 
R; X - onoweHHe 3KCnepHMeHTanhHOrO Maccosoro K0:>4>-

4>HUHeHTa K MaCCOBOMY K034>4JHUHeHTY rH,npO,D;HHaMHqecKOH 

Mo,nenu. 
Ba,n;Ho, qTo yqeT Hea,nua6aTHqecKHX 34>4leKTOB, Bb13BaH-

HhlX KynOHOBCKHM B3aHMO,D;eHCTBHeM, csenCJI K nepeHop
MHpOBKe npuse,neHHOH Maccw, K ee yaenuqeHHJO. 3Ta nepe
HOpMaposxa cTaHOBHTCJI 3aMeTHOH, TonLKO ecnu R < 3Ro. 
,lJ;nJI onpe,neneHHJI MacwTa6a H3MeHeHHJI npuse,neHHOH M'accw 
c,nenaeM HeKoTopwe oueHKH, noKa3aHHble B Ta6n:au;e. 

AsTopw npB.3HaTenLHhl yqacTHHKaM ceMHHapa llT«<> 3a 
none3Hble o6cy>K.IJ.eHHJI. HaM oco6eHHO npHJITHO no6naro
,napHTh A.H.Iia3JI, npocMoTpeswero pa6oTy B pyxonucH 
H c,nenaswero pJI,n KpHTHqecxux 3aMeqaHHH. 

llpUAoJICeHue 

Heo6xo,nHMble ycnosHJI ,nnJI sw.neneHHJI KaHana ynpyro

ro pacceJIHHJI cnmKHhlX JI.IJ,ep: 
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1 + 0 9 B 
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0 y'BC 

10,9-B 
MR2 

2)i.. 1 o jB ii 1 3 -- --« 
1/4 MR 2 -

( 1+11-8-) I + 0,9 _B_ o y'BC 
MR2 MR2 

0 0 

5.,;-;; I ~;--B--ii-
3) -- j _ _!!5_ ~ - --«1 

3 B 1/4 B MR2 V DC 
( 1+ II--) 1+11---- o 

~m: MR ~ 
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MR 0 
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