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~ I~, HeCMOTpR Ha cy~ecTBeHH~~ nporpecc B pa3BHTHH MHKpOCKonH4eCKO~ 

~ TeopHH paCceAHHR B CHCTeMe H3 HeCKOnbKHX 3apRmeHH~X 4aCTHU 11/, 
1,\ ~
 

I> ~
 3aAa4a O CTonKHOBeHHH ABYX 3apAmeHH~x CTPYKTypH~X 06beKTOs 
B nonHOM 06beMe He perneHa. n03TOMY HecOMHeHH~~ HHTepeC npeACTas

, , nR~T HcCneAoBaHHA xapaKTepHCTHK paCceAHHA TaKO~ CHcTeM~ B paM
1<1 ij\ 

\, 
~ 

t r,lj ~ Kax ABYX4aCTH4HOrO ypaBHeHHA WpeAHHrepa. 3$$eKT~BHbl~ rloTeHUHan 
B3aHMOAe~cTBHR ABYX 3apRmeHH~X KnaCTepOB 

'1\ 

;.",1 V (r) = V (r) + V (r) + V (r) /1/erC c s g'"'\ 
~'i,\ '~" 
I;'~ ~ COAepmHT, HapAAY c KynoHoBcKHM Vc H KOpOTKOAe~CTBYtOUtHM /AAepHbIM/ 

nOTeHUHanOM Vs'YAOBneTBopA~~HM ycn08HAM 
,!.~'l 

" m Vlim r (r) o fi = O, 1, ••• /2/s 
r ... 00 

t,~ .~y, 
l' ,.\ .~l:. I ~,~, ...... ,~ "_>.•• ._,_é.~'-..~ ". 

c r enexuue nonpaerc« V ... r -P,cTeneHb y6blBaHHR KOTOPblX p onperie
J ~ 

_,tI' nAeTCA reoMeTpHe~ cTa~KHBa~~HxcA 06beKToB/21 ~ MomeT, Bo06~e 
~ 

rOBopA, npHHHMaTb n~6~e uen~e 3Ha~eHHR p = 2,3,4 .... HanH4He 
B.3$$eKTHBHoM nOTeHUHane /1/ AanbHoAe~cTBY~~HX CTeneHHblX no
npaaox K KynoHoBCKOMY B3aHMoAe~cTBHIO KapAHHanbHblM 06pa30M' Vl3
MeHAeT nopor oaoe (E ... k 2 ... O) noaeneuae oaa VI aMnnHTYA pacceHHHH / 3 1 

no cpaBHeH~1O co cnY4aeM 6~CTpoy6~Ba~~~x nonpaBOK /2/. 
B HacTOR~e~ pa60Te VlccneAYIOTCA noporOB~e nOBeAeHHA S-Bon

) HOawX $a3, ce4eHHA VI paA~anbHo~ BonHoBo~ $YHKUVIVI B cny4ae p = 4, 
T.e. nonApVl3a~VloHHo~ nonpaBKVI(',:'r. 

V = VP (r) =--U-zlz2e20(r-r) /3/
2r 4 P 

K OTTanKVlBa~u~eMY (z 1z2 >O) KYJlOHOBCKOMY B3aHMOAe~CT B~IO Vc (r) = 
= Ztz2e2/r. nOTeHUVlan~ /1/ B CnY4ae P = 4 HaVl60nee BamH~ AnA 
$~3V14eCKVlX npVlnomeHVI~, TaK KaK OHVI onVlC~BaIOT 3$$eKTVlBHoe B3a~MO
AetlicTBVle C$ep~4eCKVI-CVlMMeTPI14HO 3apAmeHHblx CVlCTeM, He ~MelO~~X'. 
CTaTVl4eCKVlX MynbT~nonbH~X MOMeHTOB / 4 / • Haw HHTepec K 3aAa4e pac

',' 
ceAHVlR Ha nOTeHUVlanax /1/, COAepma~Vlx nonpaBKY /3/, B~3BaH pa- . 

... ''o ••_- .~ """:~ I"~\,~'. r~"",~,"-...,.,....~--,.~_.,,:-, •• _~.~-,,::?;:'.-,rt~ 
60TO~ 15~ B KOTOPO~ Vlcc~eAoBaHO BnVlRHVle nonApVl3yeMocTVI Ae~Tpo~a
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Ecnu a-repr aa E = (llk)2 /2fJ. CTonKHOBeHIIlR ABYX oAHOVlMeHHO 3apR
~eHH~X KnacTepoB AOCTaTo4HO Mana, TO VlX pacceRHVle 06ycno BI1V1BaeT
CR B OCHOBHOM AanbHoAei:1cTBYIOU\VlM (r ~ 00) nOBep,eHVleM nOTeHI.4V1ana /1/. 
npeAcTaBneHVle /1/ AnR 3$$eKTVlBHoro B3aVlMoAei:1cTBVlR, nony4eHHoe 
MynbTVlnonbHblM pa3no~eHVleM napaux xynoaoacxux 83aVlMoAei:1cTBVli:1, 
VlMeeT CMwcn Ha paCCTORHVlRX r, HaMHoro npeBwwalOU\VlX CYMMY pa3MepOB 
CTanKVlBalO14V1XCR KnaCTepOB, T. e. xorna BbfnOnHReTCR HepaBeHcTBO 
IVp I « IVc I. n03TOMY Mbl npennonaraex , 41'0 napaaer p r p nOTeH
~Vlana /3/ cpaBHVlM / 61 no nopRAKy BenVl4V1HW c 60pOBCKVlM paAVlycoM 
R = n-1 =1í 2/ 2/l z z2e2 VI HaMHoro 60nbwe / 4! 1'8 -paaayca Aei:1cTBVlR' 
RAepH~X cVln /2}. KOHe4HO, AnR 60nee KoppeKTHoro VlccneAOBaHVlR 
He06xoAVlMO perynRpHoe npOAon~eHVle nOTeHI.4V1a~a /3/ B 06naCTb npo
Me~YT04HbIX pac c r oauaã , rAe, KaK nOKa3aHO B pa60Te!71, Vp _ 1'-2, 

a Aanee VI B 06naCTb AOCTaT04HO Manwx paccToR~Vli:1. B 3T~X 06naCTRX 
AOMVlHVlPYIOU\VlM, nO-BVlAVlMOMY, RBnReTCR RAepHoe B3aVlMoAei:1cTBVle. no 
3T0i:1 npVl4l1lHe, a TaK~e nOTOMY, 41'0 Hawa OCHOBHaR uenb - VlccneAO
BaHVle oc06eHHOCTe~ OKononoporoeoro nOBeAeHVlR S-$a3w ynpyroro 
pacceRHVlR, Mbl orpaHVl4V1nVlCb npeAcTaBneHVleM o nonRPVl3al.4V10HHOM 
B3aVlMoAei:1cTBVIVI B BVlAe /3/. 

COAep~aHVle pa60Tbl pacnpeAeneHO cneAYIOU\VlM 06pa30M: enVlRHVle 
nonRpVl3al.4V10HHoro nOTeHI.4V1ana Ha BonHOBYIO $YHKI.4V11O VlccneAyeTcR 
e pa3Aene 1, Ha ynpyroe pacceRHVle - B pa3Aene 2, OCHOBHwe pe
3ynbTaTw nepe4V1cneHw B pa3Aene 3. 

1. BOnHOBMI l1>YH I<L\I,HI 

3$$eKTVlBHO-ABYX4aCTVl4Hoe ypaBHeHVle WpeAIIlHrepa AnR S -BonHO~ 
BOi:1 paA~anbHoi:1 $YHKI.4V1V1 u~,k) VlMeeT B C.U.M. CTanKVlBalOU\VlXCR 
KnacTepoB BVlA 

2 2 2/l n an I{a + k - -V (r) - - + -0(1' - i ) u(r, k) = O. /4/ 
r -ti 2 r 21' 4 P8 

Ha nonynpRMoi:1 [~,oo) nOCTpOVlM npVl6nVl~eHHYIO /B aCVlMnTOTVl4eCKOM 
CMwcne kR ~O / $YHAaMeHTanbHYIO CVlCTeMY peweHVli:1 3Toro ypaBHeHVlR 
um(r, k ) ,m = O, 1, VlMelOU\VlX aCVlMnToTVlKVI 

U m(r, k) -. sin (kr - 11ln2kr + <V (k) + 17m!2) , /5/
 
r ~ 00
 

n:~e r; = n/2k - KynoHoBcKVli:1 nap aaer o, a <1J,(k) - nonaaa $a3a pacceR
HVlR Ha nOTeHI.4V1ane /1/. Ha nonynPRMoi:1 [r ,00), B cVlny CAenaHHblX 

v up 6 
pauee noennonose-uu- r s «r p _. R. MO~HO npeue pe4~ KOpoTKoAeVlcT-
BYIOU\VlM ~oTeHI.4V1anoM, a nonRpVl3al.4V10HHOe B3aVlMOAeVlCTBVle C4V1TaTb 
Manoi:1, HO AanbHoAei:1CTBYIO~ei:1 nonpaBKoi:1 K KynoHoBCKOMY B3aVlMO
Ae~cTBVlIO. CneAYR pa60TaM 3,8~ ypaBHeHVle /4/ MaCWTa6HblM npe06
pa30Ba.HVleM x =k 2[' CBE?AeM K ypaBHeHVlIO 

2 

k 2lk2 à; + p2 (x) }u(x. k) = 0, x ~ [,x ' 00), x = r /6/p p p 

c ManblM (k -+ o) napeae r poa nepen c r apuieã npOVl3BoAHoi:1. l1>YHKI.4V1R 
p2(x). paauaa 

p 2(x) = p2 (x) + bx -·4 e(x _ x ), 
c P 

rne p~ (x) = 1 - n/x , b = ank e/2, MOHOTOHHO eoapac r ae'r npVl x ~ x P 
VI n03ToMY VlMeeT B paccMaTpVlBaeMoi:1 06nacTVI OAVlH Honb 

6 2 12 
x o = n - a k R" /2 + O(kR ) , /7/ 

aCVlMnToTVl4eCKVI CXOARU\Vli:1CR npVl kR ~ O K n, T. e. K KOpHIO ypaBHeHVlR 
p2 (x) = O. AnR Haxo~AeHVlR npVl6nVl~eHHblx /B aCVlMnTOTVl4eCKOM CMblcne 
kft -+0 / peweHVli:1 ypaBHeHVlR /6/, VlMelOU\VlX aCIt1MnTOTVlKVI /5/, VlC
non~3yeM aCIIlMnTOTVl4ecKVli:1 MeToA peweHVlR AVI$$epeHI.4V1anbH~i ypaB
HeHL.1i:1 c ManblM napaae rpoa nepen c r apuieã npOVl3BoAHoi:1 13,8,91, KOTO
Pbli:1 B $Vl3V14eCK0C1 ruir eparype 12,10,111 06~4HO Ha3blBaeTCR MeTOAoM 
BK6, It1nVl KBa3V1KnaCCVl4eCKVlM npVl6nVl~eHlt1eM. HMnynbc k B ypaBHeHVIVI 
/6/ VlrpaeT 1111 porre KOHCTaHTbl Ilna-uce 11 B Vl3BeCTHOM 12,101 KBa3V1
KnaCCVl4eCKOM npVl6nVl~eHVlVI, AoCTaTo4Hoe ycnoBVle npVlMeHVlMOCTIt1 KO
Toporo AnR nOCTpoeHVlR npVl6nVl~eHHb1X peweHVli:1 ypaBHeHVlR /4/, co~ep
~aU\ero OTTanKIt1Ba~Vli:1 KynoHoBcKVli:1 nOTeHI.4V1an, BCIOAY KpOMe Man~x 

paccToRHVli:1 r «R, VlMeeT 121 BVlA kR «1. AnR npVlMeHI<lMOCTVI KBa 3V1Knac
cVl4eCKoro npVl6nVl~eHVlR B 06naCTVI ManblX' páCCTORHVli:1 Heo6xOAVlMO/ 10,111 

cneriar s 3aMeHY e(f + 1) -+ (f + 1Y2) 2 B op6V1TanbHOM MOMeHTe. Mbl He 
Vlcnonb3yeM TaKoi:1 MOAVI$VlKaI.4It1V1 nOTOMY, 41'0: Bo-nepBwx, peweHVlR 
ypaBHeHVlR /4/ npVl r<r p Hac He VlHTepeCYIOT, a ~O-BTOp~X, nOTOMY, 
41'0 BVlA RAepHoro nOTeHI.4V1ana VB He KOHKpeTVl3V1pyeTCR. AnR .HawVlX 
l.4enei:1 AOCTaT04HO ycnoBVli:1 /2/ VI 3HaHVlR TonbKO OAHoro napaMeTpa 
/RAepHo-KynoHoBcKoi:1 An~Hbl pacceRHVlR - ai, xapaKTepVl3y~ero 31'01' 
nOTeHI.4V1al1. 

~YHAaMeHTanbHYIO CVlCTeMY perneHVli:1 ypaBHeHVlR /6/ Ha nonynpRMoi:1 
U /<!lYHKI.4V1V1[xo+t,oo),rAe p2(X) >0, 06pa3YIOT / 9 - . 

-1/2 
u (x, k) ., [p(x)] B1n(1.t/J(X) + ..!!(2m -+ 1), m = 0,1. /8/ 

m k 4 

nplo1 aHanlt1TVl4eCKoM npOAon~eHVIVI Ha OTpe30K [x • x 0-( ],rAe p 2(x) < O, . P 
OHVI nepexOART COOTBeTCTBeHHO B $YHKI.4V1101 

u mexo k) = [(2 - m)2 Ip(x) Ir1/ 2 exp (2m - 1) ...!. t/J'(x) I . /9/
k 

~YHKI.4V1R t/J(x) onpeAeneHa KBaApaTypoi:1 

x 
~(x) I p(t) dt I, x ~ [x • 00). 

p
Xo 

3 



B AOCTaT04HO MaJlO~ OKpeCTHOCTH (x 0- s , X0+ () peWeHHR ypaBHeHHR
 
/6/ npeACTaBHM~ B BHAe JlHHe~H~X KOM6HHa~H~ $YHK~H~ 6eCCeJlR/9/.
 

$YHKUHH /8/, /9/ OTJlH4a~TCR OT T04H~X peweHH~ ypaBHeHHR /6/
 
Ha BeJlH4HHY nopRAKa O(kR). AJlR nOJlY4eHHR aCHMnTOTHK $YHKUH~ /8/
 
npH x »x o HCnOJlb3yeM npH6JlH}f{eHHe /3/
 

x b x 8 -1/2
cP(X) ... cP (X) + cP (X) = r p (t) dt + - f [ t P (t)] dt /10/

c cp . c . ü 2 c , 
X Xo o 

B npHMeHHMocTH KOToporo HeTpYAHo y6eAHTbcR, nepe~AR K nepeMeH
HO~ r H nOJlO}f{HB, B CHJlY paBeHCTBa /7/, xo=n. B~4HCJlHB HHTerpaJlW 
B CYMMe /10/, nOJlY4HM paBeHCTBa 

cP (x) = n J t (t - 1) - n In (~+~, t = x/n ,o 

cP (x) = ~jl:t (3t 2 + 4t + 8) , t = n/x ,
 
cp 15n 3
 

nOACTaBHB HX CYMMy /10/ B $OPMYJl~ /8/, nOJlY4HM aCHMnTOTHKH 
peweHH~ ypaBHeHHR /6/ npH x»n, HMe~utHe B TepMHHax nepeMeHHo~ r 
CJleAYlOutH~ BHA: 

u (r, k) ~ sin(kr - TI ln êkr + 8 + a + mn/2) , r »n/k 2 • /11/
m c ~ 

KYJlOHOBCKaR' BK6-$a3a 

-1 
8c (k) = lim k cP c (x) = 3_ + TI(ln TI - 1) /12/

4X"" 00 

H KYJlOHOBCKO-nOJlRpH33UHOHHaR BK6-$a3a 

8 (k) = Um k.,.l cP (x) = ~ k Õ /13/ 
cp x .... cp 15n200 

BocnpoH3BoART/3,6,ll/To4H~e 3Ha4eHHR CTapWHX 4JleHOB CBOHX aCHMn

TOT~K npH k .... O. PeweHHR ypaBHeHHR /6/ Ha OTpe3Ke [xp'x -d',o 
T.e. $YHKUHH /9/ 3anHweM B $aKTopH30BaHHOM BHAe: 

Um(X, k) = ([(2 - m) 21p (x) 1]-112 exp {(2m -l)..!..cP (x) Hp (x, k). /14/ 
c k c m 

3AeCb 
n 

" ri> c (x) =~ f lp c (t) Idt = n(17/2 - J t(1 - t) - arcsinJt), t = x/n , 
x 

a $YHKUHH P , TO}f{AeCTSeHHO paauue eAHHHue ripa IBbIKJlI04eHHOM" m
(a=~ nOJlRpH3aUHOHHOM B3aHMOAe~CTBHH, ~MeIOT BHA 

4 

P m (x, k) = g(x) exp l<2m -UQ(x, k ) I, /15/ 

rAe 

g (x) = I p (x) / p (x) 1 
112 

, /16/
c 

Q(x, k) = -
1 fn 

Ip'(t) I - [p (t) I dt • /17/
k a x 

B $OpMYJlaX /14/ MHO}f{HTeJlH, 3aKJl104eHHWe B $HrypHble cKo6KH, eCTb 
KYJlOHOBCKHe peryna pHaR F (m= O) H HpperYJlRpHaR OO(m=l) BK6-$YHK

o 
UHH/12/ npH TI »kr. BJlHRHHe nOJlRpH3aUHOHHoro B3aHMOAe~CTBl'IR OnH
C~BaeTCR $YHKUHRMH /15/, perYJlRpH~MH npM k = o. B 3TOM HeTPYAHO 
y6eAHTbcR. Ae~CTBHTeJlbHO, nepe~AR B paBeHCTBax /16/, /17/ K ne
peMeHHo~ r, nOJlY4HM paeeHCTBa 

s«. k) = (1 _ a/2r 3) -1/2, /18/ 

Q (r, k) = .r dt (I n/t - an/2t 4 - r;;;;.) , /19/ 

rAe k = O, r > r 
- p

06utee peureuue ypaBHeHl'IR /4/ npH r ~ r p sanaurea B BHAe 

/20/U + = cos au o + sín ou 1 ' 

o6ecne4HBaID~eM, B CHJlY paBeHCTB /11/, HY}f{HYID aCHMnTOTHKY /5/ 
c $a30~ ~ = Bc + B cp + ô. Hel-13BeCTHbl~ $a30Bbl~ CABHr a Ha~AeM, 
IICWl'lBa R" peweHHe u., B T04Ke r == r , rne OHO, COrJlaCHO paBeHCTBaM 

/14/, /20/, HMeeT Bl'IA 
p 

u+ = cos aFoPo + sín oG oP 1 

C 06utHM peweHHeM ypaBHeHHR /4/, KOTopoe npH r «r.<r paBHO
s - p 

u_ = N(cosB F o + sín ê cs Go) : /21/
as 

3Aecb 8 - caaa paCCeRHIt1R ua noreauaane Vc + VS ,N(k) - HeH3
CB 

BeCTHaR $YHKUl'IfI HMnyJlbca. (,13 YCJlOBHR u /r , k) = u _ (r ' k) l'I JlIt1p
He~HO~ He3aBHCHMOCTH KYJlOHOBCKHX $YHKLlHH ~JleAYIOT paBeHcTsa 

tg 8 = exp {-2Q } tg 8c B ' N = g-exp t-Q I cosa/coso c s ' /22,23/ 

rne $YHK~HH g H Q B3RTbI B T04Ke r = r • H3 /14/-/19/ cnenyer , ..'" 
4TO npH BWKJl104eHIt1H nOJlRp~3aLl~OHHoro B~aHMoAe~CTBIt1R ~=O) pa

BeHCTBa /22/, /23/ nepeXOART B TO}f{Ae~TBa o = aas' N(k) = 1. CJle
AOBaTenbHO, nOJlRpH3aLll'lOHHOe B3al'lMOAeHCTBHe /3/ nepeHopMHPyeT 

peryJlRpHYIO BOJlHOBYIO $YHKUIt1IO B 06JlaCTH O.::; r 'S.r p ,T .. e. AJlR scex 

5 



r ~ [O, f]
p 

~MeeT MeCTO paBeHCTBO 

u _ (r, k, a I: O) = N (k, a) u _(r. k, a = O). /24/ 

~3 onpeAeneH~R /21/ HOpMHpOB04Horo MHO~~TenR /23/ ~ paBeHCTB 
/18/, /19/ cneAYIOT HepaBeHCTBa N < 1 npa a < O ~ N >1 npa a> O, 
xoropue o3Ha4alOT, 4TO BKn104eH~e np~TRr~BalOU4ero /oTTanK~BalOU4ero/ 

nonRp~3a~~OHHoro B3a~MoAe~cTB~R YBen~4~BaeT /YMeHbwaeT/ B N2 

pa3 BepORTHOCTb HaxO~AeH~R ABYX 0AHO~MeHHO 3apR~eHH~X KnaCTepOB 
B oõnac r a RAepHblX PélCCTORH~~, rAe MorYT npO~CXoA~Tb Heynpyr~e 

peaK~~~. 

2. XAPAKTEP~CT~K~ ynpyrorO PACCE~H~~ 

S -oaaa ynpyroro pacceaaaa Ha no reauaane /1 / npa kR.«l npen
CTaB~Ma B B~Ae CYMM~ 

'<11 = ac + acp + a /26/ 

Tpex <J>a3, ~Me~~x cy~ecTBeHHO pa3Hoe nOBeAeH~e B6n~3~ nopora 
ynpyroro pacceRH~R. A ~MeHHo: np~ k~O KynoHoBcKaR <J>a3a /12/ 
HeorpaH~4eHHO y6~BaeT 

_ -00,a (k) .... - 111 In 111 /26/c 
k~O 

KynoHoBcK9-nonRp~3a~~OHHaR <J>a3a /13/ y6~BaeT KaK nRTaR CTeneHb 
~MnYnbca 

a (k)·.......! a R2 k 5 , /27/ 
cp 15 

<J>a3a a, CBR3aHHaR CooTHoweH~eM /22/ c RAepHo-KynoHoBcKO~ <J>a30~ 

a ,npeACTaB~MO~ B B~Aecs , 

acs (k) = - aC ~(71) ... -8(7T/R) (e 7T/ k R -1) -1 , /28/ 

rne a ... RAepHo-KynoHoBcKaR An~Ha pacceaana , yõuaae r np~ k ~ O 
3KcnOHeH~~anbHO, TaK KaK <J>YHK~~R Q /19/ ~MeeT B T04Ke k = O 
KOHe4H~~ npeAen. ~3 noporOBblX aC~MnTOT~K /26/-/28/ cnaraeMblX 
nonHO~ <J>a3b1 /25/ cneAyeT, 4TO np~ AOCTaT04HO H~3K~X 3Hepr~AX 

pacceRH~e o6ycnoBneHo B OCHOBHOM OTTanK~BalOU4~M KynoHoBcK~M 

B3a~MoAe~cTB~eM. TaK KaK <J>a3a /27/ y6b1BaeT np~ k ~O r-opasno . 
MeAneHHee <J>a3bl ac a exp(~Q). TO npa nlO6oM COOTHoweH~~ napa-

J cs ..MeTpOB .. a , R, a,., O cvuiec r ayer ~HTepBan (O.q) 3Ha4eH~~ ~Mnynb

ca k, rne la I » la I, T. e. npa AoCTaT04HO H~3K~X 3Hepr~AX CTonK
cp , , .... .. 

HOBeH~R KynoHoBcKo-nonRP~3a~~oHHaR ~a3a ABnReTCA AOM~H~pYlOU4e~, 

<J>~3~4eCKYIO ~HTepnpeTa~~IO. BepORTHOCTb npoxo~AeH~A MeAneHHbIM~ 

4aCT~~aM~, B3a~MoAe~CTBYIOU4~M~ c M~weHblO nocpeACTBOM nOTeH~~ana 

/1/, OTTanK~BalOU4ero 6apbepa Vc +Vp,OT KnaCC~4eCKO~ T04K~ nOBO
pora Ao T04K~ r =fp• paauaa Cft(71)exp(-2Q), akcnoaeauaans ao y6b1
aae r np~ k ~ O. B TepM~Hax KBa3~KnaCC~K~ 3TO oaaa-raer , 4TO n~Wb 

ManaR 4aCTb pacce~BalOU4~xcR 4acT~~ AocT~raeT o6nacT~ paccToRH~~ 

r ,<r p' rne Ae~cTBYIOT RAepHble canu , OCHOBHaR ~e AonR 4acT~~ np~ 

nOA6apbepHoM AB~~eH~~ ~cnb'TblBaeT n~Wb ~3MeHeH~e OTTanK~BalOU4ero 

KynoHoBcKoro nOTeH~~a~a, o6ycnoBneHHoe AanbHoAe~cTBYIOU4e~ nonR
p~3a~~oHHo~ nonpaBKo~. np~ HeKoTopblX COOTHoweH~RX Me~AY napa~ MeTpaM~ 8, R, a ypaBHeH~R 

Ia (k) I = 18 (k) I , a (k) + 8(k) = O /29a,6/cp cp 

pa3pew~MbI Ha ~HTepBane (O. q). rne q« R -1 
~ccneAyeM ypaBHeH~e /29a/. ~cnonb3YR paBeHcTBa /22/, /27/, 

/28/, CBeAeM ero K ypaBHeH~1O 

7T/Y = ln(l + C/y 5) /30/ 

OTHoC~TenbHO 6e3pa3MepHO~ nepeMeHHo~ y=kR ~ COAep~aU4eMY eA~H

cTBeHHbI~ 6e3pa3MepHbI~, nonO~~TenbHO onpeAeneHHbI~ napaMeTp 

16 , 2 a QC = -rrR I-I exp(-2 ). /31/
'4 a 

~3 p~C. 1, Ha KOTOpOM ~306pa~eHbI KOPH~'Y1 ~ Y2 ypaBHeH~R /30/ 
KaK <J>YHK~~~ nepeMeHHo~ C. cneAyeT, 4TO KopeHb 3Toro ypaBHeH~R 

Y1' YAoBneTBopRIOU4~~ HepaBeHCTBY Y1<1, CTpeM~TCR K HynlO np~ C~OO. 

CneAoBaTenbHo, /CM. /31//, 4eM 60nbwe 60POBCK~~ paA~YC, RAepHO-

dd 

E
j 

(K3B) 

0.8 
6 

" d"H 
l 

1
0,'/ 

pá2 I ---;-_ 

Cp 20 30 C a (4)M) 

no cpaBHeH~1O c <J>a30~ a, nonpaBKo~ K <J>a3e pacceRH~A Ha OTTanK~


BalOU4eM KynoHoBcKOM no r euuaane . 3TOT <J>aKT AonYCKaeT 'HarnAAHYIO PHc.,l PHC.Z
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(K3B) 

18 

22 

KynoHoBcKaR An~Ha paCCeRH~R 

~n~ MeHbWe nonapaayeaocr s a, 
TeM np~ 60nee H~3K~X 3Hepr~RX 

npORBnfllOTCR nonRp~3a,-,~oHHble 

3$$eKT~. YpaBHeH~e /30/ np~ 
O ~ Op = 14,5 ~MeeT KopeHb 
y 1 E (O, 1). Cnenoaarensuo ,
 
ecn~ 3Ha4eH~R napaMeTpoB a,
 
R" a r axosa , 4TO O» 14,5,
 

TO ypaBHeH~e /29a/ ~MeeT KO

peHb k 1= Y1 IR ç (O, q) . YpaB

HeH~e /296/ pa3peW~MO Ha 3TOM
 
me ~HTepBane np~ Tex me YC

nOB~RX, 4TO ~ ypaBHeH~e /29a/,
 
ecna , KOHe4HO sígn (aa) = 1. no


a (4)M) nY4eHH~e B~BOA~ AeMoHcTp~PYIOT 

p~c.2,3. Ha H~X ~306pameHa 

PHc.3 3Hepr~R /B C.,-,.M./ E 1 , COOT
BeTCTBYIO~aR KOpHIO k 1 ypaBHeH~R 

/296/, B 3aB~C~MOCT~ OT RAep~o-KynoHoBcKOR An~H~ pacceRH~R AnR 

C~CTeM c pa3H~M~ 3Ha4eH~RM~ 60pOBCK~X paA~YCOB. np~ B~4~cneH~RX 

Mbl Y4~TbIBan~ n~Wb nOnRp~3yeMocTb AeRTpoHa a = 0,7 $M 3 113{npe
He6peraR no cpaBHeH~1O c Hel71 nonRp~3yeMocTRM~ AAep 3 H , 3He 
~ 4He, paBHblM~ a = 0,07 $M 3/14~ 

~ccneAyeM nopor-oaoe noaeneune S -$a3bl /25/ AnR C~CTeM, napa
Merpbl KOTOpblX 0/31/ YAoBneTBopRIOT HepaBeHCTBY C» 14,5. B cny
uae sign(aa) =-1 ee aC~MnToT~Ka npn k -+ O ~MeeT B~A 

LJ 12 

{

O(k 5) 0.<k<k 1
 

'<ll(k) ô c (k) + O(2k 5) k .... k 1	 /32/ 

O(e -7Tn/k ) k 1'< k .« o • 

AnR sígn (aa) = + 1, KOTOPbl171 Mbl ~ 6YAeM ~ccneAOBaTb nanee , ~MeeT 

MeCTO ~HTepeCHoe $~3~4eCKoe RBneH~e, 3aknlO4alO~eecR B TOM, 4TO 
npa enorme onpeAeJ1eHHOM 3Ha4eH~~ ~Mn!,nbca k =k 1 $a3a /25/ 

üO(k 5)	 x k x k ; 

'<ll(k) -+ (k) + O k = k' l	 /33/õ 

k -+ O c { o(e -7Tn/k) k 1 <k .« n 

CTaHoB~TCR paBHol71 KynoHoBcKol71. CneAOBaTenbHO, S-BonHOBoe ce

4eH~e pacceaaaa Ha noreauuane /1 / np~ 3Hepr~~ E 1 = (tik1)2 / 21l
 
paBHo KynoHoBCKOMY
 

8 

:I 
a (E 1) = ac (E 1) = 47Tk ~2 sín s: (k 1) •	 /34/ 

3TO 06CTORTenbCTBO AaeT np~H,-,~n~anbHY~ B03MomHoCTb onpeAeneH~A 

nonapaayeaocr« a ~3 .aaHHblX 06 S - BonHOBOM ce4eH~~, ~3MepeHHOM 

B OKpeCTHOCTIII E .... E l' AnR onpeneneaua ~HTepBana 3Hepr~R, np~ 

KOTOPblX cyinec r aeauo npOABnRIOTcR nonapuaeuaoauae 3$$el<Tbl, pac
CMOTp~M, cnenyn pa60TaM 13,15,161, $YHK'-'~IO A(E, a) = -K -1 (E, a). 

I! $YHK'-'~R 
J: 

I)
 K(E,a) =0
0
2 (71)kctg(ô

cp 
+ô)+oh(71)	 /35/
 

I	 ripa BbIKnI04eH~~ nonapaaauuoaaoro B3a~MoAeRcTB~R (a =0) nepexona'r
 
B ~3BeCTHYIO 121 RAepHo-KynoHoBcKYIO $YH'K'-'~IO 3$$eKT~auoro paA~Y

ca
 

2	 1 1 2
K(E,	 O) = 0o(71)k ctgô C 8 + nh(71) = - a + '2 f o k + ... , /36/ 

~Me~YIO B T04Ke k = o KOHe4HblR npeAen. ~3 onpeAeneH~R /35/ 
~ paBeHCTBa /36/ cneAyeT, 4TO $YHK'-'~R A, ecn~ a = O, paBHa 
AAepHo-KynoHoBcKol71 AnlllHe pacceRH~R np~ nlO6~x A~cTaT04Ho Man~x 
3Ha4eH~AX 3Hepr~~. Ecn« a';' O, TO C YMeHbweH~eM 3Hepr~~ 3Ta' '$YHK
'-'~R B c~ny paBeHCTB /33/, /35/, /36/ OTK~OHAeTCR OT cBoeR ro
p~30HTanbHoR "aC~MnTOTbl" A=a B HeKOTopoR T04Ke E =E p' Aanee 
oõpauiaer ca B Honb B T04Ke E = E 1 ~ HeorpaHIII4eHHO y6blBaeT Ha 
nopore E = O 

A (E,	 a) _Ik 5 e 7Tn/k I• /37/ 
k-+O 

HC!lonb3YR 3Ha4eH~R An~H a = 0,65 $M 1161 ~ a = 1,03; 11,96 <1>M 115,17~ 
Mbl BbI4~cn~n~ $YHK,-,~IO A AnR pd -c~CTeMb' /CM. pn c , 4/. 3Ha4eH~R 
3Hepr~171 HyneR $YHK,-,~R A, Bbl4~cneHHble HaM~, cOBnc3J1aIOT.E 1,T.e. 
c nonY4eHH~M~ 4~cneHH~M peweH~eM ypaBHeH~R /4/ B pa60Te 161 
~ peweH~eM TpeX4aCT~4HbIX A~$$epeH,-,~anbHbIX ypaBHeH~R 13,15.171 • 

Ha pac , 5 ~306pa}l{eHbl $YHK'-'~~ A AnR' ner4aRw~x ,;+ -AAepHbIX 
C~CTeM. np~ Bbl4~cneH~RX M~ ~cnonb30Ban~ cneAYIO~~e 3Ha4eHIIIR 
Ilc~nbHblx" 7T- RAepHblX An~H pacceauaa as: a (7Td) = 0,079 l1>M 1181 

/ 19 /	 Ba s(7T 
3 He ) = 0,3 et>M , a s (7T 4 He) = 0,143 <l>M / 2 { «oropue , B cuny: 

~3BeCTHoro CooTHoweH~w'211a -1 = a-1 + R-i In (f IR), Mano OTnus s 
4alOTCR OT RAepHo-KynoHoBcK~X An~H, TaK KaK f s .... 0,33 $M, R .... 
....400 <1>M. 

Hecworpa Ha ManoCTb 7TA -AJl~H no cpaBHeH~1O c pd-AII~HaM~, 

norrapaaaunouxue 3$PeKTbl B pacceRHlII1II nuoaoa Ha ner4aRw~x AApax
t npORBnRIOTCR B ToR me 06naCT~ 3HeprlllR / .... 1 K3B/, 4TO 11I B cnY4ae 
J 

pd-pacceRH~R. nepeRAeM K onucaj-uuo nopor-oaoro nOBeAeH~A S -Bon
HOBoro ce4eHIIIR ynpyrorq pacceRHIIIR. TaK KaK $yHK'-'IIIR A(E,a) /37/ 
He !I1MeeT KOHe4Horo npeaena B T04Ke E == O, T. e. 06bl4Hoe onpene
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._~--~
~eCTBeHHO 3aB~C~T OT Ben~4~HbI n~Wb OAHoro napaMeTpa C /31/12~)~V-====1t01 j a=1'.!I640" , rME)(4),,) 1[+ 'lHe ~ MomeT 6b1Tb IlerKO o~eHeHa peweH~eM ypaBHeH~fI /30/ ~n~ nOCTpoe

D'~I I ~----, 
H~eM ~YHK~~~ A. Oxononoporoaue aC~MnTOT~K~ S -oa su ynpyroro21 r i 
pacceflH~fI B 3aB~C~MOCT~ OT 3HaKa npo~3BeAeH~fI aa ~Me~T B~Aff. .s«: I 

tt /3 2/ ~n~ /33/. B c nyvae aa > O, e cru- 3Hepr~f1 cr orucaoaeuaa OAHO
o I~i. ~MeHHO 3apflmeHHblX KnaCTepOB paaua E l' r Ae E 1 COOTBeTC TByeT-~:iuTJt i)-{ -x'd PHC.Si KOpH~ ypaBHeH~fI /296/, S-~a3a /33/ ~ ce4eH~e /34/ ynpyroro 

- I pacceflH~fI paBHbl KynoHoBCK~M. AeTanbHoe ~ccneAOBaH~e 3Toro flBPHc.4 O I,o 2 ElI,...... {K3B) 1 Eu,...... ( K 3B 
I neH~fI, ~Me~~ero, Ha Haw B3rnflA, BamHoe np~KnaAHoe 3Ha4eH~e, 

neH~e /36/ An~H~ pacceRH~R Ha nOTeH~~ane /1/ TepReT CM~cn~ 

TaK me KaK ~ H~3K03HepreT~4eCKoe Ra3nomeH~e 3~~eKT~BHoro pa
A~yca AnR aMnn~TYAbl f =: (2ik)-1 (e 2t:<Il _1), TO AnR Bbl4~cneH~R ce
4eH~fI B oxononopor-oaoa oõnacr« 3Hepr~~ (E < E p). cnenyer ~cnOIlb

30BaTb ero nepBoHa4anbHoe onpeAeIleH~e, T.e. paBeHcTBo a(k) = 
= 41T\f(k) 1 

2 • Ce4eH~e ynpyroro pacceRH~fI Ha nOTeH~~ane /1/ npeA
CTaB~MO B B~Ae CYMMbI Tpex cnaraeMblX 

o =:.a c + Cf'ti + 81Tk -2 stn oc sin ti cos cIl /38/ 

nepBoe ~3 H~X - KynoHoBCKoe ce4eH~e, KOTopoe np~ k~O, oc~~nn~

pya , CTpeM~TCfI K 6eCKOHe4HOC T~, KaK k -2, aropoe - RAepHO- KY no
HoeCKo-nonflpVl3a~~OHHoe ceveuue a6. =: 41Tk-2 sín 2!i, r ne !J. = o+0 cp , 

~Me~~ee, COíIlaCHO paeeHCTBY /33/, aé~MnTOT~KY 

O(k 8) O<k<k 1 

o!1 (k) ~ O k =: k1 /39/ 
k~O {O(k -2 e-217n!k) k 1 < k «n . 

TpeTbe oc~~nn~py~ee cnaraeMoe CYMMbI /38/, on~CblBa~~ee ~HTep

~epeH~~~ MemAY RAepHblM, KynoHoBcK~M ~ nonRp~3a~~OHHblM B3a~MO

Ae~cTB~eM, ~MeeT cneAy~~ee noporOBoe nOBeAeH~e: 

O(k S) O < k < k 1 

-2 
417k !1sin28 - s1n2ô O k=kl /40/c c 

k~O { 
11of k O(k-2 a- ) k 1 < k «n. 

H3 ~opMyn /38/-/40/ cneAyeT, 4TO pa3HOCTb ce4eH~~ Cf-a o6pac
UlaeTCR B Honb np~ k = O, HO y6blBaeT npa k .... O r-opaano MeAneHHee 
/cTeneHH~M, a He 3KcnOHeH~~anbHblM o6pa30M/, 4eM B cnY4ae OAHO~ 

KOpoTKoAe~cTBy~e~ nonpaBK~ /2/ K oTTaIlK~Ba~~eMY KYIlOHOBCKOMY 
B3a~MoAe~cTB~~. 

.. 
3. 3AKfl104EHHE 

BepXHRR rpaH~~a ~HTepBana 3Hepí~~, npVl KOTOp~X KynoHoBcKO
nonapaaeuaouaue 3<1J$eKTbl AOMIo1H~PYIOT HaA RAepHo-KynoHoBcKVlM~, cv
10 . 

Tpe6yeT 3HaH~fI cneAY~~~x 4neHoe aC~MnToT~K~ KynoHoBcKo-nonflp~

3a~~oHHo~ ~a3b1, Bbl4~cneH~~ KOTOPblX 6YAeT nOCBfI~eHa Hawa cneAY~
~afl pa6oTa. 

Bn~flH~e nonflp~3yeMocT~ M~weH~ Ha HeYnpyr~e npo~eCCbl PaCCMOT
p~M Ha np~Mepe peaK4~~ pd ~ lHe. Anfl aror-o BbI4~cn~M ~YHK~~~ 
R 2J = N 2(k, f p' a 2J ), (J =.1/2, 3/2 - nonHbl~ pd -crun-) , onucu
Ba~~~e, cornaCHO ~opMyne /24/, ~3MeHeH~e BepOflTHOCT~ HaxomAeH~f1 

pd-c~cTeMbI B 06naCT~ flAepHblX paccToflH~~, o6ycnoqneHHoe nonflp~
3à4~OHHblM B3a~MOAe~CTB~eM /3/. 

Ha puc • 6 ~306pameHbl $YHK~~~ R i = N 2 (k , r n- ai)' Bbl4~cneHHble 
no ~opMynaM /16/, /17/, /22/, /23/ np~ pa3n~4HblX 3Ha4eH~flX naT 
paMeTpa r ,a ~MeHHO f p = O,2R, 0,25R, O,5R, rAe R = 21,6 c!>M
60POBCK~~ paA~Yc pd -C~CTeMbl. B MacwTa6e ar or'o p~cYHKa ~YHK~~~ 

Ri cOBnaAa~T c ~YHK~~flM~ R3 ~3-3a cna6o~ 3aB~C~MOCT~ /22/, /23/ 
OT 3Ha4eH~~ flAepHO-KYIlOHOBCK~X An~H pd -p acceauaa , B Ka4eCTBe 

11,96 <!>M f 17 fKOTOPblX Mbl ~cnonb30Ban~ aI = 1,03 <!>M ~ a 3 =' • ~3 
p~c.6 cneAyeT, 4TO Y4eT nonflp~3a~~OHHoro B3a~MoAe~CTB~f1, B3f1
Toro B B~Ae /3/, cy~ecTeeHHO He ~3MeHfleT Ben~4~HY ce4eH~fI pa
A~a4~OHHoro pd -3axeaTa, Aame np~ AocTaT04HO ManblX, no cpaBHe
H~~ c 60POBCK~M paA~YCOM pd -C~CTeMbl, 3Ha4eH~flX napaae r pa f • 

P 

(Ri (f) -1)Jt 103 
-

'l,p = '1,3 cf> M 

~p =5,'1 <f> li 

I-

'" 'lp=' 10,8 «PM 

. . 

B 3aKn~4eH~e nOA4epKHeM, 
4TO Bce nony4eHHble pe3ynbTaTbI 
OTHOCflTCfI K nonflp~3a~~OHHOMY5 
B3a~MOAe~CTB~~ B~Aa /3/. Ha
n~4~e B ~opMyne /3/ () -<!>YHK
~MI1. ~ orpaH~4eH~fI f s «r p ~ R, 
HanaraeMble Ha napaMeTpbl,3T~ 

3 noaaonana HaM, Ilcw~BaRII Bon-
HOBYIO ~YHK~~~ B T04Ke f ::f p ' 
nony4~Tb COOTHOWeH~fI /22/, 
/23/, onpeAen~Bw~e Bce oco
6eHHOCT~ OKononoporOBoro no

1 
BeAeH~fI xapaKTep~CT~K ynpyroro 
paCCeflH~f1 B cnY4ae 3<!><!>eKT~B

Horo B3a~MoAe~cTB~fI /1/ •
1 J Eu,.u. (K3B) 

PHc.6 
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nYTIMBeB B.B., ConoB~oBa o.IT. 	 P4-86-346 
HH9Ko9HepreTHQeCKOe pacceKHH~ 9apKKeH~ QacTHq 
Ha 	 nonHpH90BaHHoH MHmeHH 

MeToAoM BKB HccneAOBaHM S-BOnHOBye ~K~HH~ tasw H ceqe
HHH pacceHHHK MeAneH~ QaCTH~ HAepHo-KynoHOBCKHN noneM. co
Aep¥~ nonHpH3a~HOHHoe BsaHMOAeHCTBHe. nOKasaHo. qTO yqeT 
TaKorO BSaHMOAeHCTBHK Heo6xOAHM npH AOCTaTOqao HHsKHX 9Hepra 
npeAno~eH cnoco6 o~eHKH BepxHeA rpaHHqY HHTepBana 9HeprHA. npH 
KOTOP~ c~eCTBeHHO npOHBnHmTCH nonHpHsqnHOHHYe ~KTY. 

Pa60Ta BynOnHeHa B na6opaToPHH TeopeTaqeCKO~ ~SRKH OHHH. 

Coo&aene ()fb.erumeHlloro IIIICtB1'yra lIJlepawx IICC.JJeJlOBaIIIIi. Jl.y6u 1986 

TIepeBOA T.~.UyM6paHc 

Pupyshev V.V.,-Solovtsova O.P. 	 p4-86-346 
Low Energy Scattering of Charged Particles 

on Polarization Target 


The S-wave function. phase-shift. and cross sections of:. slow particle scattering by a superposition of nuclear and 
Coulomb field containing the polarization interaction are 
explored in the framework of the WKB~ethod. It is shown that 
at sufficient low energies it is certainly necessary to take 
into account this interaction. The way of evaluation of an 
upper bound of the energy interval where the polarization 
effects play an essential role is proposed. 

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