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B nocnenuee apeMH KnacTepnaH Monenb aToMnoro Hnpa IIO!Ib3yeTCH on-

peneneHHbiM ycnexoM. CywecTayeT uenbiA pi!ll Haneuua, KOTOpbJe MO>KH o noaonb

uo npocTo o6oHCHHTb 3TOll MonenbiO. Cornacuo 3TOll Monenu, onpeneneHH~oie BHllbl 

nyK!IOHHbiX accounauuA anyTpn Hnep npOHB!IHIOT neKoTopyiD nunnaHnyane.nocTb, 

TaK, uanpHMep, nerKoe HllpO Li 6 
MO)KHO npencT8BHTb KaK KOM6uuauHIO a 

/1-3/ ' 
'18CTHUbl H nel!TpOHa , TUK)Ke uenbiA pHll CBOltCTB Hllp8 li MOMHO o6oHc-

HHTb MOlle!lbiO a +11
3 

/4, 51
• Monenb 

16 •11 
a+ a+ n a nocnenuee apeMK ycnew-

no npHMeHHeTcH ll!ISI OObSICHeHHll MHOI'HX xapaKTepHCTHK Slnpa Be 9 
no3TOMy I 

ecTeGTBeHHO, H3y'leHHIO B38HMOlleACTBHA 3THX HyK!IOHHbiX 8CCOUH8UHlt npunaeTCH 

6onbwoe auaqeuue npu o6ocuoaauuu KnacTepuoro cTpoeHHH aToMnoro Hnpa. 

C npyroA CTopoHbl, B03MO)KHO npHMeuenue ypaaneHHH <Panneeaa ll!IH pewe

HHSI Up06!1eMbl Tpex Te!l C cpaKTOpH3YIOlllHMCSI UOTeHUH8!IOM, rl03TOMY, eC!IH Kay

'IHTb B38HMOlleACTBKe llBYX K!18CTep08 C UOMOlllbiO cpaKTOpH3YJOWel'OCH UOTeH!IH-

ana H ycTaHOBKTb napaMeTpbl 3TOI'O UOTeHUH8!18, llOHBHTCH B03MO)KH0CTb uayqe

HKSI HeKOTOpb!X !lel'KHX Hllep, COCTOHlllHX H3 Tpex HyK!IOHKblX 8CCOUK8UHl!) Ha 6a

ae pewenug ypaaueHRSI ~nneeaa. 

gnp a 

181 
nono6H8SI aanaqa p8CCMOTpeHa, HallpHMep 

lie , paccMaTpnaaeMoro KBK a + n + p • 

ll!ISI OCHOBHOI'O COCTOSIHHSI 

.Hcuo, c 3TOA TO'IKH apeHHSI 6onbWoe auaqeuue uMeeT uccnenoaauue a -a 

aaauMoneAcTBRSI. Hayqag STy aanaqy, Mbl MO)KeM ucxonHTb ua uyKnou-nyKnou

uoro 838RMOlleACTBHSI, np11 STOM BBHllY H8!1H'IHSI 06MCH8 Me)KllY HyK!IOH8MH 3cp-

cpeltTHBHbiA UOTeHUH8!1, ORKCbiB810lllRI 838RMOlleACTBKe Me)KllY a - qacTuua-

MH, 6yneT Ke!IOKd!lbllbiM, nosTOMY K3y'leHUe C!IO>KHbiX '18CTHU C cp8KTOpH3YIOll!HM-

3 



CSI llOTOHUKSnOM HMeeT onpeneneHHOe onpaanaHHe, TBK K8K cpaKTOpH3yiOIUHitCH 

llOTeHUHBn HBnSJeTCH '!8CTHbJM cnyqaeM HenOKBnbHOI"'O B38HMOneACTBHH, 

a - qacTaua npencTaanSJeT co6olt HSCbJIUeHHyiO a nnoTHO ynaxosaHHYIO 

cacTeMy. TaK KaK aaaKMoneAcTBHe a - '18CTHU B Hnpe 11pOHCXOnKT Ha HH3-

KHX 8Hepl"'HHX (no 20 M3B) 1 TO MO>KHO npennonO>KKTb, 'ITO OHK aenyT ce6H 

K8K He38BHCKMbie o6p830B8HKH 6e3 38MeTHOit nonHpH38UKH K o6MeHa Me>Kny '18C

THU8MH1 BXOnSJlUKMK B a - 8CCOUK8UHH, 3anaqa a-a KMeeT nonryiO HCTOpKIO, 

/9-19/ 
0Ha 6b!H8 H3y'!eHa MHOI"'HMH 8BTOp8MH • YfTOI"' K3y'leHHH 3TOit aana'IH 

cnenyiOIUHil: Me>Kny a - '!8CTHU8MH KMeeT MeCTO cneuHcpK'!eCKOe HnepHoe 

B38HMOneltCTBHe 1 KOTOpoe npH f c < f < f O KMeeT xapSKTep 11pKT!I>KeHKH 1 npH 

r < r c KMeeM CKnbHOe OTT8nKHB8HKe, a npH f >r O OCH08Hb!M IIBn!le'I'CH KynOHOB 

CKOe B38HMoneltCTBHe. 

Hy>KHO OTMeTHTb, 'ITO He cymecTayeT cTa6KnbHoro Hnpa Be 
1 

, T.e. nee 

a - '!8CTHUbl C8H38HHOI"'O COCTOHHKH He naiOT. no-aHnHMOMy, Be
8 

HMeeT 

KB83HCT8UHOH8pHbiJI ypo&eHb H8 E = 94,5 K98 , KOTOpbiit a aanaqe pacceHHHII 

liOSIBnHeTCSI B BHne pe30H8HC8, Yfa 3KC11epHMeHT8 K3BeCTHO, 'ITO s cpaaa 

pacceHHHII MeHHeT 3H8K,. 3TO 03H8"!8eT, 'ITO a- a B38KMOneltCTBKe Ha MSnbiX 

paccTOHHHSJX HMeeT xapaKTep OTTanKKBSHHH. EbinO noKaaaHo, 'ITO naHHbie, nony

qeHHbie H3 pacceSJHHH Ha ManbiX 3HeprHHX, nocTSTO'IHbi nn11 onpeneneHHH Tpex 

/15/ 
napaMeTpoa noKanbHoro aaaHMonel!CTBHSJ • Hu>Ke paccMaTpH88IOTCSJ cjJaKTo-

pHayiOIUHecSJ noTeHuuanbi, cnoco6Hbie nopo>KnaTh OTTSnKuaaHHe Ha ManbiX pac-

CTOSIHHSIX, 

§I. AMnnHTy.ga pacceHHHSJ 

I 
npennonOMHM, 'ITO KynoHOBCKOI"'O B38HMOneltCTBHSI 110K8 He HMeeTCH, 

HaAneM BbipaMeHHe MaTpHUhi pacceHHHH a TOM cnyqae, Korna noTeHunan cno

co6eH Ol1HC8Tb OTT8nKHB8HHI!! H8 MSnbiX p8CCTOSIHliSIX, 8 9TOM cnyqae,KaK K3-

aeCTHO, 110TeHUK8nbHyiO 3Hepl"'HIO B38HMOneJ!cTBHR nonMHbl 6p8Tb B cnenyiOIUeM 

anne: 

<;I VI p .. '>~--1- ~ D.r vr(p) vp(p')-A rOr(p)Op(p')l Yn* (;) yrm(p'\,(1) 
1T f1 Pm I m 

4 

• 

.:,-,~! 
:lr~ 

·-I~: 

N-~-:~·:t 
. " 

~-
\~ 

1
, .. _ i 

. 

\ . 
.. 

1\ 

"'~ ;;! 

'

·.··J ~. ' 

·~a: 

.... 
~~}' 
{,_';' 

-~!! 

' 

rne I' - npKseneHHall Macca nsyx qacTIIU, A t II A l xapaxTE 

x) 
6HHY llOTeHuHana B3aHMOneiCTBHll • npR O.llJIH8KOBbiX 3Haxax 3THX 

IUeCTByeT B03MO>KHOCTb nony'leHHSI OTTanKH&aHHll Ha Man&JX paCCTOlll 

V r (p) K 0 f ( P) onpenenliiOT 8Hn aaaKMOll8ICT8KSI, 8 nanbHelwe~.~< 

aonHbJ acnonb3yeM HOpMapoaxy: 

1 k > .. 0 , r'h 

... ... .. 

...... 
l (k r) 

e 

< k 
0
1 k > .. 8 ( k - k 0 ) 

noaTOMy cpypb8-o6pa3 onpeneneH cpopMynol 

1 l(k:) .. 
vf(k).. / fe v (r)dr 

(2,)sz· f 

YpaaHeHKe llipellKHI"'epa nnsr CB!I3aHHOI"'O COCTOSIHHII 8 cnyqae HenOK• 

HMO.IleiCTBHII JIMeeT cnenyiOIUKI aan: 

( p 
2 

+II 
2

) '11 (;) .. - 2 f1 f < p I v I ; '> "' ( p') d p' , 

rne 

a 2 -2jlf, 

a f srsnsreTcsr 3Heprael CB113K nsyx Ten. 

noncTasnsrR s~o~pa)l(eaae (I) 8 (4) a pewa11 nony'leHsoe KHTeJ 

HeRne nnsr panaanbHol aonsoaoA cpyHKUHH, nonyqaeM: 

Rf ( P) .. 
Nr Af lvp(P)-0 (p) Aph(i'2'(a) 

f I 
l+A h!2l()' 

f f II 

2 2 
• + p 

a 3HeprKll CB113H onpenenli8TCII 113 ypa8H8HHII 

2 
[1-A• h~ 11(a)l£1 +A h( 21 (a)J+.\PA h( 1

'
21 (a)•O 

r r f P f P 

x) 2 
3TH senH'IHHbl OTnH'IaJOTCll MHO)I(HTeneM 2 11 OT OObi'IHO ynoTp 

5 
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M HM88T onpeaeneHH09 onpasaaHHe, TBK xax cpaKTOpH3YIOWHACll 

HeTCll 'IBCTHbiM Clly'IaeM H9liOK8llbHOrO B38HMOtleACTBKll, 

CTHUB npetlCTBBllli9T co6oll HBCbiW9HHYIO K fil!OTHO ynaxosaHHylO 

KeK B38KMOtleliCTBHe a - 'IBCTHU 8 lltlpe npOKCXO.tlKT Ha HK3-

( tlO 20 M9B), TO MO)I(HO npetlllOliO)I(KTb, 'ITO OHH seayT ce6H 

bie o6pB30BBHHll 6e3 3BMeTHOll llOllllpH38UKK K o6MeHa Me)l(tly qac-

WHMH B a - accouKBUKK, 3aaaqa a- a KMeeT aonry10 KCTOpHIO, 

/9-19/ 
• Y!Tor H3y'IeHKll 9TOA 3Btla'IK qeHa MHOrHMH BBTOpBMK 

e)l(tlY a - 'IBCTKUBMH KMeeT MeCTO cneuKcpH'IeCK09 lltlepHOe 

He, xoTopoe npH r" < r < r 
0 

KMeeT xapaxTep npKTH)I(eHKH, npH 

HllbHOe OTTaliKHBaHHe, a npH r >r O OCHOBHbiM ll8llli9'1'Cll Kyl!OHOB 

lel!CTBHe. 

OTMeTHTb, 'ITO He cyWeCTByeT CTa6KllbHOrO Htlpa Be
1 

, T.e. Jl.Be 

·I CBli38HHOrO COCTOHHKH He tl810T, no-BHtlKMOMy, Be
8 

KMeeT 

pHbiJI yposeHb Ha E ~ 94,5 K9B , KOTOpblll B aaaaqe pacceHHKll 

BHtle pe30HaHca. Yl3 9KCI19pHMeHTa H3B9CTHO, 'ITO s cpaaa 

HHeT 3H8K, 3TO 03Ha'l89T, 'ITO a- a B3aHMOtl9liCTBH9 Ha MallblX 

IHMeeT xapaxTep OTTBliKKBaHHH. EbiliO noxaaaHo, 'ITO aaHHbie, nony

cceHHKH Ha M8llb!X 9HeprHHX, tlOCTBTO'IHbl tlllll onpeaeJieHHH Tpex 

/15/ 
oxanbHoro B3aHMOtlellcTBHH • HK)I(e paccMaTpHBalOTCH ciJaxTo-

llOT8HUK8llbl, CI10C06Hbi8 110pO)I(tlaTb OTTal!KHBaHHe Ha MallblX pac-

§ 1. AMnJIHTypa pacceHHHH 

lJO)l{HM, 'ITO KYJIOHOBCKOrO B3aHMOJl9l!CTBH51 noxa He HMeeTCll, 

a)I(8HHe MaTpllUbl pacceHHHll B TOM CJiyqae, KOraa llOTeHUHaJI cno

b OTTanKHBBHHe Ha MaJibiX paccToHHHHX. B 9TOM cnyqae,xax Ha

HllKaJibHYIO 9HeprK!O B38KMOtleJICTBHH tlOJI)I(Hbl 6paTb B CJietly!OWeM 

_1_ ~ [l.,p vp(P) vp(p')-A POP(p)Op(p')l Yp* (p)Yt (p'\,(1) 
"11 Prn m m 

4 

.. 

".J'I!\' 

·~~?.> 

.i 
l 

,f'J. 
:';i 
"' ._, .. ;~, ,' 

I 

···! 

'>t, 
r :·:ifr 

' it\ 
:l :~ 

' 
1.;, 

rae I' - npKBe.aeHHaH Macca .aByx 'IACTIIU, A t II "t xapaxTepii3YIOT rny-

x) 
611Hy llOT9HUH8lla B3811MO.Cl9ACTBHll • npH O.Q11118KOBbiX 3Haxax 3THX 118liii'IIIH cy-

W9CTBY9T BO~MO)I(HOCTb nony'leHHll OTT8JIKKBAHHll HA Mail&IX paCCTO!IHIIliX, <l>yHKUIIK 

Y t (p ~ H 0 f ( P) onpeael!HIOT BII.Cl B38HMO.aeltCTBKll, B .aanbHeAweM tlllll llliOCKOA 

BOJIHbl KCROilb3Y9M HOpMHpOBKy: 

1 k > • c 2lr r'h 
.... 

ll k • , 
e 

<k
0
lk>-B(k-k 0 ). 

no9TOMY cpypbe-o6pa3 onpe.aeneH cpopMynoA 

1 l(k :, .. 
vf(k)• / (e v (r)dr 

(2rr)'2' p 

(2) 

(3) 

Ypaaxex11e UJpe.aiiHrepa .anH CIIH3AHHoro cocTOHHHH a cnyqae xenoxanblloro aaa

HMo.aelcTBHH IIM89T cne.ayiOWHll BH.a: 

(p
2

+cz
2
)'1'(p)•-2p J<piVI;'>'I'(p')dp', (4) 

r.ae 

Cl 
2 

- 2" f • (5) 

a !lllllli9TCH SHeprKel CII!13K .ClBYX Ten, 

n O.QCT811llllll llblp&)l(eHHe (I) B (4) H peW All nony'leHHOe KHTerp&llbHoe ypaa

HeHHe .Qllll pa.aHanbHOI IIOliHOBOit cpyHKUHH, nonyqaeM: 

Rf ( P) .. 
Nf At 

2 2 
a + p 

lvp(p)-O (p) Aph(l'2'(a) 
f . I 

1 + A h( 2 l ( ) ' 
f p a 

a SHeprHR CBR3H onpe.aenRaTCll 113 ypaaHaHHR 

2 
[ 1 -A h ( 1 1( a ) )[ 1 +A h( 21 (a) 1 +A A h11

' 2 l {a ) • 0. 
ff ,, ,,, 

(6) 

(7) 

x) 2 
3TH B9liH'IHHbl OTliH'IaiOTCR MHO)I(HT9li9M 2 IT OT OObi'IHO ynoTpe6nR9MbiX. 
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B STIIX <PopMynax N t - HOpMHp080'IHblA Koscpcp11u11eHT, 8 881111'111Hbl hill 
t 

(2) h''· 2) h f 11 t onpe.aensnoTC!I cne.ayJOlUIIM o6paaoM: 

2 
b111(a) =- f 
t 7T 0 

2 2 
vr(q)q dq 

q 2 + a 2 

(I, 2 l 2 foo 
h (a)=-

t 7T 0 

(2) 2 .. 
h (a)•- f 

t 
" 0 

2 
vf(q) Of(q) q dq 

2 2 
q +a 

2 2 
ot c q > q d q 

2 
q 

2 
+a (8) 

51cno, 'ITO 8 '18CTHOM cnyqae, Kor.aa 
/20/ 

A p H P • 0 , nony'IHM pemeu11e 

.an11 npo6neMbl .aeATpoua 

R 
0 

(p) - const 
v 0 ( p ) 

a2 + p 2 

2 2 
v ( q) q d q -I 

>.0 
( ll . 2 

- h (cr) =- f 
2 2 0 rr a + q 

(9) 

( 10) 

PaccMoTpHM Tenepb aa.aa'ly pacceHHH!I, T - M8Tpnua pacceHHII!I onpe.ae-

IISI9TCSI HHTerpallbHbiM ypa8H9HH&M 

< P .. l T ( z ) I ; '> = < ; I v I ; ' > + 2 p. f < ; I v I ~ > < ~I T ( z ) I ; • > d q ( 11) 
2 2 

k -q +if 

Ecn11 M&TpHuy pacceHHHSI paano>KHTb no c<Pepa'leCKHM cpyHKUIISIM 

<PI T(z)lp'>=4rr I <PIT (z}lp'>Y* (;)v. (~'·> 
p m f f m rm 

(12) 

H 8CDOMHHTb onpeaeneHHe 8MDIIHTY J:lbl pacceSIHHSI ;C DOMO!UbiO T - M8TpHUbl, 

nony'IHM 

1 
k 

18p 2 ' 
e sinS =-4rr p.<piT (z)IP > 

p p2=p'2=2p.a 
( 13) 

noaCT8811SISI DOTeHQH811 ( 1) 8 cpopMylly ( 11 ), nerKO H8ATH M8TpHUy p8CC9!1HHSI, a 

npnMeHSISI pa8eHCT80 ( 13), uenocpe.acT89HHO nony'IHM <PopMyny, npnroaHyJO 

.anSI npo8eaeHHSI <Paao8oro auanuaa: 

6 

• 

).~ 

" -;~ 

·-rr~ 

.l··· .. ;:rr·.j c !I( ~I 
',_.;,' 

,, . 

(
~J 

' 
' 

< 
~ 

< • ',1 

I . 

r.ae 

kcotg8 • 
t 

cll(k;>.r,Ar·•·h> 

l(l(k;>.f,Af, a,b) 

ell. [ 1 + >. r z r < 11 > 1 [ 1- A r y ,o > 1 + >. r A t , t < 11 > , 

2 2 2 
1(1.>. v (It) -A O,(k,->. A [y (lt)v,(k)+zf(k)O.(k)-2v0 (k) tt ,, ,,, ' [ 

B sTax <PopMynax a B h - 8911B'IBHbl, BM810lUB9 p83M9pHOCTb, o6p 

.lliiBBe,-xapaKT9pR3YIOT pa.aayc DOTeBUII8118 83ABMO.ll9ICT8HS1i a Z f 

onpe.aenSIJOTCSI cpopMynaMB 

2 2 
2 .. v f (q) q d q 

z • ( k ) - - p f _;;;-~--=--
[ 7T 0 k2-q2 

h(l) (lk ), 
f 

2 2 
2 .. or(q)q dq 12> 

y (k)-- p f 2 = - h f (I k ), 
r rr " k -q . 

vf(q) Of(q)q2 dq ! 1,2) 

2 2 = - h r (tk >. 
k -q 

2 z (k)•-Pf 
f rr o 

B qacTBOM cnyqae A -->. H 2>. .. >, cpopMyna (14) .aaeT 
0 0 0 0 

2 2 
v (q) q d q 

o I . 
.. 

1 
k cotg8 o .. v 2 ( k) 

0 

_ 1_+2_P f 
>. rr 

0 
k2- q 2 

Ecna a K&'I9CTBe 

1201 
v ( k) 6p&Tb aaaHMoaeAcT811e IOK&8bl v ( k ) "' (a 

2 

0 0 

TO 

2 2 2 2 2 
a + k (a + k ) 

k cotg8
0 
--a+ 

___ ... 
-. 

2a >.0 

PaccMoTpHM Tenepb HeKoTopbte 'ISCTHbte cny'lall, 

l. ,llonyCTIIM, 'ITO f • 0 H 8 ( 1) K8K Y (k) , T8K II 0 (k) DI 
0 0 

IISIIOT DOT9HU1181lbl lOKaBbl: 

1 1 
0 ( k ) .. 2 b2 

' 0 k + 
v(k)• 

2 
2 

o k +a 
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N t - aopMapoeo'IHbiii xos<iJqnlulleHT , a &enR'IIIHbl 

onpe.llensnoTCSI cne.llyiOIUIIM o6paaoM: 

h[ ll 
t 

2 2 
vy(q)q dq [2) 2 .. 

h (a)•- f 
2 2 o, ( q) q d q 

I 2 r 
f " 0 q +a (8) 0 

2 
q + a 

[I, 2 l 2 foo 
h (a)=-

, , 0 

2 
v,(q) o,(q) q dq 

2 2 
q + Cl 

qacTHOM cnyqae, xor.lla A f 
/20/ 

H P • 0 , nony'IHM pemea11e 

IITpOHa 

-I 

.\0 

v 0 ( p ) 
R (p) "'const -~--

o a2+ p2 

2 2 
v (q) q dq 

·h[ll(a)=-2- f 
0 2 2 

a + q 
, 

(9) 

( 10) 

Tenepb aa.lla'ly pacceHHHH. T - MaTpaua pacceHHIIH onpe.lle-

biM ypaeHeHKeM 

.. ..... ... .. ... . ... 
"'<pJVJp'>+2~t f <pJVJq><qJT(z)Jp'>dq 

2 2 - • (11) 
k -q +if 

C9SIHIISI paanO)I{HTb no c<iJepH'IeCKIIM <iJyHKUIISIM 

z)J;'>=4rr ~ <pJT.(z)Jp'>Y* (;)Yn (~',) 
f m r f m r.m 

(12) 

.lleneHJie aMnnKTy .llbl paCC9SIHII!I C fiOMOIUbiO T - M8Tp11Ubl, ' 

l[ip 2 
e sin[i =-4rr ~t<PJT (z)Jp'> 

Y p2=p'2=2~tz (13) 

Hull an ( 1) 11 <iJopMyny ( 11 l, nerxo HaiiTK MaTpauy pacceHHRH, a 

'80 ( 13), H9UOCp9.llCTBeHHO nony'IKM <iJopMyny 
1 

npKPO.llHyiO 

¢aaoeoro aaanaaa: 

6 

.. 

''·~rf lif 

j ... , .... : '·'·:t, 
•' .. 

·t·~. 
~ 1 

~· /,1' 

.ft 
!iii. t 
'\\ 
,:,·., 
" '• 
' ,, 

··.~.· 
~~. 

·~· »\ 

~I 

.. 1
:.:, ~ 
'· 

.·;,~ ,. 

'( 
I 

'I• 

r.lle 

k cotg 8 • 
l 

411Ck;>.t,Ar·•·h> 

'l'(k;.\f,Af, a,h) 

411. £ 1 + >. r z r c 11 > 1 £ 1 - A r y ,o >J + >. t A t :r t < k > • 

( 14) 

(15) 
2 2 2 

'I'•.\ v (k) -A 0 (k,-.\ A (y (k)v (k)+z.(k)0
0

(k)-2V,(k)0
0
(k)z

0
(k)]. 

Pf Pf fPP Y r r r r r 

B sTRX <iJopMynax a R b - B8UR'IRHbl 1 RMeiOIU118 pa3MepHOCTb1 o6p8THYIO 

.llURHe,-xap81tT9pR3YIOT p8.llRYC UOT9HUII8n8 B38RMO.lleiiCTBKSil 8 ll f 

onpe.ll8USIIOTCH <iJopMyU8MR 

2 
2 .. v f (q) q 2 d q 

xf(k)•-pf 2 2 
, 0 k -q 

h(l) (lk), 
f 

2 2 
2 .. Oe(q)q dq (2) 

y (k).- p I 2 = - h f (I k ) ' 
r , n k -q 

y f • z t 

(16) 

vf(q)Of(q)q2dq (1,21 

2 2 = - h r Ctk >. 
k - q 

2 
:r (k)--PI 

f , 0 

B '18CTHOM cny11ae A 
0 
•-\ a 2.\

0 
.. .\

0 
<iJopMyna (14) .ll88T 

1 
k cotg8 0 • v2(k) 

0 

.. 
_l_+.l_P I 
.\ , 0 0 

2 2 
v (q)q dq 

o I . 
k 2- q 2 

( 17) 

Ecn• B xa'lecTee 

/20/ 

2 2 -1 
v ( k) 6paTb eaaHMO.llellcTBI!e IOK&Bbl v ( k ) = (a + k ) , · 

0 .. 0 

TO 

k cotg8
0 

•-a + 

2 
a2+k2 (a2+k2) 

( 18) 2a .\0 

PaccMOTpHM Tenepb HeKoTopbie qacTHbie cny'lall. 

I. lJ.onycTIIM 1 'ITO f • 0 R B ( 1) K8K V (k) 1 TaK II 0 (k) npe.llCTae-
0 0 

USIIOT UOT8HUHanbl .IOKSBbl: 

v (k)"' • 2 • 0 (k) .. ___,,:;---.,---
0 k2+ 8 o k2+b2 

(19) 

~ 7 



$1cHo, 'ITO xor,o;a .\ A > 0 11 8 f. b , Ha M&nblx paccTO!IHHSIX noTeauaan ( 1) no-
o 0 

po)l(.naeT OTT8nKIIB8HHe. B aTOM cnyqae npHMeHliiOTCll &blwenonyqeHHble tjlopMy-

nbl, r.ne 

z (k ) - 2 2 
0 b - 8 

b 

k 2 + b 2 
8 2 l ' 

k 2 +a 

ax
0

(k)H y
0
(k) nony'I&IOTCSI aaMeHolt a z

0
(k) a .. b 

AaanorH'IHO 

-1 
h 1 1• 21 (a ) e [ ( a + a ) ( b + a) ( b + a) l 

0 

( 1) ( 21. 
8 b (a) H h ta) nony'ISIOTC!I 38M9HOit B 

0 0 . 
h

11
'

21
(a) 8 .. b • 

0 

2. PaccMoTpHM cnyqalt, xor.oa 

1 
v (k) .. 

2 
,0 (k)•-ainkr 

o a +k2 o k " 

(20) 

(21) 

(22) 

BTOpOit qneH COOTBeTCTByeT DOT9HUII8nbHOit CT9HKe, KOOp.llHH8TH09 Dp8.llCT81Sn9HII8 

/21/ 
KOTOpOi! HMeeT Bll.ll 

lim 

Ao .... 

Ao 

Brr~t 

8(r- r ) B(r'-r ) ___ ...::" " (23) 

r' 

B aToM cnyqae noTeHuHan nopo)l(.oaeT 6ecxoHe'IHoe OTTanKIIJS8HIIe B TO'IKe r .. r e 

npHMeH!Ill tjlopMynw ( 16), nony'IHM 

1 2 8
2 sin2kr 

X (k ) .. ( 1 - --- ) y ( k ) e - c 
0 28(k 2 +a 2 ) a

2
+k

2 
' o 2k 

z ( k) .. 
0 

e-a•e-coa k J., 

k 2 + 12 

'ITO, cornacHo tjlopMynaM ( 14) H ( 15), .oacT 
1211 

r.ne 

€ 
kcotg8e--kcotgkr, 

Q " 

8 

(24) 

(25) 

'.1~".'1 ' ~ :','_,i\· ', 
,\,: II< 

~ . 'I 
~ t\~ .• ~ ' 

~;;~:~, 

'I 

''''·' 
, ilii "· .. ~q 

-~~ . .i, 
. ''.<:':II ·· .. '·:·:.1 tt.<t, 
,:Jih 

')~~~~~ 
"~~.} 

"~·tl' 
.. · .. ··:·i I 

,·~::•'. 

t 
,I 

''i 
·~ 

·.'"~¥ .. ';! 'df 
·~: ' 
·~~ 
·~f\t' 

V\~'t 
.;t 

... 

~~~~~ 

'; .. ~~ .. ~, .. lt 'l! 

"•r 

I 

• I l 

Fl- __ k __ e -tar., 

ala k r 
c 

-ar 
Q•2e "-coakr 

c 

alnkr., (k2+az) 2 
8 k2 

---[ --+--1 
k >. 

0 
2 2a 

A aHeprHll cBli3H onpe.oengeTCR 113 ycno&HH 

DOCKOnblliY 

1 -
Ao 

28(a+a) 2 

4 a a 
1---2-

(a -a) 

-ar 0 -ar 2 
( e - e ") 

1 
-2a. 

- e c 

hill_ l h(2)-
-2a •c 

1 - e ( I, 2 l 
h 

o 2 ' 0 
2a(a+ a) 2a 0 

l = 0' 

e-a •• 
a2 

BonHOB8ll tjlyHKUII!I 6y .neT HMeTb BH.ll ( 6), 'ITO B KOOp.llHH8THOM ope 

.ll8CT: 

-a r -cr:r h
11

'
2ta) 

0 
-ftlr-rl -a(r· 

e "- e 
R 

0 
( r ) .. coattt I 

r 

e -e 
2 2 

a - a h1 21 (a) 
0 

2a 

Hcao, 'ITO aonHo&all tPYHIWHll B TO 'IKe r • r c o6pa!llaeTcll B Hynb 
1 

I 

8 Dpo6neMy .llBYX Ten T8K )l(e nerxo MO)I(HO BKniO'lHTb CDHH-: 

B38HMO.ll9ICTBHe. HanpHMep, Mbl MO)I(eM B3!1Tb B38HMO.llliiCTBHe H) 

CDHHOBOit 'l8CTHUelt B cne,lly!Olll8M BH,lle: 

... ... 1 " ...... 
<p!V!p'>•-- I v.(p)v (p')Y* (p)[.\ +A (u0l 

IT IL fm ' r fm f f 

II pH STOM A • 0 ( T8~ X8K B COCTO!IHHH f,.O CDHH-op6HT&nbHOrO 
0 

CTBIIll ReT) • .llns M&TpHilbl paccesHH!i nonyqaeM tjlopMyny: 

.. .. 1 
<p!T(z)!'p'>e--- I 

IT p. f J mJ 

Jill " Jrn~ 
l(v ( p ) t ( z) v ( p ') 1!1 1 ( p ) !! • 

f PJ r f1/a r1/2 

Bwpa)l(eHHe tt J (z) onpe.nengeTCll cne.ny!OlllHM o6paaoM: 

tfJ (z)• 
A f J 

1 + 
2 Ar 1 

.... v ~ < q > q • d q 
-- f 2 2 

k -q +It IT 

9 



A >0 11 a .;. b , Ha Man&Jx paccTOSIHRSIX noTBHilRan ( 1 ) no-
o 0 

e. B aTOM cnyqae npHMBHSIIOTCH Bblwenony'leHHble !l>opMy-

b 

b 2- a 2 k 2 + b 2 

_a_l. 
k 2 + a 2 

'ISIOTCSI 38MBHOit B Z ( k ) a _. b 
0 

-1 
h 1 1• 2 1 (a ) e [ ( a + " ) ( b + a) ( b + a) 1 

0 

(I, 2} 
) nony'ISIOTCSI 38MBHOII. B h O (cz) a _. b • 

KOrJla 

1 v (k)"' 
2 

, 0 (k)e-sink r 
o a +k2 o k e 

(20) 

(21) 

(22) 

DOTBHQ118RbHOit CTBHKB, KOOpJlHH8TH09 npeJlCT8BRBHI!e 

A 
0 

8(r-r ) 8(r'-r) 
------~" e 

(23) 

BrriL r' 

ROpO)I{)lSeT 6eCKOHB'IHOe OTT8RKHIISHII9 B TO'IKB r "' r e 

(16), nony'IHM 

2 

2 f1-
2

a ( k + a 2 ) -2- 2 1 ' y ( k ) - sin 2 k r 
a +k o -- e 2k 

z
0
(k) .. 

e-"'"-cos k r., 

k 2 + a2 

( 14) II ( 15), JlSCT /21/ 

€ 
kcotg8=--kcotgkr, 

Q e 

8 

• 

(24) 

(25) 

".'1'.: .. '·1 
;:;:.\ \I 

·j~'il :· 
.,. ... ,1 

i~:~~\~-,1 
,1_,1-,; .. ,}£~ 

";''~~f 't\\ 
··\~;\ 

.• ,:.·:~· .1: •• ~y ':'\ 
·~::~·.·~ i 
/~i) 

;.~:;~: 
,;~,~ 
~1~ .. ( 

:· ·:~;~~ 

, 
~\ 
~ 
' .. :/ 

'• ' 
·i/". 

;li' ·-~~ ··~~l'',.ll 

. 

1). ~ ··1: 

.~"~~ i,\~ ..•. ' '·'\1 
1: 

,·.· .. , 

If 

(I 
.~'' 

Fl- _k_ 
sill k r 

c 

-2arc 
e • 

sinkr., (k2+a2) 2 a k2 

---[ --+--1 
k >..

0 
2 2a 

-ar 
Q "' .2 e "- cos k r 

" 

A aHeprHH CBSI3H onpeJlenHeTCH 113 ycno&HSI 

DOCKORbKy 

Ao 
1 -

-a r 0 -a r 2 
4 a" ( e - e ") 

2 a (a + ")1 1----2 
(a -cz) 

1 -

hill .. 1 h(2}-
o 2 ' 0 2a(a+cz) 

-2a ro 
1 - e 

2cz 

-2Cl 'c 
e 

( I, 2 l 
h 

0 

1 = ~. 

-Ar -cz r e e-e e 

2 2 
Cl -II 

(26) 

(27) 

(28) 

. (29) 

BonHOBSSI !l>yHKUIISI 6yJlBT IIMBTb BHJl (6), 'ITO II KOOpJlHH8THOM np9JlCT8BneHHH 

Jl8CT: 

-a r -cr:r 
e -e 

h (I, 2tcz) 
0 

-«Jr-r.,l -cz (r+r.,J 
e - e 

R o ( r ) • COD~tt I 
r 2 2 

" - a h( 2 J (" ) 
0 

2cz I· (30) 

.RcHo, 'ITO IIORHOII8B IPYHIWIIB a TO 'IKe r • r c o6pawaeTcB B Hynb 
1 

R ( r e ) • 0 • 

8 npo6neMy JlBYX Ten TSK )1{9 nerKO MO)I{HO BKRIO'IHTb CDJIH-op611T8nbHOe 

B3811MOJlBICTBH9, HanpHMep, Mbl MO)I{BM B3SITb B38RMOJleltCTBHe HYKROH8 C 6ea

CDIIHOIIOit '18CTIIUBit B cne)lyiOWeM BIIJle: 

.. .. 1 " .. ... " 
<pjVjp'>·-- I v,(p)v.(p')Y! (p)[>..p+A.<u01Y (p'l(

3
l) 

rrjL fm r lm l fm 

npH STOM A • 0 ( T8K KSJ[ B COCTOSIHRH f,.O CRHH-op6HT8nbHOrO B3811MOJlelt-
0 

CTBIIH HBT) • ,llna M8TpHilbl p8CCBSIHHSI nony'l&eM !l>opMyny: 

.. , ( >!' .. ' 1 < p T z p > .. _ --
"P. 

! ,I Dll 

J m " J m ~ " 
l(v (p)t (z)v (p') ~ 1 (p)~P (p'). , ,I p ft/2 1/2" 

B~o~pa)l{eHHe tf 
1 

(z) onpeJlenHeTCH cneJlyiOWIIM o6paaoM: 

A f I 
tfl (z)• 

~ r v~(q)q2 dq 

, • k 2 -q 2 +it 
1 + 

~ 9 

(32) 

(33) 



rJle 

A •A +A 1 
l J t t lJ 

.,, { 
t • j - t + l/2 • 

-( t + 1), j - t- 1/2. 
J ID J 

, (p ')- 113B8CTH8JI ll!yHJtlliiS 
t l/2 

Jm ~ ~ 

11,
1
1 (p) .. I dl/2m m!Jm >Y (p) 

t l I 111 m f • I fmf 
t • 

)(l/2 

Yq11TWB8R ll!opMyny 

oJtoaqarenbHo nonyqaeM 

1 
k 

l8fJ 
e 

I 
sill 8 - v. (k ) t. ( ~ ) , 

t J [ tJ 

I I 
1 1 2 •vr<•>q dq 

kcotg8 .. 1-+-pJ-..:.----
t J v ,· ( k) At, , 0 k 2 - q I 

Ill • 

}. 

(34) 

(35) 

(36) 

(37) 

B qacTHOM cnyqae 

/22/ 
f • 1 4lopMyna ( 37) COBI18Jl88T C nonyqeHHOI B pa-

6ore ll!opMynoA. 

112, Yqer unoaoscKor·o B3&11MOJlelcDII! 

.LlonycTIIM renepb, qro qactllllW I!IMeJOt aapaJl, B atoM cnyqae a ypa&HeHI!Ie 

ill peJli!IHrepa, KpOMe llOT9Hilll8na ( 1), H8Jl0 BKnJOqiiTb KynoHOBCJtoe B3811M0Jl91-

CTBII8. npa HanH'IHH KynoHOBCKOrO nons 38Jl8qy YJl06HO peW&Tb B KOOpJlHH8T

HOM npeJlCT8BneHJIH. npH 9TOM B38HM0Jl8ICTBH9 ( J) B KOOpJlHH8THOM npeJlCTa&-

neHIIH I!IMeer liHJl 

v f ( r} ~ ... ... 1 
<r!VIr'>•--I [A 

2~t Pm f r r' 

Op(r} Op(r') " " 
-An--- , ] Y* (r) Y, (r') 

[ • r fm [m 

(38) 

Ypa&HeHHe WpeJli!IHrepa Jlnll noKanbHoro V (r} nor~Hu11ana nawetcll cneJlyJO

lUIIM o6pil30M: 

10 

• 

a 
d I 1 f(f+l) 

[--·--k +-+---])( (r}•-V(r))( (r), 
d ,a Dr ,a t t 

rJle Rf (r) • ,-1 )( t (r) - p8Jlll8nbHall BonHoBall ll!YHKUIIR, a D 

Hbrl napaMetp 

D • a· 
2~t~ 1 zae 

l{ro6w H81111C8Tb ypa&H9HIIe (39) Jlnll cnyqall B3811MOJlelcDIIll
1 

onp' 

ro ll!opMynol (38), JlOCT8TOqHo npOII3B8CTII cneJlyJOWyJO 38MeHy: 

rJle 

-(l) -, 
V(r))( (r)•-A v (r))( +A.o (r))( a) e e t , e e 

-Ill 
)(f 

.. 
fv(r))( (r)dr, 

t t 
-(a) 
)( .. f Ot (r))(f(r)dr. 

, 0 

.. 

PaccMOTpiiM qactHhll cnyqat f • 0 (paccMotpeHIIe cnyq8ll t.;. 0 

npeJlcta&nlleT TPYJlHOCTII). OnycKall KHJleKc P • 0 , nonyqaeM 

r11e 

I 
d I 1 

(----k +-))((r)•f(r), 
dr 1 Dr 

-(1) f(r) • A v(r) )(C ll -A O(r) )( 

Ha 6onbWIIX pacctOSIHHSIX HJlepHwl noteHnllan 6blctpo yHK'ITO*aerc 

9TOMy 8CIIMTOTII'I8CKOe peweHHe y JlOBnetBOpS!eT Cll8JlYKl!UeMy yp8BH9HIIIO 

2 
d 11 2 1 
--+ (k --)u .. o. 

d r 1 Dr 

PeweHKe ypa&H9HIIll (43) npH r ... oo JlOfi)KHO IIM8Tb cneJlyiOWIII BIIJl: 

)((r) ... u(r) 

r ... .., 

C(") 
-- sin ( k r - "'ln 2 k r + u + 8 ) , 

sin 8 

11 



A ->.+A I 
t , r t t, 

a • 
f J { 

f • J - t + 1/2 • 

-(f+1), J -f-1/2. 

aaecTaas ~yaxn•• 

J IDJ 
t 1/2 (p) .. 

s ~opMyny 

nonyq:aeM 

l: d 1/2 m m l J m > Y (;) 
f • J f •t m m 

1 
k 

t • 

18fJ 
e 

2 
ala 8 • v • (k ) t • ( 1 ) , 

f J '- [J 

)( 1/1 

I I 
1 1 2 oovf(q)q dq 

k cotg 8 .. I - + - P J --.!.----
f , v ra < k > Ar, , o k a - q • 

m • 

I. 

(34) 

(35) 

(36) 

(37) 

oM cnyq:ae f • 1 ~opMyna ( 37) cosnaAaeT c nony'leHHol B pa-

pMynoA. 

§2. Y'leT xynoaoscxoro B38HMopelcT!H! 

M Tenepb, 'ITO '18CTHUbl HMeiOT 38p9Ao B STOM cnyq:ae B ypUHeHHe 

KpOMe noTeHUHana ( 1), HSAO BKniO'IHTb KynOHOI!ICKoe 838HMOAeA

anH'IHH KynOH08CKOrO non! 38A8'1Y YA06HO p9W8Tb 8 KOOpAHHST

neHHH, npH STOM 838HMOA9ICT8H9 ( 1) 8 KOOpAHH8THOM npe.QCTSB-

~Roll 

.. .. 1 
r!Vlr'>m--I [A 

21' Pm p 

v f ( r) ~ 
r ' 

0 p ( r) 
- "e " Op(r')]Y* (;)Y (r'). 

n f m ' I m 

(38) 

peAHHrepa Anll noxanbHoro V (r) noT!!HUHana naweTCll cneAyiO-

10 

~ 

a 
d 2 1 f(f+1) 

[----k +-+---Jx (r)•-V(r))( (r), 
d r 2 Dr r 2 t t 

(39) 

rAe Rf (r) • ,-1 )( f (r) - paAH&nbH8ll Bonaoaa! ~YHKUH!, a D - HasecT-

Hbll napaMeTp 

D • 
21' :r z e 

I 2 

"2' (40) 

"'TOObl H8nHC8Tb yp8BH9HHe (39) An! cny'ISll B38HMOA9ICT!H!, onpeAeneHHo

ro ~OpMynol (38), AOCT8TO'IHO npOH31!19CTH CnSAYIOWYIO 38MeHy: 

-c ll -, 1 
V(r)xf(r)•-Af vf(r))( +Afof (r)xf

2 (41) 

rAe 

(42) J('ll. j v (r) )( (r)dr, 
f 0 t f 

.. 
-(2) )( - f o.(r))( (r)dr. 

f t f 
0 

PaccMoTpHM 'ISCTHbll cnyq:al f .. 0 ( paccMOTpeHHe cny'la! f , 0 

npeACTUn!eT TPYAHOCTH). Onycxa! HHAeKc p. 0 , nonyq:aeM 

He 

(43) 

2 
d 2 1 

(----k +-)x(r)•f(r), 
d r 2 Dr 

rAe 

f(r) • A v(r) )(Ill -A O(r) x121 
(43') 

Ha 6on&WHX paccTOliHHllx l!AepHb!l noTeHuHan 6blcTpo yHH'ITO)KaeTc!, no-

aTOMY acHMTOTH'IecKoe peweHHe YAOBneTBOplleT cneAyiOmeMy ypaBHeHHIO: 

2 
d u 2 1 --+ (k --)u .. o. 
d r 2 Dr 

PeweHKe yp81!1HeHK! (43) npa r-+ .. Aon)KHO IIM9Tb cneAyiOIUKI BKA: 

c (I)) 
)( ( r ) -+ u ( r ) • --- sin ( k r - "' In 2 k r + u + 8 ) , 

,.... sin8 

11 

(44) 

(45) 



r.11e 

2 
c (7J ) 

e 
' 71• 

2 "" - 1 

:J :J ll e 2 
1 2 

k (46) 

u - <t>aaa xynoaoacxoro, a 8 - H.llepaoro pacceHHIIH, AciiMDTOTH'Iecxoe pe-

weHIIe .11nR acex r DpHHHM88T 811.11 

x(r)•CG(r)+C c:otg8F(r), (47) 

r.11e F ( r) 11 G ( r ) - &3BeCTB.Iolle, perynHpBAII 11 HeperynHp&aB, xynoaoacue <t>yax

UHH, Dp11'18M F(O)• 0 , a G ( 0) C ( '1 ) • 1 r C DOMOWbiO lPYBKUHR rpa&a ypaaHe-

8118 (43) Moaao nepeniiC&Tb a Bll.lle cne.llyJOwero IIBTerpanbBoro ypaaHeHIIH~. 

.. 
)( ( r) • C ctg 8 F ( r) + f K ( r, r ') f ( r ') d r ' • (48) 

¢1yHKUIISI rpiiBA, y.llO&neTBOpS110W8SI ycnOBHIO )((0)• 0, onpe,llenHeTCII cne,lly

JOWIIM o6p830M: 

{

F(r)G(r') 

kK(r,r')• 

G ( r) F (r') , 

r < r, 

(49) 

r > r ' • 

no.llCTABnllll (49) II (43) 8 (43), DODY'IBM 

.. 
x(r)-Cc:otg8F(r)+-1-l.\x 121 f G(r') v(r')dr'-

k r .. 
' r (50) 

G(r')O(r')dr'l+.!_ G(r)l.\x-' 11 fF(r')v(r')dr'--A ;111 f 
r 

-A x121 j F(r') O(r') dr'l 
0 

k 0 

npiiM8BIIII Tenepb yCII08118 BA 6ecXOB8'1HOCTB B lPOpMyny (42), nony'IIIM 

Cote 8-
l(k;P .r ,a,b) 

1 2 

II ( k ; t 
1
, f 

1
, a, b ) 

r.11e 

12 

• 

(51) 

l • 1 + 2 (f D -f D )+ 4P P ( D 
2 

- D D ) , 
2 22 1 1 I I 2 I 2 I I 22 

M • (f 
I 

2 
II 

" 
_, 

11
2 l+H f (11

2
D 

b I 2 a 22 
+11

2
D -211 II 

, 
1 

,\ 

3 
a 

b II a b 

p "' A .2 --!- -
a 

6eapaaMepHble aemPIHHbl; D 1 k onpe,llenl!JOTCll <PopMynaMI! 

D 
II 

D 
22 

3 .. .. 
a p x 

~--3 JG(p)v(-)dpfF(x)v(-)dx, 
k " k 0 k 

3 00 .. 

__ a_ {G(p)O(..!!..) dp J F(x)0(2...) dx, 
k3 ~ k 0 k 

3 .. p 

D 
12 

a p x 
D e--1 {G(p)O(-\dp fF(x)v(-)dx + 

12 2k3 ~ k n k 

oo p p X 

+fG(p) v(k)dp I F(x)O(k) dxl, 

a BenK'IIIHbl II , II onpe.ueneHbi cne.uyiOlllKM o6paaoM: 

II = ( ~ )3/2 

" k 

X a !/ 2 ~ X J F(x)v{-)dx, II e(- \ I F(x)O(-
k b k k 

nocKOJlbKy KM810TCH npeaOCXO.UHbJ9 Ta6JJKUbl KYJJOHOBCKKX <pyHK 

Bb!M 3Ha'!eHHeM p .QnSI .UOBOJlbHO lllHpOKOrO KHTepsana 3Ha'!eHIIi! !7 

cpopMyna (51) M0)!{8T 6biTb npHMeHeHa .UJJll npose.ueHHll cpaaoaoro a 

cnyqae KOHKp8THOrO THna HeJIOKaJJbHOrO cp8KTOpK3yiOLUeroCSI B3aKMOt 

B 'ISCTHoM cnyqae, xor.ua a = b 
/24/ 

11pHHI!MaeT Cne.llyiOlllHi! BK.U 

p =- p 
I 2 

cotg o 
1-2fD

11 
-p:z--~-

·a 

2 P .. P , <Po . 

PaccMoTpHM Tenepb cnyqal! noTeHuHanbHoi! cTeHKII, T.e. cnyqa 

KpOMe IOKaBOBCKOrO npHTS1}1{9HKSI H KynoHOBCKOro OTTanKHB8HHll, H8 

8TCSI DOT8HUHanbHal! CTeHKa, onpe.uengeMSSI cpopMynoi! ( 30), HCHO, '' 

P 
2 

.. oo cpopMyna (51) .uaeT 

13 



2 IT 'I I 

c (")- -1 . ~~- J J pel 
I I 

k (46) 

a KynoHoscKoro, a li - ll.llepHoro pacceliHIIII, AciiMIITOTII'I8CKoe pe-

acex r npKHKMaeT Blf.ll 

x(r)-CG(r)+C cotgliF(r), (47) 

If G ( r) - H3BeCTHWe, perynllpH811 If HeperynllpHaSI, KynoHOBCKife tPYHK

F(O). 0 , a G ( 0) C ( 17 ) • 1 r C noMOWbJO tPYHKIIIIR I paRa ypuae

nepenllcaTb a Blf.lle cneay10wero IIHTerpanbRoro ypuHeHIIII:. 

.. 
x(r)RC ctgliF(r) +fK(r,r')f(r')dr'. (48) 

lUI lpllaa, yaosneTsopsrJOWaH ycnoaaJO )((0)• 0, onpeaen11eTc11 cneay-

30M: 

{

F(r)G(r') 

kK(r,r')• 
' 

G(r)F(r'), 

r < r ' 

(49) 

r > r ' • 

1111 (49) 11 (43) s (43), nony'IHM 

-CcotgliF(r)+-
1-1 Ax' 11 f G(r') v(r')dr'-
k , .. 

1 • (50) 
G(r') O(r' )dr' I+- G(r) I A ,(.(1 1 f F(r') v(r')dr '--A ;c21 f 

k 0 

-A x' 11 j F(r') O(r') dr'l 
0 

Tenept. ycnO&Ife Ha 6ecKOH8'1HOCTR H tPOpMyny (42), nony'IIIM 

Cotg li-

12 

... 

L(k;P ,f ,a,b) 
I I 

M(k;,,f,a,b) 
I I 

(51) 

L•1+2(f D -f D )+4P P (0
2 

-D D ), 
2 22 I II I 2 I 2 I I 22 

M • (f I 
2 

II 
a 

-P +v
2

D -211 11 
b II a b 

11
2 )+2f f (v

2 D 
b I 2 " 22 

.\ p ~ A 
.2 -!- -. --,-. 

a a 

6eapaaMepHble senH'IHHbl; D 
I k onpeaenliJOTCll tllopMynaMK 

D 
II 

a
3 00 

p 00 
X 

~--3 (G(p)v(-)dpfF(x)v(-)dx, 
k " k k 

! .. "" 

D --
8
-JG(p)O(..f.)dpfF(x)0(2...\dx, 

22 k! 0 k 0 k 

D 
12 

a
3 

"" P x 
D =--1 (G(p) O(L) dp fF(x)v(-) dx + 

12 2k' 0 k " k 

oo p p X 

+fG(p) v(k)dp f F(x)O(k\ dxl, 

a senK'IIIHbl II , II 
" b 

onpeneneHbi cnenyJOW:HM o6pa3oM: 

) . 

II =(~)3/2 
a k 

00 
X B !/ 2 ':"' X f F(x)v{-)dx, 11 =(- \ I F(x)O(-\ dx. 
k b k k 

(52) 

(53) 

(54) 

(55) 

nocKOnbKY HMeJOTCSI npeBOCXO,llHhle TB6nHUbl KynoHOBCKHX <pyHKUHl! C Hyne-

Bb!M 3HaqeHHeM f nnll JlOBOnbHO W:HpOKOrO HHTepsana 3HaqeHI!l! !J H p 

cj:JopMyna (51) MO)!{eT 6biTb npHMeHeHa n;m npoeeneHHSI cj:Ja3oeoro aHan11aa B 

cnyqae KOHKpeTHOrO THllB HenoKBnbHOrO cj:JaKTOpH3YJOIIIerOCR B3BHMO,llel!CTBH!l, 

B qacTHOM cnyqae, Korna a = b 
/24/ 

11pltHIIM8eT cne.llyJOW:Hl! BH,ll 

r ~-P 
1 

cotg o 
1 - 211 D 

11 --;:2·----
·a 

2P ... p ,cj:JopMyna(51) 

(56) 

PaccMoTpHM Tenepb cnyqal! noTeHuHanbHOl! cTeHKI!, T.e. cnyqal!, Korna, 

KpOMe IOKBBOBCKOrO llpHTst)!{eHHSl H KynOH08CKOrO OTTBnKHBBHHst, Ha r = r c HMe-

eTCSI noTeHuHanbHBst CTeHKa, onpenensteMast cj:JopMynol! ( 30). HcHo, • qTo npH 

P 
2 

-+ .. cj:JopMyna (51) naeT 

~ 
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;I 

2 
2 D 22 + 4f 1 ( D 12 - D II D 22 

(57) cotg B • 
2f (11

2
0 +11 2 0 -211 II D )-11

2 

I " 22 b II a b 12 b 

I'Jl8 

II 

a 

~<a 3/ 2 "' -~ - l r , I' 
k - e 

F(p)dp, llbe-(_!_)3/: 

k 
F ( k r ) , (58) 

c 
a 

a! "" -T-p p -+p 
e-3-fG(p)~ dpfF(x)e dx, 

k 0 0 

D 
11 

1 aS 
=-(-) 

2 k 3 
(59) r; G(kr )F(kr). 

" " ~2 

a! 
a kr 

--p " -.!!... 
G(p) e k dp +G(kr) fF(p)e tPdpl. 

e 
"" 

F(kr.,) f D 12 
2k 3 

k r" 

B cnyqae, KOI'Illl KYl!OHOBCKOe B31\HMO!l8ACTBH8 OTCyTCTByeT, l7 "' 0 , C(0)=1, 

F ( k r) : sin k r , G(kr) .. coskr 11 !~JopMyna (57) nepexonKT a ¢opMyny (32), 

'ITO K Cl!HJlOBil/10 OiKHf(t!Tb, 

§3. <t>aaoBbiA auanKa nn11 a -a pacce!IHIIII 

npHMCHHM nonyqeHHb18 BbiWC !IJopMyl!bl /lnll tP830BOI'O 8H81!H31l a- a pac

CCIIHHII, KoHKpCTHO Mbl paCCMOfpHM B38HMOJlCIICTBKe 8 S - COCTOIIHHK, 3aBIICII

MOCTb S - tPil3bl pilCCC!iHHII OT 3HCpl'lfH nony•IeHa MHOI'HMII ilBTOpilMK, Mbl nonb
/25-28/ 

ayeMCII aHaqeHKIIMK ¢aabl B KHTepsane 3HC!pi'KII ' 0, 2 !> E c ~ 10 Msa • 

/29/ 
¢opMyna ( 18) HenasHo 6blna npuMeHeHa B pa6oTe Jl1lll npoaeaeHHII ¢aaoso-

I'O 8H81!H38 a- II pilCC8!1HKII e HCl!OKill!bHbiM tPilKTOpH3YIOUIHMCII UOTCHUKilJIOM, 

6ea y'leTa KynoHoaeKoro non11. B STOll, pa6oTe Jl11R napaMflTPOB >. 

Jl!ITCII eneayiO!UHC 3H8'18HIIII: 

>. 
f "'- = 5, 90, 

•' 
a = 0, 736F-t. 

14 
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K a upuso-

(60) 

.fleHO, 'ITO Jl1lll panHyea 1lOTCHIUiil118 a -a B38HMOJlCIICTBHII 1l01!Y' 

enHWKOM Mana!l BenH'IKHa, peHa!l a-1 
• 1, 'Y1 F • KpoMe TOI'O, BHJl Tee 

KpHBOII JlOBOJlbHO UJIOXO onHebiB88T 9KCOepHMCHTill!bHble TO'IKK, oco6eH~ 

cpaBHHTCl!bHO M81lb1X SHeprKIIX (eM, KpHBYIO I Ha pHeyHKe), 

Mbi npoBenK ¢aaosb1A auanK3 B enyqae saaHMOJleAeTBHII (2Q),T.e. s c 
/29/ 

B OTl!H'IKe OT pa60Tbl , KpOMC IOK8BOBeKOI'O OpHT!I)KCHHII, IIMCCTCSI 

lll!bHilR eTCHKil B TO'IKe r '" r c , OOSITb-TilKH 6e3 y'leTa Kyl!OHOBeKOI'O 

nelleTBHR, 

.LlnR napaMeTpos noTeHuHana B3&11MOJleAcTBHR nony'laJOTeR cneny1< 

qeHKR: 

p .. s. 810, a•0,~6F- 1 ,r -I .. a 

rrpu STOM TeopeTH'IeeKaR KpHli&R aosonbHO 'xopowo rrepe.ctaeT see qep 

neHHR sKcrrepuMeHTill!bHbiX TO'IeK (KpusaR II ua pueyuKe). 

KpoMe Toro, eeTb B03MO)KHOeTb yqeTa peaouauea a- a pacceSJ 

nyeTKM Jll!SI npOCTOTbl, 'ITO pe30HilHC KMCCTCSI OK0110 HynesoA 9HeprKJ 

BHC Hill!K'IHSI ypOliHSI e SHeprHeA e!IR311 (,. 0 nony'IHTCR H3 tiJopMym 

a KMCHHO: 

r = 
7 

2 -ar 2 
---(1-e "J 

a r ., 

nposeaeuue ¢a30BOI'O auanH3a e nononHKTenbHbiM ycnosueM (62), e 

IOWHM OTCyTeTBIIC eBSI38HHOI'O eoeTORHHR, JlilCT eneayJOWCC 3Hil'ICHHl 

paMeTpOB 

P = 10, 010; a .. 0, 325; r .. 3, 160 . 
" 

npu 9TOM TeopeTH'ICeKilR KpHBilR Ha epaBHHTCl!bHO 601lbWHX 9Hepi'HSI. 

1'0 OTKl!OHSICTeR OT rrpaBHl!bHOI'O 9KenepHMeHT81lbHOrO XOJl&, 

TaKI!M o6pa30M, a -a paeee!IHHe MO*HO aosonbHo xopowo 

c rroMOlUbiO B3ilHMOJleAeTBKR (30). HaM Kil*eTeR, 'ITO yqeT KynoHoE 

B31lKMOJlCIICTBHII MC)KJlY a - qaeTHUilMK He eHl!bHO K3MCHHT 3H&'IeH 

MeTpos, CooTBCTCTByJO!UHA auanua rrpoBOJlKTeR HaMH B uaeTo11mee B 

BOJlKTeSI TllK)KC llH81lK3 e 11pHMCHCHHCM JlpyrKX BKJlOB UOTCHUHill!OB 

CTBHJI, 
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2 

2 D 22 + 4 f 1 ( D 12- D II D 22 

(57) 
2 2 2 

2f (11 D +II D -211 II D )-II 
I ~ 22 b I I " b 12 b 

" 
( 

8 3 i 2 
-) 

e-TI' F(p)dp, II b "' ( ..!__ ) 3/: 

k 
F ( k r ) , (58) 

c k 

83 "' --r{' p -+p 
fG(p);J dpfF(x)e dx D 

ll kJ 

1 a 3 
G(kr )F(kr ) ' c , __ ( --) 

(59) 
~= 2 k3 " c 

al 
a kr a "" --p 

/'F(pl ;-rPdpl. -- l F(k r ) f G(p)e k dp+G(kr) 
2 k 3 e . e 

kr., 

KyrroHOBCKOe 83/U!MOJlellcTBHB OTCyTCT8yeT, 1/ = 0 . c (0) = 1, 

, G ( k r) = cosk r 11 ciJopMyna (57) nepexOJlHT 8 ctJopMyny (32), 

OXOffl.':iTb. 

§3, ¢a308hiA 8H8liH3 JlJlR a - a pacceRHIIR 

nony'!eHHble 8b1WC ciJopMynhl JlJlR ciJaaosoro aHanHaa a- a pac

Mhl p8CCMOTpKM 8311HMOJleilCT8He 8 S - COCTORHKK, 3a811CK-

pacceRHHR or ::>HcprHK nony•1cHa MHorKMK 118TopaMH, M&l nonb

/25-28/ 
ciJaabl B IIHTCp8a:Je snr>pf'KA 0, 2 ~ E., ~ 10 Ms8 • 

/29/ 
6blna npKMeneHa 8 pa6oTe JlJlR npo8eJleHKR ctJaao8o-

pacceHHKR C HeJlOK&JlbHbiM cPilKTOp113YIOUIKMCR HOTCHUKI1JlOM
1 

B STOll. pa6oTe JlJlH napaMnTpo8 ,\ H 8 11pHBO-

3Hil'IBHKR: 

f = 
,\ 

a = 0, 736F-t. 5, 90, (60) 
83 

14 

.. 

flcao, 'ITO JlJlH paJlHyca noTeHallana a -a 1!138KMOJleAcT8KR nonyqaeTcR 

cnHWKOM Manast 8eJ1H'IKHa, pai!IHilR a-1 
• 1, 37 F. KpoMe TOf'o, 8KJl reoperK'IecKoA 

KpH80A Jl080JlbHO qpOXO OHHCb181leT SKCflepHMeHTilJlbHble TO'IKH, OC06eHHO npK 

cpa8HKTeJlbHO MllJlbiX !1Hepr11RX ( CM, Kp118YIO I Hll pHCYHKe). 

Mbl npo8enH ciJaao8bllt aHanHa 8 cnyqae 831lHMOJl&Acr8KH (2Q) ,T.e. 8 cnyqae,KorJla 

/29/ 
8 OTJlii'IHB OT pa6oTbl 1 KpOMe IOK8808CK0£'0 npKTR)I(eHHSI, KMBBTt:SI noreHuK-

IlJlbHilR CTeHKil 1!1 TO'IKe r '" r c 1 OfiRTb-TilKH 6ea y'leTil KyJlOHOBCKOf'O 8.3811MO

JleilcTI!IKR, 

.llnR napaMerpo8 norenuHana 83&KMOJleAcTBKR nony'llliOTCH cneJlyiOI.uKe aHa-

qeHHR: 

p "'8, 810, a • 0, 306 F-1 
, r -1 ., a 

(61) 

npH aToM reopeTH'!ecKast Kp118&R JlOBOJlbHO ·xopowo nepe.naeT see •1epTbl nose

JleHHst aKcnepHMeHTanbHblX TO'IeK ( KpH&aR II Ha pncyHKe). 

KpoMe Toro, ecTb 803MO)I(HOCTb y'leTa peaonaaca a -a pacceRHIIR • .llo

nycTHM JlJlSI npOCTOTb1 1 'ITO pe30HI1HC KMeeTCH OKOJlO HynesoA 3Hepr11H. Ycno-

BHe H8J1H'IHR yp08HSI C 3HeprKeA CBH311 (,. 0 HOJly'IKTCR H3 ciJopMyJlbl (,88) 1 

a KMeHHO: 

p "' 
'1 

(62) 2 -ar 2 
---(1-e e) 

a r., 

npo8B}laHKe cPI130BOf'O 11HilJ1H311 C JlOfiOJlHKTeJlbHblM ycnOBHeM (62 ). Bblpll)l(ll-

IOLUHM OTCYTCT81!e CBR38HHOf'O COCTOHHHR, JllleT CJleJlyiOLUee 3Hil'laHHe JlJlSI na-

paMeTpOB 

P "' 10, 010; a "' 0, 325; r .. 3, 160 . ( 63) 
c 

npH STOM TeopeTH'IaCKilR Kp11B8SI Ha CJ?IlBHHTeJlbHO 60JlbWHX 3HeprHRX HeMHO-

f'O OTKJlOHReTCSI OT rrpllSHJlbH0£'0 3KCnepKMeHT8JlbHOf'O XOJlll, 

TaKI!M o6paaoM, a -" - pacceRHHe Momno JlOBOJlbHO xopowo orrHC&Tb 

C ITOMOLUbiO 8311HMOJlBACTBHSI (30 ). HaM K&meTCSI 1 'ITO y'leT KYJ10H08CK0f'O 

838HMOJleACTBHSI Me)I(JlY a - '!8CTHU8MH He CHJlbHO H3MeHHT 3Hil'IBHHSI napa-

MeTpos. CoOTBBTCT8yiOLUHA 11HilJ1H3 np080JlHTCR HllMK B HllCTORLUee speMR. npo

BOJlHTCR TllK)I(e 11HilJ1H3 C ITpHMeHeHHeM JlpyrHX BKJlOB ITOTeHUKilJlOB 8311KMOJleA-

CTBHR. 
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