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1. BBEAEHUE

IIpu penrennu GOJIBITUHCTBA 33189 KBAHTOBOM Me-
XAHUKU HCHOJL3YIOTCS PA3JNIHbIE BAPUAHTHI TEOPUH
Bo3myIienuit [1]. B aTux 3amadax ummercs, Kak mpasu-
JIO, OTKJIMK KBAHTOBOMEXAHUYIECKOM CUCTEMbI HA HEKO-
TOpOE BHEITHee BO3JeHCTBIE, HAIpUMED, caaboe JIeK-
Tpudeckoe moJie. s HAXOXKIEHUsST TaKOrO OTKJIMKA
HY>KHO DPEIUTh HEKOTOPOE HEOJIHOPOJHOE ypPABHEHMUE,
cyie tytoree u3 ucxoyuoro ypasaenus Ipeunarepa npu
BBEJICHUU MAaJIoli JOOABKU B TaMUJIBTOHUAH, ODYCJIOB-
JIEHHOW BHEIIHUM BozzeiicTBrueM. OBbIMHBIM CIIOCOOOM
pellleHnsl TaKUX YPABHEHUN sIBJISIeTCs PA3JIOXKEHUE UC-
KOMO¥ TIOMPABKU K BOJIHOBOI (DyHKITUHU TIO TIOJIHOM Cu-
cTeMe BOJHOBBIX (PyHKIUI HEBO3MYIIEHHOTO FaMUJIBTO-
uuana. [Ipu TpamummonsoM moaxosne [1] memomssyerest
obpasyolast TOJIHBIH HAOOP COBOKYITHOCTH BOJTHOBBIX
dyHKIWit 1, (r) CBA3aHHBIX COCTOSHUIN (€CJIH OHU €CTh B
JIAHHOM TIOTEHIMaJIe) ¢ CUCTEMON BOJIHOBBIX (DYHKIMIL
wl(:r)(r) HEIPEPBIBHOIO CIIEKTPa SHEPIUM — peIleHuii
3aJ1a9u 06 YIPYroM PACCEesTHUN IIJIOCKOW BOJIHBI.

[Tpob6yreMy OTBICKAHUS OTKJIMKOB KBAHTOBOMEXAHN-
9eCKOI CHCTEMBI Ha PA3HOOOPA3HbIE BHEITHWE BO3IEH-
CTBUS MOXKHO YHUMDUIMPOBATDH, BBes dyHKIMIO ['pu-
Ha G(r,r’') 1yt HeBo3MyeHHOTO ypasHeHus [1IpequH-
repa. Vcrnosb3oBanme METoIa pas3IoKeHusT 10 CHCTEME
bynkumit {1, (r), l(j)(r)} [O3BOJIsAET HATH Ui Be-
mrauabl G(r,1’) TouHOE hopMasbHOE BBIpaykeHue [2|.

* E-mail: balagurov@deom.chph.ras.ru, byabalagurov@mail.ru
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IIpu 3TOM NpEJIOKEHHBIN B KHUTE [2] TOAX0[1 1aeT 1o~
CJIeTOBATENBHYIO CXeMy Bbluucyenus ¢pynknuu ['prHa.

SameTum, 4TO 3a/a4y 00 YIPYroM PacCesiHUHM Tak-
JKe MOXKHO TPaKTOBATh KaK MPOOJIEMYy OTKJIMKA Ha
BHEIITHEE BO3JEHCTBHE — MAIAONIYI0 TJIOCKYIO BOJIHY.
Opmako TpHM peneHuH STOW 3aJadn st OIpejiesie-
nus dyuxmun ['pruna HeoOXoauM Ipyroil, OTIAUTHBIN OT
[IPUBEJIEHHOTO B KHUTE [2], criocob ee BbIUmcieHus, He
TPEOYIONIUI TPUBJICIEHUS CUCTEMBI {wl(f)(r)}.

B nactosimeit pabore s BBIYUCICHUS (DYHKIMH
Ipuna G(r,r’) upuMeHeH ajbTePHATHBHBIA MCIOIB30-
BAHHOMY B KHHUTE [2]| MOIX0J, OCHOBAHHBIH HA METO-
Jle KBaHTOBaHus norteHnuana [3|. Buepsbie momoGHbIi
MeTos ObLT mpemioxken B pabore [4], B koropoii B
KadecTBe 00beKTAa KBAHTOBAHUs BBIOMPAJIACh HEKOTO-
pasi KOHCTaHTa, BBejleHHast B ypasHenue [1Ipeaunrepa
KaK MHOXKHUTENb K ITOTEHIAIbHOI sneprum. CXomubIit
MOJIXOJ], TPY KOTOPOM KBaHTYeTCsl IJIyOWHA ITOTEHIH-
AJIbHON sIMBI, pasBuBaJca B pabore [5| u mpumensiics
[IPY PeIIeHUU PA3IMIHbIX (DU3NIECKUX 33129 (CM. Tak-
xe [3]).

Hcnosp3oBanne MeTOa U3 KHUTH [3] IIO3BOJIHIIO BLI-
pasuTh BesmumHy G(r,r’) uepes cobGcTBeHHBIE (DYHK-
mn p,(r) u cobCcTBeHHBIE 3HAYEHUS (v, HTOIO METO-
na. [omydyennas obmas dopmyna misa dyukiuu ['pu-
HA He COJIEPXKUT IIOCTOPOHHUX JIEMEHTOB BPOJIE ILJIOC-
KO BOJIHBI M BOCIPOU3BOJIUT U3BECTHBIE PE3YJIbTATHI
B Pa3/IMIHBIX PEJIENbHBIX Caydasx. [I[pumenenne Haii-
nennoro mus G(r, r') Belpaxkenus B 3aja4e 00 yIpyrom
paccesiHUM JIA€T PellieHne 3TOH MpobJIeMbl, COBIIAIAN0-
1iee ¢ HOJIyYeHHbIM B cTarbe [6]. OTMeTnM, 9To MeTO bl
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KHAT [2, 3] HIpUBOAAT K KAPAMHAIBHO PA3IMYAIOIIUMCS
o opme BbIpaxkeHusM Jjist pyHkimu ['puna. Tem He
MeHee, KaK IMOKa3aHO B HacTosIIeil pabore, 0ba moaxo-
Jla K BBIUUCJICHNIO BeananHbl G(r, 1) SKBUBAJIEHTHBIL.

2. HYJIEBA YA ®YHKIINA T'PTHA

ITpencraBum noreHmaabHyto suepruo U(r) B Bu-
ne U(r) = Uv(r), rme UY — penmuuna notenumana, a
dyuknus v(r) 3amaer ero dopmy. dasee orpannanm-
cd, KaK u B pabore [6], paccMoTpenueM ciydast, KOrjaa
0 <o) <1wuo()opu r — o0 JOCTATOIHO OBICT-
po (HanpuMep, SKCIIOHEHIAJIBLHO) 06PAIAeTCs B HyJIb.
Cramuonapuoe ypasuenue [[Ipeunrepa 3amuimemM B BU-

e
V2(r) +e(r) = av(r) P(r),

rae € = 2mE/h?, a = 2mU°/h?.

Banauy ornpeesnenus pyHkimu ['puHa ist ypaBHe-
Hust (1) Bymem pemars B 00IIeM Ciiydae KOMIUIEKCHOM
SHEPIUH

(1)

q=Fk+is, (2)

e(q) = ¢,

HCIIOJTB3Ysl METOJI, KBAHTOBAHUS TIOTEHITNAJIA.
1. Cob6ersennbie GyHKIMA B, (r) 9TOr0 METOAA SIB-
JISTIOTCS PEIIEHUsIMU Y PaBHEHUsT

r)pu(r)  (3)

v? Pu(r) + q2 Pu(r) = a(q)v
C ACHUMIITOTUYECKUM IIOBECICHUEM
eiqr

Pu(r) ~ o

T —00: (4)
(BemurHbI, OTHOCSIIMECST K KOMILIEKCHOW SHEPIUH,
cHabxkaeM 4epTouKoii c¢sepxy.) IIpu BbiGOpe mis co6-
cTBeHHOI byHKIMU acuMuTOTHKU Buja (4) IOJKHO
BBIIIOJIHATBCSI YCIOBUE

(5)

KOTOpOe obecrieunBaeT obparienue @, (r) B Hyllb B IIpe-
neite 1 — o0o. CremnoBaresibHO, COOCTBEHHBIE (DYHKITUN
@y (r) u cobcTBeHHBIE 3HAYECHUS & (¢) ONpe/ieIeHbl Ha

Img=»>0,

BEpXHEN MOJIYIJIOCKOCTH KOMILJIEKCHOHN IIepeMEeHHOI ¢,
JeMy orBedaeT (pusmdeckuii suct [1] coorBeTcTBYyIOMIEHT
PUMAaHOBOH HOBEPXHOCTH KOMILJIEKCHO# sHepruu. s

COBCTBEHHBIX 3HAUEHUN &, = &, (¢) n byHkuuit G,
= @,(¢; T) IMEIOT MECTO COOTHOIIEeHUsI cUMMeTpun [3,6]

(6)

a(=q")=a;(q), @u(=q"5r) =g (gT),

cripaBeauBble ipu Im g > 0.
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Breipakenust jisi COOCTBEHHBIX 3HaYEHUN u COO-
CTBeHHBIX (DYHKIH TIPU OTPUNATETLHBIX (8 = — 2 <
< 0) u nonoxurensupx (¢ = k? > 0) sueprusx cie-
IyIoT 13 hOPMYJT ISl KOMILTIEKCHBIX € = ¢2 B COOTBET-
CTBYIOIIUX Tpefenax; ¢ — ix u ¢ — k + 10, Tak 910
(7)

al,(%) = 07,,(1'%), (1) = @, (i r)7

agf (k) = Gy (k+i0), o7 (kix) = Gy (k+i0;r). (8)
Kak byHKIUM SHEPrun BEJMIUHBI a,(,+)(k) u 301(,+)(/€; r)

oIpejieJIeHbl Ha BepxHeM Oepery pas3pes3a Ha dusmte-
CKOM JIHCTE, a oy, (3) U ¢, (%;Tr) — Ha OTPUIATEIBLHOI
BEIECTBEHHOIT IT0JIyOCH STOTO JIACTA.

Cucrema dynkumit {@,(r)} opronopmuposana c
BecoM v(r):

/ B0(E) 0 () 0(x) dr = 5, (9)
I/I, 10 Hpe,ILHO.HO)KeHI/IIO, HOJ’[H&7 TaK 9YTO BBIIIOJIHAETCHA
coOoTHOIIIEeHUEe

o) Y e e () = s —1).  (10)

JI1s1 MOTEHIMATIOB ¢ KOHEYHBIM PayCOM JICACTBUS 3TO
PABEHCTBO CIIPABEJIMBO JJISt TeX I' U I/, 1T KOTOPBIX
v(r) # 0 m v(r') # 0. B coorromenusx (9) u (10) obe
cobcTBeHHbIe (DYHKIIUU OTHOCATCS K OJHOU U TOH Ke
SHEPIHH.

Hynesas dbynxmusa ['puna GO(r — r') apisercs pe-
[IIeHueM YPaBHEHUs

ViG%0r -1 )+ G%(r —1') =0(r — ') (11)

c yenosuem GO(r — ') — 0 ipu r — 00 U UMeeT BUJ

1

R 7/ 2 b ol
47 |r — 1’| '

)= (12)
C momompio (11) nuddepennnansroe ypasHeHue (3)
npeobpasyeM B HHTErpajbHOE

Pv

(r) = @) / GO — ') g () o) dr'. (13)

Orcro/la HAXOIUM ACHUMIITOTUYECKOE BBIPAXKEHUE JJIst
CcOOCTBEHHOM (DYHKITUU TIPU 7" — OO:

6, (q) @, (n,q) €

pu(e) - ADTD T gy
rmen=r/ru
Uy (n,q) = /e_iq“'r ¢y (r) o(r) dr. (15)
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Bemnuunbr  4,(—1n,q) aBisiorca  kodddunuenTa-
MU pasyioxkenus GyHKIuu exp(ign - r) mo cucreme
{@V(r)}:

1, q) gy (r). (16)

eiqn~r _ Z ﬂl/(—

v

31ech N — IPOM3BOJIBHBIN €IUHUYIHBIN BEKTOP.
Bamenum B ypasaenun (13) r’ Ha r”, 3arem ymHO-
KuM ero Ha @, (r')/&, (q) m mpocymMmupyeM 1o v:

/GO r—r"
X lv(r”)z @, (r") cp,,(r')} de”. (17)

Corutacro cootrorrennio (10) BbIpakeHHe B KBaJpaT-

SDV 90
D

HBIX CKOOKax pasHO 0(r” —r'). TlosTomy u3 paBeHCTBa
(17) nomydaem ciepyroliee IpeICTABICHUE Il HYJIe-
Boit dyukiuu ['puna:

(18)

B ciayuae moTeHnmasa ¢ KOHEYHBIM DALy COM JeHCTBHIs
npescrabienne (18) umeer mecto, eciau XOTst ObI st
OJTHOTO U3 PaJIyC-BeKTOPOB I mian ¥’ dyHKIwms v(r) oT-
JIMIHA OT HyJIsl.
CoryacHo [5] /1t 9HEPIUK CBS3aHHOIO COCTOSIHUSA U/,
€CJIM OHO eCThb B HOTeHImae o v(r), NMeeM BbIparKeHue
2
€y =

—x;,, TIe s, — pellleHle ypaBHEeHUs

a,(x) = a. (19)

BoutroBast byHKIus 1, (I) 9TOTO COCTOSHUSI UMEET BUJL

Yu(r) = Cy pu(32051), (20)

| ) e

2. JIyig TOTEHINAJIOB C MEHTPAJIBLHON CUMMeTpUei

de, (a)
da

doy,
de

C, =

paccMaTpuBaeMast 331298 MOYXKET ObITh YIPOIIEHa, IIy-
TeM OTJEeIeHNs OT @, (r) n apyrux QyHKIMH COOTBeT-
CTBYIOIUX YTJIOBLIX YacTeil. JIJIs 9TOro BBEJEM Bele-
cTBennble cepuaeckne OyHKINN Ylgi‘) (n):

)

Y, (n) = aim P"(cosf) cosmep, 0<m<I, (22)

ng)(n) = aim P/ (cos@)sinmep, 1< m<l; (23)
20+1  (I-m)!"?

G = tL =m) T e (24)

27 (14+0m0) (I+m)!
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3zecy P/™(x) — mpucoeauHeHHbIe TOINHOMBI Jlexkarn-
pa [7] u

n="_= {sin € cos ¢, sinfsin ¢, cosf}. (25)
T
Cucrema cepuaeckux pyHKIUi {Yl;’z) (n)} (A=1,
2) sIBJIsIETCSI OPTOHOPMUPOBAHHOIN:
/Y ) Yls;\n?( ) dn = Sxx S S s (26)
rie dn = do = sin 6 df d¢, u noJHOIA:
2 9] l
X Y v mym) =sm-n).  (27)
A=11=0m=0
) — Y Y
d(n—mn') ™ 50 —0)0(p— ). (28)
OTMmeruM TakxKe, 9TO
20+1
S5 vy - 2 paew), @)

A=1m=0

rae P(x) — obbruamsle mosumomsl Jlexamnapa.
CoberBennyo byHrmo @,(r) = @aimn(r, 0, 9)
IPEJICTABUM B BH/IE

Patmn (T) = Pin(r) ngi) (n). (30)

Pajuanbuas cobcrBennas dbyHkys @p,(r) nogduHs-
eTcs ypaBHEHUIO

d2 Pin (7‘)
dr?

2 d@ln (T) _
r dr T Pin(r) +

+ q2 Gin (1) = Qun(q) v(r) Prn (7).

1(0+1)

(31)

WHaeKcoM 1 OTMEYeHbl Pa3JIMdHbIe PelleHUs ypaBHe-
uust (31) npu dbukcuposannom [. Cucrema pajnaIbHBIX
coberBenubix Gyuruii { @, (r)} npu dukcuposanoM
| oproHOpMEUpOBaHa,

/’ln ) u(r)r? dr = Spn (32)
0
o) Y fnlr) @nr') = 5 6r— ). (33)

n

Jna GO(r —1') u3

ZGOT‘T‘

Alm

(12) cupaBenuBo pasioKeHne

Pm)yYm)  (30)
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¢ mapnuajbHO Hys1eBoil dyukimeir ['puna

G (r1") = —ig { " (ar) dular) 00 ') +

+ aular) V(@) 007 = )} (35)

3zecs j;(z) n hl(l)(az) — cdepuaeckue QYHKIUE COOT-
BercTBeHHO Beccenst u Xankens (mepsoro popa) [8);
O(x) = lupu z > 0 u 6(x) = 0 upu = < 0. Boipa-
skeHne (35) yIOBIETBOPSIET YPABHEHUIO

{

N3 dopmyssr (18) ciemyer erme ofHO TpecTaBie-
HUe JjIs apIuaJbHON HyteBoit dpyukuu ['puna:

82

or?

I(1+1)

2
r r2

9 _
o +q2}G?(r,r/):

(36)

/ Pin(r) Pin (')

= — 3 37

)=y e G31)
TakxKe yJoBJeTBopsiomee, B cwiy (31), ypasre-

uuio (36).
Vpasnenue (31) ¢ nomompio GY (r,7') npeoGpasyem
K HHTErpaJIbHOMY BHJLY

Jo

TTockonbKy ipu & — 00

Pin(r) = ain(q N () v(r") (@) dr'. (38)

~
~

et
(oS

) 1. T
hl(l)(ac) , gi(x) = —sin (x—lg) , (39)

u3 ypasHenus (38) mpu r — o0 cjeiyer
un (q) tin(q) eil

4
47 r ] (40)

Yo(r)r? dr. (41)

Besmrauna 4! 1y, (q)/(47) apaserca xosddurmen-
ToM passioxkenust GyHkun j;(¢r) mo cucreme { @, (1)},
TaK 9TO

Z'l

alar) =~ > tun(q) Gin(r) (42)
¢ @in(r), B3aTOMN TIPU € = ¢°.
ITosioxxuB
(0, q) = Uximn (1,q) = @ () Y, (n),  (43)

upuBesieM Boipazkenue (16) K ciemyiomemy BUiy:

et = Z(_ 1)l {Z tin(q) Spln(r)} x
Alm n
A A
X Vi () Y (m). (44)
Bgecb m = r/r um ydYreHo, dYTO YZE:)(—H)

(—1)! ngi)(n) Cormacuo (42) cymma B duryp-
HBIX cKOb6Kax pasHa 47 (—1i)! j;(qr), Tak uro uz (44)
oIy 9aeM

elamr _ 4o Z it jl(q'r) }/157)1\) (Il) }/lgfz\) (m) (45)
Alm
TTocsie cyMMUpPOBAHUS 110 A B 1711 OTCIOJIA, CJIEIyeT
e =3 il ji(gr) (20 + 1) Bi(n-m).  (46)

=0

Pasencrsa (45) u (46) mpexacrasistior coboii 060061e-
HITe Pa3/okKeHns TJIOCKOH BOHBI €'XT [1] ma ciryuait
KOMIIJIEKCHOI HEPIUu.

W3 Beipakenus (35) ¢ yaerom acumnroruk (39) npu
¢ — 00 CIemyeT

{eiq lr—r'| (— 1) el (r+r") } (47)

- 2iqrr’
Toncranoska (47) B dbopmyiy (34) npu ¢ — oo maer

1

-1~ 2igrr’

{ 1=l §(m —m’) —
emwmam+mq}(%)

Orciona cienyer, ato GO(r—r’) = 0 B npeierne ¢ — 0o.
Ecou B morenmase « v(r) IMEOTCS CBA3AHHBIE CO-
CTOSTHHS, TO JIJIsI COOTBETCTBYIOIINX yPOBHEH SHEprun
HMeeM &p, = — 3, , TJI€ », — KOPHHU ypaBHEHHS
() = a. (49)

st paguabHOit BOTHOBON (DYHKIIMM CBSI3aHHOTO CO-
CTOSTHUS 1y, (T) B 9TOM CJIydae IMOJIydaeM BbIDarKeHIe

wln (T) - Cln @ln(%lnv T)v (50)
—-1/2 1/2
Cin = <[ s L__%;) - [ da } - B

3nech dyaxums 1y, () onpeeneHa caeryoImM o6pa-
30M:

Yo (1) = Yatmn (r) = Y1 (r) Y, (n).
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3. IIOJIHA A ®YHKIINSA I'PTHA

[Mommas dbynknua puaa G(r,r') ana crammonap-
uoro ypasaenus [Ipenunrepa (1) aBigercs: permenuem
ypaBHEHUsI

{Vf—i—qz —av(r)}@(r,r’) =d(r—r') (52)
c yenosuem G(r,r') — 0 mpm 7 — 0.

1. Ilpu tpagunmonnom moxxozie [2| Beauunna
G(r,r') Wmercst ¢ TOMOMIBIO PA3JIOKEHHs MO TOJTHOI
crcTeMe BOJTHOBBIX (PYHKITUIT — pelleHuil ypaBHEHUS
(1). Dro, mpexje Bcero, BOJIHOBbIE (QYHKIWU 1, (r)
CBSI3QHHBIX COCTOSHUI (ecju OHM eCcThb B JAHHOM
noreHipane) ¢ ypopHsMu sHepruum €, < 0. K Hum
HEOOXOIMMO JTOOABUTH BOJIHOBBIE (DYHKITHU z/Jl(j)(r)
HeIIPepLIBHOTO CIIeKTpa 3Hepruit (¢ = k? > 0) —
pemennst 3ajadu 06 YIPYroM PAacCesTHUM  IIJIOCKOM
BOJIHBI ¢ aCUMIITOTUKOM 1 — 00:

eikr

D (r) ~ e + f(n,m) (53)

r
3aech f(n,m) — ammamryma paccesinust, n = k/k u
m=r/r.

(+)

Cosokynnocts {1, (r), 1" (r)} obpasyer nomyio

cucreMy, Tak 9To [2]
)+ [

dk
D )y
v
3Be3/104uKoit B cooTHOmeHnH (54) 0603HaUEHA OIIePAILHsT

E
=6(r—1').

P ()

(54)

KOMIIJIGKCHOI'O COIIPSI?KEHHUsI; BOJIHOBbIE (DYHKIUU CBsl-
3aHHBIX COCTOSHHIl CINTAIOTCS BEIIECTBEHHBIMH.
Pemmenne ypasHeHust (52) ¢ HOMOIIBIO PA3JIOKEHUST

o CucTeMme {1/)l,(r),z/11((+) r)} JlaeT CJeyIomee BbIpa-
skenne Jist Gyukipm [puna [2]:

Yy, (r) 1y ( )
Z E—¢&y

/w

Ipu BoIBOAE popMyIbl (55) UCIOIB30BAIKUCH CIEIYIO-

ey dk
g — k2 (2m)3”

(55)

II[Ie COOTHONIEHUsI OPTOHOPMUPOBAHHOCTH 15l BOJIHO-
BeIX byHKIMi [2]:

/www@M=%w (56)

Fre)ydr = 20 ek—X),  (57)

[ow
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(r)dr = 0. (58)

[t

Hpumenns k G(r,r') w3 (55) oneparop V2 + ¢ —
— av(r), ybeaumest, 9TO 9TO BBIparXKeHNe yI0BIETBODSI-
er ypaBaenuio (52) B CUJLy BBIIOJIHEHUS COOTHONICHUS
nosHOTH (54).

Cornacro (55) sesmuuna G(r,r') sBiasercs anasu-
TUYECKOM (YyHKIMEH KOMILIEKCHON IT€PEMEHHOI £ Ha
BCceM (PU3MIECKOM JINCTE 38 UCKIIIOUEHUEM, BO3MOXKHO,
HEKOTOPBIX TOYEK Ha OTPULIATEJIbHOU NeCTBUTE/IbHON
mosryocu. Tak, ecjm B JJAHHOM MOTEHITHAJIE €CTh CBs-
3aHHOE COCTOSHUE C IHEPIrueil €,, TO B Boipaxkenuu (55)
IIPUCYTCTBYET IOJIOC, IPH NPUOJIIKEHIN K KOTOPOMY
UMEEM IIPU € — £,

Yo (r) Py (r') '

E—¢€y

G(r,r') ~ (59)

ITpu o« — 0 u3 dopmyasr (55) ciaeyer BhIpayKeHne
nuist mysesoit bynxnun Ipuna GO (r—1'). JleficTBuTen-
HO, Ipu ¢ = () OTCYTCTBYIOT CBABAHHBIC COCTOSIHHUS, 4
ikr

byHuKIns ¢1(<+) (r) cBOmUTCA K TLIOCKO# BOJIHE €T Tak

qro ipu o« —
etk (r—r’)

e — k2

dk
(2m)3”

Otcrona npu € = ¢ ny1a mynesoit Gyaxmun ['puna ciie-

G(r,v') = G(r—r') = / (60)

nyer BbIpaxkenue (12).

17151 BEIYHUCIIEHUS CIIEAYIONNX 9JIEHOB Psijia [0 CTe-
[IEHSIM (¢ HY>KHO HAWTH COOTBETCTBYIOINIEE Da3JIOXKe-
nue i QyHKIIN wl(f) (r). Ynobuee, omHAKO, Oy YATH
pazimoxkenue yHKIUN ['prHA IO CTEEHIM (v HETTIOCPE/T-
crBerHo. C 9T0i 11e/1b10 IepeiieM oT qud hepeHnmab-
HOro ypasHeHUs! (52) K MHTEIrPAJIBHOMY:

Gr,v')=G(r—r')+

—i—a/éo(r—rl)v(rl)é(rl,r’) dr,. (61)

Jis ciaboro norennuasa ypasuenue (61) moxker pe-
MIATHCS UTEPAIAAME — PA3JIOKEHUEM I10 CTEHEHAM (V.
B pesynabraTe MoayduM CIeIyIOMAi psi;

G(r,r') =
a6 = r)ue) &,

+ ag/ Go(r —ry)v(ry) (_;O(rl —1y) v(ry) X
x GO(r

Go(r — ') +

—1')dr, +

o — ') dry dry + (62)

,HJIH OEeHTPaJIbHO-CUMMETPUIHBIX ITOTEHIIUAJIOB I10-

JIOPKIM
Z Gl r,r Z YA)

YV (m'), (63)
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e napuuaigbHas GyHKIus ['puHa Gl(r, ') momunHs-
eTcsl YPaBHEHUIO

0 0 _l(l+1) 3
or2 r Or r2

{ > 42 0 +¢* v(r)} Gy (r,r) =

= Prtmn(r) = Y1 (r) Y, (m) 1

ZY

B sTom caygae ¢, (r)
) =4r > v
1

rmen=k/kum=r/r.

n) Y, (m), (65)

IMoacranoska srux dbyuxnuit B hopmyiay (55) naer
~ wln (T‘) wln (TJ)
Gi(r,r") = —_—

i(r,r") Z P

/ v a—k2 D) k2 dk.  (66)

Ananornanbiv 06pazom u3 cootHomenus (54) morya-

€eM
ot oo

Z 1/}ln 1Z)ln

=——— (67)

HpI/I HaJIMYUU CBA3aHHOI'O COCTOAHUA HMEeeM IIPpU
E — €in

) ~ wln(r) 1/}ln (T/) ’ (68)

E —€EIn

Gi(r,7’

IJI€ €, — SHEPTHUS STOTO COCTOSTHHS.

2. 3aMeTuM, 9TO B CJIyYae IOTEHIHAJIA C KOHEd-
HBIM paJinycoM JeiicrBus psiyt (62) coiepkuT, Hadu-
Has ¢ JIMHEHHOro 110 o 4jieHa, nyiesble dyaxiuu ['pu-
Ha, B KOTOPBIX 110 KpaliHeil Mepe OJUH U3 KOOPJUHAT-
HBIX BEKTOPOB NPUHAJJIEKUT OBJACTH MIPOCTPAHCTEA,
rae v(r) # 0. D10 06CTOATETHCTBO MO3BOJIAET UCTIO b~
30BaTh AyIst HUX pasioxenne (18). Tak,

[ 60 1) vl 6y v, =

Pu(r) ou(
_Zzuqd X

Y EXSERATTNTESS % (69)

u 1. 1. B pesynbrare us paznoxenus (62) mosrydaem

«Q

« {%(q)—i_ {%@)]Z {a;’zq) 3+...}, (70)

OTKYJa CJIe/lyeT

Glr') = Gr—v) + 3 A

G(r,v') = G’O(r—r’)—i—az M (71)

Beipaxenne (71) mpumeHuMO 1pu BCex r u I’ st
JIOOBIX TIOTEHIUAJIOB, B TOM YHUCJIE U ¢ KOHCYHBIM PaJId-
ycoM gefictus. Ecin pu 3TOM UMeET MeCTO pas3yioiKe-
uue (18) st Hymesoit dyukmn ['puna, TO BRIpaskeHne
g G(r,r') mprobperaeT KOMIAKTHLIN BHT;

r)_ZV: i) —a (72)

31ech 110 KpaitHeil Mepe OJIH U3 PaJInyC-BEKTOPOB I0JI-
JKeH [IPUHAIIeXKaTh 00/1aCT IPOCTPAHCTBA, e v(r) #
# 0. Herpynao Bumers, uro seipaxkenus (71) u (72)
YZI0BJIETBODsIIOT ypaBHeHusM (52) u (61).

Beipaxkenust (71) u (72) mna dbyskumm [puna
G(r,r’) obmaaror Temu xe, 9To i (55), AHAMTHIECKH-
mu cBoiictBamu. [lefictBurenbHO, cOOCTBEHHBIE (DYHK-
un @, (r) u cOGCTBEHHbIE 3HAYEHUS (), (q) OLpEIesIeHB
KaK peryJsipHble BeJumauHbl npu Im g > 0, T.e. Ha BeeM
dbusngeckom scre. Kpome Toro, Boipazkenns (71), (72)
Ipu € = €, = — 2, TJe 3, — KOpeHb ypasHenus (19),
TaKKe MMEIOT IOJIIOC U BOJIU3U HErO NMPUHUMAIOT IIPH
€ — €, BUJ,

. -
C_v'(r,r/) o (50,;1) pu (55, 1') %

£—¢€y

(=) - e

Bosnosas dyuknus 1, (r) cCOOTBETCTBYIONIErO CBI3aH-
HOI'O COCTOSIHUSI BBIPAXKACTCS 9epe3 ¢y, (54,; T) COrJIacHO
(20), (21), Tak uro Bepazkenus (73) u (59) coBnasaoT.

st cnaboro norennmana (o — 0) uz (71), (72) oue-
BUJHBIM 00pa3oM ciefyer pasioxenue (62) mia GyHk-

nuu ['puna.
IIpu ¢ — oo umeem |al/|a,(q)| — 0, nosromy u3s
Boipazkenus (70) 1pu ¢ — 0O moJIydaeMm

G(r,r')~G(r — 1) (74)

C COOTBETCTBYIOIIEH aCUMIITOTHKOM (48) 11t HymeBoi
dbyukun Tpuna, Tak 9To

lim G(r,r’) =0. (75)

q—o0
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s napuunasbuoit dyukiuu puna cormacuo (71),
(72) nmeem

(77)

B6umsu nomoca (e — gp,) st byakuuun Gi(r,r') ¢
yaerom cesasu (50), (51) BosmoBO#N dyHKIMHU Y, (1)
¢ coberBennol byHKIWMER @, (1) ModydaeM BbIpazke-
aue (68).

3. B 3a/1ate 06 ynpyroMm paccessHuu IIOCKOM BOJTHBI
e™®T 5a morenmuae a v(r) TpeGyeTcs HAHTH BOTHOBYTO
PyHKIIIO 1/)1(<+)(1') — pemienue ypasuenus (1) (mpu € =
= k?) ¢ acumnrornueckum noseennem suga (53).

ITonoxkum

) =

T+ o(r), (78)

rie byHkus ¢(r) onuchBaeT paccessHHyIo BoHy. [loj-
cranoBka (78) B (1) IPUBOAUT K HEOAHOPOTHOMY yDaB-
HeHUIO Jyist (r):

V2 o(r) + k% o(r) — av(r) o(r) = av(r) e®T.  (79)
VYpasuenue (79) pemraem ¢ nomorpio Gyukimu I'puna.

B pesynbraTe nomyaaem
1(<+)(r) _ eik»r+a/G(+)(r7r/) eik.w U(I‘/) dI‘/, (80)

rie G (r,r') — dbynxmus G(r,r') mpu ¢ = k + 0.

B Beipakennn (80) xoopamHaTa I’ IPUHAJIEKUT
obuiactu, B KoTopoit v(r') # 0. D10 MO3BOJIAET UCIOJIb-
soBaTs myist byukmmn ['puaa G (r, r') npeacrasienne
(72) upu ¢ = k + 40, Tax 4TO0 I BOJIHOBOI (DYHKI[IH
HEIPEPBIBHOIO CIIEKTPA SHEPrUH wl(:r)(r) OTCIOIA, CJIe-
JLyeT BBIPAYKEHHE

) H(—n. k
elker +a Z u(+)( n, ) ©

oy (k) —a
COBIIaJIaONIEe ¢ HalieHHBIM B padore [6]. TIpu BBBOME
dopmysst (81) yureno onpejenerue (15) st Besnan-

uel 4(n, q) upu g = k + 0.
Ipu r — oo w3z dopmyasr (81) maa byHkIUM

(+)

v

) =

(r), (81)

wl(:r)(r) cJIejlyeT ACHMITOTHYIECKOE BBIPAsKEHHE BHUJA
(53) ¢ ammuuTy0# paccesirus (6]

«

o)
4

oS (k) -
< ulH (—n, k) ulP (m, k),

— X

f(n,m) =

v «

(82)

478

rie n = k/k mw m = r/r. Ilpu BeIBOJe BBIpasKEHUS
(82) wucmosbzoBana acumnrorudeckas dopmysna (14)
Jtst coberBenHoit byHknm @, (r) npu ¢ = k + 0.

B caydae moTennumasia ¢ meHTpaIbHOM CUMMETpHeit
JLJIS TIapIUAIbHON aMILIuTy (bl paccesuus fi(k), omnpe-
JIEJIEHHOH COIJIaCHO

fmym) =47 3 k) Y)YV m),  (83)
Alm
3 (82) mosyuaeM ciiesyronee Bbipazkenue [6]:
k) = 1 +1 o
) = (<)
(+)
a, (k) 4
X 1 uy,, (k)| (84)
2
31ech, KaK ¥ BBIIE, YYTEHO, YTO YZE:)(—H)
= (1Y ().

4. 9KBUBAJIEHTHOCTB IIPEACTABJIEHUN
OYHKIINN I'PUHA

B mpeapiayinem paszeiie ¢ TOMOIIBIO PA3HBIX METO-
sk s dynaxmun [puna G (r, v') 6bITH BBIBEICHBI Pas-
JIMIAIOINECS] TI0 BUJY BBIPAYKEHUsT (IPEJICTABJIEHMUS).
O6a BbIpakeHUs 00JIAJAIOT, TEeM HE MeHee, OJMHAKO-
BBIMU OOIIUME CBOHCTBAMU ¥ TTPOCTO OMUCHIBAIOT OJTHY
u Ty ke Bemmunny G(r,r’) pasHbIME crocobaMm, TIO-
9TOMY MEKJIY ITUMHU MPEJICTABICHUSIMHU JIOJIZKHA CYTIe-
CTBOBaTbH HEMOCPEJICTBECHHAS CBSI3b.

JIis BBISICHEHUSI COOTBETCTBUS MEYKJIy BBIPAsKEHU-

5)

u (72) paccMOTpPUM HHTErpaJt

/

C

amu (5

G(er, 1) de

P (85)

)
21

B3ATBHI 110 M300parKEHHOMY HAa PHCYHKE 3aMKHYTO-
My KOHTYDY, COCTOSAIIEMY U3 OECKOHEYHO Y/IAJIEHHON
OKPY2KHOCTU 1 006X0J[a BOKPYT pa3pesa. 31ech y PyHK-
nun ['puHa B $BHOM BHJE yKa3aHA OILYCKABIIASICS
IpeXK/Jie 3aBUCHMOCTD OT SHEPIHH.

Besmuuna (85) paBHa, ¢ OJHO#l CTOPOHBI, CyMMe
BBIUETOB TOJBIHTEIPALHOTNO BBIPAYKEHUs B TIOJIIOCAX
dyukipu I'puna npu € = €, (eciu B JaHHOM [OTEHIIA~
Jle IMEOTCsI COOTBETCTBYIOIINE CBSI3AHHBIE COCTOSTHHYS ),
a Takxke npu € = ¢. C Apyroii CTOPOHBI, UHTErPAJI 1O
GECKOHEYHO YJIAJIEHHONH OKPYYKHOCTH, C yIETOM TIPe/Ie-
aa (75) mus dyukuuun 'puna npu ¢ — 00 paBeH Hy-
JIE0, TAK 9TO OCTAETCS TOJIBKO MHTErPUPOBAHUE BIOJIb
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4R

Geperos pa3pesa. B pesyibrare ¢ HCIOJIB30BAHUEM BbI-
paxenusi (72) nosydaem

G(er,r') = Z %—I—

(+)
o (1) pp (e;1)
> P % B
0/ { e) !
Z (+)* er €

IIpu BoIBOZIE paBeHCTBA (86) ydTeHbI cooTHoIeHus (6),
a takxe (20), (21).
Paccmorpum Tereps nHTErpadt

€— k2 (2m)3°
3amernm, 4ro BbeipaxkeHue (81) st zbl(j)(r) ¢ ydIeroM
pazisioxkenus (16) npu ¢ = k + i0 upuauMaeT BuJ

(+) (+)
ay (k) uy’ (—n, k)
IRIOEDY oGt
8 = al (k)

(87)

(r).  (88)

-«

[Monaras B pasenctse (87) dk = k? dk dn u ucronb3ys
BhIpazkeHue (88), moJryaum

1 k% dk
I(e) = (27r /E_kzzz (+ —a
a<+>*
ﬁ () () (n)
v / ul) (—n, K)u(~n, Ky dn.  (89)

479

Hajee HaM MOHAIOOUTCST HEKOTOPOE COOTHOIIEHHUE,
KOTOPO€ BBIBOJIUTCS CJICIYIONIIM 00Pa30M. Y MHOXKIM

@y (k +1i0;1)

ol (k) v(r) pi ()

ypaBHeHUe 11 QyHKIUNA g01(,+)(k; r) =

V2l (1) +k% 0P (r) = pit) (90)

G- (k;r)|,dr|, coorBercTByIOIIEE ypABHEHHE IS

Ha oy
Ef) (k;r) — Ha (p£,+)(l€; r) dr, 3aTeM BBIYTEM UX JPYT
U3 Jpyra U IPOMHTEIPUPYEM IO BCEMY IPOCTPAHCTBY.

B pesynbrare mosyduM paBeHCTBO

(+)
3320{ [ 225
A P = ko)
< [ e @) ety dr, - o)

B JIEBOU CTOPOHE KOTOPOI'O MHTErpaJj mpeobpasoBaH B
MOBEPXHOCTHBIN 10 cdepe pajumyca r — 00. Vcmonb3yst
JIJIsT BBIYHMCJIEHHS 9TOTO MHTErpaJjia acuMinToruky (14)
npu q = k + 10, HaitiemM COOTHOIIEHUE

% / ulP (n, k) ulH* (n, k) Z_: _
k +)*
- <+>((k)) ) (;)) / oS (1) (D" () v(r) dr.  (92)

U3 pasencrsa (87), ¢ yuerom coorHomenust (92) u
TOXKJIECTBA

o (k) — ol ()

(aﬁf)*(k) - a) (affr)(k) - a)
1 1
, (93)
(+)(k) a (+)*(k) o

HAXOJINM

1 7 de

T 2mi €—¢

0
x> { NEE 1,{ } x
[ 2T V ( ) -
x <P(+)( € )wﬁ”*(e;r’) x

x / oD () oD (2" o) e, (04)

rae € = k2. Haxomer, HCIOIb3ys COOTHONICHHUE TOJIHO-
1ol (10) nupu ¢ = k + 10, nosyanm
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oo

1 ot (1) ol (6 1)
1(e)=/—6_5{2 P00
0 174

-y "(er) ol (6 1) } a4 (o)

i () —a 2mi;

Orcrona cienyer, uyro Boipazkenue (86), ¢ yaeToM ompe-
nmenenust [(e) u3 (87), npurnmaer suz (55), Tak 9ro
npejcrasienns Gyaknun I'puna (55) u (72) skeuba-
JICHTHBI.

o
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