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1. B nocne~HHe ro~w Ha6mo~aeTCJI noawweuuoe BHHMa

HHe K TeOpHH llOTeHQHaJibHOrO pacceJIHHJI, H60 HHTeHCHBHO 

Be~y~HeCJI Ha YCKOpHTeJIJIX 3KCnepHMeHTLI no pacceJIHHID 

'laCTHQ BLICOKOH 3HeprHH Ha .ll~pax Tpe6yiDT ~JIJI CBOe:ii 

HHTepnpeTaQHH 3HaHHJI aMRJIHTY~LI pacceJIHHJI Ha CHJIOBOM 

QeHTpe. Hau6onee nonyJIJIPHLIM B uacToJI~ee apeMJI JIBJIJieTcJI 

3HKOHaJibHOe npH6JIH>KeHHe ~JIJI aMRJIHTY~LI pacceJIHHJI / 1 - 3 / 

(ii = 2· m = l) 
-> -> -> 

f(q) =-l..L·fd2b ·ciq·b (eiXo(b) -l) 
2rr ' 

/1/ 
-> -> 

r~e nepe~ai!_Hblii HMnynbc q = k 1 - k 2 , , 

HMnyJibC, k2 - KOHe'IHbiH HMnyJibC, a m -

JluueiiHaJI no noTeHQHany 4la3a x 
0 
(b) 

~HM Bblpa>KeHHeM 

-> 00 -> 

x 0( b) =- -
1- • f d z • V ( b +I: z) • 

2k 
-«> 

-> 

k 1 - Ha'laJibHI>IH 

Macca qacTHQbl. 

~aeTcJI cne~y10-

/2/ 

3~ecb V(r) - noTeHQHaJI B3aHMo~eiicTBHJI. HHTerpupo-

aauue B Bblpa>KeHHH /2/ npOBO~HTCJI no npJIMOJIHHeHHOH 

TpaeKTOpHH, nepneH~HKYJIJipHOH nepe~aHHOMY HMnyJILCY q , 
'ITO ~OCTHraeTCJI Bld6opoM uanpaaJieHHJI ocu z I ~~HHH,'IHI>Iii 
BeKTop 11 I, napanneJibHOii cpe~HeMy HMnynLcy k=t<t

1
+k

2 
). 

Bb16op TaKoro uanpaaneHHJI ~JIJI ocu z ~enaeT aMnJIHTY~Y 

/1/ HHBapHaHTHOH OTHOCHTeJibHO o6pa~eHHJI BpeMeHH. 

Ycnex 3HKOHaJILHoii «!lopMyJII>I /1/ ~JIJI aMnJIHTY~bl pacce

JIHHJI B OnHCaHHH B3aHMO~eHCTBHJI 'laCTHQ BbiCOKOH 3HeprHH 

c JI~paMH /2, 3 I nono>KHJI uaqano HHTeHCHBHI>IM uccne~oaa
HHJIM TO'IHOCTH H npe~eJIOB npHMeHHMOCTH 3TOrO npH6JIH

>KeHHJI /4-6/ • CTporHM H TBep~o ycTaHOBJieHHbiM pe3yJib

TaTOM JIBJIJieTCJI cnpaBe~JIHBOCTb 3HKOHaJibHOrO npe~CTaB

JieHHJI /1/ ~JIJI OnHCaHHJI BbiCOK03HepreTH'IeCKOrO pacceJIHHJI 
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'laCTHUbl Ha rna,I(KOM IIOTeHUHane H B o6naCTH MallbiX yrnOB 

pacceJIHH.II. 0.I(HaKO ,1(0 CHX IIOp HeT JICHOCTH B 3a,I(a'le OIIHCa

HHJI BbiCOK03HepreTH'IeCKOrO IIOTeHUHallbHOrO pacceJIHHJI Ha 

KOHe'IHble yrnbl H, B 'laCTHOCTH, B BOIIpoce 06 o6o6~eHHH 

npeACTaaneHHJI /1/ Ha 3TOT cnyqau. B pa6oTel7 / npoao

AHnocL o6cy:>KAeHHe 3TOH npo6neMbl H OTMe'lanacL Heo6xo

AHMOCTL CHCTeMaTH'IeCKOrO HCCne,I(OBaHHJI IIOIIpaBOK K 3H· 

KOHallbHOMY IlpH6llH)KeHHIO. 

HaM npeACTaBnJieTCJI HHTepecHbiM H aecLMa nepcneK

THBHbiM HOBbiH IIO,I(XOA K H3y'leHHJO IIOllHOH aMIIllHTYAbl 

BbiCOK03HepreTH'IeCKOrO IIOTeHUHallbHOrO pacceJIHHJI C no

MO~bJO o6o6meHHJI H3BeCTHOrO MeTOAa 4Ja30Bb1X 4JyHKUHH 

All.ll cnyqaJI napuHanLHbiX aMnnHTYA /B -ll/. 34>4JeKTHBHOCTL 

MeTO,I(a 4Ja30BbiX 4JyHKUHH All.ll nony'leHHJI npH6llH)KeHHbiX 

3Ha'leHHH napuHallbHbiX napaMeTpOB B 3a,I(a'le IIOTeHUHanL

HOrO pacceJIHHJI xopomo H3BeCTHa. HacTOJI~ee HccneAOBaHHe 

IIOCBJI~eHO aHanH3Y 3HKOHallbHOro npe.I(CTaBneHHJI /1/ All.ll 

aMnnHTYAbl pacceJIHHJI B paMKax paccMaTpHaaeMoro noA

xo,I(a. B ,I(aHHOH pa6oTe BbiBOA.IITCJI OCHOBHble ypaBHeHHJI 

TeopHH. B qacTHOCTH, B n. II HacToJimeu pa6oTbl nony'leHo 

ypaBHeHHe All.ll 4JYHKUHH pacceJIHHJI f(f, k b k 2 ) , KOTOpa.ll 

HMeeT JICHbiH 4JH3H'IeCKHH CMbiCll aMIIllHTYAbl ynpyroro pac

Ce.IIHHJI Ha onpe,I(eneHHbiM o6pa30M o6pe3aHHOM IIOTeHUHane 

v.;n> I e - napaMeTp o6pe3aHHJI/. B HaCTOJI~eM _,no~XO,I(e 
MO)KHO BBeCTH TaK)KC HOBYJO BenH'IHHY )( k ~£, r , sO) 
-> 1-> -
s 0 = - q , KOTOpyro, 110 aHanorHH C 06bi'IHbiM MeTOAOM 

4Ja3/8 ~9/, Ha30BeM IIOllHOH 4Ja30BOH 4JyHKUHCH. BBe,I(eHHe 

TaKOH BellH'IHHbl OKa3biBaeTCJI BeCbMa 34>4JeKTHBHbiM ,I(ll.ll 

aHallH3a BbiCOK03HepreTH'IeCKOrO IIOTeHUHallbHOrO pacceJI

HHJI. B n. III AnJI nonHou 4>a3oaou 4>YHKUHH BbiBOAHTCJI 

TO'IHOe ypaBHeHHe. Ha ocHoBe 3Toro ypaaHeHHJI nony'leHo 

IlpH6llH)KeHHe /1/ ,I(ll.ll aMIIllHTYAbl paCCC.IIHHJI. 

II .Cne.I(y.ll OCHOBHO!f HA~e MeTO,I(a 4Ja30Bb1X 4JyHKUHH, npeA • 

CTaBHM aMIIllHTYAY f( k 1 , k 2) ynpyroro pacceJIHHJI 'laCTHUbl 

Ha 3a,I(aHHOM IIOTeHUHane V n) KaK npe.I(en IIOClle,I(OBa Tenb

HOCTH aMIIllHTYA paCCCJIHHJI f
8
(k

1
,k 

2
) ,I(llJIIIOCne.I(OBaTenb

HOCTH "o6pe3aHHblx" noTeHuHanoa V8 (-;). IloT_,eHuHan V8 G) 
npeAcTaBnJieT co6ou TY qacTL noTeHUHana V( r) , KOTopaJI 

ne)KHT B o6nacTH, orpaHH'IeHHOH noaepxHOCTLJO S. TaKHM 

o6pa30M, HCKOMaJI aMIIllHTy.I(a f( k I, k2 ) JIBllHeTCH aMIIllHTy-

4 

AOH pacceJIHHJI £
8

( k , k ) , KOrAa noaepxHOCTL S o6pe3aeT 

IIOTeHUHan Ha 6eCKOHe'IHOM YAaneHHH OT pacceHBaiO~ero 

ueHTpa, rAe V(f) _, 0 . 
TaKOH IIOAXOA 6bln npeAnO)KeH B pa6oTel 10 ~ rAe aMnnH

TyAa f paccMaTpHBanacb KaK npeAen nocneAOBaTenLHOCTH 

aMIInHTYA f( R, k 1, k 2 ) All.ll nocneAoBaTenLHOCTH o6pe3aHHbiX 

IIOTeHUHallOB ( 0 < R < oo) 

VR(r') =V(f) · O(R-r), 

rAe 8( x)- o6bi'IHaJI (J -4>yHKUHJI 

I, X> 0 
(J( x) =I 0, x < 0 . 

/3/ 

/4/ 

,nn.11 aMnnHTYAbl f( R, k 1 , k 2 ) B pa6oTel1° I 6blno nony-

'leHo TO'IHOC HCllHHCHHOe HHTerpo-AH4>4JepeHUHallbHOe ypaB

HeHHe. 

B OCHOBe ,I(aHHOro IIOAXO.I(a, KaK IIOKa3aHO B pa6oTe /ll/, 
ne)KHT OllpC.I(ClleHHaJI CB060.I(a B Bbi60pe 4JopMbl IIOBepXHOCTeH 

S, "IIOCllOHHO" o6pe3aiOIUHX IIOTeHUHan. 0Ka3b1BaeTCJI, 

MO)I(!fO-> IIOllY'IHTb HeKOTOpoe ypaBHeHHe ,I(llJI aMIIllHTYAbl 

l's (k 1, k 2) , He KOHKpeTH3Hpy.ll CIIOC06 o6pe3aHHJI IIOTeHUHa

na. Jiy.I(eM HCXOAHTb .H3 cne.I(yJO~HX HHTerpanbHbiX ypaBHe

HHH .I(llJI BOllHOBOH 4JyHKUHH, COOTBeTCTBYIOIUeH IIOTeHUHany 
-> 

V(r): 
-t -+ -) .... --+, (+) -+ ....... ....., .....,., _,. 

l/1
8
(r,k

1
) =exp(ik 1·'r)+fdr G (r,r,k)·V8 (r )·1/1 8(r,k 1 ) ,/5/ 

H H3 Bblpa)KeHHJI All.ll aMIIllHTYAbl pacce.IIHHJI 

_, _, I _, _, 
r
8 

(k 1 ,k 2 ) =--· fd;. l'xp(-ik 2 ·-;.)v8 (r).I/J 8 (;,k 1)./6/ 
4rr 

Jiep.11 BapHaUHOHHble npOH3BO.I(Hble 110 IIOBepXHOCTH S B 

ypaBHeHHJIX /5/ H /6/ H HCIIOllb3YJI CHMMeTpHIO 4JyHKUHH 

rpHHa 

G(+)(;, ;',.k) I exp(ikl; -?1) 

I _, _., I 
r - r 

( +) ... -> 
=G (r',r,k), /7/ 

477 
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HeTpy,IJ;HO noKa3aTL, 'ITO HMeeT MeCTO COOTHOWeHHe 

0 -> .... l ...... -> .... 8 .... 
-· f8 (kl'k 2 ) =- -·fdr·l/18 (r,k 1).ij18 {r,-k~· --V8

(r). 181 
oS 4rr 8S 

B o6meM cnyqae BLipa)l(eHHe 181 ycTaHaBnHsaeT CBJI3L 

Me)I(,II;y BapHaUHJIMH aMnnHTY,D;LI H HeKOTOpLIMH BapHaUHJIMH 

noTeHUHana, nOCKOllLKy no,IJ; S MO)I(HO nOHHMaTL npOH3BOnL

HYIO COBOKynHOCTL napaMeTpOB, xapaKTepH3YIOUUIX noTeH

UHan. )l;nJI uac cymecTseuuo, 'ITO ecnH sapHaUHH noTeuuuana 

npe,IJ;cTaBnJIIOT co6oii "nocnoiiuoe" o6pe3aHHe nocne,IJ;Hero 

HeKOTOpOH nocne,IJ;OBaTenLHOCTLIO nosepXHOCTeii: S , TO 

COOTHOWeHHe 181 JIBllJieTCJI ypaBHeHHeM ,II;llJI BenH'IHHLI -> -> 
fs ( k 1' k 2) • 

C uenLIO Hccne,IJ;OBaHHH 3HKOHanLHoro npe,IJ;cTasneHHJI 

111 ,IJ;nJI aMnnHTY,IJ;LI pacceJIHHJI BLI6epeM cnoco6 o6pe3aHHJI 

noTeHUHana, Y'IHTLIBaiO(UHH UHllHH,D;pH'IeCKYIO CHMMeTpHIO 3a

,IJ;a'IH ( 0 ::: ~ < "") 

v ~ c-; > = v c ;) · e < ~ - I z I > , 191 

r ,IJ;e (J (x) - o6LI'IHaJI e- cl>YHKUHH I 41. 
Cne,IJ;oBaTenLHO, noTeHuHan V ~Ci-) npe,IJ;CTaBnJieT co-

6oii 'laCTL noTeHUHana V ( r), pacnonO)I(eHHYIO Me)I(,II;y ,IJ;BYMJI 

nnoCKOCTJIMH, nepneH,IJ;HKYllJIPHLIMH HeKOTOpoii: npHMOH, KO

TOpyiO BLI6epeM 3a OCL z, H OTCT.OJIUUIMH OT Ha'lana KOOp,IJ;HHaT 
CHMMeTpH'IHO Ha paCCTOJIHHH Z = ± ~. 

0 

oS 

)l;nJ~ Taxoro cnoco6a o6pe3aHHJI /91 noTeHUHana V(;) 

a 
=~· 

H ypaBHeHHe /81 npHMeT cne,IJ;ylOI.QHH BH,IJ;: 

_a_£(,;, k 1, k2) =- _!_. f d2b lvu<+) ) . i/Jcc;<+>, k ). l/1 cd+>,-k )+ 
a~ 4rr s 1 s 2 

->(-) ( ->(-) -> ) (->( -) -> ) l + V( r ) • l/1 ~ r , k 1 • l/1 ~ r , - k 2 . /10/ 

6 

-> 
3,IJ;eCL b - npHuenLHLIH napaMeTp, BeKTOpbl ;< ±) =( b, ±~), 
a HHTerpHposaHHe se,D;eTCJI no sceii nnocxocTH npHuenLHoro 

napaMeTpa. 
By,IJ;eM npe,IJ;nonaraTL TenepL, 'ITO noTeHUHan JIBnJieTCJI 

ccl>epH'IeCKH CHMMeTpH'IHLIM. BocnonL3yeMCJI CB060,IJ;OH BLI-

6opa uanpasneHHJI ocH z H uanpaBHM ee no cpe,D;HeMy HM-
.... l->-> 

nynLcy k = 2 c k 1 + k 2 ) • TaKaJI cHcTeMa xoop,IJ;HHaT oxa-

3LIBaeTCJI BLI,IJ;eneHHOH B paCCMaTpHBaeMOM nO,IJ;XO,IJ;e. )l;eii:

CTBHTenLHO, HeTpy,D;HO noKa3aTL, 'ITO B 3TOM cnyqae ypas

HeHHe /10/ cyi.QeCTBeHHO ynpoi.QaeTCJI H npHBO,IJ;HTCJI K cl>opMe 

a .... ... 1 2... ... ... 
- f(~,kl'k 2) =- -- · f d b· V(r)· t/1 l;,k 1)· t/J~{1,-k 2),1111 
a~ 2rr ---

-> -> -> . 2 2 
r,IJ;e TenepL r=( b, ~),k 1 =(s0 , t 0 ),k 2 =(-s 0 , t0), t 0=yk - s · 

B 
~ ~ 0 

COOTBeTCTBHH C UHllHH,D;pH'IeCKOH CHMMeTpHeH 3a,L\a'IH 

cl>YHKUHIO rpHHa 17 I npe,D;CTaBHM B BH,IJ;e 

r,11;e 

.... -> -> 
1 ) • is ( b- b ') . I , I 

G'+ U,r',k) =- -1-·Jd2 ~ ~ ·c
1

t z -z , 1121 
8 7T 2 

yk2- ,..;2, 

I--
.. I 2 k2 
Jy s - ' 

s<k 

s > k. 
/131 

Taxoe npe,D;CTaBneHHe /12/ ,IJ;lljf cl>YHKUHH rpHHa HCnonL-

30BanOCL 30MMepcl>enL,IJ;OM B HCCne,IJ;OBaHHHX no TeopHH 

,IJ;Hcl>paKL(HH/12/. 3aMeTHM, 'ITO npH k->oo H3 ypaBHeHHH /12/ 
MO)I(HO nony'IHTL cne,IJ;yromee npH6nH)I(eHHoe BLipa)l(eHHe ,IJ;nJI 

cl>YHKL(HH rpHHa *: 

(+) -> -> 
G (r,r',k)"' 

- i ( 2) .... .... UD (h-h')•!'iklz-z'l. /141 

* B oTnH'IHe oT/H;JBeCTHoro 3HKouanLHoro npH6nH)I(eHHJI 
,II;ll11. cl>YHKL(HH rpHHa 2/ 

( +) ( -> .... ' i ,( 2) -> .... ' i k ( z- z ') 
L r, r , k) "' - - iJ ( b - b ) • !' • (J( z - z ') 

2k 

s BLipa>KeHHH I 141 CHMMeTpHJI no nepeMeHHLIM z H z' co
xpaueua. 
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HcnonL3Y.II npe,IJ,CTasneHHe 1121, BOHHOB:We cllYHKIUIH, 
BXOJJ..IIUUie B no,IJ,WHTerpanLHOe swpa)l(eHHe npasoii: qacTH 

ypa~He~H.II 111, MOlKHO BWpaJHTL qepe3 aMnHHTYJJ.Y 
f(,;, k1, k 2 ) • 3Ta npOI~eJJ.ypa npose,IJ,eHa ,IJ,eTanLHO B pa-

6oTe/ll/ H n03TOMY MW npHBe,IJ,eM J,IJ,eCL HHWL OKOHqaTenL-
-> .... 

HWB pe3ynLTaT. YpasHeHHe JJ.H.II aMnnHTYJJ.W f(g, k 1 , k 2 ) 

HMeeT BH,IJ, 

a .... .... I 2 .... 
-He,kl'k 2 ) =- -·fd b. V(r) x 
a e 217 

.... ... .... ... 
i k 1r 

xle 
i 2. ip·r 

+-2 ·Jd .... e 17 s-t 

--+--+ .--+ --+ 

.... .... 
.f(,;,k ,p)lx 

1 

-ik,zr . 2 lP•r ... 
xle +-1-·fd ~..!:... .f(,;,-k ,p)l. 1151 

217 t 2 

C oqeBH,IJ,HLIM rpaHHqHLJM yCHOBHeM 

f( 0 'k1' k 2) 0. 1161 
.... 

.... ) .... .... ) ... 
3,1J,eCL: r=(b, e , p=(s, t, a nonepeqHa.ll s HnpO,IJ,OHL-

Ha.ll t - COCTaBH.IIIOUUie HMnYHLCa p CB.II3aHLI Me)I(,IJ,y C06oii: 
nocpe,IJ,CTBOM COOTHOWeHH.II 1131. B npasyro qaCTL ypas

HeHH.II 1151 BXO,IJ,HT, CHe,IJ,OBaTeHLHO, aMnHHTy,IJ,a pacce.IIHH.II, 

JaBHC.IIIUa.ll OT HecllH3HqecKOrO HMnynLCa p . 3aMeTHM, qyo 

TaKoe aHanHTHqecKoe npoJJ.OH)I(eHHe no yrny pacceJIHH.II 

( p 2 = k 2 ) OKaJaHOCL B03MO)I(HLIM B CHHY TOro, qyo noTeH

UHan V(r) o6peJaH B cooTBeTCTBHH c 191. HcKoMa.ll aM-.... ... 
nnHTJ.D.a-+ pacce.HHH.H f( k 1 , k 2 ) .HBH.HeTC.H aMnnHTYJJ.OB 

f( ,;, k 1, k 2 ) , KOr,IJ,a napaMeTp ,; .... "". 

Hl ypasHeHH.II_,I1'V' cne,IJ,yeT, qyo aMnnHTy,IJ,a ynpyroro 

pacce.HHH.II f( ~' k 1 , k 2) YJJ.OBHeTBOp.HeT COOTHOWeHHIO 

BJaHMHOCTH 

.... .... .... .... 
f( ,;, k 1' k 2) f(,;,-k2,-k1) 1171 

H JJ.H.H seJ.QeCTBeHHoro noTeHnHana V( r) ycnosHIO yHHTap-

HOCTH 

-) --+ --+ --+ i k --+ --+ --+ --+ 
f( ,; , k 1 , k 2 ) - I* C,;, k 2 , k 1) = - • f d o ~ . r( ,;, k 1, k ~ r<: ,;, k 2, k). I 18 I 

2 17 k 

8 

I 
~ 

J 
\ 

JII. HJsecTHO, qyo ,IJ,H.II Haxo~eHH.II aunnHTYJJ.W pacceJIHH.II 
f( k 1 .1 2 ) ,IJ,OCTaToqHo 3HaTL BOHHOBYJO cllYHKIUIIO pacceHBae

uoii: qacTHUW nHWL B o6nacTH JJ.eii:cTBH.II noTeHIUiana. HueHHO 

,IJ,H.II 3TOB qaCTH BOHHOBOB cllYHKIUIH B pa6oTe / 2/ 6:wno nony

qeHO HeKOTOpoe npH6HH)I(eHHOe ypaBHeHHe, peweHHe KOTO

poro npHBO,IJ,HT K 3BKOHaHLHOMY npe,IJ,CTasneHHIO 111 ,IJ,H.II 

aMnnBTYJJ.W pacce.IIHH.II. BonHosa.ll cllYHKUH.II B pa6oTe 121 
paccua TpHBanacL B BHJJ.e 

--+ --+ --+--+ 

I/J(;,k1) 
ik 1 r + iXk(r,s 0 ) 

1191 e 

,D;n.11 senHqHHLI X k (;,; o) 
BLipa)l(eHHe 

6Lino nonyqeHo cne,IJ,yroiUee 

( ........ xk r, so) 
z .... 

_I_ f d z ' V ( b + (; z ') 
2k -oo 

1201 

cnpaBe,IJ,HHBOe HHWL B o6naCTH ,l],eBCTBH.II noTeHUHana. qT06LI 

ynyqwHTL npH6HH)I(eHHe j20/, OCL z HanpaBH.IIIOT no cpe,IJ,-
-+ I .... 

He My HMnynLCY k = -y( k 1 + k 2) • IJo,IJ,qepKHBa.ll BBe,IJ,eHHe 

TaKOB tnenHaHLHOB CBCTeMLI KOOp,IJ,HHaT, MW BBenH 0603-
--+ --+ --+ --+ 

HaqeHHe Xk(r,so)=x(r,k1). 
BLipa)l(eHHe 1201 JJ.onycKaeT oqeHL npocTyrocllHJHqecKyro 

HHTepnpeTaUHJO. HHTerpan 1201 npeJJ.CTaBn.lleT co6oii: CJJ.BHr 

clla3LI ,IJ,H.II cllYHKUHH 1/J B,IJ,OHL np.IIMOHHHeBHOB TpaeKTOpHH, 

HJJ.YJ.Qeii: H3 -oo B TOqKy ; • 
3aMeTHM, qyo ,IJ,H.II ccllepHqecKH CHMMeTpHqHoro noTeH-

.4. ........ 
nHana ..,a3y x k ( r, s 

0
) MO)I(HO onpe,IJ,enHTL TaK)I(e cne,IJ,yro-

I.QHM o6pa30M: 

Xk(;,-;o)"'- ~ J dz'V(r'). 1211 
lz I 

3,1J,eCL ,IJ,H.H cllYHKUHH Xk ( -;,; O) HMeeT MeCTO rpaHHqHoe 

ycnosHe 

X c;, s ) II I = 0 . . 1221 
k 0 z =oo 

Bwpa)l(eHH.H 1201 H 1221, nocne no,IJ,CTaHOBKH s ypas

HeHHe 161, npHBO,IJ,.IIT K O,IJ,HHaKOBOMy pe3yHLTaTy 111. 3TO 
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oqeBRAHO 3apaHee, noCKOllLKY qacTRUa B o60RX Cllyqa~X 
npOXOART, B KOHeqHOM cqeTe, paBHLie nyTR B 06llaCTR Aeii

CTBR~ noTeHnRalla. 

B HaCTO~IUeM nOAXOAe MO)I(HO, KaK OKa3LIBaeTC~, R36e

)KaTL Heo6XOARMOCTR HaXO)KAeHR~ BOllHOBOH <i>YHKURR BO 

BceM npocTpaHCTBe 6ollee cTporRM o6pa3oM. ,[J.ll~ 3Toro 

BBeAeM B paCCMOTpeHRe HOBYIO <i>YHKURIO X k (~, ;, ;0) ,onpe

AelleHHYIO llRWL B o6llaCTR AeHCTBR~ noTeRURalla V ~ ( r) . 
AMnllBTYAY pacce~HR~ f( ~' k1, k2 ) 6yAeM RCKaTL B BRAe 

--> 
--> --> l --> iq· b --> -· f(~,k 1 , k 2) =- --· J dr· c V ~( r) · exp(iXk (~,r, s 0 )) • /23/ 

4rr 

ClleAoBaTellLHO, 3HaHR~ BellRqRHLI Xk(~, ;, ;o) AO" 

CTaToqHo All~ HaXO)KAeHR~ aMnllRTYALI pa.Cce~HR~. ,[l.ll~ OAH0-

3HaqHoro onpeAelleHR~ d>YHKURR x k ( ~. ;, ; 0 ) Heo6xoARMO 

HallO)KRTL rpaHRqHoe YCllOBRe Ha 3HaqeHR~ 3TOH <i>YHKURR Ha 

rpaHRUe 06llaCTR B3aRMOAeHCTBR~, KOTOpoe B03LMeM B BRAe: 

( 
--> --> 

X ~,r,s0 )1 =0. 
lzl =~ 

/24/ 

06o6IUeHRe npeACTaBlleHRH /23/ All~ Hed>R3RqeCKRX 3Ha

qeHRH RMnyllLCa p, onpeAelleHHLIX ypaaHeHReM /13/, ~O)KHO 
npoBeCTR C noMOIULIO 06LiqHoro onepaTopa CABRra/11/ 

--> J --> --> 
f(~,k 1 ,p)=cxp((p-~)· -:;-)f(~,k 1 ,k 2 )\__._.... . /25/ 

akz a-k2 

IlpRCTynRM K BLIBOAY ypaBHeHR~ AllJI HeR3BeCTHOH d>YHK

URR Xk ( ~,r,; ~ . PacKpLIB cKo6KR B npaBoil qacTR ypaBHeHRJI 

/15/, nollyqRM ClleAYIOIUee BLipa)KeHRe: 

a 4 _. a __, _. .....,. ....,. __,. _. 
-f(~,kl'k 2 ) = --f8(~,k 1,k 2 )+P(~,k 1 ,k 2 ) +Q(~,kbk2).126/ 
a~ a~ 

--> --> 
3AeCL BellRqRHa fB ( f;, k 1 , k 2 ) eCTL nepBOe 6opHOBCKOe 

npR6llR)KeHRe AllJI aMnllRTYALI pacceJIHRJI Ha noTeHnRalle 

V ~ ( r) , a <i>YHKURR p R Q npeACTaBllJIIOT C060H, COOTBeT

CTBeHHO, llRHeHHLIH R HellRHeHHLIH no RCKOMOH aMnllRTyAe 

f qlleHbl B ypaBHeHRR /15/. 
IlOACTaBRM B ypaBHeHRe /26/ npeACTaBlleHRJI /23/ R 

/25/ AllJI aMnllRTYALI pacceJIHRJI. Pe3yllLTaT ARd><i>epeHnRpo

BaHR~ BLipa)KeHRJI /23/ no napaMeTpy ~ C yqeTOM yCllOBR.H 

/24/ 6yAeT 
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If 

1 
I 

(> 

a .... .... a .... .... 
-f(~,k1,k2) =-fB(t,kbk2) -
a~ at 

. ili·i'+iXk <t,;,;o) v ( ) a (c ........ ) /27/ 
' fd.... t: r ·-xk s,r,s o • - -· r• e s a~ 4rr 

113 ypaBHeHRH /25/ R /27/ BRAHO, qTo rpaHRqHoe ycllo

BRe /24/ no3BOll~eT RCKlliQqRTL R3 paCCMOTpeHR~ R3BeCTHOe 

6opHOBCKOe npR6llR)KeHRe. 

,[l.ll~ d>YHKURH p R Q, RCnOllL3Y~ npeACTaBlleHRe /25/ 
All~ <i>YHKURR rpRHa, nollyqRM ClleAYIOIURe BLipa)KeHR~: 

_.-+ -+-+ 

P( t: .... k k .... ) l Jd__.iq·b+iXk(~,r,so)V () (t:k ........ ) /28/ s, 1, 2 =-""4;· re ~r·w 1 b' ,r,s 0 

R 

(t:........ l -• iq·r+iXk(~,;,~o) 
Q s,k 1,k 2) =- -·Jdr·e ·Vt(r)x 

4rr ~ 

t:-+,-+ 
iXk ( .,,r, so) 

xfd;'.w 2(~,k,i!,i!',-; 0 ) e ·V~(r'). /29/ 

3AeCL <i>YHKI.I,RR w1 R w2 R3BeCTHLI R RMeiOT BRA: 

-> -> -> 
->--> 2-> ik2(r-r1) (+) __. -> 

w1 (t,k,r,s 0 )=2·fd b 1 ·V(r 1).[e G (r,rl'k) + 

-> -> -> 
ik ( r + r 1 ) 

+ e 2 
_1+) -> -> 
(J (r,-r1,k)J, 

-+ -) -+ -) .-+ -+ -) , 

w 2 ( t, k, r' r ', s 0) = 2. f d 2 b 1 . V( r J :k 2( r+r ) 

/30/ 

,../ +) ->-> ,../ +\.-> -> ' 
lJ' ~r,r1 ,k)·h \r ,-r ,k), 

1 

/31/ 

II 



(+) ...... , ) 
r.ne G ( r,r ,k - cllYHKQBJI r.J>BHa 17 I, a BeKTOPLI on~e.neneHLI 
cne,nyiOUUIM o6pa3oM:; 1=< b 1• el, ;= ( b, z), k 1,2 =(±so, to) • 

llo,ncTaBJIJIJI nony'leHHLie BLipa)l(eHHJI 127 I- 1291 B ypaB

HeHHe 1261, npHXO,nHM, onycKaJI noCTOJIHHLie MHO)I(JITeJIB, 

K CJie,nyiOII(eMy COOTHOWeHHIO: 

-+ ~ --+--+ 
iq·b+iXk(~,r,so) a ....... +-> 

fdr·e ·V~(r) ·lia[Xk(~,r,s 0)-w1 (~,k,r,s 0)-

... ... 

.... , ....... , ... iXk(~,r',so) 
- f d r w 2 (~, r, r , k, s 0 ) • e • V ~ ( r~ l = 0 • 1321 

113 COOTHOWeHHJl 1321 CJie,nyeT, 'ITO ecJIB cllYHKQBJl 

X k( g, 1, ;
0

) y,noBJieTBOpJieT B o6nacTB- ~~z~~ ypaB-

HeHHIO 

i..LXk (~,1,-; 0) =w 1 (~,k,1,5' 0 ) + 
ag 

t: -+, -+ 

f 
... , ........ , .... iXk<~,r,so) I 

+ dr w2 (~,k,r,r,s 0) •e .v ~(r') 331 

C rpaHH'IHLIM YCJIOBHeM 1241, TO aMnJIHTy,na f( ,,k1, k~ JIB• 

JIJieTcJI pemeHHeM OCHOBHoro ypaBHeHHJI 1151. YpaBHeHHe 

1331 eCTb HCKOMOe ypaBHeHHe ,nJIJI cllaJLI X k • 
fiOJIY'IHM 3HKOHaJibHOe npe,ncTaBJieHHe 111 ,nJIJI aMnJIB

Ty,nLI ynpyrorO pacceJIHBJl Ha OCHOBe ypaBHeHHJII33I. llH

HeHHOe no noTeHQBaJiy pemeHHe 3Toro ypaBHeHHJI c rpaHH'I

HLIM YCJIOBHeM 1241 eCTb 

~ 
xk(~,1,so) =¢k(~,?,s o> = f dz1w1(z ,k,r',;o)./341 

I zl 1 

llycTb noTeHQHaJI V( r) HMeeT xapaKTepHLie pa,nHyc 

BlaHMo,neicTBHJI R 11 aMnJIHTy,ny V 0 • liy,neM C'IHTaTL, 'ITO 

3HeprHJI HaJieTaiOII(eH 'laCTHQLI TaKOBa, 'ITO HMeiOT MeCTO 

CJie,nyiOUUie yCJIOBHJl: 

kR »l 1351 

12 

t 

l 

r 

H 

vo l 
--<--

k 2 "' k R 
1361 

OrpaHH'IHMCJI TaK)I(e o6naCTbiO yrnoB pacceJIHHJI 

e « (k R)-112. 1371 

HeTpy,nHo noKaJaTb, 'ITO ycJIOBHJI 1351 11 137 I JIBJIJIIOTCJI 

KPHTepHJIMH npHMeHHMOCTH npH6JIH)I(eHHJI 1141 ,nJIJI cllYHKUHH 

rpHHa. fio,ncTaBJIJIJl BLipa)l(eHHe 1141 B 1301, ,nJIJI JIHHei

HOrO no noTeHQHaJiy npH6JIH)I(eHHJl nOJIY'IHM: 

... ... ~ . k( 1 Xk(~,r,so)"'-1.. f d V() (I zcz)(1-cos-e) k z 1 r1 • e 2 
\z\ + 

i k < z + z 1 > < 1 + cos .! e) ) 
+ e 2 • 

1381 

lil COOTHomeHHJI 137 I cne,nyeT ,'ITO exp ( i k(zrzXl-cos~e))d. 
He HapymaJI ycJIOBHH 1351 11 137 I, MO)I(HO TaK)I(e npeHe6pe'ib 

6LICTpO OCQHJIJIHPYIOUUIM 'IJieHOM B no,nLIHTerpaJibHOM BLI· 

pa)l(eHHH. TaKHM o6pa3oM, npHxo,nHM K cne,nyroll(eMy npH-

6JIH)I(eHHIO: 

~ 
X k ( ~.;, ;O) "' - ..l · f d z 1 V ( r 1 ) . 139 I 

~ Jz I ....... ) 
HcKoMaJI 4la3a x k ( r, s 0 ) JIBJIJieTCJI cllYHKQHei xk ( f,, r, s 0 
npH CTpeMJieHHH napaMeTpa o6pe3aHHJl ~-> oo H COBna,naeT 

C y)l(e H3BeCTHLIM BLipa)l(eHHeM /21I.HeTpy,nHO noKaJaTb, 

'ITO HeJIHHeHHLIM no noTeHQHaJiy 'IJieHOM B ypaBHeHHH 1331 
MO)I(HO npeHe6pe'IL, ecnH HMeeT MecTo ycJIOBHe 1361. Cne
,noBaTenLHO, B paMKax HaCTOJIII(ero no,nxo,na noJiy'leHo 3i

KOHaJIJ.Hoe npH6JIH)I(eHHe I 11 ,nJIJI aMnJIHTy,n~o~ ynpyroro 

pacceJIHHJl C xopomo HlBeCTHLIMH npe,neJiaMH npHMeHHMOCTH 

1351-/371. 
3aMeTHM, 'ITO BLipa)l(eHHe 1391, no aHaJIOrHH C 1201 

H 121/, npe,ncTaBJIJieT co6oi cllalOBLIH C,nBHr ,nnJI BOJIHOBOH 

cllYHKQHH tf; ~ (;, k 1) • TaKHM o6pa30M, cllYHKQHIO xk (~, 1,; 0) 

c rpaHH'IHLIM yCJIOBHeM 1241 MO)I(HO HHTepnpeTHpOBaTb KaK 
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TO'IHbiH C,ABBr cim3W ,nml BOJIHOBOH «l!YHKI{JIB t/J ~ ,nJIJI o6pe-
3aHHoro noTeHI{Jiana V t,( ~ • HcKoMwii c,nsar clm3w ,n.nJI 
BOnHOBOH «l!YHKUBa t/J [ r, k 1) nony'laM, ycTpeMnJIJI B cllYHK-
uaa x II. ( ~, r, ;; 0) napaMeTp ~ _, "" • Bse,neHHYJO TaK se-
na'laHy Xk ((, r, so) MO:lKHO, no aHanoraH C 06bi'IHbiM Me
TO,AOM cim3 (S ,gj, Ha3BaTb nonHOH cim30BOH «l!YHKUaeii. 

JlaHeiiHwii no noTeHuaany 'lneH B nonHoii clm3oBoii «llYHKUaa 
a3BecTeH TO'IHO /34/. Cne.nosaTenLHO, «l!YHKUaiO XII. MO>KHO 
aCKaTb B Ba,ne 

Xk ( ~. -;, S'o) = ¢k (~j, s-> o> + Tk (~. r,;; ~ . /40/ 

llo,ncTaBnJIJI swpa>KeHae· /40/ 
-'> -> ) /33/, ,nnJI Bena'laHbl Tk ( ~' r, sO , 

Hoii no noTeHuHany nonpasKoii K 4la3e 
auee ypaBHeHae 

. a J-T (l:->-> a~ k "'' r, so> 

B «l!a30BOe ypaBHeHae 
JIBnJIJOIUeiicJI HenaHeii
¢k , nony'laM cne,ny10-

/41/ 
·,..1..,1:-+,-+ 4-+ 

=JdJ.''./'rd<o,,r,so>+ir (~,r',so> V ~ (r ') • w 
2 

( ~. k , ;, -; ', ; 0 ) 

llpa BbiBO,ne ypaBHeHaJI /33/ ,nnJI nonHOH cim30BOH «l!YHKUaa 
cymecTBeHHO acnonL30Banocb npe,nnono>KeHae o c«l!epaqecKoii 
CaMMeTpaa noTeHuaana, flOCKOnbKY paCCMOTpeHae Be,neTCJI 
cpa3y B cneuaanLHoii cacTeMe Koop,naHaT, r.ne ocb z Ha
npasneHa no cpe,nHeMy aMnynLcy. 

IV. llony'leHHwe B HaCTOJIII(eii pa6oTe ypaBHeHaJI ,nnJI 
aMnnaTy,nw pacceJIHaJI /15/ H ,nnJI nonHOH cim30BOH «l!YHKUaa 
/33/ /ana /41/ I npe,ncTaBnJIJOT co6oii TO'IHwe HenaHeiiHwe 
aHTerpo--.na4l«l!epeHuaanbHWe ypaBHeHBJI. Bse,neHae B TeopaJO 
nonHOH «l!a30BOH «l!YHKUBB MO>KHO paCCMaTpBBaTb KaK 803-
MO:lKHbiH cnoco6 npa6na>KeHHoro peweHBJI ypaBHeHaii ,nnJI 
aMnnaTy,nw pacceJIHBJI B ,naHHOM no,nxo,ne 110 ' 11/ Cne,nyeT 
OTMeTBTb TaK>Ke, 'ITO nBHeHHbiH flO noTeHUBany 'lneH B ella-
30BOM ypasHeHBB /33/ B3BecTeH TO'IHO. B npaHuane, 3TO 
no3BOnJieT cTporaM o6pa3oM no,noiiTB K npo6neMe o6o6aueHBJI 
npe,ncTaBneHBJI /1/ Ha KOHe'IHble yrnbl pacceJIHBJI a BWJic
HeHaJI pona HenaHeiiHbiX no noTeHuaany nonpaBoK. 
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B 3aKnJO'IeHae aBTop swpa>KaeT rny6oKyJO 6naro,nap
HOCTb 3a o6cy>K,neHae 3aTpOHYTbiX 3,necb BOnpOCOB 
H.B.AMapxaHoBy, B.K.JiyKLJIHOBy, P .M.Map-KacaMoBy a 
IO.C.llon10. 
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