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BBe;ziem1e 

AOCTOIIHCTBO'Teop11a, IlOMHMO HOBH3HU, onpe11.enaeT ee B03UOllHOCTL coxpa

HHTL ;ziocTHllteHHH cnoeli npe;zimecueHHHuu. Paapa6oT«a II pean11aauIrn 11;zie11 [1,2] 
0 pem!THBIICTCKOM npeo6p830BBHIIII ~YPL8 . [3] npll pemeHl!II npodne11u 11.BYX Ten. 

- noanomma He TOllLKO COBM8CTIITL KOHU8IlUIIII Teop1111 nona [4 ,5 ,21 II pemtTIIBl!CT

CKOro KOHWllrypauHoHHOro npe;llCTBBneHl!H 

( H0 
'.;. 2E) 'f"(><) • VG<Y'Y(ll.). (I) 

Ho 
2 (H0 

- 2.E):1;(><) c VCx):i"(i) · 
'· •'\ ,I, t \,0 :a,-

~ Mt _, 

H°. 'l.~~(1~~) + !~1-.. :~ ~: .. y(1.d_) (2) 

h• ;.. .. e ... 'i. t .. .r-i , 

HO H npm,eHHTL K HOBOMy. Knaccy 11.11t1JtlJepeHu11anLHO-paaHOCTHUX ypanHettnii (I ,2) 
aHamtTlilleCKl!e M8TO,llbl uepenHTliBHCTCKOli T80p11H. lium1 HB!i,l!BHU .peweHHH ypaB11e

HHH (I) pa;zia ~a;ziaq: MH noT8HUHBnOB KynoHa '[6], ocuannHTOpHoro [71 u _no

Tettu11ana 38IlHp8HHH [8] i np116nH&8HHH: 3.ltKOH8Jl8 [2] ,'.'a«cnoHeHT8-CTeneHL11 ' 

;n;na ceqeHHlt [9], TpaeKTOpHU Pe;zi•e [rol; f8cc.uoTpeHa IJ}opuynHpOBKB II q11cnea- . 

HBH peanH3.8UHH B8pH8UHOHHoro M8TO;ll8 [II] )_. AH8lll4TllllBCKH8 peweHHH ypanHe:.. 

HHH (2), TOllHOr~. B 1.leC_THHllHOM IlpH6m1lleHHli ypaBH8HHH T80pl1H IlOJIH, npaKTHlle

CKH OTCYTCTBYIDT"•·• 

B · ;ziaaaolt pa6oTe •. MBTOAOM npeo6paaoBaHHH Jlannaca nonylleHo pemem1e . ypan'..:: 

.. HBHHH_ (I) ;llllH KynoHOBCKoro 110T8HUH8Jl81) H8H,ll8HH08 paaee MBTO,llOM IlO;llCT8l!OBKH 

[6] , H npe,llnpl!HHT8 IlOilUTK8 pemHTL aTy 38,ll81lY ,llllH YPBBHBHHH (_2) •. · 

2. MeTOA npeo6pa8oBaHHH Jlannaca ;zina ypanuea11a BToporo nopH;ziKa 

Cyme.c'TBo. M8TO;ll8· ;l!Jlfl !!CCll8,llOBBHl:IH p83HOCTHUX YPBBHBHIIH onpe;n;eneao ero 

OCHOBHblM CBOHCTBOM: onepau11H B HCXO,llHOM npocTp8HCTBe 

·. '~<J<) ... f-1:'.'··~·c~> Jt · (3) 
c,BO)lHTCH K onepauHHM YMHOllteHHH l'I All\l)(jJepeHUl'IPOB8Hllll B npOCT!J.BHCTBe OOJJ8-

3on !S(!'~o{) ,. ~ -+..v, t· 11 il(.t) cit . ,{"°,s.,~,. • • 

{!C+ ... ) °tf <.,. .. ~) = § +..., -1:'.'·~ (-t i).-1-1,Q.> ,ll . • • • • (3'-) 

nveo6paaoBBHl:IH (3,3
1

) YA06HU Allll YPBBH8Hl'll-i, npe,l!CT8Bll8HHUX ll impMBnLHOii 

qiopue. IIOACTBHOBKB Y(><) • e:-.f!.~'.) ':fC.•) · 

lt.-1) r. • r. t ). · ,t.,.:, , t•t ) . . r(\H e.1-:t.) 
(-,c) :0. JC.\,?(••)••• '-"-t =t_1-1 (II() H•• · .· ~,c l♦ , • n,) , . 

. . . 'Q'll (4) 

IlPIIBOAHT yp8BH8HH8. (I) A1lll HYJIOIIOBCKOro IlOTBHUIIBJIB .IC cne;n;y1>1I1e~y BH;lly (tt•t~1) 

I) MHoro1mCJ1eHm1e npDeaeau TEUtllX pemeol B 4}8B011eaMo~:u npe,1tCTaBJieHil B 
r~roJ. . · · - · . . · 
2 

llpeodpasOB&Ue Jranmca O p)CCKpOBallllHM ltOHTypOII,-.. UL'1'8PHaTJIBH08 .ltaHHOI 
pa6oTe, OBO.ltl['l' 88)1,!. ~· lt pemeUD ~P8mnm.JlLHOro YJ)allH8!Wl O 0TM0HJD>
ll!HMCJI apryueHTOII . Ll2J. . . · • . · .. · 
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[(x-1-LH)~~" + (><-i.U)i"~ -l(2.E-'lj 13(1<.)•0. 

K HOpManLHOil wopue 38Ill!CH np11;zieM C IlOM04LID HOBOH nepeMBHHOH 

["t."" 2 -1- 2e] ~(>t._.,.'2.) - be. ("'._+i.) + 2t:e. + ·., i) Yl(,c.v:"i> + I(" ~("t.)" o • 
YpaBHBHl!e B npOCTPBHCTBe o6p830B HBli,lleM 113 onpe;zieneHHil (3,3') 

[-t.1 
- 2.E-l +i] -\t(-t.) - t2e-i: -2.tE - 'i. i1 -U,(i:). 

(5) 

Xt= \.'1.-.e 

(5') 

(6) 

ll COOTBeTCTBIIH C nopH,llKOM ypaBHeHHH (5') xapaKTepllCTllllBCKOe ypan11eu11e co-

;n;epiImT AB8 KOPHH J.2 ,_ .J '\ /J ) 0 
-.. -lE .. +.:: (-l-~\J,-l.-~- = 

(7) 2.i•2cfi.'.t i-x=- ~xp(1:!i) o" ~ <. o<:> , 
KOTOpble HBnHIDTCH TOllKBMII cIrnrynHpHOCTII (6) B OOJIBCT.11 ° <-t. <.o<> 

-u'.(-t.) = e. - i{ -t t-+ z-,. 
'" <.-t.) -e- E.+ t.- l- rt= ',,"l:/23.t 

1.6') 
...U(-t)"' (._-l,- f.,. f• (.,t.- E..)J.2. .{it,l-.._ .e,:., Z..,J. • 

Heaan11c11Moe peweuHe (5) onpe)lenaeT KOHTYP HHTerp11poBBHHH B (3), co4epJ1ta

lllHH H81l81.IO KOOp,llHH8T H OP.HY .118 TOll8K (7) [I3) 

s.l,2.(") "'~ -t..1(..-, G:.·t:.,.)"'' <.t.-E._f .. Jl . (3") 

i-lHTerpan npHBO,llHTCH K r11nepreOM6Tpl:lll8CKOil qiyHKl.\111'1 no,llCT8HOBKOH ,l:'. = lft. 

. g> (x) "' ,;."•l f."'' 'c~ .. / i.- ~•11'-.,a) r(x,) r(,1;',2-1-i) Fcx _,r. • ·1.-1-.t. "'i. ~) (8) 
.,.. ·-:i: '+ - \.: re. .. ;. li ;.-i.) It, ...,,,, ' It \>- , - • 

I. ,,;2. 

~YHKUHII (8) o6paayIDT nepnyID KBHOHHll6CKyID CHCT8MY pewe1111it, T.e. nro6oe pe

weHH8 (5) npe,llCTBBIIMO 1.l.llH8tiHOit. KOM6HH81\H8H ~. ~ (1<.) C "-nepHO,llHlleCKl!MH 
' ~ 

KOS(j/q)HUH8HT814H. 

C noMO~LID COOTHOWBHHli Kyuuepa Bbl,l\81.l.llM peW6HH8 (5), KOH81lHOe npH X=o 
,d, . I ,_J,.t> ,J, 2. I 

~,~") ... c,,,. Q. f(.i;,1-1, -x._H; -',1-i.11-1.;i-~~)-l- e,,
1
~,)~ F'(xe,-"...;-d.,-J...;-1-~.) (8 ) 

BOJIHOByID WYHKI.\IIID (4) H8ti,ll8M, COCTBBl.lHH JIHH8"HYID KOM6HH81\HID .118 (8') 
,.,,. !.t+1) 1,.1, ,-,1, 'L u.r -'l,) 
:r('K),: C::x) ~ r\.•hi.•2.,r;:f,''--,Hhi; 2e .. 1; h11"~ . 

ACHMilTOTHll8CK1:18 ycnoBHH 'Al.lH BOJIHOBOtt WYHKI.\IIH ,llHCKpeTHOro Cil8KTP8 

;n;aroT np8BIIJIO KB8HTOBBHHH 

(9) 

2.£,. 2.Co!{ 

t +i - 21; .. {:: -tu 

rronpaBKH K YPOBHHM 8Hepr.llH CBH8H W,.::. \~E-2.\ 

11,=oJi,'l.,.. o, {~'Jf. (IO) 

MOlKHO npe)lCT8Bl-ITL p83JIO-

JKBHIIBM (.taO,j z< 2.) (6} 

'wn ~ ~~)
1 

+ H!S·+ ••• "'"' 1..,2,... (II) 

3Jl!pH W113Hll8CKHX 8H81l8HIIHX J.,"'"2,. 2.t HeperynHpHoe lJPll x:: O peweHHe 

H8XO,llHTCH nocpe,llCTBOU 8H8llHTHll8CKOrO npO)lOJl~8HHH [141. B ;ll8HHOM cnyqae 

,llJIH nepeX0.1(8 (8,9) .l(OCT8TOllHO HCilOJIL80B8TL npoMelltyTOtJHYID perynHpU38[1l1ID. 

····---
OH.:.i;.,,-, ~1:9li lOiCTITJT' 

H"'.lt.lii,U fj(.;",1fJIOllPd I · 
6&1Snt,10TEKA ~ 



3. KynOiiOBCK!lfl 38;!!8'18 ;ztml pellHTl!Bl!CTCKOro ,lll!:j}tlJe.¼JeHIU18JH,HO

P83HOCTHOro ypaBH8HllH '18TBepToro nopH;ztK8 

Ilpeoeip830B8Hl!8 ( 4) no3B011.fl8T npe,D;CT8Bl!Tb ypaB!l8Hl!e (2) B CllU!!.eTPll'IHOl.i 

BR;zte (.e.2 ... e.+2) { (x•i.)t.(x.+iU) [cx .. ie2)J2\-E(x+i.)J~+ x-H-!.1 + 

(x - "'¾ (x.-tH) [ Cil.-ie2)'°J'l.dx_ E c.x.-i) i~ + x:-•,H 1-n} ~(x),. o \le) 
Hop?JanI>HYIO qiopMy 38nl!CI! nony11HM C noMOJII,lO aaMeHbl x.-tx• (e:.o) 

-(1<•1l) '9<.x.+11) -\-'Zt(,r,•~) \f(x.+3) -l'Z.(x-1-'2.)-t2I) ~(,H'2) + 2HM1)\j(x+l) - xlS(.>t):: 0 .( 13 ) 

YpaBHeHl!8 B npocTp8HCTB8 oeipa30B 

(-t.2.+i) (-l1 -2H.+:1.)~C.-l) -= -i. 2l-l:.1,\.(t.) (14) 

B oonacTll O <-1:.,00 HMeeT '18Tblpe oco61,1e TO'IKII: -t.=- 4 , COBna,n;a101lllle 

C (7), OTB8'18IOT COCiCTBeHHOMY 3HB'leHlrn 2£ ; ,llB8 .zipyr~ie, .B COOTlleTCT.Bl11l C 

(2), onpe,li811.fllOTCll co6CTB8HHhlM 3H8'18Hll8M, paBHhlM uynro 

2E. = 2cK~. • 0 61: (-li.) = ! i:. '!. t:, _ii.,i,[ 
0 2. 

(7') 

.B 0603H81leHir!fiX (7,7') YPBBll8Hl!e (14) 

~(-¼:.) - ...:!! + ~ + -l.'{, -+ '1..t 
-1,l,{_-t.) - -1:.-t.+ -1:.-E,_ -t-•b+ -!:;-\._ (!41

) 

"i..-t • tzN, ?f, lj; ... Z I 2 cK:£ , 
ero pewettne n.nepexo,n; K ~(x) aHanori111Hhl (6,3 11

) 

~(Jr.) .. ; t-~ (-t- t .. ) ...... (-e-t..S' (4.- t .. f· (-t.- t_f .. ~t (15) 

l..1.,i. .... ~ it J,,-i. .. ~ ·z':£. . 
HHTerp8nbH06 npe;ztCT8BH8Hl!6 (IS) ;!!88T '16Tblpe HeaaB~Cl!MblX peweHirlH. Bh!OpaB 

ROHTYP l!H'.L'erpl!pOB8Hl!H CO,I'118CHO (3 11 ), nocne 38M8H.bl nepeMeHHblX -b = ~j: -'\I, 

HBii,D;eM I;! (.x = ~x f,4, 'f.'-1. (-i- i.2i.C\'>) i."'• t.1'2 r(-.) r(.I;, 1 +'1) f'(;I) 
,,2. ) ± + - • - rc.-.-1-'- -1--1.) :a 

~ '~ 
r;?.) .... ~ ~-.I, ("-_...,,f_,._, c,- G:~~2,1. <-,1.-_!½ ... -\\l· c.--:1.-.1~)h .\.l CIG) 

ca) .! ~ ,c:+ .t,,.,+;s. ..l!, .. =- ~ t:1 'c. . 'c.-= t-;t • 

3,n;ecB F:I> - cpymq~nH Jlap1r111ennn '{rs): r11nepreoMeTpn11ecK8H !l>YHKl.ll!fi Tpex 
2. 

nepeMeHHhlX, ;!In.fl KOTtlpon 001!8CTI, CXO;!llr!MOCTI! pH,ll8 ,lln.fl nep8M8HHhlX -.;~, .!lr-,2. 
(!{nm" I{,. n.m.) . 

. 2.'I . ) 
i::'.(3) 2. ~(.><)"""" (.-'-,,2.)K (:-J;),. (:-);z.).,. '(;:!: !A;.._ !t2 (17 

:I) <~;-~ .... ,-JI~'!)-,.:,; :.!.,;a:!:.,~ ... ,_!!:,.)=-~-- (.x•.t,.,_+n ,in..., ><\ 1'1,\ "m1 
onpe,ll811fi6TC.fl e,D;lr!Hli'IHhlM KpyroM. Ilpe;nnonaraH CXO;!!l!MOCTI, pll,D;~) 1 BhlnOnHl!lo 

2. 
CY!.!Ml!POB8Hl!8 no llH,D;8RCY nepeMeHHOii E1: (x._•',1t•11""; ............... ) 

= <.x).,.,. <,;-JI...).,,<.;-,,..., i,. -~ • • '2 A ~2 r (.3) I. .f' 
D · ( Ji :1,)' l~(;""'-'> 1,1,x,...., .. .t,1-1-i,&:!:) 1-1 

"","'L -W.-+ ,,2.+ . •nn. , "-• '11, • 
!IplrlM8Hl!B n11He!lH.ble npeoeip830BBHl!ll l:1. , npn;zieM K pa3;zieneHnro · \9,,.,l"") 
H8 '18CTll C perynHPH.blM I! HeperynllpH.blM noB8,ll8Hll8M npR '>C~i.n,11,::0,-1'., .. , 

4)cooTHOW6Hll.fl M8iK,D;Y ~ (><.) H '9 ('K.) ' ptt.zi" KOTOpOii CXO;!ll!'.L'C.fl a6comoTHO, ;na-

IOT qiopMy1lh! 8H8nl!T~qec~oro npo.n ... onJK8Hlrl.fl \:';~) trs] • B COOTB8TCTBl!U co 

CT8TyCOM Teopnll rHnepreoMeTpllll8CKl!X pH;ztOB _MHOrl!x nepeMeHHblX B ,llBnI>Hei,JweM 

npl!;zt6TC.fl PYKOBO,llCTBOB8TbC.fl nplrlHl.llrlnOM COOTB6TCTBl!.fl. 
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C!J (.l<): C J":£' (-jl.J,. H,)"' (-i) r. ~ +i -x +:1.• ,I, +l, .. i. -i-lt.) ;«-.--£)"'""+ 
,,2. .. ,1 h I\ t "'~ IU. ,,1 , """ ') ... 1 , - . ( 18) 

, :t • - "' I"" 2 ) -()C.•:l.)11-"" -1 
+C ~" L_{.:!,t,.(:h).,._(::..l)1,l"4.(x., .... ,-J. ... ;-.r.,-.t1;1.-t: e --.."" • 

J.,2. .,..., n,1 ml 
JiHHeUH8.fl KOMOllHhl.ll!ll • g ft l•) ,D;88T B011HOBYfJ <i>YHKI.111!0 yp8BH8Hl!.fl (2) B Blrl)ie 

J.,4 

pa311o;KeH1r1fi no \PYHKI.111.f!M (9), onpe,ilenHIOJIHM ve1aeH1r1e ypaBHemm. (I), 

• I J·, (it A') •:,, r, --~ -(£--G)11rn, 
-.I,- ) ~><:h , ~"' i-lnt.a."' r-l(t+i.-!;E__ -i.x.-11,114i • 2 • 2s111' i ) e. 0 (Iu) 
"l:(X =x~ L n.1 ..,, 2.ri. stu.' ) , . ;;, 

"'->""- • • 

IIpBBl!nO KB8HTOBBHl!H nony11nM 113 8Cl1MflTOTl!ll8CKirlX ycnriBl!!l ;!111.fl BOnHOBOl! \lJYHl(-

1.1111! ,lll!CKpeTHoro cneKTpa (cp.(10)). 

i - _?: • ., -= - h, 
· .ii.lit,"' 

n. ,. o, -i, 2., ••• Hi, '.E 
2. 

(20) 

BonHOBYiO clJYHKl.{l!lO OCHOBHOro COCTO.f!Hlrl.fl H8XO,i!Ul.! 113 (19,20) 

"'1'(x) -= x e"-t J. = ½ Q'lt Si,.(~) 
.ilnH B036y;;-;,n;eHH.blX COCTO.f!Hl!ii (19) ;ziaeT 8CHMnTOTll'l8CR08 pa3nO,K8Hl18. llonpBBKI! 

K YPOBH.f!M 8Hepr11i1 yp8BH6Hl1fl (2) OT1!H'IIILI OT (II) 
' • J/ 

'w.., ~(?= )2. +IA)+ n,: -1,2,.. (21) 
""tu \..ji"' ••• 

!IpaBl!no KB8HTOB8Hlrl.fl (20) Tep!IeT CM.blCn npl! 1,: 'f . B STOM cnyqae napa 

OCOOblX TO'l8K ( 7) ypaBH8Hl!.fl (2) C1!1!B88 TC.fl C OCOCi1lMI! TO'IR8Mlrl ( 7,); pewemrn 

( 14 ) 6y,nyT ;zipyrl!MI!; T. e. ypaBH8Hl18 (2) B Rpaiiueii TO'IKe AllCJ(p8THOrO cneR

Tpa & -(2ei=o Cl!HrynllpHO. 

4 • .8.blBO;!lbl 

Jlnqiq;epeHI.11!81II,HO-p88HOCTHh18 ypaBH8Hl1.fl (5
1

,13) C Roa<WJl!l.11!8HT81vi11, mrnetiHbl

Mlrl OTHOCl!TenI>HO nepeMeHHOtl, npl!H8.l(n8l!C8T xopowo 1!3.B8CTHOMY Ki18CCY p83HOCT

Hh!X ypaBHeHHii Jiannaca [!3] : 
I. nrodoe peweHne (S') B.blpal!Cae'.L'CH 11epe3 r11nepreoMeTp1111ecKyhl \llYHKI.IHhl, 

T • e • ypa.BH8HUe (I) C KY110HOBCRl!M nOT6lll.{H8J!O!.I J(OCTynHO nonHOMY · !.!8T8M8TII'IeC,-

ROMy aaamrny; (~> 

2. \liYHKI.11!.fl ~ 1 np8ACT8Bn.fll0~8.fl pe wemrn ( I3) 1 npllH6.l(lJe;1a.T K1i8CC,Y 

r1r1nepreoMeTp1!1I8CKl!X \[JyHKl.{llW MHorux nepe1,1e111Ih1X, HBT!.f!IO!!tlrlXCH 061,el(TO!.\ IIIIT8H

CIIBHhlX 1r1ccne.zioB8Hlltl; B OTHOlil8Hl!I! ypaBH8Hllfi (c) 1 noneBoro no CBOeii njJnpoi,.e 1 

CIIP8B8;!!111!Bhl yTB8plK;zt8Hl!.fl: 

a) ypaBH8Hl!8 Cl!HrynHpHo npl! S • 0 '; • 

6) COCiCTBeHH.ble 3H8'18Hl!.fl ypaBHeHmt (I,2) CYJlleCTB8HHO paSJIH11Hu; 
B) pewemrn yp8BH8Hl!.fl YAOB1!8TBOPH!OT npllHl.l~ifly COOT.B8TCTBll.fl. 

llpeo6pa30B8Hl!e Ji8nnaca .1(88T npOCTOtl M6TO;!l l-!CC1!8.l(OB8Hl!.fl HOBOro Rit8CC3 

ypaBH8Hl!t1; C H800XOAl!MOCTI,IO llpl!XO;!!l!M K nOC'.L'8HOBR8 cne;ztyIOil(HX 38,D;B'l: 

I. peweHl18 ypaBH8Hl!.fl ll8TB8PTOro nopH;ztK8 np11 l "f O ;!In.fl RYl!OHOBCROro 

n oTe H1.1118na; 

2. peweHl!e I! l!CCne,n;oBBHl!e p81!.f!Tl1Bl1CTCRl1X ypaJJH8Hl!H C noTeH1.1aal!8MH 

cTeneHHoro Tuna; 

3. np11po;zia i.-nepHO;!ll!'l8CKOro npOll3HOl!8. 
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811ttorpaAOB B.M. , 
l,1ccneAOB8Hl1E! penRTl1B11CTCKl1X Al1cpcpepeHU118flbHO· 
p83HOCTHblX ypaBHeHl1H MeTOAOM npeo6pa30B8Hl1H nannaca 

P4-92-403 

C norvroutblO npeo6pa3osatt11R nannaca peweHa KynottoscKaR 38· 
A8'18 AnR' HOBOro Kflacca penRTl1B11CTCKl1X A11cpcpepeHUl18flbHO-p83HOCT· 
HblX ypaBHeHl1H BTOporo 11 'leTBepTOro nOPRAK8. Pewetrne ypaBHeHl1R 
'leTsepToro nopRAKa, nonesoro no csoe.;; np11p0Ae, Bbrpa>KaeTCR 'leP!l3 
r11nepreoMeTp11'10CKYIO cpyHKU11IO Tpex nepeMeHHblX 11 n03B0flReT 
YCT8H0B11Tb (Q = 0): npas11no KB8HTOB8Hl1R, Cl1HrynRpHOCTb ypaBHeHl1R 
np11 s = 4E2 = 0, np11ttu11n CO~TBeTCTBl1R. . 

. Pa6oTa Bbrnontteiia B na6oparnp':"11 Teopern'lecKoH cp11311 Kl1 0"1R 1,1; 

flpenpmu Om.e;urne_1111oro HHCTHT)'Ta Sl;tepHblX HCCJie;toBaHHH. )lY6Ha 1992_ 

nepeBOA CaHAYKOBCKOH·r.r:. 

Vinogi-adov V.M. 
Analysis of Relativistic Differential-Difference Equations 
Usingly Laplace Transformation 

P4-92-403 

The Coulomb problem for a new class. of the relativistic differen-
. tial-difference equations of second arid fourth orders is solved with _the 

use of the Laplace transformation. The solution of the fourth-order 
equation which is of the field nature is expressed via the hypergeomet
ric function of three variables arid allows us to establish (Q =.- 0) the 

-·_ quantization rule, singularity of the. equation at s = 4E2 = 0, and the 
correspondence principle. 

The investigation has been performed at the Laboratory of Theore
tical Physics, JINA. 
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