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BMecTo eeeµ;euH.11. HhIHemHeii ocem,10 ncnommTca roµ; TOMY, xax ymen: IID :lKIIDHH 

JI.A.CMopoµ;wrcxHii. O6~eHHe c .ffxoBO!.i' A6pa.MOBWieM HrpaJ.Io BruKHYJO pollb µ;rui: MHO

rmc cf>IIDHXOB H MaTeMaTHXOB Hamero noxoneHlllI • .r(nananoH ero DHaHHH 6hlll. Heo6hl

'laHHO mnpox,H 3TO Bcerµ;a nopruKaJIO. Ho 6hllIO e~e 'ITO-TO·; 'ITO BlleXll~ X HeM)' =µ;~ii 
- ero OTHOWeHHe XO BCeMy xpaCHBOMY' B TOM 'IHClle B cf>IIDHXe. BhllIO BHµ;Ho, 'ITO xpa
COTa µ;ocTaBlIJleT eMy HCTWiHoe HacJia:iKµ;eHHe, n: 'ITO OH YBneiaeT eIO cBomc 'IHTaTen:eii 
H co6eceµ;HHXoB. 

HacToH~ee xpaTxoe coo6~eHHe =eTca µ;am,10 rny6oxoro YBa:lKeHlllI aBTopoB x 

3TOMY 068.![TeJJ:bHOMY lI 3H~XlIOn~H'leCXH o6panOBaHHOMY 'leJJ:OBexy •.. '(•'' -'·· 
IIocTaHOBKa oaµ;a'IH. IlycTb Tpe6yeTca Bhl'IHCllllTb a.MllllllTYru'_-BepOHTHOCTH ne

pexoµ;a JIHHeiiHoro oc~HJilIJlTopa noµ;· µ;eiicTBHeM BHeDanHO BXlIIO'leHHOro oµ;Hopoµ;Horo 

non11 u = -Fx lID n-ro COCTOJlHlllI B k-oe. 3Ta oaµ;a"Ia WiTepecHa, T. x. OHa: (a) 0606-

~aeT oµ;Hy IID oaµ;a'I, IIDJio:lKeHHhIX B II]; (b) ncxoMM a.MllllllTyµ;a Bhlpa:lKaeTca 'Iepeo 

cf>YHX~HIO illapnbej ( C) pemeHHe 3TOH oaµ;a'IH nOOBOlIJle'I: nOJIY'IHTb Tl!'1'0e npeµ;C?'J'a.BJie

HHe µ;lIJl cf>YHX~Hli illapJibe, B XOTOpoM ax~eHT nOCTaBJieH He Ha XOM6wraTopnxy, a Ha 
CHMMeTpHIOj (d) 3TO npeµ;cTaBJieHHe npHBOµ;HT X HO~~ peoyJibTaTaM •. 

Ilocne BXJIIO'leHlllI nolIJl Mhl CHOB~ HMeeM JIHHeHHhlii OC~JllIJlTOp, ~o co cµ;BHHYThIM 
~eHTpOM paBHOBeCHJl. CxanBHHOe OOHa"IaeT, "ITO B eµ;HH~ax m =:;;_··n = W ·;,,, 1 aMIIJIH
Tyµ;a nepexoµ;a n -+ k onn:chIBaeTca Bhlpa:lKeHHeM 

00 

An =J ii~(x - F)Hk(x)dx (1) 
-oo 

3µ;ecb "Iepeo Hm o6ooHa"IeHhl BOJIHOBhle cf>YHX~HH CT~HoHapHhIX cocTOJlHlIH JIWieiiHoro 

OC~lIJilIJ[TOpa. _ _ . _ · _ . 
; II pH n ~· 0 aMllJIHTYl];a ( 1) Bhl'llIClIJleTCJI . xpa~HhIM ~Te~pHpOBBHHeM no 'l8~THM, 

nocne _ 'lero noJIY'laeTca xpaCHBhIH OTBeT: BepOHTHOCTb nepexoµ;a O ..:.+ · k onpeµ;elIJleTca 
pacnpeµ;enemieM Ilyacco:ii:a II] · · · · · · 

bkcb 
Wk() = -

1
- t (2), 

,- k. - - , _., 
rµ;e b = F 2 /2. Hama 6mI:lKaHW8.![ oaµ;a"Ia COCTOHT B TOM, 'IT06hl Bhl'IHClllITb aMllJIHTYru" 

( 1) npH npOIIDBOJibHhIX n. 
MeToµ; Bbl'IHCJieHHJI. liHTerpaJI (1) He CTOJib 6eoo6nµ;eH, xax MO:lKeT 3TO noxa

DaTbca c nepBOro BDrlIJlµ;a. Oµ;Haxo oH nerxo Bhl'IHClIJleTca, eCJIH n:cnom.oo:saTb onepa

Top XOHe'IHOH TpBH~ H oaTeM o6paTHTbCil x TexHHXe BTOpll'IHoro XB8HTOB8HHJ[. 
. B xa"!eCTBe nepBoro mara oa.MeTHM, '!To 

Hn(x-F)=e-F8siik(x). 

3To nooBorui:eT npeµ;cTaBHTb ~JIHTYru' {1) B BHAe MaTp~ onepa.Topa xoHe'IHoii 

Tpam:run:µm no 6anncy mmeiiHoro oc~ll;HTopa t '. Ilepeiiµ;H x ~a.KOBCXHM o6ooHa"!e

HHJIM.HMeeM 
'Pkn = ( n le-F8sl k) • 

te poooTe [2] 61,ma paGBBTa _,,,.....,..., Texmua BLrlBClleBWI MaTpBIU,1 1'.0BC'IHLIX Bpall.lCHBH B 
C5aouce MHoroMepnoro BOOTpoIIHoro oc~JIJ1ropa. 
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BnegeM onepaTOphl po:acgemur ll YHII"ITO:aceHWI 

a+= (x - a,,)/'...12, a-~ (x + a,,)/-./2 
. ,,; 

,Il;IDI Hae cy~ecTBeHHO, 'ITO 
-Fa,,= F(a+ - a)/-12 : 

Tax Ka:x [a, a+]= 1, -r,o 'poooiae:r <J>op~y~a Xaycgop~~Beii:xepa, -r:.e. 

e-F8z = e-b/2e,/ba+ e-,/bii. 

IIcnom,:JyeM Tenepb IlOlIHhllI Ha6op npoMe:acyTO"IHbIX OC[llllIIDITOpHhIX C0CTOJIHllll ll :Ja

nnweM aMilllllTyp;y B BII):le 

· 'Pk'n = e-b/2 f ( n le,(ba+I m )( mle-,/bal k) (4) 
m=O 

c noM<;>~bIO xmnecTHhIX <I>oPMYlI 

a+lµ)=Jµ+llµ+l), a1µ)= ✓,:i"lµ-1) 

rrerKO ):IOKa:JaTb, 'ITO 

I. ') t/2 ( ) (nle,/ba+lm) = \:! : (0Jf-m, 

( m le-./b_al k) = (:i'r12{!)<-.fi/-m. 
BXIHOMIIHaJibHhle xoa<J><}>u1:1neHThl B aTIIX <J>opMyrrax o6pal[laIOTCJI B HYllb nplI · m > k 
II m > n COOTBeTCTBeHHO,lI noaTOMY cyMMa B (4) o6phIBaeTCJI Ha MIIHllMaJibHOM II:J 

"IIICeJI n II k. B IITore OTBeT Bhlpru1meTCJI B BIIge npmmnegeHXIJI :JKCilOHeH[lllaJibHOrO 

<}>aKTOpa Ha HeKIIH nolIIIHOM. 

Bepo.BTHOCTb nepexoµ;a. lI:J npeghlp;y~ero nyHKTa crreµ;yeT, 'lTO aMnJinTyµ;a (1) 
MO:aceT 6h1Tb npeµ;cTaBJieHa B CJiegyIO~CM OKOH"laTeJibHOM BXIp;e: 

'Pnk = (-1tcn(k, b) , (5), 

rµ;e Cn(k,b) µ;aeTCJI Bhlpa:aceHneM 

(
bn+k -b)l/2 

Cn(k, b) = n!k~ Cn(k, b) (6), 

a Cn(k,b) npegcTaBIDieT co6oii CJieµ;y10~uii: MHoro"lrreH 

Cn(k,b) = L(-ir(n) (k) m! 
m m m bm 

(7) 

MHoro•meH (7) 1mnecTeH B MaTeMaTIIKe KaK MHoro"IJI~H IIlaprrbe. OH npnHaµ;rre:acnT 

KJiaccy TaK Ha:JhIBaeMhIX opToroHaJibHhIX MHOrO"IJieHOB µ;ucxpeTHOH nepeMeHHOH (3). 
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MHorO"IJieH (7) <}>XIKCllpOBaH, eCJIH ljJHKCHPOBaHHbl n~paMeTp b > 0 II -0):IIIH Im llH):leKCOB 

(BTopoii: llH):leKC npu <ITOM IIrpaeT pOllb ):lllCKp~THOll riepeMeHHoii).' . 

Ha:JoBeM <l>YHK[llIIO Cn(k, b) <l>YHK[llleH IIlaprrbe. IloMiiMo O"leBII):IHOll ClIMMeTplllI no 

xrnµ;eKCaM n II k <l>YHK[IUII IIlapllbe yµ;onrreTBopmoT ycrronmo opTOHOpM1IpOBKII 

00 

L Cm(k,b)Cn(k,b) = Omn (8) 
k=O 

II pexyppeHTHOMY COOTHOWeHIIIO 

Jb(n + l)Cn+i(k, b) + (k - n - b)Cn(k, b) + vrz;;cn-1(k, b) = 0 • (9) 

B MaTeMaTXI"leCKOlI lllITepaType npXIHJITO COOTHowemrn (8) II (9) :JanlIChIBaTb Ha JrohIKe 

IlOJilIHOMOB IIlaprrbe. O6pal[laHCb K BepoJITHOCTII nepexoµ;a,nMeeM 

(- 2 )2 Wkn = Cn(k,F/2) • (10) 

3aMeTXIM, 'ITO npn n = 0 <}>opMyrra (10) nepexoµ;IIT n npXIBeµ;eHHhlll BhIWe proyrrbTaT 

):IJIJI BepoJITHOCTII Wk~, T. e. B pacnpeµ;erreHne IIyaccoHa t. Co~THOWeHUe opTOHOpMnpo-

BKll (8) IlO:JBOJIJieT y6eµ;IITbCJI B npaBIIJibHOCTlI <J>opMyJihl (10). ,Il;arree, <J>opMyJihl (8) u 

(9) ):laIOT BOOMO)KHOCTb Bhl"llICJIIITb MaTaMaTII"leCKOe o:acnµ;aHne II gncnepCIIIO ):IJIJI pa~-
- - -2 

npegerreHIIJI (10). Jlerxo noxa:JaTb, 'ITO k = F 2 /2 + n n D = k2 - k = (2n + 1 )F /2. 
IlplI n = 0 0Tc10µ;a nMeeM cooTHOWeHne k = D, 'ITO xapaxTepHo ):IJIJI pacnpegerremur 

IlyaccoHa. 

OTMeTIIM el[le O):IH0 JII06onbITHOe CBOHCTBO: :e npeµ;erre b =· 0 '<J>yHKQIIJI IIlaprrbe 

nepexciµ;UT B cnMBOJI KpoHeKepa. B caMoM µ;erre, npn n > k ( n <. k )B npeµ;erre b = 0 
rrraBHhIU "IJieH B (7) nponop[IIIOHaJieH b-k (b-n), 11,r-aK CJiegyeT XI:J (6);<t>yHK[IWI IIlaprrhe 

o6pa~aeTCJI B HYJib. Ilpn n = k, KaK rrerxo y6eµ;1i:TbCJI, B TOM ·:lKe· npeµ;erre <l>YHK[IHJI 

IIlaprrbe o6pa~aeTCJI B ep;IIHXIey. 

CHMMeTpH.11. BMeCTO KOM6HHaTopHKH. CpanHemxe cooTHoweHUII (3) u (5) nplI

Bop;nT· K crreµ;y10l[leMy IIHTepecHoMy npegcTaBJieHIIIO µ;rrJI <l>YHK[IIIii: IIlaprrbe: 

Cn(k, b) = (-1/( n 1e-ffi8z.j k ) .• (11) 

ECJIII npep;hlp;y~ee onpeµ;errem1e (6) CTaBIIJIO aK[leHT Ha·xoM6JrnaTopney, TO (11) nepe

BO):IIIT :JTOT aK[leHT B o6rraCTb CIIMMeTpIIH, nop;"IepKIIBaH CBJI:Jb <}>yHK[IIIlI IIlapJibe ·c KO

He"IHhIMII TpaHCJIJI[IWIMII. <t>opMyrra ( 11) YTBep:acµ;aeT, 'ITO <l>YHK[IIIB IIlaprrbe COBnaµ;aeT 

( C TO"IHOCTbIO go <}>a:JOBoro MHO)KIITelIJI) C MaTp1I1:1ei'1 onepaTopa KOHe"IHOll TpaHCJIJI[IIUI 

B 6a:J1ICe mrneii:Horo OC[IIIlIIDITOpa. 8Ta TO"IKa :Jpemur MO:aceT 6h1Tb norro:aceHa B odHoBy 

TeopIIU. <J>YHK[IIIU IIlaprrie. He cocTaBJIJieT Tpyµ;a_ y6egnThCJI, 'ITO o:iia cpa:Jy npIIBop;nT 

K · nepe"InCJieH~?i B npeghlp;yl[leM · nyHKT~ cBoii:cTBaM <}>yHK[lnii: IIlaprrbe. · · 

*Mop;enb c 060611\eHHI.IM pacnpep;enenneM Ilyaccci11a paccMaTpnsanacb -raJC)Ke.s pa6oTe (4). B :rroii pa-
60Te pacnpep;enenn.11 supa)KaJIIICb 'Iepea MHoroqnenu Jlareppa, CB.lltlb KOTopux c MHoro'IneHaMn illapnbe 

. p;aeTC.11 <I>opMynoii C;.(k,b) = (-btn!L~-"(b). •. '·' · · 

3 



Ba:llmo, 'ITO Trump noAXOA - 0To He ToJibKo 6onee npHBbl"IHhIH BtlrJIJIA Ha cTapble 

Be~H- OH MO)KCT 6bITb HCilOllb30IlaH H AJIJI IlOJI)"Iei'iWI HOBbIX proyJibTaToB. ,IleiicTBH· 
TeJibHO, Ha'IH~M C O'leBHAHOrO TO:iKAeCTBa 

e-F,a.reF,a.r = e<-F,+F2Ja.r • 

IIepexOA.11 B 0TOM TO:iKAeCTBe OT onepaTopoB K MaTpliIJ;a.M B 6a:mce lIHHeHHOro OCIJ;lill
lIJITOpa,nerKo BbIBeCTH TeopeMy CJIO:iKeHWI 

Cn (k,(\foi-,.fol) = to Cn(m,b1)Ck(m,~) ; 
,, 

0TOT proyllbTaT o6o6~aeT yCJIOBHe OpTOHOpMHpOBKH (8), nepexOA.11 B Hero npH b1 = b2. 
PacCMoTpHM e~e TO:iKAecTBo 

· e-F,a.re-F,a;, = e;:<F,+F2)a.r • 

TorAa aHanorH'IHbIM o6paaoM nerKo BbIBeCTH e~e OAHY TeopeMy CJIO:iKeHWI 

Cn (k,(r,;;+ Jb;/) = f
0
(-1rcn(m,b1)C1c(m,'~), 

:ml KOTOpo:ii B 'lacTHOM CJiy'lae b1 = ~ = b CJie,tzyeT 4>opMyna 

' . 00 ; . . . 

Cn(k,4b) = I:(-1rcn(m,b)C1c(m,b). 
m=O 

MbI BHAHM, ~TO npeACTaBJieHlie (11) n Ca.MOM AeJie He TOJibKO xpacn:BO, HO n: noJiroHo. 

B~eCTO oaKJIIO'leHHJI. ,IlJIJI Hae 6bIJIO npWITHOH HemKHAaHHOCTblO BbIHTH Ha Mii:o
rO'IJieHbl illapnbe, T. e. Ha OAHH :iro Il.lITH "xn:pnH'IHKOB" TeopHH OpTOrOHallbHbIX MHO

rO'IJieHOB AHcxpeTHo:ii nepeMeHHo:ii. lfanecTHO, 'ITO 0To:ii Teopn:e:ii B cnoe npeM.11 6bIJI 

ynJie'leH JI.A. CMOPOAHHCKHH, a 0TO OOHa'laeT, 'ITO OH OHM O HeH Bee, HJIH IlO'ITH n'ce. 

He HCKJIIO'leHo, 'ITO Hamn: proyllhTaTbl BbIOBaJIH 6bl y Hero ynbl6xy 'leJioBexa, KOTOpoMy 

pacCKa:JaJIH XOpOllIHH aHeKAOT. Bonpoc lIHllib B TOM, CllbllliaJI OH 0TOT aHeKAOT paHbllie 

HJIH HeT; Bo Bcex CJIY'iaJIX Mbl co:iKaneeM, 'ITO He Mo:iKeM yoHaTh MHeHn:e ca.Moro .HxoBa 
A6pa.MOBH'la 060 BCeM 0TOM. 
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IIoKa3aHo, '-ITO aMIIJJHTYAa Bepo.s1THOCTH KBaHTOBJ,lX nepexo}loB B JIHHeii
HOM OC~HJIJI.si:rope IlO}l }leHCTBHeM BHe3ailHOI'O 0}lHOpo}lHOro IlOIDI COBilaAaer C 
TO'-IHOCTbIO AO <pa3oBoro MH0:;1KHTeJI.s1 c <pyHK~Heii illapJibe. IIoJiy1.JeHa <popMy
Jia, CB.SI31,rna10m;a.s1 <pyHK~mo IIlapJibe c MaTpH~eii oneparopa KOHe'-IHOii TpaHc
Ji.SI~HH no 6a3HCY JIHHeHHOI'O OC~HJIJI.SITOpa. C IlOMOID;bI0,3TOH <popMyJIJ,l BbIBe-, 
}leHbI }lBe TeopeMbl CJI():;IKeHH.SI, OTHOC.SIID;HeC51 K 'PYHK~.SIM IIIapJibe.': 

Pa6oTa BbIIlO~HeHa ~ Jiat5opaT~PH~ TeopeTH'-leCKoii <pH3HKH Oll.sIU •.. 

IlpenpttHT 06be~11HeHHOro ~H~T~l)'Ta ~,iepHbJX 11cCJJe,1osaH11fl. ,l(y6Ha, 1'993' ·• · 
• I' • ,' ,• ' / . ' ' 
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It is shown' that the probability ampUtude ~fquantum tran~itions under the 
~ction of a sudden homogeneous field coincides wth the Charlier function up to 
a phase factor. The Charlier function is expressed in terms of the matrix of the 
operator of fi'riite translations with respect to the basis of a linear operator.This 
formula is' used to derive two summation theorems for the Charlier functions. 

The investigation has beeri performed'at theLabor~tory of Theoretical 
Physics, JINR. .. . . . ' . . . 
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