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;11 60Ilbwol:1 ~HTepec npeACTaBIlReT Io1CCIleAOBaHlo1e B3alo1MoAel:1 eTBIo1R KO
He4HoypOBHeBoro aTOMa c KOHe4HOMOAOBblM nonea 1013Il'Y1.leHIo1R. MOAeIlb 
~mel:1Hca KaMMIo1HrCa 111 OnIo1C~Ba~~aR BSalo1MoAel:1cTBlo1e ABYXYPOBHeBO
ro aTOMa C OAHOI:1 MOAO~ Io1~IlY4eHIo1R, Io1HTeHCIo1BHO 1013Y4aIlaCb l 21 B 

O 

CBR
3~ C B03MomHOCTb~ npOBepKIo1 pa3IlIo14H~X npeACKa3aHIo11:1 Ha OCHOBe 
3Kcneplo1MeHTOB no OAHoaTOMHOMY Ma3epy. HeAaBHO 13,41 Ha ocuoae 
MeToAa onepaTopH~x ypaBHeHlo11:1 101 xapaKTeplo1CTIo14eCKoro onepaTo

/ S•AI pa Io1CCIleAoeaH~ pa3Illo14H~e acneKT~ AMHaMIo1KIo1 aTOMa 101 CTaTIo1
CT~KIo1 $OTOHOB B TpexYPoBHeB~x ABYXMOAOB~X MOAeIlbH~x CIo1CTe
Max 17,81 a r axxe B N-YPOBHeBbIX (N -1) -MOAOBbIX CIo1CTeMax c KOH
$101 rypa~~el:1 runa IlRM6Aa 19,101 

B HacToR~el:1 pa60Te o606~aeTCR MeToA onepaTopH~x ypaBHeHlo11:1 
H xapaKTep~CTlo14eCKoro onepaTopa Ha MHorO$OTOHHY~ N-YPOBHeBY~ 

(N -l)-MOAOBY~ CIo1CTeMY co CMewaHHol:1 KOH$lo1rypa~lo1el:1 nepeXOAOB. 
nOIlY4eHH~e Hlo1me 3aMKHYTaR CIo1CTeMa IlIo1HeI:1H~x AIo1$$epeH~lo1aIlbH~X 

onepaTopH~X ypaBHeHlo11:1 c nO~TORHH~MIo1 K03$$Io1~lo1eHTaMIo1 101 COOTHowe
Hlo1e MemAY xapaKTeplo1CTIo14eCKIo1M oneparopoa 101 oneparopaaa HaceIleH
HocTel:1 YPOBHel:1 n03BOIlR~T Io1CCIleAOBaTb AIo1HaMIo14eCKIo1e 101 CTaTIo1CTIo1
4eCKIo1e CBol:1cTBa CIo1CTeM~ " a TOM + 1013IlY4eHlo1e". 

PaCCMOTplo1M raMIo1IlbTOHlo1aH 

N " N-l "" o 

H = Ir "li n j R + I, 1í ClJ a; aa +jj a 
j=l a=l 

/1/ 
N-l 

" " ma" ,,+ ml\ 
+I1í R a +R a J 

a = 1 ga ( f(a) k(a) a k(a) f(a) a ' 

onIo1C~Ba~~1011:1 TaK Ha3~BaeMoe 3$$eKTIo1BHoe MHorO$OTOHHoe B3aIo1MO
Ael:1cTBlo1e N-YPOBHeeoro aTOMa c(N- n -MOAOBbIM nOIleM" 1013IlY4eH~R 
B nplo16Illo1meHIo1101 Bpa~alO~eV1CR BOIlHbl: 3AeCb onepa TOp "R jj onacuaaer 
HaceIleHHOCTb YPOBHR j C 3HeprJ..1elo1 to J' onepa r op Ri j onacuaaer 
nepeXOA aTOMa 1013 YPOBHR i B YPOBeHb 1(1 ~ j). ~oToHH~e one

,\(1 paropu i a H ;, a + OnIo1CbIBa~T COOTBeTC TBeHHO YHIo14TomeHHe 101 pomAeHlo1e 
~ ~TOHa 8 MOAe a c -iacroroã úJ ; ga - KOHCTaHTbl CBR3101. Onepa ropua 

R~ YAOBIleTBopR~T KOMMYTa~KOHHOMY COOTHOWeHIo1~ 

[R i j • Rpql = Riq 8 p j -Rpí 8 iq /2/ 
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~ COOTHOWeH~~ n~Heap~3a~~~/5/ 
BeA-eH~te orreparopa L i-j C oneparopo-r L w' L f (a) k (a) lí1nVf Lk(a) f (a) 

Bcer,qa MomeT 6~Tb npe,qCTaBneHO B B~Ae n~Hei1Hoi1 KOM6~Ha~~~ oneR R = R o /3/íj pq fq pj par opo s Li r j' (i, j , p, i', j = 1, ... , N; a = 1, ... , N - 1). Ko

3$$~~~eHTw TaKoi1 KOM6~Ha~~~ RBnR~TCR nOCTORHHWM~ onepaTopaM~ 

ql 
B MD,qen~ /1/ aTOMHble nepexonu eCa) ~ k (a} (k(a) --. f(a» ocy

~n~ 4V1cnaMVI. C ,qPyro~ CTOpOHbl, r aM~nb TOH~aH 11/ MO>t:HO aa rurca Tb 
~eCTBnR~TCR nocpe,qCTBOM ~cnYCKaH~R /~orno~eH~R/ ma $OTOHOB 

B B~,qeB Mo,qe a. npeAnonaraeTcR, 4TO ,qnR n~6o~ napw YPoBHe~ (j, t) 
cy~ecTByeT e,q~HCTBeHHaR nocne,qOBaTenbHoCTb nepexo,qOB j --. p ~ N N - 1 N .... 

--. ... --. q ~ i, nocpe,qcTBoM ocy~ecTBneH~R KOTOpWX aTOM MomeT ne H L 11 O. L.. + 2. hw (M + L :n . L .. ) +~j = 1 1 JJ a = 1 a' a j == 1 aJ )J
pei1T~ ~3 YPOBHR j B YPOBeHb i.
 

/7/
AHanor~4HO TOMY, KaK c aenauo B paôor e /5/, MomHO HaKT~ cne
N -1 

,qy~~~e ~HTerpanbl ,qB~meH~R: 
+ 11 2. L o i , (Lf(a)k(a) + k(a) { (a) 

a == 1 

A ....A '" 

k' m a + a - X" const := P. n03TOMY KOMMYTaTOp ( Lij , H 1 r a-ose MO}/<eT 6blTb npenc r aaneu B B~R jj + a a 
'"
a mf3 a~af3 == /4/

a f3 J ,qe nVlHeHHO~ KOM6~Ha~~~ onepaTopOB L p q ~, cne,qoaaTenbHO, cornac
e(a) =:: i k \8) =j HO ypaBHeHVI~ íe~3eH6epra, nonY4aeM 

N 
d i.... iA3,qeCb 2.' ( L ") 03Ha4aeT CYMM~pOBaH~e no Mo,qaM, CBR3l:.:8al()I.1.l~M -- L .. (t ) = -.-- [L .. (t ) , H ] ==.'+" 2. f ijpq L pq (t ) , /8/ypo aeus j c H~me Igblwel pacnonomeHHblMVI YPOBHRM~. Paapeuma d t 1J 'h 1J n 

P.q =1 
C~CTeMY n~He~Hblx anreôpanve ckijx ypaBHeH~~ /4/, MomHO nony-uir s ....+ .... 
,qnR onepa r opo a 4V1cen $OTOHOB Na := a à aa / a = 1, ... , N - 11 aupa- r,qe f ljpq - nOcTORHHble ,q~arOHanbHble onçpar opu , l43 /8/ B~,qHO, 
meH~R B ..@~,qe n~He~HbIX KOM6~Ha~~~ onepa r opoa HaCeneHti-OcTe~ 4TO ypaBHeH~R ,qB~meH~R ,qnR onepaTopOB L i j o6pa3Y~T 3aMKHYTY~ 
YPoBHe~ R Jí- / j = 1, ... , N / ~ nOCTORHHblX one pa r opo a P j / j = 1, C~CTeM-Y n~He~HbIX ,q~$$epeH~lIIanbHbIX ypaBHeH~i1 C nOCTORHHbIM~ KO
... , N/: 3$$~~~eHTaM~. MomHO pa3peW~Tb 3TY C~CTeMY ypaBHeH~~ CTaH,qapT

HWM~ MeTo,qaM~, B pe3ynbTaTe 4ero nónY4~Tb RBHwe BwpameH~R ,qnR 
oneparopoa ua ceneuuoc r eü YPOBH'e~ R.. (t ) == L.. (t). Ilocnenuue 

N 

N (t ) = l na.R .. (t) + Ma' /5/ JJ' JJa •. 
J = 

1 J JJ onepaTOpw n03BonR~T Vlccne,qOBaTb BpeMeHHY~ 3Bon~~~~ Ha6n~,qaeMWX 

A Ben~4~H np~ npO~3BonbHOM Ha4anbHOM COCTORH~~ ,q~HaMVl4eCKO~ c~c'" 
=-Ln.p ..rrie Ma TeMw.TeM caMWM pa3peweHa npo6neMa ,q~HaM~K~ Mo,qen~ /1/ Ha o6~eMj a J J 

onepaTopHoM ypOBHe. 
BBe,qeM r enep s acnoaorar eru.uue onepa r opu BBe,qeM Tenepb xapaKTep~cT1II4ecK~~ onepaTOp $YHK~~~ pacnpe,qe

A#m neH~R $OTOHOB 113/ 
L.. = R.. li r g a a (i -f. j), L jJ' := R J'J' , /6/1J lJ a a N - 1 

A#m x exp [i l ç N «n. /9/r,qe C~MBon li' ga aa a 03Ha4aeT npO~3Be,qeH~e $OTOHHWX aMnn~TY,q a a a = 1 
...m .... +m

g a a ~n~ g a a 
COOTBeTCTBY~I.1.l~X nocne,qOBaTenbHOCT~ nepexo

a a a a ' Hcnonb3YR $opMynw /3/ ~ /5/, nerKO nonY4~Tb,qOB aTOMa ~3 ypOBHR j B YPOBeHb i. 3aMeT~M, 4TO onepa r opu 
N·1 N N-1t E(a) k(a) ~ Lk(a) P. (a) onacuaaor cOOTBeTCTBeHHO anes-e-rra puue ,
nepexonu k I c ) ~ Na) ~ f (a) ~ k (a). One pa r op t ij c i ~ j X == exp [i L f M] I 2. I exp (i 2. çf:), n~ .) - 1 ] R.. Ct ) + 1 I. /10/a a f3. == 1 fJ fJ J JJacerna MomeT õur s npenc r a ane s B B~,qe npo~3Be,qeH~R HecKonb..t<~x a = 1 j= 1,

onepaTopoB 3neMeHTapHwx nepexo,qoB. nOCTORHH~e onepaTOpw Ma :~J 
3....HaR BblpameH~R ,qnR R jj (t). MomHO no ny-u-r b Rauoe BblpameH~e ,qnR

KOMMYT~PY~T C onepaTopaM~ L i j • Tor,qa, C nOMO~b~ CooTHoweH~R
 
X ~ BW4~cn~Tb xapaKTep~CT~4eCKY~ $YHK~~~, CTaT~CT~4eCK~e MO


n~Heap~3a~~~ /3/ ~ COOTHoweH~R /5/ nerKO nOKa3aTb, 4TO npOVl3
.MeHTbl pacnpe,qeneH~R $OTOHOB ~ $YHK~V1V1 KoppenR~~V1 Mem,qy Mo,qaM~
 

no $opMynaM 
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l·TeM	 caMblM paapeuieua Ha YPoBHe oneparopoa np06I1e.Ma G:TaTI4CT~Kl-1 .I
$OTOHOB B o606~eHHO~ N-YPOBHeBo~(N -l}-MOA~ao~ Cl-1CTeMe c MHO .,ro$oToHHblMI-1 neoexonasu '\;1 co cMewaHHo~ KOH$l-1rypa4l-1e~ nepexonoa . 
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N-YPoBHeBaH (N-1) -MOAOBaH 
emaHHoA KOH~H~ypaUHeA 

nepeXOAOB 

0606~aeTCH MeTOA onepaTopHblX ypaBHeHHA H onepaTopa xa
p~KTepHCTHqeCKOH ~YHK~HH Ha N-YPOBHeEYW (N-l)-MOAOBYW.CH
CTeMY co CMemaHHoA KOH~HrypaUHeH nepeXOAOB. 

Pa60Ta BwrronHeHa B fla6opaTopHH TeOpeTHqeCKOA ~H3HKH 

OHHH. 

Flpenpsorr 06õenHJfffiHara HHCTHTyTa RnepHblX accrrenoaaaaã. ;lly6Ha 1987 
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Farn	 Le Kien -P 17-81- 860 
Multiphoton N-Level (N-I)-Mode Systern 
with Cornbined Configuration of Transitions 

The operator eq~ation - and characteristic operator 
rnethod is developed for the multiphotoH N-level (N-J)-mo-
de systern with cornbined configuration of transitions. 

The investigation has been perforrned at the Laboratory 
of Theoretical Physics, JINR. 
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