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B nameá npensrnyureã paõore / 1/ I1CCJIe~OBaJUICb npoueccsr r-enepa
WiI1 CBepXI13JIYtIeHI1H B rpexypoaaeasrx CI1CTeMax. B par-ncax r-rerona aepap

XI1I1 KIDieTl1tIeCKI1X ypaBHeHI1H snecs 6bIJII1 nOJIYtIeHbI ro-rasre KI1HeTl1tIeCKl1e 

ypaBHeHI1H ~JIH npouecca CnOHTaHHOrO KOJIJIeKTI1BHoro 113JIYtIeHI1H, xoropsre 
113YtIaJII1Cb B MapKOBcKOM npI16JII1)J(eHI1I1. I1cCJIe~OBaI-me 6bUIO nponeneao 

~JIH tIaCTHOro CJIYtIaH CI1CTeMbI C O~HI1M sanpe-

I.IJ;eHHbIM rrepexozior-r 11 ~BYMH pa60tII1MH Mo~a

MI1. B HaCTOHI.IJ;eH paõore MbI paCCMOTpl1M 60JIee 3 
06I.IJ;YIO TpexypOBHeBYIO CI1CTeMY, B KOTOpOH 

paapeuieasr ace nepexozrsr 11 trnCJIO paõo-mx MO~ 

, 

~1.li

<:-Uf.3 

W 2 3 

orrpenenaerca reoxrerpaeã oõpaaua (pac. 1) . 2 

PuC. 1. Cxeua 3ltepceTUIJeCKUX 'ypoeneü B tpexypoene
BOM usnyuarene. 

raMI1JIbTOHl1aH TaKOH CI1CTeMbI I1MeeT BI1~ 

H =HM +H F +H MF 

N :3 (t')
UM 1 1 H = lt1úJ a+a . (1)f a R aa ' F k k k kf= 1 a= 1 

l g(k)\eik;r'R(t') -ik;rH = hN- 1I2l a +e R a+ I.
M F 

f. k 1 ~ a <(JSS a f3 f3a k a f3 k 

3~eCb l1H~eKC r aysrepyer 113JIYtIaTeJII1; a ayvrepyer YPOBHI1 B aanyxare
JIHX; f a -- aaepr-aa ypOBHH a; R (t') - orreparop, OnI1CbIBaIOI.IJ;I1H HaCeJIeHHOCTb 

aa 
ypOBHH a B r -113JIYtIaTeJIe; R~~ - orreparopsr, Onl1CbIBaIOI.IJ;l1e nepexozrsr 
c ypOBHH f3 lia ypoaeus a B r -113JIYtIaTeJIe 11 Y~OBJIeTBOpHIOI.IJ;l1e KOMMY

TaIJ;l10HHbIM COOTHOrneHI1HM 

[R~~. R~~~,1 = R;~,ôf3a' 8 rr - R~~f3ôaf3' 8 rr , 

a \ (a k) - ,9nepaTopbI po)J()J;eHI1H (YHl1tITo)J(eHI1H) dioroaa c tIaCTOTOH a , I1M
k 

rrYJIbCOM k 11 nOJIHpl13aul1eH eÀ ; x r - panayc-aercrop f -113JIYQaTeJIH. 

KOHCTaHTa CBH311 g(k)palma
af3 

(k) 121TP ..... -+ 

gaf3 = V "t~ - w a{3 da f3 ude À' 
k 

1
,-O~lieiii ii~UHiJl,jÜ BHcnrryT I 1 

tii\~_H_h-a1 iCCJleJlOn~uitl 



rne p - nnOTHOCTh aanysarerreã B CHCTeMe; d a{3 - MaTpH~bn1: 3neMeHT <R ~ (t) [Ô t ,R~~~, (t)] > (a ~ ~ a, (3' i: (3). 
oneparopa ~HnOnhHOrO nepexona a - f3 ; ó) af3 - qaCTOTa nepexozia a - f3 ; 
Ua - e~HHHqHbIH BeKTOp B nanpanneaaa d f3. Ilonaraa B (3) Ô = Raa = I 

C 
R~~ (a == 1,2,3), HMeeM 

Hcnorrssya MeTO)); HCKnlOqeHHH ~30HHbIX oneparopon 11,21, nna 
CHCTeMbI c raMlinhTOHHaHOM (1) MO)I(HO' nonyxart. TO~YlO aepapxmo KHHe .<R u > = f 13 <R S3 > + f 12 ·< R 22> + 
THqeCKHX ypanaenaã AJlH rtpouecca CnOHTaHHOrO xonrrexraaaoro H3nYQeHIDI 

13 13 12 12
BM,ll;a 

,i 

I C u: 8 n: + r
l 

12 ~ C n: S n' ,+ r 13 t~t' cfc' 
-~.< ~\> + (i1i)-1 « HM ' ~\] > 
dt t. < R 22 > = ,f 23 <R33 > - F 12 .<R 22" > + (4) 
t' . ~ ~ 23 23 12 12=N-1I J dre- 1Cô k (t-r) ~ ~ ~ (k) (k) lk(xr-Xt~') + I CCC~ StC' - r 12 I. CCt' 8 Ct' ,~~ ~g g~~ x f 23 clc' ci: c'k -«l cc ~ a <{3 a~ <{j~ afJ a f3 

(2)x <[R~ (I), (Jt]R~!i, (r» +N-1 1: 1dr e icuk (t-r) x <R 33 > = - f 13 <R 33 > - r 23 <R 33> 
. k _00 

~ ~ ~ ~ 13 13 23 23
lk (x C- x r) ~ - r 13 k etC' S cc' - r 23 I C cc,8 Ct ' x I L L g(k) g(~)~e <R(f) (r)[ o, ' R(!)~ (t)]>. c~c' c~c~

Cf~ a <{3 a~ <f3~ a{3 a {3 (3a a f3 
r~e 

3~eCh Ôt - npoaaaorrsasrã oneparop M-no~cHcTeMbI B npencraaneaaa I'eá
saf3 = < R (f) R (C') >seaõepra, <.•. > == Sp(... P M)' , rne PM - CTaTHCTHqecKHH orreparop Mvrron «: f3a af3 • 

CHCTeMbI B MOMeHT BKmOqeHHH B3aHMO~eHCTBHHc <POTOHHbIM norresr. 
CqHTaR B3aHMo~eHCTBHe MeJK.AY H3nyqaTenRMI1 H rrorrexr cnaõsn«, MbI B npaasie ~~CTH ypaBHeHHH (4) BXO~RT xoppenaropsr õonee asrcoxoro 

nopsnxa S~(I. ,lLrIR 3THX xoppenaropoa H3 ypaBHeHHR (3) c acnonssoaa
HHeM pacqenneHHR 

MO:>KeM acnonsaoaars ztna oneparopon aTOMHOH nO~CHCTeMbI B npasoã 
qaCTH (2) "ayrrenoe" npH6nH:>KeHHe aana 

«RU) _R(f) ) R(~l'),R(t") > ~ <R(f) -R (f) > <R(~'),R(C"),>
R~C~(rl=R~?3(t)ei(Va{3(t-r) ,R<f1a(r)=R~~(t)e-iú)af3(t-r), rne a.<{3. aa f3f3 a f3 ffa ' aa {3 f3 a fJ f3'a 

HMeeMC yqeTOM C~enaHHOrO npennonoacenaa H3 rosaoro ypaBHeHHR (2) MbI 

MO:>KeM norryvars MapKoBcKoe ypaaaeaae, onacsraaronree npouecc H3ny
1 a{3 a{3 -1 Ca~ <R > J.

qeIDm s~~ = N- r <R f3f3- R > { I Ctt,Src,,+N cc f3f3 (5)af3 aa 
t" 

(C""" r.C'):t <Ô t > = (ih)-1 <((l t ' HMt ] > + a < f3, f' *f' .
 

r a {3 a{3 (t) (C~)
 Hcnonssya pa3BHTbIH B paõorax 13·51 <POpMaIlH3M nna 'OfiHCaHHR+ L -- I L Ctt~ <lR IQ (t), e t ] R a (t) > + (3) 
a.<{3 2 u: k f3 tJa ats H3JIyqeHHR B npOTR:>KeHHhlX oõpasuax, BBe~eM coõcraeaasre <PYHKnHH H co6a 

CTBeHHble 3HaqeHHR MaTpHqbI B3aHMO~eHCTl3IDI C~f} nana 

+ I '~a{3 L I Ca~ <R(f) (t) (a t ' R (t~\t)] > , f3 ~ ~
 
a <{3 2 u' -+ tC Ba afJ
 I C~, t/J À lQ(x c' ) = Àaf3 t/J À lQ(x C) (a < (3). (6) 

k a {3 c' afJ at» 
r~e 3 2 ~ ~ 
~ \ 4 úJ~ a{3 sinka {3 [x t -x t' I Hcnonssya CBOHCTBa rronaorsr H OpTOHOpMHpOBaHHOCTH co6CTBeHHbIX

l... •
 
tu» a a 3 4:. S ~ ~
 

Ik IQ I = CrJ fJ le, r (3 = - - , CCC~ = -
<PYHKqHH, HMeeM 

n c k a {3 !xt-X t ' I 
Caf3 I À ~ ... 

Ilpa asrsone (3) M3 (2) MbI ysnaraxsce ManOCTb xoppernrropon u: Àa{3 a{3 r/J Ào.{3 (x t) r/J Àafj (x c' ). (7) 

3 2 



/4/
BBe,lJ,eM Ta:K}Ke KOJIJIeKTHBHble KOppeJUlTOpbI	 8 ( À (3) : 

a 

a{3 -+ -+ (8)S(>.. (3) == L Stt' t/J1r.. (x f ) t/J 'to. (x r' ) . 
a	 t/:t' a{3 'a{3 

I1cnoJIh3YH COOTHOllleHHH (6) - (8-), ypaaaenan (4), (5) MO)KHO nepenncars 

B BH,lJ.e 

<R 11 > = r 13 <R 33 > + r 12 <a 22 > + f 13	 L À13 8 (À l3 )c +
 
À1:J
 

+	 r 12 L À 12 S(.~ 12 ),
 
À12
 

<R > = r <R > - <R Z2 > + f 23 I À238(À 23 ) - (9)
22 23 33 f 12 

/..23 

- ,f 12-L À12 S(À 12 ),
 
/..12
 

<R3.3 > =-,r I 3	 > - f 13 L <R 33 > -r23 <R33 À 1S8(À 13 )
À13 

- r 23	 ~ À 23 8 (À 23 ) ,
 
À 23
 

1	 1 (10)S(À /3 ) =À {3 r {3 N - <R{3I3--Raa > lS(À a {3	 ) + N- <Rf3{J>T.a a a 

C06CTBeHHbIe cPYHKUHH H c06CTBeHHble 3HaqeHHH MaTpHUbI B3aHMO,lJ,eHCT

BHH 6bIJIH onpenenensr HBHO B /3/ ,lJ,JIH arnooõpaaaor-o oõpasua B npeziens

HhIX CJIyqaHX 60JIblllHX H MaJIbIX tIHceJI <ppeHeJlH.:f . ,UJIH .3'« 1 H s:» 1 
ace nanõonsruae coõcraeaasre 3HaqeHHH À o {3 asrpcoszreasr c KpaTHocTbIO 

K~{311 paam.r a 

ÀO =~	 «1) ,
K ° {3	 li S:a{3 » 1 CS: {3aa{3 k L' a 

a{3 

À 0. = _N.!:-_, KO {3 := 2S: {3» 1 (~ a{3 » 1), 
a{3 k 2 A a a 

a{3 
rzie ~afJ = Ak {31 2TTL ,A - nnouiazn, norrepeuaoro CeqeHHH oõpaaua 11 L - eroa
,lJ,JII1Ha. Bce OCTaJIbHble À a{J«À~{3' Jlerrco 3aMeTHTb, qTO K~{3 npe,lJ,CTaBJIHeT 

C060H tlliCJIO npaoceasrx MO,lJ, ,lJ,JIH rrepexona a - {3 (B cnysae HrJIo06pa3

iroro oõpaaua) , npaaaraaioumx ysacrae B rrpouecce KOJIJIeKTHBHoro H3JIY

qeHI1!I. 

4 

... 

HaH,lJ,eM peurenae CHCTeMbI ypaaaeaaü (9), (lO) ,lJ,JIa I1rJIOO6pa3Ho

1'0 oôpasua c 5a{f-<1 HJIH ·~aB»1. 113 (10) CJIe,lJ,yeT, tITO ace 8C\a(3)' COOT

BeTcTBYIOI..I..J;He O,lJ,I1HaKOBbIM À {3'- OJ],HHaKOBbI ,nJIH JII06oro MOMeH'ta aper-tea 
HHt . Torna B (9)· MbI MO)KeMnOJIO)KHTb /41 

:! À Q	 8 (Á Q) ". À 0[3 K 0{3 8 (À ° {3 ).
\z{3 ai» at» a a a 

B pe3YJIbTaTe ypaaaenan (9}, (Lü) MbI MO)KeM nepenncars B BI1,lJ,e 

J 1	 1 K;3 ° 
X 1 =	 ----(N - X 1 - X2 } + ---X 2 + --- S 13 + _':..JJL S 1 2 '
 

1'13 1'12 r R 13 
T R 12
 

o 
1	 1 K 23 

__K 
° lLs 12 ' (11)

X	 ---(N - XI - - --X2 + --oS23
2 

XZ )	 
T

'12	 1'12 T R23 R 2 1 

N-1 
-;:-- (N - 2X 1 - X2 ) {S 13 + N -1 (N - X 1 - X 2 ) } , S13
 

R13
 

N-l
 
8 12 = --- (X 2"- X 1 1 {S 12 + N -1 X 2 } ,
 

TR12 

N -1 

:= -r--(N -:- 2X 2 - Xl) ts 23 + N
-1

(N - X 1 - X 2 ) 1;823 
R23 

1S'Q =8(Ào ), X =<R. >, 1- := À o I T f3 , r {3 == ,r -{31 . 
Q	 Q Qap at: a aa Raf'J tu: a a a 

flpn BbIBO.,lJ,e (11) MbI YtIJIH TaI()I<e 3aKOH coxpaneaaa cYMMapHoH HaCeJIeH

HOCTH 

X 1 + Xz + Xs = N . 

JIer~o noxaaars , tITO HHTeHCHBHOCTH KorepeHTHoro H3JIYtIeHI1H, co

OTBeTCTBYIOmHe rpewr B03MO)l<HbIM rtepexoztar-i, paansr 

1	 KO 

1 =bw I ,---(N - X -X ) + -ld3--8 IIr 
o' 1 13 r 1 2 13 '
 

13 T R13
 

1 K23 
12 =Í1w 23 1--x 2 + ----8 23 l .	 (12)

'I
11. 

r 23 r R23 

o 
"lf 1	 K 12

1 ==hw l--(N -X -X) + ----S I.
3 12 1 2 12 

1'12	 TRIZ . 
5 
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Pemeaae YPaBH~HHH (11) 3aBHCHT OT BbI60pa nasarrsnoro COCTOHHIDI 

aToMHoH noncacresrsr, a .TaK:>Ke OTCOOTHoweHHH napasrerpoa, COOTBeT
I.

CTBYIOIl(HX pa3nH1IHbIM nepexonasr B TpexypoBHeBoM aanysarene. Hccrrezty
eM ,IJ.HHaMHKY HaceneHHOCTeH H HHTeHCHBHOCTeH rcorepearasrx HMnynbcoB 

B crrysae rpex paspeureaasrx nepexonoa. Ilpa onpeneneaaosr BbI60pe na
qaJIbHbIX ycrronaâ li COOTHoweHHH BepOHTHOCTeH rrepexona B TaKOH CHCTe

Me B03MO:>KHO nOJIBneHHe sersrpex caepxaanyxarensnsrx HMnynbCOB. Hccne ,.
,u.yeM HMeHHO TaKOH crryxaã. 

PaCCMOTpHM npOTH:>KeHHY~ TpexypOBHeBYIO CHCTeMY, zma KOTOpOH r 
B HaqaJ1bHbIH: MOMeHT BpeMeHH HaceneHHOCTH aTOMHbIX YPOBHeH H nona l 
pH38.UHH HMeK>T 3HaqeHHH: Xs (O) = 0,75 N , X2 (O) = 0,25 N, Xl (O) = 0, r 
813 (O) = S 23 (O)~2(O) = O. Ilapasrerpsr oõpasua BbI6epeM, nna: onpe
neneaaocra, KaK B paõore /4/, a HMeHHO: A = 1 CM 2, L =10 CM H N~ 
= 10 14 • Peaynsrarsr, qHCneHHoro· pemeaaa ypaBHeHHH (11) c -nocnenyio
II~eH no,u.cTaHOBKOH B (12) nna asyxaesroro 06~a3u.a npencraarreasr na fHC. 2 

1, 1 1,
H3; xpaasre rronyseasr nna (J)1s=1,0·10 1 c- a)23=0,6'10 c

15 1,cu12 = 0,4. 10 c- f 13 : T 23 : r 12 = 1:.6:12. 

I 1
 

12 

20 40 60 t/CAi3 

PuC. 2. 3a8ucUMocrb usrencuenocreã 

11' 12' I S or epeuenu C/TR1S' Kpu
sere noayuenu ÔM CUCreMbJ c lUts = 

10 15 C-~ CU2 =0,6 • 10'U c-1, = 
O· 4 . 10 16 c-p 6\~6' , , '13: r23 : f 12 = 1: . 
:12, L = 10 CM, A : I CM 2, N = 10 14. 

Ilpoaaanaaapyess apesreaaoe noaeneaae paccssarpaaaeraoã CHCTeMbI. l,~. 

B MOMeHTbl BpeMeHH t l H t 2 ";s 17'R13 HallHHaeTCH xonnex::::l 13 TR 19 

I,
~ 

THBHb!H pacnan COOTBeTcrneHHO aa nepexoztax 2-3 H 1-3. Peaxoe YB~Hqe
HHe HaceneHHOCTH 2-ro ypoaaa npaaonar K npexpameamo KOnneKTHBHOro .\: 
H3nYQeHHH na nepexone 2-3 H, C npyroü CTOpoHbI, K Haqany KOnneKTHBHOrO 

H3JIytIeHHH na nepexone 1-2 <. t 3 lOS 25 f R1S ) ' KOnJ1eKTHBHOe H3J1YQeHHe aa 

nepexone 1-2 raCHT CBepXH3JIytIeHHe aa nepexone 1-3 H ~.u.HOBpeMeHHo 

6 

x 

'1 

x, 

t0,5 

o I te" • 

20 40 60 t/'tRf3 

PuC. 3. 3aeUCUMOCTb nacenennocteü arou
HbJX ypoeneü Xl (t) , , Xs (t) orX 2(C) 
epeueuu C/'Rl8' KpU8bJe nonysenu 
~ 101r» -1ons CUCTeMbJ C CU18: C, ~3 = 
0' 6 1015 -1 04 10 15 -1" C, CU 12 = , . C, 

T13 : '28 : r 12 =1:6:12, L = 10 CM, 
~ = I ~ 2, N .. 10 14. { 

r 
I 

YCHJ1HBaeT KOnJ1eKTHBHoe M3nY.tIeHHe na nepexone 2-3, TaK tITO B MOMeHT 

t 4 ::::l 48 fR.lS B03HHKaeT BTOpOH cBepXH3J1YQaTenbHbIH HMnynbc qaCTOTbI 

cu23' B CBOIO osepens pacnan aa nepexone 2-3 nepeaonar cHcTeMY B CTaU,HO

aapaoe COCTOHHHe C HaceneHHOCTHMH X 1::::l O,75N, X 2 ::::l 0,2N, X S ::::l 0,05N, 

xoropoe paspyuraerca sa cser npoueccoa aerconnexraanoro pacnana. 
TaKIlM 06pa30M, B TpeXypoBHeBOH CHCTeMe C TpeMH paapeurea

HbIMM nepexonasia B03MO:>KHbI KaK 3cPcPeKTbI sasrenneaaa cBepXH3J1yqeHHH, 

accnezroaaansre paaee B CHCTeMax. C ,u.BYMH nepexonasra /1, 6-8/ , TaK H 

3cPcPeKTbI yc'HJ1eHHH caepxaanyseaaa. Ilpa 3TOM B03MOilma nocnenoaa
TenbHOCTb .D.BYX KonneKTHBHbIX I:fMnynbcoB aa OJ-UIOH: tIaCTOTe. TaKoH 3cP

cPeKT CYIl(eCTByeT rorn.xo B rpexypoaaeasrx CHCTeMax. Ecna MbI paCCMOT

pHM nayxypoaneasre ,u.BYXKOMnOHeHTHble CHCTeMbI, TO aa cser oõmero 
nona H3JIYQeHHH TaK:>Ke B03MO:>KHO nOJIBneHHe BTOpHtIHOrO KOJIJIeKTHBHO

ro M3nYQeHHH. B03HHKHOBeHHe nropauaoro HMIIynbca npencraanaer 3Ha

lIHTenbHbIH anrepec H MO:>KeT 6hITb rrponepeao 3KcnepHMeHTaJIbHO. 

B HaCTOHIl(eH paõore aa OCHOBe TOqHOH aepapxaa KHHeTHtIeCKHX ypas
HeHHH: paCCMOTpeH rraurs O,u.HH HHTepeCHbIH: cnysaã ,IJ.HHaMHtIeCKOrO noae
,u.eHHH TpeXYPOBHeBOH CHCTeMbI C TpeMH paspeureansn-ra nepexonaraa. 
Bonee neransaoe accnenoaaaae aepapxaa HBnHeTCH sanaseã nocnenyio-
Il(HX paõor. . 

OTMeTHM TaK:>Ke, srro pa3BHTbIH cPOpMaJIH3M OnHCaHHH cnepxaarryse
HHH B rpexypoaneasrx cacrer-rax 6e3 rpyna MO:>KeT 6bITb nepeaecen na n
ypoaaensre CHCTeMbI C HeCKonbKHMH nepexonasra, tITO npencraanaer MH

repec ,u.nH OnHCaHHH HMelOIl(HXCH 3KcnepHMeHTOB (CM., aanpasrep, /6,7/ ) . 
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CaepXH3Jiy11eHHe a cHcTeMax 
c TpeM.R pa3peWeHHbiMH nepexoAaMH 

P17-87-837 

HccneAOBaH npou;ecc cnoHTaHHoro KoJIJieKTHBHoro H3Jiy11eHH.R 
a TpexypoaHeao:H cHcTeMe c TpeM.R pa3peweHHhiMH nepexoAaMH. 
PaccMoTpeHhi .RBJieHH.R ocna6neHH.R H ycHneHH.R caepXH3Jiy11eHH.R. 
fiOKa3aHa B03MO)I(HOCTb reHepau;HH ~yx llOCJle,Z\OBaTeJibHblX Kore
peHTHbiX HMnynLcoa OAHOH qacToThi. 

Pa6oTa BbinOJIHeHa a Jia6opaTopHH TeopeTHqecKo:H lPH3HKH 
OH.RH. 
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llepeBOA r .r .CaHAYKOBCKOH 

Bogolubov N.N.(Jr.), Bashkirov E.K., 
Shumovsky A.S. 

Superradiation in the System 
with Three Allowed Transitions 

P17-87-837 

The process of spontaneous collective radiation in the three
level system with three allowed transitions is examined. The phe
nomenon of the superradiance weakening and increasing is consi
dered. The possibility of generating two successive coherent impul
ses with the same frequency is shown. 

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