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KaK H3BeCTHO, MOAenhHaH ABYXypOBHeBaH CMCTeMa, OnHC~BaeMaH 

raMHnhTORHRHOM nHKKe, H ee OdOOmeHHe Ha MHorOYPOBHeBHR cnyqaR cnyxaT 
OCHOBOI COBpeMeHHoR Te0pHH c BepxH3nYQeH HH H CBH:3fl,. HH~X C HHM ctJM3Hqe
CKHX HBneHHR. raMHnhTOHHaR nHKKe, COOTBeTCTBym~HR npHOnHEeHHD Bpa~am

~eRCH BOnHY, HMeeT BMA 

HD:::lli CJKa,taX+ 1iS2~ + Lh a~ (R+aK + R-aK+)J (I)
K K (I 

rAe a~, OK - onepaTOpY ctJOTOHOB, ~ - qaCTOTa pe30HaHCHoro nepe-
XO,Ba, flK - napaserp ,l(~monh-4JoToHHoR CBH 3M 

g =( Z7rWK d 
(jK h V ) 

~ - BenHqHHa AHnonbHoro MOMeHTa nepexoAa H )P - KonneKTHBHye 
oneparops ABYXYPOBHeBYX H3ny'laTeneR 

1<==1 R" 

[R/~R/]:=t~/OJI', [R3/' /(;]==±R!ÓfI'° 
B 1976 r. ,IljuJIMOpOM H EoYJI.aH~I/ 6WIO rrpaMOJItaHO o6061Itaoa MO

JI.9JIDHoro raMR.1IDTOlmaHa .Il,HKKa 

H=Ho +-Hec+HCF ' (2) 

cOAep~ee ABa AonOnHKTenhHYX 'IneHa. nepBHI M3 HHX onHCYBaer 
ftMCCHtJe CKMA ros : 

Hc. c::::: liLVtKaK+:li:aK) J 
K 

a BTOP9" - AelcTBHe BHeDIHero KnaCCH'lIe csoro no na na K3JIy'l8.TenH : 

H == h IJ R1-+)/tR-ICF r- I. 

B paOote /1/ Oyno nOKa3aHO, 'lITO H8.JIH'lIHe TaKHX BHemHHX HCrOtnlKKOB MO

xer npKBecTH K cy~ecrBeHHoMY H3MeHeHHD TepKo,l(HHaKwqecKoro nOBeAeHKa 
CKCTeMY, B 'IaCTHOCTK, K H3KeHeHKD pOAa ~30Boro nepexoAa co ~Toporo 

na nepa11I1. 

,_..-"' 1.....,.~._..~ 

.....,.,.,., ....;•.•. ".,\ "H.......l?'U? (
 ..*J1hil·; ,n,w. r. 'wUI._]" ~ 

.~~I"Ç{idX HC:: .~~mm3U3Ü ª 



BesycnoBHHR HHTepeC npe~CTaBnHeT TaKxe yqeT BnHHHMH TaKMX ~O

nOJIH HTeJIb HHX ozaraeasx aa ·~HH8.MHKY npouecca Msny'qeHHH. llnH accaeacaa
HHH 3TOR npoOneUH Bocnonb3yeMcH pa3BHTHM B /2,31 ueTO~OM HepapxHR 

onepaTopH~x ypaBHeH~ B npHMeHeHHH K npodneMe cBepxH3nyQeHHa. 

3anHme14 ypaBH9HHH ~HxeHHa Ana mepar opoa 1lJ0TOHOB B npe~CTaBneHMH 

reR3eHOepra c r8.MHnbTOHHa,HOM (2): 

inftOK == hW/( a, +!I( R+}JK

{.~.L + *' + R+ '*
 . lodtf1k ==-núJKf1K -!K -,J'-K' 

~x 1lJ0p14anbHOe pemeHHe eCTb 
t: 

aK(tJ=:aKft()e-fW,Jt-t)-lSjre-iw~tt-r){fKR7r }:JLk] (3) 

-t te 
{ .a/(t}= (1:(t.}t i"JIt-t,liJlrei"', (t4){Ix R7r)-tyL.t} . 

COCTaBnHa Tenepb ypaBHeHHH ~BHxeHlR ~na oneparopOB H3nyqaTeneR 

i/jff O(t) == [(J(t), H(t)] , 
r~e () - npOH3BOJlbHliR onepar op , ~eRCTBYJ)utHR na BOJlHOBHe lPYHKUHH 

raMHnbTOHHaHa (2) TOJlbKO KaK Ha lPYHKUHH CHCTeM~ H3J1yqateJlea, H 

HCKJlllqaa onepar ops ({lOToRos (3) H3 ypaBHeHHa Ma cp ezn HX B COOtB eTCT-
SHH c /3/, nOJlyqKW . 

1i<Oft» -; <[HHft),O(!:J]>= 
r t . (t -; (4)

[e- t OJK=2 a;J't'tE 
~~<[R+(t), t!J(t)]R7t)-t-~[[R7thtJ(t)J,Rf)J>+ 

K~J ~ 

+eiWK(t-f"L:: ~!fJ[(I)(t), R7t)J +M,[R+{r),[(!)(t),R7t)]J>J+ 

+2ft rk ed(p,i·.j~(t1 ie« @(t)J>-tfi/~ft1[f!}{t), R?t}J>1. 
tt K to 

3.JleCb e - lPaKtop, oOeCneqHBalllltHa a,llHaOatH'leCKOe BltJlllqeHHe B3aHM.0
,lteRCTBHR MeJr,Jly nOJleM M H3nyqaTeJlRMH (E~+O npil t~-~ ),o 

< f!}(t»::: Sp (!J(t}b(fc), 
J)(t;) - CTarHCrnqeCKHR m epar op ua.qaJlbROro COCTORHKa, 

HM == liJ2 /<3 + HCF , (5) 

IV/(:= l/fe}1hrPk - i } 
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-I .. 
H f - r eaneparypa HaqaJlbH oro pasaoaeca oro COCT ORHlur KB8.HTOBaH-

Horo 3J1eltTpOMarHHTHOro nonR. 

TOqHaa HepapXHR ypaBHeHHR à4) npe~CTaBJlaeT coOoR odoOllteijHe 

aepapxas , nonyqeHHott B pecor e / ~ H n epeXO~HT B nOCJle~HI)IJ npa 

111= O, 1."= O. 
CTaH~pTHHM oOpa30M c nOMombD npHOnHEeHHOrO npeodpa30BaHIIR 

R±{t) ~ R±(t)e+I ,J2(t ..:eJ (6) 

nepeH~eM OT (4) lt HepapxHH wapxOBcKux' ypa.BHeHHU. 

OrpaHHqHMCa 3AeCb paccwoTpeHHeM cJlyqaa, ltor~a napaMeTps ~k 

He 3aBHCaT or BpeMeHH. llO~CTaBHM COOTHomeRHe (6) B ypaBHeHHR (4). 
Tenepb HHTerp~poBaHHe no BpeweHH ~ MoxeT dHTb BHnOJlHeHO aBHO. 

llocJle nepexoza lt npe~eny ~~-o-O , ê - +-0 nOJlyqaeM HepapXHIJ 

MapKOBCltMX ltHHeTnqeCltHX ypaBHeHKR B~a 

(7)ir <(!» -f-<[HH' V]> = 
:= r [<I!<~ (!)] R-> + <R+[rJ,R-]>1+ 
+S{<[[R:&],R-].> + < [R~ [O,/?-JJ>JJ 

r,lte f1S23d~ r"1-r'" ,., r = fieS ,~- 1Vk,R.( r M C onpe~eJlIiJ)TCR M3 (4) npa B3RtHH HHTerpaJlOB no r c 
yqe'XOM (6) H B npe,lteJle t; -- -cK> , e. --- + O ). 

tJneHH, nponopnHOHaJlhH1lle.)tl(, npx 3TOM BHnanH, TaK KaK 

t QC'>

Lft f e--üv".{t - z7Jr -l.. 4
K
Jt-iw.rf'f=trlfká'(cu~) ,

k 
K f '-L k f' o K 

íblali9 r oaopa, Ti1JtOBwe Cnara8l61e ne saocar BKJIaA B .JlHHaWHKY 

CIICTew (npx ~K =~ ). YKa3aHHHH pe3Y1IbTaT COXpaH ReTCR H npll 

yq8te B (6) Heo~opoAHoro ~Op9~eB8 ymHpeHHR. 
3aweTHw, qTO ypaBneHHe (7) OTJlHqaeTCH OT cTaH~pTHoro /3/ 

TOJlbRO Onpe,l8J1eHlleW oneparopa HIV ' CT oaaero B JleBol tlaCTH. B 

cn81U1a1IJ»ROM CJW Q8e, xor:~ 

= nw e-llAJot" w == t Ixl1 f 'O" , 
oneparop onxcaaaer KOrepeHTHYD RaK8.qKY c lIaCTOTOR PaOH lVR(t)HCF 
11 BODOIHM DeRTOpow t /4,5/ . HccJI e,u;OB8HHe no,ltoOuoR HepapXIlH 
B OOA80 06.8X c~yqae npoae.eHo I paOoTe /6/. 

Bwnll.8M D RDROM BBA8 )JlaBH8HMJI+.MR CpeaaHX , nOJl8.ras n2cn.8)1,OBa
T8J1hHO o== R3 , Ri", R-' R+R , RI, R /(3' R3R-: {R+)fl., (1<7 . 
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1t </J3>~ -f (J <R-> - J. *"<R»-2r<J?+R-> -/;C<~> 

it <I<>=- i (J2</(+>-f)~R;»+tr<RTR3>-2E<R'~ 

1t <R'>==-i (S2<R> -f)<R3 »+-fr<R;;>-2c<I!> 
tt <R+R->== li(J. <R+R3>- Â*<R3 R-» -

(8) 

-!;r<R+R~>+/;r<!<7?R3>-"é<R'R>+!~<~f)

1t </<3">"'- i{-fJ</<+/<3>-k/<~+f)~Ra R> +J~R»-

-lfr<!l7<-R3>+2r<r~->+J;~<'R+R>-

-JS<R3í!>- 1; S<R?J> (8) 

1=t<R+Ra>= i (J2<R'~ >- )«R,S-f',)*<R/!.>+J*<R+I<»
- 2r«p+)E/(> + 2 r<R~>-IOE<R~,>-J;5<R> 

ft <~R>= i(-J2<~R>- )<RTI<->+R)<Rg~ +)*«R-f;>
- zr</l+(!<J~ +Fr<Ra,f!R>-ltJ3<~R> -ItE</t>

1t<(f<+)~=L (fS2«P» -11)Jf</?+Ra>-2Â*<R»+ 

+Itr«R'E;(3> +Fr«I<+)e> -lIS «,Rt")2> 

-it <(R-)R->=-i (FS2<{R7l!>+/i)< R3~>+ 2)<R~+ 

+ilr<R {R/>+Er<{R)~>-J; E<{R;R> .a

. 
lna 

~ 

Toro, qrodw 38MKHyrb CHCteW1 ~epeH~HanbHwx yp8BHeHHI 
(8), Bocno~b3yeuc8 pacnenneHHeK rpoRHwx KoppenaropoB: 

4 

;.. 

-: R+R-R3>~ <~+R><R3> 

< {RtiJ?R->-:::::. <R+>< R+R>+ < R+R3> 
< R+R3Jl.>~ <R+Ra><R?J>-l <P+R3> 

<[R+)ERí1>~ <R+Ra><R+>- i < (/(+)1!> 

<R+{R-)l?>~<R:R><R> + «Rg R-> 

<.Rat:R-> ~ <R3 > <:.RfJR-> - t -:RaR> 
<R3(R-)-:>~<:R3R><R->-i<{R-)2> . 

llepeXO,IUI lt BellteCneHHHU nepeKeHHYK 

'f/::: « Rg> .' !R-= Re<R+>, '3=-lm <R+;;-; 
y,=<R+R->" 15'=<1<312> :J !6=Re<R+~>;) 

J'1=lm<R+Ra>7 fg=Re<.(R+}f!);.f,=lm «R+)J!>, 

J)f= Rel, )l==lm), 

nOJIYqaeK CHcr8W1 ypaBHeHHI 

lIt: fÀf)'e +f)x~-frfl/-/f S't*=--,Qla- f )y! ,+f l'f , - f SYe 

~=S2J4-f1xf1H!rf!-fSfa . 

*-==-1I1,YI-J;)x!,-lfr'l1 +lfr",,-ItE!~+gE,&' 

:, 1ft"'-111,'f;+-lfJxfr +-f 1,!z4-nxfa
-Itrfll" +~rfll+ lIélf - 3Sfs-- IfEy, 

. , 
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f#=-S2'fr + Âxfl +Jr f )- R)r f õ +1r l 'l
-prffif$+f;)+ frJ'C{j'f- j)~ ItJElc -itEre 

Jt ~.Q y, -213 +- )rl' - f))IJ't +-J)I14'
- fr(YI r~+f1)+ i rf1-lf( -l)-ftJEf 1 - lfEf3 (9) 

*=-P,f),y,-lfJ,rr+JI./.x»:f)"J4 - E~ j4+
 

+11r (1. 'f~-r1-'3) - 11 Cf!
 

~~ fJ2 yrlf-t~-JlJy,,- .RJ)f~-.l' J,y.+
 
+J;r(flf3 +Y1fE)-1ISf1.
 

llYCTb B HaqanbHYR MOMeHT Bce MsnyqaTenH nonHOCTbD HHBepTHpOBaHH 

(.c: R~>t=p = Jj ) H KOppenJl~HJI MeJ:.ny HDH OTCYTCTByeT 

~z RtR;~t =. () ). .unJl TaROrO HaqanhH oro c OCT OBHHJI CMCTeMHfllr.,. '1 =p 

<R'3>== 1- ' <Ri>=:. <jJ>=- O) < R+R->=~ 

<R/>=f-~ <1?+Ra>=<'R/ r >=«I?+Y>=«R/5=a 
Cne,ltOBaT8nbHO, HaqanbHYe ycnoBHJI lna pemeHHJI CI1CT8ltH (9) HM.eDT B~: 

'(== 1f ~ ~= r~/=O ~ fi =Jv: 
·f~== f, fd==1" ==1'::=1.1 = tJ. 

nOBeleHH8 pemeHI1J1 CHCTeMW (9) aHanKsKpoBaAOCb qHCneHHO ~JI cn8lYD,-x 

aaaqsRd BXOJUI~HX. B ypaBReRI1J1 napaKft POB: 

.Q = l'ftJ 1!'IIf, 

r==- 5'I{)E71J 
lo.-Jc =-o•...,..,. 

N== f'llJl~ 
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Ilpa 3TOM apeaenuse 38.BHCHltOCIM 1fI=<R3> H fi=<R+//5>'HMe'IJT 

CTaH.JtapTHLllt )(,lI JI CBepXHSJIYtlaTeJlbHLlX CHCTeM BR,It /7 , a HMeHHO: BenHq~ma 
f' , onacsaenaaa paSHOCIb HaceneHHOCTeH YPOBHeH HsnyqaTenelt, 

,ltnHIenbRoe BpeMJI OCIaeTCJI faBHO" A/;!E , a saTeM 6L1CTpO cna,ltaeT ,lt0 HeKoe

1
,1~1 ro orpauarensn oro SHaqeHHJI, 6nHSKoro K -N/e, n pa 3TOM Jh (!õ) =0 

(pHc.I). BenHtI·HHa 'flf ,xapaKTepHSYDlltaJl KBa,ltpaT nonSlplsaruui, IUleeT 

pe3KHH BOIlJleCR npa 1:"..... fiJ ' ,ltOCTHraJl npa t == tI) MaKCHManbHoro 

1: .	 SHaqeHHJI J/Kj" • B 06L1t1HLlX CBepXHsnyqaTenbHYX CHCTeMax YCIaHOBHBmee

CJI npa t>tl) SHaqeHHe <R3 > paBHJleTCH -v/r . Otle BH,ltHo , qTO B 

HameM cnYtlae 3TO aaasenae y..,e ae y ,ltOBJleraopser CHCIeMe (9) • .ueitcTBH

TenbHo, npe.ltfionoxHM, qIO CHCTeMa (9) onHcLlsaeT cTaUHonapHoe KOHetlHOe 

COcToHHHe, B KOTOpOlt Bce HsnyqaTe~M MaXO~JlTCJI B OCHOBHOM COCTOJlHHH. 

B TaKOll cnyqae JleBye qaCTH ypaBHeHHR (9) cne.nyeT nOJlOXHTb plBHY),(H O, 

a ,ltnH nepeaeaasx , BXO,ltJlIJ{RX B npasae qaCTi'I, nonyqaDTCJI cne.n;yDIltHe 

SHaqeHHJI: ~{~-NI.(, fE= 1'3=1-;=tJ~ 'lI5= AJEj1l7 y.c:=-11-:=11 =?y= tJ. 
OOHapYXWBaelt, qTO paBeHCTBO ~nJl pJl,ltK ypaBHeHHR He BHnOnHJleTCJI npK 

TaItHX 3mqeH HSlX nepeuennax B cnyqae, eanH 11/1=0 • TaKHM o opa SOM, 

N/2 

a 
~ """ o 

+.V 

- "'/2 

PHC.1. 38.BHCHMOCTb «Ra> OT BpeMeHH. 

B MapXOBCK Cf,{ npHOnHJ:eHHH KKeeT M8CTO 3lM>eltT "aanHpaHHJI" BHeWHHll noneM 

qaCTH HsnytlaTe neR B HHBepIHpOBaRROM COCTOJlHHH ripa t - c:>P • 

J 

PaCCMOTpHK 3aBHCHMOCIb.BpeMeHH Sa,ltepXKH tn OT BeJlHqHHY BHem

aero noaa, .uJlJl IJI~ fO-~ tD COBna.BAeT co SHatleH HeM, n 0-!lyqaeWM 

B OTCYTCTBH8 BHellHero nona (zo r.ae S8.,Jr.aqa ,u.onYCKaeT aHMHTHtleCItOe 

pemeHHe). 3aTell tIJ HaqHH6eT y6wBaTb H OpH 1)/ >,7. t(}-;n Ha6nD,Jr,aeTCJI 

nHHelHaJl saBBC~MOCTb tI) OT 4/11 (pHC.2). OTMeTHM, q'fo tI> 
onpelenJl8TCII T01lbKO Mo.nyneM ) • 

npoaRaJlH3HpyeM Jt8,J18e, Kalt tI> saBHCHT OT BLl60pa tlaCIOTY ea 
OpH nepROlHq8CltOM xapaKTepe 3aBBCHMOCTH BHemuero oonJl OT Bp8MeBH 

THoa Âx = 1, ~tAJt • PaC'IeTY npOBOJtHnHCb OpH 1(1 = IIJ-II.Q . 
nO~qeHHaJl 3aBHCHMOCTb HMeeT peSOHaRCHLlR xapaKTep (pHC.3). MHHHManb

soe tI) nOJl1qanCJI npa W =..Q • Ilpa MaJlYX W pesynbTaT 

COBn8,JlaeT c pe.eHHeM, nonyqeRRIiU. npH )-:=Jc=CL!/lJi: np H 60nbrlHX W
7 
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"1 

I 

CTpell.lITCR }t' BeJlHtJHBe, no.nytl8.eMoD B OTCYTCT'He BHemHerO noxs , qTo

~H3KtleCKH OtJeBH~HO. I 
~ ti Z, ,{
lO 
~ .. 
~ ':! 

o' "'" I
- 6 -4 - 2- I 

. ~ (I~I/.o.) 

PHc.2.3aBHCHIIOCTL tlJ or 111 

Q •! 
, 

~ 2
~ i 

~q i 

O" ' , 
. I 

PRc.3. 3aBHCIOlOCTL t[) ot ~CTOTH BHeuero nOJlR eu 

TenepL paCCYOTpHII. OOJlee ~eTaJlLHO aatlaXbBym CT&lHD paSBHTH8 

cBep~~3.Q'tI8.TeJl.Roro MMnyJlLCa, lCOr,la 81le <R3>~ 1j • BRlJIH OT to 
H3nyQaT8J1H cnaOo KOppeJlKpOBaRH, M KOzeo npMOxaxeHHo nOJlOXHTL B CHOTe-

Ke (9) 

u=1JL·1L,q"t E f1- =f:·fg·ffK, ~ 

TorAa H3 BToporo H TpeTLero ypaBReRHJI CHOt8KY (9) nonytJ&8U Beo~o
I 

pOlH1D CMCT8XY OOWKHOBeHRHX lH~8peBUHaJIDHWX ypaBB8Hz' O nOCTOSHHYMH I 
~~ 

ltO~HIlJleHTaK • .lJlJl v~ H 'f3: \l 
-frt-:=- srfI?,-S2f3 - J,N li. 
I . (10) 

'"I 

{1l-==NrY3 +S2f E-lx#. 

4 4 6 
(J/~ 

Ee p....B.8 B ~O~eM BMle AaeTCJI ~o~YJlO. 

8 

11- (t) == -.1.; lx-i ),t- + I' /Alr+/J2)r.Lp 

I E / li Alr-i f2 e.",j ~. -. 

+- J... Lo +ii + C e {JoIr-i .5J)t 
ft Nr+ i e ,
 

~ ) = 1... 1(-/)",-- _ . [, a (A!r+/J2)~
 
'j3 (t/ R AJr-itfl L 1-v
 

+1. )(rift + i C. .e {Alr-IJ2)r
 
~ Nr+i 'I! , 

r~e 0 H c~ onpexeaanrcR aa natl&JILRblX YCJIOBH'!. jIE (o):=: ():;> 

Y-3 (O) =. p. TI OJIY tt& 811. 

"- ))/ +!~ +[. I' =0 
~ AI~+t ~~ , 

1. 1.-i~ -t';-~ =0 
~ Alr-I L-'f • 

OTCI).I.& 

~ IC 1- 1... ()x
E
+): IC1 l - e - J! t(tVr)E+St.~ 

TIo OfH6aDIl{eA 4lYH~HR r-~ (t) H 13 (t) 
y{t)== p)xÃ'- +J/-;; (1+t AI/t) 

((Alr)-trJ2~ / 

onpe~eJIRell. BpeMR ti , 3a KOTopoe aMnJIHTY~ KOJIe6aHHR fE ;13H 
,nÔCtHI'8.DT N/E.' 

t /== L -u VNrJK+S?!! -I] (11)!'Ir 1/12 E )x~ + J.,t- . 

ti COOTBeTCTByeT speaena , npa KOTOpOIA ItOJIJIeItTHBHWe npoueccs B 
CHCTeRe Ba~RaDT npe06JIaAaTL B8.1. cnORTaHHHII. H3JIyqeHHell. OT.l.8JILHI:lX H3
JlyqaTeJIel. TIOCKOJILKY H& 3TOR CTa.u.HH npOHCXO.I.HT OI:lCTpOe H311.eReBHe 
3aCeJIeHHOCTeR ,poBHeR H3JIYQaTe JIeR, ti MeT XOpOmyD oneHKY ,nJIJI 
BpeMeHH 38..l.epXItH tlJ ,qTO nO~TBepXMe'ICR peaYJlLtaTaWH waWHBHoro 
csera. 
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Boranm6oB H.H. /NR./ a AP. P17-87-645 
CBepXH3nyqeHHe B CaCTeMe c BBemHHMH HCTO~aHH 

HCcneAOBaBO BnHBBBe BBemBerO Knaccaqeexoro nanR a Knac
~eCKoro TOKa Ha xapaxTep AHH~eCKoro nponecca B CBepx
H3nyqaTeJIbBOH CaCTeMe. I10x:a3aBO, qTO nocToJlHHlllií TOl( ne 
BJlHHeT aa xaparrepacTHx:H CBepXH3nytlaTeJIbBOrO HMIIYJlbca. 
OImCaH ~l(T "3'aDHp~" OCTaTOqaOü' HaCeneBHOCTH BBemBHM 
noness , H3yqeBa 3aBHCHMOCTb BpeMeHH 3ap;epJKKH HMIIYJIbca OT 
napaese-rpoa BBemuero nOJUl. 

Pa60Ta B~onHeua B lla60paTopHB TeOpe~eCl(OÜ ~HXH 

OIDIH. 
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I1epeBoA aBTopoB 

Bogolubov N.N./Jr./ et aL. P17-87-645 
Superfluorescence in the System with ExternaI 
Sources 

The influence of "the classical externaI field and clas 
sical current on the character of dynamic process in the 
superfluorescent system'is investigated. It is shawn that 
constant current does not, affect the characteristics of 
superfluorescent pulse. The effect of "locking" of resi 
dual population by the externaI field is described. The 
dependence of the pulse delay time on the externaI field 
parameters is studied. 

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

Preprint of tbe Joint InRit;n1pfor Nuclear Resea:reh. Dubna 1987 


