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lAo,nB.JIl> ,ILl!\e}tHca - KaMl.nmrca /1/, orrn ClliIaJOll1aH .I03YXYPOBHBBblJ.1 

ATOM, B3aKMO,neRcTBY!OIJIltii C O,I(HOMO.nOBhIM KBBHTOBHM rrO.JIeM H3.JIYQeHIDI, 

ce~~ac HaxO~TCH Ha rrepeCe QeHHH MHOrHX npo6.JIeM KBaHTOBOll OnTHKH. 

HMP B KB8HTOBO~ 3.JIeKTpoHHKR. SHaqeHne MO.nanH COCTOHT B TOM, '1TO, 

XSK OJlm,naeTC.fI, OHa 6y.neT rrpocTeibueit TO'1HO p eruaeMo M Mo.neJlJ,IO, omi 

chlBaJClIIell CYll1eCTBeHHble '1epTbl B38li Mj I{eftCTBIDI MaTepIm H rrOJL<! . lIoC.7le,ll

lilIe llCCJIe,llOB8HHJI aTOR MO,lleJIH / 2. 3 BUfDlllJJlf KBaHTOB'L[! 3aTy x aHltH 11 

BOCCTaHOBJJemrn H1'.'IlTYJll>COB , '1TO HCHO roBoPHT 0 KBaHTOBOM x a paJ<T ep e 

KorepeHTlli II r:KTY8m'10HHIDC CBOHCTB CHCT eM MaTepHH - nOJIC. B ce

Pilll p a60T 4-6 npe.II,llOlKeHbl Tp l1 TO'DIQ peUJaerl'1UX BapJ.l.aHTa r'.10,ne.JI11 

.il;Kefui c a - l \aM!vuillI' ca . .i.l o.lOlo~i li 3 l:liIX paCCIAa'l'pllB3.JlOCl> Il3.:.illif.O

,neiicTDue , aa B.lICJlllIee OT UlITeHCI1BHOCTn H3JIY'leHl1H , B .1I.p yro i 

MHorotIK>TOHHOe B3aHMo,neHCTBl1e MelilAY n OJIeM H aTor,10M , 11, Ha KoHeu, R 

TpeT:heif paCCMaTpHB8JIaCl> MliOroypOBHeBaH CTPYKTypa aTOMa . 0606rueH

HM MO,lle.JIl>, OrrnCblBaRlll\M ,llBYXNlO,llOBblH npouecc B TpexypqBlIeBoM aTOMe 

C O,I(HOtIK>TOHHblMH rrepexo.na~m, HCC.7I e,llOB8JI8Cl> B pa60Tax /7-9/. Ha B03

MOlKHOCTl> MHOrolPoTOHHoro nepexo,lla l13 npo~leiKYTo'{HblX COCTOJIH)I[j.j Bne pB1I8 

6blJ1o YKa3aHO MallepoM / ID/. Pa3JIH'1Hble MHorocpoToHHble rre peXO,llbl H3y '{a

.JIHCl> RaJ< T eOpe Tl1QeCKR, TaK H 3KCnep HMeHTa;l>HO . PaCCMaTpHB8JII1Ch C.7IY

'{aH .I03AXtIK>TOHHl:lX 11 MHOrotIK>TOHHblX JIa3ePOB II- 17/, .I03YXtIK>TOHHble pac

na.nbl 8 , 19/~ r,IHorotIK>TOHHOC norJIoU\eHl1e H I1crryCRaHHe B ;!UlyxypoBHe

BblX aTOMaX / 0,21/, a TaKlKe rrpou.eccbl KOM6I1HaJ.J;l1oHHOrO paCCeJIHIDI 

CBeTa /22 ,23/. 
ile.JIhJO ,llaHHOH pa60TlI .fIl3JI.fleTCfJ nOCTpoeHl1e CTPOro KBaHTOBO- MeXaHl1

'1e CKoro pellJeHIDI Mo.nanH THlIa ,UlK8 l!:Hca - KaMMHHrca, OrrnCliBa!OO1eH MHoro

¢oToHHble .I03YXMo.noBble npouecclI B TpexypoBHeBoM aTOMe . 

PaccwnpHBaer,ffi.fI MO.nanh Tp ex ypoBHeBoro aTOMa rrORa3aHa Ha p l1CYHKe 

(.II,ll.fI C.7IytiM tnt = 2, Irlk = 1). Be pXHld i y poBeHl> 3 B3al1Mo.neUcTByeT C 

ypoBHeM I ( y poBHeM 2) I 6.JIaro.napF! B3a HMO.neitc TBIDO C rrOJIeM B Mo.ne I 
(Mo.ne 2 ) 'lepe3 In, - qoTOH~ ( 111;.. - tIK>TOHHblft ) n epexo,ll. 

Mo.ne.JIhHblli r aMH.1lhTOHl1aH paccMaTpKBaeMo~ CHCTeMii eCTh 

(1)H=~ + II,: + ~F . 
3.ne Cb H.. Ii HF OIIHCblB8lOT COOTBeTCTBeHHO cBo6o,nmrlt aTOM '1'1 CBO

6o,I(Hoe rroJIe , a 1-f4~ OlIJ1CblBaeT B3aID.IO,neiicTB'I'Ie aTOM-nO.JIe B rrpl16JImte

mm BpalI1alOlUe 'ItC.fI BOJlJ-lbI, 
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OnepaTOp l.;/ =Ii><if! orraClffiaeT HaCeJIeHHOCTb ypOBHF! (/ . : 
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tOOTOHHhIC orrep aTophI ad ,ad oIDlchIBalOT )Ule Tlio;n.hI rrOJJ.lI H3J!Y'le-

HJlfI C pC30HaHCHhIMH qaCTOTaMll 

mr;(~ =.xl -J2~ 
) 

(4) 

H $ eCTb KOl! CT81lTa B3allMo,neHCTBYlJI aTOMa C COOTBeTCTBYJOOle ~ 00 

,nOM 110M. 

3aMeTHM, 'ITO CJIyqail: tn, == In.z = / paCCMOTpeH B pa6oT/8 , 9/ . 
B CrrellJlaJIbHOM CJIyqae, Kor,na BTOP8JI Mo,na 11CKJIlO'leHa, T. e . , Kor.n.a 

gt. = 0 ' MU ITOJI)"roeM r8lilllJIb'l'OlmaH, HCCJI9,nOBaHliIli.f B pa6oTax/ 6 , 24, '2.5/ 

HCXOM H3 ral,1HJlbTOIUtaHa (1) MIl MOlKeM nOjlY'lliTb y paBHeHIDl I'ef,i

lJ =(i/l;)[1I, tJ]3eHCiepra,JI.Jl.lI orrepaTopoB 06fil{J{1iM rrYTeM , T .e. . ITpelK

.ne Bcera MK Haxo.nm~ ,JI.Jl.lI y.n06CTB8 BcrrOMOr8TerrbHHe onepaTopu 

'" (A. -'\._' '" h'!:( +"kAc( = { ~cI Qd - {;3 a: ') . ( 5) 

2 

Tor,na ypaBHeImfl feii3eH6epra ;rJ.IIfl onepaTop o B W1CeJIeHHOCTC;. YIlODHO , 
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/'(o(p( Ii ,JI.Jl.lI onepaToIXlB 'I11CCJJ <I1O'fOHOB ~ == a:-do( I (eK= I, ~) 
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~c«t) = £ A: (t) } 
( 6a ) ' 
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AJ;(t) == tna ~ At(' (i) . 


(6n) 
H3 STMX ypaBH eHHil CJIp..I(ye1', 'iTO 

...... '" /'\,

~(i) - mo( ~~(f) = COI7J I - Moe ) (7 ) 

'" 
r.I\e M.(" eCTb IDITerpa.1W ~HlKeH1m. ITp!.fMeHIUl' cooTHoruemle (3). llaH
,neM )1)IH Ad y paDlleHl!e ,I(BIDi'eIDIR 

£ 4{f) = .t;ft7!f -,fll)-{(tr~"g-fig 8(i)i8) 
.......... ..,.
r,ne () ..... ~ "\+~ R ..q.~ ""~8 -

= flIZL crt Q'.,t + f2 a, O{z . (9) 
..... 

OrrepaTOp B y,nOBJIeTBOpReT CJIe.I(ylOUlCM,Y y paBHeHKlO 

jjftJ - 0 (ML +ht12!Jf!:J + () (Ai",+!nJ../4. (I)
llJ d' M, ( ',l. J d'z AA I i - ( 10) 

YpaBlieHIDI (6a) , (8) M (ID) COCTaBJIJIlOT 38MKIlYTYI'J cMcTeMY JIl1HeiiHllX 

y p aBHeHHH , KOTopble IDAeRlT CJI e.I(ylOlUI1ll I1HTer pan ~IDileHIDf 

££B{f) - },i4 ~7.{i) - fl2L~Ji) = (!£)I7Ji - k. . (II) 

3,neCb Mli 0 603Haq11Jl11 

~ 2. ~O~ + In.(J. 
(12 )h( f/d Mot ! 

Ten epb eUle pa3 npo.llH<iJP3peHlUfpyeM KalK,I(OC 11 3 YpaBH8HJoIH ( 6a) no Bpe

MeHJ1 . Y'I111'hIBM (8 ) R (II ) , TIOJJyqaeM 

~l ~) +('-/ ~2.+ ~) fluft) + 3 :/t~~z(O = .2~z - If J 

~2{t) + (lfJ}-+4ZjRz-:(t) + 3 ~L~l(l) =2);1,-A. (13) 

:l 
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3TH y paBl!eIlWI BTOpOro nOplUU{a M01iUiO pnCCMBTpHBQTh KBK CHCTeMY 

ypaBHeH1'IR .z.nR OrpaIDf'lemlHX KBffilTOBllX OCUWlJlJl'ropon. reHepJ1Py em 

HeJlIDlei1H1DIIkl: HYTal.\H.flJ.1H f1aCe.nelmOCTeH YPOBl Il~11 >1 'f1{CM <toTOHOB 26/B 

:uaHHoH MO:UeJTH. 

1'1 Pemel{}1e CHCTeMli (13) MOlKHO JlerKO nOJIJ'ulTb ~ BJ.!.n/B/ 

~fR)=}(e/J5 Jr-:) +/lJ[1?Ji+ ~1t;((X)J 1;11--1)+Vilt .vi}-f~~/, 
Ru!t) == -jl(CQJJf-V-jiJiIt Jt + ]}/iI~J 2<)f -1)+i!rJT2Jf} + ~.i~ 
rAe o n epaTop (14) 

~ ( ~/_+ ~jff (15) 

""' "'" OTlll.QbIIla8 T-", qaCTOThl HYTaIUfH . "AMrumTyJtHHIe OllepaTOpl:l" ~ ,;B , 
u. _ 1J llPR Y'ieTe lIa'laJIbHillC Y CJlO1ll1H onpe,ne.nmrrCJi I<9K CJle.I(j7IO

utHe : 

'" ./}~fl == /j1 /J:Z ~lO) - ~~~(oJj +(}: -~JRj 
') 


a2/J<-!1- 2~tJ)} +IP} /(.2)~ 
 J 

} =:/~~~4~) -J/g 4 fJ))/;;~ 7 
(I6 ) 

25- =: !t 4(o) +~4{O)}/C'& A). 
YlCllOJlb3Y5I 3aKOHbl cOXpaHeHH5I (3 ) 11 (7) nueCTe C ypaBlIeHl1eM (14), IoLbI 

MORt8M 1l 0Jl~Th 

k lt) 2 -JYft(eo;.gj-f -9 + iff ifl!251J + !?ufO) , 

!1/; (I) ~ In,!)(e£)6 Ai -f) +-' .1m ) f + ~1i1(tYJJ i)t-9+ 

+7;fll72Jf j j +-~(O) ) 

;iI;(t) = h17.-/-? ((!1)J ) f -L) -I~iIr)1 +.{1 !J(eLJj.2~/-!J+ 
+:g.jil7flJf:]j +4(0) . 

(I?) 

TarolM 0 6pa30M, Mil HB.IlI1ll1 pellieHIDI YpaBHelmH .IUl!lJi(eHID! ;:orR Hace.neIDlOCTeK 

ypoBlle~ H ~cen SBllonHeRHP. qoTOHOB B r eK39H6eprOBCKOM rrpe~cTasneHRR. 

CKOJlbKY orrepaTopbI ~ ~~ H ;r ,D;l1aroHanbHbl B rrpoCTpaHCTBe 

., 


6a3HCHHX cocTommti, Mil. MOlKeM MCllOJlb 30BaT.b p eWCHlUl (14) J.1 (17) )I,JlR 

HaxOJK,l(eHIfR BpeMeRHoM 3aBHCHMOCTl'I HaCeJ.!eHHocTef.i ypoBHeH PI 'll1ceJI 3anOJI

HellEla <PeTOHOB . l1CllOJIb3YH 3TH peUJelU'JI, MQ].~!o HaRTH C'l'aTHCTWleCKI1e 

xapaKTepnCTJ1KR !PoTOllOB B Cl1CTOMC ( crn.l2?! , a Talo:te UOCJIe~l{ 
TCKCT ,naHHOU pa60TU). 

Bne.Il:eM onepaTOp xapa r<Tepll:CTl!:'leCI<O« (~YHRl.1)m pacrrpe,ne.n8IDlfl qo-

TOHOB '\

X(l ,JJ = exp[i It MftJ + lh ~(t)J . 
(18 ) 

l1cnOJll>3YR 3aKOllli COXpaHeHIDl (7), HaxO.n;IfM 

Y(juj,J = exp{t.'lt Mt +il~ML){[exp(lltn,)- i]~Jt)+ 
+ [exp{lJ./'nz) -1] Rufl) +1j . (19 ) 

0603Ha1ffiM .fA 

(0) M8TPHUY llJlOTHOCTll:, ormCl:lBaKl!ltYlO HalIanbl10e COCTOH-

IDm CHCTeMIl aTOM-rIOJle . Tor.na x apa J<TepJiCTJ1lIeCKBFr tPYHKIm5I (X~.l.» 
onpe:UeJlfle TCH J18K 

(20)(i(h ,lzJ; :=: T~ j~,;tJ fCo) 
OHa CB5I3aHa C cpYHKUHe H paCllpe,1le.neHH5I <PeTOHOB P( ntl f11/j t) 
COOTHoweHHeM 

X{J J]~) = L e-rp {l~ 17[ + (.'k I1J P{htl tlz. ; ~ . (21) 
hL.h~ 

TaK KaK xapaKTepECTl1qe CKa5I ~YH~ pacrrpe:ueJlellHJ1 ~TOHOB M3
B8 CTHa , JIerKO HaRTl!: CTaTJICTR'le CKaEJ MOMeRTbl 'rnceJI San OJlHeHIDI CPO'l'OHOB 

<~....~>H MeJKJ(Y (Ji?'?lli?ttV) , HCllOJIb3Yf!I<oppemnnm MO,1lBMH 

COOTHOllieHIDI 

! "h7 Ji ()~ " ~ ~)) ~2 tC P(hl ,nZ, ;~ = '5t(~)n, (X(l =0/): =0) > } 
~A. vt'd.(

" k '" e _ I( I ()k~e ( ...... ;; _ _ >
~~j~lf» =-~~ ~ ~JL tj=q;!JKf{tt/ Yrt-Ql'2o.},· 

YpaBHeHRff (19)- (22 ) BMeCTe C YpaBHeHlleM (14) ,naeT B03~OCTb 

npo5Icru~TD c TaTHcTKKY q~TOHoB ~R ~aHHoro Ha~arrLHoro COCT05IHHfl 

CllCTeMhl. CHa'l8Jl8 rrp e.n;rOJlOllillM, 'ITO aTOM B HB'lM1:>HOM CO CTOffi1llll H8

XO,ll.ETC5I Ha YpOBHe l.. , T • e • 

(23)2(0) =:- Ii>({/ ® t ) 
!?.A 

Fr .I\8 MaTPIHJ,a rtJlOTHOCTH OImCUBae'1' J!8'!8JIbHOe COCTOmme 1I0JUi. 
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Tor )la • HC110JlbSYH ypaBli811HH (19) . (I4) }l (23), lIaxO,lUiM . 'fTO xapal\

T8PH CT,I1"'ieCJ{aR CPYIJ[{L\l!.II (20 ) HMe CT mUl 

<i~ ,J.J> = ? P(hL'~) up!cj/nL - h1l d})+{JJn~-i1t~)} 
tJ JJ:z. 

1(erp{t/tmJ-tj~ (l~ f7l,h1.;~+[exp{t!zmJ- i1~~~ n,A;t)-f4~4) 
3 )leCb /:)0t , 112) - HU1{·'1JlbH OO paClipe~a'lOilllO '!l:lco.n 3aIJOJIl!elill11 '!JoTOHOu , 

P(nt, I1z) ::: ( 173. , ni / ~ / h" 17z ) . 
(25 ) 

'flYHKUlm ~ f hi ,~; t)BypaBHeHIDi (24 ) onpe.neJIHeTCJI ](al{ 

() ft' 17. VJ . ft. )::: - 2U(C: 17. 17.) fil7~ A{C: ~,~)t /\, ll, I,IIV ) / - " , 2. .2 

-:!~'/(/t VV{t; l?,h~)J'th:l;t{c~ ~, hJf + dJi ) 

n ~. n h' t)::: ~u ( {. r; "") .Je";.,.z )(t>t,lvt 
(26) 

I\J.-~L, I , z,) -<:/ ,L, r~ '1 .2 

- !2-'1z(t~ hil nJ V(t~ ~,I7J fch). ;;{t~ ~ , 1)t + r{. ? 

r .l\e J (' 17 h) _ () V'f'-"I.( -/1kdkrr-;'lx)f ' 
t.c'l.l) I , 2. - riD( (ncc' -~ (j' ) 1 )

'c({ • 

J (i, I1l , f7z) =: V),;({', nt, hz) + J}« hi , h~) , _) 

u(c~ "',1)=24ft:4,!J ~(~;~,!;JId}t' -dJi}/ ') ?t~ ~,~) ) 
/ (27) 
Zt({~ 11,, 172)= I;;/(t~ ~ , Vrfj{.+ A.//( f7L, h~) dL 

- )Z(L; hL , ~)~ ,.} / [ .2) '1 ((~ 11" ~)J . 
CpaBlmBaR (24) R (2I) . nOJIY'1a eM 

!tn,. n1-;f) :::: P(~ +!Jt dj{ -~ 172 + h7z 4) xI 

x ~ ( /, 17[ + 11 r/}c' - I17L ) ~ + Inz dL- ; t) + 

6 

+P(~ +~ i}i I 111. +1112.rf1l-h~) ~ (t~ ~ +~ rI);, f7.t +~ rI}i -~; i)+ 
(28) 

-I-P("'" +n1{ rt I f7~ +h1J- rf1) ~ (c: i7L + ~ rfL·, 17.t T-1'Hz dL·; t) ) 
I')lC 

/~(l: II,A; ~=.2A{t; 1, it) tie1A):fth2) (iJ?,I7,)I + ~i . (29) 

CTaT>lCTJoI'reC!01e MOMeHTbl 'urce.n SanOJlHellllH !lIoTOHOD !-l KOppeJU1I00~ 

Me;K,II;Y Mo.naMH HBXO)l,llM <IS YpaIlHe l-LH~ (22) Jil ( 24) : 

(;B/Yf)) = L /(17" nJ I (/Jot - Inc{ rfcr) h? + 
hun.. 

+[(1< -hl,( ~i+/n,x) h1_ (17~ -~ d/r() 7~(c'J n" 17~; (-)j ) 
(11/(11 ff/{I)) = L P{I7L' nJ! (""-~ rJ;)k( ~ -m rile) e+2 

11,/';z. 

+(1-I11L dlJ/(17z -11k JL·+I17J( (1-~ flJ1IG (c; 17~/ ~; 1+ 
-+(nJ--II1J- JLje((1-f1 rfL -I-/?f)/(- (~-/1 rJ}t)j1(0: /'it, ~; t)j 

B 'IaCTHOCTH. Hafu:\eM 

(~(t)>=?n p~, n)f~- Jn" ~i + h1d~{£~ l7il1 ; i)} / 
I} Z 

{k/R1 =L. /{hl , h~)I{I1.t - l1lttfJiF-+!!2~{I7~-l1f<tC,)I-m)jRt~h,/li~' 
I!" h~ 

(tf;{lj) ~(t)) =b. !f" l1l.)!(l1t -IJ1L dJ[)(hz - Inz tfL) + 

+(nL - ht, rfjJ'1. ~~ 11,,~; ~+(t{ -ht2.t!1,)h1t ~ (l;I1L, I{; f)}. (31) 

3aMeT~M, 'fTO ,wIH CJIyqaR ~:= 1 . mj =m =J. ypaBHeliIDi ( 31 ) orrpe

,ue.n.9HIi / 271. YpaBHeHIDl (28) .lJ,JIH QJYHKIlHi pac[Jpe,Ile.neHHH 'IHce.n 

QJoTOHOB MorYT 6liTb JIeI'!W HaMeHN [Jo cpe)lCTBOM HCnOJI1>30IlaHRlI RaK one

paTopoB BpeMeHHOn 3BOJllOIUm B mpe,lij![HI' epOBCl{Q1.I n pe.n;cTaIlJIeHlm. Ta K 

H tPoPI.1aJU!3Ma O)leTWC COCTOmlKH ,lI)L't BW1P1 CJ1eHIDl BepoHTHocTeA nepexo

.nOB Il a TOMe . 

TaKIDd 06paSOM. Mhl HalllJUl TO'll-lOe pellleIDIe y paBHeII:KA ~ID!I.eFllffi 

,lJ,JlH HaCe.JIellliOcTe!f ypoBHei! H 'mCe.n 3anOJIHeHRH tPoTOHOB . TaKlKe nsi!

7 

http:CPYIJ[{L\l!.II


n eHU XapaKTepnCTHqeCKaR @YHKunfl H ~YHKunfl pacrrpeneneHMfl ~TOHOB , 

CTa THCTnqeCJm e MOMeHTllI 'il1Cen 3arrOJIHem ifl <PoTOHOB 11 KOppe.JlHllIDf MeJK.llY 

MOnar.m. 
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. V I'P IlII"ll ali l tIl YXN (lJ\O Il:1 fl ~lOJ~eJ1b 
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[1" !lY'It.! ' " ) IW WC Ii ItC ypiUJII C HIlt1 ,IlSI I)f(CII H lI )lnn lI a c cn e HHOC Te fi 

YPO BII (d~ II O IlCPO T O P OB '1l1 c na 3 a n OJIl , e lliOl lPO'l'OIiOS . li illl)],e Hhl XB paK
Te pHCTH4eC KH e £pY HK 1.\lI l-1 II q,YHKIJ;l-I jj pacnpc,uL:JJeI1lUI rpO TOHOB, CTa 
TIfC' T H4 eC KH e MOMel ITb' C[I1C eJl 3anOJnH~H Hfl H KOp peJl Jl I(HH MO)], . 

Pa 60Ta BbInOn Hella B n a 50 p a To pl1l1 1'COp CT I1'1eCKOii tPH3HK H OH51 H. 

npe/TpHHT 0 6'be,D;H KeIlHOro HHCTHTYTa RAepHbIX HccneAOBaHHA. JlyOHa 1985 

fIepeBO,ll .1B TOPOB 

Aliskenderov E.T., Fam he Ki en, Shul'lovsky A.S. PI7-85-574 

Exactly Solvab l e Three-Leve l Two-Mode Mode l 
with Hult i photo n Tr3 n::; i t i ons 

The s o l u t ions o f t he equat ions of mo t i on for t h e l evel 
popu l a tion :J1Jd photon number ope r a t ors a r e obtaine d. Th e 
charac ter i fitir .'l1d pho t on d i st ri bu t i on f unc t i ons , t he sta t i s 
t i cal momenL!{ uf photon numbers :'lnd t he correla t ions o f modes 
are round. 
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