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1. RBneH~e pe30HaHCHoro o6pa30saH~~ Me30MoneKyn dd~ ~ dt~ 

B peaxunax d~ + D 2 ~[(d~)dee]*' ~ ,t~ + D2~[(dt~)dee]* ~ T.A. 
HHTeHC~SHO ~3Y4aeTcR KaK TeOpeT~4eaKH 111 , TaK ~ 3KCnep~MeH

r ansuo 121 • Kp~T~4eCKItIM nYHKTOM B BbI4~cneHVlRX CKOpOCTe~ 3THX 

peaK4H~ RBnReTCR 3HaHHe HepenRTHBHCTCKH~ 3HeprH~ t"Jv Cna60CBR
3aHHblX COCTORHH~ d d~ ~ d t~ C nOJ1HbIM yrnoBblM MOMeHTOM J = 1 
~ B~6pa4101oHHb1M 4HcnOM v = 1. 3HeprHR CBR31t1 cnaôocaas auuux co
CTORHH~ npH6nH3~TenbHo paBHa 1 38 np~ rny6HHe 3~~eKTHsH~X no
TeH4~anos -600 3B. Tpe6yeMaR T04HOCTb COCTasnReT 0,001 3B, T.e. 
OTHOC~TeJ1bHaR T04HOCTb COCTaanReT 10-6 • Ao HeAaBHero speMeHH 
BbI4~cn.eH~R cna60CBR3aHHblX COCTORH~~ 6bln~ BblnOnHeHbl nHWb B aAHa

6aTH4eCKOM npeACTaBneHIo1H 3aAa4~ Tpex Ten / 31 .3TH paC4eT~ CT~MY
nHpoeanH pa3B~TVle Bap~a4~OHH~X MeTOAoB AnR 3TO~ npo6neM~/41 .8 

v v 151 
AaH~O~ CTaTbe M~ pa3B~BaeM Haw Bap~a~1010HH~~ nO,qXoA ,qnR ~ccne-
AOsaHHR Cna60CBR3aHH~X COCTORHH~ C Io1cnonb308aHHeM.BapHaUHOHH~X 

~YHKUH~ MoneKynRpHorO THna B C~epOVlAanbHO~ CHCTeMe KOOPA~HaT/6( 
M~ B80AHM ,qBe rpynn~ BapHa4HOHH~X napaMeTpOs, n03aOnR~~HX nY4
we annpOKC~Mlo1pOaaTb ,qenOKanH3aUH~ BOnHOBO~ ~YHK4HH no cpaBHe
HH~ C pa60To~/61 • M~ TaK~e Io1cnonb3yeM ynYYWeH~oe pacnpeAene- . 
HHe CTeneHe~ He3aB~CIo1M~X nepeMeHH~X B BapHa4~OHH~X $YHKUHRX no 
cpaBHeHIo1~ C pa60To~/51 . 3TO n03BonHno HaM AOCTH4b B~COKO~ T04

HOCTIo1 B .Haw~x 04eHKax 101 nonY'4HTb cne,qYIO~He 3KCTpanonHpOBaHH~e-1"'- 

3Ha4eHHR ,qnR YPOBHe~ 3HeprHH -lU( dd~) = (1,9750+0,0002) 38, 
-t"l1(dtji) ~ (0,6604.!0,0002) 38. 8 pafiore npHBoAfiTCR TaK~e Bbl
4~cneHHble 3t-1a4eHHR y-~aKTopoB C J.1cnonb30BaHHeM BapHaUHoHHblX 

l1>YHK4101~. 

2. M~ ~CXO,q~M H3 HepenRTHBHCTCKO~O ypaBHeHHR WpeAHHrepa AnR 
CHCTeM~ Tpex 4aCTH4, CocToR~e~ H3 Aayx R~ep C MaccaMH Ma ~ Mb 
~ C nonO~~TenbHbIMH eAHHH4H~MIo1 3apR~aMIo1 H OTpHUaTenbHOrO M~OHa 

C MaCCO~ m~ • raMHnbTOHHaH 3TO~ CItlCTeMbI Bcl1>epoHAan.bH~x KOOP
Alo1t;1aTax n = {(17 R I ~MeeT B~,q 
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Ho 1 = - H10 - MR2
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3AeCb M = Mo Im a , Mo= MaM b I(Ma + Mb ) , m a= milMa I(M a" mil)' K = (Mb-Ma)/
J(M b + Ma) lt1 I;1cno11bayeTcR CI;1CTeMa eAI;1HI;1~ e ~ h = ma = 1. C<l>epol;1
Aal1bHble KOOPAI;1HaTbl ç- 1;1 T} onpeneneau COOTHOWeHHRMI;1 ç- = (r a+r\})lR, 
T} =era-rb)/R, rne R - paCCTORHl;1e Me~AY RApaMI;1, ra !4 r~ - paccTo
RHI;1R Me~AY RApaMI;1 a 1;1 b 1;1 M~OHOM COOTBeTCTBeHHO. BapHa~1;10HHaR 

4>YHI<~HR MOJlel<Y11RpHoro Tl-1na I;1MeeT ABe KOMnOHeHTbI a 1;1 11' , KOTO
pble Bbl6HpaloTcR B BI;1Ae F == F = F + F 1;1 F == F = F + F 

° o a ag rr u 1 tr rrg· rru 

k2 k a (atp) i-l j- 1 k(p) - 1 .:.. (tp) (tp)
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i,j = 1,2 •••• ; i >Oj + 1., k(g) = 22, k(u) = 2f - 1, °f 1,2, ••. ". \ 

3Ha4eHI;1R He11l;1HeHHblx nap eaer poa AaHbI B Ta6JÍ. 1. 

2' 

'I'aõnaua 1 

3HaqeHHH HeJIHHeHHbIX nap axe'rpoa BapHaI~HoHHOH eilYHK~HH /2/. 
/Hcrrorrsaonarracs cne~YIOIIUIe CHCTeMbI e~HHH~ - gnfl dd,.L: e=h= . 
= rndJ.L = lJ'~nH dtll: e = h = rnq.L = 1/ 

p a 1 v~1 a2 ~2 ~ 1 ~ ~ 

d~ g 1,]979 0~7063 0,0005 0,5137 1,7979 0,7192 0,0051 0,5651 
dt# g 2,3339 0,6~76 0,0005 0,5200 2,0295 0,7103 0,0051 0,6088 

u 1,2177 0,4313 0,0005 0,4313 1,8365 0,6596 0,0507 0,5074 

3. Hawa aaAa4a COCTOHT B CaeAeHI;1H ypaBHeHHR llip~AHHrepa c 
raMHJlbTOHl;1aHOM /1/ K anre6pal;14eCKOH aaAa4e Ha co6cTBeHHble 3Hp
4eHI;1R 

(otp ) (17' tp) 

A x = À Bz , x = I Xl " .. X n} = Ia ijk (p) , a ijk (p) }, /3/ 

H peWeHl;11;1 ee MeTOAOM o6paTHblX I;1Tepa~l;1~ c perynRpI;13a~HeH. Mbl BbI
nOnH1;1111;1 aHà11HTI;14eCKOe I;1HTerpl;1pOaaHl;1e AJlR HaxomAeHHR MaTp!44HblX 
311eMeHTOB B aaAa4e /3/, l<1CnOJ1I:'.3YR Bapl;1a~HÔHHble 4>YHK~H"" /2/. 3a
MeTI;1M, 4TO nonY4eHHaR 3aAa4a Ha c06cTBeHH~e 3Ha4eHI;1~ nnoxo o6yc
110B11eHa. AnR ee perY11Rp~3a~I;1H ~ ~cnonb3yeM c11eAy~~~e ypasHeHl;1e: 

Ax = À(B + 81)x. /4/ 

rAe 8 - Ma11~~ napaMeTp. 3Ha4eHHe Ô eapbHpOBanOCb B AI;1ana30He 
10-13+10-11 • 3~0 nos B011I;1110 HaM BwnOJlHI;1T b Bbl41;1 C11eHI;1R c T04HOCT blO. 
10-8 38. 

3Hepn1R '( 11 Ka)l(AO~ Me30Mone KY!lbI (11= (À + ih ) ma2 Ry 6~na Bbl41;1 c 
11eHa Ha cepaa YBe.n1;14I;1BalO~I;1XCR Ha60poB 6a3~cHblX l.1>YHK~I;1~. PesY11b
TaTbI npeACTaBJTeHbI B Ta611. 2 1;1 3. 3Aecb i - HOMep cepua , n i 

41;1C110 411eHOB B Bap~a~1;10HHO~ l.1>YHK~I;1I;1. B Bbl41;1C11eHI;1RX HCno11b30Ba
nl;1Cb cneAY~~l;1e 3Ha4eHI;1~ Macc 4aCTI;1~ 1;1 KOHCTaHTbl PI;1A6epra: 

Mt = 5496,918m e , Md = 3670,481m e , 

Mil = ,z06,7686 me, Ry = 13,605804 3B.
 
, /5/


B Ta611. 2 r aioee npeACTaB11eHbI HaWH npeAblAY~He BblI.4I;1C11eHMR , Bbl
n011HeHHble npa mil = 206,769. CpaBHeHHe 3TI;1X BbI4~C11eH~k1 c npeac ° 

TaS11eHHblMI;1 3AeCb nOKa3b1BaeT, 4T6 nonpaBKa Ha norpeWHOCTb B Mac
ce fi Il npaKTI;14eCKI;1 He 3aB~CI;1T OT n 1-1 COC'TaBnReT Be11l;14HHY lO~4 3B. 
3TO Aa110 B03MomHOCTb HaM He npOaOAI;1Tb TpYAoeMKH~ paC4eT c n = 
* 1286, a BBeCTI;1 3TY nonpaBKY B 3Ha4eHl;1e, Bbl4HC11eHHoe paHee. 

I 
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Taõrnnra 2, 

CXO,IJ;HMOCTb 3Hat.IeHH11: 9HeprHH CBH3H --( 11 p;nH xeaoxonercynsr 
dd s /9B/ 

i n. 
~ 

-( 11 (n. ) 5 mil= 206,769 II1e -(ll(n.) m = 206,768 me 
~ r ' ~ {1 , 

1 304 1,96933 1,96941 
2 449 1,97274 1,97284 t3 .. 607 1,97368 1,97379 r 
4 819 1,97431 1,97442 
5 1286 1,97465 1,97475* 

00 1,9749.!.0,0002 1,9750.!.0,0002 

* /5/3Hat.IeHHe 6hlno rrorryxeao C rrOMO~õIO npensmymero p acae-ra C 
yt.IeTOM norrpaBKH Ha HOByro Maccy MIOOHa. 

Taõrnnra 3 

CXOP;HMOCTb 3Hat.IeHHH 3HeprHH CBH3H -( 11 ,IJ;J!H xesononercyrrsr 
dt{1 /9B/ 

i n. -(l1(n.) 
~ ~ 

1 542 0,65114 
2 596 0,6522.3 
3 927 0,65691 
4 1483 0,65889 
5 1513 0,65923 
6 2084 0,65968 

-
DO O, 6604.!.0,0002 

TaKII1M o5pa30M, HaWII1 Bbl4\ItCneHII1R ypoaueü 3H~prll1l11 Me30MoneKYIl AJlR I 

pa3IlIl14H~X Macc M~OHa nOKa3anll1, 4TO norpeWHOCTb npeAcTaBneHH~x 

pe3ynbTaToB CpaBHII1Ma C 1I13BecTHoiít cerOAHRT04HOCTb~ Macc 4aCTII1~. 

4. YT04HeHHoe 3Ha4eHII1e (11 AnR Ka)l(AO~ Me30MoneKynbl õuno Ha~

AeHO 1113 ycnoBII1R MII1HII1MII13a~1I1111 $YHK~1I10Hana t 

rAe m - 4111cno cepll1iít, {3 - HOPMII1~OB04H~~ MHO)l(HTenb. ~YHK~1I10Han 
COOTseTcTsyeT 3KCTpanO~R~1I10HHoiít $opMyne 

(_ ( ) -a11 - (11 n - cn /4/ 

06~4HO npHMeHReMO~ B Bapll1a~HOHH~X paC4eTax /4/. AHanH3'pe3YIlb

TarOB c nOMO~b~ $opMynbl /4/ noxaaan , 4TO a :::::: 2. 3KcTpanonll1po

BaHHoe 3Ha4eHHe (o 111 3Ha4eHII1R OWII160K TaK)I(e npll1BeAeHbl B r aõna

~ax. 

neuu 

111 õon

CpaBHeHII1R 

8 Ta6n.4. 
ee T04Hbl. 

C 

BI

nY4WII1MII1 

I1AHO, 4TO 

B~4I11CneHII1RMII1 

HaWII1 p ac-reru 

APyrll1x 

II1Me~T 

aBTopOB npeACTaB

ny-nuee Ka4eCTSO 

Ta6nHIJ;a 4 
CpaBHeHHe pa3nHt.IHhIX paCt.IeTOB 3HeprHH CBH3H -( 11 cna6ocBH

3aHHh~ COCTOHHHH Me30MoneKyn dd{1 H dt~ /B 3B/ 

Gocheva Bhatia, FroIov, Hama HaCT. 
et al/ 3 '/ Drach- Efros /4/ pa60Ta / 5/ CTaTõH 

man/ 4/ 

1,956 1,862 1,97110 1,97465 1,97475 
(844) (364) (350) (1286) (1286) 

3KCTpa- - 1,972+0,001 1,9749~0,OO02 1,9750+1,87 - . 
IlOnHIJ;HH ~0,0002 

Gocheva Chi-Yu FroIov, Hama HaCT. 
et aI/ 3 / Hu/4 / Efros /4:1 p aõo-ra /5/ CTaTõH 

0,656 0,628 0,60719 0,65889 0,6596S 
(844) (440) (400) (1495) (2084) 

3KCTpa- - - 0,6554~0,0150 0,663+0,002 0,6604+ 
nOnHIJ;HH - ~0,0002 

5. Bbl4111CIleHHble aonaoaue Cl>YHK~1I1111 6blnll1 II1cnonb30BaHbl AIlR HaXO)l(-

AeHHR Y -CI>aKTopoB /8/ Me30MoneKynbl ddf1 (m ~1 '= rni,l = M d + m~l ) 

Ydf1 = lh f R dR [ Fa', (dd {1 )( ç7} R)Iç= 1, 7} = ± 1 ] 
11 2 2 

111 Me30MoneKynbl dtll (rn~l = m~l = Mt1 + m~l ), 

2 
Y~1 = ih f R dR[ Fa(dtfL') (ç7] R) Iç= 1.7]=- 1 ] 2 , 

I 

<I> «( O ' ,C , a.) 
fi 

, 
i:l [(11(n i ) - (o -

-a 2 -2 
cn i l!({3n i ), 11 

Ydp. = ~f R
2dR[-F 

a (dt{1)(ç7}R) IÇ=l,ry=+l ] 2. 

4 J 5 
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OH~ onpeAen~~T OTHOWeH~e BepO~THOCTe~ HaxOmAeH~f1 MIDOHa B OKpeCT
HOCT~ RApa MeaoMoIleKynbl 1-1 COOTBeTCTBYIO~eM MeaoaTOMe. nony4eHbl 
CI1eAYIO~~e aHà4eHH~ Y-$aKTopoa: 

ddll dtrt 

Ydll = 0,4965 Ytll = 0,7974, Ydp. = 0,1992, 

14 OH~ xopouio COrJlaCYIDTCfI c nonY4eHHblM14 B, aA~a6aT~4ecKHx pac-re
Tax /8/ : 

ddll dtll (1.; 
Ydll"= 0,4965 Ytll = 0,7989, Ydll = 0,2051. 1
3TH	 aHa4eH~R MorYT 6blTb HcnonbaoBàHbl AflR paC4eTOB caepxrouxoã !c-rpYKTYPbl cnaõocaaaaunux COCTOflHI4~ MeaOMoneKYIl ddll 14 dtll :19: / • lB aaKJ1104eHHe aaropu Bblpa>Ka~T 6.narop.apHOCTb npoóeccopy 

lH.H.,rOBOpYHY aa nOAAepmKY 101 npo~eccoPY n.~.nOHOMapeBY aa no
I1e3H~e 06cY~AeHHR. 
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TEMATHQECKHE KATErOPHH nYBnH~AUHR
 

OB~E~HHEHHoro HHCTMTYTA ~EPHYX
 

HCCJlE~OBAHHR
 

HHJteKC	 TeM8THK8 

1. 3KcnepHMeHTanbHBR ~HsHKa BWCOKHX 3HeprHH 

2. TeopeTH4ecKBR ~HSHKB B~COKHX 3HeprHH 

3.	 3KcnepHMeHTanbHaR HeHTpoHHaR ~HSHKa 

4.	 TeopeTH4ecKaR ~HsHKa ~HSKHX 3HeprHH 

5.	 HaTeMaTHKa 

6.	 ~AepHaR cneKTpOCKonHR H paAHoxHMHR 

7.	 ~HSHKa TR*enwx HOHOB 

8.	 KpHoreHHKa 

9.	 YCKopHTenH 

10.	 ABToMaTHsa~HR 06pa60TKH 3KcnepHMeHTanbHWX 
AaHHYX 

11.	 BW4HcnHTenbHaR MaTeMaTHKB H TeXHHKa 

12.	 XHMHA 

13.	 TeXHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14.	 HccneAoeaHHR TBepAWX Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH 

15.	 3KcnepHMeKTanbHaR ~HSHKa RAepHWX peaK~HH 
npH HHSKHX 3HeprHRX 

16.	 AosHMeTpHR H, ~H3HKa sa~HTW 

17.	 TeoPHR KOHAeHCHpOBaHHoro COCTORHHR 

18.	 HcnonbsoBa~He pesynbTaToB K MeTOAOB 
~YHAaMeHTanbHWX ~HSH4eCKHX HccneAooaHHH 
B CMe*HWX 06nacTRx HaYKH H TeXHHKH 

19.	 6H~HsHKa 



HET nH nPOBEn08 8 8AWEA BHBnHOTEKE? 
8111 MOllteTe DO.IY'IMTb DO OOliTe nepe'IMC.IeHHIIIe HMllte KHMrM, 

ec.IM OHM He 6bi.IM 38K838HIII paHee. 
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TPYAW coe~aHMR no KonneKTMBHWM MeTQQaN 
YCKOPeHMR • .Qy6Ha, 1982. 

TPYAW IV lleJOCAyHaPOAHoM IIIKOJlW no He.:iTPOHHoM 
~H3MKe, .Qy6Ha, 1982. 

TPYAW coe~aHMR no CMCTeNaN " MeTOAaN 
aHUMTM .. eCKMX aw .. McneHHM Ha 38K M MX nPMMeHeHMII 
8 TeOpeTM"eCKO.:i ~M3MKe • .Qyt$Ha 0 1982 • 

TPYAW KeJOCAyHapoAHOM •Konw·ceMMHapa no •M3MKe 
fR•enwx MOHOB. AnymTa, 1983. 

TPYAW pa6o .. ero co•e•aHMR no npo6neMaN Many..eHMR 
M AeTeKTMpoeaHMR rpaBMTaQMOHHWx BonH. AYGHa, 1983. 

TPYAW XI KeJOCAyHaPDAHOro CMNn03MYNa no 
RAepHo>i aneKTPQHMKe. 6paTMcnaea, 
~exocnoeaKMR, 1983 • 

TPYAW 7 KeJOCAYHapOAHOI"O CO ... aHMR no npo6neMaN 
KBBMTO~ TaOPMM nonR. An~Ta, 198 ... 

TPYAW VII KeJOCAYHBPOAHOro CeNMHaPB no nPG«SneNaN 
~3MKM 8WCOKMX 3HeprMJ1 • .Qy8Ha, 1 984 • 

T~~!'."' • M•*!"'.!"u~~;:~!::": ::.-:;..:.:-.:;;.;i-~ ,-.v ... ~..,•""•"' 
npo6neMaN CTBTMCTM .. eCKoM MeXBHMKM • .Qy8Ha,198lt. 
/2 T-./ . . 

TPYAW V HeJOCAYHliPDA~ro coee.aHMR no npo-
6neMaM MaTeHaTM .. ecKoro MOAenMpoeaHHR, npo• 
rpaHHHpoaaHMII M HaTeMaTM"eCKMH HeTOAaH pe .. -
HMR ~M3M .. eCKMX 3l1All"· AY6Ha, 198) 

TPYAW IX BcecooaHoro coee~aHMM no ycKopMTenRH 
3BPRMeHHWX "liCTMQ • .Qy6Ha, 198ft /2 TOMa/ 

TPYAW KeJOCAYHaPQAHoM IIIKOnw no CTPYKType 
ftAPa, AnymTa, 1985. 

TPYAW Ke•AYHaPQAHOro coae~HMR no aHanMTH'<ecKMH 
BW..MCneHMftH Ha 38H M MX npMHeHeHHD 8 TeOpeTM"e
CKoM ~M3MKe . .Qy6Ha,1985. 

TPYAW Xn HeJOCAYHaPQAHOI"O CHHn03MYHa no ftAePHoM 
3neKTPQHMKe . .Qy6Ha 1985. 

TPYAW Y HeJOCAYHapQAHO.:i •Konw no He.:iTpoHHO.:i 
.M3MKB. AnywTa,1986. 

3 p. 30 K, 

5 p. 00 K, 
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KopoooB B.H., ITyshlHHH H.B., BHHHQKHH C.H. P4-87-225 
BapHaQHOHHhlH pacqeT cnaoocansaHHhlX Bp~aTenhHo
Kone6aTenhHhlX COCTOHHHH Me30MOneKyn dd~ H dt~ 

BhlrronHeHhl aapHaQHOHHhle pacqeThl ypoBHeH 3HeprHHEJv H y
$aKTopoa cna60CBH3aHHhlX Bp~aTenhHO-BHOpaQHOHHhlX COCTOHHHH 
(J = I, v = I) MesoMoneKyn dd~ H dt~ , KQTopbie rrpegcTaBnHIOT 
6onhWOH HHTepec AnH HOBeHmHX 3KCITepHMeHTOB ITO MIOOHHOMy Ka
TanH3Y /Konna6opaQHH CHH - BepKnH - IToc-AnaMoc - MIOaxea, 
1986 r. H raT~HCKaH rpyrrrra, 1984 r./. B BhlqHcneHHHX 6hln 
HCITOnh30BaH Ha6op AO 2000 6a3HCHhlX $yHKQHH, ·onarogapH qeMy 
yganocb rrony~Th HaH6onee ToqHhle pesynhTaThl E 11 (dd~) = 
= (-1,9750.:!:_0,0002) 3B, Ell (dt~) = (-0,6604+0,0002) 3B. 

Pa6oTa BhliTonHeHa a ITa6opaTopHH B~HcnHTenbHOH TexHHKH 
H aaToMaTH3aQHH OHHH. 

fipenpHHT 061oe.zlHifeHHOro HHCTHTyY& RAeptlhiX HCC1Je,D;OB&Huil. ,[{y6Ha 1987 

ITepeaog aaTopoa 

Korobov V. I. , Puzynin I. V. , Vini tsky S. I. 
Variational Calculation of Weakly Bound 
Rotational-Vibrational States of Mesic 
Molecules dd~ and dt~ 

P4-87-225 

Variational calculations of energy levels of £Jv and 
y-factors of weakly bound rotational-vibrational states 
(J = I, v = I) of mesic moleculs dd~ and dt~, which are 
of main interest for last muon-catalysed fusion experi
ments (SIN - Berkeley - Los-Alamos - Munchen group, 1986 
and Gatchina group, 1984) are performed. The set of about 
2000 basis functions has been used in calculations which 
has enabled us to obtain the most precise results:t11 (dd~)= 
= (-1.9750+0.0002) eV and f 11 (dt~) = (-0.6604+0.0002) eV. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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