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P- 1437 

JlyHaliuea A.ct>. 

HaHOC8KYHJlHaSI MH0r0KpaTHaSI cxeMa COBll8Jl8HHli H 8HTH

C0BllaJl8HHli Ha TyHHenbHbIX JlH0Jl8X H TpaH3HCT0pax. 

OnHCbIBaeTCSI ·cxeMa MH0roKpaTHbIX C0BIT8IJ:8HHli H aHTHC0B-

na.z:teHHli, Bbill0nHeHHaSI Ha TyHHenbHWX LJ;HOnax, LIH0JlaX H TpaH-

3HCT0pax. Pa3pe1Uaromee apeMR cxeMbI, H3MepeHHoe Ha nytJKe 

M830H0B, COCTaBnSleT 0K0no 2 HC8K. 3cpcpeKTHBHOCTb aHTHC0B

naJl8HHli paBHa 0,9997. 

IlpenpHHT O61-e.i.HHeHHOro HHCTHTYTR JIA0PHblX HCCA0AOB8HHM. 

,lly6Ha~l963 i-. 

P-1437 

Dunaitsev A.F. 

Nanose_cond Multiple Coincidence and Anticoincidence Circuit on Tunnel 

Diodes and Transistors 

A multi- coincidence and anticoincidence.circuit made on tun11el diodes, di&&es 

and transistors is described. The resolving time of the circuit measured with a mes•n. 

beam is about 2 ns. 

The anticoincidence efficiency is as large as 0.9997. 

Preprint Joint Institute for Nuclear Research. 
Dulxta. 1963. 
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I • 

npH paapal50TK8 l5b!CTpblX CX8M, COBUa,ll8HBll B aBTHCOBUa,ll8HHll, Up8,llHaaHa'l8HHb!X 

llfill 8KC,fi8PHM8HTOB 'B ll,ll8pHoll _cpB3HK8, OCHOBHOll_ npol5neMoll !IBU!l8T7!1 C03,llaHB8 ~p

MBPYIOIUBX ycTpollcTB, U03BOU!IIOIUH~' npeo15paaoBaT~, BX~~Hbl8 CH!'Hanbl_ B KOpOT~H~ HM

nyn&Cbl CTaH,llapTHOll SMUUBTYllb! H ,llUBT8UbHOCTB,•'B nocne,llH88 Bp8M!I B cpopMHpyroiuBX 

yCTpollcTBax BC8 WHp8 HCU0Ub3YIOT~!I' TYHH8UbHbl8 ,llHO,llbl/l ,
2,3 ,4 •5 ,ei. 06~a,llal01Ull8 -Ma-

• Ub!M Bp8M8H8M nepeKnIO'l8HHII, 

. f I./ 
B HaCTO!IIU8ll pal50T8 OUHCb!Ba_eTC!I l5b!CTpa!I cxeMa c·oanaaeHHll, cpOJ)MHpy10urne, KaC-

,.'' 

. '/ 
-Ka,llbl KOTopoll BbinOUH8Hbl Ha TyHHe_nbllblX ,llHO,llaX C npeaBapHT8llbHblM orpaHH'l811H8M aM- I 

UIIHTYllbl HMnym,coB C UOMOIUblO BMnynbCIIO!'O ,llHO,lla.-

CxeMa cpopMHpy10mero K~CKalla npHB8,ll8lla Ha pac. la. B CTaTH'l8CKOM COCTO!IHHH 
• I ' • 

'!epea, repMaHH8Bb1ll O HMnynbCHblll ,llHO,ll .£l npoTeKaeT nocTO!IHHblll TOK l, KOTop'blll onpe-

,ll8U!l8TC!I B811H'IHHaMH conpOTHBll8HHll R, H R2 
I 

, npn noaaqe Ha BXO,ll .KacKa,lla -oT-

• pauaT8llbHO!'O HMnyn&ca ,llOCTaTO'IHOll aMUIIHTy ,llbl llHO,ll aanHpaeTC!I, H Ha conpOTHBll8HHH 

, R 
2 

B03HHKaeT HMnyn&c Hanp11>KeHB!I c aMnnHTyaoll U =- l R 
2 Ho TaK KaK ,llHO,ll 

, .£l IIM88T CpaBHHT8llbHO 150UbW08 Bp8M!I BOCCTaHOBll8HH!I o15paTHO!'O conpOTH~ll8HH!I _/ ae.-:· 

c,!ITKH HaHOC8KYHlll, CcpOpMHpOBaHHbill- ,llHO,llOM HM_nyn&c HM88T B Ha'lane BMl5poc, aMlmH-. 

Ty,lla KOToporo 3aBHCHT OT aMnllHTYllbl BXO,llHO!'O HMnyn&ca. 
( 

,llan&aellwee cpopMHpOBaHH8 HMnyn&ca no aMnllHTYll8 H ,llllHT8llbHOCTH ocymeCT';!ll!I.;.,:. 

eTC!I TYHHen&HblM ilHO/lOM T .ll, HMeIOIUHM o.a;ao ycToll'!HBoe cocTo!IHHe B TO'IKe A 
'/ . ' 

/p11c. ,115/,' .lln11 Toro, 'ITOOb!.TYHH8llbHblll /lHO,ll o6na)lall 0/lHHM ycTOll'IHBblM COCTO!IHH8M, 

H'eol5fO.llHMO, 'ITOl5bl B8UH'IHHa conpoTHB118HH!I R' 15bma -M8HbWell, 'leM MHHHMan&H08 

OTpHUaTellbHOe conpOTHBU8HH8 Tyimen&HO!'O ,llHO.lla. '-fyBCTBHT8llbHOCTb 1cpopMHpy10mero 

KacKaila onpe.llen11eTc!I nono>KeHHeM Ha'!an&Holl pa15o'!ell TO'IKH A _Ha BOll&TaMnepHoll 
'- I i , 

xapaKTepH~THKe. '-fTol5bl o15ecne'IHTb BblCOKYIO''lyBCTBHT8llbHOCTb, Ha~an&Ha!I pal5o'!aH 

"TO'!Ka A ycTaHaBIIHBaeTCH C UOMOIUblO conpOTHBll8HHll ,RI H R 6 Bl511H3H MaKCHMyMa 

'xapaKT8pHCTHKH, Kor)la H°:1 TYHH8Ub~blll .llHO/l npHXO/lHT HMnynLC C KPYTb!M nep8,llHHM 

cppOHTOM. conpOTHBneHue HH/lYKTHBHOCTH L B811HKO, H OCHOBHa!I '!aCTb TOKa npoTeKaeT 

'18p83 TYHH8llbHblll :0.HO,ll T .ll, Bb13b!Ba!I 15blCTpbill nepel5p~c ·e TO'IKY D' , nonO>K8HH8 

TO'IKH B' Ha /lHcpcpy3HOHHOll B8TBH aaBHCHT OT B811H'IHHbl conpOTHB118HH!I. HHllYKTHBHOCTH 

L H illlHT8llbHOCTH cppOHTa BXO/lHO!'O HMnym,ca. To'!Ka B !IBll!l8TC!I npe,ll8llbHbIM no-

llO>K8HH8M TO'IKH B ', ltO!'ila B8Cb TOK BXO,llHO!'O HMnym;ca npoTeKaeT '18pea TYH1!8llbHblll 

,llHO,ll, .llnHT8llbHOCTb B_b!XO,llHOrO HMnyn&ca' tu onpe.llen11eTc11, epeMeHeM nepeaap!l,llKH 

HH.a;yKTHBHOCTH L '18p83 conpOTHB118HH8 R, H conpOTHBU8HHe TYHH8llbHO!'O ,llHO.a;a. -

3a, Bp8M!I t 
u 

pal5oqa11 TO'IKB nepeMemaeTc11 B nono>KeHHe , C, a aaTeM npOHCXO.tJ;HT 

3 

/ 
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a/ CxeMa cpopMHpy10mero ycTpoilcTBa. 6/ Bom,TaMnepHasi xapaKTepucTHKa TyH-
Hen&Horo .llHO.llS H p8lKHM ero pa60Tbl;· . ' 

4 

I,.~ .J. 
\· 

o6paTHblll nepe6poc ._B· TO'IKY .o; B Te'l8HHe BpeMeHH BoccTaHoBneHHH pa6oqasi TO'IKa 

II03Bpamae;CSI B ~CXOL1H08° nono~eH~e· A. Hcnon&30BllHH8- npeaBapHT8nbHOro Lll!OLIHOro- ' 

orpaHH'IB_Tensi Il03~0~~8T H36eJKaTb 'noBTop~or~ cp_a6.aTb!BaHH~ T~~Heni;Horo Ll~OLla .B 

criyqae '.llnHHHOr<) BXOLIHOro HMnynbca. n~cne ,LIIIOLIRO~O .orpaHH'IHT8llSI HMnyn&c ~Mee-r· 

_ nnoc1ty10 B8pWHRY,: conp_~;HBneHB8 ~HLIYltTHIIROCT: . L ' nplt 9TOM Man~. H OCHOBHaSI . 

'laCTb TOK a npi>T0Ka8T 'lep,e3 - L, H R ., -

,Ha pac. 2a npe.llCTaBneRa H3MepeHHaSI _3aBHCHMOCTb Ll_nHT8nbROCTH ccpopMHpOBaHHo-

ro· HMny~;,ca OT. BenH'IHHbI HHLIYKTHBROCTH L \nm! ·.;.yHH8n&HblX ~HOLIOB H3 apceHHLla 

. •~allnHSI_ C IlHltOBblM ;ro1tOM .' [ i, , ;, 5, '.'" }0 ·Ma H · 8MKOCTblO, C < 20 ncp. 11~, ~T·O~O pucyn-

Ita· BHLl,RO, 'ITO ftng _coaaaHHSI cxeM. COBnaaeHHll C paspe1;11a,IOIUHM 'Bp8M8H8M - 5 HC8K 

·, Heo6xo.llHMO .B1,16npaTb L - 0,5 M1trit: 
. ' ' 

. O~HCaHHblll. -cpOpMilpy10mHll itacKaLI HM88T Bblpa>KeHHYIO ncipo_r0By10. xapaKT8.pHCTHKY 
:. • .. ' : ·:· ' • ~. ' • • ,; ' >. - • ,: ' • ',, ·, ; ' ' ' 

Jp_nc:. ,26/ .- _ncipor cpa6aT1,1BaHH~ MO>KHO✓ 1!3M8HS!Tb,, 1!3M8Hllll Benl!'IHHbi conpoTH';1~8HHll, 
,, • I ', ,/ 1 ,, • , 

R 3 , n·: R · -lpHc. 'la/• l.\a1tcHMan&Hall. aMttnHTyaa BXO.llHblX_ l!Mnyn&COB orpaHH'll!Ba- · 
'< ' ; ' '·. . . ' . . ~· 

' 8TCSI aonycTHMblM- o6paTBblM eanpll)K8RH8M orpaHl!'IHBaIOmero LIHOLla .o. -Tait' ansi rep--

MaH~8BblX ,llHOLIOB i:uo, .Ol~ Ma~CHM'a;~Rasi a~nnHTYLI~ B,XO~Hb!X HMnynbC;B , H8 Me

H88 20 'e~nbT • .!lnHT81ll,IIOCTb ~ aMn~HTyaa •ccpopM
0

HpOBal!HblX HMnyni:coB 
1
cna6o 38BHCHT 

OT ~i:mn.HTYLlbl. /p~c. 26/ H nnHT01ll,HOCTH BXO,OHblX HMnyn&C?B· 

·nonHaSI , sne1tTpH'l8CK8SI. cxeMa Tpol!Hbllt,
1 
coena·aeHHll C OLIHHM KaHanoM aHTHCOBna-

: 1; . . , , -. . - • .,·.,, .· -. ., ,l 
.ll8RHll' npeacTaBneHa_ Ra 'pHC~ 3. 0TpHuaTenbHbl8 HMnyn&Cbl nocTynaroT Ha. BXOLlbl' cpopMH~, 

PYIOIUHX Itac~aaoB: Ha Bioa~- 4JopM~py10mero KaC1taaa Ka~~n~ aHTHcci'Bnaa~HHll; noMe-
. '1', ''' .. , . '· ., / ' . . . . ' 

mee cpa~OHRB8pTOp - TpaHccpopMaTop ea cpeppHTO~OM cepL18'1HHK8: 

CcpopMHpoea_HHble' HMnyn1,c1,1 cyMMHpy~TCH ea ~yHHe'n&HOM L1HOL1e, ·. BKnJO'l8HHOM 

· ·Ta~>Ke no· OLIHOcT·a6Hn&HoA c~eMe · c HHLIYKTHBHOCTbJO •. ·Ha'lan;,HaH pa60'1a11 ·To'l~a B~ILle-. '· 

HllIOIU_ero TyHH~nbHoro ',LIBO.lla Bbl~HpaeTCSI TaK: _uo61,1 cyMMa TOKOB·, .OBY; n;Hlll8Lll;JllX'. 

OLIHOBpeMeHHO BXOLIHl>IX BMnyn&coB ee nepe6pac.1,1Bana pa6o'ly10 TO'IKY .. 'lepes MaKcHMyM 
• .. ·. : ' . • • ," '._' . • j ·, • .. ' . ' . 

eon&TaMnepeoll xapa1tT8PHCTHKH /puc. 16/, a cyMMa TOKOB' Tpex coenaBWHX -BO. epeMeHH 

HMny~&coB' nepe6~ac1,1eana pa6~'1YJO, TO'IKY e n~no>KeHH~ • '.B, : Ecna o;~-oBpeMeHtto ~ 
T~8Mll COBil8.L1a·IOIUHMH 'H,Mnyn&caMH.:H~ ,BXO.ll '~1,{J:ien~IOIU8rO TyHH~nb!loro LIHOLla nocTy

naeT· HMnyni,c, a~THC,OBnaaeHHll.< BM~.;,IUHil. np~THB'onono>KHYIO nonsipH~CT~, T~ pa6o'l'.8ll . ~ 
TO'llt'a He. nepe6~a;b1BaeT~-H 'l~pe~ ,MaltC,~MyM-• .!lriH T<>~o. 'IT06b! ~~~nJO'IHTb B03MO>KHOCTb 

. sanyc~a qiopMHpyro~ero 1 Kac'1taaa HMIIY m;,COM COC8,llH8r0°' 'itaea;a,' M8lK.llY' cpopMH,py10u:iH-: , 
' ' M , • ., , " ' 

MB z:acKaaaMH noMemeH1,1 ,0HOL1bl.-.BKn10'leHRble n<;>cneaoBaT_en&Ho c L1HOL1aMH conpoTHB-

neHHH '150 OM,. cny>KaT ·:n~H. orpaHH'l8HHll HMny llbCa TO Ka '18pe3' BblL18nS110IUHll TYHH8nb;,. 
' . , . · .. : , . . , ' ' 

. / Hblil LIHO~;: B Ka Hane a'HTH,COBilliL18HHll .. 9TO "coppoTH~'heeue noa6upaeTcll Ta Koll. B_enH'IHHbl, 

·npH KOTopoll ucKnJO'lllE!Tc:11 aanycK_ cpopMHpy10mero ~acKami 'aHTHCOBnaneHHli oT' HMnyn&-

-- ca TOKa coa'naae.Hall\ 'Jlnll perynHpOBaHl!SI 'lyBCTBHT8nbHOCTH ',CX8Mbl B uenH nHTaHHll Bbl-
, ' .- . ' 

D.9nllJOIUero TyHH8IlbHOrO•LIHO,Oa __ HM88TCll nOT8HUHOM8Tp. 
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./ 
vfMnynbC coBnaLieHHll ·c _BblL1eJ18lOLt1erc;, TyHH.eJlbHOI"O J:ll!IOLl8 yCHJlHBaeTCH :Ll'ai,xicac :,_. 

K8LlHblM YCl!IJ1HTeJ1eM, HS BblXOLl9, KOTOIJOI'O :~MeeTCH SMHTTepHblii IlOBTOpl!l;:ellb. vfMilYJlbC 

HS BblXOLl0 SM·H~TepHO.I"C;>' n°0BTOpHT8J1H HM0eT LlJll!IT0JlbHOCTb OKOJlO .. 30 •~ceK H ~~;Jil!ITy-

LlY .4 a; j 

\~ .I' • < - • 

, ' .. CxeMa. HaJla>Kl!IB8J18Cb npH IlOMOLtlH reaepaTopa KOpOT,KHX. l!IMilYJlbCOB C <ppOHTOM 

'OKOJ10 0,5 HCeK /c'M.' J)l!IC'. 4_1 •. nc;,.ny'teHHble,B. STl!IX H3_MepeHHHX 38BHCHMOCTH 8;"1IlJll!ITY.z:1~. 

. BbIXOLlHOI"O HMilYJlbC!I~ U OT 38Llep)!(Kl!l t Me>KLIY BXOLIHbIMl!l HMilYJlbCSMl!l. i:tJlll 
·.·. . . . . . B~ . . .. . ', . . ; .. , ' i. . 

cxeMbI LlBOilHb!X coanaLieHl!ll! C K8H8JlOM.•8HTl!ICOBil8LleHHll npaaeL1eHbl Ha, pac. 5. . ·, - ~ . . 

3TH KpHBble ·nOK83biB8IOT, .'ITO .cx:et.ia' Il03BOJ1H0T nony'IHTb' ·HaHO-ceKyHLIHOe paapemeHHe 
' i, . ! , • . I , • , , , . ~ _ , , - ~r :, : , • • ' . ✓ , ·, ' •• ~ .' • ~, , 

BXOLIHbIX HMllyJlbCOB H K08<p<PHUH0HT. oToopa Y. Hee npaKTH'leCKH HeorpaHH'leH; Hanl!l'IH8 

. cionb ~opo~ero·_oTOOpa ~CKJl~'laeT. ii'eooxbLil!IMOCTb. LlOilOnHHT0JlbHOl! ,llHCK.pHMH~aum1; •' 
,. 'r "• . .. . . , -·· ., . . , , . 

.ilJlH CX0Mbl .,TpOl!HbIX COBil.SlleHHl! 8TH, KpHBbI8 ·aHal!OI"H'IHbI. 

·'- ,.· . ' .. - /" : ,·_ . ~ ' t". '. /' 
yf3 pHCYHK8 6 BDLXHO,'.~aK H3M0HH8TCll nonymBpHH8 KpHBbill/, Il0It838HHbIX Ha 

I , ' · . , •• ,, ' i ·,, .,. · ' .. · , ·, • 

pac. 5a, C 'pOCTOM aMn·nHTYLlbI BXOLlHbIX HMllYllbCOB LIJlH CX8MbI LlBOilHblX ·coanaL18HHll •. 
-- -, . . . ;.·. , • ' __ ;< ' ..... ,'. " ·. 1, -·1 ~·. ··_, .. 

CTpenttoll yttaaaH.' nopor ,'IYBCTBH,TellbH~CTH cxeM~- MepTBOe Bp:.MH ;,ottono 60. H'78K~ 

• P~ooqHe xapa1tT8pHCTHitl!l cxeMbI coanitlleH~A-H aHTHCOa'naL18HHl! ObI~H· H3MepeHbl Ha 
)+ '-·,. . .. ,' . . : ·,. ,., .· .• ·. <:. ' : . ' 

ny'ltte. · c 1T -M830~0~ c aHepraell 70 M8!3 B attcnepl!IM8HT8X Ha CHHXpOUHK1;f0TpoHe na-; 

oopaTopirn\ iiL1epH&1x itpot5neM. OvfHH. B ny'lott · "+ .:.Meao~oa OblllH noMemeH&I cuHHTJiii- • 
·. · · .· · · . . •· : • · ·· . ·s· •, ; .· ·,. s 

JlHUHOHHb18 C'l8T'IHitH CO CUl!IHTHJ1J1HT0p8~1!1 pa3~epo~ 10 X 10 X 1 CM H 18 X · 18x •1 CM • 

. yf Mnyni,;CbI' C llHOLlOB <pOTOYMHO>KHT8J18il 56A' VP : IlOLl8B8JlHCb : HS BXO,'.lbI,, CX8Mbl COBll8Ll8-" 
• • : , ' '; • • . ~ • • ' • • , • ' '• . , . '. :, . :, ~' • • , • ' . '. I 

HHl! qepe3 1ta6enH,· PK-50 ·, LlJlHHOl! 70 M· •. TTpl!l CHHTHl!l KP.HBbIX paapemeHHll ,CX0MbI coa-

nall~Hl!lll /pac. 7 /. ans 3~Ll8p>KKH 'oLIH<>I"O· BMIIy:JlbC8 l!ICil0Jlb30B8.JlCH Maraa'1rn 0Tp83KOB 

. 1ta6en~ · PK-;-50 pa3JlR'IHOit. LlJlH~~- Paapenia10mee ape~H .cxeM~ LXBOilHbIX coan'aLieHBl! 
~ • ,,. ' '. • .. ' ' •· . ~ ·' ' . 'I ' " ', ' , i -, '~ • 

Joenble TO'ltt·u/ r · = 1,6 Hcett, a cxeMbI TpollHbIX'COBnaLieHnll /qepabie TO'IKa/. 
', ·., ' ·. ' ' . · .·· . · "' ,• ,• •-4 ' , 'I , 

' r - 2,7 HC8K.'. nonymB!)HH8 KpBBbIX p83!)8lIJ0HHll HS ypoaHe 10,1 J;[Jlll' cxeMbI L1Boll-

Hb1X' l!l ;pol!H~X coana;~H~ll· COCT8BJ1H8T: 5,4 ll 6,4 HC8K, C~O~B~~c;~~BHO. Pa,3Jl~'IH8 paa-
• • . ~ . '_\ - ) • , ✓ . ' \. ' ' ' •..• '' . • ,, : 

· pelIJSIOIUl!IX' Bpe~eH Y, :cxeM LlBOl!H~X ll TpOIIHbIX COBil8Ll0Hl!ll! OO'bl!CHH0TCH pa3JlH'IHbIM 

·. nonolKeHHeM H8'18JlbHOl! pa6o'lel! ;;O'IKH A /cM: pac. 16 / •. · 

KpHaaii paapemeHHH LiiI,s cxeMbl LIB';)ilHblX·,coana:.C.e~all 6 ne.peMeH,HOll aaLiepJKKoll 

'~MnYJlbC8 B ItaHa;e ~HTHCOBll8Ll.,;-~Hll npl!IB8JJ.eHa ,Ha 'pl!lc· •. ,B;. CxeMa aHTHCOBll8!l8HHl! l!(i.:ie-
, '. ,\. • • ,; , , "' '. 1. I • , ' , - • ' , ' " ' · . : . ' ' • , ~ • . 

'eT 'paapema10111ee. apeMH '· = 3,6 HC,eK I H _ ~.bICOitYIO aq,q,eKTH_B~OCTb' - CKOpOCTb' cqe-. 

;a cxeM·bI '.riaol!Hb!X C0Bll8Ll8Hl!lll c' BKJ1l0~8Hl!leM C'l8T'IHK8-8HTl!ICOBil8Ll0HHil nai:tana' B 

3000• paa. 

, Ha, pu,c; g' npeL1CTaBJ1eHa': 38BHCBMOCTh. CKOpOCTl!l C'l8T8 cxe,'.; bl' LlBOilHbIX· COBn°aL1cr- .. 
, • •. • _. • " ' I ' / 

Hl!ll! , O;' HanpslK8HHll H.a cpoTOyMHO~HT0JlHX / •nnaTo". no Hanp!OK0HBIO ip.a.y ~I. _TTpOTll-

>KeHHOCTb "nnaTO"' > 300, B. 
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Cne.i:tyei, oTM0THTb, 'iTO cxeMa' ~pocTa npH' aana~ie H y.i:tooaa B p;60T~·.'c'1~0-

Momb10 aToli ·c::xeM1,1· B-naoopaTopHH 11.i:tepa1,1x npooneM '01,1na H3Mepeaa _paaaocTb Mace 
' . ' '. ' . :' /7/ .. - " . ' .· .- ; . '. . -

aapHlK0HHOro I'! H0liTpanbHOro '_M030Ha . ~ Bo3MOlKHOCTb _01,JCTpOro -H3M0H0HHH KpaTHOCTH / 

CX0Ml,J COBITa.i:t0HHli pacwHpsteT 'B03MOlKHOCTB; ee npl!MeH~HB!I B·, qJB3H~~CKIIX ecbne.i:toBa- • 
' . , . ', . ' 
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