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KanarnH 111.8., MoH41t1HCK1t1i-1 B.A., Can1t1MOB 3.X. 
lr1MnynbCHblH TEA CO 2 -na3ep .nnA na3epHoro 1t1CT04H1t1Ka 

MHOr03apA.l\HblX ltlOHOB 

P9-92-37 

np1,10e,neHo no.npo6Hoe on1,1caH1t1e 1t1MnynbcHoro TEA CO 2 naJepa c ynbT

pacjmoneToaoi-1 npe,nb10H1,1Jau1,1ei-1 raJoaoi-1 CMec1t1, npe,nHaJHa4eHHoro .nnA pa-

60Tbl B COCTaae naJepHoro 1,1CT04HltlKa ltlOHOB Ha CltlHXpocpaJOTpOHe ns3 

Olr1Alr1. HaKa4Ka na3epa ocy~eCTBnAeTCA MO~HblM ltlMnynbCHblM reHepaTO

poM (MO.l\YflATbpoM). BblnOflHeHHblM C np1t1MeHeHi,1M Hen1,1HeHHblX cxeM yc1,1-

neH1t1A MO~HOCTl,1 nyTeM C>KaTltlA 3fleKTpOMarHltlTHOH 3Hepr1,11,1 BO apeMeHltl, 

napaMeTpbl naJepa : 3HeprnA BblXO,l\HOro 1,13ny4eHl,1A ~ 13 A>1</1t1M., .l\flltlTenb

HOCTb rnraHTCKoro ltlMnynbca Ha nonyBblCOTe ~ 100 HC, pacxO,l\ltlMOCTb 1,13ny-

4eH1t1A ~ 5•10- 3 pa.n., 4aCTOTa noCblflOK .no 1 ru. 

Pa60Ta BblnOflHeHa B na6opaTop1,11,1 BblCOKltlX 3Heprni-1 Olr1Alr1. 

Coo6mem-1e O0'bC:lHHfHH01'0 HHCTHl)' r a ll:lt!PHblX HCClf:lOBallHH . }.ly6Ha 1992 

nepeao.n aaTopoa 

Kalagin I.V., Monchinskij V.A., Salimov Eh .Kh. 
The Pulse TEA CO 2 Laser for a Laser Ion Source 

P9-92-37 

The detailed description of the pulse TEA CO2 laser with an ultraviolet 

pre ionization of a gas mixture, meaning for a laser ion source is given . The excite

ment of the laser is carried out by the powerful pulse generator (modulator) 

with a time compression of an electromagnetic energy by means of using the 

nonlinear power amplification circuits. The laser has the following performan

ces : the output energy is ~ 13 J per pulse, the half height time of the giant 

pulse is about 100 ns, the beam divergence is~ 5 ·10- 3 rad, the work frequency 

up to 1 Hz. 

The investigation has been performed at'the Laboratory of High Energies, 

JINR . 
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BBE,UEHl1E 

OCHOBHW · 3JleMeHTOM JiaaepHoro .. !IICTO~a •.moroaapsutHLDC· 
HOHOB, pa60TaKl~ero Ha C!IIHXpol1ia30TI>QHe JIB3 mum 111, ~JISleTCSI 
SJieKTp()pa~pSUIJ-ll,IH raaOBLIH . TEA Jlii3e~. C . YJlbTPa\'Li!IIOJleTOBOH. ,. . 

· . • npe.mroHH3aJ.I.HeH aK'fflBHoro o6'beMa, pa6oTaDIJJ,IDI Ha - cMecH raaos 

... CO2 H}l2 \CO2- .11a3~p), _ HM_IlYJlbCH~ MO~OC'll> KOTOporo BO MHOI'.OM 
.onpe,ZleJISleT cneKTp HOHOB Ha BLIXO,Zle. HCTO\ffiHKa~ J ·, ' 

'. ' PHC- 1 · 

0,DHOH H3 _OCHOBHLIX npo6JieM, B03HHKal>nu,fX np!II C03.ZlaHlffl M0.111-'

HLIX HMilYJlbCHLIX ra30BLIX Jia3epoB C · HaKa\lKOH CaMOCTOsrieJlbHLIM 

paapSUloM 17 1 , ~TCSI npo6.11eMa ·no.11yqeH!IIS1 o6neMHoro paapsua 111 . - . 
COXpaHeHHe. ero ·. 0,DHOPQ,DHOC'l'H B -reqeHHe BCero BpeMeHH BBO,na · 

< 3JleKTPINeCKOH 3HeprH111° ff3BeC'mO;. 'ITO KJiaCCJReCKHH .. TJlel>JJUffl 

,'' paapSU[ (o6'b9MHLIH) CYlll,9CTBY9T .TOJlbKO np111 HH3KOM· (~103 Ila) 

.nas.neHHH. . Ec-recTBeHHaSI l'Qopi.ra. paap.sua npH sHeprOBKJiaJte 
. ~200 ,llx/(.11°a'1'8.) .:.. KaHaJlhHaSI. YcJIOBHe \'LiOPMHDOBaHHSI o6'b9MHOro., 

paapsua onpe.zteJ1S1eTCS1:U0.1WM PSUlOM B3a.MMOCBS13aHHLIX l'QaKTOpo:s~ JC 
OCHOBHLIMH3 HHX·O'mOCSITCSI: ·,naBJleHHe, COCTaB raaOBOH, CM9CH,'. 



ypoBeHb H O.lOIOPO.ltHOCTb npe.m,IOHH3aI.U,fH, pe:irnM BBO.l[a 3HeprHH, , · 
- . , .. , 

nm 3JieKTl)OHHOH CHCTeMIJ H .ztp.. l{JISI no.nyqeHHSI o.zmopo.ztHoro ' 
TJieI011tero paaps:ur,a Heo6XO.ztHM 6LICTPLIH BBO.zt 3H8PrHH ('r ~ i. MKC), 

>• ,: , f • ' -- • • • 

nepBOHatraJibHO aanaceHHOH B eMKOCTHOM HaKOnHTeJie, . B ra30BLIH 
odoeM .naaepa 181. Cpe.ztH pa3JIHtfHLIX :HMnYJibCHLIX cxeM,. HCnOJib-
3YeMLIX B noc.11e.l[Hee speMSI JlJISI Ha.Ka~H . ra30BLIX .na3epos 121 

HaH6oJiee np1-1s.neKaTe.11bHUMH, c,. TO~H apeHHSI 3KcnJiyaTaI.J.HOHHLIX 
' . . , . . 

' . 
xapaKTePHCTHK, SIBJISIIOTCSI cxeMIJ C THpaTPQHHUM ,KOMMYTaTOPOM i1 

MarHHTHUMH: 3BeHbSIMH cxaTHSI. MOJJl,HOCl'H. 3 TH · cxeMIJ no3B0.7ISIIOT 
no.nyqaTb":'. 6o1~inHe HMJlYJlbC~h!e . ),{OlllHOCTH H noJIHOCThIO) OTKa3aThCSI 

. OT HCnOJih~OBaHHSI paapSl.l{HHKOB 14 ,6l~ . . . ·1 
, ·:.. · 

B ~Qf .J:,>a6c:>Te OnHCaH HMnYJibCHL!H CO2 .na3ep: ,.l{JISI HaKa'-lXH . 

KOTOporori\\~rig?/~~?YeTCsi .. HMnYJibCHIDI reHepaTOp · C . YMHOXeHHeM 
HanpSD1CeHHS1'3a·''' C'ieT : HCnOJib30BaHHSI . · HHBepCHH . HanpSDll:eHHSI Ha 

HaKonH-.re.m\;i-tLIX eMKOCTSIX . (TaK HaaUBaeMm1 LG-reHepaTOp) , H. 
MarIDITHue · ;~eHbSI cxaTi1s:1. MOJJl,HOCTH 131 pHc. 1 • 

: ~ ,c,:.,.~'"-,' • /"···,i .. < ·.·-. ·,· : /• 

-CXEMA H ,i(")~~TPYKUHSI MOJ{YJISITOPA' 

3.neKTPH'ieCKaSI cxeua MO.ztYJisriopa, ( PHC. 2) · BKJIIOtra.eT- s ce6S1 
f • , ' ' ' ., ' ,, .... ' 

LG-reHepafyp, co6pa1:IH~ Ha· · 4 KOH.zteHCaTOpaii:: ... JAM.:._ 100-0 .1, 
• , . r-. ·'"' BK".JIIO\JeHHh..'X no .l{Ba na pa.JI -

l c_ i~ ,, , .· · •.. , : . . ' 

, \ 1 ":;, , r· .-. . \ JieJlbHO s Kax.ztoe n.neqo 
~~~-. ,-·

0
• • - (G

1
=G

2
=200 H~)-

..... ' l 

'. .. , . . .. I ..J.. R 3 1 f P _- l{.7151 KOMMYTaUHH 11cnoJib-

· 
...... 'U · L. 1. J·. ! . C3

1 9 .a.ye. TC.SI so.zropo . .lOILIH. · .. TH· paT·-" · ~ R1 poH rrH1-2soo1so. HH.ztYK-
.· ::...- · _ ~ · --.r-_ _..,,,.. J. E 2 THBHOCTh L1 cocmHT · ·ifa 
. _ .. Li::'. T 'fp6 He.mmeHHoro · .ztpbcceis:1 . H 

"I"' · KaTYJ]IKH · HHJlYKTHBHocTH, 
' BKJIIO'ieHHWC \ nocJie.ztoBa-
,kJlbHb- 'HeJIHHeHHLIH_ ,llpoc'~-

·. •fi11c:~"2 ·ceiib, npeJlcTaaJiS110rii.Hfr·co-
·6ow 

0 och.iOTKY H3 3 .. '. BHTKOB Ha nei>MaiJioeBOM- cepl[e~HKe paaMepo"M 
_.433.>:200x25 ';>}.(M, .. o6ecne'-lliBaeT. aa.zrepiKY 'HMilYJibCa TOKa·: ·no 

2 

1 

j 

!: 
I 

,i. 

r' 
/ 

OTHOWeHHIO K,MOMeHTY KOMMYTaUHH THpaTJ)OHa, "ITO npHBOJUIT. K 
CHHJteHH!O .cTapTOBLIX rioTePb 131 .JAHJIYKTHBHOCTb 1i_ s ·HacllllleHHOM 
COCTOSlliHH BhI6patta ~10 MKf H, 'ITO. orpaHHtIHBaeT aMI1JIHTY.zmoe 

· aHa'ieHHe TOKa qepea THpaTpoH Ha yposHe ~4 KA. l{po~ceJib - ½ 
· npe.ztcTaBJISleT · co6oi1: 8 BHTKO~ Ha nepMa.11.noeBOM cep.ztetIHHKe 

paaMepoM 250x90x100 MM- Kax.l[a.51 eMKOCTh c3K BeJIHt{HHOH 44 ~J 
co6paHa H3 ,llByX KOH.zteHCaTOpoB HM-70:-0 ,) , . : coe.zoraeHHLIX 
IlOCJie.l[OBaTeJibHO: l{pocceJIH L3 K · - , 3 BHTKa Ha nepMaJIJIOeBOM .. 

cep.ztetI!:IHKe paaMePQM 250x90x100 MM- 060CTl)HTeJibHUe eMKOCTH 
C

01
~= 9 HJ co6pam,i H3 80 KOH.zteHCaTOpoB K-15-4 eMKOC'IbD 470: nJ~ ·~ 

uenb KOH.zteHCaTOPQB HMeeT pa3p1,IB p, BliDlOJIHeHHW. B BH.zte 40' 
HCKPOBblX npoMeXYTKOB, OCYJJl,eCTBJLSOOlll,HX YJibTPa~HOJleTOBYD 

npe.zthJO~HaaJ.U,11> paapSUlHoro npoMexYTKa EK. 
reHepaTOpoM PaaMarHH~BaHHe . .ztpocceJieH oc~ecTBJISleTCSI 

paaMarHH"IHBalOJJl,HX HMnYJibCOB TOKa 16 . 

•\ 

.. · KoHCTDYKUHSI MO.ltYJISITOpa npe.l[CTa.BJieHa: · Ha DHC. 3 • 
ldO.ztYJISITOP rnrraeTCSI 

3 
OT 

-'l .6~ BhlCOKOBOJibTHOro BliDlPSIMH-

1 '· ' h: 11. e (j,,. -~ TeJISI (1). nma.,, Y. B.~50./50 .•. 
j ·. · I l B - A II 

1 
. reHepaTOp. pa~Mar~H-

s;;;;; I I A.,- "IHBaDJJl,HX HMflYJibCOB TOKa, . 
/

1 i\ ID-reHepaTOp', HWIYK_ ms-
' I' ' ' ' ! -, I I HOCTb 1i_ H JU)()cce.Jlb -12 

pacno.11oxem,i s MeTaJIJIH':-

qecKOM WKaWY (2)\ eMKOC'llf 

PHc. 3 c3K · ~-- .l[J)OC'ce;m: _ ~K 
IK=l.2/ pacno.11oxem,1 Henocpe.zccTBeHHO s JiaaepHLIX ro.11osKaX (3).' 
MH.ztYKTHBHOCTh Ka6e.11ew, coe.ztHHSIDIIlHX mKaW c .11aaepHI,1MHf roJIOBKaMH~-
~1MKrH~ . 

KOHCTPYKUMSI ~A3EPA 

KoHCTPYKTHBHo' Jiaaep ·ai,mo.11HeH a BH.zte .llByX ro.110BOK-: ro.11osKa 
( DHC-·4J COCTOHT'H3 }lByX tra.CTeH - BepxHeH H: HHXHeH. 

8 sepXHeH tra.cTH: . o6oeMOM 200x760;100 MM J)a3Mememi 

3 



paapSUIHaSI KaMepa Jiaaepa H on:rn'!eCKHH peaoHaTOp. P~apSU[HaSI 
KaMepa .o6paaoBai-la .ZWYMSI npotl)HJIHPOBaHHW.rn 3J1eKTpo.nau11 (1), 

' 
! ·, 

. :, - r--~- u--. .. 
~ ~ r--. • ➔ • ·, -~ ..... .• r=; 

' ':: ,,,. ·• - ..._t -~ 

I. 

l5C!O ;.....:-----'•-----------

PHc~ 4 

· · 06ecnetrnBaJOiiU1MH o.zruop<>.lt.'._ • 
C. . . . . . ; . 

s:: i .::. \ 

:•.11 

! 
I 
I 

_j 

Hoe noJie, paccTO.snme Mex-
. ' ' ' '. ' 

Jr:( KOTOPhlMH Bhl6paHO 25 MM 

H MOXeT BaPbHPOBaTh~SI B 

npe.zreJiax :t15 MM, B.l{OJib 

KOTOPLIX C .l{Byx CTOPOH 
pacnOJIOXeHhl KOH.l{eHcaTOpl,l 
YJ!b Tpatl)HOJleTOBOR no.zrcseT
KH aKnfBHOro 06'beMa
lOc:rnpo~~tIHhl€! .Y3Jll>i aepKaJI 
on:rn~cKoro peaoHaTOpa 
(2,3) K~nsrrcSI K TopueBhlM · 

~ ' \ . 

CTeHKaM paapSUIHOH KaMepI,I. 
B. 60KOBhIX CTeHKax paapSUIHOH KaMepI,I HMeIOTCSI ... OTBepc:rnSI, 
Heo6XO.llJ,fMl,le,.ztJISI npOTOKa ra30BOH CMeCH qepea aK:rnBHl,IH o6'beM-. 

fu ,_3_' .-----

.. 2 ~dl/4 //hJ::7 
·.~'~ ... o, xH 

B H~XHeH \.la.Cnl TOJIOBKH 

pa3MepoM 344x850x130 MM .. ' 
paaMell(eHhl .zrpocceJib (4) •11 

~·Ll<:<,~ 
. . 

• 

• PHc. 5 

r A30BA5I CHCTEMA 

_l_·-" i . ·_ ! 
-~~-
j. . .. ·' 

~ 

KOH.zteHCaTOpLI ( 5) nocJie.zc- . 
Hero aBeHa cxa:rnSI Mo.zry-· 
JISITOpa. BBO.l{ 3HePrHH B 

raaopaapSUIHYD · KaMepy 
OC Yll(eC TBJISleTC SI qepe;3 

mnHJibKY, 0.lIHOBPeMeHHO 

ynJIOTH500JllYIO Ha BaKYYM 

MeCTO ,BBO,Zia • .. · 

.. /.:~, 

CTPYKTYPHaSI cxeMa raaoBOH CHCTeMl,I npe.ztciaiJreHa: Ha ::pHC. 5. 
CMec~ raaos N2 _H co2 , nocTYI1a1>1l(HX OT 6aJ1J10Hoa:(1), ·o6paayeTCSI · 
B . CMeCHTeJle . ( 3) · H nona.ziaeT ~ a .11aaePHYD :rOJIOBKY : ( 4) • 
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COOTiiOlIIeHHe' ra30BbD( KOMilOHeHT YCTaHaBJIHBaeTCSI POTaMeTpaMH 

(2). nocToSIHcTBo .naaJieHHSI ·s JiaaepHoH roJIOBK.e . (~0,5 am) 
o6ecne~sae·TCSI 3JieKTPOMarlllinU,lM KJianaHOM ( 5) , 

1 

yripaBJISleMI,IM 

3.11eii~oKOH'Di~i-HhlM MaHoBaKYYMMeTPQM 3KMB-1 (6)_. · 0TKatJKa 
oTpa6<>iaHHOH raaoaoH cMecH H3.JiaaepHoi1 ro.11oaKH /npoH3BO.llHTCSI 
ll)opaaKy-yMHh.lM,HacocoM (7). . 

CHcTeMa -n6aooJISJeT ocYll(ecTBJisrrb nocTOSIHHYK> cMeHY _·raaoaoi1 
cMecH' B paapsuiHoH KaMepe~ c pacxo.zcoM 0,5+1 JI/MHH, Heo6xo.l[HMYD 
.ztJISI HOPMaJlbHOH pa6oru Jiaaepa. 

3KCIIEPHMEHTAJibH,bIE PE3Y.7IhTATbl 
'-f 

. ,.; ,·.,' '. . - ,, ' '.\, ·. ,, 

J{JISI HJIJIIO<:TpaJ.U,fH pa6om MO.l[YJISITOpa Ha PHC -6 . IlPHBeJieHl,l 
-. ocuw.11Jiof paMMLI HMnyJibc·os roKa H HanpSIJCeHHSI. B cooTBeTCTBYJOll(HX 
TotJKax ero cxeMLf; _ 

Otl.\HJIJ1orpaw1,1 no.11yqeHL1: Ha J.UiftlJposoM OCJ.Uif~Jio:rpa(l)e C9 :-8 . , c 
, nocJie,m,IOJIU,fM . BhlBO.l[OM ,ZiaHHhIX H3 naMSinf OCJ.U,IJIJIOrpa(lia, B naMsrrb 

.·. nepcoHa~bHOro \minbIOTepa IBM PCIXT qepea 'HHTep\l)ei1c KOn" 191· H 
' , ' ' ,·•, .C ~ ,. 1. '· - • . , 

COOTBeTCTBYJ()ll(eH o6pa60TKOH IlOJIY\ffiHHhIX MaCCHBOB JJaHHI,IX. 

, 'Ocu,i,IJIJIOrpaMMa pHc~ ·6a noKaaLIBaeT ',H3MeHeHHe _ TOKa · qepea 
:rnpaTPoH' noc.11e' KOMMYTatiHH- HaMeHeHHe '~npSIJCe~ 'a TO~ax 

1, 2 ; 3 cxew · p ~c • 2 noKa~a:HLI Ha OCJ.UifJIJIOrPaMMax p He_. 66,, 6B, 6,r ~ · 
Ha ocJ.U,1JIJ1orpaMMe pHc-6r BH.lIHa «,opMa· · HMnyJlbca HaKa~, 

xapaKTePH3YJ()ll(aSiCSI KOPOTKHM IlHKOM, B03HHKaK>ll(HM IlOCJie . npo6oSI . 
no.zcf ~e~Ba10ii(ero npoMe:icy-ixa P I H. o6ecnetIHBalOJIU,fM •• 6uCTJ>C?e 
yaeJIH\leHile KOHL\eHTPB.J.UifH cso6o.lIHhIX 3JieKTPOHOB, noSIBHBlllHXCSino.11. 
.zreHCTBHeM YJlbTpa(liH~JieTOBOH IlO.l(CBeTKH paapSU1Hor6 npoMeli:ma- .. · 

· · .·· 'BcJI~Ji 'aa mucoM HJie':f. mmyJlbc paap.s:uia eMKoc:rn , d3k _ Ha 
· conpoTHBJieHHe paapSUIHoro npoMeXYTKa-

11Mnyk,c' n~.l[JJieCTBYJ()ll(HH 'IlHKY' B03HHKaeT Ha ccmpo'l'HB.i1eHHH 
R3k=200 OM, BKJll)tJS~HO}'.' napa.11J1eJlbHO .pa~PSUIHOMY npoMe:z:~; 

· BCJie.l[CTBHe \.la.CnftIHOrO. paapSllla eMKOCnf f3k tiepe3 HeHaCl,lll(eHJWH 

.zcpocceJlb L3 R. 
PeayJlbTa?l>f IlOJIY\ffiHlil npH aHa\ffiHHH aapSU1Horo HanPSD:ElHHSI 

5 
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U=33KB H COOTHOlllemm KOM-
noHeHTOB ra3OBOH CMeCH B 

pa3PsutHOH KaMepe (N2 : CO2 ) 
2:1-. 

Jia3ep pa6OTaJI YCTOH-· 

'-rnBO B .l[Hana3OHe tia.CTOT 

noBTOPeHHSI 0,1+1 ru. Ec.1111 
npHHSITb Mepbl no o6ecne-
'leHHIO 6bICTPOH npoKa'l.:IKH_ 
ra30BOH CMeCH qepe3 
pa3PSUCHYJO KaMepy .11a3epa B 
omaSIHHOM pexHMe, c noc-
Jie.llYl)nu,IM ox.nax.zxeHHeM w . 
pei:;eHepaUHei-i oTpa6oTaHHOH 
cuecH, a TaKXe o6ecnetnfl"b 
3\'D(OeKTHBHOe , OXJiaX,lleHHe 

. 3JieMeHTOB ~JleK:TpJ.NeCKOH 

u.enl-f, TO tia.CTOTa' noBTO.:..: 

peHHSI MO:Z:eT 6lilTb ' 3HaiJ:H

TeJlbHO YBe.llli'leHa, 
'topua CBeTOBOro HM-

nyJibca npHBe.zxeHa Ha 
' ' 

OCUHJIJIOrpaMMe- pwc.7, 
JL11HTeJibHOCTb 
HMilYJibCa _Ha 
---100 HC-

AnepTYpa 
H3JfY'leHHSI 

· 12,5 c.l-. 

rwraHTCKoro·· 
noJIYBLICOTe 

BLIXO,llHOro 
COCTaBJISJeT 

3HeprHSI l-f3JIY'leHHSI Ha 
'' BWCO,lle .11a3epa, H3MepeHHaSI 

C IlOMO~IO 11PH6opa' HM0'-2, . 
cocTaBHJia JL1ISI.· n.11ocKoro 
peaoHaTOpa, C BLIXO.l[HbIM 

. aepKaJIOM J.f3 ZnSe H rilyx~ 
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3epKaJIOM H3 · A'l., Haoo~ 

JieHHoro Ha CTeKJISIHHYI) 
no.Moxey,. ~13 JJ.x, Ha 
HMnyJibc, npH 3aPsutHOM 

Hanpsa:emm U=45. KB w 
COOTHomemm KOMnOHeHTOB 
cMecw (N2 : CO2 ) 2: 1, pac

XO.llHMOCTb Jia3epHoro H3JIY:

treHHSI --.5 · 10 ~ 3 pal(. 

3Hepre'llNeCKHE! 
1

xapaK:-

TePHCTHKJ.f H3JiyqeHHSI Jia-:-; 

aepa Mory:r 6hITb yJiyqmeHbl; ec.1111 B noc.neJCHeM · 3BeHe cxam-5! 6ym 
HCnOJib30BaHI,I .KOH.l(eHcaTOpl,l C 60.11ee HH3KOH . .' co6CTBeHHOM 

HH.ll.YKTHBHOCTbIO, '-IeM c6opKa Ha llB¥X KOH.lleHCaT()P9B HM-70-0 ,1. 
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