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PE3YJihTATbl 3KCIIEPHMEHTOB IIO OBHAPYiKEHHIO 
I 

JIYHHO:ff HOHOC«PEPhl, IIPOBE,IJ;EHHhiX HA IIEPBOM 
IICKYCCTBEHHOM CIIYTHHKE JIYHbl 

(llpeacraueno ,aKaaeJJtuKOM A. JI. Mun!feJJt 23 VII 1966) 

Ha KOCMH:'leCR<OM amrapaTe JlyHa-10 •B 'lHCJie ;n;pyrHx rrpH6opoB OhlJIH ycTa­

HOBJieHLI ,[\Be JIOBYIIIKH 3apHiR9HHLIX 'laCT:HIJ;, !Upep;Ha3Ha'leHHLie )l;JIJI perHCTpa­

JJ,Hl1 IIOJIOiRlUeJILHhlX ROHOB II aJie.KTpOHOB HH3KHx ::mepruft ( 1) • B !Ha'cToJim;eM 

COOOIIl;9HllH IIpltBO)l;JITCJI rrpe,lWRPHTeJILHLie pe3yJII>TaThl o6pa•OOTKH )l;aHHhlX, 

IIOJIY'!9HHhlX C IITOMOIIJ;hiO 3'THX J1nBymeiC 

fHIIOTe3hl ·0 ·Cym;eCTBOBaHHH !B6JUI3H JlyHhl •OOJiaCTH C IIOB:blilleHHPH (no 

CpaBHEliHHIO C MeiRUJiaHeTHhlM npOCTpaHCTBOIM) KOHD;9HTpan;Heft 3apHiReHHhiX 

'!aCTHD; - HOHOCcpepLI JlyHI>I, <OCHOBaHhi Ra TO~I, 'ITO rpaBHTaD;HOHHOe IIOJie 

J}yHhl. )l;OCTaTO'lHO ,rt;JIJI yi];epmaRHH a'TOMOB THiR9Jihl..'C ra30B (HaiipHMep, apro­

Ha), ll'C'rO'lHH'KOM 1WTOphiX MOry1' 6I>ITb KaK IIOTOKll COJIHC'IHOH 'IIJia'3Mbi, Tal> 

n pa1)l;HoaRTllBHLiil pacrra,p; IiaJIHH. HpoMe Toro, JJ:crrap.Hrom;necJI c nonepxnocT-u 

JlyRhl aTOMhl BO,rt;Opop;a (neii:TpaJIH30BaBillH9CJI tiipOTOHhl COJIHe'lROI10 BeTpa) 

BCJie,rt;CTBII'e rrepeaapJI)l;KH ·C TIOJlO/KHT9JihHbDMFI HORaMH IIOTOKOB COJIH9'lHOrO 

BeTpa TaK/Ke MOryT C03)l;aBaTh HHRO'DOpyiO ROHD;9HT-pan;HIO npOTOHOB MaJihlX 

a.rreprnft BOJIFI3H. Jlynr,r. Pac'leTI>r ( 2- 4) .AJIH pa3JIH'IHI>Ix Mo,n;eJieft JWRoocpepbi 

IIpHBO,[IHT .K RCJHD;9HTpan;HH 'IUCTFID; B rrpe,rt;eJiaX 5 · ·101 7 103 CM-3• 8KCIIepn­

M9HTaJibHhie OD;9HKH 1B9pXHeM rpaHH'D;hi :meKTpOHHOH KIQRD;eHTpan;nH ne B OKO­

JIOJIJRHOM rrpocTpa!HCTBe OhlJIH <ITOJIY'!9Hhl no na6Jirop;e.HHIO pecppai<'n;nu pa,p;uo­

BOJIR rrpH 3aTMennR Jlyuofr pH)];a pa•)];HOHCTO'lHRRoB. ITo 3aTMHHHIO Hpa!QOBH)l;­

Hoii TyMa:RHOCTH B 1956 r. OhlJia rroJiy'leHa Oill;eHKa ne """ 103 - 104 c·M-3 

2 3aBHCHMOCTH OT BhlOO'Tbl O,ll;ROpO)WOM aTM:OCcpephi h ··OT 80 .,rt;O 5000 RM ( 5). 

B 1963 r. no naonro,n;enRIO 3aTMeJHHH pa,n;ROHCTO:tiRHRa 3C273 nepxHJJJH rpaHH­

ua ne y IIOBepXB!OCTH JlyHhl ObiJia IIOHl'l.meHa ,n;o BeJIH'lHHhl 1100-200 CM-3 

(B rrpe,rt;IIOJIOiReHHH, 'IJTO h ,...._ 80 KM) (6, 7). 
Tpy;:J;HOCTH nenocpe,n;cTBeHHoro H3MepeHHJI Konn;enTpan;HH 3apJimennr,rx 

1JaCTHD; B :HHOCcpepe JlyHhl, IIOOVIHMO MaJIOCTH orrpe,n;eJIJieMOH BeJIH'IJIIHhl, ycyry6·­

JIJIIOTCJI HeOrrpep;eJieHHOCThiO ·cBe,rt;eHHil: 00 3JieRTpH'l9CROM !IIOTeRn;HaJie CIIyT­

RHRa. B ·CBH3H c STJiiM na JlyRe-.10 npHMeneHhl r<aR JionyiiiRa, ·rrpe~naana'!eH-­
naH ,[IJIJI li3MepeRHJI RORD;eRTpan;HH TeiiJIOBhiX •IIOJIOiRHTeJihHhlX HOHOB, peru­

CTpan;HH . ROTOpbiX BO.SMOiRRa, eCJIII llOT9HD;HaJI 1CIIYTHHRa •<pen;;;;::; 0, TaR l1 

JIOByiiiRa, npe,n;Ha3HU'leHRUJI ,rt;JIJI H3MepeHHi.fi IKOHD;9H1'PUD;HH T9IIJIIQBhlX 3JI9I<­

TpOHOB, perHCTpRpyellfhl·X npR •<pen ~ 0. CxeMa nonymeR H BeJIH'lHH:&I narrpH­

iKe:imil: Ha 3JI6RTp0,[1UX OTHOCHTeJihHO Koprryca CIIYTRHRa IIIOKa3aHhl Ha ,PHC. 1. 
MonHaa JIOByiiiRa (a) HBJIHeTCJI Mo,n;yJIJin;nonnoii: .:a cocTOHT H3 ,n;Byx n~eRTR'l­
HhiX JIO'BymeR C COe,rt;HHeRHI>IMll KOmieKTOpaMH, 6JIH3KHX 'ITO ROOICTpyRD;llH 

K JIOBymRe, OIIHCaHHOH B (8) . Tar<aJI KOHCTpyKD;HH II03B·OJIJieT 3Ha'!HTeJI:&HO 

pacmnpHT:& yrJionyro xapaKTepRCTRRy JIOBymRH. Ha Mo~yJIJID;HORHYIO ceTKY 

IIO~aBaJIOCb rrepeMeRH-Oe HaiipHiR9HHe ITpHMOyrOJibHOH cpopMhl OT - 3 ,J:\Q + 7 ·B. 

IIepeMeHHaH ·cocTaBJIHrom;aH KOJI.JieKTopnoro TORa perRcTpRponaJiac:& peaonanc­

HhiM yCHJIHTeJieM, HaC'I'pOeHHbiM Ra 'l!l.C110TY MO)l;yJIHD;llll. 

B RoncTpyKn;Rro ·aJieKrpoHHOH JionymRH no cpaBHeRHIO c TpexaJieRTpO,rt;Hhl­

MH JIO'ByriiRU:MH C IIOCTOJIHHhiMll IIOT9HD;HUJIU'M.H Ra 3JieKTpO):IaX, Y<CTUHOBJieH­

HhlMll Ra ,n;pyrnx COBe.T-CKHX KOCMH'leCRHX arrnapaTUX ( 8, 9), ObiJIH BReCeRhl 

ll3llf9HeHHJI ,rt;JIJI yMeR:&'illeHHH Be'JilPillHbl ,!f>OTOTO!Ka C BHemneii: C9TI<ll ll ):leTa­

~eii: ee HperrJie:HHJI. IIoTenn;RaJI:&I ·BRemHHX ·ceToK JioBymeK pa3 B 2 I.MHH. MeHJI-
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JIHCb CRa-q~oo6paaao M COCTaJBJI.IIJHI JIHOO 0, JIHOO -50 B ,!J;JIH Jii.OHHOH H JIHOO 0, 
JIH6o +50 B ;U;JIJI :aJie.KTpoaaoii: JIOBymKH. CHrHaJI Ha Bhlxop;e ycnJinTeJIJI aJieK­

rpoaaoii: JIOBYIIIRH IIpOIIOpcqHOHaJieH KOJIJieKTOpHOMy TOKy, ecmr JIOCJie,!l;HHH 
OTpHIJ;aTeJieH, H OTCYTCTByeT, ecmr TOK IITOJIOJKHT9JieH. 

PacrroJiomeHHe JIOBymeK 'Ha arrrrapaTe. Jlyaa-10 H npoeKD;JiiJI op6HThl JlyHl>I 

Ha IIJIOCI\OCTb 3KJIHIITIIKH ,!l;JIJI paCCMaTpHBa9MhlX MOM9HTOB BpeMeHH 
IIOKaaaHlll CXe:LVIaTH"qeCRH ( 1). 

EcJIH c~opocTb KOCMH-qecKoro arrrra­

·paTa npeBMrnaeT HJIH 6JIHaKa K cpep;­

neii: TeiiJIO·BOH •CKOpOCTH HOHOB, TO TOK 

HOHHoii: JI.OByiiiRH I P cym;ecTBeHHo aa­

BHCHT OT OpHeHTaD;MH IIJI.OCKOH JIO<Byiii­

KH IIO OTHOilleHHIO K BeKTOpy CKOpOCTli. 

HaMepeHHH ROJIJieKTopHbiX TOKOB Kam­

,n;oii: H3 paCCMaTpHBa9Ml>IX JlOByrneK 

IIpOH3BO,!l;HJIIICb BO BpeMJI ·CeaHCOB pa­

,lJ;HOCBH3H O,lJ;HH paa B 2 1\lHH. 'llpH rre­

pn:op;e Bpam;ean:JI crryTHn:Ka "'40 ceK. 
Boa~wmao, -q:To Jii!MeHHO III03TOMY naMe­

peHHMe aaai'IeHHJI I P MeHJIJIHCh p;o­
BOJihHG HeperyJIJipHDIM o6paaoM. B6Jih·­

rnaa -qacTb O'Tc-qeToB (rra o6m;ero 

qHCJia "'450) Jie)KHT •B lflpep;eJiaX 
(3 -;- 5) ·10- 12 a. 

Ha pKc. 2 IIOI<aaaHM aHa-qeHna I P• 

a 
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Pl!IC. 1 

H3MepeHHble B .MeamJiaHeTHOM upocrpaHCTBe (A) H BO BpeMJI rrpeoMBaHHH 

JlyHlll B IIp8,iWOJiaDaeMOM Ilp0,!1;0JIJK9HUH <<XBOCTa>> Mal'HHTOCcpepl>I 3eMJIJii (1) 

aa pasJIH'qHl>IX Bl>ICOTax H OT rroBepxHOCTH Jly;a1>r (B) . Ha rpacpHKa 
(rrocTpoeHHoro c HCIIOJillao·BaHMe~I ana-qeHHii: I p, rroJiy-qeaai>rx Ha paaJIH-q­

Hllrx o6oporax CIIYTHMKa .BOKpyr Jlym,r) BII,!l;HO, 'qTQ 3aMeTHaH 3a1lliCAHMOCTb 

I p or 11 orcyTCTByer. CpaBHeHn:e aHa-qeHn:il: I p rrpH Haxomp;eHHH Jlyahl 

B XBOCTe ·Mal'HHTOCcpepbi 3eMJIH II B M9JKUJiaHeTHOM IIpOCTpaHCTB9 

IIO,!l;TB9pii\,lJ;a9T C,lJ;eJiaHHbiH B (1) Bl>IBO,lJ; 0 pa3Jill"qHH IIOTOKOB aap.IIIKeJIHbiX 

-qaCTFID; Ha opoFITe JlyHhi B 0TIIX OOJiaCTHX UpOCTpaHCTBa. (TaK, •B rrep­
BOM cJry-qae cpep;Hee aHa-qeHJire I p' = (2,3 + 0,,1) ·10-12 a, a BO BTopoM 

lp" = (3,1 + 0,1) ·10-12 a . ) EcJiu c<rn:TaTD, -q:To TOK Mop;yJIHD;HOHHOH J.IO­

ByrnKn: orrpe)l9JIHeTC.II TOJibRO 'f81IJIOB:&IMH H·OHaMH (o ,!l;py;roft IB08MOJKHOCTli 

C~I. ,!l;a.rree), TO IIO H3MepeHHhiM '3Ha-qeHM.RiM I p MOIKHO o:qeHHTI> BepXHIOIO rpa­

HHII,y FIX KOHD;fliHTpaiJ;HH, IIp8;U;IIOJiaraJI, ''ITO !pen ~ 0 H 'qTQ MaKCHMaJI:&Hbie 
aHa-qeHMH I p coorBeTCTByiOT coBrrap;eHHIO aoplVIaJIH K 'K OJIJieKropy JIO·BYIIIRH 

e HarrpaBJieHl'IeM BeK·Topa CJ'lopocnr. CeKTOp o6aopa 3TOH JIOByiiiKH (no ypoB­

aro 0,1) coci'aBJIHeT "" 1/ 3 :acero npocTpaacr:aa, rroaToMy rrocJiep;aee npeAJIOJIO­
meurre (rrpH 6oJI:&IIWM <rn:.cJie :aaMepem-Iil: Ha paaHl>IX y'IaCTHax op6HTDI BOHpyr 

JlyH:&I) •rrpe,lJ;CTaiBJIH8TCH BeC:&Ma rnepOJIT,HI>IM. 

8.cpcpeKTHBHaJI UJIOIIJ;a,lJ;:& KOJIJieRTOpa JIOBYillKH CD-CTa·BJIJie'T 14 CM2• C y-qe­

TOM Bcero II3JIOJI~eHHor.o nwawcH'MaJI:&Hhle aaalfeHuJI I p p;aiOT on;eaKy nepxaell: 
rpaHHD;bi H:ORIJ;eHTpaiJ;IIH HOHOIB ni "'-' 100 CM-3, 8CJIH C"qMTaT:& Harrpa·BJieHHyiO 

CH:Opo·cr:& CIIYT.RHRa ("' 1 KM/CeR) MHOI'O 6oJI:&IIIeii: TeilJIOBOH CKOpOCTH l'lOHOB 
( T. e. eCJ.IH C'IMTaTb l'JOHOOcpepy JlyH:&I COCTOJIID;eH H3 THJK8JI:&IX HO.HOB). E ·cJIH 

HOHOOcpepa COCTOHT H8 HOHOB BO,!J;Opop;a C TeMrrepaTypoii: "-',i.QS-10" °K, 3Ta 

on;eHI{a ,n;oJimHa 61>IT:& HecKoJI:&K!O (B 2-3 paaa) rrourrmeaa. 
ToK ammrpoHHoil: JIOIBYIIIRH Ie B 6oJI:&IllHHC'l1Be ceaHcon H3llfepean:H ~oJie6-

JieTC.II B mrrpoH:rrx npep;eJiax o-r .10-10 p;o 2,2 ·d0-9 a (eM. pn:c. 3). Bee OTClfer:&I 

'MOIKHO paa,lJ;eJIHTb Ha .ll;Be I,!J;OBOJibHO pe3KO OTJin:-qarom;n:ec.a rpyiiiibl - <<oOJII>­

IllHe>> TOKH ( ( 1,8 7 2,2) ·10- 9 a) H <<MaJible>> TOKH ( ( 1 7 9) •.iQ- 10 a), a rrpo­

MeJKyTO'qHl>Ie Mem,lJ;y 3THllfH 3Ha-qeHHH TOKa IIO'ITH He BCTpe-qaiOT·CH. . 

<<BOJI:&mn:e>> 3HalfeHHH Ie, rro~BH,lJ;H'MoMy, o6'hacaarorca norrap;aarreM B Jio­

nyrnKy B npou;ecce Bpam;eHHH CIIYTHHKa IIOTOKa cpO'r03JieRTpOHOB, 9MHTT1Ipye-
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ilfhiX ilO)l; ;a;eiJ.CTBHeM COJIHe"UUoro I13JiyqemiH C f)JIH3JielliaiD;IIX Y'JaCTROB IIOBepx­

HOCTII ROCMHqecrwro annapara. On;eHKa 'rPOTOTOI<a c ceror< JIOBymrtii c yqero~r 
Jia6oparopHhlX II3Mepemr:il ;a;aer (3-4) -10-10 a. <<Mam:,re>> 3Rallemm Ie B cJiy­

qaax, IWr;a;a Jlyaa RaXO)l;IITCH B XBOCTe MarHIITOCrflepni 3eMJIII ( CM., Ha­

npH•Mep, piiC. 3A) U >B i\fellillJiaHeTHOM npocrpaHCTBe ( C'M. pi'IC. 3B), TaRJIW' 
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3aMe'DHO pa3.rrnqaiOTCH. TaH, B Mar.HI'IT01crflepe cpe;a;Hee 3aaqeniie Ie paBHO 

(4,8 + 0,1) ·10-10 a, ror;a;a HaR B MemnJiaHeTHOM npocrpaHCTBe Ie He na;a;aeT 

HIIme. 4·10-10 a, a cpep;Hee ee 3HaqenHe (7,2 + 0,1.)··10-10 a. 

liHTepnpeTHpyH (<'MaJihle» .3Ha'IeHJiiH TOKOB HaR C03)l;amaeMnie Jii30TpOllHI>I­

MH tllOTOHaMH 9JieRTIJOHOB H npe)J;'IIOJiaraH Cflcrr;:::; 0, MOlliHO OIJ;HHIITI> rnepXIHIOIO· 

rpamrn;y ROHIJ;8HTpalJ,MH 9J1eKTpOHOB HI'I3RMX ~mepTMH 'B OKOJIOJIYHHOM npo­
CTpaHCTBe. }l;;m yRa3aHHI>IX ·cpet)l;HI!lX 3Ha"<I8tHJiiH C Y'JeTOM 1l031\fo:I-RHOTO ·C)l;Bl'Ira 

HyJieBoro ypoBHH 3a ClleT -no:na;a;aro~x B JioBynmy noTOROB HOHO'B c E > 
> 20 3B on;eHRa Roan;eHTpan;IIM 9JieKTpOHOB c HHepr:rreH: E ......, 1 9B ;a;aer 

lle ......, 80 IOM-3 )l;JIH JlyHhl, HaXO)l;HID;eHCH tB MeffiiiTJiaHeTHOM llpOCTpaHCTBe, 

H ne ......, 60 CM-3 ,IJ;JIH JlyHni IB 3eMHOH MarHIITOCrflepe. 

llpe;a;craBJIHer »HTepec on;eHHa BeJIJillJI'IHDI ne uo ;a;aHHI>IM, noJiyqeHHniM BO 

BpeMH ceaHCa 3 V t1966 r, Itorp;a CITYTHHR HaXO)l;MJICH B TeHJii JlyHni Jii ·rPOTOTOK 
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HeKOTOpOH, XOT.H l'l MaJJOH, CT'8II8HH, 

.l!O~y:rHIJ;IDI IIOTOJ{a HOHOB ·C 3HeprHeH E ~ eUm (Um - rrepeMeHHOe HaiipH­

-a>eHIIe Ha Mop;yJI.HIJ;HOHHoii: ceTKe ) . OpueHTI-JpoBO'IHhiH pac'IeT p;JI.H pa-ccMaTpH­

Bae~wii: JIOBYIIIRH IIOI{a3biBaeT, 'ITO rrepeMeHHa.H OOCTaBJI.HIDID;a.H TORa IIpOIIOp­

IJ;IIOHaJII>Ha ThiC.H'IHhiM )J;OJI.HM IIOTORa npoToHOB coJIHe'IHoro Be:rpa. IIpn:H.HB 

J;;IH OIJ;8Hlni ·AiaRC'HMaJILHYID Bemi'IHHY llOTORa C·OJIHel!HOI'·O BeTpa, H3MepeHHYID 

HHTerpajibHhiMH JIOByiiiRa.~m Ha CIIYTHIIRe JlyHa- 10 ( 1), IIOJIY'IHM )J;JI.H :3HeprHH 

rrporoHOB ,..... 200 :3B 3Ha'IeHne rrepeMHHHOH co-cTaJlJI.Hrom;eii: :roRa I "' 3 ·10- 12 a, 

'ITO 6miaRo K peaJihHO HaoJIIO)J;ae!lroii: Bem1'IHHe I P· PHp; p;pyrnx cpaRTOB - oT­

cyTcTB>He 3aM8THOH 3aBHCHMOCTH :TOHa .Mop;yJIHIJ;HOHHOH JIOBYIIII{H ·OT UOT8HIJ;Ha­

Jia Ha BH8IIIH6H C8TRe If OTCYT'CTBHe aaM8THODO BhlCOTHOI'O XOp;a TOKa - TaR­

:me CBH)J;eTeJihCTByeT B IIOJib3Y rrpep;IIOJIOJR8HHH, 'ITO rrepeMeHHhlH TOR MO)J;yJIH­

IIllOHHOH JIOBYIIIKH •C03p;aeTC)I IIOTOROM IWHOB C ·aueprn:e:fl, r!Ha'IHT8JihHO 

n pe.BhliiiaiOm;eii: TerrJioByro . OtieBH)JiHo, 'ITo yqeT •yHaaaHHhiX cpaRTopo.B !Mome:r 

rrpnBeCTII JIIIIIII> R CHFIJReHHIO IIpHlB8,ll;8HHOH OIJ;8HRFI BepXHeH rpaHifiJ;hi KOH­

JJ;8HTpaiJ;llii TeiiJIOBhlX IfOHOB. 

OIJ;eH!<a BeJIJi[t{HRhi ne ITO p;aHHbiM aJieKTpOHHOH JIOBYIIIRif ,lJ;OJimHa 6hiTh 

JICIIpaBJieHa Ha BaJIFI'IIIHY B03MOJRHOI'O <<IIIepexBaTa>> :3JI9RTpOHOB HH3RHX :3Hep­

THH .n;pyrHMn aJieRTpO)J;a!MH JIOBYIIIRH. IIo •p;aRHhiM rrpe.n;BapnTeJII>HhlX na6opa­

TOpHhlX TI3MepeHHH p;JIH aJiecKTpOHOB 'C 9HeprliieH E "' 1 31B rrprrBep;eHH:&Ie Bhime 

OIJ;9HRJil ne He06X·O)J;liMO, IIO-BH,ll;IfMOMy, YB8JIJi[t{IfTb B 3 - 4 paaa. C 1p;py;ro:fl CTO­

IJOHhl, H8Jlb3.H H-CKJIIO'rli!Tb B03MOJI\HOCT:&, 'ITO 'IaCTb TORa ~Jiei<TpOHHOH JIOBYIII­

RK C03)J;aeTCH IIGTOROM cpOTOBJI8RTpOHOB ·C IFOBSpXHOCTH OIIYTHJiiKa. YlleT aTOI'O 

o6CTOHT8JibCTBa MOJR8T llpHBeCTH TOJII>RO R 'CHJiiJR8HHIO 1IIOJIY'I8HHOH OIJ;8HRll 

BepxHeH rparHHIJ;bl ne. 
Momno rroJiaraTb, 'ITO oiJ;eHRH nepxHeii: rpaHHIJ;hl RO'HIJ;eHTpaiJ;HH TerrJio­

BI>Ix aapm-ReHHI>IX 'IaCTJiiiJ; B ·OH'OJIOJIYHHOM npoe:rpaHCT'B8 ITO p;aHHI>IM !{aR 

HOHHO:i!i (ni ~ 100 CM-3), TaR H 9JI8RTpOHHOH JIOBYill8$ (ne ~ 300 CM- 3) CKOpee 

9C8I'O 3aMeTRO 3aBI>lill8Hbi BCJI8fi:·CTBH9 BJIHHHHH yRa3aHHI>IX IT060'IHI>IX 

acpcpei\TOB, 6oJiee )J;eTaJI:r,uoe o6cym)J;ean:e ROTO>p:&Ix 6yp;eT npoBe)J;eHo B )J;aJib-· 

H8HIII8M. 
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