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CPABHEHIIE PACqETHDIX IIII3MEPEHHbiX BEJIJiqJIH 8JIEKTPOHHLIX 
IIOTOKOB 

)J;JIH IDIIPOKOYrOJILHOrO )J;ETEKTOPA B 8KCIIEPIIMEHTE <<APAKC>> 

B ~mcrrepHMeHTe «APAI\C)) ( 1], n;eJII.IO ROTOporo 6I.IJIO HCCJie)J;OBaHHe pa3JIH'IHI.IX 
<lJH3H'IeCRI'IX HBJieHHH (2] , C 6opTa pai{eTbl IIpOBOAHJiaCI. HHJB:eRD;HH <JJieRTpOHHhiX HM:-
nyJII.COB B HOHOC<lJepy. B H3MepHTeJII.HOM ROMIIJieiWe 6hiJIH HCIIOJih30BaHbl IDHpORoyrOJib- II 

HI.Ie p;eTeRTOpbi <JJieRTpOHOB (3] C IIOJieM: 3peHHH 1f2t'l=±45° H HHJI{HHM: IIOpOrOM: 'IYB- ll 
CTBHTeJII.HOCTH Et ;;;g RaE. }J;eTeRTOpbi 6I.IJIH ycTaHOBJieHI.I Ha paReTaX H HarrpaBJieHhl 8 
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BBepx ['!]. YroJI Meli\}zy OC:biO )J;eTeRTOpa H reoMarHiilTHhll\1 noJieM ll3M8H.IIJIC.II npll Bpa
m;eHii!Ii! paKeThl BORpyr ocH )l;JIH ,sanycRa 26.! '1975 r . B ;n;Ranasone a~24736°, a )l;JIH sa
rrycRa 15.11 1975 r.- yroJI CG COCTaBJIHJl ~32°, 

Ha pHc. 1 noRasaHhl neROTOphle PJlSYJI:bTaThl, noJiy'Iermhle c noMOID;:biO mRpoRo
yroJI:bHoro )l;eTel\TOpa 15.11 1975 r. )l;Jl.II Ha'IaJI:bHOR 9HeprHH HHJHel\THpOBaHHhlX 9JieRTpO
HOB Eo~27 H9B (pli!C. 1, a) H ~15 I<9B (plilC. 1, 6, 6). l13MeHeHHe HaqaJI:bHOrO nli!T'l-yrJia 
8o SJieRTpOHOB )l;JIH <lTiilX ceplilil: 9Jier<TpOHH:biX Ii!MnyJI:bCOB IIOI<aSaHO B HHli\HeiJ: 'laCTH pH
cyHRa. 3amTplilXOBaHH:bie qmryphl COOTBeTCTBYIOT aJier<TpOHH:biM nOTORaM, HSMepeHH:biM 
BO BpeMH JilMnyJI:bCOB, HesamTplilXOBaHH:ble - nOTOI{aM B naysax Meli\}zy liMnyJI:bCaMH. 
JllTpHXOBa.II JIHHHH Ha pHC. 1, 6 nor<aShlBaeT ypoBeH:b CHrHaJia, nO.IIBHBillerOC.II npH BI<JIIO
'leHHH nJia;lMOreHepaTOpa, npHM9H.IIBilleroC.II B r<a'leCTBe )l;OnOJIHHTeJI:bHOrO cpe)l;CTBa. 
HeftTpaJIR3ai(liH par<eThl [ 1]. 8TOT CHrHaJI cym;eCTBOBaJI Herrpep:biBHO Ha TeJieMeTpH'Ie
CROR sanHCH HH<fJOpMai(HH npH pa6oTe nJia3MOreHepaTOpa (OH Ha6JIIO)l;aJIC.II H B Te'leHH9' 

PRe. 1. Ilpmrephl sarmcn TeJieMeTpn'Iecr<o:il HH<flopMan;Hn )l;JIH 
I1IIIpOROyrOd:bHOrO )l;eTeRTOpa 

)l;Jlli.TeJI:bHhlX nays Mem;n;y ceplUIMII IIliiliY:I:bCOB) n 6:biJI MO)l;YJIHpOBaH Bpam;eHHeM paReT:bD 
BORpyr OCH. · IIpH'IHHa nOHBJieHll,H 9TOrO CnrHaJa CBHSaHa, no-BH)l;HMOliY, C YCJIOBHHMll 
pacnpOCTpaHeHHH BOJIH, liSJIY'laeMhlX TeJieMeTpH'IeCIWR aHTeHHOH, B nJiaSJ~.Ie, Bhl6paC:bi
BaBmeRC.II H3 nJia3MOreHepaTopa B OKOJIOpaKeTHYIO o6JiaC.T:b. BcnJieCKII 9JieRTpOHHhlX no
TOROB (pHc. 1, a) B naysax Mem}zy HMnyJILCaMH na6mo;n;aJIHC:b TOJI:blW B Ha'Ia.lle sanycKa 
15.II II TOJl:bRO )l;JI.II cepHft Ii!MJIYJI:bCOB, HHli\eHTllpOBaHH:biX B HHli\HIOIO noeyc<flepy. Ilo
HBJleHHe STHX BCnJieCROB CBHSaHO C CHJI:bH:biM B3aliMO)leiicTBIIeM 9JI9KTpOHHhlX nOTOKOB II 
BOJIH )l;JIH )l;HaiiaSOHa CBHCTOBhlX MO)l; [ 4, 5]. 8TH BCnJieCKH He ~IaCKIIpyiOT 9Jier.;;TpOHH:ble 
nOTORH, Ha6JIIO)l;aBIDHeCH B Te'leHHe Ram;n;oro HMnyJILCa. 1\pm:re TOrO, nOTOIUI BO BpeMH 
lilMIIYJI:bCOB Ha6JIIO)l;aJIHC:b }l;JI.II BCeX cepn:il, TOr)l;a RaR CHJII;Hhle 9<fl<fleKThl B3aHJI>IO)l;eRCTBH.II 
BOJIHa - 'laCTHI(a [ 4, 5] Ha6JIIO)l;aJIHC:b TOJI:bRO )l;JI.II HeCKOJI:bKHX cepn:il B Ha'laJie sanycKa 
15.11. }J;JIH TeX cepnii mmyJI:bCOB, B ROTOp:biX )l;OnOJIHHTeJI:bHhle CHrHaJI:bi B naysax Mem;n;y 
HMnyJI:bCaMH OTCYTCTBYIOT (pnc. 16), MOli\HO l!aMeTHT:b liOCJie Ham;n;oro Ii!MJIYJI:bCa sa
naS)l;hlBaiOm;He SJieRTpOHHhle nOTORH, y6:biBaiOID;H9 BO BpeMeHH. 

B STO:il pa6oTe paccMaTpHBaiOTCH TOJI:bKO noToKn, Ii!SMepenH:ble B Te'IeHHe 9JieKTpOH
H:biX HMIIYJI:bCOB, KOTOp:bi9 MOryT 6:biT:b CBHSaH:bl C pacceHHHeM HMllYJI:bCOB Ha Hei>i:TpaJiaX 
aTMOC<flephl (r<aK noKaS:biBaeT cpaBHeHne HSMepeHH:biX BeJIH'IHH nOTOKOB C paCC'IHTaH
HhlMH no MeTo;n;y MoHTe-KapJio). }J;armhle o6 RSMepeHHHX aJieHTponmrx noToKoB, noJIY
'IeHHhle B STOM me 9KCnepHMeHTe C nOMOIIJ;:biO ;n;pyrHX npH60pOB, npnBe)l;eHhl B pa-
6oTe [6]. 

Ha pHc. 1, a BH)l;Ha saBHCHMOCT:b 9JieKTPOHHhlX noToKoB, nsMepeHHhlX B Te'!eHHe
aJieKTpOHHhlX HMIIYJI:bCOB, OT Ha'IaJI:bHOro nHT'!-yrJia rmmeKTnpyeMhlX 9JieKTpOJ£OB. 8Ta 
3aBHCHMOCT:b HMeeT MeCTO (npH HeKOTOpOM pa36poce )l;aHH:biX) )l;JIH BCBX cepni!r. qT06:bi 
noKaSaT:b 9TO 6oJiee ;n;eTaJI:bHO, Ha pli!C. 2 npe)l;CTaBJI9Hhl ;n;aHH:bie lil3MepeHHR llplil HHli\eR
I(Hiil BHii!S )l;JIH Tpex )l;HanaSOHOB nHT'I-yrJIOB B SaBHCHMOCTH OT B:biCOThl ()l;JI.II Ha'IaJI:bH:biX 
IIHT'I-yrJIOB 8o=1087f20° BeJIH'!HHhl HSMepeHHhlX nOTOI\OB noRa3aH:bl KpeCTHKaMH, )l;JI.II 
8o=f307140°- TpeyrOJI:bHHKaMH, )l;JI.II 80=1607172°- TO'!KaMH; )l;JIH 80=1307140° Iii 
160+172° illTpHXOBKOR noRaSaH:bl 06JiaCTH cpe)l;HeKBa;n;paTH'!HOR )l;IICllepCii!lil pesyJI:bTaTOB" 
HSMepeHHii). Ha pHc. 3 npHBe;n;eHhl )l;aHH:bie HSMepeHHii )l;JIH rmmeKI(RH BBepx (80=4°) 
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B 3aBJ2!CRMOCTR OT Bl>ICOTLI (Kp6CTRI\aMn), lliTpllXOBaH JUIHJ2l11 COOTB6TCTByeT cpep;He
I\Bap;paTR'lHLIM aHa'leHHHM naMepeHHLIX BeJIR'!RH. HeKoTopJ>Ie peayJILTaTLI no nnT'l-yrJio
BOii H Bl>ICOTHOii aaBHCRMOCTR nOTOI\OB OOCYJK,IJ;aJIHCL paHee B [ 7). 

lJTOOLI 0:0:6HRTL, Ka:KaJI 'laCTL R3MepeHHOTO nOTOI\a MOrJia OLITL o6yCJIOBJI6Ha aTMO
c<!JepHLIM pacceJIHReM aJieKTpOHHoro RMIIYJILca, Heoox o,IJ;HMO cpaBHHTL naMepeHHLie . Be
JIR'!RHJ>I nOTOIWB C paCC'lRTaHHJ>IMR )J;JIJI llillpOKOYTOJILHOTO )J;6T6I\TOpa B npep;nOJIOJK6Hilll 
pacceaHnJI aJieKTPOHOB Ha Heii:TpaJiax. 

·,/J;JIJI pac'l6TOB Ol>IJI RCnOJIL30BaH M6TO)J; MOHTe-RapJIO [8] npH CJie)J;YIOIIJ;RX HCXOAHLIX 
n apaMeTpax: f) BLICOTa TO'll\H RHJK6R:O:RR 9JI6KTpOHHOrO RMnyJibCa ho; 2) Ha'laJILHaJI 
aHeprna aJieKTpOHOB Eo; 3) ua'!aJILHI>Iii nHT'l-yroJI aJieKTpOHOB So; 4) nJIOTHOCTL n IWH
;u;eHTpan;nH aTMoc<!JepHLIX KoMnOHeHTOB B aaBHCRMOCTR OT BLICOTLI no MO,n;emr CIRA-65 
[9); 5) HanpJilK6HHOCTL H Hal\JIOH6Hile CHJIOBLIX JIIIHRii reoMarHHTHOTO nOJIJI, paCC'lHTaH
Hbie c noMom;Lro Mo,n;eJIH POGO (8/71) [ 10]. B pacqeTHoii cxeMe y'lHTLIBaJiocL paccea-
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Pnc. 2 Prrc. 3 

PHC. 2 . CpaBH6Hlil6 lil3MepeHHLIX H paC'leTHLIX B6JIH'!HH nOTOROB )J;JIJI IIHlK6K:O:Hlil BHR3 

PHc. 3 . Cpl).BHeHHe naMepeHHLIX n pac'leTHI>IX BeJIII'llilH IIOTOKOB }l;JIH HH JKeK;u;HH BBepx 

H:He 9JI6KTpOHOB npH ynpyrHX CTOJII\HOB6HHJIX C HeiiTpaJiaii'IH, nOTepH aHeprHH l!lplil He
y rrpyrHX CTOJII\HOB6HHJIX H }l;BHJK6HH6 9JI6KTpOHOB B reOMarHHTHOM noJie· M6.1I<)J;Y 
CTOJIKHOB6HnJIMII. ,[(JIJI TpaCCHpOBaHHJI 9JI6KTpOHHOTO Tpe:Ka HCnOJIL30BaHa CXeMa A R3 
paOOTJ>I [ 11) . IloTepn 9Hepmrr 9JI6KTpOHa B aTMOCcpepe paCC'IHTLIBaJIHCL B npHOJIHlK6Hlilll 
[12] )J;JIJI E,;;10 1mB rr B nprr6JirrJKeHRR [13] }l;JIH E>10 KaB. Ce'leHHe ynpyroro pacceH
HIIH paCC'liiTLIBaJIOCL ITO cpopMyJie ( 14) , C 3KpaliRpOBO'!HLIM rrapaMe TpOM ( 15 ). 

,/J;JIH IIHJH6R:0:lillil :meKTpOHHOTO IIMnyJILCa B HHJKHIOIO IIOJiyccpepy o;u;eHKII IIOTOKa H a 
lliHpOKOyroJILHLiii )J;6T6I\T0p IIpOH3BO)J;IU IHCL no cpopM:yJie 

i"'loANAN1AE1/S (c~c2 ·c- 1 ] 

r,n;e lo""0,6·1019 ·lo, c-1 (!0 - cnJia TOKa aJieRTpOHHoro mmy:rLca A); AN - rwacpcpH;u;HeHT 
OTpaiH6HIIJI 9JI6KTpOHHOTO IIY'!Ra OT a nroc<!JepLI HIDKe TO'li\II HHlK6K:O:IIIil; AN1 - OTHOCH
T6JlbHOe 'IHCJIO 9JI6KTpOHOB, paCC6HHHLIX llOC:Ie OTpameHHJI OT aTMOCcpepLI IIO}l; TO'IIWH 
lillilmeE;u;rrn B aTMocipepe, Ha,n; TO'IKOii rrHmer.;;u;rrrr II norra;:~;aror;u;rrx B ,n;rrarraaoH IIIIT'l-yrJIOB 
nOJIH apeHRH )J;6T6I\TOpa (AN1 0:0:6HRBaJIOCL J2!3 IIHT'l-yrJIOBOr O pacnpe,n;eJieHHJI 3JI6K Tp0-
HOB Hap; TO'liW ii I!HlK6K:O:RR); AE - OTHOCHT6JILHOe '!HCJIO 9JI6RTpOHOB Ha)J; TO'lKOii liHJKeH
:O:HH c aHeprHeii E02:;Et (Et- HHJKHHii nopor qyBCTBHTeJibHOCTH ,o;eTei>:Topa). AE on;eHH
BaJiocL liB 9HepreTH'l6CKOTO pacrrpe)J;6JI6HH11 9JI6KTpOHOB Ha,n; TO'lHOii HHJK6R:O:HH; S=nR2, 

R - cpe,Ll;HiiiK pa,n;Hyc 9JI6KTpOHHOro nOTOHa Hap; TO'!IWK HHJK6K:O:HH. 
CpaBH6Hil6 ,n;aHHLIX R3MepeHII ii H p aC'I6TOB li(JIH HHlK6R:O:RH B HHII\HIOIO noJiyccpepy 

npnBe,o;eHo H a pnc. 2 (,o;armJ>Ie pactieTOB rroKaaaHM aa-qep~eHHLIMH TpeyroJibHHKaMir, 
cpeAHecTaTRCTH'leCKnii paa6poc on;eHOK- BepTIIKaJILHI>IMH oTpeaKaMn npaMoii:, ipJiyr>Tya
:O:HH aTMOCcpepHOK llJIOTHOCTR H e Y'!HTl>IBaiOTCJI, CTaTHCTima no '!HCJIY RHJK6HTHpyeMJ>IX 
9JI6KTpOHOB Q'i::;fQ3). HoMepa Ha pHC. 2 COOTB6TCTBYIOT TpeM B6JIH'lHHaM Ha'!aJILHLIX IIIi!T'l
yrJIOB So: 1- 108° ; 2- 132°; 3- 172° • . 

,/J;JIJI RHlK6E:O:HII B BepXHIOIO IIOJiyccpepy 0:0:6HKH IIOTOKa 9JI6KTpOHOB Ha )J;6T6KT0p 
·6HJin c,o;eJiaHLI n o ipopMyJie 

i"'JoAN1/S (cM-2 · c -t] , 

Til6 . S- C6'!6HIIe 9JI6KTpOHHOTO nOTOHa, OTpamermoro OT aTMOCcpepJ>I Bhlllie TO'!RH HH
iiiei\::O:III!; AN1 - H03cpcpH:O:H6H T 0TpaJK6HHH OT aTMOCcpepJ>I Ha,n; TO'!KOK Ii!HlK6K:0:Hil )J;JIH 
)J;HanaSOHa nHT'I-YTJIOB nOJIJI 3p6Hii!11 J1:6T6KTOpa. ,/J;JIJI ho>110 KM ll E 0>15 KaB HCnOJib-
30BaHR6 9TOK ipopMyJibi ;tiJIJI IIHlK6R:0:liH BB6pX onpaB)l:aHO T6M, '!TO nOT6pHMR :meprm-I 
3JI6RTpOHOB B aTMOCcpepe Ha)l: paEeTOK MOJKHO rrpeHeOp6'Ib, TaR KaK TOJIIIJ;a OCTaTO'IHOII 



~TMoc<Jlepi>r cyll.leCTBeHHO Mem.me rr~6era ~meRTpona rrpn: ero TOpMOil>eHHH · B HOIIo
oecpepe OT naqaJII>Ho:il: aneprHH Eo 11,0 E1-8 RaB. 

CpaBHeHn:e BeJUrqn:H ll3MepeHHI>IX 1I paccq:nTaHHLIX IIOTOIWB 7J.JIJI HHllieiHVlli BBepx 
(8o=4°) rrp:nBe)J;eHO na p11c. 3 (l'lacqeTHI>re BeJI:nqJIHI.:! rroRasaHLI TOqHarvm, B pas6poce 
pacqeTHI>IX BeJIJiqHH yqJITI>IBaeTCJI B03MOJRHOe Il3MeHeH:ne TOJlll.IH aTMOCcpepLI HalJ. paRe
TOn; rrpe):(ITOJiaraeTCJI, qTo cpJiy'RTyaD;RH IIJIOTHOCTH Heii:TpaJIOB Ha):\ paReTOii He rrpeBLI-
maiOT 50%). · 

On;enR:n BOSMOmHoro BpeMeH:n sarraS):(LIBaHRJI B cJiyqae HHmeRn;n::n BHHS AJIH aJieR
TpoHOB, OTpameHRe ROTOpLIX OT aTMOCcpepbi IIOf!; paReTOH 1Ip01I30IIIJIO Ha snaqJITeJibHbiX 
pac<CTOJIHRJIX OT paReTLI (rropJif!;Ha HeCROJibRRX p;eCJITHOB RM f!;JIJI ho ~ 150 HM), ITO.l\a3bl
'BaiOT, qTo «XBOCTbD> ITOCJie Ramp;oro RMIIYJibCa (pRC; fe) MOryT 6LITb pesyJII>TaTOM 
:aTMOccpepnoro pacceJIHRJI. 

lis p;aHHI>IX cpaBHeHRJI pacqeTHI>IX R R3MepeHHLIX BeJI:nqJ;m liOTOROB (p:nc. 2, 3) 
.MOlliHO YBRf];eTb, qTO aTMOCcpepHOe pacceJIHRe dpoJIBJIJISTCJI RaR Of!;RH Il3 OCHOBHI>IX Me
:XIUIR3MOB B fJ;RHaM:nRe aJieHTponnoro RMITYJI»Ca B JmHoccpepe. ,[(JIJI cnyqaJI nHmeRD;HR 
JBBepx (8o=4°, pnc. 3) BJIRJIH:ne pacceJIHHJI aJieRTpOHOB Ha Hoprryce par•eTr.I He MomeT 
6LITb cyll.leCTBeHHbiM n poJib aTMoc!flepnoro pacceJIHRJI oqeBnp;na, c p;pyroii: CTopoHM, 
JlhlCOTHaJI ll IIllTq-yrJIOBaJI SaBRCllMOCTL IIOTOHa Ha ):\eTeRTOp rrpOJIBJIJieTCJI Il B CJiyqae 
JHRllieRD;RR BHR3 (pllC. 2). 
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