
~HTEPKOCMOC 

HeKoropble pe3ynbT8Tbl Hay4HbiX 3KcnepHMeHroa Ha puerax 

,.BepTHKanb 1 H 2" H Ha cnyTHHKaX ,J,IIHrepKOCMOC 2 H 5" 

AH fJJ,P 

J,IIHCTHTYT 3neKTpOHHKH 

PeAaK~HOHH851 KonnerHR: 

K). PycreH6ax, K-X. bHwocpcp, Jl, ¢HH. 

i 9 74 
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HCC.liE.IIOBAHIDI HOHOOOEPH, IIPOBEIIEHHHE 
IIP11 ITOWillVI CIIYTffi1KA "miTEPKOCMOG-2" 

HSMEPEHIDI rrm rrowm lll'I.m1HJ1PWIECKHX 
30HJtOB JIEHI'MlOP A 

ITpmBe~eHH pesyJIDT8TH HSMepeHHI KOHU8HTpaQHB 
H Temepa'fYPH SJieKTpoHOB .J4ByMS:, Opll8HTHpOBaHBH
MH :asammonepneH,ltHKYJUiPHO, ltBJDIIHJtpllqecKJ4MJI soH
.lta.Ma JleHrMIOpa ,1\JIS{ BHCOT 200 - IOOO KM. IToKaSa.ao, 
liTO Mai'HHTHOe llOJie He BJnUI8T Ha BeJmlDIHI:l HSMe
pHeMOi KOHU8HTpauHlil H TeMilepaTypH SJieKTpOHOBe 
ITpoBO~TOH OpaBHeBJle pesyJIDTaTOB HSMepeHHI 
KOHUeHTpanHK sapHEeHHHX qaCTHn SO~aMH JleHrMmpa 
lil oVepHqeoKOi HOHHOi JIOBymKO! lil HSMepeHHI 
T8Mll8paT,YPH SJieKTpOHOB SOHJtaMH JleHrMmpa Jl 

BHCOKoqaCTOTHHM 30H~OM. 

Ha cnyTHHKe "HHTepKOCMoc-2" OHJm ycTaHoBJieHH .n:sa 
IijiL7IHHJtpHqeo:mx soH,IJ;a JieHrMIOpa [I ] • Hesa:a:aouoo5 BQa 

SJieKTpOHHOi BeTBH BOJIDT-aMnepHOI xapaKTeplilOT.BKK oi 

(popMii 30H,1la llpJ4 sa.nepu:aa.mua llOTeHr(HaJiax II03BOMeT 

HC1lOJID30BaTh .14~ HSMepeHHI KOHUeHT~H K TeMilepaTypH 
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aJieKTpoaoB aoHJt .mo6oi lf}opMH. OltHa:rtO, HaMepeHHJ~ npB 

UOMOII{ll . I.tiiJIHH.l@Hli80IGIX 30H,ltOB JleBI'MJOpa .llaiOT npKHUiimaJID

HYJ) BOSMOJIUIOO'l'D ( 2) : a) 110fiOJ.r&80BaTD ,1lJl1t 06pa60TKJI1 

06JiaOTD BOJibT-aMnepHO:i xapaRTepHCTHKH, OOOTBeTCTB~ 

npilTJII'JIBBmptM UOTeJmHaJI&Mj 6) JICitJll01m'5 BJm.SBBe Ha 

JISMepeHBB KOH~8HTpaUHB H TeMnepaTypH SJieKTpOHOB ~ 

HIITHOrO fiOJIH 3eMXa {npa 8TOM noBepXHOCTb 30H,1la MOXeT 

6H'.rb . 6onmoi, xoTa: panayc mtmlH.1tPa MaJI no cpa.BHeBJll) c 

I.ij!KJIOTpOHHHM pa.nHyooM aJieKTpoaa). ITo aToi npHliime 

I.tiiJIHH.l@HlleOKHe SOH,llli JiearMIOpa IIIHpoKO JIOfiOJibSYJOTOSi 

npH HCOJie,1lOBaHHJDt BOHOapepHOH IIJiaSMH ( 3, 4 , 5) • lilaMepe

HMSi np:a UOMOH{H ~~pHlleCIGIX SOH,D;OB JieHrMIOpa npOBO;IU1-

JIHOb ~ npa aenoope,1lCTBeaaoA Pa.llHOOBSSB co cnyTHHKoM. 

00HOBHHe sa.naq:a 8KOnep:r4MeHTa C W&.JDIH,D;p:aqeOKHMIIJ. SOH,D;a.MH 

JieHrr.mpa onHcaHB B pa6oTe (I ] • B aacTosuteM coo6utemm 

npMBO~TOSi B 06C~~aDTCH pesyJibT8TH HSMepeHHfi 

aJieKTpoBHO:i KOB~eBTpauaz, noxyqeBHHe BO BpeMR HeCKO~ 

KHX ceaHCOB pa.nHOCBHSH co onyTHHKOM { ~ IO 1il8 o6~~te~o 

liHO~ 259); CpaBHHBamTOH peayJibTaTH BSMepeHHSi KOBneHT-

pauaa SJieKTpOBOB C ,1laHHHMH HSMepeHHa KOHUeHTpauHB 

HOJIOXHTeJibHHX BOHOB npH UOMOII{ll clf}epmlleCKHX HOHHHX JIQ

BymeK ( 6 ) H pesyJIDTaTH H3Mepemti Te.MriepaTypH SJieKTpOHOB 

C ,1laHHHMH BJ:lCOKOllaCTOTHOI'O 30H,1la [ 7 ) , ,1lJIH on;emm BJDIH

HHH MarHHTHOI'O fiOJIH, npHBO~TCH peayJibTaTH H3MepeHHi 

KOH~eHTpaUHR H TeMnepaTypH aJieKTpOHOB 30H.1l0M I H 30H,1lOM 2. 
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OrmoaHHe aiiiiapaTYPH 1il MeTo,noB o6pa6oTu 

KoHOTpytt!lWi SOH,Ita JleHrMIOpa OII14CaHa B OTaT:&e ( I] • 
Ha so~ JieHrMmpa nooq~pexao no.naBanoo:& naxoo6pasaoe 

Ha.npsmeHHe O!_HOOHTeJII>HO KOpnyca CJJYTHHKa (Ba OxpaHHHe 

xoJII>ua Truate, npHqeu OTJIH'tDie aanpsemd He npeBHUiaJIO 

0, I B) , MeJUDJ.f(eecg sa IV 3, 8 celt B npe.neJIBX 

(-3 + +II) B. llepe,It ~HM KSMeHeHHeM RRx006pa3HOrO 

~ 0,2 oeK no~epzH-

BaJioc:& nocTosmaoe aanp.fDltelDie. TaRHM o6pasoM, nepao.u; 

noBTopeHHS cooTasnsn 8 cex. XHanasoH HsMepeHRH TOKOB 

(+2•I0-8 + -5,5•I0-6)a 6u~ pas6HT aa .ItBa no~anasoBa, 
H3MepeHHe no ROTOpHM npoBO~OCb pas~qHHMH yCRnHTeJII>HH

Ma Ka.HaJiaMH • ,IlJIJI npHBJISKH 3HatieFmi TOKOB, TeKyt.qBX Ha 

soH~, K aanpsDitemuo Ha soH,D;e nepe.n HallaJIOM HSMeaemui 

nH~oo6pasaoro HarrpsxeHH.R: aa yoRHHTeJII>HHe _RaHaJIH no.na

Ba..mtc:& npJIMOyroJII>HHe l?lMIIY.JibOH aMIIJmTY,ItOi: 2 B, npH'I6M 

sanHHi ~pOHT HMIIYJII>COB OOBnanaJI 0 Ha'IaJIOM pasBepTKHe 

llpH HaRHliH1il pacnpe~e~eH1ilJI CKOpOCTei: a~eKTpOHOB no 

aaKOHY MaKOBe~ ~AR a~eKTpOHHOrO TOKa 006HpaeMOrO SOH

,ItOM B 06JiaO'l'lt TOpMOllteHWI ( V < 0 ) cnpaBe,IVm.BO OOOTHQ-

meHHe: 

J -A.ne·e ,., (ev} e - i.t • u e e Xf K Te 
(I) 

. r.nf 
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I' ,II; 

xa 

nc 

HC 

ME 
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r~e A - noBepxaocT:& soa.n;a (c.}) , 

e - saps,n; aJieKrrpoaa 

1< - nocTosm:aag BoJI.DUMB.Ha 
lf - IIOTeHUHaH SOH,D;a OTHOCHTeJILHO noTe~ana 

IIJiaSMH, 

~ - Cpe.n;HBH apH~MeTH~eCKaR CKOpOCT:& aJieKTpoHa, 

npH MaKCBeJIJioBcKoM pacnpe.zteJiemm cKopocTe:l l! = J 8 KTe 
e xme 

n?e - MaCCa aJieKTpOHa. 

B o6JiaCTH ycKopearda: ( V> 0 ) ,ItJIH ItWDIH.1tPH~ecKoro 

SOH,Ita [ 8 ] : 

Je= A-2,.e·lle-{!r~?;+exp(flfe) ·(1-ez~~))} (2) 

r.tte ezf { x) - HHTerpaJI oiDH6oK. 

06pa60TKa SOH,II;OBHX XapaKTepHCTHK npOBO,IJ;HJiaC:& HeCKOJI.D

KilMH ·cnoco6ru.m. 

B nepBOM C~ae nAR aKcnepHMeHTaJI:&HHX TO~eK SOH,II;OBO~ 

xapaKTepaCTKKH MeTO,II;OM HaHMeHDWKX KBanpaTOB IIpOBO,II;aJICJi 

IIOHCK BHpaJitelmi (I) H (2) IIpil BapHaumt napaMeTpOB ne , 
V m Te • IIpm aTOM cocTaBJ'I.RDitaH ToKa noJiouTe.m,ma: 

HOHOB cq:aTaHaC:& IIOCTOHHHOi H paBHOi MaKCHManbHOMY saaqe

HBD aoaaoro TOKa. 

ITpii o6pa6oTKe aoH,D;OBHX xapaxTepacTRK no ~yroi 

MeTO,ItHKe 6WIO HCIIOJI.DSOBa.HO TO 06CTO.R:Te.7IDCTBO, qTO B 



- 284 -

06JiaOTJ1 YCKOpSDJ!(RIX DOTeHitHaJIOB aJieK'rpOHHJ:di TOR HS 

· SOHJt. He SaBMOliT OT aJieK'rpOHHOi TeMIIepa'eypH H KO~eHTpa

UWI aJiei(TpOHOB n e MOllt8T 6HT11 onpeneJieHa HeSaBHCHMO. 

liM c.n:y:-qasr e V > > 1 :as (2} noJiyqaeM: 
KTe 

{3) 

OTKy,la ~ aJieKTpOHHOi KOHUeHTpauHH: 

3To cnpaBe~Bo ~ noTe~aJIOB soana 6oJiee qeM Ha 

I B npeBHIDaJIJ{HX noTeHnHaJI IIJiaSMH [ 9] , [ 101. 
B 06JiaOTH TOpMOZeBKH aJieKTpOHHHI TOK KMeeT 9KOfiOHeH

~8JIDJiY10 SaBHCHMOCTD OT Hanp.ftEeHJUI; B STOM c.nyqae 113 

HaKJIOHa XapaKTepHCTHKH SOH~OBOro TOKa, DOOTpOeHHOi B 

DOJIYJIOrap~MHqeCKOM MaOmTa6e, onpeneJI&eTCS aJieRTpOHHasi 

Te~mepaTYJ)a 

,-. _ e V2 -VL (4) 
1 e -- • j 

. 1<. lnf; 
inH Toro, qTo6u npm onpe~eJieHHH TeMnepaT.YPH aJieKTpo-

HOB DO SHaqeHHHM SO~OBOro TOKa OCJia6HTD BJIHHHBe 

COCT~ei BOHHOrO TORa 6paJIHCD BeJIHqmHH SO~OBOrO 

B 

n 

c 

I 

( 
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'l'OKa 'l'OJIDKO HattHHas.t o aexo'l'oporo ero saatteHWI, r,IJ;e 

BitJIBJt cocTaBJIJII(Jitel :aoHHoro TOKa 6sJI MaJI. BHtt:aCJieHU Te 
npOBO.ztmJmC:& Ha 3UBM. MauniJ.Ha Blm8B8Jl8. t KpOMe BeJmtrRHH 

n e ' Te ll IIOT8HUR8Jl8. cnyTHHKa O'l'HOCBTeJl&HO ltOHo

c(Pepaol: IIJia3Mii C.1!8.n;yKIIlHe ,D;aHHHe: 't!ltCJlO TO't!eK, IIO KO'l'o

pHM npoBe,D;eHs oTpesn npSIMHX annpoKcnmpyiaiUre. yq:acTKB. 

IIOJiyJIOrapH~MKtreCKOI: xapaKTepltC'l'HKH H SaBHCHMOCTH 

KBa_npa'l'a TOKa 0'1' Hanp.mteHH.Si, Cpe,1U1He RB8J1J)aTH'CIHlle OTMo

HeHHB 'l'OtteK or.r npHMoi H ,D;pyrme aeo6xo~MHe ,IJ;aHHHe ~ 

oneHKH HaneEHOOTH BHtrHCJI8HHHX ,IJ;aHHHX. 

PesyJI&TaTH HSMepeHHi H HX QOC~eHae 

PesyJffiTaTH BHtrHCJieimSI KOHIJ;eHTpanBH SJI8KTpoHOB n e 

IIO nepBOMY H BTOPOMY MeTO,D;aM npHBe,IJ;etm Ha pHC.!a, Ha 

ROTOpoM O,IJ;HOBpeMeHHO IIOKa3aHH 3HatreHHa IIOTeHUHaRa CnyT

HHKa, onpe,B;eJieHBHe Hs soanoBoi xapaKTepacTHKB.. Ha 

pHOJHKe OT't!e'l'JIHBO B~ nepHO,IJ;H't!eOKHe HSMeHeHHS KOH

n;eHTpanHH SJieKTpOHOB, OOBIIan~e C nepHO,IJ;OM Bp~eHBH 

cnyTHMKa. BH,IJ;Bo, 't!TO saa11eBH.S: n e , onpe,B;eJieHHHe 

,IJ;By.MH MeTo,D;aMH pasJIH't!amTca Meaee ~eM Ha IO% B MHHHMYMSX 

H MeHee 1l8M Ha 50% B MaKOMuyMaX KpHBOi XO,IJ;a SJieKTpOHHOi 

KOHn;eHTpaJlll,llt • PasJIMtme MOEHO 06.&HCHH.Tb R3M.eHeHHeM 
' 

COCTa.BJimOlllei HOHHOrO TOKa npll BpauteHJ4H CIIyTHHRa • 

Ha pac.I6 npaBe,IJ;eHH pesyJI&TaTH asMepeHHH pasJIH't!HHMB 
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-' 

SOH.lla.Dme KaR BQBO li!S 

pme.I6 (9TO ~0 H BS 

pHe.2a} ssaqeHBS KoH

neHTp~ s~eKTpOHOB, 

onpe~e~eHHHe no BsaaMHo

nepneH.D;HKYJUI.PHI:DII SOH

,11a.M, O'l'~a.IOTCSi He 

6o~ee qeM :sa 20%. Ilpm

t~eM ~asa HSMeHeHBI 

(:as-sa MO.ltY.nsnmt Bpa

JQeHHeM cnyTmma} coBna

~aeT. Hs sToro ~aK~a 

OJie.nyeT, liTO MBI'HilTHOe 

IIOJie He ~0 Ha lllSMepeHHSi KOHUeHTpanHlll SJieKTpOHOBe 

Ha plllo.2a npHBe~eHH pesy~TaTH lllSMepeHHSi xoHUeHTpauJH 

SJieKTpOHOB B ~HeBHOe BpeMH Ha BHCOTax 260 - 460 KM. Ha 

pli1C.26 ll1 pHC.2B npli!BeAeHH pesyJ!bTaTH lllSMepeHHSi KOHU8HTpa

URH 3JI8KTpOHOB Ha BHCOTax 500 - I000 KM, OOOTBeTCTBeHHO, 

B yTpeHHee ll1 HOl{HOe BpeM.R: • Kart BR,nHO HS pli!O .2B KOHI(eH'f

PanHH 3JI8KTpOHOB Ha BHCOTax 600-!000 KM MeRSnaCD B HHBa

pe I 970 r • ~OBOJI:&HO CJia60 • 3TO OBE]J;eTeJ!bOTByeT 0 HSJJlfqD 

Ha STBX BHCOTax KaK OCHOBHOi KOMIIOH8HTH lllOHO~epHOI RnaSMH 
+ + 

~erKHX HOHOB ( H li!Jm He ) • Hs p:mo .26 cJie.nyeT, t~To B 

yTpeHHee BpeMH rpaHHUS nepexo,11a OT THEeJIHX li!OHOB (0+) K 

JierKHM IIpOX0,11HT SHaliHTe~HO BHme, t~eM HOl{:&De 
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P:ac.2. 

a) 

BeHo 

ne, t/'1-J 

Ha pac.3 npHBe~eHH 

peay~TaTS H3MepeHHH 

KOHUeHTp~ sapsaeHHSX 

~aCTRU no ~aHHHM 30~0B 

~eHrMDpa H ~epH~eOKOi 

HOHHOi ~OBymKH. Hs 

pac.3 c~e~eT, qTo saaqe

HH.a: ItOim;eaTpamm, onpe

~e~eaBHe pas~qaHMH 

MeTo.na.MH, npaKTI!lqecKH 

COBUSJJ;alO'l'. 

Ha p:ac.4 npaBe~eHH 

peay~TaTH I!l3MepeHHH 

TeMnepaTypH a~eKTpOHOB 

30Hl1;0B ~eHI'MIOpa H BH- . 

COKoqaCTOTHHM SO~OM. 

Hs pHCyHKa MOEHO sa~qHTL, qTO xapaKTep aaperKCTpR

pOBSHBHX H3MeHeHB! TeMnepaTYPH pas~qHHMH MeTOlJ;aMH 
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OOBna.n;ae'l', XOTJI SHa'lleHWI TeMIIepa'eypH OTJlH'laiOTOJI B ,ttHeB-

Hoe Bpeu &a 
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llO.IUDICJrt K PJrtCYHKaM 

PHc.I. KoHlleHTpartWI aJieKTpoHoB. 

A. KoHn;eH-rpanw~ aJieKTpOHOB n e Jrt DOTemntaJI onyTmma 

X - MeTOA I (CpaBHeHBe SKCII6pBM8HTaxhHOi H Teope

TJrtqecKOI X8paKTepHCTBKB SJI6KTpoHHOrO TOKa); 
2 

0 - MeTOA 2 (HCIIOJD)SOBaHHe SaBHOHMOC'nl J rv V ) ; 
~ - noTeHitma.n CnyTmma. 

:So KOHil6HTPai:lilJ1 SJ16KTpOHOB no IIOKa3aHID1M AByx BSaHMHo

nepne~JISpHHX SOH~OB 

• - SOH,lt I, X - SOH,lt 2, BB.TOK 290, I4.I.70 ro 
h m s h m ~ 

BpeMH 05 56 54 • • • 06 05 3I 

PHc .2. KosneHTpaiUI.R aJieK'l'pOHOB B pasJmlilloe BpeMB: cyToK 

Ha BHCOTax 26Q-!000 KMo 

. . . 

A. KoHI(eHTpal\Wi 9JI6KTpOHOB B ,lUI8BHOe BpeM.FI Ha BHOOTax 

26o-460 KM. 

------------- ~ ..... - -------------------
KpH- BH- TIHCJio Bpeu (MOOKOBCKoe) ompoTa .ttOJII'OTa 
BaJI TOK 

:r---ss--29:i2:ss--o7~9m2g- o7~4:i~a0.::45°-~0S~I30° 
h ms h m s 0 OA 0 "o 

ll 73 30.12.69 II 07 53- II I3 IG 44 •• 48 +I6 ••• +46 
h m'$ h m$ ..... o 

m 145 04.0I.70 09 07 24- 09 II 24 47° ••• 48° +32° ••• +55 
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B. Ko~meH'l'paitiiJI sJieKTpOHOB B TfPe.HHee Bpeu 

------------------- ----------------
Kpm- BH- rr ... 
BaSI TOR 'ULCJIO Bpeu (MOCKOBCKOI) . ID14pOTa ;ItOJirOT& 

------------------- ----~----------... 

I 
h m S , h m t · o 0 0 0 . 0 

26! !2.!.70 06 39 26- 06 47 29 46 ••• 48 ••• 46 +!8 +60 

hm t h m ~ 0 0 0 0 0 m 290 I4.I.70 05 56 54 - 06 o5 3I 45 ••• 48 ••• 46 +IS +SI 

h m ~ h m ~ 
IY 408 22.!.70 06 08 46- 06 !7 36 47° ••• 

B. KoHIJ;eH'l'p&Uil.fl SJieKTpOHOB B HOlUIOe Bpe& ____________________ , _________________ _ 
KpJrt- BJrt- liHCJIO 
Bas TOR BpeMH(MOCKOBCKOe) IDHpO'l'& ,D;OJirOTa 

----------------------------------~- ---
h m t h m $ 0 0 ~ 0 

I 406 22.!.70 02 43 40- 02 5! 48 43 ••• 48 - +9 +48 

n 289 I4.I. 70 04h I3m 2/- ot 22 4:f!a7° ••• 48° +20° +58° 

m 42! 23.!.70 oa 07m5{- o.f I7m52s 46° ••• 38° +5° +49° 

h m 1 h m $ 
r.r 422 23.!.70 04 50 32 - 05 00 56 46°48°46° +7 ° +54° 

1 492 27.!.70 22"14m2:f- 22h24'5{32° ••• 47° +2!0 +56° 

--------------------- ------------~----
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Pllc.3. KomteHTpaitfU[ sapoeama 11aoT~ np:m HsMepeHHSDC 

30~8MK AearMDpa H ~epBlleOKOI HOHBOI ~OB,ymKOI 

• - SOH,Jl I, X - SOB,D; 2, 0 - ltOBHas: ~OBymca. 

P1ilo.4. TeMIIepa'fYPa aJieRTpoHoB Te llpH HSMepeBllSX 

30H,1laMK AeHrMmPa B BHOOROllaOTOTBHM 30H,1lOM 

• - SOH,ll It X - 30Hll 2, O - Btf.SOB,Jt 

~ 0 0 . 0 
~•TOR 56 29.I2.69 r. illHpoTa 48 ••• 45 , nonroTa +99 ••• 

+I36°. 
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