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3KcnepHMeHT KM-7 aa cnyraaxe HHTEPEOJI-2 nposonanca Cuensro H3MepeHHR 3JIeKTpOHHOU resme
parypsr T, TenJIOBOU nnaasrsr B neparpepaaasrx 06JIaCTRXnnaauocpepsi H B aBpOpaJIhHOU 30He MarHHTO
c<l>ephI na BhICOTax .0;0 2-3 pa.o;HYCOB 3eMJlH. KaK nOKa3aJIH pesynsrarsr H3MepeHHR Te, npennonarasnre
eCR npa paspaoorxe npnoopa npeotinanaaae B paCCMaTPHBaeMou 06JlaCTH MaKCBeJlJlOBCKOro pacnpene
JleHHSI 3JleKTpOHoB no 3HeprHRM OKa3aJlOCh B nonaanaroutev 60JlhIIlHHCTBe cnysaes HeBepHhIM. B CBSl3H
C 3THM nposenena 06pa60TKa BOJIhT-aMnepHhIx xapaxrepacrax cdiepanecxoro 30H.o;a, peracrpaposae
IIlHXCR Cuensio nponepxa HaJIHqHRMaKCBeJIJIOBCKOro pacnpeneneaas 3JleKTPoHoB no 3HeprHRM. C 3TOU
uensro npHMeHHTeJlhHO K YCJlOBHRM nposeneaaa sxcnepaueara paspaooraaa qHCJleHHaR Mo.o;eJIh 30H.o;O
BOU xapaxrepacraxa, B pesynsrare ee npHMeHeHHR snepnsre nonyseasr nocrosepasre neransasie nan
nsre 0 crpyxrype TenJlOBOU nJIa3MhI B BhICOKOIIlHPOTHOU MarHHToc<l>epe sa BhICOTax .0;0 20 000 KM. Ilpa
BO.o;HTCR xparxoe onacaaae Mo.o;eJlH H nepasre pesynsrarsr.

BBE)J;EHI1E

Ha cnyraaxe HHTEPEOJI-2 6bIJI YCTaHOBJleH
npaoop KM-7, npeaaasaa-reaasra AmI H3MepeHIDI
3J1eKTpOHHOH TeMnepaTypbI T, TenJlOBOH nJla3MbI B
neparpepaaasrx 06J1aCTSIX nnaaaoopepsr H B aspo
pansnoa 30He MarHHTocepepbI aa BbICOTax AO 2-3
panaycos 3eMJlH. 113MepeHIDI npOBOAHJlHCb rrpa no
MOIQH AaTqHKa 3J1eKTpOHHOH TeMnepaTypbl )J;3T-IT,
SIBJlSIIOIQerOCSI MOAHepHKan;HeH 30HAa Jlenrsnopa [1].

B HaCTOSIIQee BpeMS! AaHHbIe no pacnpeneneaaxa
3J1eKTpOHoB B paccaarpaaaeaoa 06J1aCTH xpesasr
qaHHO CKYAHbI H OrpaHHqHBalOTCSI rpy6bIMH ouenxa
MH T, npaKTHqeCKH no nopsnxy BeJlHqHHbI.

ITPH paspaoorxe rrpaoopa KM-7 rrpennonara
JIOCb, qTO TenJlOBble 3J1eKTpoHbl B paccaarpaaaeeroa
06J1aCTH 06J1a.o;a1OT MaKCBeJlJlOBCKHM pacnpeneneaa
eM. BcneACTBHe orpaHHqeHHOCTH BbIAeJleHHOH npa
60py TM-HHepopMan;HH, 60pTOBaSI nporpasoaa otipa
60TKH HHepopMan;HH 6bUia aacrpoena na onpenene
HHe BeJlHqHHbI T, HCXOWI H3 sroro npeAnOJlO)l(eHIDI.
)J;JlSI rrposepxa aroro nPeAnOJlO)l(eHHSI H nOHCKOB ysa
CTKOB CHeMaKCBeJlJlOBCKHM pacnpeneneaaesr npOBO
AHJlHCb TaK)l(e H3MepeHIDI sonsraanepasrx xapaxre
pHCTHK30HAa (BAX).

OCHOBHOH 06beM nonyseaasrx co cnyraaxa HH
TEPEOJI-2 AaHHbIX OTHOCHTCSI K BbIqHCJIeHHbIM na
60pTy BeJIHqHHaM Te, nepeAaBaBIIIHMCSI sepes OC
HOBHylO TM-cacresry PTe. XapaKTepHCTHKH BAX
nepenasanacs sepes BcnOMoraTeJlbHYIO TM-CHCTe
My era aa CTaHn;HIO ITaHcKa Bee, qexHSI, H TOJlbKO
B pe)l(HMe HenocpeACTBeHHOH nepenana. B AaHHOM

sxcrrepaaerrre rronyseaa 06IIIHpHaSi HHepopMan;HSI
no T; sa - 2.5 rona C nOqTH aerrpepsrsasnr spevea
HbIM rrepexpsrraesr. Bpeueaaoe paspeureaae 3TOH
HHepopMaIJ;HH COCTaBmIJIO, B 3aBHCHMOCTH OT pe)I(HMa
pa60TbI PTC, JlH60 5.12 C (OKOJlO 80%), JlH60 16 c.
OHa COAep)l(HT MHoro HHTepeCHbIX CBeAeHHH 0 npo
CTpaHCTBeHHO-BpeMeHHOM pacnpenenenaa T, B pac
CMaTpHBaeMOH 06JIaCTH. Ilepasie peaynsrarsr no
T, npaseneasr B [1]. OAHaKo HapSiAY C BAX, COOT
BeTcTBylOIQHX MaKCBeJIJIOBCKoMy pacnpeneneaaro
3J1eKTpOHoB, B onpeneneaasrx YCJlOBHSIX Ha6JIIOAa
JIHCbMHOrOqHCJIeHHbIe cnyxaa, xorna rpopaa BAX
3HaqHTeJlbHO OTJlHqaJIaCb OT coornercmyroutea
MaKcBeJlJloBcKOMY pacnpeneneamo H HH npa KaKHX
napasrerpax MaKCBeJlJlOBCKOH TenJIOBOH nnaausr
He YAaBaJlOCb AOCTHqh npHeMJleMOrO cOBnaAeHHSI
3KcnepHMeHTaJlbHOH H BbIqHCJleHHOH KpHBbIX.

AHaJIH3 AeTaJIhHOrO xona T, BAOJlh Op6HTbl KA
n03BOJlHJI npeAnOJlO)I(HTh, qTO B 60JlbIIIHHCTBe cny
qaeB rrpermonosceuae 0 MaKCBeJlJlOBCKOM pacnpene
JleHHHTenJlOBOH nnassna B paCCMaTpHBaeMOH ofinac
TH HeBepHO. C nensro BblSICHeHIDI peaJIbHOH caryanan
B AaHHOH paoore aHaJIH3HpYlOTCSI sonsraunepasre
xapaKTepHCTHKH 30HAa H npHBOASITCSI nepssre pe
3YJlbTaTbI no CTpyKTYpe pacnpeneneaaa TenJlOBOH H
CBepXTenJIOBOH nnasasr B BhICOKOIIIHPOTHblX 06J1ac
TSIX MarHHTocepepbl na BbICOTax 2-3RE• AHaJIH3 npo
BOAHJlCSI npH nOMOIQH qHcneHHoH MOAeJIH 30HAOBOH
xapaKTepHCTHKH, pa3pa60TaHHOH AJISI ycnOBHH rrpo
BeAeHIDI sxcnepasreara KM-7. B AaHHOH paoore He
npHBOAHTCSI AeTaJIbHOe orracaaae MOAeJIH, a JlHIIIb ee
OCHOBHbIe xapaKTepHCTHKH.
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Yl3MEPEHYl5I

Bnaronaps OC06eHHOCTSIM Bbl6paHHOH Op6HTbl,
no KpaHHeH Mepe B HaqaJIbHblH nepaon nOJIeTa, OKO
JIO70% BpeMeHH KA Haxo.o;HJICSI BHe nnaaaoopepsr B
nOJISipHoH MarnHTocepepe aa nsrcorax .0;0 - 20000 KM.

Yl3MepeHHSI npoBo.o;HJIHCb C MOMeHTa nepBoro
BKJIlOqeHHSI 31.VIII.1996 r. H.o;O snaaps 1999 r. npn
Ka)l{}l;OM BKJIlOqeHHH aanouaaaromero ycrponcrsa
60pTOBOH TeJIeMeTpHqeCKOH CHCTeMbl PTC. 3TO na
JIO B03MO)K}lOCTb nOJIyqHTb npaKTHqeCKH aenpe
psraasre H3MepeHHSI B rexeaae OKOJIO 2.5 JIeT; K KOH
uyaroro nepaona nepexpsrrae no BpeMeHH yxynnra
JIOCb.

B OTJIHqHe OT KJIaCCHqeCKOrO 30H)l;a Jlearsnopa,
B KOTOpOM H3MepSleTCSI TOK na 30H.o; B 3aBHCHMOCTH
OT nOTeHn;HaJIa 30H.o;a I/Up) , B .o;aHHOM MeTo.o;e rry
TeM npHJIO)l(eHHSI K 30H.o;y nOJIO)I(HTeJIbHbIX H OTPH
uarensasrx TOKOB CMe~eHHSI H3MepSleTcSI e.-a-xa
paKTepHCTHKa nnasaroutero 30H.o;a (BAX-TI3) - sa
BHCHMOCTb nnaaaromero nOTeHn;HaJIa 30H.n;a OT TOKa

aa 30H.o; Ut, (lp)' 3TOT MeTO.o; epaKTHqeCKH 06'be;n:H

HSieT B ce6e ;n:OCTOHHCTBa KJIaCCHqeCKOrO H DJIaBalO
utero 30H.o;OB - OHHCnOJIb3yeTnJIaBalO~H pe)I(HM H
Bro xe BpeMSI n03BOJISIeT aaperacrpaposan, B.a.-xa
paKTepHcTHKy. 3HaHHe BAX n03BOJISIeT KOHTPOJIH
poaart, nocrosepaocn, H3MepeHHSI Te, TaK KaK n03
BOJISIeT KOHTpOJIHpOBaTb HaJIHqHe (UJIH orcyrcrsae)
MaKCBeJIJIOBCKOro pacnpe.o;eJIeHHSI 3JIeKTPoHoB no
3HeprHSlM.

TeMnepaTYPa 3JIeKTPoHoB Te onpe.o;eJISlJIaCb Ha
60pTY aBTOMaTHqeCKH, 3anOMHHaJIaCb H nepe.o;aaa
JIaCb aa 3eMJIlO B roTOBOM (n;u<ppOBOM) sane. DOpTO
BaSI nporpasnaa pa60TaJIa aa OCHOBe xoponro H3BeCT
aoro epaKTa - npn MaKCBeJIJIOBCKOM pacrrpeneneaaa
BAX 30H.n;a, nocrpoeaaas B nOJIyJIOrapHepMHqeCKOM
pe)I(HMe, HMeeT npSlMOJIHHeHHblH ysacrox TOpMO)l(e
HHSI 3JIeKTPOHOB. COOTBeTCTBeHHO 3TOMy 60pTOBaSI
nporpasoaa aaxonana nOCJIe JIOrapH<pMupOBaHHSl
qHCJIeHHblX 3HaqeHHH TOKa 30H.n;a 3TOT npSIMOJIHHeH
HbIH ynacrox (no MHHHMyMy npOH3Bo.o;HOH) H no Be
JIUqHHeHaKJIOHa BAX BblqHCJISlJIa Te•

TIpH60p KM-7 HMeJI nsa ssrxona - aa lliTaTHYIO
PTC KA U aa BcnOMOraTeJIbHYIO TM-CHCTeMY CTO.
BOJIbT-aMnepHbIe xapaKTepUCTHKH nepenasanacs
TOJIbKO sepea CHCTeMY CTO B pe)I(HMe aenocpencr
BeHHOH nepe.o;aqH BBH.o;y He.o;OCTaTOqHOrO 06'beMa
TM-KBOTbI B CHCTeMe llITaTHOH PTC, Bbl.o;eJIeHHOH
npaoopy KM-7.

TIO.o;p06Hoe onacaaae pa60TbI npaoopa H nep
Bble pe3YJIbTaTbI ero pa60TbI, B OCHOBHOM no nan
HblM lliTaTHOH TM-CHCTeMbI, npaseneasr B [1].

Ilpa YCTaHoBKe nar-raxa A3T-TI 6bIJIH npHHSlTbI
MepbI no YMeHbllieHHIO BJIHSlHHSI epoT03JIeKTPOHoB C
nOBepxHoCTH 3JIeMeHTOB KOHCTpyKIJ;HH KA H caao
ro nar-raxa na peaynsrarer H3MepeHHH. KaK noxasa
HO B [1], 3TH MepbI OKa3aJIHCb .o;OCTaTOqHO 3epepeK
TUBHbIMH. BJIHSlHHe epOT03JIeKTPOHOB SlBHbIM oopa-

30M npOSlBJISlJIOCb TOJIbKO npa OTKJIOHeHUH
opnearanaa OCH BpaIIJ;eHHSI KA OT HOMHHaJIbHOH B
06JIaCTHneparea, xorna npoacxonana 3aCBeTKa nar
qUKa COJIHeqHbIM U3JIyqeHHeM. Bo BpeMSI paCCMaT
pasaeaoro B ;n:aHHOH crarse nepaona neparea aaxo
.o;HJICSI B npOTHBOnOJIO)I(HOM OT paCCMaTpHBaeMOH
06JIaCTH nonyurapaa.

B CBSl3H C np06JIeMOH onpeneneaas napasrerpos
HOHHbIX nOTOKOB aa 30H.o; (CM. HH)I(e) yssecrao yno
MSlHYTb CJIe;n:YIO~ee. TIPH rrposeneaaa 60pTOBOH 06
pa60TKH, Tpe6YIO~eH,nOMHMO BbIDOJIHeHHSI 06bIq
HbIX aJIre6paHqeCKHX onepatuni, onepamra nora
pHepMHpoBaHHSI, nepBblH urar B H3MepeHHH BAX
3aKJIlOqaJICSI B CMe~eHHH BceH a-a-xapaxrepacra
KH B CTOPOHY 3JIeKTpOHHblX TOKOB, qT06bl HCKJIIO
qHTb cMeHy 3HaKa aHaJIH3HpyeMbIx BeJIHqHHaa BceM
npOTSI)I(eHHH BOJIbT-aMnepHOH xapaKTepHCTHKH.
CMe~eHHe BbIDOJIHSlJIOCb rryreu npHJIO)l(eHHSI K 308
ny nceB.o;O-3JIeKTpOHHoro TOKa TaKHM 06pa30M, qTO
6bI npoasouma KOMneHcan;HS1 HOHHoro TOKa npa no
TeHn;HaJIaX 30H.n;a OTHOCHTeJIbHO KA B HHTepBaJIe
-15 ...-20 B. BeJIHqHHa npHJIO)l(eHHOrO ncesno-ane
KTPOHHoro TOKa pasaa TOKy HOHOB aa 30H.o; npa yxa
3aHHbIX noreauaanax. Ilapaaerp npaoopa KM-7
Uz, TaK)l(e nepenasaamanca xepea ero, SlBJISleTCSI
He3aBHCHMbIM orrpenenenaeu BeJIHqHHbl aroro
(HOHHoro) TOKa. HeCMOTpSl aa TO, qTO OH, K CO)l(aJIe
HHIO, onpamanancs CJIHlliKOM penxo H B YCJIOBHSlX
6blCTPOro H3MeHeHHSI napaaerpos cpensr He scerna
a.o;eKBaTHO 0TPa)I(aJI 6bICTpble sapaanaa, OH MO)l(eT
OKa3aTbCSI nOJIe3HblM npH onpe.o;eJIeHHH napaMeT
pOB HOHHbIXnOTOKOB na 30H.o;.

TIOCTAHOBKA 3AAAqYl

AJISI Toro, qT06bI onpenemrrs napasierpsr TenJIO
BOH DJIa3MbI no BOJIbT-aMnepHoH xapaxrepacraxe
30H.n;a (BAX), He06xo;n:HMO nonoopars BeJIHqHHbl
3THX napaaerpos, xapaKTepH3YIOIIJ;HX nJIa3MY, .0;0
naanysmero (no TOMy HJIHHHOMy KpHTepHIO) COBna
;n:eHHSI C3KcnepHMeHTaJIbHbIMH 3anHCSlMH BAX. AJISI
npOBe.o;eHHSI TaKoro no.o;60pa He06xo.o;HMO 3HaTb,
nOMHMO nepeqHSI nonoapaeasrx napaMeTpoB nJIa3
MbI, aHaJIHTHqeCKOe asrpasceaae .o;JISI 30H.n;OBOH xa
paKTepHCTHKH IiUp) - 3aBHCHMOCTH TOKa ~. OT no
TeHII;HaJIa 30H.o;a OTHOCHTeJIbHO nJIa3MbI up. TIPH
3TOM, nOCKOJIbKY JIlO60H 30H.o;OBbIH npaoop npOBO
.o;HT H3MepeHHSI OTHOCHTeJIbHO e.o;HHCTBeHHoro HMe
lOIIJ;erOCSI "onopnoro" nOTeHII;HaJIa - nOTeHIJ;HaJIa
Kopnyca KA OTHOCHTeJIbHO oKpY)l(alOIIJ;eH nnaausr
Us, He06xo.o;HMOHe3aBHCHMO 3HaTb 3TY BeJIHqHHy.

TIp06JIeMa onpenenenas napasrerpoa nJIa3MbI no
BOJIbT-aMnepHoH xapaxrepacraxe SlBJISleTCSI CJIO)l(
HOH3a.o;aqeH nasce ;n:JISI npocreaurero cnyxaa TenJIO
BOH H30TPonHoH nJIa3MbI. B cnyxae .o;BH)I(y~eHcSI

nJIa3MbI, KaKOBOH OHa SlBJISleTCSI scerna OTHOCHTeJIb
HO npaoopa, YCTaHOBJIeHHoro na KA, nasce npa OT
CYTCTBHH c06CTBeHHO nJIa3MeHHbIX .o;BH)I(eHHH, Ii

oc06eHHO npa HaJIHqHH aHH30TPonHH H/HJIH C06CT-
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BeHHbIx ,n;BH)KeHHH nJIa3MbI, sana-ra -rpesesrsaaao
YCJIO)KH~eTC~, 0 qeM CBH,n;eTeJIbCTByeT 0611IHPHbIH
nepexeas nocaxmeaasrx 3TOH np06JIeMe ny6JIHKa
QHH (CM. nepexeas mrreparypsr B [2-4]). ABTOPbI
0630pa [2] YKa3bIBaIOT, qTO ,n;a)Ke npH OTCyTCTBHH
MarHHTHoro nOJI~ np06JIeMa BbIqHCJIeH~ TOKa, co
6HpaeMoro 30H,n;aMH B nJIa3Me, ~BJI~eTC~ O,n;HOH H3
HaH60JIee rpynnonpeononaxrsrx B <pH3HKe nJIa3MbI.
.Il:ocTaTOqHO nOJIHbIe pemeans cyutecrnyror TOJIbKO
,n;JI~ OqeHb npocrsrx reouerpajt B npenenax 60JIb
llIHX HJIH MaJIbIX ,n;JIHH caooonaoro rrpotiera H npa
OTCyTCTBHH 3<p<peKToB ,n;BH)KeHH~.

06bIqHO B paccaarpasaeaoa 06JIaCTH MarHHTO
crpepsr na 60JIbllIHX BbICOTaxTenJIOB~ H30TponHa~

nJIa3Ma xapaxrepnsyerca 7 napaMeTpaMH - COCTa
BOM (TenJIOBbIe 3JIeKTpOHbI H HOHbI H+, He" H 0+),
T.e. BeJIHqHHaMH KOHQeHTpaQHH Ne, Nij,j =1-3, TeM
nepa'rypoji 3JIeKTpOHoB T, H HOHOB Tij,j = 1-3. Co
CTaB xapaxrepasyerca napQHaJIbHbIMH KOHQeHTpa
QH~MH HOHOB Pij =Nij/Ne ,n;JI~ pa3HbIx MaCCOBbIX qH
cen HOHOB Mij, B npe,n;nOJIO)KeHHH 3JIeKTpHqeCKOH

HeHTpaJIbHOCTH Ne =LNij,j =1-3.

Onpenenenae nOTeHQHaJia xopnyca KA Us ~BJI.~

eTC~, no CYTH, TaKOH )Ke aanaxea, KaK H onpenene
HHe napaMeTpoB nJIa3MbI no BOJIbT-aMnepHoH xa
paxrepacrnxe 30H,n;a, npHMeHeHHoH KO scesty KA B
QeJIOM (CM. [5,6] H B rrpaaenenaa K paccsrarpanae
MOH 06JIaCTH [6]). II03ToMY B sanase onpenenenas
napauerpoa nJIa3MbI no 30H,n;OBbIM H3MepeHH~M Be
JIHqHHa Us BKJIlOqaeTC~ B nepexeas nonoapaexn.tx
napaaerpos.

MCnOJIb3yeMoe ,n;JI~ onpenenenas napasserpoa
nJIa3MbI MeTo,n;OM nonoopa napaaerpos aHaJIHTHqe
cxoe BbIpa)KeHHe ,n;JI~ 30H,n;OBOH xapaKTepHcTHKH
I/Up) , r.e. aHaJIHTHqeCKa~Mo,n;eJIh 30H,n;a, ~BJI~eTC~

KJIlOqeBhIM 3JIeMeHTOM H npencraanaer C060H npo
6JIeMy, <paKTHqeCKH crporo He pemenayio BnJIOTh
no aacroantero BpeMeHH [2, 7]. B 3TOH06JIaCTHHMe
eTC~ TPH B pasaon CTeneHH paspeurenasrx np06JIe
MbI - BeJIHqHHa TOKa na 30H,n; rrpn HyJIeBOM OTHOCH
TeJIhHO nJIa3MhI nOTeHQHaJIe Io(Up =0) H noneneaae
TOKa aa 30H,n; npH OTTaJIKHBalOrn;HX I( Up < 0) H npH
npHT~rHBalOrn;HXI( Up > 0) noremtaanax. Haaueaee
paspenreaaas np06JIeMa - noaeneaae 30H,n;OBoro TO
xa npa npHT~rHBalOrn;HX noreanaanax. Crpororo
aHaJIHTHqeCKOrO BbIpa)KeHH~ ,n;JI~ I( Up > 0), rrpmre- .
HHMoro B npaKTHqeCKHXHCCJIe,n;OBaHH~X, He cymecr
syer ,n;a)Ke ,n;JI~ npOCTeHllIHX cnysaea CHCTeMhI 30H,n;
nJIa3Ma; HMeIOTC~ JIHllIh npH6JIH)KeHHbIe ssrpaace
HH~ ,n;JI~ HeKOTopbIX KOH<pHrypaQHH TaKOH CHCTeMhI.

TaKHM 06pa30M, ,n;3)Ke B npocremneu cnysae
TenJIOBOH H30TponHOH nJIa3MhI crporoe onpenene
HHe napaMeTpOB nJIa3MbI MaTeMaTHqeCKH CBO,n;HTC~

K sanase nonoopa 8 napaMeTpoB B YCJIOBH~X He see
rna KoppeKTHOH aHaJIHTHqeCKOH Mo,n;eJIH HCCJIe,n;ye
Moro 06'heKTa. Taxaa sanaxa CJIO)KHa casra no ce6e
H nOJIyqeHHe npHeMJIeMOH TOqHOCTH BeCbMa npo-

I

HOHHbIU UYQOK

epoT03JIeKTPOHbI

PHC. 1. CXeMaTHQeCKOe noaenenae pa3JIHQHhIX KOMno
HeHT TOKa aa 30H.l\ B 3aBHCHMOCTH OT norenuaana 30H.l\a
OTHOCHTeJIhHO nJIa3MhL

6JIeMaTHqHO, a B CHJIy KOppeJIHpOBaHHocTH HeKOTO
psrx nap napaaerpon OHa CTaHOBHTC~ neonaosaas
HOH, qTO rpeoyer JIH60 BBe,n;eHH~ coorsercrsyromax
anpaopnsrx npe,n;nOJIO)KeHHH, JIH60 He3aBHCHMoro
onpenenenaa onnoro H3 TaKHX napaMeTpoB.

TeM He MeHee, UpH npaBHJIbHOBbI6paHHbIX napa
MeTpax CHCTeMbI H 06JIaCTH H3MeHeHH~ napasrer
pOB, a TaK)Ke sa cser BBe,n;eHH~ pxna ynpoutaioutax
npe,n;nOJIO)KeHHH, He KPHTHqHhIX B KOHKpeTHO pe
llIaeMOH sanaxe, TaKHe BhIpa)KeHH~ 06eCneqHBalOT
npaejanesryto ,n;JI~ npaKTHKH TOqHOCTh onpenenenas
noncapaevsrx napauerpos.

M0.Il:EJIb M METO.Il:MKA OEPAEOTKM
BOJIbT -AMIIEPHbIX XAPAKTEPMCTMK

.Il:JI~ aHaJIH3a BAX H orrpenenenaa napaverpoa
TenJIOBOH H CBepXTenJIOBOH nJIa3MhI B paCCMaTpHBa
eMOH 06JIaCTHpaspaooraaa qHCJIeHHa~Mo,n;eJIh 30H
na. Ha ,n;aHHOM arane npennonaranocs, qTO nJIa3Ma
COCTOHT H3 cnenyrourax KOMnOHeHT:

- TenJIOBa~ H30TponHa~ nJIa3MeHHa~ nonYJI~QH~

(O,n;HH COpT HOHOB H+),

- 3JIeKTpOHHhIHnysox, xapaxrepasyeasra snep
rHeH HanpaBJIeHHOrO ,n;BH)KeHH~ Eeb H TenJIOBOH
aaepraea Eetb ,

- HOHHhIH ny-rox, xapaxrepaayeusra aaepraen
HanpaBJIeHHOrO ,n;BH)KeHlr~ Eib H TenJIOBOH aaepraen

Eitb•

Ha pHC. 1 nOKa3aHO CXeMaTHqeCKH UOBe,n;eHHe
pa3JIHqHbIX KOMnOHeHT TOKa aa 30H,n; B 3aBHCHMOCTH
OT nOTeHQHaJia 30H,n;a OTHOCHTeJIhHO nJIa3MhI. Ka)K-
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PRe. 2. Pe3YJlbTaTbI H3MepeHHH Te C BblqHCJleHHeM BeJIHqHHbI Te na 60pTy. Ilepaon H3MepeHHH rrapaJIJIeJIbHO peracrpapo
BaBIIIHXCli xepes ero nonur-aanepasrx xapaxrepacrax OTMeqeH BepTHKaJlbHbIMH JlHHHSlMH. MOMeHTbI H3MepeHHSI BAX,
peaynerarsr o6pa6oTKH KOTOpbIXnpaseneasr aa rrOCJIeIlYIOll\HX pacyaxax, OTMeqeHbI I1ITpHXaMHCYKa3aHHeMHOMepa BAX.

P
JIOB

Hblt

CJIytI
ro

TeJI

TepH

MeTPO
aa pe3~
psr BJIll
BAX d
n03TO~
HbI B IIJ
HbIX llJIl

23.48.41

- nOTeHQHaJI xopnyca KA Us, CKOpOCTb ApeH<pa

nJIa3MbI v,
B pauxax paCCMaTpHBaeMOH MOAeJIH B03AeHCT

BHe <pOT03JIeKTpOHOB aa AaHHOM arane jlBHbIM 06

pa30M He yqHTbIBaJIOCb, nOCKOJIbKY MepbI no yMeHb

IIIeHHlO BJIHjlHHjI <pOT03JIeKTpOHOB aa H3MepeHHjI

OKa3aJIHCb, KaK YKa3bIBaJIOCb BbIlIIe, AOCTaTOqHO

3<p<peKTHBHbIMH. HeCMOTpjl aa 3TO, nOJIHOCTblO HC

KJIlOqHTb BJIHjlHHe <l>OT03JIeKTpOHOB aa H3MepeHHSI,

nO-BHAHMOMy, HeJIb3S1 (3TOT sonpoc rpeoyer cnena
aJIbHOrO AeTaJIhHOrO aHaJIH3a). Bo BCSlKOM cnysae,
MO)KHO yrsepscna'rs, qTO eCJIH TaKoe BJIHSlHHe npH

CyTcTByeT, TO aa CAeJIaHHbIe B AaHHOH paoore BbIBO

AbI OHO He BJIHjleT.

IloMHMO nepeqHCJIeHHbIX asnne napasrerpos
yqHTbIBaJIHCb pa3JIHqHbIe 3ep<l>eKTHBHbIe llJIOIQaAH

co6HpaHHSI AJIjI HOHOB H 3JIeKTpOHoB, pasasre MOAe

JIH CJIOjl 06'beMHOrO sapsna, CKOpOCTb KA Vs H yron

aTaKH e (yron Me)K,!\y HanpaBJIeHHeM aa COJIHQe H

BeKTOpOM CKOpOCTH ApeHepa nJIa3MhI Vd) .

TaKHM 06pa30M, qHCJIeHHaji MOAeJIh 30HAa BKJIlO

xaer 60JIee 20 napauerpoa. Ilpa TaKOM KOJIHqeCTBe

napauerpoa 06 aBTOMaTHqeCKOM onpeneneaaa na

paaerpos He MO)KeT 6bITb H pesa. KaK OKa3aJIOCb,

BJIHjlHHe HeKOTopbIX H3 napaaerpos cyIQeCTBeHHO

A<I>OHI1H HAP.

Upk
2

-2

-6 291

40000 RI348430

32000

Te
24000

16000

28.X.96 r. 20.26.50 21.05.35 21.39.11 22.13.03 22.46.39 23.20.15
UT 20.10.02 20.48.47 21.22.23 21.55.59 22.29.51 23.03.27

1O..-------r----,..------r---.---,------r----r-----,-----r--,------,--------,

6

8000
0 .~

Cadr 7192 7255 7318 7381 7444 7507 7570 7634 7697 7760 7823 7886 7949
H 5606 8785 12302 14440 16163 17481 18408 18988 19216 19069 18583 17747 15447
GmLat 22.5 37.9 48.5 52.2 53.7 53.5 52.0 49.7 46.8 43.2 39.1 34.4 24.5
AVS 54.1 68.3 83.6 94.2 104.5 114.7 124.7 134.3 142.3 147.0 147.4 143.6 131.1
BMag 5217 3319 2042 1549 1246 1054 932 853 807 791 800 838 1001
L/SHA
Invl 46.3 58.3 67.0 70.1 71.7 72.2 71.9 71.2 70.1 68.7 67.0 64.9 60.6
MLT 21.9 23.1 0.5 1.5 2.4 3.3 4.0 4.7 5.3 5.8 6.2 6.6 7.2
L 2.093 3.681 6.552 8.696 10.1 10.7 10.4 9.592 8.599 7.575 6.540 5.577 4.152
.N2o p6 253 253 253 253 253 253 253 253 253 253 253 253 253
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- 2 nonYJIjlQHH TenJIOBOH H30TponHoH nJIa3MbI,

- 2 nysxa 3JIeKTpOHoB,

- OAHH nyqOK HOHOB,

Aajl KOMnOHeHTa TOKa HMeeT pa3JIHqHbIe 3aBHCHMO

CTH OT nOTeHQHaJIa AJIjI npararaaasoutax H OTTaJIKH

BalOIQHX nOTeHQHaJIOB. KpHBbIe, 0603HaqeHHbIe

KaK "3JIeKTpOHbI" H "HOHbI", npeACTaBJIjllOT TOKH

TenJIOBOH H30TponHOH nJIa3MbI. TOKH 3JIeKTpOHHO

ro H HOHHoro nyxxoa H3MeHjllOT BHA xapaxrepaoa
3aBHCHMOCTH OT nOTeHQHaJIa (HaqHHalOT 3KcnOHeH

QHaJIbHO YMeHblIIaTbCjI) npa BeJIHqHHaX nOTeHQHaJIa

30HAa, rrpessruraromax no a6COJIlOTHOH BeJIHqHHe

saeprmo HanpaBJIeHHOrO ABH)KeHHjI E, H E, COOTBeT

CTBeHHO. TOK <pOT03JIeKTpOHOB nOCTOjlHeH npa OT

pHQaTeJIbHbIX nOTeHQHaJIaX H 3KcnOHeHQHaJIbHO

YMeHblIIaeTCjI npa nOJIO)KHTeJIbHbIX. 30HAOBaji xa

paxrepacraxa npencrasnser C060H CyMMy KpHBbIX,

cooTBeTcTBylOIQHX npHcyTCTBylOIQHM B rrnassre
KOMnOHeHTaM. OTClOAa OqeBHAHO 60JIbiliOe snroro
06pa3He B03MO)KHbIX <pOPM BOJIbT-aMnepHOH xapax
TepHcTHKH 30HAa.

B xasecrse KOMnOHeHT TenJIOBOH nJIa3MbI (E ~

~ 15 3B) MOAeJIb MO)KeT BKJIlOqaTb:

KOCMI1QECKI1E I1CCJIE;IJ,OBAHI15I TOM 38 M 5 2000
Koa
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23.48.41
BAXN~430

(6)

Eh =7.94 3B ± 20%

PRC. 3. (a) Pe3YJIbTaT oopaooTKu BAX M 430. (0) O~eHKH TO'lHOCTH rro)l;oopa napasrerpoa anexrpoanoro nyvxa EB, Tb HNb
)l;JISI BAX M 430.

n, = 0.54 CM-3 ± 20%

o 2.5 5.0 7.5 10.0

):\peH<pa nnasasr KaK uenoro (Vd = V.) nyresr BH3Y

aJIbHOrO no):\60pa no COOTBeTCTBeHHO MeHbUleMY

KOJIHqeCTBY napasaerpon.

BH3yaJIbHbIH nonoop npoBo):\HJICR: B HHTepaKTHB

HOM pe}I(HMe ):\JIR: K~OH KOHKpeTHOH xapaxrepac

THKH BAX. 3<1><I>eKTHBHoCTb nontiopa 06JIer<IaJIaCb

TeM, qTO ):\JIR: Ka}K):\OH H3 4 xapaxrepasrx xacrea 30H

):\OBOH xapaxrepacraxa (yqaCTKH yCKopeHHR: H TOp

MO}I(eHHR: ):\JIR: HOHOB H 3JIeKTpoHoB) HMeeTCJI BnOJIHe

0):\H03HaqHOe BJIHJlHHe xascnoro H3 OCHOBHblX non

6HpaeMblx napaxerpoa na <l>OpMy KpHBOH (napaue
Tpbl, He3HaqHTeJIbHO BJIHR:IOm:He aa pe3yJIbTaTbl,

6bIJIH HCKJIIOqeHbl H3 nonoopa). <PaKTHqeCKH non

60p npoacxonan nYTeM cyMMHpoBaHHJI HeCKOJIbKHX

KpHBblX C H3BecTHoH 3aBHCHMOCTbIO OT nontiapae

MblX napauerpos H rpa<l>HqeCKOH nonroaxoa rpop
Mbl cysoaapaoa KpHBOH K 3KcnepHMeHTaJIbHOH KpH

BOH C BH3yaJIbHO:H onenxoa xasecrsa nonoopa.

(a)

IloTeHQuaJI 30H~a OTHOCUTeJIhHO

xopnyca KA, B

3J1eKTp.nyqOK

Nh =0.54 CM-3

Th=17100K

e, =7.94 3B

BAXM430

HIDKe no cpaBHeHHIO C BJIWlHHeM "OCHOBHbIX" napa

MeTpOB(KOH~eHTpaqHH,TeMnepaTypbI3JIeKTpOHOB

H 3HeprHH nysxoe). Taxoe 60JIbUlOe KOJIHqeCTBO

no):\6HpaeMblX napauerpoa He06xo):\HMO ):\JIR: npaesr

JIeMOrO onHCaHHR: ):\oCTaTOqHO CJIO}I(HbIX KOH<pHry

pa~HH nnaaasr B paCCMaTpHBaeMOH 06JIaCTH (2 Ten

JIOBblX nonYJIR:~HH+ 2 3JIeKTpoHHblX nyssa + 1 HOH

HblH nysox = 2TP + 2EB + lIB). B 60JIbUlHHCTBe

cnysaea KOH<I>Hrypa~HR:nnaaxsr OKa3aJIaCb HaMHO

ro nponte H ):\JIR: ee onHCaHHR: Tpe60BaJIOCb 3HaqH

TeJIbHO MeHbUlee, 3aBHCR:m:ee OT KOHKpeTHoH xapax

TepHCTHKH BAX, KOJIHqeCTBO nonoapaesrsrx napa

MeTpoB. OKa3aJIOCb TaK}I(e, qTO T,H Vd MaJIO BJIHR:IOT

aa pesynsrarsr no):\60pa, nOCKOJIbKY 3TH napaxer
psr BJIWlIOT B OCHOBHOM aa HaqaJIbHblH yqaCTOK

BAX (npa oTpH~aTeJIbHbIX nOTeH~HaJIaX 30H):\a).

Il03ToMy npasonaasre peaym.rarsr 6bIJIH nonyse

Hbl B npe):\nOJIO}I(eHHR:X H30TepMHqHOCTH H30Tpon

HbIX nJIa3MeHHblX nonYJIR:~HH(T, =Te) H OTCyTCTBHR:

60.6
7.2

4.152
253

7949
15447
24.5
131.1
1001

paMeTpOB

e DJIOm;a):\H
asre MO):\e

Vs H yrOJI

COJIH~e H

I! 5 2000
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KOH<I>HrYPAIJ;Il51 IIJIA3MbI lTP + 1EB
(O;D;HA TETIJIOBA5I I130TPOIlHA5I

IIOIIYJI5IUH5I + O,Il}IH 3JIEKTPOHHbIl1
IlYQOK)

Pe3YJIbTaTbI nonoopa napauerpon .n;JIjJ: BOJIbT-aM
IIepHOR XapaKTepHCTHKHN!! 430 30Hp,a )J;3T-II npH
60pa KM-7 aa HHTEPEOJI-2 nOKa3aH aa pHC. 3a.
BAX nOJIy'IeHa 28'x.96 B 21.09.36, H = 14903 KM,
L = 9.15, InvLat= 70.69°, MLT = 1.71. TaKoH BHJJ; xa
paKTepHcTHKH HeoIIpOBep)l{HMO CBHJJ;eTeJIbCTByeT 0
IIpHCyTCTBHH 3JIeKTpOHHoro nyxxa. ;D;eHCTBHTeJIhHO,
nsa IIpSiMOJIHHdl:HbIX y'IaCTKa BAX, nocrpoenaoa B
IIOJIyJIOrapHq,MH'IeCKOM MacUITa6e, rosopsr 0 npa
CyTcTBHH .n;BYX rpynII 3JIeKTpOHOB C MaKCBeJIJIOB
CKHM pacnpenenenaea, IIpHqeM IIepBbIH CJIeBa ysac
TOK HMeeT 60JIee HH3KYfO 'rexmepa'rypy. ECJIH 6bI
3TOT yqaCTOK npencraanan C060H 06bI'IHYIO H30
TPOIIHylO norrynsumo, TO paCIIOJIO)l{eHHe IIpSiMOJIH
HeHHbIX Y'IaCTKOB 6bIJIO 6bI 06paTHbIM - IIpHJIe)l{a
~HH K IIOTeHlJ,HaJIy xopnyca yqaCTOK (npaasni) 6bIJI
6bI 60JIee KpyTbIM, sa KOTOpbIM CJIeJJ;oBaJI 6bI MeHee
KpyTOH (60JIee rOpSl'IHH) y'IaCTOK, 06bI'IHO Ha3hIBa
eMbIH KaK "XBOCT" 30H.n;OBOH xapaxrepacraxa, CJIe
.n;oBaTeJIbHO, B .n;aHHoM cnyxae HMeeTCH rpyrma 3JIe
KTpOHOB, 60JIee XOJIo.n;HaSi IIO cpaBHeHHIO C npeoo
JIa.n;aIO~e:ii rpyIIIIoH MaKCBeJIJIOBCKHX 3JIeKTPoHoB,
npH'IeM 3HepreTH'IeCKOe pacnpenenenae 3TOHrpyn
IIbI C.n;BHHyTO na HeCKOJIbKO 3B IIO OCH 3HeprHH, T.e.
3JIeKTpOHHbIHny'IOK.

TaKHM 06pa30M, TenJIOBaSi IIJIa3Ma, COOTBeTCT
BYIO~aSl H3MepeHHOH BAX (xpyxxa) COCTOHT H3
O.n;ROH TenJIOBOH IIOIIyJISllJ,HH C T, = 26 800 K (2.3 3B)
H o.n;Horo 3JIeKTpOHHoro nY'IKa C TeMnepaTypoH

pe3YJIhTaThI 06pa60TKH KOTOpbIXIIpHBe.n;eHbI ua IIO
CJIe.n;YIO~HX pncyaxax, OTMe'IeHbI BepTHKaJIbHhIMH
UITpHXaMH CYKa3aHHeM aoxepa BAX B ceaace.

HH)I{e na pHC. 3-7 IIpHBe.n;eHbI II5ITb IIpHMepoB 06
pa60TKH a-a-xapaxrepacrax. Bee pHCyHKH HMefOT
o.n;HHaKoBhIH rpopssar' (xpove pHC. 36 H pHC. 4) H
npencrasnaror C060H 3aBHCHMOCTb 30H.n;OBoro TOKa
OT IIOTeHQHaJIa 30H.n;a OTHOCHTeJIhHO xopnyca KA.
BeJIH'IHHa TOKa npnseneaa B JIOrapHq,MH'IeCKOH
IlIKaJIe B asmepax. BepxH5I5ICnJIOUIHa51 KpHBa51 npen
CTaBJIHeT C060H BhI'IHCJIeHHbIe no MOp,eJIH 3Ha'IeHHSI
30H.n;OBoro TOKa, CBeTJIhIe Kpy)l{KH - H3MepeHHbIe
IIpH60pOM KM-7 3Ha'IeHHSI. TeMHhIH Kpy)KOK - TO'I
xa, cooTBeTcTBYIO~aSlHYJIeBoMy nOTeHQHaJIY 30Hp,a
;D;3T-II OTHOCHTeJIbHO nnassna. B Tex CJIY'IajJ:x, xor
p,aaa pHcyHKe HMeeTCH nropas KpHBajJ:, OHaIIOKa3bI
naer BKJIaJJ; B TOK 30HJJ;a OT3JIeKTpOHHoro "Y'IKa. Pe
3YJIbTaTbI 06pa60TKH scex njJ:TH BAX IIpHBe.n;eHbI B
Ta6JIHlJ,e.

;D;JIH 'roro, 'IT06bI IIOJIy'IHTb npencraaneaae 0
TO'IHOCTH rrposonaaoro IIoJJ;60pa, aa pHC. 36 npaae
p,eHbI pe3YJIbTaTbI 06pa6oTKH BAX, IIpe.n;CTaBJIeH
HOH aa pHC. 3a, HO IIpH aapaauasx pa3JIH'IHbIX non
6HpaeMbIx napasserpon na ±20%. )J;ml BAX .N! 87
TaKHe OQeHKH IIpHBep,eHbI na OJJ;HOM pHC. 4.

A<I>OHHH H ~p.

2.5 5.0 7.5 10.0

Tel = 10400 K ± 20%

Nz= 0.42 CM-3 ± 20%

Flnaaua 2
N z = 0.42 CM-3

Te2 = 181500 K

BAX N.87

BAXM87

Ilaasua I
N] = 45.3 CM-3

Tel = 10400K

19lp

=:::r
-7.3~
-7.8

-8.3

-8.8

-9.2

-9.7

-10.2
-6.4 l----'-_---<-_-"---'_-'-_----'--_'-----l

-6.9

-7.3

-7.8

-8.3

-8.8

-6.4

-6.9

-7.3

-7.8

-8.3

-8.8
<!l""':::-.--'-----'----'----'-----'----'--

-6.4

-6.9

-7.3

-7.8

-8.3

-8.8,t.",,:=:::::::~"""
-9.2 C---l_--J.._--'-_-L-_--'--_-'--_!....-_

-10.0 -7.5 -5.0 -2.5 0
nOTeHlJ,HaJI 30H~a OTHOCMTeJIhHO

Kopnyca KA, B

PRC. 4. Pe3YJIbTaT o6pa6oTKH BAX .N'287 (sepxaas na
HeJIb) If OQeHKIf TOQHOCTH nonfiopa rrapaverpos N l, Tel
If N2 (TpM HM)KHlfe naHeJIH).

PE3YJIbTATbI

Ha pHC. 2 nOKa3aHbI pe3YJIbTaTbI H3MepeHHH T; C
BhI'IHCJIeHHeM BeJIHqHHbI T, aa 60pTy. Ilepaon, .n;JISI
xoroporo HMelOTCSI 1800 napaJIJIeJIbHO saperacrpa
posaansrx xepea CTO sanacea BOJIbT-aMnepHbIx xa
paKTepHcTHK (BAX), OTMe'IeH BepTHKaJIbHbIMHJIH
HHHMH C 06eHx CTOpOH pacyaxa. BHH3Y pacyaxa
IIpHBe.n;eRbI Op6HTaJIbHbIe H reorpadnrsecxae napa
MeTpbI: BbICOTa H, HHBapHaHTHaSi UIHpoTa Invl, L
napaverp, MLT, napasrerp AVS - yrOJI Me)l{,!l;y BeK
TOpOM CKOpOCTH KA H HanpaBJIeHHeM ua COJIHQe,
Bmag - BeJIH'IHHaMarHHTHoro IIOJISI B HT, Cadr - HO
Mep 3aIIHCH B q,aHJIe. MOMeHTbI H3MepeHHSI BAX,

520
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PRC. S. Pe3YJIbTaT o6pa6oTKH BAX N2 245. KOHQeHTPa
QHJI BTOpOH TenJIOBOH nonYJIJIQHH nna3MhI COCTaBJISIeT
0.5% OT KOHQeHTpaQHH nepsoa nonYJI51QHH. 3J1eKTPoH
HhIH nysox cYIQeCTBeHHo "xononaee" 06eHx MaKCBeJI
JIOBCKHX nonYJIJIQHH.

3JIeKTpOHHbIH
ny'loK

nJIa3Ma I
N1 = 23.0 CM-3

Tel = 16300 K

TIJIa3Ma 2
Nz = 0.114 CM-3

t.. = 177500 K

19lp
-6.4 BAX.N!!348

H3MepeHHJI
-6.9 ----
- 7.3 onoopaaaas

=H<P\
-9.2
-9.7

-10.2
-to.7
-ILl
-11.6
-12.1
-12.6
-13.0
-13.5
-14.0 ~---'-_~--'-_'--"""""_"---'--'

-10.0-7.5-5.0-2.5 0 2.5 5.0 7.5 10.0
TIoTeHQHaJI 30H.n;a OTHOCHTeJIbHO

xopnyca KA, B

KOH«I>MTYPAlJ,IUI I1JIA3MbI 2TP - ABE

TEI1JIOBbIX M30TP0I1HbIX I10I1YJI5IlJ,MM

TaKaSI nnassaa, COCTOSIll(aSI113 P,ByX TenJIOBhIX H30

rponasrx KOMnOHeHT C MaKCBeJInOBCKHM pacnpene
neHHeM, Ha6JIIO]l;anaCb BO BpeMSI peracrpauaa BAX

N!! 87 28.X.96 B 20.40.19, H =11049 KM, L =5.38, Inv

Lat =64.45°, MLT =23.93. Pesynsrarsr 06pa60TKII

nOKa3aHhI B Ta6JIH~e H aa sepxaen nanena pIIC. 4.
BenllqllHa KOHQeHTpaQIIII OOJIee rOpSlqeH KOMno

HeHThI COCTaBJI5IeT OKOJIO 1% OT KOHD,eHTpaD,HH oc

HOBHOH, cpasmrrensno xononnoa KOMnOHeHThI. 3TO

He 03HaQaeT, lITO TOQHOCTh onpeneneaas napaMeT

pOB COCTaBJISIeT 1%, nocxonsxy sxnan B 30H]l;OBylO

Tbe =17 100 K (1.47 3B) HIDKe, lIeM y TenJIOBOH no

nynauaa, HO C aaepraea aanpasneaaoro p,BIDKeHHR

Eb =7.94 3B. I1oTeHD,Han xopnyca KA B p,aHHOM cny

xae Us =-5.9 B. HH)KHSISI KpHBaSi B p,aHHOM cnyxae
npep,CTaBnSleT COOOH BKJlap, 3Toro 3neKTpOHHoro
nysxa B B.-a. xapaxrepacruxy 30Hp,a. Hanoa 3TOH

KpHBOH coorsercrayer 3HeprHH nanpaaneaaoro
p,BIDKeHHSI anexrpoaos rrysxa.

TOqHOCTb nonoopa napaaerpos anexrpouaoro
rryxxa HJIJIIOCTpHpyeTcSI pHC. 30. Ha Ka)I(,ll;OH H3

Tpex naaenea nOKa3aHbI Ta )Ke casrax BAX, lITO H

aa pHC. 3a (CBeTJIhIe KP~KH, coenaaeaasre TOHKOH
nHHHeH) H no nse nonoopaansrx 30Hp,OBbIX KpHBbIX

rrpa H3MeHeHHH yxasaaaoro aa Ka)K]J,OH naaena na

paaerpa aa ±20% OT BhI6paHHOH BenHtIIIHhI.

\
3JIeKTpOHHbIH
ny'loK

\
3rreKTpOHHbIH
ny'loK

Flnaaxsa 1
N) =23.7 CM-3

Tel = 14500 K

Ilnaaaa 2
Nz = 11.95 CM-3

Te2 = 58350 K

fIJIa3Ma I
N, = 43.3 CM-3

Tel = 23100 K

Ilnasua 2
Nz= 0.204 CM-3

Tez = 97900 K

BAX.N!!245

3rreKTp. nysox
Nb = 0.835 CM-3

r, = 9700 K
Eb=4.853B

BAXN!291

3JIeKTp. nysox
Nb = 0.917 CM-3

Tb = 11300K
Eb = 5.04 3B

Iglp
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-6.9
-7.3
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-8.8
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-10.0-7.5 -5.0 -2.5 0 2.5 5.0 7.5 10.0

TIoTeHI.\HaJI 30H.n;a OTHOCHTeJIbHO
xopnyca KA, B

BJIeHHe 0

.30 npase
/l;CTaBJIeH

HbIX non
AX X!! 87
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BOJIbT-aM

3T-n npH

aa puc. 3a.

14903 KM,
0U:BHp,xa

bCTByeT 0

HTeJIbHO,

oeaaoa B

psr 0 npa
KCBeJIJIOB

caesa yxac
. Bcaa ObI

tIHylO U30

npRMOJIH

npanexa
aBbIi) OhlJI

ObI MeHee
o Ha3bIBa

CTHKU. CJIe-

rpynna 3JIe

10 C npeoo
JIeKTpOHOB,

e 3TOU: rpyn

~HeprHU:, T.e•.

t, COOTBeTCT

l COCTOHT H3

00K (2.3 3B)

~MIIepaTypOH

PRC. 6. Pe3YJIhTaT 06pa6oTKH BAX.Nl! 291. KOHQeHTPa
I1HS1 BTOpOH TeruIOBoH nonYJlSlI1HH nJla3MhI COCTaBJISIeT
50% OT KOHQeHTPaQHHnepsoa nonyJI51QHH.

PRC. 7. Pe3YJIhTaT 06pa60TKH BAX N2 348. TIpHMep aHO
MaJIbHO "XOJIo):\Horo" 3JIeKTPoHHoro nytIKa.
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aaepraa nysxa Elh "" 3 3B (30000 K) KOHQeHTpaQHjI
3JIeKTpOHOB B nysxe Nbl < 0.003 CM-3 (cToJI6eQ Nb1),
aaase OH 6bIJI 6bI saxesea npa BH3YaJIbHOM nonoo
pe. AHaJIoruqHO, npa E lh "" 0.3 3B (3000 K) BeJIHqH
aa Nb1 < 0.001 CM-3•

TaKHM 06pa30M, H3 pe3YJIbTaTOB 06pa60TKH
BAX cnenyer, qTO, nOMHMO TenJIOBOH H30TponHoH
norrynsuaa nJIa3MbI CMaKCBeJIJIOBCKHM pacnpenene
HHeM B BbICOKOllIHPOTHOH MarHHToc<pepe aa BbICO- j

Tax 10-20 TbIC. KM, n
paKTHqe

6CKH Bc~r.n;a npH~YTcT- .,,1".""BylOT npyrae KOMnOHeHTbI - OJIee ropaxaa Ten-
JIOBag nnasaa C MaKCBeJIJIOBCKHM pacnpeneneaaeu,
nysxa 3JIeKTpOHoB C pa3JIHqHbIM COOTHOllIeHHeM
Me>K.n;y TenJIOBOH H HanpaBJIeHHOH CKOpOCTSlMH HJIU
.n;onOJIHHTeJIbHble K TerrJIOBbIMnonYJISlQHSlM unaaxsr
nOTOKH HOHOB. ~

ECJIH .n;JIg 3JIeKTPoHHbIX rrysxos B paaxax .n;aHHoH
MeTo.n;HKH ynanocs orrpenemrn, C npHeMJIeMOH TOq-

06CY>K}l;eHHe re0<pH3HqeCKHX acnexros rronyxea- ;,

HbIX pe3YJIbTaTOB TPe6yeT paccssorpeaaa 60JIbllIero :'
KOJIHqeCTBa BAX H He BXO.n;HT B paMKH .n;aHHOH paoo- ft.
TbI, n03TOMY orpaaasrauca rrpaaeneaaeu pe3YJIbTa- '<,

TOB 06pa60TKH nBTH npaseneaasrx nsnne BAX.

13497 H 14095 KM COOTBeTCTBeHHO. Cnenyer OTMe
THTb npaKTHqeCKH onaaaxoayro saeprmo nanpaa
JIeHHOrO .n;BH>KeHHg 3JIeKTpOHHbIX nynxos - OKOJIO
5 3B, qTO, nO-BH}l;HMOMY, n03BOJIgeT OTHeCTH HX K on
HOHH TOH>Ke MarHHToc4>epHoH erpyxrype, nOCKOJIb
Ky Bee TPH BAX nonyseasr B npenenax 2 rpanycos
HHBapHaHTHoH IIIHpOTbI. TIPH 3TOM nysox 348 gBJIg-,_
ercs csoero po.n;a aHOMaJIHeH - ero TeMnepaTYPa CO- '"
CTaBJIgeT 1600 K. AHaJIOrHqHO, TellJIOBag nonynsnaa
2 B cnysae BAX 291 TaK>Ke OTJIHqaeTCg OT 60JIbllIHH
CTBa npyrax cnysaee - BeJIHqHHa KOHQeHTPaQHH Nz
COCTaBJIgeT OKOJIO 50% OT BeJIHqHHbI KOHQeHTPaQHH
N I • qaIQe scero 3TO COOTHOllIeHHe JIe>KHT B npenenax
0.5-2%, KaK B cnysae BAX 245 H 348.

A<IlOHHH U np.

oN!! IIoTeHI.\HaJI TenJIOBIDI TenJIOBaSi
3JIeKTPoHHbIH nYQOKKOH<pu- xopnyca norrYJISlQHSI 1 norrYJISlQHSI 2

BAX
rypanas

UbB N I, CM-3 TI,K Nz, CM-3 Tz,K Ebl,3B Nbl, CM-3 Tbl,KPuc.

3a 430 lTP+ lEB -5.9 48.0 26800 7.94 0.542 17100

<1.0 30000

<0.2 60000

4 87 2TP +0.5 45.3 10400 0.420 181500

5.0 <0.003 30000

5.0 <0.001 3000

5 245 2TP+ 1EB -2.8 43.4 23100 0.204 97900 4.85 0.835 9700

6 291 2TP + 1EB -3.0 23.7 14500 11.95 58350 5.04 0.917 11300

7 348 2TP+ lEB -0.4 23.0 16300 0.114 177500 4.93 0.037 1600

Ami .n;onOJIHHTeJIbHOH OQeHKH TOqHOCTH nonoopa
.n;JIg BAX Xl!430, KOTOpag cooTBeTCTByeT KOHqmry
paQHH TenJIOBOH nnaausr CO.n;HOH TenJIOBOH nonYJISI
QHeH, B .n;BYX crpoxax HH>Ke CTpOKH 1 Ta6JIHQbI npH
aeneasr npenensasre 3HaqeHHSI KOHQeHTpaQHH BTO
POH nonyJISlQHH, npa KOTOpblX 3Ta nonYJIgQHSI
CTaHOBHTCSI 3aMeTHoH npa BH3YaJIbHOM nonoope,
ECJIHnpe.n;nOJIO>KHTb, qTO TeMnepaTypa 3JIeKTPoHoB
3TOH norryzrsttaa Tez = 30 000 K (CToJI6eQ T z), TO Be
JIHqHHa ee KOHQeHTpaQHH Nz < 1.0 (CToJI6eQ Nz).
AHaJIOrHqHO, npa Tez = 60 000 K BeJIHqHHa Nz < 0.2.
TIPH BeJIHqHHe N, =48.0 3TO coorsercrsyer 2% H
0.4% COOTBeTCTBeHHO.

TaKHM >Ke 06pa30M OQeHeHa TOqHOCTb nonoopa
.n;JISI BAX Xl! 87, cooTBeTcTBylOIQeH nJIa3Me 6e3
nyxxa 3JIeKTpOHOB. ECJIH npe.n;nOJIO>KHTb, qTO na
npaaneaaas CKOpOCTb nyxxa COOTBeTcTByeT saep
rHH Ebl = 5.0 3B (cToJI6eQ Ebl ) , TO npa TenJIOBOH

TaOJIH-.a.

522

KOH<I>I1:rYPAIJ;IUI TIJIA3MbI 2TP + 1EB (ABE
TETIJIOBbIX W30TPOTIHbIX TIOTIYJI5IIJ;WW +

OAWH 3JIEKTPOHHbU'f TIyqOK)

TIJIa3Ma, COCTOgIQag H3 nsyx TenJIOBbIX H30TPon
HblX KOMnOHeHT C MaKCBeJIJIOBCKHM pacnpeneneaa
eM, Ha6JIIO.ll;aJIaCb BO BpeMg peracrpauaa BAX
M 245, 291 H 348 (pHC. 5, 6 H 7), nOJIyqeHHbIX
28.x.96 B 20.53.48, 20.57.44 H 21.02.35 UT COOTBeT
CTBeHHO, L = 7.23, 7.76 H 8.36, InvLat = 68.09°,
68.90° H 69.73°, MLT =0.77,1.01 H 1.30 H H =12981,

xapaKTepHCTHKY BHOCHT He BeJIHqHHa KOHQeHTpa
QHH, a BeJIHqHHa nOTOKa 3TOH KOMnOHeHTbI (nv).
Tesmeparypa TeZ npessnuaer Tel B .n;aHHOM cnyxae B
17 paa,

Ha Tpex HH>KHHX naaensx nOKa3aHbI, aHaJIOrHq
HO pHC. 36, OQeHKH TOqHOCTH noneopa napauerpoa
N I, Tel H Nz. OQeHKa .n;JIg TeZ He rrpaseneaa, TaK KaK
KaqeCTBeHHO H no BeJIHqHHe OHa OqeHb 6JIH3Ka K
OQeHKe Nz•
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nyxxa). A6COJIIOTHbie BeJIHqHHbi H COOTHOlIIeHHe

Mexmy HanpaBJIeHHOH H TenJIOBOH 3HeprHSlMH 3JIeK

TpOHHbiX nysxos naer YKa3aHHe aa MeCTO H, B03

MO>KHO, MexaHH3M HX <lJopMHpOBaHHSI.

- Ilononaarensasre nOTOKH HOHOB. Ilocrosepao
MO>KHO yTBepxmaTb na ,n:aHHOM arane JIHlIIb <lJaKT HX

HaJIHqHSl, xoropoe cpaBHHTeJIbHO JIerKO onpenena
eTCR nasce npa BH3yaJIbHOM npOCMOTpe <lJOPMbl

BOJIbT-aMnepHbiX xapaKTepHCTHK B 06JIaCTH OTPH

QaTeJIbHbiX nOTeHQHaJIOB. Tpeoyercs nononaarens
HbIH aHaJIH3 ,n:JISI BbiRCHeHHSI B03MO>KHOCTH onpene
JIeHHSI HX KOHKpeTHbiX napaaerpoa, a TaK>Ke SlBJISI

IOTCSI JIH OHH H30TponHbIMH HJIH HanpaBJIeHHbIMH.

B03MO>KH0, qTO pess aner 0 3aMeTHOM BKJIa,n:e (niVi)
OT CBepXTenJIOBblX HOHOB.BbIBO,Il;bI

Ha OCHOBe aHaJIH3a BbI6paHHbiX B.-a. xapaxrepa
CTUK no ,n:aHHbiM ,n:BYX npOJIeTOB nonyseasr cnenyro
mae pe3YJIbTaTbI.

1. TeDJIOBaSI H30TPonHaSI nonyJISlQUSI DJIa3Mbi C

MaKCBeJIJIOBCKHM pacnpeneneaaesr B BbiCOKOlIIHPOT

HOH MarHHToc<l>epe aa asrcorax -10000-20000 KM

6e3 npasreca npyrax KOMnOHeHT TeDJIOBOH HJIH

cBepXTenJIOBOH DJIa3Mhl npaKTHqeCKH He BCTPeqa

eTCSI. PeaJIbHO Ha6JIIO,n:aeMaSi TenJIOBaR nJIa3Ma B

3THX 06JIaCTSIX npocrpancrsa nOqTU scerna COtTOHT

U3 pa3JIHqHbiX KOM6HHaQHH MaKCBeJIJIOBCKHX H He

MaKCBeJIJIOBCKHX KOMnOHeHTOB.

2. BbISlBJIeHbi CJIe,n:YIOIQHe KOMnOHeHTbi TeDJIO

BbIX H cBepXTenJIOBbiX 3JIeKTpOHoB H HOHOB nnaaasr
C 3HeprHSlMH E s 15 3B:

- M30TponHaSi nonYJISlQH)I 3JIeKTPoHoB H HOHOB C

MaKCBeJIJIOBCKHMpacnpe,n:eJIeHHeM.

- TIyqKH 3JIeKTpOHoB C pa3JIHqHbiM COOTHOlIIeHH

eM Mexmy TeDJIOBOH H HanpaBJIeHHOH aaepraea, qa

me acero acrpesarorca nyqKH C saepraea aanpas
nennoro ,n:BH>KeHHSI Eb, 3HaqHTeJIbHO npeasnnaio
~eH HX TeDJIOBylO 3HeprHIO Eth ("XOJIo,n:HbIe"

3JIeKTpOHHbie nysxa). Bcrpesaiorca nysxa C npa
MepHO o,n:HHaKOBbiM COOTHOlIIeHHeM TenJIOBOH H aa
npaBJIeHHOH 3HeprHH ("rOpSlqHe" 3JIeKTPOHHbie

HOCTblO TaKHe OCHOBHbie napauerpsr, KaK N, E H Te,

TO AJISI 3THX AOnOJIHHTeJIbHbiX nOTOKOB HOHOB MaKCH

MYM, qTO MO>KHO yraepacrars aa ,n:aHHOM srane no
CTOBepHO, 3TO TOJIbKO <lJaKT HX HaJIHqHSl. B CMy xa

paxrepasrx OC06eHHOCTeH <lJOpMHPOBaHHSI CyMMap

HOH TOKOBOH XapaKTepHCTHKH 30H,n:a onpe,n:eJIHTb

AOCTOBepHO napauerpsr ,n:OnOJIHHTeJIbHoro HOHHOrO

nOTOKa 6e3 npHBJIeqeHHSI BCnOMOraTeJIbHbiX csene
HHH He npe,n:CTaBJISIeTCR B03MO>KHbiM. B HeKOTopbIX

CJIytlaSIX TaKoe onpeneneaae B03MO>KHO C HCnOJIb30

BaHHeM napaaerpa Uz npaoopa KM-7, onaaxo nOT

sonpoc BbIXO,n:HT sa paMKH ,n:aHHOH patiorsr.
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INTERBALL-2 Measurements of the Components of Thermal and Suprathermal
Plasma (E ~ 15 eV) in High-Latitude Regions
of the Magnetosphere at Altitudes of 2-3RE

V. V. Afonin', o. S. Akentleva', and J. Smilauer-
I Space Research Institute, Russian Academy ofSciences, Profsoyuznaya ul. 84/32, Moscow, 117810 Russia

2 Institute 0/Atmosphere Physics, Prague, Czech Republic

The KM-7 experiment was carried out on the INTERBALL-2 satellite with the object of measuring the electron
temperature Te of thermal plasma in peripheral regions of the plasmasphere and in the auroral zone of the mag:'
netosphere at altitudes of 2-3 Earth's radii. The results of T, measurements showed that the Maxwellian electron
energy distribution, though assumed to dominate in the indicated regions when designing the apparatus, turned
out to be invalid in most cases. Because of this, the current-voltage characteristics of a spherical probe were re
corded and processed with the aim of checking the Maxwellian electron distribution. To this end, a numerical
model was developed for the probe characteristics, as applied to the experimental conditions. The model was used
to obtain, for the first time, reliable detailed data on the structure of thermal plasma in the high-latitude magneto
sphere at altitudes of up to 20000 kID. The model is briefly described, and the first results are presented.
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