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HABJIIO,[(EHII.H IIOTOKOB XOJIO,[(HbiX IIOHOB 
II3 IIJIA3MOC«<>EPhl B IIOHOC«<>EPY B HOqHOE BPEM.H 

HA CPE,[(HIIX JIIIIPOTAX 

Ha rrpH6opnmr I\OHTeiiHepe pai{8Thi <<BepTHimJih-10>>, aarry~eiiHOM 
25.XII.1981 r. B 22.35 MLT Ha cpe.a;rmx IIIHPOTax, 6hmH ycTaHOBJI8Hhi .a;na 
aHaJUI3aTOpa C TOpM03JI~IIM I!OT8HI.VIaJIOM. AHaJUI 3aTOphi, O}l;HII H3 ROTOphiX 
6hiJI Opii8IITIIpOBaii BB8pX, .a;pyroi"r BHH3, na yqaCTR8 IIa}l;8HFili ROHTeiinepa OT 
B8piiiHIIhi Tpaei\TOpHH na BhiCOT8 1508 HM }l;O 1438 I\M 3aperHCTpHpOBaJIH aHH-
30TpOIIliiO TOKOB, I!plPI8M TOR anaJIH3aTOpa, OpH8HTIIpOBaHIIOTO BB8pX, npe­
BhiiiiaJI TOI{ aHaJilr3aTopa, OpH8HTHpOBaHIIOTO BIUI3. 

I10JIY'l8Hllhl8 ~JKCII8pHM8HTaJIJ>Hhi8 }l;aHHhi8 }l;aiOT OCHOBaHH8 C}l;8JiaTh Bhi­
BO}l; 0 TOM, 'ITO BO Bp8MJI IIOJI8Ta paK8Thl «BepTHKaJih- 10>> 6biJI 3aperHCTpH­
poBaH IIOTOR XOJIO}l;IIOii IIJia3Mhi H3 IIJia3MOCcp8phi B HOHOCcpepy, CROpOCTh 
KOTOporo COCTaBmma ,~103 M/C. 

B HacTom.u;eii: cTane rrpHBOJl:H'l'CH peayJihTaThl :u:aMepeHHii cRopocTeii n Be­

JIH'lHH IIOTOROB XOJIO)l;HhiX HOHOB :U:3 'IIJia3MOCcjlepbi B :U:OHO'Ccjlepy, Bhl'IIOJIHBH­

HhiX IIpH IIOMOID;H CHC'TBMhi :U:3 Jl:BYX IIJIOCR:U:X 3JIBRTpoc·TaTH'lBCR:U:X 

aHaJIH3a'TOpOB C TOpM03HID;:U:M IIOTBHIJ;HaJIOM (UJIOCRHX HOHHhiX JIOBYIIIBR) ,. 

ycTaHOBJIBHHhiX Ha rrpn6opHOM ROHTBHHepe reoc}JH3H'l8CROH paReTbi <<BepTH­

RaJih-10» . PaReTa «BepTHIWJih-10» ohma aarryr.u;eHa 25.XII 1981 r. B 18.35 UT, 
22.35 MLT B paiioHe r. BoJirorpap:a Ha TpaeRTopnro, OJIHaRyro R BepTimaJihHOii:: 

(Mop:yJih CROpOCTH B BBpiiiHHB TpaeRTOpHH He UpBBhiiiiaJI 1 M/C). 

00MBH IIOTORaMH aapmRBHHhiX 'laCTHIJ; MB/1\p:y HOHOOcjlepoii: H IIJia3MOCcjle­

po:ifr, HBJIHIOI.IJ;:U:iicH O)l;HHM H3 Ba/1\HBHIIIHX B:U:)l;OB HOHOCcjlepHO-MarHHTOCiflepHbiX 

CBH38H H, IIO-B:U:)l;HMOMy, Ba/1\HhiM c}JaRTOpOM, IIO)l;)l;BplliHBaiOI.IJ;HM CYID;BCTBOBa­

H:U:e HO'lHOH HOHocc}Jephl Ha CpBJJ:HHX IIIHpoTaX, II3Y'laJICH TeopeTH'lBCRH H 9R­

CIIBIJHMeHTaJihHO B TB'lBHHe pHp:a JIBT. 

IIapR Ha ocHOBe paccMoTpeHHH cyTO'lHhiX Bapna.u;nii aRBaTopHaJihHhiX 

n (£) -rrpo«f>HJIBH, IIOJIY'lBHHhiX ITO p:aHHhlM HaOJIIO)l;BHHH CBHCTHID;HX aTMOC·«f>e­

pHROB, IIpHIIIBJI K BhiBOJl:Y 0 CYI.IJ;BCTBOBaHHH IIOTOROB aapHlliBHHhlX 'laCTHD; 

TBIIJIOBhiX 9HeprHH ~ 1,5 ·108 CM-
2 
·c-1 H3 ITJia3MOC«f>epbi B HOHOC«f>epy HO'lhiO 

11 ~ 3 ·108 CM-2 ·C-1 H3 HOHOCcjlepbi B IIJiaaMoC«f>epy )l;HBM [ 1, 2]. Ilo p:aHHhlM 

cTaHD;HH HeRorepeHTHoro pacceJIHHH MnJIJICTOH - XHJIJI 8BaHc )l;JIH L=3, 1 rro­

JIY'lHJI BBJIH'lHHhi IIOTOROB 5 ·107 CM- 2 ·c- 1 BBepx H 3 ·107 CM- 2 ·c-1 BHH3 )l;JIH 

ycJioBHii MaRCHMyMa coJIHe'lnoii aKTHBHOCTII [ 3, 4]. GorJiacHo p:aHHhiM, rroJiy­

'leHHhiM TaRme B MIIJIJICTOH- XIIJJJI B ycJIOBHHx MaKCHMyMa COJIHB'lHoii aR­

TIIBHOCTII )l;HBM Ha BhiCOTB 3000 KM IIO'TOR II3 JIOHOC·«f>ephl COCTaBJIHBT 

(5-7) ·107 CM- 2 ·c- 1
, a HO'lhiO OH HarrpaBJIBH BHII3, YBBJIJI'lJIBaJICh B TB'IBHJie 

HO'IJI )l;O ~1,5·108 CM- 2 ·C- 1 
[ 11]. 

Ilo p:aHHhlM cTan.u;IIII HeRorepeHTHoro pacceHHIIH B Apecnoo BIIRpii II p:p. 

rroJJy'liiJIII, 'ITO na L=1,4 B HO'lHoe BpeMH BBJIH'lHHa rroTOROB IIOHOB H+ 

* MnCTIITYT KOCMII'l8CKHX IICcne.a;onaHHii AH CCCP. 
** l'IHCTIITYT reo.a;eaHII :u: reocpii3HKII AH BHP. 

*** ~enTpaJihHhrii: HHCTHTYT cpH3H'l8CKIIX Hccne.a;onaHHii AH BHP. 
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B Honocq,epy B anrycTe 1975 r. cocTanmma (2-6) ·107 c~- 2 · ·c-t, a B anrycTe 

1976 r. H J.!HBape 1977 r. B8JIH'IHHa ITOTOKOB H+ COCTaBJIHJia ~ 108 CM-2 • 

·c- 1 [5, 6]. 
KaK 6r,mo rroRaaano B [7, 8], ITOTORH xoJio)l;noii: nJia3Mbi H3 rrJiaaMoc<flephl 

MOryT ITO)l;)l;8piiUIBaTb CYIIJ;OCTBOBaHHe HOHOC<flepbi B OTCYTCTBHe COJIH8'IHOrO 

Y<l>-HaJiy'IeHHH. Comacno ou;ermaM aB'Topon [ 7, 8], )l;JIH ITO)l;)l;ep~Rarnm MaRcH­

MyMa o'6JiaCTH F B HO'IHOe BpeMH na cpe)l;HHX mHpoTax neo6xo)l;HMhl rroTORH 

IIJia3Mhl H3 IIJia3MOc<flepbi BHH3 ~2·108 CM- 2 ·c-\ C )l;pyroii: CTOpOHbi, T80peTH­

'I8CRHe OIJ;8IIKH B8JIH'IHHbi ITOTOI\OB H+ M8if\)l;y FIOHOC<flepoii: H IIJia3i\IOC<flepoii:, 

C)l;eJiaHHhle B PHAe pa6oT (narrpHMep, [ 9, 10]), rroKaar,rnaroT, 'ITO na cpe)l;HHX 
IlTHpOTaX ITOTOKH )l;OJiif\Hbi COCTaBJIHTb ~ 108 CM- 2 ·c- 1• 

Bom,rrroe paarw o6pa3IIe TeopeTH'I8CIKHX OIJ;8HOI\ B8JIH'IIIH IIOTOKOB M8ffi)l;Y 

IIJia3MOc<flep oii: H IIOHoc<flepoii:, a TaKiKe TPYAHOCTH rrpH HHTeprrpeTai!IIII )l;aH-

+ ffanpa!fneHue 
t nonema 

AI 
• AZ 

Puc. 1 PMC. 2 

PHc. 1. CxeMa pacnoJiomennJI JioByiiieK na rwnTefrrrepe c nay'lrroii annapaTypofr reoqnr-
3IPiecRoi1 paKeT:&I «BepTimaJI:&-10>> 

Puc. 2. CxeMa Horrrroii JIOBYIIIRH 

HhlX, IIOJIY'I8HHhlX M8TO)l;aMII HeKorepeHTHOrO pacceHHHH, II OTCYTCTBII8 HeOO­

XO')l;IIMbiX rrpHMbiX (in situ) II3MepeHIIH )l;aJIII OCHOBaHHe aBTopy CO"BpeM8HHOrO 

(1983 r.) o6aopa [ 12] XopBHI!Y aaKJIIO'IIITh: <<IlMerom;IIeca )l;aHHhle rro rJiaB­

noMy BOrrpocy B OOJiaCTII IIOHOC·<flepHO-IIIJia3MOO<flepHLIX CBH38H, IIO)l;)l;8plliiiBaeT­

CH JIM 'HO'IHOH F-MaKCHMYM HOHOO<flepbl IIOTOKaMH IIJia3MLI H3 IIJia3MOc<flephl, 

J.!BJIHIO'l1CH H8)l;OKa3a T8JILHhlMH>>. 

1. llocTaHOBKa :mcnepnMeHTa. Ha rrpH6opnoM KOHTeiinepe paKeTLI <<Bep­

THKaJIL~10>> na ITITanre )l;JIIInoii: 1 M 6LIJIH ycTanonJieHhr .n;na rrJioCKIIx anaJIH­

aaTopa (piic. 1). Bo npeMH rroJieTa KOHTeiinep OLIJI rroJIIIOCThiO CTa6IIJIII3IIpo­

nan, rrpii'IeM ero rrpO)l;OJILHaa ocb 6nma narrpanJiena rro nepTimaJIII. HopMaJIH 

K BXO)l;HhlM OTBepCTIIHM aHaJIII3aTOpOB narrpaBJI8Hhl rrapaJIJI8JILHO IIpO·)l;OJILROH 

ocn KOHTeiinepa. 0)l;HH Ha anaJIIIaaTopoB- At- 6LIJI opiieHTHponan BBepx, 

)l;pyroii: - A2 - BHII3. B Te'IeHHe rroJieTa, rrpo)l;oJimanmeroca ~ 20 MHH, perii­

CTpHponaJIIICL KpiiBLie TOpMomeHHH HOHOB B o·6oiix anaJIH3aTopax. CxeMa ana­

JIHaaTopoB II rroTeHrriiaJILI ·na ero :meKTpo)l;ax rroKaaaHbi Ha piic. 2. YroJI o6oo­

pa aHaJIH3a'TOpO"B COCTaBJIHJI ±70°, a yrJIOBaH xapaKTepHCTHKa ITO <flop Me 

6Lma OJIH3Ka K KOCIIHYCOH)l;aJILHoii, 'ITO rroaBOJIHJIO rrpH o6pa6oTKe :n<crrepii­

MeHTaJILHhlX )l;aHHbiX HCIIOJIL30BaT:b TeOpHIO ITJIOCKOrO 30H)l;a. 

Bo npeMH rroJieTa na anaJIII3Hpyrom;IIe CeTKH oooiix anaJIH3a'l10pOB ciiH­

xpoHHo IIO)l;aBaJIHCL OT O)l;HOrO IICTO'IHHKa ITIIJIOOOpa3Hhle HarrpHlli8HHH C paa­

MaXOM oT -2 B AO +16 B c nepHo)l;OM 2,5 c. ToKH KOJIJieKTopoB anaJIIiraaTo­

poB periiC'l1pHpoBaJIHCL C 'Ia>CTOTOH 400 H3MepeHHH B ceKyHAY· 

2. PeayJILT8Tbi H3Mepennii. ToR B u;errH KOJIJieKTopa IIJIOcKoro anaJIH3aTopa, 

ycTaHOBJiennoro na KOCMH'IecKOM arrrrapaTe, coa)l;aeTCH aa C'!eT ero rrepenoc­

noro )l;BHffi8HHH B IIJia3M8, a TaKme aa <;'leT T8IIJIOBOrO )l;BHffi8HHH '!aCTHI.J; HJIH 

APYTHX ABHmenH:ii: rrJiaaMhi. IloaToMy B BepmHne TpaeKTopHH, r)l;e nepTHKaJih­

naa CKOpOCTL KOHTeii:nepa paBHa HYJIIO·, B ·H30'TPOIIHOH IIJia3Me pa3JIH'IHhlM OO­

pa30M OpH8HTHpoBaiiHhl8 IIJIOCKHe anaJIH3aTOpbl )l;OJiffiHbi perHC'l1pHpOBRTb paB­

Hhl8 TOKH HaCLIID;8HHH. Ha HaKJIOHHOM y'!aCTKe KpHBOH TOpMOif\8HHJI TOKH, 

H3MepeHHhl8 )l;BYMH aHaJIH3aTopaMH, MOryT H8MHOrO OTJIH'IaT:bCJI BCJI8)l;CTBH8 
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PHC. 3. 1\pHBbie TOpMOH~SHHli IIOHOB B B9pillHHe Tpal:RTOpHH 
H=1508 KM, V=0,004 KM/c 

2 

Ur,B 

HenOJIHOTO COB'IIa~eHIIH ROHTaRTHbiX pa3HOCT8H nOT8HIJ;IIaJIOB Ha aHaJIII3li­
pyiOIIJ;IIX ·C8TRaX aHaJIII3aTOpOB. 

O~naRo B ::mcnepHMHHTe na paReTe <<BepTIIRaJio~10>> noJIHOCTI>IO H~eHTHq­
Hnie no ROHCTPYRIJ;IIH H xapaRTepiiCTIIRaM anaJIIIsaTopni A1 H A2 B nepmHHe 
TpaeRTOpiiii npii MO)zyJie CROpOCTII RORTeHHepa, paBHOM 4 M/C, perHCTpiipOBa­
JIII cyiiJ;ecTnenno paaJIIIqHI>Ie no neJIII:qiiHe TORII nachliiJ;eHIIJI. ToR nachliiJ;e'HHJI 
anaJIIIaaTopa A1, opiieHTHponannoro nnepx, npenhlmaJI TOR nacoiiiJ;eHIIJI ana­
JIII3aTopa A2, opHeHTIIpoBaHnoro BHIIs, na ~30%. Bo npeMH cnycRa ROHTeii­
nepa, no Mepe yBeJIIIqeniiH ero c:wopocTII 'TOR anaJIIIaaTopa A1 na~aJI,. TOR 
aHaJIII3aTopa A2 HapacTaJI II: TOJibRO Ha BbiCOTe 1438 RM I!pli CROpOCTII ROH­
TeHHepa 960 M/c TORII nacniiiJ;eHIIJI oooiix anaJIHaaTopon cpaBHJIJIHco. 

Ha piic. 3 npHBe~eHhl RpiiBhle TOpMomeHIIJI HOHOB, II3MepeHHhle ~BYMH 
aHaJIII3aTopaMII BQJIII3II BepmiiHhl TpaeRTOpiiii paReTo! <<BepTHRaJin-10>> Ha · 
BbiCOTe 1508 RM Upii CROpOCTII ROHT8HHepa 4 M/c; Ha pHC. 4- RpiiBbie TOpMO­
llieHIIJI, H3MepeHHbl8 Ha BbiCOTe 1438 RM ·npH CROpOCTH ROHT8HHepa 960 M/c. 
Paamrqii:e BeJIIIqHH TOROB HaCoiiiJ;eHIIJI npH cRopocTII ROHTeiinepa, OJIII3Roii 
R HyJIIO, II paBeHCTBO HX npii CROpOCTII na~eHIIJI ROHT8HHepa 960 M/'C no3BO­
JIJIIOT C~eJiaTb H8COMH8HHbiH BbiBO~ 0 TOM, qTQ BO BpeMJI noJieTa ,paReThl 
«BepTHRaJio-10>> OI>IJI aaperHCTpHponan no·ToR nJia3Mhl Ha rrJiaaMoc¢epb1 
B IIOHOC!flepy, CROpOCTb ROTOporo COCTaBJIJIJia ~ 103 M/C. 3aMeTHM, ~0 npH 
ROOp~IIHaTe £=2, COOTBHTCTBYIOIIJ;8H M8CTY nycRa paReTbl, BepTHRaJib Ha Bbi­
COTax 1000-1500 RM npaRTHqecRn coBna~aeT c ocoro ·CIIJIOBoii TpyoRH reoMar­
HIITHoro nOJIJI. , HeoOXO~liMO no~qepRHYTl>, 'ITO Ha paccMaTpiiBaeMOM yqaCTRe 
TpaeRTOpiiH paanocTb TOROB Ha'CbiiiJ;eHIIJI anaJIIIaaTopoB A1 H A2 anaqiiTeJinHo 
<fJJiyRTyHponaJia npH coxpaH~HIIII, o~HaRo, o6IIJ;eii TeH~enu;IIH- yMeHomeHHH 
TORI.l B IIOHHOH JIOBymRe, HanpaBJI8HHOH BBepx, .II pocTa B JIOBymRe, HarrpaB­
JieHHOH BH~3. 
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Pn:c. 4. To JHe, 'ITO ua pn:c. 3, no J{JJJI H=1438 HM, V=0,96 I \M}c 

06pa60TRa RpHBbiX TOpMOllieHHH lliJOBO,!J;IIJiaCb MeTOf]:OM ITOp:6opa napaMeT­
pOB (fitting-MeTOfl:OM). IJpH 3TOM onpep:eJIHJIHCb ROHIJ;eHTpaiJ;HH H TeMnepaTy­
pa HOHOB, IIOTeHIJ;HaJI Ropnyca ROHTeiiHepa H CRO­
pOCTb nJia3Mbi. MaJiaH cRopocTn ROHTeiiHepa Ha 
yqaCTRe TpaeRTOpHH OT BepmHHbl fl:O BbiCOTbi 
1000 RM He H03BOJIHJia onpep:eJIHTb Mac•COBniii CO­
CTaB HOHOB, ll03TOMy o6pa60TRa BeJiaCb B npep:­
llOJIOllieHHH, TITO Mace a HOHOB m;= 1 a.e.M. Pe3yJin­
TaTni o6pa60TI{H IIORa3aJIH, TITO BO BpeMH 
ll3MepeHHH THMnepaTypa HOHOB BaiJbHpOBaJiaCb 
B npep:eJiax 1600-2200 K, ROHIJ;eHTpau;HH- B npe­
p:eJiax (4-7) ·f03 CM-a, ITOTeHIJ;HaJI ROpnyca ROH­
Teiffiepa 6:&m oTpHu;aTeJII>HnrM H JiemaJI B npep:eJiax 
- (0,5-1,0) B, Apeii<f> ITJia3Mbl HanpaBJieH BHH3 
B HoHoc<f>epy, a ero cRopocTn JielliHT B npep:eJiax 
OT 0,8 fl:O 1,4 RM/C. 

Pe3yJII>TaTbi onpep:eJieHHH cRopocTH nJia3Mbi 
npnBep:eHni Ha pHc. 5. Cpep:Hee 3HaTieHHe cRopo­
CTH Apeii<f>a ITJia3Mbl V UORa3aHO CITJIOillHOH JIII­
H'lleii. fopH30HTaJibHbie mTpliXII BBepxy II BHII3Y 
pll'C. 5 UORa3hiBaiOT BeJIHTIHHY norpemHOCTII onpe­
p:eJieHHH cRopoCTH nJia3MI>I. Pa36poc BeJIHTIHH 

H,KM 

!500 t 
1300 ~ 

!tOO 

0 

goo 9 
0,7,2,3,5 1 2 31/:i 

V, KM/C 

Pn:c. 5. 3aBHCHMOCTh noJiy­
'leHHhiX BeJIHqHH CHOpOCTJI 
.n;peii<fla rma3Mhl B p;nana-
30He BhiCOT 1500-900 l{M Ha 

CROpOCTeii 3aBef]:OMO npeBbiillaJI B03MOlliHbie Oillll6RH, H3 TierO CJiep:yeT peaJib­
HOCTb aToro pa36poc.a. He HCRJIIoTieHo, TITO cyru;ecTBoBaHHe pa36poca cRopocTeii 
p:peii<f>a llJia3Mbi CBH3aHO C HaJIHTilleM B HOHOC<f>epe BO BpeMH ITOJieTa paReTbi 
<<BepTHRaJin-10>) ROJie6aTeJibHI>IX npou;ecCOB, 0 TieM •CBHf]:eTeJibCTBYIOT oco6eH­
HOCTH H3MepeHHbiX RpHBbiX TOpMOllieHHH, a TaRme RBa3HllepHOfl:HTieCRHe 
BapHaiJ;HH :=meRTpOHHOH TeMITepaTyp:&I, 3aperncTpHpOBaHHI>Ie ycTaHOBJieHHOH 
Ha aToii paReTe annapaTypoii. 

BeJIHTIHHI>I ITOTOROB HOHOB H3 :IIJia3MOC<f>epni B HOHOC<f>epy, COOTBeTCTByiO­
Iu;lle UORa3aHHI>IM Ha pHC. 5 CROpOCTHM, Jiellia'l' B npep:eJiax (0,8-4,0) · 
·108 CM-ZC- 1• 
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BhiBOAhl 

f. I13MepeHhl B6JIIIqHHbi IIOTOROB IIJia3Mbi II3 IIJia3MOc<f>ephl B liOHOC<f>epy 

B HOIJ:Hoe BpeMH Ha L~2. HacROJibRO H3BeCTHO aBTopaM ::mcrrepnMeHTa, BTH 

li3MepeHHH HBJIHRlTCH rrepBbiMli IIpHMhlMli li3MepeHIIHMli IIOTOROB XOJIOp;HhlX 

liOHOB 113 IIJia3MOC<f>epbi B liOHOC,<f>epy Ha 'cpep;HHX llilipOTaX. 

2. liaMepeHHbie B6JIII'IHHbi IIOTOROB B HOHOC<f>epy B HO'IHOe BpeMH rrpeBhl­

ruaiDT RaR TeopeTniJ:ecRne, TaR n paHee noJiyiJ:eHH~>re :mcnepnMeHTaJinHhle (no 

p;aHHhlM MeTop;a HeRorepeHTHoro pacceHHHH) o:u;eHRH. BoaMOJI\Hoii: rrpli'IHHOH 

<lTliX paCXOJI\,IJ;eHHH MOJI\6T 6biTb H3MeHIJ:liBOC'Tb IIOTOROB B D;liRJie COJIHe'rHOH 

aRTHBHOCTH. HeJib3H TaRme ncRJIIDIJ:HTb B03MOJI\HOCTb Toro, 'ITO MeTop; HeRo­

repeHTHoro pacceHHliH p;aeT 3aHHJI\6HHbi6 Or:t;eHRli H3-3a OCJia6JieHHH ITOTOKOB 

noHoB H+ na rrJiaaMoc<f>epnr B peayJibTa:Te aapHp;oo6MeHHoii: peaR:u;nn 

H++O-+O++H, TaR RaR BCe peayJioTaTbi, llOJiyiJ:eHHhle <lTliM MeTO,IJ;OM, OTHO­

CHTCH R BhlCO'TaM < 1000 RM, rp;e er:u;e aaMeTHa ROHr:t;eHTpar:t;HH HOHOB Q+. 

3. J1aMepeHHbie llOTORli HOHOB li3 ITJia3MOC<f>epbi )J;OCTaTOlfHbi )J;JIH ITO,IJ;,IJ;e'p-

11\aHHH HO'IHOH liOfiOC<f>ephl (B COOTBeTCTBlili C Or:t;eHRaMH [ 7, 8]). 
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