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r. JI. riJaAe6U'I£ 

30H,UOBbiE METOLJ,bl H3YqEHIIH HQHOC«<>EPbi 

MeTO)l;hl nccne)l;onaHHH IIOHoc<lJephl npii noMom;R paRer II cnyTmmon MoryT 

6hlTh pa36HThl Ha )l;Be OCHOBHT:.Je rpyiiiihi: 

1) H 3Y'l8HHe pacnpOCTpaH8HliUI pa)l;IWBOJlH M8:ffi)l;Y CIIYTHHROM HJIH paReTOH 

H 3eMneii (n HeRoropnrx cnyqaJix no npneMy Ha cnyrHHRe rrporne)l;TIIHx qepea 

HOHOc<lJepy pa)l;HOBOJIH); . 

2) H3MepeHII8 xapaRTepiiCTIIR HOHOC<lJephl B6JIH3II paReTT:.I HJIH CITYTHl'IKR 

C ITOMOIII,biO yCTaHOBJI8HHhiX Ha HIIX IIpH60pOB. 

MeTo)l;a:M rrepnoii rpyrrm,r orrniTOB rrocnHm;eHa cTaThH B. A. MHcropnr. 

OcHOBHhlM He)l;ocTaTROM DTOH rpynrrM orrr,rTon, c TO'IRII apeHHH HayqenHH no-· 

RaJibHhiX napaMeTpOB HOHor.<lJephi, HBJI.II8TC.II BJIIi.IIHHe Ha BH)l; IIpHHHMaeMblX . 

ciirHaJIOB nceii TOJilil;II aTMoc<lJephr, qepea rwTopyro npoxor~wr pa,n;HoBOJIIIni. 

O cHOBHI>IM rrpeHMym;ecTBOM MeTO)l;OB BTOpo:ii rpyrrni>I HBJIHeTCH noJJHaH 

He3a BHCIIMOCTh pe3yJihTaTOB I13MepeHIIH OT xapaRT6pHCTHR TOJilil;II UOIIOC<lJepbT, 

HaXO)l;Hm;e:ffcJI D)l;aJIH OT IIpii6opoB CIIYTHIIRa HJIH paReTI>I, H OT rrpo~eCCOB, R 

neil n poiicXO)l;Hm;IIx. B 3TOM CJiyqae noRa3aHHH rrpH6opon IIOJlHOCThiO orrpe)l;e

JIHIOTCH M aJlOH o6JiaCThiO B6Jlii3H 3THX llpH60pOB. 0)l;HaiW Ha ll0I{ a3aRII.II npii-

6opOB BJIH.IIIOT B03Mym;eHHH, C03)l;aBaeMnie RaR CaMHMII rrpu6opa11111, TaR H. 

CTIYTH HROM IIJIII paReTOH. 

8 r n: TaR Ha3hiBaeMhl8 30H)l;OBhie M8TO)l;nl Ha'laJIII pa3BHBaThC.II em;e B 20-X 

TO)l;aX Harnero CTOJI8TH.II JleHTMIOpOM I1 ero COTpy)l;ITIIRaMII )l;Jl.II HCCJI8)l;OBaiiiiH 

II.Tia3Mhi Ta30BOTO pa3p.H)l;a II B HaCTOHrri;ee BpeMH HBJIHIOTC.II OCIIOBIII>IMII Me

TO)l;aMII H3MepeHIIH B OTHOCIIT8JihHO XOJIO)l;HOH IIJia3Me C OTHOCIIT8JibHO MaJIOH 

ROH~8HTpa~IIeii H Tipii MaJihlX MaTHIITHhiX IIOJIJIX. 

HoHoc<lJepa, RaR MI>I ynii)l;IIM HIIme, HBJIHeTcH no'ITII H,n;eaJinHoii cpeJJ;oii )l;JIH 

IIpHMeneHHH 30H)l;OBOH MeTO)l;HRU. I1cCJI8)l;OBaHII.II I!OHOC<lJepni CTIIMYJIIIpOBfl.

JIH pa3BHTHe 30R)l;OBT:.IX M8TO)l;OB. ,[(JIH H3MepeiiiiH B HOHOC<lJepe HCIIOJib30BaJIHCh 

RaR M 8TO)l;bl, paapa6oTaHIIhle paHee, TaR II M8TO)l;bl CII8~HaJihHO C03)l;aHIILie. 

B HacToHm;eii CTaTne MI>I paccMoTpnM RpaTRO Teopn:m 30H)J;OBhlX H3MepeHHii ; 

OCTaHOBHMC.II Ha OC068HHOCTHX H3MepeHIIH B HOHOC<lJepe; paa6epeM IICITOJib-

3YIOlil;H8CH )l;JIH H3MepeHHH B HOHOc<lJepe M8TO)l;hi; npHB8)1;8M T80p8Tl1'!€CRHe 

paCli8Tbl H 3RCIT8pHM8HTaJihHbi8 CB8)l;eHH.II ITO BJIHHHHIO B03Mym;eHHH, C03)l;a

naeMhiX )l;BHiRYlil;IIMC.II CIIYTHHROM, Ha pe3yJioTaTbi H3MepeHHH llpH IIOMOlil;H 

30H)l;OBOH M8TO)l;IIRH; B 3aRJIIO'l8HHe o6paTHM BHHMaiiHe Ha nepcrreRTHBbT RC- · 

IIOJih30BaHH.II 3TOH M8TO)l;IIRII. 
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RPATROE 113JIOiKEHHE TEOPIIM 30H,li;OBLIX H3MEPEHM:0: 
II EE OrPAHMqEHMJI 

MeTo~ aon~oB, ~peAJiomenHJ.Iii JienrMropoM B 1923 r. [ 1], aaKmoqaeTC.fl a ToM, 

'IT~ SJieKTpH'IeC~HH 30H~, T. e. neoom,moii SJieKTpO~ mapOBOH, IJ;HJIHH~pn:qec
KOH HJIH IIJIOCKOH cpuopM:bi, BBO~HTC.fl B IIJia3My ra30BOrO pa3pH~a H IIOTenn;n:aJI 

30H~a, 3a~aBaeMJ.IH OTHOCHTeJIJ.HO KaTO~a HJIH ano~a, H3MeH.fleTC.fl OTHOCH

TeJIJ.HO IIOTenn;naJia IIJia3Mbi B MecTe paclloJiomenn:R aon~a. 3on~oBaR, n:Jin: TaR-

PHc. 1. BoJibT-aMIIepuaa 
xapaKTepliCTHKa ao~a 

naaomaeMaH BOJIJ.T-aMnepnaR xapaKTepncTnKa, 11pe~cTaBJI.fleT co6oii aaancii

MocTJ. TOKa Ha 30H~ OT ITOTeHn;IIaJia 30H~a. THIIH'IHI>III BII~ BOJIJ.T-ar-.mepnoii 

xapaKrepncTIIKII 11pn:ae~en na pnc. 1. Ee Ka'leCTBennoe OO'I>.flcneniie TaKOBO 

(2]: npn ooJIJ.mnx oTpiin;aTeJihHhlx IIOTenn;n:aJiax aon~a TOR na nero Ollpe~eJI.fl
eTc.fl TOR OM IIOJI01RHTeJIJ.HhlX HOHOB, IIOCKOJII>KY TeiiJIOBJ.Ie BJieKTpOH:bl He MOryT 

11peo~oJieTb TOpMoamn;ee IIOJie ao11~a (yqacToK AB); 11pn yMeHbilleiiHII oTplin:~;a
TeJIJ.,!Ioro IIOTeiin;naJia na ao11~ Ha'lniiaeT 11011ap;aT1> ::weKTpOHHhlH TOK, Ollpe~eJI.fl
eMhlH CIIa'laJia naiiOOJiee OI>ICTp:biMH 8JieKTpOIIaMIL 8TIIM OO'I>.fiCIIHeTC.fl OOJiee 

OhiCTpoe, qeM na yqacTKe AB, yMeiii>menn:e ToKa na y•mcTKe BC II IIOCJJe~yro
IIJ;ee IIaM:eneiiiie ero anaKa (TO'IKa C) 11pH IIOTeiin;naJiax na aon:n;e eiiJ;e 6oJiee 

Hlii3Kn:x, '!eM IIOTenn;naJI nJiaaMJ.I B MecTe naxom~enHH aon~a. ITocJie n:aM:ene

Hlil.fl 3HaKa TOKa llpn: yMeHJ.illeHHH OTpn:n;aTeJIJ.HOrO IIOTenn;n:aJia TOK KpyTO 

pacTeT (yqacTOK CD), ~OCTHra.fl anaqenn:ii: 110 a:6coJIIOTHOH ae.rrn:rmne 11pHMepno 

na ~Ba IIOPH~Ka 6oJIJ.mHx, qeM: na yqacTKe AB. Yme a aToii o6JiacTn (CD) 
BJieKTpOHHJ:.IH TOK 3Ha'IHTCJIJ.HO llpeBJ.ImaeT HOIIHI>IH TOK. B6JIH3H IIOTenn;n:a.rra 

aon~a, paanoro noTenr~naJiy mraaM:J.I (To'IKa D), IISM:enReTcJi: aaRon aoapacTa

nn.fl Torm, TaK KaK aJieKTpOHhl cna'laJia 11epecTaiOT aa~epmHBaTJ.C.fl IIOJieM 

aon~a, a aaTeM: naqn:naroT ycKopRTJ.C.fl. 8To H3M:enenHe saRona aoapacTaHH.fl 

30H~OBOro TOKa B6Jilii3lil IIOTCIIIJ;HaJia IIJia3Mbi llpOHBJI.fleTC.fl B 6oJiee HJIH M:enee 

pe3KOM: M3JIOM:e BOJII>T-aM11€pHOll xapaKTepiiCTIIKH. 

)l;JIH TOrO 'I~OOhl HaRTH llapaMeTpDI IIJia3Mhl, neo6XO,]J;IIMO BJ.I'IHCJIHT:b BH~ 
BOJII>T-a!\mepHOlil xapaKTepiiCTIIKH II3 HeKOTOpOH yllpOIIJ;eHHOH TeopeTH'ICCI\OH 

cxeMbi n: cpaBHHTJ. ee c na6mo~aeMoii. 
BaamDIM ~JI.fl paaan:TH.fl Teopiiii aon~oB HBHJIOCJ. BBe,ll;eHHe JienrMropoM: KOH

n;elln;nn C.JJOH o6'I>eMnoro aapH~a, oKpymaroiiJ;ero aon,ll;. B caMoM ~eJie, 11pn: BIIe

cenn:H 30H~a B IIJia3My (TaK iKe KaK lil IIpH BXOii\~CHHlil paKCTbl B HOHOC.cpepy) 

OH IIpHOOpeTaeT OTpn:n;aTeJIJ.HI>IH IIOTeHIJ;lilaJI, TaK KaK CKOpOCT:b BJJCKTpOHOB 

llpeBhlillaeT CKOpOCTb IIOJIOiKHTeJIJ.HI>IX HOHOB H, CJie~OBaTeJIJ.HO, 8JieKTp011HhlH 

TOK B Ha'laJibHhlH MOMCHT 6o~bill€ TOI\a IIOJIOiKHTeJJJ.HhlX liiOHOB. B ycTaHOBHB

illCM:CH cocTOHHlillil cyMMapnMH TOR na TCJIO paBeH nyJiro. CJie~oBaTeJIJ.HO, aoH,ll; 

npn:o6peTaeT IIOTenn;naJI V, onpep;eJIHeMDiii n:a ycJIOBH.fl paBeHcTBa TOKOB. ,Il;JIH 

lii30TpOIIHOH IIJia3Mhl , CO~epmaiiJ;eii: TOJIJ.HO 8JICKTpOHbl lil IIOJIOi-KIITeJIJ.HJ:.Ie 

HOHJ.I, BTO ycJioBne onpe~eJIHeTc.fl cooTnomeniieM 

(1) 

r,ll;e e -- aapH,ll; BJieKTpOHa; n+, ne - HOHIJ;eHTpan;HII IIOJIOlliiiT€JII>HI>IX IIOHOB lil 

BJieKTpOHOB COOTBeTCTBeHHO; V +Ve - IIX cpe,TJ;Hlile (apHcpMeTlii'I€CKHe) CROpOCTlil 
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llplil MaRCBeJIJIOBCROM: pac11pe~eJI< 

M COOTnomenneM v=(8kT/nM) 
cTo.rmna.fl BoJI~>n;Mana. Ma (1) CJJ 

CIIYTHHK B IIOHOccpepe) npn: OTCY~ 
TOB, TaRliiX, Kai< cpOT08cprpeKT, BT 

T. 11., npn:oopeTaeT oTpHn;aTeJIJ. 

IlpH aToM BOJIH3H IIOBepxnocTH 

TeJibHOrO aapR~a, B KOTOpOM ~ 

Konn;enTpan;HH aJieKTponoB ana 

~eniie JlenrMIOpOM: IIOHHTII.fl CJJ 

11plii'IHHaM: 

1) Bhl'lliiCJieHHe TORa Ha 30H 

pRiKeHH:biX 'laCTliiiJ; B CJIOe 00'1>' 

CTOJIKHOBeHHH; 

2) 11pe~eJinl IlpHMeHHMOCTH 

OTCYTCTBHe CTOJIKHOBeHHH. B CJI< 

6o~noro 11po6era a a pRmennhlx 

c:ro.fl o6'I>eM:noro a a pR~a d. 
)l;JIH naxom~eHHH BH~a BOJI 

HHe Ilyaccona ~JI.fl pacnpe~eJJ 
anaKa noTeHn;IIaJia ypaanenHe 

rpaHH'IH:ble yCJIOBlil.fl IIpii peml 

KOTOpOM paCCTO.fiHHlil OT Hero , 

nyJiro, Jmoo MaJihlM. PemenHe 

npe~eJieniie noTenn;IIaJia B cJiol 

TOM aaKOHOB COXpaHeHH.fl. )l;m 

CMaTpHBaeTCJI ~BliiiKeHHe 'laCTli 

B n;enTpaJIJ.HO-CIIMMeTpii'IHOM 

ROJIH'IeCTBa ~BHiKCHH.fl). )l;JIH 

ll.iiOCKOro 30H;IJ;a IICITOJII>3YIOTC 

npepbiBHOCTlil ITOTORa 'laCTHIJ;. 

KOrO II IIJIOCKOrO 30H;IJ;OB 6hlJI 

0TMeTHM, 'ITO paC'ICTbi BJieKTpt 

BpeMJI HCITOJih3YIOTC.fl llplii o6pf 

CaeTC.fl TeOpiiii liiOHHOH BCTBII ! 

meM (nocJie paooT JienrMropa) 

Be~eHHH liiOHOCcpepHhlX lii3Mep 

~OJiiKHbi npOlii3BO~HTJ.CJI C 

TIO;rJ;p06Hee HeT CMhlCJia OCTaB 

Hhle cpopMyJil>I, 110 KOTOp:biM OD 

30H~OBhlX H3MepeHIIH. )l;JIJI 1 

r~e S - IIOBepXHOCT:b 30H~a. 

ao~a, n,cJie,ll;oBaTeJIJ.no, nc 

SToii o6JiacTII noTenn;naJioB 

7 lilolioclflepHhle nccnep;OBaHHII, M 



~OBbiX 1I3MEPEH1Ill 
IJI 

1923 r. [ 11, 3aRJIJOTiaeTCJI B TOM, 
tTpo.n; maponoii:, I(HJIHH,ll;pHqec
l30Boro paapJI.n;a H noTen:qHaJI 
~ ano.n;a, H3MeHJieTCJI OTHOCH
fiHJI aon,n;a. 3on.n;onaJI, HJIH TaR 

l. BoJILT-aMIIepnaJI 
KTepHCTHKa SOHAa 

npe,n;cTaBJIJieT co6oii: aanHcn
[llll'IHI>rii: BH,n; BOJII>T-al\mepnoii: 
3CTnennoe o6'bJicnenHe TaRono 
: aon.n;a TOR na nero onpe,n;eJIJI
:enJIOBhle 3JieRTpOHhl He MOryT 
B); npH yMeHI>rneun:H oTpH:qa
b ::meRTpOHHhlH TOR, onpe,n;eJIJI
IiH. 8THM o6'bJICHJieTcJI 6oJiee 
.a na yqacTRe BC H nocJTe.n;yro
HIJ;HaJiax na aonn;e em;e 6oJiee 
:.n;enHH aon.n;a. ITocJie naMene
noro noTen:qn:aJia TOR RpyTo 
~OJIIOTHOH Be.JIHTIHHe npn:MepHO 
'1. Yme B 3"I;OH o6JiacTH (CD) 
Hhlii: TOR. B6JIH3H noTen:qna.rra 
, naMenJieTcJi: aaRon noapacTa
cTaiOT aa,n;epiRHBaTI>CJI llOJieM 
MeHeHHe 3aROHa B03pacTaHHJI 
[)JIBJIJI8TCH B OOJiee HJIH Menee 
KH. 

, H800XO)J;HMO BhiTIHCJIHTh BH,ll; 
ii: ynpom;ennoii: TeopeTHTiecrwii: 

)Cb BBe.n;enne JlenrMIOpOM ROH-
30H,ll;. B caMoM .n;eJie, npH BHe

m,n;enn:H paReThl B Honoc<lJepy) 
aR RaR CROpOCTb l3JTeRTpOHOB 
CJie,ll;OBaTeJihHO, 9JieRTpOHHhlH 

reJibHhTX HOHOB. B ycTaHOBMB
H Hymo. CJie.n;pBaTeJibHo, aon.n; 
CJI OBHJI paBeHCTBa TOROB. ,Il;JIJI 
IT8RTpOHbi H ITOJIO>RHTeBbHI>Ie 
lM 

~) T ' e 
(1) 

.I(MH ITOJIOiRHTeJihHblX HOHOB H 
e (apmpMeTnqeCRHe) CROpOCTlii 

npH MaRcBeJIJIOBCROM pacnpe.n;eJieHHH, CBJI3aHHhie c TeMnepaTypoii: T n Maccoii: 
M cooTnomenHeM v=(8kT!nM)'I•; Te - TeMnepaTypa aJieRTponoB; k - no
CTOJIHHaJI BoJibiJ;MaHa. lfa (1) CJie):!;yeT, TITO JTIOOOe TeJIO B ITJia3Me (paReTa HJIH 
CITYTHHR B HOHOccpepe) npH OTCYTCTBHH BJIHJIHHJI Ha IIOTeHIJ;HaJI ,n;pyrHX 9cpcpeR
TOB, TaKHX, RaK cpOTO::lcptf>eRT, BTOpHWaJI 3MHCCHJI, IIOTORH OhlCTphlX TiaCTHI( H 
T. II., npHo6peTaeT OTpnn;aTeJibllbiH llOTBHIJ;HaJI 

5kTe v,.._. __ _ 
- e • 

Ilpn aToM BOJil'l3H rroBepxnocTn aon,n;a o6paayeTCJI cJioii: o6'beMnoro rroJioiRH
TeJibHoro aapJI,n;a, B RoTopoM :meKTpnqecRoe noJie aon,n;a oi>rcTpo rra.n;aeT, a 
Ronn;eli:Tpan;HJI aJ!eRTponoB anaTIHTeJrbno Menbrne Ron:u;enTpan;HH nonoB. BBe
p;enHe JienrMropoM rroHJITHJI CJIOJI o6'beMnoro aapJip;a Bamuo no CJ!e.n;yrom;nM 
npHTIHHaM: 

1) BhlTI!iiCJ!eHHe TORa Ha 30H,ll; llpOH3BO,ll;HTCJI IIyTeM pacqeTa ):!;BHiR8HHJI 3a
pJiiReHHbiX qacTnn; B cJioe o6'beMnoro aapH.n;a B rrpep;noJiomenHn OTCYTCTBHJI 
CTOJIRHOBeHHH; 

2) rrpe.n;eJihi I!pHMBHHMOCTH TeOpHH CTaHOBJITCJI OOJiee TieTRHMH, TaR RaR 
OTCYTCTBHe CTOJIRHOBBHHH. B CJIOe OO'beMHOrO 3apJI.n;a 03HaTiaeT, TITO ,ll;J!HHa CBO
OO,ll;HOrO rrpo6era aapJiiReHHhlX qacTHIJ; l anaTinTeJ!bHO npenocxop;HT TOJIIIJ;HHY 
CJIOJI OO'bBMHOrO 3apJip;a d. 

,Il;JIJI naxom.n;enHJI nHp;a BOJ!hT-aMnepnoii: xapaRTepncTHIDI pernaroT ypaBne
HHe Ilyaccona p;JIH pacnpe,n;eJ!eHHH noTeHn;HaJia n CJ!Oe. B 3aBncnMOCTH oT 
aHaRa noTen:u;naJ!a ypaBnemre nMeeT BH,ll; [3) 

(,n;J!JIV>O) v2V =4:n:e [n+exp (- ;~J- ne]. 

(,n;JIJI v < 0) v2V = 4:n:e [ ne exp ( - :;e ) - n.,,]. I (2) 

rpaHHWhle yCJ!OBHJI npn pemeHHH (2) 3ap;aiOTCJI Ha IIOBepXHOCTH 30H,ll;a H Ha He
KOTOpOM paCCTOJIHHH OT nero, rn;e IIOJie 30H,ll;a MOiRHO CTIHTaTh JIHOO paBHhlM 
HYJ!IO, .rrn:6o MaJihlM. Pemenne (2) c rpanHWhlMH ycJIOBHHMH orrpe.n;eJIHeT pac
rrpe,n;eJ!enHe rroTenn;HaJ!a B CJioe, RoTopoe H orrpe.n;eJIHeT ,n;BHi-RenHe qacTHIJ; c yqe
TOM 3aROHOB COXpaHeHHJI. ,Il;JIJI ccpepHTieCROro H IJ;HJ!liiHJJ;pHTieCIWrO 30H,ll;OB pac
CMaTpHBaeTCJI JJ;BHiReHHe TiaCTHIJ; C yqeTOM 3aROHOB COXpaHeHHJI ,ll;JIJI JJ;BHi-ReHHJI 
B IJ;BHTpaJibHO-CHMMeTpHTIHOM' IIOJie (aaROHhl COXpaHeHIIJI 9HeprHH H MOMenTa 
ROJ!HTieCTBa ,ll;BHi-ReHHH). ,Il;mi BbiTIHCJieHHJI BOJibT-aMrrepHOH xapaRTepMCTIIRH 
IIJIOCiwro aonp;a ncrroJII>3YIOTCH aaRon coxpanenHH aneprnH n ypannenHe ne
rrpepniBHOCTH rroToRa qac1'HIJ;. TaRne pacTieTJ>I ,n;JI~ cq,epHqecRoro D;HJIHHP.;pnqec
Roro n IIJIOcRoro aon,n;on 6I>IJIH rrpone.n;enhl JienrMropoM n ero coTpy.n;nHKaMH. 
0TMeTHM, TITO pacTieTI>I aJ!eKTponnoii: BeTBH OhlJIH rrpannm.nhlMH H n nacToHm;ee 
Bp8MJI IfCIIOJ!b3YIOTCJI rrpn o6pa6oTRe pe3yJIJ:,TaTOB 30H,ll;OBhlX H3MepeHHH. q TO Ra
caeTCJI TeOpHH IfOHHOH B8TBH BOJibT-aMIIepHOH XapaRTepHCTHRH, TO B ,ll;aJ!bHeH
ill8M (nocJie pa6oT JienrMropa) noTpe6onaJ!OCb yTowenHe. ITocRoJILRY npn npo
ne,n;ennH nonoccpepnhlx naMep~nnii: pacTieThl nonnoro TORa, TeRym;ero na aon,n;, 
,ll;OJii-RHbi npOH3BO,ll;HTbCJI C yqeTOM OCOOeHHOCTei H3MepeHHH (eM. HHi-Re), 
no,n;po6nee HElT CMniCJia ocTanaBJIHBaTbCJI na aToM nonpoce. ITpnne,n;eM ocnon
nnre cpopMyJ!I>I, no ROTOphll'II orrpe,n;eJIHIOTCH rrapaMeTpi>I rr.rra3Mhl npH rrpone,n;enHH 
30H,ll;OBhiX JI3MepeHHH. ,Ll;JIH TORa qacTHIJ;, ,ll;Blli-RYIIJ;HXCJI B TOpM03HIIJ;eM IIOJie~ 

I a= 
env 
T sexp (- ;;J. (3) 

r,n;e S __; IIOBepXHOCTb 30H,n;a. <llopMyJia (3) CIIpane,n;JIHBa He3aBHCHMO OT cpopMhl 
aoJI.n;a, n, cJTe.n;oBaTeJibHO, noJiyJ!orapHcpMHqecRaJI aanncnMoCTb lg / 8 = f (V) B 
3TOH OOJ!aCTH IIOTeHIJ;HaJIOB 30H,ll;a rrpe.n;cTaBJIJieT npHMYI01 HaRJ!OH ROTOpOH 
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T e = --=d-:-lg--=-I e--,.1 av-==-- (4) 

TaKoii xapaKTep 3ann:en:MoeTH Momno o6'D.IlCHHT:O TeM, 'ITo B noJJe OTTaJJKHna
rom;ero 30HAa AOJJiRHO ycTaHaBJJHBaT:oc.a pannonecnoe pacnpeAeJJeHHe 'IaCTJUJ;, 
T. e. pacnpeAeJJenn:e BoJJ:on;Mana. 

)J,mr npHTJirHnarom;n:x noTen:u;n:aJion 30HAa: 
a) )1, JJ H 6 e c K o H e q H o r o n JJ o e K o r o 3 o H A a 

T. e. 
4,03 · 1013 

ne= .~ VTe I~, (5 ) 

3 e nocTt 3onrra B c.u2 ·, rAe ne - Kon:u;enTpan;HH <meKTponon n c.u ; s - non px .u "' 

I(! - neJJH'IHna :meKTponnoro TOKa n aMnepax. 
6) )1, JI .II A JJ H n H 0 r 0 II; H JJ H n A p H q e e K 0 r 0 3 0 n A a 

-~{,..,.("If I- 4 s"" V . 1 ') 7"3 -eVP 
-:(',.-/,.--::2-) -1- + ,. en expliT';" X 

en a 

-(r-::-~JI-fr-::-;~--1 ) ]} ' 
(6) 

2 X 

r~e r3 , rcn- pa,n;:rrye aon,n;a n CJJOJI o6'DeMnoro 3apJI,n;a; <D (x) = Vi ~ e-h, dh -

0 
iflyHKIJ;HJI OIDH60K. 

Ilpn BIJnoJJnennn YCJJOBHH (eVp/kT) > 1 H (r~nfr;) ~ 1 
xopoino annpoKcnM:rrpyeTcJI n:oipamen:rreM 

- 'eneVe -( eV p ')
1
/2 

Ie = 4 V :rt lra - 4- 1 + kTe , 

cpopMyJJa (6) 

(7) 

(8) 

r,n;e s - nonepxnocT:o 3on,n;a n c.u2; i; - Kna,n;paT :meKTponnoro TOKa n aM
nepax n Vp - nanpJimenne na 30nAe n noJJ:oTax. Mcxo,n;JI u:a (8), JienrMrop :rr 
MoTT-CM:rrc peKoMenn;onaJJH enoco6 onpe,n;eJJen:rrJI ne no 3annc:rrMoeTH I;= f(V) n 
ToqK:rr na noJJ:oT-aMnepnoii xapaKTepncT:rrKe, n· KoTopoii noTen:u;:rraJJ 30nAa oT
noe:rrTeJJnno nJJa3MIJ panen nyJJro, no nepeeeqennro npJIMOJJ:rrneiinoii qaeTH 
. 2 
3an:rre:rrMoeTH Ie = f (V) e oe:o10 Ie = 0. 0AnaKo na npaKTHKe n nJJa3Me ra-
30Boro pa3pJIAa aTOT MeTOA np:rrMenJieTcJI pe,r:vw, TaK KaK niJnoJJnHTb yeJJoBHJI 
ero np:rrMenenHJI ,n;onoJJ:ono eJJomno [4]. B 1961' r . aTOT MeTO,n; yenenmo 61>m :rrc• 
noJJn3onan np:rr R3Mepenn:.ax n nJJa3Me ra3onoro pa3p.a.n;a [5]. 

n) )1, JJ .II e cp e p u: q e c K o r o 3 o n A a 

(9) 
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<PopMyJJa (9) np:rr yeJJon:rr:rr (l 
nHeM 

npe,n;cTanJJJIIOIII;JIM . Jmne:iinyJ 
3on,n;e. 

IlpH o6pa6oTKe BOJJbT-aM 
menno onpeAeJJJIIOT nyJJeno:ii 
n;n:aJJ npocTpaneTna n MeeTe F 
n TOqKe D (eM. pRe. 1) (6oJJee 
qeeKoii xapaKTepHcTHKe). 3: 
CTHKJI (yqaeTOK AB) nnpano 
Aa panen noTenn;HaJJy npoc• 
113 30np;onoro TOKa ,ll;JJH onr 
nHeHMOCTII Ie = j (V) , In le 
Te, ne. 3naqenHe Konn;enTpa: 
Ke, n KOTOpOH 30np; HMeeT H~ 
.'IJieTCJI (5). Bee np:rrne,n;enn: 
pacnpeAeJJenn:n a a pJimenniJx 
cneaJJoneKoro pacnpeAeJJeHI 
H.!Ill OTeyTeTnHeM np.IIMOJJHJ 
T8pHCTHKe), COrJJaCHO )J,piOn€ 
a~rnepnoii xapaKTepnenmn c 
aneprn:n: [ 4] . 

IIpaKTH'IecKoe npnMenen 
RaK B03Mym;enn:e caMJIM 301 
nny-rpn: nJJa3MIJ, o6e,n;nenne n 
cpOTO- H nTOpli.'IHaJI ::JMHCCHJI 
IIOJinJJenHJI 30n,ll;OBOH M8TOAJol 
ro pa3JJH'Inorx yconepmeneT 
po6no paccMoTpeTL nee npe)l 
lll\I8IOIIJ;ll8 nerroepe)J;eTnennoe 
menuJI. Em;e caM JienrMIOp 
IJ33,ll;eJJ enHH TOKOn 'IaCTHIJ; pa 
30naJJ ABYX3JJ8KTpOAnbl H 30I 
a H. M. Monon npeAJJOiRH.J:t 1 

KOTOpOM pa3nOCTb IIOT8niJ;Ha 
;:~;epmnnaTI:oCJI nOCTOJinnOH [8 
H3MepenHH HnHJJOCb liiCC.li8,!1;0 
T. e. n pH noAa'Ie na 30nA, m 
pa3noMy 3aKony nanpJimennJ 
TY,D;IJ [9-121. 8To AaJro no3 
rrepnhlx xapaKTepncTHK . Ha1 
,n;a p;no:ii:noro 30nAa n 1950 1 
3onoro pa3p.1Ip;a e :u;eJJbiO YME 
HCeJJeAyeMyiO nJJa3My, HJJJI n 

OCOBEHHO< 

MonoccpepnaJI mra3Ma, n: 
aJJI:ono:ii: cpeAoii ;D;JJH npmvren 
nhiCO'rax B HOnOccpepe AJIHHa 
TOJJJ:IzyiHIJ CJIOH o6'be~IHOrO 33I 
CTOJJRnonenHH B CJI Oe cnpanE 
qaJI (niJCOTa 100 ~.M) npnnecT 



(4) 

3JIT:b T8llf, 'ITO . B nOJJ8 OTTaJJJU'!Ba

:WB8CH08 pacnpe~eJJeuHe 'laCTRD;, 

a: 
ICKOrO SOH~a 

(5) 

S - nonepXHOCTb SOH~a B c.u2
; 

lpax. 

pH'I8CROro SOH~a 

-eVP 
-expkT;" X 

.E_ 1 + 2 2 ~. r ( 1 )]) 
re (rcJI/r3)-1 J 

(6) 

. 2 X 

0 sapH~a; ID(x)= f~ ~e-ha dh
o 

· 1 n (r~JI/ri) > 1 <J>opMyJJa (6) 

eV p ')
1
/2 

· kTe ' 

(7) c.11e~yeT 

r2 )1/2 
~' 
p 

(7) 

(8) 

lap;paT 3JI8RTpOHHOrO TOKa B aM

rax. Hcxo~H HS (8), JienrMrop H 

[liH ne no aanHCHMOCTH I;= f( V) H 

B. ROTOpoft nOT8HD;HaJI SOH~a OT

:8'l8HHIO llpHMOJIHH8HHOH 'laCTR 

(HaRO Ha npaRTHRe B nJiaSM8 ra

W, TaR RaR Bl>ffiOJIHHTb YCJIOBHH 

.- r. aTOT MeTo~ ycrrenmo 61>IJI He

ro paspH~a [5]. 

~a 

eV ) J (9) 

<DopMyJia (9) npH ycJIOBHH (r2cJIIri) > 1 xopomo annpoRCHMHpyeTcH Bhlpame

HHeM 

eneVe ( eV ) 
le~4ro·: -4-- 1 + kTe • (10) ,. 

npe~cTanJIHIOIII,RM JIHHeiiHyro sanHcHMocTI> ToKa Ie oT Han:ilHmeHHH V Ha 

SOH~e. . 

IlpH o6pa6oTK8 BOJibT-aM:nepHOH xapaRT8pHCTHKH SOH~~ CHa'l(lJia npH6JI~~. 
lli8HHO Onpe~eJIHIOT HyJI8BOH nOT8HD;RaJI SOH~a OTHOCHT8JibHO nJiaSMbi (nOT8H

D;HaJI npocTpaHCTBa B llf8CT8 HaXOlli~8HHH SOH~a) no neperH6y xapaRT8pHCT:klKR 

n TO'IKe D (eM. pHc. 1) (6oJiee 'leTKo TO'IKa nepem6a BHlJ:Ha Ha noJiyirorapH<J>MH..: 

'l8CKOH xapaKT8pHCT1fK8). 3a1'8M 3KCTpaiiOJIRpyiOT HOHHYIO B8TBb xapaRT8P:0:-: 

CTHRH (ylfaCTOK AB) nrrpano OT TO'IKH B ~o TO'IRH, B KoTopoft noTemwaJI soH...:, 

~a paBeH nOT8HD;HaJiy npOCTpaHCTBa, npOHSBO~HT Bhl'IHTaHH8 HOHHOrO .'fORa 

HS SOH~OBOrO TORa ~JIH Onpe~8.118HHH 3JI8RTpOHHOH B8TBH. ,!J;a;rree CTpOHT sa~ 

BHCHMOCTH Ie = f (V), In le = f (V), 1; = f (V) H no <J>opMyJiaM orrpe~eJIHIOT; 
Te, ne. 3Ha'l8HH8 ROHIJ;8HTpan;HH 9JI8KTpOHOB H HOHOB no B8JIH'IHH8 TOKa B TO'l-, 

K8, B KOTOpoft SOH~ HM88T HYJI8BOH IIOT8HD;HaJI OTHOCHT8JibHO IIJiaSMI>I, orrpe~e-, 
JIHeTCH (5). Bee rrpHne~eHHbie <J>opMyJibi crrpane~JJHBbi rrpH MaKcBeJIJioncKoM 

pacnpe~eJieHHH aapHmeHHbiX 'laCTHD; no cKopocTHM. B cJiy'lae OTCYTCTBHH MaK-: 

CB8JIJIOBCKOrO pacrrpe~eJI8HRH ITO CKOpOCTHM ('ITO Onpe~eJIH8TCH HaJIR'IHeM: 

RJIH OTCYTCTBH8M IIpHMOJIRH8MHOH lfaCTH B IIOJIYJIOrapn<J>MHlf8CKOH xapaK

T8pHCTHKe), COrJiaCHO ,1J;piOB8CT8HHy, ITO B8JIH'IRH8 BTOpOH IIpOH3BO~HOH BOJibT-. 

aMrrepHOH xapaKT8pHCTHKH. OIIp8~8JIHIOT SaKOH pacrrpe~eJI8HRH 3JI8KTpOHOB ITO 

aHeprHH [ 4] . 
ITpaKTR'l8CK08 IIpHM8H8HH8 SOH~OB OCJIOlliHH8TCH pH~OM <J>aKTOpOB, TaK~<IX, 

KaK B01lMyliJ,8HH8 CaMHM SOH~OM nJiaSMbi (H.SM8H8Hli8 ::m8KTpH'I8CKOro IIOJrH,: 

BHYTPH rrJiaSMbi, o6e~Heune rrJiaBMI>I ns-aa yxo~a sapHmeuHI>Ix qacTnn; Ha SOIIJJ;f,, 

<J>oTo- :n BTOpH'IHaH aMnccnH c rronepxiiocTn ::JOH~a n T. rr. IIoaToMy c MOMeiiTa · 

IIOHBJI8IIHH SOH~OBOH M8TO~HKII If ~0 IIaCTOHIII,SrO Bp8M8HH rrpe~JIOlli8IIO MHO

ro pa3JJH'IHbiX yconepmeiiCTBOBaiiRH. lt CO»taJreHIUO, liST BOSMOlliHOCTH ITO~
po6HO paccMorpeTL nee rrpe~JiomeHnH. 'YnoMHHeM TOJibKO Han6oJree namu:r:.re 11 

HM8IOIII,H8 H8IIOCpe~CTB8HII08 OTIIOill8IIH8 K HSM8p8HHHM B HOHOc<J>epe IIp8~JlO
lli8HliH. Em,e caM JieHrMIOp IIa'laJI rrpiiMSHHTb ~nyxaJieKTpO~II:r:.Ie soii~I:.I ~JIH. 
paa~eJieHHH TOKon qacTnn; pasJIH'IIIoro auaKa [6]. B 50-x ro~ax Bon~ IIC.JIOJrh; , 

SOBaJI ~BYX3JI8KTpO~HbJH SOH~ .D;JIH 3KpaiinpoBaHHH IIJia3Mbl OT ITOJIH SOIIp;a [7], 
a H. H. MoHon rrpep;Jiomn.ll ncrroJibBonaTI> TpexaJieKTPOJJ;HI:.Ii n.liOCKIIH aoH.n;, n 

KOTOpOM paSHOCTb ITOT8HD;IIaJIOB Mem~y ~BYMH 9JI8Kl'pO~aMH MOrJia 6I:.I no.n;

~epmnnaTI>CH rrocTOHHHOH [8]. Cym,ecTneHIIbiM BKJrap;oM n MeTo~HKY aoH~OBbiX 
HSM8p8HHH HBHJlOCb HCCJI8~0BaHII8 pa60TI:.I SOH~a B ~HHaMH1J8CKOM pe»tHMe, 

T. e. npH ITO~alfe Ha 30H~ , IIOMUMO M8~JI8IIHO M8HHIOIII,HXCH 06I:.I'IHO ITO IJH;JIOOO

paSHOMy 3aKOHy HanpHIIWHHH, rapMOHH1J8CKHX CIIrHaJIOB H860JihlliOH aMITJIH

TY~LI (9-12]. ::ho ~aJIO BOSMOlliHOCTb ITOJiy'laTh IIpOII3BOp;Hb18 OT BOJibT.,.aM- . 

nepHI:.IX xapaKTepHCTHK. HaKoHen;, cJie~yeT oTMeTIITb pasnnTHe TeopHH MeTo:-. 

~a ,)JBOHHOrO 30Hp;a B 1950 r. [ 13-15], KOTOpbiH rrpnMeHH8TCH B ITJI33M8 ra -; 

SOBOrO paapH~a C D;8JibiO YM8HI>lli8HHH BJIHHHHH TOKOB, T8KYIII,RX Ha SOH~, Ha 

HccJie~yeMyiO rrJiaaMy, IIJIH n 6easJieinpop;HbiX paspH~ax. 

OCOBEHHOCTII II3MEPEHIIll B IIOHOC!l>EPE . 

Honoc<J>epnaH mraaMa, naTIIIHaH c n:r:.rcoT ...__. 100 x:.u, HBJTHeTCH rro'ITH II~e..:: 
aJibHOH cpe~OH lJ:JlH IIpiiM8HeHIIH SOH~OBbiX RSMepeHHH, ITOCKOJibKY Ha 3THX 

BbiCOTaX B HOHOc<J>epe .D;JlHHa CB060JJ;HOrO rrpooera 'laCTHD; SHa'IHT8JI:bHO 60Jibrri:8 

TOJIID;HHI:.I CJIOH o6'.heMHoro sapHp;a (T. e. ocHonHoe npe~noJiomenHe o6 oTcyTcTnHH 

CTOJIKHOBeHHH B CJIOe crrpanep;JIHBO). )l;.r£H npnMepa MO~HO ~JIH xy~mero CJIY-: 

'IaH (nbiCOTa 100 n.u) npHneCTH cJiep;yron~He n;u:<J>pbi: .D;JIHHa cno6op;Horo rrpo6er~ 

7* ~ 
"' 



l~10 C.M, TOJIITJ;HHa CJIOH 06'J>eMHOrO 3apHp;a d OKOJIO liJIOCKOrO 30H,IJ;a (IIpH V = 
= 5kTele, Te = 600° K H ne = 104 c.M-3

) panHa .__, 5 C.M. HHme 3Toii BI>ICOThi 

rrpHMeHeHHe 30H)J;OB JleHrMIOpa TeopeTH'IeCKH He OOOCHOBaHHO, XOTH 'JiiMeiOTCH 

llOIIhlTKH pa3BHTI> TeOpHIO 30H)J;OBhiX H3MepeHHH ,IJ;JIH CJiyqaeB dd:l [ 16-18]. 

C .n;pyroii CTopoHhl, yneJm'leHHe ,IJ;JIHHhl cno6o.n;Horo rrpo6era H yMeH:&meHHe KOH

n;eHTpan;HH 3apHllieHHhlX 'laCTHD; IIO cpaDHeHHIO C COOTBeTCTBYIOITJ;HMH rrapaMeT

paMH B IIJia3Me ra30BOrO pa3pHp;a IIpHBO,IJ;HT K crJialliHBaHHIO H3JIOMa y BOJibT

aMnepHbiX xapaKTepHCTHK ·BOJIH3H IIOTeHn;HaJia lipOCTpaHCTBa. 

ITpn rrpone~eHHH 30H,IJ;OBhlX naMepeHnii B HoHoclf>epe cJiep;yeT y'IHTMBaT:& 

CJiep;yrom;He lf>aKTOphl. 

a) II omenLfuait aonoa ua.MenR,emcp, omnocumeAbHO l'i,Opnyca pal'i,embl U.!£U cnym
HUl'i,a. TaKnM o6paaoM, rrpH HaMepeHnHx B HOHoclf>epe rrpHxop;HTCH paccMaT

PHBaT:& paooTy ,IJ;BYX 30HJJ;OB (op;HH H3 KOTOphlX HBJIHeTCH OIIOpHniM). 8TO CJie

p;yeT H3 TOro, 'ITO cyMMapHhlH TOR Ha BCIO CHCTeMy (30H,IJ;-KOprryc paKeTI>I HJIH 

crryTHHKa) B n;eJioM .n;oJimeH 6MT:& paneH HYJIIO. CJie.n;onaTeJII>Ho, yneJIH'IeHHe 

8JieKTpOHHOrO TOKa B n;errH 30H)J;a )J;OJilliHO KOMIIeHCHpOBaTbCH yneJI'HlJeHHeM HOH

HOrO TOKa Ha IIOBepXHOCTb paKeThl HJIH CIIYTHHKa. IT03TOMY rrpo6JieMa K.Ol'rffieH

CaD;HH TOKa, ·teRym;ero Ha 30H,IJ;, HBJIHeTCH Bam:iwii rrpH rrpnMeHeHHH 30H,IJ;OBOH 

MeTo.n;nRn. Pac'leTni rroRaaMBaiOT, 'ITO rronepXHOCTb aoH.n;a .n;oJimHa 6hlTb rrpH

MepHo Ha Tp!I IIOpHp;Ra MeHbille ITpOBO,IJ;HITJ;eii lJaCTH IIOBepXHOCTH 'l'eJia, OTHO

CHTeJibHO ROTOpOrO H3MeHHeTCH IIOTeHIJ;HaJI 30H,[{a, 'ITOOhl ITpH H3MeHeHHH IIO

TeHn;HaJia 30H,IJ;a liOTeBD;HaJI OIIOpHOrO TeJia OCTaBaJIC.H IIpaRTH'IeCRH HeH3-

MeHBbiM [19, 20). 

6) @omoa.MUCCU!/, noo eoafJeucmeueM Y.!£bmparfiuo.!£emoeoeo u penmeeH06C1'i,OBO 
uaAytteuup, CaAHLfa c noeepxnocmu aouoa .Mo:JJCem MU!/,mb na eoAbm-a.Mnepnyw 
xapal'i,mepucmul'i,y. BeJIH'IHHa IIJIOTHOCTI'l lf>oToToKa c MeTaJIJIH'IeCRHx rronepx

HocTeii, no ,[{aHHniM paKeTHhlX H crryTHHKOBniX orrhl'ron, B o6JiacTH F rrpHMepHo 

panHa 5.10-9 a· c.M-2 [21, 221. TaRaH IIJIOTHOCTb ToRa cooTBeTcTnyeT IIJIOTHOCTH 

Torm aJieKTpoHoB rrpH KOHD;eHTpan;HH ne = ' 5 · 103 c.M-3 H TeMrrepaType Te ~ 
~ 103° K. IToaTOMy oe3 rrpHMeHeHHH crren;HaJII>HhiX Mep rro.n;aBJieHHH WOT0-

8MHCCHH H3MepeHHH C O)l;HOSJieKTpO,IJ;HniM 30H)J;OM B03MOlliHhi B OCBem;eHHOH 00-

JiaCTH HOHoclf>epni .n;o BniCOT orwJro 1000 l'i,.M. RpoMe Toro, cJieJJ;yeT Y'IHTniBaTb 

H3MeHeHJie liOTeHn;HaJia paKeThl HJIH CIIYTHHKa H3-3a WOTOalf>lf>eKTa (11 B03MOlli

HOCTI> H3MepeBHH 30H)l;OM lf>oTOTOKa, TeKym;ero C IIOBepXHOCTH paKeTbl HJIH 
cnyTHHKa). · 

n) Paouonepeoawutue ycmpoiicmea, ycmanoMenubz.e ua pal'i,eme U.!£U 
i:nymHUl'i,e, .Moeym 6.!£UR.mb Ha 80H006ble UB.MepeHUJl. 8TO BJIHHHHe MOllieT 

IIpOHBJIHTbCH JIHOO B BHp;e IIpHMhiX HaBO)J;OR Ha 30H)l;OBYIO n;errb, JIHOO B H3M~
BeBHH TeMIIepaTyp:r,r HJIH KoHn;eHTpan;HH aJieRTpoHoB BOJIH3H ·BOHp;a, JIHoo B 

BOBOymp;eHHH KOJieoaHHH B HOHOe!f>epe, JIHOO B H3MeHeHHH IIOTeHD;HaJia OIIOp

HOrO TeJia H3-3a yneJIH'IeHHH 9JieKTpOHHOl'O TOKa Ha aHTeHHhi rrepep;aT'IHKa. 

r) If cmettenue eaaa ua panembz. U.!£U cnymnur;,a u 8ecop6Lfup, ua ux o6muenu 
.MO:J/Cem y.MeHbUtUmb 'fli,OH.LfenmpaLfUIO aapMICeHHbl.X ttacmuLf e6.!£uaU aonaa. ITo-

3TOMY IIpH rrponep;eHHH 30Hf);OBniX H3MepeHHH B HOHdclf>epe CJiep;yeT rrpHHHMaTb 

crren;HaJibHMe Mephl )l;JIH yMeH:&IDeBHH p;ecopOD;HH H raBOBhlp;eJieHHH. ~T CTpaHe

HHS ::noro alf>lf>eKTa 'B HeROTOpbiX 3RCIIepHMeHTaX MOllieT )J;OCTHraTbCH IIpH JIO

MOITJ;H OT)J;eJieHHH (copoca) 30H)J;OBOH arrnapaTyphl OT paKeThl, .JIHOO OT)J;eJieHHH 

}l;BHraTeJI:&HOH ycTaHOBKH OT KOHTeiiHepa C annapaTypoii . 

.n;) 3on8bl., npu noMOUfU nomopblX npoeoi)p,mcp, ua.Mepeuup,, ycmanaMuea
wmcp, na annapamax, oeueawufuxcp, co Cl'i,Opocmp,.Mu Au6o cpaeHU.Mbl.MU, Au6o 
npeewtuaJOUfU.MU menAoeyw cnopocmb no.!£o:JJCume.!£bHblX uonoe. 8To rrpnBO)l;HT 

K rrepepacnpe)l;eJieHHIO IIJIOTHOCTH lJaCTJfD; BORpyr paKeTni H CIIYTHHKa H H3-

MeHHeT BH,ll; HOHHOii neTBH BOJibT- aMnepHoii xapaKTepJ:ICTHKH. BJIHHHHe noa

M:ym;eHHii cpe)l;hi nommH )l;BHii\ym;erocH anrrapaTa Ha naMepeHHH rrpn rroMom;n 

SOH)J;OBOH MeTO)J;HKH paCCMOTpHM HJillie. Bn,n; HOHHhlX BeTBeH BOJibT-aMrrepHhlX 

xapaKTepHCTHK )J;JIH c!f>epH'IecRoro aoH.n;a, Haxo.n;Hm;erocH Ha crry'l'HHite, ohlJI 

8rrepn:r,re pacc'IHTaB R. H. fpHHrayaoM, B. B. BeapyRHX n B. ,II;. OaepoBMM 
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Pnc. 
a - cxeMa o6TeKamm cq,epli'!e< 
BOCHTe.Jil>HO HOHOCcPepHOfi IIJia! 

pa]:lnyc BcPclleKTRBHoro ceqemm l 

npaBlleHHeM CKOPOCTH HOHa H ei 

rrpn n HTeprrpeTan;nn H 3Mep 

3eMJIH [23]. CxeMaTH'IeCKI 

HOHHhlM IIOTOKOM IIOKa3aH < 

CTH OT IIOTeHD;HaJia B a JIOB 

uaH c o6nparom;aH rronepx 

."IOBYJIIKH IIOKa3aHa H a pnc 

TpaJibHO-CHMMeTp H'IBOM 8.:1 

CTporo ronopH, Hecrrpane)l; 

poCTbiO, rrp eBJ,rmarom;eii: rr. 

BymKH (B H anpaBJieHHII, IIJI 

:Mym;eHHaH ooJia cTb. XoTH 

a>e, OTl\IeTHM a.n;ecb, 'ITO ~ 

IIOHa?tm, rro n a.n;arom;n11m E 

'laCTb JIOBYIDRH. IToaTo:\iy .n 
;IBIIllieHHH HOHOB B n;eHTpa. 

3RBHIIOTeHD;HaJibH 'ble IIOBej 

lJeCRYIO lf>opllly. 8TO, RaN 

aaROH coxpaHeHHH l\IOMeH 

[r,J;e U -- CROpOCTb CII",rTHl 

llOHa y IIOBepXHOCTII JIOB)"i 

cTn noHa n ero pa)l;IIycoM- l 

:rnu 

( r .n;e cp - IIOTeHn;HaJI JIOBl 

IIOHHOH BeTBII BOJibT- a:IJTie 

r.n;e a - Roalf>!f>Hn;HeHT II] 

B pa6ore [23]rrpnneJ.J;eH BHl 

BhlX . CROpOCTeii HOHOB (pn 



OKOJIO llJIOCKOl'O 30Hp;a (IIpll V = . 
BHa ""-' 5 eM. Hnm:e aToii: BI:.ICOThl 

H e o6oenoBanno, XOTH HMeiOTCH 

HHH p;JIH cJiyqaeB d~l [16-181. 
roro npo6era H y MeHJ>menue KoH

£0 C COOTBeTCTBYIOID;lJMH na paMeT-

Cl'Jia>RHBaHHIO li3JIOMa y BOJibT
Ia npocTpaHCTBa. 

nonoccpepe cJiep;yeT yqnTniBaTI. 

MbHO 1wpnyca pa7t>embz U/lU cnym
roHoccpepe npnxo,n;nTcH paccMaT

x HBJIH8TCH OllOpHniM). 8TO CJie

:TeMy (aonp;-Kopnyc paKeT~>I HJIH 

ro. CJiep;oBaTeJII.Ho, yBeJinqenue 

imCHpOBaTI.CH yBeJI.H'IeHH8M HOH

:Ra. IIo aToMy npo6JieMa KO!\-men

;noii: npll llpHMeHeHHH 30H,D;OBOH 

iOCTI. aonp;a p;oJimHa Ol>ITI. n pu

qacTH llOBepXHOC.Tll TeJia, OTHO

H~a, 'ITOOhl llpll li3M6H8Hllll ITO-

OCTaBaJICH npaKTH'I6CKll Hell3-

trfluo~temo8ozo u penmzeno8cJt>ozo 
~m 8/lUJl,mb na 80/lbm-aMne pny10 
roKa C MeTaJIJili'I6CKHX ITOBepx

Ollhl1'0B, B o6JiacTH F npnMepno 

b TOK a COOTB8TCTByeT ITJIOTHOCTH 

103 c.M-3 n TeMnepaType Te ~ 
JlbHbiX Mep llO,D;aBJI8HliH cpOTO

I:M B03MO>RHhl B OCB8ID;8HHOH o6-

tpOMe Toro, c.rre)!yeT Y'IHT~>IBaTb 
. na-aa <IJoToacpcpeKTa (n BoaMom

~o C ITOBepXHOCTH paK8Thl HJIH 

'taH08/leHHbz.e na paJt>eme U/lU 
•tepeHllJ£ . 8TO BJIHHHHe MO}.K8T 

l 30H,D;OBYIO n;enn, JIHOO B H3M~
iKTpOHOB BOJIH3H ·aonp;a, JIH6o B 

: 1131\IeHeHnH noTenn;naJia onop

:oKa na anTeHH:bi nepep;aT'IHKa. 

,Jt>a U 8ecop6lfU!£ U8 UX 06UlU87t>U 
£blX l{.acmulf e6/lU8U aonaa. ITo-

liOHOc<IJepe CJiep;yeT npHHHMaT·b 
!Ill II ra30B:bl)J;8JI8HHH. ~T C.TpaHe

a x MomeT p;ocTnraTI.CH npu no

phl OT paKeTM, ;>IHOO OT)J;8JI8Hli.II 

rrapaTypoii:. 

me!£ ua~tepenUJl, , ycmana6/luea
Cm!£~£u /lU60 cpa8HUMbl..MU, /lU60 
'11.e/lbHblX UOH08. 8TO llpHBO,D;HT 

pyr paK8T:bi ll CITYTHHKa H ll3-

a p aKT8p!'fCTHKH. BJIHHHHe Boa

na H a li3MepeHHH npH ITOMOID;H 

OHHhlX B8TB8H BO;ri:bT-aMnepHhlX 

:op;Hm;erocH Ha cnyTHHI>e, 6hlJI 

. BeapyKHx u B. )J;. OaepoBniM 

a 

-, 
' \ 

\ I 
\ / 
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PHe. 2. ,ll;BIDReHHe JIOBymKH B nJiaaMe 

\ 
\ 
I 
I ' I ;, 

a - CXeMa OOTeRaiiHII cljlepWJeCROit JIOBYlliRH HOHHl>JM llOTOROM (cp .,...- llOT~H:QHaJI JIOBYlliRH OT

HOCHTeJII>HO HOHOC!fJepHOit nJia3Mbl); 0- CXeMa 1J;BHlReHHJI HOHa BOJIH3H .JIOBYlliRH (rJI,a!fJ!fJ-

pa;I'IHYC a!fJ!fleRTHBHOro ceqeHHJI JIOBYlliRH; !Xo,max H CXJI,max- M3RCHM3JII>HI>Ie, yrJII>I Melii;I'IY Ha

'npaBJieHHeM CROpOCTH HOHa H ero pa;I'IHYCOM-BeRTOPOM, npil: ROTOpb!X HOH .nona;l'laeT B JIOByruRy) 

llpHHHTepnpeTaD;Hllll3MepeHHH, npOB8)J;CHHhlX Ha TpeTneM COBeTCKOM CITYTHHKe 

3eMJIH [231. CxeMaTHTJecKoe nao6pamenne o6TeKaHHH ccpepnqecKoii JioBymKH 

HOHHhlM ITOTOKOM ITOKa3aHO Ha pliC. 2, a, liS KOTOporo CJiep;yeT, 'ITO B 33BHCHMO

c:rH OT ITOTeHD;HaJia Ha JIOBymKe OTHOCHT6JibHO ITJia3Mbi li3M8HH8TCH a<IJ<IJeKTHB

HaH co6uparorn;aH noBepxliocTI> JioBymKR. CxeMa p;BnmeHHH nona BOJIHSH 

JIOBYIDKH ITOK333Ha Ha pHC. 2, 6 B npep;nOJIO>ReHHH, 'ITO liOHhl ,D;Blll'310TCJI B n;eH

TpaJibHO-CHMMeTpH'IHOM aJieKTpH'IeCKOM IJ:OJie JIOBYillKH. ()TO npep;nOJIO>ReHRe, 

CTpOrO rOBOpH, H8CnpaB8,D;JIHBO, llO.CKOJibKY UpH )J;BH>R8Hllll JiOBYillKR CO CK.O

pOCTbiO, npeBJ>Iillarorn;eft ITpHMepHO Ha ITOpH,D;OK CROpOCTb HOROB, IT03ap;H JIO

BYillKll (B HanpaBJieHHll, npOTHBOJiOJIO>RHOM BeKTOpy CKOpOCTH)o6paayeTCH B03-

Mym;eHHaH o6JiacTI. . XoTH paccMoTpenne aToro a<IJ<IJeKTa 6yp;eT npoBep;eno HH

me, OTMeTHM ap;ecn , 'ITO TOR Ha c<IJepHTJeCKHH 30H,D; C03p;aeTCH B OCHOBHOM 

li0H3Mll, nonap;aiOID;liMll Ha nepep;HIOIO (B HanpaBJI8Hllll BeRTOpa CKOpOCTR) 

'lacTn JioBymRH. ITonoMy p;JIH o6ocn,oBaHHH cnpaBep;mmocTn npep;noJiomeHHJI o 

):IBR>ReHHll HOHOB B n;eHTpaJII.HO-CRMMeTpli'IHOM DOJie ,D;OCTaTO'IHO DOK333Tb, 'ITO 

3KBRITOTeHD;li3JJbHhl6 ITOBepXHOCTll C nepe,n;HeH 'laCTll JJOBYillRll HM6IOT c<IJepu:.. 

'leCKyiO <IJopMy. 8TO, RaR 6y):leT ITOKa3aHO HRme, H HMeeT MeCTO. lfcnoiin3YH 

33ROH COXpaHeHHJI MOMeH'i'a KOJIHTJeCTBa )J;Bli>R8HHH 

ur0n sin et0 = v11 r 11 sin et11 

[rp;e U -- CKOpOCTb CDYTHHKa , Tn - pa):IHYC JIOBymKH (30H):Ia), Vn - CKOpOCTlt 

ROHa y ITOBepXHOCTll JIOBYIDKH, CX 0 H CXn - Yl'JI:bl Memp;y HanpaBJI8HlleM CROpO

CTH liOHa H ero pap;nycoM-B8KTOpOM (eM. puc. 2,6)) ll 33KOH c oxpaHeHHH anep-

rHH 

miv~ miu~ 
-2-- 2 - ecp 

(rp;e (jl - ITOTeHn;HaJI JIOByffiKll OTHOCHT8JlbHO ITJ133MM), JIOJiyqaeM ypaBHeHHe 

HOHHOH BeTBll BOJibT- almepHOH x apaKTepHCTHRH: 

( 
2ecp ) 

[ 8 =etn+eunr~ 1- miu • (11) 

rp;e CX - Koa<IJcpE.D;li8HT npoapa'IHOCTH JIOBymim, U - CROpOCTb crryTHHI{a . 

B pa6oTe [23] npnBe)!eH Blip; BOJII.T-a'MnepHhlX x apaRTepncTHK iip:H yqeTe renJio

BhlX ' CROpOCT8H HOHOB (puc, 3), XOTH Bhlpameiilie )~JIJ( TOKa Hi{ CcpepH'I8CRJiii 

10{ 
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PRe. 3. Bll)l; llOHHbiX BeTBeii BOJibT
aMnepHhlX xapaKTepllCTJi!R, paCC'lllTaH
HhlX jJ.Jifi CJiyqag llOHOB 0-r C KOHD;eHT
pan;HeH n+ = 106 C.l£ - 3 IIpll CKOpOCT:U 

CIIYTHllKa U = 8 • 1Q5 C.l£•cen-l 

1 - T = o• K; 2- T = 500° K; 
a-T = 1800° K; 4- T = 5000° K 

30H,!l; rrpH y'IeTe TemiOBLIX cKopocTeii He rrpHaep;eHo • . TaKoe BLipameHHe OLIJio 

rro3p;Hee rrpHBep;eHo CaraJIHH H CMH,D;,D;H [24] :H Mep;vmy~oM [25] H HMeeT 

CJIEl,D;YIOIIJ;HH BH,l!; )J;JIH TOpM03HIIJ;HX IIOTeHn;HaJJOB: 

] 8 (~) =c {e-11- 11• [Cicx(;"Lsh ,(2cxcx0) + ch '(2cxcx0)] + cx;;-1 
( + + 'l'jo .-rr) E(a. -cxo,:a. + ao)}. 

(12) 
r,n;e 

en+ v+ ., 
C :n:r3"·, = 4 . 

. b 

E( b) (' -x•dx· _ 4u . a, === l e . , a 0 ___ , 

a v+ 
Cl= v eq>' ' 

kT ... ' 

To'Iaoe BLipameaHe ,IJ;JIJI Hoaaoii BeTBM BOJJbT-aMrrepHoii xapaKTepHCTHKH; IIJIO

cioro 30Hp;a rrpHBep;eao YHIIIIJIOM [26]: 

(13) 

rAe 
X_ 4u COS8 _( ..:!._)1/ z. 

- v+ \kT ' 

S-yroJI Memp;y BeKTopoM cKopocTH H aopMaJihiO K rroBepxaocTH 3oap;a; <I> (x)
l'IHTerpaJI OillHOOK. J13. (13) CJ.Iep;yeT, 'ITO TOK Ha yqacTOK OeCKOHe'IHOH IIJIOCKO

CTH He 3aBHCHT OT IIOTeHn;HaJJa :noro y'IaCTKa OTHOCHTeJibHO IIJia3Mbl (B OOJia

CTH IIpHTHrHBaiOIIJ;HX IIOTeHn;HaJIOB). 

e) Bo.abm-aMnepnble xapaw,mepucmuw,u cnuMa10mc.ft 6 npucymcm6uu aeM
noao Maanumnoao no.a.ft. KpoMe Ti:>ro, Ha BOJibT-aMrrepaore xapaKTepHCTHKH 

MOryT BJIHHTb MarHHTHbie IIOJIH, C03)J;aBaeMbie CaMHMH paKeTaMII HJIH CIIYTHH

KaMH. JIOJIHOH TeOpHll paOOTLI 30H,!I;OB IIpH HaJIH'IHH MarHHTHOrO IIOJIH He cy

~eCTByeT. Op;HaKo B rrJia3Me ra3oBoro pa3pHp;a rrpH TaKHX MarHHTHLIX IIOJIHX, 

IIpH KOTOpLIX D;HKJIOTpOHHLIH pap;MyC 3JieKTpOHa CTaHOBHTCH MeHbille xapaKTep

HbiX pa3MepoB 3oap;a H pap;nyca ,D;eoaH, no rrpep;JiomeHHIO BoMa, )J;JIH H3MepeaHii 

IIpH IIOMOID;H 30H)J;OB HCIIOJib3YIOT JiLOHHYIO BeTBb. JipH 3TOM HCXO)J;HT Jil3 CJie

p;yiOID;HX cooopameaHii. EcJIH D;HKJIOTpOHHbiH pap;Hyc 'IaCTIID; OOJibme pap;ny

ea ,D;eoaH n xapaKTepaoro pa3Mepa 3oHp;a, To p;BmHenHe qacTHD; B cJioe oo'L

eMnoro 3apHp;a MOa\HO paCCMaTpHBaTb TaK me, KaK H IIpH OTCYTCTBJiLH MarHHT

HOrO IIOJIH. TaKHM o6pa3oM, rrpep;uoJiaraiOT, 'ITO rrpH HaJJH'IHH :MarHHTHoro 

IIOJIH BMeCTO )J;JIHHbl CBOOO,!l;HOrO rrpooera 'IaCTHD; CJiep;yeT IIpliHJIMaTb BO BHJiL

MaHHe D;HKJIOTpOHHbiR pa,n;nyc 'IaCTHJJ;hl. PaooTLI r. B. CnHBaKa JiL 8. M. Peii

xpyp;eJIH IIOKa3aiJIH, 'ITO )J;JIH JJ;H.JIHH)J;pli'IeCKOro 30H,D;a, pap;HyC OCHOBaHIIH KOTO

poro MeHbille JJ;HKJIOTpOHHOi'O pap;nyca, Ha H3MepeHHH TeMrrepaTypbi II KOH

IJ;9HTpaJJ;HH aJieKTpoHoB MarHHTHoe rroJie upaKTIPieCKH He BJJHHeT [27]. CMHT 

t02 
( . 

B ~leTO;:::J;II'IeCKOl\1 pyKOBO;::J;CTBe 

;::J;OBaHHIO KOC~m'IeCKOrO IIpOCT 

.:IeliiJ;llHX $. $. qeH ycTaHOJ 

n3~IepeanH Tel'>mepaTypLI aJieK 

pa,:IRYC HOHa oo.rrbme pap;Hyc a 

ae~I c..1y'Iae BeJIH'IHHa aJieKrpc 

~ 30H,I(0Bhll 

,1J...1' H liCCJle)J;OBaHllH IIOH OC 

1946 r. BO BpeMH rrepBLI:S: p a!i 

hl.:IO rrpoBe;::J;eHO Tpll 3IiCll6pll 

ncrrO."Ib30Ba.:IaCb r o..1'0BHaH qa 

OT OCTa.:IbHOll qaCTil pa!i9Tbl. 

"!hl ,"IIIHefuio ll3YeHH.:ICH OT -

rrepHHe xapa!iTepRCTIIlili 301 

llOC!iO.:IbliY II.:IOID;a;:I;II 30H,la : 

cpa:BHJD.[LI . tlJa!iTII'IeCliii IICI 

aaqa;~a coa~aBaTbCH .:IIliiib B 

crrepiDieHTOB Xo~>o~I . CrreHCE 

B CBH3ll co c."Ioarnoii tiJopYoii 

pncTiffi rrpouecrn He y::Ia.:IOCI 

IIO.:I\'IeHRHe B 3Tll:S: 3KCUE 

aa ~e\::Ia'IHoe onpe;re.:IeHIIe 

npn ~eTe oco6eaaocTeii na"Mc 

.J:OBaHIIll B IIOHOCtiJepe. 
IIepBille aa;:(eamwe pea.--"~ 

~\'IeHhl K. Jl. rpi!HTay30Y , 

H~ TpeTbeY COBeTCRO~t CTIYTB 

B noaoctlJepe { 19 23] · ."IH : 

aMnepHOll xapaK TepnCTTIKll 

Ban •. c ne.:IbiO yYeHbiDeHIIH 

30a ::r ctiJepnllecKoii tiJopYW. ~ 
'ITO co6npaHI1e no;~oamTe.:Ib 
pallll BHeillH6ll CeTqaTOll 000; 

- hl B.:IIIHTb Ha II3YepeHHH · 

poY 3 c.lL) . BaemHIIii BII:I no1 

Co6npa:Hne Bce:s: noaoB. rrpo 

'ITO aa RO.:I.:Ie~>TOP n o::IaBaa 

'l'e."IbHO KOprryca CIIYTHII!ia. 
Bumrn co6npa.:IO BC9 IIO."IOiF 

·o."I.:IeKTOp a.:IeRTpOHOB C :'JHI 

B Te YOYeHThl Bpe~teHII. nor; 

.:IaCTb uo3a~ TeHII CIIYTHIIli 

c TeY aerrpephlBHO rro.:Iy'IaT: 
H1>lYII \'IaCTKaYH IIOBepXHO 

UOHHble.:IOByiDKII. HaTOHKil 
fill o::IIIH pa3 B 2 ce~>) Ha ceT' 

IDIII\.J.bCLl RaiipHil\.eHIIH OT 

~.:IbC aYII.:IllTY;::J;hl 25 6 ll 

T\~ 15 6 II ;pnTe..1'bHOCTil 

nepHhlX :s:apaKTepnCTIIK IIpl 

."IOilillTe.:IbHDI:S: IIOHOB IIp01I31 

noro aKcrrepn)teaTa a a Tpe1 
paniiil IIO.:IOil\.llTe.:IbHblX no: 

a) BrrepBLie ncc.:Ie;::t;oBaH 



ac. 3. Bn,q HOHHhlx BeTBeii: BOJI.bT
~epHMx xapaKrepnCTHK, pacc~ran
ux AJIH CJI~aH HOHOB Q+ C KOHIJ;6B'l'
ti~Heii n+ = 106 CJI£ -a II pH CKOpOCTli 

crryTHHKa u = 8 • 10• CJit•cen-1 
I - T = o• K ; 2 - T = 500° K; 

3 - T = tsoo• K; !l- T = 5ooo• K 

e;::r;eno. Ta1we Bhlpamemm OhlJio 
4] n l\Ie.n;~;mycoM [2,:)] H HMeeT 
.• -roB : 

( ~ + "YJo .-f))E(cx-cxo,, cx+o:o)}, 

(12) 

~. .,.,o_N2. • "T ' ., - ~0' "I] =IX" ... . 

1\IDepHOH XapaKT8pHCTHKH; IIJIO-

v... -x•} 
- 2 ucos e vn- e • (13) 

/2. , 

0 K IIOB8pXHOCTH 30H,ll;a; cf> (x)
. V''IaCTOK 08CKOH81IHOH IIJIOCKO
l;HOCHT8JihHO nJiaBMhl (n ooJia-

.umomcH 8 npucymcm8uu ae.M
;:r:.T-al'lmepanre xa paKTepHCTHKH 
~aMHMH paKeTaMH HJIH cnyTHH
:IPIHH Marmnnoro noJIJI ne cy
npH TaKHX MarHHTHbiX nOJIJIX, 
CTaHOBHTCJI MeH:r:.me XapaKTep
I01K8HHIO BoMa, )l;JIH naMepemrii: 
::r:.. Ilpn aTOM HCXO)l;JIT H3 CJie
a)J;HyC 'laCTnn; ooJI:r:.me pa.n;ny
,ll;Bnmenne 'lacTnn; B CJioe o6'L
RaK H npH OTCYTCTBHH MarHHT
ITO npn HaJIH'lHH MarHHTHOrO 
JJ; CJie.n;yeT npHHHMaTb BO BHH
I r. B. CnnBaKa H 8. M. Peii
OH)l;a, pa.n;nyc OCHOBaHHJI IWTO
,repeHHJI T8MnepaTyphl H KOH
H'I8CKH He BJIHHeT [27]. CMnT 

B MeTo.n;nqecKoM pyKono.n;cTBe ROCIIAP (Mem.n;yHapo.n;Hhlii KOMHTeT no nccJie
;IOBaHnro KOCMH'leCKOrO npOCTpaHCTBa) ynoMHHaeT, 'ITO B HeonyOJIHKOBaHHbiX • 
.-reRD;HJIX cf>. cf>. 'tJeH ycTaHOBHJI OTCYTCTBHe BJIHJIHHJI MarHHTHOrO nOJIJI Ha 
ll3~Iep8HHJI •reMnepaTypbl aJieKTpOHOB .n;ame B TOM CJiy'lae, 8CJIH J~HKJIOTpOHHbiH 
pa.n;rryc nona 6oJI:r:.me pa.n;nyca aoH.n;a n pa.n;nyca ,IJ;e6aJI [20]; O.n;HaKo B nocJie.n;
ne~1 CJiyqae B8JIH'IHHa 9JI8KTpOHHOrO TOKa, TeKy~ero Ha 30H,ll;, yMBHI:.JllaeTCJI, 

(30H,l.l0BhlE H3MEPEHU:H B HOHOC<DEPE 

,lJ;JIJI HCCJlB)l;OBaHHH HOHOC~ephl 30HAOBhl8 MBTO)l;hl CTaJIH rrpnMeHHT:bCJI B 
1946 r. BO BpeMJI nepBhlX paKeTH:r:.rx aanycKoB ct>AY B CIIIA. B 1946-1947 rr. 

hlJIO npone.n;eno Tpn aKcnepnMeHTa c aon.n;oM JienrMropa, B KalJeCTBe KOToporo 
ncnOJib30BaJiaC:b rOJIOBHaJI 'laCTb paKeThl (yceqeHHbiH KOHyc), H30JIHpOBaHHaJI 
OT OCTaJII:.HOH 'laCTH paKeTbi. IJOTeHI~HaJI 30H)J;a OTHOCHT8JihHO KOpnyca paKe
Thl JIHHell:no naMeHJIJICJI oT -22,5 8 .n;o + 22,5 8 sa BpeMJI 0,5 ce~>,, BoJI:r:.T-aM
nepHbie xapaKTepHCTHKH 30HJ(a nepe.n;aBaJIHCh IIO TBJieMeTpH'IeCKOH JIHHHH • 
IIocKoJr:r:.Ky nJio~a.n;n aoa.n;a n Kopnyca paKeThl B aTnx aKcnepHMeHTax 6nmn 
cpaBH:UMI>I, ~aKTHlJ8CKH HCnOJII>30BaJICJI )J;BOHHOH 30HJ(, TeopnH KOTOpOrO 
Ha'laJia coa.n;anaTnCH JIHillb B 50-x ro.n;ax. IIoaToMy no.n;po6noe orrncanHe aK
cnepuMeHTOB XoKOM, CnencepoM n ,IJ;oy 6nmo c.n;eJiano JIHillb B 1953 r. [28]. 
B CBH3n co CJiomnoll: ~opMoii aon.n;a noJIHbiH pac'leT BOJibT-a:t~mepnLrx xapaKTe
pncTHK npOBBCTH He y.n;aJIOCb, H )J;aHHJ.Ie KOHIJ;8HTpan;nn aapHmeHHhlX lJaCTl'lD;, 
noJiy'leHHLie B aTnx aKcrrepnMeHTax, no-nn.n;HMOMy, nenepHhl. HecMoTpH 
Ha ney.n;a'lnoe onpe,u;eJienne napaMeTpOB, aTn aKcnepnMeHThl rroKaaaJIH, 'ITO 
rrpn ylJeTe OC008HHOCT8H H3MepeHHH 30H)J;OBaH M8TO)l;HKa npnMeHHMa )J;JI'JI HCCJie
;::J;OBaHHH B HOHOC~epe. 

IIepBLie na.n;emnnre pesyJI:r:.TaThl npH noMo~H son.n;onoii MeTo.n;nim 6nmn no
."ly'leHhl R. M. fpnnraysoM, B. B. BespyKru n B. ,IJ;. OsepoBhlM B 1958 r. 
Ha TpeTneM coBeTCKOM cnyTHHKe, Kor.n;a Ohl.lJH y'lTeHLI oco6ennocTH H3MepenHii 
B HOHOC~epe ( 19, 23]. ,IJ;.JIH H3MepeHHH HCnOJib30BaJiaCb JiiOHHaH B8TBb BOJihT
a~mepHOH xapaKTepucTnKn, TaK 'ITO MarHHTHoe noJie Momno OhlJIO He Y'~HTLI
BaT:r:.. C n;eJibiO yMeHniiieHHH BJIHHHHH opneHTan;nn Ha IisMepenna 6nm BLiopan 
aon.n; c~epHqecKoii ~opMbJ. YMeHbmenne BJIHHHHJI ~oToTOKa .n;ocTHraJIOCb TeM, 
'ITO COOHpaHHe IIOJI01KHT8JihHhlX HOHOB onpep;eJIHJIOCh nOT8HD;HaJIOM :U paaMe
paMH BHemneii ceTlJaToii o6oJIO'lim (.n;HaMeTpoM 10 c.;,t), a ~OTOTOK, KOTOpbrii Mor 
Obi DJIHHTb na HSMepenna, onpe.n;eJIHJICH BHyTpeHHHM KOJIJieKTopoM (.n;naMeT
p oM 3 c.M). Bnemnnii Bn.n; nonnoii c~epnqecKoii JIOBymKn noKasan na pnc. 4, a. 
Coonpanne Bcex nonoB, npome.n;mnx qepes nnemnroro ceTKy, ,n;ocTnraJioc:r:. TeM, 
~TO Ha KOJI.lJ8KTOp no)J;aBaJIOCh OTpnn;aT8JihH08 HanpH1K8HH8 -150 8 OTHOCH
TBJihHO Kopnyca cnyTHHKa. TaKnM o6pasoM, aJieKTpnqecKoe noJie nnyTpn JIO
BymKn COOHpaJIO BCe IIOJI01KHT8JihHbi8 MORbi H npenHTCTBOBaJIO nona.n;aHHIO Ha 
KOJIJieKTOp 9JI8KTpOHOB C aneprneii Menee 150 88. lJTOOhl HCKJIIOlJHTb li3MepeHHJI 
B '1'8 MOMBHThl Bp8M8HH, Kor.n;a liOHHaJI JIOBYIDKa norra.n;aeT B B03My~eHHYIO 00-
.iiaCTb nosa.n;n TBHH cnyTHHKa (no OTHOill8HHIO K B8KTOpy CKOpOCTH), H BM8CT8 
C T8M HenpephlBHO IIOJiy'laTb peayJibTaThl, Hap; )J;HaMeTpaJII:.HO npOTHBOnOJI01K
HblMH yqacTKaMn rronepxHOCTH crryTHHKa ycTaHaBJIHBaJinCb .n;ne c~epnqecKne 
HOHHbie JIOBYIIIKH, Ha TOHKHX IDTaHrax )J;JIHHOH 65 C.M (pnc. 4, 6). IJepHO,]J;:H'leC
KH (o.n;HH pas n 2 ce~>,) na ceT'laTI>Ie o6oJio'lrm JIOBymeK no,n;anaJIHCb 6nnoJiapni>re 
HMIIYJibChl HanpH1K8HHH OTHOCHT8Jil>HO KOpnyca cnyTHHKa: nOJIOiHHTeJibHhlH 
liMITYJihC aMnJIHTY)J;bl 25 8 If )J;JilJ:T8JibHOCTli 0,13 cen li OTpHD;aTeJibHhlH -aMIIJIH
TYIJbl 15 8 H .n;JinTeJibHOCTH 0,07 cen. IIpnM:ep noJiy'leHHbiX HOHHI>lX BOJibT-aM
nepnhlx xapaKTepncTnK npnne.n;en Ha pnc. 5. BhllJHCJienne Konn;eHTpan;nn no
.JiomnTeJI:r:.HLrx no noB nponsBO,D;HJIOCb no ~opMyJie ( 11). B pe3y.rr~>TaTe npoBe.n;en
Horo aKCnepnMeHTa Ha TpeTheM COB8TCKOM CIIYTHHKe no l'I3MepeHHIO KOHD;eHT
pan;nn noJiomnTeJI:r:.n:r:.rx nonon 6I>mn noJiyqenr,r CJie.n;yro~ne pesyJI:r:.TaThl: 

a) nnepBhle nccJiep;onana o6Jiacn nonoc~ephl na BhlCOTax 600-1000 ~>,M; 
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PRe. 4. C¢ep.wmcKaJI HOHHaJI JIOBymKa 
PacnoJIO>HeHne c!fJepH'Ieimoii: JIOBYIDKH Ha cnyTHJme: Jt, Jla - JioBymKn; 

a, a2- ycTaHOBO'IHble mTaHrll 

6) YCT3HOBJieHO, qTO Ha BI>ICOT3X ITOJieTa CITyTHMKa KOHJJ;eHTpau;nH 8JieKTpO
HOB paBHa KOHJJ;eHTpau;nn ITOJJO:JRMTeJII>HhlX MOHOB~ 

n) yMeHI>meHne KOHJJ;eHTpau;nn aap.HmeHHI>IX qacTnu; npn yneJinqeHnn BJJico
Thl BO BHemHeii MOHOCcpepe D nepnop; MaKCMMyMa COJIHeqHOH 3KTMBHOCTM (1958 r.) 
nponcxop;nT 3HaqnTeJII>Ho Mep;JieHHee, qeM ee noapacTaHne c pocToM BhlCOTI>I 
B o6JiaCTH, Jie:JRaiJJ;eii HH:JRe M3KCHMyMa CJIOH; Ha BhlCOTe 1000 K.M KOHJJ;eHTp3IJ;HJI 
aapHmeHHJJIX qacTnu; p;ocTnraeT __. 6.104 c.M-3• 

B 1959 r. aa Tpex coneTCKMX JIYRHhlX paKeTax ycTaH;:J.nJinnaJincb Tpex
aJieKTpop;HI>Ie noHHI>Ie JJonymKn [291. Ha pnc. 6,a noKasaHo pacnoJiomeHMe Jio
nymeK Ha paKeTe <<JlyHa-2». CxeMa TpexaJieKTpop;Hoii JionymKn npnnep;eHa Ha 
puc. 6, 6. B 8TMX :mcnepnMeHTax, npep;HaaHaqeHHhlX p;JIH MCCJiep;onaHnH Koc
Moca, K. H. fpnHraya, B. B. Eeapyrmx, B. ,I(. Oaepon M P. E. PM6qMHCKMii 
nnepnhle )l;JIH ITO)l;3BJieHHH cpoT08MHCCHH npnMeHHJIH CIIeJJ;M3JibHYIO CeTKY C 
OTpMJJ;aTeJibHbiM OTHOCHTeJJI>HO KOJIJJeKTopa DOTeHJJ;H3JJOM. B p;aJibHeiimeM 8TOT 
M9TO)l; IIO)l;aBJieHMH MeillaiOIJJ;HX cpOTOTOIWB CTaJI BeCbM3 illiipOKO ITpHMeH.HTbCH 
K3K B COB9TC.KHX, TaK M B aapyoe:JRHhlX npnoopax. 3TO );1;3JIO B03MO:JRHOCTb yMeHb
lllMTb BeJIMqMHY cpOTOTOKa M, T3KMM o6pa30M, H3MepMTb MaJihle BeJIHqHHbi MOR
HbiX ToKoB H ycTaHoBIITb, qTo HOHH3MponaHHaH rasonaH oooJioqKa 3eMJIM npo
CTMpaeTCH B 8KBaTopnaJibHOH ITJIOCKOCTM p;o BhlCOThl npMMepHO 20 000 KM 

Hap; n:onepxHocTbiO 3eMmr. RoHu;eHTpau;HH aapHmeHHhlX qacTIIIJ; Ha aTIIX BI>I
coTax 102 c.M-3, a ni>rme- MeHee 10 c.JJt-3. B 3TMX aKcnepMMeHTax Ha nHemHHX 
ceTnax Jionymen (aa MCimroqeHMeM orri>rTa Ha paKeTe <<JlyHa-3>>) nop;anamrcb paa
mrqHbie ITOCTOHHHbie H3llp.H:JReHHH - OT -10 8 )l;O + 15 8 OTHOCHTeJibHOKOp
nyca KOHTe:fmepa. 3To ll p;aJIO B03MO:JRHOCTb pa3JIJ2IqaTI> TeiTJJOBYIO ITJJ33MY 
(c aneprHeii ....__ 1 ae), TaK KaK Ha qacTnn;ax c 3Hepriieii ooJiee 15 ae HanpHmeHHe 
Ha BHelllBMX CeTKaX JIOBymeK He CK331>IBaJIOCb . Ou;eHKa KOHJJ;eHTpaJJ;MH HOHOB 
D:pOH3BO)l;MJiaCb ITO BeJIHqJIBe KOJIJieKTOpHoro TOKa B JIOBymKe C HyJieBbiM ITOTeH
JJ;MaJIOM Ha BHemHeii ceTHe no (13), T. e. n npep;noJiomeRFIM, qTo JionymKa rrpep;
cTaBJIHeT COOOH yqaCTOK 09CKOHeqHOH ITJIOCKOCTM. 
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~ • crrenmoe rrponep;eHHe ~ 

ITOC.'Tfilill:IO HaqaJIOM illHpOK 
yepemrii: B IIOHOCcpepe B pa3JJ 
permeY OIThlTOB, npep;CT3BJI.Il 
ITmX CJIJJ;eCTB8HHO HOBbie ITIJ 

fpynna aMepnKaHCKHX H 

H3CTO.HIJJ;ee Bp9MH, npnMeHHI 
liOTOphlll OT)l;8JI.HeTCH OT paK 
Bl>IK:IJOqeHIIH JJBIIraT9JIH [30-
C TeY qT06hl H3MepiiTb OOJII 
liOHCTpy!iu;IIH O)l;HOrO M3 30H) 
BO;J.HeT yM8HblllHTb B03MYIJJ;€ 
C."'e::r~·eT OTMeTHTb, qTo aKciJ 
o cpcTnne paneHcTna TeMner 
o raaa (T g) n HOHoccpepe I 

B 1960- 1961 rr. n Hnm 
30H;:r C Y3JI0ll COOCTBeHHOH TIC 

npono:roqghlX KoJieu; no) 
en; - 4 .lt~t . Ha KOJII>D;a m 

- TOii. IIprr rrponep;eHnn a1 
- n eplf'I8CKIIH CITJIOillHOE 
IT -a no:ryqermH p;aHHhlX o K< 

or o aoHp;a noTpe6onanoc 
- lie C n;e.;rbiO YCT3HOBJI8B 

iu IT ROHIJ;eHTp3IJ;II8H HOI 
llHTepecHaH nporpaMMa 1 

epnRaHCKOM CITYTHMKe 
n:rocline p;nyxaJJeliTpo~ 

- crn:n;. Bnepnhle oi>IJIO Haft;:: 
• Ll UYeeTCH MaKCB!IIyY ill 

Ha cnyTHnKe <<Roc:\JOC-21 
--RLI n;:rocline n ccpepn-qecm 

:nJH;q>If'IeCRHe 30H~ JleJ 
HeHHa.H noHHaH ;:ronymlia 

]. MoHHaH :ronymlia 
·TpO;J;H08 )"CTpOllCTBO. Cl 

. c."'ymaiJJ;eii p;:r .H no;:ra1 
ii naca;::~;Rn , coe;:rBHeHHoii 

Pnc. 5. 06paael\ 
1-;J..-:tl 
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man JIOnymxa 
II}'THII:Ke; Jth .tt2 - JIOB)'lliHH; 

mTaHrli 

/12 

CITyTBHRa ROHIJ;BHTpaiJ;H.ll 8JIBRTpO
&IX HOHOB;· 

hlX 'IaCTHIJ; npn yBeJin'IeHHH Boico

~a COJIHB'IHOH aRTHBHOCTH ( 1958 r.) 

ee B03pacTaHHe C pOCTOM BhlCOTbi 

Ha BI>ICOTB 1000 K.M ROHIJ;BHTpan;HR 
- 3 

p aReTaX YCTaH~BJIHBaJIHCb Tpex

. 6,a noRaaano pacnoJiomenne JIO

iTpO)J;HOii: JIOBYIDRH UpHBB)l;BHa Ha 

ra'IBHHbiX )l;JI.ll HCCJlB)l;OBaHH.ll ROC-

,lJ;. OaepoB n P. E. Phl6lJHHCRnii 

lHMBHHJIH CllBIJ;HaJinHyiO C8TRY C 

IOTBHn;naJToM. B )l;aJinHeii:rneM aToT 

:Ta JI BBCnMa IDHpORO npHMBH.liTbCH 

mx. 8To gaJTo BoaMmRHOCTb yMem,

' H 3MBpHTb MaJihlB BBJIHlJHHl>I HOB• 

a JI raaoBaJI o6oJIOlJRa 3eMJIH npo

o BbiCOTbi npHMBpHO 20 000 K.M 

Ja pRiRBHHhlX lJaCTHrt; Ha 8THX Bbi-

8THX 8RCITBpHMBHTaX Ha BHBIUHHX 

laReTe <<Jlyna-3>>) no)l;aBaJIHCn pas

O e )l;O + 15 e OTHOCHTBJibHO Rop

~n pa3JIHlJaTn TBITJIOBYIO ITJI33My 

:meprne:ii 6oJiee 15 ae nanpRmenne 

:n. On;enRa ROHIJ;BHTpan;nn HOHOB 

roRa B JIOBYIDRB C HYJIBBI>IM ITOTBH

')l;IIOJIOiRBHHH, 'ITO JIOBYIURa rrpe)l;
:>CTH. 

~-CIIBIDHOB npOBB)l;BHHB :mcrrepHMBHTa Ha TpBTbBM COBBTCROM cnyTHHRe' 

ilOC."lJ"iKIIJIO H a lJaJIOM IDHpOROTO HCIIOJib30BaHH.ll 30H)l;OBOH MBTO)l;HRH )l;Jl.ll H3-

epeHHii B n oHoc«jlepe B paaJJHlJHhlx cTpaHax. Mhl orpaHHlJHMC.ll JIHmn paccMoT

eHHeM OITI>ITOB, npe)l;CTaBJI.liiOIIJ;HX JJHOO MeTO)l;HlJBCRHH HHTepec, JIHOO BHBC

IDRX CYIIJ;BCTBBHHO HOBbie npe)l;CTaBJIBHH.ll 00 HOHOC«jlepe. 

rpynna aMBpHRaHCRHX HCCJIB)l;OBaTBJJBH, H3lJHHa.ll C HO.liOp.ll 1958 r. H TIO' 

HaCTO.liiD;BB Bpe~m, npHMBH.liBT )l;JI.ll HCCJie)J;oBaHHH HOHOC«jlephl )l;BOHHOH 30H)l;, 

OTOphlH OT)l;BJIJIBTC.ll OT paRBThl Ha BOCXO)l;.liiiJ;BH BBTBH ee TpaeR'VOpHH ITOCJlB' 

Bl>IR:.r iOlJeHHR )];BHraTBJIR [30-33]. RoncTpyRIJ;HR 30H7J;a necRoJinRO uaMeHJIJiac:o 

c TB:\f, lJT06ni H3MepuTn 6oJinmoe lJUCJio napaMeTpoB. Ha puc. 7 Hao6pamena 

iOHCTpyRIJ;HH O)l;HOro U3 30H)l;OB TaRoro TUna. 0Tt!;BJIBHU8 30H)l;a OT paRBThl IT03-

30;IHBT yMeHhiDHTn BoaMym;eHuH, coa)l;aBaeMI>Ie BOJIH3H rroBepxnocTH paReT:&I •. 

C.1e~yeT OTMBTHTn, 'ITo aRcnepnMeHTbl c TaRUM 30H)l;OM BnepBnie ycTaHOBUJIR 

OTCYTCTBHB paBBHCTBa TBMnepaTypbi 8JIBRTpOHOB (Te) TeMITepaType ORpymarom;e-· 

o rasa (T g) B HOHoc«jlepe f31]. 

B 1960-1961 rr. B Hnonuu BO BpeMR paReTHbiX aanycROB HCITOJib30BaJJC.ll 

30H)l; C MaJIOH COOCTBBHHOH ITOBBpXHOCTb~ (34). 3onp; COCTORJI U3 lJ:BYX CRpBIIJ;BH

HbiX npoBOJIOlJHbiX ROJIBIJ; ITO)]; yrJIOM 90 • )J;HaMeTp IIpOBOJIORU 0,1 .M.M, )l;HaMeTp· 

Ron en;- 4 .MM. Ha ROJibiJ;a no)l;aBaJiocn narrpRmeHHe -100 e H H3Mep.HJICR HOH

Hblii TOR. llpu IIpOBB)l;BHHU 8RCnepHMBHTOB npB)l;IIOJiaraJIOCb, lJTO 30H)l; pa6oTaeT· 

RaR c«jlepH•IecRnii crrJiomHoii aon)l;. BeJIHlJUHa «jloToToRa B TaRoM aon)l;e MaJia . 

.J;:.r.ll ITOJIYlJBHHH )l;aHHhlX 0 ROHIJ;BHTpaiJ;HH IIOJIOiRUTBJibHbiX UOHOB npu ITOMOIIJ;H 

raRoro 30H)l;a noTpe6oBaJIOCb npoBe)l;enue aRcnepuMeHTOB B raaopaapR)l;Hoii 

Tpy6Re C IJ;BJibiO ycTaHOBJIBHH.ll 8MIIUpHlJBCROH 3aBHCHMOCTU MBiR)l;Y TOROM Ha• 

SOH)]; H ROHIJ;BHTpan;uen HOHOB. 

liHTepecHa.ll nporpaMMa U3MepeHUH ITO 30H)l;OBOH MBTO)l;HRB OniJia IIpOBB)l;BHa: 

na aMepuRaHcRoM cnyTHFme <<8RcnJiopep VIII» [35]. Ha HeM 6I>Imi ycTaHOBJie

Hni ITJIOCI\HB )l;BYX8JJBRTpO,ll;HaH 11 TpexaJIBRTpO)l;Ha.ll JIOByillRH aap.lliRBHHbiX 

IJaCTHIJ;. BnepBhle 6MJIO Haiip;eno, liTO B cyTolJHOM xo)l;e aJieRTponHon TeMrrepa

Typ~>~ 11MeeTCH MaRcHMYM npn BOCXO)l;e CoJinn;a. 

Ha cnyTHI1Re <<RocMoc-2>>, aanym;enHOM 6 anpeJIH 1962 r., 6biJII1 ycTaHoB

JieHM ITJIOCRHB H c«jlepHlJBCRUe TpBX8JIBRTpO)l;Hl>Ie JIOBYIDRH )l;JIH H3MepeHHH nh 
n;nmmp;pHlJBCRHe 30H)l;bl JienrMIOpa )l;JIH 113MepeHHH ne H Te 11 BrrepBbiB rrpn

~feHeHHaH HOHHaH JIOBymRa c <<coToBon>> naca)l;ROH )l;JIH naMepennJI Ti (puc. 8} 

[ 36-38]. HonnaH JIOBymRa c coToBon Haca)l;Roii rrpep;cTaBJIHeT co6on Tpex

aJieRTpop;noe YCTpOHCTBO, COCTOHIIJ;BB U3 ROJIJIBRTOpa, aHTU«jlOT08JIBKTpOHHOff 

CeTJ{H, CJiymam;e:ii )l;JIH IIO)l;3BJIBHI1H «jlOTOT01{3 C ROJIJIBRTOpa, H BHBIIIHBii: COTO

BOH naca)l;KU, coe)l;uHenHoii: c RopnycoM enyTHnRa. CoToBaH naca)l;Ka cocTOHT' 

f.MXil 
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Pne. 5. 06paBen; HOHBI>IX BOJibT-aMUepHhlx xapaKTepncTHK 
1 - ;IIJIII JIOB)'lli:Kll .n,; Z - ;D;JIII JIOB)'lli:KH .Ita 
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PIIc. 6. KoHTeiiHep c HayqHoii ' annapaTypoii:, ycTaHOBJieHHhlii: 
Ha paKeTe <<JlyHa-2» 

a- paCIIOJIOlReHHe)i TpeXBJieRTpOl\HhlX HOHHbiX JIOBymeH; 6- CXeMa JIO

BYWRH; 1 - ROJIJieHTOp; 2- aHTH!jJOTOBJieHTpOHHaii CeTHa; 3 - BHem

HIIII ceTRa; V1 , V2 , V3 - narrpiimeaHII~Jia aJieHTponax, aananaeMhle OTHO-

cnTeJihHO ROprryca HOHTeitHepa 

3 naoopa npmth!RaiOIIJ;llX ;:!;p~; 

npaB."JeH111>Ie CBOllCTBa Ta~Wll ~ 
lpXORll. a RO.:IJeRTOpHblll TOn 
Tipn ;~.annoii cpop~Ie TpyoRn B 
"'Ie."IbHO BeRTOpa HaoeraiOIIJ;er< 

Pnc. 7 . CxeMa npn6opa Jl 
CJieAOBaHIIll IIOHO~e 

1 _ ~lf.liiiHl\Plf'leCKIIit 30H:I ; 

pa; 2 _ oxpaHHhle RO:Ibll 

JIBOitHOit BOH;J; 

- rr Yaccoii :aon oB. Ron.aeR' 
_·eH:ne:u 

=r e ~Un.._ - TOR B .:IOB~rrn:Re l 
norrepeqnh!x ceqeHnii 

a n onepeqnhlx ceqennii 1 

liYOCTb 1-<0.::rn:eRTOpHOfO T< 

eHIIe nonepeqnoro paa~u 

_ :Jonynnrn, npiC 

pll'l:ecRaH; 6 
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Typoft, ycTaHOBJieHHLIH 
:. 
.aoByme.n; 6 - cxeMa .ao

JoHHaa ceTHa; 3 - BHem
Tpo,~:~ax, aa,!laBaeMhle OTHO
tHepa 

Haoopa IIJHIMbiRaiOIIJ;HX p;pyr R p;pyry Tpy60R - <<COT>>. Qqemrp;H0 1 'ITO Ha
n:paB.!eHHhle CBOHCTBa TaROH JIOBYIIIRH OCTaiOTCH TaRHMH iUe, RaR H y O,li;HOH 
TpJ"Oiill, a RO.U:JieRTOpHhlH TOR . B03paCTaeT rrporropn;HOHaJibHO 'IHCJIY Tpy60R. 
Ilpn :raHHOH cflopMe Tpy6RH Blip; 3aBHCHMOCTH ROJIJieRTOpHOrO TORa OTHOCH
re.!bHO BeRTOpa Ha6erarom;ero IIOTORa OIIpep;eJIH8TCH HOHHOH T8MIIepaTypoft 

Pnc. 7. Cxe~m npH6opa /l,JUI nc
CJieiJ,OBaHHH HOHOCIPepLI 

1 - ~HJUIH]:IpH'!eCRill1 30HA JleHrMIO
pa; 2 - oxpaHHbie KOJib~a; 3 -

]:\BORHOit 30HA 
J 

Ti} II Maecoft noHoB. KoJIJieRTOpHI>rft TOR n Ta:Koft .11onyrnRe orrpep;eJIHeTcH BI>I-
aa.eHneM · · ' 

.( . R ' 
IK=esun+F 'ljl,£, ri ). (14) 

.:re e SUn+ - TOK B JIOBYIIIRe rrpH T = 0 H BeKTOpe CROpOCTH, COBIIap;arom;eM C 
biO IIOIIepeqHbiX C8'18HHH BCeX JIOByiiieK; U - CKOpOCTb CIIYTHHRa; S -

cJ"lllia rrorrepe'IHI>rx ceqeHHH ncex Tpy6oK; F - cPYHKD;HH, orrpep;eJIHIOID;aH aa
sncmiOCTb r\OJIJieRTOpHoro ToKa OT opneHTan;nH n TeMrrepaTyp~>r; RIL- oT
EomeHHe rrorrepeliHoro pa3!vrepa Tpy6RH K npop;OJII>HoMy; '¢ -- yroJI Memp;y 

PHC. 8. JlonymRII, IIpHMeHHBilllleC.II B OIILITaX H3 CIIyTHHKe «1\0CMOC-2» 

a - Clpep:~~qecHaa; 6 - nJiocRaa; e - noJiycljlep:~~qecHaa; a - coToBaa 
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Pnc. 9. PaclleTnaH saBncnMoCTI> !Jlynx- . 
~nn F OT TeMnepaTypbi Ti .n;m1 'ljl = 0 
H .U:JI.II R/L = 0,1057, HOHOB O+, CKOpo-

CTH CnyTHHRa U = 7,5 "-M/cen! 

I, a·!Or-·-o _________ _ 

0;80 

11;60 

0/10 

o,io 

0 A· \.... \ ~.. '-
11 '5+ '56 58 i"fli'oomoz olt 06 
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Pnc. 10. IIpnMep axcnepiiMeHTaJr:&
noii: sanncn KOJIJieKTopnoro TOKa 
COTOBOH JIOBymKII, HOJIY'JOHHOR Ha 

CnyTHIIKe «l\OCMOC»-2>> 

oc:&ro JioBymKH H BeKTOpoM cxopoCTH cnyTHHRa. <l>yHKD;HH F npH Ti =I= 0 
npep;cTaBJIHeT co6oii nHTHKpaTHI>IH HHTerpaJI, KOTOpbiH B aHaJIHTH'IeCKOM BH

p;e ae BhlpamaeTCH H ero Bbi'IHCJieHHe npoH3BO,IJ;HTCH aa 8BI.J,M. PeayJI:&TaThl 

pac'IeTa ,Il;JIH JIOBYIDRH, ycTaHOBJieHHOH Ha cnyTHHKe «J\ocMOC-2>>, ,Il;JIH '\j) = 0 
DpHBep;eHhl Ha pHC. 9 [37), Jl3 I\OToporo BH,Il;HO, 'ITO MaKCJIMaJibHO B03MOii\HhlH 

TOK B JIOBymKe (npH COBnap;eHHH oceii Tpy60K C B8KTOpOM CKOpOCTJI cnyTHHKa) 

CHJII>HO 3aBHCHT OT TeMnepaTypbi 'IaCTHIJ;. 0TMeTHM, 'ITO H CBH3b C OpHeHTaiJ;Heii 

{til) aaBHC.HT OT Ti. TaKaH aaBHCHMOCT:n KOJIJieKTopaoro ToKa HOHHOii: JIOBYillKH 

«COTOBoro>> Tnna OT Ti noaBOJIHeT onpep;eJIJITI> TeMnepaTypy nonoB c p;ocTaTo'I

Ho xopomeii TO'IHOCT:nro. IIpHMep aKcnepHMeHTaJI:naoii aanncH KOJIJieKTopaoro 

TOKa JIOBYIDKH COTOBOrO THna, UOJiy'IeHHOH BO BpeMH llOJieTa cnyTHHKa «l\oc

MOC-2>>, npimep;eH aa pHc. 10. Ha pHc. 11 npBBep;eHLI op;aoBpeMeaao naMepea

Hhle BO BpeMH noJieTa cnyTHHKa «J\ocMOC-2>> xapaKTepHCTHKH D;JIJIHH,IJ;pH'IeC

KOrO 30H,IJ;a JlearMIOpa H 3aBHCJIMOCTb KOJIJI8KTOpHOrO TOKa HOHHOH JIOBYillKH 

COTOBOro THna. PeayJI:nTaThl pacTJeTa no STHM xapaKTepHCTBI\aM ,IJ;aiOT 3Ha'Ie

HHH aJieKTpoaaoii TeMnepaTyphl, 6oJiee qeM n .u;na paaa npeBMmaiOIIJ;He aaaTJeRHH 

HOHHOH TeMnepaTypni (38]. 8TO CBB,IJ;eTeJII>CTByeT 06 OTCYTCTBHH TepMH'IeCKOrO 

paBHoBeCHH B HOHoc!J!epe aa Bt.IeoTax CJIOH F2. C MeTO,IJ;H'IecKorr TO'IKH apemm 

npep;cTaBJIHeT HHTepec aaBHCHMOCTb, H306paiR8HHaH Ha pH C. 11: J; =f (V8). 

B caMOM ,n;eJie, cooTBeTCTBHe aaaTJeHHH ne H Te, BM'IHCJieHHI>IX p;ByMH cnoco6aMH 

no (4), (5) n: (8), noKaabmaeT, 'ITO npn: naMepeHHHX B n:oaoc4'epaoii nJiaaMe 

YCJIOBHH ,Il;JIH HCnOJib30BaRHH (8) JierKO BblnOJIHHIOTCH. 

Ha pHc. 12 npHBep;eHI>I rpa!J!HKH H3MeHeHHii Konn;eHTpan;n:H noJIOii\HTeJIL

H&rx n:oaoB B,Il;OJIL op6HTLI cnyTHHKa «l\ocMoc-2>>, riocTpoeaa:nm B Bn:p;e !J!yHRD;HH 

OT BbiCOTbi Hap; 3eMJieii. 3Ha'!eHHe rl+ nOJiy'IeHhi no p;aHHbiM CHCTeMLI nJIOCKHX 

JIOByiDeK, ycTaHOBJI8HHhlX Ha cnyTHHKe [39). 

AaaJIHa BOJILT-aMnepHMX xapaKTepHCTl'IK c!J!epH'IecKnx HOHHhlX JIOBymeK, 

ycTaHOBJieHHbiX Ha cnyTRIIKe «J\OCMOC-2>>, ll03BOJIIIJI HCCJie,IJ;OBaTI> Bbi'COTHOe 

pacnpep;eJieHHe HOHOB aa BI>ICOTax 500 ....;- 700 -nM. BnepBhle Ha Macc-cneKTpo

MeTpH'IeCKHe B03MOii\HOCTH IIOHHbiX JIOBymeK Ha CllYTHHKe yKaaaJIH 

R. H. T'pHHraya H M.X.3eJIHKMaH [19]. TaKaH B03MOii\HocT:n cJiep;yeT Ha (11).Ha 

piiC. 13 IIpHBe,IJ;eH BH)J; BOJibT-aMnepHOH xapaKTepHCTHKH c!J!epn:'IeCKOH HOHHOH 

JIOBYIDKH B CJiyqae HaJIH'IHH B HOHOc!J!epe HOHOB e pa3JIH'IHbiMH MaCCaMH. Ha 

<!TOM il\e pHCYHKe noKa3aHbi nepBaH Jl BTOpaH npOH3BO,IJ;HaH TOEa no HanpH· 
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•c. 10. IIpnMep :mcnepRMeHTaJII>
ii aanucn KOJIJieKTopuoro TOKa 
OBOH JIOBymKR, IIOJIY'J9HHOH Ha 

CnyTHHK9 «l\OCMOC»-2» 

:n:u:Ra. <l>ynRrt;HJI F np:u: Ti =/= 0 
£, KOTOphlH B anaJIHTHqeCROM BH-
3BOAHTCJI na 8B:QM. PeayJII.TaTLI 
:nyTHHRe <<RocMoc-2>>, AJIJI 'lj1 = 0 
10, qTO MaRCHMaJinHO B03M01KHhlH 
t C BeRTOpOM CROpOCTH CilYTHHRa) 
rer:u:M, qro rr CBJI3n c oprrenran;rreii 
lRTOpnoro TOEa HOHHOH .TIOBYiliRH 
, TeMneparypy JiiOHOB c AOCTaroq
l'faJinnoii: aan:u:c:u: EOJIJieEropnoro 
10 BpeMJI IIOJieTa CIIYTHHEa <<I\oc
IIB8A8HLI OAHOBpeMeHHO H3Mepen-
' XapaETepFICTHEH D;HJIJiiHApFiqec
KTOpHOfO TORa FIOHHOH JIOBYII£KH 
!1: x apaKrepRCTHEaM AaiOT anaqe
sa pas a rrpeBLirnaroiiwe anaqemm 
yeT 06 OTCYTCTBHH TepMHqecKoro 
2. C M8TOAJiqeCKOH TOqKH 3peHJIJI 

tmennaJI na pnc. 11: /~=/ CVa). 
, Bhlq]iJCJieHnhlx ABYMJI crroco6aMn 
!peHHJIX B HOHOC~epHOH IlJia3Me 
OJIHHIOTCJI. 
liH EOHIJ;8HTpan;FIH ITOJIO)KHTeJJJ,
l!>, IlOCTpOeHHI>Ie B BHAe <}JyHED;HH 
lhl no AaHHhlM cncreMhl nJJOCEHX 

!<}Jepn qeCKHX HOHHI>IX JIOByiiieK, 
)3BOJIHJI HCCJieAOBaTb Bl>iCOTHOe 
K-.~l£. B nepBI>Ie na Macc-crreErpo
~eR na cnyrnnKe yKaaaJIH 
03~l01KHOCTb CJieAyeT H3 (11).Ha 
:epncTHKH c<}!epnqecEoii: nonnoii 
OB c pa3JIHqHI>IMH MaccaMn. Ha 
l IlpOH3BOAHaH TOEa IlO HanpH· 
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Pne. H. O,n;uoBpeMeHHhle aanucu TOKOB aou,n;a JleHrMIOpa u nouHoii JIOBymRR 

Ha CIIYTHHK9 «1\0CMOC-2» 

a- IIOJiy JIOrapHijlMH'IeCKall xapaKTepHCTHKa (TO'IKH) H aaBIICHMOCTb I: = f ( V) (IIPIIMlile); 

6 - aaBHCHMOCTb OT BpeMeHH KOJIJieKTOPHOTO TOKa HOHHOit JIOBYWKH «COTOBOTO• THIIa 
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P nc. 12. 3aBHCHMOCT.b KOHD;9HTpa~Rll IIOJIOlRHT9JI.bHhiX :HOHOB (RaMepeHHOH B)l;OJI.b 
Op6HTbi CIIYTHHKa) OT BhiCOThi 

1- HeOCBem;eHHhle yqacTKH· OpOUThl; 2 - OCBem;eHHhle yqaCTKH; o3- IIDipOTa. BpeMII MOCKOB

- cKoe. HaMeHeHHe BhlCOThl cJiena Harrpano 

;nenn1o. TaEHM o6paaoM, nonnaH JIOByrnKa na cnyrnnEe JIBJIHeT<;:JI npocreii:rnHM 
Yacc-cneRrpoMerpoM c HH3Roii: paapernaiOirt;eii crroco6nocTJ.IO. 0AnaRo FIOHhl 
lillC.TIOpop;a, reJIHJI FI BOlJ:OPOAa, HBJIHIOirt;HeCJI OCHOBHhlMH FIOHaMFI Ha BbiCOTaX 
Bhllll8 300 XM, MOry'l' 6hlTI> pa3JIHqffhl B CJiyqae 3Haq]iJTeJibHhlX OTHOCHT8JII>H"biX 
Konn;enrpan;Hii. fpa<}!HqecRoe .n;n<}!<}!epenn;HpoBaHne BOJibT-aMnepnoii xapaK
TepHCTHRH :u:onnoii: JIOBYIIIRH Aaer anaqnreJinHhle norpernnocTR. Ha anrJio
a~repnRancKoM cnyrnnRe <<ApHeJIJ. 1», aarryirt;ennoM 26 arrpenJI 1962 r., .n;n<}!
iflep enn;FipoBanne BOJibT-aMrrepHbiX XapaKTepHCTliiR IIpOH3BO,Il;HJIOCb npH IIO
YOlrt;lii naJiomennJI na narrpHmenne, MeHJIIOirt;eecJI no nHJioo6paanoMy aaKony, 
;.JBYX rapMOHHqeCRHX CHrHaJIOB ne60JibiiiOH aMIIJIHTYAbi (b1 sin ro1t + b2sinro2t). 
IlpH naJiomennn na Mep;Jienno MeHJIIOirt;eecJI narrpJimenFie rapMonnqecRoro 
cHrnaJia ne6oJinrnoii: aMnJIHTY,IJ;bi BOJibT-aMrrepnyro xapaRrepneTHKY i = f (V) 
:uomno, np:u: Eam,n;oM .n;annoM nanpJimennn na aon.n;e V0 , pa3JIOiKHTb B PHA 
TeiiJiopa: 

. • . , (b1sin roi. t + b2sin ro2 t)2 • '=I (Vo) + (b1 sm ro1 t + b2 sm ro2t) I (Vo) + 2 f (Vo)+ ... (15) 
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Jf3 (15) BH)J;HO, lJTO uepBaH IIp0113BO,D;HaH BOJihT-aMuepHOH XapaRTep11CT11R~ 
uponopn;11onaJI:ona TiacToTaM ffi1 11 ffi2, a nTopaa npo11anop;naa (nocJie upeo6pa

aonan11H) - TJJieny, co,n;epiRain;eMy ffi2 + ffi1• TaR11M o6paaoM, upo11ano,n;a 113-

Mepemile TOR aHa lJUCTOTaX ffi1 JI1100 ffi2; ffi2 + ffi1 JI1100 ffi 2 - ffi1, MOii\HO HaHTll 

uepnyro 11 BTopyro upo11ano,n;nyro BOJI:OT-a~~>rnepnoii xaparnepncTMRH no nanpa

menMIO. 

- ,lJ;JIH M3MepeHMH MOBHOrO COCTaBa li TeMuepaTypni MCIIOJI:030BaJiac:o p;Byx-

3JI8RTpOll;HaH ccpepHTJeCRaH JIOBYiliRa C ,ll;MaMeTpOM BH81IlB8H CeTKFI 10 C.lf£ R. 

,n;MaMeTpOM KOJIJieRTOpa 9 CM [40]. ,Il;JIH M3MepeBMH 3JI8RTpOBHOH TCMuepaTypi>I 

l,a 

_ a7 
dV 

V,6 

PHc. 13. TeopeTH<IeCKHii BH}l; BOJibT-aMnepHoii 
xapaKTepncTHKII IIOHHOii c4Jepn<IecKoii JIO
BYJJIKII B CJiy<Iae periiCTpan;HH HOHOB C paa-

JIII'lHbiMH MaCCaMII II ee llpOH3BO}l;Hbie 

MCIIOJib30BaJI1ICb f);Ba IIJIOCR11X 30H,D;a 

c oxpaHHblM ROJI:OIJ;OM, O);l;MB M3 RO

TOpbiX ycTaHaBJIMBaJICH Ba IliTanre 

(,n;JIHHOH OROJIO 1 M), a ,n;pyroii nenoc

pep;CTB8HBO Ha UOBepXHOCTM CIIYTHM

Ka [411. AMrrJIMTyp;a rapMoBMlJeCRJIX 

cMrnaJIOB oi>IJia 35 H 54 Mli cooTBeT

CTBenno l (JIH TJaCTOT 500 li 3000 81]. 

BMA uoJiy'renn:r,rx na <<ApMeJI:o h 
BTOphlX npOH3BOlJ;Hl>IX MOBBOH BBTBH-. 

BOJibT-aMrrepHOH xapaKTepHCTMRH! 

npHne,n;en na pHc. 14. Ma pHcynRa 

B11,UHO, lJTO paa,n;eJieHHe HOHO_B 0 +, 
I-I+, He+ npoManecTH necJiomno. CJie

,n;yeT OTMeTHTh, 'ITO UOJIYiliHIJHHa UH

ROB Ha IJ11C. 14 onpep;eJIHeTCH 110HHOH 

TBMUepaTypoH, TaR lJTO BTOpaH npo~ 
M3BOf);HaH ll.OHIIOH B8TBH BOJI:OT-aM

nepHOH xapaKTepHCT11R11 aon.n;a, yc

TanoBJiennoro na cnyTHHKe, noano

JIHeT H3MepHTb Ti [421. ,Il;JIH 113yTJe

HHH MaCCOBOrO COCTaBa JiiOHOB MOiRHO 

JiiCUOJI:030BaTb Jii llJIOCJ{YlO JiiOHHYJO 

JIOBylliKy, RaR 3TO UORa3aHO clKCITe

IJHMeHTOM Ha CUYTHJiiRB <<8KCUJIOpep 

VIII» [35]. 
Ccpep11TJecRaH JIOBYiliRa 11CUOJII>30BaJiacb na paReTax 11 cnyTH11Rax ,n;na 

H3MepeH11H TBMnepaTypi>I 11 ROHIJ;8HTpan;II11 3JI8RTpOHOB [24, 43]. 
IJ;IIJIIIH,D;pHTJBCRH.e 30H,D;hl JlenrMIOpa ycnelliHO IICUOJib30BaJIIICb )J;JIH Jii3M8-

peHH.H ROHIJ;8HTpan;11II 110HOB Jii TBMUepaTyp:or 3JI8RTpOHOB Ha CUYTH11RaX <<8RC

IIJIOpep XVII» II <<8RcnJiopep XXII» [44,45]. Ha p11c. 15 ,n;JIH npHMepa npiiBe

,n;eni>r pe3yJII>TaThl II3MepeHIIH ROHI~8HTpan;11H II T8MU8paTypi>I 3JI8KTpOHOB, UO

JIYTJBHHI>IB np11 UOMOIIJ;11 IJ;11JlMH,D;pll.TJ8CROro 30H,D;a Jlennnopa Ba CUYTHHRe 

<<8KcnJiopep XXII». 
,Il;JIH yMeHnllleH11H BJIIIHHH.H cpoTOTOROB na peayJI:oTaThl aon.n;onhlx 113MepenHii, 

TITO oco6enno namno npM npone,n;en11M orrLITOB na Bl>ICOTax ooJiee 1000 X:.ilt, 

MOiRHO 11CIIOJib30BaTb MO,D;YJIHIJ;MOHHhle JIOBYI1IR11, B KOTOphlX BXO,ll;HOH TOI{ M.O

,D;YJI11pyeTCH UpM UOMOIIJ;M HanpHlliBHMH, IIO,D;aBaeliWrO Ha O,D;HY H3 CBTOR JIO

BYIIIR11, a cpoTOTOR c ROJIJieKTopa ocTaeTCH neM3MeHHLIM. Ha pMc. 16 noKa3aHa 

M.O,D;YJIHIJ;HOHHaH JIOBYiliita, 11CIIOJI:030BaBIIIaHCH ,D;JIH M3yTJeBHH KOpiiyCRYJIHp

HhlX IIOTOROB CoJIHD;a (cOJIHeTJHOrO B8Tpa) Ha COBeTCRJiiX ROCM11TJeCR11X anna

paTaX [ 46, 471. Mo,n;yJian;nonnaa JionymRa noanoJIHeT yMen:r,rnnT:o BJIHHHHH 

cpOTOTORa IIpHMepHO B 106 pa3. 

KpaTRO paccMoTpMM rnnpoRo McnoJI:oayrom;11eca ,n;JIH H3Mepennii n nono

ccpepe B:OICOKOTJacTOTHD.re aon,n;I>I. K aToll: rpynne aon,n;on OTHOCHTCH npnoophl, B 

KOTOphlX HOHOCcpeprraH IIJia3Ma B03,D;eHCTByeT Ha IJ;8IIH 7 necym;11e BbiCOitYJO 

TJacTOTy. TepM11HOJIOrHH aToll: rpyrrrr:or aon,n;on em;e ne ycTanoBHJiac:o. Bhlco-

. KOTJaCTOTHhle 30H,ll;OBhl8 MeTO,D;bi H3M8p8Hll.H B OCROBHOM MOiRHO pa30HT:O n a 
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Pnc. 14.3RcnepnYeHTaabHaR 
ID!Cb BTOpOii npOII3BO~Oft_ I! 
H - B8TBII BO:lbT- !UID6pHOII 

an7epnCTIIRII ~epll'leCROll 
3niiKll, ITOJIY'leHHaR BO Bp 

- no.1eTa cn:yrHllRa pne;n, 

?Re. i5. IDnpOTHhle 3aBIICRYO 
HIJ;eHTpan;IIII n TeYIIepa • 

-:-erupoHOB Ha Bh1COT8 1()()(] 
= ;J.a.HHhiM n;n."lliH;I.pll'lecR 
- ::ca JleHI'MIOpa, yCTaBOIU 
E- :-o Ha cnyTHIIKe t 9RCII:IO 

XXIb 

_ c. i6. ~lo:ry;IHD;IlOHHaR 
3>I:IKa ::uH nayqeHIIH Ropnyll 

• :JHPlWX noTOROB Co;Jlllla 
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.II BOJibT-UMII8pHOH xapaKnipHCTliiUll 

ropaH rrponano~HaH (rrocJie rrpeoopa

w1. TaKJIM o6pasoM, rrpoJisno~.II H3-

+ W1 JIH6o W2 - w1 , MOilmo HaRTH 

rrrepHo:H xaparnepliCTMKli no Harrp.II-

·eMrrepaTypr,r MCIIOJib30BaJiacr, ~nyx
JiaMeTpoM BH8I1IH8H C8TKII 10 C.ll£ JI:: 

MepeHMH 8JJ8KTIJOHHOH TCMrrepaTypbi 

~CI10Jib30BaJIHCb ,UBa IIJIOCKHX 30H~a 

~ OXpaHHniM ROJibiJ;OM, O,UIIH H3 RO

ropbiX YCTaHaBJIHBaJIC.II Ha IIITaHre 

:JI:JIIIHOH OKOJIO 1 M), a ~pyroii: H8IIOC

~e~CTB8HHO Ha IIOB8pXHOCTH CIIYTHII

{ a [41]. AMnmiTy~a rapliiOH:uqecKJIX 

:HrHaJion or,ma 35 H 54 JJt& cooTneT

:TBeHHO ):~JIH qacTOT 500 II 3000 Zlf. 

3M):( IIOJIY1IeHHhlX Ha <<ApM8Jib J». 
ITOpbiX IIpOH3BO~HbiX MOHHOH B8TBH 

:OJibT-aMrrepHOH X a paKTepHCTHKH! 

lpn:ne,ueH Ha piic. 14. lis pn:cyHKa 

H~HO, qTO pa3~8JI8HH8 HOHOB 0 +, 
I +; He+ rrpon3necTH HecJioilmo. CJie

yeT OTM8THTb , qTO UOJIYIIIHpHHa IIH

OB Ha p:uc. 14 OIIp8):(8JIH8TCH HOHHOH 

BMrrepaTypoii:, TaR qTo nTopa.II rrpo~ 
3BO,UHa.II HOHHOH B8TBH BOJibT-aM

epHOH xapaRTepHCTHRH 30II~a, yc

l HOBJI8HHOl'O Ha CIIYTHHKe, II03BO~ 

aeT nsMepHTb Ti [421. ,lJ;JIH Hsyqe

~.II MaCCOBOl'O COCTaBa HOHOB MOJ-KHO 

~IIOJib30BaTb H IIJIOCI>YIO JIOHHyiO 

>BYIIIKy, RaR 81'0 IIOKa3aHO 8KCTie

Ilii8HTOM Ha CIIyTHMKe <<8KCITJIOpep 
rib [35]. 
~ Ha paKeTax M crryTHHKax ,U.lJa 
8,;J8RTpOHOB [24, 43). 
:eiiiHO HCUOJib30BaJIHCb ~JIH II3Me

>I 8JieKTpOHOB Ha CIIyTimRaX <<8Kc- . 

]. Ha pnc. 15 ~JIH rrpnMepa npnne

i H TeMrrepaTypbi 8JieRTpOHOB, U0-

30H~a JieHrMropa na cnyTHIIKe 

pe3yJibTaTbi 30H~OBbiX H3MepeHIIH, 

TOB Ha BniCOTaX OOJiee 1000 l>.ilt, 

IIKH, B 1\0TOpbiX BXOJ(HOH TOI{ MO

:~;anaeMOl'O Ha O~HY H3 CeTOK JI0-

}}131\'leHHLIM. Ha pn:c. 16 rroRa3aHa 

:C.II ~JIH H3yqeHHJI KOpUyCKYJIHp

a COB8TCRHX KOCMHqecRHX anna

II03BOJI.IIeT yMeHoiiiHTI. BJJH.IIHHe 

I~HeC.II ~JIH H3MepeHHH B HOHO

rre 30H~OB OTHOCHTCH npHOOpni, B 

3T Ha rr;errn:, necym;ne BbiCoKyro 

m e~e He ycTaHOBHJiaci.. Bbico

B OCHOBHOM MOJ-KHO pa30HTb H a 

Pnc. 14. 8Kciiep.HM6HTaJibHaJI aa
IIIICb BTOpoi\: IlpO.H3BOlJ:HOi\: HOH
HOH neTBH BOJibT-aMIIepnoii xa
p aKTepHCTHKH cwep~eCKOi\: JIO
Bynnm, IIOJIY'l6HHaJI BO Bp6MJI 

IIOJI6Ta CIIYTH.HKa «ApH6Jib I» 

PHc. 15. illHpOTHiile aaBHCHMOCTH 
KOHI(6HTpa~HH .11 T6MIIepaTypbi 
aJI6KTpOHOB Ha BbiCOT6 1000 nM 
IIO p;aHHii!M ~HJIHHp;p~6CKOrO 
aonp;a JienrMIOpa, ycTaHOBJieH
noro Ha CIIYTHHK6 <<8KCIIJIOpep 

XXII» 

Pnc. 16. Mop;yJI.a~HonnaJI JIO
n yn:ma p;JIJI Hayqen.H.a RopnycKy

JI.IIpHiilx IIOTOKOB COJIHI(a 
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:{Be rpyiiiini: MeTO);:t; pe30HaHCHOl'O 30H~a (HJIH BbiCOROqacTOTHOl'O 30H~a C 

II:IaBaiO~HM IlOT8HIJ;HaJIOM) H M8TOJ(bl HMIIe~aHCHblX 30H~OB (aHT8HHI>IX, eM
l\OCTHhlX, pa~n:oqacTOTHbiX). 

MeTo~ pe3oHancnoro 30H~a ocHonaH Ha ToM, qTo rrpn rro~aqe Ha 30H,n; Bbi

coRoqacToTHoro HarrpHJ-K8HHH IIpOHCXOp;HT B03pacTaHH8 IIOCTOHHHOH COCTaB

:IHIO~eii: 30H~OB01'0 TOKa, rrpn:qeM IIpH IIpHOJIHJ-KeHHH qaCTOThl R II.1Ja3l.IWHHOH 

IIpOHCXO~T pe30HaHCHOe B03paCTaHH8 IIOCTOHHHOl'O TORa. EcJIH qacTOTa Bbl

COKOqacTO'.!;HOl'O HaiipHmeHHH COCTaBJI.II8T Menee 10% OT IIJia3M8HHOH qacTOTLI, 

TO IIpHpam;eHHe IIOCTOJIHHOl'O TORa He 3aBHCHT OT qaCTOThl II orrpe~eJIJieTC.II Bbi
pameHHeM [48] 

tli = iolo ( Z~J , (16) 

r~e i 0 - TOR 30H,n;a .rrpn: OTCYTCTBHH BhlCOKoqacTOTHoro HarrpRmeHH.II; 10 -

Yo~n«J?n:rr;n:ponaHHaJI «f?YHKIJ;H.II BecceJI.II HyJienoro rropJI~Ka; A - aMIIJIHTy

.J;a rrpn.n:omeHHoro nanpRmenH.II; e -· 3apJI.n; aJieRTpoHa; k - nocToJIHHaH 
BoJII>IJ;MaHa. 
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Ma (16) cJie,n;yeT, qTQ o'momemm npHpam;emrii aoa;o;onoro TORa npH ,n;nyx 
paaJIHqablx aMnJiliTy,n;ax BhlCORoqacToTaoro aanpamenna A1 11 A 2 onpe,n;eJiaeTca 
·(npH HanecTHhlX A1 11 A2) JIHillh TeMnepaTypoii: aJII;1RTpOHOB Te. II pH npHM€memu 
aToro MeTo,n;a HaMepeHHH Te CJie,n;yeT HMeTh B BH,n;y, qTo aoa,n; ,n;oJimea HMeTh 
·OTpHn;aTeJihHhlH noTeHn;HaJI OTHOCHTeJihHO nJiaBMhl. B npoTHBHOM cJiyqae aeJih
aa HCITOJihBOBaTh BblpameaHe (16). 

06aapymeaue anoHCRHMH HCCJie,n;onaTeJIHMH peaoaaacaoro noapacTaHHH 
.3QH)l;OBOrO TORa npH llpH6JIH»<8HHH qacTOTI>I BhlCOKOqaCTOTHOrO HanpameHHH R 
nJiaaMeaaoii: BhiSBaJio aaaqtiTeJihHhlH HHTepec so seeM MHpe. llpu nepnoaaqaJih
aoii: TpaRTOBRe aToro HBJieHHH npe,n;noJiaraJioch, qTo peaoaaacaoe noapacTaHHe 
llpOHCXO)l;HT Ha qacTOTe, COBna,n;arom;eii: C nJia3M8HHOH, li ITOaTOMY 9TOT M8TO)l; 
p;aeT oqeah npOCTOH li Ha,n;emHI>IH Cll0C06 li3MepeHHH ROHIJ;8HTpaD;HH aJieRTpO
HOB. O,n;aaRO paapa6oTRa Teopuu [ 49-54] noRaaaJia, qTo peaonaac npoucxo,n;HT 
na qacToTe ffipea, OTJIHqarom;eii:ca OT nJiaaMeaaoii: qacTOThl rorrJI H onpe,n;eJiaeTCH 
•(6ea yqeTa BJIHHHHH MarHHTHOrO llOJIH li coy,n;apeHHH) BI>IpameHHeM 

wpea = Vi+ (rafkr;r,) ' 
(17) 

•r,n;e r8 - pa,n;uyc aoa,n;a, rn - ,n;e6aencRHH pa,n;uyc; k - aMnHpuqecRaa ROH
·CTaHTa, Bhlpamarom;aa TOJIID;HHY CJIOH o6'heMaoro aapa,n;a n6JIH3H aoa,n;a B ,n;e-
6ael!CRHX pa,n;uycax. 

YqeT coy,n;apeHHH npHBO)l;HT R crJiamHBaHHIO peaoaaacaoro. acpcpeRTa. BJIH
JIHHeM coy,n;apeHHH Ha peaoHaHCHyiO qacTOTy li B8JIHqHHy 30H)l;OBOrO TORa (Ha 

aToii: qacToTe) Momno npeae6peqh npu ycJIOBHH, ecJIH rop
2
es > v2 (v - qacTo

"Ta coy,n;apeaHii:). YqeT BJIHHHHH 1,\mraHTHoro nOJIH npHBO,Il;HT R HaMeHeHHIO ropes 

:[52]. 
BnipameaHe ( 17) npHMeHHMO JIHmh npH ycJIOBHH ro~ ~ ro~JI ( ~H - n;uR

.JIOTpoaaaa qacTh aJieRTpoHa). B cJiyqae aeBblllOJIHeHHH aToro ycJioBHH aeo6-
xo,n;uMo aaaHHe ffiH· 

K cepe,n;uae 1966 r. aToT MeTo,n; HeCROJihRO p.aa HCIThlTI>IBaJicH B Jia6opaTop
'HOH H Hoaoccpepaoii: nJiaaMe [52, 55]. PeayJihTaTbl STHX aRcnepHMeHTOB no,n;
·Tnep,n;HJIH, qTo peaoaaac npoHcxo~HT He na nJiaaMeHHoii qacToTe, a ropes 

()rrpe,n;eJiaeTCH npH6JIHmeaHhlM BI>IpamenHeM (16). 
Paaaoo6paaable TaR aaai>InaeMI>Ie HMne,n;aacni>Ie MeTO,Il;hi ocaonaHhl aa HaMe

peauH li3MeHeHHH JIH6o eMROCTH, JIH6o BXO)l;HOrO COllpOTHBJieHHH, JIH60 conpo
"THBJI8HHH HaJiyqeaua aoa,n;a, R RoTopoMy npHJiomeaa BhiCORaH qacToTa. B ae
.KoTopi>Ix 9RCnepHMeHTaX B RaqeCTBe 30H,Il;OB liCllOJih3YIOTCH aHTeHHhl nepe,n;aT
qifROB, ROTOpbie ycTaHaBJIHBaiOTCH Ha paReTaX liJili CllYTHHRaX )l;JIH CBH3H 
HJIH )l;JIH ,n;pyrHX n;eJieH, a B H8ROTOphlX OllhlTaX npHMeHHIOTCH . cnen;HaJihHO 
•CROHCTpyHpOBaHHhle 30H)l;hl. lfaMepeHHH npOBO)l;HTCH RaR Ha qaCTOTaX Bhlill8 
TIJiaaMeHHOH qacTOThl, TaR H Ha 6oJiee HH3RHX, BKJIIOqaa IJ;HRJIOTpOHHhle qacTOThl 
.;meRTpoaon H MoHon. HcnoJihaosaaHe HaMepeauii aa D;HRJIOTpOHHhlX qacToTax 
aaqaJIOCh nocJie o6aapymeaHa B aRcnepHMeHTax c HOHoccpepaoii cTann;ueii: aa 
-cnyTHHRax <<A1IyaT I» 11 <<8RcnJiopep XX>> oTpamenHii aa STHX qacToTax H aa 

rH6pH,Il;HOH qacTOTe f r (f r = f f~ + f~JI) • r)le fH - D;HRJIOTp()HHaH qaCTOTa, 

fnJI - nJiaaMeaaaa qaCTOTa. 
Ha pHc. 17 npHne,n;eaa aRBHBaJieHTHaa cxeMa HMne,n;aacaoro aoa,n;a, HC

noJihayeMoro B aRcnepHMeHTax Ha cnyTHHRax 11 paReTax 11 aaai>InaeMoro no 
-cxeMe HaMepenHii HMne,n;ancHI>IM aoa,n;oM cToaqeii BOJIHhl [56]. B aTOM cJiyqae, 
-ElCJili BJIHHHH8M MarHIITHOro llOJIH 1l coy,n;apeHHH MO»{HO npeae6peqh, )l;JIH ROH-
n;eHTpan;Hll 9JieRTpOHOB llOJiyqaeTCH BhlpameHHe 

/ 2 (M elf) Co Ax 
ne = 80,6 "'C;' tlx + (1fwCo) ' (18) 

r,n;e c2 - eMROCTh aHT8HHhl B cno6o,n;HOM npocTpaHCTBe, Co= cl + c2, a cl -
eMROCTh CX8Mhl, myHTHpyrom;aH 8MROCTh aHT8HHhl, dX- li3M8H8HH8 peaRTHB
HOH qacTH liMlle,IIanca anTeHHhl • 
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Pnc. i 7. JRBn:ua::~em 

C 1 - ellKOCTb CXeJolhl, 

a.HreHHbl B CBOOo;vlO:Il 

cpe;:u,~; R1 - conpo>.mJ 
llecTHO C -conpoma:IeH 
aao~e ;pH cor:~acos 

.:1 

llpn na:llepeHnHX C BbiCOR 
nn·. qTO BhlCOROqaCTOTHI 

H.:Ia~ n peay:rhTaTe Roan;eH1 
0 na:llepeHIIH llpOBO;J;HTCJ 

• • • O.J;HOBpeYeEHO na:Ye
e BHCOTHhle pacnpe;\e;Ie-

-oEUeHTP~ aapruneHHbiX 
no ;J.aHHhiM paa;mqm,IX 

:Y6TO,IJ;OB 
_ - ~epcnoullhill ~llliTilP!IJepol!eTP 

.KBaH .:IOB)'IIIKa (T()'ilill); '! -

-.:oiS:C~HaH c TaHqllli Ha CII)"THlllill 

. ! ; 3 - CTa.Hqilli :Heno::e
peHTHoro pacceHHllli 

JO 

a 

F 

e C • Bblille • B RO 0 . 

~edhiD yc7paaeHDH 
ile . a.IDL"lnTPY IIOC 

OO~]Iffi.()I'O aapg;:xa YOiReT ll 
fum=>eHIDi- (caaqa.."la onpe::te.J 

g o.-mnna C."'OJ 
aoJUa. noc."le q 

J';:":!:~a.Ei~Bll[l? B.'IllHHfiJI C."'OR ( 



am;emrii: SOH.P;OBoro TOKa npii .D;Byx 

tranpmR'eHHn A1 II A 2 onpe.u;eJIJieTCJI 

:>:iii: :meKrpoHoB Te. Ilpii npiiMeHerom 

b B BII.D;y, 'ITO 30H,!J; )J;OJiiR8H IIM8Tb 

rJia3Mhl. B npoTIIBHOM cJiyqae HeJIL-

JIJIMII peaoHaHcHoro BoapacraHIIJI 

: BhlCOKO'IaCTOTHOrO HanpJiiR8HIIJI K 

C BO BC8M MIIpe. llpii nepBOHa'IaJib

!OCb , 'ITO pe30HaHCHOe B03pacTaHIIe 

aa3M8HHO:iii:, II llO<lTOMy <lTOT M8TO,!J; 

3M8p8HIIJI KOH~8HTpa~HH <lJI8KTpo

>Ka3aJia, 'ITO p830HaHC npOIICXO,!J;IIT 

LHHOH 'IaCTOThl Wrrn II onpep;eJIJI8TCJI 
~oy.u;apeHII:iii:) BLipameHIIeM 

:;)' (17) 

pap;IIyc; k - <lMniipiiTJ:ecKaJI KOH

ilHOro aapJI.u;a BOJIII3II aoHp;a B .u;e-

s:mo peaoHaHcHoro a.P.PeKTa. BJIII

Y" H B8JIH'IHHY 30H)J;OBoro TOKa (Ha 

OBIIII, 8CJIII Wp~8 > v 2 (v - 'IaCTO

llOJIJI llpiiBO,!J;IIT K II3M8H8HHIO Wpea 

ycJIOBIIII wJ:, ~ w;;n ( wH - ~IIK
ihlllOJIHeHIIJI aroro ycJIOBIIJI Heo6-

o pas IICllhlTLIBaJicJI B JiaoopaTop

•TaTLI <lTIIX <lKCnepHM8HTOB nop;

Ia llJia3M8HHOH 'IaCTOTe, a Wpes 

[ (16). 
ICHhle M8TO)J;bl OCHOBaHhl Ha II3M8-

·oro conpOTIIBJieHIIJI, JIIIOo conpo

laomeHa BhlCOKaJI qacToTa. B He

IIcnoJIL3YIOTCJI aHT8HHhl nepep;aT

:eTaX IIJIII CllyTHIIKaX )J;JIJI CBJI3II 

:LITaX llpiiM8HJIIOTCJI . Cll8~IIaJibHO 

mop;JITCJI KaK Ha 'IaCTOTaX Bhliii8 

BKJIIO'IaJI ~IIKJIOTpOHHhle 'IaCTOThl 

lHHH Ha ~IIKJIOTpOHHbiX 'IaCTOTaX 

!TaX C IIOHOC!flepHOH CTaH~IIe:iii: Ha 

paiR8HIIH Ha <lTIIX 'IaCTOTaX II Ha 

e IH - ~KJIOTpoHHaJI qacTora, 

cxe111a HMne.u;aHcHoro aoH.u;a, IIC

tx II paKerax II HaaLIBaeMoro no 

qe:iii: BOJIHLI (56]. B aToM CJiyqae, 

lill MOiRHO npeHeope'IL, )J;JIJI KOH
~HHe 

~X 

- (1/roC0j ' (18) 

:TpaHCTBe, Co= cl + c2, a cl -
HHhl, /).x - II3M8H8HII8 peaKTIIB-

R, 

JCCz 

0'-----~I ==:o 3, 
PHc. 17. 8KBJIBaJierrrrraH cxeMa HMIIep;arrcrroro aorrp;a croHqeft 

BOJIHhl 
C1 - CMKOCTb CXCMbi, IIIYHTliPYIOID;aH CMROCTb aHTCHHoi; C2 - CMROCTb 

aHTCHHbi B CBOOO)l;HOM ~IIpOCTpaHCTBC; B - )l;H9JICRTPH'ICCRaH IIOCTOHHHaJI 

cpe)l;bl; R 1 - corrpoTHBJICHHe cxeM~>I; R 2 - aRTHBHoe corrpoTnanerrne coa

MCCTHO C · COIIPOTHBJICHHCM H3JIY'JCHHH aHTCHHbl ; £ 1 - HH)l;YRTHBHOCTH, 

BBO)l;HMbiC )l;JIH COrJiaCOBaHHH . aHTCHHbi C IICpep;arom;e.il: JillliHeii:; £ 2 - HH-

il:YRTHBHOCTb CaMOii: aHTCHHbi 

Ilpii II3M8p8HIIJIX C BhlCOKO'IaCTOTHhlMII 30H)J;aMII B IIOHOclflepe CJiep;yeT HM8TL 

Bll~y, 'ITO BbiCOKO'IaCTOTHOe UOJie OKa3LIBaeT p;aBJI8HII8 Ha UJia3MY B6JIH3H 

-~.H:Ia, B pe3yJILTaTe KOHIJ;8HTpa~IIJI <lJ£8KTpOHOB (ne) MOiR8T yMeHbiiiiiTbCJI (57J, 
'ITO II3MepeHIIJI npoBO.D;JITCH B cJioe oo'heMHoro aapJip;a, oKpym:arom;ero aoHp; 

. 18. Op;rroBpeMerrrro JI3Me
e BhlCOTHhle pacrrpep;eJie

ROHIJ;eHrpan;JIH 3RpHlR8HHbiX 
::Till\ IIO ,ll;RHHhlM pa3JIJiqHbiX 

M8TO,ll;OB 

epHaH CTaH~HH Ha ·crryTHHRC 

;:y;>T !>>; '. 3 - CTaH~HH ~HCROre

pCHTHOrO paCCCHHHH 

/1
1

1(M 
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500 
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200 
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P11c. 19. CxeMa H3MeperrH:ii 

a - aorrp; JierrrMropa; 6 - p;ByxaneRTpop;rraH JIOBYIIIRa; e - TJ~exaneR• 
TpO)l;HaH JIOBYIIIRa 

B naaaMe (eM. Bbiiiie), B KOTOpOM n, OTJIII'Ia8TCH OT neB H8B03Mym;eHHOH IIOHoclfle

pe. C ~8JibiO ycTpaH8HIIJI BJIIIHHIIH p;aBJI8HIIH, C03p;aBaeMoro BhlCOKO'IaCTOT

Hblll noJieM, aMUJIIITyp;y nocJiep;Hero cJiep;yer yMeHI>rnari>. Y'IeT BJIIIJIHIIJI CJIOH 

Ofi'beMHOrt> aapJip;a MOiR8T llpOII3BO)l;IITbCJI M8TO)l;OM UOCJI8)l;OBaT8JibHhlX npii-

6.'IlliR8HIIH (cHa'IaJia onpep;eJIJieTcJI ne 6ea yqera· CJIOH oo'heMHoro aap.il:p;a, aaTeM 

Bhl'IliCJIJieTcJI TOJIID;IIHa CJIOH oo'heMHoro aapHp;a, npii ycJIOBIIII, ecJIII IIaBeCt'eH 

IIOT8HD;IIaJI 30Hp;a, UOCJI8 qero CHOBa Bhl'IIICJIJI8TCJI ne II T . p;.). · :Bo3MOJRHO 

ycrpaH8HII8 BJIIIJIHIIJI CJIOJI o6'beMHOrO 3apJip;a IIIJM8H8HII8M UOT8l;IIJ;IIaJia 30H)l;a; 

HO B 3TOM CJiyqae H806XO)l;IIMO II3M8p8HII8 HYJI8BOrO UOT8HIJ;IIaJia 30H)l;a OTHO

CllTe.'IbHO nJia3Mbl, T. e. II3MepeHIISI, llO)l;OOHhl8 M8TO.D;Y 30H)l;a JleHrMIQpa. 

UOHOCcPCPHb!C liCCJIC)l;OBaHH.R, J>& 18 .113 
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CJiep;yeT OTMeTHTI., liTO BJIHHHHe CJIOH 

o6'I>eMHoro aapHp;a Ha HSMepemm npn 

noMOIII;H BhlCOKOliaCTOTHhlX 30Hl!;OB 

MOlliHO B KaKOH-TO Mepe ylieCTb npn 

HCnOJib30BaHHH HeCKOJibKHX liaCTOT, H 

liTO aTo BJIHHHHe .npaKTHlieCKH oTcyT

CTByeT, eCJIH HCnOJib3YIOTCH a«<J«<JeKThl 

Ha D;HKJIOTpOHHhlX H rHOpHl!;HhlX liaC

TOTax; op;HaKo B nocJiep;HeM cJiyliae He

o6xop;HMo 3HaHHe HaiipHmeHHOCTH Mar

HHTHOfO nOJIH. 

Han6oJiee HHTepeCHhle . peayJII.TaThl 

npH noMom;n HMnep;aHCHhlX MeTOAOB 

noJiylieHhl Ha COBeTCKHX paKeTaX (58), 
aMepnKaHCKHX paReTaX H cnyTHHKaX 

(59), aHrJIO-aMepHKaHCKOM CIIYTHHKe 

<<ApHeJII. !» [60]. 
BoJII.rnoe paaHoo6paane ncnOJII.sy

eMhlX B liOHOCcPepHhlX 3KcnepHMeHTaX 

30HlJ;OB CBH3aHO C nOHCKOM JIYliiiiliX 

MeTOlJ;OB KaK C TOliKH 3peHHH TOliHOCTll 

li3MepeHHH, TaK H npOCTOThl annapaTy

pbl H OOpaOOTKll peayJII.TaTOB H3Mepe

HHH. Bo MHOrHx aKcnepHMeHTax npo

Bop;HTCH COnOCTaBJieHHe pe3yJII.TaTOB 

H3MepeHHH, noJiylieHHbiX pa3JillliHbiMH 

MeTop;aMH, C n;eJII.IO OD;eHKH HX Hap;em

HOCTH. 

Ha p11c. 18 npHnep;eHhl peayJII.Ta

Thlli3MepeHHH KOHD;eHTpaD;HH 3a pHmeH
HhlX liaCTHD;, npoBep;eHHI.Ie Ol!;HOBpe

MCHHO npH IIOMOIII;H p;HcnepCHOHHOfO 

HHTep«<JepOMCTpa H liOHHOH JIOBYIIIKH, . 

-5 0 5 fU ycTaHOBJieHHOH Ha paKeTe, liOHOCcPep-

V, c Hoi cTaHD;HH Ha cnyTHHKe <<AJiyaT 1» 11 

Pn:c. 20. IIoJiyJiorapmJJMn:qec:Rn:e 
TepHCTHRH 

Ha CTaHD;HH HCKOrepeHTHOfO pacceHHHH 
xapa:R- (61). lla pHC. 18 CJiep;yeT, liTO BbiCOTHhle 

1 - aoHJJ; JieHrMropa, T ~ = 2400° K; 2 - JJ;BYX

aJieRTponHaii JIOBYIIIRa, T e = 2500° K; a -
TpexaJieRTPOJJ;Haii JIOBYIIIR!l, T e = 2300° K 

pacnpep;eJICHH.Ii KOHn;eHTpa:u;nH aapH

meHHI>IX liaCTHD;, noJiylieHHhle paaJIHli

HMMH MeTop;aMH, COBIIap;aiOT B npep;eJiaX 

norpernHOCTH H3MepeHHH. 

Ha aMepHKaHCKHX paKeTax nponop;HJIHCI. op;HoBpeMeHHhle H3MepeHHH paa

JIHliHMMH Bl>ICOKOliaCTOTHl>IMH MeTop;aMH H c«<JepHlieCKHM H D;HJIHHl!;pHlieCKHM 

lWHp;aMH JleHrMIOpa (55). 8TH li8MepeHHH nop;TBepmp;aiOT Bl>IBOl!;hl 0 BbiCOKO

liaCTOTHhlX MeTop;ax, cp;eJiaHHbie Bl>IIIIe. 

Ha coneTCKHX reo«<JH3HlieCKHX paKeTax nponop;HJIHCI. op;HonpeMeHHI>re 113-

MepeHHH 3JieKTpOHHOH KOHD;eHTpan;HH KaK MeTOl!;OM p;HcnepcliOHHOfO liHTep

«<JepoMeTpa, TaK H MeTOl!;OM 30Hl!;OB ll 3JieKTpOHHOH TeMIIepaTyphl npH nOMOIII;ll 

paaJIHliHhlX aoHp;OBhlX MeTop;oB [621. PeayJII.TaThl H3MepeHHH noKaai>rnaroT, liTO 

xapaKTep BhlCOTHl>IX pacnpep;eJieHHH ne COBnap;aeT, XOTH 3HalieHHH ne no p;aH

HbiM 30ill!;OB MeHI.IIIe 3HalieHHH ne no p;aHHhlM l!;HCIIepCHOHHOrO HHTep«<JepoMeTpa. 

Ha p11c. 19 n .p:Hnep;eHhl cxeMM H3MepeHHH· npH noMom;H nJIOCKoro aoHp;a JleHr

Mropa 11 IIJIOCKHX p;Byx- H TpexaJieKTpop;HhlX JIOByrneK, a Ha p11c. 20 npHBep;eHhl 

liX noJiyJIOrapHcPMHlieCKHC xapaKTepHCTHKH (63). lla pHC. 20 CJICp;yeT, 

liTO peayJILTilThl H·aMepeHHii Te npH noMOIII;H paaJIHliHMX aoHp;oB coBnap;aroT B 

npe.r.(eJiaX norpernHOCTll li3MepeHHH! CCJIH OTC'JTCTBYIOT OTRJIOHCHHH OT MaR

CBeJIJIOBCROfO pacnpep;eJieHl'IH no CROpOCTHM. 
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TEOl 
nCllEPliMEHTAJlbHbll 

C03]J:ABAEMbl 
HA Pl 

~e OTMCliaJIOCL, liTO 0 

B B RO!lOCcPepe HBJIHIOTC 
__ ro npHMepHo Ha nopE 

_- ::nrr R o6pasoBaHHIO ca. 

oaYym;eHHOH OOJiaCTH, : 

eTCH OT ROHIJ;CRTpaD;Hll ll 

unii npH noMOIII;ll 30RA' 

7b ;J.Ba BOnpoca: 
1) H3MCHHIOTCH Jill napaM 

.OR OOJiaCTllj 

2) pacnpep;eJieHHe 3J\~HII 
~epHliCCKOH HOHHOH JI 

O n;eHKa a«<J«<JeRTOB HORH3 

- HHKa liaCTHD; noRa3hlBa~ 
; yepOB cnyTHHKOB 8TH a«<Jc 

He ocTaHaBJIHBaHCL Ha p;e 

Ll B03Mym;eHHOH OOJiaCTH 

: . eTHM, liTO npH TeopeTHlif 

eTpLI- OTHOffiCHliC xap 

Pa;rnycy TiJ. H OTHOCHTeJILHaJ 

maH OTHOffiCHHe aHeprHH e 
_ ll."IOBOH aHepniH liaCTliD;Ll 

CKIIM nyTeM UOJIYliliTI> acE 

BeJIRliRH Ha ooJILmnx 1 
R r;~. ~ 1 npn onpep;eJieHI 

R/rd 
3 

Puc. 21. 3RBnnoTeHIJ,H8 
norJIOIIl 
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CJiep;yeT OTMeTHTI>, 'ITO BJIHHHHe CJIOJJ 

5'bei\moro aapHp;a Ha HaMepeHHH npJI 

)MOIIJ;H BhlCORO'IaCTOTHhlX 30H]J;OB 

oamo B RaRoi-To Mepe yqecTI> npn 

~nOJII>30BaHJIH HeCROJII>RHX 'IaCTOT, H 

·o <no BJIHHHHe .npaRTHqecRH OTCYT

nyeT, eCJIH HCnOJII>3YIOTCH a<J><J>eRThl 

D;HRJIOTpOHHhlX H rHOpH]J;HI>IX qac

Tax; Op;HaRO B nOCJiep;HeM CJiyqae He

XO]J;HMO 3HaHHe HanpHm:eHHOCTH Mar
THoro nOJIH. 

HaHooJiee HHTepeCHhle . peayJII>TaTIJ 

li nOMOIIJ;H HMnep;aHCHhlX MeTO]J;OB 

rryqeHhl Ha COBeTCRHX paReTaX [581, 
9pHRaHCRHX pa:KeTaX H cnyTHHRax 

1, aHrJIO-aMepnRaHCROM cnyTHHRe 
meJII> 1» [ 601. 
BoJII>moe paaHooopaaHe HcnoJII>ay

u B HOHOC<f>epHIJX 9RCITepHMeHTaX 
]J;OB CBH3aHo C nOHCROM JIY'IillHX 

O]J;OB RaR C TO'IRH apeHHH TO'IHOCTH 

epeHHH, TaR H npOCTOThl annapaTy

H OOpaOOTRH peayJII>TaTOB H3Mepe-

Bo MHornx aRcnepnMeHTax npo

>rTcH conocTaBJieHne peayJII>TaToB 

9peHHH, noJiyqeHHhlX pa3JIH'IHbiMH 

lp;aMH, C D;eJII>IO on;eHRH HX Hap;em:-
'H. 

fa pnc. 18 npnnep;eHI>I peayJII>Ta

aMepeHHH ROHD;eHTpan;nn a a pHil\eH-

'IaCTHIJ;, nponep;eHHI>Ie O]J;HOBpe

[0 npn ITOMOIIJ;H p;ncnepCHOHHoro 

p<J>epoMeTpa n HOHHOH JIOBymRn, 

ffOBJieHHOH Ha paReTe, HOHoc<J>ep

CTaHD;HH Ha CllYTHHRe <<AJiyaT J» H 

raHn;nn HeRorepeHTHoro pacceHHHH 

Ma pnc. 18 cJiep;yeT, 'ITO BI>ICOTHhle 

pep;eJieHHJI ROHIJ;eHTpaiJ;HH 3apH

[I>JX qacTm:~, noJiy'IeHHbie paaJinq

r MeTop;aMn, connap;aroT B npep;eJiax 
3illHOCTH H3MepeHHH. 

I> O]J;HOBpeMeHHbie H3MepeHHH paa

~<f>epnqeCRHM H D;HJIHHp;pnqecRHM 

W]J;TBepm:p;aiOT BI>IBO]J;I>I 0 BI>ICORO-

IpOBO]J;HJIHCI> O]J;HOBpeMeHHI>Ie H3-

MeTO]J;OM p;ncnepcnoHHoro HHTep

lHHOH TeMnepaTypLI npH nOMOIIJ;Jil 

aTI>! H3MepeHJilH noRa3I>IBaiOT, 'ITO 

'l.p;aeT, XOTH aHal:feHHH n,. no p;aH

ncnepcnoHHoro HHTep<J>epoMeTpa. 

i'I nOMOIIJ;H nJIOCROro 30Hp;a JleHr

OByilleR, aHa pnc. 20 npnBep;eHLI 

[631. Ma pHc. 20 cJiep;yeT, 
pa3JIH'IHI>IX 30H]J;OB COBnap;aiOT B 

CYTCTBYIOT OTRJIOHeHHH OT MaK-

TEOPET:O:"IIECRHE PACqETLI 
-I\Clll:PilliEHTAJibHLIE CBE,!J;EH:O:H ITO BJI:O:HH:O:IO B03MYllJ;EH:0::0:, 

C03,!J;ABAEMLIX ,lJ;B:O:iKYllJ;:O:MCH CIIYTH:O:IWM, 
HA PE3YJibTATbl :0:3MEPEH:0::0: 

e OT:Yel:faJIOCI>, 'ITO O]J;HOH H3 OCOOeHHOCTeH H3MepeHHH npH nOMOIIJ;H 

llOHoc<J>epe HBJIHIOTCH H3MepeHHH Ha cnyTHHRe, OpOHTaJibHaH CROpOCTI> 

• 0 npnYepHO Ha nopHJJ;OR npeBI>!maeT TenJIOBYIO CROpOCTI> HOHOB. 8TO 

:::IIT fi OOpa30BaHHIO caap;H cnyTHHRa (no OTHOilleHHIO R BeKTOpy CROpO

;;G3Yym;eHHOH OOJiaCTH, ROHD;eHTpaD;JI:H HOHOB B KOTOpOH cym;ecTBeHHO OT

<:.e!"CH OT KOHI~eHTpaD;HJil HOHOB B HeB03Mym;eHHOH HOHOc<f>epe [19J. )l;JIH F£3-

pemri'i: npH nOMOIIJ;H 30HJJ;OBOH MeTO]J;HRH npep;cTaBJIHeT HHTepec paCCMOT

f-E'Th :r:Ba nonpoca: 

na~IeHHIOTCH JIH napaMeTpLI noHoc<J>epHo:H nJiaaMM BOJIH3H cnyTHHRa BHe 

.~ii o6JiaCTH; 

') pacnpep;eJieHHe a~nnnoTeHIJ;IIaJII>HbiX nonepxHocTei BOJIH3M cnyTHJI:Ra 

c<f>epJiqeCROH HOHHOH JIOBymRJI:. 

O n;eHKa a<J><f>eRTOB HOHJI:aan;l'\H n paaorpeBa raaa aa cqeT oTpameHHI>IX OT 
u.;'-:-rS7t UHJ1,...Ka qacTHD; noRa31>!BaeT, 'ITO ]J;JIH peaJII>HLIX napaMeTpOB HOHOC<f>epbl JI: 

--a:yepon cnyTHHROB aTM a<J><f>eRTI>I Mom:Ho He YliHTLIBan [641. 
He ocTaHaBJIHBaHCI> Ha p;eTaJIHX paaJIH'IHI>IX TeopeTH'IeCRHX pacqeToB CTpyR

.- rLI noaMym;eHHOH ooJiaCTH BOJIH3H OhlCTpo p;nHm:ym;erocH cnyTHMKa [64, 65], 
eTHM, 'ITO npn TeopeTH'IeCRHX pacqeTaX JI:CITOJII>3YIOTCH oeapaaMepHI>Ie na

eTpLI - oTHomeHHe xapaRTepHoro paaMepa cnyTHHRa R R p;eoaescRoMy 

a,:mycy rii. H OTHOCHTeJII>HaH BeJIH'IHHa noTeHn;HaJia cnyTHima, xapaKTepnay

m:aJI OTHomeHne aHeprHH e V, npHoopeTaeMoi qacTnn;e:H B noJie cnyTHJI:Ra, R 

:wno:H aHeprHH qacTHD;bi kT. R HacToHm;eMy speMeHJI: yp;aJioci> aHaJIMTM-

RHM nyTeM noJiy'IHTI> aCMMITTOTH'IeCROe pacnpep;eJieHHe OCHOBHbiX <f>naJI:qec

BeJIH'IHH Ha oOJII>mnx paccTOHHHHX oT cnyTHJI:Ra p;JIH (Ririi.) ~ 1 M p;JIH 

T;:t < 1 npn onpep;eJieHHI>IX npep;nOJIOil\eHJI:JIX 0 MaJIOCTH OTHOCHTeJII>HOH 

R/rd 
J.--
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BeJIIPlliHhl 1IOTeHn;naJia, 110aToMy JJ;JIJI pacqeTa CTPYKTYPhl o6JiacTn BOJIH3H C11YT

HHKa HC110Jib3YIOTCJI Bbl'lHCJIHTeJibHhle MeTO]l;hl. 

Ha pnc. 21 11pHBep;eHhl JIHHHH paBHoro 1IOTeHn;HaJia BOJIH3H MeTaJIJIH'lec

KOH clf>ephl, 110rJimn;aiOm;eif 11ap;aiDm;ne Ra Ree qacTHIJ;hi, p;JIJI cJiyqaeB (R/rA)"';;P1 

[64] H (RfrT!.) ~ 1 (65]. Ha pncyHKe BH]I;HO, 'ITO C 11epep;HeH CTOpOHhl (110 OT

HQIDeRHIO K BeKTOpy CKOpOCTH) C11YTHHKa :3KBH1IOTeRn;HaJihl HMeiOT clf>epnqec

KYIO lf>opMy. TaKHM o6paaoM, TeopeTnqecKne pacqeThl p;aiOT o6ocRoBaRne 11pep;-

1IOJimiWHMIO o p;BniKeRnM MOHOB B clf>epii'lecKn CMMMeTpM'lHOM 11oJie BOJIII3H 

HORROR JIOBymKM, KOTopoe 6nmo cp;eJiaHo 11pn BhlBop;e BhlpaiKeRMJI (11} , TaK 

KaK B MOHHYIO JIOBYIDKy· MOHhl 11011ap;aiOT B OCHOBHOM C 11epep;Reif CTOpOHhi. 

8Kc11epnMeHTaJibHhle peayJibTaThl 110 nayqeHMIO pac11pep;eJieRMH KoHn;eHTpa

n;nn noRbB BOJIH3H C11YTHMKa KaqecTBeRRO coBmi.p;aiOT c peayJihTaTaMM TeopiiM 

(23, 35]. qTO KacaeTCH paCIIpep;eJieHHH KOHIJ;eHTpaiJ;IIM aJieKTpOHOB B6JIH3M 

C11YTHMKa, TO CJiep;yeT 3aMeTMTb CJiep;yiOm;ee. IJOCKOJibKY Te11JIOBaJI CKOpOCTb 

::IJieKTpOHOB 11piiMepHO Ra 110pJip;OK 60Jibille CKOpOCTM ]I;BMiKeHMH C11YTHFIKa, 

1IOCJiep;miif He ,a;OJiiKeH naMeRHTb pac11pep;eJieRFie aJieKTpOROB. O,a;HaKo na Teo

peTn'leCKFIX coo6paiKeHFIH CJiep;yeT, 'ITO M3-3a aJieKTpOCTaTM'leCKMX CHJI pac

npe,a;eJieHHe KOHIJ;eHTpaiJ;IIM ::IJieKTpOHOB (ne) B B03Mym;eHHOH o6JiaCTM C3ap;FI 

cnyTHMKa ]I;OJiiKHO COB11ap;aTb C paC11pep;eJieHMeM KOHIJ;eRTpaiJ;IIFI nOJIOiKFITeJib

HhlX HOHOB (64]. 8KcnepMMeRTaJibHhle CBep;eHFIH no ::ITOMY B011pOCy npOTHBO

pe'lMBhl: MMeiOTCH p;aJIHhle 06 OTCYTCTBMH ne C3ap;H cnyTHHKa ( 41] H HMeiOTCJI 

,a;aRHhle, liTO ne C3ap;H cnyTHHKa yMeRbmaeTCH no cpaBHeHMIO C ReB03Mym;eHHOH 

HOHoclf>epoif Bcero B p;Ba paaa [381. 

Ha npHBep;eHHhlx . B aTQM paap;eJie cBep;eHnH cJiep;yeT, 'ITO npH 1IOCTaHoBKe 

aoHp;oBhlX H3MepeHHH Ha cnyTHHKax Reo6xop;HMo y'lHThlBaTb B03MOiKHOCTb 

110nap;aHHJI 30H]I;OB B B03Mym;eHHYIO o6JiaCTb C3ap;H cnyTHHKa H noJiyqeHHJI B 

::ITOM CJiyqae p;aHHhiX 06 ::ITOH OOJiaCTH, a He 00 HOHoclf>epHOH 11Jia3Me. 

llEPCITEI\TIIBhl IICIIOJib30BAHIIH 30H~OBOll METO~IIRII 
~JIH IIOHOCI])EPHhiX IICCJIE~OBAHMll 

IJOJIHaJI He3aBMCMMOCTb peayJibTaTOB 30H]I;OBhlX· H3MepeRHH OT xapaKTepH

CTMK TOJIID;H HOHOclf>ephl, HaXO]I;HID;eHCH Bp;aJIH OT 30H]l;OB, KaK yiKe OTMe'laJIOCb 

Bhlme, p;eJiaiDT :3TH MeTO]I;hl BeCbMa 11epc11eKTHBHhlMH ]J;JIJI HCCJiep;oBaHHH CTpyK

Typhl HOHOClf>ephl. 0co6eRHO CJiep;yeT OTMeTHTb B03MOiKHOCTb HCCJiep;oBaHHJI 

aoHp;aMn Reo,a;Ropop;HocTeif H HecTan;HoHapHhlX HBJieHHH. BM6op Toro HJIH .a;py

roro THIIa 30H]I;OB 3aBHCHT OT oco6eHHOCTeH o6'heKTOB, Ha KOTOphlX CTaBHTCJI 

aKcnepnMeHThl. CJIOiKHOCTb o6pa6oTKM aoRp;oBhlX naMepeRnH H 6oJihmoe KOJIH

qecTBo 11epBH'lHhlX p;aHHhlX, 1IOJiyqaeMhlX 11pH npoBe,a;eHHH 011hiTOB Ha C11yT

HMKaX H paKeTax, npMBO]I;HT K ReOOXO]I;MMOCTH TID;aTeJibHOH 0Tpa60TKH HC

nOJib3yeMhlX MeTO,ll;OB, K C03p;aHMIO MeTO]I;OB C 11epBM'lHOH o6paOOTKOH peayJib

TaTOB H3MepeHHH Renocpep;CTBeHHO Ha 6opTy cnyTHMKa MJIH paKeThl, K paapa

OOTKe n porpaMM p;JIH o6pa6oTKM Ha 8BM. II pH aTOM Hap;o HMeTb B Bnp;y, 'ITO 

npn nccJiep;oBaHIIHX HOBhlX HBJieHHH HJIH cBoifcTB, ·KOTOphle paHee He OhlJIH na

BeCTRhl, 11pHMeHemre MeTop;a C 3apaHee aap;aHHOH CHCTeMOH o6pa60TKH peayJib

TaTOB MOiKeT He 1103BOJIHTb 11pOBeCTH 3TH MCCJiep;oBaHHH. 

0TpaOOTKa MeTO]I;OB ]I;JIH HCCJiep;oBaHHJI HOHOclf>epbi Tpe6yeT 11pep;BapM

TeJibHhiX 11pOBepoK, 11pHIIeM, TaK KaK HOHOclf>epHaH 11Jia3Ma HBJIHeTCH Mp;eaJib

HOH Cpep;oif )l;JIH 11pMMeHeHI'IH 30H]I;OBOH MeTO]I;MKH, B ReKOTOphlX CJiy'laHX He

]l;OCTaTO'lHO 11pOBepoK B Jia6opaTOpHhlX ycTaHOBKaX, H Heo6xop;HMO 11pOBe

p;eHHe MeTO]I;H'leCKFIX :3KC11epHMeHTOB He1IOCpep;CTBeHHO B HOHOclf>epHbiX YCJIO

BMHX. TaKaH OTpaOOTKa 1103BOJIMT 110JIYIIHTb Hap;eiKRhle MeTOp;hl ]I;JIJI 11pHMeHe

HMH He .TOJI.bKO B>HO]IOClf>epHOH, HO II B Jia6opaTOpHOH 11Jia3Me. • 

HeaaBHCHMOCTh BMp;a aJieKTpoHHoii BeTBII BOJibT-aM11epHoif xapaKTepncTHKII 

11pii 3ap;epiKHBaiOIIJ;MX 1IOTe
1
HIJ;JiaJiaX OT. KOHlf>nrypaiJ;HII 30Hp;a n03BOJIHeT HC-

110Jib30BaTb ]I;JIH H3MepeHIIH KOHIJ;eHTpaiJ;IIM II TeM11epaTyphl ::IJieKTpOHOB 
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aoH,a; JII06oif lf>opMI.I. 

11epHOH xapaKTepHCT: 

HMTHOrO 110JIH p;aiOT 0 

lf>opMhl. B caMoM p;eJJ 

BaTh ]l;JIH 1IOJiyqeHIIJ 

llc1IOJib30BaHIIe iKe ' 

HhiMM TeM, 'ITO )l;JIH )i 

aMnepHOH xapaKTep} 

Horo pa.a;nyca (KoTop 

HOCTb clf>ep:uqecKoro 

MaJioif; KpoMe Toro, , 

paH 11pii MaJIOM pa.a; 

ero aJieKTp:uqecKoro 

,Il;JIIIHHhlH IJ;IIJIHH, 

BepxROCTh 11pn MaJio 

RapymaeT CMMMeTpiil 

aJieKTpop;oM. 'Y ,a;aJieH 

paaRo p;JIH 11POBep;eHE 

c11yTRMK (n:JIII paKeT; 

11pH nOMOJAH TaKOro 

11paBJieHMH, 6JIM3KOM 

HHHM reoMarHHTHOrO 

1IOJIHeRn:e aToro ycJJ 

llc1IOJib30BaRn:e : 

li p;aBaeMOH HMH 11p 

aM11epROH xapaKTei 

o60IIX 3HaKOB II 00 

HH'lHTb B p;HeBHOe B] 

pHiKeRRhiX qacTnn; R 

MhiX 30H)l;OM. ,Il;JIH Y l 

n;eHTpaiJ;HII ::IJieKTpOI 

peTH'leCKIIe II :3KC11e 

C0110CTaBJieHHH C )l;J 
MeHbiDHe 3Ha'leHHJI, 

liC110Jib30BaTb 3C 

JIH3e BOJibT-aM11epHb 

phl HHiKe 100 KM CJ11 

6era 'laCTMIJ; B ::ITIIX 

KIIe 1I011hlTKH o6ocHI 

18]). B aTIIX o6JiaC1 

CKOJibKY Ra BhlCOTa:ll 

II TOJIID;MHa CJIOeB 0 

Ha 60Jibmn:x BI:il 

qacTOTHhlX MeTO)l;OB 

B n:ux o6JiacTJIX 11p 

HhlX 'laCTIIIJ;, BKJIIO'l 

,1J;JIH IICCJiep;oBaHl 

KH <<COTOBOrO)) TII11a, 

MOC-2>>. IJpn: aTOM c; 
TeM11epaTyphl 3aBHCl 

HOCIITeJII>HO ~eKTOpl 



J6JiaCTH B6JIH3H cnyT

B6JIH3H MeTaJIJIHqec

:JI CJiyqaeB (Rir11.)~1 
;HeH CTOpOHhl (no OT-

1Ihl HMeroT c<flepnqec

·T 060CHOBaHHe npep;

MqHOM noJie B6JIH3H 

BhlpameHHH (11), TaK 

nepe;a;ueB: cTopoHhl. 

•)l;eJieHHH KOHIJ;eHTpa

e3yJII>TaTaMM TeOpHH 

aJieKTpOHOB B6JIH3H 

. TenJIOBaH CKOpOCTI> 

BHiKeHMH cnyTHHKa, 

IOB. O;a;HaKo 113 Teo

aTnqecKMX cnJI pac

ffHOH 06JiaCTM C3a)l;M 

•paiJ;MH llOJIOiKMTeJin

T BOnpocy npOTHBO

['[Ka ( 41) H HMeiOTCH 

ro c ueB03Mym;eHHOH 

ITO npH llOCTaHOBKe 

,IBaTn B03MOiKHOCTI> 

UKa H llOJiyqeHMH B 

oB: nJia3Me. 

[ETO)l;IIIUI 

lHHH OT xapaKTepn

:aK yme OTMeqaJIOCI> 

}CJie;a;oBaHnB: cTpyK

OCTI> HCCJie)l;OBaHMH 

&r6op Toro HJIH ;a;py-

1 KOTOp:&IX CTaBHTCH 

£H H 60JII>IDOe KOJIH

II OnhlTOB Ha cnyT

oHOH OTpa6oTKM HC

•6pa60TKOH pe3yJII>

II paKeThl, K paapa

HMeTI> B BH)l;Y, qTo 

' paHee He 6DIJIM H3-

o6pa6oTKM peayJII>-

rpe6yeT npe;a;Bapn

l HBJIJieTCH Hp;eaJII>

ropMX cJiyqaHx He

reo6xo;a;nMo npoBe

[OHoc<flepH:&IX ycJio

ro;a;M )l;JIH llpHMeHe

l.3Me. 

lH xapaKTepHCTMKH 

fi)l;a ll03BOJIHeT HC

Typhl aJieKTpOHOB 

aoH;a; Jiro6oB: <flopMhl. O;a;HaKo B03MOiKHOCTI> ncnoJin3oBamiH qacTH BOJII>T-aM

nepHoB: xapaKTepHCTMKM npH npHTHrHBarom;Mx noTeHn;MaJiax 11 HJIMHHHe Mar

HHTHoro nOJIH )l;aiOT OCHOBaHMH )l;JIH Bhl6opa 30H)l;a JleHrMIOpa D;HJIHH)l;pHqecKOH 

<flopMhl. B caMoM ;a;eJie, npHMeHeHMe nJIOCKoro 30H;a;a He no3BOJIHeT ncnoJin3o·

BaTb )l;JIH noJiyqeHHH HH<flopMaD;HM 06JiaCTM npHTHrMBaiOID;HX noT6HIJ;HaJIOB. 

McnoJII.aoBaHMe me c<flepnqecKoro 30H)l;a CBHaaHo c Tpy;a;HOCTHMM, B:&IaBa:Ei-

. HhiMH T6M, qTo )l;JIH YM6HbilleHHH BJIHHHHH MarHHTHOrO ITOJIH Ha <flopMy BOJI:bT

aMnepHOH xapaKTepHCTMKH, pap;nyc c<flephl )l;OJiiKeH 6hlTb MeHnme D;MKJIOTpOH

HOrO pa;a;nyca (KOTOpniH mi. BhiCOTaX OKOJIO 300 ~.M nopH)l;Ka 3 c.M). lloBepx:.. 

HOCTb c<flepnqeCKOrO 30H)l;a, y)l;OBJieTBOpHIOIIJ;aH tlTOMy YCJIOBHIO, OKa3hlBaeTCH 

MaJioB:; KpoMe roro, c<flepnqecKMH 30H)l; cJie;a;yer ycTaHOBHTb ua mTaHre, IWTo

paH npn MaJioM pa;a;nyce aou;a;a ;a;oJimHa cym;ecrBeHHo HapymaTI. crpyKrypy 

ero aJieKTpMqecKoro noJIH. 

,lJ;JIHHHhlH D;HJIHH)l;pn:qeCKHH 30H)l; MomeT HMeTb 60JII>IDYIO co6Mparom;yro no~ 
Bepxuocrn npn MaJioM pa;a;Myce, D;HJIHH;a;pnqecKaH mraura B aroM cJiyqae ue 

HapymaeT CHMMeTpMIO aJieKTpHqeCKOrO nOJIH, a HanpOTMB, CJiyiKHT oxpaHHhlM 

8JieKTpO)l;OM. Y p;aJieHMe 30H)l;a OT KOpnyca cnyTHHKa . (HJIH paR6Thl) n;eJiecoo6-

pa3HO )l;JIH npoBep;eHMH M3MepeHMH BHe CJIOH 06'beMHOrO 3apHp;a, OKpymarom;ero 

cnyrHHK (HJIH paKery). O;a;uaKo )l;JIH onpe;a;eJiemm· Koun;eurpan;n:n aJieKrpouoB 

npM noMOI;IJ;H raKoro 3ou;a;a ueo6xo;a;nMo, qro6:&r ou 6DIJI opneurHpoBaH i3 ua

npaBJieHMM, 6JIM3KOM K nepneH)l;MKYJIHpHOMy no OTHOIDeHMIO K CHJIOB:&IM Jill:. 

HHHM reoMarHMTHoro noJIH. Ha onpe;a;eJieHMe <IJieKrpouuo:H reMneparyp:&r ueB:&r

noJiueune aroro ycJIOBMH ue BJIMHeT. 

11cnOJII>30BaHHe 30H)l;OB JleHrMIOpa, iK6JiaT6JihHOe BCJie)l;CTBMe MX npOCTOThl 

H )l;aBaeMOH HMM llpHHIJ;HnHaJI:bHOH B03MOiKHOCTII nOJIY'liiTh 113 O)l;HOH BOJI:&T

allmepHOH XapaKTepMCTHKM CBep;eHHH 0 KOHIJ;eHTpaiJ;HII qaCTHD; C 3apH)l;aMII 

o6oiix 3HaKoB 11 o6 o6onx aueprernqecKHX pacnpe;a;eJieHMHX, cJie;a;yer orpa

HII'IHTI> B )l;HeBHOe BpeMH TeMM 06JiaCTHMII JIOHOC<flepM, B 1\0TOp:&IX ITOTOKH ~a
pHiKeHHhiX 'laCTHD; Ha 30H)l; npeBOCXO]I;HT nOTOKII <floT08JIElKTpOHOB, 8MIITTIIpye

MI>IX 30H)l;OM. ,lJ;JIH yBepeHHOH on;eHKII CTeneHII Hap;eiKHOCTH onpep;eJieH}'IH KOH

n;eHTpaD;HH 8JieKTpOHOB llpH nOMOIIJ;H 30H)l;OB Tpe6yiOTCH )l;OnOJIHHTeJI:bHbie TeO

peTnqeCKlle li 8KCnepl!MeHTaJI:&Hhle liCCJI6)l;OBaHliH, nOKOJII>KY 1!3 pe3yJI:&TaTOB 

COllOCTaBJieHHH C p;pyrHMH )'4eTO)l;aMli CJiep;yeT, 'ITO 30H)l;OBhle H3MepeHIIH p;aiOT 

MeBI>IDJie 3Ba'leBliH, 'leM no p;aHBhiM p;pyriiX MeTO)l;OB. 

11cnOJI:b30BaTI> 30B)l;hl JleHrMIOpa H 30H)l;OBhle MeTO)l;I>I, OCHOBaHHI>Ie Ba aHa

JIH3e BOJII>T-aMnepHhlX xapaKTepliCTIIK, )l;JIH HCCJiep;oBa'IIHH o6JiaCT6H IIOHOC<fle:

phl Hllil\e 100 ~.M CJiep;yeT C OCTOpOiKBOCTI>IO, TaK KaK )l;JIJIBa CB060)l;BOrO npo-

6era qaCTliD; B 8TIIX o6JiaCTHX MaJia; npaBp;a HM610TCH OT)l;eJII>Hnie reopeTH'leC,

KHe nOnhlTKII 060CHOBaT:b pa6oTy 30H)l;OB B )l;JI<fJ<fly3IIOHBOM peiKJIM6 (eM. (16-
18)). B ::JTHX o6JiacrHx npeHMym;ecrBo HMeror BhlCOKoqacroTBhle Merop;hl, no

CKOJII>Ky Ha BMCOTaX BHiKe 100 ~.M noTeHD;HaJI 30H)l;OB ae MOiKeT 6MT:b BI>ICOKJIM 

H TOJIIIJ;liHa CJIOeB 06'beMHOrO 3apHp;a HrpaeT MeHI>IDYIO pOJIJ:,. -

Ha 6oJinmHx Bhlcor'ax npH MaJinrx Koun;eurpan;JIHX npHMeueuHe BI>ICOKo

qacroTBhlX MeTO)l;OB ::iarpy)l;HHeTCH 60JI:billHMli CJIOHMH 06'beMHhlX 3apH)l;OB. 

B arHx o6JiacrHx npeHMym;ecrBo )l;JIH HccJie;a;oBaHJIH JIMeror JioBymKJI 3apHmeu

BhlX 'laCTHD;, BKJIIO'laH MO)l;yJIHD;liOHH:&Ie JIOByiDKH. 

,lJ;JIH HCCJie)l;OBaBHH TeMneparyphl HOHOB n;eJieCoo6pa3BO npiiMeHHT:b JIOBym

Kll «COTOBOrm> THna, llO)l;06Hhle JIOBymKe, HCnOJII>30BaHHOH Ba cnyTHHKe <<I\OC_:

MOC-2>>. llpH 8TOM CJiep;yeT HMeT:b B BJI)l;y, qTO TO'IHOCTI> onpep;eJieBliH MOBHOH 

TeMneparyphl 3aBHCHT OT onpep;eJieHliH II3MeHeBliH OplleHTaD;llli JIOBYIDKli OT

HOCHTeJiniiO ~eKTOpa CKOpOCTII ua6erarom;ero llOTOKa. 
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ABSTRACT 

Probing is the main technique used for investigating the gas-discharge 
'plasma (comparatively cold plasma with a rather low concentration and weak 
magnetic fields) . Characteristics obtained from .probing (dependences of 
probe current upon voltage applied to a probe) may, in the main, be used for 
determining all the basic parameters of plasma, such as: electron and ion 
concentration, distribution of ions and electrons according to their energies 
and plasma potential in the area of the probe. Measurements carried out by 
means of probing allow the local parameters of the ionospheric plasma to be 
determined, the results of such measurements being independent of the con
dition of the medium between the probing means and the Earth. In principle 
this advantage of measurements carried out by means of probing allow, their 
utilization at any ~ltitude. However, apart from difficulties encountered in 
the gas-discharge plasma, a number of difficulties which pertain particularly 
to the ionosphere may aresi during measurements by means of probing. · 

Much information on the parameters of ionosphere and their variations 
· has been obtained with the help of measurements by means of probing. The 

comparison of measurement data obtained by different methods makes it 
possible to estimate the reliability of measurements and reveal methodolo-
gical errors. · 
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