
~CC!BAOBAHMH ITO rEOMAl'HETHSMY, ASPOHOMH~ H wH3HKE c:~~-+ 
BcmycK 23 IS72.:-, 

MAH03HEPfHqHAH MArHHTOCwEPHAff IT~ASMA 
(0CHOBHHe SKCnepHMeH~aX»HHe pesyX»TaTH I97Q-I97I rr.) 

K.rpHnraya 
Pa~OT6XHJ4qecKHI HHCTHTYT AH CCCP, Mocx:sa 

I .BB8J18HII8 

3a nocxe~He 2-3 ro~a ony6xexo:BaH p~ o6mHpHHX o6sopo:s, noxnocT»m HXH 

qacTH'IHO UOCBH~eHHHX 148Jl03H6prHqHoi uarHnoct,PepHol HJia3Me [ I - II ] . au 
0630PH1 B KOTOpHX HCHOX»30BaHHH8 OpHrHHQXhHH8 148TepHaXH qacTHqHO nepeKpH

:Bam!CH1 B ~eXOK COSAQDT ~OCTSTOqHo HOXHYD KapTHHY 6HCTporo paa:BHTIIH SKC

nepHK8B!aJIDHHX HCCX6~0BaHHI JlarHH!Oct,PepBOI Rn83MH B TeOpeTHqeCKHX npe~

C!2Bn6HHI 0 Bel. 0HH CBH~6T6JlhCTBYmT 0 ~OBOJlhBO XOpomeM COrJiaCHH paSJIHq

HHX 8B!OpOB no MHOrHH BaXHHK npo6geMaM tPHSHKH MSrHHTOCtPepH (KaK 1 HanpHM6p 1 

0 B6C»Ka BaEBOI pOJIH KOHB6K~H MQXOSReprHqHOI nnaSKH B 60JihmHHCTB8 M8rHH

TOCt,P8pRHX npo~ecco:s) H no KHOrHu :sonpocaH Mo~oxorHH KarHHToct,PepHol nnas

MH.To~o TaK &e B 60JihmHHCTB6 cnyqaeB HK66TCH 06~H TOqKa apeHHH OTHOCH

T6JI»HO nepeqns npo6JI6M1 Hy.E~~~XCH B SKcnepHK6HTaJIDHOH II T60p6THqecKOM 

HsyqeauH. 

Ha aacTOH~eM cHMDOSHYMe, npoacxo~~eM :scero JIKW» qepea ro~ nocne Me~

Hapo~oro cHKnOSHYMa no coxaeqao-aeMHol ~Haaxe B JeHHHrpa~e, HeT RH :soa

MOZHOCTH, HH H806XO~MOCTB BOSBpa~aT»CH K HCTOpHH HCCne~OBaHHA H no BOS

MOXHOCTH CHCT8M8THqecKH ROAP06HO H HOJIHO OllHCNBaT~ nonyqeHHH6 K HaCTO~e

MY :speMeHB peaynDTaTw. 

BM6CT6 C T8M B !97Q-I97I rr. 6HAB ony6JIHKO:BaHN (HJIH CTaJIH ~o~ynHH B 

:811~8 npenpHHTOB) p63JXDT8TH 3KCnepBM8HTOB, HBKOTopse H3 HHX 

~8CTB8HHO HSM6HHT» IM8D~8CH npe~CT8BJ16HHH 0 p~e HarHHTOct,PepHHX Kai8BHI. 

llOSTOMy s~aqel 3!0rO 068opa HBJIH6!CR npocyMMHPO:BaTD HaH6onee 8H8qHT8~, 

HH8 8BcnepHM8HTaJIDHH8 peayJIDT8TH1 JBB~6BWB8 C:Be! B !970-I97I rr. 

PHc.I npe~CT8BIH8T C060» 88Bn»qHT6JI»Hai pHCJBOK H8 B8CDYa CEaTOro H 

oo~epsaten»Horo o6sopa Bac1nmsaca (I970). B nocxe~sel qacTH SToro o6ao
pa, OTU8THB CJIOXHOC!D C!PJBTYPH MarHHTOOtPepHOI ni88MH1 BaCHJimH&O npe~o

XIIJI _KnaCCHWH~-t corJiaCHO.KOTOpOI MarHHTOct,Pepa ~81HTCH Ba 4 qacTiqHO 

nepeKpsJ&»~xoa aoas (ox.pHo.I),H o6ocKo:san ee cne~ym~M o6pasoM. 
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PHc.I. ilpoOTp8HCTB8HH08 pacnpe~exeHH6 OCHOBHHX BH~OB Mar
HHTOCI})epHOi MaSMH no BaCHJIJIH8CY [ 9 ] 

rrep:aas aoaa BKRDIIaeT :a oe6s nxasMocwepy, HBBHm~ymcs npo~onxeaHeM moao

cwepH, H UOSTOMY H83BaHa HOHOC®epaol. 

3a H8ID HaJCO~l4TCH SORa cy~eCTBO:BaHHH HHT8HCHBHWC nOTOKOB 118CTH~ C SHep

rHHMH nop~a e~HH~ H ~8CHTKOB KSB. 9Ta 06x8CT» BKJimqaeT ~83M6HHHI ~01 

H TOKOBOe KOJI»qO H B8C»Ma TeCHO CBR38H8 0 B03HHKHOB6HH8M reOMarHHTHHX 6yp» 

H cy66ypb, H,C~6~0:BaT8~bH0 1 C nO~HpHHMH CHHHHHMH,(XOTH ~Hm» H860~»maH 

1l8CTb STHX 1l8CTH~ Y1l8CTBY8T B C03~8Hl4H CHHHHI). ilOSTOMy ~H STOI 30HH, BH

.l!HMO, nO,ltXO~T H83BaHI!I8 11a:apopMDH8H11
• llpOHBB8HHe 6oxee BliCOKOSH6prHqBHX 

' a~eKTPOHOB B pa3~Htmb!X palioHaX (KaK 11CKHPT 11
1 

11Kacn" H 110CTpOB811
) HBBH8TCH 

:acero XHm» npOHBJI6HH8M B03pacT8HHH SHeprHI 1l8CTH~ STOH 30Hbl ( B 1l80THOCTH 1 

xax OTMe1laeT BacmxmHac, noc~e o6HapyseHHH o~maaKo:aHX aaepreTH1lecxmx cneKT

po:a 40-KSBHb!X 3n6KTpOHOB B Kacne H M83M6HHOM CX08 H8T KaKHX-XH60 OCHOBa

Hl4iii paccMaTpm:aan "Kacn 11 KaK palioH,OTXH1lHHA oT ~aa.u:eHHoro o~oa). STa a:a

popa~»Haa 30Ha B c:aom oqepe~b 1 HM88T CXOEHym BHYTP8HHmm CTPYKTypy, OC0-

6eHHO no uepe npH6~:rnxeHHH K 3eKne. 

3a npe~eJI8Ml4 a:spopaJI»HOI 30Hbl Jl8litlrlT Bb!COKOWHpOTHb!li X:SOCT MarHHTOcl})epy -

OOJiaCT», r~e n~OTHOCTb qacTH~ U1l8Hb K8JI8i T.K. CH~O:SH6 ~HH!rlH STOl 30Hbl 

onmpamTCH ua no~spHym wanKy, ee npe~noxeHo aaa»aT» aouoA nonapHoi manKH. 
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qeTBepTaa aoaa, aoaa PaAMaq!OHRHX noacoB,COAep~T CTa6HHbHO aaXBaqeaa~e 

tlaCTHUH 1 p,pei.t!PYilii!H8 BOKpyr 3eMJIH no SaMKHYTWI 060HOtiKaM. 3Ta SOHa nepeKpb1-

Ba8TCH B npOCTpaHCTBe C HOHOClP6PHOi H aBpOpaAbHOi.t SOHaMH. Oaa CBftSaHa C 

aBpopanDHOi.t aoaoi aeKOTOPHMH !PHaHt~ecKHMH npoueccauH; no-BHP.HMOMy, aneKTpo

Hbl nnasMeaaoro cnoa, ycKopeaaae BO Bpeua cy66ypD, cny~aT HCTOliHHKOM ane

KTpoHOB pa;B.HSUHOHHOrO noaca, a npOTOHbl TOKOBOrO KOHbUa HBnft~Cft HCTOqHHKON 

npO!OHOB paAHS~OHHbiX llOHCOB. 

BTa o6maa KapTmaa, npmBep,eHHaa B 1966 r. aa CHMnosHyMe no conaeqao-seu

aoi ~HSHKe B Benrpap,e [ 12 ], Bee ~e p,ocTaTot~ao npocTa H noBTOMY npHBneKa

TenDHa. KaaanocD, liTO oaa MoxeT aap,onro cnyxHTD xopomei.t ocaoBoi p,na pac

cMOTpeasa MarHHToc~epaoi nnasMH; OAHaKo ae npomno H rop,a co BpeMeHH ee 

ony6HHKOBaHHS1 KaK OKaSSHOCb He06XOP,HMHM P,OllOXHHTb ee H6P,SBHO Bn6pBb16 aa-

6HIO;D.6HHHMH o6paBOBaHHHMH 1 Ha3BaHHbU4H 11llOHHpHW.Uf KacnaMH 11 
[ 13, 14 ) t qe

pes KOTOpble nnasua Ha nepexo;v.aoro cxoH sa WPDHTOM yp,apaoi.t BOnHbl nona;v.aeT 

B rny6D MarHJ.lTOOWBPbl• llpOP,OJIZaH T6pKHHOJIOrHli6CKYil JIHHHIO 1130H11 t STH 11 KaCUb11
: 

yt~HTbiBaH aecoMHeaao conaeqaoe npoHcxo~eaHe sap~eHHbiX qaoTHU, sanonaftll

D!HX HX1 MO~O HSBBaTh COJIHeqHOH SOHOK. 

B HSCTOHII!HK 06sop BOillJIH pesyJihTSTbl 1 OTHOCHII!H6Cll KO BC6M yKaSaHHbiU SO

HaM (KpOMe pap,HSUHOHHbiX UOHCOB, sa;v.eTb!X B MHHHMSllhHOR CTeneHH). 

2. ConHeqaaH nJiasMa B aeMHoi uaraHTOc@epe 
(HSMepeHHH B ;D.H6BHOR liSCTH MarHHTOC~epbi) 

*HT6p6CHO OTM6TMTb 1 qTQ 3Ta BaXHSH npo6JieMa He 06oy~AaHaCb Ha neHHH

rpa;zJ.CKOM CHMUOBHyMe no COJIHeqH0-36MHOK ~H3HK6 1970 r. ( B TOM qHcJie H B 

o6sopHb!X AOKJia;zJ.ax). il03TOMy, B BHP,e HCMllqeHHH 1 npHBe;zJ.eM 3A6Cb KpaTKHe 

CB6P,6HHfi 1 OTHOCfi~HeCH K ee HCTOpHH. 

llpe;tUIOJ10llt6HHfi 0 npOHHKHOE6HHH B MarHHTOC<flepy COJIH6l!HOR nna3!W qepes 

H6~TpaJibHbl6 TOqKH BllOJIHe 60T6CTB6HHhl H Ha npOT~6HHH llOCJI6;zJ.Hero A6CRTHJ16-

THH H60AH0KpaTHO BbiCKSSb!BanHCb H 06CYlltAS~Ch [ 15 - 21 ] • 

B 1965-1966 rr. npl4 o6pa60TK6 P,aHHbDC llJiaSMeHHhlX H3M6p6HHH Ha ,9JI6KTpO-

" H6-2 1 nepBOM cpaBHHT6JlbHO BbiCOKOWHpOTHOM cnyTHHKe, 0 HaKJIOH6HH6M K SKBa-

TOpy 61° M C anoreeM rv 70000 KM, 6blnH OOHapyllteH~ CBM;zJ.6T6JlbCTBa B ll0llb3Y 

npOHHKHOB6HHH fiJISS~ HS nepeXO;zJ.HOa 30Hbl qepes He~TpaJibHble TOliKH B MarHH

TOC~epy [ 221 23 ]. CpaBHHT6JibHO H6;D.SBHO 3TH ;D.SHH~e 6b!nH ony6JIHKOBaHH B 

6oJiee nonaou BH;v.e 11 c 6oJiee AeTaJibHLIM aHaJI~soM [ 24 ]. 

B O;D.HOI4 HS BbiBOAOB AOKJia;zJ.a aBTOpa HaCTOHll!ero o6sopa 0 MaJIOSHeprHqHO~ 

nnasMe B MarHHTOC~epe, OTHOCHll!eroCH K 1968 r., rOBOpHTCH: 11 ,,, ;zJ.SHHble, 
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~;! :rocneAaero ~ecaune-

- ~.... . 
X l3M6p6H:i!H Ha .. SJieKTp0-

0 HaKJIOH6Hl!614 K 3KBa-

:B~~e~eJI:OCTBa B ITOJI:&3Y 

~p~i:OH~e TOqKH B MarHH

ie 6~!! ony6Jil!KOBaHN B 
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~~ J. 

5aopa o ManoaHeprHqHO~ 

30pl!TcR: 11 ••• ;naH~e, 

.-: :.:;;~eHHb16 Ha 118JieKTpOH6-2'~ CB:i!A8T6JI:&CTllYIOT B flOJI:&ay 38B:i!C:i!.MOCTI4 H8ClJIIOA8B

=~xoa ITOTOKOB MRrKHX 5JI6KTpOHOB OT yrxa H8KJIOHa reouarHHTHOrO AHITOJIH u· 

=J~ep~:i!BaiOT rHITOTeay 0 ITpOHHKHOB6HH:il COJIHeqHOH fiJI83Mbl H3 nepeXOAfiOrO CJIOS 

B warHHTOC~epy qepea H6HTpaJI:&Hbl6 TOqK:il uarHHTOC~8pbl. ~H npo:aepKH 3TOrO 

Obln:i! Clbl OqeH:& ITOJl63Hbl npaMNe H3MepeHHH BeJIHqHH H HanpaBJieHHH ITOTOKOB MaJI0-

3HeprHqHOH nJI83Mbl B HenocpeACTB6HBOH ClJIHSOCTH OT HeHTpaJI:&HbiX TOqeK 1 ~H 

qero HeOClXOA:i!Mbl CITYTHHKH C COOTB6TCTBYIO~MH OpClHTaMJ,J [ 3 ]. 

B H8CT0HIIt86 llp6KH nJiaSil6HHbl6 HSMepeHHR 1 npOB6A6HHb18 J!.~paHKOM B OKpecT

HOCT:il H6HTpanbHOH TOqKH Ha uarH:i!TOITayse, a Ta~e H Ha MeH:&WHX YAaJI6HHSX OT 

36MJIH, npH ITOMOII(H cnyTHHKa 1/ll.III-5 OKOHqaTSJI:&HO YCT8HOBHJIH Cyii{6CTBOllaHH8 

BT6KaHHH COJIHeqHOH ITJI83Mbl HS nepeXOAHOrO CJlOH ll rJiyCl:& uarHHTOC~pbl qepea 

06llacT:&1 H83BaHBYIO "noJIHpHWM K8CitoM" ( !3 ]. 8TO ITOATll6}llltA86TCH HSt4epeHH

HilH1 npo:aeAeHHbiM:il ll paioae MarHHTOnayabl Ha cnyTHHKe oro-5 [ 25 ] • KpoMe 

TOr0 1 npaMble yxaSaHHH Ha npOHHKHOB6HH6 COJIH6qHOH ITJI83Hbl H3 nepeXOAHOrO 

CJIOH Ha HOHOC~epHHe Bb!COTbl H8A Afi8llHOH qacT:&IO OllaJia ITOJIHpHbiX CHHBkH ITOJiy

qeHbl CO cnyTHHKOB "IIIHMYH-5'' 1'1 1/lCI/IC-I [ 26-29 ] • 

Ha puc.2 [ I3 ] noxasaa ce:aepHb!R yqacToK HepHAHOHaJI:&Horo ceqeHHH uarHM

Toc~epbl, COOTB6TCTBYI011!6rO MeCTBOMy ITOJIYAHIOo B xaqeCTBe KOOPAHH8T HCflOJI:&-

30BaH~ reo~eHTpHqecxoe paccTOHHHe H reouarHHTaas mHpoTa Am • llyaKTHPOM 

ITOK838Hbl yqacTKH OpClHTbl CITYTHHKa *Mll-5 BO llp6MH HeKOTOpbiX OClOpOTOB CITyT

HHKa :a MDJie I969 r. llpH npoxo~AeHHH cnyTHHKa qepes noJigpHbll xacn - sa -

qepHeHHYIO 06JI8CT:& 1 HaqHHaiOII!YIOCH BClJIHSH H6HTpaJI:&HOH TOqKH MarHHTOnaysbl 1 

~eTeKTOpbl nJiaaMbl yHMBepcMTeTa AloBa perMcTpHpoBanH noTOKH nxasMH, HanpaB

xeHHble K 3ewre. llil'lpHHa OClJiaCTH Ha MarHHTOITayae, CJIY~!ll8H KaK Clbl 110CHOBa

HHeM11 Kacna, COCT8BJIH6T no ~aHHbiM yxaaaHHbiX H86JIIOA6H:Ili<i "' I ·RE. KaK BMA

HO ua puc.2, cnyTHHK Ha paaJiuqHbiX llHTKax nepecex noJIHpHb!H xacn Ha paa

~HqHbiX YAaJieHHHX OT 3eMJIH; 3TO U03BOJIHJIO flOJiyquT~ CB6A8HHH OCl H3H8H6HHH 

ero nonepeqHbJX paaMepoB c BbiCOToi<i. 

SHepreTHqeCKHe cneKTpbl ITOTOKOll aapaxeHHbiX qacTHU BHYTPH ITOJilipHOrO Kac

na, usMepeHHble npuClopou, opHeHTHpoBaHHHM Ha Cona~e, ClbiJIH no~oClHbl cneKTpaM 

sapHEeHHbiX qacTH~ :a nepeXOA&OM cJioe aa WPOHTOM YAapHoi<i BOJIHbl. CTeneu:& no

~oClua aTHX cneKTpoB Moxao o~eHHT:& no npHBeAeHHHM Ha pHc.3 ABYK cnexTpaM 

npOTOHOll 1 flOJiyqeHHbiM npH BX0~6HH:il cnyTHHKa B MarHHTOCW8PYt OA:i!H HS KOTO-

pbiX OTHOCHTCH K npeClbiBBHHm cnyTHBKa :a nepexoAaoM cJioe { R = 9,8 RE), a 

BTopoi :a noJIHPHOM xacne { R = 7,2 RE). 
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li! R s:7,2RE (I3, 

::epH6llCH K pHC .2 • <llpaHK OTJ46lla6T, liTO B cpaB.HiiT6JI:&HO lfarHH'rOCnOKOAJtHe 

~=;;:oAN nepeceqeaue ~eBaoro nonHpHoro xacna c aBpopaJI:&ao« aoaol aaxoAUT

:~ Ha HHBapHaHTHOl mepoTe A=?9°±I0, a mHpHHa ero npoeKqHH sa o6JiacT:& no

~apaHX CHHHHii (no 111HpOT6) COCTaEJIR6T 20-400 KM; npe reOMarHHTHHX B03My~e

=Hax liOJIOX6HH6 liOJIHpHoro Kacna J46HR6TCH no HHBapHaHTHOi IIIHPOT6 Ha H6CKOJI:&

KO rpa~ycoB 6ea auaqefeJI:&aoro yBeJIHli6HHH mapHHH no mupoTe (uanpeMep, Me

aee 11eu BABOe) (aaMeTHK, liTO no ~aHHHK cnyTHHKa RCRC-I, OTHOCH~HKCH K 

~OHOCW6PHHM BHCOTaM, paaMep& liOJIHpHoro Kacna 60JI:&me - CM.~aJiee). BHCOKO

WHpOTHafi rpaauqa aaeprH'IIHHX aaXBalleHHHX 3JieKTpOHOB COBna~aeT C liOJIHPHHM 

KSCliOM (XOTH B6JIH3H 3TOH rpaHHqH HHT6HCHBHOCTH 3JI6KTpOHOB C E ~ 45 K3B Ma

JIH H ex pa~HaJI:&Hoe pacnpe~eJieaae HOCHT HeperyxapHHi xapaKTep). Ha mupoTax, 

npeBhllllaJODtHX mepoTy noJiapaoro Kacna (B aoae noJiapaoit manB:H), B npe~eJiax 

liYBCTBMTeJI:&HOCTH npe6opoB He o6aapyxeHo HH aHeprH'IIHHX aneKTPOHOB (c E > 

> 40 K3B), HH .U:6H66 3H6prH'IIHHX 3JI6KTPOHOB HJIH npOTOHOB. 

TipH nepeceqeHHH cnyTHHKOM HMTI-5 liOJIHpHOrO Kacna Ha cpe~HX BHCOTax (R~ 

~ 5,5 RE) 6HJIO OTM6li6HO cy~eCTBOBSHHe B Kacne ~BYX CJI06B, B O~OM H3 KO

TOpHX rrpeoCiJI8.1(aiOT 3JI6KTpOHH1 a B l{pyrou - npOTOHH 1 npHli6M 113JI6KTpOHHHi11 

CJIOit 6an CABHHyT B CTOPOHY 6oJiee HH3KHX WHpOT. PaauepH (no mHpOTe) npoeK

qHH 3THX CJI06B Ha YPOB6H:& liOJIHpHHX CHHHHH no oqeHKe ~paHKa npHM6pHO 0~

HaKOBH H JiexaT B npe~eJiax ID-200 KM [ I4 ]. 8HepreTHqecKHe cneKTPH npoTo

HOB Ha 3THX BHCOTaX OTJIHqaJOTCH OT cneKTpOB npOTOHOB B napeXO~OM CJIOepaa

KHM YM6H:&III6HHeM liOTOKO:B qaCTHq C 3HeprHlUUI .C. 500 3B. 
II II 

Ha CllYTHHKe nH,lllltyH-5 (anoreit 2588 KM, nepareit 677 KM, HSKJIOHeHHe K 3K-

BaTopy ~ 80°) HSCiJIID~aJICH Y3KHii nHK llOTOKOB MaJI03HaprHqHHX 3JISKTpOHOB H 

npOTOHOB, HenocpeACTB6HHO aa :BHCOKOmHpOTHOH rpaHH~eii :BHeWHero pa~Ha~HOH

Horo liOHCa 1 Ha BHCOKOmHpOTHOi rpaHH~e CeBepHoro OBaJia llOJIHPHHX CHHHHH. 

8TOT yaKHJit llHK (c pa3Mepo.M no WHpOTe ~ 35 lW HJIH llA "'0,2°) 6WI HHTep

npeTHpO:BaH aBTOpaMH 3KCnepHMeHTa KSK COOTBeTCTBYID~ii llO~OaeHHID MarHHTO

HeHTpaJihHO~ JIHHHH [ 26 ]. 

~aHH&e, noJiylleHHHe Ha~ ~HeBHoii qacThiD ceBepHoro a:spopannuoro OBaJia c 

ITOJiiiPHOrO cnyTHi.!Ka llCHC-I Ha BHCOTaX ""' 2000 lW 138M8THO OTJilfl!ar!l'rCH OT yno

MHHYTHX ;n;aHHblX C "~]H;l{XyH-5" H lt!Mll-5 3Ha'IIHT9Jl:&HO CiOJI:&mHMH paaMepaMH ( no mlif

poTe) 30HH, B KOTOpoii H80RIDA~!HC:& 3JI6KTpOHHN6 H npOTOHHHe llOTOKH, C 3Bep

~9TH'II9CKHMH cneKTpaMH, ITOXO~HMH Ha cneKTPbl qacTH~ BUepSXOAHOMCHOS 38 

~pOHTOM y~apHO* BOJIHH. 

Ha PHG. 4 H 5 ITPH9eAeHR COOTBeTCTBeHHO ;n;JIH SJieKTpOHOB H UpOTOHOB 

a~epreTHqecKHe Cll6KTpH, llOTOKH 3HeprHH H BeJIHqijHH ITOTOKOB llaCTH~, llOJiyqeH

Hb:e c ~iC~!C-I [ 29 ] • 
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UH8APIJAI-ITHAfi WUPOTA 
7 7 

16 17 18 19 20 21 22 
Ml-1 POBOe 6PI?MH 

PHc.4. ~3M6H6HHH 3HeprHR1 ITOTOKOE 'laCTHU H ITOTOKOE SHeprHR 
ENCHnaD~HXCli SX8KTpOHOE, saperHCTpHpOEaHH~e CITXTHM- ] 
KON ~C~C-I Ha HHEapH~TH~ mHpOTaX OT GG ~0 830 [29 

B03MOZH0 1 'ITO SHaqHT6X»HO OOH»mHe pasuep~ oonaCTH, E KOTOpo~ Ha6nro~a

XHCb qacTH~ conHeqHoK rrnaSMN Ha ~C~C-1 1 CBHSaHN C MarHMTHNUH EOSMJ~6HH

HMH. Cne~yeT, o~aKo, OTMeTHT», 'ITO B oonee nos~ux paooTax [ 27, 28 ], 

B KOTOpWC TaKEe npHEO;l:\HTCli ;l:\aHHh!6 1 nony'leHHhl6 c"~~lltyHa-5~ 06 aneKTpOHax 

C SHeprHHMH llOpH;l:(Ka COT6H 3B M K3B1 ~~naiD~HXCff HSllOXffPHWC KacnoB,yKa

SNBamT oonee IDHpOKH8 o6naCTH 1 B KOTOph!X OHM HaOXID;l:\aiDTCH, B nocxe~ei pa-

60T6 yKasaHa o6nacT» mMpHHOi "" 7° no !IIHpoTe c ueHTpoM npH A "'77°, qTo 

Bec»Ya noxoxe Ha ;l:(aHHh!e puc.4 H 5. 

BO BpeMH perHCTpazzyJI/I Ha"~A!tYH-5
11

yKaSaHHNX ITOTOKOB YB6HHti:6HHOK IIIHT6H

CIIIBHOCTIII Ha cnyTHHK6 O~OBP6M8HHO Ha6nro~anHCn QHq-mi/IU6HMfi CO 3HatJ:HT6X»

HNYM Ep6Y6HHHMIII BapHaUHHMH IIIHT6HCHBHOCTHMH. 

ITo-BH~MOMy 1 E ;1:\aHHWC 0 BNCh!rraHHH 3H6KTpOHOE Ha~ ~6BHOR qacTniD aEpO

pannHOro OBana, nonyqeHHh!X Ha HOHOC~epHh!X EhiCOTaX ( ~ 1000 KM) C llOXHp

H~X cnyTHHKOE Oro-4 H SCPO-IA, TaKxe co;l:\epxHTCH MH~opuauma o nonapH~ 

Kacnax, XOTli CWUJ aBTOph! Ha STO He yKaS~BaiOT [ 30, 31 ) • 
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Al!TOphl paa<rl!11Hh 

xe oro-5 (HYeAJ!i;e\l 

Paccen, qannen, w. 
Ha cnyTHl!Kax ~e=a 

Horo MarHP.THoro ;: 

qiiiT6X»HO CM6~6EEm2 

Ha pee .6 ncr:asa 

~Billeroca Ha Cf'O-S 

BoapacTaHile za~ 

< 3,5 KSB npouso;; 

> 45 KSB 1 T,e, CJ 

~ = 4,5 a A,..=<~-2' 

:CAYi CKOPOCT» co; 

Ee:ll!qi!B sa Bee BpE 

:ea!p8UHH rrpOTOHOl 
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MUPOBOE BPEM$1 

PHo.5. "aueHeHHa aHeprs~, noTOKOB qaoTH~ H noTOKOB aHep
rHH BHCRfiaD~XOH npOTOHOB1 aaperHCTpHpOBaHHHA 
cn~THHKOU RCZC-I Ha HHBapHaHTHHX mHpoTax OT 66 ~o 
83 [ 29 ] • 

ABTOpH paanHqHNX nnaaueHHHX H OH~-aKonepHMeHTOB, npoBe~eRHHX Ha cnyTHH

Ke oro-s (HMem~eM op6HTY c anoreeM 23,3 RE c HaKnOH8HH8M K SKBa!opy rv33°), 

Pacce~, ~anne~, M.He~re6ayap, CKap~ H OAHH as aBTOPOB nnasMeHHHX HSMepeaa~ 

Ha cnyTHHKaX 11BeJia11 MOHTrouepH 0006~~ 0 TOJ41 qTO ll yo~OBH.IIX OqeH» CHJllo

HOrO' MarHHTHOrO BOSMy~eHHH I HOH6pa I968 r. ua6n»~JICH nonapHHi Kacn,sua

qHT8XDH0 CMe~eHHNi B CTapOHY HH3KHX mHpOT [ 25 ]. 

Ha pHo.6 noxasaao npaMepuoe oMe~eHHe nonoseRHH noJIHpaoro xaona, ua6nm

M.Billeroca ua oro-5, no opa:tmeHHil c ero no~oJKeuseM no ~aHHHM l'I.MII-5. 

BoapaOTaHHe HHT6HCHBHOCTH fiOTOKOB S~eKTpOHOB C SHeprHHMH 50 SE < E< 

< 315 KSB npOHSOWJIO HeMe~eHHO nocne ona~a HHT6HCHBHOCTH C aueprHBMH 

> 45 xaB, T.e. cpaay aa rpaaa~e~ BHemuero p~uan~ouuoro noaoa; npa S!OM 

~= 4,5 a Am=42°. MarHHTHaH 6ypa 3I.X.-I.XI.I968 6Hna CHJIDHelmel B I968 

ro~y; CKOpOOTD COJIHequoro Be~pa ~OCTHr~a 700-IOOO R~/ceK ( T.e. HaH60~~HX 
Be~qHJI sa Bee Bpeu npoBe~euaa no~o6a:wc HSMepeamit coJIHetiHoro Be!pa),KoR-

~eRTpa~HH npOTOHOB ~OCTHrJia 22 CM-3; MarRHTOCWOpa 6Kna ozata TaKt qTo pa-

279 



n OAOlK~HW~ nOAQPHOfU KACOA 
ll M!!CTHbllif nUAiJl!Hb B 
CflOI/Obi/Oe Bill! Mfl 

(no cppAHKY) 

-I \1--

CTIIDAIW nOIIA3blHAHIT U3MepBHUDe 

l 
HAKAOHeHU~ 170M/~ 

.-1500 UT 
/ 

BO!JMOJKHblli 
nOA'iiOHbiU KAI!n 

603MD>KHIIl! flOAOlK~HUP • 
MArHUTDCfiiPPbl B Met!THb/U 
nOAfll!Hb 80 B@MII C!UAbHOIJ 
MAfHUTHQ/) ifYPU 

J H0fi6Pfl 1968 r. 

M@I!THOe IJPeMY 8 /1P@0£1AAX OOHOfO l.fAI!A 85/JUJU /10~1J0Hfl 

PHc.6. noxoxeaue noxHpaoro xacna B noxy~eaao~ MarHHTocqepe 
~H YarBHTOCilOKOaaol 06CTaBOBKH 1 COrJiaCHO WpaHKy, H 
BO BP6Mli CHJI:&HOI uarHHTHOR 6ypH I.XI.I968 r. [ 25 ) 

~yc ee ~eBHO~ qacTH ~ocTmran ~6,5 RE, H noHoxeaHe MaraeTonaysN 6Nno 

B6C:&Ma HSMeaqHBO. BCJI6~CTBH6 3Torot llOKHAaBmH~ MerHHTOC~epy CllYTHHK OrD-5, 

no-BH~MOMY 1 nepecex TaKEe ~BHraBmymca MarHmTonaysy Hecxox:&xo pas. Tax xe, 

xax H B axcnepmuenTax aa MMIT-5 m HC~C-I,noToK 3JI6KTpOHOB c 3Heprme~ 

<3,5 xaB HMex aaepreTHqecKH~ cnexTp, no~o6aHl cneKTPY axeKTpOHOB B nepe

xo~oM cxoe; noTOKH 6HHH aanpaBneHH B r~y6b MarH~Toc0epH.Bce 3TO ~aeT oc

HOBaBHe cor~aCHT:&Cfi C aBT0p8KH 06CYZA38MOrO C006~6HHR B TOM, qTO OHH Ha-

6~aJIH llOXlipHsl Kacn Ha aHOMaJI~HO HHSKOI mHpOT6 HS-Sa MarHHTHO~ 6ypm.Ho

BOI oco6eHHOCT~ noxapnoro xacna no cpaBHeBHm c ynoMaHyTHYH paaee na6xm

~eHHHMH Ha ~pyrHX CllYTHHKax HBJIH6TCH npHCyTCTBH8 B HOY 3JI6KTpOHOB C 3H6p

reel ~ 45 K3B1 OTCYTCTBYD~X B nepexo~OY anoe. BTa oco6eHHOCT:& 6NJ~a o6-

Hapyxeaa npH ilOBTOpHHX nepeceqeHHSX cnyTHHKOY MarHHTOnaysw (0 KOTOpHX 

ynOMHHaJIOC:&). BOSYOZH0 1 qTo oaa cy~CTBY6T TOJ!:&KO npH CHX~HHX reoMarHHT

HHX BOSYy~6HHBXo 

EHJio Taxxe o6aapyseao, qTo noxapHHi xacn HBJIH6TCH paloaou YarHHTHol H 

3JI8KTpHqecKOl Typ6yJ!6HTHOCTH 1 npuqey MarHHTHN6 KOJ!e6aHHH aa6nm~J!iiC:& KaK 

B ~nasoae YHq, TaK H QHq, H YO~OCT:& 3THX KOJie6aHHi np6BOCXO~J!a YO~ -

HOCTD,KOr~a-J!H60 Ha6J!m~aB~mCH B MarHHTOC~epe sa Bp6MH HSMepeHHl Ha OrD-5. 
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:-'JTHafi npOTfilK6HHOCT: 

;:30li!Jia B IIhOd"LT, l 
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.Ii~JIMC:& M31l6p6Hilli 3Jll 

:IOJlli BAOJI:& .JilfH>Ul 
1 

Cl 

HOMY l.larHMTHO!ly m 
TY CKOpOCTH KOHBeK~ 

nanpaBJieHI!Hil), &ra J 

a~e JIH6o Bec:&!la M~1; 

27 ] • 

TOHOB 1 llO~OOH~ ~ac: 

CJIOH (OOHapy~eHH~, 

na r~n-s H aa ~ono~: 
3aHO C OTCYTC:i::SBeM ; 

Bee coo6:;eH1.ii c , 

Ha nepexo~oro o=cR. 
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~A3b/6AIDT U3MepeHJ.IOe 
f10MI fJ 

W3MO)I(HOP f10AO'IKI!HUI! • 
MArHUTOC/PI!Pbl 8 MeCTHb/U 
110AfjeHb 80 llPPMfl t!UAbHOI) 
MAfHUTHQU oYPU 

( HOfi6Pf/ /968 r. 

10 

15~U3U flO~IJUHfl 

i YarHMTOC!]}epe 
iCHO ~paHKY, H 

[968 r. [ 25 ] 

uarHHTonaysa 6HnO 

roc~py CUYTHHK OrD-5 1 

HeoKOnhKO paa. Tax ze, 

OHOB 0 SHeprHeJ.t 

py sneKTPOHOB B nepe-

0epH.Bce STO ~eT oc

ra B TOM1 'ITO OHH Ha

•38 uarHHTHOi 6ypa.Ho

IHHYTHMH paHee Ha6XD

l8M SXeKTpOHOB 0 SHep

l ooo6eHHOC~h 6Nna o6-

ronayaa (o xo~opHX 

pH CHHhHHX reoMarHHT-

H paiOHOM MarHHTROi H 

OaHHH &a6nm~nHob KaK 

Hi npeBOCXO~na YO~ -

eMH HSMepeHHi Ha OfQ-5. 

Ba~H~M BNBOAOM HS OUHCHB86MNX Ha6nro~eHHA Ha Oro-5 RBnR8~0Ji TO, qTo ~OX

roTHaR npo~ageHHoc~» xacna Benaxa (nepBaa Bc~peqa cny~HMKa c xacnou npo

v.aowxa B IIhOd"LT, a nocne~HHH- B I4h00m LT). 

Ha cnyTHMKe "IIIH~gyH-5'~ noMHHO ynouv.HaBWHXCR mxasHeHHI:IIX MSHepeHv.itt, npoBo

AHXHCh v.sMepeHHa aneKTpv.qecxoro nona. 1/lauepanach KOMIIoHeH~a axex~pv.qeoxoro 

noxa B~on» xv.Hv.v., coe~HHaro~ei ~Ba c~epwqecxux aOHAa, nepneH~xyxapHoA uec~-

Houy MarHM~HOMy noxro. 8To U03BOXRRO OfiPBA6HH~h COOTB6~C~Byro~ro KOMllOH8H

TY CKOpOCTH KOHBBK~HH HOHOC~6pHOA nH83MH (nepneHAHKynapHyro 060HM yxaaaHHHM 

HanpanneHHHii). 8Ta KOiifiOH6HT8 CKOpOCTH KOHB8K~H npHA ~ 80° OKaaanaoh Be-

3A8 HH60 B60hMa ManoA, XM60 neza~el HHE6 npeABXOB 11YBOTBHT6XhHOCTH K6TO~a 

[ 27 ] • 

ABTOpH 06~HCHHIDT 3TO OTCYTCTBH6M Ha~ nonapHOI manKOitt 3X8KTpOHOB H npo

TOHOB1 no~ooHHX 11ac~v.~au nepexo~Horo cnoa, nonapHoro xaona u nnaaueHaoro 

CXOH (06HapyxeHHHM1 B qacTHOC~H, H8 BHOO~ax llOPHAK8 BHCOTH MarHH~onaySH 

H8 I/IMII-5 Ill Ha HOHOC~epHHX Bl:tcO~ax Ha 
11

1/lH)tEyHe-S'), V. OTJieqaJIT 1 'ITO STO CBJi-

3aHO C OTCYTCTBH6M HH60 cna60CThm KOHBBK~H nnaSMH Ha STHX BHOOTax. 

Bee COOO~BHHH 0 H80HIDA6HHHX COXH8QHOA Rn83MH1 BT8Ka»~ei B KarHHTOOW6PY 

HS nepeXOAHOrO CXOR1 OA8H8HHH8 AO H8CTO~ero Bp6M8HR 1 OOA8PE8T ~HHH8 1 no

ny116HHN6 npH B6ChM8 HeMHOroqHOH6HHNX npOXOEA8HHftX cnyTHHKOB qe~ea nonap

HN6 xacnu. Cel11ao e~e TPYAHO ycTaHOBHTh paaMepH o6xaoTH uarHHTpnayss,npH

Ha~eza~eitt nox.apHouy Kacny. Paauep SToiA o6nacTH no Aanro-re, na-BRAHMoMy, 

~OBOHhHO B6HHK H COOTB6TCTBY6T H6CKOXhKHM 118C8M 0 ~6HTpOM BOXHSH nony~H 

(T.e. Ha )tH6BHO~ 1180TH uarHHTOnayaN oy~eCTBymT H6 H6KTp8nbHH8 T011KH 1 a 

OKOpee H61Tp8X»HW6 HHHMH) 1 a no mHpOT6 - H60KORDKHM rpSAyCaM 0 ~6HTpOM 

:B6HH3H A = ?7° B opaBHHT6XhHO MarHHTO CIIOKOHHllX JOXOBHHX1 KOTOpHi SHa-

11HT6JihHO OMe~aeTOH K 8KB8TOpy BO BP6WI OHHhHHX ICIU'HHTHHX B03~~6HJdt. 

A0CTynHH6 ceiqao peayXhT8fW JK838HHHX Ha6nmAeHHI OOOTB8TCTBJDT ManHM 

HH~epBanaM Bp6M8HHi no 3THM A8HHNM H6Jlb3H oy~Th 0 HanH11HH HXR OTCYTC!BHH 

CYT011HHX HHH 0630HHHX BepHa~i fiOTOKOB IIJiaSKH, BT6KaiD~X B uarHHTOCW8py 

HS nepexo)tHoro cn~a. MexAl -reu nonoxeuze HeATpanhBHX -roqeK Ha KarHHTOna

yae OTHOOHTBHhHO HanpaBneHHH H8 COXH~6 ~OJIERO KBHH'rhOH B OOOTBeTCTBHH 0 

CYT011HHMH H 0630HHHMH H3M6H6HHHMH H8KIOH8 reoMarHRTHOrO ~Hfi0JIH 1 H COOT -

B6~0TB6HH0 1 nO-BHAHHOMy, MOryT M6HHThOH H B6JIR11HHH ROTOKOB OOJIHeqHOl nnaa

MDI 1 BT6KaiD~X B M8l'HHTOOW6PY H3 nepeX01UIOro CJIOHo 

0CTBHOBHMCR Ha STOY H6YHOrO no~06Hee. 

EonH B 06XaOTH uarHHTOnayaH, O~HOOJi~6iOH K UOXRpHOMY Kaony, npOHOXOAJT 

nepecoeAHHeHHe cunoBHX XHHHi reouarHHTHoro non.a H noxa nepexoMoro enos, 

TO CKOpOOTh BT6KaHHR nnaaUN B fiOXHpHNi Kaon 6y~eT 1 nO-BH~HMOMy, onpeAe-
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HHT»O& OOOTB6TOTBym~el KOMnOH6HTOI OKOpOCTH ABHE6HHH MarHHTHHX CHHOBH[ 

HHHHI nepexoAUoro enos. Eoxe ze nepeooeAHReHHH ReT (HanpHuep, npH Haxu

qHH CeBepHOI KOMnOH6HTH M6Enn2H8THOrO MarHHTHOrO nona), TO H B STOM cny

qae fiOTOK nHaBMH1 BXOA~el B fiOHHpHHI Kacn 1 AOHE8H BaBHC6T» OT KOMnOHeH

TH BeKTOpa Hanpa»neHHOit CKOpOOTH nHaBMH B nepeXOAUOM cnoe, HOpMan»HOI K 

o6naoTH, npHH~exa~el nonapxoMy Kacny Ha MarHHTonayse, T.e. OT yrna ~ 

(pHo.7,a). 

Hanpa»neHHR CKOpOCTel fiOTOKOB nnaSMH 1 OOT8KaD~el MarHHTOnayay, HByqeHH 

HHm» B 06naOTH nepexoAUoro enos, cpaBHHTen»HO 6HHSKOI K BKBaTOpHan»HOI 

finOOKOCTH. 06paS~OM pesyn»TaTOB 8TOro HsyqeHHR HBnaeTOR pHc.?,6 [ 32 ]. 

Ms aToro rpa~HKa BHAUO, ~To,aeouoTpa Ha TepuanHsa~m conueqaoro »eTpa,npH 

nepeXOA8 qepes ~pORT yAapHOI BOnHH Hanpa»neHHHe OKOpOCTH npOTOHOB OpHeH

THpOBaHH AOOTaTOqHo onpeAeHeHHHK 06pa30M1 H BapHa~HH Hanpa»neHHR BeKTOpOB 

OKOpOOTH llOfOKa He oqeH» B8HHKH (COOTB8TCTBYWT saqepH8HHHM yrnaM). MOXHO 

AYMaT», qTo o6TeKaHHe MarHHTOc~pu nnasuol B uepHAHOHan»HHX nxocKocTHX 

npOHOXOAHT npHM8pHO TaKHM ae o6pasou. 

Ha pHc. 7, B [ 33 ] noKasaHill paccqHTaHHille cyT otnme H c esOHHue HSMeHeHHR 

fiOHOE8HHI H81Tpan»HHX ToqeK Ha MarHHTOnayse OTHOOHTen»HO Hanpa»neHHfi Ha 

Conu~e Ha-sa HSM8H8HHI HaKHOHa reouarHHTHOrO AHITOHfl. TaK KaK 5TH HSMeHe

HHH AOBOH»HO B8HHKH 1 TO eOT» OCHOBaHHH ORH~aT» 1 qTO ~an»H8KwHe HSMepeHHH 

P:OTOKO:B OOnHeqHOit nnasw 1 BT8Kal!lii!HX B MarHHTOciJ!epy 1 OOHapyl!CaT BapHa~H, 

C:BHSaHHH8 C H3148H8HHHIUI HaMo:a:a AHfiOJIH. HanOWilUi 1 liTO pesy.n»TaTH HSMepe

HHI Ha "SneKTpOHe-2" B HSB80THOI CT8fi8HH ITOATBep~AaiDT 5TO [ 22-24 ]. 

B saxxmqeHHe aToro paaAana saMeTHM, qTo, KaK OTMella.noc» paaee, llaCTH~~ 

HS nonHPHHX Kaono:o B~C~8mTCH Ha~ ~6BHOI qaCTDID aBpOpa.n»HOrO OBaJia H1 

TaKHM o6paaoM1MoryT Hass:oaT»oa aBpopa.nDH~H (TeM oonee, liTO cornacHo uo

Aenu KOHBeK~HH ~paHKa BOe llacTH~H n.naSU6HHOrO C1!0H ITOllaA8IDT B MarHHTOO~e

py qepea nonapHae xacna, H, ecnH STa MOAeH» BepHa, TO Bca aBpopa.n»Haa 

nnaaua HH66T COHH8qH08 npOHCXOXAeHHe). Q~aKO fiOKa HeT AOKasaT6nDCTB TD

ro, liTO,KaK 3TO npe~onoxHn AKC~OPA [ 2 ],n.nasueHHH~ cxol He o6pasyeTcH 

XOTH 6U qacfHqHO SapH3eHHUMH llaCTH~aMH HOHOO~epHoro npOHCXO~eHHH 1 nona

AaiD~HMH npH llOMOII!H fi01!lipHOrO BeTpa Ha B6pmHHH HaHOOH66 y~a.neHHHX1 HO e~e 

aaMKHYTHX CHXOBiliX Tpy6oK, H ycKOPHIDII!HMHOH BO Bpeua cy66yp», AH~YHAIPYH 

nonepeK MarHHTHHX CHXOBNX HHHH~. 

ilOiTONy B H80TOH~ee Bp6MH HaM UP6ACTaB1!HeTCH ~enecoo6paSH~ He OTOZAe

CTBnHT» conueqaym nnasuy B uarHHToc~epe c aBpopa.n»HoA nnasuo~. 
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I MarHHTHWC CHJlOBWC 

:aanpHMep, npH HaJll'l

m), TO H B STOM CJly

~aRHCeT» OT KOMnOH6H

' CJlOe, HOpMaJl»HOa K 

rse, or.e. oor yrna (JJ 

waraHoronayay, usyqenw 

0~ K 5KBaTOPH8Jl»HOa 

eTCH pHCo 7,6 [ 32 ] • 

~ coJlHeqaoro BeTpa,npH 

pOCTH npOTOHOB OpHeH

i'l aanpaBJieHHH :aeKTOpOB 

'PHeHBW! yrmm). Moeo 

IOHaJl»HI:lX nnOCKOCTHX 

H C6SOHHUe HSMeHeHHH 

~en»HO nanpaBJieHHH na 

i. TaK KaK 5TH HSMeHe

o ~aJl»H6HwH6 HSMepeHHH 

, o6Hapyxaor :aapHa~w, 

qTO pesyn»TaTH HSMepe

:aroT STO ( 22-24 ) • 

ueqanooL paaee, qacorHn~ 

:apopan»aoro o:aana H, 

onee, qTo cornacao uo-

nona~a~ :a uarHHToc~e

oro :acH a:apopan»HaH 

:a HeT ~OKaSaTeJlDCTB To

lbW cnoa He o6pasyeTCH 

~o npoHcxo~eHHH, nona-

5onee YA8JleHHHX1 HO e~e 

i cy66ypb, ~H~YH~PYH 

anecoo6pa3HWd He ooro~e
>HO£i nnasuoa. 

a) 

K l!OAHU.Y 

n> 

Hanpai3AeHHAR CKOPOeTb 
nM3Mbl a ntJpexotJHoO 30Hll 

I 
'f' 

10 RE 

HanoABAI!IIIIAf/ exopoerh 
COAHettHOrO fjeTPA 

PA6H~ 
B) 

:N 
' 
~ 

:s 
Voo 

Pee.?.· a) KOMflOHeHTa BeKTOpa HanpaBJleHHO~ CKOpOCTH DnaSHH B 
nepexo~oM cnoe, aopManbaaa K o6nacTH MaraHoronaysw, 
npeaa~exa~eA xacny. 

6) Cnnomawe KpH:awe HBnBD!CR peayn»taoroM oreopeorHqecxoro 
pacqeta-aanpa:aneaHI oreqeaaa nnasMH H nonozeaea wpoata 
y~apaoA EOJlHW. 3aqepH6HHW8 yrXH COOTB6TOTBYDT HBT8pll8JlaM 
aanpaBJleHHA TeqSBHH nnasMH, aa6nm~BmHMCH 8KonepHM6HT8JlD
HO aa cnyTBHKe "8Kcnnopep-34" .[ 32 ] • 

B) Cyoroqawe H C630BBW6 H3M6H8HHH nonozeall aeltpan»BHX 
TOUR Ba HarHHTOnayse O!HOCH'!SJliHO uanpaBRSHIH Ha COJlB
ne Hs-ea HsMeaeBHR HaKnoBa reouarHHtHoro ~nona [ 33 ]• 
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3 • ABpopa.n:&HWI mxasMa 

(HSM6p6HHH B HOqHOK qacTH MarHHTOC~epN) 

Kalit]{all HS HaSBaHHHX BO 11Blle;a;eHHH 11 SOH HM66T rpaHHqHyiO llOB6pXHOCT:&1 no

XOX6HH61 (a B H6KOTOPHX cnyqallX H ~opua) KOTOPO~ M6HHIOTCfi B SaBHCHMOCTH 

OT ypOBHH reoMarHHTHO~ aKTHBHOOTH. B aBpopan:&HOA SOH6 1 o6xa;a;am~ea, KaK yme 

oTueqanoc:&, oco6eHHO cnoxaoA CTPYKTypoi, HMeeTca pa;a; xapaxTepHHX noBepXHo

cTei: BHemaaa rpaauua nnasMeHaoro cnoa,ero BHyTpeHHRH rpaauua, rpaHHuw 

npOTOHHOrO TOKOBOrO KOX:&Ua; BHYTPH SOHN HaXo;a;HTOH H BH6WHllfi rpaHHua pa;a;Ha

UHOHHOro noaca. 3HaHH6 llOXOX6HHll STHX pacnonoxeHHNX BHyTp~ MarHHTOC~epN 

xapaKTepHHX UOBepXHOCT6~ B6C:&Ma BaEHO ;a;Hll npaEMXbHOH HHTepnpeTa~H pesyX:&

TaTOB MHOrHX reO~HSHqecKHX HadniO;a;eHH~ (B TOM qucxe H836MHHX). 

BsaHMH06 pacnono~eHH6 STHX xapaKTepHHX nOBepXHOCTea, ero HSM6H6HHH BO 

Bp6MH cy66yp:& ;a;eTaX:&HO HsyqeHN H6 BO BC6X qaCTllX MarHHTOC~6pN; RO-BH;a;HMO

Mj'1 K qucxy HaHdoxee HsyqeHHHX B STOM CMNCX6 paKOHOB YarHHTOC~eps OTHOCHT

CH odxaoT:& L < IO B nxocxocTH reouarHHTHoro SKBaTopa BOAHSH noxyHoqHoro 

M6pH;a;HaHa. 

284 

JK6ATOPWAAbHA~ nAOeKOI!Tb 
MAfHUTO-CnOKOUHbiE nePIJUObl 

2 

CTPYI<TYPA flAA3MEHHOrO f!AOfl 
66AU3U 8EMAU 

oro-J 

HOfU CIIOfl 

;~ 
\mA3Mfll- :::;•;::;.f.: 

Hblfl CAOA ·.• •.. ,.:.-.· 

PHc .8. BsaHJmoe pacnoxoxeHHe xapaKTepawc noBepxaocTeti 
MarHHTOC~epHWX oopaSOBaHHl B RnOCKOOTH reoMar
HHTHOFO SKBaTOpa npH MarHHTO CllOKoaHNX j'OXOBHflX 
[ 34 ] 
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BHYTPY MarHlliToc~eplll 
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lBepXHOCTeJ.t 
lTH reoMar
mx YCJIOBHHX 

Plllc.8 f 34 J lliJIJ.lllCTplllpyeT COOTBeTCTBYlllllt66 MarHHTO CfiOKOlliHM ,YCJIOBI4HM 

BSalliMH06 pacnOXOX6HH6 B fiXOCKOCTlll reoKarHHTHOrO SK:BaTOpa nnaSKODaY31>1 1 BHY

Tp6HH6i lli.BH6mHei rpaHBn TOKOBOro KOXDna1 KpaR nnaSM6HHOro CXOH B BB6mH6i 

rpaHBIUI paJl;Hal(HOHHWC ROHCOB. 0TM6TH_M1 111'0 B TO :speMH KaK ,'itO fiOXYHO'IlH BHYT

peHHHH rpaHuna nnasMeHHOro cxoa npBMHKaeT K nnasMonayae, B nocxenonyHoqaog 

C6KTOpe M6Z~ STHMH fiOB6pXHOCTHKB HSXO,'ltBTCH yqacTOK1 sanoXHaHHllli 8X6KTpOHa

!U! C BeCLMa HaJIOii RnOTHOCT:&Il SHeprBH ("t'ZDU~h" ); npB 3TOM YM6HJ>III6HH8 SHaprBH 

SXeKTpOBOB He COnpo:so~aeTCH YM6H:&meHBeM BX KOHneHTpa~B. 

Ha pHC .9 ( 34 ] fiOKa3aH0 1 KaK K6HHXOC:& B3aHMH06 ROXOZ6HH6 ynowmyTHX xa

paKT6pHHX no:sepxaocTeii :so :apeKH mecTB nocxe~oBaTen:&HHX npoxoz.aeHHl cnyTHH

Ka Oro-3 qepes o6nacT:& reoJmrHHTHoro ax:aaTopa B6XHSH nonyHoqH (:s nepHo~ c 

23.6 no 3.7.I966t,BKn1JqaJliiiHii yMepeHHYJO !.W.rH14THYil 6yp10 25.6.I966r.). 
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0[0-J, MeemHaf/ flOAHOifb, 80AU30 lKBamopoanbJ.IOU flAOf!KOI!mO 

Puc.9. HaMeHeHHH :aaaH!!Horo pacnonoxeaua xapaKTepHax noBepx
HOCTel MarHHTOC~epHHX 06paaOBaHHii BO Bp6Yfl W6CTH no
CX9~0BaT6RLHl>IX npoxo~eHul cnyTHHKa oro-3 qepes o6-
xacT:& reOM8rHI4THOrO 3KBaTOpa B6XH3lll fiOXYHOQH ( 34 J. 

Ha rpa~Hxe acHo BH~o, xax BO BpeKH 6ypu nepeMe~aeTcH K Seune nnaauona

yaa, K~K yBeRHQHBaeTCfi lll nplliOXH~aeTCfi K 3eMJie TOKOB06 KOn:&no H nnaSM6HHllli.t 

ono~. Bo BC6X cnyqaax BHyTpeHHHfi rpaHHna TOKOBOrO KOX»na HaXO~TCH XH60 

BHYTPH nnaaMoc~eps, nH6o oo:sna~aeT c nnaauonayaoi.t, a nnaaMonayaa pacnono

~eHa ~ooTaToqao rny6oxo BHYTPlll paAHanHoaaoro noaca. 3aMeTHM, qTo aTo o6-

CTOHTe:n:&cT:so aacTaBXHeT OTKaaaT»ca oT onpe~eneHHH nnaaMonaysH xax rpaHHns 

285 



Me~ reoMarHHTHHKH CHXOBHMH Tpy6KaMH 1 BC6l'Aa SSMKHYTHMH H OTKpH»am~MH

CH :so :speHH liBCTH KOHBeKitHOHHOro ItHKna I 35] (cu. TaKlKe [I]), HC5o 

BayTpH ~~a~OHHOI'O ROHCB CHXOB~e nBHHH1 H6COMH8HH0 1 BC6l'Aa SaMKHYTH. ~0 

coo6paxeHH8 BII8pliH8 BHCKaSaJDI PDTYSJUl H JleJblaM [ 36 ] • SaueTHM TaKl!Ce t liTO 

11 COC5CTB8HHOn llliyTp6HHHH rpaHHUB n.naaMeHHOI'O CXOH B 60JI:&mHHCTB6 CJiyqaeB 

Ha6nmAa8TCH EHYTPH CTB6HXiBOI SOHH 38XBati6HHOI p~HBUHH, HO TOJlbKO DO Bpe

MH Hal'HHTHOI 6ypa npH6J1HlKB8TCH K SeMJie AD ypoBHH ope5HTH reocTaUHOHapuoro 

CIIJ'THHKBe 

Xot~e'fcH OTMeTHT:r., t~To npHM8HHeMaH B HacTo~ee :speMH (H npaKTHt~ecKH o6-

~enpHHH'fBH) TepMHHonorBH AXa o6oaua11eHBH pasnBtiHHX o6nacTei uarHHToc~epH 

B paSJIHtiHHX KOMnOH6H'fOB MBrHBTOC~8pHOI IIJlaSHH ;AOBOX:&HO MBXOy;~tatiHa. 0Ha 

ll KaROl-TO CT6II6HH satpy~HHef IIOHHMaHB6 ~BBBtleOKBX nponeccOB, H, KaH H 

ua~e10c:r., B ;~tan:r.ueilmeM 6y;~teT aaMeHeHa. Tax, Kor;~ta ceiqac ro:sopHT "nnaaKeH

HHi enol", to, sax npa:sano, HHemt B BB~ "aneKTpOHHHI enol"; _Kor~a ro:so

PHf 0 11TOKOBOH KOXI>Ue 11
1 TO 06HtiHO HMemT B BB~ IIpOTOHHym KOMIIOH8HTY IIJ183-

M8HHOrO cnoH B o6nacTH 3< L~ IO. Tpy~ao, HanpHuep, ue cornacBT:&CH c Ba

CBJIIlHacoM, IIO MH8HBID KOTOpOrO 11MOmiO Ct1HT8T:& 1 liTO TOKOB06 KO.n:&UO BO Bpe

MH 6ypH HBJ1H8TCH He '19M l'lllhlti, 1\a.K npOCTWl pacmHp8HH811 IIJ188Y.8HHOI'O CJlOH BO 

BHYTPI> lW.rHHTOc~epy, COIIpOBOll].taeiiHY. YB6JIHtleHH811 npOTOHHHX IIOTOKOB 11 [ 9 ) • 

naxn pa6oT Xoyuaa H ~pyrux a:sTopo:s Jloc-Anauoccxol na6opaTopHH, noc:sH

JlleHHBI HSYt18HHm npH IIOMOIJIH cnyTHHHOB "Bena11 IIOBe~eHHH y;llaJieHHoro paloua 

IIJias11eauoro cnoH (R ~I?~ IS RE) :so :speMH uarHHTOC~pHHX 6yp:r. H noJIHpHHX 

cy66yp:r., ny6nHKaUHH KOToporo uaqanac:r. B 196? r. [ 3?, 38 ], npo;~~oJixaeTcH 

npH ~qacTHH Axaco~y, c ;~~eTaJI:&HHM conocTaBJieHHeM peayn:r.TaToB cnyTHHKOBHX 

H aaaeMHHX ua6xm;~~euul [ 39-43 ] • B yKasaHHHX pa6oTax, B ~acTHOCTH, y6e~m

Tex:r.uo IIOKaSaH0 1 tiTO BO llpeMH Ha~aJIJ>HOR qJaSH 6ypm H cy66ypl'l nJI83M6HH!ilt 

CJIOH "cyllta8TCH11 (ero TOJI!IIHHa IlpH STOM na~aeT CO CKOpOCT:&IO rv 6 KM/CeK C 

6-8 RE ;~to I-2 RE) 6ea y:senmqeHHH nnoTHOCTH aueprHH aapftlKeHH!iX qacTHU, a 

:so :speMH ~asH llOCCTaHoBJieHHH - llHOB:r. pacmHpHeTcH ~o npeZHHX (a HHor;~~a m 

6on:r.mux) paaMepoB co cKopocT:&IO ~ IO HM/ceK. E~e B 196? r. 6HJIH npu:se;~~e

lW C006pW!t8HHH, OCHOBaHH!ie Ha ~aHH!iX CO CIIYTHHKOB 11Bena11 , C:BH;li6T6Jll'>CTBym

~~e 0 ~l!HllteHHH SJieKTPOHOB IIJiaSMeHHOrO CJIOH no HanpaBJieHHIO K 36MX8 BO Bpe

l&li reouarHHTHHX B03MYllleH11lt, qTO lliiOJIHe COBIIa;llaeT 0 ;!IBHHWIH, IlOJiyll:eHHHMB 

~pyrHMH CIIyTHHKaMH Ha 6onee 6JIH3KHX paCCTOHHHHX OT 3eMJIH (B ~aCTHOCTH 1 C 
~aHH!iHH pmc.s). Cxe~eT, O;!IHaKo, OTMeTHT:r., t~To, KaK noKaaanH 06pH H MaK 

~e.ppOH ( 44 ] t I'ICIIOJll'>SOBaBWH6 M:H Hsy~eHHH CBHBH BapHaUHlt IIXaSMH H uar

HHTHOro IlOXH B XBOCTe uarHHTOC~ep!i C npo~eCCaMH B COJIHequoM BeTpe 
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~ H OTKpHBaD~MH

Cllte [ I ] ), H6o 

:er:tta aaMKHYTI>I. STo 

• SaKeTHM Taxxe, qTo 

I:&ID.HRC'fB8 CJij'llae:B 

!H 1 HO TOH:&KO BO :ope

~1>1 reocTaunoHapuoro 

~ (H npaKTHlleCKH 06-

wacTei MarHHTOCW6PH 

s:o ~otaxoy;ttawa. OHa 

o~eccoB, u, KaK a 

ac roBopaT "nxaaueH-

cxol"; _Kor;tta roBo

ayD KOKIIOH8HTY IIH83-

e corxacHT:&CR c Ba

DBoe KOX:&~O BO Bpe

nxaSM6HHOrO CXOH BO 

HHHX IIOTOKOB 11 [ 9 ) • 

na6opaTOPHH 1 IIOCBH-

y~axeHHOro paloHa 

pHNX 6yp:& H IIOXlipHHX 

38 ], npO~OXEa6TCH 

:&TaTOB CIIYTHHKOBHX 

B qaCTHOCTH 1 y6e~H

y66ypH nxaaMeHHHI 

CT:&Il "-' 6 KM/CeK C 

paxeHHHX qacTH~, a 

peERHX (a HHOr;tta H 

67 r. 6HXH npHBe;tte

Xa111 CBH;lt6T8X:&CTBj'll

eHHil K 3euxe BO Bpe

HHHMH, IIOXYll6HH&MH 

MXH (B llaCTHOCTH1 C 

oxaaaxu 06pH a Max 
a~i nxaaMH H uar

HellHOM B8Tpe 

;naHHble PH;zta CIIj'THHKOB (IDdii-4, ATC-I, oro-s,"SKcnxopep-33"u 35), HeKOTOpble 

cxyqaH HSMeHeHHl TOX~HHI>I IIHaSM8HHOrO CXOH CBHSaHbl He C cy66ypHMH 1 a C no

HBXeHHeM DEHOH KOUIIOHeHTI>I uexnxaHeTHOrO MarHHTHOrO IIOXH • 

BacimiOHac [ 45, 9 ] , npoeKTIIIpyn "pora" nxaaMeHHoro cxoa (cM.pPJc.I):o~ox:& 

MarHHTHI>IX CHXOBI>IX HHHHl Ha OBaH IIOXHpHI>IX CHHHH~ 1 IIOCTpOeHHI>I~ ~eX:&~TelHOM, 

H cpaBHHBaH SHepreTuqecKHe CII6KTPI>I 3X8KTpOHOB1 r.onyqeHHHe npH IIOMO~ paK8T1 

aany~eHHI>IX B IIOXHPH~e CHHHHli 1 C SHepreTHqecKHMH cneKTpaMH 1 nonyqeHHbiMH 

BHYTPH M83M8HHOro CHOH B;ztaXH OT 3eMXH 1 IIPHW8X K BI>IBO;lty 0 TOM 1 qTo 11.!!.2.!!£ 

noxHPHHX CHHHPJl HBHHeTcH He qeM HHHM,KaK rrpon~eHHeM rrxasMeHHoro cnoH no 

HOHOC<bepHHX BHCOT 11 [ 9 ] • CpaBHeHHe SHepreTHqe CKHX cneKTpOB SXeKTpOHOB IIpH 

STOM IIpOBO~HHOC:& B npe~IIOXOE6HHH 1 qTo IIOTOKH 3X6KTpOHOB B IIXaSM6HHOM CX08 

H30TpOIIHH1 a cneKTpbl BI>ICNIIam~XCH B IIOXHpHHX CHHHHHX q8CTH~ 6HXH IIOCTpOeHH 

IIO ;ltaHHHM Ha6Xm;tteHH~ 1 CHH:&HO ycpe~eHHHX KaK BO BpeMeHH 1 TaK H B IIpOCTpaH-

CTBe. 

Heo6XO;ltHMO IIO~qepKHj'T:& 1 qTo HamH npe;ttCTa:BneHHH 0 CBO~CTBax IIOTOKOB aa

PHE6HHI>IX qacTH~t nonyqeHHI>16 IIO ~aHHI>IM CO CIIYTHHKOB H paK6! 1 B8C:&Ma cy~ecT

B6HHO SaBHCHT OT CBOICTB npHM6HH6MHX H8M6PHT6X:&HHX npH60pO:B (B llaCTHOCTH 1 

OT HX yrXOBHX xapaxTepHCTHK), OT xapaKTepa Bpa~6HHH annapaTa H OT CKOpOCTH 

nepe;tta~H HHWOPMa~HH. B TO Bpeua xax B 6oxee paHBHX Ha6niD;tteHHHX nxaaMeHHoro 

CXOH OTMeqaXOC:& 1 llT0 1 rpy60 rDBOpH, IIOTOKH 3X6KTpOHOB HSOTpOIIHH ( 46 j, 
nocneAHHe peayn:&TaTH1 nonyqeHHHe Ha Tex ze cnyTHHxax'Bena' c 6oxee coBepmeH

HNMH npH60paMH 1 IIOKaSNBallT Ha SHaqmTeX:&Hyll aHHSOTpOIIHil 8THX IIOTOKOB. CpaB

H6HH6 paKeTHHX 3HepreTHll6CKHX cneKTpOB 3X8KTpOHOB1 nonyqeHHHX paSHHqHHMH 

aBTOpaMH CO CII6KTpaMH CO cnyTHHKa"Bexa-3B~ noKaaano, qTo HHT8HCHBHOCTH IIO

TOKOB 3X6KTPOHOB np6BHWallT B8XHqHHH llOTOKOB B IIHa5M6HHOM cnoe B 10-100 pas, 

a ~opUN cneKTPOB 61>1BaDT cy~ecTBeHHO paaxHliHHMH. KpoMe Toro, 6Hna o6uapyze

Ha cy~eCTBeHHaH aHHSO!pOIIHH SX6KTPOHOB IIXa3M6HHOrO CXOH C IIHKSMH HHT8HCHB

HOCTH1 IIO-BH;ltHMOMYt B;ttOn:& CHXOBbiX XHHH« HarHHTHOrD nona,·npHqeM yrXOBaH 

mmpHHa 11nyqel11
, HX HanpaBX6HH6 OKaaaJIHC:& B6C:&Ma HSMeHqHBH (B03M0l!CH01 HS-3a 

H3M8HllHBOCTH Hanpa:BX6HHH MarHHTHOrO nOJIH). WHpHHa nyqa MO.ST 6HT:& CTOX:& Ma

XOI KaK 15°, a OTHOmeHH6 IIO!OKa B;ltOX:& CHXOBOi JIHHHH K IIOTOKY B nepneH;ttHKy

JIHpHOM Hanpa:oxeHHH !40Z6T ;ltOCTHraT:& 20-30. (3aM6THM1 qTo. 06HapyzeHHWI aJIH

SOTpOIIHH 3X6KTpOHOB B IIXaSM6HHOM cnoe BOSHOZHO CBHSaHa C IIPOAOH:&HHMH TOKa

MH B~OH:& reoearHHTHHX CHXOBNX Tpy60K (CM.0630p XyHTKBHCTa ( 8 ],) 

CX6;ltj'8T OTH6THT:& 1 qTo,yTOqHHfi BOIIpOC 0 COOTB8TCTBHH M8XAY 3HepreTHqec

KHMH cneKTpaMH 3X6KTpOHOB H6ll0Cpe~CTB8HHO B llOHHpHHX CHHHHHX H B yKaSaHHOM 

paloHe nxaau~HHoro cxoa, Xoyua H ~p. He ocnapHBallT BHBO~ BacaXDHaca o TOM, 
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~TO aBpopanLHH~ OBan HBnHeTCH npOAORXeHHeM nnasueHHOrO CXOH AO HOHOCWep

HNX BNCOT, H o6~HCHHmT np6BYm6HH6 fiOTOKOBs HSMepeHHHX paKeTaMH 1 HaA llOTO

KaMH1 onpeAeneHHW&H Ha "Bene", reu, liTO aa paKera:x: HSMepfiiOTCH ocrpoHa

npaBneHHHe nOTOKH llaCTH~, nonaEmHX B B6CLMa ySKH~ KOHYC no:repL1 TOrAa KaK 

aa cnyTHHKax noTOKH o6wtiHo ycpeAHHIOTCfi no 6onLmeil ~acrH o6~ero pacnpeAe

neHHH qacru~ no yrnaM. 
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PHc.IO. lawwepeH~HaXLH~ BHepreTHll6CKHil Cll6KTp fiOTOKa 
SHeprHH npOTOHOB1 ABHEy~HXCfi napannenLHO Ha
npa:BJI6HHIO ceBep-mr, no AaHHIDl noJiyt~eHHHM aa 
reocra~oaapHOM cnyTHBKe ATCo-~]6 fiHBaPH I970r. 
(ycpe~6HB6 Sa !01 9 MHH) ( 47 o 

O~BM HS HaH60Jiee HRTepeCHNX HCCR6AOBaHH~ SHepreTHqeCKOrO cne~pa aB

popanLHHX qacTBUt no-BHAHMOMy 1 fi~CH Ha6JIIOA6HHH npOTOHOB H SJI6KTpOHOB 

B 8KBaTOpBaJILHOl fiXOCKOCTH 36MXH 1 BHUOJIHeHHH6 Ha reocTaUHOBapHOM cnyTHHK6 

ATC-5 [ 47 J. BCiJIHSH ueO'faol nonyaou peracrpupoBanacr. HHli6K~H nxasuw 

npaKTJrJqecKH BO BpeMH KaE~OI cy6CiypH (STO aaXOAHTCfi B COOTB6TCTBHH C pe

syJILTaTaMM ApyrBX HCCJieAOBaRHl ABHli6HHil rpaHH~ nnasMeHHOrO CJIOH B TOKOBO

ro KOXLUa- cu., B ~acraocrB, pmc.9 aacros~eroo~sopa, aa KO~opoi o~Me~e

HO noxoxeHHe op6HTH reocraumoHapaoro cnyTBHKa). fipB~OAHMHe aBropauB sHep

re~mqecKHe CU6KTPH npOTOHOB H 8Jl6KTpOHO~ Cionee CXOZHH1 ~611 onyeiJIHKOBaHHHe 

pesyn~T~H APYrHX aaanorH~HHX HSMepeHH~,H COAepxaT saaqmfeJILHO Cion~ee 

llHCXO llHKO~ H MHHH~MOB (CM.,HanpHMep, pHc.IO). Sro, UO-BHAHMOMy, ane~e~ 

o6~HCHHT» T6M1 liTO B O~HX cnyqafiX BO BpeMH HSMOpeHH~ He 6HnO AOCTaToqao-
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(eM. puc.II , aa K 

rHeil 2()()-400 SB AO 
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PHc.II. ln\W 
aaep 
noxy 

llOTOKH SHep:r 
cnyTHHKa (Ha 
BHeprHH npOT 
Ka, yBeJIHll6ll 

qac~H~, B SaBHCHMO 

KOM llOJIHX MarHHTOCW 

ABTopu aKcnepHMOHTa 

:j·py finaSMN H 0Tp8JE 

::::.x yqacTKax opelar: 

=~~. coxpaHHDT nep 

: ~;1qecKoe none, oele 

: _.::;eT onyelJUJKOBaH B 



~HOrO CXOH AO MOHOC~ep

aHHX paKBTaMH 7HaA llOTO

~ HSMepHIDTCH OCTpOHa-

KOHYC nOTBPbt TOrAa KaK 

~acTH o6mero pacnpeAe-

\ 

/ 
/ 

/ 

l cneKTp HOTOKa 
ipaXX6XldiO Ha
HOJlyqeBHW« Ha 
]~ muJaps I970r. 

preTBqecxoro cne~pa aB

BH npOTOHOB H SX6KTpOHOB 

reocTa~ouapHOM cnyTHHKe 

BaRaCb.BHzeK~H nxaSMH 

Cll B COOTBeTCTBBB C pe

naSM6HHOrO CXOH B TOKOBO

~sopa, Ha KOTOpOi OTMeqe

fipHBOAHUH6 aBTOpaMB suep

:JIOlmlilt qey ony6XHKOBa.BHiil6 

~T auaqmTeJibHO 6ox~mee 

5T01 no-BHABMOMY 1 CJie;D;yeT 

tpeuul.t He t:SiiiJlo ;140CTaTo1Uio-

~: paspemeHHH BO Bp6M6HH 1 a B APYrHX - nonyqeHHHB CH6KTPH 6HXH CHXbHO 

~:naEeHH. CpaBHeHue noxasaHBI aneKTpOHOB B npoTOHOB, HanpaBReBH&X npuMep

~o napaxneXbHO ocB Bpa~eHBR SeMnH (Ha ceBep) B nepneH~Kynapso el, noxa-

3anH BHOrAa B8CbMa ESCOKJm 8HH30TpOHHm qacTH~, saBBCB~m OT HX aHeprBB 

(CM. puc.II , Ha KOTOpOM MOEHO BBA6Tb1 qTO 8HB30Tp0HMB SX6KTpOHOB C SHep

rHeS 200-400 SB AOCTBraeT !00). XOTB BBX6K~H nxaSMH npOBCXOABT B paiOBe 

MBCTHOS nonyHOqB, SX6KTpOHH B npOTOHH C .SHeprHHMH B ~anaSOHe 30 SB - 50 

KSB perBCTpHpOBBXBCD B xm6oe BpeMH CYTOK; OA&O]p8M8HHO BKm6KTBpoBaHHH6 

aiOtlifilflj I I I I iilj "!}iijJEaiiEHHEor; "0"0' 0 OfO Oj 0 0 o "': n• •mll'1lD 10 
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PMc.II. ~~peHUMaRbHH6 axepreTHqecKHe cneKTPiil UOTOKOB 
SHeprMB 3Jl6KTpOHOB (cxeBa) H npOTOBOB (cnpaBa), 
nonyqeHHwe Ha cnyTHBKe ATC-5 I HHBaps !970 r. 

llOTOKH SHeprHB 3Jl6KTpOHOB, ;14BB~y~XCH napaJ1X6XbBO OCB Bpa~BHHH 
CllYTHBKa {BanpaBn6HB6 C6Bep-mr1yM6BDm6HH B IQO pas; llOTOKB 
SHeprHH npOTOHOBl ~HEy~HXCH nepnBHAHKYXHpBO OCB Bpa~eHBH cnyTHM
Ka, YB6JIBq6Hlll B 00 pas ( 47 J • 

~aCTHUY 1 B SaBHCHMOCTH OT HX SHeprHH 1 ~BramTCH B MarHHTBOM H 3Jl6KTpBqec

KOM ITOXHX MarHHTOC~6plll no paaJIH~HlllM TpaeKTOPB8M H C paanBqBiiiMB CKOpOCTRMH. 

ABTOphl 3KCll6pHM6HTa Ha .• 'iJSDT STY AHCil6pCHIO ITO 3HeprHHM 1 yCJIOlltBHIOIJI.YII CTpyK

Typy nJiaSMH H OTpazammymCH Ha BH~e Cll6KTPOB 1 saperHCTpHpOBBHHHX Hapasxaq

Hh!X yqaCTKaX Op6HThl crryTHHKa. 0HH npeAfiOXaramT, qTQ paccMaTpBBa6Miil6 qac

TH~. COXpaHHIIT nepBH6 ABa SAMa6aTHqecKBX HHBapHaBTa, a 3aTBM HIJI.YT SJ16K

TpHqeCKOe none, 06ecneqHBa10~66 Ba6JIDAa6MN6 peayJlbT8Tlll. neTaJlbHHS aHaJIH3 

6YA6T ony6XHKOBaH B AaHbH6~6M. 
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JlOCTYRBH8 cel'll&C npe;n;:BapH'faJI:&BHe AaHBH8 SKCR8pHM8H'f8 Jle ~opecTa H IAaK 

KJI.nyaba MHoroo<ieii{SJ?II(H, 111 cneAye'f c HH'fepecor& oo;n;an M.JI:&Bel!mHX pesyn:r.-

'f8'fO:B. 

Bec:&Ma aBIIISO'fp0nHH8 BO'fOKI npO'fOHOB1 BanpaBJI8HHH8 B;ltOJI:& r80MarHH'fHOro 

noAa, aa<inmAaXIIIC:& aa Hoaocwepaax BHCOTax B BHcoxomHpOTHWX paloaax aa 

cny'fBIIK&X 9CPQ-IA II SCPOo-I:S [ 8 ] H aa OIIYTBIIIK8 "lwtZYH-5" [ 26, 27 j • Ha 

~BAXYH-5"'faKHe RO'fOKH o<il>lqao Ba<i~aiBC:& nplll JlSMeHeHHSX aanpaBJ18BBH 3J18K'f-

pJqecKoro nou. 

TaKHM o<ipasoM, B aacToall{ee BpeMR noToKH sapsxeHHHX qac'fH~ :B;n;on:& MarHH'f

aoro nona aa<i~anBC:& B XBOC'f8 MarHH'fOCW8PH H8 r80~8HTPH'Il8CKHX paccTOH

JUIImt "'IB R:g, no-BHAJIMOMY, aa opCSHTe reocTazvtosapaoro cnyTHHKa H, yoo

peaao, aa HoaocwepaHX EHCOTax. 

Bee 3TH ;ltaHBH8 AOBOX:&HO y<ie~TeJI:&BO CllHA8T8Jl:&CTBY»'f B non:&sy cy~eCTBO

BaBHH SJ18KTpB'Il8CKBX 'fOKOB JllOJI:& reOMarHHTHOrO nOJlH H :BHSH~ BORpOCY 1 0T

HOCH~B80H K BOSKOZHOl KOH8'1lHOl npOBO;n;HMOO'fB r80MarHHTBUX Tpy60K II B83KBH

no'fe~Hai:&BOCTB CBHSaBHHX STHUH Tpy<iKaMH BHCOKOmHpOTBHX palOHOB HOHOO~e

PH B BKBaTOpHan:&HYX paloaoB v~rHHTOc~epa. 

B SaKJlmqeHH8 HaCTOH~ero pas;n;ena ~H KOB'fPaOTa 0 HSOCSHJIYDII(HMH ;lt8'f8J1HMH 

cneKTpa Ba pHc.4 H 5 npBB8;lt8M ycpeA&eHHYI sa AXMT8Jl:&H~ MarHHTOCROKO~HH~ 

nepHO;lt ;n;H~peH~H8Jl:&HHI aaepreTH'Il8CKH~ CB8K'fp npOTOHOll 0 SHeprHHMH 200SB 

< E <I MBB B o6nacTB 4,5 < L L 6,0 (pHc.I2). 3TH cneKTpY nocTpoeaa no 

;lt8HHHI& paSJlH'IlHHX &B'fOpOB1 npOBOAft!mHX 5KCnepHK8HTH Ha KOCMH'Il8CKHX annapa

Tax OI'0-3, "5Kcnnopep-I2" H 'llapHHep-4
8 

[ 48 j • Ka.K MOllHO BH;lt8'f:& 115 rpa~ua, 

cneKTp BMB8T HenpepHBHHI xapaKTep :BO BC8M ;~tHanaBOH8 aaeprH~ OT 200 SB AO 

I M3B1 C 8AifHCTB8HHHN IUlKCH!qMOM JB~peBU1!8Jl:&HbiX BHT8HCHBHOCT8l BClJIHSH 

5 • !0 KSB B C MOHOTOHHHM y<iHBaHBBK BHTBHCHBHOCTH npB YMBH:&m8HHB H yBe

JlB'Il8HHH BBeprHB npOTOHOB. ABTOPY OTM8'1l~, 'llTO,H8B8BHCHKO O'f Taro, Ha 

KaKYm MO;lt8Jl:& ~H3B'Il8CKHX npo~eCCOB HJIH M8X8HHBM BOBJiaraeTCR OTB8T~BBH

HOCT:& sa 3!0 pacnpe;n;eneHBe, 6y;n;:& TO pa;n;Hai:&HaR ;ltH~ySBR BRyTp:& MarHHTO

c~epy BB ee 6anee OT;ltaiBHHHX palOHO:B1 HXH CTOX8CTB'Il8CKHB peSOH8HCHH8 

BS8HMOJBICTEMH HOHOC~pHYX HOHOB C BJ18KTpOMarHHTH~ HBJiyqeaHeM, STOT Me

X8BHSM ;ltOJ1E8H 06~RCHHT:O BC8 pacnpe;n;exeHH8 qaCTHU C BHeprBHMH OT 200 SB 

;n;o I MaB. 

Cxe;n;yeT OTM8Tl!U1 'liTO B HHT8PB.ane 4,5-c L £. 6 'll8CTO HaxO;ltllTCR O;n;HOBpe

MBHHO yqacTKB BH8mHero pa;n;Ha~OHHOrO noaca, TOKOBOrO KOJl:&~a H llX83M8HHOrO 

CJlOH. 
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MeHTa ]l.e ~opecTa m IAaK 

aT~ ~~Heammx pesyn~-

H6 B~OJl~ reoMarHMTHOl'O 

IMPOTHI>IX paloHax Ha 

!JJ,ZYH-5" [ 26, 27 ] • Ha 

!6HH.RX Hanpa:Bi16HHH 5Jl6Kf-

1HWX qaCTH~ B~OJI~ MarHH'f

,0~6HTPHqeCKHX paCCTOH

aoro cnyTHHKa m, yBe-

TBYJOT B nonsy cy~~tecTBO

H H BHSHBam'f BOllpOOH 1 0T

,l'HHTHI>IX Tpy6oK H H65KBH

pOTHWX paitOHOB HOHOC~6-

C H306HJIYDmBMH ~eTanHMH 

~eJI~H~ MarHHfOCfiOKO~HH~ 

lTOHOB C 5Hepl'HliMH 200SB 

~H cneKTpH nocTpoeHH no 

rH Ha KOCM}fq6CKHX annapa-

140liHO BH~6U HS rpatPl'JKa, 

OH6 8H6pl'Hi O'f 200 SB ~0 

l HHT6HCHBHOCT6~ B0JIMSH 

TH npH yMeH~meHMH H yBe

eaaBHCHIIO Of TOl'O, H8 

•OSJial'86TCH OTB6TCTB6H

;uqxpySHfl BHYTP~ Ma.rHHTO

ITnecxHe peaoHaHcHwe 

~HW4 H3JIYqeHH6Mt STOT Me

t C 5H6pl'HHMH OT 200 SB 

!aCTO H8XO~HTCH O~OBp6-

!0l'O KOJl~~a 14 fiJl88116HH0l'O 

PHc.I2. 

;o..t-~~ t I I Ill I L='4.'5 
' ~-C>< '-./ =8 keV 

K>-< * 1-0-' 

E:*=6 kev ~ 
\ 

k-:?.::'......o-o>-0-1..... ~ 
...- !:>'* K)< 'i<H \ 

_,.; ' \ 

' \ 
~--- ~ '\' 'eo __ !:::9"' 1-011-0-' 

\ -"' .,----~~ _,- .... ~ ~ 'a. \ LU 

\ 1-
~ u L-6.0 , - E =3.5 kev \ \ + '""' w * \ \ u 

\ \ ..-..1--1 .... \ 1-\-t \ ':!! 
g \ \ I 
::0 '1. \ \ 
:r 3K6ATOP14AIIbHbiE iJAUHblf \ \ I 
f? \ \ 0 

~ e>< Jl* exp[ -_J{] \ \ CL 1-t' c: \ 

~ 
\ + \ 

oro 3 
\ \ !-().< 

II ~ \ 
>--< 

113KCni\OPEP-f 2 \ \ 
'"*" "MAPI<IHEP-4 II I \ 

\ I 
\ \ 

\ 
I I 11111111 I lllllltl I 11111111 I I I ~ 

0.1 

ll.H~epeHnHan~H~ SHepreTuqecKHl cneKTp npOToHOB c 
sHeprHel OT 200 SB ~o I MsB B o6Jia.C'fH 4 5 < L < 6 
no ~aHHHM KOCMHqecKHX annapaTOB 0rD-3,•§xcnnopep-I2' 
H 'MapHHep-4" [ 48 ] • 

PHc. I2 e~qe pas HarnH~Ho noxaah!BaeT, CKOJI:& yCJIOBHO pasAeneHHe Mal'HBTo

cwepHol nJia.SIIhl Ha pasn:aqHhl8 WOPMHpOBaHHH THna llna3M6HHOl'O CJIOH H fOKOBOl'O 

KO~na, T8K K8K npe~CT8BnH6TCH BHOJIH8 oqeBB~t qTO npOTOHhl TOKOBOl'O KO~

ua 0~0Bp6M6HHO HBXHDTCH npOTOHHO! KOMROH6HTOI nR88M6HHOl'O CJIOH 1 a npOTOBH 

BH6mH6l'O paAHa~OHHOl'O HOHCa - BhiCOK03H8prHqHhiH XBOCTOM SHeprefHqecxoro 

CR6KTpa npOTOHOB TOKOBOl'O K01JI.~a. 

4. ~oHocqepHaa aoHa 

B I970-I97I rr. npoAOJilltaJIH ny6nHKo:saT.:r.oa pesyn:&TaTH TeopeTHtleoux H 

3KCD6pHK6HT8ZI.HhiX HCCB6AOBaHHa nxasMOC~pH H ftBJI8BHl 1 npoHOXO~HX Heno

cp6ACTB6HHO H8A nnasMonaysol. BTB HCCJieAOBaHHft npOBOAHJIHO~ KaK npm(YMH M6-

TO;llaiiH Ha KOCMHqecKHX annapaTax [ 49, 50 ] t '1'8K H 110 B3Y'l6BHII OBHC'l'HlliHX 

8'1'KOCW6PHKOB [51- 53 J. KpoMe Toro, B DOCJ16AH86 Bp6Mft ~ HsyqeHHft nono

llt6HHH n;uasuonayshl HaqHH&mT HCROJI~30BaT.:r. ua6nllA6HHH BenpephiBHOl'O &neKTpOMa

l'HHTHoro OHli-!rfsnyqeHu [ 54 ] • 
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3HaqM~6JlDH06 BHMU8HH6 B nocne~HHX ny6XHK8UMHX Y~6Jlfl6TCH ~HaHMK6 nnaa-

MOCW6PH1 ee Heo~opo~ocTHM, OTxHqufiM pean~Ho aa6n~aeMHX aBneHHl OT 

u~eanuaupOBaHHOi MOAenu, npe~noxeHHo~ KapneuTepoM B 1966 r. Ha ocao:se paH

HHX BMCTX6p0BHX H cnyTHHKO'BhiX H80JllOJt6HHit [ 55 j 1 peSyJl~T8Thl KOTOphiX 6hlllH 

CHJlDHO CI'JialK6HH. 

~aMepeHUH KOJm6HTpaUHIII llOJ10lltHT6Xl>HhlX HOHO'B ni. Ha CRYTHHKe OfQ-3 B :ue
qepH6M ce·xTope 14a.I'HHTOc(l)epH B paitoae :BhlllYMOCTH nnas11onayaH nOJ<aaanu, qfo 

KaK HHl!te nnaaMonayas, tax u :ssme ee Ha6nmAaJIHC:& pa~uan~ase Heo~opo~oc

TH ( B KOTOphiX nepena~ nt HHor~a 6a:samT oonee nop~Ka BeJIHquus) c xa

paxtepHBMB paaMepaMH no L -xoop~HaTe, AOCTHram~MH nop~Ka 0,5-I,5;Ha-

6nmAaeTcH H 6onee M6JlKOMacmTa6Hafi CTPYKTypa ni • C STHMH peayn~TaTaMH 

cornacymTcs ABHHHe, nonyqeHHHe Ha cnyTHHKe oro-5 [ 50, 56]. CornacymTcs 

C HHYH T8KE6 H peayJl~T8TH HSM6p6HHI 3Jl6KTpOHHOl KOHU6HTpa~H ne B 3KB8TO

pHaJl~HOI RXOCKOCTH no HB.6JllOA6HJUIM BHCTJ16pOB1 K0T0p!i6, UOMHMO pa;ztH8Jl:&HHX 

HeOAHOPOAHOCTel, o6uapyxunu sHaqmTen:r.HHe AOXI'OTBBe WXYKTyaumu (npu AaHHOM 

I'60U6BTpHqecROM paCCTOHHHH), C xapaKT6pHHMH pa8M6P8MH AO 30° no AOJ1I'OT6 

npH nepena,ltax ne t HHOI'Aa npeBhlDiaDIIIiJX W8KT0p 3 ( 51 ] • 06 HHOI'Aa Ha6Jlll;lta-

6MOI SHaqHTeJl~HOi IIJSpeSB.HHOCTI KOHTypa IUia3l.tOII8Y3H1 nO-liH~MOr.ty 1 C'BIIIA6T8ll~

CTBYilT AaHHHe aa6xmAeHal mupoTHoro pacnpeAexeaua HenpepHBHoro OH~-many

qeaaa [ 54 ] • 

KaK pesyJI:&T8TH aa6JI~6HHI BHCTJI6pOB1 TB.K H peayn~T8TH npHMHX BSMepeHHI 

Ha KOOMHqecKHX annapaTax [53, 50); CBIIIA6T6Jl:&CTBYD! B nox:r.ay TOI'O, qTO 

npB ROBblDI6HHH I'60HB.I'HHTHOI 8KTHBHOCTH npH BOSpaOT8BHH CKOpOCTH KOBB6KUHH 

MarHHTocwepaoa n:naaMH sneKTpuqecxoe none nonepex uarHHTocweps paoTeT u 

BBemaHB nnaaMocwepa qepea Beqepamm EHnyKllooT» TepHeT nnasuy, Koropaa uaqa

aaeT yqaCTBOB8Tl> B KOHB6KUifHe 

HeOAHOPOAfiOCTB llJia3MOCW8PHt RO-BH~MOMJ't BOSHHKallT B peayX~T8T8 KOM6H

H8UHH 13M8H6HHI Mai'HHTOCW8PHOi KOKB6KUMH B npo~eCCOB, onpe~eXHeMBX C'BHB:&m 

o6xaCTH IOHOCW8PH KBZe !000 BM (rAe npOHCXO~T o6paaOBaHI8 IOKOCWSPHHX 

sapazeHHHX qacruu) c BBemuea o6naoT:&m aoaocwepw- nnasMoowepoA [51 J. 
PeayX:&TB.fH MHOrBX HCCJ18AOB8HHI JKB.SHBB.IlT Ba TOt liTO 6ea yqefa CBRBH 

o6nactH i HOHOcWePH I DJlB.SKOO(l)epH H6BOBKOZHO BOHR!:& OTPYKTypy H ~SHKY 

KaK o6:nacTII P, TaK 1 n:nasKocweps. 

llpoEaAB AeTax~oe usyqeume :sapaauml noxsoro coAep~aHBa sxexTpoHOB B 

reor.tal'KITHHlt CHJIOBHX tpy6Kax aa ope~HIX mapoux (3,5 L L L 5) npH noMo

lllll aauHaa pornepo», napx npamen K mmo~, qo:o ua6Jl~~,AaeMJI11 B aoqaoe Ma

rBHTO ·cnOKOIBOe :speMH HanpaBJieHHHI BUHS ROTOR SJ18KTPOHOB COCTaBHHeT rv 

rv I,5.I08CM-2cex .. 1, liTO BllOllHe llOCTafoqao AXB no~epxaKJIH HOTUlol o6Jlaou f. 
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DHJ! HCCJ16JtOli8B ( 

THJICH K npe~He.My Ct 

Hynac:& K M6AH8HHO~ 

AOXmaxa_BoapacTaT:& 

6ypu) • XOTH ROTOR 1i 

Bee BP8Mi AOCT8Toq1 

BXHKHue ua Houocwe1 
R0JlOE8HHHl Ha B~CO~ 

HOHOB H+, T.e. Ha E 

pa llPHXOAHna B paBH 

ilPOAO~TC~ HOC 

TH I'60M8I'HHTHOro BK 

B 06JiaCTH p HOHOCW6 

ilP6AIJOJlOJB:eHH6 0 

060JIOqex, C00T'B6TCT: 

BOBallaJI:&HO fiBHXOO~ 

UPO:Be,lt8HHHX Ha BliCO~ 

reouarHHTHWC mupora: 

BHAHa. Sal.feTHM1 Hail] 

c9)epa BOCCTaHalll.lHBat 

11acr~ nJiaauoc9)epy. ~ 

TOM, liTO nnaar.~onaya~ 

COBIT8,It8.T:&. H6KOTOp~ 

pean~Han EHcoxomupo~ 

HOI wopue ( T.e. L

PaixpowT u Touac rrpo 

uearpa nnaauonayali E 

Tepa H MHHHMyMa BXeH 

nonyqeHHBM co cnyTHH 

Koop~HHaTu Bcer~a co 

:JTaBJ16HHfi BY6paH HMe: 

:rpe,IteneHHlf ne ), a 1 

~aKoHen, AJIH Toro, ~ 

.:eHHH L -xoop.nuaaTl\ 

.~.!116T~ H6 CT8THCTHqec1 
.:aHua ( T.e. COBU8A61 



Xfl6TCH ~HSMHK6 nnas

~aeMHX HBn6HH~ OT 

1966 r. H8 OOHOB6 paH

IYXbT8TI:i KOTOPHX CianH 

a onyTHHK6 Or0-3 B Be

SMOnayaa noRaaanm, ~TO 

~HanbHae Heo~opo~oc

PMK8 B6nH'lHHI:i) c xa

:m nopHJtRa 0,5-I,5;Ha-

', STHMH peayn:&T8T81il4 

50, 56 ]. CornacymToH 

IU6HTpa~H ne B SKB8TO

i6, noMHMO p~UtH&Jl:&HHX 

~yKtya~H (npH ~8HHOM 

aMH ~o 30° no ~OJiroTe 

I ] • 06 HHOIWi aaeinJDM-

t no-:BH~MOr.ty 1 C:BH;D;6'f6ll:&

enpepaBROrO OH~-asny-

Jl:&'f8TI:i npHMHX HSMepeHHi 

'II! 11 nonr:.sy Toro, liTO 

lHHH CKOpOCTH ROH:B6KUHH 

l8rHHTOCij)epH p8CT6T H 

i6'f nnaSMy 1 KOTOpaH HSllH-

~am! B peayJI:&T8T8 KOMCiH

CO:Bt onpe~enseMHX o:sas:&m 

paao:saHHa Hoaocwepaax 

· nnasuooij)epoA [ 51 ] • 

', 'ITO Cia a yqe'fa o:sHaH 

i'f:& OTPYKTYPY H CJ)JISHKY 

IA8P~8HHH 8Jl8KTPOH011 :B 

~3,5 L L L 5) npH noMo-

1acm~aew.dt :s ao1Uloe ua

~KTPOHOB OOCT8BllH8T "" 

llOA;D;epzaHHH ao11Hol ocmac'!lll f. 

BHn HCCX&AOBaH cnyqal reoMarHIIITHOI Ciypu, nocne KO'J!OpOI enol P B03Bpa

THXCJI K npeue.MY COOTOHIUJIO 88 3 O~OK1 TOrp;a K8K n e B HJ1a3MOCcpepe Bep

HYJlaCI» K M8;n;H8HHOMy' 8B81l8BHII JUJm:& nocJie 5-TH CY'fOK 1 a B6JIH'IHH8 ne npo

AOJlZ8Jl8_BOSpaCT8T:& B T8'16HB8 8 CYTOK (AO H8'l8n& CJ18~11~el raOKarBHTBOI 

CiypH). XOTH nOTOK ll8CTHU 1 KOTOpHMH 06M8HHB811TOH HOHOcij)epa H DJ188MOCWSP8t 

BC8 Bp8MJI AOCT8TO'lHO B8JIHK Anll TOro,~TOCiH Hll&SMO~epa OK83HBaK8 CH~:&HOe 

BXHHHHa aa aoaocwapHI:ia nponaoca, AHWWYBHOHHHi Ciap:&ep AnH npoTOBOB ( pao

nonoEeHHHl aa B~co'fe nepexo;n;a OT npeoona;n;aHBH HOHOB o+ K npeoeina;n;aaBm 

BOHOB H+, T.e. H8 BHCOT8 ~ 1000 KM) npanaTCTBY8T TQMY 1 llTOCiH nnaaMOCWS

pa npaxo;n;Hna B paBHo:se cae c o6nacnJO F [ 52 ] • 

ilpop;OXZ8DTC~ HCCJ16AOBaHIH CBJISH Me~ nOJIOlK8HH8M nJI83MODaYSH B nJIOCKOC

TH reoMarHBTHOrO SKB8'f0p8 H cpe~emHpOTHOI 11BJIS)lHHOI11 KOBn8HTp81UfB DJ183MH 

B OCiXSCTB P BOHOCWepH. 

llpe;n;nonozeHHe o TOM, qTo nnaaMonayaa npo;n;oJI&ae'fcH B oeiJiaCT» P ~on• 
oeionoqex, cooTBeTCTBYID~HX L -Koop;n;aHaTaM ee ax:saTopaanABoro ce'leBHH1 nep

BOHa'IaJiaHO HBHJIOC:& peayJI:&T8TOM SXcTpaUOJlftqHB cnyTHHKOBHX BSM8p8HBI nl 

npOEe;D;8HHHX H8 Bl:iCOT8X nopR;n;Ka H8CKOJI:&KHX RE, HO Ha cpaBHHT8JIARO HHSKBX 

reoMarHHTBHX mupoTax [55]. O;n;aaKo cnpa:seAJIHBOCT:& aToro nonozeHHH He Olle

BH;n;Ha. 3aM8THM1 HanpHMep, '!Tb 1 cornacHO yxaaaHHOMY BHm8 BHBOAY llapxa1 HOHO

clj]epa BOCCT8H8BnHB88TO.il ROCJ18 cyC56ypH 8Ha'!HT8JlbHO CiHcTpee, '18M BH8lilHHH 

'!8CTb llJiaSMOclj]epH. Yze STO 38CT8BnH6T ~0 H8KOTOpow CT8fi8HB COMH8BaT:&CH B. 

TOM 1 'iTO nJISSMOIIayaa If HOHOC\PepHWi cpe;n;aemBpOTH8!I Bfi8;n;HH8 ;D;Dn:IEHH Bcer;qa 

COBna~aT:&. HeKOTOPHB SKcrrepHM8HTSJl:&HH8 OCHOBaHHH ~fi COMH8HHI B TOM, 'ITO 

peanaH8fi BhlCOKOmHpOTH8.il '!acT:& rpaHB~H nJiaSMOcij)epH COOTB8TCTBY6T ee HA88XD

HOI wopue ( T.e. L -oeiOJIO'!Ke),npHBO;D;HXHC:& B npe~~~·x cTaTbftX aBropa [34]. 
PaiKpo~T u ToMac npoBenu cTaTHCTM'Ieoxul aHanaa cooTBeTcTBHH L -Koop;n;aHaT 

U8HTpa nJI88MOfi8YSH B SKBSTOpHaX:&HOH nHOCKOOTB no BHOTXepOBHM ;D;SHHI:iM KapneH

Tepa H MHHHMyMa SJ16KTPOHHOH KOH~8HTpa~HH B HOHOCW6PHOI BJla~HH8 llO ;D;aHHNM 1 

ITOJIY'I8HHHM CO cnyTHHKa "A.nySTT-11 
( 57 ] • C~eJiaH BHBO~ 0 TOM1 'ITO 3TH l. -

KOOp;D;HH8TH Boerp;a COBna~SIIT (cM.puc.I3). O~aKO H8HCH0 1 noqeMy ~fi COllO

CTaBneHHH BHCipaH HMeHHO MHHHMyM ne B HOHOCW8pHOH Bna~HH8 (B lliipOTHOM pao

npe~eneHHH ne ), a He neHTP na;n;an~ero yqacTKa SToro pacnpe;n;e~eHHH. M, 
HaKoHen, .ztnH Toro, 'lfl'06hl cJ,ten:an saxnmeuae o :scerJ,ta cy~eCTBYIDII!aM co:BIIa

.r~eHHH L -xoop;AHHaThl IIJiaaMonaysu H HOHocl])epHol BJISAHHH, :srumo, rro-BH;n;HMOMy, 

HMeT~ He CT8THCTH'I6CKH nonyqeHHOe C0Bfi8~8HH6 1 a MHOrO HHAHBHAJaHhHHX COBna

,lleHHH ( T.e. COBna~eHHM B ,llaHHOe BpeMH). 
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PHc.I3. a) lBarpaMMa, HJIJIDCTpHpym~aa BbiBO,ll 0 TOM, ~TO MHHHMYM 
Bila,llHHbl 8n6KTPOHHOi KOH~6HTpa~H Ha ypOBH6 op6HTbl cnyT
BHK8.11A.llyau-t"H ~eHTP IIJIQSMOnaysH HQXO,llfi'fC.I! Ha O,llHOi H 

!Ol ae reoHarHHTHOi CHJIOBOi JIHHHH; 
6) L -KoOp;nBHaTH ~eHTpa nnasuonaysH H KHHHMYHa :sna.llHHH h m 
SJI6KTPOHHOll KOHneHTpa~HH ,llJIH Kp rv 3 npH 02 00 LT 

l 57 ] • 

Amuw rHtm oe < 
H Cp6,llH6W.llpOTHOi 

moro .IIHTepBana 1 

[ 58 ] t T6M H6 l 

HOHOC~6pHOi Bfla) 

TOM, ~TO OHH BCE 

CJIHWKOU KaTerOpi 

IlJiaa.uonayaa ~ 

THIIH C.IIJIOBHUH TJ 

MarH.IITOC~epHO~ I 

~ei .M6:it}~y SSMKli 

BB6 px MaHbl, PI TS 

M0llt6T HX llOKH,llS'l 

ro nona KOHBeK~~ 

llOTOKH JierKHX HO 

HJIJIDCTpBpyeTCH f 

PKc.I4 

IlpH ROMOIIIH WI• 

Ha Cny!HHK6 QI'O-~ 

HOHOB ( 6I J • K01 

OU6H6Ha KaK I04m 
0 3.Io4oK BHYTPH 

~eBaoa PI aoqaoa 

'fDPHaJiiHJ,D DnOOKC 

nonyqeHHHM no ,lla 



(fiE) 

TiJUKa 
1" 

TOM1 ~TO MHHHMYM 
'pOBH6 opCiHTH cnyT
~OAftTCfl Ha OAHO!ti H 

I MHHHMYK8 BU~HH 
h m 

IpH 02 00 LT 

AHa~oru~oe cpaBHeHHe L-xoop~Ha~ nnaaMonayaH no ~HHYM KapneH~epa 
H cpeAHBWHpOTHOl BUaAHHH B 06XaCTH ~~ npOB6ABHH06 ~fi KOHKPBTHOrO H6CiOXh-

moro HHT6pBaxa BP6K6HH KBXAY 05h- 06hUT,noxaaaxo Hennoxoe HX COBnaA6HH6 

[58), TBM H6 K6H66 1 XOTH CBH3b M6~y nnaauonayaoi H opeAHemHpOTHOi 

HOHOC~BpHOi BnaAHHO' H C~BCTBy6T 1 HO fiO yK83aHHHM COOCipaE6HHHM BHBOA 0 

TOM, ~TO OHH BCerAa H8XOARTCH H8 OAHOi H TOA ze L -oeiono~Ke, HBXH6TCH 

CXHWKOK KateropHqHHM. 

ITxaauonayaa Te~eph He paccuaTpMBaeTcH KaK rpaHu~a Me~y BCerAa aaxpu

THMH CHXOBHMH Tpy6K8KH H TpyCiKaMH 1 Bp6M6HHO OTKpHBam~Cfi B npo~cce 

MarHHTOC~epHOA KOHBBK~HH ( 36 ]; 0Aft8KO OHa,no-B~HMOmy, RBnHBTCfi rpaHH

~el M6ZAY 38MKHYTiUm CHXOB~MH TpyCiKaMH 1 B KOTOpHX UOTOKH xerKHX HOHOB 

BB6px MBXH, H T8K~e BCBrAa 3aMKHYTHMH TpyCiKSMH, B BBPWHHaX KOTOpHX nnasMa 

MOEBT HX UOKHA8Th 1 APBiti~yH nonepeK MarHHTHOrO nona 38 C~6T 3X6KTpH~6CKO

ro fiOXfi KOHBBK~H 1 H B KOTOpHX UOXHpHHA BBT6p 003A86T Hanp8BB6HBH8 BBepX 

UOTOKH XerKHX HOHOB CO CB6px3BYKOBHMH CKOPOCTHMB [59, 60 ]; 3TOT npo~ecc 

HXXmcTpMpyeTCfi pac.I4. 

Bb/COKAII IWHU,eHT/lO.ljUfl ••······ 

~A~M~~~A) " 

HUSKAg 
KOHU,€HTPUU,U51 

PHc.I4. iloxapHHl B6T6p B reoMarHHTHHX CHXOBHX Tpyeixax, 
rpaaHqa~ c nnaaMonaysoi [59 1· 

ilpH fiOMO~ RnOCKOi HOHHOi XOBYWKH M6TOAOM 38A6P*HB8~~ero fi0T6H~ana 

Ha cnyTHBKB OT0-5 Ofip6ABXRniCb KOH~6HTpa~B B TBMnepatypa nnaaMOO~pHHX 
HOHOB [ 61 ] • KOH~BHTpa~H HOHOB BHYTPH nnaSMOCweps, BClnH8H nnaaMonayaa 

0~6HBHa K8K l04CM-3 i HOHH8H TBMnepaTypa COB6pwaet Ha nlaSHOnayae oKaqOK 

o 3.ro4°K BHYTPH nnasMoaweps AO ro50x BHe ee. Ha peo.I5 npHBe~eua npoe~a 
AHeBsol H HOqHoa nnaaMonayau 1 onpe~e~eHHol no cKaqBY tennepaTypu 1 ua BEBa

TOpHanbHJD nDOOKOCfbo ilOnO~HHB fin83NOnayaa AOBOnbHO 6nHSKH K fiOXOX8HHBM 1 

no~yqBHHHM no AaHHHK BHCtnepOB. 
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B KaqecTB6HHOM cornac~M C STEM pesynLTaTOM HaXO~HTCH OOHapy~eHH~e illMn

~OM m ~paHKoM Ha nnasMonayse nmHM noTOKOB sneKTpOHOB c saeprmea 100 a:B 

[ 62 ]. ~Meaao no STEM nmKaY onpe~enanocL nonoxea~e nnasMonays~ aa pmc.9 

[ 34 ] • 

oro-5 
MUfJT- anpenb 1800 

(968 0600 

Pmc.15. nono~ame nnaauonayaN, onpeAeneHaoe no cKaqKY moHHo~ 
T611JRepaTypl>! M6TOP,OM Sa~epliUIBaiOIIl6I'O ROT6HUHana Ha 
cnyTHHKe oro-s [ 6I ]· 

06a pesynLTaTa OBH~6T6XLCTBYIDT, 0 Hame~ TOliKM 3p6HEfi 1 00 aKTMBHOM B3aM

M0~6~0TBHH MOHOc¢epHOR nnaSMl>! 1 He yqaCTByro~e~ B KOHBeKn~H!C 6onee 6~cTpO 

~BH~eaca nnaaMol BHe nnaauoo~ep~, B pesynLTaTe KoToporo npomoxo~T paao

rpe:B norpaazqaoij aOHl>!. 

B npe~~~X CTaTLRX aBTOpa yxe OTIIleqanzcL aaaq~T6XLHH6 Tpy~OOTH MSM6-

p6HMH ManHX KOHneHTpaUHi T6Rn0BHX MOHCB M 3JI6KTpOHOB RpHMl>lMH M6TO~aMH Ha 

KOOMHqecKHX annapaTax H CBfi3aHHJX6 C. STHMH Tpy;n;HOCTHMH SHaqMT6JILHhl6 no

rpemHOOTH pesynLT8TOB HSM6p6HHM f 3,4 ]. 

HAXDCTp6UK6M 3THX Tpy~OCT6i HBnH6TCH COROCTa:BneRH6 ;n;aHHHX O~OBpeMeH

HHX Onpe~eneHHi HOHHHX KOHneHTpanHi Ha OrD-5 npH ROMOIIlH HOHHO~ JIOBYWKH H 

npH ROMO~ HOHHOI'O MaCC-CR6KTPOM6Tpa rappHcca H ~. (56]. BHyTpH nnaSMO

e~pH ]J;aHHH6 pasnuqamTCH rv B 2 pasa, OAH8KO H~ nnaaMonayaoi pacx~eHH6 

~ocTmraeT }l.Byx nopa:;zu<oB BenlfqHHH. B I97D-I97I rr. onyonHKOBaHhl TeopeTHt~e

cxme HCCX6~0BaHHH BXHHHHH ~OTOSM~CCHH H COOCTB6HHOI'O noTeHnHana KOCMHli6CKO

I'O annapaTa B n.naaMe Manoa Ko:aneHTpan.lUI na nnasMeHHble HSMepeHHH [ 63-65]. 
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3aM6T>1M, tJTO B 

coa~aHa cneuMaJI:DHan 

MepeHH£1 MaJihiX KOHUe 

norpemHOCTHX 3T~X ~ 

B 1970-1971 ::::'. 

HHTOCWOPHOK ~~aaY: 

OC5Hapy:e;eHMe BTSKalH 

y;ztapHO~ EOJIH~) B Y! 

Cpe:ztCTB6HHO BC'in>13H 

nepmo~ CHX:DHOU Mal'! 

TOKOB COJIHeqHOU URI 

H 1-iC~C-I [ 29 ] • PI 

I'HHTOC~ephl, 00~HCH: 

lln83Mhl B nepeXO,l\HOI 

H fiBnlUDTCH HOBW m1 

ltiM6lOTCH OCHOBaH: 

He'!HoU nnaaMN, npo: 

Hb16 C 1'13M6H6HH6M H< 

Conaue, K acHMMeTp 

lOEHOM llOJiymapHHX. 

TaR KaK qmcno H 

Oli6HL H6B6JIHK0 1 a 

(cM.paap,en 2 HacTo 

XHPHNX KacnoB M CO 

Ha llpOM6XYTO'lHHX H 

BHchlnaame qacTH 

Ha p~e cnyTHKKOB 

peaynLTaThl KOTOpHX 

cnyTHHKH 9CP0-IA H 

MOlltHO Ha:zt6HTLC.11 

qeHHhiX Ha 3THX an~ 

conHeqao« nnasMH H 

PesyJILTaTbl c~cT 

B XBOCTe Mai'HKTOCq 

K oco6eHHOCTH no:ae 



I 06Hapy~eHHH6 ill~~

SHeprMei! IOO SB 

13Monayabl Ha p~c. 9 

no CKaliKY MOHHOi 
OT6HUHa~a Ha 

:Bn 1 06 aKT~BHOM B38~-

1K~~~,C 6o~ee 6blCTp0 

Jporo npoMcxo~T paao-

3JI~HA6 TPY~OCTH M3M6-

npn!YillHH M6TO;D;aMH Ha 

M¥. 3HaqMT6JI~HU6 no-

:He ;n;aH!lliX O;D;HOBpeMeH

IOII!H ilOHHOiil. ~OBymKH H 

[56]. BHyTp~ nnaaMO

l3Monayaoiil. pacxox;n;eHHe 

my6JIHKOBaHbl T60p6TH116-

) ilOT6H~Hana KOCMM116CKO• 

1!6 M3M6p6HHli [ 63-65.]. 

3aMeTHM
1 

qTO B STOM 1971 r. B paMKax MarHHTOCW6pHOiil. KOMHCCHH YPCH 

coa;n;aHa cneu;Han~HaH pa6oqaa rpynna ,li.Jlll paccMoTpeHHfl Bonpoca o ueTo;n;ax: H3-

Mepem'lil MUJiblX KOHl.\6HTpaD;IIfki aapfu.\6HHb!X qacTJill~ B MarHHTOCI]iepHOki IIJIU3MO H 0 

norpemHOCTHX 3TIIfX M6TO;D;OB. 

:J. 3aKJI!OqeHH6 

B I970-I97I :'-='. OTa;~ i!3MCTeH pH;n; nawblx peayJI~TaTOB Hccne;n;onaHHiil. uar-

HHToc\l)epHo!t ;r;:aaY:O • :\ <mcJiy HallfelOJ166 BWKHblX OTHOCHTCH 3KCll6pHM6HTaJI~H06 

OelHafy;:.en>:e :E':6KaHl!fi COJIH611HOH llJlU3Mbl H3 nepeXO;D;HOrO CJIOll ( aa IJ.>pOHTOM 

y~apHDi ~OJIH~) B MarHHTOCIJ.>epy B pai!oHe C6B6pHOiil. H6iil.TpaJI~HOiil. T011KH 1 H6ll0-

::;·e~CTB6HHO B6Jmau MarHHTOnayahl Ha cnyTHIIfKe HMIT-5 [ I3, 14 ] ~ aaTeM, B 

nepHOA CHJl~HOi! MarHHTHOi! 6ypH 1 Ha CfiYTHHK6 Or0-5 [ 25 ] ~ 06Hapy~6HH6 no

TOKOB COJIH611HOiil. nJia3Mbl Ha ~OHOCIJ.>6pHblX BblCOTaX Ha CllYTHHKax"HH;D;XyH-5•[26] 

H HCHC-I [ 29 ]. Peayx~TaThl 3TMX Ha6x~;n;eHH~ noanoJiamT coa;n;aT~ Mo~eJI~ ua

rHHTocwepbl, Oell'>HCHH~DIY~t B lJBCTHOCTH 1 COBIIall6IiH6 xapaKT6PHCTHK COJIH6lJHOH 

llJia3MH B nep6XO;n;HOM CJ106 H MaJI05HeprH11HOi llJ183Mbl B XBOCT6 MarHHTOCIJ.>6pbl 1 

H HBJilliDTCft HOBHM maroM K noHHMaHHm WH3HKH MarHHTOCIJ.>epHhlX npoueccon. 

HMeiDTCll OCHOBaHHH O~;D;aT~ cy~eCTBOBBH~H C630HHHX napHaUHiil. llOTOKOB CO~

H6lJHO~ nJI83MH 1 npOHIIJKam~X B MarHHTOCIJ.>epy qepea llOXHpHH6 KaCnbl 1 CBH3aH

HH6 C H31l6H6HH6M H8KJIOH8 MarHHTHOrO ;D;~llOXH OTHOCHT6Jl~HO HanpaBJJ.eH~fi Ha 

CoJIHu;e, H acHMMeTpHm a~~KTOB, coa;n;anaeMblX 3THMH noTOKaMH B ceBepHOM H B 

mEBOM noxsmapHHX. 

TaK KaK 11HCJIO Ha6XID~6HHH llOJIHpHhiX KaCnOB 1 0 KOTOphiX COO(ilf(6H0 1 6~6 

0116HD H6B6~HKO, a C000~6HHH6 ~aHHbl6 ;D;O H6KOTOpOiil. CT6ll6HH llpOTHBOp61l~Bbl 

(CM.pa3;D;6JI 2 HaCTOH~ero 063opa), TO H606XO~MO npo;n;o~EHT~ H86JIIDll6HHfi no

JIHpHb!X KaCllOB ~ C03;D;aB86MblX HMH 3~6KTOB KaK B6XH3H MarHHTOnayaH, TaK H 

Ha npoMexyT011Hb!X H HouociJ.>epHNX BblCOTax. 

BHCblilaHHe qacTH~ H3 noJIHPHHX Kacnon ;n;onwo 6b!Jlo ObiT~ aaperHcTp~poBaH.Q 

Ha pH;n;e cnyTH~KOB (~M6!0~X BHCOKOillHPOTHH6 Opel~TH Ha ~OHOcwepHb!X BblCOTaX), 

peayJI»TaTbl KOTOpb!X 6~6 o6pa6aTHBaiDTCH. K HX q~cxy,B qaCTHOCTH, OTHOCHTOfl 

CllSTHHKH 9CPO-IA H 9CPO-IB [ 8] H CllSTHHK"KocMoc-378
1 

( 66 ). 

MOZHO Ha;D;6HT»OH 1 liTO llOHCK llaHHhlX llOJillpHb!X KaCflOB B peayJI»TaTaX, llOJiy

lJ6HHblX Ha 3THX annapaTax1 ll03BOJIHT llOJIYliHT~ HOBH6 CB6;D;6HHH 0 11aCTH~ax 

COJIH6lJHOl ll~83Mbl Ha llfOHOCIJ.>epHblX BHCOTaX. 

PeayJI~T8Tbl CHCTeMaTH116CKHX H ;n;HHT6Jl~Hb!X Hael~ID;D;6HHH ll0B6ll6HHH nJia3MH 

B XBOCT6 MarHHTOCIJ.>epbl BO Bp6MH cye56yp~, llpH ilOMOll{H Cfl,yTH~KOB 11Bexa"[37) 1 
H OC006HHOCTH fl0B6;D;6HHH llJia3M6HHOro CJIOH B XBOCT6 MBrHHTOCqepbl npH ~aMe-
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ll6HI1HX HanpallJIOlil1fl 1\0MUOHOIITbl MClKHJ!UHtlTl!OrO Marl!I1THOrO ll0Jlfl 1 !!OpMaJIMIOit\ K 

SKJII1UTI1K6 [ 44 ] 1 fillJIHJOTCH CYI!I6CTB6HHblM )l.OIIOJIHeHI161.t: K lilM6101!111MCH CBC,ll6HIMIM 

o MarHIIlTouwepHux cyooypax. 

fll3yll6HI1e Il1IU3146HHOrO CJIOH B X:OOCTe MarHiilTOCl])6pbl np11 UOMOllll1 npH60pOB C 

6oJr:hm1Ul yrJIOBbiM 1t1 npeMeHHhlM paapemen11eM [ 47 1 40 1 41 ] npL'I:Beno K o6napyllte

HI1IO 3Halli1T6Jll>HO~ aHI130TpOUI1111 l10TOKOB aapHlKeHl!biX llaCTI1I.l, liTO ll03BOJIH6T no

JiaraTI>1 llTO 5Jl6KTp>'l1-!6CK\18 TOKI1 B,llOJll> MarHI1THOro IIOJlfl CYIJISCTBYIOT He TOJII>KO 

na loiOHOCij)epHblX BblCOTaX llafi; aBpOpa.lll>HblM OBaJIOM (rAe OHI1 Ha6JIIO,lla.lli1CL np11 pH

,lle noJieTOB paKeT, a Taltllte Ha cnyTHHKax 9GPO-IA, 9GPO-IB ( 8 ] H"!tiH)J.lltyH-5'1 

[ 26 ), HO 11 B )l.aJILHe~ MarHI1TOcl])epe. 

!lpO)l.OJillteHHe 113ytieHI1fl nJia3MOC{j)epbl KaK rtpf!Mb!MI1 IA6TO)J.aMI1 Ha cny•rHHKax, TaR 

11 np11 UOIAOllllll BHCTJiepOB [ 491 50, 51, 53 ) fl03B0~11Jl0 nepe~TI1 OT npe)l.CTaBJie

HI1a o6 OAHOPOAHO~ nnaaMocwepe c rnaAKOi nJiaaMonayaoa (cooTBeTcTBYJOI!Iei no

cTOHHHOR KOHB6KU1111) K 6onee 6JII13KOH K peaJILHOCTIIl KapTIIlH6 H60AHOPOAHOK 11 

;11.11HaMIIlti:6CKOH UJia3MOClj)epbl 1 onpe;ZJ.e1l!tel4011. H6CTaUI10UapHOH KOHB6KU116K MarHJ4TO

ci!JepHOH UJia3Mbl. 

PHA 11SMepeHIIl~, no-BI1AIIlMOMy 1 CBHAeTenLcTnyeT o paaorpene norpaHIIlti:Horo 

CJIOH MelltAY nnaaMOCqepOH 11 nna3MOH 1 y'laCTBYI01!16~ B 06llleMarHHTOC~6pHO~ KOHBe

Kq£111. K STEM I13MepeHI1HM OTHOCI1TCH CKati:OK T6MRepaT~Pbl HOHOB Ha UJia3MOnayae 1 

o6HapyxeHHO~ Ha oro-s [ 61 ], 11 lli1K aneRTpOHOB c 5Hepri16H "'100 3B Ha 

nJiaauonayae [ 62 ]. 

OAHoa J/13 BaEHeKmJ/Ix npo6neu aRcnepHM6HTaJILHoro·HayqeHHH uarHHToci!Jepao~ 

nlaSMH B HaCTOHlll66 Bp6Mfl HBJlfl6TCH npeo;zr,OJI6HI16 H6KOTOpOK H60npe;zr.eneHHOC!K 

0~6HOK B6CbMR MaJIHX KOHU6HTpaUH~ T6llJIOBOa nnaaYH, CBHSaHHOi, B OCHOBHOM, 

C norpemHOCTHMJ/1 H3M6p6HHa, Bbl3b1Ba6MHUM ~OT09MHCCH6H sa C'lOT Y~J/13XY~OHJ/Ifi 

GoJIHua B napHaUHHMH aJieKTpHqecKoro noTeHUHaJia KocuHt~:ecRoro annapaTa. 

9!a WaKTOPH BH3HBaiOT aHa'lHTenLHHe paoxo~eHJ/IH peayn~TaTon, OAHOnpeMeHHO 

npOBO;IJ,J/INHX Ha OAHOM J/1 TOM llt6 cnyTHJ/IKO H3M6peH11K MaJIHX HOHHHX KOHU6HTpa

UHil. 
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3allleqaHI4e 
/KO~Hepj 

JU'ICKYCCRH 

H~o paaxHqaTL Typ6yneHTHOe o6TeKaHHe uarHHToc@epa 
OT H8MHHapHoro. MO~HO 113 06~HX C006paE6HHi llOK838TJ>,qTO 
eCHll ~ COHHeqHQM B8Tpe liiii66TCH TaHreHU14aHLHaH KOMllOH6HTa 
MarHHTHoro noxa 6on:&me 5 raMM,TO o6TeKaHHe 6y~eT xaMHHap
HHM. ~axee IIIO~HO ~OKa3aT:&,qTO. B cxyqae HaMHHapHOrO 06Te
KaHHH ~ MarHHTonayae TeMnepaTypa 6y~eT npHMepHo ~ TPH 
paaa 6ox:&me,qeu npH o6TeKaHHH Typ6yxeHTHOM. ~axee, Ha Tex 
coo6paxeHHi,qTo TeMnepaTypa ~ MarHHTonayae ~NCOKa,~Nme, 
HanpMMep,qeu Ha rpaaMqe nxaaManayaN,TO, aanHchi~H npoCTo 
ypa~HeHHe EepHyJun!,MOl!Ho HaiTH cKopocT:& noToKa qacTHU >l3 
aTOi 06X8CTH MarHHTOIDHCa ~HH3. 8Ta CKOpOCT:& noxyqaeTCH 
nopa~Ka 107 (cM/ceK),T.e. ~na aToro He HYEHO nepecoe~H
aenme. Ho npH cy66ype,Kor~a HMeeTcH D&Hoe aanpa~eaHe, 

TaM TeMnepaTypa ~uwe,TaM 6y~eT npOCTO llOTOK qacTHU 
6on:ome. 

~exo ~ TOM,qTQ napaMeTphl MarHHTOillHCa li3M6p8Hhl IIIHOrH
Mll a~TopaMl!. M3B6CTHhl 14 T8llHOBhl6 CKOpOCTH,H HanpaBH6H
Hhl6 CKOpOCTH. PaayueeTCH 1 T6llXO~&e CKOpOCTH llX83111~ COCTaB
XHIDT,KaK npaBHX0 1 ~eCHTKH KM/CeK ,a He COTHH (~0 80 Kill/ 
C8K). HanpaBX8HHhl6 CKOpOCTH 1 T6M He 1118Hee cymecTB8HHO 
60X:&me,qeu T6llXOBhl6. 8TO llOK838HO 60XLillMIII KOHMqecTBOM .113-
MepeHHH,BKXIDqaa HaMepeHHH OrHx~:&e 11 Eypxara,Xoyaoa,Hoc
AH~exooKoH rpynna H ~p. 

H,K OOEaXeHMID,He ycnex B~CKaaaT:& C~OMX COMHeHMH OT
HOCMT6XLHO .MO~eXH ~paHKa,a T8KE6 ~pyrHX MO~exei,CBH38H
H~ c nepecoe~HHeHMeM. H coBepmeHHO corxacea c BaMH,qTo 
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f~;:Hraya 

BT6KaHM6 I1Ha3Mbl ~OHlKHO Ob!TD 063 BCHKOrO nepecoe~:HH6HHH 
H,KcTaTH,cau ~paHK :B nocxe~HX paooTax ro:BopHT o nepe
coe~HeHHH :BHYTPH noxapHoro xacna,T.e B npo:uecce BTexa
H:~~a,a He B uarHHTonayae. K co~axeHHID,HeT BpeueHH ~xa ~Hc
xycc:~~H no aTOMY Bonpocy. 

fl XOI!Y C~eHaTl> ~Ba aaueqaHHH IlO IIOBO~ paOOTbl ~paHKa. 
Bo-nepBiiX, paauep OOHaCTH,O KOTOPOM,B l!aCTHOCTH,rOBOPHX 
rpHHraya.~OHJK6H Ob!Tl> 3Hal!HT6Hl>HO 6oxr,me,qeu I aeMHol 
pa~Hyc. 3To oxe~yeT HB ca~HX JKe AaHHiiX ~paHxa,r~e OB 
npHBO~HT ~ocTaToqHo 6oxr,mol ~ManaaoH ~oxroT H aTo no~T
Bep~~aeTca,B l!aCTHOCTM,T60peTHl!6CKHMH pacqeTaMH IIO ~ByX
AHilOHhHOl M0~6HH,r~e OOHaCTl> ocxa6xeHHOrO reoMarHHTHOrO 
IlOHH ~OCTaToqHQ npOTH~6HHa. 

Bo-BTOpblx, B ooxacTH noxapHoro xacna oqeH:r, Tpy~o paa
JIHI!HTD qacTHllbl,Henocpe~CTB6HHO npOHHKa!Oil!H6 il8 COHH8qHOro· 
BeTpa,H qacTH~,KBa3H aaXBaqeHHble. B CBH3H C 3THM H600-
XO~Hlil0 ooxee AeTaJ!l>Hoe HayqeHHe pacnpe~exeHHH no nHTTI
yrxau. 

no noBo~ nepBoro aauel!aHHH MOJKHo cxaaaTl>,qTo ~aHHiie 
~OHJKHii yTOl!HHTl>cH,celqac OHH npoTHBopel!HBii. B qacTHOCTM, 
y Xe~KeJia o6JiacT:r, npoHHKHOB6HHH coJIHel!Hol nxaaJ4W 6oxr,me, 
!!eM y ~paRKa. CeMl!aC HMe!OTCH Becr,Ma CKY~Hii8 ~aHHiie,H 

BITOJIH6 B03MO~HO,qTO STa 06JiaCTl> HM66T pa~HYO 00Hl>W6 ! 
aeMHoro pa~Hyca. 

qTO KacaeTCH HeOOXO~HMOCTH yqeTa KBa3H·3aXBal!6HH1iX 
qacTH:U,TO,MH6 Ka~eTCH,ITpO~eMOHCTpwpoBaHHii6 cneKTps,npH 
yr~y6xeHHH Ha 2 aeMHHX pa~uyca,noxaaaxH,l!TO cnexTp a6co
JIIOTHO He H3M6HHJICH. 3TO y6e~HTeHhHO rOBOPHT 0 TOM,l!TO 
BKHa~ HHNX qacTHll B Ha6HIO~aeMN~ nOTOK IlJia3KH qpeaBbll!alHO 
Man. E~Ba HH C6Hl!ac MO&HO COMHeBaTl>CH B TOM,l!TO ITOTOK 
IlHa3MH,HarrpaBJI6HHHA BHH3 H BT8KaiDil!H~. CKBOSh 3TH BOpOBKH, 
H~eT HMeHHO Ha nepexo~oro cnoH,a He HMeeT,cxaxeM, aeMHoe 
rrpoHcxoJK~6HHe. STo, ~e~cTBHTeJILHo,conHeqaaH nJiaaMa. R 
Cl!HTaiO,l!TO 3TO,HeCOlilH6HHO,BT6RaHH6 COJIHeqHOl IlJIS3MH,a He 
nJia3MH HOHOO~epaoro npOHCX0~6HHH. 

fl XOT8JI Oli CKaaaTl>,l!TO pemeHHe BOilpoca 0 TOM,KaKOB 
BKJI~"HaceneHHH MarHHTOC~6pHHX qacTH~,ycKopeHHHX H3 HOHO
C~6pH1iX1HBHH8TCfi qpeaBHqalHo HHTepecHHM. B !969 ro~ 
AKCWOP~ 0~6HHBaH B6pOHTHOCT]) TOro, qTO pa~Ha~HOHHH6 UOHC8 
:11 aBpopaJihHse qacTH~ npoHcxo~HT noope~cTBOM ycKopeHHH 
aTMOCW6PHHX l!aCTH~ no cpaBH6HHm C HX COJIH6l!HiiX npOHCXOz
~6HH8M KaK 50-50. STo ony6xHKOBaHo. OH xe npe~JIO~Hn ax
cnepHMeHT,KoTopNA IT03BOHH6T rrpOB6PHTl> 3TOT waKT,a HM8HHO. 
XHMHqecKHi COCT8B, H T~8T6JIDH0 HayqHTl> HOHHHA COCTaB aB
popaHbBiiX qacTH~,fiOTOMY l!T0,6CHH ORB npoHCXO~HT H3 HOHO
CW8Pii 3eMJIH,TaM ae ~OXEHO 6HTL,cxaxeM,~Ba~ H qeTspeXAH 
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HOHH30BaHHOrO reJII'IH, a TOJI:&KO OJ(HOKpaTHO l'IOHH30B8HHbli1 re
HH~. A 8CHl'l OHH npOl'ICXO~HT 1'13 COHHeqHoro B8Tpa,TO ~OH~Hbl 
ObiT:& l'l qeTb!pe~~ HOHl'I30BaHHb18 l'IOHbl renHH. 

ltlariepeHHH KaHa~cKolii rpynnbl,npoBe~eHHble npaMo B nonapHb!X 
CHHHHHX H He~aBHO ony6HHKOBaHHbl8, rOBOpHT TO~e B non:r:.ay 
COHHaqHoro npOHCX0~8HHH aBpOpaH:&Hb!X llOTOKOB. 

H MOry c~enaT:& ~o6aBH8HH8 K aaMaqaHHID AHTOHOBO~. Mb! 
Ha cnyTHHKe 11 KOCMOC-26I 11 T8Kl!i8 perHCTpHpOB8JIH llOTOKH 
8H8KTpOHOB H npOTOHOB B UOHHpHb!X Kacnax. Mb! H8 UOHHJIH 
3TOrO B OB08 Bp8MH,HO caJiiqac OTaJIO HOHO,qTO OHH parHCTPH
pOBaHHC:&. MolliHO ~ooaBHT:&,qTo paonpe~eneuHe no nHTq-yrnaM 
HH3K08H8prHqHb!X 8JI8KTpOHOB B llOJIHpHOM Kaone HM88T BbiTHHy

TYID ~OpMy 0 MaKOHMYMOM B~OJI:b CHJIOBb!X HHHHlii. TaKHM o6pa30M, 
Mbl BH~HM 100- SB. 3JI8KTpOHb!,H~y~MH BHHS,H 0Tpal!i8HHYID 
qaCT:&,CHOBa H~Y~ID BB8pX C M8KCHMYMOM B~OJI:b CHJIOBOlii JIH
HHH. ll03TOMY npe~CT8BHH8TCH BOSMO~b!M,qTO HM8HHO B 3THX 
OHJIOBb!X TpyoKaX oy~eCTBY8T npO~OJI:&H08 3H8KTpHq8CK08 flOJI8. 
H MOry ~o6aBHT:& Ta~a,qTO BO MHOrHX ~pyrHX paliioHaX HOHOO
~epb!,Hanpl'IM8p,B HHSKHX WHPOTax, npO~OJI:&Hbl8 3JI8KTpl'JqeCKH8 
llOJIH H8 oy~aOTByiDT. Ho 3~8Ch 1 B llOJIHpHb!X Kacnax, OHH MOryT 
cy~eCTBOB8T:b peaJILHO. 


