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lBHCRMOCTH IIOTORa aTMoc<lJep
lY'l6HHLie Ha CllYTHRRe «l\oc-

(8), MaRCHMaJILHOe R MUHR
y}l;aJieHUe ROToporo oT no

'll 3eMJIU COCTaBJIHJIO COOTBeT-
650 E: 250 nJ.t. Ha <iJHr. 4 

l - OTHOCHTeJILHOe H3MeHeHne 
tTMoc<lJepHbiX _ "(-RBaHT(>B C BLI:
' }l;aiiHhlM «l\ocMoca-135>> }l;JIH 
ra 0,3- 2,7 Mae. ihcnepnMeH-
}l;aHHLie IIpHBe}l;eHbi R O)l;HOMY 

o noporonoiii mecTROCTI-I II 

BaRb! R 6}1;1-IHHD;e llpH BbiCOTe 
paBHOH BbiCOTe Rpyronoi'I op-

TMOc<lJepHOPO • "(-H3JiyqeHRH 3a
!CHBHOCTH "(-H3JiyqeHHH, BbiXO
OJiyccpepy. Ha}l;emntre )l;aHHnie 
rBYIOT. CJie}l;yeT noJiaraTL, 'ITO 
eHHH BLIXO}l;HID;ero H3JiyqeHUH 
IHH yrJIOBOPO pacrrpe}l;eJieHRH. 
'aT p{lC'leTa BLICOTHOH 3aBHCH
a rpaHHn;e aTMoc<iJepbi HHTeH
"(-H3JiyqeHHH IIO}l;'IRHJieTCH 3a-

dQ, 

HRaJIR. BnrcoTa ycJionnoiii rpa
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HCCJIEAOBAHIIH B HOHOC«<>EPE IIPII IIOMOIIJ;II CIIYTHIIKA 
<<KOCMOC-378>> 

4. CTPYRTYP .!\ OBJIACTEll: PErHCTP A.:q1lll 3JIEKTPOHOB 
C 3HEPrHHMH 0,5 - 12 K::J'B H HX KOHBEKqHH . 

M. 3. Xox.!loe 

PaccMoTpeno noJJomenHe o6JiacTeii: pernc~pai\nn ITOTOROB · aJieRTponon · B 
HOH6pe 1970 r. TIO p,aRHbiM aRaJIH3aTOpOB 3apHJKeHH},IX '!aCTHD;, ycTaROBJI9H~ 
HbiX na CTIYTHiiiR9. B CIIOROii:HbiX reOllfarHHTHbiX yCJJOBliHX 06JiaCTil IIOTOROB 
aJieRTP,OHOB paciiOJiomenhl R!J. IInBapnaHTHbiX IImpOTax A>65° n paap,eJIH
IOTCH Ha HJl3ROIImpOTnyiO n BbiCOROmnpOTHYIO a<lHbi. Qu;enena CROpOCTb 
3JI9R'rpll'l9CROrO p,peii:lfl~ B BbiCOI<OmlilpOTHOii: 30He. 

IloTO~;n aJieRTponon c ·aneprH.a:Mn E. · 0,5-12 nae nsyqaJIHCL Ha cnyTHHRe 
«f\OCMOC-378>> ·C llOMOill;LIO }l;BYX IIpOTHBOIIOJIOffiHO OpHeHTHpOBaHHbiX aHaJIU3a
TOpOB. Ilo}l;p06HOCTH pa3Meill;8HRH arrnapaTyphl Ha 'crryTHMKe H n;eJIU ROMllJieR
CHOPO aKcnepnMeHTa paccMoTpeHni n [ 1]. Ram)l;niiii aHaJinaaTop (Hx orrHcaHHe, 
XapaKTepMCTHKiif H yqeT <lJoHa paCCMOTpeHbi B (2]} HMeJI MHOPOin;eJieByiO O'I
RJIOHHIOID;YIO CHCTeMy, aHaJIOPJilqHyiO OIIUCaHI-IOH B ( 3), 3Ha'IHTeJILHO OCJia6JIJIIO
In;YIO <iJoH OT yJILTpatflHoJieTonoro II3JiyqeHHJI COJmn;a. 8JieRTpoHbi perHcTpiipo
BaJIIICL B 'leTnrpex arrepreTnqecRHX HHT~pnaJiax, n;errTpHponaH:~orx E£a 1,0; 2,2; 
4,2 H 8,5 nae. 8rrepreTHq.ecrwe paspemerrne f...E/Ecp=±0,5, ymonoe - B rrJioc
KOCTH OTRJIOHJIIOID;HX llJiaCTMH ±10°, B neprreH}l;IIRyJIHpHOH IIJIO.CKOCTH ±20°. 
qyBCTBHTeJILHOCTL ~ 6 ·105/E CJ.·t-

2cen-1crep-1W-ae-t, mRaJia JIUHefiHaH }1;0 
4 ·107

• l.JaCTOTa onpoca 12 Zl.f npn noCTOHHHOH BpeMeHH npH6opa 0,1 CeR. 
BpeM.a: perHCTpan;HH cneRTpa 12 ceR. (no 3. ceR. Ha Ralli}l;hlH 8HepreT.U'leCRHH 
nHTepnaJI nmoc 'o}l;HH 3-ceKyH}l;Hoiii: HHTepnaJI }l;JI.a: y.qe-ra <iJoHa n p;peiii<Pa 
HYJIH} • ~ r . , 

HaRJioHe:a:He op6n:nr cnyTHRKa cocTaBJIJIJio 74°, anore:il: 1750 I~J.t, nepiireiii 
240 W-J.t. 8:rreRTpORbl 6LIJIH aaperHCTpMponaHbl rJiaBHI>IM o6pa30M B pelliH~e sa
noMHHaHHH Ha BI>ICOKHX mHpoTax 1n:nnapuaHTIIaH mHpoTa A>69° }l;JIH cnoKoii
Hb!X yCJIOBRH) MeCTHOi'I 3HMOi'I B CeBepHOM noJiymapRH" B HO'IHOM CeR.Tope H 
li<IeCTHLIM JICTOM n IOlliHOM noJiymapnn n p;nenno.M ceKTope. Ha C>T}l;eJII>HLrx BHT
Rax }l;OCTnraJIHCL A~82°. l:la <iJnr. 1 noRaaaHo noJiomeHne o6JiacTeiii perHCTpa
D;HII 8JieKTp.OHOB B HOH6pe 1970 r. (yTOJIID;8HH"H Ha TOHKHX JIRHHHX, KOTOpLIMR 
noRasan:br Tpaer-\TopHM cnyTHnKa). RpyamaMH noKasano noJiomenne rpaniin; 
Memp;y sonaMH. Ha p.a:}l;e HH3KomHpoTHLrx BIITKOB (A<'60--.:65°) noTOKM aJieKT
ponon ne na6JIIO}l;aJincL. PeayJILTaTLI H3Mepenniii }l;JIH necKoJILKHX xapaKTepnLrx 
BHTKOB npR pa3JIJoiqHLIX ypoBHHX reoMarmiTHOH aRTHBHOCTH npRBO}l;HJIUCL Ji 
[ 2, 4, 5]. B nacTOHin;eii: pa6oTe pacc.Mmpena oco6eHHOCTL perHCTpan;nii aJie:kT
p.oHon npH BLICOKOilllifpOTHLIX llpOXOlli}l;eHMHX cnyTHRI{a, a HM8HHO, pa3)1;8JI8HRe 
o6JiaCTefi _RX pePRCTpaD;HH Ha }l;Be 30Hbl (no HHTeHCUBHOCTR I!OTOKOB, BpeMeH
Hb!M II rrpocTpaHCTBeHHI>IM 'BapHan;H.a:M, a TaRme ,BH}l;Y aHepreTnqecKnx cneRT-
poB). · 

CTpyKTYPY o6Jiaci'eiii perHcTpan;nH aJieRTponon paccMoTpiiM na ripiiMepe 
BLICoKomHpoTn.oro npoxom}l;eHn.a: 27.XI n 8 q;, '06 M. - 8 q , 24 M. UT 
(9-15 qac. LT). 8ToMy nep:no}l;y cooTBeTCTByeT yMepeHHa.a: reoMarHHTHRH aR
TIIBHoCTL (Kp=2). Ha .<Pnr. 2 n oRasan o6mniii xo}l; HHTeHCRBHOCTH 'noToKoB 
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::meRTpOHOB B yRa3aHH:biH IIepnop; B pa3JIH'IHhlX ::mepreTHTieCRHX HHTepBaJiaX 

IIO p;aHH:biM 9JieRTpOCTaTHTieCROrO aHaJIH3aTopa (IIIRaJia CIIpaBa); IIITpHXOBOH 

JIHmre:ff TIORa3aHhl IIOTORH 9JieRTpOHOB C E.;;;:.40 1£38 [ 8] (IIIKaJia CJI€Ba); 8 -
TIHTTI-yroJI f];JIH 9JI€KTpOHOB C 

E.:;;;;;10 na8. Ha cpnr. 3 c 66JI:r:.

IIInM BpeMeHnhiM paapeiiieHneM 

npnBep;ena aannc:r:. ROJIJieRTop

H:r:.rx TOKOB op;noro na aHa".lnma

TopoB Ha yTiaCTRe B6JIH3H rpa

HHD,:&I nepexop;a Memp;y yKaaaH

H:&IMH 30HaMH (B p;aHHOM CJiy
i8h ~=+-~~'--l----4f----+~~~__,_;::,.."-~9h Tiae BOJin:an A=76°). IJ;ncppaMH 
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na ocn aocn,Hcc o6oaHaTieHhl 

HOMepa 9HepreTHTieCRHX HH

TepBaJIOB aHaJin:aaTopa, Ram

p;hi:H H3 ROTOp:biX OIIpaiiiHBaJICH 

. B T€TfeHne 3 CeK: (2-1 1£38, 

3-2,2 1£38, 4-4,2 1£38, 5-
. 8,5· x:a8; 1-RaJin:opan,noHH:r:.r:H 

HHTepBaJI, Blip; OTCTieTOB B RO

TOpOM 6:r:.IJI paCCMOTpeH B [ 2] ) . 
III TpnxoBLie yTiaCTRH aarrncH 

COOTBeTCTBYIOT MOM€HTaM Ha

BOf];OR Ha YCHJIHT€JI:b BO Bpe

MH oopaTHOrO XOp;a TIHJI006pa3-

H:&IX RarrpHmeHnil, · rrop;aBaB

IIInxcH Ra aoHp;:r:.r JleHrMIOpa 

(eM. [2]). 06JiacT:r:. pemcTpa

D,Hn ::meRTpOHOB TieTRO paa)J;e

JIHeTCH Ha 30Hhl: HH3ROIIIHpOT-

. RYIO (A <76°) H B:&ICOROIIIHpOT

HYIO (A>76°). B Rnaiwiiin:poT
·Hoii: aoHe no Mepe yBeJIHTieHHH 

A HHTeHCHBHOCT:r:. rroTOKOB Mep;

JieHHo yBeJIHliHBaeTCH, OCTaBa
HC:b HHil\e 2 ·106 C.M-2cen-1 • 

· crep-: 1na8-\ a npn nepexop;e 

liep.ea rpaHHD,Y Memp;y aoHaMH 
Arp peaKo BoapacTaeT (aa meT 

!':JJI€RTpOHOB HaHMeH:&IIIHX ::mep

rnii:) n npnHn:MaeT xaoTHlie

cRn:H, HeperyJIHpH:&IM xapai{Tep. 
IlOTORlii :meKTpOHOB B Hli3KO

IIIHpOTHOII 30He p;OCTaTOliHO 
CTaOHJI:&Hbi, . Tf€TKO rrpOCJI€iRH

BaeTCH nx naMeHeHne npn rre

pexop;e OT op;Horo aHepreTn'Ie

CRoro HHTepBaJia R _p;pyroMy, 

IIOCJI€f];OBa T€JI:&Hbl€ CTieRTphl 

MaJIO pa3JIHTiaiOTCH, TaR. liTO 
BCH aoHa B noap;mzre yTpeHnne 

liac:r:.r (7-9 liac. LT) Ha rrpoTHmeHini -3000 K.llt HBJIHeTCH ep;HHhlM, p;ocTaTOliHO 

CTa6nJI:&HhlM oopaaoBaHIIeM. MaRCHMYM IIOTORa 9HeprnH paCTIOJIOiReH BOJIH31I 

E.-4 X3B. CnJI:r:.HaH naMeHliiii:BOCT:r:. ::meRTpOHHhlX noToRoB B B:&ICOROIIInpoTHoil 

aoHe aaTpyp;aHeT .n;eTaJI:&Hoe onpep;eJieHne cneRTpa • . HecoMHenno op;naRo, liTO 

MccJie~oBaHJ 

eJ;HHH aHeprnH aJieKTpo: 
acnoJiomeH o6niliHO HHiR£ 

Kill IIOCJiep;OBaTeJI:&HOCTH 

N, DmH.tiff, 
1,0 

" ''1 .. ~~ 
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0 

IIPHMepHO COOTBeTCTByeT 

npon,eccoB B naMep:iTeJI:&HI 

CNOB He IIpeBOCXOf];liT CRO 

BeHHOi\fy MaCIIITaoy He 6c 

Bp eMH MarHHTH:biX oyp:r, 9. 

Y n Bo BCI;JM o6JiacTn JIX p£ 

Cr Jia(lmBaiOTCH. floaTOMY 

cnoROMHhlx yCJIOBJIM; aHa 
OTHOCHTeJI:&HO IIOJIIOCa rp·a 

H1Z£IJ,e 3aMRHyT:&IX CHJIOB:&Di 

HJIH) JI BHyTpenHeii: rpaH: 
.IWCOM IIITpJIXOBROH). B H 

B oaMomno, aTo CBH3aHo c 

d :&Ix rrepJiop;oB. IIpol!aJI:r:.r 1 

OTCYTCTBH€M BbiCOROIIIJipO' 

CyiD,eCTBeHH:r:.rii: apryM 

r pannn,e:H aaxBaTa cJiep;ye 

p erHCTpaiJ,HH 8JI€RTpOHOB 

NOIIIJipOTHaH rpaunn,a <JJI€ 

onpep;eJIHIOID,aH rpaRnn,y :: 

8THX <JJieRTpOROB IIpOHCXO; 

BaTopy rrpnMepRo Ra 0,5' 
8JI€RTpOROB ITO Mepe IIpH( 

Hnn,a aaxBaTa TOTIRee orrJ 

ITOTOROB M€H:biiiHX 9Repn 

BeRRO TaRiRe TIOB€f];€RH€ q 
p;eRJIH pap;naD,JIOHH:biX IIOJ 

E.<40 nae [2]) npn rrpn 

xoBo:H JIHHJie:H Ra cpJir. 3) 
;:;:.40 x:a8, ncTie3aH RaR pa 

n.a aaxBaTa n rpaHnn,a Me 
TliTf€CRH COBITa)l;aiOT, IIpHTI 

.n;aeT · aa rpaHn:n,y aaxBaT: 

ITOTORH <JJieRTpOHOB MaJI:&lX 

)l;aeT, ITO-Bli)l;HMOMy, C 30HI 



lHepreTn:qecKRX RHTepBa~ax 
TIKa~a cnpaBa); IDTpRXOBOH 
3 6 [ 8) (mKa~a c~eBa); 8 -
Tq-yro~ p;~H :meKTpOHOB C 
;;;::10 nae. Ha qmr. 3 c 66~b
LM BpeMeHHhiM pa3pememreM 
KBe}J;eHa 3anRCb KO~~eKTOp
:x TOKOB O}J;HOrO 1!3 aHa·~R3a

)0B Ha yqacTKe BO~R3R rpa
D;J>I ner>exop;a Mem;o;y yKa3aH
MR 30HaMR (B p;aHHOM C~y
~ BO~ll3R A =76°). IJ;mppaMR 

OCR aOCD;llCC 0003HaqeHhi 
~>~epa ::mepreTn:qecKRX RH
ma~oB aHa~R3aTopa, KaiR
H: 1!3 KOTOpbiX onpamn:Ba~CH 
reqeHne 3 ceK~ (2-1 n3e, 
-2,2 n3e, 4-4,2 nae, 5-
,. nae; 1-Ka~ROpan;ROHHL~ii: 
repBa~, BH}J; OTCqeTOB B KO
lOM 6wr paccMoTpeH B [ 2]) . 
rpRXOBI>Ie yqaCTKll 3an:IJCH 
ITBeTCTBYIOT MOMeHT8,M Ha
J;OK Ha ycR~HTem, BO Bpe-
OOpaTHOrO xop;a nn:~oo6pa3-

x HanpameHIIii, · nop;aBaB
rxca Ha 3oHp;hi JleHrMwpa 
.r. [ 2]) . 06~aCTb pern:cTpa
II :meKTpOHOB qeTKO pa3'p;e-
3TCH Ha 30HLI: HH3KOIDIIpOT
[O (A<76°) ll BbiCOKOIDIIpOT
ro (A>76°). B HR3iwmRpoT
ii: 30He no Mepe yBe~RqeHRH 
rHTeHCIIBHOCTb llOTOKOB Me}J;
IHO yBe~IIqRBaeTCH, OCTaBa-

HRiRe 2 · f0 6 cM-2cen- 1 
• 

·ep-1n3e-l, a npR nepexo;o;e 
>.e3 rpaHnn;y Mem;o;y · 3oHaMFI 
, pe3KO B03pacTaeT ( 3a meT 
lKTpOHOB HaiiMeHLIDIIX 3Hep
i) R npiiHFIMaeT xaoTFiqe
:ii:, Hepe-rymrpHhlii: xapaKTep. 
TOKH a~eKTpOHOB B HR3KO
pOTHOH 30He }J;OCTaToqHO 
6II~bHLI, qeTKO npo~~eiRR

·TCH llX ll3MeHeHIIe npii ne- . 
:op;e oT op;Horo aHepreTHqe
·ro RHTepBa~a K p;pyroMy, 
~ep;oBaTe~LHJ>Ie cneKTpLI 
W pa3~FiqaiOTCH, TaR. qTO 
30Ha B n03}J;HHe yTpeHHRe 

meTCH .e)l:.IIHhiM, }J;OCTaTOqRO 
eprRII pacno~OJKeH BO~II3ll 
OTOKOB B BbiCOKOIDIIpOTHOM 
. HecoMHeHHO op;HaKo, qTO 

llcCJIB,ll;OBaHH.fl B HOHOc<!>epe IIpR IIOMOID;H cnyTHHKa. 4 20~ 

cpep;HHH 3HepriiH 3~eKTpOHOB 3}J;eCb cyrn;eCTBeHHO HlliRe (MaRCRMYM ClleRTpa 
pacno~omeH ooJ>rqHo HRme 1 n3e). lJacTo Haomop;aroTca o'.l';o;e~LHLie Bcn~ecRR 
(R~ll ITOC~e}J;OBaTe~LHOCTll BCIT~eCROB) }J;~IITe~LHOCTLIO He OO~ee 0,5 CeR., qTQ 

N, omH.eB, 
- 1,0 

0 

ll>nr. 3 

I 
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llpHMepHO COOTBeTCTByeT }J;HFITe~bHOCTll IIX 3aTHrRBaHIIH H3-3a nepe~O}J;HhiX 
npo~eCCOB B H3MepHTe~LHOM yCTpOMCTBe. I1CTHHHaH }J;~HTe~bHOCTb 3TllX BCIT~e
CROB He npeBOCXO}J;llT CROpee BCero 0,1 CeR.,- qTo COOTBeTCTByeT npOCTpaRCT
BeHHOMY MacmTa6y He 6o~ee 1 'fi,M. B . HaR6o~ee B03Myrn;eHRLie nepHO}J;LI BO 
BpeMH MarHRTHhiX oypL a~eKTpOHHLie noTOKII CTaHOBHTCH OhiCTponepeMeRHLI-. . 
Mil BO BCeii: OO~aCTll IIX perRCTpaD;Iili, p;pyrRe pa3~llqliH Memp;y 30HaMII TaKme 
cr~a4KIIBaiOTCH. IIoaToMy Ha qmr. 1 noRa3aHLI Arv TO~LIW p;~H cpaBimTe~LHO 
cnoROHRLIX yc~OBIIii:; 3HaqeHRH Arp oqepqRBaiOT HeCKO~LRO acRMMeTpiilJHYIO 
OTHOCRTe~LHO no~IOCa rpaHHD;y, 0Jill3RYIO R llpiiBep;eHHLIM }J;~H cpaBHe.HIIH rpa
HIID;e 3aMKHYTLIX Cll~OBLIX ~IIHIIM (rpaHRD;e 3aXBaTa) no [ 6) (mTpHXOBaa ~ll
HllR) H BHyTpeHHeii: rpaBn:n;e OBa~a no~HpHLIX CIIRHHM no '[7) (rroK8.3aHHOtO 
Kocoii: mTpn:xoBKoii:). B RO".i:ROM ceKTope Arp ReCRO~bRO cp;Bn:RyTLI K no~rocy. 
Bo3M01RHO, 3TO .CBH3aRo c OTCYTCTBn:eM 3HaqeHn:ii: Arp p;~H Haii6o~ee B03Myrn;eR-
1ILIX nepn:op;oB. IIpo:aa~LI B p;aHHLIX c 4 p;o 7 n: c 16 p;o 19,5 qac. MLT BLI3BaHLI 
OTCYTCTBHeM BLICOKOIDHpOTHLIX npoxomp;eRIIH B 3TH IIaCLI. 

Cyrn;ecTBeHRLiii: apryMeRT B no~b3Y npep;no~ome.HHH o coBnap;eHn:H Arp c 
rpatmn;eii: 3axBaTa c~ep;yeT n:3 Benocpep;cTBeHHoro cpaBHeHHH Arp c rpa~Hn;eii: 
pemcTpan;n:II a~eKTpoHOB .c E.~40 ]11,36 [ 8]. ,IJ;eii:cTBHTe~LRO, no [ 9, 10] Bbi~o
KOmHpOTHaa rpaHHD;a a~eKTpOROB c E.~45 .,ae - aTo ecTeCTBeHHai;I rpaHHn;a, 
onpep;e~arorn;aa rpaRIID;Y 3axBaTa. RaK BH}J;HO H3 qmr. 2, cna;n: n:HTeRCHBHOCTll 
3THX a~eRTponoB npon:cxop;HT KaK pa3 B6~n3H A .. p, c ue6o~I>IDHM cp;BHroM R 3R
BaTopy. npn:MepHo Ha 0,5°, 'ITO ecTeCTBeHHo OO'LHCRHTL CMHrlJeHn:eM cneKTpa 
a~eRTPOHOB no Mepe npH6~n:meHHH K rpaHHn;e 3axBaTa. TaKHM o6pa3oM, rpa
Hn:n;a 3aXBaTa TOlJHee onpep;eJJHeTCH, nO-BH).l;HMOMy, no rpaRHIJ;e pery~HpHbiX 
n oTOKOB MeHLIDHX aueprHii:, 3apern:cTpHpo'saRHLIX aua~H3aTopaMir. Cym;ecT
BeHHO TaK.me noBep;eHn:e <f>oHa, periicTpnpyeMoro aHaml3aTopaMn npii npoxom
;n:eHHH piJ.p;HaD;HOHHbiX noacoB (KoTopLiii: BLI3biBaeTca TaRme n: a~eKTj:>OnaMH c 
E.<40 "n36 [2]) npH npHO~HmeRIIII R rpauHn;e 3aXBaTa (<f>oH noRa3ai:I mTpn:
xoBoii: ~HRHeii: ua <f>:ti:r. 3). 8TOT <f>oR THHeTCH n: 3a cnap;oM a~eKTpOHOB c E.~ 
~40 ]11,36, HC'le3aH RaK pa3 BO~H3II Arp~76°. Bee 3TO noRa3biBaeT, 'ITO rpaHn:
n;a 3aXBaTa H rpaRHD;a Memp;y 30HaMH B }J;HeBROM H yTpeHHeM CeKTOpax npaR
THlJeCKH COBnap;aiOT, npH'IeM 30Ha Hepery~HpHbiX HHTeHCHBHLIX nOTOROB nona
n;aeT · 3a rpaHIIIJ;Y 3aXBaTa, rp;e Heop;ROKpaTHO HaO~IOp;a~HCb HHTeHCHBRhle 
n OTORH aifeRTpOHOB Ma~LIX SHeprn:ii: [ 11-22), 3oHa pery~HpHLIX noTOROB COBna
;J;aeT, no-BH}J;HMOMy, c 30HOH a~mnpoHoB Ma~J?IX :meprH:if BHYTPH BHemHero p'a-· . ) 

I . 
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IJ;HaD;HOHHoro rro&ca [ 14]. ITo cBOHM xapaKTepHCTHKaM paccMaTpHBaeMoie 

SOHni OJIH3KH K TaK Ha3oiBaeMhlM <<MHTKoib> H <OReCTKoif.>> soHaM [ 15- ·22]. 

Bo3MO.iKHO, 'lTq HH3KOIIIHpOTHaH ~oHa aHaJiorH'lm~ Hmi cocTaBJIHeT qacTo TaR 

Ha3oiBaeMoil A1il<PWY3HO:il 30HI.I [ 19]. _ 

BepHeMCH K AaHHhlM <f>Hr. 2. RaH yme OTMe'laJioco, crrmnpor :meKTpOHOB B 

pac.cMaTpHBaeMhlX . soHax cyrn;ecTBeHHo pa3JIH'laroTcH. Ha <f>Hr. 4 rrpHBe~J;eHo~ 
):J;Ba xapaKTepH:biX CIIeKTpa .:meKTpOHOB ClT1iiX 30H, IIOCTpOeHH:bie ITO IJ;aHH:biM 

IIJB:r. 4 

<f>Hr. 2 (CIIJIOIIIHaH JI1iiH1iiH - crreKTp B MHrK~H 30He, IIITpHXOBaH- B meCTHOH) •. · 

liHTepecHo, 'lTO crreKTp, O.THOCHID;RHCH K.IIHKY 1iiHTeHCRBHOCT1ii B 8 li. 14M. UT 

(9=60°), ITO CBOeH <f>opMe COBIIa~J;aeT CO CIIeKTpOM CJJieKTpOHOB IIOJIHpHoro Kacrra 

Ha paCCTOHHlili{ 1QRE 1il3 [22] (TOliRR; CIIe.KTp 1il3 [22] CMeiD;eH ITO OC1il Op!l;RHaT 

IJ;O COBIIa!l;eHHH 3HatieHHH IUITeHCRBHOCT1ii IJ;JIH 1 nae C COOTBeTCTBYIOID;R~ 3Ha

lieHHeM AJIH crre:iTpa BoiCOKOIIIRpOTHoil soH:bi). B o6JiacTR A>76° HaoJiro~J;aeTcH· 
(CM. <f>Rr. 2) Tp1ii TlUUJ:X miRa HHTeHCRBHOCT1ii. lix IIOHBJiemie liaCTHl!HO CBH3a

HO C rrpeRMyiD;eCTBeHHOH OpHeHTan;Fie:il :meKTpOHH:biX IIOTOKOB B!l;OJI:b CHjrOBhlX . 

JinrrH:il MarHHTHoro rroJIH. HecoMHeHHO, liTO OHH orrpe~J;eJIHIOTCH . 31J;eCo TaRme .H 

·cTpyKTypH:blMFI ocooeHHOCTHMH ooJiaCTH CJJieKTpOHH:biX IIOTOKOB. TaR, pe3Koe 

1ii3MeHeHHe HHTeHCF.I:BHOCTR, :HarrpHMep B 8 'l. 18 M. UT, 6oJiee lieM B 50 pa:;~ 
TPYAHO CBH3aTo c I):JiaBH:biM R3MeHeHHeM IIFIT'I-yrJia B CJTOT me MOMeHT. Rpmvre 

. Toro, ooJiacn MeiKAY ITRKaMH FIHTeHCHBHOCTH (oKoJio 8 li. 18 M:. UT) no xapaR~. 
Tepy 6mrsRa K HH3IWIIIRpOTHOil sorre. He HCRJIIOlieHo rroaToMy, liTO BapHaiJ;HH 

HHTeHCHBHOCTFI .rroToKoil 11 <f>opMor crreKTpOB B ooJiacTH A>76° orrpe~J;eJIHIOTCH 
He CTOJI:bRO BapFiaD;FIHMH FIHTeHCHBHOCTH IIOTOKOB .FJ: <f>opM:bi CIIeKTpOB BTOpraro

ID;HXCH CJJieKTpOHOB, CKOJI:bKO MHOrOKpaTH:biMFI rrepecelieHFIHMFI rpaHHD;:bl Memp;y 

soHaMH B HHTepBaJie 3Haliemr:il A oT 76 p;o 79°. Cor:JiacHo [22] p;HeBHoil rroJIHp

Hor:il Kacrr pacmoJiomeH BOJIH3H A = 79°, liTO 6mmRo K rrpnBe)J;eHH:biM n;H<f>paM. 

TaKHM oopaaoM 11 no pacrroJiomeHHro, FI no BFIAY crreKTpoB ~HTeHCHBHOCTH rroTo

RFI aJieKTpOHOB B p;HeBHOM ceKTope sa Arp . cJiep;yeT OTHecTH K IIOJIHpHoMy Kacrry 

f 4, 5; 22] JIHOO K MHrROM 30He, Ha ElKBaTopFiaJI:bROH rpaHHD;e KOTOpo:il paCIIOJIO-

· MccJiep;oBa 

iKeH IIOJIHpHhlH Racrr ( 2( 

a !>re rrepexop;or Memp;y MJ 

BpeMeHa, Cyii);eCTBeHHO 0 

ceKTope. BoaMO.iKHO, liTO 

no Bce:il rpaHnn;e saMKHY 

llepexop;hl IianooJiee ~e1 
COIIpOBOiKp;aiOTCH IIHKOM 

liHTeHCHBHOCT:b IIOTOHOB 

BaeTCH B HH3K OIIIHpOTHO 

3:biBaeT, .liTO l!:CTOliHHRFI 

Hole liaC:bi COOTBeTCTBel 

B BeliepHHe liacor BCIIJie 

a HHTeHCHBHOCT:b H IIIHI 

MeHoiiie, 'leM B' yTpeHHHI 

. KaK yme OTMelieHo, 

( cpHr. 4) H 6omrnnx B:bl 

CHBHOCT:b IIOTOROB Ha 00 

CHTyan;HH HaOJIIOIJ;lleTCH 1 

3JieKTpOHOB B Kacrre H B 

ROB B Kacrre cyrn;ecTB1eHH· 

XO)J; HHTeHCHBHOCTH, OOp 

BaeT, •rTo pelii> H!l;eT o T 

HOM l'I HOliHOM ceHTOpax 

JIHeTcH · rrp~ ClTOM KaR II 

.iKH3HH paCCMaTpHBaeMbl 

IIOCROJII>Hy )J;JIH CJJieKTpOI 

CJJieKTpHlieC.RHX IIOJieH HE 

llepB:hle rrpeAcTaBJiei 

MarHHToccpepe OI>IJIH c<f>o 

!l;BHiKeHHH pa3JIIi'IHbiX a: 
poM MexaHH3Me rrepe~J;all 

HHIJ;br MarHHToc<f>epnr [ ~ 
[29]. B MarHHToc<f>epe 

iKeHH:ble B yTpeHHeM H I 

TOpe (MaJibiH BHXpb), K< 

XO)J;HT B aHTHCOJIIIeliHOM 

,ll;E;lJieHHH 1ii BpeMeHHhiX I 

peHHHM Ha, CIIYTHHKe 

MarHHTHOrO )J;HIIOJIH 3eN 

ycTaHOBHTb, liTO ,r:t;pe:il<f> 

IIpaBJieHHH ( 25). 8TO II< 

CTpan;HH COBIIa,r:t;aeT C 

BHXPJL -Ha )J;BHiKeHHe aJI' 

B BbiCOKOIDHpOTHOM MarJ 

KOHBeKTHBHbiX BHXpe:il 1 

HeRa rrpHMI>IMH naMeper 

)l;BHiKeHHIO HCKYCCTBeHH 

ayrorn;e:il )l;BOHH:bre 30HAI: 

HBHJIOCb ycTaHOBJieHir.e < 

HIIe H BelieP.HHe liactr. C 
OTOiK)WCTBJieHa B (21] C 

3HaliHT, liTO CJJieHTpOHI>I 

ooJiaCTH aHTHCOJIHeliHOH 

E.>0,2 nae no HaoJIIO,r:t;E 

THCOJIHeliHo:il KoHBeKn;m 



RaM paccMaTpHBaeMbie 

'KOH>> 30HaM [ 15-·22). 
, I 

COCTaBMHeT ~aCTb TaK 

CII8KTpbl :meKTpOHOB B 

Ha <f>nr. 4 11pnBe;rt;eHbi 
jTpOeHHbl8 110 ;rt;aHHbiM 

12 h 

DIH. 5 

li 
'.\ -,\ 4: \0 

rpnxcmaH - B mecTKo:H). 

l!IBHOCTH B 8 ~- 14 M. UT . 

:TpoaoB IIOMHpHoro Rac11a 
CMerr:J;eH 110 OCH Op;rt;nHaT 

~ COOTB8TCTBYIOIIIHM 3Ha

CTH A>76° aaoJiro;rt;aeTcH 

IBJI8HHe ~aCT~HO CBH3a-

IIOTOROB B)J;Ollb CHMOBbiX 

D;8MHIOTCH. a;rt;eCb TaRlli8 H 

rx IIOTOROB. TaR, peaKoe 

JT, 6onee ~eM B 50 pas 
aToT me liWMeHT. RpoMe 

8 ~- 18 M:. UT) 110 xapaK

' 1103TOMY~ ~TO BapnaTI;HJ'I 
~n A>76° ollpe;rt;enHIOTCH 

OpMbl CII8RTpOB BTOprai0-

18HHHMH rpaHHIJ;bl MeiR;rt;Y 

CHO [22) ;rt;H8BHOM IIOMHp

K npnBe;rt;eHHniM u;n<J>paM. 
'pOB HHT8HCHBHOCTH IIOTO

l8CTH R IIOMHpHOMY Racny 

paanu;e KoTopo:H pac_nono· 

HccJie}];oBamm B I:!OHoc.pepe npH no~om;H crryTHHKa. 4 · 211 

iR8H IIOMHpHblfr RaCII . [ 20). B 3TOH CBH3H BalliHO IIO):!;~epRHYTb, ~TO . aaanorn~
H~Ie nepexo;rt;bl MeiR;rt;Y MHrROM H iReCTIWM 30Ha~m aaeymo;rt;aMHCb H B M8CTHl>Ie 

.BpeMeHa, cym;eCTBeHHO OTMH~Hble OT IIpHliOMy;rt;eHHbiX, B TOM - ~HCMe II B HOqHOM 

ceKTope. BosMomao, qTo B,TopmennH aneJa·poHOB nepexo;rt;aoro enoH nponcxo;rt;HT. 

no Bce:H rpannu;e saMKHynrx CIIJIOBl>IX JIIIHIIM, RaK npep;11onaranocb B [23, 24]. 

Ilepexop;l>I aan6onee -q;eTKII B p;lleBHOM II yTpeHHeM ceRTopax,. r;n;e OHII qacTo 

conpoBomp;aroTCH IIIIROM HHTeHCHBHOCTII na rpaaii:o;e· Bom;rsn Arp· B .cpep;HeM 

l'IHTeHCHBHOCTb IIOTOIWB :meKTpOHOB npii npiiOMIIllieHIIII R IIOnyaoqii YB8llJ!Iqii

BaeTCH B HH3IWilliipOTHOM 30He H yMeH:nmaeTCH B BbiCOKOIIIIIpOTHOM. 8Tb yKa-
3biBaeT, -qTo liCTO~HIIKII 3JieKTpOHOB HaiiOOMee IIHT8HCIIBHbl B )l;H8BHbie H HO~
Hbi8 ~aCbi COOTBeTCTB8HHO )l;MH BbiCOKOillHpOTHOM H HII3ROillHpOTHOM 30H. 

B Beqepane qacbr BcnnecRn HHTeHCHBHOCTH BOMII3II Arp aa6nrop;aroTcH peme, 

Cl. HHTeHCHBHOCTb H illHp~lTHaH npOTHllieHHOCTb BbiCOROillHpOTHOM 30Hbl 3)l;BCb 

MeHI>me, ~·eM B· yTpeaane ~aci>r, qTo comacyeTCH c p;aHHl>IMH [25]. 

RaK yme OTMeqeao, cneKTpbi aneRTpoHOB noJI.fipaoro Racmi aa MaJiniX 

(<f>nr. 4) n 6on~>mnx BI>rcoTax [22] 6nii3KH no cBoe:H <f>opMe. Op;aaKo nHTeH-

- CHBHOCTb IIOTOIWB na ooJII>mnx BbiCOTax cyllleCTBeHHO MeHI>me. AnanonrqnaH 

cnTyan;nH na6Jirop;aeTCH n B no~noM Kacne, rp;e cornacno [26] w ·opMbi cneKTpOB 

::ill8KTpOHOB B KaCne H B nJia3M8HHOM Cll08 COBna;rt;aiOT, a lHITeHCHBHOCTb IIOTO

ROB B Racne cyllleCTB'enno Bl>Ime, ~eM na 6oni>mnx yp;anemmx OT 3eMmi. TaKo:H 

XO.D; HHT8HCHBHOCTH, o6_paTHbiH XO)l;Y }l;MH aaxBa~eHHbiX ~aCTHTI;, TaRiRe yi}a3bi

BaeT, ~TO peqb H)l;8T 0 ~aCTHTI;aX, MCTOqJIHRH ROTOpbiX paCITOMOiR8Hbl B )l;HeB

HOM II HO~HOM C8RTOpax. ,ll;onrOTIIaH npOTHiReHHpCTb 30H BbiCbiiTaHIIH onpep;e

MHeTCH' llpJ'[ aTOM RaR npOTHlli8HHOCTbiO CaMIIX IICTO~HIIROB, TaR II BpeMeHeM 

iRH3HII paCCMaT'piiBa8MbiX ~aCTHTI; II CROpOCTbiO ROHBeRTI;HII B MarHIITOC<f>epe, 

nOCROllbRy )l;MH aneRTpOHOB paCCMaTpiiBa8MbiX 3HepriiM ;rt;pe:H<f>a ITO)]; BlliiHHHeM 

aneRTpnqecRnx noJie:H HBMHeTcH cyllleCTBeHHbiM [27]. 

IIepBhie npe~cTaBneHHH o xapaRTepe KOHBeRTHBHbiX .D;BHiReHHfi nnasMI>I B 

)farHHToc<f>epe oi>mH c<f>opMyJIHpoBaHI>I B [ 28, 29] H onHpanncb Iia aa6nro;rt;eHIIH 

.IJ;BIIllieHHM pa3MII~HbiX anpopaMbHbiX oopa30BaiiHfi Jii npe)l;CTaBneHHH 0 H8ROTO

pOM MexaHH3Me nepe.n;a~II IIMITYJII>ca OT conHe~r-wro BeTpa nnasMe BOJiii3lil rpa- · 

HHTI;bl MarHIITOC<f>epbi ( 28) HJilil MeXaHH3M8 nepecoe;rt;liiHeHJi.lH CHJIOBbiX JIHHIIM 

[ 29]. B MarHE;Toc<J>epe - B03HIIRaiOT )l;Ba -ROHBeRTliiBHbiX· BliiXpH, pacnoJio- · 

lli8HHbi8 B yTp8HH8M Iii HO~HOM C8RTOpax (OOllbillOM BHXpb) H B BeqepHeM C8R

TOpe (MaJihiM BliiXpb), ROHB8RD;JiiH ·B BbiCOROill_lilpOTHblX B8TBHX KOTOpbiX nppHC

XO.D;liiT B aHTIICOJIH8~HOM HanpaBJI8HHII. Itlsy~eHH8 npOCTpaHCTB8HHOrO pacnpe

;:J;8JI8HHH H Bp8M8HHhlX BapiiaTI;IIfi nOTOROB aneRTporioB C E.>0,2 li38 no II3M8-
p eHHHM Ha-, cnyTHliiRe <<8neRTpoa-2>> B · saBHCHMOCTII 'oT opMeHTan;IIu ocM 

:uarnMTHoro p;unomi 3eMJIH OTHOCIITeJibHO aanpanJieHHH aa Connu;e nosnoJIIIJIO 

y cTaHOBHTb, ~TO p;pe:H<f> 3THX 3JI8RTpOHOB "npOHCXO.D;HT B aHTHCOMH8~HOM Ha

n paBJI8HIIH [ 25]. 8To nosnoJinno TaRme npep;nonomuTI>, ~To ooJiaCTb nx. pern

CTpan;MH connap;aeT c BbiCORomnpoTHOH neTBbiO ooJII>moro .RoaneRTIIimoro 

BHXpH. -Ha p;Bumeaue aneRTponoB c E.=0,7 KaB B anTI~COJineqaoM aanpaBJieHIIII 

B BbiCORomnponw:H MarnuToc<f>epe ae.n;aBHO yRasano B [ 30] • Ronu;enn;nH p;Byx 

NOHB8KTIIBHbiX BHXpeM: B BbiCOROllHpO:t:HOM MaTHIITOc<f>epe CYIII8CTJ38HHO yToq

HeHa npHMbiMII II3M8p8HHHMH 3JI8RTPII~8CI\IIX noJiei{ B MarHHTOC<f>epe RaK no 

J;BIIlli8HIIIO IICKYCCTB8HHbiX OOJiaROB Ba+ [31, 32], TaK II no M8TO)l;IIKe, HCnOJib

ayrollleH )l;BOHHI>Ie sort):i;I>I Jl(mrMropa [ 10; 32-34]. BamHe:HmnM pesyJII>TaTOM 

HBIIJIOCb ycTaHOBJieHIIe cpaKTa o6pa111eH:qH 3HaKa noJIH Ha A=75-77° B yTpea

nae II Be~epnne ~acl>I. CyllleCTBenno, 'ITO m!nnH o6pa111eHIIH snaKa nonH 6I>ma 

OTOlli)l;eCTBJieHa B (21] C rpann:q;efr saxBaTa H 3aMKHYTbiX CHJIOBbiX JIHHIIM. 8TO 

aaaqiiT, qTo aJieKTpon:ni BbiCOKomiipOTHOM MHrKo:H 30Hbi sa Arp pacnoJiomeHbi B 

ooJiaCTH anTnconne~noft KOHB8HIJ;IIH, B cornacnn c p;aHHbiMH o6 sJieKTponax c 

£.,>0,2 Kae no na6nro;n;enHHM Ha cnyTHHKe <<8neKTpOH-2>> [25]. Bl>IBO)l; o6 an

>nconne~noft ROIIBeK:o;nn MarHHToc<f>epa6M: nnasMI>I. aa BI>rcoRnx mnpo~ax B 
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[ 25] OeHOBI:.IBaJICH Ha eyMMapHOM paeeMqTpemiii Been OOJiaCTH perHCTpaD;FIFI 

::lJieRTpOHOB. H'aR noRa3oiBaiOT npFIBe)l;eHHI:.Ie Bl>IID8 )l;aHHI:.Ie, nOTORH 3JI8RTpO

HOB B BoieOROIDHpOTHOii 30He B )l;HeBH:bi8 H yTpeiffiHe qatni npeOOJia)l;aiOT, H npFI 

TaROM eyMMapHOM paeeMOTp.eiHIH HX BRJia)l; )l;OMHHHpyeT, 'ITO nO)l;TBepm)l;aeT 

OeHOBHOM' peayJinTaT B [ 25]. 
Q6m;aH RapTHHa )l;penwa aJieRTponoB MaJiorx aneprHn, o6'bHeHHrorn;aH RaR 

npFIBe)l;8HH:bi8 )l;aHH:bie, TaR H )l;aHHnie B [ 25] , CX8Ma TH'leeKFI noRa3aHa Ha 

tPFir. 5. lleTO'IHHR 3JI8RTpOHOB HH3ROIDHpOTHOM meeTROM 30Hol pacnOJIOlli8H B 

' ITJia3MeHHOM' CJI08 H HO'IHOM Racne, OTRy)l;a 3JI8RTpOH:bl )l;p8HtPYIOT B COJIH8'IHOM 

HanpaimeHHH, o6pa3yH HH3ROIDHpOTHo1e B8TBH ROHB8RTHBHhlX BHXpeii:. lleTO'l

HHR ::JJieRTpOHOB MHrROH 30H:bi B aTOM exeMe - nOJIHpHLIH ~men, nonOJIHHeMoiH 

3JieRTpOHaMH nepeXO)l;HOrO eJIOH 'Iepe3 )l;HeBHI:.Ie Heii:TpaJI:bH:bie TO'IRFI HjrH JIH

HFIH ( 19, 21, 35, 36]. aTH ::JJieRTpOH:bl nona)l;aiOT B B:biCOROIDHpOTHoie BeTBFI 

ROHBeRTHBHLrx BFixpeii: n )l;penwyroT B anTneoJIHeTIHOM nanpaBJieHMH. B aaliH

eHMOcTn OT opn:eHTaD;HFI MelliiTJiaHeTHOrO nOJIH OTHOCHTeJinHO OCH Mar1IHTHOrO 

)l;FinOJIH paen.OJIOllieHRe ROHBeRTHBHoiX B.liiXpeH H eRopoeTn ROHBeRD;HH MOlli8T 

H3MeHHTneH [34] . . flo ou;eHI\e B ~ (25] CROpOeT:b )l;peiiwa 3JI8RTpOHOB e 

Ee>0,2 'if,i'JB B yTpennne TiaeOI B aHTneoJIHe'IHOM nanpaBJieHHH eoeTaBJIHJia 

~20°/ItaC no )l;OJirOTe, 'ITO npHBO)l;HT Ha BnieOTaX, r)l;e H3MepHJIHen ::JJieRTpM'Ie

eRHe nOJIH, npnMepHO R 0,3 lf,M/ Ce'/l,. qarn;e Beero HaORIO)l;aJIHeo 3JieRTpM'l8CRHe· 

nOJIH, eoOTBeTeTBYIOID;He eRopoeTHM ROHBeRJJ;HH 1,0- 1,5 lf,JttfCelf, (9, 31-34], 
XOTH HMeiOTCH TaRme eJIY'!aH HaOJIIO)l;eHHH H eyrn;eeTB8HHO MeHnillHX eROpO

CTeH. TaR B [37] eeTn CJiy'laH, ROr)l;a eRopoeTn eoeTaBJIHJia ~0,5 lf,M(cen (tl>nr. 7 
B [ 37]). CJie)l;yeT yTieeTn, 'ITO SJieRTpHTieeRoe noJie onpe)l;eJIHeT eRopoeT:b 'RoH

BeRD;HH XOJIO)l;HOH nJia3Mni, a )l;JIH paeeMaTpHBaeMniX 6oJiee aHeprMTIHnrx · aJieRT

poHoB HeOOXO)l;HMO paceMOTpeT:b TaRme rpa)l;HeHTHoiH H n;eHTpo6emHI:.IH )l;peHtP 

B MarHHTHOM noJie, B yTpeHH8M C8RTOpe HanpaBJI8HHoiH HaiiCTpeqy 3JieRTpH'Ie

eROMy. fipHB8)1;8HHOe 3Ha'leHHe 0,3 Jl,M,/ cen eJie)l;yeT yBeJIH'IHT:b Ha eROpOeTII 

MarnHTHnrx )l;peiitl>oB, T. e. npHMepno Ha 0,5 lf,Mlcen, noeJie Tiero corJiacne )l;an

norx (25] H 3RenepHMeHTaJinH:biX )l;aHHI:.IX no H3MepeHJiUIM ROHBeRIJ;HH B aHTH

eOJIHe'IHOM HanpaBJieHHH Ha OeHOBe H3MepeHHH 3JI8KTp_H'IeCRHX noJieH (9, 32-
34] eTaHOBHTeH BnOJIHe y)l;oBJieTBopHTeJinHniM. 

I\poMe )l;BYX HeTO'IHHROB nonOJIHeHHH HH3R.OIIIHpOTHOH H BoiCOROIIIHpOTHOH 

30H ( eOOTBeTCTBeHHO HO'IHOrO H )l;HeBHOrO) , He eJie)l;yeT, RaR yme OTMe'leHO, 

neRJIIO'laTo eyrn;eeTBOBaHHe npOTHllieHHOrO no )l;OJirOT8 HCTO'IHHRa Ha rpaHHI\e 

3aMRHYTI:.IX eHJIOBoiX JIHHHH MarHHTHOro nOJIH (23, 24], noeiWJinRY BpeMeHa 

mHaHn aJieRTponoB paecMa:rpnBaeMOIX aHeprnn Mory-T 6niTn He)l;oeTaTo'IHni )l;JIH 

HX nepenoea Ha 3Ha'IHT8JI:bHol8 paeeTOHHHH, a TaRme JIORaJinHoiX MeXaHH3MOB 

ycRopeHHH aJieRTpOHOB, TaR RaK HHa'le TPY)l;HO o6'bHeHHTn MHoroTIHCJieHHnre 

eJiy'laH HaOJIIO)l;eHHH p83RHX M6JIROMaCIIITaOHoiX HeO)l;HOpO)l;HO.CTeH B B:biCORO

IIIHpOTHOM 30H8 B IIIHpOROM HHT8pBaJie MeeTHOrO BpeMeHH. 
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!CeH 06JiaCTH perHCTpaD;HH 

p;aliRbie, IIOTOKH 3JieKTpO

qaCbl rrpeo6rrap;aiOT, 11 rrp11 

!HpyeT, 'ITO IIO]l;TBepmp;aeT 

!eprHH, o6'bHCHHIOIIJ;aH KaK 

~eMaTH'IeCKH rroKaaaHa Ha 

CTKOH. 30Hbi pacrrooliOiKeH B 

Elhl p;pei<PyroT B COJIHe'IHOM 

BeKTHBHhlX BHxpei. YlcTO'I

IpHnii ~acrr, IIOIIOJIHHeMbiH 

:HTpaJibHhle TO'IKH l'IJIH JIH

B BbiCOKOillHpOTHble BeTBH 

IOM HarrpaBJieHHH. B aaJiH

ocHTeJihHO OCH MarHHTHOrO 

KOpOCTb KOHBeKD;J?IH MOiKeT 

rh p;pei<Pa arreKTpo:aoB c 

HarrpaBJieHHH cocTaBJIHJia 

. •p;e li3MepHJIHCb 3JieKTpH'Ie-

3.6.Ji:rop;aJIHCb aJieKTpH'IeCKHe· 

)-1,5 w:ulcen [9, 31-34], 
~eCTBeHHO MeHhillHX CKOpO

lBJIHJia ~0,5 w:u/cew (<PHr. 7 
orrpep;eJIHeT CKOpOCTb ROH

X 6orree aueprH'IHhlX · arreKT

>IH li n;eHTpo6eiKHbiH p;pei<P 

IHbiH HaBCTpe'!y 3JieKTpH'I8-

eT y:BeJIH'IHTb Ha CKOpOCTI:I 

~ . rrocrre qero corrrac11e p;aH

peHHHM KOHB8KD;HH B aHTH-

3KTp.H'I8CKHX. IIOJieH (9, 32-

!pOTHOH H BbiCOKOillHpOTHOH 

[ep;yeT, KaK yme OTMe'IeHO, 

roTe HCTO'IHHKa Ha rpanHn;e 

3, 24], TIOCIWJibKY BpeMeRa 

ryT 6hlTb nep;OCTaTO'IHbi ]l;JIH 

~iKe JIOKaJibnhlX MeXaHH3MOB 

J6'bHCHHTb MHOrO'IHCJieHRbie 

tieO]l;HOpO]J;HO.CTeH B BbiCOK0-

18M8HH. 
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