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liiCCJIEAOBAHliiH B liiOHOC<IlEPE TIPlil TIOMOII:(lil CTIYTHliiKA 
<<KOCMOC~378>> 

5. AHII30TPOlliiH 3JIEKTPO~HbiX. llOTOKOB 0,5-12 naB 
. HA. BhiCOKHX IllliPOTAX 

M. 3. Xox.tto~ 

C IIOMOII\hiO :meKTpOCTaTJil'I8CKliiX aHaJIH3aTopoB, op~eRTlilpOBaHHhiX B 
IIpOTIIBOIIOJIO~HhlX HanpaBJI8HIIHX, cpaBHIIBaJIHCh IIOTOKII 3JI8KTpOHOB1 Ha­
npaBJI8HHhle BBepX II K 3eMJI8, B . KOHyCe . IIOTepb IW3tlJtlJIID;HeRThi OTpame­
HiilH )l;OCTHraJIH 0,3-0,45, BHe KOHyCa IIOTep:b OHM lJ:aCTO 6hlJIII MeHI>me 1. 
Ha6JIIO)l;aJiliCh CJIYl!aH, KOr)l;a IIOTOJ{II OTpameHHhiX 3JI8KTpOHOB IIpeBOCXO)l;II­
JIE: IIOTOKiil na,n;aiOII\HX. HanpaBJieHE:e TOI{a, nepeHOCI!!l\WrO TaimMH 3Jiei>TpO­
HaMH, B 60JihiilliHCTBe CJiylJ:aeB o6paTHO IIpliHHTOMY HanpaBJieHE:IO CHCT8Mhl 
IIpO,Il;OJihHbiX TOKOB B MarHiilTOCtlJepe, KOTOpaH OIIpe)l;eJIHeTCH 3JieKTpOHaMH 
cyii\eCTBe:.;rno MeHI>nmx aneprHii. 

Ha crryTHJ!II{e <<RocMoc-378>>, aanym;eHHOM 17.XI 1970 r. (HamroHeHire op­

Ol!IThl 74°, anore:ii 1750 nM, nepRre:ii 240 nllt ), OhlJIO ycTaHOBJieHO f);Ba aJieRTpo­

CTaTJ!I'IeCRJ!IX aiHaJIR3aTopa aapmReHHDrx 'IacnpJ; p;JIH R3y'Iemm :meRTpOHHhlX 

ITOTOROB C :meprl!IHMJ!I 0,5-12 nae. IJ;eJIJ!I ROMITJiel{CHOrO 8RCnep1!IMeHTa Ha 

cnyTHime 1!I paaMem;e:ime annapaTyphl paccMOTpeiihl B [1]. Onl!IcaHHe aHaJIH-:-

. aaTOpOB H HX xapai{TepRCTJ!IRl!I rrpRBep;eHI>I B [ 2, 3]; a npocTpaHCTBeHHoe pac­

rroJiomeHHe OOJiaCTe:ii perHCTpaiJ;HH aJieRTpOHOB H CTpyHTYPHDie ocooeHHOCTJ!I 

8THX OOJiaCTeH paCCMOTpeHJ:.I B. (2, 4-6). · 

CnyTHHH He HMeJI npHHYAHTeJII>Ho:ii opHeHTaiJ;Hl!I (nepHop; Bpam;eHHH rrocTe- . 

neHHO yBeJIH'IJ!IBaJICH OT 2 f];O 8 MHH.). TloJiy'IeHHe IIHT'I-yrJIOBbiX pacnpep;eJie­

HHH npH aToM aaTpyp;Heno, TaR H:aH: Tpe6yeT cpaBHeHHH noRaaaHRH, IT<?JIY'IeH­

H:biX B paanoe BpeMa, B ycJIOBHHX 6oJibiDHX BapHaiJ;HH RaytiaeMhlX rroTOROB. Op;­

HaH:·o HaJIH'IHe )l;BYX ·Hp;eHTH'IHbiX aHaJIH3aTOpOB, OpHeHTHpOBaHHbiX B IIpOTJ!IBO­

IIOJIOJRHbiX narrpaBJieHHHX (~t<0,02 ceR~), II03BOJIHJIO IIOJJ;Y'IHTb f];OCTaTO'IHO 

Hap;eJRH:W:e p;aHHhle 0 rrpeliiMYIIJ;eCTBeHHOH HarrpaBJieHHOCTJ!I aJieRTpOHHhlX II~­
TOH:OB, IIOCH:OJibH:Y BapHaiJ;HH BeJIH'IHH:bl . OTHOIDeHHH perHCTpHpyeMbiX aHaJIIma-

' TOpOM IIOTOH:OB cym;ecTBeHHO MeHbille Bap~aiJ;HH 8TUX IIOTOH:OB ITO OT)J;eJibHOCTJ!I. 

8TH p;aHHbie, OIIJ!ICaHJ!IIO H aHaJinay ROTOpbiX IIOCBHID;eHa HaCTO.fiiii;aH CTaTbH, 

liiMeiOT cym;eCTBeHHOe 3Ha'IeHHe f];JIH IIOHHMaHHH pap;a BaJRHbiX rrpo:p;ecCOB B 

MarHHTOC<Jlepe 1!I HOHOCcPepe 3eMJIH, CBH3aHHbiX, B 'IaCTHOCTII, C OCOOeHHOCTHMH 

OTpameHHH paccMaTpHBaeMI>IX ~JieHTponoB na HH3HIIX BMCOTax BOJIH3H corrpa­

meHHbiX TOlleR MarHHTHOrO IIOJIH, C xapai{TepoM CHCTeMhl IIp.Of];OJlbHbiX TOH:OB 

H 8JieH:TpH'leCRJIX IIOJieH H p;pyrHMH MarHHTOCcPepHbiMH HBJreHHHMH. . 

8JieH:TpOHI>I, f];BHJRYID;HeCH BBepx OT 3eMJIH,- 8TO . aJieH:TpOHhl, JlliiOO OTpa- . 

3HBmneca B HOHoccJ?epe HIIJRe CIIYTHUH:a, JIHOO IIOHBHBIDHeCH B ·peayJII>TaTe l{a­

H:HX-JIHOO ycRopnTeJII>HI>IX rrpo:o;eccoB. Bee TaHne .aireRTpOHhl (He ROHRpeTM3H­

pya IIORa MeXaHH3Ma HX IIOHBJieHHH) 6yp;eM Ha3hiBaTb . <<OTpa:meRHbiMH>>. 

B paccMaTpHBaeMoM ~mcrrep:nMenTe :nH;reHCHBH:hle rroToH:H oTpameHHhlX aJieH:­

TpOHOB Ha6mop;aJIHCI> Ha BI>ICORHX mHpoTax Rail: BHe, TaR H BHYTPH RoHyca rro­

Tepi>, 3a rpaHHIJ;y HOTOporo IIpHHHMaJIOCh ·aHa'IeHHe IIHT'I-yrJia 8 B TO'IRe ·na-

OJIIOf);eHHH, cooTBeTCTByiOm;ee :rt/2 Ha BhiCOTe 100 nJJt. . · 

OcnoBHaH BeJIH'IHna, RoTopaa B p;aJII>He:iimeM anaJIH3HpyeTca,- OTHome­

HHe rroToH:a oTpameHHI>IX aJieH:TpoHOB N 1 H rroToH:y N z, nanpaBJieHHOMY BHna, 

/ 

/ 

MccJie,n;oBaHH: 

aaperHcTpnpoBaHHOe B 

HOM aHepreTH'IeCH:OM HHTeJ 

Jie npR 3Ha'IeHHH 8, Ollp 

. JIHeMOM TIOJIOJReHHeM H Opl 

TaiJ;HeH CrryTHHH:a B MOl'; 

H3MepeHHH. 

CJiep;yeT OTMeTnTI>, 

H3-3a HeH:OTOpOH HeCHM 

pH'IHOCTH xapaH:TepHCTHH: 

JIH3aTop(>B . (2, 7) OTHOilll 

a=N1/Nz 3aBHCHT He TO. 

OT 8, HO H OT TIOBOpOTa E 

HOrO OHHa aHaJIH3aTOpOB 

Hpyr ocH npnoopa (yroJJ 

rrpH'IeM . xapaH:Tep aaBHC 

cTH oT · ~ B CBOIO oTie 

CBH3aH C cJ?opMOH IIHJ'I-~ 
Boro pacnpep;eJieHHH. 

yHaaaHo, B pap;e CJiyqaeB r 

ymoBI>re pacnpe,n;eJieHHH M 

QbiTh TIOJIY'I8Hhi. B OOJih: 

CTBe CJiyqaeB OHH CHJI,hHC 

THHYTI>I Bf];OJih Han~aBJI 

MarHHTHOrO fiOJIH B CTC 

3eMJIH. 3aBHCliMOCTh H: 
' '· 

CHBHOCTH OT tTIHT'I-yrJia 

CI<OJlhH:O pa3JIHqHa ,li;JIH pa 

3Hepr:n:ii. MnorAa Ha6mo)J; 

TaH:me MaR.cnMyM BoJIHar 

=:rt/2. B cpep;HeM 'IeM oo 

lHJ:eprHH, T8M OJrHJRe R 

'TpOTIHOMy TIHT'I-yrJIOBOe 

npep;eJien:ne. · XapaH:Te 

.npHMepOM · MOJReT CJI} 

TIHTTI-yrJioBoe pacnpep;eJ 

TIOJiy'IeHHOe BO BpeMH 

xomp;eHHH ooJiacTH peri 

IJ;lilH 8JieHTpOHRbiX TIOTOJ 

HO'IHOM CeH:Tope 18.X~ 1 

( 2, cPHr; 4) ; HJ!I3H:He 3Ha 

A-60° cBaaaHI>I c Marn 

oype:ii, Ha'IaBme:iJ:ca 33 i 
p;o Ha'IaJia Haomop;eHn:ii. 

~TOH aTo:ii ooJiaCTH, Ha He 

HaHOOJiee 'IeTH:O BH,ll;Ha 

ClifMOCTh HHT8HCHBHOCTJ 

TOH:OB OT IIHT'I- yrJia, IIOR 

ITo ocn opp;HHaT OTJIOJR 

·aHepreTH'IeCHHX HHTepB: 

_CH:HX aHaJIH3aTOpOB ~E 
8HeprHH, rrepeHOCHMOH 

HHTeHCHBHOCTb IIOTOH:OB 

rp;e 'Y ;:o 1) . Bep'i'HH:aJibHI 

-perHCTp31J;HH B p;aHHOM 

:n;aeMI>Ie BapHaiJ;HH f];OCT 
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\IIOID;II CIIYTHMKA 

OB 0,5-12 na(J 

, Op~eHTHJlOBaHHbiX B 
lTOHH ~lJlei{TpOHOB, Ha­
oalf!lf!HD;HeHThl lnpame­
[aCTO 6hiJII!! MeHJ>IDe 1. 
rreHTpOHOB npeBOCXO)J;H­
[MOrO TaRHMH :JJiel{TpO­
HaUpaBJieHHIO CHCTeMhl 
p;eJilleTCJI aJieKTpOHaMII 

1970 r. (HarmoHeH:iie op­

ycTaHOBJieHo p;Ba aJieKTpo­

I H3Y'I8HliJI 9JI8R~pOHHhlX 

cHoro aRcnep:rn-reHTa Ha 

• B [ 1 ] . Onrrcamm aHaJIH-:­

a IIpOCTpaHCTB8HHM pac-

rpyi<TypHI>Ie OC06eHHOCTH 

(nepuop; Bpan:reHHJI nocTe­

[HT'I-yrJIOBhlX pacnpep;eJie­

•HHJI IIORa3aHH:H, IIOJiy'IeH­

i IIay-qaeMDIX noToKoB. Op;­
eHTrrpoBaHH:&Ix B IIpO'i'HBO­

~JIO IIOJIY'IHTI> ;D;OCTaTO'IHO 

>HHOCTH 9JI8RTpOHHbiX IIO­

perHCTpHpyeM:&IX aHaJIH3a­

C IIOTOROB IIO OT;LJ;8JII>HOCTH. 

JIIIJ8Ha HaCTOJIIIJaH CTaT:&JI, 

;n;a BalliHDIX npou;eccoB B 

tCTHOCTH, C OC06eHHOCTHMH 

IX BI>ICOTaX B6JIH3H COIIPH­

•cTeMbl . IIp.Op;OJil>HbiX TO ROB 

[1\iH JIBJI8HHHMH. 

l . 9JI8RTpOHI>I, JIH60 -OTpa- . 

f!BIIIH8CJI B pe3yJinTaTe Ra-

8RTpOHI>I (He ROHRp8TH3Jil-

3:&IBaTI> . <<OTpam!ffiHhlMH>> . 

•oTORH OTpameHHI>IX -9JI8R­

' TaR H BHyTpH ROHyca IIO-
l IIHT'I-yrJia e B TO'IRe 'Ha-

aHaJIH3HpyeTCJI, - OTHOIIIe­

N2, HanpaBJieHHOMY BHH3, 

MccJiep;OBaHHJI B HOHOC!f!epe npH IIOMOID;H CnyTHHKa. 5 215 

aaperHCTpHpOBaHHOe B p;aH~ 

HOM :mepreTIPI8CROM HHT8pBa­

JI8 npn: 3Ha'I8HHH 9, onpe;:{e­

Jll'I8MOM IIOJIOJI\8HH8M H Op:HeH­

Ta~HeH CIIYTHHRa B 1'40M8HT 

H3MepeHHJI. 

CJieAYeT OTMeTHTI>, 'ITO 

IiJ3-3a H8ROTOpOH H8CHMM8T­

pH'IHOCTH xapaRT8pHCTHR aHa­

JIH3aTOpOB [2, 7] OTHOIII8H:He 

a=N/Nz 3aBHCHT He TOJibRO. 

OT 9, HO H OT IIOBOpOTa BXO;LJ;• 

HOrO ORHa aHaJIH3aTOpOB 110-

Rpyr ocu npu6opa (yroJI a), 

IIpl['I8M . XapaRTep 3aBHCHMO­

CTH OT • ·q, B CBOIO O'Iepep;:r, 

CBJI3aH C <!JopMOH IIHJ'I -yrJIO-

BOrO pacnpe;n;eJieHHJI. KaR • 

yRa3aHO, B pJip;e CJiy'IaeB IIHT'I­

y rJIOBhle pacnpe;n;eJieHHJI Mormr 

6:&IT:& noJiy'IeHni. B 6oJiniiiHH­

CTBe CJiy'IaeB OHH CHJII>HO BI>I­

THHYTI>I B;LJ;OJII> HanpaBJI8HHJI 

MarHHTHOrO IIOJIJI B . CTOpOHY 

3eM~l'I. 3aBHClMOCTI> HHT8H­

CHBHOCTH OT \IIHT'I-yrJia He­

CIWJI:ORO pa3JIH.qHa ~JIJI pa3f!I>IX 

~meprHH. liHOrAa · Ha6JIIO):(aeTCJI 

Ta:Rme MaKCHMYM B6Jin:3n: 9= 
=:rt/2. B ' cpep;HeM 'IeM 6oJI:&rne 

:=meprliJI, TeM 6:rrume R uao­

<rponHoMy IIHT'I-yrJIOB08 pac­

npep;eJI8HH8. · XapaRTepHniM 

npHMepOM · MOJI\8T CJIYJI\liTb 

IIHT'I-yrJioBoe pacnpe;n;eJieHn:e, 

IIOJIY'I8HH08 BO Bp8MJI IIpO­

XOrR;LJ;8HH:JI 06JiaCTH perHCTpa­

~H:H 9JI8ItTpOHHbiX IIOTOROB B 

HO'IHOM C8l{TOpe 18.XJ 1970 r. -

[2, <!Jur; 4]; HH3RHe 3Ha'I8HlUI 

A ~60° cBaaaH:&I c MarmiTHo:H 

6ype:H, Ha'IaBrneii:cJI sa 3 'Iaca 

p;o Ha'IaJia Ha6mo;n;eHHH. 'Y'Ia- · 

CTOR 9TOH o6JiaCTH, Ha ROTOpOM 

HaH60Jiee 'I8TRO BH;D;Ha 3aBH-

CHMOCTI> HHT8HCHBHOCTH IIO-
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«l>Hr. 1 

TOKOB OT IIHT'I-yrJia, IIORa3aH C 66JI:&IIIHM Bp8M8HHbiM pa3p8III8HH8M Ha lPHr. 1. 
llo OCli op;D;HHaT OTJIOJI\8HI>I 3Ha'IeHHJI Nd!!.E, Nzf1E H e, r;n;e !!E- IIIHpHHa 

aHepreTH'IeCRHX HHTepBaJioB aHaJIH3aTopoB. IIocKOJI:&Ry .p;JIJI aJieRTpocTaTH'Ie­

.cKHX aHamma TopoB !1E :'0 E, BeJIH'IHH:&I · N !!E nponop~IWHaJI:&Hbl noTOKY . 

aHeprrrH, nepeHocHMoii: aJieRTpoHaMH. C y'IeToM aToro BII;LJ;HO, 'ITO B cpe;n;HeM 

HHTeHcHBHOCTb noToiWB yMeH:&rnaeTcJI c aHeprrreii: ( cneRTP 6JIH30K K N XJE-"~, 
rp;e "f ~ 1) . BepTHI<RJI:OHI>Ie JIH):tl'IH IIORa3:&IBaiOT H3M8H8HH8 IIOTO~OB 3a BpeMJI 

perHcTpa~HH B p;aHHOM aHepreTH'IeCKOM HHTepBaJie (sa 3 ceK.). XoTJI Ha6Jiro­

~aeMI>Ie Baprra~Hl'I ;LJ;OCTaTO'IHO B8JIHKH, 3aBHCHMOCTb HHT8HCHBHOCTH IIOTOKOB 



~16 Mo 30 XoxJioB 

I 
OT IIIITlJ-yTJIOB lJ8TKO BI>IHBJIH8TCHo )l;JIH ).J;BYX IIpOTIIBOIIOJIOJKHO Opii8HTIIpO­

BaHHhlX aHaJIIIaaropoB IIHTeHCIIBHOCTI> rroroKcm uaMeHHeTCH i:rpii Bpam;eHIIH 

CIIyTHJIKa B IIpOTHBOlPa3e, lJTO CBH3aHO C rrpeMMyiqeCTB8HHOH HarrpaBJI8HHO­

CTI>IO IIOTOKOB, B· p;aHHOM CJiyqae IIO HaiipaBJI8HIIIO K 31;lMJI8. )l;JIH MaJII>IX :mep­

TIIH (1 II 2,2 l>iJ6) BII)l; IIIITlJ-yi'JIOBOTO pacrrpep;eJieHIIH KalJeCTB8HHO (rro p;aH­

HhlM <lJHr. 1) rroKaaaH Ha <lJHr. 2. KpiiBaH 1 OTHOCHTCH K oTpameHHbiM :meK-

f . 
N1, N2 , om H. e~. 
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<l>Hr •. 2 <l>Hro 3 

TpOHaM (8<90°), KpHBaH 2 - K BbiChliiaiOID;IIMCH (8>90°). 06pam;aeT Ha ceoH 

BHIIMaHHe MIIHIIMYM HHTeHCHBHOCTH BoJIH3H rpaHHIJ;hl KoHyca rrorepi> (8!:!:! 
!:!:! 60-70°), KaK Ohl paap;eJIHIOID;II.:H aaxBalJeHHhle H Bnicnmarom;:u:ecH aJieKrpo­

HI>I, OOpa3yiOID;H8 )l;Ba He3aBJICIIMbiX IIIITlJ-yTJIOBI>IX pacrrpep;eJieHIIH. 

IJpOB8)l;8HHbl8 paclJ8Tbl IIOKaaami, 'ITO )l;JIH BI>ITHHYTI>IX B)l;OJII> CHJIOBI>IX JIII­

HMH MarHIITHoro rroJIH IIIITlJ-yrJIOBhlX pacrrpep;eJieHIIH II peaJII>HI>rx xapaKTe­

pHCTIIK aHaJIII3aTopoB rrpn: N 1<N2 (HaHOOJiee xapaKrepHhlH CJiylJa:K) 3HalJe­

HIIH a 3aHIIJKaiOTCH IIpii a:>:n:/2 H 3aBhliiiaiOTCH IIpii a:<:n:/2. 3p;eCI> a=O CO­

OTBeTCTByeT IIOJIOJK8HIIIO BXO)l;HOTO OKHa aHaJIII3aTopa, IIpii KOTOpOM OOpa-

3YIOID;IIe IJ;IIJIIIH)l;pii'IeCKHX OTKJIOHHIOID;HX IIJiaCTMH aHaJIH3aTOpOB JieJKaT B 

IIJI()CKOCTH, OIIpep;eJIH-eMOH HOpMaJII>IO K BXO)l;HOMy OKHY H KacaTeJII>HOH .K CH­

JIOBOH JIIIHHII MarHHTHOTO IIOJIH. 

HaiiooJiee BaJKHo, lJTo BOJIH3H a:=:n:/2 yKaaaHHaH HecHMMeTpH'IHOCTI> He 

rrpoHBJIHeTcH. IIoaToMy B rrepByro oqepep;n n;eJiecoo6paaHo n:crrciJib3oBaTI> 3Ha­

lJeHIIH a )l;JIH a, oJIH3KHx K :n:/2. IloJiy'leHHI>re p;aHHI>Ie rroKaaaJIH, 'ITO .o;e:KcrBH­

TeJII>Ho B cpep;HeM a>arr.12 rrpii a:<:n:/2 H a<a,12 rrpii a:>:n:/2, rrpii'IeM · 3HalJeHIIH 

a/a,12 JieJKaT B rrpep;eJiax 0,6-1,4. PaclJeTI>I rroKaaaJIII TaKme, 'ITO irpii pac­

cMaTpHBaeMI>IX IIIITlJ-YTJIOBI>IX pacrrpe)l;8JI8HIIHX KOile'maH IIIIIpHHa yrJIOBI>IX 

xapaKTepiiCTHK aHaJIH3aTOpOB IIpHBO.O:IIT K . H800JII>IIIOMY 3aHHJK8HIIIO anf2· 

Haii6oJII>IIIIIH HHTepec }l;JIH cpaBHeiiiiH c reopiie:H rrpe.o;craBJIHeT rroJiylJeHHe 

3aBIICIIMOCTII IW8'lPlPIIIJ;M8HTa OTpameHIIH OT IIHTlJ-yrJia a (8J II BeJIHlJIIHI>I aJII>-

oep;o, OIIpep;eJIH8MOTO BI>IpameHIIeM . 
0 

" n/2 

A= s Nt (8) cos 8d cos 8 I f N2 (8) cos 8d cos e. . (1) 
n/2 

RaK BIIp;Ho, }l;JIH orrpep;eJieHIIH .aJII>oe.o;o Heo6xo,n;IIMO HesaBIICHMoe orrpe,n;,eJie­

HMe Nt (8) H Nz (8). MomHo rroKaa;:tTh, 'o,n;HaKo, 'ITO rrpH OOJII>IIIHX Koa<lJ<lJHn;H­

' 

MccJie~oBaH 

eur ax OTpameHIIH 3HalJeB 

aacri> BOJIH3II 8= :Ji:/2, r'.o;1 

aeHIIII a. HarrpliMep, }l;JIH 

RaK a=0,4 }l;JIH 8=0760' 
liOCTH a(8) )l;JIH Ee=2,5 11 

- :rrrme 3HalJeHIIH A H a. 

E,Kae a 

2,5 
20,0 
20,0 
45,0 
35,0 

0,5-12 
0,5-12 
0,5"-12 

0,01-0,02 

* ([>HI' o 3 HaCTOIIll\eH 

Ha <lJ:u:r. 3 rrpiiBep;em 
=60__:65°, 4-T-.21 qac M 

BI>ICOTa 1700 l>:At, A= 75° 
JIIIHH8H IIOKa3aHa rpaHHJ 

CJiyqa:K a OTHOCIITC.H 

lJIIC.:fi.O TOlJ8K .CBH3aHO C 

M 8HTaJII>Hble TOlJKH JIOJI\; 

8-+:n:/2. Bnrcora crryTHHJ 

BOJIH3H 70- 75°. Ha WHJ 

;l;JIH 8JI8H,TpOHOB C 8Heprl 

meHHH HYJIOHOBCKoro p[ 
( COOTB8TCTB8HHO Ha BI>H 

.o;aeMI>Ie a ( 8) 3HalJHT8JII> 

JI.O 5- 7 paa; CM. TaKJKe 

B miTeparype aHalJeHHH 

aJieHrpoHoB rrap;arom;n:K 

PHII ~yJioHOBCHoro pacc1 

MepHo B 2 paaa [8]), a 

CH O)l;HH :mepreTHlJ8CHHF 

pHMeiiTOM em;e 6oJinrne. 

MaTHHTHOTO IIOJIH C BI>IC 

Bep;eH AJIH E.>20 11-a6. 

8HeprHeH, 8TO 3HitlJeHHe 

cym;eCTB8HHO M8HI>IIIHX 

IlocKoJinKy KYJIOHOB 

8HepriiH cym;eCTB8HHO 1 

repi> cJiep;oBaJio 61>1 oml' 

HaOJiiop;aeTCH IIOHHJI\8111 

BOJIHSII arioreH, r.o;e KoH: 

CeHHHe a'Jiei\TpOHOB rrpo 

CKOTO pacCeHHIIH H He 1 

)l;pyraH :rmrepecHaH 

IIJIH 6JIHaHux H ep;nHnrit 
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THBOIIOJIOJKHO OpHeHTMpO­
tleHJieTCJI iJpH BparqeHHH 
~ecTBennoi nanpaBJienno-
3(lMJie. ,[(m1 Mam.Ix anep­

tiJI KaqecTBenno (no p;an­
ITCJI I< OTpa.meHHbiM 9JieK-

2,0 
N,/Nz 

t5 f, 5 
-,-

0 

1 co~t,O 
' ~0 
1 ..... ~ I . -1 0,5 

! 

6 
0 0 

0 I 
0 i 

co~ 
:j:: 
0;~' 0 "'() I 0 

'0 0, 

0 

0 ,50 !JO 8. 0 20 '10 50 !JO 8 

. 3 

>90°). Ooparqaer Ha ceoJI 
C\hl Konyca noTepo (8~ 
BJ>ICJ>maiOrqHecJI aJieKTpo-· 
Jacnpe;rr,eJieHHJI. 
IYTI>IX B)J;OJII> CHJIOBI>IX JIH­
iiH M peaJII>HhlX xapaKTe­
tKTepHhlH cJiyqai) anaqe­
H a.<:n:/2. 3p;ecJ> a=O co­
)pa, npH KOTOpOM OOpa-

aHaJIH3aTOpOB JieJKaT B 

KHY M KacaTeJIJ>HOH K CH-

3.JI HeCHMM8TpMqHOCTb He 
paano ncm:iJII>30BaTo ana­
e noKaaaJIH, qTo p;eicrBM­
a>:n:/2, npHqeM·anaqenMJI 
tJIH Tan.me, qTo iipM_ pac­
reqnaJI · rrmpnna yrJIOBhlX 
~illOMY 3aHHJKeHHIO anf 2· 

rrpep;CTaBJIJieT IIOJiy'IeHMe 
rra a ( 8) H BeJIMqHHI>I am.-

·sed cos e. (1) 

ne.aaBHCHMoe orrpep;,eJie­
rrpH 6oJibmHx Koa<J>!J>Ml];H-
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eHTax oTpa.meHMH ana'IeHMH a(8) OJIHBKM K A, npM'IeM a(8)>A, TaK KaK o6-
JiaCTI> BOJIHBH 8=:n:/2, r 'p;e a~1, MCIIOJIJ>ByeTCH c ooJIJ>IDHM BecoM npH BI>NHC­
JieHMM ii. HarrpiiMep, )J;JIH pacrrpep;eJieHHH a(8) na !J>IIr. 2 A=0,38, B To BpeMa 
KaK ii=0,4 )J;JIH 8=0-:-60° H 0,54 )J;JIH 8=0-:-90°. ,[(JIH TeopeTHqeCKOH 3aBHCH­
MOCTH a(8) )J;JIH E.=2,5 -nae [8] A=0,11II ii=0,17. qeM OOJII>me aJin6e;rr,o, reM 
OJIH.me anaqenHH A H ii. 

E,nae 

2,5 
20,0 
20,0 
45,0 
35,0 

0,5-12 
0,5-12 
0,5-:..._12 

0,01-0,02 

a (20°) 

0,05 
0,1 

0,3 
0,45 
0,45 

* ClliU'. 3 HaCTOIIII\e:li: pa60Thl. 

I . -a 

0,17 
0,28 

0,44 
0,64 
0,63 

A 

0,11 
0,22 
0,39 

0,1-0,15 
0,2-0,3 

(0,4) 
(0,6) 
(0,6) 
~'1 . 

" 

JIHTepaTypa 

[8] 
[8] 
[9] 
[ 10] 
[11] 
a* 
6* 
* R 

['12] 

Ha !J>Hr. 3 rrpiiBep;enl>I rrpiiMepJ>I noJiy'IeHHJ>IX p;aHHI>IX (a- BI>ICOTa 250 n.ilt, 
A =60.:..-:65°, 4..;<21 qac MLT; 6 - BI>Icora 1600 r.M, A=70°, ~12 qac. MLT; e- · 
BhlCora 1700 r.M, A =75°, ~15 qac. MLT). IliTpHx-nynnTIIfmo:H BepTHI<aJIJ>HOH 
JIHHIIei rroKaaana rpamn:J;a Konyca rroTepo . 

CJiyqa:H a OTHOCHTCH K y.me paccMorpennoMy rrpoxo.mp;enmo 18. IX. MaJioe 
qncJio TO'IeK .cBaaano c oT6opoM ToqeiS B6miaH S=:n:/2. RaK BH)J;HO, aKcrrepii­
MenTaJI:nHI>Ie TO'II<ii JIOJKaTCH Ha KpHBYIO, rrpiiOJIHJKaiOiqYIOCH K ep;IIHMIJ;e i:J:pH 
8-+:n:/2. BI>Icora cnyTHHKa cocTaBJIHJil]. 240-270 ~t, rpaHMII,a Konyca rroTep:n 
BOJIIIBII 70-75°. Ha <J>Mr. 3a rrpnBep;eHJ>I TaK.me TeopeTuqecKne KpnBl>Ie 1 II 2 
AJIH aJieK,TponoB c anepriiHMH 2,5 u 20 r.ae, paccqiiTaHHI.Ie B [8] B npep;rroJio­
a<eHHII KYJIOHOBCKoro pacceamm aJieKTponoB B HHJKHIIX cJioa.x aTMoct!Jepl>I 
(coorBeTCTBenno na BhlCOTax 100-150 H 90-120 r..u). BHp;Ho, qTo na6JIIO­
;t;aeMJ>Ie a ( 8) 3Ha'IHT8JII>HO rrpeB:nimaiOT TeopeTnqecKne (p;JIH MaJIJ>IX ~~20° 
p;o 5-7 paa; eM. Tan.me p;aHHJ>Ie Ta6JIHIJ,J>I, cop;ep.marqe:H H ;rr,pyrne nMeiOrqlil:eca 
B JIIITeparype anaqimna A . n a ( 8)). EaJin yqecTI>, Kpo:Me TOro, qTo crreKTp 
:w:ei<TpOHOB rrap;aiOrqH:H n cpep;HHH aneprHH oTpa.meHHl>IX aJieKTponoB B ·Teo­
pnn KyJIOHOBCKOrO pacce.HHHH MeHJ>ille aneprHH rrap;aiOiqHX 9JI8KTpOHOB (IIpH­
MepHO B 2 paaa [ 8]) , a B aKcrrepHMenre rrpH orrpep;eJieHIIH N J N z HCIIOJII>Byer­
ca op;nn :mepreTHqecKHH IIHTepBaJI, TO pacxo.mp;enHe Me.mp;y TeopHe:H H ~mcrre­
pnMeHTOM erqe 6oJII>me. ToJihiW 'pacqer B [ 9], y'IIITJ>IBaiOrqn:H , yM€m:nmenHe 
MarHHTHoro IIOJIH c BhlcoTofr, i::rpHBOAHT K anaqeHHIO A =0,39, o~HaKo on rrpo­
Be;rr,en )J;JIH E.>20 r.ae. IlocKoJIJ>Ky reopna rrpep;cKaBJ>IBaer poeT aJIJ>6e.n;o c 
aneprHei, aro amiqeuiie rrpH opaBHeHH~ ·c aKcrrepiiMeHTOM, rrpoBe}l,eHHI>IM rrpn 
cyiiJ,eCTBeHHO MeHJ>illHX 9HepriiHX, CJiep;yer yMeHJ>illHTb B. 1,5--:-2 paaa. 

IloCI<OJihKY KyJIOHOBCKOe pacceHHHe )J;JIH 9JieKrpOHOB paCCMaTpiiBa8MhlX 
aneprn:fl cyrqeCTBeHHO TOJihi<O B Y3KOM CJIOe B0JIH3H 100 r..ilt, BHe KOHyca IIO­
Tepn cJiep;oBaJio 6ni o.mHp;aT:n a (9) = 1,0. B p;eicrBHTeJII>HOCTH B aToi o6J!acTII 
na6Jiio;rr,aeTCH rronH.men~ noa!J>t!JHII,HeHTa oTpa.menHJI, qTo ocooenno aaMeTno 
B6:.rn3H arrorea, rp;e Konyc rroTep:n cy.maercJI p;o 45°.' 0TciOp;a cJiep;yeT, qro pac­
ceaHHe a'JieR.TpOHOB ITpOHCXO)J;HT TaKJKe II Bhlill8 CJIOJI a!J>!J>eKTHBHOrO KyJIOHOB­
CROrO pacceJIHHH l'I He CBO)l;l'ITCH, Tai<l'IM o6pa30M, K "'l'ICTO KYJIOHOBCKOMy. 

,[(pyraa HHTepecnaa oco6ennocT:n - na6JIIO)l;eHHe B pJI)l;e cJiyqaeB a ( 8) > 1 
:m 0JIH3KHX K ep;IIHl'IJje BHyTpl'I ROHyca IIQTepiO. IlOCKOJII>KY pacce.HHHe He . MO-
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meT IIpHBO}J;HTh K a(8)>f, Heo6XO}J;HMO IIpH!iHTh, 'ITO ·aTH CJiy'IaH CBH3aHhl 

C JIOJ{aJihHhiM ycKOpeHHeM 3JieKTpOHOB . . ,ToT cpaKT, 'ITO OHH Ha6JIIO}J;aiOTCH B 

OyHOBHOM B l{OHyce IIOTepb, yKa3hiBaeT Ha JIOKaJIH3aD;HIO yCIWpHT9JihHhiX IIpO-· 

D;9CCOB H~ MaJihiX BhlCOTaX, a TaKme IIO}J;'I9pKHBaeT peaJibHOCTh acpcpeKTa. 

LJ;eii:CTBHTeJibHO, CJiy'IaHHhlMH acpcpeKTaMH, CBH3aHHhiMH C HaJIH'IH9M M9JliW­

MaCIIITa6HOH CTpyKTyphi IIOTOKOB, TPYAHO , o6'hHCHHTh Ha6JII0}1;9HHe a(8) >1 
rrpenMyiD;eCTBeHHO B KoHyce rroTeph. RoacpcpHn;HeHThi oTpameffHH, 6JIH3Kne R 
e;n:nann;e aa6Jiro;n:amiCh ae;n:aBHO ;rJ;JIH aJieKTpOHOB c E.=10-20 ae [ 12]. LJ;JIH 

aJieKTpo~oB c E.>35 n: 45 1ta6 aa6Jiro;n:aJIHCh saa'IeHHH aJin6e;n:o 0,1-0,3 
[ 10, 11] : BeJ.iH'IHHhl aJin6e;n:o ;n:JIH ~poMemyTO'IHhiX 3Ha'IeHni'I aaeprHii: JiemaT, 

TaKHM o6pa~10:M, Mem.n;y aTnMn: sHa'IeHHHMH. CJie;n:yeT OTMeTHTh, 'ITO TaKoe 

yMeHI>rneane aJin6e;n:o c aaeprneii: aJieKTpOHOB TaKme He corJiacyeTCH c Teo­

pHeii: KYJIOHOBCKoro pacceHHHH. B [9] paccMaTpimaJioc:b BJIHHHHe TOKOB B;rJ;OJih 

OBaJia IIOJIHpHj,JX CHHHHH Ha BBJIH'IHHY KoacpcpHD;HeHTa OTpameniH 3JieKTpOHOB 

OT HOHoccpephi. HHTBBH}J;HhlH TOR CHJIOH 3 ·105 a IIpHBO)l;HT K IIOBhiiiiBHHIO ~Jih-
6e}J;O rrpnMepno na 25% B orpaHn'IeHHoii: o6JiaCTH B 1 n.ilt . rro OAHY cTopoay • 

OT TOKa H K aHaJIOrH'IHOMy CHHiRBHHIO IIO }J;pyryiO (paCCMaTpHBaJIHCh 3JIBK­

Tp0Hhl c E.>20 nae). 3aMeTHO 6oJibiiiee YBBJII'l'IBHH~ 3Ha'Ieanii: a;rrb6e;n:o H o6-

pasoBaHne .BhlTHHYThiX B)l;OJih MarHHTHOrO IIOJIH IIHT'I-yrJIOBhiX pacrrpe;n:eJIBHFIH 

MOiReT 6hlTh CBH3aHO C MeXaHH3MaMH ycKopeHHH THIIa yCKOpBHFIH <J>epMH 

( 13] MarHHTHhiMH HBO;rJ;HOpO,ll;HOCTHMiiJ, a TaJ{ii\e BJIHHHHeM IIpO;rJ;OJihHhiX 3Jl9K­

TpH'IeCRliJX IIOJieii:. J(JIH 3JI9KTpOHOB C 3HeprHeii: B HeCKOJlhKO nae H IIHT'I-yrrra­

MH B6JIH3H KOHyca IIOTeph }J;JIH 3aMeTHOrO yBeJIH'IeHHH aJin6e;n:o ;rJ;OCTaTO'IHO 

cpaBiinTeJII>Ho ne6oJinrnoro IIOBhlrneHHH sepKaJihHhlX TO'IeK na 5-10 ·nM. He­
o6xo;n:n:Moe .AJIJI 3TOro rrpO;rJ;OJihHOe 3JieKTpH'IeCKOe IIOJie MOiRHO OJJ;BHHTh, HCXO­

}J;H n:s saKoHa coxpaneHHH aneprHH 

(2) 

ll YCJIOBHH COXpaHeHHH IIepBOrO a;n:Ha6aTll"'eCKOrO HHBapHaHTa 

(3) 

3;n:ech u1 H Uz- aneprHH 3JleKTpOHa '}1;0 H IIOCJie ycKopeHHH; v- pa3HOCTh 

· rroTeHn;n:aJIOB Mem,n;y Ha'IaJII>Hoii: H KOHe'IHOii: TO'IKoii:; H1 n: Hz -HarrpHmeH­

HOCTh MarHHTHOrO IIOJIH B 3THX TO'IKax; 81 Iii 82 - COOTBeTCTBYIOID;IiiB IIHT'I­

yrJihl. 'Y'IHThiBaH, 'ITO H-"1/R3
, ;n:JIJI rrpnp_aiJJ;eHHJI BhiCOTbl sepKaJII>Hoii: TO'IKiil 

Ha:i-!):\eM 
I 

!1h/R~ (1 +eVIU1 ) ''•-1. (4) 

HcrrOJih3YH R~6500 n.il·t, !1h=10 1tJlt H u! =2,5 nae, IIOJIY'IHM 

,!. • 

I .. 

LJ;orryCTHM, 'ITO 3Ta 3HeprHJI Ha6n:paeTCH Ha BCBM IIYTH HHiRe CIIYTHHRa. 

Tor;n:a ;n:JIH ·cpe;n:neii: narrpHmennocTn aJieKTpH'IecKoro IIOJIH, neo6xo}J;HMoii: }J;JIH 

paCCMOTpeHHOrO H3MeHeHHH BhiCOThl 3BpKaJibHhiX TO'IBR, Haii:;n:eM 10-7 -

10-6 iJ/cM. l1HTepeCHO, 'ITO B HBCKOJihRHX CJiy'IaHX, O;rJ;HH H3 KOTOphiX IIOim3aH 

Ha cpn:r. 4 (rrepBH'IHaH 3aiiHCb IIOKa3aHHH aHaJIH3aTOpOB 3a BpBMJI - CHJITHH 

O;rJ;HOrO CIIBKTpa ( 15 CBK.); CIIJIOIIIHaH JIHHHH - aHaJIH3aTOp, HarrpaBJIBHHbiH 

BBepx, IIITpHXOBaH- aHaJin:3aTop, HarrpaBJI9HHhiH BHH3 H pern:cTpn:pyiOID;HH · 

OTpameHHble 3JieKTpOHhl; pHMCKHe n;n:cppbl - HOMepa 3HepreTH'IeCKHX HHTep­

BaJIOB II - ,1 nae, III - 2,2 nae, IV - 4,2 nae n V - 8,5 nae; I - KaJIH6pa­

~HOHHhiii: IiJHTepBaJI), IIOTORiiJ 3JieK'i:'pOHOB B OCHOBHhiX 3HepreTH'IeCKHX HH­

'.t'BpBaJiaX II-v; T. e. B ;n:n:arrasoae 0,5-12 nae, KaK H B 60JihiiiHHCTBe CJiyqa-

- • IIpenMyiJJ;eCTBBHHO 

HhiiiHX ' 3HeprHH ( ~1 
o HHoro . HHTepBaJia I 

-. a s oM, B03MOiRHO, 

--eRl'pOHbi HOHOCcpepH 

HllH, }J;JIH YCKOp9HHJI 

• 'IHbi, KaK CJie}J;yeT l 

_eHK H, rrpo)J;OJihRhie 
- :rn ~10-s elc.i!<t. TaR 

OOIJJ;He Ho:r:ioccpepHhie 

= BpeMenno yBeJin'IHE 

0 9)];0 3JI9KTpOHOB 66 

;J;JIH 06'bHCH9HHH CJ. 

.:..>0,5 nae neo6xo;n:H 

10- 5-10-• e!c.ilt; X 
HiR9HHOCTH H90fl 

eRa~HCb )l;JIH 06'hHCH 

• ( 14], CYIJJ;9CTBOBa 

IIOJieii: TaKOH 

rrn e MaJioBepoJITHO 

• l'l'HTh, 'ITO B Harne 

T IIO-BliJ}J;HMOMy, 0 

H9CTaJJ;HOHapHhiX 

n;eccax. Cnyqan a (r 
b B OCHOBHOM B ;rJ;HI 

C9KTOpax, 'ITO mi 

r n Bope'IHT cpe;n:neii: 

:bHhiX TOKOB ( 16], ec 

Rl'p OHbi OTBeTCTBeH 

LHMe TOKH. Bo3MOJRJ 

BaHl{hlH CJiyqan CBH3 

Ill OT 3TOH cpe}J;Heii 

Toro, rrpn O}J;HOBpe 

:1llll IIpO)J;OJihHbiX TOI 

r H'IHhiX .3JIHRTpOHO 

- _apymeno, 'ITO Harrrn 

IIOJIOiRHO HarrpaBJie 

·e TORH MoryT 6hlTh ( 

.opLie, KaK B rrpnBe}J; 

llOTOKaM 3Jlei{TpOHOJ 

IIepHMBHTaJibHOH TO' 

~biX BBepx, H 3JIHKTI 

H a6JIIO}J;aiOTCH Herro 

-e:u, BO BTOpOM CJiy~ 

iRHHiiJH B HH'Repacr 

n:sMepennJI, Koacpq 

yMennrnenne il.JII>f 

I\. M. rpliHraya, r. JI. 
.-\. II. PeMII3oB, M. 3. Xc 
3. JI. JleiiH, JI. B. 0 
A . 3. XoxJioB, A. B. ill1 



.TO ·aTH CJiy'laH CBH3aHhl 

ITO OHM Ha6mop;aiOTCH B 

(HIO yciWpHTeJibHbiX npo-

r peaJII>HOCTb · a«fl«flei{Ta. · • 

[MH C HaJIH'lHeM MCJII\0-

Tb HaOJIIO)J;CHHe a ( 8) > 1 
. r oTpameHHJI, OJIH3Inre K 

?.=10-20 311 [ 12]. )];Jia 

ICHHH am,oep;O 0,1-0,3 
Ha'leHHM aHeprHii: JiemaT, 

T OTMCTHTb, 'ITO Tai~Oe 

: He COI'JiacyeTCH C TeO­

)Cb BJIHHHHe TOKOB B)J;OJib 

a OTpameHHH :meKTpOHOB 

O)J;HT K IIOBhliiiCHHIO ~Jib-

1 1£.M no op;ey cTopoey • 

(paccMaTpHBamiiCb aJieK-

3Ha'leHHM aJibOep;o H o6-

·yi'JIOBblX pacrrpe,n;eJieHHM 

'Hila ycKOpeHHH <DepMH 

mHeM rrpop;oJibHbiX aJieK­

KOJII>Ko 1£36 H IIHT'l-YI'Jia­

HJI aJibOe)J;O )J;OCTaTO'lHO 

TOlleR Ha 5- 10 nM. He­
:e MOJI\Ho on;eHHTI>, IICXO-

(2) 

apHaHTa . 
(3) 

;KopeHHH ; V - pa3HOCTb 

£; H1 II Hz -HanpameH­

cooTBCTCTByiOin;He IIHT'l­

:COTbi 3Cpi{aJibHOii TO'IRH 

(4) 

IYJIHM 

£ IIYTH HHJI\6 CIIYTHHRa. 

IIOJIH, HCOOXO)J;HMOM )J;JIH 

TOlleR, Ha'ffp;eM 10-7
-

J;HH Il3 ROTOpbiX IIORa3aH 

ropoB 3a BpeMa· CHHTHH 

JIII3aTOp, HarrpaBJICHHbiM 

[]2[3 II pei'HCTpHpyiOin;HM · 

8Hepi'CTH'lCCKHX HHTep­

- 8,5 1£36; I - RaJIH6pa­

JX 8HCpi'6TH'lCCRHX HH­

H B 60JibiiiiiHCTBe <myqa-

..,. 
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tm, npeHMYin;CCTBeHHO HanpaBJieH:bi I{ 3eMJIC, B TO BpCMH RaK 8JICKTp0Hhl 

MCHbiiiHX ·aHeprHH ( ~ 100 36) , ROTOphle .perHCTpHpOBaJIHCb B KOHD;C RaJIHOpa­

IJ,HOHHOI'O . HHTepBaJia I [ 2] , p;BHmyTca npeHMyrn;ecTBeHHO OT 3eMJIH. · TaRHM 

o6pa3(>M, BO:JMOJI\HO, HaOJIIO)J;aiOTCJI 

3JICRTpOHbi HOHOC«flepHOI'O IIpOIICX01R­

)J;CHHH, )J;JIH YCROpCHHH ROTOpbiX )J;OCTa- . 

TO'IHI>I, KaR CJiep;yeT Ha rrpe]J;I>I)J;Yin;Cll 

o.r(eHRH,· rrpop;OJII>RI>Ie 8JICRTpi1'leCRHe 

noJia ~10-6 6/cJJt. TaK:ne noJia, ycRo­

pamrn;ne :noiioc«flepiii>Ie aJieRTp~Hbi, op;­
HOBpeMeHHO yBeJIH'limaroT 3Ha'leHHe 

aJib6e;n;o aJieRrpoHOB o6JII>IIIIIX aHeprHii:. 

Nt,Nz, omH.e.il. 

3 ~ 

)];Jia oo'l>acHeHIIa cJiyqaeB a> 1 p;Jia 

E.>0,5 1£38 Heooxop;HMI>I yme noJia z 
p;o 10-5-10-• 6/CJJt: Xora noJia TaRoii: 

HaiipH1RCHHOCTI'I HeO)J;HORpaTHO IIpH­

BJICRaJIIICb }J;JIH 06'baCHeHHH HaOJIIOp;e­

HHM ( 14], cyrn;ecTBOBaaue cran;HoHa p­

HbiX IIOJICH TaKOH HanpameHHOCTH 

Rpaii:He MaJioBepoaTHo [ 15]. CJiep;yeT 

OT:MeTHTb, 'ITO B Haiiie:M CJIY'lae pe'Ib 

H}J;CT, IIO-BH)J;HMOMy, 0 RpaTROBpeMeH­

HbiX HCCTaD;HOHapHbiX yCROpHTeJII>Hbix; 

npo:n;eccax. CJiy'laH a (e)> 1 HaOJIIOp;a­

JIHCb B OCHOBHOM B )J;HeBHOM H :fleqep­

HCM CCRTOpax, 'ITO mi. rrepBbiH B3I'JIH)J; 

IIpOTHBOpC'IHT cpep;Hefi RapTIIHe IIpO­

;J;OJibHbiX TO ROB ( 16], eCJIH C'liiTa Tb 8TH 

I 

r ,, ,, 
II ,, 

~~~I I 
1
1

1 \ 

I
I \ 
I ' II "I 

I \1 
I I 
I 
I 
I 
I 
I 
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I \/\ I 
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aJieRrpoHI>I OTBCTCTBCHHbiMH 3a npo- \ · I .ff m IY y 
;J;OJII>Hble TORn. Bo3M0rRHO, 'ITO pacc:MaT- o r 1 1 1 1 - 1 

p rmae:MbiC CJiy'laH CBH3aHbi C OTI{JIOHC- · 0 •3 fi g ' /2 · //i 
HHHMH OT aroii: cpep;Heii: KaprrmM. Rpo- , t, ceK 

clC TOI'O, llpH O)J;HOBpe:MCHHOM HaOJIIO­

;J;eHMH rrpop;OJibHbiX TOROB H IIOTOKOB 
<Dn:r. 4 

:meprH'IHbiX aJieRrpoHoB (E.>1 1£36) B ai<cnepn:MeHTe [ 17] raRme OMJIO 

OOHapymeHO, 'ITO HarrpaBJieHHC TORa, rrepeHOCHMOI'O 8THMH 8JICRTpOHaMH, npo­

THBOIIOJI01RHO HarrpaBJICHHIO npop;OJibHhlX TOROB. TaKHM o6pa30M, 3a npO)J;OJib­

HbiC TORH MOI'YT Ob!Tb OTBeTCTBeHHbi 8JieH:TpOHHbie TIOTORH MCHbiiiHX aHeprHH, 

ROTOpMe, KaK B IIpHBep;eHHOM Bbiiiie IIpl1IMepe («fJHr. 4), HanpaBJieHbi HaBCTpe­

Tf'J rroroKaM aJieKrpoHOB ooJII.rnHx aHeprMii:. BamHo TaKme Y'IHTbiBaTn, 'ITO c ' 

3RCIIepHMCHTaJII>HOM TO'IKH 3pemm CJIY'laH HaOJIIO)J;CHHJI 8JICKTpOHOB, ycKO­

peHHbiX BBepx, H aJieKrpoHoB, ycRopeHH:&IX BHH3, pa3JIH'lamrca. B rrepBOM cey­

llae Ha6JIIO)J;aiOtCJI HeiiOCpep;CTBeHHO 8JieHTpOHbi, YCKOpeHHI:.Ie 8JieKTpH'ICCI\HM 

ilOJieM, BO BTOpOM CJIY'lae Y:CIWpeHH:&Ie 8JieKTpOHbi HaOJIIO)J;aiOTCJI IIOCJie IiiX 

TpameHHa B HnmepacrroJiomeHHI>IX CJioax HOHoc«flep:&r. IIocKoJI:&Ky, HaK noHa- · 

JaJIH H3MepeHHJI, K08WWHD;HeHTbi OTpameHHJI OT IiiOHOC«flepbi )J;OCTaTO'lHO Be­

:rn::RH, y:MeH:&IIIeHHe am,6ep;o npM aJieKTpM'IeCI\OM noJie, ycHopamrn;e:M aJieKrpoH:&I 

3HII3, He CTOJib ,3aMeTHO, KaH yBeJIII'lCHHe aJI:&OC)J;O IIpH llpOTHBOTIOJIOJI\HO na­

~aB.JreHHOM 8JICKTpH'II'lCI\OM IIOJIC. 
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liHCTJiiTYT KOCMJil'l9CKJiiX HCCJI9;D;OBaHJiiH 
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OBTERAHHE~~ 

·paCCMOTpeHa (;;TJ: 
IIOTOKOM paapelReHHO 

. piiMeHTaJinHhlMH nccJJ 

:HccJie.n;oBamre B03MY 
epnoM: rmasMe·, rrpe.n;c1 

eft rwiioclf>ep~>r cuJI~>Ho 
7illl; s.n;eci. MHoro 6oJibiiiE 

em ennoM: rrJia3MLI pacc1 
::JICKa B )l;eHCTBHTeJII.HOC 
~ 1-3), TaKHM ,ll;HCKOM M 

ec:nr ero )l;JIHHa R. ne c; 
= (Mvo 2f2T.) '", V 0 - CKO 
.'J - Macca HOHOB) ; B uo 

HarrpaBHM oc~> z B)l;OJ. 
~·, paCIIOJIOiKeHHOMy B 'J 

t=zl 

rpyr<Typa B03Mym;ennoi 
eRHH HOHOB g(t, p, Up; 

EOpMHpoBaHHaJI Ra (2T, 
TeJI~>Ho oc:ff p=O. <l>yE 

7e:IbHbiM KHHeT:aqeCKHM . 

3::wcb '¥ - 6espasMepni> 
OOTHOIIIeH:rreM 

'¥=Inn 

::-J;e n - KOHI~eHTpaiJ;HJI 1 
HIIIO ( 1) HMeiOT BH,ll; 

t-+ 0, 11-

::-::w ga ( -r, upr- pemenrre 
a-+exp[ -~ (up2+m2/p2

)] 

B [ 1] uccJie,n;oBana c 
m m ::mcrrepuMeHTa [5, 6] 


