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HEnOTOPhiE OCOEEHHOCTU H3YqEHHH IIOTOROB 3APHJ:KEHHhiX 
'LJACTIIIJ; C IIOMOmhiD JIOBYIIIEK II AHAJII13ATOPOB 

1. l\IO)J,YJIHIJ;IIOIIHhiE JIOBYIIIKII 

l1prmo):(JITCJI pesym>TaTr,r pacqeTa u :mcrreprrMeHTaJinHoro nayqemm xa
par,TepucTIII{ MOAYJIHD;HOHHJ>IX JioByiiieR aapmReHHbiX qacnru;. Cyru;ecTBennarr 
Oco6eHHOCTb xapan:T8IJHCT1IR- HX BbiTJIHYTOCTb B CTOpoHy BbiCOKHX 8Heprnii:, 
CBJI3aHHaJI C UCKIJHBJI8HII8M TpaeKTOpHll qacTHD; ITOJI8M MO):(yJIJII(IIOHHOII C8T
Im. l1pn ):(OCTaTO'IHOM ]IIIa<_{JparMupoBaHHII BXO):(HOrO OKRa JIOBYillKII, ycTpa
HJIIOII~OM Itpa8Bbi8 a<_{J<_{JeKTbi, paC'IeTHbi8 XapaKT8p!ICTHKH XOpOillO COBIIa):(aiOT 
C II3MepeHHbiMII ):(JIJI HOHOB. XapaKT8pHCTIIRH ]IJIJI 8JI8KTpOHOB 3aM8THO IICKa
/KOHbi BTOpii'IHOll 8MHCCH8H C MOJIYJIJIIWOHHOH C8TI{H. 

IloKa3niBa8TCJI, 'ITO rrpii perucTpai(Hli CIT8KTpOB HOHOB COJIHeqHoro B8T

pa ua-aa yKasannr,rx oco6eunocTeft xapaKTepncTIIK oTcqeTni B anepreTII'Ie
CKIIX KRHRJiaX, paCITOJIOfl\8HHbiX _CO CTOpOHbi M8HbliiHX anepriiii OTHOC-UT8Jib
HO MRRCIIMyMa CIT8KTpa, MOryT 6niTb BO MIIOrO pas 3aBbilli8Hbi. 

1. IIpn II3yTieunn noToKOB cpaBHHTeJI:nno MaJimmeprnTin:orx 3apHmeHHLIX 

''<lCTIIll; (p,o 10-20 1\:98) B MarHHTOCcpepe 3eMJIII II B M8i:I\IIJiaHeTHOM IIpOCTpaH

c-:-Be illiipOKO IICIIOJib3yiOTCH rrp:UOOpbi 30H)J,OBOrO TIIIIa- 3JI8KTpOCTaTiiTI8CKH8 

aiia:III3aTOpbi H JIOBymrm 3apHi:R8HHbiX Tia

CTHD; ( CM., HaiipHMep, 0030p ( 1]). 
B Mop,yJIHD;HOHH:orx JioBymKax IIOTOI\ 

IIOIIap;aiOIIJ;HX B HHX 3apHi:R8HHhlX TJaCTIID; 

~ro;rymrpyeTCH IIYTBM H3M8H8HI1H 3ap,,ep

;I-aiBaiOIIJ;ero IIOT8HD;UaJia MOP,YJIHD;IIOHHOH 

cenm n perncTpnpyeTcH nepeMeHHaH 
1iHCTb IWJIJI81:1:TOpHoro TOKa, 'ITO ll03BOJIH8T 

II3:uepHTb cpaBHHT8JibHO MaJILI8 llOTOIUI 

:japHmenn:orx TJ:aCTIID; ua cpone 6oJI:nmnx 

:{ -OT03JI8HTpHTIBCII:UX TO HOB B D;8ITII HOJIJiei\

ropa, B03HI1HaiOIIJ;IIX IIpii OOJIYTI8HHII p,aT

TIIIRa yJILTpacpuoJieTon:orM HsJiyTienneM 

Co:mu;a. JloByiDI\H llmp,yJIHIJ;Honnoro Tuna 

npiBI8HHJIHCb B OCHOBHOM )J,JIH H3yTJ:eHIIH 

IIOHHOM HOMIIOH8HTbi COJIH8TIHOrO B8Tpa 

(2-H]. Omr MoryT HcrroJI:n3oBaT:ncH u B 

pH,J;e p,pyrnx CJiyTiaeB, nanpnMep npn H3-
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Puc. 1. YcTporrcTBo MO):(YJirru;rroHnoil: 
JIOBYillKH ( CX8MaTrrqecK08). 

1- HOJIJieRTOP, 2, 4-6 - ceTinr, 3- .n;na
lflparMa. CTpeJmmvm nOimaanbi TpaeRTopnn 
qacTHn;, ;cJ;Jirr ROTOPhiX ycJioBHe ( 1): a -

BhiiTOJIHeHO, 6 -- He BbiiTOJIHeHO 

:uepennn IIOTOHOB HOHOB HH3KHX 3ReprHM Ha WORe ropa3p,O OOJibillHX ITOTOHOB 

:mepriiTIHhlX TJ:aCTHD; [12, 13]. 
B nacTOHru;eii: pa6oTe paccMoTpen:or peayJII>TaThl pameTa n aKcnepnMen

TaJI:onoro I13YTI8HIIH OCHOBHLIX xapaKT8piiCTHI\ MOP,YJIHD;HOHHhlX JIOBymeK II IIX 

B:IIIHHIIe Ha II3MepeHHH Ha npuMepe 3HepreTIITI8CKI'!X CII8KTpOB COJIH8TIHOrO 
neTpa. 

2. Y CTpOHCTBO MO)l;YJIHD;HOHHbiX JIOByilleK, 

[5, 8], noKaaano cxeMaTn'leCHu na pnc. 1. llx 
npiiM6HHBillHXCH B paOOTaX 

KOHCTpyrm;nH aHaJiorHTIHa HC-
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rroJib30BaBUIIIMCH B ;r:(pyriix pa6oTax, CeTKa 2, nMerorn;aH He6oJihllloi'r OTpiin;a

TeJihHhrii: IIOT8HI~IIaJI OTHOCI1T8JlbHO KOJIJI8KTOpa J, rrpe;r:(Ha3HR'l8Ha ;r:(JIH IIO;r:(aB

JI8HI'IH TOKa BTOplFIHblX aJieKTpOHOB e ROJIJieKTopa. I-t MO;r:(YJIHn;nouuoi'r ceTKe 5 
IIpiiJIOJHeHO uarrpHllieHne Um, IIOJIOlliiiT8JlbH08 OTHOCHT8JibHO Kopnyca rrpn H3Y

'l8HIIII IIOTOKOB IIOHOB n oTpnn;aTeJihHoe ).J;JIH aJiei{TpOHOB. IIpu 3TOM Um = 
= U + Ua, r;r:(e U- rrocTOHHHOe uarrpmn:eu:ne, a Ua- nepeMeHnoe, o6bl'IHO 

snyrwnoiJ: 'laCTOTbl. CncTeMa ar,pam-rr,rx ceTOK 4 c cyMMapuoii: npo3pa'IHOCThiO 

......., 0,8 o6eerrwnmaeT CHHmemre naBO;r:(KH nepeMeHHoro uarrpHJI{eurm ua Ko:r-

• creKTop rrpnMepHo B 109 pa3. 

~aJiee pac:MaTpnnaeTCH cJiy'lai'r, KOr;r:(a rrepeMenuoe uarrpHmeune npe;r:(CTaB

,'UieT co6oi'r rrocJie;r:(onaTeJihHOCTh rrpm.myroJihHhiX HMIIYJihCOB c aMnJinTy;r:(oii Ua 
n CKBa}KHOCThiO, pannoli e;r:(HHnn;e. B aTOM cJiy-qae m-ITeprrpeTan;nH nsMepennii: 

Hau6oJiee IIpOCTa, a 1IYBCTBIIT8JlbHOCTb M8TO;r:(a MaKCHl\IaJibHa. 

Tipn ;r:(aHHOM snaqemm Um 1IaCTnn;a MOJHeT ;r:(OCTIIrHyTr, IWJIJieKTopa npu 

J'CJIOBIIII 

E > ZeUm / cos2 a, (1) 

rp;e a - yroJI rra;r:(emm (pnc. 1), E - aneprliH, Ze - sapH;r:\ 'IaCTJID;bi. lls-sa 

KOH8'IH0f0 p;HaMeTpa JIOBYllll{II IIOIIa;r:(aHIIe 'IaCTIID; Ha KOJIJI8RTOp cyrn;eCTB8HHO 

3aB:HCIIT TaiUI{H OT reOM8TpHII JIOBYlllKII II M8CTa BXO;r:(a 'IaCTIID; B :IOB,YlllR,Y. 

PaccMoTpiiM xapaKT.epncTHKII Mo,n;y.liHD;HOHHoi'r JIOBYUIKII, npe;r:(no:raraH, 'ITO 

rro.ne 1\IO;r:(yJIHD;HOHHoii: eeTKH rrJiocKoe. B aToM cJiy<rae TpaeKTopnH sapHiReHHoii: 

'IaCTliD;bi B JIOByUIKe COCTOIIT II3 0Tp83KOB IIpHMbiX II napa60JI ( C~f. pnc. '1), 
11 xapar-\TepucTrnur JionyUIKII Jierrw pacc'IIITbiBaiOTCH. BeJIII'IIIHa nepe~IeHHoii: 
coeTaBJIHrow;eii: KOJIJieKTopuoro TOKa onpep;eJIHeTeH nr,rpamenneM 

(2) 

r;r:(e v- KotHJJCfmn;neHT nponopn;nonaJibHOCTII, !1 n l2- rrocTOHHHhre KOJIJI.eK

TopHble TOKII rrpn IIOT8HIJ;H:aJiaX MO;r:(YJIHD;IIOHHOH C8TKII U m = U II U m = U + U.,, 
eooTBeTCTBeHno. 3aBIICHMOCTh I1, 2 OT ZeUm IE II ·a 6y;r:(eM Ha3I>IBaTh cTaTn<re

CKIIMII xapaKT8piiCTI!Kal'IIH JIOBylllKII, a Bblpanmnne (2) - .ee ;r:(HHa:\III'I8CKIDIII 

xa paKTepncTnKaMn n;;:rn up ocTo xa paKTepiicnmaMn Mo;r:(ymin;nounoii :ron YUIIar. 

B paccMaTprmaewiOl\f npn6mrmeHIIH I 1, 2 orrpe;r:(eJIHIOTCH Bhrpam:enumm 

It, 2 = (1 I 2n)Io cos a[ (2<p- sin2rp) + 112 (2¢- sin 2\f:) ], (3) 

<p = arccos{[~2 (i + 11) + (1- 11)] I 2~}, 
'ljJ = arccos { [ s2 

( 1 + YJ) - ( 1 - 11 ) 1 I 2~11} , 
~ = qYJ tg a[2~(KI, 2- l1K1, l + K1, 2) + 1 +~]I (1 + 11), 
K1=Eeos2 aiZeU-1, K2=Ecos2 aiZe(U+Ua) -1, 

lo = n6R12Zej. 

3):(8Cb ! - IIJIOTHOC.Th IIOTOI-I:a 3apH)f{8HHbiX 'IaCTIID;, 6 - MHOflniT8Jlb, Y'IH

ThiBaiOID;HH 3clJclJ8KTliBHyiO IIp03pa'IHOCTb C8TOK JIOBYIIIKII II H8CKOJibKO ·3aBHCH

~nii: OT yrJia na;r:(emm; q, ~. 11 - 6espasMepni>re napaMeTpi>r, oniiCI>IBarorn;ne 

HOHcpnrypaD;IIIO JIOBJ'IDKH: 

(4) 

r;r:(e l- paccTOHHne Mem;r:(y ceTKoii: 6 n ;r:(HacpparMoii: 3 (pnc. 1), R 1 n R 2 - nx 

pa;r:(nyer,r, l1 II /2- COOTB8TCTB8HHO -paCCTOHHIIJI OT BH8lllH8ll C8TKII ):(0 l\IO,Uy

JIHD;I10HHOII II OT MO;r:(YJIJID;IIOHHOH ;r:\0 Bepxuefr 113 rraReTa 3KpaHHbiX C8TOE. 

AHaJiorn'IHaH cpopMyJia npHB.e;r:(eHa B [ 141 ;r:(JIH -qacTnoro cJiy'IaH npHTHrnnaro

rn;ero rroTenn;rmJia c.eTOK, l = l1 + l2 II R1 = R2. 
XapaKTepHcTnKn, pacc<riiTaHHr.re no cpopMyJiaM (2)- ( 4), rroRa:>aHI>r Ha 

puc. 2 B BH):\8 JIIIHIIII paBHOH 'IYBCTBHT8JlbHOCTJI JIOBYIDKH B KOOp;J;IIHaTaX 

E I ZeUa, a. R'aK BH;r:(HO, onn CliJihHO OTJIM<raiOTCH OT xapaKTepncTnR, paec<rn-
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TaHHbiX B IIp8,J;IIOJIOII\8Hliii I 

[ 11]. B uocJie;r:(HeM cJiy<rae :x 
Topoii: saMrmyToii: o6JiacTn y1 

puc. 2 UITpnxaM:n). llpii y<rf 

CTIIKII OTJIII'lHbi OT HYJIH ;r:(JIJJ 

<reHneM ysKoii: IIOJIOChr yrJIOB 

'ITO rrpu 11 = 1 a0 = 0) . 
C yMenhmeHneM paecToH . 

CTBIIT8JibHOCTb JIOByiiiKH K 'I 

rrpm.mpuo rrporropn;noHaJII>Ho 

Puc. 2. lJyBCTBHTeJibH 

MOCTII OT y: 

Crr:wrnHhre ;ummr - pac' 
J3 = 0,56, 1] = 0,86; IIITp 
arrH:un -- pac'tfeT ;o;JIH ;ro 
IIOJie:vr ~IO;:J;y;;:rHJ:.(HOHHOH 

RPHBhiX YRasana 'IYB 

IIcEpiiBJieHne Tpaer{TOpiiii: J 

MOAYJI!;IIJ;nonno:fi: ceTKoii: (nanp 

'l8HHOH ;r:(JIH perHCTpaiJ;IUI IIOJIOJ 

,'J;OIIOJIHIITeJibHOH rrepeMenHoi'r 1 

KOTOpOH TeM 60Jiblll8, '18M M8Hb 

na ;;:ronynmy [12, 15]. 
3. 8JieKTpH:'I8CK08 IIOJie B JI1 

OJIHOpO;r:(HOro IIJIOCI{OfO IIOJIH rJI 

BO.JIO'I8K MO;r:(yJIHD;IIOHHOM CeT:m 

;r:(JIH HOHOB H 3Jl8KTpOHOB IIpii , 

B TO Bp8MH KaK pa3JUI'IHbi8 BTO 

saBIICHT OT po;r:(a perncTpnpyeMb 
IIOBepXHOCTH. 

,ll;JIJI BblHBJI8HHH OTHOCIITHJih 

;r:(GHbi aKcrrepHMeHThi no orrpe;r:(e 

ill8l{ IIpii 06Jiy'lHHHII IIX 3Jl8KTp' 

COT 38 ):\0 HeCKOJihKHX naB. 

8rwrrepnMeHTaJIJ>Haa ycTaHOI 

MHIIJ;aJIJICb JlOByiDKa II IICTO'IHIIR 

peHIIH IIpOBO).J;HJIIICb IIpM ;r:(aBJie 

JionymHa IIOMGID;aJiaCb Ha IIOBO]: 

KycnpoBaHHbie, TaR H IDiipOKHe 

Xyme 1-2 % li paCXO;r:(IIMOCTbiO 

llpn ncrroJib30BaHI1H ccpoKycnpo 

8 ROCMH'Iecrme IICCJie)\OBaHim, Bhiii. 3 



[ OTpnu,a

IH rrop;aB

rr cen;:e 5 
rrpu II3Y-

1I Um= 
. OOI.PIHO 

PIHOCTI.IO 
Ha IWJI-

rpep;cTaB

ry,n;m1 Ua 
Mepemrii 

)pa rrpn 

(1) 

r. Hs-sa 

•CTB8HHO 

my. 
raH, 'ITO 

JRBHHOH 

puc. 1), 
llH8HHOH 

(2) 

ROJIJieR-

U+ U,, 
TaTII'l8-

:eCRIDHI 

'BYIIII-;n. 
}Ill 

(3) 

,, Y'IH
aBIICH

El.IOIIJ,He 

(4) 

2- HX 

1IO)l:Y

C8TOR. 

'IIBaiO-

ru na 

maT ax 
'l.CC'III-

TaHHI.IX B IIpe;J;IIOJIO)ReHHH IIpH~fOJIIIH8HHOTO )l;BHlli8HIIH 'laCTIIIl, B JIOBYIIIRe 

[ 11], B nocJiep;HeM cJiy'Iae xapaKTepncTrnm OTJIIHHI>I OT ny.'IH TOJILRO B neKo

Topoii: 3alVIRHYTOH o6JiaCT1I yrJIOB II <JHeprUII ( CJieBa OT JIHHJ.TH, IIORa3aHHOH Ha 

puc. 2 IIITpnxaMu). II pH y'IeTe IIcrtpHBJieHIIH TpaernopHii: 'IaCTIIIl, xapaRTepn

CTrmu OTJilflJIIb! OT HYJIH }J;JIH JII06I.IX 3Ha'IeHIIH E > Ze ( u + u a)' sa IICI{JII0-

1J8HII8M ysRoil: rroJiocu yrJIOB mnprmoi'r 2a0 (puc. 2) B6.u:umr a= 0 (oTMeTnM, 
'ITO npu 'Y] = 1 ao = 0). 

C yMeHLmeuneM paecTOHHHH Mem;a:y BHenmerl H aRpauuoii: ceTRaMrr IIYB

eTBIITeJILHOCTL JioBymRn r..: 'laCTIIIJ,aM c auepriiefr E > Ze ( U + U a) nap;aeT 

rrpmmpuo rrporropu,noHaJILHO H3MeHeHrrro napaMeTpa ~. 

401-------~ 

ZOI 1-

J I 
4 8 8 w 

£/Zel...{1 

Pnc. 2. 'IyBCTBHTeJII>HocTb Mo)l;ymn~rroBHo:ii: JIOBYIIIKII B aaBrrcn-
MocTrr OT yrJia IIa;:J;eHIIH II 8Hepriiii 'I8CTIIIJ;. 

Crr.;:roiiiHLie .;:rrrHIIII- pac'!eT no (2), (3) iJ:JIH ;roByiiimr [5, 8] c q = 1,3, 
B = 0,56, 1'] = 0,86; IIITPIIX-IIYHHTHp- TO a:e I(JIH ~] ~ 3; IIITPIIXOBhle 
.-rrmnrr - pacCJeT g.om JIOBYIITHU [5, 8] 6ea Y'IeTa nci;pnBJieHim CJacTIW; 
rro;reM ~IO;J;YJIHI(HOHHOH ceT:nn; a- U = 0, 6- U = Ua. UnljlpaMII Y 

RIJUBLIX y:naaaHa '!YBC'fBIITe.JibHOCTb B OTHOCIITeJibHbiX e;J;HHHI(aX 

IIcRpiiBJieHne TpaeRTopufr nMeeT MeCTO n p;JIH 'laCTHil,, npiiTHrHBaiOlil,HXCH 

Mop:yJIHil,HOHHOII C8TROII (HaiipHMep, p:,JIH <JJieHTpOHOB B JIOBYIIIRe, npep:Ha3Ha

-qeHHOII ll.JIH perHCTpail,HH IIOJIO}IWT8JILHLIX IIOHOB) , 'ITO IIpiiBO)l;HT It UOHBJieHIIIO 

;r(OIIOJIHIIT8JILHO:ii IIepeMSHHOH eOCTaBJIHIOIIJ,e:fr ROJIJieRTOpHOrO TORa, B8JIII'IHHa 

RoTopo:ii TeM 6oJILme, '!eM MeHLme aneprHH IIaCTIIIl, n 6oJILme yroJI ux nap;eHHH 

Ha JIOBymRy [ 12, 15]. 
3. GJI8RTpH1I8CROe IIOJie B JIOBYIIIRe OTJIH'IaeTCH OT UpiiHHTOrO IIpH paC'l8T8 

0):\HOpOiJ;HOfO IIJIOCROTO IIOJIH r.liaBIIbiM o6pa30M B6JII13II I~paeB JIOByillRH II Hp0-

BOJIO'l8R Mo;u;yJIHil,IIOHHOH ceTRH. BmmHIIe Heop:Hopo;a:nocTn noJIH o;n;rmaRoBo 

p;JIH rroHoB n aJieHTpoHoB npH O}J;H:HaROBLIX sna'leHHHX OTHomenrrH ZeUm IE, 
B TO Bp8i1IH RaR pa3JII1'IHI.Ie BTOpi11IHbl8 acfl<fleRTI.I Ha IIO.tl8pXHOCTH <JJieRTpO,[\OB 
aaBIICHT OT pop;a perncTpnpyeMLIX 'lacTnn;, nx aueprun, yrJia nap;eHHH n cBoii:CTB 

IIOB8pXIIOCTH. 

,[t;JIH BLIHBJI8HHH OTHOCHTeJILHO:ii pOJIII OTM8'18HHI.IX a<fl<fleRTOB 6I.IJII1 HpOB8-

)];8Hbl <lRCHepiiMeHTLI ITO onpep;eJieHIIIO XapaRTepUCTHK MO}J;YJIHil,HOHHI.IX JIOBY

ill8R rrpn 06Jiy'IeHUII IIX <JJI8RTpOHaMH II IIOHaMII C <JHepriiHMH OT H8CROJILIHIX 

COT 88 11,0 HeCROJILRIIX lWB. 

GitciiepHM8HTaJILHaH ycTaHOBRa IIMeJia BaRyyMHYIO RaMepy, B ROTOpo:if pa3-

MeiD;aJIIICL JioBymRa u IICTO'IHIIR aJieRTpoHoB rwn uoHoB (H+ HJIH Ar+). H3llie
pemm IIpOBO):\IIJIIICL rrpu p;aBJI8HHII OCTaTO'IHI.IX ra30B 1Q-7-1Q-S .!YtM pT. CT. 

JloBynma noMeiiJ,aJiacL na noBopoTHOM ycTporrcTHe. HcnoJIL30BamrcL r..:ar;: c<flo

RycH:poBanuue, TaR H illHpORHe ( C 0,1J;HOp0,1l;HOCTLIO IIO C8'I8HUIO JIOBYIIIRII He 
XyJRe 1-2% I1 paCXO}J;IIMOCTLIO He OOJiee 0,5°) ny'IRH <lJI8I\:TpOHOB H IIOHOB. 

flpH IICHOJih30BaHHH c<floRycnpoBaiiiiOfO Hy'IRa ero MOJKHO 6LJJIO HarrpaBJIHTL 

8 1\0CMH'IeCHIIe IICCJie)lOBaHHH, Bblii. 3 425 



B JII06yiO TO'IRY BXO,TJ;HOTO OKRa JIOBVIIIRII IIJIII rrpeBpaTIITh B IIIIIpomn1 IIyTeM 
CRaHnpoBaiiiUI B ,TJ;BYX BSaHMIIO neprreH,TJ;IIRYJIHpiihiX nanpaBJieiiiiHX C 'IaCTOTa
MII, OTJIH'IaiOII!IIl.IJ:UCH B 30-50 pas. PtOJIJI·eRTOpiihiH TOI{ USMepHJICH 3JieRrpo
~mTpii'I8CRIIM yCIIJIIITeJieM, UOCTOHIIHaH BpeMeHII ROTOpOTO 6hiJia SIIa'IIITeJihiiO 

t5'r--------,--------,--------,--------,--------r-------. 

a 

0,5 
'1:$ 
q, 

~ 
<:) 

..... ~ 

J 

Puc. 3. CTaTII'Iecrme xapaRTepncTinm Mo,n;yJIJirruouuoi1 Jionynrmr npu o6Jiy'Ie
Him ee IIOTOIWM HOHOB. 

Hpyaam n RpecTinm - sRcneprnrenT; IIIT)JIIXOBhre JIIIHIIII - pac'feT no ( 3). !Imppa:vm 
y R)JIIBbiX yr,a3aHbi 3Ha•Ienna yrJia a B rpa;wcax 

6oJihHie nepno,a;a cRaHnponamm nyL£rm. Pas6poc no aHeprnmu 'Iacrnrr B ny'II{e 
He npeBbiiiiaJI ~ 1% ).l;JIJI aJienTpOHOB II ~ 3% )J;JIH IIOHOB (IICTO'IHUK C IIOHH
san;neft aJieKTpona:i\m B l\mrnrrTIIOM rro:n:e) . Mar{CIIMaJihHaH IIJIOTHOCTh rry~ma 
cocTaBJIHJia 10-10 a/ c.1t2. TaR rmR aneprnu qacTnn; ,a;ocraTo~mo nemmn, BJIIIH

nneM o6I.eMnoro sapHp;a rry~ma MOJ:Faro 6biJIO rrpene6pe'Ih. Ilpnnn~ramicb TaRme 
Mephi ,IJ;JIH YMBIIbHieHIIH <flona 'IaCTIIIJ;, orpameHHbiX CT8IIRallm RaMepbi. 

Bc.rrep;cTmre HeRoToporo <<nponncaHIIH>> IIOJIH Mem;a;y nponoJIO'II{a:'lnr Mop;yJIH
u;nonno:H C8TKH IIOTOI{ 'IaCTIID; Ha KOJIJIHRTOp SiJ.IIIIpaeTCH rrpn liOTeHD;IIaJie cer
RII Um, saMeTno npeBocxo;a;Hm;eM rroTeHn;naJI E / e. B cJiy'Iae ognHapHo:li ceTRII 
IIS rrpoBo~Io'IeR ;a;naMeTpoM 0,02 .MJft c HiaroM 1 JfMt OTHomerure ( Um- E /e)/ Um 
COCTaBJIH8T 0,15-0,2 (r-tpiiBaH C RpeCTIIRaMII na pnc. 3, 6, IIOJiy~reHHaH C IIO·· 
MOII!hiO c<floRycuponaHHoro rry'IH:a, HanpaBJieHHoro n u;enTp JioByHIRn, 'ITO 
HCKJIIO'IaJio BJIIIHH:ne RpaeBhiX a<tJQ1eitTOB). 3Ha'IHTeJihHoe yMeHI>rnenne BeJin'In
Hbi Um - E / e c coxpaHeHHeM BbicoRo:ii npospa'IHOCTH ceToR ;a;ocTnraeTCH npu 
liCIIOJihSOBaHIIH MO)J;YJIHIJ;IIOHHOH C8TIUI liS ;IJ;BYX O,IJ;HOpH,IJ;IIbiX C8TOI{ C paCCTOH
HUeM M8JRp;y HILMI! nprampHO paBIILIM paCCTOHHHIO M:eJR;IJ;y IIpOBOJIO'IHaMH. ,IJ;JIH 
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TaROM MO,r(YJIHD;HOIUIOM CeTRH rrpn rrp03pa'IHOCTH 0,96 OTHOilleinie 

(Um- E I e) I UmHe npem,rmaeT 0,03-0,05 (puc. 3). 
Ha pnc. 3 rrpHBe,r(eHhi rroJiyTieHHhre B mnpoRoM rrapaJIJieJihHOM rryTIRe HOHo:s 

C ::meprHell: /"OJ 1 nae CTaTH'IeCIUie xapaRTepHCTHRH, COOTBeTCTByiOID;He ,r(ByM 

pa3JIH'IHhlM ,r(HaJVIeTpaM BXO,r(

HOI'O oRHa ;rroBymKn. B nepBOM 

cJiyTiae (pnc. 3, a) ,r(IIaMeTp 

BXO,r(HOI'O Oima Ha 15% 60Jibille 

n;naMeTpa ,r(HacpparMhi 3 ( cM. ,; t Mn::o:::o=<!=="'=*==~-::g::=;:r'(-!t;j\it~--j 
puc. 1), rrpriRphiBaiOru;efr RpaH "' 

KOJIJieRTOpa II ,r(eTaJIII ItpenJie- ~ 
tllUI 6JIID:Kai1:meii R HeMy CeT

KII 2. ,Il,JIH JIOByillRH TaROI'O 

TIIIIa, HCIIOJih30BaBmefiCH B 

[ 5, 8], xaparnepno J-IaJIIITIHe 

B6JUI3H IIOTeHD;IIaJia 3annpaHHH 

ROJIJieRTOpHOI'O 

TOKa npu ~raJir,rx yr.Jiax na.n;e

tnm a, Bhi3Bannoro neo,r(nopo,r(

HOCThiO IIOJIH y RpaeB JIOBYlliRH. 

Koucpnrypau;rm uoJIJI B6JIII3II 

KpaeB TarwBa, 'ITO npn yneJin

<reunn U m IIOHhi, IIOIIa,r(aBIDIIe 

rrpn MBHhilliiX 3Ha'IeHIIHX Um 

0,2 !,2 

Puc. 4. CTaTII'l8CKif8 xapartTeprrcTIIKH MO)l;y.:um,IIOH· 
H0H JlOBYIIIKII IIpii o6Jiy'l8E.liH 88 IIOTOKOM 9JI8K• 

TpOHOB. 

illTpnxonaH JIJIHnH - pac'leT (no 3) )J;JIJI a = 30°. KpylR· 
I<II - mwrrepuMeHT 

Ha ,r(Macppanvry 3, OTRJIOIUIIOTCH Teiieph IIOJieM MO,r(YJIHD;HOHHOii CeTRII R n;eHTpy 

JIOBYIDRII H ,r(OCTnraiOT IWJIJieRTopa. KaR rroRa3aHo mrme, Harrnque ~raRCHMyMa 
cyru;eCTBeHIIO BmiHeT na xapaRTep IIOJIYTiaeMhlX C IIOMOID;hlO MO,D;YJIHD;HOHHOH 

JIOBYillRII ,r(aHHhiX. 

Bo BTopoM cJiyTiae (puc. 3, 6) ,r(IraMeTp BXO,r(Horo orma yMeHI>meu ,r(O ,r(Ha

MeTpa ,r(HacpparMhi 3, COCTaBJIHIOIJJ;ero 0,65 OT ,r(IIaMeTpa MO,r(yJIHD;HOHHOM CeTRH. 

H'aR BH,r(HO, :3TO II3MeHeHne ycTpaHJieT CBH3aHHhiM C RpaeBhiM acpcpeRTOM MaR

CHMYM ROJIJieRTOpHOI'O TOKa, IIOCJie 'Iero U3MepeHHhi8 xapaRTepHCTHRH ,r(OCTa

TO'IHO XOpOIDO comacyiOTCH C paCC'IHTaHHhiMII ITO !flopMyJiaM (3), (4), OTJIH

qa,JICh OT HHX r.UaBHhiM o6pa30M upn IIOTeHD;IIaJie, 6JIII3ROM R 3amrpaHHIO, 'ITO 

CBH3aHO C ne60JihiiiiiM <<npOBIICaHIIeM>> IIOJIH MO,r(YJIHD;HOHHOM C8TRII. 

A6cOJIIOTHaJI r.pa;:rynpOBI>a JIOBYillRII IIORa3aJia, 'ITO IIpii II3Mepe!UUI IIOTOROB 

rrpoTonoB c aneprnm.ur 0,5-3 na8 ;a;omi ynpyro oTpameHHhiX OT ROJIJieRTopa 

IIOHOB He rrpeBhiillaJia 10% . 
4. XapaRTepncTmm MO,r(yJIHD;IIOHHhiX JIOBymer-t ;a;.n:H aJieRTponoB 3aMeTHO 

OTJIII'IaiOTCJI OT xapaRTepiiCTIII{ )J;JIH IIOHOB II3-3a BTOpii'IHhiX a<flcpeRTOB. BTO

pH'IHhie aclJ!fleRTLI Ha ROJIJieRTOpe IIO'ITII IIOJIHOCThlO TIO,r(aBJIHIOTCH B o60IJX CJiy

'IaJIX, eCJIII IIOTeHD;IIaJI 6JJIIlliaiiiiieii R J;OJIJieKTopy CeTRH Ha HeCROJihlW ,r(eCHT

ROB BOJihT HIIlliH IIOTeHD;IIaJia I{QJIJieRTOpa ( 'IIICJIO BTOpii'IHbiX IIOHOB MaJIO, 

a anepr.rm BTOIJIPmhiX ::meRTponoB ne 6oJiee 10-30 a8 [ 16]). OcnoBnoe pa3mr

Tine CBJI3aHo C pOJihiO lV!O)J;YJIHD;HOHHOii ceTim. IJpn II3MepeHIIII IIOTOROB IIpOTO

HOB CeTRa IIOJIOlliiiTeJihHa II BhiOHThie II3 Hee BTOpii'IHble SJieRTpOHhi B03Bpa

ru;aiOTCH Ha nee me. Ilpii II3MepeHHH IIOTOROB 8JJeRTpOHOB MO,D;YJIHD;IIOHHaH C8T

Ra OTpHD;aTeJihHa II BTOpii'IHhie 8JieRTpOHhi MOI'YT ,r(OCTIII'aTb ROJIJiei-\Topa. 

CTaTnTiecRne xapaRTepHcTnrnr MOAYJIHn;rronnoi'r JJoBymRn, noJiyTieHHbie B 

IIIIIpOROM 8JieKTpOHHm1 IIYTIRe ( 8HepriiH 8JI8RTpOHOB /"OJ 2 Ji,iJ8), IIpiiBe,r(8Hbl Ha 

piiC. 4 (nM COOTBeTCTBYIOT HOHHhie XapaRT8piiCTIIIHI, IIORa3aHHLie Ha puc. 3, a), 
IIpn noTenu;naJie ~w;a;yJinn;nonnoH: ceTRII, npn~wpno paBHOM rroTenu;rraJiy 6mr

maiimeil: R ROJIJieitTopy CeTIUI ( -70 8), Ha6JIIO,r(aeTCH cRa'IR006pa3HOe yBeJIII

TfBHIIe ROJIJieRTOpHOI'O TORa, CBJI3aHHOe C TeM, 'ITO Hpll MeHLilliiX 3Ha'IeHHHX 

Um BTOpii'IHbie aJieKTpoHLI c MO,r(yJinn;nonnofr ceTRII He MoryT ,r(OCTH'Ih ROJIJier<

Topa. RaR BH)J;HO, IIpH a = 0 TOR BTOpii'IHhiX 8JieRTpOHOB COCTaBJIHeT OROJIO 

15% ROJIJI8KTOpHOI'O TORa (;a;JJH CeTRII C IIp03paTIHOCTblO 0,96). 0THOCIIT8JihHaH 

BeJIH'IHHa 8TOI'O TORa 3aMeTHO yBeJIII'IIIBaeTCH C pOCTOM yrJia IIa,r(eHIIH, ,r(OCTII-
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raa rrpnMepHo 100% rrpn eU cos2 Cl ~ E. TarniM o6pasoM, rwacpcpnu;neHT BTO

piPIHofr 3lVIIICCIIII Ha IIpOBOJIO'Il\aX C8TI\I1 0'18Hb B8JIIIK, 'ITO CBH3aHO, BepOHTHO, 

C 60JibillOH pOJiblO KaCaTeJihHbiX R IIOBepXHOCTII yp;apOB nepBII'IHbiX 3Jl8RTp0-

HOB [ 16] . MaRcnMyMhi Ha xa paRTepncTrmax B6mrsu rroTeH~naJia sarmpamm 

CBH3aHbi, ITO-BII,ll;IfMOMy, C TeM, 'ITO IICKpHBJieHIIe TpaeKTOpiiii TiaCTHD;, ROTOpOe 

B6JIH3II ITOT8HIJ;HaJia sannpaHIIH MaKCIIMaJibHO, npHBO,lJ;IIT R YB8JIII'I8HIIIO 'IUCJia 

RacaTeJibHhiX y,n;apoB no Tiacni noBepxuocnr npoBoJioTieE cenm, o6paru;enno:r:r B 

CTOpOHy ROJIJI8RTOpa. 
3aMeTIIM, 'ITO R03cpcpHD;II8HT BTOpWIHOII 3MJICCI!Il M0Jl{8T 3aBHC8Tb OT CTOIIe

Hll o6esram·eHHOCTII IIOB8pXIIOCTH IIPOBOJIO'IeR, Tal\ 'ITO Jia6opaTOpHaJI rpap;yH

pOBRa MO,D;yJIHIJ;IIOHHbiX JIOByiiieR, npep;Ha3HaTI8HHblX ,D;JIH perHCTpaiJ;Hll 3JIOR

TpOHOB, MOJI{8T ORa3aTbCH H8,1J;OCTaTO'IHOH. 
0TM8TIIM TaRme, 'ITO B Jia6opaTOtJHOM 3RCII8piiM8HT8 nao.:rrop;aeTCH MO,D;y

HHIJ;HH TOI\a cpOT03Jl8RTpOHOB C npOBOJIO'IOR JI.IO)J;yJIHIJ;liOHHOH COTRII, B03HIIRaiO

ru;aa BCJl·O,lJ;CTBHO 3aBIICHMOCTH 3cpcpeRTIIBHOfi pa60Thi BbiXOp;a OT npiiJIOfl-\eHHOrO 

R ceTRe nanpamemm u nepepacnpep;eJieHIIH TORa cpoTo<:~JieRTpOIIOB Mem,n;y 3JieR

Tpo,n;aMII JIOBYITIRH B 3aBIICHMOCTII OT MO,D;yJIHIJ;I10HHOfO 1-IaiipHmeiniH. flO-BH,D;II

lVIOMy, 31'0 06CTOHT8JlbCTBO npiiB8JlO B yCJIOBliHX ROCMH'l8CROfO 3I\CIT8piilVI8H'fa 

[ 171 R H8B03MOJ-IHIOCTII U3MepeHIIH ITOTOROB 3Jl8RTpOHOB B yr.ITOBOM C8RTOpe 

±20° oT HanpaBJieHnH Ha COJmu;e. 
5. PaccMoTpeHHbie Borrne oco6eHHOCTII xapaRTepncnm: Mop;yJiau;noHHbiX JIO

BynreK (ux CIIJlbHaH BblTHHYTOCTh B CTOpOHY BblCORHX 3Heprnfr II HaJIIITIIIe Mai{

CHMyMa B6.llli3H HOTOHIJ;UaJia sannpaHHH) 3aM8THO CRa3biBaiOTCH Ha B8JIII'IIIH8 

perncTpnpyeMoro JIOBYITIROH TORa. IIoRameM 3TO Ha npiiMepe pacTieTa HeCROJio" 

RHX TilliU'IHbiX (<tJHepreTIPI8CI\HX>> CII8KTIJOB IIIJOTOHOB COJIH8'IHOIO BeTpa ,D;JIH 

IIOBYITIRII, IICIIOJib30BaBITI8HCH B (5, 8]. 
RoJIJieRTOpHr.r:iJ: TOR onpe,n;eJIHeTCH BorpamemreM 

I= A J vfXadv, (5) 
v 

rp;e V- CROIJOCTb npOTOHa., f(v) - cpyHKIJ;HH pacnpep;eJIOHIIH npOTOHOB IIO CRO

pOCTHM B CHCTOMe IWOpp;nHaT, CBH3aHIIO:fi C ROCMIPISCRHM annapaTOM, 

X a (v, a, U, U a) - xapaKTepncTnRa JIOBYITIKII, .A - 'IHCJieHHbiii K03cpcpnu;neHT. 

0TMeTnM, 'ITO <<rroJiynriipHHbi>> cpyHI{u;u:r:r f II Xa o6bi'lHO cpannHMhi Mem,zw co6o:i1. 

HnTerpaJI (5) Bbl'IIICJlflJICH TIIICJIOHHO Ha 8BM C OTHOCUTOJILHOII TO'IHOCThiO 

~ 10% . B Ra TieCTBe cpyHRD;HII pacupe,n;eJieHIIH B 3TIIX pac,remx 6r.mo Br.r6paHo 

II30TpOITH08 MaRCBeJIJIOBCKOe pacrrpep;eJI8HH8 CIWpOCT8H B CIICTeMe IWOpp;rmaT, 

H8ITO,lJ;BlllliHOH OTHOCIIT8JlhHO COJIH8'IHOfO BOTpa. Pac'leT HpOBO,lJ;liJICH C IICIIOJib-

30BaHII8M 1\:aR 3RCll8lJHi\WHTaJibHO li3MepeHHbiX, TaR II paCTI8THbiX xapaRTepH

CTIIl{, 'ITO II03BOJIH8T BblHBIITb BJlliHHire RpaeRbiX acpcpeRTOB. }J;JIH BblHBJl8HHH 

pOJIII IICRpHBJIOHliH Tpaei{TOpiiH TiaCTIID; ITOJI8M MOp;yJIHIJ;liOHHOII CHTRII 6oiJIII BLI

'IIICJI8Hhl TaKIIe me cneRTpbl ,D;JIH <m;a;eaJihHOH>> MO,D;YJIHI~IIC:HHOII JIOBYIIIRII, xa

paRTepiiCTimu ROTOpOH TaROBbi: X a = V COS a ,D;JIH IIOHOB, 3HeprHH ROTOj)biX 

JiellinT B npe,n;eJiax eU ~ E ~ e ( U + U a) u X a = 0, ecJiu <no ycJroBne ne nr,r

ITOJIHHeTCH. 

0TM8TIIM, 'ITO npep;IIOJIOmernie 06 np;eaJibHOCTH JIOBYiliRH HOHBHO ITOJiomeHO 

B OCHOBy paCCJI.iOTIJOHIIfl 3HepreTJI'I8CRIIX Cllel'lTpOB B pa6oTaX [2, 5, 8, 9, 151 II, 

B03MOmHo, B pa6oTaX [ 4, 6, 7]. Jii3 'faKOfO me npep;ITOJIOlli8HIIH HCXO,ll;HT aBTO

pbl pa60Thl [10], IIpOBO)J;H o6paOOTRY CII8RTIJOB C IJ;OJihiO orrpep;eJieHHH T8MII€

paTyphi coJIHeTIHoro BeTpa. C,n;eJiarurr.re B [2, 111 npii pacTieTe xapaRTepiiCTIIR 

p;orryru;eHIIH TaRme IIIJHBO,ll;HT R XapaH:TepHCTHRaM, 6JIII3KIIM R xapaRT8lJIICTII-

RaM H}J.eaJibHOH JIOBYITIRII. . 

PesyJir.TaTbi pacTieTOB ,D;JIH cJiy'laH HOpMaJII>Horo nap;.eHIIH noToRa ua JioByrn

Ry npn THIIIITIHbiX ,D;JIH coJIHeqHoro BeTpa sna'IeHHHX TeMnepaTyp rrpoTOHOB T 
n cRopocTII BeTpa vo (cooTBeTCTByeT :meprini Eo) npiiBep;eHbi B Ta6Jiuu;e. }J;JIH 

Ramp;oro <mepr.eTnTiecRoro RaHaJia nprmep;eHbi 3HaTienna Um (paBnr.re II.rrn 6mrs

Rne R IICITOJib30BaBITIHMCH B (5, 8]) II ROJIJIORTOIJHOrO TORa I B OTHOCHT8JlbHhiX 
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'liTh B mupomn'l nyTeM 

mpaBJIOHIIJIX C 'IaCTOTa

OK II3MepHJICJI 31IOI{Tp0-

poro 6nma 3HaTIIITOJihHO 

a 

0 

0 

'"""'-
\ 

" \ 
!,0 ?2 

BYIIIRII npn o6.:ry'Ie-

rwr no ( 3). IJ;mppa1m 
TaX 

Jr HJI:\I TJaCTIID; B ny'II-\8 

OB (IICTOTIHUK C IIOHH

!IaJI nJioTHOCTh nyTIKa 

lTOTIHO BBJIIIRII, BJIIIJI

. llpiiHIHiaJIHCh TaKJI\8 

:aMH KaMephi. 

pOBOJIO"IKaMH 1\IOD;Y:fH-

IIpH liOTOI-ID;IIaJie CBT

r-qae O,!l;IIHapHOII CBTIUI 

Hire ( U m - E / e)/ U, 
, 6, ITOJIYTIBHHaJI C ITO·· 

~HHTp JIOBYIIIRII, 1ITO 

yMeHhiiiOHIIe BBJIII'Ili-

eTOR ,IJ;OCTIIraeTCJI IIpH 

H.hiX CBTOH C paCCTOJI

y npOBOJIOTJJ{aMII. ).J;JIH 

ep;HHIIIJ;aX (3a ep;IIHHIJ;Y npiiHHTO MaKCIUviaJihHOe 3HaTJOHHO TOKa B KOJIOHKO 3); 
B KOJIOHKe 1 npnBep;enr,r 3HaTieHIIJI I p;JIH np;eaJihHOil: JioBynm:n, B KOJIOHH-e 2 -
).IJIJI JIOBYIIIIUI C xapaKTOpiiCTIIKaMH ITO (2)- (4), B KOJIOHKO 3- ,!l;JIJI JIOBYIIIIUI 

c :mcnepnMeHTaJihHhiMH xapaKTepncTrmaMII (puc. 3, a). KaK BH,!J;I-IO, 3HaTiei-IHJI 

I, BhiTIHCJieHHhre c yTieToM ncripHBJieHIIH TpaeKTopnii: TJacTnu; B JIOBymKe noJI-eM 

lVIO,!l;YJIJID;IIOHHOli COTKII, MOryT 3aMOTHO OTJIIITiaThCH OT COOTBOTCTBYIOIIJ;IIX 3Ha

TJOHHH ,!l;JIH H,!l;OaJibiiOH JIOByiiiKH. i:ho OTJIIITIH-8 MOil\eT .D;OCTIIraTh HOCKOJihiniX 

.D;OCHTKOB npOD;OHTOB .D;JIH ::mepr·OTII'IOCKIIX KaHaJIOB, B IWTOphiX HaXO.D;UTCH MaH

CIIMYM CITOKTpa, H ,Il;JIH COCO.D;HIIX C HUM CO CTOpOHLI 6oJihiiiiiX :mepru:H II 6biTI:. 

ropa3.D;O 60JihiiiiiM, .D;O HOCKOJlhKIIX ITOpH,UKOB BOJIHTIHHhi, .D;JIH KaHaJIOB COCO.D;Hl'IX 

C MaKCIIMYMOM CO CTOpOIIbi MOHhiiiiiX 8HeprHM. 

Um, na 1 (OTH. ep;.) 

110, n:Mjcen Eo, nae T, "K 

I I I u U+Ua (i} (2) (3) 

0,2 0,4 3,0· I0- 10 4,3·10-4 2.2 .Jo-3 

0,4 0,8 1,5 .lQ-2 2,0-J0-2 9;2·10-2 

450 1,05 1·105 0,8 1,5 0,96 0,95 I 
1,5 2,5 2,J.J0-3 1,6·10-3 1.1·10-3 

2,5 3,5 4,0·10-17 3,0·10- 17 2,0·10-17 

0,0 0,45 1,4·10- 13 5,3 .J0-4 4,2·10-2 

500 1,3 J. J05 
0.45 0,9 1,4·10-·3 3,7 ·I0-3 0,18 
0,9 1,35 0,83 0,94 I 
1,35 1,8 0,57 0,53 0,62 
1,8 2,25 2,2·10-3 1,7-J0-3 1,4·10-3 

0,2 0,4 5,3· I0-7 1.9 .J0-3 1,8-10-3 
510 1,35 3 ·105 0,4 0,8 6,7 .J0-3 1,4· I0-2 5,0·10-2 

0,8 1,5 0,93 0,95 1 
1,5 2,5 0,56 0,49 0,46 
2,5 J 3,5 3,2 ·I0-4 2,5· JQ-4 2,J.IQ-4 

PoJih KpaeBhiX atP<fleKTOB p;JIH JioBymKn, ncnOJih3oBaBmeiircH B [5, 8], TaK

JH:e MomeT 6niTh 3I-IaTJnTeJihHO:i!'r. Tar>, 3Ha'IeHIIJI TOiia B coce,n;Hnx c MaKCIIMYMOM 

KaHaJiaX CO CTOpOHhi MOHhiiiiiX 8Heprni'£ MOryT npeBOCXO.D;l!ITh BhiTIIICJIOHHhiO ITO 

(2)- (5) B HOCKOJihiW pa3, a IIpH ~IaJihiX TeAmopaTypaX II B HeCKOJihKO ,!l;OCJIT

KOB pa3 (Ta6JIIIIJ;a, KOJIOIU\H 2 II 3). 
OTJvreTHM, 'ITO upn yBemrTieHnn yr;:ra MBJKAY ocr,ro JioBymr~:u n HanpaBJie

HHeM p;Bllil{BHIIJI 3apJIJI\OHHhlX 'IaCTIIU BJIIIJIHIIe RpaeBOrO BtPCJWwra B paCCMaTpH

BaeMOli KOHCTpyRIJ;IIH JIOByiiiRH pe3RO yMBHhiiiaBTCH II npaRTIPIBCRII ncqe3aBT 

npu yrJiaX a > 20°, TOr)J.a KaK B.TIIIHIUIB HCKpHBJIBHHJI TpaeRTOpHH TiaCTliD; ITO

JIBM l\W,IJ;YJIJID;IIOHHOM CBTKII, I-Iao6opOT, paCTBT. 
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