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1 OBm:A5I XAP AKTEPI1CTHKA P ABOThl 

Pa6oTa rrocmrmeHa TeopeTII'lJ:ecKoMy II .3Kcrrep11MeHTaJibHOMy IIccrre

nonaHIIIO oco6eHHOCTeii TpaHCIIOpTIIpOBKII IIHTeHCIIBHbIX CIIJIOillHhlX 

l]JIJIIIH.UPII'lJ:eCirn:x CTa:DJIOHapHI,IX 3JieKTpOHHbIX IIY'lJ:KOB B rrpoT.!I)KeH

HbIX KaHarrax crrmKHOM CTpyKTyphl. KpoMe Toro, p?,CCMaTpIIBaIOTc.a 

HeKOTOJ)bie BOIIpOCbl TpaHCIIOpTIIpOBKII crpyrrmrpoBaHHhlX IIY'lJ:KOB. 

ITon IIHTeHcIIDHhlMII n pa6oTe rroH11MaIOTc.a rry'l!KII, Ha n11HaM11Ky Ko

Tophlx OKa3bIBaIOT c:ymecTBeHHOe D03,UeMCTDiie KaK CIIJihl ofrbeMHO

ro 3ap.ana, TaK II 3MIITTaHC:, a IIX rrepneaHC HIDKe 3JieKTpOCTaTII

"IeC:I(Oro rrpenerra naKyyMHOH TpaHcrropinponKII. CTpyKTypa KaHarra 

Tpam:rropTIIpODI(II MO)KeT Dl(JI!O"IaTb MHOrO'lJ:IIC,IeHHbie yc:Kopn:TeJib

Hbie 1a1op1,1; CBq pe1OHaTop1,1, qmaHuem,1e coenn:HeH11.a, OTKa'lJ:Hhle 

rraTpy61m n: T.n., a TaroKe rrnc:TKII rronopoTa rry'l!Ka. MarHIITHhle 

rrep11on11-qec:1me qi0Kyc:111jy10mn:e CIICTeMhl (MIT<I>C) co1naroT B KaHa

rre ocecIIMMeTpwrnoe pac:rrpenerreH11e rrponorr1,Horo MarHIITHoro rrorr.a 

C MHOrOI(JlaTHbIM II3MeHeHIIeM mmpaBJ!eHII.!I. ITpenrrorraraeTc.a, 'lJ:TO 

rrapaMeTp1,1 rry-qKa rrpII ero TpaHcrropTIIponKe -qepe3 rrocrrenonaTerr1,

HOCTb HeO,UHOJ)O.UHOC:TeM IrnHaJia MeHH
0

IOTCH anIIa6aTH'lJ:eCKII. 

AKTyaJihHOCTh TeMhl. PaccMaTpIInaeMa.a rrpo6rreMa rre)KHT Ha 

rrepece'lJ:eHIIII nnyx TeHneHUIIH pa3DIITII.a yc:Kopn:TeJibHOH TeXHIIKH: 

- yneJIII'lJ:eHirn IIHTeHC:IIBHOCTII IIJ"IKOD, rrorry-qaeMbIX B TpanIIUIIOH

HbIX ycrrnpn:Terr.ax, II pa3pa60TI(a HOBbIX. TIIIIOB ycKopIITerreii C ue-:: 

JibIO yMeHbIIIeHIIH IIX pa3Mepon II Macc1,1, rron1,1rneHirn KIT.II, yrry-qrne

HH51. 3KCIIJiyaTaUIIOHHbIX xapaKTepIICTIIK. ITepna.a TeH,UeHUIIH' 'lJ:aCTO 

c:orrpono)K,UaeTCH·Heo6xonIIMOCTbIO IICIIOJib3OBaHII.!I .UOIIOJIHIITeJibHbIX· 

cpehcTB q>OKYCIIJ)OBKII IIY'l!Ka (HarrpIIMep, pa3JIII'lJ:Hhle Bapn:aHThl 

CIIJlbHOTO'lJ:HOro 6eTaTpoHa), BTOpa.a - ycJIO)KHeHIIeM CTpyKTYPhl Ka

HaJia TpaHC:IIOJ)TIIJ)ODKII IIY'l!Ka (pen:c:TpeKOBbie IIH.UYKUIIOHHbie ycKO

J)IITeJIII II :i:rnnyKUIIOHHbie · ycrrnpIITeJIII c BIIHTOB.OH op6n:TOH). 

Bee 6orree IIIIIporrne IIcrrorr1,3onam1e 3JieKTJ)OHHbIX rry'l!KOB B ·npy

rIIx o6iraCTHX Texmnm II yneJIII"IeHIIe IIX IlHTeHCIIBHOCTil Bhl.UBIIra

eT rronhlrneHHbie· Tpe6onamrn K 3q>q>eKTIIBHOCTil TpaHc:rropTHpoBKII 

rry'l!Kon. 3To c:i3.a3aHo KaK co cTpeMrreHIIeM rrorry'l!HTb BhlCOKIIH KIT.II 

Bcero ycTp
0

0HCTBa, TaK Il co CJIO)KHOCTbIO OTBO.Ua Terrrra OT 3JieMeH-

• D!rit1!~~~~l:hlS B~ t 
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ToB, B KOTOIJI,IX '-IaCTI, rry'-IKa Tep5IeTC5I. TaKM rrpo6neMa ncTaeT, 

HarrpHMep, rrpII pa3pa6once cIIcTeM rrepe.n:a'III ::rneprIIII Ha 6onhmIIe 

paccT05IHII.H :mekTpOHHhIM IIJ'-IIl'.OM. 

Bonhmoe 3Ha'leHIIe IIMeeT 3cpcpeKTIIDHOCTh TpaHCIIOJ)TIIpOBKII 

3neKTJ)OHHOro IIJ'lKa II ,n:n5I pa3pa6aTbIDaeMoro B HaCTOfilUee BpeM5I 

CBq reHepaTopa Honoro noKoneHH5I - pen5ITIIDIICTCKoro KJIIICTpoHa c 

cucTeMoiirrpeo6pa3onamrn 3Hepnrn: n m1.n:e ueno'-nm HeCB5I3aHHhIX pe-

30HaTopon. O.riirn II3 napnaHTOD reHepaTopa npe.n:ycMaTpIInaeT rpyn

nupoBKY IIJ'lKa B IIOBOJ)OTHOM M:arHIITHOM none. KaHan .TpaHCIIOp

TIIJ)OBKII IIJ'lKa BKnIO'-IaeT ycrwpIITenhHhie 3a3ophl, Mo.n:ynupyroIUIIH 

CBq pe3oHaTop, rpyrrnuponaTenh rry'lKa B ·nonopoTHOM MarHIITHOM 

none, MHOrope30H3.TOPHYIO CIICTeMy npeo6pa30DaHII5I 3Hepnrn, cpnaH

ueBhle coe,n:IIHeHII5I. 
1-b npune,n:eHHhIX rrp11Mepon nH,n:Ho, '-ITO 3a,n:a'-rn o6ecne'leHII5I 3q>

cpeKTIIDHoii: TpaHC'.IIOl)THJ)ODICI1 HHTeHCIIDHhIX. 3neKTJ)OHHhIX IIJ'-IKOD 

no npoT5I)KeHHhIM KamtJiaM cnmKHOII C,TpyKTY})hl '5lDn5IeTC5I aKTyanh

HOH. 
CocTO.HHIIe Borrpoca. 

MarmITHhrn nepuo,n:uqecKne ¢01cycnpy10mne cncTeMhI (Mil<l>C), 

6onee Tpu.n:uaTII · neT' npIIMeH5IIOTC5I ,n:n51 TpaHCIIOpTIIJ)OBKII IIHTeH

CIIBHhIX 3neKTJ)OHHhlX IIJ'-IKOD, rnaDHhlM o6pa30M D. CBq npu6opax. 

OHn .n:ori:ycKaroT ncTpa1rnam:1e CB q 3JieMeHTOD n Kanan Tpam:nop

TnponKII c MHHIIManhHhIMII m1,pymemrnMII pacrrpe,n:eneHII5I ipotcycn

pyromero non5I . .IlaHHhie MaTeMaTII'-IeCKoro MO,n:enuponaHII5I CDII,Ue

TenhCTBJIOT O CMeHe HanpanneHII5I .n:peii:cpa 3neK!PO~OD Ha nonopoT

HhIX yqaCTKax, B pe3ynhTaTe '-Iero CJMMapHhIH .n:peii:¢ .n:omKeH 6bITI, 

He3Ha'lIITenhHhlM. O,n:HaKo, cne.n:eHII5I O npaKTII'lecKOH peanII3aUIIII 

noBopoTa IIHTeHCIIDHoro 3neKTJ)OHHoro nrma n KaHane c MIi <l>C oT

cyTcTBJIOT. Ilpu pa3pa6oTKe MII<I>C ,n:n5I np5IMomrneii:HhIX rmHanon 

TaK)Ke 803HIIKaeT J)5I.U npo6neM. 

AHannTII'-IeCKM Teop1rn MII<I>C, ocHonaHHM Ha cne,n:eHIIIl napaK

cuarr1,Horo ypanHeHII5I orH6a10me11: rrrm:a K ypanHeHnro MaThe, 11:c

nonh3JeT npe.n:nonmKeHIIe O ManOCTII nynhcauHiI oru6arolI{eH, cnpa

Be,n:nIIBOe TOnhKO DHYTPII nepnoiI o6nacTII ycTOH'-IIIDOCTII. K poMe TO-
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ro, oHa paccMaTprmaeT TOJihKO cnHycou.n:anhHoe pacnpe.n:eneHne qio

Kycupyromero non5I, He uccne,n:yeT none,n:eHIIe ny'lKOB C npOII3BOnb-

1IhIM COOTHOilleHIIeM CIIJI 061,eMHOro 3ap5I,n:a II 3MIITTaHca. 3TH orpa

HII'leHII5I npeo.n:onenaIOTC5I npn 'lIICneHIIOM MO,UeJIIIpOBaHIIII npouec

COB TpaHcnopTIIJ)ODKII nrnca, o,n:HaKO II3-3a 6on1,moro 'lII~na paccMa

TJ)I1DaeMhIX napaMeTpOD II OTCYTCTDl15I cnoco6oB irnrmr,n:Horo npe,n:

CTanneHII5I pe3ynhTaTOD, aHanonI'-IHOro .n:uarpaMMe MaTbe, IICcne

.n:onaHhl MoryT 6_h1Th JIIlillh He6on1,mue o6naCTII napaMeTpOB. IlpII 

3TOM OTCJTCTDyeT uenOCTHa5I KapTIIHa, HeT rapaHTIIH OIITIIMaJib

HOCTII Bh16paHHhIX rrapaMeTpon MII<I>C. KpoMe Toro, pacnpe.n:ene-
• . • . I 

HIIe q>OKJCIIpyromero non5I o6hl'-IHO OIIHChIBaeTC5I oipe3KOM.P5I.Ua <Py

phe, a BOIIJ)OC O peanII3aUIIII DhI6paHHOro pacnpe.n:eneHII5I KOHKpeTHOH 

MarHIITHOH CIICT~MOH pa3pa60TaH He,UOCTaTO'-IBO .. He IICCne.n:onaHbI 

TaK)Ke 3aKoHoMepnocnr pocTa 3MHTTanca ny'lKa npu ero TpaHcnop

TIIpomce n 1canane c MII<l>C. 

.IlaHHa5I pa6oTa 6hma CTHMynIIpoBaHa pa3pa60TKOH CIICTeMhl 

TpaHCnOpTIIJ)OBICI1 3neKTJ)OHHOro ny<-II\'.a pen5ITIIBIICTCKOro CBq, re

HepaTopa. C rpynnIIpOBKOH ny<-IKa B. noBopoTHOM MarHIITHOM none 

II CIICTeMOH npeo6pa3onamrn 3Hepn1II D BII,Ue uenO'lKII HeCB5I3aHHhIX 

pe3oHaTopoB. Oco6eHHOCT5IMII 3TOH CIICTeMhI 5IBn5IIOTC5I Heo6xo.n:II

MOCTh pa3MemeHH5I 3neMeHTOB ql()KYCIIpyroIUe:r1: CIICTeMhl no.n: pa3-

nII'lHblMII noTeHu1rnnaMII D ycK01mrene np5IMOro. ,n:eHCTBII5I, a TaK,Ke 

II3MeHeHIIe D mIIpOKIIX npe.n:enax napaMeTpOB ny'lKa npII ero ,TpaHc

nopTIIJ)OBI(e no OCHOBHhIM CIICTeMaM reHepaTopa - 3HeprIIII B, ycKo

pIITene, MrHoBeHHoro nepneam:a n rpynnIIpoBaTene, cpe.n:Heii: 3Hep

rIIII II 3MIITTaHca ( ncne,n:cTBIIe "mrnaMII'leCKOH paccpoKycIIpoBKII") 

D ·CIICTeMe npeo6pa30BaHII5I 3HeprIIII. IlpII 3TOM Heo6xo.n:IIMO o6ec

ne~IIITb ycT~H'lIIDOCTh TpaHcnopTIIJ)ODKII ny'lKa DO BCeM • .UIIaIIa30He 

napaMeTpoB, a Ta1OKe n mIIp01mx npe,n:enax MeHaTh BenII'lIIHY cp01cy

CIIpy10mero non51 ,n:n5I no.n:.n:e1rncamrn cornaconaHII5I ny-rurn c 1caHanoM 

TpaHCIIOJ)TIIpODKII. 
I(eJib ,IJ;IICCepTa~IIOHHOH pa60Tbl .COCT05Ina B TeopeTII'leCKOM 

II 3KCnepIIMeHTaJII,HOM IIccne.n:onaHIIII npoueccoB, npOIICXO.UaIUIIX npII 

TpancnopTIIJ)ODKe IIHTeHCIIBHhlX 3neKTJ)OHHhlX ny1IKOB B npoTa)KeH-
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HhIX KaHarrax C pa3phIDaMH H IIODOJ)OTHbIMII y<HtCTKaMII, Il pa1pa60T
Ke Ha 3TOH OCHODe peKOMeHnaUIIII ri:o n1,16opy OIITIIMaJihHhIX rrapaMe
TJ)OB MII<t>C, a TaK)Ke n nccrrenonamrn no1MmKHOCTII IIcnorr1,1onamrn 
MII<t>C nmr TpaHcnopTIIpomm 3JieKTpOHHoro nytma no ocHOBHhIM 
cpyHKUIIOHaJihHbIM y3rraM pemITIIBIICTc1mro CBT.J reHepaTopa c no
nopoTHbIM rpynIIIIponaTeJieM II MHOrope30HaTOJ)HOH CIICTeMOII npe
o6pa30DaHIIlI 3HeprIIII. 

B pa6oTe OCHOBHOe BHHMaHHe 6bIJIO y.n;eJieHo: 
- m:crrenonaHIIIO ycTOII'IHB0CTII Tpam:nopTIIpomm 3JieKTpOHHhIX 

ny'IKOD C np01I3BOJihHhIM COOTHOIIIeHIIeM CIIJI 061,eMHOro 3ap5.Ina II 
3MIITTaHca B MII<t>C c pa3JIWIHhIMH pacripenerremrnMII cpoKycIIpyro
mero norrH; · 

- IICCJienonaHJIIO D03MO)I(HOCTeI1 II oco6eHHOCTerr peaJIII3aUIIII pa3-
JIII'IHhIX pacnpenerreHIIH noJI5.I ICOHKpeTHhIMII MarHIITHhIMII CIICTeMa
MII; 

- pa3pa60TI{e peKOMeHnaum1 no OIITIIMaJihHOMY DhI6opy OCH0B
HhIX rrapaMeTpon MII<t>C; 

- npaKTII''IeCKOMY oc:ymecTBJiemno nonopoTa HHTeHCIIDHOro 3JieK
TJ)OHHoro ny'IKa n KaHarre c MII<t>C; 

- nccrrenonaHIIIO D03MmKHOCTeir rrpIIMeHemrn MII<t>C ,UJilI TpaHc- , 
nopTIIpOBKII 3JieKTJ)OHHOro nytma no ycKOpIITeJihHOM Tpy6Ke, nono
J)OTHOMY. rpynnIIpona TeJIIO II. MHOrope30Ha TOJ)HOM C:IICTeMe npeo6pa-
30DaHIIlI · 3HeprnII perrlITIIDIICTCKoro CBT.J reHepaTopa. 

Hay"'IHruI HOBII3Ha pa60Tbl 3aKJIIO'IaeTC:5.I n crrenyromeM: 
1. IIpenrrmKeH cnoc:06 rpacpnqec:rmro npencTanrremrn pe1yrr1,Ta

Ton -.:.rnc:rreHHoro IIHTerpIIponamrn napaKc:IIaJihHoro ypanHemrn orII-
6a10meir ny'IKa, Ha ero oc:Hone norry"-IeHhI nmirpaMMbI yc:Toir-.:.rnnoc:TJI, 
aHaJIOrII"-IHhie ,UJiarpaMMe Ma The, HO ,UJilI · ny-.:_IKOB C npOlI3DOJih~bIM 
C:0OTHOIIIeHIIeM CIIJI ofo,eMHOro 1ap5.I,n:a II 3MIITTaHca JI ,UJI5.I Iirnpmmro 
1mac:c:a pacnpenerreHJIM cpoKyc:Hpyromero norrlI MII<t>C:· 

2. Ha ocHone npe,n:cTanrremrn norrH MII<t>C n nH,n:e cynepno3JI
UJIII norreir O,UlIHO"-IHhIX MarHIITHhIX JIHH3 H:C:C:Jie,UOBaHbI D03MO)KH0CTJI 
peaJIJI3aUJIII pa3JilI"-IHhIX pac:npenerreHIIM noJI5.I II C:B5.I3h Me)K.Uy napa
MeTpaMJI MarHIITHOI°:i CIIC:TeMhI n IIIIIJ)IIHOI°:i o6m:tCTII ycTOM"-IHDOCTlI 
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TpaHcnopTIIpomm rry'IKa. 
3. 06iiai)Y)KeHo He onncaHHoc n JIIITep,tType cnm1:cTno MII<t>C -

cymecTnonam1e o6m:tcTn napaMeTpon, n KoTopo:ii cpe,n:HerrnanpaTII'I
Hoe none (u, crrenomnerr1,Ho, cpoKycnpyrom~ur c1ma) ·crra6o 3am1cu; oT 
nmIHhI nepnona CIICTeMhI. 3To CBOIICTDO II03IlOJI5.IeT ocrra6IITb Tpe-
6onamrn K TO'IHOCTII ycTaHomm· mrn1 MII<t>C, yMeHbIIIaeT rpam1-
eHT cpoKycIIpy10mero noJI5.I II Cil5.I3aHHhIII C HUM rpanneHTHhIH npeftcp 
3JieKTJ)OHOD Ha nonopOTHOM y-.-1aCTKe. 

4. IIpaKTII"-Iec:1m ocymecTnrreH nonopoT n1,1coKonepneaHcHoro 
3JieKTpoiIHoro ny-.-m:a mt 90° n K,rnarre c MII<t>C. Ilpn 3Hepnrn 3JI~K
TJ)OHOD 200 1,;aB n TOKe ny-.-nm 190 A K03!p!pIIUIIeHT TOKonpoxmK,n:e
HII5.I nonoponioro y-.:.ntcTIGt coc:Tamm 90%. 

II paKTH'IecKaH n:eHHOCTb. 

1. 1Imca1amt no1MmI(HOC:Th npnMeHemrn MII<t>C nrrlI cpmcycupon
KII IIHTeHc:IInHhix· 3JICKTpOHHbIX rry-.-m:on npn 11x TpaHcnopTIIponKe no 
npoTmKeHHhIM IGrnam:tM crrmKHOII CTPYKTYPH, DKJIIO'-Ia,IOIUIIM nono-
poTHhle J'-Ia,CTim. . 

2. ·Pe1yrroT~tTbI ni:cricn()namrn TIXtm:nopTirpomm rry-.-ma n MII<t>C 
n napaKc:IIaJibHOM npn6mrn.:eHniI MoryT 6bITh ncrrorr1,1onaHhI .UJilI 
aHamna Il03MO)KHO(:TII Tpam:rropTI1pori1rn ny-.-rimn D CIICTeMax c_ 3a
,n:aHHOH reoMeTpnei'I MarHIITon, aTaioKe nrrH onpenerremrn ocH0DHbIX 
napaMeTpi::m MarHIITHOII c:ncTeMhI, o6m:inaromefr 3a,n:aiiHhIM KOMIIJieic- . 
COM CBOMC:TD, HanpIIMep, 06rranarome11·MaKCIIMaJ1hHhIM aKcenTaHCOM 
rrpII HaJIIFIIIII orpam1t.JemrII Ha nmrny rrepnona 11rr11 IIX oTcyTcTmrn, 
MIIHIIMaJihHOM 1am1cnMoc:ThK> cpenHerrnanpaTII"-rnoro·norrH OT nmIHhl 
neprrona, MaKCI:IMaJI1,Horr· norrycTnMorr nmrnoii: pa3pirmi IGrnarra. 

3; Pe1yJibTaThI. "-IHCm!HHOro M0,Uem1ponamrn TpaHcnopTIIl)0DKII 
~ . ' . . . . . . -

lIHTeHCIIBHbIX 3JieKTJ)0HHhIX rry-.:.nmn D IIJ)5.IMbIX II II0DOp0THhIX Ka-
mtrrax _MoryT 6bITb IICII0Jih30Dc1HhI rrpn pa1pa60TI(e. ci:Ic:TeM C' MIIHII
MaJihHhIMII IICKa2KemrnMn norrepe"-rnoro rrpoqmrrH rry-.:.rim B nonopoTe. 

4. IloKa3aHa no1MmKH0CTh IICII0Jib3onamrn MII<t>C ,n:ri5.I 3cpcpeK
TIInHorr Tpam:rropTnpomrn 3JICKTp0HH0ro IIY'-IIGl peJI5.ITIIDI:IC:TCIWro ' 
CBT.JcreHepaTopa c n1,1c:0Km1 IIMIIYJibc:Horr MOIUH0CThIO, nhl6paHhl ee 
0IITIIMaJibHhie rrapaMeTphI. IlpenrrmKCHhI napIIaHThI cpoKycIIpy10meI1: 
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CIICTeMbl .n:mr OCHODHhIX cpyHKIIIIOHaJibHhIX Y3JIOD reHepaTopa - ycKO
pIITeJibHOII Tpy6Irn:, IIODOJ)OTHOro rpyrrrrnponaTemr II MHorope30Ha
TOJ)HOII ClICTeMbl rrpeo6pa30DaHmI 3Heprnn. 

Pa1pa60Tc1,Ha II C03,UaHa cm:reMa Tpam:rropTIIJ)0DI(II 3JieKTpOH-,,_ 
Horo IIY"IKa MaKeTa pem.rnrnncTcKoro CBq reHepaTopa _c: 3HeprIIeII 
3JieKTpOH0D 200 'K3B II T0KOM IIY,:.IKa .n:o 240 A rrpII ,UJIIITeJibHOCTII 
IIMIIYJihca 2 .unc. 

Ha 3auu1Ty BhIHOCHTCH: 

1. Crroco6 npe,n:cTanJiemrn pe1yJihTaTon i:.rnc:JieHHoro IrnTerpIIpo
naHIIH rrapaKCHaJihHoro ypanHemrn orn6a10111eii 3JieKTpOHHoro rryi:.nm 
n MII<I>C n nu.n:e .n:narpaMM yc:TorPmnocTn n .n:ermpT0DhIX Koop,n:IIHa
Tax (EL/ R2, /I<L/ R) 1rnn 3KDIIDaJieHTHhIX rroJia:pHhIX Koop.n:IIHaTax 
(p = u0 ,cp = arccos(u/u0 )), r.n:e I(, E II R- c:ooTDeTc:TneHHO 0606-
meHHhIII rrepneaHc, 3MIITTaHc II c:pe.n:mur pa,n:IIyc nyi:.rn:a, L - .UJIIIHa 
nepIIo.n:a MII<I>C, uo II u - Ha6erII cpa3hI 6eTaTpoHHhIX KOJie6aHIIH 
Ha rrepIIo.n:e CIIC:TeMhI COOTDeTCTDeHHO D_ O,UHO"H1.CTII"IHOM C:Jiyi:.iae II C · 
yi:.ieTOM KYJIOHODC:KOH pe.n:yr..:UIIII i:.rnc:T0ThI. 

2. Crroco6 rrpe.n:cTanJiemrn pacrrpe,n:eJiemrn ITom.1 MII<I>C n DII,n:e cy
ITe1~1101IIIIIIII ITOJI~II 0,n:JIH0"IHhIX MarHI1THhIX JIIIH3 C IICITOJih_30DaHIIeM 
aITITJ)OKCIIMaIIIII1 I'm1.1epa, a TaIGKe pe1yJihTctThI IICCJie,UOBc'iHIIH D 3TOM 
ITp~6JimKeH.IIII ocHODHhIX cnoiJ:c:Tn MII<I>C c O.UHIIM_ II .n:nyMa: MaKcII
MyMaMII ITOJIH Ha IToJiyITep110.n:e, nKmoi:.iaa: OITpe,n:eJieHIIe ITapaMeTp?n 
CIICTeM, OITTIIMaJihHhlX ITO pa:.n:y 1qmTepIIen. 

3. Cymec:TnonaHIIe He OITIIcaHHoro n mITepaType cnoftc:Tna 
MII<I>C - HaJIII1:.rna: o6mtc:TH ITapaMeTpon, n KOTOJ)OH cpe,n:He1rna.n:pa
TII1:.JHoe IT0Jie. CIIC:TeMbI cmt6o 3ctDIICIIT OT ,UJII1Hhl ITeJ)I10,Ua. 

4. Kom:TpyKIIIIH II pe1yJihTctThI IICCJie,n:onaHIIH yi:.mcnm ITOBOpoTa 
IIHTeHc:1rnHoro 3JieKTpOHHoro ITY,:.IKa n rmHaJie c MII<I>C. 

5. Pe1rnMeH.n:a111m ITO IICITOJih3onam-110 MII<I>C ,n:Jia: TpaHcnopTII
ponKII 3JieiffJ)OHHOro nyi:.irm peJIHTIIDIICTCKOro CBq reHepaTopa C 
60JihillOH IIMIIYJihCHOII MOIIIHOCThIO, BKJIIO"IM DbI6op OIITIIMaJibHhIX 
napaMeTpon MII<I>C II napIIaHThI KOHC:TPYKIIIIII .UJIH ocHOBHhlX cpyHK
II:IIOHaJihHhIX Y3JIOD reHepaTopa - ycrrnpnTeJihHOII Tpy6KII, IIOBOJ)OT
HOro rpynnIIponaTeJia: ITy<IIm II MHOrope30HaTOJ>HOH CIICTeMbl npe-
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06pa1onamrn 3Hepnrn. 
Anpo6an1rn pa6oTbI. 
Oc:HODHbie pe1yJihTaThI pa60ThI .n:01m£1,,n:bIBaJIIICh II o6cy)K,UaJIIICh 

Ha VI II VII Bceco101HhIX CIIMII03IIyMax no CIIJihHOTO"IHOH 3JieKTpoHII
Ke (ToMcK, 1986 II 1988 rr.), Ha IX ceMrrnape-conemaHIIII no npo6Jie
MaM TeXHOJIOrII"IeCIWro ITpIIMeHeHirn M0IUHhlX 3JieKTpOHHhlX IIY'IKOB 

. (Mocrrna, B3M, 1988 r.), Ha ceMIIHapax M3IIA AH,Y1CCP (Tam
KeHT), TITH (ToMcK), PTM AHCCCP II MPTM AH CCCP (Moc:K-
na). 

l1y6m1Kan1rn:. 
Ilo MaTepIIarraM .n:m:cepTa11noHHOII pa6oThI oITy6m1KonaHo 13 IT'e-

"IaTHhIX pa6oT II G Hcty"IHhIX 0T"IeT0B. 
CTpyKTypa II 06'.beM .UIIccepTanIIII. 
Pa6oTa C0CT0IIT 113 nne,n:eHIIH, Tpex rJian II 3aI{JII01:.JeHII5!. OHa_co

.n:ep)I(IIT 96 CTpam111 TeKc:Ta, 68 I1JIJIIOCTpaIIIIH II CIIIICOK JIIITepaTyphl 
II3 173 HaIIMeHoDaHIIH Ha 21 CTpaHIIIIe. 

2 CO.IIEP)KAHHE P ABOTbl . 
Bo nne,n:eHIIII o6cy)K,UaeTC5! aKTyaJihHOCTh pa60ThI, Ha OCHOBe.ofoopa 
JIIITepaTyphl 1101m1brnaeTca: rrepcITeKTIIBHOCTh MII<I>C .UJIH pemeHIIH 
IIOCTaBJieHHOII 3a,n:ai:.m, aHaJIII3IIpyeTC5! yponeHb pa3BIITII5! TeopIIII II 
TeXHIIKII MII<I>C, HepemeHHhie rrpo6JieMhl. TaM :,Ke cpopMyJIIIpyeTCH 
3a,n:ai:.ia ,UIICcepTaIIIIOHHOH pa6oThl, a TaIOKe II0JIO)KeHIIH, BhlHOCIIMhle 
Ha 3aIUIITy. Kpanrn orrm:aHhI c:TpyKTypa II co,n:ep)ImHIIe ,n:IIccepTa-
IIIIII no rJianaM. 

Ilepnaa: rJiana ITocna:meHa aHamny II orrTIIM1na11IIII cnorrcTn 
MII<I>C n rrapaKcIIaJihHOM rrpn6mrnrnmm. B Herr i:.iIIcrreHHhlMII/MeTo
,n:aMII IICCJie,n:yeTCH peJI5ITIIDI1CTCKOe rrapaKcIIaJihH0e · ypanHeHIIe: orII-
6aromeH 3JieKTp0HHoro rryi:.rn:a c pam1yc:0M r, o6o6meHHhIM nepneaH
coM I( i,r 3MIITTaHC0M E D H0pMaJIII30DaHHOM (pa3MepHOCThIO M-l) 
npo,n:OJihHOM MarHIITH0M IIOJie B11 

r,, + B112(z)r· ~ I( - E2 -r r3 - 0, , (1) 
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r.ne r" - BToprui: npornno.nmur pa.nnyca orrr6arorue:I1: no npo,nom,Ho:I1: 

Koop,nn:HaTe z. Ycpe,nHemre ypanHemrn (1) c y-<reToM < r" >= 0, 

< r >= R, < B1/(z) >= B2 ,naeT ypanHemie c:pe.nHero c:n:nonoro 

.6anaHca 

(E) 2 
2 R + (JR) = (BR)2. (2) 

TaKrui: cpopMa 3aIII:ICll II03BOJia:eT ll306pa3I:ITb C:llCTeMy TpaHC:IIOpTI:I

poBKI:I -rreTnepTbIO oKpJ)KHOCTI:I pa,nn:yca BR Ha nnoc:Koc:TI:I c ,nermp

TOBbIMI:I rrnop.nn:HaTaMI:I ( E / R,· vI(). Ha 3TOH )Ke nnocKocTI:I MmKHO 

rno6pa)KaTb 3BOJIIOUI:IIO napaMeTpon ny'-ma. 

B pa6oTe npe,nnmKeHa erue o.nHa 6e3i)a3MepHrui: cpopMa 3anI:Ic:I:I 

ypanHeHI:Ia: c:pe.nHero cmrnnoro 6arram:a, y.uo6Haa: n crry'-rae TpaHc

nopTI:Ipomrn ny-<ma n nepr1'o,nI:I'-recKHX cpoKycI:IpyroruI:Ix CI:ICTeMax c 

.UJII:IHOH nepn:o,na L 

2 (~~r + (~L) = (BL)2 = ao2
• (3) 

3.necb a0 - Ha6er cpa3hl (n pa,nnaHax) o.nHo'-IaCTI:I'-IHhIX Kone6aHm1: Ha 

riepno.ne cpoKycn:pyroruer1 cncTeMhi. Ornrcamre ny'-ma n .zierrnpTOBhIX 

Koop,nn:HaTax (EL/ R2
, /KL/ R) 3KBnnaJieHTHO omrcamrro n nona:p

IIhIX Koop,nI:IHaTax (p = ao;cp = arccos(a/a0)), r,zie a - Ha6er cpa3bI 

6eTaTpoHHhIX Kone6am1:I1: Ha neprrn.ue c y-<IeTOM KynoHonc:Ko:I1: pe.nyK

Ullll '-IaCTOTbl. IlapaMeTpbI a ll ao -rraCTO I:ICnOJib3JIOTC5l: ,IJ:JIH OIII:ICa

HI:I.H ycJIOBI:IH JCTOH'-II:IBOCTI:I TpaHcnopnipOBKI:I ny-rrrrnn B nepI:IO,IJ:ll'-Ie

CKllX cpoKycn:pyroIUI:Ix cI:Ic:TeMax. I-IcnoJib30BaHMe 3TO:I1: 3KBI:IBaJieHT

HOCTI:I no3nona:eT npn: m:cne,nonamrn ypanHeHI:Ia: (1) orpaHI:I"t!I:IThca: 

,nnyMa: 6e3pa3MepHbIMI-I napaMeTpaMI:I, '-ITO ,naeT B03MmKHOCTh ne

peHTI:I OT paC:'-IeTa orpaHI-I'IeHHOro '·HICJia T0'-IeK K 1no6pa)KeHI:IIO ue:.. 
u • ~ 

JlbIX o6JiaCTell Ha nJIOC:K0CTII, T.e. no pe3yJibTaTaM '-I~C:JieHHoro llH-

Terpn:ponaHI:IH -CT})OllTb o6nac:TI-I ycTOII"t!HBOCTll .nna: ypanHeHI:IH ( 1). 
B rm-rrecTne ,nI:IarpaMM yc:ToH'-mnoc:TI:I n pa6oTe npe,nno)KeHo I:Ic

noJib3onaTb rmpTy JII:IHI-I:ii: yponHa: pem-I"t!I:IHbl 8R = (rmax - 1'min)/2R, 
npe,ncTaBJIHIOIUeH c:06011 OTHOCI-ITCJibHYIO aMnJinTy,ny nyJibcaun:I1: pa

,nn:yca orn6a10rue:I1:. IIpone.ueHo conoc:TanrreHn:e .unarpaMMhI yc:TOH'-III-
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noc:Tn ,nna: crrnycon,naJibHoro pacnpe,nenemrn nona: MII <llC (pnc. 1) 
c Tpa.ununoHHO uc:noJih3yc11011 .unarpa.MMOII MaTbe. IIorrn3aHo, -rrTo 

TO'-IHO yrrn.3bIBaa: HH,'-IaJio ncpnofr 30Hbl HCYCTOII'-IIIBOCTII, .uuarpaMMa 

MaTbe 3c1.DbIIIHtCT pa31IP.pbl 30H ycTOII'-IHDOCTII DblCIIIIIX nopa:,nrrnn. 

3To a:nmrcTca: cne.nc:Tnncu mrneaprnaumr ypanHCHHH (1) npn cne,ne

HIII-I ero K ypanHeHIIIO Ma.The. 

Ilanec n pa6oTe o6cy:,K.uaroTca: no1MmKHOCTII IIcnoJib3onamrn .nna: 

TpaHcnopni:pomrn ny,um no 1rn.m1.m1.u cnmKHor1 cTpyKTYPhI MII<l>C c 

Hec1rnycou,narrhHhIMH pacnpe,nerremrnMII nona:. Ilpnne,neHbI ,nuarpaM

MhI YCTOII'-IHDOCTH .urra: pacnpe.ucm~HIIII n BII,Ue cyMMbl nepnor1 n Tpe

Tbeii: rapMOHHK npn pa3JIIPIH0M co.uep:,rrnmm TJ)CTbCII rapMOHIIKII. 

Ha .nnarpaMMaX npocm~1KCH0 II3DCCTH0C II3 JIHTepaTypbI cmrnHI:Ie 

nepnor1: I:I _ nTopor1: 30H ycTofPmnocTn rrpn co,nep:,rmmm TpeThCII rap

MOHIIKI:I 0.5 . .IleJiaIOTC.H DbIBO.UbI O npnro,nHOCTH rrpe,nrrmKeHHblX ,nI:Ia

rpaMM ,UJI}I amtmna yc:TOIPIHDOCTII TpaHCIIOpTIIpOBICII, a TaIOKe 0 

npenMyruec:Tnax pacrrpe.nenemrfr rrorra:. c .nnyMa: MaKCHMyMaMn Ha no

nyneprrn,ne. 

IIpe,nrrmKeHo paccuaTpnnaTb MII<f>C mu{ conoKynHOCTh o,nrrno'-I

HhIX MarHHTHbIX JIIIH3, II0JIC IGl.)K,UOII II3 KOT0pbIX 0ilHCbIBaeTCH C no

MOIUbIO armpoKCHMaunn 1Jlit3Cpa 

Bm 
·2' B z ( z) = 1 + ( ( z - zo) / d) 

(4) 

npnycnomrnx s < D, NI< 1100.3.nech Bm .....:.-JtoNI/1.-
aMITJIIITy,na norra: JIIIH3hI, 'd = 0.481, - nonyIIIiiprrna noirn Ha 

nononrrHe aMnnnTynhr, l = Js'2 + 0.45D'2 - HopMupyroruaa: .nnn

Ha, · z0 - KoopmrnaTa UCHTpa JIHH3hI, NI - '-IIICJIO a.Mnep-BHTKOB 

B o6MOTKe B036J)K.UCHirn JIIIH3bI, Jlo - MarHIITHaa: npoHnuaeMQCTb 

naKyyMa, D -·nttyTpcHHm-:1 mrnMeTp rrnpnyca mIII3hI, s - IIIIIpI:I

Ha pa6o-rrero 3a3opa MC)K,ny Il0JIIOCHbIMH HaKOHC'-IHIUGl.MII. Ka)K.[(hllI 

nonynepn:o.u MII<f>C cocTmiT n1 .unyx cormtcHo mmIO'-IeHHhIX mrn1 

(pl-IC. 2). 
9rrcneI_IHO i1ccne.uona.m1. 3aBIICIIM0CTb 3cpcpeKTIIBHOro Il0JI}I (n, CJie

.uomtTeJibHO, cp0Kycnpy10ruc11: cIIJibI) MII<f>C OT OTHocnTeJibHOH nony-
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mIIpIIHI,I ITomr JIIIH3 d/ L, 6e3pa3MepHoro ITapaMeTpa nx paccTaHoB
KII g/ L II aMIIJTHTJ.D:hI ITOJUI JIIIH3hI Bm (pm:. 3). 3aMeTIIM, tJTO rrpII 
g / L = 0 rrorrytrneTcH cncTeMa c o.n:HnM MaKCIIMJMOM ITOJIH Ha ITorryITe
pIIo.n:e, HaITpIIMep, c pacITpe.n:erremieM ITomr, 6mI3KIIM K cnHycoII.n:arrh-

·" HoMy. O6Hapy2KeHo He orn1caHHOe n m1Tep,nype cnorrcTno MII<l>C -
cymecTnonaH11e o6mtcTH ITapaMeTpon ( TOtJetrn,ill Kpnmur Ha pnc. 3 11 
4), B KOTopo:rr cpoKycnpyromaa: crrna MII<l>C crra6o 3anncnT OT .n:mrnhI 
rre1)1Io,n:a 

DB 
D(d/L)=0 ITpng/L=const 11B111 =const. (5) 

CymecTnonaHIIe 3TOII o6mtc'.TII cna:3aHo c BhP-mTaHneM ITOJie:n: coce.n:
HIIX BCTJWtIHO mrnro•H~HHhIX mrn1. Bhr6op ITapaMeTpon MII<l>C Ha 
yKa3aHHOII KJ)IIBOH IT03B0JIHT ocmt6IITh Tpe6onaHirn K T0tIH0CTII pac
CTaHOBI{II JIIIH3, yMeHhillIITh rpamreHT cpoKyc:npyrome:rr C:IIJihI: II C:BH-
3aHHhIH C HIIM rpa.n:IIeHTHhIII .n:pencp 'IaCTIIII Ha ITOBOJ)OTHhlX y-crncT
Kax, a TaK)Ke OTKphmaeT B03MO}KHOCTII pa3MhITirn pe30HaHCOB KOJie-
6aHIIII "<IaCTIIII c rrepno.n:wrecrrnrr cp0Kycnpyrome11: CIIJIOII rryTeM rrcen
.n:oc:rry-qa:n:Horo II3MeHeHirn ITepno.n:a MII<I>C rrpn c:oxpaHeHIIII c:orrra
conaHIIH rrytrKa c: IGrnarroM Tpam:ITopn1pomm. 

YtreT KOHC'IH011 mnpIIHhI 1w1myca MarHIITHhIX mrn3 2h (pm:. 2) 
orpaHil"'IIIBaeT 30HY peamnyeMhIX MarHIITHhIX CIICTCM BHyTpeHHO
CThIO TpeyrorrhHHKa c yrrroM rrpH nepm1rne <p = arctg(h/d) (crrrrom
Hhie JIIIHIIII co mTpIIXOBKOI1 Ha pnc. 3 II 4) B crry-qae .n;nyx JIIIH3 Ha 
rrorryrrepI10,n:e IIJIII oTpe3KOM OCH d / L OT O .no ITepece"<IeHIIH c rryHKTIIJ):
Hoii: rrpHMOH n crry-crne o.n:Hon: JIIIH3hI mt rrorryITepHo.n:e. BepXHHH rrpH
MM co illTJ)IIXOBKOII COOTBCTCTnyeT rrnc:amno BCTpetIHO BKJIIOtieHHhlX 
JIIIH3, Hil)KHHH - IGt<.:aHIIIO cornacH0 BKJIIOtICHHhIX. BhI6paHHM-pa6o
-qaa: TO"'!Ka ,n:eJIIIT nepnnrnJihHhifr 0TpC30K, mtXO.D:HIUIIHCH BHYTPII Tpe
yroJihHIIKa, Ha tiaCTII, COOTBCTCTBYIOIUIIC HOpMilpOBaHHhIM Ha .D:JIIIHY 
rrepHo.n:a 3a3opaM Me2K.n:y mrn1aMI1. IlpII Heconrra.n:eHIIII reoMeTpil"'Ie
c1mro II MarHIITHoro ueHTpon JIIIH3hI HaKJIOHhI rrpHMhIX K ocn g / L 
6y,n:yT pa3JIII"9:HhlMII, II nepmIIHa TpeyroJihHIIKa He 6y.n:eT Jie)KaTh Ha 
rrpHMoii: g/ L = 0.125 . Ilpn 1a.n:aHHOM OTHomemm g/ L MaKCIIMa111,-
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HYIO .D:JIIIHY pa3ph!Ba KaHarra .n:orryc:KaIOT MarHIITHhle CIICTeMhI, Il30-
6pa)Karom11e TOtIKII KOTOphlX Jie)KaT Ha O.D:HOH II3 orpaHil"'IIIBaIOIUIIX 
rrpHMhIX. B 3TIIX CIICTeMax Ha rrorryrre1mo.n:e IIMeeTCH O.D:IIH mIIpOKIIH 
1a3op, a He .n:na Y3KIIX. . 

B .D:IICcepTaIIIIII co.n:ep)KaTCH pe3yJihTaThI "9:IICJieHHOro IIHTerpnpo
BaHirn ITapaKCIIaJihHOro ypaBHeHIIH on16arome11 IIH'i'eHCIIBHOro IIJ"'!Ka 
n MII<PC, cocTanrreHHhlX rn omrno"<IHhIX JIIIH3. Ha pIIc. 4 II3o6pa)KeHa 
rrnpTa JIIIHIIII ypoBHH Ha6era cpa3bI o,n:HotrncTil"<IHhlX Korre6aHI1ii:, rrpII 
KOTopoM MaKCIIMaJihHhlH pa.n:IIyc rry"<IKa n.n:noe rrpenhlmaeT cpe,n:HIIH 
(3TOT Ha6er cpa3hl ycJIOBHO Ha3BaH ",n:oITyCTIIMhlM" Ha6eroM cpa3hl). 
3Ta neJII1tII1Ha xapaKTep1-nyeT ITJ)OITYCirnyro crroco6HocTh. rrn1mrra B 
rrepno:rr 0611aCTII yc:TOIItIHBOCTII ITJHI q:>IIKCIIponaHHOH .D:JIIIHe rrepIIO
.n:a. B o6_JiaCTII MaKCHMaJihHhix .D:OITYCTIIMhIX Ha6eron cpa3hl ( C oceno:rr 
ITYHKTIIJ)HOH JIIIHIIe11 mi pnc. 3 II 4) IT!)OIICXO.D:IIT CJIIIHHIIe_ rrepnoii: II 
BTopoit 30H ycTOJ1tIIIBOCTII, amirrorIItrnoe CJIIIHHIIIO rrpII co.n:ep)KaHIIII 
TpeTbe:U rapMOHIIKI-I 0.5. IIepecet1eHI1e QCenoii: JIIIHIIII o6rracTII MaKCII
MaJihHhIX Ha6eron cpa3hl C rqmnoii: MII_HIIMaJihHOH "9:JBCTBIITeJihHOCTII 
cpoKycI1pyromeii: cIIJihl K .n:mrne rrepI10,n:a ( d / L = 0 .12 II g / L = 0 .17) 
oITpe.n:erra:eT MII<PC, oITTHMaJihHYIO ITO .n:nyM KpIITepIIHM o.n:Honpe
MeHHO. Il1-rarpaMMa ycTOHtrnnocTH .D:JIH Hee ITpHne.n:eHa Ha pI1c. 5. IIo
JiytreHhI -Ta1OKe ,n:HarpaMMhI, IT03BOJIHIOIUHe OITTIIMII3IIpona Th 1'1II <PC 
ITO tIHC:JIY aMITep-BHTKOB Ha e.D:I-IHI-IIIY .D:JII-IHhl KaHarra, ITO ITporrycKHOH 
cIToco6HocTH ITJ)II OTCYTCTBIII-I orpam1t1eHI1ii: CHH3Y Ha ,D;JIIIHY ITepilo
.n:a MII<PC. 

B pa6oTe ITpHno.n:a:TcH Tarrnrn .n:narpaMMhl ycTOH"<IIIBOCTH ,n;rrH cny
-qa,a: paccornaconamrn ITytma c rrnHaJioM TpaHCITOJ)TilpOBKlL O6Hapy
)KeHa o6rraCTh ITapaMeTpOB ITY"<IKa ( COOTBeTCTnyromaa:, n -qacTHOCTII, 
3aMarHHtieHHhIM IrnTomiM), B KOTOJ)OI1 BJIIIHHIIe paccornaconaHIIH Ha 
OTHOCIITeJihHYIO aMITmuy.n:y ITYJihCaIIIIII pam-ryca rry-qKa MIIHIIMaJih
Ho. 

BTopaJI rrrana m-rccepTaIIHII ITOCBHIUeHa "<IIICJieHHOMY Mo.ue11I1po
BaHI1IO II 3KCITepIIMeHTaM ITO TpaHCIIOJ)TIIJ)OBKe· IIHTeHCIIBHhlX 3JieK
TJ)OHHhlX ITJ"<IKOB ITO KaHarraM CJIO)Irnoii: cTpJKTJphl. B Ha-qaJie KpaT
KO OIIIICaHhl IICITOJih3yeMhlH ,D;JIH MO,UeJIIlponaHIIH MarHIITHhlX CIICTeM 
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rraKeT rrporpaMM 3CTAMII (pa3pa6oTIG,t BU CO AH CCCP), Dbl'IH

CJIHTeill>HbIH CTeH.U rryq (ToMCKHH IIOJIIITeXHH"-Iecirnii HHCTlITYT) lI 

.uopa6oTaHHbIH anTopoM rraKeT rrporpaMM 3PA (BU CO AH CCCP), 

rrpIIMemreMbie .UmI MO.UeJIIIponamrn .urrnaMHKlI HHTeHCIIBHbIX 3JieK

TpOHHhlX rryi:mon D IIp5IMbIX II IIODOJ)OTHbIX KaHarrax TpaHc:rropTIIpon

KII. 3TII rrporpaMMbI, OCHODaHHbie mi MeTo.uax Tpy6oK TOl(a (3PA) 

II KpyIIHbIX -.:.iaC:THU ( JIYq), IICIIOJib30DaJIIIC:I, .UJI5I ouemrn TO"-IHOCTH 

pe3yrroTaTon rrapaKc1rn.rr1,Horo rrpn6rrrrn,emrn, a TaioKe .UJI5I nccrre.uo

naHII5I BJimiHII5I pa3JIII"-IHI,IX cpaKTopon Ha 3cpcpeKTI'.lDHOCTb TpaHcrrop

TIIpODKII. Pe3yJioTaTbI Mo.uemrponamrn CDII.UeTeJibCTDYIOT O TOM, "-ITO 

rrapaKcIIaJibHoe rrpII6muKem1e xoporno orrirc1,rnaeT rrorrmI<:eHIIe o6rra

CTII MaKCIIMaJibHoro Ha6era cpa11,I, nerrni:nma 2Ke mi6era 3an1,IrneHa 

Ha (20-;- 30)%. II01m1aHo, "-iTo .uo1nponaHHoe nne.uemre TpeToeir rap

MOHIIKII n pacrrpe.uerrem1e rrorr5I MII<DC 1aMC.UJI5IeT pocT 3MIITTaH

ca rry-.:.rirn rrpn · Tpam:rropTIIponKe. Ilrr5I rry,mon c MHKporrepneaHcoM 

6oJibllle 1 3cpcpeKTI'.lDHOCTI, TpaHcrropTIIpomm orrpe.uerr5IeTC5I poCTOM 

3MIITTaHca BCJie,UCTDIIe KYJIOHOBCKIIX a6eppauIIii. IlmnnaHo, "-ITO IIO

BOpOTHOe rrorre .uomrrno 6oITb · crra6ocp01,:yc:IIpyrorn:IIM c rrmrn3aTerreM 

crra.ua 0.5: IloKa3aHo Ta10Ke, "-ITO rr1n1 3Hepnrn: 3JieKTpoHon 200 r.:JB 

II ToKe ny-.:.irm 200 A Tpam:rropn1pomm rry-.:.rn:a "Iepe3 rronopoT MmKeT 

ocyrn:eCTDJI5ITbC5I rrpII OTKJIOHCHII5IX rronopoTHOro IIOJI5I OT OIITIIMaJII,

HOro .UO 30% . 
B .. .UIICCepTaurnI co.uep:m:IITC5I KpaTIWe OIIIICaHHe arrrrapaTJJ)bI, 

Ill)IIMeH5ICMOli .UJI5I II3MepeHII5I pac:rrpe,ueJieHII5I MarHIITHhlX IIOJie:H 3KC

rrepIIMeHTaJibHOH CIICTCMbI Tpam:rropTirpomrn 1:3 HerrpepbIDHO~ II IIM-< 

rryrrocHoM pe2KIIMax. Hap.H.UY c cepIIIIHbIMII rrpII6opaMII IICIIOJib3o

narrIICb pa3pa6oTaHHbie I1HCTHTYTOM rrorryrrpono.umnrnn AH YG_CP 

rrpII y-.:.iacTIIII anTopa I<:acceTbI C MIIHIIaTIOJ)HbIMII .uaT"-IIIKaMII X~rrrra 

II BTOl)II'lHa5I arrrrapaTypa . .UJI5I HMIIYJibCHbIX H3Mepemiii. 

IIarree OIIIICaHa K0HCTPYKUH5I pa1pa60TaHHbIX anTopoM 3Kcrre

pIIMeHTaJibHbIX y-.:.mcTKOD CIICTCMbI Tpam:rropTIIp0DKII IIHTCHCIIDHO

ro 3JICKTpOHHOro rry-.:.iim, DKJIIO"-IaIOrn:e11 IIp5IMhle Y"-IaCTKII C pa3JIII"I

HbIMII pa.uIIycaMH KaHamt, a TaIGKe yi:rnc:TOK rronopoTa rry-.:.iim Ha 

90°; IlpIIne,ueHbI pe3yJibTaTbI pac..:IeTOD II II3MepeHIIH MarHIITHbIX ITO-
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rreii: 3KCIIepIIMCHTaJibHOII CIIC:TCMI,I Tpam:rropTirpomm. l13MepeHIIHMII 

II0.UTnep)K.UCH0 cyrn:ecTD0DcLHIIe o6JiaCTII crra6o:ii 3aDIIC:IIMOCTII cpe.u

Heirna.upaTII"IHOro IIOJI5I MII<I>C OT .umrn1,1 rreprro.ua H yTo-.:.rHeHbI co-

0TneTcTny10mne rrapaMeTpbI MarHIITHOII cnc:TeMhl. IloKa1aHo, 'ITO 

IICIIOJlb30DaHIIe arrrrp0KCIIMaUIIII rm1.1epa .UJI5I II0JI5I JUIH3bI 3aHII2Ka

eT 3Ha"IeHII5I c:pc.uHcKmt.U}MTII"IHoro IT0JI5I MII<DC n 3TOII 06rrac:n1 Ha 
10%. . 

B pa6oTe 0IIIIC:aHI,I C0CTHD II O(;HODHbie xapaKTepIIC:TIIKII 3KCITepH

MeHTaJibH0ro c:TeH.ua c: 3JieKTp0HHbIM ITJ"-IK0M rrpn 3Hepnrn 200 'le:JB, 

TOKOM .n:o 240 A II .UJIIITCJibHOCTbKl IIMIIJJibCa 2 Mr.c. Orn1caHbI TaK

)Ke aITITapaTypa mrnrH0CTIIKII ITY,IIm II MeTO,UIII(a 3KC:ITepIIMeHTOB ITO 

Tpam:ITopTHpODKe IIHTCHCIIDHC>ro ITY'IKa ITO ITp5IM0MY y-.:.rnCTI,:Y C: pa3-

p1,rnaMII II no ITonop0TH0MY y;rnCTKy. Ilpn' MHKporrepneam:e ITJ"IKa 

OKOJIO 2 K03cpcpnuneHT T0K0II}H>XmK.uemrn ImK Il})5IM0ro y-.:.rnc:TKa .UJIH

HOH 1.2 M, TaK II mmopoTHoro yTJacTKn .uocTIIr 90%. Ilpnne.n:eHbI 

pe3yJibTaTbI ncc:rre.uonamrn DJIII5IHII5I aMITJIIITY.UbI cpoKyc:IIpy10mero II 

ITonopoTHoro rrorre11:, 1mwmt pac:rrpe.I;J:erremrn cpoKyc:npyromero no1rn, 

MIIKponepneam:a rry-.:.rn:a mt 3cpcpeKTIIDHoc:Tb TpaHc:rropn1poBKII. IIo

Ka3aHo COOTDeTC:TDIIe Me)K.UY 3KC:IIepnMeHT,UibHbIMII pe3yJibTaTaMn 

II .uaHHbIMII "-IIICJICHH0ro M0,UemrponaHrrn. 

TpeTb5I rrrana .um:cq>Taum1 nocn5Irn:eiia ncc:rre.uonamno D03M0)I{

HOCTII IIJHIMCHCHII5I MII<DC .UJI5I T}>am:rropTirpomm 3JieKT})0HHoro 

IIJ"-IKa peJI5ITIIDIICTCK<>ro CBq renepaTopa c rpyITITIIJ)ODIWH IIY'IKa D 

IIODOpOTH0M MarHIITH0M rrorre II C CIICTCMOII OT6opa 3HeprmI B DII.n:e 

uerro10nrn: HeCD5I3aHHbIX pe1omnopon. KpaTiw II3JIO)KCHI,I rrpIIHIJJIIIbI 

IIOC:TpOeHH5I II 6JIOK-CXCMa renep,nopa C II0D0J)OTHOII rpyrrm1pomw11: 

IIY."-IIGt II MHorope1omtTOpH011 cncTeMofr oT6opa 3Heprnn. On:eHCHbI 
. . 

Tpe6yeM1,1e ITapa11eTp1,1 rrrnm, ycrromrn ero TJmHc:ITopTIIpomm, Tpe-

6onamrn K 3cpcpeKTIIflHOCTII Tpam:ITopTIIpomm. KamtJI T})a,H('.ITOPTII

pomm rry-.:.nrn IIMeeT .umrny ITOP5I.UKa10 .M rrpn .unaMeTpe 25 M.M, on 

DKJIIO"-IaeT D CC65I MH0r<>'IIICJICHHbie yc1mp1ITeJibHbie II CJ3q 3a30phl, 

OTIG:t"-IHhle mtTpy6Irn, coe.unmrTeJihHbie cprra.HUbI, yi:rncTKM rronopoTa 

ITy-.:.IKa Ha 90° II Ha 360°. Oco6CHHOCTbK) Tpancrropnrpomm 5IDJIHCTC.ll 

IIOC:Terrenirne H3MCHeHIIe D llIIl})0KHX ITpe.uerrax rra.pa.MeTpon IIJ"IKa -
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:mepnm D yc1wp1ITene OT 200 '/i:aB .no 5 M aB, K03cpqmuneHTa rrepno:u: 
rapMOHIIKII TOKa D rpyrrrrnpomtTeJie (rrpH 3TOM "MrHODeHHbIII rrepne
aHc" yneJIII"IIIDaeTC51 rrpm,IepHO D "'-ICTbipe pa1a), cpe,nHeH 3HepnIII 
II 3HepreTIPiecKoro pa16poca D cucTeMe rrpeo6pa1onamrn 3Hepnrn. 
KpoMe Toro, no ncex cucTe.l\mX reHepaTopa nponcxo.nnT noc-r~rreH
HhIH pocT 3MHTTaHca rrrnm, CD513aHHbIII C pacceHHIIeM 3JieKTpOHOD 
Ha ocTaTO"IHOM nt3e, a6eppaurrnMII MarHIITHOII CIICTeMhI, KYJIOHOB
CKIIMII.a6eppaurrnMH, OTCYTCTDHCM O.UHODJ>CMeHHOlf CIIJIODOII KOMTieH
caUIIII Bcex "IaCTIIll rry•ma npII peaJibHhlX cpyHI(UIIHX pacrrpe.neneHII51, 
OTKJIOHeHII51MH D rrapaMeTpax. 3JICMCHTOD IGtHaJia TpaHCTIOpTIIpODKII, 
a D cIIcTeMe rrpeo6pa1onamrn 3Hepnur - eIIJe H 1a c"'-IeT mrnaMII"'-IecKOH 

pacqioKycIIpODKII rrrum. 
Ha ocHonamm pe1ynnTaToD nccne.nonamrn MH<I>C D rrapaKcIIam,-

HOM rrpu6nmKeHIUI .UJI51 TlHlHCIIO}>TIIJ)ODim rry,ma 61,ma Dhl6paHa CII
CTeMa c, rrapaMeTpaMn d/ L = 0.12 .n g/ L = 0.17. 0Ha o,nHonpe
MeHHO xapaI(Tepinyen:51 00.TibllIOII nmpIIHOII 30Hbl ycTOIFIIIDOCTII II 
cna6o:u: 1aBIICHMOCTbIO, qioKycHpyroIIIefr c1mhl OT .nmrn1,r nepIIo.na. Ee 
.unarpaMMa ycTOH"'-IHDOCTH nprrnc.ncmt mt pHc .. 5. OrpaHII"IeHIIH, Ha
KJia.UhlBaeMhie arrnpoKCIIMaune11: rm:t3epa Ha .UJIHHY nepIIO.Ua MII<I>C 
rrpn: 1a.naHHOM pa.un:yce 1rnHamt n n1,16paHHOM 3,uwHe pacrrpe.ueneHH51 
TIOJI51, a .TaIOKe xapaKTepHbIIf .UJI51 CIIJibHOTO"'-IHbIX rry"IKOD K03q>q>IIUII
eHT 1arronHemrn KaHana rry,moM (R/ Ri.au ~ 0.5) .uaeT D03M0.1KHOCTb 
cqiopMynuponaTh orpamFieHirn Ha oTHornemre R/ L. 

0.05 < R/L < 0.1 (6) 

II rrepeHTII oT .un:arpaMMhI n rwopmrmtTax (EL/ R2
, -/KL/ R) K .un:a

rpaMMe D KOopm1HaTaX (E/R, v'K). Ha pnc. 6 D 3THX I(OOJ).UIIHaTax 
n:106pa.1Kemt rrpn:Mepmt51 3DOJIIOUirn rrapaMeTpon rry-i:ma perrHTIIBHC~-

. crwro CBq reHepaTopa rrpn TOKC rry-i:nm 200 A n rrpe.unorrmKeHn:II, "ITO 
HopMarru1onaHHhIH 3MIITTaHc no1pacTaeT D .una pa1a. Ha mrnrpaM
Me rryHKTIIIJHhIMII niIHIIHMir c:o rnTpIIxom..:011: oT.1\1:e"'-IeHhI MIIKponepBe
aiic1,r IIJ"'-IKa 3 II 29, IWTOpbIC rrinr6mnr.rreJibHO OTMe"'-IaIOT o6rraCTII 
6orr1,rnIIx KyrroHODCKIIX a6eppaUIIH II D03HHKHonemie mrpTyarrnHoro 
KaTo.ua. I-fa .u!IarpaMMbl DH,UHO, "'-ITO TIY-,:IOK nee npeM51 OCTaeTC.H B 
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rrepno11 o6nacnr yc:TOIPIIIDOCTII n1,16paHH011: MII<I>C, a OTHOCIITeJih
mt51 aMrrmITy.na rryrr1,caum1: oru6a10II1e11: He npeDhIITiaeT 10% . JlIImh B 
KOHUe cncTeMhl rrpeo6pa1onamrn 3Heprmr rry-i:rnK norra.uaeT B o6rracTI, 
6oJibIIIIIX KYJIOHODCKIIX a6eppaun11:. 

Ilarree B pa6oTe rrpe.nnmKeHbI napIIaHThI qioKycnpyIOIUIIX cucTeM, 
peamnyIOIIJIIX DbI6paHHbie pacrrpe.uenemrn TIOJI51 II Y"IIIThlBaIOIUIIe 
OC06eHHOCTlI q>YHKUIIOHctJihHbIX 3JieMeHTOD pemITIIDIICTCKOrO CBq 
reHepaTopa. TaK, .nnH yc1wpIITeJihHOI1: Tpy6Im c .nncKOBhlMII II30-
JI51TopaMII pa1pa60TaHbl pa.nmtJihHbie JIIIH3bI, CO"'-IeTaIOIIJIIe 3JieKTpo
MarHIIThl II TIOCT051HHble MarHIITbl. 3Ta KOM6IIHaUII51 TI03BOJI5IeT B 
IIIIIJ)OIOIX npe.uerrax II3MCH5ITb aMTIJII1TY.UY ITOJI51 npII coxpaHeHIIII ero 
pacnpe.nerreHII51, a TaIOKe 06011:TII npo6rreMy TIIITaHII51 3JieKTpOMarHII
TOB no.u BhlCOKIIM TIOTeHUI'HtJIOM. Iln51 TIODOpOTHOro rpyrrrrIIpOBaTeJI51 
ny"IKa pa3pa6oTaHhl m1ii11,1, Ha.ncnaIOIIJHecH Ha nonopoTHy10 o6MoT
Ky' .UJI51 CIICTeMbl npeo6pa3oDaHII51 3Hepnu,r- JIIIH3hl, DKJia,UbIBaIOIIJII
ec}l D ITOJIOCTII TOpOH,UaJibHbIXpe1omwopoD. IlpIIDe.neHbl pe3yJibTaThl 
II3Mepemrn pacnpe.nenemn':r cpoKycIIpyI<?IIJero norrH. Pa6oTa npoIIJIJIIO
CTpIIpOBaHa HeKOTOpbIMH pe1yn1,TaTaMII MO,UeJmponaHII51 cpe.ncTBa
MH Bhl"'-IIICJIIITeJibHOro CTeH.na JIYq npouecCOB cpopMIIpOBaHirn crycT
Ka B TIOBOpOTHOM rpynnHponaTeJie II ero TOpMO)KeHII51 B CIICTeMe npe
o6pa3oBaHH51 3Hepnm, Hcnon1,3y10II1HX MII<I>C: 0HII CBII.UeTeJibCTBY-: 
IDT o TOM, "ITO npHMeHemre MII<I>C He 01rn.11,maeT oTpIIuaTeJibHOro 
BJIII51HII51 Ha npO.UOJibHYIO .UHHcLMHKY c:rycTKOD. 

B 3aKJII01'!eHI1II cyMMIIpyIOTC51 OCHODHbie pe1yrrnTaThl pa60Thl, o6-
cy)K,UaeTC51 IIX npaKT!I"'-IeCKM ueHHOCTb, a TaIOI(e D03MO)KHhle Hanpa
BJieHII51 .uaJibHeHIIIIIX pa6oT. 

3 . OCHOBHbIEPE3YJibTATbl 
1. B n?'paKcIIaJII>HOM npII6rrmKeHIIII nocTpoeHhl mrarpaMMhl ycTOH

"'-IIIBOCTII Tpam:nopTIIpODI(II ITY"IKOD C npOI13DOJibHhlM COOTHOilleHIIeM 
Cim ofo,eMHoro 1a1rn.na 11 3MHTTam:a n MII<I>C c O.UHIIM II .UB)',M.H MaK
CIIMyMaMII norrH Ha nonyneprrn.ne. 

2. Mccrre.uonaHa CD513h Me.1K.UY ocHOBHhIMII cBoircTBaMII pacrrpe
.uerreHIIH MarHIITHoro norrH MII<f)C II napaMeTpaMII MarHIITHhlX cII-
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CTeM, C03,UaIOIUIIX 3TII pacITpe.n:enemrn. O6Hapy)KeHO He 0ITIICaHH0e 

B JIIITepaType cnoiicTBO MII<PC - cyruecTB0DaHIIe o6nacTH ITapaMe

TpoB, B KOTopoii cpe.n:Heirna.n:paTII''IH0e IT0Jie CJia6o 3aDIICHT OT .UJIIIHI,I 

nepIIo,n:a. 
3. Onpe,n:eJieHI,I 0CH0DHHe napaMeTpbI CIICTeM, 0ITTIIMaJibHbIX no 

HeK0T0J)l,IM KpIITepmIM, n TOM "lHCJie, o6Jia,n:aIOIUIIX MaI(CIIMaJibHbIM 

aKcenTaHC0M npII HaJIII"lIIII orpaHIFieHI:Iii cmny mt .n:mIHY nepI:Io,n:a 

IIJIII IIX oTcyTcTDIIII, MIIHIIMaJibHOI1 nemI"IHHOII ITom1 oT,n:eJibHoi'1 JI:U:H-

31,1, MIIHIIMaJibHbIM "IIICJI0M aMtiep-DIITK0D Ha e,UIIHIIIIY ,UJIIIHbI IrnHa

Jia, MaKCIIMaJibHOH ,UJIIIHOII ,U0ITYCTIIM0ro pa3pbrna IrnHaJia 6e3 Hapy

IIIeHIIH CTPYKTyp1,1 IT0JIH, MIIHIIMaJibHoii 1am1cnMOCThIO ipoKycIIpy

rorueii CIIJibI OT .UJIIIHbI ITepno,n:a; B HeK0T0J)bIX CJIJ"IaHX D03MO)KHa 

0ITTIIMII3aIIIIH no .UBYM KpIITepIIHM 0,UH0DpeMeHH?· 
4. qIICJieHHbIM Mo.n:emip0DaHI-IeM. IICCJie,n:onaHa 3aDIICIIM0CTb CKQ'... 

p0CTII pocTa 3MIITTaHca IIHTeHGIIDHoro ITY"IIGt ITpII TpaHGIT0J)TIIJ)0D

Ke era B ITPHMHX II ITonopoTHbIX Irnmwax c MII<f>C OT nemt"IHHhI II 

3aK0Ha pacITpe.n:eneHIIH IT0D0l)0TH0ro II cpoKycIIpyroruero ITOJieii II OT 

napaMeTpon ITY"!Ka. 
5. Ilpe.n:nmKeHa K0HCTPYKIIIIH nonopoTHoro 1rnmina c MII<PC. 

IlpaKTII"!eCKII ocyrueCTDJieH nonopoT Ha 90° nrIKa c T0K0M 190 A 
npII 3Hepnm 200 X:3B C 3cpcpeKTIIBHOCTbIO 90% . 

6. IloKa3aHa B03MmKH0CTh IICITOJib3onamrn MII<PC .UJIH TpaHcnop

TIIJ)0BKII 3JieKTJ)0HH0r0 nJ"IKa peJIHTIIDIICTCIWro CBq reHepaTopa C 

ITODOJ)OTHOil rpyITITIIpODIWil ITJ'-IIG:t II CIIC:TeMOil OT6opa 3HeprIIII B BII

.n:e IIeIT0"IKII HeCDH3aHHbIX pC30HaTopoB. IIpc,n:JimKeHI,J napIIaHTbI <po

KYCIIpyrorueii CIIC:TeMbI .n:mr era 0C:H0DHbIX <pyHKIIII0HaJibHbIX Y3JI0B -

ycKOJ)IITeJibHOil Tpy6rrn C ,UIICK0DbIMII II30JIHT0paMII, rpyITITIIp0DaTe

JIH ITY"!Ka II cncTeMbI ITpeo6pa3onamrn. 3Heprrm. 

7. Pa3pa6oTaHa lI C03,UaHa CIICTeMa TpaHCIT0J)TIIpomrn 3JleKTp0H

H0ro ITY"!Ka MaKeTa peJI~TIIDIICTC:1wro :cBq reHepaTop·a C 3Heprn:eii 

::ineKTpoHoB 200 x::JB, T0Ke ITJ"IIrn no 240 A npu .n:nnTeJibHocTn HM

nyn1,ca 2 i.t x: c. 

OcHODHoe co.n:e1rnrnHne .n:m:cepTaIIIIII oITy6mmonaHo D cne.n:yrorunx 
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pa6oTax: 

1. .Ilymrrn K).<P., Mm,ieT A.M., Ilon1,1p1rna E.A., Ce.n:Hx C.H. 

MmKeKTOp 3JieKTJ)0H0D. MIIKpoc:eKyH.UHOII ,UJII:ITeJibH0GTII C 3Heprneii 

100 -x::JB II T0K0M no 100 A. - B KH.: BoITpoc1,1 reHepnponamrn CBq 

II3JIJ"Iemu1:. - M.: PTM AH CCCP, 1982, c.43-49. 

2. Bo.n:om,HHOD <f>.A., JlnTBIIHon B.H., MamipoB B.B., MaMeT 

A.M., Ce,n:bIX C.H. MaKeT peJIHTIIDIICTCI(Oro cnq reHepaTopa C ny"l

l(OM Ha 3HeprIIIO 140 1;:aB. - B KH,: BoITpoc1,1 peJIHTIIDIICTC:KOII CBq 

3JieKTp0HHKH. - M.: PTH AH CCCP, 1983, c.29-38. 

3. Bo.n:oITb5IHon <fl.A., JlrITmmon n.H., MaMeT A.M., Ce.n:1,rx C.H. 

MaKeT peJI5ITimm:TCKOro cnq rcm~paTopa ITPII 3Hepnrn ITJ"IKa D IIM

ITYJibCe 300 .ll JIG. - B rm.: BoITpoc:1,1 peJIHTIIBIICTCKOII CBq .:meKTpo

HIIKH. - M.: PTH AH CCCP, 1983, c;39-46. 

4. Km1MoncrrnH A.H., Hmrneu B.A., Cc.n:hIX C.H. u .n:p. YcTp011:

CTDo .UJIH HCCJie,n:onamrn T0ITorpacpnn IIl\JIT)'JibCHbIX MarHIITHI,JX ITOJICII 

C DbIC0KIIM ITp0CT}>itHCTBCHHbIM }>ct3pCIIICHHeM. - B rm.: MeTO,UbI II 

cpe,n:cTDa II3Mepemrn MarHIITHhIX ITom~r1:. Tc1nc1,1 .n:orma.n:on II Bceco

I03Horo coneruamrn. - JI.: BHHHM, 198G, c.276. 

5. Ky3bMII"len B.H., Ce,n:1,1x C.H. Ko:1.mJieKc nporpaMM .UJIH aHa

JIII3a 3OC c ::ineKTpoMarmrTaMn. - B KH.: Mo.n:em1p0Bam1e ::ineK

TpoHHhlX ny"IK0B, · Me1Kny3oncKnfr Hc1.J"IH0-TexHH"Iec1nn1: c6opHmc -
ToMcic TITH, 1986, c.67-72. 

6. JI1nmrnon B.H., MaMcT A.M., Ce.n:hIX C.H. BnrcoKonepneaHc

HhIII .UIIOJJ:HhIII 6ecccro'IHhrfr nmKCKTop 3JICKTpoHHoro ITY"IKa. - B Kif.: 

VI BcecoKnHufr CHMIT01nyl\1 ITO CIIJibHOTO'IH01I 3JieKTp0HIIKe. Te3IIChI 

.n:01ma.n:on. - ToMcrc HC3 CO AH CCCP, 1986, "r.I, c.195-197. 

7. Ce.n:1,rx C.H. TpaHcITopnrpomrn HHTem:rrnHoro 3JieKTp0HHoro 

ITY"!Im n MarHIITHoii nepnomI"IeCKOII cpoKycupyrorueii CIICTeMe. ·_ B 

KH.: VI Bcecoro:rn1,1fr ·c:IIMIT03HYM no C:HJibHOTO"IHOII 3JieKTpoHIIKe. Te-

3IIChI JJ:0KJia.n:on. - ToMcK: HC3 CO AH CCCP, 1986, "r.I, c.198-200. 

8. MaMeT A.M., IloHoMapcn A.A., Cc.n:1,rx C.H. 3KcITepIIMeHTaJib

Hhie IICCJie.n:onamrn 3OC BbH:01mncpnc11.HcH011 3ricr-:TpOHHor1 nymrm. -

B KH.: vn Bc:ecoI03HbI1I CIIMIT01HYM ITO CIIJibHOTO"IHOII 3JieI(Tp0HIIKe. 
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Te1nc1,1 nmrnanon. - ToMc:rc I1C3 CO AH CCCP, 1988, '"I.2, c.246-

248. 
9. BonorrMrnon CD.A., AH.n:pK>IUeHirn-Jiyuemrn H.11., Ilymrrn I0.<1>., 
. . . 

MaMeT A.M., CenepnHon JI.r., Cen1,1x C.H. 3Kc:rrepnMeHTaJibHbie 
. ' ·' 

HC:C:Jie.U0DaHIHI IIC:T0'"IHHK0D 3JieKTp0H0D pemITHDIIC:TC:KIIX CBq reHe-
paT0p0D. - B KH.: Teopmr II TeXHIIIGL pemITI-IDIIC:TC:KIIX cnq reHepa
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