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OE!llAH XAPAKTEHl:CTMKA PAEOT!i 

AKryan:t.HOCT:t. TeMH gHCcepTaugH.CoBpeMeRHoe pasBHTHe Ha]KH R 
TexHHIW (gnepHoit <fiHsHKR, pa,nHaUIJ:ORHoro MaTepHMOBe~eHIDI, ycKopHTe
~eit 'l:aCTll:q) Tpe6yeT pa3pa60TKH YCKOpHTe~eM ~ ITO~eHIDI HHT9HCHB
HHX ITYtJ:KOB YCKOpeHHHX HOHOB C 3H9prHeit OT ~eCHTKOB MaB ~0 O~OTO 
raB Ha HYKHOH. ~eKTHBHOe YCKOpeHHe HOHOB 3~9KTpOHHHMH KO~qaMH
HOBHA a~eKTRBHHft M9TO~ YCKOpeHIDI, KOTOpblit B ITpHHqHITe IT03BO~eT 
n~aT:b llYtJ:KH HOHOB pa~~ 3~9M9HTOB OT BO~OpO~a ~0 ypaHa.Kon
~eKTHBHHA YCKOpHT~:b, B KOTOpOM llQnY'l:aiDTCH R YCKOPffiDTCH a~eKTp0H
~e Kon:t.qa, HaPpYX9HHHe HOHaMH, rrpe~CT~eT C060it CHCT9MY C a~eK
Tp0MarHHTHHMH ITOHHMH ~~HOit KOH<fJHryp~, ITepeMeHHHMH BO BpeMe
HH. AHanH3 pa60T~ TaR~ CHCT9M H BH60p OITTHMM:bHHX rrapar~eTpOB H pe
~OB pa60TH Tpe6yeT paspa60TKH HOBHX H YCOBepmeHCTBOBaHHH CTapHX 
MeTO~OB pemeHIDI 3Ma'l: a~eKTpo~HaMHKH C HCITOH:b30BaHHeM 3BM. Bee 60-

~ee illHpOKOe paCrrpOCTpaHeHHe HaxO,WIT MeTO~I:l pemeHIDI 3~a'l: 3~9KTpo

~aMHKH Ha 3BM B ~MOI'OBOM peJKRMe C HCITOH:b30BUHHeM ~CMeeB. 
nHccepTaqHOHHaH pa60Ta ITOCBHmeHa aHMH3Y 3~9KTpOMaTHHTHOTO 

ITanH H OITTRMH3~ ero HCTO'l:HHKOB B K~eKTHBHOM ycKOpHTe~e H eMY 
IT0~06HHX ~Ol!UillX 3~9KTpOMaTHHTHHX CHCTeMax. Paspa60TKa cpe~CTB H 
MeTO~OB aBTOMaTH3HpOBaHHOI'O OrrepaTHBHOTO aHMH3a pesy~:t.TaTOB pac
'l:9TOB Ha ~cnnee B pe~e ~anora c 3BM Harrp~eHa Ha pemeHHe npo-
6~eMH ITOBHm9HRII a<P<fieKTRBHOCTH H Ka'l:eCTBa pa60TI:l ITpH rrpoeKTRpoBaHHH 
~O~HX 3~9KTp0MarHHTHHX CHCTeM. 

UM:biO gHCCepTarzym HBJI.R:eTCR aHanH3 MeKTpoMarHHTHoro nanH H OIT
THMH3auHJr (CHHT93) ero HCTO'l:HHKOB B ~OXHHX 3~9KTPQcPH3H'l:eCKIDC ycTa
HOBKaX: CRn:bHOTO'l:HOM RHHeitHOM H~OHHOM YCKOpHTe~e a~eKTpoHOB; 
~e3aTOpe MO~e~H K~eRTHBHOro YCKOpHT~ C BHYTpeHHHMH CTeHKaMH, 
3KPaHHPYJlmHMH OT rrepeMeHHHX MarHHTHHX rroneit "H ~aB~eHIDI OCTaTO'l:HOrO 
rasa;B cHcTeMe"sepKanbHoro saxeaTa",oc~ecT~ei ycTol'l:HBoe y~ep
EaHHe p~THBHCTCKoro a~eKTpoRHoro Ko~na Ha paBHOBeCHOit op6HTe c 
llO~e~mHM CEaTHeM; HCTO'l:HHKe MHOrosapgnHHX HOHOB B o6~aCTH ero 
M9RTpoHHOrO K~eKTOpa; HaiiWIHTMe TOHKHX IIJieHOK paBHOMepHOA Ton
~H H3 CBepxrrpOBO~; HCTO~e M9KTpOHOB ~ llOBepXHOCTHOit 
3axanKH MeT~OB, ~avmeM uyqKH 3~9RTpOHOB C H3M9HH9MOA HHTeHCHB
HOCTl>ll. I.{Ml>JJ ~CCepTaqm! .flB.IDLIIOC:b TaiOKe pa3pa60TKa, C03,naHHe H 
BBe,neHHe B aKcnnyaTanmo KOMILI!eKca rrporpaMM ANAL Y'l , D S E L P T , 
biS£LllPT, DIICiK , rrosBonRDmero Ha pa~H'l:HOit cT~ rrpoeKTHpQ-
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BaHIDI CJIOJKHHX :meRTpoMai'HRTHHX CRCT8M npRMeHllT:& 3BM B ,nRaJIOrQBOM 

p~e C HCll~SOBaHReM ~CnReH. 

llav'maH HOBRSHa pa60TH.BnepBHe pemeH p.!I.It npo6JreM, CB!l3a.HHHX 

c npoeRT:RpOBaHReM RGnneRTHBHOro YCROpHTenH T.aXSXUX ROROB. B ~ccep
T~ llOJIY'I8HH CJI8,JzyBJJ!lll8 H'?BH8 pesym.TaTH: 

I. OnTm.msHpoBaHH napaMeTpu sJieRTpOMai'ImT~ cRcTeM B pelltl!Me 

~aJiora c 3BM can:&HoToqaoro JIRHe!Horo ~onnoro ycRopHTenH SJie-
• .J . 

RTpOHOB H YCTaHOBKR ~ HaH8CeHEH TOHKHX nneHOR. 

2. CnpoeRTHpoBaHa KOHCTPYRnWI a,nresaTopa c BHYTJlEHmm.nt aiqJB.
HRPYDJ!liiMH CTe.HRaMR, pacC'Ill:TaHa Mai'HRTHaH CHCTeMa YCTO!tnmoro · Clta~ 

TWI H BHBO,IJ;a K~~ B MO,IJ;eJIR ROJIJI8KTHBHOrO YCROpliTeJill C Y'J8TOM BHX

peBHX TOROB. 

3 •. TeopeTK'i8CKR ,IJ;OKaSaHa BOSMOJKHOCT:& ROMIIpeCCHR.pSJmTHBHCT

CROro ~ SJI8RTpOHOB C TOROM 20 KA B CHCTeMe '"sepJta?II>HOro Sa.xBa

Ta", paCC'Ill:TaHa ·reOMeTpWI Siq>aHa H Mal'Hl!THaH CltCTeMa. A7IJ1 YCTOI'Ill:

BOrO saxBaTa H CEaTBH KGn~. 

4. CnpoeKT:RpOBaH HCTO'iHHK SJieKTpOHOB Aim. SaKBJIIOI MB'l'a.MOB C 

per.yJIBpyeMDI BR'l'eHCHBHOC'l':&D SJieKTpoHOB Ha BHXO,D;e. 

5. Paspa6oTaH 11 naem>ea B aKcnnyaTattJDl Ha6op nporpm.u ~ 

aHaJIRSa H CBRTeSa CJioXHHx SJieKTpOMSXHHTHHx CRCTeM Ra y,naneHHOI • 

,D;Hcnne!Hol CTaHI\Hll, Blt1IIRBJD11161 B ce6st nporpaMM!i pac'leTa JtBJ;M9PHHX 

~ SJieKTpoMai'HRTHHX none!, Tp89R'l'OpHI 9JI9R'l'pOHHO-HOHHOrO ny'IRa C Y'Je

TOM npocTp8.HCTBeHHOrO Sap.!I.Ita, ipyHRitmt, SaBHCJDI!el OT I ,D;O 18 llapa.MeT

pOB, H BHBO,D;a pesym.TaTOB ~ ,nicnnel Ana aHaJIRSa. 

6. Cos.naHa nporpaMMa aa <ropTpaae ~ pac'leTa BaBe,D;eHHHX BJ.DC

P~Hx TOKOB · B ..accnHHX axcKa.JU;ao-cm.weTpH'IHHx nPOBO~, npolls

Bon:&aoro. nonepeqaoro ce'leHBH, pac'leTH npo:Sepe.HH aKcnepnreBTanao 

no IISMepeHKaM MarHHTHoro·nOJill. 

. 7. llpHMeHeH MeTo.n MOHTe..:.Ka:p.no. ~ rpy6oro no11cxa napa.MeTp.OB 

MarHJITHOI CHCT9MH,_o6ecrre'IHBSD~el YCTO~Oe CEaTII9 sieKTpOHHOrO 

KOJI:&na. 

lipaKTH'IeCKaH yeHHOCT:&. Paspa60T8HHHI, COS,D;aHHHI II BBe,D;eHHHI 

n axcnnyaTanrm KOMIIJieKc nporpaMM 11 uero.nm, a TaitllE! npone.neHHHe· 

IICCJie.nonaHHII nosBOJllD)T Ha pa.sJilt'mol CTa.ItHII _ npoeKTJIPOBaHBH ?JICWIHX 

lmeRTpOMarHHTHHX CHCTeM npHMeH!lT:& 3BM B ,nRaJIOrOBOM p~e -itepes 

~cnnel, 'ITO aa nopsmoK YBeJIR'IHBaeT npoHSBO~Tem.HOCT:& Tpy,na. 

Ha ocaone npone.neHHHX pac'leTOB cos.naHH TBKEe CJIOZBHe CIICTe

MH: a,ni'eSaTOp MO,IJ;eJIR ROJ11I9KTHBHOrO YCROpliTe.mt II Mai'HHTHBJi CIICTeMa 

BHBO,D;a SJI9RTpOHHHX Konen 113 Hero, aaiiWllilTem. TOHRHX ILlleHOK, IICTO'I-
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HHK SJI8KTPOHOB ~ SaRaJIRH M8Ta.JJJIOB. B pesyJI:&TaTe OIITllMJI3au;lill reo

M8TpH'I8CROH ~pMH ~arM B ce~ CKn:&HOTO'IHOro JIRHefiHoro H~

nl!OHHOrO YCKOpHTeJill SJI9KTpOHOB, ITpOBe,D;eHHOH aBTOpOM ~ccepTannH, 

cymecTBeHHo YJIY'!WeHa aJieRTpOMarHRTHaH cncTeMa ycKOpRTeJIH. IIpone.nen

HHe aBTOpOM HCCJI9.I(OBaHWI ll0Ka3HBBJDT OCymeCTBlllAOCT:& KOMIIp8CCRH SJieK

TpOHHOrO llY'JKa B fiPRCYTCTBHH KOpOTKOSru~TOro,xopOlliO rrpOBO~merO 
Siq>aHa. Jipe,wrOJKeHHHH aBTOpOM M8TO.I( paC'IeTa BmcpeBHX TOROB ll03BOJill

eT BH'IHCJiliT:& pacrrpe,neJieHlle TOKOB B rrorrepe'IHOM C9'19Hlill ITpOBO.I(OB, HH

,IJ;YRTHBHO CB!l3aHHHX M9JK.DY C060H KaTYID9R C TORCH R RC.Ka.liteHIDI MarHHT

HOrO nOJill 3THX KaTYIDeK, o6yCJIOBJI9HHHe HepaBHOMepHOCT:biO pacrrpe,neJie-
r 

Hl!ff TORa no nonepe'IHOMY ce'leHRIO ITpOBO,D;OB. 

PesyJI:&TaTH pa60TH HamJIR rrpRMeHeHlle B pg.ne RHCTRTYTOB rrpn pas

pa60TK9 CJIOERHX SJI9KTPoWH3H'IeCKHX YCTaHOBOR, HarrpHMep B rop:OROB

CKOM liHCTHTYTe npHKJia.n;HOH cp:asHKH AH CCCP, B JienHHrp~CKOM IIonuTex

HH"leCKOM HHCTHTyTe, B C<:J<llHHCROM lfiiCTHTYTe JI.n;epHHX liCCJie,D;OBaHHii II 

JI.nepHOH 3HepreTHKH •• 

Arrpo6ayHH pa6oTH. PesyJI:&TaTH pa6oTu aBTopa, cBJisaHHHe c aaa

JIRSOM H CRHT830M 3JI8KTpOMarHllTHux rrone:fi CJIOiKHOH .n;ByxMepHO:fi KOH!fJH

ryp~ B paSJIH'IHHX 3JI8KTpOtfJH3H'l9CKHX yCTaHOBKax,,nOKJia.n;HBaJIHC:b H 

o6c~aJIHC:b Ha HayqHHX CeMHHapax 0T,D;eJia HOBHX i1eTO.I(OB YCKOpeHHH H 

lta6opaTOpHH BH'IHCJIHTeJI:OHOH T8XHHKH R aBTOMa.THSanliH 06~e~HeHHoro

HHCTHTYTa JI.nepHHX HCCJI8,1J;OBaHRfi (OIDlli), rop:OKOBCKOrQ lfuCTHTYTa npn

KJia.n;HOti tflusHKH AK~eMmi HayK CCt:P, IY · ftexoCJion~ofi Konq,epeHnnH rro 

TOHKKM nneHKaM, Y BceCOI03HOM COBe~. IIO M8TO.I(aM paC'IeTa SJI8K'l'pOH

HO-OllTR'I8CKHX CHCTeM, BcecorosHOM coBell{1:l.Hlill no rrporpaMMHJlO,BaHRIO H 

MaTeMaTH"l9,CKHM MeTO,D;aM pellieHl!ff · tfJHSH'IeCKHX sa.na'l, BC8COI03HHX COBellla

HHffX IIO ;y:c'KopeyeJIHM SapmKeHHHX "iaCTl!n, CHMn03llJ'M8X no KGnn8KTHBHHM 

M8TO.I(aM YCKOpeHl!ff. 

ijy~. PesyJI:&TaTu·.n:accepTanHOHHHX Hc6Jie.noBaHllH HamJIH OT

paJKeHlle B 29 ny6JI:mcanruoc B ii~ oTe'leCTBeHHHX n sapy'6elillillX ~ 
HaJiax, a TaiOK~ B BH.I(e C006~emtli OIDlli. ieB!lTHa,IJ;UaT:& 1!3 HHX COCTaBH-

JIH OCHOBY .I(HCCepT~. . 

CfPyxrypa R o6LeM pa60TH. ~CCepT~ COCTOHT liS BB8.I(9HHff, 

TpeX rJiaB, 3aRJIIO'I9HHff, CIIHCKa JIHTepaTYPH H npMOJKeHHff. 06~eM pa6o-

TH I33 CTpaHH!Ui: MannmOIIHCHHfi T8KCT C 40 pHCYHKfMH Ha I03 CTpaHll- . 

nax; IS llO.nrrpOrpaMM Ha 30 CTp!iHHnax; CirnCOR ;mTepaTYPH R3 ?I Hal!!. ' :--.. 

M8HOBaHWI Ha 7 CTpaHlmax. \ 

.ABTOp ,I(RCC8l?TB!p rrpe,gcTaBJili8T K 3ai!!I!Te : · , • ' . 

I. _l.1eTO,I4 aHaJIHSa H CRHTeaa CJIOJKHHX 3JI9R'l'pOMarHllTHHX CHCT9M 
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Ha SB!d C HCUOJil.30Ba.HKeM ~CI11IeJi, .ztaDIItd B03MO%HOCTI:. Ha SiqJaHe ~C-
111I6H B Har~ol ~PMe Ha~aTI:. HCXO,ItRHe .ztaHHHe 3~~·H pesy~Ta
TH pac~eTa, opraHHSOBHBaTI:. UOHCK OTITRManl>HHX llapaM6TpOB (HCXO.ItHHX 
,ItaHHHX) B prumMe axTHBHoro BSa.BMO.ztelcTBIDI HCCJie.ztoBaTeJDI c SBM. Ha 
OCHOBe STOrO MeTO,Ita OUTHMH3RpOBaHa reOM6TpHH YCKOPffiD~ ~~arM 
B C6KltiW CH.J:IYima, ~TO Ha TIO:pll,ItOK y;rytniiR1IO O.ztHOpo.ztHOCTI:. SJieKTp~eC:
KOrO UOJDI B ce~erum YCKOPHeMOro ~; HCCJie,ItOBaHO ,ItB:aJ!teHHe aJieK
TpOHHOro nyqKa C ~eTOM llpoCTPaHCTBeHHOro Sa:pll,Ita B nepeMeHHHX SJieK
TpoMarHHTHHX UOJlliX; llpoBe,tteH aHaJIR3 H CRHTe3 CHCTeMH HCTO'iHHKa ~ 
HaHeCeHIDI TO!OOIX (5 MKM) l11I6HOK H3 CBepxnpoBO.ItHHKa (HH06d-'mTaH}, .., 
yrJiepo.zta, ypaHa H T.,It. Ha TIO,n;JIOlltKK 60.1Il.mOI 111IOI:Il8.ttH (0,25 M") H3 
MeTaJIJIOB H HeMeTBJIJIOB (RCTO~, B ~CTHOCTR, HCTI01II:.3Y6TCH IIpH 003-
,ItaHHH CBepxnpOBO.ItffmHX peSOHaTOpOB C ~CTOTOI .t(O 500 Mrn H ,It06pOT
HOCTI:.JO .t(O 2•Io8); CIIpOeKTRpOBaH H COS.ztaeTCH HCTO~ SJI6KTpOHOB .C 
TOKOM 5 A ~ UOBepXHOCTHOit 3aKaJIKH M6TBJIJIOB C . H3U6HH6UOi B 2 pasa 
HHT6HCHBHOCT:bio IIY'IK8 a·a C~eT R3UeHeHHJI ll01IOllteHHH SJieKTpO,ltOB lt1m 

UOTe~aJIOB Ha HHX. 
2. KOHCTpYKTim.Hy!O CX6.MY KaMepH a,nresaTopa MO,tteJIH K01IJieKTimHOro 

YCKOpHTeJDI HOHOB C BHYTpeHHHMR SKpa.mipYIDIItiWH CTeHKaMH H MarHHTHOI 
CHCT6Mll ClltaTHH R BHBO,tta K01I:&J:la C ~eTOM BHXpeBHX TOKOB, KOTOpaii 
o6ecne~aeT YCTO~Oe ClltaTHe N= Iol3 aJieKTpOHOB'B K01I:&J:le cOT
HOCHTeJII:.HO! ::meprHeit 3JI6KTpOHOB ~ = 4 OT pa.neyca 0,36 M ~0 pa.neyca 
0,04 M H nonepe~HMH P8sMepaMH BHBo~ro KOJil.!la O,OOI M. 

. 3. PesyJI:&TaTH TeopeT~eCKHX HCCJie,ttOBaHHit CHCTeMH sepKaJII:.HOro sa
XBaTa (MarHHTHOit ,czcTeMH R ~PMH OTp~ero axi>ka ), IIpRro.ztHol ,n;1Iii 

nOJiy'leHIDI sJieKTpOHHHX KMen c TOKOM 20 KA H ( ::::;' 5 ·:K. noCJI~)zylOI!Ieil 
HX KOMIIPecc:ae! B mrHHTHOM n011e .no ( = 50. . . . . 

4. HoButl MeTO,It H IIpOI'paMMa. Ha ~p'l'paB9 ,n;1Iii pac~eTa Bmcpe~HX TO
KOB,HaBe,tteHHHX KBa3RCTanHOHapHHM l&rrHRTHHM TI01I9M B MaCC~HHX Kpy
rOBHX llpoBO.ttHHKax c JIID6ol ~pMOI nonepe~oro ce~eHIDI. 

5. PesyJI:&TaTH onTRMRS~ napaMeTpOB MarHHTHO! czcTeMH BHBo.na 
SJieKTpOHHOro K0.1Il.J:l8 H3 a,nresaTOpa MO,IteJIH K~eKTHBHOrO YCKOpi!TeJDI 

· nyTeM pemeHHff HeJIRHeaHo! CHCTeMH ypaBHeHH! MeTO.t(OM MOHTe-Kapno H 

~s~ KBa,n;pa~oro_ ~!Ilt¥OHaJia. 

CO,UEWHUE .llliCCEPI'AUilll 

B .ztHCcepTanHH HSJIOllteHH pesy~TaTH·TeopeT~eCKHX HCCJie.ztoBa
HH! H pac~eTOB UO OT,IteJil>Hl:lM BOllpoCaM, CM3aHHHM C COSJJ;aBJieM KOJI

. JieKTHBHHx ycxopHTeJie! :a no.no6HHX CJIOlltHHX aJieRTp~slNecKHX ycTa-
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HOBOK. B pa60Te IIpOBe.zteH aHaJIH3 R CRHT63 SJieKTpOMarHHTHHX UOJie~ 
CJIOlltHO~ KO~HrypanHH B YCTaHOBKaX, HanpHMep:HanHJIHTeJI:& TOHKHX 111Ie
HOKj RCTO~ SJI6KTpOHOB ~ UOBepXHOCTHQj 3aKaJIKH MeTaJIJIOBj 
CHHYall;_a.nresaTop; CHCTeMa sepKaJII:.HOrO 3axBaTa; SJI6KTpOHHO-Jiyqe
BOI HCTO~ MHOro3a:pl1,ItHHX ROHOB. QeJI:&ID aHaJIH38 HBJDieTCH B~CJie
HHe SJI6KTpOMarHHTHOro UOJDI R TpaeKTOp:Hj 38pHllt6HHHX ~aCTR!l B HeM, 
KOr.zta 3a,ItaHH RCTO~HHKH UOJIH, a TBRllte BJIIDIHRe Ha SJieKTpOMarHHTHOe 
nOJie H TpaeKTOpRH ~CTR!l KOHCTPYKTHBHHX HSMeHeHRI B paCCMaTpJma
eMO! YCTaHOBRe. Sa.zta~ CRHTeSa - STO UOHCK OTITHMaJI:&HHX napaMeTpOB 
YCTaHOBKH, KOTOpHe p6aJIH3YIDT Hanepe.zt 3a,ItaHHOe SJieKTpOMarHHTHOe 
TIOJie RJIH TpaeRTOpRH SapHllteHHHX ~aCTR!l. AflaJIR3 R CRHT63 IIpOBO.ztHT
CH Ha SBM B pelltHMe .ItHBJiora c Rcnan:&soBaHReM .ztHCUJieH. 

llpH C03.ItBHnHYCROPHIDI!I6fi C6KllHH KOJIJieKTHBHOrO YCKOpRTeJDI Ha 6a
se CBepxnpOBO,Itff~ p630H8TOpOB O.ztHOfi H3 IIp06JieM HBJDI6TCH HaHeCeHHe 
CBepxnpoBO,Itffl!lef 111IeHKH Ha pa60~ UOBepXHOCTl> peSOHaTOpa. Ha pHC.I 
noxasaHa cxem·aJieRTPOHHo-~eBo! nymxH RcnapHTeJlli ~ HaHeceHIDI 
TOHKHX 111I6HOK. P.a6oTa RCUapHT9JIJI IIpOHCXO.ztHT CJI6,ttyiD~ o6pa30M. llo
TOK 6HCTpHX SJieKTpOHOB 4.(c SHeprHefi 2-5 RaB) C K0.1Il.J:l6BOrO KaTO
.na I paCI11IaBJlli6T HCXO.t(Huil MaTepRaJI ,n;1IH UJI6HKH B aHO.tte-THrJie 2 R 
ROHH3.HpyeT ero aTOMH. SJ!eKTPO?TaT~eCKM JIRH_3a· 3 HanpaBJIHeT TIOJIY
~eHHHe ROHH 5 Ha noBepXHOCT:& pe3oHaTopa 6. MoHH oce.navT Ha noBepx
HOCTH pe30HaTOpa R o6pasynT CBepXIIpOBO.ztai!IYID nH6HKY. Ka~eCTBO Ha
TIHJIHTeJlli nneHKH,ee paBHOMepHOCT:& CYI!IeCTBeHHO 38BHCKT OT KO~nrypa
!lHH cpoxyCRpYIDI!Iero nOJIH. AHaJIRs- TpaexTopd ROHOB, o6pasyni!IHX 111IeH
xy, nosBaxan no.no6paT:& <PoPMY aJieKTpo.noB H noTeHUHSJIH Ha HKX, o6ec
ne~aiDI!IRe paBHOMepHOe TIOKpHTRe HallHJIR6MO~ TIOBepXHOCTH /I/. 

Bu6op MaTep:aaJia CBepxnpOBO.Itfflllea TIJieHKH ,n;1IH pesOHaTopa YCKO
PHIDI!I6il CeKllHR HBJDieTCH O.ItHOI;'B3 cawx CJIOlltHHX npo6JieM. STO o6Mc
Hil6TCH 60Jil>lllliMH TeXHanor~ecR.HMii TPY.ttHOCTmm, KOTopue Heo6xo.ttHMo 
npeo.noJieTI:. npR zsroToBJieHHR pesoHaTopa. D.ttHaKo npe.ztBapHTeJI:&HH! oT-
6op CBepxnpoBO.ztallieA WieHKH MOJ!tHO IIpOR3BeCTH, B~CJIJm COIIpOTRBJie
HHe TIJieHKH B TIOHOCKOBOM pe30HaTOpe, H3rOTOBJieHHe KOTOpOrO He npe,tt
CTaBJDieT Tpy.na. CBTI - conp'oTRBJieHRe :acCJie.n;oBaJIOC:& B ,ItByxCBJISHOM 
UOJIOCKOBOM peSOHaTope (pHC.2), B KOTOpOM BHemHRH. ~aCT:&- o6e~
Ka 2 H3rOTaBJIHBa6TCH ]1[3 06H'UiOrO IIpOBO.ztHHKa ]I[ . TOJil>KO BHYTpeHHIDl 
npoBO.ttHHK- nOJiocxa I caMofi npocTo! ~PMH-06Jia.naeT cBepxnpoBo.na
I!IKMR CBO!CTBBMR /2/~ lloBepXHOCTHOe COIIpOTRBJieHHe TIOJIOCKH, RSrOTOB
JieHHO! R3 CBepxnpoBO.ttHHKa C H6H3B6CTHHM.TIOBepXHOCTHHM COIIpOTHBJie
HHeM R"o",BH'iHCJlliJIOCI:. no ~pMYJie /2/ 
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B!c. I. CxeMa aJieKT_lloHHo-.ny-qe
BO:lt IJY11!KR :HCnap:HTElJm. 
I - Ka.TO,n; 2 - aHO,li;-T:H
rem,; 3 - aJieK~OCTaT:H
~ecxaa JIHHSai 4 - ITOTOR 
aJI8RTpOHOB; 0 - ITOTOR 
:HOHOB :HCnaPffeMOrO MaTe

' ~nana; 6 - pesoaaTop 
lnymKa. liiCnap:HTeJI.ll HMeeT 

OCl> Bpa!lle.lmll ~ - ~ ' ) • 

' f 
B!c.2. 

PJ!c.3. 

llOJIOCROBI:dt peSOHaTop: 
I - o6pa~e~ cBe~
BO,li;HliiKa liTQnOCKa.); 
2 - BRe~ rrpOBO,li;RnR 
(o6e~). 

dSB, 
~i. 

Cxe:Ma 3JieRTp0Mai'RliiTROit 
C:HCTe.MH: 
I - Ka.To.n; 2 - oTpaza
ll!lld aJie!tTpo,n; 3 - nep
BI:dt liHO,ll; i 11 - BTOpol 
tiHO,ll;; 5 - COJieROliJ.Iti 
6 - Tpae!tTOpKH aJieKTpo
HOB. 

'• 

) 

(' 

I .. z /.{... -2 ,I., +Z I/.{.. +z. 
R ..... = ':{ !' E Ots ~ E rtl ~ Ro.r~ E:te~.~E til.< I > 

\.lJ .r l no11 loG' :tnott . 
3.nec:b Ro& - noBepXHOCTHoe. conpoTRBJieHHe o6e"la:ltxn, c.o-, co6cTBeHHSH 
"laCTOTa pesOHaTOpa, 0- ,li;06pOTHOCTl>, KOTOpaH RSMepaeTCR Ha OUHTe, 
el\on , t of - nepRMeTphl nonepe~OfO Ce'leHRR ITMOCKR R 06e'laHKR. CO- . 
OTBeTCTBeHHo, E = -~ tP, r~e «R- pemeHHe rpaHR'IHO:lt sa,na"ln ,lJ,7lii 

ITOT8HnnaJia B pe30HaTOpe, jTI- a6COJIIOTHSH MarHHTHSH rrpOltlmaeMOC.T:b, 
S - nnoma)l;:b norrepe~oro ce'leHRR pesoHaTopa. To~ocT:b orrpe,neJieHna 

CB~-coilPoTRBJieHna ITJieHKR 6y.neT orrpe,neJIHT:bca To~ocThD pac"leToB pac
npe,neJieHRH 3JI8RTpOMarHHTHOrO ITOJIH B ITOJIOCKOBOM pe30HaTOpe R COOT~ 
BeTCTBynm:HX llHTerpaJIOB OT 3THX ITOJie:lt,·a T~e TO~OCT:biD R3MepeHHH 
,li;06pOTHOCTR. 

B ,li;RCCepT~R rrpHBe,ll;eH paC"leT RCTO'lHRKa 3JieKTpOHHOrO rry"'Ka. C 
H3MeHReMOH HHTeHCHBHOCT:biD )J,7lii ITOBepXHOCTHOH MeCTHOH 3aKaJIKR pa3-
JIR"!H@X MeTaJIJIOB, 3~eKT KOTOpOfi 3aKJIIO"laeTCR B 6hiCTpOM R KpaTKOBpe
MeHHOM pasorpeBe ITOBe~XHOCTH C RCITOJI:b30BaHHeM 3JieKTpOHHhiX ny"'KOB. 
,ll,Jm: 3aKaJIHBaHRH MeTaJIJIOB, HMeiDm:HX pas.irntuiyJo TeMITepaTypy ITJiaBJieHRH, 
Ha O,li;HOH.R TO:lt ~e YCTaHO~Ke ~~aTeJI:bHO R3MeHRT:b MOmHOCT:b 3JieKTpOH
HOrO ny"!Ka. llpOBe,neH aHaJIR3 H CRHTe3 RCTO'!H~a BJieKTpOHHOrO ny"!Ka, 
B KOHCTp~ KOTOporo rrpRMeHeH OTp~aTeJI:bHuH 3JieKTpo,n, IT03BOJIHID
mn:Jt R3MeHHT:b TOK ny"!Ka B ,li;Ba pasa. oJieKTpouarHHTH8R CRCTeMa pac
CMaTpHBaeMOro RCTO~ CXeMaTR"l8CKR ITOKa.3aHa Ha pnc. 3 /3/. 0Ha 
COCTORT R3 HaKa.JIHBaeMoro Ka.TO,na I C TeMnepaTypO:lt 2000 K R 3JI8KTpn
~eCKHM ITOTeHUHaJIOMlft=- I50,0 KB, OT~aiDmero 3JI8KTpO,ll;a 2 C ITOTeH
~MOM 111 = 11,- 0,5 KB, ,li;Byx aHo,noB 3,4 c rroi'e~aJiaMR t./1= t.ft+ 50 KB, 
tl&t = lP, + ISO KB n MarHHTHott Q)oxycnp]IDmen cncTeMhl 5. 3MRTTRPYIDmM 
ITOBepXHOCT:b KaTo,na ITOSBOJIHeT ITOJIY"'RT:b Cy.MMapHhlfi TOK 5,0 A. AHO,ll;hl 
BhiTRrnBaiDT R qoxycnp]IDT 3JieRTpOHhl B ·Uan~~eCRRH rry"leK C TOROM 
2,5 A, a COJieHOR,ll; ocymecTBJIHeT ,li;OITOJIHHTeJI:bHYID qJoKycnpOBKY R C~THe 
ny"'Ka. Bee rrepe'!RCJieHHhle aJieMeHThl RMem axcnaJI:bHYID cHMMeTpm>. Oc
HOBHoe Tpe60BaHHe K H306p~eHHO:lt Ha pnc.3 GHCTeMe COCTOHT B TOM, 
~T06hl BJI8KTpoHhl C JI8BO:lt CTOpOHhl KaTO,ll;a B O,li;HOM ~ae ,ll;aBaJIH BKJia,ll; 
B TOK ny"'Ka, 0Tpa.llt8JIC:b OT '3JieKTpo,na 2, a B ,IJJ>yrOM ~ae OC8,ll;aJIH 

Ha HeM. ,ll,Jm: aHaJIH3a H CRHTesa HCTO~ 3JieKTpOHOB rrpOBe,ll;eHhl 'lRC
JieHHhle 3KCITepHMeHTH, T. e. paCC'lRTaHh! . TpaeKTOpHH 3JieKTpOROB, BHJieTa
IDm:HX C paSJI~ ~CTett Ka~o,na rrpn pa3HhiX KOH~rypanKffX 3JI8KTpo,li;OB 
H ITOT8HUHaJIOB Ha HKX. B pesyJI:bTaTe,aHaJIH3a R CHHTesa rrpHWJIH K ~Op
Me 3JieKTpO,li;OB H COJieHOH,ll;a, ~0Ka3aHHhiX Ha pnc.3. l13 pRCyHKa BH,li;HO, 
'ITO ~aCT~ C JieBO:lt CTeHKH Ka.TO,ll;a llpoXO,ll;ffT "lepe3 aJieKTp~MarHHTnyD 
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CHCT9MY H ipOeymrpymCll. Ilpoxcm.rteiDie 3THX traCT~ .n;aeT IIpa.BO YTBep-

~aTb, ~TO M~O 3~9KTRBHO HCnonD30BaTb BCD 3MHTTHpyn~ no-

BepxHOCTb JtaTO.zta. Rlc~eTH nOKa38Jm, ~TO eCJIH nepeMeCTRTb KaTO.D; Ha 

2 MM BH9BO, TO a~eKTJlOHil C ~eBoa noBepXHOCTH KaTO.D;a 38DHpaDTCH, a 

q1oeycHpoBKa ocTaBmeroCll IJ:Y'!K8. He napymaeTCll. TeM caMHM Mil YMemma

eM RHTeHCRBHOCTb IJ:Y'!K8. npHMepHO B ,n;Ba pa3a. 

HcTo~oM a~eKTpOHOB B RQnH9~JRBHOM ycKopli:T~e ~eTCH c~
HOTO~_~oHHHa ~ean~ ycKop:aT~b ~eKTpOHOB- CHHYRU.~ 

aHaJm3a noBe.n;eHHH ~exTpoHHoro IJ:Y'!K8. B CMHYHne B03~a Heo6xo,n;R

MOCTb B pac~eTe pacnpe,n;e~eiDIH ~eRTp~ecxoro nana B YCKOpHT~HOM 

TpaxTe :a BH6ope onT~noa reoMeTpHH ycxopHTe~HHX TPY60K /4/. 

Ha pHc.4 cxeMaT~O H306~ena ycKopan~ ceKUHa C~. B o6~ac
TH ,n;BREeHHH ~a ~eKTJl~9CROe n~e B OCHOBHOM onpe,n;e~eTCH noTeH

~MaMH Ha .n;Haq,parMaX 6. Pa3HOCTl> nOT9~MOB 6 lP M9JK.D;Y .n;KaqiparMa

MH onpe,n;MHeTCH HaliplillteHHeM, fiPHMa,n;HBaeMHM K nepB~O~ 06MOTKe 

HH.n;YKTOJlOB 5, ROTOpoe O.n;HHaKOBO ~ BC9X HH.n;yKTOpoB. B Ka~eCTBe 
Mo.n;~ ~ pac~eTa a~eKTPH~ecxoro nana B o~acTH ,n;BREeiDIH ~a 

Bll6HpMaCb CHCTeMa H3 Illl:TH ~arM (ycKOpRT~l>HHX Tpy6ox), noKa-

3aHHaH Ha p:ac.5, ~ KOTOpO~ pemMOCl> ypaBHeHRe lannaca C sa.n;aH

HllMH l'paHH'UWMH yMOBHHMH. To~ I,2,3,4,5 IIpHCBWmMCll noTeJmR

M (B OTHOCHT9JlbHHX eltRHlmax) lP= 0, TO~ 6,7,8,9-noTenn:aaJI lP=4. 
MeJK.D;Y TO~ I, 9 3a.D;aBMaci> HOpMaJil>HaH x rpB.HJme npo:a3BO.n;HaH 

afl/8t= 0. JUm~ (Ha p:acyHKe llpHMile CI,C2,C3,C4,C5) npKCBa-

. RBaJmCl> noTeHnHSJIH, pa.BHHe cooTBeTcTBeHHo O,I,2,3,4. Ilp!IMHM C6,C?, 

08,09 IIpRCBaHBaizCl> noTeHnHSJIH O,I,2,3 COOTB9TCTB9HHO. 3neK~ec
KOe n~e E = -~11, co3.n;amtoe 1 . aToa cxcTeMo! a~exTpo.n;oB, naxo

)J.RM H3 pemeiDIH xpaeBol 3a.D;a'll! 

., '0 ( dt{)) i"IT taz. + 

4' l = f. . c, L '. t . 

(j"Lr..p 

~'l. 

C> "I on Cj 

= 0 • ( 2 ) 

= ~ j ' 

Ha ~ Ci 3a,D;aH nOTe~M fi' MR HOJlMMl>HaH K rp~e IIpoK3-

BO.n;HaH ~J. ~ pemeiDIH xpaeBol 3a.n;a'll! (2) HcnonD3yeTCll .n;:acWiellild 

Bap:aanT nporpaMMH fLUPT, na3BaHHI:il biSELLPT/5/. IIp:s: HcnonD3o

BaHHH .n;RCWieH :acxo.n;HHe .n;aHHHe (mai'l! . ceTIU! no Z K no ~ , nepel!eHD 

I'paHJritiHI:lX RJlRBWC: C YKa3aHR9M 'll!~ TO'IeK B KaZ.n;OI H3 HHX, 3Hal!9Ime 

'noTe~oB na rpaHI!Uax) H pe3YJll>TaTH pacl!eTa BH.n;amCll na aKpan 
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\ 

~ 

,n;HCWieH Cpa3y B Har~.n;HO~ ~OpMe. Ha,n; HCXO.n;HllMH .D;aHHHMR_MOEHO ocy

~eCTBHTb onep~ IIpOCMOTpa K pe,n;aKTKJlOBaHKH: Ha 9RpaH MOXeT 6HTb 

Bll,ll;aH BH,!J; O~aCTR, B KOTOpoii: fiPOH3BO,n;HTCll pac~eT, MOEHO K3MeHHTb 

3HatieiDIH OT.D;9JlbHHX napaMeTpOB, BBO,n;HTb HOBile TO~.H Ha I'palilmax C 

COOTB9TCTBYD~ 3HatieHHRMH noTeJmRMOB B H.HX MR Y~Tb .HMenmae-' 

CH, .n;py1'KMK MOBaMH, H3MeHHT~ xoHqnr~ o6~acTH Ii: rpcurii'!Irue yc- · 

~OB.HR:. OTpe,n;aKTHpOBaB HCXO.n;Hlle .D;aHHile, MOEHO IIpHCTyfiaTb K pactieTy. 

liOMe 3aBepmeHHH pactieTa, ROTOp~ 3aHKMaeT H9CK~bKO MHHyT, Ha. :m

pane no.stBJISieTCll BH,IJ; o~acTH c y~OBHMH TO~aMH. ,lJ,Jm aRaJm3a pe3y~l>

TaToB pactieTa n~l>30BaTemo npe,n;OCT~TCH Me.n;yn~e B03MOEHOCTH. 

II~Tb na aKpane, .n;HCWieH sHatieH.He ~YHKUHH B y~oBwc: To~ax, 3Ha

tieHHe ~~ H ee IIpOH3BO.D;HHX B cetieHHHX, na~~l>HWC: OCliM KbOp

,D;HHaT, .H HX rp~mto~, 3KBHnOT9JmRaJID.irue ~K C sa,n;aHHi:u.m 3HatieHR

HMK noTe~MOB. ECJIH aHaJm3 pe3y~bTaTOB nOKa3M He06XO.n;HMOCTb HO

BOrO paC'IeTa DpH .n;pyrHX KCXO.D;HWC .D;aHHHX, TO B aTOM ~ae ayxHO 

llOBTOp:ll:Tb pe,n;aRTHpoBaiDie HCXO.n;HWC .D;aHHI:lX H BHOBb BepayTbCll K ana~ 

~H3Y pe3yJIDTaToB. ~3 pacnpe.n;e~eHHH a~eKTp~ecxoro nana no3BO

~.HJI BH6paTb onTKMMl>HYD ~OPMY .n;Haq,paru. O.n;Hopo.n;HocTb ycKopan~ero 

nana B ce'leHHH ~ y~eHa na nopa.n;oK no CpaBHeHKD c zcxo.n;Ho~. 
IIo,n;o6HHM 06pa30M npoBe.n;eH aH8Jm3 H CHHT93 ~eKTpOMarHHTHHX no

~ei MOEHoa KOHqnrrypanaR B ~T~e TOHKHX WieHOR,p:ac.I; n~OC
KOBOM pe30HaTOpe,pzc.2; RCTO~IDIKe ~ 3aKMKH M9T~OB. AHMom

HllM M9TO.D;OM no.n;o6paHH Ha'!Ml>Hlle napaMeTpll MarHHTHOI CHCTeMH a,n;re-

3aTopa /6/. H3 Bcero MHo~ecTBa B03MOEHHX BapnanToB, zcxo.n;ff R3 KMe

IO~eroCll OnHTa, MOEHO Bil6paTD •0'19Hb rpy6o Ha6op fiapaMeTJlOB MarHHT

HOI c:acTeMH. ,IJ.a.nee KOH!Pm'YP~ KaTymeK R TOKH B HHX no.n;6npanTCll 

C Kcn~b30BaHH9M CHCTeMH "3BM + ,n;HCWieii". Pa6oTa Be.n;eTCH no M9-

.n;yn~el cxeMe. MarHHTHoe n~e xazymeK B!l~~eTcH 'Ha 3BM. IlapaMeT

PH KazymeK H l'p~HK CYMMaJlHOro MarHHTHOro n~ BH.n;aeTCll Ha 9KpaH 

.D;HCWieH. C llOMOII!I>D CBeTOBOro· Kaprumama rum MaBRazypll .D;KCWieH Me- • 

HHDTCH fiapaMeTpll KazymeK, OTC~aDTCH Ha nepec~eT, aH8.lll:I3KJlY9TCll 

~HK n~. B Ka~ecTBe o6o6~eH.HR: n~eHHHX pe3yJIDTaTOB 6~a C03-

.n;ana nporpaMMa AN A L Y Z /?I, no3Bo~romaa na .n;HcWiee anMz3Hi>oBaTb 

~~· O.n;HOI nepeMeHHOI,3aBHCll~el OT I .n;o IS napaMeTJlOB. ~3 

B 3TOM. ~ae 3~tra9TCll B BK3YaJIDHOM CpaBHeHHH ~OB ~ymcrum 
npH p~ na6opax napaYeTpoB. 

IlpK KOHCTJlYHJlOBaHHH ~3~eCKOI annapaTypll, B 'I!B.CTHOCTH B 

nponecce pa3pa60TKK KQnHeKTHBHOrO YCKOJlHTMH,B03HHKa9T He06XO.n;R-

9 
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P.ll:c.4. Cxe~-~~QPaiD~e! ceK
wm GH.ID'H,I.la: 
I - npOBO~ Komyx; 
2 - B~ TpY6:Ka 
(,I!HaJieKTpmt); 
3 - cep~e~ ~To
pa; 4 - KOHTa.KT; 

: 5 - nepBFmaJI o6uoTxa 
1 HH,lzyltTopa; · 

6 - ,I!HB.qlpai'Ma. 

.I 
' 

P.ll:c.5. I'pa,lurowe KPHBl:le ,wm: 
: pac~eTa noTe~BJia B 

ceRwm CIDJYIU{a. 

l,tt 

.Pac.6. 

l,H 

CxeMa. a.,IU'eaaTopa (3): 
I - o6e~ KaMepl:l ~
reaaTopa· II - :Ka.T,YWKH 
MarHHTHoi CHCTeMl:l 8.,IU'e-
38TOpa (I-I8); 
III - ToPQeBHe cTeHKR 
a.JU'858Topa; 
IY - BHY'fpeHHl!l aKpaH; 
Y - COJieHO~ YCKOpHD~eA 
CHCTeMl:l •. 

1 

i 
·l 

MOCT:b B pac~eTe BmcpeBl:llC TOKOB, HaBO,I!HMl:llC B Ma.CCHBHl:llC npOBO~ImKBX 

nepeMeHHl:lM BO BpeMeHH Ma.rHHTHl:lM nOJieM. B ,I!Hccepra,nmr paapa6oTaH 

MeTO~ pac~eTa BmcpeBl:lX TOKOB B a.KCHan:bHO-CHMMeTp~ npOBO~

KaX npoxaBOJI:bHoro nonepe~oro ce~emm. MeTo~ ocHOBaH.Ha npe~cTaB

JieHHH npOBO~OB B B~e N ~THBHO CBR3aHHl:IX BRTKOB 0 nonepe~
HOe ce~eHHe KOTopl:lic MeHl>me :wm CpaBHHMO c rJIY6RHott npoHHKHoBerum · · 

aJieKTpOMarHHTHOfl BOJIHl:l. Bl!xpeBl:le TOKH X" , n, = 1:, •••• , N, Haxo.wrT

CJI Ha CRCTeMl:l ypaBHeHH! 

"-! rL Im o(, cp" 2" .... M n rn· -;;r:t + R.n J n ::.- cL t . ( 3 ) 

r~e M1"''- ROa~eHT B3aRMHOt! rumyxnmr Y\.- ro R m- ro· BRTKOB 1 

Rn- conpoTRBJieHKe n.- ro BHTKa, ~""- noTOK :HH.IJYKin!H BHemHero no
JJJI ~epea rt.- ! BHTOK. Riapa60TaHa nporpaMMa TESTA!) /8/ ,wm: pac

~eTa BmcpeBl:lX TOKOB COrJiaCHO ypaBH8HRD (3). PeayJI:bTaTl:l pac~eTa 

npoBep&rrHc:r, aRcnepRMeHT8JI:bHO no xaMeperumM MarHHTHoro nOJIH Ha yc

TaHOBKe, B KOTopOI B. Ka'!eCTBe HCTO~a BHemHero MarHHTHOrO UOJI!I 

ncnOJI:bSOBaJICH cOJieHo~, cos~aro~l MarHHTHOe noJie c nepzo~oM 

· T = 0,048 c z a.MIIJIHTy~o~ B = 0,25 T, a B ·Ra'!ecTBe mccnHoro npo

Bo,IXIUIKa BaHT ~CK C OTBepcTR8M 1 H3rOTOBJieHH!:li.H3 aJI!OMRHRSl. TO'l

HOCT:b H31.1epeHHi MarHHTHOrO UOJIH COCTaBJI!IJia 2 % B o6JiaCTH UOJiet! 

0,02-0,2 T H IO % B o6JiaCTK no.nel 0,0005-0,0IS T; PeayJI:bTaTl:l·pac

'leTOB MarHHTHOro UOJI!I B npe~eJiax OmR60K COBU~aiDT C 3KCnepRMeH

T8JI:bHl:IMK ~aHHl:IMK /9/. C ncnOJI:baOBaHHeM nporpaMMl:l TEST A 0 6wra 
( . 

paCC'!RTaHa KOHCT~ a~eaaTopa MO~eJIR KOJIJieKTHBHOrO YCKOpKTe-

JI!I Hero MarHHTHaff CRCTeMa1 06ecne~aromaa·aaxsaT 1013 aneKTpOHOB 

Ha paBHOB8CHI:lfi p~nyc 0,36 M, YCTOI'!HBOe ClKaTHe 3JieKTpOHHOrO KOJI:O

~ ~0 p~ca 0,04 M H Bl:IBO~ KOJI:Dna B yCKOpiliOIItYIO ceKUHIO /IO/. Yar
HHTHOe no.ne Heo6xo~on·KoH~~ coa~aBanoc:o B a.,IU'eaaTope, 

p:ac. 6,MHOroBHTKOBl:lMH KaTYIDKaMH II, pacno.nOJKeHHl:IMH BHYTJlR .Maccn

HOI MeTaJIJIH'leCKO! KaMepl:l I ;III. reoMeTpRII KaTymeK Bl:l6RpaJiac:o Ta

KOBO!, '!T06l:l OHa II03BOJIHJia npDH3BO,I!HT:b.YCfaHOBRY BHYTpeHHHX TOH
KHX aRpaHOB · IY, KOTOpl:le He HCIIl:lTl:lBaiDT HarpyaoK CO CTOpOHl:l aTMOC- .· 

~pHOrO ~aBJieHRII. MarHHTHOe no.ne B o6JiaCTR CXSTRII H Bl:IBO~a KOJI:b

~ :HMeeT CJIOJEHYX) CT.PYKTYPY · B npoCTpaHCTBe R BpeMeHH. 0HO HBJIHeT

CJI CYMMO! no.nett·co.neHo~a YCKOpHD~et! ceKUKR·y Ha pxc.6 C 'laCTOTO! 

20 Jn, UOCTOHHHOro BO BpeMeHH IIOJI!I (:Ka.T,YWKH I-2 Ha·pnc.6), RMeyJI:b.,. 

CHl:lX no.ne! (KaTYIDKH 3-6 C 'laCTOTOI 833 Jn, · KaTymKR 7-9 C 'laC TOTO! 

667 rn. :Ka.T,YWKH IO-I8 c 'laCTOTOit IOOO rn> R IIOJI!I BmcpeBl:lX TOKOB. 
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il~e B ~resaTOpe npe~CTaBnffSTCH cynepn03~9H DRTH n~e:li 

& • si .. Bz .. e;3 .. -s'i ... 'Bs, < 4 > 

r~e BI'B2 - ~~:bCHliS no.IDI KaTYJUSK ~e3aTopa H c~eHOJma rcxoP::

ro~e:li CSKUHH;. B3,B4 - no.IDI BHXpSBHX TOKOB, HaBO~ nanffMH BI H B2 
cooTBeTCTBeHHo; B5 - nocTOHHHoe MarHHTHOe n~e, B~a xoToporo 

cooTBeTCTByeT p~eycy HIDKSK~ aJi:exTpoHoB. Pac'leT n~e:lt BK ( ~, l, t) 
.ItJiii KalK,II;Oro H3 DRTH CJiaraeMIDC llpOBO,ziHJICH no qlop.MyJie 

- f.JK . __. 

_ &"(z, l, t) : ~ I"(tJ · C.~!'l,c) . < 5 > 

3~ec.oGB11 J Z, l ) - MarHHTHOe n~e, C03~aBaeMoe ()~ BHTKOM B TO'l

Ke C KOOp,Itl:LliaTaMH 2', i! npH npOTSKaHHH B HeM e~'lHOrO TOKa, 

I"'(t) - TOR B BHTKe KaK <fJYHimH.a: Bpe.r.reHHt.. CyMI.mpOBaHHe - no BCeM 

BHTKaM. IIepeMeHHHe no.IDI 131, :82 cos~aroTCH npu npoTeKaHHH Toxa pas

~a xouneHcaTopHo:lt 6aTapeH C Ha ~THBHYID Harpysxy L 'lepes KOM

MYTaTop. Pac'lST TOKOB B TaKHX ~errax He npe~CTaB.ID!eT Tpy~OCTe:lt. 

PaCTJ:ST BHXpSBHX TOKOB B CTSHKax KaMSpll ~esaTopa, HaBO)tiiMI:Dt KaTYJU

KaMH c~eHo~ma ycxopruo~e:lt ce~,nposo.ziwrCH no qJopMyJie {3). B CYM

MapHOM MarHHTHOM noJie pacCTJ:HTHBaJIHC,I, ~HaMH'leCKHS xapaKTSPHCTHKH 

x~ma:paBHOBecHH:It ~c - 'Zs, nonepe'lH!Ie pasMepll ero ceTiemm -a., 
Q.i, tJ:aCTOTll 6eTaTpOHHHX KOJie6a!IH1i -Ve, lJ~;, BeJmtJ:HHa pe.IDITHBHCT

CKOrO qiaKTopa 3JI9KTPOHOB (. AH8JIH3 H CHHT93 Mai'HHTHOit CHCTSMll a,IL

resaTopa HB.IDieTCH CJIOERO:It 3~atJ:e:lt,H e:lt 7,neJISHO ~OCTaTO'lHO 60Jil>W09 

MSCTO B ~ccepT~. 0cHOBH09 BmiMaHHe Y~eJIHJIOCl> 069CII9'l9HHIO ycJIO

Bitii O~OtJ:aCTH'lHO:li yCTOittmBO?TH KOJI.b~a npH. Cl!taTHH, Bl160py reOMSTpHH 

KaMepll ~resaTopa, o6ecne'll!Baro~e:lt axpaHHpOBKY IIOJIH cOJieHo~ma ycxo

pruo~e:lt CeKrum, Bl16opy OllTRM8Jil>HHX mipaMeTpoB (TOKOB B KaTyniKaX H 

HX reoMeTpl!H) MarHHTHO:It CHCTSMll ~e3aTopa, 06ecne'll!Baro~e:lt amaTHS 

3JISKTpOHHOro KOJI.b~a H BHBO~ ero B o6JiaCTl> yCKOpHD~e:lt CeKUHH. Bl1Jia 

Bl16paHa KOHCTp~ BHSWHS:It 060JIO'IKR ~resaTopa, n03BunHD~ YMSHl>

WHTl> HCKaEBID~ee ~eitCTBHS IIOJIH C~eHOJma yCKOp.HID~e:lt CeKUHH B o6JiaCTH' 

CJKa.THH. KOJI.b~a l3 I5-20 pas. ~ecTBeHHoe axprumpoBaHHe IIOJIH B o6Jiac

TH 60JI.OWHX ~cos, r~e HMeeT MecTo Ha.H60JI.omee HCK8l!teHHe nOJIH npH 

BKRD'lSHHH COJISHOJma, ~OCTHrHYTO sa C'l9T YBeJIH'ISHHH BHSWHero p~

yca TOp~SBllX CTSHOK KaMepll ~esaTopa H HX MaJIOrO Y~SJil>HOrO conpo

THBJISHHH. BHeWHHit ~aMSTp CTSHOK no CpaBHSHHIO C TSM, KOTOpHit OHH 

HMeJm paH.ome (6e3 Y'!STa BKJI~a BHXpSBHX TOKOB B ~aMHKy KOJI.bl{a}, 

YBSJIHtJ:SH B ~a pasa. CTeHKH H3rOTOBJieHH H3 .ZUOpa..7Il!lMHHIDI H HMSJOT TOJI

~ 2 CM, paHee OHH 6l1JIH H3rOTOBJI9HH H3 HepmaBeJO~e:lt CTaJIH T~-
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ROil I CM. 06etJ:ai1Ka, T~OH I OM, H CTSHKH BHYTpeHHHX 3Kp.aHOB,. 

T~OH 0,02 MM, H3roTOBJieHHHe H3 HepmaBeJO~SH CTaJIH, no3B~T 

llOJIYtiHTl> HS06XO~ BaKYYM H.He BHOCHT 3aM9THl1X HCK8l!teHJti1 B pac

npe,neJISHHS BHeWHero MarHHTHoro IIOJIH H B noxasaTeJI.b c~a nOJIH. On
THMH3~ (CllliT93} napaMSTpoB Mal'HHTHOH CHCT9Ml1 ~resaTopa llpOBO

,nHJiaCl> B TpH 3Tana. CHatJ:aJia 6e3 ytJ:eTa BHXpeBllX TOKOB C IIOMO~ 

nporpaMMH A N A L Yl no s~aHHo:li tl. ( 1: .s}. - TpaexTopHH ycTo::litumoro 

CJKaTHH KOJI.O~a H~eHH KOOp,nHHaTll KaTymSK, TORR H BpSMli HX BEJin'lS

HIDI. 3aTeM C Y'leTOM BHXpSBllX TOKOB YTO'lHIJJIHCl> ~r;lf .:_ KOOp,nHHaTll 

(napaMeTpll} KaTymeK MeTO,nOM MOHTe-Kapno /II-13/. 0KOH'laTeJil>Hl19 3Ha

'l9HHH llapaMSTpOB Mal'HHTHO:It CHCTSMll BlltiHC.ID!JIHCl> MHHHMH38UHSH KB~-

paTH'!HOro \IJyHKIJ;HOHaJia z. 

-$ : f ff[ Bo(t, l, t)- B(; i!, f, lf, Zr)] ol. tcllol.t , < 6 > 

E.,.ne B0 ( t, i! , 1:) - MarHHTHaH HH.ItYKIU!ii Tpe6yeMOrO Mal'HHTHOrO llOJIH, 

B (Z ,'l.,t,tJ,KF} - Mai'liHTHaH HH,IlYKIUlil, 3aBHCH~ oT napa.MeTpo:S t1 ,r.,. 
Ha pHC.? nOKaSaHO pacrrpe,neJieHHe Ba- COCTaB.ID!JO~e:lt C;yMMapHOrO no

.IDI, orrpe,ne.IDieMoro ypaBHeHlleM (4} c napaMeTp.aMH, HaazteHHHMH Ha nep

BOM 8Taiie OIITHMH3~ (xplmaH I} H llOCJie onTHMH3~ (xpHBaH 2} 
.ItJiii Z= 0,04 M H t::: 4,02' c. 

ECJIH B MarHHTHO:It CHCTe.Me' ~eSaTopa BHXp9Bl19 TORR Hrp8JIH Ballt

HYJO, HO He rJiaBHYJO pOJil>, TO B CHCTeMe 39pKaJil>HOro 3axBaTa 8JI9KTPOH

HOro llytJ:Ka Ha paBHOBSCHYJO op6HTY H IIOCJIS.nyD~ero erO czaTRR OHH Hr

paroT OCHOBHYJO POJI.b• B ,nHCCepT~ TJ:HCJISHHO HCCJie,nOBaHa CHCTeMa 

sepKaJil>HOrO 3axBaTa, KOTOpaH COCTOHT H3 llytJ:Ka 3JieKTpOHOB Ha paBHQ

BeCHOI Op6HTe C Ha'laJil>HHM 1( = 5 H TOKOM 20 RA, npoBO~~ero 8xpaHa 

H ~yx nap KaTynteK CJKaTHJI. llPH 3TOM JIY'IOK 3JI9KTpOHOB, 8KpaH. H Ka

tymRH MO,neJIHpoBaJIHCb COBOKynHOCTl>JO B3aHMO,neiCTB~ MeE,ny C060:It 

xpyrosux BH'l'KOB c 'l'OKOM. • IIpoBe,neHH HCCJie,noBaHM BJIHHHHH qJopMll ax

paRa Ha ero qJoKYCHPYDJIIIIe CBOICTBa H Ha BeJIHIIHHY paBHOBeCHOrO ~
yea llytJ:Ka llpH pa3Jili'UillX 3HatJ:eHHHX TOKa B lly.'IKS H Ma.I'HHTHHX KaTynt

Kax /I3/. Ha pzc.B (B OTHOCHTeJil>HllX BeJm'lHHax} IIOKa3aHll paCIIOJIO

.llt9HH9 H qJop.Ma llpOBO,nf!lllero 8KpaHa (!3} H Ma.I'HHTHHX ~aTyntSK (K I,K 2}, 
,naHa· 8aBHCHMOCTl> paBHOBSCHOrO pa.nzyca 3JieKTp0HOB (R1} H TOKOB 

<.Jn£ .Jf'z) B xaTYIDKax oT speMeHH t. KpoMe Toro, rrpHBe,neHl1 pesyJI.oTa

Tll CHHTe3a CHCTeMll 39pK8Jil>HOro SaxBaTa,·rrpzro~o! .ItJiii IIOJJY'lSHllll 

3JI6KTpOHHl1X xcie~ C TOKOM 20 KA H nOCJIS.nyD~e! HX yC'l'O:It'lHBOI KOM

rrpeccHel B Ma.I'HHTHOM nOJie OT-pa.n.RyCa 0,5 M ,no pa.nzyca 0,05 M. 
B ,nHCCepT~ llpOBe,neH aHaJIH3 H CHHT63 CJIO.lltHO! SJieKTpOMarHHT-
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PHc.7. Pe3y~TaT onTRMH3anRH 
C llOMOmbro KB~aT~O
ro WIDmROHa.na. · 

. I - pacrrpe,ne.rreime Br ( Z ) 
.n,mi 'Z = 0, 04 M H 

1,45 
~ 2 

t = 4,02 C ,ItO OITTHMH-
3anRH, 2 - TO xe noCJie 
OnTRMH3.anRH. 

,-..... ,/ 
' 

I 
I 
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....... -

.J 
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0 
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PHc.8. 

z. t 

\liopMa R B3aRMHOe ~C
ITMOJKemre a!<paHa U:l) R 
KaTyrueK (K ~ K 2) CRC
TeMH 3epKa.JibHOrO 3axBa
Ta. 3aBHCKMOCTb paBHO
BeCHOr9 ya,neyca (~ H 
TOKOB VJifo/'r) B KaTyru
Kax OT BpeMeHH. 

PHc.9. CxeMa a~eKTpOMarHHTHO~ 
CRCTSMH B O~aCTR a~eK
TpoHHoro KO~SKTOpa: 
I - nyqoK a~eKTpoHoB; 
2- nyqoK·ROHOB; 
3 - BHTRrRBaDmRe a~eK
Tpo,ItH; 4 - co~eHoR,n. 

, / 2 

~ /1/1 / /r- t'P4 - -~ ""' ~ __ , 
- ~~o- .,_ --.z.cM ~~ ....... 
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HO~ CHCTeMH 3~9KTpOHlfO-Jiy'l9BOrO HCTO'DmK8 J.IHOroaapH,lUIHX HOHOB B 

o6JraCTH MSKTpOHHoro K~eKTOpa, CX9MaTR'I9CKH ITOKa3aHHOro Ha pHC.9. 

0cHOBHH9 Tpe60BaHHR K H306paJKeHHO! Ha pHCYHKe CHCTeMe COCTOffT B 

TOM, ~T06H nyqOK 3~9KTpOHOB I ROHH3Rp0Ba.JI nepneH.ztHKY~pHO RanpaB

~eHHHft noTOK He!TPa.JibHoro rasa,. a aaTeM nona,nan Ha a~ettTpo.rt c no

Te~a.JIOM 1/ l , llOJiy'i9HHH9 HOHH 2 ,ItOJDitHll BHTRrRBaTbCR ,H3 CRCTeMH 

aa CSTKY C ITOTe.~mRa.JIOM ~'C • ,Il,BIDiteHHe ,ItByxKOMIIOHeHTHOrO IJ:Y'!Ka, C 

IlliOTHOCTbiO TOKa MSKTpoHOB. I(}-IQQ A/cti, HOHOB O,I,..;I MA/cM2 , 
aHeprnea a~eKTpoHoB O,I-IO KaB B MarHHTHOM •. nOJJ:e O,I-I T ncCJie'o-

BaHo MeTo,noM KPYITHHX ~aCTRU c ~eTOM npocTpancTBeHHoro 38PR.zt8 I 4-I6/. 
llpH HCCJI9,ItOB8HHH 3TOi 3~9KTpON8rHHTHOi CHCTSNH npHNeH4n-

CR MSTO,It JIITSpainm, COCTOffnntl! H3 CJie.nyJ)IllHX STaiTOB: 3a,ItaHHR Ha~

HOrO pacnpe.ne.rremm aapg.noB; pememm ypaBHelWJi IIyaccona (ncnOJJ:bao

Ba.noc:& .ItBa MeTo,na /I7 I n /I8/) ; onpe.ne.rremm pacnpe.ne.rreHHR MSKTIJO

MarHHTHoro llOJIJl:; pememm ypaBHeHHR .ItBDSHHR H HaxOl!U(eHH!l TpaeKTO

pd MSKTIJ?HOB; onpe,ne.rreHHR ROHHO! ItOMIIOHeHTH TOKai pemerum ypaB

Hemdt .ItBIDKSHH!l H H8XOl!t,JJ;9HHR HOHHHX TpaSKTOpd; B:R,n0H3M9H9HM · pac

npe,ne.rreHH!l npocTpaHcTBeHHoro aa!lfi,l(a B peay~TaTe ana.n:a:aa ttapTRH 

TIJ89KTOpKft. C n~eHHHM pacnpe,ne.rreHHSM pac~STH ITOBTOIJHDTCR ,ItO TSX 

nop, notta naMeHeHHe pacnpe.na.nemm npoCTIJaHCTBeHHoro aap!I,na npn ne

pexo.ne K CJie~eft_HTS~ ~y,neT B npe,ne.rrax 3a,ItaHHOft TO~OCTH • 
.AHa.JIH3 MSKTpOMai'HHTHOro ITOJIJl:, TpaSKTOpHit ~C~ H ~OBHX XapaK

TSIJHCTJIIK 3~9KTpoHHOrO nyqKa OC~SC~CR C HCITOJJ:b30BaHH9M y,naneH

HOI .ItHCillleiHol CT8lmRH. Ami STO:ft It~H paapa60TaHa cne~HM Me

TO.ztHKa, C03,ItaR H BBe,neH B SKCilliYaTBitHD.KOMnHSKC llpOrpaMM 

ANAL"( l , D! K i K , P S E L PT, noaBo.mmmd Ha p~ol CTa,Itim 

pac~eTa CHCTeM!l npmeHIIT:& SBM B .Itlla.JIOrOBOM peJIWMe /7,15, I9/. 

1• 

OCHOBHHE mY.H:OTATil ,UHCCEPI'AUHOHHOII PAEOTU 

I. Ha OCHOBe aHa.JIH38 H CRHT93a coa.n8Jm YCTaHOBKa C OnT~:D
HHMH. napaMSTpaMH ,nJIII HaHSCSHH!l TOHRJIX (5 MKM) IlliSHOK H3 CBepxnpo

BO.nHliiK8 (HH06d~THTaH) ,yr~epo,na, -ypaHa R T.,It. Ha llO~OliOO'l 60JIDWOft 

IlliOIIIIWI (0,25 ~) H3 MSTaJIJIOB l! HSMeTaJIJIOB. 

2. 0ITTltMH3l!pOBaHa reOMeTpmt YCKOIJHDmRX ,n:Ha\IJ.pan.! B CRIJYH.Ue, 

~o na nop!I.ItOK y~o cor~acno peay~TaTaM attcnepRMeHTa o,nHo

po,ItHOCT:& MSKTIJR'!SCKOrO IT~ B Ce~eHRR YCKOPffSMOrO ~ 9~9KTp0-

HOB. 

IS 



3. CrrpoeKTHpOBaH HCTOtUmK 3JI9KTp0HOB WI.li llOBepXHOCTHOii 3axaJI
KH M9T~OB, ~mafi nyqKH 3JI9KTp0HOB C 3Hepr.aeii !50 KaB·H rronepe~
HHM Ce~eHHeM Ha BHXO,I4e 3 twf- npR TOKe 5 A. !IOKa3aHO, ~TO IJYT9M H3-
MeHeHEH llOJI~eHna 3JI9KTp0,I40B RJIH R3M9H9HHR llOT9HUHaJIOB Ha HHX MOE
HO MeHRTb HHTeHCRBHOCTb ~OB B ,I4Ba paaa 6e3 R3M9H9Hna 3H9prHH 
3JI9KTpOHOB Ha ~HXO,I49. 

4. Ilpe,JtJIOE9H HOBllH M9TO,I4 H llpOI'p&1Ma WI.li pac~eTa BmcpeBHX TO-
-' ROB, HaB9,I49HHHX KBa3HCT8.W!OHapHllM Mai'HHTHllM UOJieM B MaCCHBHOM np0-

BO,I4HHK9. IlonyqeHO xopome~ COBITa,I4eHHe peayJibTaTOB pac~eTOB MarHHT
HOrO UOJIR C ~eTOM BllXpeBHX TOKOB C 3KCnepHMeHTaJibHUMH ,I4~UMH. 

5. Pacc~TaHll: KOHCTPYKI.I,IDI KaMe pH a.nreaaTopa C B.HyTpeHHHMH 
aeyamq>YJOI$IMH CTeHKa.r.m, Mai'HHTHrui CHCTeMa. CJKaTllR H BllBO,I4a KOJib!J;a 
H3 MO,I46JIH KOJIJI9KTHBHOrO YCKOpHTeJIR C reTOM ;BRXpeBHX TOKOB, 06ec
ne'D:IBaiO~ YCTO~HBOe CMTHe N = ro1 3JI8KTpOHOB c ( = 4 OT pa
.neyca 0,36 M .no pa.nHYca 0,04 M. 

6. Brrep:aue TeopeT~ecKH rroKaaaHa ocymecTBHMOCTb ycTofiqnsoft 
KoMiiPeccHH peJIRTHBHCTCKoro flY'IKa aJieKTPOHOB B cncTeMe "aepKaJibHO
ro aaxBaTa", pacc~TaHa reoMeTpna aeyaHa H MarHHTHrui cncTeMa ,o6e
crre'D:IBaiOmrui YCTOft~Bllft 3axBaT 3JI9KTpOHHOro flY'IKa Ha paBHOB8CHYJO 
op6HTY H CEaTHe KOJibUa C TOKOM 20 KA OT pa,IJ;HYCa 0,5 M .140 pa.J4HYCa 
0,05 M. 

7. 0nTHMH3HpOBaHa CHCTeMa 3JI8KTpO,I40B 3JI8KTpOHH0~8BOrO HC
TO~Ka B 06JiaCTH 3JI8KTpOHHOrO KOJIJI8KTOpa, KOTOpaR o6ecrre'D:IBaeT 
MHHHMaJibHOe oce.naHHe flY'IKa aJieKTPOHOB (c ITJIOTHOCTDID TOKa IO A/c~) 
Ha ~eft~BHX TPY6KaX, 3anHpaHHe aJieKTpoHOB B o6JiaCTH KOJIJieKTOpa, 
a TaKEe a@)eKTHBHOe Y.J48InKaHIIe H BllBO,I4 sa BllTRrHBaiOE 3JI8KTp0,I4 
HOHHOii KOMITOH8HTll ~ (c ITJIOTHOCTDID TOKa I MA/cu2 ). 

8. Paspa60TaH, cos.naH H :B:ae.neH B aKCrrJIYaTauHID KOMITJieKC npo
rpaMM, rrosBOJiflRJil!llii Ha pasJIH'!Hoit CTa.nHH npoeKTHpOBaHM CJIOJKHHX 
3JI8KTpOMarHHTHHX CHCTeM rrpHMeHRTb oBM B ,I4HaJIOrOBOM peEHMe C IJYJib
Ta ,I4HCllJieR, ~TO Ha ll0pil,I40K YM8HbmaeT BpeMff npoeKTHpOBaHna. 

0CHOBHll9 HayqBlie pe3YJIDTaTU gHCCepTagRH H3JI~8Hll B CJI88YID
IllliX w6maururx : 

I. Ea.lraJIUKHH H. H., .UepeH,I4ReB IO.C., KaTPaCeB B.B., Eyx D. 
YcTaHOBKa WIJI HaHeceHna TOHKHX rrJieHoK. TPY.l4ll IY qexoCJio:a~oa 
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.KO~epeHqiiR no TOHKHM rrJieHKaM. TaTpaHCKa ~OMHIIna, 1974, c.85-9I. 
2 • .UepeH,ltlleB D.C., KapJIOB A.A., Py6HH H.E. Pac~eT aJieKTpoMar
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6 • .l(epeH,I4ReB D.C., HBaHOB H.H., KaMHHcxru~ A.M., Ka.MHH
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7. ,l(epeH,I4ReB D.C., KapJioB A.A., 06yxo:a .D.~., IloJIUHUeB A.,!(., 
CyM6ae:a A.II. IIporpaMMa. WIJI aHaJIHaa !J!YHKUHI, aaBRCRillliX oT rrapaMer
po:a, c rroMomw .I4HCITJIM. OIDIH; EI, 9-8503, ,lcy"CiHa, 1974. 

8 • .l(epeH,I4ReB D.C., KaMIIHcKd A.K. IIporpaMMa. ~ pac~eTa rre
peMeHHHX MarHHTHHX ITOJISH !lpH HaJI~HII !lpOBO,IVIIItliX cpe,I4. 
OIDIH, E3, 9-8392, ,Icy-6Ha, I974. 
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KOJibiJ;a B a,I4r63aTOpe B ITapaMSTPOB Mai'HRTllOH CHCT9Mll BllBO,I4a. 
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II. ,l(epeH,I4ReB D.C., Ko~ B.H., OCOCKOB r.A •. BemeRHe CBCTe
MH HeJIHHeiiHHX arrre6~ecKHX ypaBHeHd MeTo.noM Monre-KapJio. 
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