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p. 

Bae.aeuHe 

Vf,geSJ xonbueaoro ¢aaoTpoua - cunbuo¢oxycupyroruero ycxopHTenSJ c nocTOSJHHbiM 
1 

ao apeMeHH MarHHTHbiM noneM - 6brna Bbrcxaaaua erue a uaqane 1953 ro.aa H ue-

2 
aaaucuMo a Hl55 ro,gy • 3nexTpoMarHHT sToro ycxopxTemr, Tax:>Ke JtaK. H 

06bi'IHOrO CHnbHOcPOKYCHpyiOIUerO CHHXpOTpOH81 COCTOHT H3 OT,genbHbiX CeKTOpOB C 

6onbWHM rpa,gHeHTOM MarHHTHOrO nonSJo O,guaxo, B OTnH'IHe OT CHHXpOTpOHa C :>KeCTKOA 

¢oxycHpoaKoA, nonsr a coce,guux cexTopax HMeiOT npoTHBOnono:>Kuoe uanpaaneuHe H no 

a6coniOTHOI aenH'IHHe MOryT HapaCTSTb nH60 OT ueuTpa MSrHHTHOA CHCTeMbl /npSIMOA 

aapuauT/, nH6o K ee ueuTpy I o6parueuubiA aapxauT'/. Bnaro,gapSJ TaxoA Kou¢HrypauHH 

MBrHHTHOrO nonSJ y,gaeTCSI COCpe.QOTO'IHTb B CpSBHHTenbHO Y3KOM K.Onbue op6HTbl 

'IBCTHU C ManoA H O'leHb 6onbWOA SHeprHeA .H o6ecne'IHTb ycTOA'IHBOCTb .QBH:>KeHHSI 

IIO STHM Op6HT8Mo 

nocxonbKY a coce.auHx cexTopax MarHHTHoe none uanpaaneuo a npoTHBonono:>K­

Hbie CTOpOHbi 1 B O.QHOM H3 HHX /npSIMOM/ 'ISCTHUbl 38BOp8'1HB810TCSl K ueBTpy 1 a B 

,gpyrOM /o6paTHOM/ 1 H8060pOT 1 OT ueuTpa yCKOpHTenSJo 8 COOTBeTCTBHe C STHM ueHTpbl 

xpHBH3Hbi Mruoaeuuoi op6HTbl a coce.aHHX cexTopax 6y.ayT pacnono:>KeHbl no o6e cTo­

pOHbi OT Hee. EcnH paCCM8TpHB8Tb M8rHHTHOe none OTHOCHTenbHO STHX ueHTpOB KpHBH3' 

Hbl 1 TO OK8:>KeTCSI1 'ITO B npSIMOM H o6paTHOM CeKTOp8X OHO HMeeT p83nH'IHble no aua­

KY noxaaaTenH cna,gauHSJ 11. • Cne,goaa'i'enb.'101 npH caoeM .QBH:>KeHHH a TaxoM MarHHT­

HOM none 'IBCTHUbi 6y,gyT HCnbiTbiBBTb IIO K8:>K.QOMY H3 uanpaaneHHA /pa,gHanbHOMY H 

aepTHK8nbHOMy/ nonepeMeHHO TO cPOKYCHpOBKY1_ TO ,ge¢oxycHpOBKy1 TBK :>Ke K8K STO 

HMeeT MecTo a o6M'IHOM CHnbuo<PoKycHpyrorueM ycxopHTene. JlnR o6ecne'leHHSJ o.auo­

apeMeuuoA ¢oxycHpOBKH '18CTHU a o6oHx uanpaaneHHSJX aaHMyTanbHble paaMepbl o6paT-

HbiX CeKTOpOB :aneKTpoMarHHTS He .QOn:>KHbl CHnbHO OTnH'ISTbCSI OT pa3MepOB npSJMblX 

ceKTopoa. B peaynbTaTe paatfepbi ycTauoaKH a npaxTH'IeCKH HHTepecHMX .anSI uac cny­

'ISSJX OK83biBSIOTCSI 6onbWe /a 3 - 6 paa/ paaMepoB ..06bl'IHOrO CHnbHOcPOKyCHpyiOWero 

yCKOpHTenSJ1 paCC'IHTSHHOrO HS Ty :>Ke 9HeprHI00 3Ta OC06eHHOCTh KOnbUeBoro ¢aao­

TpoHa xapaKTepuayeTCSJ, TSK H83biB8eMblM
1 

KOScPcPHUHeHTOM yaenH'IeHHSl Y~}l'8HOBKB1 

rrpe,gCTBBnSJIOIUHM OTHOWeuue MBKCHMBnbHOrO pa,gHyca op6HTbl K ee MHHHM8nbH0MY 

pa,guycy KpHBH3Hbi. BonbWBSJ aenH'IHHa xos¢¢HuHeuTa yaenH'IeHHR RBnReTCJI ueHa6e.)K­

HbiM ue,gocTaTKOM ,gauuoro ycxopHTenSJ. 
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Jlng HOpManbHOlt pa60Thl KOnbUeBOrO'cP830TpOH8 He,llOCT8.TO'IHO o6ecne'IHTb TOnb-

KO ycToil'IHBoe .llBH}KeHHe qacTHU no MrHoBeHHbiM op6HTaM. Heo6xonHMO TBK}Ke 

noTpe6osaTb1 'IT06bi 'laCTOTbi CB060.llHbiX KOne6aHHlt OCTaBanHCb nOCTOSIHHbiMH /s npe­

.nenax aa.naHHbiX .nonycxos/ s Te'leHHe scero uHxna ycxopeHHH. B npoTHBHOM cnyqae 

B03MO}KHOCTb npH6mi}KeHHSI '18.CTOT K p830H8.HCHhiM 3H&'IeHHSIM HnH npOXO}K,lleHHSI HX 

6y.neT secTH aa co6oro noTepH qacTHU B npouecce HX ycxopeHHH. CosoxynHOCTb MrHo­

seHHbiX op6HT1 OKOnO KOTOpbiX npOHCXO.llSIT CBOOO.llHbie KOn~~BHHSI 'IBCTHU C O.llHH8.KOBbi­

MH qacToTaMH. HaahiB&roT .llHHaMH'IecKH no.no6HhiMH. Tpe6osaHHro .llHHaMH'Iecxoro no.no-

3 4 
6HSI op6HT Y.llOBneTBOpSieT MarHHTHOe none BH,lla 1 

K 

H =H. ( ~.) f{9) npH K= Co-n-sf 
' 

11.11 

r.ne 'Zq- HeKOTOphllt cPHKCHpOB8.HHbiit p8..llHYC 1 Ji - aHa'leHHe nong Ha aToM pa.nHyce 

npH HeKOTOpOM 3H8.'1eHHH aaHMyTanbHOrO yrna 8= Bo • K cpenHHA noxaaaTenb 

nong, npH'leM K>O cooTBeTCTsye-r npHMOMY sapH&HTy, a K < 0 - o6pameHHOMY 

sapHaHTy xonbuesoro ¢aaoTpoHa. 

Konbuesoa ¢aaoTpoH o6na.naeT pg.noM npeHMymecTB no cpasHeHHID c o6bi'IHbiM 

CHnbHOcPOKyCHpyiDlllHM CHHXpOTpOHOMo 0CHOBHOe H3 HHX - 6onblll8SI a¢¢eKTHBHOCTb pa-

60Tbi yCT8HOBKH. 3TO CBSI38HO C TeM, 'ITO '18CTOT8 nOBTOpeHHSI ycKopeHHbiX nopUHlt 

'18.CTHU onpe.nt:.nSieTCSI a.aecb,..-He nnHTenbHOCTbiD UHKnOB BOCnpOH3Be,lleHHSI MBrHHTHOrO 

nong, KBK B CHHXpOcP830TpOHe1 a nepHO.llOM MO.llynHUHH 'IBCTOTbi yCKOpSIIDUlero aneKTpH­

'leCKOrO nong, KOTOpbiA MO}KeT 6hiTb c.nenaH cymecTBeHHO MeHbwe. Enaro.naps aTOMY, 

8. TaK}K9 B03MO}KHOCTH OCyllleCTBneHHSl paanH'IHbiX pe}KHMOB H&KonneHHSl nocne.no­

B&TenbHO ycxopseMbiX nopuHA 'I&CTHU, KOnbuesoa ¢aaoTpOH HBnseTcs secbMa nepcnex-

567 
THBHhiM .llnH peWeHHSI npo6neMbi "BCTpe'IHhiX ny'IKOB" 

1 1 
• 

8 H8.CTOS1Ulee BpeMSl p8.3BHTHe CHnbHOcPOKYCHpyrolUHX YC__!{OpHTeneit C DOCTOSIHHhJM 

BO BpeMeHH M&rHHTHbiM noneM H8XO.llHTCSl H8. CT&.OHH C03.ll8.HHSI paanH'IHOro po.na MO­

neneit, KOTOpbie noasonsroT npoBO.llHTb scecTopoHHee Hccne.nosaHHe nose.neHHH nyqxa 

8 
'18.CTHU B DO.ll06HbiX M8.WHH8.X H paanH'IHbiX BBpHBHTOB ero HBKODneHHSl /peaynbTBThl 

9 
nposepKH O.llHOro H3 HHX H3nO}KeHbl B / • 8 06'be,llHHeHHOM HHCTHTyTe Sl.llepHbiX HCCn~ 

.llOB&HHit CKOHCTpyHposaHa H aanymeHa Mo.nenb xonbuesoro ¢aaoTpoHa c pa.nHanbHbiMH 

c ~ItTopaMH. TeopeTH'IeCKHe npe.ncTaaneHHH, nono}KeHHbie s ocHosy ee coa.naHHH, onH­

CaHHe paanH'lHbiX yanos ycTaHOBKH H axcnepHMeHThl, npose.neHHbie npH aanycxe, 

cocTasnsroT co.neo>KaHHe naHHoft oa6oT~._ 

~ 
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§ 2. OcaOBbi TeopHH 

B MarHHTHOM none THna /1.1/ nHHeapHaoaaaHbie ypaaaeHHSI cao6o.llHbiX ~~:one6a-
8 10, '11 

HHI HM9IOT BH.ll 1 

.. [ 1 K ~ 1 dF tn~]x 

{
x + ~2 +_~ ~>+w6)d6'1> :Q 

7 u [ K ~ + 1., d F t "'l:r 0 
~:..- ~em) ~Fc6icl6 ~)J'= 

/2.1/ 

JlH<l:><l:>epeHIIHp0B8HH9 3,ll9Cb H B .ll8nbH91WeM B9,ll9TCSI no .llliHHe ,nyrH d, OTC'IHTbiB8e­

MOI a.nonb Mraoaeaaol op6HTbi. B ypaaaeHHSIX aae.neHbi cne.nyiOWHe o6oaHa'leHHSI: 

~ - pa.nHyc ~~:pHBH3Hbl op6HTbl; Red)- pa.nHyc M~enaol op6HTbl; !f' - yron 

Me:>K.llY nopManbiO 1t op6HTe H pa,nHycoM aeKTopoM R (6 ); X, l - OTitnoseasg 'I&CTHil 

B pa.nHanbHoM H aepT1Ut;nbHOM H~paaneHHRX; f'( 6):(RCoy'lo)"f(e)- B8pH81lHSI nong 

a.nonb op6HTbl. 1.lne11 ~f(6)' 1~ t~ 'f. onpe.nengeT KpaeayiO <t>o~ycHpOBKY H ecer.na 

OTpHil8TeneH. T8K 'ITO OK npHBO,llHT K ,nononHHT9nbHOI <l:>oKyCHpOBKe B lr - Hanpea­

neHHH H .ne<Po~~:ycBpOBKe B X - aanpaaneHBB. OcTanhHbie qneHbi B Kaa.npaTHbiX 

CKo6xax OTB9TCTBeHHbl 38 <t>oKyCHPOBKY I .ne<t>oK:yCHpOBKy/ B ceK:Topax. nap8MeTpb1 

Op6HTbl R. B 's> CBSI38Hbl M9:>K.llY C060I ypaBH9HH9M 
10 

/2.2/ 

/2.3/ 

A - ItOMnnexcaag nocTOSIHHaSI HHTerpHpOB8HHSI. 

npH peWeHHH ypaBH9HHI /2.1/ 6y,neM HCXO.llHTb H3 Toro, 'ITO MrHOB9HH8SI op6HT8 

COCT8Bll9H8 H3 ,nyr OKpy:>KHOCTel pa,nHyca ~ 0 B npSIMOM H • ~a B o6p8THOM C9KT0p8X, 

a a npoMe:>KyTKe npe.ncTaanSieT oTpeaox npSIMol. TaKyiO <t>opMy op6HTbl MO:>KHO ocywe-

CTBHTb1 ecliH coa.naTb MarHHTHoe none, pacnpe.neneaaoe a.nonb op6HTbl 

o6paaoM: 

~ne,nyiOIUHM 
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FC6)- ~ 
l B GpHMOM CeKTOpe 

0 B npoMe}f{yTxe 12.4/ 

-1 B o6paTHOM cexTope 

Koaeqao sToT cny'laA upe.acTasnHeT aexoTopoe npH6nR*eHHe x peanbHbiM ycnoBHHM, 

HO p8CCMOTpeHHe ero D03BOngeT YCT8HOBHTb 061UHe 38KOHOMepHOCTH DBH}f{eHHH '18C-,. 
THU B KOnbUeBOM tP830TpOHe. 

CEKTCXJ 

\ 
\ 
\ 
I 

\ 

PHc. 1. reoMeTpHH op6HTbl H o603H8'1eHHH. 

·~ 

~ 
I 
~ 

"' 

"~ $ 

I 
l 

I 
I 

• 
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2.41 

SIM, 

7 

YrnOBbie II8p8M9Tpbl op6HTbl B .ll8HHOM cnyqae lpHC, 11 CBSI38Hbl COOTHOW9HHSIMH: 

'ft ~~( ~1- 91) 
~1 = i c ~l+el) 
So==- 'ft- i,_ 

~C~2.== 91+62+2 eo= ?:ff 

12.51 

r.ue N - qi{Cno sneMeHTOB nepHO.llHqHoCTH 1 ~ H ~Z. - yrnhi Me:>K.uy KacaTenbHbi­

MH K op6HTe H8 Kp8SIX IIpSIMOrO H o6paTHOrO CeKTOpOB H HOpM8nHMH K HX cpe3aM; 

91, 92., eo -yrnOBbi9 paCTBOpbl OTHOCHTenbHO U9HTpa yCT8HOBKH IIpSIMOro
1 

o6p8THO­

ro C9KTOpOB H IIpHMOnHHeAHoro IIpOMe:>KyTK8 COOTB9TCTB9HHO: ~i H ~2. - yrnbl 

IIOBOpOT8 p8BHOB9CHOA qaCTHUbl OTHOCHTenbHO U9HTpOB KpHBH3Hbl B IIpHMOM H o6paTHOM 

C9KTOP8X, 

Bse.ueM T8K:>Ke BenHqHHbi 1 X8p8KT9pH3yiOIUH9 OTHOCHTenbHyiO .llnHHy op6HTbl B 

IIpSIMOM I el I, o6paTHOM I e 2. I ceKTopax H IIpSIMOnHHeAHOM IIpOMe:>KyTKe I e 0 I 

Tor.ua Kos¢¢HUHeHT yBenHqeHHH ycTaHOBKH 6y.ueT paBeH 

H 

r.ue ~ 

2irc ei 
N 

. .. 
' 

~ = 2n-C eo 
N 

- .llnHH8 op6HTbl B UpOMe:>KyTK9 1 .ueneHH8H H8 ~ 1 ~ 1 H ~l 

12.61 

12.11 

12.81 

CBSI38Hbl 

12.91 
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3.aecb ~ a '£.1.. onpe.aensnoTCSI aa /2.3/ a paBHbi: 

'£ R ..,., { t 2e (1 Sin ~'/z ) 2 { (1 Coo 'tA )} 

Tenb 

1 = C ~o = - t - C~1.Sir1'% - o - NfoSin'7N' 12.101 

= P""'" = { 1_ 2e (1- s•" ll.f~ )-Zf (l- Cos ~z )) ~2. C ~o t C~5inT/N *" • Nfi;Ji'1"7N 

npa peweHHH yp8BHeHaA 12.11 paayMHO npe.aoono>KHTb1 'ITO noxanbHbiA noxaaa­

nonsr Ha op6aTe 

n = - 3...l4H ): _3_ {!.F(6)Cosf ... .4f tA~) H \J~ FC6J R d6 ~ 
12.111 

nocTosrHeH B npe.aenax xa>K.aoro ceKTopa a paBeH cpe.aHeMy IB.aonb op6HTbi/ aHa'leHHIO 

.ansr .aaHHoro cexTopa. Tor.aa ypilBH&HHSI llBH>K&HHSI /2.11 npHMYT aa.a: 

x'' +[ Fc61 :"u. FC6)+ 4£. hl]x=o 
~~ d6 ~0 /2.12/ 

z.· + r ~ Ft6) + 4£ . hl ] -:J = o L ~; ~ d6 . ~0 c. I 

r.ae HH.lleKC 1 OTHOCHTCSI K DpSIMOMY 1 a HH.lleKC 2 - K o6p8THOMY C8KTOp8M1 ' n1.2. -

a6coniOTHble aen&'lHHbi cpe.llHHX 3H8.'leHHI . nOK81lbHOrO DOK838T&nSI DOnSI e Titt ODp&' 

.aenSIIOTCSI H3 /2.11/ H /2.31 R p8BHbi 

n = ~ [1- .i. azctg(C£..1-~t, ~)~l 
l.t 2. ~1.'1 \ c ?f.t.l d li. ~ /2.13/ 

B 'l8CTHOCTH, llllSI 60ilbWHX N 3H8'18HHSI n,,'L O'l&Hb 6n&3U K 3H8'18HRSIM nOK81lb­

HOro noxaaaTenR nona B ~epe.aaHax npRMoro I Kjcae
1

1 a o6paTHoro ;K;f <£2. I 

ceKTopoa. Bena'laHa d /do a /2.121 oTn&'lHa oT HynR TonbKo Ha KpaRx ceKTopoa, 

r.ae oHa nponopoaoHanbHa 6 - ¢yHKDBB c COOTB&TCTBYIOWBM aHaKoM. Ypa&HeBBR 

·12.121 
1 

K&K a HCXO.llHble1 onaiOTCSI yp8BB&HBSIMH Tana Xanna. Cornacao Teopaa 
12 

¢noJte IIX 06WB8 peW&BBSI HM&IOT BB.ll: 

I 

.,.. 

'; 
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I 

K.C. 
/2.14/ 

3necb K X.,'l- xoMnneKCHbre nocTOHHHhre, aaBHCHIIU!e OT Ha'lanbHhiX ycnoBHi!:,'t( -z ( 6) 
- cflyHKUHH ¢noKe1 HM9IOlllHe nepHOll paBHbii!: 9.1leMeHTy nepHOllH'IHOCTH

1 -
xapaKTepHCTH'I9CKHe 'IHC.Il8 1 m - HOMep 9.119M9HT8 nepHOllH'IHOCTH. 

3neMeHT nepHOllH'IHOCTH COCTOHT H3 C.ll9llYIOlllHX Y'I8CTKOB: npHMOA 

cexTop - xpaA npstMoro cexTopa - npoMe:>KyToK - xpaA o6paTHoro cexTopa - o6paTHbii!: 

ceKTop - xpaA o6paTHoro cexTopa - npoMe:>KyTOK - xpaA npstMoro cexTopa. Ha xa:>KllOM 

yqaCTKe 9.1leMeHT8 nepHOllH'IHOCTH peweHHH ypaBH9HHi!: /2,12/ H3B9CTHbi
1 

H 38ll8'18 CB0-

llHTCH B OCHOBHOM K H8XO:>Kll9HHIO B9.11H'IHH 

HbiX Kone6aHHA ~~ H ~ ~ : 

1 onpenenHIOlllHX '18CTOTbi 6eTaTpoa-

/2.15/ 

l1cnonb3yH M9TOllHKy1 8H8.1IOI'H'IHYIO DpHM9HH9MOi!: B 06bi'IHbiX CH.IlbHOcpoxyCHpyiO­

lllHX ycxopHTenstx, ll.IIH Co\ rx H Cos ri Hai!:neM 
10 

c~ rl(~::: Rx.ec..hol.z.!IU>So<.,,y ... (81(,"1_-C,.,l.)ch o<2.3 st'h o( ,,..,-i-
/2.16/ 

rne HHlleKCbi 1,2 Y cA.. OTHOCSITCH K p8llH8.1lbHOMY 0 a HHll9KCbl 3,4 - K BepTHK8.11b-

HOMy llBH:>K9HHIO H 

Kos<P<PHuHeHTbi nepen TpHroHoMeTpH'IeCKHMH H rHnep6onH'IeCKHMH cpyHKUHHMH B 

/2,16/ 38BHCHT OT 111.1 ; 'fi,l ~ b I H HX Bblp82K9HHSI DpHB9ll9Hbi B npHno­

.>K9HHH, 3H8'19HHH '18CTOT ~ )(,1: 1 p8CC'IHT8HHbie DO cpopMynaM /2,15/ H /2,16/ ll.IIH 

cnyqas K = 4, N = 8 npHaeneHbi Ha rpacpHxax pHc. 2. 
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~ 
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3 

2 2 

I I -· 
ctU •• t.Pll'.l 4'1' OIJ 

ta 

PHc. 2. 3aBHCHMOCTb Yx.e. OT Ri H e2 COOTBeTCTBeHHO: 

a/ Vl(,~ =~(~i) llpU K=4., tJ::8' ez=- ~ 
6/ 

Vx,l =f ( e2) npu K= ~' tl= 8' e1::: y2. 

Jlng 8H8nH38 peweB:!IA ypaaHeHHA /2.12/ y,~:t06HO 38nHC8Tb /2.14/ B ,~:tpyl"OM 

BH,~:te: 

; } = n ·.~ ( 6) Cos ( r··· m + cl..x .• J 6)) /2 .17/ 

• 
~~~ 

~ 
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r.lle 

¢yHKUHH 

p8:>K9HHSI .llnSI KOTOpbiX B C9KTOpax HM910T BH.ll: 

~(6)= 
'h n. 

B npHMOM 

ceKTope 

B o6paTHOM 

cexTope 

/2.19/ 

B npSIMOM 

cexTope 

B o6paTHOM 

ceKTope 
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3Jlec&· 61. 3Ha'leHHe 6 Ha BblXOJl9 H3 npSIMOro C9KTOpa, 6'2 - Ha BXOJle, 

a ()3 - aa BbiXOJle H3 o6paTaoro ceKTopa; Gij, Pij - sneMeHT&I MaTpHu upeoCSpa-

30B8HHA peweauA aa sneMeHTe nepHOJlH'IHOCTH. BMpa>KeHHSI JlnH aux, a TaK>Ke JlnSI 

Xx.a H 'f'l.,"!: JlaHbl e npuno>KeHHH 1. 

1-13 /2.19/ cneJlyeT, 'ITO cp~ ( l)) npHHHMaeT MaKCHManbHOe 3Ha'I9HH9 B 

ueaTpe npsrMoro ceKTopa H MHHHMan&aoe - B ueaTpe o6paTHoro. ¢~( 6) , aao6opoT, 

JlOCTHraeT MaKCHMan&Horo 3Ha'I9HHSI B U9HTpe o6paTHOrO. ~KTOpa II MHHHMan&Horo-B 

B neHTpe npSIMOro. rpacPHKH cPYHKUHA V<e~t~l' JlnSI K• 4, ,.y ..a B f,= ~ .. ~-~ 
npHB9Jl9Hbl Ha pHC,3. 0THOW9HHSI MaKCHMyMa OrH6aiOlllHX K BX MHHBMYMY oupeJlenSIIOT­

CSI cPOpMynaMH: 

-Ji,, 
ac 

Q' r 

nPRMOH CEKTOIJ 

(I) 
~ ..... 

.........__.... 
1•1 

'nPOME)I(JI-~06PtllTHbllof j 
TOK CEKTOP 

PH Co 3. rpact>HK cPYHKDHH ~cPl(,t.(cS) I JlnSI cny'l~ K='i, N= s,~:::h..~2=~ 

[ 

lfz. ( Q ) (- -- ) . ] y2. (nl. -1) . Q'li- 1l + Qu.- Qll ) tl1~1 
(ni+1)iftz.Sin~t (2X"-':!) +- V chc< Jr. }y. 1. y. 

[ (i-)\ho(; . (2._'!.~ :_ '1.)-'i. UJ.,J.~ ] z 
2 ( P.z. + 1'

1
, ))ho{3 -(Pu.- flt) 

r: 
/2.20/ 

~: 

-~'- -·· 

H 



• 

Nl-

13 

paBHbi = 3,54, I; =1,83. 

Ha ocuoaaHHH ¢opMyn /2.17/, /2.18/, /2.19/, /2.20/ MO}KHO c.nenaTb HeKoTop&re 

3aKnJO'I9HHSI 0 Bbi6ope MeCTOnonO}KeHHSI HH}KeKTOpa B ycTaHOBKeo nocKOnbKy BepTHKanb-

HaSI anepTypa KaMepbi Mana, TO HaH6onbWYIO onaCHOCTb npe.ncTaBnSIIOT noTepH 'laCTHU 

Ha-aa coy.napeHHSI C ropH30HTanbHbiMH CTeHKaMH KaMephl. 113 /2.17/ H /2.19/ cne.nyeT 1 

'ITO BepOSITHOCTb coy.napeHHSI qaCTHU C ropH30HTanbHbiMH CTeHKaMH 6y.neT MeHbWe1 

ecliH HH*eKTop pacnono}KHTb B ueuTpe o6paTHoro ceKTopa. KpoMe Taro, sepOSITHOCTb 

coy.napeHHSI 'laCTHU C HH}KeKTOpOM B :9TOM cnyqae TaK}Ke yMeHbWaeTCSI1 nOCKOnbKY 

cp"(o)npHHHMaeT a ueaTpe o6paTuoro ceKTopa MHHHManbHOe auaqeuHe. Hao6opoT1 

BepOSITHOCTb coy .napeHHSI qacTHU c sepTHKanbHbiMH cTeHKBMH nos&r:LiaeTcSI. O.nuaKo1 

npH uanH'IHH 6onbwoA anepTyp&r no pa.nHycy sTo He npHse.neT 11: cywecTBeHHbiM noTe-

pSIM 'laCTHUo 

Bhlwe Mhl paccMoTpenH H.neanbHYIO KapTHHy nose.neHHSI qacTHU B MarHHTHOM 

none Konbuesoro ¢aaoTpoua. O.nuaKo, npH npoeKTHposaHHH ycKopHTenH ueo6xo.nHMO 

Y'IHTbiB8Tb T8K}Ke BnHSIHHe paanH'IHOro po.na OTKnOHeHHi!: OT H.neanbHbiX ycnOBHA1 Toeo 

auaTb .nonycTHM&re npe.nen&r HaMeHeHHSI Tex HnH HH&rx napaMeTpos. Y'leT ocTaTO'IHoro 

MarHHTHOrO nonH1 OWH60K B ycTaHOBKe CeKTOpOB sneKTpOMarHHT8 H Tono npHBO.OHT K 

llOSIBneHHIO "'neHOB B npaBbiX "18CTSIX ypaBHeHHi!: /2.1/. nony'leHHbie peWeHHSI H.neanbHO:ll: 

aaaa'IH .na10T soaMO}KHOCTb CKOHCTpyHposaTb peweHHSI ueo.nuopo.nu&rx ypasueHH:ll:. Ta~~:, 

HanpHM9p1 HCnOnb3ySI MeTO.OHKy 1 paapa6oTaHHYIO B 11 16, .nnH MaKCHManbHbiX 

Cp9LlHHX OTKnOHeHH:ll: MrHOBeHHOH Op6HTbi OT H.neanbHO.l!: Ha-aa C.OBHra CeKTOpOB B pa-

LlHanbHOM HanpasneHHH H .nei!:CTBHSI OCT8TO"'HOrO MarHHTHOrO nOnSI nony"'HM: 

/2.12/ 
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rne <07!) I - cpenaeKsanpaTH'iHoe cMemeaHe ceKTopos s panHanbHOM aanpas-

neHHH, < (~fl) /- - cpenaeKsanpaTH'iHoe HCKa:>KeHHe MarHHTHoro nom;~ snonb 

HneanhHOA op6HTbi. 

LJ.ng M8KCHM8nbHOrO OTKnOHeHHSl OT cpenHeA nnOCKOCTH npH CMeiUeHHH ceKTOpOB 

B BepTHKB.nbHOM HanpasneHHH H8 CpenHeKBanpBTH'iHyiO senH'iHHY (~ 1::. t) 6yneM 

-HMeTb: I/ 

~)
fl.._ 

<~) _ = P.1 \ L.. bin "Vll s;·r• reP. ((h~,-,, ... ~:., ,,_(D1~)1~,()i> /1.22/ 
L lm,ll 1 ~11\4'1(. 'J 

HanpHMep, nnH pa6oqeA TO'iKH K=4 N • 8, el =0,48, ez ::: y6 
9TH senH'iHHbi p8BHbi 

\(X )I tt~a!C '""" zo.6 V<J1l.> I <x" 1 ..... ::::. n~o ~\( ~6 

1 ( t!l~t"' %,7~ <~-rTi 
Aaanorlf<~HbiM o6pa30M MO:>KHO HccnenosaTb neAcTsHe H npyrHx owH60K Ha cso6on-

HOe nBH:>KeHHe 'i8.CTHUo 

Ha OCHOB8.HHH BbiWeH3nO:>KeHHOA TeOpHH 6binH paCC'iHT8Hbi napaMeTpbi MonenH 

Konhuesoro cpa3oTpoaa, npHseneHHhre s Ta6nHue 1: 

npH naHHbiX reoMeTpH'ieCKHX p8.3Mepax ceKTOpOB M Bbi6paHHOM nOK8.38.Tene nong 

'i8.CTOTbi cso6onHbiX KOne6aHHA paBHbi: v" =3,17 H \t ~ 2 • XoTSl 'i8.CTOT8. 

BepTHKB.nbHbiX KOne6aHHA H COBnanaeT C pe30H8.HCHOA 1 HO B peanbHOM MarHHTHOM 

none, KaK noKB.3biBaeT on biT 
8 , oaa cymecTseHHo MeHHeTcH. Pac'ieTbr, nposeneHHbre 

Ha ~neKTpOHHo-c'ieTHOA M8.WHHe C H3MepeHHbiM M8rHHTHbiM noneM ,naiOT 

en JnyiOIUHe 3H8'ieHHSl 'i8CTOT: Vx ::: 3.1 H vi ,... 1,8. c 9THMH :>Ke 3H8.'ieHHSlMH 

'i8CTOT CornacyiOTCSl 3H8.'ieHHSl 1 p8CC'iHTt:IHHbie 8.H8nHTH'ieCKH npH6nH:>KeHHbiM MeTonOJ~Ae 

B.HanorH'IHbiM H3nO:>KeHHOMY B 7 



!pas-

~poe 

~M 

15 

Ta6naua 1 

Ocaoaable napaMeTpbi Mo.aena KOnbuesoro cpaaoTpoaa 

qacno aneMeHTOB nepao.aa~HOCTH 

AaHMyTanbHble paaMepbi npRMoro ceKTopa 

A3HMyTanbHble paaMepbi o6paTHOro ceKTOpa 

AaHMyTanbHble paaMepbi npoMe:H<yTKa 

KoacpcpaiiHeHT ysena~eaasr 

Ha'lanbHbii pa.aayc 

Koae~Hbii pa.aayc 

BepTHKanbHbll paaMep KaMepbi aa aa~anbHOM pa.aayce 

noK838Tenb nonsr 

none H8 H8'18nbHOM pa,aayce 

none H8 KOBe'IHOM pa.aayce 

8aeprHSI HH:H<eKUHH 

KpHTH'IecKasr aaeprasr /nonaasr/ 

Koae'laasr aaeprasr /nonaasr/ 

§ 3. KoacTpyKUHSI ycKopaTensr 

1. 06masr KOHCTpyKUHSI 

8 

22°30 

7°30 

70 30 

-a 
35 CM 

59 CM 

2 CM 

4 

~ 42 a. 

"- 340 a. 

20-40 Kas 

1,12 Mss 

""'- 2 Mss 

Pac'leT napaMeTpos Mo.aena Konbuesoro cpaaoTpoaa onpe.aenan ocaoaahle Tpe6o­

aaHHH K KOHCTpyKUHH aneKTpOM8rHHT81 8 cne.aoaaTenbH01 H BCel yCT8HOBKH B uenOMo 

npH npoeKTHposaaaa aBTOpobi cTpeMHnHCb npe.aenbHO o6ecne~HTb ycnoaasr .ansr npoae.ae­

HHSI paana'IBbiX aKcnepaMeHTOB no accne.aoaaaaiO noae.aeaasr ny~Ka ~acTHU H paana~BbiX 

aapHaHTOB ero aaKonnenasr. 

Ha pac. 4 npaae.aena cpoTorpacpasr ycKopaTensr. Oa CMOHTapoaaH aa .aiOpaniOMHHa-

eaol 30 MM nnaTe 1 onapaiOmelcsr na ~eTbrpe onophl H3 .aiOp8niOMHHHeBbiX Tpy6. nna-

Ta npano.aasrTa aa,u nonoM .ansr paaMemenasr no.a aeA .aHcpcpyaHonaoro nacoca H HMeer 

no 83HMYTY Bbipe3 ,anSI YCT8HOBKH HH,ayKIIHOHHOrO H "cpopCHpOBO~Horo• cep,ae'IHHKOBo 
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PHc. 4. 06mHA aHa ycKopHTeml. 

KoHCTpYKUHSI Bbipeaa HCKJ110'18eT C03a.8HHe KOpOTK038MKHYTOrO BHTK8 BOKpyr 8THX 

cepa_e'IHHKOB • KpoMe Toro. B DJlHTe npea_yCMOTpeHbl OTBepCTHSI a_ng OTK8'1HbiX D8Tpy6-

KOB B8KyyMHOit K8Mepb1 H Bbipe3hl 1 o6ner'I8IOlUHe a_ocTyD K cpnaHU8M BbiCOKO'I8CTOTHbiX 

Y'I8CTKOBo 8 reoMeTpH'IeCKOM ueHTpe DJlHTbl HMeeTCSI penepH8SI TO'IK81 OTHOCHTeJlbHO 

KOTOpOA DpOH3BOa_HJlHCh BCe H3MepeHHSI DO paa_HyCy npH C60pKe 8JleKTpOM8rHHT8 H 

M8rHHTHbiX H3MepeHHSIX. ropH30HT8JlhHOCTh paCDOJlO:>KeHHSI DJlHTbl B npea_eJ18X :!:, 01 1 MM 

npoaepgnach c noMOlllhiO npeueaHOHHoro HHBenHpa THna HA-l H ypoaHeA BbiCoKoA 

TO'IHOCTH c ueHoll a.eneHHSI 0,04 MMIM. 

' 

.<. 

~ ....._, 

• 
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2. Kouc'I'pyKnHH aneKTQOMarHHTa 

3neKTpOMarHHT ycTaHOBKH COCTOHT H3 8 aneMeHTOB nepHODHqHOCTH /cM.pHC.5/. 

Ka:~KahiA aneMeHT nepHoaHqHoCTH BKmoqaeT B ce6sr npsrMoA H o6paTHh1A ceKTOphl • 

asa UpSIMOnHHeftHhiX yqacTKa. LfT06hl YDOBneTBOpHTb Tpe60B8HHIO reoMeTpH'l8CKOrO 

noao6Hsr op6HT eenH_'!HHa aaaopa Me:>Kay noniOcaMH aneKTpoMarHHTa H paaMephl npHMo­

miHeAHhiX yqacTKOB MeHHIOTCH nponopuHoHanbHo paaHycy. Ha pHc. 6 

... 

cncpnux iC:.TJ~:Jlor:,~· 

_[:)[ l5JE IQTE~_t 
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KIJTJJWK/11 f'-1~'/f!If' 
(Ot:__. /f 

KRMEPQ 

*J 

'"?(;-'H/(ff£h?'((<fA(Aj'' . ,' >Ufffo ( «lo////a"t?'///'lHA'Yff/ffffff////47AV/4~· R IOfJ 

PHc. ~. nonepe'IHoe ce'leHHe sne:ri:TpoMarHHTa H saityyMHoA ItaMepbi. 

npencTasneH cxeMBTH'IeCKHA qepTe~ aonepe'IHoro ce'leHHB onHoro Ha ceitTopos H 

saKyyMHOA ItaMepbr. BepxHHe H HH~HHe nomoca ceitTopos HaroTosneHbl Ha nBcTosoA 

CTanH TOniilHHOA 18 MM 1 a BpMa1 nmi CHH~eHHB BenH'IHHbl MarHHTHOA HHnyKIIHH B HHX-H3 

nsyx nBCTOB TOA ~e CTanH. BepxHHe nomoca, B OTnH'JHe OT HH~HHX, nenaiOTCB 

C'beMHbiMH H Ha BHyTpeHHeM panHyce ItpenBTCB K cneiiHanbHOMY KOnbiiYt 'ITO no3BOnSieT 

yMeHbWHTb KOnH'IeCTBO CTOeit H o6nerqaeT nposeneHHe MarHHTHbiX H3MepeHHAo YcTa­

HOBKB sepXHHX H HH~HHX noniOCOB, Itait no panHycy t Tait H B ropH30HTanbHOA nnOCKOCTH 

npOH3BOnHnBCb C TO'IHOCTblO !_ 0,1 MM. 

MarHHTHOe none Hy~HOA KOHcPHrypaiiHH 6blnO coanaHo._ ItaTyWKaMH cneuHanbHOA 

<PopMbi, yKpenneHHbiMH Ha non10cax sneKTpoMarHHTa. 3aa'IHTenbHaSI nnoTHOCTb aMnep­

BHTKOB Ha 6onbWHX panHycax noTpe6osana sseneHHB CHCTeMbi oxna~neHHSI. Oxna:lKne­

HHe sneKTpoMarHHTa ocywecTsnBeTcH sonoA, nponycitaeMoA no Tpy6ItaM, onaH Ha KOTo-

pbiX aano~eHbl B ~ryTaX ItaTyWeit1 a npyrHe HanaSIHbl HB MenHbie nnaCTHHbi, ItOHTait­

THpyiOlllHe C Hapy:lKHOA nosepXHOCTbiO sepXHHX H HH:lKHHX noniOCOBo .llaHHBSI CHCTeMa 

0 
OXna:lKneHHSI noaBOnHnB CHH3HTb HBrpeB noniOCOB C 60 C no KOMHBTHOA TeMnepaTypbl 

H npaKTH'IeCKH nBKBHnHposana Ha6niOnBBWYIOCSI aaBHCHMOCTb MBrHHTHbiX xapaitTepHCTHit 

OT TeMnepaTypbi. 
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3. BaKyyMH8H cHcTeMa 

BaKyyMHaH KaMepa Mo.uenH oTKll'IHBaeTcH ¢opBaKyyMHbiM HacocoM THrra BH-2 

If llH<iJ<jJy3HOHHbiM rrapoMacnSIHbiM HacocoM THrra MM-1000. BbrCoKoBaKyyMHhrA Hacoc 

CH86)!(9H KpOMe TOI"O noBylllKOii: 1 OXn8:>K.ll89MOii: :>KHLlKHM 830TOM 1 'ITO o6eCII9'1HB89T 

rronyqeHHe aaxyyMa --1 - 2· 10-
6 

MM H~. JJ.ng rrpoae.ueHHH axcrrepHMeHTOB no Ha-

KOIIR9HHIO rry'IK8 qacTHU a .uanbHeAweM rrpe.urronaraeTcH rronyqeHHe eaxyyMa 

1 . 10-
7 

MM. H~ C IIOMOIUbiO COp6UHOHHO-HOHHOI"O H8COC8 THII8 CJ.1H-5-4. 

BaKyyMH8H K8Mepa H3I"OTOBneHa H3 naTyHH TOniUHHO:ll: 7 MM H HMeeT <jlopMy 

uerrpaBHnbHOI"O KOnbU8 C pe6paMH :>KeCTKOCTH. Ha pHc. 7 IIOK838H o6IUH:ll: BH.ll K8M9pbl 

If ee IIOII9p9'1H09 C9'19HH9o KaMepa COCTOHT H3 '19Tblpex '18CT9:ll: 1 LlB9 H3 KOTOpbiX HBng­

IOTCH BbiCOKO'I8CTOTHbiMH Y'I8CTK8MH. Hapy:>KHbiH LlH8M9Tp K8Mepbi - 1300 MM1 BHyTpelr 

HHii:- 650 MM; B9pTHK8nbH8H arrepTypa ee paCT9T C yaenH'I9HH9M p8.llHYC8 OT 20 LlO 

40 MM. Ha BHyTpeHHeM rrepHMeTpe xaMepbr HMeeTCH rraTpy6ox .uns ycTaHOBKH anexTpou­

uoA: IIYlllKH1 8 H8 Hapy:>KHOM - 8 OKOH .llnSI p83M9lll9HHH MHlll9H9A:1 HHLlHK8UHOHHOA: 

arrrrapaTypbi H paanH'IHbiX rrpHcrroco6neHHA:, Heo6xo.uHMbiX rrpH uana.uxe H rrycKe ycxopHTeml • 

.£lng yM9Hblll9HHH .ue<jlopM8UH:ll: B8KYYMHOii: K8M9pbi IIpH ee HarpeB8HHH OT 06MOTOK 

aneKTpOM8I"HHT8 IIp9.llYCMOTp9HO BO.llSIH09 OXn8:>K.ll9HH91 c6noKHpOB8HH09 C BO.llSIHbiM ox-

R8)!(,ll9HH9M C8MOI"O aneKTpOM8I"HHT8e 

4. CHCT9M8 HH:>KSKUHH 

CHCT9M8 HH:>K9KUHH KOnbU9BOI"O <flaaoTpOHa rrpe.uyCM8TpHB89T BBO.ll aneKTpOHOB 

B K8Mepy yCKOpHTenSI K8K B HMIIynbCHOM 1 T8K H B HerrpepbiBHOM pe:>KHM8X. J.1H:>K9KTOpOM 

yCKOpHTeng HBnHeTCSI TpexaneKTPOLlH8SI aneKTpOHH8SI rryUIK8 C "'rrpOM8lllKOii: 8 B 2 MM 

H paaMepOM 8HO.llHOI"O KO~'IK8 15x20 MM. reoMeTpHSI aneKTPO.llOB IIYUIKH H HX B38HM­

HOe pacrrono:>KeHHe 6blnH oTpaooTaHbi aa anexTponHTH'IecxoA eaHHe, 'ITO rroaeonHno no­

ny'IHTb orrTHManbH&Ie ycnoeHSI ¢oxycHpoeKH rryqxa. Ha pnc. 8 rrpnee.ueua 6nox-cxeMa 

CHCTeMbi HMrrynbCHOii: HH:>K9KUHH. YxaaaHHbiii: Ha CX9Me MO.llynSITOp C HCKYCCTB9HHOii: 

nHHHeA: co6paH ua eo.uopo.uuoM THpaTpoHe THrra TrJ.1 325/16. J.1cxyccTeeHHaSI nHHHSI 

IIO CX9M9 y LlB09HHSI <flopMHpyeT HMrrynbC 1 6nR3KHA K Tp8II91(9H.ll8nbHOMy
1 

HarrpSI:>K9HH9M 

.llO 4 KB H .llnHTenbHOCTbiO 0,5 - 1.5 r CeK. nocne yCHneHHSI HMrrynbCHbiM <jleppHTO­

BbiM Tpauc¢opM8TOpOM LlO 40 KB HMnynbC II0ll89TCSI Ha aneKTpOHHYIO IIYlliKYo npHMe­

H9HHe xaTo.uoe H3 La. Bo c eblcoxoA aMHCCHOHHoA cnoco6uocTbiO o6ecrre'IHeaeT 

rronyqeHH9 B HMIIynbCe TOKOB B H9CKOnbKO COT MHnnHaMnep. 
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PHc. 7. BaxyyMHaB xaMepa. 

3R/JI/CK 

,...., 220. 1//C T04HHJ< 
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PHc. 8. Enox-cxeMa CHCTeMbi HMnynbCHOA HH.>KeKUHH. 

.... ------- - --- --
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npH HerrpepbiBHOit HH:>KeKUHH B K8'IeCTBe HCTO'IHHKa IIOCTOSIHHOro H8IIpSJ:>KeHHSI HC­

IIOJ1b30B8J1CSI CT8HLl8pTHbiA BbiiipSIMHTeJib THlla BC-50-50 H8 50 KB H 50 Ma. JVhKCHM8JJb­

HhiH TOK aneKTpOHOB B HenpepbiBHOM pe:>KHMe COCT8BJJSIJJ 5 Ma. 

5. CHcTeMa HHLlYKUHOHHoro ycxopeHHH H "~opcHposxa' 

YcxopeHHe anexTpoHos -ocyruecTsnSJeTcSJ BHxpeBbiM anexTpH<reCKHM noneM, coaLlasae­

MhiM cepLle<rHHKOM, OXB8TbiB8IOIUHM aneKTpOMarHHT H K8Mepy YCKOpHTenSJ. nHT8HHe Cep.a. 

aeqHHKa npOH3BOLlHTCSJ oT 500 ru reHepaTopa, co6paHHoro Ha THpaTpoHax THrra TP 15/lf:l. 

Ha pHc. 9 rrpeLlcTasneHbi 

.;-+ 
=220e. 

·f-

I 

3t111. QIOil.J/11/U 
r£H£{)tiTOP 

I 

( 

H£348UCUMb/J.1 
/III-IBEPTOP 

--
<:.:- ~ IA4,ai:JKL{UOJ.IHbiU 

CEP.QELIH/111< 

PHc. 9. Enox-cxeMa reHepaTopa H ocuHrrnorpaMMbi MarHHTHoro rroToxa 

B cepLle<JHHKe H CKOpOCTH ero H3MeHeHHSio 
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6noK-CXeM8 reHepaTopa H OCUHnnorpaMMbl MarHHTHOrO llOTOK8 B cepne'IHHKe H CKOpOCTH 

ero H3MeHeHHH. B aaaHCHMOCTH OT ycnoaHA: pa6oThi HanpsnKeHHe BHxpeaoro aneKTPH'Ie­

CKoro DOnsl COCT8BnHeT IQ - 25 a/o60p0To BepxHHe H HH:>KHHe K8TyWKH B036Y:>KlleHHH 

cepne'IHHK8 coenHHeHbl CHMMeTpH'IH01 'ITO 3H8'1HTenbHO CHH:>K8eT BnHHHHe pacceSIHHOrO 

nons cepne'IHHK8o nnsr yMeHbWeHHSI llOTepb H8 nepeM8rHH'IHB8HHe H TOKH ¢yKO B K8'1e­

CTBe M8TepHana cepne'IHHK8 npw:MeHeHa XOnOllHOK8T8HH8SI CT8nb M8pKH 3-310 /XBn/ _,.. 
TOnWHHOA 0,35 MMe 

nm1 ynyqweHHH K09cPcPHUHeHT8 38XB8T8 aneKTpOHOB B pe:>KHM yCKOpeHHSI B MOllenH 

npenycMOTpeHa CHCTeMa 'ci>opCHpOBKH"' 1 CDOC06CTBYIOW8H 6onee 6hiCTpOMY yaony 

:meKTpOHOB OT HH:>KeKTOpa B MOMeHT BDYCK8 '18CTHUe 3TO o6ecne'IHB8eTCSI BHXpesoA: 

3nc aHa'IHTenbHOA: aenH'IHHhi I no 600 s/ o6opoTIJ coanaaaeMoA MarHHTHbiM noTOKOM s 

ClleUH8nbHOM cepne'IHHKe 1 OXB8TbiB8IOWeM K8Mepy YCKOpHTensr. 

¢opcHpOBO'IHbiA cepne'IHHK B036y:>KnaeTCH HMnynbCHO/ C '18CTOTOA 450-500 ru/ 

MonynHpyroweA: cxeMoA:, nono6HoA cxeMe MonynsrTopa HH:>KeKTopa. Cepne'IHHK HaroToa-

neH H3 neHTO'IHOA XOnOllHOK8T8HOA CT8nH M8pKH 3-310 1 TonwHHoA 0,08 MM. Ha 

pHC 0 lOa npHBeneHa OCUHnnorp8MM8 CKOpOCTH H3MeHeHHSI M8rHHTHOrO llOTOK8 B cPOpcH­

pOBO'IHOM cepne'IHHKe. 113 OCUHnnorp8MMbl BH llH01 'ITO nepBbiA HMnynbC anonHe ynoaner­

aopSieT Tpe60B8HHSIM 1 npell'bSIBnSieMbiM K HMITynbCy cPOpCHpOBKHo J.1MnynbC 1 COOTBeTCTay-

IOWHA cnany M8rHHTHOrO llOTOK81 HMeeT 0TpHU8TenbHOe BJIB'SIHHe H8 38XB8T '18CTHU B 

pe:>KHM yCKOpeHHSI 1 OC06eHHO Tex, KOTOpbie HH:>KeKTHpyiOTCSI B KOHUe HMnynbCa HH:>KeKUHH • 

Heo6xonHMOe yMeHbWeHHe aenH'IHHbi aToro HMnynbCa o6ecne'IHB8eTCSI cneuHanbHOA 

CXeMOA /pHC. 11/ 1 ll03BOnSIIOWeA pe3KO CHH3HTb CKOpOCTb Cll8ll8 M8rHHTHOrO llOTOK8 

a ci>opcHpoao'IHOM cepne'IHHKe. CHH:>KeHHe CKOpOCTH npoH3BOllHTCSI aaKopa'IHB8HHeM 

qepea THpaTpoH Trvt-325/16 HH3KOOMHoA o6MoTKH1 HaMoTaHHOA Ha ci>opcHposo'IHOM 

cepne'IHHKe. 

non:>KHr THp8TpOH8 npOH3BOllHTCH 8BTOM8TH'IeCKH OT llODOnHHTenbHOI 06MOTKH 1 

H8MOT8HHOA Ha TOM :>Ke cepne'IHHKe 1 B MOMeHT1 COOTBeTCTBYIOWHI H8'18ny cnana Mar­

HHTHOrO llOTOKa. 0CUHnnorp8MM8 HMnynbCa B STOM cnyqae ll8Ha Ha pHCo 1016. nnHTenb­

HOCTb HMDYDbCB cPOpCHpOBKH MO:>KeT H3MeHSITbCSI B npenenax 0,5 - 2r CeK • 
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e,) (De••nnorp&MM& CKOpOCTH H3MeHeHHSl M&rHHTHOrO •• ,.OK& 

a 4-lo,..pOBO'IHOM Cep,lle'IHHKe. 
·'ti' 

I) T1 lKe cawoe npa Rcnon&aosaaaa cneuanbll~:l cxeww, 
......... R& pKC. 11. 
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PHc. 11. CxeMa cneuHanbHoro ycTpoitcTaa nm1 yMeH::.weHHH CKOpOCTH 

cnana MarHHTHoro noToKa a ¢opcHposoqHoM cep.oeqHHKe. 

B. reHepaTophl BhlCOKOA qacTOThl 

JlnH npOB9Ll9HHSI 3KCDepHM9HTOB1 CBSI38HHbiX C H8KODJ19HH9M) yCKOpHT9J1b CHa6-

>K9H LlBYMH HLieHTHqHbiMH reHepaTopaMH BbiCOKOH qacTOTbi. Pa6oqHA nHanaaoH qacToT 

reHepaTopoa ne>KHT B npenenax 75 - 80 Mrru. KpoMe Toro 1 OHH MoryT 6biTb aoa6y»<­

neHbi H8 qaCTOTe 120 Mf'f'U
1 

qTQ COOTBeTCTByeT BTOpOi!: Kp8THOCTH qacTOTbl o6p8Ul9HJiiSI 

qaCTJiiU npOMe>KyToqHOH 9HeprHH. 

TaK KaK npH cpaaHHTenbHO ManbiX reoMeTpHqecKHX pa3Mepax MonenH npHMeHeHHe 

pe30H8TOpOB npeLICT8BJ1SI9TCSI B9CbM8 38TpyLlHHT9J1bHbiM 1 TO B K8'i9CTBe yCKOpSIIOWHX 

9J1eMeHTOB 6biJ1H HCITOJ1b30B8Hbl H30J1HpOB8HHbie yqaCTKH B8KYYMHOH KBMepbi. npH 

onpeneneHHOH BenHqHHe acpcpeKTHBHOT'O H8DpSI>KeHJiiSI H8 BbiCOKO'JBCTOTHOM yqacTKe v;q, 
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MOWHOCTb reHepaTopa 

cl= 2rte/L . rae 

p 
L 

6yaeT 38BHC9Tb OT yrnoBoro pa3Mepa 3Toro yqacTKa 

nepHMBTp op6HTbl 1 a e - anHH8 op6HTbl B BbiCOKO'IaC-

TOTHOM yqaCTKe. EMKOCTb HCllOn::.3yBMOI"O yqaCTK8 Ha 3BMniO MO:tKeT 6b!Tb 38IIHC8H8 

B BHLie: ~ 
C = CrnL 

rne eMKOCTh sceit saKyyMHoA KaMepbi. Toraa 

"\ r ,., ~1£~Stn2r.K /3.1/ 

\/ 3 cp- R CmwVL 
3neCb F\ - 8KTHBHOB COllpOTHBneHH9 Harpy3KH 1 {;.) - '18CTOT8 reHepaTopa. Vl3 /3.1/ 

BHLIH0 1 'ITO IIpH 3aaaHHOM ~ct> Tpe6yeM8SI OT reHepaTopa MOlUHOCTb 6yaeT MHHH­

M8nbHOJl: anSI MBnblX yrnoBbiX p8311!19POB BbJCOKO'I8CTOTHOI"O yqaCTKa. VIa KOHCTpyKTHB­

HbiX C006pa:tK9HHA B MOaenH Bbi6paHO ct- =30° 1 'ITO II pH BenH'IHHe a<l:J<i:JeKTHBHOI"O Ha­

npSI)KBHHSI ~~ = 200 B llpH~OaHT K 3H8'!eHHIO MOlUHOCTH p =2,5 KBTe 8 COOTBeT­

CTBHH C Tpe60B8HHeM H8 MOlUHOC Tb1 aHana30H '18CTOT H senH'IHHY HanpSDKeHHSI reHe-

paTopbi 6binH nocTpoeHbi Ha naMnax rY-5A no cxeMe c 3aaeMneHHoA ceTKOA H aHoa­

HbiMH H KBTOaHbiMH KOHTypaMH K08KCH8nbHOI"O THIIa. HaCTpOAKa '18CTOTbl reHepaTopa 

npOH3BOaHTCSI H3M€H9HH9M anHHbl 8HOaHoA nHHHH C llOMOlllbiO rrnyH:tKepa. ,llng 

H8CTpOAKH B pe30H8HC BbiCOKO'I8CTOTHOrO yqacTK8 HCllOnb3yeTCSI 0Tp930K nHHHH C Ma­

nbiM sonHOBbiM conpoTHsneHHeM. CxeMa BbiCOKO'!aCTOTHoro yqacTKa c reHepaTopoM 

H H8CTp8HB8IOlUBA nHHHeA aaHa H8 pHC. 12. BbiCOK0'18CTOTHyiO CHCTeMy MO:tKHO H8CTpo· 

HTb T8K 1 'ITO Dp8KTH'I9CKH HanpSI:tK9HH9 OK83biB89TCSI DpHnO:tK9HHbiM TOnbKO K OaHOA 

wenH yqacTKa. BnaroaapSI 9TOMY o6cTOSITenbCTBY Ha o.aHoA H3 weneA Ka:tKaoro yqacT­

Ka HCnOnb3yeTCSI p93HHOBOe ynnOTHeHHe BM9CTO Bb!COKO'I8CTOTHOI"O H3 tPTOpOnnaCT81 

'ITO yao6Hee DpH C60pKe B8KyyMHOA K8Mepbl H MHOI"O Haae:tKHee npH 9KCDnyaT8UHH. 

3aBHCHMOCTb a<l:J<i:JeKTHBHOr<Y H8DpSI:tK9HHSI Bb!COK0'18CTOTHOI"O yqacTK8 OT '18CTOTbl DpH 

p83Hb!X 3H8'!eHHSIX paaHyca DpHBeaeHa H8 pHC. 13. 

7. 3neKTpOHHOe ynpaBnSIIOlUee yCTpOACTBO 

Pa6oTa aneKTpOHHOA nywKH, <PopcHposo'!Horo cepae'IHHKa H reHepaTopa BbiCOKOA 

'18CTOTbl aon.>KH8 6biTb .>KBCTKO CBSI38H8 DO BpeMeHH C MBI"HHTHbiM DOTOKOM qJ B 

HHLIYKUHOHHOM cep.ae'IHHKe. .llnSI 9TOA uenH npe.OH83HaqeHO CD9UH8nbHOe aneKTpOHHOe 

ynpaanSIIOWee yCTpOACTB0 1 6noK-CXeMa KOTOPOI"O npHseaeHa H8 PHC. 14. 
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PHc, 13, 3aaHCHMOCTb a¢¢eKTHBHoro HanpsnKeHHSJ 

BbiCOKO'i8CTOTHOrO y'iaCTK8 OT 'i8CTOTbi, 
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PHc. 14. Bno~~:-cxeMa ynpasnsuomero ycTpoAcTsa. 

¢1opM8 M8rHHTHOrO ll0TOK8 Rony'l8eTCSJ HHTerpHpOB8HHeM H8llpH:>KeHHSJ
1 

nponop­

UHOH8nbHOrO CKOpOCTH H3MeHeHH$l M8rHHTHOrO ll0TOK8 H CHHM8eMoro C m BHTKOB
1 

H8MOT8HHbiX H8 HH..llYKUHOHHOM Cep..lle'IHHKe. 

ViuTerpHposauHe npoBO..llHTCH RC 
R) ..,!__ 

Cw 
- KOHTypOM fcM.pHc.15/ H npH ycnOBHH 

BbiXO..llHOe HanpH:>KeHHe H8 eMKOCTH 6y..lleT HMeTb BH..ll: 

li(t)= n~ -cp(t) 13.2/ 

t 
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PHc. 15. CxeMa HHTerpaTopa. 

PHc.l6. CxeMa .llHO.llH()ro orpaHH'IHTensr. 
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.D.anbHeAwee npeo6p830B8HHe BbiXO.llHOrO H8npSI>K9HHSI OCyWeCTBnSieTCSI .llHO.llHbiM orpa­

HH'IHTeneM /cM.pHc, 16/. MeusrSI aenH'IHHY aanHpaiOmero Hanpsr>KeHHH .llHO.noa, MO)KHO 

nnaauo perynHpoaaTb ypoaeHb orpaHH'IeHHH CHruana caepxy H CHHay H TeM caMhlM 

C.llBHr8Tb MOM9HT 38nycKa ynpaanSI9MbiX yCTpOACTB no OTHOWeHHIO K M8rHHTHOMy 

nOTOKYo 8 K8'1ecTBe HCTO'IHHK8 onopHoro HanpSI>K9HHSI .nnsr orp8HH'IHTenSI HCnOnb3yeTCSI 

CT86HnH3HpOB8HHbiA BhlnpSIMHTenbo ¢>opMHpOB8HHe BhlXO$oro CHrHana .llHO.llHOrO orpa­

HH'IHTenSI npoao.nHTCsr penaxcauaoHHhlMH cxeM&MH. BpeMeuuasr .nHarpaMMa pa6oT&I 

anexTpouuoro ynpaanHIOlllero ycTpoAcTaa npe.ncTaaneHa Ha pHc. 17. 

KpoMe onHcauu&Ix B&Iwe aneMeHTOB a ynpaansriOweM ycTpoAcTae HMeeTcSI ¢aHTa­

CTpOHH8SI CX9M8 38.ll9p>KKH 1 o6ecne'IHB810lll8SI 38n83.llhlB8HHe no OTHOWeHHIO K HMnynbCy 
' ' 

HH>KeKUHH H8 apeMSI .llO 100 ., CeK 1 nepeC'19TH8SI CX9M81 n03B~nSIIOlll8SI BhlKniO'IHTb 

O.llHH H3 reHepaTopoa qepe3 K8>K.llhlA '19TB9pTbiA1 WecTH8.llU8TbiA HnH WeCTb.ll9CSIT 'leT­

aepThlA UHKnbl HH.llYKUHOHHOro ycxopeHHSio 

-/ .. - -·- - -- -------- ·- ·--

/ ._ _____ - .. v·· ~ V-~--~~------
: l l l I 
I I I I 
~ l ~ . 

I I 

_L_ ~ ~ 

PHc, 17 • BpeMeHuasr .naarpaMM& pa6oThl snexTpOHHoro ynpaanHIOlllero 

ycTpoACTB8 0 

1, MarHHTHbiA nOTOK B HH.llyKUHOHHOM C9p.ll9'1HHK9, 2, VfMnynbC sanyCK8 

CHCT9Mbl HH>KeKUHH H tPOpCHpOBKH, 3 H 4, VfMnynbChl BKniO'IeHKSI K B&I­

Kni0'19HHSI reHep8TOpOB BbiCOKOA '18CTOThl, 

1 

' 

3TH 

HbiX 

non 

npa 

Oll 

BHe 

nara 

XOPlll 
i 

.llyr~ 

c pa~ 
i 

HHil l 

'ITO ~ 

pa. E 
' 

PH Mel 
I 

nonu~ 

r.lle, 

nomoc 

H npH 

p83ME 

low. --~ --------~ --------- --- - - - ·- .,, ---~ 
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3TH ycTpOACTBa 6y D.yT HCnOnb30B8Hbl npH npoBeD.eHHH pSID.8 8KCnepHMeHTOB1 CBSI38H­

HbiX c HaKonneHHeM nyqKa. CTa6HnbHOCTb HanpSI*eHHA a ynpaanSIIOIUeM ycTpoAcTae H 

nonoca nponycKaHHSI acex KaHanea onpenenSinHCb Heo6xoD.HMoA TO'IHOCTbiO 

npHBSI3KH HMnynbCOB K MarHHTHOMy nOTOKYo 

II 4. MarHHTHOe none H ero xapaKTepHCTHKH 

1. MarHHTHoe none 

KaK y)Ke OTMeqanOCb1 M8PHHTHOe none B MOD.enH C03D.8HO BHTK8MH C TOKOMe 

0D.HHM H3 OCHOBHbiX Tpe60B8HHA 1 npeD.'bSIBnSieMbiX K M8PHHTHOMY non10.1 SIBnSieTCSI ycno­

BHe nocTOSIHCTaa K a n106oA TO'IKe MaiUHHhl. 3ToMy MO)KHO ynoaneTaopHTb, pacno­

naraSI BHTKH paanH'IHbiMH cnoco6aMH: no D.yraM OKPY*HOCTeA H3 neHTpa M8lllHHbl no 

XOpD.8M H T 0 D.e 8 MOD.enH BHTKH pacnonO)KeHbl BD.Onb HD.eanbHblX Op6HT, Tee• no 

D.)IT8M OKpy)KHOCTeA, paD.HYCbl H nonO)KeHHe IIeHTpOB KOTOpbiX nHHeAHO H3MeHSIIOTCSI 

c paccTOSIHHeM OT neHTpa MaWHHhi. BenH'IHHa MarHHTHoro nonSI H nopSID.OK paaMeme­

HHSI BHTKOB 6blnH paCC'IHT8Hbl 1 }18 OCHOB8HHH 38KOH8 nonHoro TOKa B npen.nono)KeHHH, 

'ITO conpoTHaneeee MarHHTonpoaona MHoro MeH&IUe conpoTHBneeas aoa.ayweoro aaao­

pa. BnaSIHHe conpoTaaneHHSI *eneaa Y'IHTbiBanocb oTnenbHo. Eb!no noKaaaHo H aKcne­

paMeHTaJibHO npoaepeeo, 'ITO nononeeTeJibHas o6MOTKa, noMemeeHaSI Ha spMe non10ca 

nonHOCTbiO KOMneHCHpyeT STOT acpcpeKTe 

l1a 38KOH8 noneoro TOK8 CnenyeT COOTHOWeHHe: 

Jw = ~~ro .--' z 
rne ]w - qecno aMnep-aHTKoa, h = ha Zo - aepTHKanbHhiA aaaop Me*D.Y 

14.11 

noniOcaMH aneKTpoMarHuTa. noncTaanSISI a /4.1/ Bblpa*eHHe D.nSI H H3 /1.1/ 

H npHHHM8SI BO BHHM8HHe nocneD.OBaTenbHOCTb COeD.HH9HHSI BCeX ~HTKOB1 H8ID.9M 38KOH 

pa3MeiU9HHSI HX no paneycy: 

W == .tkb: (l-)5.::. Wo ( r)S 
0, lfit J l.o Z.o /4.2/ 
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nerKO llOK838Tb1 'ITO npH Jw = (.on~ t 3H8'1eHHe TOK8 cnenyeT Bbi6HpaTb 

MaKCHManbHO B03MO)KHbiM 1 T8K Kait 8 cnyqae OLlHOCnOitHOA K8TylllitH STO o6ecne'IHBaeT 

H8HnV'llllHA TennoaoA pe)KHMe 

HaMOTKa KaTyllleK nposonHnacb c noMOlllbiO aniOMHHHeBbiX llla6nosoa, B ItOTOpbiX 

6binH BbicPpe3epOB8Hbi K8H~BitH, KODHpyiOIUHe reoMeTpH~ HLl98nbHbiX op6HT• npoBOLlHHKH 

yKnaLlbi88nHCb B STH KaHaBICH H 38T9M HaKneHB8nHCb Ha aniOMHHHeB.biA nHCT TOnlUHHOft 

B 1 MMe LJ.m1 yaenH'leHHSI M9X8HH'l9CKOit npO'lHOCTH H yny'llll9HHSI OTBOLl8 Tenna OT 

npOBOLlHHKOB BCe IC&TylllKH 6binH nponHT8Hbi KOMnayHLlOM J'v\6K-1. 

Ha pHc. 18 npHaenesa ¢oTorpa¢HH ocsoasoA KaTylllKH npsrMoro ceKTopa. Ha 

ManbiX p8LlHYC8X KaTylllKH 1 rne nnOTHOCTb &Mnep-BHTKOB CpaBHHTenbHO Mana, BHTKH. 

cnenaHbi pacnpeneneHHblMH 1 T.e. COCTOSilUHMH H3 HeCKOnbKHX npOBOLlHHitOB1 C09LlHHeH­

HbiX napannenbH00 LJ.ng KOMll9HC8UHH KpaeBbiX acj;JcpeKTOB nonO)K9HH9 H9CICOT.111biCHX nep­

BbiX npOBOLlHHKOB H8 HS'IanbHOM panHyCe H HeCKOnbKHX llOCn9LlHHX BHTICOB Ha ItOH8'1BOM 

--t:::-;-

PHc. 18. OceoaHaH K&TylllKa npHMoro ceKTopa B npouecce nonroTOBKH K KOMnaye-
• LlH pOB8H!ii0 0 • 
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pa.a&yce 6blno no.ao6paao aKcnenn:MeHTanbHo. KpoMe oCHOBHbiX KaTyweK, pacnono:>Kea­

HbiX H8 nomOC8X aneKTpOM8rHHT8, H8 HpMe K8:>K,aoro CeKTOpa nOM9W8IOTCSI K8TyWKH 1 

ycTp8HSIIOLUHe BnHSIHHe conpOTHBneHHSI :>Keneaa. Bea STHX BHTKOB BnHHHHe o6paTHbiX 

nOTOKOB pacCeSIHHH H8CTOnbKO B9nHKO, qTO none H8 M8nbiX pa.a&ycax npHHHM8eT OTpH­

ll8T9nbHae aaaqeHHH /cM.p&c. 19/. HapH.ay c KOMneacan&eA smisHHH conpoT&sneHHH 

J.•ftHJ 

2UO 

100 

PRe. 19. ~arHHTHoe none B ceJtTopax. 

1. none, C03.08B8eMOe OCHOBHOI K8TyWKOI; 2. none, 

coa.aasaeMoe K8TYWKOI RpM a; 3. CyMMapaoe M&rHHT&oe none. 
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:;>Keneaa .ll068BO'IHbie BUTU H8 SlpMe o6ecne'IHB8IOT He06XO.llUMyiO BenH'IUHY H8'18nbHOrO 

MaruuTuoro nonsr H 0 u noasonsriOT uaMeHSITb B HeKOTOpbiX npe.aenax K ua MBnbiX 

pa.auycax I cM.puc. 20/. 

I( 
.... 

io/'.2 

~I 

J.l 

3,51 I I I I I I I I I I 1 1 I .1~ 
Q~ (/9& 1.00 (IJI tOt 1,()8 (Ill 

Puc. 20. 3aBHCUMOCTb DOJC838Tensr nonsr OT BenH'IHHbl TOJC8 B Jt8TYWKe 

SlpMa. no OCH a6CUHCC OTnO:;>KeHbl 3H8'1eHHSI TOKOB B OTHOCR­

TenbHbiX e.aRHHnax. 

~ 

nuT8HRe aneKTpOM8rHHT8 OCyLUeCTBnsreTCSI OT 8Jc:KyMynSITOpHOI 6aTapeH eMKO­

CTbiO 800 8Mnep'I8COB U H8DpSI:;>KeHHeM 220 Be Enaro.aap.H 60nbWOI MOLUHOCTH 6aT8-

peH1 CT86UnH38UHSI TOKOB 6appeTOp8MH OK838n8Cb BDOnHe .llOCT8TO'IHOAe CxeMa DHT8-

HHSI anexTpoMarHHTa, npuse.aeuaasr aa puc. 21, o6ecne'IHsaeT aeaasucHMyiO perynHpos­

KY TOKOB B npSIMbiX U 06p8THbiX CeKTOpax. npH DOMOLUH YJC838HHbiX H8 CXeMe conpo­

TUBneHHA R1. H 1=\'2. ocymecTsnsreTcsr cneUHanbHhiA nuKn paaMarHH'IHBBHHSI1 cHu:;>KaiO­

wuA yposeHb ocTaTo'IHoro ncinsr .ao .aonycTHMOA senH'IUHbl. 3To o6ecne'IHsaeT ua.ae:;>K­

uoe BOCDpOH3BO.llCTBO M8rHHTHbiX xapaxTepHCTUJC DOCne n1060r0 R3MeHeHHSI TOK8 HnH 

ero CHSITHSI. Pacnpeneneuue ocTaTO'IHoro nons .ao u nocne paaMarHH'IHBaausr .aaao 

aa pHc. 22. 
PHc. 2: 

t 



lbiX 

a-

PHc. 21. CxeMa nHT8HHR aneKTpoMarHHTa KOnhuesoro ¢asoTpoHa. 

113 
2? 

40 
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. zr 

R. """" 
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350 If 50 soo 550 ~0() 

PHc. 22 •. 0cTaToqHoe none B ceKTopax aneKTpOMarHHTa: 1-3- ocTaToqHoe none 
npRMoro H o6paTHoro ceKTopoB no pasMarHHqHBaHH~, 2-4 - To ~e caMoe 
nocne pasMarHHqHBaHHR. 
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2. MarHHTHhie HaMepeHHSI 

B nporpaMMY MarHHTHhiX HaMepeHHA axo.oHnH H3MepeHHSI noKaaaTenP. nonSI K 
aaHMyTanbHoro pacnpe.oeneHHSI nonSI H nono:>KeHHSI cpe.oueA MarHHTHOA noaepxuocTH. 

ViaMepeHHe nepBbiX .oayx xapaKTepHCTHK npoao.oHnocb a cpe.oueA nnocKoCTH aaaopa 

sneKTpOMarHHTa HH.llyKUHOHHhlMH KaTylllKaMH C HCnonb30BaHHeM 6annHCTHqecKoro ran~ ... 
BaHOMeTpa B KaqecTae OTCqeTHOrO npH60pa HnH Hynb - npH60pa npH KOMneHCaUHOHHOM 

MeTo.oe H3MepeHHSI. KapeTKa c yKpenneHHbiMH Ha uea KaTylllKaMH Morna nepeMeruaTb­

CSI no pa.oHycy B cneuHanbHOft lllTaHre, KOTopaS11 B CBOIO oqepe.llb1 HMena B03MO:>KHOCTb 

noaopaqHaaTbCSI no aaHMyTy OTHOCHTenbHO reOMeTpHqecxoro UeHTpa ycTaHOBKHo 

noxaaaTenh nonSI K. HaMepSincH a ueuTpe Ka:»<.ooro ceKTOpa ua paaHhiX pa.oHy­

cax /pHc. 23/ H a HecKonhKHX ceKTopax no xpaHM. EonhlllHe xone6aHHSI K ua KpaSix 

ceKTOpOB CB&3aHhl C HeTOqHOCTSIMH npH <f:lopMHpOBaHHH no60BbiX :>KryTOB KaTyllleK. 

O.ouaKo, npoHHKHoaeuHe 9THX aoaMymeuHA BHYTPh ceKTopa ueaenHKo, H cne.ooaaTenb-

uo, HX anHSIHHe ueauaqHTenbHO. ViaMepeHHSI noKaaanH 1 qTo auaqeuHSI K ua paan~~q-

H biX pa.oHycax B ueHTpe n106oro CeKTOpa COOTBeTCTBYIOT pacqeTHOMy C ToqHOCTbiO 

:!:., 1% 1 KpOMe HeCKOnbKHX MeCT1 COOTBeTCTBYIOlUHX nepexo.oy B KaTylllKaX OT pacnpe­

.oeneHHhiX BHTKOB K O.llHHapHbiM 1 r.oe OTKnOHeHHe .llOXO.llHT .llO ::t_2%. 
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PH c. 23. 3aaHCHMOCTb noKaaaTemr nonSI oT pa.oHyca a npSIMOM I 1 I H o6paTHOM 

/2/ ceKTopax. 
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l1aMepeHHSI K 6&um npoae.aeH&I npa paamf'IH&Ix aHa'leHHSIX TOKOB a npSIM&IX 

H o6paTHbiX C9KTOpax. Ha pHCo 24 npe,aCTBBIJeHa 3BBHCHMOCTb M.9>K.llY TOKBMH B oc­

HOBHbiX KaTywKax Ha nomocax H TO KaMa a KaTywKax SlpeM, coxpaHSIIOlllaSJ K nocTOSJH­

H&IM H paBHbiM pBC'l9THOMy • 

w 

" 
~ 

,, 
... 
~· •• 

Pac. 24. rpa<PHK 3BBHCHMOCTH M9>K.lly TOKBMH OCHOBHbiX KBTyWeK 

H KaTyweK SlpMa .llliSI K = Con~t a npSJM&IX /1/ H o6paTH&Ix /2/ 

CeKTOpax. no OCSIM OT1JO>K9Hbl 3HB'l9HHH TOKOB B BMnepax. 

l1aMepeHHH aaaMyTanbHoro pacnpe.aeneHHSI nong npoao.aHIIHCb Ha Tpex pa.aaycax 

H DOKB3B1IH, 'ITO HeO,llHOpO,llHOCTb DOIISI B O.llHHBKOB&IX TO'IKax CTpyKTypbl MBrHHTa He 
. ..... 

nnea&IwaeT :t. 1%. 

Baa.ay 3HB'lHTe1JbHOI KpHBH3Hbl MarHHTH&IX CHIIOB&IX IIHHHI a ycKopaTensx .aaHHoro 

THDa, ODpe,aeneHH9 D01JO>K9HHH cpe.aHel MBrHHTHOI DOB9PXHOCTH He npe,llCTBB1IH9T CIJO>K"' 

HOI T9XRR'l9CKOI 3B.llB'lH• J1aMepeHHH npOBO.llHIIHCb C DOMOlllbiO nepMBIJIJOeB&IX .llBT'lRKOf\ 

KOTOpble o6ecna'IIHBBIOT TO'IIHOCTb B 0,2 MM0 nolJOCKH H3 nepMB1J1JOH
1 

paaMepOM 

50x2x0,08 MMe C BBMOTBHHbiMH Ha BHX 06MOTKBMH, OpH9HTHpOBB1IHCb B.ll01Jb pa,llHBIJb­

ROI COCTaB1JSIIOlll91 DOIJSI• no O.llHOI OISMOTKe nponyCKBIJCSI DOCTOHHB&II TOK / .llliH KOM-
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neucauuu paLlHanbHoA cocTaansnoweA non9,/ H TOK aayKoaoA 'IB.CTOTbi I Llnsl C03Ll8.HHsr 

MarHHTHoro nonsr MOLlynsruHH/. C LlpyroA o6MoTKH Ha ocuunnorpa¢ noLlaaancsr CHr­

Han, COOTBeTCTBYIOlUHA MOMeHTy nepeM8.I'HH'IHB8.HHSI nepMamt'osr. BenH'IHH8. 9TOI'O 

CHI'Hana M8.KCHM8.nbH8. npH nonHol KOMneHC8.UHH P8.LlH8.nbHOI COCTB.BnSIIOIUeA nonsr. 

Pacnonarasr LlB.T'IHK Ha onpeLleneHHOM paccTOSIHHH "l..a BbiWe H HH:>Ke cpeJ.lHeA 

reoMeTpH'IeCKOA. nnOCKOCTH Jl H3Mepsrsr B K8.:>KLlOM CnY.'IBj 3H8.'1eHHSI KOMneHCHpyiOwero 

TOK8. iJ.. H l2. • nHHeiHOI HHTepnOnSIUHel H8.XOLlHnOCb OTKnoHeHHe nono:>KeHHSI 

CpeLlHeA M8.I'HHTHOA noaepXHOCTH OT reoMeTpH'IeCKOI no cPOpMyne: 

6.1. = z I i1.l - I ill 
0 l itl + .lltl 

14.3/ 

CxeMa. npu6opa. npHBeLleHa. Ha. pHc. 25. B npu6ope ucnonbaoaanucb LlBB. o LlHHB.KOBbiX 

Ll8.T'IHK8., nOMeweHHbie B OLlHOM YCTpOICTBe H Llyf5nHpyiOIUHe Llpyr Llpyra. naT'IHKH 

0 

• 

Puc. ·25. CxeMa npH6opa Llnsr H3MepeHHsr cpeLlHeA Mar_HHTHoA noaepxHOCTH. 

ycTa.Ha.anHaanucb Ha Ty :>Ke WTaHry, KOTopasr Hcnonb3oaanacb npH H3MepeHHsrx K , H, 

cneLloBa.TenbHo, Mornu nepeMewaTbCSI KaK no PB.LlHycy, TaK H no aauMyTy. Ebino npo­

BeLleHo H3MepeHHe CpeLlHeA M8.I'HHTHOI noaepXHOCTH B UeHTpe K8.:>KLlOI'O CeKTOp8. H8. 

Tpex PB.LlHyca.x H Bbl6opo'IHO HccneLloaanocb ee noaeLleHHe no 8.3HMyTy. 0TKnoHeHHsr 

CpeLlHeA MB.rHHTHOI DOBepxHOCTH OT reoMeTpH'IeCKOI He npeBbiW8.IOT aenH'IHHbl 0,5 MM
0 

' 

LleHH 
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HHH1 
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§ 5. 3anycK ycKopHTenSI 

1. YIH.UHKBUHSI nyqKa a KBMepe YCKopHTenSI. 

Pa6oTa c ny'IKOM Ha ycKopHTene npoao.uHnacb & .naa aTana: Hccne.nosaHHe noae­

.neHHSI ny'lKa na nepshlx o6opoTax 6ea ycKopeHHSI /cTaTHaecKHA pe)KHM/ H s npouec­

ce ycKopeHHSI /,nHH8MH'l9CKHA pe)KHM/ • LlnSI HH,UHKBUHH nyqKa B CT8THI'IeCKOM pe)KHMe 

HCnOnb30B8nHCb 9Jtp8Hbl H C9TKH 1 noKpbiTbl9 cepHHCTbiM UHHKOM1 KOTOpbie BBO.UHnHCb 

BHyTpb K8Mepbx qepea OTBepCTHSI B Hapy)KHOA CT9HKe H MOrllH nepeMelUBTbCSI no pa­

.UHycy. C noMOlllhiO HX 6hmH nony'leHbi npe.nsapHTenbHhie .naHHhie o qacToTax cao6o.n­

HhlX Kone6aHHA. f<poMe Toro C9TKH HCnOhb30B8nHCb npH OKOH'l8TenbHOA KOppeKUHH 

MarHHTHoro nonSI no nepaoMy o6opoTy. 0HH ycTaHaBnHsanHCb c Heo6xo.nHMoA CTeneHbiO 

TO'IHOCTH B U9HTpe K8)K,UOrO npSIMOrO H o6paTHOrO CeKTOpOBo npo3p8'lHOCTb CeTOK Ta­

KOB81 'ITO nocne npOXO)K,U9HHSI 30 C9TOK HHT9HCHBHOCTb ny'IK8 OCTaBanacb ,UOCT8TO'l-

HOA .nnH BHayanhHoro Ha6niD.neHHSI. Ha ceTKax 6hmH . ,HaHeceHbi Koop.nHHaTHbie llH-

HHH, C nOMOlllbiO KOTOpbiX onpe,nenSinOCb nonO)K9HH9 ny'lKOBo 

B .UHHBMH'l9CKOM pe)KHMe B Ka'leCTBe HH.UHKaTopoa Hcnonb3oaanHCb ti>oToyMHo­

)KHTenb H Ha6op MHllleHeA1 HM910lllHX B03M0)KHOCTb nepeMelll8TbCSI no pa.n.Hycy H Bbi-

coTe. Ha pHc-2 6 npHae.neHa tiJoTorpatPHSI co6paHHoro ti>oToyMHO)KHTensx. CHrHan 

Puc. 26. 06lliPQ BH.U Co6paHHOrO tPOTOYMHO)KHTenSI CO CB9TOBO,UOM H CUHHTHnnSITOpOM. 
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HB Hero nocTynaeT OT nnaCTH"i9CKOrO ~UHHTHnnHTOpa no CBeTOBOAY H3 opr8HH"i9CKOrO 

CTeKna. JJ.ng YM9Hblll9HHH ypoBHH lllYMOB ~OTOyMHO:>KHTenH H OTBO AS C nnaCTH"ieCKOro 

CUHHTHnnHTopa 3BpHAB OT non8A8IDlilHX H8 Hero anexTpOHOB H8 CUHHTHnnSITOp H8H9C9H 

HBnbrneHHeM B BBKyyMe cnoit M9AH TOnlilHHOA 10 MKe QqeHb MBnbiA lll8r 38 o6opOT 

/rropHAKB HeCKOnbKHX MHKpOH/ HCKnroqaeT B03MO:>KHOCTb HenocpeACTB9HHOrO nonaAa-

HHH aneKTpOHOB B CUHHTHnnsTop. CuHHTHnnHUHOHHbi9 BCnb!WKH o6pa3yiDTCSI 38 C"i9T 

SIBneHHH ci:>OT09~~9KTB H KOMnTOHOBCKOrO pacceHHHSI ~ ... _KB8HTOB 1 o6pB3YIDillHXCH npH 

TOpMO:>K9HHH nepBH"iHbiX aneKTpOHOB B noKpbiTHH nnaCTHKBo 

npoBeA9HHbi9 pBC"i9Tbi H 9KCnepHM9HTbl nOK838nH, "iTO ABHHbiA M9XBHH3M pa60Tb! 

cpoTOyMHO:>KHTenH AOCTBTO"iHO acpcpeKTHB9He 

2. 3 K C n e pH M e H T bi 

Kax y:>Ke OTMe"ianocb1 pa6oTa no 3anycxy ycxopHTens Haqanacb c HccneAOBSHHH 

noBeAeHHH nyqxa Ha nepBoM o6opoTe. B pe3ynbTaTe npoaeAeHHbiX axcnepHMeHTOB 6brno .­

BbiHCHeHo, "iTO none B CeKTOpax, HBXOAHillHXCH nOA HHAyKUHOHHblM H tiJopcHpOBO"iHbiM 

cepAe"iHHKBMH1 OTnHqaeTcs oT pacqeTHoro H H3MepeHHoro paHee. KoHTponbHbie MarHBT-

Hbie H3MepeHHH nOKB3BnH 1 "iTO BnHHHHe cepA9"iHHKOB HB 83HMyTanbHyro HeOAHOpOA­

HOCTb MarHHTHoro nonH H K 3HB"iHTenbHO cHnbHee 1 "ieM oueHHBanocb. 

nocne HcnpaaneHHsi MarHHTHoro nonH 6b!nH nocTaaneHbi onbiTbi no onpeAeneH.Hro 

"iBCTOT CB060AHbiX KOne68HHilo JJ.nH 9TOA uenH rrpHMeHHnCSI HH:>KeKTOp C MBnbiM OTBep-

CTH9M B 8HOAe. MHUleHb C OTBepcTHHMH,pacnono:>KeHIIbiMH onpeAeneHHbiM o6p830M,rrOM·­

IUBnBCb B cneAyiDlilHA 38 HH:>KeKTOpOM aneMeHT nepHOAH"iHOCTHe npH rrpOXO:>KA9HHH 

ny~uta aneKTpOHOB qepe3 OTBepCTHSI H8 nocneAyiDillHX MHUleHHSIX /rrOKpb!Tb!X cepHHCTbiM 

UHHKOM/ ROHBnHIDTCH H306pa:>KeHHSI 9THX OTBepcTHA. Yf3Mepg~ COOTBeTCTBYIDillHe pac-

8 
CTOSIHHH MO:>KHO rrpH6nH3HTenbHO onpeAenSITb 3HB'ieHHH "i8CTOT CB060AHbiX KOne6aHHA • 

To"iHOCTb ABHHOro MeTOA8 HeaenHK8 H COCT8BnSieT AnSI sepTHK8nbHb!X Kone68HHA 

~ ~l =!. 0,1, AJISI paAHanbHbiX~~'){ =.!., 0,20. MeHblllSSI TO"iHOCTb a onpeAeneHHH~](. 
06nHCHH9TCH BnHSIHH9M 9HepreTH"i9CKOro pa36poca H 38BHCHMOCTbiD 'i8CTOT CB060AHbiX 

KOne6aHHA OT BMrrnHTYA. ·Ha pHC. 27a npHBeAeHa 3BBHCHMOCTb ~ X,i_ OT OTHOIUeHHH 

TOKOB B rrpS!MbiX H o6paTHbiX CeKTOpBX 1 CHHT8H ABHHbiM MeTOAOM. KpoMe 9TOro no 

nepBOMY o6opoTy MeTOAOM CeTOK 6b!nH yTO"iHeHbl pacqeTHbie 3H8"ieHHSI 9HeprHH 

Pxc. 

• 
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Pxc. 27. 'lacTOT&I cao6o.llH&rx Kone6aHHA (a) H .HHTeacxaaocT& yc~~:opeHHoro nyq~~:a ( 6) 

B 38BHCHMOCTH OT OTHOWeHHSI TOKOB B DpSIMbiX H o6paTHbiX CeKTOpo!lXo · 
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MH:>KeKUMH 1 COOTBeTCTBYIOIUHe p8.3HhiM 3H8.'1eHHSIM OTHOllleHHA TOKOB B npSIMbiX ~ o6par­

HbiX ceKTopax. EcliH aHeprHH HH:>KeKTMpyeMbiX aneKTpoHos He cooTseTcTsyeT op6MTe
1 

npoxo.osrruea qepea HH:>KeKTop, To 'leTHhie <t>oxycbi pacnono:>KaTcsr Ha op6MTe, npoxo.osr­

rueA 'lepea MH:>KeKTOp1 a He'leTHbie 6y.oyT OTCTOSITb OT HMX no pa.oHycy H8. BeJIH'IMHy 

.OBOi!:HoA 8.MnJIMTY.llbi p8..0H8.JlbHbiX KOJie68.HHA. npH H3MeHeHMH 3HeprHH MH:>KeKUHHa 

He'leTHhre <t>oxychi 6y.oyT nepeMeruaTbCH no pa.oHycy. CJW'IaA, Kor.oa see <t>oxychi yxna­

.llhiBB.IOTCH H8. op6HTy 1 npOXO.OSIIUYIO 'lepea HH:>KeKTOp1 6y .oeT YK8.3biB8.Tb Ha COOTBeT­

CTBHe aaeprMH MH:>KeKTHpyeMbiX anexTpoaoa MarHMTHOMy nonro. Ha pHc. 28 npe.ocTas­

neao nose.oeHHe <i:>oKyCOB npM p8.3JlM'IHbiX 3H8.'1eHMSIX 3HeprMH HH:>KeKUHH 3JleKTpOHOB
0 

4Z' 
lfH 

10 

•5 

-s 

10 

/6 l 2 3 4> 5 6 7 8 9 10 II IZ 13 Ill ~~ 16 

PHc. 28. nose.oeHHe <t>oxycoa npH p8.31IH'IHOA 3HeprHH HH:>KeKUHH 3JleKTpOHOB. 
Ha ocH a6cu~~:cc yKaaaHbi HOMepa ce~~:Topos. 

nocJie TOrO K8.K 6hiJIH npose.oeHbi OnHC8.HHhie Bblllle 3KCnepHMeHTbi H8. nepBOM 

o6opoTe 1 ny'IOK 6hiJI ycKopeH .oo aaeprHH 450 Kas, T.e • .oo aaeprHH 1 KOTopyro 

CnOC06HO C006IUHTb 3JieKTpOH8.M BHXpesoe 3JleKTpH'IeCKOe none 38. O.OHH UHKJI HH.OyK­

UHOHHoro ycxopeHMH. Ha pRe. 29 np~~:se.oeHbi ocu~~:nnorpaMMhi ycxopeaaoro nyqxa. 

t 

• 
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PHc. 29. OcmrnnorpaMMhi ycKopeHHoro ny'IKa: 

a) 6e3 ¢opCHpOBKH; 6) llpH HanH'IHH ¢opCHpOBKHi 

B) ny'IOK, ycKopeHHbiH .llO KOHe'IHOA aueprHH. 

Cny'IBH_ a) H 6) COOTBeTCTByiOT npoMe2KyTO'IHOH SHeprHH
1 

npH'IeM B O.llHOM H3 HH:X (6) 

ycxopeHHe npOBO.llHnOCb ilpH BKniO'IeHRH ¢opcHp0BKH
1 

a B .UpyroM (a) - 6ea ¢opcH­

pOBKH. J.1HTeHCHBHOCTb YCKOpeHHOrO ny'IKa npH BbiKniO'IeHHOM ¢opCHp0BO'IHOM cep,lle'I­

HHKe 6hina1 KaK npaaHno1 ua nopSI.llOK HH2Ke. 

Y CKopeHHe M02KeT npoHCXO.llHTb npH paaHbiX pe2KHMax pa6oTbi ycTaHOBKH. Ha 

pHC. 27 6 npHBe.UeHa HHTeH~BHOCTb YCKOpeHHOro ny'IK8 B 38BHCHMOCTH OT COOTHO­

llieHHSI TOKOB B ilpSIMbiX H o6p8THbiX CeKTopax. ConocTaangg KpHBbie a) H 6) pHc.27 
1 

M02KHO BH.lleTb HX COOTBeTCTBHe. HanpHMep, B o6naCTH 3Ha'leHHA OTHOllieHHA TOKOB 

e.llHHHua H MeHbllie ycxopeHuoro ny'lxa He Ha6nro.uaeTcSI, 'ITO M02KeT 6biTb o6'b.HCHeuo 

6nH30CTbiO CHnbHbiX peaoHaHCOB! ~ 'l_ = 2 1 2,5 H ~)( =3. 0,llHOBpeMeHHO C HCCne,llO-

B8HHeM pa3nH'IHbiX pe2KHMOB pa60Tbi yCT8HOBKH npOBO.llHnHCb H3MepeHHSI 
napaMeTpoa 

pasuoaecuoa op6HThi no BbiCOTe H pa.llHycy npH paaHbiX aueprHSIX ycKopeuuoro ny<~Ka. 
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Bbl1IO HaA.neH01 'iTO npH onTHManbHbiX ycnOBHSIX HaCTpOAKH yCT8HOBKH OTKnOH8HH8. 

ll8HTpa nyqKa no Bb1COT8 OT cepe.llHHbi KaMepbi COCTaBnSIST He 6onee .!, 4 MM 1 a OTKno· 

H8HP8 paBHOB8CHOA op6HTbi B O.llHHaKOBblX TO'IK8X CTpyKTypbi MarHHTa OT OKpy:>KHOCTH 

COCTaRJtSI8T npH TSX :>Ke ycnOBHSIX H8CTpOAKH .!, 5 MM 0 

,. 

3aJtniO'I8HHe 

Coa.nauuasi MO.nenb KOnblleBoro !l>a30TpOH8 OTKpbiB88T WRpOKHe B03MO:>KHOCTH 

no H3Y'i8HHIO TaKHX SIBneHHA K8K pe30H8HCbi CO CB060.llHbiMH KOne6aHHSIMH1 38XB8T 

aneKTpouoa a 6eTaTpOHHbrA pe:>KHM ycKopeHHSI H .HaKonneHHe nocne.noaaTenbHo ycKopsre­

MbiX nopllHA qacTHU. 

Hcnonb3oaauae BbiCOKO'IaCTOTHoro nonsr q co'leTaHHH c HH.llYKUHOHHbiM no3aonsreT 

Hccne.noaaTb psr.n aapaaHTOB uaKonneHHSI ny'IKa. HanpaMep, reuepaTop BbiCoJtoA qacTo-

Tbi BKniO'IaeTCSI B KOHil8 HH.llYKUHOHHOrO UHKna YCKOpeHHSI H aneKTpOHbi 3axaaTb1BaiOT- " 

CSI B o6naCTb yCTOA'IHBOCTH 0 BbiCOKO'I8CTOTHOe none KOMneHCHpyeT .neACTBHe TOpM03SI­

IU8rO BHXpeaoro aneKTpH'i8CKOrO nonsr, TaK 'iTO yCKOp8HHbii ny'IOK OCTaeTCSI Ha no­

CTOSIHHOM pa.nayce1 KOr.lla MarHHTHbiA DOTOK B HH.llYKilHOHHOM C8p.ll8'iHHK8 HM88T OTpa­

UaTenbHOe uanpaaneuae. C uaqanoM cne.nyrowero uaxna HH.llYKilHOHHoro ycitopeHHSI 

reuepaTop BbiCOKOA qaCTOTbl Bb1KniO'IaeTCH1 npOHCXO.llHT yCKOp8HH8 HOBOI nopllHH 

aneKTpOHOB H 1 c;>llHOBp8M8HH0 1 .nanbHeAwee yCKOpeHHe nepaoA nopUHH. no OKOH'i8HHH 

aToro llHKna yCKOp8HHSI BTOpaSI nopUHSI '18CTHil .nep:>KHTCSI BbiCOKO'IaCTOTHbiM noneM Ha 

DOCTOSIHHOM: pa.nHyCe, B TO Bp8MSI Jt8Jt nepBaSI npH6nH:>K88TCSI K HeA DOll .neACTBHSM 

TOpM03SilUero BHXpeaoro nonsr. B HOBOM UHKne ycJtopeHHSI CHOB8 npOHCXO.llHT yCKOp8HH8 

eme O.llHOA DOpllHH 'laCTHil H .nanbHeAwee YCKOpeHHe C08.llHHifBWHXCSI B O.llHH ny'IOK 

nepsbrX .nayx nopuHA H T • .n. 

B .naHHOM aapHaHTe HaxonneHHSI TaK :>Ke KaK H B OCTanbHbiX 1 H8 KOTOpbiX Mhl 

3.ll8Cb He OCT&HaBnHBaeMC~ npOHCXO.llHT paCWHp8HH8 H8K8nnHaaeMOrO ny'IKa DO pa.nay-

cy. a, cne.noaaTenbH0 1 H no suepraH 9, 17, 18, 19. Hccne.noaauae ycnoaaA, 

o6ecne'iHBaiOIUHX H8KOnneHH8 M8KCHM8nbHO 803MO:>KHOro 'iHCna nopUHA 'laCTHU B 3a,llaH­

HOM HHTepaane SHeprHA1 SIBnSieTCSI O,llHOA H3 OCHOBHbiX 3a,lla'l1 XOTOpbie npe,llCTOHT 

p8lliHTb Ha .naHHOA MO.llSnHo 

---·-------- ---

B 
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B aaKmoqenae aBTOpbi npHHOCSJT 6naro.aapHOCTb P.H.<Pe.aopoaoA
1 

npo.aenaaweA 

6onhwyiO pa6oTy na sneKTpoano-c'leTaoA MalliHHe1 lO.A.Y:epHblwoay a A.rpaqeay aa 

XOpOlliee o6cny:lKHBaHHe H H3rOTOBJl9HHe OTLleJibHbiX Y3JIOB YCTaHOBKH
1 

a TaK:lKe KOJIJieK­

THBaM 9KCnepHMeHTaJibHblX MaCTepCKHX H pa.aHOMOHTa:lKHOA rpynn&I
1 

npHHHMaBlliHM yqac-

THe B H3rOTOBJieHHH ycTaHOBKHo 

PyKonKcb nocTynKna a Ka.aaTenbCKHA oT.aen 
18 KIOJISJ 1960 ro.aa • 

.. 
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fipKno>KeuKe 

3ua<J:eHKe KOa<ilcpHUKeHTOB. B cpopMyne /2.16/ 

A· =1·2dfft+{yJ2)+2c52~/:~~ 
f3x =(1+0},-'Y1J: + ~ '/p_ + J f/J;+lJ~ X ~~2 +l~2'ft ~ ~} 
Cx =(n1+1}1 

( cf + Jzlfj %} ~ 

.:Dx .,_ (7!z-J/( ftj'ft +~ h +/)~2'f?. + 2J ~~~'fa+ c'lf_gY,_'· ~ 2'f2} 
£ x == ( nz. -~ ~ ( J + <5 2 t(} 'ft) 

~ y, {/2. 
F x -== ( nz. --1} ( ~ + t) z. J 

Gx = (nz-1}-'IJ.( "'+tfYt:J'ft + zs~ ... J~~-~~2/ 
Yt ~ ~ l1.rc = (nt+I} 2

(172 -1}- 2(1 + J~~z) 
~~ ~ J 2 lx =: (llt+l} 2(n2 ~t) 2(1 + ~~) 11.11 

~~~ =: 1-2Jfo/ ~ + t~r2J + 2Jtt5' rz .~'fz 
Bl .. nz-:f~ft- tj'ft +d fR +2J'o/j'fi t:J'fz- 62~'fJ{(f2 ) 
Cl:=: n2~( J -b 2~ ~) 

:De= ni -v- f;j'f}- ~ ~ +J ~1; + 2 J 'tjf, ~ ~ -J2 ft;1Y't ~ ~) 
E"!-== lltvY J- ~ztrJ ~z) 
F-c = n2.*-n/ftzJ2 
G -~ -~ S fn } 2. 

t. == ll2 0 (- ~Yj- ~~ +o~~ 0~ M ~ -~/ .i .j. ~)2 z = n2 ~ , 1 - u cg .It 
I .. ~ y2( . s. tn \())2 

i = n2 n1 1- o 
7 

lz 

~- - -~-----·----- . --- -- ----

·~ 

Me>K 
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/11\e:JKD.y STHMH KOSq)(pHUHeHTf.lMH nerKO yCT8HOBHTb cneD.yiDIUHe COOTHOllleHHH, HCI10Jlb-

30B8HHe KOTOpbiX CylUeCTBeHHO o6nerqaeT BbiBOD. p83nHqHbiX cpopMyn: 

E ~.1! = I"."L ~.~ 
C';,"l = l"lx,t f:.z 
(.A".l-tf·::. ~G,.,1.F'x.l 
(llx.l-t)RK,l- ~6(lC7<.l= ... (llu-1) 
~ £ cr G Axe - 1 

r::::/ ..... Jol..,i. )(,1- IX,t. K,t = 2. 

:1Jx.T:. Ix.~- E~.l Gx.z = B.x.l 
E.".1:Mx.~ -JJx,T:.f;,"l =Cx.~ 

M!C.l In- G.tGX.t.:::: Ax,l 
I 

I ~,-e .Cx.t - ~a Bx;z = E "· "l. 

M1C.e B.K.e- Cx,e Gl(.1 ::::: :1J x.~ 
21J".l Px.~- Ax.T:. Cx,l = - C J~:.t 

2 Bx.i F'l<.~- Px.l. E'J(.1: = - E: x,e 

2 B~<:lnx.l- f/;<.1G".1= GK,r 

2. C'J.,'lJJ~.'l- flx.1:MK,r:==-f11\c 

2.. Bx.l E,c,r -.f/!(,1. I7<,l:: - I,c.& 

2... Cx.T:. £ l(,l - flx.1 ~."i. = fl(,"! 

2. M'lo.i: Bx,z - flx.r.JJx.z=JJx.'l 

/1.2/ 
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T.fepe3 KO::!cPcPHUHeHTbl /1.1/ TBK:>Ke Bblp8:>K810TCSI aneMeHTbl MBTpHU rrpeo6pa
9

0BBHHSI 

peweHHA Ha aneMeHTe rrepHO.llH'IHOCTH H KO::lcPcPHUHeHTbi X · y 
l(~ I )f.,~ • 

Q,. = fix Co.rsd..., chd1 - 2Cx Sinci,chJ.1 + (Ex+IJx)CoscA, ')no(z- (F;. +Mr) )<'no(, ,h<X
2 

-rz- -%f h . Q,t=~o(n1 +1) Qll.=~o(n1 +1) t.2Cxeo-so(1c cA2 + flx5wJ..1ch(k2 + 

+ (F'7<+Mx)C01ct:Sh~z + (E7C +.J)x) 5in~, )h~~ 
I ~ ._ I y'l..{ h . h Q'l,=~o(rJt+1) Qzt:: ~Jn1+1) 28,.~J...Ic <Az.- fix ~(nc.{1c ~2 + 

. + (Ix+G,J~cA.1)h~2-(Ex +JJx))ino(., ~ho(2) 
Q2.2.= Jl X c~J..,ch~'l i-2 Bx 5i&,o(, c,h~2+ ( ExtD~)U,~c<,.>hd..'2 +(I/(+6/()s.~J, ~ho(2 

.81 = 1/ ;z Co1 ol..,ct, ol..3 + (B~ -C~) 5/t-1~., ch~3 + 2 E2: co1 dv sh~3 +(I~ -~)sin~.,) h~ 
- '2 - - 'Z. . " "" ,, { .fl1 ::~0 n, .A2 -~on, 2£2 to1d...'tchc{3 -t-l/~lo1d.,)ho<3 + 11 •

31 

+(It- Pi:) 5inol..., chcl..~ + ( 8~-Cl:) SI111J.'f > h~3 } 
- ...!.. v'2. P...... - _!_ v'2 { h h P2,- qo n, 2.1 - ~on, 2.IJz. eo-, J..., c ~3 + 11~ co1ol..../l a( 3 + 

+ ( G~ -tll) ~.·"'ot.~ cho<3 + ( Bi- c~) s;,oe.., s ho/.3 ~ 

£'21 = llr co-sd..'f cho{3+ 2;;iJi:(01rAy shd..3 +( (31-Ci)s•t.tivclw<.3 + (Gi -f1z}1;no(,1M3 

XI(:: ZEx Co-s ~.c-hcXz + llx Co-sol.., Jh ~l + (I~_- Fl() s,'ncJ.l ch~l. + 

..,. ( Bx- C,c:) s;"'o(1 sh ~2 
Yrt. :::-:2 (2Jx- £,J (o-s o<t- ( 1'11( + fx -f'x- GK) S/11o{

1 

X1 =2 C1 w1ol..vchcJ..3 + (F'i+Mi)co-sol.v 5ho(3 + /1~ J,"~-rol..., cho<3 + 

+ (cZJ-c.,. Ez} Hn d....v 5h~3 

':/~:: 2(Cr+B2 )vhd...3 +(t1.r + Fr +Gi-+ ll)5ho(3 

1 

4. 
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