
91-4f!1 

COOdlllBHMR 
Odb8.0.MH8HHOfO 

MHCTMTYTa 
H.O.BPHbiX 

Mccne.o.oaaHMM 

.O.YdHa 

9-91-461 

B.B.6exTepeB, 6.A.KneH~H. c.~.K03fl08 

~CCfiEtJ,OBAH~E ~ PA3PA60TKA 
3fiEKTPOCTAT~~ECKO~ C~CTEMW BWBQtJ.A 
nY~KOB ~OHOB · 

~3 ~30XPOHHOrO L.(~KfiOTPOHA Y-400M 

1991 

0 



BexTepeB B.B. 11 
.U.P·BaH11e 

~61. 

. . 
_11 pa3paooT 

\ ' ; 

' . 

HAepHLIX HCCJieAOBBHHH ny6Ha, 1991 

! 

I 
' 

I 
1 

..;· I 
l 
i 

l 
I 

': 't, 
.; "/,:1 -; .~ \ 

. /:·. 

8 fla6opaTOpl111 AitepHbiX peaK~I111 Olt1Alt1 aaeepwaeTcA coopy>t<eHI1e-~11KnoTpoH
. Horo KOMnneKca Y-400 ~Y-400M 111, C03AaeaeMoro MA ycKopeHHA 110HOB 3neMeH

. Toe npaKTWleCKI1 ecel1 Ta6nl1~bl A.ltl.MeHAeneeea AO 3Heprl11115-100 M38/HyKnoH. 

Al1ana3oH OTHoweHi-111 A/Z ycK:opAeMbiX 110HOB, coCTaenFuoti.tl111 2-5, He noJeonAeT 
< ' • ' ' 

B nonHOI1 Mepe 11CnOnb30BaTb BbiBOA 110HOB MeTOAOM nepe3apAAK11 11X Ha TOHKOI1 

MI1WeHI1
12

;_
31

: no3TOMY MA BblnYCKa 'laCTI1~ 113 ~11KnOTpOHa Y-400M' pa3pa60TaHa 

3neKTPOCTaTI1'leCKaA CI1CTeMa B CO'l~~aHI111 C $OKYCI1PYIOI..UI1M MarHI1THbiM KaHanOM. 

i Manii1THOe none ~i1KncnpoHa . Y-400M. $opM11pyilTcA 'leTblpbMA 45° CeKTOpaMI1 

C MaKCI1MaflbHbiM yrnOM Cn11panbHOCTI1 40° Ha KOHe'IHbiX paA11YCaX YCKOpeHI1A 'la

C.TI1~.:4eTblpe AYaHra c yrnoeol1 npoTA>KeHHocTbto 30° pa3Mei..UatoTc~ e AOni1Ha'x ycKo: 

pi1TenA, 'ITO rlpi1BOA11T K He06XOA11MOCTI1 pa3Mei..UeHI1A 3neKTpOCTaTI1'leCKI1X Ae$neK-

.. · Topoe: BHYTPI1 non~Tel1 AYaHToe; ; 11x yrnoeaA npoTA>t<eHHOCTb cocTaenAeT. 25°. 

. • . 8 pa60Te npi1BeAeHbl pe3yflbTaTbl 11CCneAOBaHI111 3neKTpOCTaTI1'lecKoro BbiBOAa 

ny'IKOB 11~ ~11KnoTpoHa Y-400M, nony'leHHble .'111CneHHbiM 11HTerp11poeaHI1eM ypaeHe

H1111 ABI1>KeHI1A 'laCTI1~ · B c{j>opM11pOBaHHbiX MarHI1THbiX nonA X Y.CKOpi1TenA. np11 11C· 

cneAOBaHI111 BbiBOAa Bbl'li1CnAnaCb paBHOBeCH3A op611Ta 110HOB, ~eHTpllnbHaA TpaeK

TOp~A ny'!Ka, BbiBeAeHHOrO B AaHHOM HanpaeneHI111 (110HOnpOBOA), 113y'lanOCb 113Me

HeHI1e. paA11anbl-toro (j>aJoeoro npocTpaHCTea, aaHI1MaeMoro ny'IKOM e npo~ecce Bbl

nycKa c ~enbto_ onpeAeneHI1A $oKyc11pYtoi..U~X napaMe,-poe 3~eKTpocTaTI1'leCKI1X 
Ae$neKTopo8 11 Maqii1THoro KaHana~ .. _ . . _ . . _ _ 

.lt1H>t<eK~11A 11oHo~ ~J'ycK:opl.iienFI Y-400 e ~11KnorpoH Y-400M 6vAeT ocyi..UecT

enATbCA MeTOAOM '11x nepeaapAAK11 Ha TOHKO~ yrnepOAHO~ M11WeHi1 12-_31, nocne 'le

ro OTHOWeHI1e Maccbl _K aapAAY A/Z ycK:opAeMbiX, ~ cneAo~aTenbHo, 11 BbiBOAI1MbiX 
110HOB. cocTaBI1T 2-5. :ho, Hanp11Mep; TaKI1e 110Hbl; KaK: · 1 6·a+s, 2 0 Ne+8 , 8 4 Kr+2 2 , 
1 ~ 6 

xe+
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,, 
2 3 8 

u+s 
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• Ha1160nbWyto TPYAHOCTb MA BbiBOAa 3neKTpOCTaTI1'leCKI1M Me

T<lAOM npeACTaBnAtoT nerK11e 110Hbl, _ycKopAeMble AO 3Hepr1111 100 M38/HyKnoH, AnA 

KOT~pbiX, KaK noKa3anl1 paC'leTbl, Heo6XOA11MO 11CnOnb30BaHI1e Tpex Ae$nEiKTOpOB . 

C HanpA>t<eHHOCTbto 3neKTpl1'leCKOro nonA -120 K8/cM, 'ITO· npi1BOAI1T K orpaHI14e

H11to anepTypbl Me>KAY nnaCT~HaMI1 AO 4-5 MM. Ha p11c.1 np11BeAeHa 061..UaA CXeMa Bbl· 
' • j , 1 

BoAa 110HOB 113 ~11KnoTpoHa. Y-400M, a Ha p11c.2 npeACTaeneHbl aaei1C11MOCTI1 HanpA-

>KeHHOCTel1 3neKTpl1'leCKI1X nonel1 Ae$neKTOpOB OT paA11YCa BbiBOAB AnA 110HOB COT· 

HOWeHI1eM A/Z = 2 11 5. 1 · , . . _ . ~ 
TpaeKTOp1111 BbiBOA11MbiX 110HOB 11 'laCTOTbl aKCI1anbHbiX vz 11 paA11anbHbiX vr 6e

TIITPOHHbiX Kone6aHI111 (p~c.3; 4) paCC'li1TbiBani1Cb c noMOI..Ubto '1·11cnel-iHoro 11HTerpl1-

poeaHI1A, A111jl{j>epeH~I1anbHbiX_ YpaBHeHI111 ABI-1>KeHI1A 11 ManbiX KO.ne6aHI111 'faCTI1~ OT· 
HOCI1TenbHO. · p8BHOBeCHOI1 op611Tbl/4 I B ·. c$opM11pOBaHHOM . MarHI1THOM none / 

(pi1C.5) /S/ ~11KSJ,OTPOHa·. ltl_a pwc.3·~ 4 cneAyeT, 'ITO Ha p8A11YCaX ycK:opeHI1A 181,5 CM 

_(A/Z = 2) 11 179,5 CM. (A/Z ~ 5) 11MetoTCA Heni1HeHHble.pe3oHaHC~I CBA311. Vr ;=2vz, 

npi1BOAAI..UI1e K yeenl1'leHI1to aMnni1TYA aKCI1anbHbiX Kone6aHI111 110HOB. no3TOMY pa--1
j ·ZI~i..tJlliHtlitiL41l IIH-:mryT ~ 
)... '5.''-:•·,<:~,r~ w-· 1_--.fln~lu:~dt ~ . . . 
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· Puc.T. 'cxeMa BbieorJa ucJHoe u3 quKnorp~Ha Y400M: !Ji, IJ2, A3..::. 
aneKrpocraruYecKue rJecjineKropbl, MK- MaZHUTHbliJ. cjioKycupy~~ 
UfUiJ KaHan, M .:._ nepe3apFJrJHaFJ MUWeH~ u3 yzneporJa, Bn ~ BbieorJ 

UOHOB nyreM nepe3apFIOKU, C .:... CeKTOpbl, /J - rJyaHTbl, B - eaKYYM· 

HaR KaMepa, M - uoHonpl!eoa. · 

·. 
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Puc.2 •. 3aeuiuMoc.ru HanpR)J(eHHocreiJ 

aneKTpUYecKUX. ncYn~fi' rJ~cjineKTOpoe 
OT parJuyca Bb/BOOa u'ofioe. ' 
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Puc.3. 3aeucuMocru Yacror parJuanb~ 

Hb/X V U aKCUaflbHbiX V 6erarpOHHbiX · r . z . 
KOne6aHUiJ OT ,parJuyca. yCKOpeHUFI 
OflFI UOHOBC AfZ=i ' . • ... 

AHYCbl BbiB~Aa ~-~~~~.;; ~nR.A/Z ~ 2:5 Bbl· · 

6paHbl_ paeH~IMH 181~179 eM: Ha p'11c.6 

npeAcTa~ileti'b• o~H6a10i1t11e ~Y<~Ka Ha Ko-... ·. . . . ,· . 

He'IHOM paAHyce yCKOpeHHR, xapaKTepl1~ 

3y10~11e ~ro ycTOH'IHedqb; np11 JTOM . 

paC'IeTHbiH paAHanbHbiH 3M11TTaHc ny'IKa 
'·•l' ·::· . .. :' ,. ;,, . ' 

COCTaBnReT 16 MM.MpaA. Or116a10~11e 
' • ' ~ ·' ' ,I 

BbiBeAeHHOfO ny'IKa 110HOB np11BeAeHbl 

Ha p~c.7. AhR corn~coeaH~R JM~TTaHca 
\ny'IKa -~ aKcenraHCOMAe~neKTOpoe noc

JleAHHe H_MeiOT r11nep6on11'1<:C~I1e npocf>~-/ 
n11 nnacTHH, npHBOAR~He K: 3neKTpH'Iec

Kol1 qx; KYC11pOB Ke. 110HOB no.- paAHYCY, 
' ' ' .I 

'ITO n03BOflReT npOBeCTI1 ny'IOK 110HOB 

_ 'l~pe3 Aecf>ne~TOpbl c M~HHManbH~IMH 
noT'epAMI1:: Beni1'111Ha noTepb ny'I'Ka ( KO· 

jcf>cf>Hll~eHT BbiBOAai onpe:O,e~RElTC~ TOJl· 

~11HOH ceniy.;.,a nepeoro _ite(jmeKTOpa, 
' -- ' •'.' 

3MI1TTaHCOM ny'IKa .11 aKcenraHCOM Ka· 
HaflOB Aecf>neKTOpOB,· a ·TaK>Ke eeni1'111~0H 

·,>.- ,, . ' ! -·· •. :.· . 
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Puc.4. 3aeucuMocru .Yacror parJuanb

HbJX 'vr U aKCUaflbHbiX Vz 6era.rpOH· 
Hb/X KOne6aHUiJ OT parJuyca. yCKOpe~ 
.HUFI Of/FI UOHOB c A/Z;, 5. 

H,3 

18750 

l8250 

AIZ•5 

1800~60 170 180 IQQ R.CM 
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Puc.5. PacnperJeneHue 'cpeaHux MazHur
'HbJX noneiJ e MeOUaHHOiJ . nnocKocru 

L/UKnorpoHa Y400M .. 
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Puc.6. Ozu6aJOU[Ue nyYKa u zpaiJueHT MBZHUTHozo nonn i< op61lr'e ann 

KOHe'IHOZO paduyca ycKopeHUR . LfU~norpoHa _y 400M. C- ceKTOp, 

II _;, aonuHa: 

. ' 

0 d=J 0 

paAI1anbHOrO Ja6poca nyLtKa; no'; 

cneAH11£1 a Jtia'liiiTenbHOri CTeneHIII · 

onpeAenAeTCA Ha6opoM/ 3Heprlillil 

3cl 060p0T Ha KOHe'!HbiX paAI!IyCaX 

ycKopeHIIIA nyLtKa 11n111 HanpA>Ke

HVieM Ha AYaHTaX. nplil tiimpA>Ke-. 

Hl1lil Ha AYaHrax -100 KB np111pocr 

pat\14yCa ycKOpeHHbiX IIIOHOB 

3a o66por He. npeBblc.;,r.2 MM .. Pac: 

'leT~I ncu~aJanl1, 'ITO KOJQJQJI1ttYI'eHT 

BbiBOAcl ny,LtKa IIIOHOB. COCTaBIIIT. 

-60%. nplil pa6ore UliiKflOTpOHa 

YAOOM a .aaroHOMHOM pe>KHMe 

yCKOpeHIIIA nOABnAeTCA B03MO>Kc 
. . ' 

HOCTb .Bbi,BOAa 110HOB MeT~AOM IIIX 

nepe3apAAKI1 Ha TOHK0£1 , MI1We~. 
H~(2~ 31 •. Hanpi1Mep 4 He+ 1 ~. ~ 2 , 

170 1 ==r I 

400 e. rpaA. 

· 1 ~C+ 3 .. +6 HT.A., Ltro:no3aonAeT · 

ocyU~eCTBIIITb nnaaHoe aapbl1poaa

til1e 3Hepr1111 BblnVCKaeMbiX IIIOHOB . 

3a cLter·'·I13M~HeH.IIIR · paAIIIanbHoro· 

1-1 . a3111MyTanbHoro nono>KeHI1£1· Mill" 

.WeHIII.' npi!IMefieH11e ABYX ,cnoco: 

60B BbiBOAa LtaCTIIIU Ha UI1KflOTp0· 

50 

Puc. 7 .. Ozu6aJOU[~e e~Jeeae~Hozo n~'IKB uoHoe. 

C- CeKTOp, /1-. donUHB, /11, /12, /13- d,ecfJ'. 
neKTOpbl, MK- MBZHUTHb/U KaHan. 
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He YAOOM pacwlilpAeT B03MO>KHOCTIII ycKOplllrenA KaK 3KCnep111MeHranb~o£1 QJIII311· 

'leCKo£1scraHOBKIII. 
KoHcrpyKUIIIA Aecj:meKropa. npeAcraaneHa Ha p111c.8 11 9. Ae<fJneKrop yCTaHaBnlil· 

aaercA 8 AYaHTe a KapKace (6), BbmonHeHHOM 1113 Hep>Kaae.OU~e£1 cran11, nnaKIIIposaH

H0£1 MeAbiO •. KapKac c noiVIO!llbiO TAr (4), nponyU~eHHbiX.'lepeJ wrol<. (2) pe30Haropa, 

MO>KeT nepeMeU~aTbCA no paAI!Iycy B npeAenax ±40 MM. Aa11>1<eH11e ocyU~eCTBnAeTCA 

ABiilrareneM ('i5), pacnono>KeHHbiM BHe BaKyyMHOfO 06DeMa, Ill BliiHTOBbiM MeXaHI13· 

.. 

~f-

·' 

···.% 

: . . 

·. Puc.B.' CxeMa. pa3MeU[eHtiR 3neKrpoi:raruYeCKozo derfmeKropa .. 1 -:-
6ai<, 2- WTOK; 3- dyaHTbl, 4- TRZB ynpaeneHUR. deifJneKTOpa, 

5- U~OflRTOpbl, 6- K8pK8C dfJcfJneKTOpa, 7- nnaCTUHbl decjJneK
ropa, 8- npoxodHOU U30flRTOp, 9- U30nRTOp, 10-'- BbiCOKOBQflbT· 

HbiU eeod, 11- oxnaJKdeHUe noTeHL/UBflbHOU nnaCTUHbl, 12- OX· 

naxdeHUe 3eMn~HOU nnaCTUHbl, 13- noreHL/UOMeTp,14- BbiKn/0-

'IB,Tenb, 15- aeuzarenb, 16- euHT. 

5 



Puc.9. nonepe•IHoe Ce'leHue KapKaCa aerjJneKTOpa. 1 - KapKac, 2 ...:_ nnaKU: 

poeKa, 3 - oxnaJ!caeHue, 4,- tJ3onFITOp. 

MOM ( 16) • nepeMellleHifte. BXOAa 1ft BbiXOAa ,llecjmeKTOpa np01.13BOJli.1TCA HeJCJBHCifiMO .. 

C nOMO~biO wapH1.1pHOrO COe,lllftHe!'JiftA TAr. 1ft KapKaca AeqmeKTOpa. noTeHUiflanbHaR' 

nnaCTiftHa ,lleqJneKTOpa KpenlftTC~ K KapKacy (6) :O,syMA KepaMWieCKifiMifl 1.130n~TOpa· 
Mlfl (5). nnaCTifiHbl ,llecjmeKTOpa BblnOnHAIOTCA 1.13 ii,ep>Kasei<nueH CTanlfl,.'a HO>K (cem· . 

TyM) TOnlliHHOH 0,3 MM - 1.13 BOnbcjJpaMa. Oxna>K,IleHifte nn<lCTI.!H /J.ecjJneK:ropa ocy- ' 

llleCTBnAeTCA BOJlOH 'lepe3 Tpy6KI.1 ( 11, 12) ,,aTpy6Ka ( 11) 1.1Cnonb3yeTCA TaK>Ke AnA 
- ' . ; ' ' . ' ' 

no,lla'llft BbiCOKOfO HanpA>KeHiftA Ha nJlaCTifiHbl,. BBOA. KOTOpOrO 8 BaKyyMH,YIO KaMepy 

ycKop1.1TenA ocyllleCTBnAeTCA BbiCOKOBOnbTHbiM Ka6eile~.'lepe3 ABa npoXOJlHbiX 1.130-. · 

nATOpa (8, 9), HaXOJlAllllfiXCA Ha 6aKe pe30HaTOpa 1ft 8 ero WTOKe. J).nA cjJoKyC1.1pOBKI.1 

ny'IKa B pacceAHHOM MarHifiTHOM none UlfiKnOTpOHa 1.1CnOnb3\,/eTCA. TpeX3neMeHT~ 

0 
~ 

40 

H~IH naCCI.1BHbiH ivlarHifiTHbiH Ka~tan c npAMO

yronbHbiM ~e'leHifteM nnacT~H (p1.1c.lO), pac

nonaraeMbiH B· AyaHTe, KOTOpbiH no3sonAeT 

C03,1laTb rpa,lllfteHT nonA -1 ~3/cM 1ft 3cjJcjJeK

TI.1BHO TpaHCnopT1.1pOBaTb ny'IOK Ha BXOJl 

B nepsyto riapy KBa.ApynonbHbiX ni.1H3 c1.1cTe-

Mbl TpaHCnOpT1.1pOBKI.1 BHeWHifiX · ny'IKOB; 

. MarHifiTHbiH KaHan Kpeni1TCA K antoMI.1Hi1e

BOMY K3pKacy, KOTOpbiH C nOMOlllbiO JlBYX 

WTOKOB .MO>KeT nepeMelllaTbCA no pa,lllftycy 

Ba ±25 M~ 6e3 HapyweHHA, BaKyyMa B YCKO-
. p1.1Tene. 

Puc. TO: nonepe'IHOe ceYeHue. MaZHUTHOZOKa
Hana. 
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