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1. Brse,lleHHe 

B Jia6oparnpJIJI tteihpottttoii cp1I3JIKJI ttaqaTo npoeKTttpoBattJie JI 
co3,nattJie JIHTeHCHBHOro HMnynhcttoro. tteiiTpOHHoro HCToqnttKa · , 

COCTO.HI.Qero H3 JIHHeiinoro ycKOpHTeJI.H 3JieKTpOHOB JI HeiiTpOHHOH 
pa3MHO:iKa10meii MHUieHn · (npoeKT HPEH) [1]. CoBoKynttoCTh' 

BhIXOAHhIX napaMeTpOB 3TOro HeHTpOHHOro HCTOqHHKa ynttKaJibHa. Ott 

3aMeimT .·· cymecTByIOI.QyIO ycrnttom~y HEP-30, . cocTO.HI.QyIO JI3 

JIJIHeiinoro · . yciopttTem,I 3JieKTpottoB JIY'.3-40 n no,nKpninqecKoii' 

c6opKH .. H3 ,neJI.Hmeroc.H. ~aTepttana, HaxOA.HI.QyIOCH B 3KcrmyaTau;im B ·. 

OH5IH )')Ke' OKOJIO qeTBepTn BeKa. B octtoBy npoeKTa HPEH noJIO)Ketta 

rn )Ke CTPYKTYPHM cxeMa ycTaHOBKH, HO c HOBhIMH JIHHaKOM JIY'.3-200 

H COBpeMeHHOH pa3MHO:lKammeii MHUieHbIO. .r(JuI peanH3all;HH npoeKTa 

oqeHb Ba:lKHO, q'fO BO MH0fOM MOiKeT 6hITh JICilOJih30BaHa 

cymeCTByIOI.Qa.H nmppaCTPYKTypa CTaporo HeiiTpOHHOfO cneKTPOMeTpa 
(tteiiTpOHOBOAhI, 3KCnepJIMeHTa.JlhHhie 3aJihl JI riaBJIJibOHbI); a TaK)Ke 

cymecTBymmee 3,natttte KOMrmei<;ca HEP-30 + JIY'.3-40. IlpoeKT JIJIHaKa 
OCHOBaH Ha JiyqUIHX MJipOBhIX AOCTJI)KeHH.HX B o6nacnI ycKopHTeJibHOH 

TeXHHKH. TeMn tta6opa SHeprnJI B JIY'.3-200 ,nomKeH COCTaBIDITb OKOJIO 

35 M3B/M, qaCTOTa IlOBTOpeHH.H HMIIYITbCOB - 150 ru; npn cpe,IJ.neii 

MOI.QHOCTH B nyqKe 12 KBT. YKa3aHHhIH TeMn tta6opa 3Heprnn BCero 

Ha 30% MeHbUie 3KCnepJIMeHTaJihHO AOCTHI1IYT0f0 B KEK [2]. ~3-
200 JICIIOJib3yIDTC.H CaMbie Momn1,1e B CBOeM KJiacce. m,mynhcH11.e 

10IBCTpoii'i:i-;;~~ -5Q4s JI cncTeMa ·yMHO)KeHIDI-_¥oiiiuo_ci:ii_I~1AI?), 
p.~-)WI CTe~clJop):(CKCiro·----irr~KTpOH-Il03JITpOHI!,QfO 

KOJIJiaii,nepa,-Stariford Lirieaf'""Acceierator .•• Center-(SLAC), . a.-;aK)Ke 
~-••-V- ------~-~,- -•~•-•--•,,.'., --•-''" ~•-"M-..S,_,. __ _,..-~~-

C0BpeMeHHbie ycKOp.HIOI.QHe ceKD;HH, : n3roTaBmrnaeM1>1e B 

HoBOCJI6JipCKe . 

.r(JuI 3KCnepnMeHTaJihHOli npoBepKH npoeKTHhIX napaMeTp0B, a TaK)l(e 

.wrn OTpa60TKH 0CHOBHhIX CHCTeM YCKOpJITeIDI, B JIH<l> OH5IH 
C03,naeTCSI ' IlOJIHOMaCUITa6HhIH CTeH,n Ha OCH0Be 0AH0fE._.KJIJICT{)Q!Ia 

~_045, CJICTeMhI YMHO)KeHH.H Momno~~u, BOJIHOBOAHOro-qm.nepa n o,nttoii 

ycKopa10meii ceKD;JIH. K.r!JICTpOH 5045 . _BMeCTe . C. _,HMnym,cII~IM 

TpanccpopMaTOpOM, CBq-mirpY3Koir~-·~KOT(?pLIM BCilOM0raTeJibHbIM 

o6~~f~~~~HHeM ~I)ll06peTeH ()H5IH ~~~ii: " . . ,1: i;f/, f-k~ ·:,,: -
IloCKOJihKY B Poccirn OTCYTCTBYJOT KJIHCTpOHhl C napaMeTpaMJI, 
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6mt3KHMII K napaMeTpaM KJIHCTpOHa 5045, TO He. C)'ll\CCTByeT II 

Mo;zymITOp0B Ha CO0TBCTCTByroruyro HMIIYJibCHyro MOll.{HOCTb. Il03TOMY 

B03HIIKnO npeJJ)ImKeHHe O MOJJ.HqmKaUHH pa3pa60TaHHbIX paHee 

MOJJ.YmITOpOB M-250 Ha 6a3e CTaHUHH OITMBMH B 6onee MOIUHbie 

HMnyJibCHbie MOJJ.YmITOpb1 M".350. B ITH<l> naqarn pa6oTa no C03JJ.aHmo 

MOJJ.YmITOpa M-350 c HMilyJibCHOii: MOll.{HOCTbIO _ 150 MBT, cpe.n.Heii: 

M<Jiii~ocn,i5" ~15CfKffr ;-"·3ap~fitthfM--iiaiip.iiire~i'i;~·- 50 KB, qacrnToii. 

II0BTOpemrn HMilYJibCOB 150 ru, ~_CJiblIQ~TbIO II.JlQC~OH. qacm 

HMilYJibCa 3,5 MKC H HCilOJib30BaHHCM OTeqecTBeHHOii: sneMeHTHOii: 

5i3b1. K naqany"°pi6oT no co3.n.aHu10 cTeHJJ.a O:IDIM · npuo6pen TaK)Ke 

KOMnneKT o~opy,uonaHllil cTaHUHH OITMBMH m Ep<l>M. 

IlporpaMMa pa60T Ha CTCHJ].e npe,uycMaTpHBaeT HCCJie,UOBaHHe Mo.n.yneii: 

H no,ucnCTeM, BXO.[.OIIUHX B CHCTeMy CBt.J-nuTaHllil ITY'.3-200, c HX 

nacnopTH3auneii (aTTecrnuneii) nepe,u MOHTa)KOM Ha ycKopuTene B 3,U. -, 
43. EYAYT OTpa60TaHbl TaK)Ke COBpeMeHHbie CHCTCMbl 3all.{HTbl 

..-::.-
KJIHCTpoHa OT HCIIITaTHbIX cuzyaunii:, ,n;HarHOCTHKH H OTKJIOHeHHll OT 

HOMHHaJibHOfO pe)KHMa pa60TbI. 3TH pa60Tbl 6y.n.YT BbIIIOJIHeHbl C 

yqeTOM OilbITa 3KCnnyaTaUHH o6opy.n.oBaHllil CTeHCpOpJJ.CKOfO 

nnneii:noro KOJIJiaii.n.epa. 

B .n.a1rnoii: pa6oTe OCHOBHOC BHHMaHHe y,ueneHO OilHCaHHIO 

IlOJIHOMaCIIITa6Horo CTeHJ].a H nepBbIM pe3yJibTaTaM no C03J].aHHIO H 

HCCJie,n;oBaHHIO Y3Jl0B Mo,n;ymITopa M-350. 
! . 

2. O6m:ee onHcanne CTe~a M0,IzyJUITopa KJJHCTpona 5045 (SLAC). 
B COCTaB CTCHJ].a BXO,lJ,SIT: 

• ycTpOH.CTBO BbICOK?BOJibTHOfO IlHTaHllil, BKJIIOqa10ruee 

TpattccpopMaTOpHyro IIO,UCTaHUHIO TII-118/3 c BbICOKOBOJlbTHbIM 

BbIIlp.SIMHTeneM BTM-35/200, aBTOTpaHccpopMaTOpoM PTTM-

250/0,5, KOHJ].eHCaTOpHyIO 6aTapeIO KE n peaKTHBHbIH 

orpaHHqMTeJib 3ap.SI.D.HOro TOKa (3ap.SIJJ.Hhiii ,upoccenh) EPOM-

100/0,5; 

• MOJJ.YmITOp M-350 { COCTO.Sill.{Hii: H3 CJ].BOeHHOH cpopMHpyrorueii 

JIHHHH C cocpe.n.oToqeHHbIMH napaMeTpaMH, pa3p.SIJJ.HOfO 

THpaTpoHa Tilil-5000/50 ("McnoJIHH") H CHCTCMbl 

crn6HJimau1m }.; KJIHCTpoH 5045 (SLAC) c HMnymcnhIM 

TpaHccpopMarnpor.1;, .. 
2 

• BOJIHOBOJ].HbIH TpaKT 

ceKuuu; 
(B.Tp.) OT KJIHCTpOHa K YCKOp.SIIOll.{eii: 

• YCKOp.SIIOll.{IDI CeKUH.SI {YC); 

• BaKY)'MHIDI CHCTeMa (BC); 

nynbT ynpaBJieHH.SI (IIY), CHCTeMa ,unarnocTHKH (CLO, 

CHHXpOHH3aTOp (C), TCf!JI006MeHHIDI YCTaHOBKa 

.D.HCTHJIJiuposaHHOii: BO)J.bl, CHCTeMa CBt.J-rurraHH.SI, 6nOKHpOBOK, 

ynpaBJieHllil, 3all.{HTbl H CHIHaJIH3auuu. B COCTaB CTeHJ].a BXO.[.OIT 

TaK)Ke CHCTeMbl aBTOMaTH3aUHH H3MepeHH:U H KOIITpOJI.SI 

napaMCTpOB YCKOpHTeJibHOfO o6opy.u,oBaHH.SI Ha 6a3e 
nepCOHaJlbHOfO KOMilbIOTepa (PC). 

EnoK-cxeMa CTeH!{a npe.l{CTaBJieHa Ha puc. 1. 

YCTpoiiCTso BIB-nHTamra KB 

3amma. 
OOOKHpOBKH; CHillWIH3ll~lUI 

IIynbT ynpaBJiemrn 

M350 5045 
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Pnc. 1. EnoK-cxeMa cTeH.l{a MOJI.YIDITOpa KJIHCTpOHa 5045 (SLAC). 
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Puc. 2. KoMIIOHOBoqmU1 cxeMa CTeHJJ;a. 

3. Mo~IDITop M-350 

Bil: TpU.T 

=TpOll 
5045 

mm. MOlzylm'Op 

M3SO 

lf._.J 

Hau6orree 6rrmKHM attarroroM rro Tpe6yeMoi1: mmym,cttoi1: M0lQH0CTH u 

OCB0eHHbIM rrp0MI,IIIIJieHH0CTI,IO Mo.n;yIDIT0p0M M0)KeT CJIJ)KHTI, 

M0.IzyJI5IT0p M-250, pa3pa60TaHHblH B PocCHHCKOM HHCTHTJTe M0l.I.{H0ro 

pa.n;uocTpoemrn (PHMP), C.-IleTep6ypr, .n;IDI KJIHCTpOHHOH 

ycumuerr1,ttoi1: cTaHI..{HH OJIHBHH [3]. O.n;ttaKo rro qacTOTe 

rroBTopemrn JIMrryrr1,coB JI rro Bblxo.n;ttoiI HMrryrr1,cttoH M0lQH0CTJI 

M0,!.{YillIT0p He rrpnro.n;eH K - IIp5IM0MY HCII0Jib30BaHHIO .n;IDI IIHTaHH51 

KJIJICTp0Ha 5045. Ilo3TOMJ rrpuMeHettne KJIHCTp0HHpH JIMIIYJibCH0H 

CTaHl.{HJI OJIHBHH , rrorryqeHHOH m Epct>H, ApMeHH51, B03M0)KH0 

T0JII,K0 rrocrre cylQeCTBeHH0H rrepepa60TKJI JIMIIyJinCHOH qaCTJI ee 

M0.AYIDITopa M250, BKJIIOqa5J: CJICTeM)' CTa6JIJIH3al.{HH, .n;IDI TOro, qTQ61,1 

M0)KH0 61,mo JICII0JII,30BaTb rrp0MI,IIIIJieHHYIO uecTa6JIJIH3HpOBaHHYIO 

ceT1, OH5IH .n;IDI nnTaHH51 M0.AYAATopa M-350. 

IlapaMeTpbl HMrrymCHI,IX M0.AYAAT0p0B M-250 JI M-350 rrpirne.n;eHbl B 

rn6nnQe 1. 

lfa Ta6JIHl.{l,I 1 BM,L{H0, qrn M0.IzyAAT0pbI M-250 u M-350 0TJIHqaIOTC51 

ttaJI6orree 3uaquTerr1,uo no crre.n;yIOlQHM rrapaMeTpaM: 

• rro HMnyrrnCHOH M0l.I.{H0CTJI B ttarpY3Ke - OTJIJique B 2 pa3a; 

• rro qaCT0Te rr'oBTOpeHJI51 JIMIIYJibC0B JI cpe.n;uei1: M0l.I.{H0CTH - B 1,5 

pa3a; 
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• 110 MHTeJibH0CTH BbIX0)l;H0ro HMIIyrr1,ca - 0TJin<rne B 2,3 pa3a B 

Il0Jib3Y M-250. 

Ta6m11.{a 1. TiapaMeTpbI HMIIYJihCHhIX Monym1Topon M-250 H M-350 

N2N2 Ham.IeHOBaIIIIe napa>deTpa M-250 M-350 . 
1. lIMnyn1,cuasi: MOI.UHOCTh, MBT 65 150 

2. HoMHHaJihnoe nanpmKeirne na KJIHCTpone, KB 250 350 

3. Hm,mnanhHOe HMnyn1,cuoe HanpmKenne na 20 23,5 

BhIXO)le Q)OpMHPYIOI.Ueii mnum, KB 

4. HoMHHaJihHhiii nMnyJihCHhlii TOK, KA 3,6 6,3 

5. Ko3cpqmrmenT TpauccpophlaUHH HMnyn1,cnoro 13,6 15 

TPaHCQ)OpMaTOpa 

6. J:{JIHTeJihHOCTb pa6oqeii qacnI HMnyn1,ca, MKC 8 3,5 

7. J:{JIIITeJihHOCTh cppoHTa HMnyn1,ca no yponmIM 1,5 1,0, 

0,1-0.9, ue 6onee, MKC 

8. J:{JIHTenhHOCTh cpe3a HMnyn1,ca no yponmIM 2,7 1,8 

0,1-0,9, He 6onee, MKC 

9. HepaBHOMepHOCTb neplIIHHhl nMnyn1,ca, He ±0,15 ±0,5 

6onee, % 

10. qaCTOTa nOBTOpeHIUI HMnyJihCOB, fu 100 150 

11. CJMMapHasi: eMKOCTb KOil)lencaTOpon 1,05 0,7 

d>opMHPYJOI.Ueii JIHIIHH, MK<l> 

12. BonHonoe conpOTHBJieI-me JIHHHH, OM 4 4 

13. Ho.MHHaJihHoe nanpinKem1e 3apm:i,a 40,0 47,0 

KOil)leucaTOpOB QJOPMHPYIOI.Ueii JIHHHH, KB 

14. HoMHHaJihnoe cpennee 3naqeuHe TOKa 3apm:i,Ku 4,2 5 
KOII)leucaTOpOB d>OPMHPYIOI.Ueii JIHHHH, A 

15. MOI.UHOCTb, noTpe6m1eMasi: OT CeTH 150 200 
(op11eurnponoqno), KBA 

3naqeHH51 nepeqHcJieHIIhIX, napaMeTp0B onpe.n;eAAIOTCH HCT0qHHK0M 

IIHTaHH51, l.{eIII,IO 3apH,n;KH, HO B 60JihIIIeH CTeneHH cpophUIPJIOlQHM ' 

ycTpOIICTBOM, K0TOpoe .n;IDI M-350 )];0JI)KH0 6bn1, pa3pa60TaHO 3aH0BO. 

B TO )Ke BpeMH MH0rne )'3Jlhl (uanpHMep, ycTpOHCTBO 3apH.AKH 
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HaKOillITeJUI lI T.n.) MOryr 6bITb lICilOJib30BaHhl B M-350 6e3 

nepe.n:eJIOK JIH60 C He3HaqHTeJibHOH .n:opa60TKOH. 

lfaBeCTHO, qTQ cpopMHpyioruee ycTpOHCTBO B 3HaqHTeJihHOH CTeneHH 

onpe.n:eJUieT CTOlIMOCTb lIMilYJibCHOfO MO.D:YIDITOpa lI ero OCHOBHbie 

3KCUJiyarnuHOHHbie xapaKTepHCTlIKlI. 

OcHOBHbIM Y3J!OM cpopMHpyioruero ycTpOHCTBa .sIBJUieTC.s:I cpopMHp}'IOIUa.sI 

JllIHIDI (<I>Il). Bb16opy SJieMeHTOB cpopMHpyiorueii JllIHlilI ( HO Ha 

.n:pyroii SJieMeHTHOH 6a3e) .n:JI.sI MO.D:YIDITopa KJilICTpotta 5045 

3HaqHTeJibHOe BHHMaHHe y.n:enetto B [5], r.n:e npoattaJilI3HpOBaHbl 

pa3JIHqHbie KOHCTPYKUHH cpopMHpyiorueii JllIHlilI, a TaK)Ke 

KOH,n:ettcaTOpbl C pa3JIHqHblMlI THnaMH JllISJieKTplIKOB lI 

pa3JIHqHOH TeXHOJIOmeii lIX lI3fOTOBJieHIDI. 

O.n:ttaKO OKOHqaTeJibHbIH Bb16op THna KOH,n:ettcaTOpOB .n:JI.sI <I>Il· 

MO.D:YIDITOpa M-350 aBTOpbI [5] He c.n:eJiaJilI. He npe.n:crnBIDieTC.s:I 

B03MO)KHbIM HCilOJib30BaTI, 6e3 npe,n:BapnTeJihHblX HCilbITaHHH 

KOH,n:eHCaTOpbI THna MMK-100-0,5, KOTOpbIMlI YKOMUJieKTOBaHa 

cpopMHP}'IOIUa.sI JIHHIDI MO.D:YIDITOpa M-250. TeM He Mettee npHMeHeHHe 

lIMeHHO 3THX KOH,n:eHCaTOpOB .n:JI.sI M-350 HaM Ka)KeTC.s:I 

nepcneKTlIBHbIM, HeCMOTp.s:1 Ha lIX 3HaqnTeJibH}'IO co6crneHH}'IO 

Htt.n:YKTlIBHOCTb. B HaCTO.sIIUee BpeM.sI pa3pa6orntta, cnpoeKTHpOBatta H 

HaXOJllITC.s:I B CTa.D:HH lI3fOTOBJieHIDI cpopMlIP}'IOIUa.sI JllIHIDI Ha 6a3e 

Kott.n:ettcaTOpos MMK-100-0,5. 

Ha CTett.n:e 6y.n:YT npoBe,n:eHhl BcecTOpOHHHe HCilblTaHIDI cpopMHpyiorueii 

JIHHHH, H 6y.n:eT npHH.s:ITO 3aKJIIOqeHHe O B03MO)KHOCTH lICilOJib30BaHIDI 

Kott.n:ettcaTOpoB MMK-100-0,5 B Mo,n:yIDITope M-350. Ha sTOii )Ke 

cpopMnpyiorueii JIHHHH 6y.n:YT OTpa6aTbIBaTbC.s:I impnaHTbl 

KOHCTPYKTHBHOro HCilOJIHeHIDI .n:pyroro Ba)Ktteiirnero ee 3Betta -

BbICOKOBOJibTHbIX HMilYJibCHbIX KaTyrneK C peryJIHpyeMOH 

HHJlYKTHBHOCTblO (BapHOMeTpOB). McnOJib30BaHHe BapHOMeTpOB M-

JIHHlIH Mo,n:yIDITOpa M-250, pa3pa6orntttth1x B PMMPe nm npnMeHeHIDI 

B crnttunn OilMBMH n B .n:pymx OTeqecrneHHhIX rettepaTOpax CBq

MOIUHOCTH, no ttarueMy MHeHHIO, .sIBIDieTC.s:I .n:oporOCTO.s:IIUlIM BapHaHTOM. 

Eonee npocTb1e perynHpyeMhie Htt.n:YKTHBHOCTH no THny L-JIHHHH, 

KOTOpbie 6y.n:YT lIMeTb B nepcneKTHBe TaK)Ke .D:lICTaHUlIOHHOe 

ynpaBJiettHe, pa3pa6oTaHhI H mrornBJIHBJIHBaIOTC.s:1 HaMH B l.(O3II 
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IlH<I>. 3m )Ke cpopMnpyiorua.s:1 JIHHIDI 6y,n:eT HCilOJih30Batta .n:JI.sI 

OTpa60TKlI HOBblX YCTPOHCTB H cnoco6oB cpopMHpoBaHIDI IlJIOCKOH 

BepuIHHbl lIMilYJibCa c MaJibIM ypOBHeM nyJibCaUHH (.n:o 0,5% H Mettee). 

M, HaKOHeU, K nepBooqepe,n:tthlM lICCJie,n:oBaHIDIM Ha CTett.n:e 

Mo,n:yIDITOpa KJIHCTpotta SLAC MhI OTH0CHM nccne.n:oBaHIDI H oTpa6oTKy 

cxeM H ycTpoiicTB 3aIUHThI THpaTPoHa H KJIHCTPOHa OT Bb16poc0B 

o6paTttoro ttanp.s:1)KeHIDI (KJIHnnepm,1e uenH); cxeM 3ap.s:1.D:a eMKOCTHhIX 

HaKOnHTeJieii cpopMnpyiorueii JIHHHH; ,n:HafHOCTHqeCKOH annapaTypbl 

Mo.n:yIDITopa M-350. 

3TH .n:oporOCTO.s:IIUHe Mepbl 3aIUHTbl annapaTJPhl OT npe)l(JleBpeMeHHOfO 

BbIX0.D:a H3 CTp0.s:1 npo,n:HKTOBaHbl, BO-nepBbIX, 60JiblIIOH qaCTOTOH 

cne.n:oBaHIDI HMilYJlhCOB . (150 ru), a BO-BTOpbIX, Heo6xo,n:HMOCTblO 

YBeJIHqeHIDI cpoKa CJI~6hI n tta.n:e)KHOCTH SJieMeHT0B MO.D:YIDITOpa. 

3, 1. MccnenoBattHe 3a,p.s:1nttoif cxeMbI 

MQIIYJI.sIT0pa 

¢opMHpyrorneii JllIHlIH 

M-350, 

Kott.n:ettcaTOphI cpopMupyiorueii JIHHHH C<pll 3ap.s:1)KaIOTc.s:1 pe3ottattctto no 

cxeMe y,n:BoeHIDI ttanp.s:1)KeHIDI. 

€ ➔/ 
,C 

L-t,j :r,J 
R Cqm 

PHC. 3. 3KBHBaJieHTHa.sI . cxeMa 

3ap.s:1.D:ttoii uenu 

PacqeTHa.sI SKBHBaJieHTHa.sI cxeMa 3ap.s:1.D:HOii uem1 npe,n:cTaBJietta Ha 

pHC.3, 

r.n:e C - HaK0IIHTeJibHa.sI K0H,n:ettcaTOpHa.sI 6arnpe.s:1, 3ap.sI)KeHHa.sI . .n:o 

ttanp.sI)KeHIDI E OT BbICOKOB0Jil>TH0fO lICT0qHHKa II0CTO.s:IHH0fO 

HaIIp.sI)KeHIDI (C=12MK<I>); C<Im - 3KBlIBaJieHTHa.sI eMK0CTb cpopMHpyiorueii 

JIHHHlI MO.D:YIDITOpa (C<Im = 0,7 MK<l>); L - HHJlYKTHBHOCTI, 3ap.sI.D:H0fO 

.n:poccemi: (L = 3,5 ftt. ); K - ;:i:no;:i:tthlii KOMMyraTOp, 
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KOTOpblH BKmoqaeTC}I B HyrreBOH MOMeHT BpeMeHII II OTK.i:noqaeTC}I IIpII 

AOCTIDKeHIIII MaKCIIMaJil>HOfO HaIIp}I)KeHHjl Ha KOH,r(eHcaTOpe c<pil• 
Ilpe,n;BapHTeJil>HO 3ap}I)KeHHI>IH KOH,r(eHCaTOp C npe.n;cTaBJieH KaK 

He3ap}I)KeHHl>IH KOH,r(eHCaTOp, ~oe,n;IIHeHHl>IH nocrre.n;oBaTeJII>HO C 

IICTOqHHKOM IIOCTO}IHHoro 3apjl,!J;Horo HaIIp}I)KeHHjl R ToK 12 yqHTI>rnaeT 

yreqKy . 3apMa. qepe3. COIIpOTIIBJieHIIe . R II30mQIIII cpopMIIpyromeii 

JIIIHIIII • 

. · .· -
3.2. YpaBHeHIIe IlITSI HanpmKeHHjl Ha qJOpMIIpyrorneij JUIHIIII 

Bxo,n;Hoe onepaTopHOe COIIpOTIIBJieHIIe 

TQqeK a II 6 IIMeeT BH,IJ; 
CXeMI>I pIIC. 4 OTHOCIITeJII>HO 

. . R L Crjm ( . 1 C + Ccp.,1 1 l 
Z(p) p(l+pR~q,n) P

3

+P
2 

RCqm p LCCij,JJ .RLCCq,w 

Hanpjl)KeHIIe Ha <I>n, HOpMIIpOBaHHOe Ha e.D;IIHIIL\Y, 

Ucpil(p) 1 1 _._,__ 
E(p) L Cq,n 

3 2 
1 C-tCij,JJ, 1 

p + p R Cij,JJ + p LC C~ + R LC Cij,JJ 

IlepeXO)J;jl OT mo6pa)KeHHjl cpyttKL\lIII K. OpIInrnarry II npe,n;CTaBJijI}I 

KOpHII IIOJIIIHOMa B BH.D;e 

p,=a, P2=a-i/3, P.3=a+i/3 1 

3aKOH II3MeHeHHjl HaIIp}I)KeHHjl Ha KOH,r(eHcarnpax <I>n (KaK cpyttKL\lIIO 

BpeMeHII) MO)KHO npe,n;CTaBHTl> B BH.D;e: 

Utlm • 1 [ 01 a1(a-a . n /1 )~ -E [( 2 2] e -e -
13 

sm ,.,t+cos t 
LCq,n

1 
a-a) +/3 

Hanp}I)KeHIIe Ha c<pil ,IJ;OCTIIraeT - 2E - 3apMHOfO HaIIp}I)KeHHjl 

BI>IIlp}IMHTem (y.n;noeHIIe m,ieeT MeCTO npII c<pil. << C II R=O, qTQ II 

co6rr10.n;aeTc}I B HarneM crryqae). 

Crre,n;yeT 3aMeTIITl>, qTQ Mo,n;ymTOpe M-350 6y,n;eT npIIMeHeHa CIICTeMa 

CTa6IIJIII3aQHII, aHarrornqHa}I CIICTeMe CTa6IIJIII3al_\IIII Mo,n;ymTopa M-

250, HO C 6orree Bl>ICOKOH (,n;o 0,5%) CTeneHI>IO CTa6IIJIII3aQIIII 3a cqeT 

npIIMeHeHHjl Honoro cnoco6a, pa3pa60TaHHoro n [6]. B HaCTO}Imee 

BpeM}I H.D;eT lI3fOTOBJieHJie ee Y3JIOB II MOHTa)K B MO,n;ymTope M-350. 
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3,3.McnI>TTamrn (f)fl Ha 6a3e KOHJieHCaTOpOB K75-35 0,024x50 KB 

3TH lICIIbITaHII}I Mbl npoBeJIII C QeJiblO onpe,ueJieHJijl 

pa6orncnoco6HOCTII KOH,n;encaTOpOB K75-35 B MO.UYJI}ITOpe M-350 na 

qacTOTe 150 fl\. 01-m npIIMernIIOTC}I n MO.UYJI}ITOpax JIMY-30, HO c 

qacToTott nocbIJIOK no 50 fQ. C 3TOtt QeJibIO 6bmII mroTOBJieHhI ,n;ne 

cpopMnpymmne JIHHHH no 14 }Iqee~ B Ka)K,!lOH C IICIIOJib30BaHHeM 28 

KOH,r(eHCaTOpOB 3TOro THIIa. Mccrre.uonarracb pa6oTa TaK Ha3bIBaeMOH 

C,!lBOCHHOH cpopMiipymmeii: JIHIIIIH, KOr,ua pa3p}I,U Ka)K,!lOH QenoqKn lI3 

14 }IqeeK (c BOJIHOBbIM conpOTIIBJienneM 8 OM) ocymecTBJI51JIC51 no 

napa.rmeJibHbIM BeTB51M qepe3 ,UBa KOMMyraTopa - no,uopo,uHblX 

rnpaTpo1-1a rnna Tllil-2500/50 ("M,uearr"). 

B pe3yJihTaTe 1-1a comaconannoii: narpy3Ke 6hm ccpopMnponan Hl\mynhc j 
TO Ka JlJIHTeJlbHOCTbIO 5 MKC c nepe,UHJIM cppoHTOM 100 HC npII ! 
HOMHHa.ITbHOM nanp51)KeIIIIII MO.UYJI51TOpa 47,5 KB II npII qacTOTe \ 

CJie,UOBaHHjl HMIIYJlbCOB 50 II 150 fl\. 11MIIYJibCHbIH TOK n HarpY3KC 
1 

JlOCTHfaJI 6,3 KA. 11CIIbITaIIH}I (f)JI npOBO,ulUIHCb L\HKJiaMH IIO nna qaca. 

Ha qacTOTe 50 fQ TeMnepaTypa Kopnycon Ko11,uencarnpon nocrre ,unyx 

qacon He npeBbIIIIarra 25~30 °C, a 11a qacToTe 150 fQ qepe3 30 MHHyr 

pa60Tbl OI-Ia ,UOCTHrarra 60 °C. 

TaKIIM o6pa30M, KOH,r(CHCaTOpbl rnna K75-35 0,024 MK<l> x 50 KB 

y,uonrrernop}IIOT He BCeM Tpe6oBaHmIM, npeJJ:I,51BJI}IeMbIM K 

o6opy,uonanmo Mo,uymrnpa M-350. B qacnmcrn, npn qacTOTe 

crre,uonaHH}I HMIIYJibCOB 150 fQ neo6XOJllIMbl .n;onomnneJihllble Mepbl 

no orno,uy Tenrra. 

3.4,Mccnenonanne pa3p51nnoii: cxeMhI Monyn51Topa M-350 

11MIIYJibCIIM cpopMIIpymmM JIHHH51 M-nrna 6bma npe.IlJIO:lKena H 

HCCJie,!lOBana B [6]. Ee OCIIOBilblMII 3JieMCIITaMII llBJI51IOTC51 HH,U)'KTHBHO 

CB}I3aHHhie perynttpyeMble napttoMeTpbI (TaK Ha3bIBaeMbie 3JieMeHTbl M

JIIIHIIII), COCTO}Ill\IIe H3 11enO,UBH:lKiioro pornpa H Bpamaiomeroc51 

CTaTopa, Ka)K,!lbIH HII,uyKTHBHOCTblO no 3 MKfH, TaK qTO o6pa3yIOIL\a51C}I 

B3aHMHM HII,uyKTHBHOCTb Me)I(Jly IIHMH M=l,5 MKfH. ITpOMbIUIJielll!Oe 

tt3fOTOBJieI-me 3THX napnoMeTpon ocnoe1-10 B PHMPe [ 6], no CTOHMOCTh 

H3fOTOBJieHHjl HX, KaK ~e ynoMIIHa.ITOCb B II. 3, ,UOCTaTO'IHO BbICOKa. 
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Ha nepB0M ::nane CTeH)I.0BbIX HCCJie)I.OBaIIHH 6y.n;yr HCil0J1b30BaHbl 

MaKeTbl KaTyweK HH)I.YKTHBH0CTH aapHaHTa cpopMHpymll(ett JIHHHH L

THna. Ee napaMeTpbl npe.n;cTaBJieHbl Ha pHc. 4 , r.n;e HH)I.YKTHBH0CTH 

LI - L14- - np0CTbie K0p0TKHe C0JieH0H)l.bl c tJHCJI0M BHTK0B 8, 

BbIIl0JIHeHHbie H3 Me)I.H0H Tpy6KH )I.HaMeTp0M 10 MM (Ha KapKace H3 

oprcTeKJia )I.HaMeTp0M 80 MM .ll)IHH0H 250 MM c Il0)I.CTp0etJHblMH 

Il0JibIMH (KOpOTK03aMKHyrbIMH C 0)1.HOH CTOpOHbl) JiaTyttHblMH 

cep.n;etJHHKaMH )I.HaMeTp0M 30 MM .ll)IHH0H 80 MM, BBHHtJHBaI0il(HMHCSI 

Bttyrpb KapKaca); Lsl - Ls14 - co6cTBeHHble HH)I.YKTHBH0CTH 

K0H)l.eHCaT0p0B cpopMHpymll(eH JIHIIHH, C1 - Ci4 - KOH)l.eHCaTOpbI 

MMK-100-0,05. 

Ilpoueccb1 a cxeMe pHc. 4 

noM0il(H nporpaMMbI WPSpice. 

npe,n;CTaBJieH Ha pHC. 5. 

npe.n;aapHTeJibHO HCCJie)I.0BaJIHCb npH 

TOK, npoTeKaIOil(HH qepe3 HarpY3Ky, 

\ i \?JJ~ : \~ 1;2j.iH: \l i,?-JW H 

~-~JJ~: 
C1 

· 25n 

R1 
.a.on 

Pttc. 4. cI>parneHT HMilYJibCHOH q>OpMttpyiow.efl JIHHHH 

Mo)l.ymITOpa M-350. 
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PHC. 5. Ocu;HJIJ1orpaMMa TOKa qepe:i uarpY3Ky RI. 

3.5;3KBHBaJieHT HarpY3KH MOizyrraropa 
Ilpe)K)l.e tJeM MO)l.ymTOp M-350 6}')KeT Harpj')KeH ua KJIHCTp0H 5045, 

ace pa60Tbl no HaJia.n;Ke H cpopMHpoaamno HeHCKa)KeHHOfO BbIXO.D;HOro 

HMilYJibCa MO.D;yJIS1Topa .D;OJI)KHbI 6b1Tb npoae.n;eHbI Ha SKBHBaJieHT 

narpY3KH. B rrpoTHBHOM cnyqae HCKa)KeHHSI B cpopMe HMrryJibCa 

(nepaBHOMepHOCTI, BepIIIHHbI HMrryJibCa, KOJie6anHSI ua ero cppoHTe H 

T • .n;.) CKa)Kyrcsi: ua KatJeCTBe rryqKa ycKopHTem JIY3-200. 

OcHOBHbie Tpe6oBaHHSI K 3KBHBanemy narpY3KH MO,D;yJISITOpa: 

1. Pa6oqee nanpsi:)KeHHe, KB •••••••••••••••••••••••••••••••••••••••••••• 23,5 

2. AMIIJIHTy.n;a HMrryJibCHoro TOKa, KA. ••• ; ••••••••••••••••••••••••• 6,3 

3. )lrrHTeJILHOCTb HMrryJILCa, MKC ....................................... 5,0 

4. PaccenaaeMasi: cpe,D;HSISI MOil(HOCTb 

Ha qacTOTe IIOCLIJIOK 150 ru, KBT ............................ 150 

5. Bonnoaoe conpoTHBJienne, OM .................................... .4 
6. OTcyrcTBtte co6cTBennoii HH)I.YKTHBHOCTH, 

IIIHp0KOil0JI0CHOCTL. 

KOHCTPYKUHSI 3KBHBaJieHTa narpY3KH, 6JIH3Ka51 K npHHSITOH B M5I<I> co 
PAH, co.n;ep)KHT 32 MOil(HblX BblC0KOBOJILTHLix pe3HCTopa mna C5-

40B- 32, KOTOpble coe,D;HHSIIOTCSI a rrapaJIJieJILHO-II0CJie.D;OBaTeJII,Hl,Ie 

BeTBH .D;J1S1 rronyqeHHSI corrp0THBJieHHSI 4 OM. OXJia)K)l.eHHe Ka)K)I.Oro 

pe3HCTOpa OCyll(eCTBJISieTCSI rrpOTOtJHOH .D;HCTHJIJ1HpOBaHHOH BO.D;OH, 

KOTOpasi: no.n;aeTCSI 0)1.H0BpeMeHH0 B K0prryc pe3HCTOpa, mrOTOBJieHHLIH 

H3 KepaMHKH, H. B 3a3op Me)K)l.y npOB0JIOtJHLIM CJIOeM pe3HCTopa H 

nap)')KHLIM Ko~oM m BHHHIIJiacTa HJIH rroJIHSTHJiena • .D:aBJieHHe ao,n;bl 
11 



B MarncTparrn npnMepH0 4 Krc/cM2. _ CJieeyeT OTMeTHTb, qTO 3aBOA-:

ll3fOT0BHTe.J1b BbinyCKaeT ST0T nm pe3HCT0pa µrr,q npnMeHeHIDI B 

ycrroBIDIX ecTecTBeHH0ro B03Jzyurnoro - oxrra)KJ{eHirn. McnoJib30BaHne 

B0)J;bl .L(JUI Tenrr00TB0,IJ;a - STO )J;aJibHeHIIIee pa3BHTHe nepcneKTIIBHbIX, C 

JiaIIIeH T0qKII 3peHIDI, pe311CT0p0B TIIITa C5-40B .L(Jl5I np11MeHeHIDI IIX H 

CIIJlbHOTOqH0H HMnyJibCHOH TeXHIIKe. 

4. BaKyyMHruI c11cTeMa cTen.na 

Heo6xo.ri;mrne pa3pe)KeH11e ocTaT0qJioro ra3a B ycKop11Terre B pa6oqeM 

pe)KIIMe C0CTaBJI5IeT 1 *10-8 TOPP II o6ycJIOBJieHO .ri;ecop6r~11eii ra3a co 

CTeH0K BaKYYMHbIX 061,eMOB. IloBbIIIIeHHa5I CK0p0CTb ra300T)J;eJieHIDI co 

cTeH0K B0JIH0B0fO TpaKTa, YMH0)KHTeJI5I M0mHOCTII II ycKOp5IIOmeii 

CTpyKTypbl Bb13BaHa ,ri;efi:CTBlleM CBq-IlOJl5I BbICOKOH Hailp5I)KeHHOCTH II 

oce.ri;aHlleM qaCTH ycKOp5IeMhIX SJieKTpOHOB Ha CTeHKaX srreKTpOHHOfO 

TpaKTa. 

CooTBeTcTBymmee KaqecTBo nonepxHOCTH ycKOp5Immeii ceKllllH, 

pe3oHaTopa II BOJIHOBO)J;OB rapaHTIIpyeTC5I opraHll3al{IDIMII

H3rOTOBHTeJI5IMH II KOJ1TpOJIHpyeTC5I no Mepe HX IlOCTYilJleHIDI 

3aKa3qHK0M B nponecce KOJITpOJibHOH BaKYYMHOH oTKaqKH H Macc

cneKTPOMeTp11u OCTaTO'IHOrO ra3a. 3rreMeHTbl BaKYYMHOH CHCTeMbI, 

H3fOTaBmrnaeMhie caMOCT05ITeJibHO, Hanp11Mep: BaKYYMHbie IIIH6epbl, 

nepexo.ri;mIKH, TPY60ITpono.ri;1,1 H T • .ri;., no.ri;neprmoTC51 XIIMHqecKoii 

oqHCTKe, B 3aBHCHMOCTH OT Konqmrypan1m Hx nonepxHOCTII, a TaK)Ke 

oqHCTKe B yrrhTPa3ByKOBOH nmrne c .ri;HCTHJIJIHponammii BO.ri;oii:, cyrnKe 

H BaKYYMHOMY OT)KHry. 

B COCTaB BbICOKOBaKYYMHOfO OTKaqnBammero nocTa BXO)J;HT 

Marnmopa3p5l)];HbIH Hacoc nma HOP.U-100 IIJIH HOP.U-250, rnH6ep 

pyqnoro ynpaBJieHIDI C MeTaJIJIHqeCKHM yrrrroTHHTerreM, CIIJibCpOHHbIH 

ITepexo,ri;HHK, BbICOKOBaKYYMHbIH .ri;aTqHK THna IIMM-32 H neHTIIJib W-
50 c MeTaJIJIHqecKliM yrrrroTHeHHeM .L(JUI npHcoe)J;HHeHIDI K JIHHHH 

npe.ri;napmerrbHOH OTKaqKII. B cocrnn nocTa npe.ri;Bapme.rrbHOH 

OTKaqKH BXOMT 4 neoJIHT0BblX Hacoca U:BH:-100, cpopBaKYYMHblH 

Hacoc 2HBP-5.U c a30THOH rronyrnKoii, Typ6oHacoc BMH-500 c 

a30THOH rroByrnKoH, o.ri;HH qepHonoii Hacoc HOP.U-250, TeqeHcKaTe.rrb 

IlTff-10. Typ6oHaCOC OTCeKaeTC5I OT ofo,eMa C IlOMO~blO rnn6epa C 

12 

SJieKTpnqecKHM yrrpaBJieHHeM H C MeTarrrrnqeCKHM yrrJIOTHHTeJieM. 

Ilpe.ri;yCMOTpeHa 6rroimpOBKa ITO BaKYYMY ilpn pa6oTe MeXaHHqeCKOfO 

Hacoca II Teqe11cKaTe.rr5I. 

4, 1 '.CTpyKTypa BaKY)'MHOm TpaKTa n K0MMy:rttpymwag armaparypa 

Mcxowi H3 · ynerrnqeHIDI Ha)];e)KHOCTH n · MH y.no6cTBa SKcnrryaTallHH: 

nec1, . naKYYMHbIH ofo,eM pa3.ri;enen • Ha pH.ri; aBTOHOMHhIX yqacTKOB 

OTKaqKH. IlpH aBapHii11oii cnTyaunn IIJIH AJIH ITpone.neHH5I KaKnx-rrn6o 

pa6oT, CBH3aHHbIX C naITyCKOM, HaITyCK ra3a npOH3BC>.L(HTCH TOJibKO B 

O)J;HH H3 TaKHX yqaCTKOB, a He BO BCIO ycTaHOBKy. Bee STH aBTOHOMHbie 

yqaCTKH OT)J;eJIHJOTC51 .npyr OT .npyra aBapHHHbIMH ITHeBMaTuqecKHMH 

IIIH6epaMII C MeTarrrr11qeCKHM yrrrronIeImeM H HMeI0T )J;OITOJifIHTeJibHblH 

BeHTIIJih AJI51 IT0.ri;coe.ri;1rneliu51 K o6meMy irnnrrei(Topy ITpe.ri;Bapmerrhttoii 

OTKaqKH. KorrrreKTOpOM CJIJ)KIIT Tpy6a JJ:y = 70 MM, IlOMHMO STOfO Bee 

BbICOKOBaKYYMHbie HaCOCbl qnCT0BOH OTKaqKH TaK)Ke OT.L(eJieHbl OT 

061,eMa uiu6epaMII C MeTarrrrnqecKHM yruIOTHeH11eM II C pyqHhIM 

yrrpaBJieHHeM (JJ:y 80 ITO cxeMe). BbICOKOBaKYYMHbie naco.Cbl. TaK)Ke 

ITpHcoe.ri;HH51JOTC51 K KOJIJieKTopy C ITOMOll{bJO BeHTHJieH C 

MeTarrrr11qeCKHM yruIOTHeHHeM . H p)"IHblM yrrpaBJiemieM. . YcrroBHblH 

ITpOXO)J;HOH .ri;iiaMeTp STHX neunirreii: JJ:y-50 • .UnaMeTp COOTBeTCTB)'IOll{HX 

TPY60ITp0B0)];0B He MeHee . 50 MM. Tpy6onpOBO)J;bl H3roTaBJIHBaIOTCil m 

HeMarHHTHOH. Hep)Kaneromeii . CTaJIH. . BHYTpeHmrn ITOBepXHOCTb. HX 

o6e3)KHp11BaeTCH B oprannqecKHX. paCTBOpHT~HX H ll{eJI0qax, C 

ITOCJie.ri;yromeii npOMbIBKOH B YJibTpa3ByKOBOH Bam1e, cyrnKOH H 

o6e3fa)KIIBaIOll{HM OT)KHfOM npu t = .400 °C. KoJIJieKTOpHa5I Tpy6a. 

oqumaeTC51 . TaKHM )Ke o6pa30M npH o6H3aTeJibHOM OT)Kllfe. On1mr 

TPy6onpono.ri;oB npoH3BOAHTCH B nepuo.n c6opKH IIJIH no.neTaJibHO B 

BaKYYMHOii nequ. 

4,2,l13MepurerrbHM annapa:rypa u 6noK11ponoqmlSJ cncTeMa 

M3MepeHue .l(aBJieHH5I ocymecTBJI5leTcH np116opaMH Tnmi BTM-2, . 
HMeIOll{Hl\fH 4 BbIXOAa M51 npucoe.nuHennH Hll3KOBaKyyMHhIX .l(aTqJIKOB 

THna TIMT-6-3 H 2 Bhixo.ri;a M5I npHcoe.nm1eHH5I BhICOKOBaKYYMHbIX · 

.l(aTqHKOB THna TIMM-32-1. BbICOKOBaKyyMHhie .L(aTqHKH 

pacnorraraIOTC51 B6rrn3H MarnnTOpa3p5IAHhIX · HacocoB, HH3KOBaK}'YMHhie 

.naTqHKH JIMeIOTC5I TOJibK0 B C0CTaBe IlOCTa npe.nnapHTeJlbHOH . OTKaq,KH. 
" ; ' 
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llptt6op ttMeeT aHaJIOrOBhIH BhIX0J:t O - 10 B, c noM0I.QhIO KOToporo 

ocyiuecTBJUleTC.11 nepeKpbIBaHHe nHeBMaTtttieCKHX urn6epOB. 

AHaJiornqHbIM o6pa30M npH napyrneHHH BaKY}'Ma B nepHOJ:{ pa60Tbl 

nocTa npe.n:BapttTeJibllOH 0TKaqKH np0HCX0J:{HT nepeKpbITHe 

cpopBaKY}'MH0ro Hacoca, TeqeHcKaTen.11 H Typ60MOJieKyn.11pHoro nacoca. 

llptt 3T0M np0HCX0J:{HT 3aKpbITHe BeHTHJieH THna KBYM-25 Ha 

cpopBaKY}'MHOH JIHHHH H BeHTHJI.11 311T-100 c 3JieKTpttqecKHM 

ynpaBJieHHeM HaJ:{ Typ60MOJieKyn.11pHbIM HaC0C0M. 

B C0CTaBe CHCTeMbl HMeeTC.11 0J:{HH Macc-cneKTpoMeTp MX-7304, 

cny,KaI.QHii 'JJ:JI.11 K0HTP0JI.11 cneKTpa ocTaToq11oro ra3a, a TaK)!(e JJ:JI.11 

n0HCKa He3naqHTeJibHbIX Teqeii. 

4.3.CocrnB BaK~Horo o6opynoBamrn 

1. Mexamfl1ecKHH Hacoc 2HBP-5Jl:M - 1 IllT. 

2. TeqettcKaTeJih 11Tl1-10 

3. Typ6oMoneKympHbIH nacoc BMH-500 

4. Cop6UHOHHhIH ueonHT0BhIH nacoc UBH 

5. Mammopa3p.11.n:111,1ii nacoc HOPJJ:-250 

6. Mammopa3p.11.n:n1,1ii nacoc HOPJJ:-100 

7. MamHTOpa3p.11JJ:HblH Hacoc TpH0J:{H0ro THna 

8. llneBMaTHqecKHX um6epoB THna VAT 

9. PyqHbIX urn6epOB JJ:Y-80 c MeTaJIJIHqeCKHM 

ynJI0THeHHeM . 

10.BeHTHJieii JJ:Y-50 c MeTaJIJIHqeCKHM ynJIOT

HeHHeM 

11.3aTBop 311T-100 c 3JieKTpttqeCKHM ynpaB

JieHHeM 

12.BeHTHJib uanycKa JJ:Y-10 c MeTaJIJIHqeCKHM 

ynJIOTHe1meM 

13. BeHTHJIH Tttna KBYM-25 

14.BeHTHJIH c MeTaJIJrnqecKHM ynJI0THeHHeM 

JJ:Y-25 

15. Jl:aTqHK Tttna llMM-32-1 

16. Jl:aTqHK THna llMf-6-3 

17. llp~6op JJ:JI.11 mMepenH.11 BaKY}'Ma BTM-2 
14 

1 IlIT. 

1 IlIT. 

4 IlIT. 

- 1 IlIT. 

- 4 IlIT. 

- 1 IlIT. 

- 2 IlIT. 

- 4 IlIT. 

- 10 IlIT. 

- 1 IlIT. 

- 7 IlIT. 

- 2 UIT. 

- 4 IlIT. 

- 6 IlIT. 

- 3 IlIT. 

- 2 IlIT. 

18. Macc-cneKTpoMeTp MX-7304 - 1 IlIT. 

llpH Hcnon1,30BanHH JJ:Byx HacocoB Tttna UBH-1-2 J:tJI.11 OTKaqKH o.n:Hoii 

CTyneHH (ycKOpHTeJibHOH ceKQHH) M0)!(HO nonyqHTb .n:aBJieHHe Ha 

ypOBHe P1 = 10-
2 

Topp. 

5. CTPYKTYPHaJI cxeMa H OCHOBHLie 3JieMeHTLI Bq-Yp3KT3 CHCTeMLI 

IIHTaHIDI ycKopHromeii ceKUHH cTen~a 

OCHOBHbIMH aJieMeHTaMH BbIC0KoqaCTOTHOro TpaKTa .IIBJI.IIIOTC.11 

ycK0p.llIOI.Qa.11 ceKQIDI; rpynrrnpoBaTenb; ycHJIHTeJII, MOI.QHOCTH; 

ycTpOHCTBO IIOBbIIlieHH.11 CBq-MOI.QHOCTH; HarrpaimeHHblH OTBeTBHTen1,; 

perynttpyeMI,Ili cpa30Bpa~aTeJib; aTTeHIOaTOp; BaKY}'MHbie IIOCTbI; 

BaKY}'MHOe 0KHO; IIOrJI0I.QaIOI.Qa.11 uarpY3Ka 6oJibllIOH MOI.QHOCTH. 

llHTaHHe ycKopaIOI.Qen: ceKUHH ocyiuecTBJI.11eTc.11 OT KJIHcTponnoro / 

ycHJIHTeJI.11 c BbIXOJJ:HOH M0I.QH0CTbIO 67 MBT B HMrrynoce l 
J:{JIHTeJibHOCTbIO 3,5 MKC. Jl:n.11 II0BbIIlieHH.11 lfMrryJibCHOH MOI.QHOCTH / 

ycKOp.llIOI.QeH cBq-BOJIHI,I B TpaKTe IIHTaHH.11 ycKOp.llIOI.QeH ceKQHH 

ycTaHaBJIHBaeTca CHCTeMa K0Mrrpeccm1 3HepmH cBq-IIOJI.11 C 

HaK0IIHTeJibHblM pe30HaTOpOl',f (CHCTeMa THIIa SLED). Ka)!(J:ta.11 CHCTeMa 

co.n:ep)!(HT J:{Ba BbICOKOJ:{06poTHI,IX HaK0IIHTeJibHbIX pe30HaTopa, 

II0J:{KJIIOqeHHbIX K TPaKTY C II0MOI.QbIO B0JIHOBOJ:{Horo M0CTa, H 11 
II03BOJI.lleT IIOBbIIliaTb HMrryJibCHYJ0 MOI.QHOCTb CBq - B0JIHbl B 5-6 pa3 ! 

. J . 
rrpH COKpaI.QeHHH J:{JIHTeJibHOCTH BbIX0J:{HOro m.1rryn1,ca. B .n:aHHOM ( 

cnyqae IIHKOBM MOI.QH0CTb rr0B1,1rnaeTc.11 .n:o 360 MBT, a JJ:JIHTeJibHOCTh l i 

HMIIYJibCa COKpaI.QaeTC}I JJ;O 0,8 MKC. 

T.K. OCHOBHOH BOJIHOBOJJ;HhIH TpaKT, rrepe.n:aIOI.QHH MOI.QHOCTb OT 

KJIHCTPOHa K YCKOp.llIOI.QeH CeKQHH, pa6oTaeT c J:{OCTaTOqHO BbICOKHMH 

MOI.QHOCT.IIMH, TO Heo6xo,n11Ma ero BaKYYMffa.11 OTKaqKa. TpaKT. 

H3roTaBJIHBaeTC..II H3 CTaHJ:{apTHI,IX MeJ:{HI,IX rrp.llMOyrOJibHblX BOJIHOBOJ:{0B 

c BffYTpeHHHM ceqeHHeM 72x34 MM H TOJII.QHHOH CTeHKH 5 MM. Jl:JI.11 
COe)J;HHeHH.11 OTJ:{eJII,HI,IX 3JieMeHTOB B0JIH0BOJ:{HOfO TpaKTa 

HCII0Jib3YJOTC..II KOHTaKTHbie rrpaMoyroJibHbie cpnaHQbl C BaKY}'MHblM 

yruIOTHeHHeM. CttcTeMa K0MIIpeCCHH ::IHeprnH pacrronaraeTC..11 B03M0)!(H0 

6JIH)!(e K BX0JJ:Y ycKop.llIOI.QeH ceKQHH, qT06b1 o6ecrreqHTI, 

MHHHMaJibHYJO J:{JIHHY H K0JIMeCTB0 3JieMeHTOB, pa6oTaIOI.QHX Ha 

MaKCHMaJibHbIX yp0BH.IIX M0I.QH0CTH. K ycKopa10I.Qei1: ceKQHH CTeHJ:{a 
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CHCTeMa KOMnpeCCHH IlOJJ;ICJIIOqaeTC.sI qepe3 BOJIHOBOAHblH 3JieMeHT C 

CBq-30~0M. 

Heo6XOAHMa.sI .wrn rpynnttpoBaTeJI.H qacTb MOII{HOCTH, MaKCHMaJibHa.sI 

BeJittqHHa KOTopoii He npeBblIIIaeT 1 MBT, CHHMaeTc.si: c CBq-TpaKTa 

YCKOp.sIIOII{eH CeKU:HH C IlOMOII{bIO HanpaBJiem-mro II{eJI~BOfO 

OTBeTBHTeJI.sI C nepexo,n;HblM ocna6.iie1rneM 18 AD. IIocKOJibKY ypoBeHb 

MOII{HOCTJI B CBq- TpaKTe rpynnHpOBaTeJI.sI OTHOCIITeJibHO He60JiblllOH, 

TO OH He Tpe6yeT BaKyyMHOH OTKaqKJI HJIH KaKOf0-HH6yAn ra30BOro 

HanOJIHeHH.sI (HanpHMep, a30TOM HJIH ::inera30M). 3TO Il03BOJI.sieT 

IICilOJib30BaTb 6onee TOHKHe, a CJieAOBaTeJibHO H 6onee JiefKHe, 

BOJIHOBOAbI .(c TOJIII{HHOH CTeHKH 2 MM) H cymecTBeHHO ynpoCTHTb 

KOHCTPYKU:HI0 cp.rranu:eBblX COeAHHeHHH H OTAeJibHbIX 3JieMeHTOB 3T0f0 

TpaKTa. B qacTHOCTH, 3AeCb AJI.sI COeAHHeHH.sI BOJIHOBOAOB 

rrpeAilOJiaraeTC.sI HCilOJib30Banne 6onee ,n;eIIIeBblX (TeXHOJIOfHqHblX) 

Kpyrno1x .n;poccemm1x cpnaHu:en. Heo6xoAHMble rrapaMeTpo1 Bq-nom B 

rpynrrHpOBaTene rrpH nacTpOiiKe H 3KCnnyarnu:HH ycKopIITeJI.si: 

ycrnnaBJIHBaIOTC.sI C IIOMOII{bIO perynHpyeMbIX . cpa30Bparu:aTeJI.H H 

arreHIOaTopa • Cf>a30Bparu:aTeJib TpOM60HHOro Tttna BblIIOJIHeH Ha 

OCHOBe BOJIHOBOAHOro MOCTa H o6ecne~mnaeT H3MeHem1e cpa3bl 

rrpOXOA,SIII{ett Bq-BOJIHbl n npeAeJiax OT O AO 360. PerynHpyeMbIH 

arremoaTop rrpe.n;cTaBJI.sieT co6oii AeJIHTeJib MOII{HOCTH C H3MeH.sieMblM 

K03cpcpHU:HeHTOM AeJieHH.sI. B 3aBHCHMOCTH OT COCTO.sIHH.sI 

perynHpymru:ero ::ineMeHTa (cpa3onparu:aTeJI.H) MOII{HOCTb, CIIHMaeMa.si: 

OTBeTBHTeJieM C Bq-TpaKTa, pacnpe.n;en.si:eTC.sI Me)KJ(y 

rpynrrHp0BaTeJieM n rromoru:amru:eii HarpY3Kpoii n Heo6XOAHMOM 

COOTHOIIIemm. 

qaCTb BOJIHOBOAHOfO TpaKTa, HaXOA.sIII{a.sIC.sI IIOA anmccpepnbIM 

AaBJie1meM (TpaKT HH3KOfO ypOBH.sI MOII{HOCTH), OTAeJI.si:eTC.sI OT 

BaKYYMHOii qacn1 KepaMnqecKIIMH OKHm,m 6auoquoro TIIrra. 

BaKY)'MHM OTKaqKa TpaKTa ocymecTBJI.sieTC.sI C IlOMOII{blO naKYYMHblX 

IlOCTOB, H3 KOTOpbIX ABa pacrronaraIOTC.sI Ha ycKopmoru:eiI CeKI.{HII, OAHH 

- Ha rpynmipOBaTene, OAIIH - B CJICTeMe Konpeccm1 H OAHH - B 

BOJIHOBOAHOM TpaKTe cpa3y IIOCJie BbIXOAa KJIHCTpomrnro ycIImrren.si:. 

HerrocpeACTBemrn iiepeA BXOAOM ycKopmoru:eii ceKU:IIII pacnonaraeTc.si: 

Bq-30HA. Ott rrpeAHa3HaqeH .wrn Ha6moAettH.sI orn6amru:eii II H3MepettH.sI 
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OCHOBHblX rrapaMeTpOB Bq-HMnynoca Ha BbIXOAe CHCTeMbl KOMnpeCCHH 

::iHeprnH. 11cnono3yeMoiii 30~ He o6na.n;aeT HanpaBJieHHOCToIO, no::iTOMY 

AOCTOBepna.si: HHcpopMaU:H.sI o napaMeTpax Bq-m.mymca, nocTynamru:ero 

Ha BXOA ycKop.si:mru:eii CeKU:IIH, MO)KeT 601Tb nonyqetta TOJibKO rrpH 

He3ttaqHTeJioHoii aMnJIIITyAe OTpa)KeHHoii BOJIHbI. IIpe.n;nonaraeTc.si:, qTo 

ycKOp.sIIOII{a.sI CeKI.{H.sI H OKOHeqHa.si: IlQfJIOII{aIOII{a.sI HarpY3Ka AOCTaTOqHO 

xopoIIIo comaconaHoI. Cneu:HanoHbitt 30~, no3BOJI.sIIOII{Htt OTAeJibHO 

onpeAeJI.sITb . xapaKTepHCTIIKH KaK np.si:MOH, TaK H o6panmii BOJIH, 

ycTaHaBJIHBaeTC.sI Ha BbIXOAe KJIHCTpOHHOro YCHJIHTeJI.sI. 

6. 3a1u11oqeHHe 

B rrpou:ecce C03.n;aHII.sI IIOJIHOMaCIIITa6Horo YCKOpHTeJI.sI ycTaHOBKH 

HPEH nH<t> 0115111 . CMOHTHpOBaHa H HaJia)KeHa CllCTe~rn 

BbICOKOBOJibTHOfO IlHTaHH.sI [7], CIICTeMa HMilYJibCHOfO ITHTaHH.sI 

KJIHCTpmrn 5045 (nepBblH BapIIaHT MO,n;yn.si:rnpa M-350), CHCTeMbl 

BOAOOXJia)K,[(eHH.sI, YEC II KOIITpOJI.sI [8]. 3JieKTpOCHJIOBOe 

o6opy.n;onaHIIe CTe1ma rrpoIIIJIO IICilblTaHH.sI B HOMIIHaJibHOM pe)KHMe 

MOAYJI.sITOpa M-350. 

IIpone.n;eHbl IICITblTaHH.sI pa3JIHqHbIX TIIITOB KOH,n;eucaTOpOB AJI.sI 

cpopMIIPYIOII{HX JIHHHH MOAYJI.sITOpa, neCKOJibKHX 3KBHBaJieHTOB 

narpY3KH H BbI6paHbl OITTHMaJibHbie C TOqKH 3peHH.sI 3KcnnyaTal.{HH 

3JieMeHTbl Mo,n;yn.si:Topa. 

B KE llH<f> IIOAroToBJieHbI rrpoeKTbl BaKyyMnoii n CBq-cncTeM cTe1ma. 
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