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§ 1. BseJleHHe 

B npouecce paapa6oTKH sneKTpOJlHHaMH'IeCKoro cenapaTopa aHTHnpoTOHOB c HMnynb-

/1 2/ 
COM 5 rss/C 1 onacaHHOI'O B pa6oTaX 

1 
1 nOHBHnaCb Heo6XOJlHMOCTb SKCnepHM9HTanbHOII 

npoaepKH S~~9KTHBHOCTH npe)lnaraeMOI'O M9TO)la 6aH'19pOBHH ny'!Ka B KaMepe CHHXpO~aao

TpOHa sa C'I9T nepexaaTa npoTOHOB B pe)KHM KpaTHOI'O ycKOpeHHSI, C STOll uenb!O 6bina 

C03JlaHa MaKeTHaH BhiCOKO'IaCTOTHaH CHCTeMa (CKY), COCTOHIUaH H3 peaoHaTopa, aBTOI'9H9-

paTopa H HMnynbCHOI'O MOJlynHTOpa (eM, pHC, 1 ), 

KpaTKO aanO)KHM npHHUH~ pa6oTbi cHcTeMbi, OnHChiBaeMaH CHCTeMa a KOHne UHKna 

OCHOBHOI'O-yCKOpeHHSI CHHXpO~aaOTpOHa npOH3BOJlHT nepeaaxaaT npOTOHOB B p9)KHM KpaT

HOI'O YCKOp9HHSI Ha nOCTOSIHHOII '18CTOT9 69 ~I'U H OCyiU9CTBnHeT YCK0p9HH9 Ha STOll qacTo

Te B T9'19HHe apeM9HH r a 10 t 50 MCeK. YcKopeHHbiii Ha KpaTHOII qacTOTe ny'IOK BbiBo

JlHTCSI CHCT9MOII aaHMyTBnbHOII aCHMM9TpHH Mai'HHTHOI'O nonS! Ha BH9WHIOIO MHIU9Hb, B pe

aynbTaTe '19I'O Ha BbiXOJl9 H3 MHW9HH B03HHKaiOT nepHOJlH'I9CKH9 a3HMyTanbHO KOp0TltH9 

CI'YCTKH BTOpH'IHhlX 'laCTHU, 

C noMOll.lbiO_ CKY 6hinH npoaeJl9Hhl cneJlyromiie IICCneJloBaHIISI: 

1. BhlHCHeHa aaBIICHMOCTb KOs~~IIUII9HTa nepeaaxaaTa npoToaoa B pe)KHM KpaTHoro 

YCKOp9HIISI OT napaMeTpOB CHCT9Mhl, 

2, Onpe)leneaa aenii'IHHa ~oaa BTOPII'IHbiX qaCTIIU a npoMe)KyTKax M9)KJlY crycTKa

MII II OTpa60TaHhl S~~9KTIIBHhl9 M9TOJlbl. ero noJlaBneHIISI, 

3, npo1I3Be)leHa 9KCnep1IM9HTa.JlbH8SI nposepKa T9XHII'I9CKIIX xapaKTepHCTIIK CKY, no)lo-

6paHhl OnTIIManbHbl9 pe:lKHMhl ee pa60Thi, OTpa6oTaHbl OTJl9nbHhl9 yanhl C TO'IKII 31\SHIISI Ha

Jl9:lKHOCTH ·H yJlo6cTB sKcnnyaTaUHH, 

PeaynbTaTbi HccneJloBaHHII no nepBhlM JlBYM nyHKTaM IIano»<eiJbi B JlPYI'IIX pa6oTax, 

131 
B qacTHOCTH, B • B aacTOSIIUell pa6oTe npHBOJlHTCH onacaHIIe CKY, coo6pa»<eHIIH no 

Bhl6opy II paC'19TY HaH6onee Ba)KHbiX ee yanos; a T8K:lK9 peaynbTaThl HCnhlTaHIIII CHCT9Mhl 

KaK Ha IICnhlTaTenbHOM CTeH)l9 0 TaK H HenocpeJlCTB9HHO B K8M9pe CHHXpo~aaoTpoaa. 

KpoMe Toro, npase)leHbi peaynbTaTbi HccneJloBaHIIII pa6oTbi 3neKTpoaaKyyMHhiX np1I6opos 

npii 6onbWOII JlnHT9nbHOCTH HMnynbCa ( f ,. 50 MCeK), a TaK:lK9 no Bb!SICHSHIIIO sneKTpH

'19CKOII npO'IHOCTH p930HaTopa, nOM91U9HHOI'O B BaKyyM npii HMH'IHH JlOCTaTO'IHO CHnbHhiX 

Mai'HIITHhiX nonell pac_CeSIHHSI B CHHXpo~aaOTpOHe ( H~100 .SpcTeJl) II 6onbWIIX JlniiTenbHO

qTeil a/q HMnynbCa, 
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1. PeaoHaTop 

PeaoaaTop CKY aaxonnncH a KaMepe cnaxpoq,aaoTpoaa aa BBOllHOM npHMCXIJHHeAHoM 

npoMe>KyTKe • KoacTpyKTHBHO OH 6bln Bblnonaea a anne qeTaepTbaonaoaoro oTpeaKa KoaK

cnanbHOA nHHHH c npHMoyronbHbiM nonepe'IHbiM ceqeaneM (puc. 2). Bh16op KOHCTPYKilHH H 

. ocHOBHhiX paaMepoa peaoHaTopa onpenenstncH anepTypoA KaMe phi H nonepe'IHbiM ceqeaneM 

pa6oqell o6nacTH nyqKa a aaqanbHhll! MOMeHT ycKopeHHH. Co6cTaeaaa>t no6poTHOCTb nn>t 

yKaaawaol! KOHCTPYKilHH peaoHaTopa onpenen>tnacb no <PopMyne 

Q c 
0 

·st 

8 [ ( p l +p 2) i + s ] 
2 

( 1) 

r,!le 8 - rny6HH8 CKHH-cnog, S - noaepXHOCTb nonepe'IHOro Ce'IEIHH>l Me>KllY BHeWHHM H 

aayTpeHHHM npoao,!lHHKBMH,· t - nnnaa peaoaaTopa ( t c ..!:t-) , P 1 - nepnMeTp nonepeq

aoro ceqeHHH aaewaero npoaollHHKa, p2 - nepnMeTp nonepeqaoro ceqeHH>t aHyTpeaaero npo-

BOllHHKa. <Pop~yna ( 1) Bblaeneaa c yqeToM vcnoaHH p - p .<< p 1 l 2 

Pac'!eT naeT nnH peaoaaTopa c co6cTaenaoA qacToToA I 0 ~ 69 Mrn H c paaMepaMR, 

noKaaaHHhiMH a a pnc. 2, aenH'IHHY Q o = 7000. CooTHoweane ( 1) ae Y'IHTbmaeT noTe pH Ha 

nanyqeane. Bea aKpaaa 3 (pnc. 2) 9TH noTepn, K8K noKaahi&aeT onhiT, aecbM8 cywecTaea

Hhi1 H ll06pOTHOCTb B 9TOM cnyqae onpenenHeTC>l TOnbKO llOTep>tMH H8 H3ny'leHHe ( Q0 - 5()()) 

HanH'!He 9Kp8H8 pe3KO CHH>K8eT HanyqeaHe. 3TO 06'bHCHHeTCH TeM, 'ITO llnll KOHcPHrypanHH 

. non>t so aayTpeaael! nonocTH peaoaaTopa (pnc. 3) cywecTaeHHbiMH MOllBMH,_ KOTOpble a03-

6ymnaroTC>t non eM a a aaaope, >tanHIOTCH aonHhl THna E nm H, a nepayro oqepellb, Ell • 

0llH8KO ,!lnll 9THX MOll H ,!lnll yK838HHbiX p83Mepoa BHyTpeHHll>l nonOCTb pe30H8Top-aKp8H 

>tanHeTCH aanpenenbHbiM aonHOBOllOM. 

nponaaeneM pacqeT Heo6XOllHMOl! ,!lnHHbl 9KpaHa. Ocna6neHHe MOll.IHOCTH Hany'leHHll 

A 
0 

- nnnaa aonHhi a cao6onaoM npocTpaHcTae, a H b - nonepe'<Hble paaMepbl aKpaaa 

(u BHyTpeHHel! nonocTH peaoHaTopa). 

npH h =30 CM "N > :X g8 
0 

'ITO COOTBeTCTByeT ll06pOTHOCTH H3ny'leHH>l Q .>5•10
4

, 

Banny Toro, 'ITO nmma peaoaaTopa t = 102 eM, TO nanyqeane aayTpH nonocTH a. npyryro 

CTOpOHy OT 3830p8 TeM 6onee HecyweCTBeHHO. YfaMepeHH8ll ll06poTHOCTb pe30H8TOpa C 

9KpaHOM Q 
0 

= 6500, 'ITO xopowo cornacyeTCH c pac'!eToM •• 

Bonaoaoe conpoTnaneHHe z
0 

c nocTaTo'IHOl! CTeneHbiO TO'IHOC~H MO>KHO nollC'IHTBTb, 

38MeHHll llpllMOyronbHOe Ce'leHHe BHeWHero H BHyTpeHHer~4?pOBOllHHKOB K0HcP0K8nbHbiMH 

snnHncaMH. · Tor.ua Hcnonb3yeTCH HaaecTaoe cooTaoweaHe 

4 

.-.\· 

·j 

. ;I 

z 0 - 138 tg at + bl 

a I + b I 
(3) 

rne a
1 

u at - 6onbwue nonyocn annunca BHyTpeaaero H anewaero npoaollHHKa, b 1 u bt -

MBnble nonyOCHo npH'IEIM 2af H 2b f p8BHbl COOTBeTCTBYIOlliHM p83MepaM nonepe'IHOrO ce

'leHH>l BHeWHEirO npqaO,!lHHKa, a 2a I H 2b1 - COOTBeTCTBYIOll.IBM paaMepaM BHyTpeHHero 

npOBOllHHita, 

¢8JtTOp BpeMEIHB nponeTa npOTOHOB T , pacc'IHTaHHblll no HaMepeHHOMY Me-

TO,!lOM M8nbiX. B03Myll.IEIHHll pacnpenenE!HHIO HanpH>KeHHOCTH B/'1 aneJtTpH'IEICKOro non>t B,!lOnb 

OCH pe30HaTopa, COCTaBHn ,!ln>t SHeprHB npoTOHOB lt •5:-10 raa T >·0,95, 

.llna a<P<PeJtTHBHOII pa6oTbl CKY aeo6xonuMo 6hlno o6ecne'IHTb BhiCOKYiO cTa6HnbHOCTb 
/3/. · Mo · -4 · 

ee 'IBCTOTbl (ae xy>Ke ...;.._... ~ 10 ). B CBH3H c 9THM 6hlnH npoaeneHhi H3MepeHHH eTa-
/ 0 • 

6HnbHOCTH qacTOTbl peaoaaropa 10 npu aoanellcTaHB aa aero Te,t.mepaTypHbiX H3Meae-

HHA,,aH6panHa, uarHBTH_oro non>t. 0Kaaanocb, 'ITO yXOll 'IBCTOTbl pe30H8Topa B K8Mepe npH 
M -5 

H8n"'IH~ noneft pacce>tHH>l ·n - 90· a, COCT8BHn + 6 2 • 10 38 4 '18C8. 
0 

.lln>t KOHTpon>t,aanpsr>KeHHH aa LUenH peaoaaTopa ucnonb3oaanacb neTnH CBH3H nno-
2 -

LUallbiO 1 CM , noMeLUeHHBH a ny'IHOCTb MarHHTHoro non>t. KanH6poaita neTnH >lpoHaaonH-

nacb ltBit no peaynbT8T8M H3MepeHHll MOlllHOCTH 8BTOreHepaTopa npH H3BeCTHOJ! ll06pOTHO

CTH pe30H8TOpa, T8It H HenocpellCTBeHHblM H3MepeHHeM Hanp>t>KeHH>l H8 LUenH MEITO,!lOM 

30H,!la C Bh!COKOOMHOA llOllBOllKOA/
5/ • 

.lln>t ycTpaHeHH>l B03HHitUIEiro B pE130H8TOpe pe30HBHCHOrO BbiCOKO'I8CTOTHOrO p83p>tll8 

( PBP) ucnonb3oaanoc& nocTOHHHoe cMeweane. .llnH aToro aayTpeHHHl! H aaewHHl! npoaon-

HHitH peaoHaTopa B301lHpOB81lHCb ,!lpyr OT llpyra C nOMOlllbiO eMKOCTel! (pRCo 4 ) • 

BaeiilauA npoBOAHHit peaoaaTopa aas~nsmca, a aa aayTpeHHHA nonaaanoc& 

oTpHnaTenbHoe aanpHmeaue cMeweau>t. BenH'IHHa cMeLUeBRst, aeo6xonHM811 nnst nonaane

HHH PBP, oJtaaanac& paaaoA 800 aon&T, 'ITO xopowo KOnR'IEICTBeHiio cornacyeTC>t c TeopueA 

PBP. 

B aaJtnJO'IeHHEI· npHBOlliiM OCHOBHble pa60'IRe napaMeTj)bl peaoHaTopa: 

1. Co6cTaeaaast peaoaaiiCIUUI qacToTa 1
0 

•69 Mrn. 

2. Co6cTaeaaast no6poTHOCT&: 

a) 6ea paanenu'renbHbiX EIMKOcTeA 

6) C p83llEIIlHTEillbHbiMR EIMKOCTHMR 

3. Bonaoaoe conpOTHaneHHEI z 0 a 8 OM 

. 1/. •6500 
. 0 

f
0 

•3500 

AI · -5 
4. CTa6anbHOCTb '18CTOTbi a pa6oqux ycnoaHstx ~ ~ 2 • 10 • 

0 

2. AaToreaepaTop, ·MonynstTop u HCTO'IHHKH nHT8HK>t 

.llnst nonyqeaHst BLICoJtoro K09cPcPHilHeHTa nepeaaxaaTa u· >. 0,7 non>KHa 6h1Tb o6ecne-
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/3/ 
qeHa aMnnHTY .oa Hanpst>KeHHSI Ha aaaope peaoHaTopa Y., a 120 JCB • 0TCIOJla Tpe6ye-

MBSI B/'1 MOlUHOCTb paBHB 2 

P •· Y., --vr-
.\. 

r.oe R - lllYHToaoe conpoTsaneHHe peaoHaTopa • .D.mt T - oTpeaxa .oayxnpoao.oHol! nHHHH, 

38KOpO'IeHHOro HB OJlHOM KOHUe, 

11 
Oo Z o • R a 

4 

no.OCTBBnl'!SI H3BeCTHble 3H&'IeHHSI napaMeTpOB pe30HBTOpa Q O, Zt H BGUH'IHHy 

'IHM Tpe6yeMblll pBCXO.Cl B/'1 MOIUHOCTH B pe30H8TOpe 

p = 
2 

11 y .. ~200 
8 Q ozo 

KBT, 

y , nony,. 

Taxas MOlUHOCTb. o6ecne'IHBBeTcB aaToreaepaTopoM B HMDynbCHOM pe>KHMe, 11MnynbCHBH 

MOlUHOCTb MOJlyDHTOpa npH K,D,Jl, BBTOreHepaTOpa II • 0,25 Jl0UlKH8 6b1Tb p8BHOJ! 

p • ..!:__ ,;,. 800 KilT, 
M II 

XapaxTepHbiM pe>KBMOM CKY S!BnsteTCB pa6oTa B Te'!eHse 50 MCeK nps nepso.oe noaTopesss 

JOt 12 CeK, C03JlBHBe HMnynbCHbiX BbiCOKO'l8CTOTHbiX ycTpOitCTB HB TBKHe MOIUHOCTB npH 

.ClnHTenbHOCTB BMnynbCOB r = 50 MCeK npeJlCTBBnsteT H3BeCTHble Tpy.ClHOCTB, .TBK KBK cyme

CTBYIOlUBe aneKTpOBBKYYMHble npB60pbl He npe.OHB3H&'!eHbi .nnst patsoThl npB TBKHX r 

B casas c 9TBM npe.ncTaBnsteT BHTepe~ paccMoTpease B03MO>KHOCTB npBMeaeass cymecTsy10-

lUHX anexTpoaaxyyMHbiX ups6opoa aa aTBX .nnsTenbHocnix. 

PaccMoTpHM ¢axTopr,I, orpaHH'IHBaiOlUHe .onsTenbHOCTb HMnynbCa a MOlUHhlX HMnynh

CHhiX aneKTpOBBKYYMHblX npH6opax, 

1) Vlcnonb3yeMbie .onst non;y'leHBB 6onhlllHX HMnynbCHhlX TOKOB pa.osonaMnhl c oxcs.o-

HhlM KBTO.ClOM He DpHrOJlHbl .OnB pa60Tbl npB B aecxonbKO MHnnscexya.n BBHilY Toro, 

'ITO C yaens'!eHHeM .OnHTGnbHOCTH HMDynbCB npOHCXOJlHT OTpBBneHHe KBTOJlB H ero a¢¢ex

THBHOCTb pe3KO na.oaeT, noaTOMY cne.nyeT DpHMeHBTb pBJlHOnBMUhl C BOnb¢paMOBbiM TOps

pOBBHHhlM K8TO.ClOM 1 a¢¢eKTHBHOCTb KOTOpOrO XOTSI H ropB3Jl0 HH>Ke, '!eM y OKCH.ClHOro 

(70-100 MalaT BMecTo 10
3

-10
4 

MalaT), so se aaBHCHT OT .onsTenbHOCTH HMnynbca. 

BbinycxaeMhle npoMhllllneHHOCTbiO MOlUHhie TpHOJlhl IVI-4A, IVI-186 HMeiOT aonh¢pa

MOBble .TOpHpOBBHHble KBTO.Clhl C 9MHCCHeA, .ClOCTBTO'IHOA JlnH nony'!eHHH 6onblllHX HMDynbC

HblX MOIUHOCTeA BHe 3BBHCHMOCTH OT .ClnHTenbHOCTH, 

2) HarpeBOM ceTKH B Te'!eHse HMnynbCa o6bi'IHO npeae6pera10T B pelKHMax pa60Thl 

C r B HeCKOnbKO MHKpOCeKyHJl, OJlHBKO Jlnl'l r = 50 MCeK 9TOT HarpeB MOlKeT OK838TbCSI 

CylUecTBeHHhlM H, Cne.OOBBTenbHO, <:;TBTb Oi:'pBHH'IHBBIOIUHM ¢aiCTOpOM npH nony'!eHHH 6onee 

BbiCOKHX ypOBHeJ! B/'1 MOIUHOCTH, 

6 

~ ., 
' " ~ 

Ecns npHHSITb B pac'!eT M&KCHMMbHO .oonycTHMoe noBbllUeHae TeMnepaTyphl ceTxa 

At c .oon." aa apeMa HMnynbCa r , TO M&KCBMMbHB.Il .oonycTBMaa BMnynbCaas MOlUBOCTb. 

pBCCGSIHHB CeTKH 

f, 

p a p + 
CT c .oon • 

Ate .non,M•c 

O,::Ur (4) 

r.oe P c .oon. M8KCBM8UbHO JlODyCTBM8B Cpe.OHBB MOlUHOCTb pacceBHBB CeTKH B BBTTBX, 

M -Macca ceTKH B rpaMidax, c - y.oenbH&SI TennoeMKOCTb MaTepaana ceTKH a_ 1: - xoacp

¢suaeaT aepaBHO~epaocTH paaorpeaa ceTxa. 

.[l.ng U8MUbl 111-186, · KOTOp8SI BCDOUb30BBn8Cb ·a K8'19CTBe KUIO'leBoft D8MUbl MOJlyDBT0-

0 /12/ . ( 
pa npa 'P..c Jl • 300 BT, Ate m600 C , M •23 .r, C •0,063 Kan/r rpa.o. MOnH6-

~ ~L . 4 I 

JlGll), l •0,8 H r =50 MCeK· Dony'IBM pCT •6•}0 BT, .'ITO B 200 p113 npeBNIU&eT .ClODYCTa-

MYIO MOlUHOCTb pacceBHHB ceTKB 111-186 B · senpepbiBHOM pelKBMe. Aaanora'lHNe pacqeTN, 

npose.oeHHhle .ons npsMeaseMblX H&MB naMn 111-4A, IY-80, IM-1A a .op. noxaaana, 'ITO 

IJPB JlUHTenbHOCTH ~MnynbCa • 50 MCeK 9TH DBMDH MoryT OTJl&Tb Ty liCe MOlUBOCTb, 'ITO 

8 nps o6r,t'!Holl .nns/ HHX .onsTen&HOCTB 0,3 t 1 Mcex. 

-a) 3nexTpsqecxas npo'IHOCTb naMn c yaenaqeuseM r yMeHblllaeTCa s nps MannaceKyB4 

HblX .ClnBTeDbHOCTBX DpB6UBlKBeTCB K npO'IHOCTB B HenpephlBHOM pelKBMe, 

a) AaToreaepaTop 

ABToreaep&TOp ,CKY co6paH Ha DBMne 111-4A DO cxeMe C aaaeMneaHoA ceTKOA 

(psc, 5) H npe.OCTBBnBeT COOOA GMKOCTHYIO TpeXTO'lKy. naMna 111-4A - MOlUHhlft ycsna

TGnbHhll! Tplfo.o c BOJlBHhlM oxnalK.oeHseM aso.oa, npe.oHaaHa'!eHHbiil .ons pa6oThl npa .ona

TenbHOCTH HMUynbC& r ~ 1000 MKCeK, JV\.aKCHMI)nbHBB BhlXOJlHBH MOIUHOfTb 111-4A COCT&B

nsteT 1200 KBT nps E • =35 xaonbT. Kax ylKe OTMe'!anocb Bblllle, oxaaanocb B03MOJKHHM 

UpBMeBHTb 9TY naMny npH JlUH.TGnbHOCTH HMnynbCB = 50 MCeK, 

Aao.OHhlA KOHTYP &BToresepaTopa - 'leTBepTbBonsoaoA peaosaTop xoaxcaanbHoro THna 

C BOnHOBhlM COUpOTHBneHHeM Z ~28 OM, nepecTpBHBBeMbiJl c UOMOIIlbiO KOpOTKO~BMKHYTOrO_ 

nny~lKepa. KaTo.osas llllHBH TO>Ke xoaxcaanbHtlH c aonHOBhlM conpoTHBneaaeM 58 OM 'B se

aaMessoA .onaHol!, .D.nst ocymecTaneaast o6paTHoA CBH3H npaMeHstnacb cneusanbHBH eMKOCTb 

C •k = 14 ~ 20 pF , CBH3b BHOJlHOrO KOHTypa 8BTOreHep&TOpa C ¢s.o_epOM KOH.ClYKTHBHAJI<;Ha 

paCCTOSIHHH f • 20 T 25 CM OT 3BKOpO'!eHHOrO KOHUB, CBH3b ¢s.nepa C peaoHBTOpOM HHJlyK-
ob 2 

THBHBH C UOMOIIlbiO UeTnH CBH3B S =30 CM • 

nocKOnbKY .Cl06pOTHOCTb pe30HBTopa 6onbllle .Cl06pOTHOC::TH BHO.ClHOrO KOHTypa 8BTO

reHepaTopa, TO CHCTeMa MO>KeT B036y>KJl8TbCSI HB napB3HTHbiX 'IBCTOTBX CBSI3H ( T8K HB3bi

BBeMble '¢s.oepahle' xone6aasst) • .D.nst no.oaaneHHH '¢s.oepar,tx' xone6aasl! scnonb3oaancB 

H3BecTHblJ! MeTOJl 'rSCBIUero' COUpOTHBneHHB/ 10/ • nocpe.OHHe ¢s.oepa, .ClnHHB KOTOpOrO 
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. >. -
6bma pasua ~ , paaMemanocb racgmee conpoTuaiteuue (puc.6). Banuquua racgmero 

. 4 . 
conpOTHBll9HHSI, BbiOpaHHaSI H3 ycnOBHJI MHHHMyMa paCC9HBa9MOJI. B HeM M0IUHOCTH0 COCTBBB"" 

na corna_cuo pacqaTy R_r •230 oM, 3KcnepuMenTanbuo uall.lleuuoe KPHTH'IecKoe auaqeuue 

~<200 OM, Vfcnonb30BanOCb cenHTOB09 COnpoTHBneuue JlnHHOJI !50 MM H JlHaMeTpoM 15MM. 

Ha pHCo 7 noKaaaua SKCnepHMeHTanbHaSI KpHBBSI aaaHCHMOCTH BbiXO.IlHOJI MOIUHOCTH BBTOre

ueparopa OT aHO.IlHOrO uanpSDK9HHSI, HeOOXO.IlHMaSI MOIUHOCTb p •200 KBT nonyqaeTCSI npH 

aHO.Il!IOM uanpS!:lK9HHH 9,5-10 KB, 3KCnepH1149HTanbHO HSM9p9HHbll!- K,n,Jl, BBToreuepaTOpa 

cocTaaun a cpe.llHeM aenuquuy 'IJ ~26%. Pacnpe.lleneuue MOLUHOCTH B.llonb ¢uL;tepa noKaaa

uo ua puc. 6. KCBH <Pn.llepa paaeu 2,2, 'ITO .llOBOnbHO xopomo cornacyeTCSI c peKOMen-
/10/ . 

JlOBaHHbiM B pa6oTe c TO'IKH apeHHSI MHHHMyMa pacceHB89MOll B R r -MOIUHOCTH npu 

C0Xp8!19BHH ycTOJI'IHBOCTH CHCT9Mbl ua OCHOBHOJI 'laCTOTe, 

6) Mo.llyn!!Top 

B~mu paccMoTpeHbl paana'IHble aapaaHTbl cxeM KMnynbcaero MO.Ilyn!!Topa MOIUHOCTiolO 

oKono 1 MrBT npu JlnHTenbHOCTH aMnynbCa r i:; 50 MCeK. Hau6onee npocTasz a map~Ko ac

nonb3yeMa!l B HMnynbCHOJI T9XHHK9 THpaTpOHHaSI CX9M8 MO.IlyngTopa C HCKyCCTB9HHOJI naua

ell OKaaanOCb uenpBM9HHMOII BBB.IlY cnO:lKHOCTH H rpOM03JlKOCTH HCKYCCTB9HHOI! nBHH-H Ha 

TaKyiO .llnBTenbHOCTb, KpoMe Toro, acKyccTaeuuag nuuag ue noaaon!leT onepaTaauo uaMe

HHTb .llnnTenbHOCTb BMnynbca a .llnnTenbHOCTb nepe.llnero ¢pouTa npu <PuauqecKux accne-
. /3/ 

JlOBaHHSIX, npoBO.IlHMbiX c nOMOIUbiO CKY • noaTOMY 6blna npHHSITB cxeMa MO.IlynaTOpa 

c qacTU'IHbiM paap!!!lOM eMKOCTH ua mecTKHX naMn~x. Hen;ocTaToK ee - cnomuocTb aneK

Tpouuoil 'IBCTH (Tpe6yeTCSI MHOrOKBCKa!J;Hblll nO!lMO!lynBTOp) - nonHOCTbiO OKynaeTCSI 

ruf5KoCTbiO u yn;o6cTBOM aToll cxeMbi B pa6oTe. CxeMa noaaonaeT .llUCTauuuouuo perygupo

BBTb ¢pouT, n;nuTenbHOCTb u n;pyrae napaMeTpbi uMnynbCa • .llna abi6pauuoll naMu cxeMbl 

(puc, 9) ObinH. ucnonb30BaHbl naMnbl 1Vf-185,3TO UMnynbCHblll reuepaTOpHblll TpUO!l C Boa

.llYIUHbiM oxna:>Kn;euueM auon;a, npen;HaauaqeHHblll .lln!l reuepupoaaHUSI u ycuneHaa Kone6a

uull HH3KOII qacTOTbi. MaKCUManbHO n;onycTHMBSI n;nuTenbHOCTb nMnynbCa-0,3 MCeK. Bb!nu 

UCnOnb30BaHbl D;Be !Vf-186, C09!J;HHeHHble napannenbHO, TaK KaK npu STOM 3Ha'IU_TenbHO 

YM9HbiU89TCSI MOIUHOCTb, H900XO!lUM8SI D;nSI paCKB'IKH naMn, J3 Ka'I9CTB9 HBKOUHTeJibllQi! 

eMKOCTH ucnonb3oBanacb 6aTapea 3-KnnoaonbTHbiX KOH!leHCaTopoa. .lln!! o6ecne'leHua 

n;naTenbHOCTH HMnynbCa 50 MC9K npH CUa.lle He 6onee 25% Tpe6yeTCSI eMKOCTb C =690 MKlP 

npa paf5oqeM HanpgmeHUH He Meuee 16,5 Ka. Heo6xoanMo OTMeTHTb, 'ITO a cxeMe Mon;yng

Topa He HCnOUb3YIOTCB M9:lKKaCKaD;Hble HMUYUbCHble TpaHc<iJopMaTOpbl, TaK KBK H3rOTOaHTb 

HMUYUbCHblll Tpauc<iJopMaTOp Ha !J;UHTeUbHOCTb 50 MCeK C XOpoiUeJI <iJopMOll OKa3BUOCb 

O'leHb Tpy!lHO. noaTOMY CXeMa H306anyeT KaTO!J;HbiMH noaTopnTenBMH, 8 'laCTHOCTH, Jln!l 

pacKa'IKH !VI-186 ucnonb3oaancB icaTO!lHblll noaTopaTenb Ha !M-IA. 8b16op aToll naMnbl 

OUpen;en!leTCB ee ab!COKHM axOD;HbiM COnpOTHaneHHeM, 'ITO 0'19Hb aa>KHO npH MHOrOKaCKAJl

HOM COe.llHHeHHH KaTO!J;HbiX noaTOpHTeneJI, 3THMH :>Ke C006pa>KeHHSIMH pyKOaO}lCTaoaanHCb npH 
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abi6ope naMnbl 1VI-t7.0cTanhHbie KacKa.llbl- o6bi'IHble HMnynhCHbie ycunnTenn. B ¢unbTpax 

BHO!lHblX nenei! MO.IlYUSITOpa HCnOnb30aanHCb 6onbiUHe eMKOCTH, !lOXO!lBIUIIe JlO 2000f3000 MKlPo 

B Ka'leCTBe HCTO'IHHKOB auon;uoro UHTBHHSI naMn Mon;ynSITOpa HCUOnb3oaanHCb OObi'IHble ablnp!!MH

Tena, on;uu ua 16,5 KB 0,5 a, n;pyroll Ha 6 KB 0,5 a. 06mull ana Mon;yn!!Topa noKaaaH ua puc~ 8. 

a) CxeMa aanycKa 

Cxe,_Ma aanycKa noKaaaua ua puc. 10. Oua npeaHasHaqanacb .lln!l aKniO'IeHBB CKY a 

onpen;eneHHbiJI MOM9HT UUKna. YCKOp9HHS10 !J;USI <iJopMHpoaaHHSI HMnynbCa MO!lyn!ITOpa, a TaK:>Ke 

n;nB cpb!Ba ocuosi10ro ycKOPSIIOIUero uanpgmeuug cuuxpo¢a3oTpoua ~ • CxeMa 3anycKa 

BMIO'IaeT a ce6B cxeMy cpasueuuB qacToT, 6nauKupyromyro cxeMy, cxeMbl 3an;ep>KeK H cxe-
; 

MY <iJopMHpOBaHIISI HMnynbCa MO!lyn!ITOpa, 

CxeMa cpasueHHB qacToT co3n;aeT- onopHblll HMnynbC n;ng aanycKa CKY u nepecTpoll-

KH pe:>KaMa pa60Tbl YCKOpUT9UB ,_ 3TOT HMnynbC COOTaeTCTByeT MOM9HTy, Korn;a BbiUOnHBeT

CSI KpaTHOe COOTHOIU9HH9 M9:lK.IlY pa6oqell qacTOTOll CKY 1
0 

H OCHOaHoi! yCKOpsuomel! qac

TOTOI! cuHxpo¢aaoTpoua t
1 

• To'IHOCTb BKnroqeHHB cxeMbl cpaaueuug no qacToTe He xy

:>Ke :!:)00 ru. , 'ITO COOTB9TCTByeT TO'IHOCTH BKni0'19HIISI no apeMeHH a- paf5oqeJI o6naCTII 

uuKna ycKopeuug ue xy:>Ke :!:.3 MeeK, TaKaS! TO'IHOCTb o6ycnoaneHa Tpe6oaauaeM cTa6nnh-
/3/ 

HOCTH Koa<P¢uuueHTa nepe3axaaTa • 

BnanKupyromaSI cxeMa no3aon!leT ycTpaHHTh 3anycK cucTeMbl HMnynbCoM, abipaoaTbiBae

MbiM cxeMoll cpaaHeHHSI Ha cnan;aromeM yqacTKe MarnuTnoro nong ycKopHTena • .llnurenh

uocTb 6naHimpoaauug ts non;o6paua TaK, 'ITO cxeMa 3anycKa aaTOMaTn'leCKH HacTpauaaeT

cg Ha paf5oqul! nMnynbc: ( t li =4 ~ 6 ceK). 

CxeMbl 3an;epmeK cny:>Kunu n;ng nony'leHHSI pasnn'IHbiX apeMeHHbiX cooTHOIUeuull Me:>K

n;y BKniO'I9HHeM CKY 11 BbiimroqeuaeM ocuosuoro ycKopSIIOIUero HanpSI:>KeHHSI 

CxeMa ¢opMnposauug HMnynbCa MoaynSITOpa npen;Ha3naqanacb .llnB onepaTuauol! pery

nupoaKn <iJpoHTa, <iJopMbl U JlUHTenbHOCTH HMnynbCa, a TaK>K9 D;nSI Kopp9KUHH cnan;a aepiUU" 

Hbl HMny'nbCa acne.llCTaHe pa3pS1n;a HaKOnHTenbHbiX eMKOCTel!, no.ll'b9M aepiUUHbl HMnynbCa 

ocymecTan!lncg nyTeM cno>KeHHSI npSIMoyronhnoro u nunoo6pasHoro uanp!!>Kenull. Perynapoa

Ka D;nHTenbHOCTH nepen;uero <iJpOHTa npOH3aOD;Hnacb 3a C'I9T aKni0'19HHSI ·myHTHpyiOIUHX eM

KOCTei!, C¢opMupoaauubll! nMnynbC nepen;aaancB H3 3ana aneKTpOHHKH a Kopnyc cuuxpo

¢asoTpoHa no Ka6enro PKT3-150 .llnaHoi! 400 MeTpoa • .llnSI TaKoll nepen;aqu npaMeHSIUCSI 

cneUHBnbHblil COr!JaCyiOIUHi! KaCKan;, ablnOnHeHHbli! no CX9M9 KaTO!lHOrO noaTOpHTeng, 

3. HeKOTOpble pe3ynhTaTbl JlHHaMn'leCKHX ucnbiTanuil CKY 

npen;sapuTenhHbie ucnbiTaHHSI CKY nposon;unnch ua cneuuanhHOM cTenn;e, a cocTaa 

KOTOI>OrO BXO!lHnH: 
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a) saK)'YMHaSI CDCTeMa, COCTORUlaSI 113 CT81lbJiOil I$O'IKD ,aoaMeTpOM 2,2 M D ,anoHOil 

2,5 M,' <PopsaKyyMaoro uacoca BH-6 H Tpex an<P<Py3DOHHhiX uacocos BA-5, Oxnamaeuue 

uacocos - BOtlSIHOe. A30THiile nosywKD ue ucnonb3osanncb~ Pa6oqee ,aasneuue B 60'!Ke 
-6 

8 • 10 MM,pT,CT; 

6) noHeilBbiil MO,aynSITOp ua T8paTpOBe TP-1-40/15, ,aal01ll8il 8MnynbCbl 8Mnn8T)',OOll: 

,ao 15 KB np8 TOKe 100 a 8 ,an8TenbBOCT8 0,7 MeeK, '1acToTa nosTopen8ll: 1 ru. \ 

B pe3ynbTaTe 8Cllb1Tan8A 8 ,aosotiK8 cncTeMbl ua cTen,ae 6blno nony'leno uanpSI>KeH8e 

125 KB na 3a3ope pe3oBaTopa np8 ,an8TenbHOCTH r a0,7 MeeK, Op8 aToM, Tpe6osa

nacb npe,asap8TenbHBSI Tpea8posKa s Te'leH8e 12f-18 qacos, AnSI· TOro 'IT06bl yMeHbW8Tb 

onacnocTb sblxo,aa 83 CTpOSI pe3oHaTopa 83-311 npo6oes ero Kon,aencaropos1 nosblweuue 

uanpSI>KeB8ll B uaqanbHbiA J_Iep80tl TpeuupoBKD np083BOtl8nOcb 6onee Meanenuo, · 'I eM s KOHne. 

8 ,OMbBeAweM T8p8TpOBHblil MOtiynSITOp 38MeH8nD pa60'I8M MO,aynSIT,OPOM C r • 50 MCeK, 

0p8 8CllbiT4HDliX C8CTeMbl C ST8M Mo,aynSITOpOM BbiSICH8nOCb1 ''ITO ysen8'1eB8e tin8TenbBOCT8 

8MllynbCa C 0,7 MCeK, ,00 50 MCeK Up8B0tl8T K 3H8'18TenbiiOM)' C88>KeH810 sneKTp8'1eCKOA 

npo'IHOCT8 pe3onaTopa. Ope,aenbaoe uanpsmen8e ua 3&3ope pe3onaTopa ,anSI r • 50 MCeK 

ne npesblwano 80 KB, 

Aanbxell:wee 8CllbiTaB8e CKY npo83Bo,aunocb s K&Mepe C8HXpolPa30Tpona. 11cnb1Ta

H8SI s pa60'I8X ycnoB8SIX no3son8n8 BbiSIBDTb cymecTsosauue eme o,anoro ue>K~naTeni,uo-

ro SIBneBDSI1 CBSI3aHBOrO C s/q B8llpSI>KeBDeM, llOCTOSIBHbiM CMellleHDeM, BaKyyMOM 8 CBOA-
. . I~ 

CTBaM8 nosepxuocTil pe3oBaTopa. 3To TBK na3b1Ba,eMbljl o,auoaneKTpo,aitbiA PBP · 8nH.I 

KpaTKo,OPBP, KOTOpbiA XOTSI D Be snocun s/q noTepb B pe3oHaTop, DO npHBO,ODn npD· Bblco

KDX Bf'l HllllpSI>KeHDBX D 6onbW~X ,anuTenbHOC.TSIX K DOHD38n88 OCT8TO'IBOrO ra3a 8 1 B ltOI!e'l.,. 

HOM C'leTe, K nn83MeBHOMy npo6010, 3TDM D 061>SICHlleTCSI <lJIIKT CHD>KeHDSI aneKTp8'1eCKOA. 

npo'IHOCTD pe3oHaTopa npu ucnbiTBBDSIX na cTen,ae ua ,anuTenbHocTax r ,ao 50 MeeK, B 

KaMepe ycKopuTenSI anoSIHDe OPBP npoSIBnSinocb 6onee OT'IeTnxso 83-3a npucyTCTBDSI pac

ceSIBBoro MarnuTuoro nonSI, aenuquaa KOToporo a o6nacTD 3a3opa pe3oHaTopa aocTurana 

B KOHne naMa ycKopeHHB H .·go apcTe,a. OoTOKD cna6oaueprH'IHbiX aneKTpouos, B03BHKaa

wue npu OPBP, 3aKpyquaanucb MarHDTHbiM poneM, 'ITO npuso,auno K 3H8'1DTenbHoMy yaen•

'leHDJO ,anDHbl TpaeKTOpDJl sneKTpOBOB 8 1 cne,OOBaTenbB01 UOBhiWano DX DOBH3Dpy101llYIO Cno

C06BOCTb, YcToil'IDBaB ai..tnnuTyaa a/q nanpB>KeBDB s pe3oHaTope ue npeBblwana 60 KB, Ha 

puc~ 11 ( a, 6, B1 r) llOKa3aHa <iJopMa a/<i. HMnynbCOB B pe30HaTOpe npu pa3Hb1X 3Ha'leHDBX 

MaruuTuoro nonB, Yaenu'leaue a/q uanpB>KeHHB ,ao ne,eaenbuoa aMnnHTYllbi ,anB <PuKcupo

aauuoro MarauTuoro nomt, KaK npasuno, yMeHbwano ucKameauB <PopMbl s/'1 uMnynbCa, 

OPB·P B03HDKan so suyTpeuueA nonocTH aKpaua pe3oHaTopa ua paccToBHHH 107 25 CM. OT 

3a3opa. Buewue sTo npe>IBnBnOcb s su,ae cseqeaug ocTaTo'laoro ra3a no sceMy sayTpeu

aeMy nepuMeTpy aKpaua s Y3KOA nonoce. TaK Ka K CKY no3sonuna nony'IDTb npu V m ~50 KB 

ycToll:'l.isblll u CTa6unbHhiA nepe38ABa;r 36.-:-40% npoToaos c auepruea ,ao 10 rss u s ,aanb-
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HeAweM nposeCTD He06XO,OHMble <iJD3D'IeCKDe DCcne,aosaHDB pe>KUMa KpaTHOrO ycKopeHHB, TO 

noaTOMY HHKaKHX cnenuanbHhiX Mep anB noaasneHHB OPBP ue npuMeHSI,liOCbo 
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Pac. 2. Pe3oHaTop cacTeMbi KpBTHoro ycKopeHHII. 
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PHc. 3. KoH¢urypauHII a/q non11 a pe30HBTope. 

Puc. 4. Pe3oHaTop a KaMepe CHHxpo¢a3oTpoHa. 
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PHc. 8. BHeWHHl! aHn MonymtTopa • 

PHc. 9. CxeMa Monyn!!Topa. 
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