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OE~A51 XAPAKTEPMCTMKA PAEOThl 

Ai-.::ryaJibllOCTb npo6JJCMhl 

B 1967 r. B cjmnnane Cl>Tl1 HM, A.<I>. 11ocpcpe AH CCCP, r. faT'lHHa (HhJHe 

ITeTep6yprcKnii HHCTHTYT J1Aepttoii q>HJHKH HM. E.IT.Ko11cTaHTHH0Ba Pocc11iicKoii 

aKaAeMHH 11ayK), C0CT0JIJJCJI q>H3H'leCKHH nycK CIIHXp0l.(HKJIOTpo11a-ycKopnTeJIJ1 

npOTOHOB na 3Heprmo I f38 [I]. O.nHaKO MaKCHMaJJhHaJI 311eprnJ1 He 61,rna 

A0CTHrHYTa. J,fa.3a TCXHH'leCKHX TPYAHOCTeii, CBJl3aHHMX C C03AaHHeM 

BhlCOKO'laCTOTHOH ycKOplllO!UCH CHCTeMbl, npOTOIII,) 61,mn ycKopeHI,) JJHIIIh AO 

3Heprnn 750 M3B. B Te'Jeune TPeX JJeT np0BOAHJJHCh pa60Thl no AOBCAeHHIO 

3Heprnn npoTOHOB AO npoeKTHOH BeJJll'lllllbl "YTCM BBCACHHJI PJ1Aa H3MCHCHHH B 

KOHCTpyKl.(HI0 Bapnarnpa qacTOTbl, a TaK)Ke 61,mn propa60TaHbl H BbinOJJHCHhl 

AOnOJJHIITCJlhHhle ycTpOHCTBa: opHn!HaJJbHaJI CHCTeMa npeMeHHOH paCTJl)KKH 

ny'lKa, CHCTeMa BepTHKaJlhHOro c6poca ny'lKa Ha HeiiTpOHHo-o6proyIOlllYJO 

MHIIICHb, MCTOA YJJY'llIICHHJI MOIIOXpOllrnnnal.(IIH ycKopeHHblX npoTOH0B, CHCTCMa 

BblBOAa (2 - 7]. C 1970 r. Ha'lanaCh perynJipHaJI 3KCIIJJyaTal.(HJI 

cnHxpounKJJoTpoHa npn :meprnn ny'lKa nporoHOB I f38. B npouecce 

MHOroneTHett 3KCnJJyaTal.(HH 61,mn c.nenaHbl ycoaeprneHCTBOBaHHJI, KOTOphie 

nocTamrnn ycKOpHTeJJh B PJIA y1rnKaJlbllblX ycTaHOBOK. 11ccJieAOBaHHJI B o6naCTH 

JIAepHOH q>H3HKH, 6naroAapJ1 OnTHMaJJbllOH :meprnn npOTOHOB {I f38), 

OTHOCHTCJlhHO Bh!COKOH MOIIOXpOMaTH'JHOCTH ny'JKa (0,3 M38) H xoporneii 

apeMCHHOH CTpYKType, no3B0JIHJlH noJiy'lHTh Ha ycKOpHTeJie PJIA l.(CH!lhIX 

Hay'JHl,]X pe3yJJbTaT0B (8) KaK B o6nacrn <pH3HKH JIApa, q>H3HKH 3JieMeHTapHhIX 

qaCTHU, TaK n AJIH HACP BAaJJH OT n0JIOChl CTa6HJihHOCTH, oco6eHHO AJIH 

HCHTpOHHO-H36bITO'lHI,)X JIAep (ycTaHOBKa 11Pl1C). 

CJJeAyeT OTMCTHTh T3K)KC, 'JTO 311CprHJI npoTOHOB I f38 OKaJanac1, BCChMa 

none3HOH H MH npHKJJaAHblX l!CCJJCAOBaHHH B o6nacrn JIACPHOH q>H3HKH, T.K. 0Ha 

npaKTn'JecKn cosnana c 3Heprnefi nporn11oa paAnauno11Horo noJica 3eMJJH, 'lTO 

no3B0JIHJIO HCIIOJlh30BaTh ny'loK npOTOH0B CHHXP0UHKJJOTPOHa MH ncnhITaHHJI 

3JieMCHTOB 3JICKTpOHHKH H MaTepnanon KOCMH'JCCKOH TeXHHKH Ha paAHal.(H0HHYJO 
ycTOH'lHBOCTh (9). 3TH pa60Thl npOBOAJITCJI H B HaCTOJl!UCC BpeM.si. 

UeJiblO J:lHCCepTaynonnou pa60Thl 6hlJJO C03AaHne BhICOK0'JaCT0THOro 

ycKOpJ110mero KOMilJICKCa CHHXpOl.(HKJJOTpOHa ITI15I<I> PAH Ha 3HeprnIO npoTOIIOB 
I f38, BKJJJO'laJI: 

I. BBeACHHe H3MCHCHHH B KOHCTPYKUHIO H cxeMy Bapnaropa 'JaCTOThl B 

npouecce HaJJaAKH pe3011aHCHOH CHCTeMbl (AyaHT-Bapnarop qacTOThI) AJIH 

nony'leHHH 3Heprnn npOTOHOB I fJB. 

2. Propa60TKY H C03AaHne CHCTCMhl CBJ13H JJaMnosoro reHeparopa C 

pe30HaHCHOH CHCTCMOH ycKopnTeJJJI. 

3. Pa3pa60TKY H C03AaHne AOnOJIHHTCJih!IOH CHCTCMI,) MCAJICHHOro 

ycKopeHHH a KOHL(e l.(HKJia ycKopeHHH AJIJI o6ecne'leHHJI BpeMeHHOH 

. paCTJllKKH nyqKa c Bh!COKOH J<p<peKTHBIIOCThlO (-1 00%) nepeXOAa qacmu 

H3 OCHOBHOro pe)KHMa ycKopeHHJI B pe)KHM paCTJl)KKH BO BpeMCHH. 

4. O6ecneqe11ne CTa6HJJhHOCTH H noBTOpHMOCTH pacnpeAeJieHHJI 'JaCTHl.( B 

MaKponMnynt,ce pacrnttyroro no apeMe11n ny'lKa npoTOHOB. 
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5. Pa3pa6oTKY II C03,llaHl!e CIICTeMbl BepTIIKMbHOro IIMTIYJ!bCl!Oro c6poca 

npoTOHOB na HeHTPOHHYJO M11111eH1, c 1-1cnon1,3onaH11eM Cu-:meKTPo.na c 

uen1,10 nonyqemrn HeHTPOHHblX ny'!KOB .nm1 06ecne'-leH11J1 pa6011,1 

epeMimponernoro cneKTPoMeTPa. 

Hayq11a11 11on11J11a II npaKTn•1ecKa:11 uennoCTb 
CTpH nocrpoeHl!H Bb!COK0'-13CTOTHOH CHCTeMl,I CHHXpOUIIKJIOTPOHa Ha 

:rneprmo npornHoe l r3B Heo6xo.n11Mo 6!,rno yqecTb pll,n oco6e1111ocTett, 

cyl.l.leCTBeHHO OTJlll'-laJOl.lJ.IIX ee OT .npymx ycKopHTeJleH 3TOro Tuna. 

l. ,[(Jill nonyqeHHJI 3HepmH npoToHon l r3B TPe6yeTcJ1 6onee urnpoKl!H 

.n11ana30H 11UCTOT C nepeKpb!Tl!eM OT 30-12 Mru. B 3T0M IIIHpOKOM '-laCTOTHOM 

)l.l!ana3011e Heo6xo)I.HMO o6ecne'-ll!Tb eo36y)f{,neH11e Bl,ICOKO'!aCTOTHblX KOJ1e6am1H 

aMflJIIITYJJ.OH He HH)f{e 15KB Ha ycKOplll0!l{eM .nymrre npH na,neHl!H ycKOpll!01Uero 

HanpJ1)f{eHHJ1 - He 6onee 50% B KOHi.le .nuana3oHa, no.naeHTb napa311THMe 

KOJ1e6am1J1 CHCTeMbl ( 061,eMHblC, nonepe'-IHble, co6CTBeHHble '!aCTOT!,J napHaTOpOB 

H ,np.). ,l.{JIJI :noro Heo6xo,nHMO 6w10 H3MeHl!TI, K0HCTPYKl.ll!IO nap11a10pa '-laCTOTl,I 

II 3KcnepHMCHTMl,IIO no.no6paTb 11eK0Top1,1e 3JleMCHTl,I Bapua1op0B '-laCTOTbl. 

npe,nJIO)f{eHHaJI II ocyl.l.leCTBJleHHaJI Ha ypoBHe 113o6peTCHl!JI H0BaJI CIIMMelpl!'-IHUJI 

CHCTeMa CBJl3H fl03B0Jll!Jla Ha,llC)f{HO no,naBHTI, nonepe'!Hble KOJle6aHHJI CHCTCl\lbl 

[IO]. 
2. Ha ncex cymecrny10mnx CHHXpOl.{HKJI0TP0Hax 0CH0BHUJI ycKOpll!Oll{UJI 

CHCTCMa II )lOflOJIHHTeJlbHaJI, . 06ecne1mBa10ll{aJI paCTJl)f{KY nyqKa BO npeMCHH, 

MC)l(JlY co6ott He CBJ13aH1,1. TTocne ocHOBHoro ycKopeHHJI HecornaconaHHoe 

BKJ1J0'-1e1111e eToporo reHepaTopa 11e o6ecne'-IHBaeT nonHblH nepexo.n '-laCTIIU 113 

o,nHoro pelK11Ma e .npyrofi 11 06ycnoBJ1HnaeT q>aJon1,1e noTepu '-laCTHU, 

JJ.OCTHralOll.{lle ua HCKOTOpb!X ycKOpHTCJIJIX 50%. YMeHblllCHHe 3TIIX no1ep1, 

)lOCTl!raeTCJI _3a c11eT 3Ha'-IHTCJI1,HOro yeeJIH'-ICHHJI Hanpll)f{CHHJI Ha YCKOpll!Oll{eM 

:>neKTpo.ne (ynen11'-leH11J1 MO!l{Hocrn reHeparnpa). Ha ycKopHTerre TTI15I<l> PAH :>rn 

CIICTCMl,I o6pa3YIOT e,nl!HblH KOMnrreKC, KOTOpb!H nocpe,ncrnoM 

CIIHXpOHll30BaHH_OH pa60Tbl 06ecneq11naeT nOJIHblH nepexo.n '-laCTHU OT 

0CHOBHOro pelKHMa ycKopeHHJI B pe)f{HM paCTJl)f{KH nyqKa BO BpeMeHH npu 

OTHoc111en1,Ho HH3KOM Hanp»)f{emm Ha CH-3JICKTPO.ne [l I]. CHHlKCHHe, 

Hanpll)f{CHIIJI fl03BOJIIIJIO peanH30BaTb pe30HaH.c11y10 CXCMY reHepaTopa paCTJllKKII, 

'-ITO ,nano 3Ha'-IHTCJll,HYJO, .no 3 MBT /qac B CYTKH 3KOH0MHIO 3JICKlp03HepmH. 

3. C _UCJll,IO pacrrmpeHHJI B03MO)f{HOCTeii HCn0Jib30BaHHJI ycKOpHTCJIJI 

nony'-ICHIIC BTOpll'-IHl,IX ny'!KOB HeHTPOHOB Ha ycK0pHTerre 1111JI<l>· p AH 

06ecne'-111Bae1cJ1 C TIOMOll{l,IO Tex )f{C CH-3JICKTP0JlOB, . KOTop1,1e B OTJIH'IHC OT 

,npymx ycKOpHTCJICH Bl,lflOJIHeHbl n BH,llC pa3,nerreHHblX nrraCTHH; a pa3pa6oTaHHaJI 

cxeMa HX nO)I.KJIJO'-leHHJI o6ecne'!HBaeT He3aBHCHMYJO pa6ory KaK B pe)f{HMC 

epeMCHHOH paCTJl)f{Kll nyqKa, TaK H B pe)f{HMe_ nepTHKaJibHOro IIMnyrr1,cHoro 

c6poca 6e3 KaKHX-J11!60 nepeKJIIO'!CHIIH' B cxeMe [12], '!TO cymeCTBCHHO 

noe1,1waeT 3q>q>CKTl!BHOCTI, HCn0Jl1,30BaHHJI ycKopHTCJIJI. 

B pe3yn1,TaTe- npo.nenaHHblX. HCCJle,nonaHHH .H pa3pa60TOK 61,m C03)1.aH 

Bl,ICOKOtJaCTOTHblH KOMTIJICKC, • OTJIH'!aJOll.{HHCJI HOBH3HOH, KOTOpaJI 

no.nrnep)f{)l.aeTCJI TpCMJI aeTopCKIIMII CBll,llCTeJlbCTBaMII [10 - 14). 
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ABTOp Ja11.11111.1aeT nay'-IHYIO pa3pa60TKY II C03)laHHC Bl,JCOKO'-laCTOTHOro 

ycKOpllTCJl!,IIOro KOMnJleKca CIIHXpOl.{IIKJIOTpOHa Ha 3Heprmo ) r:>B, BKJIIO'-laJI: 

1. KoHCTPYKTHBHl,IC 113MCHCHHJI napnaTopa '-laCTOTbl, BIICCCHHl,IC B npouecce 

HaJia)I.KH 81,ICOKOlJaCTOTIIOH CIICTeMbl, o6ecnelJHBWlle nony'-ICHIIC Heo6xo,nllMOro 
11UCTOTHOro ,llHanaJ0Ha II BblBCJJ.CHHe '!aCTOTl,I napa311THl,IX KOHTypoe napnaTopa 

3a rpam1u1,1 pa6oqero .nuana3oHa. 

2. YcTpOHCTBO CBJl311 reHepaTOpHOH J1a11m1,1 C pe30HaHCHOH CJICTCMOH 

ycKopHTCJIJI. 
3. YcrpoHCTBO CHCTCMl,I BpeMCHHOH paCTJl)f{KH BblBCJJ.CHHOro ny'-IKa 

npoTOHOB H cnoco6 YMCHblllCHHJI n01ep1, qacrnu npn nepexo.ne B pe)f{HM 

BpCMCHHOH pacrn)f{KH ny'-IKa nocpe.ncrnoM CIIHXpOHll3al.{IIH '-laCTOTl,I II ¢331,1 

re11epaTopa Cu-:>neKrpo.na c ocHOBHoii qacTOTHoii nporpm,1MOH. 

4. Me10.n nOBl,llllCHHJI crn611JibHOCTII H :mepreTHlJCCKOfO pacnpe.nenemm BO 

epeMCHH BblBC,llCHHOro ny'-IKa np0TOIIOB ocymcCTBJICHIICM cm1xpomnaum1 

reHepaTopa Cn-:JneKTpo.na c q>a3oii unpKynnpy1omero crycTKa npoTOHoe. 

5. Cnoco6 coeMemeHHJI pa60T1,1 Cn-:>neKTPo.na e pe:iKHMax epeMcHHOH 

paCTJl)f{KH l! o,n11006opOTHoro eepTHKMl,HOro c6poca npoTOIIOB Ha IICHlpOIIHYIO 

MHIIICHb. 

B pe3yn1,TaTe npone,neHHbIX HCCJle,noeaHHH H n11e.upem1J1 H306peTCHl!H 

nony'!eHa npaKTH'!CCKH npe,nCJll,HaJI )lJIJI Cl!HXPOUl!KJIOTpoHa 3Heprl!JI npoTOHOB 

) r:>B, '!TO n03B0mlJI0 BblflOJIHHTI, Pll.ll UCHHl,IX cpH3H'-ICCKHX IICCJle,nonaHHH B 

o6rracn, ¢n3HKH 3JICMCHTapHblX qacrnu, H oco6e11110 JIJJ.CpllOH cpH3HKII. 

.l(ocrnrnYTall 3Hepmll l r:>B, conna.na10maJ1 c :>11epmefi npo10Hon 

pa,nnal{HOHHOfO nollca 3eMJIH o6ecnetJHJla nOCTaHOBKY Ofll,ITOB Ha pa.n1-1au110HHy10 

CTOHKOCTI, pll,na MaTepHarron II 113.D:CJIHH 3JICKlpOHHOH TCXHIIKII .llJIJI KOCMll'-ICCKHX 

nporpaMM. IlpllMCHCHHe pe30HaHCHOH CXCMl,I B reHeparnpe BpCMCHHOH paCTJl)f{KII 

.nano 3HalJHTCJll,HYIO 3KOHOMHIO 3JieKTpo:meprnH. TaKHM o6pa30M, B .n11ccepTau1111 

11Jno,i;:e111,1 nay<mo 06ocnonan111,1e Tex1111qecKnc pcrnc111111, pean113au11:11 

K0T0pb!X n0JB0JIHJia C03)laTb c1mxpou11KJI0Tpo11 C npe.neJibllOU )I.JIii 3TOro 

nma ycKOpHTCJl:11 3Heprncii npoTOIIOB. 
Coo611.1c1111:11 11 ny6m1Kay1111 no TeMe .g11cccpTau1111 

OcHOBHblC pe3yJI1,TaTbl .nnccepTaUHII ony6J11!KOBaH1,1 B )f{ypHane 

"TexHH'!CCKaJI · q>H3HKa", TOM 40, 41, 1970, 1971 rr., 11 ,llOKJ1a,n1,man11c1, Ha 

BceCOI03HblX conemaHHJIX no ycKop11TeIDIM 33pll)f{CHHl,IX tJaCTHU; Ha VII 
Me)KJJ.yHapo,nHoii KOHq>epeHUIIH no ycKopHTCIDIM Bl,ICOKIIX 3Hepmii (EpeBaH), 

1970 r.; Ha Hau1-10Han1,Hoii KonqiepeHUHII ClllA (CaH-<l>paHl.{HCKO ), 1973 r., Ha II, 
1970 r., III, 1973 r., IV, 1976 r. H VII, 1980 r. BcecoI03HblX conemaH11J1x no 

ycKOpHTCJIJIM 3apll)f{CHHLIX tJaCTHU, Ha III BcecOJ03HOH KOH¢epeHl.{HH no 

HCHlpOHHOH q>H31!Ke, 1975 r. (KneB, I..U-lliH aTOMHH¢opM, 1976 r., T. 6 Clp. 

22 I), 113,naHbI B c6opHHKe «MeTo,nnqecKHe H np11Kna,n111,1e pa60T1,1 JUUI<l>», 1988 

r., CTP. J 71. Ha HOBblC TCXHH'!CCKHe pemeHl!JI flOJIY'-ICHbl aBTOpCKHe 

cn11.neTen1,cwa Ha H3o6peTenmi (N2 270131, 1970 r., N~ 370901, 1972 r., N2 
497934, 1975 r.), KOTop1,1e BHC,npeHbl B fl0JIH0M 06-1,eMe. 
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Cop.ep,1rn1111e pa60Tb1: 
Bnenennc CO.l(ep)KHT <jiopMynnpOBI<)' OCHOBHOH ueim pa60Tbl H 

060CHOBa1me aKT)'anI,HOCTH ITOCTaBJJCHHOH Ja,!(a'IH. 

ITepnasi rnana co.neplKHT OTIIICaHJ.Ie OCHOBHblX oco6eHHOCTett 

BblCOKO'!aCTOTHOH CHCTeMl,I CHHXpOUHKJJOTPOHa. ITpHBO.l(HTCll oueHKa 

napaMCTpOB CHCTeMhl, paccMarpHBalOTCll BOJMOlKHhie THIThl napaJHTHhlX 

KOJJe6aHHH peJoHaHCHOH CHCTCMhl II OCHOBHhle npHHUHnhI nOCTPOCHHll napnaTopa 

'!aCTOThl n COOTBCTCTBHH c npe.l(JJOlKCHHOH HI1I13<1>A HM. E<jipeMOBa 

KOHCTPYKUHRH aapnarnpa 'IaCTOTbI
1
'
2
.J. <l>opMynHp)'lOTC.ll Tpe6onaHHll K .l(HanaJOHY 

HJMeHCHHll 'IaCTOThl CHCTeMhl. 

BTopasi rnana CO.l(ep)l(HT 3KCnepHMCHTaJibHhle peJyJJhTaThl HJMepeHHll 

OCHOBHhlX napaMeTpOB BhlCOKO'!aCTOTHOH CHCTeMhl, nony'!eHHhle 

Henocpe,nCTBeHHO Ha HJroTOBJICHHOH pe30HaHCHOH CHCTeMe no npOeKT)' 

Hl1113<JJA. 
l13MepeHHe pe30HaHCIIOH '!aCTOThl npn MHHHMaJibHOH H MaKCHMaJJhHOII 

eMKOCTJIX napnaTopa noKaJaJJO, '!TO Heo6XO.l(IIMOC nepeKphITHe no '!aCTOTe He 

MOlKeT 61,1Tb non)"leHO. ,llnll BhlllCHCHHll npll'!HHhl 3Toro He06XO.l(HMhl HJMepeHHll 

xapaKTepHCTHK KaK CHCTCMhl .nyaHT-KaMep1,1, TaK H aapttaTOpa qacTOThl 

pa3.l(CJlhHO. Bee 3TH IICCJIC.l(OBaHHll npoBO.l(HJIHCb Henocpe.l(CTBCHHO Ha MCCTe 

MOHTa)l(a ycKOpHTeJJll nocne Toro, KaK 61,mH CMOHTHpoaaHhl .l(yaHT n BaKyyMHall 

KaMepa, a BapHaTOp 'laCTOThl ycrnHOBJICH Ha cneUHaJihHOM CTeH.ne n c6ope c 

.l(yaHTHhIM naKeTOM. 

CttcTeMy .l(yaHT-KaMep1,1, noKaJa1111y10 Ha pnc. I .!(Jill pa6oqero . rnna 

KOne6a1111fi c1111xpou11Knorpo11a, MOlKHO paccMaTPHBaTh KaK nonyno1rnony10 

peJOHaHCHYIO HCO.l(HOpO.l(HYIO JIIIHIIIO, 3JleKTpOMarHHTHOe none KOTOpOII 

cocpe.l(OTO'!eHO n o6naCTII MC)l(.l(y Hapy)l(llhlMH CTeHKaMn .l(yaHTa n BHyrpeHHHMH 

CTCHKaMn KaMep1,1 (nOJJIOCaMn Marnma). Ee HCO.l(HOpO.l(HOCTh .l(OCTHraeTCll Ja 

C'!CT <jiopMhl .l(yaHTa . H nepeMeHHOII BCJIH'IHHhl JaJopa Me)K.l(y .l(yaHTOM H 

BHyrpeHHHMH rop1130HTaJJbHhlMH CTCHKaMH KaMepbl. l1JMCHeHne 3JleKrpH'ICCKOH 

.l(JIHHhl JIHHHH CHCTCMhl .l(yaHT-KaMephl npOHJBO.l(HTC.ll nepeMeHHOH CMKOCThlO 

(napttarnpaMn). KaK HJBeCTHO, .!(Jill HeO.l(HOpO.l(HOH JIHHHH Ko::i<ji<ji11uneHT 

nepecrpOIIKH ee 3JICKrpH'!CCKOH .l(Jll!Hhl MOJKeT 61,JTI, c.nenaH 60JJbllIC .nnyx. EhlJIH 

HJMepe111,1: co6CTBCHHhle peJOHaHCHhle tiaCTOThl .nyaHTa (6eJ aapttaTOpOB H 

ocHOBHoro retteparnpa), axo,nHoe peaKTHBHoe conponrnneHii:e .nyaHTa XJI a 

.n11anaJOHe pa60'IHX 'IaCTOT co CTOpOHhl no.l(KJilO'ICHHll aapHaTopon, KO::i<ji4>nuHeHT 

nepe,na'!I! Hanp.lllKCHHll nJI, onpe,neJJllCMhlH KaK OTHOllICHHe 11anplllKeHHH B 

ycKOpll!OUlCH menn K HanplllKCHHIO B MCCTe no,nKJJIO'ICHHll aapHaTOpoa; a TaKJKe 

BblllCHCHO HaJJH'IHC napaJHTHhlX peJOHaHCOB CHCTeMhl .nyaHT-KaMeph!. 

l'.I.M.Poii<j>e, E.B.Cepe,neHKO. npenp1111T Hl1l13<1>A,T-0122, 1970 r. 
2 l'.I.M.Poii<j>e, E.B.Cepe.neHKo: "HeKornpL1e oco6e1111ocTH BLICOKO'!acrnrnoii 
CHCTCMbl CHHXp0QHICJI0TP0IIa Ha 3Heprmo np0T0JI0B I f3B". )l(T<I>, 1971 r., T. 41, B.9, 
CTP· 1797. 
J l'.I.M.Poii<j>e, E.B.Cepe.neHKO II .up. "BbICOKoqacTOTHaJI CHCTeMa CHHXpOQHICJIOTpo11a·: 
AarnpcKoe CBH.lleTCJILCTB0 N2 291655. 6JOJIJICTCIIL H306pCTeHHH N2 1, 1972 r. 

6 

ITepecrpo11Ka pe30HaHCIIOH '!aCTOThl CHCTCMbl npoHJBO.l(HJJach nyTeM 

no,nKJJIO'lellllll K .l(yaHTY KOH,neucaTopoa onpe.neneHHOII BeJJH'lllHhl B B11.l(e 

ITJIOCKHX nnaCTl!H paJMepoM 500 X I 00 MM
2 

C .L{H3JICKTPHKOM HJ noJJH3THJieHa IIJIH 

ITJICKCHrnaca pa3HOII TOJlll(HHhl, no.ncoe.nnueHHhlX K .nyaury no BCCII .l(Jll!He 

ITO.l(KJIIO'ICHllll napnarnpoB. 

L, D 
L, 

c.T c, r 
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LJ (fm;n) \ I \ 

I. \ . \ 

1 Bep>CHMe H HH,tcJ-Me MHJl)'KTkBK:,le 
naKet1:,1-C2 • 

2 3attHHe 4aCTH HHAYKTHDHbDC 
Konell, - l 1-

l 3anHM~ 3eMI1RHOM naKeT 
- ~8CTb C°,. 

4 3anHRR 3a.3eHllfflllL\W\ 
Ay»::Ka- L,. 

5 BepXHHH H HH»la-0743CMnRt-ble 
naKeTbl, '-13CTb c,. 

6 UepC?,.'UIAlf -tacn. Hlf,!Q'h.'7HOUI.IJ 
t.:-0.'lrlt~L •. 

7 )lv.tHTo 

8 /(yallTHbli\ 1Ulh.~T • 

9 PoTop BapHaTopa. 

CxeMa sap111aTopa YaCTOTbl 
(nono>KeH111e poTopa a= o·) 

Puc.I. PeJ011a11c11al! cHcTcMa c1111xpouuKnoTpo11a 
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Puc.2. 3am!CHMOCTl, pe3011a11c111,1x •raCTOT J.IYaJITa OT BCJIH'llllll,J nOJ.IKJIIO'JaCMOH 

i:.MKOCTII 

Ha pile. 2 npHBe.QeHa 3aBIICHMOCTb ll3MCHCHIIlI pe30HaHCHOH '-laCTOTbl 

CIICTCMbl .nyaHT-KaMepbl OT BCJIII'lHHbl CMKOCTH, IT0,11,KJIIO'-!aeMOH K .nyaHry. 

f'paHII'-IHble '-!aCTOTbl rrpn ITOJIHOCTblO pa30MKHYTOM H 3aKOp0'-1CHHOM ,11,yaHTe 

COOTBeTCTBCHHO paBHbl: 

f max = 32,47 Mf'u; f min= 10,07 Mf'u, '-!TO rrepeKpbIBaeT Heo6xo.nHMbie 

3Ha'-!eHml fo If f • .nm1 rpaHH'-IHbIX tJaCTOT, rrpHBC,11,CHHblX B rn6nuue I. ITpH 3TOM 

K03q>qmuneHT nepeKpblTIIlI CIICTCMbl .nyaHT-KaMep1,1 

TJ = fmax / fmin = 3,04. 
BenH'-IHHbl BXO.QHOro peaKTHBHOro corrpOTHBJICHIIlI ,11,yaHTa x; (f) ll 

K03!p!pllUHeHTa rrepe.na'-IH HarrplilKCHHlI n.11 (f) B 33BllCIIMOCTll OT '-!aCTOTbl 

rrpuae.neHbl Ha puc. 3, 4. 3Ha'-!CHll.lI X.11 paCC'lHTbIBMHCb m KpHBOH f (C), a 

semf'IHHbl Il.11 lf3Mep,inucb 3KCrrepHMeHTanbHO. flplI lf3MepeHHll n.11 B036ylK.QeHIIe 

CllCTeMbl rrpOH3B0.QlfnOCb OT BHCIUHero reHepaTopa, IT0,11,KnlO'lCHHOro B MCCTe 

rro,11,coe.nnHeHHlI aapuaTopoB. 

x. 
OM I II 

150 

h=I60 

h-60 
50 

f,l,lrtt 

0 20 25 30 

PHc.3. 3aeHCHMOCTb peaKTHBI-IOrO 
conpOTHBneH "" Jzy3HT3 OT "-13CT0Tbl 

4 

3 

2 

PHc.4. 3aBHCHMOCTI, KOJ<j,<jnu.iHe,rra 
nepe,na"-IH 11anpR>KCHIUI OT ~mCTOThl 

8 

8 BblCOK0'-13CTOTHOH ycKOplIIOll.(CH CIICTeMe Clll!XpOUIIKJIOTPOHa HaplI.IlY C 

3JICKTpOM3rHIIT!lblMH KOJie6aHIIlIMII pa60•1ero Tlflla, IICITOJih3YCMblMII .QnlI 

ycKopeHIIlI '!aCTHU, MOryT BOJHIIKaTb rrapa311THhle KOJie6aHIIlI, KOTOpble 

HapywaJOT HOpManhHblH rrpOI..{CCC ycKopeHHlI. 

HJBCCTHO, '-ITO B .ne»CTBYIOll.(IIX CHHXpOUHKnOrpOHax IIMCJIII MCCTO 

cne,11,yJOll.(lle BH.Jlhl rrapa311THblX KOJie6aHIIH CIICTCMbl .nyaHT-KaMepbI: 

I) o6bCMHhie KOJie6aHHlI; 

2) rronepe'-!Hh!C KOJie6aHHlI; 

3) KOne6aHHlI rrapa:mTHblX KOHrypoB BCITOMOraTCJihHhIX 3JICMCHTOB; 

4) BhICUIHe MO.II.hi rrp0,11,0JlhHblX KOJie6aHIIH. 

TTplI rrpoae.nennH II3l\1epe111Itt ua cncTeMe .nya11T-KaMep1,1 11a6n10,11,anoc1, 

B036YJK.D.CHHe o6bCMHhlX KOJie6aHIIH B ITOJIOCTH KaMephl Ha '-!aCTOTe 

- 27 Mru, rro BII.D.Y 11arroMHHa10ll.(ee Mo,11,y EoJO ,11,n.11 UIImrn,11,pu'-!ecKofi rronocn1. 

4aCTOTa orrpe,11,eJilIJiaCb rro MaKCHMYMY aMrrnHTY.D.hl BhICOKO'laCTOTHOro 

HarrpmKeHHlI, rronyqaeMoro C ,D,3T'llIKa, IT0,11,KJIIO'-ICHHOfO K BepxHeH II HII)KIICH 

Kpb1ruKaM KaMep1,1 s6JIH3H ee ueurpa. Mo.na Kone6a1mi1 orrpe,11,enllnac1, 

MHKpOaMrrepMeTpOM C BhlCOKO'-laCTOTHblM TCpMonpeo6pa30BaTeJieM, HMCIOII.{IIM 

11apyJKHy10, opHeHTHpyeMyIO B npocrpaHCTBe, paMKy. 

Pe30H3HCllhIC '-13CT0Thl no"rrepe'-!Hb!X KOJie6am1ii ,11,yaHTa orrpe,D,CJilIIOTCH He 

TOJibKO cpopMOH, pa3MepaM11 H ITOJIOJKCHIICM .nyaHTa OTHOCIITCJihHO nosepxHOCTCH 

KaMepbl, HO II BeJIH'-llfHOH fl0,11,KJIIO'lCHHOH K HeMy CMKOCTII, T.e. 33BHClIT OT yrna 

rrosoporn sapnaTopos. 

flpH B036ylK.QCHHH OCHOBHOH MO.II.bl rrorrepe'-!Hb!X KOJJe6aHHH B CIICTeMe Y3CJI 

11anplIJKCIIIIH pacnonaraeTClI rro npo,11,0JlbHOH OCH. CHMMCTpHH ,11,ya11Ta, 3l\lIIJIIITY.Qa 

BblCOKO'-laCTOTHOfO HarrpmKeHHlI paCTCT cnesa H cnpasa OT rrp0,11,0JlbHOH OCH, 

,11,0CTllralI M3KCHMyMa rro 60KOBOH rrepHcpepHH .nyaHTa, II HMeeT 

rrpOTHBOllOJIOJKHhie Q)a3bl. 

.[(Jill B036ylK.QCHHH rrorrepe'lHbIX KOJie6aHHH 11eo6xo,D,HM0; '-IT06b1 B 

3BTOKOJJe6aTeJibHOH CHCTCMe • cyll.(eCTBOBana acHMMerpHH OTHOCHTCJihHO 

sepTHKMhHOH rrnoCKOCTH, rrpoxo.nm.ueil B,11,0Jih OCH ,11,yaHTa. 

B CHCTCMe .nyaHT-KaMepbl Ha6JIJO.Qanoch B036YlK.D.CHHe OCHOBHOH M0,11,hl 

rronepe'-!Hh!X KOne6aHHH, JICJK311.(IIX B ,D,llaITa30HC '-!aCTOT 25 + 15 Mru. 

TaKHM ·o6pa30M, B pe3yJihTaTe pa,D,HO'l3CTOTHhIX H3MepeHHH, npoBe,D,eHHblX Ha 

CIICTeMe ,11,ya11T-KaMep1,1 (6e3 sapHaTOpOB If OCHOBHOro reHeparnpa), 61,rno 

YCTaHOBJICHO: 

I . .[(1Iana3011 '-!aCTOT CHCTCMbI ,11,yaHT-KaMephI, 

/max = 32147 Mf'u, 

f min = I 0,07 Mf'u, 

TJ = / max/ /min= 3,04, nepeKpbrnaeT Heo6xo,11,HMh1e 3Ha'-!eHHlI / 0 H /. 

.nm1 rrpOTOHHOro H .nefirpOHHOro ,D,Hana3oHOB. 

2. TTapa31ITH3lI '-!aCTOTa o6oeMHhlX KOJie6aHHH KaMepbl /°6 
= 27 Mru JIC)KHT 

BHYTPH '-!aCTOT pa6o'-!ero ,D,HaITa30Ha, '-ITO MOJKCT rrpHBO.JlHTb Kero pa3p1,rny. 

3. TTapa3HTHbie pe3oHaHCllble tJaCTOTbl OCHOBHOH MO.II.hi nonepe'-!HhlX 

Kone6aimi1 f "" 25 + 15 Mru rnKJKc nelKaT a npe.nenax '-!aCTOT pa6oqero 

9 



.rurnna30Ha, 'ITO MOJKCT npHBOAHTh K nepeCKOKY OCHOBHOro re11epaTopa C qacTOTbl 

pa6oqeii nporpaMMbI Ha qacTOTY nonepe'!HbIX Kone6aHHH. 

Ha H30IlHpoeaHHblX OT ycKOpll!Oll.\CH CHCTeMhl BapHaTopax npoBOAHilHCb 

pa,nHO'laCTOTHbie lfJMepeHml C l..lellb!O onpe.neneHHJI HX napaMCTpOB. EbmH 

H3MepeHhl napaMCTPhI OTACilbHbIX 3IlCMCHTOB BapuaTopoB, onpe,neneHbl 3Ha'ICHHJI 

pe30HaHCHbIX '!aCTOT, HJMepettbl BCillf'IHHhl Cmin If Cmax H BhIJICHCHhl napaJHTHhJC 

peJOHaHChl, o6ycnoBneHHh!e KOHCTPYKTHBHblMH oco6eHHOCTJIMlf BapHaTOpOB. 

TiocKOilbKY aapHaTOphl npe,ncTaBilJIIOT co6oii CHCTeMy c pacnpe.neneHHblMlf 

napaMeTPaMH, npoae,neHHe TO'!HblX lfJMepeHHH npe,nCTaBnJleT HJBCCTHh!C 

TPYAHOCTH, a nonyqeHHh!e B peJynhTaTe lfJMepeHHH napaMeTpbl BapHaTopoB 

He06XOAHMO C'IHTaTb opHeHTHpOBO'-IHb!MH. 

l1JMepettHhJe BenH'-IHHhJ CJ<J,,~ (0°) B ,nuana3oHe qacrnT 25+33 Mfl..l H CJ<J,,i, 
(39°) B .nuana30He 12+ 16 Mrl..l npHBCACHhl Ha pHC. 5. 

35 

30 
28 

f Mr~ 

' Citt 

25.___..__ ____ _ 
200 400 600 

C,cM 

f,ur~ 
20 

10 .__ _ _..._ _______ __,_ __ 

2000 4000 6000 C,cM 

P11c. 5. Onpe)lenem1e ttaqanbHOH H KOHeqttoii pe30HaHCHblX qacT0T Cl!CTeMbl 

3.necb JKe HaHeceHa JaBHCHMOCTb peJOHaHCHOH '-!aCTOTbl ,nyaHTa OT 

BenH'-IHHbl CMKOCTH, IlO.l{KJIIO'-laeMOH K ero KOHL\Y, f = f (C). Tiepece'-!eHHe 3THX 

KpHBbIX .l{aeT 3Ha'!CHHe rpaHH'-IHb!X qacTOT BCCH CHCTCMbl B L\CJIOM. 

B ,l\aJihHCHIIIeM 6b!J10 BbUICHCHO, '-!TO H3MepeHHb!e BCJIH'IHHhl Jo f K xopowo 

cornacyIOTCJI co 3Ha'-!eHHJIMH rpaHH'-IHh!X '-!aCTOT, nonyqeHHb!X Ha IIOJIHOCTblO 

co6paHHOH ycKOpJl!Oll.{CH CHCTeMe. 

IO 

f 

PeJyJihTaTbl HJMepeHl!H pe30HaHC!lb!X '-!aCTOT CIICTCMbl ,llyaHT-BapHaTopa B c6ope 

npl!Be,lleHbl Ha pHC. 6. 

f Mru 
30.0I I I I t. 28.88 I 

t·· = 27,0 

2s.ol . 'k 'sc:: -i - - '::::-.l ,c:: I 

20.ol I --........ L>.... =--i> I 

1 5,01------+----+-----+----+ 

/(a) 

Ii 

!'1 H !'2 
/°6 
/1", Ji", h" 

t.=13,18 

f: = 12,5 

1 o· 20· ao· 40° <::£ 0 

P11c. 6. Pe30Ha!ICHble '!aCT0Tbl ycK0plll0!11eii CIICTCMhl. 

pa60'-laJI '-!aCTOTa CHCTCMbl, COOTBCTCTByYOll.{aJI OCHOBHOH 

npo,nOJibHOH MO.l{e KOJie6aHHH; 

- BTOpall '-!aCTOTa CHCTCMbI, COOTBeTCTBYIOI.l.\aJI TaK JKe OCHOBHOH 

MO.lie KOJie6aHHH; 

- '-!aCTOTbl rrorrepe'-!Hb!X KOJie6aHHH CHCTCMbI; 

- rrapa3HTHaJI '-!aCTOTa 061,eMHb!X KOJie6aHHH KaMepb1; 

- rrapa3HTHbie '-laCTOTbl BOJ6yJK,l\CHHJI BapttaTopoB. 

l13 pnc. 6 cne,l\yeT, '-!To: 

I. TioJiy'IHBIIIHHCJI pa60'-!HH ,!l.HanaJOH ,l\JIJI pe30HaHCHOH CHCTCMbl, co6paHHOH B 

COOTBeTCTBl!lf c rrpoeKTOM Hl1l13<I>A, 
f max = 29,0 Mfi-1, /min = 15,5 Mfl.-1, MCHbWe He06XO,l\HMOro 

,l\JIJI ycKopeHHJI npoTOHOB AO :rneprHH B I 13B H cornacyeTCJI C BCJlll'-IHHaMH, 

nony'leHHh!MH HeJaBHCHMO IIpH lf3MepeHHJIX Ha JKllHBaJJC!ITe ,l\yaHTa H O,l\HOM 

BapttaTope, '-!TO OllHCaHO Bb!We. 

II 



2. Bee napa:mTHbie peJOHllHCbl r. /," n h", o6napy)l(eHHble panee, 
npHBO,llJIT K pa3pbIBaM pa6oqei1 'JaCTOTHOH nporpaMMbl. Hepa6oqne qaCTOTHbie 

nporpaMMbl Ji, !' I H /' 2 TaK)l(e npeTepneBalOT pa3pb1Bbl B MCCTaX COBn~eHHJI C 

qacTOTaMII napaJHTHbIX peJOHllHCOB. 0rCYTCTBHe pa:ipbIBOB a pai1one 25,5 Mru 

061,JICHJICTCJI TeM, 'ITO npH CHJITHH KpHBbIX napaJHTHblH peJOHllHC BapnaTopa 

Ji" = 25,5 Mru 6un npe,naapuTenhHO yse.nen asepx Ja npe.nenbl pa6oqero 
.nnana:iona Ja cqeT CHJITHJI qacTH nonnunmm,npuqecKHX Kon.nencaTopos c ocei1 

poTopos sap11aTopoa. 

TpeTMl rnaaa co,nep)l(lfT onucanne H3MeHeHHH, BHeCeHHbIX B KOHCTPYKl.lll!O 

sapHarnpa qacTOTbI c uenbIO nonyqenHJI Heo6xo,nHMbIX xapaKTepHCTHK . 

.unJI ycKopeHHJI Ha CHHXpOJ.lHKnOTPOHe npoTOHOB .no :meprnH B 1 r3B 

He06XO,llllMO HMeTh pafioqnfi ,nnanaJOH qacTOT: j max "> 30 Mru, / min "' 13, 18 
Mru, TllKHM o6paJOM, nonyqeHHblH ,nHarnl'.30H qaCTOT j max = 29 Mru, / min = 
15,5 Mru neo6xo,nHMO 6brno pacumpHTb Ha 1 Mru s o6naCTb sepxHHX 'lllCTOT n 

ua 2,3 Mru s o6naCTb Hlf)l(HlfX qacTOT. 

Ben11q11Ha 1rn,nyKTHBHOCTH L3 6blna YMCHbllleHa 3a cqeT HOBOH KOHCTPYKUHH 
JaJlHHX 3aJeMnJ110lllHX ,ny)l(eK, a aem1qnna L2 ysenuqena 3a ctJeT nonnoi1 

nepe,nenKH KOHCTPYKl.llflf KpenneHHJI lfHJlYKTlfBHbIX naKeTOB. Ecn11 B 

KOHCTPYKUHH napHaTOpon no nepnouaqanbHOMY npoeKry HI1I13<t>A L2 - :no 

napa311THll.!I HHJlYKTHBHOCTh no.ncoe,nHHeHHJI naKeTOB, TO B HOBOH KOHCTPYKUHII 

HH,llYKTHBHOCTb L2 6brna o6paJonaua C nOMOlllblO TI- o6paJHbIX CTOeK KpenneHWI 

HH,llYKTIIBHb!X naKeTOB K KOnbUeBblM nyraM. CKonb3Jlll.lHe 3aKOpOTKH 003BOnJIJIH 

nerno MeHJITb Bennqnuy uu,nyKTHBHOCTH L2. illHpHHa ,nyaHTHOro naKeTa 6bJJia 

COKpameua 38 C'leT ero Hlf)l(Hei1 qacTH, qTO yMeHbllIHJIO uaqanbHYIO eMKOCTb 

nap11aTopa. 
Bap1,npyJ1 sennqnHaMH L2 H MeHJIJI .nnuuy 3aJeMJI.!IIOlUei1 ,nyrn, MO)l(HO 

He3aBHCHMO perynnponaTb nepXHIOIO ll HH)l(HJOIO rpaHHJ.lbl pafioqero ,nnanaJoua, 

ll3MeHJIJI 3cpcpeKTHBHYIO aenH'IHHY CMKOCTH aapHaTOpa. 

ITpose.neHHbie lfJMeHeHH.JI B KOHCTPYKl.llfll sapHaTOpOB 003BOJIHnH nony'IHTb 

,llHanaJOH 'IaCTOT f max = 30,3 Mru; /min= 13,0 Mru. 
3neMeHTbl HJMeHeHHOll KOHCTPYKl.lHlf napHaTopa noKaJaHbl ua pnc.7: 
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c, -eMKOCTb .nyaHTHOro naKe-ra; 

C2 - eMKOCTb IIIIJlYKTIIBHOro naKe-ra; 

C5 - eMKOCTb 6JIOK11pOBO'IHOro KOH)ICHCaTopa; 

Cp - eMKOCTb poTOpa, C03)1aBaeMasi 3CM/Il!Hb!MII 

naKeTaMII II ITO/Illl\ll/IIIH.!1Pa~111; 

2o - .!lyaHT. 

PHc. 7. l13Mene1111aJ1 KOHCTPYKl.\llll BapttaTOpa 
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CKopOCTb Ha6opa :rneprttH qacTHUbl a CHHXpOUHKJIOTPOHe 

dE - = 2e V cos rp,f, r,a.e e - 3apl!A 11aCTHUbl; 
dt 

V - a~mJmTy,a.a BblCOKO'laCTOTHOro Harrpl!JKeHHll; 

¢>, - paBHOBeCHal! qia3a; 

f - qacTOTa 06pame11Hl1 qacTHUbl B ,a.aHHblH MOMeHT. Y11HThIBruI, '!TO 

a = 6Nt, r,a.e N-11Hcno o6opoTOB napHaTOpa B MHHYTY, a - yron noaoporn B 

rpa,a.ycax, Ii IlO,O.CTaBnllll 

I 
dt = - . da, nony'-IHM 

6N 

6N dE 
cosrp, = ZeVf · da · (IO.I) 

I1cnonb3Yll 3aBHCHMOCTb E OT f H nonaral! eVcosq>. IlOCTOllHHOH BemI'-IHHOH 

(ycJJOBHC MHIIHMyMa IlOTCpb 'taCTHU), MOJKeM npOHHTerpupoBaTb ypaBHCHHe 

3N dE 
da=---·

eVcosrp, f 
(10.2) 

H nony'IHTb 11eo6xo,O.HMYIO u,a.eanbHYIO cpopMy KpHBOH f (a). TaKa.!I KpHBru! 6brna 

paCC'IHTaHa, H ee cpopMa npHBC.!(CHa Ha pHC. 8. Ha 3TOM pucyHKC T8KlKC 

npHBC.ZJ.CHa peanbHal! 3UBHCHMOCTb '-IUCTOTHOH KpHBOH f1 (a) CHHXpOUHKJJOTPOHa, 

nonyt.JeHHUll npu HHAYKTHBHblX rraKeTaX no nepBOHa'-lanb\fOMY rrpoeKTY • 

. I·b cpaB!leHHll KpHBblX f,(a) H f(a) BH.!(HO, 'ITO HaH60JJbll!ee OTKJJOHeHHC 

peanbHOH KpHBOH f1 (a.) OT H,a.eanbHOH HMeeT MeCTO B paifoHe 'fUCTOTbI 3UXBaTa fo, 

r.n.e npOH3BO,[J.Hal! df ropa3,0.0 MeHbllle rpe6yeMOH no pacqery, H B 
da 

.n.uanaJoHe yrnos a "" 15° + 30°. 
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Puc. 8. 3aBl!CllMOCTb pe30llal!CHOH '!aCTOTbl Cl!CTeMM 

OT yrna 11onopora pornpa nap11arnpa 

Ha pHc.9 npHBe,a.eHbI 3UBHCHMOCTH none,neHHll paBHOBCCHOH cpa3bl OT yrna 

nonoporn pornpa napHaTOpOB .!(nll pa3nH'lllblX 3HU'fCHHH o6opOTOB Bapuarnpa N 
npu ycKOpl!IOIUCM uanpl!JKeHHH IO KB. KpHBbIC paCC'fHTbIBanHCb .n.mr peanbHOro 

pacnpe.nenemrn UMilJlHTYAbl ycKOplllOIUero IIOJlll OT 'faCTOTbI, BHA KOTOporo 

npe,ncTaBJJCH Ha puc. l 0. BH.!(110, 'ITO ,a.eJ:iCTBIITeJJbHO B paiioue '!aCTOTbI 3UXBaTa 

a"" 3,5° H3-3a Manoii neJJH'fHHbI npoH3so.n110J:i df / da 3Ha'feHHll Cos cp5 Ma.JJbI H 

He 06ecne'fHBUIOT OilTHManbllbIX ycJJOBHH 3UXBaTa rrpOTOHOB B pelKHM ycKopemrn. 

A B ,nHanaJOHe yrnos a. = 25°-39~ 11ao6opoT, BCJJH'fHHa rrpomso,nHoii df / da. 
BCJJHKa,u 3HU'fCHHll Cos q>. pe3KO B03pacTaIOT. TaK KUK Cos (j)s He MOlKCT 6bITb 

6oJJbllle e,a.HHHUbl, TO TaKOC B03paCTaHIIC BCJlH'IHHbl Cos q>. orpaHH'-IHBaeT 

MUKCHManbHO B03MOlKHble o6opOTbI poTopa napHaTopos, T.e. 'IUCTOTY MOAYJJllUHH, 

a cne.nosaTCJlbHO H HHTCIICHBIIOCTb ycKOpHTCJlll . 

Co.s ~ 
1.0 1---+-----+-----+----+----t----t--::,----=:-t---+ 

0.5 t---+----+----+----+----+''l--r-+---1-'c---\--t-

o· 10· 20· 30• 

P11c.9. 3aBHCl!MOCTI, paBHOBecnoil 4>a3bl OT yrna nonopoTa 

nap11arnpa (npocKT11h1ii napua11T) 
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Puc. ) J. Coscps npu U3Me11e1111ojj q>OpMe UIIJl)'KTHBllhIX naKCTOB 

<llopMa 'laCTOTHOH KpHBOH 61,ma '!aCTH'IHO HCrrpaBJieHa rryreM H3fOTOBJieHHJI 

HOBblX HHllYKTHBHblX rraKeTOB C JIOIIaTKaMH CJIO)KHOfO npoqJIIJIJI. ITocJie 

MO.QeJIHpOBaHHM H p51.Qa rrpo6 6hIJIH H3roTOBJieHbl HOBbie rrnaCTHHbl .QJIH 

HH.QYKTHBHblX rraKeTOB, rrpocpHJih KOTOpbIX IlOKaJaH Ha pHc.7. l1HLIYKTHBHbie 

rraKeTbl 6bIJIH C,[(BHttyTbl ITO yrny a. Ha 3°, TaK, 'lTOfihI BeCb pa6o'!HH IJ,HKJI 61,m 

orpaHH'leH .QHanaJOHOM B 36°. ITonyqHBIIIMCH rrpH 3TOM HOBM cpopMa '!aCTOTHOH 

KpHBOH f2(a.) rrpHBe.neHa Ha pttc.8. BH.QHO, 'ITO BeJIH'IHHa rrpoHJBOJ:IHOH df / da. B 

pai1:oHe '!aCTOTbl 3axBaTa HeCKOJihKO yBeJIH'IHJiaCb, a B ,[(HaIIa3OHe yrJIOB 

a. = 20° - 36° yMeHhllIHJiaCh H rrpH6JIH3HJiaCh K pac'!eTHOH. BeJIH'IHHa Cosq,. 

yMeHbIIIHnac1, rrpHMepHo Ha 30 - 40%. IT pH IO KB Ha menH .14yaHTa npH cTapbIX 

HH.QYKTHBHbIX rraKeTaX MaKCHMaJihHO BO3MO)l(Hhl o6opOTbl eapHaTOpa Nmax = 300 
06/MHH, a llJIH HOBbIX Nmax = 500 06/MHH. (pHC. I I). 3-ro IIO3BOJIHJIO yeeJIH'lHTh 

B I ,5 pa3a IIOTOK ycKopeHHbIX rrpOTOHOB. 
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ITapaJHTHble pe3oHaHCbl BapHaTopoB, nona.QaIOIUHe B pa601.mi1: .QHaIIaJOH, 

npHBO.QHT K pa3pbIBaM nporpaMMbl B paHOHe '!aCTOT /," = 25,5 Mru H 

Ii. = 21 Mru. EcJIH napaJHTHblH pe3OHaHC BaJia poTOpOB /1. y,naBaJIOCb CMeCTHTb 

3a rpaHHUY pa6o'!ero nnanaJOHa nyreM yMeHbllleHHH BeJIH'IHHhl eMKOCTH 

IIOJIHIJ,HJIHHLIPH'leCKHX KOH.QeHCaTOpOB, TO .QJIJ1 JIHKBH,[(aIJ,HH pa3pbIBOB H3-3a 

rrapa3HTHOfO KOJiblJ,eBoro pe3OHaHCa BapHaTOpOB Ii" He Y.QaJIOCh HaHTH HHKaKoro 

.14pyroro cnoco6a, KpOMe IIOJIHOH nepe.14eJIKH KOHCTpYKUHH 3eMJIHHhIX rraKeTOB. 

ITpH 3TOM Heo6xo.QHMO 6blJJO Y'IHTbIBaTb, 'ITO yMeHbllleHHe eMKOCTH po-ropa 

BapnaTopoB Ha 3eMJIIO Cp I KaK 3a C'leT IIOJIHIJ,HJIHH.QpH'lecKHX KOH,[(eHCaTopoB, TaK 

H 3a C'leT 3eMJIHHbIX rraKeTOB 6y.QeT npHBO,[(HTb K BO3pacTaHHIO Harrp»)KeHHH Ha 

BaJIY poTopa BapHaTOpOB, BeJIH'-!HHa KOTOporo ITO rrpoeKry He ,[(OJI)l(Ha rrpeBbIIIIaTb 

4,5- 5 KB. 
HOBble 3eMJIHHble naKeTbl 6bIJIH CKOHCTPYHPOBaHbl TaK, 'IT06bl BeJIH'-IHHa 

CMKOCTH poTopa BapnaTopon Ha 3eMJIIO yeeJIH'IHBaJiaCb C yBeJJH'leHHeM yrna a. ( C 

yMeHbllleHHeM '!aCTOTbI) H ,[(OCTHraJia 6bI CBOero MUKCHMaJibHOro 3HU'-Iel!HH B 

KOHL(e pa6o'lei1 nporpaMMbl. TaK KaK BeJJH'IHHa eMKOCTH 3eMJIHHbIX rraKeTOB 

onpe,l{eJJ»eT BeJJH'IHHbI rrapa3H!Hh!X pe3oHaHCOB / 1 • H h •, To rrpH HOBOH 

KOHCTPYKUHH 3Ha'-JeHHH 3THX pe30lJaHCOB CTaHOBHTCH 3aBHCHll{HMH OT yrna a.. 
HoBbie eepxHHe H' HH)KHHe 3eMJIHHbie rraKeTbl HMeJIH 36 - rpa.QyCHYJO umpHHY 

(BMeCTO 78 - rpa.nycHOH CTapoi1:) H 6bIJJH pacrroJIO)KeHbl no OKPY)KHOCTH 

(no yrny a.) TaK, 'IT06b1 3Ha'!eHHH / 1 • (a.) H Ji" (a.) JJe)KaJIH BblIIJe '-JaCTOTbI / (a.) 
BO BCeM pa6o'!eM .QHaIIaJOHe. ITpH 3TOM ~XO)K,[(eHHe JJOIIaTOK pompa B 

3eMJJHHbie rraKeTbl Ha'-JHHaJIOCb IIpH a.= 3°., 
3Ha'!eHHe K03!p!pHIJ,HeHTa nepeHarrp»)KeHHH K .QJIH CHCTeMbl C HOBblMH 

BepxHHMH H HH)KHHMH 3eMJIHHblMH rraKeTaMH H IIOJ!HblM KOMIIJJeKTOM 

IIOJIHUHJJHH,[(pOB .QOCTHraeT BeJIH'IHHbl K = 0,3 H IIO3BOJJ»eT noJiy'-IHTb 

ycKopmoIUee Harrp»)KeHHe Ha .14yaHTe ,l{O I 6 KB. 
ITpH HaJia.QKe BbICOKO'-JaCTOTHOH CHCTeMbl CHHXpOUHKJJOTPOHa oco6oe 

BHHMaHHe 6bIJIO y.14eJieHo ee CHMMeTPHPOBaHHIO, HCXOM H3 ,[(Byx O'leBH.QHbIX 

Tpe6oBaHHi1:: 

- C TO'IKH 3peHHH IIOJiy'leHHH IIOCTOHHHOH aMIIJIHTY.Qbl HarrpmKeHHH B,[(OJib 

ycKop»10mei1: menH, a TaK)Ke CBepxy H CHH3Y OT KpOMKH .14yaHTa, CHCTeMa .QOJI)l(Ha 

6bITh 3JieKTPH'leCKH CHMMeTPH'IHa ITO OTHOIUeHHIO KaK K Me,nHaHHOH IIJJOCKOCTH, 

TaK H K BepTHKaJibHOH IIJIOCKOCTH, rrpoXO,[(Hll{ett 'lepe3 npo.nonhHYJO OCb CHCTeMbI; 

TaKaH CHMMeTPHH .QOJI)l(Ha BblIIOJIHHTbCH BO BCeM ,[(HaIIaJOHe pa6o'IHX '!aCTOT; 

- C TO'IKH 3peHHH YCTPaHeHHH · BJIHHHHH Ha OCHOBHYJO · nporpaMMY 

rrapa3HTHblX KOJie6aHHH ( 061,eMHbie KOJJe6aHHH KaMepbl, norrepe'IHhie KOJie6aHHH 

CHCTeMbl H .Qp.) BCH CHCTeMa B ueJIOM HJIH OT,[(eJibHbie ee 3JJeMeHTbl ,[(OJI)l(Hbl 

6bITb OTCHMMeTpHpOBaHbl TaKHM o6pa30M, 'IT06bI 3TH rrapa3HTHhie KOJJe6aHHH He 

B036y)l{,l{aJIHCb; B rrpHHUHIIe, o6a BH,l{a CHMMeTPHPOBaHHH He COBIIa.QaIOT H 

TPe6yIOT KOMIIpOMHCCHOro perneHHH.-
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Cm,1MeTpHponam1e CHCTeMbl C 1.1enhJO nonyqeHJUI nocTOJIHHOH aMnm1ry,D.hl 

HanpJilKeHHJI D,D.OJih ycKopJIIOIUeH mentt, a TaKlKe cnepxy H CHHJY OT Kp0MKH 

.nyaHTa npoHJDO,D.HJIOCh nyTeM TlllaTeJibHOH c6opKH ee :.meMeHTOD. Oco6oe 

DHHMaHHe 6blJIO y,neJieH0 noJI0lKeHHJO ,nya11Ta OTHOCHTeJibHO nepxHeH H HHlKHeii 

KpbIWeK KaMepbl H BHJYaJibHO K0HTp0JIHp0DaJIOCb C n0MOll.lhlO CHCTeMbl 

penepHhIX T0'leK. 

BapttaTOphl CHMMe'Il)HPODa.JIHCh KaK no OT,D.eJihHhIM 3JleMeHTaM 

KOHCTPYKLIHH KalK,AOro HJ napuaTopon, TaK H MelK.D.Y co6oii. Tpe6ona11m1 K 

CHMMeTpHH Me)l(,D.y o6oHMH napttaTopaMH OKa.Ja.JIHCh lKeCTKHMH. TaK, HanpHMep, 

npH pa3B0pOTe O,D.HOro HJ napHaTopoB no yrny a OTH0CHTeJibHO ,npyroro Ha 

ne11uq1rny da = Io nepeKOC B HanpJilKeHHH D,D.OJlh YCKOpJIJOIUeii ll.leJIH ,D.OCTlffaJI 

BeJIH'IIIHhl 20 + 30%, H pacnpe,neJieHHe JaBHCeJIO OT yrna a (qacTOTbl). TI03TOMY 

npaKn1qecKH CHMMeTpnpona1me napHaTopoB no yrny npOHJB0,D.HJIOCh TOJlhKO D 

cepe,nm1e nporpaMMhI Ha qacToTe n 20 Mr1.1. TaKoe cuMMe1-pnponam1e CHcTeMhl 

noJDOJIHJIO no11yqHTh OTKJIOHeHHe He 6011ee I 0% HanpJilKeHHJI no ll.leJIH ,nyaHTa. 

).viJI yc1-paHeHHJI BOJ6ylK,neHHJI o6beMHhIX KOJie6aimii KaMepbl 

npOHJBO,D.HJIOCh CHMMeTpHponaHHe CHCTeMhl OTHOCHTeJihlIO Me,D.Ha!!HOH 

nJIOCKOCTH Ha qaCTOTe j°6 = 27 Mfl.l C nOMOIUhJO Ja,D.HHX pery11HpyeMhlX 

nnaKHpOB0K, npH 3TOM, eCJIH CHMMeTpHponaHne npOHJBO,D.HJIOCb 

Ha r 6 = 27 Mfl.l pafioqero XO,D.a HJMeHeHHJI lfaCTOThl, TO Ha ofipaTHOM XO,D.e 

Ha6JIJO,D.aJICJI pa3ph1B lfaCTOTIIOH nporpaMMhl - 0,3 Mr1.1 H Hao6opoT. 

OTCIIMMeTpttponaTh CHCTeMy O,D.HODpeMeHHO Ha pa6olfeM tt o6paTHOM xo,ne 

HJMeHeHHJI qaCTOThl C noMOlllhlO perynttp0BOK, HaXO,D.JIIUHXCJI TOJihKO D KaMepe, 

HeBOJMOlKHO, TaK KaK napHaTopbl HeCHMMeTpHlfHhl OTHOCHTeJihHO Me,D.HaHHOH 

n110CKOCTH. ).viJI Ja,D.HHX n11aKHponoK 6b111a c,nenaHa ,D.HCTaHLIHOHHaJI pery1rnponKa 

HX noJiolKeHHJI c KOMaH,D.HOr0 nynhTa ynpaB11eHHJI pa6oTOH CHHXpOLIHKJI0TpOHa. 

CHMMeTpHpODaHHe CHCTeMbl npOHJDO,D.HJI0Cb Ha qaCT0Te ro = 27 Mfl.l no cpopMe 

oru6aiomeii aMnJIHTY.D.hl BhlCOKOlfaCTOTHOro HanpJilKeHHJI, nonyqael\toro C 

CMKOCT;f':,neJIHTeJIJI, pacnoJiolKeHHOro OKOJIO ycKopJ110IL1eii menn. 

TaKOH cnoco6 CHMMe'Il)HpOBaHml CHCTeMhl nOJBOJIHJI nOJIHOCThlO 1136aBHThCJI. 

OT BOJ6ylK,D.eHlfJI napaJHTHhlX, 06beMHhIX KOJie6aHHH Ha lfaCT0Te r 6 = 27 Mfl.l H 

HX BJIHJIHHJI Ha OCHOBHYIO nporpaMMy. 

HccJIC,l:{OBUIIHH, np0BC,l:{CIIJll,IC ua pe30IIUHCHOH CHCTCMC, II 

BhlD0JIHCHlll,IC K0HCTPYKTHBHhlC H3MCHCHIIH BapnaTopoB qacr0Thl 

U0JD0JIHJIII: 

I. ITonyquTh Heo6xo,D.HMblH ,nuana.JOH pa6oqHX lfaCTOT ycKOPJIIOll.leH 

CHCTeMhl, fmax = 30,03 Mr1.1, fmin = 13,32 Mr1.1, nYTeM yMeHhWeHHJI 

BeJIHlfHHhl HH.D.YKTHBHOCTH Ja.JeMJIJIIOILIHX .nyr H BBe,D.CHHJI 

perynupyeMOH HH,D.yKTHBHOCTH L2. 

2. YCTpaHHTh pa3pb!B B qaCTOTHOH nporpaMMe Ha qacToTe o6beMHhlX 

KOJie6aHHH KaMepbl f°6=27 Mru nyTeM TIUaTeJibHOro 

CHMMeTpHponaHHJI CHCTCMhl OTH0CHTCJlhH0 cpe,nHeH nJIOCKOCTH C 

noMOIUhlO Ja,D.HHX pery11HpyeMhlX nJiaKHpOBOK. 
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3. YcTpallHTh paJpblBbl nporpaMMhl Ha 'laCTOTaX BOJ6ylK,neHHJI 

napHaTopon fi" = 25,5 Mfl.l u fi" = 21 Mr1.1 nYTeM 113roTon11emrn 

HOBhlX TpH.D.UaTH1lleCTHrpa,11ycnw< nepxuux H HHlKHHX JeMJIJIHhIX 

naKeTOB. 

4. Bh!JICHHTh none,nenHe nonepeq11h1X THn0B KOJie6aHHH H onpe,neJIHTh 

nYTh yc1-paHeH11J1 BJIHJIHHJI HX Ha BOJ6ylK,D.eHHe KOJie6aHHH OCH0BHOH 

nporpaMMhl. 

5. Bh!JICHHTh DJIHJIHHe aCHMMe'Il)HH napuaT0pOB Ha pacnpe,ne11e11ue 

HanpJilKCHHJI B CHCTeMe. 

6. 11cnpaDHTh cpopMy qaCTOTHOH KpHBOH f (a) nYTCM H3rDTOBJICHHJI 

HOBhlX HH.D.YKTIIBllhlX rmacnrn CJI0lKHOro npoq>HJIJI H CMemeHHJI 

pacnOJIOlKCIIHJI HII.D.YKTHBHhlX naKeTOB no yrny a Ha 3°, 'ITO n03DOJIHJIO 

yneJil[ql[Th qacTory UHKJIOD ycKopemrn H, CO0TBCTCTBeHHO, 

HIITeHCHBIIOCTb ycKopeHHJI 6011ee qeM B 1,5 pa3a. 

B 11CTDCpTOII rJiaBe pacCMOTpCHhl MCTO,D.hl DOJ6ylK,ne11HJ1 BbJCOKOlfaCTOTHhIX 

KOJie6auufl B pe30UaHCIIOH CHCTeMC cm1xp0L1HKJI0Tpo11a II npune,neHa cxeMa, 

pea.JIH30DaHHaJI ua CHHXpOUHKJI0TpOHe 1 fJB. 
).viJI DOJ6ylK,neHHJI pe3oHallCIIOH CHCTCMhl CHHXPOLIHKJIOTpona Ha I f3B B 

COOTDCTCTBHH C npoeKToM Hl1113ct>A nepno11aqanbHO 6bmo npHMeHeno 

acHMMeTpnqnoe OTHOCl!TeJihHO npo,D.OJibllOH OCH ,nyanTa ycTpOHCTBO CDJl3H. Auo,n 

JiaMnonoro 6110Ka c noM0IUhJO cp11,nepa no,ncoe,n1111e11 K o,nnoMy napHarnpy, KaTo,n 

CBJIJaH C .npyrnM napuarnpoM. 3TO ycTpOHCTD0 CBJl3H no,1106HO np11MeHeHHOMY Ha 

c11Hxpo1.1nKJIOTpOHe n EepKJIII CWA. B TaKOH CH<;TeMe n0JI0lKHTeJihHaJI o6paTHaJI 

CDJ!Jb HMeeT MeCTO Jllllllh ,D.JIJI npo,D.0JlhH0ro nma KOJie6a1111fl f (a), a ,D.JIJI 

nonepelfHOro Tllna f(a) HanpJilKCHHe Ha KaT0,D.e 0Ka.JhIBaeTCJI B npoTIIDOq>aJe. 

<l>H,nepu npJIMOH II o6paTHOH CDJ1311 6bmH no,ncoe,nHHCHbl CHMMCTplllfHO K nenoMy 

II npanoMy nap11aTopaM B TOlfKaX HX no,ncoe,D.HHCHIIJI K ,nyaHTy. _ lfacTOTHhie 

XapaKTepHCTHKII 060IIX cptt,nepoB fihIJIII H,D.CHTJlqHhl. }.viJI n0JIYlfCHHJI 

Heo6xo.n11Moro K03q>q>lll.lHeHTa o6paTHOH CBJIJII qrn,nep o6parnofl C'"I111 fibIJI 

no.ncoe.n11HeH K KaTo.ny reHepaTopHoii JiaMnhl qepeJ CMK0CTIIOH ,D.eJIIITeJib. 

Bh!COKoqacTOTHaJI CIICTeMa OKa.JaJiaCh qpeJBbJqaiiHO KpllTHlfHOH K CIIMMeTpllll 

peJ0llaHCHOH CIICTCMhl, oco6eHHO K c6opKe napllaTOpOB qaCTOThl. ManeiiwaJI 

aCIIMMeTpHJI rrpHDO,D.IIJia K yMeHbWCHHIO 11anpJ1lKCHHJI B K0Hl.le l.lllKJia, a nptt 

6oJihIIICH acHMMeTpHH-,D.alKe K rrepecK0KY Ha nonepeq11y10 Mo,ny KOJie6aHHH. 

Bo31111KJia ueo6xo)lllMOCTh B pa3pa60TKC ,11pyroii CIICTCMhl CBHJH II IIO,l:{6ope ee 

3JICMCIITOB 3KCnepHMCHTUJil,IJl,(M DYTCM, CXCMa ee npC,l:{CT3BJICHa ua pnc. 12 
(9). 
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Pttc. 12. CHMMeTpH'rnllll CHCTeMa CBll3H 
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CnmKHOCTb · TaKOH npo6neM1,1 xopowo npomrnm1Jttpoea11a B pa6oTe 

A.A.fnaJoea
4
• IlyreM nocne.nonaTen1,11oro HJMepe11m1 napaMeTpoe rettepaTopa, 

peJOHaHCHOH CllCTeMbl H no.n6opa xapai-.iepHCTIIK CllCTeMbl CBJl3H 61,ma 

pa3pa60Talla CllMMeTpll'IllaJI CllCTel\ta npllMOH CBJIJH. Ilepe_naqa 11anpJ1)1(eHHJI 

ocymecTBJIJ1J1ac1, lfepeJ .nea qm.nepa, no.nKmoqe11111,1e CHMMeTpH'fHO K npaeoMy H 

JleBOMY eap11aTopaM B MeCTaX l!X no.ncoe.QHHelllUI K .nya11ry. 

ITpH HCilOJl!,JOBa11m-1 CHMMeTpH'fHOH npJIMOH CBJIJH 61,ma TaK)l(e npHMe11e11a 

CHMMerpttqHaJI o6paTHruI CBJl3b - T-o6paJHbIH CHMMerpH'fHblH -qrn.nep. Ha 

CHMMerpttq11oe YCTpOHCTBO CBJIJH re11epaTOpHbIX JiaMn C peJOHaHCIIOH CUCTeMOH 

CHHXpOUHKJIOTpOHa nonyqeno aBTOpCKOe CBH.QeTeJibCTBO [ I 0]. TaKaJI CllCTeMa 
noJnonttna: 

- BO-nepBbIX, 3HatfHTeJlbHO CHHJHTI, Tpe6oeaHHJI K CHMMerpHH napttaTopOB, 

TaK KaK .nea qrn.nepa npJIMOH CBJl3H ycpe.!(HJIIOT 3KBl!BaJieHTHbie conpOTIIBJieHHJI 

.neyx ToqeK CHCTeMbI, np11ee.nem11,1e K atto.naM re11epaToptt1,1x naMn, a 

CHMMerpttqHaJI o6paTHaJI CB.HJ!, ycpe.!(HJleT K03<p<)muneHT o6paTHOH CBJl3ll H 

yny,uuaeT ycnonHJI no36y)l(_nenHJ1 Ha pa6o'!eM THne Kone6a1mii; 

- BO-BTOpbIX, cymecrneuuo yMeHblllHTb 3KBHBaJieHTHOe conpOTHBJieHHe 

peJoHaHCHOH CHCTeMbI, npnee.ne1rnoe K auo.naM, Ha qacToTax nonepeqH1,1x 

KOJ1e6am1ii, a TaK)l(e yMeHblllHTb K03<pqmuHeHT o6paTHOH CBJl3H Ha qacToTax 

nonepeqH1,1x Kone6a111-1u no cpaenenmo c pa6oqeu nporpaMMOH, qm noJBOJIHJIO 

11a.ne)l(HO HJ6aBHTbCJI OT cpbIBOB pa6oqux KOJ1e6a1111i1; 

- B-rpeTbllX, HCKJIIO'IHTb BOJ6y)l(.neHHe Cl!CTeMbl Ha qacTOTax rr - .QHanaJoHa 

eapttaTOpa, TaK KaK o6paTHaJI CBJIJb B3l!Ta C 3JleMeHTOB, Ha KOTOpbIX BTopal! 
nporpaMMa cna6o Il1,1pa)l(e11a. 

Ko3<ptpHUHeHT TpaHccpopMaUHH Hanpll)l(elll!JI n(t) B TaKOH CHCTeMe nerKO 

perynHpyeTCll C IlOMOlllblO cornacy10meu eMKOCTll c. (350-500 n<l>). ITpH 

c.=500 n<l> n(t) HJMeHJleTCll no .!(HanaJOHY qacTOT ecero Ha 30%. K03cptpHUHeHT 

o6paTHOH CBll3H perynttpyeTCll eMKOCTblO c., KOTOpaJI .!(Jill yMen1,wel-iHll tpaJOBOro 

C.!(BI!ra Me)l(.!(y KaTO.!(OM ll a11O.noM Bbl6pana .!(OCTaTO'IHO 6omwou, c. = 2500 n<p. 

IToBTOpHb!H nycK YCKOpHTeJIJI C 3TOH CHCTeMOH CBJIJH H KOHCTPYKTHBHb!MH 

nepe.nenKaMH BapttaTopa qacTOTbl IlOJBOJIHJI IlOJIY'IHTb YCKOplllOlllee 11anpJ1)1(eHHe 

ua .nya11Te - IO KB B 11aqane .nttanaJOHa H 5 KB B KOHUe .!(HanaJOHa, '!TO 

o6ecneqHJIO IlOJIYtfeHHe. Heo6xo.nHMOH 3HeprnH I r3B H HHTeHCHBHOCTH 

Bb1Be.ne11Horo IlYlfKa 1,5 X 1012 
npoTOHOB B ceey11.ny. 

4 
A.A.fnaJOB, "BhlCOKO'!aCTOTHblii renepaTOp H CHCTeMa CBllJH CHnbll0T0"IH0ro «jla1orpona 

OttJU1". Tpy!lhI V Bceco10J11oro Coeemamrn no ycKopHTem1M 3aplllKem11,Ix "laCTHu, 011Jltt, 
oKrn6pb 1976 rona, crp.I62- 165. 
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KpaTKospeMemme ysenw1eHHe HanpJrnceHHJI )J.o 15 KB ysenwrnsano 

HIITCHCHDH0CTb ny'IK3 D )I.Ba p33a. OcHODHOH npH'IHHO.H, orpaHH'IHDa!Oll\e.H 

ycKopJ11011tee 11anpJ1JKe1me, 6brno nosb1111e1me nanpJ1JKeHHJ1 Ha nanax sapttaTopos 

'13CT0Tbl, K0TOpoe npHB0)J.Hfl0 K neperpesy H JlCqJOpl\131.\HH 

llOJllll.\llJlllll.lJ.pll'ICCKIIX K0H)J.CHCaTopoB Ha K0H1.\3X Banos BapHaTopoB '13CT0Tbl. 

B .11.MbHeiirneM Ha K0Hl.\bl BM0B sapHaTopoB Jl0TI0flHHTCflbH0 6brnH 

ycTaH0BflCHbl cnn0llIHbIC JlHCKH C 0TBeTHblMH CT3T0pHblMII Jll!CK3MH, 'ITO 

TI0JD0mrno yMeHbllIHTb HanplllKCHHC Ha nanax sapHaTopoB. 

B mnoii rnane 0TIHCaHa ocyUJ.eCTBneHHaJI Ha CHHXp0l.\lIKn0Tp0He I r::iB 

CHCTCMa ysenH'leHHJI JlflHTCflbH0CTH (speMeHHaJI paCTJIJKKa) TIY'IKa np0T0H0B Ha 

I r::iB [ 11 - 13 ). 

B CHHXp0l.\HKn0Tp0Hax ycK0pCHHC npoT0H0B ocymecTBflJICTCJI crycTK3MH, 

senwm11a K0T0pblX onpe}lCflJICTCJI ycnoBHJIMH HX 33XBaTa D peJKIIM ycKopeHHJI. 

KopoTKHH ny<IOK BblBe}lCHllblX np0T0H0B JlflHTenbH0CTblO ~ I 0-4c JIBflJICTCJI 0'lellb 

HCYJl06llblM JlflJI qlll3ll'ICCKIIX HCCflCJl0B3HHH, oco6e11110 C npHMCIICHIICM 

3flCKTPOHIIOH MeT0JlllKH, ll03T0MY B0JHHKaeT npo6neMa pacTJIJKKII "Y'!Ka DO 

BpeMCHH, T.e. C03Jl3Hl!e cnel.\HMbHOll CHCTeMbl MCJlflCIIH0ro Jl0YCK0peHHJI H 

C00TBCTCTBCHH0 Me)lne1rnoro paCTJIHYT0f0 BblB0}la ny'IKU B TC'leHHe BCCfO 

o6paTHOfO X0)la '13CT0Tbl, a B Heo6XOJlHMblX cny'laJIX Jl3JKe 6onblue. MeTOJlb) 

yseml'ICHHJI JlflllTCflbH0CTH ny'IKa B CIIHXp0l.\l!Kn0Tpo11e Jl0CT3T0'IH0 

no,ll.po6no paCCM0TpCHbl s pa6oTe 
5
• ,lvIJI MC)J.flCHH0fO Jl0YCK0pemrn 

o6hI'IHO HCll0flbJYCTCJI HC3UBHCHM3JI Jl0TI0flHHTCflbllaJI YCK0pJIIOll.\3JI CHCTCMa C 

TI0M0ll\blO 0T}lenbH0fO T3K H33bIB3CM0fO C11-::ineKTpO}la, 3T0 JlBC nnacTHHbl 

C-o6p33110ll qiopMbl, 3flCKTPH'ICCKH C0CJlHHCHllble MeJK)J.)' co6o.ii, pacnon0)KCHHblC 

DbllllC I! HH)KC cpCJlHCH nnoCK0CTH ycKopeHHJI '13CTH1.\, Ha K0T0pbie ll0Jl3CTCJI 

BblCOKO'laCT0THOe HanplllKCHHC, K0f)J.3 OCH0BHaJI BbJCOK0'13CT0THaJI nporpaMMa 

BbJKnJO'leHa. IlocKOflbKY BO BCCX cymecTBYIOll.\HX CHCTCMax BKnIO'ICHHC K3)KJl0fO 

l.\llKJia MC}lneHH0fO ycKopeHHJI nocne Bb)Kn!O'ICHHJI OCHOBHOH nporpaMMbl 

np0HCX0JlHT C npoHJBOflbHOll ql330H 0TH0CllTCflbH0 l.\HPKYflHPYIOll\efO crycTKa 

ny'IKa, TO nepeX0Jl HJ 0JlH0fO peJKHMa ycKopeHllJI B Jlpyroii CBJl33H C 

HCHJ6C)KHblMH noTepllMII llYL!Ka, Jl0CTHfa_lOll.\llMH 50%. 

Cne)lyeT 0TMCTllTb, 'ITO CH-3flCKTPOJl M0JKCT 6bJTb HCTI0flbJ0BaH II 

JlflJI 6hICTporo BepTHKMbHOfO c6poca npoT0H0B Ha MllllICHb, 

pacnonoJKCHHYJO BblllJC llflH HllJKC cpe)J.HCH nnoCK0CTH, Ha KOHe'IHOM 

pa}lttyce ycKopeHHJI, npll no}la'le HMnynbca HanplllKCHHJI ~ l 00 KB MClKJlY 

3THMII 3flCKTPOJl3MII 
6

•
7

, 'IT0 ll03B0flJICT TI0flYL!llTb HC.HTPOHHbIC lly<IKll p33Hb1X 

3Heprn.ii. 

5
JI.M.OttmL(eHKO. "BoJMOlKHble CIIOC06bl yeeJJH'!eHHll .!VIHTeJlbH0CTH nyqKa B 

cm1xp01.tHKilOTJlOHe': 1974 r., OHJIH, P9-7836, )ly6tta. 
6 G.H.Stafford at all. RSI, 1957, v. 28, 10, p. 749. 
7 I.Rainwater at all. RSI, 1964, v. 35, 3, p. 263. 
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OJlHUKO pelKHMbl 3TH !IC M0ryT 6bJTb ocymecTsneHbl HC33BHCHMO, T.K. 

TPC6yIOTCJI C00TBeTCTBYIOlll.HC nepeKnJO'ICHHJI (B pelKHMe BepTHKMbH0fO c6poca 

ny'IKa nnacTHHbl )J.Ofl)KHbl 6b!Tb 3JICKTpH'ICCKH 1130nHp0B3Hbl). 

Ilpo6neMa OCflOJKHJICTCJI eme H TCM, 'IT0 Jl]IJI ycrnH0BKH BTOpoii napbl 

::ineKTp0)J.0B, 'IT06bJ 3TH pelKHMbl 6brnH HC33BHCHMbl, HCT MCCTa (Hx 

np0TJ!lKCHH0CTb ~ 60°). 

)),Jm c11uxpou11KJ10Tpona IIIUl<I> PAH c ::ineprneii BLrne.11.e1111L1x 

np0T0II0B 1 E1B 6LJJia pa3pa60Ta11a " peaml30B3Ha C0BMCll\Cllll:lH CIICTCMa 

.11.JIH YBCJlll'ICIIHH )J.JIIITCJlbII0CTII l't13Kpom,myJILCa BIICWIICro ny'IK:l H 

6LJcTporo OJlll006opoT110ro c6poca 11a BIIYTPCHHIOIO I\IHWCIIL. 

COBMCll\CHHOCTb CllCTCM Jl0CTlff3CTCJI 33 C'lCT K0HCTPYKUlfll C11-::ineKTPOJl3 H 

CHCTCMbl ero TIHT3HHJI, 'ITO o6ecne'IHB3CT B03M0JKH0CTb 0JlH0BpCMCHHOH p360TJ,J 

npH mo6oii nocne}lOB3TCJlbH0CTll qepe}l0BaHHJI 3THX peJKHM0B [ I 2, 13). 

OTnH'IHTCJlbHOH oco6eHHOCTblO paCTJ!lKKH J!BflJICTCJI cpaBHHTCflbHO BblCOKaJI 

3qlqJCKTHBHOCTb 33XBaTa ny'IK3 B pelKl!M ycKopeHI!JI C11-::ineKTpOJlOM npH 

Jl0CTaT0'III0 BblC0K0M K03qlqlHl.lllCHTe llCTI0flb30B3HHJI llHKna, Jl0CTllfHYT3JI 33 C'ICT 

'13CTOTHOH II ql330BOH Clll!Xp0HH33l.\HH MClKJlY 0CIIOBHOH ycK0pl!IOll\CH CHCTCMOH 

ll reuep3TOpOM CH-3flCKTPO)J.a, a TaKlKC BBCJlCHHCM KoppCKl.\llll ql33bl 

HanplllKCHl!JI 113 CH-3flCKTpo}le OTH0CHTCflbH0 ll0flO)KCHHJI crycTKa np0T0H0B 

[ I 4). flonyqeua npaKTH'ICCKH npJIMoyromuaJI qiopMa MaKpo11Mnyn1,ca 

pacTJIHYT0f0 ny'IKa 33 C'ICT BbJ6opa OllTHMMbHOH '13CT0THOH nporpaMMbl CH

CHCTCMbl. B CHCTCMe l!Cll0flb30B3H Y3K0IT0JI0CHLJH pe30H3HCHLIH CllHXp0HH0 

nepecTpansaeMLIH no '13CT0TC reuepaTop ,[(nJI ycKopeHHJI B Jlll3TI330HC '13CT0T 

13,3 Mfl.\, 'ITO ll03B0Jlllfl0 3H3'1HTCflbH0 (~ B 100 p33) CHHJHTb M0ll\H0CTb B.'I. 

reHeparnpa no cp3BHeHmo c cymecTBYIOUJ.HMH Ha )J.pyrnx c1rnxp0l.\HKn0TP0Hax 

Ctt-CHCTCM3MH. 

)vIJI o6ecne'ICHllll B03M0JKH0CTH COBMCCTHOH pa60Tbl Cl!-3flCKTPO)J.a B 

K3'1CCTBe ycK0pl!IOll\CfO 3flCKTP0Jl3 npu paCTJIJKKe ny'IKa II 0)J.H0BpeMCHH0 B 

K3'1CCTBC 0TKJI0HJIIOll\CfO JlCcpneKTopa npu c6poce ny'!Ka K0HCTPYKl.lHJI Cn-

3flCKTP0)J.3 BblTI0flHCHa B BHJlC )J.Byx p33JlCJlbHblX MCJlHblX nnacTHH. YrnoBaJI 

np0TJilKCHH0CTb nnacnm C0CTaBJIJleT 60°, nmpnHa - 250 MM, YCT3H0BJICHbl OHi! 

Ha pa)J.uyce, paBH0M 3070 MM. 

KaJK}l3JI 113 nnacTHH KpenHTCJI K 6oKOBOH CTCHKC K3MCpbl nptt ll0M0ll\H TPCX 

llJTOK0B-)J.CpJKaTCJICH. QeHTPMbHbJC IIIT0KH OJlH0BpCMCHH0 JIBflJIIOTCJI BB0Jl3MH 

HanplllKCHHJI K CH-3flCKTPO.llY- bOKOBbIC llJT0KH 0TJlCflCHbl OT TIJl3CTHH 

KepaMH'ICCKHMH H30flJIT0p3MH., KOHCTPYKl.\Hll KpenneHHJI CH-3JICKTPOJl3 

TI03B0JIJICT perynttp0B3Tb P3Jll!MbH0e H BCpTHK3nbH0e non0JKCHHJI nnaCTHH 6e3 

HapyllleHHJI B3KYYM3 B KaMepe. Bo3MOlKHOe nepeMCll\CHl!e nnaCTHH B P3JlHMbH0M 

uanpasneHHH C0CT3BflJICT 40 CM, a paCCT0JIHHC MClKJlY nnaCTllH3MH MQ)KCT 

ll3MCHJ!TbCJI OT 6 CM Jl0 18 CM. PerynHpyIOmue 3flCMCHTbl CH36lKCHbl 

YK333TCflJIMH Il0JI0lKCHHJI nnaCTHH. 

KoHCTPYKl.\HJI monJITopos Cu-::ineKTPOJla o6ecne'IHBaeT pa6oTy CHCTCMLI B 

peJKHMC )J.CqlJICKTopa npu m.mynLCH0M HanpJilKCHllll Ha nnaCTHHax Jl0 I 00 KB. 

Ha UCHTPMLHb!X onop3X npHMCHCHbl non1,1e KepaMH'ICCKHC ll30fll!T0pbl. C l.\CJlbJO 
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npe.QOTBpa1.1.teHlU1 pa:ipywemlll BaKyyMHblX ynnoTHeHHH KOpOHHblM pa3pJ!AOM 

noJIOCTH H30JIJ!TOp0B 3anomll!IOTCJ! HHepTHblM raJOM. 

flnaCTHHbl Cn-3JieKTpo,n_a CBJ!3aHbl C aHO.QOM BblXOAHOro KUCKa,Qa B.'I. 

reuepaTopa CHCTeMbl pacrn~KH npn noM0UJ.H ABYX ¢n.QepHblX JIHIIHH, 

BbinOJIHeHHbIX H3 Ka6enett rnna PKf-15. C uenbIO y.QaneHHJ! annaparypbl OT 

pa.QliaKTHBHOH 30Hbl H o6ner'!eHHJ! ee 3KpaHHp0BKH OT Marmnnoro llOJIJ! 

ycKOpHTenJ! .QnHHa ¢n.nepoB Bb16patta 12,5 M, '!TO COOTBeTCTByeT ua 'lUCTOTe 

BbIBO.Qa ny'!Ka r. = 13,4 Mru B036y)l(,neumo M0.Qbl Kone6aHHH 4 X A /4. 
TiepeCTPOHKa pe30HaHCIIOH '!aCTOTbl ocym.ecTBJIJ!eTCJ! nepeMeHHOH 

HHAYKTHBHOCTblO c ¢eppHTOBblM cep,ne'!HHK0M (8). O.QHOBpeMeHHO nnacn!Hbl 

Cn-:meKTPOAa HCllOJib3YIOTCJ! B Ka'!eCTBe HMnynhCHOro .ne<j>neKTopa AJIJ! 

O.QHOo6opoTHOro c6poca ny<IKU. l1cTO'lHHKOM HMllYJibCHOro uanpJ!)l(eHHH 

J!BJIJ!eTCJ! THpaTPOHHbIH re11eparop C BblXOJ(HblM ¢eppHTOBblM 

TpaHc¢opMaTopoM. BblXOJ(HaJ! o6MOTKa TPaHc¢opMaTOpa, COCTOJ11.1.taJ1 H3 

ueHTPanbllbIX )l(Hn c!iH.nepoB, BbinOmleHa TaKHM o6pa30M, '!TO CHCTeMa 

o6ecne'IHBaeT CHHCj>a3ny10 IIOJla'ly ycKOpH!OlI.l,ero HanpJ!)l(eHHJ! Ha nnaCTHHbl B 

pC)l(HMe paCTJ!)l(KH H nponmo¢a3HYIO 110,QU'!Y HMnynbCJIOro nanpJ!)l(eHHJ! B 

pe)l(HMC c6poca. TaKHM o6pa30M, J(OCTHraeTCJ! 0TCYTCTBHe CBJ!3H Me)l(.ny 

HMllYJibCHblM H B.'l. renepaTopaMH. 

Tip1rnunn pa60Tbl ycKopmeJIJ! B pC)Klll\lC paCTll)l(KH nOJ!CHJ!eTCJ! pnc. 1::3, Ha 

K0T0pOM I10Ka3Ullbl: (, - '!aCTOTHUJ! nporpaMMa OCHOBHOH ycKOpJ!IOlI.l,CH CHCTeMbl 

CHHXpOUHKJI0Tp0Ha, fc - 'lUCTOTHaJ! nporpaMMa CH-3JieKTpOJlU, U 
M0AYJIHpyIOLUee HanpJ!)KCHHe )lJIJ! ynpaaneHHll '!aCTOTOH reHeparopa Cn-

3JieKTpo,na. OcHOBHaJ! '!aCT0THaJ! nporpaMMa rrpepbIBaeTCJ! C noM0lI.l,bIO aHO)lH0ro 

Mammyni1rnpa (nyHKTHpHaJ! KpHBaJ!). O6e '!aCTOTHbJe rrporpaMMbl c¢a3HpOBaHbl 

MC)l(AY co6oi1 B o6nacrn 3axsarn ny'!Ka B pe)l(HM ycKopeHHJ! Cn-3JICKTPO.AOM. Tipn 

c6JIH)l(eHHH '!aCT0T OCIIOBHOH nporpaMMbl fn H Ha'!anbHOH '!aCTOTbl CH-3JieKTpO.Qa 

f, B MOMeHT BpeMeHH t, npoHCX0)lHT 3axsaT '!aCTOTbl reHepaTopa CH-3JieKTpo.na 

'!aCTOTOH OCH0BHOro renepaTopa, ll B Te'!eHHe HHTepaana BpCMeHH t1 + t2 o6a 

reHeparopa pa6oTalOT CHH¢a3HO. B MOMeHT BpeMeHH t2, KOr.Qa '!aCT0Ta OCHOBHOH 

nporpaMMbl AOCTHraeT 3Ha'!eHHll f., C00TBCTCTBYIOlI.l,ero OilTHManbHOMY 

pa.QHanbHOMY IlOJI0)Kelll!IO ny'!Ka OTHO'Cl!TenbHO CH-3JieKTPO.Aa, 0TKJIIO'!aeTCll 

nanpJ1)1(eHne C 0CIIOBHOro reHeparopa II BKnIO'!aeTCll KaCKa,n ¢opr-mpoBaHHll 

nnnoo6pa3Horo ToKa, ynpaBJillIOlI.l,ero '!aCTOTOH reHeparnpa Cn-3neKTpo.Qa. 

HHTepsan t2 +t3 H ¢opMy 3aBHCHMOCTH fc (t) MO)l(HO npOH3BOnhH0 MeHllTb B 

ump0KIIX npe.nenax. Hn3Wal! '!aCT0Ta reHepaTopa [3 COOTBeTCTByeT KOHUY BbIB0,lla 

ny'!Ka (13,3 Mfu). TioJIHal! .neBHaU!fll B o6naCTH t2+ t3 - 250 Kfu. 

24 

, 
I 

fo 1-"-
. f.u; I 

\ I 
I T~ 

I 
I 

i~ -~----, --
I 

K ----H·_:-_____ L 
f - - 1 

I I t3 
3 ___ • t, ]t, : 

I I 
• I 

UI i I 

PHC. 13. lfaCTOTllaJI nporpa,1Ma: f.n- 0CH0BllaJI, fc- Cn-::rneKTpo.ua, 
U-<!JopMa nanpHJKenm1, Ja.uruomero '!aCTon1y10 nporpaMMY 
Cn-3neKTpo.ua 
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Tiocne Bb!KnlO'leHllll OCHOBHOH nporpaMMbl reHeparop CH-:meKTPO.lla 6y.neT 

pa6oTaTb Ha '!aCTOTe, onpe.nenl!eMOH co6CTBCHHOH '!UCTOTOH ero KOJie6aTeJibHOro 

KOHrypa H BnllllHHeM peaKTHBH0CTH, BHOCHMOH LlHPKYJIHPYIOlI.l,HM IlYlJKOM 

npOTOHOB. 3To MO)l(eT np11BeCTH K ¢a:30BblM ITOTCpllM ny'!Ka B MOMeHT 

OTKJIIO'leHHH reneparnpa ,nyaHrn, pacKa'!KC pa.nnanhHO-¢aJoBbIX Kone6am1i1, 

.nonoJIHIITeJibHbIM IlOTCpllM nyqKa n HCCTa6HJibHOCTH HHTCHCHBH0CTH s npouecce 

BpCMCHHOH paCTll)KKH. 

)],nll npe,noTBpalI.l,CHHll 3T0ro BBe,nena ¢a:30Ball KoppeKUHll '!aCTOTbl 

reHeparopa CH-3JICKTPO.Aa Herrocpe,ncTBeHH0 no aJHMYTMbHOMY ITOJIO)KCIIIIIO 

cryCTKa '!acrnu. TaKasi KoppeKUHll ocymecTBnllCTCll TIYTCM BhI,nene11nJ1 B.'l. 

cnrnana B3aHMOJ(CHCTBHll crycTKa '!aCTHLl C pe30HaHCHbIM K0HTYPOM C11-

'.)JICKTPO.lla n no,na'ln ero Ha 3a,na10m.nit renepaTop CH-3JieKTpo.na. OnTnManbHall 

¢aJa KoppeKTnpywmero cHrnana rro,n6npaeTcJ1 rrpu rroM0lll.H perynnpyeMoro 

¢a:3ospa1.1.tarenll. · 

B TC'!CHHC HHTCpBana BpeMCHH t1+ t2 o6a renepaTopa pa6oTaIOT CHH¢a3HO. B 

MOMCHT BpeMCHH l2, KOr,na '!aCTOTa OCHOBHOH nporpaMMbl ,ll0CTHraeT 3Ha'!CHl!ll r., 
CO0TBCTCTBYJOlll.Cro OITTHManbHOMY pa.QHMbHOMY noJI0)l(CHHIO ny'!Ka 

0TH0CHTCJibHO Cn-3JICKTPO.Aa, OTKJIIO'IUCTCll Hanpll)KCHHC C OCHOBHOro B.'l. 

reHeparopa H BKJIIO'IUCTCll nporpaMMa, ¢opMnpy101.1.taJ1 3aKOH H3MCHCHHJI '!aCTOTbl 

Ctt-3JICKTPO.Aa C aBTOno.ncTPOHKOH ¢a3bl 0THOCHTeJibHO ¢a:3hl crycTKa '!aCTHU. 
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ITepexo)l ny'-!Ka OT ycKOpCHllll )lyaHTOM K ycKopeHIIIO Ctt-3JJeKTp0JlOM 

np0IICXO)ll!T co 100 - npoueHTHOH 3<p<peKTIIBHOCTI,IO. Ha6JJIO)lanCl! 

He3Ha'-IHTeJJbHblH 3KCnOHeHUHanI,HblH en~ IIHTeHCIIBH0CTII C pOCT0M 

K03<p<pHUHeHTa BpeMeJ!HOro 3anonHeHHll, KOTop1,1ii, B03M0lKHO, CBl!3aH C 

noTepl!MH IlY'-!Ka H3-3a Heo,nHopo,nHOCTeii MarHHTHOro nonl! e6JJH311 

pereHepaTHBHOH BbIBO.llHOH CHCTCMbl ycKopHTenl!. MaKCl!ManI,HI,JH K03<pqrnu11eHT 

epeMeHH0ro 3aTIOJJHeHHll 45 +50% orpaHtttmeaeTCll 3HatJeHHCM OTHOllleHHll 

Hepa6o'-leii '-!aCTH nporpaMMI,J K nep110,ny M0JlYJJlll.lllll H3-3a BJJHllHH.H cne,ny10mero 

UIIKna 0CHOBHOH nporpaMMI,l Ha pelKIIM ycKopeHH.H Ctt-3JJeKTPO.llOM npH '-!aCTOTe 

OCHOBHOH nporpaMMbl, 6JJll3KOH K y.l(eOeHHOH tJaCTOTe 81,IB0Jla. B pe)l(m,te C 

nponycK0M UHKnOB ycKopeHHll K03<p<pllUIICHT epeMeHH0ro 3anonHe!ll!ll M0)l(eT 

6h1Tb 3Ha'IHTeJJbHO yaeJJll'ICH. Pa6orn CIICTeMI,J paCTlllKKII 6e3 <pa3Hp0BKH ee C 

I.tHPKYJJHPYIOIUHM ny'IKOM npHBOJlHT K YMCHl,lllCHHIO cpe,nHCH IIHTeHCIIBH0CTII Ha 

10 + 15% npH o,nHoepeMCHH0M 3Ha'!IITCJJI,HOM YXYJlllleHHII crn6HJJbHOCTII 

IIHTCHCHBHOCTH OT UHKJJa K UIIKJJy. 3aBIICIIMOCTb IIHTCHCIIBH0CTII pacnrnyToro 

nytJKa OT BCJIH'U!Hbl OTH0CHTeJJbllOro C.l(BHra <pa3 Me)l(,ny crycTKOM TIY'-!Ka II B.'I. 

Hanpl!)l(eHHeM Ha Ctt-3JICKTPO.llC npH pa3JJH'llll,JX aMnJJHTy,nax B.'-1. Hanpll)l(CIIHll 

np11ae.l(eHa Ha p11c. 14. 

Ha ocu11nnorpaMMe, p11c.15, noKaJa111,1 (ceepxy-eHm): oru6a1oma» B.'I. 

11anpl!)l(e!1H.H OCHOBHOH nporpaMMbl CliHXp0I.tllKn0TP0Ha; <jiopMa TOKa .llllll 

tJaCTOTHOH M0JlYJJ.!IUHH CH-CHCTCMhJ; BblBC,l(eHHblH ny'I0K CliHXp0UHKnOTpoua -

CHfHaJJ c <1>3Y, pacnoJJOlKeHH0ro e rnaBHOM Jane ycKOpllTCJJll, nHK e KOHUe B.'I. 

nporpaMMbl C0OTBCTCTByeT <pony OT paCCCJIHl!ll nytJKa Ha 3JJCMCHTax BblBO.llHOH 

CIICTCMbl. 

BpeMCHHOH MaCll1Ta6 0CUIIJJJJ0rpaMM COOTBCTCTByeT 3 Mc/,neneHl!C. 
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P11c. 14. 

3aBHCHMOCTb lll!TeHCHBH0CTH 
pacr,rnyroro ny'!Ka OT CIIHXp0HH3aUHH 
C OCHOBHOH nporpaMMOH ycKopeHHll 

P11c. 15. 
OcuttnnorpaMM!ol: (csepxy BHH3) 
orn6awmeii B.'I. ttanpl!JKeHHll ttaJ1ya11re, 

T0Ka ynpaBneHHll '!aCT0TOH M0JIYJJllUHH 
MaKpoHMnynbca pacrnnyrnro ny'!Ka 
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B rnane 6 paccMoTpena pa6orn C11-311eKTPo.na B pelK11Me eeprnKanbHOro c6poca 

npoTOH0B Ha MHllleHb, 

KaK OT!vle'!aJJOCb BbllllC, c6poc npOTOHH0ro nytJKa Ha CBIIHl(0BYIO MllllICHb 

ocymecTBJJJICTCJI B pe3yn1,TaTe em6y)l(JleHHJI ceo6o,nHblX eepTHKanhHl,IX 

KOJJe6aHIIH npoT0HHOro nytJKa HMny111,coM BblCOK0fO HanpJI)l(CHIIJI (70-90 KB) C 

.llJIHTeJJbH0CTb!O nepe)lHCro <ppoHTa 70 HC. 

B1,1coKOBOJJbTHbIH HMny111,c c6poca e1,1pa6aTb1BaeTCJI THpaTpOHHblM 

reuepaTopoM, 3anycK KOToporo CHHXp011113HpoeaH C <pa30H BI,IC0KO'laCTOTHOro 

ycKopJ1101llero Hanp.HlKeHHJI. CooTBeTCTBYIOlllHM BI,J6opoM MOMeHTa no,natJH 

3anycKa10mero HMny111,ca JlOCTlffaI0TCJI ycJJ0BHJI npoXO)l(JleHHJI npoTOHHOro 

cryCTKa Me)l(,ny OTKnOHJIIOlllllMH nnaCTl!HaMI! B M0l\,!eHT, Kor.na HanpJI)l(eHHC 

JlOCTHraeT MaKCHMaJJbHOH BeJJl!'lllHbl. 4epe3 0,llHH o6opoT (-77 uc) OTKJJOHeHHblH 

npoTOHHblH ny'IOK nona.naeT ua CBHHl(OBYIO MHllleHb, eepXHHH Kpatt KOTOpOH 

pacnoJJO)l(ell Ha 2 - 3 CM Hl!)l(e MC,llHaHHOH nonepXHOCTII MarHIITHOro nOJJll 

ycKop11TeJJJ1. CoOTBeTCTBYJOIUIIM nepCC'leTOM HMny111,con 3anycKa MO)l(CT 6b!Tb 

JJCrKO ocymecTBJJeH pelKHM "pa3)leJJCIIWI epeMeHH", Kor.na 6y,neT c6paCblB3TbCll 

mo6ott npOTOHHblH cryCTOK. I1cnbITallHJI HCHTPOHHOro llCT0'IIIHKa npoB0.llHJIHCb 

npH nOMOIUH perHCTpaUHH y-KBaIITOB, B03Hl!KaIOIUIIX npH B3al!MO)leiiCTBIIII 

npoTOHOB C MHWellbJO, TOHKlll\1 nJJaCTll'ICCKIIM CUIIHTIIJJJJJITOpOM. BpeMCHHhlC 

pacnpe,neJJCHIIJI m,myn1,coB y-KBaHTOB OTIIOCIITCJJbH0 crnpTOBOro 3anycKaJOmero 

m,my111,ca npe,ncTaBJJCHbl Ha p11c. 16. B 3aBl!CIIMOCTH OT <pa3hl, uanpJI)l(eHHJI II 

noJJ0)l(eHl!ll MHwe1m MoryT 6b!Tb J(OCTllrHYThl ycn0BIIJI c6poca np0TOHHOro ny'-!Ka 

33 O)ll!H, .nea HJJH 6011ee o6opOTOB. B ycJJOBIIJIX onTl!ManbH0ro c6poca llIHpHHa 

pacnpe,neJJCHIIJI Ha llOJJYBblC0Te C0CTaBJJJICT 7 . - 10 HC e C00TBeTCTBHH c 

epeMemrnfi .llJIHTeJJbHOCTbJ0 np0T0IIHOro crycTKa. 3m BeJJH'IHHa onpe,neJJJleT 

npe)leJJbH0 Jl0CTH)l(l!MOe pa3pewe1111e HeHTPOHHOfO cneKTp0MCTpa no epeMeHH 

nponeTa. 

Ilp11 TOKe npoTOHHOro nytJKa 1 MKA II tJaCTOTe 50 fl( IIHTeHCIIBH0CTb 

HeiiTPOHHoro HCTO'IHHKa cocrne11na - 1014 
11eiiTP/c. ITocTpoeHHhJH Ha 6aJe 3Toro 

HCTO'IHHKa 11eiiTPOHHh1ii cneKTp0l'vteTP no epeMe1111 nponern «fHEHC» 

HCTI0JJb30BanCJI )lJJJI HCCJJe,noBaHl!H B 0611aCTH <pH3HKII ,neJJeHHJI H .llJl.!I H3y'-leHHJI 

n,y-peaKI.(HH [ 15 - 17]. ITo CBOHM napaMeTpal'vt cneKTP0MCTP «fHEHC» J1BJJJ1eTcJ1 

O,llHHM 113 JJY'IWIIX np116op0B 3T0ro THna B Hallleii CTPaHe H 3a py6e)l(OM. 

Ha pHC. 17 II0Ka3aHbl .llJIJI cpaeHeHH.H BCJJH'll!Hbl TI0TOK0B HCHTpOHOB np11 

CTaH,napTHOM q>HKCllpOBaHHOM 3HepreTH'ICCK0M pa3pelllemm ~ E/E = 8,8· 10-4 ,l(JJJI 

pa3JJH'IHI,IX upeMJinponeTHbIX cneKTP0MeTpOB
8

• TIOMHMO cneKTPOMeTpa 

«fHEHC»- npHBe,neHbJ )laHHbie JlJIJI peaKTopa MEP-30 B 6ycTepHOM pe)l(HMe c 

JIY3-40 (OIDU1), GELINA (JIY3, EenbntJI), ORELA (JIY3, CWA) HSC 

(c11Hxpo1t11KJJOTPOH, Xapy:mn, Be11HK06p11rn1111J1) 11 WNR (nHuei1111,1ii ycKopHTeJJb 

npoToHoB, CWA). 

H.K. A6poc11MoJJ. r.A. TTerpoB II np. «HeiiTpo1111h1il cneKTpoMerp rHEttC». 
C6op1111K «MeTOJlH'leCKl!e II npl!KnaJlllhlC pa6on1 ITl15l<l>» 1988 r., raT'llllta CTp.180. 
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Puc. I 7. Bpe~lllnporreTHhlC CIICKT))OMCTJlbl: IIOTOKI! IICHTJlOHOB npll 

cp11Kettpona11110M :mepre-rl!'!CCKOM pa1perne111111. ,[{JIIITCJihHOCTb 

BCOl,IIIIKII 6blCTJlhlX ueiirpoHOB (11c) - B CK06Kax PR!lOM C 11a3ea1meM 

ycTallOBKH. 'IIICJia Ha KJlHBblX - '!aCTOTa CJICJIOBaJ!IIH (rn) II Jl]IHIIa 

npoi1CTIIOll 6a3bl (M) 
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3aKJIIO'ICIIIIC co.ncp)KHT OCHOBllblC pc3yJibTaTbl .n11ccepTal\llOHHOH pa60Tb(: 

1. BHeCellbl cyu~CCTBCHHblC KOHCTPYKTHBHbJe H3MeHeHHJI B npocKTny,o 

CXeMy napuaTopa 'laCTOTbl, 'ITO 1103BOJIHJIO ocymecTBHTb B03MO)KHOCTb 

onepaTHBHOH peryn11poBKII rpa111111 'laCTOTHOfO .n11ana3011a II O'lllCTHTh pa6o'lHH 

irnaml30H OT napa3HTHblX KOH-rypon. H3MeHeHHC cjJopMbl .nyaHTHOro H 

HH.!{YKTHBHbIX naKeTOB MaKCJIMaJibHO npn6JJH3HJIO K OIITHMaJibHOH 3aBHCHMOCTb 

qacTOTHOH nporpaMMhI or yrna nonoporn poTopa. 

BMeCTO npe.nycMOTpCHHOH npoeKTOM CHCTeMbl CBJl3H BblCOKO'laCTOTHOro 

renepaTopa C pe3011a11c11oi1 CHCTeMOH CHHXpOl\HKJIOTPOHa 61,rna pa3pa6oTatta II 

ocymecTBJieHa CHMMCTpll'lHaJI CHCTeMa npl!MOH H o6paTHOH CBJl3H, 

o6ecne'lHBIIJaJI 11a_ne)KIIOC B036~.neHHC B.'l. KOJ1e6a1111li B pa6o'leM .!{Hana3011e C 

no.nanJieHHeM nonepe'lHblX KOJJe6aHHH CHCTelllbl H HC3Ha'lHTeJibHb!e H3MCHeHHJI 

OT 'laCTOTb( K03cjJcjrn1111eHTa Tpa11ccjJopMal\HH uanpl!)KeHHJI OT ano.na 

renepaTOpHOH JiaMHbl K ycKOplllOll\eH ll(eJIH .nyaurn. 

Bee 3TO BMecre o6ecne'IHJIO nony'lCHIIC npaKTH'lCCKll npe.neJibHOH 311eprHH 

I 138 H npHCMJlCl\lOro, nopHJlKa I MKA, TOKa B11yrpc1111ero npoTOIIIIOro ny'lKa 

(aBT. CBH.!{eTeJibCTDO N~ 270131, I 970 r.). 

2. BnepBb!e npe_nJJO)KCHa CllCTeMa 'laCTOHIOH H !pa30BOH CHHXp011H3al\HH 

Bb!COKO'!aCTOTHOro reneparopa . paCTJl)KKH C OCHOBHbIM rettepaTopoM, 'ITO 

o6ecne'lHJIO I OO-npo11eurny10 3cpcjJeKTHBHOCTh nepexo.na npoTOHOB 113 OCHOBHOro 

pe)l(JIMa ycKopeHHJI B pelKIIM BpCMCHIIOH paCTJllKKH ny'lKa npH OTHOCHTeJibHO 

HHJKOM B.'l. Hanpll)KCJlllll Ha CH-3JleKrpo.ne (- 2 KB), 'ITO .nano BOJMO)KHOCTb 

pe3KO CHll3HTb MOll(IIOCTb reHepaTopa CH-3JlCKTpo.na. 

3. OcymeCTBJJCHHe c1111xpom13a11m1 reuepaTopa C11-3JieKrpo.na OTHOCHTeJibHO 

q>a3hl cryCTKa ycKopeHHOro ny'lKa npOTOHOB IIOJBOJIHJIO CTa6HJill.3HponaTb 

pacnpe.nene1me npOTOHOB no BpeMCHH BbIBOJla OT l\HKJia K l\HKJIY lI nony'llITb 

nyreM BhJ.!{eJICHlIH BpCMCHHOro lIHTepnana B BhlBe!{CIIHOM ny'lKe IIOBb!We11ne ero 

MOHOXpOMaTH'lHOCTII B 33)l3HHOM IIHTepnane npeMeHU .no . 0,3 M3B 

(aBT. CBH.!{eTeJibCTBONd70901, 1972 r.) 

4. BnepBble npe.!{JIOlKCHa 11 BblnOJIHeHa COBMCll(CHHaJI CHCTeMa BpeMeHHOH 

pacT.!l)l(KH ny'lKa c o.nuoo6opoTHb(M nepTHKaJibHbIM c6pocoM ny'lKa Ha MllWCHb 

np11 B03MO)l(H0CTH HX HC33BHCHMOH 11 O.!{HOBpeMeHHOii pa60Tbl, 'ITO 1103BOJIIIJIO 

cymecTBeHHO IIOBhlCHTb 3cjJcjJcKTIIBHOCTh llCHOJ!b30BaHII.!I ycKop11TeJIJ1 II COJJlaTh 

HettrpOHHo-nponeTHblH cncKTpoMerp «fHEMC» c napaMeTPaMH, He 

ycTyHaJOl.l\lIMII JIY4IIJIIM MllpOBblM np116opaM 3TOfO Tllna (aBT. CBU.!{eTeJihCTBO N~ 
497934, 1975 r.). 

TaKHM o6pa30M, nnepBbIC 61,m pa3pa6oTaH, COJ.!{aH II peanbHO npHMeHeH Ha 

CllHXPOl\lfKJIOTPOHe Il115I<l> PAH BhICOKO'laCTOTHblll ycKOpHTeJibllblH KOMITJieKC, 

o6ecne'IHBIIJHH IIOJIY4CHIJC 3HCprn11 ycKopeHHbIX npOTOHOB I 138, 

TIOJBOlllfBIIJIIH IICKJIIO'llITb norep11 ycKOplleMblX 'laCTHl\ np11 IIX nepexo.ne B 

pe)l(lfM npeMeHHOH pacTJllKKII, 06ecne'l1ITh paBHOMCpHoe pacnpe.neJICHlle no 

npeMeHH BblBe.!{eHHblX npoTOHOB, yny'lIIJIITh CTa61IJibHOCTb 3HepreTH'leCKOro 

cneKrpa BbIBe.neHHOro ny'!Ka II IIOBh(CIITb 3cpcpeKTIIBHOCTb IICITOJ!b30BaHIJJI 

ycKOplITeJIJI COJ.!{aHIJeM COBMCLUeHIIOH c nepTHKaJibHblM c6poCOM Ha MHWCJlb 

CHCTeMbl BpeMeHHOH pacTH)KKlf C ITOMOll(blO C11-'.1JICKTpo.non. 
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