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Pa3pa6OTKa CHCTeMhI BhlCOKOqaCTOTHoro fiHTaHIDI JIHHeHHOro yCKOpHTeJIJJ 

TiDKenhIX HOHOB: llpenpHHT HT3<b 41-00/ 

P.M.BeHTpOB, B.fl.3BSII'HllneB, B.r.KY31>MH'IeB, ,ll.A.JIJOOiH - M.,2000-20c. 

ITpeAJIO)l(eHa H peaJIH30BaHa cxeMa CHCTeMbl BLICOKO'iaCTOTHOro JIHTa.HIDI JIHHeiiRoro 

yCKOpHTeJlll TjOKCJIbIX HOHOB, pa6oTIUOIIlero Ha 'laCTOTe 27 Mrq. npellCTaBJIeHbI pe3YJThTaThI 

pac~eTa aBTOreHepaTopa H YCTpOHCTB BBOlla MOIllHOCTH B pe30HaTOp. llpe.nno:lKeHHEUI MerotlHKa 

pa,nuOTeXHWleCKoii HacTPOIDm YCTPOHCTB BBO,lJ.a MOIIJ;HOCTIl n03BOJIBJIa llOCTWlb xopomero 

COrJIacoBaHIDl peJOHaTOpa C BhIXO,lJ.Hl>IM KaCKa,aOM aBTOreHeparopa. C nOMOlIJ;L1O 

,lJ.OnOJIHHTeJlbHOro KOmypa nOJIO~JII,HOH 06paTHoii CIUl3H B npe,llBapHTeill>HOM KaCK8,I{e 

y,lJ.aJIOCL BOJ6YtlHTh 8.BTOreHepaTop B JIerKO npeo}:loJIeTI> 06JIacm B03HHKHOBeHIDl. BTOPwmo­

3JIeKTpOHHhIX Pa3P~OB. 

Development of RF power system of the heavy ion linear accelerator. 

R.M.Vengrov, V.L.Zviagintsev, V.G.Kuzmichev, D.A.Liakin 

The scheme of RF power system for heavy ion linac operating at 27 MHz is described. The 
calculation results of oscillator and coupling devices to the resonator are submitted. The offered technique 
of radio engineering adjustment of these devices has provided the good matching of the resonator with the 
final cascade of the oscillator. The additional positive feedback contour in the preliminary cascade enables 
to excite the oscillator and easily overcome secondary - electronic discharges. 

PHc.-17. CnHcoK JIHT.-6 HaRM. 

~ KHCTHTYT TeopeTeqeCKOA H aKCnepHUeH~an&HOA ~3HKH. 2000 



YCKopeHHbie nyqKH TJDI(eJlhlX HOHOB HaxO,nllT CaMOe UmpOKOe npHMeHeHHe 8 Pa3J1H"tHhIX 06IIaCTlIX 

HaYKH H TeXHHKH. B HT3<1> BeAYTCR pa60ThI no C03,nSHHIO lIHHeHHOro yCKopme1lJl TJlJKelIblX HOHOB, B 

KOropOM HCnOIIh3YeTCJI pe30HaHCHaJI c-rpYKTYpa C npOCTpaHCTBeHHo-o,nHOpO,nHOH KBa,npynOIIbHOH 

$OXYCHpOBKOA [l]. C-rpYKTYPbl TaKora THns n03BOIIJlIOT HcnOnb30BftTb HH3KOBOJIbTHhlH HIDI<ercrop H 

06eCneQHBalOT npaKTH"teCKH nOJIHMH 3aXBaT "taCTHQ H3 HOHHoro HCTOlfHHKa B npoQecc yCKopeHHlI. 

CospeMeHHLlH yCKOpHTenb npe,nCTllB1lJleT c060H CnO>KHoe TeXHHlfecKoe YC-rpOHCTBO, COCTOJIlQee H3 pJlJla 

CHCTeM, oGecneQHBaJOmux nonyqeHHe 'laCTHQ, HX yCKopeHHe H QlOKYCHPOBKY. O,nHOH H3 TaKUX CHCTeM 

lIBJU1eTClI CHCTeMa Bq-nHTaHlUl, npe,nHaJHalfeHHaJI ,nml C03)J.8HHJI MOlIUfhlX 3IIeKTpOM8rHHTHbIX Kone6aJIHH 

B yCKoplllOll(eM pe30H8TOpe. 

B 60nblliHHCTBe CBOeM CHCTeMbl BtJ-nHTaHHSI yCKopmeJleH 3apJVKeHHblX '1aCTHQ COCTOJIT H3 

BhlCOKOBOJlhTHOrO MOJIYJUITOPa, 38,l{8.IOll{erO reHepaTopa H BbICOKO'IaCTOTHblX YCIfJIHTelIeH, KaHaJIa 

TpaHCnOpTHpOBKH H BBO,nOB MOllUIOcm. K TaKHM CHCTeMaM npe.nbJlMJleTCJl ueJIhlD PJlJl -rpe60BaHHH, 

OCHOBHblMH H3 KOTOpblX lIBJIlilOTClI: 06eCneQeHHe CTll6HJIbHOro no IlMnJIHTY,ne H "taCTOTe yCKopSlIOm;ero 

n01lJl B pe30HaTope, BblCOKaJl Ha,nlhl<HOCTh, npocToTa B ynpaBneHHH H CPaBHHTeJlbHO HeBblCOKaJI 

CTOHMOCTb. 

B HaCTOJImeH pa60Te H3J10>KeHbi OCHOBHble :nanbl pa3pa60TKH CHCTeMbl BlJ-mrraHHJI, ,naiITcli 

OnHCaHHe ee CTpYKTYPHOH cxeMbl, npe,ncTaMeHbI pe3YJlbT8Tbl paC'IeTa aBToreHepaTopa H napaMtrrpoB 

COrJIaCOBaHHJI BBO,nOB MOll{HOCTH C pe30HaTopoM. PacCMaTpHBalOTCjl np06JIeMbl, CBJl3aHHble C HaCTpoHKOH 

KaCK8,l{OB aBTOreHepaTopa, ero B036y)f(,ll,eHHeM H npoueccoM BBo,na M0mHOCTH B pe30HaTop. 

2. CTpYKTYpn8S cxeM8 cncreMbi B'I-IIHT8UHH 

Tax KaK pe30HaHCHaJI CHCTeMa )J.aHHOrO yCKopHTeJIJI COCTOm H3 O)J.HOro pe30HaTOpa, TO C 

3KoHoMHlfecKoH TO"tKH 3peHHJI BbIrO)J.HO HCnOJIb30BaTh aBToKoJIe68TeJIbHY/O cxeMY, BKJIJOQ81OrnyJO B ce6S1 

caM pe30HaTOp, reHepaTOpHble KaCK8.nbl H lfeTblpexnomocHHK 06PftTHOH CBJl3H C <pa30Bpam8TeJIeM. 

IIpHHHMaJI :no BO BHHMaHHe, 6billO npHHJlTO peweHHe C03)J.aTb CHCTeMY BlJ-nm8HftjI Ha ocHOBe 

1pHO,IUfOrO 8sToreHepaTopa. B KaqeCTse aKTHBHOrO 3JIeMeHTa peweHO HCnOJIb30BaTb reHep8TOPHYJO 

JIaMny m-2?AM, KOTOpaJI Ha npOTJDI(eHHH Y>Ke MHorHX JleT ycnewHo 3KcDJIyaTHpyeTCSI B cHCTeMax Bq­

nHTaHIDI JlHHeHHblX yCKOpHTeneH npOTOHOB «H-2» H «VJCTPA-36». 

C1pYKTYPHaJI cxeMa CHCTeMbl BlJ-nHTaHHJI npe,ncraMeHa Ha pHC.!. BblCOKOQaCTOTHa.&: MOm:HOCTh 

OT OKOHe'lHorO Kacxa,na aBToreHepaTOpa K2 K YCKOpjllOmeH CTpytcrype nepe,naercjJ no )J.ByM 

KOaKCHaJIbHblM Ka6e1lJlM PK-50-24-16 OJlHHaKOBoH epaJOBOH )J.nHHbJ. H3MepeHH.ll ypoBHJI MOm:HOCTH, 

BBO,nHMOH B pe30HaTOp, H K03ep<pHQHeHTOB oTpaJKeHHlI B nHHHJlX nepeAa'lH npoH3Bo.wrrCli jlBYMjJ 

pe<l>neKTOMCTpaMH neTneBOrO nma Ha OCHOBe KOaKCHaJIbHblX BOJlHOBO,nOB, YCTaHOBJIeHHblMH Me>K.llY 

yCTpOHCTBaMH BBO,nft Bq-MOWHOCTH H pa,nHOqaCTOTHhlMH KaOeJI.IIMH. KpOMe noro, Ha6mo,neHHe 3a 

<POpMOH Ofll6alOU\eH BblCOKOllacTOTIIoro CHnfaJIa H3 pe30HaTOpa H era ypOBHeM ocyU\eCTBJ1jJeTCjJ C 
"I 

nOMOlI.{b1O KaJ1H6pOBaHHblX H3MepHTeJ1bHblX nerem>, pacnOJlO>KeHHblX Ha OJiHOM H3 4ma~eB BaKYYMHoro 

KO>KyXa. CHrnaJI 06paTHOH CBjJ3H, CHHMaeMblH C nernH TI3, nOC1)'naeT BO BXO,nHOH KOmyp 

npe)].BapHTe.lIbHOrO KaCKa.n.a Kl. B l'paKT 06paTHOH CB1I3H BKJllOlfeHa Pa3)J.BIDKHllJI JlKHIDI, n03BOJUIlOIUaJI B 

He60JILDIHX npe,nenax H3MeHJITb epa3Y BhlCOKOqaCTOTHbJX KOJIe6aHHH. 

AHo,nHoe Hanpjl>KeHHe Ha KaCK8,l(bi aBTOreHepaTopa no,naercSl OT MOU\HOro MOJIYIIJITOPa, 

cnoco6Horo reHepHpoBaTb HMnynbchl AJ1HTenbHOCTbIO 600 MKC H aMMHTY)J.oH )J.O 30 KB. MaKCHM8JlbHaR 

qaCTOTa nOBTOpeHHJI HMnyJIbCOB onpeJlemleTCjl BpeMeHeM 3apJl,lJ.a <PopMHPYJOmeH JIHHHH H COCT8.BJljleT lh 
rQ. llpHHl.{HDH81IbHaJI cxeMa Mo~njJTopa nOKa3aHa Ha pHc.2. CxeMa COCTOHT H3 cneJlYlOU\HX OCHOBHblX 

3neMeHTOB: perynHpyeMoro -rpexepaJHoro TPaHcepopMaTopa PTT-25/0.5, C nOMOmblO KOTOPo'ro 
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ocymeCTBJIJIeTCJI peryJlHpOBKll 3apJJ,lJ,Horo HanpJl)f(eHHJI H8 4>OpMHpYTO~eH JlHHHH; BblrrpJlMHTeJlJI BTM­
12/40; ABOHHOA <{JOpMHpyIOIIlCH JIHHHM, COCTOJlrneH H3 14 LC-3BeHbeB; THpHCTOpHoro KOMMyTaTOpa. .An" 
cornaCOBaHHJI conpont.8JIeHHJI tlarpY3KH C BOIlHOBbJM COnp0Tl-fBJleHHeM q,OpMHpyIOWCH IIUBHH H 

nOJlY'lcHHcM Hc06xo.D.HMoro HanpJllKeHHll U8 8HO.D.ax reHepaTopHLIX mUd:n npHMeffileTCJI PC3HCTHBHLIH 

,l\e.rnITeJlb, BKJIIO'f.eHHLIH MC>K.D.,Y 3apllJJ.HhIMH J1HHKJlMH. 3apllJl,Hoe conpoTHBJICHHe nO,lJ,KJllOlfCHO K 

MHHyCOBOMY BLIBO,Qy BLmpJlMHTeJIj[. B Kll'lCCTBC KOMM)T3Topa HcnoIlb3YeTCJI TlqmcTopHbIH CTOIl6, 

COCTOx.uuW H3 48 nocnCJl,OBaTeJIbHO BKJDOlf!HHbIX rnpHCTOpOB T,l{320. 

3. OnpeaeJIeUBe B~XO~IX napaMeTpoB }],JIJI pa~'U:Ta aBToreuepaTopa 

~ml 3HCpreTHlfeCKoro· paclfiSTa KllCK8,llOB aBTOrCHepaTopa Heo6xo,lJ.UMO 3H8Tb, pafiO'l)'lO lfaCT01)', 

.LJ)IHTeJlbHOCTb pa,tiHoHMnyl1i.ca H Kone6aTcIlbHj1O MOUJ,HOCTh tla nepBOH rapMOHHKe. fu 
npCJl,BapHTeIlLHOrO paclJiSTa yCKOpJUOlIleHcTpYJCIYPLJ, npOBeJl,f!HHoro Ha H8lf8JlLHOM 3Tanc p83pa6OTKH 

yCKOpHTeJIlI, H3BCCTHLI TllKHe napaMCTpLI, KllK ,l\l1HHa crpYK'IYPbl, cl! norOHHWl l!MKOCTb, c06CTBCHHWI 

Jl,06pomoCTb, aMIlIIHlY.D.a HanpJDKCHlfJI tl8 3JICKTpO.D.ax H T.J\. [1]. 
TIOJlHaJI MOIllHOCTb nOTepb JIBJUICTCR OCHOBHLIM napaMeTpoM, 3H8lfeHHC KOTOporo HCnOJlb3YeTCR 

npH BLl60pc THOa reHcpaTopHoH naMnbl H 3HepreTHlfCCKOM paclfi!Tc pe:lKHMa BblXO.D.HOro KacK8,A8. 

npeJ\CTaBHM yCKOpRlOUO'IO cTpYKTYPY B BrmC 3KBHB8JleHTHoro napanneIlLHoro Kone6aTeJlbHOrO KOmyp8, 

COCTOJlIl\erO H3 HH,L{)'KTHBHOCTH, eMKOCTH H UIyHI'OBoro conpOTHBIlCHIDJ. CxeM8 TaKOra 3aMcw.eHHjf 

lliHpoKO .HCnOnb3YeTCii B yCKOpHTenLHOH TeXHHKC A1UI OnHcaHHiI B38HMo.D.djCTBWl nOJIJI H yCKopJleMoro 

nytIKa lJacTIfU. llIymoBoe H XapaKTepHCTHlfeCKOe conpOTHBncHHiI KOH1:ypa, HaKOnJIeHH}'JO 3Hepl1DO H 

MOIllHOCTh, pacceHBaeMYJO B CTpyrcrype, MO)K}{O OrIpeJJ;eJIKfb, BblllHCJlHB npeABapHTeJILHO 3KBHBaIIeHUlblC 

eMKoCTb H HHJl.YKTHBHOCTb. HIDke npHBe~eHa nOCne,D.OBaTCJlbHOCTh pacqtml 3llIX napaMe-rpoB: 

3KBI:IB8JIeHTHaJI eMKOCTb Co =C .J=1776.10-12 ep , (3.1) 

3KBHB8JleH'rHlUl HHJJYKTHBHOCTh Lo = 1 2 =18,68 .10-9 Tn , (3.2)
(2·1f· f) .Co 

Xap8KTepHCTIf'-lecKoe conpoTHBJlCHHe p = rr;; = 3,240M , (3.3)
~C;; 

IJIYHTOBOe COnpOTHBJIeHHe KOIrrypa Rut == P .Qo= 162200M , (3.4) 

1 2 
HaKOnneHH8il3HeprIUI W = 2"' Co' U =12.78,lJ:HC, (3.5) 

U2 

pacCeHBaeM8JI MOJJ.UiOCTb Po =-- = 444 .103 Bm . (3.6)
2·Rut 

3HeprHIO ny"lKa ua BbIXOJJ;e CTpyKTyPbl Afll[ IfCTblpex3SpJl,ll.HblX HOHOB ypana U238 MOlKHO onpe,D.emITb H3 

cncil)'IOlIlero COOTHomeHHlI: 

We = N· (Eout - Ein), (3.7) 

f.D.e N - KOJIH'leCTBO H}'K.IIOHOB B JI,D.pe; Ein H Eout- 3HeprH1l HOHOll Ha BXOJ\e H BLIXO,D.e yCKOpHTeJlJI B
 

K3B/HYKJIOU.
 

MOIQHOCTh, 38TpalfeHHaJI Ha yCKopeHHe JlY'IKa, COCTaBHT Pb =We· Ib =262.103Bm. (3.8)
 
TaKHM 06p83oM, nOnHaJI MOIUHOCTb norepb. paCXOJ\YeMWI Ha yCKopeHHe nylfKa If pacceHHHe B CTeHKax
 

yCKopillOllleH CTpYKTYPbI, 6y.D.CT paDHa 706 kET.
 

AmI TOm, 'IT06l>I nonylJIITb yCKopeHHbIH ,D.O HOMHHaJlhHOH 3HeprHH DylfOK 3apJllKeHHbIX lfaCTHU, 
.....

Ha.D.O 06eCne\fHTL CT86MJ1bHoe yCKoplllQlUee none B cTPYKTYpe B 1"elfeHHC 8cero BpeMeHH nponi!Ta lfaCTHU. 

BpeMJI nponi::T8 J\JlR J\aHHorO TilDa CTPYKlYP He 3aBHCHT OT 3SpJl,ll.a lJaCTHU H onpe.D.eJI"eTCJI npOCTbIM 

BLipalKeHHeM: 

n
 
tnp = 2. f · (3.9)
 

r.u.e n- t{Hcno yCKopooUUfX HlfeeK, f· pe30HaHCHlUI lJacrora. 
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tIHCJIO YCKOPJlIOllJ;HX JI'feeK paBHO 382. IlOACTaBHB 3Ha'feHHJI AJUI n H f B 4>opMY.TTY (3.9), nOJly'lHM BpeMJI 

npoJIeTa 'faCTHLI, 'fepe3 CTpYKl)'PY - 6,9 MKC. .3H8'feHHe :rroro napaMeTpa nOTpe6yercII B }.l,BJIbHeaWeM npH 

aHBJIH3e BpeMsmpOJ1~I'Horo cneKTpa yCKopeHHblx '{aCTHI.{. B03hM~M MHHHM8JJbHYlO ,n..rurrenbHOCTb nyqK8, B 

Te'feHHe KOTOPO~ MO)l(HO npoBecTH H3MepeHIDl, paBHoil 10MKc. Ilp0Ll,ecc YCTllHOBJleHHlI. 

3J1eKTJlOMarHHTHorO n01111 B yCKopsnollleM pe30Harope xapaKTepH3yeTCJI Bblp3Jf<eHHeM [2]: 
E(t) =Ernax·[l-exp(-tlr)], (3.10) 

rAe T = 2 . QH/ (j) - nocroJlHH3lI BpeMeHH YCTllHOBJ1eHHJI nonll; t-TeKYllJ;ee BpeMJI; E max ­
yCTaHOBHBWeecJI 3H8'{eHHe HanpJDKeHHOCTH n011J1 B pe30H8Tope. 

TIone .llOCnrr8er 99% CBoero CT8L1,HOH8pHOro 3H8qeHHJI 38 4,6· T [3]. TaxHM 06p830M, .llmrreJ1bHOCTh 

pa,n;HOHMnyJIbCa AOJl)l(H8 COCT8BnJlTh He MeHee 

t,,-VII =tnp + til + 4,6· T = 148Mk"C. (3.11) 

H8 pHc.3 nOK838H npOI~ecc YCT8HOBJleHHJI B4.-noIDl B yCKopJlIOllJ;eH cTpYKlYpe, ~lIHCbIB8eMblH 

Bblp8)l(eHHeM (3.10). ITo OCH 0PAHH8T yKa3aHbl 3H8'feHIDl HanpJI:lld:HHOCTH 3neKTpH'fecKoro nonJi B 

OTHOCHTeJlbHbIX eAHHHLI,ax. 

4. Pac'lfe-r H pMHoTexuH..ecKaH HacTpoAKa aBToreHepaTopa 

PacC'fHT8eM OCHOBHble XapaKTepHCTHKM pe>KHMa BLIXOAHoro KaCKa,n;a aBToreHepaTOp8 AJIlI .llByx 

B03MO)I(HbIX eJIY'iaeB. CHa'farr8 paCC'flITaeM pe>kHM npM OTCyrcTBHH fl)"'IKa yCKOpeHHblX 'faCTH1\, a nOTOM C 

)"ftrrOM HarpY3KH ll)"fKOM. HCnOJIb3YJl ypaBHeHHe CTaLI,HOHapHoro pe>kHM8 aBTOreHeparopa [4], HaiiAeM 

3H8'feHHe K03<l>4>HLI,HeHTa 06p8THOH CBH3H, o6ecne'{HB8lOU\ee BbmOJIHeHHe yCJIOBHSI C8MoBo36y)1(}.l,eHHJI 

aBTOreHeparop8 npH MHHHMBJIbHOH Harpy3Ke: 

1
k= +D, (4.1) 

SliP' Ra•nW 

rAe D -npOHHLI,aeMOCTb naMnbl, SliP -npHBe.ll~HH8JI KPYTH3H8 JUlMnw, RamiD -MHHHM81IbHOe 3H8'feHHe 

conpOTHBJIeHHlI aHoAHOH Harpy:lKH JI8Mnbl. ,l{arree, HCnOJIb3YJl eM3b Me)l(.zly npHBe.lleHHOH KPYTH3HoA 

JlaMllbl S"" H KPYTH3HOA xapaKTepHCTHKH aHO.llHOrO roKa S, HaxoAHM yr011 OTCe'fKH H Bce OCT81IbHhle 

napaMeTpbI: 

YrOJI OTCe'fKH aHO.llHOrO TOKa r1= 1 = 0,4 , (4.2)
S·Ra ·(k-D) 

H8npJDKeHHe Ha aHOAHoM KOHl)'pe U = ~2. p. R = 6633B, (4.3) 

2·P 
a a 

nepB3lI rapMOHHKa aHO.llHOrO TOKa lal = - = 132,6A, (4-4)
Ua 

aMI1JJH'I)'A8 8HOAHOro TOKa lam = ~ = 278A, (4.5)
al 

nOCTOJlHH8JI COCTllBIlJlIOU\3lI 8HO;:J.Horo TOKa I <W = aO . lam =80,5A , (4.6) 

H8lIpJDKeHHe B036)')K.lleHHJI V R = k .Ua =1924B , (4.7) 

I 
HanpJl>keHHeCMerneHHJI E =---E!!!...-U +D·(7000-Ea +U )=-1349B, (4.9)g g a 

.. S 
OCTaTO'fHOe HanpJDKeHHe Ha aHO,lI,e = E - Va = 23370B, (4.10)eamm a 

MaKCHMaJlhHOe HanpSDKeHHe Ha CeTKe ell m..... = Eg +U g = 738B , (4.11) 

IEgl
COlTpOTHBJIeHHe KaTO,lI,HOrO CMeU\emUI Rk =-- =l2,80M , (4.12)

I ko 

nOTpe6J1J1eM3lI MOU\HOCTb Po = Ea' I aD =2416 .103 Bm . (4.13) 
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PaCC'lKI8eM pe)f(HM aBTOreHepaTOpa upH Harpy:JKe pe30Haropa TOKOM ny'lKa. llonH}'lO MOlUHOCTb nOTepb, 

3aTpaQeHH)'lO Ha yCKOpeHHe ny<IKa H pacceHBaeMYJO B CTeHK3X pe30HaTOpa, B03bM15M pUHoH 800KBT. 
p. 

COnponmneHHe aHO,llHOH Harpy:JKH 6y.l(eT paBHo Rob == Ro ~ , r.l(e Pb - nOJIHWI MOmHOCTb nOTepb, a Ra­
p 

conpOTHBJIeHHe npMBO.l(HMoe K JIaMne npH arcyreTBHH Dy'IKa. TpaHc$opM8UHlI aHOMO" Harpy3KH B 

60nee BblCOKoe 3HaqeHHe npRBe.l(crr K nOBLlweHHIO HanpR)I(eHRR H8 aHO.l(e oTHocwreJIbHO ceTKH H 

H3MeHeHHIO K03$$HUHeHTa 06paTHOH CBR3H: 

Va =.[i·pb ·Rab ==12060B, (4.14) 

U
k = -

g == 0,159. (4.15) 
Va 

IlpoBepHM, BbIUOnIDIeTClI nH aMDnHl)'.l(HOe ycnoBHe CaMOB036)'iK,lJ;eHHJI aBTOreHepaTOpa, nO.l(CTaBHB 

HOBbIe 3HaQeHiUI .l(nR K03$$HQHeHTll 06parnOH CBR3H H aHOMO" HarpyJKH B OCHOBHoe ypasHeHHe 
CT~OHapHorope)KHMa aBTOreHepaTopa: 

(k-D)·S·Rab =2,17. (4.16) 

IlocKOJ1l>KY, nonyqeHHoe 3HaQeHHe 60J1bwe e.l(HHHUbI, TO ycnoBHe BbInonHJleTClI. ,l(anee Onpe.l(eruIeM yron 

OTCe'lKH aHO,[lHoro TOKa H Bee OCTaJIbHLIe napaMe1"pLI B TOM )l(e nOCne.l(OBaTenbHOCTH, "ITO H B nepBOM 

cnyqae: 

1 
yron arce1JKH aHOj,(Horo TOKa yl == 0,46, (4.17)

Sg ·Ro ·(k-D) 

2· P. 
nepBWI rapMOHHKa aHO,ltHoro TOKa I J == __b =133A , (4.18) 

a U 
o 

aMDJllfl)'j,(a aHo,lUforo TOKa J == J(JJ == 270A . (4.19) 
um al ' 

nOCTOllHHCUI COCTaBJIlIlOlI.\a1I aHO.l(HOro TOKa J(J(I =aO· JaI1l == 83A, (4.20) 

HanpJDKeHHe H8 CeTKe U g == k . Ua =1924B , (4.21) 

J 
HanpJl)l(eHHeCMe~elOOl E = ; -U +D·(7000-Ea +Ua)==-1013B, (4.22)g g 

COnpOTHBJleHHe KaTO,[lHoro CMemeHIDI Rk == IEgj =lO,20M, (4.23) 
lito 

n0Tpe6J1ReMa1I MOmHOCTb Po == E(J lao =2492 -103 Bm , (4.24)• 

p.
.KIlJI: aHO,l:UIOH QenH TJ == ~ == 0,32. (4.25) 

~ 
3KBHBaJIeHTHaJI cxeMa aBToreHepaTopa, nOKa3aHHCUI Ha pHc.4, KCnOJIb308aJTaCb npH aHaJIH3e pa60TbI 

llBTOreHepaTOpa c nOMOllJ,blO npollJaMMbl cxeMOTeXHHIleCKoro MO.llenHp0BaHIDI MicroCAPS. 
ABTOreHepaTOp npe.l(CTaBnReT C060H .l(ByxKaCKlUJ.HYIO cxeMY C 06meii CeTKOH, BbIUOnHeHHYlO Ha 

COcpe.l(OTOqeHHLIX 3neMeHTllX. B KaCK8.l(ax Hcnonb3ywTCR reHepaTOpHbIe TpHO,l.lW rH-27AM. 

YCKopmomlUl CTpyKTypa npenCTaBJIena B BOAe nap8JJn~bHOro pe30HaHcHoro KOHTYPa Ll,C1,RI. CBJl3b 

mrrem. BBO,ltOB Bq-MOUUfoCTH L2,L3 C pe30H8TOpOM Bl>lpWKeHa qepe3 B3aHMHble ~HOCTH K1 H K2 
COOTBeT'CTBeHHO. CHrHan C neTnH 06pamOH CBX3H LA no nHHHH nepej,(aQH T3 nocrynaeT Ha BXO.l( 
npej,(BapHTenhHoro KaCK8.l(8 JIl. MeJK)ly KaCKa,ltaMH BKJ1lOlfeHa JIHlfiUI nepenaqH T4 (pa,zwOqaCTOTHbIH 

Ka6eJlh PK50-24-16 .lUlHHOR OKono 7 MeTpOB), YaK KaK l<acKa)tbl pacnonO)l(eHbl B P83HbIX MeCT3X. 

MOlQHOCTb B pe30HaTOp OT OKOHelfHoro KaCKa,lta Il2 nepenae-rcJI no nB}'M pa,ltHO'l8CTOTHblM K86enRM 

PKSO-24-16 C O.l(HHaKOBOH (j>a30BO~ MHHOH. Ha cxeMe OHM npenCTaBJIeHbl KaK nHHMH nepe.na'lH T1,T2. 
Bo BXOj,(HLlX H BhIXO,l.lHhIX neIDIX KaCKa,l.lOB pacnOJIO)l(eHbI comacYIOIlUfe KOHTyPa. npouece B036)'iK,lJ;eHWI 
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Kone6afllfH B 3KBHBaneHTHOM KOmype nOKa3aH Ha pHC.5. nepHO,lt reHepHpyeMLIX Kone6amdt npH 

YK83aHHLIX napaMeTpax COCTaBJIReT 0,036 MKC. 

PlVJ:HOTeXHH'leCKaJI HacTJ>OHKa Ha HaqanbHOM :mme COCTOllna B ilacTPoHKe KOmypOB B aHo,nHblX H 

KaTO,nHblX QeruIX reHepaTopHhIX Kacxa,n:OB H H3Mepemm aMOJlHTY~HO-qacTOTHhIXxapaKTepHcTHK npH 

xonO~HbIX JIaMnax. MeTO,ZU.1 HaCTpoHKH CHCTeMbi CBJl3aHHblX KOH1)'POB XOpOIliO H1BeCTHbI H OOHCaHbl 80 

Mliomx yqe6HbIX noc06HJ1x no PaAHOTeXHHKe, HanpHMep B [6]. nOCKonbKY, reHepaTopHble KaCK8,Ab1 

pacnOJIO:lKeHbI Ha 3HaqHTeJIbHOM paCCTOBHHH OT yCKOpJDOmeH CTpYJCIYpbl, TO H3MepeHHJI 4>a30BLIX ,lVIHH 

Ka6eneii npDBO,1UUIHCb oc06eHHO TllurreJIbHO. fuMepeHHe BXO~Horo COnpOTHBJIeHHJI B TOIfKe BKJIIOlfeHH1l 

Ka6eneii PK50-24-16 B aHOAHDlH KOHTYP 1Ip0BO~HJIOCb C nOMOl.I{blO lDHPOKOfiOllOCHOrD'pecPneIcrOMeTpa, 

lj)asoMeTpa wK2-29 H H3MepHTenbHOro rCHepaTopa [4-143. 3aBHcHMoCTb aKTHBHOH H peaKTHBHOH 

COCTaBJlJllOmHX BXO~Horo COnpOTHBJIeHHR B TO'lKe. OOC,LlHHeHHJI ,nByx Ka6encH C BOJIHOBblM 

conpOTHBJIeHHeM 50 OM, no KOTOpblM noctynaeT B pe30HaTOp MOlUHOCTb, OT I1X ,LJ,JUfHhI, yCTaHOBJIeHHaJI 

paCqih'HhIM nyreM, nOK83aH8 H8 pHc.6. 

OKOWlaTeJIbHaJI HacTJ>OHKa npOBo.u.WlaCb IIpH no.u.aqc Ha reHcpaTopHblC JIaMnbl HaKWIa H 

He6ommoro aHO~HOro Hanpll)1(eHHJI hpH aTMoclj)epHOM .u.aBJIeHHH B pe30HaTOpe. B ~TOM pe:lKHMe 

H3MepJIJICJI K03<1><I>HQHeHI" yCHJleHIDI no HanplOJCeHHIO Bcero TPaKTa IIpH p830MKH)'TOH ueIiH 06paTHOH 

CBR3H. CJIem'eT OTMeTHTb, <frO C o.u.HHM rCHepaTOpHhlMKaCKa,lJ.OM K03<1><I>HUHeHT YCWleHHJlOKa3WICR JlBHO 

He,nOCT8TO'lHbIM. TOJIbKO C no.u.KJIlOqeIDIeM BTOporo KaCKa,l{a y.u.anOCb ,nOCTH'lb Heo6xo.llHMoro 3H8'1eHmI. 

B pC:lKHMe aBTOreHepaQHH lj)as8 06p8moH CBJI3H no):{6HpaJIaCb nyreM H3MeHeHHJI .lVIHHbI. Ka6eJIJl. 

PerynHpoBKa <l>a3bJ B He60JIblDHX npe,neJIax oCY1QeCTBJIlleTCSI C nOMOlllblO pas.u.BH:lKHOH nHHHH. 

5. KOHCTPYK~HB BBOAD BlJ-MomHoCTH H pac~eT IIJIOW.~H DeTJlH CBSl3B 

lleTJIeBbie YCTpOHCTBa CBJl3H yCKopSllOmHX prooHaTopoB C KOaKCHaJIbHbIM TpalcrOM IIIHPOKO 

HCnOJIb3)1OTCJI B MetpOBOBOM H ,neQHMeTpOBOM ,ltH8n83oHax MHH BOJIH. ,LVIJI JIHHeHHbIX YCKOpHTeneH 

HOHOB OHH BWIJlIOTCli OCHOBHbIM THnOM BBO~OB Bq-MOU(HOcnf [3]. OHH HMelOT npHeMJIeMble p83Mepbl H 

BblCOKHe MomHOCTHble XapaKTepHCTHKH. KOHCTpYKQHSI BBO~8 Bq-MomHOCTH npe~CTaBJIeHa H8 pHc.7. 

BBO~ Bq-MOIlI,HOCTH COCTOHT H3 neTnH, KOnyCHblX nepexo):{oB, <l>ToponnacToBoro H30JIJlTOpa, XBOCTOBHKa, 

BHellIHeH Tpy6bI H coe~HHHTeJIbHOro <l>JIaHQ8. Ilernll npJlMoyrOJIbHOH <l>OPMbl H3roToBJIeHa H3 Me):{HoH 

nonocbl TonlUHHoH 3 MM H lDHpHHOH 38 MM. BaK)'YMHaJI p33BSl3Ka ocymeCTBJIReTCS C nOMo1llb1O 

pe3HHOBhIX ynnomeHHii H8 coe~HHHTeJIbHOM<l>JIaHL(e H ~BYX KOHQeHTpHlfeCKHX BblCTYIlOB H8 KOHYCHblX 

nepexo~ax, HMelOmHX <t>opMY 3y6a. TaK KaK OKHO BBO,n8 Bq MOmHOCTH H8 BaK)'yMHOM KO:lK}'Xe 

pacnonO)1(eHO Ha 3Ha"lHTeJIbHOM paCCTOlIHH" OT TO"IKH MaKCHMYM8 HanpSDKCHHOCTH MarHHTHOrO nOJIS B 

cTpYK1)'pe, TO HalfWIbHaJllfaCTb neTJIH BbmOllHeH8 B BH):te AByxnPOBO.u.HOH JJHHHH. 

Ami o~eH.KH 1UI0UJ;lVJ:H nerJIH BOCnOJIb3yeMcB ~8HHbIMH H3MepeHHH, opOBe~eHHblXHa MaKe-reRFQ­

54. Pe30HaHCHaJI qaCTOTa MaKera COCTaBJ1JlJI8 51,5MrQ. C06CTBeHHaJI ,u;06pomoCTb paoIDln8Cb 1720. 

R3MepHTeJIbHaS neTnR Hl Me~Horo npoBo~8 ):{HaMeTpOM 1MM H llJIOm8,l(blO 64c~ pa3Mem8JIaCb B 

M8KcHMYMe MarHHTHOrO nOJIJI. RH,lO'K1'H8HOCTb H3MepHTenbHOii neTnH COCTaBJUl1IR 273H[H, a ei! 

peaKTH8Hoe conpoTHBJIeHHe 88,30M. COnpOTHBJIeHHe nOTepb,BHOCHMOe 3TOH neTJIeH, MO:lKHO onpe~eJIHTh 

H3 Bblpa:lKeHHJI: 

(UJ . M)2 . Ro (ro . M)2 
(5.1)r= Ro 2 +X2 =-~' 

r~e Ro=500M; X-peaKTHBHOe conpoTHBJIeHHe neTJIH. 

COnpOTHBJIeHHe nOTepb, BHOCHMoe neTJIeH B pe30HaTop npH cKoMneHcHpoB8HHOii JflI"lJ.}'KTHBHOCTH 

X = 0, 6Y~eT B 4,1 pa3a MeHbllIe. llpH c06cTBeHHoH ,lt06pOTHOCTH peanbHoH CTpYlCIYpbl, paoHOH 4600, 

BHoCHMoe COnpOTHBJIeHHe MJI ,u;OCTIDKeHHJI KpHTH"IeCKOif CBll3H ~OJl)KHO 6bITb B 2,67 pa3a MeHbme. 

TaKKM 06pa30M, MJI RFQ27 npH Qo = 4600 H cKoMneHcHpoB8HHOH HH.QyKTHBHOCTH nerJIH 

conpOTHBJIeHHe CBR3H ro· M ,u;OJDKHO 6bJTb B ..j4D,67 pa3a MeHbUle, 'IeM Ha MaKere. TaK KaK 

pe30HaHCHaJI qaCTOTa peaJIbHOH CTpYJCIYpbI B 1,86 pa3a MeHbIue, TO H B38HMOHH,lO'KTHBHOCTh BO CTOJIbKO 
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~4,1'2,67 u 

)l(e p83 YMeHLWHTC1I M - :; 1,77 . IIpH nepeXO.lle C M8KeT8 H8 peanbHblM pe3OHaTOp p33MepLi
1,86 

npMMepHO y ABaMBatOTClI. IhBecTHo, lfTO B3aHMOHHJlYKTHBHOCTb CWl3aHa C pa,nHyCOM pe30H8TOp8 

8 
Clle.zlYlOlUHM COOTHoWeHHeM M - - , r)le S~WlOmSJJ.bneTllH, R-paAUYc pe30HaTOpa. Cne)lOB8Te1lbHO, )l1l1I

R 
coxpaHeHml npe)J(IJero 3HaqeHHlI 838HMOHHJJYK'M'BHOCTH npH yBe1lH'leHHH pa,lUIYca pe30K8TOpa B 2 pa38 

2 
Hano Y.IlBOHTb WlOllUl.llb neTJlH. TllKHM 06p83oM, IIJIOm~b neTJlH )lOll)I(H8 6bITf> B -- =1,13 p83a

1,77 
6om,we, qeM Ha M8keTe. Y'lHTbIWUI HepaBHOMepHOCTh pacnpe.nelleHIDI MarHHTHOrO nOllJl B rJ1l0CKOCTH 

neT1lH, yBeJ'IH'IHM ee WlOmanL B 1,5 p83a. B HTore llJIOI1lSJJ.b neTJlH npH cKoMneHcHpoBaHHOH 

HH,IJ;yKTIlBHOCTH 6Y.lleT peHa S == 8m ·1,13 ·1,5 =108 CM
2
. ECJlH HCnOJlL30B8Th ABa BblCOKOqaCTOTHbIX 

BBOA8 MOllUlOCTH, TO nnOll\a)J,b OAKOH neTJIH 6YAeT B .fi p83 MeHbwe. H.aJiJJ.~M napaMerpLI neTJlH, 

MOmanL KOTOpoit COCTIl1UIlIeT 110 CM
2
• C1)opMy neTJlH Bbl6epeM npllMoyrOJlbHoH. IIpoBo.lJ., H3 KOTOporo 

neTJIJI 6y,neT R3rOTOBJleua, B03hMeM TaK)l(e npllMoyrO./ThHOrO ceqeHH1I. HHJlYKTHBHOCTh neTJlH BbI'fHCJIHM 

no 4><>pMyJle [5]: 

L = O,00921'[(h+a) .lg 2· h· a -h.lg(h+ d) -a·lg(a + d)] + 
b+c 

(5.2) 

+O,004{2.d- h;a +O,447.(b+C)]. 

r.lle	 a =14 CM (J,VlHH1l neTJlH), h =7.8 CM (Bblcora nerJlH), C =4,2 CM (W8pHHa npoBo,na), b =0,3 CM 

(TOJlIlUlH8 DpoBO)la), d == .Ja + h .
 
H1myKTHBHOCTh neTJlH C TaKHMH napaMe-rpaMH COCTaBJIJleT 142 HfH. Ha tfaCTOTe 27,6 Mru peaKTHBHOe
 

conpOTHBJ1eHHe neT;lH 6Y.lJ.eT pasHo 26 OM. B )lSJIbHeHWeM, npH npoBe)leHHH H3MepeHHii
 

HenOCpe.lJ.CTBeHHO Ha yCKoplUOmeH CTPYJ<TYPC WlOma.nL neTJlH 6y,AeT CKoppeKTHpOBaHa.
 

6.	 CornacoBauue YCKopmolQeo CTpyKTypbl C BBOnaMH MOID;ROCTH H KaJlHfipoBK8 

B3Mepln'eJJbRblX mrreJJb. 

Pe30Harop npe.lJ.CTaBJIJleT C060R HarpY3KY)J.Jl1l reHeparopa, COrJlaCOBaHHoro C nepeAlUOI1\eit JlHHHeH. 

BeJIHllHHa B&IJI;eJllUOlIleHCJI B HarpY3Ke MOlllHOCTH onpe,neJUreTCJI qepe3 K03«1l«llHUHeHT nepe.llaqH, 

MaKCKM8JlbHoe maqeHHe KOTOpOro )lOCTHr8eTClI Ha pe30HaHcHoH qaCTOTe npH yenoBHH cornaCOBaHH1I 

pe30Haropa C JlHHHeii nepe)latUf. 3m B03MO)K){O, eCJlH CBJl3L pe3OHaTOpa C reHepaTOpOM 6Y.lleT 

KpHTH'IeCKOH, Kor.u.a c06cTBeHHaR: Ao6poTHocTb pe30HaTOpa paBHa BHeWHeA .lJ.06pOTHOCTH Qu = QBH HJlH 

1 
HarpYJKeHHaR: ,A06pOTHOCTb paBHa nOJlOBHHe co6CTBeHHOH QH =-. Qo . 

2 
CxeMa, no KOTOPOH npOH3BO.lJ.HJl3Cb Hac-rpoHKa BBO,l\OB, nOKll3aHa Ha pRc.8. BbICOKO'iaCTOTHhIH 

CHrHaJI OT H3MepHTenbHOrO reHepaTOpa r4-143 nocTYnaeT B CTpYKTYPY Qepe3 neTJIJO c MSJlblM 

K034J<plW,KeHTOM CBJl3H. YpoBeHL BXO.llHoro CHrnaJIa KOHl'pOJlHPyeTC1I 4J1l30MerpOM C1)K·29. CHrHaIILr C 

pa60m neTeJlL H3MepJlJOTClI TaK)I(e C nOM0mLlO cj>83oMerpa. 3cMleKTHBHaJI WlO~8Ah neTJlH IDMeHJlJlaCb 

nyteM nOBOpOTa coe)lHHHTeJJI>HOrO cj>llauua BOKpyr cBOei't OCH. IIpoueec HacTpOmrn 3aKJIlOqanCSI B 

CJle.llYJOmeM. JbMeHu 3<Il<t>eKTHBHyJO llJIOII.{8)ll> neTeJU> .n06HBaeMclI TaKoro 3HaqeHIDI Harp)"keHHoH 

)l06poTHOCTH, npH KOTOpoH o6ecneqHBaJIClI 6L[ pe)I(HM He6oJlbWOH nepeCB1I3H pe30HaTOpa C BBO,AaMH 

MOlIlHOCTH, Harp)?KeHHLIMH Ha 50-oMHLIe 3TIUIOHHLle Harpy3KH. CurHanb), H3MepJleMl.le «Il1130Me'lpOM, npH 

TIOM .IlOJDKHbI 6h1Th npHMepHo O)lHHaKOBLlMH. B nOM cnyqae npH Harp)'3Ke pe3OHaTopa nytIKOM 

yCKOpeHHbIX '1aCTHll BeJlHtfHHa KCB B Bq TPaKTe 6Y,lJ;eT 6J1IDKa K OUTHMaJIbHOH. B ra6JI.l npe./{CTaBJIeHLI 

pe3YJlbTaThI npOBe./{llHHLIX HlMepeHHii. 
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Ta6nIfll3.1. 3Ha'leHHlI Harp)')KeHHOH )t06POTHOCTH B 3aBHCHMOCTH OT IUlO~8,IUI nerenl•• 

~ Bso.aBQ I1JIO~a.nb AMJUlHT)'.aa 1lf=f1-f2 fo OH 
H3M MO~HOCTH neTJlI1 

[CM
2

] 

CHrHa.na 

[MBJ 

[KI'U] [KfItl 

1 1 98 39,0 /1,7 276/8 2360 
2 98 38,8 

2 I 112 38,3 13,2 27619 2092 

2 112 37,7 

OCHOBHhlM napllMeTpoM cornaCOBaHHR RBJllIeTCR KCB. MHHHMaJ1bHOe 3UaQeUHe KCB, KOTOpoe 

MO:IKHO .aOCTH'II> npH HecKoMneHcHpoBaHHOH ~nmHoCTHneTJlH, onpe.llenleTClI nyTeM no,nCTaHOBKH 

3HaqeHHB MO.nyJUl Ko:J<l!cPHl(HeHTa o-rpax<:eHH"- B H38eCTH)'IO cPoPMYJty: 

KCB= l+r . (6.1) 
I-F 

3UaQeHHe Ko34>«pHItHeHTa o'rpllJKeHHR BLIlfRCJllleTCR 'lepe3 nonnoe conpO'THBJIeUHe nemu Z H 

conpOTHBJIeHHe Harpy31CH Ro . KaK MeHXeTCll 3Ha'-leHHe KCB npH H3MeHeHHH 8.KTHBHOH COCTaBJUllo~eH 

nOJlHOro conpOTHBJleHIDI neTJlH, nOKMaHO Ha pRc.9. HlU\YKTHBHOCTb nCTJlH paBHa 140 IDH. MmmM8JIbHC' 

,llOCTIDKHMOe 3HaqeHHe KCB npH ,naHHO~ HH,nyJCTHBHOCTH neTJ1H COCTaBJ1ReT 1,6. KaKHM 6y.aeT KCB npH 

tUlrpyx<eHHoH )tOOpoTHOCTH paBHoti 2090 MO:lKHO OQeHHTb,80CnOJlL30BaBWRCb CJIe~~eH MeTO~H. 

OHa OCHOBaHa H8 onpe,lJ;eJJeHHH BHOCHMoro conpOnmJJeHHB co CTOpoHbl pe30HaTOpa B pa60<rne nerJ1H. 

llpe,lJ;BapHTeJlM{o H3MepJlIOTCJI uarp~eHU8.lI ,l106POTHOCTb tl 31f8'leHHlI CIU'H8J10B C KalK,lJ,oro BBo.aa 

MOIIUlOCTIt. 3aTeM BLI'IHCJ1I1JOTCR BHeWHlIR )t06poTHOCTL H BHOCHMbJe B nernH cOl1pOTlf81leHHJI.HlDKe 

nptme,lleHbI 4>OpMyJlbl, no KOTOpLIM npOH3BO,llHIlHCb pac'l~LJ: 

BUeWWUI,ll06poTHOCTb Q.... =(~_~J-I (6.2) 
Qo QH 

BHOCHMble A06poTHOCTH KIDlCAblM BBOAOM B OTAeJIbHOCTH 

Qpl =Q. {1+ ~:',). Qp, =Q. {1+ ~::} (63) 
BHOCHMble B neTnH 8K1'HBHble COnpOTHBJIeHWl npH OTCyrcTBHH nyqrca 

, =Rn.Qn .2 , = Rn.Qo .~ . (6.4)
""I Q....,. ....2 Q..H2' 

BHOCHMhle 8 nernH aKTHBHble COnpOTHBJIeHHJI npH HaJJH'JJfH nyqrca 
1 1 

' .... I(nY'/) ='2.r.... I' r.H2(ny'l) =2"" ••2' (6.5) 

,AmI yCKOpeHHJI nyqKa 'IaCTIu.\ C TOKOM 10MA 'rpe6yeTC.lI npHMepHo B )tBB p33a 60JIbWe MOlUHOCTH. 

no:noMY, BHOCHMLle aKTHBHbie COnpOTHBJleHIDI npH H8JJH'IHH ny'lK3 6y.u.yr BO CTOJ1bKO )ICe pM MeHbwe. 

Ha CJ1eJtY1O~eM 3Tane BWIHCnJllOTCJI nonHoe COnpOTHBJIeUHe neTnu, Mo.uynb KO:3!PtPHlJJIeHTa OTpWKeHHJI H 

KCB npH OTCYTCTBHH nyxn<a H C ny'llC.OM no 4>OpMyJIaM: 

nOJlHOe conpomBJ1eHHe nerJIH Zn ='611 + i .X ; (6.6) 

r H ;;:IZ" -Zol ; (6.7) 
Z" +Zo 

l-r
K03c1l!PHUHeHT CTOXlfeH BOJlHbl ReB == 1 + r H 

(6.8) 

H

• 

Pe3ym.TaTbl BbNlfCneHHi{ BHOCHMLIX ConpOTHBJleHuH, KO:?l!pq>HQHeHTOB OTpIDKeHlUI H CTOgqeH BOJJHLI npH 

HarpY3Ke nyqKOM H 6e3 nyqKa ,lUI"- K8.:lK):\oro B80,na npe~CTaBneHbl B Ta6Jl.2. 
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Ta6JlHUa 2. IIapaMerpbl COrJIacOBaHHJI"'I~'ylu.YJJblC BBOAaMH MO~HOCTH. 

BHOCHMOe COnpOTHB. K03<Pql. CT. BOnUMBoo.ll Koo414J. OTPIDKeHIDI 

r KCBr[OM] 

C tI)"4KOM C ny<!KOM6e3 tI)"4Ka 003 Il)"IKa C ny'lKOM 6e3 ny'U<8 

0,254 0,333 1.8834,25 1,681 68,51 

0,322 1.860,261 1,712 70,71 33,35 

l'bMepHTeJIbHLle neTJIH cJl)?KaT llJIli OnepaTHBHoro Ha6JIIOAeHHlJ 38 ypOBHer.« BBO.llHMOH MOl.QHOCTH B 

pe30H8TOp. ,[lBe H3Meplfl'eJIbHLlX neTJlH paCnOJIO)l{eHbI H8 OAROM 03 !pmlHQeB B8ICYYMHoro Ko)l{}'X8. UpH 

K8JlH6poBKe BbiCOKOq8CTOl'HhlA CHrHaJI OT reHepaTOpa f4-143 lfepe3 comaCOB8HHWA TPOHHm: nOJlaB8JlCJI 

K BBOJlllM Bq MOUlHOCTH. 3Ua'IeHHe KCB Ha BhtXOJle reHepaTopa H3MepllJlOCb C nOMO~blO 

IIIHPoKOnOJIOCHoro pe41JleKTOMeTpa. )J;eACTB}'lOIIUle 3HalfeHIDI BXOJlHOrO CHI'H8JI8 0 corHaJUl C 

H3MepHTeJILHOH neTJIH H3Mep,.;IHCb 4la30MeTpOM <I>K2-29. Ha OCHOBe 3THX ,llaHHLIX BbNHCJW1C.lJ 

Ko3$41HmleHT nepeA8QH no HanpJDKeHHIO, H C1pOHJlHCb K8JIH6poBO'lHble KpHBble ,lVUI Ka>K.llOH neTJIH. Ha 
pHc.l0 npe,ACT8BJIeHa K8Jlu6poBO'UUUI KpHBaJI A/llI DerJIH .N'l! I, a Ha poc.ll - KaJIH6poBOlfHWl KpHBaJI WUI 

neTJlH.N!B. no OCH a6c1.1Hcc OTJIO:lKeHI>I aMIDJIny.zun,le lHaqeHHlI CHmana C H3MepwreJ1bHOA neTJlH Umax 8 

BOJIbntx, a no OCH 0pJlHHaT 3Ha'IelUUl BBO,ll,HMOH MOmHOCTH 8 Banax. 

7. RCnLITaHHe CTpytnypbl Ha 3J1eKTpH"fecKyIO np0'lHOCTb H np06HblH BBO,lJ, MOIQHOCTH 

BBOA MO~OCTH B yCKOpBIOIIlYJO cLpyKTypY upH aTMoc!pepHoM AaBJ1emtH oc~eCTBmI.llCR ,ltIlJI 

onpeAeJIeHHll :metcrpH'leCKOH npo'IHOCTH CaMOH CTpYKTYPLI H oueHKH MaKCHMaJtbHoro YPOBIDI MOUUlOCTH, 

npH KOTOpoM B03MO)I(Ha Ha,z:I,i!)KH3$l pa60Ta Bcero yCKOplfl'eJlJl. KOIrrpOJIbHhlH BblCOKO'IaCTOTHblii CHl1faJI 

CHHM8JlCR C H3MepHTeJIl,HOH neTJIH N21 H no pa.n:HOlfaCTOTHOMY Ka6emo PK50-2-ll, npoJIO)l{eHHoMy B 

MeTaJlJlOpyKaBe, nOJ\aBaJICa Ha BXOJl OCUHJlJIorpa4Ja LeCroy. Ha pHc.12 nOKa3aHa OCl.UUlJlOrpaMMa, CH.lIl'aJI 

B MOMeHT np06oJl, XapaKTepHI.JM npH3HaKOM KOToporo HBJllleTCA pe3KHH CKOJI Ha BhlCOKO'laCTOTHOM 

HMlI)'J1bce. nOJIHblH pa3Max HMnym.ca .no CKOJIa COCTaBJUIeT 2,6 BOJIbT. T8K KaK 3JIeKTpHlfeCkall np0'lHOCTb 

BaKYYMa npHMepHO B 10 pa3 BMwe B03.A}'Xa npH ROPM8JlbHbIX yCJIOBIDIX, TO MaKCHM8JIhHoe 3Ha'leHHe 

KOHTpOJILHOro CUrBana c nepBoH neTJlH B pa60'leM pe:lKHMe He AOJDKHO npeBblwan. 26 B. ITocJle 

nOJIY'leHIDI pa60Qero BaKYYMa B pe30HaTOpe 6&ma npeJlnpHtulTa nOllbITKa BBeCTH MOIUHOCTL. O,IJ,HaKO, 

aBTOreHepaTOp He B036)')K.D.8JIca HH npH KaKHX 3HaQeHIDlX BHO,llHOrO HanpJDKeHIDI Ha JlaMn3X 0 tPa3e 
CHrHana 06paTHoA CBJl3H. npH'DIHOA OTCyrcTBIDI B036~eHH" aBTOreHepaTopa 6bIJlH BTOPH'lHO­

3neKTPoHHbIe p83pJl,a:&T, a TalOKe ,llpeH$ 3JleKTpOHHoH IDJa3MbI BHyTpb pe30HaHCHOrO 061>eMa, TaK KaK 

Manurrop83pJI.LI:H&le HaCOCI.J 6blJIH YCTaHOBJ1eHbl 6e3 3al.QHTHr.TX peme-rOK. npoHHK8IO~3$l B pe30HaHCHblH 

061>eM IDJa3Ma, OKa3hTBana UJYIITHpYIOmee .l\eACTBHe, 'fiO UPHBO.l\HJ10 K Pe3KOMY YMeHhWeHHIO 

K03!MJHlUIeHTa 06parnoA CBR3H 'Iepe3 pe30HaTop. ITpHpoJla BTOpH'lHo-JIleKTpOHHblX Pa3PAAOB 

J\OCTaT01JHO xopomo H3yqeHa 0 Hau.neHbl 3cM>eKTHBHLle cnoco6b1 ox npeOJ\oneHHJI [2]. B B03HHKWeH 

CIny3l1,HH Tpe6oBaJlOCh npHH.lITWl AOnOJIHH'reJIbHblX Mep. C 31'oA l\eJlblO B npe.nBaPHTeJlbHOM KaCKa,Ae 

aBTOreHepaTOpa 6bIJla 3aBeAeHa ,D,OnOJIHHTeJIbHalI 06parnaJI CB"3b, n0380JIHBllilUl yBeJIHlfHTl> c)'MMapHblH 

K034141HUHeHT yCHJJeHHJI B Ha<J8JlbHbIH MOMeHT B03HHKHoBemtH KOJle6aHHH. 

8. TpeuupoBK8 H BbIBO,a: YCKopHIO~eH CTPYKTYPbI ua HOMUUaJlbHblH ypoBeHb MOIllHOCTH 

TpeffifpOBKa yCKopmomeH Cll'YKTYPbl lIBmlercfl OTBeTCTBeHHblM H OCHOBHhlM MeTO.nOM ,a:OCTIDKeHIDI 

YCToAqHBOR pa60TL1 Ha HOMHHaJIbHOM ypOBHe Bq-MoUUJOCTH. KpHTepHllMH TaKOH pa60Tb1 JlBJ]HIOTCJI 

OTCyrcTBHe npo60eB H coxpaHeHHe pa6oIJero B8J<YYMa 8 peloHarope. llpouecc TpeHHpOBKH .nmtJICfl B 

TCQeHHe HeCKOJIbXHX HeJleJlb, BKJUOIJaJI nepephlBbl. Bo Bpe~JI -rpeHHpOBKH $HKCHPOBaJIHCb npo60H, 

H3MepJUlaCb MOlllHOCTb Jl03bl peHTreHOBCKoro oJJIyqeHHR BAemb CTpYkTYPbf. MaKCHM8JII>HblC 3HaqeHHJI 

peHl'reHORCKoro H3JIyqetUU OTMeQanHCb B HatflllThHOR H cpe.nueH lfaCTRX CLpYKTYPbl, rJle pacnOJIO)f(elff,( 

BBOAbl Bll-MomHoCTH. HaH60nee TPYAHOnpoXOitHMblM 6bTJI ,l(HaIIa30H HMnyJlbCHOH MOIlUlOCTH OT ISO .no 

300 KBT (COOTBeTCTBYeT 10-12B nOJIHoMY pa3Maxy HMIIyJ1J>Ca C KOHTpOJIbHOA neTJIH .NH). Ha pHc.13 
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npe,/lCT3.aneHa OCUHJlJIOrpaMM8 C H306plUlCeHHeM Btl HMnyJIbCa npH MYJlbTHnaKTOpHOM pa:3pJme. npH 

B03HHXHOBeHHH MYJIbTHOaJcrOpHblX p83pJl)lOB <popMa Btl HMnynbcoB HCIaDKaIlllCb, nOH8mI1lHCb 

xapaKTepHble pen8KC8.QHH. ilocne He,lleJIbHOH rpCHHpOBKH ypoBeHb BBO,/lHMOH MOllUlOCTH COCTaBJlJIJ1 

nopJlAKa 400KIh npH CTa6HJ1bHOM H HeHCKa)I(eHHOM BLICOKO'laCTOTHOM HMnyJIbCe. 

):(anhHeiUnlUl TpeHHpoBK8 CTpYJ<1YPhl npoBO)lHJlaCb no mA iKe MeroAHKe. YCTllHaBJlHBWlCli pe)KHM, 

npH KompOM He 6b1JIO np060eB H He B03HHKaJlO MYl1bTUOaKTOpHhlX p83pllAOB. 3aTeM nOAHHMWlOCh 

aHO)I,HOe Hanp.lDKeHHe Ha KaCK8,lJ,8X AO 3HaQeHHJI, npH KompON npoHcxoAWlH CpblBbl Kone6amlit lloCJIe 

TOro KaK BOCCTaHllBJIHBanaCb clJopNa Bq-HMnynbca, CHOBa nOAHHM8JlOCb aHO,l(Hoe Hanp.lDKeHHe, H 

rpeHHpOBKa npo,l(OJDl(anaCb. Cne.nycr OTMeTHTb, 'ITO ,l(llBJIeHHe BHYTPH BaKYYMHoro KO)I(}'Xa nOCTcnCHHO 

YMeHbmanOCb H COCTaBIDlO 2,4·10-4 Oa. O,lJ,HOBpeMeHHo C H3MepemieM ypOBHJI BBOAHMOit MO~Hocm 

npOBO,/lIDlHCb H3MepeHHlI pe)KHMOB KaCKa,nOB aBTOrCHepaTOpa. B Ta6Jl.3 nOK338HbI napaMeTJlbl pe)l(HMOB 

OKOHeqnoro KaCKa.na H COOTBeTCTBytOUlMe lIM ypOBHM BBOAHMOH MOillHOCTH. 

Ta6mm,a 3. Pe)I(HMb! OKOHe'iHOrO xaCKaJJ,a aBToreHepaTOpa. 

Ua [KB] 
flHO.llHoe 

HallpIDKeHHe 

Ik{A] 
TOIC 

KaTOAa 

Ia [A] 
TOX 

flHO)la 

Po [Idh] 

1l0Tp. 

MOll\HOCTh 

Up [B] 

H3M.neTJIJI N!!l 
Pn [KIh] 

BBO,llHMlUI 

MOll\HOCTb 

20 70 58 1160 12,0 400 

22,7 

25;6----­
95 

1-:-=-:---- ­
l04 

88 

~6 

1997 17,56 900 

2457 20,78 1100 

CreneHb cornaCOUllHHJl Ha BXO,/le clJH,D,epHbIX BBO,/lOB 0IIpeAemmacb npH nOMoillH pe<pJIeKTOMeTpoB. 

Ha pHc.14 npe,llCTllBJIeHa oCQHJlJIorpaMMa C HMnynbcaMH na,nalO~eH BonHbI Ha BXOAe <plfJ.\epHorO RBOAa 

N!!l H HMnyJlbCa C H3MepKrCJIhHOt:\ neTJlH pe30HaTopa. Ha pMc.15 nOk83aHa OCQHJ1JJorpBMMa C HM11YJIbCaMH 

OTpll)f(eHHOH B01lHhI Ha Bxo~e TOro )Ke <PH.lJ.CpHoro BBo~a H C H3MepHTeJlbHOH nernH pe3OHampa. 

CPllBHHBlUI rrOKa3llHHJI pe<pneKTOMeTpa BH,lJ;HO, 'ITO aMnJIHTYA8 Orpll)f(f;HHOR BOJIHbl B 3,3 pa3a MeHhWC 

BMIIDHTy.IU>l llll,IllllOU(eH, lfTO COOTBeTCTByeT KCB=1,85.lliMepeHHoe 3Ha1ielfHe KCB Ha BXO,Qe <pH.QepHoro 

BBOlla M!2 PllBHJleTCJi 2,0. C B03paCTaHHeM ypoBIDI BBO)lHMOH MOlQHOCTH B03paCT8JIO KOJUflIecTBO 

npo60eB, <pHkcupyeMbix no <popMe Bq-HMllynbca C KOH1'pOJlbHOH nerJlH. Ha pKc.16 nOKa3aHa 

OC1J,H.llJ10rpllMM8 C H306plUlCeHHeM Bq HMnyJll,Ca B MOMeHT npooOH npH BhlCOXOM ypOBHe BBOAHMOH 

MOUlHOCTH. fIocJIe rpeXHe,/leJlbHOM 1peHHpOBKH, C Y1ierOM BceB03MO)l(HbiX nepepblBoB, 6LlJlH ~OCTHrHyrLI 

pa601iHe ypOBHH BBO,IUlMOH MOU(HOCTH. Ha pHc.l7 1l0K;uaHa OCUHJIJIOrpaMM8 C H306pIDKCHHeM Bt{ 

HMnyJlbca H3 pe30Hampa, 8MnnHT)'lla KOToporo COOTBeTCTByer YPOBHIO BBO)lHMOj;j MO~OCTH nopJl,llKa 1 
MBT B HMnynbce. 

9. laKJllo'leuue 

B pa60Te rrpe~CTIlBJleHbI pe3YJlLTaTbl pacql!Ta aBroreHeparopa, yCTpoiicTB 8Bo~a MOUVIOCTH B 

pe30Harop H HX P3JlHOTeXHHlfeCKoH HaCTPOHKH. nOKa3aua 3KBHBaJleHTH8Ji cxeMa 8BroreHepampa, 

KOTOpU HCnOJIb30B8JIaCb IlpH aHaJlH3e ero pa60Thl C nOMOI!tbJO nporpaMMbI CXeMOTeXHHtlCCKOrO 

MO,QeJlHPOBflHHJi MicroCAP 5. TIpoBe)lCHa K8J1H6pOBKa H3MepHTeJlLHblX neteJJb H peeJ>neKTOMCTpoB .MJI 

OnepaTHBHOrO onpe,/leJTeHIDI YPOSIDI BBOAHMOH MOlllHOCTH, nOCTpoeHbI K8JIH6pOBOIfHl>le KpHBble. JIPH 

HCIIhITIlHHH crpylCI)'pbl ua 3JIeKTPH'iecK}1O npOllHOCTb npH aTMoctflcpHoM llaBJIeHHH onpeAeneH 

npe.nnp06oHHbIH yposeHb BBO.llHMOH MOIUHOCTH. B IlpOl.~ecce pa60Tbl BblJiBJIeHbI IlPHlfHHLl, 

npCWITCTBOBaBUlHe B036)'JKAeHHIO aJlTOreHepaTopa npH pa60'ieM saK)'YMe B pe30HaTope. BlCJJfOlfeHHe 

lCoHTypa nono~TenbHO" 06paTHoH CBH3H B npe,/lhapHTenbHoM KaCKane n03Bon~o YBeJIH4HTb 06~HM 

K03<p<PHUHeHT nepC,llaQM H B036Y,ll,HTb aBToreHeparop. I1pe,/lJlO>KeHH8JI cxeMa CHCTeMbI Btl nHTaHHJI 

n03BOJUwa ocymecTBHTb q>H3H'-ieCKHH nyCK yCKOpHTeJUI H nOJIYtlKrh YCKopeffHhlH nyqOK ABYX3apJl,/l,HLIX 

HOHOB MeAH. Ooene 1peXUe,ll,eJIbHOH 1peHHpoBKH 6bUI ,l(OCTHrnyT HOMKHarILHfdH ypoBeHh YCKoplllO~ero 

nOJIJI B pC3oHaTope IlpH ,/l.OCTaro'lHO CTa6HJIbHOM Btl HMnyJTbce. 
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Mo.nyJlll'rop 
m 

R 
F 
Q 

PMc.I. C'rPYKTYPHU CXCMa CJlCTeMLl BQ-nHT8HHJI. 

III,TI2,I13-nCTJlH CB.lI3H; B- BBO.L\ BQ-MO~HOCTH; Pel>- pe4>JleKToMeTp;PK-pa,zuiO'IaCTOTHhlH Ka6errb; <1>JI­
4>a3OCJlBHI1lIO~8JI JlHHHJI; K1,K2-reHeparopHble KacKa,/U>l. 

C14 

:=~8 
3Ic3801220 

K' 

T1 

LJ R9 L1 R9 

PHc.2. 3JlCKTpHllecKIDI cxeMa MOAYmrropa. 

A- aBTOM8T; JI- MSrHHTHblA nyCKaTeJIh; PTT-25/0,5- perymq>yemdt TplSx«lla3Hb11t TpaHc4>oPMarop; BTM­
12/40- BWDpHMlITeni. T¢x(llloHI>JR MaCJUUlJ>lI:l; P- py6H.1l&HHK. 
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E(t) 

Emax 

PHC.3. npou.ecc YCTaHosneHHII Bq-nonB ByCKopsuoI.Qeii cTpYKTYPe. 

K1 

RFQ "r
,"
'" 

C1 L17 C2 L16 L15 C6 L14 

Rl~ 
K2 
, or 

", 

KJ 
"r 
III 
p' 

V2 
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24318131 

14S1813T 

4.828812T 

-4.9148121 

.1,466913T 

-2.448131 

GEN1.ClR Temperature= 27 Case= 1 

........ _.~ ~ ~ ~. """" ·1··········f·········· ~.
~.l. .."±

:
'

:

·l······1·········
 
..........~ ~ ~ ~ ···i··········~··········
 . 

:	 : : : :! : I
··········j··········j··········f··········(······..·i··········1········· '+'1""" . 

·········-:-·········r-·····--·[,········"1"········'1'·······"f"-""-'- . 
H+I'~~il H11 fH~+h~Hf /:1 IIIHIH~·HI-~HIIH 

, , : . . : . : ! I 
.. , -- ... - -~ -- ------ -or --- ---- ---; -- --------;----- -----;- ----"'- -i------- ---:--..... ; 

1	 ) ~ ) . ! i i ~ 

:::::::::I::::::::.:t::-:::::j··::::::-·t-::-::::::l::::::::::l::::-:::-:I':::::.::::JI:::::1.:.: : 
:	 : : : : : : : : I 

---·······t·····-·--·i·--·······t·······-·r········l··········t··········!··········j·i"i······j········· 
18.13u 18.5OU 18.88u 19.25u 19.63u 20.00u 

L8" Right Detta Slope 

'11l 6608504934698.0031 6860125248815.60lT 252220314117.599T 1008e+030 
T 19.667u 19.703U O.036u 1.oo0e+000 

PHC.5. "pOl(eCC B03HHKHOBeHHJI Kone6amm B 3KBHBWIeHfHOM KOmype. 

AdO	 22 

15 

8 

15.5	 1~"'·'16.5 17 17.5 IS ')S.5 19 19.5""20 

-20 

m 

PHc.6. 3aBHCHMOCTh aKTIlBHOH At2 H peaKTHBHOH Bl2 COCTaBJUUOIUHX BXO,nHOro 

conpOUtBneHIDI B TO'lKe COe,nHHeHIDI ,nByx Ka6eneH OT HX ,U,JIHHbl. 
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1 2 

/~ ./ 

/' 

PMc.7. KOHCTJl~ BBO.ll8 BQ-MOllJ,HOC1l1.
 
1,7-pe3HHOBble ynno-fHeHH1l, 2-cOe,lJ,HHlfl'ellbHb1H <f!1I8Hel\, 3-cjmJPOllJI8CTOBbIH
 
lOomrrop, 4-BHeWHH1l KOHyCHblH nepeXOA, 5-BHYTJleHHll1l KOHYCHhlH nepeXOJI,
 
6-neTJlll, 8-BHeWHlUI TPy6a, 9-XBOCTOBHK.
 

RFQ27
 

PHc.8. CXeMa HaCTpOHKH BBOl108 BQ-MOlI\HOCTH. 

f4-143- H3MepHTeJIbHbrlt reHepaTOp, Q3-54'l{aCTOTOMep, 

H- COrJIaCOBaHH8lI HarpyJKa 50 OM, <I>K-29- cPa.30Me1p. 
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.6.256. 8 
7.2 

6.4 

5.6 

4.& 

KCB{R) 4 

3.2 

2.4 

1.6 

0.8 

16 32 48 64 80 96 112 128 144 160 

R .150. 
OM 

PHc.9. 3aBHCHMOCTb KCB OT aKTHBHOro COnpoTHBJIeHK.lI rreTJIH. 

6
1.6H0

J.48·uf 

6
1.32-10

u5·uf 

9.87-1OS 

CO 
!-

PD(Upl) 8.23·10~ 

6.5&·105 

4.94·,05 

3.29,105 

1.65'105 

0 10 II 12 

U"l 
B 

PHc.l0. KanH6pOBO'IHlUIlCpHBlUI H3MepKreJIbHOH neTJIH M!1. 
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6
1.5-10

1.3.5.106
 

1.2.)(/
 

1.0.5.106
 

9-lcT
 

f-
CO Pn(Up3) 7.HcT 

6·lcf 

4.5-10
5 

5
3'10


U·lcf
 

I I I I I I 
0 1 2 10 11 12 13 14 1.5 

Up3 
B 

PHc.ll. KanK6pOBOl.J:H8.Il KpHBM H3MepHTeJIhHOH nemu N!!3. 

18-J;m-Et9 

4 6 7 

16;58;14 

E=J58 IJs 
1.98 V 

of-- 200 ~s 

a"PH 1> 2.4-4 \/
 
rr>eqCj) 27.5348 JIIH2
 
pkpk'1> 2.59 V
 

PHc.l2. OCQH1lJIorpaMMa Bq-cMTHana C KOHTpOJIbHOH neTllH J'(!!l "PH HCnblTaHHH 

yCKOpSIlOlUeH CTPYKTYPbl Ha aTMOCepepe. 
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16-Mar-ge
15;52;ge 

rl~ 
~ 

I ,, 

: ,, 
I , ''!'''II 

l Ii I 
I [\ 

I 'INmr I 
I \ 

)IIl" r r I, "--J 
I I 

I 

! .. 
T 

FreqCIl 
aNpJCI> 
pkpkCll 

Puc.I3. Oru6alO1l\1UI BlJ-HMnyJlbca np" MYIIbTHnalCTopHOM pa3pMe. 

17-Feb-/l8 

2 

t-I'M~~rIff,on1, .. "" .. ,..... ",,, 

13:+8:36"'E]"".. ""..""JI'''"."''''" .. ".; , ,'''"."''''" ,,.,, .. ,, .. 
.1 M 
Z,1l8 \l 

tLw"'L:J' 

freq!ll
 
,,"plIH
 
p~pU11 

PHc.14. OCUIUlJIOrpaMMa CHMnyJ1LCaMH na,n;aJOlI(eH BOJ1Hbl B lJIH,AepHOM 
8BO,lJ,e (.11)"'11) H C H3MepHTeJlbHOH neTJ1H pe30HaTopa (nyq 2). 

29.5526 "Hz 
2.~~ \l 
2.69 \I 
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Iflt! IIlIt Itllil IIIIf 11111 1I11111111111 .. lltil 

fttl,¥H¥H++'jI'H¥W+W+l' I ... " " • '" ......•1I~1' 
~ 

21.572-1 Hie 
8.72 V 
8.81 \,I 

PHc.15. OClUVIJJorpaMMa C mmym.caMH OTpIUfd:HHOH BOJIHbJ B !l>H.ll:epHOM
 

BBO.lle (JI)"fl) H C H3MepHTeJlbHOH fJeTJlH pe3oHaTOpa (.nyq2).
 

Z-Ilar-ttl
 
1&:82:84
 

SBIl5 
S.II IJEJ

27-6299 1111z 
lU9 V 
21.89 V 

Plfc.16.0cl.l,H.I1J1orpaMMa Bl.I HMnyJlbCa B MOMeHT np060R . 
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2~-88
 
1S:4tt:~
 

r~
 
~
 

27.8249 MIll 
18.66 ~ 

28.18 II 

PMc.17. OClUIJU1orpaMMa Bq HMnyJIbCa UpM ypoBHe BBO,ll,HMOH MOlUHOCTM nOpJlAKa IMBT. 
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