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OH!W{ XAPAKTEPHCTHKA PAIDT!l 

AKTyaJII,HOOTh. YOKOJ)ltTeJm sapnzeHHHX qaoT:e:IJ; HSMJlY O peSKTOpaMK 
OOOTaBJIJDl'r OOHOB] 3~Cll8pm.1eHTaJII,HOfl 6as& OOBpeM8HHOfl ~ep1ofl ql!SlllltH. 
CynteOTB]8T OOJU,IIl08 pa3H006pa3R8 T:e'.llOB yoKOpltTeHefl, KOTOp&e parumqru:iT­
CJI Mez,ey' 00601! KSR npmm;wlaMH YOKOP8H:e:H sapnzeHHHX '!fflOT:e:IJ;, TSE :e: na­
paM8TJ)SMllI n~eMHX II]'mOB :e: npeir;D;e Boero aHeprHefl n T:B'.llOM yoxopn:e­
MIDC '!fflOT:e:Il, 

O~ofl HS mmdoHee O~OlEHilx: H .noporooTO.Rll!HX OHCTeM Jm6oro OOBpe­
M8HHOro ]OKOJ)ltT8M HB1UI8TOH B1I-OHOT8Ma, 00,IJ;eJ)l!SIIIM peSOHaTOpH O ]OKO­
pmlllm,m ~8KTp0.It8MK, CHOTeMll Blf-n:e:Tarum :e'. aBTOMaTK'l8CKOro peryJmpo­
BaHHJI. B ope~eM CTO:e'.MOOTh Bq-OHOT8MH OOCT~eT 30-40% n~ofl OTOH­
MOOT:e: ]OKOJ)HT8M, 

Tpe60BarutH R Blf-OHOT8M8 (,ItRanaSOH pa6om ~aOTOT, 'IHOHO H yr'HO­
BaH llp0TJIZ8HHOOTh YOKOPJD]ltBX 8H8KTp0.lJ;OB, B8.IIH'lmia yoxopsmqero HafiPH­
llteHWI, cTa6:e:HDROOTh '!fflOTOTH, qJaSH H 8.MILIIKTY.n& Bq-HMJ)SlllteHWI BO llpe­
M8Hl'I H .np.) samt:OJl'r OT HasHa'l8HHH M81IIHHH H B BllOprumofl OTpyRT]pe on­
pe,n;eJUDJTOH HS KOMUH8KCHOro paOOMOTpeHHH .ItRHaM:e:KH IIylll<a, Ha'll!HM OT 
ipop.mpoB8HM Ha'!fflHDHhlX op6HT ]J.O BHBO.na IIyllI<a. 

B JiaclopaTOpml R,n;8JlHHX npoM8M OHRH Ha llp0TJIZ8Hm! MHor:ax HeT 
paspa6aT!lllaJOTCII HOB.l:le ycxop:aTeJil:I. 3TO CBiI3aHO C cos.nrumeM HOB.WC 
ycxopmo!IIIDC CliCTeM. 

B T8'18HH8 noc~e,D;HRX 15 HST Be,llyTOH pe.OOTH H~ npoeRTaM:e: llp0TOH­
Horo KOJn,IteBoro HSOXpoHHoro t:(IIKJIOTpoHa O llteOTKOfl ipoeyo:e:pomtofl Ha 
9H8pl'HD 800 MaB O HHT8HOHBHOOThD IIyllI<a IO-IOO MA Jf CCyn:epD;HltJIOTpoH) 
H .neflTOHHOro yOROJ)HTeJII,HOro KOMUH8ROa, OOOTO.fllll8ro :e:s }I.B]X 08RTOJlHHX 
oBepxnpoBO,ltRl!!HX ROJII,UeBHX t:(IIKJIOTpoHOB llll-I H llll-2 Ha 90 H 2000 MaB 

Jf A.A.rJl8sOB, D.H • .IteimooB, B.II • .ItiKMenoB, B.II • .Il).mTpxeBoKd, H.JI.am.na­
THH, B.B.KMYa, A.II.Mam.neB,_A.A.HaYMQB, B.A.TeIIJIJm(?B, Cynepm[KJio­
TPOH - neponeKTKBa ,n;aJIDHeflmero pa3BRTHH M830HHBX qJaclPHK IUntJIKt{eoxo­
ro T:B'.lla. - Tpy~ Y BoeooooHoro 00Be111mnm no yoKOpilT8JISW saJ)Sllltemmx 
qaoTim. M., "Hayxa': 19?7-, T.I, o.!23-133. 
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COOTBeTCTBeHHO. B llHTepBMe RHTeHCHBHOCTeff IO-IOO MA * (Ml1HI'EH). 
HaPff,IIY C 3Tl!M Ha 6aae cTaporo Manm:Ta CIDIXp01UllUIOTpoHa C03,A8}1 HOBHtt 
CWll>HOTO"lltllff qiasoTpoH c M8l'HHTHHM no~eM c npocTpaHCTBeHHoff Bapna.ue:ettlI{ 
o6ecne'!RB8Jalt6tt EIBCllaJD:,HyD yCTOfl"ll!BOCTI, ycKOpHeMWC 'IB.CTRn B paCTYJ!leM 
no pa,!U,IYCY cpe,ItHeM MarHHTHOM nOJie. Bo ooex BTRX ycKopnTeJIRX ~ ocy­
mecTBJieHM 3®>eKTRBHOtt HHllt6~ R MHHHMll'.38Il;IIK noTepI, '18.CTRn B nponec­
ce ycKope~ He06XO,I(RMO ycKO~TI, 'IaCTRIJ;l:,I co 8HatmT~!illM Ha6opoM 

aHeprm,: sa o6opoT. 
,lJ,;HccepTaUW{ RBIIBOTCH o6o6meHKeM pa6oT, BHTIOJJH6HHHX B COOTB6TCT-

mm C Hay'Dlo-T6MaTll'I6Cru!M IIJiaHOM JlffiI Olliill. 

Uen pa6oTH saKJIB'.l'l8MCii B Bu6ope, pac'!eTe, aKcnepID11eHTa~HOM 
MO,I(eJIRp0B8HKH H RCM6,I(OB8Hlm B036yl!Ul;eHlUI ycKOpHDitRX pesoHaTopoB "Cynep­
IUllUIOTpoHa11 R Millil'EHa; nOJIY1IeHim npoeKTHoro 8H8'!6HRJI ycKOPJIIOOl6rO Ha­
npmteHKJI B ql880TpoHe Olliill, BHCOKO'!aCTOTHaJI CHCTeMa KOTOporo OTJlll:'!8.­
eTCJl 8H8'tfflTeJII,HUMU pasMepaMR H BHCOKRMR 8Ha'!eHKHMR HanpsmeHHOCTett 

3JI6KTpR'!6CKOrO nOJIH. 

HaylmaH HOBK3Ha pa60TH COCTORT: 
I. B 8HaJIR3e, HCC~e,I(OBaHHH H ,I(OK888T6~CTB6 npaKTll'I6CKOtt pea.mi:­

ayeMOCTR CRCT6Mli MHOrOKaHa~Horo B030yl!Ul;6HIDI npn c~o~eHim.BHCOKO'l8.C­
TOTHOff MOJllHOCTH Henocpe.I(CTBOHHO B ycKOPJIIOOlefi CTpyKTYPO IUllUIOTpoHa, 
'ITO He06XO,I(RMO npll pe8Jm381ll!H ycKopeHHH 60~IilliHX TOKOB ITytrROB 38p.!lllteH­
HHX "IBCTHU ,I(O 3Heprnn B HeCKOnKO COT MeraWieKTpOHBO~T. 

2. B llCMe,I(OB8HIDI xapaKTOpRCTHK ll oco6eHHOCTett B036YJK,D;eHKJI B1I­
CHCT6Mll (p130TpOHa co 3H8'IllTO~HllMH reoMeTpll'l:eCKHMH pa3MepaMR npll Ma­
~ YCKOpmlltHX 8830pax ll 6o~HX ~Ha'!eHKHX ycKOpHDitero HanpmteHKH. 

3. B llOJIY'I6HHll ycToflqnBllX 8BTOKO~e6aHHtt B ,u;HanasoHe '!8CTOT yHK­

K8~Horo no MOJllHOCTH aBTOreHepaTopa. 
·4. B llO~'!eHHR B yCKOJ)JllOOl6tt CllCTeMe ql830TpoHa HaRJIY1llllliX 

B1I-napaMeTpoB (ycKopmomee HanpJlllteHHe, '!8CTOT8 IUllUIOB noBTOpeHKH) cpe­

,u;H ycKopHTeJiett no.I(o6Horo Tima. 

* A.A.TM80B, D.H.neHHCOB, B.IT • .Il)Ke~enoB, B.Il.EMHTpReBCR.Htt, H.!~3aIIJm­
TRH, B.B.Ka.mmll'!eHKO, B.B.Ko~ra, !.M.OHKmeHKO, A.IT.MaJII,neB, 
B.A.TeIIJIHKOB. nettTOHHHtt IUllUIOTpoHHHfl KOMIIJI6KC Ha 6aae CB6pxnp0BOM­
mRX ceRTOpHHX MaI'lllITOB. - .IJy6Ha, I98I. - IO c. (IlpenpRHT/06'!,e,I(. 

l!ll-T H,ll;eptt. HCM6,I(.: P9-8I-?34). 
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IlpaKTll'I6CKOtt µeHHOCTl,10 pa60TH•JlrnTcJI: 
I) aH8Jllf8 MeTO,I(OB pac'!eTa BlI-xapaKTeplICTllK pe30H8TOp0B 11Cynep-

" . l.llIMOTpoHa H ,I(ettTOHHOro l.llIMOTpoHa .Il.U-I lI HX CpaBHeHHC C 3KCnepHMeH-
TOM; 

2) TIOJIY'I6HK6 OKOH'!aTe~HHX napm.ieTpoB YCROpma!!IDC CTpyKTyp wm­
~0Tp0HOB "CynepUHKJIOTpoH" R .D.U-I; 

3) OT~,I(Ka R ncnOJIIi30B8HKe nporpaMMH ;ziJUl pac'!eTa TpeXMepHHX 
KOMilOH6HT M6RTpOMarHHTHOro noM B pe30HaTopax ~ID6ott g)OIJMl,I; 

4) nOJIY'IeHKe pa.60tmX X8paKT6pHCTKK no H8CTpOttKe MHOrO:Ka.Ha~HOfi 
CHCT6MH B036yl!Ul;eHHH ycKOpm<lltlDC pesoHaTopoB; 

5) ll0.JIY'I6HH6 padoqero ycROpHDitero Harrpmi<emm B CH~HOTO'IHOM 
ip:180TpOHe Olliill, 'ITO ll03B~O YCKOPHTI, npOTOHH llp8.KTH'IOCKH des ql830-
BIDC n0Tep1, ,I(O ROHe'!Hott 3HeprRH; 

6) TIOJIY'I6HK6 pa60'!HX BUCOKO'!BCTOTHHX xapaKTepHCTHK ll napaMeTpOB 
CHCTOMH pacTHl!UtH ycRopeIDioro ITy'IK8 gJ830TpoHa. 

Anpo6ag.IJI paOOTU. Pesy~IiTaTU_ ,I(HCCepT8ll,Hll .I(OMa.I(HBMHCI, Ha Bce­
C0103HOM COBenta.HKH no ycROPHTeJIJlM HOHOB HH3KHX ll cpe.I(HHX 3HeprHtt 
. (KHeB. I 98I r. ) • Ha IX BceC0!03HOM COBemamuI no YCKOpllTeJI.RM saproKeH­
HHX traCTHn (.IJy6Ha, 1984 r.), Ha XXIII EBponeilCKOM COBemaHHK no nporpec­
cy l.llIMOTpoHOB (necipeneH, 1986 r.), Ha Hay'IHHX ceMHHapax JlHII Olliill no 
npod~eMaM.YCROpRTe~ett saJ)Jll!'.eHHHX '!8CTH~ B 19?9-1985 rr. 

Uy6rnrunm. no TOMe ,I(llCCepTanIDI orryMHKOBaHO II pa.6oT, IlpHBe.I(eH­
HllX B CimCKe Jlll:T6p8.TYPH B KOHU;e aBTOpeqiepaTa. 

CTpYKTypB .IµICCO'P'XaµIm• PadOTa COCTOHT l'.13 BB6.I(6HHH, Tp6X rMB K 
38ItJI!O'IOHWI. 06mnfl o6~eM COCT8BJIJl6T 130 CTpaHHU, B~'!BJI 80 pKCyJIKOB, 
6 Taci~, CimCOK Jlll:TepaTypH HaC'!HTUB8eT 4? HaHMeHOB8Hllff. 

CO.IlEPVullIE PAEOTU 

Bl r.naBe ,u;HccepT8nHH C,I(e.naH 0030p YCKOpHJaltllX CHCTeM COBpeMeH­
HlDC .I(ei!CTBYJ]I!llX ll paspa6aTHBaeMHX IJ.lIMH'I6CKllX YCKOpHTe~ett Ha cpe,I(Hl'.le 
aHeprIDI, npoBe~eH aHa.mi:s KPHTepneB no BH6opy npID!nHITHaJII,HIDC cxeM yc­
KOpsm!!KX CTPyKTYP, HCC/Ie.n;OBaHH BOnpocll, CBH38HHHe C paspa60TROi! 
CHCTeM B036yllr,IJ;eHrur, YMOBHtt cor~acoBaHHH ll nOJIY'I6HHfl 60JII,IJIRX 8H8'!e­
HHff ycROpsml!KX H~eHKff. 

Bo Il r~aBe ,I(HCC8PTanIDI npHBO.I(JITCR peay~I,T8TH pac'!eTOB ll MO,I(eJIH­
poBaHKH YCROpsm!!KX CHCTOM 'Cynepu.mtTIOTpoHa" H ,I(efhom1oro l.llIMOTpoHa 
Jill-I. 

B OCHOBHOM YCROpRTe~e npoeRTa "Cynep1t1IBJIOTpoH" npe.I(nOJIB.raeTCH HC­
no~30B8TI, B Ka'IOCTBe YCKOpmlltHX a~eMeHTOB BHCOKO.I(06poTHHe o6'I:.eMHHe 
npHMOyro~HHe pesoHaTOpH. 

:J 



He,11;ocTaTitOM "i:m:CTHX" llpSJMOyro.m,ma pesoHaTOpoB SIBJIJieTCH CmtyCOH­
~Hoe pa.CIIpe'AeJieHHe ycKOplID!tero Hanp.roltelllm no pa,ItHyCY C M!UtCKMyMOM 
B ueHTpe pesouaTopa H sHa'll!TeJIJ,Haa nmpm1a "ycxoplID!tei! 111eJIK". KpoMe 
Toro,B Tarooc pesoHaTopax TW.CTOTH UeJIOro PH.Ita BHCIIIKX MO'A KOJie6rumfl 

·xpa.THH OCHOBHOi! 'l!BCTOTe. 
YJJY'IDIKTI, pacnpe,11;eJie:ime HanpmKemra MOJKHO nyTeM npoipwmpc>BaHKa 

BePTKKSJIJ,HOro pa.3Mepa pesoHaTopa H BBe,l!;eHHa BHYTpeHHKX BHCTyIIOB B 
30He ycxopeHHa (pxc.I). BBe,11;eHHe BHCTyIIOB llpHBO~T K e111e 0.I(HOMY IIO-

@ 

@ 

PKc.I. CxeMaTxqeCKKi! B~ peso­
HaTopa'Cyneprum.,roTpoHa~ 

JIOlmT8Jll,HOMY 8\MeKTY, a KMeHHO: 
YM8HJ,WeHHJO pa.3MepoB "YCKOplIDiteff 111eJIK" 
H TeM CaMHM yrJia npoJieTa yCRopaeMUX 
'1!8.CTHU~ 

0.rtHrutO A7IJi npe'ABaPHTe.m,Horo BH-
6opa napaMeTpoB ijeDBOHaqaJIJ,HO 6HJI 
BUIIOJIHeH pacqeT 121 "'ll'ICToro" llpSJMO­

yroJIJ,HOro pesoHaTopa, HacTpoeHHoro 
Ha qacTOTy H8CKOJIJ,KO BHWe pa.6oqei!. 
HaIDIHswefl H HaH60Jiee 6JiarOllPHHTHOil 
MO~Ofl KOJie6aHKfl B H8M HBJLII8TCa TM110· 
TaKofl pacqeT II03BOJIKJI npe~pxTeJIJ,HO 
IIOJIY'IBTI, OCHOBHHe napaMeTpH pesonaTo­
pa - ero pasMepH H MOillHOCTJ, IIOTep1,. 

JJ,,m oueHKR H8M8H8HHH qaOTOTH 
"i:moToro" IIpRMOyrOJIJ,HOro pesOHaTopa, 
BHSBaHHoro HaJill'll'I8M BHOTyIIOB, BOOllOJIJ,-
80B8JlKOJ, MeTO,l!;OM B03MY1118HHff *. Pao-
qeTHaa saBKCHMOCTJ, 'l!BCTOTH OT 

'lKim sasopa M8lK.IIY BHCTyIIaMK npe'ACTElBJ.leHa Ha pxc.2 (KpymtH). 
BeJIR-

PKo.2. Co60TBeHHaa TW.CTOTa pesoHaTopa "Cynep- M~ 

I\l!RJIOTpoHa1'.B sam:cKMocTH OT BEIJmlD!HH " 
YCROpRllllero 3830pa. 

58 
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52 r Co6cTB8HHYJO tmCTOTY pesoHaTopa IIpH-

6J:rwlteHHO MO.lKHO Hai!TH TaKllte, pa.CCMaTJ)KBaa 
pesoHaTop RS.R BOJIHOBO~ c o.I(Hopo.zomu nonepeq­
HHM·ceqemreM, B KOTOpoM B036yz,ItaeTCH TE-BOJI­
Ha. JJ,,m Haxo~emm saB.HCKMOCTK RPHTHqecxoA 
TW.CTOTH OT BeJIR1mHH sasopa MeJt,cy' BHOTyIJm(H 

50 p g 
10 20 JO 40 50 a,, 

* A.r .I'ypeBn. lIOJIHe peSOHSTOpH H BOJIHOBO,!Ul. - M •• "CoBeTCKOe pi.ItitO". 
!952. 
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RCllOJ!I,SOBaJIH M8TO~ tre.CTHtJHHX o6JiacTe:ff. PacqeTHWI 3allllCKMOCTJ, co6cT­
B8HHOff tre.CTOTH pesoHaTopa "Cyuepmra.noTpoHa" OT BeJllI'IWIH sasopa M9lK.IIY 
BHCTyIIaMH IIpRBe~eHa Ha imc.2 (Tpeyro.m,HKKH). 

YcKOpRllllaa CHCTeMa 'A8:ffTOHHOro I\l!RJIOTpoHa .DU-I / 3/ 'AOJDnla o6ec­
ne,mTJ, Ha6op SHepI'l!H I Msa/06. IIpH ycxopeHHH 0,I(HOSa~ ROHOB. 

I!pil MMOM BHYTP8HHeM ~ce,.xaprutTepHOM .wIJI paCCMST!)RBaeMo:ff 
BHCOKOllOJI8BOff MWIIHHH, npe~O'ITeHHe ~OJDllllO 6HTJ, OT~O YCKOpRllllefl 
CTIJYRT]pe B Bli!f,ll;e llOJIYBOJIHOBOro pesOH8TOpa C 6-aneKTpo~OM B RS.qecT­
Be YCROplID!tero SJieMeHTa (l)Ro.3), TSK Krut TOJIJ,KO B STOM CJIY'IB.e MOl!HO. 
o6ecnei:m:TJ, MaROHJIISJll,HHff Ha6op SHeprl!H Ha HaqaJIJ,HHX H ROH8qHHX ~­
cax yoxopeHHa, qTO Heo6xo~o A7IJi a@)eKTmmoff IDD!teKURH H sxcTpaRIUIH 
TW.CTHU. 

XapaxTep xsMeHemra ycKOpRllllero Hanpa-
xemm c YBeJmqeHHeM pa,znryca onp~eJIJIIOT pa­
,IUiaJIJ,Haa llpOTJDKeHHOCTJ, H MeCTO no~qe1ma 
peSOHa.HCHHX Jllllillli ( CTe6Jieit) K D.-sJieKTPO'AY ,a 
reOMeTpxqecKHe napaMeTpii yCRopJm11ero saso­
pa, ROTopHff o6pasyeTca pa,!1.HSJll,HHMH KpoMKa­

MH 8JI8KTp0.lt8 H BHCTyIISMH CT8HOK pe30HSTOpa, 
· ql()p,rapyJlltHMH YCKOPJID1188 IIOJie, onpe~eJIRJ:lT 

3HaqeHHe !paKTOpa BpeMeHH IIpoJieTa, aneKT!)R­
qecKYl) npo,mocT1, H.eMKOCTJ,. CoxpaHHB noo­
TOJIHHyll yrJIOBYD npoTSD!teHHOCTJ, BHCTylIOB H 
111eJiefl, 'ITO II!)RBO~T K YM8HJ,WeHHD 8MKOCTH 

PKc.3. CxeMaTHqecKHfl mm YCROPJmllero sasopa llJm npHMepHOM nocToJm-
,1-pesoHaTOpa. CTBe qiaRTOpa BpeMeHH npoJieTa, IIOJiytmM yc-

KOPJm!IYll CTpyKTYP7,CXeMaTll'ieCRH IIOR8.3SHHyD 
Ha imc.4 (mm cBepxy), r,11;e ~ = 30°, o<.41 = !5°, cx8 = 4,I0 , o(B = 
= 3,4°. 

JJ,,m YMem,meHHa 8MKOCTK 3830pa llteJiaT8JII,HO YJ,temmaTJ, BHCOTY (TOJI­
ll!HHY) BHCTyIIOB H 6-aJieKTpo.tta, O,I(HSKO .itm1 COXpaHeHJUI anexTplt'lecxofl 
npo~OCTH llpH Ma.JIHX sasopax K M8JIHX TOJIIIIHHSX HX llpc>qlHJil, HeO6XO,l!;HMO 
BHIIOJIHJlTJ, no 38KOHY, MKHKMH3HJIYD!l8MY HanpRXeHHOCTJ, 8JieKTIE'l8CROro no­
JIH B HaH60Jiee onacHOM M8CT8 (IIpH RA MHH.) • 

IIocxo.m,xy A -aneKTpo,it B 83HMyTSJIJ,HOM HanpaBJiemm HMeeT MMHe 
paSMepH no CpamleHHD C ,ItJIHHOft. BOJIHH yCKOPJm118rO HanpRXemm, A7IJi llp8'A­
Bal)HTeJIJ,HOro pacqeTa .lt}UUIH peSOHaHCHHX JIHHd (BHCOTH pesoHaTopa) ero 
MOl!HO pacCMST!)RBaTJ, Kalt eMROCTJ,. ~eHKa BeJIK'DlllH eMKOCTH lll)H peaJil,JUDC 
npe~OJIOllt8HHJIX OTHOCl!TeJIJ,HO paCnpe'AeJiemra 8JI8KT~ecRoro llOJia Jt88T 
BeJIH11HBY IIO~ 40 ~. IIpHqeM H8CROJll,RO 6oJIJ,We nOJIOB.HHH IIpHXO,l!;HTCJI 
HS 8M!COCTJ, ycROJ)JIDllHX 3830p0B. 
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JilCOKO'IBCTOTHlle noTepR B pesoHa­
Tope CKJI~Ba!OTCJI HS noTepI, B JIKHRRX 
H t::. -aJieKTpo.n;e. Hs KOHCTJ)YKTHBHIDC 
coo6pru1temn! aS!fMYTaJII,HaJI IlpOTJI:!eHHOCTI, 
CTe6JIJI BU6paHa de = 2°. IlpH STOM 
BOJIHOBOe COilpoTHBJieHHe JIHHID! COCTaB­
JIJieT 87 OM, a .n;JIHHa CTe6Jieft 57 CM ,nJISI 

pa6oqero sHa"ieHHJI 'W.CTOTH 75 MI'u. 
Tor.n;a npR HanpmiteHHH Ha m:o.n;e mrnmI, 
paBHOM 250 KB, MOIIIHOCTI, n0Tep1, B JIH­
HRRX COCTaBHT OKOJIO 30 KBT, 38KOpoT­
K8X OKOJIO 8 KBT, a A-SJieKTpo.n;e -
6 KBT. 
~ pac"ieTa noJieft H co6cTBeHHWC 

qacTOT pesoHaTOpoB 6HJIH OCB08HH HOT­
JI!l.llteHH Ha SBM CDC-6500 OIDIB tm:CJieHHHe 

PHc.4. YCKOP.RDitaJI CTPYKTypa- nporpaMMH CAVIT H CAVJD *, HcnoJII,ayJD-
A -SJieKTpo.n; , l!lll8 MeTO)t noCJie,JJ;OBaTeJII,HWC HTeprun!li • 

HcnOJI1,syJI arn nporpaMMH, 6HJI npoHsBe­
.n;eH pac"ieT, YTO"IHsmqHft napru.1eTpH H 
reoMeTpim pesoHaTOpoB 11CynepD;mt1IOTpoHa11 

~!:~ 
' \liQlli •o 

H .n;eftTOHHOro D;mtlIOTpoHa .IU.l-I. Ha pRC.2 (IIyHKTHpHaJI KpRBaJI) npe.n;cTaB­
JieHa 3aBHCHMOCT:& "iaCTOTH pe80HaTopa.

11
Cynepront710TpoHa''npH H8M8H8HH:H yc­

KOplDlllero sasopa, nOJIY"i8HHaJI C noMOlllJ,10 CAVIT. Dltm:CJiemtoe pa.n;RaJII,HOe 
pacnpe.n;eJieHHe ycKopa:!(ll{ero Ha!IpRllteHHJI IIPK pa6o"ieM noJioxemm ycxopJDl­
lltlIX 8JI8K'l.'p0,JJ;OB no pa.n;eycy IIpl{Be.n;eHO Ha pRC. 5 ( CilJIOllll!aJI KpRBaJI) • 

JL 

"· 
Q, 

1 , ' 

\ 

5 ,-~-l l L M 

EoJiee CJIOXHHM WIJI pac"ieTa JIBJIJI8TCJI 
A -pesoHaTop .IU.l-I. Dl6op H YTO"IHeHHe 

napru.1eTpoB ycKoplDllleft CTPYKTYPH .IU.l-I 
IlpoBO,JJ;lt1IHCI, C nOMOII!l>IO nporpaMMH CAVJD, 
Ha !)HO. 6 IIpHBe.n;eHH pac"ieTHHe 3aBHCHMOC­
TH co6cTBeHHHX '18.CTOT pesoHaTopa OCHOB­
HOI (Kl)HBSJI I) H BTOpol (RpRBaJI 2) rap­

PHc.5. Pa.n;H8JI1,HOe pacnpe.n;eJie- MOHHK OT BUCOTH pesoRaHCHHX JIHmn!. 
HHe ycKoplDlllero Ha­
llpJill8RHJI B pesoHaTope 

11Cynepront710TpoHa'! 

Ha l)HC.6 (KpeCTHKR) WIJI CpaBReRHJI npz­
Be.n;eH pac"ieT OCHOBHOI "18CTOTH A -peso­
HaTopa no nim6.mm:eHHHM qJOJMYJiaM, 

* W.Wilhelm. CAVIT and CAVJD - Computer Programs for RP Cavities with 
Constant Cross Section or Any Three-Dimensional Form. Particle Acce­
lerators, 1982, v.12 9 p.1)9-145. 
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PHc.6. 8aimCHMOCTI, "18CTOTH 
A-pe3oHaTOpa OT 'WIHHH 

pe30H8RCHHX JIHHHI. 

BH.n;8Tl'>, KaK 3amICHT qJOp.!a pa­
,JJ;llaJII,HOrO pacnpe.n;eJieHHJI HanpJI­
zeHHJI OT reoMeTp:im H Mecm no.n;­
coe,JJ;HHeHHJI JIHHd K .A -SJieKTpo­
lJY • IJym<THpHaJI Kl)HBaJI - qiop,ta 
pacnpe.n;eJieHHJI B BH6paHHOft reo­
MeTl)HH, 

lll)H "IHCJI8HHOM MO,JJ;eJIHpOBa­
mm TO"IHOCTI, pac-qeTOB onpe.n;eJrJI-
8TCJI B03MOXHBM KOJnrCieCTBOM ys­
JIOBIDC TO"ieK, a 8TO,B CBOIO oqe-· 
pe,Il;!,,onpe.n;eJrJieTcJI IIaMJIT1,10 SBM. 
-~ .ItBYMepHol npor~ru CA VIT 
MaKCHMaJII,HO B03MOJ!tHOe 'IHCJIO TO­
"IBK 15000, Il08TOMY TO"IHOCTI, 
pac-qeTa·-qacTOTH pe30HaTopa'~­
Il8IQ!ltlIOTpoHa"coCTaBJIJieT ICJ"3, 
A1IJI .n;o6poTHOCTl![ lI myHTOBOro 00-
IlpoTHBJieHHJI ~ I%, a Jijm pacnpe­
.n;eJieHHJI H8npRll8HHJI .n;o IO%. ~ 
TpeJCMepHofl nporpaMMH CAVJD M8R­
CRM8JI!,HOe KOJIH"i8CTBO TO"ieK coc­
T8BJIJI8T 5000 H,KpoMe Toro,Olllll:6K8 

·-•. -~ 

HSMeHeHReM MHHH pe30HaHCH!lX 
.1llDid ocymecTBJIJie-rc.11 rpy6aJI nepe-,­
c-rpoha pe30H8Topa. ~ TOHKOll no.it­

. CTpoihm "18CTOTH IlpHM8HJI8TCJI no.n;cTpo­
e"IHllff KOH,lteHcaTop, 8MKOCT1, KOToporo 
o6pasy8TCJI 3a.n;Hefl TOpUeBOI IlOBepx­
H9CTl'>IO A -8JI8KTpo.n;a H IlO.n;BDROI 
UJiaCTKHOfl, coe,JJ;HHeHHofl C 38,ltHel TOp­
neBOfl "seMJIJmofl"·cTeHxol pesoHaTopa. 

0.ItHHM l![S KpRT8pHeB npz BU6ope 
pa3MepoB R reoMeTpRH A -MexTpo.n;a R 
pesomrncHIDC JIHHHfl JIBJIJieTcJI qiop,ta pac­
npe.n;eJieRHJI ycKOP.RDitero Ha.IIpJJlEeHRJI no 
pa,JJ;Hycy YCKOPHTeJIJI. Ha PHO_. 7 MOltHO 

u .. , 
....!Ll lj9 . , . ~ w I --.... __ _.;,,,,, ! 
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PHc.7. Pacnpe,1teJieHRe ycxopsDJ11er~ 
HB.IIpJlZ8Hl![JI B , A -pesoHaTope 
B samJ:Cl![MOCTK OT M8CT8 no.n;­
KJill"ieHHJI JIHHHI. 
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B Bll'll!OJieH:lra B c:w:rmoil.OTene:im SaBl!CllT OT qiop.ru pesoHaTopa l! CTaHO­
Bl!TC/l MBKCliMBJII,HOH IIpH HBJIH'lllll MaJillX sasopoB.IlOSTOMY IIpl! pacqeTe pe­
SOHaTopa ll.U-I OlIIR6Ka IIO OCHOBHHM IIapa.MeTpaM MOJteT ,ItOCTm'aTI, IQ%, a 
no pacnpe,1te.rreHR10 Han!)JV!te:imsi: .Ito 20%. 

OCHOBHHM ope,ItCTBOM ,ll;.7IJI IlpOBepRH llpa.Bl!JII,HOOTl! paoqeTOB n B116opa 
OKOH"l8.T6JII,HOI reoMeTpmJ l! paSMepoB Ol!CT6M!,1 JIBIIJieTCH M8CmTa6Hoe MO,Ite­
Jll!p0BaHRe. llIJI llpOBepKH TeOpeT~eOKl!X pesyJIJ,TaTOB 6wm C)I~ MO,Ite­
Jll! pesoHaTopa"Cyne:pnmtJIOTpoHa"B MacmTa6e I:IO /2/ n I:4 14 ,51, Ha 
KOTOplD[ llpoB8~8Hl,I ROOJI6,ItOBaHWl.0060TB8HHHX qaoTOT pesOHaTOpa B srum­
ORMOOTR OT paOOTOHHRH Me:ar,ny BHOTynm.m. 8Rone:pRMeHT8Jil,HM SaBl!Ol!MOCTI, 
"l8.0TOTH OCHOBHOI MO.ItH, nepeC'll!TaHHM lt IIOJIHOMacmTa6HOMY peSOHaTopy, 
npe.Iio-raBJieHa Ha pl!O. 2 ( OWIOlllHBH Kpl!BBH) • 
. B (I :4)-Mo,IteJIH npe,ItyOMOTpeHa BOSMOll!HOCTI, RSMepemm HaIIpJDtemm 

B,ItOJIJ, Bl10TynOB B nHTH T01llt8X. Ha pl!C.5 ltpeOTmtaMH OTMeqeHH BltCII6pl!­
MeHTaJIJ,HH8 SHaqemm pacnpe,It8JI6HHH HanpJtlt8HI!H B,ItOJIJ, peSOHaTOpa. Ha 
OOH a6o~oo BH,IteJieHa 06.lJ:aoTl> YOKOpeHW!, COBIIa,ItaJJl{aSI O·llOJIOllt8Hl!8M BH­
OTynOB. IJym(Tl!llHM Kpl!BBH - rpa~ cimyca - paonpe,IteJiemre HaIIpsmem!H 
B OTOYTOTBHe Bl10TynOB.·KaK H IIp0,ItnOJI8I'8J!OCI,, BB8,It8HH8 B!10TyIIOB YB8Jm­
~O YOROPJDJll88 HanpJDteHHe Ha Ha'l.8.lII,Hl:lX pa,Itl'IYOax IIpRMepao Ha 50%. 

ltJul 008.ItaHl!H He06XO.ltl!MOro Hanpmitemm Ha BJieKTp0.ItaX H yoxopem!H 
Ilp08KTHOro TOK8. O,I AB pesoHaTop"Cyne:pnmtJIOTJX)Ha"Heo6xo,ltl!MO BBO,IOI'l'l, 
20 MBT ROJie6aTeJII,HOI MOlllHOOTH. BBe,IteHHe TaitOfl MOlllHOCTH O,ItHOI II8TJie! 
MOllt8T Olt8.8aTl>OH HeBOSMOll!llHM. IlOSTOMY 6HJI IIp0B8,It8H aHaJIHS H BKOII8pl!­
M8HT no RCOJI8,It0BaHH!O YOJIOBRI B036yll'.,lteHM pesoHaTopa O Heoxn,Kl!X ne­
T8JIJ,, SamtTaHHHX lt8llt,ItaJI OT aBTOHOMHoro ycwmTeJIJr MOlllHOOTH / • 

8Rone:pRMeHTaJIJ,H8JI 6JIOK-CXeMa B036yllr,lt8Hl!H MO.It8Jm IIpe,ItOTaB1IeHa Ha 
pl!0.8. IlpoBe,IteHHH! 8ROll8JlHMeHT no.BOS6yllr,ltemm pesOHB.TOpa O K8ll',ltO! 

P.e:o.8. SxonepHMeHT8.lil,HWI 
6.lJ:Olt-CXeMa BOS6yll'.,lte-

II8TJm B OT,IteJil,HOOTH O llOOJI8.ItYJ[JltBM OJ!Ollt8-
HH8M HanpJDteHRfl R O,ItHOBp0M8HHOMY BOS6YJt­
,Itemm nm1,11 neTJIJIMH .lt8.7I paoxOllt,IteHHe no 
HanpJDt8HHII, HaBO,ItHMOM;y Ha BHOTynaX, 5%. 

TSimM o6pa80M. peSOHaTop "CynepD.m<­
JIOTp0Ha11MOllt8T np8,ItOTaBJIIiTJ, 00001 IIpRMO­
yroJIJ,HH! napaJIJie.nenme.Tt co oTopoHaMR 
8x2,63x0,45 M O IIpRMOyr0JIJ,JWMR BHyTpeH­
Hl!MH Bl10TyIIaMR B M8,IOiaHHOfl lllIOOROOTl!C 
BHOOTOfl O,I6 M H ,ItJIHHOI 4,4 M. PaooTOH­
HHe M0llt,lty BHOTyIIBMK ,ItODHO 6HTl> 'npH 8'l'OM 
I2+I4 OM. Jlo6poTHOOTl, TaKOro pesoHaTopa 
6y,IteT OOOTaBJIJlTJ, IlpHM8pHO 35000, a 140Dt-

mm MO,T{eJD! pesoHaTopa HOOT!, IIOTep1, IIpl! MaKOHMaJIJ,HOM Hanpmitemm 
"Cyne~OTpoHa~ 500 RB 6y,IteT OKOJIO 250 KD.r. 
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llIJI IlpOBepltH llpa.BWII,HOOTH paoqeTOB yoKOPJDJllefl OTpyltTYJ)H ll.U-I 
6wm BHnOJIHeHa MO.It6JIJ,. A-pesoHaTopa B MacmTa6e I :2. PesyJIJ,TaTH HS­
MepeHHH oo6oTBeHHWC tmOTOT'MO.IteJIH pesoHaTopa ll.U-I (nepBOff H BTOpol 
raJ;t,1omm) , nepeo'lllTaHHHe R IIOJIHOMacmTa6HOMY pesoHaTopy. npe,ItoTaBJie­
HH Ha pl!o.6 (KpYJCKl!). BiutHo xopomee ooBna,IteHHe c aHBJmTHqecltl!M pao­
qeToM H C paoqeTOM IIO nporpaMMe CAVJD. 

llIJI HOOJie.ItOB8HKJI pacnpe,IteJieHRH HanpmiteHWI B yoxopmneM sasope 
l!OllOJIJ,30BaJIOH M8TO.It BOSMYlll8HRI. Ilo~eHHHe xapaRT8pl!OTHRR Ilpl! pas­
JmqHHX sasopax B IIO.ItOTpoeqHOM KOH,IJ;eHoaTope d O IIpRBe.1teHH Ha pl!O. 9. 
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PHc.9. 8Rone:pRMeHTaJil>HHe 
paonpe.1teJieHM Ha­
IIJlRlltBHHH ~OJIJ, ye-
KOPJDJ!lero sasopa 
A-pesoHaTopa. 

Paoxoll,ll;eHHe O aHaJIOI'HqHUMH ltpl!BUMH, llOJIY­
qeHHHMH 1!3 BH'll!OJI6HHI C IIOMOIItl>II nporpaMMH 
CAVJD (pl!c.7), 06'I,SICHH8TCH H8,ll;OOTaTOqHOfl 
MOlllHOOTI,I) SBM, HOTO~OCTI,I) nporpa.MM!,I H He­
BOSMOll!HOOTI,I) TOqHO OIIl!C8TI, rpaHHUU pesoHa­
TOpa. Hs npzBe.1teHHoro ceMeloTBa Kpl!BWC 
BH,ItHO, qTO IIpl! llt8JllUIHH, Bapl>HpyHsasop, 

•MOlltHO n~Tl> npaxmqecKH JIIX5ol Heo6xo­
.TtHMHI BH,ll; xapaKT6pl!OTHKR, OT IIOCTOSIHHOfl 
,ll;O CHJ!l,HO·p8.C'!'Ym8ff IIO pa,IOIYOY lt 06.naCTl! 
B!1BO,ll;a. 

Bill rJiaBe ,IOICC8pT~ pacOMOTpeHa FI­
CHOTeMa qiasoTpoHa OIDilf H l!SJ!OllteHH pesyJIJ,­
TQTH IIO ee B036YJlt,ll;6Imll. aitec1, lite llpl!BO.T{JlT­
CH pesym,TaTH paoqeTOB, BH6opa IIapa.MeTpoB 
H B036yJr,IteHHH OHOT6Mll paOTJmtH ycxopeHHO­
ro nyqKa. 

B KaqeoTB8 yoROPJDJ118I CKCT8Mll B ipa80Tp0H8 OIDilf l!OllOJil,SOBaHa IIpR:­

MOyrOJ!l,HaH B IIJIB.He IIJIOCKM II~~OBBH O,ItHOp0,ItH8JI JmHHH C .ItBYWl Dpa-
1118Ditl!MKCH Bapl!aTopaMH ,mcTOTH 75•7 • Pa6om .IOianasoH ,ll;.7IJI yoxopeHHH 
IIpoTOHOB ,ll;O 8H8prHH 680 MaB B q880Tp0He (IB,I8-tI4,4I) Mm, nepe1tpaTHe 
IIO 118.0TOTe fmax/fmin = I,26. CxeMaTJ![qHO BH,ll; peSOHaHCHOfl CHCTeMll IIp8.Tt­
CTaBJI8H Ha pRC~IO. B O,ItHOp0,TtHOfl JIHHHH, o6pasOBaHHO! Ol!CT8MOi! .nyaHT -
KBMepa O pa8M8paMll: fill!Pl!Ha . 6 M, ,IVmHa 7, 3 M . H llOCTO.f!HHHH sasop 
78. 5 MM .(BOJIHoBOe oonpo'fflBJieHHe z~ = 2, 5 OM) , MolltHo BOs6y,IOITl, nOJie 
B ,Ttl!alla30H8 (I8,84-t!3,45)Mrn IlpK H3M8H8HKH BMKOC'l'H B8pl!aTOp0B OT 
1000 ~ ,T{O 6000 ~- BapH&TOpH B!1IIOJJH8Hl,I B BH,ll;e ROH,IJ;8HOaTOpa O Bpa­
etamtHMCH p0'l'Op0M, 001, ItOTOporo II&paJIJI8JIJ,HQ Rp0Mlt8 .nyaHTa. JI:imellroe 
HSM8H8HH8 pa6o~ero sasopa B. B8p!IBTOpe OOOTaBJIJreT OT 7 ,ll;O 4 MM B saBH­

OJDIOC'l'H OT yrJia nOBOp0TB poTopa, qro o6ecneqaBSeT IlpHM8pH08 llOOTOHH-

OTBO HanpmiteHHOCTH 8Jl8ItT~eCKOrO nOJISI B BapRaTOpe. 
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I'Kc.IO • lscoxo,mcTOTHSJI CHCTeMa qlaSOTJ)OHa. 
H paOIIJle.iteJieHHe HanpRltemm pa.60-
-qero xo.ne6aloo{ B,ltOJll, peSOHaHCHOff 
JIIDU!'.R • 

B xa'<IecTBe ycTpolcTBa, sase1&JI1m11ero 
poTop no BHCORO! 1380'1'0'1'8, HCllOJll,SyeToa 
IIJiaCTBH'lB.Tldl XOJIJieXTOIHml ROH.It8HCaTop C 
yrJIOBOI llpoT.mt8HHOCTl>D IIJiaCTRH 284°. 

2S 

,,,-/./ IO B 9TOM o.nytme B HeM O,TtHOBpeMeHHO HSXO,ttllT-
_,s OJI 8 p0TOJlHWC JIOIIaTOK Itallr,I(OrO ,ltllCKa, H lIJlH 
·SD sasope B XOJUI8KTOJIHOM XOH.IteHCaTOpe, paB­

HOM I,5 MM, ero 8Mlt00Tl, COOTEUlJISieT 
32000 IIKIP. 

. lIOwn.fO pa.60-qero Ro.ne6mmn: C CHllq&SHlilM HanpRltelllleM Ha Ba!)KaTopax 
B OHCTeMe BOSMOmIO nonepetmoe napasHTHoe ROJie6aHRe c llpoTRBOq&SHNM 
HanpRlteHHeM Ha Bal)HaTopax. HsMepelilUI noxasaJIR, '<ITO 'lB.CTOTHM nporpay­
Ma napaSHTHOit MO~ KOJie6amnt Ha.H6oJiee CWII,HO SaBRC.HT OT yrJia llOBOpo­
Ta p0TOpa,H llpH 1J8.CTOT8 17,6 ~ IIpoHCXO,ltllT nepece'<IeH.He OCHOBHOI H 
napaSHTHOff '<IaCTOTHWC nporpaMM. )i1Isr ycTpaH8HRH &Toro B SS.ItHel '<ISCTH 
.u,ymtTa Clwr C,Ite..'18.H npo.ztC>JII,ffilff paspes cne~Hoff qx>p.m, ll8paM8TpH RO­
Toporo (~a H pery.mrpyeMSJI XOHCTpyxTHBHSJI 8MXOCTJ, Ha BXO.Ite) onpe.zte­
JIRm '<IaCTOTY napaSHTHOro l<OJieCSmmn:. Ha pi[C.II lIJll!B8.It8Hll OCHOBHUe pe-
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SyJIJ,Taru HSM8pelilUI 'ISCTOTHWC xapaxTe­
pi[CTHK pas.mr<mux THIIOB KOJie6aHRA B sa­
BHOHMOCTH OT yrJia IIOBOpoTa Bap.HSTOpa 
( 3,It8CJ,: · Xpi[BSJI I - coelcTBeHHSH .ztoCSpoT­
HOCTJ, peSOHSTOpa; 2 - 'lB.OTOTa OCHOBHoro 
THII8. ROJie6aHRI; 3 - '<ISCTOTS OCHOBHOff 
Mo~ np:e: BBe.zteHHUX Tpm.!Mepax; 4 - ~o­
ToTa IIOIIepetmoro THIIa KOJie6aHHI) /B. 
Pacnpe.zteJieHHe Hanpsmemrff pa6o-qero ROJie-
6SH.Hn (.It,1IS1 HHSmeff H Bllomeff '<ISCTOT .ItHa­
nasoHa) B,ltOJll, BllCOXO'lB.CTOTHOff OHCT8Mll 
qasoTpoHa noxasaHo Ha l)Ho.IO. 

I'Kc.I!, aimtOHMOCTH .It06poTHOCTH CHCT8Mll 
(I), paCSo'<Ieff '<ISCTOTU Cles TPHM­
MepoB (2) H c Tpm.!MeJm!l{ (3) H 
nonepe'lllol MO~ ROJie6aHHH (4) OT 
yr.na llOBOPOTa poTopa Bapi[aTopa. 
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.100 

PesyJIJ,T8Tll HCCJie,ItOBBHIDI pa60'1ero 
THIIa KOJie6aHHI CHCTeMll npuBe,IteHH HO 
p.Hc.I2. YcROPJIDllee HanpJDJteHHe B ,ItHa­
rrasoHe '<IaCTOT IIO'<ITH IIOCTOJlllHO (KpHBSH 
2), cna.zt HanpmKeHIDI B.ItOJib ycxopmanefl 
xpoMKH K Rpa.RM .nyaHTOB (RPKBSH 3) Ha­
XO.ItHTCJI B npe,IteJiaX (I0-,.15)%. Ha STOM 
xe p.HCyHKe npe,ItCTBBJieHH '18CTOTH!l8 sa-

5 

14 15 16 

. BHCHMOCTH H8IIproKeHHff Ha BapHaTopax 
(K!)KBaH I), no~nmraax (KpHBaH 4) H 
.ztpocceJISIX .u,ymtTHUX BBO.ItOB (Rp.HBaH 5). 

-1 

Pl!o.I2. llaCTOTHlle samtclIMOCTH 
HanpJDJteHm! Ha B8PH8TO­
pax (I), B neHTpe (2) 
H Ha xpamc ycxopsmqeff 
RpoMRH .ztYaHT8 (3), HS 
IIO,lijlllllIHlIK8 p0TOp0B 
(4) H H8 .ztpoCCeJIJDC 
BBO.It8 (5), UA = I B. 

.:.::"' 
paCSo'!ero pelltHMa aBToreHepaTopa 
RS-88 JierKOCTH pery.lIRpOBIGI H · ,, · 
ocymecTBJieHHa Clwm BHClpaHa 
BHyTpemum: o6paTHaa CBHSl> c 
aHO,Ita Ha R8TO.It, BllllOJIHeHHasr B 
BH,Ite BSKyyMHoro nepeMeHHoro 

ROH.It8HC8TOpa Coe· 

B q&30TpOHe .n;JIJI IIOJIY'<I8HIDI ycxo­
pm:11tero HaIIproK8HHH 50 RB H800XO,ItHMSH 
MOlllHOCTJ, MOXeT .ItOCTHI'8Tl> 350 KBT. 
Hmi:ClOJiee IIO.ItXO.ItJIDtHM sJieKTp0BaRYYMHllM 
np.HelopoM .n;JIJI reHep.HpoBBHHa Taxoff Mom­
HOCTH B pa60'18M ,ItHaII830He '<ISCTOT qaso­
Tp0H8 SIBJISI8TCH JiaMIIa rY-65A. CxeMa 
aBToreHepaTopa onpe.zteMeTcH KaR xapmt­
Tep.HcTHKBMH JI8MIIH TaR H pa6o'll!MH '<IBC­
TOTBMH (p.Hc.13) l~I . .n,m o6ecne'leHHH 

DP 
£,~ 

IC' 

c, 

PHc.I3. an:exTp.H'leoxaa cxeMa aBTo-
B Ka'l8CTBe CHCTeMH CBmlH 

reHepa.Topa.c ycxopsmlleff czcTe­
Moff HCilOJIJ,SY8TCH ,ItJIHHHHI (no.ny-

reHepaTopa. 

BOJIHOBml) qJR.Itep H ,ItBe napaJJJieJIJ,HO Blt.JID'l8HHHe K8TynIRH irn.rmtTHBHOCTeff 
CBHSH. TaRSH CHOTeMa OBHSH o6ecne'Ill:Ba8T npRMepHoe IIOCTOJlllCTBO onTH­
M8Jll,HOrO 8H8'18HIDI Jm.ItYRTHBHOOTH B pa60'18M ,Itli8II830He '18CTOT. C y-qeTOM 
pesyJIJ,T8TOB, llOJIYlleHHUX B npe,ItBap.HTeJIJ,HllX 3RCII8pRMeHTax, HS ycROp.H-

TeJIJ, 611.JI YCTaHOBJieH ~ep CBmlH c BOJJHOBl:lM conpoTHBJieHHeM 30 OM H 

MKHOI I,6 M. 
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IIPH B036yJr,ltemm CHCTeMH OT aBTorenepaTopa 6WIO IIOJJy'leHo, 11TO 
YCROpmll!ee H0.IIpltllteHHe II011TH BO BCeM .rotanaaone II.7mBHO YMem,maeTCR R 
HHllCHHM "lSCTOTaM, HMeR MaRCHMyM Ha 17,2 ~ 11 OTHOmeHHe u /U 

1 
= 

max m n 
= 1;35 • .AHSJiorll'IHilfl xapaRTep HMem TJaCTOTirae xapaxTe!)HCTHRH H0.IIpltllte-
HHR Ha BapxaTopax npx_HecROJIJ,Ro cloJI!,llleit BeJlH'IHHe c~. CooTHomeHHe 
8MILJIHTy;o; HallpRllteHHit Ha YCROP.IIDll8ff RpOMlte H Ba!)HaTopax Ha "lSCTOTe sa­
XBaTa (IB,IB ~) K = uycx/uBap. = 0,85, a Ha Bimo;o;e (14,41 ~) 
K = I,5. XapaxTeprne paelotJHe K!)HBHe orHcla.llllHX ycxop.iDOlllero BtJ:-Hanpa­
~eHHa Ha KpoMKe ,DyaHTa, CKOppeKTHpOBaHHHe HCTO'IHHKOM WYHKUKOHaJil,HOro 
onopHoro HallpRllteHHR aHo;o;Horo MO;o;yJIJl'ropa, npe;o;cTaBJieHII Ha !)HC.14. 

4c, 
(l8) 

llo M8pe y.7.ly'lmeHHR BaRYYMffllX yCJIOBIDI 
B KaMepe, YCROpsDll!88 Hanpmtemre K 
MOMeHTy nyc:ica YCRO!)HT8JJJI B OI!llTHyD 
SKCWiyaTru:J;lllD ;o;OCTHr~O ~ero Ilpo8RT­
HOro 3Ha'!8HHR 40 RB •. 

,a 1--+f~'r-c. 

30 

20 

10 

PaCT.fllltRS Ily'IRa B qJ8.30TpoH8 0.llilH 
aaKJOO"l88TCR B npe;o;BapHTeJil,HOM YCRO-

. 1 · 't ' t ' 1 ' I ' ' • r 'g;,.;,, peHHH '18CTHn ;o;o npoM8llfYTO'IHOff Op6H-
~- ::- ~ eo ~ 1,.,,-. " Tll H noOJie;o;ymieM ;o;oBe;o;emm: HX ;o;o RO-

PHc .14. OrHclamtRe yCKOp.mo!I1erO HetJHofl op6Hrn c HeoclXO;o;HMOit CROpoCTI>lD 
· B'tJ:-HanpmKeHHR Ha RpoMRe C ~8JIJ,]D noJJy'leHHR H8IIp8pllBHOro BO 

;o;yaHTa no~ ycxope- BpeMeHH nytJKa.lio ;o;OCTIDKeHHH TJaCTHIJ,aMH 
HHR. npoM8llfY'l'O'IHOff Op6HTll IIpoHCXO;o;HT Bll-

RJDJ'l8HH8 YCROpm!lero H0.IIpltllt8HHR oc­
HOmroro ,ItYaHTa. JtoycRope:ime "lSCT~ IIpoH3BO]ntTCR C IIOMOllll>ll ;o;ono~­
TMbHOfl YCROpmll!efl CHCT8Mll - C-M8RTpo;o;a. llpoBe;o;eHIWfl pactJeT :If II03BO­
JIKJI BHpacloTaTJ, Tpe6oB8HRR Ha CHCT8MY pacTsmtH - YCROpsDll!ee Hanpmte:ime 
Ha C-8JI8RTpo;o;e ;o;OJDltHO 61ITJ, 15 RB, .rotanasoH "lSCTOT 60 RI'I.l. 

c,cTra pacT.lll!l'.KH qaaoTpOHa COCTOPIT HS C-WieRTr,mi, pe30HllllCHOfl 
~ IO' MOIItHOrO BllCOKO"lSCTOTHOro ycHJIPITeJJJI /II H Sa;o;allllero reHe­
paTopa. 3neRTPHTJ8CRH C-sJieRTpo;o; npe;o;cTa.BJIR:eT cocloit eMROCTJ,, IIO;o;Mll­
'18ffHYll Ha ROHIJ;e pesoHaHCHOit '18TB8PTI>BOJIHOBOfl KOpoTK03BMKHyTOff 50-oM­
HOfl ~- KOHCT~ C-wreKTpo;o;a H .mnum JIPHBe;o;eHa Ha pPIC.15. 

* C.E.Bopo~oB, B.II.,m,.mTpReBcKd, H • .Il.amna.THH. PactJeT napaMeTpoB 
CHCTeMH paCTJmIGI Ily'IRa ycTaHOBKH "~" IIPH IIOMOlltH C-ane:KTpo;o;a. -
.IJ.yclna, 1979. - IO c. (IIpenpmT/06'1,e;o;. HH-T JJ;o;8JlH. HCOJie;o;.: P9-79- • 
882). 
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PHc.15. 

/T' 

KoHCTpyRD;HJ! C-wreKTpo;o;a H peso­
HaHCHOff ~: l 7" BBO;o; BO,Itli; 

2,3 - BO;o;OOXJiallr,D;88Ml:lfl pesHCTOp 
H BllCOKOlJB.CTOTHUfl paa1:,eM; 4 -
KOH;o;8HCaTop; 5 - BBO;o; BO;o;H ox­
JUIJlf,Itemm: C-a~eRTpo;o;a; 6 - npo­
xo;o;Hoff H30JJJITOp; 7 - C-WieKTpo,n; 
8 - ycKO!)HT8Jll,HaR RaMepa; 9 -
CHCTeMa xpen.neHHR C-wreRTpo;o;a B 
yCRO!)HT8JII,HOff KaMepe; IO - 50-
OMHaR peSOHllliCHaR JIHHHJI. 

.llnR B086YJK,D;8HHR CHCTe­
Mll paCTSD!tRli paapaclOTaH BllCO­
K0'!8CTOTHwl reHepaTOp, pac­
C'!HTaHHwl Ha IO RBT BllXO.lt­
HOit MOIItHOCTH, OROHe'!Hwl MO~­
Hmi KaCRa;o; ROTOporo Bl:lIIOJI­
H8H Ha OCHOBe TeTpo;o;a rY-47 
no cxeMe c ocl~efl ceTRofl. 
IIo;o;KJIIO'!eHHe K reHepaTopy 
CHCT8Mll paCTJDKXH npeoclpaayeT 
aHO;o;HYJO cxeMy- OROH8'!HOro 
R8CR8,Zl;a H peaoHaHCHOro ROH­
Typa C-8JI8RTpO;o;-JIHHHR B CHC­
T8My- CBJI3aHHllX ROHTypOB. 
3To 03Ha'!a8T, '!TO e~ Bll­
clpaTI, npa ;o;aHHOit CBRSH paclo­
'!YlD TO'!ey B ~eHTpe npoBSJia 
xapaRTepHCTHRH IIpPI MID{HMWIJ,­

HOM conpoTHBJieHHH, TO m.me­
;o;aHc B ano;o;e ~u B paclotJeM 
;o;HanasoHe "lSCTOT cly;o;eT HSMe­
HRTI,CR H83Ha't!'.HT8~HO, 'ITO 
;o;ommo CIIOC06CTBOBaTl> YCTOff­
'!HBOit pacloTe reHepaTopa. 

Ha-aa Heoclxo.ItHMocm 
paaMe~eHHR BtJ:-annapaTypu sa 

S~Toit Ha SHa'IHTMJ,HOM paccTomum OT C-eJieRTpo;o;a, BllSBaHHOff pa;o;xa­
:nt!'.OHHID.!J[ HarpysKBMH, Il!)HXO;o;HTCR HCilOJil,30BaTI, ;o;.mnnnd! Ra6Mb. IIPH on­
pe;o;8JlemtH WIHHll :icacleJUI yl!KTUB8JIHCI, 8JieMeHTU OROHe'!HOro xac:ica;o;a reHe­
paTopa. 

B.Ra'!8CTB8 HJlJilDCT~ pa60Tll CHCTeMll CJiyltaT ~~OrpaMMH ycKO­
P.IIDll8rO H0.IIpltllteH.HJI Ha C-wreKTJX).ite uc H ceTotJHoro TORa BUXO;o;Horo :icac­
:ica;o;a reHepaTopa Ig2 (!)Hc.16) IIlJH HSJia;o;Ke CHCT8Mll paCTmcKH B HeIIpepHB­
HOM peDMe IIPH ;o;eBH~ ,mcTOTH 100 RI'I.l. Paclom pe:a:HM reHepaTopa 
( 2 Ll. f c = 60 RI'I.l) np:e:Be;o;eH B Ta6.mme. . 

Ta~ 

°ooscl. Uc rg2 ~ 

MB RB MA A 

307 13+!5 140 1,25 

l:i 



u. ,,11, 
10 

2 

0 

0 

200 

I 400 ... 
1"'Ai6DD 

~-t.F 

;!~ 

F, 

PHc.I6. OCIU!JIJIOrp!lMMH HaIIJ)RllteHRJI Ha~ 
9JI8KTpO,ne Uc H C8TO'!IHOro TOita 
BHXo.IJ;Horo KacK~a reHepaTopa rg

2 
(Fo - neHTpa.Jll,Hrur 'IB.CTOTa llOJIOCH 
nporrycKamrn:, pamiaJI 2P O). 

&ma10mnil renepaTop o6ecnetm:BaeT npo­
rpaMMJrpyeMue 3aKOHU H3M8H8HHJI "IaCTOTH H 
BMIIJIHTY.rtll H81IP.R:lK8HHJI Ha ~M8KTpo,ne B 
rrponecce ,noycKopeHHJI rrpoToHOB. Heaamrcrr-

MO OT 'IB.CTOTU MO~Jim.orn ycKopmanero (~aHTHOro) HBilp.R:llteHHSI ,noycKopeHHe 
rrpoucxo,rzyrT B TetJ:eHUe 0,85 rrepuo~ O.IJ;Horo tnmJ:ca. 

IlIJH rrpoBe,neHHH 8Kcrrepm1eHTOB no pacTJDKKe ITyqKa Hanpm:eHHe Ha 
~MeKTpo,ne Uc 110.n,neplKl!BaJioc1, CID+I5) KB. OrrTm.maaI.tWI pelG!Ma pacTmic­
KH IIO cpop.,e rryqKa 88KJIIO'laJiac1, B BH6ope BpeMeinmx 3aKOHOD H3M8H8HIDI 
tzacTOTU H 8MIIJIHTy,nu (pn:c.I7a,6) .nJISI o6ecrre'l:eHHSI noJIHoro sarroJIHeHIDI 

u, 
(VI 

. 

~ 

. a PHc,I7 • BpeMemme ocnirmorpaMMH BUXO.IJ;Horo 
Halip.Rl!teHIDI MO~JISITOpoB 'IB.CTOTH 
(a) If 8.MILJIHTy,nu (6), BHB8,l{8HHoro 
paCTIIDYTOro Ily'!Ka (B) H 8MIIJIHTy-,IU,l 
YCKOPJOO!lero H81IpJDK8HHSI OCHOBHoro 
~aHTa (r). 

!0 
a.~ 
0,6 

0,4 

0,2 

0 

I\, -

ll 
I 

I J 
r"I .... 

\ J I\, 

-f--: I 
-
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r:/ / if£f fif e 
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rryqKOM BpeMemr pa60TH IIpOrpaMMH ~WieK­
Tpo,na IIpH M8KCHM8JIJ,HOM KO~eHTe rrepe-
38XDaTa rryqKa. Ha IJHC.I7n rrpe,ncTaMeHa 
oc1ULJIJiorpat1Ma Bb!Be.neHHoro pacTSIHyToro 
rryqKa. JiJIJI cpamrnHHSI Ha IJRO,I7r IIl)RBe,ne­
Ha OCIU!JIJIOrpaMMa BpeMeHHoff 38BHCHMOOTH 
8MIIJillTy,nu YCKOJlllDl{ero HBIIp.Rl!teHHH OOHOBHO­
ro ~Ta. Ileplfo,n YCKOpeHHJI COCTWlJISieT 
4,29 MC, ,l{8BHanJrJI q8CTOTH 38.Il8Irlllero reHe­
paTopa 32 Itl'n, 'UlcToTa nepeaaxnaTa f(TI)= 
14,594 ~- Pa.ClllHpeHHe llOJIOCH 'iBCTOT .no 

40 ~ ll03BOJilL7IO YB8Jlll'Il'!TJ, KO~eHT nepeaaXBaTa Ha IO% H ,l{0B8CTH 
ero .no 50%.IIOCJie,Jzyli'.ll!ee yneJilI'l8HHe ,l{8BH81.tKK K YDWllr'l8HHIO K0~8HTa 
rrepe38XBaTa_He Ill)RBO,IzyIT. 

)J.mI ,n8JII,l{effmero IIOBHllle.HIDI Ko~eHTa rrepeaaxBaTa npe.nnOJiara­
eTCJI IIOBHCHTJ, H81Ip.Rl!teHHe Ha ~M8RTpO,ne H OCyI!leCTBHTJ, corJiaCoD8lm:e 
lffiCTOTHIDC H 8MIJJIRTy,IJ;HHX IIpOrpaMM OCHOmlOro YCKOP.!Dlllero ~aHTa H ~ 
9JI8RTpO~. 

11 

B aaKJimemm IIpHDO,n.lITCSI OCHODHHe peayJIJ,TaTu, IIOJIY'!8Hiru8 B ,nHO­
oepTamm: . 

. ! . Pa.cm.10Tp8HH 061!.lHe BOIIpocu 003,l{aHHSI yoKOPJIKlllRX OTpyKTyp H 
B036yitl'.,t{eHHSI BHOOKO'ISOTOTHHX KOie6aHHff _B pe30H8HOHHX CHCT8M8X pa3Jmll­
HOro THIIa H ,naH aHaJill:3 M8TO,l{OB B036yitl'.,t{eHIDI KOJie6aHHfl B YOKOPJIKlllRX 
OHOTeMax OHJU,HOTOtmHX YOKOIJRT8Jieff InIJ(JIOTpoHHoro TIUm Ha OCHOBe orry6-
JIHROB8HHHX ~HUX. 

2. Thl6paHH THIIll yoKOPSlllllHX CTPYKTYP H orrpe,neJieHH reoMeTpH'l:ecKHe 
H OOHOBHHe pa,nHOT8XHR'!80KH8 IIapaM8TpH YCKOpmlltl{lC CHOT8M 1CyrrepnirKJIO­
TpoHa11H .neflTOHHOro nHKJIOTpoHa .IlQ-I C IIOMOlljI,10 aH8JlliTH'I8CKHX pao'l:eTOB, 

3. IIpone,neHa OIITHMH38ll;HSI reoMeTIJRH ycKopm<lllero peaoHaTopa ,nefl­
TOHHoro IJ;RKJIOTpoHa Jill-I R JXiO'l8T pe30HaTopa ''cynepu1IKJIOTpoHa11 C rro­
MOlljI,D rrporpaMM CAVIT ll CAVJD. 

4. IIpoBe,neHH 8KCll8pRMeHTaJIJ,Hl:l8 HCCJI8,l{OBalillSI Ha MO,neJISIX ycKopmo­
tn,DC peaoHaTOpoB •~epuHKJIOTpOHa" H ,neffTOHHOro nHKJTOTpoHa JJU-I' . 'ITO 
crroco6cTBOBaJIO YTO'IH8HHD.1:DC xapaKTepHCTHK, 

5. Ilpone.neHH aHaJiliS H MO.l{eJIHp0BllHH8 CHOT8MH B036YJK.l(eHRSI KOJie6a­
HHl4·IIPR HOIIOJIJ,30B8HRH HeOKOJIJ,KHX ll8T8JIJ, B036YJK.l(eHHSI, 38IlllTaHHHX K8lK­
,l{aJI OT oooero yo:wmTeJISI MOII.lHOCTH, 

6. Paapa6oTaHa arrrrapa~ WISI orrpe,neJieHHJI xapaKTepRCTHK CJIOJKHl1X 
pesOHaHOHl1X CROT8M, HM0lllllfX 3H8'!HT8JIJ,HU8 pasMepu, IIpOBe,neHH llKCII8IJH­
M8HT8JIJ,HU8 HOOJie,l{OB8HHSI rrapaMeTpoB peaoHaHOHOff BHCOKO'laCTOTHOff OROTe­
Mll qJ830TpoHa OIDJH. 

?. YoTpaHeHH BJlIDIHHJl napa3.HTHblX KOHTypoB, HM8BWIDC M8CTO B peao­
HaHCHOff ORCTeMe qJ830TpOH8, Ha ·rrpo,nOJibHOe KOJie6a.Htte· pa69'l:ero THIIa. 

8. 3Kcrrepm!8HT8.Jll,HO OllTHMH3HpoBaHH rrapaMeTpu CHOTeMH CBSI3H ll pe­
]l(HM MOII.lHoro aBTOrenepaTopa B036YJK.l(eHM q_l830TpoHa, KOTOpHe IIpH 3H8'lll­
T8JIJ,HHX noTep.RX B peaoHaHOHOff OHCT8M8 (CBl.lllle IOO KBT) o6ecrre'Il'!JIH yo­
TOfl'IHBYIO renepau;Hro B .nuanasoHe ~acToT (I8,18+14,4I) MI'u IIIJH ycKopmo­
~eM H8Ilp.R:llt8Hml Ha 'IB.OTOTe 38XBaTa 40 KB, 'ITO II03BOJiliJIO ycKOpHTJ, IIpaK­

TH'l:ecrur 6ea q:El30BHX IIOTep1, llpoTOHH .no 8Heprnu 680 MaB B·peJKHMe OllUT­
HOff 8KOIIJiyaTaIJ;RH yOKOpRTeJISI. 

9. IlpoBe.neHH pao~eT H BH6op rrapaMeTpoB CHCTeMU p!lCT.R:lKKH ycKopeH­
HOro. IIy'IK8. (wumu pe30H8HOHOff JillHHH H xa6eJLlt B036yJK,neHRJI, BXO.u;Horo 

_COIIpOTHMeHHJI OHOT8MH, ,no6poTHOOTH, Heo6xo,nHMott MOII.lHOCTH reHepaTopa, 

yOJioBRfl corJiaooBaHRJI B .nuanaaoHe ~acTOT). 

IO. IIpone,neHa H~ B~-reHepaTopa Ha IO KBT K~e6aTeJI1>Hott 
MOII.lHOCTH H OllTBMR3aIJ;RJl: B~-napaMeTpOB OHCT8Mll pacTJDKKH, 'ITO ll03BOJIH.JIO 
llOJJ:y'ntTb TpeelyeMoe pa6o'l:ee Harrp.axeHHe Ha ~OJieKTpo,ne I5 KB. 

II. IlpoH3Be,neHa pacTSil!!Xa yoKopeHHoro IIY'{Ka q_l830Tp0H8 0 KO~­
IJ;li8HTOM nepe38XB8.Ta IJy'lK8. ~9JI8KTp0.l{OM ,no 50% Ha llOJIHOe BpeMSI 
pa6oTu rrporpaMMH C-aJieKTpo,na. 

15 



OcHoBHue pesyJU,TaTu ,ItHccepTamm ony6JmKOBaHU B CJie.IIYJlllHX pa6oTax: 

I. .AJremnnwff 10.f. , •.• , 3anJI8Tml E.H. H .Iq>. <I!aSOTp0H OHffif - q,HSH'!ec­
rutff nycR~ B ror.: TpYJnl IX Bceco10sHoro coBel!ISHWI no ycRope:TeJISIM 
sapnemrnx 'IB.CTHIJ; (.1Iy6Ha, I6-I8 ORTSI6p13'.'I984 r.), T.I, o.289-298, 
Olliill, Jiy6na, I 985. · 

2. rJiasoB A.A., 3rumaTHH E.H. IH6op, pac11eT H Mo,n;eJIHpoBaHHe yoRO.PJIIO­
lltlDC pesoHaTOp(>B cynep:u;aRJIOTpOHa •. - Jiy6Ha, I980. - 8 o. (ITpenpmIT/ 
06'I>e,n;. HH-T n;n;eJ)H. HCCJie,n;;: 9-80-46). 

3, fJia30B A.A., 3anJiaTHll E.H. YcROPR'.lOIIIM CHCT8M8. ,n;effTOHHOro IJ;llRJIOTpo­
Ha Jm-I. - .1Iy6Ha, I986. - 8 c. (IIpenpHHT/06'I>e,It. HH-T .a,n;epH. HCCJI8,ll;.: 
P9-86-I39). 

4. fJiaSOB A.A., 3anJiaTHH E.H., Ko"IKHH B.A., OrumteHRO JI.M. HcCJie,n;ooo­
:ime B086YJK.It8HHR MO,IteJm pesoHaTOpa cynep:a;aMOTpOHa. - .1Iy6Ha, I98I. 
- 7 c. (IlpenpHHT/06'1,8,D;. HH-T .a,n;epH. HCCJie,n;.: 9-81-682). 

5. fJiaSOB A.A., 8anJiaTHH E.H., Kot00m B.A., OrumteHRo JI,M. HcCJie,n;ooo­
:ime MO,n;eJm pesoHaTopa cynep:a;aMoTpoHa B MacmTa6e I:4.,B RH.: Tpy,n;u 
BceC0108HOro COB8018HHR no ycROpe:TeJIRM Im8RHX H cpe,n;1rnx SHeprH:ff, 
KHeii, "HaYROBa. ,n;yMRa", I982, o.I75-I77. 

6. fJiasoB A.A. , 3alIJiaTHH E.H. , MaplleHRo E.H.', KollRHH B.A., OtmmeH­
Ro JI.M. PesoH8HCHM CHCT8Ma YCT8HOBRR "<II" • .,. ,1Jy6Ha, I984. - 6 o. 
(IlpenpmrT/06M,n;. HH-T .R',ll;8J)H. HCCJie,n;.: P9-84.,.585). 

7. Eope:ceHoR C.JI., fJiasoB A.A., 3anJiaTHH E.H., Ko'IIRHH B.A., Map-qeH­
Ro E.H., OtmmeHRo JI.M., ToMltlIHHa T.H. OnHcatme BUCORO'tlaCTOTHoff 
CHCT8MU ycT8HOBRH "<I1". - .1Iy6Ha, I985. - 24 o. (IIpelipm!T/06'1,8,It., 
HH-T .a,n;eJ)H, HCCJie,It.: El-9-85-57I) • 

8. fJiasoB A.A., Sew.raTHH E.H.·, Ko'IRHH B.A., Map11eHRo E.H,, OmruteH­
xo JI.M., Ilepery,n; B.H., XaPJiaMOBa M.H. YcKOpsm!l8Jl CHOTeMa cp3s0Tpo­
Ha OHffif. B RH,: Tpy,n;u IX BcecomsHoro COB811!8HHSI no YCROpe:TeJIRM sa­
pmgeHHHX 'llaCTHU (.1Iy6Ha, I6-I8 OKTSI6p13'. I984 r.), T,I, c.320-323. 
OHffif, .1Iy6Ha, I985. 

9. fJiasoB A.A., 3a1IJiaTHH E.H., Ko'IKlm B.A., Map11eHKo E.H., OmmteH-
KO JI.M. HccJie,ItOBaHHe B086ylK,It8HHSI BUCOKO'lSCTOTHOfl CHCT8MU yCT8HOB­
KH "<II". - .1Iy6Ha. 1984. - 5 c. (IlpenpHHT/06'1,e,It. HH-T .a,n;epH. HCCJI8,It,: 
P9-84.,.586). 

IO. fJiasoB A.A., 3anJiaTHH E.H., KopJieeB E.E., KotDtHH B.A., Map'leH­
KO E.H'., OHHl!leHKO . .ll.M. C-MeKTpo,ll; YCT8HOBKH "~". - .If.y6Ha, I982. 
- 8 c. (IIpenpmrT/06'1,e,ll;. m1-T .ff.It8J)H. HCCJie,n;.: 9-82-IID). 

II. rJiasoB A.A., SanJianm E.H., Ko'IKHI! B.A. HcCJie,n;oBaHHe oo:i6Y7Jtemm 
. CHCTeMH pacT.lllKIW ycKopeHHoro ny'IKa ycTaHOBRH "~". - .1Iy6Ha, I983. 

- 7 c. (IlpenpHHT/06'1,e,ll;. HH-T .a,n;epH. HCCJie,n;.: 9-83-144). 

PYltOimCl> IlOCTyimJia B JIS)!aTeJU,CKll/;l: OT,ll;8JI 
28 HOR6PR'. I986 ro,n;a. 

1<1 


