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Aif~YAJibHOCTh ITPOEJIE:,!Ll. Co nneMeHn sarryCim cimxpo,:pasoTnoHa 
O!ilifrl r-ra IO raB BBeneHH B CTpOH 6oJiee COBenmeHHble rrroTOHHHe CilHXpO
TpOH!l B Haruefi CTpaHe ( Ii)B3) l1 sa py6eJKOM ( FUAL ll IQ.). CllcTeMaTn
-qeciwe IIOBil!lleHne llHTeHCllBHOCTl1 YCROpeHHWC '!aCTllII - OI!Ha ll3 CaMHX 
aRTYa.rrI,HiiX sana'<, perueHJle ROTOpoft MO.lKeT oCiecne'!IlTI, BhlCORHii YPOB6HI, 
nponen:e1rnsr ;)l13l1'!6CI<HX l3RCIT8PllM8HTOB. Il 3TllX YCJIOBI1SIX Tpe6yeMira 
YPOB8HI, n:JiiI rrnoneneHnsr ~ll3W!eCRllX 3RcnepnMeHTOB MOY.GIO OCiecrre'II1TI, 
JIJillIIT, npn IIOCTORHHOM YJIY'Iill6Hllil napaMeTpOB cnmroopaaoTpOHa. Ocoeioe 
M8CTO saHnMaeT snecI, IIOBhl!lleHne illiT6HCJ;!BHOCTil IIPOTOHHOro XJYl!Ra. 

YcRopeHne Ha cnruroocpasoTpoHe n:ettTennsr rroJioJK~Jio B OWIM Ha'Ia
Jio HOBOMY HaY'!HOMY HanpanJieHnro - peJIHTllBllCTCROH srnepHOft ~il3HRe. 
Orm:aRO no,ny-qeHne rry-qRoB ycRopeHHI,IX srnep yrJienona, xncJionona CTaJIO 
pea.m,Hl,1114 JIJillIIF, IIOCJI6 sarryc:i<a HOBoro HRlKEH~Topa c1iaxpo:paSOTPOHa . -
TTPOTOHHOI'O JIJIBeiiHoro yc1<0piiT8JIH Ha 20 MaB - JIY-2O. B 8TOM CJIY'{ae 
rrpn YC:i<O!)eHill1 Enep Jiernnx SJleMeHTOB H~ BTOl)Oll E:paTHOCTl'I .npeilif)a 
3Henrnsr llHlK6RTnpyeMb1X '!aCTilII l;lO3pOCJla C 2,25 no 5 MaB/HYRJIOH. On
Ha.KO crreun~nRa YCROneHnR srn:ep JI8rRilX aJieMeHTOB B JillHe:!h!oM llPOTOH
HOM YCRODllTeJie orpaHH'IilBaJia l1X llHTeHCllBHOCTI,. JJ.rn:r ITOJIY'I6HHH.MaR
Cl1Ma.Jll,HOii IlHTeHCHBHOCTll YCROP6HHhlX -qacTllll Heo6xonllMO 6wro neTaJII,
HO H3Y,IIlTI, Il TI11aTeJII,JIO corJiaCOBaTI, ny-qRlll rrpOTOHOB fl srnep JI6I'KllX 
aJieMeHTOB Ha Bxone JIY-20, a TaRJKe Ha BXone,cnffXPo:paaoTpoHa. 

COCTOHH!1E BOIIPOCA. B onyeiJinROBaHHblX no HaCTOHmero Bper,ieHn 
pa6oTax, TTOCBRill6HHhlX BHCORQ<raCTOTHOMY (Btr) BO36yJKneHnro nesoHaTona 
n ITOBblll!eHillO llHT6ijCllBHOCTil YCROpeHHblX <racTllll, OTDaJKeHO Ma.JIO npo6-
Jl6M, BCTpeTllBlllllXCH IIp:0 pasna6OTRe ll HaJiaJ)lce BlI...ycTpoikTB JIY-20 n 
COTJlaCOBaHnn rrytJRa I!pOTOHOB Il srnep B JIIIB8:mIOM YCROPHTeJie. 

IlEJTh PAiiOTH. lleJII,JO HacTomr1eii nnccepTaun11 RBJIHeTCH o6o6meHne 
pe3yJII>TaTqB na6oTu no 3tI-nos6yJKneHnJO pesoHaTopa, no yneJI~eHnro 
HaneJKHocTn BTf-reHeriaTopon, pa6OTlllOil1llX :a cocTane JIY-20, no corJia
coBaH11ro IJY1ll{a rrpoTOHOB n srneD JierRnx aJieMeHTOB Ha BXone .IIY-20 n 
corJiaconaHmo ITJ'IRa Ha Bxone cnwepopasoTPOHa, rrrynnenmeii ~ 3Ha'!ll

TeJII,HOMY ITOBHll!eHmo IlHT6HCMBHOCTn t{aCTllU. 
HAY1IHA.H HOBffiHA. 
I. B1I-Bos6yJKneHne resoHaTopa rrnoBeneHo crroco6oM, paaee He 

BCTpe<raBillilMCSI Ha JI'.f. Ilpn llCllOJU,3OBaHllil aBTOI'eHePaTopa C IIOJIOlKll
T8JI1,HOTT o6~aTHOfi CM3I,JO <renes pesoHaTop nnnMeHeHa cxeMa c sanaro-
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!l1l1M reHepa.TOPOM n,JUI rron:aBJieHITJI De30HaHCHOro BI,lCOKOtJaCTOTHOrO '.la3-
pima (PBP). '-IacTo·ra sanaIOutero reHenaTopa m,1Je tJaCTOTH nesoHaTona 
Ha 4/~IOO KI'u non tJacT~Te pesoHaTopa ./,, = I45,0 :.rru n n:o6-
poTHOCTl1 Q = (35+40), IO • 

2. Tamite n.'L'l rron;aBJiemm PBP rrpnMeHeHa n:orrom1v.Te.1U,HM c11cTe
Ma odpaTHoli cBJis1: c ycnJinTeJieM, 06ecrretJ1rna.IOmrui: Heo6xon:m,zy-ro KryTB3-
HY Har.acTaHl1!'! BTI-:-HaIInJIJKeHn!'I -B pesoHaTope Ha ynoBHe tt,..a~ ~b, I U,.""'. 

3. ,IT.ru:r YB8Jill'!8HUi'I Hal!8lilHOCTl1 pa60TH JIY-20 llCIIOJII,30BaH1! UB8 
rreTJIU n MOCT cJioJKeunR B uerrn rroioJKnTeJII,HOH o_6r,aTHOH CBR311 anTore
HepaTopa, 06ecnei:rrmruou111e 3aIUl1TY ycTaHOBK11 no B!1C::OICOif -,mcTOTe OT 
riepemiripRlKeHnfr non rrpo6oRx B r,esoHaTooe, . ii. Tar,JKe rrosBOJ'.JilOIUlle -60-
Jiee YCTOfurllBO-B036yn:11TI, D830HaTop Ha,HYJKHOM Tll!Te KOJie6aHll!'I 
C-TMorn )'. .. 

4. CncTeim 113 n:BYX rreTeJII, 11 MOCTa CJIOl!teHU!'I rtpl1M8HeHa T(JI!'I 

3aIUl1TH B~...reHepaTODOB no aHOJUIPMY HannRJKeHlllO rrpu rrpo60!'IX B neso
HaTope. 

5.·CorJiaCOBaHl1e TIYtIRa !'Ill8P JI8rKl1X 8JI8M8HTOB Ha Bxon:e rrno
TOHHOro Jil1Hemtoro YCKON'lTeJI!'I OCYl!l8CTBJI8HO l1HlK8KUl18H !'IlI8P B 1JJ8CTOU 
YCKOP!'IID!l1llfi sason. 

TIPAKTif-IECKOE 3HA ~mIB. 
I. Ha OCHOB8 IIJ18llJ!OlK8Hl1V., l13JIOlK8HHHX B nnccepran1111, \ihlJil1 

paspa6oTaIIbl 1111sroTOBJI8Hbl B~-ycTnoil:cTBa; KOTOphle BRCTIJIYaTl1DYIDTC!'I 
B COCTaBe 11Hl!t8KUl10HHOro ROMTIJieRca JIY~20, !'IBJI!'IIDIU8roc!'I l1HlK8KTOpOM 
cnHxro1j)asoToona mtqrr. PesyJII,TaTb! aRcnepnMeHTaJII,HhlX n:aIIHI1X xonomo 
corJiacyroTC!'I C pactJeTHl,IMll napaMeTpaMll 11 ITOllTBODl!tllaIOT nnaBllJII,HOCTI, 
pactJeToB n pernem,ft, 113.JIOJKeHHblX B nnccepTamrn. 

2. 3Tll pesyJII,TaTbl MOryT 6h!TI, 11CIIOJII,30BaHbl npn npoCRTl1pOBa
Hllll HOBHX ycROT'l1T8Jieft ,l'l ;rnn MonepHll3allllll ll8HCTBJlOll111X. 

AITPOEAUMH PAEOTH. Ony6Jil1ROBaIIHb!e na6oTH, Ha ocHonrurnn RO
TOphlx HanncaHa IJ;llCCepTaUn!'I, ·. lIORJiallblBaJIHCI,. n o6cyl!tUaJillC1, Ha ce-

. MHHapax OT rr,eJIOB, o6CJ;yllUJBa.IOIUilX YCKOT)l1TeJII, JI33. 
f!YEJI\'l!{AJI:IT1. IIo pesyJI1,TaTru11 BblIIOJIHeHHhIX HccJien:oBaIIHfi ony6.,1n

KOBaHO 8 pa6oT H no.JIYtJeHO OIJ:HO aBTOPCKOe CBl1IJ:8T8JII,CTBO • 
OE'hEM PAEOTU. ,UncceUTaUHOHHM pa6oTa H3JIO%eHa Ha 70 cTpam:

uax MarriHHOITl1CHOro TeRCTa, ll.JJ.JIKlCTp0pOBaHa 38 p11cyHKru1rn, COCTOl'.T J13 
BBen;eHn!'I, 4 rJiaB, 3aKJIIDt{8HJ1!'! H CII0CKa IlV.THpyeMOM Jil-lTepaTYT'H ll3 49 
HallMeHOBaIIHH Ha 5 CTDaHHuax. 
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CO.llEPlKAIDIE PAEOTH. 
Bo BBeneHl111 IJ:aHa o6mrui: nocTaHOBKa san;atJl1 IIOBblill8Hl1R l!HT8H

Cl1BHOCTl1, HaMeqeHH nyTH pemeHH!'I rJiaBHOtt npo6JieMH l1 KpaTF.O l13JIO
xeHH pesyJII,TaTbl HCCJien:oBaHHtt l1 pemeHl1H. 

B rrepBott rJiaBe II]Jl1B8nE)H Iql8TKl1tt o6sop MeTOIJ;OB 60pI,6ll C pe
SOHaHCHblM BllCOKOtJaCTOTHb!M pa3pJU{OM (PBP}, KOTOplitt rrpeI(CTaB.IDieT 
8Ha'tll1Tem,m.e TPYIJ:HOCTB rrp:1! B1l~s6yxn;eHHE pe3oHaTOpoB, HaxonmitHX
CR B BaRYYMe ~ ro-6 Top, oco6eHHo, ecJIH :aaxyyMHblft o6LeM OTKaqB
BaeTcR MaCJIIIHb!MH BllCORO:arucyyMHhlMl1 HaCOCaMH. B onuope30HaTOpHOM 
JIY rrpHMeHeHHe aBToreHepaTopa C o6paTHOtt CBR3I,ID tJepes pe30HaTOT) 
JmJI!'IeTcR npen:rrotJTHTeJII,JmM, Ha JIY-20 npliMeHeH TpeXKacKamrntt reHe
paTop c o6paTHott CM3I,ro tJepes pe3oHaTop. JJ,mi: rron:aBJieHll!'I PBP rrren
JIOJKeH, 11CCJI8IJ:OBaH l1 BHe~peH MeTOI( C rrp11MeHeHl1M sanruomero reHepa-. 
Topa, tJaCTOTa KOTOporo Bblille tJaCTOTll pe30HaTopa Ha 4./ ~ IOO KI'u 
npl1 tJaCTOTe pe30HaTopa ./p = !45,0 MI"n ll no6pOTHOCTl1 Q = 
(35+40).ro3• 3To no3BOJil1Jio 06ecnetrnT1, ~BoeBpeMeIIl!hltt sanycK JIY-20 
ll nOJIYtJllTb r,CtJ8THble napaMeTpbl YCKOpeHHHX tJaCTllil Ha BXOIJ;e CHHXJ)0-
1a30TpOHa / • . . 

IlpH TpeHllpOBKe pe30HaTopa IlOCJie BCKpllTl1!'! BaKJYMHOro o6~eMa 
JIY llJill nocJie nepeJ)blBOB B pa6oTe B03HHRaDT rrpo6on Bti.Harrp!'IlKeHll!'I B 
pesoHaTope, KOTopue Bhl3HBaIOT rrepeHan])JD!teHl1!'! B reHenaTope, 1nnepe, 
8JI8MeHTax CB!'I3!1 ll T,I(. )J,mi: IlOBhll!leHl1R Han:eJEHOCTll pa60Tll Blf-reHe
paTopoB 6Wia npen;roxeHa, pa3pa6oTrui:a n BHe:npeHa cHcTeMa rroJioxn
TenHoff o6paTHOtt CB!'I3ll, COCT~WI l13 IJ:BYX neTeJII, B pe30HaTope l1 
MOCTa CJIOlleHll MOIItHOCTeff / 2 ,3 , 3Ta cXeMa Il03BOJI!'IeT YCTO:lttrllBO 
B036yn:HTI, pe3oHaTop Ha OCHOBHOtt Moue TMoro· Tamui: Cl1CT8M!l TaKJKe 
o6ecneq;iBaeT 6ucTponettcTBl1esam11Tbl rrpl1 npo6oRx B pe3oHaTope. Bpe
MJI cpa6aThlBaHl1R saml1TH orrpen:eJUieTcR rrpoxoxn:eHneM cllraaJia none
IIBM IIOJIOl!tllT8JII,HOtt o6paTHOtt CB!'I3ll l1 COCTaBJmeT (n,JUI JIY-20) He 60-
Jiee ~0,4 MRC. Ilono6Ha!'I xe CllCTeMa, l1CIIOJlI,3JlO!l1M pa3HOCTHl:IB Cl1r
HaJI C MOCTa CJIOl!teHll!'I, np11MeHeHa n,JUI CH.!ITl1R'aHOIJ:HOro Hanp!'IlKeHllR C 
BtLreHepaTopa np0.npo60RX B pe3oHaTope, T,K. rutonuoe HanpSillteHne 
Ha BtJ:-reHepa-rope 6e3 BtJ:.,.c11rHaJia (ecJill YCJIOBl1!'! CaMOB036yxn;eHl1!'! Ha
pymaJOTC!'I) MOllteT BH3BaTI, CB1I-reiiepan11ro MOIItHblX pan:l1oJraMn. 

BtJ-reHepaTop OTn:aeT B pe30HaTOP JIY-20 OKOJIO 3 MBT MOIItHOCTll, 
IIp11 B;OMTOK IIpOTOHOB paBeH !5 MA. Pa6oTa BtJ:-reHepaTopa B npe
Il;8JII,HQM pel!tllMe Bll3!IBaJia npo6oll B MOlllHHX pan:lloJiaMTiax, MOIJYJISITOpe 
ll T,I(. JJ,mi: yBeJilltJ6Hll!'I Han:eJKHOCTll pa60Thl JIY-20 ll Cl1Hxpoqia30TpOHa 
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B lleJIOM rrpoBeI(eHo CJIOJKeH11e BT.J:-MOl[lHOCTe.ii I(Byx reHepaTOPOB (BTopo.ii 
reHepaTop peaepBH!:ili) B peaoHaTope JIY-20. Ha p11c. I rrp11BeneHa 
6JIOK-CXeMa CJIOlK8Hl1.H MOillHOCTeil, rne 0603HatJeHH: Yer 11 Yen - yc11JI11-
TeJIIJ MOillHOCT11i MOCT CJIOJK. - MOCT CJIOlKeH11R MOlllHOCTe.ii; MOCT n;eJieH.
MOCT I(eJieHim MOlllHOCTeil; YU - YCHJIHTeJII, rrpeI(BapHTeJII>H!:ili; H - Ha
rpyaKa ?5 OM; <I>B - cpaaoBpru11aTem.. 

B I(11CCepTal\1111 J1!)0BOIJ;11TCR cpaBHeHv.e MeTOI(OB CJIOJKeHilR MOII1-
HOCTeil. BT.J:-MOlllHOCTI, CYMM11pYeTCR B peaoHaTope JlY-20. :3JieMeHTH C11C
TeM!l CJIOJKeH11R 6H~H CMOHT11pOBaHH BO BpeMR npO(l)HJiaKTHtJeCKHX OCTa
HOBOK YCKOpHTeJIR. :3TO II03BOJIHJIO IIOJ!YtJ'.11TI, B peaoHaTope OKOJIO 4,5+ 
+5,0 1IBT 11 IIOBhlC11TI, TOK rrytJKa npOTOHOB Ha BllXO!le JIY-20 I(O 25 Mj\. 
eJIOlKeHHe BT.J:-MOI.JlHOCTefi TaKJKe II03BOJIReT IIOJIHee HCITOJII,30BaTI, pecypc 
MOI.JlHllX panHOJiaMII, OTpa6oTaBilJHX cpoK c.nyJK6bl 11 IIOTepRBllIHX HOM11HaJII,
Hhle rrapaMeTpH 141. 

,ll;Jm rronaBJieH11R PBP Ha JlY-20 6oJiee Ha!leJKHofi B·3Kcrr.nyaTal\HH 
OKaaaJiaCI> CXeMa C !l0IIOJIHHT€JII,HO.ii o6naTHOli CM3I,ID (nOe). Ha aBTO
reHepaTOpe BKJIJOtJeHO !(Be uerrn IIOJIOJKHTeJII,HO.ii o6paTHO.ii CBR3H. -OCHOB
HOe KOJII,UO nae OXBaTh!BaeT Tpll KaCKaI(a YC11JIHTeJIR MOlllHOCTil. e11cTe
Ma nae, BKJIIOtJ8.J0!11M eme TpeXKacKaI(Hhlfi rrpeI(BapHTeJII,HblH YCilJI11TeJII>, 
06ecrretJ11BaeT Heo6xonl-lM!:ili <IipoHT HapacTamm BtI-.HarrpRJKeH11R B reao
HaTope Ha YPOBHe-¼-BP"'O,I UHl)M,. • np11 3TOM HaIIp.ltlK£:HHe C ll€TJIIl B 
peaoHaTope noJIEHo 6h!TI> paa B !0+20 6oJII>me Toro Harrp.ltlKeHHR, KOTO
poe He06XO!lllMO Ha Bxone YCilJIIlTeJIR B ycTaHOBHB!lleMCR peID1Me. Korna 
Up6 p rrpo.iineH, aHO!lHOe Hanp.ltllteH:0e c rrpeI(BapHTeJII>Horo ycHJI11TeJIR 
CHilMaeTCR 11 nae BhlKJIJOtJaeTCR, B JIY~20 PBP pa3BilBaeTCR, B OCHOBHOM, 
B IIepBh1X JCKOpmotnHX aaaopax, II03TO!vW IIeTJIR nae JCTaHOBJieHa B KOH
ue peaoHaTopa. 

rJiaBa 2 IIOCB.fill(eHa BOllpOCa.M corJiaCOBaHilR rrytJKa tJaCTilU 113 
(l)OpJJHJKeKTopa co BXO!lOM JlY-20. 

Ilpn ycKopeH11Il R!lep JierKHX 3JieMeHTOB C OTHOmeHHeM aapRna K 
Macce .i!./M = I/2 Ha BTOPOli KpaTHOCTil npeiiipa B IIJlOTOHHOM JIIlHeil-
HOM YCKOpHTeJie CKOpOCTI, Rnep I(OJDKH8. 6h!TI, paBHa ~ = )1~2. 
EM SToro HaIIpRJKeHile Ha ~OpHHJKeKTOpe YMeHI,illaJIOCI, BI(BOe, tJTO yxyn
illaJIO xapaKTepHCTilKH rrytJKa R!l8p Il ero IlHTeHCilBHOCTI,. MrulteKI(IlR RI(ep 
B mecTO.ii YCKOP.Rl0111Il.ii aaaop ll03BOJIHJia pa6oTaTI, rrpll HOMilHaJII,HOM 
Harrp.ltlKeHilll Ha (l)ODllHlKeKTOpe. :3TO ItOCTilrHYTO YCTaHOBKO.ii MeTaJIJIH
tJeCKO.ii rreperopOitKil B HatJaJII,HO.ii tJaCTll peaouaTopa Ha MTO.ii Tpy6Ke 
npeil<Iia, B MaJIOM OTCeKe peaoaaTopa B~-IIOJie OTCYTCTByeT. KBanpy-
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IIOJII,HHe JIIlH3H rrepBHX Tpy60K n:peiiipa o6ecrretJHBaIOT Tpa.HCIIOpTilpOBKY 
rrytJKa mi;ep B rnecToit ycKon.RJOII1Hit aaaop. IInoBeneHHM uouepm1aamm 
HatJaJII,HOfi tJaCTil pe30HaTopa JIY-20 II03BOJIIlJia yBeJIIltJilTI, 11HTeHCilB
HOCTI, uefiTep,m B 3 paaa, ~ -tJacTITTl B 5 paa / 5/. IIp11 rrepexoue 
Ha ycKopea:0e rrpoToHoB Tpe6yeTcR ca:0MB.TI> MeTaJIJilltJeCKYD rreperopon
KY· 3aIIHTKa OTC8Ka peaoHaTopa BT.J:-MOIIlHOCTI,IO, tJT06H ypoBeHI, Il ~aaa 
BT.J:-HarrpRJKeHHR cooTBeTcTBOBaJIIl ycJIOB11IO, Korua rreperopoitKa OTCYTCT
ByeT, II03BOJIHT OCYII1eCTBJIRTI, onepaT11BHH.ii rrepexon ycKopeHI1R C Rrtep 

Ha npOTOHH, 
,ll;Jm npOI(OJII,HO.ii rpyrrnHpOBKH tJaCTilll 6h1JI pacCtJilT~6 CKOHCTPYil

poBa.H u naroToBJieH rpyrrnnpoBaTeJII> KJIHcTpoHHoro Tuna I. 3axBaT 
tJaCTHU 113 HCTOtJHilKa B cenapaTpilcy B03poc C 25+30% I(O 50+60%. 
rpynnilpOBKa tJaCTilll onpeueJIReTCR I(BYMJl OCHOBHHM11 rrapa.MeTPaMH: pac
CTORH11eM oT rpyrrn11poBaTeJIR no nepBoro ycKor,mornero aaaopa v, sqxpeK
TilBHO.ii aMIIJillTYI(Ofi HarrpRJKeHl'lR Ha aaaope rpynnHpoBaTeJIR. no KOHCT
PYKTilBHHM oco6eHHOCTRM rrapaMeTPh1 rpynmipOBK11 6.JUl3KH K OIITHMa.JII,
HHM rrp11 YCKOpeH11Il IlpOTOHOB 11 HeOrrTHMa.Jll,HH IIP11 ycKopeHHH Rrtep 
JierKHX aJieMeHTOB. PacnoJioJKeHne rpynrr11poBaTeJIR·BH6pa.Ho B TaKOM 
MecTe HOHOIIpOBOI(a, rne n:ytJOK .11MeeT ii11aMeTp 100 MM. -Pac"<IeTH IIOKa-
3aJIH, tJTO ~aKTOP BpeMeHH npoJieTa Ha OCH rpyrrn11poBaTeJIR paBeH 
0,I, a Ha KpaIO arrepTypH 0,9. Ko~WJ11uHeHT rpynn.11poBKH Becr,Ma He
on:11HaKOB Ha IIJioman:0 anepTJpH: Ha ocH = I,2?, a Ha KpaIO arrepTYPH= 
= 2,54. EM yBeJIHtJeHilR WaKTopa BpeMeHH rrpo~eTa Ha 0011 anepTypu 
YCTa.HOB.JieHH ceTKH B rrpoJieTHOM OTBepCTHil. IIpoapatJHOCTI, ceTOK paB~ 
Ha 0,99. rpynn11poBaTeJII, yBeJilltJ11JI HHTeHC11BHOCTI, YCKOpReMHX tJaCT.11U 
B !(Ba pasa. Ha BHXOI(e JIY-20 UOCTHrHYTa l'IHTeHCl'IBHOCTI, nytJKOB 

IIpOTOHOB 50 MA, 
ne.iiTpOHOB IO MA' . 
J -'<aCTHU I MA 

rrp11 IJ,Jl.11TeJII>HOCTl'I IlMITYJII,Ca TOKa ..., 600 MKC. 
rJiaBa 3 rrocB.fill(e'a Bonpocy corJiacoBaHHR n:ytJKa '!aCT11U Ha 

BXO~e CHHXP~a30TPOHa ?,B/. PaaMepH BaKYJMHOtt Ka.Mepu C11Hxp~aao
TpOHa II03BOJI.RlOT llp0BOI(I1TI, MHOroo6opoTHYIO HHJKeKI(.11IO tJaCTl'lll B KBB.3H-
6eTaTpOHHOM pel!OOl!e. ITpil 3axBaTe B C11HXJlOTPOHHHfi pelK11M 11 npl'I ItaJII>- . 
He.iimeM ycKopeHl'IIl IlOTepil tJaCTHU BO MHOrOM onpeneJIRIOTCR TaKJKe aHep
reTHtJeCKilM crreKTpOM rrytJKa. JI;m o6ecrre'!eH11R Ml'IHHMJMa ITOTepr, B 
CHHXpoTpOHHOM pellU'IMe He06XOI(l'IMO coa~aTI, TaKl'le yc~OBilR HHlKeKI(l'll'I 
rrytJKa B KB.Mepy, IIPH KOTOpb!X ero 6eTaTpOHHHe KOJie6aH11R 6wrn 6u 
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MMHllMa.J;bHLlMH. Ta.KOH peJKHM HHlKeKntrn 06ecrretr1rnaeTCJt rrpll yBeJintremrn 
aHeprnn traCTllU Ha Bxone CllHxp<Ypa30TPOHa COOTBeTCTBeHHO pOCTY ero 
MarHllTHoro no.JIJt C OllHOBpeMeHHHM' YMeHI,llleHlleM MrHOBeHHoro :mepreTH
trecKoro pas6noca TIYtfKa. 

IloKa3aHO ractreTOM ll 3KCnepllMSHTa.JII,HO nonTBepJKneHO, "ITO llH
JKSKUllJt B CllHXpoipasoTpOH Ha op6llTY, OTCTOJtUzylO OT llHipJieKTOpa Ha 
raccTOJtHHH 100+200 MM, naeT MaKCllMa.JI1,HlIB 3axBaT B RBa3ll6eTaTpOH
HllH peJKllM. MaKCllMa.Jll,HIDf 3aXBaT B CllH:xpOTpomruil pelKllM OCYilleCTBJIJt
eTCJt lJ,JJ./I traCTllU, 6eTaTpOHHHe ROJie6aHM ROTOpb!X COCTaBJIJtIOT 100+ 
150 MM. YcTpoHCTBOM, YMefillllaIOlllllM crreKTp :meprntt "!aCTllU B crycTRe 
ll MOnyJillpYIOlllllM 3Heprnro qacTllU sa BpeM:ll MHlKeKUllll, JtBJIJteTCJt BI:lpaB
HllBaTe.m, ll MOny.JIJtTOp :meprlln (pasrpyrrm1poBaTSJII,)'. B03MOJKHO COB
MemeHlle 3TllX iJ)YHRUllH B OllHOM ycTpOHCTBe. 0CHOBHHM Y3JIOM pasrpyn
nupoBaTe.JIJt JtBJIJteTcJt pesoHaTop. PesoHaTop pacnoJIOJKeH Ha raccTOJt
Hllll 9 M oT Buxona JIY-20. AMrr.JinTYna ~ 1asa B~-HanpJtJKeH»Jt rron6npa
IOTCJt TaKI1Mll, tfT06bl npHpameHHJt 3Heprnn traCTllU YMeHI,IDaJITI 3HepreTll
trecKMH crreKTp TIY'{Ka. HsMeHJtJt ~asy B~-a:anpmKeHMJt B pesoHaTope, no
JIYl!llM YBSJIMtreHMe cpenHeii 3Henr1rn rry"!Ra sa Bper.m llHlKSKUllll. Ha 
pllC. 2 ll306paJKeH rrpouecc OllHOBpeMeHHoro BblT1aBHMBaHllJI cneKTpa ll 
MODYJIJtUMll aueprnn lJ,JJ./I npoTOHHb!X,CrJCTROB c Hatra.JII,HIJM ua36DOCOM 
llMIIYJil,COB _, P/P = ± 0,4%. 

AMnJinTyna Ham,JtJKeH»Jt Ha llle.Jill pesoHaTopa 300 RB, qiaaa HaJIM
JKeHM Il3MerureTcJt OT -60° no +60°. PaarpyrrnllpoBaTe.JII, C COBMemeH
Hb!Mll ~YHKUllitiu1 06.JianaeT HenocTaTRaM»: rrpn ycKopeHMll itnep Jiernnx 
3.JISMSHTOB Ha JIY-20 Bb!paBHllBaHEe ll MOI(Y'JIJtUllJt 3Henrirn traCTllU ocy
mecTBJIJteTCJt Tel.I .lite pesoHaTOpOM. Trucoii pelKllM PHJKSKUHM B CTIHxpo
@asoTpOH IT03BOJIJt8T yBeJIHtfllTI, llHTSHCllBHOCTI, TIY'{Ka qacTMU B 2.;.3 
paaa (no cpaBHeHlllO C pelKllMOM 6ea MODYJIJtllllll 3Heprnn sa BpeMJt llH
.llteRUllll ll BblpaBHllBaHMJt 3Heprnn traCTMU B cryCTKe). 

PactreT ITORaaimaAT, 'ITO na.JII,Heiirnee yBeJintreHne aqxpeKTllBHOCTll 
llHllieRUllll ITpoTOHOB ll itnep Jiernnx 3.JieMeHTOB B03MOlKHO npn ncnOJII,30-
BaHllll CllCTeMU, COCTOJtllleil M3 Tpex peaoHaTopoB. IlepBuii peaoHaTOP, 
pacIToJioJKemruti HenocpencTBeHHo Ha BHXone ~Y, no.rniteH ocYillecTBJIJtTb 
MODYJIJtUll!O 3HeprMM rryTeM ll3MeHeHllJt <pa3b! Harrp.lI.lKeHM.ll Ha ero me.JIM. 
BTOPOH pe30HaTOp, pacnOJIOJKeHHl,lii Ha pacCTOJtHMM 9 M, 6yneT CYJKaTI, 
paa6poc no MMrryJil,CaM Rnep JierRllX SJieMeHTOB. TpeTMH pe30HaTop, 
OTCTOJtlllllH Ha 15 M, 6yneT CYJKaTI, paa6poc no MMrryJil,CaM n.JIJt ITpoTO
HOB. Ilpll Mcno.m,3QBaHMll Ta.KOH CllCTeMH 3W~eKTHBHOCTI, llHJKeKUHM 
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ITPOTOHOB BosnacTeT Ha 30+50%, a Rnep JierRllX 3JieMeHTOB - ImllMSDHO 
B 2 paaa. 

B~-YCTPOHCTBa Bi'\lecTe C KonneRUlleM MarHHTHoro ITOJIJt ycKONiTe
JIJI n03BOJillJill nOJij"!llTb Ha CllHXDO'pa30TpOHe 0l1}!H CJISllY!OlllMS llHTeHCPB-
HOCTM: 

ITDOTOHOB - 4.1012 B unKJie 
n~ftTpOHOB - 3. 1011 ' 11 

~-traCTllU - 2.1010 " 

yrJiepona - 2.106 " 

B lY rJiaBe IlpllBOnllTC.ll onucaHHe Bll-ycTDOHCTB JIY-20, B cosna
HHll H Ha.JianKe KOTOpb!X aBTOp npruraMa.JI Henocpe~CTBeHHOe ytraCTXe. 

3AK.III01IBIIlIE 

OCHOBHble pesy.m,T,aTbl npoBEineHHoii pa60Tbl MOJKHO KpaTKO C'PODMY
JillpOBaTI, cJienyromnM o6paaoM: 

I. Orrpo6oBaH ll BHenpen MeTon nonaBJISHllJI peaoHaHcHoro BHCOKO
traCTOTHoro naspRna B peaoHaTope ]Y-2o·no cxeMe c nonoJIHnTeJibHHM 
sanB.XlljllM reHepaTO~OM' traCTOTa ROTOporo 60Jib11le ·ua roo RI'u traCTOTll 
peaoHaTopa. EJiaronapR aTOMY B ~eaoHaTop Jri-20 BBenena J~-MOlll
HOCTb ll no.Jij"!eH Tpe6yerv!Hll ITO napaMeTpaM TIY'{OK YCKODeHHhlX qacTHU. 

2. Paspa6oTaHa CllCTeMa aamnTU Bq-reHenaTODOB no BHCOKOM 
~acToTe npn rrno6ori B pesoHaTone, COCTOJtlllM ll3' UBYX rreTeJII, H MOC
Ta CJIOJKeHll.ll noJIOlKllTeJII,HOH o6naTHOH CBJt3ll. BucTnonetiCTBlle naspa6o
TaHHOil: cncTeMH aamnTH ormene.JIJteTCR rrpoxoJKneHneM cllrnaJia no ueITJIM 
o6paTHOti CB.ll3ll ll COCTaBJIJteT ..... 0,4 MKC. Ta.KM iKe CllCTeMa ITpP.Menena 
nJIJt 3alllllTH Bq-reHepaTOpOB ITO aHOUHOMY HanpJilKSHP.~ npll ITDOOORX B 
peaoHaTope. BHenneHlle cucTeMH aalllHTLI rrosBOJIMO ycTowrnBo B036Y
nnTb pe30HaTop Ha OCHOBHOM ROJie6aHllll Tf,1010• HOBHCllJIO nanelRHOCTI, 
pa60Tbl B~-reHenaTonoB H YCRODllTe.JIJt B ue.JIOM. . 

3. IlpoBeneno CJIOJKenne BtL.MOlllHOCTeii nBYX reHenaTODOB, 'ITO 
YBeJilltIMO Bq .. 1,mIUHOCTI, B pe3oHaTone ]Y-20 no 4,5+-5 MBT. TOR nytrKa 
llpOTOHOB B03poc no 50 MA. CJIOJKSHlle Bq-MOlllHOCTeti npll n.JillTeJibHOCTM 
llMrryJibca 1000 MKC o6ecnetrMJIO 60.Jiee JierKnfi neJKMM pa6oTu B~-reHe
paTopoB, YBeJIH"IllJIO nanelRHOCTI, pa60TH ~Y-20. 

4. Paspa60TaHa H BHenueHa CllCTeMa nonOJIHllTeJII,HOH o6paTHOH 
CB.ll3M lJ,JJ./I rronaBJieHll.ll PBP. Ha aBTOrenepaTope BRJIIOqeHu nBe CllCTeMU 
IlOJIOJKllTeJil,HQM o6paTHOH CBJt3ll. J{onoJIHHTeJibHM CMCTeMa o6paTHOH 
CB.ll3ll o6ecnetrnBaeT HS06XOnHMYIO KPYTll3HY ~pOHTa HapacTaHll.ll B~-
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HarrpJDKeHM Ha ypoBHe Upsp-0,I UHoM . TaKM cllcTeMa .flBJIJieTc.fl 

6oJiee HaneJKHOH B 8KCIIJJYaTaUllll YCKOpllTeM. 
5. Ilpe~oJKeHa, pa3pa6oTaHa ll ocymecTMeHa llHJKeKUll.fl Rnep B 

mecTOH YCKOp.fl!Omllil 3a3op ITnOTOHHoro JillHeilHoro YCKOpllTeM • ./lJIR 8TO
ro Ha rr.f!Toit Tpy6Ke npe:ilipa ycTaHoMeHa MenHM rre11eroroUKa, oTne.rr.fl
lO!llM MB.Jll,IH OTCeK OT OCTaJII,HOH 'laCTll ne30HaTopa JIY-20. TaKM MO
nepHI138Ull.fl naqaJioHOH 'laCTll rrpoTOHHOro mmeilHoro YCKODllTeM JIY-20 
IT03BOJillJia rrpll YCKODeHllll Rnen C OTHOIJleHlleM 3ap.Rna K MaCce 2/M = 
= I/2 o6ecrre'lllTI, pa6oTy /fJOTlllHJKeKTOpa Ilpll HOMllHam,HOM Harrp.fllKemrn. 
Th!TeHCllBHOCTI, nyqKa neilTpOHOB B03pOCJia B 3 na3a, llHTeHCllBHOCTI, 

o( -'laCTllU - B 5 pa3. 
6. PaCC'lllTaH, pa3pa6oTaH ll BBenen B CTpoil rpynnllpOBaTem, 

'laCTllU UM corMCOBaHll.fl nyqKa co BXOUOM JIY-20. IlpoBeneH pacqeT 
KOS<pl)llUll8HTa rpynnllpOBKll IIPll anenType 100 MM • .rr,,m yBeJill'l8Hll.fl 
38XBaTa 'laCTllU B cenapaTpllcy ycTaHOM8Hhl ceTKll B rrpOJI8THOM OT
BepcTllll. I'pynnllpOBaT8Jll, o6ecrre'l~JI yBeJill'leHlle llHT8HCllBHOCTll nyqKa 
qaCTllU Ha BllXone JIY-20 B UBa pa3a. 

?. BunoJmeH pacqeT YCJIOBllH llHllteKUllll qaCTllU B Cllnxpo/pa30-
TpOH rrpll MODYJIRIJ;:llll llX 8Heprllll. PaCC'lllTaHa aqxpeKT!llBHOCTI, llHJKeK
Ullll C yqeTOM pea.m.HllX rrapaMeTpOB Ily'!Ka JillHeilHoro YCKOpllTeM 
JIY-20. OueHeHa Heo6xonmiiM TO'lHOCTI, MODYJIRIJ;llll 8Heprllll qacTllU. 
ITpoBeneHO cpaBHeHlle aip'peKTllBHOCTll 3axBaTa B KB83ll6eTaTpOHHHH pe
litllM 6e3 MODYJIRIJ;llll ll C MODYJIRIJ;lleil 8Heprllll, Karna MODYMU:0.fl OCY
mecTBMeTC.fl COBMemeHHllM pa3rpynnllpOBaTeJieM-MODYMTOpOM ll pa3-
neJII,HllMll ycTpOHCTB8Mll. 

8. Pa3pa6oTaH, ll3rOTOMeH ll BBeneH B CTpoil pa3rpynn:0poBa
TeRb C MODYR.f!UlleH 8Heprllll qaCTllU UM corJiaCOBaHll.fl nyqKa Ha BXone 
CllHxpo/pa30TPOHa, KOTOpllil: 

a) YMeHoU1aeT pa36poc 8Heprnil qacTMU B crycTKe B,3+4 pa3a; 
6) ocymecTBMeT MODYMUllID 8Heprllll qacTllU 3a BpeM.fl llHllteK

Ullll B COOTB8TCTBllll C pOCTOM MarHllTHoro IlOM CllHxpo/pa30TPOHa. Mo
DYR.flllll.fl 8Heprllll qacTllU 3a BpeM.fl ll~lKeKUllll 06ecne'!llBaeT 3aTIOJllieHlle, 
KaMepH YCKOpllTeM MaRCMMaRbHllM KOJIM'l8CTBOM qacTllU. Ilpll 8TOM aMIT
JillTYnH.6eTaTpOHHHX KOJie6aHllH 'laCTllU He npeBblillaroT 20+25 CM. Co6Rro
neHlle 8TOro YCJIOBll.fl o6ecne'!llBaeT MllHllMaJil,HHe IlOTepll qacTllU B 
CllliXpOTpOHHOM pelitllMe. Th!TeHCllBHOCTI, ycKopeHHHX 'laCTllU rrpll pa6oTe 
pa3rpynrrllpoBaTeM C MODYRRUlleil 8Heprllll B03pOCJia B 2+3 pa3a. 

Bhlillell3JIOllteHHHe pe3yRbTaTH pa60TH llCTIORb30BaHH rrpll 3anycKe 
JillHeilHoro YCKOpllTeM JIY-20, rrpll pa6oTe JIY-20 Ha CllHXJ)o/pa30TpoH. 
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P UOl1d.'l'OP A'i-2.0 

Pile. I. MOK-CXeMa 3aI~llThl ll CJIOlKeJ!l1.fl MO!ilHOCTeit T(IJYX 
B'l reHepaTopoB. 
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Pile. 2. Ilpouecc OnHOBpeMeHHoro BHpaBHllBaHll.fl crreKTpa ll 
MODYR.f!Ullll 8Heprllll UM npOTOHHHX CI'YCTKOB C 
Ha"<IaJioHHM Pa36pOCOM lll\lITYRnCOB .oP/P = ± 0,4%. 
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JIY-20 JIBS owrn. coo6111eHl'le omm, 9-906I, )Ty6Ha, 1975. 

2. B.A.IloIIOB. IlOJIOlKl'lTeJII,HM 06uaTHM°CBH8I, B~-Cl'JCT0Mll Jil'lHeihio~ 
ro ycKop»TeJIR JIY-20 JIBS OWIH. Coo6meHl'le OWIH, 9-9192, .lIY6Ha, I975. 
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npoTOHHHX Jil'lHeih!HX ycKopl'lTe.mtx. Coo6meHl'le OWIH, 9-9592, ,lJy6Ha, 
1976. 

6. D.n.EeSHOrl'lX, ••• , n.A.IlonoB, ••• Cl'lHxp()(paSOTPOH OWIH. Pa-
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9-II765, I978. 

7. D.n.EesHorl'lX, •••• B.A.IloIIOB, ••• ne6aWJ:ep l'lHlK0KTODa 
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Coo6meHl'le omH, P9-5956, JJy6Ha, I97I, ma, N> I, 1972. 

8. P.E.I<anupoB, B.A.IloIIOB, B.Jl.CTenamoK. !1HJKeKIIl'lH ~acT:llII B 
Cl'lHXPapa3oTpOH c BHpaBHl'lB8Hl'leM l'l MOD;YJIRUl'lef!: aHeprl'll'l, Coo6meHl'Je 
o.wm, 9-IIIBB, ,lJy6Ha, 1978. 

9, D.n.Ee3HOrl'lX, A.r.EoITT-0CMOJIOBCKl'lf!:, M.A,BoeBOD;l'lH, 
JI.Il.31'lHOBLeB, B.A,;/loWJ:0HcKl'lf!:, B.A.IlonoB, Jil.H.CeMeHilllKl'lH, 
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l'l l'lX aHa.n:0s. Coo6meHl'le omtt, P9-Il903, ,lJy6Ha, 1978. 
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I6 OKTH6pH 1978 rona. 
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