
I • 

C~Y5e~ 
n-ss 

B.A.nonos 

If/ -
OO~O*HTE~bHAH OBPATHAH CBH3b 

9 - 9192 

sq CHCTEMhl ~HHEftHoro YCKOPHTE~H ~y -20 

~83 OHHH 

1975 



~-

J 

J 

I 

1 

l-.,s' 

L 

9 - 9192 

B.A.llorros 

llORO*MTERbHAH OBPATHAH CBH3b 

sq CMCTEMhl RMHEHHOrO YCKOPMTERH RY -20 

RB3 OMHM 

,..'\-. ',l'"'"<>-tt•ull. r·,~ Vw,_-~4dh ..... ...-u.-.riiii.l P.a::.:..tJ•J• 

C~)l~~x Etc.nent)llflHIII 
6116JIMOTEKA 



.•. . , 
• L 

3anycK JIRHeiHoro . YCKOpBTeJIJI JIY-20 B JIB3 OHJIH 

D03BOJIRJI cymeCTBeHHO yBeJIR'IBTL BHTeHCBBHOCTL YCKopeH· 

HWX 'I&CTHQ B DOBWCBTL CT&6BJILHOCTL pa60TW CBHXp~-

30TpOH&. Pa6oTa Ha ycxopBTeJIL Tpe6yeT OT sq annapaTy­

pw 60JILWOB Ha~e)I(HOCTB, OC06eHHO npB Bq MOUVIOCTB B 

Hecxon~oxo MB•. 
JIBHeiHWe yCKOpBTeJIR BOHOB Ha 3HeprBB 10-50 M3B 

'faCTO B3rOTOBJIJIJOTCJI H& 6a3e O~HOrO IUIJIBH~B'IeCKOrO pe· 

30H&TOpa C Tpy6KaMB ~pei~, B KOTOpOM B036~aJOTCJI 
sq KOJie6aHBJI Ha 'I&CTOTe, COOTBeTCTBYJO~ei MO~e TM 010 
Bo36y~eHBe Taxoro pe3oHaTopa ~OBOJILHO cJio)I(HaJI Tex­

HB'IecxaJI npo6neua. Bo-nepswx, pe3oHaHcHwe 'I&CTOTW 

Hepa60'IBX MO~ TM 010 HaXO~TCJI ~OBOJILHO 6JIB3KO OT 

OCHOBHOi 'laCTOTLI. Bo·BTOPWX, B nponecce H&p&CT&HBJI 

Bq KOJie6aHBJI He06XO~MO DpOBTB 06JiaCTL pe30H&HCHOrO 

BWCOKO'IaCTOTHoro pa3pJI~a /PDP I ue~y Tpy6xaMB ~pei­
~- B·TpeTLBX, BB~y BWCOKOB ~o6pOTHOCTB pe30HaTopa 

speuJI HapacTaHBJI xone6aHBi Ha pa6o'lei 'I&CTOTe HaMHoro 

60JILWe, 'leM Ha ~pyrBX 'laCTOTaX /HanpBMep, Ha 'laCTOTaX 

clm~epHWX KOJie6aHBi/. 

B CBJI3B c 3TBM B H&CTOJIII(ee BpeMJI 'I&CTO npBMeHJieTcJI 

CBCTeMa B036y)l(~eHBJI, BCDOJIL3YJOII(&JI o6paTHYJO CBJI3L Bq 

reHepaTopa 'lepe3 pe3oHaTop. CBCTeMa noJIO)I(BTeJILHOi 

o6paTHOi CBJI3B /flOC/ JIY-20 COCTOBT B3 O~Oi neTJIR, 

yCTaHOBJieHHOB Ha I(BJIHH~pB'IeCKOB CTeHKe pe30HaTOpa, 

COe~HeHHOB Bq Ka6eJieM C ~30Bp&li(&TeJieM B BXO~OM 
ycBJIRTeJIJI MOII(HOCTB I puc. 1/. 
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'F'E30HATOF" 
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YCHniAT. 

MOI4H. 
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Puc. 1. DAOK- cxeM a Bq cucllleMbl. 

~nB nonyqeHHB YCKOPBID~X Hanp~eHHB B pe30HaTOp 
Tpe6yeTCB uuecTH Bq MO~OCTh B HecKonJ.KO MB111 /2 -: 
-:-a MB111 WIB JIY-20/. llpH npoxo~eHHH ny~a qepe3 JIY, 
a T~e npB TpeHBpOBKe pe30HaTopa nocne BCKpWTBB ua­
KYYMHOrO 06':beMa Ha6nro,AaiDTCB npo60B Me)K,Ay ,ApeBcllOBWMB 
Tpy6KaMB /eM. puc. 2/. 0,AHaKO CBCTeMa flOC npB npo6oe 
B pe3oHaTope npo,AoiDKaeT o6ecneqauaTJ. Bo36y)K,AeHBe ca­
cTeMw B Hepa6oqax ycnoaasx. llpB 3TOM B reHepaTope, 
cllBAepe, neTne CBB3B B B CaMOM pe30HaTOpe B03HHKaiDT 
CBnhHWe nepeHanpB)KeHBB, KOTOpWe MOryT BWBeCTB CHCTeMy 
B3 CTpOB. Bw6poc HanpB)KeHBB BBnBeTCB BCTOqHBKOM npo6oJI. 
Ho ecnB 3TOT BW6poc COCTaBnJieT ,AOnB MBKpOCeKyH,A, TO OH 
He onaceH. EcnB )Ke CBCTeMa noc 6y,AeT o6ecneqHBaT:b 
B036f)I(AeHBe B nocne HaqanJ.HWX uw6poeou HanpJI)KeHBB, To 
npo6oi MO)KeT npOB30BTB ,AOCTaToqHoB CBnhl. 

H3MepeHBJI Ha JIY-20 noKa3anB, qTo ecnu 3aKopoTHTh 
nepuwi 3a3op /ana 6nB3KBB K He My I Me)KAY ,ApeB:clloBhiMH 
Tpy6KaMB pe30HaTopa, TO Bq none B HeM HCKa)KaeTCJI, a 
qacToTa B3MeHJieTcJI Ha 50-60 KFll npa f = 145 MF11. 

" Ecna 3aKopoTHTh nocneAHBH 3a3op, TO nonyqHM o6paTHYID 
KapTBHY pacnpe,AeneHHJI Bq nons. 3aKopaqaHaHHe 3a3opou 
npoBOABnoc~o MeAHOH npouonoKoB: I d = 1 : 2 MM/. llpu 
npo6oJix 3a3opou B pe3oHaTope Ha6nro,AaeTcs DOA06HaJI 
KapTBHa I puc. 3/. 
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Puc. 2. sq UMnyAbC 6 pe30Ha•ope 60 6peMJI npo60JI 3030pa 
MeJitCJY lJpeil~6WMU •py6KaMU. 

a 
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f t ~.f Sf 78 'JfOtflt.15t4fSK 

Puc. 3. PacnpeCJeAeHue sq nOAJI 6CJOAb peaoHa•opa: a/ 6 pa-
6o'leM peJituMe, 6/ . npu aaKopo-.eHHOM nep60M aaaope, 
6/ npu 3aKOpO'IeHHOM nocAeCJHeM 3030pe. 
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Puc. 4. HanpJixeHue naoa10111ei1 60AHbl 6 ~uoepe 60 6peMJI 
npo6oJI 6 pe3oHallope. 

0,AHaKO ecnH neTnJI fiQC ycTaHOBneHa Ha O,AHOM KOH:Qe 

peJoHaTopa, a npo6oii npoHJowen aa npoTHBononmKHOM, 

TO CHCTeMa llQC 6y,AeT o6ecne'IHBaTb ycnOBH.JI CaMOB036y)I(­

,AeHH.JI, XOT.JI 'laCTOTa peJOHaTopa H BCe:ii CHCTeMbl H3MeH.JI­

eTC.JI. fipH 3TOM Bb16pOCbl Hanp.JI)I(eHHii DpHBO,A.JIT K JHaqa­

TenLHbiM neperpyJKaM reaepaTopa, I)IH.A~pa, HJon.JITopos, 

6nOKHpOBO'IHbiX KOH,AeHCaTOpOB, neTnH CB.J13H H ,ApyrHX yJnOB 

CHCTeMbl. 

Hanp.JI)I(eaae na,Aaromeii sonHbl HJMepBeTc.JI aanpaanea­

HbiMH OTBeTBHTen.JIMH, YCTaHOBneHHbiMH B I)IH,Aepe. fip060H 

B peJOHaTope Me)I(,Ay Tpy6KaMH ,Ape:iil)la BbllbiBaiDT Bb16pOCbl 

HaDp.JI)I(eHHii B I)IH,Aepe .AO 1,3 U HOM • EcnH B 3TOT MOMeHT 

/T .e. B MOMeHT npo6011/ K031)11)1H:QHeHT 6eryme:ii BOnHbl 

/KiiB/ B I)IH,Aepe Man HnH 6nH30K K HYniD, TO B ljiH,Aepe 

ycTaHaBnHBaeTC.JI CTO.JI'Ia.JI BOnHa, r,Ae U rna~- 2UIIo~1 , a 

urn in -0. Hanp.JI)I(eHHe B ny'IHOCTH MO)I(eT ,AOCTHraTb lJrnu-=­

.::: 2,6U 11 .3TOT cnyqa:ii Jai)IHKCHpOBaH Ha OCUHnnorpaMMe puc. 4. 
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~JI ycTpaHeHHJI 3Toro JIBneHHJI 6blna onpo6osaaa ca­

cTeMa flOC, BKJDO'IaromaJI ,ABe DeTnB o6paTHO:ii CBJI3B, 

paCDOnO)I(eHHble B DpOTBBODOJIO)I(JibiX KOH~X pe30HaTopa 

I puc. 5/. Csraanbl c .ABYX DeTem. cyMMBPYIDTCJI MOCTOM 

CJIO)I(eHBJI H DO,AaiDTCJI B :QeDL DOnO)I(HTeJJLHO:ii o6paTHOB 

CBJI3B. BlJ MOIIUIOCTL CKna,AbiBaeTCJI MOCTOM CnO)I(eHBJI DO 

l)lopMyne I PI -P21 
p = PI + p2 - 2 , 

r.Ae PI B P2 - MOIIUIOCTH csraana c 1 B 2 DeTnB, IPI-P2! -
a6comoTHoe JHa'leHse pa3HOCTB 3TBX MOIIUIOCTei. Ecna 

csraanbl c o6eax neTenL pasabl, To DonyqaeM Y.ABOeHBe 

MOIIUIOCTH, KOr,Aa pa3HOCTL l)lal CHrHanOB paSHa HyJDO. KaK 

TOnLKO DpODa,AaeT O,AHH Hl CBrHanOB C JD06oi neTnB B3- Ja 

Dpo6oJI B peJoHaTope /ana Do KaKoi-na6o ,Apyroi npH'IBHe/, 

TO Ha BbiXO,Ae MOCTa CnO)I(eHH.JI HMeeM DOnOBBHY MOIIUIOCTH 

OCTaswerOCJI CHrHana, T. e. MOIIUIOCTL CHrHana Ha BXO,Ae 

YCHJIHTenJI B 'leTblpe paJa MeHLWe, TaK KaK MOCT CnO)I(eHHJI 

pa6oTaeT B · 3TOM cnyqae Kax MOCT ,AeneHHJI. BTopaJI no no­

BHHa MOIIUIOCTH OCTaBWerOCJI CHrHana DODa,AaeT Ha BbiXO,A 

pa3HOCTH. 3TOT CHrHan MO)I(HO HCDOnL30BaTb TaK)I(e ,AnJI 

PE 30t-tATOP 
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5. Ho6aJI 6AoK- cxeMa 
UCIIeMbl . 
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3aJq&TW, TO eeTh ,IVIJI eHJITBJI aHO,IliiOrO HaDpJDKeHBJI, 3aDBpaJI 
wo,l(ynJITop, a TaiOKe JVIJI cllsxeallJIB npo6oeB B pe3oBaTope. 
llo.Qo6paB ypoBHB Bll sanpJilKeHsi e neTenJ. TaiCBMB, "'T06w 
B036y)I(.QeHBe eBeTeMW 6wno HeB03M(I)lKHWM OT O,lliiOi DeTnB 
o6paTHOi eBJI3B, a eBrHanw, eyMMBpOBaBHWe MOeTOM eno • 
lKeHBJI e .QBYX neTen~o. o6eene"'BBanB yeToi"'BBoe resepspo­
BaHBe oeHOBHOrO ICOne6aHBJI B Ha,Qe)IQHYJO 3aJq&Ty Bll reHe· 
pa TOpa B Beei eBeTeMW OT npo6oeB. 

B "JVIBHHWX " pe3oHaTopax, T.e. B o,llllope3oHaTopHwx 
JIY Ha 60nJ.DIBe 3HeprBB /20 +50 M3B/, eBeTeMa o6paTHOi 
eBJI3B e O.QHOi-'DeTnei 11epe3 pe30HaTOp MOlKeT B036y)I(.QaTJ.• 
eJI Ha BWeDIBX MO.QaX TBDa TM0 II BnB DO.Q"'epiCBBa Th 3TH 
ICOne6aHBJI. ,lJ;nJI DO,QaBneHBJI TaiCBX B036y)I(.QeHBi DeTnJI BBO,Qa 
Bll MOJIUIOeTB paenonaraeTeJI B eepe.QBHe pe3oHaTopa, r.Qe 
MO.Qa TM 011 a Bee He"'eTHwe MO.QW He BMeJOT warHBTHoi 
eBJI3B e DeTnei BBO,Qa. qT06W BeiCnJO"'BTh B03MOlKHOeTh 
B036y)I(.QeHBJI e&eTeMW Ha MO,Qe TM012 , DeTnJI o6paTHOi eBJI3B 
pa3MeutaeTeJI B 1/4 ana 3/4 .QnBHW pe3oHaTopa, r.Qe war­
HBTHoe none MO.QW TM012 OTeyTeTByeT OICOnO llJinBH,QpB· 
11eexoi eTeHICB pe3oHaTopa. 

O,llllaxo B peloHaTopax JIY ero reoweTpaqeexaJI eepe.Qs­
Ha MOlKeT He eoBna.QaTJ. e MeeTOM, r.Qe OTeyTeTByeT Mar· 
HBTHOe none MO.QW ™oil B Beex He"'eTHWX MO.Q. TalC, 
B nepBwx .QBYX pe3oHaTopax JIY H-100 H~B3 reoweTpa­
qeexaJI eepe.QBHa Ha 120 B 40 CM eOOTBeTeTBeHHO Be eoB· 
na.QaeT e HyneM MarHBTHOrO DOnJI MO.QW TMOll· lleM 
".QnsHHee" pe3oBaTop JIY, T.e. qey Ha 6on~.m}'IO 3HeprBJO 
paee"'BTaH yeiCOpBTenJ., TeM 6nBlKe HaxO,QJITeJI BWemse MO.QW 
IC HyneBOi B Tpy,lliiOeTB DO.QaBneHBJI 3TBX ICOne6aBBi B03pa· 
eTaJOT I 4/. 1 

HOBaJI e&eTeMa o6paTBOi eBJI3B,BICnJO"'aJOutaJI.QBe neTnB, 
paenonOlKeHBWe B npOTBBODOnOlKHWX ICOB)laX pe30BaTopa, 
B MOeT enolKeHBJI, D03BOnJieT 6onee Ba.QelKBO B036y.QBTh 
eaeTeMy Ha MO.Qe TM 010 • PaeewoTpBM xapTBHY nonei 
BWeDIBX MO.Q TBDa TMOln B pe30HaTope. Mo.Qa TMOII BMeeT 
HyneBoe warHBTHoe none B eepe.Q&Be pe3oHaTopa oxono 
llHnBH.QPB"'eeiCOi eTeHICB. CBJ13h neTnB BBO,Qa MOUUIOeTB 
6y.QeT MBHBManJ.HOi. fieTnJI o6paTBOi eBJI3B 6y.QeT BMeTJ. 
MaiCeBMani.HYJO eBJI3h e MarHBTHWM DOneY 3TOi MO.QW. 
Eena lKe npaweHJITh eaeTeMy B3 .QBYX neTen~., earaanw 
e ICOTOpWX eiCna.QWBaJOTeJI MOeTOM, TO eBJI3h Ha 3TOi MO.Qe 
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Puc. 6. PacnpeC>eAeHue MazHu•Hwx noAeu KOAeoaHuu TM01 1 u 
TM012 sC>oAl> pe3oHa•opa. 

TaiClKe MBBBManJ.BaJI B3- 3a npoTBBOcila3HOeTB nonei I eM. 
puc. 6/. 

,lJ;nJI MO.QW TM012 eBrHanW e .llBYX neTenJ. flOC 6y.QyT He 
TOnhiCO 6nB31CB IC HynJO, HO B npOTBBOcila3HW, eens pa3Me· 
eTBTJ. neTnB 6nB)I(e IC Ha'I&JIY 1/4 a 3/4 .QnBHW. ,lJ;nJI xone-
6aHBJI TM0i;r!csrHanw npoTBBocila3HW s 6na3ICB x HYnJO I eM­
puc. 7/. ,lJ;nJI xone6aHBJI TM014 earHanw 6nB3ICB IC HYnJO 
B npOTBBOcila3HW, eens e.QBBHYTh neTnB IC 1/8 B 5/8 .QnBHW. 
,lJ;nJI MO.Q TM015 a TM016 esrHanw c neTen~o, pacnonolKeHHwx 
eOOTBeTeTByJOJq&M o6pa30M, TaiOKe MOlKHO nonyqBTh npo­
TBBocila3HWMB B 6nB31CBMB IC HynJO B T.,Q. /eM. pUC. 8/. ,lJ;nJI 
Haa6onee "onacHoi" MO.QW ™oin MOlKHO scnon~o3oBaTJ. 
pa3HOeTJ. .QnBH xa6eneii e neTen~o Tax, "1To6w nonyqBTJ. pa3-

TMot5 

TMot"t 

Puc. 7. PacnpeC>eAeHue MazHu•H~.oax noAeu KoAeoaHuu TM013 u 
TM014 sC>oA~.o pe3oHa•opa. · 
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TM01!S -

Puc. 8. PacnpeC>eAeHue MazHu•H~oax no.11eu KOAe6aHuu 

™oi6 
~ 

HOCTJ. clla3 CBrHaJIOB ~JIJI MO.IU>I TMOIO paBHOi HyJDO, a ~JIJI 
MO~w TM o In - 180 °. H sao6opoT, ecJIB noTpe6yeTCJI 
B036y~BTJ. pe30HaTop Ha KaKOB•JIB60 MO~e TBUa TMoln• TO, 
BCUOJIJ.30BaB o6paTH}'IO CBJI3h Ha ~BYX neTJIJIX, MOlKBO nony­
'IBTJ. yCTOB'IBBOe B036ylK~eHBe 3TOrO KOJie6aHBJI. 

3a K/110\leHUe 

1. CBcTeMa noJIOlKBTeJI:t.Hoi o6paTHoi CBJI3B c o~oi 
neTJiei 11epe3 pe30HaTop npopa6oTaJia Ha YCKOpBTeJie JIY-20 
6oJiee ro~a. 3a 3TO BpeMJI 6WJIO HeCKOJIJ.KO CJiyqaeB BWXO~a 
B3 CTpOJI Bq CBCTeMW B3· 3a npo6oeB B pe30HaTope, OCO· 
6eHHO npB ero TpeHBpOBKe. 

2. HcnoJIJ.30BaHBe ~BYX neTeJIJ. B uenB noc ~OJI)I(JIO 
o6ecne'IBT:t. 6onee ua~elKH}'IO pa6oTy ycTaHOBKB JIY-20. 

3. CBcTeMa noc c ~BYMJI neTJIJIMB MOlKeT ycneUIHO 
npBMeHJITJ.CJI ~JIJI TpeHBpOBKB OT~eJIJ.HWX pe30HaTOpOB JIY, 
COCTOJIIUero B3 HeCKOJIJ.KBX pe30HaTOpOB, KOr~a ~· npeo­
~OJieHBJI pe30HaHCHOrO BJ.ICOKO'IaCTOTHOrO pa3pJI~a JI~e 
BCUOJIJ.30BaTJ. pelKBM CaMOB036ylK~eHBJI, a 3aiUBTa reHepa· 
Topou npB npo6oJix 6y~eT ocYIUeCTBJIJIT:t.CJI CBCTeMoi IIOC 

C ~BYMJI neTJIJIMB. 

AuTop 6naro~apBT H.H.CeMeHJOWKBHa, JI.II.3BHOB:t.eua, 
IO.,D;.Iie3HOrBx, B.JI.CTenasroKa 3a o6cylK~eHBJI, none3HWe 
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COBeTW B BBTepec K pa6oTe, a T&KlKe COTPY~BBKOB rpynnw 
BIDICeJCIUIB A.r .HBJCA~poBa, B.A.Wypxoue:aucoro, A.A.me­
BeBBsa B 3 . .ZJ;.CuepAJIBBa 3a Y'I&CTBe B UOMOIUJ. B pa6oTe. 
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