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HccJie,n:oBaHMe pesoHaRca pa;~HaUROHHHX 6eTaTpOHHbiX KoJie6aHH~ 

B CHHXpo¢!a'30TpOHe npRMeHRTeJI:&JIO K CXeMe Me.n;JieHHOrO BHBO,IJ;a C 

o.n;HRM cenryM-MarRMTOM ,n;aJIR no.10EHTeJI:&HHe pesyJI:&TaThi [I] • O.n;ua

Ko McnoJI:&30BaHHe Broporo mrHuTa ,ll;JISI ocymecTBJieHHSI nosranuoro 

OTKJIOHeHHR nyliKa sa npe,n;eJihi KaMephi YCKOpRT6JIR ,n;aeT OCHOBaHMe 

CtiMTaT:&, qro TIOJiyqeHHa.H B 3TOU CJiytrae 3cfxfleKTVIBHOCT:& MOJJCeT 6hiT:& 

3HatiMTeJI:&HO TIOBbtmeHa ( 2_] • 

B uacroa:mefii' pa6oTe paccMo~~peH BapvraHT Me.n;JieHHoro BhiBo.n;a c 

.IJ:BJTMSI BHyTpeHHJIIMM BhiBO,IJ;HbiMM MarHMTaMM ( pHc.I), O,IJ;HH M3 KOTO

pbiX ( T.H. " lf>OpMarHMT") paCTit)JIOlteH Ha a3MMYT6 yCKOpMTeJI.H ~ , 
BTOpOH - Ha a3HMyTe .Ji ( OCHOJHOH MarHHT ). 0TCtieT asHMyTa Be

.UeTCSI OT uaqaJia B03MyilteHVIfi, Ct)BTia,IJ;aDmero C a3HMYTOM paCTIOJIOJCe-

, HMSI VIHJJteKTOpa ( 3] • J[JI.H cpaBHHHVI.H npVIBe.n;eH O,JJ;HOMarHMTHhl~ Ba

pMaHT C BbiBO,IJ;OM nyqKa qepe3 ,IJ;Ja KBa.n;paHTa. 

I. )J.ByXMarHRTHhlt1 BapJIIaHT npJII pacnoJiollteHJIITti B03MynteHJIIH 

Ha R 11 K~ +IO eM 

Ha ocHo:aa.H:vrM pacqeTa .IJ:BMJJCt~HM.fl npoTOHOB npM Me.n;JieHHOM peso

HaHCHOM BhiBO,ll;e 6hlJIH noJI~eHhl t)TKJioHeHMR VI yrJihi TpaeKTOPHfii' npo-

TOHOB Ha a3HMyTe .:Jf;2, R $ • I!pM 3TOM OTKJIOHeHRSI Ha a3VIMJ1Te 

.J: cocTaBJISIDT 2820c,.,( Ro +2Q CM ) M 60JI:&me, OTKJIOHeHl1.fl 

H yrJihi TpaeKTOpHfii' npOTOHOB Ha asKMyTe Jrj~2 HaXO,IJ;RTC.fl B npe~ 
,I(eJiaX 28I6,2+2828,2CM VI 0,00II8+0,00253 pa.n;, COOTBeTCTBeHHO. 

PesoHaHcHHe ycJIOBHSI B ycKopHTt~Jie 6HJIVI cne.n;ymmHe: npoBO.IJ:HMKM, 

cos.n;aiDmMe B03MymeHVIe B n :)aCTIOJIOJICeHhl Ha R D M R, +IO CJ.q 

o6e naphl npoBO.IJ:HMKOB saMKHYThi HapyJICy OT R, ( T.H. none ~ 2). 
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Ji>. B COOTBeTCTBHPI C OTKJIOHeHHBMH npOTOHOB Ha aSHMyTe /2 cenTyM 

~opMarHHTa: BM6paH Ha pa~HYCe ( Ro +16) eM. ~JIHHa ~opMarHHTa 

4 M, B HeM npe~yCMB.TpHBaeTCB pa~HaJI:bHafi !f>OKYCMpOBKa ( M. < 0) • 

TIOCKOJI:bKY OCHOBHOn MarHHT npe;~nOJiaraeTCfi C~eJiaT:b HeiTO~BHltHHM, 

cenTYM ero He MOlteT 6HT:b pacnoJioXteH Ha pa~Hyce MeHllme, lleM 

pa~HYC HH!f>JieKTOpHbiX ITJiaCTHH, ~~ • e. 2870 CM. TaKMM o6pa30M, <f>op

MarHHT ~OJIXeH OTKJIOHHT:b npOTOllli Ha TaKOff yroJI, liT06bi OHM no

naJIH Ha asHMYTe § Ha R ,. :~8-70 cv. Pacqer ~BHXeHHR qepes 

<f>opmrHHT m IT Kna~paHT ycKopH~~eJIR c pesoHaHCHOff ~o6anKott L1 n = 

=0, 3 npoPISBO,IUIJICB no nporpawe n Fotmn 
• 

Ha pHc,2 npMBe~eHa SaBMCMJA:OCT:b ITOJIOllteHHfi UeHTpa nyqKa Ha 

<.f =:Jf OT yrJia j3 B !f>OpMarHW~e, Ha pMC. 3 - SaBHCHMOCT:b mH

pMHH nyqKa Ba TOM lite aSHMyte OT n ¢ B q,opMB.rHMTe. 

OnTIDA:aJI:OHHn yroJI ITOBOpOTa B <flOpMarHHTe noJiyqeH j3 =0.01 npH 

ncp = - 850. IffHpHHa nyqKa Ha t.f = ,7( npH 3TOM COCTaBJifiST 9 CM, 

BeJIHliHHa h ep = - 850 B !flOpMa.rHHTe m6paHa TaK, llT06bl TIOJiy

llHTll npHMepBO napaJIJieJI:OHMff ny1IOK Ha BXO~e B OCHOBHOtf MarHHT • 

,UaJillHettmee ~BHJ:eHHe npOTOHOB TIOCJie OTKJIOHeBHB B !f>o.pMarHHTe 

paccllHTbl naJIOC:b no nporpaMMe 978 [ 4] • liJIB pactterolB 6HJIH BI:l6pa

HH TpH xapaKTepHble TpaeKTOpHH Ha BhlXO~e IT KBa~paHTa YCKOpHTeJIR: 

I) _/)o =73,87 CM ; J_, = 0,012826 pa~ 
2) jt =77,195 eM; d., =0,01427 pa,D; 

3) ~~ =83,2548cM; c(2 =0,01538 pa.n; • 

.Rmma OCHOBHOrO MarHHTa Bbi6pana paBHOtt 3 M, 0H TaKJB:e KaK H 

~Op'MarHHT, ,II;OJIJICSH <JloKyCli!pO BaT:) nyqOK B pa,D;HaJillHOM HanpaBJieHHH, 

B ,II;aHHOM BapHaHTe paCCMOT:~eH BhiBO,II; npOTOHOB B CTapbttt 

HSMepHTeJillHbltt TI8.BHJillOH H B 3T1JM CJiyqae B03HHKaeT He06XO,D;HMOCT:O 

,D;eJiaT:b KaHaJI ,IJ;JIB nyqKa B Bepr:.tKaJillHbiX CTOttKaX RpMa MarHHTa 
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ycKOpHTeJisr. Ha OCHOBaHHH reo;;e3Hl.leCKHX H3MepeHH~ 6liJIO IIOJiy-

l.leHO Hanpa~JieHHe, npH KOTOpOM ~Jifi BliBO~a Tiyl.IKa TIOTpe6yeTCR 

,n;eJiaT:D KaHaJI TOJI:DKO B ~ByX CTO~KaX ffi KBa,n;paHTa. JTO HanpaBJie-

' H 
HHe COCTaBJI.HeT C npo,n;OJI:DHOtf OC::DJO KOp06KH BliBO~a 4° 48 4I 

( 0.083975 pa,n; ) H nepeceKae~~CR C OC:DJO 26 OKHa Ha paCCTO.HHJ4H 

219, 2CM OT UeHTpa.JI:DHOrO pa~Hyc:a ycKOpHTSJI.H, a C OC:DI> 27 OKHa 

Ha paCCTO.HHJ4H 363,8 CM ( pHc,4). K~< BH~HO H3 Ta6JIHU1i I, Ha

npaBJieHHe nyqKa, HaH60Jiee 6JIHaKbe K yKaaaHHOMY .n;aeT yroJI OTKJIO

HeHHfi O,I07 pa~: p~CCTOHHHe OT Ro Ha OCH 26 OKHa 226,88cM, 

' n 
Ha OCH 27 OKHa 364,2 CM, yroJI C OC:DJO KOp06KH BliBO~a 3°37 20 • 

B Ta6JIHUe n npHBe~eHO OTKJIOHeHHe 6 R I H ~ Ra TIOJiytieHHliX 

HanpaBJieHH~ OT reo,n;e3Hl.leCKOrO ~JIH pa3HHX yrJIOB TIOBOpOTa B 

OCHOBHOM MarHHTe jo • 'tJT061i IIOJiyl.lHT:D Ha BliXO~e H3 OCHOBHOrO 

MarHHTa nyl!OK, 6JIH3KHtl K napajiJieJI:DHOMY ~JIH yr Jia OTKJIOHeHH.H 

jc = 0, !07 pa~, He06XO~MMOe 3Hal.leHHe rpa.n;HeHTa B MarHHTe ~OJiltHO 
COOTBeTCTBO:OO.T:D no = - 28. HH BHXO,n;e H3 .HpMa MarHHTa ycKOpH

TeJIH, T.e. Ha aaMMyTe lf =Ji' ·~0,33 ( TpeTHtl KBa,H,paHT YCKOpHTeJI.H) 

BliBe,II;eHHlitl nyqOK npOTOHOB XapHKTepHayeTC.H CJie~ylOli(HMH BeJIHl.lH

HaMH: mHpmna nyqKa 6 R?; 7,5 cu, MaKCHMM:DHHtt ropHaOHTaJI:DHbltl 

yrnoBott pacrsop ~d.. ~ 6 MPa~, Bblcora nyqKa 6 ~ ~ I, 7 eM, 

BepTHKaJI:DHbitt yrJIOBOtl paCTBOp A d..1 ~ 4,5 Mpa,n;. 

2. O,n;noMarHHTHH~ BapHaHT c BhiXO~OM nyqKa qepea 

~Ba KBa~£aHTa TIOCJie Bl!BO,D;HOrO MarHHTa 

HUe ~JIH cpaBHeHH.H paCCMO~~peH BapHaHT C HCIIOJI:D30BaHHeM 

O~HOro BhiBO,D;HOro MarHHTa, paCII9JIOXSHHOrO Ha tf = ~ H C BbtXO~OM 
nyqKa H3 ycKOpHTSJIH Ha lf ~ -1:~9/. ITO CpaBHSHHI) C paCTIOJIOJCeHHeM 

O~HOrO MarHmTa Ha 'f = ,Cfl. ( T • e • BUBO,D; l!epe3 O,D;HH KBa~paHT) B 
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.n;aHHOM C Jiyt~ae Tpe6yeTCH MeH:&IJIHi! yrOJI OTKJIOHeHH.fJ npOTOHOB. MarHHT, 
' ,{) Si/ 

pacnonolll:eHHI:iUt Ha ...., = /2, HMee~~ ,n;JIHHY 4M, n < o, Kpatt ero 

cenry:ua Haxo.n;HTCH Ha R = 28I6 cu. PesoHaHcHue ycJIOBHH B ycKo

PHTeJie re ze, liTO PI B I. Ha6op ycJIOBHtt no ~ H d. 1. npe.n;no

JiarancH Ta.KHM lll:e, KaK M B ItHpK:rJIMPYilnteM nytiKe. Pact~eT npOH3BO-

)J;HJICH nocJie.n;o:eareJI:&HO no nporpaMMaM " Fo·£.n?n H 978. 

Ha pMc.5 npMBe.n;eHa s~BHCHMoc:r:o pa.n;HaJI:&Horo noJIOJ:eHHB ny'tlKa 

Ha lf c£ 3.J?' 01' yr JJa OTKJIOHeHMJ! B MarHHTe, pacnOJIOJCeHHOrO Ha 

lf:: ~. l!To6u nyqoK BbtmeJI Ha HanpaBJieHMe 6blcrporo BbiBO.n;a 

( R = 2954 eM Ra asMMyT e lf =~2 ) rpe6yercH yron OTKJio-

HeHHR J = 5, 35 Mpa.n;. 0TITHMaJIJ,HOe 3HatleHHe rz B MarHHTe 

COCTaBJIReT npH 3TOM - 3460, a IJIHpHHa Tiy'iKa Ha lf = 3hJ/paBHa 

npH6JIH3HTeJI:&HO 8 CM ( pHc.6). TipH HSMeHeHHH f1 Ha 100 WHpHHa 

TIY'iKa H3MeHHeTCR Ha I7 CMe llpH BaMeHeBMH yrJia OTKJIOHeHM.R nyt~Ka 

Ha 5, 5• I0-6 pa,n;HaH ("'- 0, I%) neHTp ero CMentaeTCfl Ha I CM. llpH 

6blCTpOM BUBO)J;S ( MarHMT Ha cf::.~r,, BI:lXO)J; TiytiKa Ha tf = -%Ji) 
CMenteHMil neHTpa Tiy'iKa Ha I CM COOTBeTCTByeT H3MeHeHMe yrJia OT-

2, 7• ro-5 parr ( 20 II KJIOHeHHB ..., ) MJIM ~ o, I7%. 

B Ta6JIMitaX m-YI co.n;epEaTCR ,n;aHHbie, B COOTBeTCTBKH C KOTOpbiMM 

nocrpoeHM rpa~HKM pMc. 2, 3, 5 M 6. 

B COOTBeTCTBMM C Tpe60IRHJi~.RMH 3KCnepHMeHTa ,ll;JI.R ,ll;aJI:&He~melit 

TpaHCOOpTMpOEKH npOTOHHOrO nyt~Ra B CTapbl~ H3MepHTeJI:OHHlit naBHJI:&-

OH npe,n;nOJiaraeTCfl HCTIOJI:030BaT:& ,n;y6JieT KBa,n;pynoJI:&HhiX JIHH3 

20K200 H MarHHT CTI-I2. XapaKTeiMCTHKM BMBe.n;eHHoro nyqKa B ,n;aHHOM 

CJiyt~ae, KaK 06blt1HO, OTIHChiBaJIHCl C OOMO~:&Il MHHMHX HCTO\IHHKOB. 



5 -

TipH 3TOM paCCTOHHHe ~0 MHHMOfO HCTO~HMKa B ropH30HT8n:&HO~ 

rrJIOCKOCTM, L r ==- <>a ( ny~oK napaJIJleJI:&Hott), L 8 = I75 eM OT 
: \ 

BXO~a B rrepByiD JIMH3Y ~ydJieTa, KOTOpag pacrrOJIOXeHa Ha MHHMMaJI:&-

HOM paCCTOHHHH OT MarHMTa YCKOpMTeJIR ( 50 CM ). nJia paCCTOHHHH 

MeJK.D:y 3JI€M€HTaMH ~y6JieTa e = 100 CM dbiJIH TIOJiy~eHbi KpMBble 

3aBMCHMOCTH K t e H K2 e OT paCCTOHHHH ~0 CTMrMaTM~HOrO 

MsodpaxeHMH. Ha pmc.7 npMBe~eHU yxasaHHble 3aBHCHMOCTM ~JI.a: 

TIOC Jie~OBaTe JI:CHOCTH JIMH3 B fOJ:H30HTaJI:&HOtt TIJIOCKOCTH cfJ fJ , Ha 

pMc.8 ~JI.a: nocne~OBaTeJI:CHOCTM :0 cf. B radJimnax YII rrpMBe~eH!l 

pa311epH ny~Ka ~JIH TIOCJI€,l(OBaT€JI:&HOCTH cp 1) H r:J¢ npM paCCTOR

HMHX ~0 CTMrMaTH'qHOrO H306paJ:eHMH 314 CM H 2'78 CM COOTB€T

CTB€HHO. B 3TOM BapHaHTe CHC'I€Mbi TpaHCTIOpTMpOBKM npM H3MeHe

HHH HH~~~~HH B MarHHTe CTI-I2 MO!HO MeHHT:C HanpaBJI€HHe nepBH'q

IIOrO nyqKa Ha MHill€H:C ,Ji_ • ~ 0 TI03BOJ1IJIT, rrepeMemaa TOJI:CKO 

MHmeH:C :h., TIOJiyqar:c pa3Hh1e YI'Jibt BTOpMqHHX qacTM~, H)J;YlltMX B 

ycraHoBKy. XapaKrepMcTmtH nytlKa, npmBe~emme B ra6JIM11e YTI, 

HYlEHO pacCMaTpi!BaT:& KaK npe~napMTeJibHHe. YTOtiH€HH€ MX dy~eT 

npOM3Be~eHo nocJie B&dopa onTlmaJI:cHoro paccro.a:HMa cenryua ~op

MarHMTa OTHOCHTeJI:cHo R o ycKopmTeJI.a:. TipM 3TOM dy~eT raK:m:e 

yqreHa ~HcrrepcMa nyqKa sa cqHr ll% B rroJie ycKopRTeJISI H 

MarHHTa CTI-I2 PI KpaeBble 3qxpe1~Tbl TIOCJie~Hero. 
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TaCS JIJ.U:la II 

(pa..n;) 6 R, (eM) Ha .6k2.(eM) Ha yr011 e oe:DD 
OeH 26 OKRa OeH 27 OKRa npouexyrKa 

BNBO,na 

0,09 -7 -24,2 2°27 59 

0,103 4,4 - 5,1 3°22 12 

0,105 6 - 2,3 3°29 51 

0,107 . 7,;7 0,4 3°37 20 

0,109 9,3 3,I 3°44 37 

TaCSn;:sma ill 

( K pHe.2) 

.fo (pa,n) R (eM) 

0,007 2860,4 

0,008 2865,3 

0,009 2870,4 

0,011 2881,3 

O,OI2 2887,25 

Ta61IHUa IY 
( K pMe. 3) .. 

n - 650 - 950 - I050 

R~ 7I,67 73,42 74,00 

R2. 79,34 76,59 75,69 

R3 74,38 76,I3 76, 7I 

R~~ 84,96 90,81 79,50 



)3 (p8JJ:) 

0,005I 
0,0052 
0,0053 
0,0054 
0,0055 
0,0056 

-n 
2000 
2IOO 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3IOO 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 

Ta6JIHna Y 
( K J)HC.5) 

A R (eM) 

2919,8 
2931,3 
2945,9 
2963,8 
2985,3 
30IO, 4 

Ta6 JII1na YI 
( K J)HC.6) 

tJ.R( CM) 

37I 
338 
306 
276 
247 
2I8 
I90 
I66 
I38 
II3 
90 
68 
46 
26 
7 

II 
28 
45 
60 
75 

- ~-



Ta6 JIVli~a YII 

cp() : ( rop.DJIOCKOCT~) T r, 8 ocp (rop.DJIOCKOCT~) 

Tr,s 
LlR Ad. A* 4 d J, !:J R Ac( Ll~ 4 d...l 

3I4CM .tiCM .t6 .t0,25 .t6 278CM .tO, I5 .±36 .ti,5 .ti,B Mpa,n; CM MPa.IJ. CM Mpa.n; CM Mpa.n 
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I. E. B. Bacm.JtHmPIH, H.E. MccmHcKmtt, E.M .KyJiaKOBa, K. II.'Mhl:3HHKOB 

m ,n;p. MccJie,:n;oBaHme noJiyneJioro pe3oHaHca .n;11s:r Me,n;JieHHoro BbiBO

,n;a npOTOHROrO ny't!Ka • .1IOKJia,n; Ha BceCOJ03HOM COBentaHHH TIO ycKO

pHTeJiflM. MocKBa,I968. 

2. JU. Q. 13a<ttOn. IE E f J7..CinS. 011 Nucf. ,Sc,·. 
June (967, 660 · 

3. JI.II.3HHOBbeB, H.E.MccHHCKH~, B.M.KoToB, E.M.RyJiaKoBa, 

K.II.MH3HHKOB, H.H.llaBJIOB. IIyciJIHKaUHfl OIDJH P-2387, 1965. 

4. K.II.MH3HHKOB, E.M.KyJiaKoBa, ].A.CMHpROBa, E.B.<reoKTMCTOB. 

ITydJIKKanms:r OruiM P-2880, I966. 



ITO.lliil'lCH K PHGYHKAM 

PHc. I. PacnoJio:m:eHme o6opy,n;o:aamur npm Me.zvreHHOM BbiBo,n;e. 

,...._ 
PHC • 2 • 3aBHCHMOCT:& IIOJIO:ateHHH OCM rryqxa Ha a3EMyTe J1 

OT yrJia IIOBOpOTa B ¢0pMarHHTe. 

PHC. 3. 3aBHCHMOCT:& ~HpHHbi rryqKa Ha a3HMYTe JJ OT 

n.. cp B cpoMarHH Te • 

FMc. 4. HaqaJI:&Hasr qacT:& Tpe.CCbi rrpoTOHHoro rryq:s:a. 

Fmc. 5. 3aBHCHMOCT:& pa,n;HaH:&HOrO IIOJIOlteHHsr OCH rryqxa 

Ha 'f =~-JI 

PHc. 6. 3aBMCHMOCT:& mMpMHbi rryqxa or 
3 . 

Ha '{J :: --- ;It 
2 

FMc. 7. 3a:aHCH:MOCT:& K, e H K~ e B KBa.n;pyiiOJI:&ImX 

JIMH3aX CECTeMH TpaHCIIOpT~pOBKH OT paCCTOHHMR 

' rrp:H 

IIOCJie,!I;OBaTeJI:&HOCTM HMH3 B rOpM30HTaJI:&HO~ IIJIOCKOCTM 

cpA. 

FMc. B. Ta :m:e sa:aMCHMOCT:& npm rrocJie,n;oBaTeJI:&HOCTH JIMH3 A <f>. 

4-B6 
30.09. 69r. 
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