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1. Bee.l(euue 

Pa3JiflqHhie KOHUeTTUHH ynpaBJUieMhlX ycKop11TeJieM H,UepHhlX TeXHOJIOnIH 

JlJIH TTOJiyqeHHH 3Hepnrn H nepepa6oTKH Jl0JifO)KHBYIUl1X pa,u11oaKTl1BHhJX 

0TX0,llOB Jl)lepHbIX peaKTOp0B pa3pa6aTbIBaIOTCH B MHpe y)l(e 6oJiee 40 JieT /1/. 
YcKopeHHhlH nyqoK 3apH)l(eHHhlX qaCTHU HBJUieTCH JlOTTOJIHHTeJihHhlM 

11CToqHHKOM HeilTpOHOB JlJIH ynpaBJieHHH peaKUHeH ,UeJieHHR. B 11CCJie,uyeMhIX B 

HaCTOHIUee BpeMR H)lepHhIX TeXHOJIOfHHX Tpe6oBaHHH K nyqKy ycKopeHHhIX 

npoTOHOB HJIH ,ueHTpOHOB HaxO,llHTCH B urnpoKHX npe,UeJiaX no TOKY OT 

HeCKOJihKHX e,UHHHU no COTeH MHJIJIHaMnep npH 3HeprnH ~ I f38 11 6onee. 

TaKHe nyqKH MO)l(HO noJiyqHTh Ha UHKJIOTpOHe C pa3,UeJJeHHhIMl1 MafHl1THbIMl1 

ceKTOpaM11 HJil1 Ha Jll1HettHOM ycKOpl1TeJJe. 

YcKop11TeJil1 B OCHOBHOM 11cnoJib30BaJJl1Cb KaK np116opbl JlJIH npoBe,UeHIHI 

!pl13W!eCKl1X 3KCnep11MeHTOB. 8KJJIO'!eH11e ycK0pHTeJIH B npoH3B0JlCTBeHHbIH 

KOMnJieKc ycKopHTeJJb - peaKTop HaKJJanbmaeT oco6b1e Tpe60BaH1rn Ha ero 

TeXHH'leCKHe xapaKTepHCTHKH, Ha,lle)l(HOCTb, cpoK pa60Tbl, pe)KHM 

3KCTTJlyaTaUHl1, pe)KHM BBO,Ua B 3KCTTJlyaTaUHIO Ha Hl13KOH 11 noJIHOH MOlllHOCTH, 

a TaK)Ke Ha CTOl1MOCTh 113roTOBJleHl1H ycTaHOBKH. 

Htt)Ke paccMOTpeHbl 0CHOBHhJe Tpe6oBaHHH K YCKOpHTeJIIO, KaK K '!aCTH 

npoH3B0,UCTBeHHOro KOMnJieKca npOH3B0JlCTBa :.meprHH HJIH nepepa60TKH 

0TXO,UOB, H onpe,ueJJeH JlHana30H napaMeTpoB ny'!Ka ycKopeHHblX '!aCTHU, r,ue 

Ha116onee Bblro,UHO HCnOJJb30BaTb B 3THX uem1x Ul1KJIOTpOH. ABTOP He 

npeTettnyeT Ha 3aKOH'!eHHOCTb yKa3aHHblX Tpe6oBaHl1H 11 Ha noJJHOe 

o6cy)l(JleHHe Ka)l(Jloro H3 Hl1X, T.K. TaKHe 3Ha'IHTeJJbHble HCCJJe,U0BaHHH MOfYT 

6b1Tb cnenaHbl T0JlbKO npH C03JlaHHH pa6o'!ero npoeKTa. OnttaKo no yKa3aHHblM 

npo6JJeMaM HH)Ke npHBOJlHTCH naHHble, K0TOpble o6menpH3HaHbl, B HeK0TOpblX 

cJJy'laHX nony'leHbl 3KCnepHMeHTaJJbH0 H ony6JJHKOBaHbl B MaTep11anax 

KOHcpepeHUHH HJIH o63opax nocJie,UHHX JieT. 

KpaTKO onHcaHbl TaK)Ke npoeKTbl UHKJIOTpOHHblX KOMTTJleKCOB, 

p.npa6oTaHHblX B JUln Ql,1}Jl.1. 

2. OcHOBHble Tpe6oBaHHH K ycKopuTemo 

2. I. (/)U3UKo-meXHU'leCKUe napaMempbl ycmaH060K 

3tteprnH 11 HHTeHCHBH0CTb ny'IKOB ycKopeHHbIX '!aCTHU, KOTOphie 

Tpe6yK>TCH llJHI pa3IIH'IHbIX 3JieKTp0H,UepHblX TeXHOJIOfl1H, o6c~aJJHCh BO 

MHOnIX pa6ornx. no pac'!ery B /2/ Tpe6yeMbIH TOK nyqKa npoTOHOB COCTaBJUieT 

I :e 18/f (MA), rne T (f38) - 3Heprnn nyqKa, np11qeM Tpe6oBaHHH Ha BeJittqHHy 

TOKa MeHHIOTCH B npe,uenax 0.61 < I < 1.31 B 3aBHCl1MOCTH OT H3MeHeHHH 

K03!p!pHUl1eHTa TTO,UKpl1TflqHOCTl1 K peaKTOpa BO BpeMeHH. Ha pHc. l 
npencrnBJJeHa 3aBl1C11MOCTh MOllJHOCTH Tpe6yeMoro nyqKa npoTOHOB OT K JlJIH 
pa3Jil1'1Hh!X MOllJHOCTett peaKTOpa, B3HTaH 113 /2/. 3,uecb nyttKTHPHOH JIHHHeu 

noKa3aHo noJio)KeHHe pa6o'!ero nyqKa UHKJJOTpOHa PSI (1.8 MA, 0.59 faB) H 

O)KJ11IaeMoro (5MA). TaK)Ke H3o6pa)KeHO TTOJIO)KeHHe nyqKa UHKJIOTpOHa ,11J.J:, 
pa3pa6aThrnaeMoro B JUITT Ol151l1 (o KOTopoM CKa3aHo HIDKe). BHJlHO, ~o 

KOMTTJleKc THna .LU.J: BTTOJIHe y,uoBJieTBopHeT Tpe6oBaHHHM npOMhIUIJieHHOH 

ycTaHOBKH Ha MOllJHOCTh ~ 1 fBT , a Ha HaqaJJhHOM 3Tane 3KCnJIYaTaUHH OH 
.... ·---- .. --- ·- ___ ,._...,,__..... __ , 



M0)KeT 6bITb HCII0Jih30BaH ,nJUI pa6oTbI C peaKTopoM M0lI(H0CTbIO .n:o 100 MBT 

npu K peaKTopa ~0.94+0.96. 3TOT pe3yJihTaT 6bIJI II0JiytieH .nirn TBep.n:ott (Th HJIH 

U-Pu) peaKTopttott c6opKJI. B pa6oTe /3/ II0KaJatto, 'ITO sttepreTwiecKntt 

ycl1Jil1TeJib Ha 6bICTpJ:>IX HettTpOHax TaK)Ke Tpe6yeT JIY'I0K IIP0T0H0B 3Heprnett 

~I f38 11 TOK .uo IO MA .nirn ycrattoBKH Moll(HocThIO ~l.75 fBT. B pa6oTe /4/ 

.nirn 110.u11nTKH KacKa.n;Horo )KJI)lKo-co11eBoro peaKTopa 11pe.!lJiaraeTCH 

11CII0Jlb30BaTb UHKJI0Tp0H C M0lI(H0CTbIO JIY'IKa (1+10) MBT. TpaHCMyTaUJIH 

BOeHHoro ITJIYT0HHH, Hellocpe,n:cTBeHH0 Ha JIY'IKe ycKopeHHbIX llp0T0H0B, 

-rpe6yeT HHTeHCHBH0CTh ,n:o 200 MA/5/. 

CHJibHOTO'IHhIH· 11poToHHhIH UHKJI0Tp0H ceKT0pttoro TJI11a (PSI, 

WBettuapHH) c 3Heprnett JIY'IKa 590 MsB pa6oTaeT B ttaCT0HlI(ee BpeMH c T0K0M 

nytIKa 1.8 MA. Ha JIJIHettHhIX ycKopnTeJUIX II0JiytieH 3KC11epJIMeHTaJibH0 TOK 

ycKopeHHblX IIP0T0H0B B JIMITyJihCe .n:o 300 MA. IlpHHUHIIJiaJibHO JIHHeHHhle 

ycKOpHIOIUHe CTpYKTYIJhI II03B0JIHIOT "ycKOpHTb 3Ha'IJITeJibHbie T0KH, o,n:HaK0 llpJI 

He11pepb!BHOH nx pa6oTe B03HJIKaIOT 11po611eMbI IIOfOHHhIX IIOTepi,, K0T0pbie He 

II03BOJIHIOT II0Ka II0JiytiaTb Tpe6yeMbie 3Ha'Iemui cpe,n:Hero T0Ka. TeM He Mettee 

Ha HaCTOHIUeM 3Talle pa3BHTHH YCK0pJITeJibHOH TeXHJIKH C'IHTaeTCH, 'ITO ,nJUI 

ITOJIY'{eHJIH T0Ka ycKopeHHbIX rrpoT0H0B ~ 100 MA JI 6011ee B O.!lHOH ycTaH0BKe 

MO)KHO HCII0Jib30BaTb T0JibK0 JIHHeHHhIH ycKopnTeJib, TaK KaK MaKCHMaJihH0 

.!lOCTH)KHMbIH TOK B UJIKJI0Tp0He ( ~ 10 MA)· orpaHJI'IeH. BCJie,n:CTBJie II0Tepb 

qacTHU B rrpouecce Bh!B0,!la. K TaK0MY · 3aKJIIQqeHJIIO rrpmmm ytiaCTHJIKH 

ceMnHapa ycKopHTeJibIUHK0B; 11poxo,n:JIBinero Ha· Koliq:iepettu;nl:I ADTT 

(r.KanMap, 1995 ·r.). ·l'aKHe )Ke 11apaMeTpbI UHKJI0Tp0H0B o6cY%.!laIOTCJI Ha 

nocJie,!lHHX ycKopnTem,HhIX KOHq:>epeHLJ;JIJIX /6/. 

OTMeTHM, tiio . B 'Ep<l>M llpe.!lJI0)KeHo pa3pa60TaTb TaK Ha3bIBaeMbIH 

KOJibUeBOH KOaKCHaJlbHhIH IUIKJIOTpOH, KOTOpbIH co,n:ep)KJIT IIIeCTb MarHJITHblX 

,!lOpO)KeK O,!lHa B : .apyrott (KoaKCHaJibHO) C . HJI3KHM yp0BHeM Be,n:ylI(ero 

MarHHTHOro IIOJIH n 60.ITbIIIOe KOJIH'IeCTBO 'pe3oHaTOpOB (120 IIIT.), K0T0phie 

co3.ua10T tta6op stteprnJI 20 MsB/o6opoT. B 3T0M CJiytiae orpaHJI'IeHJie 

HHTeHCHBHOCTH 110 q:>OpMyJiaM, llpHBe,n:eHHbIM B pa6oTe /7 /, COCTaBMeT 25 MA n 

eCJIH YCKOpHTb 11apaJIJieJibH0 Tplf JIY'IKa, TO ycKopeHHbIH TOK MO)I<eT .!l0CTJiraTb 

75 MA /8/. B pa6oTe /9/ TaK)Ke rrpe.!lJI0)KeH0 JICII0Jib30BaTb MHorope3oHaTOpHYIQ 

CHCTeMy ycKopemrn co CBepxllp0B0MlllHMH MarHnTaMJI C Pa3.!leJieHHhlMH 

cj)yttKUHHMH Q)OKyc11poBKH n II0B0poTa. B llpouecce 11popa60TKH 3THX rrpoeKT0B 

npe.u11011araeTCH 113ytieHne· q>H3JIKO-TeXHH'IeCKJIX JI TeXH0JI0fH'IeCKJIX 
B03M0)KHOCTett C03,!laHHH 3THX ycTaH0B0K. 

2.2. 3KOHOMU'leCKQJI 3t/Hj,eKmU8HOCmb 

Ko3q:>q:>11LJ;HeHT 11peo6paJ0BaHHH M0lI(H0CTH OT ceTn B M0lI(H0CTb 

ycKopettttoro llytIKa llp0T0H0B 11p11 TO Ke llytIKa ~ I 00 MA ,nJUI JIHHaKa C0CTaBJIHeT 

~0.8, 0,!lHaKo llpH YMeHbIIIeHJIH T0Ka llytIKa 3q:>q:>eKTHBHOCTb 3Ha'InTeJIJ,H0 

11a.uaeT H 11pu TOKe llytIKa IO MA Y%e He 11peBhIIIIaeT 0.3 /10/. IlpJI 3T0M .!lJIJIHa 

YCKOPHTeJIH Ollpe,n:eJIHeTCH Tpe6yeMOH 3Heprnett IIP0T0H0B H C0CTaBJIHeT ~ I 000 M 
.nirn E "" I fa B. 

3TOT )Ke K03cj}q:>JIUHeHT .nirn UJIKJI0Tp0Ha C0CTaBJIHeT 0.5+0.7 llpH T0Ke 

llytIKa IO MA /9/, 'ITO CBHJaH0 C 60JibIIIett 3arpy3KOH T0K0M BhIC0K0'IaCT0THoro 
pe3oHaTopa. IJJiolI(a,n:b llp0H3B0,!lCTBeHH0ro II0MelI(eHJIH TaKoro UJIKJI0Tp0Ha B 

HeCKOJibKO pa3 MeHhIIIe, qeM ,nJUI JIHHaKa. l13BeCTHO, 'ITO UHKJI0Tp0H JI ero 
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o6cJiy)KJIBattne ttaMHoro .n:erneBJie 1111ttettHoro ycKopnTeJIH c attanorn'IHOH 

stteprnett rrytIKa. HarrpnMep, UHKJI0Tp0H PSI, 11ocTpoeHHhIH B 1974 ro,n:y, CT0HJI 

35 MSFr, a BCH ycrnHoBKa-134 MSFr /11/. 11,etta JinHettHoro ycKopHTeJIH 

LAM PF cocTaBMeT ~ 1000 M$ USA. TaKaH pa3Hnua B ueHe cBH3aHa c TeM, 'ITO 

JIHHaK 0CHalI(eH HecpaBHeHH0 60JihIIIHM K0JIH'IeCTB0M ,n:oporoCT0HlI(ero 

BbIC0K0'IaCT0TH0fO o6opy,n:oBaHJIH. TaKJIM o6pa30M, llpn M0IUH0CTH IIP0T0HH0ro 

llytIKa .uo IO MBT, UHKJI0Tp0H HBMeTcH 6011ee .n:eIIIeaoi-i ycmHOBKOH, qeM 

JIHHaK. 

2.J.3KO.!lOZU'leCKOe 8030eiicmaue (nomepu 8 npou,ecce yCKOpeH11J1) 

Bo11poc II0Tepb 'IaCTHU B 11pouecce ycKopeHHH 11 Bb!B0.!la HCKJIIO'IHTeJibH0 

Ba)KeH .!lJIH T0K0B llytIKa B MHJIJIHaMllepHOH 0611aCTH 11 Tpe6yeT 

cj)ytt.!laMeHTaJihHOro K0MllbIOTepHoro ncc11e.n:0BaHHH If 3KCllepnMeHTaJihH0ro 

M0,1Ie1111poaaHHH. L(JUI IIY'JK0B ~ I .8 MA 110 3Kcnepl1MeHTaJibHhIM ,!laHHhIM /6/ 

noTepn He 11peBbIIUaIOT 0.8 µA, n aKTHBaUHH Y3JI0B ycKop11Tem1 He3Ha'Il1TeJibHa. 

3TJI 3KCllepnMeHTaJihHble pe3yJihTaTbl II0JiytieHbl B PS I, r.ue B 6JIH)KattIUee BpeMH 

IIJiaHnpyeTCH yaeJIH'IHTb TOK- llytIKa .n:o 5 MA IIYTeM yBeJin'IeHHH HanpH)KeHHH Ha 

pe3oHaTopax. 

B 3.JieKTp0H,!lepHb!X 11poueccax, rne TOK ITY'JKU Tpe6yeTC5! nopH,!lKa 

HeCK0.JlbKl1X MA C 3Hepr11ett .!10 I f38, Bonpoc noTepb B HaCT0HlI(ee BpeMH 

HBmieTCH TeXHOJIOrH'IeCKOH 3a,n:a'1eH 11 Tpe6yeT BblCOKOH KYJihTYPhl pa6oTbl 11 

ynpaBJieHmI Ul1KJI0Tp0H0M, 'ITO He Tpl1B11aJihH0 .!llIH ycKopuTemI C TUKHMl1 

napaMeTpaM11 ny'!Ka 11 Bbipa6aTbIBaeTCH B Te'leH11e MH0rHX JieT peaJihHOH pa6oThl 

C ny'IK0M BblCOKOH llHTeHCHBH0CTl1. 

2.4. HaiJe:HCHOCmb pa6ombl u 3tptpeKmU8HOCmb 06C.!ly:HCU8llHUR ycmaH08KU 

C•IHTaeTCH, 'ITO cpoK pa60Tbl IIP0113B0.!lCTBeHH0ro K0MnJieKca ycKopHTe.Jib

peaKT0p C0CTaBJIHeT ~50 JieT. UHKJIOTpOH C0CT0l1T 113 .!lByx 0CH0BHh!X CHCTeM -

MarHl1THOH 11 BblCOKO'IaCTOTHOH, a TaK)Ke 113 BCIT0M0raTe.JibHbIX CHCTeM 

ynpaBJieHHH 11 06c.Jiy)KHBaHl1H. L(m1 II0BblWeHl1H Ha,n:e)KH0CTH ycTaH0BKH, 

BCIT0M0raTe.JibHble CllCTeMbl M0fYT 6b1Tb .uy6n11poBaHbl. OllhIT pa60Thl 

MarHHTHblX c11cTeM (PSI, TRIUMF, cj)aJoTpOH OIUil1) 110KaJhrnaeT, 'ITO 

MH0rHe ro,!lbl 0HH pa6oTaIOT Ha.D:e)KH0 np11 C00TBeTCTBYIOIUeM pernaMeHTH0M 

o6c.Jiy)KHBaHl111. OcHOBHb!M HCT0'IHHK0M 0TKU30B HBmIJOTCH Bb!C0K0'IaCT0THbie 

CHCTeMbl. B C0BpeMeHHbIX npoeKTax UHKJI0Tp0H0B HCII0.Jlh3YeTCH OT 4 .n:o 10 

pe30HaTOpoB C M0UIHblMH reHeparnpaMH /5/. B JIHHeHHOM ycK0pHTeJie TaKHX 

Cl1CTeM 0K0JI0 ~300 /10/, 'ITO II0HH)KaeT Ha.D:e)KH0CTb 11 II0BhIIIIaeT CT0JIM0CTh 

o6c.Jiy)KHBaHl1H ycTaH0BKH. 

L(JIH Ha,!le)KHOH pa60Thl ycKopHTe.JIH Tpe6YIQTCH 0CTaH0BKH ,nJUI 

pernaMeHTH0ro o6CJiy)KJIBaHJIH, B03M0)Kffbl TaK)Ke aaapJIHHbie 0CTaH0BKH. 

8011pOCbl 0CTaH0B0K ycKopHTe.JIH Tpe6YIOT H3ytieHJIH B KU)K.!l0M K0HKpeTH0M 

CJiytiae, 0,!lHaK0 oqeBH.!lH0, 'ITO ecnn rrp0H3B0.!lCTBeHHhIH 11pouecc Tpe6yeT 

uenpepbIBHOfO llp0JI3B0.!lCTBa, TO Ha.D:0 JIMeTh "rop5I'Iee" 3a11acttoe 

o6opy,n:oBaHne. Ecn11 0.!lHH ycKopJITeJih He o6ecrre'InT tte11pephIBHhltt 11pouecc 

llp0H3B0.!lCTBa, Ha,n:o ,n:e.JiaTb ueCKOJibKO ycTaH0B0K Ha 0.!lJIH peaKTop. Ha11pnMep, 

B 11poeKTe Jloc-AnaMoca /5/ paccMaTpnBaeTCH pa6om o,n:ttoro JIJIHaKa Ha 

HeCKOJihKO MHIIIeHett, HO BhICKa3bIBaeTCH COMHeHJie no IIOBO.!lY 
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TeXHOJIOflflIHOCTJI JI Ha,n:e)KJ{OCTJI npJIMeHeHIDI B npoMhUilJieHHOCTJI TaKOll 

cxeMbl B CBJI3H C B03MO)KJ{hlMJI OTKa3aMH pa60Thl JIHHaKa. 

B pa6oTe /12/ OTMeqaeTcJI, ~o c uenhIO paBHOMepHoro pacnpe.n;eneHIDI 

BHeWHITX HeihpoHOB no aKTHBHOll 30He IT YMeHbllleHIDI MOIIIHOCTIT nyqKa 

0):(Horo HCToqHITKa MO:lKHO, ITCnOJih3Y5I HeCKOJlhKO ycKopJITeJiett, BBO):(JITh 

ycKopeHHhie nyqKIT C pa3HhlX CTOpOH. 3TO TaJOKe nOBhlCITT Ha,n:e:lKHOCTh pa60Tbl 

yCTaHOBKIT B ueJIOM. 

2.5. CpoKu U320moa.11enUJ1 u aaoiJa a 3KC11Ayama11,u10 

UHKJIOTpOHHbIH KOMTTJieKC MO:lKHO HaqITHaTh IT3fOTaBJIJIBaTh B 6mn1rnii:II1ee 

BpeMJJ 6e3 3HaqITTeJibHhIX qiytt.n;aMeHTaJihHhIX ITCCJie,n;oBaTeJihCKHX pa6oT. KaK 

OTMeqanocb Bb!We, UITKJIOTpOH C 6JIH3KJIMIT xapaKTepITCTITKaMJI nyqKa y')Ke 

pa6oTaeT. B 0115!11 (H3OHY JI.HIT) npOBe.n;eHhI 3HaqITTeJihHhie pa6oThI no 

pa3pa60TKe npoeKToB "CynepUITKJIOTpOH" JI ")].U" /13, 17 /, ~o no3BOJI5IeT 

npHCTynITTh K pa6oqeMy npoeKTIIpoBaHITIO CHJihHOTOqHoro UITKJIOTpOHa c 

MOIUHOCThIO nyqKa OT I .n;o IO MBT. 3To .n;acT B03MO:lKHOCTh co3.n;aHIDI 

3KCnepHMeHTaJihHoro ycKOpHTeJI51 IT peaKTopa C MaJIOll MOIIIHOCThlO JI no3BOJIJIT 

npHcTynHTh K OTJia.D:Ke IT ITCCJie):(OBUHITIO Bcero KOMTTJieKca. 11,ITKJIOTpOHhl 

TT03BOJI5IIOT HUPUIIIITBUTh B npouecce CBoero pa3BHTIDI KaK 3HeprITIO ycTaHOBKH 

(.n;o6aBJI515I CJie,Ll;YJOIIIYIO CTyneHh), TaK IT TOK ycKopeHHhIX npOTOHOB 

(.n;ettTpOHoB), YBeJIITqJIBaJI MOIIIHOCTh Bll-nITTaHIDI. 

113 aHaJIH3a COBpeMeHHoro TeXHttqeCKOfO COCT05IHIDI IT B03MO:lKHOCTell 

HCnOJih30BaHIDI ycKopHTeJiell B 3JleKTpo51):(epHhIX TeXHOJIOfJI5IX CJie,n;yeT, qTo 

UHKJIOTpOH: 

• HaH60Jiee .n;eweBaJI ycTaHOBKa ):(JI5I nonyqeHIDI nyqK0B ycKopeHHhIX 

'IUCTHU MOIIIHOCThIO JlO IO MBT; 

• peweHbl qiytt.n;aMeHTaJihHble HayqHhle npo6JieMhl ):(JI5I C03):(aHIDI nepBOH 

npOMhIIllJieHHOH 3JieKTpOJI):(epHOll ycTaHOBKH; 

• o6Jia,n:aeT B03MO:lKHOCTbIO YBeJIITqeHIDI MOIIIHOCTIT ycKopeHHoro nyqKa B 

npouecce OTpa60TKH TeXHOJIOfITIT pa60Thl Bcero KOMTTJieKca; 

• . npH YBeJIITqemrn KOJIITqeCTBa UHKJI0Tp0HOB JI peaKTopoB B 0):(H0M 

KOMTTJieKce nOJIBHTCJI B03MO:lKHOCTh, nepe6paChlBaJI TTyqOK C OJlHOfO o6beKTa Ha 

apyroti, npoBOJlHTh TTJiaHOBhie IT peMOHTHhle pa60Thl npIT coxpaHemrn 

pa60Tocnoco6HOCTIT IT Ha,n:e)KJ{0CTIT pa60Thl Bcero KOMTTJieKca. 

3. IlpoeKTLI ceKTOPHLIX IUIKJIOTPOHOB JI.Sill OMHM 

3.1.Cynepu,uK.!lompon 

B JI.HIT 0115111 MHoro JieT BeJlYTCJI pa60Thl no C03):(UHITIO CHJlhHOTOqHbIX 

UHKJIOTpOHHhIX KOMTTJieKCOB ):(JI5I HettTpOHHhlX , ITCTOqHITKOB. TeXHITqecKHH 

npoeKT YCKOpHTeJihHOro KOMTTJieKca "CynepuHKJIOTpOH", pa3pa6oTaHHhlll B 

JI.HIT 0115!11 /13/, npe):(Ha3HaqeH ):(JI5I ycKopeHIDI HHTeHCHBHbIX TTyqKOB 

npOTOH0B JlO 3HeprHH 800 M3B. KoMTTJieKc C0CTOHT H3 mrnettHOfO HIDKeKTopa 

Ha 3Hepru10 50 M38 IT peAATHBHCTCKOro H30XpOHHOro UHKJIOTpOHa C )KeCTKOH 
qJOKYCHpOBKOH. 
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B KaqecTBe HIDKeKTopa paccMaTpHBaJIC5I JlHHettHhlll ycKOPHTeJih C 

KBa.upynoJihHOH BhICoKoqacToTHOH q:>OKYCITPOBKOH /14/. AHanomqHhIH 

ycKOpHTeJlh npoTOHOB YPNI-30, 5IBJI5leTC5I HIDKeKT0pOM 6yCTepa ycKopITTeJI5I 

Y-70 B 11<DB3 (r.ITpoTBHHo) JI pa6oTaeT c TOKOM B uMnynhce ~100 MA. 

O6IIIaJI cxeMa UITKJIOTpOHHOH qacTH cynepuITKJIOTpOHa C 3JieMeHTaMJI 

KoppeKUHH MarHHTHoro noAA ):(JI5I C03):(aHIDI 3q>q:>eKTa pacnmpeHIDI op6HT ll 

BhIBO,Ua TTOKU3aHa Ha puc.2. MarHHTHaJI CHCTeMa cynepuuKJIOTpOHa COCTOHT ll3 

BOCbMH ceKTOpHhIX C-o6pa3HhIX 3J1eKTpOMarHHT0B co cnupaJihHbIMH 

noJIIOCHhIMH HaKOHeqHHKaMH. Mo,n;eJIJij)OBUHHe MarHHTHOfO noJI5I QHKJI0TpOHa 

6bill0 npoBe):(eHO Ha 0]lH0M ceKTOpe B MaCIIITa6e I : 15 JI Ha .n;Byx CeKTopax B 

MaCWTa6e I : 5. OcHOBHhie pe3yJihTaThl M0):(eJIJipOBUHIDI H3JIO)KeHhl B pa6oTe 

/15/. no pe3yJihTaTaM M0,UeJIHp0BaHIDI C0CTaBJieHO 3a,n:aHHe Ha, pa6oqee 

npoeKTHp0BaHne ycKopnTeJI5I. YcKOp5IIOIIIaJI CHCTeMa ycKopHTeJI5I C0CT0HT H3 

4-x npJIM0yr0JihHhIX pe3oHaTOp0B. Ha M0,UeJIH pe3oHaTopa B MaCIIITa6e I : 5 

HCCJieJl0BaJICJI Bonpoc B036~eHIDI pe30HaTopa HeCK0JihKHMH neTJI5IMH CBJI3ll. 

DbillO noKa3aH0, qTo CJI0)KeHHe BhICOKoqacTOTHOH MOIIIH0CTH MO)KH0 

0CYllleCTBHTh Henocpe,n;CTBeHHO B pe3oHaTope. ITo.n;o6Hble pe30HaT0phI B 

HaCT0JIIIIee BpeMH pa6oTaIOT Ha ycTaH0BKe PSI u o6ecneqnBaIOT ycKopHIOIIIee 

ttanp5I)Kettue 730 KB, pa3pa6aThIBaeTC5I pe3oHaTOp c ttanp5I)KeHHeM ~lMB . 

OcHOBHhle napaMeTphl cynepuHKJI0Tp0Ha ll COOTBeTCTBYJOIIIHe napaMeTphl 

PSI npuBe.n;eHhI B Ta6JIJIUe I. 

Ta6JIHu,a 1. IlapaMeTpLI cynep[UIKJIOTpoHa H IJ,HKJIOTpoHa PSI 

cvnePQHKJIOTP0H PSI 
3HePrIDI YCKopeHHhIX npoT0H0B (M3B) 800 590 

ToK VCK0peHHhIX npoT0H0B (MA) I u 6onee 1.4 O995r.) 

3tteprHJI HH)KeKTHpyeMhIX npoTOHOB (M3B) 50 72 
YacTOTa pa,n:uanhHhIX KOJie6aHJIH (Qr) 1.15+ 1.9 1.05+ 1.55 

YacTOTa aKCllaJlhHhIX KOJie6aHHH (Qz) 1.35+1.45 0.9 + 0.8 

Cpenttee Martt. none Ha KotteqHoM pa,n:. (T) 0.75 0.87 

Ha6op 3Hepmu 3a o6opoT (M3B) 2.0 2.2 - (4.0) 

KonuqecTBO pe30HaTOPOB 4 4 

Hanp5I)Kettue Ha octtoBH0M pe3oHaTOpe (KB) 500 550 (1000) 

MomttocTh Bq-noTeph B pe3ottaTopax(MBT) 1.0 0.8 

YHCJIO ceKTOpOB 8 8 

Bee MarHHTHOll CHCTeMhl (T) 5000 1990 

MowttocTh nuTaHHJI MarH. cucT. (MBT) 1.76 0.67 

PerueHHe npo6neMhl 3KOJIOfttqeCKOll quCTOTbl UHKJI0Tp0Ha npaKTttqeCKH 

C0CT0HT B pa3pa6onie BhICOK03q:>q:>eKTJIBHOfO BblB0):(a TTyqKa, npu K0TOP0M 

TepJieTCJI He 6onee ~5 MKA ycKopeHHhIX np0TOHOB npu J1I060M T0Ke 0CH0BHOfO 

nyqKa. )lJIJI cynepUHKJIOTpOHa paccMaTpHBaJIC5I MeTOJl BhlB0,Ua, OCHOBaHHhlll Ha 

3q:>q:>eKTe pacwupeHHJI 3aMKHYTLIX op6uT /16/, KOTOphIH C03):(aeTC5I cneu;HaJihHO 

ccpopr,rnpoBaHHhIM MarHHTHhIM noneM. CncTeMa KoppeKTHPYJOIIIHX ll 

0TKJIOHJIIOIIIHX MarHHTOB ):(JI5I C03):(aHHJI 3q>q:>eKTa pacruupeHHJI op6HT noKa3aHa 

Ha puc.2. Ha puc.3 npe.n;cTaBJieHhl pe3yJ1hTaTbl qncneHHOfO pacqeTa JllIHaMHKH 
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npOTOHHOfO nyqKa llJUI 3MIITTaHCOB Er = 21t MMXMpa,n II Ez = 81t MMXMpa.n . J,fa 

pac'leTa cne,/lyeT, 'ITO B C03,/laHHOM MarHIITHOM none II npII Ha6ope 3Heprmt 
2 M38/o6opOT 3MIITTaHCbl nyqKa pa3,/leJUU0TCfl Ha HeCKOnhKO caHTIIMeTpOB B 
Te'lem1e 2+3 o6opOTOB TTO'ITII 6e3 IICKll)KeHHH IIX qiopMbl, 'ITO TT03BOnIIT 
ycTaHOBHTh B YKa3aHH0M Mecre OTKJIOHflIOlllIIH cenTYM II BhIBeCTH nyqoK 6e3 
noTepb. 

BHIIHO, 'ITO B OCH0BHOM napaMeTpbl UIIKJIOTpOHOB 6nII3KH, T.K. npoeKTbl 
BbmonHeHbl B 70-x fO./lax. B HaCTOflUlee BpeMfl C'IIITaeTC51 /7 /, 'ITO 1lJUI 

yBentt'leHHfl TOKa nyqKa H BhIBOIIa 6e3 TTOTepb HY)KHO yaenII'IIIBaTb Ha6op 
:rneprntt Ha o6opoT, Il03TOMY B coBpeMeHHbIX npoeKTax yaeJIH'IHBaeTCfl, KaK 
npaBHn0, K0nH'leCTB0 ceKT0p0B II pe30HaTopoB. 

3.2.J(eiimpOHHblU ~UKAompon (J(JV 

B npoeKTe ".LleHTpOHHhIH UHKJIOTpoH" (.LI.LO npe./lTTOJiaraeTcH ycKopHTh 
neiiTpoHht .!lO 3Heprntt 1600 M38 /17 /. UttKJIOTpOHHhIH KOMTTJieKc cocTOIIT II3 
Tpex ycKOpHTeneH: JIHHeHHOro HH)KeKTOpa Ha 15 M38 H .!lByx ceKTOpHbIX 
u111<.110TpoH0B Ha 90 11 1600 M38 co cBepxnpoBOilfllllIIMII o6MOTKaMII /18/. 
CxeMa UHKJIOTpOHH0fO KOMnneKca npHBeIIeHa Ha pttc.4, 0CH0BHble napaMeTpbl 
B rn6Jrnue 2. 

Ta6JI~ua 2. OcHOBH_bI,e napaMCTpbl UHKJI0Tl)0Ht,t,o.ro K0MDJl~Kca )J,U:1-)J,U,2 

/lapa.Mempb1 nY'l«a .Llll-I .Llll-2 
3Heprnn HH)KeKUHH/BblBOIIa (M38) 15 / JOO 100 I 1600 
Panwvc HH)KeKUHH/BblBOIIa (M) 0.47 I l. 11 2.42/6.6 
4acTOTa PaIIHaJibHblX KOJie6aHHH 1.22 + 1.25 I.I I+ 2.0 
4acTOTa aKCHaJibHblX KOne6aHHH 1.13 + 1.32 1.39 + 1.43 
Op6ttTaJihHan qacrnTa (Mfu) 12.375 6.187 

Maznum 
MaKcHMaJihHoe/cpellHee none 4.26 / 1.53 4.o I 1.59 
Ha PaIIHVCe BblB0IIa (T} 
4ucno ceKT0P0B MafHHTa 4 10 

Yron cnuoanu Ha oanuvce BhlB0IIa (0) 0 49 

Yc«opa10111,llH cucmeMa 
fapMOHIIKaVCKOPeHHH 6 12 
4IIcno pe30HaTOPOB/3a30pOB Ha o6opoT 2/4 6/6 
Ha6op 3HeprnII Ha o6opoT (M38) l.0 2.4 + 4.2 
MaKCIIMaJibHoe HanpmKeHIIe (KB) 300 600 
TioTePII 3HeprnII Ha pe3oHaTOp (KBT) 60 500 

MarHIITHM CIICTeMa nepaoro UIIKJI0Tp0Ha npeIICTaBJ151eT co6oH 'leTblpe C
o6pa3HblX MarHIITa co CBepxnpOBOI1511lleH OBaJibHOH o6MOTKOH, HaMOTaHHOH Ha 
qieppoMarHIITHblll cep)le'IHIIK II YJIO:lKeHHOH B Kopnyc II3 Hep:lKaBeIOUleH CTaJIII. 
O6UlIIH BH.1( 0ilH0ro ceKTopa np1rne.1teH Ha pIIc.5. B HaCTOflUlee BpeMH 
3aKaH'IIIBaeTC51 TT0llf0T0BKa 3KCnepIIMeHTaJibHOH ycTaH0BKII, COJlep:lKameu MaKeT 
ceKTOpHoro MarHIITa C .L(BYMfl (II3 BOCbMII) T0K0BblMII MO.L(yAAMII. 8 
3KCnepIIMeHTaJibH0M 3aJie TaK)Ke pacnono:lKeHbl CIICTeMbl KpIIoo6ecne'leHII51, 
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Pttc. l. 3aBHCHMOCTb M0UlH0CTH nyqKa OT K03Q)Q)HUHeHTa noIIKPHTH'IH0CTH 
IlJIH peaKT0p0B pa311II'IHOH. M0UlHOCTH (cnnoWHble nHHHH). nyHKTHpHble 
nHHHH coorneTCTBYIOT MOlllH0CTH nyqKa UHKJI0Tp0HOB: I - PSI (l.8 MA, 
0.59 f38); 2 - PSI (5.0MA, 0.59 f38); 3 - .LI.U (2.5 MA, I f38/HyKJ1); 
4 - .LI.U (5.0MA, l f38/HyKJ1); 5 - Jl.U (10.0 MA, I f38/HyKJ1) 

Puc. 2 .CxeMa ycKopuTeJlll npoeKTil "CynepuuKJioTpou". I - pe3ouaTOpb1, 
2 - CCKT0pHble MarHHTbI, 3,4,5,6 - 3JICMCHTLI CHCTCMLI BLIB0.L(a 
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Puc. 5. CxeMa CeKTOpHoro MarHHTa. 1 - .llpMo, 2 - BaKyyMHa.ll KaMepa, 

3 - KOpnyc o6MOTKH, 4 - CBepxnpOBO)J;.llIIIa.ll o6MOTKa 
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3JieKTpomnamrn: tt imarHOCTHKH c ynpaBJieHtteM OT 3BM. Ha 3Tott: ycTaHOBKe 
npoBO,!UI.TCH 3KcnepttMeHTaJibHbie pa6oTbI no 3UXOJlmKHBUHHIO, 3anttTKe TOKOM H 
BblBO./lY 3HeprHH. TaIOKe npe.JlnOJiaraeTCH 3KCnepttMeHTaJibHO npoBepHTb 
MeTO./lHKY q>OpMttpoBaHHH Tpe6yeMoro MarHHTHoro noAA. 

(13 pa60Tbl /19/ CJie,!IyeT, qTQ Ha O,!IHH ycKopeHHbIH ,!Iett:TpOH pmK,uaeTCH 
npHMepHO B 2.2 pa3a Hett:TpOHOB 6oJibllle, qeM Ha ycKopeHHbIH npoTOH c 
0./lHHUKOBOH 3Heprnett: HU HYKJIOH. )lpyrHMH CJIOBUMH, ycKopeHHbIH nyqoK 
neihpOHOB C TOKOM IO MA no BbIXO.!IY Hett:TpOHOB 3KBHBaJieHTeH ycKopeHHOMY 
nyqKy npOTOHOB c TOKOM 20 MA npH O,!IHHUKOBOH ,!Ieq>oKycttpOBKe 
npocTpaHCTBeHHbIM 3apH,!IOM. 3To eCTb O,!IHa H3 OCHOBHbIX npttqHH, no KOTOpOH 
npe,!IJIO)KeHO ycKopHTb ,!Iett:TpOHbI. EcTeCTBeHHO, B 3TOM cnyqae )KeCTKOCTb 
MarHHTHOH CHCTeMbl {BxR) ,!IOJI)KHU 6bITb YBeJinqeHa B ,!IBU pa3a. qTO npttBeJio K 
peweHHIO HCTIOJib30BUTb CBepxnpoBOMIUHe o6MOTKH nptt TeMnepaTYpe 4.5 K. 

8 3UKJIJOqeHHe OTMeTHM, qTo, 'no HaIIIeMy MHeHHIO, MHOfOJieTHHH cnop 0 
JIH./lepCTBe JIHHUKU HJIH UHKJIOTpOHa ,!IM 3JieKTpOH./lepHbIX ycTUHOBOK He 
COCTOHTeJieH. )leno B TOM, qTo 3TH ycKOpHTeJIH ,!IOnOJIHHIOT, a He HCKJIIOqaIOT 
./lpyr ./lpyra. 8 HUCTOHIUee BpeMH, KUK OTMeqaeTCH B pa6oTe /12/, Heo6XO,!IHMO 
npHCTynaTb K pa3pa60TKe 3KcnepttMeHTaJibHOfO KOMTIJieKCa peaKTop 
ycKOpHTeJib ,!IJIJI MO./leJIHpOBUHHH npOMbIWJieHHOH YCTUHOBKH Ha He60JibllIOM 
ypoBHe MOIUHOCTH . 8 6Jitt)KUHIIIHe fO,!Ibl 3TO ,!IOJI:lKeH 6hITb peaKTOp -
UHKJIOTpOH, TUK KUK TOJibKO UHKJIOTpOH MO)KeT 6hITb H3fOTOBJieH 3a HeCKOJlbKO 
JieT C ny•IKOM He6oJibWOH MOIUHOCTH ,!IJIH 0Tpa60TKH TeXHJlqecKHX BOnpocoB . 
Ha•1ano pa60Tbl no 3THM npo6JieMaM H ycneWHble 3KcnepHMeHTbl IlU.!IYT 
./lOTIOJIHHTeJil;HblH HMTIYJibC K pa3BHTHIO CHJibHOTOqHblX ycKOpHTeJieH. 
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