
OBbE,Il;:IIBEHHbIM HHCTHTYT 51.IJ;EPHhIX I1CCJIE)J;OBAHl1M 

KAPIU1HCKI1M 
BHKTop HnKoJiaeBIPI 

9-2012-80 
Ha npaBax pyKonttcH 

Y.IJ;K 621.384.634.5 

CI1CTEMbI Ill1TAHI151 I1 3BAKYAQI1I1 3HEPfl1I1 
B EbICTPOUI1KJII1PYI011(I1X CBEPXITPOB0,[(5111(I1X 

CI1HXPOTPOHAX 

Cne1..1,tt:aJihHOCTh: 01.04.20 - cpmttKa nyqKoB 3ap.sDKeHHhIX qacTtt:I..I, 

H ycKopHTeJihHaa TeXHYIKa 

ABTOpecpepaT )l.MCCepTaU,HH. Ha COl1.CKaHl1e yqeHOM CTeneHH. 

KaH)l.11.)1.aTa TeXHRLJ.eCKMX HayK 

~y6Ha 2012 



Pa6oTa BhlIIOJIHeHa B 

Jia6opaTOpHH <l>H3HKH BhICOKRX 3Hepnrn HM.B.M.BeKcnepa H A.M.Ean.n.eHa 

06ne.n.HHeHHoro HHCTHTyra H,n:epHhIX HCCJie,n:oBaHHH . 

Hay'IHLIH pyxcoso.n:nTe.rtL: 

Tpy6HHKOB 
fpuropHH: Bna.n:HMHpOBH'I 

O«jln11naJ1hHhte onnouenTLI: 

TIOTIOHHHKOB 
CepreH: MBanoBH'I 

Me.n.Be,n:Ko 
AHaTOJIHH CTenaHOBH'I 

Be.n:ymau opraHH3811HH 

KaH.n.11.n.aT $H3HKO-MaTeManf'leCKHX HayK, 
11neu-KoppecrroH,n:eHT P AH 

.D:OKTOP TexHH'IeCKHX uayK, 
cmpwHH: HaYlJHhIH corpy.D.HHK, 
Ha11anhHHK oT.n.enenHH JI<l>B3 OIUIM, 
r. ):(y6ua 

KaH,n:H,n:aT TeXHH'IeCKHX HayK, 
Be.QYIIIHH HaYlJHhIH corpy,n:HHK 11HCTHTYTa 
H,n:epHOH $H3HKH HM. f.11.Ey,n:Kepa 
CO PAH, r. HoBocu6upcK 

<l>fYTI 11HCTHTYT TeopeTH'IecKoli H 
3KcnepHMeHTaJihHOH <l>H3HKH, 
r.MocKBa 

3axuHTa .n:uccepTallHH COCTOHTCH __________ 2012 r. 

B " _____ " 11acoB Ha 3ace.n:aHHH .n:uccepTaIIHOHHoro co Bern ,n: 720.001.02 

B 06ne.n.HHeHHOM HHCTHryTe g,n:epHhIX HCCne.n.oBaHHH, r. ):(y6Ha MOCKOBCKOH 

o6nacTH. 

ABTopeqiepaT pa3ocnaH " ___________ 2012 r. 

c .n.ucceprn11ueH: MO:>KHO 03HaKOMHThCH B 6H6JIHOTeKe 06'be.QHHeHHoro HHCTHTYTa 

H.n.epHhIX HCCJie.n.oBaHHH. jl 
Y11eHh1H: ceKpeTaph .n.uccepTaIIHOHHoro coBeTa /Jf_ /J / ,v1t1 /' 
Katt.n.11.n.aT <t>mHKo-MarnMaTH'IecKux ttayK, c.H.c. / /..:?vr 1 B.A. Ape<t>heB 



OcnoBHble l(eJlU pa6omb1 
B cepe,JWHe 80-x ro,n:oB B O:IDIH 6hlJia pmpa6oTaHa op1mrnam,Hwr KOHCTPYKQIDI 

CTPYKTYPHbIX Mar.IIBTOB CHHXPOTPOHa, reoM~IDI noIDI B KOTOpbIX <jlopMnpyeTCH 
MarHHTHblM cep,n:eqHHKOM, a B036pK.D:aeTCH none CBepxrrpoBo~eii (CII) o6MOTKOH. 
EJiaro,n:apH cy:m:ecTBeHHO MeHbIIIBMH, TIO cpaBHeIDIIO c .n:pymMH TIIDaMM err Mar.IIBTOB, 
HHJJYI<mBHOCThIO H 3anaceHHOH 3Hepmeii, TaKHe MarHlIT.bl MOryT 3KCIIJIYaTllpOBaTbCH 
IIpH TeMne pocTa IIOJIH ,n:o 4 TJI/c. rrepBbIB 6bICTPOI(HKJIHpyrom;Hii err CHHXPOTPOH c 
MarHHTaMH Taxoii KOHCTPYKI(HH - HYKJIOTPOH - 6bm coop)')KeH B OH.m H BBe,n:eH B 
3KCIIJIYaTaI(HIO B 1993 r. AHanornqHbre Mar.IIBTbI npe,n:n:onaranocb HCIIOJib30BaTb ,n:m1 

6yCTepHoro CHHXPOTPOHa ycKopHTeJII.Horo KOMIIJiexca SSC (Superconducting Super 
Collider, ClllA) H .n:JIH VLHC (Very Large Hadron Collider, na6opaTOpIDI HM. <l>epMH, 
ClllA). B HaCTOHID;ee BpeMH Be,n:yTc.H pa60Th1 no co3,n:aHHIO .n:syx cBepxnpoBo.D:Hm;HX 
6I.ICTPOI(HKJIHpYJOII(HX CHHXPOTPOHOB 6ycTepHoro CHHXpOTPOHa (EycTepa) 
ycxopHTeJII.Horo KOMIIJieKca NICA (Nuclotron-based Ion Collider Facility), 
coop)')KaeMoro B OH.fill, H CHHXpOTPOHa SIS-100 (rrpoeKT FAIR - Facility for 
Antiproton and Ion Research, ):(apMIIITa,D:T, repMaIIIDI). KpoMe Toro, B OH.m Be,n:eTCH 
paspa6oTKa Menmi;IIBCKOro CHHXpOTPOHa Ha OCHOBe MarHHTOB HYKJIOTPOHHoro THIIa. 
Pmpa6oTKa KOHIJ;eIII(HH IIOCTPOeHIDI CHCTeM IIHTaHHH H 3am;HTbI .n:JIH TaKHX 
ycxopHTeneii .HBJIHJIOCb O,n:HOH H3 OCHOBHblX 3a,n:aq ,n:aHHOH pa60Thl. 

He MeHee BIDKHOH 3a,n:aqeii HBJIHJIOCb pa.3BHTHe H coBepmeHcmoBaHHe CHCTeM 
IIHTaHIDI 11 3alllHThl ,n:eiicmyromero cHHXp01poHa HYKJIOTPOH. ):(o 2003 r. B OH.m 
nonepeMeHHO IIpOBO,n:HCb ceaHChl pa60Thl .n:syx ycxopHTeJieH (CHHXpO<jla.30TPOHa H 
HYKJIOTPOHa), npH 3TOM MarHHTHoe noJie ,n:HIIOJibHbIX MarHHTOB HYKJIOTPOHa 
B036pK.D:aJIOCb HCTOqHHKoM IIHTaHHH BblBO,n:HOro MarHHTa CHCTeMbJ Bbmo,n:a nyqxa H3 
CHHXpo<jla30TPOHa, a rpa,n:HeHT IIOJIH KBa,u,pynoJII.HblX JIHH3 - HCTOqffHKOM <jlopMarHHTa 
TOii )Ke CHCTeMhl. B 3THX YCJIOBH.HX cepbe3HaH MO,D:HCpHKaQIDI CHCTeMbl IIHTaHIDI 
HYKJIOTPOHa 6I.rna HeB03MO)l{Ha. rrocJie BI.mo,n:a CHHXpo«f>a3oTPOHa H3 3KCIIJIYaTaI(HH 
6bIJia IIOCTaBJieHa 3a,n:aqa IIOBbICHTh xaqecTBO Q>opMHpOBaIIIDI IIOJieH B HYKJIOTPOHe H 
o6ecneqHTh TPe6yeMoe KaqecTBo Me,n:.rreHHoro BI.mo,n:a nyqKa. 

B 2007 ro,n:y B OH.fill 6I.ma HaqaTa nporpaMMa ITO Mo,n:epHH3aI(HH HYKJIOTPOHa, 
paccMaTPHBaeMaH xax nepBwr cTa,n:IDI peanH3aI(HH npoeKTa NICA, ocHOBHOii l1eJibIO 
KOTopoii 6I.ma IIO,n:fOTOBKa CHHXpOTPOHa ,n:mI pa60Thl B COCTaBe HH)l{eKIIHOHHOH 
l1eIToqm TIDKeJIOHOHHOro KOJIJiaii,n:epa. rrpH 3TOM HyxnorpoH ,n:oJDKeH o6ecITeqHBaTh 
ycxopeHHe HOHOB ,n:o MaKCHMa.JThHOH npoeKTHOH 3HeprHH ( COOTBeTcmyromeli IIOJIIO 
,n:HIIOJibHbIX MarHHTOB 2 Tn) c TeMIIOM pocTa no.JUI 1 TJI/c. Cy:m:ecmoBasmwr CHCTeMa 
pm,n:eJII.Horo IIHTRHHH ,n:HIIOJibHbIX Mar.IIBTOB H JIHH3 o6na,n:ana p.sr,n:oM He,n:ocTaTKoB, B 
nepByro oqepe,n:I>, MOm;HOCTb HCTOqHHKa IIlITaHID! ,n:HIIOJibHhlX MarHHTOB 6bIJia He 
,D:OCTaTOqHa ,n:JIH rapaHTHpOBaHHOH Ha,D:e)l<HOii AJIHTeJibHOH pa60Thl npH BeJIHqHHe IIOJIH 
Bhlme 1 TJI H TeMITe poem noJIH Bhlme 0,6 TJI/c. KpoMe Toro, HcTOqHHK IIHTaHIDI JIHH3 

o6Jia,n:an IIOBbIIIIeHHbIMH nyJII.caI(HHMH H3-3a npo6neMI.1 cornacoBaHIDI pa60Tu1 B 
TPe6yeMOM .JWHaM~ecxoM ,n:HanmoHe (OT noJIJI HIDKeKIIHH ,n:o MaKCHMaJII.Horo) c 
3a,n:aqe:ii ITO ITO,n:,n:ep)KaHHIO 3aKOHa COOTBeTCTBIDI rpa,n:HeHTa JIHH3 IIOJIIO ,n:HIIOJibHblX 
MarHHTOB c 3a,D:aHHOH TQqHOCThlO. rrpH ITOBbJIDeHHH TeMITa poem ITOJIH cymecmyromwr 
cxeMa He Morna II03BOJIHTh o6ecneqHTb m6Koe yrrpaBJieHHe pa6oqe:ii ToqKoii Ha 



Haqa.rn.Hoii: CTarorn ycKopeHIDI. 0THOCH'feJThHO He3aIUICHMOii:, HO He MeHee BIDKHOii:, 

3a;n:aqeii: HBIDIJIOCh o6ecrreqeIIlle 6e3onacHoii: pa60Tu1 cBepxnpoBOMmHX MarHHTHhlX 

3JieMeHToB BO Bcex pe:>IrnMax. npH ee peme:mm aKl(eHT ;n:enaeTCH Ha TPe6oBamrnx K 

IIO;D:CHCTeMe 3BaK}'~ :mepnrn H3 CBepxnpOBOMmliX Mal'HHTOB IIpH IIOID3.JleHHH 

HOpMaTll:>HOii: <J.>a3bl. eo3A8HHM B 1993 r. CHCTeMa 3BaK)'au;HH 3Hepnrn Ha :MMelOlIUfXCH B 

TO BpeMH CHJIOBhlX 110.JIYIIPOBO;n:HHKOBhIX npH6opax 3a npomeronee BpeMH 

Mo;n:epHH3a:u;IDI He IIO'ABepranacb. OIIbIT 3KCITJIYaTa:QHH ycKOpHTeAA II03BOJIHJI BhraBH'fb 

cna61>1e MeCTa CHCTeMhl H CAeJiaTb BbIBO;D: 0 HeB03MO:JKHOCTH 110.ll)"IHTh MaKCHMaJThHOe 

IIOJie (3Hepml0 qac~ 6e3 ee KaIIHTaJibHOii: peKOHCTPyKI(HH. 

Hayrmaa R06U3Ra 
Pa3pa6oTaHa H pea.rrmoBaHa CHCTeMa ynpaBAAeMoro qmpMHpOBaHHH HeCKOJlhKHX 

IIOJieBhIX <l>YHKruIB, KaJKAa.II H3 KOTOpbIX «f>opMHpyeTCH OTAeJibHbIM HCTOqHHKOM, c 

TPe6yeMoii: TOqHoCThIO B peKop;n:Ho 6on1>moM ;n:HHaMHqeCKOM ;n:HaIIa30He H3MeHeHIDI 

IIOAA ;D:HIIOJihHblX MarHHTOB - OT 0,03 AO 2 TJI. 

Pa3pa6oTaHa cxeMa IIHTaHHH, OCHOBaHHa.II Ha IIOCJie;n:oBaTeJibHOM coe;n:HHeHHH 

Bcex CTPYKTypmrx MarHHToB HYKJIOTPOHa, cnpoeKTHpoBaHa H peaJIH30BaHa CHCTeMa 

3Bar<yarurn 3HeprHH, o6ecneqHBarom;He Ha;n:e)KffYIO H 6e3011acffYIO 3KCITJIYaTaumo 

MarHHTHOii: CHCTeMhl BIIJIOTb AO MaKCHMaJibHOii: npoeKTHOii: BeJIJiqHHbl IIOJIH - 2 TJI. 

Pa3pa6oTaHa H pea.Jrn30BaHa MeTO;D:HKa II03TaIIHOro C03;D:aHHH, TeCTHpOBaHIDI H 

BBO;n:a B 3KCITJIYaTa:QH10 :meMeHTOB HOBOii: CHCTeMhl IIHTaHHH H 3Bar<yarurn 3Hepnrn: 

6e3 ;n:nKreJII>HhIX nepepbIBOB B pa6oTe ycKopHTeJI1>Horo KOMIIJieKca. 

Pa3pa60TaH KOHD;ell'cyaJThHbiii: npoeKT CHCTeMhl IIHTaHH.sI H 3Bar<yarurn 3HeprHH 

EycTepa ycKopHTeJibHO-KOJIJiaii):(epHoro KOMilJleKca NICA, paccqH'faHHOii: Ha pa6ozy 

npH MaKCHMaJihHOM Tor<e 12 KA. 

IlpaKmu11ec«.aJ1 l(eunocmb pa6ombt 
eo3;n:aHHa.sI cHcTeMa nHTaHHH H 3Bar<yarurn 3Hepnrn: II03BOAAeT ocymecTBAATh 

ycKopeHHe B HyKJI01'pOHe TIDKeJibIX HOHOB ;n:o 3HeprHH 6 faB/H (A/Z = 2). 
Pa3pa60TaHHbie H HCIIbITaHHbie npHHUHITHaJihHhle, CXeMOTex~eCKHe H 

KOHCTPYKTHBHhle pemeHIDI MOryT 6nITI> HcnoJib30Bam1 npH co3;n:aHHH no;n:o6m1x 

CHCTeM. BHe;n:peHHbie MeTO,!l;HKH MOryT 6hITb HCIIOJib30BaHbI npH BBO;n:e B 

3KCITJIYaTaD;HIO CHCTeM TIHTaHH.II H 3aID;HThl 6I>ICTPOIIHKJIHpYIQIIl;HX en CHHXPOTPOHOB 

H en HaKOilHTeJieH Ha OCHOBe MarHKrOB THila HyKJIOTPOH. Komi;eIITyaJihHhlii: npoeKT 

CHCTeMbl nHTaHHH EycTepa HBJIHeTCH OCHOBOii: ;n:JI.II pmpa60TKH ee OT;D:eJII>HbIX 

3JieMeHTOB. 

Ha 3aU(umy 6b11wcumca: 

1. Pe3yJII>TaT pa3BHTH.II CHCTeM1>1 pa3;n:en1>Horo IIHTaHH.sI MarHHTOB H 

JIHH3 HyKJI01'pOHa no ynpasnHeMOMY «f>opMHpOBaHHIO noneBbIX «f>yHI<n;Hli H 
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o6ecneqemno t'pe6yeMoro KaqecTBa norreii Ha «CTOJie» MeMeHHoro BLIBo.n:a 

nytIKa. 

2. TeXHH'leCKHH npoeKT CHCTeMl>I nHTaHIDI H 3BaKYaUIDI 3HeprnH 

OCHOBaHHbIH Ha nocne.n:oBaTeJibHOM coe.znraemrn 

CTJ'YKTYPHbIX MarHHTOB H JIHH3. 

3. MeTo,IJ,HKa no:narrnoro BBo.n:a B 3Kcnrryarau;mo 3JieMeHTOB HOBOH 

CHCTeMLI mrraHIDI H 3BaKYai:urn 3HeprnH 6e3 .D:JIHTeJibHLIX nepephlBOB B 

pa6oTe ycKopmeJILHoro KOMilJieKca. 

4. Pe3yJILTaTLI HCIThITaHIDI HOBOH CHCTeMbl IlHTaHIDI H 3BaKYai:urn 

3HeprHH, o6ecneqHBrne:H: Ha.n:exrnyio H 6e3onacH)'IO 3KCilJIYaTan;HIO 

MarHHTHOH CHCTeMLI HyKJIOTPOHa BilJIOTL .n:o MaKCHMaJibHoro npoeKTHoro 

noIDI JJ:HIIOJILHbIX MarHHTOB 2 Tn. 

5. KoHI.J;emyanLHLIH npoeKT CHCTeMLI IIHTaHIDI H 3aIIUfThl EycTepa 

ycKopmeJILHOro KOMIIJieKca NICA. 

Anpooau,UR paoom111 

OcHOBHLie pe3yJILTaThI .n:HccepTai:urn .n:oKJia,n:LIBaJIHCb Ha poccHlicKHX 
ycKopHTeJILHLIX KoHcJ?epeHn;IDIX RuP AC 2008 (3BeHHropo.n:), RUPAC' 10 
(IIpoTBHHO ), Ha Me)l()zyHapo)J;HLIX KoHcJ?epeHD;IDIX EPAC 1998 (CToKroJILM), EPAC 
2004 (Jirou;epHa, l.IIBe:H:u;apmi:), EPAC 2006 (3JJ:HH6ypr, llloTJiaH,ll;IDI) ' EPAC'08 
(reHyH, lfraJIHH), IPAC'lO (KHoTO, JlnoHIDI), IPAC'll (CaH Ce6aCTbHH, HcnaHHH), 
VIII Me)l()zyHapo.n:HoM ceMHHape naMHTH B.II.CapaHn;eBa (AJiymTa, ceHT. 2009), 
HeO,ll;HOKpaTHO o6cy)l()J;aJIHCb Ha HayqHLix CeMHHapax B 06'be,ll;HHeHHOM HHCTHzyTe 
Jl.n:epHLix Hccne,n:oBaHHit 

llylillu«.au,uu 

Pe3yJILTaThl HCCJie,ll;OBaHHH, COCTaBHBIIIHX OCHOBY )J;HCCepTai:urn, ony6JIHKOBaHbI B 
18 neqaTHhlX pa6oTax, B TOM qHcrre B IIHTH peqiepHpyeMLIX H3,ll;aHHHX no CilHCKY 
BAK. 

Cmpy«.mypa u 0611eM iJuccepmau,uu 
~ccepmu;IDI COCTOHT H3 BBe)J;eHIDI, 4 rrraB, 3aKJIIOlJ:eHHH H CIIHCKa JIHTepaTYPbI H3 

54 HaHMeHOBaHHii. 06ID;Hii o6'beM pa60Tu1: 115 CTPaHHI.J;. 
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Co,ll;ep~aHne ,ll;HccepTa~HOHHoit paooTLI 
Bo BBe,1J;enuu o6ocHoBaHa runyam.HOCT.b TeM.bI ).UlccepTarurn:, ,!(aH Kpanarn 

aHaJIH3 npo6neM, pemaeMI>IX B mrccepT~H, H ccpopM)'JIHpoBaH.bI n:enH 

HCCJie,D;OBa.HHli, BOIDe,!(IIlHX B pa6ozy. 

OcHOBHoe co,D;ep)KaHHe pa6oT.bI H3JIO)KeHo B 4 rnasax. 

B nepBoii rJiaBe IlpHBOMTCH OCHOBH.ble pe3)'JI.bTaT.bI, rronyqeHH.bie rrpH pa3BHTHH 

CHCTeM.bl IIHTaHHH H)'K!IOTpOHa, OCHOBaHHOH Ha pa3,D;eJI.bHOM 3JieKTpOIIHTaHHH 

C'I'p)'KT)'PH.bIX MarHHTOB H JIHH3. CTp)'KT)'PHO 3Ta cxeMa OCHOBaHa Ha IIHTaHHH 

IIOCJie,D;OBaTeJI.bHO coe;:urHeHH.bIX ,!(HIIOJI.bH.bIX MarHHTOB OT HCTOlJHHKa 20TB, 

rrocne,D;osaTeJI.bHo coe;:urHemrne cpoeycHpy:iomHe H ,!(ecpoK)'cHpyromHe JIHH3.bI 

o6pa3)'IOT He3aBHCHM)'IO u;em H IIHTaIDTCH HCTOlJHHKOM l 9TB, ,!(JUI pa36aJiaHCa TOKa 

B $OK)'CHp)'IOmHX H ,D;e<l.>oKyCHp)'IOIUHX JIHH3ax (3TO Heo6XO,ll;HMO ,ll;JIH rM6Koro 

ynpasneHHH IlOJIOJKeHHeM pa6olJeil: TOlJKH ycKopHTeJIH) HCIIOJI.b3yeTCH 

,!(OIIOJIHHTeJI.bH.blH HCTOlJHHK 42TB-<J> MaJIOH MOID;HOCTH (pHC. 1). 

cjlMnbTp 20TB 
r-----~--

+ 

illCT04Hl1K TOKa 

20TB 

3009 x3150A 

L--·-·--·---------· 

lo1CTOYHl1K TOKa 

T 
19TB 

150Bx6300A 

l------·--·--

0,075 OM 0,150M 

KT5 25MrH KT4 

0,0750M 0,150• 

0,0750M 

0.0750M 

25MrH 

0,150M 

1,120M 

+ 
lo1CT04Hl>IK TOKa 

1,120M 

42TB-<1> 
75Bx200A 

PHCyHOK 1. CxeMa 3neicrponHTaHHH C'I'pYK'fYPH.blX MarHHTOB M (MCTOlJHHK 20TB) H 

IIOCJie,D;oBaTeJI.bHO BKlllOlJCHH.bIX cpoKyCHp)'IOID;HX ct> H ,!(ecpoKyCHp)'IOIUHX ,[( JIHH3 

(HCTOlJHHK 19TB) HyIOioTpoHa. 

OcHoBoil: CHJIOBOH tiaCTH l 9TB M 20 TB HBIDieTcH ,D;opa6oTaHH.bIH 6-TH $a3H.blH 

B.blilpHMHTeJI.b THna TIIB-3150/230 c HOMHHaJI.bH.bIMH rrapaMeTpaMH 150 Bx 3150 A. 
liCTOlJHHK 19TB COCTOHT H3 ,D;Byx TaKHX B.bIIlpHMHTeJieH coe,ZJ;:rIBeHH.bIX 

rrapanneJI.bHO H COBMeCTHO o6pa3yIOmHX 12-TH cpa3Hyro cxeM)' B.bIIIpHMJieHHH c 
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" 

HOMHHaJil>HblMH ,!J;aHHhIMH 150 Bx 6300 A. F!CTOlJHHK 20TB TaIOKe COCTOHT H3 .u;Byx 
YKa3aHHhIX Bhlme BbIIIpHMHTeJieH coe,!J;HHeHHhlX IIOCJie,!J;OBaTeJibHO H COBMeCTHO 

o6pa3yIDIIIHX 12-TH cpa3HhlH CXeMY BhlIIpHMJieHIDI c HOMHHaJil>HbIMH rrapaMe'IpaMH 

300 Bx 3150 A. RcTOlJHHK 42TB-<I> 06ecrre11HBaeT MaKCHMaJil>m.Iit TOK ,!J;O 200 A npH 

Hanp»JKeHHH ,!J;O 75 B. 

Aim 3BaeyaIJ.HH 3HeprHH H3 CBepxnpOBO,!l;HllIHX 3JieMeHTOB B CJIY1Iae rrepeXO,!l;a B 

HOpMaJibHO IIpOBO,!l;Hm;ee COCTOHHHe B cxeMe npHMeIDIIOTCH 7 OTKJIIOlJaeMhlX no 

BHemHeMY CHrHaJIY THpHCTOpHbIX KJIIOlJeit (KT) - 5 B Marmrrax H 2 B JIHH3ax. 

OcHOBHOH 3a,!J;a1Ieit CHCTeMbl IIHTaHIDI HBJIHeTCH yIIpaBJIHeMoe cpopMHpOBaHHe 

'IpeX IIOJieBhlX <l>YHKIJ.HH: IIOJIH ,!l;HIIOJibHl>IX MarHHTOB, rpa,!l;HeHTa cpoeycHpyrom;HX H 

,!l;ecpoKycHpyroIIIHX JIHH3. Ka)K,!J;aH H3 HHX cpopMHpyeTCH OT,!J;eJibHhlM HCTOlJHHKOM. 

Ka11ecTBO pa60Thl CHCTeMhl ( CTa6HJibHOCTb IIOJIO)KeHHH pa6o1IeH TOlJKH YCKOpHTeJIH B 

npou;ecce pocTa IIOJIH) onpe,!l;eJIHeTCH TOlJHOCTbIO, c KOTOpoli BbI,!l;ep)KHBaeTCH 

3a,!J;aHHoe COOTHOmeHHe Me)K,!J;y IIOJieM ,!J;HIIOJibHhlX MarHHTOB H rpa,!l;HeHTaMH JIHH3 B 

IIOJIHOM ,!l;HaIIa30He H3MeHeHIDJ IIOJIH ,!J;HIIOJibHhlX MarHHTOB - OT IIOJIH HH)KeKIJ;HH, 

cocTaBJIHIOm;eli 0,03 TJI, ,!J;O MaKCHMaJil>Hoit npoeKTHOH BeJIH1IHHLI - 2 TJI. 

,IJ;onOJIHHTeJibHOH CJIO)KHOCTblO IIpH pemeHHH 3TOH 3a,!J;a1IH HBJIHeTCH 1IHCTO 

HH,!J;yKTHBHhlH xapaKTep HarpY3KH: Ha «CTOJie» IIOJIH aKTHBHaH COCTaBJIHIOID;aH 

COIIpOTHBJieHHH u;eTIH CBepxnpOBO,!J;HID;HX MarHHTOB onpe,!l;eJIHeTCH TOJibKO 

COIIpOTHBJieHHeM IIO)(BO,!l;HID;HX Ka6eJibHJ>IX 'IpaCc H npaKTH1IeCKH paBHO eymo. 

Aim pemeHHH 3TOit 3a,!l;a1IH 6i.ma npe,!l;JIO)KeHa H peanH30BaHa CHCTeMa 

peryJIHpOBaHHH IIOJIH B Marnmax (HCTOlJHHK TOKa 20TB) H rpa,!l;HeHTa noJIH B JIHH3ax 

<I> H .n; (HCTOlJHHK TOKal9TB), nOC'IpOeHHaH CJie,!J;yrom;HM o6pa30M (CM. pHC. 2, ,!J;JIH 

IIpOCTOTbI cxeMa pery.JIHpOBaHHH HCT01IHHKa 42TB-<I> He npHBe,!J;eHa). 

OnopHa»: cpyHKIJ;HH 3TaJIOHHoro noJIH Bo noczyrraeT B peryJIHTop 20TB, KOTOphlit 

cpopMHpyeT rroJie B Marnmax. Peani.Hoe none B MarHHTaX B H3Mep»:eTc»: c rroMOID;bIO 

HH,!J;yKIJ;HOHHhlX ,!J;aT1IHKOB KMM2, KHM4, ycTaHOBJieHHJ>IX Me)K,!J;y nomocm.IMH 

HaKOHelJHHKaMH mMepmeJILHhlX MarHHTOB Ml'.12, MM4, BKJII01IeHm.1x 

nocJie,!J;oBaTeJILHO c ,!J;HIIOJibHJ>IMH MarHHTaMH HyKJIO'fPOHa. l1H,!J;yKIJ.HOHHhre ,!J;aT1IHKH 

Bbipa6aThIBaIOT CHrHaJI, nponopIJ,HOHaJibHbIH IIpOH3BO,!l;HOH noJIH no BpeMeHH d.B/dt. 
c nOMOID;blO TaitMepa 3TOT CHrHaJI npeo6pa3yeTCH B 3aBHCHMOCTb IIOJIH OT BpeMeHH H 

OIJ.HcppoBi.rnaeTc»: (TaK Ha3bIBaeMLre B+ H B- cepHH). ,lJ;JIH a6comornoit KaJIH6poBKH 

3Ha1JeHHH nOJIH HCIIOJib3yeTCH ,!l;aT'IHK Ha OCHOBe H,!l;epHO-MarHHTHOro pe30HaHca, 

Bbrpa6aThIBaIOID;HH CHrHaJI B MOMeHT BpeMeHH, KOr,!l;a BeJIH1IHHa IIOJIH paBHa 0,01 TJI 

(Ha pHCYffKe He IIOKa3aH). CHrnaJI peani.Horo noJIH, YMHO)l(eHHJ>rit Ha K03cpcpHIJ.HeHT 

CBH3H Kl, noczyrraeT B KalJeCTBe orropi.r B peryJIHTOp HCT01IHHKa 19TB, KOTOpbIH B 

CBOIO 011epe,!1;b cpopMHpyeT rpa,!l;HeHT noJIH B JIHH3ax GD. IlpH 3TOM 3Ha1IeHHe 

peaJibHOro rpa,!l;HeHTa IIOJIH ,!J;OJl)KHO OTJIH1IaTbCH OT peaJil>HOro noJIH YMHO)KeHHoro 

Ha Kl He 6oJiee 1IeM Ha 0,1% BO BCeM ,!J;HHaMH1IeCKOM ,!J;HaIIa30He H3MeHeHHH IIOJIH. 

3Ha1JeHHe peaJil>HOro rpa,!l;HeHTa JIHH3 H3MepHeTCH HH,!l;yKIJ,HOHHhIMH ,!J;aT1IHKaMH 

KR,n;I, KR,l1;2 (AJUI ,!l;ecpoeycHpyromHX JIHH3) H KR<I>l, KR<I>2 (,!J;JIH <l>oeycHpyroIIIHX), 

ycTaHOBJieHHhlX Ha HeKOTOpOM paCCTOHHHH OT OCH B COOTBeTCTByIDID;HX 

mMepmeJILHhlX JIHH3ax. 
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PHCYHOK 2. CxeMa cpopMHpOBaHHH yrrpaBJUJIOID:HX CHTIUUIOB CHCTeMI>I reHepauHH 

Mannrrm.1x rroneii B CTpYKTYPHl>IX MarHHTHl>IX 3JieMeHTax HYKJIOTpoHa rrpH HX 

pa.3,nem.HOM IIHTaHHH. 

3TH ,n:a'flIHKH cpopMHpYJOT CHrHa.Jlhl rrporropUHOHaJThHl>Ie IIpOH3BO.D:HOii no 

BpeMeHH OT rpa,n:HeHTOB cpoeycHpyrom:HX dGF/dt H ,n:ecpoeycHpyromHX dGD/dt JIHH3, 

KOTOpbie c IIOMOID:bIO COOTBeTCTBYJOID:HX TaiiMepoB rrpeo6pa3YJOTCH B 3aBHCHMOCTH 

rpa,n:HeHTOB OT BpeMeHH. A.ITH .D:OCTIDKeHHH Tpe6yeMoii TOqHOCTH rpa,n:HeHTOB B 

perynuop 19TB BBO.D:flCH CHrHaJThl IIpOH3BO.D:Hl>IX IIOJIH H rpa,n:HeHTa IIOJIH, 

orrpe,n:eJieHHhlM crroco6oM 3aMeIIIHBa.IOTCH H, CJMMHpYHCb c OCHOBHl>IM pa3HOCTHhlM 

CHrHaJIOM rrepBoo6pa3Hl>IX IIOJIH H rpa,n:HeHTa IIOJIH, cpopMHpYJOT 3a,n:aromHii CHrHaJI 

.D:JIH CHCTeMhl HMrryJThCHO-cpa30BOro yrrpaBJieHHH THpHCTOpHOro BbIIIpHMHTeJIH. 

A.ITH HCTOqHHKa pa36aJiaHCa 42TB-<I> orropHoii cpyHKUHeii HBJIHeTCH peam.m.rii 

rpa,n:HeHT B JIHH3ax <I> YMHO)l(eHHhlii Ha K03cpcpHUHeHT CBH3H K2. TOK HCTOqHHKa 

iJ:OJI)l(eH H3MeHHTb rpa,n:HeHT B JIHH3aX ,n; c TOqHOCTbIO He xy)l(e 0, 1 % OT 3a,n:aHHoro 

3HaqeHHH BO BCeM ,n:HHaMffqeCKOM .D:HaIIa30He rpa,n:HeHTa <I>. 

IlpHMeHeHHe rrpe,n:JIO)l(eHHOii cxeMI>I peryJIHTOpa BKyrre c OIITHMH3al(Heii 

rrapaMeTpOB CHJIOBOfO cpHJibTpa HCTOqHHKa 19TB II03BOJIHJIO CHH3HTb MfHOBeHHhle 

rryJibCaUHH B HCTOqHHKe IIHTaHHH JIHH3 H IIOBbICHTh .D:OJirOBpeMeHHyro CTa6HJibHOCTb 

pa60Tbl CHCTeMbI IIHTaHHH c Tpe6yeMbIM KaqecTBOM MarHHTHhlX IIOJieii. THIIOBOii 

UHKJI MarHHTHl>IX IIOJieii IIpH OIITHMaJThHO HaCTpOeHHOii CHCTeMe rrpH K03cpcpHUHeHTe 

Kl = 1 IIOKa3aH Ha pHc.3. 
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t CTOJla = 1c 

T L\l-!Klla = 1 Oc 

DGD=@ 

CMrHan OWM6KH 

OGD=B-GD 

900 19 2'?00 3600 T,MC 
B= 9000,0rc T= 1000Mc BMax= 900D.orc kl= 1.0000 

nePMOA=10000MC k2= o. 0000 
dS.ldt<rc/c)= 6000.0, 6000.0 

Tl. neP. (1o10>= 5, 150 
T2 noP. <1o10>= 150.. 5 

HOMe:· ~ri:::K~~z~o!?: G~~~G~~~ uge;;:TOJI TeK,,utMe AaHRble) nz= .u~o 
U•Ha Aen. (50 PROTP. •A·): OWM6KH1 ro SC: 4 OTHOUK!HMSI sr•.1000:;; 
D8'P)lo rPaHMq,;l BPOMGH. OKHa Ha DKpaH• << 4200 ),MC ht2= ;,t;:J:Q:il 
HM*HRSI rPaHML&a1 ICC le-.1:::: ti: 
•waaoaT•: l!lilillilllilmllliillllllillllll!llil!i!limlllllllilllli!ili!iilllilil\11!111l!lliili!!l!llllJ!llll!Dlll!t!lmlm:mlll 

PHcyHOK 3. IloneBI>Ie cpymc~ onopHoro noIDI Bo, ,n;HIIOJibHhlX MarHHTOB B, 

rpa.n;HeHTa JIHH3 GD H pa3HOCTHoro noneBoro CHrHaJia DGD. 

B .n;eKa6pe 1999 r. 6bIJia BBe.n;eHa B 3KCnJIYaTau;mo CHCTeMa Me,[(JleHHoro BMBo.n;a 

nyqKa m HYKJIO'IJ>OHa. BhlBO,ZJ; o6ecneqHBanc.si: 3a cqeT cMem;eHHH pa6oqeii Toqm 

ycKOpHTeIDI B OKpeCTHOCTb pe30HaHca 1/3 c nOMOIIJ;bIO rpynIIhl KBaA?ynoJibHbIX 

JIHH3, pe30HaHC B036)')1\,ZJ;aJICH c nOMOID;bIO ceMeHCTBa ceKCTynoJieii. 0,D;HOpO,ll;HOCTb 

paCTIDKKH nyqKa no BpeMeHH o6ecneqHBanaci:. CHCTeMOH o6paTHOH CB113H B u;enH 

IlHTaHHll JIHH3 no CHrHaJIY HHTeHCHBHOCTH BbIBe.[(eHHOTO nyqKa. }1,JUI o6ecneqeHH1! 

KaqecTBeHHoro Me,[(JleHHoro BbIBO,ZJ;a nyqKa Heo6XO,ll;HMO 6bIJIO o6ecneqHTJ> BbICOKYIO 

CTa6HJibHOCTb IlOJIOJKeHHl! pa6oqeii Toqm Ha «CTOJie» BbIBO,n;a, TO eCTb CHH3HTb 

cym;eCTBOBaBmHe nyni:.ca~ rpa.nHeHTa MarHHTHOTO noJIH B KB~ynOJibHbIX JIHH3ax 

(pHC.4, a). ,[(.Jm CHIDKeHHl! nynI>cau;Hii 6bIJI npHMeHeH aKTHBHhlH ci>HJI.E.Tp, 

BbIIlOJIHeHHhlH Ha 6a3e CHJIOBOH TpaH3HCTOpHOH c6opKH, BKJilOqeffHbIH napanneJibHO 

HarpY3Ke H HaCTpOeHHblH Ha IIO.[(aBJieHHe nepeMeHHOH COCTaBIDIIOm;eH: B BbIXO,ll;HOM 

Hanp.si:JKeHHH. B pe3yJII>TaTe 6bIJIH cHHJKeHhl nyJIJ>ca~ B rpa.nneHTe MarHHTHoro 

noIDI JIHH3 6onee qeM B 5 pa3 H nonyqeHbI OilTHMaJibHbie ycJIOBHll ,ll;JIH 

ocym;ecTBJieHHll Me,[(JleHHoro Bb!Bo.na nyqKa. CHrHaJI dGD/dt npH BKJIIOqeHHOM 

aKTHBHOM cf.>HJibTpe npHBe,ZJ;eH Ha pnc. 4,6. 
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!po~n :: ~j~m·m~i~.it< 

6) 

: : : : : : 
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PHC)'HOK 4. Ilym,caiurn rpa;:i:HeHTa noJUI B JIHH3ax (dGD/dt) Ha CTOJie Me)lJieHHoro 

BhIBO,ll;a nytIKa: a) 6e3 aKTHBHOro q>HJTh'fPa, 6) c aKTHBHblM lj>HJTh'fPOM B CHCTeMe 

IlHTamm JIHH3. 

Bo BTopoii rJiaee npime,ll;eHo onHcam1e pa3pa6oTaHHoro npoeKTa MO,ll;epHH3arum 

CHCTeMhl nHTaHlUI H 3aIIIHThl C'fPYKTypHLIX MarHHTOB H JIHH3, npH3BaHHoro 

06ecneqHT1> Ha;:i:eJKeyro 3KcnrryaTa.I(HIO ycKopHTeJUI npH MaKCHMaJI&Hoii npoeKTHoii 

BenmHHe no.JUI ,ll;Hnom.Hblx MarHHTOB 2 Tn. 

HecMOTpH Ha cyI11eCTBeHHLie ycneXH, ,ll;OCTHrffYT1>1e npH pa3BHTIIB 

cyI11eCTBOBaBmeii CHCTeMbl IIHTaHIUI, OHa o6Jia,ll;aJia u;eJiblM p.11,n:OM He,ll;OCTaTKOB. 

IlpeJKJJ;e Bcero, 3TO KaCaJIOCb B03MOJKHOCTH ,ll;OJirOBpeMeHHOH CTa6H.JThHOH pa60Thl 

npH none ,ll;Hrrom.Hhlx MarHHTOB 2 Tn. A HMeHHo TaKaH 3a,ll;aqa cTaBHJiac1> nepeA 

HYKJIO'fPOHOM B paMKax npoeKTa C03,ll;aHHH B OIUIM THJKeJIOHHHoro KOJIJiaH:Aepa 

NICA (Nuclotron-based Ion Collider fAcility), aKTHBHaH pa3pa6oTKa KOToporo 

HaqanaCL B 2005 r. TaK, HCTOqHHK 20TB Mor o6ecneqHTJ, HOMHHaJThHhlH TOK 6000 A 

( COOTBeTCTBYIOillHH noJIIO 2 Tn) B u;enH ,ll;Hnone:H TOJILKO npH cpe,ll;HeM TOKe, He 

npeBLIIDaIOilleM 3150 A. Pa6oTa c )lJIHHHLIMH CTOJiaMH TOKa Ha ypoBHe 6000 A 6:t>ma 

B03MOJKHa TOJI&Ko npa HIDKOii qacToTe noBTopemm D;HKJIOB. Ellie oi::i;HHM cepLe3HLIM 

MHeyCOM cyil!eCTBOBaBmeii cxeMLI, orpaHmHBaIOilUIM B03MOJKHOCTH ee 

3KcnnyaTalfHH npH IIOJie 2 Tn, HBJIHJiaCL He,ll;OCTaTOqHa.IJ Ha,n:eJKHOCTb CHCTeMLI 
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3BaKya:u;HH 3HeprHH H3 CBepxrrpOBOMIIUIX MarHMTOB H JIHH3 B CJIY'Iae 

B03HHKHOBemrn HOpMaJIJ>HOH npOBOMmeH: 30Hl>I. 3TO BblpIDKaJIOCI>, npe)K)J;e Bcero, B 

HeB03MO)l(HOCTH npe,IIBapHTeJIJ>HOM KOMIUieKCHOM npoBepKH H TeCTHpOBaHHH 

CHJIOBJ>IX 3JieMeHTOB H 3JieKTpOIDllrn: YCTpOHCTB CHCTeMbl 3Baeyan;Hli 3HeprHH -

THpHCTOpHI>IX KJIIOqeif (KT) npe,D:Ha3HaqeHHJ>IX .n;mI BKJilOqemrn pe3HCTOpOB ramemrn 

IIOJUI B CHJIOBble :u;errH no BHeIDHeMY ClirHaJIY OT CHCTeMbl .n;eTeKTHpOBamrn 

HOpMaJIJ>HOH 30Hhl. Oco6emzyro 03a6oqeHHOCTh Bbl3hlBaJIO pacrroJIO)KeHHe cHJioB:&IX 

rronynpoBO,!J;HHKOBhlX npH6opoB H 3JieKTpOHHKH KT2 H KT4 B Herrocpe.n;CTBeHHOH 

6JIH30CTH K KpHOCTaTy HyKJioTpoHa B 30He cep1>e3HhlX pa.n;Ha:u;HOHH:&IX Harpy3oK, 

KOTOp1>1e eme 6onee B03pacw npH ,!J;OCTIDKeHHH npoeKTHhlX BeJiffqHH 

HHTeHCHBHOCTH ycKopeHHoro rryqKa .n;IDI HH)KeKIJ;HH B KOJIJiaii.n;ep NICA. KpoMe Toro, 

B cymeCTBOBaBmeH: cxeMe ( $aKTffqeCKH MaKeTHOM BapHaHTe, IIOCTpOeHHOM ,!J;JUI 

3arrycKa HyKJioTpoHa H c rex rrop He Mo,n;epHH3HpOBaHHoM) .n;IDI 3Baeyan;HH 3HeprnH 

ID cBepxrrpoBOMIIJ;HX 3JieMeHToB HCIIOJI:&3oBanoc:& 7 ycTpoifcTB KT (5 KT B :u;eIIH 

IIHTaHIDI .n;HIIOJIJ>HJ>IX MarHHTOB H 2 KT B :u;eIIH KBa.n;pyrroJIJ>HhlX JIHH3 ). KaK IIOKa3aJIH 

pacqeTJ>I, B CJIY'Iae CphlBa CBepxrrpOBO,!J;HMOCTH H O,!J;HOBpeMeHHOM npe.n;rronaraeMOM 

BhlXo.n;e H3 CTpOH o,D;Horo H3 CHJIOBblX THpHCTopoB KJDOqa KT rrpH 3BaKya:u;HH TOKa 

6000A MO)l(eT B03HHKffYTh He.n;orryCTHMblH rreperpeB 3JieMeHTOB CBepxrrpOBOMII(eH 

:u;erru. 

B KaqecTBe rrepBoro 3Tarra peanH3a:u;HH npoeKTa NICA, 6:&m pa3pa6oTaH H B 

rrepHo.n; c 2007 no 2010 rr. peanH30BaH npoeKT Mo.n;epHH3a:u;HH HyKJioTpoHa, 

npH3BaHHbIH rro.n;roTOBHTb Bee CHCTeMbl ycKOpHTeM ,!J;JUI pa6oTbI B COCTaBe 

HH)KeKIJ;HOHHOH :u;erroqKH KOJIJiaii.n;epa - TaK Ha3bIBaeMbIM rrpoeKT «HYKJIOTpOH-M». 

IlpH rro,n;roTOBKe npoeKTa «HyKJIOTpOH-M» fa.ma pa3pa6oTaHa KOHIJ;eIIIJ;HjJ 

MO.n;epHH3an;HH CHCTeMbI 3JieKTpOIIHTaHIDI CTpYKTYPHbIX ,!l;HIIOJibHblX H 

KBa,D;pYIIOJIJ>HbIX MarHHTOB, OCHOBaHHM Ha npHHD;HIIe o6meii CB.H3H 3THX 

CTpYJ\TYPHhlX 3JieMeHTOB KOJibIJ;a HYKJIOTpOHa, HCTOqHHKOB IIHTaHIDI 19TB H 20TB, 

KJIIOqeif 3BaKya:u;HH 3HeprHH H CHCTeMbI ,n;aT<IHKOB nepexo.n;a (pHC. 5). 

IlpHHD;HIIHaJibHa.H B03MO)KHOCTb TaKOro rro.n;xo.n;a OCHOBaHa Ha TOM, qTQ IIpH 

HHTerpaJibHbIX 3HaqeHH.HX MarHHTHOro IIOJUI B ,!l;HIIOJI.HX H rpa,n;HeHTa B KBa.n;pyrroJUIX, 

3a,!J;aHHbIX Ha nane npoeKTHpOBaHH.H HyKJIOTpOHa, HOMHHaJibHbie TOKH HX IIBTaHIDI 

OTJiffqaJOTC.H He 6onee qeM Ha ± 10 % B Tpe6yeMOM ,D;Halla30He H3MeHeHIDI 

6eTaTpOHHblX qacTOT. Il03TOMY IIHTaHHe MarHHTHOH CHCTeMbI MO)l(HO ocymeCTBHTh c 

IIOMOII(blO O,!l;HOro MOm;HOro HCTOqHHKa ( C03,!J;aBaeMoro Ha OCHOBe 

peKOHCTpYHpOBaHHJ>IX HMeron:urxc»:) H Ma.JIOMOII(HbIX ,!J;OTIOJIHHTeJIJ>HblX HCTOqHHKOB. 

B.rraro.n;apg OTHOCHTeJIJ>HO MaJIOH HH,!J;)'KTHBHOCTH MarHHTHOH CHCTeMbl H)'KJIOTpOHa (no 

cpaBHeHHIO c ,!l;pyrnMH THIIaMH CBepxnpOBOMIIJ;HX CHCTeM), IIHKOBM MOII(HOCTb 

IDIT8HIDI rrpH TeMne pocTa noM I TJI/c He npeBhlIDaeT 2,5 MBT. 

CHCTeMa Q.>opMHpOBaHIDI IIOJieBblX <)>yHKIJ;HH B CTJ>YKzypHbIX MarHHTHbIX 

3JieMeHTax HyKJIOTpOHa CTpOHTC.H Ha OCHOBe OTibITa pa3pa60TKH TIOJIY'IeHHOro npH 

C03,!l;aHHH pa3.n;eJIJ>HOH cxeMbI IIHTamrn. Ha OCHOBaHHH aHaJIH3a HarpeBa o6MOTOK 

MarHHTOB npH cp1>1Be CBepxnpoBO,!J;HMOCTH 6:&IJia pa3pa60TaHa CHCTeMa 3Baeya:u;HH 

3HeprHH Ha OCHOBe 6-TH THpHCTOpHbIX KJIIOqeif, KOTOpM IIpH nocne,n;oBaTeJibHOM 
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coe.zurnem.m MarHHTOB H JlHH3 o6ecneqHBaeT Tpe6yeM)'IO cTenem. Ha.n;eJKHOCTH 

3aII(HTbl. 

r-·-·-------------• ' KT 1 
' ' 
: + +i .fl!'.:! 

rt'*'r~~~~~~~~:r-~-7-~1 
-6KB : 20TB 

lfc:TO'Ulillt N22: 

TOK(IAOT6opa 

M31UUUG>+,Q 

75Bx6DOA 

+ 

PHCyHOI< 5. CxeMa rnrraHIDI nocne.n;oBaTeJILHO coe.n;HHeHHblX CTpYJ<TypHMX 

MarHHTHl>IX 3JieMeHTOB HyKJwrpoHa. 

TipaKTffqeCI<aJI peamna.D;IDI 3TOii cxeMLI npe.n:nonarana Mo.n;epHH3aJIHIO 

cym;ecTByro~ MOIIUibIX HCTQqHHJ<oB I 9TB H 20TB, pa3pa60TJ<Y H C03.n;aHHe .n;Byx 

HOBblX HCTOqHHJ<OB pa36aJiaHca TOI<a - .Zl:IDI <t>oJ<YCHpYJOillHX H .n:e$OJ<YCHpYJOil1HX 

JIHH3, pa3pa6on:y H C03.ll:a.HHe HOBhlX ICJIIOqeil: 3Baxyaium 3HeprHH, .n;eMOHTaJK CTapbIX 

CHJIOBhlX J<a6eJibHhlX Tpacc H MOHTaJK HeCI<OJlbKHX KHJIOMeTpOB HOBbIX. IlpH 

pa3pa6oTKe Te~ecI<oro npoeKTa H Bhl6ope Mecrn .Zl:IDI pa3MemeHIDI 3JieMeHTOB 

HOBOH CHCTeMhl ITHTaHIDI H 3an:J;HTbl o.n;HOH H3 OCHOBHhlX 3a.n;aq 6Lmo MaKCHMaJibHOe 

HCilOJib30BaHHe cymecTByromeli HH$paCTpYKTYPhl. IlpH 3TOM BCe HCToqHHJ<H 

mrramra H 3KBHBaJieHTHaJI Harpy3Ka, npe.n;Ha3HaqeHHaa .Zl:IDI TeCTHpOBaHIDI CHCTeMhl 

3all(HTbl .n:o Haqana ceaHca pa6oTLI HyKJioTpoHa, pacnonararoTcH B I<opnyce IA 
(pHC. 6). AJm pa3Mem;eHH5I KJil()qeil: 3BaI<yaIUlll 3Hepnm 6blJIO BbI6paHO MeCTO B 

JJ;OKOJibHOM 3TaJKe CHHXpO<pa30TpOHa B pa.n;HaJJ;HOHH0-3am;HIIIeHHOH 30He (Kopnyc I), 
KOTopoe, c o.n;Hoii cTopoHbI, o6ecneqHBaeT Ha.n;eJKHyro 3all(HTy 3JieI<TpOHHKH, a, c 

.n:pyroii CTOpOHl>I, HaxO,l(HTC5I MaKCHMaJibHO 6JIH3KO K MOillHblM TOKOBBO.ll:aM B 

KpHOCTaT HyKJioTpoHa H H3MepHTeJibHoro nepMo.n;a (TBI - 8, ITBl,2, 2TBI,2, 
3TBI,2). AJm IlO.n;BO.n;a IIHTaHH5I K MarHHTHOH CHCTeMe OT MOir(HOro HcroqHHKa 

HcnoJib3yeTcx cym;ecTByromrur IIDIHHaa Tpacca MeiK.ll:Y KoprrycaMH I H IA, 
HCilOJlb30BaBIDaJICJI paHee .Zl:IDI 110.n;BO.n;a IIHTaHHJI OT HCToqHHJ<a 20TB, a .Zl:IDI 
no.n;KJIIOqemra 3KBHBaJieHTHOii Harpy3KH - Tpacca, HCIIOJlb30BaBIDMC5I .Zl:IDI IlHTaHH5I 

JIHH3 OT HCTQqHHJ<a 19TB. 
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................... ., 
KOpnyc 1A Kopnyc 16 i 

WHHonpoeOAbl ~' ~ g TB1' TB3 TB4 

l ;4.5 oin'allT ~ okTatn" J 

Kopnyc 1 

Wl1HHbl~ KOMMyraTop c11noso~ 4emi1 

W11HHSSI HaKnaAKS ycraHoeneHa 

W\.1HHBA HaKna,QK3 CHATS 

PHcyime 6. CxeMa CHJIOBLIX n:eneli H pa3Mem;eHIDI yc'IpoifcTB cHcTeMbI rrnTruurn 

H)'KJIOTpOHa. 

Pa3pa6oTa.HHhlif TeXHFNeCKHH rrpoeKT 06ecne11HBaeT C03.D;aHHe H BBO.n; CHCTeMbl B 

3Kcn.rryawn:mo npH MHHHMaJibHbIX. MaTepmt.JlbHhIX H TPY.D;OBhIX 3a'TpaTax, y.n;o6cTBo 

MOHTIDI<a H o6CJIY)l(HBaHIDI CHJIOBhIX 3JieMeHTOB H 3JieKTpOHHKH YC'fPOHCTB CHCTeMbI 

3BaJcyaQHH 3HeprHH H B03MO)l(HOCTh HX npero3apHTe.llbHOif KOMilJieKCHOif npoBepKH H 

TeCTHpOBamrn. 

B Tpeu.eii: rnaee OIIHCaHa MeTO)Ufl(a BBO.n;a B 3KCn.rryaTan;mo H pe3)'JibTaTbI pa60TbI 

HOBOif CHCTeMbI 3JieKTpOilHTaHHJI H 3aIIJ.IIThl. 

MacIIITa6Hbiif KOMIIJieKC pa6oT no C03.n;aHHJO HOBOif CHCTeMbI 3JieKTj)OilHTaHIDI 

6bIJIO Heo6xo.n;HMO ocym;eCTBHTb B npe.n;eJibHO C)l(aTh!e cpOKH H 6e3 .n;JIHTeJibHbIX 

nepephIBOB s pa6oTe ycKopHTenhHoro KOMnJieKca. Perymqmoe npoBe.n;eHHe ceaHcos 

pa6oThI HyKJioTpoHa 6bmo Heo6xo.n;HMo KaK .n;IDI BhIIlOJIHeHIDI nporpaMMhI 

$H3H'leCKHX HCCJie.n;OBaHHif Ha yc1mpeHHbIX Il)"IKax, TaK H .n;IDI TeCTHpOBamrn BHOBh 

ycTaHaBJIHBaeMh!x 3JieMeHTOB .lq)ymx Mo.n;epHH3Hp)'eMbIX CHCTeM. ,ll;IDI pemeHIDI 

3TOH 3a.n;a11H 6h!Jia pa3pa6onurn MeTO)Ufl(a BBO.n;a B 3KcnnyaTan;HIO HOBOH CHCTeMhI, 

OCHOBaHHruI Ha Il03TIUIHOM C03)l;aHHH ee 3JieMeHTOB H HX TeCTHpOBfillHH H .n;opa60TKH 

B paMKax cym;ecTBosasmeii cxeMhI. Ilocne 11ero 6i.rn ocym;ecTBJieH nepexo.n; Ha 

HOBYJO cxeM)' IlHTaHIDI. 

TecTHpOBaHHe B03MO)l(Hocreii HOBoii cxeMbI 3JieK'IponmaHIDI cTpyKTypHbIX 

MarHHTOB H JIHH3 HyKJIOTpOHa 6i.mo npose.n;eHo s xo.n;e ceaHca N2 37 (.n;eKa6ph 

2007r.). IlpH 3TOM B Ka'leCTBe OCHOBHOro HCilOJib30BaJICH HCTO'IHHK 20TB, a 

HCTO'IHHK 19TB 06ecne11HBan TOKO.n;o6asey B n:enH KBa.n;pynOJihHbIX JIHH3. Ehma 

npo.n;eMOHCTpHpOBaHa )'CTOii'IHBruI pa6oTa cxeMhI Ha MaJihIX ypOBHHX TOKa, B 
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pe3yJILTaTe 6LIJIH YTO':IHeHLI Tpe6oBamm K AHHaMH':leCKHM xapaKTepHCTHKaM BHOBL 

pa3pa6aTLIBaeMLIX HCTO':IHHKOB pa36aJiaHCa ,!(JUI JIHH3 <I> H ,rt;. 
Ha OCHOBaHHH aHaJIH3a pe3yJILTaTOB ceaHca .N'!! 37 np:muno OICOH':laTeJILHOe 

pemeHHe o peaJIH3anHH HOBOH cxeMLI 3JieK'I'pOnHTamrn CTPYKTYPHLIX MarHHTOB H 

JIHH3 HyKJioTpoHa, KOHKpeTH3HpOBaHa nporpaMMa pa6oT. C 1<om:i:a 2008 roti:a 6:&IJIH 

HaqaThJ pa6oThl no .n;eMOHTaJI<Y CTapLIX Ka6eJILHLIX Tpacc H MOHTaJI<Y Ka6eJILHLIX 

Tpacc mm HOBOH cxeMLI nHTamm. B u;oI<OJILHOM 3TIDI<e CHHXpo$a3oTpoHa B 

p~au;HOHH0-3aID;HIIJ:eHHOH 30He 6LIJIO nO,IWOTOBJieHO MeCTO MH pa3Mem;emrn 6 
HOBLIX KJIIOlleH 3BaI<YanHH 3HeprHH c y.n;aneHHLIM ynpaBJieHHeM. IlocJie npoBe.n;emrn 

TeCTHpOBaHIDI THpHCTOpOB H pe3HCTOpOB HOBLIX KJJIOlJ:eH, 6LIJIH c<t>opMHpOBaHLI 

c6opKH CHJIOBLIX nonynpoBO.n;HHKOBLIX npH60pOB c .n;onycTHMLIM pa36pOCOM 

napaMeTpOB. Pa3pa60TaHL1 cxeMLI ynpaBnemrn, 3aID;HT, ,n;HamocTHKH KJIIOqa 

3BaI<yau;HH 3HeprHH H ero CBH3H c BHeIIIHHMH CHCTeMaMH. IlpOH3Be,ll;eH MOHTa)K 

CHJIOBLIX Y3JIOB, 3JieI<TpOHHKH H ocymecTBJieHa HaJiati:I<a 6 ycTpOHCTB KT. 

Bee TeXHH':leCKHe pemeHHH, IIOJIO)KeHHJ>Ie B OCHOBY HOBOH CHCTeMLI 

3JieKTpoIIHTarorn rrocne.n;oBaTeJILHO npoBepJrJIHCL B xo.n;e ceaHCOB HyKJioTpoHa. K 

Haqany 39-ro ceaHca (moHL 2009 r.) 6:bma no,n;roTOBJieHa H npoTecmpoBaHa HOBaH 

lU{I<JI03Ma:EOm:aH arrrrapazypa (pa6oTLI no ee co3,n;aHHIO npoBo.n;HJIHCL B paMKax 

He3aBHCHMoro no.n;npoe1<Ta). B xo.l(e 39-ro ceaHca 6:&mo npoBe.l(eHo KOMnJieI<cHoe 

HCIThlTaHHe CHCTeM 3aID;HTLI H 3JieKTpOilHTaHHH npH pa6oTe B lU{KJie c noJieM Ha 

CTOJie BeJIH':IHHo:ii 1,5 TJI. IlpH 3TOM 6LIJIO ocymecTBJieHo yc1<opeHHe nyq1<a 

.n;e:iiTpoHOB .ll:O 3HeprnH npHMepHo 3,8 I'3B/H. Ha ocHOBaHHH aHanma pe3yJI:&TaTOB 

pa60TLI MarHHTHOH CHCTeMLI npH IIOJie 1,5 TJI, 6:&ma npoBe,l(eHa .n;opa60TI<a KJIIO':le:ii 

3Baeya:r.nm 3HeprHH, qTo no3BOJIHJIO B 41-M ceaHce ($eBpanL-MapT 2010 r.) npoBeCTH 

HOBOe HCIILITaHHe. IlpH n03TaIIHOM noBLimeHHH ypOBHH noJIH OT 1 ,l(O 1,5 TJI 

HMHTHpOBaJIOCL cpa6aTLIBaHHe .n;aT':IHKOB nepexo.ri;a H 3anHCLIBaJIHCL pelKHMLI 

pa6oTLI KJJIOqe:ii 3BaI<yau;HH 3HeprnH. B pe3yJILTaTe 6LIJI c.ri;enaH BLIBO.rt: o 

B03MO)KHOCTH 6e3onacHoro noBLIIIIeHIDI ypOBHH TIOJIH. B TeqeHHe HeCKOJILKHX COTeH 

IJ;HKJIOB MarHHTHaH CHCTeMa OTpa60TaJia Ha MaKCHMaJILHOM IIOJie 1,8 TJI. 3a 3TOT 

nepHO.ZJ: npOH30IlIJIO HeCKOJILKO cpLIBOB I(HKJia npH BLIXO,!l;e Ha CTOJI ITOJIH, npH 3TOM 

KJIIO'IH 3BaI<yal(HH OTpa6oTaJIH illTaTHLIM o6pa30M. ,It;onoJIHHTeJILHOH 3a.z:i;aqeH: 3TOfO 

3KCnepHMeHTa 6LIJIO y6e.n;HTLCH, ':ITO 3a npome.ri;mHe rrpHMepHO 17 JJ.eT napaMeTpLI 

MarHHToB, KOTop1>1e .ll:O ycTaHOBXH B KOJI:&u;e HyKJIOTpOHa 6LIJIH HCITLITaHLI Ha cTeH.ri;e 

rrpH pa6oTe c noneM .n;o 2,2 Tn, cymecTBeHHO He H3MeHHJIHCL. 

OCHOBHOH o6'beM MOHTmKHLIX pa6oT IIO C03,!l;aHHIO HOBOH cxeMLI 

3JieKTpOTIHTaHHH H 3aIIl;HThI 6LIJI BLIIIOJIHeH B 2010 ro.ri:y no 3aBepmeHHH 41-ro 

ceaHca. ,It;o Haqana 42-ro ceaHCa fJiaBHLIH HCTO':IHHK TIHTaHHH, C03,ZJ;aHHhlH Ha OCHOBe 

.n;opa60TaHHLIX l 9TB H 20TB, H CHCTeMa 3BaI<yau;HH 3HeprnH 6LIJIH npOTeCTHpOBaHLI 

Ha 3KBHBaJieHTHOH Harpy3Ke. 

B Haqane ceaHca OCHOBHOH HCTO':IHHK H HCTO':IHHK pas6anaHca .rt:JIH 

KBa.l(pyrroJILHLIX JIHH3 6:&IJIH rrpoTeCTHpOBaHLI B IUiI<Jie c MaJILIM ypoBHeM noJIH. Ha 

OCHOBe noJIYlleHHLIX pe3yJILTaTOB OCHOBHOH HCToqHHK 6LIJI OilTHMH3HpOBaH .rt:JIH 

Ha,!leJKHoii pa60TL1 npH MaKCHMaJILHOM none. B xo.n;e ceaHca npo,n;oJIJKanac1> 

OilTHMH3au;HH peX<HMOB pa60Th1 CHCTeMhl KpHOreHHOfO o6ecne':leHHH, qTo TI03BOJIHJIO 
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rapaHTlipOBaHHo o6ecrreqHTI> lpe6yeMI>IH pacxo,n; :lKH):(KOro reJIIDI rrpH rroBI>ImeHHOM 

ypOBHe IIOJUI H ,l:(JIHTeJibHOH aKTHBHOH qacTH IUfi(Jla. 

B TeqeHHe 29 ,n;eKa6pH 2010 ro,D;a OCHOBHO:H HCToqHHK IIHTaHHH H CHCTeMa 

3amHThI 6hlJIH IIOCJie,[(OBaTeJibHO IIpOTeCTHpOBaHhl B :u;HKJiax c IIOJieM Ha CTOJie 1,4, 

1,6 H 1,8 TJI. Bee CHCTeMbI pa60Tamr mTaTHbIM o6pa30M, IIOCJie qero IIOJie Ha CTOJie 

6hlJIO YBeJIHqeHo ,n;o 2 Tn. B 3TOM 3KcrrepHMeme TeMrr poCTa H crra,n;a rroJIH 

COCTaBJIHJI 0,6 TJI/c, qTo COOTBeTCTBOBaJIO ,l:(JIHTeJibHOCTH aKTHBHOH qacTH IUfi(Jla 7 c, 

IIpH rrepHO,[(e CJie,[(OBaHIDI UHKJIOB 12 c (pHC. 7). 
06ecrreqeHHe Ha)l;e:arno:H pa60TI>I MarHIITHOH CHCTeMbI npH npoeKTHOM ypOBHe 

IIOJIH HBHJIOC:b IIpHMbIM IIO)l;TBepJK)l;emieM IIpaBHJibHOCTH OCHOBHhlX TexmReCKHX 

pemeHH:H, IIOJIO)KeHHI>IX B OCHOBY HOBOH CHCTeMhl 3JieKlpOIIHTaml:H H 3aIIUIThl. 

B 43-M ceaHce (ljleBpaJII>-MapT 2011 r.) IIpO,[(OJI)KaJICH BBO,[( B 3KCIIJIYaTaIJ;HIO 

3JieMeHTOB CHCTeMbI 3JieKlpOIIHTaHIDI H 3am;HTI>I: 6I>IJIH Olpa6oTaHI>I pexrnMI>I pa60Thl 

HCTOqHHKa TOKOOT6opa KBa.!(pYIIOJil>HhlX JIHH3, II03BOJIHBmHe ocymecTBHTb 

ycKopeHHe nyqKa ,[(eHlpOHOB H Me,D;JieHHbI:H BhlBO,[( ,[(0 3HeprnH 3 r3B/H. B 44-M 

ceaHce (.!(eKa6pI> 2011 r.) MeMeH1ib1H: BhlBO,[( nyq1<a ,[(elilpOHOB ocymecTBJieH Ha 

3HeprHH 4 r3B/H. IIonyqeHhl He06XO,[(HMble )l;aHHble ,[(JIH OIITHMH3fill;HH cxeMbl 

HCTOqHHKa IIpH IIO,[(fOTOBKe K CJieJzyIOmeMY ceaHcy, c QeJibIO o6ecrreqHTb lpe6yeMoe 

KaqecTBO paCTH)KKH npH Me,[(JieHHOM BhlBO)l;e. 

PHCYffOK 7. ,l(HarpaMMa UHKJia c rroneM ,D;HIIOJibHI>IX MarHHTOB Ha CToJie 2 Tn. KpHBaH 

I - orropHaH <i>YHKQIDI, 2 H 3 - IIOJie MarHHTOB H rpa,[(HeHT KBa,[(_pyIIOJil>Hl>IX JIHH3 

COOTBeTCTBeHHO, 4 - OTHOIDeHlie rpa,[(HeHTa JIHH3 K IIOJIIO ,[(HIIOJil>HhlX MarmrroB. 
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B 11trreepToii rJiaee npHBe,u;eH KOHD;emya.JThHhle npoeKTbI CHCTeMhl 

3Jie.KTpornrraHlffi H 3aIJUITbI MaI'HIITHbIX CHCTeM EycTepa NICA H Me,u;munfcKoro 

CHHXpO'IpOHa, pa3pa6aTumaeMoro B OH.fil1. 
B HacroHI1Iee BpeMH HaIJaTO coopya<eHHe 6ycTepHoro cHHXpOlpOHa (EycTepa) 

ycKopHTe.lThHoro KOMIIJieKca NICA, OCHOBHOH 3a,u;aIJeii KOToporo HBIDieTCH 

npe.u;BapHTe.lThHoe ycKopeHHe TIDKe.lThIX HOHOB ,u;o 3Hepnrn:, o6ecrreIJHBaIOIIIeii HX 

3<jlcJ>eKTHBH)'IO 06,u;HpKY ,u;o roJihlX .H,u;ep rrepe,u; HIDKeKIJ,Heii B HYKJIO'IpOH. KoHD;eITUIDI 

IIOC'IpoeHJffi CHCTeMbl rnITaHHH H 3aID;HTbI EycTepa pa3pa60TaHa Ha OCHOBe orn.rra 

3KCIIJIYanu~ HyKJio'IpOHa H c YIJeTOM CYIIJeCTB)'IOIIIeii HH<jJpac'IpynyphI 

ycKOpHTe.JThHOro KOMIIJieKca Il<l>B3 (pHC. 8) . 
. -----------------------------------------------------: 

TecroeaR Harpy3Ka 

6YCTEP 

:------·-----·-·------·--··-··------------------~?.~-~X~-~-j 

PHCYffOK 8. CxeMa CHJIOBhIX n:erreii CHCTeMhl IIHTaHHH EycTepa. 

KaK H )];JUI HyKJIO'IpOHa, CHCTeMa IIHTaHHH OCHOBaHa Ha IIOCJie,u;oBaTeJihHOM 

coe,u;HHeHHH Bcex CTPYKTYPHMX MarmrroB EycTepa. ToK IIHTaHHH npH 

MaKCHMaJihHOM IIOJie ,lJ;HIIOJihHhIX MarmITOB 1,8TJI COCTaBJIHeT OKOJIO 12 KA. 
MH.u;yKTHBHOCTL Hfil'PY3KH ( 40 ,n;HIIO.lThHI>IX MarHHTOB c CYMMapHoii HH)J;yKTHBHOCTLIO 

16,8 MrH H 48 KBa,u;pyrrom;HhIX JIHH3 c CYMMapHoii HH.u;yKTHBHOCTLIO 1,25 wH) H 

'Ipe6yeMhlii TeMrr pocra IIOJUI 1 T.rr/c onpe,u;eIDIIOT MaKCHMaJII>Hoe HanpmKeHHe 

OCHOBHOro HCTOlJHHKa IIHTaHHH, KOTOpoe COCTaBJIHeT npHMepHO 180 B. c YIJeTOM 

npHHD;HIIa cJ>opMHpOBaHHH IIOJieBhlX <PYHKD:HH pa3pa6oTaHO TeXHHIJeCKOe 3a,u;aHHe Ha 

OCHOBHOM HCTO'IHHK IIHTaHHH H B HaCTOJIIIIee BpeMJI opraHH30BaH TeH.u;ep Ha ero 

IDroToBJieHHe. McTOIJHHKH pa36aJiaHca TOKa ,u;JUI cJ>oKyCHpYJOIIIHX H 

,u;e<J>OKYCHp)'IOIIIHX JIHH3 (npoeKTHI>Ie rrapaMe'Iphl npHBe,u;eHhl Ha pHC. 8) 
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H3roTaBJIHBa.IOTCH B OIUIM. CxeMa pasMem;emrn 3JieMeHTOB CHCTeMhl nHTamrn H 

3am;HThl Eycrepa paspa6oraHa c yqeTOM cym;ecTByrom;HX Ka6eJII>HhIX TPacc H 

HMeIOm;HXCH IIpOH3BO,!l;CTBeHHbIX IIJiom;a,neH:. 

B OM..filf paspa6aThlBaeTcH npoeKT cBepxnpoBo,i:vnu;ero MeAHIUiHCKoro 

eHHXpOTPOHa AJIH peaJIH3a!UfH repanHH paKOBhIX 3a60JieBaHHli e HeIIOJih30BaHHeM 

yeKopeHHbIX IIyqKOB yrJiepo,D;a. B ocHoBe ycKopHTeJIH Jie:lKaT TexHoJiomH, 

peaJIH30BaHHbie B OIUIM npH eoopyiKeHHH HyKJIOTPOHa H npoeI<THpOBaHHH EycTepa. 

CBepxnpoBO.D:Hm;He npHMoyroJII>Hhle AHIIOJibHhle MarHHTI>I, aHaJIOfH'IHhle MarHHTaM 

HyKJIOTPOHa, a,D;aIITHpOBaHhl AJIH OIITHKH Me,nm:i;HHCKOfO CHHXpOTpOHa H KaHaJIOB 

pasBO.D:KH IIyqKOB no TPeM Me.n:HIUiHeKHM Ra6HHaM. HenoJib30BaHHe 

eBepxnpOBO,D:Hm;eH: TeXHOJIOfHH II03BOJIHeT 3aMeTHO CHH3HTh 3HeprOIIOTPe6neHHe H 

Bee MarHHTHOH eHcTeMhl eHHXpOTPOHa H KaHanoB TPaHerroprnpoBKH nyqKoB. Ee 

peaJIH3aIIHH oco6eHHO IIpHHIUillHaJihHa IIpH C03,D;aHHH raHTpH AJIH HOHOB yrnepo,na. 

IlepBoe TaKoe raffTPH Ha TeIIJihlX MarHHTax MeAHIUlliCKoro CHHXPOTPOHa HEBT 

(repMamrn) HMeeT Bee OKOJIO 600 T. B paMKax npoeKTa npe,D;IlOJiaraeTeH e03,D:aTb 

eBepxnpoBO,D:Hm;ee faHTPH e BeCOM OKOJIO 150 T. 

IlpH noeTPOeHHH CHeTeMbI 3JieKTPOilHTaHHH MafHIITHOH CHCTeMbl Me,D:IITUiHeKoro 

eHHXpOTPOHa npHHHTo 3a ocHoBy noene,noBaTeJII>Hoe coe,D;HHeHHe eTPYKTYPHbIX 

,D:HIIOJibHhlX MarHHToB ( eYMMapHaH HH,D:yKTHBHoeri, 7, 14 MfH) H KBa,D;pynonI>HhIX 

( eYMMapHaH HHAYKTHBHOCTh 0,224 MrH) JIHH3. OeHOBHoH: HcroqHHK eHereMI>I 

nHTaHHH q,opMHpyeT TOK (AO 12 KA) e 3a,!l;aHHOH CKOpOCTbIO pocra IlOJIH 3,6 T.rr/c. 

~ m6KOH peryJIHpOBKH pa6oqeif: TQqKH ycKOpHTeJIH npe,D;Ha3HaqeJlbI .nsa 

,!l;OIIOJIHHTeJihHhlX HCTQqHHKa nHTaHHH eym;eeTBeHHO MeHbmeH: MOm;HOCTH. 0,D;HH H3 

HHX Il03BOJIHeT O,D:HOBpeMeHHO H3MeHHTb rpa,D:HeHT IIOJIH B $oKyeHpyrom;HX H 

.ne$oKyeHpyrom;HX KBa,D;pYilOJibHhlX JIHH3ax, ,D;pyroif - TOJibKO B ,D;e!)_)oKyCHpYJOm;HX. 

~.3BaKyau;HH 3anaceHHOH 3HeprHH H3 eBepxnpoBO,D:Hm;HX 3JieMeHTOB B enyqae 

epi,ma eBepxnpOBO,!l;HMOeTH npHMeHeHbI KJIIOqH 3BaK)'a!UfH 3HeprnH, eoe,n:HHeHHhle 

IIOCJie,D;OBaTeJibHO c n;eIIhIO MafHHTOB FI JIHH3. IloeJie,D;OBaTeJibHO eoe,D;HHeHHbie B 

2 u.enH ,D:HIIOJihHbie MafHHThl H KBa,D;pyIIOJihHbie JIHH3bI qepe3 KJIIOqH IIO,D;KJIIOqeHhl K 

HeTOqffHKy TIO CHMMeTPH'IHOH exeMe OTHOCHTeJibHO nHTaIOm;ero HanpH:lKeHHH. 

HH,D:yKTHBHoeTH rpynn n BeJIH'IHHa pe3HcropoB rameHHH Bhl6paHb1 TaKHM o6pasoM, 

qTo6hI HanpH:lKeHHe OTHOCHTeJibHO IlOTeHD;HaJia "3eMJIH" Ha TOKOBBO,D;ax IIpH 

3BaKyaD;HH 3HeprHH He npeBhlmano 500 B. Morn;Hbdi HCToqHHK IIHTaHHH coeTOHT H3 

napaJIJieJibHO BKJIIOqeHHhlX THpHCTOpHbIX BbIIIp.sIMHTeJieH:, 3anHTaHHhlX OT 

BhleOKOBOJ!bTHOH ceTH 6 KB qepe3 pacnpe,D;eJIHTeJII>Hoe ycrpoiieTBo. KIDK,D:bIH H3 

HCTOqHHKOB HBJIHeTCH 12-TH $a3HblM BhlIIpHMHTeJieM e HOMHHaJibHbIMH 

napaMeTPaMH 200 B x 6,3 KA, npH'leM Q:>asHhle HanpH:lKeHHH HCToqHHKoB C,D:BHffYThI 

OTHOCIITeJihHO ,D;pyr ,D;pyra Ha 15 rpa,D;. COBMeCTHO HCTOt[HHKH TIHTaHHH o6pa3)'10T 

24-x $a3HhlH peryJIHpyeMhlH THpHCTOpHblH BhlIIpHMHTeJib e HOMHHaJibHbIMH 

BhlXO.D:HbIMH napaMeTPaMH 200 Bx 12,6 KA, qro no3BOJIHeT nonyqHn cKopocri, 

pocTa noJIH 3,6 T.rr/c. IlHKOBaH MOm;HOCTh HeTOt[HHKa paBHa 2,5 MBT. <l>HJibTPOBI>Ie 

,D;pOeeeJIH COBMeCTHO c aKTHBHhlM $HJihTPOM CHHiKaIOT ypoBeHb nyni,call,HH TOKa .no 

TPe6yeMOH BeJIHtfHHhl. ,lJ;OIIOJIHHTeJibHbIH HCTOqHHK TOKa B $OKyCHp)'IOID;He 

15 



KBa,zq>ynoJILHLie JillH3bI c BLIXO~H napaMerpmm: 40 B x 350 A qepe3 ICJllOtJ:H 

3Baxy~ 3Hepnm no,ZU<JIIOtJ:eH K n;enH nocne.D;oBaTeJibHO coe.D;HHeHHl>IX JlllH3. 

AHaJiorll'IHO no.D;KlIIO"laerca: HCTO"IHHK TOKa c BidXO.D;HbIMH napaMeTpaMH 20 B x 250 
A qepe3 KJIIOtJ:H K !lenH .D;ecJioKycHpyro~ KBa,zq>ynom,m.IX JIHH3. 

B 38KJIIO'leHBH npe.D;CTaBJiem OCHOBHbie pe3ym,ram pa6om. 

BwBoo61 

1. B xo,D;e pa3BHTIDI cHcreMbI mrramm H 3amHTI>I HYKJIOTpoHa, 

OCHOBaHHOit Ha pa3.D;eJibHOM 3JieKTponmamm CTpYJ<TYPHLIX MarHHTOB H 

JIHH3, 6LIJia pa3pa60TaHa H peaJIH30BaHa CHCTeMa no ynpa.BIDieMOMY 

cJiopMHpOBamoo noneBLIX <)>yHI<n;Hii, no3BOJIHBmaJI YMeHI>mHTL CHrHaJI 

OWH6KH 11.0 0,2 MTJI BO BCeM .D;Hana30He. IlpHMeHeHHe aKTHBHOfO <)>HJIJ>Tpa 

Il03BOJIHJIO CHH3HTb B IDITL pa3 nyJibC8IlHH TOKa KBa.npynom,m.IX JIHH3 Ha 

«crone» Me,Zl;JleHHoro Bl>IBOIJ.a. 

2. Pa3pa6oTaH npoeKT Mo11.epHH3~ cHcreMbl 1IHTaHID1 H 3alil.HTbl 

HYKJIOTpOHa, Ha OCHOBe noCJie.D;OBaTeJIJ,HOfO IIHTaHHJI CTpYKTYPHbIX 

MarHBTOB H JIHH3, c MaKCHM8JIJ,HLIM HCilOJI&30BaHHeM cym;ecTByrom;eii 

HII<)>paCTpYJ<TYP&I H Ka6em,H&IX Tpacc. 3To no3BOJIHJIO YMeH&mHTJ> 

CTOHMOCTh pa6oT H npoBeCTH MO.D;epHH3~ B :rq>aT'JaiimHe cpoKH. 

3. Pa3pa6oTaHHaJI MeTO.D;HKa C0311.aHIDI HOBOii CHCTeMbl nHTaHHa: 

Il03BOJIHJia ocym;eCTBHTb BBO,!J; ee B 3KCnJIYaTall,HIO 6e3 ,IQIHTeJILHOro 

nepepbIBa B pa6ore ycKopmem,Horo KOMmieKca. 

4. Pa3pa60TaHa, HCil&ITaHa H BHe.D;peHa KOHCTp)'KnIDI ICJllO"leii 

3BaKyaIJ;Im 3Hepnm (6 KA, BpeM.II BidBO,l(a 3Hepnm 0,5 c, BOCCTaHOBJieHHJI 

IUIKJla 3 MHH.) Ha OCHOBe THpHCTOpHO-KOH,l(eHCaTOpHoro KOMMYfaTOpa. 

5. B pe3YJI&TaTe BBO,l(a B 3KCDJIYaTall,HIO HOBOit CHCTeMbl :mrramm H 

3BaKYan;mi: 3HepmH HyKJioTpoHa ,D;ocmmyr yp0Be111> no.IDI .D;HilOJibHhIX 

MarHHTOB 2 Tn H 06ecne11eHa Ha,lJ;e)J(HaJI H 6e3onacHaJ1 3KCnJIYaTaIUlll 

MaI'HHTHOii CHCTeM&I BO Bcex Tpe6yeM&IX pe)KHMax. 

6. Pa3pa6oTaHH&Iii npoeKT cucTeM&I mrramm H 3~ Eycrepa 

npelJ.YCM8TpHBaeT pa3Mem;eHHe Bcex 3JieMeHTOB B cym;eCTByK>ID;HX 3,!J;aHIDIX 

H Y.D:OBJieTBop.1er BCeM Tpe6oBaHIDIM npoeKTa NICA. 

OcuoeeL1e pe3YJILTaTLI AHccepTa._au ony6JIHKOBaHLI B pe .. eu3upyeMLIX 

zypuaJiax (no. 10, 11, 12, 15, 16), TPYABX KOH.epeu._uii (nn. 1, 2, 3, 6, 7, 8, 13), 

coo6 ... eeusx OIUIB (4, 5, 9, 14, 17): 
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