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06IIJ;A51 XAP AKTEPHCTHKA P AliOThl 

AKryaJILHOCTh TeM1>1. 

NICA (Nuclotron-based Ion Collider fAcility) - HOBhIH ycKop1nenhHhIH 

KOMIIJieKc, C03,JJ;aBaeM:bIH B OH5.Il1, OCHOBHOH 3a,n;aqefi KOTOporo }!BmieTC5I 

o6ecrreqemrn 3KCIIepHMeHTOB Ha BCTpeqHhIX rryqKax T5I)KeJibIX HOHOB BIIJIOTh ,n;o 

30JIOTa C KHHeTHqecKHMH 3HeprH.HMH ,JJ;O 4.5x4.5 r3B/H ,JJ;JI.H H3yqeHH.H B 

na6opaTOpHhIX ycJIOBH51X CHJihHO HarpeTOH H C)KaTOH 51,n;epHOH MaTepHH, a TaK)Ke 

HCCJie,JJ;OBaHHe rrpHpO,JJ;bI CIIHHa HYKJIOHOB. 3TO O,JJ;HH H3 HaH6onee rrepcrreKTHBHhIX 

HarrpaBJieHHH COBpeMeHHOH cpyH,n;aMeHTaJihHOM cpH3HKH. IlrraHHpyeMa.H rrporpaMMa 

cpyH,n;aMeHTaJihHhIX H rrpHKJia,n:HhIX HCCJie,n;oBaHHH OXBaThIBaeT HeCKOJibKO HayqHhIX 

HarrpaBJieHHH B pa3HhIX o6rracncx HayKH: cpH3HKe T.H)KeJihIX HOHOB BhICOKHX 3HeprHH 

H CIIHHOBOH cpH3HKe, cpH3HKe HH3KHX TeMrrepaTyp, 51,n:epHOH cpH3HKe, cpH3HKe qacTHIJ;, 

cpH3HKe KOH,JJ;eHCHpOBaHHhIX cpe,n;, 6HocpH3HKe H pa,n;Ho6HOJIOrHH, Me,JJ;HIJ;HHe. 

BhrnOJIHeHHe 3TOH rrporpaMMhI Tpe6yeT HOBhIX perneHHH B cpH3HKe H TexHHKe 

ycKOpHTeJieli, rrpHMeHeHH5I HOBhIX MaTeMaTHqecKHX MeTO,JJ;OB ,JJ;JI5I qHcJieHHoro 

MO,n;errHpOBaHH.H. 

IlpH rrpoeKTHpoBaHHH HaKOIIHTerreM: 3ap.H)KeHHhIX qacTHIJ; Ha BCTPeqHhIX 

KOJihIJ;aX Heo6xo,n;HMO o6ecrreqHTh CBepXBhICOKHe BaKyyMHhie ycJIOBH.H, qTo6hI 

BJIH51HHe pacce5IHH5I rryqKa Ha OCTaToqHoM ra3e 6hIJIO He3HaqHTeJihHhIM H 6hIJIO 

B03MO)KH0 HaKOIIJieHHe BhICOKOHHTeHCHBHhIX rryqKoB T5I)KeJihIX HOHOB. 0,n;HHM H3 

Ba)KHeHIIIHX BOIIpOCOB 5IBJI.HeTC.H C03,JJ;aHHe H OIITHMH3aD;H.H CHCTeM IIHTaHH5I 

CBepxrrpoBo,n;51rn;Hx ycKopHTeJibHhIX KoMrrneKCOB. AKTYaJihHbIM .HBJI5IeTC5I pa3BHTHe H 

MO,n;epHH3aD;H5I CBepxrrpoBO,JJ;.HID;ero ycKopHTeJihHOro KOMIIJieKca HyKJIOTpOH ,JJ;JI.H 

ycKopeHH5I B HeM rryqKoB T5I)KeJibIX HOHOB ,n;o peJI.HTHBHCTCKHX 3HeprHH, IIOCKOJihKY 

3TOT CHHxpoTpOH HCIIOJib3yeTC.H TaK)Ke ,n;m1 OTPa6oTKH pe)KHMOB 6y,n;yrn;ero 

KOJIJiali,n;epHoro KOMIIJieKca. 0,n;HHM H3 Ba)KHeHIIIHX 3JieMeHTOB HOBOro 

ycKopHTeJihHoro rrpoeKTa Ollffi1 - NICAIMPD 5IBJI.HeTc.H cBepxrrpoBO)J;51IIJ;HH 

CHHXPOTPOH EycTep, rro3TOMY pa3pa6oTKa ero KoH:o;errTyaJihHoro rrpoeKTa TaK)Ke 

aKTYaJihHa. EycTep 6y,n;eT HCIIOJih30BaTbC.H He TOJihKO ,JJ;JI.H cpyH,n;aMeHTaJihHhIX 
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HCCJie,r:t;OBamrH:, rrapa.rrrreJibHO OCHOBHOH <l>H3HqecKOH rrporpaMMe, Ha BbIBe,n;eHHbIX 

rryqKax 6y,n;eT rrpoBO,ll;HTbC5I nrnpoKHH crreKrp rrpHKJia,r:t;HbIX HCCJie,r:t;OBaHHH 

(Me,r:t;MI.J;HHa, pa,n;:ao6HOJIOrM5!, MaTepHaJIOBe,n;eHHe, BKJIIQqa5.£ HCCJie,n;oBaHHe 

pa,n;HaD;HOHHOH CTOHKOCTH MaTepHa.JIOB ). 

,[(JI5I IIOJiyqeHM MaKCHMa.JibHOH CBeTHMOCTH B 3KCIIepHMeHTax Ha BCrpeqHbIX 

rryqKax Heo6xo,n;HMO o6ecrreqHTb ycToiiqHBOCTb rryqKoB BbICOKOH IIJIOTHOCTH 

IJ;HPKYJIHPYIOIIJ;HX H CTaJIKHBaIOIIJ;HXC5I B HaKOIIHTeJie, rro,n;aBHB ,n;e:H:CTBHe 

BHYTPHIIyqKOBoro pacce5IHIDI H pa3JIHqHoro po,n;a HeycToiiqHBOCTe:H:, BJIIDIHHe 

HeJIHHeHHOCTeii MarHHTHOH CHCTeMbI H rrpocTpaHCTBeHHOro 3ap5I,r:t;a IIycIKOB. 

Oco6eHHO 3TH rrpo6neMhI Kpa:H:He Ba)l(HbI ,n;mc a,n;poHHbIX KOJIJiaii,n;epoB HH3KHX 

3HeprH:H:. TeopeTWieCKHe H 3KcrrepHMeHTaJibHDie Hccrre,n;oBaHM Bcex 3THX 

rrpou;eccoB H 3<P<PeKTOB Tpe6yIOTC5I ,IJ;JI5I C03,r:t;aHH5I rro,n;o6HbIX ycKopHTeJibHbIX 

KOMIIJieKCOB. ):(.rr5I Toro, qTo6bI rrpH CTOJIKHOBeHmIX T5I)l(eJibIX HOHOB perHCTpHpOBaTb 

a,n;pOHHbie KOMIIOHeHTDI, BKJIJ0qa5.1: MYJibTHCTpaHHbie rHrrepOHbI, HX pacrrpe,n;erreHHe B 

<l>a30BOM rrpocTpaHCTBe H KOJIJieKTHBHbie IIOTOKH, a TaK)Ke Ha6mo,n;aTb OT,D;eJibHbie 

co6bITH5.I:, Tpe6yeTC5.l cpe,n;HIDI CBeTHMOCTb B KOJIJiaiip:epe B ,r:t;HaIIa30He Me)K,r:t;y 1026 H 

1027 -2 -1 TT 6 v v 
CM ceK • ,u,JI5I 0 ecrreqeHIDI H rro,n;,n;ep)l(aHH5.I: BbICOKOH CBeTHMOCTH rrpH HH3KOH 

3HeprHH HOHOB Heo6xo,n;HMO rrpHMeH5ITb MeTO,ll;bI OXJia)K,Il;eHH5! rryqKOB, KaK 

3JieKTpOHHoro TaK H cToxacTHqecKoro. B KOMIIJieKce NICA rrpHMeHeHHe 

oXJia)K,r:t;eHM5! Heo6xo,n;MMO H B KOJinu;ax KOJIJiaii,n;epa H B EycTepe. Co3,r:t;aHHe cHcTeM 

OXJia)K,r:t;eHM5! qacTHIJ; - CTOXaCTHqecKoro H 3JieKTpOHHOro - ,ll;JI5I o6ecrreqeHIDI 

,l(OJirOBpeMeHHOH ycToiiqHBOCTH BbICOKOHHTeHCHBHbIX HOHHbIX IIycIKOB 5IBJI5IeTC5.I: 

Kpa:H:He aKTYaJibHbIM HarrpaBJieHHeM. 

:U:eJIH ,JJ;HccepTaquouuoii pa60Tb1: 

OcHOBHhIMH 3a,n;aqaMH ,n;HccepTau;HoHHoii pa6oTbI 5IBJI5IJIHCb: 

- MO,r:t;epHH3aIJ;H5I ycKOpHTeJibHOro KOMIIJieKca JI<l>B3 c u;eJiblO C03,r:t;aHH5.I: Ha ero 

OCHOBe ycKOpHTemr T5J:)l(eJiblX HOHOB HOBoro IIOKOJieHH5.I: ,ll;JI5I peJI5.l:THBHCTCKOH 

5.1:,r:t;epHOH <l>H3HKH H HHHOBaIJ;HOHHbIX 5I,n;epH0-3HepreTHqecKHX TeXHOJIOrH:H:, 
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pa3pa60TKa KOHIJ;eII:QMM IIOCTpoeHIDI CBepxnpoBo,zvnu;ero ycKopHTeJibHOro 

KOMIIJieKca Ha BCTpetIHhIX IIYtJKaX T1£)l(eJJhlX MOHOB C 3HeprMeM HeCKOJibKO r3B/H, 

pa3pa6oTKa npoeKTa TaKoro KOMrmeKca Ha ocHoBe cJrnxporpoHa HyKnorpoH, 

- pa3BMTMe CMHxporpoHa HyKrroTpoH B KatJeCTBe 6a:JoBoli ycTaHOBKM ,n;rr1l orpa6oTKH 

pa3JIHtJHbIX pe:>KMMOB pa60T:D1 Korrrrali,n;epa NICA. 

r JiaBHhie HanpaBJICHllH paooT: 

1. TeopeTnqecKMe H 3KcnepHMeHTaJibH:Die Mccne,n;oBamrn: pe:>KMMOB 

HaKOIIJieHIDI M oxna:>K,n;eHM5I HHTeHCMBHbIX MOHHbIX nytJKOB B HaKOIIMTeJibHblX 

KOrrnu;ax (ESR, GSI, Darmstadt, COSY, FZ Juelich, repMaHM1l, RHIC, BNL, CIIIA), 

npMMeHeHMe nonytJeHHOro OIIbITa M OTpa6oTaHHbIX MeTO,IJ;MK ,IJ;JI1l npoeKTMpOBaHM1l 

pa6otJero :QMKJJa KoMnrreKca NICA. Bn16op pe:>KMMOB pa6oTI>I, o6ecnetJMBaIOIIJ;MX 

MaKCHMaJibH)'IO CBeTMMOCTb cpM3.HtJecKoro 3KCIIep.HMeHTa B ,n;.HaIIa:JOHe 3HeprHM 

KOJIJiaif,n;epa OT 1 ,n;o 4.5 r3B/H. 

2. Mo,n;epHM3aIJ;M1l M pa3BMTMe cBepxnpoBO,IJ;1lI.IJ;ero CMHxporpoHa HyKJiorpoH 

,IJ;JI1l 3KCIIepMMeHTaJibHOrO HCCJie,n;oBaHIDI Ha HeM pa3JIMtJHblX pe:>KHMOB pa60Tbl 

Konrrali,n;epa NICA. 

3. Mo,n;epHM3aIJ;M1l BaKyyMHOM c.HcTeMbI HyKnoTpoHa. Y ny-qmeHMe BaKYYMHbIX 

ycnOBHM B nytJKOBOM KaMepe ,n;o ypoBH1l, Heo6xo,n;MMOro ,IJ;JI1l ycKopeHM1l B 

HyKJioTpoHe MOHOB c MaccoBbIM tJHCJIOM 6onee 100 ,n;o pen1lTMBMCTCKHX 3HeprHM. 

Mo,n;epHM3a:QM5I c.HcTeMbI IIHTaHH1l M 3BaKyau;HH 3HeprMM CTPYKTypHbIX MarHMTOB 

HyKJioTpoHa, o6ecnetJeHMe Ha,n;e:>KHOM M 6e3onacHoli 3KcnnyaTau;MM MarHMTHOM 

CMCTeMbl npM MaKCHMaJibHOM npoeKTHOM ypoBHe MarHMTHOro IIOJI5I 2 Tn. 

4. Bb16op M orrTMMM3au;M1l rrapaMerpoB 6a:JOBhIX 3JieMeHTOB KOMrrneKca NICA: 

cxeMa no,n;rOTOBKM BbICOKOHHTeHCHBHOro IIYtJKa T1l:>KeJibIX MOHOB B MH:>KeK:QMOHHOM 

u;enotJKe, Bb16op KOHcpMrypau;MM CBepxrrpoBO,I(1lI.IJ;MX HaKOIIMTeJibHbIX KOJieu; Ha 

BCrpetIHblX nytJKax, OIITMMM3a:QM5I HX pa3MeI.IJ;eHM1l B cyI.IJ;eCTBYIOI.IJ;eM 

MHcppacrpyKrype TeXHMqecKOM IIJIOI.IJ;a,IJ;KH n <I> B3. 

5. Pa3pa6oTKa npoeKTa CBepxnpoBO,IJ;1lI.IJ;ero 6ycTepa HyKJioTpoHa, 

npe,I(Ha:JHatJeHHOro ,IJ;JI5I IIOBbIIDeHM1l MHTeHCHBHOCTH IIYtJKOB T5I:>KeJiblX HOHOB M 
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ycKopemu1 HX B HyKJIOTpoHe ,n:o MaKCHMaJibHOH 3HeprHH. Propa6oTKa rrpoeKTa 

<l_J0Kyc11pyion.:i;e:M: CHCTeMhI 6ycTepHoro CHHXPOTPOHa, cxeMhI ee IIHTaHH5I H 3alll;HThI. 

JliPIHblH BKJia,n: aBTOpa 

Jl11qHoe yqacTHe aBTOpa B pa6oTaX, COCTaBJI5IIDlll;HX OCHOBY ,n:11ccepTau:1111, 

HBJIHeTcH orrpe,n:eJIHIDlll;HM. Ilo,n: ero pyKoBo,n:cTBOM 11 rrpH ero orrpe,n:eIDIIDru;eM 

yqacTHH rrpoBe,n:eHa Mo,n:epHH3aU:HH ycKop11TenI>Horo KOMrrneKca JI<I>B3, ycrrenrnoe 

3aBeprneHHe KOTOpoli OTKpbIJIO .B03MO)KHOCTh C03,L(aHHH Ha 6roe CHHXpoTpOHa 

HyKJioTpOH HOBoro CBepxrrpoBO,L(Hru;ero ycKOpMTeJihHO-KOJIJia:M:,n:epHoro KOMIIJieKCa 

NICA. HM nHqHo rrpoBe,n:eHhI TeopeTHqecK:ae MccJie,n:oBaHHH, rrono)l<eHHhie B ocHoBy 

KOHU:eIIU:HH KOMIIJieKca Ha BCTpeqHhIX rryqKax TSDKeJibIX HOHOB B ,L(lfaIIa30He 

peKop,n:Ho HH3KHX 3HeprHH. IlpH ero orrpe,n:emuomeM yqacTHH OIITHMH3HpoBaHhI H 

BhI6paHhI rrapaMeTPhI KOMrrneKca NICA, co3,n:aHhI KoHn:errTyanhHhie rrpoeKTbI 

ocHOBHhIX rro,n:c11cTeM M 3neMeHTOB. ABTop rrpe.n;nmKMJI rrocTaHOBKY 3Kcrrep11MeHTOB 

Ha HyKJioTpoHe, HMeBrnHx u:enhID rrpoBepKy KmoqeBhIX perneHMH 11 rrpoBe,n:eHHhIX 

rrpH ero orrpe,n:eIDIIOlll;eM yqacTHH. 

HayqeaSI HOBH3Ha n npaKTnqecKaD: :u;euuocTh pa6oTbI 

1. BrrepBbie propa6oTaHa KOHU:eIIU:IDJ: CBepxrrpOBO,L(Hru;ero KOMIIJieKca Ha 

BCTpeqHhIX rryqKax TSDKeJibIX HOHOB B ,L(llaIIa30He peKop,n:HO HH3KHX 3HeprMH (1-

4 .5 r3B/H), o6ecrretIHBaIOlll;ruI. MaKCHMaJihHYffi CBeTHMOCTh Ha ypOBHe 1·1027 

CM -2ceK1. B 3TOM ,n:MarrrooHe 3HeprHli cBeTHMOCTh orpaHHqeHa B rrepBym otiepe,n:h 

3<i_J<l_JeKTaM11 rrpocTpaHCTBeHHoro 3ap».n:a crycTKa, a He 3qupeKTaM11 BCTPetIH, KaK B 

KOJIJiali,n:epax BhICOKMX 3HeprHH, H 3TO Tpe6yeT MHHHMH3aU:HH rrepHMeTpa 

HaKOIIHTemi:. CxeMa <l_JopM11poBaHH5I MHTeHCHBHhIX crycTKOB ocHoBaHa Ha 

rrepBOHaqaJihHOM HaKOIIJieHHH B KOJibU:aX KOJIJiali,n:epa pacrrymeHHOro rryqKa c ero 

rrocne,n:ymn.:i;e:M: rpyrrrrMpOBKoli. ,ll;nHTenbHoe rro,n:,n:ep)KaHH5I BbICOKoro ypoBH5I 

cBeTHMOCTH o6ecrretIHBaeTcH 3a cqeT rro,n:aBneHIDJ: pocTa <l_Ja3oBoro o6oeMa crycTKa, 

Tpe6yioru;ero 3<i_J<l_JeKTHBHOro rrpHMeHeHHe ,n:Byx MeTO,L(OB oxna:>K,n:eHH5.l. 
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2. IIpe,n;JIO)KeH M o6ocHOBaH CQeHapMM MCIIOJib30BaHIDI OXJia)l(,ll;eHM5I rryqKa B 

KOJIJiaH:,n;epe NICA: B ,n;MaIIa30He 3HeprHM OT 1 ,n;o 3 r3B/H CMCTeMa 3JieKTpOHHOro 

OXJia)K,n;eHmI IlycIKa o6ecrre"IJHBaeT cpaBHMTeJibHO KOpOTKMe BpeMeHa OXJia)K,ll;eHIDI M 

pe)KMM pa60TbI KOJIJiaH:,n;epa c ,ll;OMHHMpOBaHMeM rrpocTpaHCTBeHHOro 3ap5I,ll;OM 

cryCTKa. B ,ll;MaIIa30He 3HeprHH HOHHOro rry1JKa OT 3 ,ll;O 4.5 r3B/H HaH60Jiee 

3QHpeKTHBHO MCIIOJib30BaHHe CHCTeMbI CTOXaCTM"IJeCKoro OXJia)K,n;eHM5I, rrpH 3TOM 

ypoBeHb CBeTMMOCTM B 3TOM ,n;HaIIa30He He HM)Ke 1·1027 CM - 2 ceK-l ,ll;OCTMraeTC5I B 

pe)KMMe ,n;oMMHMpoBaHIDI rrpoQecca BHYTPMIIycIKOBoro pacce5IHM5I. 

3. B pe3yJibTaTe Mo,n;epHH3aQffH ycKopMTeJibHoro KOMIIJieKca JI<I>B3 OI15IM 

C03,ll;aHa ycTaHOBKa HOBOro IIOKOJieHH5I ,ll;JI5I peJI5ITHBMCTCKOM 51,z:i;epHOM ~M3MKM M 

HHHOBaQMOHHbIX 51,z:i;epH0-3HepreTM"IJecKMX TexHonorHH:. B HyKJioTpotte BrrepBbie 

ycKopeHbl ,n;o peJI5ITMBMCTCKHX 3HeprffH 1.5 f3B/H M HCIIOJib30BaHbl ,ll;JI5I rrpoBe,n;eHM5I 

p5I,n;a 3KCIIepMMeHTOB MOHbI KCeHOHa 124Xe42+. 06ecrre"IIeHa Ha,ll;e)l(Ha5I 3KCIIJiyaTaQIDI 

MarHHTHO-KpMocTaTHOM CHCTeMbI HyKJIOTpotta rrpM rrpoeKTHOM BeJIM"IIHHe 

MarHMTHOro IIOJI5I 2TJI. 

4. Bb!6patta M OIITHMH3MpoBaHa ~oKycMpyrorn;a5I CTPYKTypa EycTepa 

HyKJIOTpOHa c yqeTOM pa3Mern;eHH5I CMCTeM BBO,n;a, O,ll;H006opoTHOro M Me,n;JieHHOro 

BbIBO,n;a, Bq CTaHQMM M ,n;pyrHx ycTpOMCTB, BIIHCaHHa5I B MH~pacTpyKTYPY 

KOMIIJieKca M II03BOJI5IIOlli;a5I ocym:ecTBHTb HaKOIIJieHHe M ycKopeHMe MHTeHCMBHblX 

IIycIKOB T5I)KeJibIX MOHOB ,n;o 3HeprMH, ,ll;OCTaToqHoM ,ll;JI5I 3~~eKTMBHOM 06,n;MpKM M 

MH)KeKIJ;MM B HyKJioTpOH. 

5. Co3,n;aH coBpeMeHttoH: KOMIIJieKc o6opy,n;oBaHM5I, o6ecrreqMBIIIMM pa3BMTMe 

cBepxrrpoBo,n;51rn;ero CMHxporpotta HyKJioTpoH ,ll;JI5I 3KcrrepMMeHTaJihHoro 

Mccne,n;oBaHH5I Ha HeM pa3JIMqHbIX pe)KHMOB pa6oTbI KOJIJiaH:,n;epa NICA: M3MepeHMe 

rrapaMeYpOB ycKopeHHOrO rry-qKa, MCCJie,n;oBaHHe pa60TbI CBepxrrpoBO,ll;5Illi;eM 

MarHMTHOM CMCTeM:OI rrpM ,ll;JIMHHbIX (TbIC5J:qM ceKyH,n;) IIJiaTO MarHMTHOro IIOJI5I, 

HCCJie,n;oBaHH:e pa3JIHqHbIX MeTO,ll;OB CTOXaCTMqecKoro OXJia)K,n;emuI. 

OcnoBHbie noJiom:enuH, BbIHocnMble ea 3am;ury 

1. Kottu;erru;IDI IIOJiycieHH5I BbICOKOM CBeTMMOCTH B a,n;poHHOM KOJIJiaH:,n;epe c 
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HH3KOH 3HeprHeH CTaJIKHBaIOIIJ;HXCH IIY1fKOB, OCHOBaHHaH Ha HaKOIIJieHHH 

pacrryru;eHHOfO rryqKa B KOJibl(aX KOJIJiaii,n;epa c HCIIOJib30BaHHeM MeTO,ll;OB 

oXJia)K,n;eHHH IIY1fKa, ero rrocrre,n;yioru;e:H: rpynnHpOBKe H rro,n;,n;ep)KaHHH TPe6yeMoro 

ypoBHH CBeTHMOCTH c rrpHMeHeHHeM ,n;Byx MeTO.IJ;OB OXJia)K,D;eHHH IIY1fKOB -

3JieKTpOHHOfO H CTOXaCTHqecKoro. 

2. OcHOBHI>Ie napaMeTpbI 6a30BDIX 3JieMeHTOB ycKopHTeJII>Horo KOMIIJieKca 

NICA: orrTHMaJII>HaH cxeMa rro,n;roTOBKH nyqKa TH)KeJibIX HOHOB B HH)l(eKl(HOHHOH 

u;erroqKe, OIITHMaJibHaH cxeMa CBepxnpoBO.IJ;HID;HX HaKOIIHTeJibHbIX KOJiel( Ha 

BCTpeqHbIX IIY1fKax H HX pa3Meru;eHHe B cyru;eCTByIDID;eH HHcppacTpyKType 

TeXHHqecKoli rrrroru;a,n;KH JI<l>B3 OH5IH. KoHI(eIII(HH CHCTeMbI 3JieKTPOHHoro 

oxJia)K.n;eHHH H CHCTeMbI cToxacTnqecKoro oxrra)K.n;eHHH B KorrrraH:,n;epe NICA, 

pa6oqne rrapaMeTpbI H cxeMa HX OIITHMaJibHOfO pacrroJIO)l(eHHH. 

3. Pe3yJII>TaTI>I Mo,n;epHH3al(HH BaKyyMHOH cHcTeMbI cBepxrrpoBo.n;Hru;ero 

6bICTPOl(HKJIHpyioru;ero CHHXpOTpOHa HyKJIOTpOH. y CKopeHHe HOHOB KCeHOHa 

( 124Xe 42+) ,IJ;O 3HeprHH 1.5 r3B/H. 

4. TexHHqecKHH rrpoeKT cHcTeMbI nocrre.n;oBaTeJibHoro rrnTaHHH MarHHTOB H 

JIHH3 H CHCTeMbl 3BaKyal(HH 3HeprHH CBepxnpoBO.IJ;HID;ero 6bICTpOl(HKJIHpyioru;ero 

CHHXpOTpOHa HyKJioTpOH, MeTO,Il;HKa II03TaIIHOfO BBO.n;a 3THX CHCTeM B 

3KcrrnyaTal(HIO. Pe3yrrI>TaTI>I 3KcrrrryaTaI.J;HH cHcTeMbI IIHTamrn HyKJioTpoHa c 

.n;ocTHrttyTOH BenHqnHoH MarHHTHoro noJIH, paBHOH 2 Tn. 

5. Co3,n;aHHe coBpeMeHHoro KOMIIJieKca o6opy,n;oBaHHH o6ecneqnBinero 

pa3BHTHe cBepxrrpoBo,n;Hru;ero CHHxpoTpoHa HyKrroTpOH ,IJ;JIH 3KcrrepHMeHTaJII>Horo 

Hccne,n;oBaHHH Ha HeM pa3JIHqHbIX pe)KHMOB pa6oTbI Konna:H:.n;epa NICA: H3MepeHHH 

rrapaMeTpOB ycKopeHHOfO rryqKa, HCCJie.n;oBaHHH pa60Tbl CBepxrrpoBO,Il;Hru;eH: 

MarHHTHOH CHCTeMbl rrpH .IJ;JIHHHbIX ( TbIC5.l1IH ceKyH,n;) IIJiaTO MarHHTHOfO IIOJIH, 

HCCJie,IJ;OBaHHH pa3JIH1IHbIX MeTO,Il;OB CTOXaCTHqecKoro OXJia)K.IJ;eHHH. 

6. KoH:u;errTyarrbHbIH rrpoeKT cBepxrrpoBo.n;Hru;eH: MarHHTHOH cpoKycHpyioru;eH: 

cTpyKTYPI>I CHHxpoTpoHa EycTep KOMIIJieKca NICA, CHCTeMhI ee IIHTaHHH H 3aru;HTbI. 
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Anpo6anu11 ,1J;nccepTau,uoHHoii pa6oTbI 

Pe3yrr:oTaThI, H3JIO)l(eHHbie B .n;HccepTaIJ;HH, .n;oKJia.n;:ornarrHCh Ha 

Me)l(.n;yHapo.n;H:oIX KoHQ:>epeHIJ;H51X "Workshop on Beam Cooling and Related Topics" 

- COOL (Galena, IL, CIIlA, 2005 r.; Bad Kreuznach, repMaHH51, 2007r.; ArrynITa, 

YKpaHHa, 201 lr.), "European Particle Accelerator Conference" - EPAC (Paris, 

<t>paHIJ;H51, 2003; Lucerne, lliBeliu;apH51, 2004 r.; Genoa, HTarrH51, 2008 r.), 

"International Particle Accelerator Conference" - IP AC (Kyoto, .5IrroHH51, 2010 r.; 

San Sebastian, HcrraHH51, 2011 r. ), "ICF A Advanced Beam Dynamics Workshop on 

High- Intensity and High-Brightness Hadron Beams" - HB (Bensheim, repMaHH51, 

2004; Tsukuba, .5IrroHH51, 2006 r. ), "International Computational Accelerator Physics 

Conference" - ICAP (CaHKT-IleTep6ypr, 2004 r.), "Beam dynamics and 

Optimisation Conference" - BDO (CaHKT-IleTep6ypr, 2010 r.) Ha BcepoccHHCKHX 

KOHcpepeHIJ;H5.IX no ycKopHTeJI51M 3ap51)1(eHHhIX LiaCTHIJ; - RuP AC (06HHHCK, 2002r.; 

,l(y6Ha, 2004r.; HoBocH6HpcK, 2006r.; 3BeHHropo.n;, 2008r.; IlpoTBHHo, 2010r) H .n;p. 

A TaK)l(e o6cy)l(.IJ:aJIHCb Ha HayqHbIX ceMHHapax 06-:oep;HHeHHoro I1HcTHTyTa 

51.n;epHbIX HCCJie)J;OBaHHH (r.,[(y6Ha), llHCTHTyTa TeopeTHLJeCKOH H 

3KcrrepHMeHTaJihHOH Q:>H3HKH (r.MocKBa), HHcTHTyTa cpH3HKH BhICOKHX 3HeprHli 

- (r.IlpoTBHHO ), I1HcTHTYT J.[.n;epHoli <I>H3HKH CO P AH (r.HoBocH6HpcK), 

EsporrelicKoro u;eHTpa 51.n;epHhIX Hccne.n;oBaHHH UEPH (CERN, Illseliu;apH51). 

Ilo TeMe .IJ:HccepTau;1m orry6rrHKOBaHO 57 pa6oT, H3 HHX B pecpepHpyeMbIX )l(ypHarrax 

23 pa60Tbl. 

TeKCT .n;HccepTaIJ;HH H3JIO)l(eH Ha 212 crpaHHu;ax, BKmoqaeT 92 pHcyHKa, 18 Ta6rrHu; 

H CIIHCOK JIHTepaTyphI H3 111 HaHMeHOBaHHH. 

CTpy«:rypa u o6'beM ,1J;nccepTanuu 

,l(HccepTaIJ;H51 COCTOHT H3 BBep;eHH51, 5 rnaB H 3aKJIIOLieHH51. 

Bo BBe,1J;eH1n1 o6ocHoBaHa aKTyarr:oHOCTh TeM:o1 .n;HccepTaIJ;HH, .n;aH KpaTKHH 

aHaJIH3 rrpo6neM, pernaeMbIX B .IJ:HCCepTaIJ;HH, H ccpopMynHpOBaHbl u;errH 

Hccrre.n;oBaHHH, Bomep;rnHx B pa6oTy. 

7 



B nepsoii: rJiaBe ,n:aHo orrn:caHHe ycKopHTeJTbHoro KOMmreKca HyKJIOTpoH, 

KOTOpbIH BKmoqaeT B ce6.H HeCKOJibKO THTIOB HCToqHHKOB HOHOB, JIHHeHHbIH 

ycKopttTeJib JIY-20, ycKop.HIOII(HH npoTOHbI ,n:o 3HeprHH 20 M3B H HOHbI c 

OTHorneHHeM 3ap.H,n:a K Macce Z/ A :?: 1/3 ,n:o 3HeprHH 5 M3B/HyKJI, cBepxnpoBO,IJ;.HII(HH 

CHHXpoTpOH c nepHMeTpOM 251,52 M, o6opy,n:oBaHHbIH CHCTeMOH Me,n:neHHoro 

Bbrno,n:a nyqKa H CTaHQHeii BHyTpeHHHX MHIIIeHeii. HayqHa.H nporpaMMa 

ycKopttTeJibHoro KOMrmeKca HyKnoTpoH OI1JIM BKJI10qaeT B ce6.H perneHHe p.H,n:a 

aKTYaJibHbIX npo6JieM peJI.HTHBHCTCKOH .H,n;epHOH cpH3HKH H npon;eccoB 

MHO)l(eCTBeHHOro p0)K,IJ;eHH5I qacTHQ. 

B 2007 ro,n:y B OI1JIM HaqaTbI pa6oTbI no co3,n:aHHIO HOBoro ycKopHTeJibHO -

HaKOIIMTeJibHoro KOMnneKca NICA Ha 6a.3e CMHxporpoHa HyKJIOTpoH. <l>M3MqecKMe 

3KCnepHMeHTbI 6y,n:yT peaJIM30BaHbI B pe)KMMe CTOJIKHOBeHM.H BcrpeqHbIX nyqKOB. 

Y cKopHTeJibHbIH KOMnneKc NICA ,IJ;OJI)l(eH 6y,n:eT o6ecneqMTb MOH-MOHHbie 

CTOJIKHOBeHH5I ( c B03MO)l(HOCTbIO BbI6opa KMHeTMqeCKOH 3HeprHM CTaJIKMBaIOII(MXC.H 

nyqKOB B ,IJ;HaTia30He OT 1 ,IJ;O 4.5 r3B/H), a TaK)l(e IIpOTOH-IIpOTOHHbie CTOJIKHOBeHH5I 

(B ,IJ;MaTia30He 3HeprHM OT 5 ,IJ;O 12,6 r3B/H) H CTOJIKHOBeHHe nyqKOB ,n:e:flrpOHOB (B 

,IJ;MaTia30He 3HeprHH OT 2 ,n:o 5.8 r3B/H). Ha BTOpOM 3Tane peaJIM3aQMM npoeKTa 

nnaHHpyeTC.H ocym:ecTBJieHMe CTOJIKHOBeHHH BCTpeqHbIX nyqKOB nerKMX MOHOB, 

nyqKoB non.HpH30BaHHbIX npoTOHOB M ,n:eliTpOHOB. KpoMe Toro, nnaHttpyeTc.H 

npo,n:on)l(eHMe 3KcnepttMeHTOB Ha BhIBe,n:eHHOM nyqKe HyKJioTpoHa H Ha BHyTpeHHeii 

MMIIIeHM. 

Kn10qeBoli qacThIO nepsoii cTa,n:MM npoeKTa NICA, 3aBeprneHHOH B 2011 ro,n:y, 

.HBMJiach Mo,n:epHH3aQH5I CMHxporpoHa HyKnoTpoH (npoeKT «HyKnoTpoH-M»), 

MMeBIIIa.H QeJibIO npo,n:eMOHCTPMPOBaTh B03MO)KHOCTh ero ,IJ;JIMTeJibHOH M Ha,IJ;e)l(HOH 

pa6oTbI npH napaMeTpax, 6JIM3KHX K rpe6oBaHM.HM npoeKTa NICA. B pe3yn1>TaTe 

ycneIIIHOro 3aBeprrreHM5I Mo,n:epHH3aQHM 6bIJIO npo,n:eMOHCTPHPOBaHO ycKopeHHe 

nyqKa HOHOB KCeHOHa 42+Xe124 (,n:o HalfaJia npoeKTa caMhIMH T.H)l(eJibIMM IfOHaMH, 

ycKopeHHhIMH Ha HyKJIOTpoHe, 6bmH HOHhI )l(eJie3a) H CTa6HJihHa.H pa6oTa 

MarHMTHOH CMCTeMDI npH ypoBHe TIOJI.H B ,ll;HTIOJibHhIX MarHHTax 2Tn (MaKCHMaJibHa.H 

paHee ,n:ocTHrHyTa.H BeJIMlfHHa non.SI 6bma l .2Tn). Xo,n: peaJIM3aQMM npoeKTa 
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no.z:i;po6Ho npe.z:i;cTaBJieH B ny6m1Ka:u;1u1x, B .z:i;aHHOM rnaBe np11Bo,z:v1Tc5.I JillIIIh 

Ha116onee 3Ha"LJHMhie pe3yJioTaThI pean113a:u;1111 rrpoeKTa. 

BTopoH: 3Tarr npoeKTa NICA - 3TO rrpoeKTHpoBaH11e 11 co3.z:i;aH11e KOMIIJieKca 

cBepxnpoBO.IJ:S:Imero KOJib:U:a EycTepa, - rrpe.z:i;ycKop11TeJI5.I .IJ:JIS:I HyKnoTpoHa 11 

CBepxnpOBO)l;5.lll(llX HaKOilllTeJibHblX Kone:u: Ha BCTpe"LIHbIX ny"LIKax (Konna.H:.z:i;ep 

NICA). Pa3MemeH11e ocHOBHhIX 3JieMeHTOB 11 c11cTeM KoMrrneKca NICA 

ocymecTBJI5.leTC5.I npH MaKCllMaJibHOM HCIIOJib30BaHllll cymecTBYIOll(HX 3.IJ:aHllM H 

HHcppacTpyKTypoI nnoma.z:i;KH Jia6opaTop1111 . CxeMa KOMnneKca noKa3aHa Ha 

P11cyHKe 1, .z:i;eTaJII>Hoe orr11caH11e 3JieMeHTOB npHBO.IJ:HTCS:I B .z:i;11ccepTa:u;1111. 

N 

1 

P11c. 1. CxeMa KOMIIJieKca NICA. 1 - HH)l(eKTop, 2 - EycTep, 3 - HyKJIOTpoH, 4 

reJIHeBblM O)l(H)l(llTeJibHbIM KOMIIJieKC, 5 - 3KCnep11MeHTaJibHbIM Kopnyc )l;JI5.I 

ycTaHOBOK Ha BbIBe.z:i;eHHbIX ny"LIKax, 6 - KaHaJibl TpaHcnopTllpOBKH rry"LIKa B 

KOJIJiaH:.z:i;ep, 7 - CllCTeMbl IlllTaHll5.I BCero KOMTIJieKca, 8 - Konn ail;::i:ep; 9 H 10 

.z:i;eTeKTOpHoie ycTaHOBKll MPD 11 SPD, 11 - nepwMeTp nnoma.z:i;KH J1<I>B3 OI15Il1. 

B .z:i;aHHOM rnaBe npoBO)l;llTC5.I BhI6op OTITllMaJibHbIX napaMeTPOB OCHOBHbIX 

3JieMeHTOB 11 pe)l(HMOB pa6oTbI KOMnJieKca NICA c ny"LJKaMH HOHOB 30JIOTa 79+ Au 197• 

IIpe.z:i;nonaraeTcS:I, qTo Konna.H:.z:i;ep 6y;::i:eT pa6oTaTh B pe)l(HMe HaKon11TeJI5.I Ha 

cp11Kc11poBaHHOM 3Hepr1111. MaKCllMaJihHaS:I MarHHTHaS:I )l(eCTKOCTb Kone:u: Konna.H:.z:i;epa 

paBHa MaKCllMaJihHOil MarHHTHoil )l(eCTKOCTll HyKnoTpoHa, TI03TOMY B Konnail.z:i;epe 

MO)l(HO npoBO.LJ:llTb 3KCnepHMeHTbI Ha BCTpeqHbIX rryqKax HOHOB BO BCeM )l;lfalla30He 
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3HeprHH:, .n;ocTyrrHoM .n;m1 HyKJIOTpOHa. OcHOBHhie rrapaMeTphI 6830BhIX 3JieMeHTOB 

KOMITJieKca, KOTOpbie 6hIJIH BhI6paHoI B pe3yJihTaTe 011THMH3a:o;HH peJKHMa pa6oThI 

BCeM HHJKeKIJ;HOHHOM u;errol!KH, H KOTOphie o6ecrre"IIHBaIOT rrpoeKTHhIM ypoBeHh 

cBeTHMOCTH B 3KcrrepRMeHTe Ha KOJIJiaH:.n;epe, rroK83aHhI B Ta6n.Hu;e 1. 

Ta6JIH:o;a 1. OcHOBHhie rrapaMeTIJoI ycKopHTeJihHhIX ycTaHOBOK KOMITJieKca NICA 

nY-20 JlHHaK BycTep HyKJIOTpOH Kom1aii.[(ep 

CopT qacTm:i; pt, dt, JierKHe d+Au TJDK. HOHhI Au'':J+ Au'\/+ 

HOHbI (A/Z:s;3) AJZ $'. 6 (Au32+) 

IlepHMeTp 14.4 15 212.2 251.52 503.04 

(.[(JIHHa), M 

E _ HH)K, f 3B/H 6·10-4 (p) 33.10-5 0.003 0.6 1+4.5 

l.5· 10-4 (i) 

Emax, f1B/H 0.002 (p) 0.003 0.6 4.5 B03MO)KHOCTh 

0.0005 (HOHhI) Me.[(JieHHOfO 

ycKopemnr 

rosq, Mfn: 145 100.05 0.593 + 2.4 0.947 + 1.147 0.522 + 0.587 

(h=l), 5KB 

12.528 + 14.088 

(.[(JUI h=24 ), 25 KB 

37.584 + 42.264 

(.[(JI5.C h=72), 125 

KB 

hsq - 4 II~ 1 72 

Bmax,Tn - 1.8 2 1.8 

dB/dt, Tn/c - 1 1 <0.5 

N/I(HKJI > 101u 1.5·109 l.5·109 10\1 5·1010 

* Ha 3HeprHH 100 M3B/H rrpoH3BO,l(HTC~ rrepexo,n; c 4-H: Ha 1-ro rapMOHHKY 
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Bo BTopoii rJiaee rrpe;:i:cTaBrreHbI pe3yrrhTaTbI no IIccrre;:i:oBaHiuo rrpoI.J,eccoB 

BHyTpIIrryqKOBOfO pacce.HHII.H II OXJia)l(.z:i:eHml rrrIKa T.H)l(eJibIX IIOHOB - 3JieKTpOHHOfO 

II CTOXaCTIIqecKoro. 

EycTep rrpe.n:rro)l(eHo ocHaCTIITb cIIcTeMoii 3JieKTpOHHoro oxrra)l(.n:emu1. TaKmI 

CIICTeMa Ha 3HeprIIII IIH)l(eKil;IIII (3 M3B/H) Heo6xo,n:IIMa .n:m1 HaKOIIJieHml Tpe6yeMOR 

IIHTeHCIIBHOCTII qacTIIII; 3a C"lleT MHOfOKpaTHO IIOBTOp.HeMbIX IIMIIYJibCOB IIH)l(eKI..J;IIII. 

MaKCIIMaJibHa.H 3Heprm1 3JieKTpOHHoro rry"L£Ka B cIIcTeMe oxrra)l(,n:eHmI BbI6paHa 

paBHOR 55 K3B, qTo COOTBeTCTByeT 3HeprIIII OXJia)l()J,aeMoro IIOHHOro rryqKa 

rrpIIMepHo 100 M3B/H. Ha 3Toii 3HeprIIII oxrra)l(,n:eHIIe Heo6xo.n:IIMO .II.AA 

o6ecrre"L£eHII.H rrapaMeTpoB rryqKoB, BbIBO,n:IIMbIX II3 EycTepa, Tpe6yeMbIX .n:m1 

3KCIIepIIMeHTOB Ha HeIIO)J,Bl·DKHOR MIIIIIeHII. 

Pe3yJibTaTbI MO)J,eJIIIpOBaHII51 IIOKa3bIBaI-OT, qTo AJI51 OXJia)l{,n:eHII51 IIOHHOfO 

rryqKa HaII6onee rro.n:xo.z:i:51ru:IIM pe)l(IIMOM BbirJI51)J,IIT IIH)l(eKI..J;II51 IIOHOB 30JIOTa c 

JII-06bIM II3 aHaJIII3IIpyeMbIX 3ap51)J,0BbIX COCT051HIIeii (32+, 52+, 65+) Ha 3HeprIIII 3 

M3B/H, oxna)l(,n:eHIIe, .n:o-ycKopeHIIe II rrepeBO.II. crycTKa B HyKrroTpoH. IlpIIMep 

pe3yrrhTaToB Mo,n:errIIpoBaHII51 3BOJII-OI..J;IIII napaMerpoB IIOHHoro rry"L£Ka c y"L£eToM 

3cpcpeKTOB 3rreKTpOHHoro oxna)l()J,eHII51 II BHyTpimyqKoBoro pacce.HHII51, rrpe.n:cTaBrreH 

Ha PIICYHKe 2. 
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PIIc.2. Pe3yrrhTaThI Mo;:i:errIIpoBaHII51 3BOJII-OU:IIII rrapaMeTpoB rryqKa IIOHOB 197 Au32+ Ha 

3HeprIIII 3 M3B/H: pacrrpe.n:erreHIIe qacTIIU: Ha <Pa3oBbIX rrnocKoCT51X (x,x') II (x,dp/p) 

.n:o (a) II rrocne oxrra)l(,n:eHII51 (6). 

Hcxo;:i:Hbie TPe6oBaHII51 K Konnaii,n:epy: o6ecrreqeHIIe MaKCIIMaJibHO 6orrbIIIoro 

IIIIKOBOro 3HaqeHII51 CBeTIIMOCTII II 06ecrreqem-1e BpeMeHII )l(II3HII CBeTIIMOCTII MHOro 

6onbIIIero, qeM BpeM51 rro;:i:roTOBKII rryqKa. IIpe.n:rro)l(eHa cxeMa HaKorrneHI·rn rryqKa 
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Tpe6yeMOH MHTeHCHBHOCTM B KOJIJia:H:.n;epe, KOTOPYJO IIJiaHHpyeTC5.I ocym;ecTBJISITb B 

rrpO.II;OJibHOM cpa30BOM rrpocTpaHCTBe c MCIIOJib30BaHMeM TeXHMKM «6apoepHbIX 

Harrp.~nKeHMH». TaKaa: MeTO.II;MKa ycrrerrrno ocsoeHa Ha HaKOIIMTeJII>HOM Kono:u;e ESR 

B fepMaHMM, r,n;e aBTOp rrpHHMMaJI Herrocpe,n;CTBeHHOe yqacTMe B 

3KCIIepHMeHTaJibHbIX MCCJie,n;oBaHM5.IX pe)l<MMOB HaKOIIJieHMH c IIOMOIII;bIO TeXHMKM 

6apoepHDIX Harrp~.DKeHMH M CTOXaCTHqecKoro OXJia:>K,n;eHMH. 

B rrpo:o;ecce 3KcrrepHMeHTa yMeH1meHMe cseTMMOCTM MO:>KeT 6oITI> BhI3BaHo 

.II;BYM.H rrpo:o;eccaMM - rM6eJII>IO qacTMD; M yseJIMqeHMeM cproosoro o6beMa crycTKa. 

PocT cpa30Boro o6'beMa crycTKa BbI3hIBaeTC.H COBMeCTHbIM .n;eif cTBMeM MHOfMX 

3cpcpeKTOB: BHyTpHrryqKOBDIM pacce.HHHeM (BIIP), rrepeceqeHMeM qacTMD;aMM 

HeJIMHeHHDIX pe30HaHCOB BbICOKoro rrop.s.r,n;Ka, MHOfOKpaTHbIM pacce.HHMeM Ha 

aToMax ocTaToqHoro rroa, myMaMM cMcTeMDI IIMTaHM.H CTPYKTYPHI>rx MarHMTOB 

Koneu;, M .n;p. ,[(m cTa6MJIM3a:o;MM cproosoro o6beMa crycTKa rrpe,n;Jio:>KeHo 

MCIIOJib30BaTb MeTO.II;bI OXJia:>K,n;eHM.H rryqKOB - CTOXaCTlfqeCKOe M/MJIM 3JieKTPOHHOe. 

Ha ocHoBe rrpose,n;eHHoro TeopeTMqecKoro aHaJIM3a M qlfcJieHHoro 

Mo,n;errMpOBaHM5.I BJIM5£HM.H pa3JIJ1qHJ>IX 3cpcpeKTOB Ha ycTOHqMBOCTb rryqKa, 

ccpopMyJIHpOBaHDI rrapaMeTpbI rryqKa M CMCTeM KOJIJia:H:.n;epa, rrpH KOTOpbIX 

.II;OCTMraeTC.H MaKCMMaJibHa.H IIMKOBa.H CBeTMMOCTh: 

- MMHMMaJibHOe 3HaqeHMe 6eTa-cpyHKD;MM B TOqKe BCTPeqM (TB) BhI6paHO paBHbIM 

35 CM, MCXO.II;.H M3 Tpe6oBaHMH o6ecrreqMTb MMHMMaJibHhIH 3MMTTaHC rryqKa B TB, a 

TaK:>Ke orpaHMqeHMH reoMeTpHqecKOH arrepzypDI JIMH3 cpHHaJibHOro cpoKyca ( 40 MM -

.II;JI5l o6ecrreqeHM.H B HMX Tpe6yeMoro rpa,n;MeHTa MarHMTHOro IIOJI.H .n;o 30 Tn/M2); 

- MaKCHMaJibHO B03MO:>KHOe qlfCJIO crycTKOB B KOJII>D;e - BbI6paHO paBHbIM 24, 

MCXO)J;.H M3 Tpe6oBaHM.H M36e:>KaTh rrapa3HTHDIX CTOJIKHOBeHMH Ha yqaCTKe CBe,n;eHM.H 

rryqKOB B OKpeCTHOCTM ToqKM BCTpeqM c O.II;HOH CTOpOHhI, M rrepHMeTpa KOJIJia:H:.n;epa 

(503.04 M), c .n;pyroii; 

cpe,n;HeKBa,n;paTJflIHbIH OTHOCMTeJibHbIH pro6poc (MaKCMMaJibHa.H cpa30Ba.H 

IIJIOTHOCTI> qacTM:o; Nb!E B crycTKe) rro MMIIYJII>cy Ha ypoBHe ±( 1+1.5)- 10-3, qTo 

cooTBeTCTByeT 1/6 B116paHHoro rrpo,n;oJII>Horo aKcerrTaHca. YseJIMqeHMe pro6poca no 

MMIIYJII>CY IIOBDimaeT rropor pa3BMTM5l KOrepeHTHbIX HeycToifqMBOCTeH crycTKa M, c 
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.n;pyroli CTOpOHbI, He npHBO,ll;HT K CHH)KeHHIO CBeTHMOCTH. Ilo3TOM~ .n;mr ,ll;OCTmI<eHIDI 

MaKCHMaJibHOM CBeTHMOCTH pa36poc no HMnyJibCY cne.n;yeT BbI6HpaTb MaKCHMaJibHO 

B03MO)KHbIM, HCXO,ll;51 H3 orpaHHqeHHM no npO,ll;OJibHOMY aKcenTaHcy H TeXHlfqecKH 

.n;ocTH)KHMOM aMnJIHTY,ll;bI Bq Hanp5I)KeHM51, Heo6xo.n;HMOM )l;JI51 cornacoBaHIDI 

crycTKa (HM)Ke lMB). 

- ,ll;JIMHa cryCTKa ,ll;OJI)KHa 6bITb MMHMMaJibHO B03MO)KHOM, qTo6bI H36e)KaTb 3<lJ<lJeKTa 

«necoqHbIX qacoB» M o6ecneqHTb KOHIJ;eHTpau;MIO CBeTMMOCTH B u;eHTpaJibHOM qacTM 

.n;eTeKTOpa. c .n;pyroli CTOpOHbI, YMeH:&meHMe )l;JIHHbI cryCTKa yBeJIHqlfBaeT nMKOBbIM 

TOK B HeM, qTo npMBO,ll;MT K YBeJIMqeHMIO c.n;BMra qacToT 6eTaTpoHHbIX Kone6aHMM, a 

TaK)Ke MO)KeT BbI3BaTb KOrepeHTHYIO (MMKpOBOJIHOBYIO) npo.n;oJibHYIO MJIM 

nonepeqHYIO HeycToliqHBOCTb nyqKa. B KaqecTBe KOMnpoMHcca Me)K,ll;y 3TMMM 

,ll;BYM5l npoTMBOnOJIO)KHbIMlf Tpe6oBaHH5IMM, cpe.n;HeKBa.n;paTHqHa51 )l;JIMHa crycTKa 

6bIJia BbI6paHa paBHOM 60 CM. 

Bo3MO)KHOCTH Bb16opa 3MHTTaHca nyqKa cyiu;ecTBeHHO 3aBHC5IT OT MexaHM3Ma 

HarpeBa crycTKa, KOTOpbIM ,ll;OJI)KHa KOMneHCHpOBaTb CMCTeMa OXJia)K,ll;eHIDI. 

OcHOBHbIMH MCToqm1KaMH HarpeBa 5IBJI5IIOTC51 BIIP M, npH 6onbmoli BeJIH1IHHe 

C,ll;BHra 6eTaTpOHHbIX qacTOT, HarpeB 3a cqeT nepeceqeHH51 qacTHIJ;aMH HeJIMHeMHbIX 

pe3oHaHCOB BbICOKoro nop5I.n;Ka. B 3aBHCMMOCTM OT Toro, KaKoli H3 3THX 3cp<lJeKTOB 

npeo6rra.n;aeT, npe.n;rro)KeHo .n;Ba pe)KHMa pa6oTbI: «.n;oMMHMpoBaHM51 BIIP», H 

«,ll;OMMHHpOBaHM51 npOCTPaHCTBeHHOro 3ap51,n;a». 

B pe)KMMe .n;oMMHHpoBaHH51 BIIP BeJIMqHHbI npo.n;orrbHoro H nonepeqHbIX 

<l>a30BbIX o6'beMOB nyqKa CB513aHbl .n;pyr c .n;pyroM, H, npH 3a.n;aHHOM BeJIH1IHHe 

pa36poca no MMrryrrhcy, MHHMMYM TeMna HarpeBa COOTBeTCTByeT CTporo 

onpe.n;eneHHOM BerrMq.lfHe 3MMTTaHca. B pe)KHMe .n;oMHHIIpoBaHIDI 

npOCTPaHCTBeHHOro 3ap5I.n;a (,[(I13) TeMnbI pocTa cpa30BOro o6'beMa cyiu;ecTBeHHO 

Bbime, qeM npH .n;oMMHMpoBaHMH BTIP, o,n;HaKo, np11po.n;a HarpeBa npo.n;oJihHOM H 

nonepeqHbIX CTeneHeM CB06o.n;bl pa3JI1fqHa, H 3MMTTaHC crycTKa MO)KHO BbI6MpaTb 

npaKT~ecKM He3aBMCMMo OT pa36poca no MMnyrrhcy. ,[(n51 pe)KHMa ,[(II3 3Ha1IeHMe 

paBHOBeCHoro 3MMTTTaHca MO)KHO, KaK nOKa3bIBaeT onbIT pa60Tbl HaKOIIMTerreli c 

3JleKTpOHHbIM OXJia)K,ll;eHHeM, BbI6paTb lf3 ycrrOBH51 paBeHCTBa C,ll;BHra 6eTa'TpOHHbIM 
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tJaCTOTbI AQsc BeJIHtJHHe 0,05. KoMneHcau;HH HarpeBa IIYtJKa B pe)KHMe 

,n;oMHHHpoBaHHH BTIP (~TIP) Tpe6yeT cyIIJ;eCTBeHHO MeHblllHX TeMIIOB 

OXJia)K,n;eHM51:, II03TOMY OH 6onee rrpe,n;noqnueneH npH BblCOKMX 3HeprHHX HOHOB, 

Kor,n;a 3aMeTHO npoiu;e ,D;OCTHtJb rrpoeKTHOro 3HatJeHH51: CBeTHMOCTH, HCIIOJib3Y51: 

cToxacTHtJecKoe oXJia)K,n;eHHe. Ha MaJibIX 3HeprHHX B03MO)KHOCTb yBeJIHqeHM51: 

CBeTHMOCTH CB51:3aHa c nepexo,n;oM B pe)KMM )UI3, a Heo6xo,n;HMbiii BbICOKHH TeMrr 

OXJia)K,n;eHH51: MO)KHO o6ecnetJHTb, rrpMMeH51:51: 3JieKTpOHHOe OXJia)K,n;eHMe. 

B xo,n;e TeopeTHtJecKoro Mccne,n;oBaHM51: H l'.!HCJieHHoro aHaJIH3a, 6brnM 

pacl'.JHTaHbI xapaKTepHbie BpeMeHa HarpeBa 3a ctJeT BTIP (Ta6nHu;a 2). 

Ta6nHu;a 2. IlapaMeTpbI IIYtJKa M ou;eHKM cBeTHMOCTH KOJIJiaii,n;epa rrpM npoBe,n;eHHH 

3KcnepHMeHTa no CTOJIKHOBeHMIO HOHblX IIYtJKOB. 

IlepHMeTp KOn:bu;a, M 503,04 

qHCJIO crycTKOB 24 

Cpe,n;HeKBa,n;paTHqHaH ,n;JIHHa crycTKa, M 0.6 

EeTa-cpyHKU:MH B TOtJKe BCTpeqM, M 0.35 

AKcerITaHc KOJibIJ;a (nMH3bI cpMHaJibHoro cpoKyca) 40 7t MM Mpa,n; 

Ilpo,n;OJibHbIH aKcenTaHC, A.pip ±0.01 

r aMMa KpMTMtJeCKaH, Ytr 7.091 

3HeprH51: HOHOB, r3B/H 1.0 3.0 4.5 

qMCJIO MOHOB B crycTKe 2.75·101S 2.4·109 2.2·109 

Cpe,n;HeKB. pa36poc TIO HMIIYJibcy, 1 o-J 0.62 1.25 1.65 

Cpe,n;HeKB. 3MHTTaHc nytJKa (ropH3/BepT ), 1.1/1.01 1.1/0.89 1.1/0.76 

HeHOpMaJIH30BaHHhlii, 7t·MM·Mpa,n; 

CBeTHMOCTb, 1027 cM-2ceK-t 0.011 1 1 

XapaKTepHbie BpeMeHa pocTa BTIP, ceK 186 702 2540 

CTOXaCTHtJeCKOe OXJia)K,n;eHMe rrpe,n;JIO)KeHO HCIIOJib30BaTb B KOJIJiali,n;epe 

rJiaBHbIM o6pa30M ,ll;J151: Toro, l'.JT06bI 110,n;,n;ep)KHBaTb BblCOKYIO CBeTHMOCTb npH 

6oJiblllHX 3HeprHHX. ,lJ;nH Bhr6paHHoii orrTHqecKoli CTPYKTYPbI Konna:H:,n;epa Hali,n;eHa 

OIITHMaJibHa51: paccTaHOBKa o6opy,n;oBaHM51: CHCTeMbl CTOXaCTHl'.JecKoro OXJia)K,ll;eHM51:. 

14 



Hcxo,lJ,H M3 Bb16paHHoro pacrroJio:JKeHMM rrMKarra M KFIKepa rroKa3aHo, qTo ,lJ,JIH 

o6ecrreqeHM1l xapaKTepHbIX BpeMeH OXJia:}K,lJ,eHHH B 2-3 pa3a MeHbme (qT06hI MMeTb 

TeXHFiqecKMH pe3epB ), qeM xapaKTepHhie BpeMeHa ttarpeBa 3a cqeT BIIP, ,lJ,OCTaToqHo 

IlOJIOChI qacTOT CMCTeMbI 3-6 ffu;. 

,[(JIH TeXHMqecKM ,lJ,OCTM:JKMMhIX rrapaMeTpOB CMCTeMhI :meKTpOHHOro 

OXJimK,lJ,eHMH ( rrpHBe,lJ,eHhI B pa6oTe) BO BCeM ,lJ,FiaI1a30He 3HeprHH MOHOB 6bIJIM 

paccqFJ:TaHhI xapaKTepHbie BpeMeHa OXJia)K,lJ,eHHH. I10Ka3aHo, qTo B ,lJ,MaI1a30He 

HM3KFIX 3HeprHH FIOHOB, xapaKTepHbie BpeMeHa 3JieKrpOHHOro OXJiaJK,lJ,eHHH 

rrpHMepHo B 20 pa3 MeHI>me xapaKTepHhIX BpeMeH HarpeBa 3a cqeT BIIP, M 

rrpHMeHeHMe 3JieKTpOHHOro OXJia)l{,[(eHmI OKa3hIBaeTC1l HaM6oJiee a,lJ,eKBaTHbIM 

cpe,lJ,CTBOM ,lJ,JI51 o6ecrreqeHM1l OITTMMaJihHOro pe:JKMMa pa60ThI KOJIJiaH,lJ,epa. 

B pe3yJII>TaTe, rrpe,lJ,JIOJKeH cu;eHapHli MCITOJih30BaHMH pa3JIMqHbIX cxeM 

OXJiaJK,[(eHMH (PHCYHOK 3). 

0000 

100 

1 

1 1.5 2 2.5 

-G-"BnP npH dQ<=0,05 H csen1MOCTH 1E27" 

-6-"Croxacrn4eCKoe oxna>KAeHHe" 

~"BpeMR peKOM6HHal\HH" 

-4-311.0xn-e (nonepe4Hoe) 

3 

3Hepnrn, r:1B/H 

3.5 4 4.5 5 

PMc. 3. XapaKTepHI>Ie BpeMeHa ttarpeBa 3a cqeT BHyTpHrryqKoBoro pacceHHFIH 

,lJ,JIH ycToliqMBOH ,lJ,llHaMMKll MOHHoro rryqKa, xapaKTepHbie BpeMeHa 3JieKrpOHHOro 

OXJia:JK,lJ,eHM51 ,[l;JIH 3HeprmI llOHOB ,IJ;O 3 r3B/H B pe:JKHMe ,[(I13, M CTOXaCTHqeCKOrO 

OXJiaJK,IJ;eHM51,[l;JIH 3HeprHH Bhllle 3 r3B/H ,JJ,JIH IlOJIOChI qaCTOT 3-6 ffu;. 
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B 3aKmoqeHinr rnaBhI npe,n;cTaBJieHJ>I pa3pa6oTaHHI>Ie KoHu:enTyaJihHhie 

npoeKTbI CHCTeM 3JieKTpOHHOro H CTOXaCTH:qecKoro OXJ1a)K,n;eHH.sI, ,n;aHbI OCHOBHble 

napaMeTPhI 3THX CHCTeM. 

IlpH pacqeTax H Mo,n;eJIHpoBaHHH HCIIOJih30Banach nporpaMMa BETACOOL, 

pa3pa60TaHHa.s1 c Henocpe,n:cTBeHHhIM yqacTHeM aBTopa. BET A COOL .s1Bn.s1eTc.s1 

H3BeCTHOH nporpaMMOH .Il:Jl.sI MO,IJ;eJIHpoBaHH.sI .n:onroBpeMeHHhIX npou:eccoB B 

yc1<0pHTeJI.sIX. 0Ha 6I>ma HCnOJ1b30BaHIDI .IJ:JI.sI onHCaHH.sI 6oJibIIIOro KOJIH:qecTBa 

3KcnepHMeHTaJihHhlX cpaKTOB Ha HaKonHTen.s1x 3ap.s1)KeHHhIX qacTH1( no BCeMy MHPY 

H .IJ:J1.sI npoeKTHpOBaHH.sI BHOBh C03.IJ:aBaeMbIX ycKOpHTeJibHhIX KOMnJieKCOB. 

B nepBoH qacTH TpeTheii r JiaBhl o6cy)K,n:aIOTC.sI TeXHH:qeCKHH npoeKT 

MO,n:epmna1(HH BaKyyMHOM CHCTeMbI 6bICTp01(HKJ1HpyIOI1(ero CBepxnpoBO,I1;.sII1(ero 

CHHxpoTPoHa H pe3yJII>TaThI ero peanH3a1(HH. 

OmrnaH p.s1,n; 3KcnepHMeHTOB, npoBe,n;eHHI>IX Ha HyKJioTpoHe c u:enhIO 

H3MepeHIDI cpe,n;Hero 3HaqeHH.sI BaKyyMa B ero nyqKoBoif KaMepe. H3MepeHIDI 

npoBO.IJ:HJ1HCh no TeMrry . noTepb 1(HpKyJIHpyIOI1(HX HOHOB H2 +1 Ha 11 CTOne" 

MarHHTHoro nOJI.sI, H npH ,[l;JIHTeJ1hHOH 1(HPKYJI.sI1(HH nyqKa ,n;eHTpOHOB, a TaK)Ke 

cpaBHHBaJIHCh c paHee nonyqeHHhIMH ,n;aHHhIMH no noTep.sIM HHTeHCHBHOCTH qacTH1( 

npH ycKopeHHH .s1,n;epHbIX nyqKOB Li3+, C 4+, C 6+, c H3BeCTHOH HaqaJibHOH 3HeprHeH H 

H3BeCTHhIM TeMnoM ycKopeHH.sI. Ha nepBoM 3Tane Mo,n;epHH3a1(HH y,n:anocb 

cyI1(eCTI~eHHO - npHMepHO B .n:ec.sITh pa3, yMeHbIIIHTh cpe,n:Hee 3HaqeHH:e ,n:aBJieHIDI B 

KaMepe 3a cqeT yJiyqIIIeHH.sI BaKyyMa Ha «npo6neMHhIX» yqacTKax Koni:.u:a. Ha 

BTopoM 3Tane Mo,n;epHH3a1(HH BaKyyMHOH CHCTeMhI y,n:anoch 6onee, qeM Ha ,n:Ba 

nop.sI,n:Ka (.n:o p :::; 1,0· l 0- 7 Ila) YMeHI>IIIHTh cpe,n;Hee HHTerpanbHOe 3HaqeHHe 

,n:aBJieHH.sI B nyqKOBOH KaMepe no cpaBHeHHIO c ,n;aBJJeHHeM .n:o Mo,n;epHH3a1(m1. 

,[(eMOHCTPa:QIDI B03MO)KHOCTH ycKopeHmI TH)KeJihIX HOHOB B HyKJIOTpoHe 

paccMaTpHBaJiaCb KaK KOMnneKCHa.sI npoBepKa Bcex OCHOBHb!X CHCTeM 

ycKopHTeJJI>Horo KoMn.rreKca. B pe3yJibTaTe, Ha none 7,9 KI'c 6I>m peaJIH30BaH 

Me,n;neHHhIM BhIBO.IJ: HOHOB KCeHOHa, qTo COOTBeTCTByeT 3HeprMH HOHOB 1 f 3B/H. 

MHTeHCMBHOCTh B:&rne;.:i;enHoro nyqKa Ha BI:.IXO.IJ:HOM cpnaH1(e ycKop1nen.s1 ,n;ocTHrana 
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HeCKOil:OKHX TDIC.Hq HOHOB 3a IJ;HKil. Ha 3TOH 3HeprHH 6:ornH rrpoBe,[];eH:OI 

MeTOAHqecKHe HCCITe,[];OBaHHH no perHCTpau;HH HOHOB H rrpoBeAeHO o6nyqeHHe. B 

3aBepmeHHe. ceaHca 6:orno ocyru;ecTBileHO ycKopeHHe HO HOB KCeHOHa )];O IlOilH 10 

Krc, 1ITO COOTBeTCTByeT 3HeprHH 1,5 r3B/H. 

Bo BTopoH: qacTH TpeTheii r JiaBhI o6cy)l{)J;aIOTCH TeXHHqecKHH rrpoeKT 

MO,[];epHH3aIJ;HH OCHOBHOH CHCTeMDI IIHTaHHH 6:01cTpOD;HKilHpyIO:rn;ero 

cBepxrrpoBO)];.Hru;ero CHHxpoTpoHa H pe3yn:oTaT:o1 ero ocyru;ecTBneHH.H. OcHOBHOM 

3a)];atie:ii pa3BHTH.H CHCTeM IIHTaHH.H H 3aru;HT:o1 CTPYKTYPHDIX MarHHTOB H IlHH3 

HyKnoTpoHa .HBHnoc:o 06ecrretieH11e Ha,[];e)l{HOH H lJ:IlHTen:oHoH: pa60T:o1 c MarHHTHDIM 

rroneM AO 2 Tn (qTo cooTBeTCTByeT TOKY B o6MOTKax paBHOMY 6300 A) H 

peanH3aD;H51 B03MO)l{HOCTH OIITHMH3aD;HH pa6oqe:ii ToqKH ycKOpHTeITH. PemeHHe 3TOM 

3a)];a1IH 6:orno HeB03MO)l{H0 rrpH cyru;ecTBOBaBmeH: )];O 3TOro cxeMe 3IleKTpOIIHTaHHH 

MarHHTHOH CHCTeM:OI. Moru;HOCT:O HCTOqHHKa IIHTaHH.H AHIIOil:OH:OIX MarHHTOB H 

Ha,rJ;e)l{HOCT:O CHCTeMDI 3BaKyau;HH 3HeprHH 113 CBepxrrpoBOA.HID;HX MarHHTOB H IlHH3 B 

cnytiae B03HHKHOBeHH51 HOpMan:OHOH rrpoBO)J;.HIIJ;eH 30H:OI 6:ornH He )];OCTaToqHDI AITH 

rapaHTHpoBaHHOH Ha,[];e)l{HOH AilHTeil:OHOH pa60T:OI rrpH BeilH1IHHe IIOITH BDIIIIe 1 Tn H 

TeMrre pocTa rroITH B:o1me 0.6 Tn/c. Pa6oTa c lJ:IlHHHDIMH cTonaMH ToKa Ha ypoBHe 

6300 A 6:orna B03MO)l{Ha Ton:oKo rrpH HH3KOH tiacToTe rroBTopeHHH IJ;HKJIOB. ,[(o 

rrpoBeAeHHH MO,[];epHH3aD;HH ycKopHTen:o 3KCIInyaTHpOBallC5.l rrpH paBH:OIX TOKax B 

cl>oKycHpyIOID;HX H ,I(ecl>oKycHpy10ru;11x IlHH3aX, qTo II03BOil5.£IlO rrepeMeru;aT:o pa6oqy10 

T01IKY Ha )];HarpaMMe qacTOT TOil:OKO B)];Oil:O rrp.HMOH IlHHHH. 

ABTOpOM pa3pa6oTaHa KOHu;erru;H.H MO,[];epHH3aD;HH CHCTeMDI 3IleKTpOITHTaHH51 

CTPYKTYPH:OIX )];Hrrorr:oHDIX H KBaApyrron:oH:o1x MarHHTOB, ocHoBaHHa.H Ha rrp11Hu;:arre 

o6ru;eH: CB513H 3THX CTPYKTypH:o1x 3neMeHTOB Kon:ou;a HyKnoTpoHa, rrocne)];oBaTen:oHo 

coe)];HHeHHDIX HCTOqHHKOB IIHTaHHH 19TB H 20TB, KilIOtieH: 3BaKyau;HH 3HeprHH 

KTl ... KT6(KT7) H CHCTeMDI AaTqHKOB rrepexo,[];a. IIpaKTHtiecKaH peanH3aI(HH 3TOH 

cxeM:OI rrpeAIIOnarana MO,[];epHH3aD;HIO cyru;ecTBYIOIIJ;HX HCToqHHKOB 19TB H 20TB, 

pa3pa60TKY H C03,I(aHHe ,I(Byx HOBDIX HCT01IHHKOB pa36anaHca TOKa - Ail51 

cl>oKycHpyIOID;HX H ,[];ecl>oKyc11pY1QID;HX IlHH3. ,[(nH IlOB:OIIIIeHH.H Ha,[];e)l{HOCTH CHCTeM:OI 
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3aII1;HTbI Heo6xo,n:HMO 6bIJIO pa3pa6oTaTb H C03,l1;aTb HOBbie KJIIOqlf 3BaKyal1HH 

3HeprHH. 

B pa6oTe no,n:po6Ho npoamUIH3HposaHbI pa3JIHqHf>Ie CHJIOBhie cxeMbI ttosoii 

KOHqmrypa1IHH CHCTeMbI IIHTaHml, CHCTeMa cpopMHpOBaHml IIOJieBbIX cpyHKIIHH B 

cTpyKTYPHhIX MarHHTHhIX 3JieMeHTax HyKrroTpotta, npo1IeCcbI KOMMyTa1IHH TOKa so 

speMH 3BaKyal1HH 3HeprHH. Pa3pa6oTaH npoeKT KOHCTPYKI1HH KJIIOqa 3BaKya1IHH 

3HeprHH: Bb16op H KOMIIOHOBKa scex KOMIIOHeHTOB cxeMbI. B ocHosy KOHCTPYKI1HH 

K33 IIOJIO)l(eH CHJIOBOH 6bICTpo,n:eiicTB)'IOII1;HH THpHCTOp pOCCHHCKOro 

npoH3Bo,n:cTBa THIIa TE373-2000-20. Macnna6HhIH KOMIIJieKc pa6oT no co3,n:aHHIO 

HOBOH CHCTeMhI 3JieKTpOIIHTaHHH 6hIJI ocyru:ecTBJieH B npe,n:eJihHO C)l(aThie cpOKH H 

6e3 ,l1;JIHTeJibHbIX nepepbIBOB B pa6oTe ycKOpHTeJibHOro KOMIIJieKca. .z:vrn perneHH.SI 

3TOH 3a,n:acrn 6orna pa3pa6oTaHa MeTO,l1;HKa BBO,n:a B 3KCIInyaTal1HIO HOBOii CHCTeMbI, 

OCHOBaHHaH Ha II03TaIIHOM C03.[(aHHH ee 3JieMeHTOB H HX TeCTHpOBaHHH H .n:opa60TKH 

B paMKax cyru;ecTBOBaBrneli cxeMhI Me)l(,n:y ceaHcaMH. 

B ,n:eKa6pe 2010 ro,n:a, rrocrre Toro, KaK OCHOBHOH HCTOqHHK IIHTaHHH H 

CHCTeMa 3aru;HTbI 6bIJIH nocrre;::i:oBaTeJibHO npoTeCTHpOBaHhI B IIHKJiaX c IIOJieM Ha 

cTorre 1.4, 1.6 H 1.8 Tn, none Ha cTorre 6orno yserrwieHo ;::i:o 2 Trr (PHc.4 ) . 

• r 1141HOe MlfffMTNM none 
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8000 9000 t MC 

PHc. 4 . .D:HarpaMMa 1IHKJia c norreM .[(HIIOJihHhIX MarHHTOB Ha cTorre 2 Trr. 

0THOIIIeHHe GIB - OTHorneHHe rpa,n:H:eHTa JIHH3 K rronIO .[(HIIOJihHhIX MarHHTOB. 
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06ecITeqeHHe Ha,Zl;e)KHOH pa60TbI MarHHTHOH CHCTeMhI ITPH ITpoeKTHOM ypoBHe 

ITOJUI 5IBHJIOCh ITp.HMbIM ITO,ll;TBep)K.n;eHHeM ITpaBHJibHOCTH OCHOBHhIX TeXHHqecKHX 

pemeHHH, ITOJIO)KeHHbIX B OCHOBY HOBOH CHCTeMbl 3JieK'TpOITHTaHH.H H 3all1;HTbl. 

B 11eTBepTon r Jiaee o6cy)K,n;aIDTC.H pe3yJioTaThI pa3BHTH.H HyKJIOTpoHa B 

KaqecTBe 3KCITepHMeHTaJihHOro ITOJIHrOHa )l;JI.H HCCJie.n;oBaHH.H H MO)l;eJIHpoBaHH.H Ha 

HeM pa3JIHqHhIX pe)l(HMOB pa6oThI KOJIJiaii.n;epa NICA. IlocKOJihKY B KOJIJiaii.n;epe 

6y.n;eT HCITOJih30BaTbC.H MeTO.IJ:hl CTOXaCTH:qeCKOro OXJia)K.n;eHH5£, ITpHH.HTO pemeHHe 

pa3pa6oTaTh ITPOTOTHIT CHCTeMbI CTOXaCTHqecKoro OXJia)K.n;eHH.H .IJ:JI.H KOJIJiali.n;epa H 

HCIThITaTh ee Ha HyKJIOTpoHe. B PoccHH oTcyTcTByeT OIThIT pa3pa6oTKH H 

3KCITJiyaTa1(HH CHCTeM CTOXaCTHqecKoro OXJia)K.n;eHH5I, a p.H.n; oco6eHHOCTeii 

KOJIJia:H:.n;epa NICA He IT03BOJI.HeT HaITp.HMYJO ITpHMeHHTh TeXHHqecKHe pemeHH5£, 

HCITOJih3yeMhie B 3apy6e)KHbIX HayqHhlX n;eHTpax. I103TOMY pa3pa6oTKa CHCTeMhI 

cToxacTHqecKoro oXJia)K,n;eHH5£ ITyqKa .n;m1 KOJIJia:H:.n;epa Tpe6yeT ITpoBe.n;eHH.H 

ITpe.n;BapHTeJibHblX 3KCITepHMeHTaJihHbIX HCCJie.n;oBaHHH ITO H3yqeHHIO npe.n;eJibHbIX 

B03MO)KHOCTeii MeTo.n;a. 

Pa3pa6oTaHHhIH ,n;JI.H HyKJioTpoHa KaHaJI cToxacTHqecKoro oxna)K)l;eHH5£ 

ITJiaHHpyeTC5I ITOCJie.n;oBaTeJihHO HCITOJib30BaTb )l;JI.H ITpOBepKH pa3JIHqHbIX MeTO.IJ:OB 

OXJia)K.n;eHH5I ITpo.n;OJibHOH CTeITeHH CB06o.n;hI pacITyrn;eHHOro H crpynITHpOBaHHOro 

ITyqKa: MeTo.n;a pe)l(eKTOpHbIX cpHJibTpOB, MeTo.n;a IlaJihMepa H BpeM5I-ITponeTHOro 

MeTo.n;a. EJiaro.n;ap.SI yHHBepcanbHOH KOHCTPYKU:HH ITHKaIT-cTaH[(HH H oco6oro 

pa3MeI1(eHH.H B Heii CHrHaJihHbIX 3JieKTpo.n;oB, o6ecITe"l!eHa TaK)Ke B03MO)KHOCTb 

OXJia)K.n;eHH.H ITOITepeqHoli CTeITeHH CBo6o.n;bl. CrpyKTypa C03)l;aHHOM CHCTeMhI 

opHeHTHpOBaHa Ha peaJIH3a[(HIO B ITepByIO oqepe.n;b ITPO.IJ:OJihHOro OXJia)K.n;eHH5£ ITO 

MeTo.n;y pe)KeKTOpHoro c]:>HJibTpa (Ta6JIH[(a 3 ). KaHaJI COCTOHT H3 IT.HTH OCHOBHhIX 

3JieMeHTOB: IIHKaIT-CTaH[(H5I, JIHHH5I 3a.n;ep)KKH, pe)KeKTOpHbIH qmJibTp, 

.n;ttarHOCTH"l!ecKoe o6opy.n;oBaHHe, KHKep. KHKep ycTaHOBJieH B «TeITJIOH» ceK[(HH 

(7-ii ITp5IMOJIHHeHHblM ITpOMe)KyTOK) ycKOpHTeJI5I, BBH.n;y Toro, qTo B HeM 

Bbl,ll;eJI5leTC5£ .n;ocTaToqHo 6oJibIIIa5£ TeITJIOBa5£ MOI[(HOCTh. IlHKaIT ycTaHOBJieH B 3-M 

ITpoMe)KyTKe, - .n;ttaMeTpaJihHO ITPOTHBOITOJIO)l(HOM KHKepy. YqacToK MarHHTHO-
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KpHOCTaTHOH CHCTeMbl B 3TOM TipOMe:>KyTKe HaXO,IJ;HTCH TIPH KpHoreHHOH 

TeMTiepaType (OT 4 ,n;o 15 K), qTo TI03BOJIHeT yMeHbIDHTb MOID;HOCTb TemrnBoro 

myMa c TIHKaTia. TyHHeJib Me:>K,n;y TIHKaTIOM H KHKepoM ,IJ;JIHHOH OKOJIO 85 MeTpOB 

HCTIOJib30BaH ,[l;JIH KOaKCHaJibHOrO Ka6eJIH JIHHHH OCHOBHOH 3a,n;ep:>KKH. Bb16paH 

Ka6eJib, o6Jia,n;aIOID;HH HaMJiyqIDHMH xapaKTepHCTHKaMH ,[l;JIH pa60Tbl CHCTeMbl 

(3a,n;ep:>KKa 3.7 HceKIMeTp, TIOTepH CHrHaJia 0.03 ,n;E/M) H OCHOBHOe o6opy,n;oBaHHe 

,[l;JIH o6pa60TKH CHrHaJia H cpopMHpOBaHHH CHrHaJia B03,IJ;eHCTBIDI Ha TiyqOK B KHKepe, 

a TaK:>Ke H3MepMTeJibHaH ,n;MarHOCTHKa paCTIOJIO:>KeHa HeTiocpe,n;CTBeHHO y KHKepa. 

Ta6JIM:u;a 3. ITapaMeTpbI KaHaJia cToxacTMqecKoro oxna:>K,n;eHIDI Ha HyKJIOTpoHe. 

ITepMMeTp ycKopMTem1, M 251.52 

OxJia:>K,n;aeMbre HOHbl di+ c6+ 
' 

3Heprm1, r3B/H 3.5 

MaKCHMaJibHOe OTHOCHTeJibHOe OTKJIOHeHHe TIO HMTIYJibCY 10-3 

Cmrn-cpaKTop KOJibr:t;a, ri 0.0322 

IlOJIOCa TipOTIYCKaHHH CHCTeMbl fmin/fmax, rr:u; 2/4 

I1HTeHCHBHOCTb OXJia:>K,n;aeMoro TiyqKa 10y 

0:>KM,n;aeMoe BpeMH oxna:>K,n;eHmr, c < 10 

qT06bI yBepeHHO 3apenicTpHpOBaTb 3cpcpeKT OXJia:>K,n;eHHH, HHTeHCHBHOCTb 

TiyqKa ,n;oJI:>KHa 6bITb Ha ypoBHe HecKOJibKHX e,n;MHHr:t; Ha 109 qacTMI.J;. TaK:>Ke KpaiiHe 

Ba:>KHO MMeT:o ,n;ocTaToqHo BpeMeHM ,n;JIH oxna:>K,n;eHmr. EJiaro,n;apH TipoBe.n;eHHOH 

MO,n;epHH3al(HH CHCTeMbl TIHTaHmI H CHCTeMbl 3BaKya:u;HH 3HeprHH, a TaK:>Ke 

I.J;HKJI03a,[l;aIOru;eM: aTITiapazypbI, CTaJIO B03MO:>KHbIM TipOBe,n;eHHe 3KCTiepMMeHTOB TIO 

H3MepeHHIO TiapaMeTpOB ycKopeHHOro HOHHOro TiyqKa, I.J;HpKyJIMPYIOID;ero Ha CBepx­

;:(JIHHHbIX TIJiaTO MarHHTHOro TIOJI.SI ,Il;JIHTeJibHOCTbIO 1000 ceKyH,n;, qTO oqeHb 6JIH3KO 

K pe:>KMMY TipoBe,n;eHMH cpH3MqecKoro 3KCTiepMMeHTa B KOJIJiaii,n;epe. B 3TOM cnyqae 

Tipo:u;ecc HaCTpOHKH CHCTeMbI, qacTOTHOro aHaJIH3a nyqKa H TIOTibITKH Ha6JIIO,Zl;eHH.SI 

3cpcpeKTa OXJia:>K,n;eHIDI CHJibHO yTiporu;aIOTC.SI. 
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~UI o:u;eHKH OCHOBHbIX TiapaMe'TpOB CHCTeMDI (B TiepByID oqepe,z:i;I>, 

Heo6xo,n;HMOH MOID;HOCTH ycHJIHTerr.s.c) 6I>IJI pa3pa6oTaH arrropHTM H TipOBe,z:i;eHO 

qHcJieHHOe MO.D;eJIHpOBaHHe 3BOJIIOD;HH Q.>yHKIJ;HH pacnpe.z:i;eneHH.s.c qacTHD; nyTeM 

pemeHH.s.c ypaBHeHH.s.c <l>oKKepa-IlrraHKa. Pe3yn1>TaTbI Mo,z:i;errHpoBaHH.s.c TI03BOJIHJIH 

cQ.>opMYnHpoBaTI> 'Tpe6oBaHIDI ,z:i;JI.s.c KaHarra Tipo.z:i;onI>Horo cToxacT:e:qecKoro 

oxnIDK,z:i;eHH.s.c. HaTipHMep, ,z:i;IDI nyqKa HOHOB yrJiepo,n;a (C6+) Tpe6oBaHH.S.C K 

Heo6xo,z:i;HMDIM MOID;HOCTH H K03Q.><J.m:u;HeHry yc:arreHHK> COCTaBmIK>T .z:i;o 10 Barr H 

130 .z:i;:S COOTBeTCTBeHHO. 

IIpe.z:i;rroiKeHa H peanH30BaHa cxeMa OTITHqecKoro peiKeKTOpHoro Q.>HJII>Tpa, B 

KOTOpOM nyq Jia3epa MO.D;YJIHpyeTC.S.C BXO.D;HbIM Bq-CHrHaJIOM c TIHKaTia. 

HcTIOJII>3oBaHHe OTIT03JieKTpOHHKH .z:i;arro B03MOiKHOCTI> pearrH30BaTI> JIHHHK> 

3a.z:i;epiKKH CHCTeMI>I, OCHOBaHHyID Ha OTITOBOJIOKOHHbIX c6opKax. 3To HMeeT p.s.c.z:i; 

TipeHMYIIJ;eCTB TIO cpaBHeHHIO c KOaKCHaJil>HOH 3a.z:i;epiKKOH: pa3Mep:bl TIOJiyqaK>TC.H 

ropa.3.D;O KOMTiaKTHee, a HaCTpOHKa CTaHOBHTC.H 01IeHb TQqHOH H TipOCTOM. 

B pe3yJII>TaTe HCTibITaHHH 3JieMeHTOB KaHarra CTOXaCTHqeCKoro OXJiaiK.D;eHH.H H 

o6opy,z:i;oBaHH.s.c TIO yTipaBneHHIO Bq ycKop.si:K>ru;ero TIOJI.H, BTiepBI>Ie TipoBe,z:i;eHbI 

3KCTiepHMeHTaJibHDie H3MepeHH.s.c cpa.30-qacTOTHbIX xapaKTepHCTHK CHCTeMbl H 

TiapaMe'TpOB :u;HpKynHpyIOi:u;ero HOHHOro nyqKa B ,z:i;HaTia30He 3HeprHM OT 0.5 .z:i;o 4 

r3B/H (P:ac.5). 

Spectrum ~'f'~~Spe~ctrum~~---b~-------_J~'f' 
Raf Leval -54.0~D •=•m---..,.,,...,,RB=w..,...,lk=Hz-------~~I Raf Laval 200.00 µY o RBW 100 Hz 

Alt 10 dB til SWT 100 ms • YBW 2 kHz Made Auto Sweep Att 10 dB ti1 SWT 100 ms 9 VBW 1 Hz Mode Auto FFT 

~c=oun~•V-'---------------~c~oum=~~S-~T~='"=~-----------~ 
~'=••=•·•~~'===i===i===+=======<o2~[1J;--------,.~.ooi'rlnld ~•i_s•~•·•~~•~-,--..---,---,----,,0=1u~J----=,oo=.oo=-'0% 

U.DHz DHz 

-60 dBm,-+--1---l----+---+-MlllJ 2.262~~~~~ ~B.: go 04--+--+--t----+---+---Mt[l] ;;:~:~~~:~~~~ 

8 an 4.0 MHz 

Data; 17,DEC.2011 20:16:55 Date: e.OEC.2011 19:50:17 

PHc. 5. IlpHMepbI 3Kcrrep:e:MeHTaJihHO H3MepeHHbIX cTieK'TpOB III)'Ma TiyqKa Ha 

3HeprHH 2 r3B/H. CJieBa - IIY1JOK ,n;eM'TpOHOB, CTipaBa - nyqoK HOHOB C6+. 
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B nHTOii niase ,n;aeTCH o6ocHoBaHHe B1>16paHHoro BapHaHTa pa3MeII(eHHH, 

<}loKycHp)'Klmeii CTPYKTYPI>I, THrra CTPYKTYPHl>IX MarHHTHI>IX 3JieMeHTOB, rrpoeKTa 

BaKyyMHOH CHCTeMbI, rrpoeKTa CllCTeMbI IIllTaHHH H 3aII(HThI OT cpI>IBa 

cBepxrrpoBo,n;HMOCTH, a TaIOKe pa3MemeHHH ,n;pyrHx rro,n;cHcTeM EycTepa B 

cymecTB)'KlII(HX 3,n;aHHHX JI<l>B3 OI1Jill. MarHHTHM cHcTeMa EycTepa cocToHT H3 

qeTl>Ipex KBa,n;paHTOB, rroBopoTHI>Ie yqacTKll KOTOpl>Ix pa3Meru;aIOTCH BHYTPH HpMa 

MarHHTa CnHxpo<}la3oTpoHa, a rrpHMOJIHHeiiHl>Ie rrpoMe)KJTKH coBrra,n;aIOT c 

COOTBeTCTB)'KlII(HMH rrpoMe)KyTKaMH MarHHTa CHHxpo<}la30TPOHa. 

IlnaH pa3MeII(eHHH EycTepa H <PparMeHT rrorrepeqHoro ceqeHHH Koprryca 

rrpHBe,n;eH B rrraBe. <l>oKycHpyIOII(aH cTpyKTypa EycTepa HMeeT FODO 

rrepHo,n;11qHOCTh H COCTOHT H3 4-x cyrreprrepHO,ll;OB, B Ka)K,ll;blll H3 KOTOphIX BXO,ll;HT 5 

peryrrHpHbIX rrep110,n;oB H O,ll;HH rrep110,n;, He co,n;ep)KaII(HH ,ll;HIIOJil>HhIX MarHHTOB. 

3neMeHThI MarHHTHoll: CHCTeMhI EycTepa NICA rrnaHHpyeTcH rrocTpOHTh no 

aHarrorHH c MarHHTaMH ,n;ell:cTByIOII(ero 6blcTpou;HKJIHpyIOmero cBepxrrpoBo,n;HII(ero 

ycKopHTemI HyKJioTpoH. ,ll;nH pa3MeII(eHH51 44 KoppeKTHpyiomnx 3JieMeHTOB H 

,n;HarHOCTHqecKoro o6opy,n;oBaHHH B EycTepe OTBe,n;eHo 48 MaJihIX cBo6o,n;HhIX 

rrpoMe)KyTKOB B6JIH3H JIHH3. B Ka)K,ll;oll: CTPYKTypHoll: KBa,n;pyrrorrhHoll: JIHH3e 

pacIIOJIO)KeHhI 3JieKTpOCTaTHqecKHe IIHKaII-3JieKTPO,ll;hI (Bcero 48 CTaHu;Hll:). 

CHcTeMa HH)KeKu;HH rryqKa HOHOB B EycTep o6ecrreqHBaeT TPH pe)KHMa pa6oTI>J: 

1. 0,n;HoKpaTHM O,ll;H006opoTHaH HH)KeKl.l;H51 ,ll;JillTeJihHOCThIO 8 .3 MHKpoceKyH,n;I>I; 

2. ,ll;Byx-Tpex o6opOTHaH O,ll;HOKpaTHa51 HH)KeKu;H5I ,ll;JIHTeJII>HOCThIO ,n;o 27 

MHKpoceKyH,n; 11 HaKOIIJieHHeM rryqKa B rrorrepeqHOM <}la30BOM rrpocTpaHCTBe; 

3. Pe)KHM MHoroo6opoTHOH HH)KeKu;HH ,n;rrnTeJII>HocThIO c HaKorrrreHHeM rryqKa B 

<}la30BOH IIJIOCKOCTH ropll30HTaJihHhIX KOJie6aHHH, rrpe,n;Ha3HaqeHHhIH ,ll;JI51 pa60ThI c 

HCToqHHKaMH llOHOB ,n;pyroro THIIa. 

CHcTeMa Me,n;rreHHoro Bhrno,n;a BKJIIOqaeT B ce651 3JieKrpocTaT11qecKHH cerrTyM 

H cerrTyM-MarHHT, pacrroJIO)KeHHhie BO BTopoll: rrp5IMOJIHHell:Holl: ceKu;HH EycTepa. 

Me,n;rreHHhIH BI>rno,n; ocyII(eCTBJI5IeTC51 3a cqeT cMeII(eHH51 pa6o-qell: ToqK11 EycTepa B 

o6nacTh HeJIHHell:Horo pe3oHaHca 3Qx=l 7, B036y)K,n;aeMoro 17-oll: rapMOHHKoll: 

ceKcTyrrorrhHoll: HeJIHHeMHOCTH. nhICTphIM BI>rno,n; rrpe,n;Ha3HaqeH ,n;rrH rrepeBo,n;a rryqKa 
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B HyKJIOTpOH. ,Zl;mI BhIBO,IJ;a rryqKa HCIIOJih3yeTC.H HMrryJihCHhIM y,n;apHhIM MarHHT 

(KHKep) H cerrTyMHhIM MarHHT, pacIIOJIO)KeHHhie B TpeTheM rrp.HMOJIHHeHHOH ceKD;HH 

EycTepa. B rJiaBe ccpopMyJIHpoBaHhI ocHOBHhie rrapaMeTPhI EycTepa (Ta6JIHD;a 4). 

Ta6JIHD;a 4. IIapaMeTphI EycTepa NICA. 

3HeprH.H HH)KeKD;HH, M3B/H 3 

MaKCHMaJihHa.H 3HeprH.H HOHOB Au32+, M3B/HyKJioH 600 

MarHHTHa.SI )KeCTKOCTh, TJI·M rrpH HH)KeKD;HH I MaKCHMaJihHa.H 1,5 I 25,0 

IIepHMeTp, M 211,2 

KyJIOHOBCKHH rrpe,n;eJI no HHTeHCHBHOCTH, 1:1acTID;HKJI 3· lOY A/q2 

KpHTHtiecKa.H 3HeprH.SI, I'3B/H 3,8 

CTpyKTypa H MarHHTHhie 3JieMeHThI: 

KoJIHIIeCTBO cyrreprrepHo.n;oB I rrepHo,z:i:oB THrra FODO 4 I 24 

,ll;HIIOJihHhIX MarHHTOB 40 

KBa,n;pyrrOJihHhIX JIHH3 48 

MarHHTHoe rroJie B ,n;HIIOJihHhIX MarHHTax, TJI 1,8 

Pa,n;Hyc KpHBH3HhI B ,n;HIIOJihHhIX MarHHTax, M 14 

rpa,n;HeHT B JIHH3aX, TJI/M 19,7 I -20,3 

,Zl;HHaMHtiecKHe xapaKTepHCTHKH CTPYKTyp1>1 H rryqKa: 

1IacTOThI 6eTaTpOHHhIX KOJie6aHHM 5,8 I 5,85 

XpoMaTHtIHOCTh AQx/(Ap/p) I AQz/(Ap/p) -6 8 I -6 5 
' ' 

3MHTTaHC rryqKa, 1[·MM·Mpa.n; rrpH HH)KeKD;HH Ex, z 10 

B KOHD;e ycKopeHH.H Ex/Ez 1,7/2,0 

IlpHBe,n;eHhI TPe6oBaHH.H rro,n;roTOBKH rry1:1K0Boro H H30JI.HD;HOHHoro o6oeMa, a 

TaK)Ke orrpe,n;eJieHa paccTaHOBKa o6opy,z:i:oBaHH.SI H THIIhI OTKatIHOro H 

.n;HarHOCTHqecKoro o6opy.n;oBaHmI. 

IlpH rrocTpoeHHH CHCTeMhI 3JieKTporrHTaHH.SI EycTepa rrpHH.SITO 3a ocHoBy 

Tpe6oBaHHe rrocJie.n;oBaTeJI1>Horo coe,n;HHeHH.SI cTpyKTYPHhIX ,n;HIIOJihHhIX MarHHTOB 

(cyMMapHa.H HH.IJ;YKTHBHOCTh 16,4 MfH), KBa,n;pyrroJihHhIX cpoKyCHp)'IOm:Hx 

( cyMMapHa.H HH,D;YKTHBHOCTh 0,6 MfH) H ,n;ecpoKycHpyIOID;HX ( cyMMapHa.SI 
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HH,nyKTHBHOCTb 0,6 MrH) JIHH3 EycTepa. OcHOBHo:H: MOID;HbIH HCTOtIHHK cttcTeMhI 

IIHTaHIDI cpopMHpyeT Tpe6yeMbIH TOK (.n;o 12,1 KA) c 3a,n;aHHOH CKOpOCTblO pocTa 

rroJIH 1 Tn/c B o6rn;e:H: 1IeIIH L(m1 rH6Koro perynttpoBKH pa6otie:H: TOtIKH ycKopHTeJrn 

rrpe,n;Ha3HatieHbl ):(Ba ,ll;OIIOJIHHTeJibHbie HCTOtIHHKa IIHTaHH51: cyrn;ecTBeHHO MeHbIIIeH 

MOID;HOCTH. 0,n;HH H3 HHX II03BOJI51:eT O,ll;HOBpeMeHHO H3MeH.HTb rpa,n;HeHT IIOJI51: B 

cp0Kycttpy10rn;ttx H .n;ecpoKycttpyIOrn;Hx JIHH3ax, .n;pyro:H: TOJibKO B 

.n;ecpoKycttpyIOrn;Hx. CttcTeMa IIHTaHIDI BKJIIOtiaeT TaK>Ke ycTpo:H:cTBa perynttpoBaHH51:, 

yrrpaBJieHH5! H ,n;HarHOCTHKH. 

B 3aKJII01IeHHH ,LJ;uccepTaQHH c<i.JopMYJIHpoBaHbI HaJtIHbie pe3yJibTaTbI 

pa60Tbl, COCT05IID;He B cne.n;yIOrn;eM: 

1. BrrepBbie ccpopMynttpoBaHa KOHI1eIII1HH T51:)KeJIOHOHHoro KOJina:H:.n;epa 

HH3KHX 3HeprHH c MaKCHMaJibHO BbICOKOH CBeTHMOCTblO CTaJIKHBaIOID;HXC5! IIYtJKOB. 

Pa3pa6oTKa cBepxrrpoBo,n;Hrn;ero KOJIJia:H:.n;epa, 06ecrretIHBa10rn;ero MaKCHMaJibHO 

,.h ( 1027 -2 -1) B03MO)KHyI0 CBeTHMOCTb '±'H3HtieCKoro 3KCrrepHMeHTa Ha ypoBHe CM ceK B 

,n;HaIIa30He 3HeprHH v'sNN=4+ 11 f'3B/H - 3TO HOBOe HaJtIHOe HarrpaBJieHHe 

ycKOplITeJibHOH cpH3HKH H TeXHHKH. IIpoBe,n;eHbI TeopeTHtieCKHe H 

3KCIIepHMeHTaJibHbie HCCJie,n;oBaHH51: ITO OIITHMH3a1IHH H BbI6opy OCHOBHblX 

rrapaMeTpoB KOMIIJieKca NICA. PaccqHTaHbI H BbI6paHbI: orrTHMaJibHaH cxeMa 

rro.n;roTOBKH rry-qKa T5I)KeJiblX HOHOB B HH)KeKIJ;HOHHOH IIeIIOtIKe, OIITHMaJibHaH c 

TOtIKH 3peHH5! pa3Mern;eHH5!, KOHtj:>Hrypal1H51: CBepxrrpoBO,ll;51:ID;HX HaKOIIHTeJibHbIX 

KOJieII Ha BCT_PetIHbIX rrytIKax. 

2. BrrepBbie Ha OCHOBe TeopeTHtieCKHX H 3KCrrepHMeHTaJibHbIX HCCJie,n;oBaHHH 

pa3pa6oTaHa OIITHMaJibHa5! cxeMa cpopMHpoBaHIDI BI>ICOKOHHTeHCHBHbIX HOHHbIX 

crycTKOB B CBepxrrpoBo,n;Hru;eM Konna:H:.n;epe NICA: HaKorrneHHe rrytIKa c 

HCIIOJib30BaHHeM TeXHHKH 6apbepHbIX HaIIp51:)KeHHH H OXJia)K)J;eHIDI, a TaK)Ke 

rro.n;.n;ep:a<aHHe MaKCHMaJibHOro ypoBH5! CBeTHMOCTH 3KCIIepHMeHTa BO BCeM 

,ll;HaIIa30He KHHeTHtieCKOH 3HeprHH IIYtJKOB OT 1 ,ll;O 4.5 r3B/H. Pa3pa6oTaH H 

rrpe,n;JIO)KeH CI1eHapHH HCIIOJib30BaHH5! OXJia)K,n;eHH5! rry-qKa B KOJIJia:H:.n;epe: B 

,n;HaIIa30He 3HeprHH OT 1 .n;o 3 f'3B/H CHCTeMa 3JieKTpOHHoro OXJia)K,ll;eHH5! rrytIKa 
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CMO)KeT o6ecne"CJHTb ,[(OCTaTO"lJHO KOpOTKHe BpeMeHa OXJia)K,[(eHIDI H pa6oTy 

Komia.H:,n;epa B pe)KHMe ,n;oMHHHpoBamnr npocTpaHCTBeHHoro 3ap5.I,n;a crycTKa. B 

,n;Hana30He 3HeprHH HOHHoro rry-qKa OT 3 ,[(0 4.5 ['3B/H npe,n;JIO)KeHO HCnOJib30BaHHe 

CHCTeMhI CTOXaCTH"CJeCKoro OXJia)K,[(eHH5.I. YpoBeHh CBeTHMOCTH B 3TOM ,[(HaIIa30He He 

HH)Ke 1·1027 CM-2ceK-l ,[(OCTHraeTC5.I B pe)KHMe ,[(OMHHHpOBaHIDI 3QlQleKTa 

BHYTPHIIY"CJKOBoro pacce5.IHIDI. BI>r6paHo onTHMMhHOe pacnono)KeHHe nHKanoB H 

KHKepoB CHCTeMhI CTOXaCTH"CJeCKoro OXJia)K,[(eHIDI, CQlOPMYJIHpOBaHhl OCHOBHhie 

napaMeTPhI o6eHX CHCTeM, o6ecrre"CJHBaIO:rn;He 3<}JQleKTHBHOe OXJia)K,[(eHHe. 

3. BnepBbie npoBe,n;eH p5.I,n; 3KcrrepHMeHTOB no H3MepeHHIO cpe,n;Hero 3Ha"lleHH5.I 

BaKyyMa B ny"CJKOBOH KaMepe cBepxrrpoBo,n;5.Iru;ero 6I>ICTpon;HKnHpyIO:rn;ero 

CHHXpOTpOHa HyKJIOTpOH nyTeM H3MepeHH5.I TeMna noTeph U:HPKYJIHpyIOITI;HX HOHOB. 

B pe3ynI>TaTe 3THX pa6oT 6I>rn BrrepBbie pa3pa6oTaH KoMrrneKc Mep no yny-qmeHHIO 

BaKyyMHhIX ycnoBHH B ny-qKoBoli KaMepe ycKopHTeJI5.I. YpoBeHb BaKyyMa B 

ny-qKoBoli KaMepe HyKnoTpoHa y,n;anocb ynycnIIHTh 6onee "CJeM Ha ,n;Ba nop5.I,n;Ka, "CJTO 

no3BOJIHJIO ycKOp5.ITb T5.I)KeJible HOHbl c MaCCOBbIM "CJHCJIOM 100 H BhIIIIe. BnepBhJe B 

6bICTPOU:HKilHpyIO:rn;eM CBepxrrpOBO,[(HITI;eM CHHXpOTpoHe HOHbl KCeHOHa 124Xe 42+ 

ycKopeHhl ,[(O 3HeprHH 1.5 ['3B/H. 

4. BnepBI>re pa3pa6oTaH H peanH30BaH TeXHH"CJecKHli npoeKT cxeMhI 

nocne,n;oBaTeJihHOro IIHTaHIDI MarHHTOB H JIHH3 CBepxrrpoB0,[(5.Iru;ero CHHXpOTpOHa 

HyKnoTpoH. BHe,n;peHhI KOHCTPYKU:Hlf 3JieMeHTOB H YHHKanhHhre cxeMoTeXHH"CJecKHe 

peIIIeHIDI MO,n;epHH3aU:HH OCHOBHhIX HCTO"CJHHKOB nHTaHH5.I, peryJI5.ITOpOB TOKa B 

MarHHTax H JIHH3ax, a TaK)Ke KnIO"CJeli 3BaKyan;HH 3HeprHH. BBe,n;eHa B 3KcnnyaTaU:HIO 

MO,n;epHH3HpoBaHHaH CHCTeMa IIHTaHHH HyKnOTpOHa, KOTOpaH n03BOJHIIla ,[(OCTH"llh 

BeJIH"CJHHhI MarHHTHoro non5.I 2Tn B rnaBHhIX CTPYKTYPHhIX 3JieMeHTax 

cBepxnpoB0,[(5.Iru;ero CHHXPOTPOHa HyKnoTpoH. 

5. BnepBhie npe,n;no)KeHo H ocyru;ecTBJieHo co3,n;aHHe KOMnneKca 

coBpeMeHHoro o6opy,n;oBaHH5.I, o6ecne"CJHBaBJnero pa3BHTHe cBepxnpoBo,n;5.Iru;ero 

CHHXpoTpoHa HyKnoTpOH ,n;n5.I 3KcnepHMeHTMhHOro ttccne,n;oBaHHH Ha HeM 

pa3JIH"l!HhIX pe)KHMOB pa6oTbl Konna.H:,n;epa NICA. Hccne,n;oBaHhl 3neMeHThI KaHana 

CTOXaCTH"CJeCKOro OXJia)K,[(eHH5.I B CBepxrrpoBO,Il;HITI;eM CHHXpOTpOHe HyKJIOTpOH. 
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BrrepB.bie rrpoBe,n;eH.hI 3KcrrepHMeHTaJI.hHI>Ie H3MepeHIDI <Pa30Bo-qacTOTH1>1x 

xapaKTepHCTMK CHCTeMl>I H rrapaMeTpOB u;HpKyJmpy10ru;ero MOHHOro rryqKa B 

,n;HaIIa30He 3HeprHH OT 0.5 ,ll;O 4 r3B/H. I1ccrre,n;oBaHa pa6oTa CBepxrrpOBO,ll;5IIIJ;eH 

CHCTeMbI rrpH ,ll;JIHHHbIX ( T.bIC5JqH ceKyH,n;) IIJiaTO MarHMTHOro IIOJI5I. 

6. BrrepBbie B.h16paHa orrTMMaJibHa5I <l>oKycHpy10ru;a51 CTPYKTypa, rrapaMerp.bI 

CHCTeMbI BBO,n;a H BbIBO,n;a rryqKa, CMCTeMI>I KOppeKIJ;HM omM60K MarHHTHOro IIOJI5I, 

CMCTeMbI IIMTamrn H 3aIIJ;MT.bI OT cp1>rna CBepxrrpOBO,ll;MMOCTH HOBoro 

CBepxrrpOBO,ll;5IIIJ;ero 6bICTPOIJ;MKJIMPYIOIIJ;ero 6ycTepHoro CHHXpOTpOHa (EycTepa 

NICA), BIIMCaHHoro B cyru;ecTByIOru;y10 HH<PpacTpyKTYPY ycKopHTeJibHoro 

KoMrrrreKca JI<l>B3. Pa3pa6oTaHHa5I H rrpe;::i:Jio)KeHHa5I <PoKycHp)'IOru;a51 CTPYKTypa 

EycTepa rro3BOJIHT ocyru;ecTBMTb ycKopeHHe HOHOB 30JIOTa ,n;o 3Heprmi, ,n;ocTaToqHoii 

,n;rr51 3<P<l>eKTMBHOM 06,n;HpKH H HH)KeKu;MH B HyKrroTpoH. Ha ocHOBe orrbITa 

rrpoeKTHpOBaHIDI CHCTeMbI IIMTaHml HyKJiorpoHa, pe3yJibTaTOB 

3KCIIepHMeHTaJil>HbIX HCIIbITaHMM BBe,n;eHIDI ee B 3KCrrrryaTaIJ;HIO, pa3pa6oTaH 

KoHu;errTyarrhHbIM rrpoeKT cHcTeMbI IIMTaHIDI EycTepa NICA. 
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