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.u.nccepTaIIlIOHHOro C0BeTa ,I:( 720.001.03 a O6'be)].ttHeHHOM IIHCTH'I)'Te H,!1.epHbIX 

lICCJie,!1.0BaHnii, r.,l:(y6Ha MocKOBCKOll o6JiaCTII. 

C .u.nccepTaQlleii MO)KHQ 03HaK0MIIThCH B Hayqeoii 6II6JilIOTeKe O6'be)].HHeHHOro 

lIHCTHTYTa H,!1.epHblX lICCJie.u.oaaHllll. 
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YqeHh1ii ceKpeTaph 

)].IICCeprnunoHHOfO COBeTa J! IO.A. Earycoa 

OElll.A5I XAPAKTEPI1CTI1KA PAEOThI 

AKmyan&HOCmb 

[(IIKJIOTpOH - 0)].llH ll3 rrepBbIX ycK0pttTeJieil: 3apa)KeHHhIX qaCTIIII, KOTOphlii 

6naro.u.apH CB0llM KatJeCTBaM (rrpoCTOTa, Ha,!l.e)KHQCTh, Hll3KM CT0IIM0CTh tt T.,!1..) 

coxpaHllJI CB0e II0JI0)KeHlle )].0 CllX rrop BO MH0fllX o6JiaCTHX rrpIIMeHeHllH. B 

HaCT0HIIIee apeMH HaCtJIITbIBaeTCH 60JihIII~e K0JittqecTB0 pa60TaIOIIIIIX ycTaH0B0K 

3T0ro TIIIIa BO MH0fllX o6naCTHX rrp0MhlIIIJieHH0CTII ll HaYKII, B IIIllp0K0M )].IIaIIaJ0He 

3Heprllll ll llHTeHCllBH0CTll ycKopeHHhlX tJaCTllII. EcTeCTBeHHO, CJI0)KH0 o6cy)K)].aTb B 

rro.u.po6Hocrnx ace TaKIIe rrpIIMeHeHIIH tt Mb! orpaHIIqllMCH Jllllllh paccM0TpeHtteM 

cnytJaeB, 6Jitt3KIIX K TeMe ,!l.aHHOll pa60Thl. 

B tJaCTH0CTII, B II0CJie)]._Hee apeMH 0tJeHb 60JihIIIOe 3HatJeHIIe rronytJttJI0 

npWfteneuue uuKllompo,w« « .iweouuunc«ux uenax: rrpoII3B0.!I.CTB0 Me.D.IIIIHHCKIIX 

pa,!1.II0ll30T0II0B II (rrpOTOHHM) TepanttH. ,ll;JIH 3TllX 11eneii IIIllp0K0e rrpttMeHeHIIe 

II0JlytJllJIII K0MilaKTHbie CIIeIIIIaJill3llp0BaHHhie IIIIKJI0Tp0Hhl, opIIeHTIIp0BaHHbie Ha 

ycKopeHtte 0)].H0f0 rnrra tJaCTIIII. TIIIIlltJHh!Mll rrpe,!1.CTaBIITeJIHMII TaKllX MaIIIIIH 

HBJIHIOTCH ycTaH0BKII qmpMbl IBA (EenhrnH), r.u.e YCK0pHIOTCH, KaK rrpaBllJI0, 

0TpllIIaTeJihHbie II0Hhl B0,!1.0po.u.a C rrocne.u.yiomeil: llX rrepe1apH,!1.KOll Ha 06.u.ttpOtJHOll 

!pOJlbfe rrpII 100% BhIIIYCKe IIytJKa rrp0T0H0B )].JIH )].aJibHeil:IIIero IICII0Jih30BaHllH BHe 

ycK0pIITeJIH. <l>IIpMa BbmycKaeT llllKJI0Tp0Hhl C pa3JilltJHbIMII MaKCIIMaJihHbIMll 

JHeprttHMll rryqKa B .D.IIarraJoHe OT HecK0JibKllX M1B .u.o coTeH M1B tt 

llHTeHCIIBH0CTHMII OT .u.ecHTK0B HaHoaMrrep )].0 C0TeH MIIKp0aMIIep. 

O.D.HaKO a II0CJie)].Hee BpeMH BH0Bb BepHyJIIICb K II,!l.ee II0CTp0eHllH MH0fOIIeJieBhlX 

IIIIKJI0Tp0H0B )].JIH ycKopeHIIH pa3JIIItJHbIX TllII0B tJaCTIIII C BapbttpyeM0ll KOHetJHOll 

3HeprIIeil:, tJT0 II03B0JIHeT 6onee orrepaTIIBH0 pearIIp0BaTb Ha 6bICTpOll3MeHJ:IIOil!lleCH 

Tpe6oBaHll~ K rrp0ll3B0)].CTBY Hatt6onee 0IITllMaJibHbIX II BOCTpe6oBaHHblX B )].aHHblll 

rrepII0.!I. apeMeHtt mornrroa (M. Qaim :"Low energy cyclotron is not always adequate 

for production purposes. A medium-sized multiparticle machine may be more useful for 

production of new and emerging radionuclides") /1 */. ITpttMepoM TaKoil: MaIIIttHbI 

M0)KeT cJiy)KttTb IIIIKJI0Tp0H VINCY (Eenrpa.u., Cep6ttH) /2*/. 

Hay11eo-TeXflH'ICCKUI 
6H6JIHOTeKa 

OHSIH 



OT,n:eJibHas! o6JiaCTb npHMeHeHirn: UHKJIOTPOHOB CBH3aHa C BOITpocaMH 06HapyJ1Cel[UR 

«1pbl6'lamblX aemecm« ITPH ITpOBepKe rpy3oB B a3pOIToprnx II .n:pyrnx o6II(ecrneHHhIX 

MeCTax B paMKax 6opb6bI C TeppopH3MOM. 3rnii. TeMaTHKe ITOCBHllla!OTCH OT,n:eJibHhie 

Me)K.1J:yHapo,n:Hbie qJOPYMbl, THITa He,n:aBHO COCTOHBllleHCH B lllBeii.uapHH rop,n:OHOBCKOH 

KOHqJepeHUHH /3*/. IIpHMepoM TaKOH MalllHHbl MO)KeT CJIY)l<HTb TaMO)KeHHblll 

UHKJIOrpOH, pa3pa6aTbIBaeMblll B Jia6oparnpHH H,n:epHbIX ITp06JieM HM. 

B.II.,ll;)KeJieIToBa, Ol15II1 ITO 3aKa3Y Jioc AnaMoBcKoii. na6oparnpHH (ClllA) /4*/. 

EcTecrneHHO, qTo II rpa.n:nunoHHhie ucCJ1eoo«a11ua « 06J1acmu aoepuou <bu1u«u 

TaK)Ke npo,n:OJI)KaIOT ITpOBO.Zl:HTbCH c ITpHMeHeHHeM UHKJIOTpOHHbIX ycTaHOBOK /5*/. 

,ll;HccepTaUHH HBJIHeTCH o6o6ll(eHHeM pa6oT, BbIIIOJIHeHHblX B COOTBeTCTBHH c 

HayqHo-TeMamqecKHM ITJiaHoM JI51II HM. B.II.,ll;)KeJieITOBa, OI151I1. 

I[eJlb pe<bepupyeJ1toU pa6onlbl COCTOHT B pa3pa6oTKe MarHHTHbIX CHCTeM 

KOMITaKTHbIX UHKJIOTpOHOB Ha OCHOBe COBpeMeHHbIX KOMITbIOTepHbIX MO,n:eneii., a 

TaK)Ke npH IIOMOlllH 3KCIIepHMeHTaJibHOro qJOpMHpOBaHHH MarHHTHOro ITOJIH Ha 

MarHHTe UHKJIOTpoHa. 

,ll;nH 3KcnepHMeHTa ATJIAC (LHC, CERN) 6bma ITOCTaBJieHa 3a,n:aqa 

OITpe,n:eJieHHH B03,n:eii.CTBHH pa3JIHqHbIX KOHCTPYKUHH Ha OCHOBHOe MarHHTHOe ITOJie 

YCTaHOBKH. 

Hay'IHBR H0SU3Ha pa6om1:,1 

1. BITepBbie CqJOpMHpoBaHO MafHHTHOe ITOJie UHKJiorpoHa VINCY 

HCKJIJOqHTeJibHO Ha OCHOBe qncJieHHOro MO,n:eJIHpOBaHHH ITpocrpaHCTBeHHbIX 

MarHHTHbIX noneii., BKJIJOqasi Han6onee CJIO)KHYJO .Zl:JIH qJOpMHpOBaHHH 

ueHTpaJibHYJO o6JiaCTb ycTaHOBKH (oTCYTCTBHe CeKTOpOB, YHHBepCaJibHOCTb 

MarHHTHOH npo6KH IIpH ITepecrpoii.Ke ITOJIH, orpaHnqeHHOe ITpOCTpaHCTBO ,n:JIH 

pa3Me}UeHHH MarHHTHOll CTPYKTYPbI, CHCTeMbl BHelllHeii. HH)KeKUHH II 

H3MepeHHH MarHHTHOro IIOJIH). l130XpOHH3auHH MarHHTHbIX IIOJieii. ITPH 

pa3JIHqHbIX ypoBHHX TOKa OCHOBHOH o6MOTKH UHKJIOTpOHa ITPH ITOMOlllll 

KOHUeHrp11qecKHX o6MOTOK TaK)Ke 6a3IIp0BaJiaCb TOJibKO Ha pacqeTHbIX 

BKJia,n:ax IIOJieii. 3TIIX o6MOTOK. . 
,-~ • ~ ··2.: :; t · u l ! } ,/ ~~ t f f 
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2. C03,n:aH11e MarHIITHOH crpyKTyphI UIIKJiorpoHa VINCY Ha 6a3e HMeBwerocH K 

Haqany pa6oT MarHIITa. 

3. BITepBbie 6bma pa3pa6ornHa MarHIITHM CTPYKTYPa YffIIKaJihHoro ITO 

ITapaMeTpaM TaMO)KeHHOro UIIKJiorpoHa Ha 3Heprn10 IIOHOB H- 1.75 M3B, 

IICITOJib3YeMOf0 B ycTaHOBKe .Zl:JIH o6Hapy)KeHIIH B3pbrnqaTbIX Bell(eCTB. 

4. qIICJieHHOe MO,n:eJI11poBaH11e MafHIITHOro IIOJIH YHHKaJibHOH MarHIITHOll 

crpyKTypbI 3KCITepHMeHTa ATJIAC, LHC, CERN, cocTOHllleii. H3 3-x 

Topo11,n:aJibHbIX II 0.Zl:HOH COJieHOH.1J:aJibHOH CBepxITpOBO,n:HlllHX o6MOTOK, a TaK)Ke 

MarHHTOITpOBo,n:a B03BpaTHOfO ITOTOKa, HBJIHIOil(efOCH qaCTbIO TallJI 

KaJIOpIIMerpa C ero oco6oii. qJOpMOH aHH30TpOITHH aKTHBHOH 30Hbl, 

onpe,n:eJIHeMOH MHO)Ke~TBOM ornepCTIIH ,n:JIH CUIIHTIIJIJIHTOpoB, pacIIOJIO)KeHHblX 

B waxMaTHOM ITOpH,n:Ke (ipeppOl\tarHIITHM cpe.n:a :::;Sx12 M2, OTBepCTHH ""4 MM, 

B03.Zl:YlllHbie 3a30pbI :::; 50 MKM). IIoJiyqeHbI pacITpe,n:eJieHIIH KaK OCHOBHOfO 

MarHHTHOro ITOJie ,n:eTeKTopa, TaK II BKJia,n:a KOHCTPYKTIIBHblX ipeppoMarHHTHbIX 

3JieMeHTOB YCTaHOBKII. 

npa«mu'lec«aR ~eHHocm& pa6om1:,1 

Pe3yJihTaTbl IICCJie,n:oBaHIIH, ITpoBe,n:eHHbIX B ,n:11cceprnu110HHOH pa6oTe, HalllJIII 

npaKTIIqecKOe ITpIIMeHeHHe np11 pa3pa6oTKe II IICIIbITaHIIHX pa3JIIIqHblX qJII3IIqecKHX 

ycTaHOBOK: 

1. Iia3oBasi ycrnHOBKa MHoroueJieBoro KOMIIJieKca TESLA (BnHqa HHCTHTYT H,n:epHbIX 

HayK, Eenrpa,n:, Cep611H) - 113oxpoHHhIH UIIKJIOTPOH VINCY. U)1KnorpoH 

npe,n:Ha3HaqeH ,n:M ycKopeHHH II BbIBO,n:a IT}"IKOB HOH OB B ,n:HaIIa30He Z/ A=0.15-c- l. 

2. TaMO)KeHHhIH UIIKJIOTPOH - IICToqHIIK 1.75 M3B ITpOTOHOB (H- HOHOB), 

IICIIOJib3YeMblll B ycTaHOBKe .Zl:JIH o6Hapy)KeHIIH B3pbrnqaThIX Bell(eCTB. 

3. lJ;IIKJIOTPOHbl ,n:JIH npOTOHHOH Teparr1111, qJil3IIqecKIIe o60CHOBaHIIH KOTOpbIX 

pa3pa6oTaHhI B H30HY JI51II OI15II1. B o,n:HoM 113 HIIX ycKopHIOTCH H-IIOHhI .n:o 

3Heprnn 190 M3B, B ,n:pyroM - ITpOTOHbl .n:o 3Heprn11 230 M3B. 

4. U:11KJiorpoH RIKEN/CNS A VF (51ITOHIIH), peKoHcrpynpyeMhIH .1l:JIH ITpOII3Bo,n:crna 

1130TOITOB. 
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5. MHoroueneBoi1 3KcrrepIIMeHT ATJIAC, coopy)KaeMhri1 ~m, IICcne~oBaHIIH rrpoToH

rrpoTOHHhIX B3aUMO~ei1CTBIIi1 rrpII CBepXBbICOKIIX 3Heprm,x (~o 14 T3B) EoJibIIIOro 

MPOHHoro Konnai1~epa (LHC), B TOM qucne ~eTaJihHoro II3yqeHnll <pll3IIKII Torr

KBapKa, IIOUCKa 6030HOB Xurrca, cyrrepcUMMeTPnqHbIX qacTUU II HOBbIX 

!pif3IIqecKUX HBJieHni1. 

Anpo6aquR pa6om1:,1 

Pe3yJibTaTbl ~uccepTaUIIU ~OKJIMbIBaJIIICb Ha cne~y10mux <pOpYMaX: 

• International Conferences on Cyclotrons and Their Applications: CYCLOTRONS 

2001, East Lansing, Michigan, USA; May 12th-17th, 2001; CYCLOTRONS 2004, 

Tokyo, Japan, October 17 - 22, 2004. 

• XLVI ETRAN Conference, Banja Vrucica - Teslic, June 4-7, 2002, Serbia and 

Montenegro. 

• European Cyclotron Progress Meetings: ECPM-2002, Poland, September 17-21, 

2002; ECPM-2005, October 6-8, 2005. Belgrade; ECPM 2006, November 2-4, 2006, 

Nice, France. 

• Scientific seminars in memory of V.P.Sarantsev: 26-28 ceHrn6pl! 2001; r 23-24 

September 2003; Dubna. 

• Russian Accelerator Conferences: RuP AC-2004, October 4-9, 2004, Dubna; 

RuPAC-2006, Novosibirsk, Russia, September 10 - 14, 2006. 

• PNPI Winter Schools on Nuclear and Particle Physics, St-Petersburg, Repino: 

March 2-6, 2003; February 14 - 19, 2005. 

• XI Me~yttapo~Hoe COBemaHne ITO rrplIMeHeHIIIO ycKOp1ITeJiei1 3apH)KeHHbIX 

qacTIIU B rrpOMblIIIJieHHOCTII II Me~IIUIIHe. CaHKT-TieTep6ypr, 10-14 OKrn6pl! 2005. 

• XIX International Workshop on Charged Particle Accelerators. September 12-18, 

2005, Ukraine, Alushta, the Crimea. 

• Technical Workshops on the Development a High-Explosives Screening System 

Based on Nuclear Resonance Absorption (NRA) of 9.17-MeV Gamma Rays in 

Nitrogen: 2004, Dubna; August 3-5, 2005, Moscow, Russia. 
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• ATLAS Magnetic Field Workshops: March 31 - April 1, 2005; November 2-3, 

2005; March 7, 2006; CERN. Geneva, Switzerland. 

• Information Meetings on the TESLA Accelerator Installation, Belgrade, Serbia and 

Montenegro, 2003, 2004. 

• Meetings of the TESLA Advisory Committee, Belgrade, Serbia and Montenegro, 

2003, 2004. 

• HayqHhre ceM1IHapb1 JIBTI II JIBP OH51il, UIIKJIOTpOHHoro ueHTpa RIKEN 

(.5IrrOH1Ill), l(IIKJIOTpOHHOro OT~ena H51<l> (KpaKOB), Ha COBemaHIIl!X 

COTPY~HIIqecrna ATLAS (QEPH). 

ny6nu«aquu 

no TeMe ~IICCepTaUIIIi orry6JIIIKOBaHO 30 pa6oT; OCHOBHbie pe3yJibTaTbl 

co~ep)KaTCll B 25 rreqaTHblX pa6ornx, rrpIIBe~eHHbIX B CIIIICKe JIIITepaTypbl (B TOM 

q1Icne, B peqiepIIpyeMbIX )KypHanax). 

Cmpy«mypa auccepmaquu 

,[1;1IccepTal(IIll COCTOIIT II3 BBe~eHIIll, qeTbrpex rnaB II 3aKJIIOqeHIIll. 

Bo BBC,l);CHHH paccMaTPIIBaIOTCH rrepcrreKTIIBbI pa3BIITIIll YHIIBepcanbHbIX 

II30XpOHHbIX UIIKJIOTPOHOB C rrpOCTPaHCTBeHHOli BapIIal(IIei1 MarHIITHOro IIOJIH, o63op 

~ei1CTBYIOIIlIIX II rrpoeKTIIpyeMbIX MaIIIIIH. 

B nepsoii niase ~aH o63op Mo~enei1 II rrporpaMM, rrplIMeHl!eMbIX ~Jill pacqern 

3JieKTPOMarHIITHbIX IIOJiei1, MeTO~OB <pOpMIIpOBaHIIH MarHIITHbIX IIOJiei1, a TaK)Ke 

paccMaTPIIBaeTCH 3HaqeHIIe BbiqlICJIIITeJibHOro 3Kcrrep1IMeHTa rrpII pa3pa60TKe II 

C03~aHIIII ycKOpIITeJiei1 II0~06Horo TIIIIa. 

BTopaH rJiaBa IIOCBl!IlleHa <pOpMIIpOBaHIIIO MarHIITHOfO IIOJill l(IIKJIOTpOHa 

VINCY rrpn IIOMOIIllI IIIIIMMIIPYfOIIllIX 3JieMeHTOB II KoppeKTIIPYfOIIllIX KaTYIIIeK, 

cpaBHeHIIIO pacqeTa C 3KcrrepIIMeHTaJibHbIMII ~aHHbIMII, pacqeTy IIOH~epOMOTOpHblX 

CIIJI, BbI6opy rrapaMeTpOB Bq CIICTeMbI, a TaK)Ke aHaJIII3Y ~IIHaMIIqecKIIX 

xapaKTepIICTIIK l(IIKJIOTPOHa. 

B TpCTbeii rJiaBe 0IIIICbIBaeTCll pacqeTH0e qiopM1IpOBaHIIe MarHIITH0ro IIOJill 

TaMO)KeHH0ro l(IIKJI0TP0Ha. 
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8 IJCTBepToii rJiaBe rrpIIB0.!l;IITClI aHaJIII3 B03.!l;eil:cTBIIlI .Ha MarHIITH0e II0Jie 

KOHCTPYKUIIil: .n;eTeKT0pa ATLAS/LHC 

8 JaKJIIOIJCHIIII KpaTK0 CYMMIIPYJOTClI 0CH0BHble pe3yJihTaTbl, rrony11eHHbie B 

pa6oTe. 

CO~EPiKAHIIE PAliOThl 

Bo BBe.n;euun paccMaTPIIBaJOTClI rrepcrreKTIIBbl paJBIITIIlI YHIIBepCaJibHb!X 

II30Xp0HHb!X UIIKJI0TP0H0B C rrpOCTPaHCTBeHHOH BapIIauIIeil: MarHIITH0ro II0J!ll, ofoop 

.n;eil:CTBYIOJUIIX II rrpoeKTIIpyeMb!X MaillIIH. 

B nepBoii rJiaBe .n;aH ofoop Mo.n;eJieil: II nporpaMM, rrpIIMeHJieMbIX .n;JIH pac11ern 

3JieKTP0MarHIITHb!X IIOJieil:, MeT0.11;0B cpopMIIpOBaHIIlI MarHIITHb!X IIOJieil:, a TaK)l(e 

paccM0TPeHa p0Jib Bbl1IIICJIIITeJibH0ro 3KCrrepIIMeHTa IIpII pa3pa60TKe II C03.n;amm 

ycKopIITeJieil: no.n;o6Horo TIIrra. 

CJIO)l(HOCTb II0CTaBJieHHOH 3a.n;a11II no 1IIICJieHH0MY M0.!l;eJIIIp0BaHIIIO 

rrpocTpaHCTBeHHb!X MarHIIT0CTaTIItieCKIIX IIOJieil: B rrepBYJO 011epe.n;b orrpe.n;eJIJieTClI 

cymecTBeHHOH HeJIIIHeHHOCTbIO rrpo6JieMbl. 3Ta rrpo6JieMa M0)l(eT 6b!Tb rrpeo.n;oJieHa 

rrpII II0M0JUII C03.!J;aHHOH B HoBOCII6IIpCKOM I1HCTIITYTe 5I.n;epHOH <l>mIIKII rrporpaMMbl 

MERMAID /6*/, K0Topa,:i rro3B0JIHeT BbllJIICJ!lITb TPexMepHb1e CTaTII11ecKIIe MamIITHhie 

II0J!ll rrpII 3a.!J;aHIIII TeX IIJIII IIHb!X rpaHII1IHb!X ycJIOBIIH. ,[(pyroil:, II He MeHee Ba)l(HOH, 

rrpo6JieMoil: lIBJIHeTClI 11pe3BbI11ail:HaJI CJI0)l(H0CTb MarHIITHoil: CTPYKTYPbI UIIKJI0TP0Ha 

[ 
1 
],[ 2 ],[3 ],[ 4 ] C np0CTPaHCTBeHHOH BapIIaUIIeil: MarHIITH0f0 II0JilI, 1IT0 oco6eHHO 

xapaKTepH0 .!J;Jlll ueHTpaJibHOH o6JiaCTII ycTaH0BKII, r.n;e IIMeeT MeCTo C01IeTaHIIe 

aKCIIaJibHO-CIIMMeTpII1IHOH reoMeTPIIII (MarHIITHalI npo6Ka) II ceKTOpHOH CTPYKTYPbl. 

Ha PIJc. 1 rroKaJaHa pac11eTHaJI ceTKa B ueHTPe UIIKJI0TP0Ha VINCY, r.n;e BII.n;Ha 

reoMeTp!IlI MarHIITHOH rrpo6KII II ceKT0p0B [5
], [

6
], [7] . 
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Puc. 1 KoMIIhlOTepnaH MO.!l;CJlb MarHHTIIOII npo6KH II ceKTopoB B QCHTpe MarHIITa 

QHKJIOTpoua VINCY, nocTpoe1111an B nporpaMMe Mermaid 

Mo.n;em1p0Bam1e /7* / qpe3BbI1IaHHO CJIO)l(HOH ( C 60JibillOH CIIllpaJibH0CTbIO 

ceKTOpoB) MarHIITHOH CTPYKTYPbI faTtIIIHCKOro l130XpOHHOro L{IIKJIOTpOHa (fI1U:) 

lIBJilleTClI .n;pyrnM rrpIIMepoM ycrreruHoro rrpIIMeHeHlllI rrporpaMMbl Mermaid. 

lllIIpoKOe pacnp0CTPaHeHIIe .!J;Jlll pac11ern UIIKJI0Tp0HHb!X MarHIITOB II0JiyqIIJia 

rrporpaMMa Kompot /8*/, /9*/, co3.n;aHHaJI B HI1I13<I>A IIM. ,[{.B.EcppeMoBa (PoccIIH, 

CaHKT-IleTep6ypr). IIporpaMMa IICII0J!b30BaJiaCb IIpII pa3pa6oTKe II peK0HCTpyKUIIII 

p,:i.n;a UIIKJI0TP0H0B (DC72+(Mo.n;eJih 1:5), DC60, CC18/9, CC12 II U 400M) 

Jia6oparnpIIII ,:i.n;epHbIX peaKUIIII IIM.f.H.<l>JiepoBa, OI15II1, ,[{y6Ha. Pe3yJibTaTbI 

pac11eT0B corrpoB0)l(.!J;aJIIICb MarHIITHbIMII II3MepeHIIlIMII Ha HaTypHb!X M0.!J;eJilIX II 

IIOJIHOMacIIITa6Hb!X MarHIITax. B Ka11ecrne rrpIIMepa M0)l(H0 npIIBeCTII pe3yJibTaTbl 

pac11ern rrpII rroM0JUII rrporpaMMbI Korn pot Mll DC60 /1 0* /. 

,[{irn pac11ern rroneil: UIIKJI0TpoHa VINCY rroMIIM0 rrporpaMMbI Mermaid 6bIJia 

IICII0Jib30BaHa TaK)l(e rrporpaMMa Opera3D-Tosca /11 */, KoTopa,:i TaK)l(e rrpIIMeHHJiaCh II 

.!J;Jlll Haxo)l(.!J;eHIIlI IIp0CTPaHCTBeHH0ro pacrrpe.n;eJieHIIlI 3JieKTPII1IeCKIIX IIOJieil: B 

KOH!pIIrypaUIIII 3JieKTp0.!1;0B ycKOplIIOJUeil: CIICTeMbl UIIKJI0TP0Ha. 

B H3OHY JI5III OI15II1 B 2003-2005 rr. paJpa6ornHhI cpII3II1IeCKIIe 

o6oCHOBaHIIlI 2-x TIIII0B UIIKJI0TP0H0B .!J;Jlll rrpOTOHHOH TeparrIIII. B 0.!l;H0M II3 HIIX [
8
], 

(9], [1°], /12*/ ycK0plIIOTClI H-II0Hbl .11;0 3HeprnII 190 M3B, B .n;pyroM [
11

], [
12

], (13
] -
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npoTOHbI .no :}Hepnm 230 M3B. Mo,ne1mp0Bam1e npocTpaHCTBeHHoro MarnIITHoro 

norrH cne.a;IIaJIII31Ip0BaHHOro IJ;IIKJIOTpOHa .nrrH npoTOHHOll TeparrJIII C220P 

npoBO.I(IIJIOCI, npll nOMOIIJ;II nporpaMMbl Opera3D-Tosca. Ha OCHOBe 

paccMaTpJIBaeMoro IJ;IIKJIOTpOHa, cyr.u;ecTBYJOIIJ;IIX Me.I(JIIJ;IIHCKIIX Ka6JIH II TeXHOJIOrIIII 

CKaHHpoBaHJIH .I(JIH norryqeHJIH Tpe6yeMoro pa,nIIaQHOHHOro norrH, cm,naHHI,IX B JUIII 

OIUIH, B03MO)l(HO coJ,naHJie TepaneBTJiqecKHX .u;eHTpOB B cTpaHax-yqacTHII.a;ax OIUIH. 

AHarrm ,nJIHaMIIqecKJIX xapaKTepHCTHK norryqeHHbIX pacnpe.nerreHHH norreii: 

rrpOH3BO.I(HJICH npH noMOIIJ;H H3BecTHoii: nporpaMMbI CYCLOPS (MSU) JI 

pa3pa6oTaHHOro He,naBHO .nrrH IJ;IIKJIOTpOHHI,IX npIIMeHeHJill KOMIIJieKCa nporpaMM 

CBDA (Cyclotron Beam Dynamics Analysis) /13*/. 3cpcpeKTaM npocTpaHCTBeHHOro 

3apMa nyqKa TaK)l(e y.neJIHrroc1, oco6oe BHHMaHHe npH aHarrme ,nJIHaMIIKH qacTH.U: [
14

]. 

IIoMHMO pacqeTOB norreii: II o.u;eHKJI IIX .I(IIHaMIIqecKIIX xapaKTepHCTIIK qaCTO 

B03HHKaeT Heo6xo,nJIMOCTI, BbIIIOJIHHTI, conpOBO)l(.I(filOIIJ;lle pacqeTbl noH,nepoMOTOpHbIX 

YCIIJIIIH B CIICTeMe, MO,nerrIIpOBaHJie HanpH)l(eHHO-,necpopMIIpoBaHHOro COCTOHHIIH no.n 

BJIIIHHJieM MarHJITHbIX CIIJI, BaKYYMHOll Harpy3KII, Beca. I1Hor.na 3TII pacqeTbl 

npoBO,nHTCH Ha JIIIHIIII C MarHHTHI,IMII pacqeTaMII, BI,lIIOJIHHH OnTHMJI3a.u;mo 

napaMeTpOB no pe3yrr1,rnTaM Bcex npo.u;eccoB (cBH3aHHbie npo6rreM1,1). 

COBpeMeHHbIH no.nxo.n npII pa3pa6oTKe QHKJIOTpOHOB npe.nnorraraeT 

MaKCIIMaJibHO nOJIHOe qJICJieHHOe MO.[\eJIIIpOBaHJie TaKoro 061,eKTa, KaK IJ;IIKJIOTpOH, 

BKJIIOqaeT B ce6H MaKCIIMaJibHO .I(OCTYIJHOe KOJIJiqecTBO BbNJICJIJITeJII,HI,lX npo.u;eccoB, 

TaKIIX KaK, MO,nerrIIpOBaHJie norreii: - MarHIITHbIX II YCKOpHIOIIJ;IIX /14 * /, .I(IIHaMIIKII 

nyqKa C yqeTOM npocTpaHCTBeHHOro 3apMa /15*/, IIH)l(eHepHbie Bonpoc1,1 no pa3,nerry 

'CBH3aHHI,Je Ja,naqJI' II T.,n. TaKIIM o6pa30M, JIMeeT MeCTO MaTeMaTJiqecKoe 

Mo,nerrIIpoBaHJie B ero KJiaccIIqecKOM onpe.nerreHHII: oTo6pa)l(eHIIe Ha 3BM 

qJIIJJiqecKoro 061,eKTa B ero cyr.u;ecTBeHHblX oco6eHHOCTHX. 

IIpHMep MO,nerrHpOBaHIIH .u;eHTpaJibHOll o6rraCTII IJ;IIKJIOTpOHa, r.ne 

O.I(HOBpeMeHHO paccMaTpHBaIOTCH II MarHHTHbie II ycKOpHIOIIJ;He IIOJIH, noKaJaH Ha 

PHC. 2, /16* /. BII,nHO, ~o B o6rraCTII IICTOqHJIK - nyJIJiep npIIMeHHeTCH no.npo6HaH 

pacqeTHaH ceTKa II 0.I(HOBpeMeHHO ocyr.u;ecTBJIHeTCH MO,nerrIIpOBaHJie BCeii: 

ycKopHmr.u;eii: CTpYKTyp1,1. 
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PJic. 2 IlpocTpancTBCHHaJI KOHC'IHO-JJICMCHTHaJI l\lO,L\CJib IJ,CHTpaJibllOII o6JiaCTII 

U.HKJIOTpoua 

B HaCTOHr.u;eii: pa6oTe 6bDIO npe,L\JIO)l{eHO cpopMHpoBaHHe oco6o CJIO)l(Hl,JX 

rrpocTpaHCTBeHHI,IX pacnpe.nerreHIIll 3JieKTpOMarHHTHbIX norreii, onIIpaHCI, .u;errHKOM Ha 

qJICJieHHOe MO,nerrIIpoBaHJie Ha OCHOBe COBpeMeHHbIX npocpeCCIIOHaJil,HbIX naKeTOB 

nporpaMM .nrrH 3BM. IIpII 3TOM .nrrH crryqaH MarHHTOcTaTJiqecKHX norreii: JI3MepeHJIH Ha 

norrHOMacUITa6HOM MarHJITe CJIY)l(JIJIII JIJIIIII, .[\ITH OKOHqaTeJibHOro no,nTBep)l(.I(eHIIH 

npeMaraeMhIX KOH<pJirypa.u;IIii:. 

BTopaJI rJiaBa noCBHIIJ;eHa cpopMIIpOBaHJIIO MarHJITHOro norrH IJ;IIKJIOTpOHa 

VINCY npH noMor.u;II IIIIIMMIIpyror.u;Hx 3JieMeHTOB II KoppeKTHpyror.u;Hx KaTyIIIeK, 

cpaBHeHJIIO pacqeTa C 3KCnepHMeHTaJII,Hl,JMII ,naHHI,JMII, pacqeTy noH,nepOMOTOpHbIX 

CHIT, Bb16opy napaMeTpOB Bq CIICTeMbl, a TaK)l(e aHaJIII3Y .[\JIHaMJiqecKHX 

xapaKTepHCTIIK IJ;IIKJIOTpOHa[15
]. 

B Jla6oparnpHH <pll3HKH BJIHqa JIHCTHTYTe MepHbIX HaYK (Eerrrpa.n, Cep6HH) 

coJ,naeTcH MHoro.u;erreBoii: KoMnrreKc TESLA, 6aJoBoii: ycTaHOBKOii: KOToporo HBJIHeTCH 

JIJoxpoHHI,Jll QHKJIOTpOH VINCY (Pile. 3). U:IIKJIOTpOH npe,nHaJHaqeH ,nrrH ycKopenHH II 

BbIBO.[\a nyqKOB IIOHOB B ,nHailaJOHe Z/A=0.I5+I C 3HepnIHMII, onpe.nerrHeMbIMII 

3HepreTIIqecKHM cpaKTcipoM ycTaHOBKII 134 M3B JI cpoKycIIpyror.u;IIM npe,nerroM 73 M3B 

/17*/, [1 6
]. 

OCHOBHb!e (TeCTOBbie) Il)"IKII MaIIIIIHbI: 15 M3B H+ IIOHbI, norryqaeM1,1e rrpII 

ycKopeHIIH I-r qacm.u;, 65 M3B W nyqoK, norryqaeMhIH H3 I-r nyqKa, 30 M3B H+ 

nyqoK, norryqaeMbIH OT H2 + nyqKa, 7 M3B Ha HYKJIOH 4He2+ nyqoK, norryqaeMbIH oT 
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4
He + rryqKa, 11, HaKOHen:, 3 M3B Ha HYKJIOH 

40 
Ar

15
+ nyqoK, rronyqaeMbIH OT 

40 
Ar

6
+ 

nyqKa. Ir, H/ 11 
4
He + IIOHHbie nyqK11 6y.r1yr rronyqeHbI OT p VINIS IIOHHOro 

11cToqH11Ka, 11 
40 

Ar
6
+ rryqoK - npII rroMoin:11 n VINIS IIOHHOro 11cToqH11Ka. IlyqoK H

IIOHOB 6y.r1eT ycKop.HTbC.H Ha rapMOHIIKe .n;yaHTHOro Harrp.H)I(eHII.H =I, rryqoK H2 + - Ha 

rapMOHIIKe Bq=2, II 
4
He+ II 

40Ar6
+ IIycIKH - Ha rapMOHIIKe = 3 II 4 COOTBeTCTBeHHO. 

C11cTeMa IIH)I(eKU:1111 MaIIJHHI,I COCTOIIT 113 JIIIHIIII rpaHCIIOpTIIpOBKII nyqKa OT 

11crnqH11KOB IIOHOB pVINIS II nVINIS .r10 n;eHTPaJihHOil: o6nacTII U:IIKJiorpoHa, 3-x 

CIIIIpaJibHI,IX IIH<pJieKTOpOB, IICTIOJib3yeMbIX ,IIJI.H IIOBOpOTa pa3JIJiqHI,IX qacTIIU: 113 

aKCIIaJibHOH JIIIHIIII IIH)I(eKn;IIII Ha Me,llIIaHHYIO IIJIOCKOCTI, ycTaHOBKII, CIICTeMbl 

II03IIU:IIOH1IpOBaHII.H II 3aMeHbl IIH<plleKTOpOB [
17

] II <popMIIPYIOIUIIX II ycKOp.HIOIUHX 

3JieKTPO.IIOB B n;eHrpaJibHOH o6rracTH [
18

]. 

~ll.H BbIBO,lla rryqKoB 3ap.H)I(eHHI,IX qacTIIU: rrpe.r1rrorraraeTC.H IICIIOJib30BaTb KaK 

06.r111poqHYIO <ponr,ry, TaK II 3JieKTpOCTaTIIqecKIIH .r1eqmeKTOp. BbIBO,ll 6y.r1eT 

ocyiu:ecTBll.HTbC.H C <ppOHTaJibHOH II 3a,l1Heil: CTOpOHbl MarHIITa [
19

]. 

C11cTeMa 113MepeHII.H MarHIITHOfO IIOJI.H 6a311pyeTC.H Ha 113MepIITeJibHOH IIITaHre, 

113fOTOBJieHHOH II3 TIITaHa, Bpain:a10in:eil:c.H BOKpyr n;eHTPaJibHOH OCH II 

CMOHTIIpoBaHHOH B HII)I(Hett qacTII aKCilaJibHOro ornepCTII.H MarHIITa /18*/. 

ABTOpOM 61,mo C03,llaHO HeCKOllbKO KOMIII,IOTepHbIX MO,lleJieil: U:IIKJIOTPOHa. 

CpaBHemre pe3yJibTaTOB pacqeTOB C MarHIITHbIMII 113MepemrnMII YKa3bIBaeT Ha 

.r1ocTaTOqHoe ,llll.H n:erreil: qiopM11poBaHII.H rron.H corrrac11e pacqeroB II 113MepeH11il: P11c. 4 

£2°1. [2']. 

P11c. 3. Bq c11cTeMa (1) 11 Mam11T (2) IIHKJIOTpoua VINCY 

IO 

E 
~ 1.85 

.Ii 

......... 
r-... 
-
...... 

-
,,. 

• 

AVERAGE FELD lmaln=(258.5, 380, 527, 711, 945)A 

. -•---
I I 

,. -· - Measured O Calculated 

Puc. 4.PacqeTHLie 11 111MepennL1e pacrrpe.r1ene111rn cpc.r1uero noJIH 1111KJ10Tpoua 

VINCY 

OcHOBHble 3a,lla'III, pemeHIIIO KOTOpbIX 61,mo IIOCB.HIUeHO KOMilbIOTepHoe 

MO,lleJIIIpoBaHHe npII TIOMOIUII BbIIIIeHa3BaHHb!X MO,lleJieil:, 6r,m11: 

• PacqeTHOe IIIIIMMIIpOBaHIIe IIOJI.H qieppoMarHIITHbIMH 3JieMeHTaMII. 

• PacqeTbl BKJia,IIOB KOHU:eHTp11qeCKIIX II rapMOHJiqecKIIX KOppeKTIIPYIOIUHX 

o6MOTOK II qiopMIIpOBaHire IIOJI.H rrpII IIOMOIUII 3THX o6MOTOK. 

• O6Hapy)I(eHIIe rrorpernHocTeil: 111roTOBJieH11.H II c6opKII CTPYKTYPHbIX 

3JieMeHTOB MarHIITHOH CIICTeMbl nyTeM COIIOCTaBJieHII.H pacqeTHbIX II 

111MepeHHbIX noneil:. 

~ll.H perneHII.H BbIIIIerrpIIBe,lleHHblX rrpo6JieM rrorpe60Banacr, IIOJIHa.H 

rrepecTpoil:Ka MarHHTHOH CTpyKTypr,1 U:IIKJIOTPOHa, BbIIIOJIH.HBIIla.HC.H B HeCKOJibKO 

3TaIIOB IIOCJie,llOBaTeJII,HI,IM rrpeo6pa30BaHIIeM IICXO,IIHOH CIICTeMbl K OKOHqaTeJihHO 

rronyqeHHOH. PeKOHCTPYKU:II.H CIICTeMbl rrpOBO,llIIJiaCb C yqeTOM orpaHJiqeHIIH, 

HaKJia,llbIBaeMbIX y)I(e cyin:ecTBJIOIUIIM K 3TOMY BpeMeHII MarHIITOM, CIICTeMOH 

113MepeH11.H· MarHHTHOro IIOJI.H, a TaK)I(e IIMe.H B BII.IIY rrepeopneHTan:1110 ycTaHOBKII Ha 

Me,llIIU:IIHCKIIe rrp11MeHeHII.H, r.r1e ycKopeHIIIO IIOHOB H- rrpII,llaBaJIOCb rrepBOCTerreHHOe 

3HaqeH11e. 

B HOBOH CTPJKType, B qaCTHOCTII, Y.llaJIOCb ycneIIIHO peIIIHTb rrpo6rreMy 

<jiopMIIpOBaHII.H II0JI.H B n:eHrpaJibHOH 30He, OIIIIpa.HCb Ha qJicJieHHOe MO,lleJI11poBaH11e 
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rrpocTpaHCTBeHHbIX MarHHTHbIX rrorreii rrpu IJ0Momn BbIIIIeorrncaHHbIX K0MIJblOTepHbIX 

MO.L(eJieii. IIpuqeM, 3KcrrepnMeHTaJibHbIH MeT0.L( rrpo6 If orrrn6oK 6bm IJ0JIH0CTb!O 

lICKJI!OqeH lf3 paCCM0TpeHmI. Hy)l(Hblll pe3yJibTaT cpa3y rrorryqarrc.H rrpll ycTaH0BKe 

CTpYKTYPHbIX 3JieMeHT0B pacqernoil: KOHcpnrypaulllf BBII.L\Y Ha6JIIO.L(aBIIIeroc.H 

C0Bn~eHmI pacqeT0B II lI3MepeHlfll c Tpe6yeMOll TOqH0CTb!O. 

lfaoxpOHlI3aIJll.ll MarHHTHbIX norreii npII pa3JIIJqHblX yp0BH.l!X T0Ka OCHOBHOH 

o6MOTKII 6hIJia .L(0CTIIrnyTa 3KCnepIIMeHTaJibH0 Ha 0CH0Be JIHIIIb pacqeTHbIX BKJI~0B 

norreil: K0HIJeHTplJqecKIIX K0ppeKTIIpYIOmIIX o6MOTOK. 

IIepeCTpOHKa MarHIITHOH CTpYKTypbI, rrpIIB0MmM K 113MeHeHII.l!M cpopMbl 

ceKT0p0B, BHecrra C00TBeTCTByIOmee nepepacnpe.L(eJieHIIe MarHIITH0f0 IJ0T0Ka B6JilI311 

Me.L(IIaHHOH IlJI0CK0CTH MaIIIIIHbl, a TaK)l(e 3aMeTHbie ll3MeHeHII.ll CIIJI, .L(eil:CTBYIOmIIx Ha 

ceKT0pa If MarHIITHbie npo6KII. B pe3yJihTaTe, 3TH CllJibl Bbl3BaJIH .L(ecpopMaIJIIIO 

HeK0T0pbIX 6oJITOB, HCil0Jib3yeMbIX .L(JI.ll Kpenrremrn ceKT0p0B II MarHIITHbIX npo6oK. 

OKa3aJIOCb, qTo 3Tlf 6oJITbl 6bIJill He.L(0CTaToqHo 60JibIIIOf0 .L(llaMeTpa If BbIIl0JIHeHbl lf3 

M.llrKOH CTaJilf. Pa.L(lfKaJibHM nepecTpOil.Ka ClfCTeMbl KpenrreHlf.ll c ycTpaHeHlfeM crra6bIX 

MeCT Il03B0JIHJia norryqHTb ycrnil:qllBYIO B MexaHifqecK0M 0TH0IIIeHlllf CTPYKTYPY [221. 
.[(lfHaMifqecKlfe xapaKTepllCTHKH norryqeHHbIX pacnpe.L(eJieHHH MarHHTHbIX H 

ycKopH10mnx 3JieKTpnqecKIIX norreil: aHarrlI3npoBarrnch .L(JI.H 4-x xapaKTepHbIX pe)l(HM0B 

ycKopeHH.ll II0H0B II 6bllll Hatt.L(eHbl Y.L\0BJieTBopnTeJibHbIMH [23
], [24

] (Pnc. 5). 

Puc. 5. I.J;euTpaJILHan o6JiaCTh IJHKJioTpoua VINCY II op6HThl ycKopeuuoro 

nyqKa nonoB H-. 1-umJ>JieKTop, 2-ceKTop, 3-aunr-,zzyauT, 4-.r.yauT, S-op61na, 6-

MarunTuan upo6Ka 
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B TpCThCH rJiaBe 0illICbIBaeTC.ll pacqeTH0e cpopMllpoBaHne MarHHTH0ro Il0JI.ll 

TaM0)l(eHH0ro IJHKJI0Tp0Ha. 11cnoJib30BaHue pe3oHancHoro nornomeHH.H raMMa-rryqeil. 

(GRA) coe.L(HH.HeT B ce6e BbIC0KYIO np0HHKaIOmYIO cnoco6HOCTb raMMa rryqeii c 

xopoIIIeii qyBCTBHTeJibH0CTb!O K a30T0C0.L(ep)l(amHM B3pbrnqaTbIM BemecTBaM. 3TOT 

MeT0.L( HCil0Jib3YIQT, B qacTH0CTlf, faMMa-KBaHTbl C 3Heprlleii 9.17 M3B, K0T0pble 

lICilbITbIBaIOT pe30HaHCH0e nornomeHlfe B Bemecrnax C BbIC0KOH IlJI0TH0CTb!O .H.L(ep 

a30Ta 
14 N /19*/. O.L(HlIM lf3 rryqIIIIIX J;!CT0qHifK0B raMMa-rryqeii CJIY)l(IfT cneKTp 

lI3JiyqeHn.H B036y)l(.L(eHHoro Mpa 
14 N, o6pa3Y1Qmeroc.H B pe3yJihTaTe 3axBaTa npoToHa 

B peaKIJHH 
13 C (p, r) 14 N. B ycrnH0BKe .L(JI.H 06Hapy)l(eHm1 B3pbrnqaTbIX Bemecrn B 

Kaqecrne lICTOqHHKa 1.75 M3B np0T0H0B (H- lIOHOB) npe.L(norraraeTC.ll lICil0Jib30BaTh 

KOMnaKTHblll IJIIKJI0Tp0H [25
]. O6muii BIi.[( ycTaH0BKlf Il0Ka3aH Ha Puc. 6. BbI6opy 

napaMeTp0B MarHIITHOH ClfCTeMbI IJIIKJI0Tp0Ha, a TaK)l(e pacqery npocTpaHCTBeHHbIX 

pacnpe.L(eJieHlfll MarHIITH0ro Il0JI.ll ycTaH0BKlI npll Il0M0mlf nporpaMMbl Mermaid lI 

Tosca nocBHmeHa TpeTb.H rnaBa [26
]. 

MarnHTHM CTpyKTypa IJIIKJI0Tp0Ha 6hma BbI6paHa, lICX0M lI3 3~aHHOH 

K0HetJHoii 3Heprnll ir- II0H0B = 1.747 M3B u cpe.L(Hero KoHe'IH0ro p~uyca 

ycKopeHn.H=30cM. 3Tlf napaMeTpbI aBT0MaTifqecKlf onpe.L(eJIHJOT BeJIIfqnHy MarHHTH0ro 

norr.H B ueHTpe=0.64 T If coorneTCTBYIOmYIO -qacrnry o6pameHHH uoHoB=9. 7462 Mf11 . 

.[(JI.ll norryqeHlf.ll MaKCIIMaJibH0ro Ha6opa 3Heprnll 3a o6opoT C Il0M0mb!O .L(Byx .L(yaHT0B 

yrnoBOH np0rn)l(eHH0CTlf 45 rp~ycoB, pacnoJI0)l(eHHblX B .L(Byx np0THB0il0JI0)l(HbIX 

".L\OJIIIHax" p~HaJibHO-CeKT0pHOH CTpYKTYPbI MarHHTa c nepH0.L(llqff0CTb!O = 4, 

BbI6pan pe)l(IfM ycKopeHlf.ll Ha 4 rapM0HHKe, o6ecne'IlfBaIOmllii MaKClIMaJibH0e 

pa3.L(eJieHlfe op6IIT Ha P~llyce BbIB0.L(a nytJKa. MHHHMaJibHO .L(OilYCTIIMblll aKCliaJibHbill 

3a30p Me)l(.L(y ceKTOpaMll =30MM BbI6paH, IICX0M lf3 aKClfaJihH0ro pa3Mepa ny'IKa C 

ytieT0M KYJI0H0BCKoro paCTaJIKIIBaHll.ll qacTIIIJ. 3a3op B .L(0JIIIHax MarHHTHOH 

CTpYKTypbI. BbI6paH = 400 MM .L(JI.ll norrytieHlf.ll MaKCIIMaJibH0 B03M0)l(H0f0 cprraTTepa 

Il0JI.H If KOMq>OpTHOro pa3MemeHmI Bq CllCTeMbl. 

.[(JI.ll BbI6paHHbIX napaMeTp0B ClfCTeMbl 6bIJilf norryqeHbI pac'IeTHbie 

pacnpe.L(eJieHlf.ll MafHIITH0r0 Il0JI.ll B.L(0Jib JIIIHlilI aKClfaJibH0H HH)l(eKIJlflf II B o6rraCTlI 

llHq>JieKTopa, K0T0pbie He06XO.L(lfMbl .L(JI.ll npoeKTllp0BaHlf.ll ClfCTeMbl aKClfaJibHOH 
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HH)J(eKUIUI. KpoMe Toro, 6bIJUl BbIIIOJIHeHhl pacqeTbl KapT MarHHTHOfO rrom1 B pa6oqeM 

.nuarra30He pa,nnycoB H B 30He BbIBO,D;HOii CHCTeMbl rryqKa, KOTOpbie HCIIOJib30BaJIHCb 

rrpu qucJieHHOM MO,nenHpOBaHHH BbIBO,na rryqKa H3 KaMepbI ycKopnTem1 H .nm1 

BapHaHTa C BHYTPeHHHM HCTOqHHKOM. 

Puc. 6. TaMO:.KCHHLiii QIIKJIOTpou. 1-MarmlT, 2-BHCIIIHHH HH:.KCKQHH, 3-Bq 

CHCTCMa, 4-ceKTop, 5-o6MOTKa, 6- .necliJieKTop 

Puc. 7. Yci.:ope1111e nyqi.:a B TaMO:.KCIIIIOM QIIKJIOTpOHC B BapnaHTC C BHYTPCHIIHM 

HCToqunKOM qacTHU 

PacqeT ycKopeHIHI nyqKa, BbIIIOJIHeHHblli B [27
], 110Ka3aJI, 'ITO ynem1qeHne aKCliaJibHOH 

!pOKYCHpOBKH 3a CtJ:eT C03,D;aHHH cna.nruomero IIOJIH B ueHTPe (TaK Ha3bIBaCMblli "6aMn" 

IIOJIH) npaKTHqecKH He JMCHbIIIHJIO IIOTepH tJ:aCTIIU Ha nepBbIX o6opoTax. TeM He 
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MCHee, 6bIJIO peIIICHO OCTaBHTb 6aMIIOBYJO q>opMy MarHHTHOro IIOJIH ,D;JIH 

HCIIOJib30BaHHH ee B 6y,nymeM ,D;JIH orpaHH'ICHHH aKCliaJibHOfO pa3Mepa nyqKa, 

npHMCHHH ynyqIIICHHOe cornacoBaHHe IIH)J(CKTIIpOBaHHOro nyqKa H C Y'ICTOM 

B03MO)J(HOfO HCKa)J(eHHH MarHHTHOfO IIOJIH B Me,n;HaHHOii IIJIOCKOCTH, KOTOpoe TaK)J(e 

BJIHHeT Ha KatJ:eCTBO nyqKa H Ha K03!p!pHUHCHT TPaHCMIICCHH. .n;nHaMH'ICCKHe 

xapaKTepHCTIIKII MarHHTHbIX II ycKOpHIOll.(HX IIOJieii UHKJIOTpOHa 01.(CHHBaJIHCb 

aHaJIHTHqecKH H 'IHCJICHHO ,nJIH pH,na 3aMKHYTbIX paBHOBCCHbIX op6HT (PO) npu 

IIOMOll.(H nporpaMMbl Cyclops, a TaK)J(e npn IIOMOll.(H 'IHCJieHHOro MO,D;CJIHpOBaHHH 

npouecca YCKOpCHHH Ilj'lJKa [28
], [29

]. Ha HatJ:aJibHOli CTa,D;HH paCtJ:CTOB HCIIOJib30BaJiaCb 

aHaJIHTH'leCKaH annpoKCHMaUHH npOCTPaHCTBeHHOfO pacnpe,neneHHH 3JICKTPHtJ:ecKoro 

IIOJIH B ycKOpHIOll.(eM 3a3ope Me)J(,ll;y .nyattTOM H .nyaHTHOii paMKOii. B IIOCJie,nyiomnx 

pacqeTax npHMCHHJiaCb TPeXMepHaH pactJ:eTHaH KapTa YCKOpHIOll.(ero IIOJIH, IIOJIY'ICHHaH 

aBTOpOM npII IIOMOll.(ll nporpaMMbl Mermaid, a 3aTeM H npn IIOMOll.(H nporpaMMbl 

Tosca. Pe3yJihTaTbl pactJ:eTa ,D;HHaMHKH nyqKa (Pnc. 7) 110,D;TBep,nHJIH npe,nCTaBJICHHe 0 

BbIIIOJIHCHHH BCCX TPe6oBaHHii, npe,nl,HBJIHCMbIX K C!pOpMHpOBaHHbIM npn IIOMOll.(H 

pacqeTOB pacnpe,neJieHHHM MarHHTHOfO II 3JICKTPH'ICCKOro IIOJieii. 

B qeTBCpToii rJiaBe npnBO,D;HTCH aHaJIII3 B03,D;CHCTBHH Ha MarHHTHOe IIOJie 

KOHCTPYKUHii ,neTeKTopa ATLAS/LHC. YcTaHOBKa ATflAC coopy)J(aeTcx ,nnx 

HCCJIC,D;OBaHHH npOTOH·IIpOTOHHbIX B3aHMO,neiiCTBHii npH CBepXBbICOKHX 3HeprHHX (.no 

14 T3B) EoJihIIIOro a,npoHHoro KOJIJiaii,nepa (LHC), B TOM 'IHCJie ,neTaJihHOro 

H3yqeHHH !pli3HKH TOII·KBapKa, IIOHCKa 6030HOB Xnrrca, cynepCHMMeTpH'IHbIX tJ:aCTHU 

H HOBbIX !pli3II'leCKHX HBJICHHii: /20*/. 

Bn.n ,neTeKTOpa, ycTaHOBJICHHOro B 3KCrrepHMeHTaJibHOM 3aJie B MCCTe BCTPe'l 

nyqKoB (LHC, point 1), noKa3aH na q>oTo Pnc. 8. 
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Puc. 8 <l>orn 3KcnepuMeHTa ATJIAC.1-HS CTPYK'I'YPa, 2- BT- o6MOTKa, 3-MDT 

KaMepa, 4-pa6oqnii 

<l>opMupoarume Manmrnoro noJUI 3KcnepIIMeHTa ATJIAC npII noMOIIIII 

CBepxnpOBO,nlUU:IIX o6MOTOK II03BOJUIJIO OIITIIMII3IIpoBaTb ero KOmpmypan:mo ,!{JUI 

aHaJIII3a TpaeKTOpIIii qacTIIU: B pa3JIII~blX ,!{eTeKTopax. IlpII 3TOM IICTIOJih30Barracb 

rrerKrur (no KOJIIIqecrny MaTepIIarra Ha TpaeKTOpm1x qacTIIU:) H OTKpblTruI KOHCTpyKU:HH 

MarHHTHOH CHCTeMbI, qro TI03BOJUIJIO MHHIIMII3HpOBaTb 3<p<peKTbI pacce.llHII.SI qacTHU: B 

3JieMeHTax 3TOH KOHCTpYKn:HH. O.l{HaKO B npon:ecce pa3pa60TKH ,!{eTeKTOpa CTarra .IICHa 

Hem6e)KHOCTb npIIMeHeHH.11 6orree ,!{eIIIeBblX II Ha,!{e)KHbIX CTPYKTYP H3 

qieppoMarHHTHbIX MaTepHaJIOB. 

EcTeCTBeHHO, Ha 3TaIIe npoeKTHpOBaHmI ycTaHOBKH IIpHrrararrHCb Bee ycIIJIH.11 

,!{JI.II MHHHMH3al(IIH B03Myrn:eHII.II OCHOBHOro MarHIITHOro TIOJUI OT 3TIIX BKpanrreHHH [3°]. 
TeM He MeHee, ycTpaHHTb 3TII B03Myrn:eHH.II TaK II He y,!{aJIOCb, H B03HIIKJia 3a,!{aqa 

,!{eTaJihHOro H3yqeHH.II COOTBeTCTByIDll(IIX pacnpe,!{eJieHHH C TeM, 'IT06bI MO)KHO 6hIJIO 

HX yqeCTb B OCHOBHOH KapTe TIOJUI IIpH BOCCTaHOBJieHHH TpeKOB perHCTpHpyeMhIX 

qacTIII(. C 3TOH n:eJiblO aBTOpOM IIpOBO,!{HJIHCb IIO,!{p06Hhie pacqeTbI BKJia,!{0B norreii OT 

pa3JIHqHbIX qieppoMarHHTHblX 3JieMeHTOB, a raK)Ke MarHHTHbie H3MepeHH.II B 

OT,!{eJibHbIX ToqKax ,!{JUI npoaepKH H KarrH6poBKH pe3yJibTaTOB qHCJieHHOro 

MO,!{eJIHpOBaHII.11. PeJyJihTaTbI 3THX IICCJie,!{OBaHIIH IIpHBe,!{eHbI B qernepToii rrraBe 

,!{HCCepTal(IIII. 
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B npon:ecce pa6oT aBTOpOM 6hIJI C03,!{aH PM KOMIIhJOTepHbIX MO,!{erreii OT,!{eJihHbIX 

CTPYKTYP· B Kaqecrne IIpHMepa MO)KHO IIpHBeCTH TIOJIHyID MO,!{eJib Topn:eBhIX 

o6rracTeii CIIeKTpOMeTpa (PHC. 9), BKJIJ0qa10rn:yro B ce6.11 crre,!{yJOll(He 3JieMeHThI: 

• nrraT<pOpMa (HF) H CTOJI ,!{JUI JOCTHpOBKII TIOJIO)KeHH.11 pa,!{IIal(HOHHOH 3all(IIThI; 

• Topn:earur 3ail(HTa (JF); 

• 3all(HTa, ycrnHaBJIHBaeMrur BHYTp~ Topn:eBbIX TOpOH,!{0B C yqeTOM He,!{aBHO 

0,!{06peHHOro 3aMern:eHII.II 6pOH3bI Ha CTaJib (JTT). 

IlpHMep cpaBHeHH.11 II3MepeHHii IIOJI.11 B6JIH3H TaK Ha3hIBaeMoii 'rH6Koil: n:enH' C 

pacqeTaMII no nporpaMMe Tosca noKaJaH Ha PHc. 10. C yqemM pa3rrHqHhIX 

reoMeTpHqecKHX xapaKTepHCTIIK pacqeTHOll MO,!{eJIII H pearrbHbIX pa3MepoB rrpH 

II3MepeHHH TIOJI.11 corrracHe pacqeroa H II3MepeHHil: MO)KHO cqHTaTb 

y,!{OBJieTBOpHTeJibHhIM, a C TOqKH 3peHH.II rrpe,!{b.llBJUieMbIX Tpe6oBaHIIll K aHarrmy 

B03Myll(eHIIll TIOJI.11 II ,!{OCTaTOqHhIM. 

Puc. 9 KoMnhroTepnaH MO,!{eJib TOpQeBoii o6JiacTH 3KcnepuMeHTa ATJIAC.1-BT 

o6MOTKa, 2-ECT-o6MOTKa, 3-JTT, 4-JF, 5-cTOJI JJ:JIH rocrupoBKu, 6-HF. 
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Puc. 10 Marmnnoe noJie 3KcnepnMenTa ATJIAC c y<JeTOM BKJia.na OT 

cf>eppoMarHHTHhlX CTPYKTYP B o6JiaCTH .[\3T'IHKa XOJIJia N 3 B 33BIICIIMOCTII OT 

npO.L\OJihHOU KOOp.L\Hll3Thl Z 

OCHOBHb/E PE3Yflb TA Tb/ ,llMCCEPTALJMOHH0/.1 PA50Tbl 

1. BrrepBLie ccf>opMI1poBatto MarHIITHoe none UIIKJIOTJ)OHa VINCY IICKnIO'IIITenLHO Ha 

OCHOBe 'IIICneHHoro MO.[\enilpOBaHIIH npocTpaHCTBeHHhIX MarHIITHhIX noneil:, 

BKllIO'Ia5I HaI16onee CllO)KHYJO .[\n5I q>OpMI1pOBaHIIH ueHTpanbHYJO o6naCTh 

ycTaHOBKII ( OTCYTCTBile ceKTOpOB, YHIIBepcanbHOCTh MarHIITHOH npo6KII npII 

rrepeCTJ)OIIKe nonH, orpaHil'IeHHOe npOCTJ)aHCTBO .[\ITH pa3MemeHIIH MarHIITHOII 

CTPYKTYPLI, CIICTeMhI BHeurneil: IIHlKeKUIIII II Il3MepeHIIH MarHIITHOro nonH). 

l130XpOHH3aUIIH MarHIITHbIX noneil: npII pa3ITil'IHhIX ypOBHHX TOKa OCHOBHOH 

o6MOTKII llIIKITOTpOHa npII nOMOIUII KOHUeHTJ)Il'IeCKIIX o6MOTOK TaK)Ke 

6aJI1pOBanacb TOIThKO Ha pac'JeTHhIX BKJIMax noneil: 3TIIX o6MOTOK. 

2. BhIIIOnHeHbI pac'JeTbl BKna.[\OB B MarHIITHOe none KOHUeHTJ)Il'IeCKIIX 

KOppeKTlIPYJOIUIIX KaTyIIIeK .[\ITH BCex ypoBHeII OCHOBHOro nonH II rrpoBe.[\eHo 

cpaBHeHile C lI3MepeHIIHMlI .[\RH TOKa OCHOBHOH o6MOTKII 256.5A lllIKllOTpOHa 

VINCY. 
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3. Pmpa6oTaH KOMrrneKC nporpaMM .[\ITH q>OpMI1pOBaJIIIH TJ)e6yeMoro cpe.nHero 

MafHlITHOro nonH UIIKJIOTJ)OHOB npII nOMOIUlI KOHUeHTJ)Il'IeCKIIX KOppeKTIIPYJOIUIIX 

KarymeK. 

4. J13oxpoHH3aUI15I MarHIITHLIX noneil: UIIKJIOTJ)OHa VINCY npII paJITil'IHLIX ypoBHHX 

TOKa OCHOBHOH o6MOTKII 6Lrna .[\OCTilrHyTa 3KCnepI1MeHTaIThHO Ha OCHOBe llIIIIIh 

pac'JeTHhIX BKJIMOB noneII KOHUeHTJ)Il'IeCKIIX KOppeKTIIPYJOIUIIX o6MOTOK. 

5. B pe3ynLTaTe npIIHHThIX Mep .[\n5I no.namieHIIH Hil3IIIIIX rapMOHIIK MarHIITHOro nonH 

B Il3MepeHHhIX .[\aHHhIX nony'IeHa npI1eMneMa5I BeITil'IIIHa nepBOH rapMOHIIKII B 

.[\IlarrmoHe pa6o'IIIX noneil: UIIKJIOTJ)OHa VINCY • 

6. ,[(IIHaMil'IeCKile xapaKTepIICTIIKII nony'IeHHhIX pacnpe.neneHIIH MarHIITHbIX II 

ycKopHIOIUIIX 3neKTpil'IeCKIIX rroneII UIIKJIOTJ)OHa VINCY aHanI13I1poBanI1ch .nnH 4x 

xapaKTepHbIX pe)KIIMOB ycKOpeHIIH IIOHOB II 6LrnlI Haii.neHbl y.noBnernopI1TenLHhIMII 

C TO'IKII 3peHIIH ycnOBIIH H30Xp0HH3Ma II aKCilaIThHOH q>OKYCilpOBKII ny'IKa. 

7. IIpe.nno)KeHbI II peanI130BaHhI Mepbl no KpenneHIIIO ceKTOpOB II MarHIITHhIX rrpo6oK, 

'ITO cymeCTBeHHO YITY'JIIIIIITO CIITYal(IIIO c MexaHil'IeCKOH CTa6IlnhHOCTbIO 

MarHIITHoil: CTPYKTYPLI UIIKJIOTpoHa VINCY npII BKJIIO'IeHHOM MarHIITHOM none. 

8. CoJ.naHa MarHIITHaH CTJ)YKTypa UIIKnOTJ)OHa VINCY Ha 6me IIMeBIIIerocH K tta'Iany 

pa6oT MarHIITa. 

9. IIpII noMOIUII 'IIICITeHHOro MO.[\enI1pOBaHI1H npOCTJ)aHCTBeHHhIX noneil: rrony'IeHbl 

rrapaMeTJ)LI MarHIITHOH CTJ)YKTYPLI, orrpe.neneHLI pmMepLI, II qiopMa 3ITeKTJ)O.L\OB 

3neKTJ)OCTaTil'IeCKIIX ceKUIIH .neqineKTOpa TaMO)KeHHOro llIIKllOTJ)OHa. Hail:.neHbl 

COOTBeTCTBYJOIUile pacrrpe.neneHIIH 3ITeKTJ)OMarHIITHhIX rroneil: .[\RH aHanil3a 

.[\IIHaMIIKII ycKopeHHOro IIY'JKa llIIKllOTpOHa, 

10. AHanil3 .[\IIHaMil'IeCKIIX xapaKTepIICTIIK IIOITY'JeHHhIX pacrrpe.neneHIIH rroneil: 

TaMO)KeHHOro llIIKllOTJ)OHa noKaJan, 'ITO OHO COOTBeTCTByeT TJ)e6yeMbIM 

JHa'IemiHM. 

11. BrrepBLie 6Lrna pmpa6ornHa MarttIITHaH CTJ)YKTYPa YHIIKanLHoro rro rrapaMeTJ)aM 

TaMO)KeHHOro llIIKJIOTJ)OHa Ha 3HeprnIO IIOHOB H- 1.75 M3B, IICnonLJyeMOro B 

ycTaHOBKe .[\n5I o6Hapy)KeHIIH B3pbIB'IaTbIX BemecTB . 

12. COJ.naH Ha6op KOMIIhIOTepHbIX MO.neneii .[\JUI pac'IeTa BITIIHHIIH KOHCTJ)YKTIIBHhIX 

qieppoMarHIITHLIX 3neMeHTOB Ha MarHIITHoe none .neTeKTopa ATLAS, LHC. 
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Pemetta cnmrmeil:mas1 npo6neMa C03.L(amrn: MO.L(emr Tail:n KanopIIMeTpa .L(eTeKrnpa 

ATLAS c ero oco6oil: cpopMoil: aHII30TPOIIIIII aKTIIBHoil: 30HbI, onpe.L(emreMoil: 

MHOiKeCTBOM OTBepCTIIH MH CIJ;IIHTIIMHTOpOB, pacrronoiKeHHbIX B maxMaTHOM 

rropH.L(Ke. Ilo.L(fOTOBneHHbIH Ha6op KOMIIbIOTepHbIX MO,L(eneil: rrpIIHHT 

COTPY.L(HIIqecTBOM ATJIAC B KaqecTBe ocpIIu;IIanhHOro, IIcrron1,JyeMoro KaK .L(JIH 

cpaBHeHIIH C II3MepeHIIHMII, TaK II reHepau;IIII MarHIITHOfO rronsr ,L(eTeKrnpa. 

13. B1,monHeHO qIIcneHHOe MO.L(eJIIIpoBaHIIe MarHIITHOfO IIOJIH YHIIKanhHOH MarHIITHOH 

CTPYKTYPhI 3KcrrepIIMeHTa ATJIAC, LHC, CERN, cocTosrru;eil: II3 3-x 

TOpOII,L(anbHbIX II O.L(HOH coneHOII,L(anbHOH CBepxrrpoBO):(HIIJ;IIX o6MOTOK, a TaKiKe 

MarHIITOIIpOBO,L(a B03BpaTHOro IIOTOKa, HBllHIOIIJ;erocsr qacTbIO Tail:n KanopIIMeTpa C 

ero oco6oil: cpopMOH aHII30TPOIIIIII aKTIIBHOH 30Hbl, orrpe.L(eJIHeMOH MHOiKeCTBOM 

OTBepCTIIH MH CU:IIHTIIllJIHTOpOB, pacrronoiKeHHbIX B maxMaTHOM IIOpH.L(Ke 

( cpeppoMarHIITHall cpe.L(a :::::8 X 12 M2 ' OTBepCTIIH :::::4 MM, B03.L(ymHhie 3a30pbl :::: 50 

MKM). IlonyqeHbl pacrrpe.L(eneHIIH KaK OCHOBHOfO MarHIITHOfO rrone ,L(eTeKTopa, TaK 

II BKna,L(a KOHCTPJKTIIBHbIX cpeppoMarHIITHbIX :meMeHTOB ycTaHOBKII. 

14. Pe3ynhTaTbl pacqeTOB rrpIIMeHHllIICb .L(llH rrporpaMM peKOHCTPYKU:IIII 

perIICTPIIpyeMbIX co6bnIIil: B 3KcrrepIIMeHTe ATLAS, B qacTHOCTII rrpII ou;eHKe 

aKcerrTaHca ,L(eTeKTOpa. 

15. l13MepeHo MarHIITHOe rrone ,L(eTeKTopa ATLAS II rrpoBe.L(eHo ero cpaBHettne 

pacqeTHbIMII ,L(aHHbIMII. CornacIIe pe3yn1,TaTOB C yqeTOM IIMeroru;eil:CH 

Heorrpe,L(eneHHOCTII IICXO.L(HbIX .L(aHHbIX MO.L(eneil: no OTHOllieHIIIO K rrapaMeTPaM 

peanbHO ycTaHOBneHHbIX ofo,eKTOB, a TaKiKe norpellIHOCTeil: B II3MepeHIIHX 

OKa3anOCb y.L(oBneTBOpIITenbHbIM. 
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