
)~ 

HHCTHTyT TeOpeTH'IeCKOH H 

3KCnepHMeHT8JILHOH <DB3BKB 

4 -01 

()
\ )];.r.KOmJalpeB, M.)];.qypaloB, M.M. 6aCKO, 

..:r .r.AKCeHOB,A.B.6apxy,JJ;apIlH, E.A.3a6po,JJ;HHa, 
\ H.A.KpacHo60poB, A.B.TaJlbI3HH. 
~ 

~ 
H 

---LJ 
MO~ULIU THX(eJIOHOUULIH ,lJ;paUBep ,lJ;JIH 

3aX(HraHHH TepMOH,lJ;epHOH DT MHIDeUH_0 
.....
 

!!!!!!!3"
 
-_
~~.-1(1_0_01-° FE 
11. iiiiiiii_.JI..... _..... 

t 
. t SEP 5 2001 
l -0 

LIS Atiy 
---. ------ - 

M 0 C K B a 2001 



YAK 621. 3. 038. 61 M-16 
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TIpenpHHr HT34> 4-0 II 
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Hccne,lJ;oB8Ha B03MOJICHOCTh no,A)laml npe,nB8pH'l'e1IbHO CJIalTOro TepMOJlJJ:epHoro DT TOlUuma fiY'lKOM 
OT MOlIlHoro TSDKeJJOHOHHOro ApaiiBepa. nOKa38HO, "ITO COOJUl.HHe TJDKeJJOHOIDIOro JIY'IK1l c 'l'pe6yewoH 
MOUUlOCTbIO 2·lO l saT H C DnOTHOCTbIO MOmHOCTH ll:l2,5.101~WM2 BOOMOJICHO upH BLTnOJlHeHHH 
cneJlYlQll(HX ycnoBHH: 1) 3HeprHlI HOHOB n08l>llIlaercJl no CpaBHeHHlO c 06bNHO HCnOILb3yeMoH B 10 p83, 
T.e. ,lJ;O 100 r3B. 2) Hcn0ILb3YeTCJI MeTO,IJ; He-JlHyBHJ1JlHeSCKOH KOMnpecCHH HOHHlolX TOKOB, .rtJJJI l.fero 
OAHoBpeMeHHo yCKOplleTCJI Ha60p HOHOB c p8.3JIH'IHLlMH MaccaMH H C npOTHBOnonO:llUf.bJMH 3HaK8.MH 
3aPUOB. 3) C06CTBeHIILlH 3IleKTpH"lecKKH 3apJl,ll. fiY'IK8. KOMneHcHpyercJl Ha nocneJl:HeA CTa,IXHH 

KOMIlpeCCHH, DO BpeMJI TpaHCnopTHpoBKH HJrreHCHBHOro I1}"IIC8 Ha TePMOJUlepHYJO MHIDeHb. 
H3-38. B03pocmero npo6era HOHOB B BelllecTBe MHIIIeHH, TaK.oA .llpaJlBep ecTeCTBeHHblM 06p830M 

conpJlraeTCJI C UHJIHH.Zq>Hl.feCKOH MHOIeHLIO. TIpe.lJ,BaPHTeJlbHoe C>KaTHe DT TOIUIHBA OCyulecTBJUleTCB 

.llpyrHM ny'IKOM OT 3TOro )ICe Jl:paHBepa. Tn IC8K NIJI 3TOf'O ny'IKa Tpe6yeMu MOI1lHOCTh nolfl'H Ha 

nopuoK HIDlCe (l'2l1,5·IOI4 BT), TO AJlJI ero C03A8HHJI AOCTaTOl.fHO OAHoro JIHWL yoenwreHHJl 3HepfHH 
HOHOB Jl:0 100 r3B. OAHOPOJJ:HOCTL 06JIYl.feHHJI 060.nO'iKH MHIlleHH AOCTHraeTCJI 6h1CTpblM BpameHHeM 
noro nyqKa OlHOCHTeJlbHO OCM MHmeHH. )];eT8JIH C03JUl11IDl 3TOro nyanca B pa60re He pacCMOTpeHbI. 

SUPERPOWER HEAVY ION DRIVER FOR FAST IGNITION
 
OF INERTIAL FUSION DT TARGET
 

D.G.Kosbkarev, M.D.Churazov, M.M. Basko, A.O.Aksenov,
 
A.V.Barkhudaryan, E.A. Zabrodina, N.AKrasnoborov, and A.N. Talyzin.
 

Possibility of the igniting of the beforehand compressed thermonuclear DT-fuel by the beam from 
powerful heavy ion driver was investigated. Shown that creation heavy ion beams with the required power 
2·101~ W and density of power 2.5.1019 W/cm2 are possible after performing the next conditions: I)The 
energy of ions increases up to 100 GeV. 2) The method of non-Liouvillian compression of beams of 
simultaneously accelerated ions with different masses and opposite charge signs is used. 3) Own electrical 
charges of different sign beams at last stage of current compression are compensated during the 
transportation of intensive beams on thermonuclear target. 

Because of increased range of ions in the target material, such driver is associated naturally with the 
cylindrical target. Expected that other beam from the same driver realize the preliminary compression of 
DT-fuel. Since the required power of this beam is nearly on the order below of above-cited ooe 

(l'2lJ.5- J014W) the increasing of ion energy up to 100 GeV for its creation is wholly sufficient. Homogeneity 
of irradiating a target shell is reached by quick rotating this beam comparatively to the taTget axis. Creation 
of this beam don't consider in details. 

PHC. - 4, CDHCOK mrr. - 17 HaMM. 

(S) HHCTHTYT TeOpeTHqeCKOA H SKCnepHMeHTBBbHoA ~H3HKH, 200f 



B nOCJIemee BpeMH B mepItHaJILBOM TepMOJiilq>1fOM"CH.trre3e'MJI IlOBhIIUeHJ{JI H~e)l(llOCTH H 

YBCJIH'IeHHJI K03t1)fl)}{QHeHTa yCBJIemu: MBIIIeriett pacCMatpimaeTc-sI ~03:MO>KHOCTLBCDOJIb3OBaIIIUI 

Mero.na 6wcTporo no,lOKIml npe,l{BapHTeJIhHO CJKaTOfO TepM6X,tiepHOro TOrumsll (B aHrJIOJl3L1'IHOit 

JIHTepaTYPe Mero.n Ha3bIBaeTCJI "fast ignition~). [l.2}."KaK npaBH.iIo. npu' 3TOM B KalJecTBe 

B03MO>KHOro.npaitBepa paccMaTpHBaeTCJI MOlIUlhIA JIB3eP, TaK KaK Tpd)yeMaJlB nOM Mero.ne 

MOII:lHOCTL o6.lIyqaIOmero nyqKa npe.llCT8.BJIJIeTCJI Be,lJ.ocTlDKBMoii C nOMO~ o6D11JHoro 

TJl)KeJIODOHH01'O .zq>aiiBepa ~OHH01'OTHlla. 

B .l1aHHOH pa60Te MhlHCCJIe,ZJ;)'eM B03MO>KHOCTL HCn0JIb30BaHBJI 31'01'0 MeTO,lJ.a B CHCTeMe 

coCTaBJIeHHoA 83 IUlJIHH.nPH1JecKOit MHIlleHH npJIMOro 06nyqeHHJI H MOlQHOro TJl)KeJIOHOHBOfO 

)q>aHBepa ROBOro THna (MT,I{), B KOTOpoM. B OTJIH1JHe OT paccMaTpHBaeMhlX pauee .l1paitBepoB C 

3Hepmeit HOBOB ~ 10 f3B [3,4], HCnOJIb3YJOTC.SI DOHLI TJOICeJIhIX MeTa.JI1IOB C 3Bepmeii ~100 f3B. 

TaK KaK MOIIJ,HOCTL nyqKa (P) nporropnuoBaJThHa ICBazlpary 3Hepnm HOBOB (T). TO.WI.SI MT,lJ; OHa 

MO:lKeT .ZJ;ocmraTh ~1015 BT. C pOCTOM 3BeprHH HOBOB yaeJIHllHBaCTCJI HX npo6er B MaTepH8JIe 

MHIlleIDI, no3TOMY ,llJllI rrOJIHoro HCnOJIL30BaHIDl rrpeHM)'ID;ecTB MT,lJ; CJIe~eT rrepeitm: OT 

c4>epHtlecKHX K o61I}'1JaeMhIM C TOpna IlHJIHH.lq)H1JecKHM MBmeIDIM [5], B o60JIo1JKe KOTOpDIX 

3HeprH"IHhIe HOHhl MOJYf 6h1TL nOJIHOCThIO 3aTOpMO>KeHLI (upH pocre 3HeprnH C 10 .no 100 f3B 
rrpo6er HOHOB C MacCOit ~ 200 B03paCTaeT C 0,2 .l10 6 D"'CM

2
). 

C POCTOM 3HeprHH HOHOB }'BeJIH1lHBaeTCJI He TOJILKO MOInHOCTL .npaBBepa, HO H ero 

CTOHMOCTh. O,WlliKO CTOHMOCTh .npaiiBepa (8) pacrer C 3Hepmeit HOHOB 3Ha'DITeJ1LHO Me.l1neHHee 

(8-TJ·6), lJeM ero MOII{HOCTb. 

,lJ;aJILHeAmee }'BeJIH1JeHHe MOII{HOCTH TJOKenmtOHHo1'O .llpaHBepa B03MO>KHO IIpH 

HCrr0JlL30BaHHH HOHOB C pa3HLIMB MacCaMH H, Boo6me rOBOpJl. C PaJJIIAHhIMH 3apJUlaMH. B nOM 

CJI)"lae npH CJIO>KeHHH IJY1IKOB HOBOB C P83.lllI1JHhIMH MaCCaMH (H/HJIH pa3JIH'mLIMH 3apJl,lUlMH) 

npoHCXO,llHT HapymeHHe TeOpeMDI J1HyBHJIIDI, H TOK n:yqKa, a 3Ha1JHT Hero MOlUHOCTb, 

B03pacTaIOT nponOpIUlOHaJIbBO 1JHc.rry HCnOJIlJ3yeMhlX THnoB HOBOB [6]. fipH 8-H THnax HOHOB 

MO>KHO .ZJ;0CTH'lL MOlUHOCTH ~ 8·1015
BT. fiyqoK co CTOJIL 60JILIDOH MOIIlHOCTbIO BflOJIHe ro~TCJI 

,lJ.JIJI ponH rrO,wKHfalOmero nyqKa. HanpaBJIeHHblii H8 TOpen MHIDeHH 3TOT nyqoK C llJIOTHOCTblO 
2

MOIIlHOCTH Rl2,5.1019 
BlICM MO)KeT HarpeTh lJaCTb rrpe,D.BapHTeJILHO C>KaTOro TOruIHBa .no 

TeMllepa'I)'Phl (8+10) K3B, noclIe lJero Ha'IHHaeTClI npouecc ropeHHJI [7,8]. KOmcpeTHbIe paclJeTLl 

rrOKa38JIH, 'ITO. npaKTIIqeCKH, )l.JUI 3IDKHf8.HIDl .ZJ;OCTaT01JHO BJIO>KHTh B TOllJIHBO 3HeprHlO 0,4 M,[(JK 
38 BpeM.SI ~,2 HC H, CJIe.nOBaTeJIbHO, .nOCTaTOIffiaJI ,lJ.JIJI nO,ll>KHralOm;ero nyqK8 MOIIUIOCTh 

COCTIlBJl.SIeT 2.1015 
BT IIpH y.n;eJIbHOH MOlIUloCTH 06Jl)"leHH.sI ~ 4.1018 

BlIt [9,10]. 

2. Mmnem. 

JmpO IUI,JIHHJJ;PH1JecKOH MHmeHH ,ZVIHHOH 1 CM (CM. p'HC. 1) B BalJaJILHOM COCTO.SIHHH 
3

npe.nCTClBJIJleT 3KBHMOJI.SIPH)'lO DT-CMeCL C llJIOTHOCThIO 0,2 r/cM H BHeIDHHM P8,l(H}'COM 0,187 CM, 

KOaKCHam.HO OKp)')KeHH)'IO TpeM1I CJIOJIMH IIJIOTHOrO MaTepH8JIa. BHyIpeHHHii CJIoit CBHHD:OBOro 

nymepa (p = 11,4 flc~) - C BHeIIIHHM pa,nuyCOM R= 0,210 CM, 3aTeM, 06nyqaeMbIH C TOplla B}J,OJIh 

OCH MHmeHH CJIOHBCrreBeHHoro 30nOTa (p = 6 r/cM
3
) - C BHeIllHHM Pa.zlHYCOM R = 0,334 CM H, 

HaKOHeQ. nOKpbIBaIOm;HB: CJIOB: 30JIOTa (p =19.5 r/cM
3
) - C BHemHHM PazlHYCOM R = 0,44 CM [10]. 

BblCOKaJI CHMMeTpIDI o6JIyrIeBIDI .nOCTHraeTC.SI npH nOMOm;H 6blCTpOrO BpameHIDl 06JIY'i8lOIIlerO 
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BOHROro lI}"II(a OTHOCHTe1ILHO OCR MHmeHH. C)lGiTHe MHmeHeii npH 'l8.CTOT8X BpameBWI IIyqICB 

rot= 0.5 ITn D CIl2= 0,27 ITu nOK83aHO HB PHcym<e 2. BH,ZUIo, 'ITO 1facTOTa 0,5 ITI.( 06ecne'IHBaeT, 

B OTJIHElHe OT qacTOThl 0,27 ITIl, Tpe6YeNYJO CHMMeTpHlO 06JIY11eHHJI D, CJle.u.OBBTe.JIhHO, 
BLICOKyIO CTenem. C>IalTIDI DT TODJIHBa. B pe3YJlbTare pa,llH8JThHOro C)l(8THJI noA MHlD:eHH HB ee 

OCH 06pa3yeTCJI nJIOTHLIA IIIHYP DT-TOIIJIBBa. 3ToT npolleCC, paccMa-rpHB8eMbIH K8K 
O~OMepHhlA, 6hIJ1 npoc'fHT8H C nOMOm&!O nporp8MMbl Deira 3 (lD3n, nOIC83aBmeA 
B03MOXCBOCTL ,nOCTBJlCeHHJI D8p8MeTpOB, Be06xo)lHMLIX,l()IJI paCIIpOCTp8HeHHJI B CxarrOM 

TOIIJIHBe BOJlHLI repMoJl,llepBoro ropeHHJI [11]. ( P8JUlYc nmypa ltl 50 J.lM. IIJIOTIIOCTL IltI 100 r/cM3, 
npoB3Be,neHHe Rp l'tl 0,5 r/cMl). napaMeTpLI RpOIlecC8 HarpeBa D CJKaTIIJI MHllleBH DpHBeJJ,eHLJ B 

•mJI. 1. Cxmme MBID.eHH DO BpeMeHH nOKa3aHO DB pac. 3. 

Ta6JIH1t8 1. napaMeTpLI npollecca HarpeBa 06oJlo1DCH MHllIeHH 

3HetlrHJI HOBa r3B 100 
MaccaHoHa A ~200 

BpeMSI 06.nyqeBHJI HC 60 
BICJI~ 3Bepnm B o6oJIo'IKY MHWeHH M.ll>KICM 5 

MmcCHM8JIl,HWl BeJlH'lHHa TOICa HOBOB KA 1,67 
BHeIIIHBii pa,nuyc C>IalTOro nymepa CM l'tl0,015 
TIJlOTBOCTh B C)l(8TOM nymepe r/c~ l'tl500 

IlpH uameM :)ICOBOMHOM cnoco6e C)I(8.THJI o60JlolflCH, TeMrreparyp, ,nOCTaTO'IHhIX ,ll1IJI 3aropaHHJI 
TOIIJIHB8, noJIY'IH'I'L HeB03MO:>KHO. O.lUlaKO nyqOIC MT):{, C )J,8.HHhIMH B T86JI. 2 nap8MeTpaMH, 

cnoco6eH HarpeTL Be60JILJ.UYIO 118CTh TODJIHBa (~%) .no TeMllepaTYP, 06ecne'tIHB8lOIIUfX 

Ha,ne)I(Hoe 38JKHraHHe paccM8IpHBaeMOit MHmeBH. PacnpoCTpaHeHHe BOJIHLI Tep:MOJl,llepHoro 

ropeBHS[ B.D;OJIb IIIByp8 co C)K8TbIM DT TOD]JHDO~ rrOJC838HHoe Ha PBc.4, npoBcxo,ZUIT co 
1

CICOpocn.lO 5.108 cM·ceK- • 

Ta6JIHlla 2. IlapaMeTpLI nponecca HarpeBa C>IalTOI'O TODJIBBa 

Y.neJILB8JI MOIWIOCTh 06nyqeHBJI TBT/r 4.106 

3BeprHSl BOHa r3B 100 
,l.{.nHTeJlbHOCTb o6nyqeHBJI HC l'tl0,2 
3Hepru IlY'IKa M.nx< 0,4 
TOKnyqIC8 KA 20 

CT8,JJ.IDI ropeHHJI TOIIJIBBa npe,ncTaBJIJleT no CymecTBy ,nB)'MepHLIit npollecc. OR 6LIJI npoctmTaH 
C DOMOID;hlO nporpaMMLI PPM-target (2Dln, a T8IOKe pa3pa60T8HHOH B HT3cI> ROBOit 
IIporp8MMLI (2D31). 

3. MOIQRblB TnreJlOBORBWB JJ.paiiBep 

Ha1l8JIbH8JI lJacn. MT):{ npe,nCTaBJIJIeT co6oii MO,lJ,HcPImHP0Ba.IIHbIH mmeibwii yCKOpBTeJIL, 
paccMo1peHHbIH B ony6JIKKOB3.IIHhIX paHee pa60TaX [12,13]. 3Ta qaCTb COCTOHT B3 32 
napaJIJIeJlbHhIX nOKcI>~KaH8JIOB.KIDK,ZJ;bIit co CDOHM HOHHbIM HCTO'tIHHKOM. 
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3.1. HORRLle BcrOqHHKII 

Kaxa:u.Ie qen.Ipe HCT01ffiHKa C03,ltWOT IJY'DOI O.lUlHaI<OBIdX HOHOB IIJJ8THHLI co cpe)J;HHM TOKOM 

~ 0,53 MA, C BeJIHq}llfOB mmapHaHTHoro 3MHTI'8HCa ~ O,3·1t MM.Mpa.n H co cBOeH M8CCOH H 

3HaI<OM 3apua; Bcero HcnOJIb3YeTCjf 8 THllOB HOHOB (Pt~2' Pt~, Pt:96 , Pt~8 ). 
TaKHM 06p830M B npoeKTe MT):{ Hapg.zr:y C HCT01ffiHKaMH IIOnO)I(HTeJlbHO 3apJDKeHHbIX HOBOB 

HCnOJlb3yIDTCjf TIUOKe HCT01ffiHKH OTpHIJ;aTeJIbHO 38pJDKeHHblX HOBOB TIDKeJIbIX MeTaJIJIOB. 

I13BeCTHble H3 JIHTepaTYPbl [14] IIapaMeTPLI T8.lOIX BCT01ffiHKOB He COOTBeTCTB)'IOT IIpoeKTHhlM B 

OTHowemm BenH'lHHLI HOHHoro TOKa. )lroI HOHOB nJJaTHHbl norryqeH cpe,l{lIHii TOK = 6+8 MA, 
TOf.n;a KaK Tpe6yeMWI BeJIWIHHa HMrrym.CHOro TOKa B npoeKTe MT):{ :::.: 40 MA. OrMeTIIM, 'ITO 

BHBapHaHTHbIH 3MHTI'aHC ~. HMeeT BnOJIHe npHeMJIeMoe 3HaqeHHe = 0,3MM.Mpa.n. flo noB 
np~He cofnacOBaHHe napaMeTpOB HOHHoro rrytIKa ua BbIXo.n:e H3 $opHH>KeKTOpa C BXO,llOM B 

nepByro ceKIJ;HlO JlHHeitHoro yCKOpHTeIDI THlla flOKCI> B ronoBHoH 'IaCTH .n:paiiBepa KBIDIeTCjf 

BIDKI:Il>lM 3rreMeHTOM npoeKTa B JJ.OJDKHO 6LITb paccMoTpeHo OT,lleJIhHO. 

IlpeJJ.JJaraeMlJit MeTO.n: COfnacOBaHIUI OCHOBaH Ha HCnOJIb30BaHIDI 6aJ1lIHpOBKH HOHHOro 

nytllCa rrpH ,llBB:>KeHHH ero OT 11l0pHH:>KeKTOpa K nepBOH CeKIJ;HH JIHHdlHOro yCKOpHTeIDI. CaMa 

B03MOiKHOCn. ocymecTB.JIeHHJI 3TOH: onepa:u;HH OCHOBaHa ua CJIe)JJ'IOIlUfX 06CTOJlTeJIbCTBaX. 

Bo-nepBbIX, 3HepreTH'leCKHH pa3Mep cenapaTpHCLI B Ha'lanbHOA 'laCTH JIHHeHHoro yCKopUTeJIJI 

,llOCTHraeT ± 6%, TOf,lla KaK Ha BLIXO.LJ,e H3 11l0pHB:>KeKTOpa rrpH 3HepfUH HOHOB=1OOroB 
3HepremQecKBit pa36poc B nyqxe ~ 103B, T.e. He npeBhIIIIaerl5· 10-5• CneJJ;OBaTeJIhHO, 

3
B03MO)t(HhIH K0311l4>HIUleoT rrpo.n;OJlbHOH KOMfipecCHH He MO)KeT 6hITl. BhlUIe 10 . 

BO-BTOPIdX, CKB8:>KHOCTh nytIKa B HaqaJILHOH '{acTH JIHHeAHoro yCKopHTeM pasHa 75 .H, 

CJJe,ltOBaTeJlhHO, Ko3$4>BIJ;HeHT rrpo.n;OJIbHOH KOMIlpecCHH ,l:{OJI:>KeH 61dTh HH:>Ke 3TOro 3Ha'leHHSI. 

IlpH 3TOM cJJe.n:yeT yqHThmaTb, lITO ,l:{Jlj[ npo.n:oJIbuoii KOMnpeccHH nOTpe6yerea TpaHCnopTHhIH 

KaHaJI, .lt1IHHa KOTOporo (L) onpe,lteJIJleTCg H3 COOTHOmelJIDI L=2c~'t(X-l)(AD'f)-1 , f,lle ~

CKOPOCTh HOHOB B e)lHHHIJ;ax CKOpoCTH CBeTa, C- CKOpOCTh CBeTa, t- ;::uIHTeJIhHOCTb O,ltHOH 

cenapaTpHCbI B Ha'lanhHOH qacm JIHHeHHOrO yCKopHTeJUl, X- K03cPcPHUHeHT npo.nOJIhHOH 

KOMIIpeCCHH, L\lIT- aMIIJIHTY.ll8 MO,IJ;yJIJlIJ;HH. 3HepmH HOHOB Ha BLIXO,lte H3 4>opUlDKeKTOpa. 

I1peJUIOJIaraeTCJI, 'ITO MO.n:yIDIQIDI 3Hepnm HOHOS ocym;eCTBJUIeTCjl npB nOMOmu MO~JUIIJ;HH no 

nHJIoo6pa3HOMy 3aK0HY nOTeH:u;BaJIa BbICOKOBOJIbTHOH IIJJaTcPopMhI I}>opHH:>KeKTOpa.. 

OrpauHqeHHe Ha BeJIH'lHHy Ko~4IHIVIeHTa KOMnpeccHH ,Bo3HHKalOIIlee 113-38 orpaHH'leHIDI Ha 

BeJIHq}f}f)' IIpHeMJIeMOH ,/lJlHHbJ 'TpaHCnopruOfO KaHana, OKa3bIBaeTCJl Ca.MIill4 CTpOrHM. 

):{eHCTBHTeJIhHO, IIOJIaraJI: f3=10·
3
, .=O,16J.lCCK, X=lO, A1/T=O,1 .nJIJI L nOrryqHM :::.: 8 MeTpOB. 

Tpe6yCMhlH OT HCTotIHHKa B 3TOM CJI)"Iac TOK (4MA) B X p83 MCHbwe npoeKTHOfO TOKa, H, B 

COOTBeTCTBHH C pe3YJIbT8TaMH pa60Thl [14], npe.n:cTaBJUIeTCjf rrenco ,ltOCTH>KHMhIM. OTMeTHM, 

1fI'O npe,llBapHTCJIhHaK KOMIJPCCCIDI HOHBOro rryqKa He TOJIhKO YMeHhillaeT BeJIH'lHHY TpC6yeMoro 

OT HCT01JHHKa TOKa, HO H cornacyeT napaMeTpbI ny'lKa .lt1IJJ np0)J;OJIbHOrO ,llBH)I(eHug C 

napaMeTp8MH cenapaTpHcbI, MHHHMH3Hpyg, TaKBM 06pa3oM, nOTepH BOHOB B Haqam,HoH qaCTH 

JIHHelbIoro yCKOpHTeJIJl. 

3.2. JIBHeABldA yeKopHTeJlL 

IlocJJe yCKOpeHIUI HOHOB B K8:>KJJ.OM KaHane .LJ,O 3HcprHH :::.:10 M3B/HOH ocymeCTBJU(ercjf 

CJIOjf(CHHe qeTbIpex KaHaJIOB O,lUlOTHnHhIX HOROB B O)lHH. TaI< KaI< CJIO:>KeHHe . O~YJI(eCTBJllIeTCB B 

rrpoCTpaHCTBC nonepe1ffibIX KOop,llHHaT, TO BMCCTe C qeTLIpeXlCpaTHhIM. PQCTOM cpe,ltHero TOKa 

yaenH'lHBaeTCJI npHMepHO B rpH p83a TalOKC H 3MUlTaHC. B pe3YJIbTaTe 'lBCJJO KaHaJIOB 
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YMeHLID8.eTCJl )).0 BOC:bMH, ~ co CBOHM THIIOM BOHa npH cpe,uHeM TOKe 2,125 MA H C 

HHB8pBaHTHhIM 3MBTT8HCOM It:Il1t MM.MP8.Zl. CJIOEeHHe BCeX 8 KaHaJIOB B OJIHH KauaJI co cpeJUlHM 

TOKOM ~ 17 MA npoBCXO,lUlT npH 3HepmH HOHOB It:I 100 M3B. YcKopeHBe BOHOB OT 10 r3B )),0 

25 r3B OC~eCT.BJllleTClIB CTpy.tcrype THII8 Am.sapeu,a npH TeMITe yCKOpeHIDI ::e4 M3B/M. ,lVnrna 

nOB lIBCTH yCKOpHTeJI1l COCTBBJIJ:eT ~ KM. YCKopeHBe OT 25 f3B,lJ;0 100 f:3B OcyIIIecTB1.UIeTCll B 

CBepXIIpOBO,lJ;JIID,HX cTpyKIypaX npH 1f8C1'OTe ASI ITu C TeMIIOM yCKOpeHml 1llS25 M3B/M. TaKHM 
06p83oM, noJI1Wl .wnma JIHHeHHoro yCKopHTeJI1l COCTB:BHT ::II II KM. B mJl. 3 npBBe)),eHltl 

DapaMCTpld OCHOBHLIX )'3JIOB OKOBel:JBol: (cBepxnpoBO,!UIII{eii) qacTH MT,ll. TaM X(e, )J,JI1l 

cpaBHemm, npHBeAeHld napaMeTpld 3JIeICTpOH - II03HTpOHHOro KOJlJlait)l.epa 'TESLA" [15].-. 

Tafi;mU8 3. OcHOBHl>Ie IIapaMeTphI YCTaHOBOK TESLA H MT,n. 
; 

IlapaMeTP E,lJ;. H3Mep. TESLA MT):{ 
cDaKTH1fecKWI .n,mma KM 20 3 
YCKOpJIIOmee nOJIe MB/M 25 25 
tIacrom YCKOpJDOmero nOJI1l ITl.\ 1,3 IllS I 

tIacToTa nOBTopeHHJI fu: 10 10 
1ImrreJILHOCTL nyqxa Ha BhIXO)l.e 10-0 c 1000 240 
1JHCJlO 6aH'1eH B DyqKe - 800 160 
lJRCJIO 'IfaCTHIl B 6auqe 1010 5,1 40 
'tJHCJIO 1faCTHIl B nyqKe IOU 4,08 6,4 
CKB8)I(HOCTh 10-0 C 1,25 1,5 
BetmncaJILB:DIii HOPMHPOBallHJ"lji 3M1IT11lHC MM.MPa2l 1 1 
fOpH30HT8JI:bllldit BOPMllpoBaHH&Iii 3M.HITaHC MM.MP8.Zl 20 1 
MMnyJI:bcm.:di p836poc 10-4 ±50 ±2 
3HeprIDI nytOOl M)lX< 3,4 0,4 
I1HKoBaJI MOIllBOCTL KJlHCTPOH8 MBT 3,4 6 
qHCJlO KJlHCTPOBOB (3<1>$.75%) - 1330 378 

H3 TafiJl. 3 BB,WIO, lITO Dap8MCTpbl paccMaTpHBaeMhIX YCTaHOBOK BO MHOroM 6J1H3KH H, 

CJle)l.OBaTeJIbHO, CTOHMOCTH HX TaIOICe 6y.nyr 6J1H3IGIMH. 

3.3. llpo,n;OJILH8JI KOMnpeccRSl HOHHOro ny-tKa 

Ha BhlXo,ne OCHOBHOro 1IHHeboro yCKOpHTeJI1l Bee HOHLI HMelOT, B cpeJJ:HeM, O.mmaxOByJO 

CKOPOCT:b, TOT)l.a KaK ,ltOJDlCHLI 6hlTb paBHLI HX cpeJJ:HHe HMIIYJIDCld, 1fT06b1 nOCJIe KOMIlpCCCBH 

Bee nyqKH MOX(HO 6LUIO 6LI HanpaBHTh Ha MHIUeBb B OJUIOM 06meM 4K>XYCHPYJOm:eM KaHaJIe. 

Bb1p8BHHB8HHe cpe,ZJ;HHX HMIIYJlDCOB BOHHhlX IIy'IICOB npOH3BO,IlHTCJI nocne p83.lleJlelUUl RX C 

nOMoID,:b1O )l.HnOJI:bHoro ManmTa DO MacCaM H OC~eCTBIDleTCJI ,llB}'Mjl (HJIH lfeTLlpLMJI) 

.llonOJIHHTeJI:bHLIMB B.q. ceICIUISIMH. B O,lJ;Hoit ceKllHH HOHLI C MacCOH 192 yseJIHqHB3J(}'f 3Heprmo 

Ha 2,5 f:3B, a HOHLI C MaccOH 198 yMeHLIII8IOT CBOIO 3Heprmo aa 2,5 f3B; COOTBeTCTBeHHo, B 

.npyroi ceKUHH. HOHLI C Maccoii 194 yoeJlH'lBBaIOT 3Heprmo H8 0,83 r3B, 8 BOWd C MacCOH 196 
YMem.maIOT 3Hepnno ua 0,83 f3B. 

T8IC KaK 3Hepnu: HOHOBB O,llHOM 6aH1fe COCT8BJlJIeT 2.56 JC,l{)K, TO Tpe6yeTC1l 160 63H'1eii AJlJI 

nOJIY1feHBJI HyEHOH JHepnm: (400:I<J(JIc). IIYlfOIC ICWIC.lIOrO BHlla BOKOB npe.llCT8BJlSler co6oi: 
nOCJIe.n;OBaTeJIbHOCTb H3 20 68lfqeii )J)IHTeJILHOCTI>IO t It:I 0.06 HC C HHTepBaJIaMH Me:aQJY HHMH 

12·1 O~ C llpH HMIIYJILCHOM pa36poce Op= ±2·10..... COOTBeTCTBeHHO, BHTepB8JI Me)J(JJ:y coceromMH 
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68.HqaMH =1.5-10-6 c. T8ICHM 06pa3oM BeJIH1IHHa 4la30Boro 06LeMa ( E), 3aHHMaeMoro BCeMH 20 

68.Hq&fH KaJI(,Z{Oro mna HOHOB, ,ZUllI npOllOJIbHOrO llBH:lKeHIDI (B, e,lUUlllI.\8x OTHOCHTenl>Hhrli 

m.rnyJIbCX BpeWi B HC) COCTaBJIJIeT 1,21t1O-4Hc• 

KOMrrpeCCH" HOHHbIX rrytnCOB ocym:ecTBJlJIeTca: B llBa:nana, pa3lleJIbHO AlUl KaJK,IJ;Oro THrra 

HOHOB. Ha IIepBOM 3Tane npHMelUlerca:. OJIHcaHlIhIH B pa60Te [16] .MeTOll, B KOTOpoM 

HcrrOJTh3yeTca: KOMrrpeccHOHHoe KOJThQO H Clle~aJlI>HWI CHCTeMa HH:lKeKIUIH B Hero. 3Ta 

HlDKeKI(HJI ocym;eCTBIDIeTCg C nOMOIJJ;L1O ceJITYM-MarHBTa H cneQH8JIbHoro 6aMIIa, KOTOpLrlt 

C03lla!Tcg npH nOMOIJIH KHKep MarHlITOB, 3anHThIBaeMhlX CMeIIIHBaHHeM llByx B.4. rapMoHHK 

(O.z:UiOH HeqeTHOH. HanpHMep, 3-eD H o.llHoA 'lemOR, HanpHMep. 2-0B, RIIH 4-oit) OCHOBBO:H 

'lacTOThI cnellOB8HllII 6aif<Ieii:, paBHOH HaqanbHOH 1:IaCTOre rrOK<I>-KaBaJIOB (6,25 Mfll). BpeMSl 

06pa.m;eHIDI HOHOB B KOJIl,ne Ha 6,4 HC Mem.we BpeMeHHoro npoMe>I<YfKa Me:lKllY 

HlDKeKTHpyeMhIMH 6aH1:IaMH, n03TOMy KCliKllbIH nocne~~H 6aHq OKa3LIBaerCg CMeIQeHHhIM 

OTHOCHTenLHO npellbl,l:ij'lllero Ha 6.4 ns. B KOHQe npou.ecca HH:lKeKllHH 20 6aH1:IeH 3aIIOmOOO;r 

MaJIYIO qacTb (~1 0%) op6HThI Konblla B BH,lJ,e CerMeHTa BpeMeHHoD rrpoTa::lKeHHOCThro :tII2I,6 HC. 

3aMeTHM, 'ITO B03HHKaIOIllaJI npH 3TOM BeJIH1:IlIHa KyJlOHOBCKOro cllBlITa IlaCTOTld 6eraTpOHHhIX 

KOJle6aHlm JlBIDIeTCg OqeHb 60JILmOH (8+ 10). OllHaKO. npHHHMWI BO BHHMaHHe BldCOKoe 

TeXHllqeCKOe KaqecTBO KOMrrpeCCHOHHbIX Konell H MaJIYIO ,Z(JIIrreJILHOCTI:. npou.ecca KOMnpeCCHH• 

.nerpa.A3I.\Helt nyqKa Ha nOM 3T8lIe MOX<HO npeHe6peqr, [17]. 

,nng ocymecTBJIeHIUl BTOpOro 3TaIIa KOMnpeccm c41opMHpOBaHHble rr)"fKJI-CeI"MeHTbl 

OllHOBpeMeHHO BbIBO,na:TCJI H3 KOMnpeccHoHHbIX KOJIeQ, KaiK,Z(hlft B CBOR KaHan, B KOTOpbIX OHH 

npoxo,llBT Qepe3 BlI-ceKQHH C qaCTOTOH 158,72 Mru H aMIllIH'IY.nOH 400 MB. 3a Cqcr 

He60JIbillOrO CllBHra qacTOThI BlI IIOJUI OTHOCHTeJThHO qacTOThI CJIellOBaBIUl68.H1:IeH (l56.25Mru..) 

C03llaCTcJl, Heo6xo,nHMWH AlUl 06eCneqeHIDI O,llHOBpeMeHHoCTH npuxo.na Bcex 6auqeti Ha 

MlIIIIeHb, HaKJIOH cpe,lUlero HMrryJIbca HOHOB B KIDK,lJ.OM rryqxe-cerMeHTe. nOcne npo6era 1,17 KM 

(noJIHasI )(JlHHa KIDK,l(OR -rpaeKTOPHH .no MHmeHH ~,7 KM) npOH3BOllHTCa: IIocne,llHJUl KOPpeICI1HJl 

HMnynLcoB HOHOB BHYTPH KaJI(,Z{Oro 6aHqa 3m onepaI(IDI CBO,llHTCX K noBOpory Ka:lKlloro 6aJ111a 

OTHOCHTeJThHO ero lleHTpa, AlUl 1:Iero HCnOJlb3yroTCJI Bq-ceKllHH c qaCTOTOH paBHOit 'IaCTOTe 

cnelloB8HIDI 6aH1:IeA H C a:MILlIHTYlloit BlI-noJUI =35 MB. B pe3yllLnrre, 06ecne1:IHBaeTCJl 

cxo~eIDIe BceX 6au'leH AlUl BceX BOCbMH cryCTKOB B O,[(HH KOPOTKHH, C BpeMe.HHOA 

npOTJDKeHHOCTblO 'FO,2 HC ('ITO COOTBeTCTByeT npOllOJIbHOMY pa3Mepy cryCTKa:>::: 4CM.). 

3.4. TpaBCDOpTBpOBKa B 4JOKYcBpoBKa nywrtca ua TepMOJl,ZlepuylO MHweHb 

BeJIH'IHH)' HMrrylIbcHoro pa36poca HOHOB B ny'IKe MO:lKHO HairrH no 4lopMYJIe O'p= 2E1(1t't), B 

KOTOpOH cne,nyeT Y1:JecTL, lffO Ha BTOpoM naIIe KOMIIpeCCHH npOHCXO,LJ;HT yaeJIHQeHHe 4la30BOro 
3

06'beMa S B ~ 2,5 pa3a. l103TOMY, O'p = 3.10- • BJIBJlHue HMnyJIbCHOrO pa36poca oa pa3Mep II)"IKa 

Ha MHIIleHH MOXCHO CHJIbHO ocnafiHTL npH ycnoBHH TlIUiTeJIbHOrO cornacoBaHHa OIITHKH 

HaKOnHTeJIbHbIX Konell C OllTHqeCKHMH CBOHCTBaMH KaHaJIOBTpaHCnopTHpOBKH HOHHhIX II}"IKOB 

Ha TepMog,nepJlYlO MHmeHb. IIpH HlleaJILHOM COrn8COBaHHH OIITHqeCKHX cBoACTB 3THX KaR8JIOB 
J

palMep nyqKa B 3aBHCHMOCTH OT O'p H3MeHa:eTCJI KaK cr/4,T.e. B HaIlIeM cnyqae Oft :tII0- • 

l1cnOJIb30BaHHe Hapg,ny C nOJIOJKHTeJlbOO 3ap":lKeHHblMH BOHaMlI TaIOKe H OTpHuarelIbHo 

3apa::lKeHHhlX HOHOB IIJIaTHHhI II03BOJIJleT cYIlleCTBeHHo YMeHbIIlHTh BJIIDIHHe co6CTBeHHldX CHn Ha 

,llHHaMHKY IIyqKft Ha KOHe'lHbIX :rranax cPoPMHpoBaBHa: rperomero "MIIYlIbca. 3TO 

06cTOfieJILCTBo oc06eHHo Ba:lKHO ,lVUI MTJ{, TaX. KaK llIDKe TIP" clHeprHH HOHOH =IOOr3B 

HeH03MO:lKH0 6bIJlo 6L1 c41oxycHpoaaTh nyqoK CTOKOM =20 KA B IIaTHO C llHaMeTpOM =0,1 MM. 

3aMeTHM, tfrO B HameM cnyqae, UpH TOKe lJ3CTHUP~HOM 20 KA, 3JIeKTpU1:IecKHH TOK B IIyqKe = O. 
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npH 1'p8HCDopTBpoBKe ny'IIta Ha MHmeHb B nepHO,AHlIecKOH CTpyrrype MarHH.THbIX 

ICBa,ApyIIOJIbHhIX JlHH3 ICYJIOHOBCme CHJlJII nywma YB~BaIOT -cmcTOTY nOnepeqHblX KOJIe6amdi 

HOBOB. a TalC. KaJ( npH npu6.JIIDJ(eHHH l1)"UC8 K MHmeHB .nmma nyqI<a COlCpaIIlaerell, TO, 

COOTBeTCTBeHHO, H ICyJIOHOBCIC:Irii c~r 1I8CTOT1d "pH 3TOM B03pacraeT. C }'BCJIrleHBeM TOICa 

nyqxa H, COOTBCTCTBeHHO, -mcTO'I'bI KOJJe6aJudt, B03mu<aeT onacHoCTb nepecelleHHJI CTpYKTYPHIdX 

BeJIHHeibn.Ix pe30HaHCOB v=1I4·n, r,ne n=1,2,3, ••••a v- CC11t 'lRCJIO 6enllpomu.IX Kone68HHH B& 

O,nROM nepBo,ne tfloKyCHpYIOlIlel CHCTeMLI. OtIemmuo, "lJTO BHKaKDX nepeceqeHHA He 6y,neT 

DpOHCXO,nHTL, ecJIB 1JaCT0Ta v IIOCTO.mRO UaxO,ZlBTCli JlH60 B HHTepBane 1/12+1/8, JIH60 B 

mrrepBaJle OT 118 ,no 1/4. O,ZI;H8.Ko. KU nOJ<838JIH p8Cll!n.I, sropoA BapB8BT Be npBeMJIeM. Tal( 

KaJ< IIpB 60nee BhlCOKOA ~ nonepernIbIX KOJle6aH11i, npOHCXOAHT yseJIH1J:eHHe MO.nyJIJIIIBB 

nOIIepe'lBldX pa:wepoB nyqKa H no :nOH npH1J:HHe MaKCHM8JThHhlil TOK JlByxKOMIIOHeHTHOrO 

ny'IK8. B 3TOM cnyqae Orp8Hlf1lHB8eTCJI Be.lIB'JBHoi ~KA. fIpH Bbl60pe pa60qeA TOqJCH B 

BmepBaJIe 1/12+1/8 TOK JtByxKOMnOHeHTHOro nyqJ<B. ,n0CTIlI'aeT BeJIH1nImd l'lll20KA, 'iTO 

cooTBeTCTByeT BeJIH'lHHe Tpe6yeMoro TOICa. ,I{8JThHeitmee CIDDKeHue 1J:aCTO'1'bI He npHBO,nHT K 

CKOJIbKO-HH6y;u. 38MeTH0MY POCTY HOHDOro TOKa, qro o6LJICWleTCJI cymeCTBeHBLIM 

YMeBLmeHHeM pacCTOJlHllSl Mexc,ny Pe30B8HC8MH. 

TaKHM 06pa30M. MO~OCTb B O,nHOM nyqKe MT,lJ, npR 3Hepmu HOBOB 100 r3B orpamrqeH& 
3BeJJB1DlHoii 2.10 TBT. YBeJIll1leHHe MOIQIIOCTH CBepX 3TOH BeJIHl'J:HHhl n<rrpe6yer yseJllf'leHHll 

3Hepnm HOBOD. 

4. 3aKJIIO"IeHBe 

06nutii BLIBO,n 0 xopomeM cornacoB8HBB tnlJIHH.ltPH'lecKHX. DT MHmeHeH C MOfilHLlM 

TDCenOHOHHIdM .npaiiBepoM npe,nCT8BJIjJeTCJI )(OCTllT01IHO Ha,nexan.IM. B 61IID1C8Hmei rrepcneKTIIBC 

6y,ner pacCMO'J"PCB8 B03MOXCHOCTL HCD0JID30B8HIDI ,neitTepHeBoro TOIIJmBa C YMeHbmeHHoH 

,noneA TpHTIISI. BMecTe C reM 01J:eBB,IUl8 Be06xo)(HMoCTh ]l8JIbHeiimeii: pa60Thl no p83BBTHIO 

<pH3HKO-M8TeM8TH1J:ec:rmx Mo,neneA ,nJISi p8C1J:eTll MBlUeBeit, a TaIOICe H DO OIlTHMH3aIUD1 CHCTeMId 

,npaHBep-MuweHb. HeCOMHeHHLlMH JJ;OCTOBHCTBaMB paccM8TpHBaeMOH TepMOJl.nepBOA YCTBHOBKH 

JIBIDIIOTCJI. 

• BLlCOKaJI HMeJKHOCTL, onpe.neJUleMWI HCD0JIL30BaHUeM CHCTeNLI 6ldCTpOro nO.ztH(Bra CJKaTOrO 

TOWIHBa. 

• OOJThIIIaJI BeJJHlfHHa KO~~eHTll BLlXo.na 3HeprHH, ,UOCTMraeMWI B pe3YJlbTaTe 

HCn0JIb30B8HHJI 3KOHOMHOro (xono,nHoro) C:JalTlUl H 6L1CTpOro nO.zt>KHra. H8IIIH pac"tJ~ 

noKa3aJlH, "tJTO IC03<P~HnaeHT yCBneHHJI 3HeprHH B paccMaTpHBaeMoi YCTaBOBKe MO)KeT 

.nocmran. Rl 200. 
• 01J:eBB.ZUIWI B03MO)ICHOC'I'L ynpomeHHJI KOHCTp}'Kl(HH TepMOJl.nepHOrO peaKTopa, CBJl38HBWI C 

HaJIHllHeM JIHI1Ih .nuyx, He60m.IIIBX DO p83Mepy (.lIH8MeTpOM ~ 2CM H l'lll 20 eM). OKOB lUIJI BBO,na 

nyqICOB, pacnonO)I(eHHIdX H8 npoTHBODOnO)KHLIX CTOpoHax peaKTOpHOH KaMephl. 

K He,nOCTaTICaM npe.n.no:aceBBoro Mero.na CJIe)(yeT OTHecm B03POCmylO. no cpcmHeHBIO C 
Tpa,ZJ;HIlHoHHoi KOHCTp)'KUHeA, 'CTOBMOCTl> .npaABepa. 38MeTHM, O,ZJ;HaICO. lITO KOppeKTHWl ou;eHKa ,. 

CTOHMOCTH lUlHHoro npe.nno:llCeHBJI npe)(CT8.BJUIeT OT~e.l1J>H)'IO H ,nOCTaT01J:HO cno:lKH)1O 1Maqy, ~ 
KOTOp8jl HaxO,ZlBTCJI me paMOK ,naHHOH paOOTLI. 

GJJaro~apBoeTII 

AsroPM B:LIJ)UC8lOT 6.JUlrOJl8puOCTI> MHTI.{ H P(f>c1)" 3a nOMepiKKY 3TH}( Hccne.nOBaHHH B 

paMKaX npoeKTOB MHTQ -1137 H PcJ)0M -o0-02-16087a. 
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PHc.2. JIHBmI YPOBIUI nJIOTHocTH npH C)KRTHH MHWeHH B ,llByx pacq~Tax C pa3HhlMH 1I8CTOTaMH 

BpameRHJI HoHHOro nyqKa. JIeBldit pHC}'HOIC npH IJaCTOre WI = 0.5 ITU, npaBhIii~pH lfaCTOTe ID2 = 
=0.27 ITn. 
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