
HnCTHTYT TeOpeTUqecKoii H 

3KCnepBMeHTaJlLBOii fJ)H3HKH 

3 -04 


J U L 2004 


MOIU;HbIH, KOMIIAKTHLIB 


TIDKEJIOHOHHLIH WAHBEP 


M 0. C K B a 2004 



Y,ZU< 620.9.91 M-16 

MOlUHbIH, KOMIIAKTHbIii T.IDKEJIOBOHHbIH ,l{PAHBEP: DpeDpHHT 

IIT3~ 03-041 

~.r.KomKspeB. M. 2004-16c. 

B pa60Te paCCMSYpHBaeTCg BOBhIH nyn. nOCYpoeHHSI TJI)I(eJIOHOHHOro .npaii:Bepa. npH KOTOPOM 

BMeCTO MaJIO:m.PJI,llHbIX HOHOB HClIOJlL3yroTCJI JI,lQJS TJlJKem..IX :,meMeHTOB. no CpaBBeHItJO C 

TpIUlHUHOHHhIM 1I0BhIH J{paHBep HMeeT PJI,Zl lIpeHM)'DlecTB: 

MOIQHOCTb HOHH1>IX IIytfKOB yBeJIlfllllB8eTCg .no -loI6BT; 06nertIaeTCg CaM npouecc YCiCopeHHJI 

HOHOB, no'lTIf B 4 pa33 coKpamaercg MscmTa6 ,npaHBep8 D, Clle.ll.orurren1>HO, npHMCpHO TaK :lKe 

y6DIBae-r cro CTOHMOCTL; 3a Cq~ ncpe3sp.1l.ZlKH HOBOB nOJIBJIJleTCg B03MO:lKBOCTh DClIOJIbSOBaHHSI 

HCJIHYBHJIJIHCBCKOro HaKOnnCHIDI, lJTO lIpHMCpHO Ha ~ 4 nopa)lKa, YSCJIlI'lHBaeT K03$$Hl(HCHT 

KOMllpeCCHD TOKa; K AOCTOHHCTBaM paccMoYpeHHoro,npaitBepa cne.nyCT OTHeCTII TaK:lKe 

6oJIbmyro YCTOHqJffiOCTh HHTCHCHBHOro nyqxa JI,Zlep T.1IJICenbIX 3JlCMCHTOB lIO CPaBHCHHlO co 

cnyqaeM. KorAa HcnoJl:b3yroTCg MaJI03SpJl,1J;HhIe HOHhI. I1pHBeAeHs B03MO>KHaR cxeMa IIOCTpOeHHJI 

.rr;paitBepa HOBoro TllIIa. OTMc'ISIOTca ero )lOCTOHHCTBa H He,nOCTaTKH, S TaK:lKe OficY1KJ.l8eTCa 

B03MO:lKHoe HCnOJIbSOBaHHe AJIJI HHepUHa.ru:.Horo TepMoJl,ZlepHoro CHHTe38. 

POWERFUL COMPACT DRIVER FOR HEAVY ION INERTIAL FUSION 

Koshkarev D.G. 

A new design for the HIF driver is considered. Here the use of heavy elements nuclei instead of 

low-charged ions is rJffered what ensures the following advantages: power of ion bunches is 

10liiincreased up to - W; process of the acceleration is relieved, the driver scale and, 

consequently, its cost are decreased nearly in 4 times; non-Liuvillian accumulation at the ion 

charge exchanging ensures the increase of a current compression factor approximately on 4 

orders. Finally, to the considered driver advantage should refer the greater stability of the intensive 

beam of heavy element nuclei in contrast with using the low-charged ions. Particular1y big gain is 

reached with respect to so colled vacuum-exchange instability. Possible scheme of the new type 

driver for heavy ion inertial fusion is given. 

PHC.- 3. CIIHCOK JIHT. -12 HaHM. 
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Co BpeMeHH nO~BJJeHH~ nepBhIX ny6JIHKaQHH no HCnOJIh30BaHHlO MOmHbIX 

DyqKOB T.$I)KeJIbIX HOHoB ,n;JI~ HarpeBa o60JIOqeK TepMOR,lJ,epHbIX MHIIIeHeM [1 ] 

npollJJIo nOqTH 30 JIeT. 11 Tor,n;a, .u;a H B ,n;anbHeMIIIeM, npe.u;nOJlaraJIOCb, "ITO MHlIIeHb 

rrpe.IlCTaBJl~eT C060H noJIylO cq,epy. npHqHHhI ~ TaKoro BbI60pa OtIeBH,llHbI 

ccpepWIeCKaR MHlIIeHb 06eCneQHBaeT CaMoe 3cpq,eKTHBHOe C)I(aTHe ,n;eiiTepHM 

'IpHTHeBoro TOrrJIHBa. 

TeM He MeHee, B rrOCJle,lJ,Hee BpeMSI CTaJIH nO.$lBJUlTLCSI pa60uu [2,3], a KOTOPbIX 

o6Cy)K.u;aroTC~ B03MO)l(HOCTH HCnOJIh30BaHIDI UHJlHH.u;pHtleCKHX MHIlleHeH .IlJl~ 

TH)I(eJIOHOHHOro TepMoR,n;epHoro CHHTe3a. B 3THX pa60Tax nOKa3aHO, tITO B 

uHJlHH,lJ,pHLfeCKHx MHIIIeHJIX B03MO:>.KeH 3aMeTHbIH BbIHrpbllli B MOmHOCTH HOHHbIX 

nyqKoB, KOTOPbIH KOMneHcHpyeT npoHrphIIII B reoMC'IpHH. O,n;HaKo H3-3a 

YBeJlHQeHIDI JIOTeHUHaJIa YCKOpH'renSl, 06YCJlOBJIeHHoro POCTOM 3HeprHH 

0,nH03apH,ll.HbIX HOHOB, rrpoHcxo,lJ,HT He,nonycTHMLIM pOCT MaCIIITa6a ,npaHBepa H, 

CJIe,nOBarenbHO, CTOHMOCTH BceM YCTaHOBKH. B ,lJ;aHHOH pa60Te paCCMaTPHBaeTC~ 

npHHUHnHaJIbHO HOBbIH Il)'1'b noc'IpoeHHH TR)J(eJIOHOHHOro ,npaHBepa, npH KOTOPOM 

o,nHoBpeMeHHo C YBeJIHtIeHHeM MOIIUiOCTH npoHcxo,n;HT 3aMeTHOe cOKpameHHe 

MacwTa6a ,lJ,paHBepa Hero CTOHMOCTH. 

2.Bbl60p OCHOBHLlX napaMeTpOB 

BIDKHbIM napaMeTpoM TR)I(eJIOHOHHOro ,npaHBepa ~BJUleTCSI MOmHOCTb 

npOH3BOAHMoro HM rryqKa. MOIllHOCTb rryqKa eCTb npoH3se,neHHe TOKa Ii 
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HanpSDKeHHR, pa3BHBaeMOrO HCnOJII:.3yeMLIM B ):(paHBepe YCKOpHTeJleM (06hI'1HO 

3TO JIHHeHHhIH YCKOpHTeJIh). TaK KaK CTOHMOCTb ):(pa:ABepa cJla60 3aBHCHT OT 

HOHHoro TOKa, a C POCTOM HanpSl)[(eHH.R paCTeT nOl.fTH JUmeHHO, TO ):(JI.R YBeJIHLfeHH.R 

MOIIUlOCTH ):(paHBepa BbIro,llHO yBeJlHtmBaTb HMeHHO TOK, a He HanpSI)[(eHHe. 

BemJ't{~'lHa HOHHoro TOKa B pa3HbIX MecTax ):(paiiBepa OIpaHJI1IHBaeTCH fIO-pa3HOMY. 

CaMoe cTporoe orpaHIRCHHe HMeeT MeCTO B HatIam.HoH tIaCTH JIHHeHHOro 

YCKopHTeJUI, r):(e Be.JIHtIHHa HOHHoro TOKa He MO)[(eT IIpeBLImaTh ):(eCgT[(OB MA [4]. 

).]jIH ):(aJIbHeHIlIero 3aMemM, lITO B .n;aHHOH pa60Te paccMaTpHBaIDTCH: TOJlhKO 

cxeMLI .n;paHBepoB Ha OCHOBe JlHHeitHoro pe30HaHCHOrO YCKOpHTenR H CHCTeMbI 

HaKOIIHTeJlhHhIX H KOMnpecCHOHHhIX Konen:. TaKHM 06pa30M, HCnOJl.b30BaHHe 

Ha):(YKnHOHHbIX YCKOpHTeJleH B ):(aHHOH pa60Te He paCCMaTpHBaeTC.R no npH'IHHe 

HX HenpHrO,ll;HOCTH )l,ml C03)l,aHHH MOID;HhIX T.R)[(eJlOHOHHhIX ,ll;paHBepOB. 

Cne.n;yroI.IJ.HM Y3KHM MeCTOM JlBJI.HeTCg HaKOnHTeJlhHOe KOJlhn:O, B KOTOPOM HOHHhIH 

TOK orpaHH"IHBaeTCSI npoCTblM COOTHOmeHHeM [5]: 

I:f1tElpA(r3yi ILZ (l). 

3 
B (1) Ip= m pc /e - TOK AJlh«pBeaa JVll[ npoToHa (Ip= 3,1.107A), J3 - CKOPOCTh HOHOB B 

e)],HHHUax CKOPOCTH CBeTa, 'Y - peJlRTHBHCTCKHH <paKTOP HOHa (OTHomeHHe nonHOM 

3HeprHH HOHa K ::meprHH nOKO.SI), A - Macca HOHa B eAHHHUax MaCChI npOTOHa, Z 

3apAA HOHa (B e,LUiHHUax 3apSI)I,8 3J1eKTpOHa), IIpH HaKOIDIeHIDI HOHHOro TOKa B 

KOJlhUCBOM HaKOmfTeJle, E. - 3MHTI'aHC nytIKa npH B3aHMo):(eHCTBIDI C MlfmeHhlO (B 

CM.pa.n:.), L - ):(JIHHa HaKOmneJIhHoro KOJlbua (B CM). 

113 (1) CJle):(yeT, l.JTO eCJlH BLinOJIHeHO ycnoBHe 'Y > 1, TO HOHHhIH TOK C POCTOM 

3Hepnm HOHOB paCTeT KaK 1.(3aMeTHM, qTO B HepeJUlTHBHCTCKOM cnyqae, Korna 'Y 

$1 HOHHhIH TOK nponopUHOHaJIeH 3HeprHIf HOHOB I -- 132). TaK KaK YBenHl.JCHHC 

3HeprHH HOHa He )l,OJl)[(HO npHBO,lUITh K pocry nOTeHUHaJIa nHHeHHoro YCKopHTeml, 

TO Heo6xo)l,HMO YBenH'iHBaTh Ta[()[(e If 3J1eKTpHQeCKHH 3apMa HOHa. MaKCHMaJIhHaSI 

BeJlHl.JHHa 3J1eKTpJI1IeCKOrO 3ap.R):(8 HOBa orpaHHtIeH8 3aPSI)l.OM ero .R):(pa, TaK 'ITO 

http:3aPSI)l.OM
http:Cne.n;yroI.IJ.HM
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CJIe.lJ.yeT HaKanJlllBaTb roJIble lI.lJ.pa. npH HaKOflJIeHHH AAep ypaHa (U23S+9:!) c 

3HeprHeH 1,5 T3B (T.e. npH y = 7,72) H 3MHTTaHCOM € = 5.10-4 CMPa.u., H npH L = 

250 M H3 (1), nOJI)"IHM I = 3,6 KA. 3TOT cnytiaii COOTBeTCTsyeT nOTeHUHaJlY 

JIHHeHHoro YCKopHTeJI1I = 16,3 rB, He CJIHIIIKOM npeBLl1lI3lOlI(eMy npHIDIToe B 

paHHHX npoeKTax 3HaqeHHe lors [4,6], HO 3HaqHTeJIbHO 60JIee HH3Koe no 

cpaBHeHHlO co 100 rB, npHH1ITDIMH B 60JIee n03,lU1HX npoeKTax [2,3]. 

Ha pHc.1 .lJ.Jl1I R,D;ep BHCM-yTa npHBe,D;eHa q,YHKD;H1I A(E), n03BOJJJUOIUaR C nOMOlll.blO 

rrpocTOro nepeclfeTa paCCQHThIBaTb np06em no COOTHOllIeHHlO d = (83/zi E A-'(E) 

,lt1UI ,D;pyrHx HOHOB C 6JIH3KHMH napaMeTpaMH. HcnoJIb3YlI npHBe,JleHHLle )J.JJJI 

BHcMYTa Ha pHc.l )laHHbIe;onpe)leJIHM npo6er lI,uep ypaHa C 3HeprHeii 1500 r3B B 

~110 rCM-
2

, QTO npH flJIOTHOCTH BeIIJ;eCTBa norJIOTHTeIDI P = 20 rCM-
3 

)laeT ,llJIHHy 

MHllIeHH ~ 5,5 CM. 

~ rrOllHoro OnHCaHHR HOBoro ~aHBepa HYmHO 3~aTbCH 3HepmeH H 

MOlIUiOCThtO HOHHoro II)"IKa (rum HOHHbIX n:yqKOB), onpe,ueJIHTh KOTopble MO)I(HO 

HCXO,LVI H3 paCCQeTHbIX napaMe'I'pOB repMo~epHLlX MHllIeHeH. 

3.HcnOJlblOBaHBe JlpaHBepa .nJlB HHepQBaJlbHOrO TepMo~epHoro CHHTC1S 

KaK H3BeCTHO, CyIIJ;eCTByroT )lBa BHJ(a TepMOlI,n:epHhIX MHmeHeH: MHIlleHH 

nplIMOrO .n.eltcTBHSI, TaK Ha3LlBaeMLle npRMble MHllIeHH, H HenplIMhIe MHmeHH, T.e. 

MHIIleHH KOHBePTopbI, B KOTOPbIX npOHCXO~T 'I'paHCq,OPMaIUDI 3HeprnH HOHHOro 

nYQKa B WlrKoe pCHTreHOBCKoe H3.J:IYlIeHHe. 3cpq,eKTHBHOCTh npeo6pa3oBaHHJI 

3HeprnH HOHOB B 3Heprmo 3JIeK1pOMarHHTHOrO noJUI Onpe)leJIHeTC1I. y,n:eJIhHOH 

MOlll.HOCThtO HarpeBa KOHBePTopa. ,[(OCTaTOtJHO XOPOllIHH K03<»cpHlU1eHT 

TPaHct}>opMaUHH ~ 30% nonytiaeTC1I. upH y,ueJIhHOB MOIUHOCTH HarpeBa MIHlJeHH 

~104 TBT/r, a rrpH ~3.l04 TBT/r K03cp<»Hl(HeHT IpaHC<»OpMaD;HH ,D;OCTHraeT ~ 60% 

(7]. KOHeQHO, Ba)I(Ha H BeJlHqHHa 3aKJllOQeHHoij B MRrKOM peHTfeHe 3HeprHH. 

http:lI.lJ.pa
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nOJIara.R y.n.eJIhHYIO MOII.UIOCTh HarpeBa MHweHH ~3.l04 TBT/r H, pacc1.{"HTbIBWI Ha 

K034t4>HUHeHT TPaHc«popMa~HH 60% npH 3Hepnrn HarpeBa KORBepropa 100 M,lbK, 

IIOnyQHM BeJIHqHHY 3HeprHH B M.Rf'KOM peHTreHe ~ 60 M.,lVK. 

npH TaKHX IIapaMerpax HOHHhIX nyqKOB MOJKHO yaepeHHO paCCqHThIBaTb He 

TOJIbKO Ha 3WIGt:raHHe TepMOMepHoii MHWeHB, HO H Ha mpeHHe c .n.OCTaTOqHO 

BbICOKHM :;mepreTHqeCKHM BbIXO,llOM. 

B KaqeCTBe npHMepa MHllJeHH ITpHMoro .n;eHCTBHR HCnOJIb3yeM pe3YJIbTaTbI, 

IIo.nyqeHHble B [7] Ha OCROBe O,lJ,HOMepHoro paclie-ra MROrOCJlOHHOH 

UHJlHH.n.pH1!eCKOH TepMOJl,llepHOH MHmeHH, B KOTOpoii YCHJleRHe 3ReprIUI .n.OCTHrJIO 

25. B 3TOM pacqere, Ha CJKHMaJOmyIOCJI o6oJIollKY MHweRH, B03,lleiicTBOBaITH 1pH 

IIOCJle.n.OBaTeJ1bHbIX HMnyJlbCa TOKa cy-MMapHoi 3Heprnei BO Bcex -.:pex nyqKax 

100 M):(JK npH MaKCHMaITbHOH MOllJ,HOCTH 06.nyqeHHJI MHmeHH 7000 TBT. 

YlIHTbIBWI, liTO npoBe,lleHHble paClieTLI Hocn TIpH6JIHJKeHHblH xapaKTep, a 

norryqeHHbIe napaMeTpbl 06nyqeHH.H MHmeHH B ,llaJIbHeimeM MOryr 3aMeTHO 

H3MeHHTbCJI, ReT CMbICJla B TOliHOCTH nOAllep>KHBaTb rrpe,IJ)lO')J(eHHLIH 3aKOH 

06nyQeHfUI. I1cxo)l.Jl 0.3 3To.X coo5paxceHo.H, IIOJIOJKHM cyMMapHylO 3HepmlO BO 

Bcex nyqKaX 100 M,lVI< (3Ta 3HeprHJI COOTBeTCTBYeT qHcny Mep ypaHa 4.10 14
) , H 

COOTBeTCTByeT )lJlHTenbHoCTH HOHHom Toxa Ha BhIXO,l(e 0.3 nHHe.HHOI"'O YCKOpI1TeJl.R 

~ 0,07 ceK. MaKCHMaITbHylO MOmROCTb 06nyqeHIDI MHmeHH nonO)KHM paBRon 9000 

TBT, qTO COOTBeTCTByeT HOUR0MY' TOlC)' B K8')J(,lJ;OM nyqKe 270 KA. I1PH pa.ll.Hyce 

cIInowHon UHJlH,l(pIftfeCKOH MHllJeHo. 0,033 CM y.n;eJIbHaJI MOmHOCTb 05.rryqeHIDI 

)l,OCTHrHeT 2,4.104 
THT/r. ,L(nHTeJIbHOCTb 06rryqeHH.R MHmeHH COCTaBHT npH 3TOM 

5,5 HC. 

06JIYQeHHe MHmeHH MO')J(HO BeCTH JJ.ByMR paBHbIMH no 3HeprHH H MOmHOCTH 

IIyqK8MH C )lByx CTOpOH. npeJJ.IIOJlaraeTCJI TaK>Ke, liTO IIpH Heo6xo,l(HMOCTH 

06nYQaTb TOHKHe LUUIHH.ll.pHqecKHe 060JIOQKH MOlKRO BpaII{aTb HOHHble ny4KH C 

rpe6yeMbIM pa)(HyCOM OTHOCHTeJIbHO OCH MHWeHH 0. C ,l(OCTaroqHO BblCOKOH 

qaCTOTOH BpameHHJI -1 IT~. 

http:I1cxo)l.Jl
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4.JIHHeiiub1H YCKOPUTeJlb 

CxeMa nOCipOeHHlI JIHHeHHoro YCKOPHTeJI1I - OCHOBbI TlI)J(eJ(OHOHHOro 

)]'paHBepa MOJKeT Bblr~eTl.. cJle.n;yroIIUiM 06p830M. 

I10HbI U+2 
OT lIeTbIpCX HCTOIJHHKOS co Cpe,l:\HHM TOKOM OT Ka)J(,l:\Oro 20 MA 

YCKOPHIOTClI B t:feT~X <popHFDKeKTOpax C nOTeHl.l;HaJIOM 100 KB H ,l:\aJIee non8JJ.atOT 

B qeTblpe napaJIJlCJIhHbIX CeKI(HH JIHHeHHblX YCKOpHTeJIeH THUa RFQ (c 

rrOTeHllHaJIOM 200 MB), f.n.e OHH YCKOp1llOTClI )],0 3HCPI'HH 400 M3B, npH KOTOPOH 

HOHbI U+2 
MOJKHO nepe3apll)lHTb)],0 COCTOJIHIDI V 30

• I13-3a nOTcpH HHTeHCHBHOCTH 

rrp" nepe3ap1l.l{Ke HOHOB Ha TBCp.n.OH MHIllCHH npHMepHO B 6 p83 npH 

O)l;HoBpeMeHHoM YBCJIH'ieHHH 3ap1l.lJ.a HOHa B 15 p83 3JIeIITpHtleCKHH TOK B03pacTaeT 

B 2,5 pa3a H )],ocrnfHeT 50 MA B Ka>K,l1;OM KaHane. 3aTeM TOKH OT Bcex t:feTbIpCX 

KaRMOB C.K.lI3.,AhISaJOTClI B npoc-rpaHCTBe noncpClIHhJ}{ CTcnCHCH CB060)l;LI, TalC 'ITO 

rrOJlHblH CPC)].HHH TOlC )].OCTH.raCT 200 MA. I1PH 3TOH orrcpallHH rro-IIapHofo 

CJIOiKeHIDI HOHHblX rryqKOB HHBapHaHTHhIH 3MHTTaHC HOHHoro nyqKa 

YSCJIHqHsaeTcR npHMCpHO B 3 p83a H )l;OCTHraer SeJIHIIHHhl 10-4 CM.pa.u. 

u+30
CllCJI.YIDlll.HH :nan YSCJIHt:fCHIDI 3Hepnm HOHa )].0 28 r3B, t:fTO COOTBCTcTsyeT 

~ = 0,5, npOHCXO,llHT B )].Byx ce~H1IX JIHHeHHoro YCKOPHTeJIJI co CT8.H)lapTHoH 

CTJ>YKTypoH Anhsapella H C cYMMapHhIM nOTCHllHaJIOM ~ 440 MY. npH 3TOM 

rrpe.nrrOJIaraeTCR, lIre BTOpas. nepe3ap1I.lJ.Ka HOHOS OT 3apR.na +30 )l,0 3apll)l;a +91 

ocymeCTBnJleTCJI npH 3HeprHH BOHa ~ 6 GeV. TIPHHHM31I 3<pq,eKTHSHOCTh 3TOH 

orrepauHH ~ 0,15, nOJIyqHM HOHHbIH TOK nocJlc nepe3apJI)].KH ~ 90 MA nOCJlClIHHH 

:nan YCKopeHIDI .no 3HepnIH 1500 r3B oCYlll.eCTBJUlCTClI s csepXnpOBO.lJ.lILUHX 

.Rt:feHCTbIX pe30HaTopax C nOTe~aJIOM ll::I16,3 fB. j])IHHa scero YCKopHTeJIlI 

CKJIa.IlbISaCTCSI H3 200 M .lJ.JISI nepBoH qacTH THUa RFQ, 120 M .lJ.IDI BroPOH qaCTH 

THna Anhsapeua H 660 M .lJ.1lSI nOCJ1e)l;HeH qaCTH. TaKHM 06P330M, nOJlHruI ,llJIHHa 

JlHHeHHoro YClCopHTeJlSI coxpaTHJIaCb C 4 KM, KaK 3TO 6hIJlO s npoeKTe lffMC [4,6] 

.no 980 M T.e. B ~ 4 p83a, npH 3TOM iKCCTKOCTh HOUOB YMeHhWHJIaCh B 3,8 pa'3a,)].o 

http:nepe3apJI)].KH
http:nepe3ap1I.lJ.Ka
http:CllCJI.YIDlll.HH
http:TBCp.n.OH
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58 TM nponm 220 TM )UUI HOHOB Btl e 3HeprHeH 10 r3B. Bee 3TH H3MeHCHH.9 

npHBCJIYT K YMeHbmeHHIO CTOHMOCTH YCTaHOBKH B ~ 4 pa3a. 

Tax KaK MOmHOCTb HOHHOro nyqKa ::.:1 1500 MBT, TO, CJIe.n;OBaTeJlbHO, MOillHOCTb 

reHepaTopoB, nHTalOIIlHX Bt.{ cHcTeM)' mmeHHoro YCKOPHTeJ1JI, ,n;OJDKHa 6blTb He 

HH){(e 3000 MBT. 

)1,aIIee paccMo'IpHM cH.cTeM)' KOMllpeCCHH HOHHOro TOKa Ha BblXO)1,e 113 

JIHHeHHOro YCKOPHTeJUI B ~3.106 
p83 OT TOKa 90 MA )1;0 270 KA. 

s. KOMnpeccHH BORRoro ny1JK8 

TaK KaK rnlKOBoe 3HaqeHHe HOHHOro TOKa B HaxonHTeJIbHOM KOJIbue 

orpaHHqeHO BeJIHqJ{HoH 3,6 KA, TO COOTBeTCTByrom;ee 3HalleHHe cpe,n:Hero TOKa 

MO){(HO nOJIO){(HTb paoHblM 1,8 KA H TOf,n;a KOMnpeccHIO CJIe,n:yer rtpOlI3BO)lHTb B 

,n,Ba 3Tana:"nepBbdi 3Tan OT TOKa 90 MA )"(0 1.8 KA ocymeCTBJI.geTCJJ B 

HaKOITHTeJIbHOM KOJIb:u:e C K03q,.pHD:HeHTOM KOMnpeCCKH 20000. KOMllpeccHjj 

HOHHOro nyqKa B 150 p83 MO){(eT 6b1Tb 06eCneQeHa )l.OnOJIHHTeJIbHOH cHCTeMOH: 

C)KHMaromeH HOHHhIH nyqOK B npocTpaBCTBe npo,n,OJIbHoro )1;BIDKeHH.9. 

nOJIYQHTb Ko34>cpH:u:HeHT KOMlIpeCCHH TOKa -20000, OCTaB~Cb B paMKax 

TeopeMbl JIHYBHM, npaKTHQeCKH OlleHb CJIO){(HO, n03ToMY Heo6xo.ll.MMO 

HCnOJIb30BaTb HeJIHYBHJlHeBCxyro KOMlIpeCCHIO, KOTOPU MOJKeT 6MTb 

oCYIIleCTBJleHa aHaJIOrHllHO npOH3Be,ll;eHHOH pallee Ha ycnulOBKe TBH-HT3<I> [8]. 

[JlaBHoe OTJlIillHe OT paHee oeymecTBJIeHHoH B YCTaHOBKe TBH-HT3<I>, 

3aKJIIOliaerCJJ B HenpepbIBHocTH npo.uecca KOMnpeceHH. HenpepbIBHOCTb npouecca 

ynpomaeT 3a,ll;aqy, B qaCTHOCTH, H3-3a cOKpameHIDI BpeMeHH HaKOnJIeHH.Sl nO'iTH 

nOJIHOCTbIO YC1paH1leTCil 3cpq,eKT BH)'TPHnyqKoBoro pacceXIIH.9 [9]. Tax KaK 

HeJIHYBHJIHeBCKaJI KOMnpeccIDI MO){(eT IIMeTb 60JIbWHH KO~HI.{HeHT KOMflPCCCHH 

no cpaBHeHHIO C KOMIIpeccHeii B npocTpaHCTBe npO,ll;OJIbHoro ,ll;BIDKeHIDI, TO, .LJ.JDI 

http:HaKOnJIeHH.Sl


7 


MaKCHM8JIbHOrO cOICpameHHJI nepHMeTpa HaKOnHTeJIhHoro KOnbl;(a, HMeHHO ORa 

,lJ;OJDKHa 6bITb HCrrOnb30BaHa nepBoH. 

YpaBHeHHe 6aJIaHca )];JI.R lfHcna HaKonneHHbIX B KaMepe HOHOB 3a CliCIT pea.KU.HH 

rrepe3ap.Sl.llKH HOHOB U91 
+ B .R.lq>a {/2+ Ha nnoTHoii MBllIeHH H3 KaKoro-nH60 nenmro 

MaTepHana 3aIIHIDeM B BH.n;e: 

dI92 /dn = o(-e)mAt'SNoI91 - o(+e) T}"lmAt -
1NoI92 - On ,,-lmAI-INoI92 (2). 

B (2) BBe.n;eHbI 0603HaQeHHSJ: 

192 -HaKOnneHHbIii B KaMepe TOK JI,llep ypaHa; 

191 _HHlKeKTHpyeMbIH B KaMepy HaKOITHTeJ1.R TOK HOHOB ypaHa C 3ap.R.n;OM +91; 

No - lfHcno ABora.npo; 

At-aTOMHbIA Bec BeII(eCTBa nepe3aPMHOii MHWeHH; 

Ai -aTOMHbIH: Bec HCnOJIb3yeMoro HOHa; 

O(-e) - CeqeHHe rrepe3apa;n;m HOHOB U9
]+ B .R.llPO {f2+, npH 3HepmH 1,5 T3B OHO 

2pasHO 2.10-20 cm /aToM; 

o(+e) - CeqeHHe 06paTHoro npoIl,ecca no.n;xrulTa ::meKTpoHa, T.e. peaKUHH 

U92 
++e-+U91 

+ , npH 3HeprHR 1,5 T3B OHO paDHO 2.10-24 Cm2/aTOM; 

On - IIOJ1Hoe CeqeHHe BCex a;n;epHhIX peaJ<ll]fii; <In=7,4-(At3+Attl3-0,3f.1 0-26 

2Cm2/aTOM, B HarneM cnyqae A j = 209, A t =4 H an = 3,6.10-24 cm /aTOM. 


T)- '1ReJ10 06opoTOB nyqKa B KaMepe HaKOnHTeJ1.R, cOBepwaeMoe HOHaMH MeiK,lly 


,nByMSl nocJle,nosaTeJThHblMH nepecelfeHWlMH MHweHH. 


TaK KaK npH ycnoBHH dI92 /dn = 0 POCT TOKa npeIqlaw.aeTCJI, TO H3 (2) cne.n;YeT, 

liTO npe.n;eJlbHa.R BeJIH'lHHa KOMnpeCCHH TOKa - ~max onpe,neJ1.ReTCJl COOTHoweHHeM: 

/ 191 
;max = 192 =o(-e)T}/o(+e) + On (3). 

I1o,ncTaBJUUI B (3) 3HalleHHJI CelleHHH: rronyqHM ~max = 3,57_103 T}. fioJ1ara.R 11 = 20, 

nonylfHM ~max =7,14.104 
, liTO n03BOJDIeT npHHJITh e=2.104

• TaK KaIC .l{JIHHa 

HMnyJ1I"Ca TOKa Ra BbIXO)J,e H3 JIHHeiiHOro YCKOPHTeJI.R npu nOJlHOH ::mepnm B ny"lKe 

lOOM,lQK paBHa 2,1.104 KM, TO UP" ~=2.104 H YCJlOBHH, liTO KaJK.lUdH pal 

http:pea.KU.HH


8 


HaKannHBaeTCB TonLKO ~erB!pTaB ~aCTL nyqK~ ~1HHa HaKOnHTenbHoro Konbua 

MOJKeT 6bITb BblfipaHa paBHoH 250 M. 

B npolJ,ecce HaKouneHIDI HeH36e)J(Ha IIOTepJl ~aCTH nyqKa. 'lJacTb 6Y,IJ.eT 

rroTepHHa H3-3a B,ZJ;epHLIx maHMo)J.eHcTBHH C semecTBOM nepe3apB)J.HoH MHmeHH, 

TaK JKe 6Y~T nOTepBHLI KOHLI H3-3a nO.ZJ;XBaTa 3JIeK'IpOROB npH nepeceqCHHH 

2
MHmeHH. Ce~eHHe Bcex B)J.epHbIX maHMO)J.eHCTBHH O'n = 3,6.1 0.24 

cm /aTOM, a 

2
CeqeHHe TJO.[(XBaTa :)JIeKTpoHa 2.10.24 

cm /aTOM, TaK ~TO nOJIHoe CeqeHHe nOTepb 

2
COCTaBHT 5,6.10.24 

cm /aTOM, qrO npHBe.a:i5T K nOTepH qaCTH nyqKa 4,2 %. ECJUI 

MHllIeHb BLInonHeHa B BH)),e ra30BOH CTJ>YH H3 reJIIDI Tonm;HHOH ~1.10·3 r.CM·
2
, TO 

U 91 U92
3$$eKTHBHOCTb nepe3apB.llKH B )J.ocnrra.er 0,95, liTO .[(aeT 5 % 

AOnOJIHHTeJlbHbIX norepb. 

KaJK.llLIH HOH npH nepeceqeHHH MHllIeHH B KaMepe HaKOnHTeJIB repKeT 3Hepnno ~ 

1.1O·s ~1 0 M3B, COOTBeTCTBeHHO, 3a O,lJ.HH 06opoT TepBeMaB B cpe.[(HeM 3HeprHB B 

,,=20 pa3 Mem.me, T.e. ~ 0,5 M3B H KOMneHcaUIDI nOTepBHHoH 3HeprHH 

npoHCXO.[(HT Y>Ke npH nOTeHD;HaJIe Bq nOJIB ~12 ill. TaK KaK npH YBenHtIeHHH 

HOHRoro TOKa B npOI~ecce HaKOIIJIeHIDI paCTeT H MOIIUlOCTb HarpeBa nepe3apB.[(HoH 

MHmeHH OT Ha~anhHOH BenHlIHHbI ~ 0,5 KBT .[(0 MaKCHMYMa ~10 MBT, TO npoGJ1eMa 

oxna:>K,IJ,eHHB MHmeHH CTaHOBHTCB ,AOCTaTOl{HO CnOJKHOH, H, nO-BH,AHMOMY, 

nOlpe6yeTcR cep1J!3HaK HHlKenepHaB npopa60TKa KOHCTpYXUHH nepe38pB)J.HoH 

MHllIeHH. 3aMeTHM, ~TO, HecMOTpB Ha KOMneHCalJ,HIO nOTepBHHOH 3HeprHH, 

BeJIH'IHHa 3TOH :mepfHH MolKeT orpaHHtlHTh lIHCJIO B03MO)I{HhIX npoXOXC)J.eHHH 

ny'IKa qepe3 MHllIeHh - ~".l. ,lI,ellcTBHTenbHO, 

(4), 

r)J.e A - ,AOnycTHMaK }l,OJUI nOTepKHHoH Ha nepe3apB,lUIOH MHIlIeHU 3HeprHH nyqKa, 

m - Macca MHmeHH, a d - rrpo6er HOHa nOJlHOH 3HeprHH B BellleCTBe TOH )ICe 

2 2
IIJIOTHOCTH. 113 (4) CJIe~CT, 'LITO npH m = 1.10.3 

rCM· , d = 80 rCM· H A = 1%, 

AonYCTHMaR KOMnpeccIDI cocTaBHT~:::; 3,2.104
• 

http:J.ocnrra.er
http:5,6.10.24
http:6Y,IJ.eT
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IIpH K03q,qm:UHeHTe HemfYBHJIJIHeBCKOH KOMflpeCCIfH 2.104 
BeJllfllHHa 

nOTep.SlHHOH 3HeprHH B npou:ecce HaKOnJIeHIDI COCTaBHT 0,47 M.l{>K, a no 

OTHOUIeHHIO KO BceH HaKOnJleHHOH 3HeprHH 0,63 %. OKOHl.laTeJILHO, C yqCTOM 

nOTepH qaCTH nYI.IKa, ,IlOM nOTepmlHoii npM HeJlHYBHllJIIfeBCKOH KOMnpeCCHH 

3HeprHH COCTaBHT :::::110.2 %. 

3aMeTHM. qTO onTHKa HaKOllHTeJILHorO KOJIbua ,IlOJI~Ha 6hlTb nOCTpoeHa 

HCXO)l.SI R3 cneURQ>HKH nOCTaBJIeHHOH 3a,llatJH. B KOJlbu:e .ll.Oll)KHbI 6LITb n;Ba 

6e3,D;HCnepCHOHHhIX rrpOMe)l(yrKa, B O,lVIOM H3 KOTOPLIX pa3MeCTIITCH nepe3apR,llHIDI 

MHIIIeHL, H CHCTeMa Bq noJIX, KOTOPIDI Hy)KHa )l.IDI nO,lJJ.l;ep)I(aHIDI CTPYKTYphl 

HOHHoro nYQKa H ~ KOMneHcaUHH nOTepb 3HeprHIf npH nepeCeqeHHH 

nepe3ap.Sl,llHOH MHweHH. KpoMe TOro, B MeCTe paCnOJIOIKeHIDI nepe3apSI.llHOH 

MHUIeHH JlOJI~Ha 6hlTb pa3Mem;eHa llOKa3aHHa.SI Ha pHc.2 CHCTeMa, C03.ll.alOlUIDI 

nepeMeHHoe BO BpeMeHH OTKJIOHeHHe paBHOBeCHOH Op6HTLl (6aMn), HaJUlqHe 

KOToporo 06eCneqHBaeT llpoxo~eHHe HOHOB l.Iepe3 MHIIIeHb TOJlLKO Ha K~OM 11 

060pOTe nyqKa B KaMepe HaKOnHTeJIX [10]. HYiKHaJI q,opMa :noro OTKJIOHeHH.SI 

C03,llai!TC.SI 3a CQCT 6HeHHH, B03HHK8.lOmRX IIpH CJIO>KeHHH qeTHOH H Hel.lihHOH 

rapMOHWieCKHX COCTa.BJ'UIIOlll;HX. Ha PRC 2. 1111pHxrryHKTHpOM nOKa3aHa HeQe,.H8.SI 

COCTaBJUllOlUaJI B JIOKallbHOM OTKJIOHeHHH Op6HThl - cos(21tnlll)' nYHKTHpoM qCTHa.SI 

COCTaBJ1.S1IOmIDI - cos(4 'ltnlll), r,lle n 0603HaqaeT HOMep 06opOTa HOHHOro nyQKa B 

KaMepe HaKOllHTeJIJI. KpYJICKaMH nOKa3aHbI nOJIOIKeHIDI O,llHoro HOHHOro 6aHlfa 

OTHOCHTeJIbHO nepe3apAAHOH MHllIeHH B Teq:eHHH 20-TH nOCJIe.n,OBaTeJIbHblX 

06opoToB nyqKa. 

IlpH nepeCeqeHHR nepe3ap.Sl,llHOH MHIIIeHH HeH36e~Ho B03HHKaeT 

,IlonOJIHHTeJIhHbIH pas6poc HOHOB no 3HeprHH, IIpHBO,ll1llUHH K He 

KOMneHcRpyeMOMy pocry npo.n;OJlbHOro $a'30BOrO 06beMa, BeJIHqRHa KOToporo 

onpe.neJIJleT K03Q>$HU:HeHT KOMnpeCCHH, .n;OCTH~MhlH npH ,llaJIbHeHllleH 

KOMnpeCCHH HOHHoro rryqKa. <PJIYKTyauHH HOHH3allHOHHhlX nOTepb np" 

http:qCTHa.SI
http:HeQe,.H8.SI
http:C03,llai!TC.SI
http:OTKJIOHeHH.SI
http:llOKa3aHHa.SI
http:HCXO)l.SI
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nepecelleHHH MHWeHH npHBO,nJIT K pocry 3Hepre'fH1ieCKOrO pa36poca B Il)"lKe no 

cpopMyne: 

(5). 

JJ;rrSl MHweHH H3 m!rKoro Bell(ecTsa H3 (5) Hait)(i:SM O'E IE = 3,7.10-8(~1l-1)1f2. TIpH ~1l-

1=103
, rrOJI)'TIHM O'E/E =1,2.10-6. ITon:yqeHHaJI BeJIHIfilHa ,l'(HCnepCHH JlBJUteTCJI 

~OnyCTHMOH. ;:::J:eHCTBHTeJIbHO, nonaI1Ul, 1JTO p836poc no HMnyJIbCaM B Il)"lKe npH 

'I'paHcnoPTHpoBKe H CPOKYCHpOBKe Ha MHmell.l) He ,llOJI>KeH npeBblWaTh ±1.10-3 

HaH.1l.eM B03MO>KHYro Ben.aqmry K03cpqnnUieHTa KOMnpecClIH = 400~ rrpH 1'pe6yeMoH 

BeJIHlIHHe =150. 

BaxcHblM 3cpcpeKTOM, BJIIDIIOm;HM Ha BeJIwmay 3MHTI'aHCa HOHHOro n)'TIKa, 

SlBJIJleTCSl yrrpyroe pacceslHHe HOHOB npH rrepeCeqeHHH nepe38.pSlJl.HOH MHllIeHH. 

Pacnpe.1l.eneHHe HOHOB no yrJI8.M paccemHSl noene npoxoQeHHSI MHmeHH 6ml3Ko 

K HopManbHoMY pacnpe.1l.eneH~ co cpe.1l.HeKBa.1l.paT~ yrJIOM paccemHJI e, 
onpeneneHHblM'rro cpopMYJIe POCCH: 

e 15Zt (Ey1(IllIXo)il2) (6), 

r,lle'Xo - panHaU;HOHHruI WIlma MHmeBH, E - 3HepI'WI BOHa B e,llHHHU;ax M3B..I.:{JlSl 

yrnep0.1l.HOH MHllIeHH BeJIWnma Xo=42 r,cM-
2 

.ITO,llCTa:BmIll HamH napaMe'I'pbl B 

q,opMyny (6) nO.TJY'IHM e =1.10.7 pa.n;. nOCJIe ThICHtIeKpaTHoro npoxoQeHIDI )TOH 

MHmeHH Cpe.1l.HeKsa.n;paTHl-lHhIH yrOJI COCTaBHT 3,3.10-6 pan. 

OrclO)l,a CJIe.1l.yeT, lim npH,lJ;HaMe1'pe HOHHOro ll)'TIKa Ha nepe3apJl,ll,HOH MHlIJeHH 

paBHoM 2 CM, 3a ace BpeMH HaKOnneHHSI rrpoH30H,lleT npaKTHqeCKH He3WMeTHoe 

( ~ 1%) ysemllJeHHe 3MHTraHCa Il)"lKa. q,OKYcHpoBKa HOHBoro nytIKa C CP830BlJM 

06neMoM 5. 1 O""'CMPa.n; Ha MHIIIeHb na>Ke c paccToHHHSI ~ 8 M B llHTHO ,llHaMeTPoM l<::S 

0~066cM npe)J.cTaBJIJlercJl BnonHe pemaeMoH 3a.n;aQeii. 

KOMrrpeccHSI B rrpoc'I'paHCTBe npo.1l.0JILHOro ,lJ;BH>KeHHSI MO)KeT 6bITb 

OCYlllcCTBJIeHa flO OflHCaHHOMy' paHee MeTO,ny [2,3,11]. "KOMflpecCHSI nyllKa B 

npoc'I'paHCTBe npO.1l.OJlbHOrO .1l.BH:>KeHIDl rrOTpe6yeT H8.JIH1IIDI elUe napbl Koneu 

http:HaH.1l.eM
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TaKOro )l(e pa3Mepa, T.e. Konen; C nepHMeTJlOM B 250 M. B HTore nOJIHOe 1:.J:HCnO 

Konen: B BapHaHTe HaKOllJIeHHOH 3HeprHH 100 M)hK 6yneT paDHo 5. 3aMemM. 'iTO 

BeJIH'iHHa cpe,llHero MaI'HHTHoro nOlliI Ha op6HTe B Konhu,ax COCTaBJUleT 1,46 T, T.e. 

B nonTopa pa3a 601Il:.me, lJeM B 06hI1JHhlx npoTOHHhIX CHHXPOTpOHax, K TOMY iKe 

BMeCTO UHKJIH'ieCKHX MarHHTOB B 3THX KOJIhl'(ax HCnOJlh3yKlTcSI 60nee npocTble 

MarHHThl nOCTOSlHHoro nHTaHHSI. B cxeMe .n;pabepa .n;JUI ynpomeHHSI pHcYHKa 3 

nOKa3aHhl TOJIbKO .n;Ba H3 qeTI:dpex KOMnpeccHoHHhIX KOJIen:, TaK KaK 

npe,l{nOnaraeTCJI, "ITO OHH pa3MemeHLI nonapHO B )l.Syx KOJ1hI.{eBhIX 3aJIax. 

6.3sKJIIO'IeHHe 

TaKHM 06pa30M, Hcnonh30BaHHe JI,Zlep B TJDKenOHOHHhIX .n;paHBepax BMeCTO 

Man03apH.)lHblX HOHOB HMeeT Cyn::J;eCTBeHHble npeHMYmeCTBa: 

* Bo-nepOhIX, yseJIH'i.HoaeTCJI MOll(HOCTh o6nyqeHIDI MHIIIeHH; MOIJJ.HOCTb B 

KaJK,llOM ny'iKe )l.OCTHraeT 4500TBT, a npH o6nyqeHlHi KapaH.n;awHoH MHllIeHH 

)J)lHHOH 5,5cM C ,ZlHaMerpoM O,066cM JlBYM5I nyqKaMH C .llByx CTOPOH COCTaBHT 

9000TBT npH y.n;eJIbHOH MOIItHOCTH 2~4.1 04 
TBr/r. npH .ZlJ1HTeJI'bHOCTH 06nYQeHH,Sl 

5,5HC 3HeprOBJIOiKeHHe B MlillIeHb COCTaBHT 25 M}J;:>K OT K8.)I(,Zloro nyqKa, OT JlByX 

nyqKOB 50 M,ll>K, OT 1:.J:eTbIpex l00M.)VK. 

* BO-BTOPhlX, 06JTerQaeTCJI CaM npouecc YCKopeHHSI HOHOB, cYIuecTBeHHo, nO'iTH B 

4 pa3a, cOKpamaeTcSI MaCllITa6 )lpaiiBepa H, CJIe.n;OBaTeJIbHO, npHMepHo TaK JKe 

y6bIBaeT ero CTOHMOCTb; 

B-rpeTbHX, 3a C'ieT HCnOJIh30SaHHSl nepe3apHAKH HOHOB nOHBJTSleTCSI* 
B03MO)l(HOCTh HCnOJIh30BaUHSI He.IUIYBHJIJIHeBCKOro HaKOllJIeHHSI, 'ITO npHMepHO Ha 

4 nOpSI,l{Ka, YBenH'iHBaeT K03«P«PHUHeHT KOMnpeccHH roKa; 

* 60JIblllHM ,l{OCTOHHCTBOM paccMorpeHHoro .n;paHBepa 51BJU1eTCSI 3Haq}{TeJIbHO 

60JThillaSI YCTOH1:.J:HBOCT'b HaKOllJIeHHOrO IlY'iKa rOJIhlX JI,Zlep no cpaBHeHluo co 

cnyqaeM, KOf.n;a HaKaIIJIHBaIOTClI MaJI03apJl.ZlHble HOHbI. Oco6eHHo CHJIbHhIH 

http:601Il:.me
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BLIHIpbIUl HMeeT MeCTO no OTHomeHHIO K TaK .H83LIBaeMOH nepe3apSI):.(HOH 

ReyCTOHq]4BOCTH HHTeHCHBHbIX rryqKOB MaJI03apJl,l(HblX HOHo.B TIDKellbIX 3neMeHTOB 

(12]. 

rnaBHbIM He.n:OCTaTKo.M paCCMOTpeHHoro )J;paiiBepa SlBIDIeTCg 3Haq}{TenbH8JI 

aKTHB8UHH MHUleHH H3-38 H.n:epHldX npoU;ecCo.B, HA}'InHX B MHmeRH npH CTOJlb 

60JIbIIlHX 3HepmJlX Ho.HOB. ,l:(eHCTBHTenbHO, nonarwr an 3,5.10·24cM2 IIOJI~HM 

BeJIHQHHY H)J;epHOro npo6era B Bem;eCTBe dn=A/anNo=114 rcM-2 npaKTHtfeCKH 

paBHYID "To.PM03Ho.A" )J;JIHHe npo6era 110 rCM-2 
• 

fIO-BH.D:HMOMY, npH P8Ct{e-rax peanbHoro HarpeBa o60not{m MHweHH CJIe.uyeT 

npHIDITb BO BHHMaHHC 3cpcpeKTbI, CBJl3aHHbIe C QepHhIMH rrpoUecc8MH B MImICHH. 

K HC)J;OCTaTKaM paCCMo.TPeHHoro ,u;paBBepa CJIe)J;yeT TaIOICe OTHCCTH HaJIHtme 

cnmKHbIX CHCTeM nepe3apQKH HOHHbIX ~o.B. C ,u;pyroA CTo.poHbI, HMeHHO 

nepe3apH.D:Ka HOHOB B H,u;pa n03BOnJleT HaKannHBaTh 60nbDlHe To.m H nonyqaTb 

o.rpOMHble MOm;HOCTH 06nyqeHHH MHWeHeH npH coxpaHeHHH YMepeHHblx 

Mo.lUHOCTeH npH YCKopeHHH, tfTo. B CBOIO Olfepe)J;b TalOKe CHIDKaeT CTOHMo.CTb BceH 

YCTaHo.BKH. 

B 3aKJ1IOQeHHe aBTOp BbIpIDKaer 6narO,ll;apHOCTb COTPY,ll;HHKaM MT3<l> 

A.B.6apxy.n;ap'iHY H A.H.TaJIbI3HHy 3a nOMepiKKY IIpH paCtfeTax ,ll;HBaMHKH 

HaKOIIJIeHHSI HOHHbIX IIyqKOB H ocpoPMJIeBHH pe3YJIbTaTo.B. 
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PHc.2. OCIl.HJlJlHnBJI paBHOBeCROii op6BThI B MttTe paCnOJlO*eRHB 

nepelapSlllHOi MBmeHB. 

IX 

VII 

PHC.3 




I. qeThIpe HOHHhlX HCTOQHHKa IIpOH3BO,LUlII(HX nyqKH HOHOB U2
+ C TOKOM 20 MA C 

qaCTOTOH ~ O,Olrl( npH AITHTenbHOCTH HMnyJIbCa 70MC. 

II. tJeTbIpe naparrneJIbHLIe CeKQHH m:meHHLIX YCKopHTeJIeH THna RFQ KIDK,lJ,W1 C 

nOTeHn;HMOM 200MB. 

III. I1epBaJI qaCTh JIHHeHHOro YCKopHTeillI THna A.rrb:sapel( C nOTeHQHaJIOM 

~190MB. 

IV. BTOpaJI qacTh JIHHeiiHoro YCKOpHTeillI THIla ArrbBapen; C nOTeHIU1aJIOM 

~230MB. 

V. OCHOBHOH csepxrrpOBONIIIUlH JIHHeHHhIH YCKOPHTeJIh C nOTeHIl.HaJIOM 16,3rB. 

VI. HaKOnHTeJIhHOe KOJIhn;O .lJ)UI HeJl»yBHllilHeBCKoH KOMIIpecCHH HOHHoro TOKa. 

VII. I1poMe)K)'TO"lHruJ. ceKn;IDI JIHHeHHOro YCKopHTeIDI )l)JJI KOMnpeccHH ny"IKOB B 

nepBooH nape KOMnpeccHoHHbIX KOJIen; C aMllJUrry.n:oH Bq nOM ~20MB. 

VIII.TIepBWI napa KOMnpeccHoHHhlX KOJIel(. 

IX. fIpoMe:>KyToqHaJi ceKmm JlHHeHHOrO YCKopHTeIDI ,n:mI KOMnpeccHH nyqKOB BO 

BTOPOH nape KOMnpeCCHOHHhlX KOJIe:u; C aMIJJu:lT)'.n:oii Bq IIOIDI ~20MB. 

X. BTOPaJI napa KOMnpeccHoHHbIX Konel(, KOMllpeCCIDI B KOTOPLIX npoHcXOltHT B 

TeqeHHe ~2000006opOTOB, T.e. 3a ~ 16MHJIHceK. 

XI. )11160 O,lJ,Ha repMog,n:epHasJ MHUIeHb np.HMOrO ,IJ;eHCTBIDI~ JIH60 napa MHllleHeH 

KOHBepTepoB. 

IIo,XlnHcaHO K neqaTH 19.01.04 cf>opMaT 6Ox90 1/16 

Ycn. neq. n. 1,0 Yq.-H3,Xl. n. 0,7 THpa:lK 83 3aKa3 03-04 

lilmeKc 3649 

OmeqaTIlHO B MT3cf>, 117218, MOCKBa, B. lJepeMYlIIKHHCKWl 25. 


