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PaccMOTpeHa B03MOlKHOCTh nOJIY'IeIlIDl B3phtBt{aroTo BelI{ecma 

IIapaMerpaMH. YAe.n:LHOe 3HeproBhl,ZleJIeHHe B cyneprophtB'IaTICe aa rum;. nOpMKOB, a Y.IlenhHasJ 

MOIUHOCTh Ha ceMh nOPMKOB, rrpeBbIIII8lOT .IlOCTH:lKBM.bIe B 06Lf1lHbIX BB aa OCHOBe 

XHMHQecKHX coe)llfHeHHii. ilOK838H0. q'f() nOJIY'leHHe TaKOro BeIl(eCTBa B03MO)I{HO C 

ITOMOm&1O HHTeHCHBHbIX nyqKOB TiDKeJIbIX HOHOB. npOH3BO,ll;HMbIX MO~bJM YCKoplueneM­

HaKOnHTeJIeM HOBOro nma npHBe,ll;ena B03MO)l(HruI cxewa ITOCTpOeHIDI TaKoro YCKopHTeIDi­

HaKOIIHTeJlSI. 06cYX<.IUieTCa HCn0m.30BaHHe cynepB3pbIBlfaTKH AlUI ocyw:eCTBJ1etlHI 

HHepl.\Ha.JIbHOro TepMOJl)l;epHoro CHHTe3a H )J.JUI Hccne.n.oBaHHit B Ofi.n8CTH CPH3HKH BeJ::QecTBa c 

BblCOKOH nJIOTHOCTLIO 3Hepnm. 

SUPER-EXPLOSIVE, RECEPTION and USE. 

KOSHKAREV D.O. 

The possibility of getting an explosive with record parameters is considered. Specific energy 

output of this super-explosive exceeds on five orders, and specific power on seven orders, the 

same of usual chemical explosive. Shown that reception of such material is possible by means of 

intensive beams of heavy ions, produced by the new type of the powerful accelerator-storage 

ring. The possible scheme of such plant is given. The use of super-explosive for the inertial 

thermonuclear syntheses realization and for studies in the field of physics of matter with high 

density of energy is discussed. 

Puc.- 4, cnHCOK JIHT.- 15 HaRM. 
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Co BpeMeHH nOSlBJIeHHlI nepBbIX rry6JIHKauHH no HCnOJI.b30B3mIIO MOIIlHblX 

nyqKoB TSDKeJIblX HOHOB ,nIDI HarpeBa 060JIOQeK TepMO.SI,D;epHbIX MHllIeHeH [1] 

npOlllJTO nOttTH 30 JIeT. If Tor,na, Jl,a H B ,naJIbHeHmeM, npeJl,nOJTaranOCb, liTO 

MHllIeHb npeACTaBJIHeT C060R nOJIyIO ccpepy. npIi'lHIffiI',imSi TaKoro B&l6opa 

OqeBHJl,HbI - cq,epHtteCKruI MHlneH~' 06eCneQHBaet caMoe 34iqie:lcrHBHOe C>KaTHe 

J\eHTepHH l'pHTHeBOro TOnJIHB3. TeM He MeHee, B nOCJIeAHee BpeMJI CTaJIH 

nOJlBJUITbCSI pa60Thl [2,3], B KOTOPbIX 06Cy)K,nmoTCH B03MO>KHOCTH 

HCnOJIb.'30BaHHlI IJ.HJlHH)l.pHQeCKHX MHllleHeH ).\lUI TlI:>KeJIOHOHHOro TepM01lJl,epHOrO 

c·HHTe3a. B 3THX pa60Tax nOKa3aHO, liTO BllHJTHH)J;pHtteCKHX MHllIeH1lX B03MO)KeH 

38MeTHblR BblHrpblm B MOIIJ,HOCTH HOHHbIX rryttKOB, KOTOPLlH KOMneHcHpyeT 

npoHrpbIllI B reoMeTpHH. OJl,HaKO H3-3a )'BeJIH'IeHHH nOTeHIlHana YCKopHTeJIlI, 

06YCJIOBJIeHHOrO pOCTOM 3Hepnm HOHOB, npOHCXO,llHT He,norryCTHMldH POCT 

MaCllITa6a '[(paHBepa H, CJIet(OBaTeJIhHO, CTOHMOCTH BeeR YCTaHOBKH. B J\aHHoH 

pa60Te paccMaTpHBaeTC.sI npHHUHDHaJIbHO HOBIdlt nyTh nOCTpoeHluI 

TJI:>KeJIOHOHHOro .npaHBepa, npH KOTOPOM B nape C .QHJIHHJq>H'leCKoit MHIIJeHblO 

npoHcxOJ\IU' .He YBeJIJfqeHHe Macnrra6~' ,[(paHsepa, a CYlIlecTBeHHoe ero 

COKpalUeHHe, 'ITO D03BOJIHeT 3aMeTHO COKpaTHTh CTOHMOCTh BceR TepMOMepHOH 

YCTaHoBKH. 

2.HeKOTopble oomae COOTHOme~HJI 
YAeJIhH31I MOlllHOCTb o6nyqeHIDI HBIDleTCK rrapaMeTpOM, onpeJ\eIDlIOllJ,HM 

TeMnepaTYPY MHllieHeH. ).VuI ee HaxO)f(,l),eHIDI MO:>KHO HCDOJIh30BaTb 

COOTHOllleHHe: 

(l ). 

http:paccMaTpHBaeTC.sI
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B (l) 'Iepe3 Ps 0603Ha'tfeHa BeJIH'tfHHa y,n:eJIhHOii MOIllHOCTH (B TBT/r), U­

nOTeHUHaJI JIHHeHHoro YCKopRTeIDl (B rB), !-HOHHLdi TOlC nepe,n: MHmeHblO B 

O,n:HOM nyqKe (8 KA), n-'tfHCJIO o,n:HOBpeMeHHO 06nyqaro~ MHIIleHh :rryqKOB, d­

np06er HOHa B BelllecTBe MHllIeHH (8 ric,}), St p83Mep 06.ny'laeMOH nyt:IKaMH 

no~pXHOCTH MHIlleHH (B cm 
2
). 110IUfhIH TOlC MO)J(HO orrpe,n:eJIHTh Qepe3 npOCToe 

COOTHoweHHe [4]: 

(2). 

B (2) ~ -0603HaQaeT cKopocn. HOHOB B e,l{HBHItax CKOPOCTH CBeTa, Y -

peJIBTHBHcTcJ<IiIH q,aKTOp HOHa (OTIIomeHHe nOJIliOH 3Hepnrn HOHa K 3Hepnm 

nOlCoB), A - Macca HOHa B e,n:HHHUax MaCCbI npOToHa, Zt - 3ap~ HOHa npH 

,n:BmKeHHH HOHa K MHIlIeHH (B e.LI.HHHIlax 3apjJ.lJ:a 3JIeKTpOHa), Sb -Ce'leHHe nyqKa 

2
npH B3aHMo,n:eHCTBHH C MHWeHhlO (0 CM ). 

ITpo6er HOHa B BellleCTBe nOrJIOTHTeIDl MHIlleHH MOXCHO onpe,n:eJIHTb H3 

ypaBHeHlUl: 

(3). 

B (3) Qepe3 E 0603Ha'ieHa lCHHe'fHlIeCKWI 3Hepl'IDl HOHa pasHU UeZac ,r,n:e e­

3ap~ 3JIeKTpOHa, eZac - 3ap~ HOHa npH YClCopeHHH, eZo - 3ap.s.n: Sl,lJ.pa 

HaJIeTalOllJ,erO HOHR, K03«p«PRl.lHeHT k\E) H3MepSleMhIH B r3BcM
2 
r-

l
• 3aBHCHMOCTh 

«PYHKD;HH k(E) = k*(E)Zo ·2 OT 3HepmH HOHa ,lVlll,n:BYX P83JlH'1HhlX IlOrJIOTHTeJIeH 

H3 6epHJIJIHlI H H3 30JIOTa nOKaJaHa Ha pRc.I. KOM6HHHpYSl COOTHOllleHHH (1), (2) 

H (3) nOJl)'l.JaeM BbIpalKeHHe)l.llll Ps B BRJ{e: 

Ps~AnkSbZo 2(\3y)3/StZaeZt (4) . 

.lJ;anee cpaBHHM o6.nyqeHUe.ltByx pa:3JIHllHbIX MHmeHeB H306pameHHhIx Ha pRC.} a 

H 16 - noJIYlO c.pepy, C BHeWHHM P3.nHYCOM = 0,05 CM, H cnnoillHoii nHJIHH.llp 

TaKOrO xce pa.zlHYca. TIorpe6yeM, QTofihI' BeJIR'Imw: y.n;eJIbHLIX MOllJ,HOCTeH B 

o6oHX CJIyqaSIX 6hI'JUI 6bl paBHldMH, T.e.: 

(5). 

http:Sl,lJ.pa
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npH CpaBHeHHHY'ITeM, '1TO,llJISi CcpepLI Sl= 4nR2, Sb= nR2
, y ~1, n ~ 4, f32~ 10-1 

npH Macce HOHa ~ 209, Zo= 83 (BHCMyr) JHeprHSI HOHa ~10 r3B H k ::::: 35 

2
r3BcM r-'(pHc.l). 3apAA HOHa npH YCKopeHHH, KOMnpeccHH H 1'paHcnopnlpoBKe 

ny'lKoB Ha MHIlIeHb nOJIO)KHM paBHhIM e.lUlHHue, T.e. Zac=l Ii Zt=l. . 

CooTBeTcTBeHHo, )l.JlJC U;HJIHH,D;pa A = 209 (Zo = 83, Zac= Zi= 82, k ~ 10 rJBCM
2r­

I(CM. pUC. 1), ·f3~1, "f »1, n = 2, St = 1tR2
, Sb= 1tR2. nO,lJ;CTa.BJIJl.SI nonyqeHHhIe 

no.rry'lHM, 'ITO YCJIOBHe (5) BLIn01IUSIeTCSI npH y ~ 6,8. 

CJIe)1,OBaTeJ1LHO, JHeprHSI HOHa BHcM)'Ta )1,OJliKHa 6hITL ;;::: 1T3B npH nOTeHUHaJ1e 

YCKopHTeJUI;;::: 12rB. 

vlTaK, MhI BH)1,HM, ~:::TO HCnOJIb30BaHHe TII)KeJIbIX HOHOB peJUlTHBHCTCKHX 3HeprnM 

Ii ,D;JIHHHbIX UHJIHH.lIpWiecKHx MHIlIeHeH 06eCne'IHsaeT ,D;OCTIDICeHHe napaMeTJ>OB 

Harpeaa BeIIJ;eCTB8 MHweHeH )1,0 YPOBHSI cBoHCTBeHHoro I1THC, KOr):la 

HCnOJIb30B8JlHCb TlIlKeJIhIe MaJ103apll.lUibIc Homi'HepengTHBHCTCKHX 3HeprHH (y ~ 

1) [1,2,3]. tIpWieM nOTeHUHaJI JIHHeHHOro YCKopHTeJIg B JTOM c.rryqae (~12 rB) 

npaKTHQeCKH MaJIO OTJ1HQaeTCSI OT nOTeHIJ;liaJI8 (11:;10 rB) OnTHMaJ1LHOrO llng 

cq,epH'IeCKOH MHlIleHII, KOr)1,a HCnO;tb3yroTC.H T.HlKeJIbIe HOHbI MHHHMaJIbHOH 

3apSI,1lHOCTH. O,1lHaKO H3-3a poeTa 3apR)1,a II, CJIe.llOBaTeJILHO, YBeJIHtleHHSI 

OTHOlIleHHR 3apR)1,a HOHa K ero Macce, noctpOelme COOTBeTCTByrolllero 

JIHHeHHOro YCKopHTeJUl If· .lJ.PaHBepa B· iJ;eJIOM OKa3blBaeTC.H 3Ha'UiTeJIbHO 60Jlee 

npocTLIM )1,eJ10M. .~ onpe.n;eneHHR OCHOBHbIX napaMe1'poB npe)J.JIaraeMOH 

YCTaHoBKH paCCMOTpHM B03MOlKHhIe cu;eHapHH npHMeHeHH1I ee )l.JlJC pelIleHHR 

np06neM HHepUHaJIbHoro TepMoMepHoro cHHTe3a. 

3.Hcn0J1blOBaHHe ApaHBepa AJlD HHepQH8J1bBOrO TepMoJiJ(epHoro CRRTela 

KaK· H3BeCTHO, cymeCTByroT )1,Ba BH)1,a TepMOAAep~ MHweHeH: MHIlleHH 

rrpJlMOrO .neHCTBHSI, TaK Ha3hlBaeMhIe npSIMble MlfmeHH, H Henpa:MhIe MHmeHli, T.e. 

MHmeHH KOHBepTopbI, B KOTOPbIX npOHCXO,I{HT tpaHCq,OPM8IJ;HR '.meprHH HOHHOro 

nYQKa B MJlrKOe peHTreHOBCKoe H3JIyqeHHe. 3cpq,eKTHBHOCTb rrpe06pa30BaHHSI 

http:nO,lJ;CTa.BJIJl.SI
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JHeprHH HOHOB B JHeprFOO JneKTpOMarHHTHoro nOnH Onpe~engeTCR y~enLHoH 

MOllUiOCThlO Harpesa KOHBepTOpa. ,l{ocTaTOq}{O XOpOmHH K03cpcpHUHeHT 

TpaHCQ>OpMaUHH ~ 30% no.nyqaeTcJI npH y~enbHoH MO~HOCTH HarpeBa MBllleHH 

~104 TBT/r, a npB ~3.104 TBT/r K03q,q,Hf.U{eHT TpaHcCPOPMauHH ~OCTIrraeT ~ 60% 

[5]. !{oHe1JHO, BIDKHa B BenWIHHa 33.KJIIO"IIeHHOH B MJlrKOM peHTreHe 3HeprHH. 

.ITonaraR y~enbH)'IO MOlIJ.HOCTh Harpeaa MBmeHH ~10
4 

mT/r H, pacc1JHTldBaR Ha 

K03cpcpUUHeHT 'IpaHccpopMauHH 30% npH 3HepfHH HarpeBa KOHBepTopa 80 M,lhK, 

nony1JHM BeJIH1JHHY 3HeprHH B MJlrKOM peHTreHe ~ 24 M,[(:>K. 

fiPM TaKHX rrapaMeTpax HOHHbIX ny"IiKOB MO)KHO yaepeHHO paCC"IIHThIBaTb He 

TOJILKO Ha 3a)l(UraHHe TepMOJl~epHOii MumeHH, HO H Ha ropeHHe C ~OCTaTOl.{HO 

BbICOKHM 3HepreTH"IIeCKHM BbIXO,ll,OM. 

B KalJeCTBe npHMepa MuweHH npaMoro ~eHCTBHJI HcnonL3yeM pe3ynLTaTbI, 

nOJlyqeHHbIe B [5] Ha OCHOBe O~HOMepHoro pacqtha MHoroCJlOHHOa 

UHnHH~pH1JeCKOa TcpMOAAepHOH MHIlleHH, B KOTopoii YCHJIeHHe 3HeprHH ~OCTHrno 

25. B 3TOM paC"IIeTe, Ha C)I(HMaIOlI()'IOCIl o6ono"llKY MumeHH, B03~e:HCTBOBanM rpM 

nOCJIC~OBaTCJIbHbIX HMnyJIbCa TOKa CYMMapHOH 3HeprHeii BO BCex Tpex IIyqKax ­

100 M,l{x< npH MaKCHMaJILHOH MOlUHOCTIl o6nyqeHHJI MumeHH 2550 TBT. 

Y -iHTbIBaR, liTO upoBc,n;eIiHLIe pacqerbI HocaT npH6JlB:)Id~HHLm xapaKTep, a 

nOJIyqeHHbIe napaMeTpbI 06nyqeHHJI MHmeHH B ,n;anbHeHmeM MOryT 3aMCTHO 

H3MeHHTbC.H, HeT CMblcna B ro"llHOCTH nOMep)l(UBaTh npeMO:>KeHHbIH 3aKOH 

06nyqeHHJI. 	 I1CXO;lJ.JI H3 3THX coo6palKeHHil, I10JIO>KHM cYMMapH)'IO :meprHIO DO 

14
Bcex nYlJKaX 80M):{xc, 3Ta 3Hepf'IDI COOTBeTCTBYeT 'qucny a,n;ep BHcM}'Ta 4,8.10 , 

H )l,JlHTeJlbHOCTH BOHHOro TOKa Ha BbIXo~e B3 nHHeiffioro YCKopHTeml ~ 0,08ceK. 

MaKCHMaJIbHyro MOI.QHOCTb 06nyqcHUJl MumeHH I10nmKHM paBHoM 5200 TBT, lfTO 

COOTBeTCTBYeT HOHHOM}' TOKY B Ka:>K~OM nyqKe 217KA. 

npo6er HOHa BHCMYTa C 3Hepmeil 1000 r3B B Mmnen H3 IUIOTHoro BemeCTBa pa:seH 100 
3

I'CM·
2 (PHc.2) H npH IlJIOTHOCTH BeU{ecTBa nOrJIOTHTeIDI P = 20 r.cM· Jl}IHHa MHWeHH 

COCTaBHT 5 CM. ITPH p~Hyce crnIomHoil mutHa,npH'IeCKofi: MHmeBH O,033cM y,lleJIbHWI 

http:I1CXO;lJ.JI
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MomHOCTb06JIyqeHIDI .n:ocTHrHeT 1,5.104 
TBTIr, a ,llJIHTe.JTl>HOCTb 06JIY'IeHH.II MHllieHH COCTaBHT 

7.7 HC. 06JIYQeHHe MHIDeHH MO)KHO BecTH ,[(B}'M.II paBHhIMH no 3Hepnm H MomHOCTH nyqKaMH 

C.1lByx CTOpOH. Ilpe,lUlonaI'aeTcR. ~ IIpH o6JIY'Iemm TOHKHX llHJIHH,l:(J)K'leCKBX o60JlOQeK. llJUI 

o6ecneQeHH$I UHJlHH)lpK"ieCKOH CHMMeTpHH 06JIyqeHHJI, HOHllliIe rryqKH BpamaIOTC.II C 

Tpe6yeMhlM P8.lUiYCOM OTHOCHTeJIDHO OCH MHWeHH H C .n:OCTaTOlIHO BhlCOKOH QaCTOTOH 

BparueHHJI -1 ffu. 

4.TR2IreJ10HOBRLIi JlpaiiBep 

CxeMa IIOCTpoemul JIHHeHHOro YCKOpHTeIDI - OCHOBLI TSDKeJIOHORHOro 

.n;paHBepa MO>KeT Bhll'JUI,lJ;eTL CJIe,n:yIOIl(HM 06Pa30M. 

HORbI Bt2 OT qeTblpex HCroqHHKOB co cpe,n:HHM TOKOM OT KIDKJ(oro 20 MA 

YCKOPSIIOTCSI B lieTLlpex cPopHH>KeKTOpax C nOTeHIl,HMOM 100 KB H )lalJee 

IIOna)l.alOT B lieTLlpe napanJleJIbHhIX CeKll,HH JIlfHeHHbIx YCKopHTeJleii: nma RFQ (c 

nOTeRII.HaJIOM 200 MB), r,n:e OHH YCKOPHIOTCJI ,ll0 3RepfHH 400 M3B, np" 

Koropoii: HOHbl Bt2 MOJKHO nepe3apH,lUITL ,n:o COCTOSIHIDI Bi
HO

• H3-3a nOTepH 

HHTeHCHBROCTH npH nepe3apH,llKe HOHOB Ha T-sep,nOH MHmeHH IIpHMepHo B 6 pal 

npu O)l.HOBpeMeHHOM yBeJIH~eHHH 3apSIJla HOHa B 15 p83 3JIeKTpHqeCKHH TOK 

B03paCTaeT B 2,5 pala H ,n:OCTHrHeT 50 MA B Ka>K.o.OM KaHane. 3aTeM TOKH OT Bcex 

'lIeTblpex KaHMOB CKJla.nbIB8IOTCH B npocrpaHCTBe nonepellHbIX CTeneHeii: 

CB060)l.LI, TaK qTO DOJIHblH cpe)UIlfH TOK ,l{OCTHraeT 200 MA. TlpH :nOH onepaUHH 

no-napHoro ;CJIO>KeHIDI HOHHbIX II)"IKOB HHBapHaHTHbIH 3MHTIaHC HOHHOro ny~Ka 

YBeJIH'lIHBaeTcH npHMepHO B 3 pa3a If ,n:OCTHraeT BenlflIHHbI IMM.MHJIHPaJI.. 

3
CJ1e.nYlOlllHH TIan yseJI~eHIDI 3HepmH HOHa Bt °.n0 25 r3B, liTO 

COOTBeTcTByeT J3=:0;5, rrpoHCXO.n;HT B ,nByx CeKQIDIX nHHeHHoro YCKopHTeml co 

CTaH,n:apTHoH CrpYIrIYP0H AllbBapeu.a H C cYMMapHf>lMnOTeHlUIaJIOM i:t 420 MR. 

ilpH 3TOM npe)lJIOnaraeTCSI, 'liTO BTOPaSI nepe3apH)l.Ka HOHOS OT 3apSI.n;a +30 llO 

3apSI)la +82 ocyw,ecTBJISIeTC.R IlpH 3HepmH HOHa :::: 6 r3B. ilPHHHMaJI 

3«p«peKTHBHOCTL :nOH Onep3.l{HH 0,16 nonY1:JHM HOHHhIii: TOK Ilocne nepelap1fllKH 

~ 87 MA ilOCJIe}l.HHH 3T3O YCKOpeHHSI llO .:mepnm 1000 r3B oCYlU,eCTBJISleTCSI B 

cBepXnpOBO.l1:JllllUX SIqeHCTblX pe30HaTopax c nOTeHQHaJIOM j:tj12 rE. 3aMeTl1M, 

http:nepe3apH)l.Ka
http:CB060)l.LI
http:Ka>K.o.OM
http:BpamaIOTC.II
http:06JIY'IeHH.II
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'iTO nOJIHasJ. AIIHHa Bcero YCKopHTeIDI COCTaBHT ::=800M, KOTopbIe CKJla,nhIBaIOTCSI 

H3 200 M ,n;IDI IIepBOH qaCTH THna RFQ, 120M,n;IDI BTOPOH lJaCTH THna A.J:u.Bapeua 

H 480 M ,n;IDI noc.ne,AHeH 'iacm. TaKHM 06pa3oM, nOJlHaH ,IUlHHa YCKopHTenSi 

cOKPaTHJlaCb C 4 KM, KaK .no 6hIJlO B npoeKTe If111C [6,7] B 5 P83, a C yqeToM 

TOfi'), qTO >KeCTKOCTb HOHOB YMeHbWHJJac:& n01JTH B 4,4 pa38 (,n;o 50 TM npOTHB 

220 TM .Il1I1 HOHOB Btl C 3Hepmeii 10 f3B). Bce 3TH OCJIa6JIeHHSI npHBeJlyT K 

YMeHbllleHI1JO CTOHMOCTH TaKOH YCTaHOBKH K.aK MHHHMYM B 5 pal. 3aMeTHM, qTO 

MOlI{HOCTh HORHOro ll)"IKa npH YCKopeHHH OKa3hIBaeTCJJ cpaBHHTeJIhHO 

He60JIbmOH ::= 1050 MBT• 

.!lanee paccMo1pHM CHCTeMY KOMnpeccHH HOHHOfO TOKa Ha BbIXO.lle H3 

JIHHeHHoro YCKopHTeIDI B 2,5.106 
pal OT TOKa 87 MA .no 217 KA. 

5. KOMnp~cHH HOHROI'O ny'lKa 

TaK KaK HeJIHYBHJlHeBCKaH KO.MIIpCCCIDI MoX(eT HMeT:& 60JI:&WHH K03q,q,HI.tHeHT 

KOMnpeccHIoI no cpaBHeHHlO C KOMnpeccHeii B np<)C1'paHCTBe npo,n;OJI:&HOfO 

,n;BHiKeHHSI, TO HMeHHO OHa ,n;OJDKHa 6:&IT:& HCnOJIh30BaHa nepBoH. B HaweM cnyqae 

HeJlHYBHlIHeBCKaH KOMnpecCHJJ MO:>KeT 6LlTh OCYlllecTBJIeHa C nOMOlll:&1O 

83
nepe3apJlJJ.KH HOHOR Bi81 

+ B JI,n;pa Bi + Ha IDIOTHOH MUmeRH H3 KaKoro-JIH60 

JIerKOrO MaTepHaJla, aaaJIOf'HlfHO npoH3Be)leHHOH pauee ua YCTauoBKe TBH-I1T3Q> 

[8]. fnaBHoe ee OTJlW:lHe OT panee ocYlllecTBJleHHOH B YCTaHoBKe TBH-HT3Q>, 

3aKJllOqaeTC,. B HenpephIBHOCTH npoI.tecca KOMnpeccHH. HenpephIBHOCTb npouecca 

ynpolllaeT 3a.,fla'IY, B qaCTHOCTH, H3-3a cOKpam;eHHJI BpeMeHH HaKOI1JIeHIDI nOqTH 

nOJlHOCTblO YC1p8HJIeTCJl34J:lcpeKT BHYTPHDyqKOBOro pacce.a:HHJJ [9]. 

B (6) Ip = /e TOK A.nLq,BeHa,IUlJl npoTOHa (Ip= 3~1.107A), € 3MHTTaHC nyltKa 

B HaKOnHTeJIhHOM KOJlhu,e MaKCHMaJIhHOe 3HaqeHHe HOHHOro TOKa 

orpaHMQHBaeTCSI npoCThIM COOTHOmeHHeM: 

I ;!i;1t€IpA(~'Yi ILZ (6). 

3
m pc ­

npM HaKonneHHH (s CM.pa.,fl.), L - )lJIHHa HaKOIIHTeJlbHoro KOJIbI(a (B CM). nOJIaraSi B 

q,oPMYJIe (6) € = 7.l0-4CM•pa.,fl, L = 300 M, nOJIY1:fHM I = 1,74 KA, liTO ,neJIaeT 

http:nepe3apJlJJ.KH
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B03MC)KHbIM HaKCllHTb 20 .M,AJK 3Hepf'HH npH YCJlCBHH, lITO. HeJlHYBHJlHeBcKoe 

HaKCIIneHHe 06ecne"lHBaeT KOMnpeccmo HCHHCrC nyqKa B: 20000 pa3. 

YpaBHeHHe 6aJIaHca A1lJI qH,CJIa HaKCIUleHHblX B KaMepe MCHCB 38.llHmeM B BH,ne: 

dIs3 /dn = 0(_e)mA,"lNoI82 - o(+e) 1')~lrnAt·1NoI83 - On 1')-lmAt·lNoT~3 (7). 

B (7) BBeJt~HbI 06p3HaQeHIDI: 

183-HaKQllJleHHbI~.B· KaMepe TCK JI,nep BHCMYTa; ., : . 

182 
_ HH)KeKT.HpyeMbIH B KaMepy HaKCnHTeJlJI TCK HCBoa BHCMYTa c ·3apJl.IlCM SZrl-;. 

No - "IHCJlC ABOra,npo; 

At-aTOMHbIH Bec BemeCTBa nepe3apJI,nHCH MHmeHH; 

.Ai -aTCMapdi BeC HCIIOJlb.'lye~cro HCBa; 

'!(-e) - ceqeHHe nepc38pJl)lKH HCHCB Bi
82

+ B JI)lPC B~83+, flPH 3RepmH 1T3B CHC 

2
paBHc 2.10·2o

cm /aTcM; 

o(;-e) - CeqeHHe c6paTHcro npon:ecca nQ,wcBaTa 3neK1pOHa, T.e. peaKl{HH 

2Bi83++e~Bi82+ , npR 3HeprHH 1 T3B CHOPaBHC 2.10-24 
Cm /aTCM; 


l13

On - nQJIHoe CeqeHHe acex JI,nepHhIX pe8KIJ,HH; O"n=7,4.(Aj +A/

3-0,3?.lO·26 

2 2
crn /aTcM, a HameM cJIyqae A j =.209, At= 4 H On;;:::;; 3,6.10.24 

cm /aTCM. 

11-· QRCJlC o6opoTQB rrytIKa B KaMepe H8KCIIHTeJ1JI, ccaepmaeMce Me>K.llY ,nayMJI 

nocne,nCBaTenLHbIMH nepeceqeHIDIMH MHmeHH. 

TaK KaK npH YCJ]CBHH dI83 /dn= 0 POCT TOKa rrpeKpam8e-rCJI, TO. H3 (7) 

CJIe.LlYeT, qTQ npe.lleJIbHaJI BeJJHlIHij'a KOMnpecCHH TOKa - ~maxonpe.neJlJIeTCJI 

COOTHcmeHlfeM: 

(8).. 

I1c,nCTaBJIJIJI B (~) 3HaqeHmI CeqeHHH nCJIytlHM '~max=: J,57.103
,1');. IIcnarWi "'= 

20, nCJJyqHM ~max =7,14.104 
, "ITO. nQ3BOJUleT npHHSIT:b: ~=2.1 o~. TaK KaK .ZlJIHHa 

HMnYJIhCa TCKa Ha BbIxc,ne 1f3 JIlfHeHHcro YCKCpHTeJIJI pasHa 2,4.104 
KM, TO npH 

~;;;;;;2.1 04 
If YCJICBHH, liTO. KalK,ZUdH pa3 H8KallJlHBaeTCJl TCJILKO lftrrBep1'b nyqKa, 

,nJIHHa HaKCnHTeJ1LHOro. KCJ1Ll{a MO>KeT 6bl:Tb )'MeHbmeHa ,no 300 M. 

http:3,6.10.24
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B npouecee HaJ(onnelUUl HeH36ellCHa nOTepJI 1i8CTH n:ytIKa. 'tJaCT& 6Y.l1.eT 

narepJlHa H3-38 .s.n;epHIdX B3am.t:o,neitCTBHit C Bew;eCTBOM nepe38PJl.l1.HO~ MHweHH; 

TalC )ICe 6yAYT norepJlHhl HOHbl H3-38. nO,lV(B8T8 3JleKTpOHOBnpH nepeceqeHHH 

2
MHmeHH. Ce"leHHe Bcex .sI,llepHLIX B3aHMO,AeiieTBHii O'n = 3,6.10·24

cm /aroM, a 

1
ce"leHHe nO.lV{B8.Ta 3JleICIpOHa 2.10.24 

cm /aTOM7 T8.IC 'lJTO nOJIHoe ce'leHHe norepb 

2
COCTaBHT 5,6.10-24 

cm /aTOM, 'ITO npHBe,n;ST K ncrepH 'loom nyqK8 =4,2%. EcnH 

MHIIleHbBIdnOJlHeHa B BH).te ra30BOit C'fPYH H3 reJIHJI TOJIIIUUloli II1II1.10.3 r.CM- , TO 

Bil33cpcpeKTHBHOCTh I1epe38pJI).'(IGI Bi82 B ,n;ocmraer 0,95, 'ITO npIiBOJ(HT K 

,n;onOJlHHTeJlbHhlM norePJIM 5%. 

K8)J(,llhIH HOH npH nepece"leHHH NHmeHH B KaMepe H8KOIlHTeJUl TepJleT 3Hepnuo 

~ 1.1 O·s ~10 M3B, COOTBeTCTBeHHO, 3a O,AHH o6opoT rep"eMu B cpe,ll;HeM 3HeprHJI 

B 1')=20 pal MeHbme, T.e. r:d 0,5 M3B H KOMneHC3UH)I nOTepJlHHoil 3HeprHH 

npoHcXO.IUlT }')ICe upH OOTe1lllH8JIe Bt{ nOJIJI ~12 KB. TaB: KaK upH YBe.ll.H':IeHHU 

HOlmoro Tmca B nPouecce B8.lCOllJleHHSI pacT!i' H MOIUHOCTL HarpeBa 

I1epe3apAAHOH MUlieHH OT HaQ8JILBOH BeJlHIIHHhl ~ 0,5 KBT .no MaKcHMYMa ~1 0 

:MBT, TO npOOJleMa OXJIa)l(.AeHIDI MHIlleHH CTaHOBHTCJI )lOCTaTQ"lHO CJlollCHoii, H, 

no-BH)J.HMOMY, I101'pe6YeTCJI cepLi.bHaJI HH)I(eHepHaJI upopa6oTlca KOBCTpYKUHH 

nepe38pJl)lHoA MmneBH. 3aMeTHM, 1fiO,'HecMOTI1Jl Ha KOMlleHcaumo nOTepJlHHoit 

3HepmH, Be!IlAHHa 3TOii 3Hepnm MO)ICeT oIpftHH:1BI'Tl. lIHCJlO B03MO)ICHbIX 

npoxoiK;leHHH rryqK3 Qepe3 MHllIeHL - '~1').1 • J.{eHCTBHTeJIbHO, 

. (9), 

. r.ne A - )lonyCTHMaJI )lOJIJI nOTepHHHoii Ha nepe38p".ltHoH MHmeHH 3HeprHH 

nyt.{Ka, m Macca MBlDeHH, a d - npo6er HOHa nOJIHOH 3Hepnnl B Bew;eCTBe TOH 

2 2)ICe IDIOTHOCm. Ib (9) CJIenyeT, qro npR m =1.10-3 r.CM- , d = 80 r.cM· H A= 1%, 

)lOnyCTHM8JI KOMnpeccHSl COCTaBHT ; ~ 3,2.104
• 

IIpH K03tPcpHUHeHTe HeJIH)'BRllJlIfeOCKOii KOMnpecCHH 2.104 
&eJlH\fBHa 

norepJlHHOH 3HeprHII B TeqeHHe npouecca HaKOIDIeHIDI COCTaBHT 0,47 M)(z "JUf 

http:nO.lV{B8.Ta
http:nepe38PJl.l1.HO
http:6Y.l1.eT
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no OTHoweHHIO KO seeR HaKOJUleHHOi 3Hepnm 0,63%. OKOH'laTeJ1bHO, C yqe-rOM 

nOTepH qacTH nyqK~ AOHB nOTepHHHOH upH HenHyBHnnOeBCKOH KOMnpeCCHH 

3HeprHH COCTaBHT ~lO.2%. 

3aMeTHM, ~ OIITHKa HaKOJIllTe.1IDHOro KOJIbQa ,llOJDKHa 6LITb 1I0CTp0eHa 

HCXO,l(SI 1f3 CneQHcpHKH nocTaBJleHHoii 3a,lla1.JH. B KOJlbQe ,llOJl)f(HLI 6WTL JIBa 

6e3JlHCnepcHOHHf.d.X npoMeJKYTK8, B O.I(HOM H3 KoropLtx P83MecTHTCSI 

nepe3ap1l,llHWI MHmeHb, H CHCTeM8 Bq nOHB, KOTOPaJI. HYiI'Ha .wUl no.n.o.ep)f(aHHJI 

CTpyKTypLI oOHHOro nyqKa H ).\WI KOMlIeHC8QHH narepL 3HepI'HII npH 

nepece'feHHH nepe38pJ.lJUloA MHIIIeHIl. KpoMe roro, B MecTe pacnOJlO>KeHIDI 

nepe3ap.SI)lHOH MHrneRH ,llOIDKHa 6h1TL p83Me~eHa nOKa38HHaJI sa pHc.3 CHcreM~ 

C03,l(aIOmaJl nepeMeHHoe DO BJlCMeHHOTKJIOHeHHe paBHOBeCHOii Op6HT&J. (6aMn), 

HaJlH'fOe KOroporo 06ecne'lHBaCT npoxolK,lleHHe HOHOB 'Iepe3 MHweHb TOJIbKO Ha 

Ka>K,llOM 11 o6opOTe nyqKa B KaMepe HaKOIIHTeJDI. Hyx<BaJI ~opMa :noro 

OTKJ10HeHIUI C03JlaereJi 3a cqer 6HCHHH, B03HHIQUOIIJ,HX npH CJIoxc:eHHH '1et'HOH H 

HeqemOH rapMOHH"IecKHX COCT8.B.lWOIQHX [10]. Ha pHC 3. 1111'pHXIl)'HKTHPOM 

nOK83aHa He"leTHaJI COCTaBIDllOInaJI B JlOKaJlLHOM OTKIIOHeRHH op6HTbl ­

cos(21tnl11), IIyHKTHpoM qeTHaSI COCTaBJIJIIOllUUl - cos(4nn111), r.n;e n 0603HaQaeT 

HOMep o6opOTa HOHHOro nytlKa B K8Mepe HaI<OmrrenJi. KpYlKKaMH nOK8laHbl 

nOnOJKeHWI O,llHoro BORRoro 68H'ia OTHOCHTeJlLHO nepe3apSlJlHOH MHmeHH B 

TeqeHHH 20-TH nocne,llOBaTenLHLIX o6opoToB nyqx8. 

npH nepeceqeHHH nepe3apJl,l(Hoii MHIlIeHH' HeH36e>KHO B03HHKaeT 

)lOnOJIHHTeJIbHblH Pa36POCHOHOB no 3HeprHH, npHBO)lJIUUtit K He 

KOMneHcHpyeMOMY POCTy npo.nOJlbHoro CP830BOro 06'beMa, BeJIH'iHHa KOTOPOro 

onpe.lleJIJleT Ko~cpHl(HeHT UPO.D.OJIbHOH KOMDpecCHH HOHHOro rryqKa. 

CI>.nyK1)'aQHH HOHH38llHOHHLlX narepl.t upH nepeCelJeHHU MHIUeHH npHBO.IUIT K 

pocTy 3HepreTH'feCKoro pa36poca B nyqKe no q,opMyJIe: 

crF.2 = O,078Zt (2_~2)A;lim(~1l-1) [M3Bf (10). 

http:3a,lla1.JH
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)lruI ,M~lJleHH H3 JIencor,? BeIl(eCTBa H;1 (10) ,Ha,B.n;eM <rEIE = 3,7.10·\~Tflil2. llpa 

~T}-1=10,~", llQJJYlIHM OEIE =1,2.10-6, IIoKuceM~ 1fl'O no,nyqeHHaJI BeJlH'IHHa 

,ZtHCllepcHH JlBJUleTCJl ,nonycTHMoii. ;:I:eHCTBHTe.m.HO" PO.JIaJ:'WI, q-ro pa36poc no 

HMnyJIbCaM B I1Y'1xe npR 1p8.HCDopmpoBKe H· 4.>oKYcHpo~Ke .. ~a MlqIIeHb He 

,nOJI'lKeH npeabIUlaTb ±1.10·3 HaiiJJ,eM B03MO>I\HYlO BenH'lHHY K03cpCPHUHeHTa 

KOMll~CCHH = 400, IIpH 1pe6yeMoH BeJIHtmHe =125. ' 

BllJI<HhIM 3q,q)eKTOM, BJImDOIIUfM Ha BeJ1HQHHy 3MHTTaHca HOHHOro nytlK3, 

.RBllJleTCSI ynpyroe pacceJIIDle HOliOB IIpH nepeceqeHlfH nepe3apJl,nHoii MHIlleHH; 

Paenpe)le~eHHe .HOHOB no yrll8M paccexHIDI noeJIe npoxO)K,l(eHllSl. MHllIeHH 

6JIH3KO ,K HOPMaJIbHOMY pacnpe~ene.HH1O co epe,nHeKBa,ItpaT~HLIM yrnoM 

pacce.RHH.R e, onpe.l\eneHHLIM no cpopMyne POCCH: 

e= 15Zt (Eyl (tnIXo)lJ2 (11 ), 

r.n;e Xo - pa)lHaIJ.HOHRaJl')lJlHHa·MHmeHH, E -,3Hep:rmI HOHa B'e,DluiHQax M3B. }].JI.R 

yrnep0.l\HoH MHllIeHH Be.1IHqHHa Xo.= 42 r,cM-
2 .IIo~CTa..B.JIJI)I HamH napaMeTpbl B 

CPOPMYJIY (11) nOJIyqHM e =1,5.l0·7:pa.n. IIocne ThICAeKpaTIiOro·npoxoj)QleHM 

3TOii: MHllIeHH Cpe)lHeKBa)lpa'fHlU{f.dH yron COCTaBHT 5.10.0pa,1l.. 

ECJIH npHH.RTL ,l\HaMeTp HOHHOro nyllKa Ha lIepe3apanHoii M:HIlleHH paBHLlM lCM, 

TO yrJ1oBoA p8.l6poc B nyqKe COCT8.BHT· 1,4.10-3 pa.u;,TaK lITO ,nonOJIHHTeJIbHbIM 

yrJIOBId,M. pa36POCOM B·nylIKeH3-3a MHoroICpamoro pacceJlHIUI HOBOB Ha 

nepe3ap.R)lHoii MHUleHH MOjJ(}lO npeHe6pelfb. t'b0XYCHP0BK.a BOHHoro' . nyqKa C' 

q,a30BldM 06'beMOM ~7.1 0-4 CM.p8JJ.. Ha MHlIIem.., C paCCTOmH.R· ~ 6M . B IUITHO 

,lI.HaMeTpOM ::::: 0,066 eM npe,nCTaB.JUleTCX AOCTaTO'tfHO npocTOH 3a.l\aqeH~ 

KOMnpecCH.R ·B ,DpOCTp8.HeTBe'· ,rrpb,li;O)If,HOrtJ" )J.BIDKeHIDI .M01l\eT 6YTb ' 

oCYUleCTBJIeHa no OnHcaHHOMY paHee B p.R,ll;e:ny6JIHKaUHii "(eM., HanpHMep~ 

[2,3,11]) MeTOny. KOMnpeCCH.R nyqxa B npoetpaHCTBe' npO,nOJI))HOro ,ru:lHx<eliHJI 

nOTpe6yeT HaJIHqHJI eme naphl KOJIett TalCo:r6 :IKe' pa3Mepa, T.e;' C nepHMeTPOM . 

http:Cpe)lHeKBa)lpa'fHlU{f.dH
http:I:eHCTBHTe.m.HO
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paaHblM 300M. B HTorc nOJIHOC 'tIHCJlO KOJlCn; 6y,neT paBHO 5, O,nHO H3 KOTOPbIX 

JIBJJJIeTCJI HaKOnHTCJlbHblM H 'tIeTblpe - KOMnpeccHoHHbIC. 

3aMeTHM, qTO BeJl}Jl{HHa cpe,naero MarHHTHOrO nOJIJI Ha op6wre BO Bcex KOJlbl.(ax 

COCTaBJIJIeT 1T, T.e. notfrH paBHa cpe,lUleM}' 3HaQeHHIO B 06bllJHbIX KOJlblleBblX 

YCKopHTemtX, K TOMY lKe BMeCTO llHKJIlNecKHX MaI'HHTOB MOryr HCn0JTh30BaTbCJI 

60Jlce npocTbIe MarHHTbI nOCTOJIHHOro llHTaHHJI. I10nyqHBUlaJICJI cxeMa 

.2l.paHBepa rtoK33aHa Ha PIIC.4. 

6.3aKJnOQeHHe 

TaKHM 06PalOM, HCnOJll:>30BaHHe .a.nep B TJIJKeJlOHOHHbIX .npaHBepax BMeCTO 

MaJI03aPSl,llHbIX HOHOB "MeeT BeCbMa cymeCTBeHHDle npeHM}'lI(eCTBa: 

Bo-nepBbIX, CHJlbHO 06nerqaeTCJI YCKopeHHe HOHOB, n01..(TH Ha nOpJI,1I.OK 

COKpamaeTCJI MaCllITa6 ,llpaiisepa H, cne.2l.0BaTeJlbHO, npHMepHO TaK JKe y6bJBaCT 

ero CTOHMOCTb; 

Bo-BTOPblX, 3a Cqey HCnOJlb30BaHHSI nepe33.pSl,llKH HOHOB nOJIBIDleTCSI 

B03MOJKHOCTb HCnOJTh30BaHHSI HaKOIIJICHIDI, 

cymcCTBeHHO, Ha ~ 4 nOpSI,llKa, YBeJIIftIHBaeT K03cpc)nrn;HeHT KOMnpeccHH TOKa H, B 

KOHe1..(HOM CqeTC, nO,nHHMaeT MOIIUlOCTL BceH YCT8.HOBKH ,no ~ 5.10 15 
BT; 

KPOMC Toro, K ,nOCTOHHCTBaM paccMoTpeHHoro .1l.paHoopa cne.n.yeT OTHeCTIi 

TaKJKe 3HaQHTeJIbHO 60JlblllYlO YCTOH'tIHBOCTb HaKonnCHHoro nyqKa JI,nep no 

cpaBHeHHIO co CJIyqaeM, KOr.2l.a HaKaITJIHBaIOTCSI MaJI03apBJl.Hhle HOHbI TJIlKeJIbIX 

3JleMeHTOB. 

Oc06eHHO CHJlbHbIH BblHrpldIII HMeer MecTO no OTHOWeHHIO K TaK H33IdBaeMOH 

nepe3apJI,UHOH HeYCTOHQHBOCTH HHTeHCHBHbIX TIyqKOB MaJI03apJI,1I.HblX HOHOB 

TJIJKeJIbIX 3JIeMCHTOB [12]. 

<l>aKTH1..(eCKH, )l;aHH8.SI YCTauoBKa n03BOJIJIeT C03,llaTb cynepB3pbIBlIaTKY, 

MaccoH 0,34 r, c y,neJlbHbIM 3HeproBId,lleneHHeM ,ll0 200 M,lJ;lK/r, liTO B ~105 pal 

npeBIdIIIaeT cooTBeTCTBYIOlI(HH napaMeTp ,zUUI XHMHQeCKHX BB. B pe3YJIbTaTe ee 

B3pbIBa TeMneparypa BemeCTBa MHIIIeHH ,nOCTHraeT 0,3 K3B, npH KOTOpoii OT 

http:l;aHH8.SI
http:nOpJI,1I.OK
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KIDK,ll.OH MHIlleHH H3JI)"IaeTCSI ,no 12 M..n>K 3Hepnm B MJITKOMpeHTreHe. 

CooTBeTcTBeHHo. OT ,llByx O)l,HOBpeMeHHo croparomux B O,nHOH KancYJIe 

MHIll~HeH MOiKHO nOJIyqHTb 24 .M,ltJK• 

.llaHH~ y~~O.BKa Iq)e)lJIaraeT orpoMHbJe B03MO)I(HOCTH, KaK B ®JIaCTH 

HHepQHaJIbf{Qf<> TepMo.smepHoro CHHTe3a. Tal(' H ,lUUI HCClIe,nOBaHHH no q,H3HKH 

BemeCTBa C.,~LIC;OKOH nnOTHOCThlO 3HeprHH. 

rJIaBHblM He,nOCTaTKOM paccMo'IpeHHoro ;.:q>aHBepa XBJUleTCX 3HallHTeJIbHWI 

aKTHBaQIDI MHIlleHH H3-3a x,nepHhIX npou.eccoB, H.llymHx B MHIDeHH rrpH CTOJIb 

60JIbIllHX 3HeprIDlX HOHOB. TIO-BH)l,HMOMY. npH paclIeTax peaJIbHOH 3aBHCHMOCTH 

HarpeBa 060JIOQKH MHmeHH cJIe,l()'eT npHHXTb BO BHHMaHHe 3q,cPeKTbI, 

CB,S3aHHhle C SI)J,epHbIMH npoQeccaMM B MRmeHR• 

2
.lleHcTBHTeJIbHO, nOJIaraSl O'n = 3,5.10.24 

CM nOJJ:Y'lRM MHBY SI,nepHoro np06era 

B semecTBe dn=AJcrnNo=114 r.CM-
2 

nOllTH paBHyID roPM03HOii ,lUIRHe np06era 100 

2
r.cM- • C ,npyroH CTOpoHbl OTMeTHM, liTO OrpoMHbIH nOTOK HeihpoHoB '=:: 1018

, 

I(~1026 c- ), pOlK.ZJ;eHHbIX B MHmeHH H3-3a ~cpeI<T8. cpparMeHTau.HH ",nep MHllieflH 

MO)K'eT ~MeTb CaMOCTOSlTeJIbHbIH HHTepeC .lJ,JUI HeiITpoHHoq,R3HtJecKRX H 

MaTepHaJIOBe,nqecKHX HCCJIe,nOBaHHii. 

K He,llOCTaTKaM paccMoTpeHHoro .npaHBepa cne.nyer OTHeCTH HaJIHl:IHe CJIO')J('HbiX 

CHCTeM nepe3ap"){KH HOHHLIX nyKOB. C ;q>yroA CTOPOHbI, HMeIiHO HanHt{Re 

CHCTeM nepe3apJUl.KH . n03BOIDIeT HaKOITHTL HOHHhIe nytIm C 60JTbIllHM TOKOM H' 

no.nyt{HTb orpoMHhle MOIlUIOCTH 06.J1)"ieHRX MIffiIeHen: npH coxpaHeHHH 

YM~peHH&IX MOmHoCTeH npH YCKOpeHHH, liTO B CBOIO Oqepe.llb TaKiKe CHH')J('aer 

CTOHMOCTb seen YCTaHOBKH. . 

J11lTepecHo cpaBHHTh HarpeB nnOTHhIX MmneHeH llyqKaMH OT 

paCCMOlpeHHoro TIOKMOHOHHOro ,npaHBepa C HarpeBoM nyl:IKaMH HOROB (Ii]lli 

npoToHoB) OT cOOp)')K~eMoH B IJ,EPHE YCTaROBKH LHC [13]. B LHC· HapSl,ny c 

npoTOHaMH npe,nnoJIaraeTcx Ha:KaIIJIHBaTb TaIOKe H H.npa . CBHHQa. npH 

HHTeHCHBHOCTH 5,2.1010 
H 3HeprHH g,npa CBHHIJ;a 577 T3B B nytIKe H~ep cBHHua, 

http:nepe3apJUl.KH
http:cpparMeHTau.HH
http:3,5.10.24
http:KIDK,ll.OH
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cpaBHHTem.HO c npOTOHaMH, 6Y)J.eT HaKOnneHO MaJIO 3HepmH 5 M,lliK. KpoMe 

Toro, H3-3a 6ollbworo p33Mepa KOllblla (26.6 KM) MOlll,HOCTb HaKOIIJIeHHOrO 

:rryqKa 56 rBT, OKa3bJBaeTCSI SlBHO He.ll.OcTaTOY.J:HoH JUUl 3aMeTHOrO nporpeaa 

MHllleHeM. 38MeTHM, Y.J:TO npH CTonb 60JIbWoi 3HeprnH npo6er HOHa B BemeCTBe 

onpe.llemleTC.SI ,ll.JlHHOR SI)J,epHoro rrpo6era, a He "I<JlaCCHqecKHM" TOpMO)l(eHHeM. 

Tax KaK BenHlIHHa SI.llepHoro npo6era cJIa60 3aBHCHT OT MaCChI HOHa, a OT 3apSlna 

HOHa H BOBce He JaBHCHT, TO, UpH CTOJIb 60nbIDHX 3Heprn.SIX HOHOB, 60nee 

HHTepeCHbIM CTaHOBHTCSI HCnOJIb30BaHHe .IVIJI HarpeBa MHIDeHeii He nYY.J:Ka .SI)1,ep 

CBHHua, a nYY.J:Ka npOTOHOB, K3.K 60JIee MomHoro. ,ll;eiicTBHTeJIbHO, .UP" 3HeprHH 

npOTOHa paBHoR 7 T3B, T.e. B 7 pa3 60nbweii no cpaBHeHHIO C T.SI)I(enOHOHHbIM 

)J.paHBepoM, HaKOnJIeHHa.SI 3HeprH.SI B UpoTOHHOM nYliKe YCTaHOBKe LHC paBHa 

334 M,ll)f(, T.e. B 4 pa3a 60JIbIDe (8 T1DKenOHOHHOM ,npaHBepe 80 Mft>K). TeM He 

MeHee, PO)!(J(eHllbIH B MHIDeHH OT 3HeprnqHhlX npoTOHOB nOTO.K BTOPHY.J:HbIX 

Y.J:aCTHU MO)f(eT 3HaY.J:HTenbHO nporpeTb He.KOTOpyro Y.J:aCTb MHIDeHH. 3;OT 3cpcpeKT 

6bIJI OTMeqeH paHee B pa60Te [14], B KOTOPOH 6b1Jlo npeJJ.JlO)l(eHO HCnOJIb30BaTb 

ero )J.JI.SI TepMOH,ll;epHblX HCCJIe.l\OBaHHit Y'lHThIBaJI BIDlCHOCTb KOMnpeccHH nYY.J:Ka 

!1pOTOHOB )J.JI.SI 3THX qeJIeii (a TalOKe H )l.Jl.SI p.SI)J.a APyrnx) B .HT3cI> 6bIJI 

npe)J.JIO)l(eH OpHrHHaJIbHblB MeTOA KOMnpeccHH ny'lKa npoTOHOB )J.JlSl YCTaHOBKH 

LHC, oCHoBaHHbIH Ha HCnOJIb30BaHHH CHCTeMl,d H3 Y.J:eThlpeX l;?33JIHlIHbJX 

rapMoHHK C aMIIllH1Y)J.OH Bq noJUI no 90 MB Ka)l(Jla.SI. [15]. lIon )J.eHcTBHeM :3TOH 

CHCTeMbI )J.O 30% nyqKa (~100 M)::bK) Y)J.aeTC.SI C)I(aTb B O)J.HH CryCTOK .l\nHHOH 6M 

IIpH nMKOBOR MOmHOCTM B HeM 3300 TBT H cpeAHeii' MOlll,HOCTH B crycTKe 1500 

TBT. 3aMeTHM, 'ITO IIOJIyqaeMhIe npH 3TOM napaMeTphI npOTOHHoro nYl{Ka, 

CPOPMaJIhHO, nOliTH TO'IHO COBn8,AalOT C llapaMeTPaMH HOHHoro nYliKa, 

nonYliaeMoro Ha paCCMOTPeHHOM B ,llaHHOB pa60Te T.SI)I(enOHOHHOM .l\paHBepe. 

B 33.KJ1lOlIeHHe aBTOp Bblpa)f(aeT 6JIarO)J.apHOCTb COTpY)J.HHKaM .HT3<1> 

A.B.Eapxy.uap.SlHY H A.H.TaJIbI3HHY 3a nOMep:>I(J<Y npH paClieTax .llHHaMHKM 

HaKOnJIeHHSI HOHHbIX nyY.J:KOB H ocpOPMJIeHHH pe3YJIhTaTOB. 

http:Y)J.aeTC.SI
http:Ka)l(Jla.SI
http:aMIIllH1Y)J.OH
http:3HeprH.SI
http:HaKOnJIeHHa.SI
http:onpe.llemleTC.SI
http:cpaBHHTem.HO
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PHc.3. OCQHJIJIHQBH paBHOBeCHOH Op6BTbl B MecTe pacnooo*eHHH 

nepe3apH.!lHoii MBmeHB. 



IX 

VII 

PHC.4 

1. tIeTbIpe HOHHLIX HCTOqHHICa npoH3BO.na:m:HX nyqICH HOHOB Bi2+ C TOKOM 20 MA 
C qaCTOTOH;::::; O,Olru npH )J)IlITeJlbHOCTH HMnyJII.Ca 70MC. 

II. tIeTbIpe naparmeJIbHble CeKD.HH JIHHeHHblX YCICOpHTeJIeH rn:na RFQ KIDlC)(asI C 

nOTeHUHaJIOM 200MB. 
III. I1epsIDI (mCTh JIHHeHHOro YCKopHTeIDl THna ArrbsapeU C nOTeHIJ,HaJIOM :::::: 190 
MB. 
IV. BTOPIDI LfaCTb JIHHeiiHoro YCKopHTeJUI THIIa AnbsapeU C nOTeHUHaJIOM ::::::230 
MB. 
V. OCHOBHOH cBepxnpoBO)~inUHH mmeHHLIH YCKOPHTeJIb C nOTeHIlHaJIOM 12 rB. 
VI. HaKOIIHTeJIbHOe KOJIbn;O AJIJI HeJlHYBHJIJIHeBCKOii KOMIIpecCHH HOHHOro TOKa. 

VII. TIpoMe>Ky-fOLfHaJI ceXUIDI JlHHeHHoro YCKOpHTeIDl C aMIIJIHTY.ZJ.OH HtI noJUI 

::::::20 MB .zUUI IIOCJle.ZJ.YlOmeii: KOMnpeCCHH II)"IKa B KOMnpeccHoHHblX ICOJlbUax. 

VIII.KoJTbueBoH 3aJI .llIDI pa3MemeHIDI IIepBOH IIaphI KOMllpeCCHOHHLIX Konell. 

IX. TIpoMe)KyrO'lJHaJI ceK1J.IDl nHHeiiHoro YCKOPHTeJDI C aMllJlHTYAOH Bq IIOJUJ ::::::20 
MB )(JIa KOMIIpeCCHH nyqKa BO BTOPOii: nape KOMnpeccHoHHblX Koneu. 

X. KOJlbn;eBOH 3aJI .ZJ.JIJI p83MemeHIDI BTOPOH napLI KOMnpeccHoHHblX Koneu:, 

KOMnpecCH.SI. B KaJlC,L{OM H3 HHX npOHCXO,D;HT B TeqeHHe ::::::20000 060POTOB, T.e. 3a 

::::::20 MHnHceK. 

XI. TepMOJl.ZJ.epHWI MHWeHb. 

XII. CHCTeMLI BpameHHJI nyqICOB )(JIll MHIlIeHH B BH,D;e nonoro llHnHH.ZJ.Pa. 

llO)lIIHCaHO K neqan! 18.1 L03. <I>opMaT 60X90 1116 
YCJl.neq.Jl.l,O YlJ.-H3.!J:. JI. 0,7 T.apa>!( 93. 3axa3. 21-03 

l1I-I;:(eKc 3649 

OmeqaTaHO B HT3$, 117218, MOCKBa, E.t:IepeMyIlIKHHcKaJI, 25. 

http:llHnHH.ZJ.Pa
http:KOMnpecCH.SI
http:aMIIJIHTY.ZJ.OH
http:HMnyJII.Ca



