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BBE,[(EHHE 

UemJO )laHHOH pa6oTbi $1BJI.SieTC$1 npeACTaBJieHHe cpH3H'lecKor o o6ocHosaHH$1 

BrutcHOCTH H TexHH'leCKOH peanHJyeMOCTH npose)leHH$1 YHHKaJibHbi X non$1pH3aUH­

OHHbiX HCCne)lOBaHHH Ha YCKOpHTenbHOM KOMnneKCe JIB3. B HaCT0$1IUee speM$1 

o6cy)I(JlaeTC$1 B03MOJKHOCTb C03JlaHH$1 s JIB3 OYUI.H Konnai:fAepa. IlpeAnaraeM~ 

cpH3H'lecK~ nporpaMMa H pa3BHTbiH no)lXOJl pemeHH$1 3a)la'IH c oxpaHeHH$1 no­

n$1pH3aUJm npH yCKOpeHHJ.I MOI)'T $1Bn$1TbC$1 6a30H Jln$1 pa3pa60TKJ.I nporpaMMbl 

nOn$1pH3aUHOHHbiX HCCne)lOBaHHH Ha KOnnai:f)lepe. 

B Jla6opaTopHH BbiCOKHX :meprni:f HM. B . .H. BeKcnepa H A. M . EanAHHa pa-

6oTaeT H npo)lonJKaeT cosepmeHCTBOBaTbC$1 ycKopHTenb pen$1THBHCTCKHX $1Jlep HY­

KnOTpoH [1] . Ilocne BbiBOJla B 2003 r. H3 3KcnnyaTaum-t CHHxpocpa3oT.poHa HyKno­

TpoH $1BJI$1eTC$1 OCHOBHbiM yCKOpHTeneM Jln$1 npOBe)leHJ.I$1 HCCne)lOBaHHH B 06naCTJ.I 

pen$1THBHCTCKOH $1JlepHOH cpH3HKH H cpH3HKH 'laCTHU B OYUI.H. Y cKopHTem HC­

nonbJyeT pa3pa60TaHHbie B JIB3 MafHHTbl CO CBepxnpOBOMIUHMJ.I 06MOTKaMH J.1 

MOJKeT YCKOp$1Tb nyqKH npOTOHOB )lO 3HeprHH 12 f3B J.1 $1Jlep JlO 6 f3B/HyKnOH 

(s HaCT0$1IUee speM$1 Ha HYKnOTpoHe ycKOp$110TC$1 $1Jlpa snnOTb JlO Kr). K YHHKaJib­

HbiM xapaKTepHCTHKaM ycKopHTenbHoro KOMnneKca JIB3 OYUI.H MOJKHO OTHeCTH : 

B03MOJKHOCTb pa6oTaTb B 6biCTpOUHKnH'leCKOM peJKHMe ycKo peHH$1 C 'JaCTO­

TOH nOBTOpeHH$1 )lO 1 ru; 

B03MOJKHOCTb pa6oTaTb Ha BHyTpeHHHX nyqKax ycKopHTen$1 HyKnoTpoH, Jln$1 

'lero Ha TennOM yqaCTKe C03)laHa cneUHaJibH~ MHllleHH~ CTaHUJ.I$1; 

B03MOJKHOCTb pa6oTaTb C BbiBe)leHHbiMJ.I nyqKaMH C JlnHTenbHOCTbiO pa­

CT$1JKKJ.I nyqKa JlO J0 C J.l BbiCOKOH CTeneHbiO O)lHOpOJlHOCTH ; 

B03MOJKHOCTb pa6oTaTb C nyqKOM nOn$1pH30BaHHbiX )leHTpOHOB [2) J.l BTO­

pH'IHbiMJ.I nyqKaMH nOn$1pH30BaHHbiX HeHTpOHOB J.1 npOTOHOB; 

B03MOJKHOCTb HCnOnb30BaTb Jln$1 pa60Tbl C BbiBe)leHHblMJ.I ny'IKaMH nOn$1pH-

30BaHHYIO BOJlOpOJlHYIO MHllleHb [3]; 

B03MOJKHOCTb HCnOnb30BaTb B 3KCnepHMeHTaX C BbiBe)leHHbiMJ.I nyqKaMH 

pa3nH'IHbie THnbi YHHKaJibHbiX KpHOreHHbiX MJ.IllleHeH, C03)laHHbiX rpynnOH 

II . E. ronosaHosa [4], pa6o'IHM semecTBOM s KOTOpbrx Moryr 6biTb JKHJlKHe 

BOJlOpOJl, )leHTepHH H renHH. 



Oco6eHHOCTbiO ycKop11TeJibHoro KOMnneKca J1B3 liBJilleTcll B03MO)I(HOCTb npo­

BO.U11Tb 11CCJie,UOBaHI1J'I Cni1HOBbiX xapaKTep11CTI1K B3a11MO,UeHCTBI1H 11 Cni1HOBOH 

cTpyKTypbi a.np oHHOii MaTep1111 - nonllp113aU110HHbie 11ccne.nosaH11JI. OrpoMHa» 

Ba)I(HOCTb 3TI1X 11CCJie,UOBaH11H CBJI3aHa C TeM, 'lTO ,UO CI1X nop He perneHa O,UHa 

113 OCHOBHbiX n po6JieM COBpeMeHHOH cp11311KI1 Bb!COKI1X 3HeprHH - nOJIY<JeHI1e 

Cni1HOBbiX xapaKTep11CTI1K a,npOHOB (JI,nepHOH MaTep1111) 113 Cni1HOBbiX xapaKTep11-

CT11K KBapKos 11 rn!OOHOB. llon»p113aU110HHbie 11ccne.nosaHI1ll s J1B3 Ol15Il1 .na!OT 

YHI1KanbHbie ,naHHbie, 6e3 KOTOpbiX HeB03M0)1(H0 nOCTpOeHI1e nocne,nosaTeJibHOH 

Te0p1111. 

Pacw11peH11e nepe'lHJI ycKOp»eMbiX <JaCT11U nnaH11pyeTcll nocne co3.naHI1JI YHI1-

sepcanbHoro BbiCOK011HTeHCI1BHOro 11CTO'lHI1Ka nOJIJip1130BaHHbiX ,neiiTpOHOB (npo­

TOHOB) C 3apS!.U006MeHHbiM nna3MeHHbiM 110HI13aTOpOM Ha 6a3e o6opy,nosaHI1SI, ne­

pe,naHHOrO 113 IUCF (Bloomington, USA) B paMKax CornaweHI1JI Me)l(.[ly Ol15Il1 

11 IUCF, 11 s COTPY.UH11'lecTBe c l15Il1 PAH (r. Tpo11UK) [5]. llpoeKTHbiH TOK Ha 

Bbixo.ne 11CTO'lHI1Ka - .no 10 MA .nn» j D+ (.nn» j H+ CBbiWe 10 MA). Pa3-

pa6aTbiBaeMbiH 11CTO'lHI1K np11 He06XO,UI1MOCTI1 CMO)I(eT pa60TaTb KaK 11CTO'lHI1K 

non»p1130BaHHbiX oTp11UaTeJibHbiX 110HOB j D- (j H- ). CyweCTBYIOT TaK)I(e 

peanbHbie B03MO)I(H0CTI1 C03,UaHI1J'I 11CTO'lHI1Ka nY<JKOB nOJI»p1130BaHHbiX 3He++. 
B 2002 r . Ha HYKJIOTpoHe 6biJia npo.neMOHCTp11posaHa B03MO)I(HOCTb ycKo­

peHI1JI nY<JKa n 01Il'lp1130BaHHbiX ,nd!TpOHOB 6e3 CKOJib-HI16y,nb 3Ha'li1MOH noTep11 

non»p113au1111 c K11HeTI1'lecKoii 3Hepmeii snnOTb .no 4,5 f3B. TeopeTI1'leCKI1e pac­

'leTbi noKa3biBa iOT B03MO)I(HOCTb ycKopeHI1JI .neiiTpOHOB Ha HYKnOTpOHe 6e3 cyme­

CTBeHHOii noTe p11 n01Il'lp113aU1111 BnJIOTb ,UO 3Hepm11 11 f3B (111111 5,5 f3B/HyKJIOH) 

6e3 BBe,neHI1J'I .UOnOJIHI1TeJibHbiX 3JieMeHTOB B CTpyKTypy HYKnOTpOHa 111111 Bbi6opa 

cneul1anbH~IX p e)I(I1MOB Yf:KOpeHI1JI. 

Han11'll1e w11poKoro Bbi6opa non»p1130BaHHbiX nY<JKOB 11 MI1WeHeii c.nenaeT 

ycKOp11TeJibHbi H KOMnJieKC J1B3 MeCTOM ,Unl'l npose,neHI1J'I YHI1KanbHbiX 11CCJie,no­

BaHI1H cni1HOBOH 11 KBapK-rniOOHHOii CTPYKTYPbi HYKJIOHOB 11 ner<Jai1w11x ».nep. B 

HaCTOJIIUee BpeMJI B M11pe HeT npoeKTa, KOTOpblH 6bi nnaH11pOBan TaKI1e lll11p0-

KI1e B03M0)1(H 0 CTI1 ,Unl'l npose,neHI1J'I nOJIJip113aU110HHbiX 11CCJie,UOBaHI1H Ha ny'lKax 

npOTOHOB 11 Jie r<JaHWI1X SI,Uep C 3Hepmei-i ,UO v'5NN ~ 10 f3B. 

1. <l>YHUAMEHTAJlbHhiE llPOiillEMhl <l>H3HKH BbiCOKHX 
3HEPfHH 

OcuoBHbiM uanpasneHI1eM 11ccne.nosaH11i-i J1B3 Ol15Il1 JIBJIJieTCJI 11ccne.nosa­

HI1e a,npOHHOH (ll,nepHOH) MaTep1111 np11 60Jibllli1X nJIOTfiOCTSIX 11 pa3JII1'lHbiX TeM­

nepaTypax, KOr,na OCHOBHYIO p01Ib Ha'li1Ha!OT 11rpaTb He HYKJIOI!Hble, a KBapKOBbie 

11 rniOOHHbie c reneHI1 cso6o,nbi. 3a nocne,nHI1e 20 JieT npo1130WJII1 Kap,nHHanbllbie 

113MeHeHI1ll Harnero nOHI1MaHI1J'I, KaK11MI1 MOryT 6biTb COCTOJ'IHI1ll li,UepHOH (a,npOH­

HOH) MaTep11 11 np11 pa31111'lHbiX TeMnepaTypax 11 .nasJielll1liX (6] . flpoi-i,neH nyTb 
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OT npe)lCTaBJieHH51, 'ITO HeBa)I(HO, flOBbilllaeM RH flROTHOCTb 51JlepHOH MaTepHH 

HRH ee TeMnepaTypy, Mbl npH)leM K O)lHOMY H TOMy )l(e COCT051HHIO, Ha3BaH­

HOMY KBapK-rRIOOHHOH nna3MOH (COCT051HHIO 6e3 a)lpOHOB, KOr)la B MaKp006'beMe 

KBapKH H rniOOHbi cna6o B3aHMOJleHCTBYIOT Me)I(Jly co6oi:i) . Cosp eMeHHa51 TO'!Ka 

3peHH51 paCCMaTpHBaeT CyLUeCTBeHHO pa3Hble COCT051HH51 , KOTOpbie peanH3YIOTC51 

npH BbiCOKHX H HH3KHX TeMneparypaX (H 60RblllHX flROTHOCT51X) . l1CflORb30BaHHe 

T51)1(eRbiX HOHOB fl03BOR51eT Ha)le51TbC51 nonyqaTb COCT051HH51 51JlepHOH MaTepHH npH 

BbiCOKHx TeMneparypax. Hccne)loBaHHe npou:eccos c 6onhrnHMH nepeJla'laMH c 

nyqKaMH nen<HX 51)lep H npOTOHOB fl03BOR51eT nonyqaTb COCT051HH51 51)lepHOH MaTe­

pHH npH HH3KHX TeMneparypax H 60RblllHX flROTHOCT51X . K flOCRe)lHHM OTHOC51TC51 

Hccne)lOBaHH51 npou:eccos c npe)lenbHO 6onbrnHMH nonepe'IHbiMH HMnynbcaMH H 

KYMYJIHTHBHblX rrpof.leCCOB, KOTOpbie HBJJ.SJJIHCb OCHOBHbiM nanpaanenueM uccne­
JlOBaHHH Ha yCKOpHTenbHOM KOMnneKce nB3 Ha'IHHa51 C 70-x r O)lOB npornnoro 

CTOneTH51. 

B cepe)lHHe 80-x ro)lOB npornnoro BeKa Ha CHHxpocpa30TpOHe nB3 Ha'laTbl 

3KcnepHMeHTbi c nyqKaMH non51pH30BaHHbiX )leHTpOHOB [7]. Y)l(e nepBbie 3Kcne­

pHMeHTaRbHbie )laHHbie o non51pH3aU:HOHHbiX xapaKTepHCTHKax ( B KYMYR51THBHOH 

o6naCTH, 'ITO COOTBeTCTByeT o6naCTH X > 1, X - 6bepKeHOBCKa51 nepeMeHHa51) 

flOKa3anH CHRbHOe paCXO)I(JleHHe C npe)lCKa3aHH51MH pa3BHTbiX K 3TOMY BpeMeHH 

TeopeTH'IeCKHX MO)lenei:i. KYMYn51THBHbie npou:eccbi cll513aHbi c o6mi.CTbiO ManbiX 

Me)I(HYKnOHHbiX paCCT051HHH (TaK Ha3biBaeMa51 o6naCTb KOpa HYKnOH-HYKnOHHOro 

B3aHMO)leHCTBH51) H, cne)lOBaTenbHO, C 60nbWHMH flROTHOCT51MH 51)lepHOH MaTe­

pHH, r)le OCHOBHYIO ponb MOryT HrpaTb MHOfOKBapKOBbie KOHcpHrypaU:HH HRH Hy­

KnOHHbie KOppen51U:HH . l1MeHHO 3Ta o6naCTb HyKnOH-HYKnOHHOro B3aHMO)leHCTBH51 

onpe)len51eT ypaBHeHHe COCT051HH51 51)lepHOH MaTepHH B U:eHTpe 3Be3)l H, cne)lOBa­

TeRbHO, 3aKOHbl 3BORIOU:HH 3Be3)l. 

K cepeJlHHe 80- x B onHcaHHH ce'!eHHH KYMYR51THBHbiX npou:eccoB 6bm JlO­

CTHrHYT 60RblllOH nporpecc KaK B C03)laHHH TeopeTH'IeCKHX MO)leneH, TaK H B 

pa3pa6oTKe cpeHoMeHonorn'leCKHX nOJlXOJlOB onHcaHH51 3THx npou:eccos [8] . Bee 

TeopeTH'IeCKHe MO)lenH 06513aTeRbHO BKniO'IaiOT KBapKOBbie H rRIOOHHbie CTefleHH 

cso60Jlbi. non51pH3aU:HOHHbie Hccne)loBaHH51 noTpe6osanH cepbe3HO nepecMo­

TpeTb TeopeTH'IeCKHe MOJlenH KYMYR51THBHbiX npou:eccos [9], OJlHaKo cymecTBeH­

Hbie paCXO)I(JleHH51 3KCnepHMeHTaRbHbiX )laHHbiX C npe)lCKa3aHH51M H MO)leneH )ln51 

nOn51pH3aU:HOHHbiX xapaKTepHCTHK OCTaiOTC51 JlO HaCT051LUero BpeMeHH . 

« KpH3HC» B noHHMaHHH non51pH3aU:HOHHbiX xapaKTepHCTHK KYMYR51THBHbiX 

npou;eCCOB flOBTOpHn CHryaU:HIO C HCCne)lOBaHH51MH HYKnOH- HYKnOHHbiX B3aH­

MO)leHCTBHH B o6naCTH npe)leRbHO 6onblllHX nonepe'IHbiX HMn ynbCOB (XT = 
2 · pr Vs "-' 1 ), HHTeHCHBHO npOBO)lHBlllHXC51 B )lHana30He 3Heprn - HYKnOTpOHa B 

70-x H 80-x rr. npownoro BeKa Ha ycKopHTen51X ANL H BNL B CiliA. 3JleCb 

TaK)I(e MO)I(HO fOBOpHTb 0 cepbe3HOM « KpH3HCe» Harnero flOHHM aHH51 B3aHMO)leH­

CTBH51, TaK KaK HMeeTC51 XOpOrnee TeOpeTH'IeCKOe OflHCaHHe Ce'leHHH Ha 6a3e 
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KBapK-napTOHHbiX npe.UCTasneHHH 11, B TO )!(e BpeMH, HeB03MO)!(H0 OnHCaTb Ha-

6mo.naJOIUI1eCH CHnbHbie nOnHp113aUHOHHbie 3cpcpeKTbl. 

CyMMHPYH «Kp11311Cbi» B Hccne.nosaHHHX KyMynHTHBHhiX npoueccos 11 npouec­

cos B o6nacTH npe.nenhHO 6onhmHx nonepe'!HhiX HMnynhCOB, npo6neMy MO)!(HO 

ccpopMynHposaTb TaK . B Hccne.nosaHHHX 6e3 npHsne'ieHHH cnHHOBhiX xapaKTe­

pHCTHK HBHO Ha6nJO.naJOTCH npOHBneHHH KBapK-fniOOHHbiX CTeneHeH CB060.Ubl B 

a.npoHax 11 nerqai1m11x H.npax, npH'ieM B caMOM npocTOM BH.Ue (HanpHMep, nose.ne­

HHe Ce'!eHHH n p eKpaCHO Ofii1CbiBaeTCH Ha OCHOBe npaBHn KBapKOBOrO C'ieTa ( JO]). 

O.nHaKo npHMe HeHHe KBapK-napTOHHhiX npe.ncTasneHHH (T. e . Kxn) MH onHca­

HHH nOnHp113aUHOHHbiX xapaKTepHCTHK '!aCTO .naeT a6conJOTHO npOTHBOnOnO)!(Hbie 

npe.UCKa3aHHH TOMy, 'iTO Ha6nJO.naeTCH B 3KCnepHMeHTaX. 

Tio3TOMY n oHCK HOBhiX no.nxo.nos 11 Hccne.nosaHHe .nononHHTenbHhiX xapaK­

TepHCTHK .lla.llyT B03MO)!(HOCTb peUJHTb BOnpOCbl 0 npHpO.Ue Ha6nJO.naeMbiX 3cpcpeK­

TOB. 

TIOnHpH3aUHOHHbie HCCne.UOBaHHH C npOTOHaMH 11 nef'laHUJI1MI1 H.UpaMH Ha 

HYKnOTpoHe n o 3sonHT peUJHTh uenhiH pH.n «3ara.noK», HCHO o6o3Ha'!HBUJHXCH np11 

Hccne.nosaHHH X s o6nacTH npe.nemHo 6omUJHX nepe.naq (x ;;::: 1 11 xr ;;::: 1). 
3TH 3ara.nKH Henocpe.ncTseHHO CBH3aHbi c sonpocaMH on11caHHH CTPYKTYPhi Hy­

KnOHOB H neftlaHUJHX H.Uep B o6naCTH .UOMHHHpOBaHHH saneHTHbiX KBapKOB, BH.Ua 

Kopa N N -B3aHMO.Uei1cTBHH 11 csoiicTBaMH xono.nHoii H.nepHoii MaTepHH np11 nnoT­

HOCTHX, B HeCKOnhKO pa3 npeBOCXO.nHIUHX 06hi'iHYJO. Bee 3TH BOnpOCbl HMeJOT 

peUJaJOmee 3Ha'ieHHe MH nOCTpOeHHH HenepTyp6aTHBHOH 'iaCTH TeOp1111 CHnhHbiX 

B3ai1MO.UeHCTBI1H - KBaHTOBOH XpOMO.llHHaMHKH (Kxn), a TaK)!(e MH fiOCTpOeHHH 

nocne.nosaTenbHOH TeOp1111 3BOnJOUHH 3Be3.U H npe.UCKa3aHHH CBOHCTB MaTep1111 B 

ueHTpe 3Be3.n [ 11 ]. TaK KaK ce'!eHHH npoueccos s 3TOH o6nacTH (x ;;::: 1 11 

XT ;;::, 1) c'HnhHO na.naJOT C pOCTOM 3HepmH, o6naCTb 3HeprHH, np11 KOTOpbiX 

B03M0)!(H0 npo se.neHHe 3THX HCCne.nosaHHH, orpaHH'ieHa HMnynbCaMH nepBH'iHbiX 

nyqKOB PLab < 50 f3B/c (,j"SiiN ~ 10 f3B) . 

Han11'!11e n onHp1130BaHHbiX ny'!KOB nef'laHUJHX H.nep Ha HYKnOTpOHe no3BO­

nHeT npe.nno)!(HTh cp113H'ieCKYJO nporpaMMy, HanpasneHHYJO Ha peUJeHHe uenoro 

pH.Ua Ha1160nee tPYH.UaMeHTanbHbiX npo6neM CTpOeHHH H.UepHOH (a.npOHHOH) MaTe­

p1111, OnHpMCb Ha OnhiT pa60Tbl 11 pe3ynhTaTbl, nonyqeHHbie KaK B JIB3 0115111., 
TaK 11 B .npymx ueHTpax: 

11CCne.nos aHHH pp-, pd-, dd-, p3He-, d3He-, 3He 3He-CTOnKHOBeHHH C no­

nHp1130BaHHbiMI1 ny'!KaMH n03BOnHT peUJHTh 3ara.nKH cnHHOBOH CTPYKTYPhi 

HyKnOHOB 11 nef'laHUJHX H.Uep, a TaK)!(e BbiHCHHTb OC06eHHOCTI1 CnHHO­

BOH CTPYKTYPhi B3aHMo.neiicTBHH s HenepTyp6aTHBHOH o6nacTH KXJJ.; oco-

6eHHO Ba)!(HO, 'iTO BnepBbie 6y.neT B03MO)!(HOCTb HCCne)lOBaTb B3ai1MO.UeH­

CTBI1H n onHp1130BaHHOH H.UepHOH MaTep1111, CBOHCTBa KOTOpOH MOI)'T onpe­

.nenHTb CTPYKTYPY Kopa MaccHBHhiX 3Be3.U, HMeJOmHx orpoMHhie MarHHTHhie 

nonH; 
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BbiSICHHTb npHpo.ny He06'bSICHHMbiX .[!0 CHX nop CHnbHbiX n On S!pH3aUHOHHbiX 

3cpcpeKTOB s N N -B3aHMo.neiicTBHSIX npH PLab > 6 f3B B o6nacTH npe­

.nenbHO 6onbWHX PT H KaK 3TH OC06eHHOCTH CBSI3aHbl C H3MeHeHHeM nose­

.[leHHSI saneHTHbiX KBapKOB B 3TOH KHHeMaTH'leCKOH o6naCTH; YHHKanbHOH 

oco6eHHOCTbJO 6y.neT TO, 'ITO HanH'IHe pa3nH'IHbJX nonS!pH30 BaHHbJX Sl.nep Ha 

KOnnaii.nepe fi03BOflHT snepBbJe npOBO.[lHTb HCCfle.[lOBaHHe C fiOflHbiM H30TO­

fiH'leCKHM Ha6opOM COCTOSIHHH HYKnOH-HYKflOHHOH CHCTeMbl (nn, pn H pp); 

.neTanbHO Hccne.nosaTb sonpoCbJ HapyweHHSI P- H T-'leTHOCTH s NN­
B3aHMo.neiicTBHSIX; 

pewHTb sonpoc o npHpo.ne KYMYflSITHBHbJX (no.nnoporOBbiX) npoueccos; 

BbiSICHHTb npHpO.Uy HapyweHHSI npaBHfl KBapKOBOfO C'leT H onpe.nenHTb 

o6naCTb HX npHMeHHMOCTH (B TOM 'IHCne npH B3aHMO.[leHCTBHH nef'laHWHX 

Sl.nep ); 

pa3o6paTbCSI C 3ara,nKOH pe30HaHCHOfO fiOBe.[leHHSI UBeTOBOH np03pa4HOCTH 

npH PLab rv 9, 5 f3B/c (pr rv 2 f3B/c). 

JlnS! nonY4eHHSI fiY4KOB nonS!pH30BaHHbiX nef'laHWHX Sl.[lep C BbiCOKOH CTe­

neHbiO nonS!pH3aUHH Heo6xo.nHMO nposecTH .neTanbHde Hccne.nos aHite .UHHaMHKH 

cnHHa so scex 3neMeHTax ycKopHTenbHOro KOMnneKca JIB3- Hccne.nosaHHe B03-

MO)I(HbJX CXeM .[lml ynpasneHHSI HanpasneHHeM nonS!pH3aUHH Ha MHWeHSIX (HnH B 

MecTe CTOnKHOBeHHSI, B cnY4ae Konnaii.nepa). CaMOCTOSITenhHOH 3a.[la'leii S!BnSieTCSI 

C03.[laHHe CHCTeM nOnS!pHMeTpHH .[lnSI KOHTpOnSI CTeneHH nOnS!pH3aUHH fiY4KOB B 

npouecce YCKOpeHHSI H npH Bb!BO.[le Ha cpH3)1'leCKHe ycTaHOBKH. 

2. YCKOPEHME IIOJUIPM30BAHHhiX IIyqKQB IIPOTOHOB M 
JIEPIAHIIIMX R,UEP 

HanH'IHe y 'laCTHU MafHHTHOfO MOMeHTa, KOTOpblH B3aHMO.[leHCTByeT C BHeW­

HHMH MarHHTHb!MH fiOflSIMH, npHBO.[lHT K TOMy, 'ITO B npouecce yCKOpeHHSI HflH 

TpaHCfiOpTHpOBKH ny'IKa nOnS!pH30BaHHbiX 'laCTHU B03MO)I(Ha n OTepSI nOnS!pH3a­

UHH (.nenonS!pH3aUHS1) . MarHHTHbiH MOMeHT CBSI3aH C HanH'IHeM y 'laCTHU emma S 

(co6cTBeHHOro MOMeHTa), KOTOpbiH CBSI3aH c MarHHTHbJM MOMeHTOM 'laCTHUbJ 1-£ \ 
COOTHOWeHHeM 

J1, rv g • S, 

r.ne g - mpOMarHHTHOe OTHOWeHHe. AHOManbHaSI 'laCTb mpoMafHHTHOfO OT­

HOWeHHSI g - 2 .naeT B03MO)I(HOCTb ynpaBnSITb .[lBH)I(eHHeM MarHHTHOfO MOMeHTa 

(CfiHHa) He3aBHCHMO OT op6HTanbHOfO .[lBH)I(eHHSI H fi03BOflSieT C03.[laBaTb YCKOpH­

TeflbHble KOMnneKCbl C nonS!pH30BaHHbiMH fiY4KaMH . 

5 



B HaCT051 ll(ee BpeM51 ycKOpMTeJJbHbiH KOMDJieKC flB3 BKJIIO'!aeT B ce651: MC­

TO'IHMK DOJJ51pM30BaHHbiX '!aCTMU, JIMHeHHbiH yCKOpMTeJJb, KaHan TpaHcnOpTM­

pOBKM nyqKa B KOJJbUO HyKJJoTpoHa, KOJJbUO HYKJJOTpOHa M KaHan TpaHcnopTM­

poBKM nyqKa .uo MMweHM (.uo 3KcnepMMeHTanbHOH ycTaHOBKM) . IIyqoK nompM30-

saHHbiX 'laCTM U M3 MCTO'IHMKa nona.uaeT B JIMHeHHbiH ycKOpMTeJib nY-20. CTeneHb 

.uenOJJ51pM3aUMM B flY-20 Onpe.ueJJ51eTC51 ymOBbiM pa36pOCOM nyqKa M COCTaBJI51eT 

BeJJM'IHHY MeHee 1 %. 
B pa6oTaX ( 12-15) BnepBbie 6biJIO BBe.UeHO DOH51TMe nepMO.llM'IeCKOrO DOJI51 

HanpaBJJeHMH (nepMO.llM'IeCKOH OCM npeueCCMM n(B)), .UBM)I(eHMe (npeuecCM51) BO­

Kpyr KOTOpblX DOJIHOCTbiO Onpe.ueJJ51eT DOBe.UeHMe CDMHa B YCKOpHTeJJe: 

n(B) = n(B + 27r), 

r.ue B - o6o6m eHHbiH a3MMYT qacTMUbi (.llJIMHa paBHOBeCHOH op6MTbi B e.UMHM­

uax nepMMeTpa 21r R). CymecTBOBaHMe nepMO.UM'!ecKoii ocM npeuecCMM o6513aHo 

nepMO.llM'IeCKOH KOHcpmypaUMM MarHMTHOro DOJI51 B.llOJib paBHOBeCHOH op6MTbl. 

EcJJM CDMH '!aCTMUbi, .UBM)I(yll(eHC51 Ha paBHOBeCHOH op6HTe, M3Ha'!anbHO Ha­

npaBMTb B.UOJJb ocM n, Tor.ua nocne cosepweHM51 oqepe.uHoro o6opoTa 'laCTMUbi B 

ycKopHTeJJe c n MH nocne.uHeii 6y.ueT npHXO.UMTh B HatJanbHOe nOJJO)I(eHMe. TaKMM 

o6pa30M, .UBM)I(eHMe CDMHa 'laCTMUbl Ha paBHOBeCHOH op6MTe 6y.ueT npe.UCTaBJI51Tb 

npeueCCMIO BOKpyr OCM n : npOeKUM51 CDMHa J = S ll Ha OCb D 6y.UeT COXpaH51TbC51, 

nonepe'IHM n p oeKUM51 K n 6y.ueT nosopa'IMBaTbC51 Ha yron Ill = 21rv. CnMHOBM 

'!aCTOTa 1/ DOK33biBaeT KOJIM'!eCTBO o60pOTOB, COBepweHHbiX CDMHOM '!aCTMUbl 3a 

O.UMH 060pOT B YCKOpMTeJJe. 

B TPaAMUHOHHbiX ycKopHTeJJ51X c sepTHKanbHbiM se.uyiUMM noneM, K KOTO­

pbiM OTHOC~TC51 M HYKJIOT?OH, OCb npeueCCMM D HanpaBJJeHa B.llOJib BepTMKanM, a 

CDMHOBM tJaCTOTa 1/ M3MeH51eTC51 nponopUHOHanbHO 3HeprnM: 

n = e z, v = G'Y, 

r.ue 'Y - peJJ51TMBMCTCKMH cpaKTop, G = (g - 2)/2 - aHOManbHM tJaCTb rnpo­

MarHMTHOro COOTHOWeHM51. 

OcHOBHbiMM xapaKTepMCTMKaMM npM onMcaHMM KOJJJJeKTMBHoro cnMHOBoro 

.UBM)I(eHM51 nyqK a qacTMU 51BJJ5110TC51 BeKTop non51pM3aUMM II M cTeneHb .uenon51pH-

3aUMM D, KOTOpbie onpe.ueJJ5110TC51 KaK 

II= (s) = (Jn), D = 1 - IIII . 

3.uecb ymo Bhie CK06KM o6o3Ha'la!OT ycpe.uHeHMe no pacnpe.ueneHMIO qacTMU 

B nyqKe. 

fipH OTKJIOHeHMM OT paBHOBeCHOH op6HTbl npOMCXO.llMT M3MeHeHMe MarHMT­

HbiX DOJJeH B.llOJib TpaeKTOpMM tJaCTMUbl, B pe3yJJbTaTe '!ero npOMCXO.UMT M3MeHe­

HMe ymoBOH CK OpOCTM BpameHM51 CDMHa W (CDMHOBOe B03MyiUeHMe) . CnMH COBep­

waeT .llODOJIHMTeJJbHbie BpaiUeHM51, 'ITO npHBO.llMT K OTKJIOHeHMIO OCM npeuecCMM 

~n M C.llBMry CDMHOBOH '!aCTOTbl ~1/. 
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Eemt HH:lKeKTHposaTb s HYKJlOTpOH non~pH30BaHHhiH nyqoK qaeTHU, y KOTO­

pbiX BeKTOp non~pH3aUHH HanpasneH nepneH.UHKyn~pHO OeH npeueeeHH ll, TO 3a 

«BpeM1!» 0 "-" 1/ 6.v, 'ITO .Llfl~ HYKJlOTpOHa eoeTasn~eT HeeKOflbKO eoTeH o6opo­

TOB, npOH30H.UeT nonHOe nepeMelliHBaHHe HanpasneHHH enHHa OTHOeHTenbHO OeH 

n H non~pH3aUH~ 6y.ueT nonHoeTbJO YTep~Ha . TaKHM o6pa30M, HanpasneHHe oeH 

npeueeeHH 0 cpH3H'!eeKH Bbt.[leneHO TeM, 'ITO BeKTOp non~pH3aUHH, HH:lKeKTHpO­

BaHHbiH B.UOflb 0, 6y.aeT eosepruaTb yeTOH'IHBOe .[lBH:lKeHHe. 

l1MeHHO n03TOMy npH HH:lKeKUHH He06XO.[lHMO eornaeOBbiBaTb Ha'lanbHOe Ha­

npasneHHe seKTOpa non~pH3aUHH e HanpasneHHeM oeH npeueeeHH n (seKTop 

non~pH3aUHH .UOn:lKeH 6hiTb HanpasneH B.LlOnh OeH n). B eyrueeTBYIOlileM KaHane 

TpaHenopTHpOBKH He npoHexo.aHT BhiweyKa3aHHoro eornaeosaHH~ . BeKTop non~­

pH3aUHH npH Bhixo.ue H3 HeTO'IHHKa HanpasneH no sepTHKanH. IToene yeKopeHH~ 

nyqKa B flHHeHHOM yeKOpHTene HanpasneHHe BeKTOpa non~pH3aUHH He H3MeH~­

eTe~ . Bo speM1! TpaHenopTHpOBKH nyqKa B HYKJlOTpOH npoHex o.aHT spameHHe 

BeKTOpa non~pH3aUHH KaK B BepTHKanbHOH, TaK H ropH30HTanbHOH nnoeKOeT~X, 

B pe3ynhTaTe qero HanpasneHHe noene.uHero eoeTasn~eT yron O: z e sepTHKanbJO 

(eM. Ta6n. 1). CTeneHb .uenon~pH3aUHH H3-3a HenpaBHnbHoro cornaeosaHH~ seK­

Topa non~pH3aUHH pasHa 

D 2 . 2 O:z 
HHJK = Slll 2" 

L{n~ yeTpaHeHH~ 3TOrO 3cpcpeKTa ,UOeTaTO'IHO, HanpHMep, B Ha'!ane H B KOHUe 

KaHana TpaHenopTHpOBKH yeTaHOBHTb napy eoneHOH.[lOB, KOTOpbie He BnH~IOT Ha 

TpaeKTOpH!O qaeTHUbl H B TO :ll<e BpeM1! Tpe6yeMbiM o6pa30M .[lOBOpa'!HBaiOT BeKTOp 

non~pH3aUHH .uo sepTHKanH. MO:lKHO noeTynHTb HHa'le: 3apaHee «no.uroTOBHTb» 

HanpasneHHe BeKTOpa non~pH3aUHH Ha BXO.[le B KaHan TpaHenopTHpOBKH TaKHM 

o6pa30M, 'IT06hi noene nosopoTOB B MarHHTax KaHana TpaHenopTHpOBKH seKTop 

non~pH3aUHH 3aHHMan seprHKanbHOe HanpasneHHe. 

Ta6JIHQa 1. CTeneHb AenOJIJipH3aQHH nyqKa H3-3a paccornacoBaHIDI seKTopa noJIJipu-

3aQHH npH HIDKeKQHH B H)'KJIOTpOH 

nyqoK '!aCTHU IH 2H 3H 3He 

a,, rpM 67 9,8 116 79 

D"""''% 62 1,5 55 81 

Bo BpeM1! BhiBO.Ua nyqKa seKTop nonjipH3aUHH HanpasneH s.uonh HnH npo­

THB OeH D. B03MO:lKHO ynpaBnjiTb HanpasneHHeM BeKTOpa non~pH3aUHH 80 BpeM~ 

TpaHenopTHpOBKH nyqKa .UO MHilleHH (3KenepHMeHTanbHOH yeT HOBKH) 3a e'leT 

BeTaBKH ,UOnOflHHTeflbHbiX MarHHTOB B KaHan TpaHenopTHpOBKH (pOTaTOpOB). ,llpy­

~ B03MO:lKHOeTb ynpasneHH~ BeKTOpOM non~pH3aUHH eB~3aHa e nepeeTpOHKOH 

enHHOBOro .[lBH:lKeHH~ Henoepe,UeTBeHHO nepe.a pa60TOH Ha BHYTpeHHefi MHilleHH 
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J<lnH nepeJl BbiBOJlOM n)"'K3 H3 ycKopHTeml. B p36oTe [ 16] npHBe)leH npHMep ynp3-

sneHH~ BCKTOpOM non~pH33UHH 33 C'ICT HHJlYUHpOB3HHOfO CnHHOBOfO pe30H3HC3. 

TIOBOpOT BCKTOp 3 non~pH33UHH B 3TOM CJI)"'3C npOHCXO)lHT 33 HCCKOnhKO 060p0-

TOB H Tpe6yeT 3H3'IHTCJibHO MCHbWHX HHTerpanOB M3fHHTHbiX nOJICH B OTJIH'IHC 

OT «OJlHOnpOJICTHOfO» p0TaTOp3. 3TOT cnoco6 ~Bn~CTC~ H3H6onee nO)lXO~lUHM 

)ln~ n)"'KOB non~pH30B3HHbiX )lCHTpOHOB H3-33 ManOCTH 3HOManbHOH 'I3CTH rHpO­

M3fHHTHOrO OTHOWCHH~ )leiiTpOH3 G = -0, 143. 
CTeneHb non~pH33UHH s npouecce ycKopeHH~ MO)f(CT H3MeHHTbC~, KOr)l3 cmt­

HOB~ 'I3CTOT3 CT3HCT p3BHOH UCJIO'IHCJICHHOH KOM6HH3UHH H3 'I3CTOT 6eTaTpOH­

HOfO H CHHXpOTpOHHOrO )lBH)f(CHH~ - B 06JI3CTH CnHHOBOfO pe30H3HC3: 

II= Ilk, Ilk = k + kz liz + kx llx + k-y 11-y . 

.un~ HYKnOTpOH3 3H3'ICHH~ 6eT3TpOHHbiX 'I3CTOT p3BHbi llx = 6, 8, liz = 6, 85. 
H3H6onee CHJibHoe snH~HHe H3 JlHH3MHKY cnHH3 OK33biB310T pe30H3HCbi nH­

HeiiHoro npH6JIH)f(CHH~, M~ KOTOpbiX I kx I + I kz I ~ 1. B H)leanbHOH CTpyKrype 

c cynepnepHOJlOM p (M~ HYKnOTpOH3 p = 8) s nHHeiiHOM npH6JIH)f(CHHH no 

OTKJIOHCHH~M OT p3BHOBCCHOH Op6HTbl B03M0)f(H3 CepH~ pe30H3HCOB C HOMCp3MH 

ilk = kp ± llz 1 k = 0, ±1, ±2 ... ' 

KOTOpbie H33biB310T BHYTPCHHHMH. BHYTPCHHHe pe30H3HCbi B03HHK310T npH B33H­

MO)leiicTBHH c n HH3 c 6eT3TpOHHbiM JlBH)f(CHHeM. OcTanbHbie pe30H3HCbi cs~33Hbi 

C 11CK3)f(CHHCM M3fHHTHOH CTpyKTypbl KOJibU3, KOTOpblC Bbi3B3Hbl HCTO'IHOCT~MH 

H3f0TOBJICHH~ H IOCTHpOBKH 3JICMCHTOB CTpyKTypbl, C HCJIHHCHHbiMH 3QJQJCKT3MH 

CnHHOBOfO "11 o p6HTanbH0fO JlBH)f(CHHH H C BKniO'ICHHCM KOppeKTHPYIOIUHX H 

QJYHKUHOHanbHbiX 3JICMCHTOB (JlHnoneii, KBa)lpynoneii, CCKCTynoneii H T. Jl.). B 

nHHeiiHOM npH6JIH)f(CHHH K pe30H3HC3M, cs~33HHbiM c HCK3)f(CHHCM CTPYKTYPbi, 

OTHOC~TC~ UCJi biC, HecynepnepHO)lHbiC H pe30H3HCbl CB~3H X- H Z-KOne63HHH. B 

n6n . 2 yK333H O KOJIH'ICCTBO JIHHCHHbiX pe30H3HCOB npH ycKopeHHH n)"'K3 'I3CTHU 
1 H, 2H, 3H, 3He s HyKnoTpoHe (3JlCCb k "' m - uem1e 'IHCJI3). 

T a6JIHI.13 2. JhmeHHLie pe3oHaHCLI B KOJJLI.Ie uyKJJoTpoua 

T1-m pe3oHaHca Ycnos11e pe3oHaHca 
KonHt.Iecrso pe3oHaHcos 

IH 2H 3H 3He 

BHyrpeHHHe pe3oHaHCbl v = kp± v. 6 - 8 9 

Uem1e pe3oHaHCbi v=k 25 I 32 37 

HecynepnepHOJlHbiC pe3oHaHCbl v=k±v.(k'f.mp) 44 2 55 64 

PeJoHaHCbl CBllJH 1.1 = k±vx 49 2 63 73 
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Ilp11 ycKopeHI111 nyqKa cni1HOBM qacToTa pacTeT n ponopu11o HanhHO 3Hepr1111, 

11 nepeCe"!eHI1e Cni1HOBbiX pe30HaHCOB CTaHOBI1TC.II Hel136e)I(HbJM. 0CHOBHbiMI1 na­

paMeTpaM11 np11 nepece"!eHI111 Cni1HOBOfO pe30HaHCa .IIBII.IIIOTC.II MOIUHOCTb Cni1-

HOBOfO pe30HaHCa Wk, OTCTpOHKa OT pe30HaHCa € = 1/ - 1/k 11 CKOpOCTb 113Me­

HeHI1.11 OTCTpOHKI1 €
1 = de/dB (CKOpOCTb nepeCe"!eH11.11) . MOIU OCTb Cni1HOB0f0 

pe30HaHCa Wk .IIBIJ.IIeTC.II COOTBeTCTBYJOIUeH cpypbe-rapMOHI1KOH n o nepe"'HOfO Cni1-

HOBOfO B03MyiUeHI1.11 W 11 Onpe)leJI.IIeT IU11p11HY onaCHOfO 11HTep Bana B o6naCTI1 

Cni1HOBOfO pe30HaHCa. 

):ln.11 BhJ"'I1CneHI1.11 cTeneHI1 non.!!p113aU1111 np11 nepece"!eHI111 c ni1HOBoro peJo­

HaHca JlOCTaTO"'HO npocne)li1Th Ja npoeKu11eii J = sn cn11Ha Ha o c h n . llB11)1(eHI1e 

Cni1Ha B6nl1311 ye)li1HeHHOfO Cni1HOBOfO pe30HaHCa Ha116onee npOCTO Bhlfn.ll)li1T B 

«pe30HaHCHOH» CI1CTeMe KOOpJl11HaT, y KOTOpOH OCb Z COBna)laeT C HanpaBneH11eM 

OCI1 D, a nonepe"'HbJe K OCI1 Z OpTbl BpaiUaJOTC.II C pe30HaHCHOH "!aCTOTOH 1/k 

BOKpyr OCI1 0 ( 13). B «pe30HaHCHOH» CI1CTeMe np11 cp11KC11pOBa HOH OTCTpOHKe 

€ Cni1H BpamaeTC.II B «nOCTO.IIHHOM» none h, np11 3TOM nep110Jll1"1 eCKas! OCb npe­

UeCCI111 coBna)laeT c HanpasneHI1eM non.11 : 

Ilocne nepece"!eHI1.11 peJoHaHca none h MeH.IIeT JHaK OTHOCI1Ten hiiO oc11 z. 
I1p11 a)ll1a6aTI1"1eCKOM 113MeHeHI111 non.11, Koma Ja OJli1H o6o poT cn11Ha no­

cne)lHee cna6o 113MeH.IIeTC.II, 

ldhl 2 
dB « h ' 

11n11 B cnyqae, KOr)la Wk = const 11 BhmonH.IIeTC.II ycnos11e 

(1) 

npoeKU11.11 J .IIBIJ.IIeTC.II a)ll1a6aTI1"1eCKI1M 11HBap11aHTOM. f1p11 lc'l « lwkl 2 
ycno­

BI1e (1) BhlnOflH.IIeTC.II B n1060Ji MOMeHT BpeMeHI1 11 Cni1H COBepwaeT a)ll1a6a­

TI1"1eCKOe nepece"!eHI1e pe3oHaHca, nocne KOToporo nepesopa"111BaeTC.II BMeCTe c 

noneM. 0CHOBHOe 113MeHeHI1e npOeKU1111 J np011CX0Jli1T B 3cpcpeKTI1BHOH o6naCTI1 

B6nl1311 pe3oHaHca, KOr)la ycnos11e a)ll1a6aTI1"!ecKoro nepece"!eHI1.11 ( I) HapywaeTC.II 

(B3q,q, rv 1/V£i). 
TaKI1M o6pa30M, Jlfl.ll BhJ"'I1CneHI1.11 cTeneHI1 non.!!p113aU1111 JlOCTaTO"'HO CB.II3aTh 

npoeKU1111 cn11Ha JlO nepece"!eHI1.11 (J_) 11 nocne nepece"'eHI1.11 (J+ ) 3cpcpeKTI1BHOH 

o6nacTI1 pe3oHaHca. Ilp11 3TOM ycnOBI1.11 coxpaHeHI1.11 non.!!p113aU11 11 6yJlYT BhJrn.II ­

JleTh cne)lyJOIU11M o6pa3oM: 

11fll1 (2) 
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IJpH nepeCe'JeHHH pe30HaHCa C nOCTO~HHOH CKOpOCTbJO 3Ha'JeHH~ a,uHa6aTH­

'JeCKOfO HHSapHaHTa )lO H nocne nepece'JeHH~ onpe)len~JOTC~ npHSe)leHHOH MOIU­

HOCTbJO W = lwkl/v0 (17) : 

J+ = ( 1 - 2 exp ( - 7r~
2

)) J_ . (3) 

f1pH nepeCe'JeHHH pe30HaHCa, KOf)la SbinOnH~eTC~ ycnOSHe ( w2 ) rv 1 (npoMe­

:>KYTO'IHOe nepece'leHHe), nyqoK npaKTH'IeCKH nonHOCTbJO )lenon~pH3yeTc~ . 3)leCb 

H )lanee yrnosbie CK06KH o6o3Ha'laJOT ycpeJlHeHHe no pacnpe)leneHHJO qacTHU s 

nyqKe. 

EbiCTpoe n epece'!eHHe 03Ha'!aeT, 'ITO ( w2 ) « 1 H seKTop non~pH 3aUHH II 
He ycnesaeT 3Ha'IHTenbHO H3MeHHTbC~, a cTeneHb )lenon~pH3aUHH D pasHa 

D~ 7r ( lwk 12) = 7r(w2) « 1. 

f1pH Me)lneHHOM (a,uHa6aTH'JeCKOM) nepeCe'JeHHH, KOf)la ( w2 ) » 1, BeKTOp 

non~pH3aUHH «nepesopa'IHSaeTC~» SMeCTe C noneM h OTHOCHTenbHO sepTHKanH. 

f1pH 3TOM cne)lyeT pa3nH'IaTb Cnyqatf «KOrepeHTHOfO» H «HeKOrepeHTHOfO» nepe­

Ce'JeHH~. «Korep eHTHOe» nepeceqemte 03Ha'JaeT, 'ITO MOIUHOCTb pe30HaHca O)lH­

HaKosa )ln~ scex qacTHU (uenbie pe3oHaHCbi) H cnHHbi '!aCTHU spamaJOTC~ soKpyr 

OJlHOro HanpasneHH~ c OJlHHaKosotf qacToTotf. B 3TOM cnyqae ycnosHe w2 » 1 
sbmonH~eTc~ )ln~ scex qacTHU nyqKa, a cTeneHb non~pH3aUHH nocne nepece'!eHH~ 

COXpaH~eTC~ C 3KCnOHeHUHanbHOH TO'IHOCTbJO. f1pH «HeKorepeHTHOM» nepeCe'le­

HHH MOIUHOCJ'b p e30HaHCa .pa3nH'!Ha )ln51 pa3HbiX TpaeKTOpHH )lSH:>KeHH51 '!aCTHU 

s nyqKe. B '!aCTHOCTH, 3Ta CHTyaUH~ peanH3yeTC51 npH nepece'!eHHH SHYTpeHHHX 

pe30HaHCOS, KOr)la MOIUHOCTb pe30HaHCa nponOpUHOHanbHa aMnnHTy)le 6eTaTpOH­

HbiX Kone6aHHH . CnHHbi '!aCTHU Ha pa3HbiX TpaeKTOpH51X 6yJlYT spamaTbC51 soKpyr 

pamH'IHbiX Hanp asneHHH H c pa3HbiMH qacToTaMH. B 3TOM cnyqae s nyqKe KpoMe 

'JaCTHU, Me)lneHHO nepeceKaJOIUHX pe30HaHC, eCTb '!aCTHUbl C npoMe:>KYTO'IHOH H 

6biCTpOH CKOpOCT~MH nepece'leHH51, 'ITO npHSO)lHT K '!aCTH'IHOH )lenon~pH3aUHH 

nyqKa. f1pH HOp ManbHOM pacnpe)leneHHH no KOOp)lHHaTaM H HMnynbCaM lJaCTHU 

s nyqKe cTeneHb )lenon~pH3aUHH 6yJleT pasHa: 

D~ c:' 1 
7r (lwk l2) = 1r(w2) « 1. 

IlpH a,uHa6aTHlJeCKOM nepece'!eHHH Heo6xo)lHMO Y'IHTbiSaTb CHHxpoTpOHHbie 

KOne6aHH~ lJaCTHU, KOTOpbie npHSO~T K «pacmenneHHJO» OCHOSHOfO pe30HaHCa C 

MOIUHOCTbJO Wk Ha CepH!O MO)lyn~UHOHHbiX (caTennHTHblX) pe30HaHCOS C MOIUHO­

CT~MH Wk m ( 13, 18) . IJepeCelJeHHe MO)lyn51UHOHHbiX pe30HaHCOS C npOMe:>KYTOlJ­

HOH CKOpOCTbJO npHSe)leT TaK:>Ke K lJaCTHlJHOH HnH )la:>Ke nOnHOH )lenon~pH 3aUHH . 
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.[ln51 paC'!eTOS Y.U06HO SSeCnl xapaKTepHy!O MOlllHOCTb pe30HaHCa W d, npH 

nepece'!eHHH KOTOpOro npOHCXOJlHT npaKTH'IeCKH llOflHa51 .uenOn51 pH3aUH51 nyqKa: 

TOr.Ua MOlllHOCTb pe30HaHCa, COOTSeTCTSY!Ollla51 llOTepH 1 % n On51pH3aUHH npH 

6hiCTpOM nepeCe'!eHHH, pasHa 0, 1 Wd, a MOlllHOCTb pe30HaHca, COOTSeTCTSy!O­

llla51 noTepH 1% non51pH3aUHH npw 4 ma6aTH'IeCKOM nepece'!eHHH, pasHa 10 wd 

( «HeKorepeHTHbie» pe30HaHCbl) HJIH 3, 26 Wd ( «KOrepeHTHble» pe30HaHCbl) . 

T 6 a JIHUa 3 X apaKTepHCT21 _ nepece"!eHIDI CDHHOBLIX pe30H3HCOB B H)'KJIOTpOHe 

l..!aCTHI.Ibi n}"!Ka lH 

G 1,793 

Ek'ax, (f3B/H] 12,84 

llm in - llmax 1,8-26,3 

c1, (Tyc• = 0,5c) 7, o. 10- 6 

W d , ( Tyc< = 0, 5c) 1, 5 . 10- 3 

0,5 

I 
--{),5 2 4 6 8 10 

(J)k = 1,5·1(}--3 

2H 

-0, 143 

6,00 

-1,05--0,144 

12 

2,8 · 10- 7 

3, 0 · 10- 4 

0,5 
Ek 

--{),5 

I I 
1 

3H 3He 

7,92 - 4.184 

3,74 8,28 

7,92-39,5 -41,1--4,19 

1, o. 10-5 1,1 · 10- 5 

1., 8 . 10-3 L 9 · 10- 3 

v=kp±vz 

2 3 

(J)d= 1,8·1(}--3 
- 1 ---------------- -1 - - ------ --- - - - --

lg(wklwd) 3He, v = kp±vz 
1,5 

0,5 I I 
I 2 4 6 8 

1 
(J)d= 1,9·10--3 

--------------- -
--{),5 

Pwc. I . BHyrpeHHHe pe3oHaHcbi 

Pac'!eTbi nepece'leHH51 cnHHOBbiX pe3oHaHcos npw ycKopeHHH nyqKa npoTo­

Hos H .ueihpoHos 6bmH BbmonHeHbi paHee [18, 19]. Ha 6a3e pa3pa6oTaHHoro 

11 



KOMflbiOTepHOfO o6ecne'!eH11.SI paCC'II1TaHbl XapaKTep11CTI1KH CflHHOBOfO J]BH)I(e­

HI1~ He TOflbKO nn~ fl)"'KOB npOTOHOB 11 neiiTpOHOB, HO 11 nn~ fl)"'KOB TpHTHSI H 

renl1~-3. B Ta6n . 3 np11seneHbl peJynbTaTbi pac'!eTa OCHOBHbiX xapaKTep11CTHK 

nepeCe'!eHI1~ Cfl i1 HOBbiX pe30HaHCOB. 

Ha p11C . 1-4 np11BeJ]eHbl norap11cpM11'1eCKI1e rpacpHKI1 MOIUHOCTeH pe30HaHCOB 

flHHeHHOfO np116n 11)1(eHI1SI B eJ]I1H11UaX xapaKTepHOH MOlllHOCTI1 Wd B pa60'IeM J]Ha­

naJOHe 113MeHeH I1~ KHHeTH'IeCKOH 3Hepm11 n)"!Ka Ek. Ka~biH rpacp11K pa36HT Ha 

Tp11 o6naCTI1, K OTOpb!e COOTBeTCTBYIOT npoMe)I(YTO'IHOMY nepece'leHHIO (o6naCTb 

Me~y cnnOIUHOH H nyHKT11pHOH fli1HI1~MH), 6biCTpOMy (HH)I(e nyHKT11pHOH n11-

lg(wf!wd) 1H, v=k 
' 1,5 

1 

-- - -~d_=_1!.5)~!---- -

lg(wf!wd) 3H, v = k 
2 

' I II !I I I ~ II I I -''' '' ' ' '''' '! '' '''' Elc 

-{),5 L wd = 1 !.8}~!------1 -- - - - - -

lg(wf!wd) 2H, v = k 
0,5 

-{),5 

E · ~--~~~--~1·6 k 2 3 4 5 

_J ---- !!J.J ~ 3,0·1<r4 ------- - -
1g(wf!wd) 3He, v = k 

1,5 

1 

o,slllll lltlilllllllllllllllllllllllllll 
-{),5 1' 2 4 6 8 Ek 

-1 L-- __ '!!C 1,9·J0-3 -- - - -- ----

PHc. 2. Uenbie pe3oHaHCbi 

IH, v=k ± v, 1g(wf!wd) 
lr------------------

I, II II ,;II I II ,,, II II 1111 I II 011 II 11.1011 I ,jjll Ek 

- 1 

- 2 

- 3 
wd= 1,5·10-3 

3H, v=k ± v, 

Ek 

-{),5 

- 1 

- 1,5 

v = k ± Vz 2H, 1g(wf!wd) 
1r-------------------

i 2 3 4 I 5 6 Ek 
-1----------- -

- 2 

- 3 wd= 3,0·l<r4 

1g(wf!wd) 3He, v = k ± v, 
1r-----------------

0,5 

Ek 

- 1,5 
- 2 wd= 1,9·10-3 

PHc. 3. HecynepnepHOJlHbie pe3oHaHCbl 
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lg(w,tlwtJ) 
1~------------------

-I 

-2 

-3 

lg(w.tfwd) 
1~----------------

0,5 

--{),5 

-1 

-1,5 

lg(w.tfwd) 
1~-------------------

0,5 

Et --{),5 

-1 
-1,5 

-2 

2 

2 3 4 5 

4 6 8 

PHc. 4. Pe3oHaHCbl CBll3H 

HHH) H 3,1lHa6aTH1.JeCKOMY (Bblllle CnJIOlllHOH JlHHHH). I1pH pac'leTe MOlllHOCTeH 

pe30HaHCOB npHHHMaJIOCb, 'ITO HOpManH30BaHHhie 3MHTTaHCbl B r o pH30HTaJibHOM 

H BepTHKaJibHOM HanpaBJieHHjjX paBHbl 4, 57r · MM · Mpa,ri, OlllH6KH IOCTHpOBKH KBa­

JlpynoneH -- 0, 1 MM H OlllH6KH IOCTHpOBKH yrnoB nOBOpOTa Be)ly lllHX MarHHTOB 

-- 0, 001 pa,n. 

PeJoHaHChi, pacnono)KeHHhie B JOHe npoMe)KYTO'IHoro nepeceqeHHjj, npHBO­

JUIT K )lenOJijjpH3aUHH nyqKa. Jh cpaBHeHJijj rpacpHKOB CJle)lyeT, 'ITO nO'ITH BO 

BCeM )lHanaJOHe H3MeHeHHjj 3HeprnH )lenOJijjpH3YIOIUHMH liBJlliiOTCll BHYTpeHHHe H 

uenbie pe30HaHChi (pHc. 1, 2). PeJoHaHChi CBli3H H HecynepnepHOJlHbie pe3oHaHChi 

TaK)Ke MOryr npHBO)lHTb K )lenOJijjpH3aUHH nyqKa B TeX )Ke o6naCTliX ::meprnfi, f)le 

HaXOJUITCll BHYTpeHHHe pe3oHaHChi (pHc. 3, 4). 

3. METO)I.hl llEPECEqEHWI )I.EllOJUIPH3YIOIIJ.JIX PE30HAHCOB 

CymecTBYIOT pa3JlH'IHbie MeTOJlhi JlJljj coxpaHeHHll nonllpHJaUHH nyqKa npH 

nepece'!eHHH cnHHOBhiX pe3oHaHCOB. MeTOJlhi, npH KOTOpbiX 3cpcpeKTHBHal! JOHa 

pe30HaHCa nepeceKaeTCll C nOCTOjjHHOH CKOpOCTbiO, OCHOBaHbl Ha y seJIH'IeHHH HJlH 

yMeHbllleHHH npHBe)leHHOH MOIUHOCTH pe30HaHCa W = lwki/JE' C TeM, 1.JT06hi 

o6ecne'IHTh a,nHa6aTH1.JecKoe, HJIH 6hiCTpoe nepece'leHHe. CnenyeT OTMeTHTh, 'ITO 

na)Ke npH noTepe JlO I % cTeneHH nonjjpH3aUHH npH nepece'!eHHH onHoro 6hi­

cTporo, HJlH 3,1lHa6aTH1.JeCKOf0 (HeKOrepeHTHOfO) pe30HaHCa MO)KHO noTepllTb 3Ha-

1.JHTeJlbHYIO JlOJliO nOJijjpH3aUHH npH nepece1.JeHHH 60JlblllOfO 'IHCJla pe30HaHCOB. 

PaccMoTpHM MeTOJlhi nepece'!eHHjj cnHHOBhiX pe3oHaHcos, H H6onee nonxo­

JUIIUHe JlJlll HyKJioTpOHa. 
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a) flpH nep eCe4eHHii uenbiX peJOHaHCOB C npoMe)((Yf04HOH MO!llHOCTbiO 

(w rv 1) ueneC00 6 pa3HO HCnOnbJOBaTb MeTO)l npe)lHaMepeHHOrO ysenH4eHH~ MO!ll­

HOCTH peJOHaHca ( 13). ,Un~ 3TOro JlOCTaT04HO BBeCTii B CB060JlHbiH npoMe)((yrOK 

nyxnoTpona npOJlOnbHOe MarHHTnoe none. Mo!llHOCTb peJonanca npH BBe)lemm 

npoJlonbnoro non~ onpeJlen~eTc~ Bbipa)((eHHeM 

Wk = 'Py = (1 + G)HyLy 
2n 2nHR 

li )lOn)((Ha COOTBeTCTBOBaTb ycnOBHIO a)lHa6aTH4eCKOrO nepeCe4eHH~ ( 1) 

w~ » t:'. 

KpoMe Toro, 4T0 6bi HJ6e)((aTb 3cpcpeKTOB )lenon~pH3aUHH HJ-Ja cHnxpoTponnoti 

MOJlyn~Uiili 3HeprnH, He06XO)lliMO TaK)((e BbinOnHHTb ycnOBHe ( 18) 

2 
wk >a 11-y. 

r)le a - cpe)lHeKBa)lpaTH4HOe liJMeHeHHe CnHHOBOH 4aCTOTbl, CB~3aHHOe C 3Hep­

reTii'-!eCKHM pa36 pOCOM B nyt~Ke, 11-y - '!aCTOTa CHHXpOTpOHHbiX KOne6aHHH. 

B Ta6n . 4 n p HBe)leHbi MaKCHMaJJbHbie JHatieHH~ HHTerpana npo)lonbHOro non~ 

(na 3HeprnH BbiBOJla) JlJI~ o6ecnetieHH~ a)lHa6aTHtiecxoro nepecetieHH~ uenbiX 

peJOHaHCOB BO BCeM )lHanaJOHe li3MeHeHH~ 3HeprnH (Wk rv 10-2). 

Ta6JIHI.Ia 4. 3naqenux umerpana npOJlOJILnoro noJIJI npu a)lHa6ant'leCKOM nepece'lenuu 

l.JaCTHUbl n}"iKa IH 2H 3H 3He 

HyLy, Tn · M 1 3,4 0,3 0,9 

6) flpH nepeCe4eHHii peJOHaHCOB C 6eTaTpOHHb!Mii '13CTOTaMH uenecoo6pa3HO 

HCnOnbJOBaTb MeTOJl nepeCe'leHH~ Ja C'leT opraHHJaUHH CKa'!Ka CnHHOBOH '!a­

CTOTbl (20), a He Ja C'!eT CKa'!Ka 6eTaTpOHHOH tiaCTOTbl. ,Un~ OpraHH3aUHii CKa'!Ka 

CnHHOBOH '!aCTOTbl 6.11 He06XO)lliMO BBeCTii B KOnbUO HYKJIOTpOHa «BCTaBKY» HJ 

)lOnOnHHTenbHbiX MarHHTHbiX noneH, 'ITO nOJBOn~eT nonytiHTb Tpe6yeMyiO JaBHCH­

MOCTb CnHHOBOH '!aCTOTbl OT MarHHTHOro non~ II = v(H). «BCTaBKa» )l0n)((Ha CO­

OTBeTCTBOBaTb ycnOBii~M BOCCTaHOBJieHH~ paBHOBeCHOH op6HTbl, a JlJI~ cnHHOBOro 

)lBH)((eHH~ COOTBeTCTBOBaTb nOBOpOry BOKpyr OCH D Ha yron 271"6..11 (11 = IIQ + 6..11) . 

B Ka'!eCTBe p a6o'leH CXeMbl MO)((HO HCnOnbJOBaTb CTpyxrypy C npOJlOnbHb!Mii 

H paAHaJJbHbiMH non~MH, HJo6pa)((eHHYIO na pHc. 5, r)le cpx, cpy - yrnbi nosopoTa 

cnHHa soxpyr p aAHaJJbHbiX H npOJlOnbHbiX noneti . 

B npH6nH)((e HHH MaJJbiX yrnos nosopoTa cnHHa (cpx, cpy « 1) nanpaBJJeHHe 

paBHOBeCHOH non~pH3aUHii OCTaeTC~ BepTHKaJJbHbiM, a CKa'IOK '!aCTOTbl npeuec-

CHH cnuna pasen 

D.v = 'Px'Py 
271" . 
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P11c. 5. CTp)'I<Typa opraHinau1111 cKa'!Ka cnHHOBOH '!aCToT 1 

MaKCI1MaJlhHOe OTKJIOHeHI1e paaHoaecHOH op611Thi BJlOflh oc z Ha )"'aCTKe 

« BCTaBKI1», Bhi3BaHHOH pa;x11aJlhHhiMI1 non.siMI1 Hx, cocTaBI1T 

MaKCI1MaJlhHa.si Jlfli1Ha «BCTaBKI1» orpaHwieHa Jlfli1HOH cao6 JlHOro npoMe­

)((yTKa B yCKOp11Tene, 'ITO B HYKJIOTpOHe COCTaan.sieT 350 CM. 0TMeTI1M, 'ITO 

cyMMapHbie 11HTerpanbi MarHI1THhiX non eM (KOTOpbie onpe)lefl.siiOT 'Px, cpy) MO)((HO 

Ha6paTb 3a C'ieT ycTaHOBKI1 HeCKOflhKI1X «BCTaBOK» B CB060JlHhiX npoMe)((yTKaX 

KOflhUa YCKOp11Ten.si, np11 3TOM MaKCI1MaJlhHOe OTKJIOHeHI1e paBHOBeCHOH op611Thl 

yMeHhllli1TC.51 . 

0TMeTI1M, 'ITO MeTOJl CKa'!Ka Cfli1HOBOH '!aCTOThl, paCCMOTp eHHhiH B 3TOM 

nyHKTe, MO)((eT 6b!Th 11Cfl0flh30BaH np11 nepece4eHI111 pe30HaHCOB He TOflhKO C 

6eTaTpOHHhiMI1 '!aCTOTaMI1, HO 11 uenhiX pe30HaHCOB BMeCTO MeTO)la npe)lHaMe­

peHHOro yaenl14eHI1.51 MOlUHOCTI1 pe30HaHCa, paCCMOTpeHHOrO B n y HKTe a) . 

a) B paccMOTpeHHhiX Bhillle MeTo)lax 3cpcpeKTI1BHa.si o6nacTh pe3oHaHca ne­

peceKaeTC.si C nOCTO.siHHOH CKOpOCTh!O 11 ycnOBI1e COXpaHeHI1.51 n On.sip113aUI111 (2) 
BhmOnH.sieTc.si np116n11)((eHHO (3) . B pa6oTax [16, 21, 22] 6hin n pe;xno)((eH Me­

TOJl, B KOTOpOM ycnOBI1e COXpaHeHI1.51 non.sip113aU1111 (2) BhinOflH.sieTC.si TO'!HO )lfl.si 

acex Tl1noa cni1HOBhiX pe3oHaHcoa. Cni1Hoaoe JlBI1)((eHI1e a 3cpcpeKT I1BHOH o6nacTI1 

KOHTpOn11pyeTC.51 3a C'ieT 113MeHeHI1.51 CKOpOCTI1 nepeCe'!eHI1.51 . 

YnpaBn.siTh OTCTpOHKOH c BO apeM.si nepece'!eHI1.51 B03M0)((H0, KaK 11 B cny­

'!ae opraHI13aU1111 CKa'!Ka Cni1HOBOH '!aCTOThl (CMOTp11 nyHKT 6), 3a C'ieT 113Me­

HeHI1.51 Cni1HOBOH '!aCTOThl v(H ). ,Un.si 3TOrO BO BpeM.si nepeCe'ieHI1.51 Cni1HOBOrO 

pe30HaHca He06XOJl11MO 113MeH.siTh OTCTpOHKY Ha Befli1411HY 6.v rv 4J€' 3a Bpe M.si 

6.t = 6.0/wo rv 1/( v'c'wo), r)le wo- yrnOBa.si '!aCTOTa o6pameHI1.51 B HYKJIOTpOHe 

(eM. Ta6n . 5) . TaK KaK ycnoa11e coxpaHeHI1.si non.sip113aU1111 (2) BhmOnH.sieTC.si He 

Jlfl.si acex 4aCT11U n)"!Ka (113-3a pa36poca no 3Hepm11), TO cymecTayeT orpaHI14e­

HI1e Ha JlOnyCTI1MOe 3Ha'!eHI1e cpe)lHeKBa)lpaTI14HO.fO 113MeHeHI1.51 OTCTpOHKI1 a,. 
OcHOBHOH BKna;x a 3Ha'!eHI1e a, )laeT 3aBI1CI1MOCTh cni1HOBOH '!acT Thi oT 3 Hepm11 

a. rv II ( ~~ ) . TaK, B Cfl)"'ae rayccOBCKOro pacnpe)leneHI1.51 '!aCT11U no 3 Hepm11 

np11 aeni1411He a, rv 0, 5v'c' CTeneHh non.sip113aul111 yMeHhllli1TC.si Ha 3 %, a Jlfl.si 

a, rv 0, 2v'c' CTeneHb non.sip113aU1111 yMeHbllli1TC.51 MeHee '!eM Ha 0, I %. 
B Ta6n . 5 np11Be)leHhi MaKCI1MaJlhHhie 3Ha'!eHI1.si MarHI1THhiX oneH Hx, Hy, 

COOTBeTCTBY!OlUI1e Tpe6yeMbiM yrnaM cpx, cpy Ha 3Hepr1111 Bh!BO)la 11 MaKC11MaJlhHOe 
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Ta6nnQa 5. XapaKTepHCTHKH CTPYKTYPJ.I ynpaB11eHIDI OTcrpoiiKoii npu KOMneucaQHH 

creneHH .aenOJIJlpHlaQHH 

l.JaCTHUbl nyqKa lH 2H 3H 3He 

t:J.. v 1,1 · 10-2 2,1. 10-3 1, 2. 10-2 1,3 · 10-2 

!:J.t, MKC {/3 = 1) 50 250 40 40 

Hx, Tn 0, 7 3,5 0,55 0,55 

Hy . Tn 4,3 14 1,35 3,8 

!:J.zmax . CM 4 10 1, 1 2,1 

OTKJIOHeHHe paBHOBeCHOH op6HTbl .6.zmax Ha :meprnH HH)I(eKUHH. TipH paC'IeTe 

npe.llDOJiaraJIOCb, 'ITO OTCTpOHKa ynpaBJijjeTCjj 'leTblpbW! MarHHTHbiMH «BCTaBKa­

MH», cTpyKrypa KOTOphiX H3o6pa)l(eHa Ha puc. 3. .[VJHHa Lx = Ly = 2A, r.11e 

A - aneprypa MarHHTa, paBHM 20 CM. 06mM .llJIHHa cTpyKryphi ynpaBJieHHjj 

OTCTpOHKOH COCTaBJijjeT 2(2 · 160) CM. 

TipH Me.llJieiiHOM BhiBO.Ile nYI.JKa H3 HYKJIOTpoHa c 3HeprneH nYI.JKa, 6nH3KOH 

K 3HepnH1 O.llHOfO H3 CDHHOBbiX pe30HaHCOB, B03M0)1(Ha .lleDOJijjpH3aUJ.Ijj DYI.JKa. 

OcHOBHbiM cpaKTOpOM, onpe.lleJij!IOUIHM cTeneHh .llenoJijjpH3aUHH nYI.JKa npu Me.ll­

neHHOM BhiBO.Ile , j!BJijjeTCjj pa36poc ocej:j npeueccuu .6.n, KOTOphiH HaH6onee 

CHJibHO npOjjBJi jjeTCjj B6JIH3H HeKorepeHTHOfO pe30HaHCa, KOf.lla MOUIHOCTb pe-

30HaHCa nponop uuoHaJibHa aMnnnryAe 6eTaTpOHHoro LIBH)I(eHHjj. CTeneHh ):le­

nongpH3aUHH B 3TOM CJIYI.Jae 3aBHCHT OT MOUIHOCTH CUHHOBOfO pe30HaHCa Wk H 

OTCTpOHKH OT p e30HaHCa c;· H .llJijj Ha'laJibHO UOJIHOCTbiO nongpH30BaHHOfO DYI.JKa 

COCTaBHT BeJIH'IHHY ( t:2 >> ( Wk 
2
)) 

D = 1 -l(n)l ~ ~( (.6.n_~_) 2 ) ~ ~WE~. 
qT06bl H36e)l(aTb B 3TOM CJIYI.Jae ):lenongpH3aUHH, .llOCTaTO'IHO OTOHTH OT pe-

30HaHca Ha Bem i'IHHY .6.t: '"'-' 10Wk (.6.1 = .6-t:jG), 'ITO, HanpHMep, .llJiji DYI.JKa 

npOTOHOB cpcTaBHT .6.Ek ~ 50 MaB npH OTCTpOHKe OT pe30HaHca C MOUIHOCTbiO 

Wk = 10-2 (MHa6aTH'IeCKOe nepece'leHHe) H .6.Ek ~ 5 MaB npH OTCTpOHKH OT 

pe30HaHCa C MOUIHOCTbiO Wk = 10-J (npOMe)I(YTO'IHOe nepeCe'leHHe). 

3AKJIIOqEHHE 

TipoBe):leHH biH aHaJIH3 U03BOJigeT C):leJiaTb CJie):lyiOUIHe BbiBOJlbl. 

I. B o6naCTH 3HeprnH HYKJIOTpoHa H, B nepcneKTHBe pa3BHTHg ycKOpHTeJih­

Horo KOMUJieKca JIB3 OrUH1., B o6naCTH 3HeprnH ):10 VsNN < 10 raB 3Kcne-
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pHMeHTbl C flY'fKaMH nOnjipH30BaHHbiX nefl!aHUIHX jf,llep ,lla!OT B03M0 )1(H0CTb OTBe­

THTb Ha O,llHH H3 CaMbiX !lJyH,IlaMeHTanbHbiX BOnpOCOB CTpOeHJ.iji n e fllaHUIHX ji,llep 

H HYKnOHOB B o6naCTH ,llOMHHHpOBaHJ.ijf BaneHTHbiX KBapKOB B TaK Ha3biBaeMOH 

Henepryp6aTHBHOH o6nacTH KXll. B tJaCTHOCTH, ecTb peanbHM B0 3MO)I(HOCTh 

- pa3ra,uaTb 3ara,uKy OfPOMHbiX nonjipH3aUHOHHbiX 3!lJ!lJeKTOB ynpyrOM pp­
paccejiHJ.iH no.Ll yrnoM 90° s cHcTeMe ueHTpa Mace; He HMe10meii .LlO cHx nop 

TeOpeTHtJeCKOfO OflHCaHHjf ; 

- pa3o6paTbCjf B npHpO,Ile pe30HaHCHOfO BH,Ila :mepreTH'IeCKOH 3aBHCHMOCTH 

ji,llepHOH (UBeTOBOH) npo3patiHOCTH, aKryanbHOCTb 3TOH npo6neMbl CBjf3aHa C Ha-

6niO,IleHHeM npH BbiCOKHX 3HeprHjfX B jf,llpO- ji,llepHbiX CTOnKHOBeHJ.ijfX 3!lJ!lJeKTa 

flO,IlaBneHJ.iji CTpyii, HMe!OlUefO aHanOrH'IHYIO 3HepreTHtJeCKYIO 3aBHCHMOCTh ; 

- onpe,llenHTb OCHOBHOH MeXaHH3M o6pa30BaHJ.ijf KyMynjfTJ.iBHbiX tJaCTHU (H O,ll­

HOBpeMeHHO - MeXaHH3M flO,IlnOpOfOBOfO pO)I(,IleHHjf tJaCTHU), 'ITO OTBeTHT Ha BO­

npoc 0 B03M0)1(H0CTH cymecTBOBaHJ.ijf MHOfOKBapKOBbiX COCTOjiHJ.iH npH 6onhi1IHX 

nnOTHOCTjiX ji,llepHOH MaTepHH (TaKHe COCTOjiHJ.iji ji,llepHOH MaTepiiH onpe,llenjf!OT 

CUeHapHH 3BOniOUHH MaCCHBHbiX 3Be3,1l). 

2. . BBH.LlY ManOCTH aHOManbHOH tJaCTH mpOMarHHTHOfO OTHOilleHJ.iji B03-

MO)I(H0 ycKOpjfTb flY'fOK nOnjipH30BaHHbiX ,lleHTpOHOB 6e3 H3MeHeHJ.ijf MarHHTHOH 

CTPYKTYPhi HyKnoTpoHa snnoTb .LlO KHHeTHtJeCKOH 3Hep!fiH 11 f3B . • 

3 . 3MatJH no ycKopeHHIO nonjfpH30BaHHhiX nY'fKOB npoTOHOB H jf,llep TPHTJ.ijf 

H renHji-3 C TeXHHtJeCKOH TO'IKH 3peHHjf 3KBHBaneHTHbl H pern a iOTCjf e,llHHbiM 

MeTO,IlOM. 

4. JJ.njf coxpaHeHHjf nonjfpH3aUHH nY'fKa npH HH)I(eKUHH B Hy KnoTpOH Heo6-

XO.LlHMO, 'IT06hi BeKTOp nonjfpH3aUHH 6bin HimpaBneH napannenbHO OCH D . 

5. ITpe,llnO)I(eHbi MeTO.Llhi nepecetJeHJ.ijf cnHHOBhiX pe3oHaHCOB, o6ecnetJHBaiO­

lUHe COXpaHeHHe CTeneHH nonjfpH3aUHH ,llnji flY'fKOB p, d, t, 3He BO BCeM ,llHana-

30He 3HeprHH HYKnOTpOHa C flOMOlUbiO BBe,lleHJ.ijf MarHHTHbiX BCTaBOK B KOnbUO 

HYKnOTpOHa. flpH 3TOM ,llOflOnHHTenhHbie 3neMeHTbl He OKa3biBaiOT CylUeCTBeH­

HOfO BnJ.ijiHJ.ijf Ha ,llHHaMHKY flY'fKa. 

6. PaccMoTpeHbi .LlBa cnoco6a nonY'feHHjf paJnHtJHhiX HanpasneHHH seKTopa 

nOnjfpH3aUHH Ha MHilleHH . flepBM B03MO)I(HOCTb - 3a CtJeT HH.LlYUHpOBaHHOfO 

CflHHOBOro pe30HaHCa, KOTOpbiH B03HHKaeT npH HCnOnh30BaHHH ,llOnonHHTenbHbiX 

MarHHTHhiX noneii B KOnhue HYKnOTpoHa. flpH 3TOM MO)I(HO p a6oTaTb KaK Ha 

BHelliHeH, TaK H Ha BHYTpeHHeH MHilleHH. 3-fOT cnoco6 OC06eHHO 3!lJ!lJeKTHBeH 

,llnjf nY'fKa ,lleiiTpOHOB. BTopM B03MO)I(HOCTh - ynpasneHHe n onjfpH3auHeii Ja 

CtJeT BBe,lleHJ.ijf pOTaTOpOB B KaHan TpaHCnOpTHpOBKH flY'fKa ,llO MHilleHH. 

ABTOpbi 6naro,llapjfT B. B. <l>HMYiliKHHa Ja ,lleTanhHYIO HH!lJop aUHIO o nnaHax 

C03,1laHJ.iji HOBOfO HCTO'IHHKa nOnjipH30BaHHbiX ji,llep B flB3 QJ.U111. 
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BoKan C. H .up. Pl-2008-29 
ITporpaMMa nom!pH3aUHOHHbiX Hccne.uosaHHH H B03MO)I(HOCTH 
ycKOpeHH51 non51pH30BaHHbiX ll}"'KOB npOTOHOB H nerKHX 51.Uep 
Ha HYKnOTpoHe 01151]1 

IJpe.UCTaBneHa npOrpaMMa non51pH3aUHOHHbiX HCCne.UOBaHHH, KOTOpa51 MO)I(eT 3Ha­
'IHTenbHO npO.UBHHYTb Harne llOHHMaHHe 0 TOM, KaK H3 COCTaBn5110IUHX CTpOHTC51 CllHH 
a.upOHOB H nefl!aHUJHX 51.Uep. )J,n51 peanH3aUHH nporpaMMbl He06XO.UiiMbl ll}"'KH nO­
n51pH30BaHHbiX nefl!aHUJHX 51.Uep Ha HYKnOTpOHe. f1pHBO.!l51TC51 paC'!eTbl MOIUHOCTeH 
nHHeHHbiX pe30HaHCOB B HYKnOTpOHe, KOTOpbie MOI)'T npHBO.!lHTb K 3cpcpeKTaM .ueno­
n51pH3aUHH. 06cy)l(.!laeTC51 HCllOnb30BaHHe HOBOrO MeTO.Ua COXpaHeHH51 non51pH3aUHH 
nyqKa '!aCTHU npH ~epece'leHHH yKa3aHHbiX pe3oHaHCOB B HYKnOTpoHe. 

Pa6oTa BbinOnHeHa B na6opaTOpHH BbiCOKHX 3HeprHH HM. B.l1. BeKcnepa H 
A. M. Ean.UHHa 0115111. 

OpenpHHT 06DeAHHeHHOfO HHCTHTyra liAepHbiX HCCJieAOB3HHH. )ly6Ha, 2008 

Vokal S. et al. Pl-2008-29 
The Program of Polarization Studies and Methods to Accelerate 
the Polarized Beams of Protons and Light Nuclei at JINR Nuclotron 

The program of polarization studies is represented. This program can consider­
ably move our knowledge how spin of hadrons and most light nuclei is constructed 
from spins of constituents. The polarized beams of light nuclei at Nuclotron are 
necessary for realization of the program. The linear spin resonance strengths at Nu­
clotron which can lead to the effects of depolarization are calculated. The application 
of the new method to preserve the beam polarization at spin resonance crossing at 
JINR Nuclotron is discussed. 

The investigation has been performed at the Veksler and Baldin Laboratory of 
High Energies, JINR. 
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