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BBE,UEHHE 

B HacTmuuee spellil se.nyTC51 11ccne.nosaHH51 c noJJ5~p1130Ba HbiMI1 ny'-!Kab-111 

.neiiTpOHOB 11 npoTOHOB Ha ycKop11TeJJbHOM KOMnJJeKce COSY ( l0n11x, fepMa­

H1151). 0AH11M 113 HanpasneHI1ii 11ccne.nosaH11ii 51BJJ5~eTc5~ 113Y'-!eHI1e Mero.nos ynpa­

BJJeHI151 seKTopoM non5~p113aU1111 OY'-!Ka c nOMOIUbJO pa.n11aJJbHbiX 11 npoflOJibHbiX 

MarHI1THbiX nOJJeif, KOTOpbie MO.llYI111pyJOTC51 rf-AHOOJI51MH 11 rf-COJJe H011)laMI1 ( 1, 2). 
Bo3.neiicTBHe Ha cnwH npo11CXO.ll11T B o6JJaCTI1 11HAYU11posaHHoro c n11Hosoro pe3o­

HaHca 

II= k ± llrf, 

f,lle II= rG = /(g-2)/2- np11BC,lleHHa51 COI1HOBa51 '-laCTOTa; llrf- np11Be,lleHHa51 

'-!aCTOTa MO)lyJI5!U11H QOJ151 rf-AHOOJI51 HJII1 rf-COJJeHOH,lla . 

B pe3yJJbTaTe wccne.nosaHI151 6biJJO nOJJY'-ieHo, '-ITO TeopeTw'-leCKH paCC'-IHTaH­

Ha5~ MOIUHOCTb pe30HaHCa .llJI51 OY'-!Ka )leifTpOHOB 3Ha'-111TeJJbHO n peBb!WaJJa 3KC­

nep11MeHTaJJbHOe 3Ha'-leHwe .llJiji pa.nwaJJbHoro rf-.nl1nOJJ51 [2]. B .naHHOH cTaTbe 

noKa3aHo, '-ITO 3KcnepwMeHTaJJbHbie .naHHbie comacyJOTC51 c TeopeTI1'-IecKHMH pac­

'-leTaMw MOIUHOCTH COHHOBOfO pe30HaHCa, HHAYllHpOBaHHOfO O.llYIIHpOBaHHblM 

MafHI1THblM nOJJeM. 

1. H3MEPEHHE MOI.U;HOCTH RF-PE30HAHCA B COSY 

Ha pwc. 1 noKa3aH nnaH ycKop11TeJJbHOro KOMnJJeKca COSY. KoJJbUO COSY 
COCTOHT 113 ABYX apOK, KOTOpb!e COe,llHHeHbl Me)l(,lly co6oif .llBYlli! np51MOJII1Heif­

Hb!MI1 Y'-iaCTKaMw. MarHI1THa51 onTHKa B np5~MOJIHHeiiHbiX Y'-iaCTKa x HacTpawsaeTC51 

TaKI1M o6pa30M, '-IT06bi Ha6er 6eTaTpOHHblX ¢a3 B BepTHKaJJbHOM 11 ropH30HTaJJb­

HOM HanpaBJJeHH51X 6b!JI paBeH 27r. flpH TaKOM Bbi6ope 6eTaTp HHOe ,ll811)f(eHI1e 

B apKaX 3KBI1BaJJeHTHO ,llBH)f(eHI110 B yCKOpHTeJJe C TaKI1MH )f(e pKaMH 6e3 np.st­

MOJII1HeHHblX npoMe)f(yTKOB, 6eTaTpOHHbie '-laCTOTbl 11;,z B KOTOpOM CB513aHbl C 

'-laCTOTaMI1 peanbHOro ycKopwTeJJ5~ COOTHoweHweM 11;,z = llx ,z - 2. TaK)f(e Ha 

p11c. I noKa3aHo MeCTO pa3MemeHI151 rf-.nwnoJJ5~. B 3KcnepwMeHTa x rf-.n11nOJJb 6biJJ 

pacnOJJO)f(eH Ha paCCT051HHH 53,5 M OT MeCTa HH)f(eKUHH. 

Bo spellil 3KcnepwMeHTa 11CnOJJb30BaJJOCb cne.nyJOmee o6op y.nosaHwe: rf-AI1-

nOJJb co cpe.nHeKsa.npaTH'-IHbiM 3Ha'-leHweM 11HTerpana nOJJ51 J Brmsdl = 0,6 Tn·MM; 



Puc. I . TlnaH ycKopliTeJibHOro KOMrmeKca COSY 

UOJUipHMeTp Ha HH3KHX 3HeprmiX (LEP), C UOMOmbJO KOTOporo H3Mep.smacb no­

n51pH3aUH51 nepe.n HH:lKeKUHeii nyqKa B KOnbUO COSY, ".neTeKTop EDDA, c no­

MOmbJO KOTopo ro H3Mep51nacb non51pH3aUH51 nyqKa .no " nocne ynpasneHH51 rf­
.nHnoneM BHYTP" Konbua. 

3KcnepHMeHT DO H3MepeHHIO MOmHOCTH HH.IlYUHpOBaHHOro pe30Hauca 3a­

KniOtJanC.sl B cne.nyJOmeM. flon51pH30BaHHbiH Dy<IOK .neHTPOHOB ycKOp51nH ,llO 3Hep­

rHH l ,85 f3B/c, tJeMy COOTBeTCTByeT CUHHOBa51 tJaCTOTa 1/ = Gr = - 0,2. ,Uanee 
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npH noMOlllH rf-JJ.Hnon.sJ HHAYUHposanH cnHHOBbiH peJoHaHc v = - Vrf . H3Mepe­

HHe MOU{HOCTH pe30HaHCa npOH3BO)J.HJ1H nO pe3yJlbTaTaM H3Mep HHll HalJaJibHOH 

pi H KOHelJHOH Pj CTeneHeH nOn.sipH3aUHH B 3aBHCHMOCTH OT Bp eMeHH nepece­

lJeHHll CnHHOBOro pe30HaHCa npH Q>HKCHpOBaHHOM OTKJlOHeHHH OT pe30HaHCHOH 

lJaCTOTbl ±/).j 12 = ±150 I'U, KOTOpal! npH 3TOM BbllJHCJllleTCll n o MOJJ.HQ>HUHpO­

BaHHOH Froissart-Stora (FS) Q>opMYne [3, 4]: 

n {( ' ) [ (7rWFS/c)
2

] ' } Pt = ri 1 + 1J exp - Cl.f I Cl.t - 1J , (l.l) 

rAe fJ - napaMeTp, orpaHHlJHBaiOU{HH cTeneHb nepesopon cnH Ha nocne nepe­

celJeHHll pe3oHaHca; fc - lJaCTOTa o6pameHHll ycKopHTeJlll. Tiep ecelJeHHe pe3o­

HaHca o6ecnelJHBaJIOCb H3MeHeHHeM lJaCTOTbl rf-JJ.HnOJlll . 

TionyqeHHblH 3KCnepHMeHTaJibHbiH pe3yJlbTaT WFS cpaBHHBaJIH C TeopeTHlJe­

CKHM paclJeTOM MOUlHOCTH Wrf. MomHOCTb HHAYUHpOBaHHoro pe3oHaHca npH 

3TOM paCClJHTbiBaJiaCb no Q>opMyne 

1 1 + G-y f 
Wrf = M B Brmsdl, 

2v 21r P 
(1.2) 

rAe Bp- MarnHTHal! JKeCTKOCTb ycKopHTenll, KOTop~ pasHa 6,17 Tn · M. 

flocne o6pa60TKH 3KCnepHMeHTaJibHbiX )J.aHHbiX J!.Jlll MOU{HOCTH pe30HaHCa, 

aKcTpanonHposaHHOH no Q>opMYne ( 1.1 ), 6Lmo nonyqeHo 3HalJeHHe 

WFS = 1,39 · 10-6, B TO BpeMll KaK 3HalJeHHe MOU{HOCTH pe30 HaHCa, paCClJH­

TaHHOe no Q>opMYJle (1.2), paBHO Wrf = 8,8 · 10-6 . 

2. MOW:HOCTh YE,li.HHEHHOrO PE30HAHCA, 
HH,li.YD;HPOBAHHOrO RF -JI.HDOJIEM 

0TMeTHM, lJTO BbllJHCJleHHe MOU{HOCTH CnHHOBOro pe30Ha Ca no Q>opMy­

ne (1.2) YlJHTbJBaeT JlHlllb npliMOe )J.eHCTBHe rf-JJ.HnOJlll, KOTOpOe He liBJllleTCll 

onpeJJ.enliiOlllHM. 

B o6meM cnyqae, npH OTCYTCTBHH npoJJ.OJlbHOro nonll By BJJ.OJlh pasHosec­

HOH op6HTbl, MOU{HOCTb yeJJ.HHeHHOro CnHHOBOfO pe30HaHca (Q>y phe- rapMOHHKa 

CnHHOBOro B03MyllleHHll) BbllJHCJllleTCll no Q>opMyne ( 5-10]: 

rAe K z = B z I ( B z) - 6e3pa3MepHal! KpHBH3Ha pasHosecHoH nn ocKoH op6HTbi ; 

21r R - J.IJlHHa pasHosecHoif op6HThi; CK06KH ( ... ) 03HalJaiOT ycpeJJ.HeHHe no 

a3HMyTy lJaCTHUbl {); Z - BepTHKaJibHOe OTKJlOHeHHe lJaCTHUbl OT nnOCKOCTH 
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dz d2z . 
op6HTbl ; Z1 = dB, .z" = dB 2 - COOTBeTCTBYJOUlHe npOH3BO)lHbie BepTHKaJibHOrO 

OTKnOHeHH5! n o a3HMyTy; e = I: K z dB - MarHHTHbiH a3HMyT tJaCTHl.lbl. 

Ycpe.uHeH He no a3HMYTY B !lJopMyne (2.1) npoH3BO.UHTC5! npH 3HatJeHHH cnH­

HOBOH tJaCTOThi v = vk, r.ue vk - pe3onancna» tJaCTOTa, pasHa» uenotJHcnenHoii 

KOM6HHal.IHH H3 qacToT op6HTaJihHOro .UBH)I(eHH». 

Ba)I(HbiM MOMeHTOM npH BbitJHcneHHH cpe.UHHX 3HatJeHHH »Bn»eTc» TO, 'ITO 

HHTerpHposanHe B o6meM cnyqae na.uo npoBO.UHTb B TetJeHHe MHOrHX o6opo­

TOB tJaCTHl.l B YCKOpHTene (3a HCKnJO'IeHHeM uenbiX CnHHOBbiX pe30HaHCOB npH 

ll = k). Pe3yn bTaT ycpe,llHeHH5! MO)I(HO nonyqHTb HHTerpHpOBaHHeM no O)lHOMY 

o6opoTy YCKOp HTen», ecnH He YtJHTbiBaTb «Hepe30HaHCHYJO» rapMOHHKY B03Myme­

HH5!. ' BKna)l OT Hepe30HaHCHOH rapMOHHKH npH HHTerpHpOBaH'HH yMeHb!UaeTC5! 

nponopuHoHa.nbHO tJHcny o6opoTOB H MO)I(eT 6hiTh oT6pmueH cpa3y. TaKHM o6pa-

30M, 3aMeH5!5! !lJopMaJibHO BepTHKaJibHOe· OTKnOHeHHe Z Ha Zres, nonyqaeM !lJop­

Myny )ln51 Bbi'IHCneHH5! cpe,llHHX 3Ha'leHI'{H HHTerpHpOBaHHeM nHIUb no O)lHOMy 

o6opoTy ycKop HTen»: 

27f 

(A(B)eive) = (Ares(B)eive) = _!_jAres(B)eivedB. (2.2) 
27r 

0 

BhiBO.U Bbi p a)l(eHH5! .un» MOUlHOCTH pe3oHanca B pa6oTax [6-10] npoH3BO.UHnc» 

B «HaTypa.nbHOH» CHCTeMe KOOp,llHHaT (CM. A.5), CB5!3aHHOH C TO'IHbiM Hanpasne­

HHeM CKOpOCTH, B KOTOpOH CnHHOBOe B03MymeHHe W (OTKnOHeHHe yrnoBOH CKO­

pOCTH BpameHH5! CnHHa OTHOCHTenbHO paBHOBeCHOH tJaCTHl.lbl) paBHO (CM. TipH­

nO)I(eHHe) : 

{ 
z" 

iii= v R; 
· z' z 

CKZ R + (1 + G)K~R; (2.3) ( l'1'Y x")} 
ll -:yKz - R . 

KoMnoneHThi cnHHOBoro B03MymenH» B (2.3) MO)I(HO Bbipa3HTb H qepe3 3Ha­

tJeHH» MarHHTHbiX noneH Ha TO'IHOH TpaeKTOpHH tJaCTHl.lbl, ecnH yqeCTb, 'ITO Be­

nH'IHHa z" = RBx/(Bz) CB5!3aHa c pa.uHaJibHOH cocTaBn5IJOUleH MarHHTHOro non» 

Bx, 3HatJeHHe (Bz)Kzz'/ R ecTb npoeKUH» sepTHKaJihHOro non» Ha Hanpasne­

HHe B)lOnb TO'IHOH CKOpOCTH, a (Bz)K~zjR- npO.UOnhHOe none By Ha KpMX 

nOBOpOTHbiX MarHHTOB. 

ilO)l'lepKHeM, 'ITO MOUlHOCTb pe30HaHCa 5!Bn5IeTC5! !lJH3H'IeCKOH BenH'IHHOH, 

KOTOpM xapaKTepH3yeT YCTOH'IHBOCTb CnHHOBOrO )lBH)I(eHH5! B KOnhl.le YCKOpH­

Ten», H ee 3Ha tJeHHe He 3aBHCHT OT CHCTeMbl KOOp,llHHaT, B KOTOpOH OHa Bbi'IH­

Cn5IeTCll. 

l1cnonh3Yll TO)I()leCTBO, cnpase.unHsoe npH v = llk: 

( ddB [ z' e i ve J ) = ( [ z" + i v K z z' J e i ve) = 0 , (2.4) 
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MO:lKHO npeo6pa30BaTb Bbipa:lKeHHe JlJUI MOUIHOCTH peJOHaHCa (2.1) K BH.l{y, npH­

Be,lleHHOMY B pa6oTe E. D . Courant H R.D. Ruth [11]: 

BbiBO.ll Bbipa:lKeHIDI JlJUI MOUIHOCTH peJOHaHca (2 .5) npOHJ O.llHJICSI B «yCKO­

pHTeJibHOih> CHCTeMe KOOp.UHHaT (CM. A.3), CBSIJaHHOH C flJIOCK OH paBHOBeCHOH 

op6HTOH nyqKa, B KOTOpOH CflHHOBOe BOJMyll.leHHe W paBHO 

(2.6) 

Mo:lKHO HCKJIIO'IHTb cnaraeMoe, co.uep:lKamee npoHJBO.llHYJO z" B Bbipa:lKe­

HHH (2.1) HJIH (2.5). Y'IHTbiBruJ COOTHOWeHHe (2.4 ), flOJI)"'HM 

flpHMeHSISI TO)I(,l{eCTBO, aHaJIOrH'IHOe (2.4), 

flOJI)"'HM Bblpa:lKeHHe AJISI MOUIHOCTH peJOHaHCa, KOTOpoe He CO.Uep:lKHT npOHJBO.ll­

HbiX BepTHKaJibHOrO OTKJIOHeHHSI : 

KaK BH)lHM HJ cpopMyJI (2.4) H (2.8), cymecTByeT :lKeCTKruJ CBS!Jb Me)l(.l{y BKJia­

)laMH B MOll.IHOCTb peJOHaHCa OT pa,llHaJibHOfO flOJISI , OT npO.UOJibHOH npOeKUHH 

nOJISI flOBOpOTHbiX MarHHTOB H OT npO.UOJibHOrO nOJISI, BOJHHKa iOll.lero Ha KpruiX 

flOBOpOTHbiX MarHHTOB: 

To'IHO TaK :lKe, KaK ycnoBHbiM .stBJI.steTCSI paJ.ueneHwe Ha n pS!MOe .ueifcTBHe 

rf-.UHflOJI.st H HH.llYUHpOBaHHOe, ycJioBHbiM .stBJISieTC.st paJ)leJieHHe Ha BOJ)leHCTBHe 

OT.UeJibHbJX KOMnoHeHT BOJMyll.leHH.st. MomHoCTb cnHHOBoro p eJoHaHca .stBJISieTCSI 

HHTerpaJibHOH xapaKTepHCTHKOH CflHHOBOrO )lBH:lKeHH.st, onpe.UeJI.stiOll.leH :lKeCTKYIO 

CBS!Jb Me)l(.l{y BKJia,llaMH OT)leJibHbiX KOMflOHeHT MarHHTHOro flOJISI. DOJiee TOro, 

paJ)leJieHHe BKJia)la OT)leJibHbiX KOMflOHeHT MarHHTHOro flOJISI e HHBapHaHTHO H 
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3aBHCHT OT CHCTeMbl KOOpJlHHaT, B KOTOpOM npOBO)lHTCll aHaJIH3. , TaK, B Tpa­

JlHUHOHHOM YCKOpHTeJibHOM CHCTeMe KOOpJlHHaT BKJla)l paAHaJibHOM KOMnOHeHTbl 

MarHHTHOfO nOJI .SI nponOpUHOHaJieH <}JaKTOpy (1 + v), B TO speW! KaK B HaTypaJib­

HOM CHCTeMe KOOpJlHHaT OH nponOpUHOHaJieH V. JlHWb npHHUHn «npOCTOTbl» 

ypaBHeHHM MO)I(eT Bbi)leJIHTb 6onee YJl06HyiO CHCTeMy KOOpJlHHaT, HCnOJibJyeMyiO 

npH paCl.JeTaX MO!llHOCTH CnHHOBOrO pe30(iaHCa. 

Yt.iHTb!Bal! CKf!3aHHOe, MO)f(HO rOBOpHTb 0 BKJia)le OJlHOM KOMnOHeHTbl MarHHT-

1-IOrO nOJill B npe)leJibHbiX CHryaUHliX. HanpHMep, npH V » 1 OCHOBHOM BKJla)l B . 

MO!llHOCTb CnHHOBOrO pe30HaHCa )laeT pa)lHaJlbHal! KOMnOHeHTa MarHHTHOrO nOJill 

v . 
Wk ~ R (z"e""e). (2.11) 

B 3TOM npe)leJibHOM CJiyqae, Yl.JHTb!Bal! COOTHOWeHHll (2.10), MO)I(HO TaK)I(e 

YTBep)I(JlaTb, 'ITO OCHOBHOM ::~cpcpeKT cs.snaH c KOMnoHeHTOM sepTHKaJibHOro nonll 

B)lOJlb CKOpOCTH : 
. 2 
tv (K · ~ -ive) 

Wk ~ -R zZ e . (2.12) 

llpyroif npHMep npHBe)leM npH v -+ 0. B 3TOM cnyqae OCHOBHOM BKJia)l )laeT 

npOJlOJlbHOe non e Ha Kpal!X nOBOpOTHbiX MarHHTOB: 

. . 
t ( 1 i ve) t ( 1 ) 

Wk ~- R K z ze -+ -R K z z . (2.13) 

0)lHaKO C TeM )l(e OCHOBaHHeM, HCnOJib3Yll COOTHOWeHH.SI (2.1 0), Mbl MO­

)I(eM YTBep)I(JlaTb, 'ITO MO!llHOCTb cnHHosoro pe3oHaHca npH JlOCTaTO'IHO Ma­

JIOM 3Hal.JeHH~ V onpe)leJI.SieTCll pa)lHaJibHOM KOMnOHeHTOM nOJI.SI C MHO)I(HTeJieM 

-1/v ( (K: z) # 0): 

Wk ~-viR (z"eive). (2.14) 

Mbi MO)I(eM o6oe)lHHHTb 3TH JlBa npeJleJibHbiX cnyqM, " pacl.JeT no cpopMyne 

Wk ~ (v- ~) ~ (z"e iv9) (2.15) 

6y)leT npaBHJlbHbiM C TO'IHOCTbiO rv V npH MaJlbiX V H C TOLJHOCTbiO rv ljv npH 

60JibWHX 3Hal.JeiiH.SIX V. 0wH6Ka B Bbi'IHCJieHH.SIX MO!llHOCTH CnHHOBOro pe30-

HaHCa no cpopMy Jie (2.15) MO)I(eT 6biTb 3Hal.JHTeJlbHOM B CJiyqae, KOr)la V rv 1. 
0TMeTHM TaK)f(e H CJiyqaif, KOr)la V -+ 0, a rf-)lHnOJib pacnOJIO)f(eH B 06JiaCTH 

Op6HTbl, B KOTOp OM OCHOBHOM BKJia)l Kpaesoro npOJlOJibHOro ITOJI.SI CKOMneHCHpO­

BaH: (K: Z exp( iv8))-+ 0. B 3TOM CHTyaUHH cpopMyJibl (2.13), (2.14) H (2.15) 
He sepHbl, a MOlllHOCTb pe30HaHCa 6y)leT CTpeMHTbC.SI K HYJIIO BMeCTe C V KaK 

vG = 1G2
. 
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IlpH HCnOJib30BaHHH BbilllenpHBe,!(eHHbiX <t>opMyJI CJie.l(yeT HMeTb B BH.l(y, 'ITO 

cymeCTByeT OrpaHH'IeHHe CHH3Y npH CTpeMJieHHH 11 K HYJIIO: 11 » lwkl, KOTO­

poe 03HalJaeT, 'ITO .l(eHCTBHe B03Myll.laiOil.IHX noJieH Ha .l(BH)I(eHHe CnHHa MaJIO B 

Te'leHHe BpeMeHH 060pOTa 'laCTHU B YCKOpHTeJie. 

I1cnOJib30BaHHe 3KBHBaJieHTHbiX <t>opMyJI (2.1), (2.5), (2.7) , (2.9) npH pac­

lJeTe MOil.IHOCTH pe30HaHCa Wk onpe.l(eJI.sieTC.si J!Hlllb y.l(o6CTBOM BbllJHCJieHHH H 

npHBO.l(HT K O.l(HOMY pe3yJibTary. 

3. 0 «<IPRMOM» B03.11:EHCTBHH PAJ(HAJihHOrO RF-.li:HllOJIR 

KaK y)l(e OTMelJaJIOCb, Bbi.UeJieHHe B MOil.IHOCTH CnHHOBOro p e30HaHCa 3<P­

<t>eKTa np.siMOro B03.l(eHCTBH.si rf-.l(HnOJI.si .siBJI.sieTC.si ycJIOBHblM. Ilp.s!MOMY .l(eHCTBHIO 

KOpOTKOfO yqaCTKa C pa.l(HaJibHbiM rf-.l(HnOJieM HeH36e)I(H0 COnyTCTByeT TaK Ha3bl­

saeMOe «HH.l(YUHpOBaHHOe» .l(eHCTBHe pa.l(HaJibHOrO nOJI.si, B03HHKaiOil.lero B KBa­

ApynOJI.siX MarnHTHOH CTpyKrypbi ycKopHTeJI.si. 

llJI.si npHMepa paCCMOTpHM npOCTYIO 3a.l(alJy 0 CnHHOBOM pe30HaHCe 

11 = k - 11rf , HH.l(YUHpOBaHHOM JIOKaJibHbiM rf-AHnOJieM B Kpyrn M YCKOpHTeJie 

CO CrJia)l(eHHOH <t>oKycupOBKOH: 

K z = 1, 
R . 

(3 = - = const , 
liz 

rAe (3 - 6eTa- <PYHKUH.si BepTHKaJibHbiX 6eTaTpOHHbiX KOJie6aHHH. 

(3 .1) 

HaiiAeM pellleHHe ypasHeHH.si AJI.si sepTHKaJibHoro OTKJIOHeHH.si , HHAyuuposaH­

Horo pa.l(HaJibHbiM AHnOJieM AJIHHOH 6,(} -> 0, pacnOJIO)I(eHHbiM B HalJaJie KOOpAH­

HaT (} = 0: 
z" + v; z = R (/)x cos(llrf 0) L 8( () - 27rk ), 

k 

rAe (/) x - MaKCHMaJibHbiH yron nosopoTa pa.l(HaJibHbiM AHnoneM: 

Bxb.() 1 J J2 J 
(/)x = (Bz) = Bp B dl = Bp Brmsdl . 

(3 .2) 

(3.3 ) 

3AeCb Bx = jj ex, B z = jj ez , ex H ez - COOTBeTCTBeHHO pa.l(HaJibHblH H 

BepTHKaJibHbiH OpTbl B YCKOpHTeJibHOH CHCTeMe KOOpAHHaT. 

Ha HHTepsane 0 < () < 21r (sHe 30Hbi pacnoJio)l(eHH.si pa.l(HaJibHOro AHnon.s~ ) 
HMeeM CJieAyiOil.lee BbiHY)I(AeHHOe pellleHHe ypaBHeHH.si (3 .2): 

z = z+ + z_ = z+ + z+, 

z+ = !!!..=... e i lrllrf [ ei llz (lr-8) e- i llz (lr-8) ] 

R 8Vz sin 7r(11z + 11rf) + sin 7r(11z - 11rf) . 

(3.4) 
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3)leCb Z+ - p e30HaHCHlUI rapMOHMKa BepTHKaJibHOrO OTKJIOHeHIUI CO CBOikTBOM 

Z+ ( e + 27r) = z+ (e) e i 27rv,r 
1 (3.5) 

C nOMOlUbiO KOTOpOrO B03MO)I(H0 npOJlJIMTb Z+ Ha BCIO 06JiaCTb 3Ha'leHMH a3M­

Myra e. 
0TMeTMM TaK)I(e, 'ITO OTKJIOHeHMe Z OCTaeTC~ HenpepblBHbiM npH npOJieTe 

KOpOTKOrO y'laCTKa C paAHaJibHbiM )lHnOJieM, B TO BpeM~ KaK OTKJIOHeHMe Hanpa­

BJieHM~ cKopo c TM z ' / R wcnhiThiBaeT CKa'lOK M Bhi3hiBaeT MCKa)l(eHMe op6HThi B 

KBaApynon~x. 

Bhi'IMCJIMM cJieJlyiOLUHe MHTerpanbi no o6opory s ycKopwTene 

(11 =Ilk = k - vrr): 

211" !:;.(} 27r _1_/z "eivk(Jde=-1-jz "eivk(Jde- v'; jz eivk9de= 
21rR + 21rR + 21rR + 

0 0 !:;.(} 

2 
_ cpx + cpx liz 

- 47r 47r 1 2G2 - v:' (3.6) 

211" 

1 J I i Vk (}de cpX i Gr -- z+ e --
21r R - 47r 1 2 G 2 - v: . 

0 

113 rpopMy Jihl )lJI~ MOlUHOCTM pe30HaHCa (2.5), BbinMCaHHOH B Tpa)lHUMOHHOH 

yCKOpHTeJibHOH CMCTeMe, C nOMOlUbiO HHTerpaJJOB (3.6) OKOH'laTeJibHO nOJIY'!MM: 

cpx cpx v'; . cpx irG 
wk = (1 + G1)-4 

+ (1 + c,)-4 2G2 2 + z (Gr- G)-
4 2a2 2 7r 7r r -liz 7r r -liz 

cpx 1G(r2G2 +G) cpx II (11
2 +G) -'---':--:-::---::--'- = - --'-::---::-'-

47r 12 G'~- - v; 47r v 2 - v; 
(3.7) 

TO'IHO TaK OH )l(e pe3yJihTaT (3.7) nOJIY'iaeTC~ H JlJI~ CnHHOBOrO pe30HaHCa 

Ilk = llrf + k. flpH 3TOM B MHTerpanax (3.6) CJie)lyeT 3aMeHMTb Z+ Ha z_ = z_f.. 
flepsoe CJiaraeMOe B (3.7) COOTBeTCTByeT «np~MOMY» )leHCTBHIO rf-)lMnOJI~, 

KOTOpoe Y'!MTbiBaeTC~ npH Bbl'lHCJieHMH no rpopMyJie (1.2). BTOpOe M Tpe­

Tbe CJiaraeMble o6~3aHbl Y"eTy MarHHTHblX noJieH, MHJlYUHpOBaHHblX rf-)lHnOJieM 

B)lOJlb BCero KOJlbl.{a YCKOpHTeJI~. flpH npH6JIM)I(eHMM K BHyrpeHHeMy pe30HaHCY 

Ilk = r G ---> liz 3TH cnaraeMhie HMeiOT pacrymHe MHO)I(HTeJIH H npeBbilllaiOT no 

BeJIH'lHHe np~MOe )leHCTBMe rf-)lHnOJI~ . flpH MaJibiX 3Ha'leHM~X rG «np~MOe» )leH­

CTBMe rf-JlHnOJI~ KOMneHCHpyeTC~ pa)lHaJibHbiM nOJieM, HHJlYUHpOBaHHhiM B)lOJib 

OCTaBllleroc~ KOJlbl.{a (BTOpblM CJiaraeMblM). 
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TaKHM o6pa30M, np51Moe BoJ.ueiicTBHe rf-.uHnOJI51 He MO)I(eT paccMaTpHBaTbC51 

OT,!leJibHO OT liH.!lYUHpOBaHHOrO 3THM )l(e ,!llinOJieM pa.!liiaJibHOrO n OJI51 B KBa.!lpyno­

Jl51X MarnHTHOH CTPYKTYPbi ycKopHTeJI51. 

4. BbfliHCJIEHHE MOIIJ.HOCTH CDHHOBOfO PE30HAHCA 
C DOMOIIJ.biO «<»YHK:U:HH OTK.JIHKA 

Haii.ueM MOlUHOCTb rf-peJoHaHca B ycKopHTene c npoHJBOJibHOH cpoKycHpOB­

KOH. }J.n51 3Toro cne.uyeT HaHTH BbiHy)l(.!leHHoe peweHHe ypasHeHH51 .!lJI51 BepTHKaJib­

HOro OTKJIOHeHH51 OT nJIOCKOCTH op6HTbl Z 8 , liH.!lYUHpOBaHHOrO nOJieM B03MYIUe­

Hii51 Q: 
z~' + 9zZs = Q R. (4.1) 

31-o peweHHe MO)I(eT 6h1Tb Bbipa)l(eHo qepe3 co6cTBeHHbie peweHH51 o.uHo­

po.uHoro ypaBHeHH51, TO eCTb lJepe3 cpyHKUHJO Cl>JIOKe fz(()). Cl>yHKUH51 Cl>JIOKe 

o6na.uaeT li3BeCTHbiM CBOHCTBOM [12): 

(4.2) 

r.ue Vz - npHBe.ueHHM lJaCTOTa BepTHKaJibHbiX 6eT!lTPOHHbiX KOf!e6aHHH. KoM­

nneKcHoe peweHHe Cl>noKe y.uoBJieTBOp51eT o.uHopo.UHOMY ypaBHeHHJO 

g + 9z fz = 0 (4.3) 

li MO)I(eT 6bJTb Bblpa)l(eHO lJepe3 ,6-cpyHKUHJO: 

f7W) (·j9 R ) fz(()) = y R exp t f3z d() . (4.4) 

0 

113 cpopMyJibi (4.4) cne.uyeT 

Vz = (R//3z). (4 .5) 

C nOMOlUbJO cpyHKUiili Cl>JIOKe BbiHy)l(,!leHHOe peweHHe ypaBHeHI-151 ( 4.1) .!lJI51 

BepTHKaJibHOro OTKJIOHeHH51 3anHWeTC51 CJie,!lyJOlUHM o6pa30M: 

9 9 9 

Zs= ~ [!z j Qfz*dO-fz* j Qfzd()] =Rlm(tz j Qfz*dO). (4.6) 

-oo -oo - oo 

PeweHHe (4.6) co.uep)I(HT nHWb cneKTp tJacToT B03MymeHH51 Q(O) . EcnH 

B03MylUeHHe Q(()) MO)I(HO pa36HTb Ha ,!lBe lJaCTii Q = Q+ + Q_ CO CBOHCTBaMH: 

(4.7) 
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TO, COOTBeTCTBeHHO, li HCKa)l(eHHe op6HTbl Zs MO)I(HO pa36HTb Ha aHaJJOfli4Hbie 

CJJaraeMbie C aHaJJOrli4HbiMH CBOHCTBaMH ( 4.7), T04HO TaK )l(e, KaK 1i B KpyrJJOM 

YCKOpHTeJJe (eM. 3.4) . 
.!J.JUI Bbl4HCJJe HHSI MOll.IHOCTH CnHHOBOfO pe30HaHCa HaftneHHOe peweHHe CJJe­

nyeT IlOX\CTaBHTb B cpOpMyny (2. 7) li ycpeX\HHTb IlO MHOrHM 060pOTaM 4aCTHU. 

flHWb BbiXjeJJeHHe pe30HHpy10ll.leH rapMOHHKH B03Myll.leHHH n03BOJJHeT CBeCTH Bbl-

4HCJJeH·HH K HHTerpHpOBaHHIO no OX\HOMY o6opoTy. 

MO)I(HO nonyqHTb 6onee npS~MYIO cpopMyny MS! Bbi4HCJJeHHSI MOLI.IHOCTH cnH­

Hoaoro pe3oHaHca v = Vk c noMOll.lbiO nepHOXIH4eCKOH cpyHKUHH OTKJJHKa F( B) 
[7-JO) . 11HTerpHp yS! (2.7) no 4aCTHM H HCnOJJb3YH cpOpMyny (4.6) MS! BepTHKaJJb­

HOfO OTKJIOHeHHH, nonyqaeM 

211" 

Wk = (QFeivke) = 2~ J QresF eivke dB, 

0 

rne cpyHKUHS~ F( B) = F(B + 21r) Bbi4HCJIS~eTCH no cpopMyne 

F ~ e-:•e [t: _l [ (v' +G) t: K,+ (1+ G) f , K;] e '"8 dO-

- ! , _l [ (v' +G) t; 'K,+ (1+ G) J: K;J e'"8 dOl 

(4.8) 

(4.9) 

H onpeneJIHeTCSI MarHHTHOH CTpyKrypOH KOJibUa. <l>yHKUHH OTKJIHKa SIBJIHeTCSI Ta­

KOH )l(e xapaKTep HCTHKOH CnHHOBOro XIBH)I(eHHH, KaK li cpyHKUHH <l>JIOKe f z MH 

BepTHKaJJbHOfO 6 eTaTpOHHO(O X\BH)I(eHHH. 

ECJIH HCXOX\HTh H3 pa3Hb!X CHCTeM KOOpX\HHaT (KOTOpbiM COOTBeTCTBYIOT cpop­

MyJibl (2.1 ), (2.5), (2.7), (2.9)), MO)I(HO BblllHCaTb COOTBeTCTBYIOll.IHe cpOpMyJibl MS! 

cpyHKUHH OTKJIHKa , KOTOpbie 4HCJieHHO COB!laX~aiOT C (4.9). HanpHMep, aHaJJOrli4-

HaSI cpOpMyJia HMe eT BHX\ 

F ~ e-;;e [t, _l [+'+G) K; + i (v' -1) K;J J; e'"8 dO-

- J; _l [v(v' +G) K; + i (v' -1) K;J f,e'"8 dOl 
(4.10) 

.[LnS~ JIOKaJJbHOro nwnonS~, pacnono)l(eHHoro B MecTe op6HTbi c aJHMYTOM B,r, 
HMeeM 

Q = 'Px cos(Vrf B) L o(B- B,r- 27rk), 
k 

10 

w,r = :; 'F(B,r),. (4.11) 
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PHc. 3. Mo .. ym cp)'HKI.lHH OTKJJHKa B COSY 

B KpyrnoM ycKOpHTene co crniDKeHHOH cpoKycHpQBKOH cpyHK UJ-I.SI OTKJIHKa 

pasHa <fz = 1/y'v;exp(ivz B)) 

F = -yG(r2G2 +G) 
-y2G2- v'; (4.12) 

llOACTaBHB 3Ha'leHHe (4.12) B cpopMyJiy (4.11), OOJiyqHM 3Ha'leH e MOlUHOCTH 

pe30HaHca (3.7) . 
Ha pHc. 2 H 3 npHBeAeHbi rpacpHKH Mll sepTHKaJibHOH .Bz-cl>YHKUHH H MO­

AYJill cpyHKUHH OTKJIHKa IFI Mll AeHTpOHOB B cTpyKType COSY B JaBHCHMO­

CTH OT KOOpAHHaTbl BAOJlb paBHOBeCHOH op6HTbl. flpH pactieTaX BepTHKaJibHOH 

.Bz-cpYHKUHH H MOAYJlll ¢YHKUHH OTKliHKa npeAOOJlaraJIOCb, 'ITO OOBOpOTHbie Mar­

HHTbl HMeJOT pe3KHe Kpal!. 

f10ACTaBHB 3HatieHHll HHTerpaJIOB OOJleH, HCOOJlb3yeMbiX B 3KCnepHMeHTe, 00-

JiyqHM CJieAyJOIUYIO cpopMyny Mll pactieTa: 

(4.13) 

3HatieHHe MOAYJill cpyHKUHH OTKJIHKa B MeCTe pacnOJIO)[(eHHll rf-AHOOJlll npH­

MepHO paBHO 0,09, H OOJiyqaeM, 'ITO 3HatieHHe MOIUHOCTH rf-pe30 HaHca paBHO 

Wrf = 10-6 . 

0TJIHtiHe OOJiyqeHHOfO pe3yJlbTaTa OT 3KCnepHMeHTaJibHOfO BOOJIHe 06"bliCHll­

eTCll Bhi6paHHbiM npH6JIH)[(eHHeM npH pactieTax. YtieT «BhmaAaHHll» MarHHTHoro 
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00n51 Ha Kpru! X 0080pOTHbiX MarHHT08, a TaK)I(e KOHe'IHOCTb Jl)lHHbl rf-JlHOOJJSI MO­

ryr 113MeHHTb OOJJ}"'eHHOe 3Ha'leHHe MOlUHOCTH pe30HaHCa (Jl1151 npHMepa, 3Ha'le­

HHe MOJlYJJSI ¢ YHKUHH OTKJJHKa 8 nycTOM npoMe)I(YTKe, r)le ycTaHOBJJeH rf-JlHOOJJb, 

113MeH51eTCSI 8 HHTep8aJJe OT 0,09 JlO 0, 15). 
Ba)I(HO OTMeTHTb, 'ITO ¢YHKUH51 OTKJJHKa JleihpoH08 np11 MaJJbiX 3Heprnn 

(v = 1G « 1) 8 OCH08HOM onpeJleJJSieTCSI npOJlOJJbHbiM OOJJeM Ha Kpru!X 0080pOT­

HbiX MarHHT08 By= (Bz )K~z (HJJH KOMOOHeHTOH MarHHTHOro OOJJSI JlHOOJJeH Ha 

TO'IHOe Hanpa BJJeHHe CKOpOCTH): 

9 9 

F ~ i F0 , Fo = Im(fz* J K~ fz dO) = -Im(fz* J K z f~ dO) . (4.14) 

-oo - oo 

MoJlyJJb cpyHKUHH OTKJJHKa F no'ITH 80 8cex TO'IKax onpeJleJJ51eTC51 3Ha'leHHeM 

I Fo j. 11cKJJto'leHHeM SIBJJSIIOTC51 TO'IKH, 8 KOTopbtX Fo ( 0) = 0 H 8 KOTOpbtX MOJlYJJb 

¢YHKUHH OTKJJHKa nponopUHOHaJJeH 1/. «l>opMyJJa (4.14) fi0380JJSieT 8bi'IHCJJ51Tb 

¢YHKUHIO OTKJJHKa C TO'IHOCTbiO rv IJ. 0JlHaKO npH pacnOJJO)I(eHHH rf-JlHOOJJSI 8 

TO'IKaX op6HTbl , 8 KOTOpbiX Fo(Orf) = 0, Tpe6yeTCSI fi08biCHTb TO'IHOCTb 8bi'IH­

CJJeHHSI . MO)I(HO noJJb308aTbC51 ¢opMynoJ.i (2.15), KOTopru~ o6513aHa pe3oHaHCHOH 

rapMOHHKe n p OJlOJJbHOro fiOJJ51, 803HHKatomeJ.i Ha Kpru!X fi080pOTHbiX MarHHT08 C 

TOH ycJJ08HOCTbiO, 0 KOTOpOH CKa3aHO 8btllle. 

TipH 3TOM npH6JJH)I(eHHrul ¢yHKUH51 OTKJJHKa, C TO'IHOCTbiO OOpSIJlKa v2 , npH­

MeT 8HJl 

F "'_e-:"e [t: _l f, K; e ' "
9 d9- f . _l 1; K; e ' "

9 d9] (4.15) 

.lln51 o6cy )I(JlaeMbiX 3KcnepHMeHT08 8 COSY TO'IHOCTb 8bi'IHCJJeHHSI no ¢op­

Myne ( 4.15) COCTaBJJ51eT HeCKOJJbKO npOUeHT08. 

11MeHHO TaKru~ CHTyaUH51 8 3KcnepHMeHTe 8 COSY. B 8bt6paHHOM MeCTe 

pacnOJJO)I(eHH51 rf-JlHfiOJJSI (£ = 53,5 M) ¢YHKUH51 OTKJJHKa nponopUHOHaJJbHa 

aHOMaJJbHOH q acTH rHpOMarHHTHoro OTHOllleHHSI G H npH G -+ 0 8eJJH'IHHa 

IF( Orr) I -+ 0. 0JlHaKo 3TO He TaK, ecJJH rf-JlHOOJJb pacnoJJO)I(eH 8 Jlpyrnx MecTax 

Op6HTbl. 

.llJJg cpa8HeHHSI Ha pHc. 4 npH8eJleH rpa¢11K MOJlYJJSI 8eJJH'IHHbt Fo, Ha KOTO­

poM 8HJlHM, 'ITO npeJleJJbHrui cpyHKUH51 OTKJJHKa Fo npH L = 53,5 M CTpeMHTCSI K 

HYJJIO. B JlpyrH x MecTax op6HTbt ¢YHKUH51 OTKJJHKa F npaKTH'IeCKH co8nanaeT c 

npeJleJJbHOH cpyHKUHeH Fo. 
J1HTepeCHO npOCJJeJlHTb 3a CJJaraeMbiM 

1 
w1 = -(v z"ei ve) 

R ' 
(4.16) 
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PHC. 5. ,UoJJll B MOlllHOCTH pe30HaHCa, 06l!3aHHal! panHaJJbHOMY OOJIIO, B 3aBHCHMOCTH OT 

MeCTa pacnonoJKeHHll rf-nHnonll s KOJlbUe COSY 

}"'HTbiBaiOUlHM BKJla,ll pa,uHaJlbHOrO llOJlll B HaT)'paJlbHOH CHCTeMe KOOpJJ.HHaT B 

non Hoe 3Ha'ieHHe MOUlHOCTH pe3oHaHca (2.1 ). Ha pH c . 5 noKa3aHo OTHoweHHe 

lw1 1/ lwk I s 3aBHCHMOCTH OT MecTa pacnono)[(eHHll rf-JJ.Hnonll, H3 KOToporo cne­
JJ.yeT, 'iTO « BKJla,ll pa,llHaJlbHOfO» llOJlll B MOUlHOCTb pe30HaHca npH pacnOJlO)[(eHHH 

rf-JJ.Hnonll B n1060M MeCTe op6HTbi Man (MeHee 12% ). KaK c eJJ.yeT H3 cpop­

MYJlbi (2.15), OTHoweHHe iwdfiwk I npH v .:._. 0 cocTaBJllleT npHMepHo aenwmHy 

v 2 = 0,04. 0TKJlOHeHHe OT yKa3aHHOH BeJlHlJHHbl npOHCXO)J.HT B MeCTaX, r)J.e 

BKJla,ll B MOUlHOCTb pe30HaHCa OT KpaeBbiX npOJJ.OJlbHblX llOJleH CTp eMHTCll K HYJliO 

H HCll0Jlb30BaHHe cpopMyJlbl (2.15) CTaHOBHTCll HeKoppeKTHblM. 

B 3aKJlJO'IeHHe OTMeTHM, 'ITO cpyHKUHll OTKJlHKa n03BOJllleT n erKo HaXOJJ.HTb 

MOUlHOCTb CllHHOBOrO pe30HaHCa )J.Jlll Jli060rO KOJlHlJeCTBa rf-JJ.HllOJleH . flpH 3TOM 

MOUlHOCTb rf-pe30HaHCa onpe)J.eJll!eTCll He TOJlbKO MOJJ.yJleM cpyHK HH OTKJlHKa, HO 

H ee cpa30H . CTaHOBHTCll peanbHOH 3a,ua'la 3cpcpeKTHBHOro B03JJ.eHCTBHll Ha cnH­

HOBoe )J.BH)[(ei-JHe npH YCJlOBHH KOMneHCaUHH pe30HaHCHOfO B036y )[(JJ.eHHll BepTH ­

KaJlbHOfO )J.BHlKeHHll C llOMOUlbiO HeCKOJlbKHX rf-JJ.HllOJleH . 

5. MOIIJ:HOCTh PE30HAHCA, HH)l:YU:HPOBAHHOfO RF-Jl:HUOJIEM, 
BlillH3H BHYTPEHHEfO PE30HAHCA 

B pa6oTe [2] H3Mepl!nacb 3aBHCHMOCTb MOlllHOCTH rf-pe3o aHca oT 3HalJe­

HHll BepTHKaJlbHOH 6eTaTpOHHOH 'laCTOTbl Vz npH npH6JlH)[(eHHH K BHyTpeHHeMy 
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pe3oHaHcy: 

Vk = kN ± v; = kN ± (vz - 2) , (5.1) 

rne N -- KORHYeCTBO cynepnepwonOB, KOTOpOe npH 3Ha4eHHH BepTHKaRbHOH 

6eTaTpOHHOH YaCTOTbl Vz = 3,6 paBHO 6. 
<l>yHKUHIO OTKRHKa (4.9) B npenene npw npw6RH)I(eHHH K BHYTpeHHeMy pe-

30HaHcy (v ---4 Vk ) MO)I(HO Bbipa3HTb qepe3 3HaYeHHe MO!llHOCTH 3TOfO pe30HaHCa 

l w~ntrl (2.7): 

IFI ---4 R lf z I lw~ntr l 
21azl lv - vki ' 

(5 .2) 

rne aMnnwryna 6eTaTpOHHbiX Kone6aHHH az onpenemieTc~ HOpManH30BaHHbiM 

3MHTTaHCOM ll)"!Ka f.N : 

lazl = 
ENR 

47r (!31)" 
(5.3) 

CnenosaTenbHO, MOillHOCTh rf-pe30HaHca B npenene v ---4 kN ± ( Vz- 2) MO)I(eT 

6biTb Bbipa)l(eHa qepe3 MOillHOCTb 6nH)I(aHillero BHYTpeHHero CnJ.IHOBOfO pe30HaHca 

B cooTBeTCTBHH c pe3ynhTaToM S. Y.Lee (eM. (16)" (17) B pa6oTe [13]): 

lwrrl ---4 <fJx Rlfzl lw~ntr l . 
81r lazl lv - vkl 

(5.4) 

J1cnORb30BaHHe COOTHOilleHH~ (5.4) BMeCTO 06!lleH Q>opMynhi (4.11) B6RH3H 

HecynepnepwonHbiX pe3oHaHCOB c ManoH MOillHOCThiO Wm (vm = m ± v z* • npw 

m =/=- kN) ~Bn~eTC~ npo6neMaTH4HbiM, TaK KaK :no COOTHOilleHHe cnpasennHBO 

nHillb B yJKOH nonoce no D.v = lv- vml : 

D.v « I Wmt I· wm r 
k 

(5 .5) 

B yKa3aHHOH y3KOH nonoce (5.5) Tpe6yeTc~ nposonwTh 6onee TOYHbiH aHanHJ. 

11MeHHO TaK~ cwryauw~ xapaKTepHa nn~ neHTpOHOB B cTpyKrype COSY npw 

v = - 0,2. EnH)I(aHillHH pe30HaHC Vk = Vz -4 ~Bn~eTC~ HecynepnepwonHbiM c no­

CTaTOYHO MaROH MOillHOCTbiO, npH 3TOM 6nH)I(aHillHM cynepnepHOnHbiM ~~eTC~ 

pe3oHaHc v~ntr = Vz - 2 c noCTaTOYHO 6onhlllOH MO!llHOCTbiO. CooTHOilleHHe (5 .4) 
6yneT cnpaliennHBhiM nHwh B yJKOH nonoce D.v « 0,01. 

Ha pHc. 6 npHseneHbi rpaQ>HKH pacqeTa MOillHOCTH rf-pe3oHaHca. CnnowH~ 

RHHH~ COOTBeTCTByeT pacqery MOI.UHOCTH pe30HaHca no o6meH Q>opMyne (4.11) 
(npH OTCYTCTBHH HMnynbCHOfO pa36poca), nyHKTHpH~ RHHH~ COOTBeTCTByeT pac­

qeTy no npH6nw)l(eHHOH Q>opMyne (5.4) . Ha rpaQ>wKe TaK)I(e npHCYTCTBYIOT TOYKH, 

KOTOpbie COOTBeTCTBYIOT 3KCnepHMeHTaRbHbiM pe3yRbTaTaM. 

BHnwM, YTO naHHbie Haxo~Tc~ B ynosneTBOpHTenbHOM comacHH c onhiTOM. 

KaK y)l(e OTMeqanocb Bhiwe, pacqeT no npH6nH)I(eHHOH Q>opMyne (5.4) cosna­

naeT c pacqeToM no o6meH Q>opMyne (4.11) nwwh B YJKOH nonoce. 0TMeTHM, 
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v, 

PHc. 6. MomHOCTh rf-pe3oHaHca HH.llyuHposaHHoro s6JJH3H pe3oHaHca v = Vzo - 4 B 

3aBHCHMOCTH OT sepTHKaJJbHOH 6eTaTpOHHOH qacTOTbl Vz. CnJJOIIIHasl JJHHH.sJ COOTBeTCTByeT 

MOll\HOCTH pe30HaHca Wrf no ( 4.11 ), nYHKTHpHasl JIHHH.sJ - no (5 .4 ). ToqKH COOTBeTCTB)'IOT 

JKCnepHMeHTaJJbHbiM pe3yJJbTaTaM 

qTQ 3KCnepHMeHT npOHCXO,LIHJI npH BhiKJIIOqeHHOM OXJia)!()leHHH ny'IKa. 0TJIH'!He 

3KCnepHMeHTaJJbHhiX 3Ha'!eHHH B nepBOM npH6JIH)J(eHHH o6'h.sJCWieTC51 HeyqTemiOH 

npw pacqeTax KoppeKuweH: MarHHTHOH CTPYKTYPbi COSY, npw KOTopoH: nposo­

.LIHJIHCb 3KcnepHMeHThi. Cne.nyeT yqecTh peanbHYIO .LilliiHy rf-.nwnon.sJ·, cpa3oBhiH 

pa36poc qacTHU B CI)'CTKe, pa36poc OTCTpOHKH CnHHOBOfO pe3ollaHCa KaK no 

3HepmH, TaK H H3-3a xpoMaTH'IHOCTH sepTHKaJJbHbiX 6eTaTpOHHbiX KOne6aHHH. 

B peanbHOM ycKopHTene npHHUHnHanhHhiM MO)J(eT 6biTb yqeT Me.LIJieHHoH CHH­

xpoTpoHHoH: MO.LIYll.siUHH cpa3bl H 3HepmH 'laCTHU. HeTO'IHOCTb M )J(eT BHOCHTb 

TaK)J(e o6pa6oTKa 3KcnepHMeHTanhHhiX pe3ynhTaToB no MO.LIHtPHUH osaHHOH FS­
cpopMyne (1.1). DpH npw6nH)J(eHHH qacToTbi npeuecCHH K sHyrpeHHeMy pe3o­

HaHcy, a TaK)J(e K uenoMy HJIH nonyuenoMy 3Ha'!eHHIO, Heo6xo.LIHM npoaHanH3H­

posaTb 3a,Lia'ly 0 nepeCe'!eHHH «C.LIBOeHHbiX» (HeH30liHpoBaHHblX) pe30HaHCOB. 

llPHJIOJKEHME. CllliHOBOE B03MYI.IJ:EHME B HATYPAJihHOH 
CMCTEME KOOPLJ:MHA T 

TeKCT .naHHOro npHno)J(eHH.sJ ocHoBhiBaeTC.sJ Ha pa6oTax [6-10] H .np. 

B na6opaTopHoH cwcTeMe Koop.LIHHaT ypasHeHHe ToMaca-BM T BhifJI.si.LIHT 

cne.nyiOutHM o6pa30M [14, 15]: 

d§ ~ [- -] -=S = flxS dt , (A.l) 

r.ne Br H B L - nonepe'IHa.sJ H npo.nonhHa.sJ KoMnoHeHTbi MarHHTHoro non.sJ oT-
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HOCHTeJibHO TO'JHOH CKOpOCTH .UBH)I(eHH11 tJaCTHUbl V 

BL = (B7)7, Br = B-BL, ·u 
7=­

v 
(A.2) 

EcJIH .UBH)I(eHHe CnHHa OnHCbJBaTb OTHOCHTeJibHO <<HaTypaJibHOH» CHCTeMbl 

OpTOB, CB1!3aHHOH C TO'JHbiM HanpaBJieHHeM CKOpOCTH, Mbl .UOJI)I(Hbl BbJ\feCTb CKO­

pOCTb BpameHH11 <<HarypaJibHOrO» 6a3HCa OTHOCHTeJibHO HenO.UBH)I(HOH CHCTeMbl 

KOOp.UHHaT. HaTypaJibHbiH 6a3HC, KpOMe HanpaBJieHH.s! no TO'IHOH CKOpOCTH, Tpe-

6yeT onpe.UeJieH H.sl .UBYX .UpyrHX OpTOroHaJibHblX K CKOpOCTH OpTOB. )KenaTeJibHO, 

'JT06bl OHH MaJIO OTJIH\faJIHCb OT ycKOpHTeJibHOrO 6a3HCa, onpe.UeJI1!eMoro frene)­

Serret Koop.uuHaTaMH [ 12]: 

r(x , () , z) = f'o(()) +X e'x(O) + z ez(O), 
_ 1 df'o rQ I 
ey = R. To= If• (A.3) 

r.ue To - BeKTo p, CB113aHHbiH C 3aMKHyrOH, nJIOCKOH paBHOBeCHOH op6HTOH; X 

H Z 03HatJaJOT p a.uHaJibHOe H BepTHKaJibHOe OTKJIOHeHH.s! OT nnOCKOCTH op6HTbi; 

271" R - ,!lJIHHa paBHOBecHon op6HTbi. B Haw eM cnyqae 

ex' = K z ey, ey' = -Kz ex. ez' = o, Bz(i"o) . (A.4) 
K z(()) = (Bz(f'o)) 

3.uecb K z - 6e3pa3MepH~ KpHBH3Ha JaMKHyroii op6HTbi. 

0TMeTHM, 'ITO HeKOTOpblH npOH3BOJI B Bbi60pe .UBYX .UpyrHX OpTOroHaJibHbiX 

K CKOpOCTH OpTOB B HaWeM CJiyqae He CKa3bJBaeTC11 Ha <t>opMyJie ,!lJI11 Bbi'IHCJieHH11 

MOlliHOCTH CnHHOBOro pe30HaHCa. TI03TOMY BbJ6epeM «HarypanbHYJO» CHCTeMy 

KOOp.UHHaT ,!lJI.sl OnHCaHH.sl CnHHOBOro ,!lBH)I(eHH.sl , HanpHMep, B BH.Ue 

a= [T X ez j, 7, b = [a X Tj . (A.5) 

Ea3HC { ii , 7 , b} npaKTH'IeCKH He OTJIH'IaeTC.si oT <<ycKopuTeJibHOro» 6aJuca 

{ ex , €y , ez }: 

x' -
ii;:::: ex- R ey, 

_ _ x' _ z' _ 
T ;:::: ey + R ex + R Cz, 

- z' -
b;:::: ez- R ey. (A.6) 

I.JT06bl He 3arpOM0)1(,!laTb <t>opMyJibl H3JIHWHHMH 06o6meHH11MH, YtJTeM JIHWb 

BepTHKaJib.HOe HCKa)l(eHHe TpaeKTOpHH 'laCTHU pa,UHaJibHbiM noJieM npH OTCyr­

CTBHH Ha nJIOCKOH paBHOBeCHOH op6HTe npO.UOJibHOH KOMnOHeHTbl MarHHTHOrO 

non.s~ . 

Ymos~ q acToTa spameHH1! HaTypanbHOro 6aJnca cTaHOBHTC11 cne.uyJOmeH: 

Db = ~ ( [ ii x 5] + [ b X b] + [ T X f-]) = [ T x f-] + ( T ez) ( [ T X f-] ez) T = 

e B- e (-- )(B- - ) - e B- e . B -= - - r - - T Cz TCz T=- - r - --z z T · 
1m 1m 1m 1v m 

(A.7) 
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flpH BbiBO)le (A.7) 6bJJ10 HCflOJlb30BaHO COOTHOWeHHe 

[ 
.] e -i x i = - -ym Br . (A.8) 

K '!aCTOTe spaweHHSI 6aJHca .uo6asnS~eTCSI nonpasKa B.llOJlb TO'lHOro Hanpa­

BJleHHSI CKOpOCTH, CBSI3aHHaSI C OTKJlOHeHHeM .llBH)I(eHHSI '!aCTHUbl OT flJlOCKOCTH 

op6HTbl (HanpaBJleHHe CKOpOCTH y)l(e He OpTOfOHaJlbHO HanpaBJle HHIO ez). 

BTOpOH .llOflOJlHHTeJlbHblH '!JleH B.llOJlb CKOpOCTH '!aCTHUbl He nonpaBllS~eT npe­

uecCHIO CfiHHa B MeCTe pacnOJlO)I(eHHSI rf-.UHflOJlSI, O.UHaKO BepTHK aJl bHOe HCKa)l(e­

HHe op6HTbl, Bbl3bJBaeMOe rf-.UHllOJleM, cyweCTBeHHO H3MeHS~eT .UBH)I(eHHe CflHHa 

B Te'leHHe Ka)I(Jloro o6opoTa '!aCTHUbl s ycKopHTene. YpasHeHHe .llJlSI cnHHa cTa­

HOBHTCSI CJle.UyiOlllHM : 

dS [(- - ) -] di = n - nb x s , (A.9) 

(A. IO) 

BepTHKaJlbHOe OTKJlOHeHHe Z OT flJlOCKOCTH op6HTbl BHe 30Hbl rf-.UHflOJlSI CJle­

.nyeT TaK)I(e Y'!HTbiBaTb. B KpymoM ycKOpHTene Bz = 0 11 MOlllH CTb cnHHosoro 

pe3oHaHca nponopuHoHanbHa aHoManbHOMY MarnHTHOMY MOMeHry G. 
Depeil.neM BMecTo nepeMeHHOH speMeHH t K HOBOH HeJaBHCHMOH nepeMeH­

HOH - o6o6meHHOMY a3HMYTY '!aCTHUbl e. YpaBHeHHe .llJlSI cnHHa B HaTypanbHOH 

CHCTeMe KOOp.UHHaT CTaHOBHTCSI CJle.UyJOlllHM: 

ds [- -] dB = W x S , (A. II) 

r.ne npHBe.UeHHaSI ymOBaSI CKOpOCTb spameHHSI CfiHHa 6y.UeT, O'!eBH.llHO, pasHa 

- n-nb W=--. -. 
() 

(A. I2) 

.IlnS~ flJlOCKOH paBHOBeCHOH op6HTbl '!aCTOTa spameHHSI '!aCTH bl 0 Onpe.neJlSI ­

eTCSI XOpOWO H3BeCTHbiM Bbipa)l(eHHeM ( 12]: 

B= v 
-V--;(=R=+=K=z=x=)~2=+=x=,=2=+=z ='2 . 

(A. I3) 
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l1cnOJib3Y51 ypasHeHHe )lSHJKeHH51 qaCTHU:bl S MarHHTHOM none )l1151 sepTHKaJib­
HOro OTKJIOHeHH51 Z OT flJIOCKOCTH Op6HTbl, nonyqaeM 

z" 
Wa=v R ' 

- _ z' , z 
WT=GKz R +(l+G)Kz R' 

-- ( x") Wb= V Kz- R . (A.l4) 

<l>ypbe-rapMOHHKa Wk CflHHOSOro pe30HaHCa V = Vk pasHa 

Wk = ( [ (Wa- i w-r) eiv(9-8)] eivk 8) L=vk = 

=([v~ -iGKz~-i(l+G) (Kz'~+Ky)]eivke), 
(A.l5) 

r.ue V - CflHHOSa51 qacTOTa, Vk - u;enoqHCJieHHa51 KOM6HHaUH51 qaCTOT Op6HTaJib­
HOro JlSHJKeHH51. MOIUHOCTb ye.UHHeHHOro CflHHOSOro pe30HaHCa pasHa SeJIHqHHe 

lwkl · 
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KoH.npaTeHKO A. M., KoH.npaTeHKO M. A., cl>i-maTOB 10. H. 
Pac'leT MOlUHOCTH cnHHOBbiX pe3oHaHcos Ha ycKopHTene COSY 

P9-2008-16 

B pa6oTax [ 1, 2] H3yqanocb snH~HHe rf-.nHnon~ Ha cnHHosoe .llBH)I(eHHe Ha ycKo­
pHTene COSY (IOnHx, fepMaHH~). Ehmo o6Hapy)l(eHo pacxo)I(JleHHe TeopeTH'IeCKH 
paCC'IHTaHHOH MOlUHOCTH CflHHOBOfO pe30HaHCa .!liT~ nyqKa .neifTpO 08 C 3KCnepH­
MeHTaiTbHO Ha6mo.naeMbiM 3Ha'leHHeM [2]. B .naHHOH pa6oTe noKa3aHo, 'ITO pac'leT 
C llOMOlllbiO cpyHKUHH OTKnHKa fl03BOn~eT 06b~CHHTb paCXO)I(JleH e 3KCnepHMeH­
TaiTbHbiX .naHHbiX C TeopeTH'IeCKHMH paC'IeTaMH MOlUHOCTeH CflHHOBbiX pe30HaHCOB, 
HH.llYUHpOBaHHbiX MO.llYITHpOBaHHbiM pa.nHanbHbiM MarHHTHbiM .llHDOneM. 

Pa6oTa BbinOnHeHa B na6opaTopHH Bb!COKHX 3Heprnif HM. B. l1. B.eKcnepa H 
A. M. Ean.nHHa mum. 

fipenpHHT 06J.e)lHHeHHOI'O HHCTH1)7a ll)lepHbiX HCCJie)lOBaHHii. )ly6Ha, 2008 

Kondratenko A.M., Kondratenko M.A., Filatov Yu. N. P9-2008-16 
The Spin Resonance Strength Calculation at the COSY Accelerator 

Papers [ 1, 2] study the effect of an rf-dipole on spin motio at the COSY 
accelerator (Jiilich, Germany). A difference between a theoretically calculated value 
of spin resonance strength for a deuteron beam and an experimentally obtained 
value was found [2] . This paper shows that the difference between the experimental 
data and the theoretical calculation of the strength of a spin res nance, induced 
by modulated radial magnetic fields, can be explained by using the spin response 
function . 

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 2008 


