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TIpe,lU[o)KellbI BapH8HTbI MO,ItepHH3alUfH BaKOnHTeJIhHoro Kom.ua KOMIIJIeKCa 
TBH (Teppa:aaTTllhlH: HaKOIJHTem.), n03Bomnomeit pa3MecTHTL CHCTeMY 
3JIeKTpOHHoro OXJI3.)J(,ZJ;eHIDI IIy'IKa (C30). Pa3pa6OTaHa cxeMa BCTaBKH 
Y.Tl)":mIeHHLIM COrJIaCOBaHHeM H npoBe,IteHo ,IteT8JILHOe HCCJIep;OBaHHe .l{HHaMHKH 

tfaCTHU B cym.ecmyromefi Marmrmoit CHCTeMe II B )J;BYX MO)J;Hq,IIUHPOBaHHldX 
crpynypax (c O)J;BOH COrJIaCOBaHHoit BCTaBKOit II c 4-MJI BCTaBKaMH), cpa:BHeHHe HX 
xapaKTepHCTBK H BLI60p OIITHMaJILHOH crpytcrypbI. BIOIlOtJeHHe C30 Cy,nJIHHeHHhlM 
npoMelKYTKoM H KOJILn;eBhIM 3JIeKIpOlUlbIM nytIKOM n03BOJIHT pelKO IIOBLICHTh 
q,a30Byto IDIOTIlOCTL HaKOnJIeHHOro nyqKa H, lITO oco6eHHo BaJKHO, IIO)J;8BHTb norepH 
tfaCTHU H CBJI3aHH)1O CHHMH. BaKyyMHyIO HeycroifamBOC'l'b. TIO.sIB.IDJlOTCJI TaIOKe HOBLIe 
3KcnepHMeHT3JILHLIe B03MO)KHOCTH YCTaHOBKH (HaIIpHMep, npD HCCJIe,ItOB8HHH 
pe30HaHCHbIX peaKllHii). 

BEAM DYNAMICS IN MODYFIED ITEP STORAGE RING. 
P. R. Zenkevich, A. E. Bolshakov, N. R Mustafin. 

Variants of modernization pf a. storage ring of TW AC complex are offered , 
allowing to place system of electronic cooling of beam (BeS). The scheme of an 
insertion with the improved matching is developed and detailed research of dynamics 
of particles in existing magnetic system and in two modified structures (with one 
coordinated. insert and with 4-MJI inserts), comparison of their characteristics and a 
choice of optimum structure is carried out. Insertion of ECS with the lengthened. space 
and a ring electronic beam will allow to increase sharply phase density of the storaged 
beam and, that is especially important, to suppress losses of particles and the vacuum 
instability connected to them. There are also new experimental opportunities ofTWAC 
complex (for example, at research ofresonant reactions). 

PDC. - 17, CIIHCOK JIHT. - 10 HaBM. 



BBe~eHHe 
IIpHMeHeHHe CHCTeMbI 3JIeI<TpOHHOrO OXJIa:>K.l{eHHH (C30) B TeppaBaTIHOM 

HaKOmneJ1e (TBH) II03BOmieT 3HalflfTeJ1bHO YMeHhWHTb nOTepH t.Iacrnu Ha CTeHKaX 

BaKYYMHOH KaMephI H nOBbICHTb tPasOByro IIJ10THOCTb HaKOITJIeHIloro IIY'lJ.K3. JI]. TaKoe 

IIOBbuueHHe ,[(aeT B03MOJKHOCTh YMeHhwHTb pasMep mlTIIa Ha nna3MeHHOH MHweHH H 

,[(JIHTeJIbHOCTb cryCTKa 11, TeM CaMbIM, nOBblCHTb y,[(eJIbHOe BbI,[(eneHHe 3Hepnm H 

Y.l{eJ1bHYJO MoIi(HoCTb BblBe):leHHOrO rryt.IKa. 

fIpe.l{BapHTeJIbHbIH aHaJIH3 IIpOeKTa CHCTeMbI 3J1eKTpOHHOro OXJIaJK,[(eHHSI [2] 
IIOKa3aJI, QTO CpaBHHTenbHo He60J1bIIIruI ,[(J1HHa cB060.ll,HOrO rrpOMeJKYTKa B 

HaKOrrlfTeflhHOM KOJIbue HT3<1> (2,35 M) orpaHHI.{HBaeT 3tPtPeKTHBHYIO ,lJJIHHY CHCTeMbl 

3J1eKTpOHHOro OXnaJK):leHHH .ll0 55-60 CM. KOPOTKruI .llJ1HHa C30 CHHJKaeT 

3$$eKTHBHOCTb 3TOH CHCTeMbl H OrpaHHl{HBaeT B03MO:>KHOCTH ee IIpHMeHeHH.sI. B 
pa60Tax [3, 4] 6bIJIO npe)J)IOJKeHO ,[(JI.SI ynJIHHeHHSI CB060.ll,HOro npoMeiKYTKa ,[(0 4 M 

(.LVIHHa C30, COOTBeTCTBeHHO, YBemt:t.IHBaeTCSI no 1,5 M) Hcnonb30BaTb cTpYKTYPY C 

l.{eThlphM.SI rrepHO):lH'lJ.eCKHMH BCTaBKaMH. 3tl>tPeKTH BHOCTh C30 MOJKeT 6bITh 

cym:eCTBeHHo nOBblIIIeHa npH IIpHMeHeHHH KOJIbueBOro .,)JJeKTPoHHoro ny'tIKa, 

npe,lVIOJKeHHOrO B 11JI(J) CO PAH HM. EY.llKepa [5]. 
TaKM crpYKTypa, O.llHaK0, 1'pe6YeT .llOBOJJbHO 60JIblliOrO 'lJ.HCna 3JIeMeHTOB R 

3aMeTHOH nepe):leJIKH BaKYYMHoH KaMepbI. B .llaHHOHpa60Te paCCMOTPCHa 

MbTepHaTHBHM cxeMa MO.llHtPRKaIlHH Konbua "c :. OJU{OH COrJ1aCOBaHHOH BCTaBKOH. 

BapHaHT COrJIaCOBaHHOH BCTaBKH C 38.MeHOH 'lJ.eTblpeX MarnHTOB 6blJI paccMoTpeH B 

pa60Te [6]. B 3TOM BapHaHTe, BKJlIOl.{aromeM Bcero 4 KBa.nPynOJIhHble J1HH3hI, O.ll,HaKO, 

He Y.D.aeTCH .D.oC1'afoQHOXOpOmo COrJ1acoBaTh ,LUiCIIepCHOHHYIO <PYHKlUIIO. 

U:eJlh .l{aHHoH· :'pa6OTbI: 1) paspa60TKa cxeMbI BCTaBKH C ynyl{WeHHblM 

cornaCOBaHHeM;' 2) .l{eTaJIhHOe HCCJJe.D.OBaHHe· ,[(HHaMHKH qaCTRU B cymeCTBYlOmeM 

MarHHTHO~ . cHCTeMe H B ,[(BYX MO.l{H<PHIi~pOBaHH:brx CTPYK"I"YPax (c O.l{HOH 

cornaCOBaHHOH BCTaBKOH H C qeTbIPbM.sI BCTaBKaMH), cpaBHeHHe HX xapaKTepHCTRK H 

Bbl60p onTRManb.~oitC1'pYKTyPbl. .' i " '. ' , . 

1. CxeMbi MO~:"~'HKall~~ MarHHiHo'ji CTpytd:YP~I' J(0JlbUa , . 
. B HacroH}Uee BpeMj{ MarHHTHruI cTpYKTYpa KOJlbl.la BicrIloqaeT ,[(Ba Tfma MarHHTHbIX. 

6JlOKOB [7]: 1) C-6JlOKR (CTaH.llapTHble": 4'a6p'KirHhle' 'C-06pa3Hble 6J10KH C 

COBMemeHHbIMH $.YHKUHSlMH, HMeIOIlUie' 'noMemeHHbm cHapYIKH HeHTPaJIhHhIM 

nOJIloc); 2) E-6Jlom (B TIRX 6JIOKax KaMepa HaKOIIHTerIH H HeHTPaJIbHblH nOJIloc 

HaxO.llHTCR BHyrpH MarHHTa). Ma.mHTH8.SI crpYKTYpa COCTOHT H3 8 nepHO.l{OB; KaiK,llbID 

nepHOl1: BKJIIOQaeT 11 C-6JlOKOB H 1 E-6noK. 

http:Ma.mHTH8.SI
http:KOJlbl.la
http:qeTbIPbM.sI
http:l.{eThlphM.SI
http:IIpHMeHeHH.sI
http:IIY'lJ.K3
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Mhl paCCMOlpeJIH ,l(Ba BapHaHTa MO,l(HqmKaIJ,HH CTpyKTYPhl, n03BOJIHlOmHe 

YBeJIHlJHTh .lUIHH)' np.HMOJIHHeHHOrO npOMeJKYTKa .n;o 3,5-4 M (TaKa.H .n;JIHHa HBJUleTC.H 

THrrHqHO~ JVI.H Y)Ke cymecTBYIOIlI.HX KOJIeu C CHCTeMaMH 3JIeKTpoHHoro OXJIIDK.Il:eHWI): 

1) 	cxeMa C O,l(HOH cOrnaCOBaHHOH BCTaBKoii. 

2) 	cxeMa JIHHeHHOH CTpYKTYphI C 4 HeCOrJIaCOBaHHbIMH O,l(HHaKOBbIMH 

BCTaBKaMH. 

ITapaMeIphI cOrJIaCOBaHHoii BCTaBKR, BKJIlOqaIOrueii npoMeiKYToK C .LU1HHOH 

OKOJIO 4 M, .llOJI)l(HbI BbI6RpaTbCa: Tat<, qT06bI BhIfIOJIHI1Th CJIe,llYJOllI,He ycnOBHa:: 

• 	 3aMKHyrb Op6HTY; 

• 	 COfJIaCOBaTb napaMeTpbI TBHCCa ,nmI ropH30HTaJIhHOH 11 BepTHKaJlbHOH 

cTeneHeH CBo60,l(hI C/3x,ay ,/3"ay); 

• 	 COfJIaCOBaTb ,l(I1CrrepCHoHH)'1O CPYHKURIO Dx'P:' 
PacqeT Ka>K,ll;oro H3 BapRaHTOB crpYKTYPhI BKJIJOlJaJI .n;Ba :rrana: 1) no.n;6op .LU1RH 

cBo6o.n;HhIX npOMeJKYTKoB H yrnoB nOBopora MarHHTOB JVI.H 3aMhlKaHIDI Op6l1ThI C 

nOMOmhlO nporpaMMhI AGILE [9]; 2) COfJIaCOBaIme napaMe1pOB (/3x.a.T,/3"ay,D"DJ 
nyreM no.n;6opa CRJI KBa.n;PynOJIbHhIX JIHH3 (:noT pacqer BbmOJIH.HJIC.H C rrOMOIl(h1O 

. nporpaMMhI MAD [8]). ITPH pacqere COfJIaCOBaHHa: HaKna,llhIBaJIHCb ,l(OnOnHHTeJIhHble 

OfpaHRqeHHa: Ha 3HaqeHHa: 6eTaTpoHHhIX CPYHI<:r~HH BHYlpH BCTaBKH (P, <15) /3,<20). 

3TH OrpaHHqeHHa: He06xo,l(HMbI ,l(JUI pa3YMHOro BbI60pa .llHaMeTpa JIHH3, He 

COKpamaIOmero aKCenTaHC KaMepbI. 3aMeTHM, lJTO .llJI.H nO.ll6opa 6 rrapaMe1poB 

CHCTeMa ,!J;OJIJKHa BKJIlOqaTh He MeHee 6 KBa.n;PynOJIhHhIX JIHH3; ,!J;JI.H 60nee rR6KoH 

pa60ThJ BCTaBKH (HanpHMep, .llJ1i peryJIHpoBKH 6eralpOHHhIX qaCTOT) )l(enaTeJIhHO 

HaJIHql1e .n;onOJIHHTeJIbHbIX CBo60,!J;HbIX napaMeTpOB. 

nOTIoMY Mhl BhI6paJIH BapHaRT COfJIaCOBaHHOH BCTaBKH C 3aMeHoit meCTH 

MaI'Hl1TOB. BCTaBKa HaxO.n;HTC.H MeJK.ZJ;y lO-M H 5-M MaI'HHTOM OCHOBHOH C'fPyKTyphI. 
YqaCTOK KOJIhIJ,a, cO.Ll,epJKanurl'i 6 C-06Pa3HhIX MarmnOB (c HOMepaMH 11,12,l,2,3, 4) 

. 3aMeHeH HOBO~ C1p)'KTYPOH, cO,l(ep)KaI.IJ;eH 4 O,l(HHaKOBhIX 1ll-06pa3HhIX .Ll,HnOJIhHhIX 

. MarHHTa 6e3 rpMHeHTa, 2 aHanOfHqHhIX YKopoqeHHhIX MarHHTa H 6 KBMPynOJIhHhIX 

JIHH3. CxeMa BCTaBKH 11306paJKeHa Ha p:Hc.l. 

HaH.n;eHHoe COrJIaCOBaHHe no 6era - q,YHKIUiH 6JIH3I<O. K H,!J;eanhHOMY. 

~cnepcHoHHasl CPYHK1U1.H corJIaCOBaHa He COBceM TOqHO, liTO npHBO.Ll,HT K 

,l(OnOJJHHTeJJhHhfM ee KOJJe6&CllHa:M C aMnnH1)',nOH OKono 0,2 M. Pa60qaSI TOqKa B HOBOM 

clpYKTYpe 6J1H3Ka K pa60qefi TOqKe CTaporo KOJIhua; aKCenTaHC Konhua rrpH 

HOMHHaJlhHhIX 3HaqeHRa:x napaMeTpOB npaKTHl{ecKH He H3MeHHerCH. ,LVIH.Ha 

rrpoMeJKYTKa B HOBOH CTpYKType COCTaBJJjJeT 3,82 M. 

Bo BTOPOH cxeMeBTOp0H: npoMe»eyToK Ka)I(.n;oro BToporo rrepHOJl:a y,n:J1HHjJeTCjJ 

,no 4 M rryTeM 3aMeHbI ,lJ;BYX C-06Pa3HhIX MarHlfTOB, pacnOJIO)l(eHHhIX B 3TOM 

npOMe)l(YTKe, Ha .Ll,Ba MamHTa C HYJJeBhIM rpa,lJ;HeHTOM H .Ll,Be KBa,n:PyrronhHhle JIHH3hI. 

ITPH 3TOM MonHq,HuHpOBaHHOe KOJIhUO HMeeT 4 cynepnepHO,l(a. Pa60Qasr TOlJKa B 

HOBOB clpYKTYpe TaK)I(e 6JIH3Ka K pa60qeH: TOqKe cTaporo KOJIhua. O.Ll,HaKO npl1 

cyneprrepHO.Ll,H1fHOCTH paBHoM 4 BHYlpH l\JIeTKH B03HHKalOT CTpYKTYpHble pe30HaHcbI 

Ha KBMPaTHqHOH HeJIHHeHHOCTH pQ.• +(3- p)Qy =28. OCHOBHOH BKna,n: B CHJIY 

http:cymecTBYIOIlI.HX
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pe30HaHCOB TperherO nopjJ.lI.Ka B KOJIbue ,[\ruoT E~6noKH. CXeMa cynepnepHO,[\a 

H306pa)KeHa Ha pHc.2• 

.ll.aHHhle 0 Tpe6yeMoM o60Py,[\oBaHHH npHBe,[\eHhI B Ta6n.l. MaKCHManhHruI 

HH.lJ.YKUHJI MarHHTHOrO nonjJ B JIHH3aX H MarHHTax COCTaBJUreT 1,8 Tn. 3aMeI'HM, qTO 

.lI.aHHhle 06 aneprype H .lllIHHe :meMeHTOB HBnjJIOTCJI npe,[\BapHTeJIbHbIMH H .lI.OJ1)KHbl 

6blTb YTOqHeHbI npH KOHCTPYHpoBaHHH :)THX 3neMeHTOB. 

Ta6JIHua 1. ~orrOnHHTeJIbHOe o60PY)lOBaHIIe )lJ1.sI pa'3nHqHbIX cxeM MO.lI.HcpHKaUHH 

crpYKTYpbI HaKOITHTeJIhHOrO Konbua 

HaHMeHOBaH KOnHl{eCTBO .ll.J1HHa IAneprypa 
He 3J1eMeHTa 3J1eMeHTa, M . X· y,MM

2
HJ1H 

i ro,MM 

,[{HnonbHbIH 4 1,187 150-100 
MarHHT ( 1 ) 
~HrronbHbIH 0,4752 150 -100 

MarHHT(l) 

KBa.n:Pynonh 6 0,7! 60 

lIM nHH3a(1) 

,[(.HnonbHbIH 1,0438 210 ·105 
MarHHT(2) I 

KBa)lPynonb 8 0,925 60 
IHM JlHH3a (2) 

2. OCHoBHLle xapaKTepucTuKU CTPYKTYP B HOMHHaJlLHOM pe)KUMe 
Ha Cpe)lHHX MarHHTHbIX noJUlx, npH KOTOPhIX II npOHCXO)lHT HaKOnneHHe, C-6nOKIf 

HMelOT CpaBHHTeJlhHO He60nhlliYIO HenHHeHHocTb, ,naHHhle 0 KOTOPOM OTCYTCTBYIOT. 

3HaqemljJ MarHHTHoro nOAA B C-6JIOKax paCC1{HTbIBaIlHCh nYTeM pemeHHjJ 

ABY MepHO ro ypaBHeHHJI JIarrnaca .D:AA MarHIITOCTaTHqeCKOrO nOTeHUHarra C 

Hcnonb30BaHHeM nporpaMMhl "POISSON" [7]. 3aBHcHMoCTh BepTHKaIlbHOrO 

MarHHTHoro nomI B Me.l(HaHHOH nnOCKOCTH OT ropH30H1'arrbHO
Bo 

H Koop.n.HHaTbl x 

annpOKCHMHPOBaJIOCh PJlAOM TeMJlOpa 

(1) 

K03f}:>f}:>HUHeHT no 6bIJI BbI6paH paBHbIM 6 (npH 3TOM OTKJIOHeHHe OT T01{HOrO 

paC11eI'a He npeBblmaer 0,1 %). 
HanpoTHB, E-6noKH, H3rOTOBJIeHHble B MacTepcKHx MT3$, HMefOT 3aMeTHhIe 

f}:>nyKTyauIfH, KOTophle 6bIJIH H3MepeHhI (pe3YJIhTaTbI H3MepeHlfH npHBe.lI.eHbI Ha 

http:nopjJ.lI.Ka
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pHc.2). PaCqeTHble 3HaqeHIDI K03$PHUHeHTOB p83nO)l(eHH.SI ,nml E-6J1mCOB HaxO,nHnHCb 
CnOMoJIU,io MeTO,na HaHMeHblIUix KBMparOB. 3HaQeHH.SI BCeX K03q,q,HI.J;HeHTOB C" .llJUI 

C-6I10KOB, a T3.KJKe .nIl» KIDK.1l.0ro H3 E-6noKoB IIPHBe.1l.eHbI BTa6n. 2. 
OCHoBHble rrapaMeTpbI HaKOIDneJIbHOrO KOJIbua.D.Jl» cymeCTBYIOlUeH CTJlYK'T)'phI 

H, ]lByx MO]lH<pHllHPOBaHHbIX crpYKTYP rrpHBe,n:eHbI B Ta6n. 3. I1PH pactIere 
rrpe).ll1oIlaraIIOCb,QTO Bce C-6I10KH HMelOT O]lHHaKOaYIO HeIIHHeHHOCTb; napaMeTpbl E
6I10KOB BbI6HPaIIHCb B COOTBeTCTBHH CTa6I1.2. 

Ta6IlHua 2. 3HatIeHH.SI K03q,<pHUHeHToB HeIIHHeHHOCTH MarHHTHOro DOn.SI 6noKoB 
HaKOIIHTeJ1bHOro KOIIbua 

C
1 
[m-2] C2 [m-3 

] C) [m';"] C4 (m-S 104
) Cs (m-6106) C6 (m-' 108 

) 

C 6noK 0.3241 -0.0755 -9.389 -0.0845 -0.0721 ·0.0761 
E 108 0.3133 1.1100 81.95 -1.836 -1.108 1.208 
E208 0.3084 1.1640 88.21 -1.666 -1.l38 1.033 
E 308 0.3173 0.7134 -9.50 -1.328 0.1061 0.1758 
E408 0.3222 -0.2931 -29.52 0.1204 0.1715 -1.164 
E508 0.3198 0.5234 -24.65 -0.5186 0.5505 -1.208 

20417E608 0.3099 0.7038 136.1 -1.803 -2.343 
E 708 0.3153 0.9153 68.80 -1.986 -0.9779 1.340 
E808 0.3106 0.8897 105.7 -1.879 -10405 1.472 

= 

(2) 

IIp' .
3,n:ecb E",(I.-),Ey(J) - COOTBeTCTBeHHO, rOpH30HTaIIbHbIH H BepTHKaIlbHbIH 

p 

aKCenTaHC, I - TOK rryqKa; IIp - OTKIIOHeHHe no HMnynbcy; A...y(s) -palMepbI
p . . , 

BaK)'YMHOit KaMepbI; A • ./rb -aMDIIHTy.1l.bI Kone6aaHit 3aMKHyroif Op6HTbI. rIp" pacqeTe 

6hJJIH 8b16paHbI cIIe]lyIOll.{He 3HaQeHB.SI rrapaMeTp08: B OCHOBHOH crpyKType A., =0,055 
M, Ay =0,040 M; BO BCTaBKe A.. = A,. = 0.1 M (C TeM, QTo6bI He OrpaHHQH8aTb 

A/rbaKCeIlTaHCa), =AyqriJ=O.OI M. TaKHM 06Pa30M, npH pa3Mepe KaMepbl 55x40MM 

MaKCHMaIIbHrul ropH30HTaJIbHa.SI aneP1)'pa KOIIbua pasHa 45 MM,a MaKCHMaIIbHWl 
BeprHKaIIbHa,H aneP1Ypa 30 MM. IIepBble 3HaqeHH.SI napaMeTpo8 COOT8eTCTBYlOT 
H,n:eaIIbHOH cTPYI<1Ype KOIlblla, BTopble 3HaQeHH.SI (OTJJ;eJleH.f:I.ble KOCOH CK06KOH) 

http:3HaQeHH.SI
http:3HaqeHH.SI
http:ropH30HTaJIbHa.SI
http:AyqriJ=O.OI
http:3HaQeHB.SI
http:aMDIIHTy.1l.bI
http:3HatIeHH.SI
http:KOJIbua.D.Jl
http:3HaQeHH.SI
http:p83nO)l(eHH.SI
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paCCqHTaHbJ C ytleTOM Cpe,lJ,HeR HeJlHHeHHOCTH C-6J10KOB H H3MepeHHbIX '3HR<-IeHHH 

HemmeHHOCTH B E-6JIOKax. 

Ta6n. 3. OCHoBHLIe napaMeTpLI HaKOmneJIbHOrO KOJlb[(a 

H83BaHHe napaMeTpa CTapruI 

cTpYKTYpa 

1 corn. 

BCTaBKa 

4 BCTaBKH 

TIepHMeTJ? Op6HTbI, M 251,184 25C179 250,984 
BeraTPOHHWI qaCTOTR, Q, 9,215/9,213 9,250/9,296 9,231/9,271 

beraTpoHHWI qaCTOTR, Qy 9,347/9,346 9,247/9,229 9,265/9,243 

MaKCHMaJIbHruI 6era-qrYHKl(H}l fl", M 14,9115,00 14,6/15,0 14,23115,7 

MaKCHMaJIbHruI 6eTa-~yHKl(H}l fly, M 15,1115,2 15,55/15.50 14,24114,1 

MaKCHMaJIbHruI ,lJ,HCnepCHH D", M 2,02/2,26 2,3/2,45 2,7/3,0 

r OPH30HTaJIbHbIH aKceIITaHC, 

Al(ApI p =0), MM'Mpao 

126,1/135,7 126,11130,7 183,3/141 

BeprnKaJIbHbIH aKCeIITaHC, 

A" MM' Mpao 

45,9/59,1 45,9/58,0 87,6/67,5 

r OPH30HTaJIbHbIH XpOMaTIl3M 

aQ, I(ApI p) 

-1,11/-2,17 -10,7/-5,68 -11.6/-0.16 

BepTHKaJIbHbIH XpOMaUI3M 

OQ, I(ApI p) 
-16,1/-13,9 -11)/

11,23 
-20;0/-13,52 

KPHTHQecKruI 3HeprHa Yrr 7,14317,138 7,27617,403 7,217,19 
MaKCHMaJIbHruI MarHHTHruI 

)l(eCTKOCTh Bp, T· M 

35 26.8 26.8 

fpacpHKH 6era-$YHKl(HH: H ,lJ,HCnepCHoHHOH ~YHK[(HH ,lJ,JI}l OCHOBHOH crpYKTYPbI 

H ,!J,BYX cxeM MO,lJ,H~HKau.HH npHBe,lJ,eHbI Ha pRC. 3-5. lib PHCYHKOB BH.L(HO, 'lTO B 

CTpyKTYpe C O,ll;HOH BCTaBKOH B HOMHHaJIbHOM pe)KHMe MaKCHMaJIbHbIe 3HaQeHHSI 6era

$YHK[(HH H .nHcnepcHoHHOH ~YHK[(HH (3a HCKJllO'leHHeM BCTaBKH) rrpaKTHqeCKH 

COBIIa.L(aiOT C COOTBerCTBYIOIlUiMH 3HaqeHIDIMH )J,JISI cTapoH crpYKTYPbI. 

3. AnaJID] KYJIOnOBCKoro :}4ul)eKT8 B JIHneUHOM npHOJlHa(eHHH 

B JIHHeHHOM npH6J1HJKeHHH YBenH'leHHe TOKa nY'lKa npHBO.L(HT K TPeM :~$$eKTaM: 
1) HeKorepeHTHoMY c)J;BHry6eraTpOHHOH 'laCTOThI AQn~(I); 2) H3MeHeHHJO 6era 

~yHKUHH; ·3) H3MeHeHHJO . ,lJ,HCIIepcHoHHOH $YHKUHH. KaK H3BeCTHO [10], 
aHaJIHTH:qecKoe HCCJIe,lJ,OBaHHe KYJIOHOBCKHX 3<p$eKTOB IIOKa3bIBaer, 'lTO B JIHHeHHOM 

npH6mfnceHHH B03MymeHH5I 6era - $YHKUHH 

A/3I/3 
. 

- Ck I[Qo - "2k - AQcoh (/)], (3) 

r.L(e Ck - aMnmny.na pe30HaI:IeHOH rapMoHHKH C HOMepOM k, AQcoh (I) - KorepeHTHbJH 

C,lJ,BHr 6eraTPOHHOH qaCTOTbI. B03My:lUeHHH .L(HCnepCHoHHOH $YHKlUUf 

. A\:P/(I.JI)-Bkl[Qo-k-LlQ",,(l)), (4) 

http:aMnmny.na
http:MO,lJ,H~HKau.HH
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r):{e Bk - aMTI1IHTj'):{a pe30HaHCHOH: rapMOHHKH C HOMepOM k. J-b 3THX <i>opM)'n Mhl 

BR)J.HM,qTO ):{lliI mo60H: HeH):{eanbHOH: CTPYKTypbI, B KOTOPOH Ck,Bk:;l/: 0, HMeHHO 

BTOPOH H3 34>$eKTOB OrprulHqHJ~ae:r M.aKCHMaJIbHOe 3HalleHHe TOKa (H3BeCTHO, lfTO 

AQinc (I) > AQcolJ (I) ). 

tIHcneHHOe HCCne)J.OBaHHe KynoHoBcKHX J$$eICTOB BbInOnH.HJ10Cb C nOMOlUbIO 

nporpaMMbI AGILE [9]. ITpH paClfe:re 6bIDH npHHWfhl HHJKeCne.zxyIOIIlHe HCXO,L{HbIe 

npe):{llOnOJKeHHB, DYlfOK HMeer K-B pacnpe)1.eneHHe B $a30BOM npOCTPaHCTBe. 

Cpe)1.HeKBMpaTIltJHhle 3MHTIaHCbI nyqKa paBHbI Ex =15 MM*MpM, E, =10 MM*MPa.n. 

CpeJJ.HeKBMpaTHqHhIH pa36poc no HMIIynbcy paBeH Hymo. Ha pRC. 6-8 )1.llB 

Pa3llHlIHblX cTp)'KTYP nOCTpoeHa paClfe:rHWI 3aBHCHMOCTb HeKorepeHTHblX 

6e:raTpOHHbIX lI8.CTOT OT TOKa rrYlfKa Cne):{YeT nO):{lfepKHyrb, lfTO anropHTM 

qHcneHHoro pemeHHB CHCTeMbI ypaBHeHHH: KanlfHHcKoro-Bn3,lJ.HMHpCKoro B 

nporpaMMe AGILE nepeCTae:r CXO,lUfTbCB npH HeKOTopoM TOKe TIylfKa H3-3a 

npH6nHJKeHHB K HeKOrepeHTHOMY pe30HaHcy. 3TH TOKH H 6bIJIH BhI6paHbI B KalfeCTBe 

npe,nenbHblX Ha 3THX PHCYHKax. 

O):{HOBpeMeHHO 6bIna H3YlfeHa 3aBHCHMOCTb aKCenTaHca KaMepbI OT TOKa nYlfKa H 

OTKJIOHeHIDI tJaCTHUbI no HMIIYnbcy. 

PaClfeTbI nOKa3anH, lfTO 3aBHCHMOCTb OT TOKa napaMeTpOB E,,(1,O) II E/I) 

npeHe6peJKHMO Mana (BepmITHO, 3TOT 3<i>q,eKT CBB3aH C MeHbmHM3HatJeHlleM 

KorepeHTHoro C)1.BHra lfacTOTbI). PaClfeTHble rpacpHKH 3aBHCHMOCTH E)1, 8tJ) )1.lliI ):{ByX 
P 

3HalfeHHH f¥J, paBHblX 0,005 H 0,01, H Pa3.JIHlfHblX CTpYKTYP )laMb! Ha pRC. 9-11. 113 
p 

PHCYHKOB BH):{HO, liTO aKcenTaHC KaMepbI ,lJ)1B )laHHbIX. 3HalfeHHH HMnynbcoB 3aMeTHO 

na,naeT C POCTOM TOKa; :nOT 3<i><l>eKT oco6eHHO pe3KO B.blpaJKeH .lUl.ll crpYKTYpbl C 

O)J.HOH: BCTaBKOH:. Ha6nIO,naeMoe YMeHbmeHHe aKcenTaHca CBB3aHO C HapyweHHeM 

cornaCOBaHH~ no )J.HcnepCHOHHOH <PYHKIlHH npH pOCTe TOKa. 

4. HeJlHHeiiHLle 3••eKTLI UpH ByJleBOM TOKe nyqKa 
HeJlHHeHHOCTH nOAA npHBO):{jlT K nommeHHlO HeJIHHeHHbIX pe30HaHCOB H 

COICp8Il.leHHIO : ,lI.i1Ha.MHqeCKoH anepryPbI Konhua. CeTKa 'HeJIHHeHHhlX 'pe30HaHCOB 

H306pa:lKeHa Ha plf.cJ;a.. 
B.1IHBHae.J1HHeitHbIX rHHeJIHHeHHblX CP1lYKTYaIJ;HH nOJIg B E-6.iIOf<ax Ha 

,nHHaMHlfeCKYIO aneprypy KOJlh,ua C OCHOBHOH C1JlYKTYPOH HCcne)lOBaHO B pa60Te [7]. 
PaClfeTbI nOKa3anH, lfTO ):{HHa~iHqecKWl anepTYpa 3Ha'lHTeJIbHO MeHbwe 4>H3HtJecKoll 

anePTYphI H OTIDIlfaeTCB p~KO BbIpaJKeHHOH 3aBHCHMOCTblO OT 6eraTpOHHblX qaCTOT, a 

TaKJKe OT OTKJIOHeHHB . HMny!D>ca.: OT paBHoBecHoro 3HaQeHHH. .D:anbHeHmee 

cOKpaw:eHHe anepTYpbI npOHCxO,l{HT npH ysenHlfeHHH TOKa nyqKa. 

I1ccne):{oBaHHe J\HHaMHlfeCKOH aneprypbI HOBbIX CTpYKTYP 6hInO npOBe)leHO C 

TIOMOIl.U>IO nporpaMMbI MAD. npH paclfe:re ,lJ;HHaMHtJecKoll anePTYpbI MbI 

npeHe6pernH CPJIYKTya.uIDIMH H npeJUIonaranH, lfTO MamHTHoe none BO Bcex C-6noKax 

O,lJ;HHaKOBoe. He.1IHHeiiHOCTH B HOBbIX 6J10Kax TaIOKe npe):{llOJIaranHCb npeHe6pe)K}lMO 

MaJIbIMR. Pe3ynhTaTbI paclfem J\HHaMHlfeCKOH: anePTYpbI .llIDI cYlUeCTBYIOlUeit 
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CTpYKTYpbI H ,1l)1JI BapMaHTOB C O,LUIOH H tIeTblpbMH BCTaBKaMM ,l(aHbI Ha pMc.I3-I5. (.n;mr 
paBHbIX cpa'lOBbIX 06'beMOB no BepTMKaJlM H rOpH'lOHTaJlM). Ha pHc.16 If B Ta6n. 4 
npHBe,l(eHbI pe3ynbTaTbI pactIeTa ,l(J1H paBHbIX <proOBbIX o6beMoB no BepmKaJlH H 

ropH30HTaJIH. Ha pHc.17 nOKroaHa 3aSHCHMOCTb JUlHaMHtIeCKOH arrePTYpbI OT tIMCJ1a 

060pOTOB N KaK napaMerpa ,l(IDI nporpaMMbI MAD. .AnH paccMarpMBaeMbIX 

BapHaHTOB pactIeTa ,l(OCTaTOllHO BbInOJ1HeHHSI ycnoBMH N ~ 10000 . 

MbI BH,l(MM H3 PHCYHKOB~ tITO BJ1HHHMe <PJTYK'IYaIJ,HH HeJ1MHeHHOcTM npMBo,l(HT K 

3aMeTHOMY COKpaJ.UeHMIO JUlHaMMtIeCKOH anep'rypbI KOJ1bua. BbIXO,l(OM H3 nOJIOJKeHHH 

HBJ1HeTCH nOJIHaH 3aMeHa E-6J10KOB. B crpYKTypec qeTbIPbMH BCTaBKaMH 4 . M3 8 E

6J10KOB MOryr 6bITb 3aMeHeHbI Ha CHH'Ible M3 4 npoMeiKYTKoB 4 <POKYCHPYIOI.IJ;HX C

6noKa. KpoMe Toro~ ,l(OJ1JKHbI 6bITb ,l(OnOJIHMTeJIbHO M3rOTOBJIeHbI 4 HOBhIX 

<P0KYCHPYIOIIJ;HX MarHHTa C nOBOpOTHbIM noneM, rpMHeHToM H 06paTHbIM 

HallpaBJ1eHHHM gpMa. 3TH HOBbIe 6J10KI1 6Y,l(YT pa3Mern;eHbI B HetIeTHbIX nepHO,l(ax C 

TeM, tITo6bI He MemaTb TPaccaM BhlBO,l(a H HHiKeKI.(HH; C-6JlOKH 6Y,l(YT pa3MemeHbI B 

qeTHbIX neplm,l(ax, B KOTOPhIX H 6yAYT HaXO,l(MTbCH YlUIHHeHHble npOMeiKYTKH C 

,l(JIHHOH OK0J10 4 M. B CTpYKTYpe C O,l(HOH BCTaBKoH 3aMeHa E-6J10KOB npaKTH!.JeCKH He 

YBeJlHqHBaeT t\HHaMWieCKYfO anePTYPY, KOTOPaH, O,l(HaKO, OKa3bISaeTCH npMeMJ1eMOH 

M npM HaJIMqHH E-6nOKOB. 

Ha3BaHMe CLp)'l\.L)'pbI EX(MM*MPa.n:) 

CTapaH Clp)'lU)'pa 6e3 E-6noKoB 141,459 

CTapaH Clp)'L-.l)'pa C E-6JlOKaMH 70,657 

MO,l(Hj)MUHpOBaHHaH ClpJl\.L,lpa C 4-MH nepHO,l(aMH 6e3 E-6JIOKOB 108,624 

MO.LUf<pHr(HpOBaHH~y:rcryEa C 4-MH nepHO,I:(aMH C E"{)JlOKaMH 37,149 

MO,l(M<pHUMpOBaHHaH..., 'Y1\. ypa c I-HM nepHO,l(OM 6e3 E-6noKoB 77,304 

MO,l(H<pHUHPOBaHHaH C!'!P)'!5:!YPfi C I-HM nepHO.llOM C E-6JlOKaMH 75,858 

5. 3aKJJlO"leHHe 

CTPYKTYpa YCKOpHTenH Y-IO ,I:(aneKa OT HCTHHHOH nepHO,I:(HqHOCTH BCne,I:(CTBHe 

BKJIfOtlemUI E-6noKoB, HMelOIIlHX 6o.rrbnme <pny:rcryauHM rpa,nHeHTa H HeJ1MHeitHoCTH. 

TI03TOMY BKJUO!.JeHl1e O,uHOH COrJ1aCOBaHHOH BCTaBKl1 B cymeCTBYIOmylO CTPYKTYPY He 

CJlHIIIKOM CHJIbHO BJIHHeT Ha ee napaMeTpbI (aKcenTaHC, ,o:HHaMHtIecKYlO anePTYPY 11 

T . .a:.). B HOMHHanbHOM peJKHMe 11 npn HyneBoM OTKJIOHeHHH HMnYJ1bCa cornaCOBaHHe 

no 6eTa-<PYHKI.(I1HM 6JIH3KO K H.lleaJIbHOMY; COrnaCOBaHl1e no .a:HcnepCHOHHOH 

<PYHKUHH TaKJKe - y.a:OBJ1eTBOPHTeJIhHO. O.llHaKO C POCTOM TOKa B03HHKa.EOT KOJIe6aHHH 

.a:HcnepCHOHHOH ¢lYHKUHH, COKpaJ.UalOIl(He anepTYpy MH lIaCTHU C HepaBHoBecHhIM 

HMnynbCOM. 3TH 3¢l<l>eKTbI MOryr 6bITb B H3BeCTHOH Mepe CKOMrreHCHpOBaHbI nyTeM 

Bhl60pa pa601leH TOtIKH, KoppeKUHH 18-H rapMOHHKH ropH30HTaJTbHoro 

rrapaMerpHQeCKOrO pe30HaHca H T • .a:. 

CJIe,l(yeT no.a:qepKHYTb, tITO rrpH HaKOrrJ1eHHH pro6poc qaCTHI.( no HMnyJ1bCY MaJI 

(nOpH,LJ;Ka 10-3) H COKpameHHe aKCeTITaHCa MH qaCTHU C 60J1bIIIHM 8p1 P 
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rrpe.u,CTaBJUleTCH HecymecTBeHHbIM. CHTj'aQHH, 04HaJ<O, H3MemIeTC.H npH KOMnpeCCIUi 

rryqKa, KOr,na .f¥J / p YBeJIHqHBaeTCSI Ha rrOpSlJ.(OK. .L(mI .1IPQBepI<H :noro 3~~eKTa 

JKeJIaTeJIbHO llbmOJlliHTb paCqeT rrpnepeqHOrO ,nBHJKeHHSI qaCTHQ rrpH KOMIlpeCCHH. 

B c.rryqae 3aMeHbI E-6JIol<~B Ha MarHHTbI C XOpOllIHMH XapaKTepHCTHKaMH 

BapHaHT.. C qeTbIPbM.H BCT3;BK~~~COXpaHHlO~.Hcyrr~pnepHO.nHqHOCTh, 

npe,nCTaBJUleTC.H npe.nnOqTHTeJIbI;Ib1M.~" ; 

Pe~H3~,H:~ Q~PI1X ,Bapff"lfiOBMO.nH~HKau:HH rpe6yer OCTaHOBKH YCKOpHTeJUl 

Ha ,nmnellhHoe BpeMSl,(6011~e nonyro.n:a) Ii ,nOBOJIbHO 60JIbllIHX MaTepHaJIbHblX 3a'IpaT 

(nO-BH.UHMO¥Y'·I:lepKOII~icoMeHbIIlHX ,nJIjJ CJIytlaSI COfJIaCOBaHHoit BCTaBKH). KpoMe 

TOrO, MaKCHMaJIbHaSI 3~'eprHSlYCKOpeHHbIX HOHOB B MO.n:H<pHUHpOBaImOH CTpYKTYpe 

6y,neT HeCKOJIhKO ~QHH.JKeHa (Ha 10-15%). 
O,nHaKo, BIUnqqeHHe C30 C YMHHeHHbIM npoMe)l()'TKOM Ii KOJIbQeBbIM 

3JIeKTPOHHpIM nytfKoM rr03BOJIHT pe3Ko nOBbICHTb <pa3OByK> TTJIOTHOCTb HaKOrrJIeHHOrO 

n)"IKa H,' qTO oco6eHHo BaJKHO, rro,naBHTb nOTepH qaCTHU H CBSl3aHHYIO C HHMH 

BaKYYMH)'ID HeYCTOHqHBOCTb. Cne,nyeT YKa3aTb TaIOlCe Ha HOBbIe 3KcnepHMeHTaJIbHble 

B03MO)KHOCTH YCTaHOBKH (HanpHMep, npH HCCJIe.llOBaHHH pe30HaHCHbIX peaKl{HH). 

PHC.l. CxeMa COfIIaCOBaHHoir BCTaBKH (rrpSlMoyrOJIbHHKH, He nepeceKaIOID;He OCb -

MarHHTbI, KBa,l(paTbI, KaCaJOIIQieCH OCH, - KBa.llpynoIIbHwe JIHH3bI). 

~OIII~llllllllllllllltW..-mllllllll~IIIIIII'lllf . 


PHc.2. CxeMa nepHO.lla B cTpYKTYpe C qeTblPbMSI BCTaBKaMH. EIIOI<H OCHOBHOH 

crpYKTYpbl rro.n:eJIeHbl Ha 4 qacm. 
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Betatron amplitude functions [m] versus distance [m] 

0.000 251.18 
Dispersion functions [m] versus distance (m] 

Horizontal Vertical 

Plle.3. BeTa - tP)'HKIJ;HH II ;D;HcnepCROHHa51 tPYHKQH5I B HOMHHaJILHOM pe)l(IIMe .n;JUl 
cyrueCTBYlOmel:i CTPYKTYPLI Y -10. rpa.11;lleHTLl B E-6JlOKax COOTBeTCTBYlOT Ta6Jl. 2, TOK 

paBeH Hymo. 
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Betatron amplitude functions 1m] versus distance [m] 

0.000 
DisPersion functions [mJ versus distance [m] 

Horizontal Vertical 

PHC.4. EeTa - q,)'HKIU:lH H .llHCrrepcHoHHWI 'i>YHKUHJI B HOMHHaJIbHOMpe>KHMe· ,lVUI 

MO}J}f<l>HUHPOBaHHOH CTPY.KTypbl C OJ);HOH BCTaBI<OH. rpa.n;HeHThI B E-6JIOI<ax 

COOTBeTCTByroT Ta6JI. 2, TOK paaeH HYmo. 
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Betatron amplitude functions [m] versus distance [m] 

0.000 250.98 
Dispersion functions [m] versus distance [m] 

Horizontal Vertical 

Pllc.5. Eern. - $YHKQHH II .D.HCnepCHoHHWI $yHKUJUI B HOMHHaJIbHOM peiKHMe .D.ml 

MO.D.H$H.QHPOBaHHOil crpYK'I'YpbI C lJeTblPbMR BCTaBKaMH. rpa,n:HeHTbI B E-6JIOl<ax 
COOTBeTCTBYlOT Ta6n. 2, TOK paBeH Hymo. 
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Old 

9,400 ,..---------------, 

9.350 a:------------------4 

9.300 +------'-""""""'-------------4 

9,250 +--------==---=--------4 -+-Qx 

9.200 +-=--=----------"..........-------1 

-tl-Qy

9, 150 +-----'----=..;;;__~--'--------l 

9,100 +---------...---::;==-..'="""'----4 
9,050 +---------.-------.-----,-----4 

o 10 20 30 

I(A) 
~-------------------------------~ 

PMC. 6. 3aBHcHMoCTh HeKorepeHTHblx 6eTaTpoHHbIX qaCTOT OT TOKa rrytiKa .LVUI 

HeMo,rUllpHlUIPOBaHHOH CTPYIcrYPbI. 

9,280 
9,260 
9,240 
9,220 
9,200 
9,180 
9,160 
9,140 
9,120 
9,100 
9,080 -. 

o 

11ns 

'" "--~~ 
~~ 

,' 
~~ 
~ 
~ 

10 20 30 
I(A) 

PHC. 7. 3aBHcHMoCTb HeKOrepeHTHblX 6eTarpoHHblx tfaCTOT OT TOKa IlytIKa roUI 

MO.LtH<PHUHP0BaHHOH CTPYKTYphl C O)J,HOH BCTaBKOH. 
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41ns 

9,300 

9,250 

9,200 
-+--Qx 

9,150 
---Qy 

9,100 

9,050 

9,000 
0 10 20 30 40 


I(A) 

PlfC. 8. 3aBRcHMoCTh HeKOrepeHTIlhIX 6erarpoHHbIX qaCTOT OT TOKa nyqKa· JlJ.UI 

MO,ll.H(tmUHpoBaHHoM CTPYKTYphI C l.{eThlPhMg BCTaBKaMH. 

Old 

Ex 120 

100 

80 

60 rdPip:o.01 , 

40 
i ------:-dp/p =0.0051 

20 

0 

0 10 20 30 


PRc.9. 3aBHCHMOCTh ropR30HTarIhHOrO aKCenTaHca KaMephl·OT TOKa nyl.JKa tlflg 

Pa3nHl.{HhIX 3HaqeHI{}i OTKJIOHeHHg no HMnyflhCY (OCHOBHagCTpYK'I)'pa). 
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1lns 

~120r----------------------------' 

100T-~------------------------~--
60~----------------------~~~; 

40+---------------------------~ 

O+---~----~--~--------·~~~ 

o 	 5 10 15 20 25 30 

I 

PHc.lO. 3aBHCMMOCTb rOpM30HTaJIbHOrO axcenTaHCa KaMepbI OT TOKa nYl{Ka Jl,mr 

Pa3JIM':lHbIX 3Ha'l.{eHHit OTKJIOHeHlig no HMrrynbCY (crpYKTYpa C O)J.HOH BCTaBKOH). 

41ns 

~90 

80 p--. ..... 
70 -- l--dp/P=O.01 I 

60 1--- dp/p =0.005 

50 

40 

30 

20 ~ 

10 

o 
o 10 20 30 40 

PHc.ll. 3asHCHMOCTh rOpH30HTanbHOrO aKCenTaHCa KaMepbl OT TOKa nYl{Ka Jl,IDI 

pa3nH'I.{HbIX 3Ha'tleHHH OTKJIOHeHHg no HMIIYllbCY (ClPYK1Ypa C 'feTbIPbMg BCTaBKaMH). 
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r~~A4IJeTI;mI 

PHe. 12. Pe30HaHChI B pa604eH KneTKe HaKOnHTemI HT3<1> (BIInOTb,l(O 5-ro nOpR.ll.Ka). 

o 50 100 

EX(MM*Mp&.q) 

200 .150 

PHc,13.}:(HHaMH~eCKruI aneprypa no ,l(BYM CTerreHSIM CB06o~I ..a.n» 
HeMO,l(HcpHUHPOBaHHOH mpYKTYpbI (dp/p=O, 1=0), 

http:nOpR.ll.Ka
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250 

200 

1 150 \ 
:Ii 
':II 

.!. 
~ 

100 .~ ---50 "
~o 

o 10 20 30 40 50 60 70 80 90 100 

PHc.14.j{HHaMH'tfeCKaR anePTYpa no ,l(ByM CTerreHHM CBo60JJl;.I )1)1JI 

MOJUUPHu;HP0BaHHOH CTpyKTyphI C O,l(HOH BCTaBKOH (dp/p=O, 1=0). 

120 

100 

80 

I 60:I 
"s 
::Ii 40 
~ 

20 

0 
0 20 40 60 80 100 120 

EX(MM'Mpa,Q} 

PHc.l5.j{HHaMHtIeCKaR anePTYpa no JJ:ByM CTerreHaM CBo60JJl;.I JJ.JUl 

MO.n:H<pHu;HP0BaHHOH CTpYKTyphI C 1feTblphMH BCTaBKaMH (dp/p=O, 1=0). 



17 


160 

140 

120 

j 
Co 100 
:II 
'2 
.!. 80 
1&1 '" 

; 

, , 
.~ 

I 

• I 

, 
I 

I ;l 
Ii ! I 

iI 
! I 

.l I i 
i 

~9 ! 
60 

40 

20 

0 

I1 ...i 
I II 

i 
i 

1 

-
I : 
i, , 

.i 
I I L 
! I 

II ! ; I I I 
o 20 40 60 80 100 120 140 160 

PHc.16. ):lHHaMIJlleCKruI anepTYpa ~.ml paBHbIX CP830BbIX o6DeMoB no BepTHKaJIH H 

ropH30HTaJIH • 


... - crap8SI crpYKTYPa 6e3 E-6nOKOB; II - CTapWl crpYKTYpa C E-6JIOKaMH; 


• - MO~HcpHn;lipOBaHHruI crpyK'Iypa C lfeTbIpbMH IIepHO~aMH 6e3 E-6nOKOB; 


o - MO~<PHUHPOBaHHaH crpyrrypa C lfeTbIpbMH nepHO~aMH C E-6JIOKaMH; 

• - MOJ.(HtPHUHPOBaHHWI crpYKTYPa C O~HHM nepHOJ.(OM 6e3 E-6JIOKOB; 

o - MO~H<PHUHpOBaHHWI crpYKTYPa C O,llHHM nepHO~OM C E·6JIOKaMH. 

-...... N=10oo0 Oti0POTOB 
........ N=100000 oGOporoll 

a~~--~~--~----~~--~~~~-o '10 40 60 110 101) 120 1411 1110 180 100 

rOplll30HTaIlbHbl" 3MMTTaHC, MM"MP2Ia 

PHC. 17. ):lHHaMHlfeCKaH anepTypa MO~HcpHUHpoBaHHoH crpYKTyphl C lfeTblpbMH 

BCTaBKaMH 6e3 E-6noKoB ~.IDI pa3JlHtlHOrO tlHCna 060pOTOB. 
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