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Bneµ;eHIIe 

JlccJieµ;onamuo cucTeM rroµ;am1emrn KorepeHTHhIX KoJie6anI111 crycTK0B B cnn

xpoTpouax II uaK0illlTCJIHX B IIaCTO}IU\ee BpeMH yµ;eJIHeTCH 60JiblllOe BHIIMam1e, 

TaK KaK c IIX Il0M0ll.lbIO M0iKII0 o6ecne'IJITb oaTyxauue cJiy'Ia!IIIO B0::JHIIKIIIIIX 

KorepeIITilblX KOJie6aHIIII n npep;oTBpaTUTb pa0BIITHe pa0JIIl'IHbIX ueycTOll'IIl

BOCTeii. B pcoyJibTaTe 'IJICJI0 ycKopHCMbIX 'IaCTIIIJ; B µ;ecHTKil pa::i npeB0CX0)l;IIT 

uopor0Bble ::ina'ICllllH, II0JIY'IaJOl~IICCH n::i-::ia ::JaTyxamrn Jlauµ;ay (l]. 

JI,JIH npeµ;oTBpau1emrn pa0BHTUH uouepe'IHOII pe::iucT1rnuoii ueycToii'InBocTn 

B IIaCT0Hlll,ee BpCMH npHMCHHJOT KJiaCCil'ICCKYJO Cl!CTCMY noµ;aBJICHIIH, rµ;e lIC

II0Jib::JYCTCH J.liIH KaiKµ;oro u::i uaupanJieHHII KOJie6am111 u;eni, 0Tpuu;aTeJI1,uo11 06-

paTnm'i: CBH::Jll, coe;o;mrnJOlll,aJI oµ;uu µ;aT'IJIK IIOJIOiKeHHH (,l]JI) H oµ;nn TOJIKaTCJib 

(T). O;n;IIaKo ua coopyiKaeMhlX n uacTOHlll,Ce BpeMH KpymihIX ycKopnTeJibHhlX 

K0MIIJICKcax TaKaJI CIICTel\rn 0Ka::JblBaCTCH neµ;ocTaTO'IIIOU. TaK, na I CTyrreHH 

ycKop11TeJI1,110-naKom1TeJILHoro KOMIIJieKca YHK-1 (llcfJB8, IIp-oTmmo) oiKup;a

eTrn pe0IICTHBHaJI IIeycTOJf'IIIBOCTb (2] c IlOCTOHHIIOll uapacTaHHH OKOJIO 0.lwo 

(wo-IJ;IIKJill'ICCKaJI 'IaCTOTa o6palll,CIIIIH 'IaCTlll~), 'ITO IlO'ITll B )l;CCHTb pa::i npe

B0CXO]l;IIT lIHKpCMeHTbI nop;aBJIHeMblX B HaCTOHlll,eC npeMH nonepe'lllbIX neycTOJl

'lllBOCTell. BbIJIO IlOKa::iano, 'ITO KJiaCCll'ICCKaJI CIICTel\Ia HC o6ecne'IIIBaCT noµ;a

BJICIIIIH TaKOJI 6bICTp01f ueycTOll'IIIBOCTII (3]. B CBH3ll C 3Tlll\f npeµ;JioiKena u 
peammyeTCH II0BaJI 6bICTpaH CIICTCMa noµ;aBJiellllH KorepeHTHbIX 6eTaTpOHilhlX 

KOJie6a1I1111 B YIIK-1 (4,5]. 8Ta cucTeMa B KaiKp;OM n3 nonepe'IHbIX 11anpanrrenn11 

Kone6am111 IIMCCT J.IBa µ;aT'IHKa II p;Ba T0JIKaTCJIH, CBH3aHIIbIX u;enHMll o6paTHOll 

CBH3U c u;11qipono11 06pa60TK011 rnrnana. 

TeopCTH'IeCKIIe IlCCJieµ;onauuH CllCTeM noµ;aBJICHIIH KorepeUTHbIX KOJie6a1rn11 

B CllIIXp0Tponax 6a3IIPYJOTCH Ha UCII0Jib30BaunII MeToµ;a O)l;ll0CTOpOHHCro npe

o6pa30Bamrn cfJypbe )l;JIH qlYIIKIJ;llll CMell\CIIIIH u;e1ITpa THiKeCTH IIY'lKa, KOTOpaH 

yp;oBJieTBOpHeT µ;uqiqiepeuu;naJibllOMY ypaBHeIIUJO BToporo nopHp;Ka (2-7]. 8TOT 

MeTo;n; ycneumo npUMCHHCTCH )l;JIH pac'IeTOB CllCTeM noµ;aBJICHIUI CilJIOIIIHOro 

IIY'lKa (3], B TOM 'IIICJJe npu 11am1•m11 u;nqipoBbIX qlUJibTpOB B u;enu o6paTHOlf 

cmm11 [4-6]. Oµ;uaKo p;iIH crpynnuponauuoro ny•1Ka TaK011 MeToµ; naTaJIKHBa

eTcH na ::JHa'UlTCJibllbie MaTeMaTU'IeCKllC Tpyµ;uoCTH (7]. ,Il;JIH HCCJIC)l;OBaHIUI 

CIICTCM noµ;aBJICHIIH CB06oµ;HblX KOJie6aIIllll B (8] npeµ;rroiKCH MCTO)l;, r;o;e µ;11¢
qiepenu;uaJibllOC ypanueune CB0]:t;IITCH K mmeiinoMy pa3H0CTHOMY MaTpH'IHOMY 

ypanne1111JO, K0TOpoe ncc:ie;o;yeTCH ua ycTOU'IIIBOCTb C IICilOJib30BamrnM oµ;uo

CT0ponuero Z-npeo6pa3oBaHirn. B uacTOHlll,eii pa6oTe ucnonhnyeTCH TaK011 iKC 

MCTO)l; µ;ucKpCTIIoro a11amma )l;JIH pelllCHIUI 3ap;a'IH O noµ;annemm pe3HCTHBHOII 

ueycTOll'IHBOCTH crpynm1ponauuoro ny'IKa. 

Otne1o .. ;,_ ~ni..11-KHCTIITJT I 
U":,tiMX Rr.r J~JIOlllld 

5~5/lt-tOTEKA --- -~ 



l.O6rn;ee ypaBHeHIIe µ;JUI 0IIIICaHIUI CIICTeMhI 
rroµ;amreHII.a pe3IICTIIBHOI1 HeycTOH"9:IIBOCTII 
crpyrrIIIIponaHHoro ny-qxa 

IlycTh cMell\eHIIe i-ii '!acTIIIJ;bI crycTKa x;(sb) oa;a;aeTCH OT pannonecnoii op-

6IIThI. By;a;eM C'IIITaTh, 'ITO Ha'laJihHa.H paBHOBeCIIa.H op6nTa coBrra;a;aeT c OChIO 

BaKyyMHOH KaMepbl. Tor;a;a )];1IH x;(sb) MO)KeM oarrncaTh c11e;a;y10ll\ee ypanHenue: 

[ a
2 

] 1 -d 2 + K(sb) x;(sb) = A 2 (FBi + FKi +FE;), 
s mrovo 

r;a;e Amrovo -rrpo;a;orrhHhIH JIMrryrrhc ycKopHeMoii 'laCTIIIJ;hI, ;a;nn)Kyll\eiicH B cnH

xpoTpoHe C nepJIMeTpOM Co ' MarHHTHa.H CTpyKTypa KOTOporo OilllChIBaeTCH 

c noMOll\bIO Ko0c}lqmu;neHTa )KeCTKOCTll K(sb) = I<(sb + C0). BooMyll\eHnH B 

CTPYKType npe;a;cTanrreHbl KOMIIOHeJITaMII Cll1lbl FEi, a ;a;eiicTBIIe CllCTeMbl 110-

;a;aBneHllH - C IIOMOll\hlO CH11 FKi • B KOMIIOHeHTe Cll1Ihl FBi Y'lllTbIBaIOTCH 011eK
TpOMarHIITHbie nonpaBKll, 06yc110B1IeHHhie co6CTBeHHhlM rrorreM crycTKa, BOall

MOp;eiicTBlleM crycTKOB Me)K;a;y co6oii, a TaK)Ke HaBep;eHHhIMll 1101IHMll B CTeHKaX 

BaKyyMHOH KaMephI c KoHe'iHOH npoBop;11MOCThIO. By;a;eM crre;a;oBaTh o6ll\enpn

HHTbIM Mo;a;errHM [9-13] C u;errbIO yqeTa 0TIIX ;a;o11011nnTe1IhHblX 0c}lc}leKTOB. Bo

nepBhIX, 6yp;eM npeHe6peraTh c}laooBhIM p;Bll)KeHneM 'laCTnu; B npe;a;errax o;a;Horo 

crycTKa. Tor;a;a, npono;a;H ycpe;a;HeHue 110 Nb 'IaCT~u;aM B o;a;HoM k-M crycTKe 

l Nb(k) 

Xk(sb) =< x;(sb) >= N (k) L x;(sb), 
b i=l 

nep exo;a;nM OT ypanHeHIIH )J;Bll)KeHIIH OTp;errbHOH qacTIIIJ;bl K ypaBHeHIIIO )];BU)Ke

HllH 11eH'rpa TH)KeCTll ")KeCTKoro" crycTKa: 

[ 
a2 

] 1 -a2+I<(sb) Xk(sb)= A 2(<FBi>+FK+FE)-
s mrovo 

0TMeTHM, 'iTO nepeMeHHa.H Sb MO)KeT llpllHHMaTb 11106hie OHa'leHIIH, He orpa

Hll'leHHble llHTepBaJIOM OT nyrrH ;a;o Co. 
YcrrOBIIMCH CMell\eHue 11eHTpa TH)KeCTII crycTKa II yrorr iiaK1IOHa ero TpaeK

TOpllll K paBHOBeCHOH op611Te Ha o6opoTe C HOMepoM n OIIIICbIBaTb crre;a;yroll\llM 

o6paooM: 
Xk(sb) = xk[n, s], x~(sb) = x~[n, s], (1) 

r;a;e s-TeKyll\ee 110110,KeHne k-ro crycTKa na op6nTe OTHoc11Te1IhHO nepnoro 

;a;aT'IJIKa 1101IO)KeHIIH. JlcHo, 'lTO ;a;nanaoon llOMeneHIIH S eCTh 

0 ~ s ~ Co. 

2 

Ilpoii;a;H nep11MeTp op611Th1 no TO'IKH Sb Ha n-M o6opoTe B TO'iKY Sb + Co , 
crycTOK nepexo;a;nT Ha (n + 1)-ii o6opoT. II00T0My MO)KeM oanncaTh: 

,.\\[n, s +Co]= Xk[n + 1, s], (2) 

rp;e Xk - l\IaTpnu;a-CTOJI6e11, B KOTOpOH rrepBblH 01IeMeHT ecTb.Xk[n, s], a BTO

poi\: - x~[n, s]. ,II;amme orrpe;a;errenne s 6y;a;eM 11c11011booBaTh p;nH Bcex crycTKOB, 
a MaTpn•moe ypaBHenne (2) ;a;aJiee 6yp;eM naohIBaTh ycrronneM nenpephIBHOCTH. 

BTopoe 11pe;a;11011o)Ken11e, o6bPIHoe p;nH orrucamrn pem1cTnBnoii 11eycToiiq11-

nocT11, c;a;erraeM O c1me BOaIIMOp;eHCTBllH crycTKOB Me)K;a;y co6oii:. By;a;eM C'lll

TaTh, 'ITO ::no noanMo;a;eiicTBUe 06yc11on11eno XBOCTOBhIMII 1101IHMII, BOOHUKaIO

ll\HMll OT nane;a;eHHhIX crycTKOM B CTeHKaX BaKyyMHOH KaMepbI TOKOB. IlpnMeM, 

'ITO 
1 2Qo 

A 
--2 < Fn; >= - R2 /k[n, s], 

mrovo 

r;a;e Qo -'IHCJIO 6eTaTpOHHbIX Ko11e6am1ii: crycTKa 6eo y'leTa ero 011eKTpoMar

m1Tnoro noanMo;a;eiicTBIIH co CTeHKaMn BaKyyMHOH KaMepbI II C ;a;pyrllMll crycT

KaMn; R = C0/21r-cpe;a;n11ii pa;a;uyc op6nThI. Cpany rrocrre JIH)KeKu;n11 M crycT

KOB )];1IH CH1Ibl B:JaHMOp;eiicTBIIH Me)K;a;y HIIMII na HyrreBOM o6opoTe B COOTBeT

CTBIIH C nne;a;enHblMH 011pe;a;e11eH11HMII MO;KHO narrncaTh: 

/i[O, s] 
h[O,s] 

/,u[O, s] 

AQu[O, O]x1[0, s]; 

AQ22[0, O]x2[0, s] + AQ21[0, As21]x1[0, s]; 

(3) 
M 

LAQ,uj[O, As,uj]Xj[O, s]. 
j=l 

3;a;ecb BHOBh B KOMIIOHeHTe Cll1Ihl !k TeKyll\ee Il01IO)KeHUe crycTKa C HOMepoM k 
060:JIIa'leHO KaK Sk = S. B Ka)K)J;OH Im KOMITOHeHT Cll1Ihl fk llpHCYTCTBYIOT crra

raeMoe, 06yc11on11eHHoe B:JaJIMo;a;eiicTBHeM paccMaTpnnaeMoro crycTKa c co6-

CTBeHHbIM noo6pa)KeHUeM n CTeHKax BaxyyMHOH KaMepbI, JI ;a;pyrue crrarae

Mhie, CDHOaHHbie C B:JauMo;a;eiicTBlleM rrporreTeBWIIX 0TO MeCTO crycTKOB C XBO

CTOBhlMH 1101IHMII. HarrpuMep, )];1IH CH1lbl B:JaIIMOp;eiicTBHH crycTKa C HOMepoM 

M C y)Ke nporreTeBWHM 0TO MeCTO na op611Te crycTKOM C HOMepoM j < M 
0TOT BKrra;a; B TeKyll\eii TO'IKe op6HTbl s, r;a;e paCC'lllThIBaeTCH c1rna BOaHMO

;a;eiicTBllH, nponopIIIIOHaJieH CMell\eHIIIO x;[O, s] j-ro crycTKa B TOT MOMeHT Bpe

Mem1, Kor;a;a on rrporreTaJI 0Ty TO'IKY op611Thl s. Ko0c}lc}lnu;neHT nponop11no

HaJihHOCT11, Y'IHThIBaIOll\HH OC1Ia611enne II01IH K MOMeHTY IIO)J;1IeTa paCCMaTpll

BaeMoro crycTKa, B COOTBeTCTBllH c Bb16paHHOH MO)J;eJibIO B HBHOM Bllp;e :JaBH

CllT T01IhKO OT paCCTOHHIIH As,u; Me)K;a;y ;a;eiicTBllTeJihllhIM Il0110)KeHIJeM npoJie

TeBwero crycTKa s; B paccMaTpnnaeMhIH MOMeHT BpeMeHn n TeKyll\eH TO'IKOH 
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Ha6mo;a;eHJUI s. IIowiepKHeM ell\e paa 0'IeHb cyll\eCTBeHHbllf M0MeHT UCII0Jib

:JyeMOH M0p;enu: Cima B:JaUMOp;eiicTBIIH B HBH0M nu;a;e :JaBIICIIT T0JlbK0 OT pac

CT0HHIIH Me)K;a;y crycTKaMn ASkj. O'IeHb Ba)KH0 TaK)Ke II0MJIUTb, 'ITO T0JlbK0 

AQk;[0, Ask;] npu k, OTJIII'IHblX OT j, eCTb Ko:Jcl>cfmu,uenTbI ocna6neuuH p;nH xno
cTonoro nonH. Ilpu k = j nenH'IIIHbI AQkk[0, 0] ecTb KBa:JllCTaTtt'!ecKIIe nonpan

KH K 'IHCJIY 6eTaTpOHHblX KOJie6aHllll aa o6opoT, o6ycnonneHHble K0repeHTllbIM 

p;BH)KeHueM. "9:T06bl II0p;'IepKHYTb ;a;am1y10 oco6eHHOCTb, BBep;eM 06oana'!eHJ1e: 

AQkk[O, 0] = AQok- Ecnn nee crycTKII o;a;1maK0Bbie, TO AQok = AQ0 ecTb 
KBaoucTaTH'!ecKuii KorepenTHbIH c;a;nnr. 

B CO0TBeTCTBIIH c {3) nerKo oanucaTb Bbipa)KeHJUI p;nH CIIJI B:JallMOp;eiicTBllH 

Ha 11ocne;a;y1011\l1X o6opoTax, Y'IllTblBaH KaK XB0CT0Bbie II0JIH paccMaTpnnaeMoro 

crycTKa, cnHoanubre c ero nponeT0M '!epea T0'IKY 11a6n10p;eHIIH na npe;a;rnecT

BYIQll\HX o6opoTax, TaK u ananorH'IHble XB0CT0Bbie II0JIH ;a;pyrux cryCTK0B. Ha

npHMep, p;nH k-ro crycTKa Ha {n + 1)-M o6opoTe HMeeM 

/k[n + 1, s] AQokxk[n + 1, s] + 
n+l k-1 

+LL AQk;[m, Ask;]x;[n + 1 - m, s] + 
m=Oj=l 

n M 

+LL AQk;[m, Ask;]x;[n - m, s]. (4) 
m=Oj=k 

B (4) Y'!Teno, 'ITO crycT0K c H0MepoM k B:JaHMop;eiicTByeT c XB0CT0BbIMll no

JIHMH crycTK0B c H0MepaMll j ~ k, K0T0pble 6blJIH nanep;eIIbl llMH na npe;a;rnecT

BYIOll\llX o6opoTax. B TOM 'IllCJie k-ii crycT0K B:JaHMo;a;eiicTByeT c co6CTBeH

HbIM XB0CT0BbIM noneM, nanep;eHHblM na npe;a;rnecTBYIOll\eM o6opoTe. Ilo:JTOMY 

p;nH Hero Askk = Co. Bb1pa)Kenue ( 4) p;nH cunbI B:JaIIMo;a;eiicTBIIH crycTK0B 
HMeeT caMbIH 0611.\HH BHp; B paMKax npnHHToii Mo;a;enu. OTMeTIIM xapaKTepuyro 

pa3HHU,y Me)K;a;y roJI0BHbIMll crycTKaMH (j < k) no 0TH0llleHHIO K paccMaTpH

BaeM0MY ll cnep;yIOll\HMH (j > k) aa HUM. 8Ta paa1rnu,a, 0'IeBll;IJ;H0, CBH:Jana C 

Ha'!MOM cI>opMuponaHJUI TIY'!Ka B KaMepe CHHXpoTp0Ha, Kor;a;a B XB0CT K nep

B0MY crycTKY HH)KeKTnpyeTCH BTopoii u TaK ;a;anee p;nH Bcex M crycTKOB. 

BepHeMCH Tenepb K aHannoy ncxo;a;noro ;a;ncI>cI>epenu,IIaJibnoro ypanHeHHH p;nH 
"2KecTKoro" crycTKa. Ilpn K0HKpeTuaau,uu CHJibI FK , onncbrnaroll\eii ;a;eiicTnue 

CHCTeMbl no;a;aBJieHIUI, npuMeM o6bI'!Hbie npe;a;noJI0)KeHIUI [4-6], K0T0pbie ;a;ena

IOTCH npn aa;a;amrn CllJlbl T0JI'IK0B Boa;a;eiicTBHH Ha crycTKll, nponopU,H0HMbllbie 

CMell\eHHIO HX u,eHTp0B TH)KeCTH B npe;a;rnecTBYIOll\lle M0MeHTbl npeMeHH. IlycTb 

curHan 06 0TKnonemrn crycTKa '!epea N u,eneii o6paTHoii CBH:JH nepe;a;aeTCH na 
k-ii crycT0K B TOJIKaTene. Tor;a;a 

1 . N 

Amrov5 FK = ~ Ax~;[n]o(s - sK;). 
•=1 

4 

\ 

lfoMcnenne yrna n i-M T0JIKaTCJIC ua n-M o6opoTe, pacnoJI0)KCIIIIOM B T0'!Ke SKi 
ua op611Te, npu 0TcyTcTn1111 ornu6oK cnuxpommau,1111 ( T0JIKaTeJib noa;a;eiicTByeT 

na crycToK, KOTOpbill reuepnponan cnruan Ha 11nacT1max ;a;aT'IHKa nono)KeHnJI 

na BXO)\C ll,CIIII o6paTHOII CBH::311) JI HMll'IIIII lllllp0K0TI0JIOCHbIX ycnJIIITeneii B 

u,ell.HX o6paTIIOii CB.11311 ( 0TCYTCTBYIOT 0CTaTO'lllbie :Jcl>cl>eKTbl K M0MeIITY BJieTa 

B T0JIKaTCJlb Apyrnx crycTKOB) 11po11op1~UOHMbHO 0TKJI0IICHHIO crycTKa B j-M 

AaT'IIIKC II0JI0)KCIIIUI, naX0)\Hll~CMCH B T0'!Ke sp;: 

N n-q .,. 

Ax~;[n] = u[n - q] LL A;;[m] (xk[n - q - m, sp;] + ox-k[n, spj]), 
j=l m=O Jf3Ki/3Pj 

r;a;e oxk[n, sp;]-cMc11~em1e pammnecnoii op6nTbI k-ro crycTKa OTHOCHTeJibHO 

:JJICKTpH'IecKoii ocn cnMMCTpnn j-ro ,II;II. O611.\aH aa;a;ep)KKa cnrnana B u,enn 
o6paTnoii CBH:JH panna qT0 • CMcrnnnanne cnrnanon c paaHbIX o6opoTOB c 

noMOll\bIO cI>nnbTpa oTMe'!eIIo B wroii cI>opMyne cyMMoii 110 m. CMern1rnaHIIe 

cnrnanon pamibIX crycTKOB B pa)\IIOTexm1'!ecKHX ycTpoiicTnax u,enu o6paTnoii 

CBH:Jll B npe)\CJiaX O)\Horo o6opoTa 3)\eCb ne Y'IIITbIBaeTCH. TaKaH Mop;eJib BII0JIHe . 

cnpane;a;mrna, ccnu nonoca nponycKamrn ycnmITeneii nc Menbrne '!aCT0TbI cne

;a;onamrn crycTK0B. 

CyMMllPYH nee BbllllCCKaaa1111oe If Y'llITbIBaH, 'ITO K0MII0He11Ta CIIJlbl B0:JMy-

11.\CHHH FE ue aaBIICllT OT H0MCpa o6opoTa, ypanneHUe )\BJl)KeJll!H p;nH crycTKa 

C H0MCp0M k MO)KCM aanucaTb B CJICAYIOll\eM Bllp;e: 

[ 
d2 

• ] 2Qo FEk(s) ;-. , 
-d 2 + l\(s) xk[n,s] = - R2 fk[n,s] + A 2 + ~Axk;[n]«5(s- SK;). 

s mrovo i=O 

1Iony•1cnnaH CHCTeMa AHcf,cf,epeHU,IIMbllbIX ypanuem1ii 0IIl!CbIBaeT ;a;mraMHKY 
crycTK0B crpyn1111pona1111oro 11y•1Ka c Y'IeTOM ;a;eiicTBIIH cncTeMbI no;a;annenuH 

KorepeHTHbIX 6eTaTp01111bIX KOne6a1111i'i. 

2.06rn,ee perneHne 

,II;nH pelllCHllH CIICTeMbl ;a;ncf,cf,epenu,nanbHblX ypan11e11uii llCilOJib:JyeM MeTo;a; 

o;a;nocTopo11uero Z-npeo6paaonamrn. KaK o6bI'IHO, ;a;nH 1mo6pa)Kemrn ;a;11cKpe

T1m11pona1111oi1 cf,ynKu,1111 y[n, s] nMeeM 

00 

y(z, s) = LY[n, s]z-n. 
n=O 

,II;nH onpe;a;encmrn opnrnnana, To ccTb 4ly11Ku,1111 y(sb = s + nCo) no aa)\aHH0MY 
1mo6pa)Kem110, nocnonbaycMCH cJ.}OpMynoii 06paT11oro npeo6paaonamrn 

y(sb) = ~o 
2

~i J y(z,s)z(~-l)dz 

C 

5 



C 6ecKOHe'IHhlM 'IHCJIOM o6xop;oB OKpy)KHOCTll ep;llllll'IIIOi:o pap;uyca. Ilp11m1Ma.H 

BO BHHMaHne, 'ITO s = Sb - nCo, noJiy•rneM 

y(sb) = I: y[n, s] ~o 
2

~i j z< ~-l-n)dz = I: y[n, 0]8(sb - nC0 ). 

n=O C n=O 

.ffCHo, 'ITO <l>YHKU:llll y[ n, 0]8( Sb - nCo) llMCIOT CMbICJI 6eCKOIIe'IllO KOpOTKOro IIM

nyJihCa B TO'IKax nCo c IIJIOlll,ap;bIO y[n, OJ. llna'Ie roBop.11, BbI6opKn y[n, O] )];JI.ii 

<l>YHKU:1111 y( sb) HBJIHIOTCH BecoBhIMn Koa<J><J>uu;11enTaM1t B 6ecKone•moii IIocJiep;o

BaTeJihIIOCTH 8-<J>ynKu;nii B TO'IKax nC0 • TaKnM o6pa3oM, pewenn.11 Xk [n, s] )];JI.ii 

IIOJIY'ICHHOll CllCTCMbl ypaB11ennii COBIIap;aIOT C µ;eiicTBHTCJihHhIMll CMClll,CHIIHMll 

crycTKOB HO KpaiiHCll Mepe B oµ;uoii TO'IKC na op611Te, npH'IeM ua np0113BOJihHOM 

o6opoTe. IIoaToMy c TO'IKH npemrn ycToll'IHBOCTH )J;Bll)KCJUl.il crycTKOB ycT011-

'IHBocTh peweuu11 xk[n, s] HBJIHeTc.11 11eo6xoµ;11Moii. 

YMHO)Ka.H JICBYIO n npaByro 'IaCTH noJiy•1eHHhIX ypam1entti'1 ua z-n n cyMMII

py.11 no n OT HYJIH µ;o 6eCKOHC'IIIOCTll, IlOJIY'IIIM 

[
d

2 
;,( )]- ( ) 2Q0 -( ) z Fek(s) ~ -, () ( ) d2+l\. s xk z,s =- R2 fk z,s +--1 A 2 + L,;Axki z 8 s-SKi. 

s Z - mrovo i=l 

IlpnMeHHH B (4) TeopeMy onepe)KaIOlll,CfO cµ;mira II TeopeMy O CBCpTKC, a TaK)Ke 

Y'IllThJBa.H Ha'IaJihHOe ycJIOBIIC (3), }];JI.ii KOMilOHCHT CllJI B3am,rnµ;eii:CTBll.il crycT

KOB IIMCCM 

k-1 

/k(z, s) = AQokxk(z, s) + L AQk;(z, s; - s)x; (z, s) + 
i=l 

M 

+ L z- 1 AQk;(z, Co+ s - Sj )x;(z, s). 
i=k 

B HTOre noJiy'IaCM CJieµ;y10my10 CHCTCMY ypaBHCIIHH, 'IIICJIO KOTOpbIX paBHO 'Ill

CJIY crycTKOB M: 

[ 

2 ] k-1 !2 + I<(s) + 
2
~
0 

AQok xk(z, s) + 
2
~
0 ~ AQk;(z, Ask;)x;(z, s) + 

J=l 

M 
2Qo '°"' - _ z Fek(s) + R 2 L,;AQk;(z,Ask;)x;(z,s) = --

1 
A 2 + 

z i=k z - mrovo 

N N ;; .. ( ) 
" " 1\ ZJ Z (- Z ) +z-q L,;L,; _ Xk(z,sp;)+--8xk(sp;) 8(s-sK;). 
i=l j=l J/JKi/JPj Z - 1 

6 

(5) 

\ 

Heo6xoµ;nMo TaK)Ke µ;06am1Th ycnom1e HenpephrnuocTn (2), KOTopoe nocJie Z
npeo6pa3oBamrn np11MeT Blip; 

.\\(z, s + Co) = zXk(z, s) - zXk[O, s], (6)_ 

rµ;e .,\\[O, s]-~rnTp11u;a-cToJI6eu;, OIIllCb!BaIOlll,a.H COCTOHHllC cryCTKa C HOMepoM 

k ua uyJieBOM o6opoTe. MaTpnu;a-cToJI6eu; Xk(z, s) cocToHT 113 3JICMCHTOB 

Xk(z, s) 11 x~(z, s). 
Ilpe)Kµ;e 'ICM pewaTh cucTeMy ypaBnennii (5) c J'ICTOM ycJIOBHH (6), ne

o6xoµ;uMo KOHKpeTnnnpoBaTh BeJIH'IllHhI AQk;[n, Ask;] u nx Z-1mo6pa)KCHIIH. 

BocnOJib3JCMCH pa6oTaMII [9-13], rµ;e Bhl'IllCJICHhl XBOCTOBhlC IIOJIH O)J;llHO'lHOro 

cryCTKa. Torµ;a }];JI.ii crycTKOB, paCCTOHHUe MC)K)J;Y KOTOpblMII paBHO ASkj, MO

)KCM nanucaTh [11]: 

00 ( ) 
O:m ASkj 

AQk;[n, Ask;]= -2vb L D exp -(n + ~ )o:m . 
m=l m 0 

IlapaMeTp Vb }];JIH cryCTKa C 'IIICJIOM 'IaCTHU: Nb paBeH 

rpNb /Jc 
Vb=---, 

27rro b2 

rµ;e rp-KJiaCCil'ICCKllll paµ;11yc ycKOpHCMOH 'IaCTllll;hI; /Jc-cpeµ;nee 3Ha'ICHHC /3-
<l>YHKU:HH; b-paµ;nyc BaKyyMuoii KaMepbI KpyroBoro ce'Iemrn c TOJilll,HHoii cTe

HOK d. IIocTOHHHhIC 3aTyxamrn· O:m KOMilOHeHT XBOCTOBbIX IlOJICII CCTb 

To. 
O:m = Tm' 

Tm= µob2_ 
py;,' )

2 l y;, h(Ym) _ 1 . 
Dm ~ T [ (Jo((!+ i)Ym) 

BeJin'IJIHhI Ym uaxoµ;HTCH KaK HJJIH ypaBHen11.11: 

Jo ((1 + i)Ym) N2(Ym)- J2(Ym)No ((1 + i)Ym) = 0, 

rµ;e J~-<l>YHKU:HH BecceJI.11 IIepBoro poµ;a IIopHp;Ka n; Nn-<l>YHKU:HH HeiiMana. 

Han60JibWa.H IIOCTOHHHa.H BpeMCHII T1 CCTb BpeMH µ;n<J><J>ynnu IIOJI.11 B IIpOBO)J;.11-

lll,HC CT_CHKH BaKyyMHOII KaMepbI, KOTOpa.H paBHa 

µobd 
Ti=--. 

2p 

IIocTOHHHa.H T1 cooTBeTCTByeT uanMeHhWCMY Kopuro Yi= 2b/d. Jl:JI.11 6oJihWHX 

BCJill'IHH Ym IIMeCM cJieµ;y1011J,ne aCUMilTOTll'ICCKHC Oll;CHKII: 

7rb 
Ym = dm, m> 1, 

7 

Ym ~ 1. 



Ecm1 
Ask· 

t=n+c/~Tm, 

TO none He npOHIIKaeT oa CTeHKll BaKyyMHOH KaMepbI II B cyMMe no m µ;m1 

AQkj [ n, ASkj] Heo6xop;IIMO Y'UITbIBaTb Bee cnaraeMbie, "ITO µ;aeT 

2~ AQk;[n, Ask;]:::! -vb-b --To, 
1Tµot 

~ 6 
AQkj :::'! -(1 + i)vbb' 

rµ;e ToAQk;-KoMnoHeHTa op;HOCTOpOHHero npeo6paooBaHHH ct>ypbe npeµ;
meCTBYIOUJ;ero opnrnHana, a 6-BenH":IIIHa CKllH-cnoH Ha ":laCTOTe w /21T. B µ;py

roM npeµ;enhHOM cny":lae, Korµ;a t ~ T1, none ycneBaeT nponnKHYTh oa cTeHKH 

BaKyyMnoii: KaMepbI. Torµ;a B cyMMe no m µ;nH AQk;[n, Ask;] µ;ocTaTO":IHO ocTa

BHTh nepBoe cnaraeMoe. B peoynhTaTe npnxop;nM K Bbipa:lKenmo 

To ( t) AQk;[n,Ask;] :::! -2vbT1 exp -T1 ' 
2vb 

AQkj :::! - ,1 - iwT1. 

TaKHM o6paooM, o6a 3THX Bbipa:lKeHHH µ;nH AQk;[n, Ask;] B npeµ;enbHbIX cny

":laHX COBnap;aIOT c HOBeCTHbIMH [2]. 

· BhmbnHHH Z-npeo6paooBanne µ;nH K03q>q>nu;uenToB AQk;[n, Ask;], nony-
":laeM 

00 

a z ( Ask; ) ~ _ ~ exp ---O'm · AQk;(z, Askj) - -2vb L Dm z - exp(-am) Co 
m=l 

(7) 

BnoBb nop;":lepKHeM, ":ITO npH k = j B (7) cneµ;yeT nono:lKHTh Askk = Co. 

CncTeMa ypaBneunii: (5), B KOTopoii: BenH":IHIIhl AQk;(z, Ask;) onpeµ;enenhI 

B COOTBeTCTBHH c (3), OIIIICbIBaeT µ;nnaMHKY crycTKOB p;nH KOMnoneHT oµ;no

CTOponnero Z-npeo6paooBaHHH CMem;eHIIH IIX u;enTpa TH)KeCTII. PemeHIIH (5) 
µ;on:lKHbl TaK:lKe yµ;onneTBOpHTb ycnOBIIIO (6). Ecnn BbIKnIO":IUTb CUCTeMy noµ;a

BneHIIH, nono:lKIIB Koaq>q>IIu;neuTbI K;; paBHhIMII nyn10, TO ypaBIIeHIIH (5) ynpo
m;aIOTCH II IIpIIHIIMaIOT Blip;, xapaKTepHblll p;nH oap;a":I B TeopIIH KOne6anIIii:. B 

3TOM cny":lae MO:lKHO npIIMeHHTb llt3BCCTHbie MeTO,ll;bl p;nH pemeHIIH CIICTeMbl 

µ;nq>q>epenu;naJibllbIX ypaBnennii:, onpeµ;enIITb cneKTp co6CTBeHHbIX ":laCTOT II 

nanIIcaTb pemennH oµ;uopop;nhIX ypaBHennii:. 3aTeM MO:lKIIO cµ;enaTb cneµ;y10w;Hii: 

mar II pemnTh neoµ;uopop;Hbie ypaBueHHH. Ilonnoe pemenne ypaBnennx CKna

p;bmaeTcH no pemennH oµ;nopoµ;noro ypaBneHHH n neoµ;nopop;Horo. Ilpn 3TOM 

nonnoe pemenne µ;on:lKHO yµ;onneTBOpHTb ycnOBlllO nenpepbIBHOCTII (6), KOTO

poe npIIBep;eT K ypaBnenHIO p;nH onpeµ;enenm1 zk. 1Ion11Tuo, "ITO Taxoe pemenne 

MO:lKHO naii:TII, XOTH B o6w;eM BIIµ;e OHO 6yµ;eT O":leHb rpoMO3;JJ;KllM H cno:lKHO p;nH 
anannoa. IIoaToMy, na 11am BornHp;, noneonee uccnep;oBaTb uexoTopbie ":laCTHhie 

cny":laII, KOTOpbie He npIIBO,ll;HT K rpoMOO,ll;KIIM pemeHHHM II IIOOBOnHIOT IIOHHTb 

8 

·" 

;l 

OCIIOBllbJe oco6eHJIOCTII pewemrn n npep;bHBnHeMbie K napaMeTpaM CHCTCMbl 
noµ;annemrn Tpe6oBamrn. 

3.PerneHne )];}I.H CIICTC!"lhl rroµ;amICHIIJI 

pe3IICTIIBHOII HCJCTOII'IIIBOCTII 

IIp1mep;eM pemenne µ;1rn 1\1 crycTKOB, KOTOpb1e pannoMepno oanonHHIOT ne

pnMeTp cnnxpoTpoua. TaKaH c11Tyau;1rn COOTBeTCTByeT nonHOMY oanonHeHHIO 
crycTKaMn op6l!Tbl IIO OKOH":lamm III[iKCKQIIH. Pewenne B 3TOM cny":lae µ;on:lKHO 

nepexop;HTb B pewenne µ;nH cnnoumoro IIY'IKa, ecnn ":IIICno crycTKOB BeJIIIKO. 

IlycTb l\I crycTKOB pan11OMep11O pacnpeµ;eneubl no nepnMeTpy op6HThl c 

maroM lb = Co/ l\J. Torµ;a µ;nH paccTOH111111 Me:lKp;y npmmnonhHhIMH crycTKaMn 
MO:lKCM oanucaTb: 

Ask; 
Co 

k-j 

~· j < k, 
Ask· M + k-j __ ] -----

Co - M 
j?:. k. 

Bnep;eM 060011a":le1111e Y(z, s) µ;irn MaTpm~bI-cTon6u;a, cocToHm;eii: HOM 3neMen

TOB Xn. II pUI!IIMaH BO Blllll\lalll!e (7) 11 cµ;enaHHbie µ;onyw;emrn, CIICTeMy ypanne

Hllll (5) µ;nH oµ;mraKOBbIX crycTKOB MO~eM nanncaTb B cneµ;y10w;eM MaTpll":IHOM 
nnµ;e: 

[(.:!:._ F( ) 2QoAQo) f _ 4Qovb ~ O'm qm ] Y(z, s) = 
ds2 + \ s + R2 R 2 L., Dm z - exp(-am) 

m=l 

z FE(s) 
= 2 + z - l Amrov0 

N N ~ 

+z-qLL li;;(z) (Y(z,sp;)+ ~
1
6Y(sp;))6(s-SKi), 

i=l j=l J/JKi/JPj Z 

rµ;e KBap;paTI!aH MaTpnu;a Qm panMepa M X 1\1 COCTOIIT H3 3neMCIITOB 

(qm)kj = 

(qm)kj = 

z exp ( - k M j O'm) , 

( M+k-j ) exp M O'm , 

j < k; 

j ?:. k. 

(8) 

(9) 

IIepeii:p;eM OT nepeMCIII!bIX X k, xapaKTepnny10w;ux OTKnoneHIIH cryCTKOB OT paB

HOBecnoii: op 611Tbl, K IIOBblM nepeMCHHbIM Vn' 06paoy10w;uM MaTpnu;y-cTon6eu; 
W(z, s), cneµ;yx npamrny 

W(z, s) = FY(z, s); - - 1-Y(z, s) = F- W(z, s), (10) 

9 



rµ;e 

Fnk =exp(-?: (n + µ)), F -1 1 (·27rk(. )) kj = M exp i M J + µ . 

OTMeTHM, 'ITO 

M M 

L FnkFkj
1 

= ~ L exp (?;/ (j - n)) = bnj. 
k=l k=l 

IlpommonbHhie BeITH'IUHhl µ BhI6epeM TaKHM o6panoM, 'IT06hI CHCTeMa ypaBue
Hllll (8) pacnaµ;anacb Ha ypaBnenu.11 µ;n.11 HOpMaITbHhlX KOopµ;unaT. Jl:oMHO)Ka.11 (8) 

cneBa na F' n npmmMa.H Bo BHUManue (10), nony'laeM 

2 00 ~~ ~ -1 

[( !!_ +K(s) + 2QoD.Qo)f _ 4Qovb L O'm FqmF ]w(z,s) = 
ds 2 R 2 R2 m=l Dm z - exp(-am) 

Z F'F'E(s) 
=-----+ z - 1 Am10 v5 

·N N ~ 
'""''""' l<;;(z) (- . z - ) +z-q ~ ~ J . . W(z, sp;) + z _ 

1
6W(sp;) 6(s - sK;). 

i=l i=l fJK,fJPJ . 
(11) 

TaxnM o6panoM, ecnu MaTpnu;a F<fmff- 1 cTanoBnTc.11 µ;naronanhnoii: 

~ ~ 1 
(FqmF- )nj = >.nbnj, (12) 

TO npeo6panoBanue (10) ocyrn,ecTBIT.HeT neo6xoµ;nMhllt nepexo~ OT 'i; K nop
MMhHhIM Koopµ;nnaTaM Vn . C y'leTOM (9) u (10) B (12) nony'laeM 

~~ ~_
1 

1 M exp(i¥}(j - n)) 
(FqmF )nj = M ~ exp(-{J) _ l ( z - exp(-am) + 

+exp(-{Jl)[exp(-am)- zexp(M{J)]), 

rµ;e BBeµ;eno 
21r O'm 

fJ=-iM(n+µ)-M. 

Bb16epeM IlOCTO.HHHhie µ TaK, 'ITO 

z exp(-i21rµ) = 1. (13) 

Torµ;a nMeeM 

(
.27rn O'm + lnz) 

zexp(M{J) = exp(-a;), exp(-{J) = exp i M + M • 

10 

., 
•it 

' .• 

3
1 

't 
!!i 

( 
.'i 

C Y'IeTOM Taxoro onpeµ;enemrn mia'leHnll µ nony'laeM 

(F~~ F~_ 1). _ z-exp(-am) c. 
qm nJ - l VnJ• 

exp(i~ + O'm 1J- nz)- 1 
(14) 

B nTore µ;mfJ<pepenu;uanhnhle ypaBnenu.11 µ;n.11 HOBhIX rrepeMeHHhIX Vn nMeIOT 
cneµ;y10rn,uiI Bnµ;: 

[ 
d2 2Qo ( 

ds2 + I<(s) + R2 D.Qo -

00 

l )]~ O'm ------=----:-.--- Vn = 
-2vb L Dm (•21rn + O'm +lnz) -1 

m=l exp iy M 

(15) 
~~ N N K ( ) = _z_ (FFE(s)in +z-qLL ij z _vn(Z,sp;)6(s-sK;). 

z -1 Am,ovo . i=l i=l JfJK;fJp, 

Heo6xoµ;nMo TaK)Ke µ;o6aBHTh ycnoBne uenpephIBHOcTu (6), KoTopoe rrocne npe-
06panoBaHn.11 {10) npnMeT Bnµ; 

l1n(z, s +Co)= zVn(z, s) - zVn[O, s], 

rµ;e 

~ M ~ 21rk 
Vn[0,s] = LXk[O,s]exp(-i M (n+µ)). 

k:l 

TaxnM o6panoM, npeo6panoBanue (10) o6ecrre'UIBaeT nepexoµ; K HopManhHhIM 
KOopµ;unaTaM, µ;n.11 KOTOphIX CHCTeMa CB.HIJaHHhlX ypaBHeHJill (8) pacnaµ;aeTC.H 
Ha M ue1JaBUCHMhIX µ;pyr OT µ;pyra ypamieHnll {15). 

O6rn,ee ypaBHeHUe (15) IlOITHOCThlO 3KBHBaneHTHO nccneµ;oBaHHhIM B [5,6,8] 
ypaBHeHH.HM µ;n.11 cnnownoro ny'IKa n MO)KCT 6bITh peweHo C HCil01Ih130BaHHeM 
npnBep;eHHhlX B 3THX pa6oTaX pe13y1IhTaTOB. HcKnIO'IHTenbHO C u;enbIO yrrporn,e
Hll.11 BCex Bbipa)KeHHll 6yµ;eM rronaraTh µ;anee OTCYTCTBYIOllJ,HMH BOIJMyrn,enn.11 B 
Beµ;yrn,eM MarHHTIIOM none n own6KH B ycTaHOBKe .n:rr OTllOCHTenbHO paBH0BeC
HOll op6nThI. Torµ;a peweHne (15) ecTb 

v.~ ( )- zf-13-1.Mn(z).Ddet.Mn{z) V.~ [0 ] 
n z, S - -. ,.,._ z n , s, 

det(zI - Mn{z)) . 

rµ;e D-o6bl'1Ha.H MaTpnu;a rrepexoµ;a HIJ TO'IKH s B TO'IKY sp1; 

N N ~ 
- - '""''""' K;;{z) - ~-Mn(z) = Mon(z)+z-q~~ J . . Mn(z;sp1+Co,sK;)TMn(z;sp;,sP1); 

i:l i=l fJK,fJP1 
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Mon(z)-MaTpnu;a o6opoTa 1m T0'IKH sp1 na op611Te 11p11 BhIKJIIO'Ieimoii cn

cTeMe ll0AaBJienmI; Mn(z; s2, s1)-06hl'lllruI MaTpnu;a nepexoAa nn T0'IKII s1 B 
T0'IKY s2. IlOA'IepKHeM, 'ITO BO Bcex 0TIIX MaTpuu;ax, rAe Bhl'IIICJIHIOTCH q>ano

Bble na6ern, CJieAyeT npnHHMaTb n Ka'leCTBe 'IHCJia 6eTaTpOHHhIX KOJie6aHIIH na 

o6opoT BeJIH'lllHY Qn ' KOTOpruI B COOTBeTCTBinl C (15) 3aAaeTCH CJieAYIOIIJ.IIM 
Bhipa:lKenneM: 

00 

2 2 ~ am 1 
Qn = Q0 + 2Qotl.Qo - 4Qovb L -D 2 + I · 

m=l m exp(i-if + am M nz)- 1 
(16) 

,Il;JIH Ka:lKAOro Qn co6cTBeHHble 3Ha'leHUH Z(n)k onpeAeJIHIOTCH ll3 ypannemrn 

2 - -Z(n)k - Z(n)kTrMn(Z(n)k) + det Mn(Z(n)k) = 0. {17) 

3ua'leHHH Z(n)k II0JIH0CThIO onpeAeJIHIOT pewenue llOCTaBJieHIIOH 3aAa'm ll 1103-

BOJIHIOT pacC'IHTaTb neo6xOAIIMhie rrapaMeTphI CHCTeMbl ll0AaBJieHirn Korepen
THhIX 6eTaTpOHHhlX KOJie6a1111ii. 

4.HeK0Top1>ie pe3yrr1>TaT1>1 

4.1. O;o;n:Ho"'!HhIII crycToK 

Anannn peweHntt na'IHeM co cpam1emrn c nnBeCTHhIMH penyJihTaTaMn AJIH 

OAHHO'lnoro crycTKa npn BhIKJIIO'leUHOH c11cTeMe noAaBJiemrn. B OTOM cny'lae 

B (16) AJIH M = 1 HMeeM 

~ am 1 
Q

2
(z) = Q~ + 2Qotl.Qo - 4Qovb L Dm z exp am - 1 · 

m=l 
(18) 

Ypannem1e (17) npu BhlKJIIO'leHHOH CHCTeMe llOAaBJieHHH llpllBOAHT K OKBIIBa

JieHTH0MY Tpancu;enAeHTHOMY ypaBnennro 

z = exp (±i21rQ(z)). (19) 

BonMO:lKHhI ABa Tima pewen11tt B (19). Bo-nepBhIX, Bne oco6ennocTett Q(z). 
TorAa MO:lKHO BocnoJih:JOBaThCH MeTOA0M nocJieA0BaTeJihIIhIX np116m1:lKenntt. B 
nyneBoM no vb npn6m1:lKemm nMeeM 

Zk(O) = exp(i21r(nk ± Qc)), 

rAe nk-u;enoe 'IHCJIO n Qc = Qo + 6-Qo. IloACTaBJIHH Zk(O) B Q(z), rronriaeM 

cJieAYIOIIJ.ee pewenne: 

_ [ .2 (Q _ ~ am exp(-i21r(nk±Qc))-exp(-am))] 
Zk - exp ±i 1r c Vb L D h 

2 
Q 

m=l m C am - COS 71" c 

12 

OTCIOAa HCHO, 'ITO pewenne 6yAeT neycTOH'IIIBhIM, ecJIH 

0.5 < Qc - Jnt(Qc) < 1, 

rAe Int(Qc)-u;enrui 'laCTh Qc- YcTOH'IIIBhIM pewenne 6yAeT npn 

0 < Qc - Jnt(Qc) < 0.5. (20) 

CJieAOBaTeJihHO, AJIH Bcex Qc = Qo + 6-Qo, Jie:lKan~nx Me:lKAY nonyu;eJihIM u 6m1-

:lKattwnM cBepxy u;eJihIM 'IIICJI0M, Kone6aiurn 6YAYT neycTOH'IIIBhl. Ilpn BhI6ope 

Qc BhIWe u;enoro 'lllCJia n Menhwe nonyu;enoro KOJie6amrn 0AIIHO'IHoro crycTKa 

6YAYT ycTott'IIIBhIMH . .I(au11h1tt penyJihTaT AJIH 0AIIHo•rnoro cryc'I'Ka xopowo nn

BecTe11 [12,13]. 
BTopoii Tllll pewem111 B (19) CBH3aH C oco6eIJHOCTHMH Q(z), KOTOpble COOT

BeTCTBYIOT 3Ha'Ielllf.!IM Z = exp(-om)- B OT0M cJiy'lae pewemrn MO:lKHO HCKaTb 

B CJieAYIOIIJ.eM BUAe: 

Zk = exp(-am - µ ), jµj «: 1, 

'ITO AaeT B C00TBeTCTBHH c (19) CJie1~YIOIIJ.ee ypaBHenne: 

-am - µ = i21r (nk ± Q(z1:)) 

HJIII 

)

2 am -1 

( .µ+am = Q2(z1:) == Q 2 + 4Qovb-D µ , nk - i 271" c m 

rAe B IlOCJieAIIeM ypaBnemm B cyMMe 110 m AJIH 6-Q(z) OCTaBJieH T0JlhKO 0AHH 

noJIIOCIIhIH 'IJieH. Pewenue nocJieAnero ypaB11emrn, YA0BJieTBOpHIOIIJ.ee ycJIOBHIO 

jµj «: 1, npn MaJihIX Vb ecTh 

am 1 
µ = µ(m) = 4QovbD ____ -2 

m ( n1, - i~) - Q~ 

TaKHM o6panoM, A0ll0JIIIUTeJibll0e pewenne eCTh 

am 
2 

( 
1 ) _ exp -am - 4Qovb D ( -~) _ q2 Zk(m) - m nk - i :l7r C 

IlpHHIIMruI BO BHHMaune, 'ITO 

Zk = exp(-iw1,To), 
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)l;JUI QIIKJJll'IeCKOII 'laCT0ThI Wk co6CTBe!IIIOII B0Jil!hl nonepe•moro CMCU~CIIIIH rro
JiyqaeM 

i . 4Qovb 1 
wk(m)=-Tm -ZTmDm (nk+Qc-i~) (nk-Qc-i%:-) 

8To mra'IeHne )l;JIH Wk rrpn m = 1 coarraµ;aeT c peweuneM B [2] µ;11crrepc11011-
11oro ypamIemrn )l;JIH CIIJI0WHoro IIY'IKa, K0Topoe 6bIJIO II0JIY'ICH0 C UCII0Jih:J0Ba

HllCM Tpap;HQII0HHhIX MCT0)l;0B llCCJieµ;onamrn pe:Jl!CTIIBIIOIT neyCTOll'IIIBOCTll C 

IIOMO~hIO 0)l;H0CT0p0HHero rrpeo6paaonamrn <Pypbe. IleTpyp;HO II0Ka:JaTh, 'ITO 

peweHHH Wk(m) rrpu MaJihIX Vb 6yµ;yT Bcerµ;a :JaTyXaIO~IIMH. 

Ilpn BKJIIO'Ie1moii 6brcTpm'i cncTeMe rroµ;anJiemrn (4,5] ypan11e11ne (17) rrpu
HHMaeT Blip; 

z = (l =t= il((z) exp(=fitppK )) exp(±i21rQ), (21) 

rµ;e 1PPK-KOMIIJICKCHaH BeJUl'IIIHa, y KOTOpOll peaJibHaH 'IaCTh Ret/iPK conna

µ;aeT C 11a6eroM <pa:Jbl KorepeHTHhIX 6eTaTpOHl!hIX KOJie6a111111 Me)K,a;y rrepBbIM 

,a;aT'IllKOM IIOJI0)KCHIIH ll nepBbIM T0JIKaTeJieM. IIow1epKIICM, 'ITO Q ll 1PPK aann

CHT OT z. Ilpn llCII0Jih:J0Bamm Wllp0K0II0JI0CH0ro ycnmITeJIH n QCIIII o6paTHOII 

CBH:Jll anropHTM pewemrn ypanuemrn (21) aaKJIIO'IaCTCH B cnep;yIO~eM. Bue oco-

6e11nocTeii Q(z) ll J((z) l\l0)KeT 6bJTh IICII0Jih:J0BaH MeTop; II0CJiep;onaTeJihHbIX 
npn6JIU)Ke11n11. Torµ;a 

rµ;e 

zk = [1 =t= iJ( exp (=t=icppKQ(zco)))] exp (±i21rQ(zco))), 

Z(O) 

Q(z(o)) 

[l =f if( exp (=t=iQc'PPK )] exp(±i21rQc), 

oo CTm 1 
Oc-2VbL------, 

m=l Dm Z(o) exp CTm - 1 

a 'PPK-yrnonoe paccT0HmIe MC,Kp;y ,D;Ill 11 Tl. IlpoQecc nTepaQHll M0)KH0 

IIOBTOpHTh. IIocKOJihKY B o6nacTu ycToiiq1mocTn lzk I < 1, TO on cxop;nTCH K 

HeKOTopoMy peweHHIO Zk . OTMCTIIM, 'ITO Z(o) :JaBHCIIT OT J(. B peayJihTaTe 
OT J( Ha'IHHaCT :JaB11ceTb Q(zco))- HMeeM: 

( ) -Q ~ amexp(-iargz(o))-[lzco)lexpamr
1 

Q Z(o) - c - Vb ~ ( ) ( ) 
m=I Dm ch CTm + In lzco)I - cos arg Z(o) 

B11,a;no, 'ITO B Q(z) rrorrpaBKH, :JaBHCH~lle OT K, BX0]l;HT KaK CJiaraeMbie, rrpo

IIOpQIIOHaJibHbie 1/b- Ilo:lTOMY n HIIX l\lQ)KH0 npene6pe'Ib :JaBUCIIM0CThlO OT J( 

II rrop;cTaBJIHTh BeJUl'IHHhI Z(o) rrp11 J( = 0. 8To ;)KBHBaJieHTH0 T0MY, 'ITO B {17) 
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BMeCTO Q(z) 11eo6xop;nMO rrop;cTaBIITh K0MIIJICKCHbie :JHa'IeHHH Q II:J (16), BhI

'IHCJICHllhie rrpn BhlKJIIO'IeIIHOll CIICTeMe rro,a;annemrn. IIMeHHO TaKUM o6pa:JOM 

pewaJI0Ch anaJI0ril'III0e ypaB11e1111e p;JIH CIIJI0WHoro IIY'IKa B [4-6]. 

,D;m1 peweHllll n6mmn oco6eHHOCTe1'i Q(z) M0)KII0 II0BT0pIITh nee Te )KC
0 

paccy)K,a;e11nH, 'ITO 6h1m1 rrpnnep;eHhl Bhlwe rrpu ananuae pewenuiI Wk(m)· Ilo

CK0JihKY ;)TH pewemrn rrpu MaJibIX Vb 0IIIICbIBaIOT :JaTyxaIO~lle KOJie6amrn, TO 

01111 ncer,a;a ycTott'IHBhl. 

TaKIIM o6paaoM, ypan11euue ( 17) II0JIH0CThIO ;)KBIIBaJieHTH0 a11anorll'IH0MY 

ypanHeHHIO )l;JIH CIIJI0WH0ro IIY'IKa, aa llCKJIIO'IeHHeM Tex M0MeHT0B, K0T0pble 
rrpoHBITHIOTC.H n :JaMeHe Q(w) na Q(z) II paao6paHhl BhIWe. Ilo:lTOMY H0BbIX 

crrep;CTBHH )l;JI.H BbI6opa rrapaMeTp0B CIICTeMbl rrop;aBJICHII.H He B0:JHHKaeT. 

4.2.,I(Ba crycTKa 

IlpHilQIIIIIIaJihHO H0BaH CHTyaQIIH p;JI.H pewenuiI ypaBHCHII.H (17) B0:JHHKaeT 

rrpu M 2:: 2. ,D;ettCTBUTeJihHO, rrpu HaJIH'Illll p;Byx crycTK0B Ha op611Te IIX K0JIC-

6amrn rrp11 BhIKJIIO'IeHHOI{ CIICTeMe rrop;aBJieHHH B C00TBeTCTBIIII C (16) xapaKTe

p11ayIOTC.H )l;BYM.H co6CTBeHHhlMII ::Uia'IeHH.HMII 'IHCITa 6eTaTpOHHhlX KOJie6anuiI 

:Ja o6opoT Q1 ll Q2. OcTaHOBIIMC.H na :JT0M M0MeHTe HCCK0JihK0 rro,a;po6nee. 

lleTpy,a;no nuµ;eTh, 'ITO rrpn M = 2 cncTeMa ypanne11uii (5) conrra,a;aeT c xo

powo 11ccrre,a;ona11nb1M ypannenneM Korre6a1111ii ,a;nyx CB.H:JaHHhlX 0CQIIJIJI.HTopon 

(14] u HMeeT pewenue rrpn IIp0H:JB0JibH0M paCCT0.HHllll l Me)K,a;y up;eHTll'IHhIMII 

crycTKaMu. He rrpuaop;.H p;JIHHHhIX MaTeMaTH'IeCKIIX BhIKJiap;oK, yKa,KeM, 'ITO p;JI.H 

co6cTnennhIX mrn'IenuiI Zk rroJiyqaeTC.H conrrap;aIO~ee c (17) ypannenue, op;HaKo 

00 

2 2 '°' CTm 1 Q 1 2 = Qo + 2QoC!..Qo - 4Qovb ~ -D 
1 

- 2t.€Qo, 
' m=l m z exp CTm -

(22) 

r,a;e K = ±1, a rrapaMeTp CB.H::311 ( eCTh: 

2 
4 

2 m <..:o m G'o • 

[ 

00 
a exp (am - !!!JD.) l [ 00 

a z exp (!!!JD.)] 
€ = Vb - -1;nm zexpam-1 1;nmzexpam-l 

Ha•rneM anarrua rrorry'IeHHhIX peweHnii co crry'IaH ,a;nyx ,a;uaMeTpaJihH0 rrp0TII

norrorro)KHhIX crycTK0B, Kor,a;a 21 = C0 • Torµ;a 

. 00 

2 2 '°' CTm 1 
Q 1,2 = Q0 + 2QoC!..Qo - 4Qovb ~ D (a ) • (23) 

m=l m t.vzexp ~ - 1 

BIIp;no, 'ITO II0JIY'IHJIIICh Bblpa)KCIJH.H, conrrap;aIO~Ue c (16) II aHaJI0fII'IHhlC IIC

II0Jib:J0BaHHhIM rrpu ananIme HeycTOll'IIIBOCTII op;IIH0'IH0ro crycTi<:a. Ilo:lTOMY 
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BocnonhoyeMc.11 TeMu :iKe npueMal\rn ;a;1rn pernemrn ;a;ncrrepcnmrnoro ypam1emrn, 
'ITO u B npe;a;hl;a;yrn,eM pao;a;ene. BHe oco6eHHOCTelf Q(z) ncnonhoyeM MeTo;a; 
rrocne;a;oBaTenhHhlX npu6m1:iKeHnii. Ilpu BhIKnIO'!e1rnoii CIICTeMe rro;a;aBnemrn C 
HyneBbIM npn6nu:lKeHileM 

Zk(O) = exp (i211'(nk ± Qc)), Qc = Qo + t1Qo, 

IIMeeM 

Zk = exp 
[
±i211' (Qc _ Vb f ;m K exp (-:11'(nk ± Qc)) - exp(-~)) l 

m=l m ch(T)-t.cos(11'(nk±Qc)) 

OTcro;a;a .!ICHO, 'ITO µ;BII:lKeHne crycTKOB 6y;a;eT YCTOM'lllBhIM, ernn 

t. cos 11'nk sin 211'Qc > 0. 

IlocxonhKY t. = -1 ;a;n.11 Q 1 II t. = +l ;a;1rn Q 2 , To o;a;110BpeMenna.11 ycTOtt'IHBOCTh 
BCex MOµ; xone6aunii neBOOMO:lKHa. TaKHM o6paooM, rrpn HMil'IIIII Ha opfo!Te 
;a;Byx crycTKOB Bcer;a;a paommaeTC.!I peOIICTIIBHa.H neycTOM'IHBOCTh. 

Ern,e _o;a;un IIHTepeCHhltt cny'Iaii COOTBeTCTByeT cunxpoTponaM c 6onhlllIIM 
nep11MeTpoM n ona'!IITenhHhIM paccTO.!IHIIeM Me:iK;a;y crycTKaMn, xor;a;a none yc
neBaeT npOHIIKHYTh oa CTeHKil BaxyyM11oii KaMepbl oa BpeM.!1 1/vo. lIMenuo 
TaKa.11 cnTyau.11.11 BOOMO:lKHa B YHK-1. B DTOM cny'Iae B cyMMe no m B (16) 
;a;ocTaTO'IHO OCTaBIITh TOnhKO rrepBoe cnaraeMoe. Tor;a;a 

2 2 a1 1 
Q1,2 = Q0 + 2Qot1Qo - 4QovbD (a ). • 

1 t.y'zexp y - 1 

Ilo;a;'IepxneM, 'ITO DTOT peoynhTaT rrony'IaeTC.!I npn rrpoHOBOnbHOM paCCTO.!IHIIH 
I Me:iK;a;y crycTKaMII. Ba:lKHO nillllh, 'IT06bI none ycrreno npOHIIKHYTh oa CTeHKil 
BaxyyMnoii KaMephI oa BpeM.11 l/v0 • OTcro;a;a rrony'!aeTc.11 TOT :iKe peoyJihTaT, 
'ITO n Bhlllle: rrpII HMII'IIIII ua op6uTe ;a;Byx crycTKOB Bcer;a;a paOBHBaeTC.!I pe
OIICTilBHa.H ueycTOlf'IIIBOCTh. 

Ilo;a;'IepxneM O'IeHh Ba:lKH~Ilf MOMeHT: Ka:lK;a;oMy HO ;a;Byx crycTKOB COOTBeT
CTBYIOT µ;Ba co6CTBeHHhlX OHa'!emrn 'IUCJia 6eTaTpOHHhlX xone6aHIIlf. BeJIU'IHHa 
IIX pao6poca ;a;n.11 DKBII;a;ncTaHTHhIX crycTKOB pamrn 

00 ltm sh (~)cos (11'(nk ± Qc)) - ich (~)sin (1r(nk ± Qc)) 
oQ = 4vb L --'----'---------'-------. 

m=l Dm · cham - cos (211'(nk ± Qc)) 

IlocKoJihKY yrnoBoe paccTo.11nue Me,K;a;y ,II.Ill n Tl ;a;n.11 6hicTpoH cncTeMhI rro
;a;aBnemrn 6nnoKo K 211', TO pao6poc na6eroB q>ao 6eTaTpoHHhIX xone6an11ii OT 

16 

,II.Ill ;a;o Tl rrp116m1:iKe11110 ecTh 

~ 00 ltm sh (~)cos (1r(nk ± Qc)) 
61/JpK = 211'Re6Q = 8n1b L D h _ (2 ( ± Q )) . 

m=l m C ltm COS 11' nk c 

TaKUM o6paooM, ;a;o6nThC.!I CTpororo BbIIIOJIHeHll.!I OIITIIMMhHhIX ycnoBilll no;a;a
BneHll.!I KorepeHTllhIX rronepe'IHhIX Kone6a11n11 o;a;noBpeMeHHO ;a;n.11 ;a;Byx crycTKOB 
neBOOMO:lKHO. B CB.HOH c DTIIM neo6xo;a;nMo paCC'IIITbIBaTh ClICTeMy no;a;aBJieHll.!I 
;a;n.11 nauxy;a;rn11x ycJIOBIIIf, COOTBeTCTBYIOlll,IIX TaKOMY co6CTBeHHOMY '!Ucny 6e
TaTpOHHhIX KOJie6aHilll oa o6opoT, Kor;a;a ua6er q>aobI 6eTaTpOHHhIX xone6aunii 
RetppK ;a;n.11 uero MaKCHMaJihHO OTJlll'IaeTC.!I OT onTHMMhHOfO. 

4.3:BorrhIIIOe "!Ueno crycTKOB 

IlpnnnMa.H BO BHI!Manm~, 'ITO i211'n + In z 
'IlICJia crycTKOB nMeeM 

-iwk To, ;a;n.11 o'!eHh 6onhrnoro 

-
00 

ltm 1 
t:i..Q(z) ~ 2vb L - ---,------~~

Dm exp (i 211'n + am + In z) _ 1 
m=l ---g- M 

00 
ltm 1 

=-2vbM~---- , 
~ Dm ltm - iwkTo 
m=l 

'ITO Haxo;a;nTC.!I B COOTBeTCTBIIIl C q>opMynaMlI ;a;n.11 CIIJIOlllHOfO IIY'!Ka: rrorrpaBKII 
B Q rrponopu.nonanhHhI 'IHCJIY •rncTIIU., TO ecTh vbM. Kor;a;a none ne rrponnKaeT 
oa cTeHKH, TO BeJIII'IHIJa lwk To I Bem1Ka n B cyMMe no m neo6xo;a;nMo Y'IHThIBaTh 
BCe cnaraeMbie,' rrpn'IeM MO:lKHO oaMCIU!Th O'm II Dm na HX acnMIITOTU'IeCKHe 

ona'!cnn.11. B peoynhTaTe nony'InM 

- 6 
t:i..Q(z) ~ -vbM(l + i),;, 

TO CCTh HOBeCTHYIO q>opMyJiy ;a;n.11 CIIJIOWHOfO rry'!Ka B BhICOKO'IaCTOTHOM npn-
6m1:lKellllII. Kor;a;a IIOJie npom1KaCT oa CTCHKII, TO ;a;ocTaTO'IHO orpalllt'IIIThC.!I 

nepBhIM cnaraeMhIM: 
2vbM 

t:i..Q(z) = --1 -.- T' 
- lWk 1 

TO eCTh nony,rneM q>opMyJiy ;a;n.11 CilJIOlllHOfO ny'!Ka B IIIIOKO'IaCTOTIIOM npn6JIII-

:lKeHIIII. 
Ilepeii;a;eM Teneph K anammy pernem111 ypaBnemrn (17) npn BhIKJIIO'IeHHOll 

CIICTeMe no;a;aBJiemrn c y'IeTOM Bhipa:iKeHII.!I ( 16) ;a;n.11 'IIICJia 6eTaTpOHllhIX KOJie-
6annii oa o6opoT. 8KmmanenTnoe ( 17) ypam1emie ecTh 

Z(n)k = exp(-iw(n)kTo) = cxp(±i211'Q(n)), 

W(n)k = (nk ± Qn)wo, (24) 
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n~e nk-UeJioe 'IIICJI0. Hanm,IIIIIM, 'ITO ]J;JIH CilJI0UJH0f0 ny'IKa Y'IeT ero co6-

CTBeuuoro ::meKTp0MarHltTH0ro Il0JIH If naBep;enubIX IlOJICll B CTeHKaX BaKyyM

HOII KaMepbI npnB0]J;IIT K p;o6aBJieHlf!O K 'IIICJIY 6eTaTpOHHbIX KOJIC6amtll Qo :Ja 

o6opoT, o6ycnoBnemmMy Mar1111Tnoii cTpyKTypoi'1 cnuxpoTpoua, KOMDJieKc11011 

p;o6aBKII, CBH:JaHIIOII c KorepeHTHbIM ]l;BlDKCHHeM IlY'IKa. B penyJibTaTe B0:J

HI!KaeT 6ecKOHe'IHOe MH0)KeCTB0 co6CTBellllbIX B0JIH nonepe'IH0ro CMememrn, 

'JaCT0Tbl K0T0pblX 0TJilt'laIOTCH, op;naK0, na 'JaCT0TY o6pamemrn. IloXO)KaH CII

TyauuH BommxaeT p;nH crpynnupoBanuoro ny'lxa: np;ecb TaK)Ke HMeeM nepno

p;n'luocTb 'JaCT0T co6CTBeHHbIX B0JIH. Op;uaKO uapHp;y c DTIIM, KaK u ]J;JIH JJ;BYX 

crycTK0B, BO:JHHKaIOT caTeJIJIIITbI: Ka)Kp;0MY Il C00TBeTCTByeT CB0e m1a'Je1111e 

Qn. Ilpoucxop;nT pacmennenne M0JJ;bl KOJie6aunii (nk ± Qo ± .6.Qo)wo. Ilop;'Iep

KIIeM, 'ITO 'IIICJI0 CaTeJIJIIIT0B paBH0 'IIICJIY cryCTK0B, a C]l;Bllfll 'IaCT0T B TOHKOll 

CTPYKType nponopuuouaJibllbl Vb. B C00TBeTCTBlflf c (10) u (13) l!MeeM 

- ~ -1- 1 ~ (·21rm ( W(n)))-
Xm = L...J FmnVn = M L...J exp ZM n - -:;- Vn. 

m=l m=l O 

TaKUM o6panoM, Ka)Kp;0MY co6CTBeHHOMY pernen1110 Vn C00TBeTCTByeT onpcp;e

JieHHaH K0ppeJIHil,llH Me)Kp;y crycTKaMH. Ilpn 60JibUJOM 'IHCJie crycTK0B, nanpn

Mep, npn n = M, q>a:JOBblll C]J;Bllr Me:iKp;y cryCTKaMH paBeH Il0'ITII 21r, a npn 

n = M /2-oKono 1r. 
lfo (16) Hcuo, 'ITO Bee Qn Jie)KaT Me)Kp;y nna'leHIIHMII npn n = M/2 n n = M. 

IloDTOMY ]J;JIH pan6poca oQ UMeeM . 

oo exp (am+ lnz) 
"""'am M 

oQ = 4vb L...J - ( 1 ) . 
m=l Dm exp 2am1J- nz - 1 

Ilop;cTaBJIHH uyneBoe np116m1:iKerrne p;nH z nn (24), nony'laeM p;nH oQ: 

00 O'm sh(~) cos (t(nk ± Qc)) - ich(~) sin (t(nk ± Qc)) 
oQ = 4vb L - ------'------'C-------',-----'-

m=l Dm ch(~) - cos (i!f(nk ± Qc)) 

cha q>opMyJia p;nH oQ C0BIIap;aeT c auaJIOfll'IHOll p;JIH pan6poca co6CTBeHilhlX 

mia'leHnH 'lncrra 6eTaTpOHHbIX xorre6aunH na o6opoT npu M = 2 p;rrH p;Byx 

DKBH]l;IICTaHTHblX oµ;nuaK0BblX crycTK0B. 

,il;JIH 6oJibUJOro 'IHCJia crycTK0B B HCXO]l;HOII qiopMyJie p;JIH oQ nMeeM 

00 
O'm 1 

6Q=2vbM L-D 1 . 
m=l m O'm + nz 

TaKaH cyMMa y:iKe BCTpe'IaJiaCb BbIUJe. Ee MaKCHMaJibH0e :JIIa'JeHHe II0JIY'IaeTCH 

B crry'lae np0HIIKH0Bemrn lIOJIH na CTeHKlf BaKyyMHOII KaMepbI. Crrep;oBaTeJibHO, 

2vbM 
OQmax = l . rp 

- lWk.Il 
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Ilop;cTaBJIHH nyrrenoe np116m1:iKe1111e ]l;JIH Wk 11:J (24) npH BblKJIIO'leHJIOll CIICTeMe 

nop;aBJieHlrn BIie oco6emmcTeii Q(z), p;JIH 6Qmar norr~•iaeM 

0 
_ 2vbM 

I Qmaxl - (bd). 2, 

l+ p: 

rµ;e BeJill'IHHa CKIIH-CJI0H 6 Bhl'flfCJIHeTCH na 'JaCT0Te K0repeHTHblX 6eTaTpou

HblX KOJie6auuii, paBIIOll (nk ± Qo ± .6.Qo)wo/21r. TaKIIM o6panoM, MaKCHMaJib

uoe pacmenrrenne co6cTBCIIHbIX n11a•1e1111i'1 ne npeBocxop;HT v1 = vbM. TaK, B 

YHK-1 DT0 pacmenrreune cocTaBJIHeT oxorro 0.1, 'ITO uaMnoro 6orrhrne O)l(Hp;ae

Moro pan6poca Q BCJiep;CTBI!e IIMlIYJihCH0f0 pan6poca 'JaCTIIU. 

KaK If p;JIH p;ByX crycTK0B, Bee np1rnep;e11IIbie BbIUJe oueHKII npH MaJibIX Vb 

0CTaIOTCH B c1rne n p;JIH BKJIIO'JeIIIIOll CIICTeMhl nop;aBJieHIIH. 8To omra'JaeT, 'ITO 

µ;o6HThCH CTpororo BbIIl0JilleHHH 0lITUMaJibllblX yCJIOBlIH nop;aBJiemrn KorepeuT

HhlX nonepe'IHbIX KOJie6annii op;110BpeMe11110 p;mr BCex B0:JM0)l(HbIX MOp; KOJie6a

Hllll cryCTK0B neBO:JMO)KIIO: B CBH:Jll c DTIIM neo6xop;nMO pacC'llfThIBaTh CllCTeMy· 

nop;aBJieHHH p;JIH nanxyµ;rnux ycJIOBllll, C00TBeTCTBYIOU\llX TaK0MY co6CTBeHHOMY 

'UICJIY 6eTaTpOHIIhIX KOJie6annii na o6opoT, Korp;a 11a6er q>anhl 6eTaTpOHHbIX 

KOJie6auuii RetppK p;JIH nero MaKCHMaJibII0 0TJilt'laeTCH OT 0ilTl!MaJibH0ro. EhI

CTpaH cucTeMa nop;anrremrn [4], conp;aBaeMaH p;JIH YHK-1, 06ecne'l1rnaeT pe)KllM 

naTyxanuH nonepe'IHbIX xorepeHTHbIX xone6aunii, ecmt 

I sin(RetppK )I > lsh(27rlmQ)I. • 

B YHK-1 0)l(Up;aeTcH BeJIH'IIma IImQI = 0.1, 'ITO np1rnop;nT K µ;onycTuMhlM nna

'lennHM Ret/iPK oxorro 0.27r pap;nan. IlocxoJihKY yrrroBaH npoTH)KennocTb 'PPK 

npoMe)KyTKa Me)Kµ;y )];Ill n Tl 6mmKa K 21r paµ;11an, TO µ;onycTuM pan6poc 

l6QI oxorro 0.1. 8To omra'laeT, 'ITO 6hICTpaH cucTeMa o6ecne'IHBaeT nop;aBJie

nue BCex MOp; KOJie6annii, XOTH npaKTll'leCKII 0TCYTCTByeT nanac 110 o6JiaCTll 

ycTOH'IIIBOCTH. 

3aKmo~eHHe 

IlpoBep;ennhlH anan1m nop;aBrremrn KorepeHTHhlX 6eTaTpoHHhlX KOJie6an11i'1 

crycTK0B crpynnnpoBaHH0f0 IlY'IKa c IICU0Jib:J0BaHneM uenei't o6paTHOll CBH:Jll 

II0Ka:JaJI, 'ITO y'leT CTPYKTyphI IlY'IKa npllB0]l;llT K Dq>q>eKTY pacmenrremrn co6-

CTBeHHbIX 'JaCT0T B0JIHbl nonepe'IH0ro cMememrn. B penyJihTaTe o6ecne'lllTh 

ycJI0BIIH 0ilTIIMaJihH0ro nop;aBJICHHH Bcex B0:JM0)KHblX Mop; KOJie6annii CTaHO

BllTCH IICB0:JM0)KH0. Bemf'IIl!la pacmerrnemrn co6CTBCIIHblX 'IllCCJI 6eTaTpOH

HhlX KOJie6aHHll npn6JIH:JllTCJihH0 paBila MIUIMOll 'JaCTII xorepeHTH0f0 cµ;mira. 

B CBH:Jlf c DTIIM Dq>q>eKT pacmerrnemrn npno6peTaeT cymecTBennoe mia'lemie 

Ha H0BbIX KpynHblX cnnxpoTponax ll KOJIJiai'1µ;epax. 
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B :JaKJIJO'Ielllle aBTOpbl Bb!pa:a,:aJQT npnmiaTeJibIIOCTh CBOIII\I Kom1eraM, co
Bl\leCTHO C KOTOphIMII nep;yTc.H paapa60TKII II coaµ;aune JIOBOII 6bICTp011 CIICTeMhl 

nop;aBnemrn p;rr.H YIIK-1, aa nnop;0Tnop111,1e o6cy::,i,:µ;emrn. 
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)Ka6HL4KHH B.M., KopeHeB 11./1., IOAHH fl.A. 
noAaBneHHe pe:tHCTl10HOH H9YCTOH,11BOCTl1 i:rpynn11poB8HHOro ny•Ka 
C 11CIIOnl,3088Hl1eM Ll•neii o6paTHOM Cllll311 

P9-92·309 

Tipl1BOA11TCR reoper11,ecKl1H 1Han113 Cl1CTBMbl IIOABBnOHHR pe:JHCTHBHOM HByCTOH•HBOCTH 
crpynn11po88HH0ro ny'IKI B Cl1HXpoTp0H8. AnR on11CIHHR AB11>KOHMR cryCTKOB npl1 HanH,Hl1 803• 
AeHCTBl1H Ha Hl1X ••pea LIBnl1 o6parnoH Clll!311 nony•eHa CHCTBMI ypasHBHMH, B ,KOT0p0H v•rBHbl 
COOCTBBHHblB 3nBKTp0M8rHHTHb18 noM crycrKOB 11 111B8AOHHi.le HMH nonR B CTOH.KaX BaKyyMl10H 
KaMepbl C KOHINl10H npoBOAHMOCTl,IO. nony,OHHaR CHCTBMa· ypaBHOHHH C IIOMOUU,10 MeTOAa OAHO· 
cropoHHero Z-npeo6p&3oai1111R 11 opror011an•HOro npeo6p&30BOH11A KOOPllHHar nPMaOAHTCR 
K Cl1CTeMe 111138B11CMMblX YP8Bl10HMH. Hai1AOHbl co6creOHHbl8 peWBHHR M co6creBHHble ,acror•• 
Kone6aHHH crycrKOB. TIOK138HO, •ro nony,BHHb18 peW8HMR B np8A8nbHblX cny,aRx AnR OAHHO•· 1 

11oro crycrKa III cMow11oro ny,Ka nPM eb1Kn10•BH,;oii c11CrBMe rioAaeneHMR nPMBOART K 113eecr-
11b1M, pe,yn•raraM. nony•BHo, ,ro' y.ar · crpyKTyp•• ny,Ka nPMBOAHT K 3<j)<j)eKry pacLUennBHHR 
C00CTB8HHblX ,acror K0ne611111111 nonepe<111oii B0/lHbl KorepeHTHOro CM8UIBHMR. Bb .. 11CnBHbl co6-
CTBeHHble 3H8'18H1111 •11<:en 6er8Tp0HHblX KOne6aHHH C y•&TOM l<l><l>eKTI pac~eM11<HR, a TSK>Ke 
WHPl1H8 11X pa36poca. TIOK838HO, ,ro •<lxl>eKT pac~enn11<11R nPMBOA11T. K Aonon11111enbHblM rpe-
6oeaHl1RM 11a · napaMerpt,1 CHCTBMbl OOAeBnBHHR, .oco60HHO B Cl1TY811HRX, KcirAa MH11M8A •aCTb 
KOrepet-nHoro CABHrl lfHCna 68T8TpoHHblX t<OnefiaHHH H9 RBflAeTCR Manoli eenHlfHHOH, lfTO ~ O>KH· 

A88TCR H8 HOBbl)( t<pyllH· .. ,x yct<OJ.}HT8nRX "H H8KOnHT9flRX. npMDOAATCR lfHCnm-tHble ·oUeHKH H 06·. 
Cyll<AIIOTCA nocnl!ACTBl111, 3<1><1>eKTa pac111ennBHHA 118 napaMeTpt,I lit.1crpoii CHCTeMbl OOA8Bn8HHA 
•AAA nepeoii cryneH11 YHK. 

Pa6ora BbinonHBHa e fla6oparop11H ceepxBblCOKl1X 3HeprHH OHAVI. 

Coo61lle11He Q(n.e)l1111e1111oro 11,HCT.MTyTa ,UCpHblX HCl;.1C;JOBa11HH. Jly6Ha J 992. 

Zhabitsky V.M.; Korenev I.L., Yudin L.A. P9-92-309 
, 'Multi Bunch Resistive Wall Instability Damping with Feedback 

' In this article the theory of multibunch transverse resistive wall lmtabllity damping with feed• 
back Is developed: ·The system of coupling equations Is obtained for description of bunched beam 
motion. In these equations the wake fields for bunched beam are calculated with resistive wall effects. 
To solve equations the Z-transform method and special coordinates tramformation are used. The 

'general solution and eigen frequencies are found. It is shown that these solutions without feedback 
coincide with. the famous results for single bunch arn:l coasting beam transverse resistive wall insta
bility. But· for two bunches or multi bunches the tune splitting is found. The.band of the tune split· 

.. ting is calculated. The influence of the turie splitting on the dampe·r system stability is discussed. 
It Is shown ·that the tune splitting leads to additional requirements on the damper system parameters 
especially when imaginary part of the tune is not small. Hence, this effect Is Important for a dam'. 
per system In new large accelerators and colliders. The numerical results of tune splitting are shown 
and their Influence on the fast damper system parameters is discussed for UNK-1 (Protvino, Russia) 
accelerator. • 

The investigation has been performed at the Particle Physics Labo~atory, JINR. 
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