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Bneµ;cHIIe 
,Il;irn nop;aBnemrn KorepenTHhIX 6eTaTpom1hIX Kone6auuii ny'IKa B cuuxpo­

Tpmrnx II 11aKOilllTem1x UCilOJlh:JYIOT MeTO)J; KOppeKIJ,lllt nonepeq11oro IIMilYJihCa 

'IaCTJUJ, B COOTBeTCTBlflI C llX COCTOHHlleM B npep;llleCTBYIOUl,lle MOMeHThI Bpe­

MCIIII. ,Il;nH :noro II:JMCpHeTCH 0TKJIOIICHlle Il,CHTpa TH:lKCCTII IlY'IKa B MCCTax pac­

IlOJIO:lKCIIHH p;aT'lllKOB IlOJIOJKCHHH ll C IlOM0Ul,hIO KOpOTKllX p;eMmpupyIOUl,IIX p;u­

IlOJlhllhIX MarHHTOB 11:JMCIIHIOT yron miKJIOHa TpaeKTOpllll nyqKa Ha BeJIH'IIIHY, 

nponopIJ,HOilallhIIYIO 11:JMepeHHOMY OTKJIOHeHIIIO .. IIplI onpep;eneH!lblX ycnOBllHX 

TaKoe B03)J;CHCTBllC npHBO)J;IlT K ::iaTyxaHIIIO KorepenTHhIX 6eTaTpOHHhIX KOJie-

6auuii. ,Il;annhIH MCTO)J; ucnom,::iyeTCH KaK p;nH p;eMn<pnpoBamrn 0CTaTO'IHhIX KO­

ne6annii crycTKOB rrocne ux 1mJKeKIJ,HH Ha op6HTY c1rnxp0Tpo11a, TaK II p;nH 
nop;aBncnHH nonepeqnoii pe::iHcTIIBHOH 1rnycTott'IHBocT1I ny'IKa. B peaym,TaTe 

yp;aeTC.11 YMCHblllllTb noncpe'IIIhie pa3Mepbl HY'IKa ll npep;OTBpaTHTh Il0Tepll 

'IaCTHIJ,, o6ycnoBJICllllhie HeycTOH'IHBOCTbIO. Bee :no npHBO)J;HT K yBeJIH'leHllIO 

HJIOTIIOCTll nyqKa, 'ITO cylll,eCTBel!HhlM o6pa30M CKa3b1BaeTCH na napaMeTpax 

ycKopcn11oro ny<1Ka B cm1xp0Tpo11e.unn cBeTHMOCTH naKonnTen.11. Ha co::ip;a­

BaCMhIX B HaCTOHUl,CC BpeMH KpynnbIX YCKOpHTCJlhHblX KOMTIJ!eKcax. nop;o6HaH 

CHCTeMa )J;OJI)f(Ha o6ecne•rnnaTb O'ICHh BblCOKllH TCMil nop;anneHHH. HanpHMep 

[1], n rrepnoii cTyne1111 ycKopnTeJihHO-HaKonnTenhnoro KOMnneKca (YHK-1) B 

II<llB8 (IlpoTBJUIO) O:lKup;aeTCH paaBHTlle peancTnnuoii HeycTott'IHBOCTII c un­

KpeMeHTOM OKOJIO 0.lwo (wo-IJ,HKJill'IeCKaH qacT0Ta 06paU1,eHIIH qacTllll, B CllH­

xpoTpone). TaKOH TCMil pa3BllTllH HeycTOH'llfBOCTH o6ycnoBJieH npOT.11:lKCIIHhIM 

nepHMeTpOM ycKOpllTCJIH (6onee 20 KM) II 6oJibllIUM 'IIICJIOM qaCTllll, ua op-

6nTe (oKOJIO 6 . 1014 npoTOIIOB), npn'IeM BeJIIl'IHHa llHKpeMeHTa H0'ITll B 10 
pa3 6oJibllle, 'ICM 11a p;eHCTBYIOUl,IIX. B 11aCT0HU1,ee BpeMH CIUIXpOTpOHaX ll Ha­

KOilHTeJIHX. Tpap;HIJ,HOHHaH KJiaCCll'ICCKaH CHCTeMa uop;annemrn ( O)J;llll p;aT'IHK 

nono:lKemrn n op;uu TOJIKaTenh) ne o6ecne•umaeT nop;aBnenu.11 TaKoii 6blcTpoii 

neycTOH'IHBOCTH [2]. ,Il;n.11 npep;oTBpalll,eHHH pa3B11THH o:lKnp;aeMoii B YHK-1 

HeycTOH'lllBOCTH rrpep;noJKena HOBaH 6bICTpaH CllCTeMa nop;anneHH.11 [3,4]. 8Ta 

cucTeMa B Ka:lKp;OM u::i uarrpaBnenuii nonepe'IHhIX Kone6anuii ny'IKa HMeeT p;Ba 

p;aT'IHKa HOJIO:lKeHHH (,11;11) 11 p;Ba TOJIKaTeJI.11 (T), CB.11:JaHHbIX IJ,eilbIO o6paTHOH 

cn.11::iu. CucTeMa o6ecne'IHBaeT nop;aBne1rne o:lK11p;aeMoii :a YHK-1 neycTOH'IHBO­

cTu. C ee IlOMOUl,hIO )J;OCTHraeTC.11 n p;na paaa 6onee BblCOKllH TeMn 0aTyXaHH.11 

KorepeHTHblX 6eTaTpOHHblX KOJie6a1rnii, 'leM npu UCH0Jlh:JOBaHllll Tpap;HIJ,IIOH­

IIOH KJiaccuqecKoii CHCTCMhI. B [3-5] npoBep;en TeopeTH'leCKIIH• a11an11::i pa6oTbl 

6blCTpoii CHCTCMhl nop;aBJiellll.11 npu OilTHMaJibIIOH paccTaH0BKe p;aT'lllK0B u T0JI­

KaTeneii. Op;11aKo 11a coopy:lKaeMOM B 11acTOHU1,ee BpeM.11 K0MnneKce YHK-1 pe­

anbHaH llX paccTaHOBKa HeCK0JlhKO 0TJIH'laeTCH OT OilTHMaJibllOH. B CBH0ll C 

3TllM B p;aunoii pa6oTe npOBO)J;llTCH anann::i BJIHHHHH Olllll60K paccTaHOBKll Ha 

napaMeTpbl CllCTeMbl nop;anneHHH. 

0t,\t:ll~Ht1Hiiln llHCTB'Tii l 
flll'(Sf!li.1:! acc:1enoB1Dml , 
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l.OcnonnLie ypannenn.H n orrpe;u;erreHII.H 
CTpyxTypnrur cxeMa 6blcTpoii cncTeMhI no,n;am1emrn npune,n;ena na• pnc.la. 

By,n;eM C':IIITaTb, ':ITO ,n;aT':IIIKII Il0JI0)KeHIIJI (,IJJI) paoMe!lleHhI B TO':IKax Sph Ha 

op6IITe, a T0JIKaTemI - B T0':IKax SK; . C n;eJibJO 60JibWe1i 061L1HOCTII IlOCJie,n;y­
IO!llero anannaa npuMeM, ':ITO n. cncTeMe IIMeeTCJI N n;eneii o6paTimii cn.11au. 

IlocJie,n;y101L1nii ananna pa6oThl cncTeMbI no,n;anJieHIIJI 6y,n;eT npono,n;nTbCJI n co­
OTneTcTnnn c peayJibTaTaMu pa6oT [3-7]. 

a 6 

Puc.1. CTpyKTypnrur cxeMa 6blcTpoii cucTeMbI no,n;anJienu.11 (a) 

u q>IIJibTpa (6) n n;enu o6paTIIOH cn.11an. 

KaK J:lKe OTMe':laJIOCb BbIWe, II3Menenne yrJia HaKJiona TpaeKTopuu crycTKa 

Llx'[n, SK;] Ha n -M o6opoTe c IlOMO!llbJO TOJIKaTeJIJI nponopn;noHaJibHO CMe­

!lleHIIJO ero n;eHTpa TJl:lKeCTII x[m, Sph] B MecTax pacII0JIO)KeHirn ,n;aT':IIIKOB. Ilo­

CKOJibKY n n;enII o6paTimii CBJl3II B03M0:lKHa o6pa6oTKa cIIrnana c .II;rl c no-.: 

MOJJ~bIO q>IIHbTpon, Kor,n;a cMewIInaJOTCJI cnrnanb1 paonbIX o6opoTon, To MO:lKCM 
aanIIcaTb: 

N n-q 

Llx'[n, SK;]= L l · u[n - q] L K;h[m]x[n - m - q, sph], (1) 
. . h=l ✓f3Kif3Ph ·m=O 

r,n;e /3Ph_II /JK;-neJIII':IIIHbI /3-q>ynKn;nii n MecTax pacnoJio:lKemrn ,IJ;II II T, cn.11aan­

HbIX n;enbJ? o6paTIIOH, CBJl3Il C Koaq>q>nn;neHTOM nepe,n;a':IH K;h ; u[n]-qiyHKD;IIJI 

e,n;IIHII':IHoro cKa':IKa }l;IICKpeTHoro npeMenn (u[n] = 1 npII n ?: 1, u[n] = 0 npu 

n < 0). C n;eJib~ ynpollleHirn B_ (1) C':IIITaJOT~ nyJieBbIMII own6KII ycTaIIOBKII 
,n;aT':IIIK0B OTH0CIITeJibHO pannonecnoii op6IITbl (nmrnnne TaKIIX OWII60K pac­

CM~Tpe1io _ B [8]). KpoMe Toro, B (1) npIIHJIT0, ':ITO noa,n;eiicTBIIC B TOJIKaTCJIC 

nepe,n;aeTCJI Ha Te :lKe ':laCTIID;hI, K0TOpbie renepnponann cnrnan Ha nxo,n;e n;enn 

ci6paTHoii cn.11an npn nporre-ie ,IJ;II, To ecTb noa,n;eiicTm~e n TOJIKaT!~JI.e c1mxpoun­

aonano c noKaoamrnMn n ,IJ;II ,n;rr.11 o,n;unx II Tex :lKe ':lacTnn;. TaKrur cnHxponnaan;Irn 
06ecne':l1maeTCJI, HanpIIMep, aa,n;ep:lKKOH 

SK; - Sph 
T;h = qTo + -----, 

. Vo 

2.,;. 

.i 

, .. 

r,n;e q-n;erroe IIOJIO)KJITeJibllOC 'IIICJIO; Vo-11po,n;oJibllaJI CKOpOCTb ':laCTIIL(, n;11p­

Kyrr11py101n;ux 110 op61ne c 11cp110,n;oM To. O6bl'IJIO q =. 0 Ha ycKopnTerr.11x c 

60JiblllOH ,n;m111oi1 ,n;opo:lKKII, o,n;uaKo B :>JieKTp0HHbIX c1111xp0Tponax }l;JIJI Bblil0JI­

IICIIIIJI ycrronnii cImxpommaI(I111 c n;errbIO K0M11cncan;1111 aa,n;ep:lKKn n n;e1111 06paT-
11oii CB.1131111p11xo,n;11TCJI BbI611paTb 0TJill'Illble OT HYJIJI mIa•IemI.11 q. CMewnnaune 

cnruarron C 1101\l0!llbIO <fJJIJibTpa 0Tpa:lKCH0 nnc,n;emrcM CJMMbl 110 m. Bom.rn:a-.:110 

TaK)Ke cMcwnnamIe cnrnarron OT pa::mhlx cryc:rKon, o,n;naKo n :>Toii pa6oTe TaKoii 

:><fi<fieKT HC paccMaTpImacTCJI. Ueo6xo,n;m,IO e1L1e pa::i 110,n;•repKIIYTb, ':ITO ypamre­

mIe ( 1) JIBJIJICTCJI ua116orree 061L1HM }l;JIJI mmeJIHbIX mrnapnanTHblX BO BpCMem, 

CIICTCM (JIHB-cncTeM) }l;IICKpCTIJ0ro npeMenu [9,10]. IIpaKTIPICCKII nee pa,n;no­
TCXllll'fCCKIIC ycTpoiicTna, BX0}l;.1111\lle B u:e11b 06paTimi1 CB.11311 na ycKop11TeJI.IIX 
::iap.ll)KCIIIlblX 'IaCTIII\, 0TII0C.IITC.11 K TaKIIM JIIIB-c11cTeMal\l. BMeCTC C TC!\[ Cl!C­

,n;ycT Il0MIIIITb, 'IT0 C00TII0IIICIIIIC ( 1) .IIBJI.lleTC.11 CTporlll\l, CCJill ,n;ucKpCTU3al(IIJI 

curnana ocyu\eCTBmieTC.II C 1101\IOIL(bJO 11,n;eaJibHbIX ycTpOttCTB BbI60pK11 II xpane­

mrn, a TOJIKaTcJib nMeeT 11,n;cam,11y10 11Mnyrrbc11y10 xapaKTepncTnKy. O,n;11aKo ,n;n.11 
011pc/l;cnemrn OCII0BIIbIX CB0°TTCTB ycToiPIHBOCTII }l;Bll)KCIJll.11 ':laCTIIL( C CIICTCl\!Oit 

o6paTnoii CB.11311 TaKOC npe,n;noJI0)KCJille .IIBJI.!IeTC.II BII0JIIJe npnel\lJiel\lbll\l. 

IIycTb C0CT0.IIJIUe L(CHTpa T.ll)KeCTII crycTKa Ha n-M o6opOTC n T0'IKe s op-

611Tbl 01111cblnaeTc.11 c II0M0!llbIO MaTplll\bl-CTOJI611a X[n, s]. Ee nepBbltt :>Jic­

MCHT CCTb 0TKJI0IICIIIIC x[n, s], a BTopoi1 - yroJI 11aKJI0Ha TpaeKT0pllll x'[n, s] 
crycTKa. Tor,n;a llp0X0)K}l;CIIIIC K0p0TKoro T0JlKaT·err.11, co11ponolK,n;aI01L1eCC.II 113-

MeIICIIIICM yrna naKJI0!la TpaeKT0pllll 6e::i 1131\!ClleIIIIJI CMe!lleIIIIJI, 11p111111Ma.11 BO 

mmMaImc (1), l\l0)KII0 11pc,n;cTamITb cne,n;y101n;nr.I l\JaTpll'IHbIM cooT11owc1111el\l: 

N n-q 
- + ~ ~~ 1 ~ ~ 
X[n, sK;] = X[n, sK;] + T ~ ---;:;;==;=u[n - q] ~ I<;h[m]X[n - m - q, sph], 

h=l ✓f3Kif3Ph m=O 

r,n;e B KBa,n;paT11oi1 l\13Tplll\C f pa3Mepa 2x2 :>JICMCHT T21 = 1, a nee 0CTaJibllblC 

:)JICJiICHTbl pamn,I HJJIIO. Ecmr npcue6pe'Ib :><f>cpeKTaMII CB.11311 Me)K,n;y crycT~al\111; 
TO HeTpy,n;110 aanucaTb C00TII0lllCIIIIC }l;Jl.11 MaTpnn; ,n;nyx II0CJie,n;onaTCJibllhIX co­

CTO.IIIIHtt paccMaTprmaeirnro cryc-rKa na (n + 1)-M n n-M o6opoTax n l\IccTe 

paCII0JI0)KCIIIIJI, na11p11Mcp, nepnoro ,n;aT'!IIKa II0JI0)KeIJIIH. IIpnl\leM, '!TO Il0CJIC}l;-

1111ii ,n;aT•JIIK II0JI0)Kelll!.11 pa3Me111,c11 nepe,n; IICpBbIM T0JIKaTeJieM: 

SKN > ... >SKI> SpN > ... > SpJ. 

Tor,n;a IIMCeM 

,Y[n + 1, SPJ] = MoX[n, spi] + 
N N 

+u[n - q] LL M(sp1 + Co, SK;)TM(sPh, spi) x 
i=l h=l . 

n-q J·' [ l ~ \ih 11l ~ 
x ~- ---;:.=::;;==X[n - m - q, sp1], 

m:O ✓/JKi/JPh 

a 

(2) 

(3) 



rµ;e M(s2, s1)- 061,prna.11 MaTpnqa rrepexoµ;a 11n TO'IKII s1 B TO'IKY s2 na op-

611Te; Mo - MaTpllqa o6opoTa rrpu BblKJIIO'leHHOll CIICTeMe rroµ;aBJieHIUI. Ilpn 

J(ih = 0 HMeeM Tpaµ;uqHOHHOe MaTplI'IHOe ypam1e1111e, CBJ13blBaIOmee MaTpllqbl 
cocToJl·uuii crycTKa 'Iepen o6opoT. Ilpeµ;MeToM µ;an1,uei1wero 1mno:lKeH11J1 6yµ;eT 

1ICCJieµ;oaan1Ie (3) C qeJihlO BhIJIBJieHirn µ;orrycTIIMblX m1aqennii K;h' rrpu KOTOphIX 
KOJie6annJ1 crycKa 6yµ;yT naTyxa10mnM11. · 

2.06m;ee pernenne 
KaK noKanano B (5], mmeiinoe pannocTHOe MaTpn'Inoe ypaaneune (3) MO:lKHO 

a<f><f>eKTHBHo peWIITb, rrpnMeHJIJI oµ;nocToponnee Z-npeo6panoBanne K MaTpnq­

noii nocneµ;oBaTen1,11ocTn .X(n, s]: 

- 1 ;-X[n, s] = 
2

1ri X(z)zn- 1dz. 
C 

00 

X(z) = I:xfn,sJz-n, 
n:O 

(4) 

3µ;ech C-nI06oii oaMKHJTblii KOHTYP, oKpy:lKaIOmnii Bee oco61,1e TO'IKH X(z) 
na KOMIIJieKcnoii z-nJIOCKOCTH, B 'laCTHOCTH JII06a.11 oKpJ:lKHOCTh jzj· > Rz, rµ;e Rz 
- paµ;nyc Kpyra, BIie KOToporo cxoµ;11TCJ1 ( a6coJIIOTHO n paBHOMepno) oaµ;a10-

mnii X(z) pHµ;. TaKoii crroco6 pew~HHJI Bi.16pan TaK:lKe no coo6pa:lKeHHJIM yµ;o6-
CTBa nocneµ;y10mero anan1ma µ;B11:lKe1111J1 qacTnq rryqKa rrpn nannqnn Qerrn 06-

paTnoii CBJIOH c QH<f>poBoii o6pa6oTKoii cnrnana, rrocKOJibKY Z-npeo6panoBanne 

WHpOKO llCIIOJibOyeTCJI npn anannoe paµ;110Texl11I'IeCKHX CIICTeM µ;ncKpeTuoro 

BpeMeIIH (9,10]. HcrrOJihOY.ll TeopeMy O Bhl'IeTaX )l;Jl.ll Bhl'IllCJiemrn KOHTypnoro 

nnTerpana B (4), Mo:lKeM oarrucaT1,: 

X[n,s] = I:Rez[X(zk)z;- 1]. 
k 

0Tc10µ;a .llCHO, 'ITO ycTOll'IUBOe )l;BU:lKenne qacTnq BOOMO)KHO, ecnn BCC IIOJIIOCbl 

Zk Ha KOMIIJieKCHOll Z~IIJIOCKOCTll Jie:lKaT BHJTpH OKpJ:lKHOCTll C paµ;nycoM Rz = 1, 
TO eCTh 

lzkl 5 1. (5) 

Ho Bhlpa:lKeHllJI )l;Jl.ll .X(n, Sp1] Blf)l;HO, 'ITO CMemenne qe11Tpa T.ll:lKeCTll ny'IKa 

B MecTe paCIIOJIO:lKeHH.ll ,Il;Ill na n-M o6opoTe ecTh CJMMa µ;ucKpeTHblX aKc­
rronenT exp ((n - 1)/nzk)- IloaTOMY B Ka'leCTBe xapaKTepUCTIIKH TeMIIa oa­

Tyxann.ll aMIIJIHTYAbl k-ii MO)l;bl KorepeHTHhIX norrepe'IllhIX KOJie6annii QelITpa 

T.ll:lKeCTH ny'IKa oa o6opOT 6yµ;eM UCIIOJlh30BaTh MO)l;JJlh Zk: 

Dk= lzkl = exp(-To/TD), (6) 

rµ;e Tjj1 eCTb IIOCTOJIHHa.11 BpeMeHH naTyxann.ll µ;annoii MO)l;bl Kone6annii. Hc­

IIOJlh:JOBanne µ;anee )l;Jl.ll xapaKTepncTHKII TeMrra rroµ;aBJieIIH.ll BeJIH'IHH Dk CBJl­

nano c yµ;o6CTBOM rrpeµ;cTaBJieHH.ll na pncynKax o6nacTeii YCTOll'IIIBOCTll II xa­

paKTepl!CTIIK CIICTeMbl rroµ;aBJieHHJI )l;Jl.ll TD' MellbWIIX HJIII 6JI113KHX K To ' TO 

4 

ecTh Korµ;a Dk CTpeMHTCJI K nyn10. TaKHM o6panoM, o6JiaCTII II3MeHeHHJI Dk )l;JIJI 
naTyxaIOU\IIX Kone6am1ii ne:lKaT B rrpeµ;enax OT nynJ1 µ;o eµ;1rn11qhl, 'ITO nerKo 0To-

6pan11Th na pncynKaX (µ;JIJI TD TaKoii :lKe o6JiaCTH H3MenenHJI COOTBeTCTBJIOT 

nna'IeHHJI OT HJJIJI µ;o 6eCKOHe'IHOCTH). ,IJ;pyrnM Ba:lKHblM napaMeTpOM JIBJIJleTCJI 

apryMeHT Zk, K0Top1,1ii nponopqnonanen 'lllcny Kone6annii na o6opoT. ,IJ;anee 

6yµ;eM 06om1a'laTh µ;po611y10 qacTh qucna Kone6annii oa o6opoT KaK {ReQk}­
Jicuo, 'ITO . 1 

{ReQk} = 
2

71' arg(zk), (7) 

rrpn•reM 6yµ;eM onpeµ;en.llTh arg(zk) µ;nH ona'lennii I arg(zk)I 5 1r. ,Il;annoe orrp&­

µ;encune .llBJI.lleTCJI Tpaµ;HI~IIOHllblM II o6menplIH.llTblM B TeOplIH ycKOplITeJieii. 

TaKHM o6panoM, orrpeµ;enHB nono:lKeHHe noJIIOCOB Zk ~a KOMIIJieKcnoii z-mmc­

KOCTII, MO)KIIO BhIJIBIITh BeJIH'IIIHbl napaMeTpOB, rrpn KOTOphIX )l;BII:lKeHHe qa­

CTIIq ycTOll'IIIBO, a TaK:lKe IIOCTO.llHHble oaTyxaHH.ll rronepe'IHhlX ICOJie6a1111ii qa­

CTHq II IIX co6cTBeIUlhie 'laOTOThl. 
YMHO:lKa.11 (3) na z-n II cyMMIIPYJI non, rrocne necJIO:lKHhIX rrpeo6pan0Ba1rnii 

rronyqaeM 

zf - 'jJ-l(z) det M(z) z.X[O, sp1], 

X(z) = det (zf - M(z)) -
(8) 

rµ;e f- eµ;11n11q11a.11 MaTpnqa, a Kaaµ;paTna.11 MaTp1Iqa M(z) nMeeT BHA 

N N ~ - - _ '°''°' K;h(z) - ~-M(z) =Mo+ z 9 L...J L...J ,Ji3 _ M(sp1 + Co,sKi)TM(sph,sp1), 
i:l h:l K,f3Ph 

(9) 

rrpuqeM .K;h(z) ecTh oµ;nocToponnee Z-npeo6panonan11e Koa<f><f>uquenTOB nepe­
µ;aqu K;h(n] Qerr11 o6paTnoii CB.1mu. Pewem1e (8) JIBJI.lleTCJI Z-rrpeo6panoBanueM 

o6mero pewenu.ll paccMaTpnBaeMoii naµ;a'IH u nonnocThIO onpeµ;enJ1eT µ;1111a­

M11Ky )l;BH:lKeHHJI QeHTpa TJl)KeCTH O)l;HHO'IHOfO crycTKa B ycKopuTeJie npu HaJIH­

'IIIH qeneii o6paTHOU CBJl3H CHCTeMbl rroµ;aBJieHHJI OCTaTO'IHblX KOJie6aHHH. 

Ilepeiiµ;eM x uccneµ;oBaHHIO aHaJIHTH'IeCKHX CBOHCTB peweHH.ll (8). HnBe­

CTHO, 'ITO B paµ;uoTexHH'IeCKOM° CMblCJie qerrh ycTOll'lHBa no Bxoµ;y-BblXOAY' ecJIH 

Bee oco6enuocTu <f>ynxquu K;h(z) naxoµ;HTCJI BHYTPH xpyra lzl 5 1. IlycTh aTo 

ycnoBue BhlIIOJIHJ1eTCJ1. Torµ;a rromoca Zk 11axoµ;J1TCJ1 un ypaBneHH.ll 

det (zf- M(z)) = z2 - zTrM(z) + detM(z) = 0. (10) 

PeWHB ypaanenue (10), naxoµ;HM BeJIH'IHHbI Zk,Dk u {ReQk}, KOTOphle noJIHO­
CThlO orrpeµ;eJIJIIOT Bee OCHOBHhle CBOllCTBa CHCTeMhl noµ;aBJieHH.ll. Heo6xoµ;nMO 

TaK:lKe rroMHHTh, 'ITO B (10) MaTpuqa MB cooTBeTCTBHH c (9) naBHCHT OT <f>yn­

Kquu z-qftih(z), o6ycnoanennoii HaJIH'IHeM B Qenu o6paTHOH CBJIOH naµ;ep:lKKH 

Tih, ycunuTeneii K;n n Kaut, a TaK:lKe 4>un1,-rpa c nepeµ;aTO'IHOll <f>ynxqueii K1 
(cM. p11c.la). 
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C;a;enaeM ell\e oµ;Ho Ba,KHoe ::iaMeqamie. Bh1rne cqnTanoch, qTo oTcyTcTnyeT 

B:JallMoµ;e:ii:CTBlle Me)Kµ;y pa::innqHhlMII crycTKaMII. 8To 3KBJIBanenTHO· OTCYT­

CTBIIIO pe::i11cTIIBHoii neycTo:ii:qnaocTn. Oµ;HaKo pernenne ::iaµ;aqn o µ;eMrrcpnpo­

BaHIIII xorepeHTHbIX 6eTaTpOHHhIX Kone6aHllll npn nanwnm HeycTOll'IIIBOCTII 

npnaoµ;nT K TOMy ,Ke peaynhTaTy: perne1me nonuocThIO orrpe;a;emrnTCJI non10-

caM11 z1c, KOTophie 11axoµ;.11Tc.11 na ypaBHemrn (10). ,I,;n.11 crpynm1p0Bamroro 11y•IKa 

cnpaBeµ;nnBoCTh aToro yTBep,K;a;emrn npoµ;eMoucTpnpoBana B [7]. ,I,;n.11 crrnorn­

Horo nyqKa TaKOH ,Ke pe::iynhTaT nonyqeH B rnµ;poµ;nHaMnqecKOM np116m1iKe111111 

c ncnonh:JOBaHHeM oµ;HOCTopoHHero npeo6pa::ionam1.11 ¢yphe ;a;n.11 pernemrn 11c­

xoµ;Horo µ;ncpcpepemi;nanhuoro ypanueun.11 [4,6], npnqeM 

z1c = exp(-iw1cTo), 

r;a;e w1c. ecTh co6cTne1rnaJI qacToTa Bonuhl nonepequoro .cMell\eHirn B cnnornuoM 

nyqKe. IlpHBC}l;CHHhlH Bblllle BhIBO}l; OCHOBHOro ypaBHClllf.11 (3) II MeTO}l; ero perne­

Hll~ o6ycnonnenhl ncKmoqnTenhHO cTpeMneune~ u::i6e,KaTh rpoMO:J}l;KHX Ma;rc­
MaTnqecKnx BhIKnaµ;oK. YqeT )KC acpq>eKTOD CB.11:JII crycTKOB npHBO}l;IIT K TOMY, 
qTo Ha6ern cpa::i 6eTaTpOHHhlX Kone6annii cTaHOB.IITCJI KOMIIneKCllhlMII BC1111'111-

HaMH, oanIIC.1111\HMII OT z·. 8To nerKo yqecTh,- aaMeHHB onaqeune Q Ha Q(z). 
Bo::iHI1KaIOl1\HC rrpu 3TOM oco6e11HOCTII pernenm'i TpaHCIJ;CH}l;CHTHbIX ypannennii 

no;a;po6110 paccMOTpeHbl B [7] ;a;n.11 OilTHManbHOll paccraHOBKII µ;~Tql!KOB II Ton­

KaTene:ii:. 

yqlITblBaJI Ba,KUOCTh ypaBUCHIIH (10), np11neµ;eM HCKOTOpbIC 0611\HC }];11H Hero 

cooTuorneHH.11. )J;nH MaTpHIJ;hI nepexo;a;a M(s2, ~1) Me)Kµ;y ToqKaM~I s 1 n s2 ua 
<;>P6HTe HMeeM 

M(s2, s1) = R(s2) (f cos(1P12) + Jo sin(1P12)) fl:- 1(s1) = 

= {ii; ( 0 1 _: 0 2 ' y 73;. f32 
i ) cos( 1P12) + . 

+If; ( 0-1 

1 + l./0
2 

/31 
-0-2~ 

) sin(t/,>12), (11) 

r;a;e O' = -½/3', a Ha6er cpa::ibI 6eT~TpOHHhIX KOne6aun:ii: Me)K;a;y.ToqKaMII s1 II s2 
panen 

!
•• ds 

t/J12 = 1P(5 2) - tp(s1) = f3(s) · 
•1 

B q>opMyne (11) HCil011hl3YIOTC.!I TaK,Ke cneµ;yIOl1\lle060:JHaqeHHH: 

( 
o· 

lo= -Q 
Q:...1 

0 ); R(s;) = 0f; (-~ Q~;)' 
6 

I 

r), 

j 

r 

npnqeM 
R(s;)R- 1(s;) = f. 

Y•mThIBaJI aTo, µ;nH cne;a;a MaTpnIJ;hI M(z) rrocne uecno,KHhIX rrpeo6pa::ioaa1111il 

rronyqaeM 

N N 
TrM(z) = 2 cos(21rQ)+z-q LL K;h(z) sin (21rQ- tp(sK;) + tp(sph)), (12) 

i=l h=l 

rµ;e 1P(SKi)-1P(SPh) - ua6er q>a::ibl 6eTaTpOHHhlX Kone6an1111 OT h-ro µ;aTqIIKa 

rrono,KeHIIH µ;o i-ro TonxaTenH. Ilpu rroµ;cqeTe ua6era cpa::ib1 6hmo 11crronb::ioa3:uo 

•Pjh+Co ds 

f3(s) 

•P1h+co ds 1•Ph. ds 
. f3(s) + {3(s) = 21rQ + 1P(5Ph)- tp(sK;). 

3Ki •Ph $Ki 

TaKIIM o6paaoM, cneµ; !l.taTpmi;hI M ( z) oTnwrneTc.11 oT cne;a;a MaTpllIJ;hl o6opoTa B 

OTCYTCTBHe CIICTeMbl noµ;anne1111.11 Ha cyMMY JI:) cnaraeMhlX, Ka)K;a;oe HO KOTOpbIX 

rrporropIJ;HOHanbIIO Koaq><f>IIIJ;IICHTY nepeµ;aqn IJ;CIIII o6paTHOll CB.11::lH n CHHy_cy ua-

6era <f>a:JhI 6eTaTpOHHhIX Kone6a1mii oa o6opoT oa BhlqeTOM ua6era <f>a::ihl o_T 
µ;aTqHKa Il01fO)Kellil.ll µ;o TOnKaTeJIH, CB.H::lbIBaeMhIX·:)TOll IJ;eIIhIO o6paTuoii CB.11311. 

Iloµ;qepKIICM, qTo cne;a; MaTpHIJ;hI M(z) ne ::ianncuT OT napaMeTpoB MaTpnIJ;hl 

Thucca /3; H o-i. 
,IJ;n.11 orrpe;a;emITen.H MaTpmi;hI M(z) MoiKeM c;a;enaTh cneµ;yIOl1\IIC ynpoll\eHn.11. 

BocrronhoyeMCJI TeM, qTo 

1 ~ 1 ~~ ~ 
✓ R- (sKi)TR(sPh) = QT. 

f3Kif3Ph 

Tor;a;a, rrocne neKOTophlx rrpeo6pa::ionanuii rronyqaeM 

N N 
det M(z) = l - z-q LL K;h(z) sin ( tp(sK;) - tp(sph)) + det MT(z), (13) 

i=l h=l 

r;a;e Knaµ;paTHaJI MaTpHIJ;a MT(z) HMeeT nuµ; 

N N ~ ( mu 
MT(z) = z-q LL K;h(z) · Qm21 

i=l h=l 

rrpnqeM 

Q- 1m12 

m22 
). 

mu = sin {21rQ + 1P(sp1) - t/•(sK;)) cos (tf,,(sph) - tf,,(sp1)); 

m 21 = cos (21rQ + tp(sPl)--: tf,,(sK;)) cos (tf,,(sph) - ,p(sp1)); 

m12 = sin (21rQ + tf,,(spi) - ,p(sK;)) sin (tf,,(sph) - tf,,(sp1)); 

m 22 = cos (21rQ + tp(spi) - tp(sKi)) sin (tp(sPh) - tf,,(sp1)). 
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B nTore ypaanenne (10) np111111MaeT anµ; 

det ( zf - M(z)) = z2 
- z'I'rM(z) + det M(z) = 

N N 

= z2- z(2cos(21rQ) + z.:.q LL .K;h(z)sin(21rQ- t/J(sx;) + t/J(sph))) + 
i=l h=l 

N N 

+1- z- 9 L LK;h(z)sin( t/J(sx;) - t/J(sph)) + det Mr(z) = 0. (15) 
i=l h=l 

Ila nonyqemroro Bhlpa:lKemur a11µ;110, 'ITO npu paam1q·11&1x paccTanoBKax µ;aT­
'IIIKOB noJIO)KCilll.H II TOJIKaTeneii, a TaK)KC CB.H3.HX Me:lKµ;y IIIIMII, BKJIIO'Ia.H nepe­
KpCCTHhle, pernemrn Zk ypan11emrn (10) oanuc.HT oT ua6eron <f>aa 6eTaTpOimhlx 
KOJie6a1mii MC:lKJ:i;Y µ;aT'Il!KaMH II TOJIKaTCJI.HMll, HO ne OaBUCJIT OT uapaMeTpOB 
.MaTplll~hl Thucca /3; II a; B MecTax IIX pacnoJIO)KCHII.H. 

3.PeIIIeHIIJI ;IJ;JIJI 6bICTpoii CIICTCMhl no;a;anrreHIIJI 
. Hccneµ;onaune perne11uii ypamremrn (10) nponeµ;eM µ;nH 6&1cTpoii cucTCMhl 

noµ;a13ne1111.H KorepeuTHhIX nonepe'IHhIX Kone6anuii (cM. puc.la) npn npmmnon&­
uoii·paccTanonKe µ;aT'IHKOB 11 TOJIKaTeneii. 060011a'IHM ua6er q>aahI 6eTaTpo11-
HhIX KOJie6a1111ii OT ,Il;Ill µ;o Tl KaK tppx: 

1PPK = t/J(sxi) - t/J(spi). 

Torµ;a µ;nH 11a6era q>aahl 6eTaTpo1111hlx KOJie6am1ii OT ,Il;II2 µ;o T2 nMeeM 

t/J(sx2) - t/J(sp2) = 1PPK + 1PK - "PP, 

rµ;e '!pp- 11a6er q>aahl OT ,Il;Ill µ;o ,Il;II2; ¢x- Ha6er q>aahI OT Tl µ;o T2. HanoM­
HIIM, 'ITO B 6bICTpoii CIICTCMe nooµ;eiicTBUe 11a ny'IOK nepeµ;aeTC.H no QCIIH 06-
paTHOll CB.HOll 6eo µ;onOJIHHTCJihHOll oaµ;epiKKH, TaK 'ITO q = o, 11 OTCYTCTBYIOT 
nepeKpecT11&1e CB.HOH ,Il;Ill-T2 II ,Il;II2-Tl. 3To noKa eµ;uHCTBCHHoe ynpo~euue. 
C QCJihlO o6ner'ICHII.H auan1Ioa o6~ero ypaBHCIIH.H µ;JI.H 6blCTpoii CHCTCMhl npu­
MCM, 'ITO nepeµ;aTO'IHhle <f>ynKQIIH Qeneii o6paTnoii CBJ{OH ,Il;Ill-Tl u ,Il;II2-T2 
connaµ;aroT: 

Ku(z) = K22(z) = K(z). 

3To ycJIOBHC JierKo o6ecne'IHTh npu II)J;CHTil'IlfhlX QCll.HX o6paTHOll CB.HOH, noµ;­
CTpalIBa.H y npHMCH.HCMhIX yc11JII1TCJICll K03q>q>HQHCHThl ycunemrn. Torµ;a C yqe­
TOM (14) u nneµ;eHHhIX o6omra'IeHnii µ;n.H 11a6eron <f>aa ypan11eu1Ie (15) npmm­
MaeT nuµ; 

2 [ • ( 'PK - !pp) (t/JK - 1PP)] -z -2zlcos(21rQ)+K(z)sm 21rQ-1PpK-
2 

cos\. 
2 

+ 

( 
'PK - !pp) ·(1PK - !pp) +1 - 2K(z)sin 1PPK + 

2
. cos 

2 
+ 

+K~(z)sin(t/Jp)sin(VJK) = 0. (16) 
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) 
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YpaBHCHIIC (16) .HBJI.HCTC.H -IITOrOBhlM )J;JI.H 11axo)Kµ;emrn Zk. Korµ;a !pp = 1PK = 
= 1r /2, ouo nepexoµ;11T. n auanorn'I11oe ypanueime, npuneµ;~1111oe B (3-5,7,8], 
µ;n.H onTHMan&noii paccTanonKn. Ilpn tpp = 1PK = 0 nonyqaeM ypaimem1e )J;JI.H 
.onpeµ;eJICIIII.H o6nacTeii ycTOll'IIIBOCTll XJiaCCll'ICCKOll CIICTCMbl noµ;annemrn (6] c 
yµ;noeIIllhJM K03q>q>HQIICHTOM ycnneml.H Qenu o6paTHOll CB.H311. Ilpn HaJill'Illll ue­
YCTOl°i'IHBOCTII, uanoMHUM, Q CCTh <f>ynKQll.H OT z, TaK 'ITO {16) CCTh TpaHCQCH­
µ;eHTIIOe ypannem1e, HMCIO~ee 6eC'IIICJICIIHOC MHO)KCCTBO perneuuii, oco6euuo~ 
CTII KOTOphlX o6cy:lKµ;aroTc.H, uanpHMep, n (7]; .II;anee 6yµ;yT paccMOTpCHhl Jllllllh 
IICKOTOpbIC OCIIOBHhlC pelllCIIH.H {16), JIC)Ka~HC BHC OC06CHHOC'I'Cll Q(z) II onpe­
µ;eJI.HIO~HC o6naCTh YCTOll'IIIBOCTII µ;JI.H KorepeHTHhlX 6eTaTpOllllblX KOJie6anuii 
crycTKOB. B 3TOM cnyqae MO)KIIO ncnoJihOOBaTb MCTO)J; nocneµ;onaTeJihllhIX np11-
6JIJl)KCllllll [7] µ;JI.H perne1111.H (16), noµ;cTaBJI.H.H BMCCTO Q(z) KOMnJICKCHhlC 'IIICJia, 
MIIHMa.H qaCTh ImQ KOTOphIX onpeµ;eJI.HCTC.H IIIIKpeMeHTOM 11eycTOll'IIIBOCTH, a 
µ;eiicTBIITCJlhlla.H 'IaCTh ReQ coanaµ;aeT C 'IIICJIOM 6eTaTpOIIHhlX KOJie6a1111ii :Oa 
o6opoT npu BhlKJIIO'Ie11uoii c11cTeMe noµ;annemrn c nonpanKoii 11a KorepeuTnhlii 
KynouoncKnii cµ;nur. Iloµ;cTaim.H.H n (16)ouaqeuu.H ImQ u·ReQ ua paanu'Inhlx 
qacToTax paan11T11.H ueycTOH'IIJBocTn (~n.H YHK-1 ux MO:lKHO uaiiTn n [1]), no­
nyqaeM napaMeTphl CUCTCMhl noµ;aBJICHII.H KaK «l>YHKQIIU 'IaCTOThl. 

KaK y:lKe oTMC'IaJIOCh, KOHKpeTHhlii nuµ; K(z) oanncnT OT c11cTeM11oii «t>yu­
KQHH «I>nn&Tpa. ·n Qenu o6paTnoii cn.imu cncTeM&I noµ;annemrn µ;nH YHK-i npeµ;­
nonaraeTc.H ucnOJihOOBaTh Qn«I>ponoii q>HJihTP C peKypcunHhlMH OBCHh.HMH [4]. 
,Il;n.H q>IIJihTpa nepnoro nop.Hµ;Ka ( CM. puc.16) c o6~eii oaµ;ep:lKKOH To II c ycumITe­
JI.HMII C K03q>q>IIQIICHTOM ycuneHH.H a B uepeKypcUBHOM oneue II b B peKypcIIBHOM 
aneue nMeeM 

~ T.'( ) z + a ~i z = --K 
· z- b ' 

(17) 

rµ;e K - Koaq>q>HQHCHT nepeµ;aqn Qem1 o6paTuoii cn.Han 6ea y'IeTa q>IrnhTpa. 
Ilp1mnMa.H no nun.Maune cµ;enaHnhle oa"Meqamrn o Q(z), nocne noµ;cTauoBKH 
K(z) ri {16) nonyqaeM anre6panqecKoe ypanueune 'IeTBepToii cTenem1. B (3-5] 
IlOKaaano, 'ITO HOBblC pernemrn, o6ycJIOBJICHHhlC UaJill'IIICM q>IIJibTpa B QCilll 06- . 
paTHOll CB.H3H, oco6euuo cy~eCTBCHHO CKaabIBalOTCJl np11 OUa'ICHII.HX K OKOJIO 
eµ;mrnQhI, n o6naCTH MaKCIIMaJibHOro TeMna noµ;anJICUll.H.- B [4,8] noKaaauo, 'ITO 
BJIII.HUIIC q>HJibTpa ua nOJIO)KCHIIC panuonecuoii op6UTbl OTCYTCTBYCT npu 
a= -1. Oµ;naKo npn b = 0 o6nacTh ycTOll'IHBOCTH CIIJihHO cy:lKaeTc.H_. .BoccTa-
11onneunro npneMJieMoii 06nacT11 ycTOH'IIIBOCTH cnoco6cTnyeT nneµ;eune peKyp­
cnauoro oaeua (4], Korµ;a m1aqen11.H b Jie:lKaT B µ;nanaaoue OT 0.30 µ;o 0.65. 

Kax noxaaaHO n [3], MaKCHMaJibHblll TCMil OaTyXaHH.H )J;JI.H 6~ICTpoii CHCTCMhl 
noµ;aBJICHH.H nonyqaeTCJI np11 OllTIIMaJibHOH paccTaUOBKC II lllllpOKOnOJIOCHOII 
QCnll o.6paTHOH CBJlOH 6eo q>HJibTpa, npII'ICM 

.Dk= lzkl = lsh(27rlniQ)I npu IKI = ch{2dmQ). (18) 

B YHK-1 IIMeeM IImQI ::: 0.1. B peoyJihTaTe oanac no ycTOU'IIIBOCTII o'IeHb 
uenemIK. B CB.HOH c 3THM µ;aT'IHKH II TO_JIKaTenu cncTCMhl noµ;annemrn paaMe~a­
JIHCh na KonbQe YHK-1 TaKHM o6paaoM, 'ITo6hl no nooMO:lKHOCTII 6hlTh n6mmu 

·g 
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CBOIIX OilTIIMaJibllbIX Il0311Qlfll. YAaJIOCh pa3MeCTIITb BCe ycTpOlICTBa CllCTeM 
IlOAaBJICJllUI·TaK, :'.;ITO OTJIIl'Iirn Ha6eroB <l>a3 '!pp II "PK xorepeHTilbIX 6eTaTpo11-
HhlX KOJie6anun na y'IaCTKax, COOTBCTCTBCIIHO, MC)KAY AaT'IIIKar.m n KIIKepar.m 
ne npeBOCXOA.IIT 0.09,r paAuau AJI.11 CIICTeMbI IlOAaBJICIIIUI rop113011TaJibllbIX KO­
ne6auuii u 0.04,r paAUaH AlI.11 BepTJIKaJibHblX KOJie6anuii. 

4.HeK0Top1,1e penyrr1,TaT1>I 
IIpoa11aJIJ1311pyeM Tenepb BJIIUIHUe oTJIIl'IJIH peaJihHoro pacnoJio)Kemrn AaT­

'IIIKOB II TOJIKaTeneii OT OilTIIMaJibHOH paccTaHOBKII Ha napaMeTpbI CIICTeMbl 
IlOAaBJICHil.11. 

IIocKOJibKY npaKTll'ICCKHH HHTepec npeACTaBJI.IIIOT 11e60Jibllllle OTKJIOIICIIIUI 
11a6er0B <l>a3 6eTaTpOHHbIX KOJie6auuii OT OilTIIMaJibllbIX mra'IeHHH, TO BBeAeM 
ClICAYIOll.lllC MaJibie napaMeTpbI: 

11" (.-{ 
77 = Ret/Jpx - - - ,rm+ --· 

2 2 ' 
11" 

{ = Ret/Jp - 2; 11" 
( = Ret/Jx - 2· (19) 

HanoMHHM, 'ITO B 6blcTpoii cucTeMe noAaBneuu.11 npoMe)KyTKH ,Il;IIl-,11)12, 
Tl-T2 JI T2-,Il;II1 C'IHTaIOTC.11 KopoTKIIMH. IIo::iToMy MO)KHO c•mTaTb 

lmtpp ~ lmt/Jx ~ 0 ll lm'I/Jpx ~ 2dmQ. 

C y'IeTOM_Bcex ::ITHX 3aMe'IaHHH ypaBneuHe (16) MO)KHO npeo6pa3oBaTI, K cne­
AYIOll.leMy BHAY: 

(z-z+;z-r-c+;z_t-K2 (z)sin2
((;{) =0, (20) 

rAe 

z+,- = exp(±i21rQ)-11:K(z)cos('; {) exp(±i(21rReQ- 77)), 

npJ1'IeM 11: = exp(=fi1rm). ThKnM o6pa3oM, npJ1 MaJibIX IKI nMeeM ::IKBimane11T-
nhle ypaB11eun.11: 

Z = Z+i z = z_, 

KOTOpble COBilaAaIOT c npHBeAeHHbIM B [3] npu { = ( H 77 = 0. 3To omrn'IaeT, 
'ITO npJI paBHbIX BeJIH'IIIHaX OWJl60K ua npoMe)KyTKaX ,n;rr1-,n;rr2 JI Tl-T2 II 

onTHMallhHOM na6ere <l>a3hI Me)KAY ,Il;Ill-Tl napaMeTpbI Dk 11 {ReQk} ocTa­
nyTc.11 npaKTH'IeCKII Hell3MeHHbIMJI AlI.11 MaJihlX BeJIIl'IIIH Ko::i<I><I>nQIIeHTa nep·e­
Aa'IU K QenJI o6paTuoii CB.11311. BoJiee Toro, ne6oJiblllaJI perym1poBKa K, KOM­
ne11cJ1pyIOI11aJI cos(((-{)/2), II noACTpoiiKa Retppx, 06ec_ne'IUBaIOI11aJI 77 = 0, 
Il03B0ll.llIOT BOCCTaHOBHTh All.II uepaBHbIX owu6oK { JI ( TaKue )Ke napaMeTpbI 
CIICTeMbI IlOAaBJieun.11, KaK II B OilTHMaJibHOM cny'Iae. 

IIepe1'iAeM Teneph K a11an113y pewenuii ypamrnnu.11 (16) unn 3KBIIBaJie11Tnoro 
ypaB11e1111.11 (20) AJI.11 Qenu 06paT11oii CB.113JI 6e3 <I>nnbTpa (a = b = 0) B o6na­
CTII TaKux m1a•1e11uii IKI, xorAa TeMn noAaBne11J1.11 xone6anJ1ii MaKCJIManen. ,J.J;n.11 
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::iToro naiiAeM mrn'Iemrn IKlopt, npu KOTOpbIX MOAYJIII pewem1ii KBaApaTuoro 
ypam1emrn (20) coBnaAaIOT. 1Ip116~11)Ke1111oe peiuenne (20) npn MaJibIX ( 11 { 
eCTb 

z1,2 ~ z+,- ± [(2 sin2((+{) z+ - z_ 2 . · 

B ::ITOM )KC npn6Jil!)KeIIIm nMeeM 

I -1i~1 12±r.?2·2((+{) z1,2 = z+,- H Sill -2- µ1,2, . (21) 

rAe 
2~e[(z+ - z_)z+,-J 

µ1 2 = 12 .. 
' lz+l2 + lz- - 2Re(z+z:.) 

B6JIH311 IKlopt UMeeM lzd === lz2I- IIocKOJibKY nonpaBKa B (21) nponopQUOilaJibHa 
(( + {)2 , To AJI.11 111,2 MO)K_Ho ucnoJib30BaTb' 31Ia'Iemrn lz+,-1, nony'Ia10I11nern 
np11 ( = { = 0, To ecTh lz+I ~ 1=-1- B 3Toii 06naCT11 uMeeM 

exp(-,-21rlimQI) < IK I < exp(21rllmQI). 

3Aech AJI.11 napaMeTpoB YIIK-L( {ReQ} = 0.3, IImQI = 0.1) OTJIII'Ille apryMeH­
TOB 

arg(z+) ~ 2,r(0.5 - {ReQ} - t:1) II arg(z-) ~ 2,r( {ReQ} - t:2) 

npu MaJibIX 77 TaK)Ke neBcJiuKo: 1£1' ~ lt:21 « 0.5. IIo::iToMy B mraMeHaTeJie 
AJI.11 µ; IIMCCM KOIIC'IHYIO BCllll'IIiny OKOlIO 4lzl2 cos2 (2,r{ReQ}) , a B 'IIICJIIITelle 
noJiy'IaCTC.11 BCJill'llllla OKOJIO ±2lzl2 cos2(21r{ReQ} ). B p_e3yJihT1;ne µ1,2 ~ ±0.5. 
ThKIIM o6pa30M, B OKpCCTIIOCTII IKl~pt B (21) IIMeeM . . 

·1 12~1 12 1 2. 2((+{) Zl,2 = z+,- + 21{ Sill -2- . 

3To omrn•rncT, 'ITO IKlopt MO)KIIO 11ai'1Tn ll3 ycJIOBll.11 lz+I = 1=-1• OTc101~a 

IKlopt ~ ch(2dmQ) 

· I cos( 77) cos ( ~) I · 
(22) 

CJieAOBaTellbHO, npu paBHbIX { II ( MaKCIIMaJibllbltt TeMn IlOAaBJICllll.11 AOCTUra­
eTC.11 npn Tex )Ke m1a•1em1.11x xo::i<t><t>nQnenTa nepeAa'In, 'ITO u npn nyneBbIX { 1i 
(. OAHaKo npn 3TOM TCMil IlOAaBJICJlll.11 KOJie6aum'i 6yACT IIeCKOJibKO MCAJICHHee, 
nocKoJihKy,113 (21) B coorneTCTBHU c (22) 11r.teeM 

I 
. 12 ~ sh

2
(21rlimQI) 2 ( ) ch2(2dmQ) · . 2 (( + {). 

Z1,2 = 2 ) + lg T/ + ( ) Sill -- . 
. cos ( 77 2 cos2(r,) cos2 ~ 2 
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Dk 
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o.e 

o.6 
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'···· .•.. ,. 

•··· ...• IKI 
'•... l' 

o.oll J -._.. J J J •._,.· II 
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Pnc.3 

II::i II0CJieAHero 
0

Bbipa)f{eH1fJI TaK)f{e BHAH0, 'ITO 11a1160Jiblliee nmunme Ha Te.MIi 

II0AaBJieHHH, KaK 11 rrpu MaJibIX K, OKa:JhIBaeT rrapaMeTp T/· 
)];nH 6hlCTpoii: CHCTeMbl II0AaBJieHHH C m1I°poK0IIOJI0CHblMll ycumITeJIJIMH B I~e-

1111 o6paTHoii: CBH:JH 6e:J cf>1111bTpa na puc.2 npnneAeHbl ::ianncnMocTn MAX(Dk) 
OT II<I npu :JHa'lemrnx { u ( OAimro :JHaKa (KpH.Bhle 1), AJIH pamibIX no Bem1'!1111e, 

110 pa::iHoro :JIIaKa {KpHBhie 2) H npu { = ( = 0 (riyHKTHpllbie JlllHllll). ,[(JIH BCCX 

:JaBl1Cl1MOCTeii: Bem1•nrna Ret/JpK = 108.51r paA11aH, 'ITO C00TBeTCTByeT onTII­

MaJihII0MY :JHa'lemuo 1rm + 1r /2 paA11au. 3AeCb 11 AaJiee ncnoJib:JYJOTCH 0)K11Aae­

Mble n YHK-1 ::ina'leHHH ReQ = 56.7 11 jlmQI = 0.1. Jfo npuneAeHIIhlX na 3TOM 

pucyHKe :JaB11CllMOCTel:I BHAIIO, 'ITO OHH xopomo cornacyJOTCH C npuBeAeHHhlMll 

Bblme pe::iyJihTaTaMn KaK 11p11 MaJihlX II<I, TaK u n6n11::i11 MaKCIIManbHhlx nenu­

'IHH AlIH TeMrra noAaBJieHHH. 

_Ha p11c.3 np11BeAeHhl ::ianucnMocTu Dk OT II<I (crnmmuhle mnnrn) npu peanb­

Hoii: paccTaHOBKC AaT'lllK0B 11 KllKCpOB AlIH CHCTCMbl noAaBJICIIU.11 ropH:JOIITaJih­

HhIX Korrc6a1111ii, K0rAa B QCIIJI o6paTHOH CBJl:Jll OTCYTCTBYCT <flHJibTp II MaKCII­

MaJihllbl oTJIH'lHH Rctf;p u Rct/;K OT 1r/2 paA11a11 (Rctf;p = 0.5821r, Rct/;K = 
= 0.5881r), rrpu'ICM Rct/JpK = 108.4061r paAHaH. 3ACCh )KC rrpuBCACHhl TC )KC ::ia­

BHCHMOCTH n o6JiaCTH MaKCHMaJibHhlX :JIIa'leHHH TCMIIa nOAaBJICHHH (rrynKTllp­

Hble JIHHIUI) AJIH onTHMaJibHOH paccTaHOBKII. CMell.lCIIHC MaKCIIMaJibllblX nenn­

'IIIH Dk B o6nacTh II<I ::! 1.4 (no cpanHeHIIIO c II<I ::! 1.2 A!IH onTIIMaJibHOH 

paccTanonK11) cBH:Jano c OTJIII'llleM Ret/JpK OT onTIIMaJihIIOro ::ina'!emrn. 

TaKIIM o6pa::ioM, na116onec CYll.lCCTBCllllblM napaMeTpoM, BJIIIJIIOll.llIM Ha pa::i­

Mephl o6rracTeii ycTOl:l'lllBOCTII, HBJIHCTCH na6er cf>a:Jbl 6eTaTpOHHbIX KOJie6aHlll:I 

MC*AY )];III II Tl. OTMCTIIM, 'ITO npu 11::iMenen1111 '!IIClla 'laCTIIQ Ha op6nTe 1m­

MenHeTCH KorepcHTHhll:I CABHr 'lacTOThl 6eTaTpOHHhIX xone6anHii:. B YHK-1 ero 

BCJIII'llIHa MO)f{CT AOCTHraTh 0.09 AJIH ropH:JOHTaJibllblX 11 0.41 AJIH nepTIIKaJib­

HhIX KOJie6aH11ii: [2]. IIocKOJihKY c11ruan OT AaT'lHKa AO K11xepa no Qerrn o6paTHOII 

CBJl:Jll rrepeAaCTCH nancTpc'Iy ny'IKY., TO BO:JHIIKaIOT COOTBCTCTBYIOll.lHC :JIIa'lH­

TCJlhllbie H:JMCIICHl1H Ret/JpK. lI::i IIpiIBCACHHhIX Bhlllie Bblpa)KCIIHH HCHO, 'ITO 

12 
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- _;;;;,-C: IKl 
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Puc.5 

!cos{TJ)I = lsin(Re(t/JPK + 'fPK; tpp))I > lsh{2dmQ)I, 

B YHK-1 noaToMy np11eMJICMhI OTKJI011en11.11 Ret/JpK oKono 0.21r paA11aH, 'ITO 

MeHbUJe O)KHAaeMoro 11:JMenemrn Ret/JpK 1m-::ia Korepe1IT11oro CAB11ra ReQ AJIH 

nepTHKaJihllhlX KOJie6aHuii. IIoaToMy npll JIH)KCKQIIII O'lepeAHoii: nopQHH 'lacTlfQ 

AOJI)f{Ha 6h1Th IIPCAYCMOTpena KoppeKQH.11 Ret/JPK ua y'lacTKe MC*AY ,[(II2 II Tl. 

KaK y)f{e OTMC'laJIOCb Bbillie, BBCACHIIC cf>HJibTpa n QCIIb o6paTHOH CBH:JH npn­

BOAHT ue TOJibKO K H:JMCIICHHIO o6rraCTII ycTOH'llIBOCTH, HO II K BO:JHIIKHOBCHHIO 

HOBhIX MOA :JaTyXalOll.llIX nonepe'lHblX K01Ie6an11ii:. Ha pnc.4 npHBCACHhl :JaBHCH­

MOCTII Dk OT II<I npn peanbnoii paccTaHOBKe AaT'lHKOB II KIIKepon AlIH CIICTCMhI 

IIOAaBJICHIIH ropH:JOHTaJihHhlX Kone6a11nii:. IIapaMeTpbI cf>HJibTpa OIITIIMH:JHpo-. 

BaHbl TaK, 'IT06bl TCMII noAaBJICHHH 6hIJI MaKCIIMaJibHblM. 8TOMY OTBe'laIOT_ 

::i11aqe1111H b = 0.61. Heo6xoA11MO II0A'lepKHYTh, 'ITO onTIIMaJihHhle :JHa'leHHH 

b :JaBl1C.IIT OT Q. B CBH:311 C 3Tl1M AOJI)Klla 6bITb npCAYCM0Tpe11a BO:JMO)KH0CTb 

noAcTpoii:K11 Koacf>cf>11Q11e11Ta yc1111eHHH b ycnnnTeJI.11 B pexypc11BHOM ::ine11e cf>1111b­

Tpa B COOTBCTCTBIIII C 11:JMCHCHHHMII Q. Ha p11c.5 np11BCACHbl :JaBIICl1MOCTH 

a6coJIIOTHOH BCJIII'lHHhl Apo6noii: 'laCTH 'lHcrra KOJic6an11ii: l{RcQk} I OT II<I AJI.11 

ncex noncpC'lllblX MOA- KpUBhie 1 11 2 C00TBCTCTBYIOT o6bl'lllblM M0AaM KOJie6a-

1mii:, a KplIBblC 3 11 4 - MOAaM KOJie6aHHH, CBH:JaHHhlM C HaJI11'IIICM QHcf>pOB0rO 

cf>IIJibTpa B Qen11 o6paTHOH CBH:311. II::i cpan11enmt pucyHKOB 3 II 4 BIIAHO, 'ITO 

npH HaJIIl'lHH cf>IIJibTpa B QCIIII o6paTHOH CBH:JII TCMII IIOAaBJICHHH HCCK0!IbKO 

MCAJICHHee. OAHaKo o6JiaCTb AOIIYCTUMblX :JIIa'lCHIIl:I II<I CYll.lCCTBCIIHO mnpe, 

'ITO AOJI)f{H0 6narorrpuHTHO CKa:JaTbCH npII nacTpoii:Ke YCIIlIIITCJICH MOll.lllOCTII B 

Qerru 06paT11oii: CBH:JII. 
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3aKJuo"9:eHIIe 
Ilponeµ;emrne nccrreµ;onanne nmrnunH oum6ox B paccTauonxe µ;aT'IIIKOB n 

TOJIKaTerreii 6bICTpoii CIICTeMbl noµ;anrremrn noKatlbIBaeT, 'ITO OTJIH'Ill.!l 11a6e­
r0B q>atl 6eTaTponnbIX xorre6anuii OT 71' /2 paµ;nau na xopoTKIIX npoMeiKyTKax 
Me:lKp;y µ;aT'IIIKaMII II TOJIKaTeJI.!lMII oµ;noro mrnxa np1mop;HT K MeIIblllCMY TCMUY 
noµ;aBrremrn xorepeHTHbIX 6eTaTpOHIIbIX xorre6au11i'i, 'IeM np11 norpe11111ocT.11x 

pamrnro tJHaKa. Ha1160Jib111ee BJIIIHu11e na TeMrr rroµ;aBJiemrn oxatJLIBaIDT ourn6xn 
B 11a6ere q>atlhl Me:lKp;y nepBbIM µ;aT'IHKOM IIOJIOiKemrn II nepBbIM TOJIKaTcJieM. 
B YHK-1 OHII ue µ;orr:lKHhl npeBbI!llaTb 0.2371' paµ;nau. B cBHtlH c B03MO:lKJILIMH 
6oJiblllHMII Bap11au;nHMII 'IIICJia npoTonoB ua op6nTe B YHK-1 ueo6xop;HMO npe­
µ;ycMoTpCTb Koppexu;mo 3Toro ua6era q>atlLI C TCM, 'IT06LI coxpaIIIITL ycTOll­
'IIIBOCTb pa60Thl CIICTeMLI noµ;aBJiemrn. 

B tlaKJil{}'IeHHe aBTOp Bbipa:lKaCT CBOI{} npI1t31IaTeJILIIOCTb JI.II .Jfoa11ony tla 
11unu;HaT1rny no nocTaIIOBKe tlap;a'In, xorrneraM 1m OIUIH, HcJ)B8 11 MPTII, 
COBMeCTIIO C KOTOphlMII Beµ;yTCH pa60Thl no COtlp;aIIIII{} CHCTCMLI nowinncmrn, 
::Ja nonem1Lie o6cy:lKp;eunH, a TaK:lKe II.A)Iepnony tla nponeµ;em1e 11eK0TopL1x 

. pac'IeToB. 
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>Ka611uK11i1 B.M. 
_Bnl1AHl-1e OWVIOOK s pacCT8HOBKe AaT'lVIKOB 1-1 TOnKaTenei1 
_Ha napaMeTpbl CVICTeMbl noAaBneHHR pe31-1CTl1BHOH . 
Heyc1oi11l1-1soc111 s I c1yneH11 YHK 

P9-92-310 

AHafll1311pyeTCR Bfll1AHl1e OWl100K B paccraHOBKe AaT'lVIKOB nono>Ke­
Hl1R ueHTpa TR>KecTl-1 ny'lKa 11 AHOOflbHblX MarHl1TOB·TOnKaTenei1 Ha napa­
MeTpbl CVICTeMbl OOAaBneHl1R KOrepeHTHblX nonepe'lHblX Kone6aHl1i1 s CVIH; 

••' xpoTpoHe np11 npol-13B0flbHOM 'll-1Cne uenei1 o6paTHOH CBA311 1-1 COl?A11HeHl1H 
B HVIX, noKa3aHO, 'lTO Ha napaMeTpbl o6naCTl-1 yCTOH'll-1B0CTl1 AB11>KeHl-1A 
ny'lK~ OKa3~1BalOT Bfll1RHl1e TOflbKO ow116K1-1 ~ Ha6erax q>a36eTaTpOHHblX 
KoneoaHVIH Me>KAY AaHHKaMl-1 11 TOflKaTeflRMl-1 .. npl-1BOARTCR peJynbTaTbl 
'll1CneHHblX paC'leTOB senwn-1Hbl . AOOyCTVIMblX ow1-160K paccTaHOBKl-1 

, AaT'lHKOB 1-1 TOnKarenei1 AflR c1-1cTeM1>1 noAasneHHR pe31-1c111~Hoi1 Heycroi1-
'll-1BOCTl1 B I c1yneH1-1 YHK, KOTopaR s Ka>KAOM 1,13 Hanpa'sneH1-1i1 nonepe'l­
HblX. Kone6aHHH .nY'lKa HMeer no ABa AaH11Ka n·ono>Kett~R 11 TOnKaTenR. 

Pa6ora BblnOnHeH.a B Jla6oparop~l1 csepXBblCOKVIX 3Heprni1 Olr1Alr1. 
' ' , : 

. Coo6weHHe 06he;iHHe1moro H11crnryra A;iepHbLX 1kc.1e;ioeam1i1 . .[ly6Ha · 1992 · 

Zhabitsky V.M. .. .. .. .· .. 
Influence of Monitor and kicker Location Errors. 
on the Damper System Paramet~rs (I Stage UNK) 

. P9-92-310 

. The influence of beam position monitors and damper kickers location 
errors cm the transverse damper system parameters is analyzed for' arbit­
rary feedback circuits. ,It is obtained that stable region configu.ration de­
pends only on the betatron phase advances between pick-ups and kickers. 
The numerical simulation is made for. the possible monitor and kicker 
location. errors in the fast damper system for .UNK-1 accelerator. This · 
system includes two monitors and two kickers in each plane of the beam 

. transverse oscillations. · 

The investigation has been performed at the P~rtic:le· Physics Labo­
ratory, JINA. 
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