
CJ~1 --2, 4 6-, 

C00611l8HMR 
Ofib8AMH8HHOro 

MHCTNTYT8 
RABPHbll 

MCC18AOB8HMI 

AYfiHa 

P9-91-246 

B.M.~a6H4KH~, ~.n.KopeHeB*, n.A.~AHH* 

noMEXOYCTOll!Y~BOCTb C~CTEMbl no,&ABnEH~S1 

KOrEPEHTHblX nonEPEYHblX K6nE6AH~VI nYYKA 

B C~HXPOTPOHE 

*MOCKOBCK~~ paA~OTeXH~YeCK~~ ~HCT~TYT AH CCCP 
' 

1991 



)l(a6HUKHll B.M. H lip. 
no>-1exoycro1i,HBOCTb CHCTeMbl nollaB.,ettlUI KorepetrrHblX 

nonepe'lllblX K011e6aHHH nyqKa B CHKXp0TpOHe 

P9·9l-246 

npoeeneuo HCCJlellOBaHHe BJIIUIIIIUI nOCTORHHblX H rapMOHH,ecKHX noMex Ha llBH>Ke
HHe 4aCTHU B CHHXpoTpoHe npH Ha11H411H CHCTeMbl nOllaBJleHHR Korepet<THblX nonepe4HblX 
Kone6amtii ny,Ka. nony'<ffibl MaTplNHble ypasHeHHII, onHCb1B3JOWHe llBIOKeHHe qacnm 
B YCKOpHTene, KOrlla 8 uenH o6paTHOH CBR3H CHCTeMbl IIOllaBneHHR BKJIJ04eH rpe6eH'la· 
TblH <1>11111,Tp. O6LUee pewettHe JTHX ,1aTplllothlX ypa.eHeHHH H3.HlleHo C IIOMOLUblO Mt'TOJ18 
Z-npeo6p830BaHH!I. npoeeaeHO HCCne.'.IOBaHHe no.,y,euHblX peWeHHH llJIR CHCTe>, ,,1.::1ae• 
nettH.R C OAHHM JlaTlfHKOM nonO>ICeHHR H OAHH\.t TOnKaTeneM, a T8K>Ke LUlR CltCTeM C !l.B)'MFI 

ll3T4HK8MH nOJIOlKeHHR H C llBYMR To., KaTenRMH. noKaJaHO, 'ITO npH HeKOTOpblX paCCTa· 
HOBKaX ll3T4HKOB noJIOlKeHHR H Ton KaTe:teH uern. o6p&THOH CBR3H npH Ha11H4HH nu ... exH 
npHBOllHT K CHnbHOMY yeenll'<eHHIO CMelUeHHR paBHOBe<:HoA op6HTbl ny,Ka, "TO aenaer 

HenptteMneMblMH no:to6Hble pacCTllHOBKH. Bb1RB:teHbl Pe:JOH&HCHble ycnoBHR H HX 33BH· 
CHMOCTb OT KOJ<l><t>HUHeHTa nepe;J.3"11 uenH o6pamoil CBR3H. npHBO.'.IR~R 4HCJlt'HHbU! 
pe:iy:ibTaTbl MR CHCTeM 110:1aBJ1eHIUI B YHK·l H LHC. 

Pa6oTa 01,1110.,ttetta e Jla6oparop1111 caepx'lhlCO><Hx Jtteprmi O11Rl1. 

Coo61UC!llle O6-beJ111HeHHoro I0ICTHTYTa R.:tepHblX 11ccneaoe&HHH. Jl:,,6Ha l 9Ql 

nepeBOll 3BTOp08 

Zhabit.sky V.M. et al. 
The Stability or the Damper System for the Coherent 
Transverse Oscillations or the Bca.n in Synchrotron 

P9-9l 246 

The investigation or the direct and alternating locker current perturbation influence 
or the particle motion in synchrotron with the beam coherent transverse oscillation damper 
system is carried out. The matrix equations for the damper system with the comb filter 
in feedback are obtained. Using Z-transfonn method the solution or these matrix equations 
has been found. These solutions are analyzed for damper systems with one pick-up and 
one damping kicker and with two pick-ups and two kickers. It has been shown that for 
a some pick-up and kicker placement& the feedback act.ion on noiae leads to considerablP 
deviation of the closed orbit. Such placements are unp06Sible due to this reason. The re• 
sonance conditions and their dep,:ondences on the feedback gain-transfer characteristic 
have been found. •The numerical result& are given for the damper systems in UNK-1 an<l 
LIIC. 

Thr mvcstii;ntio n has been 1><'rforme:cl al the Particle Physics Lahorntory, JI:'\ R. 
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BBE,llEH1:IE 

B pa6oTax/l-3/ ,QJlfl CHCTSM DOAaI3JleHHfl nonepegHblX Kone6aHHH 

nygKa B CHHXPOTPOHe 6wm nonygeHbl, MaTpHgHhle YPaBHeHHfl, onHChl

BaIDmHe H3MeHeHHfl B COCTOflHHH QeHTpa TsuteCTH nygKa 3a O60PoT 

DOA AeHCTBHeM KoppeKTHPYJC>mero. AHDOnbHOro MarHHTa C ygeTOM 

npeo6pa3OBaHHfl cHrHana c AaTgHKa nonollteHHfl · QeHTpa Tflil:ecTH 

nygKa B Qe□H o6paTHOH CBfl3H. PeweHHfl 3THX MaTPHgHblX ypaBHeHHH 

6hlJlH HaAAeHhl C HC□Onb3OBaHHeM OAHOCTOpQHHero z-npeo6pa30Ba

HHfl. B pa60Te111 -npH HccneAOBaHHH noAaBneHHH CBO60AHhlX 6eTa

TPoHHhlX Kone6aHHH nygKa 6hlJlO noKa3aHo, gTo DPH. HanHgHH 

□OCTOflHHOH" noMeXH B Qe□H O?PaTHOH CBH3H MOrYT BO3HHKHYTb . .. , , .. , 

TaKH~ CMemeHHfl P_aBHOBeCHOH op6HThl nygKa", KOTOpble B 3HagHT0nb-

HOH CTe□eHH npeBOCXOAflT c~emeHJ:ifl PaBHOBeCHOH op6HThl_ npH 

□oAa9e aHanor11gHoA nocTOflHHoA noMexH Ha KOP~KTHPYJC>IIIHH MarHHT 

□P11. OTKnrogeHHOH [lSOH o6paTHOH CBH3H. B pe3ynbTaTe OKa3hlBaIDTCfl 

He□pHeMneMhlMH H0KOTOPhl0 paccTaHOBKH AaTgHKOB n_onollteHHfl . ( nn), H 

KOPPSKT_HPYJC>mHx MarHHTOB ( T) H0CMOTPfl Ha TO, gTo · npH OTCYT

CTBl1H □OMSXH ,QJlfl TaKOH lite paccTaHOBKH ,llil HT ,QBl,fJ!t0HH0 gaCTHQ 

YCTOAgHBO. B CBfl3H C 3THM B HaCTO.RmeA pa6oTe npaBeAeH aHanH3 

HaH6onee o6mero MaTpHgHoro YPaBH0HHfl ,QJlfl CHCTeMhl DOAaI3JleHHfl 

nonepegHblX KOne6aHHH npH Han11g1111 BHeWHHX DOCTOflHHblX . H 

rapMOHHgecKHX BO3MYmeHHH B QenH o6paTHOH CBfl3H. 

OCHOBHbIE YPABHEHHH H OilPE,llEnEHHH 
B KagecTBe 6a30BOH KOH¢,HrypaQHH CHCTeMhl DOAaI3JleHHfl none

pegHblX Kone6aHHH nygKa B CHHXPoTPoH0 Aanee 6YA0T paccMaTpH

BaTbCfl CHCTeMa, B KOTOPoH B KaJ!tAOM H3 ,QByx HanpaI3Jl0HHH 

no□epegHhlX Kone6aHHA nygKa OHa COCTOHT H3 ,QByx nap ,llil. H T, 

COeAHHeHHblX HA0HTHgHblMH Q0□flMH. o6paTHOH . CBfl3H ( CM. PHC. 1 ) . 

TaKafl CHCTeMa Aanee 6YAeT Ha3hlBaTbCfl 6hlCTPoH CHCTeMOH DOAaB

neHHH nonepegHhlX Kone6aHHH. B .pa60Tax11 •21 noKa3aHO, 'ITO 

6blCTPaH Cl1CTeMa O6ecneg11BaeT llPH6JIH3HTenbHO BABB pa3a 60nee 

BhlCOKHA TeMn llOAaBneHHH nonepegHblX KOne6aHHA, geM Knacc11gec

KaH CHCTeMa131. nocneAHHfl B KaJ!tAOM H3 HanpaI3JleHHA Kone6aHHA 

HMeeT OAHH nn H OAHH T. EhlCTpaH CHCTeMa llOAaI3JleHHH pa3pa6aThl-

' BaeTCH ,QJlH YHK-1 H.06ecnetjHBaeT DOAaI3JleHH0 CHnbHOH nonepegHoA" 
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To- nepHOA o6pameHHH qacTHQ B YCKOPHTene). 
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PHC.1. CTPYKTYPHaH cxeMa CHCTeMbl IlOAaBnSHHH 

/1-3/ .. · ·• 
COrnaCHO MaTpHqHoe YPaBHSHHe, CBH3HBat0mee •· · · cocTOHHHH. 

QSHTpa TmKSCTH nyqKa qepe3 o6opoT, ~H 6b1CTpoA CHCTSMbI eCTb 

,,. V[n+l] = M0V[n] + QA(BTAV1 [n] +TAV2 [n]). t (1) 

3.i:iecb V[n]- MaTPHQa, onHcblBaiomaH cocToHHHe- QeHTpa THJteCTH 

nyqKa Ha c1_3HMYTe q>A1 Ha n-M o~poTe B npocTpaHcTBe o6o6meHHbIX 

KOOPAHHaT (v,(j)). MarHHTHaH CTPYKTypa YCKOPHTenH XapaKTepH3Y~ 
" :· . ·,. . "' ' --. .· 

STCH MaTPHQeA 06opoTa M. H qHcnoM KOne6aHHH Q 3a o6opoT (B 
~• Q. . A 

o6meM cnyqae Q ecTb KOMilnSKCHaH BenHqHHa). MaTpHQbl nepeXOAa B 

AnH npoMSl!YTKOB Jlill - Jlil2 

. nepexoAa OT T2 .cio Jlill ecTb 

3TOro npoMSl!YTKa pcIBHa ru(. 

H Tl - T2 OAHHaKOBbte. MaTPHQa 

A, npHqeM ¢a3oBaH npoTHJteHHOCTb 

B MaTPHQe T 3neMeHT T21 PaBeH 

SAHHHQe, a Bee OCTanbHbte MaTPHqHb19 3neMeHTb1 PaBHbt Hymo. 

)leACTBHe TonKaTeneA xapaKTepH3YeTCH MaTpHQaMH-CTOJI6QaMH 

AV 1 [ n] H AV 
2 

[ n] , B KOTOPHX nepBHH 3neMeHT nponopQHOHaneH 

nonepeqHOH CHne, C03AaBa9MOH TonKaTeneM, a BTOpofl PaBeH HYnJO~ 

AnH KnaccHqecKOH CHCTSMbI IlOAaBnSHHH Kone6aHHH YPaBHSHHe ( 1) 

ynpomaeTcH: 

V[n+l] = M V[n] + QA TAV1 [n], 
0 0 

(2) 

rAe A - MaTpHQa nepexoAa OT TOnKaTenH AO Aa~HKa nonoxeHHH, 
0 

npHqeM Aanee $830BaH npoTHJKeHHOCTb 3Toro npoMel!YTKa 6YAST 

npHHHMaTbCH TaKl!e .· paBHOH <XX. STO YPaBHSHHe SCTb qaCTHHH 

cnyqaA o6mero MaTpHqHoro ypaBHeHHH (1), 11 ero peweHHH nerKo 

MOrYT 6b1Tb nonyqeHbI M3 o6mero peweHHH AnH (1). 

SneMSHTH MaTpHQ AV1[n] H AV2[n], xapaKT9PH3YJODnlle ASHCTBHS 

TOnKaTeneA ~a nyqoK, q11cneHHO BHpal!alOTCH qepe3 K03<Pt)HQH9HT 

nepeAa<m K uenH o6paTHOH CBH311 H noKa3aHHH Jlil, 3aBHCHlllHe OT 

CMemeHHH nyqKa OTHOCHTenbHO paBHOBeCHOH op6HTH B MSCTe 

2 
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pacnonol!eHHH Jlil. Bo3MOl!Ha TaKl!e HX ¢YHKQHOHanbHaH 3aBHCHMOCTb 

OT APYrHX napaMeTpoB, Ha□pHMSP OT BHSWHHX B03~Ym9HHH Fext· B 

o6meM BHAS 3TO MOl!HO npeACTaBHTb KaK 

Av1,2[n] = f(V[n], K, Fext' ... ). (3) 

+ z: uout 

PHc.2. CTPYKTypHaH cxeMa uen11·06paTHOH CBH3H 

)lanee 6YAYT paccMaTpHBaTbCH QenH o6paTHOH CBH3H co CTPYK

TYPHOH CX~MOH, noKa3aHHOH Ha PHC.2. HanpHl!9HHe uin Ha BXOAe 

uenH o6paTHOH CBH311, CHHMaeMoe C Jlil, □OCTynaeT Ha cornaCYJ()lllHA 

BXOAHOH yc11n11Tenb C K03<Pt)HQH9HTOM YCHneHHH Kin, BbIXOAHOH 

CHrHan C KOTOporo IlOAaSTCH Ha CYMMaTOP H ¢HnbTP. B ¢lHnbTpe 

THna rpe6eHqaToro BKn~qeHbt HASanbHbte 38A9Pl!KH To H YCHnHTenH 

b1 , b2, ••• bp; qHcno 3B9HbeB B ¢HnbTpe paBHO p. CHrHanbt C 

ycHnHTeneH ¢HnbTpa HHBePTHPYIOTCH H nocTyn~ Ha CYMMaTop, a 

3aTeM Ha MOlllHHH BbIXOAHOH ycHnHTenb C K03<Pt)HQHeHTOM YCHneHHH 

Kout. 06iuHA K03<Pt)HQHeHT yc11neHHH B uenH o6paTHOH CBH3H 6e3 

¢HnbTPa paBeH KinKout' a CYMMaPHHH K03¢q)HQHeHT nepeAa9H 

K=SnKinKout· K03¢q)HQHeHT Sn yqH™BaeT npeo6pa30BaHHe CHrHana 

0 CMemeHHH B Jlil B HanpHJteHHe uin H npeo6pa30BaHHe BbIXOAHOro 

CHrHana uout B HMnYnbc CHnbt, B03AeHCTB~HH Ha qacTHQbl. 

IloAqepKHeM TaKl!e, qTo AnH npHBeAeHHOH CTPYKTYPHOH cxeMbI uenH 

o6paTHOH CBH3H B03A9HCTBHe B TOnKaTene nepeAaeTCH Ha Te l!e 

qacTHQbl, KOTOPbte reHep11poBanH CHrHan Ha BXOAe QS□H o6paTHOH 

CBH3H npH nponeTe Jlil, TO eCTb B03AeHCTBHe B TOnKaTene 

CHHXP0HH30BaHO C noKa3aHHHMH B Jlil AnH OAHHX H Tex l!e qacTHQ. 

C yqeTOM BbtW9CKa3aHHOro AnH (3) MOl!SM 3an11caTb: 

AV1 [n] = AV[n) + D1 [n]u[n]E, AV2 [n] = BAV[n] + D2 [n]u[n]E, 

3 



Di[n)= AiOa~O+m~1Aima~msin(2XnfimTo+ -~im), 

~V[n] = K[V[n] - f b u[n-m]V[n-mJ]. 
m=1 m 

(4) 

3aecb u[n)- <llYHKUHH eAHHHqHoro CKaqKa AHCKpeTHoro apeMeHH 

(u[n)=l □PH n;;.,1, u[n]=O □PH n<o/41 ; B MaTPHue-cTon6ue E 

nepBclH 3neMeHT paBeH eAHHHUe, a BTOPoH PaBeH Hymo. Ha n-M 

o6opaTe BHelllHHH □OMexa Di[n), □OCTY□aIOmaH Ha TOnKaTenb, HMeeT 

qacTOTY fim' aM□nHTYAY Aim H (l)a3y ~im" IloMexa HBJIHeTCH 

HapacTaiomeA BO BpeMeHH □pH ai >1 HnH 3aTyxaiomeA □pH ai <1. 
m A m 

JloonpeaenHB 3neMeHTbl MaTPHU ~v1,2[n) H □OACTaBHB_HX B (1), 

aonyqaeM ypaaHeHHe, CBH3bIBaJOmee COCTOHHHH ueHTpa THJKeCTH 

ayqKa qepe3 06oPoT aocne □poXOlK,[leHHH MarHHTHOH CTPYKTYPhI H 

aayx TonKaTeneA: 

V[n+l]= M V[n]+ QKA(BT+TB)[V[n]- f b u[n-m]V[n-mJ]+ 
o m=1 m 

+ QA[D1 [n]BT+D2 [nJT]u[n)E. (5) 

3TO pe3ynbTHPYJOmee ypaaHeHHe eCTb YPaBHeHHe AHHaMHKH ueHTpa 

THJKeCTH □yqKa AnH aBTOMaTHqecKOH CHCTeMbI C 3aMKHY™M KOHTYPoM 

perynHPoBaHHH._ CpeAH MHOlKeCTBa peweHHH 3TOro YPaBHE;HHH 

He06XOAHMO HaHTH Te, □PH KOTOPhIX ABHlKeHHe qacTHU 6yaeT 

YCToHqHBO, npHqeM BBeaeHHe ue□H perynHpoBaHHH □peAOTBpamaeT 

CaMOpacKaqKy qaCTHU □yqKa B aonepeqHOM HaapaaneHHH. 

IlonyqeHHOe nHHeAHoe pa3HOCTHOe MaTpHqHoe YPaBHeHHe (5) 

MO.lKHO 3<Pl)eKTHBHO pelllHTb, HC□Onb3YH OAHOCTOpQHHee 

Z-apeo6pa3oaaHHe aocneaoaaTenbHOCTH V[n]: 

00 .,.,. '°',,,... -n 
V(z)= L... V[n]z , 

n=O 

A 1 A . n-1 
V[n] = - Jv(z)z dz. 

2Xi C 
(6) 

3aecb C - n!06oA 3aMKHYTclH KOHTYP, OKpygaiomHA ace OC06bie TOqKH 

V(z) Ha KOM□neKCHOH z-nnocKocTH, B qacTHOCTH n106aH OKPYlKHOCTb 

lzl>R., rae R - PaAHYC Kpyra, BHe KOToparo cxoaHTCH 
V V 

(a6con10TH0 H paasoMepso) 3aAaJOmHA V(z) pffA. TaKoA caoco6 

pemeHHH BhI6paa TaKlKe no coo6palKeHHHM YA06cTaa aocneaYJOmero 

asanH3a ABHlKeHHH qacTHU nyqKa □PH HanHqHH ueaH o6paTHOH CBH3H 

C UH(l)PQBOH o6pa6oTKOH CHrHana, □OCKOnbKY z-apeo6pa3oaaHHe 

lllHPQKO. HC□Onb3yeTCH 

BpeMeHH/4/_ 
□PH aaanH3e 

4 

CHCTeM AHCKpeTHOro 

) 

:i 
;i 

Hcnonb3YH TeopeMY O B~eTaX AnH B~HcneHHH KOHTYPHoro 

HHTerpana B (6), MOlKeM 3a□HCaTb: 

A [ A n-1 ] V[n]= I Rez V(zk)zk . 
k 

0TC!OAB HCHO, qTo YCTOHqHaoe ABHJKeHHe 'laCTHU B03MOJKHO, ecn11 

Bee aon!OChI zk Ha KOM□neKCHOH z-nnOCKOCTH nelKaT BHYTPH 

OKPYlKHOCTH C PBAHYCOM Rv=l, TO eCTb 

lzkl<l. (7) 
JleKpeMeHT 3aTyxaHHH KOne6aHHH 'laCTHU D 6yaeT oapeaenHTbCH 

aon!OCOM C MaKCHManbHOH aen11q11soA MOAYnH: 

D=-ln(max I zk I). 
TaKHM o6pa30M, oapeaenHB aonolKeHHe aon!OCOB zk Ha KOM□neKCHOH 

z-anOCKOCTH, MOlKHO BhIHBHTb Ben11qHHhI aapaMeTPoB, □PH KOTOPhIX 

ABHlKeHHe qacTHU YCT011q11ao, a TaKlKe □OCTOHHHY!O 3aTyxaHHH 

nonepeqshIX Kone6aH11A qacTHU. 

Hcnonb3YH TeopeMy onepelKaiomero caa11ra 11 H3BeCTHhie caoAcTBa 

Z-npeo6pa30BaHHH/4/, □onyqHM 
z(V(z)- V[O])= M(z)V(z)+ QA[D

1
(z)BT+ D

2
(z)T]E, (8) 

rae 

M(z)= M + QK[l- f b z-m:iA(BT+TB), 
o m=1 m . 

(9) 

z ~ z
2

sin(~im)+zaimsin(2XfimT0 -~im) 
Di (z)= AiO -- + L Aim 2 2 (10) 

z-aiO m=1 z - 2zaimcos(2XfimT0 )+ aim 
3aecb V [ 0 ]- MaTp11ua, 0□1:1ci:maiomaH HaqanbHOe cocTOHHHe 

Pemes11e ypaaseHHH (8) AnH V(z) ecTb 

□yqKa. 

A (zI-M-1 (z)detM(z)) [zV[O]+QA(D
1 

(z)BT+D2 (z)T)E] 
V(z)= ( 11) 

det[zI- M(z)] 
PemeHHe ( 11) HBnHeTCH Z-npeo6pa30BaHHeM o6mero peweHHH 

paccMaTpHBaeMOH 38Aa'lH 11 nonHOCTb!O onpeaenHeT AHHaMHKY 

ABHlKeHHH qacTHU B YCKOPHTene □PH HanH'lHH uea11 o6paTHOH CBH311. 

IlpH K=O 

pemeHHe, 

( ue□b o6paTHOH CBH":311 BhIKn!Oqeaa) nonyqaeM o6~soe 

OilHChIBaJOmee ABHlKeHHe 'laCTHUhI B CHHXpoTpose111• H3 

( 11) aonyqaeM, <ITO o6paTHoe Z-npeo6pa30BaHHe aonaocTb!O 

onpeaenHeTCH aon!OCaMH zk, KOTOPbie HaxOAHTCH H3 ypaaHeHHH 
A - 2 A A. . 

det[zI- M(z)J= z - zTrM(z)+ detM(z) = 0, ·(12) 

rae TrM- cnea (wayp) MaTPHUhI M, H non10caMH Di ( z), KOTophie 

5 



8CTb 
ext ext 

zk = a10 ; zk = a1mexp(±i2Xf1mT
0

). (13) 

YpaBH8HH8 (12) onpe.nenHeT ,QHcnepcHOHHbie CBOHCTBa CHCT8Mbl, a 

pemeHHH ( 13) xapaKT8PH3YJ()T BH81l!HHe B03MYlll8HHH, B TOM •rncne 

pe30HaHCHble 84¢eKTbl npH COBna,QeHHH peuieHHH (12) H (13). 

Heo6xo.QHMO TaKJKe noMHHTb, qTo B (12) MaTpHQa MB cooTBeTCTBHH 

C (9) 3aBHCHT OT z HOT K03()xl)HQH8HTa nepe,QaqH K uenH o6paTHOH 

CBH3H. 

PemeHVIH ( 11) .QnH rpe6eHqaToro qJVlnbTpa □E!PBOro □OPH.QKa B 

OTCYTCTBVl8 □OM8X Di npoaHanVl3VlpoBaHbl .QnH 6blCTPOH CVICT8Mhl 
· • /1,2/ 

□O,QaBneHHH nonepeqHblX Kone6aHHH B pa6oTax , a .QnH 

KnaccHqecKOH CHCT8Mbl - B pa6oTe131 . npoee,QeHHble VICCne,QOBaHVIH 

,QHcnepCVIOHHOro ypaBH8HHH (12) □OKa3anH, qTo □PVI onpe.QeneHHblX 

paccTaHOBKax ,QaTqHKOB nonoEeHHH H TOnKaTeneH ycnoBHH (7) 

Bbl□OnHHIOTCH H ,QBHE8HH8 qaCTVIU YCTOHqHBO. By,QeM M .nanee 

paccMaTpHBaTb TOnbKO TaKHe paccTaHOBKVI .un HT. 

ACHM□TOTHGECKHE PEIIJEHHH 
H3 (11) HCHO, qTo pe3ynbTaT B03,Q8HCTBVIH BH81l1HVIX B03MYJJl9HVIH 

Ha ABHE8HHe qaCTVIQbl 3BBJ.1CVIT OT K03()xl)J.1QV18HTa nepe.naqVI uenVI 

o6paTHOH CBH3VI. B COOTB8TCTBVIVI C TeopeMOH O KOHeqHOM 

3HaqeHHVl141 MO~eM HaHTVI BCVIM□TOTJ.198CK08 pemeHHe: 

V[ro]= lim(z-l)V(z), (14) 
.z➔1 

KOTopoe VIM88T CMhICn, ecnVI ,QBHHb!H npe.nen CYJJl8CTBY8T ( TO 8CTb 

Bee nonIDCbl zk ne~aT BHYTPVI OKPYJKHOCTVI C pa.QVIYCOM Rv=l). 

,UaHHOe aCVIM□TOTVl98CKOe pemeHJ.18 He 3aBVICVIT OT HOMepa o6opoTa J.1 

B COOTB8TCTBVIVI C o6me□PVIHHTill1H onpe,QeneHVIHMVI xapaKT8PVl3Y8T 

CM8JU8HJ.1e paBHOBeCHOH op6V1Tbl. OqeBVl,QHO, 9TO □PVI BblKnID98HHOH 

uenVI o6paTHOH CBH3VI, HO npVI HanJ.19HVI BH81l1HVIX B03MYJJl8HJ.1H 

CM81l!8HVle paBH0B8CHOH OP6VITbl TaKJKe 6Y.Q8T VIM8Tb M8CTO. nnH 

OQeHKVI ,Q8HCTBVIH CVICT8Mbl o6paTHOH CBH3VI BBe,QeM BenV19VIHY 
A* AA 

G(K)= V [roJGV[roJ; (15) 
. "* . .A ,., 

r.ne. V [ro]- 3PMHTOBO conpHJKeHHaH C V[ro] MaTpHQa, a MaTPMQa G 

VIM88T BM.Cl 

a = [ ~ (Q~*>-1] . 

6 

;, . 

. ~ 
I 

\ 

EcnH MaTPHQa-cTon6eu V ecTb pemeHHe .QnH o6bl9Horo 6eTaTpOHHoro 

ypaBHeHHH, 

aM□nVITY.Qbl 

TO B8JlJ.19VIHa G(K) 

OTKnOHeHVIH nyqKa. B 

cpopMcpaKTOP F(K) cne.QYIDIUVIM o6pa30M: 

nponopu110HaJ1bHa 

CBH3VI C 3TJ.1M 

KBa,QpaTY 

onpe.nen1-1M 

F(K)=✓ G(K)/G(K=0)
0 

( 16) 
BBe,QeHHblH cpopM¢JaKTOP VIM88T npocTOH qJVl3H9eCKVIH CMblCn. Ero 

OTnH9He ·oT e,QHHHQbl xapaKT8PVl3Y8T CTe□eHb . B03,Q811CTBHH uenVI 

o6paTHOl1 CBH3H Ha CM8JU8HV1e PaBHOBeCHOM op6HTbl. Heo6XO,QHMO 

OTM8TVITb, 9TO ,QaHHOe onpe.neneHHe (16) cnpaBe,QJlHBO H HMeeT TOT 

JKe CMblCn .QnH KOM□JleKCHhIX 3Ha9eHH11 Q. 

,UJJH paccTaHOBOK ,QaT9VIKOB □OJ10JK8HHH VI TOnKaTeneti, KOr,Qa 

YCJlOBHH ( 7) Bbl□ OnHHIDTCH VI ABVllK8HVle qacTHU yCTOl19HBO, VI □PH 

OTCYTCTBVIH noMex (Di=O) 113 (14) B COOTB8TCTBHVI c (11) 

nonyqaeM, 9TO acHM□TOTH9ecKoe pemeHHe V[ro] paBHO HYJJID. TaKHM 

o6pa30M, ,QO□OJJHHT8JlbHbl8 3()xl)eKTbl OT CHCT8Mbl o6paTH011 CBH3H Ha 

B8JIH9HHY CMemeHHH paBHOBeCHOH op6HTbl MOrYT B03HHKHYTb TOJlbKO 

□PH HaJJH9HH noMeX. H3 (13) HCHO, 9TO z:xt=l TOnbKO □PH ai0:::1 

VIJJH □PH a
1

m=l H f
1

m=n/T0 , r.ne n- qenoe 9HCJJO. TaKHM o6pa3oM. 

CMemeHHe paBHOB8CHOH op6V1Tbl B03MOJKHO TOJlbKO np11 Han11q1111 

□OCTOHHHOH □OM8Xl1 Ha TOJJKaTeJJHX VlnM rapMOHl198CK011 · □OM8Xl1 C 

□OCTOHHHOH . aM□JlMTY.QOH 11 9aCTOT0l1, KPaTH011 qaCTOTe 06Palll8Hl1H 

qacTVIU B Cl1HXpoTpoHe. nocKOnbKY cnyqaJ:j TaKOl1 rapMOHl198CKOl1 

□OM8Xl1 B COOTBeTCTBl111 C ( 4 ) 3KBl1BaJleHT8H nocTOHHHOl1 noMexe C 

aM□Jll1TY.QOH Aimsin(~im), 
0

TO .nanee aCVIM□TOTl198CK118 pemeHHH 

6Y.QYT npMBO,QVITbCH .QnH □OCTOHHHOH □0M8Xl1. c· Y98TOM 3Toro 

aCVIM□TOTVl98CKOe pemeH11e eCTb 

V[ro]= Q(I- 9;1detMa)A(A10BT+ A20T)E/det(I-Ma), 
r.ne 

M = M + QK( b)A(BT+TB), a o K( b) = K[l- t b ] . 
m=1 m 

( 17) 

□OJJY98HHOe ac11M□TOTl198CKOe peweHHe .QnH □O,Q06HOH noMeXl1 Ha 

TOJJKaTeJJHX COOTB8TCTBY8T HaH6onee B8P0HTHOH Cl1Tyaq1111 Ha 

YCKOPl1T8Jl8. ,UeHCTBHTenbHO, TaKaH noMexa MOJKeT, sanpHMep, 

B03Hl1KHYTb H3-3a pa36aJJaHCl1poBKl1 BblXO,QHblX KaCKa,QOB yCl1JlHT8JIH 

MOIUHOCTVI B uenH o6paTHOH CBH3H. Ee HCT09Hl1KOM MOJKeT TaKJKe 

CTaTb COCTaBJJHIOll!aH c11rsana C .un. 06YCJIOBJ18HHaH CMemeHHeM 
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sneKTPH:'ieCKOl1 ·OCH .nn OTHOCHTeJJbHO TeKyrqero nonoJKeHHH 

PaBHOBeCHOl1 op6HT~. 

KaK H B pa6oTe121, 6y.QeM cqHTaTb, qTo IImQl«IQI, a yrnoBOe 

pacCTOHHHe OT T2 .QO .U□ l, PaBHOe ax, eCTb MaJJaH no CPaBH8HHID C 

e.QHHHUe11 B81JJ.iqHHa, TaK qTo a'.JCimQ HBJJHeTCR BeJJHqHHOl1 BToporo 

llOPHAKa. MaJJOCTH_. B STOM lite CMblCJJe 6y.QeM cqHTaTb MaJJ~H 

yrJJOB~e pacCTOHHHH OT .U□l .QO .nn2 HOT Tl .QO T2, npHqeM npHMeM 

npoT.Rl!!:eHHOCTb STHX npoMel!:YTKOB PaBH~H X/2ReQ. Tor.Qa B 

1JHHel1HOM npH6nHl!:8HHH AJJR 6~CTP011 CHCTeMbl. llO.QaBJJeHHH 

nonepeqH~ KOJJe6aHHl1 nonyqHM cne.QYJOlllee B~eH!'fB 

(l)opMcl)aKTOPa: 

[i-K(b)2[cos(aXReQ)-cos((2-a.)XReQ)ch(2'.JCimQ)]-K(b)]
1

/
2 

. · .. 41 sin(XQ) 1
2

ch(2XImQ) . 

AJJH 

F(K)-:---------'--------------. ( 18) 
ll-K(b)4sin('.JCQ)sin((l-a.)'.JCQ)-K(b)I 

4sin2 (XQ) 
E111e pas no.QqepKHeM, qTo ~paxeHHe _(18) HMeeT cMblcn, ecnH HMe-

eTc:H CTaUHOHapHoe peweaHe, TO eCTb npe.Qen ._( 14) cyrqeCTBYBT . 

.UaHHOe. B~PaJ!tBHHe AJJH (l)opMcl)aKTOpa HBJJHBTCH . O6111HM AJJH uenH 

o6paTHOl1 CBHSH c $HJJbTP0M THna rpe6eHqaToro c pasnHqH~ qHc-

.. JJOM 3BeHb8B. B OT JJHqHe .· OT pa6oT~l< OHO CllPaBBAJJHBO AJJH KOM

n~eKCH~ BenHqHH Q. 0.QHaKO HeO6XO.QHMO HMeTb B BH.QY, qTo B 

cnyqae nonHoro sanonHeHHH nyqKoM op6HT~ B CHHXpoTpoHe (SaMK

HYTwt Henpep~Hwt nyqoK) B ( 18) cne.QYST llOJJOlKHTb ImQ=O. B 

cnyqae crpynnHPoBaHHoro nyqKa KOHKpeTHoe sHaqeHHe AJJH ImQ B 

,(18) He CTOJJb O.QHO3Haqao H Tpe6yeT .QOllOJJHHTeJJbH~ HCC118.QOBa

HHJ1. .nnH OQeHOK MOlKHO HCllO1Jb3OBaTb 3HaqeHHe ImQ, COOTBeT

CTBYJOlllee HaH6onee CH11bHOl1 aeycTOJ1qHBOCTH B paccMaTpHBaeMOM 

CHHXPoTPoHe. Ha PHC.3 llPHB8.Q8H~ 3aBHCHMOCTH Be1JJ.iqHH 

$OPM$aKTopa F(K) OT KO8!l¢HUHBHTa nepe.QaqH K AJJH uenH o6paTHOl1 

CBH3H 6e3 $H11bTpa ( b =O) . AJJH pasnHqH~ paCCTaHOBOK .nn H T. - . m . 
3aBHCHMOCTH·llPHBe.QeH~ AJJH CHCT8Mbl llO.QaBJ18HHH H8YCTOJ1qHBQCTH B 

/2 ' YHK-1 / npH I ImQI =0.1, qTo cooTBeTcTByeT HHKpeMeHTY 

HeyCTOJ1qHBOCTH B HaH6onee onacHOM cnyqae Ha HH3KHX qacTOTax. 

HaH6O11bWaH o6naCTb · YCTOJ1qHBOCTH, KOr.Qa KOPHH zk YPaBH9HHH 

(12) Y.QOB118TBOp.RIOT ycnOBHID (7), COOTB9TCTBY9T pacCTaHOBKe .nn 

HT, KOr.Qa axReQ=O.42'.Jt (KPHBaR 1). B STOM cnyqae MaKCHMaJJbHwt 

TeMn no.QaBJJ8HHH nonepeqH~ KOJJe6aHHl1 nonyqaeTCH DPH K=l.2
121

. · 

8 

i 
I 

l 

l \1 
;~ 

C POCTOM ax o6naCTb YCTOJ1qHBOCTH CYJKaeTCR, H.AJJH paccTaHOBOK, 
• ' < ,~ 

COOTBeTCTBYJOIIIHX KPHB~ 4-9, P8lKHM OO.QaBJJeHHR nonepeq~ 

Kone6aHHl1 He O6ecneq11eaeTCH AJJH I ImQ I =O. 1. □PH. .QaJJhHef1weM 

YBeJJHqeHHH ax .BHOBb llOHBJJHBTCR o.6na~Tb YCTOJ1qJ.iBOCTH llPH K<O. 

C YM9HbllleHHeM IImQI AJJH paccTaHoBoK 4-9 peJKHM no.QaBJJeHHH 

F<K> FORMFACTOR 
1.4f I I . I 1 I I I j1 

1.3 

1.2 

1.1 

~:~ ~~~3 ~ 
0.8 . , , . ~ ~ ... 
0.7 · .. . 5 

0.6 ReQ::52.71 :::-s:._~ 
0.5 lb1Ql:O,l . 6 --.____---._ 

0.4 ·· I 
a.a o.3 o.6 o.9 1.2 1.5 1.0 

F<K> 

14 

12 

10 

8 

6 

4 

2 

FORNFACTOR 

DI I u I I I I I " II 
-1.8 -1.5 -1.2 -0.9 -0.6 -0.3 

PHC.3. -.~PM$aKTOP F(K) AJJH 6~CTpol1 CHCT9Ml,l ,llO.QaBJJeHHH ,.no
nepeqHbD{ KOJJe6aHHl1 npH ·IImQl=O.l. YrnoBOe paccTOHHHe a'.Jt 

0

OT T2 
.QO·.n□ l eCTb aReQ=O.42+O.l(n:..1). QH<tlP~ y KPHBhlX..:'sHaqeHHR n. 

F<K) 

1.61!-

1.41!-

0.8 

0.6~ ReQ::52,7!. 
1111!=0 

. FOIIIFACTOR 

>~ 
2 

0.411. , . I I I I· I .. J1 
a.a o.3 . o.6 • ·o.9 1.2 1.5 1.8 

F<K> FORIFACTOfl 

12~ IJ t I. .. ,., 

10 

K 
-1,8 -1.5 -1.2 -0.9 -0.6 -0.3 

PHc.4. ~PM$aKTOP. F(K) AJJH 6~cTpof1 cHcTeMbt no.QaBJJeHHH no
nepeq~ Kone6aHHl1 npH ImQ=O. Yrnoeoe pacCTOHHHe ax oT T2 .QO 
.n□ l eCTb"aReQ=O.42+O.l(n-1). QH$P~ Y KPHBblX - 3HaqeHMH n.· 

.. ;; 

nonepeqH~ KOrepeHT~ Kone6aHHl1 .QOCTHraeTCH. . . Ha PHC. 4 

npHB0.Q0H~ 3aBHCHMOCTH ¢,opM$aKTOpa F(K) llPH ImQ=O •• H3,PHCYHKOB 

3 H 4 BH.QHO, qTo AJJR paccTaHOBOK .n□ H T; COOTBeTCTBYJOlltHX 

KPHB~ 8 H 9, BeJJHqHHa ¢>oPM$aKTopa 3Ha•mT011bHO 6oJJbllle e.QH-
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I! 

HHQbl~ TaK; npH IImQl=O.l H yrnoBOM paccTOHHHH OT T2 AO ll□ l, 

PaBHOM (x.'.JC=l.12'.JC/ReQ (KPHBaH 8 Ha PHC.3), HMeeM F(K)~17 npH 

K=-1.26; TaKoe CHnbHOe BJJHHHHe QenH o6paTH011 CBH3H Ha 

CMemeHHe paBHOB8CHOl1 op6HTbl aenaeT He□pHeMneMUMH OOA06Hble 

paccTaHOBKH nn 11 T, qTO OTMeqanocb H B/l/_ 

HeTPYAHO OOBTOPHTb BbWle□pHBeaeHHble BblKn~KH MH KnaccHqec

KOH CHCTeMbl noaaBJJeH11H nonepeqHhlX Kone6aHH11. B 3TOM cnyqae 

HMeeM cneayromee 3HaqeH11e MH llloPMltlaKTopa: 
I 2ein('.JCQ) I 

F(K)= . (19) 
l2ein('.JCQ)-K(b)coe((l-a)'.JCQ)I 

np11qeM 3A8Cb Bl,IpaJKeHHe MH K( b) TaKoe xe, KaK B ( 17 ) • nnH 

(19) cnpaBeM11BO TO xe 3aMeqaHHe, qTo 6W10 caenaHo MH (18) 

( AnH HenpepbIBHOro nyqKa cneayeT nonOlKHTb ImQ=O) . Ha Pl1C. 5 

IlPHBeAeHbl 3aBHCl1MOCTH BenHql1H (j)OpM¢)aKTOpa F(K) OT 

K03ctxlJHQHeHTa nepeaaqH K MH qe□H o6paTH011 CBH3H 6e3 ¢11nbTpa 

( b =O) MH TaKHX paccTasoBoK nn H T, Koraa .QBHJKeHHe qacTHQ 
m -

YCTOHqHBO, TaK qTo KOPHH zk ypaBHeHH5:I ( 12) YAOBneTBOPffiOT 

ycnoBHJO ( 7) ,. , 3aB11<::11MocT11 ripHBeaem,1 anH 3HaqeH1111 Q B -LHC anH 

CHCTeMhl noaaBJJeHHH nonepeqHhJX KorepeHTHhlX Kone6aHH11 np11 

·ImQ=O. HaH6onbIIIJ,IH TeMn noaaaneHHH. Kone6aHHH nonyqaeTcf! np11 

FO!ll1FACTOR F~> I 

ReQ=70.31 

\~ 

ltl()::O 

._5 " ----.....____ -

1.5t---/ 
LO' 

o.5t 1. 
0.0 ) ) ) ) ) 

K 

-1.5 -1.2 -0.9 --0.6 --0.3 

FORIFACTOR 
F(K) I 

-1.5 -1.2 --0.9 -0.6 -0.3 

I 
~ 
I 

Kj 

P11c. 5. ll'>opM¢aKTOP F ( K) aim Knacc11qecKOH Cl1CTeMbl noaaaneHHH 
nonepeqHhlX K011e6aHH11. YrnoBoe pacCTOHHHe rot OTT AO ll□ eCTb 
aReQ=0.62+0.l(n~l). QH¢Phl y KPl1BhlX - 3HaqeHHH n. 

paccTaHOBKax nn 11 T, COOTBeTCTBYIOmHx KPl1BhlM 5-8 Ha Pl1C. 5 np11 

-1.2<K<-0:9131 . H3 Pl1CYHKa B11AHO, qTo MH paccTaHOBOK ll□ 11 T, 

COOTBeTCTBYIOmHX KPl1BhlM 6-10, Ben11q11Ha qJOPM¢aKTOpa 3Haq11TenbHO 

10 

¼ 

t1 

6onbrue ea11HHQbl □pH K<-1.5 TaKoe Cl1JlbHOe BJll1HHl1e Qe□11 

o6paTHOl1 CBH3H Ha CMemeHHe PaBHOBeCHOH op611Tbl aenaeT 

Henp11eMneMUM11 □OA06Hble paccTaHOBKl1 nn 11 T. TaKl1M o6pa30M, anH 

Knacc11qecKOH CHCTeMbl nonyqaeM TaKOl1 xe Bb!BOA, KaK 11 anH 

6blCTPoH CHCTeMbl noaaaneHHH H8YCTOl1qHBOCTl1. H3 CPaBH8Hl1H 

PHCYHKOB 3, 4 H 5 TaKxe B11AHO, qTo 3HaqeHl1H qJOPM¢aKTOpa AnH 

OAH11X H Tex xe KB Knacc11qeCKOH Cl1CTeMe HeCKOnbKO 6onbrue, qeM 

B 6blCTPOl1 CHCTeMe OOAaBneHHH H8YCTOHql1BOCTH. 

Dp11 Han11q11M ¢11nbTpa B qen11 o6paTHOl1 CBH3H, KaK 3To HCHO 113 

( 18) 11 ( 19) , nonyqaTCH TaKHe xe 3aBHCHMOCTH (!JOpM¢aKTOpa, 

OAHaKo Tenepb aprYMeHTOM 6YAeT flBJJHTbCH Be1111q11Ha K(b), 
KOTOP8H 3aBJ1CHT OT b 

m 
OTMeTl1Tb, qTo ec1111 CYM],la 

3BeHbHX ¢1111bTPa PaBHa 

B COOTBeTCTBl111 c (17). c.neayeT 

K03¢¢l1Ql18HTOB YCl1118HHH bm BO Bcex p 

8AHH11Qe, TO F(K)=l MH nJ06hlX K, 
OOCKOJJbKY B 3TOM c11yqae K( b)=0. TaKl1M o6pa30M, YCTP8HHTb 

BJJl1HH11e Cl1CT8Mhl noaaBJJeHHH nonepeqHhlX Ko11e6aHHl1 Ha BenHq11Hy 

CMemeHl1H PaBHOB8CHOH OP6HTbl MOlKHO □PH o6ecneqeHHH- PaB8HCTBa 

8A11Hl1Qe CYMMhl K03¢¢HQH8HTOB YCH118HHH YCH1IHTe11e11 B 3B8HbHX 

rpe6eHqaToro ¢H11bTpa. 3TOT Bb!BOA HaXOA11TCH · B cor11ac1111 

c
11

•
5

•
61

, rae 11cnonb3oBancH ¢11JJbTP-□Po6Ka nepBoro □OPHAKa 
(p=l) C YCl11111T8JJ8M C K03q)Cpl1Q11eHTOM yc11neHHH b=l. 

BJIH.HHHE I'APMOHHgECKHX DOMEX 

PaccMOTPMM Tenepb BnHHHMe rapMOHHqecKHX noMex, qacTOTa 

KOTOPhlX He KPBTHa 

CneayeT pa31111qaTb 
qacToTe 06pameHl1H qaCTl1Q B Cl1HXPoTPoHe. 

aaa cnyqaH, Koraa ·11MeeTcH □oMexa c 
HapacTBJOme11 

3aTYXa10me11 
111111 OOCTOHHHOH aM□Jll1TYAOl1 ( aim~ 1) 

co BP8MeHeM aM□JJl1TYAOl1 ( aim< 1 ) . KaK 

111111 C 

yll[e 6blJIO 
OTMeqeHO BbWle, np11 Han11q1111 o6mero 3aTYXaHHH KOJJe6aH1111 B 

OTCYTCTB1111 □oMex perueHHH ypaaHeHHH ( 12) · ABJOT I zk I < 1 . □03TOMY 

□PH Bim~l OOJJIOChl . zk, HBJJHJOm11ecH perueHHHMH a11cnepc110HHOro 
ext 

ypaBHeHHH (12), 11 OOJJIOChl zk , onpe~enHeMhle □OMexaM11 cornaCHO 

(13), He coan~BJOT. B pe3y11bTaTe B perueH1111 MH V[n) B03HHKBJOT 

COCTaBnHJOm11e, 06ycnoBJJ11BaJOm11e 6118Hl1H K011e6aHl111 c C06CTBeHH011 

qacTOTOH, onpeae11HeM011 arg(zk)- a~rYMeHTOM perueH1111 zk 113 

( 12) , 11 Ko11e6aH1111, CBH3aHHhlX c BHeruHe11 □0Mexo11 c qacTOTOH 

fim" 0TM8THM, qTo Be~HqHHa arg(zk) 38BHCl1T OT Q 11 ax. 
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Pe3bHaHca He B03HHKaeT, ecnH ,!lalKe arg(zk)=2XfimT
0

• 3,!leCb 

CYIUeCTBeHHO TO, 9TO B peweHHH npH aim=l ,He □OHBJlHIOTCH 

KOM□OHeHTU, noCTOHHHO P,3CTYIUHe OT o6opoTa K o6opoTy, XOTH B 

npouecce 6HeHHH npoHCXO,!lHT nepHO,!lH98CKHe YB8nH98HHH aMnnHTY.llU 

KOne6aHHH, KOTOPUe MOrYT npe,!lCTaBnHTb onpe,[leneHHYIO onacHOCTb. 

AMnnHTY.lla Kone6aHHH apH aim=l H arg(zk)=2XfimTo 

nponopuHoHanbHa 1/(1-maxlzkl ), r,!le maxlzkl- peweHHe zk H3 

(12) C M8KCHManbHOH BenH9HHOH MO,!lYnH B 3TOM cnyqae. □03TOMY 

,!lnH npe,!lOTBpameHHH ,!lO□OnHHTenbHOro BnHHHHH ue□H o6paTHOH 

CBH3H Ha □O,!l06HYIO □OMexy He06XO,!lHMO o6ec□e9HBaTb HaH6onbWHH 

T8M□ □O,!laBneHHH nonepe9HbIX KOne6aHHH, TO eCTb pa6oTaTb B 

pelKHMax c MHHHManbHb!MH 3Ha9eHHHMH maxlzkl. 

,llpyraH CHTY8UHH B03HHKaeT □PH 38TyxaIOmeH □OMexe ( aim< 1 ) . 

3,!leCb ,B03MOlKHhl cnyqaH, KOr,!la zk H3 (12) COB□8,!laeT C 

aimexp(±i2XfimT
0

) H3 (13), TO ecTb arg(zk)=2XfimTo H 

lzkl=aim· TaKaH cHrYaUHH MOlKeT BCTpeGaTbCH B npouecce 

YCKOpeHHH, nocKOnbKY, HanpHMep, □PH KOppeKUHH nonolKeHHH 

paBHOBeCHOH op6HTbI c noMOmbIO KOppeKTHPYIOmHx ,!lH□oneff HeM36elKHO 

B03HHK8IOT nepexo,!lHble npoueccbl B ue□HX n11TaHMH ,!lM□OnbHhlX 

MarHHTOB, 9TO 3KBMBaneHTHO noHBneHMJO □oMeXH C aim <l. IlYCTb 

COB□8,!laIOT ,!lBa peweHHH H3 (12) H (13), TO ecTb B (11) MMeeM 

nonIOc BToporo □OPHAKa. B 3TOM cnyqae B peweHm1 ,!l11H V[n] 

B03HHKHYT KOM□oHeHTU, nponopuHoHanbHUe nlzkln. H xoTH B uenoM 

3Ta KoM□oHeHTa HBnHeTcH 3aTyxa10meH, nocKonbKY lzkl<l B 

.COOTBeTCTBHM C ( 7), B pe3ynbTaTe ace-TaKH MOlKeT B03Hl1KHYTb 

apeMeHHOe 3Ha9HTenbHOe YBenH98HMe aM□nMTYAU KOne6am1H ,!lO 

Be11H9HH;, npo□OPUHOHaJlbHbIX -1/ ( e · ln I zk I l • Onac~ocTb □O,!l06Horo 
sqxpeKTa ao3pacTaeT np11 I zk I , 6JJM3KMX . K emm11ue, TO ecTb np11 

ManoM TeM□e no,!laBJleHMH Kone6aHMH. 3TO 03HaqaeT, qTO 

He06XO,!ll1MO 1136eraTb pelKMMOB pa6oTU CMCTeMbl □O,!laBneHMH, np11 

12 ) 
. ext 

KOTOPbIX zk_H3 ,!lHC□epcHOHHOro YPaBHeHHH ( COB□8,!laJOT C zk 

H3. ( 13): 

zk=aiO H1111 zk=aimexp{±i2XfimT0 ). (20) 

C,!lenaeM eme 0,!lHO CYIUeCTBeHHOe 3aMeqaHHe. H3 (12) HCHO, 9TO 

nonolKeHHe nonIOca zk 3aBHCHT □PH 38,!laHHOH paccTaHOBKe ,ll□ HT H 

3a~MKCl1pQBaHHOM Q OT K03~11UMeHTa nepe,!laq11 uenH o6paTHOH 

CBH3H K. B pe3ynbTaTe no Mepe YBenHGeHHH IKI MOlKeT B03HHKHYTb 
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CHTYaUMH, KOr,!la BbIOOnHHe'rCH O,!lHO H3 YCJIOBHH B ( 20) • 0,!lHaKO 

,!lanbHefimee yaen11qeH11e IKI □PHBe,!leT K HapymeHHIO 3Toro ycnoBHH. 

IlosTOMY cKaGKoo6pa3Hoe yaen11GeH11e I KI B6nH3H TaKHX oco6wc 

T099K 6y,!leT. npHBO,!lHTb K o6meH CTa6HnbHOCTH CHCT9Mbl DO,!laBJISHHH 

nonepeqawc Kone6aHHH. IlO.ll06Hoe aen11aeffaoe peryn11poaaa11e 

HSTPY.llHO o6ec□e9HTb B ue□H o6paTHOH CBH3H C QH$PQBOH 

o6pa6oTKOH CHrHana, 0,!lH8KO paccMOTP8HHe OC06eHHOCTeH pa6oTbl 

□O,!l06HWC HenHHSHHWC CHCTeM perynHpoBaHHH BWCO,!lHT sa PaMKH 

HaCTOHmeH pa6oTbl. 

Heo6XO,!lHMO TaKJte OTMSTHTb, qTo □PH H3BeCTHOM cneKTpanbHOM 
. . ' 

COCTaBe HaH6onee onaCHblX ~OMSX B03MO:atHO DOCTpoeHHe $H11bTPQB 

TaKHM 06pa30M, . qT06H HCKnlO"lHTb BbI0011H9H119 YC110BHH ( 20) B 

38,!laHHOH o6naCTH perynHPQBaHHH no K ,QJIH YCHJlHTeneff B ue□H 

o6paTHOH · CBH3H. IlpH • DOCTPQSHHH CJlO:atHblX $H11bTPQB, O,!lHaKO, 

HY:atHO DOCTOHHHO o6ec□e"lHBaTb BbIOOJlHSHHe YC110BHH (7). ,QJIH 

pemeHHH ,!lHCDSPCHOHHOrO YPBBH8HHH (12). 

3AKJIIOqEHHE 

IlpoBe,!leHHoe B HacT051meff pa6oTe 11ccneAOBaHMe BnHHHHH noMex 

Ha pa6oTY CHCT0Mbl DO,!laBJI0Hl1H nonepe"lHblX KOJle6aH~H □PH HaJlH"lHH 

B Qe□H o6paTHOH CBH3H rpe6eH"laToro $H11bTPa DOKa3btB89T 

3~0KTl1BHOCTb npHMeHeHHH MSTO,!la Z~npeo~pa30BaHHH ,QJIH pemeHHH 

TaKOH 38,!la"lH. IloKa3aHO, 'ITO HaH6onbWee . B11HHHl19 Ha Bbl6op 

napaMeTpOB CHCTeMbl DO,!l8B119HHH oKa3btB89T aHanH3 3Ha"leHHH 

¢opM$aKTOPa, OTJlH"lHe KOTOporo OT e,!lHHHQbI xapaKT0PH3Y0T 

CTeneHb B03,!l0ACTBHH 

PaBHOBSCHOH op6HTbl 

uen11 

□PH 

o6paTHOA CBH3H Ha cMemeH11e 

H811H"lHl1 DOCTOHHHOH DOMSXH Ha 

TOnKaTenHX 111111 rapMOHH"lSCKOA DOMSXH C DOCTOHHHOH aM□JlHTY.llOH H 

C "laCTOTOH, KpaTHOH "laCTOTe 06pameHHH qacTHQ .B CHHXpoTpoHe. 

IlonyqeHo, 'ITO □PH H0KOTOPblX paccTaHOBKax ,llil HT uenb o6paTHOH 

CBH3H □PHBO,!lHT K CHJlbHOMY YBe11H"l9HHIO CMemeHHH PaBHOBeCHOH 

op6HTl:,l nyqKa, 'ITO ,!lenaeT Henp11eMJ19MbIMH □0,!l06Hble paccTaHOBKH 

H0CMOTPH Ha TO, 'ITO DPH OTCYTCTBHH OO,!l06HOH OOM9XH ,QJIH TaKOH 

:ate paCCTaHOBKH ,llIJ HT ,!lBH:at0HHe qacTHU YCTOH"lHBO. B P83Y11bTaTe 

HCC119,!l0BaHHH BnHHHHH raPMOHH"l0CKHX noMex noKa3aHO, 'ITO 

3anpemeHbI pe:atHMbl pa6oTl:,l CHCTeMbl 00,QaBneHHH, KOr,Qa BbIOOJlHHIOTCH 

pe30HaHCHbI0 YC110BHH DPH COB08,!l9HHH 0011IOCOB ,!lHC00PCHOHHOro 
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YPaBH8HHH C nonIDCaMH B Z-06pa3ax KOMilOH8HT Il0M8XH. B1,1HBneHa 

3aBHCHMOCTh 3THX P930H8HCHbtX ycnoBHH OT K0311Xt>HUH8HTa nepeAa9H 

uenH o6paTHOH CBH3H. 

nonygeHHJ,Ie 06JJU,1e M8TPH'9HH8 ypaBHSHHH Anfl CHCT8MJ,l 

IlOAaBn8HHH nonepeqHbtX Kone6aHHH npH HanH9HH B uenH o6paTHOH 

CBH3H rpe6eH9aToro (l)HnhTpa C npoH3BOnhHb!M '9HCnOM 3B8Hh8B 

Il03BOn~ npoBSCTH onTHMH3aQHID napaMeTpoB CHCTSMJ,l IlOAaBneHHH 

npH noCTPOSHHH ¢HnhTP0B BToporo H 6onee BJ,ICOKOro IlOPMKOB C 

ygeTOM cneKTpanhHoro COCTaBa HaH6onee onacHbtX IlOMSX H ycnoBHH 

OilTHManhHoro 3aTyxaHHH nonepe'9HbtX Kone6aHHH nygKa B o6naCTH 

38A8HHbtX 3H8'98HHH Ko3CW)HQHSHTa nepeAa'9H uenH o6paTHOH QBH3H. 

B 38KnID'98HH8 aBTOPH BHPaJt~ CBOID npH3HaTenbHOCTh 

. H. H. HBaHOBY 38 none3HJ,I8 06CYJ{,Q8HHH H noCTOHHHl:,IH HHTepec K 

pa6oTe. 
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