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1. BBeaenue

Jluneitapie cnextpanbable kKopHU (JICK) mim criekrpanbabie mapsl (JICIT) Obutu mpemioxensl Mtakypoit B
1975 romy B KauecTBE albTEPHATHUBBI MapaMeTpaM, OTOOpaXKaloIIMM CBOMCTBA IOJIIOCHONH MHUHUMAaIbHO-()a30BOM

JIMHEHHOHN TUCKPETHON CUCTEMBI, T.€. CHCTEMBI C TIepPeIaTOYHON (DYHKITHEH

b
_ 0
H(z)=—F"—. (1)
—k
1+ 2 a,z
k=1

Jlo 5TOro MOMEHTa, 12 U B HOCICAYIOLICM, B KaUeCTBE APaMETPOB HCIIONb30BANIUChH Ko duuueHts: {ay },
HEJIMHENHbIE KOMIIO3ULMU KOYhQUIMEHTOB a) — KoddduuuenTs! oTpaxenus O u ap. [J1.2]. Ilouck moaxonsaumx
napameTpoB s nepenaun uHbopManmu o (ynkumu H(z) oOycnosied mpoGiieMaMu KBaHTOBAHHS W BIUSHHEM

ITOMEX B KaHaJe CBS3U.

[Tpu xBaHTOBaHMYM UCTUHHBIEC TTAPAMETPHI 3aMEHSIOTCS WX MPUOIIKSHHBIMI 3HAYCHUSAMH, a IeHCTBHE TIOMeX
MOJKET CYIIECTBEHHO M3MEHHUTH 3HA4YCHHS MapameTpoB. Bce 3To mpuBOIUT MO0 K KaTacTpOPUIECKUM COOBITHSIM —
MoTepe YCTOWIMBOCTH BOCCTAHOBIICHHOW Ha MpHEMe MepenaTouHOr (GYHKIIMH U COOTBETCTBYIOIIEH CHCTEMBI, THOO K
HCKa)XKCHUSIM €€ YaCTOTHBIX (BPEMEHHBIX) XapaKTePUCTHK.

Buibop nooxooawux napamempos, npedxcoe 8ce20, C643aH C YMeHbULEHUEM 6GIUAHUA UCKANCATOUWUX
gaxmopos.

Kpome Ttoro, BaxxHO, 4TOOBI BBHIOpaHHBIE MAapPaMETPBl JOCTATOYHO IIPOCTO PACCUUTHIBAINCH, SKOHOMHO
MIPEACTaBILUINCH, TO3BOJISUIN JIETKO KOHTPOJINPOBATh YCTOWYNBOCTD, HCKITIOYast KaTaCTPO(UUECKUE CUTYALIIH.

IIpennoxxennsie Mrakypoit JICII oka3anuch TydmIMMH B yKa3aHHOM BbIIIE€ cMbIcHe. I XOTS cTporo 3Tot
(axT He HOKa3aH, HA IPAKTUKE KOHKYPHPYIOIIUX ITapaMeTPOB MOKa HE Hal/IeHO.

Jluneiinble crieKTpaibHbIe Maphl ITakyphl ONPEIesIOTCs CIEAYIONIIM 00pa3oMm.

N
IMycts AN(z) =1+ Zakz_k. OO6pasyeM J1Ba MOJMHOMA
k=1
P(Z):AN(Z)+Z—(N+1)AN(Z—1)
Q(Z):AN(Z)_Z—(NH)AN(Z—I )

Hckimouas TPUBHUAJIbHBIC KOPHHU 3THUX IOJIMHOMOB Z = | , HOJIyYUM

2)

RP(Z)=LZ_)1, RQ(z)=LZ_)l, st N - 4eTHOro
1+z 1-z
Rp(z)=P(z) RQ(z)=1Q(—Z_)2, st N - HE4ETHOTO.
-z

[Topsnku nonmuHoMoB Rp 1 RQ , KaK HETPYIHO BHIETh, — 2P U 2( — COOTBETCTBEHHO (P W ( — ILEJIbIe

‘-II/ICJ'Ia), a CaMU IMOJIMHOMBI CUMMETPUYHBIC.

Bamensis z va ed®, ® = ®T u o6o3nauas X =z + z7' =2cos ® , Haxonum
P
Fp(x)=Yc,x"
n=0
q
Fo(x)=Yo,x"
n=0

JHokazano [JI.1], uro Bce kopuu noimHomoB Fp(X) u FQ (X)— pasinu4HbI, BEIIECTBEHHBI, JEXKAT B

unTepBane [-1, 1] u gepenyrorcs. Bee xopHn mommaoMoB Rp u RQ TaKKe paszIMYHbl, JIEKAT Ha €IMHUYHOUN
OKPY>KHOCTH U YePEIYIOTCS.

JluneiiHble cneKTpajibHble KOPHU WM, YTO TOXE, JHMHEWHBIE CIEKTPAJbHbIE YaCTOTHl BBIUYUCISIOTCS IO
hopmyite

(®; =arccos Xj, i=1..p+gq.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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3Hast X (@®j), HETPYAHO BOCCTAHOBUTH MHOrOWIeHbl Fp, FQ , ciaenoBatenbHo, Rp u RQ 1, HAKOHEII,

P(z) u Q(z). ITociie aTOr0 BOCCTAaHABIMBAETCS TIOJIMHOM 3HAMEHATEIs IepeaTOUYHON (yHKITHH

P
AN(Z):%' 3)

Wrax, juist npezncrasienus napopmayuu o nommsome A N (z)  Heobxoaumo Beruncautb Xj(®;) . Pacder

TIOCJIEAHUX CBOJMTCS K PEIICHUIO alreOpanvyeckux ypaBHEHHH, BCE KOPHHM KOTOPBHIX BEIECCTBEHHBIC, Pa3IMYHBIC
qucna.

[Ty6nmkarmu no teopuu JICK nocssimeHsr:

- M3yYEHHIO PALHOHAIBHBIX (3KOHOMHBIX M GBICTPBIX) METOI0B pacuera JICII [J1.3,8]";

- N3Y4YECHUIO PallMOHAJIbHBIX METOJOB KBAaHTOBAHMUS, B OCOOEHHOCTH BeKTOpHOro kBaHTtoBaHus, JICIT
u JICK [JI. 4,8];

- uccnenoanuio ceovicts JICII [JI. 5, 6, 7, 8]*;

[JT. 6, 7, 8] Obmo nHaibimeno, uro JICK Hrtakypbl HE €IWHCTBEHHBI M YTO CYIIECTBYIOT MapaMeTphl,
Ka4yeCTBEHHO 00JIQAOIIIe TEMH K€ CBOWCTBAMH.

OcobenHo mmpoko u ¢ OompmuM  yerexoM JICK mpuMeHSIOTCS B 3aladax KOMIIPECCHH PEeud IS
KOMIIAKTHOTO TIPECTABICHUS MOAEIIH PEUEBOTO TPAKTa.

Opnnako nonsiTHO, 4to JICK ynoOHO npuMeHSTh B JIIOOBIX 3a/adax, rje HeoOX0IMMO 3KOHOMHO TIepeaBaTh,
XpaHUTh W JIOCTATOYHO TOYHO BOCIIPOM3BOAWTH HH(OpMANWIO O TIOJIOCHBIX CHCTEMaX, MHHHMaJIbHO-(a30BbIX
cucTeMax oOmiero Buza, MO0 cucteMax THma (a3oBHIX 3BeHbEB. B cBere ckazanHoro uccinenosanus JICK mmeror
3HaueHue st Teopuu U npaktuku LOC B uenom.

OcCHOBHOM 3amavell HaCTOsIIEH cTaThH, obomatomeil padory [JI. 6], sBiserca nocrpoenne teopun JICK, B
paMKax KOTOpOIl HM3BECTHBIE pe3yNbTaThl SIBISIFOTCS YacTHBIM cilydaeM. Kpome TOro, moyiydeHHbIE pe3yibTaThl
MTO3BOJISIIOT MPEABSBUTh K N3YUCHHUIO HOBBIC BAPMAHTHI CIIEKTPAIBHBIX TAPaMETPOB, HCIOIH30BaHNE KOTOPBIX MOXKET
COCTaBHTh KOHKypeHIHio kinaccndeckum JICK.

Jlanee wm3ioXeHWe BeAeTCS MO CIEAyomeMy IulaHy. B pasmene 2 wW3ydaloTcs CBOWCTBA CIICIIMATBHBIX
TTOJIMTHOMOB, KOTOPEIE MCIIONB3YIOTCS B NajbHeWmeM. B pasnene 3 onuceiBaroTcst HOBBIe criocoOb! monydenus JICK. B
3aKIIIOYCHUH 00CYKIAI0TCS MMOTyIeHHBIEC PE3YIIbTAThl U TIEPCIIEKTUBEI MX PAa3BUTHSL.

2. IHouHOMBI ¢ MOHOTOHHO YObIBaromei @YX

[Tycte AN (z)- MuHEManbHO-(A30BBIH MOIMHOM, T.€. HOIMHOM, BCE KOPHH KOTOPOTO JIEXKAaT BHYTPH
€IMHNYHOT0 Kpyra miockoctu Z. ®azo-yactoTHOl Xapaktepuctukoi (OUX) moanHoMa A(z) Ha30BEM CIEAYIOLIYIO

YAaCTOTHYIO 3aBHCHMOCTh arg A@EI?).
Hmeer mecto

R N
Yreepikaenne 1. ®UX noaunoma z - AN (z), rae R 2 E €CTh MOHOTOHHO BO3pacTaomas pyHKumus

4acTOThI; Npu n3Menenun O ot 0 10 T ®UX Bospacraer ot 0 10 R7.
Jlnst nokasatensctBa npeactaBuM A £y (z) B Buze

-1 -1 -1
Ay(z)=ag(l1-z127 (1=zp2 ) ... (1=zyz ),
rae z; — kopHu ypaBHenus A N (z) =0, KoTopble MOrYT OBITh KOMIUICKCHBIMH JHOO BEIECTBEHHBIMU. B

i N
o0mem clydae z; =1;e’?, rae |ri | <1 [TycTs R= > Toraa

1 1 1 . A
ZRAN(z)= 12(1—211_1 )><22(1—222_1 )X 22 (1=zy2" ) 3amenus z na el®, pacCMOTpUM  OJIMH
COMHOKHTEIb

—j( Q_ﬂ

e
27—z 2 2 )= A(d)

&
j@ o —id
=e 2(1-ne'®e™®)=¢ 2(

m\—=

1- "
22(1-zz7) 0

1+
arg A(©)= 2+arctg1 ltg(‘” (pl)

AHanu3 MOCIeIHEero BBIPAKEHUS CBHUIACTENBCTBYET, YTO IpU JIIOOBIX (O] H |r1|<1, arg A(®) -

BoO3pacTaronias q)yHKIII/Iﬂ YacCTOTbI MTPU U3MCHCHUU (1) B Jualia3oHe OT 0 J0 TT.

* v
LlnTupoBaHHbIe paOOTHI ABISIOTCS IPUMEPAMH, U3BICYEHHBIMHU U3 OOJIBIIOrO YHUCIA TyOINKAIH, TTOCBSIIEHHBIX TEOPHH U
npumenenuto JICK.

-2-
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.N A
Ja® 6 A
Otcrona HeMeUIEHHO CIIeyeT, uto arge 2 Ay (e’®) npu m3menennu gactotsr O 0T 0 10 T MOHOTOHHO

s
Bo3pactaet ot 0 10 E N pag, 1.e. ot 0 10 R7 pan.

N

Ecmu ke R > —, te. ZR =z2 ZR1 , Ry _E , TO K MOHOTOHHO Bo3pacrtaromei PUX mnonuHOMa
2

.N A
i 0 ia 5 .
e 2 Ay (eJm) no6asnsercs muaeliHas OUX, paHas R M, uro u mokas3eiBacT yTBepKacHHE 1.

R
YrBep:ikaenue 2. BemecrBeHHas W MHUMAasi 4YacTH IOJMHOMA Z AN(Z) BbIPAJKAIOTCH

N N
TPUrOHOMETPUYECKUMHU MHOTOUJIEHAMH BHIA 2 ay cos(R-k)d n 2 ay sin(R-k)®,npu ag =1.
k=0 k=0

I[J'IH J0Ka3aTcCIbCTBA 3alIMIIICM

Re{ZRAN(Z)}LzejGJ =Re(6))=%(zRAN(Z)+ Z—RAN(Z_I )1 "

—eJ®
o “)
Il AN ()] =Im(©)= Ay ()R Ay )],
z=e/® 2 2=/
Tornma
A 1 _ _ _ —(R— _
Re(m)zE(ZR +alzR 1+...aNzR Nz R+alz (R 1)+...+aNz_(R N))Z:ej(]) =
1 _ _ —(R— _ (R—
:E[(ZR+Z B)vay( %+ 7B v vay (8N + 7R N))]z=ej6° -
=cos RO+ a, cos( R—1)0+...+ ay cos(R—N ).
AHaI0rn4HoO J0Ka3bIBA€TCA COOTHOLICHUC
N
Im(®)= Y a; sin(R—k )o. (5)

k=1

R
VYrBepxnenne 3. BemecTBeHHass  MHAMasi 4acTH noamHoMa z Ay( z) B 3aBucumoctu ot R Moryr
OBbITH BBIPAa’KeHbI CJIeAYIOLIUM 00pa3om

R
Re(®)= Y a, cos* @, ecnm R - nenoe;

k=0
. R
N O 2~ k A
Re(®)=cos— Y, b, cos” ® ecnn R - npoGHOE;
2 k=0
Rl (6)
Im(®)=sin®Y, ¢, cos* &, ecim R - nenoe;
k=0
. R-1
A L0 2~ k A
Im(®)= smE > d, cos” &, ecmu R - 1pobHOe.
k=0

Jloka3aTenbCcTBO MPHUBEICHHBIX COOTHOLICHUI HEMEMIeHHO cienyeT u3 tadbmunsl 3.3 [JI. 9 ctp. 146],, ecmu
Re(®) u Im(®) npexncraButh B BUIE

Re(é)):%(ZRAI\,(2)+Z_RAN(Z_1 )

7=e/®

. 1 - -
@)= 2" (An(2)=2 A=)

u 3aMeTuth, uyto AN (z) + 272RA N (Z_1 ) n AN(z)- 272RA N (Z_l ) ecTh mepenarouyHbie (QyHKIMU
KUX-dunstpos ¢ muneitHoi ®UX (Dopmyirel Tab1.3.3 Kak pa3 ¥ CpaBeUIMBEI IS TAKUX (QYHKIIAN).

W3 npuBeneHHBIX hopMyi (6) creayer:

1. [Tpu moOBIX 3HAYCHUSX ITAPAMETPOB
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Re(® )|(1,:TE =0, ecmu R - apo6GHOe,
Im((b)|6)=0’6)27E =0, ecau R -umenoe, (7)
Im((b)|6)=o =0, ecmu R - apobGHoe.

Cnenmosarensho, Re(®) u Im(®) wuMeroT psia BIIOJIHE ONPE/IENEHHBIX, HE 3aBUCAIIMX OT a) KOPHEH.
OTH KOpHH OyZeM Ha3bIBaTh TPUBHATIHHBIMHU.

2. Kaxnas cymMma KOCHHYCOB B (opMmynax (6) 3aMeHOH IepeMeHHBIX COS (M= X MOXKET OBITh

1

2 (ecm R —

npeobpa3oBaHa K aiureOpandeckoMy mojauHoMy crermend R mmm (R-i) (ecnu R — menoe) mm R —

npoOHoe). Takas 3aMeHa epeBOIUT HHTEpBa 9acToT [0, 1] B uHTEpBaN ocH X — [-1, 1].

3. O6o0menue Teopun UTakypsl u ajJibTepHATUBHBbIE BapuaHThI nocTpoenust JICK

R N
VYreepxaenue 4. BemecrBennas yacts nojauHoma z- Ay (z) i HMeeT HYJH Ha YacToTax OJRi R
z=e

MpU KOTOPBIX arg{eijAN (ejm)} npunnmaer 3navenns (2k+1) L, k=0,1,d =[R —%] , 4 MHHMAasi 4acTh

9TOr0 e MOJIMHOMA — HA 4acTOTax GJIi , TIPH KOTOPBIX arg{eJmRAN(eJm)} pasen 2k L, k=0,1,d=[R],

rjae [-] o3navaer Gumxkaiiniee He 0oJiblee 1eJI0€.
J1st noxazaTenbcTBa JOCTATOYHO 3aMETUTh, UTO

e/RAy (e’ )=Re(®)+ jIm(®>) =™
rae O(®) moHoTOHHO Bo3pacTaeT oT 0 10 TR Npu u3sMeHeHuu yacToThl oT 0 10 7 (YTBepaxaenue 1). Tak kak

A(z) — yCcTOMUYMUBBIA MHOTOYJIEH C KOPHSAMH BHYTPH €AMHUYHOTO Kpyra, TO || >0, npu ®e [0, 7]. CnenosarensHo,
Re(®) = || cos0(®) ob6pasyercsa B HOINb HA YACTOTAX (bRi , tie 0(®) = (2k +1)%, k=0,1,..d=[R —%].
Ananorngso, Im(®) = || sin O(®) obpasyeTca B HONb HA YACTOTAX G)Ii , e (@) =kmt, k=0,1,..d=[R].
3/1eCh BaXKHO, YTO YHCIIO YaCTOT G)Ri u (bli , T.¢. uncio kopueil Re(®) u Im(®) na unrepsane [0, 7] paBHO

1 Re(®) —R, eciu R —nenoe, u R + 1 , ecii R — apo6Hoe

s Im(®) —R+1, ecmu R — nenoe, 1 R +1 , eci R — 1po6HoeE.

BaxxHoe ciieficTBHE YCTAHOBIEHHBIX (haKTOB MOJIYUAETCS, €CIIU OOBEANHNUTD PE3ybTaThl yTREPKACHUI 3 U 4.
Ero conepsxanue cocTouT B ToM, uto Re(®) u Im(®) wnmeror na unteppaine [0, ] TOILKO BELIECTBEHHBIC KOPHH.

(PaBHO m anreOpandeckue MONTHOMBI, 00pa30BaHHBIE W3 CyMM KOCHHYCOB MMEIOT TOJBKO BEIICCTBCHHBIC KOPHH).
OTH KOPHHU TPOCTHIC, PA3IMYHBIE U YePEIyIOTC.

IIpu sTOoM uMciHO KO3()(GHUIMEHTOB A} HMCXOAHOTO MHOIOYIEHA W YHCIO HETPMBHAIIBHBIX KOPHEH
mHorowieHoB Re(®) u Im(®) wa uarepsane [0, 1] HaxoAATCsS B ClEAYIOMIEN 3aBUCUMOCTH.

O6ee uncio kopueit pynkimii Re(®) u Im(®) na unrepsane [0, ] paBHo Y, =2R +1.

KOpHeH
Takum oOpa3oM, oOIee 4YHCIO HETPUBHAIBHBIX KOPHEH ZH « =2R-1. J[leranusupoBaHHas KapTHHA

pacnpenereHus: KOpHeHd roka3aHa B Tadusmie 1.

Tabmuma 1
Re(®) Im(®)
R YHCIIO YHCIIO YHCIIO YHCIIO
HETPUB. KOpHEH TPUB. KOpHEH HETPUB. KOpHEH TpUB. KOpHEH
R- R - R-1 2
esoe
R- 1 1
R—-—- R—-—-
JIpoOHOe 2 I 2 I
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YT1Bep:xkaenue S. PaznuyHble BADHMAHTHI JIHHEHHBIX CNIEKTPATBHBIX KOPHeil MOTYT ObITh MOJY4Y€HbI U3
peleHnst ypaBHeHMit

R _
Ref z AN(z)}Z:ej(D =0
R
Im{ z"Ay(2)} _jo
IMpu stom st R = %

=0, HpI/IRZ%.

R:N+1

2~ ciyuait

Mnojxy4acTcss MUHUMAJIbHO BO3MOJKHBIH opAA0K ypaBHeHHﬁ, npu

N+1

T M30BITOYHOE YHCIIO TapaMeTpoB, IpH R=N — MOXHO OTpaHMYNTH PEIICHHEM OIHOTO

Urakypsl, mpu R >

YpaBHECHHS.
Jl1s moka3zaTensCTBa MEpenuIeM ITPUBEICHHBIC YPAaBHEHHS B BUIE

Re(d)=1{ " Ay(z)+ 27 Ay(™ W _io

N R -R -1
Im((D)=2L].[Z Ay(z)—7 "Ap(z )}Z:ejd) i
A 1 l R -2R -1 ®
Re(w):EZ {AN(Z)+Z AN(Z )}Zzejﬁ)
~_ 1 _R -2R -1
Im(m)—z—jz {Ay(z)—72 T AN(z )}Fejfo
OueBuano, uto Hymu Re(®) m Im(®) o6pasyiorcs TONbKO 3a CYET MOMMHOMOB, CTOSIIHX B (DMI'YPHBIX
CKOOKax.

1. Ecmm R= % , 2R =N u B COOTBETCTBUM C YTBEPKAECHHEM 3 CTENEHH MOJMHOMOB Re 1 Im Gymyr R u R—

1, eciu R — nenmoe 1 R —L eccmR- npobHoe. Takum 06pa3zoM, 00Iee YMCIIO ONpEeeIIeMbIX KOpHEH

2 b
paBHo N-1 u s nonHod uHbopMmauuu o MHOrowieHe A N (zZ) He0OXOAMMO Iepefarbh 3HAYCHHE elle

0JIHOTO IapaMeTpa, HaIpUMEp, MacIITaOHOro MHOXkHUTEIA 1pu Im(®) .
2. Ecmu R = % , To hopmybl (8) mpeBpamniaroTcst B cooTHomeHus Mrakypbl. Uucimo KopHE#H OKa3bIBAIOTCS

paBHbIMU N.

3. Ecm R >% , To obOmiee 4Ywcio KopHel ypaBHeHHi (8) crtaHoBUTCS Ooybine N U, Cie0BaTeNIbHO,

M30BITOYHO.
4. Ecmu R=N, To umcio kopHeii ypasnenus mis Re(®) pasno N, a qjus Im(®) — N-1. CnenopatenbHo, s

nonHoi uudopmanuu 0 MHorowiene A (z) mocratouso nepexats N kopHedl Re(®) wmm N-1 kopweii

Im(®) u MacmTaGHBIH MHOKHTENb.

4. 3axiarouyeHue

[MTonyueHnHsle B paboTe pe3ysIbTaThl HO3BOJISIOT CHIENATh Psijl BAsKHBIX BHIBOJOB U IPEUIOKECHUMH.

- Wnest cnexrpanbHbIX 4yacToT (KOpHEH), mpemioxeHHas B [JI.1], Ha camoMm Jene MOXeT OBITH
peann3oBaHa MO-pa3HOMY B TOM CMBICJIE, YTO CYIIECTBYIOT pa3HooOpa3Hble BapuanTsl JICK.

- IIpennmoxennas Teopust JICK maer Bo3MoxkHOCTH '"reHepupoBarh" Bapuantbl JICK, wm3menss

mapametp R. Tak, mpu R =% UMeeT MECTO ciydail, u3ydeHHbI MTakypoll ¥ MOBCEMECTHO HCIOIb3yEeMBbIH B

HCCIIEJOBAHMAX U pa3paboTKax.

- PaznooOpasue BapmantoB JICK, mo3Bossier CTaBUTH 3ajady ONTHMHU3AlWH, B YacTHOCTH, IIO
KPHUTEPHUIO YyBCTBUTEIHEHOCTH.

- bazoBbie ypaBHenus (8) ycranaBiuBaioT TecHyo cBsizb Teopun JICK u KUX-¢pumsrpoB c
nuHeHbiMu OUX.

- Hakonern, m3ydeHne KOHKPETHBIX CHTYaIlMid, HaIpHUMep, BaXHOW B 3adadax KOMIIPECCHH pPEUH
pobJIeMBl SKOHOMHOHM Tiepefadr ImapaMeTpoB JHHEHHOTO NpeAcKa3aHus, AeNaeT aKTyalbHOW 3aJady NeTabHOTO
HCCIIeIOBaHMSI PAIIMOHAIBHBIX c1ioco00B BhraucieHus u kBanToBanus JICK mpu N=10. JletictButensno, mpu N=10 u

R =% =5 BMECTO JIByX ypaBHEHHH 5-0f CTeNeHH mpH Meroze MTakypbl, HEOOXOANMO peIiaTh OJHO YpaBHEHHE 5-

oif 1 o;THO ypaBHeHHUe 4-o0if creneHn. [Tocneanee MoKeT OBITh PEIICHO B pauKaiax.
OTKpBITEIM OCTaeTCsl BONPOC O BEIOOpE mapamMeTpoB KBaHTOBaHWA. HoBas Teopus MO3BONSET B KadecTBE
TaKOBBIX BEIOMpaTh pasnuanbie couetanus JICK u ko pummeHToB TMHEHHOTO NpeICKa3aHusl.
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1. Introduction

The linear spectral roots (LSR) or spectral pairs (LSP) were offered Itakura in a 1975 [L.1] alternatively to
parameters mapping a properties of the polar minimum-phase linear discrete system [L.2], i.e. system with transfer
function

N k
H(z)=bo/1+ Yaz k. (1

k=1

The choice of approaching parameters, first of all, is connected to a diminution of influence of the distorting factors.
Besides it is important, that the selected parameters rather simply calculate, economically it were represented,
allowed easily to inspect stability, excepting disastrous situations.
Offered LSR have appeared by best in the mentioned above sense. And though strictly this fact is not proved,
in practice of competing parameters is not found yet.
The publications under the theory LSR are devoted:
. to study rational (economical and fast) methods of ccalculation LSR [L.3,8]*;
° to study of rational methods of quantization, in particular of vectorial quantization, LSR [L. 4,81%*;
to research of properties LSR [L. 5, 6, 7, 8]*.
Main problem of the present article generalizing work [L. 6], is the construction of the theory JICK, within
the framework of which the known outcomes are a special case. Besides the obtained outcomes allow to present to
study new variants of spectral parameters, which use can make a competitiveness classical LSR.
Further exposition is conducted under the following plan. In section 2 the properties of special polynomials are
studied which are used hereinafter. In section 3 the new methods of deriving LSR are described. In the conclusion the
obtained outcomes and perspectives of their development are discussed.
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2. Polynomials with monotonically decreasing PFR

Let Ay (z) - minimum - phase polynomial, i.e. polynomial, which all roots lay inside a single circle of a plane Z. As

a phase-frequency characteristic (PFR) of a polynomial A (z) we shall name frequency dependence arg A(ej(b). Has
a place

N
The statement 1. PFR of a polynomial ZRAN(Z), where R 23 there is monotonically growing function of

frequency; for want of modification ® from O up to p PFR will increase from 0 up to Rp.
The statement 2. A real and imaginary part of a polynomial RA N (2) express by trigonometrical polynomials of a
N N
kind ¥ a; cos(R—k )® and Y a; sin( R—k )®, for want of ay =1.
k=0 k=0

The statement 3. A real and imaginary part of a polynomial RA N (z) depending on R can be expressed as follows

=
P A : . O 2~ A :
Re(®)= Y a, cosk®, if R -integer; Re(w)= COSE Y, b, cosk®, if R -fractional;
k=0 k=0
. R-1
. A RL A . . .02~ A .
Im(®)=sin®Y,c¢, cosk®, if R-integer;Im(®)= smz Y. d, cosk®, if R -fractional.
k=0 k=0

For want of any significances of parameters

Re(®),_ =0, if R -fractional,
Im(®) oe0.0r =0 i R-integer,
Im(€0)|a)=0 =0, if R -fractional.

Therefore, Re(®) and Im(®) have a number quite determined, not dependent from a, roots. These roots
we shall name trivial.

3. Generalization of the theory Itakura and alternate variants of construction LSR

The statement 4. The material part of a polynomial ZRAN (z) " has zero on frequencies @y , which for want
z=e !

of arg{eja)RAN (eja))} . Accepts significances 2k+1)Z, k=0,1,d=[R —%] , and imaginary part of the same

polynomial - on frequencies (in , Which for want of arg{eja)RAN (ejﬁ))} Is equal ZK%, k =0,1,d =[R], where [‘]

means nearest not greater whole.
The statement 5. The various variants of the linear spectral roots can be obtained from a solution of the equations

R _ R _ N
Ref z AN(z)}Z:ejG)—O Im{ z AN(Z)}z:ej‘b =0, forRZT.
For want of it for R = % the order of the equations is minimum, for want of R = NTH - case Itakura, for want of

R > NTH - redundant number of parameters is received, for want of R = N - it is possible to be limited to a solution

of one equation.
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4. Conclusion

The outcomes, obtained in work, allow to make a number of the important conclusions and offers.

. The idea of spectral frequencies (roots) offered in [L.1], actually can be realized differently in the sense
that there are diverse variants LSR.

. The offered theory LSR enables "to generate" variants LSR, changing a parameter R. So, for want of
R = % has a place a case investigated Itakura and everywhere used in researches and development. The
variety of variants LSR, allows to put a problem of optimization, in particular, on a criterion of sensitivity.

. The base equations install close connection of the theory LSR and FFR-filters with linear PFR.

. At last, the study of concrete situations, for example, important in problems compression of speech, of a

problem of economical transfer of parameters of a linear prediction, makes an actual problem of a detailed
research of rational methods of calculation and quantization LSR for want of N = 10. Really, for want of N =

10 and R = % =15 instead of two equations of the 5-th degree for want of method Itakura, it is necessary to

solve one equation by 5-th and one equation of the 4-th degree. The latter can be solved analytikally.
Open there is a problem on choice of parameters of quantization. The new theory allows as those to select various
combinations LSR and coefficient of a linear prediction.
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