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B nocnegHue rogbl nposiBnAeTcs 60MbLIOW UHTEPEC K peLUeHUo 3afadnm crenown uaeHTudmkauum
UMMNYNbCHOM XapaKTepUCTUKM KaHana CBA3W, OCOBEHHO B Tex Cny4vasx, Korga MCnorib3oBaHue
UcnbITaTeNMbHbIX CUrHaNoOB HEBO3MOXHO WNU HexenaTtenbHo. Hanpumep, B MHOroToyeyHbix cetax TDMA
NMOCTOsSIHHas nepedaya WCNbITaTENbHOM MOCNEeAOBATENIbHOCTU CYLLECTBEHHO CHWXAeT 3EeKTUBHOCTb
MCMOMb30BaHNA MNONIOCbl  KaHana, a WCMNofb30BaHWE TPEHMPOBOYHOM ceccum HedadpdeKkTUBHO B
MHOronosnb3oBaTenbcKon cucteme [1,2].

BO3MOXHOCTb pellueHusi 3afjaun  MAEHTUUKALMK  KaHama CBA3M TONMbKO MO OTcyeTam
WH(POPMaLIMOHHOW MOCNeaoBaTeNbHOCTU BO3MOXHO Npu  cobnogeHun yCnoBuin nAEHTUOULUPYEMOCTH
KaHana, KOTopble HakMaablBalOTCA Kak Ha MMMYMbCHYIO XapakTepUCTUKY KaHana Tak U Ha MHGOPMAaLVNOHHYIO
nocrnepoBaTtenbHOCTb [3].

B HacTosilee BpemMsa pasBMBAlOTCA OBa OCHOBHbLIX MOAXO4a K pelleHuio 3Ton 3agayn [3] —
CTaTUCTUYECKUA W OETEPMUHNPOBaHHLIN. He BOaBasicb B AeTanM MOXHO CKasaTb, YTO B paMKax
CcTaTUCTMYeCcKOro noaxona uaeHTuduuupyemocts ogHoMepHoro kaHana (SISO - oguH Bxod oAuH BbIXOA)
BO3MOXHa [fs1 HEeCTaAUWOHapHbIX WM HEerayccoBbiX MOAENen OonucbiBaloWmx MHGPOPMAaLVNOHHYO
nocnepoBartenbHOCTb [4,5], AETEPMMHUPOBAHHBIA NOOXOA4 obecneunBaeT WOEHTUDULMPYEMOCTb Kak
npaBuio MHoromepHoro kaHana (SIMO — oguH BXxog U MHOXECTBEHHbIV BbixoA) [3].

B gaHHOM [foknage pasBuMBalOTCA  MeToAbl  Cnenov  uaeHTUdmKauum, OCHOBaHHble Ha
HecTaumoHapHon mogenn SISO kaHana M B 4YacTHOCTM TOT €€ Crydal, Korga KOHeYHa He TOSbKo
UMMNYyNbCHasi XapakTepUCTMKa KaHarna, Ho 1 MHOopMaLMOHHas NocneaoBaTebHOCTb.

Kak 6bino nokasaHo B [6] B 3ToMm crnyyae BecbMa 3(pdeKTMBHbIM OKa3blBaeTCs NONIMHOMMUANbHOE
npeacTaBneHne MOMEHTOB CriydarHbIX nocnefoBaTenbHocTen. [AncKpeTHo-BpeMeHHas Mofernb KaHana
CBSI3M B paMKax MNONIMHOMUANbHOrO MpeacTaBneHns MoXeT ObiTb NpeacTaBneHa B BUAE MPOM3BEOEHMS
NMONMMHOMOB OOHOW MEPEMEHHOW Z Hag MOfieM KOMIMIIEKCHbIX 4YMcesl, 00pa3oBaHHbIX COOTBETCTBYHOLLMMMU
ONCKPEeTHbIMU OTCHEeTaMM Lyma, MHGPOPMaLMOHHOW NocnefoBaTenbHOCTU Y MPUHATOrO curHana.

Y(z)= H(z) - X(z)+ N(z)

Y@):Nf;f‘y-(i)za H(z>=§ﬁ(f)zf, 0
x0)=Y 50, NE)= i)

i=1 i=1

B aTom BblpaxeHun )'/(i) - OVICKPETU3UPOBAHHbIA CUrHam B MpUeMHUKe, h(i) — [OWcKpeTHas
UMMNYNbCHAaa XapaKTepucTuKa kaHana, x(z) — WHbopMaLMoHHas nocrenoBaTenbHOCTb Ha BXOAe KaHana,

n(l) — oTc4yeTbl 6enoro rayccoBckoro wyma, L — namsatb (nopsgok) kaHana, N — gnvHa uHopMaumoHHON
nocrnenoBaTenbHOCTH.

3agaya cnenor MAeHTUdUKaLMKM O3HaYaeT OLUeHKY MWMMYNbCHOW XapakTepUCTUKM KaHana no
ceMencTBy Habnogaemblx peanuaauum y(i), i=0...N+L-1 o06pa3oBaHHbIX CEMEeNCTBOM peanu3auun
nocrnegoBaTenbHOCTEN WMHMOPMALMNOHHBLIX OTCYETOB x(z) i=0...N nepepaBaeMblXx NO KaHany CBS3W C

NCMonb30BaHNEM 3aLMTHOW nayabl ASfIMHbI >L.
byoem HasbiBaTb MOAMHOMUWANbHBIM MOMEHTOM nopsagka k=K tko+...+kg nocnegoBaTenNbHOCTU
CNy4YalHbIX BENUNYUH x(z) NMONMMHOM R nNEepeMeHHbIX Z4,Z2,...,Zg Had TMONEM KOMMIEKCHbIX 4ucern

CchopMMPOBaHHbIN crieayroLmm obpasom:

Pt dyin (20025 300s 2 )= M{x(z1 )k‘ oo x(z, )kR } 2)

YpaBHeHue, CBS3biBaloLLEee NONMMHOMUANbHbIE MOMEHTLI Ha BXOAe W Bbixode MOEHTUPULMPYEMON
CUCTEeMbl MOXHO 3anucaTb B crieayoLlemM Buae:

(T (ZI’ZZ"“’ZR )_ Pk?,]kz,...kk (ZI’ZZ"“’ZR ) = H(Zl )kl Teeet H(ZR )kR Py ke (ZI’ZZ"“’ZR ) (3)
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[ns cucteM CBsi3M cTaTUCTUKA NepefaBaemMoro coobLleHVs U agauMTMBHOIO LyMa 4acTo M3BECTHA
nonyyatento. B aTom cnyyal anroputM uaeHTUGMKaUMM npegnonaraeT OueHKY MOMHOMUASIbHOMO

MOMeHTa HabriojaeMoro cemeiicTsa peanusaumin (i), 3aTem feneHme NonMHOMa NEBoil YacTi ypasHeHNs

(3) Ha anpuopu MIBECTHLIN MONIMHOMMUASIBHLIA  MOMEHT WMHGOPMALMOHHOM MOCHeLoBaTENbHOCTH.
EOWHCTBEHHBIM  yCrOBMEM MOTEHUManbHOW uaeHTudmumpyeMoctu  kaHarna ABMNSETCH KOHEYHOCTb
WHpOpPMaLMOHHOW NocneaoBaTENbHOCTU U CUCTEMHON (PYHKLUKM KaHana.

OpHako yacTo cratucTvka MHAOPMAaLMOHHOW MocnefoBaTeNnbHOCTM HedocTynHa. B atom cnydae
BO3MOXHOCTb OOHO3HaYHOW MAEHTUMKaUUN KaHana cnegyeTt U3 O4HO3HAYHOCTU pasnoXeHus NofiMHoma B
neeon yactu (6) Ha HenpuUBOAMMbIE MHOXWTENW C OAHOW CTOPOHbI, UMK, MO KpamHenh mepe, OTCYTCTBUS
Jenutene MeHblle 4Yem BTOPOro nopsiaka Yy MNOMMHOMMANbHOrO MOMEHTa  MHEOPMAaLVOHHOM
nocneposartenbHocTn ¢ apyron. OgHako dakTopusaums MOSIMHOMOB OT HECKOSIbKMX MepeMeHHbIX Hag
nosieM KOMMEKCHbIX YNCEN XOTA 1 paspeLummas, HO anropuTMmMyeckn KpanHe TpygHas 3agavda [7].

Bornee npocTylo TEXHWKY MOXHO MPensioKuTb AN NPakTUYECKU BaXKHOIO Criydas He3aBUCUMbIX
OTCYETOB WMHAOPMALMOHHOW MOCNeA0oBaTENbHOCTH, UMEKLWNX HyNeBOoe MaTemaTMyeckoe OXugaHue U
npousBofnbHoe  pacnpegenenve. [lpy  3TOM  MONMHOMMWAINbHbIE  MOMEHTbI  MHGOPMALMOHHON
nocrnegoBaTeNbHOCT MMET BUA!

N-1
x _ ky+ky+.+kg ky Jky o kri
B ke (ZI’ZZ"“’ZR)_Zai (z)'zy" o 2g") (4)
i=0
ky+hy . +kp . .
roe O - ™omeHT Kk +k,+..+k, nopsgka i-ro oTcueTa UMHDOPMALMOHHOIA
rnocrnefoBaTeNbHOCTH.

PaccmoTpMM  BO3MOXHOCTU  MAEHTUUKALMM KaHana no CUMMETPUYHBIM  MOMMHOMUANbHBIM
MOMeHTam nopsigka R. YpaBHeHue (3) B 3TOM cliydae MOXHO 3anucaTtb B BUAE:

Py_N(Zl,ZZ,...,ZR)IH(Zl)'...'H(ZR)-PX(ZI,ZZ,...,ZR) (5)

[MonvHOMBI B NEBOM M NPaBOM YacTW 3TOrO YpaBHEHUS HE MU3MEHSATCHA Npu nbon nepectaHoBke
NEPEMEHHbIX Z4,Z,...,Zr. B COOTBETCTBUM C OCHOBHOW TEOPEMOW O CMMMETPUYHBIX MOSIMHOMAax mtobon
CUMMETPUYHBIA NONWHOM  f(Z4,25,...,Zr) MOXET OblTb €OUHCTBEHHbIM 00pa3oM npeacTaBreH B Buae
NnonMHOMa @ OT 9JfIEMEHTAPHbIX CUMMETPUYECKNX (YHKUMA 01,02 ...,0r, 3a4aBaeMbIX CIegyroLMm
Bblpa)KeHNSAMU:

o,=z,+tz,+..+tz45..50, = ztzl.1 "Zp et Z 5 Op S Zy Iyt Zg (6)
[ <ipy<..<i,
Mcnonb3ysa aaHHoe npeactaeneHue, hopmynel BoeTa u (4) ypaBHeHme (3) MOXHO 3anucaTb B BUAE:
L N-1
_ R R-1 R R i
gy-N(O-l’O-Z"“’O-R)_H(Ci —¢; o +..+(=]) O'R)' Zai (0p) (7)
i=1 i=0

roe: {Cxtk=1,. — L kopHen nonvHoma H(z). O4eBUQHO, YTO NONMHOMBLI B NpaBow Yactu (7) He umeroT
obWMX [enuTenen, 4YTO 9SKBMBANEHTHO OAHO3HAYHOM (C TOYHOCTbIO [0 KOMIMJIEKCHOTO MHOXWUTENS)
naeHTUMUMpyeMocTu kaHana.

R <
Kak u paHee B cnyyae anpuopu u3BecTHoro Habopa {al} MOMEHTOB  BXOAHOM

nocnenoBaTeNlbHOCTU AN MAeHTUMKALMM KaHana [OCTaTOYHO NodenuTb MOMWHOM gy.ny Ha gx . OpHako
ypaBHeHue (7) paspelunmmo U B Criydae Heu3BEeCTHbIX MOMEHTOB MH(pOpMaLIMOHHON NocrneaoBaTenbHOCTH.

Onsa atoro Ham [0CTaToO4HO BbIOPaTh (PUKCMPOBAHHOE 3HA4YeHWe NepemMeHHoW O, He paBHbIM HYIo
O[JHOMEPHOro MofMHOMa MWH(OPMAaLMOHHON nocnefoBaTenbHOCTU. B yacTHOCTM Ana  cTaumoHapHown
MHPOPMALIMOHHON NOCNeA0BaTeNIbHOCTU [0CTATOYHO BbIOPaTb O, TakK, 4TOGbI |O'R|¢l. MonyunsLunncs

MOMMHOM OT MEePEMEHHbIX {0'1,62,...,61371} onpegerneH KoadduumMeHTamMmu, 3aBUCALLMMUN TOSNIBKO OT KOpPHEN
CUCTEMHOW (YHKUMMK, ONS KOTOPbIX Mbl MOXEM 3anucaTb COOTBETCTBYHOLLYK CUCTEMY MOSIMHOMMANbHBLIX
YpaBHEHUWI.
[ns nonMHOMMansHOro MOMeHTa MPOM3BOSBHOIO Nopsiaka npoueaypa HaxoxaeHust pasnoxeHus (7)
MOXET ObITb MOCTPOEHA Ha NCMOSb30BaHUN CBOMCTB Oa3unca pébHepa nonmHomMmuansHoro naeana [7].
PaccmoTpum  anroputm  MOMMHOMMAanNbHOW  maeHTUdUKaumm AOns  Havbornee npocToro  wu
0AHOBPEeMeHHO Hanboree BaXKHOTO C NPaKTUYECKON TOYKM 3peHns ABymepHoro cnydas R =2 .

MycTb {a”} KO3hPULMEHTHI NOfMHOMA Py_N (zl,zz). Mcnonb3ya gopmynbl HeloTOHa pasnoxeHue

MO CUMMETPUYHBIM (hYHKLMSIM MOXET ObITb MOMYyYEHO B BUAE:
N+L-1 N+L-1-

11
8, (61962): 2 S, (61962)' ai,H—lG; (8)
1=0

i=0
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roe {Sz (61 ,0, )}- nocrneaoBaTtenbHOCTb S-MONMHOMOB, 3a4aBaemast CreayoLMN BblipaXKeHUAMM:
So (0-1 0, ) =1,
S (61962): o,

52(6130-2)20-12 -20,, 9)

S, (0,,0,)=8,,(,,0,)0,-S,,(0,0,)0,, k>2 k<N+L-
PasnoxeHue (3) MOXHO 3anucaTtb B Buae:

L
_ 2
gy(o-l’o-Z)_H(ci _cio'l"'o'z)'gx(oz) (10)
i=1
MoxHo nokasaTb, YTO ypaBHeHue (10) oaHO3Ha4yHO paspelummo B crnydae ecnm 2L > N . MoxHo
NpeasioXnTb HECKONbKO CnocoboB pelueHunsi ypaBHeHUs (10) OTHOCMTENbHO HEU3BECTHbIX KOPHEW {Ctk=1.

nonarast 0, = A, takuto g, (4)# 0. B yactrocTn, ecr A =0, To nomnuHoM g, (0,,0)=H(o,)- const B
OCTanbHbIX Crydasx pelleHne ypasHerns (10) AaeT crneayioLiee BolpaxeHue:

c. = du, (2) (11)
S 7

rae: {1, (1)} - L xopeit nonuroma g, ().
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In last years the large interest to a solution of the problem of blind identification of telecommunication
channels, especially when the use of test signals is impossible or it is undesirable. For example, in multipoint
nets TDMA a constant the transmission of a test sequence essentially reduces effectiveness of use of a
band of the channel, and the use training session is ineffective in a multi-user system.

In the paper the methods of blind identification based on the non-stationary SISO model of the
channel and in particular that it case develop when is finite not only impulse performance of the channel, but
also information sequence. In this case rather effective there is polynomial a representation of moment of
random sequences.

Let's name a polynomial moment of the order k=ki+k,+...+kg of random sequences x(l) a
polynomial of R variables z4,z,,...,zg above of complex numbers field generated as follows:

P tsonin (212 2y 25 ) =Mz, ) - x(z ) (1)

The equation connecting polynomial moment on the input and an exit of an identified system is
possible to note as follows:

N k, k x
P/élv,kz,A.AkR (ZI’ZZ""’ZR )_ Pkl,kz,.“kR (21’22:---:21? ) = H(Zl) R H(ZR) ’ 'Pkl,kz,.A.kR (21’22’---’213) (2)
For telecommunication systems the receiver frequently knows the statistician of the transmitted
messages and additive noises. In it to case the algorithm of identification assumes an evaluation polynomial

of a moment of an observable set of realizations j/(i), then division of the polynomial of the left part of the

equation (2) on priory the known polynomial moment of an information sequence. However frequently
statistics of the information sequence is inaccessible. In this case possibility of unambiguous identification of
the channel follows from a uniqueness of expansion of the polynomial in the left part (2) on irreducible
factors on the one hand, or, at least, the lacks of dividers are less than second order at polynomial moment
of the information sequence with another. The more simples technique can be offered for practically
important case of independent information samples having zero mean and any distribution. Let's consider
possibilities of identification of the channel on symmetrical polynomial moments. Equation (2) in this case is
possible to write via symmetric functions as:

L N-1

R R-1 R R i

gy_N(al,az,...,O'R):H(ci —c; o, +..+(-1) O'R)-(Zai (0z) ] (3)
i=1 i=0

Let's consider algorithm polynomial identifications for case R=2. Let {aij} - factors of the

polynomial P, (zl,zz). Using of a Newton’s formula expansion on symmetrical functions can be obtained

as:
N+L-1 N+L-1-1 _
g, (61962): 2 S, (Glaaz)' Zai,wzalz (4)
1=0 i=0

where{Sl (0'1,62 )}- sequence of S-polynomials. It is possible to show, that the equation (3) is
unequivocally solvable in case if 2L > N . The solution of the equation (3) gives the following expression:

. =) 5)
|,

where: {u.(A)} are L roots of polynomials g, (0, 7).




