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Teopusi cCUrHaNoOB U CUCTEM

NMPOMYCKHASI CMOCOBHOCTb KAHAJA CBA3U C MEXXCUMBONbHOW UHTEP®EPEHLMEN
CannukoB B.T'., AnbHyBeiinu C.
MOCKOBCKHI TEXHUYECKHI YHUBEPCUTET CBSA3H U HHOOPMATHKH

IIponyckHasi cnOcOOHOCTh HAeATbHOI cucTeMsbl. V3 Teopemsl 17, chopmynupoBannoit Lllennonom [1, ctp.
308], caexyert. [IpomyckHast ctocOOHOCTH KaHala C MOJIOCON YacToOT F, B KOTOPOM JEHCTBYET KBa3UOEIBIN TEILIo-
BOW LIyM MOIIHOCTU Py , IPU YCIIOBHH, YTO B MOJIOCE YACTOT F' CpeHssl MOIHOCTh KBa3u0EI0ro ancamoOisi CUrHa-
JI0B S orpaHuYeHa BEIMYMHON Pg , ONPeNeseTcs] COOTHOIICHUEM:

C,=Flog,(1+P;/Py)=Flog,(1+ h*) (6utlc), ()

rae Ps/Py = h*— otnomenwne curtan/mym (OCIII) Ha BBIXOIE BOCCTAHABIMBAIOLIETO HACAIBHOTO (C 4aCTOTOMH
cpesa Af, = F) dunpTpa HmxHEEX acToT (MDHY).

Cootnomenue (1) onpenenser npeaen IllenHoHa i 1UPPOBBIX CHCTEM Iepeadu 0e3 MEKCUMBOJIBHBIX HC-
KakeHH. Mozenb uaeaabHol HU(pPOBOIl CHCTEMBI TIepeJjayy C AaHHOM NPOITYCKHOW CIOCOOHOCTBIO MOXHO TpeJ-
CTaBUTH B BUJE, U300pakeHHOM Ha puc.l, rae B kauectBe ®HY ucnonssyercs UOHUY.
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3nece YOC — ycrpoiictBo opmupoBanus curHaia s(f), cnekrp miotHoct momHoctu (CIIM) kotoporo mo-
CTOSIHEH B IIpejiesiaX Mosiockl 4acToT [-F, F| u paBeH Gg/2. ]| — uaeanbHblil TUCKpETHU3aTop, Oyarogapsi KOTOpoMy
curHai s(f) nmpeoOpasyercst B nepuoandeckyto (c nepuogom 7' = 1/2F) mocienoBaTenbHOCTh CIIyYalHBIX BEIWYHH
{s(k12F)}, k =0,£1,12,.... CIIM nanHoii nocnenosarensHocty paBed Gg/2 B OeCKOHEYHOM 10J10ce YacToT. &(7) —
Oenblii rayccoBckuii ryM ¢ paBHOMepHBIM CIIM G:/2. s(f)+n(f) — otknuk ®HY, paBHbIH cymMMe KBa3HOENBIX CUTHA-
712 ¥ UIyMa, MOILHOCTH KOTOPBIX, COOTBETCTBEHHO, paBHbl Ps=Gsl n Py=G:F. YacToTHBIE 3aBUCUMOCTH CUI'HAJIOB U
(UIBTPOB B TaHHOHW CHCTEME MTOKa3aHbI Ha pHC. 2.
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CrnenyeTr OTMETHTh, YTO aHAJIOTMYHAS CTPYKTYPa CHEKTPa MOKET OBbITh MOJIyYeHA B UACAILHON MHOTOKAHAIb-
HOM CHUCTeMe Tiepelayr C YaCTOTHBIM pasjeneHreM kaHanoB [2]. [Ipu aToMm crekTpbl KBa3uOeNbIX aHCcaMOmIei Kax-

JIOTO U3 KaHaJIOB CMEIIEHbI JAPYT OTHOCHTENBHO JApyra Ha yacToThl: f; =k2F, k = 0,£1,%2,..., a cnekrp rpynmnoso-

rO CHrHajia, HaOJII01aeMbIi Ha BBIXOJIE CYMMAaTOpa, COBIAJIAET CO CIIEKTPOM MOCIICA0BATEIbHOCTH {s(k/2F)}.

IIponyckHasi cnOCOOHOCTH peasibHOI cucTeMbl. B peanbHbIX KaHallaX HU OJHO U3 OTpaHUYEHU, BBEJACHHbIX
[IleHHOHOM, KaK MPaBHUIIO, HE BEIMONHSACTCS. Tak, peajgbHbIC CUTHAIBI UMEIOT KOHEYHYIO JUIUTEIEHOCTD, 8 TIOTOMY
ux CIIM He orpanuyen no yactore. Ha Boixone peansHoro auckperuszaropa CIIM curnana oTiMyeH oT paBHOMEp-
Horo. PeansHblit rym He Oenbiif, a mBeTHOH, CIIM KOTOpOTO cragaeT ¢ yBenmdeHHeM 4acToThl. Peampubrii ®HY
(P®HY) nmeeT HepaBHOMEPHYIO aMILTUTYAHO-4YaCTOTHYIO XapakrepucTuKy (AUX) (cMm. puc. 2).

Bce atr (hakTOpBI MPUBOAAT K HATMYHIO MEKCHMBOIBHBIX HCKaXCHUH U, KaK CIEICTBUE, K YMEHBIICHHUIO TIPO-
MMyCKHOM CITOCOOHOCTH peanbHBIX KaHaJTOB CB3H. [lokakeM 3TO Ha mpuMmepe, KOTAa B cxeMe Ha puc.l BmecTo
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N®HY ucnoneiyercs peanpuasiii ®HY tumna ¢unetpa barrepBopra, HopMupoBanHass AUX KOTOporo mpuHHIMAaeT
Bun [3],

k(p, f)=1/1+(f/F)", p=12,.., @)

rne F'— ygacrora cpesa POHY na yposue 0,707 (3 dB) ot makcumyma, p — nopsinok POHUY. [Tpuuem npu p=1
— 9310 AUX maTerpupyromeii RC nemny, a npu p — o« —3rto AUX NOHY.

Hannuue B cxeme puc.l peansHoro ®HY npu ycnoBuu, 4To CrpaBeUIMBBI OCTalIbHbIE OTPaHUYEHHs, BBEACH-
Hbie [IIeHHOHOM, TPUBOAMT K CIAEAYIOUIUM HCKKEHUSIM BOCCTAaHABJIMBAEMOIO CUTHAJIA.

U3-3a nepasHomepnoct AUX POHY B nosnoce yacToT F' yMEHbIIAETCS MOLIHOCTD MMOJE3HOT0 CUTHaNa, KOTO-
pas paBHa

F

Py(p) =P [k (p, /)df I F. ()
0

B orknuke POHY npucyTcTBYeET 11yM HE TOJIBKO B II0JIOCE £, HO U 3a €€ NPeeaMu, C MOLIHOCTBIO

Py(p)=Py [k (p, [)df I F. )
0

B otxiinke POHY mosBasitoTCs Takke mepexoaHble moMexu ot curHanoB ¢ CIIM, cMeleHHbIMH OTHOCHUTEIb-
HO CIIEKTpa IMepeaBacMOro CHTHaja Ha 4acTOTHl KPaTHBIC YacTOTE AMCKPETH3ALWH, T.C. f; =k2F), k=%1+2,...,
CyMMapHasi MOILIHOCTb KOTOPBIX PaBHA

Py (p) =P [k (p, f)df I F. 5)

Ecnu curnasel, HaOMOgaeMbie B Pa3iMYHBIX MOJOCAX YaCTOT (CM. pPHC. 2) C IICHTPAJIbHBIMH YaCTOTAMH: fj
=k2F, k =0,x1,2,..., He3aBucHMBI JpyT OTHOCHTEILHO JAPYra M HE3aBHCHUMBI MO OTHOIIEHMIO K HIyMy, TO OT-

kK POHY paBeH cymMMe He IBYX, HO TPEX HE3aBHCHMBIX CIyYaiHBIX MporeccoB: s(p.f), n(p,t) u sn(p,t). MomrHo-
CTH JaHHBIX IPOIECCOB 3a1at0TCs cooTHOHmEHUIMH (3) — (5).
BBeneM BeIMYMHY OTHOIIEHUS CHUTHAJ/(TIOTPEIHOCTh BOCCTAHOBIICHHUS) CISAYIOLIEr0 BUIA

20N Py (p)
= PN(p)+PSN(p).

B (1) Bmecto /4’ noacrasum Bemmunny h*(p) u3 (6). Toraa ¢ yueroM cooTHomeHHit (2) — (5) mocie 10CTaTOuHO
TPYAOSMKHX MPeoOpa3oBaHuil (C MCIIOIH30BAHUEM TAOIMYHBIX MHTETPAJIOB [4]) MPUXOAMM K CIEAYIOIIEMY COOT-
HOIICHHIO JUISl MPOITyCKHOM CIIOCOOHOCTH paccMaTpHBaeMOl CHCTEMBI Ilepeiaud, B KOTOPOH BMECTO HAEAIBLHOTO
®HUY no [llennony ucnons3dyerca peansusiii ®HY barrepsopra nopsaka p:

C(p)=Cy ~Flog, |1+ 1> -a(p)] p=12... ™

3neck C,, onpenensiercs no (1). [lapamerp a(p) — nonpaBouHbil KOAQQUIHMEHT, YUUTHIBAIOIINH HE Ueallb-
HocTe @HY, 1 COOTBETCTBEHHO paBHBIN
[0.5p]
a(p)=0,51-2n"sin(n/2p) Y cos[n(2k~1)/2p]In L+cos[n(2k ~1)/2p]| (®)
P 1—cos[n(2k -1)/2p]

Ha puc. 3a mpuBenena 3aBucuMocTh mapametpa a(p) ot nmopsaka ®HY. {nsa ¢unerpoB barrepopra mo mrec-
TOTO TIOPS/IKa BKIIFOUNTENBHO JaHHBIN apameTp paBeH: a(1) = 0,5, a(2) = 0,21945, a(3) = 0,13696, a(4) = 0,09893,
a(5) =0,07726, a(6)=0,06332. Ha puc. 36 mokazaHbl 3aBHCHUMOCTH MPOITyCKHOM CITOCOOHOCTH CHUCTEMBI Iepeadu
ot OCII /* npu pasmiurom nopsiake ®HY. TIpu p — 0 a(p) — 0, a HpoIycKHas COCOGHOCTh PeabHOl CHCTe-
MBI C(p) CTpeMHTCS K IPOITyCKHOM crtocobHoCcTH )y MACATHHOM CHCTEMBI.

Wrak, noxy4eHo HOBOE cooTHOIIeHKE (6) A MPOIYCKHON CITOCOOHOCTH ITU(POBON CUCTEMBI IIepeiadH, yIu-
TBHIBAIOIICH MEKCHUMBOJIBHYIO HHTEepdepeHiuto. M3 cootHomeHus (6) ciemyer BbIBOA. [IpomyckHas CoCOOHOCTh
peabHOM CHCTEMBI ONPEAEISIETCS Pa3HOCTBIO MEXY MPOIMYCKHOM COCOOHOCTBIO CHUCTEMBI, naeansHoi mo Lllen-
HOHY, U BEJIMYMHON TIOTEPh NMPOITYCKHOW CIIOCOOHOCTH M3-3a HE MJIeajIbHOCTH BOCCTAHABIMBAIOLIETO (QUIILTPA.

OTHocuTeNbHAS Cpe/iHe KBAAPATUYHAS NMOrPEeIHOCTh BOCCTAHOBJIEHMsI. B cucTeMax CBSI3M Hapsay C Ipo-
ITyCKHOM CITOCOOHOCTBIO BaXKHO OLICHUTH Ka4eCTBO Iepesladl, KOTOPOe YacTO XapaKTepH3yIOT OTHOCUTEIILHOW CyM-
MapHOH cpenHe KBagpaTudHOH nmorpermHocTbio BocctaHoBleHus (OCKIIB). [Ipu cTanmoHapHOCTH U SPTOJUYIHOCTH
MOTPENTHOCTH #(f) BOCCTAHOBIICHHS C HyJeBBIM MareMarmdeckuM oxkupanuem, OCKIIB cBs3ana ¢ OTHOIIEHHEM
MOIITHOCTH COOOIIEHHSI K MOIITHOCTH ITOMEXH Ha BBIXOJ€ IPUEMHHKA CIeayIonM odpazom [5]:
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2
OuesuzHO, B pacematpusaeMom ciy4ae umeem: (P / P))..« = h"(p) . Torna, yuutsiBas cootHomeHus (2)-

atd

(6), HaxonuMm crepytomee cootHomernue a1 OCKIIB

-2
2 -2 h™ +a(p)
d;(p)=h"(p)= 1 . (10)
—a(p)
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Ha puc. 4a npusenens! rpadguku 3apucumoctd OCKIIB ot oTHOImIEHMs! CUTHAI/IIYM B HOJIOce YacToT F Boc-
CTaHaBJIMBAIOLIETO (QUIBTPA IPH PA3IMYHBIX €T0 HMOPSAKAX p. AHAIM3UPYS 9TH TpaduKy, 3aKIF0YaeM, YTO peaabHas
CHUCTEeMa Tepefadll XapaKTepPH3yeTCs MOPOTOBBIMH CBOMCTBaMH, KOTOpHIE INPOSBISIOTCS B PE3KOM BO3pPACTAHUH
CpeIHel MOIIHOCTH CyMMapHOH HOTPENIHOCTH BOCCTAHOBJICHHS C YMEHBIIEHHEM OTHOIICHUS CHUTHAI/IIYM HHXKE
MOPOTOBOTO 3HAYCHHUA. PE3KUil POCT cpemHel MOUTHOCTH CYMMapHOW MOTPEIIHOCTH BOCCTAHOBIICHHSI 00YCIIOBIICH,
OYEBHJIHO, CHUIbHBIM BO3pacTaHHEM MOIIHOCTH MEPEXOTHON (MEXCUMBOJIBHOMN) MOMeXH, onpenensiemoin u3 (5). Ha
puc. 4a sesmmuuabsl OCKIIB mis moporoseix OCII oTMedeHbI 3B€3109KaMH.
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3asucumoctu noporoserx OCI oT mopsaka BoCcCTaHABIMBAKOMIETo0 (GMIBTPa MPUBEICHH HA puc. 40 u mpen-
CTaBJIeHbI B Tabnuie 1.

Ta6muua 1
p 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
hnop
(nb) 7,32 9,48 10,86 11,88 12,72 13,38 13,92 14,46 14,88 15,30 15,66 15,96 16,32 16,56 16,86
p 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
hnop
(mb) | 17,10 | 17,34 | 17,58 | 17,82 | 18,00 | 18,18 | 18,36 | 18,54 | 18,72 | 18,90 | 19,08 | 1920 | 19,38 | 19,50 | 19,68
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THROUGHPUT OF THE CHANNEL OF COMMUNICATION WITH INTERSYMBOLICAL
INTERFERENTIONAL
Sannikov V., Alnuveini S.

Moscow technical university of communications and informatics (MTUCI)

In the theory and engineering of communication of one of major is the problem of efficiency. Essence it in
transferring on system of communication the greatest quantity of the information by the most economical way with
the given fidelity. The maximum on all distributions of a source of quantity of the information transmitted in unit of
time, defines throughput of system or channel.

In work C. Shannon: "Communication in the presence of noise", is resulted account of throughput of the chan-
nel of communication at some ideal restrictions. In particular, as restoring, the ideal filter of the bottom frequencies
(FBF) is used. In engineering of communication this restriction is not carried out. For restoration transmitted on the
channel with noise of the messages, is used real FBF. It results in presence of intersymbolical distortions and, as a
consequence, to reduction of throughput of real channels of communication.

In the given work on an example, when in the circuit of system of transfer instead of ideal FBF is used real
FBF such as the filter Battervort, the generalization of the formula Shannon for throughput of the channel of com-
munication is given. Provided that other restrictions entered Shannon are fair is shown, that the presence in system
of transfer real FBF results in the following distortions of a restored signal. Because of non-uniformity is peak - fre-
quency the characteristics FBF in a strip of frequencies pass band the capacity of a useful signal decreases. At the
response FBF there is a noise not only in a passband, but also and behind its limits. Besides in the response FBF
there are transitive handicapes from signals next channels, as in multichannel communication, or because of pres-
ence of products samples by digital transfer.

In view of all given factors, the new parity for throughput of digital system of transfer which is taking into ac-
count intersymbolical interferentional is received. Is shown, that the throughput of the real channel of communica-
tion is defined by a difference between throughput of the channel, ideal on Shannon, and size of losses of throughput
because of not ideal restoring FBF. Is shown, that at aspiration of the order FBF to infinity, the throughput of the
real channel aspires to throughput on Shannon.

In systems of communication alongside with throughput it is important to estimate quality of transfer, which
frequently characterize relative total mean by a square-law error of restoration. The parity for the given error is re-
ceived, which analysis shows, that the real system of transfer is characterized by threshold properties. The depend-
ence of the threshold attitude a signal / noise from the order restoring FBF is given.
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