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Ipeocmasnenvl pezyrbmamol 000CHOBAHUSL NO GbIOOPY 6 KAYeCmEe NOKA3AmMensi OYeHKU dPhexmueHno-
cmu noodasneHus paouoKanaio8 YmoyHeHHO20 3Havenus Kospguyuenma nodasnenus. K evibopy snauenus xo-
agpuyuenma nooagieHUs: NPEONOHCEHO NOOXOOUMb UCXO0S U3 NOMEXOYCMOUNUBOCHU CUSHATILHOU KOHCMPYK-
yuu, ucnonvyemou 0as nepedayu un@opmayuu. Ilpugedenvt anarumuyeckue pacuemvt, HOOMaepIcoaioujue
NPABOMEPHOCHIb MAKO20 3AKII0YEHUs, U OAHHbLE KOMNLIOMEPHO20 MOOETUPOBANUSL.

Knroueswie cnosa: nomexoycmouuugocms, Ko3@uyuenm nooagieHusi, paduoKana.

Beenenue. lllnpoxoe npuMeHEHNE B CHCTEMaX PaAHOCBS3M CUTHAIOB C AUCKPETHBIMU BHUIAMHU MOJIYJIS-
[IUHM CTUMYJIMPOBAJIO K IMOMCKY MOKa3aTesei OICHKH WX 3()()EKTUBHOCTH B YCIOBUAX ICCTPYKTUBHBIX BO3JICHCT-
BUI pa3nuuHOi npupomsl. TpamunuoHHbi moaxo [1], 6asupyrouiics Ha pacyeTe SHEPreTHYECKOTO MPEBOC-
XOJICTBa MTOMEXH HaJ CHTHAJIOM, SIBISETCS TOBOJHHO TPYOBIM MHCTPYMEHTOM aHANIN3a, MOCKOJIBKY OH B 0OJb-
1Iei cTerneHu AaeT KaueCTBEHHYIO OLEHKY AOMYCTUMOTO MPEBLIIIEHHUS, [TOC]IE KOTOPOro CUCTEMa PaIMOCBSI3U HE
crioco0Ha BEITIONHATE CBOM (DYHKITUH 110 MTPEeTHA3HAYCHHIO.

Bwmecre ¢ TeM maHHBIA BOIPOC MMEET MPAKTUIECKYIO IEHHOCTh, B YaCTHOCTH I CHCTEM KOHTPOIIS WH-
TEHCHBHOCTH (PH3MYCCKUX IMOJICH U CUCTEM aKTHBHOTO MOHUTOPHHIA, B 005S3aHHOCTH KOTOPBIX BXOJUT U HAPY-
eHre paboThl HECAHKI[HOHUPOBAHHBIX UCTOYHHUKOB pamuousinydenuii [2]. B atoMm ciaydae mono0HbINM MOKa3a-
TeJb MOT OBI MCIIONB30BATHCS MPH PAIMOHATIHHOM PACTIPEACICHUN OIPaHMYCHHOTO DHEPreTHYECKOro pecypca.
PaccmoTpenuto JaHHOTO BOIpOca Kak pa3 U MOCBAIIeHa HACTOSILAsL CTaThsI.

AHaJIN3 BEpPOSTHOCTHOIO MOAX0a K 000CHOBAHWIO MoKa3aTes. /(11 paguokaHaaoB, B KOTOPBIX UC-
MOJB3YIOTCSL CUTHAJIBI C JUCKPETHBIMH BHIAMH MOJYIISAINH, NPH BbIOOpe mokaszarens 3((eKTHBHOCTH dHaiie
BCEro MPEANOYTEHHE OTAAETCS 3HAUEHHUIO BEPOSTHOCTU OMTOBOM omMOKKM P, M 3HaYEHHIO BEPOSATHOCTU HCKa-

KEHHs KOJ0BbIX koMOuHauuid P [3].

Torz[a KpUTECprUCM 3(1)(1)6KTI/IBHOCTI/I MOXKHO OIIPEACIUTH CICAYIOLICE HEPABEHCTBO!

KK 011

P2

B non ?
3mecy By, m P, — JOIyCTUMBIE 3HAYCHHS, IIPU KOTOPBIX OOECIICYHBACTCS 3aJlaHHAs BEPOSATHOCTH
OIMMOOYHOTO MpUeMa.

[TockoaBpKy TOYHOE ONMMCAaHWE PEaTbHOTO paJlOKaHaja SBISETCS CIO0KHON MHOTOIapaMeTpHIecKOH 3a-
Jlayeid, TO B TEOPUH CBSI3HM MOJIB3YIOTCS MX YHNPOLICHHBIMH MOJAEISIMH, KOTOPBIE IIO3BOJISIIOT YCTaHABIMBATH OC-
HOBHBIC 3aKOHOMEPHOCTH Tiepefadyn CUrHamoB [3], a /st omeHKH 3(PPEKTHBHOCTH KaK MOMEX0YCTOHIMBOCTH,
TaK ¥ TOAABIICHUSA, YIYUTHIBAIOT B MOIYJIIIIMA U CIIOcO0 00paboTKu curHaia. Takod MOOXOX OmpaBjaaH, Tak
KaK MMO3BOJIAET B KayeCcTBE HIDKHErO IOPOra MCIOJIb30BATh NMOTEHIMAIbHYIO MOMEXOYCTOHYMBOCTH, 00YCIIOB-
JICHHYIO TUIIOM CUTHAJIbHOW KOHCTPYKLIUH.

Tak, i KaHaJIOB ¢ aMIUTUTYAHON Manunyssauei (AT) mpu MCIOJIB30BaAHUM KOTEPEHTHOIO JETEKTHPO-
BaHMs M MHTEIPUPOBAHMSI CUTHAJIA U IOMEXU 00eCIeYrBaETCs ClIelyolIas BEpOITHOCTh OLIMOKK Ha OUT, Xapak-
TepHU3YIOLIas MOTCHIHATBHYIO TOMEX0YCTOHYHBOCTD [4]:

2
P, :E 1-® h_

AT 2 \/E '

rae /i —OTHOIICHHE MOIHOCTH CHTHANA K MomHocTH noMexu (OCII) Ha BXozie MofaBsieMoro npreMunka JIPC;
®(x) —MHTETpaATT BEPOSITHOCTH, PACCUUTHIBAEMBIH COTIIACHO CICAYIONIEMY BRIPAsKEHHIO:
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Beipaxenue (3) omuceiBaeT KaHaAl ¢ aJIUTUBHBIM OenbiM rayccoBbiM mymoMm (ABI'I), urto oTpaxaer
(hU3HUIECKYIO CYyITHOCTH OOJBIIMHCTBA AECTPYKTHBHBIX BO3ACHCTBUI NPUPOTHOTO XapaKTepa.
Jinst yno6GCeTBa MpakTHYECKUX pacyeToB Beipaxkenue (3) B [3] mpeacTaBiaeHo B CIeLYIOMIEM BHIIE:

2

1
Py =§exp vk 4)

dopmyia (4) xapakrepusyeT ABIIII co ciy4aiiHoi HadanbHON (a30i U aMILIUTY 0.
s xaHanoB ¢ yactotHod Manumyisiiueil (UT) BEpOATHOCTH OIIMOKH NMPU YCJIOBHH PaBHOBEPOSTHOIO
ANPHOPHOTO MPOSIBIICHHS TIEPEIaBAEMbIX CUMBOJIOB OY/IET XapaKTepPU30BaTLCS CIEAYIONUM BhIpaxeHueM [4]:

1 n
P, =—exp —— |. 5
4 =5 O~ )

s kanana ¢ ¢asopoit Mmanunyssinueid (PT) BEpOATHOCTH OMIMOOYHOIO MpHUeMa OYAET UMETh CIEXYIO-
1iee 3HaueHwue [4]:

Py =5 [1-0 (V2] (6)

Mesxzy TeM aHanmu3 psiga pabor, B TOM ducie u [5], mokasai, 9To mpu JOCTATOYHO GOJBLINX apryMEeHTaxX
uHTerpan BepositHocT @ (x) B (6) monyckaet NpUOIM3UTENBHYIO 3aMEHY CICAYIOIICTO BUIA:

11 x\?
D(X) DE——exp(—Ej . @)

N 21

e X=+2[[&* —aprymenr.
VunThIBas, UTO JIECTPYKTHBHOE BO3CHCTBHE MPE/NOIAraeT 00ecnedeHrne SHepPreTHIecKoro mpeBoCXol-
CTBA B TPAKTE PUEMA IOMEXH HAJ CUIHAJIOM, TO B OCHOBE HCKOMOT'O MOKA3aTeJIsl LIeecO00Pa3HO HCMOIb30BaTh

k03(duument noxasnenus. I1o cBoeii CyTH OH MpeACTaBIsSET BENUIUHY 0OpaTHYIO /i° M XapakTepusyeT MUHM-
MajbHO HEOOXO0AMMOE OTHOLIEHME MOILIHOCTH IOMEeXH P K MOIIHOCTU CUrHana P. Ha BXOi€ NPHEMHOIo

TpaKTa, OpH KOTOPOM JOCTUTACTCsI TpeOYeMblil YPOBEHB paauonoaaBieHus [1]:

K =1t

Pl'[
=—=. 8
S S

Torna kpurepueM 3GGEKTUBHOCTH PaJuONONaBIeHUsl D, OyleT BBICTYyHIaTh BEPOSITHOCTH TOTO, YTO

TEKYIIEC 3HAUCHUC KOS(l)(l)I/II_II/IeHTa nmoaaBJICHUA Ha BXOJ€ MPUCMHOI'0 TpaKTa Kl‘[ 6y[[eT HE MCHLBIIC TpE-

6yemoro K, .

Dpn = P(Ky 2K, 9)

Py - min

Iokazarens (8) mpeamosiaraer, 4To €ro JOCTIXKEHHE O0ECIEeUUBAETCS NPH MUHUMAIBHOM 3HAYCHUU
MOIIHOCTH IIOMeXH P .
Ha pucyske npescrtasieHa rpaduueckas 3aBUCUMOCTb U1 3HaueHuil B, oT 3mayenna K, obGecneun-

BaeMOro B KaHale.
[MonmyuyeHHas 3aBUCUMOCTD TO3BOJISCT Ui MOTCHIMAIHHO KPUTUYHOTO 3HAYCHUS BEPOSTHOCTU OIIUOKH
onpenenuth Tpedyemoe 3HaueHue K, mpuBoxsmiee k c6oro npu nepepade nHdopmanuu. B uactHocTH, Ha

pucyHke 1 MyHKTHpPOM TOKa3aHbl 3HaUCHUS KO3 QHUIMEHTa TOAaBICHH S, 00CCIICUNBAIOIINE ISl CUTHAJIOB pas-
JNYHBIX BUIOB IIepead BepOITHOCTS omuobky, pasuyio 0,1 (B, =0,1).

VYuuTeiBas TpeGOBaHUs, IPEIBIBISEMBIE K JOCTOBEPHOCTH CBsI3H [2, 3] it CUTHAIOB TUCKPETHBIX BUIOB
MOJyISIIUH, B 9acTHOCTH P, =5%10° 3 npH nepejade AaHHBIX, MOKHO IOJNYy4uTh TpeOyemble 3HadeHus K, ,

OpHUBOISIIKE K oTepe nHpopmanmu (Tadi.).
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Pncy}mx —IMoTeHUMAIBLHO A0IMYCTUMAsl BEPOATHOCTDH OLIUOKH 151 Pa3/IMYHBIX KAHAJIOB

Tabmmna — 3navenus K, HeoOXoaMMbIe IS TIOAABICHAS PaIHOKAHAIOB, UCIIONB3YIOMINX CUTHANBI C IUCKPET-
HBIMU BUJIaMU MOJIYJISILIUU

Bun Mmanunynsuuu AT yT oT
3nauenue K -111b —-81b -51b

INockoneky 3(GeKTUBHOCTD Nepeayd MHPOPMALM BO MHOTOM OIIpeNessieTcs KauecTBEeHHOH pealu3a-
ueii nporeayp obHapyxenus [6], To mpu BEIOOpE HCKOMOI OLCHKH CIIEAYeT HPEAIONararh, 9T0 IpHU I0JaBIIe-
HUM PaJrOKaHaJIOB JOOMBAIOTCS HEONPEAEICHHOCTH Ha YPOBHE PELIAIOLIEro YCTPOHCTBA AEMOIYJATOpPa, a He
oOHapyxuTensd. B aTom cirydae ciieyeT HCXOAUTh U3 TOTO, YTO PEIIECHHE 331a4i OOHAPY)KCHHUS OJHO3HAYHO HE
periaer 3a1aqy aemoxyssiuu [7, 8].

3akuouenne. Ha ocHOBaHMM TOJIyYEHHBIX PE3yJIbTaTOB MOXKHO CIEJaTh cileaylolnee 3aKiodeHue. Mu-
(opmaoHHBIl NOKazaTenb 3(PQEKTUBHOCTH TOAABIECHHS PAJANOKaHAJIOB ONpPENEISeTCs] TeKYIIUM 3HauyeHUEeM
K03 dHIHeHTa OAABICHHUS, KOTOPHIi, B CBOIO O4epe/b, 3aBUCHT OT YPOBHS MOLIHOCTH IIOMEXH, CO3aBacMOn
Ha BXOJi¢ NMpHEeMHOro Tpakra. [Ipn 3TOM MOIIHOCTH MOMEXH HE JOJDKHA OBITH CONOCTAaBUMOI C MOIIHOCTBIO
CHTHAla, Kak 3T0 TpeOyeT KiaccHyecKkas TeOpusi PaJAHOdIeKTPOHHOH GopbObI [1], TOCKONBKY HapylIeHHE B Iie-
penaun wH(pOpPMAIMK HACTYMHAeT YK€ MpH ypoBHE Kod(¢uimenta nogasieHuss Mmuayc 5 nb. OxHako criemyet
MIPU3HATh, YTO IOJYYEHHBIC PE3YJIbTaThl HE YYUTBHIBAIOT IPUHSATHE Pa3IMUHBIX MEp IO MOBBIILICHUIO MOMEXO-
YCTOWYMBOCTH paJMOKaHAJIOB, a MMEHHO. HCIIOJIb30BaHHE MMOMEXOYCTOWYHMBOIO KOJMPOBAHUS, Pa3HECEHHOTO
nprema u mp. [7].

Kpome Toro, a3dpdexTuBHOCTS NMOAaBIeHUS, 00CIEUNBAIOIIET0 MUHIMAJIBHBIN YPOBEHB, OIpeNeIIIeMbIil
kputepueM (8), OymeT 3aBHCETh W OT BEJIWYHHBI PACCTPOMKH BBIOPAHHON Tpajalliil MOLIHOCTH M YaCTOTHOTO
OTKJIOHEHUSI IIOMEXH OT HOMHHAJIA LIEHTPAILHOW YacTOTHI IIOJIOCHI NPOITyCKaHU NMPUEMHOTO Tpakrta. VIMeHHO
9TH NOKa3aTeH Lesiecoo0pa3Ho KOHTPOIMPOBATh U PEryIUPOBaTh I 00ecIeueHus TpeOyeMOoro ypoBHS JecT-
PYKTHUBHOTO BO3/ICHCTBHSI B CHCTEMaX PaJMOKOHTPOJISI C OTPAaHUYEHHBIM YHEPIETHYECKHM PECYPCOM.
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INFORMATION INDICATORS FOR SUPPRESSION PERFORMANCE EVALUATION CHANNELS
OF THE RADIO COMMUNICATION WITH DISCRETE MODULATION  FORMAT

S. DVORNIKOV, A. GULIDOV, Y. DOMBROVSKI, S. LAVROV, D. RYABENKO

Results of a substantiation of a choice of the specified value of suppression ratio as an indicator of sup-
pression performance evaluation of radio channels are represented. It is offered to approach to a choice of value
of suppression ratio from noise immunity of the signal construction witch used for an information transfer. The
analytical calculations confirming legality of such conclusion and data of computer simulation are represented.

Keywords: noise immunity, suppression ratio, radio channel.



