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TEHEKOMYHIKALI,IVIHI/I__VI PEXXWUM MEPEXI MOBIJNIbHUX CTAHUIN 3B’A3KY
TA PAOIONOKALII 3A NOKA3SHMKOM UMOBIPHOCTI AOCTABKU
IHPOPMALIMHUX NMOBIAOMIEHb

Y cmammi pospobneni ananimuuni cniegionowents Ost OYiHKU eqheKmueHocmi YHKYIOHY8aHHs 6a2amonosu-
yilHoi inme2posanoi cucmemu 36 ’sA3Ky ma paodionokayii i3 3aCMOCYBAHHAM Y KOXCHIl NO3uyii MobinbHOI cmanyii
36 513Ky ma paoionokayii OCHaAUeHUxX Yyu@dposumMu AHMEeHHUMU PEUIMKAMU MA QYHKYIOHYIOUUX V PeHCUMT MYTbNi-
MIMO 3a noxkasznuxom UMOGIpHOCMI OCMABKU IHGOPMAYIHUX NOBIOOMILEHb O] NOGHO36 S13HOI padiomepedici. Pe-
3ynemamu nposedenoeo y nakemi Mathcad mamemamuyno2o MoOen08AHHA CEIOYAMb NPO 3HUICEHHS UMOGIPHOCHI
nOXUOOK Ha OeKibKa NOPAOKIE Npu nepedayi OaHUX 3a KITbKOMA NAPALeTbHUMU MAPWUPYMAMU.

Knrouosi cnosa: yupposa anmenna pewtimka, epexmugnicmo, ingpopmayiina HaoditiHicms, padiomepedica.

BeTtyn

IMocTanoBKa Mpo6JieMH Ta aHAJI3 OCTAHHIX J0-
ciaimkens. OHIEI0 3 TCHACHHIA PO3BUTKY TEXHIYHUX
PaioCIEKTPOHHHUX CHCTEM € IHTerparlis Ha €JuHIN ria-
ThopMi pi3HHX 32 IPU3HAYCHHS 3ac00IB. ABTOpOM OYyI10
3aIpPOIIOHOBAHO CTBOPEHHS 0araTOMO3MIIHHOI 1HTETpo-
BaHOI CHCTEMH MOOITFHUX CTaHIIN 3B’ SI3Ky Ta paaiolo-
KalliifHOT po3BiJKHM B iHTepecax iH(popmauiitHoro 3a0e3-
MeYeHHs TaKTHYHOI JTaHKW ympasiiHag [1-2]. B mona-
JBIIOMY OyJIM PO3pOOJICHHI TEOPETHYHI OCHOBH CTBO-
PEHHS TaKUX CHCTEM, a caMe MOJENI Ta METO/AU PO3Ji-
JIBHOI Ta CHUIBHOI MEMOMYJIALIi CHrHaIiB y 0araromno-
3UIIMHUX IHTErPOBAaHHUX CHCTEMax 3B’SI3KYy Ta paJioio-
kauiitaoi po3siaku (IC3PJI) i3 3acTocyBaHHSIM y KOXKHIH
mo3unii MOOUTBHUX CTaHLIN 3B 3Ky Ta pamioioKarliii-
HOi po3Bimku (MC3PJI) ocHameHWX HHQPOBHMHU aH-
tenHuMH pemritkamu (LJAP) ta dyHKIiOHYIOUHX ¥ pe-
xumi MynsTi-MIMO [3-4]. IIpoTte nociimxeHHs edek-
TUBHOCTI ()YHKIIIOHYBaHHS TaKHX IHTETPOBAHUX CHCTEM
y MHHYJIOMY He NpoBoAwinch. Ha mowaTkoBomy erarmi
po3poOku MeronuuHOro amapary gociimkenHs [C3PJI
BBQ)KA€ETHCS 32 JOLIJIBHE OKPEMO PO3IJISSHYTH PEKHMH
pobotu 3B's130K Ta pamioyiokailis. B [5] aBropom Oyio
JOCTIKCHO TUTAHHS MIIBUINCHHS CS(PCKTHUBHOCTI 3a
MTOKA3HUKOM TIPOITyCKHOI CIPOMOXHOCTI, ajie TaKuil
MiAXi7 Temo oOMEXEHHUA Ta HE BPaXxOBYE WMOBIPHICTb
JIOCTaBKH 1HGOPMAIiHHUX TTOBiIOMJICHb.

ToMy MeTOI0 CTATTi € TOCTIIUTH e(eKTUBHICTD (Y-
HKLiOHyBaHHs y OararonosuuiiiHux IC3PJI i3 3actocy-
BaHHsM y kokHii no3unii MC3PJI ochamennx AP Ta
(DyHKIIOHYFOUHX y pekuMi MynbTi-MIMO 3a moka3HIKOM
HMOBIPHOCTI OCTAaBKH 1H(OPMALIHHHUX TTOBITOMIICHB.

OcHoBHMM MaTepian

Pexum mynbTi-MIMO st koxuaoi MC3PJI ne-
pendavyae CTBOpPEHHsS IPOCTOPOBHX NMPOMEHIB pajioka-
HAIIB Y HampsSAMKY KOXXHOTO abOHEHTy Mepexi. Takum
YMHOM OTPUMAEMO IMOBHO3B’S3HY CTPYKTYpY paniome-
PEeXi, KOJI KOXKEH 3’ €THAHUH 3 KOKHHM.

B sgxocTi OCHOBHOTO HMOBIpHICHOTO ITOKa3HHUKA,
0 XapakTepusye (YHKIIOHYBaHHS IOBHO3B SI3HOI pa-
niomepexi, yrBopenoi MC3PJI, posrisHemo iiMoBip-
HICTB JI0CTaBKH iH(OPMAIIHHUX ITOBiIOMJICHB [6].

3rigHo 3 [6], BepxHS MeKa OI[IHKH 3a3HAYEHOTO
CIOMIBaHHS y pagioMepexi, chopMoBaHiii Ha OCHOBI
n>2 posropHyTHx Ha mnosuuisx MC3PJI, moxe OyTH
po3paxoBaHa 3a BUPa3oM:

P=(1-(1-p)')

e p — AMOBIPHICTH JOCTAaBKH IMOBiOMIIEHBb Y KOXKHIH

)

OKpeMO B3AITIH JiHII mepepavi JaHUX MK i-I0 Ta j-FO
MC3PJI (BBaXa€ETHCSI OJJHAKOBOIO ISl YCIX TaKUX JIHIH
3B’513Ky B Mepexi); d — Tak 3BaHMIi paHT By3Jia TOIOJIO-
rii Mepexi, o BU3HavaeThes BupasoM d = 2N /n;
n — kimekicte MC3PJI y TakTuuHif pagioMepexi;
N,, — 3arajbHa KiJIbKiCTb MAPHUX 3B’A3KiB MK BY3J0-
BuMu MC3PJI, sxa Ha BiAMiHY BiJ IIOMIUTKOBOI opmy-

nu, wo HaseneHa y [6] (zamicth C! HeoOximHO Gyno

sukopucraty C!), Ma€ OOUMCIIOBATHCS 33 BiJIOMHM 3

KOMOIHATOPUKH BHPA30M IS KITBKOCTI MOXKITUBUX HE-
TMOBTOPHUX CIOJIYYCHb:

! n(n-1
S i S L @)
2!(n-2)! 2
[MincraBuBim (2) y BUpa3 jyist crerneHi d, oTpuMaeMo
2n(n-1
d=—ZNCB :—n(n ):n—l.
n 2n

3Bincw, (1) mepenumeTses y BUTISII

P=(1-(1-p)"")

3acrocyBanHs y ckiani MC3PJI mmdpoBux aHTeH-
HHX PEIITOK JIO3BOJISIE YTBOPUTU Ha KOXKHOMY 3 MOOLJIb-
HHX BY3JIIB MEpPEKi OJJHOYACHO KUTbKa IPOCTOPOBO PO3HE-
CCHMX IApHUX JIHIA 3B’A3Ky 111 3a0e3MeUeHHsT POXO-
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JDKEHHS  1H()OPMAIIHHUX MAKETIB BiJ OKPEMO B3SITOI
MC3PJI no xoxuoi 3 n—1 MC3PJL, 00’emHannx y Mepe-
xKy. [Ipu oMy icHye MOXJIMBICTH TyOIIOBaHHS IPOXO-
JOKEHHSI OKPEMO B3STOTO 1H(OPMAIIHHOTO MaKeTy napa-
JIeTbHO OaraTbMa NUIIXaMH Tepeadi IpoTsIroM (ikcoBa-
HOTO UKy iH()OpMAIIHHOTO 0OMIHY 3 3aTyUCHHIM KOX-
HOI 3 iHTerpoBanux y mepexxy MC3PJIL.

Sxmo Ha AKUXOCh MapmipyTax iH(opMaIiitHUH
MaKeT BTPAyvaeThesi, TO JAyOnroBaHHS Horo mepenadi iH-
IMIAMH  MaplipyTamHu J03BOJISIE IPOTHUCTOSTH TaKUM
BTpaTax Ha KiHIIEBOMY ITyHKTi 3 ypaXyBaHHSAIM Ma)KOpH-
TapHO1 00pOOKH iH(pOpMAIii, OTPUMAHOI 3 YCiX MOMXKIH-
BUX MapuIpyTiB Iepeaavi. Sk HacliJOK Take po3raiy-
JKeHE MPOXO/KEHHS MOBIIOMIICHb Yepe3 YCi CIIoTydeHi
y paniomepexxy MC3PJI 3a0e3neuye 3pocTaHHS HMOBI-
PHOCTI iX JIOCTaBKH, 110 IPOLTIOCTpOoBaHO Ha puc. 1. Ha
HBOMY, aHAJIOTIYHO [6], HABEJEHO 3aJIE)KHOCTI 3araib-
HOi HMOBIpHOCTI J0ocTaBKH iH(opMaii B iHTErpoBaHii
paniosoKaliiHO-TeNeKOMYHIKaIIifHI Mepexi BiJ Kulb-
kocti MC3PJI Ta iMOBIpHOCTI q0CTaBKM iH(OpMAIIiii-
HOTO TIOBiIOMIJICHHS B OKpeMiii IiHil mepemadi 3a yMOBH
IICHTUYHOCTI YMOB PO3IOBCIO/DKCHHS CHTHAJIB MiX
JOBUTFHO B3STHMH Ui YTBOPEHHS Mapd i-I0 Ta j-10
MC3PJI. I'padixu orpumani y makeri Mathcad mmsxom
oOuncnenns Bupasy (3).

SIK1I0 YMOBH TaKoOi iIEHTHIHOCTI HE JOCATAIOTHCS
gyepe3 [0 3aBajl, BIUIMB MICIIEBOCTI Ta Pi3HY BiICTaHBb
Mk MC3PJI y mapax, To Bupa3 (1) HeoOXiHO 3aMIHUTH
Ha OlNIbII y3araibHeHUH:

n

P=1-T](1-p) |, @)

d
k=1
Je p, — HMOBIpHICTb JOCTaBKU HOBiIOMIIEHb Yy Kk -ii
nmiHii mepepawi  JaHMX, YTBOpeHId s k-1 mapu
MC3PJI; d — panr By3na Tomosiorii Mepexi, abo 3 ypa-
xyBaHHsM (3):
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Puc. 1. fIMOBipHiCTL JOCTaBKH iH(POPMAIiTHUX TTOBiA-
omJieHb y panxiomepexi MC3PJI 3anexHo Bif KiTBKOCTI
MC3PIJI ans pizHUX HMOBIPHOCTEH JOCTABKH ITOB1IOM-
JICHb B OKPEMO B3SITil JIiHIT epeadi JaHnuX:
1) p=0,15;2) p=0,2; 3) p=0,3; 4) p=0,4;5) p=0,5

Haii6inb1 BUpakeHO CHHEPriYHUN eeKT Criparbo-
BY€ Y BIJJHOLIEHHI TaKOTO IOKa3HWKa, K iHpopmariiHa
HamifHICTH = Tepemaui JaHUX y pagiomepexi. s
OTPUMAaHHS BiJINIOBIZTHOTO BUpa3y Bi3bMeMO 3a ocHOBY (1)
i OymeMo po3DIANaTH 3aMiCTh WMOBIPHOCTI JOCTaBKH
TIOBIZIOMIICH Y KOXHIH OKpeMO B3SATiH JiHii mepemadi
nmaanx Mk MC3PJI BigmoBimHy iH(bOpMAaIiifHy Hamii-
HICTb JIiHIH 3B’s13Ky €. B pe3ynbpraTi oTpuMaemMo

2=1-(1-¢') (5)
abo 3 ypaxyBaHHsM (3)
E=1-(1-&"")". (©)

[Ipu HeimeHnTHuHIN iHQOpMaLiHIN HamiAHOCTI y
KaHaJax Iepeiadi JaHuX CIpaBeIInBO

n

E=|1-T](1-¢) | - (7

Jans imoctpanii 3aiexHocTi (6) Bix KiJBKOCTI 3a-
nissHEX y oO0MmiHi iHQopMartiero MC3PJI ta inpopmariii-
HOI HamiHOCTI B OKpPEeMO B3STHX KaHaJaX Iepenadi
OyJ0 TPOBEICHO pO3paxyHOK Bupasy (6) y makeTi
Mathcad. Orpumani pe3ynbTaTi 3BeieHi y Tadi. 1.

Tabmuws 1

3anexHicTh iH(OpMAaIiifHOT HAAIHOCTI Iepeaadi TaHuX y pagioMepeki BiJ KUTBKOCTI 3aIiTHIX Yy 0OMiHi
ianpopmamietro MC3PJI ta iHpopmariiiHOi HaIiHOCTI B OKPEMO B3STHX KaHaJax Iepenadi

3 | 4 | 5 | 6 | 7
0,1
= 3x107 | 4x107 | 4x10™ | 6x10” | 6x10°
€ 0,01
E 3x10" | 4x10° | 5x10° | 6x107"° | 7x10™"2
€ 0,001
E 3x10° | 4x10° | 5x107" | 6x10™"° | 7x10°"

Amnami3 Tabn. 1 no3Boise 3poOUTH BUCHOBOK, IO
JUIS 3HIDKCHHS HMOBIPHOCTI MOXHMOOK MpH mepemadi
nanux y mepexi MC3PJI 3 mopiBHSIHO BUCOKUX PiBHIB
0,1; 0,01 Ta 0,001 mocTaTHBO 320€3MEYUTH OTHOYACHY
nepenady iH(QOpMAaIiifHUX MaKeTiB BiAMOBiMHO 1m0 6 Ta
5 mapayienbHUX Mapuipyrax. 3 iHIIOro OOKy Taki pe-

3yJbTATH CBIYaTh MPO MOXJIHMBICTH CYTTEBOI'O 3HH-
JKEHHS BUMOT 10 iH(opMaIliifHo1 HaIiifHOCTI mapIiiaib-
HUX KaHAJIB 3B 53Ky, 10 BUCYBAIOTLCS Ha €TaIll MPOCK-
TYBaHHsI, @ TAKOX MMPO 3HAYHE 3POCTAHHS 3aBaIOCTIHKO-
cti Mepexi MC3PJI y TenekoMyHiKaifHOMY PEXHUMi
(YHKIIOHYBaHHS.

113



Cucmemu 030pocuns i giticokoea mexuika, 2016, Ne 4(48)

ISSN 1997-9568

Hagezneni po3paxyHKH YHCETBHHX 3HAYEHb HMOBIp-
HICHMX TOKa3HHKIB €(EeKTUBHOCTI TEJIEKOMYHIKalliHOTO
peXuMy 3a TOTpeOM MOXYTb OyTH CYTTEBO 30UIbLIEHI,
SIKIIO 3aIyYUTH TS JyOTrOBaHHS 1H(GOpMamiiHUX TOBi-
OMJICHb DI3HI 4YacTOTHI KaHaJIM Mepesiadi, yTBOPEHi
M mnigaecyunmu OFDM (opToronansHa 4acToTHa Juc-
kpetHa Moxayimis) abo N-OFDM (ue opToroHanbHa gac-
TOTHA JAWUCKPETHAa MOYJISIIS]) CUTHAJIB, a TAKOX ITIapalie-
JIBHO 3aJliATH [UTs TpaHcdepy (PikcoBaHOI 3a 3MICTOM iH-
topmartii pizai MIMO kananm nepenadi TaHUX.

BucHoBKku

Po3po0iieHi aHaMITUYHI CITIBBiTHOIICHHS IJIS OIli-
HKU e()eKTUBHOCTI (PYHKIIOHYBaHHSA 0araTOMO3UIIHHOL
IHTErpOBaHOI CHCTEMH 3B’S3Ky Ta pagiojoKarii i3 3a-
CTOCYBAaHHSAM Y KOXHIM mMO3UIi MOOLIBHOI CTaHIIT
3B’SI3Ky Ta PAaIioJOKallii OCHAIEHHX NHU(POBUMH aH-
TEHHUMH pENITKaMH Ta (YHKIIOHYIOUHX Yy PEeXUMI
MyJBTHKOpHCTYBaIbHULIEKOTO MIMO 3a moka3HuHKOM
HOMOBIpPHOCTI J1I0CTaBKH iH(POPMAaLiHHUX MOBIOMIICHb.

PesynpraT MareMaTMYHOTO MOJICTIOBAHHS CBij-
4aTh, 10 U1 3HWKEHHS HMOBIPHOCTI MOXHOOK Ha JCKi-
JIbKa MOPSZIKIB NPU Tepejadi TaHuX y Mepexi MoOiIb-
HHUX CTaHIIH 3B’SI3Ky Ta palioiokauii JocTaTHbO 3a0e3-
MIEYUTH OJHOYACHY Tepenady iHPOpMamifHIX IaKeTiB
BiJINIOBiTHO 1O 6 Ta 5 mapajenpHIX MapmpyTax.

e Bimnosigae pexxumy poOOTH MYJIbTHKOPHUCTY-
BaJdbHUIIEKOT0O MIMO 11 KOXHOI 13 MOOUIBHHAX CTaH-
il 3B’s3Ky Ta pajioyiokamii i3 CKIamy pagioMepexi.
HanpsiMkoM NOAajibUIMX AOCIIIKEHb BBAXKAETHCS PO3-
POOJIEHHSI METOIMYHOTO anapary KOMIUIEKCHOT OLIHKH
e(eKTUBHOCTI (YHKIIOHYBaHHS IHTETPOBAHHX CHCTEM
3B’SI3KY Ta paaioJIOKaIlii.
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TENEKOMMYHUKALIMOHHbIA PEXXUM CETU MOBUINbHbLIX CTAHLUA CBA3U U PAOVNOJIOKALIUN
MO NMNOKA3ATEIO OXXKMOAHME N OCTABKN UHO®OPMALIMOHHBIX COOBLLEHUN

A.O. 3uHueHko

B cmamve paspabomanvl anarumuyeckue coomnowenust 0 oyeHku dpdexmusnocmu GYHKYUOHUPOBAHUS MHOLONO3UYU-
OMHOU UHMEZPUPOBAHHOU CUCEMbL CE5A3U U PAOUOIOKAYUU C NPUMEHEHUEM 8 KAXNCOOU NO3Uyuu MOOUTbHOU CMAHYUU C8A3U U
PaouonoKayuu OCHAUWEeHHbIX YUPposbiMU aHMEeHHLIMU peulemKkamu u QyuKyuonupyowux 6 pesicume myavmu-MIMO no noka-
3amento 8epoAMHOCHU 0OCMABKU UHPOPMAYUOHHBIX cOODWeHUll Ol NOAHOCEA3HOU paduocemu. Pesyiomamel nposedennozo 6
naxeme Mathcad mamemamuuecko2o MoOOeIUPOBAHUS CEUOCTNETLCIBYION O CHUJICEHUU BEPOAMHOCHU OWUOOK HA HECKObKO
nopsAoKos npu nepedaye OaHHbIX NO HECKONLKUM NAPATAETbHLIM MAPUPYIMAM.

Knrouesnie cnosa: yupposas anmennasn pewemxa, 3¢pgekmusnocmo, UHGOPMAYUOHHAS HAOCHCHOCb, PAOUOCEMb.

TELECOM NETWORK MODE MOBILE STATIONS AND RADAR SYSTEMS
AT THE INDICATOR WAITING FOR THE DELIVERY OF INFORMATION MESSAGES

A.O. Zinchenko

The author has developed an analytical relation for evaluating the performance of multiple integrated communication sys-
tems and radar with application to each position of a mobile station in communication and radar systems equipped with digital
antenna arrays and operating under multi-MMO at the indicator waiting for the delivery of information messages for fully con-
nected radio network. The results of the Mathcad mathematical modeling indicate a decrease in the error probability by several
orders of magnitude when transmitting data over multiple parallel routes.

Keywords: digital antenna array, efficiency, information reliability, radio network.
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