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NOBbILEHVNE IODEKTUBHOCTA
TeNleKoMMyHUKauuoHHbIX paguocuctem ¢ MIMO

Paccmotpenbl MeToAbI NOBbILIEHHA 3PHEKTHBHOCTH TEeKOMMYHHKayHoHHbIX pagnockctem ¢ MIMO 6narogaps npume-
HEHHI0 KOrepeHTHOro C/0EHHS CHrHanoB H pa3HeceHHoro npuema. Oco6oe BHUMaHHE YAEAEHO HCNONb30BaHHIO AHTEHHbIX
PeweToK ¢ 4enblo NocTpoeHHs MHoreanementbix antend MIMO. Mipn 3tom nonyyenbl BaXHbie COOTHOWEHHA ANA onpeje-
JIeHHs napameTpoB aHTeHHbIX pewerok. llokazana 3hheKTHBHOCTb Pa3HECEHHOI0 NPHEMA CHIHAJIOB B MIAHE YMEHbLIEHHA
BAHAHHA WK 3aMHPaHHA.

KnioueBbie cnoBa: korepeHTHOE CIIOXEHWE CUrHAaNO0B; Pa3HECEHHbIA NPUEM; NapaMETpbl BHTEHHbIX PELLIETOK; MHOMO3/IEMEHTHbIE
aHTeHHsl MIMO; 3aMupaHmue CurHarnos.

Begedenue

PasBuTne MOOMIBLHON CBSA3U OIPEIENISIETCSA, B IePBYIO ouepelb, MOTPeOHOCTAME PhIHKA B HOBBIX yCIyrax.
CoBpeMeHHBIE MOOUJILHBIE CEeTH AOJIKHBI 00ecrieunBaTh TpadUK B IPOTHOZUPYEMBIX 00beMax U YAOBJIETBO-
PATH PACTYIMI MOTPeOUTEIbCKUI CIPOC HAa BBICOKOCKOPOCTHYIO Iepefavyy AaHHBIX. I[Ipu aTOoM mpemocTas-
JIeHVe TaKUX YCJYT MpeaIojaraetT BbICOKYIO IPOU3BOAUTENILHOCTh MOOUIBHBIX CUCTEM. B TOCTUKEHUHN 9TOM
IIeJIM BaYKHYIO POJIb UrpaeT 3G (GEeKTUBHBIN BBIOOD TexXHOJIOoTHUN. O0ECIEeUNTDh BHICOKYIO TPOU3BOAUTEIbHOCTD
IIPYW HBIHEIITHEM YPOBHE Pa3BUTHUA HAYKU M TEXHUKU OOJIKHBI yTBep:kIeHHBIe cTaHaapTel LTE (Long Term
Evolution) [1] u LTE Advanced [2] — crangapTs! 4-10 nokoJsieHusa Mmo6uiabHoi cBasu. LTE u LTE Advanced
BKJIIOUAIOT B ce0s TexHoJoruu Ha ocHoBe OFDM-Monynamnum, ogAep:KuBaIoIeil MacITabupyeMyo I0JI0CY
MIPOIIyCKAaHMUA, a TaKsKe YJIYUIIeHHbIN mpueM/nepeiady OT HeCKOJbKUX aHTeHH, 00eCIeunBaIonux GopMu-
poBaHme TPeOdyeMbIX [uarpaMM HaIPaBJI€HHOCTU U IPOCTPAHCTBEHHOE MYJIBTUILIeKcupoBaHme. OnHOM U3 oc-
HOBHBIX paguoTexHoJioruii, ucrnouabdyemoit B LTE u LTE Advanced, aBiasierca texuosorus MIMO (Multiple
Input Multiple Output) u ee pacuimpeHHad Bepcuda MHOTOIOoJab30BaTebcKkoro MIMO uan MU-MIMO [1; 2].
ITa TeXHOJOTUS ITPeIyCMaTPUBAET UCIIOJh30BaHE HECKOJIbKUX AHTEHH WJIM AHTEHHBIX PEIIeTOK KaK Ha IPu-
eMHOI1, TaK U Ha IepeAalolleil cTopoHe, ¢ IPUMeHeHUeM OOIITUPHOTO Habopa ajJropuTMOB 00paboTKU paguo-
cursaios [1; 3; 4].

K ocHoBHBIMU nIpemmyIiiecTBaM TexHogoruu MIMO cienyet oTHecTH:

¢ yBeJIMUEHNE OTHOIIEHUS CUTHAJI/IITYM Ha BXOJe MPUEMHUKA 0Jlarofapsa KOTePEeHTHOMY CJIOKEHUIO CUT-
HAJIOB HA mepejalneil 1/Win MPUeMHON CTOPOHe paguoanHuu (hopMupoBaHUe TPeOyeMOoOi fuarpaMMbl Ha-
IIPaBJIEHHOCTHU);

¢ CHUJKEeHUe YPOBHA 3aMUPAHUH Ha BXO/le TPUEMHHUKA, UeMy CIIOCOOCTBYET BO3MOKHOCTD Peai3aIiuny pas-
JINYHBIX BUJOB Pa3HECEHU;

¢ yBeJINUEeHNE IPOITYCKHOM CIIOCOOHOCTH 3a CUET IPOCTPAHCTBEHHOIO Pa3ieIeHNA U 00 be JUHEeHU A KaHAJIOB
(TpocTpaHCTBEHHOE MYJIbTUILJIEKCUPOBAHUE).

Bce atu nmpeumytiectea MIMO TexXHOJIOTUY peasn3yIOTCcsa Ha 6ase aJTOPUTMOB 00PabOTKY CUTHAJIOB C IIPU-
BJIEUEHUEM TOTEHIIMAJIbHBIX CBOMCTB WMCIIOJIb3YEeMbIX aHTEHHBIX YCTPOIWCTB. B HacTosIiee BpeMsA Teopusd
U TeXHUKAa aHTeHHBIX YCTPOMCTB, BKJIIOUYAA aHMeHHble peulemKku (AP), tocraTouHo pasBuThl [5; 6]. OxHaKO
AHTEHHBIM YCTPOICTBAM U X MOTEHIINAJILHBIM cBOMcTBaM [Jis peansudanuu MIMO TeXHOJIOTUH He YAeIAeTCs
JIOCTATOUYHOTO BHUMAaHUA. BUAMMO, IT09TOMY MMEIOTCA JOBOJHHO ONTUMUCTUYHBIE ITPOTHO3bI, KACAIOIMECs
mpoIrycKHo crtocobrocTr MIMO 1 mobunabHBIX cucTeM ctaHgapToB LTE u LTE Advanced [7].

OTmMeTuM, UTO MOTEHIMAJIbHBIE cBolicTBa AP ompenesioTcs IPOCTPAHCTBEHHBLIM PACIIOJIOMKEeHNeM aHTeH-
HBIX 9JIEMEHTOB 1 UX KOJUUYECTBOM, TUTIOM AHTEHHBIX 9JIEMEHTOB, UX ITPOCTPAHCTBEHHOM OpueHTaIl1e, a TakK-
JKe aMILIUTYIHBIM U ()a30BBIM X Bo30y:kaeHueM [8—11].

Kozepenmmnoe cnosxcenue cuznanoé
Ha nepedarouieil u/uru npuemHol cmopore paduoiuHul

KorepeHTHOe CJIOKEeHIEe CUTHAJIOB Ha IepeAaloleil 1/ uiiy IPUeMHON CTOPOHE PAAUOJINHIN OCYIeCTBIISIeT-
cs Ipu oMol pasupoBaHHbIX AP.

O61mee KosmuecTBO saeMeHTOB AP N =2m + 1, rme m =0, 1, 2, .... ITono:xenue n-ro sanementa AP omnpeme-
JISIETCSI BEIPAYKEHUSIMU:

x,= 0; y,= 0; z,= ndn,

rae n = -m, .., 0, .. m; d, — paccroanue Mex 1y (Da30BEIMU IEeHTPAMHE IBYX OJU3JIEKAIIUX dJIEMEHTOB, Ha-
3BIBAEMOE ULAZOM PeULemKU.
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Ilpu d, = const AP naseiBaercsa dK6uducmanmoi;
OZ — ocv pewemru (puc. 1).

B Touxre P(r, 0, ¢), HaxXomAImelicA B JajnbHel 30He,
SJIEKTPOMATHUTHOE II0JIe OIIPEeJesIAeTCA HAa OCHOBAHUU
OPTOTOHAIBHBIX KOMIIOHEHT K, 1 E(p (cm. puc. 1). Kom-
IMOHEHTAa E(go) [LJIsI TIOJIST MBJIYUYEeHUS IEeHTPAJIBLHOTO dJIe-
menra (n = 0)

Ee()o):Aejofe(o)(e’ ‘P)eXP(_ik’"o)/’“o’ 1)
rae A, — MOCTOAHHBIA MHOKUTENb, ONPeeIAeMbIH TH-

IIOM HM3JIydaTeJs; f 9(0)(9, (p) — KoMmnJaexkcHas duazpam-
ma HanpasaenHocmu ([ H) usiydaroniero sjieMeHTa 10
COOTBETCTBYIOIEH KOMIIOHEHTEe I10JI5; fO — KOMILJIEKC-
Hasg aMIUIATYJa TOKA HA n-M uaiydareje (B AaHHOM
cayuae n = 0), Iy =1,exp (i\uo); I — MHUMAas eIMHUIA;

exp(— ikr, )/ Iy — MHOMKHTEJb, XapaKTepU3yoIui che-
pudeckuit GPOHT BOJHEI B faJbHEHN 30HE; £ — BOJIHOBOE
YMCJIO CBOOOTHOTO IIPOCTPAHCTBA, kB = 21/A (A — miuHa
BOJIHBI 9JIEKTPOMATHUTHOTO KOJIeGa ) Puc. 1. KoMIIOHEHTBI 3JIEKTPOMAarHUTHOrO MoJIsa AP

C 11eJIbI0 OTIpeIeIeHr s KOMIIOHEHTBI E(g") IJIs TIOJISA U3JIyUYeHuA n-ro sjaeMmeHTa (n # 0) Heo0X0aAMMO YUeCTh
KOMILIEKCHYIO aMILUIUTYy TOKA Ha 7n-M dJIeMeHTe U PadHOCTb Xofia Iyueit r, = r, — Ar, =r,— nAr.
HNrak, umeem:

E(g”) =A,l, f~9(") (G, (p) exp (— ikr, )/rn =A,l, fe(")(e, (p) exp (inkAr)exp (— ikr, )/rn . 2)

m
Ha ocHOBe nIpuHIINIIA CYIIEPIOSUIINY Pe3yIbTUpPYyomasn Ey = ZE(g") KOMIIOHEHTA TI0JIA U3JIYUeHUA, Co3ha-
n=—m
BaeMas BceMmu syieMeHTamu AP, ¢ yueTom Toro, uTO 1, ~ ), IPEJICTABJIAETCA B BUTIE

~ [ m ]
Eeerfe(O)(O, (p) anexp(inkAr) exp(— ikro) To- 3
Ln=—m A
AHaJIOTUYHO JJIs pe3yIbTUPYIOIei E KoMIIOHEHTEI
~ m
E,~A, f(P(‘))(e, (p) anexp(inkAr) exp(— ikro) ry- 4)
Ln=-m .

Pesyabrupytomasa [[H nas 11060 13 KOMIIOHEHT IT0JIS U3JIYUeHUI UMeeT BUT,

Fo.0)-f <e,<p>{ S, exp<mkm>}ﬁ<e,cpm 0.0) )

n=-m

rae fe (6, (p) — koMmIitekcHasa [IH anemenTa; fp (9, QD) — MHOMKUTEJb CUCTEeMBI (MHOMKUTEHb PeIleTKN),

~ m

150,0)=3 L, exv(inkar)=f, 0, o)exp[iare ( £(6. o). ©)

n=-m

Taxum 06pasoM, MOKeT OBITH CPOPMYJINPOBAHO 00U ee NPABULO YMHONHCeHUS OUAZpAMM HANDABIEHHOCTU
(TeopeMa IIePEMHOKEHUA).

P AP upencrapiser co6oii mpouseenenue [IH oqHOro 3jieMeHTa JaHHOI CHCTEMbI HA MHOJKUTEJNb CHCTe-
MBI (MHOSKUTEb PeHIeTKN):

f6.0)=£, <P){ if nexp(inkAr)} = £.6,9) £(6, ¢)- (7)

n=-m

Juneiinas AP ¢ pasnoamniumyonsvim 6030yxcodenuem
U MUHELHbLM U3MEeHenuem pasol
KomniexkcHas aMIInTya TOKA Ha n-M U3JIydaTese

fn =1,exp (i\yn ): Iexp (inA\u), (€))
T. e. sneMeHTsl AP B0o30y»jaioTcad paBHOAMILIUTYAHO C JUMHEWHBIM (IPOTPECCHUBHBIM) HM3MeHeHUeM (asbl

(puc. 2).
B kauecTBe asieMeHTOB AP MCIT0IB3yIOTCA HEHATIPABICHHBIE U3JIyYaTEJIN.
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I,=1,exp(iv,)
m g
—
.
1 1 O—i
0 0 O—
-1 10—
-2 20—
-m -m Q—

Puc. 2. Pacnpenenenne Toka u a3
B InHEeitHOl AP

206, =

2A8, . = 33,9°

0,7

d=0,5%; Ay =0

Puc. 3. TH AP ¢ pa3inyHbIM KOJINIECTBOM
3JIEMEHTOB

Ay =-30° 6, =99,6
Ay =-60" 8,,,=109,5
d=0,5N=9

Puc. 4. TH AP ¢ pa3anuHbsIiMu (Da30BBIMH

CABUIaMHU CUTHAJIOB

C/10B0 HAYKOBUS

Takum o6pasoM,

~ m m
fo, @)zZInexp(inkAr): IZexp(in[kAr—A\u]), (9)
n=-m n=-m
rae Ar = dcoso.
Torga, orryckas MMOCTasSHHBINT MHOYKUTED I, TTIOJTyyaeM:

f(@, (p)z iexp (in[kd cos0— A\y])

n=-m

unu "o
_sin[N(kdcosd—Ay)/2]
S ©.0)= sin|(kdcosd-Ay)/2]

Pesxcum nonepeinozo udnyienus
(usnywenue no nopmaau k AP)
Iycrs I =1, exp(inA\y) npu I, = const u Ay = 0. Torza, onyckas,
KaK U paHee, IOCTOAHHBLIN MHOKUTEND I, uMeeM (puc. 3):

f( )— |f~(6,(p)| _|Sin[0,5decose]|

|f(6,)  [Nsin[05kdcoso] (11)
A x
2000 ~2—— (pan)~114,6 —— : 12
0 =27 (pan) ~g Tpan) (12)
A x
2A8090,707 O’SSW (pan)~50,8 Nd (rpan). (13)

Pesxcum HaKLOHHO20 U3NYHUeHUAR

IIycTs fn =1, exp(inA\u) npu I, = const u Ay = 0.

Torpa, onyckas, Kak U paHee, IOCTOAHHBIM MHOMKUTEND I, nMeeM
(puc. 4):

f( 0)= |f 0,9 | |sm 0 5N(kdcose A\u)]|

|f 0, ¢ | |Ns1n 0 5(kdcos9 A\y)]

) (14)

max

0 & arccosA—W. (15)
kd

Takum 06pasom, IpUHUMAaA BO BHUMaHUE, YTO (N - l)d =L — nnu-
Ha aHTEHHO! pelIeTKU, IPUXOIUM K CJIEAYIOIeMYy BHIBOAY: IMIMPUHA
ryiaBHOTO Jiertectka JIH Tem MeHbIITe, ueM 60JIbIlle AJanHA L aHTeHHO
PeIIeTKY I10 CPABHEHMUIO C JUIMHOM A BOJIHBI 3JIEKTPOMATHUTHOTO KO-
nebanuda. [Ipu sToM UBMeHEHNEM OTHOCUTEIBHOIO (pa3oBOro ciBura
Ay BO3MOIKHO PeryJIIpoBaTh HAKJIOH I'JIaBHOTO JertecTka JJH.

Koagppuyuenm nanpaénennozo deticmeus (KH/)
nunelunoui AP
Koagpguyuenm nanpasaernnozo deiicmeus (KHJ][) nuneiinoit AP
BBIpaskaeTca GopmyIoi

4
Dm = n2n z ’ 16)
”f2 0,¢)sin0d0d (
00
D,y.x =D,D,, (17)
rae D, — KH]I nuanygarena AP;
D_= N*
P N-1 .
sinnkd (18)
N+2 N-n)J———=
Z( ) nkd

npud=0,52, Dp=N.
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Takum o6pa3oM, Ipu PUKCUPOBAHHOM PACCTOAHUU d MEXKIY W3- D,

ayuarensamu auHeitHon AP nmeer mecto yBenuuenue KH]I ¢ Bospac-
TanueM uucya N usiayuareseii (puc. 5).
40
Knaccupurayus memodos 6opbouL
¢ 3amupanuamu paduocuznanios

s 60pb0BI ¢ 3aMUPAHUAMU CHUTHAJA B TeJIeKOMMYHHUKAI[MOH- 30
HBIX PASUOCUCTEMAX IINPOKOE IPUMEHEHNE TOJYUUIN CIETYIOIIe
METO/IbI.

® Memod pa3neceHH020 npuema: KaKUM-ambo crmocoboM obpasy- 20
IOT HECKOJIbKO KONUIl MPUHUMAeMOro CUTHAJA, II0-Pa3HOMY Iopa-
JKeHHBIX 3aMUPAHUSAMU, © KOMOMHUDPYIOT 9T KOIIUN.

o Memod onmumaibH0oz0 npuema, OCHOBAHHBIN Ha MCIOJb30Ba- 10 9
HUY IIXPOKOIIOJIOCHBIX 1 COCTABHBIX CUTHAJIOB. 5

® Memod adanmu6Hozo npuema, UCIOJb3YIOMIN AJIA afalTalun 3
CBe[IeHUs O TPAaKTe Ilepejayn CUurHaa.

® Memod nomexoycmoiluu60zo KoOOUPOEAHUSL.

IITzpokoe IpUMeHeHNe HOTYUIIN Pa3IMIHbIe BUALI pasHeceHHo-  Puc. 5. KH/L AP npu pasmranom komndecrse
ro mpuema [12]. 3JeMeHTOB N U3Iy4YaloIuX 3JIeMeHTOB

OCHOBHBIM KPUTEPUEM IPUMEHNMOCTH TOTO WJIN MHOTO METOJA PA3SHECEHUA ABJIAETCS CTEIeHb KOPPEJIAIIUN
3aMUpPaHUU pasHECEHHBIX paanocursaios [13], a Takike anmapaTypHasa peajnusanusa MeToLa MU HECKOJIbKUX
METOJIOB OJTHOBPEMEHHO.

Peasnmsanus memoda pasnecenus npenmnosaraetT o60CHOBaHHBIM BBIOOD TapaMeTpa padHOca ¢ YIeTOM Tpe-
O6yeMoro Koa(dduiinernTa Koppeaanuu (HOPMUPOBAHHON KOPPEIAIUNOHHON QYHKITUN) 3aMUPaAHU

18

0,1 0,3 0,5 0,7 d/r

n
R, =exp| - Ax , (19)
Px
rpe Ax — mapameTp pasHoca; p, — Paguyc KOPPeJIANUHA COOTBETCTBYIOIEro mapaMeTpa pasuoca Ax.
BinanneM KOppeIAIuy MOKHO IIpeHe6peus TP Koa(dUIIIeHTe Koppeadanuy MeHee e ! (e = 2,718...) [13].
Torga, B mpegenbHOM ciyuae, mapaMeTp pasHoca OyaeT paBeH pagnycy KOPPeJasIluu COOTBETCTBYIOIIEro Ia-
pamerpa Ax = p,.
IIpu peanusanum memoda npocmpancmeeHHozo pa3HeceHus PacCToIHNe [ MeX Iy aHTeHHBIMY 9JIeMeHTa-
MU JOJIKHO OBITH HE MeHee Pajuyca MPOCTPAHCTBEHHON KOPPEJAIUH P;, KOTODBIN, B CBOIO OYePelib, 3aBUCUT
OT IaJbHOCTU d PAAUOJNHNU, PACCTOTHUS A 10 OJIM3JIeKAIUX IPENATCTBUN U JJIUHBI A BOJHBI PaJlOCUTHAIA

(puc. 6)
12p,~ 22, (20)
2h

AHanmus BO3MOKHOCTHU HCIIOJB30BAHUSA METOAA IIPOCTPAHCTBEH-

HOTO pasHeceHuda (cM. puc. 6) gma MIMO TexHosiormMH mHOKAa3al, d

YTO IIPU PACCTOAHUM MEKAY aHTeHHBIMU daeMeHTamMu [ = 0,5 A, rme 1

A — IJMHA BOJHBI PAAMOCHUTHAJA, PACCTOSAHUSA M0 OJM3JIEIKAIUX |

IPENATCTBUH U JATbHOCTD PAJUOINHUY JOJIKHBI OBITH COM3MEPUMBI |

(h > d). Y H

YMeHbIIeHe PacCTOAHUA A M0 GIMBJIeKaIuX MPemATCTBUHN 110 |
CPaBHEHMIO C NAJbHOCTBIO d PAJWOJIMHUU yBEIMUUBAET PATHUYC P, | |
IPOCTPAHCTBEHHON KOPPEJIALNY ¥ TeM CAMBIM TPEOYET YBEIUUCHUT poo o 1o ror B ——
paccroAHUA [ MeKIy aHTeHHBIMU 3JeMeHTaMu. B IpoTuBHOM CJiry- pasHecenus
yae BBIUTPBIII OT PA3HECEHHOTO IPOCTPAHCTBEHHOI'0 MpueMa O0yaer
CHUKATHCH.

B ocHOBY Memoda yzno6o0zo pasnecenus (puc. 7) moyoKeHA BO3- | \
MOJKHOCTh (hopMUPOBaHUsI MHOTOJemecTkoBoi [JH. 9To mocTuraer- | |
CcA WCIIOJb30BAHMEM B BHICOKOUACTOTHOM TPaKTe aHTEHHOI CHCTe-

Moit duazpammo-obpasyroweil cxemst (JJOC), KoTopas obecrieunBaeT _©
nmobaBJleHIe COOTBETCTBYIOIIEro (PasoBOTO CABUTA PATMOCUTHAIAM | 2B |
OT Ka’KJ0T0 AaHTEHHOI'0 3JIeMEeHTa. | :

YBenuuuBasa yriioBoe pasHeceHue 23 OTAeJIbHBIX JTyUell, BO3ZMOXK- Puc. 7. TlosicHemIe MeTona yrIosoro

HO YMEHBIIIUTD CTEIIEHb KOPPEJIAIUN paguocuraagos. OgHaAKO MaK- pasmecenus

3B’S30K, Ne 4, 2015 a7

h

J0C
>




Hayka, excnnyarayiss, BUpo6HULITBO CNOBO HAYKOBNA

CUMaJIbHOE yIJVIOBO€ pPa3dHeCeHue ZBmax IIPX 9TOM 3aBUCHUT OT OTHOCHUTEJIBHOI'O PaCCTOAHUA l/)\, MEeX Oy aHTeH-
HBIMMU 3JIEMEeHTaMu 1, COOTBETCTBEHHO, OT'PAHNYEHO I‘a6apI/ITHBIMI/I pasMepamMmn AHTEHHOU CUCTEMBI:

j, (21)

. [ AL
Bmax =arcsin ol

rae AY — IOmOJHUTEIbHBINA (DA30BBINA CBUT.

Ananns BO3MOKHOCTH MCIIOJb30BaHUA MeToIa YII0Boro pasHeceHusd A1 MIMO TexHOJIOrMY ITOKA3aJI, UTO
IPU PACCTOSAHUU MeKIy auTeHHbIME daeMerHTamMu [ = 0,5 A u AY =+ 90°, makcuMaJIbHOE yIJI0BOe pasHeceHue
OTHeJNbHBbIX Jayueh B - Oyzxer ue 6osee 30°.

B pa6oTe [14] Ha OCHOBE 9KCIIEPUMEHTAJIBbHBIX PE3YJILTATOB YTBEPIKIAETCH, YTO MHOTOJIYY€BOCTh N3MEHSIET
MOJISIPU3AIAIO 3JIEKTPOMATHUTHOI BOJIHEI, B pe3yabTaTe uero okojo 80% Bcex 3aMuUpaHUil MMEIOT II0JIAPU3a-
IIUOHHYIO IPUPOY, TO €CTh O0YCIOBJIEHBI CIAYyUYAHHBIMU N3MEHEHUAMY IOJIAPUIAINY IPUHUMAEMOTO PaKo-
curHaja. [TosTromy memod npocmpanHcmeeHH020 pa3HeCceHUs MOYKHO CUUTATh OCHOBHBIM 3JI€KTPOJUHAMUYEC-
xkuM metogom MIMO TexHoJioruu.

st peanusanuy JaHHOTO METOLa HEOOXOAUMBI ABYXIIOJISPU3AIMOHHbIE AHTEHHbBIEe 9JIeMEeHThI, B KaueCTBe
KOTODBIX MOTYT OBITH MCIIOJIb30BAHbI: TYPHUKETHBIN U3JIyUaTeb; JBYX3aX0AHAasl CIINPAJb C IPOTHUBOIIOJIOMK-
HOUM HAMOTKOI1; IBYXBXO0/IOBBIII MUKPOIIOJIOCKOBBINA M3JIydyaTesib. BEIOOP aHTEHHOTO 3JIeMEeHTAa OIPeIeIsIeTCa
HCII0JIb3YyEeMBIM METOIOM Pa3JIOKEHU S dJIEKTPOMATHUTHOM BOJIHBI HA OPTOTOHAJIBHO MOJISIPU30BaHHbBIE KOMIIO-
HEHTBI, TPeOOBAHUAMU K HAIIPABJIEHHBIM U YACTOTHBIM CBOMCTBAM M3JIyUaTe .

Xopoirze pe3yabTaThl JaeT IPUMeHeHNe CIAeIYIOIIUX CII0CO00B KOMOMHNPOBAHUA PA3HECEHHBIX CUTHAJIOB.

1. Aemo6bL60p — K BBIXOAY YCTPOMCTBA KOMOMHUPOBAHUSA MOAKJIIOUAETCS BCEr/ja TOT U3 CUTHAJIOB, YPOBEHbD
KOTOPOT'0 MaKCHUMaJeH.

2. JIuneilnoe caoxcernue — Bce N pasHeCeHHBIX CUTHAJIOB CKJIAABIBAIOTCA C OAMHAKOBBIM BECOM. TO O3HAYA-
eT, UTO yCUJIEeHVEe BCeX Pa3HEeCEeHHbIX IPUEeMHUKOB JT0JIKHO OBITH OMMHAKOBBIM.

3. OnmumanvHoe cioxeHue — obecrieurnBaeTcs MAaKCUMAaJIbHOE OTHOIIIEHNEe CUTHAJ/IITYM Ha BBIXO/€e IPU-
€MHOT'0 YCTPOMCTBA.

Brrurpeim @ ot pasuecennoro npuema [ 13] unttoctpupyer puc. 8.

Q, 1B BobLeodvt
1. Insa moBbimeHusa 3GMGEKTUBHOCTU TEJIeKOMMY-
8 HUKAIIMOHHBIX PaAMOCUCTEM ITUPOKOE IMPUMEHeHUe
MOJIyUMJIa TEeXHOJIOTUS MHOTO3JIEMEeHTHBIX AaHTeHH
6 MIMO, o6ecmeunBaIliasg yBeJIUUYeHUE OTHOIIEHUS

CUTHAJI/TIIyM, CHUKeHIe YPOBHA 3aMUPAHUN U IIOBHI-
IIeHWe IPONYCKHOM CIIOCOOHOCTU OJarofaps Ipoc-

4 TPAHCTBEHHOMY MYJIbTUILIEKCUPOBAHUIO.
2. HaubonpIillee IpuMeHEHNE IPU CO3LAHUU CUC-
2 TeMm MIMO nosyuniu aHTeHHBIE PEIIETKU U3 MUKPO-
MIOJIOCKOBBIX AHTEHHBIX U3JIydaTesieit.
0 3. Iy 60pBOBI ¢ 3aMUPAHUAMU CUTHAJIA HAaNOOIb-
2 4 6 8 N Iy 5@@(EeKTHBHOCTh 00eCIIeunBAIOT METOAbI pasHe-

Puc. 8. Berurpsini Q oT mnpuMeHeHNsI pa3HeCeHHOro npuema [13] CEeHHOI'0 IpueMa Cur=Hasia.
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M. b. lpoverko .
MABWILEHHA EOEKTUBHOCTI TENEKOMYHIKALIUHWUX PALIIOCWCTEM 13 MIMO
PoarnsHyTo meTogw nigsuiLieHHs eqhekTBHOCTI TenekomyHikauintmx pagiocuctem i3 MIMO 3aBaskn 3acTOCYBaHHID KOrepEHTHOro fj0-
[18BaHHS CUrHarniB Ta po3HeceHoro npwiomy. OcobnvBy yBary npugineHo 3acTocyBaHHIO aHTEHHUX PELLITOK 3 MeTok nobynosy bararo-
enemenTHux aHteH MIMO. llpwu ybomy 3006yT0 BaxnuBi CiBBINHOLIEHHS [NS BU3HAYEHHS NapamMeTpiB aHTeHHuX peLitok. [JoseneHo
eEeKTUBHICTb PO3HECEHOIO MPUAOMY CUTHASTIB Y M1aHI 3MEHLLIEHHS BIIIVBY IX 3aBMVPEHHS.
KniovoBi cnoea: korepeHTHe [0faBaHHs CUrHania; PO3HECEHW NPUAOM; MapaMeTpy aHTEHHUX PELLITOK; GaraToeneMeHTHI aHTEHN

MIMO; 3aBMUpaHHS cUrHanis.

M. B. Protsenko
THE METHODS OF TELECOMMUNICATIONS RADIO SYSTEMS IMPROVMENT
In this study the author examines the methods of telecommunication radio systems efficiency improvement by applying the coherent
addition of signals and diverse signal reception. Special attention is paid to the use of antenna arrays for building multi-element MIMO
antennas. Important correlations were obtained to determine the antenna arrays parameters. The efficiency of signals diverse reception

method in order to decrease the influence of fading is shown.

Keywords: coherent addition of signals; diverse signal reception; antenna arrays parameters; multi-element MIMO antennas;

signals fading.
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O.T. BAP®OJIOMEECBA, A.II. BOHOAPYYK, kaHaugaTtu TeXH. HayK, JOIEHTH;

10. JI. TABPEHIOK, marictp,
Hep:xkaBHUT YHiBEpCUTET TeJeKOMYHiKaIiii, Kuis

PO3POBKA ®YHKLIOHAJIbHOI MOJENI CUCTEMU YNPABJIHHA
MEPEXEH) HACTYITHOIO NOKONIHHA HA PIBHI JocTyny

Po3rnanyTo mMoXAHBOCTi BHKOPHCTaHHA HOBITHIN pe3ynbTatiB PO3BMTKY Mepex RocTymy, no6ygoBaHuK Ha 6a3i pizHuK
TEXHOJOrii, AN PO3PO6KH BHMOr WORO CHCTEM YNPaBAiHHA HHMH.
Kniouogi cnoea: mepexi goctyny; mepexa NGN; koHuenuis TMN; npoTokonu; TeXHONorii ynpaBmiHHs.

Bemyn

3 orasAny Ha 3aCTOCYBAaHHS Pi3HUX TEXHOJOTIH
y Mepeskax MocTyiry copMyBaIocd KijlbKa MPUHITA-
MOBUX MiIXOAiB A0 opraHisarlrili cucTeMu yIpaBJIiHHSI
TakuMu Mepeskamu. HalnomwupeHimmit i3 Hux me-
penbauae sBukopuctanug mogesi ITU, mio cnupaerses
Ha KoHnenmio TMN. HoxkmagHuii onuc mMiel KOHIIEI-
il momano B Pekomenpamii M.3010.

Crangaprtuuil inTepdeiic yupaBJiHHA B CHUCTEMi
TMN — e inTepdeiic Q; Ha OCHOBI IPOTOKOJY 3a-
rajJbHOTrO yupaniinasa indopmamniero CMIP (Common
Management Information Protocol).
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BuxopucroByioTh Tako:x mozmeab IETF, mo BKiio-
yae B cebe crammapTHi 0a30Bi 3aco0u MeperXHOTO
yupasiainusa (Network Management Framework), 3a-
CTOCOBYBaHi B Mepe:ki IHTepHeT; MOaeb MEepPEeKHOTO
yupaBainasgs ATM ®opymy; Moes b yIIpaBIiHHsS Qip-
mu IBM, a TakosK MojesIi i3 3acTOCYBaHHAM TeXHOJIO-
riiit TINA ta CORBA.

Koskza 3 KOHIENIIili, BUKOPUCTOBYBAHUX IIPU IIO-
OyZIOBi cucTeM yIpaBJIiHHSA MepesKaMu AOCTYITY, Mae
CBOI mepeBarm Ta HeIOJiKU. YTiM yci BOHU IIOTpe-
OyIOTh UMMAJWX BUTPAT IPU BIPOBAAMKEHHi. Biab-
HIicTh MomeJieit s 3abesmneueHHsa oOMiHy iH(popMma-
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