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AHJIATIIA

JqurmnoMaslk  &ymbic «baiiaHbic JKyHeciHIerl TapaTy aHTEHHAChl MEH
KaObLJIJlay aHTCHHACHIHBIH KEHICTIKTIK-YaKBITTHIK KOJITAay OJICTEpl» TaKbIPHIOBIHIA
tanaanabl. JKYMBICTBIH MakcaThl O€NTuUll  FApBIITHIK YaKbIT MaTpHUIlAIapbIH
KoimpaHatelH MIMO  kylenepiHiH cUIaTTaMachlHAH acaTblH IIYbUIFa Kapchl
cunarramainapbsl 6ap MIMO xyifenepi yIIiH KEHICTIK-yaKbIT MaTpUIAIapPbIH, OHBIH
ITHAS YIKeH enmeMi »xobajlay MEH 3epTTeYJeH TYPAThIH MaHBI3Abl FHUIBIMH
Mmoceneni miemry. OChl KYMBICTAa MakcaTKa >KETy YIIIH OpPTOTOHANBIbl KOHE
OPTOTOHAIBABl €MEC KEHICTIKTIK-YaKbITTBIK KOJTapAbl CalbICTRIPMAJIBI Tajay,
COHIall - aK OeNrull KEeHICTIKTIK-YaKbITTBIK MaTpulajiapFa HETI3JEIreH YIIKEH
eJIIEMA1 KOJITapAbl KaJbIITACTBIPY 9icTepl TalgaHbl. JKaHa OpTOrOHANIBIbI €EMeC
KCHICTIKTIK-YaKbITTBIK KOATAPJbI O3IpJey >KoHE OpTYpil JKarmaiiaapaa oJapiblH
IIYbUTFA TO3IMAUIMH TajaaaHabl. KeHICTIK-yakbIT MaTpHUIAIapblH  CUHTE3/CY
MOCEJIECIHAE OJap/bl KOJNJaHy YIIH Oelrun ONTUMANJIbIK KpUTEpHUIIepiH
CaJIBICTRIPMAJTBI TaJJIAay. YJIKEH OJIeMIepAiH KeHICTIKTIK-YaKbITTIK MaTpUIlaJIapbiH
CUHTE3/IeyTe OeNriii KpUTEePHUIIepiH KOJIIaHbUTYbIH TaJIJaH/Ibl.



AHHOTAIUA

JumnomHass pabota Obplla mpoaHanu3upoBaHa 1o Teme  «MeTobl
IIPOCTPAHCTBEHHO-BPEMEHHOI0 KOJAUPOBAHMS MEPENAOIICH aHTEHHbI M IIPUEMHOU
AaHTEHHbI B cHCTEeME CBsA3M». Llenpio paboThl SBISETCS PELICHUE BaKHOM HAY4YHOMH
3aauM, 3aKJIIOYaroleiics B pa3pabOTKE U MCCIEAOBAHUU IPOCTPAHCTBEHHO-
BPEMEHHBIX MAaTpHI, B TOM 4YHUCJIE€ KpPYOHOMEpPHbIX, Mg cucreM MIMO ¢
ITIOMEXO0YCTOWYMBBIMU XapPAKTEPUCTUKAMH, IIPEBBIIIAIOIIMMA XapAKTEPUCTUKU CUCTEM
MIMO, uCHOJB3YIOIKUX W3BECTHBIE MPOCTPAHCTBEHHO-BPEMEHHbBIE MaTpHIbl. i
JOCTHKEHHS LIEJN B JAaHHON paboTe ObLIT MpOaHATU3UPOBAH CPAaBHUTEIBHBIA aHAN3
OPTOTOHAJIIBHBIX M OPTOTOHAJIBHBIX IPOCTPAHCTBEHHO-BPEMEHHBIX KOJOB, & TaKXKE
Metonbl  (popmMupoBaHMS ~ KpPYINHOMEPHBIX KOJOB Ha OCHOBE  HM3BECTHBIX
IPOCTPAHCTBEHHO - BpeMEHHbIX MaTpull. [Ipoananm3upoBaHa pa3paboTka HOBBIX
OPTOrOHAJIBHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX KOJIOB U HUX IIOMEXOYCTOMYMBOCTH B
pasinyHbIX  yciaoBUsAX. CpaBHMUTENBHBIM  aHAJIW3  W3BECTHBIX  KPUTEPHEB
ONTUMAJIbHOCTH JUUI UX IIPUMEHEHUS B 3a/1a4€ CUHTE3a IPOCTPAaHCTBEHHO-BPEMEHHBIX
Marpull. lIpoaHanM3upoBaHO NPUMEHEHUE U3BECTHBIX KPUTEPUEB [UIA CHUHTE3a
IPOCTPAHCTBEHHO-BPEMEHHBIX MaTPHUIl OOJIBIINX Pa3MEPOB.



ANNOTATION

The thesis was analyzed on the topic "Methods of spatio-temporal coding of the
transmitting antenna and the receiving antenna in the communication system™. The aim
of the work is to solve an important scientific problem, which consists in the
development and research of space-time matrices, including large-dimensional ones,
for MIMO systems with noise-resistant characteristics exceeding the characteristics of
MIMO systems using known space-time matrices. To achieve this goal, a comparative
analysis of orthogonal and orthogonal space-time codes, as well as Methods for the
formation of large-dimensional codes based on known space-time matrices, were
analyzed in this work. The development of new orthogonal space-time codes and their
noise immunity in various conditions is analyzed. Comparative analysis of known
optimality criteria for their application in the problem of synthesis of space-time
matrices. The application of known criteria for the synthesis of large-size space-time
matrices is analyzed.
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KIPICIIE

JurmomMabik &yMbICTBIH, ©3ekTiiri. Cisco Visual Networking Index: Global
Mobile Data Traffic forecast Update, 2017-2022 OokaMmblHAa COHMKEC, QJIEMIIIK
MOOMIBAI Tpaduk KejieMi KepCeTUIreH Ke3eHJe 6 ece oceil jkoHe aibiHa 77
sKcabalTThI Kypaiasl [1, 2].

Mo6uibai TpaduKTiH ecyl OipHele TeHACHIIMAJIAPMEH aHbIKTaJIaJIbl: MOOMIIBII
KOCBUIBICTap CaHbIHBIH 12,3 MWIIMaplKa JIeWiH ecyl, OHBbIH imIiHAe 8,5 MuLIuapa
KEKe MOOWJIbJII KYpPBUIFbUIApFa, KallFaHbl MalllMHAapajblK KOCBUIBICTApFAa TYCEL;
aKmaparTel 0epy KbuLIaMabIFIHBIH 2017 xbutbl 8,7 MOuT/c-Tan 2022 xbutbl 28,5
MowuTt/c-Ka aeitin ecyi. [2].

2017 xpuiman Oactan 2022 xpuira AeiiH MoOWiIbAl OeiiHeHi Oepy yuIH
naiilaaHbUIaThIH JIEPEKTEep KOJEeMIiHIH ocyl 9 ece Oosanbl, Oy aeMIiK MOOWIIb/I
TpadukTiH 79% Kypaiiasl. [laligananymbsuiapAblH ChIMChI3 OalilaHBIC KbI3METTEpiHE
ecCil KeJle )KAaTKaH KaKETTUNKTEPIH KaHAaFaTTaHJbIpy YIIIH OaiijaHbIC OomepaTopiiaphbl
4G xoHe 5G cTraHmapTTapblH AJIMACTBIPATHIH HEMECE TOJBIKTBIPAThIH 2G koHEe 3G
TEeXHOJIOTHSIIAPBIH Komananbl. Cisco [2] OomKkaMbIHBIH HOTHXKeNepi Oolibiamma 2022
KBUIFA Kapail 0apiblK KOCBUIBICTApABbIH 54% - nan actambl 4G skeniiepiHe Tycen,
oJIap apKbLIbI OapIIbIK MOOMIIBII AepekTep TpaduriHiy 71% - man actamsl xidepiiesni,
Moomibl TpadukTiy 11,8% - b1 5G xeniniepi apKpuibl Oepinienl, anaiina 5SG xemnicine
KocbuFaH O1p KypbUIFbl 4G KemiciHe KOChUIFaH KYPBUIFbIFA Kaparanja 2,6 ece Kerl
Tpaduk xxacaisi [1, 2].

4G/5G TONTHIK TEXHOJIOTHSIIAPHI KAOBLIAAY JKOHE TapaTy sKaKTapbiHIa OipHere
aHTeHHachl Oap xyienepai - MIMO (Multiple - Input-Multiple-Output) nainanany s
KO3J1ei/ 11, OYJ1 SHEPTUsHbIH NalJachIH KY3€re achblpyFa skoHe OalyaHbIC KyHenepiHiH
CIIEKTPJTIK THIMIIITIH )KaKcapTyFa MyMKiHAIK Oepeni [3, 4, 5].

MIMO Oaiinanpic >KyWenepl TUIMIUITIHIH >KOFapbl KOPCETKIIITEPiHE KOJ
KETKI3y YIIIH KaObullay Ke3lHIEe CUTHAIIapAbl Oepy MEH eHJey apachlHla THUICTI
KEJIICIM/I1 YUBIMAACTRIPY KOKETTUIIN maiiaa 00sl [3, 6]. ByFaH FapbIITHIK YaKbITThI
KOJTAy oAICTEPIH KOJAAHY apKblIbI KOJI )KE€TKI31JIe/I1, 0Jap bl KOJAaHY IIYbUIFa KapChl
TYPY MEH CHEKTPJIK THIMIUIIK apachblHAarbkl aKblUIFa KOHBIMJIBI BIMBIpAaFra KoOJI
KETKI3yre MyMKIHJIIK Oepe/i.

KeHICTIKTIK-yaKpITIIIa KOATAY KOATAPJABIH €Ki KJIAChlH KOJJaHAIbl —
OPTOTOHAJIBBI JKOHE OPTOTOHAJBBI eMec [3].

Kazipri Oaitnanbic >xylenepiHae KOATapAbIH €K1 KJIachl Ja KOJJIaHBLIAJIbI.
Kazipri yakpITTa onapjpl KOJJAaHY OPTOTOHANBILI KOATApP YIIIH TapaTyIlbl
aHTEHHAJIap CaHbI - 2-MEH IIEKTEITeH, OUTKEH1 aHTEHHAIAp CAHBIHBIH OJIaH Opi apTyhl
KEHICTIK-yaKbIT KOJBIHBIH KOJTBIK >KbUIIaMIBIFBIHBIH TOMEH/ICYiHEe okenedi [3, 4].

Bbecinmni OybIHHBIH nepcrekTuBalibl Kyienepi large Scale MIMO (Large Scale
Multiple-Input Multiple - Output ken aykbimabsl MIMO) TeXHOJIOTHSCHIH CTaHAAPTTAY
MEH MaianaHyabl YChIHAABI, OHIa aHTCHHAIAPAbIH caHbl 128-Te KeTyi MyMKiH [7].
Ocpunaiiia, HeOPTOrOHAJBAbl HEMECE KBa3U-T€TEPOrOHAIIBIBI KOATAphI Oap >kyienep
JTAMU/IBI.
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1 BEJI'UIl KEHICTIK-YAKBIT KOJATAPBI. YJIKEH OJILIEM
KOATAPBIH K¥PY IPUHIIUIITEPI

1.1 Kemn cayJiedi skyiesiep. lllennon @opmyJiacel

AKnapatrtel  OepyIiH >KOFapbl KbUIAAMJBIFBI, A0OHEHTTEPJIIH KOFapbl
KBUITAMIBIFBI )KOHE THIFBI3 Kajla KYPBUIBICH SPTYPl KeAeprulepieH CUTHAIAap IbIH
COHYl MEH IIaFbUIbICYbIHAH TYBIHJAFaH CUTHAJAApbl KaObUIJay camachblHBIH KYPT
HalapiaybiHa okenedl [2, 9]. 3aMupaHusMEH Kypecy YIIiH opTypii KaObLIiayIbiH
Kaparmnaibim onictepi 6enrimi [10, 11]. [llexTeyni ciekTpae, HAKTHI (GU3UKATBIK OpTaaa
JKOFapbl O KBUIJAMJIBIKKA KOJI KETKIZy 01371 OailaHbiC >KyHelnepiH JambITya
TYBIHJAUTBIH HET13r1 HpoOsieMara — MOFapbl CIEKTPJIK THIMAUIK TEH KOFaphl
PHEprus TUIMIAUII (IIybUIFa Kapchl TYPY) apachlHAAFbl Kapama-KallIbUIbIKKa
okeneni) [9, 11, 12, 13, 15].

OTKI13y KaOuIeTiHIH TeopusIbIK 1ieri [llenHoH popMynackiMeH aHBIKTaNA b1, OJ1
jgorapudMIIK TOYENAUTIKTIH ©TKI3y KaOuleTiH curHain/mry KatbiHackiHa (OSH)
OalaHBICTBIPAILI, TIOTI KOFAphl JCHTEMI  MOAYIAIUICHI Oap  JUCKPETTI
CUTHAJIIAp/bl KOJJaHFaH/la Ja, IIybUIFa Kapchl OapiblK MYMKIH OJICTEp YILIH
apHAaHBIH OTKI3Yy KaOLIETTUIITIHIH IIeriH Oenruieiai OaiiaHbic apHACBhIHIA KOATAY.
[IenHoHHBIH (opmyace [2, 14]:

C=F=x 1082 (1 + PCI/II‘HaJI /Pmy) (11)

myHzAarbl C — apHaHbIH ©TKI3y KaOineti, out/c, F — apHaHbIH ©TKI3y KabinierTi,
I'n,

P curnan - &aynsl curaan Kyatsl W, P,y - sxanmsl 11y Kyatsl, BT.

[llenHon QopMynacel OalnaHBIC KYHMECIHIH OTKI3y KaOlJIeTiH OTKi3y
KaOLeTTIIN MEH CHTHaJ-IIybUl KaTbhlHackiMeH Imekredai. (1.1) d¢opmymnamen
CUNIATTAJIFAH JKYWEHIH CHIMBIMIBUIBIFBIH apPTTHIPY VIIIH OTKI3y KaOlJIeTTUIIrH
apTThIpyFa HEMece Naljanbl CUTHAJIABIH KyaThlH apTThipyra Oosanel. [llexreymi
CIEeKTPJIIK pecypc TeH OalJlaHBIC apHACBIHJA IIYAbIH OOJIybIHA OalIaHBICTHI €Ki
TOCUIAI JIe JKy3ere achlpy MYMKIH emec. bipHerie TapaTyiibl aHTEHHAJapbl >KOHE
OipHeme KaObUIAAy aHTeHHaNapblH mainanany (1.1) [3, 13, 16] dopmymnaceiMen
aHBIKTAJIFaH IIEKNEH CalbICThIpFaHia OailllaHbIC KYHeCiHIH ©TKi3y KaOlleTiH
alTapybIKTall apTThIpyFa MYMKIHJIIK Oepei.

¥Ysuibl  OaliyaHbIC  OKYMENIEpIH JaMbITYAbIH MaHbI3Abl  Kagambel MIMO
TEXHOJIOTHUSACHIH TEXHUKAJIBIK €HI'13y MYMKIHJIIT1 O0JIJIbI, OJ1 KONTEr€H TapaTKBIIII KOHE
KaObLIay aHTeHHaIaphl Oap Kyhenepal mapananyra Herizuenrex [3, 4, 13, 16, 17,
18]. Bbyn xarmaiina ken aHTeHHaNbIK >kyhenep ywiH LlleHHoH dopmynackiHbIH
Moau(UKAIMICHI aHTCHHaJap apachlHa mnaijga OonaTeiH  mapamiens SISO
apHaJapbIHBIH (01p ki0epyr koHe 01p KaObUIIAyIIIbl aHTEHHACH! 0ap Oip KipicTi Oip
IIBIFBIC KYHEC1) CHIMBIMIBUIBIKTAPBIHBIH, KOCBHIHIBICHI PETIHIE JKYHEHIH MYMKIH
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OonaThIH OTKI3y KaOUIEeTIH aHBIKTAABI. Oepy koHe KaObuiaay kesinae [3, 13, 17, 18].
Kemn anTeHHaNBIK KyMenep karaaibiaaa (1.1) 6eitneney keneciaen 60Ja bl

C)KaJIl'IbI = Pl;l Z Ci (12)

MYHIAFBI C yanmy — KO aHTCHHAJIBIK KYHEHIH JKalIbl 6TKI3y KaodueTi, out/c, F — apHa
oTKiI3y Kabineri, ', Ci — 1 SISO Gaittanbic apHACKIHBIH CHINBIMIBUIBIFBL, OUT/C, M —
KaObu1Jlay aHTEHHAJApbIHBIH CcaHbl, N TapaTKbIll aHTEHHATAPJBIH CaHbl OOJIBII
TaObLTAbL.

XKyiieHiH »Xanmbl CHIABIMIBUIBIFBIH apTTBIPyFa aHTEHHANAp CaHbIH YHEMI
VIFAUTy apKbUIbl KOJ KeTKi3uie 1, 4G cTaHIapThIHBIH KOJAaHbICTaFbl HYCKAIAPhIHAA
8 aHTeHHara JIeiiH Kojjay Kepceruieni, SG crangapTTapbl ki0epyjeri aHTeHHaIap
caHblH 128-re neiiH apTThipyFa MYMKIHIIK Oepenl. IlleHHOHHBIH MOAM(PUKALUSICHI
KOIl aHTEHHAJIBIK XKYlesiepre apHaJIFaH TeopemMa OailJlaHbIC KYielepiHIH MaKCHMAaJIJIbI
©TKI3y KaOIJIETTUIIIH apTThIpyFa MYMKIHJIIK Oepe/l.

1.2 MIMO MaTteMaTHKAJBIK MOJeJi

MIMO apuanapplH naiganaHny MoOOWJbAl OalJlaHBIC KYHeNepiHIH Heri3ri
cumnaTTamMaapbiH XKaKcapTyFa MyYMKIHAIK Oepeni, cebedi osap IHEPTUSHBIH OCYIH JIe,
aKmapaTThl Oepy *KbUIAaMABIFbIH apTTHIPYbI 12 )KY3€re acblpyFa MyMKiHAIK Oepeni [3,
13].

Mynpail Kyliene TapaTyllibl XarblHJIarbl CUTHanjap Olp yakbITTa koHe N
TapaTKbIIl aHTEHHaJdap apKbulbl Olp JKUUIK JMANa30HBIHIA IIBIFAPbUIAJIbIL.
Panunoapuanarsl peneeBtep/iH conyi xkone KA (kocnanst ak ["aycc 1rysl) acepineH
KeiiH x10epuiren curHangap M kaObuinay aHTeHHalapbiHa KeieAl. M KaObu1IaFbIIl
aHTEHHAJIAPJIbIH OpKalchIChl N OepiieTiH CUTHAIAAPAbIH aJTUTUBTI KOCIIACHIH alajIbl
[3, 4, 13, 16]. MIMO chimchI3 GaiisiaHbIC KYHECIHIH Yrici 1-CypeTTe KopCceTuIreH.

Mepedacaemeie MpuHuMaemele
OaHHeIe OaHHele

Modynsimop
Hemodynsmop

1.1 Cypet - MIMO chiMchI3 OaiiaHbIC )XYHECIHIH MO
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PannoronkbiHaapApIH Tapaiay >KOJbIHAA KOm oAbl 3¢ deKTiHIH O0aybIHA
OaitaHbICTBI 9pOip N COyJICNICHTeH CUTHAJ MKEepAeri opTypil 0OBEKTUIep/IeH KaiTa-
KaiTa MIaFbUIBICHINT OTHIPaAbl, OChLIakIa opOip kiOepyil MeH opOip KaObUIIAYIIbI
aHTCHHA apachIHAa PaJUOTOIKBIHIAPIBIH TOYEJCi3 TPACKTOPHUSIIAPHI KAJBITACAIHI.
MIMO TexHOMOTHACKH Kom KoJabl A(h(EKTIHIH apTHIKIIBUIBIFBIH MaigalaHyFa
MYMKIiHIK 6epeni [3, 8, 10, 13, 19].

MIMO xylienepiHiH KOFapbl OHIMILIIK KOPCETKIIITEPIHE KOJI KETKI3y YIIiH
KaObUIIayla CHTHaAapAsl Oepy MEH 6OHJCY apachlHAa COWKEC YWIecTipyi
yiisiMaacTeipy KaxkeT Oomxnbl [19, 20]. byran myra Te3IMAUIIK MEH CIEKTPIIK
TUIMIIIJTIK apachlH/Ia aKbLIFa KOHBIMIIBI BIMBIpAaFa KOJ JKETKI3yre MYMKIHIIK OepeTiH
KEHICTIK-yaKbIT KOJTaMachlH KOJITaHy apKbLIbI KOJI skeTki3uteni [3, 16, 19].

XKorapeina 1.1-cyperre Oepinrenr MIMO chIMCBI3 OailnaHbIC KYHECIHIH MOE]
YIIIiH KeHICTIK-YaKbIT KOATaYbIH KOJITAHATHIH OaKbljIay MOJICIII:

Y=H.S+T (1.3)

Amyamarel H — M XN emmemal OalijaHbIC apHACBIHBIH MaTpumacel, [ —
MaTEMATHKAIIBIK KYTy HOJIIK 5KoHE KOPPEIAIUAILIK MaTpuLacel, 20 2|, 6Gonatein M
X1 emmemal Oakpliay HIYBIHBIH Kypledi Ke3JeMCOK BEKTOpPhI, S — KEHICTIKTIH
matpuniackl. N XL emmemi Gap akmaparTblK TaHOamapasl KAMTUTHIH YaKbIT KOJIBI,
MyHAarbl L — akmaparTelk TaHOanmapAblH TOJBIK JKUHAFBl KIOEPUIETIH YaKbIT
CJIOTTapBIHBIH CaHBbI.

1.3 KeHicTik-yaKbIT KOATAY IPUHIUNTEPI

KeHicTiK-yaKbIT KOJATayhl IIyFa TO3IMIUIIKTI JKoHE Olp yakKbIT apajbIFbIHIA
KeOIpeK aKmaparTbl >Ki0epy MYMKIHIITIH apTThlpy YIIiH OipHeme xidepy
aHTEHHAJIapbl apKbUIbl JepekTep arbiHbiHAa MIMO xyiienepingeri aknapartsl 0epy
yuIiH Koaanbuiaabl. KeHICTIK-yaKbIT KOJBIHBIH IIET1H/IE aKMapaTThl 0epy KYPhLUIBIMbI
KEHICTIK-YaKbITTBIH OPTYPJIUITIHIH apTHIKIIBUIBIKTAPBIH MaiJagaHyFa MYMKIHJIK
Oepenl KoHE Mailiaibl aKnmapaTThl KOFaldly MEH LIy 9CEepIHEH KOpFail OThIpbIN, Oip
CUMBOJIIBI OIpHEIIe aKImapaTThIK Xabapiamanap immiHae Oepyre MyMKIHIIK Oepeni [3,
13, 19]. KeHicTik-yaKbIT KYpPbUIbIMBI op OaraH COWKEC aHTEHHajJapMeH Oip yakKbIT
apaJIbIFBIMEH OepUIeTIH aKIMapaTThl KAMTUTHIH MATPHUIIAJIBIK KAPTAMEH BIHFAIIIBI TYP/IC
YCBHIHBLIFaH.

KeHicTik-yaKbIT KOATAYABIH €H KapamaibiM KarJaibl Kelecifeit: opOip
ysagarel opOip ] TapaTKbIl aHTEHHAa apKbUIbl YaKbIT Typajbl akKmapar Oenrici
IIBIFAPBIUIAZBI |-l aHTEHHAAa KaObLIJaHFaH CUTHAN Kenecife Oomanel: €. Coman
KEHWiH IeMOyIATOPAbIH KipiCiHIE:

+hyl9]+ +th0N +77i9i:19 oM
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y,=h, 6, +h,0, + (1.4)

Anpiaran curHangap (1.4) TenaeysiepleH TYpaThiH ChI3BIKTHIK TEHJIEYJIEp
KyleciMeH cunaTTanaibl:

Y1 =h110; + hi,0;, + - hynOy + 14
Y2 = hy10; + hyp0, + - hyn Oy + 1, (1.5)

Yu = hy1601 + hy0; + - hynOy + 1y

Kypaeni ceIBBIKTBIK Teraeynep xyhecid (1.5) BEKTOpIBIK-MaTPHIIATBIK TYPJIC
KepceTyre Ooisiafpl. benarun Oip KEHICTIK-yaKbIT MaTpUUACBIH MaiiajiaHa OTBIPHII,
CUTHAJI/Ibl KOATAY/bIH OlpHEIIe TapaTKbIll aHTCHHAIapbl OOJIFaH KE3/ET1 ChI3BIKTHIK
KEHICTIK-YaKbIT KOJATAyAbIH KaIMbl KarJalbl KypJledl ChI3BIKTBIK TEHJACYJEp
KyHeciMeH cumnaTTatabl.

Y=H0+n (1.6)

MyYHJaFbl Y - KaObUIAaHFaH CUTHALIAPA6IH M - esmemM i KOMIUIEKCT1 OaFraH BEKTOPHI,
H - N X M enmieminiH apHabIK MaTpuiachel, O - N - Kyp/eni aknapaTThiK Oenruiepaix
eJIeMIIK 6araH BEKTOPHIL, 1 - M - enmemi O0akpliay IIYBIHBIH BEKTOPHBI, OJ1 HOJIIK
MaTeMaTUKAJBIK KYTY %oHEe KOppensuusiblk 202l MaTpuiiackl 6ap.

1.4 Bearuii KeHiCTIK-yaKbIT KOATAPHI 2K9HE 0JIAPAbIH KacHeTTepi

AKnapatTel Oepy 9/iCl MEH aKMapaTThl KaObLIIAy 9/ICIH YilllecTipy Maceneci
OPTYPJl KEHICTIK-YaKbIT KOJTapblH CHUHTE3/ICY KaKETTUIINH aHbIKTaiabl. [lleHHOH
dbopmynaceiblH (1.2) MoauduUKanuUsichl MbIHAHBI KOPCETEAl: aHTCHHaJap CaHbI
HEFYPJIBIM Kell 0o0Jica, )KYHEHIH OTKI3y KaOlJIeTl COFYPIIbIM JKOFaphl 00IaIbl.

1998 xbutbl CusiByi AjnamyTu 01p KaObl11ay aHTEHHAChIHA €K1 TAKTUTIK IUKJIIIC
aKmapatThl )KIOEPETiH €Kl aHTEHHAHBIH KOATAy CXeMachlH a3ipiel [21]. ¥ chIHbLIFaH
OpPTOTOHAIBIBI KOATAY Mojiemi 1.2-cypeTTe KopCeTiTeH.

31.—55* =
31.&-1. Ttee - i'!r’i.'!?? ﬂi-ﬂ?

- - Jdemopgynatop p—————>>

> Mo aynatop 9,,0; :. f oo

1.2 Cyper - AnaMyTu cxemachl OOMbIHIIIA OPTOTOHANIB/IBI KOATAY

MonynstTopaarsl Tapary >KaFblHAAQ aKMNapaTThIK CHMBOJAAp €Ki TaHOajgaH
TYpaThIiH OJIOKTapra OesiHesl KoHEe OHJICITCHHEH KeHIH €Ki yaKbIT apalibIFbIHAA €Ki
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aHTEeHHa apKbUIbl Oepineni. KeHicTik-yakbIT KOJIbIHBIH MaTPUIIACHL:

0, — 92‘]
S ;= N 1.7
Alamouti [ 92 91 ( )

MYHAAFbI 0, 6, — Kypiemi akmapaTThIK Oenriiep.

LTE Rel. 1.8, 1.9 TemeHn OaimaHBICTBI XiOepy YIIiH AJaMOYTH KOJATay
CXeMachIHbIH Oacka Typi nmavganansiansl, o1 SFCB (Space Frequency Block Code)
nern atanajnsl [24]. KeHiCTiK )KUUTIK KOABIHBIH MaTPUIIACHI:

6, 0, ] (18)

S — RN
SFEC = | _g," @,

Anamoytu KoabiHBIH Oyn TypiH Konmany LTE sxyienepinme Oip TakTUIIK
UKIIJIE 5K10epy YIIIH 5KYIT 3JIEMEHTTEP — KU UIIK TIEH YaKbIT 06J1iHY1 KEpEeK eKEHJIIT1HEe
OaitnansiCcThI [3, 13].

Konpansictarel sxenuiepaer: AJlaMOyTH MaTpUUANIapblHBIH Oyl Typl TeK
«TOMEH» >X10epy YIIIH KoJIlaHbLIaabpl. byn Olp aHTEHHaHBl MaijaliaHa ajdaThiH
naiiianaHyuisl xKaOIbIKTapbIHIAFbl MIEKTEyJIepre OaiTaHbICTHI.

(1.7) xome (1.8) THNOTI KEHICTIK-YaKBITTBIK AJlaMyTH MaTpHUIIaJIapbIH
naijjanaHfal Ke3/le OChbl KOATBHIH KeJecl KacueTTepl ©31He Haszap aynapajbl: €Kl
aKmapatThlK CHMBOJI €Kl YaKbIT MHTEpBajJbIHAA Oepuie/l, OChUIAMIIA KOATHIH
CUMBOJIJIBIK KBIIAAMIBIFBI O1p jKOHE MYHIAM KOJI TOJBIK MeJIIIEpIeMe e aTaiabl.
My#nmait Matpuniana xonaaap 0ip-OipiHe opTOTroHa b, COHBIMEH Katap OaraHmap Oip-
OipiHEe OPTOrOHAJb, COH/IBIKTAH MYHJIall MaTpHIla OPTOTOHAJIb JIET aTalajbl.

S1-S, =[0:-6,][6.—6,]=6,-6, —6,—6, =0 (1.9)

Kepceriiren oproroHanapuiblk kKacuetTi (1.9) nemoaynsiuus aiaropuTMiHIH
KapanalbIMAbIIBIFBl TYPFBICBIHAH ©T€ MaHbI3/Ibl, OHBIH KYPAENIUIIrl Oy >karaaiina
MOJIE/IbET1 aHTEHHAJIAP CAaHBIMEH CBhI3BIKTHIK KaThlHACIICH OailmanbICThl [3, 4, 19].

Mopenbaey SISO (61p kipicTi Oip WIBIFBIC) KYienepiMeH caibicThipranaa 7 ab-
re JKeTEeTIH aWTapiblKTail ’Heprusi ecimin kepceremi [3]. KyaTTeiH apTybl anyaH
TYPJUTIKTI ally YIIiH YKcac 6epy opTYpJLTITIHIH apKacklHIa KOJ KETKi3IeT].

AHTEHHanap CaHBIHBIH  VJIFAIOBIMEH KOJ  TOJIBIK  OJKBUIJAMIBIK — TI€H
OPTOTOHANBJABIK JKaFbIHAH ©31HIH KacueTTepiH xkorantaael [3, 4]. Anamoytu
CXEMaChIHbIH  KEHICTIK-yakpIT koj  Marpuniacel WiIMAX IEEE  802.16e
crangapTeiHaarbl, coHmaii-ak 3GPP Rel.7 UMTS cranmapteiagarel  STTD
CXEeMacChIHJIaFbl TOMEH OaillaHbIC aKMapaThIHBIH CTAHAAPTTH MATPHUIACHl OOJIBIT
tabpLmasl [13].

OpToroHanasl KOATapbIH KACHUETTEPIH MailialaHy MYMKIHAIKTEpl TapaTKbIII
aHTEeHHaNapJbIH caHbIMeH mekrenenl. Ken antenHanbik xkyienep yuin [llenHon
TEOpEMAachiH d31pJiey MyHAal OailylaHbIC )KYHECIHIH ChIMBIM/IBUIBIFBI KAObLUIIAY JKOHE
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XK10epy aHTEeHHaJIaphl apachbIHAAFbl apHajJap caHblHA OANWIAHBICTHI €KEHIH KOPCETE/Il.
KoAThiH CHMBOJIBIK JKBUITAMIBIFBIH QpTTBIPY MOCENECi OPTOTOHAIABUIBIK IIAPTHI
KaHaFaTTaHIBIPBUIMANTBIH KeHICTIK-YaKbIT KOJATaphl TOOBIH KYPY/IbI Tajam €TTi.

1996 xbutbl Bell 3epTxaHachIHBIH KbI3METKEPIIEPI KOATAY CXEMAaChIH YCBIHIBI,
OFaH COWKec NIepeKkTep arblHbl N TapaTylibl aHTCHHAJAPJBIH CaHBbIHA TEH JIEPEKTEp
1K1 aFbIHapbhIHAa OeiHTeH [25]. OpOip aHTeHHA apKbUIbl Olp TAaKTUIIK MHTEpBaJIIa
O1p akmapatrThIK TaHOa ki10epial. by xkarmaiiia KOATHIH KEHICTIK-YaKbIT MAaTPHUIIACKI
KeJIecl MmimriHre ue 00a b

04
0,

Sprast = (1-10)
On

BLAST kenicrik-yakpiT Matpumacel  (1.10) WIMAX |EEE 802.16e
CTaHJApPThIHAA €Ki, YIII KOHE TOpT TOMEH Kapai Ki0epy aHTeHHajapbl YIIH [26],
conpaii-ak UMTS crangapteiasiH 3GPP Rel.8 cranmapteinga [27, 28] KoaaaHbLIA b

BLAST (1.10) xeHicTik-yakpIT MaTpumackl Oap OaiaHeic jKyieci yIIiH
OakpLIay MOJIEN KeJleciieH MIIIIHre He:

V1
Y2

0, N1

O | 4 |2 (1.11)

hll th
yM hMl h’MN 9N T]N

myHzaarel Yj ,i =1 M - KaObuLIaHFaH CHUTHAJIIAPBIH KYpaeli OaraH BEKTOPBIHBIH

moHmepi, hy ,i =1 M, ] =1 N — MXN emmeminiH H Oaittanpic apHaCHIHBIH

!
MaTPULACKIHBIH KO3()QUIMEHTTEPiHiH MOHAEPi , &, J=1 N— Kypaem axmapaTThIK
OenriiepAiH BEKTOPJBIK OaraHBIHBIH MOHIEpl, 77,1 =1 M — Oakpuiay HIYbIHBIH
Ke3/IeHCOK KelIeH/ 11 0araH BEKTOPBIHBIH MOHIEPI.

OpToroHampbl €Mec KOJTayabl KOJJIaHy TaHOa KbUITAMIBIFBIH apTTBIPY
apKbUIbl CHEKTPJIK TUIMILIIKTI apTThIpyFa MYMKIHIIK Oepesi, anaiiia CUMBOJIJIBIK
KBUTTAMIBIKTHIH KOFapbUIaybl KAObUIIAY JKaFbIH/Ia CUTHAIIBI OHICYIIH KAbIHAAYbIHA
oKenel, Oy ecenTey KypAeTiIiriHIH apTybIHA dKENEIl. JEMOTYIISIINS aIrOPUTMIIEPI.

BLAST tunTi kom e3iHIH KOFaphl CHEKTPJIK THIMJIUIIriHe OaiIaHBICTHI
TapaTyllbl aHTEHHAJAPJBIH KON caHbl Oap Kyhenepae KoiamaHbuiaael [2, 24].
JlereameH, >KOFaphl OJIIIEM/II KOJITap/abl Kacay IbIH 0acka >Koaapsl 6ap.

Exi Ttapatkpim antennacel 6ap WiMAX xyiienepi ymrin IEEE 802.16e
CTaHIapThl TaHOA KUl eki OojaTelH AJTBIH THOTI KOATHI YCHIHABI [29, 30].
KeHiCTiK-yaKbIT KOJBIHBIH MaTPUIIACHI:
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_ —1+5 S 1 [0 +jRO, 10, + 03 112
T3 AN T 142 | 0, — 105 jrO, + 6, (1.12)
¥ CBIHBUTFAH KOJ TOJBIK SKbUIIAMIBIKTHl OPTOTOHAJIBIABI €MeC KOJ OOJbII
TaObUIabl. bip yakbIT apaibIFbl iIIIHAE €Ki aHTEHHAJaH TOPT aKMapaTThIK TaHOa
oepineni. ['eneparnusinaiiteis BLAST matpuiiacbiMeH caibICThIPFaH/Ia 3epTTEYIepPMEH
pactanran sHeprus ecimi BPSK, QPSK monymsmus onicrepimen 1,2 -1,5 nb [31]
Kypaiapl. AJBIHFaH ocep NIYbUIFa TO3IMITIKTIH JKaKChl CHIaTTaMalIapbl 0ap KOFaphl
OJIIeM Il KOATapJbl KaJBINTACTHIPYABIH HEri3l peTiHae ANTBIH THUITI KOATHI
KapacThIpyFa MyMKIiHJIK Oepeni [3].

KBa3u-opToroHanpabl  KEHICTIK-YaKbIT ~ KOATApbIH  T€HEpalUsuIaliThIH
KyHenepae MaKCUMal bl KalllbIKTBIKKA JKETY >KOJJIapbIHbIH Oipl CUTHaJ LIOFBIPHIH
allHanaplpy Oombil TaObuTaAbl. Byn omicTi KoJjaHy CHUTHAl MIOKXYJIABI3BIHBIH
HYKTeJIepl  apachlHIArbl  KOATHIK  apaKallbIKTBIKTapAbl  YJIFAUTYy  apKbLIbl
reHepalUsUIaHFaH CUTHAJJIBIH Iy MMMYHHMTETIHIH CHUIIaTTaMalapblH >KaKcapTaJbl.
[3,]. CurHan moOKXYJIIBI3BIHBIH aifHATYbl TEHepaIMsJIalThIH MaTpPHIaFa KOCBIMILA
MYJIBTUILTMKATOP/IbI €HT13y apKbUIbI )KYy3ere acwhipbuiaabl. Keibip Oenrui KeHICTIK-
YaKbIT KOJITHIK MaTpHIIaJapblH KapacThIpalbIK. TOPT TapaTKbIII aHTCHHAFa apHaJlFaH
OipHele AnamMyTy OJOKTapblHAH KYPBUIFaH MaTpula KeJecl muinre ue [39]:

[ 61 0, 6:e7 ¢ 0,el? 1
—0., @ e i g Le e
S]4R0t = QZ .91 0 4€ , 9 36 N (113)
_9 33_"(p _9 46_”’ 81 02
6481('0 —9\3€_j<p - 82 91

Comnaii-aK TepT TapaTKbIII aHTCHHAHBIH MaTpuIacekl oenrimi [3]:

0, 0 03 6,

| s6. 6. €6, 65
Scpsa = -0, _fg‘4 6, &0, (1.14)

—6, =03 6, 6,

myHzarsl & = j QAM skarnaiibinga sxone & = €27 L L-PSK skarnaiibinga.

CurHay mOKXYJIbI3bIHBIH alHanmybiIMeH maTpuuanbiy (1.14) xoHe curnan
IIOK)KYJIIBI3BIHBIH, aHANYBIHCHI3 Oipaedt maTtpuianbiH (1.14) mryra Te3IMIUTITIHIH
cUmaTTaMajapblH  3€pTTeY VIIIH CUMYJSANMSUIBIK CTATUCTUKAIBIK  MOJICITBICY
Kyprizuial. Monensaey keneci mapTrapaa opbiHaanas! (1.1 kecTeHi KapaHsbi3).

1.1 Kecte - Moaenbaey mapTrapbl
Konnmanbliran KEHICTIK-yaKbpIT| ¢ = 1  CHUTHAIABIK I[IOKKYJIABI3BIHBIH
MaTpHULAJIaphl )KOHE OJIAPJbIH OJIIEM/EP] @HATYBIHCHI3 KOHE CHUTHAJI
NIOK)KYJIABI3BIHBIH ~ allHalybIMeH 4X 4
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emmemai Marpuna (1.14) & _ pir2

ApHaHBIH 6IIEeTIH YJrici

PeneeBTik elryi xoHE )i10epy KOPPEIISIIHS
kodpbunmenti 0,5 xoHe KaObUIIAY|
Koppemnsaius ko3 duruenti 0,5 6omaThiH,
KpoHekep elieTiH Mojieni

Monynsuus Typi QPSK, 16-QAM

Jlemomymsitust ofici MMSE

Konaray omici Karteni Ty3eTnelTiH KOATAyChI3 >KOHE
rmapamMmeTpJepi oap TypOOKOJIThI

naiiianaHychl3: KOATay KbUIIaMIBIFEI 1/2,
KOJI INIEKTEY1HIH Y3bIHJIBIFBI 16

[IlyFra TO3IMAUTIKTI CAJILICTBIPyFa apHaJIFaH Mojenbaey Hotwkenepi 1.3, 1.4,

1.5, 1.6-cyperTepie KeATipiaTeH:

<

<
N}

e
[

YcnoBusi MogenvMpoBaHus:

Moaynsiuus - QPSK
KoadbdmumeHT koppensaumnm
0,5

CwurHan 6e3 kogupoBaHus

BeposTHocTb 6uTOBON OWNBKM 6E3 KOAUPOBaHUS
3
A
T

—O— be3 noBopoTa co3Be3aus
—=7— lMoBopoT co3Be3aus

6 8 10 12 14 16

OCLlW, nb

1.3 Cypert - HIoKXy1abI3AbIH alHATYBI KOK KoHE ITOKXKYJIJIBI3IBIH aliHAITyhl 0ap
KyHenepAiH 1yFa Te31MAuIriH cansicteipy. QPSK Mogynsuuscel, KoATaychl3, apHa
KOPPETSALHUACHI.
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—©— bes nosopoTa cosse3avs| |
—=7— lMoBopoT co3Be3aus

YcnoBusa MogenvpoBaHust:

Mogynsaums - QPSK
KoadbpmumeHT koppensauum 0,5
CwurHan ¢ kogupoBaHuem

BeposiTHOCTb GUTOBOM OLMGKM C KOAUPOBAHUEM

I I I 1 I I
-1 0 1 2 3 4 5 6 7 8
OCLW, nb

1.4 Cypert - Hloxxyapi3abpIH alfHATYBI )KOK JKOHE MIOKKYJIIBI3ABIH alfHATYbI 6ap
KyHenepAiH 1yFa Te31Mauiria cansicteipy. QPSK Monynsuuscel, koaray 6ap, apHa
KOPPETSLHUACH.

T T T T T T T T T T

—©6— be3 nosopoTa co3peaaus
—=7— lNoBopoT co3Be3aus

_.
S
T

_;

S
N
T

Ycnosusi MoaenupoBaHua:

o2

=
&)
T

Mopgynsuus - 16QAM
KoadhdpuumeHT koppensuum 0,5
Curnan 6e3 kogvpoBaHus

BeposiTHOCTb 6UTOBON OLWINGKM 6E3 KOAMPOBAHUS

Y
<
I
T
1

1 1 1 1 1 1 1 1 1 1
4 6 8 10 12 14 16 18 20 22
OClW, pb

1.5 Cyper - HIoKXyIIbI3bIH afHATYBI )KOK KOHE MIOKKYIIIBI3IBIH aitHATYBI Oap
KyHenepAiy 1yFa Te31IMAUITH canblcThipy. Moaynsauus 16-QAM, koaray xok,
apHa KOPPEJISILIHSICHI.
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—©— be3 nosopoTa cosseaaus
—7— lNoBopoT co3Be3aus

o,
9
T
1

-
e
o

-
e
@

Ycnosus MoaenupoBaHua:

Mopgynsaums - 16QAM
KoadpbuumeHt koppensaumm 0,5
CurHan ¢ kogupoBaHuem

BeposiTHOCTL GUTOBOW OLUMBKK C KOAUPOBaHUEM
=
L
T

P 8 9 10 1 12 13 14 15 16
OCLW, nb

1.6 Cyper - Hloxxynapi3abH alfHATYBI )KOK >KOHE MIOKKYJIIBI3ABIH alfHATYbI
Oap *xyienepaiH myFa Te3IMAUIITH canblcTeipy. Moaynsanus 16-QAM, koaray 6ap,
apHa KOppeJsIIUsIaHFaH.

AJNBIHFAaH  HOTWIKEJIEp  KOPPEJSIIMSUIBIK — apHa  VIIH  HIOKXKYJIBI3IBIH
allHATybIMEH TEHepaTop MaTpUIAaChl VIIIH IIyFa TO3IMIUTIKTIH KaKcapraHbIH
kopcetei. HIoKKYIIbI3bIH aifHaTybIH Nal1ananyaad anbiHaThid sHeprus 0,3 - 1 ab.
Monenbaey motmxkenepi 1.2-kectene 6epiires.

1.2 Kecte - Mopenpaey HOTHKeEIEpi

Nmuranm Monayn TaceimManma Koaray DHEPrUsHbI
SIITBIK, SIITUST TYPI y/KaObLIIaYy H ocyi, 1b
MOJICIIBICY: OOMBIHIIIA
KOPPEIISIIHS
Kod(huIreHTi
cyp 3 QPSK 0,5/0,5 KOK 0,8
cyp 4 QPSK 0,5/0,5 Oap 0,3
cyp 5 16- 0,5/0,5 KOK 0,75
QAM
cyp 6 16- 0,5/0,5 Oap 1
QAM

Curnan MOKXKYJIIBI3BIHBIH aifHATYbIHA HET13/IEJITEH KaHa MaTPHUIATAPIbl KYPY

TOCIIT JKaKCAPTHIIFAH KOFAphl OJIIEM/II cUIaTTamanapbl 0ap >kKaHa KEeHICTIK-YaKbIT
KOJITapbIH ’Kacay YIIH MaiaanaHbUTybl MYMKIH.
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1.5 Kem mukagi oxyideaep ywin MIMO citteme MoaeliH
BHPTYAJIH3ALUIIAY

Anamoytu Matpunacel 6ap MIMO >xyiieciH KapacTeipaiiblk. MyHail sxyliene
0ip KaObUIay aHTEHHACHI KOHE €Kl JKiOepyllll aHTeHHa MaijalaHblIabl, O0epy €Ki
TaKTUIIK MHUKJIAC JKY3€re achIpbUIa/ibl, ajl OeplIeTIH aKmapaTThIK OCNTiIepiH CaHbI
ekire TeH [21, 22].

KaOpuiganran curHanabl opOip TaKTUIIK LMKITE COMKEC YaKbIT CaHAaybIMEH
YKa3albIK, COJTaH KeWiH KaObUIIayIIIhl aHTEHHAAAFbl KAOBIIIaHFaH CUTHAI O1p yaKbITTa
KeJeciaei 6omaapl:

Yi=hyu6 +h, 6 +n (1.15)
ExiHI yakpITTa KaObUIIaHFaH CUTHAN KeJleciien 0oapl:
Y2 =—h11 (92I + h21 (9]' +n2 = h21 0]' — h11 Hgl +n2 (116)

Exinmm ynrigeri curnan ¢opmachki cunartadthbid (1.16) epHEeKTIH KOHbIOTalUsIChIH
opbiHzan, (1.15), (1.16) epHeKkTep i BEKTOPIIBIK-MATPHUIIAIBIK TYP/IC KalTa *a3aibIK. CoHIa
OakpUIay MOJIEI Kemeciaen 0o b:

Y1) _ [ hi h21]_ 91] M
3’2] B [h21 hi1l 16, * 772] (1.17)

AJNBIHFAH CHUTHAll VIIH ajblHFaH BEKTOPJIBIK-MATpUIaablK TeHaey (1.17)
BLAST TunTi KeHICTIK-yaKbIT KOJBI YIIIH (KEHICTIKTIK MYJIbTUILICKCUPIICY Il )KY3€re
achIpy) BEKTOPJbIK-MaTpuniaiblk TeHaey (1.11) cuskrel miminre ue [3, 23]. byn
warpaiina (1.17) tennmeynep »kyieci yiIiH apHa KO3()QUIMEHTTEPIHIH MaTPULACHI
SKBUBAJIEHTTI BUpTyainabl apHa Marpuuacel (MIMO) nen aranaasl. EVCM
naijanaHblUIaThlH KEHICTIK-YaKbIT KOATAY JIICI TypaJibl aKnapatThl, coHai-ak MIMO
OaiiaHbIC apHACHIHBIH KacueTTepiH KamTuibl. [21] OHBIH emmmemi xidepy xKysere
aChIPbUIATHIH K10€pyIIl aHTEHHAJIap MEH YaKbIT CIIOTTapbIHbIH CaHbIHA OAIIAHBICTHI.
TaceiManay OipHelle yaKbpIT apayIbIKTapblHIa OipHEeIlle aHTeHHAJIAp aAPKbLIbI XKY3€re
aceIpbuIaThiH kyiieHi (1.17) Ttunti BUpTyanabl Oakbuliay YITICl PETIHIE KOpPCETyre
oomazp [3].

1.6 Korapsl esnmeM/i KOATAPAbI KYPY/AbIH 0enriii gicrepi

Korapel eieMai  KOATApPAbIH KaJbIITaCybl KaObULIay JkKoHE Kibepy
aHTEHHAJIAPbIHBIH CaHBIHBIH apTybIHA TiKesiel OainmaHbICThl. SG kKoHE OJaH KEWIHT1
reHepanusi CTaHJapTTapbIHAA €Kl JKarbIHJaFbl aHTEHHATAP/IbIH CaHbl 128-re KeTeTiH
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Large Scale MIMO xy¥iecin mainanany skocnapianyna [25]. Kypbeurran koarap
JKOFapbl CIIEKTPIIK THIMIIIKKE JKOHE KOFaphl ITyFa TO3IMIUIIKKE Ue 00JIybl KEepeK,
COHBIMEH KaTap KOJaWJIbl €cenTey KypAeNuIiri 0ap IeMOIYJSIUsS aJrOpUTMJICPIH
KoJIIaHyFa MyYMKIiHIiK Oepyi kepek [3, 19]. OproroHaiasl KOATApABIH KOMOUHAIUSACHI
[14] >xorapsl emiem i KOATapAbl KAIbIITACTBIPY/IbIH HET131 OaFbIThI OOJIIBI.

OpTtoroHanbapl ANaMOYTH KOABI €Ki CHUMBOJJbI €Kl YaKbIT MHTEpBaJbIHAA
Oepyre MYMKIHIIK Oepesl, TONBIK JKBUIIAMIBIKTBI KOHE T'e€HepallysIayIibl
MaTpHUIIAaHBIH KaCHUETTEpiHe OAMIaHBICTBI JEMOMYJISAINS TAlICHIPMAChIH alTapIIBIKTAM
x)eHiaereni [21]. Bysn KoaTel yikeH enmemai KoATapAbl Kypy YIIiH TaigaaaHy
OipHeIe Kb TaCTRIPY SAICTEPiHIH Maiiaa 6oysiHa okendi: AB, ABBA xone ABCD
[3, 4, 36].

AB mimmnney anici IEEE 802.11.n crannapteinga [11] naiinananbuiaasl xoHe
TOPT K10epy aHTEHHACHI YIIIH KeJeCl MaTpHIIaHbl NaliJanaHaibl:

[ 61 0,
512 | _9 2 9\1 |
“[sl=[s3]=| %" o, (1)
—9 . 03

ABBA kajgeimTacTeipy omici  TepT AJIaMyTH THUITI MaTpUIAIapIbIH
KOMOMHAIMSACHIH Nakaananansl [16, 36, 52]. TepT kibepy aHTEHHACBIHBIH KOJTHIK
MaTPHUIACKI KEJIECIICH:

0; 0,
_JA B 512 534] —9 1 6, —0,
SappA = B A 534 S12 0, 0, 0, (1.19)
9 3 9\2 _0‘1

(1.19) TapmarbiHIa TOPT CUMBOJI TOPT YaKbIT apajbIKTapbIHa Oepiieii.

¥Kcac au3adHAbBl Oenruiepre CoMKec MaTpHIaIapAbl aybICTHIPY apKbUIbl Ke3
KEJITeH aHTEHHaJap CaHbIHA JCHiH KeHeWtyre Oomnaapl. Ockuraiiiia, 8§ aHTEHHara
apHainran ABBA marpuiachr:

512 534- SS6 S78

S S 34 _S 12 S 78 S 56
ABBA — 556 S78 512 534
1S 56— 5565 34 =12 ]

(1.20)

Anamoytu Marpunanapbia (1.17) aysicteipa oteipbim, 06i3: (1.20) KeHICTIK-

VaKbIT MAaTpPULIAJIAPB! GOMBIHIIA Oij alaMbI3.
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-6, 6, 0, 6, 0 0, 6, 63 1
6\2 _0\1 9\4 - 9\3 9‘6 _9\5 0\8 - 0\7
0s 6, —6, -0, 0, 65 —05 —0 6
6, -6, —0, 6 6 —6, —6s 0
Samsa=| 9, 6, 6, 6 6, 6, 6, 6, |2
0‘6 _0\5 0‘8 - 9\7 9\2 _9\1 0\4_ - 0\3
0; 60y —05 —06 0s 60, -0, —0,
i 6y -6, —0, 6 6, —6; —0, 60 ]

ABBA cxemachIH KoJaHyAbIH HYCKaJIaphl 0ap, onap by Oipeyin Jbxadapxanu
YCBIHFAH >KOHE KEHEUTUIreH AJIaMOyTH KOJbI JIET aTaiajbl, OyJl *Karnaiga Tept
aHTEHHAHBIH KOJITHIK MAaTPHUIACKI KeJeciiel 00aIbl:

S12 S34 _ 0, -6, 6, -0,
S34 =S 12 l 6; 6, -0, —92J
s —0; -0, 6,

01 0, 03 04 }

Spqy = [ (1.22)

Ko xypblibIMbIH aHTEHHATAp/IbIH KOOIpeK CaHblHA JCHIH KEHEUTY >KoFapblia
CHITATTaJIFaH MPUHITUIKE COMKEC OphIHAANYbl MyMKiH (1.19).

ABCD «kansinracteipy omici [20] TepT AnamMoyTH THITI MaTpuliagapIbiH
KOMOMHAIMSACHIH TaianaHanasl. TepT >kiOepy aHTEHHACHIHBIH KOATBHIK MaTpPHIIACHI
IEEE 802.16¢ cranmapThIHbIH 06J1ir1 OO0JIBIT TaObUTAIBI KOHE KeJleciaei:

91 _8\2 65 - 8‘7
AC S12 556] 0, 6 4 06 — 0
S — = = . . 123
ABCD B D] S34 S7g 05 —0 4 0, 0 < ( )
04 0 ; O 6

Ocpuraiima, AJIaMOYTH KOJABIHBIH KOPHEKTI KacHeTTepi €Ki  yaKbIT
apalbIKTapbhIHIIA aKMapaTThIK Oenruiepal kibepyre MyMKIHAIK Oepemi, YiIKeH
OJIIEMACP/IIH KEHICTIKTIK-YaKbITTBIK MaTpHUIATapblH KAJIBINTACTHIPY/Ia KOJJAHyFa
oonateibl  kepcetiireH. AB, ABBA xone ABCD watpumanapsiH KypyAblH
CHUTIATTaJIFaH TpoIeaypallapblH 0acka TeHepallusIalThIH MaTpUIlajlapFa KoJgaHyFa
oomnamer [20].

YkeH enieM/1 KOATapbl KYpy OarbITTapbhIHbIH Oipi amyFa MYMKIHJIIK OepeTiH
MaTpHUIANBIK (GakTopiapapl Naigaiany OOJIbI.

«Cupek» (HOJIIK AIEMEHTTEPAIH alTapibIKTail CaHbIH KAMTUTBHIH) KEHICTIK-
yakpIT MaTpunaiapsr [20].

ojictepiiH OipiHae 1 xoHe -1 AlIeMEHTTEepIHeH TYPaThIH kKoHE 2 X 2 eJIiemi
YILIiH KeJeci mimiHi 6ap 6enrin Anamapa MaTpHULIAChl KOJIAAHBUIA B :
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HAD,,, = H B ﬂ (1.24)

AJllamapa MaTpUIIACBIHBIH MaHBI3/Ibl KACHETI KeJeCl OpHEKIICH CHITaTTaliaJibl

[58]:
HAD nxnX HAannT =N- Inxn, (125)

MYHIAFbI | — COKeCTiK MaTpHIIACH.

Marpuiia eamemMiH ofaH opl VIFAWTY alJbIHFbI OJIIEMHIH MaTPHUIIAChIHBIH
AIIEMEHTTEPIHIH OPKAWCHICHIHBIH OpHBIHA 2X2 emnmeMal Anamapa MaTpHUIIAChIH
aybICTBIpY eceOiHeH OopbIH anaabl. Ockutaiiiia, 4X4 emmemal Axamapa MaTpHIIACKI
KeJIeCl Typre ue:

1 1 1 1
1-1 1 -1
HAD4_X4_ = 1 1 _ 1 _ 1 (1.26)
1-1 -1 1

TepT TapaTKbIll aHTEHHACHI Oap JKy#e YIIIH YJIKEH eJIIeM/Il MaTPULIAaHbl KYpYy
tociiaepinig Oipi (1.26) kepceTiUIreH NPUHIMNTI KoyigaHa oTwipbin, [29, 60]
YCBHIHBUIFAH TeHEpalMsIIayIIbl MaTPUIIAaHbl KYpYyFa oKelesl. ['eHepaTopblK MaTpuiia
HEri3 peTiHJe albIHaabl, o1 Ajnamapa matpunacel (1.24) npunuum OOWBIHIIA €Ki
K10epyIIi aHTeHHA YIIiH:

0, 6
SHAD_2><2 = [931 _924] (1-27)

KypbuibivHan (1.27) TepT TapaTKbllll aHTEHHAJap YIIIH KYpPacThIPbUIFaH
MaTpHla KeJecl MIIHre ue:

6, 0, 6y 0y
S — 63 _64- 911 _612
HAD 44 65 96 _613 _614-
67 _68 _915 616

(1.28)

Anamapa MaTpUIIachlH KOJIJIaHy HYCKAJIAPBIHBIH Oipi OacTamKbl MaTpUIIaHbI
AnaMapa MaTpuIlachiHa KOOCHTY apKbUIbI KOATHIH ITyFa TO3IMJIUIITIH apTTHIPY OOJIBII
taObutaapl [26] (1.24). OcbiHmal KYpbUIBICTBIH Oip MBICATBI - AJIAaMOYTH KOJIBIHBIH
OeNruIi MaTpUIlachlH Ajlamapa MaTpullacbiHa KOOCUTY:

0, 6, 01+6, 6, 6,
¢ _ [ ] ‘ 1.29
HAD_2 —0, [1 — 1] [91—92 0,+ 6, 2
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AHTEHHaJIapIbIH KOII CaHBIH IMai1ajlaHy KakeT 00Jica, )KOFaphlia CUIaTTaJFaH
(1.18) AB ogicin KoganyFra 00Ja bl

SHAD4 = [ (1.30)

S uap 2 _|6:-0; 6, + Hl]l
5?2 B ‘ |
HAD_2 J

KoaTeiH KacueTTepiH jkakcapTy >KOHE OJIIIEMIH YIFAUTY YIIIH CUPEK KEeHICTIK-
YaKbIT KOATAY MaTpHIlAIapblHA KATBICTBI OAICTep KoimaHwliaasl [36, 56, 61].
CupekTikke HeJjiep MEH OIpJIIKTEP/ICH TYPaThiH MAaTPUIAIBIK (paKkTopiapabl KOIIaHy
apKpUIbI KO KeTkizineal. Mynnait matpunianap I[EEE 802.16.e xone 3GPP Release
8.9 cranmapTTaphl YIIiH OPTOTOHAJIBI KOATap bl Kypai sl [29, 30, 62]:

91 _6\2 0 0_
6,0, 00

SlAlamoutiSpread ZIOZO 193 _9‘4 (1.31)
lo o 6,6,
00 —0,60;]
—-6,0, 00

SzAlamoutiSpread = 0 (2) 913 0, (1.32)
6; 6, 0 0

1.7 KeHicTik-yaKbIT KOATAPbIHBIH OHTANJIBLIBIK KpUTEpUiljiepi

KeHicTiK-yaKbIT KOJATApbIH CHHTE3JCY/IH aHAJUTUKAIBIK OIICTepPIH KYpY
MaHBI3IBI Mocese O0ombin TabbIaabl [36, 55]. OpToroHanapl KO JIeMOIYJISIIUSHBIH
ecenrey KypACHIiTiri TYpFhICBIHAH OHTaiabl Oonbin TaObutazpl [3]. Bapibik skaHa
KEHICTIK-YaKbIT KOJATaphl TOJIBIK XKBUIIAMIBIKIICH O0JIMAM/IbI, SFHU. OJIAPJBIH KOJTAY
KBUIIAMIBIFBI OHTAWIIBI KOJIKA KaparaHaa ToMeH Ooaabl [24].

KeHicTik-yakbIT ~ KOATApbIH CUHTE3/CY/IIH aQHAJIUTUKAIBIK  QJiCTepi
reHepalusJIalThIH ~ MaTpULAiapAblH pPaHIl MEH aHBIKTayIIbIChIHA KOWBIIATHIH
Tayiantapra HeriznenreH [20, 61].

OHTalIBUIBIK ~ JOPEKECIHIH  KpUTepuil  KaObuigay — KoHe  xiOepy
aHTEHHAJAPbIHBIH CAHJAPBIHBIH KOOEUTIHMICIHE TEH MAaKCUMaJabl JPTYPIUIIK
TOpTIOIHE XKeTy 00bIn Ta0buTaab! [3]. JleHreinik KpuTepuiiai naiianany yiriH Kemaect
TYPZET1 albIpMaIIbUIBIK MATPULIACHIH MaljalaHy KaXKeT:
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e =61 (1) = 6y (D)
B(6,0)=| : : (1.33)

6.(p) — 61(p) - B (p) — Oy(p)

MYHAFbI 6 — KypAeli aKnapaTThlK CHMBOJIIAPIBIH TaChIMAJITAaHATHIH BEKTOPHI,
- 6— anpigraH Kemewni aKmapatThlK Oenruiep/iH Oaranay BekTophl. Ockliaifiia,
OepuUIreH >koHe KaObUIJaHFaH BEKTOpJApAbIH OapiiblK KynTapsl yiiiH B
MaTpPHIAChIHBIH PAHTIH a3alTy KaKeT.

min(rank(B(6,))) (1.34)

A¥iTa KeTy Kepek, OyJ MUHUMYM KEHICTIK-YaKbIT KOJBIHBIH MapamMeTpiepiHiH
e3repyiHe OalIaHbICTBI OIPKEIIKI e3repe aaIMal bl )KOHE KOIl JopeKeae MaTpUIlaHbIH
1ITK1 KYPBUIBIMBIH 5KOHE OHJIAFbl HOJITe KaKbIH JIEMEHTTEP 11H CaHbIH KOPCETE/Il.

AHBIKTAyIIbl KPUTEPUNI KOJJIAHFaHMA Y31KC13 (DYHKIUSHBIH MaKCUMYMBbIH
aHbBIKTAy KakeT. Kpurepuit kemeci TypAeri MaTpUIAiIbIK aHBIKTAYIIBIHBI C€CENTEY/Ii
tana eremi [3]:

A(6;,6,) = S(6;.7) - S(6;.7) (1.35)

MYHJIaFbl S — KEHICTIK-YaKbIT KOABIHBIH T€HEPAIUIIAYIIBI MATPUIACH, KYpAEIi
aKmapaTThlK CHMBOJIIAp BEKTOPHIHBIH 0i- | -mi KomMOwHammscel, 6 j — Kypaeni
aKMapaTThIK CHUMBOJIAP BEKTOPBIHBIH ] — Il KOMOHWHAIIUACH, T — BEKTOp, OJ

TYABIPYIIBI MATPULIAHBIH KACUETTEPIMEH aHBIKTAIa/Ibl.

AHBIKTayIIbl KPUTEPHUM I' BEKTOPBIHBIH opOip MoHI yiuiH 0j, O j 6apibIKk MyMKiH
0onaThIH ©3apa KOMOMHAIMSTIAP Bl CaHAY JKOHE 63apa KOMOMHAIUSAIAFbl MAKCUMAJIIbI
aHBIKTAYBIIITHI, all opOip MOHI VIIIH aJbIHFAHJAPMABIH IMIHIAETT €H YJIKeH
AHBIKTAYBIIITHl aHBIKTAY apKbUIbl (1.35) MaTpuIlaHbIH aHBIKTAYIIBICHIH €CENTEY IeH
TYpAJIbI.
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2 YJKEH OJIIEMII *AHA KEHICTIK-VAKBIT KOJITAPBIL.
YJKEH OJIEM/II KEHICTIK-VAKBIT KOJBIHBIH APHACBHIHBIH
DKBUBAJIEHTTI  BUPTYAJJIbI MATPUIACHIH CHUHTE3JEY
OJIICTEPI.

MIMO »xylieciHiH 6TKI3y KaOlIeTl mapaijiesib apHaiap caHbIHA TIKeJIeH Toye Il
eKeHl Oenrim, o1 e3 Ke3eriHae >Xi0epyln >koHe KaObUIgaylibl aHTEHHAJIApIbIH
caHbIMeH aHbIKTananel. [3, 4, 13, 16] Ocbutaiima, OainaHbic >KyHenepiHaeri
aKmaparTbl Oepy >KbUITaMJbIFbIHA TaJlanTaplblH ocyl KaObuiaay KoHe xidepy
aHTCHHAJIAPbIHBIH CaHbIHA OCII KeJIe KaTKaH TalanTapabl KOSIbI.

Kazipri yakpitra LTE-advanced crangapTeiHarbl aHTEHHAJIAPAbIH CaHbl §-T€
KEeTyl MYMKIH, a1 OeciHIll OybIH CTaHJIapTTapbIHBIH NEepPCHEKTUBANBI ToOObIHAA Large
Scale MIMO TexXHOJOTHSCHIH CTaHAAPTTAY >KOHE TaiijaliaHy YCBHIHBLIAIbI,
aHTeHHaJIap caHbl 128-re xeTyi MyMKiH [3, 6].

AxnapatTel Oepy MyMKIHAIT 0ap *aHa KEHICTIK-YaKbIT KOJATapblH KYpy Ke3eK
KYTTIpPMEUTIH Mocelie 00BN TaOblIa b, ojap Oip IUKIIE aKmapaTThIK OelriiepIiH
OapJbIK >KUBIHTBIFBIH KaMTHU[BI, ajl KeJecl IukiAe Oipaeil Oenriiep >KUBbIHTHIFBIH
KAMTHUTBIH OlpJiel akKmapaTThl KaMTHABL. byl MeXaHU3M IIyFa KapCchl UMMYHHUTETTI
xkakcapty oskoHe MIMO kyieciHiH CHEKTpJiK THUIMIUNTNH apTThIpy YIIiH
KoJmaHeLIaas! [3, 4, 13].

Kana  KEHICTIK-yaKpIT  KOATapbl  peTiHAe AJTbIH TUNOTI  KOJTHIH
reHepauusiiayiisbl MaTpuiacbiaa (1.12) xoHe curHai mMOKXYJIIbI3bIHBIH aiHATYBI Oap
koaka (1.14) HeriznenreH eki KOATHI NMaijanaHy YChIHbLIA IbI.

2.1 EkizeH Ken aHTEHHAJApP CaHbl YLIIH O3repTiireH AJITBIH KOJITbI
KAJIBINTACTBIPY

ANTBIH MaTpUIlaHbl 3epTTey HoTMXkenepi Kapamaitbiv BLAST koarapeimen
CaJIBICTBIPFAaH/Ia ANTapIBIKTal apTHIKIIBUILIKTAPIbl aHbIKTaasl [3]. Eki TapaTksImr
aHTEHHa apKbUIbl €Ki YaKbIT CIOTBIHAAFbl CHUMBOJAAp KOMOWHALMSCHIH OepyMeH
OaltIaHBICTBI KOJIKA €HT131ITeH KacueTTep 0acka KoaTapAaH apThIKIIBUIBIFBIH CaKTai
OTBIPBIII, YJIKCH OJIIIeM/II KEHICTIK-YaKbIT KOJBIH Kypa anajsi [29].

AJNTBIH  KCHICTIK-yaKbIT ~KOJBIHBIH TIeHepaTopiblk Mmarpumackl  (1.12)
dbopmacsiHa ue. AB KanbINTacThIpy OMAICIH KOJIJAHBIN, OipHemie AJTHIH THIITI
MaTpUlIaiapJaH KYpacThIPbUIFaH *OFaphl ©JIIEeMAl MaTPUIaHbl KYPYAbl KapacTbIpy
YCBIHBUTABI [22]. MaTpUIlaHbIH qU3aiiHBI €Ki aHTEHHA TONTAPhI YIIIH OPBIH ajaJibl,
ocbuUIailIa, >keke AJITBIH MaTpuuajapJaH TYpaTblH MOAM(PHUKAIUSIAHFAH AJTHIH
THUIITI JKaJIITBIJIaMa MaTpHUIla KeJIecl MIIIiHre nue:
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I 6, +jr8, 106,+0, 1
Sl 92 - 7‘93 jT‘Hl + 94
[ e 1| 1 0. +jr;  r0,+6,
S = ANTBIH | — . 6. —ré r6: + 0 2.1
)f}\g;t;:l l : ‘ Nere=i 6 : 7 JTUs ! 8 (2.1)
SN\Z - :
AnThiH Oun—3 +jrOy 1085 + Oay_q
[Oyn—2 —TOny—1  jTOyn_3 + O
MYH/IaFbl A ©3repTUIreH AJTeIH TYPIHIH KOJITBIK,

Kamnel
marpumacel, SV2-N\2, - eKi aHTeHHaFra apHAJIFaH alTHIH Koj Marpuracskl (1.12)

[30]. 8 xibepy aHTeHHACBHI O0ap KOJAAHBICTAFBI JKYHeJep YIIH TOPT AJITBIH THITI
MaTpHIaTapbl JOWEKTI MaiflajJany KaXeT )KOHE KeHICTIK-YaKbIT MaTPUIIACHL:

0, +jr0, 10,+ 05 7
6, —1r0; jro,+0,
95 +j7"98 T@6 + 97
0o —16, jros+ Og
Shaiin = | 63+ jrOy; 7050 + 01 (2.2)
010 — 17011 Jjrby + 04,
013 +jr0ic 1014+ 055
(014 — 7015 JjTr0413 + 0461

2.2 CurHaJ moKKYJ/IbI3bIHBIH allHAJTYbIMEH MOAM(PUKAIMAIAHFAH KOATHI
KAJBINTACTBIPY

TepT aHTeHHara apHaJfaH CHUTHajd MOKXYIAbI3BIHBIH (1.14) aliHamybiMeH
Oenruti maTpuia yikeH enmemal AB KOABIH TeHepalusiiay oJiCiH MaijgaiaHa
OTBIPBII, YJIKEH OJIIEM Il TeHepalusIayllbl MaTPUIIaHbl KYPY YIIIH HET13 PETIH/AC
nainanansutybl MyMki [30], coman keliin TepTke OoJIIHETIH TapaTKbIII aHTCHHAIAP
CaHBIHBIH ©3TePTUITCH KOJIbI:

[ 6, 6, 65 6, i

$0, 6, S0, 03
—0; =0, 0, 06,

S} . . .
Sgpﬂ -0, —0; 0, 06,
Scps—n = |0 = : : : 5 (2.3)
LS'N'\L} J Ov-3 On_z On_1 Oy
CPs4 §Ov—2 On—3 SOy Oy
—0 N-1 _59 N 0 N-3 50 N=2
L Oy —On1 ON20y3
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MyHnarbl Scpg_y— ©3TEPTUITCH IMOKXKYJJIBI3ABIH alHAIIBIPBUIFAH KOATHIK
1.2.N\4 .

MaTpHUILIACHI, SCPS4\ — TOPT aHTEHHAFa apHAJIFaH MIOKXYJIbI3/IbIH alHAIIBIPbLUIFaH

KOJITBIK MaTpHIIAChl. 8 aHTEHHACHI 0ap KOJJaHBICTAFbl KYHeep YIIiH €Kl MaTpUIIaHbI

JIOWEKTI Tal1ajiaHy KaKeT, all KeHICTIK-yaKbIT MaTPHUIIACHL:

[ 0, 60, 03 0, 1
§60, 0, 6, 03
0, —£6, 6 £6,
-0, —6; 6, 6,

: 0s 06¢ 0; 0

lSéVP\;J $0s 05 ¢&0s 0,
-0, —§0, 05 &0,
| 0 -6 6, 6 |

1
SCPS4

2
8T _ |Scpsa| _

Scps = (2.4)

JKoraps! eseM i KOATHIH HYCKaJIapbIHBIH Oipi aybICThIpbUIFaH MaTpuiia (1.14)
Herizingeri koj 6omysl MyMkiH. ComaH keiiH, AB oficiH KonmaHa OTBIPBIN, TOPT
aHTEHHACHI 0ap Ky#e YIIiH TeHEPAaTOPJIbIK MaTPHUIIA:

[ 0, 6, -3 -0, ]
6, 6. =6, —0;
6; S0, 6, S0,

Sk . . :
SCPS—N = . : : : : (25)
SN\4- 0N—3 feN—Z —0 N-1 —0 N

Pt 9N—2 9N—3 _EHN _H‘N—l
Onv-1 $Onv On-z On—
BN 9N—1 69 N_ZQN—Z% §

8 anTeHHachl Oap KOJIAHBICTAFbl JKYHENep VIIIH €Ki MaTpHUIlaHbl JOHEKTI
naiiajany KaxxeT, ajl KeHICTIK-yaKbIT MaTPHUIIACHI:
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(0, &6, —03 —0,]
6, 6, —¢6, —0;
0, &6, \9\; eé
6, 6 6, 6

SERE =, * 5963 59\27 _2\8 (2.6)
0s 65 —E6. —0,
6, &5 05 6
6 6, €6, 65

2.3 Toagen THOTI KOA MeH MOKKYJJIBI3AbIH AHHAJAMAJIBI KOJAbI YIIiH
IKBUBAJIEHTTi BUPTYAJ/JIbl ApDHA MATPUIIACHIH KAJIBINTACTBIPY

KenicTik-yakbIT AnteiH MaTpunaiapsis (1.12) [2] naitnanansim, exi xkioepyi
YKOHE €K1 KaObLIaylIbl aHTEHHACHI Oap KYWEH1 KapacThIpanbIK.

Bipinmi yakpiT naTepBaibiaaa (1 yakelT HykTeci) 64 + Jr6s CUMBOJIIAPBIHBIH
KOMOMHALIMSACHI 1-aHTEHHA apKbLIbl, al &,— 6, 2-anTtenHa apKbuUibl Oepineni. Exinmmi
uHTepBaa (2-yakpIT) KOMOMHAIMs |-aHTeHHA apKbUIbl Oepiteai 6, — ré,, sxone jréh
+64 anTeHHA 2 apKbUIbI Oepiiei.

Ocbunaiiina, 1-mi yakpITTa KaObUIIAyIIbl aHTeHHaA | KaObulmaiabpl MIMITHHIH
CUTHAJIBI

yi =hit- (6 +76)+har- (G +165) +111 =y, 6, + 1y 6, +1hy, O, + jrhy, 6, +17,.
2-yakbITTa MIIHAIH CUTHAJIBI KaObLIIay aHTEHHAChIHA | Kemei

jrhy, 6, +rhy, 6, +hy, 6, +h,, 60, +17,,.
yz=hu-(réh+6)+ha-(jréi+6s) +m2

1-yakpIT COTiIHI€ MIIIIHHIH CUTHAJIBI KaObLU1/1ay aHTEHHAChIHA 2 KeJe/i
Yo =y, jl’94) +h,, ‘(‘92 - n93) + 17y =6 + 0,
2-yaKpITTa MIIIIHHIH CUTHAJIBI KaObL1/1ay aHTCHHAChIHA 2 KeJeIl

y22 =hiz - (réh + 68 )+ hao - (jré+ 6 ) +122 jrhy, 6, + thy, 0, + h, 6, + h,, 0, +17,

AJpIHFaH OpHEKTepAl MAaTPHUIAIBIK Typjae KalTa jka3aiblK, COHJIa OakpLiay
MOJIEJ Keneciaen 0oapl:
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Y11 hi1 hyy —Thyy jrhyy
V12 Jrhyy Tthyy hyy hyy

V21 - hlZ hzz —rhzz jrhlz (27)
Y22 jTh22 rhlz hlZ h22
DKBHBAJICHTTI BUPTYaJIIbl apHa MaTpuliachl [3] minriHine ue:
hi1 hay —Thyy jrhyy
EVCM?2TX Jrhyr Thip hyy hy (2.8)

AntbiE | b o Ry, —Thy, jThys
jrhzz T‘h12 h12 h22

(2.7), (2.8) Tapmakrapeigarel Oenri (1.3), (1.12), (1.17) Oenrinepine coiikec
Keneml.

Curnan mokXyabi3eIHbIH (1.14) alfHaTybIMEH TPaHCTIO3UIUSJIAHFaH KEHICTIK-
yYaKbIT MATpPUIACHIH TMailajJlaHAaTBIH TOPT >KIOepyIll MKoHE TOPT KaObUIIAyIIbI
aHTEHHAChI Oap OalyaHbIC KYHECiH KapacThIpanbIK.

1 yakpIT Me3eTiHAe KaObUImay aHTeHHanapsl 1, 2, 3, 4 Typaeri CUrHaJIapsl
KaObU1IaiIbI.

y11=h1161 +h216 +h31603 +hg16 +m11
y21=h1261 +h226) + 32603 + h4264 +121 (2.9)
y31=h1361 + 236> + h3363 + hg364 +1731
y41 =h1461 +h2460) +h34603 +h4a04 +141

2 yakpITTa KaObuinay aHTeHHanapel 1, 2, 3, 4 Typleri CUTHaJIIapibl
KaObLIIalIbI.

Yio= 0§60+ hy 6+ N3 80, + hy, 6, + 171, = 6+ 0y 66 + 0y, 6, + 03,86, +171,
Y22 =060+ N, 0+ N3, 50, + Ny O+ 17, = N3, 0+ 01, 565 + 0, 0, + N3, 56, +17,
Y32=N13860+ a0, + hys SO, + Ny Oy + 15y = N5 0, + 01356, + N3 0, + 0356, +17, - (2.10)
Y2 =h1 0+ N, 0, + 13,560, + 0y, 0, +17,, =0y, 0, + 01, 56, + 0, 6, + 0y $O,+ 174

3-yakbIT HYKTECIH/I€ M HHIH curHaiaaps 1, 2, 3, 4 kaOblnaay aHTeHHAIAphIHA
KeJe/I.

Y13= N80+ 0y 0+ 1y, 5O, + 0, 6y + 17, = 0y, 6+ 0, §6, + hy, 6 + 0y, EO, +17,,
Y23= 012660, + 0+ N3, 50+ Ny O +17,,= N, 0+ 01, 86, + 0, 6, + 13,56, +175,
Y33=N1366+ N30, + N3 80, + Nys 0+ 173, = 130, + D13 56, + Ny 0 + 3386, +175, (2.11)
Yas= 14860+ Nyy 0 + N3y 5O, + Ny O +17,, =13, 0, + 1, $6,+ 0, 6, + 03, 86, + 1
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4-yakpITTa MIIHHAIH cCUTHAAapHI 1, 2, 3, 4 kaObu11ay aHTeHHAIapbIHA KEIeTl.

Y1a= Ny 6+ O+ 13, 5O+ Ny 6 + 171, = Ny O+ 0y, 86, + 1, 6 + 1y 56O, +171,
Y20= 01,860, + 0y, 0+ N3, 50, + Ny O+ 17,,= N, 0+ 01, 86, + 0, 6, + 15,56, +17,
Yau= 1366+ N30, + N3 80, + Nys 0+ 173, = 136, + D13 56, + Ny 0 + 3,86, +175, (2.12)
Yaa= 14860, + Ny, 0 + N3y 56, + Ny O +17, =15, 0, + 1, $6,+ 0, 6, + 03, 86, + 1

(2.11), (2.12) TenneynepiHin eki >xarblH OipikTipeiiik. ComaH KeHiH, YKCACTBIK
OOMBIHIIIA, SKBUBAJIEHTT] BUPTYaJAbl apHa MaTPULIACHI KEJIEC] MIIIIHTe ne 0O0Jabl:

hyy hy1 hsy hay 1
hiz hyy hzpy hy,
hiz hyz his hus
hia hyy hzy hyg
hy1 hi1§ hars hai§
hyy hi2é hyy hape
hz; hiz$ hgz hssé
haz h14$ hag hsé
EVCMEEs, = | hyy h'si§ —h'yy —h'pié (2.13)
héz R 4§ —h1p — R3¢
h;33 h'43§ —h'13 —h'y5¢
hé4 R4s§ —hia —h o
hyy Wag —ha — h'yg
h;LZ R3y —hp —hyy
has W33 —hps — Ry
L h;m hay —hon —hyy |

2.4 Koraper emmemai EVCM wmarpumacblH CHHTe3dey eceOiHiH
KOUBLIBIMbI

MIMO xyiieciHiH ©TKi3y KaOUIeTi mapajieibJl apHajap CaHbIHA TiKeen
OallyIaHBICTBI €KeH1 OeNTuI, O ©3 Ke3eTiHiae >KIOepylnl MKoHe KaObUIIayIIbl
aHTEHHAJAp/IbIH CaHBIMEH aHbIKTamazs! [3, 13].

bip kp3bire, EVCM MatpuniacklH Kypy opOip KaObuUigay aHTEHHACHIHIAFbI
KaObUIIaHFaH CUTHAJI YIIIH OpHEKTEep/l OlpIiamMa KWUbIH alnreOpaliblK TYPJICHIIPY/Ii
tanan ereql [13]. KeHicTik-yakpIT MaTpULIaChIHBIH oJIeMi a3 OOJFaH »arjaaiaa
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MyHIai typrengipyiepai (2.9), (2.12) epHekTepi apKbLIbI OHAW KYy3ere achIpyra
0oJ1aIbl.

8 x10epy aHTEHHAChl Oap KOJJAaHBICTAFbI JKyHenep TopT AJITbIH MaTPUIIAHbIH
JIOWEKT1 KOJTaHBUTYBIH HeMece 16 TYKbIphIMAQIFaH TeH Sy KYyHeciH Tanar etesl; 128
aHTeHHa yuriH 256 tenney kaxet. Ocpuaiiina, EVCM MaTpuiiaceia Kypy apKblIbl OChI
TUIITET1 KEHICTIK-yakbIT MaTpuiacklH BLAST cxemachiHa TypiieHaipy Maceseci anFa
HIBIFAIbI.

2.5 AHTEHHAJIap CaHBbI eKiJleH KoMl 00JIFaH Ke3/le 63repTiireH AJITbhIH KO/
YLIiH 0ip 5KBMBAJEHTTI BUPTYAJ/JIbl aPHA MATPUIIACHIH KYPYAbIH KaliTaJIAHATHIH
ici

TepTTen acTam aHTeHHaJap CaHbl YIIH MOAUUKAIUSIIaHFaH AJTBIH KOJTHIH
reHepaTopiiblK MarpuiiacklH mnaiiganany EVCM  aHanmuTUKalbIK Typlae Kypyra
MYMKIHJIIK O€peTiH MaTeMaTUKAJIbIK aIlapaTThl KYPY/Ibl Tajlam eTe/ll.

Anteiz kop yiriH EVCM MatpuniacklH peKypcHUBTI KypyFa MYMKIHJIIK OepeTiH
TOCLII KapacThIpaibik [17].

Exi TapaTKpIlll aHTEHHAaFra apHaJFaH AJITBIH MaTpUIIAHBIH KypbLIbIMbI (1.12)
MIIIHIHE UE.

Ocbl MaTpUIIaHbIH JIEMEHTTEPIH ObLIal OeNruIeHiK:

G2 = 2% (2.14)

(2.14) snemeHTTepiHIH YCTIHT OENTici €Ki CAHHBIH TIPKeCiMi OOJIBIT TaObLIAIBI:
OIpiHILII CaH — TapaTKbIl AHTEHHAHBIH HOMIpI, €KIHIIl CaH — YaKbIT apaJibIFbIHBIH
HeMmipi. KonnanbuiatelH MaTpuuanbiy Hewmipi. Ochuiaiiina, TYpAeHAIpUIreH AJTBIH

. oy . c|AnTbIH
TUNTI MaTpUIIaHBl Kenecifiel kepceryre 6omambl: Sy - (2.1) xone (2.14) eckepe
OTBIPBIIL.



62 G2
Gl1 G2
S = | G3+ GF2 (2.15)

Gvy2 Gtz

EVCM «kypy vymiH opbOip KaObuigay aHTEHHAChIHAA KaObUIaHFaH
CUTHAJIIap IbIH KOCBIHABICHIH jkacay KepeK. KoChIH/IbI ki0epiJireH CUTHAIbl apHAHBIH
KaCUETTePiH aHBIKTAUTHIH KOA(DPUIIMEHTKE KOOSHTY apKblIbl KajblmTacaasl. bipiHim
KaObLI1ay aHTEHHACHIHBIH OipiHIIl carateiHarkl MIMO xyliecinaeri KaObUIIaHFaH
CUTHAJIIbI ObLIal JKa3anbIK:

Y11 = Githyy + G hyy + G31 o hgy + GFY Ry o+ Gy hgy-nr +
Givz * hy + 11 (2.16)

MyYHJla KaOBbUIJAHFAH CHUTHAJIJIBIH HHIEKCTEpl Kejecli TypAe KalbInTacajbl:
O1piHII MHACKC - Ka0bU11ay aHTEHHACBIHBIH HOMIPI1, €KIHIII UHJICKC - [IUKJIIIH HOMIPI.
Kypaeni apaansiH 6epuiic ¢pakropiapsl hpm, HHAEKCTEP] Oap: n - XK1OepyIll aHTEHHA
HOMIpi, M - KaObUIJay aHTEHHACHIHBIH HOMIpi. ExiHIII KaObUIgay aHTEHHACBIHIAFbI
SKIHIII TAKTUIIK [UKJIJIE CUTHAJIJIBIH OpHET1 KeJleCieH:

Yiz = Gi% " hyy + G - hyy + G3% - hgy + G52 - hyy + -+ Gpiy -
hov-11 + Gtz * hwy + 112 (2.17)

(2.16) sxone (2.17) epHekTepai KaJmbLiail OTHIPHIN, OIPIHIN KOHE CKIHIII
TaKTUTIK IUKIIapIaFbl KaObLIIay aHTEHHACHIHIAFbl CUTHAAAP bl CUIIATTAi OTHIPHIT,
TEHJEYJIep )KYUECIH aJaMbI3:

N\2
Ym1 = 2j=\1 Gjll ) h(Zj—l).m + Gj21 : h2j,m) + M1

N\2

12 - .m=12..M (2.18)
Ym2 = 2]‘:1(Gj ’ h(Zj—l).m + Gj ’ h2j,m) + N2

SATEIH N A TPHITACEIHBIH IEMEHTTepi YIIiH epHekTepdi (2.14) maiimamamsm,

KeJIeCl Typ/le Ka3aMbl3:

1
= —="04_3 T JT0,;
J W (41 3T 4])
G* = " (B4j—y +jT04j-1)
j=12..m (2.19)
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1

G = Vitr? (642 = j704j-1)
1
6P = ———="(O4j_5 + jr04))

ST T

(2.19) epuekrepin (2.18) opHbIHA KOWBII, Oi3/1€:

1 .
Ym1 = WZ?’X ((94j—3 +]7'94j)h2j—1.m + (04j—1m —704j-1) - hzj,m) + N1

1 .
VYmz2 = WZ?’:\% ((7'94j—2 + 94j—1)h2j—1.m + (17'94j—3 + 94]') ) hzj,m) + Nme

(2.20)
(2.20) epHekTeri JKaKmaNapabl aliblll, OEpuUIreH TaHOamapra KaThICThI
TEPMUHEP/Il TONTACAK, KeJeCl TYPJET1 TeHIeYJIep KYNECIH alaMbl3:
1 N\2 .
Ym1 = ﬁ2j=1(h2j—1.m 043t hojm 04j2 =T hyjm Osj1+jr hyj_14m- 94j9) + Mm1

1 «N\2/.
Ym2 = ﬁij\l Jrhojm 04j_3+Thyj_1m04j_2+hyj_1m 041+ hyjm- 94j) + NMm2

(2.21)

(2.21) epuekrepi eki aHTeHHara apHamFaH [ongeH koaslHBIH EVCM
MaTtpunanapeiHad TypaTeiH 2N 2N enmemai EVCM maTtpuniacsla 6eiyre MyMKiHIIK
oepeni:

EVCM) 'Y EVCM)Z'2 .. EVCMIZ2 .
1 EVCM™=34 EVCM"=34 .. EvCM™=34
EVCMEZLT, = - e ”‘”j (222)
=(M-1),M =(M-1),M m=(M-1),M
EVCM,Tl":l_Z EVCM;”=3’4 . EVCMZ TN

EVCM xammeimanran  Matpumacel  lommen  kox  typiaeri EVCM
MaTpuIaJiapblHAH TYPAJIbL:

[ hon-1m honm —Thanm  JThan-1m
EVCMm:m—l,m _ | ]thn,m thn—l,m th—l,m th,m | (2 23)
n=n-1in - h h _ h .h y .
l 2n—-1,m+1 2n,m+1 TMonm+1 JT 2n—1,m+1J
]thn,m+1 thn—l,m+1 h2n—1,m+1 th,m+1

n=1..N/2, m=1...M-1

byn wMarpumanap KypbUIBIMHAH €Kl KaOBUIAFBINI JKOHE €Ki TapaTyIilbl
anTeHHamapel Oap MIMO BupTyannbl KyHelepiHiH MaTpHIAapbl PETIHE
KaObLUIIaHA b1, OJIap KAOBUIIAFBII )KOHE TapaTYIIIhl AHTCHHAJIAP KYIITAPBIHBIH OapJIBIK
MYMKiH KOMOMHAITUSTIAPBIH KOJITaHA/IBI.

EVCM wmarpunacelH KypyabslH OasHAanraH oici e3repriiredH [omgeH kon
KYPBUIBIMBIHA OaiaHbICTBI oic OoJbIn TaObLIaAbl kKoHe EVCM maTpumackl Kona
KYPBUIBIMBI MEH KaHaJl MOJICJIIHIH KaCUETTEpiH OIPIKTIpEeTiH MaTpuIila OOJFaH IbIKTaH,
aJIBIHFaH 9JiC KOJAAHBLIATHIH KEHICTIK - YaKbITIIIA KOJKA Maiaaibl KOChIMINA OOJIBII
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TaObLIab! [35].
2.6 EVCM MarpuuachiH KAJIbINTACTHIPYAbIH AHAJIMTHKAJIBIK dicCi

Korapeina ateurangai, BLAST sxyiieciniH MaTpuIiacblHaH 0acka KEHICTIK-
YaKBITTBIK MaTpUIIachIiH Koyany kypaeni EVCM maTpuiiachlHbIH KYPBUTBICHIH KaKET
ereni [14]. 2.5-maparpadra esreprinren ['onmen koasr ymriH (2.22) oic YCHIHBUIIBL,
Oyl KOATHIH KaWTalaHy KacHeTTepiHe OaillaHBICThI Oip SKBUBAJICHTTI MATPHUIAHbBI
KypyFa MYMKIHIIK Oepeni. Anaiiia, OyJl o[ic TeHEpaTUBTI MaTpHIlaFra >KOHE YJIKEH
©JIIIIEM/I1 KOJIThI KAJIBIITACTBIPY 9JICIHE OalIaHBICThI, OHBI OACKa KaFaailiap/ia TOJIbIK
naiianany MyMkiH emec [25]. Ocpuraiiiia, epKiH ©JIIIeMHIH KEeHiCTIKTiK-YaKbITTBIK
kozb1 yiriH EVCM MaTpuiiacelH KYPy/IbIH aHATUTHKAJIBIK 9JIICIH JKacay KaxerT.

bipHetie TapaTy1iibl xoHe KaObUIIAFbIIT aHTEHHAIAP O0JIFaH KE3/1€ )KOHE CUTHAJ
Oenrii 01p KeHICTIK-YaKbIT MAaTPHUIIACHIHBIH KOMETIMEH KOATAIFaH Ke3/1¢ KeHICTIKTIK-
YaKBITTBIK KOJTAY/bIH JKAJIbI JKaFJaiibl BEKTOPJIBIK-MaTpuliaiblk (1.6) TeHaeymeH
cunatTanaibl. KeHICTIKTIK-yaKbITTBIK KOATAY MaTPUIIAChIH MAaTPUIIAHbIH Ke3-KeJITreH
AJIEMEHT1 OapiIbIK OEplJIETIH aKnapaTThK TaHOaMapFa Toyes il 00IaThIH Kbl TYPAE
€JICCTETII KOPIHI3:

$11(01,0 ..00) .. S11(61,6;...60)
S(0) = : : : (2.24)

Sn1(61,03 . 00) . Sni(61,65...64)

Euni (2.24) dopmynanarsr S(0) wmarpunaceibeie S; j(64,0; ...0,) epkin
AJIEMEHTIH KeJIECl TYp/ie eNIeCTETIN KOPiHi3:

Q
Si,j(91,92 HQ) = Z ai'j(Q) . gq
q=1
i=1;2;...N,j=1;2;...L, (2.25)

MyHIaFbl  @;;(q) - SKammel OKarjaina KoNJaHBUIATBIH — KEHICTIK-yaKbIT
MaTpPHUIACBIHBIH TYPIMEH aHBIKTAJaThIH KOMIUIEKCTI KO3 (ULIUEHTTED.
(2.25)-1h1 (2.24)-Fa KoliraH/1a alaMbI3

22=1 a1(q) 0, .. 22:1 a1,(q) - b,
:S(0) = : : : =
23:1 ay.(q) - 0, - 23:1 ay,.(q) 6,
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“11.(‘1) - 051L.(Q)

o, -0, (2.26)

an1(q@) . ani(q)
(2.26) epHEKTI BIKIIIAM BEKTOPJIBIK-MATPHIIATIBIK TYpJIC KalTa jka3aMbI3:

S(0) = X_ As- 0,

a;1(q) ... ag(q)
M¥H,uarLIAq= : : :

: : ] g=1;2;...Q (2.27)
ayi1(@) ... ay,(q)

A, MaTpULANAPBIHBIH TYPi KEHICTIK-yaKbIT KOJABIHBIH OacTanmkel S(0)
MaTPHULACBIHBIH KYPBUIBIMBIMEH Olperei Typ/le aHbIKTaIaTbIHbIH €CKEPIHI3.

Mopenbal SKEHUIACTY YIIH Oanamalibl BUPTYalbl OailflaHbIC apHACHIHBIH
matpuniacel (EVCM matpuiiacel) KoijaHbuiagbl. bys cizre BupTyanabl OaislaHbIC
KYHMECIH eHT13yre MYMKIHJIK Oepe/l, OJ1 YIIIiH aKnapaTThIK TaHOamapablH dpPKaiChIChI
Oip carat immHae O1p BUPTYaJAbl TAPATYIIbl AHTEHHA aPKbUIBI IIBIFAPbLIA/IbI.

EVCM marpuniacel 6ap BUpTYyasisl Oakbliay MOEIN KeJecl Typre ue:

Yy=Hgycy-0+n, (2.27)

MyHIarbl H gy op-KaxeTti EVCM matpuniacel, enmemi N XL XN, myHaarsl L -
YaKbIT YJTIIEPIHIH CaHbI, N - 0akbulay MIYBIHBIH 3KBUBAJIEHTTI BEKTOPHI, OJIIEMI
NXLX1I;y - 0akbplJIaHATBIH CUTHAJJIBIH YKBUBAJICHTTI BEKTOPHI, oJmiemi N XL X/,

Opi Kapaii oiay (1.3) OaxkplUIaHATBIH CHUTHAIBIH OacTanmkbl MojemiH (2.27)
Typre TypieHaipyai wmakcat eteai. bacrankel (1.3) Marpunmayiiblk MOJETbIIH
BEKTOPJAaHYbIH TYPJICHAIPEMI3:

vec(Y) = vec(H - S(0)) + vec(D), (2.28)

myHaarbl vec(A) — A MaTpuIachlH A MaTPHMIIACHIHBIH OaraHIapbIHAH TOHEKTI
TYpZle KYpbUIFaH OaFaH BEKTOPBbIHA TYPJICHIIPY omepanuscel . byn omepamus A
MaTpHUILIACBIHBIH BEKTOPJIAY ONEPaUACHI JEI aTalabl.

MartpunanapasiH K0OCUTIH/IICIH BEKTOPIAHIBIPY YIIIH KeJlecl KopiHic Oenrii
[27]:

vec(A-B) = (1 ® A) - vec(B), (2.29)
MYHAAFbl @-MaTpuniaiapasl Keoeuty omnepamusacel; A - MXN emmemmai

Matpuna; B - NxL enmemai matpuna; 1 - L XL enmemai Oipiaik MaTpuia.
(2.28) epHerin (2.29) keMerimMeH Keyeci Typre TypACHIipyre 00Iab:

Y=(1Q®H) vec(S(O))+ 7, (2.30)
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bynan opi (2.26) eckepe OTBIPHIN, KEHICTIK - yaKbIT MaTPHIAChl YIIIH Kejeci
OpHEK Oap:

Q Q
vec (5(6)) = vec Z Ay x84 | = z 0, * vec (4g), (2.31)
q=1 q=1

MaTPULIATIBIK BEKTOpJAy aMalbIHBIH alKbIH CBI3BIKTBIK KACHETTEPl €CKEepIITreH
xKepze.
Opnek (2.31) keneci TyYp/e YCHIHBUTYbl MYMKIH:

vec (S(0)) = [vec (A;) wvec (4;) -+ wec(4y)] -0, (2.32)
(2.32) dopmymnans (2.30) Kolibi, 613 amambI3:
Y=(1QH)- [vec (A4,) wvec(4,) - wvec (AQ)] - 0+n, (2.33)

Anpiaral epHek (2.33) - Oy (3) OakplIay MOJCITIHIH KOpiHici, KaObLIIay KOHE
TapaTy aHTEHHAJAapbIHBIH €pKiH caHbl *oHe BLAST Tuminzeri mimo BUPTYyaJbl
XKyiecl TypiHe TapaTy HUKJIIEPIHIH epKiH caHbl. (2.26) xxone (2.33) Herizinge EVCM
MaTpUIACKI YIIIH TYNKUTIKTI aHATUTUKAJIBIK OPHEKTI JKa3y KUbIH €MeC:

Hgyeyy = (1QH) T, toe T = [vec (A,) wvec(4,) -+ wvec (AQ)] (2.34)

Anbiaran epHekTe (2.34) EVCM wmarpunacel yirin H matpuniacet MIMO
OailylaHbIC apHACHIHBIH KACHETTEPIH AaHBIKTAWAbl, | MaTpHUIAChl KOJJIAHBLIATHIH
KEHICTIK-YaKbIT KOJBIHBIH KacHUeTTepiH aHbIKTahael. Ocwuiaiima, Heyem MaTpuia
OailylaHbIC apHACHIHBIH KaCUETTEpIHE €, KEHICTIK - YaKbIT KOJILIHBIH KACUETTEPIHE JIe
OailJIaHBICTHI.

2.7 bearini kenictiktik ymin EVCM wmarpunanblk cuHTE3iHiH
MBbICAJIIAPbI- YAKBITIIA KOATAP

EVCM watpunace! ymrin (2.34) epHEKTIH KOJJAaHBUTYBIH KEHICTIK-YaKbIT
KoaTapbIHbIH Oenriai Typiepidin — BLAST (1.10) sxone Golden (1.12) mpicanaapsinia
koepceremis. [30]

Tept kabbumarsin ( M=4) sxoHe TOPT Taparyiibl anTeHHa ( N=4) sxarmaiibiHaa
BLAST »xyifecin KapacThIpbIHbI3. MyHal xKyiiene Tek Oip Oepimic carars 6ap (L= 1-
TapMak), aj OepiaeTiH aKmapaTThIK TaHOamapAblH caHbl TopTke TeH (Q=4-tapmax),
COJlaH KEWiH KEHICTIK-yaKpIT MaTpuachl Sg;4o7(0) 2.33) ©pHEKTI €CKepe OTBIPHII,
KeJIeCl TYpJie YChIHBLITYbl MYMKIH:

38



611 1 0 0 0
0 0 1 0 0

SBLAST(Q) - 2 - 0 " 91 + 0 " 92 + 1 * 93 O 94_ - A1 91 +A2 92 +A3 93 +A4_ 94 (2 35)
6,1 1o 0 0 1

BLAST >xarnaiibiaaa t MaTpuiiacel Kemeciaei:

(2.36)

Tgrast =

S OO K
oS o O
o rOoO O
oo O

(2.36) (2.34) aysicteipy apkbutbl 013 BLAST koapiMeH OalIaHBIC KYHECiHIH
EVCM Matpuiace! yiiiH epHeK alaMbl3:

Heyemprast = (A X H) *Typasr = H (2.35)

myHaarel 1 = 1-m11 sxom-0y1 sxaFaaiina 6ipiikke TeH 6o1aTeiH 1-1eH 1-re aeiinri
OJIIIIEMHIH O1pJIIK MaTPUIIACHI.

(2.35) BLAST xytiieci yurin EVSM marpuniacet MIMO apha matpuiiackina
COollKeC KEJIETIHI aHbIK JKoHE Oenrul (akT.

Enni Anteia matpuniacel 6ap MIMO xyiiecin kapacteipeiabi3 (12). Mynnait
Kyhene eki kKaOburmarbim anTteHHa ( M=2) jxoHe eki Taparymbl anTeHHa (N=2)
KOJIIaHbLIaAbl, Oepimic eki mukiae »kysere aceippuiafnsl ( L=2 ), am OepineTiH
aKmaparThlK TaHOamapelH caHbl TopTke TeH ( Q =4 ). Mynpaii xyiene epHeKTepIi
€CKepe OTBIPHIT, KEHICTIK-YaKbIT MATPULIACH S;p10en = (0) (68) keneci Typre ue:

Soaen =7 ([0 o] @ +[) ol 0+[2 ol-es+ ) 9-e)  (@36)

Vitr2

(2.36) matpumanap A, A,Asu A, Kenecijiel cunaTTaiFaHbIH Kopyre 00J1aIbl:

)
SR (U Ly
A_1O7‘
2 v1+r 1

\/1+r2 -r 0
=l
* 14712

(2.37) eckepe OTBHIpBIN, AJITBIH KOATHI KOJIJaHFaH kardaiga T MaTpuiacel
Keneciaen 0omagpl:

(2.37)

Az =
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100 jr
_ 1 0 1 -—r O
Toouen = [vec(A;) vec(4;) vec(ds) vecA)l=7=""0 » 1 o (2.38)
jr 00 1

Hotmxecinne (76) (70) aybIcThpy apKbuIbl 013 alThIH KOJBIMEH OailflaHbIC
xyieciniH EVCM maTpuniace yIiiH epHEK aaaMbI3:

hi1 hyy —Thyy jrhyy
hiz hy; —rhy, jrhy,

Hgyem ,Golden = (1 X H) *Tgoiden jT‘h21 Th11 h11 h21 (2-39)
jrhyy Thiz hiz  hyy
1 0 . o . hll hzl
MyHIOarel 1 = - eimeM O1puiri Matpunacel 2 X 2; H = [ ]
¥ lo 1 P P hiy  ha

MIMO Oaiinianbic apHAChIHBIH MaTpuiiackl 2 enmeMm 2. byi xepae marpuna
AIIEMEHTIHIH OIpiHII MHAEKCI TapaTyllbl aHTEHHAHBIH HOMIpI, ajl €KIHII WHIEKCI
KaObL1/1ay aHTEHHACBIHBIH HOMIpP1 €KEHIH aTall 6TKEH JKOH.

®opmyna (2.39) apkeutel ansiaFaH EVCM MatpuiiachiHbIH ©pHEri AJTHIH
yakbIT MatpuuaceiMeH (1.12) Tenaeynep XyieciH TypJeHAIPY apKbUIbl albIHFaH
TEeHJEYJIep )KYWECIHIH MaTpuuackiHa (2.9) colikec kemnemi.

Kepcerinren wpicammgap KEHICTIKTIK YaKbITThl KOATAUTHIH opTypiai MIMO
xyuenepl yuriH (2.32) Typinzne OanamMa BUPTYajabl apHa MaTPUIIACHIH YCHIHY/IBIH
OMUIMITIH KOpCeTe/Ii.

2.8 Kypaeai Oipikripisiren mamanap :karaaiibinga EVCM maTtpuunacbin
KAJBINTACTBIPYAbIH AHATUTHKAJIBIK AIiCIH KAJNbLIAY

OnappIH KYpBUIBIMBIHIA OlpKaTap KEHICTIKTIK-YaKbITTBIK KOJATAp TEK OepiiireH
TaHOATapIbIH MOHJICPIH FaHA €MeC, COHBIMEH KaTap OJap/IbIH KaH-)KaKThl KYIITaCKaH
MOH/IEpIH Jie naiaananaasl. MyHaai koarayabiH 01p MbICAIBI-XKaIIbl ATaMOYTH KOJIbI
(1.7), conbIMEH KaTap OHBIH CXeMacChIHA HETi3eITeH YIIKeH OJIIeM Il JKyhesaep YIuiH
koaTay cxemanapsl. EVCM maTpHIachlH KaJIbIITACTHIPY YIITIH KYp/Ieidi KOHBIOTaTHUBTI
[amMaiapJslH KYPBUIBIMBIHAA OOJNYABIH OCBhI (DAKTOPBIH €CKEPETIH OMICTI YCHIHY
KaXeT.

Kypsutran KypbutbiMaa canaapsl 6ap Oaranaap Katapsl 0ap Aemik Uy, Iy ... [, 1 =
k = L onpa tex OipikTipiiren tan6anap 6ap. MyHnai 6omkam Oenriil reHepaTUuBTI
MaTpUIAJIApAbIH oJapabl Oenrin Oip OaraHJa FaHa KAaMTHUTBIHBIHA CYHEHE OTBHIPHII
MYMKiH 6osasr [3].

Kabpuinanran curnangap MaTpuIlaChbIHIaFbl Ke3-KEJTeH IIUKIITe COMKeC KeJeTIH
KeKke OaraHHBIH TYPIH KapacThIPbIHBI3. MyHaii 6aFraH CBIPTKBI TYpi O6ap:

Yo =Hn* S0 (0)+ gn n+1.L, (2.40)
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Erep n € {l;,1, -+ [} sruu, KaObUIgaHFaH CUTHAIAAp MATPUIACHIHIAFEl OaraH
KYpJelli KOHBIoTalldsIaHFaH TaHOajgapJIbl KaMTUTHIH T€HEpaTHBTI KOJ OaraHbIHAH
KaJIBIIITacaabl, co/laH KeiiH (2.24) xkepinicke (2.40) aybIcThIpaMbI3:

Yoo ®in(q) 0’ 23:1 a1n(q) * 0

Yn = Hy - 0 : +np,erepn € {ly, I L} Y = Hy : + Ny
22 ann(@) 04 Yo ann(q) - b
Bapmeik n € {ly, 1, -+ [} 6i3 xynracameiz. Conya 013 agampl3:
22:1 aln(q) ’ gq
y' = ’ +n'y (2.41)

Yo ann(q) - 0,

bi3 snemeHT OonaThiH JKaHa OakpLIay BEKTOPBIH KYpaMbl3 V,,0HAa N €
{l,,1, - 1.} aybIcTBIpBLIAALL Y’ ,COMAH KEHIH MaTpUIaIapabl KAIBIITACTLIPY KE31HIE
Ag TuicTi GaraHgap oJapIbIH JKYNTACKaHIapbiHA aybICTHIPBUIAIBI, OChUIalIIa 0i3/1e

TYpPJICHIAIpUIreH MaTpUIIaHBIH OYJI TYpl Oap Aq:

afa) - o) L (e) e o (e)
o~ m [q) o N- - N- - Cll.l-
qu # 200 N zirirz \. TP

'lf'-'ltq) Cﬂlw,f,(q) &INJ.-*[[?) C'in'.'_[q)

Ocplaliia, KOHBIOTAUSHBI €CKEPe OTBIPHII, BEKTOpJaHFaH OaKbLIay MOJCITI
Kenecigen 0omanbl:

Y =A-|vec(4,) ..vec(4,)]- 6 +1,

(2.42)
A1 01 n
yir  Yz1t YL : : :
~ yltll yZJll o th.ll - Con}-(Al) —~ 911 r’.ll
Oxma ¥ = : : P, A= (1 Q@ H) = ; ,0=1|: [x)oHemy®j=|:
Vil Y2l YLl conj (Alk) 6, M,
: : : . 1 ;
Yim Yam YLm : : :
AN 91\] Nm

KOppeasalUsaablK MaTpULlaMeH 20,? - I

Ocplnaiiina, TeHepaTUBTI MaTpHIAJarbl KOHBIOTAlMsUIaHFaH — TaHOanap
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xarmaipiaaa (70) epHek maiiaa 0omab:

Hpyey = A-[vec(Ay) ...vec(A4,)] (2.43)

2.9 EVCM maTrpuuachlH CHHTe3/IeyAiH MbICAJIapbl KOHbIOTAUMAJIAHFAH
Ta”HOAJapMeH 0esIrili KeHICTIK - yaKbIT KOATAPHI YIIiH

AJBIHFaH 9JIICT1 Oenrin ATaMOTH MaTpHUIIACh! YIIIiH KojagaHaMbI3 (1.7). byn kon
YIIiH KaObUIIaFbII aHTCHHATIAPIBIH caHbl M =1, TapaTymisl aHTeHHAIApIbIH caHbl N
= 2, YaKbIT CaHayJIapbIHBIH CaHbl L = 2, MIbIFapbUIFaH TaHOAIap IbIH caHbl Q = 2 . (2.41)
coiikec Aq MaTpULiaJapblH KaJIbIITACTIPAMBbI3.

~ 1 0 ~ 0 -1
=l &= 5
7o 1 271 o
T MaTpHULACBIH KYPBIHbI3
1 0
0 1
T ;=
Alamouti 0 —1
1 0
Anamoytu Kozpl yimin h apaa momem keneciaeit: Hyjgmouri = M1 h2l| , oHIa
Aplamouti= 1 @ Hajamouti = |0 1| ® Halamouti = a(r)nou 1 H Alamouti
% _ |H 0 | _|hy R, 0O O
Alamouti 0 COHj(H) 0 0 h1 hz
1 0 L L
~ h, h, 0 0
EVCMpjamouti = AAlamouti © TAlamouti = 10 20 fll }‘12 ) 8 _11 = fl: _;ll
1 0

Ocsunaiiina, 931pJICHTeH aHATMTUKANBIK ofIicTieH cuHTe3zAenreH (2.46) Oamama
BUPTyaJIIbl apHa MaTpHUIaChl apHa Kod(h(HUIIMEHTTEpiHIH MaTpullachlHa CoiKec
KeJe/I.

EVCM wmarpuniaceid (1.14) curHan moOKXKYJIABIBBIHBIH alHATYBIMEH 13/1€Y/I1
KOpCETEMI3.

TepT TapaTy1ibl )koHE TOPT KaObUIIAFbIII aHTEHHACHI Oap ky#e yuIiH 013 keneci
oenrutepAl KaObUIIANMMBI3: KaOBUIIAFBINI aHTEHHalIapAblH caHbl M=4, TapaTyiibl
anTeHHanap N=4 , yakpIT ca"arbl L=4 , mibirapsliarad TaHOanap cansl Q=4,

(2.44) bopmymnara coiikec Aq MaTpHLIATAPBIH KAJIBIITACTBIPAMBI3, COJIaH KeHiH:
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T mMaTpunacbiH KypbIHBI3:

i

Trot = [vec(A;) vec(4,) vec(4s) vec(4,)]

o
o

)
—

O OO OO v o o o O
— O O

_ _
O OMOO OO OO MO OH O

CO OO 1O OO OHOODOO v

g
<
B~

OHIBIFBI MaTpHUIla

N ™
(92}
< &
[N 40
o\
o
&8
[l
I

Onpa >xa3abIK;
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H 0 0 0
. 0 H 0 0
Ao = 0 0 conj(H) 0
0 0 0 conj(H)
h, hy h, h, 0 0 0 O O 0 0 0 O O O O
hy hy, h, h, 0 0 0 0 0 O O O O O O O
hy hy hy hy 0 0 0 0 0 0 0 0 O 0 0 0O
he hy, hy hy 0 0 0 O O O O O O O 0 O
0o 0 0 O h, hy hy h, 0 0 0O O O O 0 0
0o 0 0 O h, hy hy h, 0 O O O O O 0 O
o 0 0 O hy hy hy hy 0 0 O O O 0 0 0
- 0 0 O 0 ke By Ry Ko kg B By B 8 0 O 0
#1100 0 0 0 0 0 0 h, hy Ky, hy 0 0 0 0
0o 0 0 0 0 0 O O h, h, h, h, 0 0 0 0
o 0 0 0 0 0 0 O hy hy hy hy 0 0 0 0
o 0 0 0 0 0 06 060 0 0 0 0 0 0 o0
0O 0 0 0 0 0 0 0 0 0 0 0 h, h, h, h,
0 0 9 o O ¢ 0 9 @ 0 0 O & B oA A
o 0 0 0 0 0 0 0 0 O O O hy, hy, h, h,
O 0 0 0 0 0 0 0 0 0 © O A, B, &, A,

h21 hll‘f h41 hBIS(
hy,  hié hyy  h3pé
h23 h13‘>; h43 h33$
hys  hysé hyy  h3sé
EVCMpot =Bgoe + Troe = |ha1 h4’1$ —hy _hzllf (2.44)
hye  higé  —hy  —hyéE
his  hysé  —his  —hysé
h34 h4,4f _h14 _h—248t
h41 hél _h21 _hll
hy hy  —hy  —hy,
A
hae Ry —hyy —hy

O3ipnenren onic (2.43) apkbutbl anbiaFad (2.44) HoTmke opOip yakbITIIA
ecenTey YIIiH opOip aHTeHHaJa KaObUIAHATHIH CUTHAJ YIIH aJbIHFAaH HOTHXKETe
ColiKecC Kenei.
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3 _ KEHICTIK - YAKDBIT MATPULAJTAPBIHBIH
OHTAMWJIBUIBIT BIHBIH 7KAHA OJIIIEMI

3.1 OHTailIbl KOATHI KYPY MJceJieCiH Oeriiey

OHTaMJIBl KeHICTIK-YaKbIT KOJTAPhIH KYpPY HETI31HIE Kejecl TajanTap >KaTbhIp
[3]:

- MIMO 0GaiinaHbIc )KYHeCiHiH )KOFapbl CHEKTPIIIK THIMAUIITH KAMTaMachI3 €Ty;

- MIMO Gaiinanbic xyHeciHiH KOFaphl [Ty HMMYHUTETIH KaMTaMachl3 €Ty,

- JleMomymsiiusi alrOPUTMIHIH MPaKTUKAJIBIK 1CKE aChIPhUTYBl YIIiH KOJANIbI
€cernTey Kypaeatiri.

OHralinpl KoATapFa KOWBUIATBIH OyJ1 Tamantap Oip-OipiHe Kaillibl KeJeni,
COHJIBIKTaH Oenriyi Oip xKyiene KoJgaHyFa )KapaM/ibl KBa3u-OHTAMIIbI KEHICTIK-yaKbIT
KOJTapblH CHHTE3ICYy Mocelieci oTe ©3eKTi. byia MoceneHl mienty MaKCUMAJIbI
BIKTUMAJIIBUIBIK KpUTEpUIA1T OOMBIHIIIA OHTAMIIBI TEMOAYISATOP/IbI Malianany Ke3iHie
)korapbl enmeMii MIMO xyienepi yIIiH KEHICTIK-YaKbIT KOJBIHBIH MaTPHIIACHIH
tabyra geciin asasael [18]. [3] eHOekTepiHae KopCETUINeHAEH, TEeK OCHIHIaM
JNEMOAYJATOp OaiylaHbIC >KYHECIHIH IIybUIFa Kapchl TYPAKTBUIBIFBIH KaMTaMmachi3
eTyre MYMKIHJIIK Oepei.

OHTaNIBl KEHICTIK-YaKbIT KOATapbhblHA KOMBUIATBIH TaJlalTapbl KeJeciaeu
TYKBIpBIMAayFa 0omassr [9]:

1. KoaThIH KEHICTIK-yaKbIT MaTpHUIIAChl CUTHAJ IIOKXYJIJIBI3BIHBIH €pKiH
dhopMachIMEH TybIIIMaybl KepeK.

2. Kyart uznmyuyaembie OapJbIK MepealoniMu aHTeHHaIaphl 0ohkanyaa Oipei.

3. AHTEGHHAJIAPABIH CaHbl KOATHIH YaKbIT apajbIKTApPBIHBIH CaHbIHA TCH —
KEHICTIK-YaKbIT KOJbI TOJIBIK KbUIIaMIBIKTa 00J1a 161 1eT O0KaHAbI.

KBasu-ontumanabl KOATHIH MbICANbI-anTelH KOoa [3] eki KaObUIZarbIIibl Oap
MIMO xyiienepi yIiliH )KoHE KEHICTIK-YaKbIT MaTPHUIIAChl Oap TapaTylibl aHTEHHAJIap
(12). By xoa TOJBIK KBLIAAMIBIKTBI JKOHE JKOFAPhl CIIEKTPIIK THIMIUTIKKE M€, €Ki
TapaTyibl anTeHHackl 0ap BLAST sxylieciHiH CIEKTPIIIK TUIMILTITIHE CORKeC Keel
YKOHE OHTaMJIbI KOJKA KOMBIIATHIH OapJIbIK TaJlalTapFra xayan oepei.

3.2 KeHicTiK-yaKbIT KOATAPbIHBIH TE€HEPATUBTI MATPHUAJAPbIHBIH
KacuerTrepi

3.1-maparpadta KOpCEeTIITeH OHTaWIbl KacueTTepl 0ap KEHICTIKTIK-YaKbITThIK
KOATapbIH Oipi-AlaMOTH cxemachl yImiH KojmaHneuiaTeiH (1.7) maTpuiacel Oap
koa[21]. Anamoytu cxemacsl (1.17) ymrin 6amamMa BUpTyasibl apHa MAaTPUIIACHIHBIH
KACHETIH KapacCThIPHIHBI3
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h h
EVCMAlamouti - [h’lzll h’zlll]

EVCM,AlamoutiEVCMAlamouti = EVCMAlamoutiEVCM,Alamouti = th’ (3.1)

myHzars! | - enmmemniy Gipaik Matpunacel 2 X2, a h? = |hy{|? + |hy;|?. Bya xacuer
aJIaMOYTH T€HEPaTUBTI MATPUIIACKIHBIH OPTOTOHAJABLIBIFEIMEH OaitiaHbICThI (7).

Ochbnaiiina, opTOroHa babl eMeC MaTpuliaiap yiriH (3.1) epHek keneci Typre ue
oonansl EVCM - EVCM' = Zjlelhj|2], OoHZA J - Heri3ri auaroHaji OipJKTepMEH
TONTHIPBUIFAH CHUPEK MATPHIA, KeM JereHae M?/2 KanraH >IeMEHTTEp HOIIEpMEH
TOJITBIPBUIFAH, aJl KaJFaH dJIEMEHTTEP/IIH MOy IbAepi +1 acmansl.

Ochbliaiia, >KyMBIC HEFYpPJIbIM KakbiH 6ojca EVCM' - EVCM nuaroHais sl
MaTpullaFra, TEHEpPaTUBTI MAaTPUILIAHBIH  KACHETTepl  TOJBIK  KbUIIAMIBIKTHI
OPTOTOHAJIBBI KOJITHIH KaCHETTEPiHE )KaKbIHBbIpaK [31].

AJIAMOYTU ABBA (1.19) koasiHa, AaMOyTH/IIH KEHEHTLIreH KoapiHa (1.22)
oHe Xajamapa matpunachkid (1.29) Konmana OTHIpBIN, OENTUI YIKEH OJIIeMIl KO
KOHCTpYKIUsiIapbiHa apHanraH (3.1) eHIMHIH cullaTTaManapblH KapacThIPhIHBI3.

ABBA (1.19) reHepaTHBTI MaTpHUIAChI YIIIiH 013 OHIM/II Ka3aMbI3:

1 0 Xappa 0
o 1 0 XaBBaA
XaBBaA 01 0/
0 Xappa0 1

— ¢/ — N2
GABBA - SABBASABBA =0

Onxnma

2Re(0,05+01,01,)
Xappa = 1932 222,07 = 10,17 + [0, + |05]% + 164 (3.2)

ANaMOTH/IIH KEHEUTUIreH Koabl yiriH (1.22) jxa3bIHbI3:

1 0 0 XEga
0 1 _XEA 0
Gra =S g4Spa = 62
Xga 0 0 1
Onnma
XEA — 2Re(9199’2+929’3) (3.3)

Xamamapa MaTpunaceH KosnanateiH Koy yrin (1.24):

X 0
Guan = S'uanSuap =2+ | 4 |
HAD HAD“HAD 0 XHAD
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Onpna
Xuap = 160117 + 16,2 (3.4)

amanapaeie Mouzepi (3.1), (3.4) anplHFaH MaTPHUIIAHBIH OPTOTOHAJIBIBI
TOJIBIK KBUIAAMIBIK KOJITAPBIHBIH KacueTrTepi Oap MaTpuiiajapra KaKbIHIBIFbIH
cunattanei3. [llamanapaeiy MouAepin tanaay(3.5), (85), (86) 6ip mMoHmI KpUTEpUi
KypyFa OKeNnMeiai, amaiijla KEeHICTIK - YyakplT KOATAapblHA Tarbl Oip Tanam
KaJIbIIITacThipa anazsl [11].

3.3 KeHicTik-yakbIT KOATAPbIH  CHHTe3JEeydiH JKaHAa  eJIIeMiH
KAJBINTACTBHIPY MiHJETIH Oesriiey

KeHICTIKTIK-yaKbITTBIK KOATApJbl CHUHTE3NICYAIH AaHATUTUKAIBIK OJIIeMIH
KQJIBINTACTBIPY MaHBI3[IbI MIHJIET OOJBIN TaObUIA/IbI, O©UTKEHI OJ1 ONTUMUZMIE KETY
YIIIH T€HEepaTUBTI MATPHUIIAHBIH IIIKI KYPBUIBIMBIH Oackapyra MYMKIHJIIK Oepel.
benrimi  mopexe (1.32), (1.33) xome gerepmuHaHTThl (1.34) KpuTepHiiaep
TCHEPATOPJIBIK MATPHUIIAHBIH YIIKEH OJIEMICPIHAe OJIapAbl TMaiganany MYMKIH
EMECTITIHEe, COHJai-aK oOJIapAbl INBIFApy KE3iHIe KOJIJaHbUIFaH OoJpKaMapra
OallIaHBICTBI CHUHTE3 MOCEJecCi VIIIH KEH KOJJAaHbUIMaIbl. ATam aWlTKaH[a,
TETEPMUHAHTTBI KPUTEPUHIIH TYKBIPBIMBI OHTAMIBI JEMOMYIATOPIALI KOJJIaHyFa
HET13/1e]ITeH, OYJ1 HaKThI JKaFaai1a KpUTepuiIi Kosiaanyra acep ereai [23].

XKacanran onTUMaNABUIBIK KPUTEPUN1 KACHETTEPAl, KOATHIH KEHICTIK-YaKbIT
MaTPUIAChIH, apHA MOJICJIIH KOHE MaiIaJaHbUIFaH JEeMOAYJISTOPIBl €CKEepyl KepekK.
Onraiinpl KOATapAbl CHUHTE3ACYIIH AaHATUTUKAIBIK OJICTEPIH 137y KEHICTIKTIK
YaKbITThl KOATAY/IbIH TEOPHSUIBIK HET13/IEpPIH TaMbITY IbIH OPTAaHUKAJIBIK dJ1IC1 OOJIBII
TaOBLIAIbI )KOHE KOATHIH KACUETTEPIH IIYbUIFA KapChl CUMIaTTaMaMeH OaisIaHbICTBIPY
apKbUIbI OacKapy Tocuiaepin Tabyra MyMKiHAIK Oepemi [24].

3.4 KeHICTIK-yaKbIT KOATAPbIH CUHTE3/Iey KPUTePHiii

(2.28) epHeriMeH cuMATTANATBIH BHPTYAJIIbl apHAJIAPbIH SKBUBAJICHTTI
MaTpHUIIACKIH KOJJIaHa OTBIPHIN, XYHEH1 OacKapy MOJeNiH KapacThipbiHbI3. EVCM
(2.35) marpuiacel YIIIiH albIHFAH aHAIUTUKAIBIK OPHEK MaTpuIla TYPiHiH OaiiaHbIC
apHACHIHBIH KAaCHETTEpiHE J€, KEHICTIK - VYaKbIT KOJBIHBIH KAaCHUETTEpIHE [ie
TOYENITITIH Kepceereni [3, 16, 22].

Curnanapl 1eMOIYISIUSIIAYABIH €H KOl KOJIaHbUIaThIH ofici-RMS kateciHig
muHuManabl  omici[3, 10, 16, 22]. bakputay Mopeni VIIH IeMOIYJISTOPIBIH
IIBIFBICBIH/IAFBI aKMApaTTHIK TaHOATap BEKTOPHIH Oaraiay YIIiH 6pHEK jka3aMbl3 (63):
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~ , -1,
0 = (H evemHevem + 207?1) "Hgyem 'Y (3.5)

MYHJ1a KaObLIaHFaH mapTThl Oeariiep Koiamanbuiaasi(1.3), (1.32), (2.29).

byn xarpmaiiia  geMOIynsLMs  CalachlHBIH — KPUTEPUUA O, JEMOIYJISLUS
KaTeJepiHiH KOPPEIUUSAIBIK MATPHUIIACHIHBIH JWAaroHajiHAe OpHajJackan o0
BEKTOPBIHBIH [-HIH Op CHMBOJIBI YIIIH JEMOJYJISIIUS KaTEIIKTEPIHIH JTUCTIEPCHUSICHI
OoJIbIT TaOBIIAMBI RyprsE

Rymse = 207 - (H'gvemHeyem + 207 - 1)_1 (3.6)

BekTop KOMIIOHEHTTEp1 apachlHIAa JEMOIYJSALMS KATECIHIH MaKCHUMAaJIbl
JCTIEPCUSICBIH KPUTEPUM pETiHAE TaHaambi3 O . byl TaHmay KaTeHIH COHFBI
BIKTUMAJIJIBIFBIHA BEKTOPJIbIH 0 KOMITIOHEHTIHIH JUCIEPCUSCHIHBIH €H YJIKEH ocep
CTEeTIH/IrHe OalaaHBICTBI, OJ MakcuMmanisl [3].JleMoayisaius camachlHBIH apHa

MOJIeTTiHe TOyeITiiriH aHbIKTaiThH f CaHIBIK GYHKIMACHH eHrizemis H evem
YKOHE MalJaIaHbIATHIH I KEHICTIK-YaKbIT MATPUIIACBIHBIH ©3repMeri apaMeTp
BEKTOPBI

[0) (RMMSE ) = max(diagRMMSE ) =f (HEVCM ,I’) (3.7)

(3.7) dyukuumsacer (3.6) cinreMe KaHaiblHA OAIaHBICTBI, OHBIH KacCHETTEpi
EVCM (2.35) marpumacel MEH I BEKTOPBIHBIH IIIIHAC aHBIKTAIagbl, OJ KO
MaTpHUIIACBIHBIH KAaCHETTEpIMEH aHbIKTajanabl. DyHKIHUSHBIH (3.7) KEHICTIK-yaKbIT
KOJIBIHBIH KYPBUIBIMBIHA TOYEJIUIITIH aHBIKTAY YIIIH (YHKIHS TYPIH ajdy apKbLIbl
apHa MaTpuIlackl OOMBIHINA OpTaiia (GYHKIMSHBI OPBIHAY KaXKET:

Y(r) = f f(Hgvem,T) - p(Hgyem) * dHgyem,
Hpyem

MYHIaFbl opTamanay (2.35) eckepe OThIPHII ,h apHACKIHBIH MAaTPUIIACKIH KE3/1EHCOK

Oesty OoiibIHIIA KYpri3inei., P (H EVCM )_ Tapaiy ThIFbI3bIFbI Hevem.
Oprama GyHKIMSHBI BEKTOPMEH a3alTy KEpeK

Y(r) (3.8)

BEKTOPJIBIH OHTAWJIbl MOHIH Taly YIIIIH MapameTpiiep BEKTOPBIH a3aiiTy Kepek
napameTpiepi r.

min(¥(r)) 39)
(3.8), (3.9 epHekTepi  KEHICTIK-yaKbIT  KOJTApbIHBIH  T'€HEPATHBTI
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MaTpULlaJapblH OHTAMIAHIBIPY KpUTEpUTIepiH aHbIKTaiiabl [29]. Oprama anraHaa
(3.8) apna MaTpuIIaCBIHBIH 3JEMEHTTEPI apachIHIArbl KOPPEISLHUSHBIH OO0JIybI
eCKeplIei.

Ocobl anroputMai (3.8), (3.9) Genrini matpunanap yunis (1.12) xone (1.14),
COH/al-aK »KaHaJlaH CUHTE3Je]reH MaTpunanap yurH (2.1) xoHe (2.3) KoJIaHyIbI
KapacTBIPBIHBI3.

3.5 ToageH eJimeMHIH 2X2 KeHICTIK-yaKbIT KOAbI YINiH KPUTepHiAi
KOJIAAHY

¥coiaputran kputepuit (3.8), (3.9) T'omgeH KEHICTIK - yaKbIT KOJbI YIINiH
Koianbuiaasl (1.12). Marerpans (3.8) aHAIUTUKANBIK 9/IICTEPMEH €CENTey MYMKIH
emec. OI yIIiH MOJIeNbIey KOJJaHbUIa bl ©3repeTiH mapaMeTp-opHeKTeri ckasp k

—1+Vk
r = — ['onnen konwbl (1.12). Moaensaey maptrapsl 3.1-kecTene KenTipiireH.

Kecte 3.1 - Mogenbaey mapTrapsl

ITaiinamaHeLIaTRIH KEHICTIK-yakbIT | Omrem matpumacei (1.12) 2 X 2.

MaTpHIaIaphbl KOHE oJIapbIH

eJIemMaepi

ApHagarbl My371aTy MOJIENi Kponekkepnain pene  y3imicTepiMeH
xoHe 0,5 OepuliCiHIErl KOppesius
ko3 pureHTiMeH KOHE

K03 PUIIMEeHTIMEH My31aTy MOJENI
KaOpuIAayaarel  Koppemsmusiiap  0,5;
PEICEBCKUM  3aMHPAHUSIMH  KOK
Koppesius 0epy jkoHe KaObuiaay
DKCNIEPUMEHTTEP CaHbI 1000000

XKyprizinren Mmoaenbaey HOTHXeENEpl 3.1-cypeTTe KopceTisireH.
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26 F

25

24

23

—22F

Wik

21F

3.1 Cyper - I'onaen konaka Toyenaimk (k).

R oHTailnbl MoHI KeJlecl OpHEKIEH aHbIKTaNa b

_—1+x/§_1

r 2

l'onpen (1.12) crawpaprrel Koxp ymia R mapaMeTpiHiH MOHI MOHMEH
aHBIKTAJIA bl

_—1+445

r 2

CanpICThIpaiiblK CHIIATTaMajapbl CHIPTKbl 9CEPre TYPAKTBUIBIFbI KEHICTIK-

: ~14/9
yakpITIIa KoJ ["onieH ¢ mapamerpi r = %F Ommem (3.8), (3.9) oHe cTaHAAPTTHI
-1+v/5

nMapameTp apKplIbl AbIHFAH 17" = ——.

Mopnenbaey keneci karaainapaa sxypriziai (3.2-KecTeH1 KapaHbI3).

Kecte 3.2 - Moaenbaey mapTrapbl
[TaiigamanpLIaThIH KeHICTIK-yakpImOmem maTpunacel (1.12) 2 kesek x2

1 .. . —-1++/5
MaTpULaIapbl XoHE OJIap/IbIH OJIEMEP] | MapaMeTpiHiH MOHIEPL:T = ;n/_
~1++/9
r=—0—"
. . 2
ApHazarel My37aTy MOJIEI KpoHekkepiiH 3aMHUpaHus MOJIET, pere

y3imcrepiMmen koHe 0,5  OGepimicreri
Koppensaiusa koddduinuentimer xxone 0,5
KaObLIIAYIaFbI KOPPEIISIIIHSI
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Ko dULIMEHTIMEH; pelie Y3UIICTepIMEH,
OepimicTeri JKOHE KaObLIay 1aFb]
KOPPEISIHSICHI3

Monaynsamus Typi BPSK, QPSK

Jlemomymsiiust ofici MMSE

Konaray omici [yputra TO31MA1 KOATAY JKOK

102

BepoaTHocTe BUTOBOIM oW KBKM Gea kopupoBaH1a

—&— [lapameTp 5
—F— OnTumMansHeii napameTp 9

Ycnosua Mogenuposaxms:

Moaynsauus - BPSK
KoadbchuumeHT koppensauuu 0
Curxan 6e3 koguposaHua

3.2 Cyper - ['on1eH KOJTHI 9pTYpJIl TapaMeTpiepMEH KOJIJIAHATHIH JKyHenepIiH
ybuTFa Te3IMIUTITIH canbicThipy K. BPSK monynsauusicel, koaray *oxk, apHa

-4 =2 0 2 4 6 8
OCLW, ab

TY3€TLIMEreH.

BepoatHocTe BuToBOA ownBky Gea kognpoBaHua

T T T T T

—g—MapameTp 5
—— OnTumansHeli napametp 8

¥Ycnoeua MogenupoBaHnA;

Moaynauns - BPSK
Koadbduument koppensuun 0,5
Cwurxan 6e3 KogupoBaHWa

1074

3.3 Cyper - I'onieH KOAThI 9pTYpIIl apamMeTpiiepMeH KOJIaHAThIH KyHeJIepIiH
HIybUTFa TOIMILTITIH canbIcThipy. BPSK Monynsuuscel, koaray xok, apHa

-2 0 2 4 6 8 10 12 14
OCLIW, nb

KOppEeALUsJIaHFaH.
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T T T T T T T T

——&— Napametp 5
—— OnTHMansHei napamerp 9

Yenoewa MOOEenNnUpoBaHWAL

Moaynauma - QPSK
Koadbdpmument koppensumn 0
Curan 6e3 koguposaHua

BeposTHocTs BuToBOM OlWMBKK Ge3 koaupoBaHUs

3.4 Cyper - ['oneH KOATHI 9pTYpJli TapaMeTpiIepMeEH KOJTaHATHIH
KyHenepAiy mybura Te3IMAUITH canblcThipy K. QPSK Moaynsauuscel, Koaray oK,
apHa TY3€TUIMETEH.

T T T T

—&—TMapametp 5
—F— OnTMMansHLIR napameTp 9

Ycnosus MOOENWMPOBaHKWAL

Mogynsauus - QPSK
KoadduumeHt koppenaunu 0.5
Cwrnan Gea kogMpoBaHna

BepoaTHocTk GuToeoi ownbkn Ges kognposanua

10-3 - 7

OCul, nb

3.5 Cyper - ['onieH KOATHI 9pTYpJll TapaMeTpiepMEH KOJIJIAaHATHIH JKyHeaepIiH
mIybUIFa Te31MAUTITH canbicThipy K. QPSK Mogymsiiuscel, koaray KoK, apHa
KOppesiysianFaH

Mopenbaey kesinae anbiHran Hotwxkenep (3.2, 3.3, 3.4, 3.5-cyperrepai
KapaHbz) (3.8), (3.9) kputepuil apKbpUIbl albIHFAH I' MTAPAMETPIHIH OHTAMJIBI MOHIH
naiiiajiaHy Ke31H]1e SHePTUsHbIH alTapJIbIKTal Mai1achlH KOPCETEIl.

Kytieni koTaychl3 naijaganraH Karaai1a Moy IsIus TypiHe )KoHe OalaHbIC
apHACHIH/A KeHICTIKTIK KOPPEJSIIUSHBIH 00JTybIHA OalIaHBICTHI DHEPTHUs YThICH 0,1 —
1 nb xypaiinel. Moaenbaey HoTIKeNnepi 3.3-KecTee KenTipiireH.

Kecre 3.3 - Monenbaey HaTHxenepi
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Mognenbaey: | Monyns | bepy/ka6suina | Koaray DHepreTrukan
WS TYPl | Y KOPPEISITUs BIK YTHIC, 1B
Kod(ppuueHT
1
cyperre 8 BPSK 0/0 AKOK 0,25
cyperte 9 BPSK 0,5/0,5 KOK 1,0
cyperre 10 | QPSK 0/0 KOK 0,1
cyperre 11 QPSK 0,5/0,5 HKOK 0,25
¥YcomputraH — kputepuial - nadgamany  (3.8),  (3.9)  KeHICTIK-yaKbIT

MaTpHUIIACKIHBIH MapaMeTPiH OHTAMIBI TaHAay apKbLIbl KOCHIMILIA YHEPTHS MMai achlH

alyFa MYMKIHJIK Oepei.

3.6 Onmemai 4x4 CUTHAABIK HIOKAKYJABI3bIHBIH AHHAJTYBIMEH KEHICTIiK-

YaKBbIT KOAbI YIIIH KPUTEPUHII KOJIAAHY

CurHan MOKXYJJIbI3bIHBIH aHATYBIMEH KEHICTIK - YaKbIT KoAbl yuniH (3.8),
(3.9) ycomburan kputepuiiai kKonganambeid (14). (3.8), (3.9) kputepuiii OOWbIHINIA
OHTalnaHAblpy, 3.5 mnaparpadsiHaarbigail, CTATUCTUKAIBIK MOJCIBACY aPKbLIbI
KY3€re achlpbluiajbl. AWHBIMAIIBI TapaMeTp-0yJ1 CUTHAIT IOKKYJIIbI3bIHBIH OYPBLIBICHI

6ap xon rpaduri (1.14), mapamerp & = e ymin epuekreri ¢ 6ypbimbl. Moaensaey

maptrapsl 3.14-kecreqe KeaTipuireH.

Kecte 3.4 - Mogenbaey mapTrapsl

[lalinananeuIaTHIH
MaTpHUIIAJIaphl )KOHE OJIApJIbIH OJIIeMIepl

KEHICTIK-yaKbIT|

Onmem marpunace (1.14) 4X4 .

ApHaJiarel My371aTy MOJIEI

KpoHekkepiiH 3aMHupaHus MOJIENi, pele
y3umcTepiMmen koHe 0,7  Oepimicreri
Koppessinus kodhduirertimer xoue 0,7
KaObUIIayaFbl KOPPEISLIHS
Kod(PUIIMEHTIMEH; pelie Y3UICTepIMEH,
OepiicTeri JKOHE KaObLIay 1aFrb]
KOPPEISAIHSICHI3

DKCIIEPUMEHTTEDP CaHBbI

1000000

Kyprizinren Wmutanusnslk Moaenbaey HoTwkenepi 3.5, 3.6-cyperrepnae

YChbIHbLIFaH.
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0.0224

0.0222 -

0.022

0.0218 -

0.0216 -

wig)

0.0214 -

0.0212 -

0.021

0.0208 -

0.0206 I L L L I I Il L
2.2 2.4 2.6 28 3 3.2 3.4 38 3.8 4

3.6 Cyper - CurHai moKKyJIIbI3bIHBIH OypbUIbICHl Oap Ko yimia y(e)
TOYENIIIT1 . ApHa KOppesiusIaHFaH.

0.015

0.0150
&9

@
00149 b 4 o 1

wie)

00149 2 & &

0.0148 -

0.0148

24 26 28 3 3z 34 36 38 4
. pag.

3.7 Cyper - CurHas moKKYJIIbI3BIHBIH OypbuUTbickl Oap Kox yria y(e)
TOYEN LTIl ApHa Ty3€TIJIMETeH.

Mogenbaey HOTHXKENIEpl ¢ MmapaMeTpiHiH OHTAWIbl MOHIH aHBIKTaMabl . 3.7-
CypeTTe KepceTuUIreH rpaduk KOpCEeTKEHCH, reHepaTHBTI MaTpHIla (@ MapameTpiHe
cesimral  emec. Jlemonmymsiiusi  KaTeCiHIH  JWCIEPCUACHIHBIH ~ MHUHUMYMBI
KaJIbINTaCHaiAbl KOHE MOJIETBACY KE31HJEer JKCIEPUMEHTTEP CaHBIHBIH COHFBI
MOHIHE OalJIaHBICTBI KE3JICWCOK ImamMa OOJBIN TaObLIaAbl. FaphllITHIK YaKbITTHIH
IIYbUTFa KApChl MMMYHHUTETIHIH CHMIATTAMAIAPBIH CAJBICTHIPANBIK ~ CTaHIAPTTHI
napameTpi 6ap CHrHaNl MIOKKYJIBI3BIHBIH Oypbutbichkl 0ap kox (1.14) ¢ =7/ 2 xone
KPUTEPHil apKbUTbI aibiHFaH mapametp(3.8), (3.9)

Q=T.

Monenbey keneci sxaraainapaa xypriziaai (3.5-kecTeHi KapaHbI3).

Kecte 3.5 - Moaensaey mapTrapsl
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[MaiiamanepLIaTeIH KeHicTik-yakpIT(1.14) ©Ommem Marpumacet 4X4 C
MaTpHUIIaJaphl )KOHE OJIAp/IBIH OJIIIEMACP] (CUTHATABIK MOKXKYJIIBI3IBIH OYPBUIBICHI,
rmapaMeTp MoHI

ApHaJiarel My3/71aTy MOJIEII KpoHekkep/liH pejie Y3UIICTepIMEH JKOHE
0,5 oepimicTeri KOppesius
Kod(pUIMEHTIMEH JKOHE KaOBbUIIayIaFbl
Koppesius koddpduumentimer,05

Moaynsius Typi QPSK, 16-QAM, 64-QAM
Jlemomymsiust omici MMSE
Koaray omici KoaraychI3 xoHe mapameTpliepMeH Typoo-

KOJTHI TIaiiIalaHy. KOJTAY *KbLITaMIbIFbI
1/2, kop 1meKkTeyiHiH Y3bIHABIFEl 16

CanpIcThIpMalibl MOJIENBAECY KE31H/IE€ alIbIHFAH HOTHKEIIEP CYPETTE KOPCETUITeH
3.8-3.14 apanbIFbIHAAFBI CypETTEP MOIYIISIIUSHBIH OPTYPIIi 9ICTEPI YIIIiH, KOJATAYChI3
YKOHE KOATAYChI3 XKaFaiaap yuIiH.

T T T T T T T T T

—&— yron nosopoTa P2
—— yron nosopota Pi

Ycnoeus MogenupoBaHus:

5 Moaynauua - QPSK
o E KoadhchmumeHT koppensuuu 0,5
Curvan 6e3 koguposaHus

BeposTHocTk GUToBOM owwBky Be3 KogMpoBaHKMS

OCLW, ab

3.8 Cyper - XKyitenepaiy mryblira Kapchl TYPAKTHUIBIFBIH aifHATY
OYpPBIITAPBIH/IA CUTHAT MTOKKYJIJBI3BIHBIH afHATTYBIMEH CABICTRIPY () = T KOHE (@ =
7/ 2.QPSK mMonmymsiiusichl, KoTay K0K, apHa KOppesIusIaHFaH.
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102F T T T T T .
L =——&— yron nosopoTa Fil2
—%— yron nosopoTa Pi

YEnosua MOAENMpPOBaHKA:

Moaynauma - QPSK
. KoadbdpmumenT koppensauuu 0,5
07T CwrHan ¢ kogupoBaHnem

BepoaTHOCTL DUTOBOW OWKWBKK C KOAWPOBAHWEM

I L 1 I L
3.5 4 4.5 5 5.5
OCLU, dB

3.9 Cyper - XKyitenep/iH IybUIFa Kapchl TYPAaKTHUIBIFBIH aifHATTY
OYpBIILITAPbIH/IA CUTHAIT IOKKYJIJBI3bIHBIH aHATYBIMEH CAJIBICTBIPY (@ = T KOHE (@ =
n / 2.QPSK moaynsuusicel, Koaray 0ap, apHa KoppemsiusIaHFaH.

107" T

—&— yron nosopoTa Pil2
—%— yron noaopota Pi

Ycnoeus MoOENMPOBaHWA:

Mogynauus - 16QAM
KoadychuumenT koppensiuum 0,5
Curnan 6ea kogmpoBaHua

BeposTHoCTe BUTOBON OWKHGKK Dea KoaMpoBaHus

I
10 11 12 13 14 15 16 17 18 19 20
OCLW, pb

3.10 Cyper - KyiienepaiH myblIFa Kapchbl TYPAKTUIBIFBIH AHHATTY
OYpBIITApBIH/IA CUTHAJ MOKKYJIIBI3BIHBIH aifHATYBIMEH CAIIBICTBIPY (0 = T )KOHE ¢ =
n /2. Monynsus 16-QAM, koaray KOK, apHa KOppesIusIaHFaH.
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10

BepoaTHocTe GuToBOR OWMBKK © KOAMPOBAHWEM

T T T T T T T T T T

—&— yron noacpora Fif2
—F— yron nosopota Pi

YCnoBwA MOOENUPOBAaHKUA:
Moaynauus - 16QAM

KoadbcpuumenT koppenauum 0,5
CurHan ¢ KogMpoOBaHUEM

1
75 8 8.5 9
OCL, nb

3.11 Cyper - Kytienepaiy mybUIFa Kapchbl TYPaKTHUIBIFBIH afHATY
OYpBIIITAPBIH/IA CUTHAJ MIOKKYJIBI3BIHBIH aifHATYBIMEH CAJIBICTBIPY (0 = T )KOHE ¢ =
n / 2.Monymnsiusa 16-QAM, koaray 6ap, apHa KoppemsuusIaHFaH.

BepoaTHOCTE BUTOBOM CLUMBKK C KOAMPOBAHMEM

10°F

107

—©— yron nosopota Pil2
—%— yron nosopota Pi

Ycnoeusa MofenupoBaHus:

Mogynauua - 64QAM
KoadbpuumeHt koppenauuu 0,5
CurHan Ge3 koaupoBaHUa

10°%

1
4 ] 8 10 12 14 16 18 20 22
OCLW, ab

3.12 Cyper - KyiienepaiH mybUIFa Kapchbl TYPAKTUIBIFbIH AHATTY
OYpPBIILITAPBIH/IA CUTHAI IIOKXYJIJIBI3BIHBIH aHATYBIMEH CAIBICTBIPY (@ = T KOHE (@ =
7/ 2.64-QAM MoIySAIUSCH, KOATAY JKOK, apHa KOPPEISAIUsIIaHFaH.
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T T T
~—&— yron noeopota Pif2 [ o
—%— yron nosopota Pi

102

Ycnoeus MogenvpoBaHua:

Moaynsaums - 64QAM
KoadbdmumeHT koppensauum 0,5
CurHan c KognpoeaHuem

BepoaTHOCTL GUTOROW OLWKGKK C KOAMPOBAHWEM

1 L ! L
8 9 10 1" 12 13 14 15 16 17
ocul, ab

3.13 Cyper - KyiienepaiH mybUIFa Kapchbl TYPAKTHUIBIFBIH AHATTY
OYpPBIIITAPBIH/IA CUTHA ITOKKYJIJIBI3BIHBIH afHATYBIMEH CAJIBICTBIPY (@ = T KOHE (@ =
7/ 2.64-QAM Moay SIMSICH, KOJTay Oap, apHa KOppesaIusIaHFaH.

Mogenbaey ke3iHje anblHFaH HoTHxkenep (cyperrep 14, 15,16, 17, 18, 19), ockr
napaMeTpAiH CTaHAAPTTHl MOHI (=7/2-T¢ KaparaHJa reHepaTuBTi MaTpuna yiriH (14)
(=T TapaMETPIHIH OHTAIIBI MOHIH KOJIIaHFaH Ke3/1€ alTapJbIKTail SHEprus naiaachblH
KopceTiHi3.JKylieHl KoATayChl3 TMaiijaliaHfaH jkarjmaiiia sHeprust yreicel 0,5 nb
Kypatinael. Kogranran xyiie karmgaiieiaga 0,5-0,8 n1b. Monenpney HoTmxkenepi 3.6-
KecTeae KeITIPIITeH.

Kecte 3.6 - Monenbaey HoTHX)EEpI

Mopenbaey: Monaynsamus Typi |bepy/kadeuinay [Koaray DHEPreTUKAIBIK
KOppesanus YThIC, 1b
Kod(pbunreHTi
cyperre 3.14 [QPSK 0,5/0,5 HKOK 0,5
cyperre 3.15 QPSK 0,5/0,5 Oap 0,5
cyperre 3.16 [16-QAM 0,5/0,5 KOK 0,5
cyperre 3.17 [16-QAM 0,5/0,5 oap 0,5
cyperre 3.18 64-QAM 0,5/0,5 MKOK 0,7
cyperte 3.19 64-QAM 0,5/0,5 Oap 0,8

¥Ycombputrad — kputepuial - nadgamany  (3.8),  (3.9)  KeHICTIK-yaKbIT
MaTPHUIACBIHBIH MApaMEeTPIH OHTANIIBI TaHAAY APKbLIbI KOCHIMIIIA SHEPTUs NMailAachiH
allyra MYMKIHJIK Oepei.
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3.7 Toapen ememai 4x2 63reprTiireH KeHICTIK-yaKbIT KOAbI YIIIH
KpUTEPUiili KOJIaHY

¥Ycoiabutrad kputepuit (3.8), (3.9) momudukarnusnanran [onjmeHn  Typisaeri
KEHICTIK - yakbIT kKoiel yuriH (2.1) MIMO oGaiinanbeic ky#eci ymiiH ejmemi 4x4

OHTailaHABIPbUIFAH apaMETP-OPHEKTETT CKaJIAp K mapameTp yIIiH 1 = Lk KOJI
esreptiired ['ongen (2.1). Monenbaey mapTrapsl 3.7-KecTeie KeNTipiireH.
Kecte 3.7 - Mogenbaey mapTrapsl
[TaiiamaHbpLIaTHIH KEHICTIK-yakbIT | OnmeM matpunacsl (37) 4x 2.
MaTpuLaIapel KOHE OJIap IbIH
eJIemaepi
ApHazarsl My3/1aTy MOJEI KponekkepaiH 3amupaHusi Mojedni,
pene  ysimcrtepiMmeHn  koHe 0,5
Oepuiicreri KOppEISIus
Kod(ppuneHTIMEH KOHE 0,5
KaObLIaydarbl KOPPEISIIHS
K03 pULIEHTIMEH; pene
y3UIICTepIMEH,  OepulicTer:  KoHe
KaObUIAAYJaFbl KOPPEISIHUSCHI3
DKCIIEPUMEHTTEP CaHbI 1000000

Kyprizinren mojaenbaey Hotwxkenepi 3.14-cyperre KopceTuIreH.

0.048 |-

0.0475

0.047

0.0465 -

0.046 -

(k)

0.0455 -

0.045

0.0445

0.044 -

3.14 Cyper - Koaxka Toyenainik y (k) esreprinren ['onnen

R oHTailnbl MoHI KeJieci O©pHEKIEH aHbIKTaa b
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_—1+\/§_1

r 2

Osrepriren  (2.2) Tonmen koawl ymriH R mapameTpiHiH CTaHAApTTHI MOHI
MOHMEH aHBIKTaa/Ibl;

_—1+445

r 2

CanpICThIpaliblK CHMIAaTTaMaliapbl CBHIPTKBl JCEpPre TYPAKTBUIBIFBI KEHICTIK-

yakpITIia koa ['onaen mapamerpir = %h/g Ommem (3.8), (3.9) xoHe cTaHIAPTTHI

—14+5
MapaMeTp apKbUIbl AlbIHFAH 1" = — — .

Mogaenbaey keneci skaraainapa sxypriziii (3.8-kecTeH1 KapaHsbi3).

Kecte 3.8 - Moaenbaey mapTrapbl
KeHICTIKTIK yaKbIT MaTpHUIAIapbl KOHEOIIeMiHIH Marpuuacel (37) mapamerp

i- : —1+v9
OJ1apJIbIH OJLIIEMACP1 MoHAEpIMEH4 X 2 1T = ;”/— r =
—-1+V5
2
ApHagarbl My37aTy MOJIEII KpoHekkep1iH 3aMUpaHusi MOJIEINI, Pelie

y3imcrepimen xoHe 0,5 Oepumicreri
Koppensauus  KodhQUIMEHTIMEH >KOHE
0,5 KaObLIIay 1aFbI KOppeJsius
K03 PULIMEHTIMEH; perie Y31IICTepIMEH,
OeputicTeri  KoHE  KaObUIAAayJarbl

KOPPEISAIUSICHI3
Monynsinus Typi BPSK, QPSK
JleMoaynsmust ofici MMSE
Konray omici [IybutFa TO31IMI1 KOATAY JKOK
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—&—Mapametp 5
—g— OnTUManbHLIA NnapameTp 9

Ycnosua MOOENMpOBaHNS:
103}
Mopynauwns - BPSK
KoadcuumeHt koppenauuu 0
CwurHan Gea kogupoBaHus

BepoaTHocTk GUTOBOM OLWKMGBKM Bea kogupoBaHusa

3.15 Cyper - O3repTinreH ANThIH KOJBIH KOJIaHATHIH KYWETEP/IiH IIybLIFa
KapChl IMMYHHUTETIH CaJBICTBIPY, emieMi 4 X2 op Typuii napameTpiaepmet K.

BPSK Monymsuusicel, KoaTay oK, apHa Ty3eTUIMETeH

10 F T T T T T T T T T T

—6&— MapameTp 5
—F— OnTumankHsii napameTp 9

Ycnoeua MogennpoBaHua:

10-4 L

BeposTHocTh BuToBOW olwWBKkK Be3 koaMpoBaHusa

Mopynauws - BPSK
Koadpcpmument koppenauum 0.5
Curnan Ges koguposaHua

I L ! L I I I L 1
4 1 8 10 12 14 16 18 20 22
OCLW, a6

3.16 Cyper - O3reprisireH ANTBIH KOJBIH KOJIJJAHATBIH KYHEIepiH IIybUIFa
KapChl MMMYHHUTETIH CaJIBICTBIPY, ouieMi 4 X2 op Typ: nmapameTrpiepmet K.

BPSK monynsauusicel, Koaray oK, apHa KOppEsIIUsIaHFaH.
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T T T

—©— MapameTp 5
—%— OnTuMansHbIi napameTp 9

A
S
[

Ycnoeua MOAENUPOBAHUSA:

BeposTHocTs BUTOBOI ownbkn Gea koguposaHus

Mogynsuus - QPSK
Koadhdpmument koppenauum 0
CurHan 6e3 koagupoBaHWua

-

L)
@
T

I : | i L 1 L i L
4 5 6 7 8 9 10 1 12 13
OCUW, gb

3.17 Cyper - O3reprisireH ANTbIH KOJBIH KOJIJJTAHATBIH KYHENep iy IIybLIFa
KapChl MMMYHHUTETIH CaJIBICTBIPY, oJieMi 4 X2 op Typ:i napaMmeTpiepme K.

QPSK mMopynsamusicel, KoATay KOK, apHa TY3€TiJIMETeH.

Mopgenbaey kesinge anbiaran HoTmwkenep (3.15, 3.16, 3.17-cyperrepai
kapanpi3) (3.8), (3.9) kputepuit apKbLIbl ajJbIHFAH I MAPAMETPiHIH OHTAMIBI MOHIH
naiijiajiaHy Ke31H]1€ SHEPTUsSHbIH alTapJbIKTail mailachblH KOPCETE].

Kytieni koTaychl3 naijaganraH Karaai1a MoayJ IsUs TYpiHE )KoHe OaliaHbIC
apHACBHIH/Ia KeHICTIKTIK KOPPENALUSHbIH 00TybIHA OaiiTaHBICTHI SHEPTHUS YTHICH 0,5 —
1,0 nb kypaiinel. Moaenbaey HoTIKenepi 3.9-kectene KenTipiirex.

Kecte 3.9 - Monenbaey HoTHKEIEPi

Monensaey: | Moaymsius | bepy/kaObuimay Konaray DHEPreTUKaIbIK
TYpi KOppesius yThIC, 1B
Kod(hureHTi
Cyper 3.15 BPSK 0/0 KOK 0,5
Cyper 3.16 BPSK 0,5/0,5 Oap 1,0
Cyper 3.17 QPSK 0/0 KOK 0,5

¥ coiHbUTFad Kputepuiiai (88), (89) nalinanany KeHICTIK-YaKbIT MATPUIIACHIHBIH
napamMeTpiH OHTAMIBI TaHAay apKbUTbI KOCHIMIIIA SHEPTHS MaiiachlH aTyFa MYMKIHIK
oepeni.

3.8 8x4 emmemai cHrHAT  IOKXKYJIABI3BIHBIH  allHAJYbIMEH
MOAM(PUKANMSAIAHFAH KEHICTIK-YaKbIT KOAbI YIIIH KPUTEPUiial KOJAAHY

CurHaJl mMOKXYJIIBI3BIHBIH alfHATYBIMEH KEHICTIK - yaKbIT Kojabl yuIiH (3.8),
(3.9) ycwiabutran kputepuiiai koiamanamei3 (2.7). (3.8), (3.9) xpurepuiii OoribIHIIA
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OHTAWNMAHABIPy, 3.5 maparpadbiHAaFbIAAl, CTATUCTUKAIBIK MOJEIbIACY apKbLIbI

’KY3€ere achIpblIabl. AWHBIMAIIBI TAPAMETP-TIAPAMETP YIIIiH OPHEKTETI (¢ OYPBIIIIbI & =
el curHan MIOKXYJIABI3bIHBIH ailHanmybIMeH Ko (2.7). Monenpaey maprrapel 12-
KECTeJle KEeNTIPiIreH.

Kecte 12. Mogenbiey maprrapsl

[TaiinamaHbpLIaTHIH KEHICTIK- | OnmeM maTpunacse (2.7) 8x 4 .
YaKbIT MaTpHIIAJIapbl JKOHE OJIapIbIH
eJIeMIepi
ApHajarel My37aTy MOJCITI KponekkepaiH 3aMUpaHus MOCII, pelie

y3unictepimen koHe 0,7 Oepuiicreri
Koppersiuug  Ko3((QUIMEHTIMEH KoHE
0,7 KaObL1/1ay1aFbl KOppensuus
K03 PULIMEHTIMEH; pefie Y31IICTEPIMEH,
OepimicTeri JKOHE KaObUIay arbl
KOPPEISALHUSICHI3

DKCTIIEpUMEHTTEP CaHbI 1000000

Kyprizinren Umutanusiaslk Moaenbaey Hotmwkenepi 3.18, 3.19 - cyperrepne
YCHIHBUIFaH.

0.045

0.04 -

0.035 |-

0.03 -

W)

0.025

0.02F

0.015 1 I I L ! 1 I I
22 24 26 28 3 3.2 34 386 38 4

3.18 Cyper - Curnan moxKxyJIbI3bIHBIH OYpbUIbICH Oap Ko yuniH y(e)
TOYeN LTI ApHa Ty3€TIJIMEreH.
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00BF T

0.075F W

0.07

witp)

0.065

0.06 -

L 1 I I L ! 1 I L
27 28 29 3 31 32 33 34 35
@, pan

3.19 Cypert - CurHai moKKYJIABI3BIHBIH OYpbUIbICH 0ap Ko yimin (o)
TOYENIIIT. ApHa KOppeNAlUsIaHFaH.

Mopenbaey HOTIXKEIEpl MapaMeTpiAiH OHTAWIbl MOHIH aHBIKTalABl @ = T .
FapbInthik yakpIT KOABIHBIH ITYBUTFA KAPChl HUMMYHUTETIHIH CUIIaTTaMalapbliH CUTHA
IIOK)KYJIIBI3BIHBIH alfHATybIMEH (2.7) cTaHAapTThl MapaMeTpMeH ¢ =7/2 sxkaue (3.8),

(3.9) kpuTepuiii apKbLIbl aJbIHFAH MapaMETPMEH aHBIKTANAABIP =7 . Mojaenbaey
KeJeci xarnannapaa xyprizuial (3.11 -kecteHi KkapaHsbi3).

Kecre 3.11 - Mogenpaey maprrapbl

[TaiinananbIIaTHIH KEHICTIK-YaKbIT | CUTHAJT ~ MIOKXYJIJBI3bIHBIH  aliHaIly
MaTpHUIaIapbl KOHE onapipiH | emmemi  (41) 8x4 € marpuuachl,
eJIeMIEpi napametp MoHi & =e /" 2 kome & =el",

ApHanarel My37aTy MOJIe1 KpoHekkepiiH 3aMupaHusi MOJIEI1, pelie

y3uticrepimen kone 0,5 OepimiciHueri
Koppensiuus  Kod(OUIMEHTIMEH KoHE
0,5 KaObUI/Iay1aFbl KOppensiuus

Kod(ppunmeHTIMeH
Monymnsius Typi QPSK, 16-QAM, 64-QAM
Jlemomynsitust ofici MMSE
Konray omici Koaraycelz koHe  mapameTpiepMeH

TypOO-KOATHI  TaljalaHy:  KoOATay
KbULIAMABIFRI  1/2, KO IIEKTEyiHIH
V3BIHABIFHI 16

Monenbaey Hotmwkenepi cyperre kepcerinren 3.20, 3.21, 3.22, 3.23, 3.24, 3.25,
3.26, 3.27, 3.28, 3.28, 3.29, 3.30.
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T r T
——6— yron nosoporta P2,
—*— yron noaopota Pi

Ycnosua MOaenvpoBaHua:

Moaynaums - QPSK
Bea koppenaumvn
CurHan 6e3 KoaupoBaHWA

BepoatHocTe Gutoson owwbrx Bes koauposaHna
=
"

3.20 Cyper - XKylienepaiH mybUIFa Kapchl TYPaKTHUIBIFBIH afHATY
OyphIIITAPbIH/IA CUTHAJ IOKKYJIIBI3BIHBIH AiHATYBIMEH CAJBICTBIPY (0 = T JKOHE () =
7/ 2.QPSK MoaynsiuusCchl, KOATAY *KOK, apHa TY3€TUIMETEH.

T T T T T T T T T T

—&— yron nosopora Pi2
—=7— yron nosopora Pi | |

10-2 =

Ycnosua MogenvposaHua:

Moaynauma - QPSK
KoadhdmumeHT koppensauun 0,5
Curnan 6e3 koguposaHus

BeposTHocTe GuToBOM owWbKKn Bes kogvpoeasua

10° [

OCU, a5

3.21 Cyper - KyiienepaiH UyblIFa Kapchbl TYPAKTUIBIFbIH AHHATTY
OYpBIIITAPBIH/IA CUTHAM IIOKXYJIBI3bIHBIH aifHATYBIMEH CAJIBICTBIPY (@ = Tt )KQHE () =
7/ 2.QPSK mMonmymsiiusichl, KoTay K0K, apHa KOppesIusIaHFaH.
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T T T T T T T

—&— yron nosopota Pil2|
—&— yron nosopota Pi

BepoatHocTs GuToBOI 0WKGKK © KOgUpoBaHWEM

102 b
YCNoBMA MOOENUPOBAHKSA:
Mopaynsuus - QPSK
KoadhbuumeHt koppensuum 0,5
CMFHE]‘I C KOogupoBaHuem
107 Eu 1 ! . 1 | 1 -
-6 5 -4 -3 -2 -1 0 1
OCLU, nb

3.22 Cyper - XKylienepaiH mybUIFa Kapchl TYPaKThUIBIFBIH afHATY
OYpBIIITAPBIH/IA CUTHAM MIOKKYJIIBI3BIHBIH aifHATYBIMEH CANIBICTBIPY () = T )KOHE ¢ =
7/ 2.QPSK moaynsiuusicel, koaTay 0ap, apHa KOppesiusiaHFraH

T T T T T T |

—©— yron nosopoTa PU2| 1
—=7— yron noaopota Pi

®

=

-

o

o

o

o

=

g

=

2 1021

w0

=

-3

'~}

=

3

[+]

=

o

o

o

=

=

o

g YCnoBua MogenupoBaHuaA:
2

E o3t Mogynauus - 16QAM 1
§ 3 KoadbchuumnenT koppenauuu 0 1
o CurHan 6e3 koaMposaHus

(] 8 10 12 14 16 18 20 22 24
QCLW, nb

3.23 Cyper - KyiienepaiH mybUIFa KapCchbl TYPAKTHUIBIFBIH AHHATTY
OYpPBIIITAPBIH/IA CUTHAT MTOKKYJIBI3BIHBIH alfHATYBIMEH CABICTRIPY () = T KOHE ¢ =
n/ 2.Monynsauus 16-QAM, koaray *oK, apHa Ty3€TUIMETEH.
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T T T T T

—&— yron nosopoTa Pil2 ]
—&7— yron nosopoTa Pi

Yenoswa MogenupoBaHus:

-3 |
10 Moaynaums - 16QAM
KoachdbmumenT koppensaumm 0
CurHan ¢ KoaupoBaHuem

BepoaTtHocTe BuToBOI oWwnBKK C© KOAMpOBaHUEM

4 5 6 7

8
OCLW, nb

3.24 Cyper - XKylienepaiH mybUIFa Kapchbl TYPaKTHUIBIFBIH aHATY
OYpBIILITAPbIH/IA CUTHAIT IIOKXYJIJBI3bIHBIH alHATYBIMEH CAJIBICTBIPY (@ = T KOHE (@ =
n / 2.Monymnsuusa 16-QAM, koaray 6ap, apHa Ty3€TiJIMEreH.

—©— yron nosopoTa P2
—=%7— yron nosopoTa Pi

Ycnoewa MogenupoeaHus:

Moaynsums - 16QAM
[ KoadbdpmumenT koppenauwu 0,5
CwrHan 6es kogvpoeaHua

BepoarHocTe GuToBoN ownbkn Gea KoagMpoBaHUA
L

10

I 1 1 I L I 1 1 I L
7 7.5 8 8.5 9 9.5 10 10.5 1 1.5
OCUW, nb

3.25 Cyper - XKyiienepaiH myblIFa Kapchl TYPAKTHUIIBIFBIH AHATTY OYPBITIITAphIHIA
CHTHAJT IIIOKXYJIIBI3BIHBIH aifHATYBIMEH CAJIBICTBIPY () = 7T JKoHE @ = 7t /2.
Mopynsauust 16-QAM, koaTay k0K, apHa KOppeslusIaHFaH.
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—&— yron nosopoTa Pi/2
—&— yron nosopota Pi

YcnoewA MOOEnMpoBaHuA:

Mogynauus - 16QAM
Koadbcpuument koppenauun 0,5
CurHanc KogupoBaHuem

BepoatHocTe GuroBoi ownbkk © koguposaHuem

T 7.5 8 8.5 9 95 10 105 " 1.5
OClW, nb

3.26 Cyper - XKylienepaiH mybUIFa Kapchl TYPaKThUIBIFBIH afHATY
OypBIIITAPBIH/IA CUTHAJ IOKKYJIIBI3BIHBIH aiHATYBIMEH CAIBICTBIPY (0 = T JKOHE () =
n / 2.Monymnsiusa 16-QAM, koaray 6ap, apHa KoppemsuusIaHFaH.

T T T T T T T T T T

10" | —&— yron nosopoTa Pil2| |
—p— yron nosopoTa Pi

YCcnoensi MogenvupoBaHns:

Moaynaums - 64QAM
KoadbduumeHnT koppenauum 0
CurHan 6e3 koaMpoBaHuA

BepoaTHocTe BWMTOBOM owWnbkK 683 KognpoBaHua

L i
8 10 12 14 16 18 20 22 24 26
OCLl, a6

3.27 Cyper - KyiienepaiH UyblIFa Kapchbl TYPAKTUIBIFbIH AHHATTY
OYpBIIITAPBIH/IA CUTHA IIOKXYJIIBI3bIHBIH aifHATYBIMEH CAJIBICTBIPY (@ = Tt )KQHE (¢ =
n / 2. Monynsusa 64-QAM, koaray KOK, apHa TY3€TIIMETEH.
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109 | —&— yron nosopora Fil2| |
—7— yron nosopora Pi

Ycnosua mMoaenupoeaHns:

BepoaTHoCTL GUTOBOMH OWMGKK C KOQUPOBAHWEM

Mogynauus - 64QAM
KoadppuumenT koppensauvu 0 ki
CurHan ¢ KogupoBaHuem

1 i I I 1 L 1
9 10 11 12 13 14 15
Oocuw, nb

3.28 Cyper - KytienepaiH mybUIFa Kapchl TYPaKThUIBIFBIH aHATY
OypBIIITAPBIH/IA CUTHAJ IOKKYJITBI3BIHBIH AiHATYBIMEH CAJBICTBIPY (0 = T JKOHE () =
n / 2.Monynsuusa 64-QAM, koaray 6ap, apHa Ty3€TiJIMEreH.

10° T T T T T T T \

—&— yron nosopota Pi/2 ]
—— yron nosopoTa Pi

YCnoBus MoaenupoBaHna:

Moaynsaums - 64QAM
104k Koadhdpuyment koppensuyun 0,5
3 CurHan 6ea koanpoBaHus

BepoaTHOCTL BUTOBON OWKBKK Be3d koguposaHus

107 1 1 I I 1 1 1 1 I
12 14 16 18 20 22 24 26 28 30 32

OCW, nb

3.29 Cyper - KyiienepaiH UyblUIFa Kapchbl TYPAKTUIBIFbIH AHHATTY
OYpBIITapBIH/IA CUTHAJ MOKKYJIBI3BIHBIH aifHATYBIMEH CAIIBICTBIPY () = T )KOHE ¢ =
7/ 2.64-QAM MoayISIIMSICHI, KOJATAY YKOK, apHa KOpPEIILUsIaHFaH.
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3aBHCMMOCTL BEPOATHOCTH owKMGKK BER oT cooTHoweHuA curHan/wym

T T
—&— yron noaopata Pif2
—&p— yron nosopota Fi

ANA CHCTeM ¢ KOOWpOBaHMeM

YCnoena mogenmpoBaHng:

BepoaTHooTe ownbrn BER (coded)

Moaynauus - 64QAM
Koadhcbmument koppenauum 0,5
CurHan ¢ kogupoBaHuem

é é 1‘0 1‘1 1‘2 1‘3 1’4 1‘5 1‘6 17
CooTHoweHue curian/wym SNR, dB
3.30 Cyper - XKytienepaiH mybUIFa Kapchbl TYPaKThUIBIFBIH aHATY
OYpBIIITAPBIH/IA CUTHAM MOKXYIIBI3BIHBIH aifHATYBIMEH CAJIBICTBIPY (@ = T )KOHE ¢ =
7/ 2.64-QAM MoayISIIMSICHI, KOJTay Oap, apHa KOppesaIusIaHFaH.

Monenbaey ke3iHie anblHFAaH HOTWKenep (cyperrepai kKapanbeiz 3.20-3.30
apaJsibISel), OChl MapaMeTpiiH CTaHAApTThl MOHI (=n/2-Te¢ KaparaHJa T€HEepaTUBTI
MaTpuia yurid (37) ¢=n napaMmeTpiHiH OHTAIIBI MOHIH KOJIJaHFaH Ke3/Ie alTapJIbIKTal
SHEpPrusl TaljgachklH  KepceTiHi3.KyHeHi KoATaychl3 IMaljalaHFaH  JKaFjaaija
SHEPrusHbIH naiaacel 2,7 — 8,5 nb xypaiiael. Konranran xyiie »arnaisiaaa 0,7-6,3
nb. Monenbsaey HoTrxkeaepi 3.12-kecrene KeATipiiareH.

Kecte 3.12 - Mogenbaey HOTHXKeNIEpi

Mognenbaey: Monynsauus | bepy/ka0bbuinay Konray DHeprus
TYpi KOPPEISIIHS YTBICHI, 1B
kod(pbunreHTi

Cyper 3.20 QPSK 0/0 KOK 2,7
Cyper 3.21 QPSK 0,5/0,5 KOK 3,8
Cyper 3.22 QPSK 0,5/0,5 oap 0,7
Cyper 3.23 16-QAM 0/0 MKOK 7,0
Cyper 3.24 16-QAM 0/0 Oap 1,8
Cyper 3.25 16-QAM 0,5/0,5 KOK 3,8
Cyper 3.26 16-QAM 0,5/0,5 Oap 1,8
Cyper 3.27 64-QAM 0/0 MKOK 9,5
Cyper 3.28 64-QAM 0/0 Oap 59

Cyper 3.29 64-QAM 0,5/0,5 MKOK 8,5

Cyper 3.30 64-QAM 0,5/0,5 Oap 6,3

¥YcblHbUTFAaH — Kputepuidal  madpamany  (3.8), (3.9)  KeHICTIK-yaKbIT
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MaTPUIACBIHBIH MApaMETPIH OHTANIIBI TaHAAy apKbUIBI KOCKIMIIIA YHEPTUS TaiiaachiH
a;yra MyMKIH/JIIK Oepei.

3.9 Toamen eoumemMai 32X2 63repTUIreH KeHICTIK-yaKbIT KOAbI YIIiH
KpUTEPUiili KOJIAHY

Onmemi 32 x 32 MIMO 6aitnanpic xylieci ymriH TypaeHaipiares ['omaer (36)
TUNTI KeHICTIK - YaKbIT Koab! yiriH (3.8), (3.9) ychIHBUTFaH KPUTSPUI I KOJITaHAMBI3.
-1+Vk

2

OHTalaHABIPbUIFaH TTApaMeTP-OyJI MmapaMeTp YIIH epHEKTer1 ckasip k r =
koj e3reptiirex [N'onnen (2.2).Mogenbaey maptrapst 3.13-kecteie KenTipijirex.

Kecte 3.13 - Monenbey maprrapsl

[MalimanadgelIaTelH = KEHICTIK- Ommem marpunacer (2.2) 32x2 .
yaKbIT MaTpHUIIAJIaphl )KOHE OJIapIAbIH
eJemaepi

ApHazgarel My37aTy MOJEINI KponekkepaiH 3aMupaHusi MOJEINI, pese

y3umicrepimen konHe 0,5 Oepimicreri
Koppensiuus KO3(P(UIHUEHTIMEH KOHE
0,5 KaObLI1ay IaF bl KOppesius
ko3 pULIEHTIMEH; pene Y3UTICTEPIMEH,
OepimicTeri JKoHE KaObLIIay 1aFbl
KOPPEISIHUSICHI3

DKCNEPUMEHTTEP CaHbI 1000000

XKyprizinren moaenbaey HoTmwkemnepi 3.31-cyperre KopceTinreH

3.31 Cyper - Koaka toyenainik y (k) esreprinren ['onnen
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R oHTaiinbel MoHI Keneci OpHEKITeH aHbIKTaIa bl
—1++9
. 2 .
Osreprinren [ongen (2.2) xoapl yimiH R mapameTpiHiH CTaHIApTThl MOHI
MOHMEH aHBIKTAJIA]IbI:

r =

~1++5

2

CanpICTBIpalbIK CHIIATTaMajapbl CBHIPTKBI OCEpPre TYPAKTBUIBIFBI KEHICTIiK-
. -1+/9
yakpITIia koj [onmen mapamerpir = — Ommem (3.8),(3.9) xoHEe cTaHAAPTTHI

—-1+/5 L
MapaMeTp apKpUIbI albIHFAH T = — —. Mopensaey 3.14-kectefe KeATIpUITeH

r =

JKaFaaiapaa sKyprizuiil.

Kecte 3.14 - Monenbey maprrapsl
[NaifigamanpliaThlH  KEHICTIK-yakpITOMmemM  Martpunacel  (36)  32x2 1
MaTpHULIAJIaphl )KOHE OJIapIbIH ©JIIeMIep] TapaMeTpiHiH MoH1 0ap :

—1+V5  —1++9
= r

2 R,

ApHagarbl KyJIJIbIpay MOJIeT1 KpoHekkepaiH  KaTy  MoOJeli,  pele
y3umcTepiMmen koHe 0,5  Oepimicreri
Koppessanus kodbduirientimen xoue 0,5

r

KaObUIIaydaFbl KOPPEISLIUS
Kod(puIeHTIMEH.

Monynsinus Typi BPSK

JleMoynsius ofici MMSE

Konray amici Koaray ok

T T T T T T T T T

—@— NapameTp §
—%— OnTUMankHLIA napameTp 9

YcnoeuA MoAenupoBaHua:

Mogynaums - BPSK
KoadhduumenT koppenauum 0,5
CurHan 6ea kogmpoBaHua

BeposaTHoCTe GUTOBONH OWWBKK Be3 koanpoBaHua

L L L L ! L .
-12 -10 -8 -6 -4 2 0 2 4 6
OCLW, pb

3.32 Cyper - Moauduxarnusnanrad [ oyieH KOAbIH KOJAaHATHIH KYHeIepaiH
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IIYBUIFA TO3IMIUTITIH CaIBICTBIPY, enmemi 32 X 2 Typai mapamerpiaepmer K. BPSK
MOJYJISLMSCH, KOJITAYy KOK, apHa KOppensauusaaHFaH.

Monenbaey kesinae anbiHFaH HOTHKeep (3.32-cyperti KapaHsi3) (3.8), (3.9)
OJIIEMIMEH aJbIHFAaH I I[MapaMeTpiHIH OHTAWIbl MOHIH MaljalaHy Ke3iHJe
alTapibIKTall SHEPTHsl MalIaChIH KOPCETEI.

Kyiteni koaTaychl3 mMaiianaHraH Kargaiga, bpsk Moaymsuuscel >xoHE
OaiinaHbIc apHACBHIH/A KeHICTIKTIK KOppemsiius OonFaH ke3e sueprus yroice 0,3 — 0,4
nb Kypauibl.

¥Ycomputran  kputepuiial - (3.6),  (3.7) maiimamaHy = KEHICTIK-YaKbIT
MaTPHUIACBIHBIH MApaMETPiH OHTANIIBI TaHAAay apKbLIBI KOCKIMIIIA YHEPTUS TaiiaachiH
alyFa MYMKIHJIK Oepei.

Cunre3 emmeMiHiH (3.7), (3.8) COMKECTITIH TEKCcepy YIIIH HMUTAIUSIIBIK
MOJIeIBACY 11 KoJIlany YCehIHbIIaAbl. ['omaen (1.12) koapiHa apHanFa k String by-HiH

TOYENIUTITIH (k ) KapacThIpbIHbI3 (7-cypeTTi Kapanbi3). ['paduk maxcumanibi
JTUCTIEPCUSIHBIH MHUHUMYMBIHBIH (-leH OHTailibl 9-Fa JeliH TOMEHJCYIH >KOHE
GYHKUMSIHBIH OHTaWiabl 9-aH MaKCUMallbl €CEeNTEIreH MOHJEpre JeWiH ©eCylH
KepceTe/l.

AJNBIHFAaH HOTHXKEJepre CyWeHe OTBIPBIN, KpUTEepUHAiH OapabapiibIFsl
xarmaibiaaa (3.7), (3.8) MIMO 06aiinansic xyiecCiHiH IybUFa KApChl MIMMYHHUTETIHIH
cunarramanapbl k mapamerpi 1-geH K OHTailsibl MoHIHE [IEHIH ©3repreH Kesne
XKakcapysl Kepek 9-tapmak , Tuiciame k mapamerpi 9-nan MIMO 6aiinanbIc )KyHeCiHIH
IIYBUIFAa KAPChI CUIIATTaMAChIHBIH YJIFAIObI )KaFbIHA Kapai e3repreH Ke3ze Hallapiaysl
THIC.

I'mnoTe3ansl pacray yIIiH MOJEnbAey Xyprizemiz. Moaenbaey 3.15-kectene
KEJITIPUITEH KaFaaiiapa »Kypri3uiii.

Kecte 3.15 - Monenbaey maprrapsl
[TaiinananbIIaThIH KeHicTiK-yakpIT/(1.12) OmieM MaTpUIachl I mTapaMeTpiHiH
MaTpHIAIaphl )KOHE OJIAPJIBIH eJIIeMIepi MoHi 6ap 2X 2
Kanannarsl 3amupanust Mojeni KponekkepaiH 3aMupaHus MoOJENi, pee
y3utictepiMmen kxoHe 0,5 Oepimicreri
Koppessauus Kodppunuentimen xone 0,5

KaObL1IayAarbl KOPPEIISAIIHS
KO3 PUIIMEHTIMEH; pelie Y3UTICTEpIMEH,
OepiicTeri JKOHE KaObLIay 1aFb]
KOPPEJSALHMSICHI3

Monynsius Typi BPSK

Jlemomymsiiust ofici MMSE
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Konaray omici Konaraychizs  ’koHe — mapameTpliepMeH
TypOO-KOTHI nananany: KOJITay|
PKbUIIAMABIFBI  1/2, KOA  IIEKTEYiHIH
V3BIHABIFBI 16

107! T T T T T T T T

—6— MapameTp 2

g ONTHMANBHEIA NApaMeTp 9|
—»—apameTp 5

102

Yenoens MogenupoBaHns;

Mopynsums - BPSK
KoadpdmumeHT koppensauum 0
Cwurran Gea koauposaHua

BepoATHOCTL BUTOBOW oWMGKK B3 KoANpoBaH!:

3.33 Cypert - ANThIH KOATHI KOJJIAHATHIH )KYHETepIiH MIybUIFa Kapchl
UMMYHHTETIH 9pTYpIIi mapameTrpiiepMer canbicTeipy k. BPSK Monynsanuscel, koaray
KOK, apHa TY3€TUIMETEH.

T T T T T

—©&— Mapametp 2
e ONTUMANEHEIA NBpamMeTp 9
—— [apameTp 5

<
T
1

YcnosrAa MOAENMPOBaHKA:

Moaynauma - BPSK
KoadduumeHT koppenauuu 0
CurHan ¢ koaMpoBaH1em

BepoaTHOCTb BUTOBOW OWKBKK C KOAMPOBAHKMEM
=
Y

=
[
T

'
45 -4 -35 -3 25
oclW, a6

3.34 Cypert - ANTbIH KOATHI KOJAAHATBIH KYHeJIepAiH IIybLUIFa Kapchl
MMMYHUTETIH 9PTYpJIl mapaMeTpiiepMe caibicToipy k. BPSK monynsuscel, koaray
0ap, apHa TYy3€TUIMETEH.
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T
—&—NapameTp 12
—p— ONTUMANEHEIA NapaMeTp 9
—— apameTp 15

102

YcnoBusa MOAenNUpoBaHKA:

Mopaynsuma - BPSK
KoadhdpuumeHt koppensuum 0
CurHan 6e3 kogupoBaHus

BepoaTHocTb GUToBOW OoWKGKK Gea koamposaHus

2?5 ; 3?5 1; 4?5 5‘: 5?5 6 6?5 ;
OCWW, ab
3.35 Cyper - ANThIH KOATHI KOJIJIAaHATHIH KYHEIepIiH IIybUIFa Kapchl

MMMYHUTETIH OPTYPJIi MapaMeTpiiepMeH canbicToipy k. BPSK monynsamnusicel, koaray
KOK, apHa TY3€TUIMEIeH.

—&—MapameTp 12
—— OnTuMansHbIA napameTp 9
—+— Napametp 15

102

Yenosua MoaenuposaHus:

Mopynauua - BPSK
KoadpcpuuueHT koppenauuu 0
CurHan ¢ KoguposaHuem

BepoaTHocTb 6rTOBOM OWKMEKK € KOAUPOBaHUEM

10—3 - -

I I '
45 -4 -35 -3 -2.5
OCLW, nb

3.36 Cypert - ANTBIH KOATHI KOJIJTAHATHIH KYHEIEPIiH IIYbUIFa KapChl
UMMYHUTETIH OpTYpJii MapameTrpiiepMmen canbicToipy k. Bpsk Mogymsitiuscel, koaray
0ap, apHa TY3€TIJIMETCH.

Kyprizuiren Umutauusiblk Moaenpaey Hotwkenept (3.33, 3.34, 3.35, 3.36 -
cyperrepai kapaHwi3) anteiH (1.12) xox ymia (3.7), (3.8) emmemiHiH e3repy
cumnarramachiHa coiikec keneTiH MIMO Oaiinanpic JKYHECIHIH IIYBUIFA KapChl
MMMYHHTETIHIH ©3repy JUHAMHUKAchiH Kepcerenl (7-cyperTi KapaHsi3). K 2-1eH 9-ra
NMEHiH >KOFapbUIaFaH Ke3Jle IIybUIFa Kapchl HMMMYHHTCTTIH CHIATTamMaiaphbl
xakcapaael. K 9-man sxorapel OosFaH kesze 15 mrybuiFa Kapchl MMMYHUTETTIH
cunatramanapel (41, 42-cyperrepai Kapausiz). 3.32-3.36 cypeTTeplie albIHFaH
rpadukrep (3.7), (3.8) enmemaepinin 6apabapiabIFbIH pacTaiIbl.
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KOPBITBIHIBI

3epTTeyliep MEH d3ipaeMeNepIiH HEeri3rl HOTHXKelepl Keaeciae:

1. bearim ANTBIH KOATBHIH T€HEPATUBTI MaTPHUIAChl HET131HAC *KaHa KEHICTIK-
yakbIT KOAbl *acanabl. Monensaey Hotwxkenepi BPSK monynsuusicelH KoJijaHFaH
Ke37I€ YChIHBUIFaH KOATHIH O€Nrill KOJIEeH canbIcThiprania coiikecinie 0,2 1b, 0,5 nb
9HEPrusl YTHICHI 0ap eKeHIH KOpPCETe/Il.

2. CurHan IOKXYJIIBI3bIHBIH alHaIybIMEH O€Nrin KOJATHIH TeHEepaTHUBTI
MaTpHUILIAChl HET131H]IE KaHa KeHICTIK-yaKbIT KOJbI )Kacayapl. Moenbaey HoTHKeIepl
ootpiama QPSK, 16-QAM, 64-QAM MoaynsuusIChIH Maianany Ke3iHae YChIHbIIFaH
KOJThIH colikecinme 3,8 ab, 3,8 nb, 9,5 nb sHeprus yThichl 6ap €KEeH N KOPCETUITEH.

3. KeHicTik-yaKpIT KOATapblH OHTAIaHABIPY YIIIH OHTAWJBLIBIKTHIH >KaHa
enmemi yceiHbUIaAbl. MIMO OGalinanpic >KyHECIHIH YJKEH eJmeMJepl MeH
MOAYJISIUSHBIH,  JKOFaphl JCHTeWJepl YIIH YCBHIHBUIFAH KpUTepud  Oenrii
KpUTepuiliepre KaparaHia KOJIaiibl ecenTey KypAeiIiriHe ue.

4. YnkeH efnmiemMal KEHICTIKTIK-YaKbITTBIK MaTpullajap YIIiH, OHBIH IIIHJIE
O3IpJICHTeH KPUTEPHUIAl KOJIJaHy aschiHIa OanaMa BUPTYaJJbl apHa MaTpPUIIACHIH
CUHTE3/ICYA1H aHAJTUTUKAJIBIK A1CTEP1 YCHIHBLIIBI.

Ocpunaiiina, AUIUIOMABIK JKYMBICTBIH 3€PTTEYAIH MaKcaTbhlHA KOJ >KETKI3UIII,
OeNrual  FapplITBIK yakKbIT MaTpULaJapblH  KojgaHaTelH MIMO  xyiienepiHiH
cUIaTTaMachlHAH acaThIH LIybUIFa Kapchl cunarramanapsl 0ap MIMO xyitenepi yuiiH
FAPBIIITHIK YaKbIT MaTpHIIAJapbIH, OHBIH IMIIHAEC YJIKEH OJNIeMal Xobamay MeH
3€pTTEY/IH FHUIBIMA MIHAETI ST,
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KA3AKCTAH PECITYBJIMKACBHI BUIIM xane FbIJIBIM MUHUCTPJIIT]
K.M. COTBAEB arsmnarst KASAK YJITTBIK TEHUKAJIBIK 3EPTTEY YHUBEPCUTET]

FBIJIBIMU )KETEKIIIHIH
IIKIPI

JIATITOMABIK KYMBIC

Ec6onar Cepik EcOonaryJibl
5B071900 - PajjuoTexHuKa, SJIEKTPOHHUKA YKOHE TEJIEKOMMYHHKalIKs

TakbipsiObiHa: «Bailanbic Kyiiecinieri TapaTy aHTeHHAChl MeH KaObL11ay
AHTEHHACHIHbIH KEHICTIKTIK-YaKbITTBIK KOATAY dicTepi»

JIMIUTOMAIBIK SKyMBICTa, OaitiaHpic skyHecinieri TapaTy aHTCHHAChl MCH
Kabbl1ay aHTEHHACBHIHBIH, KEHICTIKTIK-yaKbITTBIK KOATAY oMlicTepiH KapacThIpraH.
JIMIIOMABIK  JKyMbIC YII GesiMHeH Typaibl. JKYMBICTBIH MaKcaTsl Oesrrii
FAPBIITBIK ~ YaKpIT —~ Marpulanapbli  KOJJAQHATHIH MIMO  xy#enepiHin
cUnaTTaMachlHaH acaThiH LIYBIIFa Kapchl cunartamasiapel 6ap MIMO Kyhenepi
VILiH KeHICTIK-yaKbIT MaTpULanapbiH, OHbIH ilIiHAE YJIKeH enmem;ii skobanay MeH
3epTTeY/ICH TYPaThiH MaHbI3/1bl FBUILIMHU MOCEJIeH] 1Iemly.

YKo6a GolibIHILIA TeXHUKAIBIK ecenTeyaep 6emimi kapacTeipbliran. KeHicTik-
yaKpIT ~KOJTApbIH OHTailIaHIBIpy —YUIH OHTaHJIBUIBIKTBIH  JKaHa eJIIeMi
yepiablUIran. MIMO Gaiinaeic sKyHeCIHIH YIKeH eJieMiepi MeH MOYJISIIIUAHBIH
KOrapbl JeHresiepi ylliH KoJjalibsl ecenTeyiep keatipiared. benrinm AnTbin
KOJIThIH FeHEPATHBTI MaTPUIAC! HETi3iHjie jKaHa KeHICTIK-yaKbIT KOJbI JKacaslbl.
CuUrHai IOKKYJIIBI3BIHBIH aifHaTybIMeH OeNril KOATBIH reHepaTUBTI MaTPHULIACHI
Heri3iHge KaHa KEHICTIK-yaKbIT KOJbl JKacaibl. YIKEH OJIeMIl KEHICTIKTIK-
YaKBITTBIK MaTpHLaiap YIIiH, OHBIH ILIiHIe o3iplieHreH KpUTEpUiIl KojaaHy
asiChIlIa OanaMa BHPTYalbl apHa MaTpULAChlH CHHTE3JCYIH aHAIMTHUKaIbIK
azicTepi YChIHBLILIbL.

Kymbic 6arachl

YKanmel, AMIUIOMIBIK Kymbic "85 B+ xkakcel' jeren Oarara, ajl CTYJICHT
Ec6onar Cepik EcGomaryser SB071900 - POT mMamaHIbIFbI OOMBIHILIA TEXHUKA
JKOHE TeXHONOTHsIIAp «BaKanaBpy akaJeMHUsIIbIK 19PEKECiHe YChIHbIIAbI.

FBUIBIMH JKeTeKLI
T.F.M.,, DTkET kad. neKTOphI
C.MapkcyJiel
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KA3AKCTAH PECITYBJIMKACDI BUTIM kone FhIJIBIM MUHUCTPJIITT
COTBAEB YHHUBEPCHUTETI

CbIH - IIIKIP
JTMTIIIOM/IBIK 7k00a
Ec6onar Cepik
5B071900 - PaguoTexXHKKa, 2JIEKTPOHUKA JKOHE TEJIEKOMMYHHUKAIKs

TaxpipbiObiHa: Baiiianbic skyiiecinaeri TapaTy aHTeHHAChl MeH Kalbliiay
AHTEHHACHIHbIH KEHICTIKTIK-yaKbITTBIK KOATAY daicTepi

OpbIHaaJ1/1bL:
a) rpadukansik 6esimi 21 Oer;
6) Tycinaipme xazbackl 58 Oer.

KYMbBICKA ECKEPTY KACAY

Jlunomibik  xob6aga EcGonar Cepik  Baitnaneic ky#ecinjeri Tapary
AHTCHHACHI MEH KaOblLilay aHTEHHACHIHLIH KEHICTIKTIK-yaKbITTBIK KOJITay d/icTepit
KapacThIpraH. JIMIIOM/IIK KYMbIC KeJleci OelliMiepieH Typabl:

Bipinuri 6emimae Genriii KeHICTIK-yaKbIT KOATAphbl, YIKEH OJILIEM KOATaphbIH
Kypy NpUHLMITEP], Kom cayneni xykenep meH llleHHon dbopmynacel, MIMO
MATEMATHKAJIBIK MOJEN, JKOFaphl oJlleMili KOATApAbl KypyIblH Oenrini auicrepi
KeJITIpUIreH.

Exinwi Genimae y/iKeH oJlIeMi jKaHa KEHICTIK-YyaKbIT KOJATapbl MEH YJIKCH
OJIIIEM/li  KEHICTIK-yaKbIT — KOJbIHBIH  apHACBIHbIH SKBUBAJICHTTI  BUPTYyasbl
MaTpuuaceld cuHTesney opictepi, EVCM  MartpullacklH  KabIITACTBIPY/IbIH
aHAJTUTUKAJIBIK diCTepl KeNTIpIJIreH.

Ymigmi Gemimme koba OofblHIIA TEXHUKANBIK —ecenteyinep  Gellimi
KapacThIPhLIFaH. KeHicTiK-yaKpIT KOATaphIH OHTAHIaH/ABIPY YIIIH OHTAHIBLIBIKTHIH
skana esmieMi ychiHbliran. MIMO Gaitnanbic KyHeciHiH YJIKeH eJieMaepl MeH
MO,LY/ISILIASTHBIH JKOFAPBI JeHreiuiepi YIliH KoJIaiubl ecenTeyep Kenripiires.

Byl AMIUIOMABIK $k00a JKOFapFbl OKY OpPBIHJApbIHBIH TallanTapbiia cai
JKETKITIKTI JKOFaphl Iope)kele »KasblIraH, ajbIHFaH HITHIXKEep aKmaparThl OH/CH
TapaTy TeXHOJIOTUsIAp/IaFsl FhUIBIMK OarbiTKa Xkayarn oepen.

Kymbic darachbl
YKanmel, AMIUIOMABIK kKyMmblc "85/A/ xkakcbl" nereH Oarara, an cryaeHt Ecbonar
Cepik 5SB071900 - PDT mamauabirbl OOWbIHIIA TEXHMKA JKoHE TEXHOIOrMsIap
«BakanaBp» aKaJeMUsIIbIK JOPEKECIHE YChIHBUIADL.
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[Iporoko.n
0 NpoBepKe HA HAJUYHE HEABTOPH30BAHHBIX 3aMMCTBOBAHMI (IJIaruaTa)
AsTtop: Ec6onar Cepik EcOomaTyJibl
CoaBTop (ecim nmeercs):

Tun padorsr: [uiuiomuas padora

Hazpanue pa6oTsl: baiinanbic xKyiiecinueri TapaTy aHTEHHAChl MeH KaObl11ay aHTCHHACHIHBIH

KCHICTIKTIK-YaKBITTBIK KOATAy 3/icTepi

Hayunbiit pykoBogauTelb: CyHrat MapkcyJibl

Kosdpduuuent IMogodun 1: 3.6

Koydpduunent IMoxodus 2: 1.4

Muxkponpobenl: 44

3uaKku U3 3Apyrux andapuros: §

MurepBannl: 66

beibie 3naku: 0

Iocae nposepkn Otuera ITogodus ObLI0 ce/IaHo ciaeayioniee 3aKII0YEHUE:

E/gal/lMCTBOBaHHH, BBISIBJICHHBIC B PaboTe, ABIAETCS 3aKOHHBIM M HE SIBIACTCS I1arHaToM. Y poBeHb
n0106Mst HE TIPEeBBIIACT A0MYCTUMOrO npejena. Takum 0o6pazom pabora He3aBUCHMA U IPHHUMACTCH.

[] 3anmMcTROBaNME He ABNAETCS MIATMATOM, HO MPEBBILEHO TIOPOrOBOE 3HAYCHHE YPOBHA 110100ws.
Taxum o6pazom paboTa Bo3BpaInaercs Ha 10paboTKy.

(] BeisiBiieHbI 3aMMCTBOBAHS M IIIArHAT WM TIPEHAMEPCHHBIE TEKCTOBbIE HCKaXKEHMs
(MaHHUMYIALKK), KaK TTPEAIIoJIaraeMble MONBITKH YKPLITHS MIIaruaTa, KOTOPHIC ACNAI0T
paboTy NMpoTHBOpeUaLlel TpeGOBAHUAM NPUIOKEHHS S5 TIprKasa 595 MOH PK, 3akoHy 00 aBTOPCKUX U
cMeskHBIX TIpaBax PK, a Takske KoJeKCy 3THKH 1 mporetypam. Takum 00pasoM pabora He IPHHAMAETCS.

[J OGocHoBaHue:

79 05 Jod 2

Hama 3asedyrowuii kageopoi
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IIporoxoa
0 MpoBepKe HA HAMYHE HEABTOPN3OBAHHBIX 3AUMCTBOBAHUH (naaruara)
ArTop: EcGonat Cepik EcGonaty.ibi
CoaBTop (ec.1H HMeeTCs):

Tun padorsl: JuninomHas pabora

Haspanue pa6orhl: baiansic xyHecineri TapaTy aHTeHHAChl MEH KaObL11ay aHTEHHAChIHBIH

KEeHIiCTIKTIK-yaKBITTBIK KOATAY d1ICTEP]
Hayunbiii pykoBoanTeb: CyHraT MapKcybl
Kos¢ppunuent IMoxodus 1: 3.6
Koyppuument [Tonodun 2: 1.4
Mukponpode.nbi: 44

3HAKM M3 3APYIuX a1daBHTOB: 8
HuTepBaabl: 66

Beabie 3naxu: 0

Mocse nposepkn OTvera [Togo0us Ob1I0 caeaHO cleAyHoLIee 3aK/II09eHHE:

M/Baumcmosauml, BBISIBIICHHBIC B PaGOTE, SIBASCTCS 3aKOHHBIM U HE SABIAETCS MJ1ArnaToM. YpoBeHb
101005 HE IPEBbIIIACT JOMYCTUMOro npeaena. Takuv 06pa3om paboTa HE3aBUCHMMA U PUHHMACTCS.

(] 3aumcTBOBaHME He SBASETCS [UIATHATOM, HO TIPEBBILIEHO TOPOrOBOE 3HAYEHUE YPOBHS MOA00HS.
Takum o6pazoM paboTa Bo3Bpamaercs Ha 10paboTKy.

(] BrisBreHb! 3aMMCTBOBAHMS M TUIAIMAT WK [IPEIHAMEPEHHbIC TEKCTOBBIC HCKAKECHHS
(MaHHMYISLMK), KAK [PE/NONAraeMble MOMBITKH YKPBITHA M1arnaTa, KOTOPhIC ACTALOT
paboTy npoTHBOpeYalieH TpeOOBaHUAM NPUIOKEHHS 5 NPUKa3a 595 MOH PK, 3akoHy 00 aBTOPCKHX H
cMexkHbIX IIpaBax PK, a Takoke KoieKCy STHKH 1 nponeaypaM. Taknm 06pa3om padoTa HE MPUHUMACTCS.

[J O6ocuoBanue:

Hama
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