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HAYKU | mexHiKu YKpainu, 20106HUll HAYKOBUIL CNiBPOOIMHUK —
HAYAJLbHUK 2DYNU 20JI06HUX HAYKOBUX CNiBPOOIMHUKIE —
KepieHuKie nayxosux npozpam Llenmpanvrozo
HAYK080-00ci0H020 iHcMUMYmMY 030POEHHA MA BiilCbK080T
mexuiku 30potinux Cun Yxpainu, noikosHuk

KoHuenuia iHgopmaLinHo-
CEHCOPHOI PeLLiTKM
Ha ocHoBsi TexHonorii MIMO

YrepLue 3anponoHoBaHa KoHUenyis iHTerpawii iHghopmaviviHoi
Ta CEHCOPHOI MJCUCTEM MEPEXELEHTPUYHOro BeAEeHHS
6ovioBuX [Vl y €QNHY IHEOOPMALIIIHO-CEHCOPHY MigcUcTeMy

3 NEPETBOPEHHAM IHGhOPMAaLiVIHOI KOMIMTOHEHTU Ha
iHgbopmaLiviHO-CEHCOPHY peLuiTKy. CTBOPEHHS pafapHo-
TeSIEKOMYHIKaLiViHoI Mepexi iHghopmaLiviHO-CEHCOPHOT
PELLITKN Mae cTaty noYaTkoM nogasnbLuoi iHTerpayii
iHGbopMmaLiviHOI nigecucTemm i3 CUCTEMOIO CUCTEM DIBHOTUMHNX
CEHCOpIB, AKI (DYHKLIOHYIOTb 38 PIBHOMAHITHUMU (Di3NHHUMU
npuHymnamu. Lie gactb MOX/IMBICTb OXOMUTY PO3rayXXeHuM
iHebopMaLjiViHO-CEeHCOPHUM KOHTPOSIEM BECH KOCMIYHWI,
MOBITPSAHWIA, HA3eMHWN, HaBOAHWA Ta MigBOLAHWIA NPOCTIP

y BigBeAeHiv onepauiviHivi 30Hi. Ha noyatkoBomy ertari
CUHTE3Y pafapHO-TENEKOMYHIKaLiiHOI Mepexi
3arporoHOBaHO CTBOPEHHS1 6araTtono3nLiviHoi iHTerpoBaHoi
cucTemu 3B8'3Ky Ta pagionokauii i3 3aCTOCYBaHHSIM Y KOXHIV
no3uyii MobinbHOI cTaHuii 38'A3Ky Ta pagionokauii,
OCHalLL|eHOI LiGhpOBOKO aHTEHHOK PELLITKOK 3 PEXUMOM
po6oty MIMO Ta BukopuCTaHHAM CUrHasIB HEOPTOrOHaIbHOI
4acTOTHOI AUCKPETHOI Mogynauii.

Knto4oBi crioBa: TexHiYHa cuctema, TenekomyHikawii,
pagionokawisi, UnpoBi aHTEHHI PELLITKMN.

© A. O. 3inuenko, B. I. Citocap, 2016

K BifIoMO, OCTaHHIM YacoM MAJd BUPIIIeHHSA

3aBJaHb Pafio3B’A3KY Ta pamiooKaIlii mupoke

3aCTOCYBaHHSA 3HAX0AATH cucTemu MIMO (mHo-

SKUHHWY BXiJ — MHOKMHHUH BuXin). Bukopuc-

raguaa TexHosgorii MIMO cramo HeBig eMHUM
aTpudyTOM yciX HOBUX CTAHAAPTIB epefavi TaHUX Ta Pafgio-
JIOKaIii. 3BasKanyu Ha CIOPiJHEHiCTh anapaTHOI mo0yL0BU
pPamioTeXHIUHWX MPHCTPOIB Pi3HOr0 MpU3HAUEHH:A, B P00O-
rax [1-3] OyJa 3amponoHOBaHa iHTErpaIia oOKpeMux 3acobiB
TeJeKOMYHiKaIlii Ta pamgiosokarifinoi pos3Bigkm B exmHi
CHCTEMHU Ta PO3PO0JIEHEe TEOPEeTWYHe MiAT'PYHTS CTBOPEHHSA
BigmoBimHOI iHTErpoBaHOI pasapHO-TEeJIEKOMYHIiKaIlifHOI
cucremu. Takuil MiAXix TiATBEPHKYEThCA TOTVIAJZAMU Ha
PO3BUTOK TeJIeKOMYHIKAIIMHNX i pagiosoKaIifiuux cucTeMm
npoBigaux Qaxisnis kpain — urernis HATO [4]. Jloriuanm
TPOIOBKEHHAM iHTerpaiii Mosxe OyTu amapaTHe TOeTHAHHS
He JIWITe OKPEeMUX TeXHIuHuX 3aco0iB, a i TeXHIUHUX CuC-
TeM, AKe YTBOPIOE TAKMM UMHOM CHCTEMY CHCTEM abo Haj-
cucremy. Oco0nmBO IiKaBO AOCTIAUTH TAKy iHTerpamiio Ha
TMPUKJIAAI BioMOl KOHIIENIlil BeJleHHA Mepe:KeleHTPUUHUX
omepariii. Bona mepenbauae icHyBaHHS TPHOX MifCHCTEM:
00110B01, ceHCOPHOI Ta iHGopMAaIliiiHoi.

Tomy memoro cTaTTi € OOTPYHTYBAHHS MeperKelneHTpuy-
HOI KOHIemIii cucTteMu cucTeM O030pOEHHS Ta BiliChKOBOL
TeXHiKM Ha moJi 0010, B AKifi, Ha BiAMiHY Bix icHymouoi,
iH(opMariiina Ta ceHCOpHA MifICUCTeMHU alapaTHO MOeTHAHL
B iHTerpoBaHy iH(GOPMAIlifTHO-CEHCOPHY IIiJCUCTEMY.

Koumnemnmieio BeleHHA MepeKeleHTPUUYHUX oOlepalrii
nepenbavaeThCsa CTBOPEHHA €IMHOTO iH(GOPMAIiTHOTO POC-
TOPY B iHTepecax ycix BUIIB Ta poAiB BifickK. TexHiuHOIO
OCHOBOIO €IMHOTO iH(GOPMAIifTHOTO IPOCTOPY Oyae crucTeMa
3B 3Ky, PO3TOPHYTA 3a MPUHIIUIIOM PEITiTKM, 40 AKO0I mif-
KJIIOUYaTUMYThCA MOAYJi pisHOro mpusHaueHHa (00#OBIi,
posBigyBasbHi, 3a0esmeueHHsa) Ta OasyBaHHS (3eMJid,
ToBiTPA, MOpe, KocMoc). BysJioBi eeMeHTH PeITiTKY MOoe-
HYBaTUMYThCA MiK CO00I0 BHCOKOIIBHIKICHUMY KaHAJaMU
3B’A3KY, AKi yTBOPIOBATUMYTD JeKiIbKa MapIIPyTiB 0OMiHy
TpadikoM MiK ByssaMu. 3aCTOCYyBaHHA iHTErpoBaHOI pa-
nmapHo-TesekoMyHikamiiHol MIMO-TexHOOTII B amapaTHUX
pillIeHHAX BY3JOBUX €JIEMEeHTIB TaKTH4HOi iHpopmaiiHoi
PEITiTKY JacTh MOXKJIMBICTH BECTH MOBY IIPO ITOBHY amapar-
Hy i"Terpamitoo indopmamiiiHoi Ta ceHCOpHOI migcmcTeM
Mepe:KeIeHTPUYHOI CCTeMH BeJieHHI 00’ € THAHUX OIepaIrii
y equHY iH(GOpMAIliTHO-CeHCOPHY IiICUCTEeMY 3 TePETBOPEH-
HAM iH(opMaIiiHol KOMIIOHEeHTH Ha iH(popMaIiifHo-ceHcop-
HY PelIiTKy.

3asHaueHa iHTerpamnida y BUIAAKY PafapHUX i TeJIeKoMy-
HiKamifiHUX cucTeM MOKe OyTu pisHOW0 3a piBHeM. Kpim
TIOBHOTO TIOEJHAHHA alapaTHOl OCHOBU, IIPU IILOMY, Ha-
TIPUKJIAJ, TOILIHHO PO3PI3HATH anapaTHy, GYHKIIIOHAJIBHY,
CUTHAJIbHY, aJTOPUTMIUHY (IIPOTPaMHY) iHTerpaiito Ta pisHi
ix xomOinaii.

Koxen i3 sasHaueHux BupAiB iHmTerpamii, y cBo gepry,
TeX MOKe HONiIATHCA HA KigbKa piBHIB. 30Kpema, Haiul-
MPOCTIiIINM Pi3HOBMIOM amapaTHoi iHTerparii, Sk Bimomo, €
po3TaIllyBaHHA PaTiOJOKAIiMHUX i TeJeKoMyHiKamiiHuX
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IPUCTPOIB Ha CHOiJBbHIN maaTGopMi UM TPAHCIOPTHOMY
3aco0i 3i 30epeskeHHAM iXHBOI CTPYKTYPHOI HE3aJEKHOCTI.
Taki TexHiuHi piImeHHa AaBHO BigoMi, SK IPUKJAJ JOCTAT-
HBO HABECTU 3aCTOCYBAaHHSA B OIVIAJOBUX PaAioJOKAIiHHUX
CTAHITiAX 3ac0o0iB TEJIEKOJ0BOI Tepefavi JaHUX AJII 00OMiHY
iH(opManieo 3 KOMAaHIHUM OYHKTOM i pamioJioKaIiiftHuMu
CTAHI[IAMU HaBeJeHHA pakeT. OJHAK IpU ILOMY MaJia Miclie
TOBHA (YHKIIiOHAJbHA MiANOPAIKOBAHICTH TEJIEKOMYHiKa-
IifHUX 3aco0iB BUPiNIeHHIO PaJioNOKAIiiHUX B3aBAAHb.
Y mpomoHOBaHIN KOHIEMNITI, KOTpa 0asyeTbcsa Ha IOBHIN
amapaTHill iHTerparii, fifeTbcA JUITE IPO YACTKOBY MiAIO-
PAOKOBaHICTb 400 HABITH MOBHY (DYHKIIIOHATHHY HE3aJIeXK-
HicTb 3ac00iB TeJIeKOMYHIKAIIill y TOMY CeHci, 1110 uepe3 HuX
Mae TUPKYJI0BATH iH(OpPMAIia He JWINe Bif CIOpigHeHuX
pagiosIoKaIiiHUX CUCTEM B iHTepecax BUPIIIEHHA Pafiosio-
KaIifilHuX 3aBAaHb, a I ycA TaKTUUHA iH(OpMAIlia moJs 6050
IS ONMePaTUBHOTO 3a0es3leueHHsS BeleHHA 00HOBUX i
pisHUMU pojaMu ¥ BUJAMU BifiCHK.

3rigHo 3 BitoMuMu 3aKOHAMY PO3BUTKY TEXHIUHUX CHC-
teM, chopmyaboBanumu I'. C. Anprirysepom ta B. M. Iler-
poBuM [5—T], iHTerpamnia pagapHuX i TeJeKOMYHIKamiHUX
CHCTEeM € TIPOABOM 3aKOHY IIepexXofy M0 HaacucTeMu. Bix
IIOJIATAE B TOMY, ITIO IIiCJIA BUUEPIIAHHS PECYPCiB CBOTO PO3-
BUTKY OfHA crcTeMa 00’ € IHYEThCS 3 iHII0I0, YTBOPIOIOUH HO-
BY, CKJAJHINIy Ta ()YHKI[IOHAJbHO 30araueHy HAACHUCTEMY.
Taxuii mepexig 10 HAACUCTEMM € HEMUHYYUM i 3aKOHOMip-
HUM SBHUIeM. BiH IpOoXOoAuUTh uepe3 YTBOPEHHA OicucTeMu
abo0 HaBiTH MOJTiCHCTEMY 3 TIOAANBIINM iX «TaCTKOBUM 3TOP-
TaHHAM» (puc. 1), Ipu AKOMY CKOPOUYIOTHCA JOIOMiXKHI
eJIeMeHTH, BCTAHOBJIIOIOTHCA TiCHIII 3B S3KM MiK OKpeMu-
MU CHUCTEMAMU.

» MoHocucrema

Y

bicuctema Monicuctema >

3ropraHHs

<

Puc. 1. [Ipunnun opmyBanusa HagcucteM [5—T]

Y pasi moBHOi amaparHOoi imTerpamii pagapHOi Ta
TeJeKOMYHIKAIiifHOI crucTeM MOJKe YTBOPIOBATUCA HE JIUIIE
Oicucrema, a i mosicucTeMa, AKIIO POSTJISAATH TOETHAHHS
cucTeM TAacWBHOI Ta aKTWBHOI Jokaiii, MepexxeBoro,
pamiopesefiHOTO UM HAaBiTH TPOmOc(epHOro 3B’SI3KY TOIIIO.
IIpoaBoM 3ropraHHA TaKol iHTEIrPOBAHOI MOJiCHCTEMU € 3a-
CTOCYBaHHS B Hill He TiMbKYU €IMHOI TPAHCIOPTHOI mIaTdop-
Mu (1maci), a # CIiJIbHOTO IKepesia JKUBJIEHHA, EAWMHOTO Oara-
TOKAHAJIHHOTO ITePelaBaJbHOr0 Ta IPUIMAIHHOTO TPUCTPOIB,
mmporiecopa 06pPOOKY CUTHAJIB, AaHTEHUW TOI0. 3BUUANHO, HA
PiBHI KOKHOTO arperaTy 4u MOIYJIA, CIiJILHOTO JJIA PajioJio-
KaI[iifHOTO ¥ TeJeKOMYHIKaIifiHOTo 00JafHaHHA, Heo0XiTHO
3iTICHIOBATH BifITIOBifHE CTPYKTYPHO-(PYHKIIiOHATBHE Y3T0-
IPKEeHHA.

Kpim Toro, 3rigmo i3 3aK0HOM MiHiMaIbHOTO Y3TOMKEHHS
YaCTHH i mapaMeTpiB HOBOYTBOPEHOI HAJCUCTEMU, Ma€ Bif-
OyTucd mapaMeTpUYHe Y3roAKeHHd ii puTMiku. IxeTbea mpo
OTNTUMAJbHE Y3TOMKEeHHA (PYHKIIOHYBaHHS paiooKaIliii-
HOTO ¥ TeJeKOMYHIKAI[iiTHOTO PeXUMiB POOOTH CIiIBHOI
amaparHoi miraTdopMu B yaci Ta mpocTopi 3 ix posmomiaom
ab0 3JUTTAM, BUKOPHUCTAHHSA Y3TOMKEHOI persaMeHTaIrii
3aCTOCYBAHHS CHIJTBHUX CUTHAJIB.

Ilomanbimuii pO3BUTOK pPaJapHO-TEJeKOMYHiKaIifiHOI
CHCTEeMU II0JIATa€ B IePeXOofi Bil YaCTKOBOTO MO TMTOBHOTO ii
3rOpTaHHS, KOJIU OAUWH 00’€KT BUKOHYE 0Apa3dy AeKilTbKa
(yuxkmii. Taxa moBHicTio 3ropuHyTa 0i- abo mosicucrema
(haKTUYHO IIEPETBOPIOETHCA HA HOBY MOHOCHCTEMY, KA IIPO-
XOAUTHAME Y CBOEMY DPO3BUTKY UeproBuii 06epT cmipaJi
(puc. 1). 3oxpema, pospisHeHi MoOiIbHI cTaHIii 3B’ A3KY Ta
pamionoxkarii (MC3P) moiinbHO moegHATH B 6ATaTOMO3UITiH-
HYy CHCTeMy pafmioJiokarii Ta 3B’a3ry i3 sanyuennam MC3P,
posTaIoBaHUX He JIUIIe HA CYXOAO0Ji, a i Ha BOAHiM MOBEPX-
Hi (Oeserima:xni HagBOAHI cymHA) Ta B moBiTPi (Y cRiami
OesmisoTHOrO JiTambHOTO amapary). Ilpu mbomy (yHKITiO-
HaJbHe y3TOm:KeHHA okpeMo B3ATux MC3P monaratume,
HaIPUKJaZL, V PO3MEKYBaHHI IXHIX 30H PafioJOKAIilfHOTO
BUABJIEHHA 34 CEKTOPAMM Ta BUCOTAMU. JaCTKOBE 3rOPTaH-
Hs 6araToMO3UIIHOI CuCTeMU 3BOAUTHCS O BUKOPUCTAHHS
B PesKUMIi pagiosoKarii cmiabHOTO mepefaBava Aasa KilbKOX
MpUiMaIbHNX 0a30BUX CTAHI[IM, CUTHAJM SKOTO 3aCTOCO-
BYIOTbCA IJIA OIPOMiHIOBAHHSA IOBITPAHOTO IIPOCTOPY, a Ta-
KO €IUHOTO JJd Bcix MoOinpHuX crauiiin MC3P nyHKTY
yopasiiaaa. KpiMm Toro, QyHKI[iOHATBEHO-CTPYKTYPHE Y3I0-
mkeHHS Oarartomosumiiinoi cucremu MC3P mepembauae
TaKO0K BUKOpUCTaHHS nepenaBauisB ogaux MC3P gk mxepen
KOHTPOJIBHUX curHAMIB i inmux MC3P 3 meroo kKopury-
BaHHA XapaKTEPUCTUK aHTEeHHUX PEIIiTOK Ta iXHiX mepeaa-
BAJIBHUX 1 IpUAMaJbHUX KaHAJIB [8, 9].

3asHaueHe amapaTHe W (QYHKI[IOHAJAbHE BJIUTTA ITBOX
pamillie BifHOCHO AaBTOHOMHHUX CHCTEM pafiojokarii ta
3B’ ABKY JACTh 3MOI'Yy OPTaHIYHO IOETHATU BUCOKY IIPOIIYCK-
HY CIIPOMOJKHICTh KaHAaJiB 3B’ 13Ky 31 CBOEUACHUM BUSIBJIEH-
HAM 3ac00iB MOBITPAHOTO HAMaLy IPOTUBHUKA (puc. 2).

Ax HACTIMOK, Ie YMOKJIWBUTEL MiABUIIEHHA KUBYUOCTi
Mepe:Ki mepemaBauiB 3B’A3KY Ta pamiosoKallii 3a paxyHOK
CBOEYACHOTO MPUINHEHHS POOOTH 3 BUIPOMIHIOBAHHAM IS
3amobiranHA ypaskeHHI0 3aco0aMu, IO HABOAATHCI Ha
HBOTO, YCKJATHUTH MPOTUBHUKY BUSBIEHHA YIPYNOBAHHS
npotunoBiTpanoi obopornu (IITI0) i HamacTh MOMKIUBICTH
apiticautu 3acobam IITIO ypa:xkeHHSA IPOTUBHUKA 0€3 «IIif-
ciTnennsa» csoimu PJIC. Paiion OoiioBuX [ifi ABIATHME
c00010 CYIIiIbHE T0JIe eJIeKTPOMATHITHOTO BUIIPOMiHIOBAaHHSA
Bij pisHUX QYHKIIOHAIBHO TOEAHAHNX PASiOTeXHIUHUX CHUC-
TeM, 3 PIBHUMHU POOOUNMY YACTOTAMHU Ta IOJAPUIAIi€T0.

JlonoBHEHHA PafioIOKAIiTHO (QYHKIIIE€I0 M€ TOPKHYTH-
csd 7 TAKWX TUIIIB 3B 8Ky, IK TPOMOC(epHU i CymyTHUKO-
Buii. B imeami cTBopeHHA pajapHO-TEIeKOMYHiKaIifiHOL
Mepexi iH(opMaItifiHo-cCeHCOPHOI PelTiTKY Ma€e CTaTH IovaT-
KOM mojaJbinoi iHTerparii irmdopmariiiaol migcucremm i3
CHCTEMOIO CHCTEM PiBHOTUIIHUX CEHCOPIB, 110 QYHKIIIOHYIOTH
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Ta 06po6KN iHdopmauii

Puc. 2. IaTerposana MobisbHA
pazapHO-TeJIeKOMYHiKaIliiiHa cucTeMa

3a pisHoMaHiTHUMEU (iswuHuMu npuHnunamu. Ile macTtob
3MOTY OXONWUTH DPO3TalyKeHUM iH(POPMAIliliHO-CEHCOPHUM
KOHTPOJIEM BeCh KOCMIiUHUI, MOBITPAHUM, HA3eMHUH, HAL-
BOAHUU Ta MiABOJHWUI TPOCTIpP y BiABeAeHiNl omepamiiiHii
30Hi.

IloBouti mepcreKTUBHUM HAIPAMOM peaslisallii 3ampormo-
HOBAHOI KOHIIEMIIii pajlapHO-TeJeKOMYHIKAIlifTHOI cucTeMu €
mepexis o MPUHIANY «3TPAENEHTPUYHOI» Mepeki cucrem
(Swarm-centric Systems) Ha ocHoBi po6GoTr30BaHUX Oe3eKi-
naskHux maardopm, 3oxkpema BILJIA. «3rpas» abo «piii»
Kinpkox mecarkis BITJIA, aki saificHIOIOTE B3BAEMOY3roIKe-
HUY TIOJIT ¥ po30ocepeKeHoMY 60i10BOMY ITOPANKY, 3abeame-
YaTh CUHXDOHHUI CUHTE3 allepPTyPU PO3HECEHOI B IIPOCTOPL
AHTEHHOI PELIiTKM [IJIS BUCOKOTOUYHOI pafiosokariii Hazem-
HOI 00CTAHOBKM, & TAKOYK MOKYTh BUKOHYBATH (PYHKIIII 1O~
BiTpaAHMX 0a30BUX CTAHIlIH i PETPAHCIATOPIB CUTHATIB [
TIOKPUTTA 3B’A3KOM TaKTMYHUX ab0 ONEepaTMBHUX PalloHiB
3ocepe:xeHH BilicbK. TexHiuna cexifisa «CeHCOPU Ta eJIeKT-
poHHi TexHoJorii» (Sensors and electronics technology,
SET) Oprasnisanii HATO 3 nayku i rexuosoriit (STO) axiiic-
HIOE KOODAWHAIII0 HAYKOBUX JOCJi’KeHb y chepi MeHem K-
MeHTy 3rpasmu po6oriB i BILJIA. 3okpema, BUBUYAIOTHCSA
MeTonu KepyBaHHS poem 3 50 wmini-BILJIA rta Bigmpaipo-
BYETBCA «3Tpae-JTIOANHHUNY iHTepdelc mia iHdopmarrii-
HOT0 00MiHy.

IIpu aBTOMaTM3o0BaHiit 00poOIi iH(opmallii Big pisHUX
eJIEMEHTiB y eIUHOMY IIeHTPi iH(opMaIitHo-ceHCOpHOI Me-
peXi BBa)KAeThCA MOKJIWBUAM OTPUMATHU [OBOJI HOBHY
ingopmariro mpo 06’€KTH MOBITPAHOIO HAmagy i BHAaBaTH
KOMaHJIM Ha ONepaTHBHE 3aCTOCYBAHHA CHUJ Ta 3aco0iB
TIPOTUIOBITPAHOI 000POHY IO BCHOMY CIEKTPY 3aTp03, IKUM
MmaioTh npoructroaTu 3acodu I1T10. Cepex HUX, K 3a3HAUEHO
B[10], — cTpaToctepHi 3acodu criocTepeKeHH, BUHUIITYBaUi
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I’ SITOTO ¥ IIIOCTOTO MOKOJIiHb, IIep3BYKOBI KpuaarTi Ta KBa-
gibamicTmyHi TaKTUYHI pakeTH, cresc- i mikpo-BILJIA, Kepo-
BaHi KyJi BeJImKOl majbHOCTI Aii, KOTpi 3acTOCOBYBaTH-
MYThbCA y 30pOi MiAPO3AiNiB CUI cIeIonepaIiii, mpu mbOMy
BILIWB YCiX TAaKUX 3arpo3 MOKe OyTU OMHOUACHUM Ta PO30ce-
PeI:KeHUM y IPOCTOPi Ha 3HAYHIHN TepuTOopii.

PoboTtu 3a HampAMOM CTBOpPEHHS OaraToPyHKITiOHAJL-
HUX 3aco0iB, AKi moexHyBasu 6 y Me:kax ommiei amaparTHoi
wiaTGopMu BUPIIIeHHA 3aBAAHb, TPAJUIIHO IPUTAMAaHHUX
OKPEMUM 32 MPU3HAYEHHAM DPAJiOTEXHIYHUM KOMILIEKCaM,
dAK 3a3HAUAJI0Cd, BeIYTbCA B NPOBIZHWX KpaiHaxX CBiTYy.
BigmoBignai TeopeTnuHi HampanoBaHHA iCHYIOTH i B YKpaini
[11,12].

TlomanbImmM pO3BUTKOM 3a3HAYEHOT'O HATIPAMY CTAJH 34~
nponoHoBaHi y [13] inTerpoBaHi cucteMu pamiosOKAIliifHOI
PO3BiAKM Ta 3B’A8KY, AKi I'PYHTYIOTHCA Ha 3aCTOCYBAHHIL
€IMHOI amapaTHoi miaTgopmu 3a Texmosorielo MIMO Ta Bu-
KOPHCTAHHI HEOPTOTOHAJBHOI YaCTOTHOI AMCKPETHOI MOAY-
sanii (N-OFDM) curnasis.

CyTh mpomoHOBaHOI anmapaTHOi iHTerparii cucreM 3B’ A3-
Ky Ta pafiosoKallii moysarae B TOMY, IT[0 Ipx PoOOTi 6a30BUX
craanizt MIMO B pesxumi o0MiHy iH(MOpMAaIieo Big moBiTpa-
HUX 00’€KTiB, KOTpi MOTPAILIAITH y IPOMEHi Aiarpamu
cupaMoBaHocTi nmudpoBux anteHHuX perriTox (IIAP), Bin-
OuBa€THCA YACTMHA €HEPTil eJeKTPOMATHITHUX KOJWBAHb,
AKi HaAXOAATHL HA BXiJg mpuiiMava cTaHIii, 10 OmMpoMiHIOE
mpocTip. 3a3HaueHe MOACHIOETHCA 3a JOTIOMOT'0I0 PUCYHKA 3,
e 300pakeHuil MPUHIINI 3AifiCHeHHS 3B’A3KY MijK IBOMA
MIMO-cTaHIiTMT KOPECIOHAEHTIB.
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Puc. 3. Ilpunmun inrerpamii cucremu 3B’ A3Ky
Ta pagiosokarii Ha ocHoBi TexHoMOTiI MIMO

Hagrenena na pucyurxy 3 MIMO-cucrema 3B’A3KY CTPYK-
TYPHO CKJIAZAaeThes i3 1mudpoBoi aHTEHHOI PEIIiTKY, B AKii
eJIEMeHTH, AKi BUIPOMIiHIOIOTH, 1 MiAKJIIOUEHi [0 BiAmOBiA-
HuX nudpo-anamoropux nepersopioauis (I1AIl) 2, a enemen-
TH, 10 TPUHMAIOTh CUTHAIN, 3 — BiAMOBiJHO HA aHAJIOTOBO-
uudposi nepersoproBaui (AILIII) 4. AIIII i ITAII migkaroueni
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JI0 3aTaJbHOTO IIPOIlecopa 9, y AKOMY 3AiHICHIOEThCA 00poOKa
cur"ajiis y nudposomy Buriani. Koxen erement ITAP, 110
BUIIPOMiHIOE, ()OPMYE CBOIO Aiarpamy CIPAMOBAHOCTI i me-
pexae cBiit inopmaTuBHMH curHan 6. Ha 06’ekTi po3Bigku
7, KU MTOTPAILIAE B 30HY PafioeIeKTPOHHOTO BUIIPOMiHIO-
BauHA [{AP cranmii MIMO-38’ 43Ky, 3AifICHIOETHCA PO3CitO-
BaHHSA €Hepril KOPUCHOTO CUTHAJY IJA KOMKHOTO eJeMeHTa
ITAP. Big6uri Bixm o6’exra indopmariitai curuamm 8 mo-
TPAILIAITD Ha BXix npuiiMarbHuX eneMeHTiB [IAP, coinsHO
3 iH(opMAaIliiHNM CUTHAJIOM KOPECIOHAEHTA, IO Ja€ 3MOT'y
BAIMICHUTH iX aJTOPUTMIUHY CEJIEKINiT0.

CyTTeBO, 110 BimbuTuit Big 00’€KTa PO3BiAKM CUTHAJ TI0-
TpaIIdge y IPUiiMaui pasoM i3 curHajoM Bif cTaHIliI Kopec-
IIOHJIEHTa, ajle BiH He MOBMHEH BigKupaTuca AK 3aBaja,
a Mae 00polJATHCA A BUABJIEHHA IPUCYTHOCTI 06’€KTa,
110 TIOTPANUB y 30HY Aii aiarpamu cupamosasocti ITAP, Ta
mapaMeTpiB OTo pyxy.

Y mpomoHOBaHIW iHTerpoBaHiNl cucTeMi 3B’ABKY Ta
pazmiosokarii BHacHiZoK cmemianbHOI 06p00KU IU(PPOBOL
cymirmi B mpormecopi ITAP 6ararouacrorHi curraau N-OFDM
e(DeKTUBHO PO3TINAIOTHCA Ha iH(opMarmiiui Ta BigbuTi Bix
TOBITPAHOI IT1JTi, 1170 [a€ MOKJIMBICTD 3MiICHIOBATH OJHOUAC-
HO QyHKII{ iHGopMarifiHoro 00MiHY MiXK cTaHIiAMU 3B’ A3~
Ky Ta BECTH PaAioJOKAaNiHY PO3BiAKY HA Tpaci MOMWpeHH
CUTHAJIIB.

[Mupimum piBHEM ysarajbHEHHS PO3ITVISAHYTOTO iHTETpa-
IIiAHOTO MiAX0AY € BUKOPUCTAHHS 0araTomo3uIiiHOI cucTe-
vmu MIMO-pagiosnokarii B moefHaHHI 3 KOOIEepPaTHBHOIO
mepenauero ganux y posmogiierux MIMO-cucremax 3B’ 3Ky
Ha OCHOBi BIPOBAJKEHHA 0araTOKOPUCTYBAJbHUIIBKUX
anmroputrmie MIMO-3B’a3ry (mynstu-MIMO) B Mepesxax
Mo0inbpHUX 6a30BuUX craHmii. [Ipu iboMy MoKIUBI ribpuaHi
cucTeMM, KOTPi MoeAHyTh ¥ cobi myastu-MIMO Kiactepu
7t aBroroMHI MIMO-KoMILIeKCH 3B’ 13Ky Ta PaJiooKaIii.

Haitnpocrimum pexuMom (DyHKIIOHYBaHHA iHTErpoBa-
HOI MysabTu-MIMO cucreMu € posmofis y Yaci BUKOHAHHSA
3aBJaHb Iepefavi JaHWX Ta pafmiojgokaii (Hampukiaam,
3IifiCHEHHSA KOHTPOJIIO MOBITPAHOTO IIPOCTOPY Ha eTami
BXOM:KeHHA y 3B’ a30K). HafickmagHiuM BUTagKOM € OJHO-
yacHe BUPIIIeHHA PafioJIOKaIiiHNX Ta 3B’ ABKOBUX 3a1aY i3
KOOIIePATUBHOIO TTepefiavuelo JaHuX, KOJIU KOMKHA 31 CTaHIil
3B’ A3KY OJHOUACHO TIPAITIOE 3 yciMa 3aB’A3aHUMU B MEPEKY
0a30BUMU CTAHITIAMU.

BigmpaBHOIO TOUKOIO MOCHif:KeHb 3a3HAUEHUX MYJIbTH-
MIMO cuctem € maTeMaTuuHa Gopmasisaifia iXHLOTO Bif-
T'YyKY. Bes 1poro HeMOKJIMBO peatidyBaTi 06POOKY CUTHAIB
3 METOI0 AeMOAyJAIil IOBiOMJIeHs Ta BUMipIOBaHHS mapa-
MeTpiB Pyxy pagmiosoramniftHux minei. CKIagHiCcTh MaTeMa-
TUYHOTO OIHUCY Ipolecy (DYHKIIOHYBaHHA iHTErpOBaHOI
cuctemu pagiosorarii Ta 38’ a3ky (ICP3) sanexuts Big Tumy
ITAP, axi BUKOPUCTOBYIOTHCA HA MOOibHUX cTaHIiAX. Haii-
TIPOCTillIM € BUIIAJ0K 3aCTOCYBAHHSA OTHOCEKIIMHUX JTiHi-
Hux [1AP, ogHaK fy1a BUpimmeHHA pagiooOKaIiifHuX 3aBaHb

JOIIITFHO CIMPATHCA HA BUKOPUCTAHHA IJIOCKUX aHTEHHUX
pemriTor. HaticknagHimmM BUTIaJKOM € OCHAIIEHHA KOKHOI
3 MobinpHux OasoBux cranniii ICP3 GararocexiiiHuMu
mrockumu ITAP. CyTrTeBo, 1110 BUKOPHUCTOBYOUH amapat 6.J10-
KOBUX TOPIEBUX AOOYTKiB Marpunb i mobyTry Xatpi-Pao
[14, 15], yci 3asHayeHi BUMAgKM KOHCTPYKTUBHOTO BUKO-
HauHa [IAP 6ynu oxXomjeHi efMHUM MAaTPUUYHUM BUPA3OM,
1[0 OIUCY€E CYKYIHICTh HANPYT CUTHAJIIB II0 BXOZAX IIPUIi-
MasbHUX KaHaTiB IAP:

U=P-A+n,

e U — 010K0BUI BEKTOP KOMILIEKCHUX HANPYT CUTHAJIB 10
BUXOZAaX YaCTOTHUX (PiTBTPiB IPOCTOPOBUX KAHAJIB CYKYII-
Hocti mrockux ITAP,

P - curHasbHA MATPUILA,

A — 0JIOKOBUII BEKTOP aMILTiTyI CUTHAJIIB,

n — OJIOKOBUI BEKTOP IIIYMOBUX HAIPYT.

Jl714 KOKHOTO 3 BUTIAAKiB BUKOPUCTOBYETHCS CBOSA CTPYK-
Typa curHaabHoi MmaTpuili P Ta 6;10K0BuX BeKTopiB U Ta A.
MeTo0 MmOmANBINNX IOCHiKeHb Mae OyTu mepemycim
KOHKDPETH3aIlid 3alKuCy CUTHAJIBHOI MATPUI[l Ta 0JOKOBUX
BeKkTOpiB U Ta A 1J1d HEOXOILIEHUX Y TOIepenHix podorax
BUIANKiB, OTPUMAaHHA BiJMOBiJHWMX OI[iHOK IapaMeTpiB
CUTHAJIIB Ta aHAJi3 IXHLOI TOUHOCTI.

Bucuosxku

1. Ymepime BukJIameHa KOHIeNIia iHTerpamnii indopma-
IifiHOI Ta CEHCOPHOI MiJCHCTEM MEPEKEeIeHTPUUHOTO BeeH-
HA 00IoBUX [ifi y eauHy iH(opMaliiiHO-CeHCOPHY Iif-
CHCTEeMY 3 ITepeTBOPEHHAM iH(opMaIiifHol KOMIOHEHTH Ha
indopmarniiino-ceHcopHy pemnriTKy. CTBOpeHHA pamapHO-
TeJIeKOMYHIKaIifiHOI Mepe:xi iHGopMamniitHO-ceHCOPHOI
PeLIiTKM Ma€ CTaTy TOYaTKOM IOJaJbIol iHTerparii indop-
MaIifiHoi mifgcucTeMm i3 CHCTEMOIO CHCTEM DPi3HOTUITHUX
CEHCOpiB, 10 (PYHKITIOHYIOTH 3a pisHOMaHITHUMY (DhisUUHU-
mu npuHnunamu. e gacTs 3MOTy OXOIMTH PO3TATy:KEHUM
iH()opMAaIifiHO-CEHCOPHUM KOHTPOJIEM BeChb KOCMIiUHWH,
MOBITPAHMI, HA3eMHUI, HAABOAHUM Ta IiJBOJHUI IIPOCTIP
y BimBeneHill omepariiHii 30Hi.

2. Jlns epeKTHBHOTO BUPIIIeHHS 3aBAaHb 3B’ 3Ky Ta pa-
IioJIOKAIlil MPOIOHYETHhCA KOHIIEMIiA CTBOPEHHA iHTErpo-
BaHOI cHCTeMU paJioJOKaIlifiHOl PO3BiAKM Ta 3B’A3KYy Ha
enuHiN amaparHiii maardopmi 3a TexHosoriero MIMO Ta
3 BUKOPUCTAHHAM HEOPTOT'OHAJbHOI YaCTOTHOI JUCKPETHOI
moxyaarnii (N-OFDM) curnasnis.

3. Cepen TeHIeHIIi PO3BUTKY iH(OPMALifHUX CHCTEM
CIIeIiaIbHOTO IPU3HAUEHHA 3aCAYTOBYE HA yBAry iles CTBO-
penHs O0araToQyHKI[iOHAABHUX 3aco0iB, SKi moeqHyBaau 0
y MesKax ofHiel amapaTHoi mIaTdopMu BUPIIIeHH 3aBAAHb,
TPAAUIiHO MPUTAMaHHUX OKPEMUM 3a NPU3HAUEHHAM
pamiorexHiuHUM KoMmILTieKkcaM. Oco0auBO e()eKTUBHUM TaKe
MOEeJHAHHS MOKe OyTH Ha OCHOBI BUKOPUCTAHHS IU(POBUX
QHTEHHUX PEITiTOK.
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