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KOMIETEHTHOCTI BIAIIOBIITHO /IO OCBITHBOI ITIPOT'PAMM.

3araabni komnereHTHOCTI (3K) ®axoBi komnerenTHocTi (PK)
3K 1. 3xatHicTh 10 aOCTPaKTHOTO MUCIICHHS, aHAJTI3Y Ta CHHTE3Y. ®K 1. 3parHicTh pO3YMITH CYTHICTH 1 3Ha4eHHs iH(popMamii B pPO3BUTK
3K 2. 31aTHiCTh 3aCTOCOBYBATH 3HAHHS Y TPAKTUYHUX CUTYAIISX. Cy4acHOT0 iH(OPMAIIITHOTO CYCIIJILCTBA.
3K 6 31atHicTh IpaloBaTi B KOMaH/Ii. ®K 3. 3gaTHICTP BHUKOPHCTOBYBaTH 0a30Bi MeToau, crmocoOu Ta 3acoOl
3K 7. 31aTHICTh BUNTHCS 1 OBOJIOAIBATH CYYaCHUMH 3HAHHSIMHU. OTpUMaHHS, TepelaBaHHs, OOpoOKH Ta 30epiraHHs iHpopMaIlii.

@K 4. 3naTHiCTh 3IiHICHIOBATH KOMITIOTEPHE MOJICIIOBAHHS MPUCTPOIB, CHCTEM
MIPOIIECIB 3 BUKOPUCTAHHIM YHIBEPCAIbHUX MAKETIB MPUKIATHUX ITPOTPaM.

®K 10. 3gaTHICTH 3MIMCHIOBATH MOHTaX, HAJIATO/KCHHS, HaJAlITyBaHHS
pEryJIoBaHHs, AOCIIIHY TMEPEeBIPKY Mpane3gaTHOCTI, BUIPOOYBaHHS Ta 37a4y
SKCIUTyaTaIliio CIIopy/, 3ac00iB 1 yCTaTKyBaHHS TEICKOMYHIKAIIA Ta PaliOTEXHIKH
@K 15. 3patHiCTh MPOBOJUTH PO3PAXYHKH y MPOIECI MPOEKTYBAHHS CIOPYI
3aco0iB iH(OpPMAIIIfHO- TENEKOMYHIKALIHHUX MEpPeX, TEICKOMYHIKAiHHUX T
PaglOTEeXHIYHUX CHCTEM, BIAMOBIAHO O TEXHIYHOTO 3aBIaHHS 3 BUKOPHCTAHHSN
SK CTAaHJAPTHUX, TaK 1 CAMOCTIHHO CTBOPEHHUX METOJIB, IPUHOMIB 1 MPOTPaMHH]
3ac00iB aBTOMaTH3aIlli MIPOEKTYBaHHSI.

INPOI'PAMHI PE3YJIBTATU HABYAHHA (IIP)

ITPH 2. BminHS 3acTOCOBYBaTH pe3yibTaTH OCOOMCTOTrO MOIIYKY Ta aHamidy iH(opmamii ams po3B’s3aHHS SKICHHX 1 KUTBKICHHX 3aJa4 MOAIOHOTO XapakTepy
iH(pOpMaIiifHO- KOMYHIKAIlIHHIX MEpexax, TeNIEKOMYHIKAIIIHAX 1 paAlOTEXHIYHUX CUCTEMaX.

IIPH 3. 3paTHicTe BH3HA4YaTH Ta 3acTOCOBYBAaTH Yy THpodeciiHiil isIbHOCTI METOJUMKU BHIIPOOYBaHb i1H(POPMAaLIHHO-TEIEKOMYHIKAIIHHUX Mepex
TEJIEKOMYHIKaLIMHUX TapaJlOTEXHIYHUX CHCTEM Ha BIJNOBIIHICTH BHMOTraM BITUM3HSHUX Ta MIKHAPOAHUX HOPMATHUBHHUX JTOKYMEHTIB.

ITPH 9. BMmiHHS aHani3yBaTH Ta BUKOHYBATH OLIHKY €(EKTHUBHOCTI METO/IIB POEKTYBaHHs 1HPOPMALIIHHO- TEIEKOMYHIKALIHHIX MEpeXk, TeNeKOMYHIKaI[iHUX

PaTiOTEXHIYHUX CUCTEM.

ITPH 12. 3natHicTh 3acToCyBaHHs (yHIAMEHTAIbHUX 1 NMPHUKIAIHUX HAyK JAJIS aHalli3y Ta po3poOKM MPOLECiB, IO BiIOYBAIOTHCS B TEJICKOMYHIKAIMHUX T
pPaTlOTEXHIYHUX CUCTEMAaX.

ITPH 13. 3p1aTHiCTh pO3yMiHHS 1 3aCTOCOBYBAaHHS OCHOBHHMX BJIACTMBOCTEH KOMITOHEHTHOI 0Oa3zu JuIsl 3a0e3MeuyeHHs SIKOCTI Ta HaJiHHOCTI (PYHKIIOHYBaHH
TEJIEKOMYHIKaLIHHUX, paJ10TEXHIYHUX CUCTEM 1 IPUCTPOIB

ITPH 14. 31aTHiCTh pO3yMIHHS 1 3aCTOCOBYBaHHs 3ac00iB aBTOMaTH3allii MPOEKTYBaHHS 1 TEXHIYHOI eKCIUTyaTallii CUCTeM TelleKOMYHIKaIiil Ta paaioTeXHIKU

npodeciiHii AisUIbHOCTI.

OPI'AHIBAIISA HABYAHHSA

OuinoBanu ®opmu i MeTOIM HABYAHHS/TIUTAHHSA 10

Tema, onuc TeMu Buj 3aHATTA e
32 TeMy CaMOCTiiHOI po0oTH

PO31J1 1 «OCHOBU ®YHKIHIOHYBAHHSA CYYACHUX CUCTEM MOBUJIBHOTI'O 3B’A3KY 3 PYXOMUMH OB’€EKTAMMW)

Tema 1 Cucremu MOOITBHOIO 3B’SI3KY 3 PyXOMHMH 00’ €KTAMHU: NPUHIMIH NO0Y10BH Ta 0CO0JIMBOCTI (PYHKIIOHYBaHHS
3HaTH: TpPUHLIKIIN TOO0YI0BH, KIAaCH(IKaLiI0 Ta KJIIOUYOBI OCOOIUBOCTI CUCTEM MOOUIBHOIO 3B 53Ky 3 pyXOMHUMH 00’€KTaMU; BIJIMB MOOUIBHOCTI Ha MapamMeTpu
paJlioKkaHay, NPUHIMIK OpraHizamii paaio3B’si3Ky MK PYXOMHM O0’€KTOM 1 MEpeXel; OCHOBHI XapaKTEPUCTHUKU PYXOMOTO pajiOKaHaly; MOHSTTS 30HU




MOKPHUTTS, TATBHOCTI, JOCTYITHOCTI Ta SKOCTI 3B’s3KY; (haKTOpH, 10 BU3HAYAIOTh HAIIHHICTD 3B’ 3Ky IT1J1 Yac pyxy 00’ €KTa.

BMmiTuH: aHamizyBaTH 0COOJMBOCTI (PYHKLIOHYBAHHS CHUCTEM Y Pi3HUX CIICHApisX pyxy 00’ €KTiB Ta BU3HAYATH OCHOBHI BUMOTH JI0 SIKOCTi 3B’SI3KY; aHaJi3yBaTu
CTPYKTYPY CHCTEMH MOOUIRHOTO 3B’S3KYy; BH3HAYaTH OCHOBHI (haKTOPH, IO BIUIMBAIOTH HA SIKICTh paJiOKaHANy; OILIHIOBATH BUMOTH JIO CUCTEMH 3aJI€KHO BiJ
IIBUJIKOCTI Ta XapakTepy pyxy; OOIpyHTOBYBAaTH OCHOBHI TEXHIYHI apaMeTPu CUCTEMH JUIS 33JJaHOTO CLIEHAPIIO PYXY.

Dopmysanna komnemenuinu: 3K 1,3K 2, 3K 6, 3K 7, K 1, ®K 3, PK 4, PK 10, DK 15

IIpozpamui pezyaomamu nasuannsa: IIPH 2, IIPH 3, IIPH 9, IIPH 12, ITPH 13, I1PH 14

Pexomendosani dxycepena: 1-10

3ansrtsa 1.1 Po3rsgaroTbest OCHOBHI OHSATTS, KiacudiKailisi Ta 0COOIHBOCTI,
CTPYKTYypa, IPUHIIUIIN MOOYI0BH Ta OCOOJMBOCTI (PYHKI[IOHYBaHHSI CHCTEM
3B’SI3K SKUX OJWH a00 JEKiTbKa YYaCHUKIB paaiooOMiHy mepeOyBaroTh . . . .
BKY, YA A A ya pal . Yy Hepeoy y Jlekms 1 [ToscHIOBaIbHO-1TIOCTPATUBHUM, JICKII1SI-
pyci. AHamizyloTbcs (aKTOpu  BIUIMBY HIBUAKOCTI Ta XapakTepy pyxy . . .
, . . : . 2 ron Bi3yaJi3allis, OJIill ONUTYBAaHHS
00’eKTa, HaTbHOCTI, penbedy, 3aTiHEHHsS, O0araTONMPOMEHEBOCTI Ta 3MiH
pajiokaHaldy Ha SIKICTh 1 HaJIAHICTh Paaio3B’d3Ky HpU pyci abOHEHTIB 1
00’ €KTIB.
IIpakTnune
. ) , YcHe oOnuTyBaHHS, BHKOHAHHA 3aBJaHb Ha
3ansrta 1.2 OCHOBHI peXXKUMHU POOOTH CUCTEMHU CTIILHUKOBOTO 3B'SI3KY 3aHATTA | 2 Ganu L
2 ron MIPAKTUYHE 3aCTOCYBAHHS 3HAHb 1 BMiHb.
3ansatTs 1.3 3naiiomcTBO 3 MepexHuM cumynsaTopom Cisco Packet Tracer. [IpaxkTune
. . - YcHe oOnuTyBaHHSA, BUKOHAHHS 3aBJaHb Ha
CtBOpenHs 6e31pOTOBI Mepeki, HanamToByBatu Wi-FI-Touku noctymy uepes 3aHSTTA 2 3 6anu S
i . ) . . MIPAKTUYHE 3aCTOCYBAHHS 3HAHb 1 BMiHb.
BeO-iHTep(elic Ta KIHIEB] BY3JIH MEpexki 2 ron

Tema 2 [lu¢poBi CTUILHUKOBI CHCTEMH: pafiioKaHaJl, ANHAMIKA Ta 3a0e3ne4eHHsi MOOITbHOCTI 3B’A3KY 3 PYXOMHMH 00’ €KTaMH

3HaTH: npuHIUNU MOOYA0BU Ta (YHKIIOHYBaHHS LHU(POBHUX CTUIBHUKOBUX MEpEXK; €BOJIIOLII0 Ta BIAMIHHOCTI OCHOBHMX ITOKOJIIHb MOOUIBHOIO 3B’SI3KY (BiJ
panHix nokoisiHb A0 4G/LTE ta 5G/NR); cTpykTypy, €leMeHTH Ta NpUHLMIHN opraHizauii pamgiogoctyny B mepexax 4G/LTE ta 5G/NR; ocHoBHI mopaeni
NOLIMPEHHS PaJiOXBUJIb y MOOUIBHOMY CEpEIOBMILI; MEXaHI3MH 0araTONPOMEHEBOIO MOIIMPEHHs, 3aTiHeHHS Ta 3aBMupaHb (fading) curnamy; nmpuuuHU
BUHUKHEHHA Ta (D13MKY JOMJIEPIBCHKOTO 3CYBY YaCTOTH; MOHSATTS KOTEPEHTHOTO Yacy Ta CMYTM KOT€pPEHTHOCTI KaHally; 3aJIeKHICTh apaMeTpiB paioKaHaIy BiJl
IIBUKOCTI Ta YMOB TIEPEMIIIIEHHSI PyXOMOTO 00’ €KTa; MPOIIEAYpH Ta MPOTOKOJIH 3a0e3MeueHHs] MOOLTBHOCTI a0OHEHTIB 1 pyXOMHUX 00’ €KTIB; MEXaHI3MH, BUJIU Ta
QITOPUTMU BUKOHaHHS XeHnoBepy (handover).

BmiTH: aHani3yBaTtu apXiTeKTypy CTUILHUKOBOI MEpEeki Ta MPUHLUIN B3aeMO/I1 ii eneMeHTiB; nopiBHIoBaTH Mepexi LTE Ta 5G NR 3a 0CHOBHUMHU TEXHIYHUMU
XapaKTepUCTHUKaMU Ta MOKa3HUKaMM €(heKTUBHOCTI; BU3HAYATH OCOOIMBOCTI (DYHKI[IOHYBAHHS MEPEX1 JJIs PI3HUX MIBUJIKOCTEH pyXy 00'€KTa; OLIHIOBATH BIUIMB
HIBUJIKOCTI T4 YMOB PYyXy Ha 4acoBl, YaCTOTHI M €HEpreTHuHI MapaMeTpu paJloKaHaly; pO3paxOBYBAaTH Ta BU3HAYATH BIUIUB JIOIUIEPIBCHKOIO 3CYBY Ha SIKICTh
nepeaaBaHHs iHGOpMaLii Ta CHHXPOHI3aIlil0; aHAI3yBaTH MPUYMHU MOTIPIIEHHS SIKOCTI 3B’SI3Ky B JUHAMIYHMX YMOBAaX; pO3paxOBYBaTH €HEPreTUYHI Ta AKiCHI
xapaktepuctuku (SNR, SINR, BER) pyxomMoro paniokanaiy; aHajii3yBaTu Ipolecu BHOOpY, TOBTOpHOro BHOOpY (cell reselection) Ta 3MiHM TOYKH JOCTYILY;
aHaJli3yBaTU Ta ONTHUMI3YBaTH NPOLENYpPY XEHIOBEpY Ul 3armoliraHHsd oOpHBaM Ceciif; OIIHIOBATH YMOBM 3a0e3NeueHHs Oe3NmepepBHOCTI 3B’S3KYy Ta SKICTh
ob6cmyroByBanHns (QoS/QoE) min yac nmepemileHHsT KOPUCTyBava.

Dopmysanns komnemenuiiu: 3K 1, 3K 2, 3K 6, 3K 7, ®K 1,DK 3, ®K 4, ®K 10, PK 15

Ilpocpamni pesynomamu naguanna: IIPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, IIPH 14

Pexomendogani dxcepena: 1-10

3ansrta 2.1 Po3rnsnatoTecss NpUHIMIN NOOYJOBH Ta €BOJIOLIS (B paHHix‘ Jlekuis 2 ‘ [TosicHIOBaIbHO-1TFOCTPAaTUBHUM, JIeKI15I-




nokoiHb 10 4G/5G) cyqacHUX MUGPOBUX CTUIBHUKOBUX MEpeX. BuBUaeThcs 2 rox Bi3yautizaltis, OJIiI] OUTYBaHHS
¢i3uka OUHAMIYHOTO paioKaHaldly B YMOBax pyxy 00’ekTa (3aBMHUpaHHS,
OararonpomeHeBicTh, edekt [lomepa) Ta i BIUIMB Ha XapaKTEPUCTUKH
3B'SI3Ky, MOOUIBHOCTI Ta XEHJOBEpPY HJs TapaHTyBaHHS Oe3MepepBHOIO
3'€JTHaHHS I11]1 Yac MepeMillleHHs] KOPUCTYBaya.

. . IIpaxkTune VYcHe onuTyBaHHS, BUKOHAaHHsS 3aBJaHb Ha
3auarrs 2.2 JIoCHDKEHHST XapaKTEPUCTHUK TMOLIMPEHHS PaliOXBWIb Y . ! .
. . o . 3aHATTA 3 5 6ayniB  |MpakTUYHE 3aCTOCYBaHHS 3HaHb 1 BMiHb,
MOO1TbHOMY 3B's13KY. Po3paxyHOK HEOOX1AHOT MOTYKHOCTI IepeaBayda
2roxa TECTYBaHHS

Tema 3 [IpyHuMnu mo0ya0BU CYyNyTHUKOBHX CUCTEM 3B’AA3KY 3 PyXOMUMHM 00’ €KTaAMM

3HaTH: ApPXITEKTYpY Ta CKJIaJl CYMTyTHUKOBUX CHUCTEM 3B’S3KYy 3 pyXOMUMHU 00’ €KTaMU (KOCMIYHUIN CETMEHT, Ha3eMHI ILTIO3H/ YIIPaBIiHHS, MOOLTbHI aOOHEHTCHKI
TEepPMiHAJIH).

Tunu Ta XapakTepUCTHKH OpOIT IWTYy4yHHX CymyTHHKIB 3emui: reocramioHapHi (GEO), cepeanpoBucoki (MEO) ta Husekoopbitanshi (LEO), a takox ixHi
KoMItpomicu o0 3arpumku (latency) ta mokputts. [IpuHIMnM opraxizaiii paaiogoCcTyy, 30HAILHOTO MOKPUTTS (IapK MPOMEHIB/Spot beams) Ta MOBTOPHOTO
BUKOPUCTAHHS YacTOT y CYIIYTHHKOBOMY 3B'A3Ky. OIIIHKY Ta PO3paxyHOK OFOJDKETY paaioiHii Ui JiHIH «CYMYTHHK—TEPMIHAI) Ta «TEPMiHAI—CYIMyTHHK.
@i3uyHI 0COOJMBOCTI MOMIMPEHHS PaAiOXBWJIb Y KOCMIYHOMY Ta aTMoc(hepHOMY CepeloBUINi: 3racaHHsS B Tpomnocdepi/ioHucdepi, IOIIOBE 3racaHHs,
noJsipu3aniifai 3cysu (moBepranus Papazes). Brums pyxy cynyTHUKa Ta a0OHEHTa Ha pa/iioKaHAl: eKCTPEMAITbHUH JTOTJIEPiBCHKUH 3CYB YaCTOTH (OCOOIMBO ISt
LEO-yrpynoBanb) Ta MIBHAKI 3MiHH T€OMETPUYHHUX KYTiB crioctepexxeHHs (kyra micis / elevation angle). Edexktu 3aTiHeHHs Ta 0araToOnpOMEHEBOCTI y
CyImyTHUKOBOMY KaHami (moneini Paiica, Jlyo/Jlommi, 3aTiHeHHSI nepeBaMu 4u 3a0ymoBoro). [IpuHumnm moOynoBu Ta (yHKIIOHYBAaHHS MYJIBTHCYIYTHUKOBHX
yrpynoBanb (Starlink, OneWeb, Iridium Tomio) Ta BuKOpHCTaHHS MiDKCYIMyTHHKOBHX JiHiil 3B'si3Ky. OcOOMMBOCTI MpOLIEAYpP XEHAOBEPY B CYIMyTHHKOBHX
Mepexkax: mpomeHeBuit (beam handover), mixkcynyraukoswuii (Satellite handover) ta mi>kmepesxeBuii (TiOpUIHHIA/TETEPOTCHHUI).

BmiTu: Po3paxoByBaTu OIO/KET CYNYTHMKOBOI JiHII 3B'SI3Ky 3 ypaxyBaHHSIM YyMOB IOIIMPEHHS, KyTa Micld, BTparT y BuibHOMY mnpoctopi (FSPL) Ta
aTMoc¢epHOTro 3racaHHsl.

OniHroBaTH BIUIMB 3HAYHOT'O JIOIUIEPIBCHKOTO 3CYBY Ha YaCTOTHY CHHXPOHI3allil0 Ta OOMpaTH alropuTMH Horo KommeHcarilii. Po3paxoByBaTH yacoBi 3aTpUMKHU
nommpensst curHainy (RTT) ans pisaux tuniB opoit (GEO,MEO,LEO) ta oniHroBaTH iXHiii BIUIMB HAa iHTEPAKTHBHI 10AaTKH. [IpoBOIUTH MOPIBHUTBHIIA aHATI3
TEXHIKO-€KOHOMIYHHMX Ta EKCIUTyaTallliHUX XapaKTepUCTHK Ha3eMHHMX CTiUIbHUKOBUX Mepex (4G/5G) 1 cynmyrHukoBux cucteM (MSS/NTN). Busnauaru
JOLUIBHICTE Ta €(EeKTUBHICTh 3aCTOCYBaHHS CYNYTHHKOBOIO 3B'3Ky 3aJI€)KHO BIJI KaTeropii pyxomoro o0’ekta (aBiamis, MOPCBKHI TpaHCHOPT,
3aJ13HUYHUI/aBTOMOOUIBHUN TPAHCTIOPT, KPUTHYHI CITYKOHU y BiJIaJIeHUX perioHax). OLiHOBaTH MOXKJIMBOCTI IHTErpalii CymyTHUKOBOTO CETMEHTa B KOHIIETILIIIO
5G/6G NTN (Non-Terrestrial Networks). O6rpyaroByBatu BUOip TUIy OpOiTaJbHOTO yrpymnoBaHHs Ta miana3zony 4actot (L-, S-, Ku-, Ka-, V-miana3onu) mia
KOHKpPETHI 3a7jaui MOOLIBHOTO 00'ekTa. AHaNi3yBaTH BUMOTH /10 aDOHEHTCHKUX aHTEHO-(iAepHUX cUcTeM ((ha30BaHI aHTEHHI PEIIITKHU, CUCTEMHU CTEKEHHS 3a
CYIIYTHUKOM) J1J1sl 3a0€e3MeueHHs CTINKOro 3B'13Ky B YMOBaX 1HTEHCUBHOTO pyxy. OIIHIOBATH €HEPreTUYH] XapaKTePUCTUKU TEPMIHAJIIB Ta YMOBU 3a0€3M€UEHHS
6e3nepepBHOCTI 0OCIIYTOBYBAaHHS MPH MEPEXO/Ii MK POMEHSAMH 200 CYITyTHUKAMHU.

Dopmysanns komnemenuyin: 3K 1, 3K 2, 3K 6, 3K 7, @K 1,dK 3, PK 4, DK 10, PK 15

Ilpocpamni pesynomamu naguanna: INPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, I1PH 14

Pexomendosani dxcepena: 1-10

3anarts 3.1 mnpuHUMOM TOOYIOBH, apxXiTekTypa Ta (YHKLIIOHYBAaHHS
CYMyTHUKOBUX CHCTEM 3B’SI3KY 3 PYXOMHMH 00’€KTamMu (MOPCBHKHM, Jlexris 3 [TosicHIOBaTBHO-UTIOCTPATHBHHM, JIeKIIis-
aBiallilHUM Ta CYXONYTHHM TpaHCIoOpToM). Po3rnsmarorees  TUNH 2 roxg Bi3yaJi3ailis, OJill OMUTYBaHHS

opOitanpaux yrpynoBanb (GEO, MEO, LEO), ocobauBocti moOyaoBu




CYIMyTHUKOBOTO PaJiOKaHAITy B PI3HUX YACTOTHHX Jiama3oHax Ta BILIUB YMOB
NOUIMPEHHST PagioXBWiIb (arMochepHe 3racaHHs, IOIUIEPIBCHKHI 3CYB,
3aTiHEHHS), TOPIBHSJIBHUM aHali3 Ha3eMHUX 1 CYIMYTHUKOBHUX MEpPEK,
npolenypaM XEHJOBEpY MDK CYNyTHHKaMH Ta HampsMaMm iHTerparii
CYIyTHUKOBOTO cerMeHTa B Mepexi SG/6G (NTN).

. . IIpaxkTune
3anarrs 3.2 BusHaueHHs cCHEKTpaJbHUX napamerpiB curHaiiB GSM- sansrrs A 5 Gatin YcHe onuTyBaHHS, BHUKOHAHHSA 3aBllaHb Ha
MOOUIBHOTO 3B’ SI3KY 2 ron NPaKTUYHE 3aCTOCYBAaHHS 3HAHb 1 BMiHb.

Tema 4 AHTeHHI cucTeMH MOOIJILHOIO 3B AI3KY Ta MPOCTOPOBe (OPMYBAHHS pagioKaHALY

3uaru: OcHoBHI mapamerpu aHteH: miarpama crupsmoBaHocti (IC), xoediuient migcunenHs (Ky), koedimient crpsmopanoi nmii (KCJI), cmyra dacror,
noysipu3antis ta imnemaancHe y3romkeHHs (KCBH/S11). KoncTpykTuBHI TUNM aHTeH 0a30BHX CTaHINM (CEKTOpHI, MaHENbHI, (pa30BaHi aHTEHHI PEIIITKH) Ta
MOOUTBHUX TepMiHaJIB (MIKPOCMYXKOBI, clabocpsiMoBaHi, iHTerpoBaHi). OCOOIMBOCTI BUKOPHCTAHHS aHTEHHUX CHCTEM Ha PyXOMHX 00’€KTax 3 ypaxyBaHHSIM
rabapuTiB, Qro3ensKy/Ky30Ba Ta 3MiHH POCTOPOBOI opieHTawii. [Ipuniunu noGynoBu 6araToaHTEHHUX CUCTEM Ta MPOCTOPOBOro po3HeceHHs (Spatial Diversity)
Ha npuiioMi i nepenaui. disuyni ocHOBH Ta apxitekTypy Texnoioriii MIMO (Single-User MIMO, Multi-User MIMO) 1 Massive MIMO B mepexax 4G/5G.
BB KinbKoCTi, KOH(}Irypaiiii Ta B3a€MHOTO pPO3TAlllyBaHHsS aHTCHHUX €JEMEHTIB (KpOKY pemriTku, B3aeMo3B's3ky/mutual coupling) Ha xapakTepuCTHKH
cucremu. [lpuHumnm agantuBHOro QopmyBaHHs mnpomens (Beamforming) Ta enekTpoHHOro ckaHyBaHHS MpocTopy. KOHIENINI0 MTPOCTOPOBOTO
mynbTumiekcyBanns (Spatial Multiplexing) ta posainenns kananis (SDMA). Oco6auBOCTI poOOTH aAaNTHBHUX PEIIITOK B YMOBAaX TUHAMIYHOTO pajiOKaHAIY,
BUKJIMKY BijicTexxenHs (beam tracking) pyxomux o0'€KTiB Ha BUCOKHX IIBHIKOCTSIX.

Bwmitu: AnanizyBaTu Aiarpamu CIpsSIMOBAHOCTI Ta €JIEKTPOJMHAMIYHI XapaKTEpPUCTUKU aHTEHHUX CHUCTeM 0a30BHX CTaHI 1 TepMmiHaniB. Po3paxoByBaTu Ta
OLIIHIOBATU BIUIMB XapaKTEPUCTHK aHTCH Ha eHepreTudHui Orojpker JiHii 3B’s3ky (Link Budget), 3ony mokputts Ta sikicte curHany (SINR). OuinroBartu
0CcOOJIMBOCTI poOOTH Ta e(deKTUBHICTh OaraTOAHTEHHUX CHUCTEM JJIsl PI3HUX HIBUAKOCTEH 1 TpaekTopid pyxy o0’ekTiB. OOupatu il OOTpyHTOBYBaTH aHTEHHI
KoH(iryparii 3anexxHo Bin ymoB mommpeHHs paxioxswis (MISO, SIMO, MIMO 2x2/4x4, Massive MIMO) ta wmineHocti 3a0ymoBu (NLOS/LOS).
OOrpyHTOBYBaTH 3acTOCyBaHHs TexHosoriii Beamforming anst kommeHcanii BHCOKOro 3racaHHs y diamazoHax mmWave/cmWave. AHami3yBaTu NpUYHUHH
Jerpajaiiii mpoCcTOPOBOTO PO3AUICHHS Yepe3 B3aEMHY KOPEJIAIII0 KaHaJIB Ta MIPOMOHYBATH IUIAXH ii MiHIMI3aIIi].

Dopmyeanns komnemenuyin: 3K 1, 3K 2, 3K 6, 3K 7, PK 1, DK 3, PK 4, DK 10, DK 15

Ilpozpamni pezyremamu nasuannsa: IIPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, IIPH 14

Pexomendogani dxcepena: 1-10

3aHsTT 4.1 TUIM, KOHCTPYKTHBHI OCOOIMBOCTI Ta XapaKTEPUCTUKN aHTEHHUX
cucTteM 0a30BUX CTaHLIN 1 pyXOMHUX 00’€KTIB (CyXOIyTHOTO, aBiallifHOTO Ta
MOPCBKOT'O TpPaHCIOPTY). Po3risgaroTbess METOOM MPOCTOPOBOI 0OpOOKH
curHaiiB 1 (opMyBaHHA paJiokaHady B yMOBax 0araToIpOMEHEBOIO

. . Jlexmis 4 [TosicHIOBaTbHO-1TFOCTPATUBHUH, JIEKIiS-
MIOIIMPEHHSI Ta pyXy KOPHCTYBaUiB, TEXHOJIOT1] 0araToaHTEHHOTO MPUHOMY Ta . L .
. ) 2 ron Bi3yaJi3allis, OJIill OMUTYBaHHS
nepenayi (MIMO, Massive MIMO), npuHLIMIaM aganTUBHOTO (OPMYBaHHS
npomens (Beamforming) ta 3aBamocTiHKOMy MPOCTOPOBOMY PO3IIJIEHHIO
CUTHANIB Uil 3a0€3MEeUeHHs MOKPUTTS W BUCOKOI SIKOCTI OOCIIyrOBYBaHHS
(QoS).
3anaTTs 4.2 BuBueHHS 3anexHOCTI KoedilieHTa migcuiaeHHs napaboniynux | Ilpaktuune 5 Gais VYcHe onuTyBaHHS, BHMKOHAHHA 3aBJaHb Ha

AQHTEH 3QHSTTS D MIPaKTUYHE 3aCTOCYBAHHS 3HAHb 1 BMiHb.
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Tema 5 LTE-Advanced Ta SG NR: apxitektypa, pagiointepgeiic i mixTpumMka BUCOKOI MOOIJIBHOCTI

3uaru: Apxitekrypui mozieni ta Bigminaocti mixk LTE-Advanced (EPC + E-UTRAN) ta 5G NR (5GC + NG-RAN, Bapiantu posropranast NSA Ta SA).
OyHkuioHanbHUI po3monin ta nporokonu pamioinrepdeiicy (PHY, MAC, RLC, PDCP, SDAP, RRC). Cuenapii Bukopucranns 5G NR (eMBB, URLLC,
MMTC/mIOT) Ta iXHi BUMOTH J0 3aTPUMOK, HAAIMHOCTI i MPOITYCKHOI 3aTHOCTI JJIs PyXOMHX 00'eKTiB. Di3MUYHI OCHOBH Ta BiZIMIHHOCTI METOJIB MHOKHHHOI'O
nocryimry OFDMA (Uplink/Downlink) ta SC-FDMA/DFT-s-OFDM. I'nyuky 4acoBo-4acTOoTHY CTpYKTYypy Kajapy B 5G NR 11 npusHaueHHs Ui KOMIICHCaIlii
JIOTUIEPIBCHKOTO 3CYBY Ha BUCOKMX IIBHUAKOCTAX. [IpuHnunm amantuBHOi Moayssaiii Ta kogyBaHHs (AMC: QPSK...256QAM) Ha ocHOBI 3BOpOTHOI 1H(pOpMaIlii
npo skicts kanainy (CQI/PMI/RI). MexaHi3mu mBHIKOTO MOBTOPHOTO NepeiaBaHHs 3aBagoctiiikux 6mokiB (HARQ, Soft Combining) ta kepyBaHHS MOTYXHICTIO
(Power Control). ITporexypu BuMmiproBaHb, KepyBaHHS MOOUIBHICTIO y pi3Hux craHax. OcobmuBocti peamizamii Seamless ta Inter-RAT Handover mig dac
nepexony mMixk 4G ta 5G.

BwmiTu: Po3paxoByBaTH Ta aHani3yBaTH 4acoBo-4acToTHi pecypeu (Resource Blocks, Slot Structure) Ta Teopernuny mpomyckny 3aatHicTs niniii LTE-A/5G NR.
O1iHIOBaTH BIUIMB IIBUJIKOCTI pyXy 00'€KTa Ta JOIUICPIBCHKOrO PO3LIMPEHHS HA BTpATy oproroHanbHOCTI mimHecyuux (Inter-Carrier Interference) ta Bubuparu
BiAnoBinHy HyMmeposorito (SCS). AnanizyBatu mokasHuku skocti obciyroByBanHs (QO0S/QOE, latency, BLER, SINR) 3anexHo Big ymMOB paaiokaHaily Ta
HaBaHTaXeHHs1 Mepexi. [TopiBHroBatu moxuBocTi LTE-Advanced ta 5G NR 3a 3arpumkoro, crieKTpaibHOKW e(eKTHBHICTIO, EMHICTIO Ta HAIHHICTIO B yMOBax
BUCOKOI M0OOibHOCTI-V2X. OO0rpyHTOBYBaTH BHOip KOH(irypamii Mepexi, yactotHoro miamazony (FR1 ta FR2/mmWave) ta TexHosoriii po3ropTaHHs yis
3aJ]aHOTO CIICHApil0 MOOLIBHOTO 3B’s3Ky. AHami3yBaTH mpu4yuHH 3001B mpouenypu xenmoepy (Radio Link Failure, Handover Failure) ta mpomnonysaTtu
AIITOPUTMH OINTHMI3allil YacoBHUX i eHepreTuunux moporis (Time-to-Trigger, Hysteresis).

Dopmyeannsn komnemenyin: 3K 1, 3K 2, 3K 6, 3K 7, K 1,DK 3, PK 4, DK 10, DK 15

Ilpozpamni pezyromamu nasuanna: IIPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, IIPH 14

Pexomendosani oxcepena: 1-10

3anarta 5.1 AnanizyroTbcs NOpUHIUON (YHKIIOHYBAaHHS Ta €BOJIOLS
texnosoriuanx Twiarpopm LTE, LTE-Advanced ta 5G NR sk ocHoBH
cydacHOro MoOigbHOro 3B’s3Ky. Posrmsaarorecs apxirekrypa mepex (EPC,
5GC, gNB/eNB), crtpykrypa panioinTepdeiicy, METO/I  MHOXHHHOTO Tlexuis 5 TTOSICHIOBATTHHO-LTIOCTpATHBHH, f—
noctyny (OFDMA, SC-FDMA), ananTuBHa MOIYJSLisl Ta KOJyBaHHS 2 ron Bisyanizania, GITi OMHTYBaHHS
(AMC), npouenypu HARQ 1 kepyBaHHS HOTYKHICTIO, MEXaHI3MH M1ITPUMKHU ’
MOOUIBHOCTI, aNrOpUTMaM XEHIOBEpY Ta ajanTalii mapamerpiB Mepexi Mif
yac pyXy KOpHUCTyBaua Ha pI3HMX HIBHAKOCTAX Yy pI3HUX cieHapisx (eMBB,
URLLC, mloT).
[IpaxkTnune VcHe onuTyBaHHS, BUKOHAaHHsS 3aBJaHb Ha
3anaTTs 5.2 OcHOoBU M0OY10BH MOOITEHUX Mepex Ha 6a3i CDMA 3aHATTS 6 2 G6anmu NPaKTUYHE 3aCTOCYBAaHHS 3HaHb 1 BMiHb,
2 TOX TECTYBAHHS
[IpakTuyne YcHe OnuTyBaHHsS, BHKOHAHHS 3aBJaHb Ha
3anaTTs 5.3 TexHiKd pO3MIMPEHHS CIIEKTPa CUTHATY 3aHATTS [ 3 0amiB  |MpakTHYHE 3aCTOCYBaHHS 3HAHb 1 BMiHb,
2 rojg TECTYBaHHS
MOZYJILHIAN KOHTPOJIH Binnosini na BBukoOHaHHS 3aB/IaHb HA TIPAKTUYHE
«OCHOBU ®YHKIIIOHYBAHHA CYYACHUX CUCTEM 3anUTaHHS 10 Ganis .
MOBLJILHOT'O 3BS13KY 3 PYXOMUMU OB’€KTAMU» TECT JACTOCYBAHEDL SHAHD 1 BMIHD, ToCTyBantt




PO3/ILI 2 «TEXHOJIOT'TI NIABUIIEHHA EGEKTUBHOCTI, 3ABAJIOCTIMKOCTI TA CTIMKOCTI MOBLIBHUX MEPEK TA
HHEPCIIEKTUBHI HAITPAMMUM PO3BUTKY »

Tema 6 TpaHnkiHroBi Ta cneniajizoBaHi cucTeMu 3B’A3KY 3 PyXOMHUMHU 00’ €KTaMu

3HaTH: ApXITEKTYpy, CKJIaa Ta KiacuQikaililo TpaHKiHroBux cucteMm pamioss'ssky (PMR/LMR — Professional/Land Mobile Radio). OcHoBHi cranmaptu
udposoro tpankinrosoro 3B’s3ky (TETRA, DMR Tier 1I/111, APCO P25, PDT, NXDN) Ta ixHi Biaminuocti. Pexxumu po6otu: mepexesuit (TMO — Trunked
Mode Operation), npsimuii 3B's130k Mix TepMiHanamu 0e3 yudacti 6a3oBoi cranuii (DMO — Direct Mode Operation), BUKOpHCTaHHSI PETPAHCIISATOPIB Ta ILIIO3IB.
[MpuHIMIM JUHAMIYHOTO PO3MOALIY pamiokaHadiB (kanan kepysanus/Control Channel, po6oui/moBHi kanamm/Traffic Channels). Meroau po3mexyBaHHs Ta
nocrymy 1o kanainis (FDMA, TDMA) B Tpankinropux crannaprax. OcoOnuBocti opranizauii rpym, ctBopenss sukiukiB (Group Call, Broadcast Call, Individual
Call, Emergency Call) Ta agpecarii abonenTiB. Mexanizmu 3abe3nedeHHss MUTTEBOro BUKIHKY (Push-to-Talk — PTT, 3arpumka BctaHoBieHHs 3'eananus 10 300
Mc). MexaHi3Mu mpiopuTe3anii BUKIUKIB, IEPEPUBAHHS MEHII MPIOPUTETHUX PO3MOB Ta OOPOOKH HYepr MpH MepeBaHTaXEHHI Mepexi. MeTtoau 3abe3nedeHHs
JKHBYYOCTI Ta HAAIMHOCTI CUCTEMH (pe3epBYBaHHS €JIEMEHTIB 0a30BHUX CTaHIIiH, 3aBaJOCTiiKe KOMyBaHHs, Kpunrorpadiunmii 3axuct mmdpysanasm Air Interface
Encryption Ta End-to-End Encryption). Oco0auBOCTi MOKPUTTS Ta 00CIYyrOBYBaHHS PyXOMHX 00'€KTIB y CKJIQIHUX YMOBax (POMHCIIOBI 30HH, TYHEJII, BiJIaeHi
TEPUTOPIT).

BmiTu: AHamizyBaTH CTPYKTYpYy, CXEMH OpraHizamlii Ta aJropuTMu (QYHKIIOHYBAaHHS TPAHKIHTOBHX MEpEX pi3HOr0 Macmrtaly (BiZl OJHO30HOBHX [0
perioHaJIbHUX/HAIllOHaTbHUX ). PO3paxoByBaTu Ta OI[IHIOBATH CIIEKTPAIbHY Ta CUCTEMHY €(eKTUBHICTh BUKOPUCTAHHS Pa/IiOKaHAJIB MIPH 3aJy4eHHI MYy YacTOT
(Trunking Gain) mopiBHSIHO 3 KOHBEHIIWHMM PaJiio3B'sI3KOM. AHaIi3yBaTH YacoBl Ta EHEPreTHYHI NapaMeTPH TPAHKIHTOBHUX PAJIONIHIN Ui pyXOMHX 00’ €KTiB.
OruiHioBaTH BUMOTH JI0 Mepexki (MPOIMyCKHA 3AaTHICTh, KUIBKICTh KaHaliB, PIBEHb MNPIOPHUTETIB, YaC BIATYKY) 3aJI€KHO BiJl YUCEIBHOCTI KOPHCTYBAdiB,
iHTeHCUBHOCTI Tpadiky Ta xapakrepy ixHboro pyxy. Busnauatm ontumansHuii crangapt (TETRA, DMR, P25 rtomo) ta koHdirypamito obmagHaHHS Ui
KOHKPETHHX CIIeHapiiB (CIyKOM eKCTPEHOi AOMOMOTH, 3alli3HMIIS, aBiallis, JOTiCTUKa, eHepretuka). OOrpyHTOBYBATH TEXHIYHI Ta OpTaHi3alliiiHi pillleHHs 111010
HIIBMIICHHS BIJIMOBOCTIHKOCTI cucTemH (mepexia 6a30Bux craHiii y gokansHuit pexum fallback, Bukopucranns nepecyBHHX a00 MOOUTBHHX PETPAHCIISTOPIB).
AmHamizyBaTH Ta ONTHUMIi3yBaTH MPOIEaypH 3MiHM 30H MokputTs (Roaming/Handover) pyxomumu TepMmiHagaMud B TPaHKIHTOBHX Mepekax. OIiHIOBATH BILIHB
pyxy o0'eKkTa Ha SIKICTh MepeAaBaHHsI MOBH Ta KOpoTKuX Janux (SDS/Status Messages) y peaipHOMY Yaci.

Dopmyeanns komnemenuyin: 3K 1, 3K 2, 3K 6, 3K 7, PK 1, DK 3, DK 4, K 10, DK 15

Ilpozpamni pezyremamu nasuannsa: IIPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, IIPH 14

Pexomendogani dxcepena: 1-10

3anarra 6.1 npuHOMOM 1OOYAOBH, apXITEKTypa Ta (QYHKIIOHYBaHHS
TPAaHKIHIOBUX  (MpOo(eciiiHUX/OMepaTUBHUX) CHCTEM  DPAJIO3B’I3Ky  SIK
OKpEMOro KJIacy MEpeX, OpI€EHTOBaHMX Ha MIBUJAKY TPYIOBY Ta
1HAMBITyaIbHY B3a€EMOJII0 PyXOMUX KOPUCTYBayiB. AHaNI3yIOThCS CTaHAAPTH
nugposoro TpankiHrooro 3B’s3ky (TETRA, DMR, P25, PDT Tomo),
MeToaM 6araTopazoBOro Ta aBTOMaTMYHOI'O JWHAMIYHOTO PO3IMOJLTY KaHAJIB Jlexuis 6 [TosicHIOBaIBHO-1TIOCTPATUBHUIM, JeKIIis-
(Trunking), MexaHi3Mu 3a0€3MEUYECHHS] MHUTTEBOTO BCTAHOBJICHHS 3'€THAHHS 2 rox Bi3yautizaitis, O] OMUTYBaHHS
(Push-to-Talk/PTT), mnpiopure3amnii Ttpadiky Ta EKCTPEHUX BHUKIHKIB,
OpUHLINAIIAM [OOY/JI0BH AaBTOHOMHHUX 1 NpsMOKaHaldbHUX pexumiB (Direct
Mode Operation — DMO), cTIHKOCTI Mepexi B €KCTpEeMaJIbHUX YMOBaX Ta
3a0e3MeueHHI0 HaAIHHOCTI 3B'SI3KY 3 PYXOMHMH O00'€KTaMH EKCTPEHUX,
TPAHCHOPTHHUX 1 KOPIIOPATUBHUX CIYXKO.

3ansrta 6.2 Busnauenns napametpis curary OFDM [IpakTnune S06amB |YcHe ONWTYBaHHs, BHUKOHAaHHS 3aBJaHb Ha




3aHATTS 8 MPaKTUYHE 3aCTOCYBAaHHS 3HAHb 1 BMiHb.
2rona

Tema 7 3aBajocTiiikicTh Ta CTiliKicTh Mepesk HIHPOKOCMYTOBOI0 JOCTYIY Ta pagioMoBJieHHs B cKaaaHiii EMO(cki1aHa e1eKTpoOMarHirHa 00CTaHOBKA)
3uaru: Ilpunnunu noOynoBu Ta (YHKIIOHYBaHHA MEpEX IIMPOKOCMYTOBOTO paaiofocTynmy Ta Iudposoro paniomosienns (DAB+, DVB-T2, 5G
Broadcast/LTE-EnTV). Crocobu D0CTaBKM KOHTEHTY Ta MYJIBTHMEIIMHUX IMOCIYr PyXOMHM aOOHEHTaM Y KOHBEPI€HTHHMX Mepeskax. IIpHUHIMIN CIiIEHOTO
BUKOpUCTaHHs iHpacTpykrypu (Site Sharing, RAN Sharing) Tta pagioyacToTHOro cHekTpa MOOUTPHMMH H MOBHMMH omnepatopamu. Kiacudikamiro Ta
XapaKTePUCTUKHA BHYTPIIIHIX, 30BHINIHIX, B3a€EMHHMX 1 HaBMHCHUX 3aBaj (3aBald MO CYMDKHOMY/CyMIIIEHOMY KaHally, 3aBaau iHTepMomyJsiii, PEB-
noAaBicHHs). MexaHi3MH BUHHMKHEHHS BHYTpPIIIHBOCHCTEMHOI Ta MikcucTemHoi iHTepdepenuii (Co-channel and Adjacent Channel Interference) vy
TyCTOHACEJIEHUX YaCTOTHUX JianazoHax. Mogeni ckinaanoi EMO, Bkitouatoun 6araTorpoMeHeBe MOMUPEHHs, TIMO0K] 3aBMUPAHHS Ta IIBUIK1 3MIHU PalioyMOB
nijx gac pyxy o0'ekra. [Toka3sHuku Ta KpuTepii 3aBaloCTIKOCTI, HaaiifHOCTI 1 criiikocTi panio3s’si3ky (BER, BLER, FER, Q0S/Qo0E). Meronu 3aBafgocTiikoro
xkoayBanus (LDPC, Polar Codes), mepemexxyBaHHS Ta CHTHaJIbHO-KOJ0BI KOHCTpyKIii Ha ocHOBi OFDM/OFDMA. AnanTvBHI METOIU 3aXUCTY: JAWHAMIYHE
KEepyBaHHS TOTYXHICTIO, aJanTHBHa Moxaysilis Tta koxyBanHs (AMC), ncesnoBumnaakoBa nepedymoBa podoudoi wactoru (IIITPY/FHSS), mpocrpancrBenHo-
yacoBa 00pobka (MIMO, Beamforming, Null-steering).

BmiTu: AHami3yBaTH Ta po3paxoByBaTH eHepreTudHi i sikicHi mapamerpu pamiominiid (SNR, SIR, SINR) y cknaaniii 3aBanoBiii oocranosii. OLiHIOBaTH PiBEHb
Jerpajaiii sKocTi pajiiokaHaly Ta BTpaT MPOIYCKHOI 3JaTHOCTI 3aJI€5KHO BiJ IIBUIKOCTI pyXy 00'€KTa Ta IHTEHCUBHOCTI 3aBaj. Bu3HauaTH NpUYMHY MOTIpIICHHS
3B’S3KY (BHIAaJaHHS KaJpiB, PO3PHUB CECiil, 3HKEHHS MIBHJIKOCTI) Ta MPOBOIUTH JIarHOCTUKY 3aBafoBOi 00cTaHOBKH. OIHIOBATH Ta OOTPYHTOBYBATH METOAM
nigBuIIeHHsa 3aBagoctiiikocti mepex LIICJ Ta pamiomoBieHHs 3a pi3HHX YMOB pyxy Ta EMO. Po3pobnatu ta oOupatu onTuMaibHiI cleHapii CHiIbHOTO
BUKOPUCTAHHS 1HPPACTPYKTYpH U CIIEKTpa JJIsl MiHIMi3alii B3aEMHUX 3aBajJl MK MOBHUMH Ta MOOUTBHUMHU Mepexamu. Po3paxoByBaTu CTIHKICTh Ta HaIIHHICTh
CUCTEM Pajlio3B'sI3Ky B yMOBAaX BIUIMBY aKTUBHUX 1 TACUBHUX 3aBa].

Dopmysanns komnemenuin: 3K 1, 3K 2, 3K 6, 3K 7, @K 1, DK 3, PK 4, PK 10, PK 15

Ilpozpamni pezyromamu nasuanna: IIPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, IIPH 14

Pexomenoosani oxcepena: 1-10

3anaTTs 7.1 mpUHUOUOM NOOYAOBH, apXITEKTypa Ta (YHKLIOHYBAHHS MeEpex
mpokocmyroBoro pamiogoctyny (LLICH) 1 uudpoBoro pamaioMOBIECHHS
(DAB+, DVB-T2/NIB, 5G Broadcast), a Takox IXHS IiHTerpaiis 3
MOOITbHUMU CHUCTEMaMH 3B'SI3KY. AHani3zyerbes BILIVB
BHYTPIIIHBOCUCTEMHUX, MIXKCUCTEMHHX, IIPOMUCIOBUX T4 HAaBMHCHUX 3aBajl . . . .
. . . . Jlekmis 7 [ToscHIOBaIBHO-1TIOCTPATUBHUM, JICKII1SI-
(3okpema 3aco6iB PEB) Ha pamiokaHamu pyxoMux o00’€KkTiB. Po3risgatoTbes . L .
. . o . . 2 ron Bi3yautizalis, Ol ONUTYBaHHS
CydacHI METOAM TMIABMILEHHS 3aBaJOCTIMKOCTI, ajanTauii mapaMeTpiB
nepeganis (AMC, OFDM/OFDMA, MIMO, Beamforming), 3aBanocTiiike
KOAYBaHHsS Ta OIliHKa eneKkTpomarHiTHOi cymicHocti (EMC) mns
3a0e3meueHHsl CTIMKOro (YHKI[IOHYBaHHS Ta Oe3MepepBHOCTI JOCTaBKU
KOHTEHTY B auHamiuHiii EMO.
. . o . [IpakTnune YcHe onuTyBaHHS, BHUKOHAaHHsS 3aBJaHb Ha
3ansrta 7.2 Paniomonitopunr: TexHiuHl 3aco0u Ta po3paxyHOK HapaMeTpiB ! .
MEDESK 3aHATTS 9 2 G6anu [IPAKTUYHE 3aCTOCYBAaHHSA 3HaHb 1 BMiHb,
P 2 rox TECTYBAHHS
3ansatTss 7.3 BusnaueHHs TpuBanocti 3axucHoro iHtepBaty B OFDM mnpu| Ilpaktuune 3 Gann YcHe onuTyBaHHs, BHMKOHAHHA 3aBJaHb Ha
0araTonpoMeHEeBOCTI JIJIsl YCYHEHHSI MIXKCUMBOJIBHUX 3aBa]l 3aHATTA 10 MpPaKTUYHE 3aCTOCYBAaHHS 3HAaHb 1 BMiHb,




\ 2ron \ | recTyBanHs

Tema 8 Texnouorii MIMO y cydacHuX cucTeMax MOOLIBHOIO 3B’ SI3KY

3uaru: dizuuni npuHimnu nobynoBu OaratoantenHux cuctem (SU-MIMO, MU-MIMO, Massive MIMO). BiaMiHHOCTI MiX peXHMaMH IIPOCTOPOBOIO
mysibTHILIeKCyBaHHs  (Spatial Multiplexing), mpoctopoBoro posnecenns (Spatial Diversity) ta dopmyBanns npomens (Beamforming). OcobauBocti
koHpirypariii antennux pemritok (Uniform Linear Array, Uniform Planar Array, 3D Beamforming) ta ixHili BIUIMB Ha IPOCTOPOBY PO3IiIIbHY 3JaTHICTb.
Marpuynuii onuc kaHaiy 3B'si3ky (H-martpuist), noustrs pany kaHany (Channel Rank) Ta uncno oOymoBnenocti. Meronu po3kiany kanany (Singular Value
Decomposition — SVD) Ta anroputmu npekoayBanns (Zero-Forcing, MMSE, Conjugate Beamforming/Maximum Ratio Transmission). Crioco0u OLiHKH CTaHy
kanairy (Channel State Information — CSI) ta 3BopoTtHoro 38's13ky y cuctemax TDD (uepe3 B3aemuicTs kaHaniB) Ta FDD. Briue mpoctopoBoi kopensiiii, yMoB
npssmuii BuauMocti (LOS ta NLOS) Ta B3aeM03B'sI3Ky aHTeHHHX elleMeHTiB Ha epektuBHicTh MIMO. Mexanismu Biacrexxenns npomers (Beam Tracking, Beam
Management) Ta BITMB BUCOKUX IIBUIKOCTEH MEepeMilieHHs 00'€KTa (OTIEPIBCHKOTO PO3MINPEHHsT) Ha aerpaaamniro CSI.

BwmiTu: PospaxoByBaru koeoimieHt mpocroposoro migcuienus (Diversity Gain, Multiplexing Gain) ta teopernuny emuicty kanany Illennona mast MIMO-
KoH(pirypariii. OUiHIOBaTH PaHT MATPHIl KaHAJTy Ta BU3HAYATH ONTHUMAaJbHY KUIBKICTh MPOCTOPOBHX MOTOKIB (Layers) 3ajmexHO OT 3aBafoBOi OOCTaHOBKH Ta
SINR. Po3paxoByBaTu giarpamu CpsIMOBAaHOCTI Ta €HEPreTHUHUN BUTpAIll aHTEHHUX PEIITOK MpH 3acTocyBaHHiI Beamforming. OOupaTtu onTUMaIbHUI peKUM
MIMO (SU-MIMO ta MU-MIMO, Diversity Ta Multiplexing) mix koHKpeTHI ciieHapil (BUCOKOLIBHIKICHUN pyX, IiIbHA Mickka 3a0ynoBa, eMBB, URLLC).
OmuiHroBaTH Ta MiHIMI3yBaTH BIUIMB jAerpanaiii ominku kananmy (CSl) Ha sKicTh 3B'SI3KY HpU BUCOKUX HIBUAKOCTAX aboHeHTa. OOIpyHTOBYBATH JOILLIBHICTH
3actocyBanns Massive MIMO ta anroputmiB ¢popMyBaHHs TpoMeHs Ui 3a0e3nedeHHs nokputTs y cmWave ta mmWave niana3oHax.

Dopmyeannsn komnemenuyin: 3K 1, 3K 2, 3K 6, 3K 7, PK 1,DK 3, DK 4, PK 10, DK 15

Ilpozpamni pezyremamu nasuanna: IIPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, IIPH 14

Pexomendosani dxycepena: 1-10

3anarts 8.1 npuHIMNM (GYHKIIOHYBAaHHS, apXiTEeKTypa Ta MaTeMaTH4HI
ocHOBHU OararoanTeHHux cuctem MIMO (Multiple Input Multiple Output) y
CyyaCHMX Ta NEpCHEeKTUBHUX Mepekax MoOuipHoro 3B’s3ky (4G LTE, 5G
NR, 6G). AHami3ylTbCsd pPEKUMH MPOCTOPOBOTO MYJIBTUIUIEKCYBaHHS,

. Jlexis 8 [TosicHIOBaTbHO-UTIOCTPATUBHHM, JIEKIISI-
IIPOCTOPOBOTO poO3HECEeHHs Ta @opmyBaHHd mnpomeHs (Beamforming). . S .
. . o 2 roAuHU Bi3yaJi3ailis, OJill OMUTYBaHHS
OcoOnuBy yBary mnpuaiieHo TexHonorii Massive MIMO, omiHmi craHy
paniokananmy (CSI), 3aBagocTIKOCTI Ta airopuTMam aAanTUBHOIO
BIJICTe)KEHHS PYXOMHX OO0’ €KTIB y CKJIAJHUX YMOBax OaraTormpoMeHEBOTO
MOIIMPEHHS PATIOXBHIIb.
IIpaxTrune

. . . VYcHe onuTyBaHHS, BHUKOHAaHHSA 3aBAaHb Ha

3ansatTs 8.2 CydacHi METOIM JIOCTYITY 0 CEPEOBHINA Mepeaadl JaHuX 3aHsaTTs 11 5 OaniB L
2 ron MPaKTUYHE 3aCTOCYBAaHHS 3HAHb 1 BMiHb.

Tema 9 IlepcniekTuBHI pagiorexnoJorii: Bix 5G-Advanced 10 6G y cucremax 3B’I3Ky 3 pyXOMUMH 00’ €KTaMH

3uaru: OcHoBHI TexHoJoriuHi Bektopu 5G-Advanced (Rel-18/19) Ta uinboBi nmokasHuku cucteM 6G (3aTPUMKHU MiA-MITICEKYHIHOTO PiBHS, MIBHUIKOCTI 0 1
T6it/c, inTerpoBane 30H1yBaHHs Ta 3B's130k — ISAC). [Ipunimnu arperariii Hecyuux (Carrier Aggregation — CA) mix pi3HUME YacTOTHHMH jaiana3oHamu (FR1,
FR2, FR3) Ta moxgsiitHoro minkirouenns (Dual Connectivity — DC). Konnemnmii pekoH(pirypoBaHux iHTeNneKTyadbHHX moBepXxoHb (RIS) Ta iHTerpoBanmx
KOCMIYHO-TIOBITpsiHO-Ha3eMHHX Mepex (NTN/6G). XapakTepucTHKH MOMHMPEHHS paaioXBUiIb y cyo-tepareproBoMy (100-300 I'T') Ta Teparepmosomy (0.3-10
TT'w) miana3zoHax: MOJIEKYJISIpHE MMOTJIMHAHHS, €KCTpeMallbHe 3racaHHs, podorta y crporiid npsmiit Bugumocti (LOS). Hosi metonu ¢popmyBanns npomens (Ultra-
Massive MIMO) Ta onTu4Hi/KBa310NTHYHI aHTEHHI CUCTEMH JJIs1 KOMIeHcaii BTpaT y THz-nianasoni. Apxitekrypy BnpoBamkenHs Al/ML na piBasx RAN Ta




Core nns aBroHoMHOI onrtumi3zartii Mepexi (Self-Organizing Networks — SON, Al-Native RAN). Cy4acHi METOAM JHHAMIYHOIO Ta aJallTUBHOTO YIIPaBIiHHS
panmiopecypcamu (Radio Resource Management — RRM) mist 3a6e3neuenns sumor URLLC/eMBB. Anroputmu Al/ML mist BincTe)KeHHSI BUCOKOIIBHIKICHUX
00'eKTiB, MPOrHO3yBAaHHS JOILIEPIBCHKOrO 3CYBY Ta ONTHUMI3allil IepeMuKaHHs mpomeHiB (Beam Management).

BmiTu: AmnamizyBatu BB Carrier Aggregation Ta po3MIMPEHHS] CMYTH 4acTOT Ha MPOMYCKHY 3/1aTHICTb, CIIEKTPaIbHY €(PEKTHBHICTh Ta 3aTPUMKU B MEPEXKI.
PospaxoByBatu eHepreruyni Oromketu JiHii (Link Budget) Ta oriHooBaTH TrpaHHYHY OaibHICTh 3B 53Ky y cy0-THz i THz miamasoHax 3 ypaxyBaHHSIM
arMoc(epHoro noriauHanHs.IlopiBHIOBaTH MOoxmBocTi 5G, 5G-Advanced ta 6G mono o0ciayroByBaHHsS BHCOKOJMHOMIYHUX CIICHAPIiB (BUCOKOIIBHJIKICHHIA
saisauuHuii Tpancnopt, BITJIA, V2X-mepexi). OOrpyHTOBYBaTH JOIUIBHICTS BIpoBaKeHHs Moaeiei Al/ML mist onrrumizarii mpoueayp XeHI0Bepy, OIiHKH
kanany (CSI Prediction) ta ontumi3anii eHeprocrnoKuBaHHs 0a30BUX CTaHIiK 1 TepmiHaniB. DopMyBaTH TEXHIYHI PIlIEHHS OO IiJBHIICHHS CTIMKOCTI Ta
HaIIHHOCTI pajaio3B's13Ky B yMoBax ImBHAKOI 3MiHu Tomoiorii Ta EMO 3a paxyHok riopuamsamnii mianaszoniB (Sub-6 GHz + mmWave/THz). AnanizyBatu Ta
obuparu apxitektypy nokpurts (Cell-Free Massive MIMO, RIS) st ycyHeHHs «CITiMX» 30H Y BUCOKOLIUIBHUX Ta MOOLTBHUX CEPEIOBHUINAX.

Dopmyeannsn komnemenuyin: 3K 1, 3K 2, 3K 6, 3K 7, PK 1, DK 3, PK 4, DK 10, DK 15

Ilpozpamni pezyremamu nasuanna: IIPH 2, IIPH 3, IIPH 9, IIPH 12, IIPH 13, IIPH 14

Pexomendosani dxycepena: 1-10

3aaatTa 9.1 KIFOYOBI HAmpsIMH €BOJIONIT MOOUIBHHX Mepex y Mmexax 5G-
Advanced (3GPP Release 18/19+) ta 3aknaganHs ¢pyHIaMEHTAIbHUX OCHOB
cucreM 6G. PosrisinaroTees i3ndHI Ta TEXHIYHI OCOOIHMBOCTI OCBOEHHS CYO0-
tepareproBoro (sub-THz) 1 teparepuoBoro (THz) niama3oniB wacror,
TexHouorii arperamii Hecyumx (Carrier Aggregation), KpaWHIX CTyIEHIB
0araTopazoBOro PO3MIMUPEHHS CMYTd Ta IHTENEKTyalbHHX MOBepXoHb (RIS), Jlexuis 9
BIIPOBA/DKEHHIO AJTOPUTMIB IITYYHOTO IHTEJIEKTY T4 MAIIMHHOTO HaBYaHHS
(A/ML) nna agantuBHOrO  ympaBimiHHS — panpiopecypcamu  (RRM),
IPOTHO3YBAaHHSl CTaHY JMHAaMIYHOIO paJlloKaHaly, ONTHMI3alli MOKpPUTTH,
3HWKEHHS 3aTPUMOK 1 MiJIBUIIEHHS CTIHKOCTI 3B’A3KYy 3 BUCOKOMOOUIBHUMH

[TosicHIOBaIBLHO-1ITFOCTPATUBHHUIA, JIEeKLis-
Bi3yaJri3allis, OJIiIl OIMUTYBAHHS

00’ eKTamH.
[IpakTuune YcHe onuTyBaHHS, BHUKOHAaHHSA 3aBAaHb Ha
3ansaTTs 9.2 Moaeni nommpeHHs paaioXBmiib 3a pekomenaamisimu [TU-R 3aHATTS 12 S50amiB  |MpakTUYHE 3aCTOCYBaHHS 3HAaHb 1 BMiHb,
2 ron TECTYBAHHS
CAMOCTIMHA POBOTA

Oco0uBocTi pasiokaHay NpH BHCOKil MOOITBHOCTI 00’ €KTIB BuBuuru: MoJeni paziokaHamy JUIS
BHUCOKOIIIBHJIKICHOT'O PyXy Ta OCHOBHI ME€XaH13MH

Poszensoaromecs 3minu  napamempis padiokananry npu  UEUOKOMY pyCi Jerpajaailii CurHaiy.
abonenmie i 00 °'€kmig, 8NIUE OONAEPIBCLKO20 3CY8Y, 0acamonpomeHesocmi Po3risiHyTH: BIUIMB IIBUAKOCTI 00’€KTa Ha

3aTPUMKY,  CHEKTpalbHy  €(QEeKTUBHICTb 1
HMOBIPHICTb TOMHJIKH.

JocaiguTu: Meroau  KommeHcamii  edexTiB
BHCOKO1 MoO1IbHOCTI B cucteMax LTE ta 5G.
3po0duTH: TOPIBHAJIbHY TaONUIIO TapaMeTpiB
pajioKaHay JJisd PI3HUX IIBUIKOCTEH PYyXY.

ma 3a8MUpaHd Ha AKICMb 36 A3K). 6 rox | Gam




MexaHi3MH XeH/I0BepPY B CYYaCHUX Mepekax MOOUIbHOIO 3B’ A3KY

Onuc npoyedypu nepedaui oocuyeosysauns (handover) y mepescax 4G/5G.
Ananizytomoecsi munu xeHoosepy ma axmopu, wo 6niusarms Hda o020
yeniwHicms npu pyci 00 ’ekmis.

6 rox

1 6anmu

BuBuntHn: «knacudikamiro XxeHmosepiB (intra-
frequency, inter-frequency, inter-RAT) Ta
ITOPUTMH MPUNHATTS PILICHHS.

Po3ruisiHyTH: KpuTepii 3amycKy XeHJIOBEepy Ta
napaMeTpH BUMIPIOBaHb paJioKaHaly.
JlocaiguTi: 0COOIMBOCTI XEHIIOBEPY B YMOBax
BHCOKOI MOOUIBHOCTI Ta HIIJIbHOT 3a0yI0BH.
3pobutn: cxeMy TIpolLecy XEHAOBEpY 3
MO3HAYECHHSAM KITFOYOBHX CUTHAJIbHUX
MIOB1JIOMJICHbD.

TexnoJorii Massive MIMO ta beamforming y cucremax 3 pyxoMumMu
00’exkTammn

Ananizyemocs 3acmocysanus Massive MIMO ma ¢ghopmysanns npomenis
0Nl niOBUWeHHs AKOCMI 36’53KY 3 pyxomumu abonHewmamu. Ilepesacu
MexXHON02II 6 yMosax 6a2amonpomerHegocmi.

6 rox

1 Oanu

BuBuutu: npuniunu podotu Massive MIMO Tta
OCHOBHI airoputMu beamforming.

Po3rasiHyTH:  BIUIUB  KUIBKOCTI  aHTEHHUX
€JIEMEHTIB Ha MPOITYCKHY 37aTHICTh 1 MOKPUTTSL.
JocaiguTu: 0coOIUBOCTI BIJICTEKEHHS ITPOMEHIB
(beam tracking) ripu pyci 00’ ekra.

3poduTH: KOPOTKHI aHami3 mepeBar i 0OMeXeHb
Massive MIMO jgns  cueHapiiB  BHCOKOL
MOOIJTBHOCTI.

I[lnanyBaHHs paxioMepe:k 1Js1 pyXoMHuX 00’ €KTIB

OcHosu naamysauHs padiomepexc 3 VPAXY8aHHAM O0COOIUBOCMEN
mepumopii, xapaxmepy pyxy ma 6umo2 00 HOKPUMMsl, GU3HAYEHHS KLIbKOCMI
bazoeux cmaHyil, 30H 00CNY208Y8AHHA MA HEOOXIOHUX eHepeemUYHUX
napamvempie.

6 rox

1 Oanu

BuBYMTH: TPUHIWIN pPATIONJIAHYBaHHSA, 30HY
00CIIyroByBaHHs, paJiONOKPUTTSA, IapaMeTpu
0a30BO1  CTaHIlll, EHEPreTHYHHA OIO/KET 1
KpUTEpiT IKOCTI MEPExKI.

Po3rassnyTn: BmiuB penbedy Ta 3a0yn0BH Ha
HNOKPUTTS,  OCOOJNMBOCTI  IUIAHYBaHHS  JUIs
aBTOMOOUIBHOTO ¥ 3ali3HUYHOTO TPaHCIOPTY,
3aJeKHICTh ~ TMOKPUTTA  BiJJ  BUCOTH  Ta
XapaKTEPUCTHK aHTEH.

JocaignTu: Brume napamerpiB BC Ha po3mip
30HM OOCIYrOBYBaHHS, 3MIHY SIKOCTI 3B’SI3KY
B3JIOBXK MapIIpyTy Ta MpoOJIeMH 30H MEPEeKPUTTS
MIX COTaMH.

3poduTH: cxeMy IUIaHYBaHHS MOKPHUTTS 3a/1aHOi
TEPUTOPIi, BUSHAUUTHU OPIEHTOBHY KUbKIicTh BC 1
JISIHKA MOKJIMBOTO NOTIPIIEHHS 3B’ S3KY.

YupasiaiHHA pagiopecypcamMu Ta aJanTHBHA MOAYJisilliA B Mepexax 5SG

Memoou  Ounamiunoco  po3nodiny  padiopecypcié i adanmayii

6 rox

1 Oanu

BuBYMTH: MPUHIMIN aJANTUBHOI MOIYJAIIT Ta
konyBanHsg (AMC) y LTE/5G.
Po3rasitHyTH: airopuTMH PO3MOALTY YaCTOTHO-




napamempis nepedasamHs, 3a0e3neueHHi0 AKOCMI 368 513Ky Npu 3MIiHI YMO8
Kauany.

YaCOBHUX PECYPCIB 1 peryJIFOBaHHS IMOTY>KHOCTI.
JocaiauTH: BIUIMB IIBUAKOCTI 3MIHH KaHalTy Ha
e(eKTUBHICTH aJarTarii.

3poduTH: MpHKIan pO3paxyHKy BHOOPY CXeMHU
Moyl 3amexHo Bim SNR.

InTerpanisi HazemHux i HeHazeMHuX Mepesk (NTN) nus 3B’°s13Ky 3
PYXOMHUMH 00’ €KTAMHU

Mooicnusocmi  CninbHO20 BUKOPUCNAHHA HA3EMHUX [ CYNYMHUKOBUX

BuBuntu: apxitektypy NTN y cranmapri 5G ta
TUIHA CYITyTHUKOBUX OPOIT.

Po3rusinyTm: npobiaemMu 3aTPUMKH,
JOTUIEPIBCBKOTO  3CYBY Ta XCHAOBEPY MiXK

ceamenmis,  cyeHapii  3abe3neuenHs — Oe3nepepeHOO 368 A3KY  OnA 6 rox 1 6aym HA3EMHUM 1 CyITyTHUKOBUM CETMEHTAMH.
BUCOKOMOOLIbHUX 00 eKkmie. HMocaiguru: cuenapii 3actocyBanHs NTN s
aBiarlii, MOPCHKOTO Ta CyXOIyTHOTO TPAHCIIOPTY.
3poduTH: TOPIBHAILHY TAOIHUIIO0 XapaKTEPUCTUK
HA3eMHHX 1 CYITyTHUKOBUX KaHAJIB.
3aBagocTiiikicTh i MeToau 00pOoTHOM 3 iIHTEp(PepeHier0 B MOOITBHIX BuBuutu: ocHoBHi Bunu intepdepenuii (ICI, co-
MepesKax channel, adjacent-channel) ta ix BIUIMB Ha SKiCTh
3B’SI3KY.
Ananiz dacepen HYmMpIiHbO CUCMEMHUX | 306HIUHIX 3A6A0 Y MepeHcax Posrasnyru: Texuosorii ICIC, eICIC, CoMP ta
MOOINbHO20 38 3KV, CYYACHUX MeMOOi8 3MeHUleHHsl IHmeppepeHyii. 3acrocyBanHsa AI/ML st ynpaBniHHS 3aBajjaMu.
6 ron 1 Gamm JocainuTu: epeKTUBHICTh METOIIB OOpOTHOM 3

3aBaJlaMd B YMOBax BHCOKOI  ILIUIBHOCTI
aOOHEHTIB.
3poduTn:  cxemy  kiacudikamii  MeToJiB
3MEHILIEHHS 1HTepepeHLii 3 KOPOTKUM OIHCOM
KO>KHOTO.




BuBuutu: ocHoBHi monarrs AI/ML vy
TEJIEKOMYHIKAllIHHUX ~ Mepekax;  NPUHLUIN
IIPOTHO3YBaHHS CTaHy paJliOKaHaIy;

MOJJIMBOCTI ~ IHTENEKTYaJIbHOTO  YIPaBIiHHSA
paziopecypcamy; OCHOBHI MOKAa3HUKH
e(eKTHUBHOCTI 1HTEJIIEKTYaJIbHUX aJITOPUTMIB.
Posrasinyru: 3aCTOCYBaHHS MH JUIst
MPOTHO3YBAaHHS HABAHTA)XEHHS; ABTOMATHYHHMA
BHOIp rnapameTpiB pazmioniepeiaBaHHs;
OTITHMI3aIli 0 handover Ta PO3MOILTY
pecypciB;MoxkinuBocTi AI/ML s migBUIIEHHS
eHeproe(eKTUBHOCTI MEPEKI.

JlocaiAuTH: MOJKJIMBICTH NMPOrHO3YBAHHS 3MiHU
SKOCTI paniokaHamy ;e(EeKTHBHICTH
IHTENEeKTYaIbHOTO PO3MOILTY pecypcis;
nepcnekTuBy  BUKopuctaHHs AI/ML y 5G-
Advanced Ta MaifOyTHIX MepekKax.

3podutn: cxemy crpykrypu IC ympaBmiHHA
paziopecypcamy; OJIOK-CXeMy  aJIrOpUTMY
NPOTHO3YBAaHHS ~ SIKOCTI  KaHaly; IOPIBHATH
TpaAuLIHHUN Ta IHTENEKTyaJbHUN MIAXOAU [0
ONTHUMI3AIT Mepexi.

InTeniekTyanbHi TEXHOIOTII onTHMI3anii cucTeM MOOLIBLHOTO 3B’ SI3KY

Moocnusocmi  3acmocysanHs  Memooié WmMy4yHo20 IHMmMeleKmy ma
MAWUHHO20 HABYAHHS 0151 A0anmayii MoOiIbHOI Mepedci 00 3MIHHUX YMO8 6 rox 1 6aym
pobomu, nepcnekmusu IHMeNeKmyaibHo20 YNPasiiHHA padiopecypcami,
NPOCHO3YBAHHS HABAHMAICEHHS MA ONMUMI3AYIT napamempie mMepexci.

MATEPIAJIBHO-TEXHIYHE 3ABE3IIEYEHHSA JUCIUIIVITHA

MynbTUMeAIHUI TPOEKTOP;

Komm’rotrepHuii knac 1j1st IpoBeACHHS NPAaKTUYHUX 3aHATh.

Haguanpni maboparopist Ne133, 101, 111 Arrenne none, MoGiTBHOTO 3B’ S3KYy.

[Tpu3HayeHHs HaBYaAIbHOI TabopaTopii:

1. I[TpoBeneHHS MPaKTUYHUX 3aHATH [0 HAJAIITYBAHHIO Cy4YaCHUX CUCTEM MOOUIBHOTO 3B A3KY;

2. HaOyTTs cTyeHTaMM 3HaHb 1 HABUYOK IO €KCIUTyaTallii Ta MPOeKTYBaHHIO MOOLIBHOT MEpexKi.

3. Mo6ineHa miardopma 3-ro mokominus cranaaptry CDMA2000 komnanii ZTE, Mmo6inbHa 0a3zoBa miardopma cranmapty GSM 900/1800kommanii Ericsson y
CKJIaJIi: MEPEHOCHI MpUIMalbHO-TIepeaBaibHi MpUcTpol ctaniss RBS 2202, criiika mepenavi JaHMX Ta pamiopeneiiHa jiiHig Ha 0asigsox PPC Mini-Link-E,
MobGinbHa 6a3oBa miardopma crangapry GSM900/1800 kommanii SIEMENS vy ckmazi: 670k TpaHCKOIyBaHHS Ta ajanTailii mBuakocTi mepeaadi(Mixxk MSC u
BSC), kontponep 6azoBux cranuiii. BSC-68, 6a3oBa craniis (BTS) BS-240, panio6noxu Nokia Flexihopper 38DMotorola TLKR T80.

4. HaykoBuii nientp Eutelsat: nis HamamrtyBaHHsS CYMYTHHKOBOTO JIBOCTOPOHHBOTO INHPOKOCMYTOBOTO IHTEPHETY Kadeapa Mae HOBITHE OOJaJHAHHSA, IO
BIJITIOBiJJTa€ BUMOraM POOOTO/ABIlB, a came: cynmyTHUKOBI antenn 100Way (Ka-car); ETRIA-3W Transceiver basic KA-SAT,; cynytHukoBi Mojmemu Viasat
Surbfeam. JIs1st HanmamTyBaHHs CyyTHUKOBOTO tenebavenns HacynmytHuka AMOS, Astra (Sirius), HotBird: cynyTHuKOBi aHTeHH; KOHBEPTEPH; KOMYTaTOPH
Diseq; Tronepu; npodeciitne oomagHanas Openbox MOHITOPH.

[Iporpamue 3a0be3nedyeHHs: Creniagi3oBaHe MporpaMHe 3a0e3nmedeHHs Ui TPOBENEHHS MpakTHYHUX Ta yaboparopHux podir: MATLAB 2023 - maker




NPUKJIAJIHUAX IPOrpaM I BUPIIICHHS 3aBAaHb TEXHIYHUX O0YHCIICHB, a TaKOX MoBanporpamysants; Cisco Packet Tracer - e 6ararodyHKIioHaIbHa porpaMa
MOJICTFOBaHHSI MEpEk, sKa JIO3BOJSIE EKCICPHMMEHTYBATH 3 IOBEIIHKOIO MEpexXi 1 OIiHIOBaTH MOXJIHBI cueHapii, Multisim — mporpamue 3abe3nedeHHs
MOPOMHUCIIOBOTO cTaHmapta sike miarpumye Oinbine 2000 SPICE-Mozneneit KOMIIOHEHTIB U1 MOJIETIOBaHHS 1 MPOrpaMyBaHHsS CXEM aHaJIoroBoi 1 MHUQPOBOI
enektponiku, Simulink — rpadiune cepenoBuile iMITaIIIHHOTO MOJIC/IIOBaHH HuHaMiuHuX cuctem; Mathcad 15 - cuctema komm'toTepHOT anreOpu OpieHTOBaHA
Ha IMJTOTOBKY IHTEPAaKTHMBHUXJIOKYMEHTIB 3 OOYHCIICHHSMH 1 Bi3yaJIbHUM CYIPOBOJDKCHHSM, HANpaBJICHa BUKOHYBATH, aHATI3YBaTH 1H)KEHEPHI PO3pPaxyHKH;
Microsoft office 2023 - naGip monartkiB, mpu3HaueHWX s oOpoOku enekrpoHHOi mokymenranii, Electronics Workbench - cucrema cxemorexniuHOrO
MOJICNIIOBaHHS 1 aHamizy enekrpuuHux cxeMm, P-CAD — cuctema aBTOMaTtW30BaHOTO NpoekTyBaHHs nedatHux muiat, GNU Octave - cucrema s BUKOHAHHS
MaTeMaTHYHUX PO3PaxyHKIB, 110 HAJa€ IHTEPIPETOBaHY MOBY, Oarato B YoMy cymicHy 3 Matlab. GNU Octave mMoxe BUKOPHUCTOBYBATHUCS JIsi PO3B'S3yBaHHS
JNiHIWHKUX, HETIHIKHUX Ta JudepeHIliaJbHUX DPIBHIHb, OOYHMCICHb 3 BHKOPHCTAHHSIM KOMIUIGKCHHUX YHCEJ 1 MATpHllb, Bi3yami3amii JaHUX, MPOBEACHHS
MaTEeMATHYHUX EKCIICPUMEHTIB.

TH®OPMAIIIMHE 3ABE3NNEYEHHS JUCIUILITHA
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ITOJITHUKA KYPCY («IIPABHJIA T'PU»)

» Kypc nepenbayae poOOTy B KOJICKTHBI.

» CepenoBHILE B ayIUTOPIl € APYKHIM, TBOPUUM, BIAKPUTHM JJO KOHCTPYKTUBHOI KPUTHKH.

» OCBO€HHS JUCHHUILIIHY ITependavyae 000B’I3KOBE BiJIBITyBaHHS JICKIIIH 1 TPAKTHYHUX 3aHATh,  TAKOXK CAMOCTIHHY poOOTY.

» CamocriiiHa poOoTa BKIItOYa€ B cebe TEOPETUYHE BUBYCHHS MUTaHb, IO CTOCYIOTHCS TEM JICKIIHHMUX 3aHSTh, SKI HE BBIHILIM B TEOPETHYHHUHA Kypc, abo K
OyJIu PO3TIISIHYTI KOPOTKO, iX MOrIMOJIeHa MPOpOoOKa 32 PEKOMEHIOBAHOIO JIITEPATYPOIO.

» Yci 3aBianHs, nepeadayeHi mporpamMmoro, MatoTb OyTH BUKOHAHI Y BCTAHOBJICHHH TEPMiH.

» SIKI1o CTyIEHT BiACYTHIN 3 TOBa)KHOT MPUYKMHM, BiH IPE3CHTYE BUKOHAHI 3aBAaHHS ITiJ] YaC CAaMOCTIMHOI IIATOTOBKHM Ta KOHCYJIbTAIlIl BUKJIa1a4a.

» Ilig yac poOoTH Hajx 3aBJAaHHAMHU HE JIOMYCTUMO IOPYIICHHS aKaaeMiuHOi MO0OpOYECHOCTi: MpU BUKOPUCTAHHI IHTEpHET pecypciB Ta 1HIIUX JKEpen
iH(popMallii CTy/IeHT TOBHHEH BKa3aTH JHKEPENI0, BAKOPHCTAHE B X0/ BUKOHAHHS 3aBJaHHs. Y pa3i BUSABJICHHS (DaKTy IUIariaTy CTyIEeHT OTpUMYE 3a 3aBaaHHs (

OatiB.
» CTyHEHT, SIKUi CII3HUBCS, BBAXKAETHCS TAKUM, IO MPOIMYCTHB 3aHSITTSA 3 HEMOBAXHOT MPUYMHM 3 BUCTaBJIeHHSIM O OastiB 3a 3aHATTS, 1 IPU IIbOMY Ma€ MPaBo

OyTH TIPUCYTHIM Ha 3aHSATTI.
» 3a BUKOpHCTaHHs Tee(OHIB 1 KOMIT FOTEpHHX 3ac00iB 0€3 JJ03BOJTY BHKIIAaua, MOPYIICHHS TUCIMILIIHA CTYJACHT BUAAISETBCS 3 3aHATTS, 33 3aHATTS OTPUMYE

0 Oauis.

KPUTEPI TA METOJY OLIIHIOBAHHSA

YMOBOIO JOMYCKY A0 MiZICYMKOBOTO KOHTPOJIIO € BUKOHAHHS BCIX MPAKTUYHUX POOIT i BUKOHAHHS CAMOCTIMHUX 3aBIaHb, SIKI IMependadeHi CTPYKTYpOIO
OCBITHBOT KOMITOHEHTH JlOCTiHKEHHS Omepalii.

SIKImIo CTyneHTa He JOMYIICHO 10 CKIIAJaHHS 3aliKy, SIK Takoro, 10 HE BUKOHAB 1HIWBIAYyaJbHUH IUIaH, HOMY HAJAa€ThCS Yac 0 TEPEeCcKIaAaHHS st
BUKOHAHHS BCIX BUMOr jaonycky. CTyleHT Mae IpaBO Ha JBa NepeckianaHHs. [Ipy moBTOpHOMY NepecKkiajaHHI 3aliKy HOro y CTyJeHTa MOXe NpHUiMaTu
KoMmicis, sika crBoproeTrbes aupekropom HHIT. Oninka kowmicii € octarouyHoro. Y BUNaAKy oTpuMaHHs cryaeHToM O OaniB (HENPHUIHATHO), 110 TATHE
BiJJpaxyBaHHs 3a HEBUKOHAHHS HABYAJIBHOTO IUIAHY.

OnuiHIOBaHHS CTY/IEHTIB 3/1MCHIOETHCS 32 HAKONUUyBaibHOK 100-0aIbHOIO0 CHCTEMOIO 1 CKIIAAA€THCS 13 IBOX OCHOBHUX OLIHKOBUX OJIOKIB 1 pO3MOALISETHCS
B IIeBHUX nponopuisix 60 (baru nanpayvosani nio uac eusuents oucyuniinu — [llomounuii konmpoaw), 40 (niocymxose oyintoganns - Icnum

®opmu
KOHTPOJII0

Buau nHaB4yanbHOI podoTH OuinoBaHHA

BukoHaHHS NpakTUYHUX POOIT, poOOTa HA 3aHATTAX: 50 6anu
- IPUCYTHICTh HA 3aHATTAX (IPU TPOIYCKaX 3aHATh 3 MOBAKHUX NPUIHH
JIONTYCKA€THCSI BIITPALIFOBAHHS POWICHOT0 MaTepiaiy)
- y4acTh y €KCIIpec-ONUTYBaHHI 3a KOXKHY IpaBmIbHY Bianosiae 0,25 G6ana
- JIONIOBiIb 3 TPE3EHTALlI€l0 33 TEMAaTUKOI CaMOCTIMHOrO BUBYEHHS
MOTOYHMHN | gucumminm (OLiHKa 3aJ€KUTh BiJ MOBHOTU PO3KPHUTTS TEMH, SIKOCTI 1H(opmariii,
KOHTPOJIb |camocTiifHOCTI Ta KpEaTHBHOCTI Martepiany, SIKOCTI Mpe3eHTamii i JOmoBiii),
MJrOTOBKA pedepary

3a KO>KHE BiiBiyBaHHs 1 Oan

3a KOXKHY Ipe3eHTallio (pedepar) Mmakcumym 3 Oamu

- YCHE ONUTYBAHHS, TECTYBAaHHS, PIIIEHHS NPAaKTHYHUX 3a/1a4 3a KOYKHY IpaBWIIbHY Bianosiap 0,5 6ana
- y4acTh y HaBYaJIbHIH TUCKYCii, 0OrOBOPEHHI CUTYAIITHOTO 3aB/IaHHs 3a KO)KHY ITPAaBUJIbHY BiANOBIAb 2 Oanu
- y4acThb y JUIOBIH Ipi KOKHY yJacTh 1 6an

CamocriitHa poboTa 8 GauiB




PYBI’)KHE .
OILIIHIOBAHHSI MonynbHUN KOHTPOJIb . '
(MOJLY.JTbHHIi «OCHOBH <DYHKL’HOHYBAHHH CY‘IACHI/I’X CUCTEM MOBUIBHOTI'O MaKcHUMalbHa o1iHka — 10 GasiB
KOHTPO.Ib) 3B’A3KY 3 PYXOMUMU OB’€EKTAMN»
NIICYMKOBE
OLIHIOBAHHSA Icut mpoxouTh y MUCHMOBIH (TeCT) hopMi. 40 GautiB
Icnum
JlonaTkoBa oniHka
Buamn HaB4aibLHOI podoTH OuniHoBaHHA
Y4yacTh y HayKOBUX KOH(EPEHIIiSX, MiJrOTOBKA HAYKOBHX IMYOJIKaIiii 3a TEMaTHKOK OCBITHHOT
KOMITOHCHTH:
Tesu monoBiai Ha daxoBiit KoH(DepeHIii 3 Oanu
Cratts y (haxoBOMY BHJIaHHI 5 6amniB
CtarTs B iHO3€MHOMY pEIIeH30BaHOMY BUAAHHI 10 OasniB
MaxkcumarnbHa KUTbKICTh T0JIATKOBHX OaliB, SIKi MOKYTh OyTH 3apaxoBaHi 3100yBaudy ocBitH - 10 Gaitis.
HIACYMKOBA OLIHKA 3A JUCHUIIIHY
Ouinka /3anuc 6
0aym Kpurepii oniHroBanHs PiBeHb KOMIIeTEHTHOCTI eK3amMeHayiuHil

gioomocmi

CTyneHT JeMOHCTpYye TMOBHI W MiIHI 3HAHHS HaBYaJbHOTO MaTepialy B 00cs3i, IO
BiJMOBiJae poOouill mporpami TUCHMIUIIHM, NPaBHJIBHO H OOIPyHTOBAaHO mHpuiimMae
HEOOX1/IH1 PIIIEHHS B PI3HUX HECTAHIAPTHUX CUTYaLlIsIX.

BMie peanizyBaTH TEOpeTUYHI MTOJIOKEHHS JUCLUIUIIHA B TPAKTUYHUX  PO3paxyHKax,
aHaJII3yBaTHU Ta CIIBCTABIATH JaHl 00‘€KTIB MIsNIbHOCTI (haxiBIs Ha OCHOBI HaOyTHX 3
JaHO1 Ta CYMDKHUX TUCIHUILIIH 3HaHb Ta YMiHb.

3Ha€ cydacHI TEXHOJIOTIT Ta METOU PO3PaxXyHKIB 3 JaHOI JIUCIMIUIIHA. 3a 4yac HaBUYaHHS
90-100 |mpu mpoBeNEHHI MPAKTUYHUX 3aHATH, IPU BUKOHAHHI 1HAWMBIAYaNbHUX / KOHTPOJIBHUX
3aB/JaHb TMPOSIBUB BMIHHS CaMOCTIMHO BHpIIIYBaTH IIOCTaBJICHI 3aBJaHHS, AKTHUBHO
BKJIIOYATUCh B JUCKYCIi, MOXe€ BiZICTOIOBATH BJIACHY IMO3MIIII0 B MUTAHHSIX Ta PIIIEHHIX,
IO PO3TIISAI0THCS. 3MEHILIEHHS 100-6anbHOT  OIIIHKM MOXe OyTH TIOB’s3aHE 3
HEJIOCTAaTHIM PO3KPUTTSM MHTaHb, 10 CTOCYETHCS IUCIMILIIHM, sIKA BUBYAETHCS, alie
BUXOJWTHh 32 paMKH 00’eMy Marepiany, mepemndadyeHoro poOOUYor MTporpamor, ado
CTYZCHT NPOSABIISE HEBIEBHEHICTh B TIIyMaueHHI TEOPETUYHUX IMOJIOKEHb UM  CKIIAJHUX
NPaKTUYHUX 3aBJIaHb.

Bucoxuit

[ToBHicTIO 3a0e3neuye BUMOTH
710 3HaHb, YMiHb 1 HAaBUYOK, III0
BUKJIaJIeHI B poOouiil mporpami
JUCLHUIUTIHYA. BnacHhi
MPOTO3UILT CTy/IEHTa B OIlIHKaX
1 BUpIIlIEHH] MPAaKTUYHUX 3a7a4
TT1IBUIILYE Horo BMIiHHS | BigMmingaO /
BUKOPUCTOBYBATH 3HaHHS, sKi|3apaxoBaHo (A)
BIH OTpUMMaB  IpU BUBYEHI
IHIIUX JOUCIHUILIIH, a TaKoX

3HaHHA, HaOyT1 pu
CaMOCTIHHOMY  TMOTJIMOJIEHOMY
BUBYEHI TUTaHb, 10

BIIHOCATBLCS [0 JUCLHIUIIHH,
sIKa BUBYAETHCH.




CTyneHT JeMOHCTpPY€E TapHi 3HaHHS, J0Ope BOJIOIE MaTepianoM, IO BiAMOBiIae poOoUii
mporpami AUCIUIUTIHU, pOOUTH Ha X OCHOBI aHATI3 MOXKJIMBHX  CUTyallii Ta  BMI€
3aCTOCOBYBATH TEOPETHYHI TMOJOXKEHHA TMPH BHPIMICHHI NPAaKTUYHUX 3a1ad, aye

JocraTHii

3abe3neuye CTYZIEHTY
caMoCTiitHe BHUPIIIEHHS
OCHOBHUX TMPAKTUYHHUX 33]a4 B

82-89 JIOTIyCKa€e OKpeMi HETOYHOCTi. BMie caMOCTIiTHO BUIIPABIIATH JAOMYIICHI  TTOMIJIKH, MOBAX. KO Hobpe /
KUTBKICTh SIKMX € He3HAYHOIO. yMopax, ko . 3apaxoBaHo (B)
. . . . BUXI1/IHI JaHi B HUX 3MIHIOIOThCS
3Hae cyyacHi TEXHOJIOTII] Ta METOM PO3PaxyHKIB 3 AAHOI AMCLUIUIIHU. 32 yac HaBYaHHS ODIBHSLIO 3
Ipy TPOBEJECHHI MPAKTUYHUX 3aHATH, MPH BUKOHAHHI 1HIMBIAYaJbHUX / KOHTPOJIBHHUX p .
. . . . NPUKIAAaMH, M0 PO3IJISHYTI
3aBJjaHb Ta MOSICHEHH] IPUIHATUX PIllIE€Hb, A€ BUYEPIIHI TOSICHEHHS. . .
IIpY BUBYEHI AUCHUILIIHU
CryneHT B 3araJpbHOMY J00pe BOJIOJi€ MaTepiaioM, 3HA€ OCHOBHI MOJIOKEHHS TNocrarwiii
MaTepiaiy, IO BiANOBiAae poOoUiil mporpamMi JUCHMILIIHU, pOOUTH HA X OCHOBI aHai3 KOHKDETHI {BCHD sa
MOXJIMBHX CUTyallii Ta BMi€ 3aCTOCOBYBATH IPH BUPILICHHI THUIOBUX NPAKTUYHUX P P ’ .
. . . . BUBYEHUM MaTepiajioM poOodoi
3aBJlaHb, aJle JIOIyCKa€ OKpeMi HETOYHOCTi. BMi€ MOSCHUTH OCHOBHI IOJIOKEHHS HPOFPAMA AHCIHIITHH
75.81 BUKOHAHUX 3aBJIaHb Ta JIaTH TPABHIbHI BIAMOBiI NPH 3MiHI pe3ylbTaTy MpH 3aJaHii I[I())z[aI;KOBi l'II/ITaHH;I 1bo Ho6pe /
3MiHI BUXIJHUX MapamerpiB. [lomuiiku y BigmoBiasix/ pilIeHHAX/ po3paxyHKax HeE € . p 3apaxosaHno (C)
MOYJIUBICTh BUKOPUCTAHHS
CHUCTEMHUMH. 3HAE XAPAKTEPUCTUKH OCHOBHHX IIOJIOKEHb, IO MAaIOTh BH3HAYAJIbHE
: . . TEOPETUYHHUX MOJIOKEHb IS
3HAYEHHS NpU TPOBEICHHI NPAKTUUYHUX 3aHATh, NPU BUKOHAHHI I1HIMBIAYyaJbHUX /
. 9 ; . NPaKTUIHOTO BUKOPUCTAHHS
KOHTPOJIbHUX 3aBJIaHb Ta TOSICHEHHI MPUHHATHX pilleHb, B MEXaxX AUCIUIUIIHHU, IO
BUKJIMKAIOTh YTPYJHEHHS.
BUBYAETHCSL.
CTymeHT 3acBOIB OCHOBHHUU TCOPSTHUHUH Marepiai, TmependadeHuid poOOUYoro Cepemiii
IPOrpaMor0 AUCLUILIIHY, Ta PO3yMi€ IOCTAaHOBY CTaHAAPTHUX NMPAKTUUHUX 3aBJIaHb, MAE 3361 ATeuve HOCTATHBO
67-74 IPOMO3ULIT 100 HANpSAMKYy IX BUpileHb. Po3ymie OCHOBHI TOJOXEHHS, IO € HaniﬁHHﬁy iBeHb  BIATBOPEHHS 3a/10BLIBHO /
BU3HAYaJIBbHUMHU B KypCl, MOXKE BHUPIIIYBAaTH MOAIOHI 3aBJaHHS TUM, L0 PO3TJISAAINCh 3 OCHOBHIX P HOJ‘I(I)O)KGHB 3apaxoBano (D)
BUKJIaJlaueM, ajie IOMyCKa€e 3HauUHYy K1IJIbKICTh HETOUHOCTEN 1 TpyONX IMOMMIIOK, K1 MOKE S ——
yCyBaTH 3a JONMOMOTOI0 BHKJIaJaua.
CryneHT Mae meBHI 3HaHHs, mepefdayeHi B poOoUid mporpami JUCLUMILIIHU, BOJIOAIE
OCHOBHHMMH HOJIOKEHHSAMH, 1110 BUBYAIOThCS HA PiBHI, KU BU3HAYAETHCS SIK MIHIMAJIBHO Cevenniii
JOMyCTUMHUIA. 3 ~ BHKOPHCTaHHSIM OCHOBHUX TEOPETHYHHX IIOJIOKEHb, CTYIEHT 3 c lltfliiiMaHbHO OTYCTHMIM V| 3a10BITBHO /
60-66 TPYAHOILAMH TIOSICHIOE IIpaBUja BHPIIIEHHS NPAKTUYHUX/PO3PAaXyHKOBUX 3aBJaHb| . Y Y
. . . BCIX CKJQJI0BUX HaByaibHOI | 3apaxoBaHo (E)
TUCHUTUTIHA. BUWKOHAHHS TPaKTHYHUX / IHAWBIAYalNbHUX / KOHTPOJBHUX 3aB/aHb HPOTPAMI 3 IHCIHILTIHI
3Ha4HO (hOpMaIi30BaHO: € BIINOBIIHICTh AITOPUTMY, ajJ€ BIACYTHE IIMOOKE PO3yMiHHS porp
po0OOTH Ta B3a€EMO3B’SI3KIB 3 IHIIMMH JTUCIUTLIIHAMH.
. . . HeszaznoBinbHO 3
CryneHT MOKe BIATBOPUTH OKpeMi (PparMeHTH 3 Kypcy. Hu3zbkmnii MOKIHBICTIO
HesBakarouu Ha Te, 10 MpOrpamMmy HaBYAIBHOT AUCIUIUTIHU CTY/ICHT BUKOHAB, TpaifoBaB |He 3abesmedye  mpakTUaHOL
’ MOBTOPHOI'O
35-59 BiH NMAacUBHO, WOTo BIAMOBIAI MiJ Yac MPAaKTMYHUX pOOIT B OUIBIIOCTI € HEBIPHUMH, | peasizaiii 3a1a4 10
’ ’ ’ .|ckmamannsa) /  He
HEOOTPYHTOBAaHUMH. dbopmMylOTBCST  TIpM  BUBYEHI sapaxosano  (FX) B
L{inicHICTh pO3yMiHHS MaTepiany 3 AUCLUILTIHN Y CTYJEHTa BIJCYTHI. JUCLHUTUTIHA

3a1iK08Y KHUJICKY He




npocmaeisiemspCsl

0-34

CTyaeHT MOBHICTIO HE BUKOHAB BUMOT pO0O0YO0i IPOrpaMy HaBYAIbHOT TUCIUILITIHH.
Horo 3HaHHS Ha MiJCYMKOBUX €Tanax HaBYaHHS € parMeHTapHUMH.
CryneHT He IOmyIIeHu 10 3/1a4i eK3aMeHy/3alliKy.

He3anoBinbHui
CTyneHT He MiATOTOBJICHUU [0
CaMOCTIHHOTO BHUPIIIEHHS

3a/a4, sKi OKpECII0E MeTa Ta
3aBJaHHs JUCIHAIIIIHA

HesanosinbpHo 3
000B’A3KOBHM
MOBTOPHUM BHBYCHHSM
/ He pomymenuii (F)
B 3anikogy knuoicky ue
npPOCMAasBIAEMbCS

IHOJITHKA JOBPOYECHOCTI

3100yBay BUIIOI OCBITH BUKOHYIOUH CAMOCTIiHY a00 1HIUBiAyaJbHy poOOTY MOBHHEH JOTPUMYBATUCH MOJIITUKU JOOPOYECHOCTI. Y pa3i HasBHOCTI
mariaty B Oynb-aKux Buaax po0it 3700yBava BiH OTpUMY€E HE3a0BIIbHY OLIIHKY 1 IOBUHEH MOBTOPHO BUKOHATH 3aBJIaHHs, K1 epeadaueHi y Cumnadyci.




