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BCTYII

Jucturutina «MopenroBaHHsl 1 ONTUMI3aLlist paJioTeXHIYHUX 3aC00IB €JIEKT-
POHHHMX KOMYHIKaLii» € CKJIaJi0BOIO NPoQeciiHOT MiAroTOBKH 3J00yBayiB ApYyroro
(MarictepcpKoro) piBHS BUIIOI OCBITH, siki HaB4aroThcs 3a OIIII B Mexax crieriaib-
HocTi G5 «EnexTpoHika, eleKTpOoHHI KOMYHiKalii, Npuiaio0yayBaHHs Ta pajioTe-
xHikay. Aucrumiina, oocarom 4 kpeautiB €EKTC, nependadae TeopeTnaHnil Kypc,
JTa00paTOPHUM NMPAKTHKYM 1 BUKOHAHHS KypcOBOi poOOTH, Ha SIKy OKPEMO BiJIBO-
mutbest | kpenut €EKTC.

JocmimkeHHs, Mo MPOBOIATHCS B MPOIeci BUKOHAHHSI KypcoBoi poOoTH,
CHpsSIMOBaHI Ha BUPIMICHHS NpoQeciiHUX 3aBHaHb MiJl 9ac PO3B’s3aHHSI HayKOBO-
TEXHIYHMX 3aBJiaHb B raiys3i, 10 OB sI3aHi 13 poliecaMy MepeiaBaHHsl, IPUIMaHHS,
00poOKy, mpelcTaBieHHs Ta 30epiraHHs JaHUX B CydacHUX iH(OpMaliiiHO-KO-
MYHIKalillHUX CUCTEMaX Ta Mepexkax.

Mema Kypcoeoi po6omu — y3aralbHUTU Ta CUCTEMATHU3YBAaTH 3HAHHS Ta
NpPaKTHYHI HABUYKU CTYJCHTIB 3 MPOBEJCHHS HayKOBOTO IOCII/DKEHHsS, 3aKpim-
JICHHSI, TTIOTJINOJICHHS i y3arajdbHEHHS TEOPETHYHHX 3HaHb, HAOYTHX 3700yBadaMu
BUIIOi OCBITH 3 AUCHUIUTIHM, | IPAKTUYHUX HABUYOK Yy raly3i KOMII FOTEPHOTO MO-
JICITFOBaHHS Ta ONTHMIi3alii MPOTPeCHBHUX 3ac00iB SIEKTPOHHUX KOMYHIKAIiH.

3asdanns Kypcoeoi pooomu:

— BUKOPHCTaHHS NPHUHIMIIB MTOOYJOBH CUTHAJIBHO-KOJIOBUX KOHCTPYKIIIH
Ta IX BUKOPUCTAHHS IJIsI MOJCTIOBAHHSA DPAaJiOKaHANIB PamiOTEXHIYHUX 3aco0iB
CJIEKTPOHHMX KOMYHIKAIliif;

— 3aCTOCYBaHHSI CHCTEMHOTO QJITOPUTMY MOJENIOBAHHS JJIs TUIAHYBaHHS,
MIATOTOBKH, CTBOPEHHS MOJEINCH, AOCIIIKSHHST MOJCIeH Ta aHaji3y pe3yJbTaTiB
poboTr M POBOro pagioKaHATY 3B’ A3KY;

— BUKOPHCTaHHs nporpamHoro 3abesnedeHus (Matlab/Simulink) mis mo-
JICIIFOBAHHS MTPOIIECIB MOLUIUPEHHS CUTHAIIB B IU(POBUX pajiioKaHaax;

— 3aCTOCYBaHHS MPOTPECUBHHUX METOMIB JOCIIIKCHHS JTIHIHAX Ta HENiHiH-
HUX SIBUII ITiJ{ 9ac TOIMMPEHHS CUTHAIBHO-KOJJOBUX KOHCTPYKIIH IHU(PPOBUM pajio-
KaHaJIOM B yMOBaXx 3aBa/Jl Ta CIIOTBOPEHb B JIiHIT Iepeaadi;

— METOJIOJIOTIYHA Ta METOJWYHA IMiArOTOBKA 3/100yBaYiB OCBITHEOTO PiBHS
MaricTp /10 NpOBEIEHHS i HACTYITHOTO MPECTaBICHHS OJIbII PETENbHIX HayKOBUX
JIOCIIIKEHB T1i]] Yac BUKOHAaHHS KBadidikaniiiHoi po6oTn mMaricrpa.

BukoHaHHSI KypcoBOi poOOTH B paMKaxX BUBYCHHS TUCHUILIIHU CIIPUIATUME
PO3LIMPEHHIO Ta MOTTUOJIEHHIO 3araibHUX Ta (aXOBUX KOMHemeHmHocmeil 6u-
3nauenux 3a OIIIl «Enexmponni cucmemu ma mepedici komynikayiun(ECMK),
3okpema: 3K01 - 3patHicTh 10 aOCTPaKTHOTO MHCIEHHS, aHAJi3y Ta CHHTE3Y,
3K03- 3nanHsa Ta po3yMiHHS MpeaMETHOI 00J1acTi Ta po3yMiHHA npodeciiiHoi Iis-
abHOCTi; 3K06 - 3narHicTh BHKOpPHCTOBYBAaTH iH(OpMAIiMHI Ta KOMYHIKaIiiHi
texHoorii; 3K07 - 3maTHiCT, MPOBENCHHS JOCIIIKECHh HA BIAMOBIIHOMY DPiBHI;
3K08 - 3narHicTs renepyBati HOBI iei (kpearusHicTs); 3K10 - 3naTHicTh oLiHIO-
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BaTH Ta 3a0e3neuyBarty sIKicTh BUKOHYBaHUX pooiT; ®KO1 - 3xarHicTh 3acTOCOBY-
BaTH HayKOBi (DaKTH, KOHIIEIIIii, TeOpii, MPUHIIMITA Ta METOOJIOTii HAYKOBUX J1OC-
nimxens; PKO3 - 3maTHiCTS OOTPYHTOBaHO O0MpaTH Ta e()EKTUBHO 3aCTOCOBYBATH
MaTeMaTHYHI METOJH, KOMIT IOTePHI TEXHOJIOTI MOJICIIOBAHHS, a TaKOXK CydacHi
MiAXOOM Ta METOAW ONTHMI3alii Ui MPOEKTYBAaHHS, HOCHIIKEHHS W yIOCKOHA-
JIeHHs 1H(pOpMaIiitHO-KOMYHIKaliHHUX MEPEeX, eIeKTPOHHIX KOMYHIKaIlii, pazio-
TEeXHIYHUX CHUCTEM, TEXHOJIOTiH, mpuianaiB i iX kommoHeHTiB; ®KO04 - 3matHicTh
pO3B’sI3yBaTH 3a/advi 3a0e3MCUeHHsT HAIHHOCTI, dKHUBYYOCTi, 3aBaJ03aXUIICHOCTI,
iHpopMmamiiHOT ~ Oe3mekH  Ta  TPONMYCKHOi  37aTHOCTI  iH(pOpMaIiifHO-
KOMYHIKaI[IfHUX MepeX, ENEeKTPOHHUX KOMYHIKalliid, paJioTeXHIYHHX CHCTEM 3
ypaxyBaHHSIM EKOHOMIYHHX, IPABOBHX, OE3MIEKOBHX Ta EKOJIOTIYHHX acIHeKTiB;
©®KO06 - 3xaTHicTh 3aXMIIATH IHTEIEKTYaJIbHY BJIACHICTH, JOTPUMYBATHUCS IMIPaBO-
BUX 1 €THYHHX HOPM 3 MHUTaHb iHTeNeKTyanbHOI BiacHocTi; K09 - 3maTHicTh
MPOBOIUTH CHCTEMHHU aHANI3 Y CKIATHUX iH(POpMAaIiitHO-KOMYHIKAIIITHUX Mepe-
JKaxX, eICKTPOHHUX KOMYHIKAIlifX, pagioTeXHIYHUX CHCTEMaX.

[Micns 3axucTy KypcoBoi poOoTH 3100yBad Mae IEMOHCTPYBATH Taki npo-
epamui pesynomamu uHaBuanus: [IPHO1 - OpranizoByBatu BiacHy mpodeciiiHy,
HAYKOBO-JIOCJIIIHUIIBKY Ta IHHOBAI[ifiHY MisUIbHICTh HA OCHOBI MPUHIIMITIB CHCTEM-
HOTO MAXOAY Ta METOMOJIOTii HAYKOBHX MOCTIDKEHh B Taly3i iH(pOpMAIliifHO-
KOMYHIKAI[IfHAX MepeK, eJNEKTPOHHMX KOMYHIKAIliff, paTiOTeXHIYHUX CHCTEM;
[TPHO3 - Po3poGunsiTu 1 peanizoByBaTH Cy4acHi Ta NEpCHEKTHBHI iH(popMaliiiHo-
KOMYHIKaI[iifHi MepexKi, eeKTPOHHI KOMYHIKaIlil, paliOTeXHIUHI CHCTEeMH, TEXHOIIO-
rii, mprmaaw i ix kommoreHTH; [IPHO8 - 3acTocoByBaTH MOBH NpOrpaMyBaHHS 3ara-
JIBHOTO Ta CIEI[iali30BaHOr0 MPU3HAYCHHS, MAKETH AHATITHYHOrO Ta IMITAI[IIHOrO
MOJIEJIIOBAaHHS, a TaKOXK IHCTPYMEHTH PO3POOKH MPOrpaMHOTO Ta alapaTHOTO 3a0e3-
MEYCHHS Ui pO3B’S3aHHSA CKIAmHUX 3agad y  cdepax iHPOpMAIiiHHO-
KOMYHIKAI[ITHUX MepekK, eNIEKTPOHHMX KOMYHIKalii, palioOTeXHIYHUX CHCTEM, TeX-
HOJIOTIH, mpuiamiB i X kommnonentiB; [IPHO9 - 3axumiatu iHTeleKTyalbHy BIlac-
HICTB, PO3POOIIATH BiATIOBITHI OXOPOHHI JOKYMEHTH, aHAN3yBaTH MAaTCHTHY YHUCTO-
Ty, BIAMOBIIHICTh HAYKOBHUX Ta IOCHIJHO-KOHCTPYKTOPCHKHX pPO3POOOK HOpMam
3aKOHOZAaBCTBA YKpaiHM Ta MDKHAPOJHHUX CTAHIAPTIB IMIOJO IHTEIEKTYaJbHOI Biac-
Hocti; [TPH14 - 3piticaroBaT nomryk iHdopmarii y HayKOBO-TEXHIYHIN Ta JTOBIIKO-
Bili JliTeparypi, maTeHTax, 6a3ax JaHMX, IHIIMX DKEpENaxX, aHaIi3yBaTH 1 OLIHIOBATH
1o indopmartiro; [IPH16 - I[IpoBoauTH CHCTEMHHUIA aHAI3 CKIATHUX 1HPOPMAITiHHO-
KOMYHIKAL[IHHUX MepesK, eIEKTPOHHMX KOMYHIKalil, paliOTEXHIYHUX CHCTEM, TEX-
HOJIOT1H, IPUJIaiB Ta iX KOMIIOHEHTIB IIUIIXOM: BU3HAYEHHS LIJICH aHaJl3y Ta KpH-
TEepiiB iX MOCATHEHHS, MOOYMOBH MOJENeH Al OOTPYHTYBaHHS PIillIeHHS, MOIIYKY
OIITHMAJIbHOTO PIlICHHS, Y3TOJUKEHHS PILIEHHS Ta NepeBIpKH HOro e(heKTUBHOCTI.

[lix yac BUKOHaHHS KypcoBoi poOoTH 3100yBadi TaKOX 3aKPIMIIOIOTH
BMIHHS Ta HABHYKH KOPUCTYBaHHS HAyKOBOIO, HOPMAaTUBHOIO Ta JOBIIKOBOIO JIiTe-
paryporo, BUaThCsl aHAII3yBaTH iCHYIOUI ITiIXOAH, METOJJUKH, METOIM PO3B’SI3aHHS
OCHOBHHX 33j1a4 y BHOpaHiil HaykoBiii mpoOiemi, odopmioBaTH OTpuUMaHi pe-



3yJIBTaTH y BHUIJISII 3aKiHUEHOT pOOOTH 3a 33/1aHOI0 CTPYKTYPOIO Ta 3MICTOM, SIKi
BIATIOBIJalOTh BCTAHOBJICHHM BHMOTAM.

HaykoBa ckiamoBa KypcoBoi poOOTH niependadae: 03HAHOMIICHHS 3 BUMO-
raMH IOJO0 OpraHi3amii i MPOBEINCHHS HAYKOBOTO MOCTIKCHHS; MIATOTOBKY Ta
odopMIIeHHSI KypcoBOi poOOTH SIK BUAY HAyKOBOTO JOCIHIIKEHHS Ta MOKIHBOTO
MOJAJIBIIIOTO TIPEJCTABICHHS PE3YNBTATIB B IyOJiKaIlisMX; ONMPalfOBaHHSI METOIIB
pOOOTH 3 OCHOBHUMMU JIKEpenaMu iHpopmMalii Ta HayKOBOIO JITepaTyporo; o0IpyH-
TYBaHHS aKTyaJbHOCTI, HAYKOBOTO 1 MPAKTHYHOTO 3HAYECHHS; HAOYTTSI KOMIICTEHT-
HOCTEH BHKOPUCTaHHSI METO/IO0JIOTIT MPOBEJCHHS HAYKOBHX JOCHTIPKEHb Ta 0(OpM-
JICHHSI OTPUMAHUX y BUIJLI KypcOBOi poOOTH, IO MOKEe OyTH MEPIIMM eTarioM
KBaniQikaliiHoi poOoTH MaricTpa; HaOyTTsI KOMIIETEHTHOCTEH 1110JI0 CaMOCTIHHOTO
aHaJi3y METOJIB IPOBEJCHHS HAYKOBHX JIOCHI/PKEHb 3 BUKOPHCTAHHIM CYYacHHX
iH(pOpMAIIHHIX cHCTeM; HAOYTTS KOMIIETEHTHOCTEH Moo OOIpYHTYBaHHS Ta TOSIC-
HCHHSI Ha TTOTPiIOHOMY piBHI OCHOBHHX PE3YJIbTATIB, SIKi JOBOISATH aKTyaIbHICTH Ta
CBOEYACHICTh IPOBEICHUX JOCIIIDKEHb; 03HAHOMIICHHS i3 BUMOTaMH JIO ITiITOTOBKH,
NpeCTaBICHHS Ta MPOLEAYPH 3aXHCTy NMPUKIATHAX HAYKOBO-TEXHIYHHX POOIT.

VY HaBeIEHUX METOJMYHUX PEKOMEHIALISIX BHKIAJACHO PEKOMCHIOBaHHUH
3MICT KypcoBOi poOOTH, MOPSIOK i METOUKA BUKOHAHHS OCHOBHHUX Ii PO3ILTIB Ta
pexoMeHaaltii 3 ohopMIICHHS, HaBeICHI PEKOMEH/IOBaHI JIiTepaTypHi JpKepera.



1 OPT'AHIBAIIA POBOTH HAZL KYPCOBOIO POBOTOIO

3aBmaHHS Ha KypcoBy poboty (muB. Tadm. 1.1) 3m00yBad oTpuMye Ha I0-
YaTKy CEMECTPY BIPOIOBX NEPIIOro THXHs HaBYaHHS. BUKOHaHHS KypcoBOi po-
0OTH MPOBOAUTHCS B paMKaX caMOCTIHHOT poboTH i3 po3paxyHky 30 roguH (1 kpe-
qut €KTC). OdopmiteHHs 3aBIaHHsI HA KYpCOBY POOOTYy Ta KaJe€HJApHOTO IUIaHy
BUKOHAHHS KypcOBOi poOOTH BiI0yBaeThCs IiJ Yac OYHOI 3YCTpiui KepiBHHKA Ta
3100yBaya Ta 3aTBEPAXKYETHCS X OCOOMCTUMHM MiITHCAMH.

Tabnmus 1.1 — BapianTtu 3aBIadHs 715 BAKOHAHHS KypCOBOi poboTH
1
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1 | PSK 4 — PiBHOMipHHMI I"ayciBchbkuit
2 | QAM 8 4 Penes PiBHOMipHUI
3 | PSK 8 - Paiica Penest
4 | QAM 16 2 l"ayciBcbkuid Paiica
5 | PSK 16 — PiBHOMipHHUI I'ayciBcbkuit
6 QAM 64 1 Penest Penes
7 | PSK 4 — Paiica Paiica
8 | QAM 32 3 layciBcbkuit IayciBcbkuit
9 | PSK 8 - Pernest Paiica
10 | QAM 8 2 Paiica Paiica
11 | PSK 16 — T"ayciBcbkuii I"ayciBchkuit
12 | QAM 16 1 ITycacona IayciBcbkuit
13 | PSK 32 — Beprymni IayciBcbkuit
14 | QAM 32 1 PiBHOMipHHI ITycacona
15 | PSK 4 — Penes bepnymi
16 | QAM 64 2 Paiica PiBHOMipHHI
17 | PSK 8 — layciBcbkuid Penes
18 | QAM 16 5 Ilycacona Paiica
19 | PSK 16 — Beprymi I"ayciBchbkuit
20 | QAM 256 1 PiBHOMipHMH [Tycacona
21 | PSK 32 — Penes bepuyi
22 | QAM 12 3 Paiica PiBHOMipHHMI
23 | PSK 4 — layciBcbkuid Penes
24 | QAM 128 1 ITycacona Paiica
5 | PSK 8 - Bepnymi layciBcbkuit

*[Ipumimxka. 3a 3aMOBUYBaHHSAM THII KaHAJIBHOTO (iJbTpa A BCiX BapiaHTIB:

MiIHECCHUH KOCHHYC.
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Tematuka Ta BapiaHTH KypCOBHX POOIT, 3a pilIEHHSM KadelIpu MOXKe 3Mi-
HIOBATHCh, ajie J0 MOYaTKy HAaBYaHHS y CEMECTpPi, TAKOK MOKIIMBA BUIa4a iHAUBI-
IyaJbHUX 3aBIaHb 32 TPOIO3HUINEI0 3100yBadya B paMKaxX KOMIICTCHITIH AUCIUILTiHH.

BukonaHHS KypcoBoi poOoTH nependadae BHKOPUCTAHHS CIEiali30BaHOTO
HPOrPaMHOTrO 3a0e3IIeUeHHS, PO BCTAHOBIICHHS SKOI'0 Ha OCOOHMCTHX amapaTHUX
3acobax 3700yBad Mae 1Mox0aTH 3a34aierifgb. Y BHMAAKY HEMOKINBOCTI BUKOPHC-
TaHHS BJIACHUX IPOTpaMHO-amapaTHUX 3aco0iB, kKadeapa Hala€ MOXKIUBICTD VIS
BUKOHaHHS KypcoBoi poOOTH Ha amapaTHHUX 3aco0ax sabopaTtopHoi 6a3u 1mo3a me-
JKaMU IJTaHOBUX 3aHSITh.

[ToTo4yHunit KOHTPOJIH BUKOHAHHS PO3/LTIB KypcoBoi poOOTH BiOyBa€eThCs
MiJ Yac IIOTI)KHEBUX KOHCYJbTAlLlill BUKJIaJadya y BCTAHOBIICHI IEpe] MOYaTKOM
ceMecTpy TepMiHH. Pe3ynbTaT BUKOHaHHS Tpadika KypcoBoi poOOTH BXOAUTH 1O
MPOMIDKHHUX aTecTallii 3700yBada BIPOJOBK CEMECTPY.

VY BUMajKy BHSBJICHHS KEPIBHUKOM KypcOBOi poOOTH (akTy HecamoCTii-
HOTO BHKOHAHHS, 3100yBady BHILOi OCBITH BHIAETHCS HOBE 3aBJAHHS Ta NpH3HA-
94a€eThCs HOBA J]aTa 3aXKUCTY POOOTH.

3axucT KypcoBoi poOOTH BinOyBaeThCs BINMOBIMHO A0 Tpadika, 3aTBep-
JOKEHOTO 3aBiqyBadeM Kadeapu.

2 TEMATHUKA KYPCOBHUX POBIT

CrneniaizoBaHa MiJroToBKa 37100yBayiB CTYIEHsI Marictpa 3 MOJIEIIOBaHHS
Ta ONTUMI3aLil € BAXKJIMBAM 3aBIaHHSAM Yy paMKaXx IiJBHIICHHS PiBHS iX KOMIIETEHT-
HOCTI 3 MUTaHb JOCIIHKEHHs, pPO3POOKH Ta eKCILTyartalil paJioTeXHIYHUX 3ac0o0iB
EJIEKTPOHHHUX KOMYHIKAIlii, 1110 3a0e3MeuyoTh NpoBeIcHHs Ta iHpopMaliiHy mij-
TPUMKY HAayKOBHX IOCII/DKCHb y Tamy3i. 30Kpema, MiJ 9ac BHKOHaHHS poOIT,
MOB’s13aHUX 3 PO3POOKOI0 PaioKaHANIB CYYacHHX Mepek oOMiHy iHQopmarliero,
(haxiBIi MarOThH CIIpaBy 3 MIMPOKHM KOJIOM IHTaHb, SIKi HE MOKHA PO3TIIIATH 0e3
CTBOPCHHS JIOCIIIHUX iH(POPMAIIHHUX KOMILUICKCIB.

i xoMIUIeKCH MaroTh 3a0e3medyBaTH MPOBEACHHS POOIT 32 TAKMMU Ha-
npsiMaMu: MOTEPeIHii aHali3 METO/IB Ta METOIUK, MOOYA0Ba IMITAI[ITHUX MOJIe-
Jed pamioTeXHIYHMX 3ac00iB, IO BXOAATh A0 CKJIAIy TEJEKOMYHIKaliiHUX CHC-
TeM, BepUQiKaIlisi Ta mepeBipKa aJeKBaTHOCTI CTBOPSHUX MOJEICH, MOCIIIIHKEHHS
MoJiesiel 13 BpaXyBaHHSIM BIUIMBY 30BHILIHBOTO CEPENIOBHUINA, B SKOMY BOHH ()yHK-
[MIOHYIOTh; JOCIi/PKEHHS PO3POOJIEHUX MOJeNel; BUPIMIEHHS KOMIUIEKCY 3aaad
CHHTE3Y 3aKOHIB (QJITOPUTMIB), METOIB, Mosienell (yHKIIOHYBAaHHS PaliOTEeXHid-
HHX 3ac00iB €JIEKTPOHHNX KOMYHIKAIIif; TPOBEAECHHS IHTEPAKTUBHOTO KOMIT I0TEp-
HOTO MOJICITIOBAHHS Ta aHaJli3y JOCTOBIPHOCTI PO3pOOJIEHUX MOJIENeH Ta OTpuMa-
HHUX PE3yJIbTATiB, & TAKOXK I'eHEpallisl peKOMEHAAIlH 11010 YAOCKOHAJICHHS (DyHK-
IIOHYBaHHS palioTEXHIYHUX 3ac00IB €JIEKTPOHHUX KOMYHIKaIlii.

OpnHi€lo 3 TEXHIYHUX BiAMIHHOCTEH HM(POBOTO paiio3B’si3Ky BiX aHaio-
TOBOT'O € 3aCTOCYBAaHHsI IHIIMX BHJIB MOIYJIALII CUTHAILY, TakuX sK (azoBa MaHi-
nymiist (FM) Ta xBagpatypHo-daszoBa (FSM) i kBagpaTypHO-aMIUTITyTHA MOJY-
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nii (QAM). KoxeH i3 mux pi3HOBHIIB (DaKTHYHO CKJIAJIAE CUTHAJIBHO-KOJOBY
KOHCTPYKIIif0, 0 Ma€ Psij] apaMeTpiB Ta 3a0e3nedye KOIyBaHHS 0JIpa3y ACSIKOTO
cerMeHTy OiTOBOI MOCITITOBHOCTI i3 IEKiTBKOX OIiT Ta €(peKTHBHO 3aCTOCOBYETHCS
3a MEBHUX PiBHIB 3aBaJI Ta CIIOTBOPEHE.

OTxe BHUOIp CHTHATBHO-KOJOBOT KOHCTPYKIIT I 3a0e3MedeHHs IKiCHOTO
3B’A3Ky 3a IEBHUX YMOB € BA)KJIMBHM 3aBIAHHSAM CHHTE3Y palioKaHalliB OOMiHY
AHUMH, a 3Ba)Kal09H Ha TII00aNbHy HECTAIllOHAPHICTH paJioKaHAIiB 1€ 3aBIaHHS
TaKoX BIJNOBiZa€ HElepepBHOMY 3B 53Ky B yMOBaxX JMHAaMIYHOI ajanTaiii Iuis-
XOM 3MiHH BUly Ta BapiaHTy nudpoBoi Moxysuii [1-2].

Jnst TakuxX pi3HOBHAIB HAaHOIIBII BUKOPHUCTOBYBAHOIO MOJEIUIIO € Mpel-
CTaBJICHHsI Pe3yJIbTaTy MOJYJALIl Y BUIIIAAI CHHYCHOI Ta KOCHHYCHOI CKJIaJ0BOf,
ab0 KBaJpaTypHUM TPEJACTABICHHAM paJiOCUTHAIB. PaliocHrHamy i3 pi3HUMH
BapiaHTaMH, 10 BUKOPHUCTOBYIOTH KBAJpaTypHE IMPEICTABICHHS CHTHAIIB 3aCTO-
COBYIOTh B yCiX CY4aCHHX HHU(POBHX MOOITHPHHUX CTUTFHHUKOBHX, TPAHKIHTOBHX,
MIIPOKOMOBHUX, TMEPCOHATBHMUX, TOIIO, CHCTEMax EJICKTPOHHHX KOMYHIKaIlif i3
panioKaHaJaMH.

KP mepenbagae: mpoBeneHHs aHANI3Y Ta y3araJbHECHHS TEOPETHYHUX IO-
JIOKCHb JTOCIIDKCHHS 1010 TPOIIECIB, SBUI, 00 €KTIB YIPABIIHHA, SKi JOCIi-
JOKYIOTBCSI, PO3POOJICHHS YM MOIU(IKAIlisi METOMIB Ta METOIUK, AITOPUTMY IUIS
OOIPYHTYBaHHS 3aIPOIIOHOBAHOTO IiJXO/Y, Ha MIAIPYHTI SKOTO MPOBOAUTHCS J10-
CIiDKEHHS; TPOBEACHHS IMITAIlifTHOrO KOMII FOTEPHOTO EKCIIEPUMEHTY Ta aHAi3
OTPHUMAaHUX pe3yJIbTaTiB Ha MPEAMET iX BIPOTiHOCTI Ta JOCTOBIPHOCTI.

VY3aranpHEHa TeMaTHKa KypcoBoi podoTn «ONTHMi3amis KaHaTy 3B’ SI3KY 13
U(PPOBOI0 MOYJISIIEI0», KOHKPETH3AI[isl TEMHU BiIOYBa€ThCS MMijl YaC BUKOHAHHS
KypCOBOi pOOOTH.

Cytp KP monsirae y cTBOpeHHi Ta JOCIiIKeHH] MoJieli 1M(POBOro KaHATY
panioTexHiyHNX 3aco0iB eJIeKTPOHHUX KOMyHikamiii B cepemoBumi MATLAB/
SIMULINK (Bepcist Bumie ado mopiBHioe R2014a) i3 3ajaHUMU BUXITHUMH JTAHUMHA
(muB. Tabn. 1.1) ta gocmimkeHHS HOro poOOTH MiA Yac il psmy MeCTPYKTHBHUX
30BHIIIHIX (akTopis. Homep eapianmy euxonanus Kypcoeoi pooomu gionosioae
nOPAOKOBOMY HOMEPY CHIYOEHMA 6 e/1IeKMPOHHOMY HCYPHAI 2pynu.

OCHOBHHMH BUXITHUMH JAHUMH 3aBIaHHs 1ist BukoHaHHs KP (muB. Tabm. 1.1)
€ 3aCTOCOBaHUI B IU(POBOMY paiOKaHATI MuUR MOOYaAyil, IO y (a30BOMY MPO-
CTOP1 YTBOPIOE NICBHY HOZUUIRHICMb CY3Ip’a 13 MIHIMAIbHOI0 OUCMAHYIEI0 KOOY,
IO BiNOBifae OHIM BHOOpII cHTHANMY (JorapudM Bif MO3HMIIKHOCTI Cy3ip’s 3a
OCHOBOIO 2 Ja€ KUIBKICTh O1TiB /U1 ()OPMYBaHHS IIEBHOT'O CUMBOIY).

Jnst mepenadi Takoi CHTHAIBHO-KOZOBOI KOHCTPYKI] BUKOPHCTOBYETHCS
KaHal 3B’s3KY 13 KBaJpaTypHOI 00pOOKOI0 CKJIAJJOBUX CUTHAILHO KOJOBOT KOHCT-
PYKIIi, IO CKIAJA€ThCS 13 MOCTIIOBHO 3’€IHAHUX TeHepaTopa iH(pOpMamiiHIX
MOBiIOMJICHb, ITU(PPOBOTO MOAYISITOPA, IMdpoBoro (GimbTpa, JiHII Tepenadi ae
CHUTHAJI CROMGEOPIOEMBCA 3A6A0AMU OKPEMO RO CUHPAZHOMY MA KEAOPAMYPHOMY
kananax (quB. Tabn. 1.1) po3mofin sIKUX 3a7a€ThCs K BapiaHT BUXITHUX JaHUX
KypcoBoi poboTH, 1udpoBoro ¢inerpa npuitmMada, mudpoBoro AeMoIysTOpa Ta
npuiiMada iHpopManifHuX OiTiB 13 MOMKJIMBICTIO KOHTPOJIO SIKOCTI KaHATY 4Yepe3
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00paxyHok koegimieHT O6itoBux nmoMmwiok (BER), a Takox reHepaTopiB mymomno-
MIOHMX 3aBaJl Ta TONATKOBUX (Bepr(ikamiitHmx) OJIOKiIB.

JlonaTKoBi BUXIiJHI JaHi JUI1 KypcoBoi poOOTH 3a3HaYar0ThCSl KEPIBHUKOM
HiJ yac 3aTBEpPKCHHS 3aBHaHHA. /|0 MOJATKOBUX BHUXITHHUX TAaHHX BiJJHOCSTBHCS:
(opMa CUTHANBHOTO Cy3ip’s; HasABHICTH JOJATKOBOTO KOMYBaHHS; OOCAT IOCTi-
JOKEHB BIATIOBIAHO MecTabimi3ylounM (akTopam; mapaMeTpd 3aKOHIB PO3IOILTY,
TEXHOJIOTi1 MpoBeAeHHs Bepudikarii Tomo. [lim yac po3poOkm KypcoBoi podoTu
3no0yBaueM B cepemoBumi Matlab/ Simulink mae Oyt cTBOpeHa Mozens udpo-
BOTO KaHay 3B’S3Ky Ta MPOBEACHI JOCITIHKEHHS 3aJIe)KHOCTEH BKa3aHUX y 3a-
TBEPXKCHOMY 3aBIaHHI Ha KypcoBYy poOOTy.

Mopenb Mae OyTH CHHTE30BaHA TaKMM YMHOM, 1100 Oyna mependadeHa
MOXJIMBICTh /IMTHBHOTO BIUIMBY OKPEMO B NPSIMOMY Ta KBaJpaTypHOMY KaHajlax
JiHIi nepeaayi paaiocurHany. 3aKOH pO3INOALTY BHIIAKOBOIO CUTHAILY /IS PSIMOTO
Ta KBaJpaTypPHOTO KaHAJIB mojgaHo y Tadmuii 1.1. B Moaeni kaHaii 3B’ 3Ky TaKOXK
Mae rnependayaTiHCh MOKIIMBICTD aHali3y BIUIUBY JETEPMIHOBAHOTO Ta BUIIAJIKOBOTO
($ha30BOTO Ta YaCTOTHOTO 3CYBY.

[Mig yac BUKOHaHHS POOOTH Mae OyTH BHKOHaHI Taki BUIW poOIT: aHami3
TEXHIYHUX DIlICHb 3aCTOCYBaHHS CHUTHAJBPHO-KOJOBOI KOHCTPYKWIi Ta ramy3i ii
BUKOPHCTAaHHS; CTBOPCHHS KOHLENTYAIBLHO! MOJENI JOCHIiIKEeHb, CTBOPCHHS MO-
ZielTi UQPOBOTO pagiokaHary, Beprudikallis Moaeli upoBOro pagiokaHaly, mpo-
BEJICHHS JIOCIIIKEHb, ()OPMYJIFOBAaHHS BUCHOBKIB Ta PEKOMCHIAIIIMH.

3 CTPYKTYPA I 3MICT IOACHIOBAJ/IbHOI 3AIIUCKU

KypcoBa pobota 3100yBada Apyroro (MarictepchKoro) piBHs BHIIOI OCBITH
0(opMITIOETECST y BUTIISIII MOSICHIOBAJIBHOT 3aITMCKM 32 CTaHJapTaMH BUKOHAHHS
TEKCTOBHX NOKyMeHTiB XHY, Ta Mae BKIIIOYATH.

1. TuryneHMit apkynr — 1 ¢. (momaTtok A).

2. 3aBmaHHA U1 BUKOHAaHHS KypcoBOi POOOTH (THIOBHUIT CIPOIIEHUI
6maHk — 1 ¢.) i3 KaJTeHAapHUM TUITAHOM BUKOHAHHS (I0AaTOK b).

3. PedepaT ykpaiHCHKOIO Ta aHTIIIHCHKOI0 MOBaMu — 1 ¢. (moaatok B).

4. 3mict — 1 ¢. (nomartok I').

5. Tlepenik ymoBHUX cKopodeHsb (1 c.).

6. Beryn (1 c.) i3 3a3Ha4eHHAM METH, 3aBJaHHs, aKTyaJIbHOCTI, 00’ €KTa Ta
HpeaMeTa JIOCHiKEHHS.

7. 1 po3ain — AHani3 METO/IiB Ta METOJUK BUXITHUX JaHuX (57 c.).

8. 2 pozzin — CtBopeHHs Ta Bepudikalis Moaeni pagiokanany (7-8 c.).

9. 3 pozxin — locmimkeHHs Moeni pagiokanary (8—10 c.).

10. BucHogku (1 c.).

11. Iepemnik mxepen mocwianns (1-2 c.).

12. NonaTtku (OMIioOHAIBHO).

3aranpHUM 00csT podoTH — 110 45 C.
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Tumynonuii apkyw € niepiioro cropinkoro 3Bity i3 KP i npaButs 3a 6azose
Joxepeno Oibmiorpadidnoi iHdopMalii HayKOBUX 3BiTiB, HEOOXiTHOI 11 006p00-
JICHHSI Ta MOUIYKY JOKYMEHTA.

TuryneHUIA apKyII MICTUTH JaHi, SKi TOAAIOTH y TaKii MMOCIiTOBHOCTI: Ha3Ba
VHIBepCHUTETY, (aKyIbTeTy Ta KadeapH; Ha3Ba JOKYMEHTa (BEIHKHMH JiTEpaMHu);
MO3HAYCHHS TOKYMEHTa (BEIMKUMH JIITEpaMH); MiAMACH PO3POOHHUKA TOKYMEHTA
Ta BiAMIOBINANBHUX 0Ci0; piK CKIagaHHI, TOIIO.

3rigno 3 COY 207.01:2025 xoxHniit KP B pamkax XHY npucsoroerscest mo-
3navyenHs 3a madmonom KPECMK XXXXX.YY, ne KPECMK — ckopoueHHs Bin
«KypcoBa PoGora marictpiB crienianbHocTi EnexTpoHika, eIeKTpoHHI KOMyHiKa-
1ii, IpuiIago0yayBaHHs Ta paaioTexHika; XXXXX - HoOMep iHIUBIAyaJIbHOTO HAB-
yanpHoro riany (IHIIC) marictpa ; YY — HOpSAKOBHI HOMEp B €JIEKTPOHHOMY
JKypHaJIl TPynH MaricTpiB). TUTYyIbHMH apKyll HE HyMEpPYy€eThCs, ajie BKIIOYA€THCS
IO 3aTallbHOI KUTBKOCTI CTOPIHOK.

3aedannsa ma KanenOapHuil NAaH GUKOHAHHA KYpCco8oi pobomu € BU-
XiTHUMHU JOKYMEHTOM Ha 1 BUKOHAHHS. 3aBJaHHS Ta KaJCHOAPHMH IUTaH CKIaza-
€Tbcs KepiBHUKOM KP pa3oM i3 CTyseHTOM BiAMOBIIHO BapiaHTy BUKOHAHHS Kyp-
coBoi pobotu. KepiBHEK, i Yac BHIAdi 3aBIaHHS, MOKE 3MIHIOBaTH 0OCAT 3aB-
JIaHHS B paMKax BapiaTHMBHOI 4aCTWHHM 3arayibHol MeTH. [Ticns 3aTBepaKeHHs 3aB-
JIaHHS 3700yBayeM Ta KEPIBHUKOM Ha IOYATKy CEMECTPY 3a Y3TOMKCHHSM i3 3710-
OyBaueM CKIIaJJaeThesl KaJleHAapHuii wiaH peamizauii KP mij yac HaBYaHHS B ceMecTpi.
ApKyIlI 3aBlIaHHS Ta KaJCHJApHOTO IUIaHy HE HYMEpYEThCS, alle BKIIOYAETHCS 110
3arajbpHO{ KiJIbKOCTi CTOPIHOK.

Peghepam Kypcoeoi po6omu npu3HAYCHUH IS KOPOTKOTO OTIIAAY CYTi
MOCTABJIEHUX Ta BHPINICHWX 3aB/aHb, 1[0 Ma€ CIIOHYKAaTH 4YWTada 0 TIMOMIOro
o3HalOMIICHHS 13 poboToro. Pedepar kypcoBol poOoTH Mae 3aliMaTH 10 MiBCTOPIHKA
TEKCTY Ta CKJIaJaTUCh i3 TAKHX €JIEMEHTIB: TeMa, BUKOHABEIb Ta KEPIBHUK POOOTH;
CyTh 3aBJiaHb Ta OTPUMAaHHX pe3yJbTaTiB; KIIOYOBi cioBa. Pedepar kypcoBoi po-
60TH Mae OyTH NPEICTABICHO YKPATHCHKOIO Ta aHTJIICKOI0 MOBOIO B MEXKaxX OJHi€l
cropiaku. Apkyi pedepary KP He HyMepyeThes, ajie BKIFOUAETHCS 0 3arajbHOT
KUTbKOCTI CTOPiHOK.

3micm Kypcoeoi pooomu (nomarok I') Britouae B cebe BCI CTPYKTYPHI
cKknaioBi moynHatouu i3 «llepeniky YMOBHUX CKOPOYEHB» BIJIIIOBIIHO CTPYKTYpI
KP 3a n.3.1 i3 BKa3yBaHHSIM HOMEpIB CTOPIHOK, SIKI MICTATh MOYATOK MaTepiany
BIATIOBITHOTO CTPYKTYPHOTO eJieMeHTa. TakoX 0 MeperiKy JONAroThesl Ha3BU
HiPO3/ITIB Ta IyHKTIB OCHOBHOTO 3MicTy poOoTH. Po3puBary cioBa 3HAKOM Iie-
peHOCy Ta BXHMBAaTH CKOPOUCHHS B PaKax 3MICTy CYBOPO HE PEKOMEHIYETHCS.
3MICT BKJIIOYAIOTh Y 3arajibHy KiJbKICTh CTOPIHOK JOKYMEHTA Ta 3 IIbOTO CTPYKTY-
PHOTO €IEMEHTY Ta HaJaji NPOBOANTHCS HyMEpaLlisi CTOPIHOK.

Ilepenix ymognux ckopouens (TUIIOBA HA3Ba, OIIIaHAIBHO MPHUCYTHICTB)
MICTUTDh HOSICHEHHSI CKOPOYE€Hb, YMOBHHX ITO3HAK, CHMBOJIIB, OJIMHUIIb Ta TEPMi-
HiB. [lepenik yMOBHUX CKOpOUYEHb JOIAETHCS K OKPEMHUH CTPYKTYPHHUI €JIEMEHT,
SKIIO Y poOOTI HasiBHI Oijbllle M ATH CKOpOoUYeHb. Ha3By bOTO CTPYKTYPHOTO elie-

9



MEHTa BU3Ha4ae BUKOoHaBelb KP BiAMoOBiAHO 10 TOTO, IO caMe HaBEIEHO y KOHK-
peTHOMY TepeniKy. SIKIIo B epeniKy HaBOJAThCS JIMIE CKOpoUYeHHs (abpeBiaTyph),
TO PO3AiT 3a3BU4ail Ha3UBaIOTh «llepeTik yMOBHUX CKOPOUIEHBY.

[epemnik yMOBHHX CKOpOYEHB PO3TAIIOBYIOTH 3a abeTkoro. JIiBOpyd B KOXK-
HOMYy a03alli HaBOJSITh CKOPOUYECHHS YKPalHCHKOIO MOBOIO, @ MOTIM 1HIIUMH MOBaMH
(3a HasBHOCTI), @ IPAaBOPYY — IX HOSCHEHHS.

Bcmyn po3kpuBae CyTHICTb 1 CTaH TEMaTUKHU JIOCHIPKEHHSI Ta OOTPYHTY-
BaHHs HEOOXiTHOCTI MPOBEIEHHS JOCTIKeHb. [1i 9ac opopMIIeHHS BCTYIy moaa-
€THCSI KOPOTKA OIIIHKA CY4acCHOTO CTaHy IPOOJIEMHU Ha OCHOBI aHajIi3y BITYU3HSIHOT
1 3apyOiXKHOI HAyKOBOi (HAYKOBO-TEXHIUHOI) JiTEpaTypH y JaHiil nmpenMeTHid 00-
JacTi, CBITOBI TEHJCHIIT BUPILIIEHHS IOCTABJICHUX 3aBJIaHb.

Berynm mMae mictuTH Taki 000B’S3KOBi €IEMEHTH SIK: CTHUCIIC BHUCBITICHHS
aKTyaJbHOCTI BUCBITJICHHS muTaHb KP; coliagpHa 3HAYYIIICTh Ta JOLUIBHICTH
poboti; GopMyTrOBaHHS MPOOIEMHOI CUTYyarlii; 00’ €KT, IIPeIMeT, MeTa Ta 3aBIaHHS
JIOCITIJDKEHHS Ta METO/IN JTOCIIIPKEHHSI.

Beryn Moke MICTUTH TaKi €I€eMEHTH SIK: BUCBITJICHHS 3B’ 13Ky TEMATHKH 13
HayKOBUMH poOoTamu Kadeapy; HayKoBa HOBU3HA OTPUMAHUX PE3yJIbTaTIB; MOCH-
JIAHHA Ha IyOJiKaIil B IKUX BUCBITIICHO Pe3yIbTaTH pOOOTH; MPAKTUIHE 3HAUCHHS
pe3yabTaTiB pOOOTH, TOIIIO.

Ocnogna wacmuna nosAcHI06ANbHOT 3aNUCKU Ma€ CKIANATHCH 13 TPHOX
PO3IUTIB, B SIKUX BUAUISIOTHCS OUTBIN APiOHI CTPYKTYPHI €IEMEHTH — MiAPO3IIIH,
BUKOPHCTAHHSI 11le¢ OUTBII NPiOHIIIMX CTPYKTYPHHUX €IEMEHTIB — ITyHKTIB HE PEKO-
MeHIyeThes. KoXXHUN po3Aisl BUCBITIIIOE caMOCTiifHE MUTAaHHSA, a MigPO3AUT — OK-
peMy 4acTHHY IIbOTO MUTaHHs. MiX BCciMa CTPYKTYpPHHMH €JeMEHTaMH OCHOBHO{
gactual KP Mae mpocrexxyBaTucst 4iTKUE JOTiYHHMIA 3B’S30K Ta MOPSIOK BUKJIA-
JICHHSI MaTepiany.

Ilepwiuii po3odin, K NPaBUIIO, € 0212006UM, I HA MIAIPYHTI KPUTUIHOTO
aHaJi3y JpKepell NOCHIIaHHs, 3100yBay OKPECIIOE€ OCHOBHI €Taly PO3BUTKY HAYKO-
BOI IYMKH 3a 3aTBEpAKeHNM 3aBJaHHsIM B KP.

BignoBinHo 3aranbHiid Temaruii ocBiTHhoro kommnoHeHty (OK) mepumii
pO3IiT Mae 00OB’SI3KOBO BKIIFOYATH OMKC OCOONMBOCTEH THITY MOIYJIAIII i3 IeB-
HOIO TIO3UIIKHHICTIO Cy3ip’sl 13 MPHKJIaJaMyd BUKOPUCTAHHS TaKOTO Pi3HOBHIY MO-
YTl B Cy9acHUX CHCTEMax eIeKTPOHHHX KoMyHikariii. KpiMm Toro ciig momatu
KOPOTKHI OITMC 3aKOHIB PO3MOALTY 3aBaj i3 aHAJITHYHHUMHU BHPa3aMH Ta MPUKJIa-
JlaMH BUKOPHMCTAaHHS TaKMX PO3MOALTIB ISl MOOYMOBH MOJENICH KaHANIB 3B’ SI3KY
€JIeKTPOHHUX KOMYHIiKaIliH.

OOcsr nporo posainy He Mae nepeBuiyBati 20 % Bij 3arajJbHOTO 00CATY
Bciei KP.

Jpyruii po3aia Mae TEOPETHYHHN XapakTep. Y HbOMY HaBOASATHCS KOPOT-
KW ONKC METOJIB JOCHiKE€Hb, 3aCTOCOBAHUX 1HCTPYMEHTIB, OMUCYIOTHCSI MaTe-
MaTW4Hi, CTPYKTYpHi, 00’€KTHO-OpPIEHTOBaHI MOJENi, MPOBOANTHCS aHANI3 aaeK-
BaTHOCTI po3p0OIEHUX MOJeNel TOmIo.

B pamkax Temarnku KP 11e#t po3in Mae 000B’sI3K0BO BKIIIOUATH CTPYKTYPHY
CXeMy pajioKaHally Tepezadi Ta KOPOTKHH omHc B3aeMojii OJOKIB Ha CTPYKTYp-
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HOMY DiBHi; IEpeIiK Ta napameTpu BUKOpHUCTaHUX OokiB Simulink i3 oOrpyHTy-
BaHHSM JIOIIILHOCTI X BUKOPHUCTAHHSI; pe3yabTaTH Bepudikarii Mmoaemni (CKpirnm)
Ha OCHOBI MIHIMYM TaKuX IHIMKaTOPHHX IPHUCTPOIB: Jiarpamu Cy3ip’si; CUTHaJIb-
HUX JliarpaMm IepexoiB y cy3ip’i; oko-aiarpam; OCIIIOTpaM; CIIeKTpOrpam, TOIIO.

Takox B pyroMmy po3aiji MaroTh OyTH NIpelcTaBieHi po3podieHa cxema
MOJICITIOBaHHS B cepemoBuii Simulink i3 po3ropTkoro cy0OIOKiB (SKIIO BOHU BU-
KOpHCTaHi).

Tpemiii po30in npu3HAUYECHUH AJI ONMHCY IPOIECIB MOB’SI3aHUX i3 iMiTa-
LIfHUM MOJENIOBAaHHAM KaHaly 3B’s3Ky. BiH Mae OXOIUIIOBaTH BHCBITJICHHS pe-
3yJIBTATiB IPOBEIEHOTO MOJISITIOBAHHS Ta aHAII3 OTPUMAHUX 3AJIS)KHOCTEH B OaraTo-
napamMeTpuuHid (opMi, 0 XapaKTepH3yIOTh SKiCTh IM(POBOrO pagioKaHany i3
3amaHuMH B Ta0J1. 1 mapamerpamu BiqnoBinHo 3aBaaHHIo Ha KP. Takox y Tpetbomy
PO3ALTI MOJAIOThCS PEKOMEHAIIIT, 1[0 O BUKOPUCTAHHS TEXHOJIOTIN MOJIMIICHHS
AKOCTI KaHaJTy 3B’sI3Ky, HAIIPHUKJIAJ, CIOCO0IB 3aBaOCTIHKOr0 KoayBaHHs. Pe3yib-
TaTH JOCHIPKEHb NPE/ICTABISIOTHCS Y BUTISLI rpadiuHUX 3aJIeKHOCTEH, TAKHUX SIK:

— 3aJIeKHICTh PIBHA MOMMJIOK B KaHANI BiJl BIJHOIICHHS CHTHAJ-3aBajia
(SNR =0...30 nb);

— 3aNIeKHICTh PIBHA NOMWIIOK Binl (akropy 3rmamkyBaHasa (Rolloff) ¢inb-
Tpa KOCHHYC i3 TiJICTaBKOIO);

— 3aJISKHICTh PIiBHA IIOMIJIOK B KaHAJi BiJl JeTepMiHOBaHOI (a30Boi 3a-
tpumku (0...30 rpamgycis);

— 3aJIeXKHICTh PIBHA MMOMHJIOK BiJl 9acTOTH 3pi3y (opmyrodoro ¢imbprpa
KOCHHYC i3 Mi/ICTaBKOIO, TOIIO.

Bci 3anmexxHocTi MatoTh OyTH TPEACTaBICHO y BHTJIANI ciMeHcTBa Tpadikis,
BPaxOBYIOUH Jlialla30HH 3MiH BXIJHMX BEJIMYMH TAKUM YHHOM, 11100 pe3yJIbTYHOUHA
piBeHb TOMIIIOK OYB BiqMiHHMH Bix 0 (MiHIMYM 3 3aJI€)KHOCTI Ha OJHOMY Tpadiky).

OOcsT apyroro Ta TPEThOTO PO3ALIY Mae OyTH MPHOIU3HO OIHAKOBHM.
3a3Buyail B KiHIl KOXKHOTO PO3JUTy HaBOJSITH BUCHOBKH YaCTHHHUX PE3YNbTATiB
BukoHaHHS KP.

CrpykTypHUil enemMeHT «Bucnosekuy € 3aBepmianbHoro yactuHowo KP, mo
Ma€e MPOJIEMOHCTPYBATH pe3yJIbTaTh JOCIIKeHHs, CTYIIHb peaji3alii mocrase-
HOI METH Ta 3aBAaHb, CHHTE3 YCiX OTPUMAaHUX PE3YJIbTATIB AOCITI/DKEHHS Ta iX Bil-
noBijHicTh 3aranpHii MeTi KP. BucHoBkM MatoTh OyTH mojaHi B JIaKOHIYHIN (opMi
Ta MalOTh CKJIAJATHCh 13 TPHOX YaCTHH (a03aIliB) KOXKHA i3 SIKUX OXOILTIOE PE3YIIb-
TaTH PO3POOKH OKPEMOTO PO3ALTY KYypcoBOi poOOTH i3 BKa3yBaHHSAM SIKICHHX Ta
KUTbKICHHX TIOKa3HUKIB JIOCSATHYTHX Pe3yJIbTaTiB.

Ilepenix Oicepen nocunanusa € OCTAHHBOIW OOOB’SI3KOBOIO OJUHUIICIO
ctpyktypu KP Ta 0XOmIIoe BUKOPUCTaHI JIiTepaTypHi, €IeKTPOHHI Ta 1HIII JpKeperna
B HIOPSAJKY MocHiIaHHs Ha HUX y TekcTi KP, a Takox BiacHi omyOuikoBaHi Marepiann
3n00yBaya 3a iX HaABHOCTI (CTaTTA, TE€3W, MATEHT, CBIIOITBO MPO PEECTPAIIO aB-
TOPCHKOT'O IpaBa TOIIIO).

BHocutu 10 nepeniky jKepes MOCUIIaHHS He 00NYCKAIOMbCAa:

— IMOCWJIAHHS Ha JKepea, 1110 He MaloTh HAyKOBOI IIHHOCTI;
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— IMOCWJIAHHS Ha cTOpiHKM Bikinenii Ta iHIi noaiOHI pecypcH, B SIKUX Bif-
CYTHIH TIpOIeC HAYKOBOTO PEIIEH3yBaHHS;

— MMocwJIaHHs Ha (aiIo00MIHHHMKH Ta iHII MOAI0HI pecypcH;

— TocHIaHHA Ha BeOcaiitu pedepariB Ta iHImI nmoxiOHI HaKOMUIyBadi J0-
KYMEHTIB;

— TOCHJIaHHA Ha ImyOJikamii kpaiHu-arpecopa (pocii).

[ocwnanHs Ha Kepena B MEPEliKy MOCHIaHb MAalOTh OyTH O(QOpPMIICHO
BIIIOBITHO 110 AifouuM ctangaptam XHY momo odopMieHHS TeKCTy Ta 0i0mior-
padigHoro 3amucy.

1100 yHUKHYTH TIEpEOOTSHKECHHS BUKIIAY TEKCTY OCHOBHOI wactuuu [P, y
JIOZaTKaX HaBOMATH BIJJOMOCTI, SIKi JOTOBHIOIOTH a00 YHAOYHIOIOTH OCHOBHHIA
TEKCT JTOKYMEHTA.

Mooamku nns KP € HeoOoB’si3k0BUM eneMeHTOM naHoi KP, mo MoxyTh
MICTUTH JIOTIOMIXHI PUCYHKH W TaOnuii; mMpoMikHI (opMyiM Ta po3paxyHKH;
CKJIQIHUI ONHKC aJrOpPUTMIB Ta JICTHHTU MPOrpam; JOKJIaJHUH OMHC 3ac00iB, SKi
OyJI0 BHKOPHCTAHO i Yac MPOBEICHHS MOCIIKCHB; KOIii MyOikamiii Ta iHmry
iH(pOopMarito, Mo JormoMarae raude po3kputu nocrasieHi y KP 3apnanns.

JlopaTky po3TaIIoOBYIOTH Y MOPSIKY HMOCHIAaHb Ha HUX no Tekcty KP, mo-
YMHAIOYH 13 OKPEMOT0 apKyIy. Bci 1oaaTki MaloTh epepaxoByBaTUCh y «3MicTi»
13 3a3HAYCHHAM IX HOMEPIB Ta Ha3B.

4 METOAWYHI PEKOMEHJALII I TOPAJU
3 BUKOHAHHS KYPCOBOi POBOTH

4.1 Mopeuni Ta eTanu peajizanii HAYyKOBHX JT0CTiI:KeHb

3a MOHATTIM Mo0desti IPUXOBYEThCS TaKUi aOCTPAKTHUH OIMHC PEabHOTO
00’exTa abo mporecy, 0 € 3pYYHUM JUIS TPOBEICHHA HAYKOBHX JOCIIIUKEHb 13
3amaHuM piBHeM noctoBipHOcTi. CyTh TeHepallii MOJeNi MOJATaE Y 3aCTOCYBAHHIX
MEBHUX NPUMYCOBHX OOMEXEHb, IPO SIKi CIiJ 3a3HAYUTH TEpei] CTBOPEHHSM Ta
HAaCTYITHAM BUKOPHCTaHHSIM MOJIETI.

[ponenypa Modenrosanna B NaHiit KypcoBiid poOOTI mepeadadae BUKOPH-
CTaHHS )i3uuHUX MoOdenell, NS IKUX MapaMeTpyd MOJENi, CTUMYJIU Ta PEaKili €
peanbHUMHU (PiI3MYHUMH BEJIMUYMHAMH, & TOJIOBHUM 3aBIaHHIM € BiILIYKYBaHHS Ta
OTITUMI3AIlisl MapaMeTpiB s 3a0€3MMeYeHHS 3a/1aH0l peaKiii.

Mogneni xaHamiB 3B’s13Ky B cepemoBuii Matlab/Simulink 3axmu € ouna-
MIYHUMU OUCKPEMHUMU MOJCJSIMH, 110 ONEPYIOTh CTUMYJIAMHU Ta PEaKIisiMU SIK
(hyHKIisIMA Yacy, a gepes Te, 110 3aBajl 3aBXKI1U HOCUTh BHITQAKOBHIN XapakTep Taki
MOJIET TaK0X BIHOCATH JI0 CHIOXACHMUYHUX KOMIT FOTEPHUX MOJIENICH.

[MoniOHiI xoMIT T0TepHI Mozeni sk BuKopucrani B gaHiii KP. J{nsa oxHoro i
TOrO X 00’€KTa 200 Mpolecy MOXKIMBO OOy TyBaTH Pi3HI THITM MOAENIEH 3aJIeXKHO
BiJl METH JIOCHI/DKEHHS Ta YSBJICHHS MPO CTHMYJIM Ta peakiii. 3anexXHo Bijg MeTH
MOJICTIOBAHHSI MOKJIMBO BHIUIUTH PsiJi KpUTEpiiB Ta iHIMX ymoB (puc. 4.1), mo
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HEOOXIiTHO TIOTPUMYBATHCh Il 4aC BUKOPUCTAHHS MOAEN, TOOTO chopMmyioBaTu
3aBAAaHHA JOCIiKeHHs Moaene. 1]i 3aBnaHHs TICHO MOB’sI3aHi i3 THTIOBHUMH ITp 00-
JieMaMu PO3pOOKH Ta BIIPOBAPKEHHS TEXHIYHUX PIlIeHh B TEXHIKY €JIEKTPOHHHUX
KOMYHIKaIii.

Peakuii

. Yi(...)
— /F?((:.-T) e

wynxuiouanE}/ \ﬁapamerpu

prrepiE—-——— K’ | lT‘—EeMrl. vac
i),

X L Mpame I
Moxemoanns:  sigomi X, P, F = anaittn ¥ 33aBOAHHA =
. o . ObepHeHe N
¥npasainan: sigomi ¥, P, F = snaiith X 33BOAHHA =
Inentudikanii: Bigomi X, ¥, muoxuna F = suaiith feF, P
Onrumizauii: sigomi F, kpurepiit K = anaiitn P, X, ¥
Mpornosysauus: sinomi X, Y, 7= suaittu F, P, Y,.r

Pucynok 4.1 — Y3aranpHeHa MOJIC/b Ta OCHOBHI 3aBIaHHS OCTIIKCHHS

B nmaniit KP BiamoBifHO 3aBAaHHIO HA MPOCKTYBAHHS BUKOPUCTOBYETHCS
MpOLIEC MOJICIIOBAHHS, L0 y3arajbHEHO Ha3WUBAIOTh «HPAMUM 3A60AHHAMY, JI€
BIZIOMi CTHMYJIH, apaMeTpH Ta (QYHKIsI IEpEeTBOPEHHS Ta CJIij 3HANTH peakxii, 3a
YMOBH Bapiallii napameTpis.

IMporec MozienntOBaHHsI 3a 3a3HAYCHUX YMOB CKIIAJIAETHCS i3 Py TOCIiI0B-
HUX €TalliB, 4epe3 iTepaliifHy MpoIenypy IMOCTYHOBOI KOPEKIii CyTi HACTYITHOTO
eTamy BiJHOCHO monepeaHporo. KoxkeH eram mpouecy MOJCTIOBAHHS MOKIIHBO
MTOJIUTHTH Ha JCKiIbKa 9acTHH, a00 IMOCIiTOBHIX KPOKiB (puc. 4.2).

Eman modentogaHHs Kpok modenroeaHHs

BusHaueHHA npegmeTty Ta o6'ekTy 4oCnigmeHHa
MocTaHoBKa 3aBOaHHA BUaHaYEHHA METH JOCTIKEHHA

_.l MocraHoska 3aBhaHe AOCNIPKEHHA

®Dopmanizauina mogeni

)

CknagaHHa koHUenTyansHoi Moaeni JOCnimkeHHA
BuGip TeopeTHiHoT Gaiu MOaENoBaHHA
_bloupmanwe npefCcTaBNeHHA Moaeni

Bubip NporpaMHOrc cepeoBuiLa Ta CTBOPEHHA Moaeni

a1
CreBopeHHA mogeni |—a| Bepudhikauis poapobneroi mopeni
—| OLLiH}ﬂBEHHH aaexksaTHOoCTI mogen:
|—»| MnaryBaHHA eKCNepUMEHTIB BIANOBIAHO 3aBAAHHAM
DocnigpkeHHn mogeni | —p|posenerns ekcnepumenTis 3 MoaenioBaHHs
|—»-| O6po6ika peaynsTatis MoaenioBaHHA
|—p-{ AHania peayneTatis MOOENIOBaHHA
BucHoBku moa |—u| Mincymosysanhs peaynsTarie MogeniosanHs
] MPONO3aULINA i3 No) AOCHimKeHb
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Pucynox 4.2 — Tunosuii anroput™ npouecy MoJeI0BaHHS
B €JIEKTPOHHUX KOMYHIKaIlisx
4.2 TlocraHOBKa 3aBJIaHHA

VY wmexax KP moumHaeTscs i3 BU3HaUeHHS 00’€KTa Ta MpexMeTa JOCIHi-
mkeHHS. O0’€KT NOCHTIMKEHHS BiNMOBimae mpodeciiiHo-HaAyKOBiii ramysi ta ¢op-
MYJIFOETBCS IIHPOKO 1 171t gaHoi KP Moske OyTu copMynbOBaHO SIK: npouecu nio
yac nepeoaui ingpopmauii 6 erekmponnHux KomyHnikayinx. IIpeaMeT N0OCTiHKCHHAS
Mae OLIbII JeTaJbHO KOHKPETU3YBAaTH 00’€KT NOCIHIKEHHS, B HAIIOMY BUIAIY,
HANPUKIAI: paldiokananu nepeoadi ingopmauii iz 3acmocysanuam uugposux
Pi3HO8UOI6 MOOynayii. MeTa Ta IpeMeT JOCIIHKEHHS TiCHO OB’ s3aHi i3 3MiCTOM
OCBITHBOTO KOMIIOHEHTY 32 SIKMM BHUKOHYETBCS KypcoBa po0orTa.

VY3aranpHEHO, MeTa JOCIHIIKEHHS Ma€ MICTHUTH SKICHY XapaKTCpUCTUKY
nepeadadyBaHUX Pe3yNbTaTiB Ta X 00CATY, a 3aBIaHHS JAOCITIIKSHHS — KOHKPETH-
3yBaTH METYy JOCITiKeHHS. B HamoMy BHITaKy MeTa OCIHIIKEHHS Ta 3aBIAaHHI
TOCIiKEeHHST GopMyFOThCs i yac Bunavi 3aBaanHsA Ha KP 3 O0oky kepiBHUKA po-
0OTH sK IIeBHI BapiaHTH BUKOHaHHS. Hampuknan, nnsg manoi KP mera moxe Oyt
c(hOpMyIIbOBaHA SK: ORMUMI3AUIA nRAPAMEmpPie MA XAPAKMEPUCIMUK PAOIOKAHATLY
nepeoaui yugposux oanux 011 3ab6e3neueHns AKOCHI 36’43Ky 6 yMoeax 3aeao
ma cnomeopens, a 3aBJaHHs JOCIIDKEHb MAIOTh BiIOMBATH CYTh 3MICTY PO3[iJIiB
OCHOBHOT'O 3MICTY POOOTH: @HA1i3 BUXIOHUX OAHUX, CHBOPEHHA Mma eepudpikayis
Mo0ei padiokanasy, 00C1iONHCeHHA MOOei TA PeKOMEHOauii w000 onmumizauii.
3aBaaHHs JOCIIIKEHHS CITiJ] CTYACHTY c(hOpPMYIIIOBAaTH CaMOCTIHHO.

4.3 ®opmadizauist Mmoaei

Le#t eram 3a3Buyaii € yacTHHOO Tepiioro po3airy KP ta modnHaeTses i3
CKJIQIaHHS KOHYenmyanbHoi modeni Mae MaTh B CBOEMY CKJIaJli HaOip BXiJHHX Ta
BUXIZIHUX 3MIHHUX, a TaKOX y3araJbHEHY CTPYKTYpy 00’€KTa MOJENIOBAHHSA. Y
HAIIIOMY BHIIAJKY BXIAHUMH 3MIHHUMH € MapaMeTpu 3aaaHi B Tabmuii 1.1, Bigmo-
BIZIHO BapiaHTaM BHMKOHAHHS], MapaMeTpamM, L0 ONTHMI3YIOThCS € HapaMeTpH
CKJIQIOBUX MOJYJIB KaHally 3B’s3Ky. BUXIIHHM IOCHTIPKyBaHHM HapamMeTpoM €
6itoBuii koedinient nommiok (BER), mo xapakrepusye sikicTh nepeaadi JUCKpeT-
HHUX CHTHAJIIB KaHAJIOM 3B’SI3KY.

Konyenmyanvna mooens. Jlxepeno nudpoBoro curnany (auB. puc. 4.3)
iMiTy€ 1H(POPMALIHHINA TOTIK, IO € MOCIIIOBHICTIOI M-apHUX ICEBIOBHIIAJKOBUX
CHMBOJIB. B paMkax jkepena SK mapameTp BCTAHOBIIOETHCS IIBHIKICTH BHAAYI
cuMBoJIB — 9600 6iT/C, a BIATOBITHO SIKiil BCTAHOBIIFOIOTHCS TIAPAMETPH PEILITH CXEM.

BracHe mociiKyBaHWI pamioKaHANl CKIANAETHCS 13 TOCTITOBHO 3 €]I-
HaHUX CXeM KaHAJILHOTO MOJYJIATOPA, CXEMH 3aBajl Ta CIIOTBOPEHb Ta CXEMH Ka-
HaJIBHOTO JleMoayistopa. [lepepaxoBani Buiie OJ10KH BiTHOCSTHCS 10 (PYHKITIOHATB-
HOI YaCTHHU KOHLENTYaJIbHOI MOJIEN JOCIi)KEHb.
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BuBiz pe3ynbTaTiB MOJICIIOBAHHS MPOBOUTHCS 32 TOTIOMOTOI0 CXEMHU BH-
3HadeHHs1 OiToBux mommiok (BER), a Takok cxemMH BUMIpIOBaHHS BiTHOIICHHS
curHan-3aBaga (SNR).

Cxema
eepuchirayii Cxema
cnekTpy BUMIPIOBAHHA
SNR
CHrHany
Y
kepeno Cxema Cxema sasag Cxema Cxema
uuchpoBoro | rananbHoro T8 CMIOTBOPEHE m| KEHANEHOTO -
curpHany Moaynatopa - | AemopynsTopa BER
Cxema
Cxema Cxema sepudpikauii
=  sepuchikauil sepudikauil CHIHaNLHOre
chopmi CUrHaNbLHOrD cysip's
curHany cysip's npuAmada Ta
nepefasava cnekTpy
cHrHany

Pucynok 4.3 — CTpykTypa KOHIEITYyaaIbHOT MOJEITI
JUTSL TOCIIZPKEHb pajlioKaHaly i3 U(QPOBUMHU Pi3HOBUAAMH MOYIISIIT

Jlo 3B’s3KiB MK (DYHKI[IOHATBHAMH OJOKaMHU MapaieibHO MiJAKIIOYCHO
cxemu Bepudikanii GopMH CHUTHANY, CHEKTpa CHrHalTy, pOpPMH CHTHAJIBHOTO CY-
3ip’s, [iarpamMmu MepexoiB y CUTHAILHOMY cy3ip’i Ta oKko-miarpam.

4.4 CrtBOpeHHs MoaeJi

[Tix yac cTBopeHHs1 MoJeNi nependadaeTbes, Mo 3400yBay BKe O3HAHOM-
JIeHUuii i3 cepenoBuieM MojentoBanHs Matlab/Simulink. OTxe Kpok CTBOpEHHs
MOJIeN nependadae aaropuTMisaiilo 3aJyMy BiJIIOBIIHO METI Ta 3aBJaHHSAM, abo
HAMKMCAHHsI TporpaMu B cepemoBuili Matlab, abo cTBopeHHs Mozeni i3 OJIOKIB B
cyocucremi Simulink, a6o Te i iHiIe pasom.

Dyukuionanvrha modens. J1ns peanizaiiii KOHIENITYaIbHOI MOJIEINI B cepe-
nmoeumni Matlab/Simulink, cnmin BumimuTH (QYHKIIOHATPHY MOJENb TaKHM YHHOM,
mo0 MaTH MOXIHUBICTH BHKOPHCTOBYBAaTH BOYHOBaHI (DYHKIIOHANBHI OJOKH
Simulink ms peamizamnii 3agymy. CTpyKkTypHa cxema pafgiokaHany (ouB. puc. 4.4)
PO3YKPYITHIOE YacTHHH (YHKIIOHAIBHHX CXeM Ta MPEICTaBJICHA TAKMM YHHOM,
o0 HaKpallM YWHOM BHKOPHCTaTH MOXJIMBOCTI makery Simulink monmo BuGopy
0JIOKIB Ta BCTAHOBJICHHS 3B SI3KiB MIXK HUMH.

Cxema KaHAJILHOTO MOYJISTOpa MPEACTaBlIeHa MOCHTiJOBHUM 3’ €THAHHSAM
0J10KiB U(PPOBOTrO MOIYIATOPA i3 3aJaHUM XapaKTePOM MOIYJIAIIl Ta OJOKy Ka-
HaJBHOTO (iFbTpa i3 33JaHOI0 MeperaBaNtbHOI0 (QYHKIIE0. [ 0JJOBHUME mapaMeT-
pamM# MOIyJISTOpa € MiHIMaJdbHA AWCTAHINS MIXK €IeMEHTaMH Cy3ip’s CHTHally Ta
M-apHicTh CHTHAJIBHO-KOJIOBOT KOHCTPYKIIii. ['0lTOBHUME mapameTpaMu KaHaJIbHOTO
¢inpTpa nepepaBaya € mapaMeTpH IO 33Jal0Th 3a0KPYIJIEHHS IepeaaBajibHOl Xa-
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PaKTEpPUCTHKH B 30HI POIYCKaHHS Ta BCTAHOBIIIOIOTH EKBIBAIICHTHY YacTOTY 3pi3y
Ta piBeHb MPUTHIUYECHHS HeOaKaHNX CKIAJ0BUX (30HY MPUTHIYEHHS).

Cxema 3aBaj Ta CIIOTBOPEHb CKJIAAETHCS 13 OJOKIB KBaIpaTypHOTO pO3-
TaTy)KeHHS, 1€ BHIUIAIOTECA OKPEMO [BI KBaJgpaTypHI CKIJIAJOBI MOyl
QAM16 mo sxux B cymaropax 1 Ta 2 3 60Ky reHepaTopiB 3aBaj IMPSAMOTO Ta KBaJ-
PaTypHOTro KaHaJiB JOJAIOTHCS CIIOTBOPECHHS. PiBEHB CIIOTBOPEHB PETYIIOETHCS SIK T1a-
pameTpu cepeqHbpOKBaApaTHIHOrO BiaxmieHHs (CKB) K0)KHOTO 3 TeHepaTopiB 3aBaj.

[eHepaTop

3aBap,

npsiMoro > Cymartop 1

KaHany

4 v

Dxepeno | o KanansHui . KeanpaTypHuii Bnok thaso-
uvcbposoro [ T™] ’I;“:d“:;?g” ™ HinbTp *Kzif'::w‘)::: oGesnxgaq | uacTotHUX |—=
curpHany Y P nepefasavya P Ky CNOTBOPEHb

‘ A
lexepaTop

3asan
——
KBaAPATYPHOrO Cymatop 2

KaHany

Brok

- ) ninpaxyHicy
KE;)?}_:';HW” |, Linchposmia NOMUMOK
- n P AemMofynaTop »
npuumasa

Mawrrabrui
nigcuniosay

Pucynok 4.4 — CtpykTypHa cxeMa MOZETI paioKaHamy i3 II(PPOBOI0 MOIYISIIE0

Hapani y cxemi 3aBajJy Ta CIIOTBOPEHb CHOTBOPEHI KBaJpaTypHi CUTHAIIU
00’€/IHYIOThCS Ta YTBOPIOIOTh KOMIUIEKCHUIT KaHAJIbHUIM CUTHAI, 10 HAJXOJHUTh Ha
6110k (ha30BUX Ta YACTOTHHX CHOTBOpEHb. [lapamerpom Osoky (pazoBux Ta 4acToT-
HHUX CHOTBOPEHb € ()a30BMi Ta YaCTOTHMH 3CYB, IO 33/AI0ThCsl OKpemo. Jlis imi-
Tauii 3aTyxaHHs B KaHaJI nepenadi HAIPHUKIHII CXEMH 3aBaJ| Ta CIIOTBOPEHb BCTa-
HOBJICHO MacIITaOHHMI TiJICHIIIOBaY, MapaMeTpoM SIKOro € KoedillieHT nepenaui,
10 MOXe OYTH 1 MEHIIIE HYJIS.

Cxema KaHaJIBHOTO JIEMOIYJISITOpa 3a (DYHKIIOHATBHOIO CTPYKTYpOIO 00ep-
HEHa JI0 CXeMH KaHAILHOTO MOAYJISITOpa Ta CKIAAAETHCS 13 MOCHIIOBHO 3’ €JHAHMX
OJIOKIB KaHAJTBHOTO (iNIBTpa MpHiiMada Ta TH(GPOBOTO IEMOIYIATOPA.

Hanpukinni npuiiMalibHOT 4aCTHHHM BCTAaHOBJICHO OJIOK MiJpaxyHKy TOMH-
70K, mo Bu3Hayae BER min wac mocnmimxenHs. B mapamerpax Onoky migpaxyHKy
MOMMJIOK BKa3y€ThCsl 3HAYCHHS 3aTPUMKH, LIO 3aJISKUThH Bijl mapaMeTpiB mepena-
BaJIGHOTO Ta MPHHMaIBHOTO KaHANBHUX (iIbTPIB.

JpyruM KpOKOM CTBOpPEHHS MOJEINi TOCTIKYBaHOTO KaHAIy 3B SI3KY €
BepHudiKkalis MOJeNi — MiATBEPIKSHHS MPaIe3aTHOCTI Ta BiJMOBIAHOCTI METi Ta
3aBIaHHSIM JociikeHHsA. Ha erami Bepudikarii BUSBISIOTECSA TPyOi MOMIIIKH Ta
HETOYHOCTI B pOOOTI iMiTamiifHOI Mojierni, Bepu}iKaIifo po3yMHO MTPOBOIUTH T10C-
TYIOBO T/ 9aC CKJIaJaHHs MOJICII.
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Imimayiiina modens. SIk1o, BUXiTHUMHU JaHUMH JUIS HajJallTyBaHHS Ma-
paMeTpiB 3acTocOBaHMX BOYIOBaHMX OJIOKIB BiATIOBiAHO TEXHIYHOMY 3aBIAHHIO €
i Momysamii QAMI16 (M = 16), miHiManbHa BiACTaHb KOAy — 1, THII 3aBax —
rayciBChKi 1O MPSIMOMY Ta KBaApaTypHOMY KaHajaX, TO iMiTamiifHa MOJENb paio-
KaHaJTy BUIIAIATHMeE SIK IOKa3aHO Ha puc. 4.5.

Gaussan Noe
Generator

Eror Rate
Calculation

LM
t»{ Rectangular
16.0AM DRMEI

Rectangular
16-0AM

Recmgdar GAM Raised Cosine P Rased Cosne
doon Tt Pl T can e
Baseband! .. (Offset
catimag o
Complex Phase/
Fraguancy
Offsat

———

Discrete Time

Sgnal Trajectory
Condolaton Diagam 01 @ Consintation Gagram 02 Scapa03 -
Discrete-Time =
e T T
eger Scopeti2 Seops 12

— T e
ardom g Disgram
Generator E\;mpﬂ\
Averagrg
Pover Spectal
Dersity 013

Realimag? | Power Spectrd  Complaxto

Cample o
Demsit01  Reamag!

Reatmeg3

Scope 02

Averaging
Power Spectral
Densty(2

Pucynok 4.5 — Imitaniitna monens pagiokaHary B cepenouri Simulink

BiamnoBinHO TeXHIYHOMY 3aB/IaHHIO MapaMeTpH JpKepena u(poBOro cur-

Hany — Jpkepena 1dposux cumoiB (puc.4) (Random Integer Generator) BCTaHOB-
JIIOIOTHCS SIK TIOKa3aHo Ha puc. 4.6.

Function Block Parameters: Rectanqular QAM Modiulator Baseba...
Source Block Parameters: Random Integer Generator [x] = St = [x]

Rectangular QAM Modulator Baseband =
Random Integer Generator (mask) (link) —————— e @

Modulate the input signal using the rectangular quadrature
Generate random uniformly distributed integers in the range [0, amplitude modulation method.
M-1], where M is the M-ary number.

This block accepts a scalar or column vector input signal.
Parameters

The input signal can be either bits or integers. When you set

M-ary number: the 'Input type' parameter to 'BIt', the input width must be an

I16 integer multiple of the number of bits per symbol.
Initial seed: Main | Data Types |
P
|2
M-ary number : |16
Sample time:
Input type: Integer i
[1/9600
Constellation ordering: [Gray B

I Frame-based outputs MNormalization method: [Min. distance between symbols =

Minimum distance:  [1
Output data type: |doub|e j Phase offset (rad): |0

[~ Interpret vector parameters as 1-D

View Constellation

oK Cancel Help | Apply | 0K cancel | tep | gy |
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Pucynox 4.6 — [lapameTpu HanamryBaHHS
JoKepena nu(poBOro CUTHATY IO TEXHITHOTO 3aBJaHHS

M-ary number: Biamosinae QAMI16; Initial seed: — noBiNbHHI mapameTp
MOYaTKOBOTO 3HAYCHHS reHepaTtopa Bumagkoux gucen 0...15; Sample time: —
MIBUIKICTH BHOIPOK, MOXIIUBO 00paT (ikcoBaHOIO, ae 00paHO TaKoIo, IO BiIO-
BiZja€ CTaHIapTHiN OITOBIM MBUAKOCTI A4 Ieperadi MOBHOro curtaiy 9600 Oit 3a c.

[TapameTpu HanamTyBaHHs HU(PPOBOTO MOYISATOPA (IUB. pUC. 4.6) TAKOXK
MaroTh BixnoBizatu thiy Monymsinii QAMI16 (M-ary number = 16) ta xpim Toro
ciig BUOpaTH MeTox HopMalizauii curnansHoro cysip’s (Normalization method)
SK MiHIMaJbHa JUCTaHIIis MDXX CHMBOJIAaMH Ta BCTAHOBHTH 3HA4YCHHS Iapamerpa
Minimum distance: 1. Penrra mapamerpis (puc. 4.7) ciij 30epertu 3a 3aMOBUYBaHHSIM.

[MapameTpn KaHATBFHUX (GUTBTPIB IpHiiMada Ta mMpuitMada MarOTh BCTAHOB-
moBaTHCh y3romkeHo. [lapamerp ¢akropa 3aokpyrieHHs (Rolloff factor) cumin
norrepenHpo obupaTn B Mexkax (,2...0,8. [Napamerp Filter span in symbols pakTuaHO
BCTAHOBIIIOE KITBKICTh BUOIPOK, SIKi OEpyTh y4acTh MiJ yac GOPMYBaHHS IMITYIIbC-
HOI XapaKTepHUCTUKH (LIbTpa, 3HAUCHHS MapaMeTpa CItix ooupatu i3 pany 4, 8, 16, 32.
IMapametp Output samples per symbol 3agae piBeHs TUCKpeTH3AIi] iHTEpBaIYy IIe-
penadi KO)KHOTO CUMBOJIY JUIsl TIPEJICTABICHHS PE3yJbTaTiB HA BUXOJI Ta HACTYI-
HOI KBaJIpaTypHOI MOIYJIAL, 3HAYCHHI apaMeTpa TaKoxX CIifl odupatH i3 psny 4,
8, 16, 32. [lnsa pociimKeHb 00epeMo 3HAYCHHS JBOX OCTAHHIX BKa3aHHUX MapameT-
piB 8 (puc. 4.7).

Kpim Toro mmnst npuiiMansHoro QijapTpa ciiii BCTAHOBUTH 3HA4EHHsI Hapa-
merpa npopimkyBanHs (Decimation factor) omnakoBum i3 mapamerpom Input
samples per symbol (s Hamoro Bumaaky 8). Pemrra mapameTpiB st KaHAIIBHUX
(binpTpiB cuix oOpaTH Mo 3aMoBUyBaHHIO (puc. 4.7).

Function Block Parameters: Raised Cosine Transmit Fiter

~Raised Cosine Transmit Fifter

Upsample and filter the input signal using a normal or square root raised cosine
FRR filter.

Main | Data Types |

Filter shape: ‘Sqﬂre root j
Rollof factor: 0.5

Filter span in symbols: |8

Output samples per symbol: ‘B

Function Block Parameters: Raised Cosine Receive Filter

Raised Cosine Receive Filter

Filter the input, and, if selected, downsample, using a normal
cosine FIR filter.

Main | Data Types |
[ Parameters

Filter shape: |Square root

Rolloff factor: [0.8

Filter span in symbols: |8

Input samples per symbol: |8

Decimation factor: |8

Liear ampliuce it gan: 1 Decimation offset: [0
Input processing: ‘Elemenls as channels (sample based) j Linear amplitude filter gain: |1
Rate options: |_A_How miuftrate processing j Input processing: IEIemenis as channels (sample based)
[~ Export filter coefficients fo workspace: Rate options: IAIIow multirate processing
Visualize Fiter with FrTool [~ Export filter coefficients to workspace
Visuali:
4 | ¥
o | b | i e |

Pucynox 4.7 — [lapameTpu HanamryBaHHS
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KaHalbHUX (UIBTPIB IepeaaBaya Ta npuiMaya

HamamryBanns rerepatopis 3aBaj (JUI HAIIOTO BUIAIKY TayCiBCHKHX Te-
HepaTopiB) MOYMHAETHCA 13 BHOOpPY i3 Oibmiorexkm Simulink HEoOXimHOTO THITY
reaeparopa. g rayciBcekoro reHeparopa mymy (puc. 4.8) BCTaHOBIIOIOTHCS
mapameTpu MaTtemaruaHoro cmnoxiBaHHsi (Mean value =0) ta CKB (Variance
(vector or matrix)). 3MiHOO OCTaHHFOTO MOXJHBO perymoBatd SNR. ITapamerpu
MaTeMaTUYHOT'O CIIOJIIBaHHS Ta JUCIIEpPCii reHepaTopiB 3aBaj] CJIi/l BCTAHOBIIIOBATH
OJTHAKOBHMMH TI1JT Yac TOCIIIXKCHHS.

[ souirce Block Parameters: Galissian Nolse Generator b3 Function Block Parameters: DRMS

Gaussian Noise Generator (mask) (link)

~Discrete RMS Value Block (mask) (link)
Generate Gausslan distributed nolse with given mean and
varlance values. Computes the cumulative root mean squared value of the
FooT sampled input signal. The output is discrete.
l’:w Yahue: ~Parameters
Variance (vector of matrix): Sampling Interval (s) :
o1 [1/9600/8
Initial seed:
[a1
Sample time:

[1/9600/8 oK I Cancel | Help | Apply |

Pucynok 4.8 — Ilapamerpu reHepaTopa 3aBaj
Ta 00YMCIIIOBaYa CepeAHbOKBaApAaTHYHOrO 3HaYeHHs (RMS)

KpiMm TOro, mo4yatkoBi mapaMmeTpu y BHNAJKY 3aCTOCYBaHHS OJTHAKOBHX
TUIIB TEHEPaTOpiB 3aBaj IJIs MPSIMOTO Ta KBAAPATYpPHOTO KaHAIIB CIix obuparu
PI3HMMHU J1J1s 3MEHIIEHHST KOpesLil BIUIMBY reHepaTopiB Ha cHH(pa3Hy Ta KBajapa-
TYpHY CKJIaJIOBY KOMIUICKCHOTO KaHAJILHOTO iH(opMmamiliHoro curnaiy. [lapamerp
Sample time ciig 00paTy y3romKeHo i3 IKEperIoM BUIIaIKOBOrO iHGOPMAIIHHOTO
curnainy (Random Integer Generator) aje3 3MEHIICHUM BiAIIOBITHO PiBHIO AMCKpeE-
Th3alil kaHaieHOrO (imbTpa 3a mapamerpom Output samples per symbol, To6TO,
Jurst Hamoro Bumaaky (1/9600/8). Lle BiamoBinae oTHOMOMEHTHOMY BILTHBY 3aBaJld
i Yac mepenadvi ACsSKOro CHMBOJY IIiJi Yac KOXHOTO PIBHS JHCKpETH3alii Bif-
(iTPTPOBAHOTO CUTHATY. AHAJIOTIYHO Ciifi 00paTh TakWil came mapameTp 1 s
6s10ky o6uncnenas RMS (puc. 4.8).

Juist 3pydHOCTI MM 9ac JociipkeHs 3HadeHHs SNR 3a momomororo mpoc-
TOI CXeMH iMiTallii MaTreMaTuuHOi 00poOKH (AMB. pHC. 4.5) NEPETBOPIOETHCS Y Bill-
HOCHI oxuHuUII — 1b.

OcTaHHIM HEOOXiTHHM HapamMeTpoM Ui 3a0e3ledeHHs OTPUMAaHHS KO-
PeKTHUX pe3ynbTariB  (yHKIioHaNbHOT 00poOkm BER y Omoui Error Rate
Calculation € mapameTp 3aTpUMKH CHTHaly B KaHaji mepenadi — Receive delay,
SKWH CJIiJ] BCTAHOBHUTH ieHTHYHO napamerpam Filter span in symbols GisiokiB ka-
HaJIBHUX QIBTPIB (TOOTO — 8 AJIS HAIIOTO BUITAJKY).

4.5 Bepudikaunist MmonxeJi
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3aBepLIaJbHUM KPOKOM CTBOPEHHSI MOJEINI € OLIIHIOBAHHS PiBHS 11 ajekBa-
THOCTI uepe3 Bepudikamiro i3 BiTOMUMH 3aKOHAMH () YHKITIOHYBaHHS.

Bepudbikauin popmu cucnanie. BusHaunmo mapamerpu, 10 Bepudiky-
o1ecs. ['eneparop iHdopmariitnoro curaamy anst QAM 16 Mae cTBOpPIOBaTH CHT-
HAJT 13 MOCTIMOBHOCTI IuX umcen Bix 0 mo 16 y BunagkoBomy mopsaky. Lludpo-
BU MOAYIATOP IIEPETBOPIOE IO TOCIIJOBHICTh B KOMIUIEKCHE YHCIIO BiAMIOBiTHO
3aJaHuM IapameTpam MoxyJsinii. J{ns napamerpa kpoky moxnyssiuii B QAM 16 =1
3HAYCHHS MK PIBHAMH KBAHTYBAaHHSI 32 aMILTITYIOO IS AiiCHOT a00 ysSBHOI YaCcTHHH
KOMIUIEKCHOTO YHCJIa Ha BUXOJ OJIOKY KBaJpaTypHOrO MOJYJISITOPA YaCTUHU MAalOTh
nopisaroBatr 1. KananpHi QimeTpu npoBoaATE 3riamxyBaHHs GopMu mudpoBOro
CHTHAJy Ta JIOJAl0Th YacOBY 3aTPUMKY, 10 3AJIC)KUTh BijJl HAJAIITYBaHb QUILTPIB.

i I i 1 i i i 1 i
0344 0345 0346 0347 0348 05348 036 0361 0362 0363 0354

Pucynox 4.9 — ®parmeHT GopMu CHTHaTy Ha BUXOJIi TeHepaTopa IiTnX
Ta BUMAJKOBUX YHCEN (3BEPXY), AiCHA YaCTHHA KOMIUIEKCHOTO CHTHAITY
Ha BUXO/Ii KAHAJILHOT'O MOAYJIATOpa (CeperHa)

Ta JifiCHa YaCTHHU KOMILJIGKCHOTO CUTHAJTy Ha BUXO/JIi KAHAJILHOTO (inbTpa

I3 puc. 4.9 oueBuaHO, MO sIKicHA 00pOOKa iHQOPMAIIITHOTO CHTHAY Bij-
MOBITa€ yMOBaM BepHUQiKaIlii.

Bepudghikayin cuenanvnozo cysip’s. Bepudikamiiini mapamerpu mnepezaa-
Baya (puc. 4.10).

QAMIE

QAM1E

Quadrature Amplitude
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Pucynox 4.10 — ®opma curnansHoro cysip’st QAM 16
Ha BUXO/JIi KaHAJIIFHOTO MOAYJIATOpa (JiBOPYY) Ta KaHAIBHOTO (inbTpa (TIpaBopyd)

Curnanpha pemtitka QAM 16 Mae MaTH XapakTepHy KBaJpaTHY CTPYKTYpY
i3 BICTAQHHIO 1O TOPH30HTANI Ta BEPTHKAJl MK TOYKAMH PO3TALIYBaHHS BY3IIiB
NPE/ICTaBICHH CUMBOJIIB, sIKi HOpiBHIOIOTH 3a T3-1. Ilix yac mpoxomKeHHs yepe3
KaHAJIBHUHN (PUTBTp Yepe3 3MiHy 3HAYEHB 32 PaXyHOK (iIbTparii By3JTH KaHAIBHOT
PEIIITKH MalOTh «PO3MHUBATHCHY, ajle 30epiraT 3arainbHy GOpMy PEemIiTKH.

Bepudikamiitai mapamerpu npuiimada (puc. 4.11). Ilix gac aii B xaHami
nepenadi aIUTHBHUX 3aBajl, IO OJHAKOBO BILIMBAIOTH HAa BCI CMIEMEHTH CUI'HAIIb-
HOTO Ccy3ip’st QAM 16 Bi3yambHOTO peryisipHa pelrTdacta CTpyKTypa JOIaTKOBO
«po3MHBaeThesl 3aBagamu (puc. 4.11) Ta okpemi By3iM CHMBOJIB IIONAJalOTh B
MIMPUIY 30HY HaBKOJIO BiAMOBITHOTO By3Jia HAa BUXO/II IepeiaBaya, 1o 1 He0OXiTHO
BepudikyBatu. Kananbuuii ¢inetp QAM 16 dakThyHO peanizye BHUIPaBICHHS
HaBMHUCHUX TEPEACHOTBOPEHb BBEICHUX KaHAIBHUM (UIBTPOM IepenaBaya, LIO0
JIO3BOJIsIE HAOIM3UTH (POPMY KaHATHHOTO Cy3ip sl Ha HOTO BUXO/I 70 i1eaTbHOTO.

QAM1E

QAMIE

Guadraturs Amplitude
Quadature Ampitue

L S » »
i H i i k

0 5 a5 K] 05 [ 05 1 15
rphase Anpituds nshase Ampinde

1 05

Pucynok 4.11 — ®opma curraipHOTO cy3ip’ss QAM 16
HA BUXO/JII KAaHAIBHOTO MOAYJIATOpa (JIBOPYY) Ta KaHAIBEHOTO (inbTpa (TIpaBopyd)

Bepudixkamiitai mapamerpu $ha3oBux croTBopeHs (puc. 4.12). Sk Bigomo,
(ha3oBi CIIOTBOPEHHS NMPHU3BOAATH 10 MOBEPTaHHS CUTHANBHOI PEINiTKH Ha BXOIi
npuiiMada Ha KyT, IO BIJIOBIJIa€ 3HAYSHHIO JIETEPMIHOBAaHMX (ha30BUX CIIOTBO-
pessb (puc.4.12).
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Pucynok 4.12 — ®opma curHaibpHOro cy3ip’ss QAM 16
Ha BXO/Ii IpuiiMada (JiBOpYY) Ta BUXO/Ii KaHATBHOTO GinbTpa (TIpaBopyd)

Kpim miaTBepmxeHHs Bepudikamii CHrHaIBHOTO Cy3ip s i3 puc. 4.12 BuaHO,
o GiTeTp TaKOXK iHBapiaHTHUI 10 (a30BOI 3aTPHMKH, a OT AeMoxyisaTop QAM — Hi.

Bepudbikauyia 3axonie poznodiny nonarae y IOCIiIKSHHS XapakTepy 3a-
KOHIB PO3IIO/ILTY 3a ricTorpaMaM¥ CUTHAJIIB Ta MOPIBHAHHI 1X 13 Hamepes BiJOMHM.
INcrorpama posnoxiny 3aBanu Ha Buxoni Noise GenerUniformator mae MaTn xapax-
Tep, ONMM3BKMH 110 pPIBHOMIpHOrO, a Juis reHeparopa 3aBaaun Gaussian Noise
Generator KBaJpaTypHOTO CHUTHATY — OJIM3BKUI JI0 A3BOHOIIOIIOHOTO (IayCiBCHKOTIO).

st aHanmi3zy Xxapakrepy po3HOAiTy CIpIMYEMO CUTHAJIM 000X reHepaTopiB
3aBaj B CIJIbHY 30HY Matlab ta 06po6umo #ioro 3a gonomororo GpyHkuii reHeparii
ricrorpamu hist (puc. 4.13).

Digwer MY fguea [-[olx]
Be Edt Yew Insert Tock Deskiop Whdow Hep B Edt vew [set Teck Desktop Window Heb o
1ode [ D9eL-3(0E Ddde | RSN 0B9LdL£-CS 0H =0

18000

16000
14000
12000
10000
8000
6000
4000
2000

-5

Pucynok 4.13 — T'ictorpamu po3moiny 3aBas IpsmMoro (JIiBopyY)
Ta KBaIpaTypHOTO (TIpaBOpYyY) KaHAIIB

I3 puc. 4.13 oueBUIHO, IO XapaKTEep T'YCTHHH PO3MOALTY 3aBaj MPSIMOTO
Ta KBaJpaTypHOTO KaHAIIB BIAMOBIA€ 3asABICHOMY. J[JIsi KOPEKTHOTO BUKOPHUCTAHHS
PI3HMX 3aKOHIB PO3MOALIY MO OKPEMHUM KaHajaM BIUIMBY CJiJl BigkaiiOpyBaTu
piBHI BIUIMBY 3aBaji HA CUTHAJIM TaKUM 4MHOM, 1100 SNR, oOuncieHa okpemo 1o
OpsSIMOMY Ta KBaJpaTypPHOMY KaHaiy OyJid MpUOJIM3HO OJJHAKOBUMH 3a YMOB BCTa-
HOBJICHHS [TAPaMETPIiB I'€HEPaTOPIB 3aBaj| 110 3aMOBUYBAHHIO, 200 TaK, K 3IIHCHEHO
mix gac iHimiamizarii. Kpim Toro, xamiOpyBaHHS Mae 37iiicHIOBaTHCH 32 YMOB SNR
IO BiIOBIJAIOTh PEATFHUM CHUTYallisiM B THUIMOBUX KaHaiax: 1-10 nb. KamiOpy-
BaHHs MMPOBOJMWIOCH Yepe3 MMiIIaMTOBYBaHHS KOCQIi€HTIB MiICUICHHS JTiHi HHIX
nigcwiroBadiB Gain iTepalliitHUIM METOIOM 33 CXeMOKo puc. 4.14.
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Pucynok 4.14 — @parmeHT cXxeMH BU3HAYCHHS BiHOIICHHS CUTHAT-3aBajia
U KamiOpyBaHHS PiBHIB 3aBaJ IPSAMOTO Ta KBapaTypHOTO KaHAIIIB

Hapnani BinkaniOpoBaHi piBHI HE 3MiHIOIOTECS, a 3aralbHAUN piBeHb 000X 3aBaj
PETYIIOEThCS. OKPEMOIO KOHCTaHTOI0 MHOXEHHS (Ha puc. 4.14 mae 3HauenHs 10).

Bepudhixayin pinompoeoi oopooxu cuznany. Bepudikaiiito pe3yabTaTiB
00poOKHM KaHAJbHUMH (QIIBTPaMH NepenaBaya Ta npuiiMada MpoBOASATh HA OCHOBI
po3niiay GopMH CUTHAITY Ta (POPMH CHEPreTHYHOrO CIEKTpa M0 1 micist GipTparii
(puc. 4.15) 3a yMOBHM MiHIMaJILHUX 3aBaJ1 Ta CIIOTBOPEHb B JiHIT 3B’13ky (JI3). Bin-
MOBITHO JI0 PUCYHKA OYEBHHO, IO JO 1 micis ¢inbTpanii hopMa eHepreTUIHOTO
CIIEKTpa MPAKTHYHO OJHAKOBHMMH, 10 TOBOPHUTH PO BUCOKHH PIBEHB y3TOKEHOCTI
KaHAJIBHUX (QUIBTPIB 13 CUTHAJIOM, Ta imeHTHYHOCTI iX AUX.

Time t Time history
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)
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=

)

R =)

=}

2 4 & 2 4
Frequency Fre Frequency {rads/sec)

Pucynox 4.15 — dopma ta criekTpu AificHOT YaCTHHN KOMITUIEKCHUX curHaimiB QAM-8
Ha BXoJi KaHaibpHoro inbrpa (K®) nepenasaua (;iBopyy),
B KaHai (cepeauna) Ta Buxoai K® npuiimaua (mpaBopyy)

AHani3 crekTpa IiHCHOI YaCTWHH KOMIUIEKCHOTO CHTHally Ha Buxoxi JI3
(Bxoni K® mpuitmaua) mokasye, 0 IIUPHUHA CIIEKTpa TAKOT'O CHUTHAIIY CYTTEBO
MEHIIIe HiK CHEeKTpa BXIAHOTO CHUTHAITy, a (popma CrieKTpa KOHIIEHTPYETHCS OJIImKIe
JI0 BUAUICHOTO Jiama3oHy 4acTtoT (puc. 4.15, cepenniit). OTxe, KaHAIBHI QUIBTpH
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i3 hopmoro AUX THIy «ITiIHECECHUI KOCMHYC BUKOHYIOTh (pyHKILII0 (QiabTpa HU3b-
kux gactoT (PHY Ta 3a6e3nedyioTs QinbTpallito Ta HACTYITHE BiTHOBIICHHS KBall-
parypHux curHaiis B JI3.

Bepudbikayia kanansnoi 3ampumku nepedaui cuznanie. Po6ora QpinsTpin
i3 KIX mepenbauae 060B’SI3KOBY HasIBHICTH NEAKOI 3aTPUMKH, II0 BH3HAYAETHCS
(hopMoOrO IMITYIIECHOI XapaKTepUCTHKH (ibTpa ONMHM3BKOI0 110 (QYHKINT BiTIKIB.
3HaYCHHS 3aTPUMKH BCTAHOBIIOETHCS AK IMapameTp iHimiamisamii nmuppoBoro ka-
HallbHOTO MoxyJisitopa/nemonyisitopa (LIKM/LIZAM). Ilig yac Bepudikauii KOHT-
POJIIOETHCST 3HAYCHHS TaKOi 3aTPUMKH Yy CUMBOJIBHUX iHTepBanax (cemmiax). s
3a3HauYEHMX BUIIE BHUXIIHHUX AaHUX 3HAUCHHs O0OpaHO TaKUM, L0 Ma€ BiJIOBIIATH
8 0iToBMM iHTEepBaslaM, 110 1 OYEBHIHO i3 puc. 4.16 3a yMOBaMH IiATBEPAKECHHS
Bepudikaii.

8

fo Uk | |l

Pucynox 4.16 — ®opma inpopmauiiinux cursanis Ha Buxoai [1BIT (3Bepxy)
Ta Ha Buxozi LI/IM QAM-8 (3Hu3y) 3a yMOBH ClIabKMX 3aBa| Ta CIIOTBOPEHb B KaHAII

Bepudbikayia kananvnux nepexooie peanizyeTbcs 3a AiarpaMoro Iepexo-
B, IO pealtizyeThes 3a JonoMororo iHcrpymeHnt Simulink — Discrete-Time Signal
Trajectory Scope. CHrHajbHI Tpa€KTOpIi MOKAa3yIOTh MOXKIIMBI NEPEXOH MIX ene-
MEHTaMH CUTHAJIBHOTO Cy3ip’sl y 1il KoH}iryparii. SIKIo reHepaTop rcesaoBumna-
koBoi nocainoBHocti (I1BI]) sik jxepeno iHdopmauiiiHoro curHany BHIA€E AIHCHO
BUIIJIKOBI CUTHAJIM TO BCI €JIEMEHTH CUTHAJIBHOTO CY3ip’si MalOTh OYTH IO€JHAHI
MK cOo0OI0 3a IOTIOMOTOI0 MPSIMUX 200 KpHMBHUX JiHIH. Bepudikaiiiini napamerpu
Ta iX ZOTPUMaHHS /IS eJIEMEHTIB CUTHAJBHUX TPAEKTOPIN HACTYIHI: JIHI1 CUrHa-
JMHHHX TepexoniB Ha Buxoai UM/l MaroTs OyTH MpsIMEMHA MiHIMaIbHOI IIUPUHA Ta
3’€IHYBaTH TOYKH CUTHAJIBHOTO Cy3ip’sl HAMKOPOTIIHMM IIIIXOM KOXHY i3 KOXHOIO,

(hopMyrouM XapakTepHy MO3aluHy CTpYKTYpy (puc. 17).
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Signai Trajectory Signal Trajertory.

Quadrahure Amplitude

Quadraure Amplitude

in.phase Ampitude n-phase Ampiitude

Pucynok 4.17 — ®opma curHanbHAX TpaekTopiit QAM-8
Ha Bxoni K@ mpuitmaua (mpaBopyd) Ta Buxoai KO npuiimaga (;1iBopyd)
332 YMOBH CIa0KHX 3aBaj] Ta CIOTBOPEHb
HasiBHiCTB BCiX 3’€JHaHb MIDX BY3JIaMH TOBOPHTH IIPO BHIAJKOBY CTPYK-
Typy Ta HasBHICTH B CTPYKTYypi IH(pOBOTrO 3HAKY BCiX CHMBOJIB; JIiHII CHTHAIIb-
HUX mnepexofiB Ha Buxoai K® mepenaBaya TpaHCHOPMYIOTECS i3 NPSAMHX B KyC-
KOBO-JIaMaHi KPHBI, JI¢ KiTbKICTh TUISTHOK B KYCKOBO-JaMaHil JTiHIT Ma€e BIAMOBIigaTH
PIBHIO KITBKOCTI YilTOBHX iHTEpPBAIIB B CHMBOJIBEHOMY IHTEpBall, IO JOPIBHIOE B
HaIoMy BUmaaky — 8 (nuB. puc. 17, 6); NiHii CHTHATBHUX TEPEXO/iB Ha BXoai KD
npuiiMada MaroTh BiPi3HATHACH OLIBIIO KPYTU3HOKO 3JIaMiB Ta 3arajibHOIO BUTIA-
KOBICTIO, IO 3aJISKUTh BiJ PiBHS 3aBajqu (IUB. puc. 17); JiHii CUIHANBHUX Tepe-
xoxiB Ha Buxoai K@ mpuiiMaya MaroTh MaKCHMAIBHO BiZOOpakaTH CTPYKTYpPY
curnaibHO-k010B01 KoHCTPYKIil (CKK) Ha Buxoai [IM/] 3a BUKITIOUEHHSIM IEAKOT
PO3MHTOCTI, IO 00YMOBIICHA Ji€f0 KBaApaTypHUX 3aBaj B JI3 (auB. puc. 17).
[Ticnst BUKOHaHHA eTany Bepuikallii, 1110 € 0CHOBOIO ipyroro po3ainty KP,
pOOIIATH BHCHOBKH IIPO Te, SIKi PI3HOBHIN BepH]iKallii 3aCTOCOBAHO Ta SKi AKiCHI
pe3yJIbTaTH OTPUMaHO.

4.6 JocaixxeHHs MoaeJi

Ha npomy ertari mpoBOAUTHCS TPYHTOBHI YHMCICHHI TOCIIHKEHHS MOJIETi
yepes 3aIycK MpoIecy MOJICITIOBAHHS SKE TAKOXK, SK 1, 3arajioM, IONepeIHIN eTall,
CKJIaJIA€THCS 13 TPHOX THUIOBUX KPOKIB: IJIAHYBaHHS, IPOBEICHHS Ta 00poOKa pe-
3yJIBTATIB.

Peanizaris eramy mpoBeAeHHS TOCITIHKEHHS MOIEIi MOXKe OyTH BUKOHAHO
B aBTOMAaTH30BaHOMY a00 aBTOMATHYHOMY PEKHMaX 3a JIOMOMOTOK 30CEPEIKCHUX
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abo posmnojineHnx 00YnCIeHb, B 3BMYaiiHOMY a00 (oHOBOMY pexxkumi, Tomo. 3a-
cobu Matlab/Simulink 103BoJIsI0TE peartizyBaTi Oyab-sSKAH BapiaHT i3 BKa3aHUX.

T'enepauyia cxemu 01 00CniONHCEHHA MA 6PAXYBAHHA 0OMEIHCEHb MOOEII.
Hocmimkenas BepudikoBaHOi MOJeNi pamiokaHay MOTpedye YNCIEHHIX 3aITyCKiB
MOJIET JUIsl OTPUMAaHHS Pe3yJbTaTIB Ta MOUIYKYBaHHX 3aJIS)KHOCTEH B TEXHIYHOMY
3aBIaHHI Ha KypcoBy poboty. [Ipu mpomy cimif mam’ssTaTd 0OMEeXeHHs, 10 HaKIIa-
JIAlOTBhCS JUIsl KaHaJy Iepenadi, Julsd BpaxyBaHHS IIMX OOMEXEHb I 4ac aHalizy
pe3yIbTaTiB.

[Mo-nepure, po3pobnena mMonens (AuB. puc. 4.5) He BpaxoBYe HasBHICTh
KaHaJIy CHHXPOHi3allii, TOOTO BBaXKA€THCS, IO HAa NPHIMAaIbHOMY OOIli TaKTOBa
4yacToTa, He0OXiZHA JUIs AETCKTYyBaHHs MPUHHSATOI CHIHAIBHO-KOJIOBOI KOHCTPYK-
11 B’)Ke BITHOBJICHA C TOYHICTIO 10 (pa3m, a CIIOTBOPEHHS KaHATY 3B’SI3Ky BHOCSTD
nuiie aesikuil (a3oBuit a00 YacTOTHUH 3CyB. [Ipu 1IbOMY JOCHIUKEHHS BIUTUBY
YaCTOTHOTO 3CYBY HE MPOBOIUTHCS, OIIBII TOTO, BBEACHHS HAaHMEHIIOTO 3CYBY MO
YaCTOTI MPU3BOAUTH IO YHEMOXKJIMBJICHHS OTPUMaHHS pe3ysbTaTiB. [y peabHUX
KaHaJiB Take OOMEXCHHS BiNMOBimae a00 HAIBHOCTI MOTYXXKHOTO KaHAITy BHYTpIII-
HBOI 200 30BHIIIHBOT CHHXPOHI3AIIII.

[Mo-mpyre, mig yac MOJEMIOBaHHS KaHATY 3B SI3Ky TAKOX HE BPaxOBYEThCS
3aTyxaHHsl B KaHali nepejadi, TOOTO KaHa repejadi 3 TOUKH 30py 3aBajl € aJUTHB-
HUM (QIYKTYaIllifHAMH i3 A€TEPMiHOBaHOIO (Ha30BOIO 3aTPUMKOI0. J{Is peanpHHX
KaHaJIB Take 0OME)KEHHsI BiANOBIa€ 3aCTOCYBaHHIO e()eKTHUBHIN cuCTeMi aBTOMa-
THUYHOTO PEryJIIOBaHHS IiICHJICHHS, [0 OXOIUTIOE PUIMay Ta nepegaBad Ta Ji€ y
pearbHOMY Yacy.

[Mo-Tpere, crmix mam’saTaTH, OO0 MOJEINb SIBISIE COOOI0 MOJENb JUCKPETHOT
CHCTEMH, II0 MPOSIBISIEThCS Y cr1oco0i 00’€JHaHHI CHUTHAIBHO-KOJIOBOT KOHCTPYK-
1ii i3 3aBalaMu Ta OOMEKy€e TOYHICTh OTpuMaHHs 3HaueHb BER.

J1nst IpUCKOPEHHST OTPUMAaHHS Pe3yJIbTaTIB 13 MOJIeNl KaHaity st Bepudi-
Karii ycyHyTO OJIOKH Bi3yamizamii: ocmmiorpadu, rpadornoOyJOBHHKH OKO-1ia-
rpaM, CUTHaJbHUI Cy3ip’iB, Ta MEPEeXoiB MiXK TOYKAMH Yy CUTHAJbHOMY Cy3ip’i.
Taxe cripomieHHs Mozeni KaHary (puc. 4.18) sk TpaBUIIO NPUIIBUALIYE OOUHCICHHS
B JICCATKH Pa3iB Ta PEKOMEHIYETHCS PO3poOHHKaMu crcteMu Matlab s npukin-
[EBUX €TalliB PO3POOKH MOJIEII.
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Pucynok 4.18 — Cxema i gociimpkeHHS nuppoBoro pagiokanany i3 QAM16

Kpim Toro, B cxemi it gociipkeHHst (puc. 4.18) BCTaHOBICHO I0AAaTKOBI
OJI0KHM, IO JIO3BOJISIIOTH KEPyBaTH CepeaHbOKBaapaTHIHUM BinxmieHHAM (CKB)
MOTYKHOCTI LITyMy OJIHOYAaCHO B MPSIMOMY Ta KBaJpaTypHOMY KaHallaX, a TaKOXK BCE
PO3MIIIEHO HA CXEMHIH IIIOMMHI B 3pYYHOMY JUIS 3YMTYBAHHS aHUX BHUTIISL.

Ilnanyeanus memoouxu 0ocaioxcens. MeTonuKa NOCHTIHKEHD MOJISTana
B nomryKy 3ayiexxHocTi BER Bix pi3HHX cHTHAJIBHHX Ta anapaTypHUX MapaMeTpiB B
KaHaJl nepenadyi, 0 MOXKJIMBO 3MIHUTH 4Yepe3 3MiHy NapaMeTpiB OKpeMuX OJIOKIB
po3po0biteHoi Ta BeprdiKoBaHOT MOIEMI.

st po3podiieHoi Mozeni pamiokaHany i3 QAM16 MOXITUBO BHIUTHTH Taki
CHTHAJIbHI ITapaMeTpH, 10 TEOPETUYHO MOXKYTh BIMBaTH Ha BER.

1. SNR — BCTaHOBIIOETHCS SIK MACIITAOHUN KOE(II[IEHT IiACHICHHS/TI0C-
Ta0JICHHSI CUTHAJIIB TeHEepaTopiB 3aBajl, 32 YMOBH, LII0 T€HEPATOPH 3aBajl BUIAIOTh
CHTHAaJ y HOPMOBAHOMY BUIJISIII Ta OJIHAKOBOI OTY)KHOCTI.

2. MiHiMaJbHa TUCTAHINS MK €leMEHTaMU CHTHAIBHOTO cy3ip’ss QAM 16
(mapamerp Minimum distance B 6J0Kax KaHAJIBHUX MOIYJISTOPIB/AEMOIYIATOPIB
Rectangular QAM). Ileit mapamerp 3a1aHO B TE€XHIYHOMY 3aBJIaHHI TaKHUM, IO
JIOpiBHIOE 1.

3. KinbKicTh eleMeHTIB CHTHAIBHOTO Cy3ip’s — 33/a€ThCsl B TeHeparopi
iHpopmMmariiHoro curHamy Random Integer Generator Ta kKaHaJBHUX MOAYISATOpax /
eMoAyJIsITOpax Sk napamerp M-ary number. 3a TeXHIYHMM 3aBJaHHAM (QiKCOBaHHH
Ta TOopiBHIOE 16.
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4. XapaxTep po3IoJiy 3aBaJl O IPSIMOMY Ta KBaApaTypHOMY KaHaIy OK-
peMo, 110 3aTa€THCS TOAaBAHHIM OKpPEeMHX OJIOKIB 3aBaj i3 BiAMOBITHUM iX Haja-
IITYBaHHSM JUIsl BUJa4di ogHaKoBUX RMS.

s po3pobienoi Mozeni pamiokaHany i3 QAM16 MOXITMBO BHIUTUTH TaKi
arnapaTtypHi apaMeTpH, 10 TEOPETUIHO MOXYTh BIutMBaTH Ha BER.

1. [TapameTpu KaHATBHOTO (QiIBTPa OKPEMO HA IPUHMaIHFHOMY Ta Tepena-
BaJIbHOMY Oorii B Onokax Raised Cosine Filter. B Hamomy Bumazgky nociikeHHs
MPOBOIUTHCS TUIBKH i 9ac 3MiHM IapaMmeTpa 3aoKkpyrieHHs AUX takoro creria-
Ji3oBaHoro ¢ineTpa 3MiHoto napametpa Rolloff factor B mexax Bin 0 no 1.

2. JlerepminoBaHuii (ha30BUil 3CyB B KaHAJI Iepeadi, 0 BCTAHOBIIOETHCS
napameTpoM Phase offset (deg) B Gmoui Phase/ Frequency Offset.

3. XapakTep po3noaity 3aBaj MO IPSIMOMY Ta KBaAPATYPHOMY KaHaJIaX OK-
peMo, 110 3a/Ia€ThCsl I0JaBaHHAM OKPEMHX OJIOKIB 3aBajl i3 BiIIOBITHUM iX HalamTy-
BaHHSM JJISI BUadi ogHakoBUX RMS. 3a TexHIYHUM 3aBIaHHAM B HAIIOMY BHITQJIKY
TeHEepaToOpH 3aBaJji MAIOTh OJHAKOBHUI rayCiBCHKHH XapakTep pO3IOALTY i3 HyJbOBUM
MaTtemMaTuyHuM crofiBaHHaM Ta RMS=0.0001. Take 3HauenHs RMS mno3Bosse
BCTAHOBJIIOBATH II1ICHJICHHS B OJIOII KOHCTAHTH B 3py4HUX Mexax Bix 1 go 100.

[Tig yac oTprMaHHA KOKHOI 13 3aJI€KHOCTI CIIi/I TPOBECTH IOTIEPETHE TOC-
JJDKEHHST 3aCTOCOBYBAaHMX MEX OTpHMaHuX pesyibrariB mis BER. Makcumanbhe
3rHadeHHs BER nopiaroe 0,5, mo BiAMOBiga€e ABOM CTAaTHCTHYHO HE3aJCKHUM
HEKOPENbOBaHUM OITOBHM IOCITIJOBHOCTSM 13 MaKCUMaJbHOIO eHTpormiero. MiHi-
MmanbHe 3HaueHHs BER y mpoMy BuIangky BH3HA4YaeThCs KUIBKICTIO BHOIPOK 3a
CEeKyH/y Ta yacoM aHailizy. Hanpukiaz, Ko yac aHaiizy CKiIajaac S, 0 33/1a€Thes
i Jac 3amycKy mMonemoBanHs B Simulink, a KiTbKicTh BHOIPOK 3a CEKyHAY 5K B Ha-
momy Bunazaky 9600, To minimanbsHe 3HaueHHs BER cknanae 1/9600/5 = 0,00002,
Ta HiIK HE MOXe OyTH MEHIIIE.

Kpim Toro iHTepBan 3MiHH apryMeHTy 3aJIe)KHOCTI OOMparOTh TAKHM YH-
HOM, 1100 TIiJT 9ac 3MiHH apTyMEHTY BiI0yBaJOCh CYTTEBA 3MiHa (QYHKIIII.

Ilposedennsa docnidricenv ma NOOAHHA OMPUMAHUX Pe3)IbMAMi6 CyTh
tpersoro po3mimy KP. Ilig wac mocmimkeHb BpaxoBaHI IMONEpeqHI 3ayBa)KCHHS
METOIMKH, 3arajbHUN Yac aHajai3y oOpaHuil 5 AucKkperam, 10 BiAMOBIAa€ TOYHOCTI
Ta MiHIMAJIIFHOMY 3Ha4eHHIO BuMipioBaHHs BER mpubim3Ho y onHy THCSYHY Bij-
COTKa, WI0 JIOCTaTHBbO JUIsi Y4OOBMX HPOEKTIB, MPHU I[OMY Yac PO3PaxyHKYy Ha
KOMIT'FOTEepi cepelHbOi MOTYKHOCTI Ta y cepenoBumi Matlab/Simulink R2014a He
nepesuiyBaB 10 c. [ MOpIBHSHHSA IMiJ 9ac BepUQiKaIlil 9ac OTpUMAHHS Pe3yb-
TaTiB ckiagas Jo 10 XB, 0 TOBOPUTH MPO JTOLTBHICTH YTBOPEHHS OKpEeMOi MOJIeNi
JUISL TOCHipKeHb (JuB. puc. 4.18).

OTtpumanHs Ta TpadiuHe 0OPMIIEHHS Pe3yIbTaTiB MOXKE IPOBOIUTHCH B
cepenoBuii Matlab uepes 3aHeceHHs JaHHUX IO BiIIOBITHUX 3MiH O€3MOCEepeIHBO
B poOouiii obsacti Ta HacTymHOro ¢opmyBaHHS HpocToro ckpumra Matlab s
BiaTBOpeHHs (nomartok [I). B Tinmi ckpunra TakoXX MOJaHO pe3yibTaTh, OTpUMaHi
IiJ yac 3amycKy Mozeni pagiokanainy i3 QAM 16 B Simulink.
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[Mpuknan nonanns pesyipratis 3anexuHocti BER Bin SNR 3a pizHux ymos
nonano Ha puc. 4.19. TlomiOHI 3a/IeKHOCTI CJNIJT TOJATH JUIS YCiX 3a3HAYEHHUX B
3aBranui Ha KP BUmaakiB JOCIIIKEHD.

05

045

04

0
-5 0 5 10 15 20 25 30
SNR, 0B

Pucynoxk 4.19 — 3anexnicts BER Binm SNR 3a ymoBu: datal — st hakropa
3a0KpyrieHHs kaHanpHui QineTpiB (ROLL) = 0,5, Ta 3cyBy dasu B kanani FK = 0;
data2 - ROLL = 0,1, FK = 10; data3 — ROLL = 0,8, FK = 5;

Dopmysannsa 6UCHOBKI6 ma PeKOMEHOaUill i3 NPOBedeHUX 00CiONHCeHb.
Jis mpuKIiTany MOCHTiKEHb 13 3aIJaHIMH MapaMeTpaMi BUCHOBKH aHali3y rpadid-
HUX 3QJICKHOCTEH MOXKITMBO MOJATH B HACTYIHIN (opMi.

[icnst mpoBeeHHs JOCTIHKEHB 3aIeKHOCTI OITOBOTO KOS(iliEHTY MTOMHUIOK
BiJI BITHOIIICHHS CUTHAJ-3aBaja (puc. 4.19) MOXKIMBO 3pOOHUTH HACTYITHI BUCHOBKH.

1. 3nauenns BER cyTTeBO 3a1€KUTP BiJl piBHS IIOMIJIOK.

2. 13 30inblIEHHAM BiJJHOILIEHHS CUrHai-3aBaja Ounbiie 10 nb, piBeHb mo-
MHJIOK Pi3KO 3MEHIIYETHCS Ta JUISl MOKPALICHHS SIKOCTI KaHally repeadl MOXJIuBe
3aCTOCYBaHHS HU(PPOBOTO 3aBaI0CTIIKOr0 KOJYBaHHS.

3. I3 3menmenusamM BER menme 5 nb piBeHh MOMHIIOK Ma€ TEHJCHITIIO JTi-
HIITHOTO 3pOCTaHHS, B 30HI PiBHIB 3aBaj CHIiB MiIpHUX i3 PIBHSAMH CHUTHAIy PiBEHb
noMminok csirae 6xm3pko 0,25 (1 mommika B cepeaHpomy Ha 4 0iTH), Ta 3a TaKHX
YMOB cHCTeMa MOTpedye 3aCTOCYBaHHS CKJIQJHUX METOJIB 3aBaJOCTIHKOTO KOIY-
BaHHS — HAIIPUKIIAJ, TypOOKOTyBaHHSI.

4. 3a 3araJIbHUM PO3TJIIOM BIUIMBY NapaMeTpiB 3aJIeKHOCTI PiBeHb IO-
MHJIOK OLIBII CHIIBHO BU3HAYAETHCS ITapaMeTpoM ¢aszoBoro 3cyBy B kanami (FK) ta
ciabko 3anexuts BiJ popmu AUX kanansHux ¢insTpiB (ROLL).
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[MoniOHI BUCHOBKM Ta PEKOMEHIAIll MarOTh OyTH MOJAHI MIOAO YCiX OT-
puMaHUX TpadigHUX 3aJIEKHOCTEH.

5 BUMOTH A0 O®OPMJIEHHA KYPCOBOI POGOTH

OcHOBHiI BUMOTH 100 O(QOPMIICHHS IMOSICHIOBAJIHHOI 3aIIMCKH HaBEICHI
naini. Binemn geranbHO 1i BUMOTH HABOAATHCSA Y BUMOTAx Kadeapw, o MoJaHi y
MeToandHOMY BHUnaHHI: «KBamidikamiliHa poOoTa: METOOMYHI peKoMeHmamii 1o ii
BUKOHaHHsI 37100yBayaMy Jpyroro (MaricTepchbKoro) piBHs BHIIOT OCBITH CIielliaib-
HocTi G5 «EnexTpoHika, eJIeKTpoHHI KOMyHiKauii, npuiago0yayBaHHS Ta pajio-
TexHikay» [13].

Bumozamu 0o cmunio nooanns mamepiany KP e jgoriuHa mociizoBHICTb,
€THICTh TEPMIHOJIOTII, KOHKPETHICTh Ta JAKOHIYHICTh MOJAHHS TEOPETHYHUX 1
NPaKTHYHUX PE3YJIbTATiB POOOTH, IOBEICHICTh BUCHOBKIB Ta OOIPYHTOBaHICTh
PEKOMEHAAIIIH TOIIO.

VY TekcTi i 3aCTOCOBYBATH TEPMiHM, TIO3HAYCHHS Ta BU3HAYEHHS, BCTa-
HOBJICHI YMHHMMH CTaHIapTaMu YKpaiHn abo 3aralbHONPUIHATI y HAYKOBUX Ta
HAYKOBO TEXHIYHUX JpKepenax iHdopmarrii.

VY TekcTi 3a00pOHEHO BJKMBATH 3BOPOTH PO3MOBHOI MOBH; TEXHIIM3MH Ta
podecioHaNi3MU; U OAHOTO TIOHATTS Pi3HI TEXHIYHI TEPMiHH, OJIHM3bKi 32 3MiCTOM;
JIOBLJIBHI CIIOBOCIIONYYEHHS Ta CIIOBOCKOPOUECHHS, KPIM BCTAHOBJICHHX MpPaBUJIAMU
YKpaTHCHKOTO MPAaBOMKCY Ta YNHHUMH CTaHAapTaMU aKaJleMiyHoT JOOpOYECHOCTI.

Bumozamu 0o ogopmnennsn nooanns mexcmy. Kypcosa pobora 10 3a-
XHUCTY TIOJIAEThCSI Y NPYKOBAaHOMY (€JIEKTPOHHOMY) BHIJISIII Ha apKyliax OuLIoro
narepy ¢. A4 (210x297 mm), 63 paMK{ Ta OCHOBHOTO HAJIIIHCY i3 TMOJISIMHU: BEPX-
Hill a60 HwkHIA — 20 MM, diBuit — 25 MM, npaBuit — 10 mm. [IpudT Times New
Roman, 14 nT, yopuuil, 3Budainuii. MikpsakoBuil iHTepBan — 1,5 0T, ab3arHuit
Bigcrym 12,5 mm.

Cropiaku KP crnig HymepyBatu apabcbkumu mudpamu (0e3 Kpark B KiHIIi),
JIOAEPKYIOUHCh HACKPi3HOT HyMepallii BIPOJIOBXK yChOTO JIOKYMEHTA, TOYNHAIOYH
i3 crpykrypHoi omuaHNmi «3MICT». HoMep CTOpIHKH HpPOCTaBISAETHCS B MEXaxX
BEPXHBOT'O KOJIOHTHUTYJIA TIPABOPYY.

HazBu po3minmiB Ta miApO3ALTIB TMOAAIOTHECSA BEIMKHMHU JTEpaMH Ta HY-
MepyroThesa. Hymepallis miapo3aisiB mMpoBOIUTE €A B MEXax PO3Jiay, Hymepallis
PEIITH eJIEMEHTIB TeKCTY (PUCYHKIB, TaOmub, hopMyr) HackpisHa. [loganns pemtn
TEKCTOBHX CKJIQJIOBUX (TepenikiB, (opMys, TabIHIb, PUCYHKIB, TOCHIAHb, TIPHK-
JIaJTiB, TOIIO) — BiJNIOBITHO BUINEBKA3aHUM CTaHJIAPTaM.

B mepemniky mxepen mocunanHs 0i6miorpadidHi OMMCH CiJ MOAABAaTH y
MOPSIZIKY, 32 SIKMM I JDKepena Biepie 3raxytoTees y Texcti KP. Iopsitkosi Homepn
OIUCIB Yy TIEPENiKy JPKEpes MaloTh 00O0B’SI3KOBO BIANIOBIATH IMOCHIIAHHAM HA HUX
y TeKCTi (HOMEpHi MOCHIIaHH).
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6 3AXHCT KYPCOBOIi POBOTH

6.1 Ilpouenypa 3axucry

KypcoBa po6oTa, BUKOHaHA Y TIOBHOMY 0OCs31 BIJTOBIIHO IO 3aBIAHHS 1
HiAnucaHa KepiBHUKOM, MOJA€ETHCS JI0 3aXUCTY B €JEKTPOHHOMY Ta IarepoBOMY
BUTJISI/IL HE TI3HIIIE 5K 3a J1Ba TIDKHI 0 TIOYAaTKy eK3aMeHaliifHoi cecii. EnekrpoH-
HUH BapiaHT MOke OyTH po3MmilieHo B periozutapii XHY.

3axuct KP BinOyBaeThcs myOIiuHO, Tepes; KOMICi€r0, YTBOPEHOIO 3aBiay-
BaueM Kadenpu, y CKIadi IBOX-TPhOX BUKJIANadiB KadeapH 3a ydacTi KepiBHHKA
npoekty. 3axuct KP Bkirodae B cebe ycHY JOMOBinG 3400yBada (IO CYIPOBOIKY-
€TBCSl MYJBTUME/IIHOIO JIEMOHCTPALIIEI0 OTPUMAHUX DPE3yNbTATiB), BIANOBIIAI Ha
3aMMTaHHA WICHIB KOMICiI, BIATIOBiAI HA 3allMTaHHSA Ta 3ayBa)KCHHS NPHUCYTHIX,
HepexpecHoi AUCKYCii Ta MPHKIHIEBOTO clioBa cTyaeHTa. Ilin yac 3axXHCTy WieHH
KOMicil MaroTh NPaBO 3alPOCHTH CTYAEHTa MPOJEMOHCTPYBATH JOCIIJDKEHHS B
cepenosumi Matlab/Simulink i3 3amyckoM o04HCICHD 3a IEBHUX YMOB.

OUiHIOBaHHS pPe3yNbTATiB PIllICHHS MPOBOIUTHCA 32 KOJICTIaIbHUM Ta€M-
HUM OOTrOBOpEHHSM 4jieHaMH KoMicii. Pe3ynbpraTu owiHiOBaHHS (IKCYIOTbCS Ha
tutynpHOMY apkymni KP. YV Bumanky He3roau 3 OTpUMaHOIO OIIIHKOIO 3700yBau
Mae npaeo Ha anenayiro. 3asBa PO anelsLilo 3 Bi30k0 3aBinyBaya kadeapu mo-
JlaeThesl IeKaHy GakysbTeTy B AeHb 3axucty KP. 3a pimeHHsIM nekaHa npoBOANTH-
Cs1 MOBTOPHUH 3aXHCT 200 anessilis apryMEHTOBAHO BiIXUIISETHCSL.

6.2 IlinroroBKa 70 3aXHCTYy

[MigroroBka crynenra a0 3axucty KP Birouae: mmaHyBaHHS CTpaTerii 3a-
XHCTY; MIJATOTOBKY MYJbTUMEIIHOT Npe3eHTallii Ta TeKCTy AOIMOBiJi; MiIrOTOBKY
BIJITIOBI/ICH HA THUIIOBI 3alTUTAHHS YICHIB KOMICIi Ta yCiX MPUCYTHIX.

JomoBins 3a pesynbraramMu BukoHaHHS KP 3a mmaHoM, mogiOHUME 110 3Mi-
CTY Ta MOPSIKY CTPYKTYPHHUX OJUHHIIb TEKCTY MOSICHIOBAJIBHOT 3aIIUCKH. Y BCTYII-
HIifl YacTHHI IOMOBIAI BHUCBITIIOETHCSI aBTOP, KEPIBHUK, TEMa, BapiaHT BUXITHHUX
JAaHUX, METa, MpeaMeT, 00’€KT Ta 3aBHaHHS JOCHiIKeHHs. B OCHOBHII wacThHI
JIOTIOBi/II KOPOTKO IMOJAETHCS 0OCAT BUKOHAHUX POOIT B OCHOBHI# 4acTHHI, 3aCTO-
COBaHI METOAM Ta METOIUKH I0M0 MoOymoBH Ta Bepudikailii Moaeni KaHamy
3B’s13Ky BiINOBiqHO 3aBHaHHI0O Ha KP Ha OCHOBI po3risyny po3poOJCHHX CXeM Ta
iMiTamiiHUX Mojenell. HanmpukiHI TOMOBIAL CTiJl TOAATH PE3YIbTATH JOCIIIKEHb,
BHUCHOBKH Ta PEKOMEH/IAIIIT 110 yOCKOHAJICHHIO PO3POOJICHUX MOMICIICH Ta MOKIIH-
BOCTEH OULTHII e€(CKTHBHOTO MOJCIIOBaHHA. JIONITBHO TaKOX 3a3HAYUTH HEBHPI-
IIeHi 3a7a4i Ta mpo0IeMH [0 BHHUKAIOTH T1iJT Yac JOCIIKEeHb iMITallifHOT MOJIei, a
TAKOXK MEPCICKTUBH MOAAIBIINX MOMIIMBHX PO3MIMPEHb MO, JIOMOBiab MOBHHHA
3aKiHYYBaTHUCh CIOBaMHU: «J[gKyI0 3a yBary, JOIOBiIb 3aKiHYCHO!».

JlomoBiTb CITiJl CYNPOBOKYBATH MYJIETUMEIIHHIM BiICOPSIOM — TIPE3CH-
tarfiero. ITig gac i mArOTOBKM PEKOMEHAYETHCS BHKOPHUCTOBYBATH TaKi IMaKeTH
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po3poOku Ta BinTBOpeHHs npe3eHTanii MS PowerPoint, Visio, Tomo. Pekomenmo-
BaHa KUTbKICTh OKpeMuX claiiaiB — Bix 6 g0 10. [Ipe3eHrarrist Ta 1OMOBIIb TOBUHHI
Oytu y3romkeHi B yaci. Buctyn 3100yBaya mae Oytu po3paxoBaHuidi Ha 7—12 XB.
He pexomMeHIyeTbCSA TEKCT AOMOBIII TIOAABATH B MEXaX CIIAMIiB TpE3CHTAIII].

6.3 Kpurepii oninioBanus
OmniHroBaHHSA KypcoBOi poOOTH 3MIHCHIOETHCS 32 PEHTHHTOBOIO IIKAJIOO
6axiB Ta mwkanoro €KTC. Ilin yac Bu3HaueHHs 3aranbHOI ouinku KP BpaxoByroTh

CKJIaIOBI 3a3Ha4eHi B Ta0u. 6.1.

Tabmums 6.1 — CtpykTypyBaHHS KypcOBOi poOOTH 3a BUIaMH i OI[IHIOBaHHS pe-
3yJIbTATiB HABYaHHS 3100yBaya 3a peHTHHTOBOIO IIKAJIOI0 OastiB

O1iHKa 3a SIKiCTh BUKOHAHHS OI1iHKa 3a SKICTh 3aXHCTY Pazom
Haykoso- Odop- | Honosine | Bigmomimi | Ouwi- Cyma
TEOPSTHYHHUH PiBeHb | MIICHHS mijg 9ac Ha 3aIu- HKa OamiB
JOCIIKeHHS, iIHHO- | poOOoTH 3axXUCTy TaHHS Kepi-
BaIlilHICT 1 MPaKTH- KoMicii BHHKA
YHE 3HAYCHHS HOTO
pe3yIbTaTiB
12-20 12-20 12-20 12-20 12-20 | 60-100

Kpumepii ouintoeanna naykoeo-meopemuuno20 pieHa 00CHi0NHCeHHA,
innoeayiiinicmi i NPaAKMuUYHO20 3HAUEHHs 1020 pe3yabmamie. BiINOBIIHICTH
METi Ta 3aBJaHHSAM JOCIHIIKEHHs; 00 €KTHBHICTh BHUCBITJICHHS CTaHY IMHUTaHHS,
HAsIBHICTH TBOPYOTO MiIXOMy, TIMOMHA aHAII3y JHKEepes MOCHIAHHS, ITOCTOBIp-
HICTh BUCHOBKIB Ta PEKOMEHAII BiIMOBIIHO AOCIHIIKEHHIM; CTYIIHb CAMOCTIH-
HOCTI BMKOHaHHMX POOIT; BIZICYTHICTh JyOJIIOBaHHSI, OIMCOBOIO Marepiaiy, CTepeo-
THUITHUX pillieHb, TOLIO.

Kpumepii ouinoeanns ogopmnenns poéomu: BiINOBITHICTE 0pOpM-
JICHHSI YNHHUM CTaHJapTaM; OpraHiuHMH 3B 130K TEKCTOBOro Matepiaiy 3 rpadiy-
HHUM, 3arajbHa Ta NpogeciiiHa TpaMOTHICTD, JIAKOHI3M 1 JIOTiYHA ITOCIIiTOBHICTH
BUKIIJICHHSI MaTepiaiy.

Kpumepii ouinrosanns 00nogioi nio yac 3axucmy: OBHOTA JOTOBIMI; ii
3MICTOBHICTb; SIKICTh MYJIbTUMENIMHUX MarepialiB; piBeHb BOJIOJIHHS ITpoliemMa-
TUKOIO JIOCIIDKEHb, MMOCIITOBHICTD, CTIJIb Ta TPAMOTHICTH TOJAaHHSAM MatepialiB
3aXHUCTy, KyJbTypa TEXHIYHOTO MOBJICHHS; apTyMEHTAIlis pillleHb Ta PEeKOMEHIa-
1[I, aHai3y 1 3iCTaBIEHHS PE3yJIbTATIB 1| BUCHOBKIB.

Kpumepii oyintoeannsa 6ionosioeii Ha 3anumanHsa Komicil: TIPaBUIIb-
HICTP BiJIIIOBiJICH, B TOMY YHCIIi HA HECTaHIAAPTHI 3alUTAHHS; IIOBHOTA BiJAIOBIICH;
piBeHb BOJOMIHHS TEXHIYHOIO MOBOIO; piBEHb Mpo(deciiiHOi KOMIETEHTHOCTI Iif
Yac 3aCTOCYBaHHs METOJIIB Ta 3aCO0IB MO/IETIOBAHH.

CriBBiAHOIIICHHS IIFOYMX ITKAJ OI[iHIOBAHHS HaBelIeHO y Tabmui 6.2.
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Tab6muus 6.2 — CriBBIHOIIEHHS JIFOYNX KA oiHoBaHHa KP

Oninka
€EKTC

PeliTuHroBa
IKaJIa 0aJIiB

IncTuryniiina oninka (piBeHb JOCITHEHHS 3710~
OyBaueM BUIIOI OCBITH 3aIUIAHOBAHUX PE3YIIbTATIB
HaBYaHHS 3 HABYAIBHOI AUCIIMILTIHH)

JudepenniioBanuii 3ajik

90-100

Biominno/Excellent — Bucokuii piBeHb JOCSTHEH-
HS 3aIUTAHOBAHWX Pe3yJIbTATiB HaBYAHHS, IO CBi-
JUUTH Npo Oe3yMOBHY TOTOBHICTH 3/100yBada JI0
MOJANIBIIOTO HAaBYAaHHA Ta/ab0 mpodeciiHoi mis-
JIBHOCTI 32 (haxoM

83-89

73-82

66-72

60-65

Jloope/Good — cepenHiii (MaKCUMallbHO HOCTAT-
Hill) piBeHb MOCATHCHHS 3alUIAHOBAHUX PE3yJIbTa-
TiB HAaBYaHHS 3 HABYAJBHOI TUCUHUILTIHUA Ta TOTOB-
HOCTI JI0 MOJAAJBIIOr0 HaBYaHHS Ta/abo mpode-
CIFHOT IisTTBHOCTI 32 (haxoMm
3aoosinvnol/Satisfactory — HasBHI MiHIMaJIbHO
JIOCTaTHI I TOAAbIIOT0 HAaBYaHHS Ta/abo mpo-
(eciiiHOT OisbHOCTI 3a (paxoMm pe3ynbTaTh HaB-
YaHHSI 3 HABYAJIBHOT TUCHIUILTIHUA

FX

40-59

He3zaoosinvno/Fail — Hu3ka 3ammaHoBaHUX pe-
3yJbTAaTiB HaBYaHHSA 3 HABYAIBHOI NUCLMIUTIHA
BincyTHs. PiBeHp HaOyTHWX pe3ynbTaTiB HABYAHHS
€ HEJIOCTaTHIM JUIsl TIO/INIBIIOr0 HaBYaHHs Ta/abo
npodeciiHoi IisubHOCTI 32 Gaxom

0-39

He3zaooginvno/Fail — Pesyneratn HaBYaHHS Bil-
CyTHI
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JOJIATOK A
IMPUKJIAJ TUTYJBbHOI'O APKYIIIA
MOSICHIOBAJIBHOI BAIIUCKH 3 KYPCOBOI POBOTH

XMeNbHUIBKIHA HAIlIOHAJIBHIH YHIBEPCUTET

IoBHa Ha3Ba 3aKJay BUIIOT OCBITH
daxynpreT iIHGOPMALIHHUX TEXHOIOTII
[ToBHa Ha3Ba akyabTETY
Kabenpa TenekoMyHiKaii MeIiiHUX Ta IHTEIEKTYAILHUX TEXHOJIOTIHN
[ToBHa Ha3Ba Kadeapu

KYPCOBA POBOTA

3 MOJIEJIFOBAHHS 1 OIITUMI3allis pagiOTEXHIYHMUX 3ac00IB €IEKTPOHHUX KOMYHIKAIN
Hassa qucuuiuiing

Ha TCMY:

KPGS5 XXXXX.YY

udp: (XXXXX — HOMep 1HANBIIyaTbHOTO HaBYAIBEHOTO IUIaHy 3100yBaya;
YY — HOMep 10 NOPSIIKY Y eNEKTPOHHOMY XKypHAJIi)

lanyss 3HaHb: G «lmKeHepis, BAPOOHUIITBO Ta Oy IIBHUIITBOY

ludp, Hazsa
CremianeHicth: G5 «EnekTpoHika, eIeKTPOHHI KOMYHIKAIlil, MPUIago0ymy-
BaHH Ta PaJTiOTeXHIKay
Indp, HazBa
OcgiTHs iporpama: «EJIeKTpOHHI CHCTEMH Ta Mepeski KOMYHIKaITii»
Hasa
Crynenra(ku) _1_Kypcy, rpyna
Hudp Tiamuc Im’s1, [IPI3BULLE
KepiBauk
Tlocana, BueHe 3BaHHs, HAYKOBHIA CTYIIIHb Iixnuc Im’s, TTIPI3BUILLE

Kinpkicts Oanis
O1iHKa 3a IKaJI00:

IHCTHTYLIHHOIO /EKTC
Unenu Komicii:
ITignuc, nata Im’s, ITIPI3BULLE
Iligmuc, nata Im’s, TTIPI3BUILIE
Iligmuc, nata Im’s, TIPI3BUILIE
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JIOJATOK B

IPUKJIAZL BJIAHKY APKYIIA 3ABJAHHSA
TA KAJTEHIAPHOTI'O IIVIAHY BUKOHAHHSA KYPCOBOI POBOTH

3ABJJAHHS HA KYPCOBY POBOTY

[pi3Buie, iM’s1, 10 6GaTHKOBI CTyICHTa

1 Tema poboTu:

2 KepiBHEK poOOTH:

Ipi3Bume, iM’s1, 10 GaTHKOBI, HAYKOBHI CTYIiHb, yICHE 3BaHHS
3 Ctpok moJaHHs CTYAEHTOM poboTH Ha Kadenpy:
4 BuxigHi gagi go pobotu:

HpeZ[MCT ,M€Ta, 3aBJIaHHA Bi[IHOBiI[HO BapiaHTy BUKOHaHHA

4 3MICT OSICHIOBAJIBHOT 3aIIMCKH:

ITepernik nuTaHb, AKi MOTPIOHO PO3POOHTH

KAJEHIAPHUM IIJIAH
Hazsa ROSILIHY T'GPMIH BI/IKOHNaHHﬂ Tpumitka
KypcoBoi poboTH pO31iiB KypcoBOi poOOTH
1
2
3
4
5
3m00yBay BUINOT OCBITH
Iigmuc, nata Im’s1, TIPIBBUILE

KepiBauK KypcoBoi poboTH

Iigmuc, nata Im’s1, TIPI3BUILE
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JIOJATOK B
MPUKJIAJ O®OPMJIEHHS PEGEPATY KYPCOBOI POBOTH
PED®EPAT

KypcoBa pobora marictpa 1-ro xypcy rp. ECMKwMm-25-1 IBanoBa IBana
IBanoBuua Ha Temy «OnrTumizanis pagiokaHany i3 mudpoBoro Moxymieroy». Kepi-
BHUK pobotu mom. kadh TMIT, k.1.H, mouent. [TuBoBap Oner CepritioBmuy.

KypcoBa poboTa mpucesiueHa po3risiy OJHOYACHOT Nii 3aBaj i3 pi3HUMU
po3nojiiaMH N0 HPSIMOMY Ta KBaJpaTypHOMY KaHanaX oOpOOKHM paioCHIHAiB
min gac mudposoi Moxymsuii QAMI16. Takox pO3rISHYTO BIUIMB IIapaMeTpiB
¢inbTpiB Ta (ha30BOI 3aTPUMKH JIiHIH Tepeadl Ha SKICTh nepeaadi IH(pPOBUX JaHUX.

KitrouoBi cioBa: KBaapaTypHHU pajiokaHad, OiTOBHHA KOCQIIi€HT MOMH-
nok (BER), nudposa Moaysiist, MOAEITIOBAaHHS Ta ONTHMI3allis.

ABSTRACT

This coursework is written by Ivan Ivanovych Ivanov, a first-year master’s
student of the ECMKwm-25-1 group, focusing on the topic "Optimization of a radio
channel with digital modulation". Academic advisor: Pyvovar Oleg Serhiyovych,
Candidate of Technical Sciences, Associate Professor at the Department of
Telecommunications, Media and Intellectual Technologies of Khmelnytsky
National University.

The coursework explores the concurrent impact of interference with
various distributions on the direct and quadrature channels of radio signal
processing during QAM16 digital modulation. The influence of filter parameters
and phase delay of transmission lines on the quality of digital data transmission is
also considered.

Keywords: quadrature radio channel, bit error rate (BER), digital
modulation, modeling and optimization.
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