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Mporpama HaB4Ya/bHOI AUCLUNIHU

1. Onwuc HaBYaNbHOI AUCUUNAIHMK, iT MeTa, NnpegMmeT BUBYAHHA Ta pe3y/ibTaTM HaBYaHHA

BuKnagaHHA OCHOB aBTOMATM30BaHOro NPOeKTyBaHHA KC B yHiBepCUTETI Ma€ TaKi acneKkTu:

AKkagemiuyHni acnekTt. CuctemMum aBTOMaTM30BaHOro NpoekTyBaHHs KC - e HayKa, AKa aae

NPUKNAZHI 3HaHHA. MeTa - 03HANOMUTU CTYAEHTIB 3 OCHOBHUMM NOHATTAMMU Ta METOAAMM

dBTOMATU30BaAHOIO NPOEKTYBAHHA CY4aCHUX CKAaAHUX TEXHiIYHMX 3acobiB.

MpodecitHnMin acnekT. CbOroAHi MHOXMHA apXiTEKTYP MiKponpouecopis, peanizoBaHUX

Ha

KpucTani, CTPIMKO po3WwnptoeTbesa. MporpamoBaHi noriyHi iHTerpanbHi cxemu (MJ1IC) cTatoTb HeBia'eMHUM

atpmbytom TexHonorii BOyAoOBaHUX 0b64YMCNtOBanbHUX 3acobiB. 3pocTae noTtpeba B iHXKeHepax-

NPOEKTYBaNbHUKIB, AKi BOMIOAIIOTb TEXHOMOTNAMW MPOEKTYBaHHA cucTem Ha Kpuctani (CHK). Big Hux

BMMaraetbca BMiHHA onucyBaTn mosoto VHDL abo Verilog npuctpois i3 3aaaHO0 GYHKLLIOHANbHICTIO,
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BK/IIOYAIOUM MiKponpoLuecop, nepeHanaroaKyeaTu rotosi 6J0KM nig BMMOrM npoekTy, 3'€AHyBaTH
moayni B cTpykTypy CHK i nporpamysatn BbypgoBaHe maTt3abesneyeHHA. MeTa uboro Kypcy — cdop-
MyBaTW HaBUYKM BUKOpUCTaHHA moBu VHDL gna onucy anapaTHUX MNPOEKTIB cepeAHbOoi CKAaAHOCTI, AKi
peanisytotbea B M/1IC. OcHoBy abopaTopHUX PObIT CTAHOBUTL NPOEKTYBAHHA BY3/iB MiKponpoL,ecopis 3
BUKOpUcTaHHaMm mosu VHDL i BianosiaHux 3acobis CAINP, Bkatovyaoun cumynatop VHDL i komninatop-
CUHTE3aTop NOTiYHMX cxeM. CTyAeHT, AKMA BUKOHYE Kypc N1abopaTopHMX pobiT, BUBYAE HE TiIbKM OCHOBMU
CXEMOTEXHIKM MiKponpoLuecopis, ane i cyd4acHy TEXHONOTI0 iX NpPoeKTyBaHHA AnAa peanisauii 8 MNJIIC.

IHTeNeKTyanbHi Ta OCBITHI acneKTU. BUBYEHHA CUCTEM aBTOMATU30BAHOro npoekTtyBaHHA KC
CNPUAE PO3BWUTKY KOMHITUBHMX HABUYOK, WO € CYTTEBUM iHTENEKTyanbHUM GaKTopom Yy npoueci
CTBOPEHHA AK anapaTHOro, TakK i NporpaMHoro 3abesneyeHHs.

BMBYEHHA ANCLMNAIHM NiIACUNIOE HAaCTYMNHi 3aranbHi Ta GaxoBi KOMNeTeHL,i:

Ana cneuianbHocTi 121 IHXeHepia nporpamHoro 3abesneyeHHs

3KO01. 3paTHicTb A0 aBCTPAKTHOrO MUCNEHHA, aHANI3Y Ta CUHTE3Y

3K02. 3aaTHiCTb 3aCTOCOBYBATU 3HAHHA Y NPAKTUYHUX CUTYaLLifAX

3K05. 34aTHICTb BUMTMCA | OBONOAIBATU CYHAaCHMMUM 3HAHHAMMU

3K07. 3aaTHicTb NnpautoBaTn B KOMaHAI

®KO1. 3paTHicTb iaeHTMdiKYBaTH, KnacudikyBaTh Ta ¢GOPMYIOBATU BUMOMM A0 MNPOrpamHoOro
3abe3neyveHHsn

®KO03. 3aaTHICTb PO3POBAATH apPXITEKTYPU, MOAYNI Ta KOMNOHEHTU NPOrPaMHNX CUCTEM

®KO04. 3paTHicTb dopmyntoBaTh Ta 3abe3nevyBaTv BUMOTU LLOAO AKOCTI NPOrPamMHOro 3abesneyeHHs
Y BiANOBiAHOCTI 3 BUMOTraMmn 3aMOBHMKA, TEXHIYHUM 3aBLAAHHAM Ta CTaHAAPTaMMU

®KO05. 3paTHicTb goTpuMmyBaTmca cneumdikauin, cTaHAAPTIB, NPaBWA | peKomeHAaLi B npodeciiHin
ranysi Nnpu peanisauii NpoueciB XXUTTEBOTO LUKAY

®K10. 3paTHicTb HaKonuuyBatu, 06pobAATM Ta cMCTEMATM3yBaTM NPOGECiMHI 3HAHHA LWoA[0
CTBOPEHHA | CYNpPOBOAMKEHHS NPOrpaMHoro 3abesneyeHHs Ta BM3HAHHA BaXX/AMBOCTI HaBYaHHA
NPOTATOM BCbOTO KUTTA

®K14. 3paTHICTb A0 aATOPUTMIYHOIO Ta NOFIYHOTO MUCAEHHA

®K16. 3paTHicTb po3p0obaaTn mobinbHi cuctemmn, BOYAOBaHI cMCTEMUM Ta CUCTEMU PeasibHOro Yacy
®K17. 3patHicTb po3pobnsaTM  Ta  BUKOPUCTOBYBATM  NporpamHe  3abe3neyeHHA  ans
BMCOKOMNPOAYKTUBHUX KOMM IOTEPHUX CUCTEM

®K19. 3paTHiCTb pO3p0H6AATU Ta BUKOPUCTOBYBATM CUCTEMM LITYYHOTO iHTENEKTY

Ona cneuianbHocTi 123 «Komn’toTepHa iHXeHepia»

3K 1 3aaTHicTb A0 abCTPaKTHOrO MUCNEHHA, aHaNi3y Ta CUHTEe3Y

3K02. 3aaTHiCTb BUMTUCA | OBONOAIBATU CYHaCHUMU 3HAHHAMM

3K3 3aTHiCTb 3aCTOCOBYBATU 3HAHHA Y MPAKTUUYHUX CUTYaLLifaX

3K08. 3aaTHicTb NpautoBaT B KOMaHAI

®K2 3paTHICTb BMKOPWUCTOBYBATW CyyaCHi MeToAM i MOBM MporpamyBaHHA Ana po3pobneHHs
aNrOpPUTMIYHOrO Ta NporpamHoro 3abesneyeHHsn

$KO5. 3aaTHICTb BUKOPUCTOBYBATK 3aCObU | cUCTEMM aBTOMATM3aLLiT NPOEKTYBaHHA A0 PO3pObaeHHsA
KOMMOHEHTIB KOMMN IOTEPHUX CUCTEM Ta MepeXK, IHTepHeT AoAaTKiB, KibepdisnYHUX cUCTEM TOLLLO.
®K7 3paTHiCTb BMKOPWUCTOBYBATWM Ta BMPOBAAKYBAaTM HOBI TEXHO/Orii, BKAKYAKOUYM TEXHONOTIi
PO3YyMHMX, MOBINbHUX, 3eneHux i 6e3neuyHnx obumcneHb, b6paTm y4vacTb B MoOAepHisauii Ta
PEKOHCTPYKLT KOMN'IOTEPHUX CUCTEM Ta MepeX, PISHOMaHITHUX BOYAOBaHUX i po3nogineHux
[0/AaTKiB, 30Kpema 3 MeToto NiABULLEHHSA iX eeKTUBHOCTI

®K12 3patHicTb igeHTUGiIKYBaTK, KnacudikyBaTM Ta OMUCyBaTU PODBOTY NPOrpamHO-TEXHIYHUX
3acobiB, KomnN’'toTepHUX Ta KibepdisMyHUX cucTeEM, MepeX Ta iXHIX KOMMOHEHTIB LIAAXOM
BUKOPUCTAHHA aHANITUMHUX METOAIB | METOAiIB MOAENOBAHHA.



®K16. 3gaTHiCTb NPOEKTYBaTW, BNPOBAAKYBaTM Ta 06CyroByBaTM BUCOKONPOAYKTUBHI NapanesnbHi
Ta po3noineHi KoMn’'toTepHi cucTemu Ta iX CKNagosi 3 BMKopucTaHHA MJIC moaynis i cuctem
aBTOMATM30BaAHOIO NPOEKTyBaHHA

DOna cneuianbHocTi 126 IHpopmauiiiHi cuctemm Ta TexHonorii

K31. 3paTHicTb 4,0 aBCTPAKTHOrO MUCNEHHA, aHaNi3y Ta CUHTE3yY

K32. 34aTHicTb 3aCTOCOBYBATM 3HAHHA Y MPAKTUYHUX CUTYaLiAX

K37. 3paTHicTb po3p0obaATK Ta yNpaBAATU NPOEKTAMM

KC6. 3a4aTHiCTb BUKOPMCTOBYBATM 3acobM i cMCTeMM aBTOMATM3aLlil NPOEKTYBAaHHA A0 PO3P06/EeHHS
KOMMOHEHTIB KOMMN IOTEPHUX CUCTEM Ta MepeXK, IHTepHeT AoAaTKiB, KibepdisnYHUX cUCTEM TOLLLO.
KC13. 3paTtHicTb NpoBOAMTM OBYMUCAIOBA/IbHI €KCNepuMMEHTH, MOPIBHIOBAaTU pPe3ynbTaTu eKkcnepu-
MEHTaNbHUX AAHUX | OTPUMAHUX pPilleHb

KC15. 3pgaTtHicTb aHanisyBaTu BigoMmi peani3alii KOMMOHEHTIB HMXHbLOFO PiBHA iHGOPMALIMHUX
CUCTEM 3 YpaxyBaHHAM BMMOI TEXHONOTIYHMX Ta BisHec-npoLecis, BUKOHYBAaTU CUHTE3 KOHTPOJIEPIB,
perynAaTopis, AaBayiB, BUKOHABYMX NPUCTPOIB, ByayBaTU afleKBaTHi MoAeNi HUXKHbOIO PiBHA iepapxii
iHbOpMaLIMHUX CUCTEM Ta 34IMCHIOBATH iX iHTEerpaLito

Y BignoBiaHOCTI A0 BMLLE3a3HAYEHOrO, NiAcMAEHI 3aranbHi Ta ¢axoBi KoMneTeHLji AaayTb HAaCTYMNHi
pe3ynbTaTh HaBYaHHA:

1. 3paTHICTb MPOEKTYBATH, PO3POBAATM Ta peanizoByBaTHM cucTtemm Ha 6asi MNJIC — po3pobnaTtu
NOBHOLHHI anapaTHO-NPOrpamHi piweHHA Ha 6a3i MIC 3 BukopuctaHHAM 3acobis CAMP i mosu VHDL.

2. Bmitn kopuctyBaTuca cydacHumn CAMP ansa po3pobKM eNeKTPOHiIKM — BONOAITM HaBMYKaMMU
poboTtu B cepeaosuli ActiveHDL, ModelSim, Vivado, Quartus abo aHanoriyHux, ctBoptoBaTh H6ibnioTeku
MmoAynis, 34iMCHIOBATM NepeBipKy Npaue3aaTHOCTI Ta NapamMeTpiB WBMAKOAT i anapaTHUX BUTpaT.

3. MiacuneHa 34aTHICTb NpauloBaTU 3 TEXHIYHOK AOKYMEHTALUIED Ta AOTPMMYBATUCb CTaHAAPTIB
NPOEKTYBAHHA — YNTATK, CTBOPIOBATMU Ta 3aCTOCOBYBATM TEXHIUHY AOKYMEHTALiO, 4OTPUMYBAaTUCb HOPM
EMC, Bumor 6e3nekun Ta BUPOBHUUYMX CTaHAAPTIB Y pO3pobLi eNeKTPOHHUX CUCTEM.

4. MaTun HaBUYKKU NPOBEAEHHA EKCNEePUMEHTIB, 3OMpPAHHA AaHMX Ta MOAENOBAaHHA B KOMN IOTEPHUX
CUCTEMAX.

5. 3HATK HOBITHI TEXHONOTIi B raly3i KOMN'IOTEPHOI iHXKeHepil.

6. BmiTn po3B’A3yBaTh 3aaadi aHani3y Ta cMHTE3y 3acobiB, XapaKTepPHUX AN crnew,ia/ibHOCTi.

7. BMiTH BUKOHYBATH €KCTIEPUMEHTAIBHI JOCTIHKEHHS 32 TPO(ECiitHOI0 TEMATHKOIO.

2. MpepeKBi3uTK Ta NOCTPEKBI3UTU AUCUUNAIHU (MicLie B CTPYKTYPHO-/IOTIUHIM CXeMi HaBYaHHSA
3a BiANOBiQHOIO OCBITHLOIO NPOrpamolo)

NepegymoBun, To6TO ANCLUNAIHN, BABYEHHA AKMX MAE NepPeayBaT BUBYEHHIO LET AUCUMNAIHK:

e CTPYKTYPU OaHUX i aNTOPUTMMU.

e Komn'toTepHa norika.

e Komn'toTepHa eneKkTpoHiKa.

e ApxiTeKkTypa komn'toTepis.

e Komn'toTepHa cxemoTexHika

e [NapanenbHi Ta po3noaineHi obumneHHs

MocTpeKBi3UTK - AUCUMNNIHM, BUBYEHHIO AIKMX MA€E NepenyBaTN BUBYEHHSA AaHOI ANCLUMNAIHMK:

e [lpegannaomHa NpakTUKa.

® INNNOMHE NMPOEKTYBAHHSA.



3. 3micT HaBYaNbHOI AUCUUNNIHU

Tema 1: Xig npoekTyBaHHA cxem 3 VHDL

OcobamBocTi TexHosorii NPOeKTYBaHHS cxem 3a gonomoroto VHDL. MpoeKTyBaHHA cUCTEM Ha
Kpuctani (CHK). Mpouec po3pobku obumcatoBanbHoro npuctpoto (OM). CknaaHictb npoekTiB CHK i
MOX/IMBOCTi TEXHONOrii NPOEKTYBaHHA. TEXHONOTiA BipTya/NlbHUX MOAYAIB.

Mogeni obuncniosadis ana VHDL. OcHosu VHDL. BinobpaskeHHA anropntmis 3a 4OMNOMOrot0
VHDL. CuHTe3 norivyHoi cxemun. OcHoBHi ocobamsocti VHDL. NMocnigosHi onepatopu 8 VHDL. MapanenoHi
onepatopu B VHDL. Mpoueaypu i yHKuii. MakeTn. ATpnbyTn.

Tema 2: TexHo/I0TiA PO3POOKM CUCTEM Ha KPUCTaI.

Mpouec po3pobku CHK Ha MNJIC. CknagHictb npoekTie CHK i moxknnsocti TexHonorii
npoekTyBaHHsA. TexHonoria IP Cores. CymicHe anapaTHo-nporpamHe npoektyBaHHA SOC. CuctemHum
cuHTe3 SOC. MNIC - Ak enemeHTHa H6a3a Cy4acHOI eIeKTPOHIKW.

bynosa i apxitektypa MJIC. bibnioteka IEEE gna npoekTyBaHHA NpUCTPOiB. BinobparkeHHA
anropntmis Ha VHDL. 3aranbHi BUMOTM A0 NPOEKTYBAHHA CUCTEM Ha KpucTtani. KoHcTpyKuii VHDL gna
cuHTe3y. CtaHaapTHi naket VHDL ana cuHTesy. MpoeKkTyBaHHA KOMBiHaLUiMHUX cxeM. MPOEKTYBaHHSA
apUPMeTUUYHUX NPUCTPOIB. NPOEKTYBAHHA cXxem 3 Nam’aTTHo. [POEKTYBAHHA Kepyunx cxem. KepyBaHHA
X0A0M cuHTe3y. [TporpamyBaHHA Nam’aTi.

Tema 3: [POEKTYBAHHA KOHBEEPHUX 0OUNCAIOBAYIB.

OcobnmnsocTi KOHBeepHOi 06po6bKN AaHMX. BinobparkeHHA anropuTMmy B anapaTypy. MNepiognyHi
anroputmu. I pad cMHXPOHHMX noTokiB gaHux (FCMNA). CurHanbHuii rpad. Knacudikauis rpadis noTokis
OaHNX.

MpoekTyBaHHA RISC-npouecopis. NpoeKTyBaHHA cneLianizoBaHMx obuncatoBayis. MeTog cuHTE3y
KOHBEEPHOro obumncatoBaya. ONTumisauia cTpyKTypu. KoHBenepHe BUKOHaHHA anroputmy. Lsmnakoais
rcng. NepetsopeHHs rpada anropmutmy B NCMNA. OnTrumisauia rpadis anroputmy. MepcnekTnsmn
iHTerpanbHoi TexHonorii. Nepcnexktuaun MNJIC.

4, HasuanbHi matepianu

basosa nitepartypa

1. ABTOMaTM3aLiA NPOEKTYBAHHA LMPPOBUX NPUCTPOIB [ENeKTPOHHUI pecypc] : HaBY. Nocib.
yKknaa.: C. M. Wonoxos, B. A. Tonb, O. A. XaxntoKk. — Kuis : Kl im. Iropsa CikopcbKoro, 2025. — 290 c.
https://ela.kpi.ua/handle/123456789/76290

2. PabeHbKkuint B. M. VERILOG. MNpaKTuka npoekTyBaHHA UMdppoBux npuctois Ha MJ1IC : Hasu.
noci6. / B.M. PabeHbkuit, O.0. YiwKapeHKo ; Hau. yH-T KopabnebyayBaHHs iMm. aam. MaKkaposa. —
MwukKonais : lnioH, 2007. - 324 c.

3. ABTOMATM30BaHE NPOEKTYBAHHA anapaTHMUX KOMMNOHEHTIB HEMPOMEPEKEBUX CUCTEM
KepyBaHHA Ha FPGA [EnekTpoHHKI pecypc] : moHorpadia / A. 0. [lopolieHKo, M. |. Kpaseup, B. M.
LumKkosuy, O. A. AueHko ; KMl im. Iropsa Cikopcbkoro. — EnekTpoH. TekeT. gani (1 ¢pann: 6,71 Mbait). —
Kuis : KMl im. Iropsa Cikopcbkoro, 2026. - 166 c. —

https://ela.kpi.ua/handle/123456789/82267

[opaTtkoBa niTepaTypa
1. Ashenden P.J., Lewis J. The designer’s guide to VHDL. 3-d Ed. Morgan Kaufman. 909 p.

https://www.academia.edu/9455362/The Designers Guide to VHDL



2. Khan S.A. Digital Design of Signal Processing Systems. A practical Approach. Wiley, 2011. 608 p.
https://www.academia.edu/34580646/

3. Harris S., Harris D. Digital Design and Computer Architecture, RISC-V Edition. Morgan
Kaufmann. 2021. 592 p.

O6nagHaHHA, Wo HeobxiaHe ANA NPOBeAEHHA 3aHATb.

JeKUiliHi 3aHATTS NPOBOAATLCA B ayANTOPIi, AKY 06/1a4HaHO MPOEKTOPOM, MPAaKTUYHI 3aHATTS — B
KOMM'IOTEPHOMY KAaci 3 3acTocyBaHHAM BignarogxysanbHux nnat 3 MJIC. Ana BUKOHaAHHA
nabopatopHMx pobiT BUKOPUCTOBYETLCA CTYyAeHTCbKi Bepcii CAMP ActiveHDL, Vivado, Quartus.

HaByanbHUI KOHTEHT

5. MeToauKa onaHyBaHHA HaBYaAbHOI AUCLUNAIHU (OCBITHBOrO KOMMNOHEHTA)

fonoBHA meTa Kypcy — NPULLENUTU CTYAEHTAM OCHOBW TexHoAOorii nporpamyBaHHA MJ11IC mosamu
onuncy MiKpoeneKTPoHHOT anapaTtypu Takmnx sk VHDL i Verilig.

B Kypci natoTbCA 3HAHHA NPO OCHOBHI BJIACTUBOCTI apXiTEKTyp, AKi nporpamyoTbca mosoto VHDL: ,
NPOrpamHoi i anapaTHoi moaenen Ta cumynatopa. CTyAeHTU TaKOXK BMBYAKOTb AK NPaBUAbHO ByayBaTh i
onncyBaTU MoJeni anapaTHUX NPUCTPOIB HAa OCHOBI MeToAy BigobparkeHHsA rpada CUHXPOHHUX MOTOKIB
Aannx (FTCNA) y cTpyKTypy anapatHux 3acobie. CTyaeHTM 3aKpinatolTb HAaBMYKM NPOrpamyBaHHA Yy
cuctemi ActiveHDL Ha nabopaTopHux poboTax. BuknagaHHs npeameTa 3 HAXMIOM HA MipKyBaHHSA
NPOEKTYBaHHA anapaTypu AK ONUCY aAropuTMiB, AKi BOHA BUKOHYE, Aa€ 3mory binbw rnmbwe 3acsoitm
MmaTepian, NoB’A3aTh Uen maTepian 3 NPaKTUYHUMKU noTpebamu npu po3B’A3aHHI 3a4a4 NPOEKTYBAHHA
HOBMX 3acTOCyHKiB Ha [J/1IC.

HaB4YanbHMI 3MiCT AUCLUMNANIHWN CKNAJA€ETLCA 3 KL Ta NnabopaTopHUX PobIT.

NekKuiji.

Tema 1: Xig npoekTyBaHHA cxem 3 VHDL

Nekuia 1. Bctyn. Migpy4yHWKM, NnpeseHTaLii NeKuinHoro matepiany, nabopatopHi poboTtu.
PeliTMHroBa cucTema ouiHoBaHHA. OcobanBOCTI TEXHONOTIT NPOEKTYBAHHA cxem 3a gonomoroto VHDL.
OcHoBsu VHDL. Tunu gaHux, Wo niaTpumytoTb onuc anapatypu. Onepatopu, aTpmbyTu, WO NiATPMMYOTb
noseAiHKy cuctemm B Yaci. ObuncnioBanbHa mogenb ana peanisauii VHDL. ApxiTeKTypa cumynatopa
VHDL. AnnapaTHa moaenb ana peanidauii VHDL. BinobpakeHHA anroputmis 3a gonomoroo VHDL.
CuHTes norivyHoi cxemun. OcHosHi ocobamnsocTi VHDL. O6'eKT NpoeKTy i apxiTekTypa. O6’ekTn, TMNK i
Bupasm mosun VHDL. Entity - onuc iHTepdelica. Architecture - onuc nosegiHkn mogeni. MoseaiHKoBa
mogensb ONN. Tunmn gaHunx 8 VHDL. Tun Standard Logic 3 nakety 1164. CurHan, 3MmiHHa, KOHCTaHTa.

Nekuia 2. Onepatopwu 8 VHDL.

Mpouec i nocnigosHi onepatopu. Cnmcok vyytameocTi. Onepauyii mosm VHDL. Bupasn mosu VHDL.
OnepaTop NpMCBOOBAHHA cUrHany. OnepaTopu YeKaHHA noAii wait. OnepaTop NPUCBOOBAHHA 3MiHHIN.
YmoBHi onepatopu. OnepaTop Bubopy. OnepaTtop unKAy. BUKAMK npouesypu i NOBEPHEHHSA 3 Hel.
MNapanenbHi onepaTtopun B VHDL. Onepatop npouecy. CNMCoK 4yTanBocTi. [IpMcBOOBaHA CUrHany.
MapanenbHUin BUKAKK Npoueaypu. BctaBka eksemnaapa KomnoHeHTa. Onepatop GENERATE. Onepatop
BLOCK. MapanenbHuin onepatop ASSERT i cteHa ana icnuTis.

Tema 2: TexHONOriA PO3POOKM CUCTEM HA KpUCTaNi.

Nekuia 3. Npoueaypu i GyHKLUii. POEKTYBAHHA CXEM.

Nignporpamu. Buknuk ¢yHKuii. BUKAnK npoueaypu. MNaket. MNepe3aBaHTaxKeHHA Nignporpam.
MNepetBopeHHa TUNiB. ObuncntoBanbHa moaenb ana peanisauii VHDL. CTpyKTypa nporpamu. Entity i



Architecture. O6’aBa KoHirypauii. MpoeKTyBaHHA KOMbiHaLiMHWUX cxem. MpuKknag po3pobku
KOMBiHaLiMHOT cxemu. MPOEKTYBAHHA CXeM 3 MaM’ATTIO.

NabopaTtopHi pobotn

MeTa nabopaTtopHux pobiT — eKcnepMmeHTasibHe AOCNIAXKEHHA Ta BUNPOOYBAaHHA anropuTmie Ta
CTPYKTYpP AaHMX, LLLO BMBYAIOTCA, NPM NPOrpamyBaHHi 3aBaaHb 1abopaTopHUX POBIT.

TemamuKa nabopamopHux pobim:

NabopaTtopHa pobora 1.
ApnOMETUKO-NOTIYHUIA NPUCTPIN.
NabopaTtopHa poboTa 2.
KaHOHIYHKMI aBTOMAT.
NabopaTtopHa pobora 3.

Bnok obuncneHHa cneydyHKLii.
NabopaTtopHa poborTa 4.
Undposuit dinbtp.

6. CamocrTiiiHa po6oTa cTyaeHTa

CaMoOHaBYaHHA BKAKOYAE CAMOCTIHY pobOTYy CTYAEHTIB i NONArAE B HACTYyNHOMY:

® BMBYEHHA NEKLIMHOrO maTtepiany, a TAKOX NiTepaTypHUX [AXKepen, Ha AKUX FPYHTYETbCA
nporpama Kypcy (nepenik gxepen Ta nepenik po3fainis nogarTbCA pa3om i3 maTtepiasiom nekuii)
(3aranom, 54 roauHn).

® NiaroToBKa A0 nabopaTopHOi pobOTU WNAXOM O3HAMOMNEHHA i3 3aBAAHHAM Ta METOANUYHUMM
BKa3iBKaMM [0 KOMN'IOTEPHOrO0 MNPaAKTUKYMa, BK/IOYAOYM BUBYEHHA TEOPETUYHOrO maTtepiany;
BMKOHAHHA nabopaTtopHuMx pobiT y AOMALHIX yMOBax Ha BAACHOMY Komn'toTepHOMy obnafHaHHI i
odopmneHHsa 3BiTy. KoxkHa nabopatopHa poboTa BUMarae Ana nNigrotoBKM, BUKOHAHHA Ta 0POPMAEHHSA
3BiTY 5 roaunH. Yci pob6oTn BUKOHYOTLCA 3@ 20 roauH.

® CaMoCTiliHe onpaLloBaHHA TeopeTndHoro matepiany (30 roamn);

® BWKOHAHHA [BOX AOMALLHIX KOHTPOAbHUX POBIT i MOAYNbHOI KOHTPOAbHOI PobOTH, Ha AKi
BUTPAYaOTbCA BCbOTO 4 roaAnHM.

Temu Ha camocTiliHe onpauoBaHHA

Ha camocTinHe 3aCBOEHHSA BMAINAKOTLCA HACTYMNHI po3ainu:

TexHonoris BipTyanbHUXx moaynis. Mogaeni obumcntosavis gna VHDL. Mpouenypw i dyHKLUI.
MakeTu. Mignporpamu. BUKAuK dyHKLii. BUKAKK npoueaypu. MNakeT. MNepe3aBaHTaXKeHHA Nignporpam.
MNepetBopeHHa TUNiB. ObuncntoBanbHa moaenb ana peanisauii VHDL. CTpyKTypa nporpamu. Entity i
Architecture. O6’sBa KoHdirypadii. (5 roauH).

ATpnbYTN ANA cCKanapHoro Tuny. ATpUbYTN ANs perynspHoro tuny. ATpubyTtu curHanis. ATpnobyTu
KopucTyBaya. MceBgoHimu. MiTKkM B nporpami. TexHonoria po3pobKu cuctem Ha KpucTani.

Mpouec po3pobku cuctem Ha Kpuctani (CHK) Ha NJIC. CknagHicTb npoekTiB SOC i MOXKANBOCTI
TexHonorii npoeKkTyBaHHA. TexHonoria IP Cores. CymicHe anapaTHo-nporpamHe npoektysaHHA SOC.
CuctemHunin cnnTes SOC. MNNIC - AK enemeHTHa 6a3a cy4acHOi eNeKTPOoHiKK. MNepeBarn BUKOPUCTAHHA
rnaic.



byposa i apxitektypa MJIC.

AnapaTHi pecypcu MAIC Xilinx Virtex. /loriyHa Tabaunua. Tpurep. KoHirypoBHUI NoriyHmi 610K.
Peaniszauina 6araToBxoaoBMx MynbTUNIEKCOpiB. Po3nogineHa nam’atb. PericTp 3cyBy 3 pery/sibOBHOO
3aTpuMKoto. BnoyHa nam’satb. Biok DSP48. Bydepun BBoay-BMBoAy. Mepeska po3nogineHHn
CUHXPOCUTHaNiB. BIOK MHOXEHHA-AINEHHA YacTOTK 3 ULMPPOBUM YM HA30BMM 3BOPOTHIM 3B’A3KOM.

Mpouec i nocnigosHi onepatopun. ObumcaoBanbHa moaensb ans peanisauii VHDL. AnnapaTtHa
moaenb ana peanisauii VHDL. BinobpaxkeHHa anroputmie Ha VHDL. CuHTe3 noriyHoi cxemu. 3aranbHi
BMMOIU A0 NPOEKTYBAHHA CUCTEM Ha KpUcTani. NpuHLUWN ABOXTAaKTHOI CUHXPOHI3au,ii. [POEKTYBaHHA 3
ACMHXPOHHUMU TpUrepamu. MNMpUHUMN OAHOTAKTHOI CUHXPOHI3au,ii. NepeKpyvyBaHHA O4HOTAKTHOI
cuHXpoHi3auii. KoHcTpyKuii VHDL ana cuHTesy. MNaket std_logic_1164. KinbKa axepen curHany i pyHKuis
BUpileHHA. PyHKUiT nakeTa std_logic_1164. MNaketun std_logic_arith, std_logic_signed i
std_logic_unsigned. Maketn numeric_bit i numeric_std.

KombiHauilHa cxema 3a byneBcbKMM piBHAHHAM. CeneKkTnBHe NPUCBOIOBAHHA CUTHaNa. YMOBHe
npucBotoBaHHA curHany. KombiHauiiHa cxema 3a yMOBHMM NpucBotoBaHHAM. KombiHauiHa cxema 3a
BMKAMKOM nignporpamu. KombiHauiHa cxema 3a NocniA0BHUM OnepaTopom. BUKOPUCTAHHA NorikuK 3
TPbOMa cTaHamu. [JoBinbHUI cTaH B Std_Logic. HenepepgbayyBaHi aCMHXPOHHI Tpurepu. NPoeKTyBaHHA
apUPMETUYHUX NPUCTPOIB.

HenepeabayyBaHi acMHXpPOHHI Tpurepw. MpUHLMN OAHOTAKTHOI CUHXPOHI3au;i. MepekpyvyBaHHA
O[HOTAKTHOI CMHXpOHiI3auii. CuHTe3 cxem 3 nam’aTTio. Perictpu B nosegiHkoBomy VHDL. dyHKuji
dpoHTy/cnaay. Onepatop WAIT. 3miHHi B npoueci. Mpouec 3 perictpom. BcTaBNeHHSs KOMNOHEHTY TUMY
pericTp. MpuKnaa NPOEKTYBAHHA CXeMM 3 Nam’ATTHO.

KoHuenuia onepauinHoro i Kepytoyoro asTomatis. ABTomaT Mypa. Astomat Mini. Mpuknag,
NPOEKTYBaHHA aBToMaTa. Cnocobu KoayBaHHA CTaHiB aBTOMATA. [pMKNaan NPOEKTYBAaHHA aBTOMaTa.
MpuKnag NpeKTyBaHHA NiYNMNbHMKA Ha pericTpi 3cyBy. [1poeKTyBaHHA CKNagHUX aBTOMATIB.
MiKkponporpamHuin aBTomart. MpuKnag NPoeKTyBaHHA 610Ky ob6umncneHHa cneudyHKuii. KepyBaHHS
NPOEKTYBaHHAM. ATpUOYTU KepyBaHHA CMHTE30M. ATpMBYTM 06MeXKeHHA Po3MileHHA. ATpnbyTn
iHiLjanizauji. ObmeskeHHA yacy.

Po3nogineHa nam’atb. PericTp 3cyBy 3 perynb0BHOI 3aTPUMKOI0. B1o4HA nam’ATb.

FIFO. Nam'aTb 3 KOpeKTytouYnmMmmn Kogamu. MNam'atb 3 nigBmLeHo EMHICTIO. [porpamyBaHHA
po3noginenoi namari. MporpamysaHHA BlockRAM. IHiuianisauia RAM. MporpamyBaHHA NOCTiMHOI
nam’aTi.

Tema 3: Mpo€eKTYBaHHA KOHBEEPHMX 06UYMCAtOBaYIB.

MpuckopeHHA obumcneHb 3a Aonomoroto 06pobkn aavunx Ha MJIC. MocnigosHa i napanenbHa
06pobKa gaHux. Cuctema Ha 6a3i MIC. OcobansocTi KOHBeepHOi 06p0bKKN AaHUX. BinobparkeHHA
anropuTmy B anapatypy. MNepiognyHi anroputmun. AAropmTm, WO 3a4aHni umknom. Fpad nepiogmuHoro
anroputmy. BigobpaxkeHHs rpada nepiogmMyHoro anroputmy. Npad CUHXPOHHMX NOTOKIB AaHux (FCNA,
SDF). HeopHopiaHuii i ogHopigHwi TCMA. PeaykoBaHuii rpad anropmutmy. CUrHanbHuUm rpad.
Knacuoikauis rpadis noTokis gaHmx.

OcHoswu RISC-npouecopis. KoHBeepu3auis. PerictpoBa nam'aTb. BUKOHAHHA KOMaHA Nig, vac
06p0obkKn KomaHam nepexoay. CnpouieHa agpecauisa. Mpoctuii dopmat KomaHa. MikponpouecopHe
AP0 3 nabopaTopHux pobit. Mpuknag cuHTesy RISC-npouecopa. Mpuknag cnHTesy ctekosoro RISC-
npouecopa.



MeToamKa cMHTE3y KOHBEEPHOro obuncatoBada. OnTumisauia cTpykTypu. Mpuknag cuHTesy
610Ka gnsa obuncneHHa cneudyHKuii. KoHBeriepHe BUKOHaHHA anroputmy. LWenakogis FCNA.
MNepeTBOpeHHs rpada anroputmy B aumkaivHmin FCMNA. Ontumisauin rpadis anropmtmy.
PecnHxpoHuszauia. PosroptanHa I'CMA4. 3roptanHa MCMAA.

Mepcnexktnem BnposaaxeHHA MNJ1IC. MoBu nporpamyBaHHA 4na onucy anapatypu. lNepcnexktusmn
iHTerpanbHoi TexHosorii. Nepcnektusu MJIC. MoaynbHa KOHTPOAbHA poboTa.

MoniTUKa Ta KOHTPO/Ib

7. NonitTMKa HaBYaNbHOI AUCUMNNIHK (OCBITHLOrO KOMMNOHEHTA)

Cucrema BMMOT A0 CTYAEHTIB:

® CTyAEeHT 3060B’A3aHNI BifBiAyBaTU NeKL|ii Ta 1abopaToOpHi 3aHATTA, aKTUBHO MPaLLIOBATH Ha,
3aCBOEHHAM BUKNALEHOrO Ha HUX MaTepiany;

® Ha NeKuii 1eKTop BUKOPUCTOBYE BAACHUI Npe3eHTaLinHNI maTepian;

e nabopaTopHi pobOTM 3axMWAOTLCA Yy ABAa €Tanu: nepwui eTan - CTYAEHTU BUKOHYIOTb
AOMALUHE 3aBAAHHA, CKNA4aloTb €N1eKTPOHHWUI 3BiT Ta HAACUMNAIOTL BUKAAZAYy; APYrui eTan - 3axucT
nabopaTopHMx pobiT y nabopaTtopii nig Yac nabopaTopHOro 3aHATTA. KOHTPO/b 3HAHb Ha NabopaTopHUX
poboTax 3A4iMCHIOETbCA LWAAXOM MepeBipKM 3BiTYy 3 nabopaTopHoi pobOTH, BMKOHAHHA NpPOrpamu,
CTBOPEHOI ANA NabopaTopHi pobOTH a TaKOXK NUTaHb 3 MaTepianiB pobiT.

® [OMALHI KOHTPONbHI PO6OTH i MOAyNbHA KOHTPO/bHA POHOTA BUKOHYKOTLCA AUCTAHLIMHO AK
TecTu.

Depnaiun. [Ona BWKOHaHHA nabopaTtopHuUx pobiT BCTaHOBAKOKOTLCA AeAnaviHu. [depnaniHu
YTOYHIOIOTLCA | ONPUNIOAHIOIOTHCA BUKIA4A4YeM Ha NOYATKY CeMecTpy.

3aoxouyBanbHi 6anu (6oHyCK) BUCTaBAAIOTLCA 3a: aKTUBHY Y4aCTb Ha NEKLUifX Ta 1abopaTopHMUX
3aHATTAX, BEAEHHA KOHCMEKTY, NiAroTOBKY MOBiAOM/JIEHHA 3 Npe3eHTauielo no oaHin i3 tem CPC
avcumnnninm Towo. KinbKicTb 3aoxodyBaHux 6anis He binblue 5.

NabopatopHi poboTu. BuKOHaHHIO KOXHOI nabopatopHoi poboTM nepepye peanisauyin
iHOMBIAyaNbHOro 3aBAaHHA | OPOPMAEHHA WMOro y BWUrNAAl NPOTOKOAY. [MPOTOKON BUMKOHAHHA
nabopaTopHOro 3aBAaHHA Ma€e b6yTM BWCNAHO Ha MNOWTY BMKAAZQya He ni3Hiwe HiX 3a Aoby Ao
nabopaTtopHoOro 3aBAaHHA. [lo MPOTOKO/NY A0A4at0TbCA NOCUAAHHA Ha Git 3 Kogom nporpam (3a
HeobXiHOCTI) i NocMNaHHA Ha BCi HEObXiAHI CynpoBiAHI MmaTepianu ANna 3aXUCTy, 30KpemMa Ha Bifieo3anuc
BMKOHaHHA N1abopaTopHOro 3aBAaHHA (33 HEOBXiAHOCTI, B AUCTAHLIMHOMY peXXnmi abo 3a BUKOPUCTAHHA
BiAaNIeHOro ycTaTkyBaHHA, Towo). CTyaeHT, AKui BiaBigaB 3aHATTA 6e3 NiAroToBAeHOro NPoOTOKOAY A0
3axucty nabopatopHoi poboTM He A[ONYCKaeTbcA. [lepwmm eTanom CTyAEeHT 3axuWAE pesyabTaTu
BMKOHAHHA iHAMBIAYaNbHOrO 3aBAaHHA A0 nabopaTopHOi poboTK, Ha Apyromy eTani — 3axMLAE Teopito
LWNAXOM YCHOTO ONUTyBaHHA abo TecTyBaHHA. B gucTaHuUitHOMY pexumi 6inblwictb nabopatopHux pobit
CYyNnpPOBOAKYIOTbCA TECTAMM AN1A OLHKM BUBYEHOIO TEOPETMYHOIO Ta 1abopaToOpHOro maTtepiany 3amicTb
YCHOrOo onuTyBaHHA. banu oTpMmaHi 3a BMKOHAHHA nabopaTtopHoi poboTn - 3a TeCcT Ta 3a NPOTOKON
CKNAAatoTb OLiHKY 3a nabopaTtopHy poboTy. TecTyBaHHA NPOBOAMUTLCA HA 1ABOPATOPHOMY 3aHATTI NicnA
nepeBipKM pe3yabTaTiB BUKOHAHHA iHAMBIAYanbHOI poboTu. CTyaeHT, AKMIA He BUKOHAB iHAMBIAYanbHe
3aBAaHHA A0 NabopaTopHoi poboTK J0 TECTy He A0MNYCKAETLCA.

BukoHaHHA nabopatopHux pobit Ta MKP € obos’A3koBUMM ANAa [JONYCKY 4O CEMECTPOBOrO
KOHTpOAO (3aniKy). 3arasibHO YMOBOK A0MNYCKY A0 CEMECTPOBOrO KOHTPOAIO (3aniKy) € 3apaxyBaHHSA
BCiXx nabopaTtopHux pobit, MKP Ta 3aranbHuit pelTUHT He meHLwe 60 banis.

OujiHKa, AKY CTYAEHT MOXe OTPMMATK 33 BUKOHAHHA KOXKHOi 1abopaTopHoi poboTn HaBeaeHi y
po3aini 8 cnnabyca.



3p006yBaui, AKi BUKOHaNAW BCi YMOBM AOMNYCKY A0 3a0iKy Ta MaloTb PEUTUHIOBY OLHKY MeHLle 60
6aniB, a TakKoX 3400yBadvi, AKi Ga)kaloTb NIABULLUTA CBOKO PEUTMHIOBY OLHKY, Ha OCTaHHbOMY 3a
PO3KNaZ0M 3aHATTI CKNa4atoTb 3aAiK Y BUTNAAI BUKOHAHHA 3a01iKOBOro 3aBAaHHA Ta cnisbecigu.

3 MeTol NOCUNEHHA 3aliKaBneHOCTi 3400yBadviB y AKICHOMY BWMKOHAHHI iHAMBIAYaNbHUX
CEMeCTPOBMX 3aBAaHb, nepeabayeHnx iHAMBIAYaNbHMM HaBYa/NbHMM NAAaHOM 3400yBaya, PeUTMHIOBA
(cemecTpoBa) oOUiHKa, Y pa3i BUKOHAHHA 3aNiKOBOi KOHTPONbHOI pO6OTH, BM3HAYAETLCA, K OLiHKA 3a
3a1iKOBY KOHTPO/IbHY poboTy Ta cyma b6aniB 3a iHAUBIAYaNnbHI cemecTpoBi 3aBAaHHsA (L0 BignoBigatoTb
6anam 3a nabopatopHi poboTn npotarom cemectpy). Bci iHWi 6anun, AKi HabpaHi NnpoTarom cemectpy
(okpim 6anis 3a nabopaTopHi poH6OTHU) aHYNOIOTHLCA.

MopgynbHa KOHTpo/AbHA poboTa € 060B’A3KOBOIO ANA AOMNYCKY A0 CEMECTPOBOrO KOHTPO/IO.
MoaynbHa KOHTponbHa poboTa (MKP) nuweTbcA Ha NeKuinHoMy 3aHATTI 6e3 3acTocyBaHHA AONOMIKHUX
3acobiB (MobinbHi TenedoHn, NNaHWeTH Ta iH.); pe3ynbTaT NepecunacTbca A0 BiANOBiAHOI ANpPEKTOPIT
Google -aucky yepes Google dopmy.

Y pasi BWMKOHAHHA MOAYNbHOI KOHTPOAbHOI pPO6OTM penTUHroBa (cemecTpoBa) OLUiHKa
BU3HAYa€ETbCA AK Cyma 6aniB 3a MoAy/nbHY KOHTPO/bHY poboTy, 6aniB 3a iHAMBIAyaNbHI cemecTpoBi
3aBAaHHA (nabopaTopHi poboTw).

[o iHaMBiAyaNbHMX CEMECTPOBMX 3aBAaHb BHOCUTbCA iHAMBIAyanbHa poboTa cTyaeHTa WO
CTOCYETbCA BMKOHAHHA nabopaTopHux pobiT. KinbKictb 6anis 3a iHAMBigyanbHy poboTy 3a cemecTp
AopiBHtoe Big 38 no 60 6anis. MakcumanbHa ouiHka 3a MKP gopisHtoe 40 6anis.

MNpasuna BiABiAYBaHHA 3aHATb. BiagiayBaHHA 3aHATL € BinbHMM, 6aNM 33 NPUCYTHICTb Ha NeKLiAX
Ta NabopaTopHMX 3aHATTAX HE [,0AA0TbCA, BigNoBiAHO wWTpadHi 6anm He nepepbavatoTbea. Btim, Baroma
YacTUHa PenTUHTY GOPMYETHCA Yepes aKTUBHY y4acTb Y 3aX04ax Ha N1abopaToOpHMX 3aHATTAX.

OUcTaHUiMHMIA peXXum HaBYaHHA. Y pasi 3anpoBagXeHHs obmeXeHb Ha BiaBiAyBaHHA
yHiBEpCcUTETY, NOB’A3aHMUX 3 BBEAEHHAM KAapaHTUHY abo perKMMy BOEHHOrO CTaHy B AEepKaBi, OCBITHIM
NpoLEeC 34iMCHIOETLCA Y AUCTaHLIMHOMY peXXumi BianosiaHo A0 MNonoXKeHHs Npo AUCTaHLUiMHEe HaBYaHHA
B KMl im. Iropa Cikopcbkoro (https://osvita.kpi.ua/index.php/node/188), PernameHTy opraHisau,ii
OCBITHbOTO npouecy B AucCTaHuitHomy pexumi (https://profkom.kpi.ua/reglament-organizatsiyi-
osvitnogo-protsesu-v-distantsiynomu-rezhimi) Ta PernameHTy npoBeAeHHs CEMEeCTPOBOro KOHTPOJIO B
anctaHuinHomy peskumi (https://osvita.kpi.ua/node/148). Y pexkMmi AUCTAHLIAHOrO HaBYaHHA 3aHATTA
BiabyBalOTbCA Yy BUINALI OHNAWH-KOHepeHLii Ha nnatdopmax BigBlueButton, Google Meet, Zoom.
MocnnaHHA Ha KOHEepeHLilo BUAAETLCA HA MOYATKy cemecTpy i po3miwyetbca B AC «ENeKTpoHHWI
Kamnyc». 3 meTolo 3abesneyeHHa fKiCHOI NigroToBKM 3400yBadviB, AUCTAHUIMHMIA KypC AUCUMMAIHK
po3miwieHo Ha [Mnatdopma AucTaHUiMHOro HasyaHHA  «Cikopcbkuit»  (https://www.sikorsky-
distance.org). Pe3ynbTaTu ouiHOBAHHA BUCBITAOWOTL Y AC «ENEKTPOHHMI Kamnyc» Ha 0CobuCTin
cTopiHuj 3a06yBayva (https://ecampus.kpi.ua).

MpaBuna noBegiHKN Ha 3aHATTAX. Ha 3aHATTAX CAig, 4OTPMMYBATUCb HOPM €TUYHOI MOBEAIHKM
BM3HauyeHMx Yy HKopgekci uvecti HauioHanbHOro TexHiYHOro yHiBepcutety VYKpaiHM «KUIBCbKMIA
NONITEXHIYHUI HCTUTYT imeHi lropa Cikopcbkoro» (https://kpi.ua/code). Ha TepuTopii yHiBepcuteTty
3pobyBavi  mawTb nosoamtn cebe BignosigHo g0  MpaBun  BHYTPIWHLOrO  PO3NOPAAKY
(https://kpi.ua/admin-rule).

Bu3HaHHA pe3ynbTaTiB HaBYaHHA, HAabyTUX y HedopmanbHiii/iHpopmanbHili ocsiti. lonoxkeHHA
NPo BW3HAHHA pe3ynbTaTiB HaByaHHA, HabyTux y HedpopmanbHii /[ iHGOpPMaNbHIN  OCBITI
(https://osvita.kpi.ua/index.php/node/179) pernameHTye BM3HaHHA Pe3y/NbTaTiB HaBYaHHA, HabyTUX Y
HepopManbHiIi/iHPOpPMaNbHiN OCBITI.

HedopmanbHa ocBita. Y pasi npoxoarkeHHA 3400yBayemM OHMAMH KYpPCy UM iHWOro eNemeHTy
HepopManbHOI OCBITU 3006yBaYeBi/3006yBauyLi MOXYTb BYyTM 3apaxoBaHi OKpemi 3MicToBHI moayni abo
Temu aucumnnidn. B Takomy pasi 3406yBay 3BiIbHAETLCA Bif, BUKOHAHHS BiANOBIAHUX NabopaTopHUX
POoO6IT, OTPUMYIOYM 33 HUX MAKCMMaNbHUI 6an BiANOBIAHO A0 PEUTUHIOBOI CUCTEMM OLHIOBAHHA. Y pasi
HaBYaHHA HA HedOpPMaNbHIN OCBITi 3@ CamMOCTIMHOrO i 06paHHA NPOXOAMUTLCA Npoueaypa Banigauii, Wwo
nepeabayae nogaHHA 3400yBaYem 3aABM Ha iM’'A AeKaHa, AeKaapauii niaTBepaKyBanbHUX AOKYMEHTIB.
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PilweHHA nNpo BW3HAHHA YW He BM3HAHHA MNPUIMMAETbCA KOMICIEO Yy CKnaai 3asigyBava Kadeppwu,
BMK/NaAa4va, rapaHTa OCBITHbO-NPOdeCiiHOI Nporpamm.

MoniTMKa BUKOPUCTAHHA  LUTYYHOrO iHTENEeKTYy. BWKOPUCTAaHHA  LWITY4YHOrO  iHTENEeKTy
pernameHTyeTbCA «[TONITUKOIO BUKOPUCTAHHA WUTYYHOrO IHTENEKTY ANA akagemMivHoi aianbHocTi B KII im.
Irops Cikopcbkoro» (https://osvita.kpi.ua/node/1225). Yci 3aBgaHHA, AK Nig, 4ac BUKOHAHHA HAaBYa/IbHUX
3aBAaHb 3 AUCLMNANIHM, TaK i iIHAMBIAYANbHI 3aBAAHHA, MatoTb BYTK pe3ybTaTOM BIACHOI OpPUriHaNbHOT
pobotn 3a06yBava. BukopuctaHHa LI ana aBTomaTU4YHOI reHepauii Bignosiaeit 6e3 noganblioro ix
aHanisy Ta goonpautoBaHHA 3abopoHeHo.

MopyweHHA akagemiuHoi A06poyecHOCTi: BUKOPUCTAHHA naariaty. Y pasi BuABNeHHA aKTiB
BMKOPWUCTAHHA Nariaty nig Yac BUKOHAHHA HaBYa/IbHMX 3aBAaHb, CTYAEHT BTPAYa€e NpaBo Ha noganblue
BMKOHAHHA NOTOYHMX 3aBAaHb Y MeXKaxX HAaBYANIbHOI AUCLUNAIHN A0 3’ACyBaHHA 06CTaBUH NOpPYLIEHHS.
CTyneHT 30608’A3aHUI apryMmeHTOBAHO NOACHUTM MPUYMHM BUKOPUCTAHHA NaariaTy, a TaKOXK 3acBiguntm
rOTOBHICTb AOTPMMYBATUCh MPUHLMNIB aKaaeMiyHOi A0bpoYecHOCTi B NoAanblloMy HaBYaHHI; NOBTOPHO
BUKOHATW 3aBAaHHs abo, 3a noTpebu, BUMKOHATM [A0AaTKOBE 3aBAaHHA BiANoBiAHO A0 6ayeHHA
BMKNaZauya 3 ypaxyBaHHAM BMMOT L0400 CaMOCTIMHOCTI.

3a3HaueHi aii pernameHTytoTbca Kopekcom uecti HauioHanbHOro TeEXHIYHOro YyHiBepcuTeTy
YKpaiHu «KUiBCbKUIA NOAITEXHIYHWNI iIHCTUTYT imeHi Iropa Cikopcbkoro» (https://kpi.ua/code)

8. Buau KOHTPOIO Ta PEUTUHIOBA CUCTEMA OLLiHIOBaHHA pe3yabTaTiB HaB4YaHHA (PCO)

Ha nepwomy 3aHATTI CTYAEHTM 3HAMOMAATLCA 3 NOMITUKOK OLLIHIOBAHHSA, AKA FPYHTYETLCA HA
MoNOXKEHHI NPO cUCTEMY OLiHIOBAHHSA pe3ynbTaTiB HaBYaHHA https://document.kpi.ua/files/2020_1-
273.pdf. PEATUHT CTyAeHTa Ha Kypci CKNagaeTbea 3 6anis, AKi BiH/BOHa OTPMMYE 33 3aXULLEHI
nabopatopHi pobotn (R1), KOHTpPONbHI poboTu (R2) i HacamkiHeub, Bignosiaj Ha icnuTi (R3).

Rs = R1+R2 +R3 = 100 6anis

B pe3ynbTati MakcumanbHuii cepeiHin 6an AopiBHIOE:

4 nabopaTtopHux poboTn x 12 6anis = 48 Hanis

2 KOHTpPOAbHI poboTn x 6 H6anis = 12 6anis

3anikoBa KOHTpoObHA poboTa = 40 banis.

Jo3BonAeTbca 3apaxyBaTu 2 nabopaTopHi poboTu 3 OUjiHKOW no 12 6aniB 3a paxyHoOK
npoxoaxeHHs Kypcy BnuByeHHA VHDL y cuctemi Coursera Ta i1 noAjibHin.

* labopaTopHa poboTa ouiHeTbCA 10 6anamu 3a TaKUMU KpUTEPIAMMU:

— "BiAMIHHO" — 3BiT odopmneHnit 6e3aoraHHO, CKNageHa Nporpama Aa€ OYiKyBaHi pesynbTaTy,

npaBWAbHI BiANOBIAi HAa NpuTaHHA — 12 6anis;

— "pobpe" — 3BiT opopmneHuit aobpe, cKknageHa nporpama JAa€ O4ikyBaHi pe3ynbTaTu €

He3Ha4yHi HeTOYHOCTI Y BiANOBIAAX Ha NUTaHHA — 9-11 6anis;

— "3340BinbHO" — 3BT 0GOPMNEHMA HeoxalHO, CKNaJeHa Mporpama AaE He BCi O4ikyBaHi

pe3ynbTaTh, € CYTTEBI HETOYHOCTI Y BigNOBIAAX HA NUTaHHA — 6-8 Hanis.;

— "He3afoBiNbHO" — 3BiT 0POPMNEHUIN HEOXalHO, CKNaZeHa Nporpama He BUKOHYETbCA abo

30BCiM He [,a€ OYiKyBaHi pe3yabTaTH, € CYTTEBI NOMUKM Y BiANOBIAAX HAa NUTaHHA — 0 Banis.

e JloMalHA KOHTPO/IbHA poboTa OuiHIETbCA 6 Banamm — no 0,5 6ana 3a ogHy NpPaBUNbHY
BiAiNoBiAb TecTy. MoaynbHa KOHTpoAbHa poboTa ouiHoeTbca 40 6anamm — no 2 6ann 3a oAHY
nNpaBu/ibHY BiANOBIAb TECTy.

CTyAeHTU MOXYTb OTPMMATM A0 6 3a0x0o4vyBasibHMX 6aniB 3a BMKOHAHHA TBOP4YMX pPobIT 3
KpeauTHOro moaynaA (CKnaaaHHA Tes, y4acTb Y KOHKypcaX, Y AOCNiAKEHHAX HA TeMy UMPpPoBOT 06POOKM
CUrHaniB Towo).
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CTyaeHTH, unii octaTtouHUt 6an 3a ycniwHictb Rs HMXKue 60 6anis, ane 6inbwe 3a 30, NOBUHHI
BMKOHATK 3a/iKOBY KOHTPOAbHY poboTy. CTyaeHTW, UM ocTaTouHui 6an 3a ycniwHicTb Rs Buwe abo
AopisHOE 60 6anis, MOXKYTb BUKOHATW 3aN1iKOBY KOHTPO/IbHY poboTy, Wob NiasuwmTK ouiHKy. CTyaeHTH,
yunii 6an HMKYe 30, He JoNYCKatoTbCA A0 3aNiKy.

MaKcmmanbHa ouiHKa R4 3a 3a1iKoBY KOHTPO/IbHY po60Ty cknaaae 60 6anis. KoHTponbHa poboTa
CKNagaeTbca 3 40 TeCTOBMX MUTaHb. 33 KOXHY NPaBWU/bHY BiANOBiAb HA TECTOBE NUTAHHA HAaPaXOBYETbCA
1,5 6anu.

PeliTMHroBa oLiHKa pa30oMm 3 OLLIHKOIO 3a 3aN1iKOBY KOHTPO/IbHY pO6OTY AOPIBHIOE

Rs =0.7(R1 + R2) + R4.

Tabnnua. OctaTo4yHa ouiHKa RS NpUiiMaETbca 3a CUCTEMOIO OLLIHIOBAHHS YHiBEpCUTETY

Kinekicme 6anie OyiHka
100-95 BiamiHHO
94-85 Oyxe nobpe
84-75 [obpe
74-65 3340BiNbHO
64-60 JocTtaTtHbO
MeHwe 60 He3apoBinbHO
He BUKOHaHi ymoBM 40NYCKY He gonyuweHo

9. JoaaTkoBa iHpopMmaLia Npo Kypc

3aBA@aHHA B KOHTPO/IbHIM POBOTi BUrNsAAatoThb SIK HACTYMHI.

MobyayBaTh YacoBy Aiarpamy CUrHanNy, WO reHepyeTbCs HAaCTYNMHMM NPoLecom
process begin

A<="0’;
wait for 10 ns;
A<="1"; B<=A;

wait for 20 ns;
end process;
2. Onucatn Ha VHDL mynbtnnnekcop MUXS5 3 ogHopo3pagHumn exogammn aanmx A,B,C,D,E Bxogom
cenekuii S i Buxoaom X 3a 40NOMOroto byneBcbKunx piBHAHb 6e3 BUKopucTaHHA 6ibnioTekn IEEE. Ckinbku
onepaTtopis NOT cnig BuKopucrtatu?
3. Onucati Ha VHDL cnHXpOHHUI T — Tpurep 3 BXxogamu paxyBaHHA T, cuHxpocepii C, aCUHXPOHHOro
BCTAaHOB/EHHA B HY/Ib R i BUxogom Q 6e3 BuKopuctaHHa b6ibniotekun IEEE. Ckinbkn onepatopis if
noTpibHO BUKOpUCTATU?
4. Po3pobuTn cnewLnpoLecop, KU BUKOHYE 3aaaHy GYHKLLO 338 NOCNiOBHUM anropuTMOM

Y1 =0.98*X1—-0.195*X2; Y2 =0.195*X1 + 0.98*X2;
MNMouaTkoBsi aaHi X1, X2 — 16-po3pAaaHi B AONOBHIOKYOMY KoAi, pe3ynbtatv Y1, Y2 — 16-po3pagHi,
NPUXO4ATb | BUXOAATb MO OKPEMMUX LLIMHAX.

Po6ouy nporpamy HaBuyanbHOI gucuuniinm (cunabyc):
CknapgeHo A.T.H., npod., A. M. CeprieHKko
YxBaneHo Kadpeapol obuncnioBanbHoi TexHiku (NpoTokon Ne18 Big 24.06.2026)

NMoroaeHo MetoguuHoto Komicieto PIOT (npotokon Nel2 Bia 26.06.2026)
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