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Mporpama HaB4YaNbHOI AUCLUNIHU

1. Onnc HaBYaNbHOI gUCUUNANIHWK, iT MeTa, NnpeaMeT BUBYUEHHA Ta pe3y/IbTaTu HaBYaHHA

MeTa i OCHOBHI 3aBAaHHA AUCUWUNAIHM - BUBYEHHS TEOPETMYHMX OCHOB, MPUHUMAIB i cnocobis
nobyposu mikponpouecopHux cuctem (MIC) Ha 6as3i MiKpOKOHTponepis, GOPMyBaHHA 3HAHb NPO
aApXITEKTYpW Ta NPAKTUYHUX HAaBMYOK NPOrpamyBaHHA Cy4aCHUX MiIKPOKOHTpoONepiB.

Po3rnapatotbca NUTaHHA NpoekTyBaHHA MIC, a came aHani3y anroputmis pilleHHA 3a4aHOi 3a4adi,
pPO3p0b6IEHHA CUCTEMM KOMaHA, Ta NporpamHoi mogeni npouecopa, opraHisauii nam'aTi i po3pobaeHHs
dYHKUiOHAaNbHUX MIKPOANropuTMiB BMKOHAHHA KoMaHA. Po3rnsgatoTbCA NMUTaHHA peanisauii obmiHy
iHpopMaLi€lo i3 30BHIWHIMM NPUCTPOAMM (PEXKMM MPIOPUTETHOIrO NEpepuBaHHA, NPAMOro AOCTyny A0
nam’saTi, NPOrpamHUN PexxMm obMiHy).

MpaKTUYHUIA  OOCBiA, NOB’A3aHMI 3 MNporpamyBaHHAM AnAa cyyacHoro 32 po3psigHoro
MiKpoKoHTponepa STM32F4 Ha 6a3i npouecopa ARM CORTEX-M4 Ha acembnepi Ta MOBi NporpamyBaHHSA
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C 3 BMKOPUCTAHHAM MNporpamHux emynatopis npouecopa ARM Cortex M4; po3pobaeHHA NporpamHo-
anapatHoro 3abesneyeHHs Ha nnati STM32F407VG Discovery 3 BWMKOPUCTAHHAM CepeaoBuLL
nporpamyBaHHA MiKpokoHTposepis STM32 Cube MX, Keil MDK-ARM.

MeTot HaBYaNbHOT ANCLMNNIHM € POPMYBaAHHA Y CTYAEHTIB
HasUKi8:

BMKOHYBATU aHaNIITUYHWNI OrNAL TEXHIYHUX PilleHb;

po3pobsitoBaTK anroputMun ¢yHKUiOBaHHA cKknagosux MIC, opraHisauii npouecis BBoay Ta
BMBOAY, A TaKOXK 06MiHy iHpopmaLieto mixk 610kamum MIC;

pPOo3p0b6/1t0BaTU CTPYKTYPHI, OYHKUiOHaAbHI Ta npuHuMnosi cxemn MIMC 3 BUKOPUCTAHHAM
MIKPOKOHTpONEpIB;

npauoBaTM 3 cepefoBulLlaMn po3pobKM nporpaMHoro 3abesneyeHHs ANA MiKPOKOHTPO/epiB
STM32 Cube MX, Keil MDK-ARM, STM32 ST-LINK Utility, cumynsatopamu apxiTektypu;
nporpamyBsaTn AnA MiKpoKoHTponepis STM32;

npautoBati ¢ Hard Ware, 3HeBagKyBayamu Ta NPOLLIMBATU NAATK.

aKTyanbHi npobsiemun Teopii mikpokoHTposepis, MPU, MINC, oCHOBHi TePMiHU Ta BU3HAUYEHHS;
TEHAEHLUIT KUTTEBOrO LMKAY pPO3PObJIEHHA cy4yacHOi enemeHTHoi 6a3u, Fabless moaenb
OopraHM3aLUuM eneKkTPOHHOI MNPOMMUC/IOBOCTI, TexHosoriA cuctemm Ha Kpuctani  (SoC),
nporpamysaHHa MNAIC;

3acobu npoekTyBaHHA MIC Ha cy4yacHit enemeHTHIN 6asi, B TOMYy YMCNi 3 BUKOPUCTAHHAM
MiKpOoKoHTponepis Ta MNJIIC,

NPUHUMIM NobyaoBu i GyHKLiOHYBaHHA MiKponpouecopHux cuctem MIC;

cnocobu obmiHy iHbopmaLiieto Mixk KomnoHeHTamu MIC;

cnocobu opraHisaiii npouecis BBoay 1 BuBoay iHbopmalii 8 MINC;

cnocobu opraHisauii 6aratopisHeBoi nam’aTi MMNC;

CYYaCHWI CTaH, TeHAEeHLUii Ta nepcrnekTUBM PO3BUTKY 32-po3psaaHUX MIKPOKOHTposepis AnA
peani3auii BbyaoBaHUX cuctem Ta B iHGpacTpyKTypi loT;

apxiTekTypy i nporpamnuy mogenb npouecopa ARM CORTEX M4;

iHTepdencn ana 38’a3Ky 3 nepudepitHMMMN NPUCTPOAMU;

NPUHLMNN NepeTBOPeHHA AaHUX 3 BUKopucTaHHAM AL Ta UATT;

iHCTPYMeHTU ana po3pobneHHs nporpam gna STM32;

MEeTOoAM A0CNIAHKEHHA CUCTEM, NPOBEAEHHA NOPiIBHANABHOIO aHanisy;

METOAM NOLYKY ONTUMAIbHUX PillEHb;

KOPWUCTYBATMUCA CYYaCHUM MaTeMaTUYHMM anapaTom AAA PO3B‘A3aHHA iHXEHEPHUX i HaYKOBUX
3aBAaHb, fIKi BUHMKAlOTb NPKU po3pobLi i gocnigxKeHHi 3acobiB Komn'toTePHOI TEXHIKK;
KOPWUCTYBATMUCA CY4YaCHUM MATEMATUYHUM anapaTom AR PO3B A3aHHA iHXXEHEePHWUX i HayKOBUX
3aBAaHb, 30Kpema, AKi BUHMKAIOTb NpK po3pobui i gocnigxeHHI MIMC;

NPOBOANTM PO3PAXYHKU, HEOOXiAHI NPW NPOEKTyBaHHI i BUKOpUcTaHHI MIC.

KOPUCTYBATMCA MOBAMM PI3HOrO PiBHA AN1A ONWUCY anapaTHUX i NporpamHux 3acobis;

obupath TMN MIKPOKOHTpPOEPa ANA PO3B'A3yBaHHA 3a4aHOi NPMKAAAHOI 3a4a4i;

nporpamysati STM32 3 BUKOPMCTAHHAM Cy4YacHMX 3acobiB aBTOMaTM3aLlii;

npautoBaTh 3 iIHCTPYMEHTapieM Npu po3pobaeHHi nporpam gna STM32;

HanarogXyeatu nporpamu gna STM32 3 BUKOpUCTaHHAM iHTepdelicy JTAG;

BMITU po3pobuTK Ta peanizyBatm By3AM Ta KomnoHeHTM MIC Ha cyyacHiil nporpamosHii
enemeHTHiIn 6a3i (MAIC).

BMBYeHHA ancumnniHm 3abe3nedvye HacTynHi 3aranbHi Ta ¢axoBi KomneTeHu;i

3K2. 3aaTHiCTb BUNTUCA | OBOSIOAIBATM CYHaCHUMW 3HAHHAMM

®K1. 3paTHiCTb 3aCTOCOBYBATU 3aKOHOAABYY Ta HOPMATUBHO NPaBoBy 6a3y, a TAKOXK AepPrKaBHi Ta
MiKHapOAHI BUMOTU, MPAKTUKN i CTAHAAPTU 3 METOHO 34iACHEHHA NPOdECiMHOI AifANbHOCTI B ranysi
Komn'toTepHOI iHXKeHepil.
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- OKb5. 3gaTHiCTb  BUMKOPUCTOBYBATM 3acobu | cuUCTeMM aBTOMATM3alii MNPOEKTyBaHHA A0
PO3p06/IEHHA KOMMNOHEHTIB KOMMN'IOTEPHUX CUCTEM Ta MEPEXK, IHTepHEeT AoAaTKiB, KibepdiznuHmx
CMCTEM TOLLO.

- OK7. 3paTHiCTb BMKOPMCTOBYBATM Ta BNPOBALKYBATU HOBI TEXHOJOFI, BKAOYAKOUYM TEXHOJOTII
PO3yMHUX, MODBiINbHUX, 3eneHnx i 6e3neyHux obumcneHb, GpaTM ydvacTb B MOAEPHi3aUii Ta
PEKOHCTPYKLii KOMMN'IOTEPHUX CUCTEM Ta MEpPEeK, PiSHOMAHITHMX BOYAO0BaHMX i po3nogineHunx
AO0/AaTKiB, 30KpemMa 3 MEeTOH0 MiZABULLEHHSA iX ePEeKTUBHOCTI.

- ®K13. 3gaTHicTb BMpiwyBaTM npobaemu y ranysi KOMn'toTepHUX Ta iIHGOPMALIMHUX TEXHOOTIN,
BM3HA4YaTM OOMENKEHHSA LIMX TEXHONOTIN.

- ©®K14. 3gaTHicTb NPOEKTYBaTM CUCTEMM Ta iXHi KOMMOHEHTM 3 ypaxyBaHHAM YCiX acMekTiB ix
*KUTTEBOIO LUMKAY Ta NOCTaBAEHOI 3a4a4i, BKAOYAKOUM CTBOPEHHA, HAaNalWTYBaHHA, eKcnayaTauito,
TexHiyHe 0bcnyroByBaHHA Ta yTUi3aLlito.

- O®K16. 3paTHiCTb  NPOEKTYBaTWM, BMPOBaZXKYBaTM Ta 06C/NYroByBaTM BUCOKOMPOAYKTUBHI
napasnesibHi Ta po3nogineHi Komn'ITEPHI CMCTEMM Ta IX CKNaaoBi 3 BUKopucTaHHA MNJIC moaynis i
CMCTEM aBTOMATM30BAHOTO NPOEKTYBAHHA

Y BiANOBIAHOCTI 40 BULLE3A3HAYEHOrO, CTYAEHTM OTPMMAIOTb HACTYMHI pe3ynbTaTh HAaBYaHHA:

— MPH1. 3HaT i pO3YMITU HaYKOBI MNOJIOMKEHHSA, LLLO 1€XKaTb B OCHOBI QYHKL,IOHYBaHHS KOMMN IOTEPHUX
3acobiB, CMCTEM Ta MepeX.

~ TPH3. 3HaTu HOBITHI TexHOJOrIi B rany3i KOMN'tOTEPHOI iHXeHepii.

- TIPHA4. 3HaTh Ta pO3yMiTH BN/INB TEXHIYHUX PilLEHb B CYCMiZIbHOMY, EKOHOMIYHOMY, COLLiaNbHOMY i
€KONOrYHOMY KOHTEKCTI.

- TIPH5. Matu 3HaHHA OCHOB EKOHOMIKM Ta YNPaB/iHHA NPOeKTaMu

— [PH7. BmiTn po3B’sa3yBaTu 3a4aui aHani3y Ta CMHTe3y 3ac0biB, XapaKTePHUX AAA CcneLiaibHOCTi.

- MPH10. BmitT po3pobnatm nporpamHe 3abesnedvyeHHs Ans BOyAoOBaHUX | po3nodineHux
3acTocyBaHb, MOGINbHUX i TiBPUAHUX cUCTeM, PO3paxoByBaTW, €KCnyaTyBaTW, TUNOBE ANA
cneuianbHocTi obnagHaHHA

- MPH12. BMmiTh edpeKTMBHO NpaLoBaTH AK iHAMBIAYANbHO, TaK i Y CKNag4i KOMaHAM.

- MPH11. Bmitn 3giiicHOBaTM NOLWYK iHboOpMaUii B pisHUX AxKepenax Ana po3B’A3aHHA 3agad
KomMn’toTepHOI iHXKeHepil.

- MPH13. Bmitn igeHTMdikyBaTH, KNacndikysaTn Ta onncysaTM poboTy KOMN'OTEPHUX CUCTEM Ta iX
KOMMOHEHTIB.

- MPH14. BMiTM noeaHyBaTW Teopito i MPAKTMKY, a TaKoX NPUMMATWU pilleHHA Ta BUPODBNATH
CTpaTerito AiANbHOCTI ANA BUPIWLEHHA 3aBAAHb CNELiaIbHOCTi 3 ypaXyBaHHAM 3arasibHONOACLKMX
LiHHOCTEN, CYCNiNbHUX, AEePrKaBHUX Ta BUPOOHUYNX iHTEpECiB.

- MPH15. BMiT BUKOHYBATK eKCNEPUMEHTANbHI AOCNIAKEHHA 332 NPOPECINHO TEMATUKOLO.

- TMPH19. 3pgaTHicTb aganTyBaTUCb A0 HOBMX CUTyaUill, OBGFpyHTOBYBaTW, NpuMMaTKM Ta
peani3oByBaTM Y MeXXax KOMMeTeHU,ii pilleHHA.

~ TMPH22. BUKOHYBaTM pPO3paxyHKM nNapameTpiB OoKpemux 610KiB Komn'toTepiB, KOMN OTEPHUX
cMCTEM, KOMN'IOTEPHUX MEpPEXK

- MPH24. NpoBoantn 360pKy, HanaroAxXeHHA Ta BUKOPUCTaHHA onepauinHmnx cuctem tmny Linux

2. MpepeKBi3uTK Ta NOCTPEKBI3UTU AUCLUNIHU (MicLLe B CTPYKTYPHO- NIOTiYHIi cxeMi HaBYaHHA 3a
BiANOBIAHOO OCBITHLOIO NPOrpPamoio)

Mpn BUBYEHHI AucumnniHM ApxiTekTypa Komn'toTepiB. YactmHa 3. MikponpouecopHi 3acobu
A0UiNIbHO BUKOPMUCTOBYBATM 3HAHHA, OTPMMaHI MPW BUBYEHHI nonepeaHix ancumnniid: « CTpyKTypu AaHux
Ta anroputmn», «Bctyn go OC Linux», «Teopid eneKTPOMArHiTHUX Kin», «MUCKpeTHa maTemaTuKa,
«Komn’totepHa norika. YactmHa 1. Komn'toTepHa norika», «Komn'toTepHa norika. YactmHa 2.
Komn’totepHa apudmeTtmka», «lMpaKTMUYHaA enekTpoHika», «Ludposa cxemoTexHika», «ApxiTektypa
Komn'totepa 1. ApudmeTnuHi Ta ynpaBaAwdi NpUCTpoi», «ApxiTeKTypa Komn'toTepiB. YactuHa 2.



Mpouecopn», «<Komn'toTepHi mepexi».

OucumunniHa € 6a3oBoo Ans KypciB: «ApxiTektypa komn'totepis. KypcoBa pobota», «Komn’toTepHi
cucTemmn»; Hagae 6a3oBi TEOPETUYHI Ta NPAKTUYHI 3HAHHA A1 BUBYEHHA KypCiB BUOIPKOBUX ANCUMNIH
®-katanory «Cuctemn 06pobkM curHanie», «TexHonorii nporpamyBaHHA Ha C/Embeddedy,
«MpPOEKTYBAaHHA ENIEeKTPOHHMUX CXEeM Ta APYKOBaHMX nnat», «TecTyBaHHA Ta KOHTposb AKocTi (QA)
BOyaoBaHUX cuctem», «TexHosorii po3pobKkn BbyaoBaHux cuctem loT», «lpoekTyBaHHA BOYAOBaHMX
cmcTem».

3. 3micT HaBYaNbHOI AUCLUNJIIHK

Bctyn
Po3gin 1. Bctyn. Merta i 3agaui gucumunninn. Knacueikauii Ta npMsHaueHHA MiKpPON poL,eCOPHUX CUCTEM
(MMC). 3aranbHi apxiTeKTypHi Ta PyHKLiOHaNbHI 0c06AMBOCTI.
Tema 1.1. OCHOBHi MOHATTA i BM3HAYEHHA MIKpPONpPOUECOpPHOi TexHikM. Knacuodikauia MIMC B
3a1eXKHOCTi Big, obnacTi npusHaveHHA. Knacudikauis mikponpouecopis.
Tema 1.3. CyyacHi noHATTA Ta NOpPIiBHANbHI ocobausocTi apxitektypn MIMC, MPU, KoHTponepis,
MiKPOKOHTPOEpPiB, 0COBNBOCTI BUKOPUCTAHHA Ta NPUHUMNU GYHKLIOHYBaAHHS.
Tema 1.4. ApxiTeKkTypa yHiBepca/ibHUX MiKponpouecopis. MoHATTS acembnepy. CUCTEMM KOMaHA, Ta
cnocobu aapecauii onepaHais. OcobaMBOCTI cucTemm KomaHa,. PopmaT KomaHa,
Po3gin 2. MpaKTUUHi OCHOBM NPOrpamyBaHHA g 32 po3pAagHOro MiKpokoHTposiepa STM32F4 Ha 6asi
npouecopa ARM CORTEX-M4.
Tema 2.1. Ornap npouecopisa ARM. Ocobnusocri CISC Ta RISC apxiTeKTypu, nepesaru Ta HeZ0NiKK AN
peanisauii npouecopHux saep. TeHAeHUii pO3BUTKY Ta JiHiKa cydacHux ARM npouecopis. Cy4yacHi
npododini apxitektypu ARM - npouecopu Cortex A, Cortex R, Cortex M. BUkopucTaHHA Ta 0cobmnBOCTI
ARM npouecopis Cortex M.
Tema 2.2. Knacuodikauis cepit mikpocxem STM32 3a apxiTeKTypow Ta ¢YHKUiOHaNAbHUMMU
XapaKTepuctMkamu. T[lOPIBHANBHUIM OrNAfd, apxiTeKTypu W NPOAYKTUMBHOCTI. 3HAMOMCTBO 3
iHbOpMaLiMHUM NPOCTOPOM BUPOOHMKIB NPoAYKTiB Ha 6a3i STM 32, KoMN1eKTaMK AOKYMeHTaLii A1
PO3PO6HMKM Ta MPOrpaMyBaHHA MiKPOKOHTponepiB. Ornag iHCTPyMEeHTaNbHUX cepefoBUl, ANA
PO3pO6NAEHHA T HANATOAXKYBAHHA.
Tema 2.3. MoHATTA cuctema Ha Kpuctani (SoC). Ornag apxitektypu SoC ARM CORTEX-M4 CPU, 3acobu
NiABUWEHHA NPOAYKTMBHOCTI, HaAiHOCTI Ta 00pobKM nepepuBaHb. Ornag —apxitektypu
MikpokoHTponepa SoC STM32F4 Ta ocHOBHUX nepudepinHmx Nnpuctpois. Ornag naatm po3pobHuMKa
STM32F407VG Discovery.
Tema 2.4. Pexxumun pobotn npouecopa Cortex M4, Ta piBHi 4OCTyny NporpamHoro 3abesneyeHHs.
OpraHisauia cTeky npouecopa.
Tema 2.5. Perictpu npouecopa Cortex M4. Moaenb nporpamicTa. IHCTPYKLIT 4OCTyny 40 cneuianbHUX
pericTpis.
Tema 2.6. MoHATTA apxiTekTypu load/store machines — po3gineHHA iIHCTPYKLUiT 3BepHEHHA A0 nam’ATi
Ta 06p0o6KKM AaHuX. IHCTPYKLii gocTyny ao nam’aTi B npouecopi Cortex M4.
Tema 2.7. AgpecHunit npocTip npouecopa Cortex-M.
Tema 2.7. Tunn paHux. Onepadii 3 perictpamun B npouecopi Cortex M4. Habip apudpmeTmyHmx Ta
NOTIYHUX IHCTPYKUiN. IHCTPYKLIT 4NA BUKOHAHHA YMOBHUX NEPEXoaiB.
Po3ain 3. Po3po6neHHA nporpamHo-anapatHoro 3abe3sneyeHHA Ha nnati STM32F407VG Discovery.
Tema 3.1. Ornag iHTepodelicis Ta nepudepiiHnx npuctpois SoC STM32F4.
Tema 3.2. NepeTsoptoBadi curHanis ADC/ALM, DAC/UANM.
Tema 3.3. NepudepiitHi npuctpoi: KoHTponb kusneHHam, POR, DMA, I12S, LCD, PWM, WDT.
Temu 3.4. IHTepdeitcn Ta wnHu: CANbus, DCMI, EBI/EMI, Ethernet, 12C, SPI, UART/USART, USB OTG.
Tema 3.5. Apxitektypa nam’sti. Moayni SRAM, FLESH nam’saTi. Moaynb KepyBaHHA nam’satTio MPU
(Memory protection unit). Opranizauis KELU nam’aTi.
Tema 3.6. Po60oTa nopTtamu BBeAeHHA/BUBeAeHHSA 1 06pobKa nepepuBaHb.
Tema 3.7. Nigknto4yeHHA AaTYMKIB, ANCNIEIB, KNaBiaTypu.



Tema 3.8. Po3pobneHHA nporpamHoro 3abesneyeHHA B iHCTPYMEHTa/IbHOMY cepenoBuLLi
nporpamyBaHHA MiKpoKoHTposiepiB STM32 Cube MX, Keil MDK-ARM.
Po3gin 4. TeopeTnuHi ocHoBM NpoeKkTyBaHHA MIC Ha MiKPOKOHTponepax.
Tema 4.1. ETann NnpoeKTyBaHHA MiKpONpoLecopHMX cuctem. MNMpuknaam npoeKTyBaHHA apXiTeKTypu.
3acobu Ta MeToaM MPOEKTYBaHHA Ta aBTOHOMHOIO HaNarogKeHHA anapaTypy MiKPOMpPOLLECOPHUX
CUCTEM.
Tema 4.3. 3acobu KepyBaHHS Ta CUHXPOHI3aLii. PopmyBaHHA 3aTPMMOK YNPaBAAYNX CUTHANIB(Manoi
Ta BEJINKOI TPMBANOCTI) Ha BMUXOAAx MOPTIB Npu nepegadi Ha NPUCTPOI ynpasBAaiHHA. [porpamHe
$bopMyBaHHSA YaCOBOT 3aTPUMKN MIKPOKOHTPO1EPIB.
Tema 4.3. B3aemogia npucTpoiB npouecopa i nam’aTi nig Yyac BUKOHaHHA KomaHg. MigkaoyeHHs
30BHILLUHbOI Nam’ATi Nporpam Ta AaHUX A0 MiKPOKOHTpOEepy.
Tema 4.4. OpraHisauia seoay-smBogy iHpopmauii 8 MIMC. MNigkntouyeHHA 404aTKOBUX NOPTIB.
Tema 4.5. OpraHisauisa nepeprBaHb B MiKPONPOLLECOPHUX cUCTeMax. KOHTposiepn nepepmsaHb Ta
NPAMOro AOCTYNYy MIKPONPOLLEeCOPHMX KOMMNEKTIB. Pi3HOBMAM KOHTpOAEpiB NnepepmnBaHb.
Tema 4.6. TeHaeHUii po3BUTKY apxiTekTypn MIC. OpraHi3auis Ta 0cob/MBOCTi NporpamyBaHHsA
mikpokoHTponepis INTEL, PIC, AVR Atmega. RISC mikponpouecopu.
Po3gin 5. CyuyacHi TexHosorii NpoeKTyBaHHA Ta po3pobneHHA mikponpouecopHux 3acobiB Ha
NPOrpamMmoBHUX NOTIYHUX iHTerpanbHux cxemax (MAIC).
Tema 5.1. CyyacHi TexHosOrii NPOEKTyBaHHA Ta PO3pobaeHHs UudPOBUX CUCTEM — TEXHOJIOriA
cuctemm Ha Kpuctani (SoC). OCHOBHI acneKkTn BUKOPUCTaHHA NPOrpPamMOBHUX JIOTIYHUX iHTErpanbHUX
cxemax (MAIC) ans po3pobneHHA uUdPOBUX CUCTEM.
Tema 5.2. HuTTEBMI UMKN npouecy MNPOEeKTyBaHHA Ta pPo3pobneHHA anapaTypHuUx 3acobis.
YHipikoBaHWUI NOTiK NpoekTyBaHHSA UMdpposux cxem (Design Flow). Ornapa cyyacHux CAMP. Ornaa mos
onucy anapaTtypu.
Tema 5.3. MoHATTA PYHKLIOHANbHOrO MOAENOBAHHA Ta CTPYKTYPHOFO CUHTE3Y LMPPOBOI CXEMMU.
MpaKTUYHI acneKkTn UMKy GYHKLIOHANbHOrO MOAENt0BaHHA LMPPOBUX cxem B cydacHmux CATP.
Tema 5.4. Ornag cuctemmn aBTomaTtum3alii npoektyBaHHA Mentor Graphics (Simens) ModelSim ans
dYHKLIOHANbHOTO MOAENOBAaHHA MOB onucy anapaTtypu. OCHOBM NporpamyBaHHA Ha MOBI onucy
anapatypwu Verilog.
Tema 5.5. ICTOpMYHI acnekTn Ta TeHAEHLUji pO3BUTKY enemeHTHOoi 6a3n. TeHAeHLUil po3pobaeHHA
CYYaCHUX LMPPOBUX CUCTEM B yMOBax 4-i IHAyCTpiaNbHOI peBoAtOLLT

4. HaBuyanbHi pecypcu Ta martepianm

4.1. ba3soBa niteparypa

1. Apxitektypa Komn'toTepiB. MikponpouecopHi cuctemn. YactmHa 1. [lporpamyBaHHs AnA
npouecopa Cortex M4. JlabopaTopHUN NpPaKTUKYM. HaBYanbHWI NOCIOHUK gna 3400yBadviB CTyneHn
6aKanaBpa 3a OCBITHbOIO Mporpamoto «Komn’toTepHa iHXKeHepia» 3a cneuianbHicTio 123 «Komn'toTepHa
iHeHepia» / yknaa:. |.LA. KnumeHko, B.A. TapaHtok, B.B. TkaueHko, KanayHos A.B. — Kuis : KMl im. Irops
Cikopcbkoro, 2022. — 100 c. (3aTBepaKeHo 3acigaHHAM Kadegpum Ne10 Big 25.05.2022)

2. ApxiTekTypa Komn'totepiB. MikponpouecopHi cuctemu». YactmHa 2. [porpamyBaHHA AnA
MiKpOoKoHTponepis STM32. Teopia Ta nabopaTopHMt NpPaKTUKYM. HaBYanbHMI NOCIOBHMK ansa 3406yBaviB
cTyneHs 6akanaspa 3a cneuianbHicTio 123 «Komn'toTepHa iHXeHepia» / yknag.: |.A. Knumenko, B.A.
TapaHtok, B.B. TkaueHKo, KannyHos A.B. — Kuis : KMl im. Iropa Cikopcbkoro, 2022. — 198 c. pnd HagaHo
MeTogmyHoto pagoto KMl im. Irops Cikopcbkoro (npotokon Ne 1 Big 02.09.2022 p.).

3. NporpamyBaHHA Ha MJ/1IC. HaB4anbHO-MeTOANYHUI NOCIOHMK : METOAMYHI BKA3iBKM 415 BUKOHAHHA
nabopatopHux pobiT ana 3p06yeadiB cTyneHAa 6akanaBpa 3a cneuianbHicTio 123 «Komn'toTepHa
iHXeHepia» / yknaa:., |.A. Knnmenko, B.B. TkaueHkKo, A.P. Faingaii. — Kuis : KMl im. Iropa Cikopcbkoro, 2022.
— 80 c. (3aTBepakeHo 3acigaHHam Kadenpm Nel0 Big 25.05.2022).

4. ¥abin B.l., Kykos |.A., TkaueHKo B.B., KnumeHko |.A.. MikponpouecopHi cuctemu. : HaB4anbHU
NocibHuK.- K.: BugasHuuteo «CMNA MNypanbHUKO.HO.», 2009.- 492 ¢

5. MenbHUK A. ApxiTekTypa Komn’toTepa: MNigpy4yHuK. — JlyubK.: BonnHcbKka obnacHa gpykapHa, 2008.
—-470c.


http://www2.keil.com/mdk5/

4.2. fopaTtKoBa nitepartypa

1. Sergiyenko A.M. Computer Architecture (ApxiTekTypa Komn’toTepiB: MiZpPYyYHWK aHMNINCbKOIO
MmoBoto). - KMl im. Irops Cikopcbkoro, 2022. — 395 c.

2. Sarah L. Harris, David Harris Digital Design and Computer Architecture / Elsevier Science &
Technology, 2022. - 720 p.

3. NMyxanbcbkuii I'.1. MpoeKTyBaHHA MikponpouecopHux cuctem. Cl: MonitexHuka, 2001.-544c

4. Hamacher C., Vranesic Z., Zaky S. COMPUTER ORGANIZATION: 5th edition. —2022. [EneKTpOHHUI
pecypc] Hamacher:ComputerOrganization (mhhe.com), Computer Organization By Carl Hamacher 5th
Edition | lulabi.live.

5. Tanenbaum A.S. Structured Computer Organization: 6th Edition — 2013. - [EnekTpoHHUI pecypc]

6. Komn’toTepHa cxemoTexHika. JTabopaTopHMIN NPAKTUKYM : HaBYa/lbHUM MOCIOHUK oA CTyAEeHTIB
OCBIiTHbOI Nporpamu «Komn'toTepHi cuctemm Ta mepexi» 3a cneuyianbHicTio 123 «Komn’'toTepHa
iHXeHepia» / KNI im. Irops Cikopcbkoro ; yknaa.: O. A. Bep6a, B. I. XabiH, |. A. KnumeHko, B. B. TKaueHKo.
— 'pnd HagaHo MeToauuHoto pagoto KMl im. Iropsa Cikopcbkoro (npoTtokon Ne 1 Big 26.09.2019 p..). —
Kuis : KNI im. Iropa Cikopcbkoro, 2019. — 110 c. — https://ela.kpi.ua/handle/123456789/29747

7. ApxiTekTypa Komn’toTepis — 1. ApudmeTnyHi Ta ynpasasatodi NpucTpoi. NMpakTUKym : HaBYaNbHU
NocibHMK Aana cTyaeHTiB cneuianbHocTi 123 «Komn'toTepHi cuctemmn Ta mepexi», cneuianisauiii
«Komn’toTepHi cuctemmn Ta mepexi» Ta «TexHonorii nporpamyBaHHA ANA KOMMN'IOTEPHUX CUCTEM Ta
mepexx» / KNl im. Iropa CikopcbKoro ; yknaga,.: B. I. }ab6iH, |. A. KnmmeHkKo, B. B. TKaueHKo. — Mpud HagaHo
MeTtoauyHoto pagoto KMl im. Iropa Cikopcbkoro (npotokon Ne3 Big 15.11.2018p.). — Kuis : KMl im. Iropsa
Cikopcbkoro, 2018. — 53 c. — https://ela.kpi.ua/handle/123456789/29525

8. abin B.l., Knumenko I.A., CtipeHko C.I. ApudmeTnyHi Ta ynpasastodi npuctpoi umudposmnx EOM:
HaBuyanbHUit nocibHUK. — K.:BEK +, 2008. —

4.3. Indpopmau,iiiHi pecypcu

1. Kypc Bigeonekuirt — https://bbb.comsys.kpi.ua/b/iry-ped-qe9

2. OnCcTaHUiMHI Kypcu Ha nnatdopmi gucTaHuiHOro HaB4aHHA «CiIKOpCbKMIi» B cepenoBuLi Google
Workspace for Education: ApxiTeKkTypa Komn'toTepis. YactnHa 2. Mpouecopw.
https://classroom.google.com/c/NDYAOTYWNDM1MTYw?cjc=biw7yns

3. STM32 MCU & MPU Eval Tools - STMicroelectronics

4. Discovery kit with STM32F407VG MCU. Ctucanit onuc (Data brief): STM32F4DISCOVERY -
Discovery kit with STM32F407VG MCU * New order code STM32F407G-DISC1 (replaces
STM32F4DISCOVERY) — STMicroelectronics

5. Discovery kit with STM32F407VG MCU. UM1472 User manual: Discovery kit with STM32F407VG
MCU - User manual

6. STM32F407VG Product overview. https://www.st.com/en/microcontrollers-
microprocessors/stm32f407vg.html#overview

7. Download Documentation: https://www.st.com/en/microcontrollers-
microprocessors/stm32f407vg.html#tdocumentation

- STM32F407VG: Datasheet

- STM32 Reference Manual (RM0090)

STM32 Cortex®-M4 Programming Manual (PM 0214):

. Arm Cortex-M4 - Microcontrollers - STMicroelectronics

oo

HaBYyanbHUI KOHTEHT

5. MeToauKa onaHyBaHHA HaBYa/bHOI ANCUMNAIHU (OCBITHBOrO KOMMNOHEHTY)

Po3snogin HaBYanbHOro 4Yacy 3a BMAAMM 3aHATb i 3aBAaHb 3 AUCUMMNAIHM 3rigHO 3 pobounm
HaBYa/NbHUM NaHOM. Ha KpeguTHWUM moaynb BuaineHo 150 rogmH/5 KpeguTis.

Ona AocarHeHHA MeTW HaBYasibHOI AUCUMNAIHM cAif 30cepeanTUCh B NEKUiMHOMY maTtepiani Ha
ocobnunBocTax Nobyaosu GyHKLIOHAaNbHOrO PiBHA KOMN'tOTepPa, Npouecopa Ta iHWKUX MOro KOMMNOHEHTIB.
OcobnunBy yBary HeobxigHO NpuAIAMTKU 0COBAMBOCTAM MPOEKTYBAaHHA KOMM'LOTEPIB i3 3aCTOCYBaHHAM
Cy4acHOi eneMeHTHOI 6a3u.
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https://www.bookdepository.com/publishers/Elsevier-Science-Technology
http://www.mhhe.com/engcs/electrical/hamacher/5e/
https://lulabi.live/download/4663026-computer-organization-by-carl-hamacher-5th-edition
https://lulabi.live/download/4663026-computer-organization-by-carl-hamacher-5th-edition
https://ela.kpi.ua/handle/123456789/29747
https://ela.kpi.ua/handle/123456789/29525
https://ela.kpi.ua/handle/123456789/29525
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https://www.st.com/en/evaluation-tools/stm32f4discovery.html
https://www.st.com/en/evaluation-tools/stm32f4discovery.html
https://www.st.com/resource/en/user_manual/um1472-discovery-kit-with-stm32f407vg-mcu-stmicroelectronics.pdf
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https://www.st.com/en/microcontrollers-microprocessors/stm32f407vg.html
https://www.st.com/en/microcontrollers-microprocessors/stm32f407vg.html
https://www.st.com/resource/en/programming_manual/dm00046982-stm32-cortex-m4-mcus-and-mpus-programming-manual-stmicroelectronics.pdf
https://www.st.com/content/st_com/en/arm-32-bit-microcontrollers/arm-cortex-m4.html

MeTa nabopaTopHUX pobiT — NpmMabaHHA BMiHb Ta HaBWUKIB 3aCTOCYBaHHA Ha MPaKTMLUi NPUHLUMMIB
NPOEKTYBAHHA MIKPONPOLLECOPHUX CUCTEM Ta iX OKpeMmux GYHKLIOHANbHMX By3AiB. JlabopaTopHi poboTn
noB’A3aHi 3 nporpamyBaHHAM A/A Ccy4acHoro 32 po3pAaHOro MiKpokoHTponepa STM32F4 Ha 6asi
npouecopa ARM CORTEX-M4 Ha acembnepi Ta moBi nporpamysaHHA C 3 BUKOPUCTAHHAM MPOrpamHMX
emynaTopis npouecopa ARM Cortex M4; po3pobaeHHAM NporpamHo-anapaTHoro 3abesneyeHHA Ha naaTi
STM32F407VG Discovery 3 BUKOPUCTAHHAM CEpPeoBULL, MPOorpamyBaHHA MiKpoKoHTponepis STM32 Cube
MX, Keil MDK-ARM. [1ns cTBOPEHHSA BIaCHUX MPOEKTIB ANA pob0OTH 3 AaTYMKaMUM BUKOPUCTOBYETLCA NaaTa
GL Starter Kit STM32.

NekKuia 1.
Po3gin 1. Bctyn. Merta i 3agaui gucuunninn. Knacueikauii Ta npMsHaueHHA MiKPONPOLLECOPHUX CUCTEM
(MRNC). 3aranbHi apxiTeKTypHi Ta PyHKLiOHaNbHI 0c06MBOCTI.
Tema 1.1. OCHOBHI NOHATTA | BU3HAYEHHA MiKponpouecopHOoi TexHikM. Knacudikauia MIMNC B 3anexHoCTi
BiZ, obnacTi npusHayeHHs. Knacudikalia mikponpouecopis.

Temu Ha camocmiliHe onpayto8aHHS

Tema 1.3. CyyacHi nNOHATTA Ta NopiBHANbHI ocobausocTi apxitektypu MIMC, MPU, KoHTposepis,
MiKPOKOHTpO1EepiB, 0COBNMBOCTI BUKOPUCTAHHSA Ta NPUHLUNKU GYHKLLIOHYBAHHSA.

Tema 1.4. ApxiTeKTypa yHiBepcanbHUX MiKponpouecopis. MoHATTA acembnepy. Cuctemn KomaHg Ta
cnocobu aapecauii onepaHais. OcobamMBoCTI cucTemu KomaHa,. Popmat KomaHa,

Po3gin 2. MpaKTUUHi OCHOBM NPOrpamyBaHHA A 32 po3pAagHOro MiKpokoHTposiepa STM32F4 Ha 6asi
npouecopa ARM CORTEX-M4.
Tema 2.1. MoHATTA cucTema Ha Kpuctani (SoC). Ornapg apxitektypu SoC ARM CORTEX-M4 CPU, 3acobu
NiABUILEHHA NPOAYKTMBHOCTI, HaAiMHOCTi Ta 06pobKM nepepuBaHb. Ornag — apxiTekTypwu
MiKpokoHTponepa SoC STM32F4 Ta oCHOBHUX nepudepinHmMx npuctpois. Ornag naaTm po3pobHMKa
STM32F407VG Discovery.
Tema 2.2. Pexkumun poboTtn npouecopa Cortex M4, Ta piBHi AOCTyny nporpamHoro 3abesnevyeHHs.
OpraHisauia cteky npouecopa.
Tema 2.3. Perictpu npouecopa Cortex M4. Mogenb nporpamicta. IHCTpyKLUIiT 4ocTyny A0 cnewianbHmUx
pericTpis.
Tema 2.4. MoHATTA apxiTeKTypu load/store machines — po3aineHHs iHCTPYKLii 3BepHEHHSA A0 nam’saTi Ta
06p0bKKM gaHux. IHCTpYKLii gocTyny go nam’sTi B npouecopi Cortex M4.

Temu Ha camocmiliHe onpayO8aHHA

Tema 2.5. Ornag npouecopis ARM. OcobaumsocTi CISC Ta RISC apxiTeKTypu, nepesarn Ta He40NIKK ANns
peanisauii npouecopHux agep. TeHAeHLUiT po3BUTKY Ta AiHiMKa cydacHMx ARM npouecopis. CyyacHi
npodini apxitektypn ARM - npouecopu Cortex A, Cortex R, Cortex M. BUKopuCTaHHA Ta 0COB6INBOCTI
ARM npouecopis Cortex M.

Tema 2.6. Knacudikauisa cepit mikpocxem STM32 3a apxiTeKTyporo Ta @YHKLIOHaAbHMMMU
XapaKTepuctukamu. [MOpPiBHANBHUIA  OrNAaf,  apxXiTeKTypu W NPOAYKTUBHOCTI. 3HalOMCTBO 3
iHbopmaLiiHUM NpocTopom BUPOOHMKIB NpoayKTiB Ha 6a3i STM 32, KomnieKkTaMu A0KYMeHTaUil gna
PO3POOHUKM Ta NpoOrpamyBaHHA MIKPOKOHTpoAnepis. Ornag iHCTPYMEHTaNbHUX CcepeafoBul, ANs
po3pobneHHA Ta HanarogKyBaHHA.

Tema 2.7. Tunun gaHmx. Onepauii 3 perictpamu B npouecopi Cortex M4. Habip apudmeTnyHUX Ta
JOTIYHUX IHCTPYKUiN. IHCTPYKLIT 4NA BUKOHAHHA YMOBHUX NEPEXoaiB.

Tema 2.8. AgpecHuii npocTip npouecopa Cortex-M.

Nekuia 2.

Po3pain 3. Po3pobaeHHs nporpamHo-anapaTtHoro 3abesneuyeHHA Ha naati STM32F407VG Discovery.
Tema 3.1. Ornag iHtepodelicis Ta nepudepintHnx npuctpois SoC STM32F4.
Tema 3.2. NepeTsoptoBadi curHanis ADC/ALM, DAC/UAM.
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Tema 3.3. NepudepintHi npuctpoi: KoHTpons kueneHHam, POR, DMA, I12S, LCD, PWM, WDT.

Temu 3.4. IHTepdeitcu Ta wnHu: CANbus, DCMI, EBI/EMI, Ethernet, 12C, SPI, UART/USART, USB OTG.

Tema 3.5. Apxitektypa nam’sati. Moayni SRAM, FLESH nam’ati. Moaynb KepyBaHHA nam’atrio MPU

(Memory protection unit). OpraHisauia KELU nam’arTi.

Tema 3.6. Po60oTa nopTamu BBeAeHHA/BMBEAEHHSA 1 06p0obKa nepepmBaHb.

Tema 3.7. MigKntoueHHA gaTymKis, gmMcnaeis, KNasiatypu.

Tema 3.8. Po3pobneHHA nporpamHoro 3abesneyeHHs B iHCTPYMEHTa/IbHOMY  cepeaoBuLL
nporpamyBaHHA MiKpokoHTposepis STM32 Cube MX, Keil MDK-ARM.

NekKuin 3.

Po3gin 4. TeopeTnuHi ocHoBM npoekTyBaHHA MIC Ha MiKPOKOHTpoOnepax.
Tema 4.1. Bsaemogis npucTpoiB npouecopa i Nnam’sTi nig 4yac BUKOHAHHA KomaHg. MiaKnoueHHs
30BHILLHbOI Nam’ATi NPOrpam Ta AaHUX 0 MiKPOKOHTPOEpY.
Tema 4.2. OpraHi3auia Beoay-smBoay iHpopmauii B8 MIMC. MNigkntovyeHHA 404aTKOBUX NOPTIB.
Tema 4.3. OpraHizauia nepepmBaHb B MIKPOMNPOLECOPHMX cucTemax. KoHTponepu nepepuBaHb Ta
NPAMOro AOCTyNy MIKPOMNPOLLECOPHMUX KOMMNAEKTIB. Pi3HOBNAM KOHTPONEpiB NepepmnBaHb.

Temu Ha camocmiliHe onpayto8aHHS

Tema 4.4. ETann NpOEKTYBaHHA MIKPOMPOLECOPHUX cucTem. MpuKNagm NpPOeKTYBAHHA apXiTEKTYPU.
3acobu Ta mMeToaM MPOEKTyBaHHA Ta aBTOHOMHOTO HaNaroAKeHHA anapaTypu MiKpOnpoLLeCopHMUX
CUCTEM.

Tema 4.5. 3acobu KepyBaHHSA Ta CUHXPOHI3aLii. PopMyBaHHA 3aTPMMOK YNpPaBAAYUX CUTrHanis(manoi
Ta BE/NMKOI TPMBANOCTI) Ha BUXOAAx MOPTIB NPM nepeaadi Ha NpPUCTpPoi ynpasniHHA. [porpamHe
$dopMyBaHHA YacOBOT 3aTPMMKN MiIKPOKOHTPO/IEPIB.

Tema 4.6. TeHpaeHUjii po3BUTKY apxiTeKTypu MIC. OpraHisalia Ta ocobamMBOCTi MporpamyBaHHSA
mikpokoHTponepis INTEL, PIC, AVR Atmega. RISC mikponpouecopwu.

NeKuin 4

Po3gin 5. CyyacHi TexHonorii NPOEKTYBaHHA Ta pPoO3pobseHHA MiKponpouecopHux 3acobiB Ha

NPOrpamMmoBHUX NOTiIYHUX iHTerpanbHux cxemax (MAIC).
Tema 5.1. KuTTeBU UMK NpoLecy NPOEeKTYBaHHA Ta PO3pPobAeHHA anapaTypHux 3acobis. YHidikoBaHMM
NOTiK NpoeKTyBaHHA undposux cxem (Design Flow). Ornsg, cysacHnx CAMP. Ornsg moB onucy anapaTtypu.
Tema 5.2. MoHATTA GYHKLIOHAaNbHOro MOAENOBAHHA Ta CTPYKTYPHOro CUHTE3Y UndpoBoi cxemu. MNMpakTUYHI
aCMNeKTU UMKAY GYHKLIOHANbHOro MogentoBaHHA Lnpposmx cxem B cydacHux CAIMP.
Tema 5.3. Ornsag, cuctemm aBToMaTusalii npoeKkTyBaHHA Mentor Graphics (Simens) ModelSim gns
OYHKLIOHANbHOrO MOAEeNtoBaHHA MOB Onucy anapatypu. OCHOBM NporpamyBaHHA Ha MOBi onucy
anapatypw Verilog.

Temu Ha camocmiliHe onpay8aHHA

Tema 5.4. CyyacHi TexHoorii NPOeKTyBaHHSA Ta Po3p0obieHHA UMPPOBUX CUCTEM — TEXHOOTIA CUCTEMU Ha
Kpuctani (SoC). OCHOBHI acneKTU BUKOPUCTAHHA NPOrpamoBHMX NOTIYHMX iHTerpanbHux cxemax (MAIC) gns
P03p0b6ieHHA UMDPOBUX CUCTEM.

Tema 5.5. ICTOpUYHI acnekTn Ta TeHAEHLiT PO3BUTKY enemMeHTHOI 6a3un. TeHaeHLUiT po3pobaeHHA cydacHUx
uMppoBux cuctem B ymoax 4-i IHgycTpianbHOI peBontoLii

TemaTtuka nabopatopHux pobir:
JlabopamopHi pobomu 014 ayOumopHo20 8UKOHAHHSA:

NabopatopHa po6oTta 2. BMBYEHHA apXxiTeKTypu Ta cucTemMu KomaHpa npouecopa CORTEX M4.
Po3pobeHHA nporpam 06pobKun gaHmX.

NabopatopHa poboTa 3. BuBUeHHA apXiTeKTYpM Nnam'aTi Ta perkmmis pobotn npouecopa CORTEX M4.
Po3pobneHHA BAaCHOro 3aBaHTaKyBaJibHUKA.

NabopatopHa pobota 5. Po3pobieHHA HaB4yanbHOro npoekty B STM32Cube IDE gna pobotu 3
AaTyMKkamu Ha nnaTi STM32F4 Discovery

AyauTopHe 3aHATTA. 3aK/NIOYHUMA TecT
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JlabopamopHi pobomu 0715 camocmiliHo20 BUKOHAHHSA:

NabopartopHa poboTta 1. Po3BepTaHHSA MPOrpamMHOro OKPYXEeHHA AnA BMKOHaHHSA sflabopaTopHUx
pobiT Ha emynaTopi Qemu MCU STM32F407VG

NabopaTtopHa poboTa 4. Po3sepTaHHA nporpamHoro cepegosuiia STM32Cube IDE (Keil).
NaboparopHa pobota 6-7. Po3pob6eHHA BNacHOro NPOeEKTy Ana poboTu 3 AaT4MKamu Ha nnati GL
Starter Kit STM32. NMpowwuska naaTtn nnaTi GL Starter Kit STM32 Ta Bi3yanisauia pesynbTaTis poboTn
npucTpoto.

6. CamocrTiiiHa po6oTa 3006yBaya BULLOI OCBITU

Buan camocTinHoi poboTu ana cTyaeHTiB AeHHOT dopmu HaBYaHHA (134 roamH):

— NiAroToBKa A0 ayAUTOPHUX 3aHATb, BUKOHAHHA MOTOYHUX AOMALLHIX 3aBAaHb Ta ONpaLoBaHHS
marepianis nekuin (0,5 roguH x 8 neKuit = 4 roanuHK);

— BWKOHaHHA iHAMBIAYaNbHOrO 3aBAaHHA A0 nabopaTopHUx pobit, po3B’A30K 33434, 0PpopPMIEHHSA
NPOTOKO/Y, NiAroTOBKa Ta 06p0ob61eHHA NPOoBeAEHHA PO3PaxyHKiB 3a NEPBUHHUMU AAHUMU, OTPUMAHMUMMN
Ha JNlabopaTopHUX 3aHATTAX, 0odOopMIeHHs 3BiTY A0 nabopatopHoi pobotn (1 roguHa X 8 roauH
nabopaTtopHUx pobit = 8 roguH);

— NiAroToBKa A0 NOTOYHOI KOHTPONbLHOT PO60TH (2 roanHM);

— nigrotoBka Ao ek3ameHy (30 roguH);

— CaMOCTiiHe oOnpaLloBaHHA TEOPeTUYHMX Tem, pPO3BEepPTaHHA MPOrPamMHOro OTOYEeHHA Ta
3aBaHTA)KEHHA BUXIAHWX KOAiB NporpamHoro 3abesneyeHHs ANA BUKOHAHHA NabopaTopHMX pobiT,
CaMoCTiliHe BUKOHaHHA nabopatopHux pobit, (90 roauH).

Martepianu a8 CaMOCTIMHOro onpaLtoBaHHA, TEMKU, MUTAHHA A8 CAMOKOHTPOIO Ta KOHTPO/bHI
3anMTaHHA 3Haxo4ATbCA Ha nnatopmi  AucTaHuinHOro HaByaHHA «CikopcbKuii»  (Classroom)
https://classroom.google.com/c/NDY40TYWNDMIMTYw?cjc=biw7yns.

MoniTnka Ta KOHTPONb

7. NoniTMKa HaBYa/IbHOI AUCLUNAIHK (OCBITHLOrO KOMMOHEHTA)

Ons BUMKOHAHHA NPAKTUYHUX PO6IT BCTAHOBAOWOTLCA AeanaiiHW. NOTOYHA KOHTPO/IbHA poboTa He
NPUMMAETLCA N03a BCTAaHOBAEHOMO TEPMIHY.

BMKOHaHHA NPaKTUYHMX POOIT NO3a BCTAHOBNEHMX TEPMIiHIB CyNnpOBOAKYOTbCA WTPAaPHUMM Banamu,
AKi BUPaAXOBYHOTbCA i3 OLLIHKKM 33 NpoToKoA. LUTpadHi 6anm BUCTaBAAIOTLCA 3@ HEBYACHY 3424y NPAKTUYHMUX
pobit. KinbKicTb WtpadHUx 6anis He binbwe 6. LUTpadHi 6anu Ta *)KopcTKi AeanaHU He 3aNpPoBaLKYOTbCA
y nepiog, BiNCbKOBOro CTaHy, afe geanaiHu Ta wWrpadHi 6anm npme’a3yoTbca 40 NOTOYHMX aTecTalin — i3
OLIHOK 3a NPaKTU4Hi pobOTH, LLO 343ETLCA MiCNA NOTOYHOI aTecTaLii BUpaxoBYyeTbCA No 1 6any 3a KOXKHY
npaKkTUYHy poboTy. LTpadHi 6anm He 3anpoBaAKyOTbCA 32 HAABHOCTI NOBAXHOT MPUYMHM Ta, AKLWO b6y0
BYacCHO/3a34aneriab NoBiAOMIEHO NPO Le BUKAaZaya.

3aoxouyBanbHi 6ann (6OHYycK) BUCTABAAKOTbCA 3a: aKTUBHY Yy4yacCTb Ha /NeKUiaX Ta cemiHapax;
BMKOHAHHSA AOMalLHIiX 3aBAaHb, BeAEHHA KOHCNEKTY, NiAroTOBKa NOBiAOM/IEHHA 3 Npe3eHTaLLielo NO O4HiIl
i3 Tem CPC gucumnninm towo. JoaatkoBi 6ann moxHa TakoX OTPUMATU, AKLLO BUKOHAHI BCi AeanaiiHu,
AKIi NpuMB’A3aHi 40 aTecTauin, HanpuKaag, AKWO A0 Neplioi atecTauii HeobxiagHO 34aTM ABi NPAKTUYHI
pob0TH, TO 33 BYACHE BMKOHAHHA UMX POBIT CTYAEHT MOXe OTPUMATM 3a0X04yBasibHi B6ann 3a KOMXKHY
BYAaCHO BMKOHaHe npakTU4YHe 3aBaaHHA. KinbKicTb 3aoxouyBaHux 6anis He b6inble 10.

BMKOHaHHIO KOXHOi MpPaKTM4YHOi poboTM nepenye BMKOHAHHA iHAMBIAYAaNbHOro 3aBAaHHA |
odopMaeHHA MOro y BUrnAdi NpoTtokony. MNpPOTOKONA BUKOHAHHA MPAKTUYHOrO 3aBAaHHA Mae byTm
3aBaHTa*keHo B Classroom He ni3Hille HiXK 3a 406y A0 NpPaKTUYHOro 3aBaaHHsA. [1o NpoToOKoNY AoAatoTbCA
nocunaHHa Ha Git 3 Kogom nporpam (3a HeobxiaHOCTI) i NocunaHHA Ha BCi HeobxiaHi cynpoBigHi
maTepiann gnsa 3aXUCTy, 30KpPeMa Ha BiAe03anmc BUKOHAHHA NPAKTUYHOIO 3aBAaHHA (3a HeobxigHoCTI, B
ANCTaHUIMHOMY peXumi abo 3a BUKOPWUCTAHHA BiAdaneHoro ycTaTKyBaHHA, Towo). CTyaeHT, AKui
NPUMLLOB Ha 3aHATTA 6e3 NigroToBAEHOro NPOTOKOAY A0 3aXUCTY NPAKTUYHOI POBOTM HE A0NYCKAETHCA.
MNepwmm eTanom CTYAEHT 3axXULWAE pe3y/ibTaTUu BUKOHAHHA iHAMBIAYaNbHOro 3aBAaHHA A0 NPAKTUYHOI


https://classroom.google.com/c/NDY4OTYwNDM1MTYw?cjc=biw7yns

poboTK, Ha Apyromy eTani — 3axMLWAE TEOopPilo LW/AAXOM YCHOrO OMUTYBaHHA abo TecTyBaHHA. B
AVCTaHUINHOMY pPeXKMMI BiNibLIiCTb NPAKTUYHMX POBIT CynpoBOAXKYIOTLCA TECTAMU ANA OLIHKN BUBYUEHOTO
TEOPETMYHOro Ta NPAKTUYHOro maTtepiany 3amiCTb YCHOro onUTyBaHHA. bann OoTpuUmaHi 3a BUMKOHAHHA
NPakTUYHOI PobOTM - 3a TECT Ta 3a MPOTOKOA CKNA[alTb OLHKY 33 MPaKTU4YHY poboTty. TecTyBaHHA
NPOBOANTLCA HA MPAKTUYHOMY 3aHATTI NiCNA NepeBipKM pPe3ynbTaTiB BUKOHAHHA iHAMBIAYanbHOI poboTu.
CTyOeHT, AKMN He BUKOHAB iHAMBIAYyaNbHE 3aBAAHHA A0 NPAaKTUYHOI po60TH A0 TECTY HE AOMYCKAETLCA.

3arasibHOKO YMOBOK [JOMYCKY A0 CEMEeCTPOBOro KOHTPOAID (eK3ameHy) € 3apaxyBaHHA BCiX
NPaKTUYHUX POBIT Ta PEeUTUHT He MmeHLe 36 6anis. OujiHKa, AKY CTYAEHT MOXKE OTPUMATU 338 BUKOHAHHA
KOXHOT NPaKTUYHOI pob60TN HaBeaeHiI B Tabaunui 1 ouiHOBaHHA cemecTpoBux pobiT, po3ain 8 cunabyca.

EksameHauiliHa poboTa nuweTbcs 6e3 3acTocyBaHHSA AOMOMIXHUX 3acobiB (MobinbHI TenedoHn,
NAaHLIETN Ta iH.); pe3ynbTaT NepecunacTbeca A0 BianoBiaHOT anpekTopii Google - ancky yepes Google
¢dopmy. banu 3a eKksameHauiltHy poboTy poaatoTbcA Ao 6aniB 3a NPakTMYHI PoboTM Ta MNOTOYHY
KOHTPO/IbHY POBOTY i CKNaAAt0Tb CEMECTPOBY PEUTUHIOBY OL,IHKY.

8. Buau KOHTPOJIIO Ta PEUTUHIOBA CUCTEMA OLiHIOBAHHA pe3y/bTaTiB HaByaHHA (PCO)

CemecTpoBUiA PEUTUHT CTYAEHTA 3 AUCUMMJIIHU PO3PaxoBYETbCA, BUxoaAsun i3 100-6anbHOI WKanu.
CemecTpoBUiA PEUTUHT CKNaJAETLCA i3 CTapTOBOI (MOTOYHOI) OLIHKK Rs Ta ek3ameHauiiHoT Re. CTapToBuii
PEUTUHI CKNaaaeTbca 3 H6anis, WO CTYAEHT OTPUMYE 3@ BUKOHAHHA 6 nabopaTopHux pobit Ry, noTouHOI
KOHTPO/IbHOI pobiTH Rnkp Ta 6anis 3a eKcnpec-TecTu 1 3a0xo4vyBasibHi banu.

MakcumanbHa KinbkicTb 6aniB 3a nabopaTopHi poboTtu cknagae 40 6anis, Tob6T0 Ry =40.

KpuTepii ouiHiOBaHHA 1ab0paTOPHUX POBIT HACTYNHI:

- CBOEYACHICTb MiArOTOBKM MNPOTOKONY A0 NabopaToOpHOro 3aHATTA, MNOBHOTA BWKOHAHHA
TeopeTnYHoro abo NPaKTMYHOro 3aBAaHHA B MPOTOKOI, MPOTOKO/1 BYACHO BUKNAAEeHMM Ha Gitlab: 0 — 2
6ann (i3 OUIHKM 33 NPOTOKON MOXKYTb OyTM BMpaxyBaHi wWwTpadHi 6annm 3a HeCBOEYACHY 3434y
nabopaTtopHoi poboTtu Big 0 — 2 6anis);

~  KOPEKTHICTb (YHKLiOBAaHHA poO3pobaeHMX Mogenel Ha nporpamMHoMy abo anapaTHoMy
3abe3neyeHHi, AemMoHcTpaLis BacHOro peno3ntopito Ha GitLab 3 maTepianamu nabopatopHoi poboTn T3,
HaABHiCTb KomiTiB: 0 — 2 6anu;

~  ONUTYBaHHA/TECTYBaHHA 3a TeMaTMKoK JabopaTopHOi poboTM AnA 3apaxyBaHHA MPAKTUYHOI
4acTMHM PObOTK, 3aXUCT OAEPKaHUX B pobOTi pe3ynbTaTiB, BiANOBiAi HA 4,043TKOBI TEOPETUYHI 3aNUTAHHA
BMKNagaya, NOBHOTa 0pOpPM/IEHHA 3BiTy/NpoTokony no poboTi Ha GitLab: 0 — 3(4) 6anwn.

MaKcrMmanbHa Kinbkictb 6anis 3a notoyHy KP: Rake = 15 6anis.

KpuTtepii ouiHiOBaHHA NoTo4YHOI KP 3a YoTpma piBHAMM:

- MpaBW/ibHA Ta 3MICTOBHA BiAMNOBiAb 3 NOSACHEHHAMM B TepMiHax npeameTHoi obnacti : 13 — 15
6anis;

- MpaBWbHa BiANOBIAb, HENOBHI NOACHEHHA: 11 — 12 6anis;

- BiANOBiAb MiCTUTb NOMUAKK: 9 — 10 banis;

- BiANOBIAb MICTUTb CYTTEBI MOMUIKM, HEMAE NOACHEHb: 4 — 8 banis.;

- Hemae Bignosigi: 0 6anis.

OuiHKa 3a noTo4YHy KP 3HUKYETbCA 3a:

- HEeKOopeKTHe 0pOpMJIEHHA CXEM Ta Kpec/eHb, BiACYTHICTb PO3PAAHOCTI pPericTpiB, WWH, He
notpumarHa NOCTis;

- BiACYTHICTb KOMEHTApPIB B NPOrpaMHOMY Kogi Ta opOpMIEHHI aNrOpPUTMIB;

- BiACYTHICTb KOMEHTApIB Ta NOACHEHD MiJ, 4ac PO3pPaxyHKiB.

MaKcrMmanbHa KinbkicTb 6aniB 3a ek3ameH gopisHtoe Re =40 6anis.

EK3ameHaUiltHMi1 6ineT micTTb 4 3aBAaHHA (OAHE TEeOpPeTUYHE i TP NPAKTUYHMX) 32 TEMATUKOLO
NeKuii Ta nabopaTopHUX PobIT, LLO BUKOHYBaNMCh B cemecTpi. KoxKHe 3anuTaHHA ouiHtoeTbea Big 0 go 10
6anis.

KpuTtepii OuiHIOBaHHA KOXHOTO 3aNMTaHHA 33 YOTUPMa PiBHAMM:

- npaBwW/bHa Ta 3micToBHa Bignosigb: 9— 10 b6anis,

- npaBwW/bHa BiANOBIAb, HENOBHI NOSICHEHHA: 7 — 8 Hanis,

- BIiANOBiAb MICTUTb MOMUIKU: 5 -6 6anis,

- Hemae Bignosiagi abo Bignosiab HesipHa: 0 6anis.



Tabnuua 1. OeTaniszauia 6anis 3a NoTo4Hi pob60TH 32 cemecTp

MiHimanbHa
Kinbkictb KiNbKicTb .
HasBa 3aHATTA ®dopma KOHTpOIO . . Bcboro 6anis
6anis 6anis gna
3apaxyBaHHsA
Mpotokon Ha GitLab 2 4 5
JNlabopaTopHa poboTa 1 BWKOHaHHA 3aBAaHHA 3
OnuTtyBaHHsA/TecT -
Mpotokon Classroom/GitLab 2 4 5
JNlabopaTopHa poboTa 2 BWKOHaHHA 3aBAaHHA 3
OnuTtyBaHHsA/TecT -
Mpotokon Classroom/GitLab 2 4 7
JNlabopaTopHa poboTa 3 BWKOHaHHA 3aBAaHHA 2
OnuTyBaHHaA/TeCT 3
Mpotokon Classroom/GitLab 2 4 7
NabopaTtopHa poboTa 4 BMKOHaHHSA 3aBAaHHA 2
OnuTyBaHHaA/TeCT 3
Mpotokon Classroom/GitLab 2 4 7
NabopaTtopHa poboTa 5 BMKOHaHHSA 3aBAaHHA 2
OnuTyBaHHaA/TeCT 3
Mpotokon Classroom/GitLab 2 4 7
JNlabopaTopHa poboTa 6 BMKOHaHHA 3aBAaHHA 2
OnuTyBaHHaA/TeCT 3
Mpotokon Classroom/GitLab 2 4 7
JNabopatopHa poboTa 7 BMKOHaHHSA 3aBAaHHA 2
OnuTyBaHHsA/TecT 3
MoTouyHa KOHTpOAbHa poboTa 15 8 15
BCcbOro NOTOYHMUI KOHTPOJb 36 60
Ek3ameH 24 40
Bcboro 3a cemecTtp 60 100

KaneHpapHa aTecTauis ctyaeHTiB (Ha 8 Ta 14 TMXKHAX cemMecTpiB) 3 AUCUMNAIHM NPOBOAUTLCA 33
3HAYEeHHAM NOTOYHOIO PENTUHIY CTYAEHTa Ha Yac aTecTauii. AKLWO 3HaYeHHA LbOro PenTUHIY He MeHLwe
50 % Big, MakcMManbHO MOMAMBOrO Ha Yac aTecTaujii, CTyAeHT BBAXKA€TbCA aTeCToBaHUM. B iHwomy
BMNAAKY B aTECTAL,iNHIM BigOMOCTi BUCTAaBNAETbCA «HEATECTOBAHO».

HeobxigHO yMOBOIO A0OMYCKY A0 €K3aMeHY CTyAeHTa € BUKOHAHHA i 3aXMCT BCix labopaTopHMX
pobiT 3 cymoto 6anis He meHwe Hix 30 6ani..

KinbKicTb 6aniB, WO OTPUMYE CTYAEHT 32 CEMECTP BU3HAYAETLCA GOPMY/IOHD

R= (Rn + R|'||-(p )+ RE. = R5+ RE
MaKcumanbHa KinbkicTb 6anis 3a cemecTp He nepesmuye R = 100.
3 ypaxyBaHHAM oAepKaHOoi cymMn 6aniB KiHLEBA OLLIHKA BU3HAYA€ETbCA HACTYMNHOW Tabanueto:

Kinbkicme 6anis OuiHKa
100-95 BigmiHHO
94-85 Oyxe nobpe
84-75 [obpe
74-65 3a40BiNIbHO
64-60 JocTtaTHbo
MeHwe 60 He3apo0BinbHO
He BMKOHaHi ymoBM 4onycky He gonyuweHo

9. HopmaTUBHI NONOXEHHA NONITUKM HaBYa/IbHOI AUCLUUNNIHK (OCBITHLOrO KOMMNOHEHTA)

MpaBuna BiABiAYBaHHA 3aHATb. BifBiayBaHHA 3aHATb € BiNbHUM, 6anuM 33 NPUCYTHICTb Ha NeKLiaX Ta
NPaKTUYHUX 3aHATTAX He A0A4al0TbcA, BianosBigHO wTpadHi 6ann He nepepbavatoTbes. BTim, Baroma
YacTMHa PenTUHIY GOPMYETLCA Yepe3 aKTUBHY YYaCTb Y 3aX04aX Ha NPAKTUYHUX 3aHATTAX.

[AUCTaHLiMHMA peXXnm HaBYaHHA. Y pasi 3anpoBagKeHHA obmerKkeHb Ha BiABiAyBaHHA YHiBEpCUTETY,



NoB’A3aHMX 3 BBEAEHHAM KApaHTUHY abo peXMmy BOEHHOrO CTAaHy B AeprKaBsi, OCBITHIM npouec
3[IACHIOETBCA Y ANCTAHLIMHOMY peXumi BignosigHo Ao MosoXeHHA Npo AUCTaHLUiMHe HaBYaHHA B KMl im.
Iropa CikopcbKoro (https://osvita.kpi.ua/index.php/node/188), PernameHTy opraHisauii OCBITHbOro
npouecy B AUCTaHUiMHOMY pexkumi (https://profkom.kpi.ua/reglament-organizatsiyi-osvitnogo-protsesu-
v-distantsiynomu-rezhimi) Ta PernameHTy npoBeAeHHA CEeMECTPOBOro KOHTPO/O B AMCTaHLiMHOMY
pexumi (https://osvita.kpi.ua/node/148). Y pexumi AUCTaHLIAHOTO HaBYaHHA 3aHATTA BiAabyBaloTbCA Y
BUrNsa4i oHnalH-koHdepeHuii Ha nnatpopmax BigBlueButton, Google Meet, Zoom. MNocunaHHA Ha
KOHdEepPEHLio BUAAETLCA HA NOYATKY CEMECTPY i po3millyeTbca B AC «ENEKTPOHHUI Kamnyc». 3 MEeToto
3abe3neyeHHs AKICHOI MiAroToBKM 3400yBayiB, AUCTAHLUIMHWM KypC AUCUMUMNAIHM PO3MILLEHO Ha
Mnatdopma AucTaHUiMHOro HaByaHHA «Cikopcbkuin» (https://www.sikorsky-distance.org). Pe3synbratu
ouiHOBaHHA BUcBITAOWTL Y AC «EnekTpoHHMIt Kamnyc» Ha o0cobucTiit cTopiHui 3a406yBava
(https://ecampus.kpi.ua).

MpaBuna noBegiHKM Ha 3aHATTAX. Ha 3aHATTAX CNig AOTPUMYBATUCb HOPM E€TUYHOIT MOBEAiHKU
BM3Ha4yeHuMX y Koaekci yecTi HalioHanbHOro TexHivHoro yHisepcuteTy YKpaiHu « KMIBCbKMI NONITEXHIYHMIA
iHCTUTYT imeHi lrops Cikopcbkoro» (https://kpi.ua/code). Ha TepuTopii yHiBepcuTeTy 3406yBayi matoTb
nosoantu cebe BianosiaHo Ao MpaBua BHYTPiWHbOro po3nopaaky (https://kpi.ua/admin-rule).

Bu3HaHHA pe3ynbTaTiB HaBYaHHA, HabyTux y HedopmanbHin/iHpopmanbHiA ocBiTi. M0N0XKEHHSA
NPO BW3HaHHA pe3y/nbTaTiB HaBYaHHA, HabytTux y HedbopmanbHin / iHdopmanbHi  OCBITI
(https://osvita.kpi.ua/index.php/node/179) pernameHTye BM3HAHHA PE3yNbTaTiB HaBYaHHA, HabyTUX y
HedopManbHil/iHbopmanbHii ocBiTi:

— Yy pasi HaB4YaHHA Ha HedoOpMasbHIA OCBITWU, AKY CTyAeHT 0b6paB CaMOCTIMHO i Xxo4ye 3apaxyBaTu
pe3ynbTaTM HaBYaAHHA B PaMKax AUCUMMNIHM, NPOXOAUTbCA Npoueaypa Banigauii, wo nepepbayvae
noaaHHsA 3406yBaYyem 3asBUM Ha iM'A AeKaHa, AeKnapaLlii NiaTBepAxKyBabHUX JOKYMEHTIB; PilleHHA Npo
BM3HAHHA YM HEe BM3HAHHA NPUMMUMAETbCA KOMICIEID Y CKNagi 3aBigyBaya Kadenpu, BUKAaAaya, rapaHTa
OCBITHbO-NpOdEeCiHOI Nporpamu.

— 33 pilleHHAM BUKNada4ya OKpeMi 3MiCTOBHI moayni abo Temu ANCUMNAIHKU MOXKYTb BYTU 3apaxoBaHi
Ha MigcTaBi pe3ynbTaTiB NPOXoAXKeHHA 3400yBayYem OoHNaNH-Kypcy abo iHLWoro enemeHTy HedpopmaabHOT
OCBIiTW; Nepenik 3aBAaHb Ta efieMeHTiB HedpopMabHOI OCBITM BM3HAYAETLCA BMKNAZAayemM 3a3ganeriap i
pPO3MilLyeTbCA Ha nnatdopmi  AUCTAHUIMHOrO HaBYyaHHA  «CiKOpPCbKMM», nNpo WO CTyAEeHTU
NoBIOMANAIOTLCA Ha NOYaTKy CeMecTpy; Y LbOMYy BMNagKy 3400yBay 3BiIbHAETbCA Bif, BMKOHAHHSA
Bi4NOBIAHMX 3aBAAHb | OTPUMYE MaKCMManbHM 6an 3rigHO 3 PEUTUHIOBOK CUCTEMOLO OLLiIHIOBAHHSA.

MoniTMKa BUKOPUCTAHHA LUTYYHOrO iHTENEKTY. BUKOPUCTAaHHSA WTYYHOrO IHTENEKTY PernameHTY€eETbCA
«[TONITUKOI BUKOPUCTAHHA WUTYYHOrO iHTENEKTY 414 aKagemivHoi gianbHocTi B KMl im. Iropa CikopcbKkoro»
(https://osvita.kpi.ua/node/1225). Yci 3aBAaHHA, AK Nif, 4aC BUKOHAHHA HaBYa/ibHUX 3aBAaHb 3
ANCUMNNIHKM, TaK i iHAMBIAYaNnbHI 3aBAaHHA, MaloTb OyTM pe3ynbTaTOM BNACHOI OpuriHanbHOI PoboTH
3p06yBava. BukopuctaHHa LWI ans aBTomaTUYHOI reHepauii Bignosigen 6e3 noganblworo ix aHanisy Ta
AoonpautoBaHHA 3a60pPOHEHO.

MopylweHHA aKagemiyHoi A06poYecHOCTi: BUKOPUCTAHHA naariaty. Y pasi BuABNeHHA ¢aKTiB
BMKOPWCTAHHA NaariaTy Nig, 4ac BUKOHAHHA HaBYa/ibHMX 3aBAaHb, CTYAEHT BTPaya€ NpaBo Ha noaanblle
BMKOHAHHSA NOTOYHUX 3aBAAHb Y MeXax HaBYa/IbHOT ANCUMNNIHK 4,0 3'ACyBaHHA 06CTaBUH NOPYLUEHHA.

CTyaeHT 3060B’A3aHUI apryMeHTOBAHO MOSICHUTU MPUYUHM BUKOPUCTAHHA MAariaty, a TaKoX
3aCBiAYMTUN rOTOBHICTb A4OTPUMYBATUCh NPUHLMMIB aKageMidHOi 4oBpoyecHOCTI B N0A4anblIOMY HaBYaHHI
(nucbmoBo y BUrnaai NOACHIOBANAbLHOI 3aMUCKKU); MOBTOPHO BMKOHATM 3aBAaHHA abo, 3a noTpebwu,
BMKOHATU [O0A4AaTKOBE 3aBAaHHA BiANOBIAHO 40 6ayeHHA BWKAadaya 3 ypaxyBaHHAM BMMOT LOAO0
CaMOCTIMHOCTI.

3a3HaveHi aji pernameHTytoTbca Kogekcom yecTi HauioHanbHOro TeXHIYHOro yHisepcuteTy YKpaiHu
«KWIBCbKMI NONITEXHIYHUI IHCTUTYT iMmeHi Irops Cikopcbkoro» (https://kpi.ua/code).

Po6ouy nporpamy HaB4YabHOI ANCUMNAiIHK (cMnabyc):

CknapeHo, A.T.H, npod., npodecop Kapeapun OT KnumeHKo IpuHa AHaToniiBHa.
YxBaneHo kadegpoto OT (npoTtokon No 12 Big 23.06.2025)

NoropgxeHo meToanyHoto Komicieto PIOT (npoTtokon No 11 Big 27.06.2025)
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