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BCTYII

[Iporpama naBwanbHOi auctumutiag «Kidepdizuuni cucremu. [HTEpHET pedeii» CKiIajaeHa
BIJIMOBIZIHO 10 OCBITHBO-TIPO(ECIIHOT MpOrpaMu MiArOTOBKH JPYroro (MariCTepchbKOro) piBHS
BHIIO1 OCBITH, cIieliaabHOCTI 151 «ABTOMAaTH3aIlis Ta KOMIT IOTEPHO-IHTETPOBaHI TEXHOJIOTII.

OcnoBy nuctumiinn «Kibepdizuuni cuctemu. IHTEpHET peueil» CTaHOBUTH HAyKOBE
JOCIIJKEHHSI MPUHLUIIB CTBOPEHHS 1 (DYHKI[IOHYBaHHS IMPOTPaMHO-arapaTHUX KOMILJIEKCIB,
cucteM 300py 1 aHamizy JaHUX, OTPUMAHUX BiJ] aBTOHOMHHMX IPHUCTPOIB, YIPaBIiHHSA UMM
NPUCTPOSIMH, a TAKOXK cUCTeM KibepOesrneku B pamkax konuemnuii [arepuery peueit (IP, IoT) i
kibepdiznunux cucrem (KOC, CPS)

Hucuumunina  «KibGep¢piznuni cuctemu. IHTepHeT peueil» HalijgeHa Ha OCBOEHHS
TEOPETUYHUX OCHOB MOJEIIBHOTO MPOEKTYBaHHS, 1 MPAKTUYHUX MPUMOMIB MO CTBOPEHHIO 1
BIIPOB/KEHHIO arlapaTHO-TIPOTPaMHUX 3ac001B U1t Kibep(hi3nuHUX crcTeM, € QYHIAMEHTOM IS
dbopmyBaHHS ysBIEHb TPO 0a30Bl KOHICMISAX PO3POOKH PI3HOPIAHUX 1 TETEPOTCHHHUX
IH)KEHEPHUX CHCTEM 13 3aCTOCYBAHHIM CYYaCHUX IHCTPYMEHTAJIbHHUX CEPEIOBUII, B TOMY YHUCIII,
rpadgigyHoro mporpamyBaHHs. [luTaHHS Teopii 1 MPAaKTUKU PO3TIAAAIOTHCS 3 TO3UIIIN, IO
BU3HAYalOTh yYMOBH KOHKYPEHTO3JATHOCTI IHHOBALIWHUX KOMITIOTEPHUX pillIeHb B 00JacTi
noOy/ioBM aBTOMaTHYHMX Ta aBToMmaru3oBaHux KOC, BBOAATHCA NOHATTA BIPTYaIbHOTO
CepeIOBHUINIA, allapaTHOT0, IPOTPaMHOTO Ta MateMaTuuHoro 3ade3neueHnss KOC. Posrisaatorbes
HAyKOBI METOJIM, TEXHOJOTIYHI MmiuaTdopMu Ta 3ac00M KOHIENTYAIbHOTO 1 MPOTOTHUIOBOIO
NPOEKTYBaHHS KiOep(i3idecKiX CUCTEM.

1. Onuc HaBYAJALHOI JUCIHHUILTIHA

1.1 MeToto BUKJIaJaHHS HABYAJIbHOI AWUCHUIUIIHM € BHBUYEHHS MpOOJieM, JOCATHEHB,
OCHOBHUX TMpPHUHIMIIB 1 HampsMiB po3BUTKY KiOepdizuunux cucreM (KDPC) sk o6'ekra
MPOSKTYBAaHHS 3 MeTOK (GopMyBaHHS NpoQeCiiHUX 3HAHL B 00JACTI PO3POOKH TPOSKTHUX
pillleHb, CHHTE3Y Ta aHaIi3y T€TePOreHHUX 1H)KEHEpHUX 00'€KTiB; (POPMYBaHHS y CTYJCHTIB YMiHb1
KOMIIETEHIIiI CHCTEMHOTO apxiTekTopa B obiacti nmpoektyBanHs KD®C i mpuctpoiB IaTepHery
peueil (IP); oCBO€HHS cTyneHTaMHM HABUKIB MOJEIBHOIO MPOEKTYBaHHS 3 BUKOPUCTAHHSAM
anapaTHO-OPIEHTOBAHOTO MAaTEMaTHYHOIO Ta AJITOPUTMIYHOrO 3ale3neueHHs; (OpMyBaHHS B
YUHIB I[UJIICHOTO OaueHHs Cy4yacCHOI'0 eTaIly po3BUTKY LIUPPOBOi EKOHOMIKH YKpaiHU 1 pO3yMiHHS
TOTO, 1110 KiObepdi3iuHi cucTeMu € ocHOBOO KoHIerilii [nrepuery peueii (IP, 10T), B Tomy grci
- innyctpianbHoro Iurepuery peueit (11P, I1oT).

1.2 OcHOBHI 3aBIaHHA BUBUYECHHS JUCLUAIUIIHM 1I€:

- BUBYEHHs 06a30BuX npuHIuiis 10T;

- BUBYEHHS MIXKHAPOJIHOTO cTaHAapTu3aii 10T,

- BUBUEHHS apXIiTEKTypHU 1 OCHOBHUX KOMIIOHEHTIB cucteM |0T;

- IpU10aHHS HAaBUYOK MPOEKTYBaHHA 1 pO3pOOKH elleMeHTIB KibepdiziuecKix cucTeM, ski
BUKOPHUCTOBYIOThCS B [HTEpHETI peueit ais 300py, 30epiranHs 1 o0poOku iHpopMarlii, ynpaBiaiHHSI
TEXHIYHUMHU CUCTEMaMH 1 TEXHOJIOTISIMH.

[Tporiec BUBYCHHSI TUCIUILUTIHA CHPSIMOBAaHWN Ha (OpPMYBaHHS €JIEMEHTIB HACTYITHHX
KOMIIETEHIIIHN:

- 3JIaTHICTb BHOMPATH TEXHOJIOTIi, IHCTPYMEHTAJIbHI 3ac00M Ta 3ac00M OOYHCITIOBAILHOI
TEXHIKM TIpH Oprasizamii MpoLeciB NPOEKTYBaHHsS, BUTOTOBJIEHHSA, KOHTPOIIO 1
BurnpoOyBanb enemeHTiB KOC 1 mpunazis IP;

- 3JaTHICTh BHOWpaTH 3aco0M 1 CHUCTEeMH aBTOMAaTH3allii, KOHTPOJIO, MIarHOCTHKH,
BHUMPOOYBaHb, YIIPABIIHHS BUPOOHUIITBOM, )KUTTEBUM ITUKIIOM TIPOYKIN Ta 1 AKICTIO Ha
ocHoBi konuemnmii KOC i IP;

- 3JIaTHICTh aKyMYJIIOBATH HAYKOBO-TEXHIYHY iH(OpMAIlilo, BITUM3HSHHUHN 1 3apyOiKHUI
JOCBiT B o0macTi aBTOMAaTH3allll TEXHOJOTIYHUX TMPOIECiB 1 BUPOOHHMIITB,
aBTOMAaTH30BAaHOTO YIPaBIIHHS )KUTTEBUM IIMKJIOM, KOMITFOTEPHUX CHCTEM.

- OCBOEHHS CTYJIEHTaMU METOJIIB pa3paxyHKiB, HOOYA0BH, MOJEpHi3allii, IpOrpaMyBaHHS 1
3aCTOCYBAaHHS KOMIT I0TEPiB, MIKPOKOHTPOJIEPIB 1 KOMIT FOTEPHUX CHUCTEM.



B x00i susuenns oucyuniinu y cmyoenma noguHHi ¢hopmyeamucs HaCmynHi KOMNemeHmHoCmi.

Iumeepanvha komnemeHmuicms.:
31aTHICTh PO3B’SA3yBaTH CKJIAAHI 3a1adl 1 mMpoOJieMH aBTOMATH3allii Ta KOMIT IOTEpHO-
IHTETpOBaHMUX TEXHOJIOTIH y mpodeciiiHiii AisuibHOCTI Ta/ab0 y mpoleci HaBYaHHs, 110 repeadayae
MPOBEACHHS JOCTIIKEHb Ta/ab0 MPOBAKEHHS 1HHOBAIIWHOI JISUTBHOCTI Ta XapaKTePU3YEThCS
KOMILIEKCHICTIO Ta HEBU3HAYEHICTIO YMOB 1 BUMOT.

3acanvni komnemenmruocmi (3K)
— 3KO01. 3natHicTb reHepyBaTH HOBI i71e1 (KPEaTUBHICTB).
CneyianvHi (paxosi, npeomemni) komnemenmuocmi (PK)

— ®KO1. 3parHicTe 3M1HCHIOBATH aBTOMATHU3AlI0 CKJIAJHUX TEXHOJOTIYHUX OO0’ €KTIB Ta
KOMIUJICKCIB, CTBOPIOBATH KiOEp(I3MYHI CHUCTEMH Ha OCHOBI I1HTEICKTyaJIbHHMX METO/IIB
YIPaBIiHHSA Ta MUPPOBUX TEXHOJOTIH 3 BHKOPUCTAHHIM 0a3 naHuX, 0a3 3HaHb, METOIIB
IITYYHOTO IHTENEKTY, pPOOOTOTEXHIYHUX Ta IHTEICKTYAIbHUX MEXaTPOHHUX IPUCTPOIB.

— ®KO03. 3gaTHicTh 3aCTOCOBYBATH METOIM MOCIIOBAHHS Ta ONTUMI3aLii IS TOCIIKSHHS Ta
MiJBUIICHHS €(EKTUBHOCTI CUCTEM 1 MPOIIECIB KEPYBAHHS CKJIAJHUMH TEXHOJIOTIYHUMH Ta
OpraHi3arifHO-TeXHIYHUMH 00’ EKTaMH.

— OKO04. 3paTHICTh aHai3yBaTH CKIAIHI HAYKOEMHI CHCTEMH 1 KOMIUIEKCH SIK 00’ €KTH
aBTOMaTH3amii, BH3HAa4YaTW cnocoOuM Ta crparerii ix aBToMaTm3amii Ta UUPPOBOL
Tpanchopmarrii.

— ®KOS5. 3gatHicTh iIHTETpYBAaTH 3HAHHS 3 IHIIMX Taly3ed, 3aCTOCOBYBATH CHUCTEMHMM ITiJIXi]T
Ta BPaxOBYBAaTH HETEXHIYHI aCNEKTH NpH PO3B’S3aHHI iH)KEHEPHHX 3ajad Ta MPOBEICHHI
HAYKOBHUX JIOCIiJI’KCHb.

— ®KO06. 3naTHICTh 3aCTOCOBYBAaTH CydacHI METOAM TeOopii aBTOMAaTUYHOIO KEepyBAaHHS IS
PO3pOOIICHHST aBTOMATU30BAaHUX CHCTEM YIPAaBJIiHHS MPOIECaMu Ta 00’ €KTaMHu.

— ®KO07. 3matHicTh 3aCTOCOBYBATH CIEIlalli30BaHE IMpoTrpaMHe 3abe3rnedyeHHs Ta UQpoBi
TEXHOJIOTIT JUIsl pO3B’sI3aHHS CKJIQJAHUX 337ay 1 MpoOsieM aBTOMaTH3alii Ta KOMIT IOTEpHO-
IHTETPOBAaHUX TEXHOJIOT1H.

— OKO08. 3gatHicTh po3po0asATH (YHKLIOHAIBbHY, TEXHIUYHY Ta 1H(OpMALIMHY CTPYKTYpY
KOMIT'IOTEPHO-IHTETPOBAaHUX  CHUCTEM  YIpPaBIiHHSA  Oprasi3auniiHO-TEXHOJOTIYHUMHU
KOMIUIEKCaMH 13 3aCTOCYBAHHSAM MEpPEKEBUX Ta 1H(POPMALIHHUX TEXHOJIOT1H, MpOrpaMHO-
TEeXHIYHUX KEPYIOUUX KOMIUIEKCIB, IPOMUCIOBUX KOHTPOJIEPiB, MEXaTPOHHUX KOMIIOHEHTIB,
POOOTOTEXHIUHUX MPUCTPOIB Ta 3aCO01B JIIOAMHO-MAILIMHHOTO 1HTEPQENCY.

1.3 Kinbkicts kpeautis - 10

1.4 3aranpHa KiabkicTh Toaud — 300

1.5 XapakTepucTrKa HaBYaIbHOI AUCITUTITIHI
3a BHOOpOM
Jlenna ¢popma HaBUaHHS | 3aouHa (qucTaHNiiHa) GOpMa HaBUAHHS
Pik miarotoBKu
i |
Cemectp
2 |
Jlexmii

32 ron. |
ITpaxTuyHi, ceMiHApCHKi 3aHATTS

32 ron. |

JlabopaTopHi 3aHATTS
0 ron. |
Cawmocriiina poboTa
116 rox. |
[HnuBigyansHi 3aBHaHHS
0 rox. |







1.6 3arutanoBaHi pe3ysIbTaTH HAaBYaHHS:

B pesynbrati BuBYeHHs quctuiniing «Kidepdiznuni cucremu. [HTepHET peueit» CTyaeHT

IIOBUHCH:

3HATH:

- 0a3oBi mpuHIMIHU [HTEpHETY pedei 1 Kibep(i3UIHUX CHCTEM;
- apxiTeKTypy i OCHOBHI KOMIIOHEHTH CHCTeM IHTepHeTy peueil i Kibep(di3HuHUX CHCTEM;
- OCHOBHI NOHATTS 3 00JacTi [HTEepHETY pedeid 1 MPOMHCIOBOTO IHTEpHETY, OCHOBHI €Tanu

NPOCKTYBAaHHS Ta BUTOTOBJICHHs KiOep(i3iuecKkix CUCTEM 1 BUKOPHUCTOBYBaHI MpOrpamHi
3aco0u;

- -MixnaponHuil 1 BITYUM3HAHUI 10OCBiA cTaHnapTu3anii [nTepueTy peueil 1 kibeppiznaHux

CHCTEM;

- OCHOBHI KOHIENI{ Ta CTPYKTYpHi 00'eKTH KiOep(}i3iuHMX CHCTEM: CEHCOPH, KOHTPOJIEPH,

aKTyaTOpH, B TOMY 4YHCIl HPUHIMNKM (YHKIIOHYBAHHS OCHOBHMX MEXaTPOHHUX
IIPUCTPOIB.

BMUTHU:

- po3po0JIATH BUMOTH 10 KiOep(i3WYHHUX cUCTeMaMm, MPUIaliB 1 MPUCTpoiB [HTepHETYy

peuei;

- TOPOEKTyBaTH 1 po3polisitu kibepdizuuHi cucremu st 300py 1 06podku iHDopMaIii;
- pO3pOoOIIATH aNTOPUTMH AJISt MOJIENEH KiOep(hi3MUHUX CHCTEM YIPaBIiHHS;
- 00poOIIATH pe3yNnbTaTH EKCIEPUMEHTIB 13 3aCTOCYBaHHAM Cy4acHHX iH(OpMaIiitHux

TEXHOJIOT1H 1 TEXHIYHUX 3aC00iB;

- BUKOPHCTOBYBATH MiKpOIIPOILECOPHI MPUCTPOI NMPH BUPIMICHHI KOHKPETHUX 3aBJaHb

yIpaBIiHHS NPUCTPOsiMU 300py 1 00poOKu ganux B IP;

- [porpaMyBaTH  MIKPOKOHTPOJIEpH 1  KOPHUCTYBaTHCS  HIPOTPaMHUMHU

33CO6aMI/IMOI[eJ'IIOBaHH$I CIICKTPOHHHUX CUCTCM;

- BUKOPUCTOBYBATH KOLITHU 1 HprIOMH IMBUJAKOT'O MPOTOTUITYBAHHSA i HaJ1aroJxKCHH

K10epp13UYHUX CHUCTEM;

- NIPOEKTYBATH 1 BUTOTOBIATH (Di3MUHI 00'€KTH 3 BUKOpUCTaHHAM 3D-TeXHOMNOTIH];
- IIPOBOJUTH CaMOCTIIHI AOCHIJKEHHS B 001acTi KibepdizuuHux cucteM i [HTepHeTa peueil.

CamocrTiliHa po60Ta nepez[6aqae BUBYCHHS OKPCMUX TCOPCTUYHUX IMUTAHD, OpiGHTOBaHI/IX

Ha OOOB'S3KOBE BUKOPUCTAHHS OOYMCIIOBAIBHOI TEXHIKM 1 MaKCUMaJIbHO HAOTMKEHUX 10
peabHUX 1HXKEHEePHHX 3a7a4 MallOyTHBOI crieliaabHOCTI (Cheriani3arii).

BuBuenuii TeopernyHMil MaTepian 3 JUCHMIUIIHM TOBUHEH BHUKOPHUCTOBYBATHCS 1

3aKpiHJ’II-0BaTI/IC${ HiI[ qacC MpOBCACHHA J'Ia60paTOpHI/IX 3aHATh.

B pezynomami 6ueuenHs OUCYUnIiHu y CmyoeHma noGUHHI hopmyeamucs HACMYNHI NPOSPAMHI
pe3ynomamu Hasuyanus (I1IPH).

ITPHO1. CrBoproBaT cHCTeMH aBTOMaTH3alii, KiOep@i3WdyHi CHCTEMH Ha OCHOBI
BUKOPUCTAHHS IHTEIEKTYyaJIbHUX METO/IIB YIPaBIiHH, 0a3 JaHuX Ta 0a3 3HaHb, LU(POBUX Ta
MEpPEKEBUX TEXHOJIOT1H, pOOOTOTEXHIUHUX Ta IHTEJIEKTYAIIbHUX MEXaTPOHHUX MPUCTPOIB.

I[IPHO2. CtBOproBaTM BHMCOKOHAJiiHI CHCTEMHM aBTOMAaTH3allii 3 BHCOKUM pIBHEM
¢GbyHKIIOHANBHOT Ta 1H(OpMaLiiHOT O€3MeKH MPOrPaMHUX Ta TEXHIUHUX 3aC001B.

ITPHO3. 3actocoByBaTu cremiaigizoBaHi KOHIENTYajdbHI 3HaHHA, 110 BKIIOYAIOTh CydacHi
HayKoBl 3000yTKM, a TakKOoX KpPUTHYHE OCMHCIEHHS CydacHUX TmpobieM y cdepi
aBTOMaTH3alii Ta KOMII IOTEPHO-IHTEIPOBAHUX TEXHOJOTIH Ui pO3B’sI3yBaHHS CKJIATHUX
3a1a4 npodeciitHol MisTBHOCTI.

[TPHO4. 3actocoByBaTu cCydYacHi MiIXOIW 1 METOAM MOJENIOBAHHS Ta ONTUMI3alii s
JOCIIJDKEHHST Ta  CTBOPEHHS  €(DEKTHBHMX CHCTEM  aBTOMAaTH3aIil  CKJIaJHUMH
TEXHOJIOTITYHUMU Ta OPraHi3alifHO-TEXHIYHUMHU 00’ €KTaMH.

I[TPHO7. AnanizyBaTH CKJaJHI HAYKOEMHI CUCTEMHU y TIEBHIM TayTy31 TisSTILHOCTI SIK 00’ €KTH



aBTOMAaTH3allii 1 BU3HAYATH CTPATETIIO 1X aBTOMaTH3allil Ta nudpoBoi Tpanchopmartii.

— [IIPHOS8. 3actocoByBaTH CydacHI MaTeMaTH4HI METOJH, METOIW Teopii aBTOMATHUYHOTO
KepyBaHHs, Teopii HAAIHHOCTI Ta CHCTEMHOTO aHAi3y IS JIOCHIKEHHS Ta CTBOPEHHS
CHUCTEM aBTOMAaTH3allii CKJIAJHUMH TEXHOJOTIYHUMH Ta OpraHi3aliiHO-TeXHIYHUMH
00’ekTamMu, Kibep(i3MIHUX CUCTEM.

— [IIPH09. Po3pobnsatu ¢yHKIIOHANBHY, OpraHi3alliiiHy, TEeXHIYHy Ta I1H(popMaliiHy
CTPYKTYpU CHCTEM aBTOMAaTH3allii CKIaJHUMU TEXHOJIOTIYHHMH Ta Oprafi3amiiHo-
TeXHIYHUMHU 00 €KTaMH, pO3pOOJIATH MPOTrPaMHO-TEXHIUHI Kepyloul KOMIUIEKCH 13
3aCTOCOBYBAaHHSIM MEPEKEBUX Ta iH()OPMAIIHUX TEXHOJIOTIH, MPOMHUCIOBUX KOHTPOJIEPIB,
MEXaTPOHHHX KOMIIOHCHTIB, POOOTOTEXHIUYHUX MPHUCTPOIB, 3aCO0IB JIFOJAMHO-MAITUHHOTO
iHTEepdeiicy.

— [TIPHI0. Po3pobnatu i BHKOPHCTOBYBAaTH CIICIialli30BaHE NpOrpaMHE 3a0e3MEeUeHHs Ta
u(poBI TEXHOJNOTIT Ui CTBOPEHHS CHUCTEM aBTOMATH3allii CKIAJAHUMH OpTaHizaliiHo-
TEXHIYHUMHU 00’ €KTaMH, TPOQECiHHO BOJIOAITH CHCIiaIbHUMU IPOTrPAMHUMH 3aCO0aMH.

— TIPH11. JoTpuMyBaTuCh HOPM aKaJEMi4HOI JOOPOUYECHOCTI, 3HATH OCHOBHI MPABOBI HOPMHU
OO0 3aXHCTy IHTENEKTyalbHOI BJIACHOCTI, KOMepuiamizamii pe3yabTaTiB HayKOBO-
JIOCITITHO1, BUHAX1JHUIILKOI Ta MIPOCKTHOI isUIBHOCTI.

— TIPH12. 36uparu HeoOXiHY iH(pOpMaILlil0, BAKOPUCTOBYIOUM HayKOBO-TEXHIUHY JIITEPaTypy,
0a3u IaHUX Ta 1HII JHKepena, aHaIi3yBaTH 1 OI[IHIOBATH 1i.

— TIPH13. 3natu MeToau yrpaBIliHHS MPOIecaMy Pi3HOI MPUPO.IH, SIKi MOOYIOBaHI HA OCHOBI
Cy4acHHX a TMEepPCHEKTUBHUX METOMIB MAaTeMaTHKH, CHCTEMHOTrO aHali3y, MITYYHOTO
IHTEJIEKTY.

— [IIPH14. BMiTu BUKOHYBaTH pOoOOTH 3 MPOEKTYBAHHSA CUCTEM aBTOMAaTH3allii, 3HATH 3MICT 1
npaBwia OQOPMIIEHHS TMPOEKTHUX MaTepialiB, CKJIaJ IPOEKTHOI JOKyMEHTalli Ta
MOCJIJJOBHICTh BUKOHAHHS MPOEKTHUX poOOIT 3 BpaxyBaHHSAM BHMOI BIJMOBIIHHUX
HOPMAaTUBHO-TIPAaBOBUX JOKYMEHTIB Ta MIXKHAPOJIHUX CTaHIAPTIB.

2. TeMaTHYHMH IIaH HABYAJIBLHOI JUCIUILITIHA

Pozain 1. «<Apxitekrypa Intepuery peueii (IP) i kidepdizmunuxcucrem (KOC)».
Tema 1. ba3osi npuHIMNU Ta apxitekrypa Inrepuery peueit (IP) 1 kibepdiznunuxcucrem
(KDC).

1.1 KiGep@isuuHi cucremu 1 yerBeprTa iHAyCcTpianbHa peBomonis «IHaycrpis 4.0». Brenenusas
texHosorii Inteprery peueit (IP) 1 xiGepdizuunnx cuctem (K®DC). ba3oBi mnoHaTTs
ki0epdi3nuHuX cucteM i [HTepHeTy peueil.

1.2 Ilporpamuo-anapatHi minatgopmu IHTepHeTy peueil i BOynoBaHi cuctemu. [lpuHIMIH
MPOEKTYBaHHS €JIEKTPOHHUX CUCTEM Ha 0a3l MIKPOKOHTpPOJEpIB 1 MIBUAKOTO MPOTOTUITYBAHHS
kibepiziueckix cucreM. 3acobu mMozaemoBaHHs Kibep(iziueckix cucreM Ha mpukiaai Autodesk
Circuits.

1.3 OcHOBHI MOXJIMBOCTI, KOMIIOHEHTH 1 MPUHIUIIN 3aCTOCYBAaHHS BOYAOBAaHUX OIEpaLliiHUX
cucteM B margopmax IHTepHeTy peueil.

1.4 Jlatuuku 1 ceHcopHi cucteMu. IIpuHIunu poboTH KOHTpONIEpIB 1 akTyaTopiB.MexaTpoHHi
CHCTEMH.

Tema 2. Mikpokontposnepu B KOC i IP. ludposi u ananorosi inrepdericu.

2.1 Iudposi i ananorosi iHTepdeiicn B mpuiagax [HTepHery peueit. [HTepdeiic BBemeHHs-
BUBEJICHHS B 3aJIGKHOCTI BiJl TUITYy JTaTYUKa i BAKOHYIOUOTO TMPUCTPOIO, SIKI BAKOPHCTOBYIOTHCS.
EnextpomexaHiuHi cUCTeMH pOOOTOTEXHIUHUX KOMILIEKCIB.



2.2 3aranbpHa CTPYKTYpa, CKJIa/1, MOKJIMBOCTI CY4aCHUX MIKPOKOHTPOJIEPIB, OCHOBHI BiJIMIHHOCTI
B IX0/1aX B poOoTi B mopiBHsAHHI 3 Tpaguitiiaumu [IK mpu ctBopenni KOC.

2.3 OcHOBH poOOTH 3 MIKPOKOHTPOJEPHUMHU CHUCTEeMaMu 300py naHuX. BOymoBaHe mporpamHe
3a0e3nedyeHHss I 300py, OOpoOKM 1 Tmepemavi JaHWUX 3 BHUKOPHCTAHHSAM Cy4YacCHUX
MikpokoHTpoJepiB y KOC.

Tema 3 TexHomOTIi IHTEpHETY pedei 1 Kibep]i3uIHUX CHUCTEM.

3.1 IlnaTdopmu i 3aco0M HaKOMMYEHHS, Bizyamizamii 1 0OpoOKM JaHUX B cUcTeMax [HTepHeTy
pedeil. 3aBIaHHS HAKOMTMYCHHSI, 0OpOOKH 1 Bi3yasizailii JaHUX B CUCTeMax [HTepHETy peuei.

3.2 Ilnatrdpopmu i 3acobu 0OpOOKM AaHUX: JOKaNbHI 1 XMapHi miardopmu, miIaThopmMu-
KOHCTPYKTOPH, 3aCO0M MAIIMHHOT'O HABYAHHS 1 CTATUCTHYHOTO aHAJIi3Yy.

3.3 Ilpunmunu npoektyBanHs 3D o006'ektiB. OpenSCAD sk iHCTpYMEHT (YHKIIIOHAIHHOTO
nporpamyBanHs 3D 00'extiB. IlepeTBopenHst 00'ekTa B TpaekTopito ioro nodynosu. [loGynosa
peanbHUX 00'€KTiB 3 BUKOpUCTaHHAM 3D-nmpyky. OCHOBHI TEXHOJIOTIYHI OIepaltii: MpoeKTyBaHHS,
CJTAWCIHT, IPYK.

3.4.®opmanizaniga kibepdi3MUHUX CHCTEM B yMOBax JAWHAMIYHO MIHJIMBOTO CEpEIOBHUIIA.
MonemoBanHs Kibepdizmunux cucteM (mudpoBi NBIHHUKK Ta (pPOBi TiHi). ABTOMATH3AIIS Ta
IHTENeKTyani3allis mpoIecy NPOeKTYBaHHA Kibep(hi3UUHUX CUCTEM.

Po3ain 2. «Po3podka kidepdizuuHux cucteM Ha 6a3i MiKpONPoOLECOPHUX MPUCTPOIB».

Tema 1. Texuounorii iHxeHepil KiIOEPPI3UIHUX CUCTEM.
1.1 Cucremu 360py i 6€31poTOBOT Iepeaadi JaHuX Ha OCHOBI MiKpokoHTposepiB STM32,ESP32
1 nRF52 B cepenoBumti onepamiiaoi cucremu RIOT OS.
1.2 BukopucTaHHS MPOrPAaMHHUX KOMIIOHEHTIB 1 PO3pOOKM aIrOpUTMiB OOpPOOKH NaHHX Yy
BOynoBanux OC peanbHOro yacy. baratozanauni 101aTKu Ha MIKpOKOHTpOJIepax.
1.3 OcHOBHI THUIM NATYMKIB Pi3HUX (I3MYHUX BEIWYMH, TMOHSTTS IUCKPETHOCTI 1 MOXHOKH
BUMIPIOBaHb. THII JIaTYMKA 1 CrOCiO HOro MiAKIIOYEHHS I BUPIIICHHS NMPAKTHYHUX 3aBlIaHb
300py AaHUX B cuctemax [HTepHeTy peueil.
1.4 TlinGip natuymkiB (Pi3UYHUX BETWYUH, 3aco0iB OOpOOKM Ta 3aco0iB mepenayl JaHHX.
IutenexryanpHi JaTyuku W aktyaTopu. [lo€eaHAaHHS CEHCOpIB 1 BUKOHYIOUMX TPHUCTPOIB 3
MIKPOKOHTPOJIEpPaMH.

Tema 2. TIpotokonu Ta 3aco6u oominy ganumu B KOC 1 IP.
2.1 TIpotokomu 6e3IpoTOBOI Iepenadi JaHuX B cucteMax [HrepHery peueit. OCHOBHI TPOTOKOIN
6e3mporoBoro 3B'13ky B [HTepHeTi peueii: LORa/ LoRaWAN, 6LoWPAN, NB-IoT, GSM, Wi-Fi,
Bluetooth. ®i3uuHi 0CHOBH, OCHOBHI ITapaMeTpH 1 YMOBH 3aCTOCYBaHHSI.
2.2 National Instruments LabVIEW sk iHCTpyMeHT [uisi MIBUAKOI PO3POOKH MPOrpamHO -
anapatHux maatdopM [HTepHeTy peueil 1 pagiocucTem.
2.3 InTerpoBaHe BHKOPUCTAHHS IMPOTpaMHKMX 1 amapatHux npoayktie LabVIEW, LabVIEW
FPGA, NI USRP RIO, NI ®nexcPIO mns npoexryBanns KOC i IP.3acobu aBTOMaTH30BaHOTO
posmapanemoBanas OpenMP  mporpam. Ilpukmanu 3actocyBanns Intel Thread Checker.
Beenenns B Intel VTune Performance Analyzer.

3. CTpyKTypa HAaBYAJbHOI IMCHHUILIiHH

Ha3Bu po3aimis i Kinexictes rogua

TeM neHnHa popma 3ao4yHa hopma

yChOTO y TOMY YHCI yCBhO y TOMY YHCIT
n|m| nab. [iHx| c.p.| ro | x| m | ;mabd. | iHA. | C.P.
1 2 314] 5 6 7 8 9110 11 12 13

Po3ain 1. «Apxitekrypa Intepuery peueit (IP) 1 kibepdizuunuxcucrem (KOC)».
Tema 1. . bazosi | 26 8 |8 10
MIPUHIUTIH Ta




apXiTeKTypa
IaTepHety peueit
(IP) 1
kibepdiznaHmx
cucreM (KOC).

Tema 2.
MikpoKOHTpoOJIE
pu B KOC 1 IP.
Hudposi u
aHaJIOTOBI
iHTEepdeiicu.

36

24

Tema 3.
Texnounorii
IHTEepHEeTY peueit
1 kibepdiznuHux
CUCTEM.

34

24

KouTp. pobota

2

PazomMm 3a
po3aiiiom 1

98

O NN

2
0

58

Po3zaia 2. Po3poOxka ki

oep

¢iznyHMX cucTeM Ha 6a3

1 MIKpOTIPOLIECOPHHX MPHCTPOIB.

Tema 1.
Texnouorii
1HKeHepil
Kibepdizmanux
CHCTEM.

28

4

20

Tema 2.
[Iporokomnu Ta
3acobu oOMiHYy
maaumu B KOC 1
IP.

52

38

Kontp. pobota

Pa3omMm 3a
po3aiiom 2

82

58

Ycboro roguH

180

N WN RPN

NWN -

116

4. TeMn ceMiHAPCHLKMX NPAKTHYHUX 3aHATH

Ne HazBa temn Kinbkictb
3/m TOJUH

1 | BuB4ueHHs  apXiTeKTypu 1  M[pOrpaMmyBaHHS  OJIHOIUIATHOTO 2
npomucioBoro komm'torepa Orange Pi 2G-10T, npusnauenoro s
peastizaliii NpoekTiB BoOsacTi IHTepHeTy pedei.

2 | BuBueHHs BIZKPUTOI NPOTrpaMoOBaHOl amapaTHOi miuatdopma uis 2
po6otu 3 pizmunuME 00'ekTamu Arduino.

3 | IIpoekTyBanHs 1U(POBUX 1 AaHATOTOBUX 1HTEP(QECciB BBEICHHS - 2
BUBEICHHS MIKpOKOHTposepHHX cucteM Juis [P 1 KDC.

4 | BuBueHHsS apXiTEKTypu, CUCTEMH KOMaHJ 1 MporpamyBaHHs 32- 2
po3psitHOTO MiKpoKoHTpoJiepy STM 32F4** | iHTeNneKkTyanbHOTO
paniogacroTHoromoyiast ESP32-SX1278-Lora

5 | Po3pobka momaTkiB mu¢poBOTo i aHAIIOTOBOT'O BBEICHHS - BUBEICHHS 2
3 pukopuctanasam noptiB SPI, 12C, UART, BOynoanux ALIIT i [TATT
MIKPOKOHTpOJIEpA.

6 | Po3poOka mpoekTy BIpTyalbHOI cHcTeMU 300py 1 OOpoOKH 2




BUMIPIOBAJILHO1 1H(OpMaIIli B cepeoBUII IHCTPYMEHTAIBHOTO
IIPOrPaMHOTO KOMILIEKCY poMucIoBoi aBToMaTu3alii CoDeSys
(Controller Development System).

7 | Po3pobka cucTeMH AMCTAaHIIMHOTO YHpaBIiHHA poOOOTOM — 4
MaHIMyJIATOPOM Ha Pi3HUX IUIATPOpMaXx.

8 | Po3poOka mporpam i TUCTAHIIHHOrO OaraToKaHaJILHOTO 300py 4
JAHUX 1yMpPaBIiHHS 3 3aCTOCYBAHHSAM PaaiOYaCTOTHOTO MOIYJIS
ESP32-SX1278- Lora i xmapHoro cepsicy ThingSpeak.

9 | Po3pobka mporpaMu AJisi TUCTAHIIIHHOTO OaraToKaHAJILHOTO 300py 4
JAHUX 1yNpaBIiHHA 3 3aCTOCYBaHHSIM OJHOIUIATHOTO KOMII IOTEpY
Orange Pi 2G- IOT i xmapnoro cepsicy ThingSpeak.

10 | BuBuenns cucremMu aBToMaTH3amii mnpoektyBanHa Quartus Il 2
Po3pob6ka tunoux By3miB s I[P 1 KOC ma [UIIC.

11 | Po3poOka anroput™miB poOOTH i IpOrpaMyBaHHS MiKPOKOHTPOJIEPHUX 4
npwiaiB as Smart cucrem. Oprasxizaiis poOOTH 3 BIIIAJICHAM
00JIaTHaHHSM.

12 | Po3poOka CeHCOpHHUX 1 aKTyaTOPHHX BY3IIiB 0€37pOTOBOI MEpexi Ha 2

0a3l IHTENEKTyaJbHOrO pajiodacToTHOro moayns ESP32-SX1278-
Lora.
Pazom 32
5. 3aBaaHHA AJI51 CAMOCTiiiHOI po0oTH
Ne Bunm, 3MicT caMOCTIiHHOT Kinbkic
3/m poboTu Th
TOJINH

1 | 3akpimieHHs, MOTTUONEHHS Ta y3arallbHEHHS TEOPETUYHUX 3HAHb 1 10
PO3BUTOK HABHUOK IX MIPAKTHUYHOTO 3acTocyBaHHs B ranysi [P 1 KOC.

2 | IIporpamyBaHHS MIKPOKOHTPOJIEPHHUX 1 KOMIT FOTEpHHUX cucteM s [P 10
1 KOC.

3 | Komn'totepHe MozentoBaHHs B MakeTi Proteus THIOBUX €EKTPOHHHUX 10
BY3JIIB MIKPOKOHTPOJIEPHUX 1 KOMIT FOTEPHUX CHUCTEM, aHAJIOTOBIX B
udpoBiX iHTep(eicCiB.

4 | Buuenns matdopmu LabVIEW aist BUKOPHCTOBYETHCS B CHCTEMAx 10
300py Ta 00pOOKH JaHMX 1 YIPaBIIHHSA TEXHIYHUMU 00'€KTaMHU.

5 | BuBuenns IHCTPYMEHTAIILHOT'O IPOTPaMHOTO KOMILJIEKCY 10
npomuciaoBoi aBTomatm3arnii CoDeSys (Controller Development
System)

6 | [loeqHaHHA 1HTENEKTYyaJbHUX MIKPOKOHTPOJIEPHUX MPUCTPOIB 3 10
MIKpDOKOHTPOJIEpPHOIO a00 3  KOMIT'IOTEPHOIO  CHCTEMOIO  JUIsS
3actocyBaHHs B [P 1 KOC.

7 | BuBYeHHS TaTYMKIB TEXHIYHOTO 30Dy, TEMIIEPATYPH, THCKY, BOJIOTOCTI, 10
BiOpallii, TPO30pOCTi, paiamiiiHoro GoHy Ta IHIIMX, Ta IX MIAKIIOYEHHS
JI0 MIKPOKOHTPOJIEPHUX 1 KOMIT FOTEPHUX CHCTEM.

8 | BuBueHHs enemeHTHOi 0a3u ISl CTBOPEHHS THIIOBUX EINEKTPOHHHUX 10
BY3JIIB KOMIT IOTEPiB, MIKPOKOHTPOJIEPHUX 1 KOMIT IOTEPHUX CHCTEM
JnsalP 1 KOC.

9 | Komm'toTepHe MOIe/IFOBaHHSI B MTakeTi Proteus THImoBHX eNeKTPOHHUX 10
BY3JIiB KOMIT FOTEPiB, MIKPOKOHTPOJIEPHHUX 1 KOMII FOTEPHUX CUCTEM
tslP 1 KOC.

10| ITixroroBka A0 MPAKTHYHUX 3AHSITh. 22

11| ITinroToBKa A0 KOHTPOJIBHUX POOIT 4
Pazom 116




6. InquBinyaabHi 3aB1aHHs

3a OakaHHSIM CTYACHTY HAJa€ThCs IHAWBIAyalbHE 3aBHAHHS 1 MPOIOHYETHCS TeMa IS
TEOPETUYHOT0 a00 eKCIIEPUMEHTAILHOTO HAYKOBOTO IOCIIIKEHHSI.

7. MeToau HABYAHHSA

SIK ipaBUIIO JISKIIHHI Ta PAKTUYHI 3aHATTS IPOBOASTHCS ayIUTOpHO. B yMoBax jii kKapaHTHHY
3aHATTS IPOBOJATHCS BiAMOBIIHO 10 Haka3y pekropa XapKiBChbKOT'O HAIliOHAILHOTO YHIBEPCHTETY
imeni B.H. Kapasina (ayauropHo abo aucraHiiiHo 3a qornomororo miardopm Google Meet abo Zoom).

8. MeToau KOHTPOJII0

KoHTpoIb 3aCBOEHHS HABYATIBLHOTO MaTepially 3/IIHCHIOETHCS IUITXOM:

— MPUIOMY Ta OLIIHIOBAHHS 3BITiB 3 BAKOHAHHS MMPAKTHYHHUX POOIT;

— TMPOBENEHHS TECTYBaHHS 3a pe3yIbTaTaMU BIIANPALIOBAHHSI OCHOBHUX IOJIO)KCHb
HaBYAJIbHOI IIPOTPaMU;

— IIPOBEJICHHS MUCHMOBOTO ITi/ICYMKOBOT'O KOHTPOJIIO 3HAHB.

MaxkcumanbHa KUTBKICTh 0alliB 3a pe3yabTaTaMi KOHTPOJIIO TIOTOYHOI YCIIITHOCTI CKIIazae

60 GaiB.

3riHo pileHHS METOAMYHOI KOMICiT Kaepu TeOPETUUHOI Ta MPUKIIAAHOT CHCTEMOTEXHIKU
(daKyabTeTy KOMIT IOTEPHUX HAayK JO €K3aMEHIB HE JOMYyCKAIThCSA CTYICHTH, SIKI MalTh
3a00proBaHICTh 110 JIAOOPATOPHUM 200 KOHTPOJIBLHUM poOOTaM.

[TizcyMKOBHI KOHTPOJIb 3IHCHIOETHCS IIUISIXOM IPOBEICHHS €K3aMEHY.

Ex3amenaniifHuil O171€T BKJIIOYAE JIBA TCOPETUIHMX 1 OJTHE MPAKTUYHE MUTaHHA. TeopeTnyHi
MUTaHHS OIIHIOIThCS B 10 6aiiB KoxkeH, npakTuyHwuii - B 20.

MakcuMaibHa KUTBKICTE OaiB 3a pe3yibrataMu ek3aMmeny ckianae 40 6aiis.

9. Cxema HapaxyBaHH 0aJiB

IToTouHuit KOHTPOJIB, CAMOCTIIIHA poOOTa, IHAMBIyalIbHI 3aBJaHHS
KonTtpomnbHi
obotH, IaauBi-
Pozmin 1 Pozmin 2 negen6aqui JlyaJlbHe Pazom Exsamen | Cyma
HaBYAJIbHIM 3aBJIaHHS
TJIAHOM
T1 (T2 | T3 | T4 | TS 2
5 |5 5 5 4 36 - 60 40 100
T1, T2 ... — TemMu po3aimiB.

3atemoro T 1 cTtyneHT oTpumye 5 GajiB 32 BUKOHAHHS NMPAKTHYHO1T podotH 1,2.
3a temoro T 2 cryneHT oTpumye 5 GaniB 3a BUKOHAHHS MPAKTUYHOI podoTu 3,4.
3a temoro T 3 cryaeHTt oTpumye 5 GaiiB 32 BUKOHAHHS MPAKTUYHOI poOOTH 5.
3a temoro T 4 cryneHT oTpumye 5 OaiiB 3a BUKOHAHHS MPAKTUYHOI poOOTH 6.
3atemoro T 5 cTynenT orpumye 4 6anu 3a BUKOHAHHS TIPAKTUYHOI poOOTH 7.

KpuTepii oniHIOBaHHSI 3HAHb CTY/JEHTIB 32 NPAKTHYHI po60TH
Bumoru KinbkicTh Oanis

. 3aBIIaHH$I BiI[BHaLIaGZTBCSI IIOBHOTOI0 BHKOHAHHS 0e3 5
JAOIIOMOI'M BHKJIaJada.




* BuzHauae piBeHb MOIHPOPMOBAHOCTI, MOTPIOHUHN IJIs
NpUKAHATTS pimieHb. Bubupae inpopmaniiini xepena,.

* PoOWTh BHUCHOBKM 1 TIpuiiMae pilieHHS Yy CHUTYyaIii
HEBU3HAueHOCTi. Bojogie yMiHHAMH  TBOPYO-TIOLIYKOBOI
TISUTBHOCTI.

* 3aBmaHHS — MOBHI, 3 JCSIKUMHU OTpiXaMu, BUKOHaHI 0e3
JIOITIOMOTI'M BHKJIa1a4a.

* Ilmanye indopmamiiiauii TOHIYK; BOJOAIE CIOCOOAMHU
cucreMaru3arlii indopmarii,

* PoOuTH BUCHOBKY 1 IpUiiMae pillIeHHs y CUTYaIlii
HEBH3HAYEHOCTI. BoJiolie yMiHHSIMH TBOPYO-TTOIITYKOBOT
JUISIIBHOCTI.

= 3aBAaHHS BiJA3HAYA€THCS HEMOBHOTOI BHUKOHAHHA 0e3
JOTIOMOTY BUKJIaaua.

= CTyZIeHT MOJKe 31CTaBUTH, y3arajlbHUTH, CHCTEMaTHU3yBaTH
iHpOpMaIio I KepiBHUIITBOM BHKJIA/1a4a; BIIHHO 3aCTOCOBYE
BUBYCHHI MaTepial y CTaHJapPTHUX CUTYAIlisX.

= 3aBiaHHS BiJ3HAYA€THCS HEMOBHOTOIO BHKOHAHHS 3a
KOHCYJIbTAIlI€I0 BUKJIAJaya.

* 3aCTOCOBYE 3alPONIOHOBAHMI BUUTENIEM CIIOCIO OTPHUMAaHHS
iHpopMmarii, Mmae pparMeHTapHI HABUYKH B POOOTI 3
HiIPYYHUKOM, HAYKOBHMH JUKEPETIaMu;

* Bubupae Biomi criocoOu Jiii J1Jiss BUKOHAHHS (paXxOBUX
METOJIMYHUX 3aB/IaHb.

3aBaHHA BiJ3HAYAEThCs (ParMEHTAPHICTIO BUKOHAHHS 32
KOHCYJIBTAIlI€I0 BUKJIaJa4ya a0o il 1oro KepiBHUIITBOM.

Kpurepii oniHlOBaHHSI 3HaAHb CTYACHTIB 32 KOHTPOJIbHY po0oTy

Bumoru Kinbkicts

OasiB

[ToBHOTa BUKOHAHHS 3aBJaHHSA [IOBHA, CTYAEHT 3/aTeH 10-18

dopMyIOBaTH  3aKOHU Ta 3aKOHOMIPHOCTI, CTPYKTypyBaTH

CY/DKEHHS, YMOBHUBOJI!, TOBOJIH, OITHCH.

[ToBHOTa BUKOHAHHS 3aBJaHHS MTOBHA, CTYJICHT 3/IaTCH 5-9

dopmymoBaTH omnepariii, paBuia, aITOPUTMH, ITPABUIIA

BU3HAYEHHS MOHSTb.

[ToBHOTa BUKOHAHHS 3aBIaHHS €JIEMEHTapHA, CTYJICHT 3/IaTCH 3-5

BUOMpATH BiAOMI crlocoOHU Al A BAKOHAHHS (paxoBUX

3aBJIaHb.

[ToBHOTa BUKOHAHHS 3aBAAaHHS (parMeHTapHa. 1-2

Kpurepii oniHOBaHHs eK3aMeHalIHHUX POOiT CTy/AeHTIB

Bumoru Kinpkicts

OaniB

[ToxazaHi Bcebi1uH1 C.I/ICTeMaTI/I'—IHi 3HAHHA Ta pOSleIiHHS[ 35-40

HaBYaAJIbHOTO MaTepiaiy; 0e3MOMUIKOBO BUKOHAH1 3aBJJaHHS.

[ToxazaHi MOBHI 3HAHHSI HABYAJILHOTO MaTepiaty; MOMUIIKHU, SKIIO 30-35

BOHM €, HE HOCSITh IPUHIIUIIOBOTO XapaKTepy.

HOKasqu MTOBHE 3HAHHS HEOOX1THOTO HaBYAJLHOTO MaTepialy, aje 20-30

JIOTIYILIEH] TOMMJIKH.

[Toka3aHo MOBHE 3HaHHS HEOOX1THOTO HABYAIBHOIO MaTepiaiy, ajie 10-20

JIOMYIIEH] CYTTEBI MTOMUIKU




[Toka3aHo HeJJOCKOHAJIE 3HAHHS HABYAJILHOTO MaTepiaily, JOMyIIeHi
CYTTEB1 NOMUIIKH.

5-10

[TokazaHOo HeOCKOHAJIE 3HAaHHS HABYAJILHOTO MaTepiaity, JOIMyIleHi
CYTTEBI MOMUJIKH, K1 HOCATH MPUHIMIIOBUI XapakTep; 00CsT 3HaHb 1-5
HE JJ03BOJISIE 3aCBOITH IPEIMET.

[Ixaja oxiHIOBAHHSA

Ominka
Cyma 6aiiB 3a BCl BUAM HABYAJIbHOT A1
JISIIBHOCTI IIPOTATOM CEMECTPY JU1s1 YOTUPUPIBHEBOL | TIBOPIBHEBOI
[IKAJIU OL{IHIOBAHHS MIKATH
OLIIHIOBaHHS
90 - 100 BIIMIHHO
70-89 no0pe
i 3apaxoBaHO
50-69 3a10B1JIBHO
. HE
1-49 HE3a10BLIBHO
3apaxoBaHO

10.

10. PexomenaoBana jiTeparypa

OcHoBHa JiTepaTypa

R. G. Sanfelice. Analysis and Design of Cyber-Physical Systems. A Hybrid Control
SystemsApproach // Cyber-Physical Systems: From Theory to Practice / D. Rawat, J.
Rodrigues, I. Stojmenovic. — CRC Press, 2016.

Wolf W. Cyber-physical systems //Computer. — 2009. — Ne. 3. — C. 88-89.

Khaitan et al., Design Techniques and Application of Cyber Physical Systems:A Survey, IEEE
Systems Journal, 2014.

Heng S. Industry 4.0: Upgrading of Germany's Industrial Capabilities on the Horizon
/[Available at SSRN 2656608. — 2014

Lee E.A.? SeshiaS.A.: Introdaction to Embedded Systems.- A Cyber Physical Systems Approach.-
2011

Kyuepssbiit A.E. UnTepHeT Bemeit//OnexTpocsi3p.-2013.-Nel.-C.21-24.
PocnsikoB A.B. u 1p. UnTepuer Bemeid.- Camapa: [II'YTHU, OO0 «13-Bo Ac I'apa». 2014

Capa Xsppuc, [I3Bun Xsppuc. Lindposas cxeMoTeXHUKa M apXUTEKTypa KoMIbroTepa. Bropoe
usnanue, Hero-Mopk: Elsevier.: 2013

XABHH B.U., KYKOB LA., KIMMEHKO LA., TKAYEHKO B.B. Ilpuknanna teopis
nudposux apromartiB. — K. HAVY, 2009. — 463 c.

XABHH B.1., )KYKOB [.A., TKAYEHKO B.B., KIMMEHKO I.A. MikponporecopHi
cucremu: HaBuansauii nocionuk. — K. Bugasauurso «CIIJ I'ypansauk», 2009. —492 c.

Jonomixna giteparypa

SolidWorks. KommiptorepHoe MoieTMpOBaHUE B MHKEHEPHON IIPAKTHKE :
POM3BOJICTBEHHO-TIpaKkTHUecKkoe u3aanue / A. A. AnssmoBckuit [u ap.]. - CII6. : BXB-
[erepOypr, 2005. - 799 c. : u.

ABTOMaTH3a1Us MPOEKTUPOBAHUS DJIEKTPOTEXHUUECKUX CUCTEM U YCTPOICTB: YueOHoe
mocobue st By30B / 1. A. ABetucsit. - M. : Beicmas mkosa, 2005. - 510[2] c. : u. -



bubnuorp.: c. 508-509. - ISBN 5-06-004824-1

I'epman-Tankun C.I'. Matlab & Simulink. ITpoektupoBanne mexarponusixcucrem Ha [1K.
M. : Kopona-Bek, 2008 r., 368 ctp. - ISBN 978-5-903383-39-9

Hunn K.M., KynpusinoB A.A. CxeMOTeXHHKA U TPOSKTUPOBaHKE nevaTHbiX miat. P-CAD
2006, 2009 r. - M.: Hayka u TexHuka, 443 c.

5. CremnikoBckuid A.JI. AKTyaJabHBIE MPOOJIEMBI MOJICTUPOBAHMS B CHCTEMaX aBTOMAaTH3aIuN

© o N o

CXEMOTEXHHYECKOro npoektupoBanus., 2003r. — M.:Hayka, 430 c.

11. Ilocniiannas Ha indopmaniiini pecypcu B InTepHeri, Bifeo-ekuii, iHie meToauyHe
3a0e3nevyeHHs

KomrmbroTepHoe MoiepoBaHue AJeKTpoHHbIX cxeM: [ Enexkrponwmii pecype] // AudioKiller,
2005 -2017.URL:www.electroclub.info/article/comp_modeling.htm

Hanunonansueiit OTkpeiTeiii YHEBepcuTeT «MMHTYUT»: [Enextponnuii pecype] // HOY
«HMHTYUT», 2003 — 2019/ URL.:http://www.intuit.ru/

Wikipedia: [Enextponnwuii pecypc] // Wikipedia the free encyclopedia, 2001-2017. URL:
http://lwww.wikipedia.org/

http://energ.nauu.kiev.ua/

A. JI. DPAIKOB. Kubepdusndeckue CUCTEMBI: UICH U TIEPCIEKTUBEL: [ EnekTpoHHMIA

pecypc]
Il 24 mas 2019. URL.: https://vspu2019.ipu.ru/files/A_Fradkov%20CyberPhysSyst.pdf

IIporpaMmmHbIe CpeaCTBA C OTKPBITHIM KOJOM:
Autodesk Circuits (http://circuits.io)
OpenSCAD (http://www.openscad.org)
Marlin (http://marlinfw.org)
Arduino (http://arduino.cc)

. Repetier (https://www.repetier.com)
11.
12.
13.
14.
15.

Electronics Workbench 5.12 - nporpama uist MOZIe/TFOBaHHS! €IICKTPOHHUX CXEM.
MicroCAP 8 - mporpama /ijist MOJICITIOBaHHS SJICKTPOHHHUX CXEM.

Multisim 7 - cydacHa cuctemMa KOMIT'FOTEPHOTO MOJICITFOBAHHSI.

PROTEUS VSM - cucreMa BipTyaJIbHOT'O MOJICTFOBAHHS CXEM.

Cucremu aBTomMaru3aiii npoekryBanus Quartus, Xilinx
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