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BCTYII

[Iporpama HaBuanbHOi aucuuiulinu ««Kibepgizuuni cuctemu. IHTEpHET peden»»
CKJIaJIeHa B1/IMOBITHO /IO OCBITHBO-TIPO(DECIMHOT MporpaMu MiArOTOBKH APYTOro (MariCTepchbKoro)
PiBHS BHIIO1 OCBITH, crienianbHOCTI 123 «KoMmm'toTepHa iHKEHEPis».

OcnoBy mucrumiinn «Kibepdizuuni cucremu. IHTepHeT peueii» CTaHOBUTH HAyKOBE
JOCIIJKCHHSI MPUHIUIIB CTBOPEHHS 1 (YHKLIOHYBAaHHS NPOrpaMHO-allapaTHUX KOMIUIEKCIB,
cucteM 300py 1 aHami3y MaHMX, OTPUMAHHMX BiJi aBTOHOMHHUX IPUCTPOIB, YIPABIIHHS ITUMHU
NPUCTPOSIMH, a TAKOXK CUCTEM KibepOe3mneku B paMkax koHuentii [arepuery peueit (IP, IoT) i
kibepdiznunux cucrem (KOC, CPS)

Huctumunina «Kibepdizuuni cucremu. IHTepHEeT pedeil» HalijleHa Ha OCBOEHHS
TEOPETHYHUX OCHOB MOJENBHOTO NPOEKTYBAaHHS, 1 MPAKTHYHHUX IMPUHOMIB 1O CTBOPEHHIO i
BIIPOB/KCHHIO allapaTHO-TIIPOTPaMHUX 3ac001B /Ui KiOephi3UIHUX CUCTEM, € PyHIaMEHTOM JIs
dbopMyBaHHS ySABIEHb MPO 0a30BI KOHIEMIIAX PO3POOKH PI3HOPIAHUX 1 TETEPOTCHHHX
IH)KEHEPHHUX CHCTEM 13 3aCTOCYBaHHSM CY4aCHHX IHCTPYMEHTAJIBHUX CEPEIOBHIL, B TOMY YHUCIII,
rpadgigyHoro mporpamyBaHHs. [IluTaHHS Teopii 1 MPaKTUKU PO3TIANAIOTHCS 3 TO3UIIIN, IO
BM3HAYalOThb YMOBHM KOHKYPEHTO3JaTHOCTI IHHOBAIIMHMX KOMMI'IOTEpHHX pillleHb B 00JacTi
noOyOBM aBTOMAaTHYHMX Ta aBToMarn3oBaHux K®C, BBOIATHCA MOHATTA BipTYyaJbHOTO
CepeIoBUIlNa, aapaTHOro, MPOrpaMHOro Ta MaTeMaTuyHoro 3abe3neueHHss KOC. Posrinsgaorbes
HAayKOBI METOJM, TEXHOJOTIuHI TaTdopMH Ta 3acOOM KOHIIENITYaJIhHOTO 1 MPOTOTHUIIOBOTO
NPOEKTYBaHHS KibepdizidecKiX CHCTEM.

1. Onuc HAaBYAJBLHOI M CUUILTIHHA

1.1 Metoro BUKJIaJaHHS HaBYAIbHOI JUCHMIUTIHM € BUBYEHHS IpOOJieM, IOCSATHEHB,
OCHOBHUX TIPUHIUIIIB 1 HampsMiB po3BUTKY KiOepdizmunux cucteM (KDC) sk ob'exra
IPOCKTYBaHHSI 3 MeTO0KW (opMyBaHHS HpodeciiiHuX 3HaHb B 001acTi pO3POOKH MPOEKTHUX
pillieHb, CHHTE3Y Ta aHaJIi3y reTePOreHHUX 1HXKEHEPHUX 00'€KTiB; (hOPMYBaHHS Yy CTYACHTIB YMIHb
1 KOMIIETEHIIi1 CUCTEMHOTO apXiTekropa B obsacTi npoekryBanHa K®PC i mpuctpoiB InTepHeTy
peueit (IP); OCBO€HHsSI CTyaeHTaMW HAaBHKIB MOJICITHHOTO MPOCKTYBAaHHS 3 BHKOPHCTAHHSIM
anapaTHO-OPIEHTOBAHOTO MAaTEMaTHYHOTO Ta aJrOPUTMIUHOrO 3abe3meucHHs; (opMyBaHHS B
VYHIB IUTICHOTO 0a4eHHs CYy4aCHOTO €Tay pO3BUTKY HU(PPOBOi EKOHOMIKH YKpaiHU 1 pO3yMIHHS
TOTO, 110 Kibepdi3iuHi cucteMu € ocHOBOIO KoHuenii [arepuery peueit (IP, IoT), B Tomy umci
- ingyctpiansHoro Iurepuery peueii (I1IP, 110T).

1.2 OcHOBHI 3aBIaHHs BUBYECHHSA NUCLUIUIIHH LIE:

- BUBYEHHs 0a3zoBux nmpuHIumiB [oT;

- BUBYCHHS MDKHApOAHOTO cTannapru3ariii [oT;

- BUBYEHHS apXiTEKTYpH 1 OCHOBHUX KOMIOHEHTIB cucteM [oT;

- IpuI0aHHs HABUYOK MPOEKTYBAHHS 1 pO3pOOKHU e1eMeHTIB Kibep(di3iueckix cucrem, sKi
BUKOPUCTOBYIOThCSI B [HTEpHETI peuelt aiis 300py, 30epiranHs i 00poOku iHdopmartii, ympaBiiHHS
TEXHIYHUMHU CUCTEMAaMH 1 TEXHOJIOT1SIMHU.

[Tporiec BUBYCHHS TUCIMIUTIHA CHPSIMOBAaHUN Ha (OPMYBaHHS CIIEMEHTIB HACTYITHUX
KOMIIETEHLIIHN;

- 3JIaTHICTh BHOMpATH TEXHOJIOTii, IHCTPYMEHTAIbHI 3aCO0M Ta 3acO0M OOYHMCITIOBATBLHOT
TEXHIKM TIpU OpraHizamii NpoleciB MNPOEKTYBAaHHS, BUTOTOBICHHS, KOHTPOJIO 1
BunpoOyBanb enemenTiB KOC i mpunanis IP;

- 3JaTHICTh BHUOUpATH 3acO0M 1 CHUCTEMH aBTOMATHU3allii, KOHTPOJIIO, IarHOCTUKH,
BUNPOOYBaHb, YIIPABIiHHS BUPOOHUIITBOM, KUTTEBUM IIUKJIOM MPOAYKIIIT Ta 11 SAKICTIO HA
ocuosi kontemniii KOC i IP;

- 3JaTHICTh aKyMYJIIOBaTH HAyKOBO-TEXHIYHY iH(OpMaIlifo, BITYM3HIHUN 1 3apyOiKHUN
JnocBi B o0nacti  aBTOMAaTH3allil TEXHOJOTIYHUX TMPOLECiB 1 BHUPOOHMITB,
ABTOMATH30BAaHOTO YIIPABIiHHS KUTTEBUM ITUKIOM, KOMIT'FOTEPHUX CHCTEM.



- OCBOEHHS CTYJIEHTaMHU METOJIB pa3paxyHKiB, HOOYA0BH, MOJEpHi3allii, IpOrpaMyBaHHS 1
3aCTOCYBaHHS KOMII FOTEPiB, MIKPOKOHTPOJIEPIB 1 KOMIT FOTEPHHUX CHCTEM.

B x00i suguenns oucyuniinu y cmyoenma noSUHHI hopmMy8amucs HACMYnHi KOMNEMmeHmHOCHI.
[HmeZpaJZbH(l KOMNEemeHmMHICMb.

31aTHICTD PO3B’SA3yBaTH CKJAQJHI CHEIialli3oBaHi 3axadi 1 mnpoOieMd B ramysi
KOMIT FOTEPHOI 1H)XXEHepii, 1m0 nepeadadae mpoBeASHHS TOCTIKEHb Ta/a00 31HCHEeHHS IHHOBAIIN
Ta XapaKTEePU3yEThCSI HEBU3HAUEHICTIO YMOB 1 BUMOT.

3aecanvni komnemenmuocmi (3K).

— DBMiHHS BHSBISATH, CTaBUTH Ta BUPILNIYBAaTH MpOOJeMH 3a NPOQEciiiHUM CIpSIMYyBaHHIM

(3KO01);
— 3JaTHICTH OLIIHIOBATH Ta 3a0e3nedyBaTH AKiCTb BUKOHYBaHUX pooiT (3K08).
Cneyianvni (¢haxosi, npeomemni) komnemenmuocmi (OK)

— 3paTHICT OOTPYHTOBAHO OOMpPATH Ta 3aCTOCOBYBATH (yHIAMEHTAIbHI 3HAHHS 1 MOJEINI, a
TAaKO)XK TEXHOJOTil CTBOPEHHS Ta BHUKOPUCTAHHS MNPHUKIATHOIO 1 CIEIiali30BaHOrO
MIPOTPaAMHOTO 3a0€3MEeUeHHS Il PO3B’SI3YBaHHs CKJIAAHUX MpodeciiHuX 3amad 1 mpoodiieM
KoM totepHoi imkenepii (PKO1);

— 3parHICTP 110 JOCTIJDKCHHS, CHCTEMHOTO aHamizy Ta 3a0e3neueHHs Oe3nepepBHOCTI
O13Hec/omnepaniiHuX MPOIECiB, KOHIEIIIIH, TEOPii, MPUHIIUIIIB 1 METO/IIB HOBHX TEXHOJIOTIH,
BKJIIOYAIOUM TEXHOJIOT1 pO3YMHHX, MOOUTbHHX, 3eNIeHHX 1 Oe3neunux obunciens (OKO3);

— 3JaTHICTH 3aCTOCOBYBaTH CHUCTEMHHUH MiAXiA O BUPIMICHHS HAayKOBO-TEXHIYHUX 3aBJaHb
KoMmIt 1oTepHoi imkeHepii (OK04);

— 37aTHICTH 3aCTOCOBYBATH KOMITJICKCHHM ITIIX1]] 10 BUPIIICHHS €KCIIEPUMEHTAIBLHUX 3aB/IaHb
MOJIepHi3allii Ta PEeKOHCTPYKIlli KOMIT'IOTEPHHUX CHCTEM Ta MEPEX, PI3SHOMAaHITHUX

BOY/ZIOBaHMX 1 PO3MOAUICHUX JOJATKIB, 30KpeMa 3 METOIO IiJIBHIICHHS iX e()EeKTHBHOCTI
(PKO07);

— 3JaTHICTh apryMEHTYBAaTH BUOIp METO/IB pO3B’sI3yBaHHs CKJIAJHHUX CIIEI1ali30BaHUX 3a7ad i
npoOJieM, KPUTHYHO OI[IHIOBAaTH OTPHUMaHI pe3yJIbTaTH, OOTPYHTOBYBATH Ta 3aXHINATH
npuiinsTi pimenns (OK11);

— 3parHiCTh TepeTBOproBaTH (opManbHI MOJENI B HAmpsAMKY OTPUMaHHS MPAKTHYHO
HEOOX1THOT KOMIT IOTEpHOT MOJIEJIi Ta CTaBUTH 3a7a4i 30epexxeHHs 1 00pooku ganux (OK13).

1.3 KinbkicTs kKpeaurtis - 10

1.4 3aranesHa KUIEKICTE ToauH — 300

1.5 XapakTepucTika HaBYAIbHOI TUCITUTUTIHHA
HopwmartusHa / 3a BUOOpOM

Jlenna ¢popma HaBYaHHS | Jlenna popma HaBUaHHS
Pix miaroroBku
1-ii | 1-ii
Cemectp
1-ii | 2-it
Jlexmii
16 rop. | 32 rox
ITpakTudHi, ceMiHAPChKi 3aHATTS

16 rop. | 32 rop.

JlaGopartopHi 3aHATTS
Cawmocriiina po6oTa
88 ro. | 116 roxn
IHauBinyanbHi 3aBAaHHS




1.6 3annmanoBaHi pe3ynbTaTH HaBYAHHS:

B pesynbrari BuBuenHs aucuuruiinud «Kidepdiznuni cuctemu. [HTEpHET pedein» CTyIAeHT

ITIOBHHCH!

3HATH:

6a3oBi npuHIMNU [HTEpHETY peueil 1 kKidep]i3nuHUX cUcTeM;

apXITEKTypy 1 OCHOBHI KOMIIOHEHTH CHCTeM [HTepHeTy peueit 1 kKibep(hi3uIHUX CUCTEM;
OCHOBHI MOHATTS 3 00nacti [HTepHETY pedelt 1 mpoMuUCIIOBOrO [HTEpHETY, OCHOBHI €Tamnu
MIPOCKTYBaHHS Ta BUTOTOBJIEHHS KiOep(i3iueckiX cucTeM 1 BUKOPUCTOBYBaHI MPOTpaMHi
3acoou;

-MixHapoaHu# 1 BITYM3HIHUMN JOCBiA cTaHAapTU3allii [HTepHeTy peuelt 1 Kidephi3naHnX
CHCTEM;

OCHOBHI1 KOHIICTIIIII Ta CTPYKTYPHI 00'€KTH K10ep(i3I9YHUX CUCTEM: CEHCOPH, KOHTPOJIEPH,
aKTyaTOpH, B TOMY 4YHCII MPUHUMON (YHKLIIOHYBAaHHS OCHOBHHUX MEXaTPOHHUX
MPUCTPOIB.

BMUTU:

po3pobATH BUMOTH 10 KiOep(I3MYHMX CHUCTEeMaM, MpUIaAiB 1 MPUCTPOiB [HTEepHETY
peueii;

MIPOEKTYBATH 1 po3po0IsaTH KibepdizuuHi cucteMu 1j1s 300py 1 00poOku iHDOopMarii;
PO3pOOIATH ANTOPUTMU JIJIsl MOJIENel KiOep(i3MUHUX CHCTEM YIPaBIiHHS;

00poOIATH pPE3yNbTaTH EKCIIEPUMEHTIB 13 3aCTOCYBAaHHSAM Cy4JacHUX 1H(OpMaIiifHuX
TEXHOJIOT1H 1 TeXHIYHUX 3aC001B;

BUKOPUCTOBYBAaTH MIKPOIIPOIIECOPHI MPUCTPOi MPU BUPIMICHHI KOHKPETHUX 3aBlIaHb
yIIpaBIIiHHS TPUCTPOSIMU 300py 1 00poOKku nanux B IP;

mporpaMyBaTH  MIKPOKOHTPOJIEPH 1  KOPHUCTYBAaTHCS  NPOTPaMHUMH  3aco0amu
MO/ICITIOBAHHS €NIEKTPOHHUX CHUCTEM;

BUKOPUCTOBYBaTH KOIITH 1 NPUAOMH HIBHAKOTO MPOTOTUIIYBAHHS 1 HAJIAroJKEHHS
Ki0ep(i3MUHUX CHCTEM;

MIPOEKTYBATH 1 BUTOTOBIIATH (Di3W4HI 00'€KTH 3 BUKOPUCTAHHAM 3D-TEXHOJIOTIH;
IPOBOJIUTH CAMOCTIHHI JJOCHIKEHHS B 0071acTi KibepdiznyHux cucteM i [HTepHera peueii.
CamocriitHa po6oTa nependadae BUBYCHHSI OKPEMUX TEOPETUIHHUX MTUTaHb, OPIEHTOBAHUX

Ha OOOB'SI3KOBE BHKOPHUCTAHHS OOYMCIIOBATBHOI TEXHIKM 1 MaKCHMalIbHO HAOJIMKEHUX IO
peanbHUX THXEHEPHHX 3a/1a4 MalOyTHROI CIIeIiaIbHOCTI (Creriaizartii).

BuBuenuii TeopeTHUHUI MaTepiai 3 TUCHMILIIHM TOBUHEH BUKOPUCTOBYBATHUCH 1

3aKPITUTFOBATHCS IT1/1 Yac TTPOBEICHHS JIA0OPATOPHUX 3aHSTh.

B pezynomami eusuenHss OUCYUNIIHU Y CMYyOeHma NOSUHHI (PopMy8amucsa HACMYNHI NPOSPAMHI
pezynomamu Hasuanus (IIPH).

3HAaTH 1 pO3yMiTH HAYKOBI1 1 MaTeMaTUYHI MTOJIOKEHHS, 1110 JIeKaTh B OCHOBI ()yHKIIIOHYBaHHS
MPOTrpaMHUX 1 MPOTPAMHO-TEXHIYHUX KOMIT FOTEPHHX 3ac00iB, CHCTEM Ta MEpeXk, [HTepHETY
pedeit, cucreM it 06pobneHHs Benmuknx ganux ([IPHO2);

3HaTH 1 PO3YMITH TPHUHIUIKA CHCTEMHOTO aHajizy Ta 3a0e3nedeHHs Oe3mepepBHOCTI
0i3Hec/oneparifHuX MpoIeciB, KOHIEMIIii, TeOpii, MPUHIIUIIIB i METO/[IB HOBUX TEXHOJOTIH,
BKJTFOYAIOYU TEXHOJIOTII pO3yMHUX, MOOITLHUX, 3€JIeHHX 1 O0e3nmeunux oduuciers ([IPHO04)

Maru QyHnaMmeHTaIbHI 3HAHHS 1 PO3YMIHHA MOJEJEH, a TaKOXK TEXHOJIOTiH CTBOPEHHS Ta
BUKOPHUCTAHHS MTPUKJIATHOTO 1 CTIEIaTi30BaHOT0 IPOTPAMHOT0 3a0€31eYeHHS PO3B’ A3yBaHHS
npodeciiftHux 3anad i mpobiem komm toreproi imxenepii (IIPHO06);

3HaTH 3aco0M aBTOMATH3aIlli MPOCKTYBAaHHS 10 PO3POOKH KOMIIOHEHTIB KOMIT FOTEPHHX
CHCTEM Ta Mepex, [HTepHeT noaatkiB, Kibephiznunux cucrem tomo (ITPHO7);



BMiTu 3acTocoByBaTH 3HAHHS Ul aHANi3y 1HKEHEPHUX NMPOIYKTIB, MPOLECIB 1 CUCTEM 3a
BCTAHOBJICHUMH KpHUTEpisAMH, ineHTUu(iIKaIi, GopmMymtoBaHHS 1 pO3B’sI3yBaHHS HayKOBO-
TEeXHIYHUX 337a4 KOMIT IOTEpHOI iHXEHepii, BUKOPUCTOBYIOUM METOAM, IO € HAHOUIbII
NMpUIATHUMU TSI TOCSATHEHHS nocTtaBineHux nuiei (ITPHO09);

BMmitu QopmynioBaté Ta po3B’s3yBaTH 3a1adil y Taidy3l KOMII'IOTEpPHOI 1HXEHepii, M0
MOB’si3aHI 3 TIPOILIEAYpaMH  CIIOCTEPEKEHHS 00 €KTIB, BHUMIPIOBAHHSA, KOHTPOJIIO,
TIarHOCTYBaHHS 1 TMPOTHO3YBaHHA 3 YpaxyBaHHSM 3arajbHONIOJICBKUX I[IHHOCTEH,
CYCIIUIBHUX, JIep’KaBHUX Ta BUpoOHUYHX iHTepeciB ([IPH10);

Maru HaBUYKM aBTOHOMHOT'O 1 CAaMOCTIHHOTO HaBYaHHA y chepi KOMII I0TEepHOT iHXKeHepii 1
JOTHYHUX Taly3eH 3HaHb, aHATI3YBAaTH BJIACHI OCBITHI MOTpeOU Ta 00’ €KTUBHO OIIHIOBATH
pesynbraty HaB4aHHda (IIPHI1);

BwmiTu 3acTocoByBaTH CHCTEMHMM TiJIXiJ 10 BHUPIMIEHHS HAYKOBO-TEXHIUYHUX 3aBJaHb
KoM 'totepHoi imkenepii (IIPH14);

Bwmitu nmocmimkyBatu, po3poOssiITH Ta BIPOBAIKYBATH 3aCO0M 1 CHCTEMH aBTOMAaTH3aIlii
MPOEKTYBaHHS JI0 PO3POOKH KOMIIOHEHTIB KOMIT IOTEPHHUX CHUCTEM Ta MeEpexX, I[HTepHeT
nonatkis, kibepdiznunaux cucrtem toiro (ITPH16);

3acTOCOBYBATH, IHTErPYBATH, PO3POOIISITA, BIIPOBADKYBATH TA YIOCKOHAIIOBATH CYydacHI
y ) y ) ) y Y, y4
iH(opMmarIiiiHi TEXHOJOTIi, HAyKOBO-TEXHIYHI METOAW 1 Mojeii, (i3uuHI Ta MaTeMaTU4HI
¢byHIaMeHTalIbHI 3HaHHS B Taly3i koMn 1oTepHoi imkeHepii ([IPH17);

31aTHICTh apTyMEHTYBAaTH BUOIP METOIIB PO3B’I3YBaHHS CKJIQHUX CIICIiali30BaHUX 3a7ad 1
npobseM, KPUTHYHO OLIHIOBATH OTPUMAaHI pe3ylbTaTH, OOIPYHTOBYBATH Ta 3aXHUIIATH
npuiiHaTi pimmenHs (ITPH18);

3p0o3yMiI0 1 HEIBO3HAYHO TOHOCUTH BJIACHI BUCHOBKH 3 Ip00JIeM KOMI IOTEPHOI iHXeHepil,
a TaKOX 3HAHHS Ta MOSICHEHHS, 110 1X 00rpyHTOBYI0TH (ITPH21);

31aTHICT aaNTyBAaTUCh 10 HOBUX CUTYalliif, OOIpyHTOBYBATH, IPUIIMATH Ta peai30ByBaTH
y Mexxax kommneteHIii pimmenns (ITPH23);

YcBiomitoBaTH HEOOXIHICTh HaBYAHHS BIIPOJOBXK YCHOT'O JKUTTSI 3 METOIO NMOTIHOICHHS
HaOyTHX Ta 3700yTTS HOBHX (DaxOBHX 3HAHb, YAOCKOHAJIICHHS KpPEaTHBHOTO MUCIICHHS
(ITPH24);

2. TemMaTu4HMIl IVIAaH HABYAJILHOI JUCIHHUILIIHA

1 cemecTp.

Po3ain 1. «ba3oBi npuHumunm ta apxirekrypa Inrepuery peudeit (IP) i kioepdiznunnx
cucreM (K®C)»

1.1

Kibepdiznuni cucremu 1 yeTBepTa iHAyCcTpianbHa peodtomis «Iuayctpis 4.0». Beenenns

B TexHouorii [atepuery pedeii (IP) i kibepdizuunux cucrem (KDC). ba3zoBi moHATTs
kibep(diznuHux cucteMm i [HTepHETY pedeil.

1.2

[Tporpamuo-anapatHi matgopmu [HTepHeTy peueil i BOyaoBani cuctemu. [Tpunnumnu

MIPOCKTYBaHHS €JICKTPOHHUX CUCTEM Ha 0a31 MIKPOKOHTPOJIEPIB 1 MBUAKOTO TPOTOTHUITYBAHHS
kiOepdiziueckix cuctem. 3aco0u MozeIoBaHHs Kibepdiziueckix cucreM Ha npukiani Autodesk
Circuits.

1.3

OCHOBH1 MOKJIUBOCTI, KOMITIOHEHTH 1 IPUHITUIH 3aCTOCYBaHHS BOYJOBaHUX

omepaliitHux cucteM B tuiargopmax [HTepHeTy peuei.

1.4

JlaTuuku i ceHCopHi cucteMu. [IpyHIMIN poOOTH KOHTPOJIEPIB 1 aKTyaTOpiB.

MexaTpoHHI CHCTEMH.



Po3ain 2. «Mikpoxontposiepu B KOC i IP. [lu¢posi u ananorosi intepdeiicn»

2.1  Iudposi i anamorosi iHTepdeiicu B mpmiianax [arepHeTy pedeit. [atepdelic BBeaeHH-
BUBE/ICHHS B 3QJICKHOCTI BiJl THITY JaTYMKa i BAKOHYIOUOTO MIPUCTPOIO, SIKI BAKOPUCTOBYIOTHCSI.
EnexTpomexaHiuHi cHCTEeMH POOOTOTEXHIYHUX KOMITJIEKCIB.

2.2  3arambpHa CTPYKTYpa, CKJaJl, MOKJIMBOCTI Cy4aCHUX MIKpPOKOHTPOJIEPiB, OCHOBHI
BIJIMIHHOCTI B MiIxoAax B poOoTi B mopiBHsHHI 3 Tpaguitiianmu [1K mpu ctBopenni KOC.

2.3 OcHOBU po0OTH 3 MIKPOKOHTPOJIEPHUMH CUCTEMaMu 300py naHux. BOynoBaHe
nporpamHe 3a0e3nedeHHs 17151 300py, 00poOKH 1 mepenadi JaHUX 3 BUKOPUCTAHHSIM CYy9acHHUX
MikpokoHTpoepiB y KOC.

2.4 Tunosi kommonenTy BOyaoBanux OC miis po6oTH 3 iHTepdelicaMmu BBEJCHH-BUBEICHHS.
2 cemecTp.
Po3ain 3 «TexHoJiorii inTepHeTy peyeii i Kidepdi3UHUHUX cHUCTEM)

3.1  IInardopmu i 3acobu HaKOMMYEHHS, Bi3yanizallii i 00poOKu naHUX B cucTeMax [HTepHeTy
pedeii. 3aBIaHHs HAKOMUYECHHS, OOPOOKH 1 Bi3yaizallii JaHuX B cucTeMax [HTepHeTy peuei.

3.2  Ilnardopmu i 3acobu 0OpoOKH JaHMX: JIOKAJIBHI 1 XMapHi IIAaTPOPMH, TUIATHOPMH-
KOHCTPYKTOPH, 3aCO0M MAIlTMHHOTO HABYAHHS 1 CTATUCTUYHOTO aHAI3y.

3.3  Ipunuunu npoekryBanHs 3D o6'extiB. OpenSCAD sk iHCTpYMEHT (DYHKIIIOHAIBHOTO
nporpamyBaHHs 3D o0'ekTiB. [lepeTBopeHHs 00'ekTa B TpaekTopito ioro modyaosu. [To6ynosa
peanbHUX 00'€KTIB 3 BUKOpHCTaHHAM 3D-1pyKy. OCHOBHI TEXHOJIOT1UHI Onepartii:
MIPOEKTYBaHHS, CIIANCIHT, TPYK.

3.4  ®opmanizanis Kibeppi3UIHUX CUCTEM B yMOBaX AMHAMIYHO MIHJIMBOT'O CEPEIOBUILA.
MopemtoBanHs KioepdiznuHux cucteM (g poBi ABIHHUKHN Ta TUQPPOBI TiHI).

3.5  ABromaru3allis Ta iHTEJIEeKTyali3allis Mpolecy MPOeKTyBaHHs KiOep(i3HUHUX CHCTEM.
Po3ain 4 «Po3podka kidepdizuuHUX cucTeM HA 0a3i MIKPONPOLECOPHUX MPUCTPOIB»

4.1  OcHoBu cucTeMHOI iHXeHepii kibepdiznunux cucreM. TexHonorii iHxenepii
Ki0ep(i3nIHUX CHCTEM.

4.2  Cucremu 360py i 6€31pOTOBOI IIepeaadi JaHUX Ha OCHOBI MiKpOKOHTposepiB STM32,
ESP32 1 nRF52 B cepenosumii onepaniitaoi cucremu RIOT OS.

4.3  BuxopucTaHHS NPOrpaMHUX KOMIIOHEHTIB 1 pO3pOOKH alropuTMiB OOPOOKH TaHUX Y
BOynoBanux OC peanbHOTO Yacy. bararo3zamauHi 101aTKH HA MIKPOKOHTPOJIEpaXx.

4.4  OcCHOBHI TUIH JaTYUKIB Pi3HUX (PI3UYHUX BEIMYUH, TOHATTS TUCKPETHOCTI 1 MOXUOKHU
BUMIPIOBaHb. THIT JATYMKA 1 CIIOCIO HOTO MiIKJIFOYCHHS U1 BUPIIIECHHS MPAKTUYHUX 3aB/IaHb
300py AaHUX B cUCTeMax [HTepHeTy peuei.

4.5 [TinGip matumkiB HI3UYHUX BEIIMYWH, 3aC001B 0OpOOKH Ta 3ac001B Tepeaadi JaHuX.
[HTenekTyanbHi JaTYUKK i akTyaTopH. [loeHaHHS CEHCOPIB 1 BAKOHYIOUUX MPHUCTPOIB 3
MIKPOKOHTpPOJIEpaMH.

Po3ain 5 «IIporokosau Ta 3acodn o0Miny nanumu B KOC i IP»

5.1  TIportoxomnm 6e31pOTOBOI Iepeaadi JaHuX B cucteMax [HTepHery peueit. OCHOBHI
IpOTOKOJIM Oe31poToBOTO 3B'13KY B [HTepHeTi peueit: LoRa / LoORaWAN, 6LoWPAN, NB-IoT,
GSM, Wi-Fi, Bluetooth. ®i3udHi 0CHOBH, OCHOBHI ITapaMETPH 1 YMOBHU 3aCTOCYBaHHSI.

5.2 National Instruments LabVIEW sik iHCTpyMEeHT AJIsi IIBUAKOI PO3POOKHU MPOTPamMHO -
anapaTtHux miatdopm [HTepHeTy peuelt 1 pagioCUCTeM.



6
5.3

6.1

6.2
6.3

IaTerpoBane BUKOpUCTaHHS MPOTrpaMHUX 1 anapaTHux npoAykris LabVIEW, LabVIEW
FPGA, NI USRP RIO, NI ®nekcPIO mnsa npoexryBanus KOC i IP.

Po3ain 6. «IlinBnmenHs npoayktuBHocTi Ta HagiiHocTi K®C i IP»

[TpuHnMM 3aXUCTy TaHUX B 0€3POTOBUX CUCTEMax 1 OCHOBHI BU/IU 3arpo3,
XapakTepHUX [ cucreM IHTepHeTy peuen.

[TpoexryBanns By3niB KOC na [TJIIC 1 mikpoenekrpomexaniuaux cucremax (MEMC)

OCHOBHI MPUHIIMITY MiIBUIICHHS €HEPTOe(PEKTUBHOCTI MIKPOKOHTPOJIEPHUX CUCTEM

300py 1 00poOKku gaHuX. BukoprcTaHHsS TUMOBUX KOMIOHEHTIB BOyoBaHux OC st
3a0e3nedeHHs eHeproeeKTuBHOI poOOTH cucTeM 300py JaHUX.

3. CTpykKTypa HABYAJIBHOI 1M CUUILTiHI

Kinekicts rogus

f;') Hazsa Temu HeHHaT%);pl\f;Cm
MU v croro b | };1 n};6 iHA.| c.p.
1 2 3 4 |5]|6 7
1 cemecTp
Po3ain 1. «ba3oBi npunuunu Ta apxitekrypa Intepuery peueii (IP) i kioepdizuunux cucrem
(KDC)»
KiGep¢iznuni cuctemu i 4eTBepTa iHIyCTpiadbHa PEBOMIOLIs
11 «Ianyctpis 4.0». Beenenus B TexHosorii IHTepHEeTYy pedeit 13 2 11
| (IP) 1 kibepdizmunux cuctem (K®DC). bazoBi MOHATTS
KiOepdisnuaux cucreM i [HTepHETY peuei.
[Iporpamuo-amapatni  miatgpopmu I[HTEpHETY peduedt i
BOymoBaHi cuctemu. [IpuHINTN MTPOEKTyBaHHS €JIEKTPOHHUX
1o | cucrem  Ha 6asi . MiKpO}(OHTponepiB 1 IIBHIKOTO 15 2 2 11
" | mpotoTunyBaHHs ~ KiOepdizideckix  cHCTEM. 3acobu
MOJIeTIFOBaHHS KidepdiziuecKix cucTeM Ha npukiaai Autodesk
Circuits.
OCHOBHI ~ MOXJIMBOCTi, = KOMIIOHGHTH 1  TPUHIIUIIH
1.3 | 3actocyBanHsi BOynmoBaHMX  omepamiiHux cucrem B | 13 2 11
maTdopMax [HTepHETY pedei.
14 JaTuamku i ceHcopHi cuctemu. [IpuHIAI poOOTH 17 2 4 11
" | KoHTpOEpiB i akTyaTOpiB. MeXaTpoOHHI CUCTEMHU.
Pazom 58 8 6 44
Po3aia 2. «Mikpoxoutposaepu B KOC i IP. Hludposi u ananorosi intepdeiicu»
Ludposi i ananorosi inTepdeiicu B npuiaaax IHTepHETY
peueii. [nTepdeiic BBeIeHHsI-BUBEICHHS B 3aJICKHOCTI BiJT
2.1 | Tuny paT4rKa i BUKOHYIOYOTO IPUCTPOIO, SIKi 16 2 4 10
BHKOPHUCTOBYIOTHCSA. EJleKTpoMeXaHidHI CHCTEMU
POOOTOTEXHIYHUX KOMILICKCIB.
3araipHa  CTPYKTYpa, CKIaA, MOXJIHMBOCTI Cy4YacHHUX
2.2 | MIKpOKOHTPOJIEpiB, OCHOBHI BiIMiHHOCTI B migxonax B podoti | 12 2 10
B nopiBHsAHHI 3 TpaaumiitauMu [1K mpu crBopenni KOC.
OcHoOBH POOOTH 3 MIKPOKOHTPOJICPHUMH CHCTEeMaMHu 300py
0 3 | AAHHX. B(?ynomme nporpamue 3abe3neueHHs s 300py, 16 5 4 10
00poOKHM 1 Tepenadi JaHWX 3 BHKOPHUCTAHHSIM CYYaCHUX
MikpokoHTpoJiepiB y KOC.
24 TunoBi kommoHeHTH BOymoBanux OC mus pobotu 3 12 2 10
" | inTepdeiicamy BBeICHHSI-BUBEACHHSI.
KonTpoisibHa poboTa 6 2 4
Pazom 62 8 10 44
Ycboro3al cemectp | 120 | 16 | 16 88




2 cemecTp

Po3ain 3 «TexnoJiorii iHTepHeTy peueii i kioepdizsnuHux cucTem»

3.1

[Tnardopmu 1 3aco0M HakONMWYCHHS, Bi3yasizamii i 0OpoOku
naHuX B cuctemMax [HTepHeTy peueil. 3aBnaHHA HAKOTTUYEHHS,
00po0OKH 1 Biyanmizauii JaHuX B cucteMax [HTepHeTY peuei.

9

2

1

3

3.2

ITnardopmu 1 3aco0u OOpOOKH JaHUX: JIOKAJbHI 1 XMapHi
miatopmu, mIaThOPMU-KOHCTPYKTOPH, 3aCO0M MAIIMHHOTO
HABYaHHS | CTATHCTUYHOTO aHAII3y.

13

3.3

[Ipuamunu  mpoektyBanass 3D o00'ektiB. OpenSCAD sk
IHCTPYMEHT (PYHKITIOHAJILHOTO MporpamMyBaHHS 3D 00'eKTiB.
[lepeTBOopeHHsT 00'eKTa B TpaeKTOpil0 HOro MOOYIOBH.
[ToOynoBa peanbHUX O0'€KTIB 3 BHKOPUCTaHHAM 3D-mpyKky.
OCHOBHI TEXHOJIOTIUHI OTIEparii: MPOEKTYBAHHSI, CJIAKCIHT,

JPYK.

3.4

dopmamizanis Kibepi3sHUHUX CHUCTEM B YMOBax AMHAMIYHO
MIHJIMBOIO CepeaoBHIa. MojaenoBaHHs Kioepdi3uuHuX
cucteM (1UdPOBI ABIMHKUKY Ta [U(POBI TiHi).

13

3.5

ABToMaTH3aMis Ta iIHTEIEKTyali3alis MpoLecy MpOeKTyBaHHS
KiOepi3UIHHUX CHUCTEM.

9

2

Pazom

53

10

8

35

Po3aia 4 «Po3pobka Kidepdizuunnx cucremM Ha 6a3i MiKponpouecOPHUX MPUCTPOIB»

4.1

OcHOBM cucTeMHOi iHXeHepii KiOep(i3MYHHX CHUCTEM.
Texnonorii imkeHepii Kibepi3HIHUX CHCTEM.

9

2

4.2

Cucremu 300py 1 6e3apOTOBOI Mepeaayi JTaHUX Ha OCHOBI
MikpokoHTpoJiepiB STM32, ESP32 i nRF52 B cepenoBuiti
onepauiitnoi cuctemu RIOT OS.

13

4.3

BuxopucraHHs TNporpaMHUX KOMIIOHEHTIB 1 pPO3pOOKH
anropuTMiB 00poOku maHux y BOymoBammx OC peaanHOTO
yacy. bararo3amauni 1onaTku Ha MiKpOKOHTPOJIEpaXx.

4.4

OCHOBHI THITH JaTYMKIB Pi3HUX (i3WYHUX BETUYWH, TOHITTS
JTUCKPETHOCTI 1 TOXWOKHA BUMIPIOBaHb. THIT TaTYMKa 1 CIIOCiO
HOro MiAKIIOUCHHS Ul BHPILICHHS NPAaKTHYHUX 3aBJaHb
300py AaHuX B cucTeMax [HTepHeTY peuei.

11

4.5

[TinOip natuywkiB Qi3sUYHUX BETUYMH, 3aCO0IB OOpOOKM Ta
3aco0iB  mepemadi JaHWUX. [HTEICKTyaslbHI JaTIuKH U
aktyaTopu. [loeqHaHHS CEHCOPIB 1 BUKOHYIOYHMX IPUCTPOIB 3
MiKPOKOHTPOJIEPAMHU.

Pazom

51

10

35

Po3ain 5 «IIporokonu Ta 3acoou ooMiny nanumvu B KOCil

P»

5.1

[IpoTokomu 6e3apoTOBOI IIepeaadi JaHUX B CHCTEMax
[nrepuety peueii. OCHOBHI MPOTOKOIN OE3APOTOBOTO 3B'SI3KY
B Intepueri peueit: LoRa / LoORaWAN, 6LoWPAN, NB-10T,
GSM, Wi-Fi, Bluetooth. ®i3u4Hi 0CHOBU, OCHOBHI
napamMeTpH i YMOBH 3aCTOCYBaHHSI.

13

5.2

National Instruments LabVIEW sik iHCTpyMeHT Jutsl IIBUIKOT
PO3pOOKH MHpOrpamMHO - amapaTtHuxX IiaTthopMm IHTEpHETY
pedeit i pagiocucTeM.

13

5.3

IHTerpoBaHe BHMKOPHUCTAHHSA TMPOTPAMHUX 1 amapaTHHUX
mpoaykrie LabVIEW, LabVIEW FPGA, NI USRP RIO, NI
FlexRIO mms mpoexrysanus KOC i IP.

13

Pazom

39

12

21




1 | 2 [ 3] 4 [5][6]

-~

Po3aia 6. «IlinBumenns npoayKTUBHOCTI Ta HagiliHocTi KOC i IPy»

6.1

[TpuHIIMTIN 3aXUCTY JaHUX B 0E€3IPOTOBHUX CUCTEMaX i
OCHOBHI BU/IU 3aTPO3, XapaKTEPHUX AJIsl CUCTEM [HTepHETY 10 2
peueil.

6.2

[IpoexTyBanHs BY3JIiB KoC Ha TJIIC i

MiKkpoenekTpoMexanigaux cucreMax (MEMC) 14 2 4

6.3

OCHOBHI NPUHUUNK TiABUIICHHS eHEProeeKTHBHOCTI
MIKPOKOHTPOJIEPHUX CHUCTeM 300py 1 OOpOOKHM JaHuWX.
BuxopucranHs THTIOBHX KOMITOHEHTIB BOymoBanux OC mis 9 2
3a0e3reyeHHs eHeproeeKTHBHOI POOOTH CcHUCTEM 300py
JaHUX.

KonTpoisibHa poboTa 4 2

Pazom 37 6 6

25

Ycboro 3a 2 cemectTp 180 | 32 | 32

116

Ycboro 3a HABYAJIBLHOIO TUCIUILTIHOIO 300 | 48 | 48

204

4. Temu npakTHYHUX (ceMiHAPCHKMX, JIAOOPATOPHUX) 3aHITH

HazBa Temu

Kinexicts
TOINH

BuBUeHHS apXiTEKTYpH 1 IpOrpaMyBaHHs OJHOIIATHOTO POMHUCIIOBOTO
komm'rorepa_Orange Pi 2G-10T, npusnadeHoro s peaisariii MpoeKTiB B
obnacTi [HTepHeTy peuei.

4

BuBdeHHs BiIKpHUTOIO MPOTpaMOBaHOi anapatHoi miatdopma s podboTH 3
¢iznyanmMu o0'extamu Arduino.

[TpoekTyBanHs nH(PPOBHUX 1 aHATOTOBUX 1HTEPPEICIB BBEICHHS -
BUBECHHS MIKpOKOHTpoJepHux cuctem ajs IP i KOC.

BuBdeHHs apXiTeKTypH, CUCTEMH KOMaH/I 1 TporpamMmyBaHHs 32-pO3psITHOTO
MikpokoHTposiepy STM 32F4** i iHTenekTyanbHOTO paio4acTOTHOTO
moxayist ESP32-SX1278-Lora

Po3pobka momaTkiB 1iupoBOro i aHAJIOTOBOTO BBEJICHHS - BUBEIICHHS 3
BukopuctanuaMm noptis SPI, 12C, UART, BOynosanux AL i ITAIT
MIKPOKOHTpOJIEpA.

Po3pobOka mpoekTy BipTyaabHOI CUCTEMH 300py 1 00pOOKH BUMIpIOBaIBHOT
iH(dopmarrii B cepeioBHUII IHCTPYMEHTAIBHOTO MTPOTPaAaMHOTO KOMITIIEKCY
npomucioBoi aBromaruzaiii CoDeSys (Controller Development System).

Po3pobka cucreMu quCTaHIIHHOTO YIIPABIIHHSI POOOTOM — MaHITYJIATOPOM
Ha pi3HUX M1aTdopmax.

Po3pobka mporpam aJis IuCTaHIIMHOTO OaraToKaHAIBHOTO 300py TaHMX 1
YIIPaBIIiHHSA 3 3aCTOCYBaHHSAM pajiodacToTHOro Moxyist ESP32-SX1278-
Lora i xmapnoro cepsicy ThingSpeak.

Po3po0Oka mporpaMu it JUCTAHIIIMHOTO OaraTOKaHAILHOTO 300Py JaHUX 1
yIIpaBIIiHHS 3 3aCTOCYBaHHSIM OHOIUTaTHOrO KoM totepy Orange Pi 2G-
10T i xmapnoro cepsicy ThingSpeak.

10

Busuenns cuctemu aBroMaruzariii mpoektyBanHs Quartus I1. Po3poOka
tunoBux By31iB i IP i KOC na [UIIC.

11

Po3pobxka anroputmiB poOOTH 1 TpOrpamMyBaHHS MIKPOKOHTPOJIEPHUX
npwiafiB ans Smart cuctem. Opraizaiis poOOTH 3 BiJIaJeHUM
oOJIaTHAHHSIM.

12

Po3pobka ceHcopHHX 1 aKTyaTOPHHX BY3J11B 0€31pOTOBOI Mepexi Ha Oa3i
IHTEJIEKTYaJIbHOT0 pajiioyacToTHoro moayist ESP32-SX1278-Lora.

Pa3zom

48




5. 3aBaaHHSA 1JIs1 CAaMOCTIHOI podoTHn

Ne Buau, 3mict caMmocTiiHOT poOOTH Kinpkictp

3/1 TOIUH

1 | 3akpimieHHs, MOTauOICHHS Ta y3aralbHEHHS TEOPETHYHUX 3HAHb 1 20
PO3BHTOK HABUYOK iX MPAKTHYHOTO 3acTOoCyBaHHs B ranysi IP i KOC.

2 | [IporpamyBaHHsI MiIKPOKOHTPOJIEPHHUX 1 KOMIT FOTepHHUX cuctem i [P i 20
KoC.

3 | Komn'totepHe MonenoBaHHs B makeTi Proteus THIIOBUX €IEKTPOHHHUX 20

BY3JIIB MIKPOKOHTPOJIEPHHUX 1 KOMIT FOTEPHHUX CUCTEM, aHAJIOTOBIX B
1 poBix iHTEpEHCiB.

4 | BuBuenns miatdopmu LabVIEW s BUKOpHCTOBYETBCS B CHCTEMax 20
300py Ta 00pOOKH MAaHUX 1 YIIPaBIIHHS TEXHIYHUMH 00'€KTaMU.

5 | BuBueHHs 1HCTPYMEHTAJIBHOTO MPOTPAMHOT0 KOMILJIEKCY TPOMHCIIOBOT 20
aromaruzamii CoDeSys (Controller Development System)

6 | [loeqHaHHS IHTENEKTyaIbHUX MIKPOKOHTPOJIEPHUX MIPUCTPOIB 3 20
MIKPOKOHTPOJIEPHOIO 200 3 KOMIT FOTEPHOIO CHCTEMOIO JIJIsl 3aCTOCYBaHHS B
IP i KOC.

7 | BuBueHHs JaTYMKIB TEXHIYHOTO 30Dy, TEMIIEpaTypH, TUCKY, BOJIOTOCTI, 20

BiOparlii, mpo30pocTi, paaiamiiiHoro GpoHy Ta IHIIMX, Ta IX TAKIIOYSHHS 10
MIKPOKOHTPOJICPHUX 1 KOMIT IOTEPHUX CHCTEM.

8 | BuBueHHs eneMeHTHOI 6a3u JUIsl CTBOPEHHS THIIOBUX €JIEKTPOHHUX BY3JIiB 20
KOMIT FOTEPIB, MIKPOKOHTPOJIEpHHX 1 KoM 1oTepHux cucteM JistIP 1 KOC.

9 | Komn'totepHe MozientoBaHHs B akeTi Proteus THIIOBUX €IEKTPOHHHUX 16
BY3JIIB KOMII IOTEPiB, MIKPOKOHTPOJIEPHUX 1 KOMIT FOTepHUX cucteM IislP 1
K®C.

10 | [TinrotoBKa A0 MPaKTUYHUX 3aHATH. 20

11 | IlinroToBKa 1O KOHTPOJIHHHUX POOIT 4
Pa3zom 204

6. InmauBinyanbHi 3aBIaHHs

3a OaxaHHSAM CTYACHTY HANA€ThCS 1HIWBIMyabHE 3aBJaHHS 1 MPOMOHYETHCS TeMa IS
TEOPETUYHOTO a00 CKCIIEPUMEHTATHLHOTO HAYKOBOTO JIOCIiPKCHHS.

7. MeToau KOHTPOJIIO

[loTouHuit KOHTPOIL — KOHmMpOIbHA pob6oma, 3BITW 3 BHUKOHAHHS MPAKTUYHHX 1
caMoCTiiHUX po0iT. [liACYyMKOBUI KOHTPOJb 3a MEPUIUHA CEMECTp - 3aliK — NUCbMOBO.
[TincymMKoBHiIT KOHTPOIB 32 IPYTUN CEMECTD - eK3aMeH — NUCbMOBO.

[IpoMi>kHHIT KOHTPOJIb 3HAHb CTYACHTIB 3JIMCHIOETHCA PETyIIpHO Ha JICKIIHHHX 1
7a00paTOPHUX 3aHATTAX HUISIXOM iX OMUTYBAHHS 3 IPOUICHOTO MaTepiay.

8. Cxema HapaxyBaHHs 0aJiiB

1 cemecTp

[ToTouHMIT KOHTPOJIBb, CAMOCTIHiHA POo0OTa, IHAUBIAYyadbHI 3aBIaHHS

Kourponsna | [nguBigyansHe 3anik Cyma

Po3min 1 Po3min 2 Pasom
pobota 3aB/IaHHS

40 20 60 40 100
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2 cemecTp
[ToTounuit KOHTPOIIB, cCAMOCTIHHA po0OTa, IHIUBIAYyalIbHI 3aBIAHHS
Poznin | Po3pin | Po3nin | Po3nin | KontponkHa | [HauBinyanbHe Ex3amen | Cyma
PazoMm
3 4 5 6 pobora 3aBIaHHA
40 20 60 40 100

KPUTEPII OIHKH YCHIIIHOCTI TA PE3YJIbTATIB HABUAHHSA
Iepmmii cemectp.

Po6oTta Ha mpakTHYHKX (JTaOOPAaTOPHMX) 3AHATTAX OLIHYeThCS 10 10 OamiB 3a KOXKHY TEMY
3 YOTHPHOX B ceMecTpi. Bchoro makcumanibHa OIliHKAa 3a MpakTH4YHI (J1abopaTopHi) 3aHATTS
ckinagae 40 OamiB. banum 3a KOXHY TeMy NpPaKTUYHOTO (Ja00paTOpPHOTo) 3aHATTS Oanu
HApaxOBYIOTHCS TAKUM YHHOM:

Pesynbrat po60OTH 3 KOKHOI TeMU O0(OPMITIOIOTHCS Y BUTJISAI 3BITY, SIKMH CKJIAJa€ThCs 3
TEKCTOBOI YaCTHHH, PO3PaXOBaHUX 3HAYEHB, TAOJIUIIb Ta TpadiKiB 3rigHO 3aBIaHHS.

[Tpu ipomy 3a 0pOpMIICHHS:

e 00UMCIIEHH] pe3yJabTaTH 3po3yMimi, Tabiwuii Ta rpadikd BHKOHAHI aKypaTHO 1 3TiIHO
3aBAaHHS — CTYACHT OTPUMYE 5 OalliB;

® 00UYHMCIIEHH] pe3yabTaTH HE 30BCIM 3p0o3yMisi, Tabmiumi i rpadiku BUKOHAHI HEAKypaTHO
abo He 30BCiM 3po3yMmidi - 3 Oana;

3a 3aXHUCT TEMHU:
3axucr abopaTOPHUX pooiT - e BIJITTOB1/Ib Ha KOHTPOJIbHI
nutaHHsa. KiTpKicTh THTaHh BU3HAYa€ BUKIAAA4 3a pe3ylbTaTaMH  IPEJICTaBICHHUX
pe3yabTaTiB, aje He MEHIIE HiX 3.
KoHe KOHTpOJIbHE MTUTAHHS OI[IHIOETHCS TAKUM YHHOM:

® [TOBHA BIJIMOB1/Ib — KUIBKICTh OaJTiB IOPIBHIOE 5;

® HETIOBHA  BIANOBIAL, a0O BIAMOBIAb, IO MICTUTh HE3HAYHI Ta HEKPUTHUYHI
MTOMUJIKH 9H CYIIepeYHOCTI — 4 Garna;

® BiJITIOB1/1b, III0 MICTUTh KPUTHYHI IOMUJIKU — 2 Oana;

e BiJICYTHICTh Bignosiai — 0 GariB.

YMOBOIO JIOITYCKY /10 3aJiKy € 000B’13K0OBE BUKOHAHHS KOHTPOJIBHOI pOOOTH, MaKCHMaJIbHA
OLIIHKa 32 5Ky ckiaaae 20 6ainiB, 1 NPUCYTHICTB OUTBII K HA 50% MPaKTUYHHUX 3aHSTh.
[Ipu po3poOIi KpUTEPiiB OIIHKKM KOHTPOJBHOI POOOTH 3a OCHOBY O€pyThCsl TMOBHOTA 1
MPABUJIbHICTh BUKOHAHHS 3aBJaHb.
A came:

Omninka 20 BUCTABJIAETLCA 3a:

- 3HaHHS 1 pO3YMIHHS MPOTPAMHOT0 MaTepiany B MOBHOMY 00Cs3i;
- TMOCTIIOBHUM, JOT1YHUH, OOIPYHTOBaHMN, O€3MOMHIKOBUM BUKIIAJ MaTepiaiy;
- BUTbHE (hOpMYyBaHHS BUCHOBKIB Ta y3arajibHEHb;

- caMoOCTiiiHe 3aCTOCYBaHHS 3HaHb B KOHKPETHHUX CUTYaIlisiX;

- TpaBWIbHE, OXaiHe 0(OPMIICHHS KOHTPOJIHHOI poOOTH.

Ouinka 17 BucTaBJIsAETHCA 3A:

- 3HaHHA 1 pO3yMiHHS IPOrPAMHOI0 MaTepiaiay B IOBHOMY 00Cs3i;
- TIOCJIIIOBHUH, JOT1YHUH, OE3MOMUIKOBUI BUKJIA]l MaTepialy;

- (opMyBaHHS BUCHOBKIB Ta y3arajbHCHb;

- JIOMYUICHHS OKPEMHUX HECYTTEBUX OMMIIOK;
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- KOIM BIAMOBiA, B OCHOBHOMY BIAMOBiJa€ BUMOTaM, IO 1 BIAMOBIAh Ha OIIHKY
«BIAMIHHO», aJIe CTYJICHT JOIyCKAa€ HEe3HAYHI IMOMUJIKHU, SIKI HE BIUIMBAIOTH Y HLJIOMY
Ha 3arajbHe pillIeHHd 3ajaui.

Oninka 14 BUCTABIAETLCA 32:

- 3HaHHA 1 pO3yMiHHS TIJIBKM OCHOBHOT'O MaTepiaiy;

- CHpOIIEHUH 1 HETTOBHUU BHUKJIQ/ MaTepiaiy;

- JIOMYIICHHS OKPEMHUX CYTTEBHX TTOMMUIIOK;

- KOJH CTYJIEHT B OCHOBHOMY BHKOHAB 3aBJaHHs, ajie¢ HE TJTMOOKO BOJIOJIIE MaTepiaaoMm,
HOro 3HAHHA MArOTh PO3PI3HEHHH XapakKTep, JOMYCKAIOThCS MOMIIIKH, SKi MOXHA
JIETKO BUIIPABUTH 1 HE BUKJIMKAIOTh MOBAXKHUX YCKJIATHEHb.

Ouinka 7 BUCTaBJIAETHCA 3a:

- TIOBEpXOBE 3HAHHA 1 PO3yMiHHSI OCHOBHOT'O MaTepiaiy;

- CHpOIIEHUH 1 HETIOCTIIOBHUM BUKJIA] MaTepialy 3 JOMYIICHHSAM ICTOTHUX TTIOMHJIOK;

- BIJICYTHICTb y3arajibHEHb i BUCHOBKIB;

- KOJHM CTYJICHT HE OpPIEHTYETHCS, JAa€ HEBIPHY BIAMOBIIb, Ma€ CIA0KI TEOPETHUYHI
3HAHHS.

[lincymKoBHii KOHTpOJIb 3HaHb 3/iMCHIOETHCS Ha audepeHuiioBaHomy 3aiiky 3a 100
0abHOIO CUCTEMOIO.

Ha nucbMoBHiA 3a1iK KO)KHOMY CTYAEHTY BUIQJIKOBUM YHMHOM HAJA€THCS KOHTPOJIbHUM
KBUTOK, SIKMM MICTHTh 4 TIUTAHHS, BUYEPITHA BIANOBIAh HA KOKHE 3 HUX 3apaxoBYeThCs K 10
OaniB, mo nae B cymi MakcumanbHi 40 GaniB 3a migcymMKoBuUE 3anik. YacTkoBa BiJNOBiIb HA
KO)KHE TTUTaHHS 3HIKYE MAaKCUMAJIbHY OIIHKY JI0 MEHIIIOI KIJTbKOCTI OaJliB MPONOPUiiHO TOMY,
Ky YaCTHHY BiJ] IOBHOT BIAMOBI/II HA II€ MUTAHHS MICTUTh MMCHMOBA pOOOTa CTY/ICHTA.

JApyruii cemectp:

[TincymkoBHiI KOHTPOJIb 3HaHb 3IHCHIOETHCS Ha ek3ameHi 3a 100 6ambHOI0 CHCTEMOIO 1

nepepaxyBaHHsM B 4-0allbHY 3T1THO TaOIUII MIKATU OLIHIOBaHHS.

Po6ota Ha mpakTH4HHX (71a00paTOPHUX) 3aHATTAX OIIHYETHCS 10 4 OaTiB 32 KOXKHY TEMY 3
BOCBMH B ceMecTpi. Bcboro MakcuManbHa OIiHKA 3a MIPaKTUYHI (JTa00opaTopHi) 3aHATTS CKIIA1a€e
32 OaniB.banm 3a KOXXKHY TeMy MPaKTUYHOTO (JTAOOPATOPHOTO) 3aHSTTS Ol HAPaXOBYIOTHCS
TaKUM YUHOM:

PesynbTaTti poOOTH 3 KOKHOI TeMH O(DOPMITIOIOTHCS Y BUTJISAI 3BITY, SIKHM CKJIaIa€ThCs 3
TEKCTOBOT YaCTHHH, PO3PAaXOBAaHUX 3HAUEHB, TAOIUIIL Ta TpadikiB 3riAHO 3aBIAHHS.
[Tpu oMy 3a opopmieHHS:
e 00UHMCIIEHH] pe3yJbTaTH 3pO3yMimi, TabmuIi Ta rpadikd BUKOHAHI aKypaTHO 1 3TiTHO
3aBJIaHHS — CTYJIEHT OTpHUMYe 2 Oana,
® 00UHMCIICHH] PE3yJbTaTH HE 30BCIM 3pO3yMii, TaOmuIl i rpadiku BUKOHAHI HEAKypaTHO
abo He 30BCiM 3po3ymidi - 1 6ai;
3a 3aXUCT TEMHU:
3axuct nabopaTOpHUX pooIT - e BiJITIOBiTb Ha KOHTPOJIbHI
nuTaHHsA. KigbKICTh TNHTaHb BU3HAYa€ BUKJIANA4 32 pPeE3yJNbTaTaMH IPEICTaBICHUX
pesynbrariB, ame He MeHme HDK 3. KoxkHE KOHTpPOJIbHE THTAHHSA OIHIOETHCS
TaKUM YHHOM:
® TIOBHA BI/MOBIb — KUTBKICTh OB IOPiBHIOE 2;
® HETIOBHA  BIAMOBiNb, a00 BIAMOBiAb, IO MICTUTh HE3HAYHI Ta HEKPUTHUYHI
NOMMWJIKH YH cynepeyHocTi — 1 Gana;
® BIJINTOB1/1b, IITO MICTUTh KPUTHUYHI TOMIJIKH a00 BiJICYTHICTH BiamoBiai — 0 6amis.
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YMOBOIO JIOMYCKY N0 €K3aMeHy € OO0OB’S3KOBE BHUKOHAHHS KOHTPOJLHOI pOOOTH,
MaKcHUMajbHa OIlIHKA 3a SIKy ckiajaae 8 0aniB, 1 MPUCYTHICTh OUIbII sIK HAa 50% MpakTHUHUX

3aHATH

[Ipu po3poOIi KpUTEPiiB OIIHKKM KOHTPOJBHOI POOOTH 3a OCHOBY O€pyThbCsl TMOBHOTA 1
HpaBI/IHBHiCTB BUKOHAHHA 3aBAAaHb.
A came:
Oninka 8 BUCTABJIAETLCA 3a:

3HAHHS 1 PO3YMIHHS IPOTPAMHOTO MaTepiaay B TOBHOMY 00CsI3i;
MIOCTIIOBHUM, JIOTTYHHIA, OOTpYHTOBaHUH, 0€3[TOMUIIKOBHI BUKJIA/l MaTepiaiy;
BUIbHE (JOpMYBaHHS BUCHOBKIB Ta y3arajibHEHb,

CaMOCTIiHEe 3aCTOCYBaHHS 3HaHb B KOHKPETHUX CUTYAIlisX;

MpaBUJIbHE, OXaliHe 0(hOPMIICHHSI KOHTPOJIBHOI pOOOTH.

Oninka 6 BUCTaBJISAACTHLCA 3a:

3HAHHS 1 PO3YMIHHS IPOTPAMHOT0 MaTepiaay B TOBHOMY 00CsI3i;

MOCITITOBHUM, JTOT1YHUI, O€3NOMUIKOBUI BUKIIA] MaTepialy;

(hopMyBaHHS BUCHOBKIB Ta y3araJibHCHb;

JOTYIIEHHS OKPEMHX HECYTTEBUX MOMIIIOK;

KOJIM BIJNOBIb B OCHOBHOMY BIJIIIOBiJIa€ BUMOTaM, IO 1 BIATOBiAb Ha OIIHKY
«BIZIMIHHO», aJle CTYACHT JOIYCKA€ HE3HAYHI MOMWIKH, SIKi HE BIUIMBAIOTH Yy ILIIOMY
Ha 3arajbpHe PIIICHHS 3aa4i.

Oninka 4 BUCTaBJISAACTRLCA 3a:

3HaHHS 1 PO3YMIHHS TIJIBKM OCHOBHOT'O MaTepiaiy;

CIPOIIEHUH 1 HETTOBHUN BHUKJIA/l MaTepiany;

JIOTYIIIEHHS OKPEMHX CYTTEBUX MOMUIIOK;

KOJIM CTYJICHT B OCHOBHOMY BHKOHAB 3aBJIaHHS, aji¢ HE TJIMOOKO BOJIOIE MaTepialioMm,
HOro 3HAHHA MArOTh PO3PI3HEHHH XapaKTep, JOMYCKAIOThCS MOMIIKH, SKi MOXHA
JIETKO BHUIIPABUTH 1 HE BUKITUKAIOTh MIOBAKHUX YCKIIAQHCHb.

OniHKka 2 BHCTaBJIACTLCA 3a:

Ha

MOBEPXOBE 3HAHHS 1 pO3yMiHHSI OCHOBHOTO MaTepiaiy;

CIPOIIEHUH 1 HETIOCTIIOBHUM BUKJIA] MaTepially 3 JOMYIICHHSM 1CTOTHUX ITIOMHJIOK;
BIJICYTHICTb y3araJbHeHb 1 BUCHOBKIB;

KOJIU CTYICHT HE OPIEHTYETHCS, JA€ HEBIPHY BIJIMOBIb, Ma€ CIAa0KI TEOPETHUYHI
3HaHHSL.

MUCHMOBHUHM  €K3aMEH KOXHOMY CTYACHTY BHIAJKOBUM YHWMHOM  HAAA€THCA

eK3aMEHallIMHNI KBUTOK, SIKMM MICTUTh 4 NMHUTAaHHS, BHYEPITHA BIIMOBIAL HA KOXKHE 3 HUX
3apaxoByeTbes sk 10 GaniB, mo nae B cymi mMakcuMaibHi 40 OaniB 3a MiACYMKOBMHA 3alliK.
YacTkoBa BIAMOBIAL Ha KOKHE MUTAHHS 3HIKYE MaKCUMaJIbHY OIIHKY IO MEHIIOI KUTBKOCTI
6aiiB mponopuiiiHo TOMy, Ky YaCTHHY BiJ] TIOBHOI BIAMOBI/Ii Ha 1€ MTUTAHHS MICTUTh TUCbMOBA
poboTa cTyieHTa.

Ikana oniHIOBaHHSA

. . - ) Orminka
Cywma 6aJtiB 3a BCl BUIM HABYAJILHOT JiSUTBHOCTI : " : _
IIPOTATOM CEMECTDPY JUTS. YOTHPUPIBHEBOT JUTSL IBOPIBHEBOT
[IKAJIM OLIIHIOBAHHS | IIKAJIW OLIHIOBAHHS
90 - 100 BIZIMIHHO

70-89 nobpe 3apaxoBaHO
50-69 3aI0BUILHO
1-49 HE3aI0BIIBHO HE 3apaxOBaHO
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9. PexoMeHa0BaHa JiTepaTypa

OcHoBHa JiiTeparypa

R. G. Sanfelice. Analysis and Design of Cyber-Physical Systems. A Hybrid Control Systems
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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.? Seshia S.A.: Introdaction to Embedded Systems.- A Cyber Physical Systems Approach.-
2011

KyuepsBerit A.E. UaTepuet Bemeii//DnektpocBsizb.-2013.-Nel.-C.21-24.
PocnsikoB A.B. u np. UaTepuer Bemeii.- Camapa: [II'YTHU, OO0 «M3-Bo Ac I'apay». 2014

Capa Xoppuc, piz Xappc. [upoBas cxeMOTEXHHUKA M apXUTEKTypa KoMITbioTepa. Bropoe
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JonomixHa JitepaTtypa

SolidWorks. KommnbsrorepHoe MoietupoBaHie B MHKECHEPHON MTPAKTHKE :
MPOM3BOJICTBEHHO-TIpaKTHUeCKoe u3aanue / A. A. AnssmoBckuit [u ap.]. - CII6. : BXB-
[TerepOypr, 2005. - 799 c. : uin.

ABTOMAaTH3aIUs IPOCKTUPOBAHUS SJEKTPOTEXHUUECKUX CUCTEM U YCTPOICTB: YueOHOe
nocobue s By30B / JI. A. ABetucsH. - M. : Beicias mikoia, 2005. - 510[2] c. : w. -
bubnmorp.: c. 508-509. - ISBN 5-06-004824-1

I'epman-T'ankun C.I'. Matlab & Simulink. IIpoextupoBanue mexatponusixcuctem Ha [1K.
M. : Kopona-Bek, 2008 r., 368 ctp. - ISBN 978-5-903383-39-9

Juuai K.M., KynpusiaoB A.A. CxeMOTeXHHKA U TPOSKTUpOBaHKe nevatHbix miat. P-CAD
2006, 2009 r. - M.: Hayka u Texnuka, 443 c.

5. CremnkoBckuit A.JI. AKTyanbHBIE TIPOOIEMBI MOJCIMPOBAHUS B CHCTEMaX aBTOMATHU3aIlUN

CXEMOTEXHUYECKOT0 MpoekTupoBanus., 2003r. — M.:Hayka, 430 c.

10. Mocuannasi Ha indopmauiiini pecypcu B IHTepHeTi, Bigeo-iaekiii, iHime MmeroanuHe
3a0e3ne4yeHHsA

®denepanbHbIii moptan "Poccuiickoe obpazoBanue"” : [Enexrponnuii pecype] // ®TAOY
JITTIO LIPT'OIT u UT, 2002-2018. URL:http://www.edu.ru/

DeneparbHiii 1IeHTp HHDOPMAIIIOHHO-00pa3oBaTENBHBIX pecypcoB: [ Enexrponuii pecype] //
Poccuiickoe obpazosanue, 2017. URL: www.fcior.edu.ru.

KomnbroTepHoe MoenupoBaHue 3IeKTPOHHbBIX cxeM: [Enexrponwii pecype] / AudioKiller,
2005 -2017.URL:www.electroclub.info/article/comp _modeling.htm
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Hammonaneueiit Otkpeiteiii YaUBepcuter «MHTYUWUT»: [Enextponnuii pecypc] // HOY

«MHTYUT», 2003 — 2019/ URL:http://www.intuit.ru/

Wikipedia: [Enexrponnuii pecypc] // Wikipedia the free encyclopedia, 2001-2017. URL:

http://www.wikipedia.org/
http://energ.nauu.kiev.ua/

A. JI. DPAJIKOB. Kubepduznueckne cucTemMsl: ujieu U nepcrekTuBsl: [ EnexTponnmii pecypc]
Il 24 mas 2019. URL.: https://vspu2019.ipu.ru/files/A_Fradkov%20CyberPhysSyst.pdf

IIporpaMMHBI€e CpecTBA C OTKPHITHIM KOJIOM:
Autodesk Circuits (http://circuits.io)
OpenSCAD (http://www.openscad.org)
Marlin (http://marlinfw.org)
Arduino (http://arduino.cc)
Repetier (https://www.repetier.com)
Electronics Workbench 5.12 - mporpama it MOJCITIOBaHHS CIEKTPOHHHUX CXEM.
MicroCAP 8 - mporpama Jyiss MOACTIOBaHHS €JICKTPOHHHUX CXEM.
Multisim 7 - cydacHa cucTemMa KOMITFOTEPHOTO MOETIOBAHHSL.
PROTEUS VSM - cucrema BipTyaJIbHOTO MOJICIIOBAHHS CXEM.

Cuctemu aBTomMaTHu3ailii mpoektyBanas Quartus, Xilinx
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