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BCTVYII

OO6uuncnoBaJibHA TEXHIKA BIJIIrPAa€ BUPIMIATIBHY POJb Y PO3BUTKY
CydacHOI HayKM Ta TEXHIKH, OCOOJMBO B TaKuX Taly3sx, K
€JIIEKTPOEHEPIreTHKa, CJIIEKTPOTEXHIKA Ta CJICKTPOMEXaHiKa.
KoMmn'toTepHi cucteMu, mporpamMHe 3a0e3MeyeHHs Ta 3HaHHSA 3
aJITOPUTMI3allli Ta MPOrpaMyBaHHs € HE3aMIHHUMU 1HCTPYMEHTAMU JIJis
BUPIIIEHHS CKJIAJHUX IHXXEHEPHUX 3aBllaHb, [0 BUHUKAIOTH TIJ] 4Yac
NPOCKTYBAaHHS, MOJIENIOBAHHS Ta ONTUMI3AIlll EIEKTPOHHUX CXEM,
CUCTEM YMIpaBJIIHHS Ta 0araTbOX 1HIIHUX MPOIIECIB.

JlaGopatopHi  poOOTH 3  OOYHMCIIOBAJbHOI  TEXHIKM  Ta
nporpaMyBaHHs MalOThb Ha METI HAJaTH CTyJEeHTaM (QyHJAaMEeHTasbHI
3HAHHS PO KOMIT'FOTEPHI CUCTEMH, iX apXITEKTYpy, MPOrpaMHi 3acolu,
a TaKOXX NPaKTHU4HI HABHUYKUM POOOTH 3 MPOrpPAMHUMHU TAKETAMH, SIKI
BUKOPUCTOBYIOTBHCSl JUIsl TEXHIYHUX PO3PAXyHKIB 1 MOJETIOBaHHS B
CIICKTPOCHEPIeTHUIII Ta eIEeKTPOTEXHIIII.

IIporpama mabopaTopHOi pPOOOTH OXOIUIIOE Taki BaKJIMBI
aCIEeKTH

1. OcuoBu poboru B pemakropi Microsoft Excel: Excel e
NOTY>KHUM 1HCTPYMEHTOM JiJIsi OOpOOKM JaHUX, BUKOHAHHS TEXHIYHUX
pO3paxyHKIiB Ta Bi3yamizaimii pe3ynbTaTiB. CTyJIeHTH HaBYaTbCS
BUKOpHCTOBYBaTH EXCel mist ctBopenHs Tadnuih, rpadikiB, BUKOHAHHS
MaTeMaTUYHUX ONepalii Ta CTaTUCTUYHOIO aHAJI3Y JAHUX.

2. OCHOBM aJIrOpUTMI3aIlil Ta CTPYKTYpHOro nmporpamyBanss: Ili
3HaHHA € 0a30BUMU IS CTBOPEHHS MPOrpamMHOro 3a0e3MEeUeHHs, IO
aBTOMATU3y€ I1HXKEHEPHI OOYMCICHHS Ta ONTHUMI3AIll0 IPOIIECIB.
CTyaeHTH  BUBYaTUMYTh  MPHUHIMOM  MOOYJOBU  aJITOPUTMIB,
BUKOPUCTAHHS CTPYKTYp KepyBaHHS (LUKIH, PO3TAYKCHHS), a TaKOX
OCHOBU CTPYKTYPHOI'O MPOrpaMyBaHHS.

3. Ilporpamue 3a0e3medeHHs JUIsI TEXHIYHUX PO3PAXYHKIB!
BuBuenns cneuudiuHux nporpamHux mnakeri, Takux sik MATLAB, €
BOXJIMBUM I MATEMaTHYHOTO MOJENIOBAHHS Ta  TEXHIYHUX
po3paxynkiB. MATLAB Hanae mUPOKUN CIEKTP 1HCTPYMEHTIB IS
BUKOHAHHA CKJIQJHUX OOYMCIICHb, aHali3y JaHuX Ta Bizyasizalii
pe3yIbTaTIB.

4. MopenmoBaHHS €IEKTPOHHUX cXeM y cepexosuii Electronics
Workbench: MonentoBaHHsS €TEKTPOHHHX CXEM € BaKJIMBUM €TarioM
NPOSKTYBaHHS eleKTpoHHUX mpuctpoiB. Electronics  Workbench



JI03BOJISIE CTYJIEHTAM OTPUMATH MPAKTUYHI HABUYKA MOJIETIOBAHHS Ta
aHaJ13y CEJIIEKTPOHHUX CXEM, M0 JOMOMarae TMepeBIpUTH  iX
(GYHKIIOHATBHICTH 10 TOOYI0BU peaibHUX MPUCTPOIB.

5. CygacHe mporpaMmyBaHHs Ta Horo ocoOmuBocTi: Posrmsn
OCHOBHUX TMPHUHIUIIB MPOrpaMyBaHHS Il BUPIIMICHHS 1HXXEHEPHUX
3aBJlaHb, BKJIIOYAIOUH BUKOPHUCTAaHHS MOB IPOTrpaMyBaHHS Ta Cy4acHUX
MIIXO0/IB 10 po3poOku mporpaM. CTyAEHTH O3HAHOMIISITBCS 3 PI3HUMU
MOBaMH mporpamyBaHHs  (Hampukian, C++, Python) Ta ix
3aCTOCYBAHHSM JIJIs1 BUPIIIEHHS] KOHKPETHUX 1HXKEHEPHUX 3a]1a4.

6. BOynoBaHi cucteMu B €JIEKTPOHHHUX amnapaTtax. 3HallOMCTBO 3
0COONMBOCTAMU POOOTH BOYJAOBAHMX CHCTEM, iX 3aCTOCYBAaHHSIM B
CJICKTPOHHUX MPUCTPOSX Ta aBTOMATHU30BAHMX CHUCTEMax YIPaBIIHHS.
BOynoBaHi cUCTEMU € HEBIJ€MHOI YacCTHHOK 0araThbOX CY4aCHHUX
CNIEKTPOHHUX TPUCTPOIB, TOMY iX BHUBYEHHS € BAXJIUBUM IS
ManiOyTHIX 1HXKEHEPIB.

Mertoro 1abopaTopHUX 3aHATH € (POPMYBAHHS Y CTYJICHTIB BMiHb
Ta HaBUYOK €(PEKTUBHOTO BUKOPUCTAHHS Cy4aCHUX OOYUCITIOBAIBHUX Ta
IpOrpaMHUX 3ac00iB [Jis pO3B'A3aHHS IHKEHEPHUX 3aBJaHb Yy raiysi
€JIEKTPOCHEPTETUKH, EJIEKTPOTEXHIKH Ta €JIEKTPOMEXAHIKHU.

[{s maGopaTopHa poOoTa nependayae K TEOPETUUHY MiITOTOBKY,
TaK 1 IPaKTUYHI BIPABH, 1110 J03BOJISITH CTYICHTAM:

- OCBOITH OCHOBH OOYHUCITIOBAILHOI TEXHIKU Ta IPOTrpaMyBaHHS;

- 3po3yMITH MPUHIUINA POOOTH KOMI'FOTEPHUX CHUCTEM 1
IIPOrPaMHOr0 3a0€3MCUCHHS;

- HaBuuTuCS BUKOPHUCTOBYBATH MPOTrpaMHi IHCTPYMEHTH s
TEXHIYHUX PO3PAXYHKIB Ta MOJICTIOBAHHS CIIEKTPOHHUX CXEM;

- 3po3yMiTH poJib BOYJOBAHUX CHUCTEM B €ICKTPOHHHMX araparax
Ta iX MpaKTHUYHE 3aCTOCYBAHHSI.

3aBmaHHs J1abopaTOpHOiI PpPOOOTH  JOIMOMOXYTh  CTYJEHTaM
3aKpIUTH TEOPETHUYHI 3HAHHA Ta OTPUMATH MPAKTUYHI HABUYKH IS
€(EKTUBHOIO BUKOPHCTaHHS OOYMCIIOBAJIBHOI TEXHIKA B 1HXEHEPHIN
TISUTBHOCTI.



JIABOPATOPHA POBOTA Ne 1

OcHoBu podotu B pexakTopi Microsoft Excel

Merta pobortu:

Metor nabopaTopHOi POOOTHM € OCBOEHHS OCHOB pPOOOTH 3
pemakropom  Microsoft Excel. Crymentd MOBMHHI HABYHUTHCS
CTBOPIOBATH TIPOCTI TaOJuWIll, BUKOHYBAaTH 0a30BI PpPO3pPaxyHKH,
00poOIATH JaHi Ta BUKOpUcTOBYBaTH (pyHKIii EXCel mms BupinieHHs
TEXHIYHHUX 3a]1a4.

1. O6n1agHaHHSA Ta IPOrpamMHe 3a0e3ne4YeHHs

OOGnagHaHHs:

- Komn'torep 13 BCTAHOBJIEHMM MPOrpaMHUM 3a0€3MEUEHHSIM
Microsoft Excel (Bepcis 2016, 2019 a6o Office 365).

[IporpaMHue 3a0e3n€4EHHA

- Microsoft Excel.

2. 3aBIaHHA J1a00pPaTOPHOI podOTH

2.1. CtBoputHu Tabmuiro ganux B Microsoft Excel.

2.2. BuUkoHaTH PpO3paxyHKH 3a  JIONOMOrOK  MPOCTHX
MaTeMaTUYHUX OIeparliil.

2.3. HaBuuTurcs mpaitoBaTH 3 TUCTaMU PoO0OYOi KHUTH.

2.4. BuxopucroByBatd ocHOBHI ¢yHKIii EXxcel mis o0poOku
JaHUX.

2.5. Buxonatu oOuucnenHs ¢yHkmii B Excel Ta 30epertu
pe3ynbTar.

3. TeopeTnuHi BioMocTi

3.1. CtBopenns Tabuuri B Microsoft Excel:

- Excel — 1e moryxHmiA iHCTpYMEHT JjIsi OOpOOKH JTaHMX, KUK
JI03BOJISIE CTBOPIOBATH TAOJUII1, IO CKJIAAl0ThCA 3 PAIKIB 1 CTOBMIIIB.

- Koxna xmiTuHKa TaOlMIl MOXKE MICTUTA TEKCT, YHCIA,
dbopmynu abo pe3ynbTaTu QPyHKITIH.

- Ctpykrypa Taouumi B Excel Bu3HadaeTbcst HAOOPOM PSIJIKIB Ta
CTOBIIIIB, JI¢ KOXKCH CTOBIEIb Mae cBoe iM’s (Hampukiazn, A, B, C), a
Ko)KeH psmok — Homep (1, 2, 3 1 Tak gaii).

3.2. Pobora 3 nucrtamu poOo40i KHUTH:




- ¥V Microsoft Excel koxeH JOKyMEHT CKIAmaeThcsi 3 poOoUoi
KHUTH, KA MICTUTH OIWH a00 KUIBKA JIUCTIB.

- KoXeH JHCT € OKpeMOI0 TaOJUIIEIO, 3 AKOI0 MOKHA MPALFOBATH
1HIUBIAyaJTbHO.

- Jluctu MOXyTh OyTH [dojaHi a0o0 BHUJAJICHI, a TaKoX
neperiMeHoBaHi 11 3pyYHOCT1 KOPUCTYBaya.

3.3. BukoHaHHS pO3paxyHKIB Y TaOIUIL:

- Jlns BukoHaHHS po3paxyHkiB Excel BukopucroBye dopmyiu.
dopMyia TOYMHAETHCS 3 CHUMBOIY =, HMICIS SIKOTO BKa3yIOThCS
orepartii Ta QyHKIIIi.

- Hanpuknazn, mis oOuMciIeHHS CyMH 3HAau€Hb Yy KIITHHKaX
BukopucTtoByeTbes Qynkiiss SUM(AL:AS).

- Excel nigrpumye omeparii mogaBaHHs, BiIHIMAHHS, MHOMCHHS
Ta QUICHHS.

3.4. O6polka gaHuX TaOJIMIII:

- Excel wmae incrpymentn mns QuibTpaiiii, COpTyBaHHS Ta
dbopmMaTyBaHHS TaHUX.

- JIan1 MOXXyTb OYTH BIJICOPTOBAHI 3a 3pOCTAHHSAM YM CIIaJIaHHSIM,
10 CTIPOIIYE iX aHAII3.

- MoxHa 3acTOocOBYBaTH yMOBHE (pOpMaTyBaHHS JJisi BUALICHHS
BAXKJIMBUX 3HAYCHD.

3.5. O6uuncaenns byukiin y Excel:

- Excel mae Benmuky KutbKicTh BOymOBaHWUX QYHKIH s
MaTeMaTUYHUX, CTATUCTUYHUX, JIOTTYHUX Ta ()IHAHCOBUX PO3PaXyHKIB.

- OyHKIIT MOXYTh BUKOPUCTOBYBAaTHU Jiala30HU KIITHHOK 1
MOBEPTATH PE3YJIbTATH OOUUCIICHb.

4. Xin BUKOHAHHS pO00TH

Kpok 1: CTBOpeHHs npocToi Tabuiri

- Biakpuiite Microsoft Excel i crBopiTh HOBHH TOPOXHIH
JTOKYMEHT.

- 3amoBHIT, nepmuid croBnens (A) maHuMHM (HapHUKIa,
nepepaxyBaTH 5 eleMEeHTIB).

- V knitunky Al Beenits "Hazpa".

- V xiituaku A2-A6 BBEITh HA3BU MPEIMETIB UM 1HIII JaHi.

- 3anoBHITH Opyruii croBmels (B) uncnamu abo 3HAaYCHHSAMH, 3
SKUMHA TOTpiIOHO mpamroBaTd  (HANPUKIAK, KUIBKICTH  OJHHHIIH
IPOAYKIIIT UM I[iHH).




- ¥V kmitunky Bl BBeaite "KuibkicTh".

-V kmituaku B2-B6 BBeniTe 3HaYEHHS.

Kpok 2: BukoHaHHS po3paxyHKIB Y TaOJIHIII

- ¥ xmitunky C1 Benits "BapTicts.

- B knitunku C2-C6 BBeaith hopMyity ajis OOYMCIEHHS BapTOCTI
(Hanmpukiaz, sKo KmTuHKA A2 1 B2 MaroTh BiAMOBITHO HA3BY TOBapy
Ta KUIbKICTh, @ C2 — 11¢ liHa 332 OJMHUIIIO):

- V¥ kmitunaky C2 BBeniTh hopmyny: =B2*1lina 3a oaunuito.
- Ckomiroiite (hopmyily Ha iHII KIITUHKA cToBmils C.

- Bukonaiite nigcymok BaprocTi. Y kimiTuHKy C7 BBeniTh
dbopmyny:

- =SUM(C2:C6) nmns mijicyMKy BCiX BapTOCTEH.

Kpok 3: Pobora 3 nucramMmu pobo40i KHUTH

- JlopaiiTe HOBUIA JIUCT 10 POOOYOI KHUTH, HATUCHYBIIN KHOIIKY
"JlomaTu nucT" y HYOKHIN yacTHHI BikHa EXcel.

- IlepeiimenyiiTe HOBUN JIUCT, MOABIMHO KJIAIHYBIIM Ha MHOro
Ha3By (Hanpukiaf, 3 "JIuct2" na "Ilincymku").

- Jlomatu A0 Hei CTOBMIll 3arajbHa BapTICTh, TPH., 3arajbHa
BaPTICTb, Y.O.

- BukoHaTtu po3paxyHku 3arajibHOi BapTOCTi, TPH. JIJISl MEPIIOTO
psanxy. st po3paxyHKy 3arajibHOi BApTOCT1 TOBapy B y.0. BUKOPUCTATH
aOCOJIFOTHY ajpecallito, Kypc y.0. B3ATH 3 TaOJMIll, Ky PO3MICTHUTH
MOHAJ] 3ar0JIOBKOM TaOJIUIII. .

Kypc $
Kypc $

- CkorioBaTy y BCl KOMIPKM BIAMOBITHUX CTOBIIIB (popmyiy,
sIKa BBEJICHA Y TEPIINH PSAIOK, METOJIOM MPOTATYBAHHSI.

- 3HaiiTu 3arajibHy KUIBKICTh TOBapy Ta MOro CEPEIHIO IIHY 3a
JIOTIOMOT'010 BiAMOBIAHUX (hYHKIIIM.

- 30epertu pe3yabTaTH poOOTH Y TOTOUHIN KHU3I,

Kpok 4: O6pobka nanux Tabaumii

- Bubepite crTOBmenp 3 AaHWMH, Hampukian, ''BapTicts", 1
3aCTOCyiTe yMOBHE (opMaTyBaHHS JUIsl BHUIUICHHS 3HA4YCHb, IIIO
IIEPEBHINYIOTH ITeBHMH nopir (Hampukiaz, ouasine 1000).

- [lepeiinite Ha BKIAAKy [ onosna — Ymoene popmamyeanms —
IIpasuna ona eudinenus kuimurnox — binvuie Hidxc.




- BukopucroByiite QuibTpu Ajd COpTyBaHHA AaHuX. Bubdepith
TaOIuI0 1 HAaTUCHITH JlaHi — @uibTp. 3acTocyiite (UIbTpalilo A
Bi1OOpaXEHHS JIMIIIE TUX 3HAYEHbD, SIKi BAC I[IKABJISTh.

Kpok 5: Bukonansus o0uuciaeHHs QyHKIi

- BuOepith KIITHUHKY, A€ NOTPIOHO BUKOHATH OOYMCIICHHS
dbyHKIiT (HanpukiIam, I OOUHUCICHHS CepEIHbOI0 3HAUCHHS BapTOCTI).

- Beenith pyHkITIIO:

- YV xnituaky C8 Beenite hopmyny =AVERAGE(C2:C6), o6
OOYHCIIUTH CepeaHE 3HAYCHHSI.

- J114 3HaXOMKEHHS MaKCUMAaJIbHOTO 3HAYEHHSI BUKOPUCTOBYMTE
¢yukiiro =MAX(C2:C6).

- Jlonatu y TaGJIMIIO 3alMCU 3a JOMIOMOIol ()OpMH, BUKOHATH
pO3paxyHKH 3arajibHOi BapTOCTI IpH. Ta 3arajibHOl BapTOCTi, y.O. JJIS
JOJIAaHUX PAJIKIB.

- CtBoputn 3BIT HAJIXOKEHHS TOBapy 3a OCTaHHI 2 JiHI, AJIS
4Oro BCTAHOBHUTH BIMOBIAHUN (PLIBTP.

Kpok 6: 36epekeHHs 1 3aKpUTTS TOKYMEHTA

- 30epexiTh AOKyMeHT, HatucHyBimn Daitn — 30epertu sk i
BuOpaBmu ¢opmat Excel (.xlIsx).

- 3aKpUITE IOKYMEHT ITiCJIsI BUKOHAHHS pOOOTH.

KoHTpoJ/bHI NUTAHHS

1. Sk ctBopuTH TabMIIO B EXCel 1 1110 Take kiTHHKA?

2. SIki omepaliii MOYKHA BUKOHYBATH 3 JaHUMU B Ta0wmii Excel?

3. Sk 3acrocyBatu Gopmyay IS BUKOHAHHS MaTeMaTHYHUX
omnepairiii B Excel?

4. SIx nopatv HOBHI JUCT B poOouy kHUTY EXCel?

5. Ski dynkuii Excel MoxxyTh OyTH BUKOPHUCTaHI Ui 00UHMCICHb
CEpeHBOr0 3HaYEHHS Ta MAKCUMYMY?

6. Sk 3acTocyBaTH yMOBHE (popMaTyBaHHSA JI0 TAHUX Y TaOIUII1?

JIABOPATOPHA POBOTA Ne 2

OcHoBH ajropuTMizamii Ta CTPYKTYPHOI'0 IPOrpaMmyBaHHS

Meta podoTu: Meroro 51a00paTopHOi POOOTH € O03HANOMIICHHS
CTYJIEHTIB 3 OCHOBaMHM airOpUTMI3allli, NPUHLUIAMH TOOYIOBH
QITOPUTMIB, a TaKOX 3 TEXHIKAMU CTPYKTYpPHOI'O MPOTrpaMyBaHHSI.
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CrygeHTn HaBYaThCsi OyayBaTH aJrOPUTMHU Ta MPEACTABIATH iX 3a
JIOMOMOror  Onok-cxeM. OkpiM  TOro, Oyae PpoO3MVISIHYTO THUIU
QITOPUTMIB Ta OCHOBHI KOHCTPYKIIli, IO 3aCTOCOBYIOTHCS B

CTPYKTYPHOMY MPOrpaMyBaHHI.

1. O0s1agHaHHS Ta NporpamMHe 3a0e3ne4YeHHs

1. IlepcoHaIbHUIA KOMII'FOTED.

2. Onmepamiina cucrema: Windows, Linux (3amexHo Bix
KOMII'FOTEPHOr'0 CEPEOBHMIIIA).

3. Ilporpamue 3a0e3medyeHHs MJisi PO3POOKH aNTOPUTMIB Ta
IpOrpaMyBaHHS:

4. Mosu mnporpamyBanus. C, Python, Pascal (3amexxHo Bin
BHOOpY BUKJIaaya).

5. Incrpymentu mis moOymoBu Onok-cxem: Microsoft Visio,
Lucidchart, abo iHIIi iHCTpYMEHTH Il CTBOPEHHS JliarpaM.

2. 3aBnaHHs J1a60paToOpHOI podoTH

- O3HalOMUTUCHh 3 TEOPETUYHMMU OCHOBAMH aJTOpUTMI3allli,
aJITOPUTMaMU Ta 1X BJIACTUBOCTSIMHU.

- HaBuutuce OyayBaTu anropuTMu JUisi MOPOCTUX 3ajJad Ta
MPEACTABIIATH iX y BUTJISAI OJOK-CXEM.

- O3HallOMUTHUCh 3 OCHOBHUMH THUIAMU aJITOPUTMIB Ta
MPUHIIUTIAMU CTPYKTYPHOr'O IPOrpamMyBaHHSI.

- CTBOpHUTH TIpOrpamy, sika peaji3ye ajJropuTM 3 BUKOPUCTAHHSIM
OCHOBHMX KOHCTPYKI[IH CTPYKTYPHOTO IIPOrpaMyBaHHS.

- 3po3yMiTH 1 MNOPOAEMOHCTPYBATH MPUHLMUINK I1HKATICYJIAIIL,
MOAYJIbHOCTI, Ta BUKOPUCTAHHS KOHTPOJIBHHUX CTPYKTYDP.

3. TeopeTrnuHi BitoMocTi

3.1. Anroput™m Ta Moro BIacTHUBOCTI:

- AJropuTM — 1€ 4iTKa Ta TMOCIiIOBHA 1HCTPYKIlIS MJIst
BHKOHAHHS ITEBHOI 3a1a4l.

- OCHOBHI BJIaCTUBOCTI aJITOPUTMIB:

- KopekTHICTh: aJirOpUTM TIOBHHEH 3aBXJU J1aBaTU MPaBUJIHLHUN
pe3yJbTar.

- TounicTe: anroputm mMae OyTH 0€3 HEJIOMIKIB 1 HE TOBUHHO OyTH
JIBO3HAYHOCTEH B HOT0 OMHUCI.




11

- 3aBepIIeHICTh. aJTOPUTM TOBMHEH 3aBEpIIyBATH BUKOHAHHS
MICJSl IEBHOI'O YKCIIA KPOKIB.

- EdexTuBHICTh: anroputM Mae OyTH ONTUMAJIbHUM 32
BUATpPATaMH Yacy Ta mam’sTi.

3.2. CriocoOu no/ilaHHs aArOpPUTMIB:

- TexcToBe moganHs (MOCTITOBHICTH KOMAH]T y BUTJISII KPOKIB).

- biok-cxemn — rpadiuHe molaHHs aJIrOPUTMIB.

- IIporpamumii kon (peaiizallis aaropuTMy B KOHKpPETHIH MOBI
porpaMyBaHHS).

3.3. [1o0y10Ba anropuTMIB:

- AuaJini3 3a7a4i Ta BU3HAYEHHS BXIIHUX 1 BUXITHUX JaHUX.

- [Tomryk epekTUBHOTO METOTY PO3B’SA3KY.

- Onwc anropuTMy Yy BUTJISIAL TEKCTY M OJI0K-CXEMHU.

3.4. baok-cxemMu SIK IHCTPYMEHT Jijisi TOOYA0BH aJITOPUTMIB

- BukopucToByroThCS 1Sl Bi3yauni3allli JOT1KH aJrOpUTMIB.

- brioku B cxemi:

- OBaJjI: MOYaTOK/KiHEIIb.

- IIpsiMOKYTHUK: OOYMCITIOBAJIbHA Jisl.

- PoMmO: yMOBHE BiAramy>XeHHS.

- [Tapanenorpam: BBeIeHHSI/BUBEICHHS TaHUX.

3.5. OCHOBHI TUMU aATOPUTMIB:

- JliHiliHI anropuTMHU — BHUKOHYIOTBCSI IMOETamHo, 0€3
po3rajay>XKeHb Ta ITUKIIIB.
- AJITOPUTMH 3 PO3Tajy>KeHHSIMU — BUKOPHUCTOBYIOTh YMOBHI

OIepaTOpH JjIs BUOOPY OJHOTO 3 KIJIBKOX BapiaHTIB BUKOHAHHS.

- [lukiyH1 anropuT™Mu — BHUKOHYIOThH MEBHI il KUIbKa pasiB 110
JIOCSITHEHHSI YMOBH.

3.6. [TpyHIMNIK CTPYKTYPHOTO MPOrpaMyBaHHS:

- MoaynpHicTh — Tporpamy po30MBalOTh Ha IMIAIPOrpaMu
(bynk1ii, mporeaypH), 10 BUKOHYIOTh KOHKPETHI 3aBIaHHS.

- lepapxiuHicTh — MIAOPOrpaMH MOXYTh BUKJIMKATH 1HIII
H1IIPOrPaMH.

- lukancynsuis — gani Ta GyHKIII TPUXOBAHI BiJl 30BHILIIHBOTO
JOCTYTIY.

- CnigyBaHHA NPUHLMNY "0oJHA PYHKIIL — OJIHA 3ajJa4a’.

3.7. OCHOBHI KOHCTPYKIIii CTPYKTYPHOI'O MPOTrPaMyBaHHS .

- [Tocmi10BHICTh — BUKOHAHHS OIEpailiii 0JHa 3a OJJHOIO.

- YmoBHi onepartopu (if, else) — BukoHaHHS Jiii B 3aJI€KHOCTI




12

BiJl YMOB.

- Huxmm (for, while, do-while) — moBTOpenHs omepariii a0
BUKOHAHHS ITEBHOI YMOBH.

- ®yHkiii — OJOKM KOay, IO BHKOHYIOTh IIEBHY 3ajady 1

MOXYTb OyTH BUKJIMKAH1 3 OCHOBHOI MPOrpamHu.

4. Xix BUKOHAHHS pOo00TH

4.1. ITiaroToBKa Jio poOOTH !

- O3HaitomMTech 13 3aBIaHHSM JIabOpaTOPHOT pOOOTH.

- IlepekonaiiTech, 10 Ha KOMII'FOTEpi BCTAHOBJIEHO HEOOXiTHE
nporpaMHe 3a0e3leueHHs] JJid BUKOHAaHHS JabopaTopHOi pPoOOTH
(HampuKiaa, TSKCTOBUM PEAKTOP VIS HAlTMCAHHS aJlfOPUTMIB).

- [ligroryirecst 10 poOOTU 3 TANEPOM 1 PYUKOIO JJIsI MAJTFOBAHHS
OJIOK-cxeM a00 BHUKOPUCTOBYWTE CIElialbHI MporpamMu mis ix
crBopenns (Hanpukiana, Microsoft Visio, Lucidchart).

4.2. BuzHaueHHs 3a1a4i Ui aJICOPUTMY

- BuOepith 3amady s anroputMizaiii (HampukiIam OOUYHCICHHS
dakropiany duciaa, TOMIYK MAaKCUMaJIBHOTO €JIEMEHTa B MAacCHBI,
obumcneHHs uncen ®idoHaudi TOIIO).

- ChopmymroliTe 4ITKO YMOBH 3aj7adl Ta BU3HAYTE HEOOXITHI
BX1H1 ¥ BUXIIH1 JaHI.

4.3. I1oOynoBa airopuT™My

[TouHiTh PO3POOKY ANTrOpUTMY HJis BUPIMICHHS OOpaHOoi 3ajayi.
JI71s1 poro:

a). IIpoaHanizyiiTe yMOBHU 3aja4i Ta BU3HAUTE OCHOBHI €TamM ii
pPO3B'SA3aHHA.

0). BUKOpHCTOBY#ITE TEKCTOBUI OMKC a00 TICEBAOKO IS 3aIUCY
[TOCJIITIOBHOCTI [IiH.

B). Ilam'staliTe mpo OCHOBHI NIPHHIMUIN aJITOPUTMI3allii:
BU3HAYCHHS BXIIHUX/BUXIIHUX JaHUX, M00yI0Ba MOCIIOBHOCTI
orepailiii, BAKOPUCTAHHS YMOBHUX Ta HUKITYHUX KOHCTPYKILIM.

4.4 11o6ynoBa OJ0K-CXEeMHU

JUist onmcy anroputMmy noOyayurte Onok-cxemy. JloTpumyiitech
TaKUX KPOKIB!

- HaHeciTh mo4aTkoBy TOUKy (cTapt) Ha OJI0K-CXEMY.

- Po3craBre OmOKM JJISI  KOXHOIO  €Tally  aJTOPUTMY
(BXiIHI/BUXIiIHI JaHi, orepallii, yMOBH).

- JI71s1 yMOBHUX KOHCTPYKI[Id BUKOPUCTOBYUTE pOMOIUHI OJIOKH,
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JUTSl IUKJTIB — MPSIMOKYTHUKY 31 CIIeLiaTbHUMHU TTO3HAYKAMHU.

- IlepeBipTe mnpaBUNBHICTH 3'€IHAHHSA OJIOKIB Ta JIOTIYHY
IIOCJI1JOBHICTE IH.

4.5. [lepeBipka alropuTMy

- IlepeBipTe mnOOymOBaHUM aJrOPUTM Ha JIOTIYHI TTOMMIIKH,
NEPEKOHANUTECh, IO aJITOPUTM KOPEKTHO BUPINIYE 3ajiady, 1 BCl €Tanu
BUKOHYIOThCS PABUIILHO.

- Slkmo anaropuTM CKJIAJA€ThCs 3 YMOBHHMX oOmepaTopiB ado
UKIIIB, IEPEBIPTE, UM MPALIOIOTh BCl MOXKJIMBI BaplaHTU BUKOHAHHS.

4.6. [Tepexia jio mporpaMyBaHHs

- BukopucroByiite MOBy TporpamyBaHHs (Hanpukianm, Python,
C++, Java abGo iumry) mus peamizaiii 1moOyJIOBaHOTO ajrOpUTMY.
Brnumiite aaropuT™ y BUTIISIIL IPOTPaMH.

- TectyiiTe nporpamy, BBIBIIM pI3HI BXiJH1 JJaH1 Ta MHEpPEBIpTE
PABUJIBHICTH PE3YJIbTaTIB.

- Ilepekonaiitech, 10 IIporpamMa KOPEKTHO 0OpoOJsie BCl
BUMAJIKH, K1 MOKYTh BUHUKHYTH 111 YaC BUKOHAHHSI.

4.7. AHaii3 e)eKTUBHOCTI

- OuiHITh €(EeKTUBHICTh BallOro aiaroputMy. fK MIBUIAKO BiH
npamioe IS BEIUMKUX 00cCaATiB JaHux? YW € MOXKIHUBICT HOro
onTuMi3alii (3MEHIICHHS KUTbKOCTI OIeparrii, MOKpameHHs MBUIKOCTI
BUKOHAHHS)?

- IlpoaHanmizyiiTe BHUKOPUCTaHHS NaM'ATi Ta 4Yac BUKOHAHHS
porpamu Jyisi pi3HUX BXITHUX JaHUX.

KoHTpobHI NUTAHHA

1. Ilo Take anroputm? Ha3BiTh HOro OCHOBHI BJIACTUBOCTI.

2. Slxi icHyIOTH crocoOM MOJaHHS anropuTMiB? SKui 3 HUX
HaW3pYYHIIIMHN JJIs 1HKCHEPiB?

3. Sk npaBmwIbHO OyIyBaTH AJITOPUTM ISl TEXHIYHUX 3a]1a4?

4. Sx BuUKOpUCTOBYBaTHM OJIOK-CXEeMHU Uil  Bi3yani3aiii
aJITOPUTMIB?

5. SIKi OCHOBHI TUIIH aJTOPUTMIB ICHYIOTH? HaBeaiTh mpuKiIaam.

6. I1lo Take NpUHIUIIN CTPYKTYPHOI'O MPOrpaMyBaHHs?

/. SIx opraHizyBaTu Hporpamy 3 BHUKOPUCTAHHSIM CTPYKTYPHOT'O
IPOrpaMyBaHHS?

8. Ha3BiTh OCHOBHI KOHCTPYKIIli CTPYKTYpPHOT'O MpOTpaMyBaHHS
Ta 1X 3aCTOCYBAaHHS.



14

JIABOPATOPHA POBOTA Ne 3

IIporpamue 3a0e3ne4eHHs 1JIS TEXHIYHUX PO3PAXYHKIB

Meta poboTtu:

- O3HallOMJICHHS CTYJIGHTIB 3 OCHOBHHUMH MOXJIHUBOCTSIMU
maremarnyHoro nmakery MATLAB.

- Po3Butok HaBuyok BukopuctanHsi MATLAB s TexHIYHUX
PO3paxyHKIB, MOJICTTFOBAaHHS Ta BUPIIIIEHHS 1H)KEHEPHHUX 3aJ1ay.

- BuBuenHss ocHoB BukopucranHas MATLAB vy ramysi
€JIEKTPOCHEPTETUKH Ta EIEKTPOTEXHIKH.

1. O01agHaHHSA Ta NPOrpaMHe 3a0e3MeYeHHs

- [IlepconanbHMil KOMIT FOTED.

- IIporpamue 3a6e3neuenus MATLAB (Bepcis He Hmkue 2020
POKY).

- IligkmrodyeHHss A0 I1HTEPHETY I JOCTYIy JIO PECypcCiB
MATLAB, sxiio HeoOX1IHO.

2. 3aB1aHHS J1a00PaTOPHOI pOOOTH

2.1. Oznaitomnenns 3 iHTepdericom MATLAB.

2.2. BukoHaHHSI TPOCTUX OOUYHMCIIEHD 1 BUPIIICHHSI MATEMAaTUYHUX
3agay y MATLAB.

2.3. CtBopeHHS (YHKIIA Ta CKPUNTIB JUIsi BHUPIMICHHS
IH)KEHEpHUX 3a/ad.

2.4. MogenoBaHHd ~ TEXHIUHMX  mpoieciB  (Hampukiaj,
PO3paxyHOK €JIEKTPUYHUX CXEM, aHajl3 HaBaHTAKCHHS Ha €ICKTPUYHI
CJIEMEHTH TOIIIO).

2.5. BuBenmenHs pe3ynbTaTiB 'y TpadiuHOMY Ta TEKCTOBOMY
BUTJISL.

3. TeopeTu4Hi BiToMoCTi:

MATLAB (Matrix Laboratory) — 1e mnoryxHe mporpamHe
cepeloBUIle Uil ~ TEXHIYHUX  OOYMCIEHb,  aHami3y JaHuX,
MaTeMaTUYHOr0 MOJIETIIOBaHHs Ta Bizyanizaiii pesyastarie. MATLAB
€ CTaHjapToM y OaraTbOX rany3six TEXHIKH, 30KpeMa B
€JIEKTPOCHEPTETHII, eIEKTPOTEXHILI Ta IHIIUX IH)KEHEPHUX HANPsMKaXx,
3aBISKH CBOIM MOTY>KHUM MOKJIIMBOCTSIM JIJIsl OOPOOKHM BEJIMKUX OOCATIB
YUCJIOBUX JIAHUX.
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3.1. Ocnosni komnonenmu MATLAB:

- KomaH1HU# psIOK — OCHOBHE MICIIE JIJ1s1 BBEACHHSI KOMaH/I.

- Ckpuntu Ta QyHKIIT — Juist 30epiraHHst HAOOpiB KOMaHJ, SKi
MOXYTb OyTH BUKOHaHI1 0e3mocepeHb0 a00 yepe3 BUKIIUK.

- MaremaTtuyHi MOXJMBOCTI — MIATPUMKA JIHIAHOI anredpw,
OOYMCIIEHHsI 1HTEerpadiB, audepeHuialisi, CTaTUCTUKA, OMNTUMI3ALSA
TOIIIO.

- 'padika Ta Bizyanizaiigs — BOymoBaH1 QyHKIIIT Jyisi MOOYI0BU
rpadikiB, MOBEPXOHb, TICTOrpaM TOMIO.

- Simulink — nmonmaTkoBWii IHCTPYMEHT JJIsT MOJICTFOBAHHS, KU
iHTerpyerbes 3 MATLAB 1 no3Bosiisie TpOBOIWTH MOJETIOBAHHS Ha
OCHOBI OJIOK-CXEM.

Bukopucranus MATLAB s TeXHIYHUX pPO3paxyHKIB B
€JIEKTPOCHEPTETHULI1 BKIIFOUA€ TaKl 3aBJAHHS:

3.2. Po3paxyHOK mapaMerpiB eNeKTPUUYHUX CXEM.

- MopentoBaHHs Ta aHa13 JUHAMIKA CUCTEM.

- OnTuMizailis poOOTH €IEKTPUUYHUX MEPEK.

- [IpoBenieHHs CTATUCTUYHOIO aHaJI3y Ta 00poOKa CUTHAJIIB.

4. Xig BUKOHAHHSA PO0OTH:

4.1. ITiaroToBKa cepeioBUIIA.

- BcranoBite MATLAB Ha Bamomy KoM r0Tepi.

- 3amycTiTh IporpamMy Ta oO3HalomTech 3 iHTepdericoM (BIKHO
KOMaHIHOro psaka, Bikao Workspace, BikHO KOMaHIHOTO icTOpii).

4.2. OcHogHi onepartii B MATLAB:

- BBenite mpocTi apudMeTHyH1 BUpPA3d B KOMAHJIHOMY PSIKY
(HarpuKiIa;, po3paxyHok 3 * (2 + 5)).

- CTBOpITh 3MiHHI Ta MPUCBOIOWTE M 3HauUCHHS (Hampukiaamg, A =
5, B =10).

- BuxopucroByiite BOymoBaHi (QyHKIIi s O0OYUCIEHBb
(HampuKITam, Sin, cos, sqrt).

4.3. CTBOpEHHS CKPUMTIB:

- HanwuimiTe mpocTuil CKpUNT I pO3B'I3Ky 3a1adi (HapUKiIam,
pO3paxyHOK TapaMeTpiB Koja YW aHajldi3 HaBaHTAXXEHHS Ha
TpaHcopmarop).

- CTBOpITH (YHKIIIIO SISl BUKOHAHHS MaTEMaTUYHUX OOUYMCIICHBb
Ta 30epexITh ii y (ailni.

4.4, MonentoBaHHs 1HKCHEPHUX 3a1a4.
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- BukopucroByiite MATLAB nns cTBOpeHHST MaTeMaTHYHUX
MOJIEJIEN TEXHIYHUX MPOLIECIB.

- [ToOynyiiTe rpadiku s Bisyamisallii pe3y/abTaTiB (HaIpUKIa,
XapaKTEPHUCTHKA CIEKTPUYHOI0 KOJjIa).

- CrBopith Omok-cxemy B Simulink mms MozemoBaHHS
CIICKTPUIHUX CHUCTEM.

4.5. Anani3 pe3ylibTaTiB:

- 30epexITh rpadiku Ta OOUKCIICH] 3HAaUeHHS Y (paiiu.

- OWiHITE TOYHICTh PO3PaxXyHKIB Ta MOXKJIHMBOCTI ONTHUMI3AIIIl 3a
nornomororo MATLAB.

KoHTpO/IbHI MUTAHHA!

1. Illo rtake MATLAB 1 1151 sKuX 3a1a4 BIH BUKOPUCTOBYETHCS ?

2. SIxi Tunm panux niarpumye MATLAB?

3. SIx ctBOpuTHU Ta BUkopucToByBaTH QyHKII0 B MATLAB?

4. Slk 6ynyBatu rpadiku Ta BizyanizyBatu gaHi B MATLAB?

5. Sx1 ocuHoBH1 MarteMmatuyHl MoxJymBocTi MATLAB s
PO3B’SI3KY 1IHXKEHEPHUX 3a7a4?

6. Sk BuxopucroByBatu Simulink mis MomentoBaHHS TEXHIYHHX
npoiieciB?

7. Y domy nepearu Bukopuctanus MATLAB y nopiBHsHHI 3
IHIIMMU POrPAMHUMU TPOTYKTAMHU JIJI1 TEXHIYHUX OOUYUCIIEHB?

JIABOPATOPHA POBOTA Ne 4

MopaesroBaHHs eJIEKTPOHHUX cXeM y cepeaoBmii Electronics
Workbench
MeTta podoTn:
- OsHaliOMJICHHS 31 CEPENOBHUINEM JUISI  MOJCITIOBAHHS
enexkTponHux cxem — Electronics Workbench.
- HaBuutHcs aHamidyBaTM Ta BHUMIPIOBATH  NapaMeETpH

CJICKTPOHHUX CXEM.
- BukoHatu onTuMizaiio  €IEKTPOHHMX TMPUCTPOIB  3a

JIOTIOMOT OO TIPOTPAMHOTO 3a0€3TEeUCHHS .

1. O6n1agHaHHA Ta IPOorpaMHe 3a0e3ne4YeHHs
- [IlepconanbHMl KOMIT'HOTED.
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- Tlporpamue 3aGesneucHns: Electronics Workbench (a6o
aHAJIOTTYHE CEePEIOBHIIIE [T MOJICITFOBAHHSI €JICKTPOHHUX CXEM).

2. 3aB1aHHsA Ja00paTopHOI podoTH

- CTBOpUTH €JIEKTPOHHY cxeMy B cepemoBumii Electronics
Workbench.

- IlpoananmizyBaTh  TMOBEIIHKY CXE€MH 3a  JOIOMOIOIO
CUMYJISALIMHUX MOYKIIUBOCTEH.

- BukoHaTu BUMIPIOBAHHS €IEKTPUYHUX IMApaAMETPIB. HAMNPYTH,
CTPYMHU, MOTY>KHICTb.

- ONTUMI3yBaTU €NEKTPOHHY CXEMY IS JOCATHEHHS HEOOX1THUX
XapaKTEPUCTUK.

- [lopiBHATH TEOpETUYHI Ta CUMYJIbOBaH1 pE3yJIbTATH.

3. TeopernuHi BizomocTi

[Iporpamue  cepemouine  Electronics Workbench  wmanae
PI3HOMAHITHI ~ IHCTPYMEHTH JUIsi  BUMIPIOBAHHS,  MOHITOPHUHTY,
MPOEKTYBAHHS Ta MOJICTIOBAHHS TapaMETPiB €IEKTPOHHUX CXEM:

- MogentoBaHHsSI €IEKTPOHHHX CXEM JO3BOJSIE IMEPEBIPATH
poboTy mpuctpoiBe 6e3 ¢i3uyHOro 310paHHs, MO E€KOHOMHUTH Yac Ta
pecypcH.

- BuwmiproBanHs B cXeMax BKJIIOYAIOTh HANpPYrd, CTPYMHU,
MNOTYXHICTh Ta 1HII €JICKTPUYHI XapaKTEPUCTUKH KOMITOHEHTIB.

- OnTumizaiis  €IeKTPOHHUX  MPHCTPOiB  Iepeadayae
HaJIAITyBaHHS MapaMeTPIiB €IEMEHTIB CXEMHU JIJIsl TOCSATHEHHS 3aJaHuX
XapaKTePUCTUK.

4. Xig BUKOHAHHS po00TH

4.1. 3anyck nporpamu Electronics Workbench

- Bigkpuiite nporpamy Electronics Workbench. Osnaiiomtecs 3
OCHOBHHUM iHTep(elicoM (MaHenb iHCTPYMEHTIB, poOoYe CepeaOBHIIIE,
MEHIO).

- CTBOpITh HOBUM MPOEKT.

4.2. CTBOpEHHS €IEKTPOHHOI CXEeMU

- OOepiTb KOMIIOHEHTH [Ji1 Balloi cxeMu 3 O107110TeKu
(pe3ucTopH, KOHJIECHCATOPH, TPAH3UCTOPH TOIIIO).

- IlepersarHiTh iX Ha PoOOYY IUIOUIMHY 1 3’€IHANTE APOTAMHU
BIJIIIOB1IHO /10 3aBJAAaHHS.
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- JI19 KOXHOro KOMIIOHEHTa BUOEpITh Mapamerpu, HAIpUKIa,
IUTSL pE3UCTOpAa — HOMIHAM, AJIS JUKEpena )KUBJICHHS — HaIpyTy.

4.3. 3anyck CUMYJISIIIT Ta aHalli3 pe3yabTaTiB

- Ilicna 3aBepuieHHsT MOOYJOBUM CXEMHU HATUCHITH HAa KHOIKY
3aIyCKy CUMYJISIIII.

- Bubepite Bua cumyssimii: nocridauii ctpym (DC), 3minHumi
ctpym  (AC), TpansienTHuii aHamiz (Mg cxXeM 3 JIMHAMIYHHMH
eJICMEHTaMH).

- IlepeBipTe cxXxeMy Ha HasABHICTh IOMIIOK (HEIpaBHIIbHE
HiAKTIOYCHHS, BIICYTHI KOMIIOHEHTH).

- OrnsHpTE pe3yjbTaT CUMYJIALIL, 30KpeMa MapaMeTpH, SIKi Bac
I[IKaBJISATh, AK-OT CTPYM, HAIIpyra Ha PI3HUX €JIeMEHTaX.

4.4. BuMiptoBaHHs [MapaMeTpiB CXeMU

- BuxopucroByiiTe BOYIOBaHI IHCTPYMEHTH NpOrpamMu Jist
BHUMIPIOBaHHS ITapaMETPiB. BOJBTMETP, aMIIEPMETP, ocriuiorpad.

- BumipsiiTe Hanpyry Ha pi3HUX TOYKAX CXEMHU.

- BumMipsiiite cTpyMm, 1110 TPOXOAUTH Yepe3 KOMIIOHEHTH CXEMH.

- 3anuiiTh OTPUMaHi 3HAYEHHS JI1s1 TOIAJIBIIIOTO aHaJI3Yy.

4.5. Ontumizaiiisi CXeMu

- Iliciist BUMIpIOBaHHSI OCHOBHHX IMapaMETPIB CXEMHU CIIPOOYWTE
ONTUMI3YBATH il JJIs TOCATHEHHS Oa)KaHUX XapaKTEPUCTUK (3MEHIIICHHS
CIIOXKMBAHOI TOTY>KHOCTI, 3MIHAa HOMIHAJ1B KOMIIOHEHTIB, TTOKpAIICHHS
CTaOLTBHOCTI pOOOTH).

- 3MIHITP HOMIHAJIW PE3UCTOPIB, KOHJEHCATOpiB abo iHIIi
napamMeTpH, 00 JOCATTH HaMKpalux pe3yiabTaTiB,

- 3aIycCTIiTh MMOBTOPHY CUMYJISLIIIO JJ1sI HOBUX MapaMeTpiB.

4.6. ITopiBHAHHS TEOPETUYHUX Ta CUMYJIbOBAHUX PE3YJILTATIB

- BukoHaiiTe po3paxyHKH 3a JOMOMOI'OI0 TEOPETUYHUX METOIB
(3 BUKOpHUCTaHHAM (HOPMYII IJIs aHATI3Y CXEMU).

- TlopiBHsITE OTpUMaHI TEOPETUYHI 3HAYEHHS 3 pe3yjbTaTaMu
CUMYJISIIII.

4.7. 30epexeHHsl pe3yabTaTiB poOOTH

- 30epexiTh Bally CXeMy Ta pe3yjibTaTH BHUMIPIOBaHb IS
MO/IAJIBIIIOTO aHali3y ado Jid IEMOHCTpallli BUKIIa1ayvy.

- 3po0iTh 3HIMKM €KpaHy 3 I[apaMerpaMu CHMYJISLIA Ta
pe3yibTaTaMHi BUMIPIOBAHb.

KoHTpo/IbHI MUTAHHA



19

1. SIxi OCHOBHI TepeBaru MOJEIIOBAHHS EJIEKTPOHHUX CXEM Y
cepenosuti Electronics Workbench?

2. Sk mnpaBuUIBHO BHUOHMpATH TAapaMeTpU KOMIIOHEHTIB TIpH
CTBOPEHHI1 CXEMU?

3. Illo Take onTuMizalisi €IEKTPOHHUX MPUCTPOIB 1 SK il
3MIACHUATH?

4. Slk MOXXHA BUMIPSITH HAIPYTY Ta CTPYM y CXEMi 3a JOITOMOT OO0
Electronics Workbench?

5. Sxi tunm cumyssnii goctymnHi B Electronics Workbench i sx
BUOMPATH HEOOX1THUHN THIT?

6. YoMy BaXJIMBO MOPIBHIOBATH TEOPETUYHI Ta CHUMYJIbOBaHI
pe3ynbTaTu?

JIABOPATOPHA POBOTA Ne 5

Cy4acHe nmporpamMyBaHH# Ta iOTr0 0COOJIMBOCTI
Meta pobortu:

O3HallOMUTH CTYJIEHTIB 3 OCHOBAMHM CY4YaCHOI'O MpOrpaMmyBaHHS,
OCHOBHUMH MPOTrPaMHUMU 3aCO0aMU, KOHCTPYKIIISIMU Ta TEHJCHIISIMHU.
Po3BUHYTH HaBUYKH POOOTH 3 CY4YaCHUMH CEPEOBUIIIAMU PO3POOKHU Ta
O3HAOMUTHU 3 OCHOBAMU B3a€MO/II1 MPOrpamMHOro 3a0e3nedeHHs y cdepi
EJICKTPOHHUX arnaparis.

1. O61agHaHHSA Ta MporpamMHe 3ade3nevYeHHs

- Komm’rotep a6o HoytOyk 3 OC Windows/Linux/macOS;

- Kowmm’'rotep 13 BcTaHoBimeHuM cepenosuieM  Electronics
Workbench.

- MikpoxonTponep (Arduino Uno, STM32 a6o ananoriuauii);

- JlomaTKOBi1 €JICKTPOHHI KOMIIOHCHTH (CBITJIOMIONW, JaTYUKH
TEeMIIepaTypH, PE3UCTOPH, TIPOBITHHUKH);

- Ilporpamue  3abe3neueHHs I eMyJlii  poOOTH
mikpokonTposepiB (Proteus, Tinkercad abo anasoriune).

2. 3aBnaHHA J1a00paTOpPHOI podoTH
2.1. O3HallOMHUTHCS 3 OCHOBHHUMHU IPOTPAaMHUMH 3aco0aMH, IO
BUKOPHUCTOBYIOTBCS Y Cy4aCHOMY IpOrpaMyBaHHI.
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2.2. BUBUMTH OCHOBHI ITpOrpamMHi KOHCTPYKIIIT Ta X 3aCTOCYBaHHS
y TEXHIYHUX CHUCTEMaX.

2.3. JlocniauTi OCHOBHI TEHJEHIIT Cy4aCHOT O TPOrpaMyBaHHSI.

2.4. BukoHaTu MpaKTU4YHE MOJEIIOBAHHSA POOOTH MPOrpaMHUX
KoHCTpyKIii y Electronics Workbench..

2.5. TlpoanainizyBaTil OTpUMaH1 pe3yabTaTH Ta 3pOOUTH BUCHOBKH.

3. TeopernuHi Bizomocri

3.1. [IporpamMHi 3aco0u

CyuacHe mporpamyBaHHs Tiepefadavyae BUKOPHUCTAHHS HIHPOKOTO
CHEKTPY MPOrpaMHUX 3aC001B, TAKUX K KOMIUISTOPH, IHTEPIPETATOPH,
010;110TEKH, cepenoBuila po3pooku. [lonynsapHumi €:

- Arduino IDE — mis mporpamyBaHHs MikpokoHTposiepi Arduino;

- STM32CubelDE - ms podotu 3 STM32;

- Python - BucokopiBHeBa MoOBa [jis aBTOMAaTH3allil, aHaTi3y
JaHUX Ta B3a€EMO/IIi 3 €JICKTPOHHUMU MPUCTPOSIMHU;

- Visual Studio Code — 3pyune cepemoBuiie Il IpOrpaMyBaHHS
PI3HUMHU MOBaMH.

3.2. OCHOBHI MpOrpaMHi KOHCTPYKIII1

[IporpaMHi KOHCTPYKII1i MOAUISIFOTHCS HA!

- CekBeHIIIMHI orepallli — BUKOHYIOTHCS TOCIIJOBHO OJIHA 3a
OJTH OIO.

- VYMOBHI omepaTopu — peani3yloTb HNPUUHATTA pIlIEHb Y
porpami.

- IukimiuHi omepatopu — A03BOJISIIOTH IMOBTOPIOBAaTH MEBHI il
KUJTbKa pa3iB.

-  O@OyHKIIT Ta OpONEAypH —  BHUKOPUCTOBYIOTBCA  JUIS
CTPYKTYypH3allii IPOrpaMHOro Komy.

3.3. OCHOBHI TEeH/IEHIIli CY4YaCHOT0 IPOrpaMyBaHHs

- BukopucranHs BHCOKOpIBHEBHX MOB mporpamyBanHs (Python,
Java, C#).

- ABToMaTtm3aiisg Ta onTUMI3amis Koxy (IITYyYHHH IHTEIEKT,
HEeWpoMepexi).

- O0'ekTHO-Opi€EHTOBaHE MPOrpPaMyBaHHS (CTPYKTYpPYBaHHS JaHUX
y BHTJISIT1 00'€KTIB).

- Imrepuer peuerr (l0T) — BHpOBa/PKEHHS MPOrPAMOBAHUX
IPUCTPOIB Y MOOYTOB1 Ta TPOMHUCIIOBI CUCTEMH.

3.4. Oco0aMBOCTI CYYaCHOr0 IporpaMyBaHHs
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- OnTuMizallig nporpam Jjist MiKpOKOHTPOJIEPIB;
- Bukopucranns nporokoris 3B’ s13ky (UART, 12C, SPI);
- Peanizaiiist eneproedeKTHBHUX aaTrOPUTMIB.

4. Xig BUKOHAHHSA Po00TH

Kpoxk 1: TTixroroBka cepenonuiia Electronics Workbench

- 3anycrite Electronics Workbench na xomm’rotepi.

- CTBOPITh HOBUM MPOEKT.

- Bigkpuiite 610,110TeKy 1OCTYITHUX KOMIIOHEHTIB.

Kpok 2: O3HaliOMJIEHHS 3 MPOrpPaMyBaHHSM JIOTIYHUX CXEM

- Bubepith MiKpOKOHTpOJIEp 200 JTOTTYHUN MOJTYJIb 13 O10JII0TEKH.

- JlomaliTte HeoOXimHI eleMEHTH Ha poOoumii mpoctip (JToriuHi
Beutiii AND, OR, NOT, Taiimepn).

- O3HallOMTECh 13 TPUHLUIAMHA POOOTH IIUX €JIEMEHTIB.

Kpok 3: CTBOpeHHS 6a30BOi JIOT1YHOT CXeMHU

- BukopucroByroun JOT14HI BEHTWI, 3MOJETIONTE 0a30BY
CHUCTEeMY KepyBaHHS, HaIIPUKJIaJl, CBITJIOAIOIHUM 1HIUKATODP.

- 3’eTHAlTE BXO/IU Ta BUXOJAM KOMIIOHEHTIB.

- [lepeBipTe KOPEKTHICTh CXEMH.

Kpok 4: AnaJjii3 NoBeIIHKH CXEMU

- 3anycrith cuMyiiio y Electronics Workbench.

- Ilepexonaiitecs, 110 JIOTIYHI OMEPATOPH MPaIIOIOTh BiJIOBITHO
710 3aJJaHUX YMOB.

- BHeciTh 3MiHM y KOH(QIrypallit0o CXeMH Ta MOBTOPHO MEPEBIPTE
pe3ynbTar.

Kpok 5: JIochniDKeHHs BIUIMBY 3MiH Ha POOOTY CHCTEMH

- Jonaiite Taitmepu ab0 TpUrepu 10 CXEMH.

- 3anporpaMyiiTe JIOTiKy ITepeMUKaHHS CTaHIB.

- 3amycTiTh CUMYJIAIIIO Ta CIIOCTEpIraiTe, SK 3MIHIOIOTHCS BUXI1JIHI
CUTHAJIH.

Kpok 6: 3aBepiiieHHs poboTu

- [Ipoananizyiite OTprMaHi pe3yIbTaTH.

- 3anuUIIiTh BUCHOBKH PO OCOOJIMBOCTI IPOrpaMyBaHHS JIOTTYHUX
cxem y Electronics Workbench.

- 30epexKiTh CTBOPEHUI TPOEKT.

KoHTpoJIbHI MUTAHHS
1 SIxi OCHOBHI ITpOrpaMHi 3acO0U BUKOPUCTOBYIOThCS
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B Cy4yacHOMY IIporpamMyBaHH1?

2. SIKi OCHOBHI MIPOrpamMHi KOHCTPYKITIi ICHYIOTh ?

3. SIKi TeHIEHII11 Cy4acHOr0 MporpaMyBaHHS?

4. Sk BOpOBaXKY€EThCA MPOrpamMyBaHHs BOYJOBaHUX CUCTEM?

5. Sk 5oriuHi omnepaTtopu BIUIMBaIOTh Ha POOOTY EINEKTPOHHUX
amapariB?

6. SIk 3monmemoBaTH ubpoBy cxemy y Electronics Workbench?

JIABOPATOPHA POBOTA Ne 6

BOyxoBaHi cuCTeMH B €JICKTPOHHHUX anaparax

Meta podoTu:

O3HallOMJIEHHSI CTY/IEHTIB 3 OCHOBAMH BOYIOBaHHMX CHCTEM, IX
KJacuQikai€ero, OCHOBHUMHU XapaKTEPUCTHKAMH Ta OCOOJIUBOCTSIMU
po3poOKku. BUBYEHHSI MPUHIIUITIB BUKOPUCTAHHSI BOYJOBAaHUX CHUCTEM Yy
Cy4acCHUX €JIEKTPOHHHX anapaTax.

1. O6n1agHaHHA Ta IPorpamMHe 3a0e3ne4eHHs

1. Komrr’rorep 3 onepariiinoro cucremoro Windows/Linux.

2. llporpamue cepenoBuiie i poOOTH 3 BOYJOBAaHUMU
cucremamu (Hanpukian, Arduino IDE, Electronics Workbench).

3. BoynoBanwuii koutposaep (mampukiaan, Arduino Uno, STM32,
ESP32).

4. Moayni Ta matuuku (TeMIepaTypHHH AaTYdK, CBITJIOMIOIHM,
KHOIIKH).

5. bmox xuBnennss abo USB-kabenp s mAKITIOYEHHS
KOHTpoJIepa.

2. 3aBJIaHHA Ja00pPaTOPHOI podOTH

- O3HalloMUTHCS 3 OCHOBHUMH KOMIIOHEHTaMH BOYJIOBaHUX
CUCTEM.

- BuBumtnm knacudikamiro BOyJOBaHUX CHCTEM Ta ix
XapaKTEPUCTUKHU.

- Po3riiaHyTH 0COOIMBOCTI PO3POOKH BOYIOBAHUX CHCTEM.
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- BukoHaTu npakTh4yHE 3aBJAHHS 3 aHai3y poOOTH BOYIOBaHOI
cucTeMH (HAIPUKIIAJ, 3aIpOrpaMyBaTH MIKPOKOHTPOJIEp Ha KepyBaHHS
CBITJIOMIO0M a00 3YNTYBAHHS JaHUX 3 JaTUYNKA).

3. TeopernuHi BizomocTi
3.1. OcHOBHI KOMIIOHEHTH BOY/IOBaHUX CHUCTEM
BOynoBaHi cucteMu CKIIagalOThCs 3 TAKMX OCHOBHHUX €JIEMEHTIB:
- Ilpoyecop (mixpoxoumponep, mikponpoyecop) — Kepye
pOOOTO0 MTPHUCTPOIO.
- Onepamusna nam sme (O3[1) — THMYacoBo 30epirae JaHi.
- Tlocmiuina nam’sme (ROM, @new-nam’smp) — MICTUTD
IPOIIMBKY IPHUCTPOIO.
- Hdamuuku ma moOyni — OTPUMYIOTH JaHi MPO HABKOJHIIHE
CEpEOBHIIIE.
- Akmopu (npueoou, pene, 0sueyHu) — BAKOHYIOTh JIii HA OCHOBI
KOMaH,]1 KOHTpoJIepa.
- Komymnixayiuni mooyni (Wi-Fi, Bluetooth, CAN, UART, SPI,
12C) — 3a0e31e4uyroTh OOMIH TAaHUMHU.
3.2. Kimacudikartiss BOyI0BaHUX CUCTEM
- 3a piBHEM NPOAYKTUBHOCTI:
- [Tpocri (MiKpOKOHTpOJIEpH 3 MIHIMaJIbHUM
(dyHKITiOHATIOM).
- CepenHboi CKIaAHOCTI (3 MOMJIMBICTIO IMiIKIIOYCHHS

MOJTYJIiB).
- BucokonponykruBHi  (OaraTosiiepHi  MPOILICCOPH,
OIepaIliifHi CHCTEMH).
- 3a IpU3HAYCHHSIM:
- Kputnuni 0 gacy (peanbHoro uacy — RTS).
- Hekputnuni (3BHUYaiiHi KOHTPOJIEPU [JIs aBTOMAaTH3aLlii
OOYTOBUX MPHUCTPOIB).
3.3. OcobaMBOCTI PO3POOKH BOYIOBAHUX CHCTEM
- OnTuMi3alisg BUKOPUCTAHHS [1aM’ STl Ta EHEProCHOKMUBaHHS.
- Bubip BiAnmoBigHOT apXiTEKTypU MIKPOKOHTpOJIEpa.
- Bukopucranas eQeKTUBHUX alTOPUTMIB TPOrpaMyBaHHS.
- 3axmcT Bij 30BHIMHIX mepemkoy (eKpaHyBaHHS, (iIbTpallis
CUTHAJIIB).
3.4. OCHOBHI1 XapaKTePUCTUKH BOYJIOBAHUX CUCTEM
- Pobora B peanibHOMY Haci.
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- OOMexeHi pecypcH (I1am’siTh, MPOTYKTUBHICTBD).
- HapiitHicTh 1 6e3nepepBHICTH POOOTH.
- Husbke eHeprocnoxuBaHHs.

4. Xix BUKOHAHHSA po0oTH
Kpok 1: ITiarotoBka cepenonuiia Electronics Workbench

- 3anyctith Electronics Workbench na xomm’rotepi.

- CTBOPITh HOBUI MPOEKT.

- Bigkpuiite 010;110T€Ky KOMIIOHEHTIB Ta O3HAWOMTECH 13
JOCTYIHUMU  MIKPOKOHTpPOJEpaMU Ta  IHIIUMH  EIEKTPOHHUMH
eJIEMEHTaMHU.

Kpok 2: CTtBOpeHHs cxeMu BOy10BaHOI CUCTEMU

- Honaiite 10 po6o4oro npocTopy HaCTyMHI KOMITIOHEHTH

- Mixkpokontponep (Hanpukmnan, 8051 abo AVR, skmio
JOCTYITHUR).

- JIxepeno xuBJIEHHS.

- Ceitnogion (LED) mis inaukarii poOoTH.

- Pe3ucropu nis 0OMeXEHHS CTPyMY.

- 3'eqHaiiTe KOMMOHEHTH BIAMOBIAHO 10 MPHUHIUMIIOBOI
cxeMmH BOYJIOBAHOI CUCTEMH.

Kpok 3: HananiryBanHs mapameTpiB KOMIIOHEHTIB

- BigkpuiiTe BIKHO BJIaCTUBOCTEN MIKPOKOHTpOJIEpA.

- Bubepith yactory TakTyBaHHs (Hanpukiam, 8 MI ).

- Hanamryiite mapamerpu BXOiB/BUXOmIB (HampUKIa,
BCTAHOBITh OJIMH 13 MOPTIB K BUXIJI JJIs KEPYBAHHS CBITJIOII0/IOM).

Kpok 4: Cumyisitisi poOoTH BOY/I0BaHOI CHUCTEMU

- 3anmycrith cumyimiro B Electronics Workbench.

- Cniocrepiraiite 3a MOBEMIHKOI CUCTEMH (YU 3arOpsSeThCS
CBITIIONION?).

- BHeciTh 3MiHM y TapaMeTpy MIKpOKOHTpoJepa abo cxemy
Ta 3HOBY 3alyCTITh CUMYJISIIIIO.

Kpok 5: Anaji3 pe3yiabTariB

- [Ipoananizyiite, Ik MIKPOKOHTPOJIEP BUKOHY€E KOMaH/IH.

- Jlochipkyiite, K 3MIHIOETHCS MOBEAIHKA CUCTEMHU IpU
3MiHI TapaMeTPIB CXEMHU.

KoHTpo/IbHI MUTAHHA
1. Ilo Take BOy10OBaH1 CHCTEMU?
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2. SIxi OCHOBHI KOMIIOHEHTH BOYIOBaHUX CHCTEM?
3. Sk knacudikyroThCcsi BOYI0BaHI CUCTEMU?

4. SIxi xapakTEepUCTUKHN MalOTh BOYy/I0BaH1 CUCTEMHU?
5. Ski 0co0MMBOCTI pOOOTH MIKPOKOHTpOJIEpa?

6. Sk mpaioTh TaTYMKU Yy BOYJOBaHUX CUCTEMAX?

JIABOPATOPHA POBOTA Ne 7

Oco0smBoOCTI pO0OTH BOY10OBAHUX CHUCTEM

Meta podoTn:

- O3HallOMUTHUCS 3 OCHOBHUMH NPUHLHIIAMHA pOOOTH BOYAOBaHHUX
CHUCTEM.

- Hocniautu mpouecu KepyBaHHsI BOYJJOBAHUMH CUCTEMAaMH.

- BuUBYMTH ympaBlIiHHS €HEPTrOCIMOXHBAHHAM Yy BOYJIOBaHUX
CUCTEMAX.

- OznailiomMuTHCcs 3 OCOOIMBOCTAMH (DYHKI[IOHYBAHHS CHUCTEM
pEAIbHOr O Yacy..

1. O01agHaHHSA Ta MPOrpamMHe 3a0e3ne4YeHH s

- Komn'torep i3 BcTaHOBICHMM cepenoBuineM Electronics
Workbench (tenep Bimomuii sik Multisim).

- MikpokoHTpoJiepH Ta MIKPOCXEMHU JJisi CTBOPEHHS CXEM
BOYZIOBaHUX CHCTEM.

- Onepartiiina cuctema Windows (a6o iHma cymicHa).

- JlomaTkoBi 1HCTpYMEHTH IS TECTYBaHHs cXeM (BipTyalbHi
OCITUJIOCKOITH, JIDKEpeIIa KUBJICHHS, MYJIbTUMETPH).

2. 3aBJIaHHA J1a00pPaTOPHOI podOTH

- O3HallOMJICHHS 3 TPUHITMIIAMHA POOOTH BOYJOBAaHUX CHCTEM.

- Po3pobka cxem s KepyBaHHS IpoIeCaMH 3a JIOTIOMOTOIO
MIKpPOKOHTPOJIEPIB.

- Po3poOka cxemu I YIpaBIiHHS CHEProCIOXXUBAHHAM Ha
MpUKIaal BOYy10BaHOI CHCTEMH.

- CTBOpEHHS Ta CUMYJISAIIS PEAIbHUX MPOIIECIB, 110 MPAIIOIOTh B
peaIbHOMY Yaci.
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3. TeopernuHi BizomocTi

BOyznoBaHi cucTeMu — 1€ MPUCTPOI, 0 BUKOHYIOTh KOHKPETHI1
dbyHKIIT B paMKax OUTbIIOi cucTeMu. BoHM 9acTO BUKOPUCTOBYIOTHCS B
aBToMaru3ailii, MNOOyTOBIA TEXHIll, AaBTOMOOUIBHUX CHUCTEMax 1
poboTtotexHiil. OCHOBHI 0OCOOIMBOCT1 BOY/TOBAHUX CUCTEM:

- VYmhpasmiHHS TpouecamMu: BOYJIOBaHI CHCTEMHU KEpPYIOTh
NMEBHUMHU TEXHOJIOTTYHUMHU MPOIECaMH, BUKOPHUCTOBYIOUM JATYUKU Ta
BUKOHABY1 MEXaHI3MHU.

- YrpaBiiHHS €HEeprocnoXMBAHHSIM: ONTHUMI3AIlS €HEPreTUYHUX
pecypciB AJis MPOAOBKEHHS pOOOTH MPU MIHIMAJIBHUX BUTpaTaX.

- PeanpHuii yac: BOyIOBaHI CHUCTEMH MAalTh 3JIaTHICTH
BUKOHYBAaTH OIepallii B pealbHOMY 4aci, 10 KPUTUYHO JJis OaraThox
3aCTOCYBaHb, TaKHWX SK AaBTOMOOUIbHA EICKTPOHIKA a0o0 MeEIUuYHI
IIPUCTPOL.

4. Xix BUKOHAHHS po00TH

Kpok 1. 3anyck nporpamu Electronics Workbench (Multisim)

- Binkpuiite nporpamy Electronics Workbench wa Bamomy
KOMIT'FOTEPI.

- CTBOpITH HOBUI MPOEKT ISl pOOOTH BOYOBAHOI CHCTEMHU.

Kpok 2. [TpoekTyBaHHS CXEMHU JJisl KEpyBaHHs MpoliecaMu

- YV maHel KOMITIOHEHTIB 3HaNAiTh MIKpOKOHTposiep (Hanmpukia,
PIC16F877A a6o ATmega).

- JlonaiiTe MIKpOKOHTpOJIEp A0 poO0U0i 00IacTi.

- [TigxmrodiTh qaTYMKK (HAPUKIIAI, TEPMICTOP JJIsl BUMIPIOBaHHS
TEeMIIEpaTypy) Ta BHUKOHABYI MpHUCTpoi (Hampukiam, pene abo
CEpPBOINPHUBOJ) A0 MiHIB MIKPOKOHTpOJIEpa.

- IlporpamyiiTe MIKPOKOHTpOJIEp [yisi BUKOHAHHS 3aJ]aHOTO
nporecy (HanpuKiIaa, BKIIOYCHHS BEHTHJISATOpAa MPH IEPEBUIICHHI
TEMITEpaTypH).

Kpox 3. [IpoeKkTyBaHHS  CXeMHM  Juisl  YHOPABJIIHHSA
€HEeprocu0KUBaHHAM

- Jlonaiite 10 monepeaHb0l CXeMH PE3UCTOPHU Ta CBITIIONI0AH, IO
IMITYIOTh HABAaHTQKEHHS BOY/I0BAHO1 CUCTEMHU.

- BumipsiiTe cCoXxuBaHHWil CTpyM Ta HaIpyry y pi3HUX By3Jlax

CXeMH 3a JOIOMOIOK BipTyasibHOrO MyjibTHMeTpa B Electronics
Workbench.
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- IIpoBeniTh €KCEepUMEHT 13 BIAKIIOYEHHSIM YacCTHHM JIOTIYHUX
BY3JIIB 1 POAHAIII3YHUTE 3MIHY CIIOKMBAHOI OTYXHOCTI.

- 3p0o0iTh BUCHOBKHM MPO CIOCOOU 3HUKEHHSI €HEProCIOKUBaHHS
y BOy/IOBaHUX CHCTEMaX.

Kpok 4. CTBOpEHHs CUMYJIAIII1 JJIsl peaJbHOro 4acy

- Po3po0iTe mpocty cucTeMy ajis CUMYJIALIl pealibHOro yacy.
Hanpukian, nonaiite TaiimMepu Jyisi BAMIPIOBAHHS 4acy 1 CHHXPOHI3aIlli
MPOIIECIB.

- BukopuctoByiTe TeHEpaTop IMMOYJbCIB IS MOJCIIOBAHHS
MPOILIECIB, [0 MAIOTh BUKOHYBATHCS Y MEBHI TPOMIBKKH Hacy.

- [IpoaHani3yiiTe 3aTpPUMKH CUTHAJIIB Ta PEAKIII0 CXEMU Ha 3MIHY
BXIJTHUX TTapaMeTpiB.

- 3MIHITh YaCTOTY TE€HEpaToOpa TAaKTOBUX IMITYJIbCIB 1 OIIHITH
BILIMB HAa 4aC BUKOHAHHSI OIEpaLlii.

- [TigroryiiTe KOPOTKUIA 3BIT PO OTPUMAHI1 PE3YJIbTATH.

Kpok 5. TecTtyBaHHs Ta aHa13 POOOTH CUCTEMU

- Ilicns po3poOku cxem Ta MporpamyBaHHS MIKPOKOHTpOJIEpa,
nepeBipTe podOTY CXEMHU B PEKUMI CUMYJISIIII.

. [lepeBipTe  NpaBWIBHICTH  KEpyBaHHS  IPOLIECAMH,
CHEpProCIOKUBaHHIM Ta pOOOTOI0 B peajlbHOMY uaci. Y pa3i morpedu
BHECITh KOPEKTUBU B CXEMY YU MPOTrpamy.

KoHTpO/IbHI MUTAHHA

1. Illo Take BOynoBaHa cUCTEMa 1 JIe BOHA 3aCTOCOBYETHCS ?

2. SIki OCHOBHI €JEMEHTH BXOASITh 1O CKJIaay BOYJIOBaHUX
cucTem?

3. lIlo Take ympaBiiHHSA MpoliecaMyd B KOHTEKCTI BOYJOBaHUX
cUCTeM?

4. Slk MOXHa ONTHMI3yBaTH €HEPrOCIIOKHMBAHHS B BOYJIOBaHIN
cucTemi?

5. YV d4oMy o0coOIMBOCTI poOOOTH B peadbHOMY 4Yaci Jyist
BOYJTIOBAaHUX CHCTEM?

6. Ak BruMBaEe cUMyJSLiA B pealibHOMY 4Yaci Ha e(eKTHBHICTh
TECTYBaHHS BOY/IOBAHUX CUCTEM?
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