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BCTYII

AHoTanis

Huctumnnina «EnexkTpoHika Ta CXEMOTEXHIKa» € BaXKJIMBOI CKJIAJOBOK HABYAIBHOTO
nporecy kadenpu CEEC, ockinbku cy4acHi eIeKTpOSHEPTreTUYHI CUCTEMHU B 3HAYHIN Mipil MICTSTh
B CBOEMY CKJIaJli IPUCTPOi CHIIOBOI Ta CUTHAIILHOT eNeKTpoHiku. L{e crucTeMn aBTOMAaTHUKY, CHUIIOBI
MEePETBOPIOBAYl  E€IIEKTPOCHEPTii, PETYNSATOpPH TMOTYXHOCTI, 3apsaHI TPUCTPOi, 3axHCHA Ta
JIarHOCTUYHA EJIGKTPOHHA TEXHIKA, CUCTEMH YIPABIIHHS EJIEKTPOSCHEPreTUYHUM OOJIaTHAHHIM
Ttomo. Tomy 3HaHHS OCHOB MOOYMOBH 1 (YHKI[IOHYBaHHS €JIEKTPOHHOI TEXHIKH, a came
HOMEHKJIATYpU €JIEKTPOHHUX KOMIIOHEHTIB, NMPHHILMUIIB iX poOOTH, 0COOIMBOCTEH eKcIuTyaTarii,
MIPOEKTYBAaHHS €JIEKTPOHHUX CHCTEM, 3aKOHOMIPHOCTEW ENEKTPUYHMUX MPOIECIB € HEOOXiTHUMH
JUTSL THXKEHEPIB MPOCKTYBAIBHUKIB 1 1H)KEHEPIB EKCILTyaTaI[IiHUKIB €JIEKTPOCHEPTETUIHNX CUCTEM
Ha Cy/IHaX Ta Ha CYIII.

KuarouoBi ciioBa: enexTpoHika, IPUHIMIIOBA CXEMa, EJICKTPOHHI KOMIIOHEHTH, aHAJIOTOBa

eJIEKTPOHIKa, ONepaliitHuii miicuiioBay, crabislizaTop HANPYTH, eNEeKTPOHHI PUCTPOT

Abstract

The discipline "Electronics and Circuit Engineering" is an important component of the
educational process of the Marine electric power systems (MEPS) department, as modern power
systems contain to a large extent devices of power and signal electronics. These are automation
systems, power converters, power regulators, chargers, protective and diagnostic electronic
equipment, power management systems and more. Therefore, knowledge of the basics of the
construction and operation of electronic equipment, namely the nomenclature of electronic
components, principles of their operation, features of operation, design of electronic systems,
patterns of electrical processes are necessary for engineers of designers and engineers of power
system operators on ships and on land.

Keywords: Electronics, Circuit Diagram, Electronic Components, Analog Electronics,

Operational Amplifier, Voltage Regulator, Electronic Devices



1. Onuc HaBYAJILHOI AUCIHUILIIHA

HaiimenyBaHHS OKa3HUKIB

["anmy3b 3HaHb, CTICLIABHICTD
(oCBITHS Iporpama), OCBITHIH
piBEHb

XapaKkTepUCTUKA HaBYAIbHOI

JUCLUILIIHA

JneHHa Gopma
HaB4YaHHA

3ao4Ha popma

HaBYaHHSA

Kinbkicts kpenutiB 4

l"ay3b 3HaHB

O0o0B'13K0Ba

Monymnis — 1 Pik miaroroBku:
Y 271. Tpauncnopt
3MICTOBUX MOIYIIB — 3 3-i 3-i
Enexrponnuit agpec PITH/] Cemectp
Ha caiTi YHIBEPCUTETY CrernianpHICTh: s s
N -i -i
271 Mopcbkuil Ta BHYTpIILIHIN
BOJIHUI TPaHCHIOPT Jlexuiit
[HauBiTyanbHEe HAYKOBO- 30 rou. 10 Toq.
OCITiJTHE 3aBAaHHS : ; X
AOCTA A OCBITHS DDOIDAMA: [IpakTruH1, ceMIHapCHK1
He nependaueHo porpamMa.
Excrmmyarartist cyTHOBOTO 15 rog. 4 o
— eJIeKTPOO0IaTHAHHS 1 3aC00iB -
3aranpHa KUIBKICTh JlaGopaTopHi
120 ABTOMATUKH
TOJIUH
A 15 rox. 4 ron.
CamocriitHa po6oTa
TwXxHEeBUX TOOUH I 60 Toq. 102 rop.
JeHHOT pOpMHU HaBUAHHS: OcCBiTHIii piBeHb: ; ;
[HnuBinyanbHI 3aBAAaHHSA: TO/I.

ayIuTopHuX — _4 ;

CaMOCTIIHOT poboTH
cTyaeHTta — _4

nepumii (0akajgaBpcbKHii)

Bupa koHTpoOIO: eK3aMeH

dopma KOHTPOI

[0: KOMOIHOBaHa




2. MeTa BUBYEHHS HABYAJILHOI JUCIHUILIIHA

MeToro BHBYEHHS HaBYAJIbHOI AUCHUILIIHM «EJEKTpoHIKa Ta CXEMOTEXHiKa» € HaOyTTs
CTyJICHTAaMH 3HaHb Ta BMiHb, $Ki JO3BOJSITH IM TPaBUJIBHO EKCIUTyaTyBaTH Ta TEXHIYHO
00CITYyroByBaTH €JIEKTPOHHE CyAHOBe oOnamHaHHsa. OOcsIr HAaOYTHUX CTyICHTaMU 3HaHb BiJlIIOBiAA€
HaCTYITHUM KOMITIETEHTHOCTSIM OCBITHBO-TTPOQECiitHOT Iporpamu:

CK1. 3aatHicTh 3A1CHIOBATH HAIJIA] 32 €KCIUTYaTalli€l0 eIeKTPUYHUX 1 €JIEKTPOHHUX CHUCTEM,
a TaKO CHCTEM YIPaBJIiHHS,

CK6. 3natHicTh 3A1HCHIOBATH TEXHIUYHE OOCIYrOBYBAaHHS Ta PEMOHT €NEKTPUYHOTO  Ta
€JIEKTPOHHOTO 00JIaTHaHHS,

CK8. 3ngarHicTh 34iHCHIOBATH TeXHIYHE OOCIYroByBaHHS Ta PEMOHT HaBIramiiHOTo
oOJaiHaHHS Ha MICTKY Ta CUCTEM CYJIHOBOTO 3B’SI3KY,

CK9. 3narHicTh 37iiiCHIOBaTH TEXHIYHE OOCIYrOBYBaHHS Ta pPEMOHT EJIEKTPUYHHX,
€JIEeKTPOHHUX CHUCTEM Ta CHUCTEM YIMPABIIHHS MATyOHMMH MEXaHI3MaMH Ta BaHTAXOITITHOMHHUM
00J1aTHAHHSIM,

CK10. 3naTHIiCTh 31HCHIOBATH TEXHIYHE OOCITYTrOBYBaHHS Ta PEMOHT CHCTEM YIIPaBJIiHHS Ta
0e3nekn MoOyTOBOTO 00JIaTHAHHS.

3. IlepenymoBH 1/151 BUBYEHHS JUCHUIIIHA

BuBueHHs qucuuIUTiHM 6a3yeThCsl HA 3HAHHAX 3 HACTYIMHHX JUCIUILIIIH:

e Teopis eNEKTPOTEXHIKU — 3aKOHU €JIEKTPUKHU, TTPOIIECH B JIIHIMHUX Ta HETTHIHHUX
ENeKTPUYHHUX KOJIaX, METOH PO3PAaXyHKIB CTAJTUX Ta MEPEXiTHUX MPOIIECIB,

e di3uKa — eHepreTU4Hi 3aKOHOMIPHOCTI B €IEKTPHYHHUX KOJIaX,

e MaremaTuka — METOIU pillieHHs JUdEpPEHITIHHUX PIBHSAHD, anreOpaidHi IepeTBOPEHHS,
BEKTOpHa ajiredpa,

e Amrmiiiicbka MOBa — JUISl YUTAHHS 1HO3eMHOI y4OOBOi JIiTepaTypy Ta BUBYCHHSI TEXHIYHOT
JOKYMEHTAI1 eIeKTPOHHUX KOMITOHEHTIB Ta MPUCTPOIB,

e  XiMis — A1 pO3yMiHHS MPOIIECIB B HAITIBIPOBITHUKAX HA MOJICKYJISIPHOMY Ta €JIEKTPOHHO-
aTOMapHOMY PiBHSX.

4. OuikyBaHi pe3y/JibTaTH HABYAHHS

BuBuYeHHs HaBYaIBHOI JUCHMIUTIHU Nieperdadae (JOpMyBaHHS Ta PO3BUTOK Y CTY/ICHTIB TaKUX
pe3yJbTAaTiB HABYAHHA:

PHI. 3naHHS Ta pO3yMiHHS €NEKTPOTEXHOJOrIl Ta Teopii eJeKTPUYHUX MAIIMH; OCHOB
€JIEKTPOHIKM Ta CHUJIOBOi €JIEKTPOHIKU; KOHCTPYKINII Ta MPUHIHMITY il €IEKTPUIHUX PO3MOIITHHUX
IIMTIB Ta €JEeKTPOOOJaJHAHHSI; OCHOB ABTOMATHKH, AaBTOMAaTHYHHUX CHUCTEM Ta TEXHOJOTI]
YOpaBIiHHS, TPWIAAIB, CHUTHAII3AIlli Ta CHCTEM CTEXKCHHs; eJIEKTPONPHBOAY; TEXHOJOTIi
eJIEKTPUYHHUX MaTepiajiiB; eNeKTPOriIpaBIiYHUX Ta eEKTPOITHEBMATHYHUX CUCTEM YIIPABIIHHS.

PH3. KonuenrtyanbHi 3HaHHS, BKJIIOYAIOYW TIEBHI 3HAHHS CyYaCHHUX JOCSITHEHb, y cdepi
eJIEKTPOTEXHIKM Ta €JIEKTPOMEXaHIKH, €JIEKTPOHIKM Ta CUCTEM YIPABJIIHHSA Ta iX 3aCTOCYBaHHA Y
MOPCBKIH 1HXXEHEPIi.

PH16. YMiHHS BUSBISATH HECHPABHOCTI B €NEKTPUYHMX JIAHIIOIAaX, BCTAHOBIIOBATH MICIIS
HECIIPAaBHOCTEH 1 3aCTOCOBYBATH 3aXO/H 00 3ar00ITaHHs YIIKOKEHb.

PHI19. Po3ymiHHS eNeKTpUYHHX Ta MPOCTUX ENEKTPOHHHUX CXEeM, IMepeBipKa, BUSBICHHS
HECIIPAaBHOCTEH Ta TEXHIYHE OOCIYrOBYBaHHS, a TAaKOX BIJIHOBJIEHHS €JICKTPUYHOTO Ta
€JIEKTPOHHOT'0 KOHTPOJIBHOTO 00J1aIHAaHHS 10 PpOOOYOro CTaHy.

PH21. 3nanHs KOHCTPYKINi Ta yMIHHS 3MIMCHIOBATH TEXHIYHE OOCITYrOBYBaHHS Ta PEMOHT
eJIEKTPUYHUX Ta EJIEKTPOHHHX CHUCTEM, SKi (PYHKIIOHYIOTh Ha IUISHKaX 3 BHCOKHUM DPHU3HKOM
3aiiMaHH4.



5. [IporpamMa HaBYAJIbHOI JUCHUILIIHHA

Monayas 1.
3microBHuUI1 MoayJb 1. EjleKTpryHi Ta eJIEKTPOHHI KOMIIOHEHTH
Tema 1. Knacuikarist e1eKTpUYHUX Ta €JIeKTPOHHUX KOMIIOHEHTIB.
Tewma 2. HamiBnpoBiAHUKOBI 1011 1 OIMOJSPHI TPAH3UCTOPH.

Tewma 3. [TonpoBi Tpan3ucropu, Tupuctopu, IGBT.

3MicTOBHUIT MOAYJ/Ib 2. AHAJIOTOBI Ta iMITYJIbCHI €J1eKTPOHHI CXeMH

Tewma 4. Tpanzucropni kackaau 3 3E, 3K, 3B, pexxumu podotu A, B, C, D, miacunroBanbHuiA Ta
KIIIOYOBUH pEXXUMU, PUKJIAIN MIJCUIIOBAIBHUX KaCKaIiB.

Tema 5. ludepenuiiiai, 6anaHcHi i CTpyMOpi3HiCHI, OararokackaaHi MiCUIIOBaYl, IMiICHIIIOBaYl
MOTY>KHOCTI.

Tewma 6. OnepartiiiHi macHIOBavi, KOMIApPaTOPH, 11I€aTbHAM 1 He1leaTbHUN onepariiHui

M1 JICUJTIOBAY, TIPUKJIA]] BHYTPIITHBOT CXEMH.

Tema 7. 3BopoTHI 3B’S3KH B IMiJICHIIIOBAaYaX, IHBEPTYIOUM Ta HeiHBepTytoua cxemu Ha OII,
po3paxyHkH mijcuntoBadiB Ha Ol 3 BpaxyBaHHSIM HelealbHUX MMapaMeTpiB.

Tewma 8. Cymaropu, nudepeHiriiiai miacuiroBadl, BUMipIOBaIbHI TiCHITIOBaYl, CTPYMOBA METJI,
3BUTA Napa, Oypepu CUrHaIy HampyTH.

Tema 9. YacrotHo 3anexHi cxemu Ha Oll, iHTerparopu, nudepeHiaTopu i GuIbTpH.

Tema 10. Heniniiini cxemu, Tpurepu LlIminra, nepeTBoproBayi CUTHAMIB.

Tewma 11. CraGimizatopu CTpyMy Ta HalpyTH, IHTETpaIbHI CTab1J113aTOpH, OTIOPHI JHKepea,
KEepOBaHi KJTIOYi.

Tema 12. 'eneparopu curHalis.

3microBHuit MoayJb 3. Jloriuni cxemu
Tewma 13. Jloriuni enemMeHTH, JTOTi4HI (PYHKIIIT Ta KOMOIHAIIHHI CXEMHU.
Tema 14. Tpurepu, TUNIBHUKH, PETICTPH 1 TOCIIIOBHICHI CXEMHU.

Tema 15. Ckiiazasi JIOTIYHI aBTOMATH.



TeMaTHYHHI IVIaH HABYAJILHOI AUCIHUILIIHA

KinekicTh roaua

JeHHa Gopma 3aouyHa popma
. o TOMY YHCITi TOMY YHCITi
Ha3Bu 3MicTOBHX MOIyTIiB i TEM o y Y o Y Y
] ]
5 hi | m |mab | c.p 5 hi | m |mab | c.p
2] .p. 2] .p-
1 2 3 4 5 6 7 8 9 10 11
Mogayas 1.
3micToBuii MoayJb 1. EnekTpu4Hi Ta eJIeKTPOHHI KOMIIOHEHTH
T 1.K iKai
ema nacudikaiis eIeKTPUIHUX Ta 9 ) 1 ) 4 8 1 ) i 7

CJICKTPOHHUX KOMIIOHEHTIB.

Tema 2. HamiBnpoBiTHUKOBI Ji0/¥ 1 OiMONIApHI 1 5 > 3 4 10 1 1 1 7

TPaH3UCTOPH.

Tema 3. [To1p0Bi TpaH3UCTOPH, THPUCTOPH,

IGBT. 6 2 - - 4 9 - 1 1 7
Pasom 3a 3micToBuM Momynem 1 26 6 3 5 12 27 2 2 2 21

3micToBHIE MOAYJb 2. AHAJIOTOBI Ta iMNYJIbCHI eJIEKTPOHHI cXeMH

Tema 4. TpanzucropHi kackanu 3 3E, 3K, 3b,
pexxnmu podotu A, B, C, D, migcuimroBanbHHMA
Ta KJIFOYOBHUH PEKUMH, IPHKITAH

I ICUJTIOBAIbHUX KACKaiB.

Tema 5. [Indepentiitai, 6amancHi i
CTPYMODI3HiCHI, 0araToKacKaIHi IiCHIIIOBAYi, 8 2 2 - 4 8 1 - - 7
MiICHITIOBAYl IIOTYXKHOCTI.

Tema 6. Onepauiitni niacuarosadi,
KOMIIapaTopH, 1/IcallbHU# 1 HelTeanbHu
orepaniiHui miJCHIIoBaY, TPUKIIA]T
BHYTPIIIHBOT CXEMH.

Tema 7. 3BOPOTHI 3B’A3KH B MiICHIIFOBaYaX,
IHBEPTYIOUH Ta HeiHBepTyIo4a cxemu Ha OII,
po3paxyHkH mincrioBadiB Ha OIT 3
BpaxyBaHHSIM HeiJleaJIbHUX IMapaMeTpiB.

Tema 8. Cymatopu, audepenuiiHi

i CHITIOBaYi, BUMIPIOBaJIbHI ITiICHITIOBaYi,
CTpyMOBA IIETJIA, 3BUTA Mapa, Oypepu curaamy
HAIpyTH.

Tema 9. HacrotHo 3anexui cxemu Ha OI1,
iHTETpaTOpH, TUdEepPEeHIIATOPH 1 QUTLTPH. 8 2

Tema 10. Heniniitai cxemu, tpurepu [lminra,
MIEPETBOPIOBAYI CUTHAITIB.

Tema 11. CrabinizaTopu cTpyMy Ta HalpyTH,
iHTerpasbHi cTadiIi3aTopH, OMOPHI JKepea, 8 2 - 2 4 8 1 - - 7
KepoBaHi KJIIoui.

Tema 12. I'eneparopu curHaiis. 8 2 2 - 4 7 - - - 7

Pazom 3a 3MicTOBUM MOJyseM 2 66 18 6 6 36 71 6 1 1 63

3microBuii MoayJb 3. JloriuHi cxemnu

Tema 13. Jloriuni eneMeHTH, JIOT14HI (YHKIIIT

AV 10 2 2 2 4 7 1 - - 6
Ta KOMOIHAIIHHI CXEMU.
TeMg 14. T.pI/I.repI/I, JTYAILHUKH, PETICTPH 1 8 ) ) ’ 4 - i ) 1 6
MOCJTIZIOBHICHI CXeMHU.
Tema 15. Cxiraggi J0Ti4HI aBTOMATH. 10 2 4 - 4 8 1 1 - 6
Pasom 3a 3micToBuM Moynem 3 28 6 6 4 12 22 2 1 1 18

Pa3zom 3a Kypcom 120 | 30 15 15 60 | 120 | 10 4 4 102




Temu ceMiHAPCBKHUX 3aHATH
He mianyrotbcs.

Temu NMPAKTUYIHHUX 3AHATH

No KinekicTe rogua
3/m Hazga temu JlenHa 3aouHa
dbopma dbopma
1 Po3paxyHku peXuMiB eKcIiTyaTamii HalmiBIpOBiTHUKOBUX 1 1
KOMIIOHEHTIB
2 HanamryBanss ta ocHOBHI (yHKIIT uppoBuX ocumiorpadis 2 1
3 Po3paxyHKH TpaH3UCTOPHUX MiICHIIIOBAYiB 2
4 Po3paxynku pexxumiB Ta mapamerpin cxem Ha OII1 2
5 HanamryBaHHs Ta BAKOPHCTAHHS T€HEPATOPiB TECTOBUX 2
CUTHAJIIB
6 CkJaganHs JIOTTYHUX QYHKIIT IUPPOBUX CXEM

[IporpaMyBaHHS JIOT1YHUX aBTOMATIB

Pazom

15




Temu 1a00paTOpHHUX 3aHATH

No KinepkicTs roguu
3/ Hassa temn Jlenna | 3aouHa
dbopma dbopma
[HCTpyKTaX 3 TEXHIKK O€3IeKH i yac poOOTH B J1aboparopii 1 1
2 Bu3HaueHHs TUIIIB 1 MapaMeTpiB eEKTPOHHUX KOMIIOHEHTIB 1
EKCIIePHUMEHTAILHUM IIISIXOM Ta 32 JIOMOMOTOI0 BUMIpiB
3 Hocnimxenus BAX HamiBIpoBiTHUKOBUX JTIOIB 1 TPAH3UCTOPIB 3
4 Hocnimkenus miacuintoBadiB 1 GiasTpiB Ha OI1 2 2
5 Hocmimkenns HemiHiMAMX cxeMm Ha OIl 2
6 JocnipkeHHs JiHIHHUX cTa011i3aTopiB 2
7 JocmimkeHHs KOMOIHAIIIMHUX CXeM 2
8 JlociKeHHS JIOTIYHUX €JIEMEHTIB Ta TPUTEPiB 2
Pazom 15 4

Camocriiina pobora
CamocriitHa poOoTa mepenbavae BHBYCHHS CTYJACHTAMH CHCTEMAaTH30BaHOI y40OBOi

iHpopmanii 3 TiAPYYHHKIB Ta TEXHIYHOI JJOKyMEHTamii Mo Temi JUCHMIUTIHM 3TiIHO 3
pPEKOMEHIallisIMU BUKJIaJladya, BUKOHAHHS PYTHHHOI poOOTH 3 OOopMIIEHHS 3BITIB JTaOOpAaTOPHHUX
poOIT, MATOTOBKA IO KOHTPOIBHUX POOIT 1 10 €K3aMeHY TOIIIO.

3aBaaHH /151 CAMOCTIiHHOI podoTH

No KinekicTh rogun
Bunu pobit
3/m AP Jenna popma 3aouna gopma
1 [TornuGnene BUBUEHHS JNEKIITHOTO MaTepiaiy i 6 66
PEKOMEHIOBAHO1 JJOKYMEHTAIIi1
2 [TigroroBka 10 1a6OpaTOpHUX POOIT 6 3
3 OdopmiteHHs 3BITIB 1a00OPaTOPHUX POOIT 30 15
4 [TigroroBka 10 MOAYJIBHOTO KOHTPOIIIO 6 6
5 [TigroTroBka 10 €K3aMeHYy 12 12
Pazom 60 102

Hepe.nilc TE€M KOHTPOJIbHHUX 3aAIIUTAHDb 10 MPOBCACHHA MOAYJbHOT0 TECTYBAHHA

CTyneHT NOBHHEH BU3HAYMTH MPABWIbHI BIAMOBINI Ha NoJaHi 3anuTaHHsA. [1o KoxkHIN TeMmi

MOXe OyTH JeKiJIbKa BapiaHTIB 3alMTaHb 13 BapiaHTaMH BIJIOBiJIeH, 3 SKUX MOTPIOHO BHOpaTH
NpaBUIBHUNA BapiaHT BIAMOBIJl YW MPaBWIbHY BiAMOBIAHICTh 3aIPONOHOBAHUX CIIONYYEHb «THII
eleMeHTa — XapaKTepucThka abo mapameTpy». BIAmoBii OIIHIOITECA MO cHUcTeMi OIHOK O-
HENpaBUIbHA BIANOBIb, |-IpaBUIbHA BiIOBI/Ib.

halb o e

3microBHuUIT MoayJb 1. EjleKTprYHi Ta eJIEKTPOHHI KOMIIOHEHTH
BusHaunuTy enekTpoHHI eIeMEHTH 3a MO3HAYEHHSIM Ha cCXeMax.
Bu3HauuTH TUIH €NEKTPOHHUX €IIEMEHTIB TI0 CIIONYYEHHIO «eIIEMEHT-PE3YIbTaTH BUMIPIBY.
Kiacudikarist i0/1iB MO CMIOIYYSHHIO «THI 10Ty — 3aCTOCYBaHHSI.
Knacudikarrist TpaH3UCTOPIB O CIIOIYYCHHIO «TPAaH3UCTOP-CTPYKTYPaAy.
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10.

11.
12.
13.
14.
15.
16.
17.
. Bubpartu cxemu inTerparopis abo audepeniiaropis Ha OIT.
19.
20.
21.
22.
23.
24,
25.

18

26.
27.
28.
29.
30.
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[TpuHIUN 1111 THPUCTOPIB Ta CHMUCTOPIB O CIIOIYYEHHIO «IIpHOOp — poboya giarpama.
[TonpoB1 CHIIOBI TpaH3UCTOpH, KiIacH(iKallis IO CIOJYYSHHIO «THUM TpaH3UCTOpa —
XapaKTePUCTHKAY.

[TocTiiini pe3ucTopu, KiIacudpikaris Mo CIOIYyYEHHIO «THUIl PE3UCTOpa — 300paKeHHs» a0o
PO3paxyHKH.

Konnencaropu, kimacudikailis mo CHOJYYSHHIO «THIT KOHACHcATopa — 300pa)keHHs» abo
PO3paxyHKH.

[HaykTHBHI eneMeHTH, Kiacudikallis Mo CIOJTYYEHHIO «THIl €JIeMEHTa — 300pakKeHHS 4
MO3HAYCHHS.

BAX HaniBnpoBiTHUKOBUX €JIEMEHTIB TI0 CIIOTYYEHHIO «THUII eneMeHTa — BAX».

3MicTOBHUIT MOIYJIb 2. AHAJIOTOBI TA IMITYJIbCHI €JIEKTPOHHI CXeMH
Cxewmu BrmroueHHs Tpan3uctopis 3b, 3K, 3E.
Pexxumu pobOTH TiICHITIOBAIBHUX TPAH3UCTOPHUX KackaliB A, B, C, D.
BusHaueHHs TUTTY TPaH3UCTOPHOTO KAaCcKay.
Busnaunuty npaBuiIbHY cXe€My TPaH3UCTOPHOTO MiJCHIIIOBAYA.
Jlogatu BiACYTHIN eJeMEeHT MPUHLIUIIOBOT CXEMH.
Bxazaru mapamerpu OII.
Busnauntu Tin mincunroBava Ha OI1.

Busnauntu THI QIBTPY O CXEMaM 1 XapaKTEPUCTHKAM.

Bkazartu tpurep Llminra, BUunmpsmisd curaainy, oOMeKyBad CUTHAITY
Bkazatu THI CUTHAJIBHOTO I'eHepaTopa

BxkasaTtu npaBmiIbHI XapaKTepUCTUKH aKTUBHHUX (DITBTPIB
Busnauntu cxemu NiHIHHUX cTabl1i3aTopiB

BuzHauuTu cxemu reHepaTopiB a00 CXeMH aKTUBHUX (PUIBTPIB
Busnauntu cxemy iHCTpyMeHTanpHOTO TiacuioBada Ha OI1

3micTroBHuUI Moay.ab 3. JloriyHi cxemu
Krnacudikaris JJOriYHHX €JI1eMEHTIB
Busnauntu komMOiHaIiifHy cXeMy 3a JIOT1YHOIO (PYHKIIIEIO
Knacudikaris Tpurepis
Bu3HaunTH THIN JTIYUIBHUKIB Ta PETICTPIB
BuznaunTu joriuni GyHKIIT cxem

Ex3amenaniiini nuranus
Knacudixkarist e1eKTpHUHUX Ta €IEKTPOHHUX KOMIIOHEHTIB
Pi3HOBMIM TAaCUBHUX €JIEKTPOHHUX KOMITOHEHTIB
SIK BU3HAUUTH €KCIIEPUMEHTAIBHUM LUIIXOM BHJ /110712
SIK BU3HAUNTH €KCIIEPHUMEHTAIBHNM [IUIIXOM BUJ TPAH3UCTOpa
Knacudixarist HaniBIpoBiAHUKOBUX J10/iB, OCOOIUBOCTI, 3aCTOCYBAaHHS
CTaluniTpOHH Ta CYNPECOPH, OCOOIMBOCTI XapaKTEPUCTHUK 1 MPUKIIAIA 3aCTOCYBAHHS
[Tpuniun 1ii i cxema 3aMileHHs] THPUCTOPA, XapaKTEPUCTUKU TUPHCTOPA
HamiBnpoBigHUKOBHI TTepeXia, MPUHITATL i1
[Tpuniun 1ii 6iMoaspHOTO TPaH3UCTOPA

. [IpuHIM 111 TOTBOBOTO TPaH3UCTOPA

. Ilo6ynosa i mpunmmn aii IGBT

. Kimacudikarisi, 0co0IMBOCTI 1 3aCTOCYBaHHS TPAH3UCTOPIB
. BAX GinonsipHoro Tpansucropa B cxemi 3 3E

. BAX 6inonsspaoro tpansucropa B cxemi 3 3K

. BAX Ginonsipaoro tpansucropa B cxemi 3 3b

. 3anexHicth BAX miomiB 1 TpaH3UCTOPIB BiJ TEMIIEPATYPH
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17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
38.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

[Tosichutu sk 3uaTH BAX 1BONOIIOCHOTO €JIeMEeHTa

[Tosichutu sk 3uaTH BAX 6inosisipHOTO TpaH3ucTopa

Kom0iHoBaHi 3’€1HaHHS PE3UCTOPIB Ta KOHJECHCATOPIB

[HAYKTHBHI €IEMEHTH eJIEKTPOHHOI arapaTypH, 0COOTMBOCTI 1 3aCTOCYBaHHS
XapaKTepHCTUKHU TOJIBOBOTO TPAH3UCTOPA 3 PN-TIEPEX0I0M
XapaKkTepUCTUKHU MOJIbOBOTO TPAH3UCTOPA 3 1307IbOBAHUM 3aTBOPOM
Bu3HaunTH eNeKTpOHHI KOMIOHEHTH Ha MPUHIIMIIOBIHN cxemi
[Tepeniunth 1 MOSACHUTH 3HAYCHHS TTapaMETPIiB PE3UCTOPIB

[epeniuuTH i NOSICHUTH 3HAYSHHS NTapaMETPiB KOHJIEHCATOPIB
[Tepeniunth 1 MOSCHUTH 3HAYCHHS TTapaMETPIB IHAYKTUBHUX €ICMEHTIB
[epeniuuTH i NOSCHUTH 3HAYECHHS NapaMeTPiB CTaOUIITPOHIB Ta CYIpecopiB
[Tepeniunth 1 MOSCHUTH 3HAYCHHS TTapaMETPIB J10/I1B

[lepeniuuTH i NOSCHUTH 3HAYSHHS AapaMeTPiB OIMOJIIPHUX TPAH3UCTOPIB
[TepeniunTtu 1 MOSACHUTH 3HAYCHHS TTaPAMETPIB MOJLOBUX TPAH3UCTOPIB
[epeniuuTH 1 NOSICHUTH 3HAYCHHS NTApaMETPiB THPUCTOPIB

Cxemu BBiMKHeHHS TpaH3ucTopiB 3 3b 3K 3E, mapamerpu, ocobimBocTi
IMixcumroBanbHMM Kackas o cxemi 3 3b

[TincumoBanpHU Kackan 1o cxemi 3 3K, eMiTepHuii MOBTOprOBaY
ITixcumroBanbHUN Kackag o cxeMi 3 3E

JIBOKackaHUI TPAH3UCTOPHUM IT1ICUITIOBAY 3 O€3MoCcepeIHIM 3B’ I3KOM
Pexxumu poboTu miacuiroBanbHUX Kackanis A, B, C, D

[Tpuknan miacuiaroBaya CUTHATY 3 PEKHUMOM poOoTH A

[Tpuknaza micuiaroBaya CUTHAILY 3 peKuMoM poboTu B

[Tpuknan miacuinroBaya CUTHATY 3 pexkuMoM podotu C

[Tpuknaza mizcuaroBavya CUTHAILY 3 pesKUMoM poboTu D

[TizmcumoBayd MOTY>KHOCTI

JludepeHuiifauii miacuIoBayd

[TincumroBay pi3HUII CTPYMIB

banancHwmii mincumroBaq

Kackomauii nincruirosay

[Tpuniun 1ii, NpUKIag CXeMU Ta IpU3HAuYeHHs onepamiinoro migcumoBada OI1

ITonsarts imeansHOro 1 HeigeansHoro Oll, cxemu 3aMilliEHHS B MOJENSIX
Xapakrepuctuku TunoBoro OIl, ctatuyHi 1 JUHAMIYHI
3BOpPOTHI 3B’SI3KMU B MIJCUIIOBaYax, BIUTMB HA TTapaMeTpu
[TigcunroBadi NOCTIHHOTO Ta 3MIHHOTO CTPYMIiB
[aBepTyrOUMii Ta HeIHBEpTYOUMiA miacwIoBadi Ha OI1
Judepenuiiini miacumonaui Ha OI1

[HcTpyMeHTanbHumii miacumoad Ha OI1

IlepenaBau Ta npuiimMad CTPyMOBOT MeTJIi

[TincumoBadi TaTYMKIB CTPYMY Ta HAMPYTH

Cymaropu Ha OII, 3 piBHUMH Ta HEPIBHUMHU PE3UCTOPAMH
Brum venockonanocti OIl Ha mapameTpu MmiICUITIOBaYiB
Heniniitni cxemu Ha OI1, Tpurepu LlmitTra

Knacudikamis ¢pinsTpis Ha OI1

YacToTHO-BUOIPKOBI GIBTPH

I'eneparopu iMITyJIbCHUX CUTHAJIIB

['enepaTopu cUHYCOINaIbHUX CUTHAJIIB

Komnaparop, mpuHuu aii, XapakTepUCTUKU, 3aCTOCYBAHHS
Cxemu niacniroBauiB Ha OI1 3 0JHOTIONISAPHUM >KHUBJICHHSAM
InTerpatop Ha OII, cxeMu, XapaKTEPUCTUKH, 3aCTOCYBAHHS
Hudepenuiarop na Oll, cxemu, XapakTepUCTHUKH, 3aCTOCYBaHHS
[TapameTpuunmii cTabimizaTop HAPYTH



69. JliniiiHu# ctabinizaTop HANPyTu

70. JIiHifiHui cTabinizaTop cTpymy

71. Knacudixkariist JOTiYHUX €JIEMEHTIB, JOTTUYHUH 6a3uc

72. CuHTe3 KOMOIHAIIMHUX CXEM 32 JIOTIYHOI0 (DYHKITIEIO

73. BusHaueHHs JOT1UHUX (YHKLIN 1 CIIPOLICHHS JOTTYHUX CXEM

74. Tunosi koMOiHaIiiH1 O6J10KH, M paTopu 1 AemudpaTopu, MyIbTIIIIIEKCOPH
75. Knacudikauis Tpurepis

76. JliunnbHUKY, KIacuikallis, 3aCTOCYBaHHS

77. Perictpu, 0ydepu, knacudikaiis, IpUKIaIN 3aCTOCYBaHHS

78. JloriuHi aBTOMATH, peajizaiis B KOMOIHATOPHIHN Ta MPOTpaMHii KOHIISTIITT

6. 3aco0m niarHOCTHKHM pe3yJIbTATIB HABYAHHA TA METOIH iX ICMOHCTPYBAHHA

VY mpotieci OCBOEHHS TUCIUIUTIHY CTYJCHT Ma€:

- BUKOHATH J1abopaTtopHi poOoTH Ha JabopaTOopHOMY OOJIafHaHHI, OOPMUTH MANePOBHIA
3BIT y BIJMOBIIHOCTI A0 IMX 3aBAaHb Ta MPEICTAaBUTH Ha PO3IJISA BUKIAAAdy, SKHH OIIHIOE

BHKOHAHHS POOIT Ta HA OCHOB1 ONMUTYBAaHHS BU3HAYA€ PIBEHb PO3YMIHHS BUKOHAHOI poOOTH;

- CKJACTH TIOTOYHI MOMAYJIbHI KOHTPOJ 3a KOXHUM 3MICTOBHUM MOJYJIEM Yy BHUTJISII
CTaHJAPTHU30BAHUX TECTIB /IS OILIHKKA PIBHS OTPUMAHHX TCOPETUYHUX 3HAHB, HA TPOXOJKCHHS

OJIHOTO TECTY HAJA€ThCS 25 XBUINH;

- CKJIAaCTH €K3aMeH y BUIJI/lI YCHUX BIJNOBIACH Ha TpU TEOPETUYHI MHUTAHHS OlleTy, Ha

Hi,[[I‘OTOBKy J0 940T'0 HAJa€ThCA 2 TOAWHH.

7. @opMH MOTOYHOIO TA MiJICYMKOBOI0 KOHTPOJIIO

KoHTpoib HaBYaHHS BUKOHYETHCS IIUIIXOM OLIIHIOBaHHS BUKJIAJaueM 3HaHb 1 Pe3yJbTaTiB

pOOOTH CTYNIEHTIB 3TiAHO 3 HABEJACHUMHU HUKYE KPUTEPISIMU OI[IHIOBAHHS.

KpuTepii oniHIOBaHHS BUKOHAHHS JIA0OPATOPHUX POOIT

Ouiuka 3a JIP

Kpurepii oriHioBaHHS

CrtyaeHT oTpruMaB 1 3p03yMiB 3aBJIaHHS, BAKOHYBaB poOOTY 1 MATOTYBAaB 3BiT 3
pe3yiabTaTaMu JOCIIHKEHHS Ha JOCTATHHOMY PiBHI 3 OPUTIHAIBHIUMH
BHCHOBKAMH 1 MOSICHEHHSMH JI0 pOOOTH, TaKOXK 3pOOHB JT0JJaTKOBI
BJIOCKOHAJICHHSI POOOTH, HAIIPUKJIAI:

r=s - aHagi3 TOYHOCTI JOCIIIKEHD,
- HaJaB peKOMEHJAIIil M0 YCYHEHHIO TOXUOOK, MiBUIIICHHIO TOYHOCTI
BHUMIPIOBaHb, BUKOPUCTAHHIO 1HIIUX METO/IB IOCIIKCHHSI,
- 3arajioM 3poOUB IiHHI TEOPETUYHI BUCHOBKH.
CrtyaeHT oTpruMaB 1 3pO3yMiB 3aBJIaHHS, BAKOHYBaB poOOTY 1 MATOTYBAaB 3BiT 3
r=4 pe3yiabTaTaMu JOCIIHKEHHS Ha JOCTATHHOMY PiBHI 3 OPUTIHAIBHUMH
BHCHOBKAMH 1 MOSICHEHHSIMH J10 POOOTH.
3 CryneHTt oTpuMaB i 3p03yMiB 3aBJaHHs, BAKOHYBaB poOOTY 1 MiATOTYBAaB 3BIT 3
" pe3yabTaTaMy JTOCTIKEHHS Ha I0CTaTHLOMY PiBHI.
_ CryneHT oTpuMaB i 3p03yMiB 3aBIaHHS, BUKOHYBaB poOOTYy, aje He MiAroTyBaB
" 3BIT Ha JIOCTaTHHOMY DiBHI.
r=1 CtyaeHT oTpuMaB 3aBJaHHSA /10 pOOOTH 1 3p03yMiB HOTO.
r=0 Po6ota He BuKoHyBanacs.

Maxcumanvua oyinka cmyoenma 3a JIP cmanosums 5 6anise
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JlocTaTHiil piBeHh BUKOHAHHS O3HA4Ya€ BiJICYTHICTHh B 3BITaX MPHHIIMIOBUX HEMOMIKiB. [Tpu
HAsBHOCTI HEJIOJIIKIB CTY/ICHTH MMOBHHHI BUMIPABIIATH X Ha MPOTSA31 NEPioTy BUBUEHHS TUCIUILTIHH.
JIOCTaTHBROIO OIIHKOIO JJabopaTopHOi poOoTH s ii 3apaxyBaHHs € 3 Oanu.

Kpurepii oniHIOBaHHSI TECTOBOI0 MO1Y/JIbHOI0 KOHTPOJIIO

[IpaBunbHUX BiMOBIIEH 10 9 8 7 6 5 4 3 2 1

Ouinka TMK r 10 9 8 7 6 5 4 3 2 1

B mporpami nependadeHo 3 MOTOYHMX MOAYNbHUX KOHTpoibHI MK y Burisai TecTis.
Koxuuit Tect nependadae 10 TecToBUX 3anuTaHb. TakuM YMHOM MaKCHMAallbHA OIIIHKA 32 KOXXHY
KOHTPOJIbHY CTaHOBUTH 10 Gais.

Kpurepii oniHIOBaHHA eK3aMeHy
3100yBa4 Mae BIAMOBICTH HA TPH 3alUTAaHHs. BilmoBiiph Ha KOKHE MUTaHHS OILIHIOETHCS 3a
5-6anbpHOIO MIKaO. 3arajibHa eK3aMeHalliiiHa OLIHKAa PO3pPaxOBYETHCS K CEPeIHs OIIHKA 3a TpU
eK3aMeHallifHiI 3aIIMTaHHS.

Omwinka 3a -
. . Kpurepii orinoBaHHS
BiJIOBIIb
_s CryneHT HaJiae MPaBUWIbHY BiIMTOBI/Ib, MOKE IOBECTH MPABUIIBLHICTD CBOET
& BIJINOBI/II 1 IEMOHCTPYE JAOJATKOBI 3HAHHS 3 TEMH 3aITUTAHHS.
4 CryneHT Hazae MPaBWIbHY BIAMOBIIL 1 MOKE IMMOSCHUTH YOMY BOHA €
" NPaBUIBHOIO, TOOTO JOBECTH MPABHIBHICTD CBOET BiIOBI/II.
3 CryneHT 3Hae IpaBWILHY BIAMOBIIH 1 HaJa€ 11, aje He PO3yMi€ TOBHOTO ii
a CMUCITY, HE MOK€ TIOSICHUTH, YOMY IIsI BiITTOBI/Ib € MPaBUIHHOIO.
_ CtyaeHT po3yMi€ 3auTaHHs, POOUTH CITPOOY 3HANTH BIAOBIL, BUCYBAE
& BapiaHTHU BIAIMOBI/ICH, ajie BOHU HE MPABWIbHI.
1 CryaeHT po3yMie€ CMHCIT €K3aMEHAIIHOTO 3alTaHHs, ajie BIJMOBICTH HE
& MOJKE.
HynboBuii 6am cTaBUTHCS y BUINIAIKaX:
- CTYJCHT HE PO3yMi€ CMHCITY €K3aMEHAIIITHOTO 3alUTaHHS,
r=0 - BIAMOBIiJb HE BIAMOBIAE TEMI 1 CMUCITY 3aITUTAHHSI,
- BIJNOBiJbL HE HaJaHA,
- CTYJIEHT BiJICYTHI/ a00 He Oepe yJacTi B eK3aMeHI.
Maxcumanvna oyinka cmyoenma 3a 8i0no8iob CTAHOBUTH 5 6ais

8. Kpurepii oniHIOBaHHS 3arajibHUX pe3yJIbTaTiB HABYAHHS
3aranpHi TOCATHEHHS CTyJeHTa OLIHIOIThECS 3a 100-0anpHOI0 cucTteMor0 YHiBepcuteTy. Lle
MJICYMKOBA OIliHKA, sKa MICTUTh B COO0l OIIHKKA 3a BCiMa CKJIQJOBHMH OI[IHIOBAaHHS 1
PO3paxoBYETHCS 32 GOPMYIIOI0 CEPETHHOTO 3BAXKEHOTO

1 (X . .
R=—-—> gik;7; |, ne s3asmaueno: R — mizcymkoBa owminka, g; =0...1 —sarosuii

Zgi i=1
1

KoediuieHt i-0i ouinku, Kk; = 100/ ¥imax — KoedimieHT mpuBeneHHs i-oi ouinku xo 100-GanbHoi
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cucremu, 7; =0...r; — j-as OLHKA 3 MAaKCUMAaJbHUM 3HAUYEHHAM =1...100, tunosi

tmax ° rl max

MaKCHMajbHi 3HAYEHHs 7} . JOpiBHIOWOTS 1, 5, 10, 12, 100.

Barogi koeiiieHTH CKJIaJJOBUX OIIHIOBAHHS 3HAHb CTY/ICHTIB

Ckunagosa/ JlabopaTopHni MopnybHi Ex3amen
Bennuuna poboTu KOHTPOJIbHI

MaxkcuManbHa OLIHKA 7} ay 5 10 5
Koediuient npusenenns k; 20 10 20
Barosunii koedimient g; 0.75 0.75 1.0

3aranpHi OIMIHKU 33 MHOXUHHHMH CKJIQJIOBUMU OIIIHIOBAHHSI PO3PAXOBYIOTHCS SIK CEPEIHE
apupMeTHIHE 3HAUYCHHS

12
— 3a 9 naboparopHux pobiT* 1| = 5 DNiTHE
i=1

1 +ry t+r
— 33 TPU MOJYJIbHI KOHTPOJIBHI pOOOTH 773 = 31 T 132 7133 ’

3

41+ 74p + 743

3

Po3paxynkoBa ¢popmyna miCyMKOBOT OIIHKH Ma€ BUTIIST

1
R= (0,75-20-7 +0,75-10- 75 +1-20-74).
0,75+0,75+1

[TincymkoBa OIliHKa MICTUTh OLIHKM 3a JaOOpaTOPHHMH MPAaKTUKYM, KypCOBY poOOTY,

MOJIYJIbHI KOHTPOJBHI POOOTH Ta eK3aMeHaIliifiHy OImiHKy. Ko)kHa CKkia/ioBa OILIHIOBAaHHS Ma€ CBii

— €K3aMeHalliliHa OLIHKA 3a TPY NUTAHHA 7 =

BaroBuil koediwieHT i koedimieHT npuseneHHs 10 100-6anpHOI cucTeMu.
Jlnst 3apaxyBaHHS KPEOUTIB HABUAIBHOTO KYpCY CTYAEHT MOBHHEH OTPUMATHU IiJICYMKOBY
OIIIHKY He HrKue 3a 60 Oamis.

Ixaau oninroBanus: HamionajabHa ta ECTS

CymMa 0OaiiB 3a BCi BUAU ) ) )
Hzrqaano'i z[ifmbHocHTi Omigka ECTS O11HKa 3a HalllOHAJILHOIO K00
90-100 A BIZIMIHHO
82-89 B
74-81 C Aobpe
64-73 D )
50-63 B 3aJI0BLJILHO
35.50 FX HE3a/I0BUTBHO 3 MOKJIMBICTIO TIOBTOPHOTO
CKJIalaHHS
0-34 F HE3a/I0BUIBHO 3 000B’ I3KOBUM TTOBTOPHUM
BUBYEHHAM JUCLUILUIIHA
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9. IncTpyMeHTH, 00J1aJHAHHS Ta NPOrpaMHe 3a0e3NeYeHHs], BAKOPUCTAHHS AKHX Nepeadadae

HaBYAJbHA AMCHUILTIHA

No HaiimenyBanus Kinbkictb

1 Kowmn’rorep nepconansauii HP Prodesk 400 G2 SFF 8

2 Jlazepuuii npoextop Aser X113DP 3

3 [udposuii ocrmnorpadivauii nryn USB oscill 8

4 Hudposwuit ocinorpad SDS1022D 3

5 Amnanorosuii octiunorpad C1-112, C9-18 3

6 CteHs 3 aHAJIOTOBOI €JIEKTPOHIKH 1

7 Hudposuit mynsTiMeTp 8

8 ['eneparop curHamis 2

9 HudpoBuii BUMiprOBaIILHUN MICT 2

10 [Iporpamue 3a0e3neyeH sl IMITAIITHOTO CXEMHOTO MOJICTIOBaHHS 10 YHCITY
Electronics Workbench 5.0 (Freeware) TK

11 [Iporpamue 3a0e3neyeHHs! IMITAITHOTO CXEMHOTO MOJICTIOBaHHS 10 YUCTY
LTspice Analog Devsces aktyanbHa Bepcis (Freeware) I1K

12 [Iporpamunii naker CAIIP 11t npoekTyBaHHS €J1EKTPOHHUX NIPUCTPOIB 10 YUCILy
DipTrace TOB "HoBapm" aktyansHa Bepcis (Education license) IK
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10. PexomenpoBani qa:xepesia ingpopmanii

OcHoBHa JliTepaTypa

. Pynenxo B.C., Cennko B.1., Tpudonrok B.B. OcHoBbI ipoMbITIeHHOH AekTpoHuku. K.: Buira

mkona, 1985, 400 c.
I'op6aue I'.H., Yammeirua E.E. IlpombinuienHas snexktpoHuka. M.: <’DHeproaromusaar’’,
1988. - 320 c.

. KononraeBcorkuii FO.I1.,CockoB A.I'. Enextponika i1 mikpocxemorexHika: Ilimpydnuk. 2-e

Buganns / 3a pea. A.I'. CockoBa. — . Kapasena 2009. — 406 c.

B.I. Cenbko, M.B. Ilanacenko, €.B. Cenrko, M.M. KOpuenko, JI.I. Censko, B.B. Scuncekuit
Enextponika i mikpocxemo TexHika: ¥ 4-x T. Hapuanenuii mocionuk / 3a pen. B.l. Cenbka. —
K.: Kapagena, 2012, - 640 c.

. Enextponika Ta MikpocxemoTexHika: migpydHuk / O.M. Bopob6itoBa, LII. ITanginos,

M.II. CaBunbka, FO.B. ®ieiita. — Oneca: OHAS3 im.O.C.Ilomosa, 2015. —298 c.

JdonmomixHa JiTepaTypa
C. 3u, ®uznka NoaynpoBOIHUKOBBIX TpUOOpoB, M., Mup, 1984.
I'epnax B., tupucropst: Ilep. ¢ Hem., - M: DHeproatomusaat, 1985. — 328 ¢, ui.
@onkenbeppu JI. Ilpumenenus onepannoHHbIX ycunurtenei n auHerHsix UC: Ilep. ¢ anrm. —
M.:Mmup, 1985. - 572 c., ni.

11. Indopmauiiini pecypcu

. https://play.google.com/store/search?q=%27ktrnhjybrf&c=books — nmiTepaTypa 3 e1eKTpOHIKH.
10.
11.
12.
13.

https://www.rs-online.com/designspark/home — cropinka mooureniB enexktpoHiku DesignSpark.
http://everycircuit.com/ — cucTemMa MOJICTTIOBAHHS €IEKTPOHHUX CXEM.
https://www.alldatasheet.com/ — caliT 3 TOKyMEHTaIli€l0 Ha Pi3HI €JIEKTPOHHI KOMITOHCHTH.
https://www.facebook.com/pg/svojaschema/posts/?ref=page_internal — cropinka 3 MaTepianamu
3aHSTh.
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