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NNOACHUTEJIBHASA 3AIIMCKA

[Iporpamma y4eOHOW aucuuIUIMHBL "TIpUHIUIBI W yCTPOWCTBA CO3JaHUS
BBICOKHMX HarpsbkeHui" pazpaborana s crnenuaibHoctu 1-31 80 20 Ipuknagnas
busuka, npodbunmzanus:  «CUIBHOTOYHAS  DJIEKTPOHUKa».  JucuurimHa
MPENoOJIaeTCs MHOCTPAHHBIM CTYICHTAM.

Hean v 3a1aun y4eOHOH TUCHUNINHbBI

Henab yyeOHO# TUCHUIUIMHBI — (OPMUPOBAHUE Y CTYACHTOB IEITOCTHBIX
IpECTaBICHUNA 0 (PU3NYECKUX IMpoLeccax MPHU MEPEHOCE INEKTPUIECKOTO 3apsiia
B Pa3JIMYHBIX CPEIaX U METOJIOB MOTYyUYEHHS BEICOKMX HAMPSKCHUH.

3amayu y4eOHOH TUCUMILIUHBI:

1. Pacummputh 3HaHUS 0OydaronIuxcs B 00JacTH (PU3MUKH SJIEKTPUUYECKOTO
paspsiia ¥ METOJIOB MOJYYEHUS BHICOKMX HAMPSHKECHUH.

2. BeipaboTaTh y 00y4aronmxcsi yMEHUsS CaMOCTOSITEIbHO PUOOpETaTh U
NPUMEHSATh TPUOOPETEHHbIE 3HAHUA JUIA Tocienyroued paboTsl B cdepe
CUJIBHOTOYHOM 3IEKTPOTEXHUKH U MEHEIKMEHTA CHUCTEM IOJIYYEHHS] HUMITYJIbCOB
BBICOKHX SHEPIUH.

MecTo y4eOHOM AUCHMIUIMHBI B CHCTeMe NMOATOTOBKHU CIHEIHAJUCTA C
BBICIIIM 00Pa30BaHHEM.

VYuebHas TucHMIUIMHA TPEACTABIsAECT CO00M U3NIokKeHHEe 0a30BbIX 3HAHUU U
MpEJCTaBICHU B OBICTPO pa3BUBAIONICHCS HOBOM OTpacid - HUMITYJIbLCHOU
DHEPIreTUKE M DJICKTPOHUKE OOJBIION MOIIHOCTH. MMIlynbcHasi PHEpreTuka He
ABJISIETCSl JbTEPHATUBOW OOBIUHON HHEPreTUKe, OJHAKO TpedyeT pa3paboTKu
HOBBIX DJIEMEHTOB, KOTOpPbIE HWMEIOT AaHaJOrd B OOBIYHON JHEPreTHKU, HO
OCHOBAHBI HAa HECKOJIbKO MHBIX MPUHIUIIAX U cXxeMaX. OCHOBHOE OTJIMYME COCTOUT
B TOM, YTO HMIIYJbCHAs DSHEpPreTuka padoTaeT B HAHOCEKYHJIHOM JHara3oHe
JIUTENbHOCTEN. JIJIsl TOJIy4eHUsl TaKUX KOPOTKHUX BPEMEH HMCIOJIB3YIOTCS TaKUE
IPOLIECCHl KAK SJEKTPUUECKUE pa3psiibl B PA3IMUHBIX CpeAax, 3JIEKTPUUYECKUI
B3pbIB TIPOBOJHUKOB, HEYCTOWYMBOCTH B IUIa3Me, OBICTPO MPOTEKAIOIINE
nepexoiHbie npouecchl U Ap. ONUcaHUI0 BO3MOKHOCTU HCIOJb30BAHUS TaKUX
MIPOIECCOB ISl TOJIYYEHHUS MOIIHBIX UMITYJILCOB U MOCBSIIEH IAaHHBIA KypC.

[lepBas 4yacTh BKIIIOYAET KPATKUH 0030p OCHOBHBIX MOHSATHMA, OTPEICICHHIMI
U COOTHOIIECHUM, BBOJAMMBIX B 0a30BBIX (DU3WYECKUX KypcaxX U CBS3aHHBIX C
MEPEHOCOM  JJICKTPUYECKOTO 3apsija B Pa3JIMUHBIX CHUCTEMaX, KOTOpPHIC
HEOOXOMUMBI 11 aJeKBAaTHOrO  TOHUMaHMS  (PU3WYECKUX  IPOIIECCOB,
OTIPENICIISIONTUX MMOJYyUYeHHE W UCIOJIb30BAaHUE BBICOKUX HAMPSIKEHUH. JTa 4acTh
BKJIFOYAET TaKXKE€ OCHOBHBIE TMOJIOKEHUS TEOPUM CIEKTPAIbHOTO Pa3IoKeHUs
byHKIUH, KOTOphIE HEOOXOAMMBI IS JajbHEUIIe padoThl C aHAJOTOBBIMH U
1IM(POBBIMU CUTHAJIAMU.

BTopast yacTe nocBsiniieHa U3y4eHUI0 MPOLIECCOB AIEKTPUUECKOTO pa3psiia B
pa3IMUHBIX CpeJax Kak B CTallMOHAPHOM, TaK W HMMIYJbCHOM pEXUMAX.
PaccmarpuBaroTcsi pazHooOpasHple (U3WYECKHE MEXaHWU3MbI (POpMUpOBaHUS
paspsiia Kak B OJIHOPOJIHBIX, TAK U HEOJHOPOJHBIX CPE/aX, a TAK)KE€ HAa rpaHUIIaxX



aByx cpen. OOpamiaercss BHUMaHHE HAa OCOOEHHOCTU IJIa3MEHHOTO COCTOSIHMS
ra3oB U OCHOBHbBIE€ XapaKTEPUCTUKH MIPOLIECCOB, MPOUCXOSAIINX B TAKOW CUCTEME.
OOpaiaercs BHUMaHUE Ha ONpeJIeICHUE AIEKTPUUIECKON MPOYHOCTH MaTepraia u
yCIIOBUM, BIUSIONIMA HA €€ BEJIMYMHY, IIOCKOJIbKY HMEHHO 3Ta BeIWYMHA
onpeeNsieT ycaoBusl 6e30macHoi padoThl C BBICOKMMH HAMPSYKEHUSMH.

TpeTbst yacTh MOCBAIIEHA YCIOBUSAM (POPMUPOBAHUS U METO/IaM TIOJTyUYECHHUSI
BBICOKMX HanpspbkeHuid. OOpaiiiaeTcs BHUMaHUE Kak Ha (POpMUPOBAHUE UMITYJIBCOB
BBICOKOT'O HaIpPSIKEHUSI KaK B CUCTEMaX C COCPEJOTOUYCHHBIMU MapamMeTpamu, Tau
B JUIMHHBIX KOAKCUAJLHBIX JUHUSAX. B mocneaHem cirydae oOpamiaeTcss BHUMAaHHE
Ha crnenu(puKy HW30JSAIUUA TAaKuX JHHWHA. Jlamee paccMaTpuBarOTCS HMCKPOBBIE
KOMMYTAaTOpbl KaK C Ta30BbIM HAMOJHUTEIIEM Pa3JIMYHOrO [AaBJICHUS, TaK U
pa3psAIHUKH C TPOOOEM JKUJKOIO W TBEPAOrO TUAIEKTPHUKOB. Jlamee neranbHO
paccMaTpUBAIOTCSl TE€HEPATOPbl MMIYJIBCOB C IUIA3MEHHBIMU KOMMYTaTOpaMu
pa3IMuYHBIX ~ TUIOB, BKIIOYas  TeHepaTopbl  Mapkca, TeHepaTtopel ¢
TpaHchopmaropamu Tecia, UMITYyJIbCHbIE TE€HEPATOPHI C B3PHIBOM MPOBOJHHUKA U
reHEepaTopbl C IUIa3MEHHBIMU MpepbiBaTessiMu Toka. [locnmemusis 4dacte Kypca
NOCBAIIIEHA  W3YyYEHUI0 TEHEPATOpOB C  TBEPAOTEIbHOW  KOMMYTAaIUEH,
BKJIFOYAIOIAs MOJYIPOBOJIHUKOBBIE KOMMYTATOphl (TUpUCTOpBL, SOS - nuoasl u
Ip.), KOMMYTaTOPbl C MATHUTHBIMUA U HEJIMHEMHBIMU 3JIEMEHTAMH.

VYyeOHast OUCUMIUIMHA OTHOCUTCS K Moayinro «®Dusmka BBICOKUX
HaNpsOKEHU» (KOMIIOHEHTA YUPEIKIACHHS BBICIIIET0 00pa30BaHus).

CBsi3u ¢ JpyruMH  Y4eOHBIMM JUCIHUIUIMHAMHK (BKIIIOYas ydeOHbBIC
JUCLUUIUIMHBI KOMIIOHEHTa YUYPEXKJACHUSI BBICHIErO0 0O0pa30BaHUS, JUCHUILIAHBI
CHCIMAN3alli1). JUCIUIUIMHA OCHOBBIBACTCS Ha 3HAHHMSAX M IPEICTABICHHSIX,
3QJIOKEHHBIX BO  BpeMsl HM3yYEHHUS TaKuWX 0a30BbIX JUCHUIUIMH  Kak
«IJEKTPUUECTBO U  Mar"Hetusm», «OCHOBBI OSJEKTPOTEXHUKH», «ATOMHAas
busuka», «InekTpoauHaMukay. B Toke BpeMs NaHHAs NUCHUILIAHA SBISETCS
HEOOXOAMMOM IJISl M3YUYEHUS CIICIHUATbHBIX NUCIUIUIMH "OCHOBBI CUIBHOTOYHBIX
UMITYJIbCHBIX TexHonorui". "I'eHepanus W3MydeHUs SJIEKTPOHHBIMH Iy4YKaMH',
"CBY u3MepeHus: BO BpeMEHHOM 1 4aCTOTHOM obyactu"

TpeGoBanus K KOMIIETCHIIUAM
OcBoenne yueOHOW muCHUTIINHBI «[IpUHIUIIBI U yCTPOWCTBA CO3/IaHUS
BBICOKMX HANpsDKEHWI» JIOJDKHO o0ecreunTh (OpMUpOBAHUE —ClEAYIOLIEH
CIeMATU3MPOBAHHON KOMIICTCHIINU!
— CK-1. bBbIThb cHOCOOHBIM  aHATU3UPOBATH W HUCIOJIB30BaTh B  CBOEH
po(ecCUOHANbHON JEeATEIbHOCTH COBPEMEHHBIE METOJbl YCTPOMCTB CO3JaHUs
BBICOKUX HAaIlPSOKEHUM, MPOBOJNUTHh AHAIMTHYECKHE W YHCIEHHBIE pacyeTbl HX
apameTpoB.
B pesynbrare ocBoeHHs yueOHOM TUCIMITIIMHBI CTYIEHT JOJIKEH:
3HATh!
— OCHOBHBIE OIpeNeieHuss U (PYHKUMOHAJIBHBIE COOTHOIICHUS ISl MPOLIECCOB
IIEPEHOCA 3apsi/ia B PA3IMYHBIX CPENax,
— OCHOBHBIE MPUHUUIIBI pEATU3alUd AJIEKTPUUYECKOTO paspsiia B PA3IUYHBIX
cpenax;



OCHOBHBIE METO/IbI IOTYYEHHS] UMITYJIbCOB BBICOKOTO HAIPSKEHHUS;
OCHOBHBIE CXEMBI peaIn3aliid KOMMYTAaTOPOB BBICOKOTO HAIIPSKEHUS,
busznueckde MNPUHIUNBL  (DPYHKIIMOHUPOBAHUS OCHOBHBIX CXEM IOJTYYCHHS
VMITYJIbCOB BBICOKOTO HANPSKEHHUS;

yMeTh:
aHaAJIM3UPOBaTh OCHOBHBIE AJeKTpoduzndeckue 3PdeKThl, HaOI0IaeMble B
MIpoILIeCCE AIEKTPUUYECKOTO pa3psaaa B pa3IMuHbIX Cpenax;
ONpEAEATh BBIOOP KOHKPETHBIX CXEM IIOJTYYEHHSI BBICOKOTO HaIPSHKCHUS
NPUMEHHUTEIBHO K MPAKTUYECKUM 3a7adaMm;

BJIA/IeTh:
0a30BbIMH NPHUHLMIIAMU pAacyeTa IMapaMETPOB KOHKPETHBIX CXEM IOJy4YECHHUS
BBICOKOTO HaIPSHKEHUS.

CtpykTypa yueOHOH AU CIUTIIHHBI
Juctnumnaa usydaercs B 1 cemectpe. Bcero Ha wm3ydeHue ydeOHOM

JUCITHUITIIMHBI «HpI/IH]_II/IHI)I u YCTpOﬁCTBa CO34aHHs BBICOKHX H&Hpﬂ)KGHHfI»

OTBEJICHO:
— i1 O4HOM (hOPMBI MOYYEHUsI BhICIHIETO oOpa3zoBaHus — 216 4acos, B
toM uyncie 90 aylIUTOpHBIX Yaca, U3 HUX: JeKIuu — 44 4acoB, MPaKTUUYECKUE

3aHgaTHg — 38 49aCoB, yIIpaBJiCMasa CaMOCTOATCIIbHAA pa60Ta — 8 yacos.

TpynoeMKoCTh yueOHOW TUCIUTIIMNHBI COCTABIIACT 6 3aUeTHBIC STUHUIIBI.
dopMa TeKylIEr aTTECTALIMU — DK3aMEH.



COJAEPKAHUE YYEBHOI'O MATEPHAJIA

1. Physical background

1.1. Electrical current. Main definitions. Continuity equation. Direct current
(DC) laws. Electromotive force (EMF). DC electric field.

1.2. DC current circuits. Kirchhoff laws. Main theorems of electrical
engineering. Methods of current calculation. Distributed currents. Stationary
approximation.

1.3. Electromagnetic field. Maxwell’s equations. Wave equation and its
solutions. Wave’s parameters. Plane wave. Spectrum. Pointing vector,
intensity. Energy transfer. Elementary sources of electromagnetic waves.
Spherical waves. Standing waves.

1.4. Circuits with a harmonic EMF. Free, damped and stimulated oscillations
in oscillatory circuit. Transient processes. Phase difference between current
and voltage. Ohmic resistance and reactance. Phase diagrams. Complex
resistance.

1.5. Spectral representations. Fourier transformation. Representation in time
and frequency domain. Duhamel’s integer. Laplace transformation.
Kotelnikov’s theorem and digital transformation.

2. Principles of a pulse generation

2.1. Lumped parameter pulse systems. Principal schemes for pulse generation.
Voltage multiplication and transformation

2.2. Pulse generation using long lines. Generation of nanosecond pulses.
Voltage multiplication in line-based generators. Pulse systems with
segmented and nonuniform lines.

3. Physics of pulsed electrical discharges

3.1. The vacuum discharge. General considerations. Vacuum breakdown. The
ecton and its nature. The vacuum spark. The surface discharge in vacuum.
3.2. The pulsed discharge in gas. Elementary processes in gas-discharge
plasmas. Types of discharge. The spark current and the gap voltage drop.
The discharge in gas with direct injection of electrons. Recovery of the
electric strength of a spark gap.

3.3. Electrical discharges in liquids. Background. The pulsed electric strength
of liquid dielectrics. The electrical discharge in water. The role of the
electrode surface. The role of the state of the liquid

4. Properties of coaxial lines

4.1. Solid-insulated coaxial lines. Principal characteristics. Pulse distortion.
Nonuniformities. Pulsed electric strength of solid insulators.
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4.2. Liquid-insulated lines. General considerations. Types of liquid-insulated
line. Physical properties of liquid-insulated lines. Flashover of base
insulators

4.3. Vacuum lines with magnetic self-insulation. Physics of magnetic
insulation. The quasistationary mode. The wave mode. Plasmas and ions in a
line.

5. Spark gap switches

5.1. High-pressure gas gaps. Characteristics of switches. Two-electrode spark
gaps. Three-electrode spark gaps. Trigatrons. Spark gaps triggered by
external radiation. Sequence multielectrode spark gap switches.

5.2. Low-pressure spark gaps. Vacuum spark gaps. Pulsed hydrogen
thyratrons. Pseudospark gaps.

5.3. Solid-state and liquid spark gaps. Spark gaps with breakdown in solid
dielectric. Spark gaps with breakdown over the surface of solid dielectric.
Liquid switches.

6. Generators with plasma closing switches

6.1. Generators with gas-discharge switches. Design principles of the generators.
Generators with an energy storage line. Spark peakers.

6.2. Marx generators. Nanosecond Marx generators. Charging of a capacitive
energy store from a Marx generator. Types of microsecond Marx generator.
Multisection Marx generators. High-power nanosecond pulse devices with
Marx generators.

6.3. Pulse transformers. Generators with Tesla transformers. Autotransformers.
Line pulse transformers. Transformers using long lines.

7. Generators with plasma opening switches

7.1. Pulse generators with electrically exploded conductors. Choice of
conductors for current interruption. The MHD method in designing circuits
with EEC switches. The similarity method in studying generators with EEC
switches. Description of pulse devices with EEC switches.

7.2. Pulse generators with plasma opening switches. Generators with
nanosecond plasma opening switches. Generators with microsecond POS's.
Nanosecond megajoule pulse generators with MPOS’s. Other types of
generator with MPQOS's.

7.3. Electron-triggered gas-discharge switches. Triggering of an injection
thyratron. The current cutoff mode.

8. Pulse power generators with solid-state switches

8.1. Semiconductor closing switches. Microsecond thyristors. Nanosecond
thyristors. Picosecond thyristors. Laser-activated thyristors.
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8.2. Semiconductor opening switches. General considerations. Operation of
SOS diodes. SOS-diode-based nanosecond pulse devices.

8.3. Pulse power generators in circuits with magnetic elements. Properties of
magnetic elements in pulsed fields. Generation of nanosecond high-power
pulses. Magnetic generators using SOS diodes.

8.4. Long lines with nonlinear parameters. Formation of electromagnetic
shock waves due to induction drag. The dissipative mechanism of the
formation of electromagnetic shock waves. Designs of lines with
electromagnetic shockwaves. Generation of nanosecond high-power pulses
with the use of electromagnetic shock waves.



YUYEBHO-METOJUYECKAS KAPTA YUYEBHOM JUCHUIJIAHBI

JlaeBHas popma mosrydeHusi 00pa3oBaHus ¢ MPUMEHEHUEM JTUCTAHITMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTUN
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1 Physical background of charge transfer in different medium 10 20 4

1.1. Electrical current. Main definitions. Continuity equation. Direct current (DC) laws. 2 2 2 6HI-0MIPOC
Electromotive force (EMF). DC electric field. TecT

1.2. DC current circuits. Kirchhoff laws. Main theorems of electrical engineering. Methods 1 4 pelieHue 3aaaq
of current calculation. Distributed currents. Stationary approximation

1.3. Electromagnetic field. Maxwell’s equations. Wave equation and its solutions. Wave’s 1 2 pelenune 3aaau
parameters. Plane wave. Spectrum. Pointing vector, intensity. Energy transfer.

Elementary sources of electromagnetic waves. Spherical waves. Standing waves

1.4. Circuits with a harmonic EMF. Free, damped and stimulated oscillations in oscillatory 2 6 pelieHue 3a1aq
circuit. Transient processes. Phase difference between current and voltage. Ohmic
resistance and reactance. Phase diagrams. Complex resistance.

1.5. Spectral representations. Fourier transformation. Representation in time and frequency 2 6 2 pelenue 3aad,
domain. Duhamel’s integer. Laplace transformation. Kotelnikov’s theorem and digital TeCT
transformation.

2 Principles of a pulse generation 4 2

2.1 Lumped parameter pulse systems. Principal schemes for pulse generation. Voltage 2
multiplication and transformation

2.2 Pulse generation using long lines. Generation of nanosecond pulses. Voltage 2 2 GJIHMII-01IPOC,
multiplication in line-based generators. Pulse systems with segmented and nonuniform perenHne 3amnaq
lines

3 Physics of pulsed electrical discharges 6 4 2 TecT

3.1 The vacuum discharge. General considerations. Vacuum breakdown. The ecton and its 2
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nature. The vacuum spark. The surface discharge in vacuum.

3.2 The pulsed discharge in gas. Elementary processes in gas-discharge plasmas. Types of pelieHre 3aaau
discharge. The spark current and the gap voltage drop. The discharge in gas with direct
injection of electrons. Recovery of the electric strength of a spark gap.

3.3 Electrical discharges in liguids. Background. The pulsed electric strength of liquid pelieHue 3aad,
dielectrics. The electrical discharge in water. The role of the electrode surface. The TeCT
role of the state of the liquid

4 Properties of coaxial lines

4.1 Solid-insulated coaxial lines. Principal characteristics. Pulse distortion. pelieHue 3a1a9
Nonuniformities. Pulsed electric strength of solid insulators

4.2 Liquid-insulated lines. General considerations. Types of liquid-insulated line. Physical pelieHue 3a1a4
properties of liquid-insulated lines. Flashover of base insulators

4.3 Vacuum lines with magnetic self-insulation. Physics of magnetic insulation. The pelieHue 3a1au
quasistationary mode. The wave mode. Plasmas and ions in a line.

5 Spark gap switches

5.1 High-pressure gas gaps. Characteristics of switches. Two-electrode spark gaps. Three-
electrode spark gaps. Trigatrons. Spark gaps triggered by external radiation. Sequence
multielectrode spark gap switches

5.2 Low-pressure spark gaps. Vacuum spark gaps. Pulsed hydrogen thyratrons.
Pseudospark gaps.

5.3 Solid-state and liguid spark gaps. Spark gaps with breakdown in solid dielectric. Spark GJIHMII-0MPOC
gaps with breakdown over the surface of solid dielectric. Liquid switches.

6 Generators with plasma closing switches

6.1 Generators with gas-discharge switches. Design principles of the generators.
Generators with an energy storage line. Spark peakers.

6.2 Marx generators. Nanosecond Marx generators. Charging of a capacitive energy store
from a Marx generator. Types of microsecond Marx generator. Multisection Marx
generators. High-power nanosecond pulse devices with Marx generators.

6.3 Pulse transformers. Generators with Tesla transformers. Autotransformers. Line pulse pereHune 3aad,
transformers. Transformers using long lines. TecT

! Generators with plasma opening switches

7.1 Pulse generators with electrically exploded conductors. Choice of conductors for

current interruption. The MHD method in designing circuits with EEC switches. The
similarity method in studying generators with EEC switches. Description of pulse

devices with EEC switches.
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7.2. Pulse generators with plasma opening switches. Generators with nanosecond plasma
opening switches. Generators with microsecond POS's. Nanosecond megajoule pulse
generators with MPOS’s. Other types of generator with MPOS's.
7.3 Electron-triggered gas-discharge switches. Triggering of an injection thyratron. The 3amuTa pedepa-
current cutoff mode. THBHBIX paboT
8 Pulse power generators with solid-state switches
8.1 Semiconductor closing switches. Microsecond thyristors. Nanosecond thyristors.
Picosecond thyristors. Laser-activated thyristors.
8.2 Semiconductor opening switches. General considerations. Operation of SOS diodes.
SOS-diode-based nanosecond pulse devices.
8.3 Pulse power generators in circuits with magnetic elements. Properties of magnetic
elements in pulsed fields. Generation of nanosecond high-power pulses. Magnetic
generators using SOS diodes.
8.4 Long lines with nonlinear parameters. Formation of electromagnetic shock waves due 3armuTa pedepa-

to induction drag. The dissipative mechanism of the formation of electromagnetic
shock waves. Designs of lines with electromagnetic shockwaves. Generation of
nanosecond high-power pulses with the use of electromagnetic shock waves

TUBHBIX paboT
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NHOOPMAIIMOHHO-METOANYECKASA YACTD

IlepeyeHb OCHOBHOI JIMTEPaTypPhI

1. G. A. Mesyats. Pulsed power. Springer. 2005. 568p

2. J. Lehr, P.Ron, Foundations of pulsed power technology. Wiley, 2017,
625p

3. C. K. Alexander, M. N. O. Sadiku. Fundamentals of electric circuits,
McGraw-Hill Education, 2017, 927p

IlepeyeHb 1OMOJHUTEIBHOM JIUTEPATYPBHI

1. I'"A.Mecsn. UmnynscHas sHepreTuka v aektponuka. M., Hayka, 2004, 712¢

2. .LE. ponos. 3akonsl anekTpoMaraetusma M.: Breicmas mxona 2000. 287c.

3. N.E. Uponos. 3amgauu no obmiert pusuke. Cankt-IletepOypr: Jlans, 2004,
416¢.

4. H.Bluhm. Pulsed power systems. Springer. 2006. 328p

5. I.Batarseh, A.Hard. Power electronics. Springer. 2018. 668p

6. J.W.Nillson, S.A.Riedel. Electric circuits. Pearson. 2015. 781p

7. M.A.Salam, Q.M.Rahman. Fundamentals of electrical circuit analysis.
Springer. 2018. 323p

IlepeyeHb pekoMeHayeMBbIX CPeICTB JUATHOCTUKUA U METOIUKA
(popmMupoBaHus UTOrOBOW OLIEHKH

JIist  OUEHKH  pe3ylbTaTOB  y4eOHOW  JIESITEIbHOCTH  O0Yy4YaroImuXxcs
PEKOMEHTyEeTCsl UICTIONIB30BATh CIEAYIOIINE CPE/ICTBA TUATHOCTUKHU:

1. baui-onpocsl.

2. 3amura pedepaTUBHBIX PadoOT.

3. Pemenue 3anauy.

4. TIucbMeHHBIH TECT.

KoHTponbHBIE MepompuaTHus TPOBOISTCS B COOTBETCTBHH C y4eOHO-
METOJIMYECKOW KapTOM JUCHMIUIMHBL. B cilyyae HEIBKM Ha KOHTPOJIBHOE
MEpONPUATHE MO YBAXKUTEIBHON MPUYMHE CTYACHT BIpPaBE MO COIIACOBAHUIO C
npenojaBaTesieM BBIMOJHUTh €r0 B JIONMOJHUTEIbHOE BpeMs. [l cTyaeHTOB,
MOJIYYMBIINX HEYJOBJICTBOPUTEIbHBIE OIICHKH 3a KOHTPOJIBHBIE MEPOIPUSITHS,
au00 HE SBUBIIUXCA MO HEYBAXUTEJIbHOW TMPUYMUHE, MO COTJACOBAHHUIO C
npenojaBaTesieM M ¢ pa3pelieHus: 3aBeayoNiero kageapoi MeponpusTue MOKET
OBITH MTPOBEICHO TOBTOPHO.

OneHka 3a OTBETHl Ha JIGKIIMOHHBIX M TPAKTUYECKUX 3aHATUAX (OJdIl-
OIPOC) MOXKET BKJIIOYATh B ce0s MOJTHOTY OTBETA, HATMYNE ApTyMEHTOB, IPUMEPOB
U3 NPAKTUKHU U T.J.

3amuTa pedepaTUBHBIX pabOT mpoBOAUTCA B (OpMe HHIUBUIYATbHBIX
BBICTYIUICHUU-TIPE3EHTAUN (JOKIAA0B) € mocieAyronied auckyccueil. OleHka
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pedepaTtoB MPOBOAUTCS MO AecATHOaIbHON mikane. [Ipu ounenuBanuu pedepara
(mokyama) BHUMaHWE oOpaliaercs Ha: COACpKAHUE U MOJHOTY PACKPBITHS TEMBI,
CTPYKTYpPY U IIOCJIEIOBAaTEIbHOCTh M3JI0KEHUS, HWCTOYHUKK HHPOpMalUn
(mpenmodTeHUe JIOJDKHO OT/AABaThCsl CTaThIM B HAy4YHBIX JKypHajax) H
KOPPEKTHOCTh UX UCMOJIb30BAHUSI, TOUHOCTb UCIIOJIb3YEMOUW TEPMUHOJIOTUU U T.1.

TectupoBanue NpoBOAUTHCS B MUCbMEHHOW (opme 4 paza B cemectp,
MIPUYEM TMIEPBBIM TECT, BBIACHSIOMINI YPOBEHD MOJTOTOBKH CTYIEHTOB IMMPOBOAUTCS
0e3 BBICTaBJIEHUS OLIEHOK, COJIEPKHUT 15-20 BOIPOCOB, MPUYEM OTBETHI MOTYT
JaBaTbcsl B cBOOOMHON dopme. Kakmprii U3 MOCIETyIONMX MHCHMEHHBIX TECTOB
BKItouaeT B cedst 20-30 TecToBBIX 3a7aHMii B OTKPBITOM (opme. Ha BrimonHeHnue
tecta orBoautTca 90 muH. [lo cormacoBaHuio € MPENOaaBaTENIEM pa3peracTcs
UCIIOJIb30BaTh  CIIPAaBOYHbIC, HAy4YHbIE W Yy4yeOHbIE [I€YaTHbIE H3JaHUS,
AIIEKTPOHHBIE UCTOYHUKU HHpopmanuu. Kaxnoe 3agaHue oueHuBaercs B 1 Oamn
(ecu oTBET BepeH U ToueH), 0,5 Oania (eciau B OTBETE COAEPKATHCS HETOYHOCTH,
HO B IIEJIOM OH BEPEH, WJIM K€ B OTBETE NPHUCYTCTBYIOT IOYTH 3ABEPIICHHBIC
paccyXAeHHsl, KOTOpbIE NMPU MX MPOJOJIKEHHUH MOTJIM Obl MPUBECTU K BEPHOMY
orBery), 0 OamoB (ecauM OTBET HE BepeH Wid oTcyTcTByerT). OlieHKa Tecrta
IPOBOAUTCA MO CyMMe OajuloB, HaOpaHHBIX 3a BCE 3aJaHUs, B COOTBETCTBUU C
Tab. 1.

Tabnuna 1 — Kpurepuu onieHKu Tecta
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OneHka TeKyIIed  YCINEBaeMOCTH  pACCUHMTHIBAETCS  KaK  CpelHee
apru(PMETHICCKOE OIECHOK 3a KaKJI0€ M3 MUCHhMEHHBIX TECTUPOBAHHM, OICHKH 3a
3amuTy pedepara, penieHue 3a1aq. 3a OTBETHI Ha JIGKITUAX M Y4aCTUE B TUCKYCCHUU
CTyJICHTaM MOXeT ObITh J00aBieHO 1-2 Oamia cBepX MMOJYyYEHHOM pacueToM
OLICHKH TEKYIIEH yCIIEBAEMOCTH.

DK3aMEHAIMOHHAs OIEHKA M OIICHKA TEKYIIEW YCIeBaeMOCTU CIIYXaT s
OTIpEJICIICHHS] PEUTUHTOBOM OIEHKH IO JUCITUTUIMHE, KOTOPAsi PACCYUTHIBACTCS KaK
CpEIIHEeB3BECIIICHHAS OIICHKA TEKYIIEH yCTIEBAEMOCTH U DK3aMEHAIITMOHHOW OIICHKH.
Pexomennyembie BecoBbie KOI(PDUITMEHTHI 17151 OIICHKU TEKYIIEH yCTIeBaeMOCTH —
0,5; nsg sx3amenarmonHon orieHku — 0,5.
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IIpuMepHBIH NepedyeHb 3aaHU AJI51 YIPABJIAEMO CaMOCTOATEIbHOMN
paldoThI CTYIEHTOB

Tema 1.1. DneKTpUUYECKHM TOK.

3aoanue — PaccuuTarh CONPOTUBIICHUE OJHOPOAHOTO CPEPUUECKOTO CIIOS C
3aJJaHHOU yJIeJTbHON TIPOBOJAUMOCTBIO.

Dopma omuemnocmu (koumpons) — IIMCbMEHHOE pellleHHe MPOOIEMBI C
aHaJIM30M TPEEIbHBIX CIyJaeB.

Tema 1.5. CnektpanbHble MPEACTABICHHUS.

3adanue — OnpenenanTh CIIEKTPBI YaCTOTHOTO MpoIycKas kiaccuuecknx RC
u RL - punbTpos.

@opma omuemnocmu (koumponas) — IlucbMeHHBIH aHanM3  Qypbe-
CHEKTPOB CHUTHaja JUIsl TPEAJIOKEHHBIX (UIBTPOB C aAHAIU30M MpPEJEIbHbBIX
CJIy4aeB JJOMMHAHTA aKTUBHBIX U PEAKTUBHBIX COCTABIISIOLIUX.

Tema 3.3. DIEKTPUUECKHUN pa3psi B KUIKOCTAX.

3aoanue — Onucath 3aBUCUMOCTb HAIPSHKEHUS MPOOOS CMECH Ta3oB OT
BJI&YKHOCTU CUCTEMBI.

Dopma omuemnocmu (koumpons) — [lUCbMEHHBIA aHaIU3 KaueCTBEHHOU
3aBUCUMOCTH HalpsDKeHHsT Tpo0Oos i  MHOTOKOMIIOHEHTHBIX Ta30B IS
Pa3JIMYHBIX TUTIOB Ta30BbIX CMECEH.

Tema 6.3. mmynbcHBIE TpaHCHOPMATOPHI.

3aoanue — llpennoxutb OJOK CcXeMy TeHeparopa Ha OCHOBE
Tparcopmaropa Tecna 1is MOTydSHHUS] UMITYIBCOB C JUIUTEIHHOCTHIO HE MEHEE
100 He.

Dopma omuemnocmu (konmpons) — bBIIOK cxeMy TreHepaTopa Ha OCHOBE
TpaHcopmaropa Tecna i MOTydeHHUs] UMIYJIbCOB C JUIUTEIBHOCTHIO HE MEHEE
100 HC ¢ pacueToM mapaMmeTpoB TpaHchopmaropa Tecnma u APYrux >JIEMEHTOB,
BKJIFOUEHHBIX B CXEMY.

Pexomenayembie pa3ieibl 151 COCTABJICHHUS TECTOBBIX 3a1aHUI
1. ®usnueckre OCHOBBI EPEHOCA 3apsa B PA3IMUHbBIX CHCTEMAaX
2. Du3uKa UMITYJIbCHBIX JIEKTPUUECKUX Pa3psI0B
3. I'enepatopsl UMITYJIHCOB C MJIA3MEHHBIMU KOMMYTAaTOPAMHU

Onucanue HHHOBALIMOHHBIX MOJAX0A0B M METO/I0B K NMPeNnoiaBaHUI0
yueOHO JUCHHUILTHHBI
[Ipu opranuzaiuu 00pa3oBaTENILHOTO MPOLIECCA UCHOIb3YIOMCA MEMOObl U
npuembvl pazeumus KpUmMu4ecKo20 MuluiieHus, KOTOpbIe PEACTaBIAIOT OO0
cuctemy, (GOPMHUPYIONIYI0 HaBBIKA palboThl ¢ uHPOpMaIue; MOHUMAHUU
nH(OpMAIUU KaK OTIPABHOTO, @ HE KOHEYHOTO IMyHKTAa KPUTHYECKOTO MBIIIJICHUSI.
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@opmoii  peanu3alud  METOJa MOXET BBICTyNaTh IMOJArOTOBKAa W  3aluTa
pedepaTuBHBIX paboOT.

JKenarenbHbIM  SIBISACHCA TNPUMEHEHUE Memooa Yy4eOHOoUu OucKyccuu,
KOTOpBIM TMpeAroiaraeT ydacThe CTYJEHTOB B IIEJICHANPABICHHOM OOMEHE
MHEHUSMH, WJEIMH JJIsl TPEAbSIBICHUS /WM COTJAacOBaHUS CYIIECTBYIOIIMX
NO3ULMNA TO OmpeneNeHHoN mnpobieme. Peanuzanmio MeTola peKOMEHAYeTCs
OCYUIIECTBJISATH BO BpeMsl 3alUThl pedepaTuBHBIX pabOT, OPraHrU30BaB JUCKYCHUUIO
oOydarolmuxcs, a Takke B XoAe caMmux Jekuuid. Kcnomp3oBanue wMeTona
oOecrieunBaeT TOSBICHUE HOBOTO YPOBHS TIOHMMAaHUS HW3y4aeMOW TEMBI,
MpUMEHEHUE 3HAHUH (TEOPH, KOHIICTIINIA) TP PEIICHUH TTPOOIeM, OnpeIesieHUe
CI0CcO00B UX PEIICHUSI.

MeToanyeckue peKOMeHIAIUN 110 OPraHU3aANNHU
CaMOCTOSITe/IbHOI Pa00ThI 00Yy4AKOIMXCH

CamocrosiTenbHast paboTa MPOBOAUTCS C LEIBIO:

— CHCTEMATH3allMd W 3aKpEIUICHMs], YTIIYOJICHHs] M PACHIUPEHUS TOJYYCHHBIX
TEOPETUUYECKUX 3HAHUM 00yUaIoIIUXCS;

— (GopMUpOBaHUS YMEHHI UCIIOJIH30BAThH CIEIUANIBHYIO JIUTEPATYPY;

— pa3BUTHS TIO3HABATEIBHBIX CIOCOOHOCTEM U aAKTHUBHOCTU OOYy4YaronIuXCs:
TBOPYECKOW MHUIIMATHBBI, OTBETCTBEHHOCTH U OPTAaHU30BAHHOCTH;

— (QopMupoBaHUST ~ CAMOCTOSITEJILHOCTH  MBIIUIEHUS,  CIIOCOOHOCTEH K
CaMOpPa3BUTHUIO, CAMOCOBEPIIIEHCTBOBAHUIO U CAMOPEATIN3AIUH.

AyauTopHasi caMmocTosiTeNIbHas paboTa 1Mo yueOHOM AUCIIUIUIMHE Ha y4eOHBIX
3aHSATUAX T[I0J] HEMOCPEICTBEHHBIM PYKOBOJCTBOM IIpernojaBareiiis M MO €ro
3alaHnio. BHeaynuTopHas caMOCTOsITeNbHAsE pabdOTa BBIMOJHAETCA MO 3aJaHHIO
npernojaBaress 0e3 ero HermocpPeACTBEHHOTO YYacTHsl.

OCHOBHBIMM BHJAM ayJAMTOPHOM CaMOCTOSITENIbHOM pabOThl MpPHU W3YYEHUHU
JUCHUIUIMHBI SIBJISIIOTCS MMOJATOTOBKA OTBETOB HAa TECThI, PEIICHUE KauyeCTBEHHBIX
3a7a4 (BOMPOCOB) MPEMJIOKEHHBIX B XOJI€ 3aHATHUS, Y4acTUE B JUCKYCCHM Ha
3aHATUAX U B XOJI€ 3alIUT pedepaTuBHBIX PadoT.

OCHOBHBIMH BUJIaM BHEAYAUTOPHOM CAMOCTOSITEILHON PabOThI MPU U3YUCHUHN
JTUCIUTUIMHBL ~ SBJIAETCS  TMOATOTOBKA  pedepaTUBHBIX  pabOT  pelieHue
CUTYallMOHHBIX 33]]a4 NPEIJI0KEHHBIX MPENO/1aBaTEIEM.

Tembl pedepaTUBHBIX paOOT CTYACHTaAMHU BBIOMPAIOTCA W3 TPEIJIOKEHHOTO
npenojaBaTesieM CIUCKa HE TMO3/HEe 4YeM uepe3 JBE HENeNu IOcie Hadala
3ansTuil. [IpumepHbIil mepeuenb TeM pedepaToB mpenacraBieH Huxe. CTymaeHTHI
MMEI0 TpaBO IO COIJIACOBAHUIO C TMpernojaBaTesieM c(opMyIupoBaTh TeMy
pedepaTuBHOM pabOTHI CAMOCTOSTEIBHO.

B kadectBe 3a7a4 MOTYT BBICTYINAaTh KQU€CTBEHHBIC M PACUCTHBIC 3aJa4u IO
AIIEKTPUYECKUM IIEMsIM, aHAJU3y YaCTOTHBIX CIEKTPOB MPOIYCKaHUS KOHTYPOB,
OLICHKE BBIXOJHBIX NTAPAMETPOB I'€HEPATOPOB U KOMMYTaTOPOB.

[Ipu BbINOJIHEHHWH BHEAYJUTOPHON CaMOCTOATENbHON paboThl 00yyaromuics
UMEET MPaBo 00paaThes K MPenoiaBaTeiio 3a KOHCYIbTallUEH.
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ogakwnrE

IIpumepHas TeMaTuKa pedepaTUBHBIX padoT

CHCKTpaHBHble AHAJIOT'OBBIC U HI/I(prBBIe MMpCaACTaBJICHUA

. I/IMHYJII)CHBIC CUCTEMBI C COCPCAOTOUYCHHBIMHU IIapaMCTpaMU.

['enepanus UMIyJIbCOB IJIMHHBIMH JINHUSIMU.

®u3nKa UMIYJIbCHBIX AIEKTPUUECKUX Pa3pPsII0OB.

DIIEKTPUYECKUN pa3psill B BOJE.

NmnynbCHAs 3ieKTpUYecKass MPOYHOCTh TBEPJAOM M3OJISIUUM U KOAKCHAIBHBIX
JIMHUH,

[TepekppITHE OMOPHBIX U30JISITOPOB.

[IpumMeHeHne TMHUI ¢ MATHUTHOM CaMOU3O0JIALIUEN.

Pa3psanHuku ¢ 3amyCKOM OT BHEIIHETO U3ITyYEHUS. .

. [IceB1OUCKPOBBIC Pa3PSTHUKH.

. 2KuJIKOCTHBIE KOMMYTATOPBI.

. UckpoBbie obocTpUtenu.

. Mo1iHbIle HAHOCEKYHHBIE YCTPOMCTBA C TeHepaTtopaMu Mapkca.

. 'eneparopsl ¢ Tpancopmaropamu Tecna.

. MarautTorugpoiMHaMHUYECKUI MeTO1 pacueta cxeM ¢ DBII.

. Meton nmono6ust B uccnegoBanuu reuepatopos ¢ OBII.

. MowiHble HaHOCEKYHHbIE UMITYJIbCHBIE reHepaTopsl ¢ MIIIIT.

. UMItynbCHBIE TUPUCTOPHI HAHOCEKYHTHOTO AUAIIAa30Ha.

. Mo1Hble HaHOCEKYHAHBIE UMITYJIbCHBIE YCTpOKCcTBa Ha ocHOBe SOS-110A0B.

. MarauTHbIe TEHEPATOPHI ¢ UcTosib3oBaHueM SOS-THO0B.

reHepHpOBaHI/IC MOIIHBIX HAHOCCKYH/HBIX HMITYJIbCOB C HCIIOJIb30BAHUEM
YO3B.

IIpumepHbIN NepeYeHb BONPOCOB K IK3aMEHY
DNEKTPUYECKUN TOK.
Llenu MOCTOSITHHOTO TOKA.
DIEeKTPOMAarHUTHOE TOJIE.
OnekTpuueckue uenu ¢ rapmonnyeckum IJ[C.
CriekTpajibHbIE NPEICTABICHUS.
HMITyIbCHBIE CHCTEMBI C COCPEAOTOUEHHBIMHU ITApaMETPaMHU.
['eneparus UMMIYyJIbCOB JJIMHHBIMY JIMHUSIMU.
Pa3psn B Bakyyme
. IMIynbCHBIN paspsia B rase.
10 DNEKTPUYECKUIA pa3psil B KUIAKOCTH.
11.KoakcuasibHbl€ JTUHUU C TBEPAOU U30JISIITUCH.
12.JIuHuA € KUJIKUM JUIICKTPUKOM
13.BakyyMHbI€ JINHUW C MATHUTHOW CaMOM30JISIIUEH.
14 Pa3psgHUKY ¢ BBICOKUM JaBJICHUEM Trasa.
15.Pa3psiiHUKN HU3KOTO JABJICHHUS,
16.Pa3psanuku ¢ mpoOoeM KUAKOTO U TBEPIOTO AUAJICKTPUKA.
17.T'enepatopsbl ¢ ra3opa3psIHbIMU KOMMYTaTOPaMHU.
18.T'eneparopsr Mapkca.

CoNOOR~ODE
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19.VimnynscHbIE TpaHCcHOpMATOPHI

20.1MmynbcHBIE TEHEPATOPHI € IEKTPUIECKUM B3PHIBOM MPOBOHHKA.
21.MIMmynbCcHBIE TEHEPATOPHI € TUIa3MEHHBIMU MPEPHIBATEIISIMH TOKA.
22.I"a30pa3psAHble KOMMYTATOPHI C 3JIEKTPOHHBIM YIPABICHUEM.
23.1101ynpoBOTHUKOBBIE HMITYJIECHBIEC BKIIIOUAIOIIIE KOMMYTATOPBHI.
24.11o1ynpOBOTHUKOBBIE BKITIOUAIOUINE KOMMYTATOPHI.

25.I"enepaTopbl MOLIHBIX UMITYJIHCOB B CXE€MaX C MArHUTHBIMU 3JIEMEHTAMHU.
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MPOTOKOJI COIJIACOBAHMS YYEBHOM ITPOT'PAMMBI YBO

Hassanue Ha3Banue [Ipennoxenus Pemenue, npunsatoe
yaeOHOU Kadeapol 00 U3MEHEHUSX B kadeapoii,
JTUCUUIUINHBL, coJlepKaHUMU y4eOHOU pa3zpaboTaBuieit
C KOTOpOM MIPOrpamMMBbl yueOHYI0
TpedyeTcs YUPEIKIACHUS BBICIIETO nporpammy (c
COrJJacoBaHUE 0o0pa3oBaHus 10 y4eOHOH | yKa3aHHEM J1aThl U
JUCHUTUIUHE HOMEpa IIPOTOKOJIA)
1. OcHoBBI Kadenpa snepHoit | Her OcTaBuTh coJiepKaHUE
CUIBHOTOYHBIX busuku y4eOHOU JUCIUILTAHBI
HMITYJIbCHBIX 6e3 n3menenust Ne6 ot
TEXHOJIOTHI 30.12.2019
2. Feneparus Kadenpa simeproit | Het OctaBuTh copiepKaHue
M3ITydeHHs busuKu y4eOHOM JUCIUTIIMHBI
ANEKTPOHHBIMU 0e3 m3meHeHus Ne6 ot
y4KaMH 30.12.2019
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JOIMOJHEHUS U UBMEHEHHU S K YYEBHOHN MIPOT'PAMME 11O
N3YYAEMOM YUEBHOM JUCHUIIJIMHE
Ha / y4eOHBIH TO

NoNo JlomonHeHus: 1 U3MEHEHUS OcHoOBaHHE
juisl

VYyebHas mporpaMmma mepecMOTpeHa U 0JI00peHa Ha 3acelaHuu Kadeapbl oOIei
¢uzukn (npotokoa Ne 6 ot 30 gexabps_2019r.)

3aBenytomuii kadenpoit ooien Gpuznku

K.(.-M.H., IOIEHT A.N.CnoboasHiok
YTBEPX/IAIO

Jlexan usnyeckoro axkympTeTa

K.(].-M.H., IOIEHT M.C. TuBaHoB
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