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Mporpamma gucumnnuHbl "Pagnodgouamka u paguoanektpoHuka"; 03.05.01 ACTpoHOMUS; OOUEHT, K.H. (aoueHT) Taopckas IM.B.

MporpamMmy ancumnavnHbl paspaboTan(a)(n) ooueHT, K.H. (aoueHT) Tatopckas .B. Kageapa
paguouaunkm OtoeneHme pagmouankm 1 MHPOPMaLMOHHbIX cucteM , Galina.Tajrsca@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

Llensmun ocsoeHus aucumnnuHbl C2.11B.1. "Pagnoduamka n pagnoanekTpoHmka" SBnsioTcs:
PopMMpoBaHME Y CTYAEHTOB CUCTEMATUINPOBAHHbBIX 3HAHWIA, YMEHWIA 1 HABbIKOB B 06nactu
COBPEMEHHO paanosnekTPOHUKK, 3HAKOMCTBO C (Ppn3nyeckmMmn npoLeccamu, npoTekarwmmm B
PanMO3NIEKTPOHHbIX Liensix, a TakxXe ¢ ou3nyeckrMm CBOMCTBaAMU, XapakTepucTukamm un
napameTpamm nonynpoBOAHUKOBbLIX ANOO0B, TPAH3UCTOPOB U MHTErpanbHbIX CXEM U UX NPUMEHEHWIA
B @aHaNIOroBbIX, MMMYNbCHbIX U LMMPOBbIX PAANOSNEKTPOHHbIX YCTPONCTBAX.

2. MecTO AMCUMUNNNHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpamMmmbl BbICLLETO
npocpeccuoHanbLHOro o6pa3oBaHus

HaHHas yyebHas ancumnnvHa sknodeHa B pasgen " 51.B.0M.5 OucumnauHbl (MOaynn)" OCHOBHOM
obpa3zoBartenbHoit nporpamMmbl 03.05.01 ACTPOHOMUS 1 OTHOCUTCS K 06513aTENbHBIM ANCUUMIMHAM.
OcBauBaetcs Ha 2 kypce, 4 ceMecTp.

Livkn no Bbibopy C2.0B.1. ,[1ns 0CBOEHNS AHHO ANCLUMNIMHBI HEOOX0OMMbI 3HAHMS,
npnobpeTeHHble B pe3ynbTate OCBOEHMS NPELIECTBYOWNX OMCLMNANH: andpdpepeHumnanbHble
ypaeHeHus (b2.5.10); matematnyeckuin aHanna (b3.6.1); anektpoauHamuka (B3.5.10).
Oucumnnnna C2.0B1 "Pagnodusnka n paanoanekTpoHnka" Bxoamt B Matematmnyeckun n
€CTeCcTBEHHOHayuHbIN umkn (bnok C2) 6akanaspos no HanpasneHunto 011501- "AcTpoHomms" n
ABNAETCS KypCOM Mo BbIOOpy. [Ing n3yyeHms naHHON AncumnnmHbl HeobXoAMMbl 3HAHWS,
NprobpeTeHHbIE B pe3ynbTate OCBOEHMS NPEALECTBYOWNX AMCLMNANH: anddbepeHumnanbHble
ypaBHeHus (62.5.10); matematnyeckuii aHanna (b3.6.1); anektpoanHamuka (63.65.10).

3. KomneTteHuumn obyuarowerocsi, popmMupyemble B pe3ybTate 0CBOEHUSA AUCLUMNIINHDI
/mopynsi

B pesynbTate 0CBOEHUS AMCLMNINHBI (OOPMUPYIOTCS CReaytolWwme KOMNeTEeHUNN:

Pacwudpposka
npuobpetaemMor KOMNETeHLUN

BafgeHNeM HaBblKkaM/ CaMOCTOATESNIbHOM pa6OTbI,

Lndop komMneTeHUUH

MK-4 CaMOCTOSTENIbHO OLEHUBATb Pe3yNbTaTbl CBOEN OEATENbHOCTY;

(NMpodpeccroHanbHble MK-5 - cnocobHOCTbIO M FTOTOBHOCTHIO CAMOCTOSITENBHO U B

KOMMneTeHuunn) cocTaBe rpynnbl BECTU Hay4HbIA MOUCK; cneunanbHble
KOMMeTeHuunn:

B pe3ynbtaTe 0CBOEHUS OUCUUMANHBI CTYOEHT:

1. DONXEH 3HaThb:

- MeTo4bl aHann3a anekTpuyeckux CUrHanos;

- om3nyeckme CBOMCTBA, XapakTePUCTUKN U NapaMeTpbl NONYyNPOBOOHNKOBLIX NPUOOPOB;
- MeTo4bl aHann3a N xapakTepUCTUKN NNHENHbBIX N HENUHENHbIX 3NEKTPUYECKNX Lienen;

- MIPUHUNMNDbI pa60Tb|, OCHOBHbIE NMapaMeTpbl N XapakTepUCTukn yCUnMTelbHbIX yCTpOVICTB Ha
TPaH3nNCTOopax 1N onepaunoHHbIX YCUNNTEeNsx;

- NPVHUUMBI OYHKLIMOHMPOBAHUS MMMNYNbCHBIX 1 NOrMYeCKUX YCTPOWCTB.

2. NONXEeH yMeTb:

- dHannm3npoBaTtb B4 " CﬂeKTpaﬂbeIVI COCTaB pas/iMyHbIX nepnogn4ecknx n Henepmnogn4eckmx
CUrHanoBs;
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- F’PAMOTHO YNTaTb aNeKTpn4eCkmne cxembol n Nob30BaATbCA 3ﬂ€KTpOHHOI7I annapaTypon;
-OLleHMBaTb CTeNeHb BO34eNCTBUA ANEKTPOHHbIX uenen Ha napameTpbl 1 CNEKTP CUrHana,

- PacCc4ynTbiBaTh 3NIEKTPNUYEeCKNEe CXeMbl MPOCTbIX YCUNNTENTIbHbIX KaCKagoB Ha TPaH3UCTOPax n
onepaunoHHbIX YCUNMTensx;

- aHanM3npoBaTb PaboTy NPOCTENWNX NOTUHECKMNX U UMMYNbCHBIX YCTPONCTB.

3. 0ONXEeH BnageTb:

- METOAaMU peleHnst 3a4aY, CBSA3aHHbIX C HE0OX0AMMOCTbIO NPUMEHEHMNS PaaN03NEKTPOHHbIX
CpencTB 1 METOLOB B CBOEWN MPakTUYeCKOon AeATeNbHOCTU

- HaBblkamm paboTbl C NPOCTENWER N3MEPUTENBHON annapaTypon
- HaBblkamu paboTbl ¢ y4ebHO 1 Hay4YHOI NMTepPaTypPO.

4. nONXeH OEeMOHCTPUPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:

- K peLeHnto 3aaay, CBA3aHHbIX C HE0OX0AUMOCTBIO NMPUMEHEHUS PAANO3NEKTPOHHbBIX CPEeACTB U
METOLOB B CBOEWN NPaKTUYECKON OeATENbHOCTU

- 9KCMNJlyaTMpoBaTb COBPEMEHHYIO PAANO3NEKTPOHHYIO annapartypy 1 obopynoBaHue
- paboTtaTtb ¢ coBpeMeHHbIMI 06pas3oBaTebHbIMU Y UHOPMALIMOHHBIMY TEXHONOTUSIMIA.

4. CTpyKkTypa 1 cogepXxaHvue OUCLUNIUHBI MOAyNs
Obwas Tpya0EMKOCTb AUCLMIMIIMHBI cOCTaBnseT 5 3a4eTHbix(ble) eanHuL(bl) 180 yaca(os).
dopMma NPOMEXYTOYHOIr0 KOHTPONS AMCUUNANHBI 9K3aMeH B 4 ceMecTpe.

CyMMapHo No AMcumnanHe MoxHo nony4ntb 100 6annos, U3 HMx Tekylwas paboTta oueHmBaeTcs B 50
6annoe, nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANsl AOMNycKa K 3a4eTy
28 6annos.

86 6annos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YA0B.);

54 6anna n MeHee - "HeyOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepxaHue ayauTopHon paboTtbl No gucuunimHe/ Moaynto
TeMmaTnyeckum nnaH AUCUUMNANHBI/MOAYNA

Buabl n yachbl
Pasnen ayauTopHom paborbl,
Hepens MX TPYA0EeMKOCTb Tekyume hopMbi
N .D.Mlt\:nl.:.)v;lr;r:]v’llﬂbll CemecTtp cemecTpa (8 yacax) yusne o
neK._,M,,,nPaKTW-leCKMeJ1a6opaTop|-|b|e
3aHAaATUNA pa607b|

Tema 1. BeegeHue.
CurHansl.
CnekTpanbHoe
npeacrasneHue
NepruoanYecKmx
CVTHaNoB psgamu
dypbe.
Henepunoanyeckni
1 |curnan. MNpsamoe n
" lobpaTtHoe
npeobpa3zoBaHne
®dypbe. CnekTpanbHas
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nnoTHOCTb. HekoTopble cBolicTBa Npeobpa3oBaHns Pypbe. CnekTpbl HENEPUOLNYECKNX COYHKLINIA.

NMucbMeHHoe

JomallHee
4 1 2 0 0 3adaHune
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Buabl n yachbl
ayauTopHOM paboThbl,

Paspen
Henens MX TPy A0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")v;lr;m;“b'/ Cemectp cemecTpal (B yacax) KOHTpOnsi
Nekumm MpakTnyecknellaboparopHbie
3aHATUSA pabotbi

Tema 2. JlnHenHble
uenwu. MapameTpsbl
Luenu.

M oeannsnposaHHble
MacCuBHbIE N aKTUBHbIE
anemeHThbl. [pocTenwas Konnoksnym
Llenb NOCTOSIHHOrO TOKa: [NMncbmeHHOE
2. |nocneposaTtenbHas 4 2 2 2 0 gomallHee
3KBUBANEHTHas cxema 3ajaHue
reHeparopa
HanpsXeHus;
rnocnemnoBarefnbHas
3KBUBANEHTHas cxema
reHeparopa Toka.

Tema 3. JlnHenHble
uenun npu
rapMOHNYECKOM
BO30ENCTBUN.
CwnmBonnyeckas popma
npeacTaBneHns
rapMOHNYECKOro
konebaHus,
KOMMIEKCHbIE
amMnnnTyabl
HanpPs>XeHns 1 Toka. MncbmeHHoe
3akoHbl Oma un 4 3 5 0 0 nomaliHee
Kupxrodpa ons 3apaHve
KOMMNEKCHbIX
amMnnuTyA.
OneMeHTapHble Lenu
NnepeMeHHoro Toka.
OKBMBANEHTHbIE CXEMbI
reHepaTopa
rapMOHNYECKNX
konebaHwui.
CornacoBaHue
reHepaTtopa c
Harpy3komu.
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl v yachbl
ayauTopHOM paboThbl,
WX TPYNOEMKOCTb Tekyuine coopmbl
(B yacax) KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tema 4. AHanus
NNHErHbIX Lenen npu
rapMOHNYECKOM
Bo3gencTtenn. Meton
KOHTYPHbIX TOKOB.
MeTonq y3n0BbIX
NnoTeHUManos.
HacTtoTHble

" [XxapakTepucTuku.
LlBYXNOMOCHUKN 1
4ETbIPEXMONOCHUKN.
OundpdpepeHumpytowme
N UHTErpupyrowme
uenwu.
KoMneHcrpoBaHHbIN
OenuTenb HanpsXeHns

YCTHbIN onpoc
[MncbMeHHoEe
0 JomMaluHee
3apaHne

Tema 5.
KonebatenbHble Lenu
Npv rapMOHNYECKMNX
BO30ENCTBUSAX.
[NocnenoBaTenbHbIN
KonebaTtenbHbIA KOHTYP.
BxonHble n
nepenaroyHble
PyHKLNN
nocnenoBartefibHOro
KOHTYpa. BnnsHue
BHYTPEHHErO
CONpoTMBAEHUS
reHeparopa Ha
n3bupartenbHole
cBoucTBa
nocnenoBartefibHOro
KonebatenbHoOro

" [KOHTYpa.
[MapannenbHbin
KonebaTtenbHbIA KOHTYP.
BxonHble n
nepenaroyHble
PyHKLNN
napannenbHoro
KOHTYpa. BnnsHue
BHYTPEHHErO
CONpoTMBAEHUS
reHeparopa Ha
n3bupartenbHole
cBoKcTBa
napannenbHoro
KonebatenbHoOro
KOHTypa. CnoxHble
CxeMbl KonebaTtenbHbIX
KOHTYPOB.

YCTHbIN onpoc
lNMncbMeHHOEe
0 JomaulHee
3ajaHue

PerncTtpaunoHHbiin Homep 646618
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Buabl 1 yacbl
ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl

cemecTpa (B yacax) KOHTpons
MpakTnyecknellaboparopHbie

3aHATUSA pabotbi

Paspen
N AducunnnuHol/ CemecTp
Moayns

Nekuunn

Tema 6. OnemeHThbI
obuwen Teopun
4ETbIPEXMONOCHNKOB.
OCHOBHbIE ypaBHEHMS
TEeopum
4ETbIPEXMONOCHNKOB. YCTHbI onpoc
CucTteMbl MaTPUYHBIX MNucbMeHHoe
6. [KOS(PPULIMEHTOB, 4 6 2 2 0 nomatuiHee
MaTtpuupbl CNOXHbIX 3agaHue
4ETbIPEXMOMOCHNKOB
MNpumMeHeHne obLwel
TEeopum
4ETbIPEXNOMOCHMKOB
npwv pacyete
ANEKTPUYECKUX Lienein.

Tema 7. [NepexogHble
npoueccsl B
SNEKTPUYECKMX LensiX C
COCPEenOTOYEHHbIMY
napameTtpamu.
OCHOBHblE NOHATMSA
onpeneneHns.
Knaccuuyeckuin meton
7. |pacyeTta nepexonHbix 4 7 2 0
npoueccos. BpemeHHoi
MeTon, MeTon
nHTerpana Lioamens.
EOWHWYHBIN umnynbC.
[NepexonHble
XapakTepucTuku Lenen.
CBoboaHble konebaHus
B KOHTYype.

Tema 8.
OHepreTuyeckmne
anarpammbl
nonynpoBOAHNKOB.
Obpa3zoBaHue
3NEKTPOHHO-ObIPOYHOIO
nepexogna.
BonbT-amnepHas
xapaktepucTuka TecTuposaHve
g, [2IEKTPOHHO-AbIPOYHOTO | 4 8 5 > 0 KoHTponbHas

" [nepexopa. EMkocCTb pabota
3NEKTPOHHO-ObIPOYHOIO
nepexona. KoHrakr
MeTann-nonynpoBOaHMK.
MNMonynpoBOAHMKOBbIE
anoabl. OCHOBHbIE TUNbI
AMOL0B, UX NapameTpbl
N XapakTepucTuku,
NPYMEHEHNE.

NncbmeHHoe
0 oomauiHee
3agaHue
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Bugbl n yachbl
ayauTopHOM paboThbl,
MX TPYAO0EMKOCTb
(B wacax)

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tekywime coopmbl
KOHTpOns

Tema 9. bunonsipHbiv
TPaH3MCcTOop.
YCTPONCTBO 1 NpUHLUMM
LeincTens bunonsapHoro
TpaH3nctopa. Cnocobbl
BKtoveHns n BAX
6runonspHoro
TpaH3ncTopa.
duaunyeckas
9KBMBaNEHTHas cxema u
andpgoepeHumnanbHble
napameTpbl
6runonspHoro
TpaH3ncTopa.

0 Konnoksuym

10.

Tema 10. Nonesble
TPaH3MCTOpbI.
Knaccugomkauns
NoneBbIX TPAH3UCTOPOB.
YCTPOMCTBO U NPUHLUNM
OencTeng nonesoro
TpaH3ucTopa c
yrnpasnsowmm p-n
nepexonom.
CraTtunyeckune
XapakTepPUCTUKUN U
napameTpbl
TpaH3uncTopa.
MAl-TpaH3ucTopsbl.

10

TectnpoBaHue
4 YCTHbIN onpoc

11

Tema 11. OcHoBbl
MUKPO3NEKTPOHMKM,
NHTErpanbHble CXEMbI.
TpaHsncTopbl
nonynpoBOAHNKOBBIX
NHTErpanbHbIX CXEM.
NHTerpanbHble n-p-n
TPaH3MCTOopbI:
MHOMO3MUTTEPHbIE U
MHOMOKOMNNEKTOPHbIE
TPaH3MCTOopbI;

‘lcynepbeTta

TPaH3MCTOopbI:
TPaH3MCTOpbI C
6apbepom LoTTkN.
[nonbl B MHTErpanbHoOM
NCNONHEHUN.
NHTerpanbHble cxembl
Ha
n-MOIT-TpaH3ucTopax.
KMOT- cTpykTypbl.

11

Konnoksunym
4 YCTHbIN onpoc
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl v yachbl
ayauTopHOM paboThbl,
MX TPYAO0EMKOCTb

(B yacax) KOHTpOns

Tekywime coopmbl

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

12.

Tema 12.
YcunutenbHble
yCTpOWUCTBA.
Knaccudmkaums
ycunutenen.
MNapameTpbl 1
XapakTepuCTUKn
ycunutenenm,
KO3dpPULMEHT
YCUNEHNS, YaCTOTHbIE U
HennHenHble
nckaxenus, Krma,
BXOQHOE 1 BbIXOOHOE
COMPOTMBNEHUS, KNaccChl
ycuneHus, obecneyeHme
Bblbopa paboyen Toukwy,
WyMbl B YCUINTENSIX.
Knacchbl ycunenus.
ObpatHas cBsi3b U ee
BANSHME Ha napameTpsl
ycunuTens.

12

TectupoBaHue
4 YCTHbIN onpoc

13.

Tema 13.
Anepvioanyecknin
yCcunuTenso.
OKBUBANEHTHAs Cxema,
KO3(pPULMEHT
YCUNEHWS, MPUYNHBI
3aBasioB YaCTOTHOM
XapakTepUCTUKMN.
Ycunutenu c
oTpuuartenbHON
obpaTHOI CBS3bIO.
CpaBHuTtenbHas
XapaktepucTuka
ycunuTenem c
pasnn4YHbIMK CXemMamm
BK/IIOYEHMS

TPaH3UCTOPOB.

13

TectnposaHue
4 YCTHbIN onpoc
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTopHOM paboThbl,
MX TPYA0EMKOCTb

(B yacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyecknellaboparopHbie

3aHATUA

paborbl

14.

Tema 14. Pe3oHaHCHbIe
ycunmrtenu,
0COBEHHOCTM CXEMHOIO
PELWeHNs yCUnnTens Ha
rnonsipHOM
TpaH3UCTOpE.
OMUTTEPHbIN U
NCTOKOBbIWA
noBTOPUTENMN.
OudpdpepeHumanbHbin
ycunmtenb n ero
CBOWCTBA.
OnepaunoHHbI
ycunutenb. OCHOBHblE
CXEMbl BK/IIOYEHUS
onepaumOHHbIX
ycunutenen.

14

TectupoBaHue
YCTHbIN onpoc

15.

Tema 15. ['eHepaums
SNEKTPUYECKMX
konebaHwuii. Ycnosume
reHepauun, 6anaHc
das n amnnnTyn.
"eHepartopbl C
NCNnonb3oBaHNEM
KonebatenbHoOro
KOHTypa.
RC-reHepatopbl ¢
uenoykom BuHa v
TPEX3BEHHOM Leno4Koi.
MynbTuubparop.

15

Konnoksuym
Ortyer

16.

Tema 16. HennHeliHble
3NEMEHTHI,
npeobpasoBaHune
cnekTpa
rapMOHNYECKOro
curHana. YMHOXeHue
4acToThl.
MNpeobpazoBaHue
4acToThl,
KOMOMHALMOHHbIE
yactoTbl. Mogynauus,
CXEMbl aMNANTYLHOWN
MOLYNSALNN.
LeTtekTnposaHue,
CXEMbl AEeTEKTMPOBaHMSA
amMnanTyaHOMO4yNnMpoBal
CUrHanos..

FHbIX

16

[NMncbmeHHOE
JomaliHee
3apaHne
OTtyet
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Buabl v yachbl
Pasgen ayauTopHon paboTbl,
Hepens UX TPYAOEMKOCTb Tekywme coopmbl
N 'D'"Kn"(")v;lr;;v;”b'/ CemecTpl: e mectpa (B yacax) i%mpﬁmp
Nekumm MpakTnyecknellaboparopHbie
3aHATUA pa60TbI

Tema 17. OcHoBbl

umgposom

SNEKTPOHUKN.

IlBonyHas anrebpa, lNncbmeHHoe

norvyeckue oyHKLmN, JomatliHee
17.[tabnuubl ICTUHHOCTW, 4 17 0 0 4 3apaHuve

Nornyeckune cxembl, Otuert

MUHUMN3aLNA ©

peanu3auns

nepeknoyaTenbHbIX

JOYHKLUUNA.

Tema 18. Cymmaropsi,

wungopaTopbl 1

Jewmndoparopbl, Konnoksnym
18.|MynbTUNNEKCOP 1 4 18 0 0 4 YCTHbIN onpoc

OeMynbTUNNIeKcop.

INlornyeckune Tpurrepsbl,

X Pa3HOBUOHOCTW.

Tema . Ntoroeas 4 0 0 0 OK3ameH

doopma KOHTpoOns

Ntoro 28 8 36

4.2 CopepxaHvue oUCLUMNUHbI

Tema 1. BeepeHune. CurHanbl. CnektpanbHoe npencrasneHne nepmoanyecKkux cUrHanos
psnamu Pypbe. Henepmnoauueckun curHan. NMpsimoe n obpatHoe npeobpasoBaHue dypobe.
CnekTpanbHasi NMOTHOCTb. HekoTopble cBoncTBa NpeobpasosaHus dypbe. CnekTpbl
Henepuoan4yecknx coyHKLUMN.

NeKuMoHHoe 3aHsiThe (2 yaca(os)):
BeeneHune. CurHansl. CnekTpanbHoe npeacraBneHme nepmoanyecknx curHanos psgamm dypeoe.

Henepuoaunyeckunin curHan. Mpsimoe n obpatHoe npeobpasoBaHue Pypbe. CnekTpanbHas
NNoTHoCTb. HekoTopble cBolicTBa NpeobpasoBaHust dypbe. CnekTpbl HENEPUOANYECKMX OYHKLINIA.

Tema 2. JIuHenHble uenu. NapameTtpbl uenu. UaeanusmnpoBaHHble NACCUBHbIE U aKTUBHbIE
anemeHTbl. [lpocTenrilasn Lenb NOCTOAHHOrO TOKa: nocnienoBatesibHasi 3KBUBaNieHTHasi cxema
reHeparopa HanpsiXxeHus; nocnenoBarebHas 3KBUBasIeHTHaaA CXeMa reHeparopa ToKa.

JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

JInHenHble uenn. I'Iapameprl uenwn. M,ﬂeaﬂI/ISI/IpOBaHHbIe NacCuBHbIE N aAKTUBHbIE 31IEMEHTHI.
I'IpOCTe|7|u1a9| Uenb NOCTOAHHOIO TOKa: nocnenoBate/ibHasA aKBMBaANIEHTHasA CxeMa reHeparopa
HanpsXeHwns; nocnenoBarteibHad SKBMBAJIEHTHAA CXeMa reHeparopa Toka.

npaktnyeckoe 3aHsitne (2 4aca(os)):
PelweHune 3apay Ha cnekTpanbHOe NpeacTasieHne CUrHanos

Tewma 3. JInHerHbIe Lenu NpyU rapMOHNYeCKOM Bo3aencTteun. Cumsonuyeckasa cdoopma
npencraBneHUsi rapMOHUYECKOro KonebaHus, KOMNIEKCHbIE aMMINTYAbl HaNPSXXeHUs U ToKa.
3akoHbl Oma u Kupxrodpa onsi KOMNAEKCHbIX aMnanuTya. dneMeHTapHble Lenu nepeMeHHoro
TOKa. DKBUBA/IEHTHbIE CXEeMbl FeHepaTopa rapMoHu4eckux konebaHuin. CornacoBaHue
reHeparopa c Harpy3komu.

JNleKLLMOHHOe 3aHsiTue (2 4aca(os)):

KTPOHHEBH
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JNInHeHble Lenun Npu rapMoHNYeckom Bo3aecTemmn. CuMBonuyeckas doopma npeacTaBneHus
rapMOHNYECKOro KonebaHusi, KOMMIEKCHbIE aMnInTy bl HANPSXeHNs 1 Toka. 3akoHbl Oma u
Kupxrogoa onst KOMNNekCHbIX aMnanTya. SneMeHTapHble Leny NepeMeHHOro Toka. OKBNBaNEHTHbIE
CXEMbI reHepaTopa rapMoHn4yeckmnx konebanuii. CornacoBaHmne reHepatopa C Harpy3Kkon

Tema 4. AHan13 NMHerHbIX Liener NpyM rapMoOHMYecKoM Bo3aencTeumn. Meton KOHTYpPHbIX
ToKOB. MeTon y3noBbix NoTeHUManoB. YacToTHble XxapakTepucTuku. [ ByXnontoCHUKU N
yeTbipexnontocHUKN. uddepeHuupyroime u nHTerpupyrowme venu. KomneHcmposaHHbIA
Aenuvrenb HanpsiXeHus.

NeKLuMoHHOoe 3aHsiThe (2 yaca(os)):

AHann3 nUHerHbIX Lenein Npu rapMoOHNYeCcKOM Bo3aeincTemm. MeTon KOHTYpPHbIX TOKOB. MeTon
y3/10BbIX MOTEHLMANOB. HacTOTHbIE XapakTePUCTUKN. [1BYXNOMOCHUKA 1 YETLIPEXMONOCHUKM.
OunchdhepeHumpyowme n nHterpupytowme Lenu. KoMneHCcMpoBaHHbIA AennTeNb HaNpPsSXXeHNs.

npakTnyeckoe 3aHsitne (2 4aca(os)):

PeweHune 3anay Ha NpMMEHEHNE CMMBONIMYECKOI CDOPMbI MPEACTABNEHNS TAPMOHNYECKOro
KonebaHus. AHanm3 NMHENHbIX Lenein (MeTon KOHTYPHbIX TOKOB U Y3M10BbIX NOTEHLUMANOB.

Tema 5. KonebarenbHble Lenu Nnpyu rapMmoHnYeckux Bo3aencteusix. MocnepoBarenbHbiv
KonebaTtenbHbIN KOHTYp. BxoaHble u nepeaartouHble PYHKLMM NOCNeA0BaTeNIbHOroO KOHTypa.
BnusiHne BHyTpeHHero conpoTMB/IEHUS reHepaTopa Ha usbuparenbHble CBOUCTBA
nocnenoBateNibHOro konebarenbHoro KoHTypa. MapannenbHbii KonebatenbHbIA KOHTYP.
BxogHble U nepenaTtoyHbie oyHKLUU NapannenbHOro KoOHTypa. BnusHue BHyTpeHHero
CONpPOTUBNIEHUS FreHepaTopa Ha n3buparenbHbie CBOWCTBA NapannenbHOro KonebarenbHoro
KOHTYpa. CnoXHble cxeMbl KonebatesbHbIX KOHTYPOB.

JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

KonebartenbHble Leny npy rapMoHMYeCcKux Bo3aencTensax. [llocnenosarensHblin konebartenbHbliii
KOHTYp. BxoaHble n nepenatoyHble OyHKLUM NOCNefoBaTelbHOro KOHTypa. BnusHne BHyTpeHHero
COMNPOTMBNEHUS reHepaTopa Ha n3brparenbHble CBOMCTBA MOCNen0BaTeNbHOro konebarenbHoro
KOHTypa. [MapannenbHbiii KonebaTenbHbIi KOHTYP. BxoaHble 1 nepenaToyHbie PyHKLMM
napannenbHOro KoHTypa. BnnsHne BHYTpeHHEro conpoTmeBneHns reHepaTopa Ha nsbuparenbHble
CBOWCTBA NapannensHoro konebarenbHoro KoHTypa. CnoxHble Cxembl KonebaTtenbHbIX KOHTYPOB.

Tema 6. SnemeHTbI OOLLEN TEOPUUN YETbIPEXNONOCHUKOB. OCHOBHbIE YpaBHEHUSI TEOPUM
YeTbIPeXnoNCHUKOB. CUCTEMbI MaTPpUYHbIX KO3dhduumeHToB, MaTpuLbl CNOXHbIX
YyeTbIPexnontcHMKOB MNMpuMeHeHMe 06LLLE TEOPUN YETbIPEXMNONIKOCHUKOB NPKU pacyete
3NeKTPUYeCcKUux uenemn.

JNeKuMoHHoe 3aHsiTne (2 4yaca(oB)):

NEeMEeHTbI 0bLWei Teopun YeTbIPeXNONOCHNKOB. OCHOBHbIE YPaBHEHUS TEOPUW YETLIPEXMONOCHNKOB.
CucTeMbl MaTpUYHbIX KO3dpdMumneHToB, MaTpuubl CNOXHbIX YETHIPEXNONOCHMKOB MNpuMeHeHne
o6Lein TEOpMU YETLIPEXMONOCHMKOB MPU pacyeTe 3NeKTPUYECKUX Lienei.

npaKkTudeckoe 3aHsitne (2 yaca(os)):
PeweHne 3apay (konebatenbHbie LENV Npu rapMoOHNYECKX BO3OENCTBUSIX)

Tema 7. lNepexogHbie NpoLLecCbl B 3/IeKTPUYECKUX Lensx ¢ CocpenoTo4eHHbIMU
napameTpamn. OCHOBHble NOHATUS onpeneneHus. Knaccuueckum Metopn pacyerta
nepexoaHbIX npoueccoB. BpemeHHOW MeTon, MeTo uHTerpana [roamens. EAMHNYHBIN
umnynbc. NepexopHble xapakTepucTuku uenen. CeoboaHbie KonebaHnUs B KOHType.

neKuMnoHHoe 3aHsiThe (2 yaca(os)):

OneMeHTbl obLei TEeopnn 4eTblpeXNONOCHUNKOB. OcHoOBHblEe ypaBHEHUNA TEOPUN
4eTbIPEXnoIIOCHNKOB. Cucrtembl MaTPUYHbIX KOSGOPULIMEHTOB, ManI/ILl,bI CNOXHbIX
4eTbIPEXnOoJIICHNKOB |_|pI/IMeHeHI/Ie obwei Teopun H4eTblpexnosIloCHUKOB Npu pacyeTe
ANEKTPUYEeCKunx uenemn.

Tema 8. dHepreTuyeckue auarpammbl NonynpoBoaHUKoB. O6pa3soBaHue
3NeKTPOHHO-AbIPOYHOro nepexona. BonbT-aMmnepHas xapaktepucTuka
3NeKTPOHHO-AbIPOYHOro nepexoaa. EMKOCTb 31eKTPOHHO-AbIPOYHOro nepexona. KoHtakr
MeTann-nonynpoBoaHUK. NMonynpoBoaHUKoBbie anoabl. OCHOBHbIe TUMbI AUOA0B, UX
napaMeTpbl U XapaKTePUCTUKU, NPUMEHEHMe.

JNleKLMOHHOe 3aHsiTne (2 4yaca(oB)):
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SHepreTnyeckme amarpammbl NonynpoBoaHnkos. ObpasoBaHne aNeKTPOHHO-AbIPOYHOr0 Nnepexoaa.
BonbT-amnepHas xapakTepucTmka anekTpoHHO-AbIPOYHOro nepexona. EMkocTb
3NEKTPOHHO-AbIPOYHOro nepexona. KoHTakT Metann-nonynpoBoaHvk. MonynpoBoAHKOBbIE AMOAbI.
OCHOBHbIe TUMbl ANOLOB, UX NapaMeTpbl N XapakTePUCTUKX, MPUMEHEHNE.

npakTnyeckoe 3aHsitne (2 4aca(os)):

Pewewne 3anay (MpumeHeHne obLiein Teopun YeTblPEXNONOCHUKOB NPY pacyeTe aneKTPrUYeckmx
uenen. lNepexoaHble NPOLECChI B 9NEKTPUYECKMX LLensX)

Tema 9. BunonsipHbIN TpaH3UCTOP. YCTPOMUCTBO M NPUHLMN OEeACTBUA BUNONSPHOro
TpaH3ucTtopa. Cnocobbl BKNoYeHus 1 BAX 6unonsipHoro tpaHauctopa. Pusnuyeckas
3KBMBaNieHTHas cxema u gudodpepeHumanbHblie napaMmeTpbl GUNONAPHOro TpaH3nCTopa.

JNleKuMoHHoe 3aHsiTne (2 4yaca(os)):

BrnonsipHblil TpaH3McTOp. YCTPOWCTBO M NPpUHUMN AeiicTBrS BunonspHoro TpaHsnctopa. Cnocobel
BKMtoYeHus 1 BAX 6unonsipHoro TpaHanctopa. dunsnyeckas akBMBaNeHTHas cxema u
omchcpepeHLmanbHble napameTpbl BUNONSPHOro TpaH3ncTopa.

Tema 10. NMonesble TpaH3ucTopbl. Knaccudpumkaums nonesbix TpaH3UCTOPOB. YCTPOMUCTBO U
NPUHLMN OEeACTBUS NONIeBOro TpaH3UCTopa C yNpasnsaoLwWwmMm p-n nepexonom. Cratmyeckme
XapaKTepucTMKU n napameTpbl TpaH3auctopa. MOMN-TpaH3ucropsbl.

JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

lMonesble TpaH3McTOpbl. Knaccudgomkaums nonesbix TPAH3UCTOPOB. YCTPONCTBO M NPUHLMN
LeNCcTBUS NONEeBOro TpaH3ncTopa ¢ ynpaensowmm p-n nepexonom. Ctatnyeckune xapakTepucTukm um
napameTpbl TpaHancrtopa. MAlN-TpaH3ncTops..

naboparopHas pabora (4 4aca(oB)):

LdundpdepeHunpyowme n NHTerpupyowmne uenm

Tema 11. OCHOBbI MMKPO31EKTPOHUKU, UHTErpasibHble CXeMbl. TpaH3UCTOPbI
nonynpoBOAHUKOBbIX UHTErpanbHbIX cxeM. UHTerpanbHble N-p-n TPaH3UCTOPbI:
MHOrO3MMUTTEPHbIE U MHOMOKOJIIEKTOPHbIE TPAaH3UCTOPbI; cynepbeTta TpaH3UCTOPbI:
TpaH3ucTopbl ¢ 6apbepom LLoTTku. Auoabl B UHTErpanbHOM UcnofniHeHun. HTerpanbHble
cxembl Ha n-MOI-TpaH3ucTopax. KMOII- cTpyKTypbl.

JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):

OCHOBbI MUKPO3MEKTPOHNKN, NHTErpanbHble CXeMbl. TpaH3UCTopbl NONYNPOBOLHUKOBbIX
NHTerpasbHbIX CXeM. VIHTerpanbHble N-p-n TPaH3UCTOPbI: MHOTO3MUTTEPHbIE Y MHOTOKOJ/IIEKTOPHbIE
TpaH3ucTopsbl; cynepbeta TpaH3nCTopbl: TpaH3UCTopbl ¢ 6apbepom WoTtTkn. Ouonbl B
NHTerpanbHOM ncnonHeHuun. ViHterpanbHble cxembl Ha N-MOIM-TpaH3ncTopax. KMOTII- cTpykTypbil.

naboparopHasi pabora (4 4aca(oB)):
MocnepoBatenbHbIi konebaTenbHbI KOHTYP

Tema 12. YcunutenbHble yctponctea. Knaccudpukaumsa ycunurenen. Napametpbl n
XapakTepucTuKu ycunurenen, KoadodpuumeHT yCUneHns, 4actoTHbie N HefIMHenHble
nckaxeHus, KM, BxonHoe 1 BbIXOQHOE CONMPOTUBIEHUS, KNacCbl yCUneHusi, obecneyeHume
Bblbopa pabouen ToukuM, Wymbl B ycunutensix. Knaccol ycuneHusi. ObpatHasi cBsi3b U ee
BUsIHWE Ha NapameTpbl YCUNUTENS.

neKuMnoHHoe 3aHsiTne (2 yaca(os)):

YcunutenbHble ycTpoiictea. Knaccudgoukaums ycunuteneir. lNapameTtpbl 1 xapakTepUcTuKiu
ycunutenei, KoaULNEHT YCUNEHNS, YACTOTHbIE U HENMHENHbIE nckaxeHus, KM, BxoaHoe 1
BbIXOAHOE COMPOTUBNIEHUS, KNnacchl ycuneHus, obecneyeHne Boibopa paboyeli ToYKHY, WyMbl B
ycunutensix. Knaccol ycunerumsi. ObpartHas CBsi3b U ee BNMsSHUE Ha NapameTpbl yCUnnTens.
Anepvioanyeckuii ycunutenb. OKBUBANEHTHAS CXeMa, KO3IPMULINEHT YCUNEHWS, NPUYUHBI 3aBaNOB
4aCTOTHOM XapakTepUCTUKK. YCUNUTENN C OTpULATENBHON 0OpaTHON CBS3bIO.

naboparopHas pabora (4 4aca(oB)):
MapannenbHblii KonebaTenbHblil KOHTYP.

Tema 13. Anepuoguyeckum ycunutenb. dKBUBaNIEHTHas cxema, Ko3thPULIMEHT YCUNEHUS,
NPWYMHBbI 3aBa/IOB YaCTOTHOW XapaKTEPUCTUKKU. YCUUTENN C oTpuLatenbHOM obpaTHoMn
cBsi3blo. CpaBHUTENbHAsA XapaKTepUCTUKa ycunutenen ¢ passiMyHbiIMM CXeMamMu BKIKOYEHUSA
TPaH3MCTOPOB.
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NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

Aneprioanyeckuii ycunutenb. OKBUBANEHTHAS CXeMa, KO3IPMULINEHT YCUNEHWS, NPUYUHBI 3aBaNOB
4aCTOTHOM XapakTepUCTUKK. YCUNUTENN C OTpuULaTENbHON 0B6paTHON CBA3bI0.Pe30oHaHCHbIe
ycunutenu, dudpdpepeHumnanbHblii ycunuTenb 1 ero ceoictea. OnepaumnoHHbIi yCunuTenb.
OCHOBHblE CXEMbI BKJTIOYEHNS ONepaLIMOHHbIX yeunuTtenei. MeHepaums anekTpuyeckmx konebaHuii.
Ycnosue reHepauun, 6anaHc gas u aMnanTym.

naboparopHas pabora (4 4aca(oB)):
Ycunutenb HU3KOM 4acToTbI

Tema 14. Pe30oHaHCHble yCUnUTenu, o0CO6EHHOCTU CXEMHOIO peLLEeHUs YCUUTeNs Ha
6MnonsipHOM TpaH3UcTope. IMUTTEPHbIA U UCTOKOBBLIM NoBTOopuUTenu. AdudodepeHumanbHbI
ycunutenb U ero ceoncrtea. OnepauunoHHbIn yeunuresb. OCHOBHbIE CXEMbl BKI/THOYEHUS
ornepaumoHHbIX yCUIUTenen.

JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

HenunHeiHble anemeHTbl, NpeobpasoBaHme CnekTpa rapMoHMYeckoro curHana. Mogynaums.
JeTtekTnpoBaHme, CXxeMbl 4ETEKTUPOBAHMS aMNAUTYLHO-MOAYNNPOBAHHbIX CUrHanoB. OCHOBBI
LMdppoBOV anekTpoHukn. [sonyHas anrebpa, Cymmatopsl, wudpatopbl n gewndparops,
Ilornyeckune Tpurrepsbl, X pasHOBUOHOCTH.

naboparopHas pabora (4 4aca(oB)):
PesoHaHCcHble ycunutenu.

Tema 15. NeHepaumsa anekTpuyeckux konebaHun. Ycnoeue reHepauum, 6anaHc a3 u
amnautyn. FeHepaTopbl ¢ UICNONIb30BaHUEM KoJiebaTenbHOro KoHtypa. RC-reHeparopbl ¢
uenoykon BuHa n TpexaseHHoOM Lenoykon. Mynbtusubparop.

naboparopHas pabora (4 yaca(oB)):
AMNAMTygHas boaynaums, CXemMbl aMnMTy4HON MOLYNSLNN.

Tema 16. HenuHenHble 3N1EMEHTHI, npeoGpasoBaHMe cneKTpa rapmoHMn4eckKoro curHana.
YMHOXeHMe 4acToThbl. I1peo6pa30|3a|-me 4yacToTbl, KOMOMHALMOHHbIE YaCTOTbI. Moaynsauus,
CXeMbl aMnIMTyaHon Mmoaynauvn. [leteKktTupoBaHue, CXeMbl OeTeKTUPOBaHUA
aMmnmnTtyaHoMoaynmposaHHbIX CUTHaNoB.

naboparopHasi pabora (4 4aca(oB)):
LleTekTnpoBaHue, CxeMbl AETEKTUPOBAHNS aMMANTYAHO-MOOYIMPOBAHHbBIX CUrHANOB.

Tema 17. OcHOBbI LMCPPOBON INEKTPOHUKMU. [lBonYHas anrebpa, normyeckme yHKLUM,
TabnunLbl MICTUHHOCTU, NOrMYEeCKMNe CXeMbl, MUHUMU3aLLMs U peann3auus nepeknoyaTesibHbIX
oyHKUUNA.

naboparopHas pabora (4 4aca(oB)):

TpaH3ancTopHble kKno4Yn. Pa3HOBNOHOCTY TPAH3UCTOPHbIX KNKOYer

Tema 18. Cymmartopbl, Wwincppatopbl U gewmcppartopbl, MyIbTUNNEKCOP U AeMYNIbTUNNEKCOoP.
Norunueckue Tpurrepbl, UX pasHOBUAHOCTM.

naboparopHas pabora (4 4aca(oB)):
TpurrepHble CXeMbI, X Pa3HOBMOHOCTM

4.3 CTpyKTypa 1 copepXxaHue caMOCTOSITe/IbHOM paboTbl AUCLUMIUHBI (MOLYNSA)

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbin Homep 646618 5 AE
CrpaHnua 15 n3 30. 111 YHI:I

S OEMALIGH



Mporpamma gucumnnuHbl "Pagnodgouamka u paguoanektpoHuka"; 03.05.01 ACTpoHOMUS; OOUEHT, K.H. (aoueHT) Taopckas IM.B.

Paspen
AdncumnnuHbl

CemecTp

Henens
cemecTpa

Buabi

caMoCTOsITe/IbHOM

paboTbl
CTY0EeHTOB

TpynoeMKocTb
(B yacax)

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN

pabortbl

Tema 1. BeegeHue.
CurHansi.
CnekTpanbHoe
npencrasneHue
nepuoamnyeckKux
CUrHanoBs psigamu
dypbe.
Henepuoanyeckunin
curHan. Npsamoe n

" lobpaTHoe
npeobpa3oBaHne
®dypbe. CnekTpanbHas
NMNOTHOCTb. HekoTopble
cBoOMCTBa
npeobpasoBaHns
®dypbe. CnekTpbl
Henepuoan4yecknx
JOYHKLWNA.

noaroToBka
JomallHero
3agaHuns

JomMallHee
3adaHune

Tema 2. JluHelHble
uenwu. MNMapameTpsl
uenu.

N neannsnpoBaHHble
NacCuBHbIE N aKTUBHbIE
anemeHTbl. [1pocTenwas
Lenb NMOCTOSIHHOrO ToKa:

. [mocnepoBatenbHas

9KBUBANEHTHAs cXema
reHeparopa
HaMNPSXXeHNs;
nocnemnosaTenbHas
9KBUBANEHTHAs cXxema
reHeparopa Toka.

noaroToBka
JomallHero
3a0aHuns

JoMallHee
3agaHune

NOAroToBKa K
KONNOKBUYMY

KONMNOKBUYM
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Paspen
AdncumnnuHbl

CemecTp

Henens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKocTb
(B yacax)

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

Tema 3. JlnHenHble
uenu npu
rapMOHNYECKOM
BO30ENCTBUMN.
CunmBonnyeckas gpopma
npeacTaBneHns
rapMOHNYECKOro
konebaHus,
KOMMMEKCHbIE
amMnanTyabl
HanpsXeHns N Toka.
3akoHbl Oma un

" IKupxrogpa ons
KOMMNEKCHbIX
amMnanTyn.
OneMeHTapHble Lenu
NnepeMeHHoro Toka.
OKBMBANEHTHbIE CXEMBbI
reHepartopa
rapMOHNYECKNX
konebaHwiA.
CornacoBaHune
reHepartopa c
Harpyskom.

noaroToBka
JomallHero
3agaHuns

JomMallHee
3adaHune

Tema 4. AHanns
NNHENHbIX Lenen npu
rapMOHNYECKOM
Bo3gencrtenn. Meton
KOHTYPHbIX TOKOB.
MeTon y3noBbIx
NnoTEeHUManos.
YacTtoTHble

" [XapakTepucTumku.
L1BYXNONOCHNKMN 1
4eTbIPEXMONMOCHUKN.
AdundbdepeHunpytowme
N UHTErpupyowme
uenu.
KoMneHcrpoBaHHbIN
OenuTenb HanpsXeHns.

noaroToBka
JomallHero
3a0aHuns

JoMallHee
3agaHune

NoAroToBKa K
YCTHOMY OMpocy

YCTHbI ONpocC
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Paspen
AdncumnnuHbl

CemecTp

Henens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKocTb
(B yacax)

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

Tema 5.
KonebaTenbHble uenu
npv rapMOHNYECKNX
BO30ENCTBUSAX.
MocnepoBaTenbHbI
KonebaTenbHbIA KOHTYP.
BxonHbie 1
nepenaTtoyHble
PyHKLUNN
nocnenoBaTenbHOro
KOHTypa. BnngHue
BHYTPEHHErO
CONPOTUBNEHUS
reHepartopa Ha
n3buparenbHole
cBoWCTBa
nocnenoBaTenbHOro
konebatenbHOro

" [KOHTYypa.
MapannenbHbiin
KonebaTenbHbIA KOHTYP.
BxonHbie
nepenaTtoyHble
PyHKLUNN
napannenbHoro
KOHTypa. BnngHue
BHYTPEHHETO
CONPOTUBNEHUS
reHepartopa Ha
n3buparenbHole
cBoWCTBa
napannenbHoro
konebatenbHOro
KOHTypa. CnoxHble
CcXeMbl konebaTenbHbIX
KOHTYpPOB.

noaroToBka
JomallHero
3a0aHuns

JomMallHee
3agaHune

NOJAroToBKa K
YCTHOMY OMpocy

YCTHbI ONpocC

Tema 6. OnemeHTbl
obuiei Teopun
4ETbIPEXMONOCHNKOB.
OCHOBHble ypaBHeHMUS
Teopun
4ETbIPEXMONOCHNKOB.
CuncTeMbl MaTPUYHbIX
. [KoadhpurLUmMeHTOB,
MaTtpuubl CIOXHbIX
4eTbIPEXMONOCHUKOB
MNpumeHeHne obuiein
Teopun
4eTbIPEXMONOCHUKOB
npw pacyeTe
9NIEKTPUNYECKnX Lenen.

noaroToBka
JomallHero
3a0aHuns

JoMallHee
3agaHune

NOAroToBKa K
YCTHOMY OMpocy

YCTHbI OnpocC
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Paspen
AdncumnnuHbl

CemecTp

Henens
cemecTpa

Buabi

caMoCTOsITe/IbHOM

paboTbl
CTY0EeHTOB

TpynoeMKocTb
(B yacax)

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

Tema 7. [NepexonHble
npouecchl B
3NeKTPUYECKUX Liensx ¢
COCPenOTOYEHHbIMU
napameTpamu.
OCHOBHble NOHATUS
onpeneneHns.
Knaccuyeckuin metopq,

. |[pacyeTa nepexoaHbIx
npoueccos. BpemeHHoi
MeTon, MeTon
nHterpana Iioamens.
EOVHWYHBIR nMnynbC.
MNepexonHble
XapakTepuUCTUKn Lenen.
CBoboHble konebaHus
B KOHTYpe.

noaroToBka
JomallHero
3agaHuns

JomMallHee
3adaHune

Tema 8.
OHepreTnyeckmne
amnarpammbl
nonynpoBOAHUKOB.
Obpa3zoBaHue
9NEKTPOHHO-ObIPOYHOMO
nepexona.
BonbT-amnepHas
xapakTepucTuka
9NEKTPOHHO-ObIPOYHOMO
" |nepexona. EMkocTb
9NEKTPOHHO-ObIPOYHOrO
nepexona. KoHtakT
MeTann-nonynpoBOAHUK.
[MonynpoBoAHNKOBbLIE
anoapl. OCHOBHbIE TUMbI
OMoaoB, X napameTpsl
N XapakTepuUCTmKN,
NPUMEHEHME.

noarotoBska K
KOHTPONbHOW
paboTte

KOHTPO/NbHas
paboTta

NOAroToBKa K
TECTMPOBAHMIO

TEeCTMpOoBaHWe

Tema 9. bunonsipHbI
TpaH3uncTop.
YCTPOMCTBO 1 NPUHLAM
LencTBms bUNonsipHoro
TpaH3ncTopa. Cnocobsl
BKtoYeHMs n BAX
6rnonsipHoro

" [TpaH3ucTopa.
®dusnyeckas
9KBMBAJNIEHTHAs Cxema u
andpgoepeHumnanbHble
napameTpbl
6rnonsipHoro
TpaHaucTopa.

NMOAroToBKa K
KONNOKBUYMY

KONnokenym
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Paspen
AdncumnnuHbl

CemecTp

Henens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKocTb
(B yacax)

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

10.

Tema 10. lNonesble
TpPaH3UCTOopPbI.
Knaccudmkaums
noneBblX TPaH3UCTOPOB.
YCTPONCTBO U NPUHLAM
NenCcTBNS Nonesoro
TpaH3ucTtopa ¢
ynpasnsiowmum p-n
nepexonom.
CraTtunyeckue
XapakTepucTuKn n
napameTpbl
TpaH3ucTopa.
MATM-TpaH3ncTopsbl.

NnoaroToBka K
TeCTUPOBaHNIO

TeCTUpPOBaHNe

10

NOAroToBKa K
YCTHOMY OMpocCy

YCTHbI ONpOC

11.

Tema 11. OcHoBbl
MUKPO3NEKTPOHUKN,
NHTErpasnbHbIE CXEMbI.
TpaHaucTopbl
NonynpoOBOAHNKOBbIX
NHTErpasnbHbIX CXEM.
NHTerpanbHble n-p-n
TPaH3UCTOPbI:
MHOIFO3MUTTEPHbIE U
MHOMOKONNEKTOPHbIE
TPaH3UCTOPbI;
cynepbeta
TPaH3UCTOPbI:
TPaH3UCTOpbI C
H6apbepom LWoTTkMN.
Ovnonpl B MHTErpanbHOM
NCNONMTHEHNUN.
NHTerpanbHble cxeMbl
Ha
n-MOIl-TpaH3ncTopax.
KMOTI- cTpykTypbl.

MOAroToBKa K
KONNOKBUYMY

KONMOKBUYM

11

NOJAroToBKa K
YCTHOMY OMpocy

YCTHbI ONpocC
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Paspen
AdncumnnuHbl

CemecTp

Henens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKocTb
(B yacax)

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

12.

Tema 12.
YcunutenbHble
yCTpOWNCTBA.
Knaccugpmkaums
ycunutenein.
MNapameTpbl 1
XapakTepuCTUKN
ycunuteneim,
KoadppnLUneHT
YCUNEHUS, YaCTOTHbIE 1
HennHenHble
neckaxenus, K,
BXOQHOE 1 BbIXOOHOE
CONPOTMBNEHUS, KNaccChl
ycuneHus, obecnedyeHune
Bblbopa paboyeit Toukuy,
WyMbl B YCUNTENSIX.
Knaccbl ycunenus.
ObpatHas cBsi3b U ee
BNNSHME HAa NapameTpsbl
ycunuTens.

12

NnoaroToBka K
TeCTUPOBaHNIO

TeCTUpPOBaHNe

NOAroToBKa K
YCTHOMY OMpocCy

YCTHbI ONpOC

13.

Tema 13.
Anepuoanyeckum
ycunuTenb.
OKBMBaNeHTHas cxema,
KoadppuLUnEHT
YCUNEHWNS, MPUYNHbI
3aBanoB 4aCTOTHOW
XapakTepUCTUKN.
Ycunutenu ¢
oTpuuaTenbHOn
obpaTHO CBA3bIO.
CpaBHuTenbHas
XxapakTepucTtuka
ycunutenem c
pasnnyHbIMK CXeEMamm
BKJTIOYEHMS
TPaH3UCTOPOB.

13

noaroToBka K
TeCTnpoBaHuto

TecTmpoBaHune

NoAroToBKa K
YCTHOMY onpocy

YCTHbI OnpocC
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Buabi
Hepens | camocTtositenbHon [TpyAoeMKoCTb
ceMecTpa paboTbl (B yacax)

CTYAEHTOB

dopMbl KOHTPONSA
CaMoCTOSAITENbHOMN
pabortbl

N Paspen

JOucumnnuHbl CemecTp

Tema 14. Pe3oHaHCHble
ycunutenu,
0COBEHHOCTN CXEMHOTO
peleHns yCunuTens Ha NOMAroToBKa K
GunonsipHoM TECTUPOBAHUIO
TpaH3ucTope.
OMUTTEPHbIN 1
NCTOKOBBbIN
14.|nosToputenu. 4 14
OudpdepeHunanbHbii
ycunuTenb 1 ero
cBOMCTBA.
OnepaunoHHbIN noAaroToeka K 3
ycunutensb. OCHOBHbIE YCTHOMY Oorpocy
CXEMbl BKNIOYEHUSA
onepaumOoHHbIX
ycunutenein.

Tema 15. ['eHepaums
9NEKTPUHECKINX
konebaHwii. Ycnosue
reHepauun, 6anaHc
doas 1 amnnnTyn.
["eHepartopbl C
MCNONb30BaHNEM
KonebatenbHoro
KOHTypa.
RC-reHepatopsbl ¢
uenoykon BuHa n
TPEX3BEHHOWN LLENO4YKOMN.
MynbTuubparop.

3 TecTupoBaHue

YCTHbI ONpOC

noaroToBka K

2 K K
KONNOKBUYMY ONNOKBUYM

15.

noarotoBka K )

otyety oT4er

Tema 16. HenuHenHble
3N1EMEHTHI,
npeobpasoBaHne
cnekTpa

rapMOHNYECKOro ngﬂgﬂﬁgﬁ? 3 nomaliHee
curHana. YMHoXeHune A 3agaHune
4acToThl. safiaHun
MNpeobpazoBaHue
16.|4acToThl, 4 16
KOMOUHALIMOHHbIE
yactoTbl. Mooynaums,
CXeMbl aMnAnTyoHOM
MOLYNSALNN.
LeTtekTnposaHue,
CXEMbl OETEKTUPOBAHUSA
aMﬂﬂMTyﬂHOMOﬂyﬂMpOBaerM

noarotoBka K o

oT4yety OoTHET

CuUrHasnos.
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Buaobi
N Pasnen Cemect Hepens | camocrositensHon [TpymoeMKOCTb g‘:ﬂ%’::;';?:;gzgs
AucumninHbl pcemeCTpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 17. OcHoBbl
ungoposom
3NEKTPOHUKM. noaroroska [OMallHee
[BonuyHas anrebpa, AoMaluHero 3 3anaHne
normyeckme goyHKLMM, 3aAaHnA
17.|Tabnuubl MICTUHHOCTW, 4 17
NIOrnyecKme Cxembl,
MUHUMN3ALNS 1
noaroToBka K
peannsauuns OAroToBkKa 2 oTyeT
nepeknoyaTenbHbIX oT4HeTY
JOYHKLWNA.
Tema 18. Cymmaropsi,
lWwrcppaTopsbl 1 roaroroska k 3 KOM/MIOKBUYM
Jelwmndpatopbl, KONNOKBUYMY
18.|MynbTMnnekcop n 4 18
LEMYNbTUNNEKCOP. MOOroTOBKA K .
INornyeckve Tpurrepi, YCTHOMY OMPOCY 2 yCTHbIA onpoc
NX Pa3HOBUOHOCTH.
Ntoro 72

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IHOYAsA MHTEPaKTUBHbIE hOopMbl 06yUYeHUs

WcnonbayloTcs cnenytowme chopMbl yuebHom paboTbl: nekumnn, NpakTNYeckme 3aHATUS,
camocToaTenbHas paboTta CTyaeHTa (BbINONHEHNE NHAMBUAYANbHbBIX JOMALWHMX 3a0aHWUi),
KOHCynbTaumm.

Matepwuanbl Kypca nekumii, CnMcok KOHTPONbHbIX PpaboT, 3aaaHus ons caMoCcToSATENbHOM PaboThl
MMEIOTCS B 9NEKTPOHHOM BapuaHTe.

KoHcynbTauum npoBoastcs B 0603Ha4YEHHOE B pacnmcaHny BpeMs 1 B pexume "online "

6. OLeHOYHble cpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOWM
aTTecrauum rno MToram OCBOeHUsi AUCLUMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTeNIbHOM paboThbl CTYAEHTOB

Tema 1. BBepeHune. CurHanbl. CnektpanbHoe npeacraBneHne nepmoanyeckmx CUrHanos
psnamu Pypbe. Henepnoauueckun curHan. NMpsimoe n obpatHoe npeobpasoBaHue dypobe.
CnekTpanbHasa NNOTHOCTb. HekoTopble cBoncTBa Nnpeobpa3oBaHnsa dypbe. CnekTpbl
Henepuoan4yeckux chyHKLUNA.

noMalHee 3afnaHue , TpUMepPHbIe BOMPOCHI:
OT1BeTMTb Ha Bompochkl: . [ Kakux uene B pafmoanekTPOHVKE NPUMEHSIIOT CriekTpanbHoe

npencrasneHne curHanos? Kakue knaccbl paanoTeXHUYECKUX CUrHanoB MOXHO NpeacTaBnTb
psoamm ®ypbe? Kakne oopMbl paaa Pypbe NPUMEHAIOTCA B TEOPUM CUTHANoB?

Tema 2. JIuHenHble uenu. NapameTtpbl uenu. UaeanusmnposaHHble NAaCCUBHbIE U aKTUBHbIE
anemeHTbl. [lpocTenrilasn Lenb NOCTOAHHOrO TOKa: nocnenoBaTte/ibHasi 3KBUBaNieHTHasi cxema
reHeparopa HanpsiXxeHus; nocnenoBare/ibHas 3KBUBaJIeHTHaaA CXeMa reHeparopa ToKa.

JOoMallHee 3aaHune , npnuMepHblie BOMNPOChHI:

3apaHo HanpsiXeHne curHana B Buae ( MaTemMatuyeckoe onucaHue curHana 3afaercs B BULe
BPEMEHHOIN cpyHKUMM). HaliTh cnekTpanbHyo NAOTHOCTb M MOCTPOUTL 3aBUCUMOCTb OT 4acTOThl
MOAYNS CNeKTpanbHOW NNOTHOCTU. NonyyunTb chopMyny Ons pacyeTa aMnanTyn rapMoHMK
NepunoamnYecKor NocnenoBaTeNlbHOCTU Takmx CUTHaNOoB.

KONNOKBUYM , NMpUMEpPHbIE BOMPOCHI:

KETPOHHBH
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PerunctpaumnoHHbin Homep 646618 5AE
CrpaHnua 23 n3 30. 111 YHI:I

S OEMALIGH



Mporpamma gucumnnuHbl "Pagnodgouamka u paguoanektpoHuka"; 03.05.01 ACTpoHOMUS; OOUEHT, K.H. (aoueHT) Taopckas IM.B.

OTBeTMTb Ha Bonpockl: Kak MateMatmyeckn cBsisaHbl Mexay coboii npsiMmoe u obpatHoe
npeobpasoBaHne Pypbe? Beneactsme Yero npu cnektTpanbHOM NpeacTaBneHn CUrHanoB
BO3HMKAET NOHSTNE oTpuLaTeNbHOM YacToThl? MoyeMy ons Nony4eHns CnekTpanbHOro
NpeAacTaBneHns HENepPOANYECKMX CUrHANOB UCNOb3yeTcs NpsiMoe npeobpasoBaHne Pypbe, a He
pasnoxeHune nx B psa Pypbe? Kak cBsizaHbl Mexay coboli cnekTpbl 0AMHOYHOro UMMynbca u
nepuoanyeckoi nocnenoBaTenb-HOCTU TakUX UMMYNbCOB?

Tewma 3. JInHerHbIe Lenu NpyU rapMoOHN4YeCKOM Bo3aencTteun. Cumsonuyeckas coopma
npencraBneHUsi rapMOHUYECKOro KonebaHusi, KOMMIEKCHbIE aMMIUTYAbl HaNPSXXeHUs U ToKa.
3akoHbl Oma u Kupxrodpa onst KOMNAEKCHbIX aMnNanTya,. dneMeHTapHble Lenu nepemeHHoro
TOKa. DKBUBA/NIEHTHbIE CXeMbl FeHepaTopa rapMoHu4eckux konebaHuin. CornacoBaHue
reHeparopa c Harpy3komu.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

icnonb3ys aKBMBANEHTHYIO CXEMY reHepartopa HanpsXeHus, NepenTn K 9KBUBANEHTHOM CXeme
reHeparopa Toka. [1ony4ntb ycnoBusi, Npu KOTOPbIX FreHepaTopbl HANPSXeHUs 1 Toka by oyt
naeanbHbIMU. MeTO40M 3KBUBANEHTHOrO reHepatopa HanpsXeHns HanTn ToK B O4-HOW U3 BETBEN
NIMHENHOM CXxeMbl ( cxema npegnaraeTtcs).

Tema 4. AHan13 NMHerHbIX Lenen NpyM rapMoHMYecKoM Bo3aencTeumn. Meton KOHTYpPHbIX
ToKoB. MeToq y3noBbix NoTeHUManoB. YacToTHble XxapakTepucTuku. [LByXnontoCHUKU N
yeTbipexnontocHUKN. OuddepeHuupyrouime v nHTerpupyrowme venn. KomneHcMpoBaHHbIA
AenvTenb HanpsiXeHus.

JOoMallHee 3aaHune , npuMepHblie BOMNPOChHI:

YCTHbI/i ONPOC , NPUMEPHbIE BOMPOCHI:

OTBeTuUTb Ha Bonpockl: 1) YTo Takoe cumBonunyeckas gpopma npeactasneHns rapMoHMye-ckoro
konebaHma?; 2) Kak 3anncartb MrHOBEHHOE 3HA4YeHMEe HANPSXEHUs, 3Has BbipaxXeHue ans
MrHOBEHHOro komnnekca? 3) PaccMOTpeTb CBOMNCTBA 3NIEMEHTAPHO Lienn NepeMeHHoro Toka,
NCronb3ys CUMBONINYECKUA METOL (SnemMeHTapHas uenb npegnaraeTtcs.

Tema 5. KonebartenbHble Lenu npyu rapMoOHUYeckux sosaencteusx. MocneposartenbHbin
KonebarenbHbIN KOHTYP. BxoaHble n nepepartouHbie (oyHKLMM NOCNenoBaTefibHOro KOHTypa.
BnusiHne BHyTpeHHEro ConpoTUBNEHUA reHepaTopa Ha n3buparenbHblie CBONCTBA
nocnepnoBartesibHOro KonebarenbHOro KoHTypa. MNapannenbHbi KonebareNnbHbIN KOHTYP.
BxogHble u nepepatoyHbie PyHKL UM NapannefibHOro KOHTypa. BnusiHue BHyTpeHHero
CONpPOTUBNIEHUN FreHepaTopa Ha nsbuparenbHbie CBOWCTBa NapannenbHOro KkonebarenbHoro
KOHTYpa. CnoXxHble cxeMbl KonebatesibHbIX KOHTYpPOB.

oomatllHee 3aaaHue , NPUMepHbIe BOMPOCHI:

3apatoTcsa napameTpbl KOHTypa. HanTn pe3oHaHCHYI0 4acToTy, pe30HaHCHOe CONpoTUBAe-H1eE,
nosiocy NponyckaHms, 0O6POTHOCTb, aKTMBHYIO U PEAKTUBHYHO COCTaBNSIOWME CONPO-TUBIIEHUSI.
OueHnTb BNNSHWE reHepaTopa Ha CBOMCTBA NapamMeTpoB KOHTYpa. (TUN KOHTypa 3ajaetcs).

yCTHbIVI onpoc , npnMepHbie BOMPOCHI:

OT1BeTNTb Ha Bonpochbl: 1) YTo Takoe CnoxHble konebatenbHble KOHTYPbI, X PA3HOBUOHOCTH, UX
pasHoBuaHocTN? 1) MonyunTtb BbIpaXeHNs NS pacyeTa pe30HAHCHOW YacToTbl 1 PE30HAHCHOMO
COMNPOTMBNEHUS A5 KaX 40N Pa3HOBMIOHOCTM KOHTYypa.

Tema 6. dneMeHTbl 06LLLEN TEOPUMN HETBIPEXNONOCHUKOB. OCHOBHbIE YPaBHEHUS TEOPUM
YeTbIPeXnontCHMKOB. CMCTeMbI MaTPUYHbIX KO3docpuLmMeHTOoB, MaTpuLbl CIOXHbIX
YeTbIpexnontocHMKOB MpuMeHeHUe obLLLEen TEOPUN YETbIPEXMONIOCHUKOB MNpU pacueTe
3NEeKTPMUYECKUX Liernen.

LoMallHee 3afaHne , NPUMeEpPHbIE BOMPOCHI:
MpPYMEHNTb TEOPUIO YETLIPEXMONOCHUKOB A1 pacyeTa 3NeKTpUYeckoi Lenu (Lenb npennaraeTcs).
YCTHbI ONPOC , NPYMEPHbIe BOMPOCHI:

3anncartb OCHOBHblE ypaBHEHUA ONnsa 4eTbIPEeXnoIOCHUKOB U onpenennTb q3I/I3I/Il-IeCKVII7I CMbICn
KO3(P(PULIMEHTOB YEeTbIPEXNONHOCHNKOB. 2. Cnocobbl coeanHeHus H4eTbIPEXMNOJIIOCHNKOB.

Tema 7. NepexoaHble NpoLEeCcCbl B 3NIEKTPUYECKUX LiensaX C COCpenoToO4YeHHbIMM NapaMmeTpamu.
OcHoOBHbIe NOHATUA onpeaeneHus. Knaccmyeckum meton pacyeta nepexonHbixX NpoL.eccos.
BpeMeHHOM MeTOA, MeTOA UHTerpana Odioamens. EAMHNYHbIN uMnynbe. NepexoaHblie
XapakTepucTuku uenen. CBob6oaHble KonebaHnUs B KOHType.
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noMalHee 3afaHne , NpUMeEpPHbIE BOMPOCHI:

1. 3apaetcs anekTpuyeckas Lemnb, KoTopas BKN0YaeTCcs Ha NOCTOsIHHOE HanpsxeHue. Haitn
BblpaXeHs BCEX TOKOB U HANPSXXEHNsS HA peakTUBHbIX 3nieMeHTax. [ocTpouTb KprBbie TO-KOB 1
Hanps>XeHWid. 2. HainTn n NnocTpouTb NepexoHble XapakTePUCTKN Ans andogoepeHumnpytowei n
WHTErpu-pytoLen Lenu.

Tema 8. DHepreTnyeckue auarpammbl NonynpoBoaHMKOB. O6pa3oBaHue
3NeKTPOHHO-AbIPOYHOro nepexona. BonbT-aMnepHas xapakTepucTuka
3NeKTPOHHO-AbIPOYHOro Nepexona. EMKOCTb 3NeKTPOHHO-AbIPOYHOro nepexona. KoHTakT
MeTann-nonynpoBoaHuK. NMonynpoBogHUKoBble AnoAbl. OCHOBHbIE TUMbI AUOLOB, UX
napameTpbl U XapaKkTepUCTUKU, MPUMEHEHMe.

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

Mpennaratotcsa 3 3agayn: 1)OKBUBANEHTHBIE CXEMbl FEHEPATOPOB HAMPSAXEHNS U TOKOB; 2) METO4,
KOHTYPHbIX TOKOB M Y3/10BbIX HANPSAXEHWIA; 3) TeOpUs YeTbIPEXTIFOCHUKOB U NepexoiHble
npoLecchbl.

TecTnpoBaHune , npmMMepHbIe BOMPOCHI:

M3BecTHO, 4TO cobcTBEHHAs KOHUEeHTpaums ans Si ni=2*1010cm-3, ans Ge ni=2*1013cm-3, 10
TENOBOW TOK Y KPEMHUEBBIX ANOA0B 1) MEHbLLE, YEM Yy repMaHneBbIX AN0A0B; 2) bonblue, Yem y
repMaHveBbIx A4MOA0B; 3) TENOBOW TOK HE 3aBUCUT OT COOCTBEHHOW KOHLUEHTpaunn. 4) TENnoBbie
TOKW OONHAKOBbIE.

Tema 9. BunonsipHbIN TpaH3UCTOP. YCTPOMUCTBO M NPUHLMN OEeACTBUA OBUNONSPHOro
TpaH3ucTopa. Cnocobbl BKNoyeHus u BAX 6unonsipHoro tpaHauctopa. Pusnuyeckas
3KBMBalNieHTHas cxema u gudodpepeHumanbHblie NapaMmeTpbl GUNONSAPHOro TpaH3nCTopa.

KONNOKBWUYM , MPUMEpPHbIE BOMPOCHI:

YCTPOACTBO 1 NPUHLIMN AeACTBUS BUNONSpHOro TpaHauctopa. Marematunyeckas momenb
TpaHauctopa. [ocTpoeHre aKBMBANEHTHbIX CXEM TPAH3MUCTOPA MO NOCTOSHHOMY U MEPEMEHHOMY
TO-KY C MCMONb30BAHMEM MaTEMATMYECKO MOAENN TPAH3MCTOpPA.

Tema 10. lNonesBble TpaH3ucTopbl. Knaccudgumkauua nonesbixX TPaH3UCTOPOB. YCTPOUCTBO U
NPUHLMN BEeACTBUSA NONEBOro TpaH3UCTopa C ynpasnsitoLLLMM p-n nepexonoM. Ctatmyeckue
XapaKTepucTuUKU n napameTpbl TpaH3auctopa. MOMN-TpaH3ucropobl.

TecTnpoBaHune , npmMMepHbIe BOMPOCHI:

MoneBbIMU TPAH3MCTOPaMM Ha3bIBaOT TakMe TPaH3UCTopbl, paboTta KoTopbix 1) OCHOBaHa Ha
MCMONb30BaHNM KaK OCHOBHbIX, TaK Y HEOCHOBHbIX HOCUTENEN 3apsaa; OCHOB-HbIM MEXAHN3MOM
LBVXEHUSI HOCUTENEN SIBNSIeTCS AMApAPYy3ns; 2) OCHOBaHa Ha MCMONb30BaHMM HOCUTENEeR 3apsaaa
0AHOro 3Haka; OCHOBHbIM MEXaHN3MOM LBVXEHUS HOCUTENEN SIBNSIeTCS AMdddpy3uns; 3) OCHOBaHa Ha
MCMONb30BaHNM KaK OCHOBHbIX, TaK 1 HEOCHOBHbIX HOCUTENEN 3apsi-Aa; OCHOBHbIM MEXaHN3MOM
LBVXEHUS HOCUTENEl siBNsieTcs Apeidd; 5) ocHoBaHa Ha UCMOMb30-BaHWW HOCKTENEeR 3apsaa
04HOro 3HaKa; OCHOBHbIM MEXaHU3MOM LBUXEHUSI HOCUTENEN SIBNSIET-CA Opeind.

YCTHbI/i ONPOC , NPUMEPHbIE BOMPOCHI:

OTBETUTbL HA BOMPOCHI: 1) KnaccugukaLumsi NoneBbIX TPAH3UCTOPOB; 2) NPUHUMM OeACTBMS NONEBOro
TpaH3ucTopa ¢ ynpasnsitowmm p-n NepexonoM; 3) OCHOBHbIE XapakTePUCTUKM U NapaMeTpbl NOEBOro
TpaH3ucTopa.

Tema 11. OCHOBbI MMKPO3NEKTPOHUKU, UHTErpasnbHble CXeMbl. TpaH3UCTOPbI
nonynpoBOAHUKOBbLIX UHTErpanbHbiXx cxeM. UHTerpanbHblie n-p-n TpaH3UCTOPbI:
MHOrO3MMUTTEPHbIE U MHOMOKOJIIEKTOPHbIE TPAH3UCTOPbI; cynepbeTta TpaH3UCTOPbI:
TpaH3ucTopbl ¢ 6apbepom LoTTkn. Ouoabl B UHTErpanbHOM UcnonHeHun. MHTerpanbHble
cxembl Ha n-MOI-TpaH3ucTopax. KMOTII- cTpyKTypbl.

KONNOKBUYM , NMpUMepHbIE BOMPOCHI:

OcHoBHble Bonpockl: 1) OnpeneneHne UHTerpanbHbix cxem 2) Oco6eHHOCTM UHTErpaNbHbIX N-p-N
TPaH3UCTOPbI: MHOrO3MUTTEPHBIE Y MHOTOKONNIEKTOPHbIE TPAH3UCTOPbI; cynepbeTa TpaH3n-CTopbI:
TpaH3ucTopbl ¢ 6bapbepom LWoTTku. 3)noabl B UHTErpanbHOM UCNONHEHNW. 4)/IHTerpanbHbIe CXEMb
Ha n-MOIl-TpaH3ucTopax. KMOTII- cTpykTypbl.

YCTHbI ONPOC , NPUMEpPHbIe BOMPOCH!:

Moneson MANM-TpaH3nCTOP, NPUHLMIN OEACTBUS U OCHOBHbIE XapakTePUCTUKU U napameTpbl.
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Tema 12. YcunutenbHble yctponctea. Knaccudpukauusa ycunurenen. Napametpbl n
XapaKkTepucTuku ycunurenen, KoadopuUMeHT yCUneHus, 4acToTHble U HeNlIMHEeWHble
nckaxeHus, KNI, BxogHoe v BbIXOQHOE CONMPOTUBIIEHUS, KNacCbl yCuUneHusi, obecneyeHume
BblbOpa paboyen Touku, Wymbl B ycunutensix. Knaccol ycuneHms. ObpatHas cBsi3b U ee
BIMSIHWE Ha NapaMeTpbl yCUNUTENS.

TecTnpoBaHune , npmMMepHbIe BOMpPOChI:

AMNINTYyOHAsA XxapakTepucTuka ycunutens no3sonseT : 1)oueHnTb uHaMnyecknin omanasoH
BXOZHbIX CUrHANOB YCUNUTENS 2) OLEHUTb YPOBEHb COOCTBEHHbIX WYMOB YCUAUTENS 3) OLLEHNUTb
KO9(PPULIMEHT YCUNEHUS NO TOKY

YCTHbIA ONpOC , NPUMEPHbIE BOMPOCHI:

1.470 Takoe aNeKTPOHHbIA YCUNUTENb, NMOYEMY B 3NIEKTPOHHOM YCUNnUTene NponucxoanT ycuneHme
MowHOCTN? Kakme nokasarenu xapaktepuaytoT paboty ycunutena? o kakmm npusHakam
Knaccupuumpyot yeunutenn? B kakmx cnydasx B yCUnuTene BO3HUKAIOT MHEHbIE N HENUHENHbIE
ncKkaxeHnsa? B kakmx cnyvasix yCUnmMTenb MOXHO NPeaCcTaBnTb TMHEAHbIM YETbIPEXNONOCHUKOM?

Tema 13. Anepuoguyeckum ycunutenb. KBUBaNeHTHasi cxema, Ko3pPULIMEHT yCUNTEeHUR,
NPWYMHBbI 3aBa/IOB YaCTOTHOW XapaKTepPUCTUKKU. YCUNUTENN C oTpuLatenbHOn obpaTtHomn
cBsi3blo. CpaBHUTENbHAsA XapakTepucTuka ycunurenen ¢ passiMyHbiMM CXeMamu BK/IIOYEHUA
TPaH3MCTOPOB.

TeCcTUpOBaHMe , MPUMEpPHbIE BOMPOCHI:

AMNINTYQHO-4aCTOTHAS XapakTepUCTNKA YCUMTENS Ha BbICOKMX YacToTax 3aBucuT? 1) ot eMKocTu
pa3nennuTenbHOro koHaeHcaropa Ha Bxone BT 2) oT eMKOCTH BbIXO4HOIO KOHAEHCATOpa Ha BbIXO4E
BT 3) ot emkocTn 6a3a-aMuTTep 4) OT EMKOCTM KONnekTopa 5)0T eMKOCTY B Llenn aMmTTepa.

YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

Haszsatb Buabl obpatHoi cBs3un. [nsg kakux uenei npuMeHsoTcs obpaTHbIe CBA3W B YCUNMUTENSX.
Kak Bnusiet obpatHas cBsi3b Ha KOAMPULIMEHT YCUNEHUS, BXOLHOE M BbIXOLHOE CONPOTUBNEHNE
ycunutena?

Tema 14. Pe3oHaHCHbIe yCUAUTENN, 0CO6EHHOCTN CXEMHOIO peLUeHUs YCUNUTeNns Ha
6MNONSPHOM TpaH3uCTOope. OMUTTEPHBLIN U UCTOKOBBLIN NoBTopuTenu. duddepeHumnanbHbIA
ycunutenb U ero ceonctea. OnepaunoHHbIn yeunuresb. OCHOBHbIE CXEMbl BK/THOYEHUS
onepauuoHHbIX ycunutenemu.

TecTnpoBaHune , npmMMepHbIe BOMpPOCHI:

Lpeid Hynst y andpdoepeHumnanbHOro YCUnnTens oTCyTcTByeT Npu ycnoemum? 1) nonHon cumMmeTpum
nney; 2) OTCyTCTBMS BXOAHOIr0 HaNpPsiXXeHus ; 3) paBeHCTBa KONNIEK-TOPHbIX TOKOB; 4) paBeHCTBa
KONNEKTOPHbIX HanpsiXeHuii; 5) otcytcTemsa R3.

YCTHbI/i ONPOC , NPUMEPHbIE BOMPOCHI:

Yem oTnnyaeTcs NprHUMNManbHas cxema Pe3oHaHCHOro YCUNMTens oT anepmoamnyeckoin? 3a4em B
PE30HAHCHOM yCUnuTene NpMMeHsIeTCs HEMoONHOe BKIOYEHME KOHTYpa K TpaHaucTopam? Kak
BblIOpaTh KO3PMULIMEHTBI KOHTYpA K TpaH3ucTopam? Kak HaiTn KOadmULIMEHT YCUNEHUS 1 NONOCY
NponycKaHUs Pe30HAHCHOro ycunuTens?

Tema 15. FeHepaumsa anekTpuyeckux KonebaHuin. Ycnoeue reHepauum, 6anaHc a3 u
amnnutyn. FeHepatopbl ¢ UCNonb3oBaHMeM KonebatenbHOro KoHtypa. RC-reHepartopsbl ¢
uenoykon BuHa n TpexaseHHoM Lenoykon. Mynbtusnbparop.

KONNOKBUYM , NMpUMepHbIE BOMPOCHI:

OT1BeTuTb Ha Bonpochkl: YTo npenctasnset coboi andgoepeHumnanbHblii kackaa. MNepedncnuts ero
OCHOBHble cBoicTBa. [penctaButb cxemy andpdoepeHumnanbHOro yCUnnTens n 06 bSCHUTb MPUHLIAN
ero gencteug. Kak pearvpyet K cuHgasHbIi 1 NpoTMBOMAa3HbI curHansl? ate onpeneneHune
onepaumoHHoro ycunutens. Kakumy ceoicteamm nonxeH obnanatb naeanbHblili onepaunoHHbIN
ycunutens? lNpenctasnTb 1 oNpeaenvTb napameTpbl OYHKLMOHANbHBIX cXeM BKtoYeHus OY.
[MpmBecTn npnMepbl CXeM, OCHOBaHHbIE HA MHBEPTUPYIOLWEM BKTKOYEHUN U HA HEMHBEPTUPYIOLLEM
BK/O-4eHum OY.

OTYeT , NPUMEPHbIE BOMPOCHI:
MpenctaBuTb 1 06bACHUTL Pe3ynbTaTbl BbINONHEHNUS nabopaTopHoi paboThbl.
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Tema 16. HenuHenHble aneMeHTbl, Npeobpa3oBaHne cnekTpa rApMOHUYECKOro CUrHana.
YMHOXeHue YacToTbl. [peobpa3oBaHue 4acToTbl, KOMOMHALMOHHbIE YacToTbl. Moaynsauums,
cXeMbl aMnNaMTyaHon Mmooynauvun. [leteKktTupoBaHue, CXeMbl OeTeKTUPOBaHUA
aMnINTYAHOMOLYNIMPOBaHHbIX CUrHaNoB.

LoMallHee 3afaHune , NPUMepPHbIE BONPOCHI:

1. B yem 3akntoyaeTcs unanyeckmini NpoLecc Moaynsumumn Hecyuwero konebaHus. 3anvcaTtb
aHa-NMTNYECKOE BbipaXeEHME paanocurHana ¢ aMmnimTygHon mogynsaumein. Kakom Bua MMeeT cnekTp
AM-curHana npv MoaynsiuMm OOAHUM TOHOM U CNOXHbBIM CMrHanoMm. Ha yem ocHoBaH NpuHUMUN paboTbl
NpocCTenero aMnaMTygHoro moaynsaropa? lNMpmeectu NnpMep Cxembl MPOCTEMLLEr0 aMnIMTyOHOrO
mopynatopa 2. Onucatb cxemy nuHenHoro AM-geTekTopa 1 OT Yero 3aBUCUT ero KoadpnumeHT
nepepayn. B yem cocTouT OTNNYME NMHENHOTO M KBAAPATUYHOMO AeTekTupoBaHns AM-curHanos?
OTYET , MPUMEPHbIE BOMPOCHI:

MpenctasuTb 1 06bACHUTL Pe3yNbTaTbl BbINONHEHWUS nabopaTopHoi paboThbl.

Tema 17. OcHOBbI LUCPPOBON INEKTPOHUKU. [lBONYHas anrebpa, normyeckme yHKLUM,
TabnunLbl MICTUHHOCTU, NOrMYEeCKMNE CXeMbl, MUHUMU3aLIMS U peann3auus nepeknoyaTesnbHbIX
PyHKUUNA.

LoMallHee 3afaHune , NPUMepHbIE BOMPOCHI:

K kakvnm ycTpoiicTBaM OTHOCSTCS aBTOKonebatenbHble CUCTEMbI U NS YEro OHW NpefHa3HavaTca?
2)B yem cOCTOUT OCHOBHOE OTNINYME aBTOreHepPaTopOB raPMOHNYECKUX 1 penakCaLNOHHbIX
KonebaHuin? 3)4em oTnmyaloTcs yCnoBus caMoBo30yXaeHMs aBToreHepaTopa OT YCIoBUiA ero
cTaumo-HapHoro pexmnma?

OTYeT , MPUMEPHbIE BOMPOCHI:

MpencraButb 1 06bACHUTL Pe3yNnbTaThl BbINONHEHNUS nabopaTopHoi paboThbi.

Tema 18. Cymmatopbl, Wndppatopbl U aemcppatopbl, MyIbTUNIEKCOP U AEMYNbTUMNIEKCOP.
INNornyeckue Tpurrepbl, X pa3sHOBUAOHOCTU.

KONMNOKBUYM , NPMMEPHbIE BOMPOCHI:

OTBeTUTb Ha Bonpockl: 1)Kakne pagnotTexHnyeckme Lenm OTHOCATCS K HENNHEHbIM? [1ns Yero
MCNONb3YIOT an-nNpPoKCUMaLIMIO XapakTePUCTUK HENNHENHbIX anemMeHToB? Kakne Buabl
annpoKcMMaLnn Xa-pakTepUCTMK HENMHENHbIX 3NEMEHTOB UCMNONb3YIOTCS B paanoanekTpoHuke? B
Kakux cny-4asix yaoobHee NpMMeEHATb CTENEHHYIO UM KYCOYHO-NTMHEHYI0 annpokcuMaunio? 2)B yem
3akno4aeTcs M3nYeckmii NpPoLecc Moaynauun Hecyuero konebaHns. 3anucaTtb aHaNnMTUYeckoe
BbIpaXeHue paguocurHana c amnantygHon mogynsumen. 3)Kakon sng ume-et crnektp AM-curHana
npyv MOAYNSALUMM OLHUM TOHOM U CNOXHbBIM CUFHANoOM?

YCTHbIA ONPOC , NPUMEpPHbIE BONPOCHI:

N306pa3nTb npocTeliwne peannsaumm norudeckmx cxem VN, U, HE, UWNTN-HE, N-HE n nosicHnTb mx
npvHuun gerctens. MpeactaButb nx Tabnuubl UCTUHHOCTW. 1) MOCTPOUTL Ha NOTMYECKMX dNEeMEHTax
CXeMy 04HOPa3PAAHOro KOMOMHAUMOHHOro cymmartopa; 2) O6bsACHUTb NPUHLMN OEACTBUS
MynbTUMNNIEKCOopa 1 AeMynbTunnekcopa;3) M3obpasnTb cxemy NOrM4eckoro Tpurrepa n nosiCHNTbL
NPUHLMN OENCTBUS ero.

Tema . UToroeasi oopma KOHTpOns

MpuMepHbIEe BONPOCHI K 9K3aMeHY:
BUNETHI K 9KBAMEHAM
N1.

1.CurHanbl, cNekTpbl NEPUOANYECKNX CUTHANOB, anepnoanyecknii CUrHan, cnekTpasnbHas
PyHK-LMS.

2.9NeKTPOHHO-AbIPOYHbIE Nepexoabl. [1onynpoBOAHMKOBbIE ANOAbI, UX NapaMeTpbl 1
XapakTe-pucTuku,

N2.

1.CumBonmyeckas popma npeacTaBneHnst rapMoHMYECKOro konebaHms, KOMNNeKCHbIe aMnan-Ty bl
HanpsXXeHust 1 Toka, 3akoH OMa B KOMMNEKCHOW hopMe.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerunctpaumnoHHbin Homep 646618 5AE
CrpaHnua 27 n3 30. 111 YHI:I

S OEMALIGH



Mporpamma gucumnnuHbl "Pagnodgouamka u paguoanektpoHuka"; 03.05.01 ACTpoHOMUS; OOUEHT, K.H. (aoueHT) Taopckas IM.B.

2.MonynpoBoAHUKOBbLIE AMObl, 0COBEHHOCTM NOCNeA0BaTENbHOro 1 NapanienbHOro coeanHe-HNs
OVOOO0B, UX PA3HOBUIOHOCTY, MPUMEHEHNE.
N3.

1.Ycunutenu. MapameTpbl 1 XapakTepuCTKn yeunutenem, KoapuUNEHT YCUNEHNS, BXOOHOE Y
BbIXOLHOE COMNPOTUBNEHUNE, IMHENHBIE U HETMHENHBIE UCKAXEHNS.

2. CnoxHbln napannenbHbliA KOHTYP, YCNOBUSA Pe30HAHCa, KOHTYP C HEMOMHbIM BK/TIOYEHUEM,
npuMeHeHue.

N4.

1. NepexogHble npouecchl. EAnHNYHAsa oyHKLUMS, NnepexonHble XxapakTepucTuku, NHTerpan
Hioamens.

2.Ycunutenb HanpsXXeHNs HA3KOWM 4acToTbl HA BUNONSPHOM TPAH3MCTOPE, IKBMBANEHTHAS CXe-Ma,
KO9(OOULMNEHT YCUNEHWS, NPUYMHBI 3aBaNIOB YaCTOTHO XapakTepPUCTUKN.

7.1. OcHoBHas nuTeparypa:

1. OcHoBbI TeopuKn Leneit: YyebHoe nocobue / I'.H. ApceHbes, B.H. BoHnapeHrko, V.A. YenypHos;
Mon pen. I'.H. ApceHbesa. - M.: N1 DOPYM: MHDPA-M, 2011. - 448 c.

http://znanium.com/catalog.php?bookinfo=224548

2. Kommnccapos, HO. A. Obwas anekTpoTexHuka 1 anekTpoHunka [SnekTpoHHbIl pecypc] : YuebHoe
nocobve ons By3oB / tO. A. Komuccapos, I'. . BabokuH; nog pea. INM. . Capkncosa. - M.: Xumuns,
2010. - 604 c. - ISBN 978-5-98109-085-1.

http://znanium.com/catalog.php?bookinfo=488007

3. Puanyeckne oCHOBbI ANEKTPOHMKM: YuebHoe nocobue / B.B. YMpuxuH; YHukom Cepsuc. - M.:
Anbdpa-M: HNL UHdpa-M, 2012. - 304 c.: nn.; 60x90 1/16. - (TexHonornyeckuin cepsuc).
(nepennet) ISBN 978-5-98281-306-0, 1000 3K3.

http://znanium.com/catalog.php?bookinfo=316836

7.2. [lononHutenbHasa nuteparypa:

1. OcHOBbI PAANO3NEKTPOHUKK : y4ebHoe nocobue Ons CcTyneHToB crneumnanbHocTh 'Pagmnodusnka un
anekTpoHuka'. Y. 1/ B. I. boiiko ; KazaH. roc. yH-T, ®Pus. pak. ? KazaHb : PereHtb, 2001.

CurHanbl .? 2001 .? 93 c. : un.

2. OneKkTPOoTEXHMKA C OCHOBAMMU 3NEeKTPOHUKK: y4ebHoe nocobue / A.K. CnasuHckuit, U.C.
Typesckuit. - M.: N0 ®OPYM: HNL UHdpa-M, 2013. - 448 c.: un.; 60x90 1/16. -
(MpodoeccrnoHanbHoe obpasosaHue). (nepennet) ISBN 978-5-8199-0360-5, 500 aka3.

http://znanium.com/catalog.php?bookinfo=365161

7.3. UHTEepHeT-pecypcChl:

Hedbenos B.U., Curos A.C. OCHOBbI paanoanekTpoHUKK 1 cBA3u. - Y4eb. nocobue 2009 roa. 735
cTp. djvu. 11.7 M6.

CreweHko O.A. PagnotexHuyeckme uenu n curdanbl. Hactb | - ISBN:5-7339-0232-9 N3paTenbCcTBO:
MWP3A Asbik: pycckuii Foa: 2000 dopmat: djvu Pasmep: 3.2 M6 CtpaHuubl: 148

Backakos C.N. PagnotexHndeckue uenu u curHanbl - Isapatenbctso: Boicwag wkona MNog: 2000
Ctpanunu: 462 ISBN: 5-06-003843-2 dopmar: DjVu Pa3mep: 5.8 M6

N.C. NoHopoBckuii PagnotexHuyeckne Lenu n curHansl - Y4eb. nocobue: djvu Pasmep: 4.91 Mb
MepwwuH B. T. OcHOBbI paanoanekTpoHukuy - Yueb. nocobue 2006 ron. 399 ctp. PDF. 14.5 M6.

8. MarepuanbHo-TexHU4eckoe obecrneyeHue oUCLUMUNINHbI(MOAYNS)

OcBoeHve gncunnnuHbl "Pagmnodunamka n pagmosanekTpoHmka" npegnonaraet MCnonb3oBaHve
cnegpyowero MatepranbHO-TEXHNYECKOro obecneyeHms:
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

nabopartopus No obLWwen aNeKTPOHUKe

Mporpamma coctaeneHa B cootBeTcTBumM ¢ TpeboBaHnsmmn ®rOC BIMO n yyebHbiM nnaHoM no
cneumanbHocTn: 03.05.01 "AcTpoHomuns" 1 cneunannsaumm He NPenycMOTPEHO .
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ABTOpP(bI):

Tatopckas I".B.

" 201 __r.
PeueH3eHT(bl):

TiopuH B.A.

" 201 __r.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

BAE
il YHH

A 5 (1,

PeructpaunoHHbili Homep 646618
CrpaHnua 30 n3 30.

o



