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ITporpamma JUCIMIUIMHBL "DIEKTPOTEXHUKA U eKTpoHUKa"; 28.03.01 "HanoTexHONIOrMY ¥ MUKPOCUCTEMHAs TEXHUKA" .

Conep:xanue

1. TlepeueHb IMIAHUPYEMBIX PE3YJIbTATOB OOYUYEHHUS 110 AUCHUIUIMHE (MOYJI0), COOTHECEHHBIX C IUIAHUPYEMBIMH Pe3yJIbTaATaMU
ocsoenus OIIOIT BO

2. Mecro pucuuruidasl (MoayJist) B crpykrype OITOIT BO

3. O0beM AUCLMIUTHHBL (MO/YJIsI) B 3a9YETHBIX €OUHULIAX C YKa3aHHEM KOJIMIECTBA YacOB, BbIICICHHBIX HA KOHTAKTHYIO paboTy
00yUaIIMXCs C TpernoaBareseM (1o BuiaM YUeOHbIX 3aHSATUN) ¥ HA CAMOCTOSITENIbHYI0 paboTy 00y4YaloIIuXcst

4. CopeprkaHue TMCUMIUTMHBL (MOJIYJIs1), CTPYKTYPUPOBAHHOE MO TeMaM (pa3fesam) ¢ yKa3aHHeM OTBEJEHHOrO Ha HHX
KOJIMYECTBA aKaJEMUUYECKUX YacOB M BUIOB YUEOHbBIX 3aHATHIA

4.1. CTpyKTypa ¥ TeMaTUYECKHI IJIaH KOHTAKTHOW U CAMOCTOSTEIbHOM pabOThI MO TUCIUILTHHE (MOJIYJII0)

4.2. CopepxaHuie AUCIUTLTAHBI (MOJTYJIs1)

5. TlepeueHpb yueOHO-METOAMUYECKOTO 00eceYeHH s /ISl CAMOCTOSATEIbHOM paboThl 00YYAOIIMXCS O JUCIUILTMHE (MOJYJIIO)

6. ®OH/1 OIIEHOUHBIX CPEACTB MO AUCIUILTIHE (MOYJTIO)

7. TlepeueHb UTEPaTyphl, HEOOXOJUMOM [J151 OCBOCHHS JUCHUILIMHBL (MOYJIs1)

8. IlepeueHnb pecypcoB HH(POPMAIIOHHO-TEJICKOMMYHHUKAIIMOHHON ceTr "VIHTepHeT", HEOOXOAUMBIX TSI OCBOCHUS AUCLIATUTAHBI
(Mopyns)

9. Meroauueckue yKazaHusi JUist 00Y4YaOIUXCsl TI0 OCBOESHUIO JTUCIMIUTUHBI (MOJIYJIs1)

10. Iepeyenb HMPOPMALIMOHHBIX TEXHOJIOTHIA, UCTIONB3YEMbIX MTPU OCYIIECTBIEHUH 00pa30BaTe/IbHOTO MpoLiecca 1o
JMCLUILIMHE (MOJYJII0), BKJIIOUAs MepedeHb MPOrpaMMHOro oOecrieveHrst 1 MH(POPMALIMOHHBIX CIIPABOYHBIX CHCTEM (TIpH
HEOOXOJUMOCTH)

11. Onucanue MaTepuaibHO-TEXHUYECKOUN 0a3bl, HEOOXOIUMOM JIIsl OCYILECTBIEHHS 00pa30BaTeIbHOTO MPOIIecca Mo
JUCLIUIUIAHE (MOAYJIIO)

12. CpeactBa agantanyy npenojaBaHust AUCHUIUIMHBL (MOAYJIs) K TIOTPEOHOCTSIM 00YYaIONIMXCsl UHBAJIMIOB U JIUL] C
OrpaHMYCHHBIMU BO3MOKHOCTSIMU 3[J0POBBS

13. ITpunoxenue Nel. PoHJ OLIECHOUHBIX CPEICTB
14. Tpunoxenune No2. [lepeueHsb uTepaTypbl, HEOOXOAUMOM /ISl OCBOSHUSI TUCHMIUIUHBI (MOJ1YJIs1)

15. TIpunoxenue Ne3. IlepeyeHs HH(MOPMALIMOHHBIX TEXHOJIOTUIA, UCMIOJIBb3YEMBIX AJI1 OCBOEHHS JUCLMILIAHBI (MOAYJIA),
BKJIIOYAsI TIepeveHb IIPOrpaMMHOT0 oOecriedeHHs 1 MH(POPMAIMOHHBIX CIIPABOYHBIX CHCTEM
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ITporpamma JUCIMIUIMHBL "DIEKTPOTEXHUKA U eKTpoHUKa"; 28.03.01 "HanoTexHONIOrMY ¥ MUKPOCUCTEMHAs TEXHUKA" .

IIporpamMmy aucHMIUTHHEL pa3padoTai(a)(u): gomeHT, K.H. (1oueHT) TopruH B.A. (Kadenpa pamuodusuku, Beicrias 1mkoma
KnOeppU3MIECKUX CHUCTEM U NMPHUKJIaJHON 1eKTpoHuKH), Vladimir. Tiourin@kpfu.ru

1. IlepeyeHb MIIAHNPYEMBIX Pe3yJIbLTATOB 00YUEHHs MO JUCIHHUILIAHE (MOIYJII0), COOTHECEHHBIX ¢ INIAHUPYEeMbIMHI
pe3yabTaTamu ocsoenust OIIOII BO

OO6yyarnImuiics, OCBOUBIINE QUCIWIUTUHY (MOJYJIb), JOJIKEH 001a1aTh CJICAYIONMMA KOMITETCHITASIMU:

Mudp PacuudpoBka
KOMIeTeHIHH npuoodperaemMoii KoMIeTeHIUH
OIlIK-1 CriocoOeH pelarth 3a1a4u npodecCHOHAIBHON JIESITENIbHOCTH HA OCHOBE MTPUMEHEHH S
€CTECTBEHHOHAYYHBIX ¥ OOLIEMH)KEHEPHBIX 3HAHUH, METOJOB MaTEMaTHYECKOTO aHAIN3a 1
MOJIe/TMPOBAHUS
OIIK-7 CriocoOeH TPOeKTHPOBATh M COIPOBOXAATh IPOM3BOICTBO TEXHMUECKMX OOBEKTOB, CHCTEM U
pOLIeCCOB B 00J1ACTH HAHOTEXHOJIOTUI M MUKPOCHCTEMHOM TeXHUKH

OO6yyarnmmuiicss, OCBOUBIINI JUCHUIUIAHY (MOIYJIb):

IoyokeH 3HATh:

- OCHOBHBIE 3aKOHBI TOKOIIPOXOXEHHUS M METOJIBI pacyeTa PeKMMOB JIEKTPHUESCKUX Lie-TieH;
- MIPUHIIMIT JISUCTBUSI OCHOBHBIX JIEKTPOHHBIX KOMITOHEHTOB;

- OCHOBHBI€ IPUHIMIIBI U ITIPUEMBI ITIOCTPOCHM A JIEKTPOHHBIX CXEM;

JoKeH yMeTh:

- COOTHOCUTb MaTeMaTU4ECKOe ONMCaHue ¢ (PM3UKOM MTPOLIECCOB, MPOMCXOASAIIMX B 9JI€K-TPOHHBIX YCTPOHCTBAX;
- ONPeNeUTh HEUCIIPABHOCTD JIEKTPOHHOIO YCTPOKCTRA, UCTIONB3Ys1 3HAHKS OCHOBHBIX CBOCTB IOJTYITPOBOIHUKOBBIX
TIPUOOPOB U PEKUMOB UX pabOTHI;

JlomxeH BIafeTh:

- OCHOBHBIMH METO/IAMH{ aHAJIN3a PEXMMOB IOCTOSIHHOTO TOKA M YaCTOTHBIX CBOHMCTB JIEKTPOHHBIX YCTPOMCTB.
- HaBBIKaMK paboThI ¢ MH(OPMAIIMOHHBIMU TEXHOJIOTHSAMHY, a TAKKe YIeOHON U HAy4HOH JIMTEPaTypPO.

JIOIDKGH AE€MOHCTPUPOBATDb CIIOCOOHOCTh Y TOTOBHOCTb:

- COBEpILIEHCTBOBATD U ITOBBIIIATH CBOM MHTEJUIEKTYAJIbHBIN U OOIIEKYIbTYPHBIN YPOBEHb

- CaMOCTOATEIIBHO HpI/I06peTaTb C IIOMOIIBIO I/IH(ZpOpMaHI/IOHHbIX TEXHOJIOTMH U UCIOJIb30BaTh B HpaKTI/I‘{eCKOﬁ JECATCIIBHOCTU
HOBBIC 3HAHUA U YMEHUSA, B TOM YUCJIE€ B HOBBIX 00J1acTAx 3HaHPIﬁ, HEMOCPEACTBEHHO HE CBA3AaHHBIX CO cq)epoﬁ
ACATCIIbHOCTU

- IpoheCCHOHATBHO IKCILTYaTHPOBATh COBPEMEHHOE 000PYIOBAHUE M IIPUOOPHI

2. MecTto nucuumjuHbl (MoayJas) B ctpykrype OIIOITI BO

HanHas aucuurimHa (Moayb) BKIoueHa B pasaen "b1.0.16 ductumniunsl (Moaysm)" OCHOBHOM MpodhecCUOHATBHON
obpasoBaresibHO# mporpammbl 28.03.01 "HaHoTexHoMIOrMU 1 MUK pOocUcTeMHast TexHuKa (CUHTE3 M JUAarHOCTHUKA
HAHOMAaTEePHAJIOB, KOMIIOHEHTH MUKPO- M HAHO3JIEKTPOHHOM TEXHUKM)" ¥ OTHOCHUTCS K oOsi3aTebHou yactu OITOIT BO.

OcBauBaercs Ha 2 Kypce B 4 cemecTpe.

3. O6beM qUCHATLIHHBI (MOYJISI) B 32a4€THHIX € JHHAIAX ¢ YKa3aHHEeM KOJNYeCTBAa YacOB, BbIJeJE€HHBIX HA
KOHTAKTHYIO Pa00Ty 00y4aoImuxcs ¢ npemnojaBareJem (Mo BHAaM yueOHbIX 3aHATHII) M HA CAMOCTOSTEJLHYIO
padoTy obyuarommxcs

OO61m1ast TPyIOEMKOCTh AUCIUTUTMHBI COCTABIIsAET S 3aueTHHIX (bie) exuHutl(bl) Ha 180 waca(oB).

KonraktHast padota - 109 yaca(oB), B TOM uucIie JieKIu - 32 yaca(oB), IpakTHYeCcKue 3aHATus - 36 yaca(oB), 1abopaTtopHbie
padotsl - 40 yaca(oB), KOHTPOJIb CAMOCTOSITENIbHOM paboThl - 1 yaca(oB).

CamocrositenbHast padoTa - 35 yaca(oB).
Kontpons (3auér / 3x3amen) - 36 yaca(oB).
dopMa MPOMEKYTOTHOTO KOHTPOJISI IUCIUTUTIHBL: SK3aMeH B 4 ceMecTpe.

SAEKTPOHHBH
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4. Conep:xaHue AVCHUILIAHBI (MOYJIsI), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3jejaM) ¢c yKa3aHneM 0TBeJeHHOr0 Ha
HHUX KOJHYECTBA aKaA€MHUYE€CKHUX YaCOB U BU10B y'—lCﬁHI)IX 3aHATHN

4.1 CTpykTypa U TeMaTH4eCKHIl IUIaH KOHTAKTHOM U CAMOCTOATEJbHON PAaGOThI O JUCHHUILIHHE (MO/IYJIIO)

Bujbl 1 yachl KOHTAKTHOW PadoTHhI, Camo-
HX TPYJA0EMKOCTh (B 4acax) CTOSI-

N Pazeant qucuumimnb / Ce- |Texmun,Vlexnun|IIpaxTu-[IIpaktu-JIadopa-Iagopa-| TeJb-
MOIyJIst MECTP| Bcero | B 3J. |4eckue | yeckue [TOpHbIe |TOpHbIe| Has
¢opme BansaTHs,| B 3J. [pabdoThL,| B3I pa-
Bcero | cdopme | Bcero | popme | OoTa

Tema 1. JInHelHbIe LIENY TOCTOSTHHOTO TOKA.
ITpoBOogMMOCTb BelECTB. 30HHBIE AUArPAMMBI.
DJIEKTPUYECKUN TOK. DNEKTPUUYECKas LEMb.
Wcrounniku 9. [Ipuemnuku 33. CaA3blBaonye
ycTpoicTBa. Bernomo-raTelibHble yCTpOICTBa.
Knaccudukanus 1. Cxema I1I. UneanbHbie
9JIEMEHTHI LIeTIH.

Tema 2. JInHerHble LENMU MOCTOSTHHOIO TOKA.
CoeauHenue 3j1eMeHToB 1ienu. 3akod Oma 1id
5 |[yuacTka nemv u juis [MOJIHOH LEMN. 3aKOHBI

" [Kupxroda. Hampsixenue u mormsocTs B D1,
Pexumbl paOoTHI 11eNH.

Tema 3. JIuHeiHble e CUHYCOMIATBHOTO TOKA.
[Monyuenne cunyconpanbaon DIC. CrocoOs!
TIpeICTaB-JeHUs 1 apaMeTpbl CHHYCOMIATbHBIX
¢pyHk1MiA. eanbHble 9JIEMEHTHI B LIETTU
cuHycouaanabHoro Toka. 3akonsl Oma u Kupxroda
3 JUIsl CMHYCOUAANbHOrO ToKa. RL u

" |[RC-n1BYyXNOMIOCHUKY B LIENU CU-HYCOUAATBbHOTO
Toka. [Io6poTHOCTh. TpeyroibHUKY HAMIPSIKSHUH,
COINPOTUBJIEHUH, MOIIIHOCTEH.

Tema 4. JIuHeWHbIe e CHHYCOMJATBHOTO TOKA.
MOoOUIHOCTb B LIETISAX IEPEMEHHOTO TOKA.
Koagpuument morrHoctu. [locnenoBarensHbIi
RLC-ABYyXHOMOCHUK (ITOC/IE0BATETBHBIN
KoJIeOaTeIbHBIA KOHTYP) IPU CHHYCOUAQTBHOM

4 BO3IEHCTBUH. Pe30HaHC HaNpsHKEHUH.

" [MapannensHpii RLC-ABYXITOMIOCHUK
(mapaJuteNibHBIN KOJIeOaTeIbHBIH KOHTYP) TPH
CHHYCOMJAJTBbHOM BO3[EHCTBUM. Pe30HaHC TOKOB.

Tema 5. Tpexda3Hble TMHEIHbIE LIENH
MepPEMEHHOr0 ToKa. Tpexca3Hble JIMHEHbIE Lenn
epeMeHHOro Toka. OCHOBHBIE TOHATUSA

5. |rpexcazHoit cucTeMbl SHEProcHa0KXEeHUsI. 4 2 0 2 0 2 0 2
CoennHeHne OOMOTOK reHepaTopa 3Be3/101 1
TPEYrOJIbHUKOM.

Tema 6. TpexdasHsle TUHEIHBIE SN
nepeMeHHoro Toka. Tpexdasnas nens "3Be3ma" -
"3Be3ma ¢ HeWTpaib-HBIM MPOBOOM. TpexcasHas
6 terns "3Be31a" - "3Be31a" 06e3 HeHTPaIbHOrO

" [mpoBopa. TpexdaszHas uens "3Be3ma" -
"TpeyroybHUK". MOIIHOCTD Tpex(a3Horo
noTpeduTes (MPUEeMHHKA).

3AE
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Pa3nean! qucIUNINHLI /
MOIyJIsT

MecTp

Buasl u yachl KOHTaAKTHOI PadoTHI,
HX TPYJ0E€MKOCTH (B 4acax)

Ulexnun,
BCEro

B 9JL
¢ opme

YecCKue
3aHATHA,
BCero

Ulexnuu(IIpakTu-[[IpakTu-

YyeCckKue
B 3JI.

¢ opme

UIa6opa-|

TOpPHbIE

padoThl,
BCEro

UIabopa-
TOpPHbIE
B 9JI.

¢ opme

Camo-
cTOs-
TeJb-

Has
pa-
oora

Tema 7. ITorynpoBoJHUKOBbIE TPUOOPHI U
ycrpoiictBa. COOCTBEHHbIE M TIPUMECHbIE
HOJTYTIPOBOJHUKHU, X ITPOBOAUMOCTb.
DJIeKTPOHHO-IbIpouHbIi nepexod (DAI).
CrMMeTpUYHBIN 1 HECUMMETPUYHBII Ie-pexonl B
PaBHOBECHOM COCTOSIHUH U IPH BHEIIHEM
BO3JeNCTBUU. BoJbT-aMIiepHast XapaKTepUCTH-Ka.

Tema 8. [TonynpoBOJHNKOBBIE TPHOOPHI 1
ycrpoictsa. [lapameTpsl nepexona ?

1 depeHmanbHas MpoBO-IUMOCTh, OapbepHast 1
i dy3rnoHHas eMkoctu. KonTtakT
METaJUI-TIOYTIPOBOAHYK. BoITpsMutstio-mmii u
OMWYECKUN KOHTAKTHI.

Tema 9. ITonynpoBogHHKOBBIE 1O OCHOBHBIE
THIIBI IUOJOB - BRIIPSIMUTEIIBHBIN JUOL.
CrabunTpoH. YHUBEPCAIbHBIA 1 UMITYJIbCHBIN
quonsl, o [lorTku. TyHHETbHBIN AUOL.
Bapukan. IX oCHOB-HbIE TapaMeTphl,
XapaKTepUCTUKU U MPUMEHEHHE.

10.

Tema 10. . Bunonapnsiii Tpansuctop. Onpenenenue
OUIIOJIIPHOTO TPAH3MUCTOpa. Y CIIOBHOE
rpaguyeckoe n300paxeHue. YIpouieHHast
BHYTpEHH:Is1 CTpyKTypa. [IpuHImn nericteus.
Pexumbl paboThI M BKJTIO-YeHHEe OUITOJISIPHOTO
TpaH3uCTOpa. BosbT-amIrepHble XapakTepUCTHKH
Ob u 03.

11.

Tema 11. [Tonesbie TpaH3UCTOPBL. Y CTPONCTBO U
MPUHLMIT JeACTBUS TOJIEBBIX TPAH3UCTOPOB C
YIPaBJISIOMIUM P-N EPEXOAOM U U301 POBAHHBIM
3aTBOpoM. CTaTH4YeCKHe XapaKTepHCTUKH,
napamMeTphl ¥ IIpUMe-HeHue.

12.

Tema 12. VcunuresbHbIE yCTPOKUCTBA.
OnpepeneHvie, OCHOBHBIE IOHATUSA U
Kyaccupukanus yeunutenaed. Oc-HOBHbIE
XapaKTepUCTUKH ? aMIUTUTYyAHAs,
aAMITIATYJHO-4acTOTHas1, (ha30-4acTOTHas,
TIepexo/iHast Xa-paKTEPUCTHKH.

13.

Tema 13. YcuurenbHblE yCTPOWUCTBA.
VcunuTenbHBIA KacKaj ¢ OOLIMM SMUTTEPOM U
OOLIMM UCTOKOM. PeXHM MOCTOSIHHOTO TOKA U
KJIacchl ycunenus. [IpuHumn ycunenus.
HuddepeHnransHbi YCUIUTe b,
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ITporpamma JUCIMIUIMHBL "DIEKTPOTEXHUKA U eKTpoHUKa"; 28.03.01 "HanoTexHONIOrMY ¥ MUKPOCUCTEMHAs TEXHUKA" .

Buapl 1 yachl KOHTAKTHOW PadoThl, Camo-

HX TPYJ0E€MKOCTH (B 4acax) CTOSI-

N Pazmeant qucuumimnnb / Ce- Iexmun,Texmmu|lIpakTu-[IIpaktu-/Iadopa-/Iadopa-| Teab-
Mo ayJist MECTP| Bcero | B3J. | 4YecKHe | YyecKHe |TOpPHBIE |TOpPHbIe | Hasd
¢dopme BaHaTHsA,| B 3J. |[pabdoThL,| B3I pa-

Bcero | cdopwme | Bcero | ¢popme | 00Ta

Tema 14. OrpuuarenbHble OOpaTHBIE CBS3U B
yeunutensax. OnpenesneHue v o0IIre NONTOKEHHS.
[MonoxuTesb-Hble U OTpULIATEIbHBIE 0OpaTHBIE
cBs3u (BUN). [lapayiensHele U ocneaoBaTeIbHbIe

4 2 0 2 0 2 0 2
OOC. OOC 1o HanpsKEeHUIO U TOKY (THI).
Bmusinne OOC Ha OCHOBHBIE XapaKTEPUCTUKU
YCUIIUTEN.

14.

Tema 15. DnemMeHTH aHAJIOTOBOI
MUKPO3JIEKTPOHUKHU. OnepaliuOHHbIA YCUIIUTEITb.
Onpenenenue onepaiu-oHHoro ycunurens (OY),
0003HAaYCHHUE U YIIPOIIeHHAS] BHYTPEHHSIS
15.|ctpykTrypa OY. OCHOBHBIE Xa-paKTEPUCTUKU 4 2 0 2 0 2 0 2
OTIEPAITMOHHBIX YCHITUTENEH U X KJIACCU(UKAITHS.
[Tonarue nneansHOoro OY

Tema 16. PyHKIIMOHAIBHbBIE YCTPOICTBA HA OCHOBE

OIEPalMOHHOrO ycuututess. VIHBepTUpYOIui 1

HeUH-BepTUpYoLMi ycunurteau. [losropuTtens.

l6. WuBeptupyromuii cymmarop. MuTerparop. 4 2 0 2 0 2 0 )
Huddepenuu-arop. HTErpocymMMaTop.

OpHormoporoselii komnapatop. Tpurrep HImutra.

Tema 17. 'enepatopsl CUHYCOUJAIBHBIX
kosieGanmii. Orpesenenue reneparopa. Ilonstue
aBTOKOJIe0ATEIBbHOM CUCTEMBI. Y CIOBHS OanaHca
17.|da3 n 6ananca ammmrya. ['eHepaTopst 4 1 0 1 0 2 0 2
CHHYCOMJATBHBIX Kosebanuii: RC -reneparopsl u
LC-reneparopsl.

Tema 18. PenakcaniioHHbIE TeHEPATOPHL.
ABTOKOJIE0ATENBHBIN MyIbTUBHOpaTop. K ayiuii
13 MyJIbTUBHOpaTop. MynbTHBUOPATOD, YIIPABISIEMbINA 4 1 0 1 0 > 0 1
' [Hanpsoxenuem. I'eneparop nuHeHO
N3MEHSIOLIEroCs HAIPSIKEHUS].

lToro 34 0 34 0 40 0 35

4.2 Cogep:kanne qUCIUATLITHHBI (MO TyJIs1)

Tema 1. J/Iunefinble nenu nocTostHHOro Toka. [ipopoanMocTs BemecTB. 30HHbIE THArPaMMbl. DJIeKTpUUYe CKUH
TOK. DaekTpuueckas nenb. Ucrounnku I3. [Ipuemuuxn 3. CpaspiBaomue ycTpoiictBa. Bcnomo-rarebHbie
yerpoiictBa. Kinaccudukanusa 1. Cxema 1. UneasbHble 3j1eMeHTHI IeNMH.

DNEKTPUUESCKON IIEMNbI0 MTOCTOSTHHOTO TOKA HAa3bIBAIOT COBOKYITHOCTh YCTPOUCTB M OOBEKTOB: UCTOUYHUKOB JICKTPUUECKON
SHEPruu, Npeodpa3oBaTelici, MOTpeOuTeIel, KOMMYTAITMOHHOM, 3aIUTHON Y U3MEPUTEIFHON armapaTyphl, COeTMHUTEITLHBIX
TIPOBOJIOB WJTH JIMHUM SJICKTPOIIePeIaum.

DJIeKTPUYECKUE U JIEKTPOMArHUTHBIE TIPOLIECCHI B 9TUX 0OBEKTaX OMUCHIBAIOTCS C MOMOIIBIO TIOHATHI 00 SJIeKTPOIBUKYIIEH
cune (BC - E), Toke (I) u Hanpspxeruu (U).

Tema 2. /Inneiinbie menu mocTosHAHOro Toka. CoequneHne 3,1eMeHTOB Henmn. 3akoH OMa JUIst y9acTKa e U IS
noJiHoH nenn. 3akonsl Kupxrodga. Hanpsixkenne n momuocts B 1. Pexuvsbl padoTs nenn.

3 A
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Bunpl coenquHeHus 1eKTpruUeckrX aaeMeHToB. [locienoBaresbHOe Coe/IMHEHNE - TAKOE COeTMHEHNE JIEMEHTOB, IPU KOTOPOM
B HMX IPOTEKaeT OAMH U TOT ke Tok. Ha puc. 1.10 Tonbko gBa pesncropa coeiMHEHbI OCIIeI0BaTebHO, 3TO pe3ucTophl R3 u
R4. [MapannenbHOe coeMHEHUE - TAKOE COeJMHEHHUE JIEMEHTOB, K KOTOPBIM IPUKJIABIBAETCS OJTHO U TO Ke HarpsikeHue. Ha
puc. 1.10 TospKO 1Ba pe3ucTopa COeAMHEHBI NapasuiesIbHO, 3TO pe3uctopbl R8 u R9. CoenviHenue 38e3101 - Takoe COeIMHEHUE,
KOI'Jia U3 y371a BBIXOAUT TPU U 0oJiee BETBU C 3JIEMEHTaMU. 3Be3/1a MOKET COCTOSTh U3 TpeX U Ooiee Jyyel, coaepxkaliyx
3JIEMEHTBL.

Tema 3. /Iunelinbie menu cuHycougaibHoro Toka. Iloayuenue cunycoungaabuoii /IC. Cnoco0Obl npeacTaB-JeHHA
U IapaMeTphl CHHYCONIAJIbHBIX (pyHKIMii. 1eanbHble 3JIeMeHTHI B el CHHYCOUIAJIBLHOr0 ToKa. 3akoHbl OMa
u Kupxroda nusa cunycouaanbioro Toka. RL u RC-AByXnoJii0 CHUKH B e CH-HYCOUIAJbLHOI0 TOKA.
HoopoTHoCcTh. TpeyroJibHUKN HANPSI;KEeHU, CONMP O THBJIEHMI, MOILIHO CTEN.

Tlon NEPEMEHHBIM CUHYCOUJAJIbHBIM TOKOM IMTOHUMAETCA TOK, H3MeHHIOH.[HfICf{ BO BPEMEHU KaK 110 BEJIMYUHE, TaK U 11O
HallpaBJICHUIO 110 CUHYCOUJAJIbHOMY 3aKOHY. HpeI/IMyH_ICCTBa CHHYCOUJAJIbHOI'O TOKA Nepe] NOCTOAHHBIM: JICTYE€ U ACIICBJIC
MOJIy4YE€HHE; €0 JIETKO NepeJaBaTb Ha 60JIbIINE paccrtodaHus U3-3a BOSMOKHOCTU U3MEHATH HAIIPAKEHNUE C TTIOMOIIBIO
Tpchq)opMaTopa; QJICKTPUIECKUE MAllIMHbI IEPEMEHHOI'O TOKaA ACHICBJIC U ITPOIIE MO CPABHECHUIO C ABUT'ATEIAMU ITOCTOAHHOT'O
TOKa.

Bce meToas! pacueTa JIMHEHHBIX MIEKTPHUECKUX LIeTIel P MOCTOSIHHBIX TOKaX M HAPSDKEHUSX [EIMKOM PaclipOCTPAHSIOTCS
Ha JIeKTpIYecKre Leny Oe3 B3aMMHON MHAYKIMH IPY CHHYCOMIATBHBIX TOKaX W HanpspkeHusx. [1pu stom toku, SC n
COTPOTHBIICHUS IOJKHBI BXOUTh B YPaBHEHHSI JJIEKTPUUECKOTO COCTOSIHUSA B BUJIE KOMITIEKCOB. OCHOBHBIMU 3aKOHAMH,
TIPUMEHAEMBIMHU 7S pacyeTa JIeKTPUUECKUX IeNel, apisoTes 3akoHsl Oma u Kupxroda.

Tema 4. /Inneiinbie e CHHYCONTAIBHOTO TOKA. MOIIHOCTD B HENsIX NepeMeHHOro Toka. Kos ¢ dpumment
momHOocTH. IlociaenoBarenasHniii RLC-aByXmoocHUK (0 cJe10BaTeJIbHBIH KOJIe0aTeJbHbI KOHTYP) NPH
CHHYCONJAJLHOM Bo3aeiicTBul. Pe3onanc nanpsekennii. [lapasneasapiii RLC-aByXnoJiro cHAK (mapajiejabHbIN
KoJie6aTeIbHBII KOHTYP) NPU CHHYCONJAAJbHOM Bo3aeiicTeuu. Pe3oHanc TOKOB.

B 1ienu nepeMeHHOro TOKa TOK M HANpsDKEHUE U3MEHSIIOTCSI [0 TAPMOHUYECKOMY 3aKOHY, M MEX/y HUIMHU MOXET ObITb el
(pazoBsIil caBUT . YUHTHIBAs 3TO, MOKHO TOBOPUTH O MTHOBEHHOM MOIITHOCTH, MOIITHOCTH B KOHKPETHBI MOMEHT BPEMEHH t.
AKTHBHAsi MOIIHOCTb. B pe3yJibrare mpocThiX TPUTOHOMETPUIECKHX MpeoOpa3oBaHuii ((popmyia mpousBeieHne
CHHYCOB)TIOJIYyYITH []Ba CIIATAeMBIX. , - AIMEET TIOCTOSTHHOE 3HaUeHue. [ e - (pa30BbIit yroy Mex Iy TOKOM M HamlpspKeHHeM. DTa
MOIITHOCTH MTOJTyYMJIa Ha3BaHNE aKTUBHASI MOITHOCTh. COMHOXHTENb Ha3biBaeTcs "KoapdunuerTt MommHocty . Eciu Tok n
HaTpsDKEHUE COBMAJAOT MO HAIIPABJIEHUIO, T.€. , TO , U aKTHBHAS MOIIHOCTh MAaKCHMaJTbHA (B LIEMH OTCYTCTBYIOT PEaKTUBHBIC
3JIEMEHTHI).

[ocnenoBatebHBIA KOJeOaTeNbHBIN KOHTYP - 9TO LIeTlb, COCTOSIIAs MX KaTYIIKH WHIYKTUBHOCTH M KOHIEHCATOPa, KOTOPbIe
COEJMHSIIOTCS TIOCJIeI0BaTeNbHO. VieanbHblil ocie1oBaTeNbHbIN KosleOaTesibHbIi KOHTYp. Ha cxemax njeanbHbIi
TNIOCJIeIOBATENbHbIN KOJIeOaTebHbIN KOHTYp 0003HavaeTcst BOT Tak: rie L - naxyktiuBHOCTD, ['H C - eMkocTb, @. PeanbHblii
TNIOCJIeIOBaTeNbHbIN KOJIeOaTebHbIN KOHTYp. PeanbHblil KosiebaTebHbI KOHTYp UMEET CONPOTUBIIEHNE MOTEPhb KaTyIIKU 1
KOHJZIEHCaTopa.

[MapasuienbHbIM KOJIeOaTeIbHBIM KOHTYPOM, Ha3bIBAETCSI 1[E11b, COCTABJIEHHAS M3 KATYIIKN UHAYKTUBHOCTH M KOHIEHCATOPA,
TTOJKJTIOYEHHBIX TTAPAJUIETbHO BXOJHBIM 32)KUMaM, K KOTOPHIM MOKET OBITh IIPUCOEMHEH TeHepaTop WIIH JPYyTHe SJIeMEHTHI
LIETH.

Tema 5. Tpexdpaznbie uHeliHbIE IENN IePpeMEeHHOr0 ToKa. Tpexd a3Hble JnHeiHbIE I[ENH EPEMEHHOT0 TOKA.
OcHoBHBIE MOHATHSA TPex()a3HOI cHCTEMBI SHeProcHat:xeHust. CoeJnHeHNEe 0OMOTOK IreHepaTopa 3Be3/10H H
TPEeyroJbHUKOM.

Hcrounnkom Tpexa3HOro HarpspKeHHs sIBASETCs TpeXasHbId TeHepaTop, Ha cTaTope KOToporo (M. puc. 1) pasmemnieHa
TpexdasHas 0OMOTKa. ... Kak BUIHO U3 cXeMbl Ha pUC. 6, TIpH COEIMHEHUH B 3BE31y JIMHEHHbIE TOKH Y PABHBI
COOTBETCTBYIOIIMM (ha3HbIM ToKaM. [1py HamuMM HEMTPaJILHOTO MPOBOJIA TOK B HEUTpaJIbHOM npoBozie . Eciu cucrema
(ba3HBIX TOKOB CHMMETpUYHA, TO . CIieoBaTeNbHO, eciii Obl CHMMETPHsI TOKOB ObliIa TAapaHTHPOBAHA, TO HEUTPAJIbHBIIA IPOBOJ
Obu1 OBl He HykeH. Kak Oyzer mokazaHo janee, HelTpaabHbI NPOBOA 00eCIeYMBaeT MOAACPKAHIE CHMMETPUI HANIPSDKEHUI Ha
Harpy3Ke Ipy HECUMMETPUH CaMOM Harpy3KH.

Tema 6. TpexcazHble JuHelHbIE I[eNN MepeMeHHOr0 Toka. TpexdrazHas mens ''38e31a'"" - ''3Be37a'" ¢
HeATpaJb-HbIM poBoaoM. Tpexdaznas nens ''3Be31a'’ - ''3Be3aa" 6e3 HeliTpagbHOro npoBoaa. Tpexcgasuas
nenb ''3Be3aa’’ - "'TpeyroabHuk'’ . MomHOCTHL TPex(a3HOro NoTpeodouTeJist (MPUEeMHNKA).

[NousTrs ?73Be31a? M ?TPeyroyIbHUK ? HEpa3pBIBHO CBSI3aHBI C CUCTEMAaMHM TPEX(a3HOTO NEPEMEHHOT0 TOKA, M HAUMHAIOIINE
9JIEKTPUKY WM JIOAU JAJIEKUE OT JIEKTPUIECTBA HE MOHUMAIOT 3HAYEHU S 9TUX CJIOB U... 53. Ho nuraomux nposoja B
TpéxdasHoii cetn y Hac 3 wim 4. Otciopa Bo3HUKaeT Borpoc: 7Kak MpaBUIbHO COSMHUTH HIECTh KOHLIOB OOMOTOK C TPeMsl
MUTAIMME ITpoBogaMu??. ... ITak, 3Be3/1a M TPEYroJIbHUK 7 3TO Ha3BaHUS CXEM COEMHEeHus oTpeduTteneil B TpéxdasHon
9JIEKTPOCETH KaK OOMOTOK JIEKTPOJBHTaTelIed, TpaHC(hOPMATOPOB, TaK U JI00OH Ipyroi Harpy3ku. ?3Bse3na?.

Tema 7. IloynpoBoJHHKOBBIE NPHOOPHI H ycTpoiicTBa. COOCTBEHHbIE I MPHMeECHBIE MOJIYIIP 0B O HHKH, HX
NPOBOUMOCTB. DJIeKTPOHHO-AbIPoYHbIN nepexoa (D/III). CummeTpHYHbBII H HECHMMETPHYHBI Me-pPexoabl B
PaBHOBECHOM COCTOSIHUY M NIPH BHEIIHEM Bo3/1eiicTBHH. BoabT-aMnepHast XxapakTepHucTH-KAa.

CoOCTBEHHBI! TTOYTTPOBOAHHUK - STO MOIYITPOBOAHUK, B KOTOPOM OTCYTCTBYIOT IIPHMECHBIE aTOMBI IPYTON BaJICHTHOCTH,

BJIMAOIIME HA €0 3JIECKTPOIIPOBOAHOCTD. ECTGCTBCHHO, B pCaJIbHbIX MaTe€puajlax B KpI/ICTaHHI/I‘{CCKOﬁ peueTKe BCceraa
CYHIECTBYIOT IPUMECH, HO Y COOCTBEHHBIX NOJIYyIIPOBOAHHWKOB UX KOHHEHTpAlIUA Hp€H€6pe)KI/IMO Maja.
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Crpanuna 7 u3 19. Il YHHBEPCHTET

ARl s DFMALMOHHD AHATYTAHEC AR SACTEMA Kb



ITporpamma JUCIMIUIMHBL "DIEKTPOTEXHUKA U eKTpoHUKa"; 28.03.01 "HanoTexHONIOrMY ¥ MUKPOCUCTEMHAs TEXHUKA" .

HaligeHo Ha bibl.rusoil.net

ITpumecHsIil MOTYPOBOJHUK - 3TO MOIYIPOBOJHUK, NEKTPHUECKUE CBOICTBA KOTOPOTO ONPEAEISIOTCS, B OCHOBHOM,
MIPUMECSIMH APYTUX XUMUYECKHX 3sieMeHToB. [IpumecH - nerupyiomiue BemecTsa. Pa3nuyaior JBa OCHOBHBIX BUJA IPUMECEH,
KOTOPBIE MCIOJIB3YIOTCS JUIsI IIPeTHAMEPEHHOTO JIETMPOBAHUS MOTYTIPOBOAHUKOB U CO3JAIONINX PEUMYILECTBEHHO
3JIEKTPOHHBII WM ABIPOYHBIN THIT IIPOBOANMOCTH.

Tema 8. IloxynpoBogauKoBbie NpHOOPHI N ycrpoiicTea. [lapameTps nepexona ? nudpepennmaapHas
NMPOBO-AUMOCTh, OapbepHast n quch py3nonHas emkocTn. KOHTaKT MeTaI-MOIYIIP 0BOTHAK. BBINp siMistio-mii u
oMHYeCKHAH KOHTAKThI.

DJIeKTPOHHO-ABIPOYHBIH (P-1) MEPEXOJI - ITO ITO 0OJIACTH MPOCTPAHCTBA HA TPAHMIIEC Pa3/iesia MPOBOAHUKOB P- U N-THIIA.
O06naaeT yHUKAJIbHBIMU CBOWCTBAMHU:

Conepkut 0ObEMHBIE 3apsiIbl

SIBnsieTcs NOTeHIMAIBHBIM GapbepoM

O6naaeT 0THOCTOPOHHEN MPOBOAUMOCTBIO

CTaHOBUTCS HEJIMHEHHOW YIPaBISIeMOU EMKOCTHIO

V3aMeHsieT KOHIIEHTpaLMIo HOCUTENIeH 3apsijia B IPUIIETalonX 00J1acTsX Ha pacCTOSTHUM AU PYy3UOHHON UTHBI

Tema 9. IToaynpoBoauukoBbie Ju0abl. O CHOBHbIE THIILI JHOI0B - BHINPAMHUTEJbHbIA 104, CTa0UJIATP OH.
YHuBepcajabHbIH 1 UMITYJIbCHBbIA g0 abl, quoa IlloTrTku. TyHHeabHbINH quoa. Bapukan. Ux ocHOB-HbIe
napamMeTpbl, XapaKTePUCTHKH U MIPUMeHEeHHe.

Jnon - 37eKTPOHHbINA IPUOOp ¢ AByMsI (MHOT/AA TPEMsl) JIEKTPOJaMHu, 0018 JaloIINi OJHOCTOPOHHEN MPOBOIUMOCTBIO.
DJIeKTPO/, TIOJKIIOUEHHBIN K MOJIOKUTEIBHOMY IMOJIOCY MPUOOpa, Ha3bIBAIOT aHOAOM, K OTPHUIATENILHOMY - KatojgoM. Ecmu k
npubOpy MPUIIOKEHO MPSIMOE HAMPSIKEHKE, TO OH HAXOAUTCS B OTKPHITOM COCTOSIHHH, PX KOTOPOM COIIPOTUBJICHHE MaJIo, a
TOK IpoTeKaeT OecripensaTcTBeHHo. Eciu npukiiagpBaeTcsi o0paTHOE HalpshKeHue, puoop, 6aaronapsi BHICOKOMY
COIIPOTUBJICHUIO, ABJIACTCA 3aKPbITbIM. O6paTHbll>i TOK MPUCYTCTBYET, HO OH HACTOJIbKO MaJl, YTO YCJIOBHO IPUHUMACTCA
PaBHBIM HYJIIO.

CopepxaHue cTaTbu

O6m1as knaccupukanms

HenonynpoBogHUKOBbIE

INonynpoBogHUKOBEIE

Buasl tnomoB o pasmepy nepexoza

Buisl TMOIOB 1O MaTepHUaty U3rOTOBJICHUS

Bupl TMO0B 10 YaCTOTHOMY JHMANIa30HY

IIpumenenue nuoaoB

BeinpsiMuTenbHbIE JHOIBI

JIMoHbIE TETEKTOPHI

OrpaHuauTesIbHBIE YCTPONCTBA

JrogHble nepekIoyaTesu

JnonHas uCKpo3alura

ITapameTrpuyeckue Iuoapl

CMecHTeTbHbIE TUOMIBI

VYMHOXUTEbHBIE TUOIBI

Hactpoeunsie auost

I'eHepaTOpHBIE AUOIBI

Buzsl 1M0A0B 10 TUITY KOHCTPYKITAA

CradumuTpoHs! (Iuoap1 3eHepa)

Crabuctopsl

Huoast HloTTku

Bapuxkanst

TyHHeJbHBIE JUOIBI

Tupucropbt

CumucTopsl

JUHUCTOPBI

HuoaHbIe MOCTHI

dorogmoas

CeToanoasl

3AE
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NudpaxpacHble T1OABI

Huonw 'anHa

Marunuroauoast

JlazepHble Auonasl

JlaBuHHbIE U JJABUHHO-TIPOJIETHBIE IUOJIBI

PIN-muoast

Tpuoasl

MapkupoBKa JU0A0B

OO611as knaccupukanus

Juosl nensTcest Ha OOJIbIIE TPYIIIIbI - HEMOIYTPOBOJHUKOBBIE U MOJTYTPOBOHUKOBBIE.

HCHO)IprOBO)IHI/IKOBLIC

OpnHO# 3 Hanbosiee JaBHUX Pa3HOBUIHOCTEH SIBJISIOTCS JIAMITOBBIE (3JIEKTPOBaKyyMHbIe) AM0oAbl. OHM MPECTaBIsIOT COOOH
pa)ll/IOJ'IaMl'lbl C }lByMH SHCKTpO)laMI/I, OIUH N3 KOTOprX HaneBaeTCﬂ HUTBHIO HAKaJa. B OTKprTOM COCTOAHUU C HOBCpXHOCTI/I
HarpeBaeMoro Katoja 3apsiabl IBHKYTCS K aHOAy. [Ipy MpOTUBOMOIOKHOM HAINpaBJIeHUH MOJIsi TPUOOP MEPEXOIUT B 3aKPHITYIO
TIO3UIIMIO M TOK MPAKTHYECKHU HE MPOIYyCKaeT.

Eine oHM BUJT HEMOTYPOBOIHUKOBBIX IPHOOPOB - FA30HANIONHEHHbIE, U3 KOTOPBIX CETOHSI UCIIOJB3YIOTCS TOIBKO MOJEIH C
JyTOBBIM paspsiioM. ['a30TpoHsI (prOOPH! ¢ TEPMOKATOJAMH) HAMIOIHSIOTCS MHEPTHBIMU ra3aMy, PTYTHBIMU NTapaMy WA
rapaMu Jpyrux MeTtamioB. CrenpanbHble OKCHAHBIE aHOABI, UCTIOb3yeMble B Ta30HAMOJHEHHBIX JUOJAX, CTOCOOHHI
BBIIEP)KMBATH BBICOKHE HATrPy3KH IO TOKY.

[TonynpoBoAHUKOBBIE

B ocHOBe MoJTyNIpoBOTHUKOBBIX IPHOOPOB JIEKUT MPUHIMI p-n Tiepexona. CylecTByeT ABa TUIIA MOJIYIPOBOAHUKOB - P-THIA U
n-Tuna. [Jis moixynpoBOIHUKOB P-THIA XapaKTEPEH M30bITOK MOJIOKUTEbHBIX 3aPSIOB, N-TUIA - U30BITOK OTPULIATEIBHBIX
3apsIOB (NEKTPOHOB). ECIM MONTYHNPOBOIHUKY STHX ABYX THIIOB HAXOIATCS PSJIOM, TO BO3JIE Pa3AesIOIel X IPaHHIIbI
pacronaraloTcs 1Be y3KUe 3apsbKeHHbIe 001aCTH, KOTOpbIe HAa3bIBAIOTCS p-n mepexonoM. Takoil mpuoop ¢ AByMS THIIAME
TIOJIYIIPOBOJHUKOB C Pa3HOM NPUMECHOM MPOBOAUMOCTBIO (MU MONYIPOBOIHUKA U METaJlIa) U P-N-MIepeXx00M Ha3bIBaeTCs
TOJIYTIPOBOJHUKOBBIM JHOA0M. VIMEHHO MOTYHPOBOTHUKOBBIE UOHbIC YCTPOUCTBA Hanboee BOCTpeOOBaHbI B COBPEMEHHbIX
anmaparax pa3JM4HOro HasHaudeHus. s pa3HbIX oOnacTeil IpuMeHeHHs pa3paboTaHO MHOXKECTBO MOIM(UKALINIA TaKUX
IpUOOPOB.

MapkupoBKa HOTYIIPOBOJHUKOBBIX THOIOB
TomynpoBOAHUKOBHIE TUOMIBI

Bunel tuonos no pasmepy nepexoza
IMo pa3mepam U xapakTepy p-n Iepexoza pa3inyaioT TPH BUa MpUOOPOB - IIIOCKOCTHBIE, TOYEYHbIE U MUKPOCILIABHBIE.

IliockoctHbie A€TaIM NPEACTABJIAIOT OAHY MOJTYIIPOBOJHHUKOBYIO IUIACTUHY, B KOTOpOﬁ HUMECIOTCA IBC 00J1aCTH C pa3anH0ﬁ
HpI/IMeCHOﬁ IMPOBOANMOCTBIO. HawnbGoinee NOIYJIAPHBI U3EJIUA U3 TEPMAaHNUA U KPEMHUA. HpCI/IMyH_IeCTBa TaKHUX MOILCJ’[Gﬁ -
BO3MOJKHOCTD 9KCILTyaTallur TP 3HAYUTEJIbHBIX IIPAMBIX TOKAX, B YCJIOBUAX BBICOKOI BJIAJKHOCTH. M3-3a BEICOKOI 6ap1>epH01?1
€MKOCTHU OHH MOT'YT pa6OTaTb TOJIBKO C HU3KHMMH YacToTamu. VX riaBHbIe 00JacTh IMPUMEHEHUA - BBIIIPAMUTEIN IEPEMEHHOT'O
TOKa, YCTaHABJIMBAEMbIC B OJIOKaxX MUTAHKS. ITU MO/JEJIN HAa3bIBAIOTCA BbIIPAMUTEIbHBIMU.

ToueuHble AMO/IBI UMEIOT KpaiiHe MaJlyio IUIOIIA/b P-N Mepexo/ia U MPUCTIOCOOICHBI ISl pa0OThI C MAJTILIMK TOKAMHU.
Ha3bIBaloTCst BHICOKOYACTOTHBIMHU, ITOCKOJIbKY UCHOJIB3YIOTCS B OCHOBHOM /IS TPeo0pa3oBa

Tema 10. . Bunoaspnseiii Tpan3nctrop. Onpeesenne OUMOJIIPHOTO TPAH3UCTOPA. Y CI0BHOE rpadpuueckoe
n300paxkeHue. YpoumeHHas BHyTPpeHHsAsA cTpyKrypa. Ilpunnun xeiictBusi. Pe:kuMbl pa6oThl 0 BKIK-YeHHE
6unossipHOro Tpan3sucropa. Boabr-amnepHsie xapakrepuctuku OB u 03.

BunossipHeIiA TPaH3KUCTOP - TPUOOP, COCTOSIIMIA U3 TPEX MOTYIIPOBOAHUKOBBIX 00JIACTEH C YepeayIoMMCs THIIOM
MIPOBOJMMOCTH (N-P-N MJIM P-N-p) C ABYMsI P-N-TIEPEX0OAaMH, TPUTOAHBIN ISl yCUJIEHHS], TeHEPalliK 1 MePEeKJII0YCHUS
3JIeKTpHUeCcKnX curHanoB. OCHOBa MPUHIMIIA €T0 AEHCTBUS COCTOUT B TOM, YTO TOK MPSMO CMEIEHHOTO P-N-Nepexoaa
BBI3BIBAECT U3MEHEHHE TOKa APYroro Nepexosia, CMEIEHHOro B 0OpaTHOM HallpaBJIeHHH, T.€. 3TO - IPHOOP, YIPaBIIseMBblil
TOKOM.

Tema 11. [TosieBbie TPAH3UCTOPHI. Y CTPOHCTBO H NPHHIAIN 1efiCTBHS OJEBBIX TPAH3UCTOPOB C YIPaBJISIONIM
P-N mepexo0M 1 H30JUPOBAHHBIM 3aTBOpoM. CTaTHuecKHe XapaKTepPUCTHKH, IapaMeTPhl U NpUMe-HeHHe.

[MoseBo# (YHUNONSIPHBIIN) TPAH3KUCTOD - MOIYIPOBOJHUKOBBII PUOOP, MPUHIIUIT AECHCTBUsI KOTOPOTO OCHOBAH Ha YIpPaBICHUU
JIEKTPUYECKUM COITPOTHBIICHIEM TOKOIPOBOJAILETO KaHa/a NONEPEYHBIM SJIEKTPHUYECKUM TOJIEM, CO3/1aBaeMbIM
TIPHJIOKEHHBIM K 3aTBOPY HAIIPSDKEHUEM.

O6J'IaCTb, n3 KOTOpOﬁ HOCHUTEJIM 3apdAia YXOIAT B KaHaJl, Ha3bIBA€TCA UCTOKOM, 06J'[8.CTL, B KOTOPYIO OHU YXOIAT U3 KaHaJia,
Ha3bIBA€TCA CTOKOM, 2JIEKTPO/, Ha KOTOprﬁ noaacTCs yrpanJIAOIIECE HAIPAKECHUE, HA3bIBAETCA 3aTBOPOM.

Tema 12. VenanreabHble yeTpoiicTBa. OnpejgesieHne, 0CHOBHbIE MOHATHSA U KJIaccuuKanus ycuinreJieil.
Oc-HOBHBIE XapaKTePUCTHKH ? aMILIUTYAHAS, aMILTUTYAHO-4ACTOTHAs, (Pa30-4aCTOTHAs, IePeX0HAs
Xa-paKkTepHCTHKH.

SAEKTPOHHBH
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DNEeKTPOHHBIN YCUITUTENh - YCTPOUCTBO, CIOCOOHOE YCHIIMBATh JIEKTPUIESCKYI0 MOITHOCTh CUTHAJIA C MAJIBIMU UCKAKSHUSIMU
ero (popMel, TO eCTh, UMeIUe KO((PHUIUESHT YCUIIEHH IT0 MOIITHOCTH OoJibIie 1. YCTpoicTBa, YCUIIMBAIOIIUE TOJBKO TOK HJIH
HarpsbkeHue (Harpumep, TpaHchOpMaTOphl) YCHIUTENISIMU He ABJSAIOTCS. [TpuHIMI paboTh 3JIEKTPOHHOTO YCUTUTEIISI OCHOBAH
Ha U3MEHEHUU aKTUBHOTO WJIM PEAKTUBHOIO COMPOTUBJIEHUS JIEKTPUUECKON MTPOBOAMMOCTH PUMEHEHHBIX B YCHIIUTENE B
AKTHBHBIX JIEKTPOHHBIX MPHOOPAX B ra3ax, BaKyyMe ¥ MOJTYIPOBOJHUKAX TMO]] BO3AEHCTBUEM CUT'HAIa MaJIOH MOIITHOCTH[4].
DHeprus HeoOXoaUMas ISl YCUIICHHSI MOIITHOCTH OTOMPAETCs YCHIIUTEJIEM OT HCTOYHHUKA er0 MUTAHKS, OOBIYHO B KAYeCTBE
HUCTOYHMKA MUTAHUS UCTIOJIb3YIOTCS UCTOYHUKU MTOCTOSTHHOTO TOKA.

DJIeKTPOHHBIN YCUIUTENb MOXKET MPEACTABISTh COOOM KaK CaMOCTOSTEIbHOE YCTPOUCTBO, TaK 1 OJIOK ((PyHKIIMOHATBHBIA y3eT)
B COCTaBe KaKOH-JIMOO0 anmapaTypsl - paAMONpUEMHHKA, MAarHUTO(OHA, U3MEPUTEIBHOrO IpUoopa 1 T. A.

Tema 13. YcennreabHbIE YCTPOHCTBA. Y CIJIATEJNbHBIIN KACKAJ] ¢ 00IHM SMUTTEPOM U 00ImHUM HCcTOKOM. Peknm
NOCTOSIHHOTO TOKA M KJacchl yenuenns. [Ipuanun yennennst. {nd g epeHnnanbHbIil yCHiInTe b,

1. ycunutenn nepeMeHHOro TOKa - YCHJIMBAIOT CUTHAJIBI 3. JuanasoHa u ot fH > 0 1o B, mocTossHHas cocTaBisiomas He
ycuimBaeTcs; 2. ycwmurenu noctossHHoro Toka (YIIT) - yeuamBaioT. CUTHAJIBL B TIOJIOCE TIPOIYCKaHUS. OT. ... 1. Vcunmmrenn
MPSIMOTO ycuiieHus! (6e3 POMEekKYTOYHOTO MPeoOPa30BaHUS YACTOTHI). 2. Y CUIIUTENH € TPeoOpa30BaHUEM YacTOTHL. ... Eciu
Usx> UBxX max JIMHEHHOCTb XapaKTEPUCTUKN HAPYIIAETCs] U HACTYIAET PEXUM HaChIIIeHNs, Koraa yBeandeHne UBX He
MPUBOAUT K yBenuueHuio UBbIX. B 9TO BpeMsi yCHIIUTENbHBIH 3JIeMEHT HauMHaeT paboTaTh Ha HeJIMHeHHOM ydactke BAX,
(bopma BBIXOAHOTO CUTrHaJIa CHJIBHO MCKaXaeTcst ¥ Bo3pacTanue UBBIX MpeKparnaercs, HecMoTpsi Ha pocT UBKX.

Tema 14. OTpunarteJibHbIe 00paTHBIE CBSI3H B yermanTeJsix. Onpe/ejieHne H 001I1e M0JI0KeHHS.
IToJioKuTENB-HBIE M OTPHUIIATEIbHBIE 00paTHBIE cBA3H (BuA). [lapanieasnbie n nocaenoBareababie OOC. 00C
no Hanpsi:keHuo 1 ToKy (Tum). Biusinne OOC Ha 0CHOBHbIE XapaKTEPHCTHKH YCHINTEJIS.

B ycummurensix nox o6patHoii cesizbio (OC) moapasymeBaeTcs Takasi SJEKTpUYecKasi CBsi3b, IPU KOTOPOW YacTh SHEPTrHU
YCHJICHHOT'O CHT'HAJIA C BBIXOJA YCHJIUTEIIS TOAAETCS OOPAaTHO Ha ero BXO.

Paznuyaror, 1o Npu3HaKy YCUISHHS, MOJIOKUTEIbHYI0 00paTHYIo cBs3b (ITOC) u otprnatesbHyo oopaTHyo cBsi3b (OOC).

[pu nonoxurensHON OC cUrHAT Ha BXOA YCHJIMTEINS MOCTyMaeT B (paze co BXogHBIM curHasioM. [Ipu orpumarensHoit OC
cHrHaj OyJeT MoJaBaThCs B IPOTHBO(a3e C BXOJHBIM CHTHAJIOM.

Tema 15. DeMeHTHI aHAJIOTOBOM MHKP03JIeKTPOHHKH. OnepanuoHHblil yeuwiureab. OnpeeneHne
onepanu-onHoro ycuinres (OY), 0603HavueHne U ynpomeHHas BHYTp eHHs1s1 cTpyKTypa OY. OcHoBHBIE
Xa-paKTePUCTHKH ONePaNOHHbIX yeuanTeael n ux kiaaccnduxamnus. [lousitue naeansnoro OY

Onepanuonnsii yeuurens (OY; adri. operational amplifier, OpAmp) - yCHIATENh TOCTOSIHHOTO TOKa C AuddepeHIraTbHbIM
BXOJIOM U, KaK TIPaBUJIO, €JMHCTBEHHBIM BBIXO/IOM, MMEIOLINIA BHICOKHMI Ko3duumenT ycmnenus. OV nouru Beerga
MCIIOJIB3YIOTCSL B CXEMaXx C TTyOOKOM OTPHIIATEIbHON 00paTHOM CBSI3bI0, KOTOpast, 6J1arogapst BHICOKOMY KOI(D(PHUIMEHTY
ycwterusi OY, MOJTHOCTHIO onpesieNsieT Ko PUIMEeHT yCueH s /iepejavu MOoNTyYeHHOH CXEMBI.

B HACTOALICE BPEMSA oy NOJIy4YWJIN HIMPOKOE MPUMEHEHHUE, KaK B BUJIC OTACJIbHBIX YUIIOB, TaK U B BUJIE (I)yHKIII/IOHaJII)HbIX
OJIOKOB B COCTaBe 0oJiee CIIOKHBIX HUHTErpaJIbHbIX CXEM. Takas MOMYyJIAPHOCTb O6YCJIOBII€HEI TEM, YTO OV saBnsercs
YHHBEPCAJIbHbIM OJIOKOM C XapaKTEpUCTUKAMU, OIM3KUMU K HCaJIbHbIM, Ha OCHOBE KOTOPOI'O MOKHO INOCTPOUTb MHOKECTBO
Pa3JIMYHBIX JIEKTPOHHBIX Y3JIOB.

Tema 16. ®yHKIIMOHAJbHBIE YCTPOICTBA HA 0CHOBE ONEPANMOHHOTO ycuinTesi. UHBepTupyommuii u
HenH-BepTUpYIOIUN yenaurteu. [lopropurens. UuBepTupyrommuii cymmarop. Uarerparop. Iud depennu-arop.
HNuTerpocymmarop. Oanonoporossiii komnapatop. Tpurrep IlImurra.

Ha ocHoBe OV cTposT (byHKIIMOHAIBHBIE Y3JIbI JUTSI BHITTOJHEHNS PA3IMYHBIX MaTEMAaTHYECKUX ONEPalyil : TOBTOPUTENb,
BBIXOJJHOW CHUTHAJI KOTOPOTO MPAKTHUECKN PaBeH BXOJHOMY, HHTEIPaTOP, BRIXOJHOW CUTHAT KOTOPOTO MPOMOPILMOHANICH
MHTETpaJTy 10 BPEMEHH OT €ro BXOJHOTO CHrHana, AndpepeHnnarop, BHIXOAHOH CHTHAJI KOTOPOTO MPOMOPLHOHAIEH
TIPOU3BOJHON OT €ro BXOAHOTO CHTHAJIA, M30MpaTeIbHBIA YCUIIUTEIb, YCHIMBAIOLIAI BXOJTHOM CUTHAJ B. Y3KOH 1TOJIOCE YacToT,
CYMMArop, BBIXOIHOE HaIpsiKeHHe KOTOPOro paBHO MHBEPTHPOBAHHONW CyMMe BXOJHBIX HANpsUKeHUH, u ap. [lapameTrpst
KOMITOHEHTOB CXEMBbI OIPEJEIIAIOT U3 YCIOBUS MOIyYeHHsT IPHEMIJIEMOM TOYHOCTH BBHIITOJIHEHN ST OTIEPALIH.

Tema 17. 'eHepaTophbl cHHYCOHIAJbHBIX KoJie0annii. Onpeaeaenne reaeparopa. IlonsaTue aBTokoedaTeIbHOM
cHCcTeMbl Y ciaoBusA 6ananca a3 u 6amanca ammintya. 'eHepaTopbl CHHYCOUIAJbHBIX KoJiebannii: RC
-redepaTopsbl 1 LC-renepaTtopsbl.

IMox reHepaTopoM CHHYCOMAAIBHBIX KOJIeOaHUI TOHUMAETCS TAKOE YCTPOMCTBO, KOTOPOE Mpeodpa3yeT NEKTPUIECKYI0
SHEPryio MCTOYHHUKOB ITUTaHUS B SHEPIUI0 HE3aTyXaIOMIMX KOJIeOaHU CHHYCOMATbHOM (DOpMBIL. SIBIISSCH HICTOUHUKOM
3JIEKTPUUECKUX KOJIeOaHNH, TeHEPATOPHI IMPOKO UCTIONB3YIOTCS B Pa3IMIHBIX chepax.

Tpemsi OCHOBHBIMH THIIAMU [€HEPATOPOB CUHYCOMANbHBIX Kosebanuil sBisiiorcst LC reHepatophl, KBapLEBbie IeHEPaTophl 1
RC reneparopsl. LC reHepatopsl HCIONB3YIOT KONeOaTebHBIA KOHTYP U3 KOHAEHCATOPA U KATYIIKKA HHAYKTUBHOCTH,
COEIMHEHHBIX MO0 MapauiesIbHO, MO0 MOC/IEA0BATENBHO, TTAPAMETPhl KOTOPBIX OMPEIEISIOT YacToTy KoseOanuil. Keapiiessie
reHepaTopsl ogodHs LC reHepaTopam, HO o0ecrnevrBaioT 0oJjiee BHICOKYIO CTaOMIbHOCTD KoieOanuid. LC reHepatopbl 1
KBapLEBbIE [EHEPATOPHI UCHIOJb3YIOTCS B AUATNA30HE PAJUOYACTOT. ... it 3T0r0 Tpedyercst 00ecrednTs padoTy KBapLEeBbIX
PE30HATOPOB HA MX FAPMOHMYECKUX YacToTax. OOBIYHO HCIIONB3YIOTCS HEUSTHBIE FAPMOHUKI

Tema 18. Perakcanuonnbie reHepaTopbl. ABTOKO0JIeOaTeIbHBIN MyJIbTUBHOPaTOpP. K aymmii My THBHOpATOP.
MyabTHBHOpATOP, yHpaBJsieMblil HanpsizkeHueM. ['eHepaTop JMHEHHO U3MEHSIIOIIEr0Csl HANP SIPKEeH NS,
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K penakcanioHHBIM reHepaTopaM OTHOCSITCS TeHEPATOPHI TPEYTOIbHBIX ¥ TMII000Pa3HbIX KOJIeOaHM, a TaKkKe JKILYIIUH 1
aBTOKOJIeOaTEIbHBII BUOPATOPHI.

OCHOBHBIM 3JIEMEHTOM peJIaKCAMOHHBIX TeHepaTopoB cuuTtaeTcs Tpurrep IlImurra, KOTOPHIA MO-IpYroMy Ha3bIBaeTCS
pereHepaTiBHBIM KOMIIAPATOPOM. DTOT IIPUOOP MU3TOTOBJIEH B BUJIE ONIEPALIMOHHOTO YCHIIUTEINS C PE3UCTUBHOM
TOJIOKUTEIbHON OOPATHO# CBSI3BIO.

B penakcallMOHHBIX TeHepaTopax KojaeOaHus BO30YKIAI0TCs M ITOANEePKUBAIOTCS B IACCHBHBIX LiensiX. Llernn He oGnagaor
HEKOTOPBIMHU KOJIeOaTeIbHBIMK CBOMCTBAMHM. 32 KaXK/Ibli KOJIeOaTeIbHbIN MIEPUOJL B TEHEPATOPE YacTh KoJieOaTeIbHON SHEPrun
TepsieTcs, HO IOTOM CHOBa BOCCTaHABJIMBAETCS. [JIMTEIbHOCTh MEpHOoia FeHepUPYEeMbIX KOJIeOaHUi onpesiessieTCst POLEecCoM
YCTaHOBJICHUS pAaBHOBECHUS LieTIeH, T. €. peakcarui. Popma KoneGaHui onpenessieTcsi CBOMCTBaMU aKTUBHOTO SJIEMEHTa U
KoJsieOaTeNbHbIX Henedl. OHa MOKET BapbUPOBATHCS OT CKAUKOOOPA3HBIX Pa3pBIBHBIX KOJIEOAHUIA O rapMOHUYECKUX
kosieGanmii. CriocoOHOCTb U3MEHATH (hOpPMY KOJIEOAHHUH JaeT BO3MOKHOCTD PUMEHSITh PEIAKCAIMOHHBIN TeHepaTop Mpu
TIOJIyYeHUH JIEKTPUIECKUX KOJIeOaHHUH OonpeeleHHOi (hOpMBL. DTO MOTYT OBITH ITPSMOYTOJIBHBIE HMITYJIbCHI, TMJIO00Pa3HOe
HanpsbkeHue U T. 1. Kpome 31oro, reHepaTopsl HCHOB3YIOTCS JUIsl TeHePaLii TApMOHIMYECKHUX KOJIeOaHU CBEPXHU3KHX U
3BYKOBBIX YacTOT.

PenakcallmoHHBIM reHEepaTopoOM JIEKTPHIECKUX KOeOaHUi pa3phIBHOTO TUIIA SABJsAETCS MyJIbTUBHOpaTop. HazBanue ero
MPOU3OIILIO OT JIATUHCKOTO cj1oBa vihro, uro o3Havaet "kose6mo". TepMuH "MyabTUBHOPATOP" MPEIOKIIT FOJUIAHICKUN
y4eHblii-¢pusuk Ban nep Iloxe. B otmune or MOHOBHOpaTopa, KAKOBBIM SIBJISIETCS TeHEPATOP CUHYCOUAAIBHBIX KOJIeOaH!H,
Ha3BaHUE MYJbTUBHOpATOpa YKa3bIBaeT HA MHOTOUYHCIIEHHOCTh TAPMOHHK CIIEKTPa FeHEPUPYEMBIX KOJIEOAHMIA.

My.HBTI/IBI/I6paT0pBI OBIBAIOT CUMMETPUYIHBIMU 1 HCCUMMETPHUYIHBIMU.

B cMMMeTpHYHBIX MYJIbTUBHOPATOPAX JAIUTENIBHOCT pAOOYMX TAKTOB OJMHAKOBA, B HECHMMETPUYHBIX MYJIbTUBHOPATOpax
JUIMTENILHOCTD pa3inyHa. Kak npaBuiio, caMbiMU paclipoCTpaHEHHBIMU MYJIbTUBUOPATOPAMHU CUMTAIOTCS MYJIbTUBHOPATOPDI,
OCHOBAHHBIE Ha TPAaH3UCTOPAX, SJIEKTPOHHBIX JIAMIIAX, MHTETPAJIbHBIX CXeMax, TUpUCTOpax. B ycTpoiicTBax Ha TpaH3UCTOpax
YCHJIUTENH BO30YKAAIOTCSI TIO OYEpe/iy, TaKKhe MYJIbTUBUOPATOPBI Ha3bIBAIOTCSA IBYX(ha3oBbie. B IBYX meproaax BpeMeHH
BO30YKIAETCs CHAYalIa OJH yCHJIUTENb, 3aTeM ApYroi. [JHHAMIYecKoe COCTOsIHUE BO30YKICHHOTO YCHIIUTENsS ONpeesisieT
yepenoBanue ¢as. Ycumrenb Bo30YXIaeTcs IIPU OMPeJeIeHHOM J0CTaTOYHOM KOJIMYECTBE HANPSIKEHUS Ha BXOZIE, KOTOpOe
OTIIMPAET 3aKPBITHIA TpaH3UCTOp. I1pH HCIIOIB30BAHMN YCHIIUTEIISIMUA MYJIbTUBUOPATOPA TPAH3UCTOPOB Pa3HOro TUIA 00a
BO30YKIAIOTCS OMHOBPEMEHHO M OJTHOBPEMEHHO B OIpe/IeJICHHBII MOMEHT BPEMEHH NIEPEXOAAT B HEBO30YKICHHOE COCTOSTHHE.
[Nepexox ycunureseil 13 BO30YkKIESHHOTO COCTOSIHHSI M HAOO0POT 00YCIIaBIMBACTCS COOTHOLIEHUEM OIPEIe/ICHHBIX CHJI TOKOB B
6a30BOM M KOJUIGKTOPHBIX LIeNsiX. [IpuHIMI AeHCTBIS MyJIbTHBHOpPATOpA CXOK C MEXaHU3MOM PadOThl OJIOKHHI-TeHepaTopa.

My bTHBHOPATOP BHIMOJHSET CaMble Pa3iIMdIHble (DYHKIMHM, OH BBICTYIIAET B POJIM TeHEpaTopa Wi (popMUpoBaTes
HIMITYJIbCOB, OECKOHTaKTHOTO MEePEeKJII0YATE s, ACTUTEIS YaCTOTH ¥ T. . [IogoOHbIe ycTpoiicTBa HCHONIB3YIOTCS B
BBIYMCIIMTEIHOH, I3MEPUTEIbHOM TEXHHUKE, AaBTOMATHKE, peJie BpEMEHH U T. .

PenakcallMoHHBIe TEHEPaTOPbL, & CPSAN HUX U MyJIbTUBUOPATOP, pabOTAIOT B K/AYILIEM 1 aBTOMAaTHYeCKOM pexumMax. Korna
MIOJIA€TCS UMITYJIbC 3aMyCKa, KOTOPHIN ABISETCS YIPABISAIOIIMM CUTHATIOM, MYJIbTHBUOPATOP BHIXOIUT U3 XK/YIIEro pexnuMa 1
reHepupyeT padounit umIyIise. T1ocie reHeparuy UMITyJIbca MyJIbTUBUOPATOP CHOBA MEPEXOAHUT B COCTOSIHHAE HOKOSL.
TMomoGHbI pexUM Yallie BCero UCIOb3yeTcsl P TeHepPUPOBAHUH UMITYJIbCOB, Y KOTOPBIX CTPOro o0o3HaveHa (popma. Hapsiay
¢ IBYX(a3HBIMU reHEePATOPAMH CYIIECTBYIOT TaKXKe MHOrO(as3Hble MyIbTHBUOPATOPSI. Ta: MYJIbTUBHOPATOD,
6nokuHr-reneparop, [JIMH.

5. IepeyeHb yueOHO-METOUYECKOT0 00€eCIeYeHHA 1A CAMOCTOSTEJbHOM PadoThl 00yJaloIMUXCs M0
JUCHUNIIHE (MOLYJII0)

CamocrositesnpHast paboTa 00y4aroLIMXCsI BHIIOIHACTCS M0 33JaHHI0 U IPH METOAMYIECKOM PyKOBOJCTBE [IPEIoaBatesisi, Ho 6e3
€ro HeMoCPEACTBEHHOro yuacTusi. CaMocTosITeNbHAasl paboTa MOAPa3Ae/seTCs HA CAMOCTOSTENbHYIO pabOTy Ha ayIUTOPHBIX
3aHATUSX U HAa BHEAYUTOPHYIO CAMOCTOSITE IbHYI0 paboTy. CamocTosiTesbHast padoTa 00y4aloIuXCsl BKIIIOYAET KaK MOJTHOCTBIO
CaMOCTOSITE/ILHOE OCBOCHUE OTACIBbHBIX TeM (Pa3/iesioB) AUCLUILUIMHBL, TAK U IPOPabOTKY TeM (pa3[esioB), OCBAUBAEMBIX BO
BpeMs1 ayJUTOPHOI paboThl. Bo BpeMst caMoCTOsITeNIbHON paboThl 00yUAIOLIUECS YUTAIOT U KOHCIIEKTUPYIOT yUeOHYI0, HAYYHYIO
¥l CLIPABOYHYIO JIMTEPATYPY, BHITOIHSIOT 3aJaHMsI, HAIIPABJICHHBIC HA 3aKPEIUICHUE 3HAHUI 1 OTPAOOTKY YMEHHUII 1 HABBIKOB,
TOTOBATCS K TEKYLIEMY U ITPOMEKYTOYHOMY KOHTPOJTIO IO AUCLUILIHHE.

Opranuzanys CaMOCTOSITENILHON padoThl 0OYYaIOIINXCs perJIaMeHTPYETCsl HOPMaTUBHBIMU JIOKYMEHTaMH,
y4eOHO-METOANYECKOH JINTEPaTypOl U 3IEKTPOHHBIMK 00pa30BaTe/IbHBIMU PECYypCaMy, BKITIOYAS:

INopsnok opraHU3annK U OCYIIECTBIEHNs 00pa30BaATEIbHON JeATebHOCTH M0 00pa30BaTeIbHBIM IIPOrPaMMaM BBICILIETO
00pa3oBaHus - MporpaMMam OakajaBpuaTa, porpaMMam ClelMaITeTa, porpaMMaM MarkucTpaTypsl (YTBEpKIeH MPUKa30M
MuHucTepcTBa HAyKH U BhicIero odpaszoBanus Poccuiickoii ®enepanyiu ot 6 anpesst 2021 roga Ne245)

IMncemo Munucrepersa obpaszoBanust Poccuiickoit @eneparim Nel14-55-996un/15 ot 27 nHosi6pst 2002 r. "O6 akTHBH3AIMI
CaMOCTOSITEJIBHOW paOOThI CTY/IEHTOB BHICIIMX YIeOHBIX 3aBe/leHuil"

VYcraB (penepanbHOro rocy JapcTBEHHOTO aBTOHOMHOTO 00pa3oBartesibHoro yupesxaenus "Kazanckuii (ITpuBosmkcKmi)
(penepasbHbIil yHUBEpCUTET"

[paBuia BHyTpeHHETO pacnopsiaka (enepaibHOro rocyJapcTBEHHOr0 aBTOHOMHOI'O 00pa30BaTeIbHOTO YUPEKACHUs BHICIIETO
nipodeccronanbHOro oopasosanus "Kazanckuii (ITpuBomkckuii) genepaibHblil yHUBEpcUTeT"
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JlokanbHble HopMmaTuBHBIE akThl Kazanckoro (ITpuBoskckoro) deaepaabHOro yHUBEpCUTETa
Caiit kadenps! pagnodusuky - http://radiosys.ksu.ru

Caiit yueOHBIX TocoOuii Kadeaps! pamquodusuku - http://student.istamendil.info

3BC 3nanuyM - http://znanium.com/

3BC Jlans - http://e.Janbook.com/

6. ®oH/] OLIEHOYHBIX CPEJICTB MO JUCIUIINHE (MOIYJIIO0)

DoHJ1 OLIEHOYHBIX Cpe€ACTB IO AUCHUIIIMHE (MOI[yJ'IIO) BKJIIOYACT OLEHOYHBIE MaTe€pHaJibl, HAITIPABJICHHBIC HA ITPOBEPKY OCBOCHUA
KOMHCTCHHI/Iﬁ, B TOM 4YUCJIE 3HaHI/Iﬁ, yMeHI/Iﬁ Y HaBBIKOB. ®OH]I OLIEHOYHBIX CpE€ACTB BKIIOYAET OUEHOYHBIE CPEACTBA TEKYIIETO
KOHTPOJIA U OLICHOYHBLIE CPEACTBA HpOMC)KyTO‘IHOfI aTTeCTalluu.

B ¢oH/1e OLIEHOUHBIX CPEJCTB COAEPKUTCS CIeAyIoNias HHDOPMAITHS:

- COOTBETCTBHME KOMIIETEHIIMH [UIAHUPYEMbIM pe3yJibTaTaM 00yueHHsI 110 AUCLUILIMHE (MOYJI0);

- KpUTEpHUHU OlleHUBaHUst C(OPMUPOBAHHOCTH KOMITETEHIINIA;

- MexaHu3M (POPMUPOBAHUS OLIEHKH T0 JUCIUILIMHE (MOIYJIIO);

- OMHUCAHUE MOPSIIKA IPUMEHEHUS U TPOIIEAYPbl OLEHUBAHMSI 1JIs1 KAX OO OIEHOYHOIO CPEJICTRa;
- KpUTEPHH OLIEHUBAHUs JIJIsl K&XI0TO OLIEHOYHOT'O CPeJICTBa;

- COACPIKAHNEC OLIEHOYHBIX CPEACTB, BKJIIOYaA TpC6OBaHI/IH, MMPpeaAbABIIACMBIC K HeﬁCTBI/IHM 06y11a101111/1xc;1, AE€MOHCTPUPYEMbBIM
pe3yjibTaTaM, 3alaHUA pa3IMYHbIX TUIIOB.

DOH/1 OLIEHOYHBIX CPEACTB N0 AUCLUMILIMHE HaxonuTces B [Ipunoxenun 1 k nmporpaMMe AUCUMILIMHBL (MOLYJIIO).

7. IlepedeHnb JATEPATYPhl, HEOOXOTUMOM JIJIsI OCBOEHHS U CIUILINHBI (MO TyJIs)
OcBoeHre TUCITUTUIMHBL (MOJYJIsI) TIpEIIoIaracT u3y4eHne OCHOBHOM ¥ JOTIOTHUTETLHON yueOHO! TuTepaTypsl. JlutepaTypa
MOXKeT OBITh JIOCTYITHA OOYYAIOIMIMMCS B OTHOM W3 JBYX BapUAHTOB (JIOO B OOOMX W3 HUX):

- B 9JIEKTPOHHOM BHJIE - Yepe3 K TPOHHbIE OMOIMOTEUHbIE CHCTEMBI Ha OCHOBAHHH 3aKTi0YeHHbIX KPY 10oroBopos ¢
[PaBOOOJIAATEISIMHU;

- B eyaTHOM Bujie - B HayuHoit 6ubmoreke um. H.U. Jlo6aueBckoro. OOydJaroniuecs moyJanT YIeOHyI0 JTUTepaTypy Ha
aOGOHEMEHTE I10 YUTATETLCKUM OMJIeTaM B COOTBETCTBHU C TIpAaBHJIAMHK TIOJTb30BaHUsI HaydHO!H OMOIMOTEKON.

DNIeKTPOHHBIE U3JAHUS AOCTYIHBI AUCTAHLIMOHHO U3 JII00OW TOYKHM MPU BBEJCHUN 00YYaIOIIMMCS CBOETO JIOTUHA U MapoJisl OT
JIMYHOTO KaOuHeTa B cucteMe "DNeKTPOHHBbIH yHUBepcuTeT" . [Ipu HCoNb30BaHUM MTEYATHBIX U3AaHUN OMOIMOTEUHbIN (hOH]T
JIOJDKeH ObITh YKOMILIEKTOBAaH UMUK U3 pacuera He Menee 0,5 sx3emiuisipa (uist o0ydaonmxcs o PI'OC 3++ - He menee 0,25
9K3eMIUIAPA) KaXKIOTO U3 U3JaHUI OCHOBHOM JIUTEPATyphl M He MeHee 0,25 3K3eMIuIspa JOTOIHUTEIFHOM JIUTEpaTyphl Ha
Ka)k10ro 00y4alomerocsi U3 4ucia Juil, OJHOBPEMEHHO OCBaMBAIOIIMX JAHHYIO AUCLMIUIMHY.

[lepeueHb OCHOBHOI M OTIOJIHUTENIBHON YUeOHOM IMTEpaTypbl, HEOOXOIMMOM JIIsi OCBOSHUS JUCIIMIUIMHBL (MOJLYJIs), HAXOIUTCS
B [Ipunoxenun 2 k paboueii mporpamMme JUCHMIUIMHBL. OH MOUIEKUT OOHOBJICHHUIO TP U3MEHEHUH YCIIOBUI 1oroBopoB KOV ¢
MIpaBOOOJIaJaTeSIMU JIEKTPOHHBIX U3/IaHUH U ITPU U3MEHEHNN KoMIUTeKToBaHus ¢oHoB Hayunoi 6nomiorexn KOV,

8. Ilepeuenn pecypcoB HH(OPMATHOHHO-TEJIEKOMMYHUKAIMOHHOM ceTn ""MHTepHET'', HE00X0AMMBIX IJIsI
OCBOEHHUS JUCIHILIAHBI (MO TyJIsT)

Caiit kaenps! pagnodusuku - http://radiosys.ksu.ru

Caiit yueOHBIX TocoOmii Kadeaps! pamuodusuku - http://student.istamendil.info
3BC 3nanuywm - http://znanium.com/

9BbC Kuaura®onp - http://www knigafund.ru/

3BC Jlans - http://e.Janbook.com/

9. MeToandecKHe YKa3aHUA JIA 00YUAIOMMXCS 10 0CBOEHHIO JUCHHUILIHHBI (MOXyJIs1)

3AE
Crpanuna 12 u3 19. IEl YHH




ITporpamma JUCIMIUIMHBL "DIEKTPOTEXHUKA U eKTpoHUKa"; 28.03.01 "HanoTexHONIOrMY ¥ MUKPOCUCTEMHAs TEXHUKA" .

Bujg paéor

MeToanuyeckue peKOMeHIalu

JICKOKU

enp nexuum: opraHu3alnys LeJeHalpaBIeHHON T03HABaTEeIbHON AEATEIbHOCTH CTYIEHTOB MO OBJIAJCHUIO
MIPOrPaMMHBIM MATEPUATIOM YIeOHOHN TUCIMIUINHBL BaXXHBIM KpUTEpUEM B padOTe C JICKIIMOHHBIM MaTepHaioM
SIBJISIETCSI IOATOTOBKA CTYAEHTOB K CO3HATEJIbHOMY BOCIIPUSITHIO MpenojaBaeMoro Marepuania. [lpu noaroroske
CTyJIeHTA K JICKIIM He0OXOJMO, HaKaHyHe JICKIIH IPOCMATPUBaHKe 3aNMCel TTPeAbIIYIICH JISKIUH s
BOCCTAHOBJIEHUS B IaMATH paHee U3y4YeHHOro MaTepualla; O3HaKOMJIEHHE C 3aJaHUAMMU IJ11 CAMOCTOATENIbHOM
padoTHI, BKIIIOYEHHBIMU B IIPOTPaMMYy, TIOI00P JIUTepaTypbl. BHUMATEIbHO CAYIIAIIIUN CTYICHT HAMTPSDKEHHO
padoTaer - aHAIM3UPYET U3JIaraeMblil MaTepHrall, BbIIEISIET IJIaBHOE, 0000IIaeT ¢ paHee MoJTyYeHHON
vH(pOpMAaIUei U KPaTKO 3aMuchiBaeT. KOHCIIEKT JIEKITH TIO3BOJISIET eMy 00paboTaTh, CUCTeMaTU3UPOBATh U
JIydIIle COXPAHUTD MONyYSHHYI0 HH(POPMAITHIIO C TeM, YTOOBI B OYIyIeM OH CMOT BOCCTAHOBHUTH B TIAMSITH
OCHOBHBIE, COJIepKaTeJIbHbIe MOMEHTHL. B KOHCIIEKTe JIeKIIUU 00sI3aTe/IbHO 3aIUCHIBAIOTCS HA3BAHUE TEMBI
JIEKLIMM, OCHOBHbIE BOIIPOCHI IIJIaHa, PEKOMEH/I0BaHHasI JIUTepaTypa. TeKCT JIEKIUK JI0JKEeH ObITh pa3jesieH B
COOTBETCTBHU C TuIaHOM. C OKOHYaHHEM JIEKIIUH padoTa HaJl KOHCIIEKTOM HEe MOXKET CUMTAThCS 3aBEPIIICHHOM.
Hy:xHo elie BOCCTAaHOBUTD OTJEJIbHbIE MECTA, IPOBEPUTDH, BCE JIU MOHSATHO, YTOYHUTH UYTO-TO HA KOHCYJIbTAIIUU U
T.IL., C TEM YTOOBI KOHCIIEKT MOT OBITh HCIOJIb30BaH B MPOIECcCe MOJATOTOBKH K CeMUHAPAM, TPaK THUECKIM
3aHATUAM, 3a4eTy JJIs JaJIbHEUIIEro U3yUYeHUs TEM.

IMPaKTUYIECKUE
3aHATHA

Jlexnys 3aKJapIBaE€T OCHOBBI HAYYHBIX 3HAHUH B 0000IIEHHON (popMe, a MPaKTUYEeCKUe 3aHsATHS HAIIPaBJIeHbl Ha
pacivpeHue U JeTalu3alyio STHX 3HAHWM, HA BRIPAOOTKY U 3aKperlIeHe HABHIKOB MPO(eCcCHOHATbHON
JesATeNbHOCTH. [ TaBHas 11e/Ib IPAKTMYECKHX 3aHATUH - 00eCIIeYnTh CTYAEHTaM BO3MOXHOCTD OBJIAIETh
HABBIKAMH ¥ YMEHHSIMH HCIIOJb30BAHUS TEOPETUIECKOr0 3HAHKSI IPUMEHHUTEIFHO K OCOOEHHOCTSIM U3y4aeMOii
orpaciy. Ha npakTiyecKux 3aHATHSX 00yYalolyecs OBJIaAeBaIoT EPBOHAYATBHBIMHU MTPO(eCcCHOHATbHBIMU
YMEHMSMH ¥ HABBIKAMH, KOTOpBIE B JaJIbHEHIIEM 3aKPETUISIOTCS M COBEPIIEHCTBYIOTCS B ITpoLiecce y4eOHOH 1
MIPOU3BOJICTBEHHON MPAKTHKH. B mpoliecce NpakTHYECKUX 3aHATHI 0000IAI0TCs, CHCTEMATH3UPYIOTCS,
YIITyOJSAI0TCS M KOHKPETU3UPYIOTCS TEOPETUYECKUE 3HAHNUS, BBIPAOATHIBAETCS CIIOCOOHOCTH ¥ TOTOBHOCTD
HCIIOJIb30BaTh TEOPETHYECKHE 3HAHMS Ha MPAKTUKE, PA3BUBAIOTCS MHTEJUIEKTyabHbIE YMEHHS
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J1ab0paToOpHbIE
padoThI

1. VI3yueHue TeopeTHUECKON YacTH, paboTa C JIMTepaTypoil.

K u3ydeHnio TeopeTnieckoi yacTv HeOOXOIMMO MPUCTYNATh MOC/Ie MHIMBUAYAILHON Oece/Ibl ¢ IpernojaBaTesieM.
[IpenonaBatesb yKa3bBaeT MOJIOXKEHNsI TEOPUH, HA KOTOPbIE HAJI0 0OpaTUTh TOBBIIIIEHHOE BHUMaHKe. B psine
cirydaeB (B 3aBUCUMOCTH OT ITOATOTOBKY 00YYaloIerocst) MpenoyaBaresb MOXeT IIOPEKOMEH/I0BaTh K U3YUEHHIO
pasnesibl CMEXHBIX TEM.

2. 3HAKOMCTRBO C PaJMOU3MEPHUTEILHBIMU IPHOOPAMHU.

3HAKOMCTBO C Pa/IMOM3MEPUTEILHBIMU IPHOOPAMH CJIEAYET HAUMHATSH C IIaHa paboThl, KOTOPBII JOJIKEH
coiepKath Clle/lylole MUHIMAJIbHBIE TIO3UIINH:

- Haznauenue

- OCHOBHBIE TEXHUYECKHE XapaKTEePUCTHKH

- [IpuHLUM feficTBUS O OJIOK-CXeMe

- Padora ¢ mpubopom.

[Nepen Tem Kak MPUCTYIUTH K U3YYEHUIO TIPHOOPA, CIIEIYET TPOKOHCYILTUPOBATHCS C IPEToiaBaTesieM, KOTOPBIH
yKaXeT Ha MHAWBHIYaJbHbIe OCOOEHHOCTH PHOO0pa, YTO IOMOXKET COKOHOMUTH BpeMsi U cuitbl. M3yueHne
TEXHUYECKOrO OMMCaHM MprUOopa JIydile IIPOBOANTD, HAXO/SCh HEMOCPEJCTBEHHO Iepe]] U3y4aeMbIM IPUOOPOM.
[Nocne KoHCYIBTAW C MHKEHEPOM J1abOpaTOPHH, BKIIOUMThH N3ydYaeMbIil TPUOOP U BHUMATEIBHO MTPOCIIEIUTh 32
€ro peaknuer Ha MaHUITYJISIMU C KaKbIM M3 OpraHoB ynpasiieHus. Ciemysi yKka3aHHOW METOJIMKE U3YYUThb BECh
KOMIUIEKT paIAON3MEPUTETbHBIX MPHOOPOB K JIAHHOM JIabopaTopHOU padore.

3. IlpoBenenue n3MepeHui.

[Nocne 3HaKOMCTBA € KOMITIEKTOM U3MEPHUTENILHBIX TPUOOPOB, BHUMATEIBLHO POYUTATH B METOINUECKOM
ocoOUM BeCh pa3/iesl ¢ yKa3aHUsAMH 110 POBe/IeHNI0 n3MepeHnil. CTporo ciiefyst 5TUM yKa3aHUsM, 110 ITyHKTaMm,
ITPOU3BECTH U3MEPEHUSI U 3aHECTH TIOJIyYEeHHBIE PE3YJIbTaThl B COOTBETCTBYIOIINE TAOJIMIIBI paboyeil TeTpaiH.
O1eHNTh peasibHOCTh MOJTyYEHHBIX Pe3yJIbTaToOB (IPaBUIBHOCT CUMTHIBAHUS NIOKA3aHWUI).

4. O6paboTKa SKCHEPUMEHTAIBHBIX IAHHBIX.

A) Ipu 06paboTKe IKCIEPUMEHTAIBHBIX JAHHBIX C TOMOIIBIO KOMITBIOTEPA MOKHO BOCIIOJIb30BAThCSI MTaKETaMH
'MathCad', 'MatLab' nnu 'Origin'. MaccuB JaHHBIX, BBeJEHHbIN 17151 IOCTPOEHUS rpaduka, ciieyeT yCpeaHUTb,
HCTIONIB3YSl (PUTHUHT.

B) I1pu 06padoTKe FKCIIeprMEHTaIbHBIX JaHHBIX BPYYHYIO [UIsI HOCTPOEHHUsI TPahKOB ClieyeT BOCIIOIb30BaThCS
MUJUTMMETPOBOM Oymaroid. MaccuB IMCKPETHBIX TOUEK Ha rpadrke HeoOOXOAMMO MOABEPTHYTh rpaduueckoMy
YCpEHEHMIO.

5. AHanM3 NOJyYEHHBIX Pe3yJIbTaTOB.

OKOHYMB 00pabOTKY JIaHHBIX, HEOOXOAMMO ITPOBECTH aHAJIN3 TIOJIyYE€HHBIX Pe3YJIbTaTOB. AHAJIN3 3aKJI0UaeTcs B
COOTHECEHHH X KaUYeCTBEHHBIM U KOJMYECTBEHHBIM TEOPETUIECKIM OLIEHKAM U OIpEeAEIeHNH JIeMEHTapHbIX
aOCOJTIOTHBIX U TIPUBE/IEHHBIX MOT PEIIHOCTEH, KOTOPBIE 0JKHBI HaXoauThes B nipenesnax 10%. [1pu oOHapyxeHun
HECOOTBETCTBUSI MOJIyUEHHBIX Pe3yJIbTATOB BHIBOJAM TEOPUH, TIOBTOPUTH U3MEPEHHSI U HAMTH JOIYIIEHHYIO
ommoKy.

6. OdopmieHue otyera.

A) Ipu odopmiieHHH oTYETAa IO JJAOOPATOPHON paboTe C MOMOIIBIO KOMITBIOTEPA HEOOXOUMO TIPHIEPKUBATHCS
peKoMeH 1anuii K 0(hopMIIEHHIO OTYETOB 110 Hay4YHO-HMCCIIeJOBaTeNIbCKON padoTe. OTYeT H0JKEeH BKIIOYATh
THUTYJIBHBIH JIUCT C YKa3aHUEM

- Opranmzanuu, B KOTOPOH BBHINIOJIHSIIACH JJabopaTopHast paboTta

- HazBanus naGoparopHoii paGoThl

- ®amMuIMM 1 HoMepa TPl UCTIOTTHUTES

- ®aMunuy npenojaBaTes.

Janee cineayer n3joxeHNe KOHEUHBIX Pe3y/IbTaToOB B BUIE IparKOB U, K HEOOX0AUMOCTH, Tabsui. Bech
Martepuall JoJDKeH OBbITh PacloIoXKeH CTPOTo 10 MyHKTaM 3aianus1. Kaxapiil rpaduik JokeH MIMETh HOMEp U
TIOAITNCH K PUCYHKY. Kask[iplii pasziest [omkeH 3aKkaHUMBaThCsl OUYeHb KPATKUM BHIBOJIOM. B KoHIle oTuera
HEoOXOJMMO TIOMECTUTH pa3fesl '3akioueHre’ ¢ OOIMM BBIBOJIOM 1O BCEM pe3yJIbTaTaM padoTHI.

CaMOCTOsI-
TenbHas paboTa

Lens camMocTosATebHON paboThI - 3aKpeIyIeHne 1 YIiIyOlIeH!e TOTyYeHHBIX 3HAHUI U HABBIKOB, A TaKXke
(opMupoBaHye MpeICTaBIeHNI 00 OCHOBHBIX IOHATHSX U pa3jieiaX Kypca, ¥ NPHOOpeTeHUH HOBBIX 3HAHUIA.
PexomeHnyoTcs cliefyiolye BUAbl CAMOCTOSITEILHON paboThl: N3yUYeHHe MaTepHaa, BHIHECEHHOTO Ha
CaMOCTOSITEJIbHYIO IPOPaOOTKY; padoTa ¢ JEKIMOHHBIM MaTepHaIoM, IIpeaycMaTpUBaloiias mpopaboTKy
KOHCIIEKTa JIEKIMH ¥ y4eOHOM JIMTepaTyphl; HOUCK (II0A00p) U 0030p JMTEPATYpPHI U NEKTPOHHBIX HCTOYHUKOB
rH(pOPMAIIWH TI0 KYpCY, HanMcanue pedepaTa Mo BHIOPaHHOHN TeMe; IOArOTOBKA K MPAKTHYECKUM

3aHATHUAM; [TOATOTOBKA K JIAOOpaTOPHBIM paboTaM; IOATOTOBKA K 3a4eTy (IK3aMeHy).
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9K3aMCH

DK3aMeH - (popMa UTOroBoro KoHTpoJsd. Llesb 3x3aMeHa - BBIABUTb U OLIEHUTh 3HAHUSA, IPAKTUYECKUE YMEHUS U
HaBBIKM 00yYaIoMIMXCs 33 KypC JUCHHUIUIMHBL. DK3aMeH MPOBOJUTCS MyTeM coOeceloBaHNsI B COOTBETCTBUM C
pa3padoTaHHBIMH OwieTaMy. B Kakplii OMJIET BXOIUT JIBA-TPH TEOPETHUECKMX BOIPOCA U3 Pa3JIMUHBIX Pa3/iesioB
nporpaMmsl. JI71s1 MOAroTOBKY K 9K3aMeHY Ha Kadeape uMeeTcs nepedeHb BOIIPOCOB, OXBATHIBAIOIIMIT BECh
MIpOrpaMMHBIN MaTepuasl JUCIMILIMHEL B mporiecce moaroToBku K sK3amMeHy 00yJalolmmmMcst HE0OOXO0AMMO
TI0JTb30BATHCS JICKIIMOHHBIMHU 3aIUCSIMU M PEKOMEHI0OBAHHOW y4eOHOH mTepaTypoil. Paspemaercs
WCTIOJIb30BaHKE MHOTO JIOTIOJTHUTENILHOTO MaTepuaiia, uMelomierocs y odydvatorerocsi. Mizydast teMatuueckuit
Marepual, sl 00yJalolXcsi OCHOBOIIOJIATAIOIINM SIBJISIETCS BbIJIEJIEHUE OCHOBHBIX ITOJIOKEHHM, UX OCMBICIIEHHE
U TIpakTUYecKoe NpuMeHeHue. I1010KUTeIbHbIM MOMEHTOM fIBJISIETCS ACCOLMATUBHOE MEPENIOKEHUE
TEOPETHUUECKOr0 3HaHUS Ha KOHKPETHYIO CUTYaluI0. BaXkHbIM fBJIsieTCA BBISIBJIEHUE B3aUMOCBSA3U 3HaHUS C
OyayIe MpakTHYEeCKO! IesTebHOCTI0. [Ipr OlleHKe TeOpeTHUeCKrX 3HAHUN YUUTHIBAETCS yUacTHe
oOyuaronmxcsi B paboTe Ha ceMUHAPCKUX 3aHATHAX. [IpernogaBaTens, NPUHUMAIONINI 9K3aMeH, MOXET 33/1aBaTh
JIONIOJTHUTEJIbHBIE BOTIPOCHI, CTABUTh MPAKTUYECKUE 3aa4uu.

10. Tlepeyenpr nH(OPMAMOHHBIX TEXHOJIOTHIl, HCIOJb3YEeMbIX IPU OCYIeCTBJIEHHH 00Pa30BaTEJILHOrO Mpomecca
o JUCHHILUIHHE (MO/IYJII0), BKJIIOYAs epevYeHb MPOrpaMMHOro odecnedeHnst 1 uH( OPMAIHOHHBIX CIIPABOYHBIX
cucreM (IpU HEOOXOUMOCTH)

INepeueHs HHPOPMALIMOHHBIX TEXHOJIOTHH, UCIIOJb3yEMBIX IIPH OCYLIECTBICHHN 00pa30BaTEILHOTO IIPOLiECca M0 TUCHUILIIHE
(MOZyJTI0), BKJIIOYAS MIepeyeHb MPOrpaMMHOr0 oOecieueHns 1 MH(POPMAIIMOHHBIX CIIPABOYHBIX CHCTEM, ITPEJICTABIICH B
[punoxennu 3 k pabovelt mporpaMmMe TUCITUTUIMHBL (MOIYJIS).

11. Onncanne MaTepuaJIbHO-TEXHUYECKOM 0a3bl, HE0OXO0UMOIT /IJIsl 0CYI[eCTBJIEHUSI 00Pa30BaTEJILHOTO
nponecca no JUCIHUAILINHE (MOYJII0)

MaTepI/IaHBHO-TCXHI/I‘ICCKOC obecrieueHne O6paSOBaTCHLHOFO nponecca 1no AMCuuIinHe (MO,Ily)'[lO) BKJIIOYAET B ce0s cireaymomue

KOMIIOHCHTHI:

TTomertieHus UIst CAMOCTOSITEILHON pabOThl 00YJaIONIUXCsl, YKOMIUICKTOBAHHBIE CIICIIMAIN3UPOBAHHON MeOeIbIo (CTOJIB U
CTYJIbs) U OCHAIIIEHHbIE KOMITIOTEPHOW TEXHUKOM C BO3MOKHOCTBIO MOJKTIOUeHHsI K ceTr "VIHTepHeT" 1 obecriedeHueM JOCTyIa
B 9JICKTPOHHYI0 HH(OPMAITMOHHO-00pa3oBaTe/bHylo cpeny KOV,

VuebHsie aAyIuTOpUn IJIs1 KOHTaKTHOM pa60T1>1 C mpenogaBaTteyieM, YKOMIUIEKTOBAHHBIC CHCHI/IaIII/BI/IpOBaHHOﬁ MeOeIbio (CTOJII)I

U CTYJIbS1).

Kommnblotep 1 puHTEp U1 pacnevyaTky pa3JaTOYHbIX MaTepHUaIoB.

MynbTUMeaniiHas ayAUTOPHS.

KommnbloTepHBlit Kitacc.

Crenanu3upoBaHHasi 1abopaTopHsl.

12. CpencrBa aganramuy mpenoaBaHus JHCIAILUIMHLI K MOTPEeOHOCTIM 00yJaomuxcsa HHBAJINI0B 1 JIAIL ¢
OrpaHUYeHHbIMH BO3MOKHOCTSIMH 3/10POBbSI

HpI/I HCO6XO,HI/IMOCTI/I B O6pa30BaTeJ'H)HOM nponecce MpuMEHAITCA CIICAYIOIUE METOAbl U TEXHOJIOIMH, 06)'[61'"121101]_[1/18
BOCIIpUsiTUC I/IH(I)OpMaL[I/II/I O6y'~IaIOIHI/IMI/ICH HWHBAJIMAAMU U JIMAMU C OI'PAHUYCHHBIMUA BO3MOKHOCTAMUA 3JOPOBbA:

- CO3/J]aHKe TEKCTOBOW BEPCUHM JIDOOTO HETEKCTOBOTO KOHTEHTA [IJIs1 €0 BO3MOXKHOTO NPe00pa30BaHusl B albTePHATHBHBIC
(bopmbl, yIOOHBIE 17151 pa3IMYHBIX MTOJIb30BATENICH;

- CO3JaHUE€ KOHTCHTA, KOTOpLIﬁ MOJKHO NPEACTaBUTDL B PA3JIMYHBbIX BUAX 0e3 NOTEPU JAaHHBIX WK CTPYKTYPBI, IPEAYCMOTPETH
BO3MOXKHOCTb MaCIHTa6I/IpOBaHI/IH TEKCTa U I/I306pa)l(eHl/Iﬁ 0e3 NOTEPH Ka4eCTBa, MPEAYCMOTPETh JOCTYITHOCTD YIIPABJICHUA
KOHTEHTOM C KJIaBUATYyPbI;

- CO37IaHMe BO3MOKHOCTEN [JIs1 00yUaIOIMXCsl BOCHPHMHUMATD OJIHY ¥ Ty ke MH(OPMALIMIO 13 Pa3HbIX HCTOYHHUKOB - HAIIpHMeEp,
TaK, YTOOBI JIMI[A C HAPYIIEHUSMH CIIyXa MOJTydaltd MH(OOPMALUIO BU3YaIbHO, C HAPYILEHUIMH 3PEHUS - ayIHaJIbHO;

- IPUMEHEHUEC MMPOrpaMMHBLIX CPEICTB, 066CHC‘II/IBaIOI_[II/IX BO3MOXHOCTb OCBOCHUA HABBIKOB U yMeHHfI, (bOpMPIpyeMI)IX
,HI/ICHPII'IJ'[PIHOfI, 3a CUET AJIbTCPHATHUBHbIX CHOCO6OB, B TOM YMCJI€ BUPTYaJIbHbIX na6opaTopI/H71 1 CUMYJIAIIMOHHBIX TeXHOJ’[OFHﬁ;

- IPUMEHEHHE JIUCTAHIIMOHHBIX 00Pa30BaTebHBIX TEXHOJIOTHH [Uis Tiepeaauyn nHGOpPMAIMK, OPraHU3aluK Pa3IniHbIX (hopm
MHTEPAKTUBHOM KOHTAKTHOM pabOThl 00y4aloIerocs ¢ MpernojiaBaresieM, B TOM uciie BeEOMHAPOB, KOTOPbIe MOTYT OBbITh
KCIIOJIb30BAHbI JIJISI TPOBE/ICHUsI BUPTYAJIBHBIX JIEKIIUI C BO3BMOXHOCTBIO B3AaMMOJICUCTBHSI BCEX YYACTHUKOB JUCTAHIIMOHHOTO
00yueHus1, MPOBE/ICHNsI CEMUHAPOB, BBHICTYIUICHUS C JIOKJIAIaMH U 3alUThI BHITOJIHEHHBIX PaboT, MPOBEICHUsI TPEHUHIOB,
OpraHM3alK KOJUIEKTUBHOM padoTHI;

- IPUMEHEHHNE TUCTAHIIUMOHHBIX 06paSOBaTCJ’[LHBIX TEXHOJIOTHI U1 OpraHu3altun CI)OpM TEKYHUIETro U NIpoMeKYyTOYHOTI'O

KOHTPOJIS;
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- YBEJIMYCHUE TPOAOJLKUTEIILHOCTU CIa4n 06y'-IaIOIJ_[I/IMCH HWHBAJIMAOM WJIA JIUIIOM C OI'PaHUYCHHBIMU BO3MOKHOCTAMUA 3J0POBbA
q)OpM HpOMe)KyTO‘IHOfI aTTeCTalluM 110 OTHOIICHUIO K YCTaHOBHeHHOﬁ MPOAOJIKUTEIIbLHOCTU UX CAAYU:

- MIPOJOJIKUTENIBHOCTY CAA4M 3a4€Ta WM 9K3aMeHa, IPOBOJMMOro B MMCbMEHHOM (hopMme, - He Oosee yeM Ha 90 MUHYT;

- TIPOJOJIKUTEILHOCTH MOATOTOBKY 00YYAIOIIErocst K OTBETY Ha 3aU€Te MM 9K3aMeHe, IIPOBOIMIMOM B YCTHOH (hopMme, - He
6osee yem Ha 20 MUHYT;

- IPOZIOJIKUTENBHOCTH BBICTYIICHUS 00Y4aloIIerocst pH 3aliyTe KypcoBoi paboTHl - He OoJiee yeM Ha 15 MHHYT.
IIporpamma cocrasiieHa B cootBeTcTBrM ¢ TpedoBaHussMu PI'OC BO u yueOHBIM 1utanoM 1o Harpasienuio 28.03.01

"HaHOTEXHOJIOrMK M MUKPOCUCTEMHAs! TEXHUKA" U MPoduiiio noaroroBku "CUHTE3 U AMarHOCTMKA HAHOMAaTEepUAaJIOB,
KOMIIOHEHTHI MUKPO- ¥ HAHOJIEKTPOHHOU TEXHUKH' .

3AEKTPOHH BI
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Tpunoosicernue 2
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
b1.0.16 daexmpomexnuka u 30eKmMpoHuUKa

IlepeyeHs JurepaTypbl, He0OX0UMOI ISl 0CBOEHHUS JUCIUILUITHHBI (MO /TyJjIs1)

Hanpagsnenue noaroroku: 28.03.01 - HaHOTEXHOJIOIMY M MUKPOCUCTEMHAS TEXHHUKA
IIpocpuis noaroroBku: CHHTE3 ¥ AUATHOCTUKA HAHOMATEPUAIOB, KOMITOHEHTHl MUKPO- M HAHOJIEKTPOHHON TeXHUKHU

Kpanu¢ukanus BeITyCKHUKA:_OaKanaBpp

dopma 0OydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA

Ton Havana o0yueHus1 Mo o0pa3oBaTesibHON nporpamme: 2024

OcHoBHas JuTepartypa:

1. CxopHskoBs, B. A. O6mias sanekTporexHuka u snekTporuka / B. A. CkopHsikos, B. [. ®ponos. - 3-e u3n., crep. -
Cankr-IletepOypr : Jlanp, 2022. - 176 c. - ISBN 978-5-507-44857-9. - Tekcrt : anexTpoHHbIH // JlaHb :
3JIeKTPOHHO-OMbIMoTeyHas cucrema. - URL: https://e.lanbook.com/book/247409 (nata o6pawmenus: 25.03.2024). - Pexum
JOCTyIa: 1Jis1 aBTOPHU3. TTOJIb30BaTENIEH.

2. Komuccapos, 10. A. Ob1mas 31eKTpoTeXHUKa U 3JIeKTpoHuKa : yueOHuk / 10.A. Komuccapos, I'.W. babokun, I1.]1.
Capkucona ; mop pena. I1.[1. CapkucoBa. - 2-e u3a., ucnp. u gor. - Mocksa : UHOPA-M, 2022. - 479 c. - (Boiciiee
obpazoBanue: bakanaspuar). - DOI 10.12737/13474. - ISBN 978-5-16-010416-4. - Tekcr : anekTpoHHsiii. - URL:
https://znanium.com/catalog/product/1853549 (nara odpamenus: 25.03.2024). - PexuM ocTymna: o MoArvcKe.

3. UBanos, U. U. DneKTpoTeXHIKA U OCHOBBI JIEKTPOHUKH : yaeOHUK it By30B / W. U. WBaHoB, I'. U. Conoeses, B. 4.
®posos. - 13-e uzg., crep. - Cankr-IlerepOypr : Jlanb, 2024. - 736 c. - ISBN 978-5-507-47596-4. - TekcT : 31eKTPOHHBI //
Jlans : a1eKTpoHHO-OMOMoTeuHas cucrema. - URL: https://e.lanbook.com/book/394682 (nata obpamenus: 25.03.2024). -
Pexum nocryna: ajist aBTOpu3. MOJIb30BaTENEH.

4. PriokoB, U. C. Diexrporexnuka : yueoHoe nocodue / M.C. PpiokoB. - Mocksa : PUOP : UH®PA-M, 2022. - 160 c. -
(Bsiciiee oopazoBanue: bakanaBpuat). - ISBN 978-5-369-00144-8. - Tekcr : anekrponnsiid. - URL:
https://znanium.com/catalog/product/1864188 (nata obpamenusi: 25.03.2024). - Pexum gocryna: no nojmucke.

5. Mapuenko, A. JI. DnekTpoTexHHKa 1 IEKTPOHMKA : y4eOHUK : B 2 ToMax. Tom 1. Dnexrporexnuka / A. JI. Mapuenko, 1O.
®. Omamuwmii. - Mocksa : UHOPA-M, 2023. - 574 c. - (Briciiee odpazosanme). - ISBN 978-5-16-009061-0. - Tekcr :
anexTpoHHBIH. - URL: https://znanium.com/catalog/product/2020596 (zata obparuenus: 25.03.2024). - Pexum gocryna: o
TIOATIHCKE.

6. Tanainuy, I1. A. Dnekrporexnuka : yueOHoe nocodue / I1. A. Ianaiinun, 0. H. Mycradaes. - Caukr-Ilerepoypr : BITY
'Boenmex' um. [1.®. Yerunona, 2018. - 85 c. - Tekcr : anekTpoHHbIi // JlaHb : 31eKTpoHHO-01OMoTeuHast cucrema. - URL:
https://e.lanbook.com/book/122051 (nata obpamenus: 25.03.2024). - Pexxum Jroctyna: Juisi aBTOPU3. TOJIb30BATEIICH.

7. Ilapcenosa, E. B. DnexkTpoTexHUKa U 3JIEKTPOHUKA : MeToaudeckue ykasanus / E. B. Ilapdenosa. - Mocksa : MUCHUC,
2019. - 111 c. - Tekcr : anekTpoHHbIH // JIaHb : 371eKTpoHHO-OMOMMOTeuHas cucrema. - URL:
https://e.lanbook.com/book/129046 (nata obpamenus: 25.03.2024). - PexxuM joctyna: JUist aBTOPH3. TOJIb30BaTEIEH.

8. AnncumoBa, M. C. DIeKTpOTEXHUKA U 3JIEKTPOHUKa : yueOHoe nocodue / M. C. Anucumosa, U. C. TTorosa. - Mockga :
MUCHC, 2019. - 135 c. - ISBN 978-5-907061-32-3. - Tekct : anekTpoHHBIi // JIaHb : 31eKTPOHHO-OMOIMOTEYHAs CUCTeMa. -
URL: https://e.lanbook.com/book/116939 (nata obparenus: 25.03.2024). - Pexum gocryna: ajsi aBTOpU3. MOJIb30BaTENeH.
9. Karanos, B. 1. PagnorexHuka: OT KCTOKOB 0 HAIMX JHEH : yaeObHoe mocodue / B.M. Karanos. - Mockea : POPYM :
NH®PA-M, 2023. - 352 c. - (Beicmee oOpa3zoBanue: bakanaspuar). - ISBN 978-5-00091-495-3. - TekcT : JeKTPOHHBINA. -
URL.: https://znanium.com/catalog/product/1856996 (nara obparenus: 25.03.2024). - PexymM goctyna: 1o MoJIvcKe.

JonoyiHUTE ILHAA JUTEpPATYypa:

1. Epmyparckuii, I1. B. DnektporexHuka u anekrponuka : yueOnuk / I1. B. Epmypatckwuit, I'. T1. JIsrakuna, 10. b. MuHKuH. -
Mocksa : IMK IIpecc, 2011. - 417 c. - ISBN 978-5-94074-688-1. - Tekcr : a1eKTpoHHbIN // JIaHb : 37IeKTPOHHO-OMOIMOTEUHAS
cucteMa. - URL: https://e.lanbook.com/book/908 (nata obparmenus: 25.03.2024). - Pexxwum goctyna: ajist aBTOpH3.
TI0JTb30BaTEEH.

2. 3unbdepmat, I'. E. DnekTpruecTBo u MarHetusm : yueOHoe nocooue / I'. E. 3unsbepman - 2-e u3g. - JoaronpyaHbiii:
Wzparensckuii [Jom 'MaTennekT', 2015. - 376 c. - ISBN 978-5-91559-207-9. - Tekct : anekTpoHHbI. - URL:
https://znanium.com/catalog/product/552552 (nara oopauienus:: 25.03.2024). - Pexxum focTyna: 1o MoJInmcKe.

3. CnaBuHckuil, A. K. DJIeKTpOTeXHMKA C OCHOBAMH JIEKTPOHUKY : yueOHoe nocodue / A K. Cnapunckuii, U.C. TypeBckuid. -
Mocksa : POPYM : UHOPA-M, 2024. - 448 c. - (Cpennee npoeccnonaibHoe odpasoBanue). - ISBN 978-5-8199-0747-4. -
Tekcr : anektpoHHsid. - URL: https://znanium.ru/catalog/product/2119559 (nara obpamenus: 25.03.2024). - Pexum nocryna:
TIO TTOJITIHCKE.
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4. CutHuKOB, A. B. OCHOBBI 3/1eKTpOTeXHUKY : yueOHuK / A.B. CutHukoB. - Mocksa : KYPC : UHOPA-M, 2023. - 288 c. -
ISBN 978-5-906923-14-1. - Tekcr : anektponnsiii. - URL: https://znanium.com/catalog/product/1959236 (nata obpamieHus:
25.03.2024). - Pexum goctyna: 1o NOJIKCKE.

5. Jloropeituyk, E. A. Teoperrueckue OCHOBBI 2JIeKTPOTEXHUKH : yueOHUK / E.A. Jlotopeiiuyk. - Mocksa : POPYM :
NH®PA-M, 2024. - 317 c. - ISBN 978-5-8199-0764-1. - Tekcr : anektpoHHsIi. - URL:
https://znanium.com/catalog/product/2087738 (nata obparenusi: 25.03.2024). - Pexum gocryna: no nojmucke.

6. Fanpnepun, M. B. DnekTpoTexHuKa U 3J1eKTpOHKKa : y4eOHuK / M.B. I'anbriepus. - 2-e u3a. - Mocksa : POPYM :
NHOPA-M, 2022. - 480 c. - ISBN 978-5-00091-450-2. - TekcrT : anekTpoHHbIi. - URL:
https://znanium.com/catalog/product/1819500 (nara odpamenust: 25.03.2024). - Pexum noctyma: mo NojAImuicKe.
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Tpunoosicenue 3
K paboueii npozpamme OUCUUNAUHbL (MOOYASL)
b1.0.16 daexmpomexnuka u 30eKmMpoHuUKa

IIepevyens nH( OPMAMUOHHBIX TEXHOJIOTHIl, HCI0JIb3YE€MBIX /IJISI 0CBO€EHHUS JUCHUILUIHHBI (MOIYJIs), BKIIOYAsI
nepevyeHb NPOrpaMMHOrO 0OecneyeHns1 U HH(OPMAIMOHHBIX CHPABOYHBIX CHCTEM

Hanpagsnenue noaroroku: 28.03.01 - HaHOTeXHOJIOIMY M MMKPOCUCTEMHAS TEXHUKA

HpO(l)I/IIH; IOATrOTOBKM: CuHTEe3 ¥ IMarHOCTMKA HAHOMATEPUAJIOB, KOMIIOHEHThI MUKPO- ¥ HAHOZJICKTPOHHOW TEXHUKU

Kpanuukanus BeITyCKHUKA:_OaKanapp

dopma obydeHust: 0UHOe

SI3bIK OOyUEeHMS: PYCCKMiA

Ton Havana o0yueHus1 Mo o0pa3oBaTesibHON nporpamme: 2024

OcBoeHye JUCLUIUIHBL (MOYJIs1) MIPeAoaraeT HCIOJIb30BaHKE CIEAYIOIIEro IPOrpaMMHOrO 00ecreueH s 1
MH(POPMALIMOHHO-CITPABOYHBIX CHCTEM:

Oneparmonnas cucrema Microsoft Windows 7 Ipodeccnonansaast wim Windows XP (Volume License)

IMaket ocucHoro nporpammuoro odecrneuenust Microsoft Office 365 nnu Microsoft Office Professional plus 2010
Bpayzep Mozilla Firefox

Bpayzep Google Chrome

Adobe Reader XI umu Adobe Acrobat Reader DC

Kaspersky Endpoint Security ains Windows

Y4ebHO-MeToqruecKas JIMTepaTypa Uit JaHHOW JUCIUTUIMHBI UMEETCS! B HAJIMYUH B 3JIEKTPOHHO-OMOIMOTEYHON CHCTEMe
"ZNANIUM.COM", noctyn k kotopoii npenocrasiieH ooydaommmest. 95C "ZNANIUM.COM" conep:xuT Npou3BeaeHHs
KPYIMHENIINX POCCUIICKUX YUYEHBIX, PyKOBOJUTEJIEH FOCY JapCTBEHHBIX OPTraHoB, MperoAaBaTesiel BeIyIUX By30B CTPaHsbI,
BBICOKOKBAJIM(PUIIMPOBAHHBIX CIIEMAJIMCTOB B pa3IuuHbIX cpepax 6uzHeca. Ponp 6ubmmorekn chopMrpoBaH C yIeTOM BCEX
M3MEHEHNI 00pa30BaTeNIbHBIX CTAH/IAPTOB 1 BKJIIOYAET YIeOHNKH, YUeOHbIe TOCOOuSs, yUeOHO-METOANYECKHE KOMILIIEKCHI,
MoHorpacuu, aBTopedeparTsl, JUCCEPTALUN, SHIUKIONENH, CIOBAPH U CIIPABOYHNKH, 3aKOHOAATEIbHO-HOPMAaTUBHBIE
JOKYMEHTHI, CIIeLIaJIbHbIE TIEPHOINYECKUE U3AaHUS U U3aHN, BHITyCKaeMble M3/1aTeIbCTBaMU By30B. B HacTosiee BpeMs
3BbC ZNANIUM.COM cooTBeTcTBYeT BCeM TpeOoBaHUSIM (hefiepalIbHBIX TOCYJAPCTBEHHBIX 00pa30BaTeIbHBIX CTAHJAPTOB
Bhiciiero oopasoanust (PI'OC BO) HOBOTO MOKOJICHUSI.

VuebHO-MeToanYeCcKas IUTepaTypa 1jisl JaHHON AUCLMIUIMHBI UIMEEeTCs] B HUIMYMH B 3JIeKTPOHHO-ONOINOTEYHON CHCTEMe
WznarenscrBa "Jlanp" , mocTyn K KOTOpo# npepocTanieH ooydaonmmcs. 9bC NUzparenscta "JlaHp" BKIOYaeT B ceOst
3JIEKTPOHHBIE BEPCUU KHUT U31aTesibcTBa "JaHp" ¥ ApYrUX BeIyIIUX U3[aTeIbCTB YUeOHOM JIMTEpaTyphl, a TAKXKE SJIEKTPOHHbIE
BEPCUM MEPUOANIECKUX U3AaHUN 10 €CTeCTBEHHBIM, TEXHUYECKUM 1 ryMaHuTapHbeIM Haykam. 9BC U3narenscta "Jlanp"
obecrieynBaeT AOCTYI K HAYYHOMH, y4eOHOM JIMTepaType ¥ HayYHBIM IEPUOIMYECKUM U3aHUAM 110 MAKCUMAJIbHOMY KOJIHMUYECTBY
NpoUIBHBIX HAIPABJIEHHUH ¢ COOTIOAEHNEM BCEX aBTOPCKHUX M CMEKHBIX TPaB.
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