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AHHOTaNINA

JucuumimHa «OJEKTPOHUKA» BXOJUT B 00pa3oBATENbHYIO MPOTPAMMY  BBICIIETO
oOpazoBaHusi — MporpaMMmy OakajgaBpuaTa I10 HANpPABJICHHWIO TOJITOTOBKH/ CHCIHAIBHOCTH
11.03.04 «DnexTpoHMKa W  HAHOXJIEKTPOHMKa»  HampasiieHHocTH  «lIpombliieHHas
3JIeKTpoHUKay. Jlucuumimaa peanusyercs kadeapoit «Ne23».

JlucuurinHa HareneHa Ha (GOPMHUPOBAHKE Y BBITYCKHUKA CIICTYFOIINX KOMITETSHIUH:

OIIK-1 «Crnoco0GeH MCoib30BaTh MOJI0KEHUS, 3aKOHBI K METO/Ibl €CTECTBEHHBIX HAYK H
MaTEeMaTUKH JJI PEHICHUs 3a]1a4 HH)XCHEPHOU JESTEIHbHOCTI

OIIK-2 «CrocoOeH caMOCTOATENIbHO MPOBOIUTH SKCIEPUMEHTAIBHBIC UCCIICIOBAHUS U
UCIIOJIb30BaTh OCHOBHBIC ITPHUEMBbI 00PA0OTKH M MPEACTABICHUS TOTYUYEHHBIX TAHHBIX)

ConepxaHue AWCIUIUIMHBI OXBAaTHIBAET KPYr BOIPOCOB, CBSI3aHHBIX C HM3yYCHHEM
(¢u3MUeCKUX TNPUHIMIIOB JEHCTBHS, XapaKTEPUCTHK, MOJAENeH U  OCOOCHHOCTEH B
PAIMOTEXHUYECKHUX LIETISIX OCHOBHBIX TUIIOB aKTUBHBIX MTPUOOPOB, IPUHIIUIIOB UX TIOCTPOCHUS U
MEXaHHU3MOB BIIMSHUS yCIOBUI 3KCIUTyaTalluy Ha pabOTy aKTHBHBIX MPHUOOPOB.

[IpenogaBanue JIUCHUILIMHBI TPEAyCMAaTpPUBAeT cleaytone (GopMbl opraHu3aIuu
y4e0HOT0 MpoIiecca: JICKINH, 1a00paTopHbIe pabOThI, CAMOCTOSITENIbHAS pPa00Ta 00YJAFOIIETOCs.

[IporpaMMoii IUCHUIUIMHBI TPETYyCMOTPEHBI CIEAYIOIIUE BHUABI KOHTPOJS: TEKYIIMA
KOHTPOJIb YCIICBAEMOCTH, IIPOMEKYTOUYHAS aTTecTaus B (hopMe IK3aMEeHa.

OO6miasi TpyA0EMKOCTh OCBOEHHS JUCLUMUIUIMHBI COCTaBISET S5 3aueTHBIX enuHul, 180
YacoB.

SI3bIK 00yUeHUs IO JUCIHUILTUHE «PYCCKHID)



1. IlepedeHb MIaHUPYEMBIX PE3YJIHTATOB O0YUEHUS MO JUCIUILINHE

1.1. Ilenu npenoaaBaHusi JUCIUTUIMHBI

Lenpro mpenosaBaHusl IUCHMIUIMHBI «DJIEKTPOHUKA» SIBISETCS U3YUYEHHE CTYACHTAMH
(GU3HYECKUX PUHITUIIOB JEHCTBUS, XapaKTEPUCTUK, MOJIENICH U OCOOCHHOCTEH HCIIOIb30BAHMS B
PaIMOTEXHUYECKUX LIETAX OCHOBHBIX THIIOB aKTHBHBIX MPUOOPOB, MPHUHIIMIIOB MOCTPOCHUS U
OCHOB TE€XHOJIOTMM MUKPODJIEKTPOHHBIX LIENIEH, MEXaHU3MOB BIIMSHUS YCIOBUM SKCIUTyaTalluy Ha
paboTy aKTUBHBIX NMPUOOPOB M MUKPOIIEKTPOHHBIX Lienei. [Ipu u3ydeHun 3Toi AUCUMITITUHBI
3aKJIaJbIBAIOTCS OCHOBBI 3HAHUM, MO3BOJLIIOLNIMX YMEJIO HCIOJIb30BaThb COBPEMEHHYIO
3JIEMEHTHYI0 0a3y paauod3JIeKTPOHUKU U MOHUMATh TEHJICHUUHU U MEPCIEeKTUBBI €€ Pa3BUTHUS U
NPAaKTUYECKOT0 UCTIOIb30BaHUS; TPUOOPETAIOTCS HABBIKK pacueTa peXXKMMOB aKTUBHBIX IPUOOPOB
B JJIEKTPOHHBIX LEIAX, IKCIEPUMEHTAJIBHOIO HMCCIENIOBAHMS UX XapaKTEPUCTUK, HU3MEPEHUs
napaMeTPOB U MOCTPOCHHUS OA30BBIX SUEEK HIEKTPOHHBIX LENeH, COAepKALIIX TAKHE TPUOOPHI.

1.2. JlucuuminHa BXOJUT B COCTaB 0053aTeIbHON YacTH 00pa3oBaTeIbHON MPOTrPaMMBbI
BEICIIero oopazosanus (naiee — OIT BO).

1.3. IlepeueHb IIAHUPYEMBIX PE3YJILTATOB OOYUEHUS MO AUCHHUIUIMHE, COOTHECEHHBIX C
IUTaHUpYEMbIMU pe3yibTatamu ocBoeHust OIT BO.

B pesynbrare u3ydeHus AMCHUILIMHBI OOYUAIOLIUICS NOJDKEH O0ManaTh CIEAYIOIIUMU
KOMITETCHIIMSMU WM UX 4acTsAMU. KOMIETEHIIMN ¥ WHIMKATOPBI UX JTOCTUKEHUS TIPUBEACHBI B
Tabimue 1.

Tabmuua 1 — [lepeyeHb KOMIIETEHIMHA U HHINKATOPOB MX JOCTHKCHHS

Kon u
Kareropus (rpymnmna) Kon n HaumMeHoBaHre HHIUKATOpa
HanMEHOBaHUE
KOMIIETEHIINHU ITOCTHIKEHUS KOMIIETEHIIUN
KOMIIETEHIIUHA

OIIK-1.3.1 3HaTh (hyHIAaMEHTAIbHbBIE
3aKOHBI MPUPOJIEI 1 OCHOBHBIE

OIIK-1 Coocoben
(bu3HYECKHEe U MATEMAaTHICCKUE 3aKOHBI.

UCIOJIb30BATh
OIIK-1.Y.1 ymeTb npuMeHsTh
MIOJIOYKEHHSI, 3aKOHBI
(du3nvecKre 3aKOHbI 1 MATEMaTHYCCKUE
Y METOJIBI
Oo6menpodeccnoHaTbLHBIC METO/BI JUIsl pelIeHus 3a/1a4
€CTECTBEHHBIX HAYK
KOMIIETEHINH TEOPETUYECKOT0 U MPHUKJIAJTHOTO

Y MaT€MaTUKH JJIs
peuieHus 3aaa4y
WHKCHEPHOU
NEeSATETbHOCTH

Xapaxrepa.

OIIK-1.B.1 BmageTs HaBBIKAMH
MCIOJIb30BaHUs 3HAHUN (QU3HUKH U
MaTE€MaTUKH JJIs PEIIeHUs 3a1a4
WHXEHEPHOM J1eATeIbHOCTH
OIIK-2.3.1 3HaTHL OCHOBHEIE METOIBI U
Cpe/ICTBa MPOBEICHUS
AKCIIEPUMEHTAIIbHBIX UCCIIEOBaHUM,

OIIK-2 CoocobeHn

CaMOCTOSITEIILHO
CHCTEMBI CTaHIAPTU3AIUH U
MIPOBONTH
CepTU(HKAIMH.
IKCIIEPUMEHTAIbHBIE
OIIK-2.Y.2 ymeTb HaX0IUTh U
ObmenpodeccuoHanbHbIe | UCCTIENOBAHUS U
KPUTUYECKH aHATM3NUPOBAThH
KOMITETCHITUH UCII0JIb30BATh

nH(pOpMaLHIo, HEOOXOJUMYO JUIS
pELICHUS TOCTaBICHHOM 3a1a4H.
OIIK-2.B.1 Bmagers criocodoaMu
00pabOTKM U MpeICTaBICHUS
MOJTYYEHHBIX TAHHBIX U OLCHKH
HOTPEITHOCTH PE3yJIbTaTOB U3MEPEHUI.

OCHOBHBIE MTPUEMBI
00paboTKu 1
MIpeICTaBICHUS
MTOJTY9ICHHBIX JaHHBIX

2. Mecro nucuumiaussl B cTpyktype OI1
HucnurnnuHa MokeT 6a3upoBaThCsl Ha 3HAHUSAX, pPaHee MPUOOPETEHHBIX 00YyYaIOITUMUCS
NP U3YUYEHHUH CIENYIOUINX AUCIUILINH:



— «MaremaTuka-1 (AHamUTHUECKasi TEOMETpUs U IMHEWHas anredpa)y,
— «Marematuka-1 (MatemaTH4eCKU aHATU3)»,

— «Dusukay,

— «XuMuD.

3HaHMs, TOJYYEHHBIE IPU W3YYCHHU MaTepuana JaHHOM IHUCLUIUIMHBI, MUMEIOT Kak
CaMOCTOATENIBHOE 3HAYECHUE, TaK U UCIIOIb3YIOTCS IPU U3YUYEHUU APYTUX JUCLHUIIINH:

— «udposas 06paboTKa CUTHATIOBY,

— «HHTerpanpHbIe yCTPOMCTBA MUKPOIEKTPOHUKN Y,

— «l/HTemekTyanbHbIe JIEKTPOHHBIE JATYUKU U YCTPOUCTBA UHAUKALIUN,

— «OJIEKTPOHHBIE IPOMBILUIEHHBIE YCTPOWCTBAY,

— «CXeMOTEXHUKA aHAJIOIOBbIX JIEKTPOHHBIX YCTPONCTBY,

— «CxeMoTexXHUKa M(PPOBBIX U UMITYJILCHBIX YCTPOHCTBY.

3. O0BeM U TPYIOEMKOCTbD JTUCITUTLIAHBI
Jannaple 00 o0meM o0beMe TUCIUIUIMHEI, TPYIOSCMKOCTH OTACIBHBIX BHJIOB y4eOHOM
paboThI 10 TUCIUILTUHE (M paclpeie]ICHue 3TOH TPYJ0EMKOCTH IO CEMECTpaM) IPEACTaBICHbI B
Tabauie 2.

Tabmuna 2 — O0beM U TPYJAO0EMKOCTh AUCHUILIUHBI

TpyroemMKOCTh 110
Bun yuebnoit paboTbl Bcero ceMecTpam
Ne4
1 2 3
Oowan mpyooemKocmbo OUCUUNIUHDL, 5/ 180 5/ 180
3E/ ("ac)
U3 Hux uacoe npakmuyeckoi no02omoeKu
AyoumopHhole 3auamus, BCEro Jac. 68 68
B TOM YHCIIE!
neknuu (JI), (wac) 34 34
npaktuueckue/cemunapckue 3anstus (113),
(uac)
naboparopubie paboTsl (JIP), (uac) 34 34
KypcoBoii mpoekT (pabota) (KII, KP), (uac)
9K3aMeH, (4Jac) 94 54
Camocmoamenvnan paboma, Bcero (dac) 58 58
Buo npomesxcymounoii ammecmayuu’ 3a4er,
midd. 3ager, sk3amen (3ader, dudd. 3au, OK3. OK3.
OK3.%%)

*k
IIpumedanue: kaHaUAATCKHI SK3aMeH

4. CoaepskaHue TUCHUTUTHHBI
4.1. Pacnpezenenue TpyI10€MKOCTH TUCIUTUIMHEI 110 pa3/iejaM U BUIaM 3aHITHIM.
Pa3nensl, TeMBl AUCHUTIIMHBI U MX TPYAOEMKOCTh PUBEIEHBI B TaOIuUIIE 3.

Ta6mmma 3 — Pa3nensl, TeMbI TUCIUIUIMHBI, KX TPYJI0EMKOCTh

Jlexmmn 113 JIP KII CPC
Paspgensl, TeMBI JUCLUIIINHBI (uac) (C3) (4ac) (qac) (qac)
Cemectp 4
Paszzen 1. DneMeHThI GU3MKK TBEPIOTO TEIIA. 13
Tema 1.1. ®u3nyeckre OCHOBEI 5 5
MOJTYTTPOBOJHUKOBBIX ITPHOOPOB.




Tema 1.2. KoHTaKkTHEIE SIBIIEHUS.

Paznen 2. [TonmynpoBoHUKOBBIE TPHOOPHI. 14

Tewma 2.1. IloaymipoBOAHUKOBBIE JHOIBI. 6 6

Paznen 3. [lomynpoBoIHUKOBBIE IPUOOPHI. 18

Tewma 3.1. IToneBble TPAaH3UCTOPBI. 6 6

Tema 3.2. bunonspHsie TpaH3UCTOPHI. 6 6

Pasnen 4. ONTO2/IEKTPOHHUKA. 13

Tema 4.1. ®OTOINEKTPUIECCKUE U U3TyUaTEIbHBIC 6 6

IPHOOPHL.

Hroro B cemectpe: 34 34 58
Utoro 34 0 34 0 58

[IpakTuueckas

IIOATOTOBKA  3aK/IIOYacTCA B  HCIOCPCACTBEHHOM  BBIIIOJTHCHHUH

00yYaromKMUCS OTIPENICTICHHBIX TPYA0BBIX (DYHKINH, CBA3aHHBIX C OyAyIIei mpodeccuoHaTbHON

JACATCIIbHOCTBIO.

4.2. CopnepxaHue pa3/iejoB U TEM JICKIIMOHHBIX 3aHSATHI.
CopepxaHue pa3ieiioB U TeM JICKIIMOHHBIX 3aHITHH MIPUBEICHO B Ta0HIIE 4.

Tabmuna 4 — ConeprkaHue pa3aesioB U TeM JEKIIMOHHOTO UK

Howmep paznena

HaszBanue u conep:xanue pas3ieiioB U TEM JEKIIMOHHBIX
3aHATUU

Pa3zpen 1

DJieMeHThI GU3NKH TBEPAOrO TeJia.
1.1. ®usnueckre OCHOBBI MOIYITPOBOAHUKOBBIX IPUOOPOB.

OCHOBHbBIE TOHATHS 30HHOW TEOPUHU MOJIYIPOBOJHUKOB.
Craructuka »SJIEKTPOHOB U JBIPOK B MOJYNPOBOJAHHUKAX.
Bripok/ieHHBIE M HEBBIPOXKIEHHBIE  IMOJYNPOBOJHUKHU.
Konnenrpanust Hocutesnei 3apsiia B COOCTBEHHBIX M TPUMECHBIX
MOJYNPOBOJAHUKAX B YCIOBUSX  TE€PMOJMHAMUYECKOTO
paBHOBecHs. HepaBHOBECHOE COCTOSIHME TOJYIPOBOJHHUKA.
[Iponeccrl mepeHoca HOCHUTENEH 3apsiia B MOJYyHPOBOJHUKAX.
lenepanmst u pexkomOMHAIUS HOCUTENEW 3apsiiaa. BiusHue
ANEKTPUYECKOTO TIONS Ha OOBEMHYID M TOBEPXHOCTHYIO
AJIEKTPONPOBOAHOCTD  MOJYMPOBOAHUKOB. TeMIiepaTypHbIe
3aBUCMMOCTH KOHLEHTpAluu, MOJABM)XXHOCTU U yJIEIbHOU
AJIEKTPONPOBOAHOCTA  MOJYMPOBOJHUKOB. Bo3HHKHOBEHHE
00BEMHBIX HEycTOWYMBOcTe. OmnTHUeCKHEe U TEIIOBBIC
CBOMCTBa  TOJYIPOBOJHHUKOB. DOTOINCKTPUUECKUE U
TEPMODJIEKTPUUECKUE SIBJICHUSI.

1.2. KoHTakTHBIE ABIICHUA.

[lonsiTue o p-n-mepexone, Tumbl p-N-nepexoaoB. duznyeckue
mpoleccsl B p-N-miepexojie Ipu OTCYTCTBUM W IPU HAIWYUU
BHEITHET0 HanpshkeHus. BonbTammepHas XapakTepucTuka p-n-
nepexoja. KOHTakT «MeTai-nmolynpoOBOJHUKY, 3aBUCUMOCTh
€ro CBOMCTB OT palOOThI BBIXOJA MOJYNPOBOJHUKA U MeTallia.

I'eTeponepexobl.




Paznea 2

IHosrynpoBoaHHUKOBBIEC TPHOOPHI.
2.1. IlonynpoBOJHUKOBBIE JUOBL.

[ToynpoBOAHUKOBBI IO, €0 XapaKTEPUCTUKH H ITApaMETPhI.
OcHoBHbIE BH/IBI TIPO0Ost p-N-niepexoa. [lepexoqHble mporecchl
B MOJIYNPOBOAHUKOBOM JHOJIE, HAKOIUICHUE M PACCACHIBAHUE
U30BITOYHOTO 3apsi/a, T PY3nOHHAS EMKOCTh. DKBUBAJICHTHASI
CXeMa  IOJIyIIPOBOJHUKOBOTO  1uoaa. OCHOBHBIC  THIIBI
MOJYIPOBOJHUKOBBIX JTUOAOB, UX KOHCTPYKIIMH, MApaMETPhl U
00JIaCTH IPUMEHEHHS.

Pa3zgen 3

I[MonynpoBoagHUKOBBIE NPHOOPHI.
3.1. [loneBble TPaH3UCTOPBHI.

[loneBbie TpaH3UCTOPHI C 3aTBOPOM B BUAE p-N-nepexona. Mx
YCTPOMCTBO, MNPUHIMI  JEHUCTBUSA, CXEMbl  BKIOYEHUS,
XapaKTEPUCTHUKU U MTapaMETPbl. 3aBUCUMOCTb XapaKTEPUCTUK OT
TeMIiepaTypbl. Harpy304Hslii pexuM IIOJIEBOTO TPAaH3UCTOPA,
Harpy304Hbl€ XapakTepUCTUKH. DPu3NUeCKUe SBICHUA Ha
MOBEPXHOCTU NOJNyNnpoBogHUKA. [loneBple TpaH3UCTOPBI C
n3onupoBaHHbIM 3aTBopoM (MOII- mnu M/II-Tpa3zucropsr), ux
NPUHLUIT ~ JICWCTBUS,  XAPAaKTEPUCTHKK W IapaMeTphl.
OcoGennoctu  momubix  MJIII-Tpan3ucropoB.  O6mactb
IIPUMEHEHHSI ITOJIEBBIX TPAH3UCTOPOB.

3.2. bunonsipHble TPAaH3UCTOPHI.

TpaH3uctop Kkak cucTeMa [JBYX B3aUMOJIECHCTBYIOIIUX p-N-
nepexofoB. Bo3MoXHbIE peXHMbl pabOThl  TpaH3UCTOpA:
aKTUBHBIN (YCUIIMTENbHBIN), OTCEUKH, HACBIIIEHHUS, HUHBEPCHBIM.
dusnueckue mporeccel B Oe3apeiihoBoM TpaH3UCTOpE B
aKTUBHOM YCWIMTEIBHOM pexuMme. TOKHM B TpaH3UCTOpE.
Kospduument mnepenaun  SMUTTEPHOTO TOKa M €O
coctapisttonue. Tpu cXxembl BKIIFOUSHHS TPAH3UCTOPA: C OOIINM
SMUTTEPOM, C oOmeil 6a30if U OOUMM  KOJJIEKTOPOM.
XapakTepuCTUKU TpPaH3UCTOpa B CXeMax c obOmiel 06a3zoil u c
00IIKM SMUTTEpOM. BinsHue Temneparypbl Ha XapaKTepUCTUKU
TpaH3ucTopa. TpaH3UCTOp KaK JTUHEWHBIM YeTHIPEXMOIIOCHHUK.
CucTteMbl MaTOCUTHAIBHBIX (IU(QepeHIINaIbHBIX) TApaMeTPOB
TpaH3zucropa. OnpeneneHne MaJOCUTHAJIBHBIX MapaMeTpoB MO
XapakTepUCTHKaM TpaH3ucTopa. Pabora TpaH3ucTOpa MpH
HaJIMYMM Harpy3kd B KOJUIEKTOpHOM 1enu. Harpy3ouHnsbie
XapaKTepUCTHKHU TpaH3ucTopa. [lapameTpsl, xapakTepusyronme
PeXHUM YCUJIEHHMS, OIpeleleHHe HX 10 XapaKTepUCTHKaM.




Bribop paboueil TOUKM TpaH3HCTOpAa B PEXKHME YCHUIICHHUS.
CxeMOTeXHHUYECKHE CHOCOOBl  3amaHusi pabodell  TOUKH.
BrusiHue HENTMHEWHOCTH BXOJHBIX XapaKTEPUCTUK HA padoTy
TpaH3UCTOpa B pexuMme ycuieHus. Pabora TpaH3ucropa Ha
BbICOKMX uacToTax. J[IpeiidoBrie Tpansucrtopsl. Ilapamerpa,
XapaKTepU3yIolIe BbICOKOYACTOTHHIE CBOWMCTBA TPaH3UCTOpA.
DOKBUBaJCHTHbIE CXeMbl TpaH3uctopa ((popmanbHble U
¢usnueckue). Mogenu TpaH3UCTOpPA, HUCIOIb3YEMbIe TMpU
KOMIIBIOTEPHOM TPOEKTUPOBAHUH JJICKTPOHHBIX cxeM. Pabora
TPAH3UCTOpPA B PEXKUME INEPEKIIOUEHUS. YCIOBUSI OTCEUKU U
HacelleHus. llepexongHble mpoueccsl B TPaH3UCTOPE IPHU
nepexntoueHun. Ilapamerpa TpaH3UCTOPOB B HMITYJIBCHOM
pexxume. TpaH3UCTOPHBIM KIIIOY, MOCTPOEHHBIA IO CXEME C
oOmmM  sMutTepoMm. [lpeaenbHO [OMyCTUMBIE MapaMeTphbl
TpPaH3UCTOPA.

Paznen 4 OnTo3/IeKTPOHHUKA.
4.1. ®OTO3IEKTPUIECKUE U U3TydaTeIbHbIC TPHOOPHI.

DoTOpPE3UCTOPhl, UX KOHCTPYKLHUS, XapPaKTEPUCTHKUA U
napameTpsl. Pu3nueckue IMporeccsl B p-N-liepexoae Ipu
posugeiictBun  cBeta. ®oto OJIC. dororaabBaHHYECKHE
aneMeHThl. DOTOIMOMABI, OCHOBHBIE PEXKUMBI HUX pPaOOTHI
XapakTepucTuku U napamerpsl (GoToanoa0B. OCHOBHBIE THUIIBI
dorommomoB.  DOTOTPAH3UCTOPBI:  MPUHIUN  JCHCTBHS,
XapaKTePUCTUKH, MapaMeTphl. Ob6mactu  TpUMEHEHUs
Pa3IUYHBIX THUIIOB TOJYIPOBOJIHUKOBBIX (DOTOIIEKTPUUECKHUX
npubopoB. M3myuaroiue noaynpoBOJHUKOBBIE TPUOOPHI U UX
MIPUMEHEHUE.

4.3. Tlpaktudeckue (cCeMUHAPCKUE) 3aHATHUS
TeMmbl MpakTUUECKUX 3aHATHIA U UX TPYJOEMKOCTb IPUBE/CHBI B TAOIUIIE 5.

Tabauna 5 — [IpakTuueckue 3aHsITHs U UX TPYJI0EMKOCTh

N3 Hux No
Tembl Dopmsbl o
Ne TpyroemMKOCTh, | IPaKTUYECKOH | pa3aena
MPAKTHYECKHUX MPAKTUYECKHUX
/1 o o (dac) MMOATOTOBKH, | JWCIIMIT
3aHATUI 3aHATUN
(gac) JIMHBI

VY4eOHbIM MJIaHOM HE IPEAYCMOTPEHO

Bcero \ \ \

4.4. JlabopaTopHbIE 3aHATHS
Tembl 1a00paTOPHBIX 3aHATHIA U UX TPYTOEMKOCTh TPUBEICHBI B TAOIHIIE 6.

Tabnuua 6 — JIaGopaTopHble 3aHATHS U UX TPYIOEMKOCTb



N3 Hux Ne
e HaumenoBanne 1ab0opaTopHbBIX paboT TpyROCMKOCTS, | IPaKTHUECKOH | pasiena
/1 (dac) MOJATOTOBKH, | HUCIIMII
(dac) JIUHBI
Cemectp 4
1 | OnpeneneHue MMUPUHBI 3aMIPEIICHHON 30HBI 2 1
MOJTYTIPOBOJIHUKOB
2 | UccienoBanue BBITPSMUTEIBHBIX THOIOB 4 2
3 | UccnemoBanue moiaeBbIX TPAH3UCTOPOB C 6 3
YIPaBJISIEMBIM (P-N) MEPEX0I0M
4 | MccnenoBaHue MOJIEBBIX TPAH3UCTOPOB C 6 3
U30JIMPOBAHHBIM 3aTBOPOM
5 | UccnenoBanue OUIONSIPHBIX TPAH3UCTOPOB, 6 3
BKJIFOUEHHBIX II0 CXEME ¢ 001Iei 0a30i
6 | UccnemoBanue OUIONSIPHBIX TPAH3UCTOPOB, 6 3
BKJTIOYCHHBIX 110 CXEME C OOIIUM
IMHUTTEPOM
7 | UccnemoBanue poTOTPaH3UCTOPOB 4 4
Bcero 34

4.5. KypcoBoe nmpoeKkTHpOoBaHHEe/ BHIIOIHEHUE KypCOBOW pabOTHI
Y4eOHBIM MJIaHOM HE MPEAYCMOTPEHO

4.6. CamocrosTenbHas padboTa 00y4aromuxcs
Bunbl caMmocTosTenbHON pabOTHI B €€ TPYA0EMKOCTh IIPUBEICHBI B TA0IHIIE 7.

Tabnuna 7 — Buabsl camocTosTenbHON paboThl M €€ TPYA0EMKOCTh

. Bceero, | Cemecrp 4,
Bun camocrositenbHO# paboTh
qac qac
1 2 3
N3y4yeHne TeopeTHueckoro MaTepuania 32 30
nucturauael (TO)
Kypcooe npoekrupoanue (KII, KP)
PacuetrHo-rpaduueckue 3ananus (PI'3)
Boinonnenue pedepara (P)
ITonroroBka K TeKyieMy KOHTPOJIIO 18 18
ycneBaemoctu (TKY)
Jlomamnee 3ananue ([13)
KonTponbuble padoTsl 3a0uHUKOB (KP3)
IToaroroBka K IpOMeEKyTOYHON 8 8
arrecrauuu (ITA)
Bcero: 58 58

5. Ilepedyens yueOHO-METOUIECKOTO 0OECTICUCHUS
JUIS CAMOCTOSITENIbHON PabOoThl 00yUarOMKXCsl [0 JUCHUIUTMHE (MOJTYJIIIO)
Y4eOHo-MeToAMYEeCKrEe MaTepHalIbl JI1 CAMOCTOSITENIbHOM paboThl 00yUaroIMXCsl YKa3aHbl B I1.11.
7-11.



6. IlepeueHb MEYaTHBIX U ANEKTPOHHBIX YUEOHBIX W3aHUN
IlepedyeHpb neyaTHBIX U 3JIEKTPOHHBIX YUEOHBIX M3/1aHUH NpHUBeeH B Tabaule 8.
Tabmuua 8— IlepeyeHp Me4yaTHBIX U AJICKTPOHHBIX YUEOHBIX H3AAHUHN

Komuectso 3x3eMInIsIpoB B
UFLQLII_H;%:[I;)/ec bubnuorpaduyeckas ccpiika (@oﬁgiﬁgﬁ;m
IK3EMILISIPOB)
621.38 ByabiueB, Anarosni 3
b 90 Jleonn10BU4. DJIEKTPOHHBIE
npubopsl: yueOHoe
nocobue / A JI. bynerues, B. A.
[Ipoxopenko. - MuHck : Boici.
mk., 1987.-315 c.
621.315.5/.61 | Ilerpos, K. C. Pagnomarepuaiisi, 4
1130 PaAMOKOMITIOHEHTHI U JIEKTPOHUKA!
yuebnoe nocooue / K. C.
[Tetpos. - CII0.: IIUTEP, 2006. -
522 c.
ISBN 5-94723-378-9
621.38 umkun, I'. T'. DnexTpoHuka: 4
165 yueOHuk/I". I'. Ilnmkun, A. T
[umkun. - M.: Ipoda, 2009. -
703 c.

7. IlepeyeHb IMEKTPOHHBIX 00OPa30BATEIBHBIX PECYPCOB
nH(}OPMaLMOHHO-TEIIEKOMMYHHUKAITMOHHOM ceTn «IHTepHeT»
[lepeuens AIIEKTPOHHBIX o0pa3oBaTeNbHbIX pecypcos MH(pOpPMaLOHHO-
TEJIeKOMMYHUKAIIMOHHONH ceTu «UVHTepHeT», HEOOXOAMMBIX MJii OCBOCHHUS TUCIUILIAHBI
npuBezieH B Tabnuue 9.

Tabmuma 9 — IlepedyeHb DJIEKTPOHHBIX O0pa30BaTEIbHBIX PECYpPcOB HMH(POPMAIIMOHHO-
TEJICKOMMYHUKAIMOHHOU ceTH «/HTepHeT)
URL agnpec HanmenoBanune

8. Ilepedens MHPOPMAITMOHHBIX TEXHOJIOTUI
8.1. [lepeyeHp mporpaMMHOr0 o0OecCHeueHHs,, HCIOJIb3yEMOI0 MpH OCYLIECTBICHUU
00pa30BaTENILHOrO MpoIecca M0 AUCLHUILINHE.
[lepeueHpb uCnonbp3yeMoro NporpaMMHOro odbecredeHus npejacranieH B Taduuie 10.

Tabmuna 10— [TepeueHs mporpaMMHOT0 00€CIICUCHHS
No mi/mm HanmenoBanue

He npenycmorpeno

8.2. IlepeueHp MH()OPMALIMOHHO-CITPABOYHBIX CHCTEM,UCII0Ib3YEMBIX npu
OCYIIECTBJIEHUU 00pa30BaTEILHOTO MPOIIecca MO JUCIUIINHE

HepequL HCIOJIb3YCMBbIX I/IH(I)OpMaLII/IOHHO-CHpaBO‘-IHLIX CUCTCM NPCACTABJICH B Ta6JII/II_[e
11.



Ta6mmma 11— [lepeyersr nHOOPMAITMOHHO-CIIPABOYHBIX CHCTEM
Ne n/m HaumenoBanue

He npenycmotpeno

9. MarepuanbpHO-TeXHUYECKast 6a3a
CoctaB  MaTepUAIbHO-TEXHUYECKOH 0a3bl, HEOOXOIUMOW Ui  OCYIICCTBICHUS
00pa30BaTeNBLHOTO MpoIiecca MO TUCIUTUIMHE, IPEICTaBIeH B Tabmuiel 2.

Tabauna 12 — CoctaB MaTepHalibHO-TEXHIUUECKON 0a3bl

Ne HanmeHnoBaHnue cocTaBHON 4acTH Howmep aynuropun

/1 MaTepUaIbHO-TEXHUYECKOMN 0a3bl (npu HEOOXOIUMOCTH )
JlexumoHHas ay IUuTOpUs 24-02 (yn. 'actemnno, 15)
JIaGoparopust DNEKTPOHUKH 22-09 (yn. I'actenno, 15)

10. OueHouHble cpeACTBa Uil IPOBEICHUS TPOMEKYTOUHOM aTTeCTAIlH
10.1. CocTaB OIIEHOYHBIX CPEICTBAJS MPOBEACHUS IPOMEKYTOYHOM aTTeCTAIlUH
oOydaromuxcs Mo AUCUUIUINHE MPUBEAeH B Tabnuue 13.
Tabmuna 13 — CocTaB OIEHOYHBIX CPEJCTB JIJIsl IPOBEACHHMSI IPOMEKYTOYHON aTTeCTaIlluU

Buj npoMexyTOYHOH aTTecTaluu [TepedeHb OLIEHOYHBIX CPEJCTB
DKk3aMeH Crucok BONPOCOB K 3K3aMEHY;
DK3aMeHalMOHHbIE OUIIETHI;
TecTsl.

10.2. B kayecTBe KpUTEpUEB OICHKH YPOBHA C(HOPMUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00y4YarolMMucs MpUMEHseTcsl 5-0ajuipHas IIKaja OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETEHIIUM, KOTopas npuBeaeHa B Tabauie 14. B TeueHue cemecTpa MOXKET UCIOJIB30BATHCS
100-0annpHast mKaga MOIYIbHO-PEHTHUHIOBOM CCTEMBl Y HUBEPCUTETA, ITPABUIIA UCTIOIb30BAHUS
KOTOPOM, YCTaHOBJIEHBI COOTBETCTBYIOILUM JIOKaJIbHBIM HOpMaTUBHBIM akToM 'Y AIL.

Tabmuua 14 —Kpurepuu oLieHKH YPOBHSI CPOPMHUPOBAHHOCTH KOMIETEHIUH
OuieHKa KOMIIETEHIIMU
S-OayuTbHas 1IKana

XapakteprcTrka COpMUPOBAHHBIX KOMITETECHITHIA

— o0yuaromuiicss T1yOOKO W BCECTOPOHHE YCBOWUI MPOTPaAMMHBIN
MaTepuan;

— YBEpPEHHO, JIOTHYHO, ITOCIICI0BATEIHLHO U TPAMOTHO €T0 M3JIaracr;,
— ONMpasiCh Ha 3HAHUS OCHOBHOW W JIOTIOJHHUTEIBHOW JIUTEPATYPHI,
TECHO TPUBSA3BIBAET yCBOGHHBIE HAyYHbIE  TOJOXKEHUS C
MPaKTUYECKON JAESITeNbHOCThIO HAIIPaBJICHHUS,

— yMeJ10 000CHOBBIBAET M ApTYMEHTUPYET BBIJIBUTACMBIC HM HJIEH;

— JIeJIaeT BBIBOJBI M 000OIICHHUS;

— CBOOOJTHO BJIQJICET CHCTEMOM CIEIUATU3HPOBAHHBIX MOHATHM.

— o0yuaromuiicss TBepJ0 YCBOMWI MPOTpaMMHBINA MaTepuai, FpaMOTHO
W 10 CYIECTBY H3JaraeT ero, ONHpasch Ha 3HAHUS OCHOBHOM
JIUTEPATYPHI,

— He JIOMYCKAaeT CYIECTBEHHBIX HETOYHOCTE;

— YBSI3bIBA€T YCBOCHHBIC 3HAHUS C TMPAKTUYECKOW JESATEIBHOCTHIO
HaIpaBJICHUS;

— apTYMEHTUPYET Hay4IHBIC TTOJIOKEHUS,

— JIeJIaeT BBIBOABI M 000OIIEHHUS;

— BIIaJICET CHCTEMOM CIIEI[HaIN3UPOBAHHBIX HOHSITHH.

«OTIIMYIHO»
<«GavYTCHO»

«XOpPOLIO»
<«GavYTCHO»




Or11eHKa KOMITETEHITHN

5-0autbHad mIKaIa

XapakreprcTrka ChOpMUPOBAHHBIX KOMITCTECHITHIA

«YyIOOBJICTBOPUTEIIBHO»
«GavYTCHO»

— o0yyarouuiicss yCBOWII TOJIbKO OCHOBHOM NMPOTrpaMMHBIN MaTepHal,
10 CYLIECTBY M3JIaraeT €ro, ONMpasch Ha 3HAHUS TOJBKO OCHOBHOM
JUTEPATYPHI,

— JIOMYCKaeT HeCYIECTBEHHbIE OIIMOKN U HETOYHOCTH;

— UCTIBITHIBAET 3aTPYJHEHHS] B IMPAKTHUECKOM NMPUMEHEHHH 3HAaHUN

HaIlpaBJICHUS;
— cJ1a00 apryMEeHTUPYET HayUHBbIE M10JIOKEHHUS;

— 3aTpyAHseTCs B (OPMYIMPOBAHUU BBIBOJOB U 0000IIIEHUN;
— YaCTUYHO BJaJIeeT CUCTEMOM CrellMaTu3uPOBAHHBIX MTOHITHA.

«HEYOOBJICTBOPUTECIILHO»
«HC 3a4YTCHO»

MarepHaia;

— JIOMYCKAaeT CYIIECTBCHHBIE ONIMOKU U

— HE MOXKET apryMEHTHPOBATh HAYYHBIC TTOJOKCHHS;
— He (OpMYIHUPYET BBEIBOJOB U 0000OIIEHHIA.

— o0yyarouuiicss He YCBOWJI 3HAUMTEIbHOW YacTU MPOTrPaMMHOIO

HETOYHOCTU  TpHU
paccMOTpeHHH MPo0JIeM B KOHKPETHOM HAIPaBIICHUY;
— UCTIBITHIBAET TPYAHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMUIA;

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM UHBIC MaTSPHAIIBI.
Bompocsr (3amaun) nis sK3aMeHa IpeIcTaBlIeHbl B Tadimie 15.

Tabmuma 15 — Borpocs! (3agaun) 115 2K3aMeHa

Ne i/m [Tepeuens BompocoB (3a7a4) A7 SK3aMeHa Koz
MHAMKATOpa
1 [TomynpoOBOIHUKH C COOCTBEHHOH JIEKTPONPOBOAHOCTHIO. OIIK-1.3.1
2 [ToaynpOBOAHUKHU C 3JIEKTPOHHOM JIEKTPOIPOBOJAHOCTHIO OIIK-1.V¥.1
3 [TonynpOoBOAHUKH C ABIPOYHOM JIEKTPONPOBOJIHOCTHIO. OIIK-1.B.1
4 JpeticdoBsiii u qrddy3uoHHBIN TOK B OJYIPOBOIHUKAX. OIIK-2.3.1
&) DEeKTPOHHO-JBIPOUHBIN ITepexo/i B cocTosiHUU paBHOBecusi. | OIIK-2.Y.2
6 [Ipsimoe u oOpaTHOE BKIKOYEHHE pP-N-Iiepexoa. OIIK-2.B.1
7 Teopernyeckas U peanbHas BOJIbTaMIIEPHAS OIIK-1.3.1
XapakKTCpUCTHKA p-N-II€pexoaa.
8 Buasl npoboeB p-N-niepexojia U UX 0COOEHHOCTH. OIIK-1.V.1
9 EmkocTH p-n-nepexona. OIIK-1.B.1
10 BolnpsiMUTENIbHBIE JUOBIL. OIIK-2.3.1
11 OaHOMOIYNEPUOIHBIN BBITPSIMUTENb — PUHIIUIT €70 OIlIK-2.Y.2
JEUCTBUS.
12 Bimstnue remneparypsl Ha BOJIbTaMIIEPHBIE OIIK-2.B.1
XapaKTEepUCTUKH MOJYNPOBOIHUKOBBIX TUOJIOB.
13 I'paduueckuii MeTo]1 onpeaeneH s napaMmeTpoB padbodero OIIK-1.3.1
pEeKUMa MOJTYTIPOBOAHUKOBBIX JIMOJIOB.
14 [TomynpoBOIHUKOBBIE CTAOMIIUTPOHBI, CHIEIIHATIbHbIE OIIK-1.V.1
napaMeTphl MOJTYIPOBOJIHUKOBBIX CTAOMIMTPOHOB.
15 Amnanu3 paboThl MOJYIPOBOIHUKOBOIO CTa0MIIN3aTOpa OIIK-1.B.1
HANPSHKCHUS C TIOMONIBIO JIMHUN HArPY3KH.
16 Bapukarbl, cxembl BKJIIOUEHUS B DJIEKTPUUECKYIO LIEMD, OIIK-2.3.1
HKBUBAJICHTHAs CXeMa BapHKara M ero OCHOBHBIC
apaMeTphl.
17 TyHHENbHBIE JUO/IbI, OCHOBHBIE TAPAMETPHI TYHHEIBHBIX OIIK-2.V.2
JIMO/IOB, aHAJIU3 BOJIbT-aMIIEPHON XapaKTePUCTUKU
TYHHEJIBHOTO JTMO0Ja C TIOMOIIBI0 DHEPTETHIECKUX
JMarpaMm.




18

CrpyKTypa ojeBoro TpaH3uCTOpa ¢ yHpaBiAOLUM p-N
NePEeX0A0M M IPUHLUI €ro PadOTHL.

OIIK-2.B.1

19

3JICKTpI/I‘-IeCKI/IC CXCMbI BKJIFOUCHUS TTOJICBBIX TPAH3UCTOPOB
C YIPAaBJIAOIHM p-n NEPEXOJ0M U UX 0COOEHHOCTH.

OIIK-1.3.1

20

CeMeicTBO CTOKOBO-3aTBOPHBIX XaPAKTEPUCTUK MOJIEBBIX
TPaH3KCTOPOB C YIIPABIAIOIIMM P-N IEPEXOIOM H UX
0COOEHHOCTH.

OIIK-1.V.1

21

CeMelCTBO BBIXOTHBIX XapPaKTEPUCTHK IOJICBBIX
TPAH3UCTOPOB C YMPABJISIONIAM P-N IEPEXOJIOM U UX
0COOEHHOCTH.

OIIK-1.B.1

22

3aBUCUMOCTh KOH(PUTYpALIUU «KaHAJIa) MOJIEBBIX
TPAH3UCTOPOB C YIPABISAIOIINUM P- N IEPEXOJIOM OT
W3MEHEHHUS HAPSDKEHUSL «CTOK-UCTOK» IIPU ITOCTOSSHHOM
HaIPSKEHUU «3aTBOP-UCTOK.

OIIK-2.3.1

23

I'padmyeckuit ciocod MOCTPOCHUS CTOKOBO-3aTBOPHBIX
XapaKTePUCTHK IO BBIXOJHBIM XapaKTEPUCTUKAM IOJIEBBIX
TPaH3UCTOPOB C YIPABJISIOLUIMM P-N IEPEXOJIOM.

OIIK-2.Y¥.2

24

Crpykrypa M/III noneBoro tpansucropa ¢
CMHAYLIHPOBAHHBIMY) KAaHAJIOM W MIPUHIUII €r0 paboTHI.

OIIK-2.B.1

25

Onektpuyeckue cxembl BkItoueHuss M/II1 monessix
TPAH3UCTOPOB C «UHYLUPOBAHHBIMY» KAHAJIOM U UX
0CcOOEHHOCTH.

OIIK-1.3.1

26

CemelcTBO CTOKOBO-3aTBOPHBIX XapakTepucTtuk MJIIT
MOJIEBBIX TPAH3UCTOPOB C «MHIAYLHUPOBAHHBIMY» KaHAJIOM U
UX 0COOEHHOCTH.

OIIK-1.V.1

27

CemelicTBO BbIXOJHBIX XapakTepuctuk M/IIT nonesbix
TPaH3UCTOPOB C «MHAYLUPOBAHHBIM» KaHAJIOM U MX
0COOCHHOCTH.

OIIK-1.B.1

28

Crtpyktypa M/II1 noneBoro TpaH3ucTOpa CO «BCTPOCHHBIMY
KaHAJIOM W IPUHITUT €10 pabOTHI.

OIIK-2.3.1

29

Dnektpuueckue cxeMbl BKItoueHust M/ monesbix
TPaH3UCTOPOB CO «BCTPOEHHBIMY» KaHAJIOM M UX
0COOEHHOCTH.

OIIK-2.¥.2

30

CeMelicTBO CTOKOBO-3aTBOPHBIX XapakTepuctuk MJIIT
MIOJIEBBIX TPAH3UCTOPOB CO «BCTPOECHHBIM» KaHAJIOM U UX
O0COOEHHOCTH.

OIIK-2.B.1

31

CemelicTBO BbIXOJHBIX XapakTepuctuk M/IIT nonessix
TPaH3UCTOPOB CO «BCTPOCHHBIMY» KAHAJIOM U UX
0COOEHHOCTH.

OIIK-1.3.1

32

JuddepenunanbHble WM MaJIOCUTHATIBHBIE TTApaMeTpPhl
10JIEBBIX TPAH3UCTOPOB.

OIIK-1.V.1

33

PabGora moneBbIx TPAH3UCTOPOB B JUHAMHUUYCCKOM PCIKHUME.

OIIK-1.B.1

34

Otnnune onpenenenus nuddepeHIanIbHbIX TapaMeTpOB B
JUHAMHYECKOM PEXHUME OT X ONPEIEIIEHUS B CTATHYECKOM
pEXUME.

OIIK-2.3.1

35

YCTpONCTBO U KOHCTPYKTUBHBIE OCOOEHHOCTH OHITOSIPHBIX
TPaH3UCTOPOB.

OIIK-2.YV.2

36

DNEKTPUUECKHUE CXEMbI BKIIOUCHHS OUTIONISPHBIX
TPaH3UCTOPOB U UX OCOOEHHOCTH.

OIIK-2.B.1

37

PaGota GUMoNspHOTO TpaH3UCTOPA, BKIOYSHHOTO IO CXEMe
c o0mieit 6a30i1, B peKUMax «OTCEUKU» U «HACHIIICHUSD.

OIIK-1.3.1




38

PaboTa GUNOISIPHOTO TPAaH3UCTOPA, BKIIOYEHHOTO MO CXeMe
c o0mieit 6a30i, B «<AKTUBHOM) PEXHUME.

OIIK-1.V.1

39

CeMelcTBO CTaTUYECKUX BXOJIHBIX XapaKTEPUCTUK
OMITONIIPHOTO TPAH3MCTOPA, BKIKOYEHHOTO IO CXEME C
o61elt 0a30i, 1 ©X 0COOEHHOCTH.

OIIK-1.B.1

40

CeMelCTBO CTaTHYECKUX BBIXOIHBIX XapaKTEPUCTHK
OWIIOJISIPHOTO TPAH3UCTOPA, BKIIOYCHHOTO IO CXEME C
oOm1el 0a30i, 1 UX 0COOEHHOCTH.

OIIK-2.3.1

41

Paborta OMMONSPHOTO TPAaH3UCTOPA, BKIIOYCHHOTO IO CXEME
C OOIIIMM SMUTTEPOM, B PSKHUMAX «OTCECUKI» U
«HACBIIICHUSD.

OIIK-2.Y¥.2

42

Pa6oTa GunosiasipHOro TpaH3UCTOPA, BKIOYEHHOTO IO CXEMe
C O0IIMM SMUTTEPOM, B KAKTUBHOMY» PEKHME.

OIIK-2.B.1

43

CeMmeicTBO cTaTHUECKUX BXOJHBIX XaPaKTEPUCTUK
OUIIONIIPHOTO TPAH3HUCTOPA, BKIFOYEHHOTO IO CXEME C
OOIIMM SMUTTEPOM, U UX OCOOCHHOCTH.

OIIK-1.3.1

44

CeMeicTBO CTaTHUECKUX BBIXOTHBIX XapaKTEPUCTHK
OUITOJIIPHOTO TPAH3KMCTOPA, BKIFOYCHHOTO IO CXEME C
OOIIMM SMUTTEPOM, H UX OCOOCHHOCTH.

OIIK-1.V.1

45

Cxema BKJIHOYEHHsI OUIIOISIPHOTO TPAH3UCTOPA ¢ OOLIUM
KOJIJICKTOPOM B «aKTUBHOM» PEKUME U €€ 0COOCHHOCTH.

OIIK-1.B.1

46

Cucrema H nmapamerpoB OUTIONISIPHBIX TPAH3UCTOPOB.

OIIK-2.3.1

47

@DOTOTpaH3UCTOP, YCTPOUCTBO U MPUHIIMII JCHCTBUSI.

OIIK-2.¥.2

Bomnpocsr (3amaun) nis 3avera / qud . 3auera npeacTaBieHsl B Tadauie 16.

Tabmuna 16 — Bonpocs! (3agaun) ams 3adera / qudd. 3adera

Ne i/t

[Tepedyens BonpocoB (3a1av) mist 3adeta / nudd. 3auera

Kon
WHJMKAaTOpa

Y4eOHBIM MJIaHOM HE IPEIYyCMOTPEHO

[lepeueHp TeM [ KypcOBOTO MPOEKTHPOBAHUSA/BBIIIOJHEHUS KYypCOBOM pabOThI
MpeJICTaBIeHbI B Ta0nuie 17.
Tabauna 17 — IlepeyeHb TeM Juisi KYpCOBOI'O MPOEKTUPOBAHMSI/BBIIIOJIHEHUSI KYPCOBOM pabOThI

[TpumMepHbIii IepeyeHb TeM Ui KypCOBOTO POEKTUPOBAHUS/BITIOIHEHHS

Ne n/nn .
KYpCOBO# pabOThI
Y4eOHbBIM MJIAHOM HE IPEAYCMOTPEHO
Bompocel  u1si  mpoBeleHUsT NPOMEXYTOUHOM aTTECTallMM B BHJE TECTUPOBAHMUS

IpeJICTaBICHBI B Ta0wmie 18.

Tabnuna 18 — [IpumepHBbIi IepeueHb BOIIPOCOB JUIsI TECTOB

Ne . Kon
[TpumepHBIii TepeueHb BOMPOCOB IS TECTOB

n/n UHIUKATOpa

1 Kakue nBa OCHOBHBIX THIA NPHMeECHBIX mnouaynposoaHukos | OIIK-1.3.1

CyLIEeCTBYIOT?

(Bovioepume 00un unu HeCKoIbKO RPAGUTLHBIX ONEEN08)
IHoynpoBOAHMKH P-THIIA

IHorynpoBOAHMKH N-THIIA

[TonmynpoBOAHUKH (-THIIA




e [lomynpoBOOHUKY Z-THIIA

Kakue 1Ba 0CHOBHELIX CBOMCTBA Auoaa? OIIK-1.V.1
(Bvioepume 00un unu HeCKoJIbKO RPABUTLHBIX ONEENO06)

e VYCWIECHHE CUTHaNA

e [IIponyckaHue TOKAa B OJIHOM HANPABJIEHUH

e BpinpsiMiieHHe ePeMEHHOT0 TOKA

e Cralunu3zanus TemMepaTypbl
YUro mnpoucxoauT ¢ MNPOBOAUMMOCTHIO mogaynpoBoaHuka mnpu | OIIK-1.B.1
U3MEHEHUM TeMIeparypbl?
(Bvioepume 00uH unu HecKOJ1bKO NPABUIbLHBIX OMEEN08)

e OHa yMeHbIIAETCs MPHU MOBBIIICHUN TEMIIEPATYPHI

e OHa yBeJMYHBAETCS NMPHU NOBbILIEHUU TEMIIEPATYPbI

e OmHa ocTaéTCcsi HEU3MEHHOM

e OnHa yMeHbIIAETCS NPH NOHUKEHUH TeMIIePaTyPhbl
Kakme 1Ba OCHOBHBIX TmpuMeHeHusi TpaH3ucTtopoB B | OIIK-2.3.1
MOJIyNIPOBOIHUKOBOM 3JIeKTPOHUKE?
(Bvioepume 00uH unu HecKOJbKO NPABUILHBLX OMEEN08)

e YcuieHue CMrHajIa

e YmnpasieHHe TOKOM

e XpaHEeHHE SHEPruu

e Co3znanue pP-n nmepexoaa
Kakmue npoueccobl BIUSIIOT HA NIPOBOAUMOCTD MOJIYIIPOBOAHUKA? OIIK-2.V.2
(Bvioepume 00uH unu HeCKOJIbKO RPAGUTbHBIX ONEENO06)

e JlermpoBanue

e [lonspuzanus

e Houusanusa

e Temneparypa
Kakmue 30HBI P-N nepexoaa UMEKT KJIKOYeBoe 3HaYeHne? OIIK-2.B.1
(Bovioepume 00un unu HeCKoIbKO RPAGUTLHBIX ONEENO8)

e 30Ha HaCBIILIEHUS

e 3oHa o0egqHeHUst

e AKTHBHasf 30HA

e IIpoBoxsmas 30Ha
YnopsizoubTe 3Tanbl padorel p-n  mepexoga npu mpsimom | OIIK-1.3.1

CMeIlleHUM:
(Pacnonoxcums 6 npasuibHoll ROC1€008amMenbHOCHU)
e Hauano Toka yepes nepexon
e VYMeHblICHHE 30HbI 00€THEHUS
e [IpwioxeHue HanpsHKEHUS K IEPEXOTY
e [Ipeononenue MOTEHLUATBHOTO Oapbepa
IIpaBuibHas nocjenoBaTebHOCTh: 3, 2, 4,1




8 Pacnosioskure B mpaBMIbHOH mociaenoBatenabHocTH J3Tanbl | OIIK-1.V.1
(¢opMupoBaHus p-n nepexojaa:
(Pacnonoxcumos 6 npasuibHoll ROC/1€006ame1bHOCIU)
e CoenuHeHue o00IaCTeH p-TUIIA U N-TUITA
e  ®opMupoBaHUE 30HBI 00 THEHUS
e VYcTaHOBIJIEHHE PABHOBECHOTO COCTOSIHUS
e Pacnpenenenue CBOOOIHBIX HOCUTEJIeH 3apsaa
IIpaBuibHas nocjaenoBareibHocTh: 1, 4, 2, 3
9 YnopsizoubTe 3Tanbl padorbl moaynpopogHukosoro amona B | OIIK-1.B.1
peskuMe 00paTHOr0 CMelleHHsI:
(Pacnonoxcums 6 npasuibHOl ROC/1€008aAMENbHOCHIN)
e Bo3spacranue 30Hb 00 AHCHUS
e [Ipunoxenue oOpaTHOTO HANPSHKEHUS
e VYMeHbIICHHE 00PAaTHOTO TOKA Yepe3 Mepexo.
e VBenuueHue HOTEHLUATBHOIO Oapnepa
IIpaBuibHas nocjenoBaTedbHoOCTh: 2, 1, 4, 3
10 Pacnonoxure marm padorel  crabuinurpona B pexkume | OIIK-2.3.1
CTA0OWIIN3AIUY HATIPSIKEH NS :
(Pacnonoxcumos 6 npasuibHoll ROC/1€006AmMe1bHOCHU)
o [Ipunoxenue 0OpaTHOrO HAIPSKEHUS
e [lepexoa B pexxuM JaBUHHOTO MPOOOS
e VYcraHoBIIeHHE CTAOMIBHOTO HANIPSKEHUS
e CriaxuBaHue HaIPsKEHUS B enu
IIpaBuibHasi mocJje0BaTeJbHOCTh: 1, 2, 3, 4
11 YnopsinoubTe 3TANbI CO3aHUS HHTEIPAJBLHOM CXeMbI: OIIK-2.Y.2
(Pacnonoscums 6 npasuibHoil ROC1€006aMeENbHOCHU)
e  dopMupoBaHUE NOJIYITPOBOJHUKOBOU MOIOKKH
e JlermpoBaHue obyacTeil Kpucraiia
e [IpumeHeHUE METAIUTOKCUIHBIX COSIUHEHUH JIsI KOHTAKTOB
e [loaxmoueHue BBIBOJIOB u KopImyca
IIpaBuibHas mociaenoBareabHocTh: 1, 2, 3, 4
12 Conporusiienue MOJIYIIPOBOIHUKA npu nospimenun | OIIK-2.B.1
TeMIepaTrypsbl
(Bvioepume npasuivHblit omeem)
e VYBenuuuBaeTcs
e YMmenbliaercs
e [lpakTHuecku He U3MEHSETCS
13 Y kakux BewiecTB Ha JHepreruuyeckoil aumarpamme BasgeHtHas | OIIK-1.3.1

30HA NPUMBbIKAaeT K 30He IPOBOAUMOCTH?
(Bvioepume npasunvuwlit omeem)

e IIpoBonHukM

e J[MAIEKTPUKH

e [lomynpoBoaHuku




14 Ypoenb @epmu — 3T0 OIIK-1.V¥.1
(Bvioepume npasuivHwlil omeem)
e DHepreTHYeCKHi YypPOBeHb B 3alpellleHHOH 30He s
MOJIYIIPOBOITHUKOB BEPOSITHOCTD MOSIBJICHHUS 3JIEKTPOHA HA
KOTOpOM paBHa 1/2.
e DHepreTUYeCKuil YpOBEHb B 3alpEHICHHOW 30HE I
MIPOBOJHUKOB BEPOSATHOCTD MOSIBIICHUS 3JIEKTPOHA Ha KOTOPOM
paBna 1/2.
e DHEpreTUYeCKUi YpOBEHb B  BAJEHTHONM 30HE  AJid
MIOJIYIIPOBOJHUKOB BEPOSITHOCTh IOSBJICHUS 3JEKTPOHA Ha
KOTOpOM paBHa 1/2.
e DHEpPreTMYeCKUd YpOBEHb B pa3pelIeHHOW 30HE IS
IIPOBOJHUKOB BEPOATHOCTD MOSIBICHUS 3JIEKTPOHA HA KOTOPOM
paBna 1/2.
15 Hosgle JHepPreTuYecKue YPOBHH B kpucraiaax | OIIK-1.B.1
NOJIYNIPOBOHUKOB MOT'YT 00Pa30BbIBAThHCH
(Bvioepume o0un unu HecKoIbKO 0mMeenoes)
e Bo3aeicTBHEM IEKTPUIECKOTO OIS
e Ilpu nedexrax KpUCTANINYECKON PelIeTKH
e BpegeHneM [Jpyrux 3j1€eMEHTOB B KPHCTALJIMYECKYIO
peuleTKy
e Bo3szaencrBueM U3nydeHUst
e TermioBbIMU MOISIMHU
16 Bri0epuTe npaBUIIbHOE YTBEP:KIEHUE OIIK-2.3.1

(Bvioepume npasunvHwlii omeem)

e Ha m0o00oM »>HEpPreTMuecKoM YpOBHE OJHOBPEMEHHO MOXKET
HaXOJUThCS HECKOJIbKO AIIEKTPOHOB. 3anonHeHue
pa3pelIeHHBIX SHEPreTHYeCKUX 30HbI HEpaBHOMEpHOE, Ooiee
HACBILIEHbI BEPXHUE 30HbBI

e Ha mo0oM 3HEpPreTHuYeckoM ypOBHE OJHOBPEMEHHO MOXKET
HAaXOJIUTBCS HECKOJIBKO JIEKTPOHOB. DJIEKTPOHBI PABHOMEPHO
3aIOJIHAIOT Pa3pelIeHHbIE YHEPreTUYECKUE 30HbI, HaYMHas C
HUDKHUX.

e Ha i1000M 3HepreTH4ecKOM ypOBHE OTHOBPEMEHHO MOKET
HAXOAUTHCH He 0osiee ABYX JJIEKTPOHOB. JJIEKTPOHBI
PABHOMEPHO 3aIOJHSIOT pa3pellleHHble YHepreTHYecKue
30HBbI, HAYMHAS C HUKHHUX.

e Ha nr000M »>HEpPreTMYecKoM YpOBHE OJHOBPEMEHHO MOXKET
HaXOJIUTHCS HECKOJIbKO AIIEKTPOHOB 3arnosnHeHne
pa3pelIeHHBIX SHEPreTHYeCKUX 30HbI HEpaBHOMEpHOE, Ooliee
HACBILEHbl HUKHHUE 30HBI

e Ha mo0OoM 3HEpreTHueckoM ypOBHE OJHOBPEMEHHO MOXKET
HAXOJIUTHCS TOJIBKO OIUH JJIEKTPOH DJIEKTPOHBI PABHOMEPHO
3aIOJIHAIOT pa3pelIeHHbIe YHEPreTUYeCKUe 30HbI, HaYuHas C
HUKHUX.




17

KakoBa npuuymMHa JierHpPOBaHUSI HCXOAHBIX MNOJYNPOBOJHUKOB
npuMecsiMu?
(Bvioepume npasunvuwlii omeem)

Juis yBesIMUeHHs1 YUCIa HOCUTeJell 3apsiioB OHOI0 MJIM
APYroro Tuia

JIns yBenu4yeHusi COnpOTUBIICHUS

Jlyis yBenmueHUs IPOOUBHOTO HAMPSKCHUS

JIns yBenuUyeHHsI MEXaHUYECKOM TPOYHOCTH

OIIK-2.¥.2

18

B kauecTBe npumeceil HCMOAb3YIOT
(Bvioepume 00un uiu HeCKoJ1bKoO 0OmMeemaos)

IIsTHBaeHTHBIE 3JIEMEHThI
HBYXBaJ'ICHTHBIG OJICMCHTbI
I‘ICTBIPGXB&J'IGHTHBIC OJICMCHTbI
TpeXBaJIeHTHbIe 3JIEMEHTBI

OIIK-2.B.1

20

BriGepuTe npaBUIIbHOE YTBEP:KIEHUE
(Bvioepume o0un unu HecKoIbKO 0mMeenoes)

B nonynpoBoaHMKE N-TWIAa MPU YBEIMUYEHUH TEMIIEPaTypbl
o0pasyercs AbIpKa B 30HE IPOBOAUMOCTH

B  moaynpoBomHuKe — n-THIA  NPH  YBEJMYCHHH
TeMIeparypbl o0pa3yercs IbIpKa B IPMMECHOMH 30He

B nonynpoBoaHMKe NI-TWIa MPU YBEIMUYEHUH TEMIIEpPaTypbl
o0pasyercsi IbIpKa B BAJICHTHOH 30HE

B  moaynpoBonHuke — @-THIA  NPH  YBeJMYEHHH
TeMIeparypbl  3HA4YMTEJbHasi  4YaCTb  JJIEKTPOHOB
NPUMECHOI 30HbI IIePeXOAUT B 30HY IPOBOJIMMOCTH.

B nonynpoBoaHMKe N-TWIAa MPU YBEIMUYEHUH TEMIIEpPaTypbl
3HAYUTEIIbHAS YacTh MNIEKTPOHOB IIPUMECHOM 30HBI IEPEXOIUT
B BaJICHTHYIO 30HY

OIIK-1.3.1

21

HeoOparuMbiM  THIOM 1pP0o00s MOJYNPOBOAHMKOBOIO JAHOAA
SIBJISIETCS
(Bvibepume npagunvHviii omeem,)

OnekTpuueckuii mpoooi
TenJsioBoii mpoodoii
TyHHenbHbIH 1poOoit

OIIK-1.V.1

22

Kakoit

NMOJIYNPOBOAHMKOBBIH NPHOOpP HCHOJB3yeTcs I

npeoopa3oBaHusi NEPEeMEHHOI0 TOKA B OCTOSIHHbIN ?
(Bvioepume npasunvnwlit omeem)

Tpan3ucrop
Jnon
doronnon
Tupucrop

OIIK-1.B.1

23

Kak Ha3pIBalOTCA BHIBOABI OUNOJISIPHOTO TPaH3ucTOpa?
(Bvioepume npasunvuwlit omeem,)

ba3sa, kosuiekTop, IMUTTEP

OIIK-2.3.1




Cerka, KaToj, aHos,

3arBop, UCTOK, CTOK

3arBOp, KOJUIEKTOP, IMUTTEP
baza, xaTon, anox

24

Yto Takoe NHKEKIUA U IKCTPAKIUA?
(Bvioepume npasunvuwlit omeem)

HNuxexunsi — BBOA B 00J1aCTh OCHOBHBIX HOCUTeJIel 3apsijia
NOJ JIeficTBHEM NPSIMOr0 HANPSKEHHUs, a IKCTPAKIUA —
HM3BJIEYeHHE HEOCHOBHBIX HOCUTEJIEH IJISl JAHHOM 00J1aCTH
noJ AeicTBMEM 00PATHOI0 HANPSIZKEeH U

WNuxekiust — BBOA B 0071aCTh HEOCHOBHBIX HOCHUTEICH 3apsa
oJl JEHCTBUEM OOpPATHOTO HANPSDKCHMsI, a SKCTPAKIUSI —
HN3BJICYCHUEC OCHOBHBIX HOCHTGHGP'I JJIs I[aHHOI\/JI 06HaCTI/I 110/
JEHCTBUEM TMPSIMOTO HAIPSHKCHHS

Nuxekius — BBOJ B 00J1aCTh OCHOBHBIX HOCUTEINICH 3apsi/ia Mo
JICUCTBUEM OOpaTHOTO HANPSDKEHHS, a OJKCTPaKuus —
H3BJIEUEHIE HEOCHOBHBIX HOCUTENEH IJIs1 JaHHOM 00JIaCTH IO
JEUCTBUEM IIPSIMOTO HaIPSLKEHUS

Wuxekius — BBOA B 0071aCTh HEOCHOBHBIX HOCHUTEIICH 3apsa
110/ HeﬁCTBHeM HpﬂMOFO HaprDKeHI/ISI, a 3KCTpaKIII/I$I —
H3BJIEUEHHE OCHOBHBIX HOCHTEJEH 111 JAHHOM 00JIaCTH IIOJ
JCHUCTBHEM OOpATHOTO HAIPSKCHHSI

OIlIK-2.Y.2

25

Kaxkoe Tpe0oBaHue NpeabABJIAETCHA K HIUPUHE 0a3bl OUIIOJIAPHOTO
TpaH3ucropa?
(Bvibepume npasunvHwlii omeem)

Ona gomxkHa ObITh 60sbie U GY3HOHHOM JJIMHBI STIEKTPOHA,
HO MEHbIIIE JITTHHBI BOJHBI DJIEKTPOHA

Omna nomkHa ObITh Oosblie 1U(PY3MOHHON UIMHBI U JTUHBI
BOJIHBI AJIEKTPOHA

Ona nokHa ObITh MeHbIIe NUGP(PY3HOHHOH AJTHUHBI H
AJUHBI BOJHBI 3JIEKTPOHA

Ona pgomwkHa OBITH paBHa MEHBIIEMY W3 3HAYCHUH
1 y3nOHHON JITMHBI M JUTMHBI BOJTHBI DJICKTPOHA

Bce oTBeTsI HEBEpHBI

OIIK-2.B.1

26

Kakyio (QyHKIHOHAJIBHYI0 CBfI3b BBIPAKAKT CTATHYECKUMU
XapaKTePUCTHUKAMM OMIIOJISIPHBIX TPAH3UCTOPOB?
(Bvioepume npasunvnwlit omeem)

CBsi3b MeXKIy TOKAMH M HANPSKEHUSMH BO BXOJHON M
BbIXO/IHOM LeNnsIX NMPU OTCTYTCBUMU HATPY3KHU

CBs3b MEXKy CONMPOTHUBICHUEM BO BXOJHOM IIEMM U TOKOM B
BBIXOJHOM LENU MPU HATMYUH HArPy3KH

CBA3p MeEXJy HanpsHKEHHEM BO BXOJHOW IEeNU U
CONIPOTUBJIEHUEM B BBIXOJAHOM LIENHU [IPU HATMYUH HATPY3KH
CBsi3b MEXIy CONPOTUBIECHUSMH BO BXOJHOM U BBIXOJHOU
LENAX TPU HATUYUU HAarpy3Ku

OIIK-1.3.1




27 Kakyw cxemy BKJ/I04eHHsi OumoJsisipHoro tpansucropa Ttakske | OITK-1.V.1
Ha3bIBAKOT «IMUTTEPHBIM MOBTOPHUTEIEM»?
(Bvioepume npasunvuwlii omeem)
e bumnosipHBIA Tpa3uCTOp, BKIFOUEHHBIH IO CXeMe C OOIIei
6a3oit
e bunonspHeld Tpa3ucTop, BKIIOYEHHBIA MO CXEME C OOIIUM
SMUTTEPOM
e bumnoasipublii Tpa3ucTop, BKJIOYEHHBbII 10 cXeMe ¢ 001uM
KOJLIJIEKTOPOM
28 Kakasa cxema  BkiwouyeHuss Oumosasipuoro  tpansucropa | OIIK-1.B.1
OJHOBPEMEHHO [aeT YCHJIEeHHEe KaK M0 TOKY, TaKk H IO
HANIPSZKEHU10?
(Bvioepume npasunvuwlii omeem,)
e bumonspHBI TPa3UCTOp, BKIIOYCHHBIA IO CXeMe C OOIIe
0a3oi
e bunoasipablii TPa3ucTop, BKIKYEHHbINH 10 cXeMe ¢ 001HM
IMHUTTEPOM
e bunonspHbeiil Tpa3ucTOp, BKIIOYEHHBIM MO CXeMe ¢ 00IuM
KOJUIEKTOPOM
29 Kakas cxema BkiIOYeHHMsi OumnoJsipHoro Ttpansucropa umeer | OIIK-2.3.1
HauOo/bllIee BXOJHOE CONPOTHBJIEHME TMPH HAUMEHbIIEM
BBIXO/THOM CONIPOTHBJICHUHU?
(Bvioepume npasunvHwlii omeem)
e bunonsapHelii TpazucTop, BKIIOYEHHBIM MO cxeme ¢ oOmieit
6a3oii
e bunonspHblil Tpa3ucTop, BKIIOYEHHBIH 110 CXEME C OOLIUM
AMUTTEPOM
e bumnojsipHblii TPa3uCTOP, BKJIIYEHHBIH 110 CXeMe ¢ 001uM
KOJIJIEKTOPOM
30 Kak  onpegensiercs  audgdepenumnanbnoe  conporunjienue | OINK-2.V.2
KOJJICKTOPHOTIO Iepexoaa OMmoIsspHOro TpaH3ucropa?
(Bvioepume npasuivHblil omeem)
e Kak cooTHOmIeHHMe mNpUpalleHUs] HANPSKeHUsl Ha
KO/UICKTOPDHOM  NepexoAe K  NPHPALICHHI0  TOKA
KOJIJIEKTOPA MPH NMOCTOSHHOM TOKe 0a3bl HJIHM SMUTTEpa
e Kak cooTHomeHMe  NpUpallleHUs  HaNpsHKEHUs  Ha
KOJUIEKTOPHOM IE€pPEX0/ie K IMPHUPAIICHHUIO TOKA KOJIJIEKTOpa
[P MIOCTOSIHHOM HAIpsKEHUH KOJUIEKTOP-3MUTTEP
e Kak cooTHomeHue  mpUpallleHUs  HaNpsHKEHUS  Ha
KOJUIEKTOPHOM IE€pPEX0/ie K IMPHUPAIICHHUIO TOKAa KOJIJIEKTOpa
MIPU MIOCTOSIHHOM HAaIpshKEeHUH SMUTTEPHOTO Mepexoaa
e Bce OTBETHI HEBEPHBI
31 Kak omnpeneasierca  nuddepenuunanbnoe  conporusiaenue | OIIK-2.B.1

IMHUTTEPHOIO Mepexoaa OUNoJsIPHOro TpaH3ucTopa?
(Bvioepume npasunvuwlit omeem,)




e Kak cooTHOIIEHNE TPUPALECHNS] HANIPSDKEHNS HA DMUTTEPHOM
nepexofe K MPHUPAIIEHUI0 ToKa 0a3bl HpPHU MOCTOSHHOM
HaNpPsDKEHUHU Ha KOJUIEKTOPHOM I1EPEXOIe

e Kak cooTHOmIeHHMe TpHUpAaIlleHUs] HaNpsiKeHUs Ha
3MUTTEPHOM Iepexo/ie K NPUPAILeHN 0 TOKA SMUTTepa pH
MOCTOSIHHOM HANPSIZKEHNH KOJJIEKTOP-3MHUTTEP

e Kak cooTHomeHuMe  OpUpallleHUs  HANpsSOHKEHUs  Ha
KOJUIEKTOPHOM IIE€pPEX0Je K IMPUPALICHUI0 TOKa 0a3bl MpHU
IIOCTOSTHHOM HaNps’KEHUH Ha SMUTTEPHOM IIEpEX0/ie

e Bce 0TBEThI HEBEPHBI

32 Kakoii Tpan3ucTop Ha3biBaeTcs MoJeBbIM? OIIK-1.3.1
(Bvioepume npasunvuwlii omeem)

e JT0 TPAH3UCTOP, YCHJIMTEJIbHbIE CBOWCTBA KOTOPOIO
00yc/I0BJICHBI TIOTOKOM OCHOBHBIX HOCHTeJeil 3apsiia
O/THOT0 3HAKA, IPOTEKAIIIHMM Yepe3 NPOBOASIIMN KaHaJ,
U YIPaBJsieMbIM 3JIEKTPHYECKHUM I10JIeM

e DTO TpPaH3UCTOP, B KOTOPOM (U3UYECKHE MPOIECCHI
00yCIIOBIJIEHBI IEPEHOCOM HOCHUTENEH 3apsiia 000X 3HAKOB —
WHXeKuuel u nuddy3neil HEOCHOBHBIX HOCHTENEH, Apeiidom
OCHOBHBIX U HEOCHOBHBIX HOCHUTEJIEH 3apsiia

e DOTO TPaH3UCTOp, YCWIMTEIbHBIE CBOWCTBA KOTOPOTO
00YCIIOBIICHBI TIOTOKOM OCHOBHBIX HOCHTEIICH 3apsiia pa3HbIX
3HAKOB, MPOTEKAIOIIMM 4Yepe3 MPOBOAAIIMN KaHAl, U
YIPABISEMBIM IEKTPUUECKUM TOKOM

e DTO TpaH3UCTOp, B KOTOPOM MAaJEHbKUH TOK 3aTBOpa
MIO3BOJIIET YNPABIATH OOJIBIIMM TOKOM CTOK-UCTOK

33 Kaxkmne BBIICJISIIOT OCHOBHBIC  INapaMeTpbl nosaesbix | OIIK-1.V.1
TPAH3UCTOPOB?
(Bvibepume npagunvnwlii omeem)

e KpyTtusHa XapakTepucTUKH S, BXOAHOE€ U  BBIXOAHOE
conporuBieHuss RBx. u Ri, kosdduuueHt ycuneHus u,
€MKOCTb MEXJly 3aTBOPOM U UCTOKOM (31

e Bxomnoe wu BbeIxogHOe compotuBieHHs RBx. u Ri,
KO3(pPUIIMEHT yCUIEHUS U, BXOJHOU TOK [BX., EMKOCTh MEXIy
3aTBOPOM U cTOKOM C3c

e BxoaHoe u BeIxonHO€ conpoTuBieHus Rex. u Ri, BXonHo# Tok
IBX., eMKOCTb MeX 1y 3aTBOPOM U UCTOKOM C3u

e KpyrusHa xapakTepucTMkM S, BXOJHOe M BBIXOIHOE
conporusJjiennss Rex. u Ri, ko3¢ duunent ycujienus u

e Bce oTBETHI HEBEPHBI

34 M/II-TpaH3uCcTOPOM €O BCTPOCHHBIM KAHAJIOM HA3bIBACTCH OIIK-1.B.1

(Bvioepume npagunvuwlit omeem)
e [JloseBoii TpaH3MCTOP, KOTOPbIH MOXKeT PpadoTrarb B
pe:xxuMe odoramnieHus U 00eJHeHUS ;
e [loneBoii TpaH3UCTOpP, KOTOPHI MOXKET paboTaTh B pEXHUME
oOoraleHus;




e [loneBoii TpaH3UCTOP, KOTOPBIA MOXKET pabOTaTh TOJIBKO IpPU
00paTHOM HalpsKEHUs Ha 3aTBOPE;

e [loneBoii TpaH3UCTOP, KOTOPBI MOXKET pabOTATh TOJIBKO MPHU
IIPSIMOM HAIIPsKEHUsI HA 3aTBOPE;

35 IToporosbim HANPsKEHH EM B MJ/II-Tpan3ucrope ¢ | OIIK-2.3.1
HHIYUHMPOBAHHBIM KAHAJIOM Ha3bIBAeTCsl
(Bvioepume npasuivHwlil omeem)
e HampsikeHue CTOK-HCTOK, NPH KOTOPOM 0Opa3yeTcst KaHaj
MIPOBOIUMOCTH;
e HanpsikeHue 3aTBOP-HCTOK, NPH KOTOPOM 0Opasyercs
KaHaJI IPOBOAMMOCTH;
e HampspkeHne  CTOK-UCTOK, TIpU  KOTOPOM  IPOMCXOAMT
MepPEeKpHITHE KaHaNa;
e HampspkeHue 3aTBOP-UCTOK, MPU  KOTOPOM  MPOMCXOAMT
MIEpPEKPHITHE KaHAJA.
36 Hanpsi:xeHueM 0TCe4KH 10JI€BOr0 TPAH3UCTOPA HA3bIBAETCHA OIIK-2.Y.2
(Bvioepume npasunvHwlii omeem)
e HampspkeHne  CTOK-UCTOK, TIpU  KOTOPOM  MPOUCXOAUT
[IEPEKPHITHE KaHAJIA;
e HanpsikeHue 3aTBOP-HCTOK, IPH KOTOPOM IPOMCXOIMT
NepeKkpbITHE KAHAJIA PH HYJIEBOM TOKe TPAH3UCTOPA;
e HampspkeHne  CTOK-UCTOK, TIpU  KOTOPOM  MPOUCXOAUT
MIEPEKPHITHE KaHaJIa IPU HYJIEBOM TOKE TPaH3UCTOPA;
e HampspkeHue 3aTBOp-UCTOK, MPU  KOTOPOM  MPOMCXOAUT
MePEeKPHITHE KaHalla IPU HEHYJIEBOM TOKE TPaH3HCTOPOB.
37 CTOKOM 10JIEBOT0 TPAH3MCTOPA HA3BIBAIOT OIIK-2.B.1
(Bvioepume npasuivHblil omeem)
e OauH U3 BBIBOJIOB TPAH3HUCTOpA, Yepe3 KOTOPBIH OCHOBHbBIE
HOCHUTENH 3apsJa BXOAAT B KaHAJ;
e OnuH U3 BBIBOIOB, Yepe3 KOTOPbI OCHOBHBbIC HOCHTEJH
3apsiia BLIXOASAT U3 KaHAJIa;
e BriBOA OT ynpaBisIOLIETo AMEKTPO/IA;
e BriBox OT 0051aCcTH, B KOTOPOU CO37AETCS KaHaJ.
38 HcTokoM mos1eBOro TpaH3UCTOPAa HA3bIBAETCS OIIK-1.3.1
(Bvibepume npagunvHviil omeem,)
e OnuH U3 BBIBOIOB, Yepe3 KOTOPbI OCHOBHBbIC HOCHTEJH
3apsi/ia MOCTYNAKT B KaHAJI;
e OauH W3 BBIBOIOB, YE€PEe3 KOTOPHIA OCHOBHBIE HOCHUTEIH
3apsijia BBIXOIAT U3 KaHaa;
e BriBOA OT ynpaBisIOLIETO EKTPOJA;
e BriBog oT 0011acTH, B KOTOPOil cO3/1a€TCsl KaHa.
39 3aTBOpPOM NOJICBOI0 TPAH3UCTOPA HA3bIBAETCH OIIK-1.V.1

(Bvioepume npasunvuwlit omeem,)
e OmuH W3 BBIBOIOB, 4Yepe3 KOTOPHIH OCHOBHBIE HOCHUTEIH
3aps/ia BXOAAT B KaHa;




e BpiBoa 0T ynpaB/iio1Iero 31eKTpoaa;

e OauH U3 BBIBOJIOB, 4Y€pe3 KOTOPHIA OCHOBHBIE HOCHUTEIH
3apsi/ia BEIXOAAT U3 KaHaja;

e BrIBOI OT 0051aCTH, B KOTOPOH CO37AETCS KaHAJ.

40 MAII-TpaH3ucTOPOM ¢ HHAYUMPOBAHHBIM KaHaJ0M Ha3biBaercss | OIIK-1.B.1
(Bvioepume npasuivHblilt omeem)
® TI0JICBOM TPAH3UCTOP, KOTOPBIA MOXKET paboTaTh B pEXUME
oboraieHus U 00eIHEHN;
® [10J1eBOM TPAH3UCTOP, KOTOPbIii MOXKeT padoTaTh B pexKuMe
odorameHms;
® [I0JIEBOM TPAH3UCTOP, KOTOPBII MOXKET padOTaTh TOJIBKO IpU
0o0paTHOM HaIpsHKEHUs Ha 3aTBOPE;
® [I0JICBOM TPAH3UCTOP, KOTOPBII MOXET paboTaTh TOJIBKO MpU
IIPSIMOM HalpsKEHUS Ha 3aTBOPE;
41 YupapjieHHe TOKOM CTOKa B MoJieBOM TpaH3ucrope c¢ | OIIK-2.3.1
yHpaBJsSIOUIMM Pp—N NEePeXo10M OCHOBAHO HA
(Bvioepume npasuivHblil omeem)
e H3MEHEeHMH HIMPHHBI U CeYeHHUsl KaHaJIa NPU M3MEHEHUH
00paTHOr0 HANIPSIZKEHHS «3aTBOP — HCTOK);
® 3MECHEHHUU IIMPUHBI W CEYCHMs] KaHala MpPU HU3MEHEHUU
MIPSIMOTO HAMPSKEHUSI «3aTBOP — UCTOKY;
® U3MEHEHUU COIPOTUBIICHUS KaHala BCIEICTBUE W3MEHEHUs
KOHIIEHTPAIMH UHXEKTUPOBAHHBIX HOCUTEIIEIH;
® 3MECHEHHUU IIMPUHBI W CEYCHMs] KaHala MpPU HU3MEHEHUU
HaANPSDKEHUST «CTOK — UCTOKY;
42 KakoBa poub Kpuctajuimyeckoil pemerkun B cBoiicTBax | OIIK-2.V.2

MOJIYyIIPOBOHUKOB?

(Ilpouumaitme 3a0anue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)

JJIeKTpPOHHasl cTpyKTypa: Kpucraminueckas pemieTka onpeaenser
SHEPreTUYECKHEe  yPOBHM, JOCTYIIHbIE [UIsi  3JEKTPOHOB, U
3amnpeleHHbIe 30HbI, B KOTOPBIX JIEKTPOHBI HE MOTYT HaXOAUThCs. B
MOJIYNIPOBOJHUKAX PA3HOCTh MEXKAYy BaJI€HTHOM 30HOM M 30HOM
MIPOBOIMMOCTHY HA3bIBACTCS IIMPUHOM 3aMPEIIEHHON 30HbBI, © UMEHHO
3Ta IIMpPHUHA OIpEAENsieT MPOBOISIIME CBOMCTBa Marepuana. Yem
MEHbIIIE [MUPUHA 3aMPEIIEHHON 30HbI, TEM JIETYE IJIEKTPOHBI MOTYT
MEePEeXOIUTh B 30HY MPOBOJMMOCTH, YTO JelaeT MmaTepuan Ooinee
MIPOBOISIIIAM.

JddexT NernpoBanusi: ATOMbI, J00ABICHHBIE K MOIYTPOBOIHUKY
JUIS WU3MEHEHMsI €ro IpPOBOJUMOCTH, 3aHHUMAIOT OINpEJEIICHHbIE
MO3UIIMK B KPUCTAUIMUECKOW peleTke. TN U TMOJIOKEHUE 3TUX
JIETUPYIOIINUX aTOMOB BJIMSIOT Ha KOJMYECTBO CBOOOIHBIX HOCUTENIEH
3apsga (9IEKTPOHOB WM JABIPOK), YTO HM3MEHSET DIEKTPUYECKHE
CBOMcTBa mosynpoBoaHuKa. Hampumep, npobaBieHune aTOMOB C
MATUBAJICHTHBIMU dJeMeHTaMu (N-TUN  JIETHPOBAHHS) CO3JAeT
JIOTIOJTHUTEIBHBIE DJIEKTPOHBI, TOTJA KaK TPEXBAJICHTHBIC IJIEMEHTHI
(p-Tun erupoBaHus) CO3IAIOT JIOTIOTHUTEIILHBIC JIBIPKH.




HedexkTsl W aucaoxkamum: B peanbHbIX KpUCTaUlax BCeraa
NPUCYTCTBYIOT — Je(peKThl W  JUCIOKAalWH, KOTOPbIE  MOTYT
CYIIECTBEHHO BJIMATHh Ha CBOWCTBA IOJYNPOBOJHUKOB. Hampumep,
JUCIIOKAllMM MOTYT CO3/1aBaTh JIOKAJIM30BaHHbIE YPOBHU 3HEPIUU B
3alrpenieHHo 30He, UTO BIMIET Ha peKOMOMHAIINIO HOCUTENIeH 3apsiia
U, CIIEZIOBATENIbHO, Ha TPOBOIUMOCTH U 3()(hEKTUBHOCTH YCTPOHUCTB HA
OCHOBE IOJYNPOBOJHUKOB.

Pemrerounsie BuOpanum (poHoHBI): ATOMBI B KpUCTaNIMYECKOU
pelIeTke He CTAaTHUYHBI; OHM MOCTOSHHO KOJIEONIOTCS BOKPYT CBOMX
PABHOBECHBIX MOJOXKEHUA. DTH BHUOpanuu, Win (OHOHBI, UTPAIOT
BAKHYIO pOJIb B TEIUIOBBIX CBOMCTBAaX MOJYIPOBOJHUKOB, BIMSSA Ha
TEIUIONPOBOAHOCT, M HPOLECCHl PACCEsHUs HOCUTENEH 3apsia.
B3aumoneiicTBue 371eKTpOHOB ¢ (POHOHAMHU TaKkKe MOXKET BIMSTH Ha
IIPOBOAMMOCTD ¥ CKOPOCTb 3JIEKTPOHOB B MaTepHalle.

Onruyeckue cBOMCTBA: Kpucramnmyeckas CTPYKTypa
IOJIyIIPOBO/IHUKOB ornpezaenser ux B3alMO/ICIiCTBHE C
3JIEKTPOMAarHUTHBIM u3ilydeHreMm. Hanpumep, mupuHa 3anpeiieHHon
30Hbl BJMSIET Ha JUIMHY BOJIHBI CBETA, KOTOPBIM MOJYyNpPOBOJIHUK
MOXET MOIJIOLIATh WM UCIYCKaTh. JDTO CBOMCTBO HCIIOJIB3YETCS B
CBETOJMO/IaX U COJHEYHBIX 3JIEMEHTax Uil IpeoOpa3oBaHus CBETA B
ANEKTPUYECTBO U HAOOOPOT.

Mexannuyeckue cBoiicTBa: Kpucramuimyeckas pemerka BIHMSIET U Ha
MEXaHUYECKHUE CBOMCTBA IMOIYNPOBOJHHUKOB, TAKUE KAaK JKECTKOCTb,
MPOYHOCTh W  yCTOHYMBOCTH K JedopmanusMm. Hampumep,
MOHOKPHUCTAJIBI KpPEeMHHsSI 00JaJal0T BBICOKOHW TMPOYHOCTHIO U
CTaOMIIBHOCTBIO, YTO JIENIAeT WX MICATbHBIMHU JIJISl HCIIOJb30BAHUS B
MHUKPO3JIEKTPOHHBIX YCTPOMCTBAX.
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KakoBbl OCHOBHBIE OTJIHYHUSL MeXAY N-THIOM U P-THIOM
MOJIYyIIPOBOHUKOB?

(Ilpouumaitme 3a0anue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)

Tun HocuTesiei 3apsaa:

e N-TUN NOJYNPOBOAHMKOB: OCHOBHBIMH HOCUTEIISIMH 3apsiaa
SIBJIAIOTCSL 3JIEKTPOHBI. OTH 3JEKTPOHBI MOTYT CBOOOIHO
IepeMelaTbCsi MO0  KPUCTAINYECKOW  PEIIETKE, 4YTO
o0ecrnieurnBaeT NPOBOAUMOCTb.

e P-THI NOJYNPOBOAHMKOB: OCHOBHBIMH HOCUTEIISIMU 3aps/ia
SBIIAIOTCS ABIPKU. [IpIpka mpezacTaBisieT coOOM OTCYTCTBHE
3JIEKTPOHA B KPHUCTANIMYECKOM pelieTke M BeAeT ceds Kak
MOJIOKUTETIbHBIN HOCHUTETh 3apsja, CIOCOOHBII
nepeMeniaThCs Mo MaTepuanty.

Jlerupyoumue npuMecu:

e N-THN noaynpoBogHuKOB: Co3maercs myTem 100aBiIeHHUs
MIPUMeECEH MTHBATIEHTHBIX 3JIEMEHTOB, Takux Kak (ocdop (P),
MbIIIbSIK (AS) win cypbMa (Sh). DTH 37€MEHTBI UMEIOT MSATh
BAJICHTHBIX D3JIEKTPOHOB, OJUH M3 KOTOPBIX CTAaHOBUTCS
CBOOOJHBIM M YYacCTBYET B IPOBOUMOCTH.

e p-tunm noJynpoBoaHukoB: Co3gaerca myTeM A00aBICHUS
MPUMECE TPEXBAJICHTHBIX JJIEMEHTOB, TakuXx Kak Oop (B),
amomuauil (Al) wnu rayumit (Ga). DT 371eMeHThI UMEIOT TPU
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BAJICHTHBIX JJIEKTPOHA, YTO CO3/a€T HEIOCTATOK OJHOTO
AJIEKTPOHA B KPUCTAJUIMYECKOH pelieTke, 00pa3yst JbIPKH.
JHepreTnyeckas CTpyKTypa:

e N-THN MOJYNPOBOAHUKOB: DHEPreTUYECKHE YpPOBHH,
CBSI3aHHBIE C JJOHOPHBIMU IIPUMECSMH, PACIIONIOKEHBI OJIN3KO
K 30HE MPOBOAMMOCTH, YTO 00JIEr4aeT Nepexo 1 IIEKTPOHOB B
30HY NPOBOJMMOCTH.

e P-TMN MNOJYNPOBOAHHUKOB: DHEPreTUYECKHE  YpPOBHH,
CBSI3aHHBIE C aKUENTOPHBIMH TIPHUMECSIMH, PACIIOI0KEHBI
OMM3KO0 K BAJICHTHOM 30HE, 4YTO OOJEerdaer mepexo
AIIEKTPOHOB U3 BAJICHTHON 30HBI, CO3/1aBasi IBIPKH.

IIpoBoauMocCTh:

e N-THI MOJYNPOBOAHMKOB: [IpoBoauMocTs obecrieunBaeTcs
JBIDKEHUEM  DJIEKTPOHOB, KOTOpPBIE HMEIOT  BBICOKYIO
MOJBIKHOCTb. DIIEKTPOHBI IEPEHOCAT OTPHUIIATEIILHBIN 3apsi.

e P-THN MOJYNPOBOAHMKOB: [IpoBomumocTs obOecrieunBaeTcs
JBMKEHUEM JIBIPOK, KOTOPHIE MMEIOT HECKOJBKO MEHBIIYIO
MOJBMKHOCTh 110 CPAaBHEHHWIO C JJIEKTpOHaMH. J[pIpKu
NIEPEHOCAT TTOJIOKUTEIBHBIN 3apsil.

IIpumepsbI NCIOJIL30BAHMS:

e N-tumn moaynpoBoaHukoB: Illupoko wucmonb3yercs B
MIPOU3BOJICTBE TPAH3UCTOPOB, IUOIOB U APYTHX IEKTPOHHBIX
KOMITOHEHTOB. B KOMOMHALINM ¢ P-TUIIOM CO3/1aI0TCS BayKHBIC
YCTPOWCTBA, TAKME KaK AUOJIBI U TPAH3UCTOPHI.

e PpP-THO WOJYNPOBOAHUKOB: Takke wHCHONb3yeTcs B
MPOU3BOJCTBE  TPAaH3UCTOPOB,  OUOJOB H  JIPYTHX
KOMIIOHEHTOB. Bmecte ¢ N-TUNOM  HOJXYHNpPOBOJHUKOB
WCTIOJIB3YETCs IS CO3/IaHus P-N MEPEeXo/10B.

p-n mepexon:

e Korma N-tunm u p-THI MONYIPOBOJHUKOB COEIUHSIOTCS, Ha
rpaHuIle UX KOHTaKTa oOpasyeTcs P-N nepexoi. ToT nepexon
SBIISICTCS OCHOBOW Uit pabOThl MHOTHX DIIEKTPOHHBIX
YCTPOMCTB, TAaKUX KaK JUOJbI U TpaH3ucTopsl. IIpu co3panuu
nepexo1a MEKTPOHBI U3 N-TUTIA TOTYTIPOBOIHUKA U IBIPKH U3
p-THIa MOJIYIPOBOAHUKA PEKOMOMHHUPYIOT, CO3/1aBasi 00IacThb
UCTOIIEHUS, 1€ HOCUTEIH 3apsa OTCYTCTBYIOT.
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KakoBbI npenmyiiecTsa noJieBbIX TPaH3MCTOPOB N0 CPABHEHHUIO
¢ OMMOJIAPHBIMY TPaH3UucTOpaMu?

(Ilpouumainme 3adanue u Oaiime c60l pa3zeepHymulil 6APUAHM
omeema)

Bbicokuii BxoaHoii umnenanc: IloneBble TpaH3UCTOPHI 00JaAal0T
OYCHb BBICOKMM BXOJHBIM  HMIIETAHCOM, TIOCKOJIBKY  OHH
YIPABJISIIOTCA 3JIEKTPUUYECKUM T0JIEM, & HE TOKOM. JTO O3HAYaET, YTO
TOK, TIPOTEKAIONIUI dYepe3 YIpaBJSIOMUNA dIeKTpos  (3aTBop),
MPAKTUYECKH OTCYTCTBYeT. B cilydae OUIMONSPHBIX TPaH3UCTOPOB
BXOJHOU TOK 0a3bl CYIIECTBEHHO OOJIbINE, YTO MOXKET MPUBOJHUTH K
JOTIOJTHUTENBHBIM ITOTEPSIM SHEPTUU U CIOKHOCTSM B YIIPABICHHUHU.
Huskoe 3epronorpedaenne: M3-3a BEICOKOro BXOJHOTO UMITEIaHCA
Y HU3KOTO YIPABISIONIETO TOKA MOJIEBbIE TPAH3UCTOPHI MOTPEOISAIOT
3HAYUTEJIbHO MEHBIIE JYHEPTrUU TO0 CPAaBHEHUIO C OUMOJISIPHBIMU
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TPaH3UCTOpaMU. DTO J€JaeT WX WJCAIbHBIMHU JUIsl MPUMEHEHHS B
sHeprocOeperaroIux yCTpoucTBax 1 MOPTATHBHOMN JIEKTPOHUKE.
IIpoctora ympaBiieHusi: YIpaBieHHE IOJIEBHIMU TPAH3UCTOPAMHU
OCYIIECTBISICTCS HANPSHKCHHEM, a HE TOKOM, YTO YIPOINAeT
CXEMOTEXHUYECKHE pEIIEHUS U yMEHbIIaeT TpeOoBaHUSI K
YIPaBJIIEMBbIM CUTHAIaM. TO OCOOCHHO BaXKHO B IIU(PPOBBIX CXEMax
U UHTETPAIbHBIX CXeMax, Ine HeoOxoauma Oosbliasi IMIOTHOCTD
HJIEMEHTOB.

Cxopocts mnepekroyenusi: [loneBbie TpaH3UCTOpPHI 00daNaIOT
BBICOKOM CKOpOCTBIO TEPEKIIIOYeHHs Onaronaps HHU3KOM EMKOCTH
3aTBOpa M OTCYTCTBHIO 3apsiioB B P-N mepexojax. DTO IMO3BOJISIET
UCTOJB30BAaTh X B BBICOKOYACTOTHBIX MPHIOKCHHUAX, TaKHX KakK
MMITYJIbCHbIE UCTOUHUKU MUTAHUS U BHICOKOYACTOTHBIE YCHIIUTEH.
Menbiuii TenJioBbiaesenue: [loneBble TPaH3UCTOPBI, OCOOESHHO
MOSFET, o6nagaroT MEHBIIMM YPOBHEM TEIUIOBBIACICHUS TIPH
paboTe, OCKOJIBbKY OHH UMEIOT MEHBIIIEE COMIPOTUBIICHHUE B OTKPHITOM
COCTOSIHUM. DTO CHIKAeT MOTPEOHOCTh B CIOXKHBIX CHCTEMax
OXJIQXKJICHUS U yIy4IlIaeT HaJeKHOCTh YCTPOMCTB.

JluneiiHocTh xapakTepucTuk: [loneBbie TpaH3UCTOPBI, OCOOEHHO
JFET, oGnagatot xopoiei TMHEHHOCTHIO BBIXOIHBIX XapaKTEPUCTHUK,
YTO JIeNIAeT UX MPEANOYTUTEIbHBIMHU I aHAIIOTOBBIX PUIIOKEHUH U
JIMHEWHBIX YCUIIUTEIIEH.

Paguouacrornbie cBoiicTBa: IloneBbie TpaH3UCTOPHI 00JaHaIOT
JTYYIIUMH XapaKTEPUCTUKAMH HA BBICOKHX YaCTOTAX 110 CPAaBHEHHIO C
OUMOJISIPHBIMH TPAH3UCTOPAMH, YTO JIENAET UX MPEANOYTUTETHbHBIMU
IUISL PaiO9aCTOTHBIX U MUKPOBOJTHOBBIX TIPUIIOKEHUH.
YcroiiuuBocth K paauaunuu: [loneBbie TpaH3UCTOPBL, OCOOEHHO
MOSFET, oGmagaror OospIiell yCTOWYMBOCTBIO K PaJHAlMOHHOMY
BO3JICHCTBUIO, YTO JIelaeT MX MOAXOAAIIUMH JUIS MCIOJIb30BAaHUS B
KOCMHYECKOW TEXHUKE U B YCIOBHUSX IMOBBIIICHHOTO PaIHalliOHHOTO
¢oHa.

IIpousBoacTBeHHbIE NMpeuMylecTBa: TEXHOIOTHS MPOU3BOICTBA
MOJIEBBIX ~ TPAH3UCTOPOB  Ooyiee  pa3BUTa U HKOHOMHYECKH
¢ dexTrBHA, OCOOEHHO I OOJBIIUX HMHTETPAIBHBIX CXEM. IJTO
MO3BOJISIET CO3/1aBaTh CIIOXKHBIE HHTETPAbHBIE CXEMBI C BBICOKOMH
CTETNEHbI0 UHTErpallii U HU3KOW CTOMMOCTBIO.
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Kakue pakTopbl BAUAIOT HA NIPOBOAUMOCTSH MOJIYIIPOBOJIHUKOB?
(Ilpouumaitme 3a0anue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)

Konuentpanus HOCHTeJIei 3apsija: [IpoBoaumocTh
MOJYIIPOBOJIHUKOB ~ 3aBUCUT  OT  KOHIEHTpAallUH  CBOOOJHBIX
AJIEKTPOHOB U JIBIPOK. DTa KOHIIEHTpAIMsl MOXKET ObITh HM3MEHEHa
MyTeM JIETUPOBAHMUSI, TP KOTOPOM B MOIYIPOBOJIHUK T0OABISIOTCS
MIpUMECH, YBEJIMYUBAIOIINE KOJTUYECTBO HOCUTENEH 3apsaa. B n-tume
MOJTYTIPOBOIHUKOB JJOOABISIOT JJOHOPHBIE TPUMECH, YBEIUYHBAIOIINE
KOHIEHTPALHUIO CBOOOIHBIX 3JIEKTPOHOB, a B P-TUIIE — AKLIENITOPHBIE
IIPUMECH, YBEINYUBAIOLINE KOHLIEHTPALINIO IBIPOK.

HoaBuxkHocTh HoOcHuTedel 3apsiga: [loABMKHOCTH HOCHUTENEH
3apsiia (3NMEKTPOHOB U JIBIPOK) TaKKe BIHUSET Ha IMPOBOJUMOCTb.
[lonBWXHOCTH  3aBUCHUT OT MHOXECTBa (DaKTOPOB, BKJIIOYAs
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TeMIeparypy, Ae(eKkTsl B KpUCTAIIIMYECKOW pelIeTKe, U YPOBEHb
npuMeceil. B uaeanbHBIX yCIOBHAX MOABHIKHOCTH OIPENENAETCS
B3aUMOJICHCTBUSAMH HOCUTEIIEH 3apsi/ia C KPUCTATUIMYECKOU pEeIeTKON
(poHoHAMM).

Temnepatypa: TemnepaTypa 3HaUUTEIIbHO BIUSET HA IPOBOJUMOCTD
[I0JIyIIPOBOJHUKOB. C yBEJIMYEHUEM TEMIIEPATYpPhl YUCIO HOCUTENEH
3apsifia pacTeT, TaKk Kak OoJiblee KOJIMUYECTBO IEKTPOHOB MOTyYaeT
JOCTaTOYHO 3HEPruu AJI NEepexo]ia B 30HYy npoBogumoctu. OnHako
BBICOKasl TemIepaTypa TakKe YBEIMYMBACT paccesHUE HOCHUTENeH
3apsizia Ha (POHOHAX, YTO MOXKET YMEHBIIATh UX MOJBHKHOCTb.
JlerupoBanue: JlerupoBaHue SBISETCS KIIIOYEBBIM  CIIOCOOOM
yIpaBJIeHUS] TPOBOJUMOCTBIO  TOJIYHNpPOBOIHHUKOB. JloOGaBieHue
JOHOPHBIX WJIM aKIENTOPHBIX MpPUMECE H3MEHSeT KOHIEHTPAIHUIO
HOCHUTENEH 3apsaa M UX pacupeneneHue B marepuane. Hampumep,
nobasiienne hochopa (HOHOpPHAS MPUMECH) B KPEMHUH CO3/1aeT N-THIT
MOJIyIIPOBOJIHAKA, TOTAAa Kak JjgoOaBiieHHe Oopa (akmentopHas
MIPUMECH) CO3AAeT P-THUII OTYNPOBOTHUKA.

Kpucrannuyeckas crpykrypa: KadecTBO  KpuCTalUIMYECKOU
pElIeTKH BIUSET HAa MPOBOAMMOCTH MOIYNPOBOIHUKOB. [ledekTsl,
JMCTIOKAIIMM W TPAHHIBI 3€peH MOTYT CO37aBaTh JIOBYIIKH IS
HOCHUTENEH 3apsa, yMeHbIlas UX MOJBHKHOCTh H, CJIEIOBATEIBHO,
IIPOBOAMMOCTh. BBICOKOKAaUeCTBEHHbIE MOHOKPUCTAJLIBI 001alaoT
Oonee BBICOKOH MPOBOANMOCTBIO 1o CPaBHEHHIO c
MOJUKPHUCTALTHYECKUMH WIH aMOP(GHBIMU MaTEpUaTaMU.
DJieKTpuYeckoe noJie: BiusiHue BHEIIHET0 3JIEKTPHUYECKOro MOJIsl Ha
MPOBOJIMMOCTh  TIOJYIIPOBOJHUKOB TPOSIBIISIETCST  4epe3  APPeKT
nperia HOocuTenell 3apsana. DIEKTPOHBI U JBIPKH YCKOPSAIOTCS IO
JEWCTBUEM DIICKTPUYECKOTO OIS, YBEIHUUBAS IPOBOJUMOCTD. DTOT
3¢ dexT ocobeHHO BakeH B MoJeBbIX TpaH3uctopax (FET), rme
MIPOBOAMMOCTD KaHaja yIpaBJseTcs JEKTPUUECKUM TOJIEM.
OnTuyeckne Bo3jdeiicTBUS: B HEKOTOPBIX MOITYNMPOBOAHHKAX
MPOBOJIMMOCTh MOXKHO HM3MEHATH IyTeM ocBemieHus. [loriorienne
(OTOHOB C 3HEpruei, NpeBbIIaIIeH MUPUHY 3alpeIieHHON 30HbI,
MOXET  CO3/aBaTh  MHapbl  DJJEKTPOH-IBIPKA,  YBEIHMYMBAsS
KOHLEHTPALIMIO HOCUTENEHN 3apsiia 1, CIIeJ0BaTEIbHO, IPOBOIUMOCTb.
OT10T 3P PeKT ncnoab3yercs B GOTOAMOAAX U COTHEUHBIX FTEMEHTAX.
Ipumecu u 3arpsisHenusi: HenpeaHamepeHHbIE TIpUMECH U
3arpsi3HEHUS MOTYT 3HAUMUTEIBHO BJIMSATH HA MPOBOJUMOCTD
MOJIyIpOBOJHUKOB. Hampumep, npaxxe HeOONbIIOE KOJIUYECTBO
MpUMecel MEeTaIoB B KPEMHUHU MOKET CO3/1aBaTh INIyOOKHE YPOBHU
B 3alpelleHHONW 30HE, KOTOphIe BIUSAIOT Ha PEKOMOHHAIUIO
HOCHTENEH 3apsiia U CHIKAIOT TPOBOJAUMOCTD.

Paguanuonnnie Bo3aeicTBUsi: Bo3nelicTBue HMOHUZUPYIOUIETO
W3Iy4YeHUsT MOXET CO3/laBaTh JIOMOJHHUTENbHBIE Je(eKTHl B
KPUCTAJUTMIECKOHN peleTKe, BIHssS Ha IPOBOTUMOCTD. JTH Je(PEKTHI
MOTYT CIIYXHUTh JIOBYIIIKAMHU JJIsl HOCHUTENEH 3apsija WM CO31aBaTh
HOBBIE YPOBHH SHEPTHH B 3aIIPEIICHHON 30HE.

TexHoJsiornyeckue Npouecchl: ITpoueccsl IIPOU3BOJCTBA
MOJIyIIPOBOTHUKOBBIX IPUOOPOB, Takue Kak 1uddy3us, UMITTaHTALHS
U TpaBlieHHWE, MOTYT BJIHSITH HAa MPOBOJUMOCTH MAaTEPUAJIOB.




Kontpone Ham OSTUMH  mporeccaMyd  TO3BOJIIET  JTOOMTHCS
HE0OXOIUMOM KOHIIEHTPAIIMU U PACTIPEICIICHNS HOCUTENICH 3apsa.
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Kakue MmeToabl HCHOJB3YIOTCH /I H3MEpPEeHHsl W aHaIu3a
CBOIICTB MOJYNIPOBOAHUKOB?

(Ilpouumaitme 3adanue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)

dJleKTpUYeCKHe CBOiicTBA:

BoabsT-amnepHbie XapaKTepUCTUKHU -v
XapaKTEePUCTUKH): DTOT METOJ 3aKIKYaeTCs B U3MEPEHUU
TOKA, IPOTEKAOLIETO Yepe3 MOJYIPOBOJHUK IIPU Pa3IMYHBIX
IIPUJIO’KEHHBIX HaIPKECHUAX. Bonbr-amnepHsie
XapaKTEPUCTUKU IO3BOJIIOT ONPEIAEIUTh TaKUE MapaMeTphl,
KaK TOK HaCBIIICHHUS, CONPOTUBICHHE U IIOPOrOBOE
HaIlpsDKEHUE.

Metoa Xoma: DTOT METOX HCIHOJIB3YETCSA Ul U3MEPEHUs
KOHILICHTpAallUM W IOABMKHOCTM  HOCHUTENIEH  3apsna.
IlonynpoBofiHMK IOMEIIAeTCs B MarHUTHOE IIOJE, U
U3MepsIeTCsl HampsbkeHue XOJula, BO3HUKAIOUIEE ITONEPEK
oOpa3lia Tpu MPONYyCKAaHUHM TOKAa. OTOT METOJ| TaKxkKe
MIO3BOJISIET ONPEENIUTH THUII MTOJIYIPOBOAHUKA (N-TUIl WU P-
THII).

EMKOCTHO-4aCTOTHBIE XapaKTepUCTUKHU Cc-v
XapaKTEePUCTUKH): DTOT METOJ 3aKIKYaeTcs B U3MEPEHUU
emMkocTH P-N nepexona uiar MOS cTpyKTypbl Ipu pa3IHaHBIX
IIPUJIO’KEHHBIX HaIPsDKEHUAX u 4acToTax. C-v
XapaKTEPUCTUKU TO3BOJIIIOT ONPENENIUTh ITapaMeTphl, TAKUE
KAaK KOHLEHTpauus NPUMECEH M TOJIIIMHA H30JSALHUOHHOIO
CII0S1.

TeniioBoe payuienue (TenuioBasn 3aBHCHMOCTD
CONPOTHBJICHUA): N3mepenune COIIPOTUBIICHUS
MOJIYIIPOBOJHUKA TIPHU PA3IUYHBIX TEMIIEpPATypax I03BOJISAET
OIIpENEIUTh ero TEIJIOBBIE XapaKTEPUCTUKHU "
JHEPIreTUYECKUH 3a30p.

Onrunyeckue CBONMCTBA:

CnekTpocKonus MOrJIOEeHHsI: DTOT METOJ MCHOIb3YeTCs
JIIA HU3MCPCHUMA CIICKTpa IIOTJIOIIICHUA CB€Ta
MOJYIPOBOJAHUKOM. [IMK MOTIIONMIEHNS YKa3bIBaeT HA MINPHUHY
3alpeIIeHHON 30HBI M TI03BOJISICT OIPEICTUTh HAJTHYHE
npuMecei u 1e(heKToB.

doTooMUHeCHeHIUSA: DTOT METOA  3aKIodyaeTcs B
BO30Y)KICHUH TIOJNyIPOBOJHUKA CBETOM U HW3MEPEHHHU
mmygaemoro  cera.  Cmektp  (oToIFOMHUHECIIEHINH
MO3BOJIIET ~ ONPEACIHTh  DHEPreTUYEeCKUEe YPOBHH U
PEKOMOMHAIIMOHHBIE MPOIIECCHI B MaTepHaJe.
DaauncoMeTpusi: ITOT METO UCTIONB3YETCS Il H3MEPEHUS
OIITHYECKUX ITIOCTOSHHBIX (HOKa3aTeJ'II) MNpCIOMJICHUA U
K03 hurEeHT OKCTUHKIIHN) MOJTYIPOBO/IHUKA.
DIUTMTICOMETPHS TTO3BOJISIET ONPENCIUTh TONIINHY U COCTaB
TOHKHX TUICHOK.

TenoBble cBOCTBA:
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TemnonpoBoaHOCTD: N3zmepenne TEIUIONPOBOJHOCTH
MOJIYTIPOBOTHUKOB ITPOBOJUTCS C MTOMOIIbIO METOJIOB, TAKHX
KaK MeTOj Ja3epHo BcmblmKd uiau Meron CeeOeka. Otu
METOJIbI TIO3BOJIIIOT OINPEACTUTh CIHOCOOHOCTh MaTepuaia
IIPOBOJIUTH TEILIO.

Koagpdunuent TemnoBoro pacmmpeHus: OTOT METOJ
WCIONB3YEeTCA  JUIsl  HU3MEpPEHUsT HU3MEHEHUs pa3MepoB
MOJTYTIPOBOAHHUKA npu W3MEHEHUU TEeMIIepaTyphI.
Kosddunment temnnoBoro pacmupeHus BakeH IS OLEHKU
TEPMUYECKON CTAaOMIIBHOCTH MaTEPHAJIOB.

CTpyKTYypHBIE CBOIICTBA:

PentrenoBckas au¢ppaxkmus  (XRD):  Dror wmeron
UCHOJNb3YeTCsl  JUId  ONpEleNIeHUus  KPUCTAJUIMYECKOMH
CTPYKTYpBI TOJIyIPOBOAHUKOB. PeHTreHoBckast AuQpakius
MIO3BOJISIET  ONPENENIUTh IapaMeTpbl PEUIeTKH, HaJIMuue
Ne(PEKTOB U OPUEHTALIMIO KPUCTAILIIOB.

CxkaHupY0OLIasi 3JIeKTPOHHasi Mukpockonus (SEM): Dror
METOJl HCIONB3YeTCs ISl HCCIIEOBaHUS IOBEPXHOCTU
MIOJIyTIPOBO/IHUKOB C BBICOKUM paspemieHrneM. SEM nozpossier
BU3YaJIM3UPOBATH CTPYKTYPY MMOBEPXHOCTH U JEPEKTHI.
IIpocBeunBamomasi 3JeKTpoHHass Mukpockonust (TEM):
OTOT METOJl MCMONb3YeTCs AJIs MCCIEAOBaHUS BHYTpPEHHEH
CTPYKTYpPbI MOJYIPOBOJHUKOB Ha aTOMHOM YypoBHe. TEM
MO3BOJISIET OIPENENUTh JePEKThl KPUCTAIUIMIECKON PEIIECTKH
U pacnpezeseHue IpuMecei.

AToMHoO-cuiioBasi mukpockonusi (AFM): Dtor wMmeron
UCHOJb3YeTCs AJIS UCCIeI0oBaHMsl Tonorpaduu MOBEPXHOCTH
MIOJIyIIPOBOJIHUKOB ~ C  BBICOKMM  pazpemieHueM. AFM
MIO3BOJISIET M3MEPATh BBICOTHI M TIIyOMHBI CTPYKTYp Ha
MOBEPXHOCTU C HAHOMETPOBOM TOUHOCTBIO.

XuMHYeCKHI aHAJIN3:

BropuuyHo-uoHHasi macc-cniektpomerpusi (SIMS): Drot
METOJI UCTOJIB3YETCS VISl aHAJIM3a COCTaBa U PAacIpeAesICHUs
npuMeceid B moynpoBogaukax. SIMS mo3BossieT onpeneuTh
KOHIIEHTPALIMIO 2JIEMEHTOB Ha INyOMHE MaTepraia ¢ BbICOKON
TOYHOCTBIO.

PentrenoBckas poTod1eKTpoHHAasI ciekTpockonusi (XPS):
OTOT METOJ MCIONb3YETCs A ONPENEICHMS HIEMEHTHOTO
COCTaBa MOBEPXHOCTH IMOJYINPOBOAHUKOB U UX XMUMHUYECKUX
cBazel. XPS mo3BossleT aHaJIM3MPOBaTh COCTaB TOHKHX
IJIEHOK U TOBEPXHOCTH.
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Kak u3meHnsiercst JHeprusi 3anpelieHHoi 30HbI MOJYIIPOBOAHUKA
NPH NU3MEHEHUH TeMIepaTypsbi?
(Ilpouumaitme 3a0anue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM

omeema)
1. OcHoBHBIE MPUHUUIBL: 3anpenieHHas 30Ha
MOJYyIPOBOJAHUKA — 3TO DHEPreTUYECKUH JUara3oH, B

KOTOPOM AJIEKTPOHBI HE MOTYT CyIllecTBOBaTh. OHa OTHENseT
BAJCHTHYIO 30HY (I/I€ HAaXOMAATCS AJIEKTPOHBI, CBS3aHHBIE C
aTOMaMH) OT 30HBI MPOBOAUMOCTH (TJ€ 3JIEKTPOHBI MOTYT
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CBOOOJIHO TIEPEMEIIAThCSI M YYaCTBOBATh B MPOBOJUMOCTH).
[[lupuna 3ampemieHHOW 30HBI ONPEACISIETCS IMPUPOIOMN
MaTepuasa 1 ero KpUCTAIIINYEeCKON CTPYKTYpO.

2. TemmneparypHas 3aBucumoctb: IllupunHa 3anpenieHHON
30HBI YMEHBINAETCS C YBEJIMYEHUEM TEeMIIeparypbl. ITO
CBSI3aHO C TE€M, YTO IPHU IMOBBIIICHUN TEMIEPATYPhl aTOMBI B
KPUCTAINTMYECKON pelIeTKe HAaYMHAIOT CUJIbHEEe KoJebaThes.
DT KoeOaHUs BIMSIIOT Ha B3aUMOJICHCTBHUS MKy aTOMaMHU
U 3JIEKTPOHAMHU, YTO MPUBOAUT K CYKEHHIO SHEPreTHUYECKOr0

3a3opa.
3. MexaHu3Mbl yMeHbIICHUS] IIUPHHBI 3aNIPEILeHHOH 30HbI:
o TemnoBeie KOJIeOaAHMS: IIpu YBEINYCHUU

TEMIEpaTypbl aMIUIUTy1a KOJeOaHU aTOMOB BOKPYT
X PaBHOBECHBIX IIOJIO)KEHUN YBEJIWYUBAETCS. OTH
KojeOaHus MPHUBOIAT K CMSTYEHHUIO MOTEHIMANa,
YAEP>KUBAIOIIETO AIEKTPOHBI B BAJIEHTHOW 30HE, U K
YMEHBILIEHUIO YHEPTUH, HEOOXOAUMON AJsl mepexoaa
AJIEKTPOHOB B 30HY POBOJUMOCTH.

o Pacmmpenue pelmeTKu: ITpu TOBBIIICHU U
TeMIEepaTypbl KpHUCTaJUIMYECKas peuieTka
paciupseTcs, YTO TakKe COCOOCTBYET YMEHBIICHHUIO
IIMPUHBI  3alpPEIICHHOU 30HBI. YBennuenue

MEXKaTOMHBIX PACCTOSHUN MPUBOAUT K H3MEHEHUIO
B3aUMOJCUCTBUI MEXIY aTOMaMU U JJIEKTPOHAMH.

4. TIpakTHYeckoe 3HAYEHHE: HN3menenue IIAPUHBI
3alpelieHHON 30Hbl ¢ TEMIEPATypOil BaXKHO yUUTHIBaTh MpU
pa3paboTKe MOJIyNPOBOAHUKOBBIX ycTpoicTB. Hampumep, B
COJIHEYHBIX AJIEMEHTAaX, CBETOJMO/AaX M Jla3epax U3MEHEHUe
SHEPI'UH 3aIPELICHHOM 30HbI BIUsAET Ha UX 3()(PEKTUBHOCTD U
pabourie XapakTEepUCTUKU MPU pa3IUYHbIX TeMieparypax. B
JIEKTPOHUKE TEMIIEPATyPHbIE U3MEHEHHSI MOTYT IPUBOJIUTH K
nperidy nmapaMeTpoB TPAaH3UCTOPOB U APYTUX KOMIIOHEHTOB.

5. Ilpumepsi:

o Kpemnnii (Si): [llupuna 3anpenieHHON 30HbBI KPEMHUSI
YMEHBIIIAETCS C YBeIW4YeHHeM Temnepartypol. [lpu
komHatHOM Temmeparype ( 300 K~300~K) mmpuna
3anpenieHHoN 30Hbl cocTaBisieT okoio 1.12 3B, a npu
BBICOKMX TEMIIEpaTypax OHAa MOYKET YMEHbIIAThCS Ha
HECKOJIBKO JIECATKOB M3B.

o Tammmii apcennn (GaAs): [dns GaAS yMmeHbIICHHE
UIMPYHBI 3aMPEIIEHHOM 30HbI TaKXKe Ha0Jt01aeTcsl IpU
yBEJIMUEHUH  TeMmmeparypsl. IIpp  komHaTHON
TeMIEepaType MHUPUHA 3alPEIeHHON 30Hbl COCTaBISET
okoiyio 1.42 3B, 1 OHa yMEHBIIAETCS C MOBBIIMIEHUEM
TEMIEpPaTypHI.

Takum o0pa3zom, SHEprust 3ampelieHHOW 30HBI MOJYHPOBOJHUKOB
YMEHBIIAETCS C YBEINYEHUEM TEMIIEPATYPBI, YTO OKA3bIBAET BIUSHUE
HA X IEKTPUYECKUE U ONITHYECKHUE CBOMCTBA. DTO BaXKHO YUUTHIBATH
pU pa3pabOTKe M SKCIUTyaTalluH IMOJXYNPOBOAHUKOBBIX YCTPOWCTB
Ui obecriedyeHus] MX HaJeKHOM paboThl B IIMPOKOM JHara3oHe
TEMIIEpaTyp.




48 Onumure Mpouecc yCTAHOBJIECHUA YCTOHYUBOro AuHamuuyeckoro | OINK-2.V.2
paBHOBecHs VI P-N nepexojaa
(Ilpouumaitme 3adanue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)
YcroiluMBoe  AMHAMUYECKOE paBHOBECHME B P-N mepexoje
yCTaHaBJIMBaeTcs Oyarofapsi OamaHCcy MEXIy IBYMS OCHOBHBIMHU
npoueccamu: guddysuell HocuTenedl 3apsga depes IMepexo] u
npeiioM HOocUTeNEH MOoJ AEHCTBHEM BHYTPEHHETO 3JIEKTPUYECKOTO
TOJISl.

1. B 1nonynpoBOJHMKOBOM KpUCTale P-TUIIA COJEP)KaTCs
M30BITOK JIBIPOK, a B N-TUMNA — U30BITOK 3JEKTPOHOB. B MecTe
KOHTAaKTa (mepexone) 3TU HOCUTEIH Ha4YUHAIOT
mudPyHIupoBaTh:  OBIPKHM W3 P-00JACTH  CTPEMSTCS
MPOHUKHYTH B N-00JIaCTh, @ 3JEKTPOHBI U3 N-001aCTH — B P-
o0racTsb.

2. B pesynprate muddys3un 31€KTPOHBI MOKUAAOT N-007acTh,
ocTaBisisi 3a COOOM HEMOJABIIKHBIC IOJIOKUTEIbHBIE HOHBI
JIOHOPOB. AHAJOrMYHO, JBIpKHM, yXOAs H3 P-00jacTw,
OCTABJISIIOT ~ OTPULATEIbHBIE  HOHBI  AKLENTOPOB.  JTO
dopmupyer  00nacTe  MPOCTPAHCTBEHHOTO  3apsga C
BHYTPEHHUM 3JIEKTPUYECKUM I0JIEM, HAIIPaBJICHHBIM IPOTUB
i dy3un.

3. Tlo wMepe pocra BHYTpEHHEro IO, OHO HAYUHAET
MPEISITCTBOBATh JAlbHEWIIEH M Qy3un HOCHTEICH 3apsia.
B KOHEYHOM HTOre JOCTUraercs COCTOSHHE, NMPU KOTOPOM
IIOTOK HOCHTEIIEH, BBI3BaHHBIN maddysuei,
YpaBHOBEIIMBAECTCS MOTOKOM, BBI3BAHHBIM JIpeiipoM TOJ
JIEACTBUEM DJIEKTPUYECKOTO MOJISL.
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(Ilpouumaitme 3a0anue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)

BumnonspHbIi TpaH3UCTOP MOXKET paboTaTh B PA3IUYHBIX PEKUMAax B
3aBUCUMOCTH OT COCTOSIHMSI €r0 p-n INEpPexXoJ0B (IMUTTEPHOTO U
KOJUJIEKTOPHOT0). BOT OCHOBHBIE peXUMBI paOOTHI:

1. AKTUBHBIHN (YCUIIUTEIbHBIIN) PEXKUM:

e CocrosiHue NEPexoq0B: DMUTTEPHBIN Nepexo]] CMEIIEH B
IPSIMOM HAaIPaBJICHUHU, KOJUIEKTOPHBIA — B 0OPaTHOM.

o Hasnauenue: Mcnonp3yercs A ycuiaeHus CUTHaiIoB. B atom
peXuMe Mayble W3MEHEHMs BXOJHOTO Toka (Toka 0a3bl)
MPUBOAAT K 3HAYUTEIFHBIM W3MEHEHHSIM BBIXOJHOTO TOKa
(TOKa KOJIEKTOPA).

e OcobeHHOCTH: DTOT peXUM HanbOJee 4acTO UCIOIb3YEeTCs B
cXeMax yCUJINTENEeH.

2. Pexxum HaChIIEHUSA:

e CocrosHue mnepexonoB: OOa mnepexona (AMUTTEPHBIA U
KOJIJICKTOPHBII ) CMEIICHBI B IPSIMOM HaIlpaBJICHUH.

e Hasnauenme: TpaH3UCTOp MOJHOCTBIO  OTKPBIT, €rO
CONPOTHBIICHUE  MHHUMAQIBbHO, W  OH  MPOIYCKaeT
MaKCUMaJIbHBIN TOK.




e Ocobennoctu: PexuM mpuMeEHsSETCS B KIIOYEBBIX CXEMax,
KOrJa TpaH3UCTOp paboTaeT Kak 3aMKHYTBIM — KIIFOY
(BKITFOUCHO).

3. Pexxum oTceuku:

e CocrosiHue nepexonoB: Oba nepexoja cMelIeHbl B 00paTHOM
HaIPaBJICHUU.

e Hasnauenue: TpaH3uCTOp MOTHOCTHIO 3aKPHIT, TOK YEPE3 HETO
IIPAKTUYECKU HE IPOXOJIUT.

e Ocob6ennoctu: Hcmonb3yercss B KIIOYEBBIX CXeMaX, Koraa
TPaH3UCTOP paboTaeT KaK Pa3OMKHYTHIN KITFOY (BBIKIIOYEHO).

4. VIHBepCHBINM aKTUBHBIN PeKUM (PEIKO UCIIOIB3YETCS):

o CocrosHue nepexoqoB: KomnekTopHblil nepexoj; CMEIEH B
MIPSIMOM HaIpaBJIEHUH, & SMUTTEPHBII — B 00paTHOM.

o Hasnauenue: Penko npumensieTcs, Tak Kak XapakTEpPUCTUKU
TPaH3UCTOpAa B OJTOM pPEKHUME 3HAYUTEIBHO XYyXE IO
CPaBHEHHUIO C aKTUBHBIM PEKHMOM.

e Ocob6ennoctu: [loTok HOcuTenel 3apsna OCYIIECTBISIETCS B
00paTHOM HampaBJICHUH.
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Oxapakrepu3yiite cXeMBbl BKJIIOYEHH S OMIOJISIPHOTO
TPaH3MCTOPA.

(Ilpouumaime 3adanue u Oaiime c60ll pPa3zeepHymulil GAPUAHM
omeema)

Cy1liecTBYIOT TpH OCHOBHBIE CXEMbl BKIIIOUEHHUS OHUIOISPHOTO
Tpan3ucTopa: ¢ obmei 6azoit (COB), ¢ o6mmmM smuTTepom (COD) u ¢
obmum  komektopom  (COK). Kaxmas w3 Hux oOiamaer
YHUKQJIbHBIMA XapPaKTEPUCTUKAMHU, ONPEACISIOMMUMH UX 00J1acTh
MIPUMEHEHUS:

1. Cxema ¢ oomeii 6a3oii (COB):

e Xapakrtepucruka: ba3za saBnsercs oOmell Toukoil s
BXOJHOU M BEIXOJHOH IIEIIEH.

o Bxoanoe conporusiienue: Huskoe.

o Bbixoanoe conporuBienne: Bricokoe.

e Ycuienme: lmeer BbICOKHMN KOI()PULIUEHT YCHIIEHHS IO
HaIpsDKEHUIO, HO HE YCUIIMBAET TOK.

o IIpumenenmne: Vcnonb3yeTcss B BBICOKOYACTOTHBIX CXeMax U
B YCTPOMCTBAX C MaJIbIM BXOJHBIM CONPOTHUBIICHUEM.

2. Cxema ¢ 00mum smurrepom (COI):

e XapakTepHCTHKA: DMHUTTEp SABISICTCS OOIIEH TOYKOW ISt
BXOJHOM U BBIXOJHOM IIEIICH.

o Bxoanoe conporuBjienue: Cpennee.

o BbixogHoe conporusiaenne: CpenHee.

e Ycuaenue: ObecrieunBaeT ycuJIeHHE Kak MO TOKY, TaK U MO
HampsDKeHUI0, 4YTO JenaeT e€ Hauboyee YHHUBEpPCAIbHON
CXEMOH.

o IIpumenenme: Illupoko HUCHOIB3yETCI B  YCHIHUTEISAX
Oytaroapsi BEICOKOMY KO3((OUIIMEHTY yCUJICHHS] MOIITHOCTH.

3. Cxema ¢ 00mum kosiekropom (COK):

o Xapakrtepuctuka: Komuiektop sBisieTcst o0Iei TOUKOM st
BXOJHOM M BBEIXOJHOH IIEIIEH.

o BxoaHoe conporuBJjienue: Bricokoe.
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e BpixoaHoe conporusJienune: Huskoe.

e VYcuwienue: YcuiauBaeT TOK, HO HE  HamlpsHKCHHE
(ko3 hUIMEHT yCcUIeHUS HANPSKEHU < 1).

o Ilpumenenne

o1

YcTraHoBHTE COOTBETCTBHE MEKAY THNAMHU MOJYNPOBOAHUKOB U
HX XapaKTepUCTUKAMM:
(Bonpoc na ycmanoenenue coomeemcmeus)
Tunsl NOJTyNPOBOTHUKOB:
A. YuCTBIN MOITYITPOBOTHUK
B. IlomynpoBoaHUK p-THUIIA
C. TlonympoBoAHHK n-TUMA
XapakTepucTuKH:
1. Co3zpaércs npu 100aBICHUH JOHOPHBIX MIPUMeECei
2. Co3pmaéres mpu 100aBICHUH AKIIEITOPHBIX MTPAUMeEcen
3. Hmeer paBHOE KOJUYECTBO DOJEKTPOHOB U  JIBIPOK
IIpaBuabHoe cooTBeTcTBHE: A-3, B-2, C-1
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YcraHoBHUTE COOTBETCTBHE MEKITY KOMIIOHEHTAMHU TPAH3UCTOPA U
UX QYHKIUAMU:
(Bonpoc na ycmanogienue coomeemcmeus)
KoMnoHneHTbI:
A. DwmuTttep
B. baza
C. Komnekrop
DOyHKIUH:
1. HcmyckaeT 3IeKTPOHBI WU IBIPKU
2. YrpapisieT TOKOM MEXKAY SMUTTEPOM U KOJIIEKTOPOM
3. Cobuparens JJIEKTPOHOB WA JIBIPOK
IIpaBuabHoe cooTBercTBHE: A-1, B-2, C-3
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YcraHoBUTE COOTBETCTBHE MeKAYy THIAMM COEIHMHEHUH M HX
HA3HAYeHUEeM:
(Bonpoc na ycmanoenienue coomeemcmeus)
Tunsl coeUHEHUI:
A. P-N nepexop
B. IlorTkm
C. Tereponepexon
Ha3nauenue:
1. JIyist CHUKCHWUS MTaICHUS HAPSIKCHUS
2. OCHOBHOE COeTMHEHHE B TIOTYTPOBOTHUKAX
3. Coenunenue Pa3ITUYHBIX MaTepuasioB
IIpaBuabHoe cooTBercTBHE: A-2, B-1, C-3
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YcraHoBUTE COOTBETCTBHE MY 30HAMM MOJYNPOBOAHUKA U HX
CBOMCTBaAMM:
(Bonpoc na ycmanoenenue coomeemcmeus)
3oHbI:
A. 3oHa mpoBOANMOCTH
B. 3anpeménnas 30Ha
C. BasienTHas 30Ha
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CpoiicTBa:
1. CopnepxuT 31€KTPOHBI, CIOCOOHBIE IPOBOAUTH TOK
2. TIpoMexyTOK MeXIy YPOBHSIMH YHEPTHH
3. ComepXMT  DIIEKTPOHBI,  CBSI3aHHBIE  C  aTOMaMH
IIpaBusabHoe cooTBeTcTBHE: A-1, B-2, C-3

byHKuuaMn:
(Bonpoc na ycmanoenenue coomeemcmaeus)
JAuoawi:
A. Bapuxkan
B. Cseromuon
C. CrabunutpoH
DyHKIUN:
1. Perynupyer 4acToTy B cXemax
2. Wznygaer cBer
3. Crabuiuzupyer HapsDKEHUE
IIpaBuabHoe cooTBercTBHE: A-1, B-2, C-3
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pe3yJabTaTaMu:
(Bonpoc na ycmanognienue coomeemcmeus)
Metoabl:
A. JloGaBieHue 10HOPOB
B. [lo6aBiieHne aknenTopoB
C. OrcyrcTBHE mpUMecei
Pe3yabrarni:
1. TonynpoBoaHMK n-THNa
2. TlomynpoBoaHUK p-THIA
3. Ywmcreii IIOJIYIIPOBOJHUK
IIpaBuabHoe cooTBeTcTBHE: A-1, B-2, C-3
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NOJIYIIPOBOHMKOB M UX (PM3UYECKUMU SBJICHUSAMMU:
(Bonpoc na ycmanoenenue coomeemcmeusn)
MexaHHu3MBbI:
A. DnekTponpoBOIHOCTh
B. I'enepanus
C. PexomOuHanus
SBaenus:
1. Tlepememienue HocuTenel 3apsaaa
2. OO6pa3zoBanue nap "IMeKTpoH-IbIpKa"
3. Cnusinue HOCHUTEJIEN 3apsaaa
IIpaBuabHoe cooTBeTcTBHE: A-1, B-2, C-3
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[lepeueHb TeM KOHTPOIBHBIX PabOT MO MUCHUIUIMHE OOYYAIOIMIMXCS 3a09HOU (hOPMBI
00ydYeHUsI, IpeJICTaBICHbI B Ta0wmie 19.

Tabmuua 19 — IlepeueHb KOHTPOJIBHBIX paboOT

Ne /1t

[lepeueHb KOHTPOJIBHBIX pabOT

He npenycmorpeHno




10.4. Meroauueckue  Marepuainbl,  ONPEACHAIONIME  HPOLEIyphl  OLICHUBAHHS
UH/IMKATOPOB, XapaKTepU3YIOIIMX d3Tanbl (HOPMUPOBAHMS KOMIIETEHLHMH, COAEpKarcs B
JIOKaJIbHBIX HOpMaTuBHBIX akrax [YAIIL, perlaMeHTHpPYIOIUX MOPSINOK U HpOLERypy
IPOBE/ICHUS TEKYIIEro KOHTPOJISI YCIIEBAEMOCTH U MIPOMEKYTOUHOM aTTecTaluyi 00ydaromuxcs
I'VAIL

11. Meroaudeckue yKa3aHus Ui 00YJIArOIIUXCS IO OCBOSHUIO JUCIIUILTAHBI

11.1. Meroauueckue ykazaHus s OOYyYarOIIMXCSd 10 OCBOCHHIO JIEKIIMOHHOTO
Marepuaa.

OcHOBHOE Ha3zHAauYeHUE JICKIIMOHHOTO Marepuajia — JOTHYECKH CTPOMHOE, CHUCTEMHOE,
rTy0OKOE 1 SICHOE M3JI0KEeHHE yueOHOTo MaTtepuraia. HazHaueHre COBpeMEHHOM JIEKIIUK B paMKax
JUCIUIUIMHBEI HE B TOM, 4YTOOBI TOJIYYUTh BCIO HHPOpPMAIMIO TO TEME, a B OCBOCHUU
byHIaMEHTANBHBIX MPOOJIEeM AWCIUIUIMHBI, METOJOB HAYYHOTO IIO3HAHUS, HOBEHUIINX
JTOCTHIKEHUH HAay4dHOW MBICTU. B yueOHOM mporiecce JICKIUS BBITIOIHSAET METOI0JIOTHYECKYIO,
OpraHU3aIMOHHYI0 ¥ MHGOPMAIMOHHYI (YHKIHU. JIEKIHs pacKpblBaeT MOHATHHHBIN arrmapar
KOHKPETHOM 00JIacTh 3HaHUs, €€ MpoOJeMbl, JaeT IEJbHOE MPEJCTaBICHWE O AMCIUIUIMHE,
MOKa3bIBAECT B3aUMOCBSI3b C IPYTUMHU JUCIUIUIMHAMU.

ILranyupyeMbie pe3yJIbTaThl IPH OCBOCHUU 00YYAIOIIUMHUCS JICKIIMOHHOIO MAaTepHaa;

— TIOJIyYeHHUE COBPEMEHHBIX, IIEJIOCTHBIX, B3aUMOCBSI3aHHBIX 3HAHHH, YPOBEHb KOTOPBIX
ONpeeNseTcsl UeJIeBOM YCTAHOBKOM K KaKI0M KOHKPETHOU TeME;

— TIOJy4Y€HUE OIbITa TBOPUYECKOM pabOThI COBMECTHO C MPEIOIaBaTElIeM;

— pa3BuTHEe MNpo(decCHOHATBHO-IEIOBBIX  KAauyecTB, JIOOBU K  NpeaMeTy |
CaMOCTOSITEJIbHOTO TBOPYECKOTO MBIIIIJICHUSI.

— TOSIBJIEHHE HEOOXOAMMOTro HHTEpEca, HEOOXOAMMOTO IJIsi CAMOCTOSITEIIbBHONW PabOTHI;

— TOJyYeHHUE 3HAHUM O COBPEMEHHOM YPOBHE Pa3BUTHUS HAYKU U TEXHUKHU U O TIPOTHO3E
WX Pa3BUTHUS Ha OJIMDKAUIIINE TOJIBI;

— HAY4YUThCS METOAMYECKH 00pabaThiBaTh MaTepuall (BBIACIATH TIJIaBHbIE MBICIU U
MOJIOKEHUS, PUXOTUTH K KOHKPETHBIM BBIBOJIaM, IIOBTOPATH UX B PA3IMYHBIX ()OPMYIUPOBKAX);

— TIONy4YeHUE TOYHOTO MOHUMAaHHUS BCEX HEOOXOAUMBIX TEPMUHOB U TIOHATHH.

JIekuMOHHBI MaTepHal MOXET CONPOBOXKIATbCA JIEMOHCTpaluuend CIaioB H
WCIIONIb30BAaHMEM pa3aTOYHOTO MaTepuajga TMpH MPOBEIEHUU KOPOTKUX AHCKycCUH 00
OCOOEHHOCTSIX MPUMEHEHHS OT/IETbHBIX TEMATHK 1O JUCIUTIIIMHE.

CTpykTypa IpeaocTaBiISHHS JSKIIMOHHOT0 MaTepHana:

— Jleknuu,

— JleMoHCTpaIusi IPOMBIIUIEHHBIX 00pa31l0B MOTYNPOBOJHUKOBBIX TPHUOOPOB;

— JleMoHCTpaIus 2IEKTPUIECKUX CXEM BKIIFOUEHUS OTYTPOBOIHUKOBBIX TPUOOPOB.

11.2. Metoauueckue yKa3aHusl sl OOYYaroIIMXCs 0 YYaCTUIO B CEMUHApax

OCHOBHOM T1eNBI0 JIsI 00YYarOIIerocs SIBIISIETCA CUCTeMAaTu3alus U 0000IIeHe 3HaHU!
Mo wu3y4yaeMou Teme, pasaeny, (QopMHUpoBaHHUE YMEHHUs paboTaTh C JOMOJHUTEIHHBIMU
WCTOYHHKaMU WH(GOPMAITUH, COMOCTABIATh M CPaBHUBATh TOYKU 3pPEHUS, KOHCIEKTHPOBATH
MPOYMTAHHOE, BBICKA3bIBaTh CBOIO TOYKY 3p€HUs U T.I. B COOTBETCTBMM C Beayllen
TUTAKTUYECKON IIeJIbI0 COJIEP)KAaHUEM CEMUHAPCKUX 3aHATHUN SIBISIOTCS Y3JIOBBIE, HamOolee
TPYIOHBIC JUISI TIOHUMAaHHS M YCBOCHHS TEMbI, pa3ieibl JUCHUIUIMHBL Crenuduxoil maHHON
(GbopMBI 3aHATUN SBISETCS COBMECTHAsI paboTa mpernojaaBaTeisi U 00ydJaromierocs: Hal perieHueM
MOCTaBIIEHHOW MpoOJeMbl, a TOWCK BEPHOTO OTBETa CTPOWTCS HAa OCHOBE YEpeIOBaHUS
VHIUBUYaIbHON U KOJUIEKTUBHOM JNEATEIBHOCTH.

[Tpu mOATOTOBKE K CEMUHAPCKOMY 3aHSATHIO 110 TeME MPOCITYIIaHHON JIEKIIMK He0OX0IMMO
03HAKOMHTHCS C TIAHOM €T0 MPOBEICHHS, C TUTEPATYPOH U HAYIHBIMU MyOIUKAIMSIMH 110 TEME
ceMHUHapa.



TpeboBaHUsI K MPOBEICHUIO CEMUHAPOB

11.3. Meroauueckue ykazaHus JUIsl OOy4aroIUXCs 0 IPOXOXKICHHUIO MPAKTHUECKUX
3aHATHI

IIpakTHyeckoe 3aHATHE SABISETCA OAHOM M3 OCHOBHBIX (DOpPM OpraHuzalMu y4eOHOro
npoliecca, 3aKII0YaonIascs B BBITOJTHEHUN 00YYalOUIMMHUCS 10JI PYKOBOJCTBOM ITPETO1aBaTels
KOMILIEKCa Y4eOHbIX 3aJaHMH C LENbI0 YCBOEHHMsS HAyYHO-TEOPETUYECKMX OCHOB Y4yeOHOMU
JUCHUTUTMHBL, TPUOOPETEHHs] YMEHUN M HaBBIKOB, OIBITA TBOPUYECKON AEATEIBHOCTH.

Iesnbro NpakTUYECKOro 3aHATUSA JUIsl 00y4aroIIerocs sBIsSeTCsl NIPUBUTHE OOydYarOUIMMCs
YMEHUU U HAaBBIKOB IIPAKTUYECKOU EATEIbHOCTH 110 U3y4aeMO NUCLMIUIMHE.

[Inanupyemble pe3yabTaThl TP OCBOEHUH 00yUarOIIMMCs IPAKTUYECKUX 3aHATUI:

— 3aKkpeluvieHue, yriyOleHue, pacIlUpeHue M JeTalu3als 3HaHUW I[pU peIleHUH
KOHKPETHBIX 3a/1a4;

— pa3BUTHE I[I03HABAaTEJbHBIX CIHOCOOHOCTEH, CaMOCTOSTENbHOCTH  MBIIUIEHUS,
TBOPYECKON aKTUBHOCTH;

— OBJIQJICHME HOBBIMM METOJAaMH M METOJUKaMU H3Y4YEHMs] KOHKPETHOH yueOHOH
JUCLUIINHBL,

— BbIpa0OTKAa CHOCOOHOCTH JIOTMYECKOTO OCMBICICHUS] MOJTYYEHHBIX 3HAHUM JUIs
BBITIOJTHEHMS 3aJJaHHAI;

— ofecrieueHue palMOHAIBLHOIO COYETAaHUsl KOJJIEKTUBHOM M MHAMBHIYaJIbHON (popm
o0y4eHusl.

TDC6OB8.HI/I$I K IIPOBEJICHHIO ITPAKTUYCCKHUX 3aHITHHI

11.4. Metoauueckue yka3zaHus Uit 00y4arolUXCs 110 BBITTOIHEHUIO TA00PaTOPHBIX paboT

B xoz1e BBIMOMTHEHUS J1a00OPATOPHBIX PA0OT 00YUAIOIIUIICS JOIDKEH YIITyOUTh M 3aKPETUTh
3HaHUS, IPAKTUYECKNUE HABBIKH, OBJIAJETh COBPEMEHHOW METOJIMKOM M TEXHUKON 3KCIEPUMEHTA
B COOTBETCTBMM C KBAIM(PHUKAIUOHHON XapaKTepUCTHKOW oOydaromierocs. BrinonHenue
71a00paTOPHBIX pabOT COCTOUT U3 IKCHEPUMEHTAIBHO-IIPAKTUYECKOMN, PaCYeTHO-aHAIUTHYECKOM
4acTeH U KOHTPOJBHBIX MEPOIPHUITHIA.

BrinonHenue 51ab0paTopHBIX paboOT OO0yyaromMMCs SBJISIETCS HEOTHEMJIEMOH 4YacThlO
M3Y4YEHUs] JUCLUIUIMHBI, ONIpPENesiseMOl Y4YeOHbIM IUIAaHOM, M OTHOCHUTCS K CPEICTBaM,
o0ecreynBaroIuM pelIeHue eIy X OCHOBHBIX 331a4 00y4aroIerocs:

— INpHOOpeTeHrEe HaBBIKOB UCCIIE0BAHMS MTPOLIECCOB, ABICHUH U 0OBEKTOB, U3y4aeMbIX
B paMKax JaHHOW JUCIMILIMHBL;

— 3aKpeIuleHHe, Pa3BUTHE U JeTalu3allds TEOPEeTUYECKUX 3HAHUN, TMOJYyYEHHBIX Ha
JEKIHSX;

— ToJlyueHHe HOBOM MH(OpMAIMH [0 N3y4aeMON AUCIUIIMHE;

— TpuoOpeTeHrne HaBBIKOB CAaMOCTOATEILHON pabOThI € 1A00OpaTOPHBIM 000PYI0BaHUEM
U mpudopamu.

3ajganue U TpeOoBaHMS K IPOBEICHUIO JIAOOPATOPHBIX paboT

HccnenoBanmne xapakTepUCTHK MOJYIPOBOJAHUKOBBIX IpuOopoB. JlaboparopHas pabota
BBITOJIHSICTCSI OpUTAZON U3 ABYX-TPEX CTYJCHTOB Ha YHHBEPCAJIbHBIX U3MEPUTEIIbHBIX CTEHJIaX.
[TpoBeneHne WCCIETOBAaHUI OCYIIECTBISIETCS B COOTBETCTBHM C 3aJaHWEM W B YyKa3aHHOH
MOCJIEI0BATEIbHOCTU. Pe3ynbTaTel M3MEpEeHH 3aHOCATCS B IPOTOKOJI MCIIBITAHUH, KOTOPBINA 1O
OKOHYAaHWU MCCIIEIOBAHNH TOJKEH OBITH MPENICTABIICH IS TPOBEPKH MPETIOIaBaTEIIo.

Crpykrypa 1 dhopMma oTdera 0 1adopaTopHoOil pabore
OTt4er n0MKEeH COMepKaTh: HAMMEHOBAHHE U 11€JIb paOOTHI; CXeMbl U3MEPEHHIA; TaOIUIIBI
H3MepeHHBIX JaHHBIX T‘pa(bI/IKI/I XapaKTepI/ICTI/IK I/Iccnenyeme 06T)eKTOB; paCC'-II/ITaHHI)Ie




3HAYCHUSI TAPAMETPOB HCCIIEyEMBIX 00BEKTOB; KpaTKHe BBIBOBI. OTYET BBHITIOIHSICTCS HAa OeI0i
oymare popmara 297 x 210 kB. MM.

TpeboBanus k oopMIIEHHIO OTYETa 0 Ja0OpaTOPHOU paboTe

Oo6paser opopmiieHHS TUTYJIBHOIO JIMCTA IPUBEAEH Ha caifre: https://guap.ru/standart/
['paduku cTposdTcs Ha OTHENBHBIX JIMcTaxX (popmara ordera. MimocTpamuu Maiabix pa3MepoB
pa3MemarTcss Ha OJHOM JIMCTe. Bce Trpadyiku W PUCYHKH IOJDKHBI UMETh HYMEpaluio U
MOSICHSIFOIIME TOAMKUCH C YKa3aHUEM THIIA HCCIIeTyeMoro o0bekTa. [IpuHIMMUANbHBIE CXEMBI
BBIYEPUYUBAIOTCS B COOTBETCTBUU ¢ TpeboBanmsimu ECKJI.

1. AoOpamoB, A. II. DnexrpoHuka. MeTonuueckre YyKa3aHUS K BBITOJTHEHHUIO
71a00paTOpHBIX pabOT MO MCCIIEIOBAHUIO MOJIEBBIX TpaH3ucTopos / A. I1. AGpamos, B.
B. Omapun. CII6: I'VAIIL, 2009. — 42 c.: wi.

2. AOGpamo, A. II. DnexktpoHuka. MeToauyecKkue yKa3aHHs K BBIMOJIHEHUIO
71a00paTOpHBIX PabOT MO MCCIEAOBAHUIO MOJYNMPOBOJHUKOBBIX nuoaos/ A. II.
Abpamos, B. B. Onapun. CI16: I'VAIIL, 2008. — 41 c.: u.

3.  AOpamoB, A. II. OcHOBBI TONYNPOBOJHUKOBON AJIEKTPOHUKU. MeToaudeckue
yKa3aHUs K BBITOTHEHHUIO JJabopaTtopHbIX padot./ A. I1. A6pamos. CI16: I'YAII, 2020.
—54 c.:un.

4.  AGpamos, A. Il. bunonspHeie U 10JIeBbIE TPAH3UCTOPBL. METOANYECKUE YKA3aHUS K
BBITIOJIHEHHIO JabopaTopHbix pador./ A. II. Aobpamos, B. I'. Hedemos, A. C.
[Tapackyn. CI16: I'VAIL, 2020. — 30 c.: ui.

11.5. Meroauyeckue ykazaHus JUisi OOYyYarOUIUXCS IO MPOXOKACHUIO KypCOBOTO
MIPOEKTUPOBAHHUS/BBIIIOJHEHUS KYPCOBOM pabOThI

KypcoBoii mpoexT/ paboTa mpoBOAUTCS € LENbI0 POPMUPOBAHUS Yy OOYJAIOUIMXCS OTBITA
KOMIUIEKCHOTO peIlleHUs] KOHKPETHBIX 3a/1a4 MPOPeCCUOHANBHON JAEITeIbHOCTH.

KypcoBoii mpoekT/ pabota 1o3BoJisieT 00ydaromemMycs:

CTpyKTYpa HOSICHUTEIbHOM 3aIIMCKN KYPCOBOI'O IIPOeKTa/ padOTHI

TDC6OBaHI/I$I K Od)O‘[)MJ'IeHI/IIO MOSICHUTCILHON 3aIUCKH KYPCOBOT'O HDO@KT&/ Da6OTBI

11.6. Meroauueckue ykazaHusi UIsi OOYYaIOIIMXCS 10 MPOXOXKIECHHIO CAMOCTOSITEITHHOM
paboThI

B xone BbIMOSHEHUSI CaMOCTOSITENIBHOM PabOThI, 00yJaroNIUics BBITOIHAET padoTy 1O
3aJJaHUI0 ¥ IIPU METOJUUYECKOM PYKOBOJCTBE IperojaBaTelisi, Ho 0e3 ero HernocpeiCTBEHHOIo
y4acTusl.

Jns oOyuaromuxcs 1Mo 3aoyHod (opme O0OydeHHs, caMOCTOsITeNbHas paboTa MOXKET
BKJIIOUATh B c€0s KOHTPOJIbHYIO paboTy.

B mnpouecce BBINOIHEHHUsSI CaMOCTOSITENbHONW paboThl, y oOydaromierocst GopMHpyeTcs
1enecoo0pa3Hoe IIaHUPOBaHUE PaboUero BpeMeHH, KOTOPOE MO3BOJISIET UM pa3BUBaTh YMEHUS U
HaBbIKM B YCBOGHHMH M CHCTEMATHU3allUU TNPUOOpeTaeMbIX 3HAHMM, 00eCreurnBaeT BBICOKHM
YpOBEHb YCIEBAEMOCTH B TMEpPHOJ OOYy4YEeHHs, MOMOraeT IOJYyYUTh HAaBBIKA IOBBIIICHUS
npo¢eCCHOHATIBHOTO YPOBHS.

MetoauyeckumMl ~ MaTepuaiaMH,  HalpaBSIIONIMMH  CAMOCTOSATENbHYIO  paloTy
00yYaromUX CASIBISIOTCS:

—  y4eOHO-METOMYECKUN MaTepHa Mo JUCIUILINHE;

— METOJIUYECKHE YKa3aHHUS MO BBIMOJIHEHUIO KOHTPOJIBHBIX PaboT (1 00ydaromuxcs
1o 3a049HOU (popme oOydeHHs ).


https://guap.ru/standart/

11.7. Meroauyeckue ykazaHusi 411 00yHarOIIHXCsI IO TIPOXOKISHUIO TEKYIIEro KOHTPOJISA
yCTIEBAeMOCTH.

Tekymmii KOHTpPOJIb YCIIEBAEMOCTH MPEIyCMATPUBACT KOHTPOJIb KavyecTBa 3HAHHM
00yJaromuxcs, OCyIIECTBISIEMOrO B TEUEHHUE CEMECTpa C b0 OICHMBAHUS XOJla OCBOCHUS
JVCIIATUTAHBI.

11.8. MeToauyeckue yKazaHus JUIsA OOYYarOIIUXCs 1O MPOXOKICHHUIO MPOMEKYTOYHOM
aTTecTalnuu.

[IpomexxyTouHass ~ aTTecTamus  OOYYAMOINMXCS  NPEAyCMaTpPHBAeT  OICHHBAHHE
IIPOMEXYTOUHBIX U OKOHYATEJIbHBIX PE3YyJIbTAaTOB 00y4YeHMs IO aucuuiuinHe. OHa BKIIIOYAET B
ce0s.

— 9K3aMeH — (hopMa OLIEHKH 3HAHUH, ITOJIyYCHHBIX 00yUYaIOIIUMCS B IIPOLIECCE H3YUCHUS
BCEH TUCITUILIMHBI MIIA €€ YaCTH, HABBIKOB CAMOCTOSTEILHOU pa0dOThI, CIIOCOOHOCTH MPUMEHSTh
nux JaJis peH_IeHI/IH HpaKTI/I‘-ICCKI/IX 3aaa4. 3K3aMCH, KakK HpaBI/IJ'IO, HpOBOI[I/ITCﬂ B Hepnou
9K3aMCHAIIMOHHOM CECCHM M 3aBEPIIACTCS aTTECTAlMOHHOW OICHKOM «OTIMYHO», «XOPOIIOY,
((y,[[OBJIGTBOpHTGJIBHO», ((HGYI[OBHGTBOPI/ITCJILHO».

— 3aueT — 3T0 (hopMa OLEHKU 3HAHUM, MOTyYECHHBIX OOYYaIOUIMMCS B XOJI€ MU3yUCHHS
y4eOHOM TUCIUILTUHBI B IIEJIOM HITH TIPOMEXYTOYHasl (10 OKOHYAHUH CEMeCTpa) OIICHKA 3HAHUN
00y4JaroIUMCs 110 OTIEIBHBIM pa3jeliaM TUCIUILUIMHBI C aTTECTAlMOHHON OIICHKOW «3a4TCHO»
WJIN «HE 3a4YTEHOY.

— nmuddepeHIMPOBaHHbBI 3a4eT — 3T0 (opMa OLCHKHM 3HAHUWH, IOJyYCHHBIX
06y‘-IaIOHII/IMCH HpI/I I/I3y‘-I€HI/II/I JUCHUITIINHBI, HpI/I BBITIOJTHCHU N KprOBbIX HpOGKTOB, KprOBI)IX
paboT, HAYYHO-UCCIICOBATEIILCKUAX PA0OT U MPOXOXKIACHUH MPAKTHK C aTTECTAI[HOHHON OLIEHKOM
«OTJIIMYHOY, «XOPOIIOY, KyJIOBICTBOPUTEIEHOY, «HEYIOBICTBOPUTEIILHOY.



Jluct BHeceHUs U3MEHEHUH B pabouyto IporpaMMy JTUCIUILINHBI
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