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AHHOTaNINA

JucuuiuimHa «OJEeKTPOHUKA» BXOIUT B 00pa30BaTENIbHYI0 NPOTrpaMMy BBICIIETO
oOpa3oBaHusi — MporpaMMmy OakanaBpuara [0 HaIlpPaBICHUIO MOATOTOBKH/ CHEIHATIbHOCTU
12.03.05 «Jla3epHas TexHMKa U Ja3epHbIE TEXHOJIOIMI» HAIPABICHHOCTH «Jla3epHas TexHHKa U
Ja3epHbIe TEXHOIOTUWY. J(ucuummnna peanmsyercs kadempoit «Ne23».

JlucuuiuinHa HaresneHa Ha (P OpMHUPOBAHKE Y BBIITYCKHUKA CIIETYIONUX KOMITETCHIIUNA:

OIIK-1 «CnocobGeH NpUMEHATh ECTECTBEHHOHAYYHbIE M OOIIEHH)XEHEPHBIC 3HAHWSI,
METO/Ibl MATEMaTUYECKOI0 aHAIN3a U MOJECINPOBAHUSI B MHKEHEPHOMU JESITEIbHOCTH, CBA3aHHON
C MPOEKTUPOBAHHUEM, KOHCTPYUPOBAHUEM U TEXHOJIOTHSIMH IIPOU3BOJICTBA JIA3EPHOIN TEXHUKI

OIIK-3 «CnocobeH MpOBOIUTh SKCIEPUMEHTAIBHBIC WCCICAOBAHUS W H3MEPCHHUS,
o0pabaTbIBaTh U MPEJCTABIATH MOJyUYEHHBIE JAHHBIE C YUYETOM CHEIU(UKHA METOJO0B U CPEACTB
JIA3€pHBIX UCCIIEA0BAaHUN U U3MEPEHUN»

[IK-3 «CnocoGeH k pa3paboTKe TEeXHOJOTHYECKUX MPOIECCOB KOHTPOJISI MEXaHUYECKHX,
ONTUYECKUX M ONTHUKO-3JICKTPOHHBIX OJIOKOB, y3JIOB M 3JIEMEHTOB THUIIOBBIX CHUCTEM MpPHOOPOB,
Ja3epHON TEXHUKHU, JTa3€PHBIX ONTUKO-3JIEKTPOHHBIX MPUOOPOB U CUCTEM

CopepxaHue JIUCUUIUIMHBI OXBaThIBAa€T KPYI BOINPOCOB, CBA3aHHBIX C H3YYEHHEM
buznyecKuX NPUHLMUIIOB JCHCTBHS, XapaKTEpPUCTUK, Mojeled u  ocoOeHHOCTeH B
PAIMOTEXHUYECKUX IICTISIX OCHOBHBIX THUIIOB aKTUBHBIX MPUOOPOB, MPUHIIMIIOB WX TTOCTPOCHUS U
MEXaHHU3MOB BIIMSHUS YCIOBHUI 3KCIUTyaTalluy Ha pabOTy aKTUBHBIX MPUOOPOB.

[IperonaBanre MUCHMIUIMHBI TPEAYCMAaTPUBACT ClieAyIomme (HOPMBI OpraHHU3alUN
y4eOHOro Mpoliecca: JEeKINH, J1abopaTopHble paboThl, CAMOCTOSITENbHAS pad0Ta 00yYarOIIerocs.

[IporpaMMoil IUCHUIUIMHBI TPEIYyCMOTPEHbI CIEAYIOIIUE BUABI KOHTPOJISA: TEKYIIMH
KOHTPOJIb YCIIEBAEMOCTH, POMEKYTOUHAs aTTecTanus B (hopMe IK3aMeHa.

OO0mas TpyA0EMKOCTh OCBOSHUS JHUCUUILIMHBI COCTABISACT S5 3aueTHBIX enuHuIl, 180
YacoB.

SA3bIk 00yUeHUs 110 AUCIUTUITMHE KPYCCKUM



1. IlepeudeHb MIaHUPYEMBIX PE3YJIHTATOB O0YUEHUS MO AUCLUILITHHE

1.1. Ilenu npenoaaBaHusi JUCIUTUIMHBI

Lenpro mpenonaBaHusl TUCUUILIMHBI «DJEKTPOHUKA» SIBISETCS U3YYEHHUE CTyACHTaMHU
(GU3HYECKUX PUHITUIIOB JEHCTBUS, XapaKTEPUCTUK, MOJIENICH U OCOOCHHOCTEH HCIIOIb30BAHMS B
PaIMOTEXHUYECKUX LIETAX OCHOBHBIX THIIOB aKTHBHBIX MPUOOPOB, MPHUHIIMIIOB MOCTPOCHUS U
OCHOB TE€XHOJIOTMM MUKPODJIEKTPOHHBIX LENIEH, MEXaHU3MOB BIIMSHUS YCIOBUH SKCILTyaTalluy HA
paboTy aKTUBHBIX NMPUOOPOB M MUKPOIIEKTPOHHBIX Lienei. [Ipu u3ydeHun 3Toi AUCUMITITUHBI
3aKJIaJbIBAIOTCS OCHOBBI 3HAHUM, MO3BOJLIIOLNIMX YMEJIO HCIOJIb30BaThb COBPEMEHHYIO
3JIEeMEHTHYI0 0a3y paauod3JeKTPOHUKHU U MOHUMATh TEHJICHIIMU U MEPCIEKTUBBI €€ Pa3BUTHUS U
IIPAKTUYECKOI0 HCII0JIb30BAHUS; IPUOOPETAIOTCS HABBIKU pacueTa peKMMOB aKTUBHBIX TPHUOOPOB
B JJIEKTPOHHBIX LEIAX, IKCIEPUMEHTAJIBHOIO HMCCIENIOBAHMS UX XapaKTEPUCTUK, HU3MEPEHUs
napaMeTPOB U MOCTPOCHHUS OA30BBIX SUEEK HIEKTPOHHBIX LEMeH, COASPIKAINX TaK1e TPUOOPHI.

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

1.3. TlepeueHb IIAHUPYEMBIX PE3YJIHTATOB O0YUEHUS MO AUCLUHUILIMHE, 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

Kateropus (rpymia) Kox 1 HauMeHOBaHKE Kox u HanMeHOBaHUE HHAMKATOPA
KOMIICTCHIINN KOMIICTCHIINN JOOCTHMXKCHHUA KOMIICTCHIITNU
OIIK-1 Cnocobeu
[IPUMEHSATH
eCTeCTBeHHOHay‘-IHI)IG

1 OOIIeHKEHEPHbIE
3HAHUS, METO/IbI
MaTeMaTH4eCKOro
aHanu3a u OIIK-1.Y.1 ymeTb npuMeHATh 3HAaHUS
OobmenpodeccroHalbHbIE | MOJICIUPOBAHUS B €CTECTBEHHBIX HayK U OOILENH)KEHEPHBIE
KOMITIETEHIIUH HMHXEHEPHOU 3HAHUS B HHKEHEPHOU IESTEIIbHOCTH U
JESTEIBHOCTH, IPaKTUKE

CBSA3aHHOM C
IIPOEKTUPOBAHUEM,
KOHCTPYHUPOBAaHUEM U
TEXHOJIOTHSIMU
IIPOU3BOJICTBA
JIa3€PHON TEXHUKH
OIIK-3 Cnocoben

MIPOBOJIUTH
SKCIIEpUMEHTAIbHbIC
UCCIIeIOBaHUS U
M3MEpEHUs
p ’ OIIK-3.Y.1 ymers 0OpabaTbIBaTh 1

oOpabartbIBaTh U

ObmenpodeccuoHanbHbIe MPEJICTABIATH MOTYYEHHbIE
MPEICTABIIATh

KOMIIETEHINH HKCIIEpUMEHTAIbHbIE JaHHbIE IS

MIOJIy4YE€HHBIE JaHHbIE
C YYETOM CHelH(PUKU
METOJIOB U CPEACTB
JIa3€pHBIX
HCCIIEA0BAaHUN U
U3MEPEHUI

MOJIYUCHUA 000CHOBaHHBIX BBIBOJIOB




T1IK-3 Crioco0eH k

pa3zpaboTke
TEXHOJIOTHYECKHUX
I1K-3.3.1 3HaTh 251IeMEeHTHYIO 0a3y,
MIPOLIECCOB KOHTPOJIS .
UCIIOJIb3YEMYIO B U3/EIIUAX JIA3epHOU
MEXaHUYECKUX,
TEXHHUKU; OOIIME MPUHIIMIIBI, paBUiIa U
ONTUYECKUX U
P METO/Ibl KOHCTPYUPOBAHHUSI JIA3EPHBIX
[Ipodeccuonanpubie ONTHUKO-3JIEKTPOHHBIX IPUOOPOB; OCHOBBI
ANEKTPOHHBIX -
KOMITETCHIIUHT TEOPUH TOYHOCTH U HAJIEKHOCTH

OJIOKOB, Y3JIOB U
3JIEMEHTOB THIIOBBIX
cHCTeM MPUOOPOB,
JIa3epHON TEXHUKH,
Ja3epHBIX ONTHUKO-
JIEKTPOHHBIX
puOOPOB U CHCTEM

ONTUYECKUX MPUOOPOB; OCHOBBI
ONTHUYECKUX U3MEPEHUI; METOIbI
Ja3epHBIX U3MEPEHUN; METOIbI PabOTHI C
Hay4YHO-TEXHUYECKOU JIUTepaTypoit

2. Mecro nucuuruinHbl B cTpykType OI1
JucuumnirHa MokeT 6a3upoBaThCsl Ha 3HAHUAX, paHee NPUOOPETEHHBIX 00YYarOIUMUCS
IPU U3YUYEHHUH CIIEYIOUINX AUCLUILINH:
— «MaremaTrka (AHaTUTHYECKAsi TEOMETPUS U IMHEWHas anreopa)y,
— «MaremaTuka (MareMaTu4ecKkuil aHaIu3)»,
— «®usukay,
— «XuUMU».

3HaHMs, TOJYyYEHHBbIE NPU U3YUYEHHUU MaTepuana JaHHOW JHUCLUUIUIMHBI, MMEIOT Kak
CaMOCTOSITEJIbHOE 3HAYE€HUE, TaK U UCIOJb3YIOTCA IPU U3YUEHUH APYTUX AUCHUIUINH:
— «Cremuduka MOAETMPOBAHUS CIIOKHBIX 3JEKTPOHHBIX YCTPOMCTB cOopa, 0OpaboOTKH H

oTtoOpakeHusI HHHOPMAITHHY,

— «udposas 06paboTKa CUTHATIOBY,

— «MHTerpanbHble yCTPOUCTBA MUKPOIJIEKTPOHUKIY,

— «MHTennekTyanbHble JIEKTPOHHbIE JaTYUKU U YCTPOHCTBA HHAMKALIUN Y,

— «DNeKTpOHHbIE MPOMBIIIICHHbBIE YCTPONUCTBAY,

— «CXeMOTeXHUKa aHaJOTOBBIX 3JIEKTPOHHBIX YCTPOICTBY,

— «CxemMoTexHUKa U(PPOBBIX U UMITYJILCHBIX YCTPOHCTBY.

3. O0beM U TPyJ0EeMKOCTb AUCHUIUINHBI
Jlanable 00 o0meM oO0beMe MUCHUIUIMHBI, TPYAOEMKOCTH OTIENIbHBIX BHI0B Yy4eOHOM
paboThI 1O TUCHUIIMHE (M paclpeieleHue 3TOH TpyA0EeMKOCTH 10 CeMecTpaM) IpeACTaBICHbI B
tabnuue 2.

Tabmuua 2 — O6beM U TPYA0EMKOCTh IUCIUIIIIMHbI

TpyaoeMKocTh 10
Bug yuebHoit paboThl Bcero ceMecTpam
No4
1 2 3

Oowan mpyooemKocno oucyuniunl, 5/ 180 5/ 180
3E/ (uac)
H3 nux yacoe npaxmuueckoit n0020moeKu 11 11
AyoumopHnuie 3anamus, BCEro vac. 68 68
B TOM YHUCJIE:

nekuuu (JI), (wac) 34 34




npakTuyeckune/cemunapckue 3ansatus (I13),
(dac)

naboparopubie padotsl (JIP), (1ac)

34

34

KypcoBoii npoekt (padota) (KII, KP), (dac)

9K3aMeH, (4Jac)

36

36

Camocmosamenvhnas paboma, Bcero (Jac)

76

76

Buo npomesxcymounoii ammecmayuu: 3a4er,
mudd. 3ager, sk3amen (3auer, dudd. 3ay,
DK3.*%)

OKs3.

OK3.

*x .
HpI/IMeanI/Ie: KaHAUJIATCKHUU 3K3aMCH

4. ConepxaHue JUCITUTUTHHBI
4.1. Pacnpezenenue TpyI10€MKOCTH JTUCHUUILIMHEI 110 pa3/ieiaM U BUAAM 3aHATHMN.
Pazgenbl, TeMBbI TUCITUTIIIMHBI M KX TPYJIOEMKOCTh ITPUBEICHBI B Ta0IUIIE 3.

Tabmuua 3 — Pazesnbl, TeMbl TUCIMILIMHBI, UX TPYA0EMKOCTh

Pa3zesnbl, TeMbI JUCIUIUTHHBI Tlexunn 13 JIP KII CPC
’ (gac) (C3) (gac) (gac) (dac)
Cewmectp 4
Paszzen 1. DneMeHThI U3MKH TBEPIOTO TEIIA. 12
Tema 1.1. dusnyeckue OCHOBBI 5 5
MOJIYTIPOBOIHUKOBBIX MTPUOOPOB.
Tema 1.2. KOHTaKTHBIE SBJICHUS. 5 )
Pasnen 2. IToaynpoBOAHUKOBBIE TPHUOOPBIL. 23
Tema 2.1. ITomynpoBOAHUKOBBIE JUOBI. 6 6
Paznen 3. IlonmynpoBogHUKOBBIE TPHOOPHI. 27
Tema 3.1. ITonieBble TPAH3UCTOPBI. 6 6
Tema 3.2. BumnonsipHbie TPAH3HUCTOPHI. 6 6
Pazzmen 4. OnTosneKkTpoHNKa. 14
Tewma 4.1. ®oToaNMEKTPpUUECKHE U U3ITydaTENbHbIE 6 6
PUOOPHL.
Hroro B cemectpe: 34 34 76
Utoro 34 0 34 0 76
[IpakTueckass MHOATNOTOBKA 3aKJIIOYAeTCd B  HENOCPEACTBEHHOM  BBINOJHEHUU

00y4aroIUMUCS ONPEIETICHHBIX TPYAOBbIX (YHKIMM, CBSI3aHHBIX ¢ OyayIield npopeccuoHanbHON

ACATCIIBHOCTBIO.

4.2. CopneprxaHue pa3/ieioB U T€M JIEKIIMOHHBIX 3aHITHH.
ConeprkaHue pa3/ienoB U TeM JIEKLIMOHHBIX 3aHATHI MPUBEEHO B Tabaule 4.

Ta6n1/1ua 4 — Coz[epxcaHI/Ie Pa3acJIOB U TCM JICKIHMOHHOI'O NUKJIa

Howmep paznena

HazBanue u comepxanue pa3aesioB U TeM JEKIIMOHHBIX

3aHATUU

Paznen 1

DJieMeHTHI (GU3NKHN TBEPAOro TeJia.
1.1. ®u3nyeckrue OCHOBBI MOIYTIPOBOAHUKOBBIX IPHOOPOB.
OCHOBHbBIE TIOHATUS 30HHOM TEOpUM MOJIYNPOBOJHHUKOB.

CraTtucTuka OJICKTPOHOB HW JBIPOK B IOJYIIPOBOAHHKAX.
BBIpO)KI[CHHLIC n HCBLIPOXKIACHHBIC MOJIYITPOBOIHHKH.




KonnenTpanus Hocutenei 3apsiaa B COOCTBEHHBIX U IPUMECHBIX
MOJYyIPOBOJAHUKAX B YCJIOBUSX  TEPMOJAMHAMHUYECKOTO
paBHOBecusi. HepaBHOBECHOE COCTOSIHUE TMOJYHPOBOJHUKA.
[Ipouiecchl mepeHoca HOCUTENEH 3apsija B MOJYIIPOBOJHUKAX.
lenepamuss u pexoMOMHANIMS HOCHWTENCH 3apsna. Bnusaue
AJIEKTPUYECKOTO TI0JIs1 Ha OOBEMHYIO M TIOBEPXHOCTHYIO
3JEKTPONPOBOAHOCTh  MOJYNPOBOJHUKOB. TeMiiepaTypHbie
3aBUCUMOCTH KOHIEHTpAllUM, TOABUKHOCTH U YJIEJIbHOU
3JEKTPONPOBOAHOCTA  MOJYNPOBOAHUKOB. Bo3HHKHOBEHHE
00beMHBIX HeycToHuuBOCTeH. ONTHYECKHE H  TEIUIOBHIC
CBOICTBa MOJTYTIPOBOIHUKOB. DOTOIIEKTPUUECKHUE i
TEPMOAJIEKTPUYECKUE SIBJICHUS.

1.2. KoHTaKTHBIE SIBJICHUS.

[lonarue o p-n-mepexone, Tumel p-nN-nepexono. dusznueckue
mpouecchl B p-N-nepexoje NpU OTCYTCTBUM U NPU HATUYUH
BHEIIIHEro HarpspkeHus. BonpramnepHas xapakTepucTuka p-n-
nepexoaa. KOHTakT «MeTani-nosynpoBOAHUK», 3aBUCUMOCTb
€ro CBOWCTB OT paboThl BbIXOJa MOJYIPOBOJHUKA U METalla.
I'eTeponiepexosl.

Paznea 2

I[MonynpoBoAHUKOBbIE MPHOOPHI.
2.1. [1onynpoBOIHUKOBBIE JUO/BI.

[TonynpoBOAHUKOBBIH AHOJI, €T0 XapaKTEPUCTUKH U TApaMeTPBhI.
OcHoBHbIe BUIBI TPOO0s p-N-niepexoa. [lepexonnbie mporeccsl
B TIOJIYIIPOBOJHUKOBOM JHOJI€, HAKOIJICHUE M paccachblBaHUE
M30BITOYHOTO 3apsifa, T Py3noHHAST EMKOCTh. DKBUBAJICHTHAS
cXxeMa TOJyIPOBOJHUKOBOTO  auoja. (OCHOBHBIE  THIIBI
MOJTYTIPOBOTHUKOBBIX JTUOJIOB, UX KOHCTPYKIIMH, MapaMeTphbl 1
o0JjacTu MPUMEHEHHUS.

Pa3zpen 3

ITosrynpoBoHHUKOBBIEC TPHOOPHI.
3.1. I[loneBble TPaH3UCTOPHI.

[Tonespie TpaH3UCTOPBI C 3aTBOPOM B BUAE P-N-nepexona. Mx
YCTPOWCTBO, INPUHUUII  JCUCTBUSA, CXEMbI  BKJIIOYECHUS,
XapaKTePUCTUKU U MTapaMeTpbl. 3aBUCHUMOCTb XapaKTEPUCTHK OT
TeMIiepaTypbl. Harpy3o04Hslii peXuM IOJIEBOTO TPAH3UCTOPA,
Harpy304HbIC XapakTepucTuku. Dusndeckue sABICHUSA Ha
IIOBEPXHOCTU IOJIyIpoBOAHUKA. IloneBble TpaH3UCTOPBI C
nzonupoBaHHbIM 3aTBOpoM (MOII- unu MII-Tpazuctopsl), Ux
NPUHLUII ~ JICWCTBUS, XAPAKTEPUCTHKA W IapaMeTphl.
OcoGennoctu  momubix  MJIII-Tpan3ucropoB.  O6mnacth
IIPUMEHEHHSI MTOJIEBBIX TPAH3UCTOPOB.




3.2. bunonspHble TPAaH3UCTOPBHI.

Tpan3uctop kak cucTemMa JBYX B3aUMOJCHCTBYIOIIUX p-N-
nepexonoB. Bo3MOXHBIE peXuMbl pabOTBHl  TpaH3UCTOpA:
aKTUBHBIN (YCUIIMTENbHBIN), OTCEUKH, HACBIIIEHUS, UHBEPCHBIM.
®dusnueckue mporeccel B 0Oe3apeiihoBOM TpaH3UCTOpPE B
aKTUBHOM YCWIMTEIBHOM pexume. TOKHM B TpaH3UCTOPE.
Kospduuuent mnepegaum  3MUTTEpPHOTO TOKA U €O
coctaisitone. Tpu cXxeMbl BKITIOYEHHUSI TPAH3UCTOPA: C OOIIUM
SMHUTTEPOM, C oOmeil 0a30ifi u OOmUM KOJUIEKTOPOM.
XapakTepUCTUKU TPAH3UCTOpa B cXeMmax ¢ oOmel 6a3oit u ¢
00IIKM SMUTTEpOM. BiusiHue Temmeparypbl Ha XapaKTePUCTUKU
TpaH3ucTopa. TpaH3UCTOp KakK JIMHEHHBIN 4eThIPEeXIOIOCHHUK.
CuctemMbl MaJTOCUTHAIIBHBIX (MU PepeHIHaIbHBIX) TapaMeTPOB
TpaH3ucTopa. OnpeneneHne MaJloOCUTHAJIBHBIX [IapaMEeTPOB IO
XapakTepuCTUKaM TpaH3ucTropa. Paborta TpaH3ucropa mpu
HIMYMM HAarpy3ku B KOJUIEKTOpHOM wenu. Harpy3ounsle
XapaKTepUCTHKH TpaH3ucTopa. [lapamerpsl, XapaKTepHu3yIomue
PEKUM YCWIICHHUS, OIpENEeNeHue HX IO XapaKTePHCTUKAM.
Boi6op pabouell TOUKM TpPAaH3UCTOpAa B PEXKUME YCUICHHMS.
CxemMOTeXHMUYECKHE CHOcOoObl 3adaHusl pabodeil  TOUKH.
BnusHue HenMHEHHOCTH BXOJHBIX XapaKTEPUCTUK Ha paboTy
TpaH3UCTOpa B pexuMe ycwieHus. Paborta TpaH3ucTopa Ha
BbICOKUX 4acTorTax. J[lpeiidosrie Tpansucropsl. Ilapamerpa,
XapaKTepU3yIollie BbICOKOYACTOTHBIE CBOMCTBA TPaH3UCTOpA.
DOKBHUBAJICHTHBIE CXEMBI  TpaH3ucTopa ((popmanbHBIE U
¢usnueckue). Mogenu TpaH3UCTOpa, HCIOJIb3YEMbIE IpU
KOMITBIOTEPHOM TPOEKTUPOBAHUH DJIEKTPOHHBIX cxeM. Paborta
TPaH3UCTOPA B PEKUME TEPEKITIOUEHUsS. Y CIOBUS OTCEYKU U
HacblmeHus. [lepexojHble Mpoleccsl B TPaH3UCTOpE MpU
nepexiatoyeHuu. [lapamerpa TpaH3UCTOPOB B HUMITYJIbCHOM
pexxume. TpaH3UCTOPHBINA KIIOY, MOCTPOCHHBIM MO cXxeme ¢
o0muM sMutTepoM. IlpenenbHO JOMyCTHMbIE HapaMeTphl
TPaH3HUCTOPA.

Paznea 4

OnTo3/iIeKTPpOHHUKA.
4.1. doTodreKTpUYECKUE U U3ITydaTeIbHbIE TPUOOPHI.

DOTOPE3UCTOPBI, HUX KOHCTPYKLHMS, XAPAKTEPUCTUKUA U
napaMmeTpbl. Dusznueckne nPoLECCHl B P-N-iEpexoae IpU
Bo3aedcTBun  cBeta. ®orto DJIC. doToraibBaHMYECKUE
aneMeHThl. DOTOAMO/ABI, OCHOBHBIE PEXUMBI HX PaOOTHI.
XapakTepucTUKu U mapameTpbl GoToanoa0B. OCHOBHBIC THITBI
dboromnonoB.  DOTOTPAH3UCTOPHI:  MPUHIUI  JCUCTBUS,
XapaKTePUCTUKH, MapaMeTphl. O6nactu MIPUMEHEHUS




IIPUMEHEHHUE.

Pa3NUYHBIX THIOB TOJXYHPOBOJHHKOBBIX (POTOIIEKTPUUECKUX
npubopos. M3nydaronue moixynpoBOJHUKOBBIE MPHOOPHI U UX

4.3. Tlpaktuyeckue (CEMUHAPCKUE) 3aHITHS

Tembl NpakTUUECKUX 3aHATHI U UX TPYJTOEMKOCTh IPUBEICHBI B TA0IHUILIE 5.

Tabmuua 5 — [IpakTuyeckue 3aHATHs U UX TPYIOEMKOCTb

W3 Hux Ne
No Temnr Popmer TpynoeMKoCTb, | HPaKTUYECKOH | pa3ziena
i MPaKTHYECKHX TPaKTHYECKHX (4ac) [OATOTOBKH, | AMcLur
3aHITHIA 3aHATHU (gac) AHEL
Y4eOHbIM MJIaHOM HE MPEayCMOTPEHO
Bcero ‘ ‘
4.4, JlabopaTopHbIC 3aHATHS
Tewmbl JTabopaTOPHBIX 3aHATHH M UX TPYJAOEMKOCTh MPUBEACHBI B TaOHIIC O.
Tabmuna 6 — JlabopaTropHble 3aHSITHS U UX TPYJIOEMKOCTh
N3 Hux Ne
No HammenoBanue 1a60paTopHEIX padot TpynoeMKocTh, | MpaKTUYECKOH | paznena
/1 (dac) MMOATOTOBKH, | JTUCITHII
(dac) JIUHBI
Cemectp 4
1 | Onpenenenue MUPUHBI 3aMPEIICHHON 30HbI 2 1
HOJTYTIPOBOTHUKOB
2 | HccrienoBanue BBITPSIMUTEIBHBIX THO/IOB 4 2
3 | UccrnenoBaHue MojaeBbIX TPAH3UCTOPOB C 6 3
yIpaBisieMbIM (p-n) NepexoaoM
4 | UccnenoBaHue MOJIEBBIX TPAH3UCTOPOB C 6 3
W30JIMPOBAHHBIM 3aTBOPOM
5 | UccnenoBanue GUIONIIPHBIX TPAH3UCTOPOB, 6 3
BKJIFOUEHHBIX IO cXeMe ¢ o01ieit 6a3zoit
6 | UccnenoBanue OGUIONIIPHBIX TPAH3UCTOPOB, 6 3
BKJIFOYEHHBIX IO CXE€Me C 00IIUM
HAMHUTTEPOM
7 | UccnenoBanue pOTOTPaH3UCTOPOB 4 4
Bcero 34

4.5. KypcoBoe npoeKkTupoBaHue/ BBHIIIOIHEHUE KYPCOBOU PabOTHI

VY4eOHBIM MJIaHOM HE MPEAyCMOTPEHO

4.6. CamocrosrenbHas paboTa 00y4aronxcs
Buapl camocTosiTennbHON paboOThI B €€ TPYIO0EMKOCTh MPUBEICHBI B Ta0IHIIE /.

Tabnuna 7 — Buabl caMmocTosTenbHON paboThl U €€ TPYA0EMKOCTh




. Bcero, | Cemectp 4,
Bun camocrosTensHOM paboThI
qac qac
1 2 3
N3yyenne TeopeTuueckoro Matepuaia 38 38
qucuuruael (TO)
Kypcosoe npoexkruposanue (KII, KP)
PacuerHo-rpaduueckue 3ananus (PI'3)
Brimonnenue pedepara (P)
[ToaroroBka K TeKyIieMy KOHTPOJIO 26 26
ycneBaemoctu (TKY)
Jlomamnee 3apanue (/13)
Kontponsnsie pabots! 3a04ankoB (KP3)
[ToaroToBka K MpOMEKYTOUHOM 12 12
arrecrauuu (ITA)
Bcero: 76 76

7-11.

5. IlepeyeHnb y4eOHO-METOAMYECKOTO OOSCTICUCHUS
JUIS CAaMOCTOSITENIbHON PaboThl 00yUaromuXCcsl 0 JUCHUIUIMHE (MOJLYJI0)
Y4eOHO-MEeTOINYECKHE MaTEPUAIIBI JIs1 CAMOCTOSITEIHbHON paboThl 00yJaromuXcs YKa3aHbl B I111.

6. IlepeueHb MeUaTHBIX U SIEKTPOHHBIX YUEOHBIX U3TAHUIN
[TepeueHb eYaTHBIX U 3JCKTPOHHBIX YUSOHBIX M3IaHUI TIpUBEICH B TabmuIe 8.
Tabnuna 8— IlepedeHb MeYaTHBIX U JIEKTPOHHBIX YUSOHBIX H3IAHHIMA

KomiuecTso 3x3eMInIsIpoB B
Hlncp/ bubnuorpaduueckas ccpiika Oubmmorexe
URL anpec (KpoMe 3EeKTPOHHBIX
AK3EMILISIPOB)
621.38 ByabiueB, Anarosuii 3
b 90 Jleonn10BU4. DIEKTPOHHBIE
npubopsl: yueOHoe
nocobue / A JI. byneiues, B. A.
IIpoxopenko. - MuHck : Beic.
mk., 1987. - 315 c.
621.315.5/.61 | IMerpos., K. C. Pagnomatepuaiisi, 4
1130 PaAMOKOMITOHEHTHI U 3JIEKTPOHUKA!
yuebHoe nocobue / K. C.
[Tetpos. - CII0.: ITUTEP, 2006. -
522 c.
ISBN 5-94723-378-9
621.38 Iumkun, I'. I'. Dnexrponuka: 4
1165 yueOnux/I". I'. umxkun, A. T
[umkun. - M.: Ipoda, 2009. -
703 c.

7. IlepeueHb 3IEKTPOHHBIX 00Pa30BaTENBHBIX PECYPCOB
MH(}OPMaLMOHHO-TEIEKOMMYHHUKAIIMOHHOM ceTn «IHTepHEeT»




[Tepeuenn AIICKTPOHHBIX o0pa3oBaTeIbHBIX pecypcoB UH(OPMAITMOHHO-
TEJICKOMMYHUKAIIMOHHONW ceTn «WHTepHeT», HEOOXOAMMBIX JJIi OCBOCHHUS TUCIUILIAHBI
npuBe/ieH B Tabsmie 9.

Tabmuma 9 — IlepedyeHb OJIIEKTPOHHBIX O0pPa30BaTEIBHBIX PECYPCOB HMH(POPMAIIOHHO-
TEJIEKOMMYHUKAIIMOHHOU cetn «HTepHeT»
URL anpec HaumenoBanue

8. Ilepeuenb HHPOPMATMOHHBIX TEXHOJIOTUI
8.1. IlepeyeHnp TPOrpaMMHOTO OOECHEYCHHS, MCHOJIB3YEMOIO IPHU OCYHIECTBICHUU
00pa3oBaTENILHOTO MpOoIEcca 10 JUCIUIIIHHE.
[Tepeuens nuCMoNIB3yeMOro IpPOrpaMMHOTO oOectieueHus npeacTasieH B Tabuuie 10.

Tabmuna 10— [TepeueHr mporpaMMHOT0 00€CIICUCHHUS
No /it HanmenoBanmue

He npenycmotpeno

8.2. [lepeuenn MH(POPMALMOHHO-CITPABOYHBIX CUCTEM,HCII0JIb3yEMBbIX npu
OCYIIECTBICHIH 00pa30BaTENILHOTO MpoIecca Mo AUCIUITITHHE

[lepedeHp UCTIONb3yeMbIX HHPOPMAIMOHHO-CITPABOYHBIX CHCTEM IIPEICTABIICH B TaOIHIIe
11.

Tabmmua 11— Ilepedyenr HHPOPMALMOHHO-CIIPABOYHBIX CUCTEM
Ne n/nn HaumenoBanue

He npenycmotpeno

9. MarepuaiabHO-TeXHHUYECKas O0a3a
CoctaB MaTepHaTbHO-TEXHWYECKOH 0a3bl, HEOOXOAUMOW I  OCYIIECTBIICHUS
00pa30BaTeNbHOTO Mpoliecca Mo TUCIUILUIMHE, TPeCTaBieH B Tabnuiel 2.

Tabmuna 12 — CoctaB MaTepraIbHO-TEXHIUYECKON 0a3bl

Ne HanmeHnoBaHue cocTaBHON 4acTH Howmep aynuropun

n/m MaTepUaIbHO-TEXHUYECKOHN 0a3bl (pu HEOOXOMMOCTH )
JlexIMOHHAs ayUTOpUs 24-02 (yn. 'actenno, 15)
JIaGoparopust DNEKTPOHUKH 22-09 (yn. I'actemo, 15)

10. Onenounble cpeacTBa AJs MPOBEIEHUS TPOMEXKYTOUHOM aTTecTallu
10.1. CocTaB OIICHOYHBIX CPEICTB/JIS TPOBEACHUS IPOMEKYTOYHOW aTTeCTAlluU
oOyyaromuxcs o JUCUUIUIMHE IpuBeAeH B Tabnuue 13.
Tabmumua 13 — CocTaB OIEHOYHBIX CPEACTB ISl IPOBEICHHS MPOMEKYTOYHOH aTTeCTallul

By npoMeXyTOUHOM aTTecTaluu IlepeueHb OLIEHOYHBIX CPENICTB
DK3aMeH CnHcoK BOIPOCOB K IK3aMEHY;
DK3aMeHaIMOHHbIE OUIIETHI;
TecTsl.

10.2. B kadectBe KpUTEpUEB OICHKH YPOBHA C(HOpPMHUPOBAHHOCTH (OCBOCHUS)
KOMIIETEHIIMH 00y4arolUMMHcs MPUMEHseTCsl 5-0ajuibHas IIKajla OLEHKU C(HOPMHUPOBAHHOCTU
KOMIIETeHIINM, KOTopas npuBeaeHa B Tabnuie 14. B TeueHune cemectpa MOXKET MCIOJIB30BATHCS



100-6amtpHas mkaga MOy IbHO-PEHTHHTOBOM CUCTEMBI Y HUBEPCUTETA, TTPABUJIA HCTIOIB30BaHUS

KOTOpOM, yCTaHOBJIEHBI COOTBETCTBYIOILUM JIOKaJIbHBIM HOPMaTUBHBEIM akToM 'Y AIL

Tabmuna 14 —Kputepuu ouieHKH ypoBHS ¢(hOPMUPOBAHHOCTH KOMIIETEHIIUI

Or1reHKa KOMITETEHITUN
S-0ajuTbHAs 1K

XapakTepucTrka c(hOpMUPOBAHHBIX KOMITCTCHITUIA

— oOyuaronuiics ri1y0OKO M BCECTOPOHHE YCBOWJI IPOrPaMMHBIHI
MaTepuar;

— YBEpPEHHO, JIOTHYHO, [TOCJIEI0BATEIHLHO U TPAMOTHO €r0 U3J1araer;
— ONMUPAsICh HA 3HAHUSI OCHOBHOW W JIOMIOJIHUTENIbHOW JINTEPATYpHI,
TECHO  TMPUBSI3bIBAET YCBOEHHBIC  HAy4YHbIE IMOJOXKEHUS  C
MIPAKTUYECKON JESITebHOCThIO HAIIPaBJICHHUS,

— yMes0 000CHOBBIBAET U apryMEHTUPYET BbIIBUTAEMbIE UM UJIEH;

— JIeJaeT BBIBOJIBI U 0000IIEHHMS;

— CBOOOJIHO BJIAJICET CUCTEMOM CIICIIMATHN3UPOBAHHBIX TTOHITHH.

— o0yyaroluiics TBEpJO yCBOWJI IPOrPaMMHBINA MaTepua, FPaMOTHO
U MO0 CYIIECTBY H3JaraeT ero, ONHpasch Ha 3HAHUS OCHOBHOI
JTUTEPaTypHI;

— HE JIONYCKAeT CYIIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBAET YCBOCHHBIC 3HAHHS C TPAKTUYECKON ACATEIHHOCTHIO
HaIpaBJICHUS;

— apryMEHTUPYET Hay4YHbIC MTOJIOKEHNUS,

— JIeJaeT BBIBOJIBI M 0000IIEHHMS;

— BJIQJICET CUCTEMOM ClielMaIn3uPOBaHHbIX TOHATHUH.

— 00yyarouuiicss yCBOMII TOJIbKO OCHOBHOM MPOTrpaMMHBIN MaTepHal,
M0 CYIIECTBY M3JIaraeT ero, OMHpasch Ha 3HAHUS TOJIBKO OCHOBHOM
JUTEPATYPHI,

— JIONYCKAeT HEeCYIICCTBEHHBIE OMOKHA U HETOYHOCTH;

— UCTIBITHIBAET 3aTPYJHEHHs] B IMPAKTHUECKOM NMPUMEHEHHH 3HAHUN
HaIpaBJICHUS;

— c1ab0 apryMEHTUPYET HayYHbIC TTOJIOKEHUS;

— 3aTpyAHsieTcs B GOpPMYJIMPOBAHUHU BBIBOJOB M 00OOIICHU;

— YaCTUYHO BJIaJICET CUCTEMOH ClelIMaTu3UPOBAHHBIX MOHITHA.

— o0yyaronuiics He YCBOWJI 3HAUMTEIbHOW YacTH MPOTPaMMHOIO
MaTepuaia,

— JIOTyCKAaeT  CYIIECTBEHHBbICE OMIMOKA ¥  HETOYHOCTH  TIPH
paccMOTpeHHH MPOoOIeM B KOHKPETHOM HAINPaBIICHUY;

— UCTIBITHIBAET TPYAHOCTH B MPAKTUYECKOM MPUMEHEHUH 3HAHMUIA;

— HE MOXKET apryMEHTUPOBATh HAYYHBIC TTOJIOKEHUS;

— He GOpMYTUPYET BHIBOJOB M 0000IIEHUH.

«OTJIMYHO»
<GavYTCHO»

«XOpPOoLIO»
<Ga4YTCHO»

«YIOBJICTBOPUTCIIBHO»
<Ga4YTCHO»

«HCYAOBJICTBOPUTCIIBHO»
«HEC 3a4YTCHO»

10.3. TunoBble KOHTPOJILHBIC 3a/IaHUS WM UHBIC MaTEPHAIIBI.
Bompocs (3agaun) ass 9K3aMeHa mpeIcTaBiIeHb B Tabuie 15.

Tabmuna 15 — Bonpocs! (3agaun) 11 5K3aMeHa

Kon
Ne i/ [Tepeuens BompocoB (3a7a4) A7 IK3aMeHa HHKATOPA
1 [TosrynpoBOIHUKH ¢ COOCTBEHHOM 3J€KTPOIPOBOAHOCTBIO. OIIK-1.V.1
2 [1os1ynIpOBOTHUKH € JIEKTPOHHOM 3JIEKTPONPOBOIHOCTHIO OIIK-3.V.1
3 [TonynpOBOIHUKY C ABIPOYHOM JIEKTPOIPOBOIHOCTBIO. I1K-3.3.1
4 HpeiidoBbiii u 1uddy3uOHHBIA TOK B TOTYITPOBOTHUKAX. OIIK-1.V.1
5 DNEKTPOHHO-IBIPOYHBIN ITepexo B cocTosiHuu paBHoBecus. | OITK-3.V.1
6 [Ipsimoe u oOpaTHOE BKIKOYEHHE pP-N-Tiepexoa. I1K-3.3.1
7 Teopernyeckas U peanbHas BOJIbTaMIIEPHAs OIIK-1.V.1
XapaKTCpUCTHKA p-N-Iepexoa.
8 Busl npoboeB p-N-niepexojia U UX 0COOEHHOCTH. OIIK-3.V.1
9 EmkocTH p-n-nepexoja. I1K-3.3.1




10

BBIHpHMHTeHBHBIG JUOJBI.

OIIK-1.V.1

11

OHONOTYNEPUOIHBIN BRIIPSIMUTENb — MPUHIIUI €70
JIEUCTBUS.

OIIK-3.V.1

12

BiusiHue TemnepaTypsl Ha BOJIbTaMIIEPHBIE
XapAKTEPUCTUKHU ITOJIYITPOBOIHUKOBBIX JUOJIOB.

I1K-3.3.1

13

I'padmueckuit MmeTos onpeeneHus napaMmeTpoB paboyero
pexuMa MOJIYIPOBOIHUKOBBIX JAHOJIOB.

OIIK-1.V.1

14

[TomynpoBOAHUKOBBIE CTAOUIIUTPOHBI, CIIELIUAIbHbIC
napaMeTpbl MOTYIPOBOJIHUKOBBIX CTAOUIMTPOHOB.

OIIK-3.V.1

15

Ananu3 paboThl MOTYIPOBOAHUKOBOIO CTaOUIN3aTOpa
HaIPsHKEHUS C TOMOIIBIO JIMHUK HAarpy3KH.

I1K-3.3.1

16

Bapukaribl, cxembl BKJIIOUEHUS B 3JIEKTPUUECKYIO LIENb,
HKBUBAJICHTHAs CXeMa BapUKala 1 ero OCHOBHbIE
1apaMeTpBhl.

OIIK-1.V.1

17

TyHHenbHbIE 110/bI, OCHOBHBIE MTAPaMETPhl TYHHEJIBbHBIX
JTMOJI0B, aHAJIN3 BOJIbT-aMIIEPHOI XapaKTepUCTUKU
TYHHEJIBHOTO IM0J1a C IOMOILBIO SHEPTETHUECKUX
Jarpamm.

OIIK-3.V.1

18

CrtpykTypa NoJeBOro TPaH3UCTOPA € YIPABIISIIOLIUM P-N
MIEPEX0JI0M U MPUHIIUI €0 paboThl.

I1K-3.3.1

19

DNEKTPUUECKHUE CXEMbI BKIIOUYCHHS MOJIEBBIX TPAH3UCTOPOB
C YNPaBJISIOIIMM P-N MEPEX0JIOM U UX OCOOCHHOCTH.

OIIK-1.V.1

20

CeMeliCTBO CTOKOBO-3aTBOPHBIX XapPaKTEPHUCTHK MOJIEBBIX
TPAH3UCTOPOB C YIPABIISIONIUM P-N IEPEXOJI0M U HX
0COOEHHOCTH.

OIIK-3.V.1

21

CeMelCcTBO BBIXOJHBIX XapaKTEPUCTUK MTOJIEBBIX
TPaH3UCTOPOB C YIPABJISAIOIIAM P-N MEPEXOJAOM U HX
0COOEHHOCTH.

I1K-3.3.1

22

3aBUCUMOCTbh KOH(UTYPALIUU «KaHAJIa» MOJIEBBIX
TPaH3UCTOPOB C YIPABISAIOLIUM pP- N IEPEXOJIOM OT
WU3MEHEHHUS HAPSDKEHUS «CTOK-UCTOK» ITPH MOCTOSHHOM
HaIpPsDKEHUU «3aTBOP-HCTOKY.

OIIK-1.V.1

23

I'paduaeckuii cnocod MOCTPOEHUST CTOKOBO-3aTBOPHBIX
XapaKTEPUCTHK 10 BBIXOAHBIM XapaKTEPUCTUKAM IOJIEBIX
TPAH3UCTOPOB C YNPABISAIOIIMM P-N MEPEXOJIOM.

OIIK-3.Y.1

24

Crpyktypa M/III nonesoro tpansucropa c
«MHIYLIMPOBAaHHBIM» KAHAJIOM M MPUHIIUI €0 padoThl.

I1K-3.3.1

25

Onektpuueckue cxeMbl BKItoueHust M/ moneBbix
TPaH3UCTOPOB C «MHIYLUHUPOBAHHBIMY KAHAJIOM U UX
0COOEHHOCTH.

OIIK-1.V.1

26

CeMelicTBO CTOKOBO-3aTBOPHBIX XapakTepuctuk MJIIT
MIOJIEBBIX TPAH3UCTOPOB C «UHIAYLMPOBAHHBIMY» KaHAJIOM U
MX 0COOEHHOCTH.

OIIK-3.Y.1

27

CemelicTBO BbIXOAHBIX XapakTepuctuk M/IIT moneBsix
TPaH3UCTOPOB C «MHIYLUPOBAHHBIMY KAHAJIOM U UX
0COOEHHOCTH.

I1K-3.3.1

28

Crpykrypa M/IIT moneBoro TpaH3ucTopa co «BCTPOCHHBIMY
KAaHAJIOM Y MIPHUHIIUII €r0 PadoTEHI.

OIIK-1.V¥.1

29

DnekTpuyeckue cxemol BKiroueHuss MJIIT moneBbix
TPAH3UCTOPOB CO «BCTPOCHHBIMY KAHAJIOM U UX
O0COOEHHOCTH.

OIIK-3.V.1




30

CeMelicTBO CTOKOBO-3aTBOPHBIX XapakTepuctuk MJIIT
IIOJIEBBIX TPAH3UCTOPOB CO «BCTPOCHHBIMY» KaHAJIOM U MX
0COOCHHOCTH.

I1K-3.3.1

31

CemelicTBO BBIXOJHBIX XapakTepucTuk M/IIT moneBbix
TPaH3UCTOPOB CO «BCTPOCHHBIM» KaHAJIOM M UX
0COOEHHOCTH.

OIIK-1.V.1

32

Huddepennnanbable WM MaJIOCUTHATIBHBIE TTAPAMETPhI
MOJIEBBIX TPAH3UCTOPOB.

OIIK-3.Y.1

33

PaboTa 1moJyieBbIX TPAH3UCTOPOB B TMHAMUYECKOM PEKHME.

I1K-3.3.1

34

Otnuune onpenenenus nuddepeHIaIbHbIX TapaMeTPOB B
JTUHAMUYECKOM PEXHUME OT UX OMPEEICHUSI B CTATUYECKOM
pEeXUME.

OIIK-1.V.1

35

YCTpOUCTBO U KOHCTPYKTUBHBIC OCOOCHHOCTH OHITOJISIPHBIX
TPaH3HCTOPOB.

OIIK-3.V.1

36

DJNEeKTPUYECKUE CXEMbI BKIFOUEHHS OUIIOIISPHBIX
TPAH3UCTOPOB U UX OCOOEHHOCTH.

I1K-3.3.1

37

PaGota GunonsipHOTrO TpaH3UCTOPA, BKIOYEHHOTO IO CXEMe
c o0meli 0a30ii, B pSKUMaX «OTCEUKM» M «HACHIIICHHSI.

OIIK-1.V.1

38

Pabora GUIOISPHOTO TPaH3KCTOPA, BKIFOUYSHHOI'O MO CXeMe
c o0mieii 6a30ii, B «<AKTUBHOM» PEIKUME.

OIIK-3.V.1

39

CeMelCTBO CTaTHYECKUX BXOJIHBIX XapaKTEPHUCTUK
OWIIOJISIPHOTO TPAH3UCTOPA, BKIFOYCHHOTO IO CXEME C
oO1elt 0a30i, 1 MX 0COOEHHOCTH.

I1K-3.3.1

40

CeMelCTBO CTaTUYECKUX BBIXOAHBIX XapaKTEPUCTHK
OMITONIIPHOTO TPAH3MCTOPA, BKIKOYEHHOTO IO CXEME C
o61eit 0a30i, 1 MX OCOOEHHOCTH.

OIIK-1.V.1

41

Pa6ota 6I/IHOH${pHOFO TPaH3UCTOpPA, BKIFOYCHHOI'O 110 CXEME
C 06IIII/IM SMUTTCPOM, B PCIKUMAX «OTCCUKU» U
«HACBIIICHUA .

OIIK-3.V.1

42

PaboTa GunomnsipHOro TpaH3UCTOPA, BKIIFOUEHHOTO 110 CXeME
C O0IIKUM HMUTTEPOM, B KaKTUBHOMY PEXKUME.

I1K-3.3.1

43

CeMmeicTBO cTaTHUECKUX BXOHBIX XapaKTEPUCTUK
OUITIOJIIPHOTO TPAH3UCTOPA, BKIFOYEHHOTO [0 CXEME C
OOIIMM SMUTTEPOM, U UX OCOOCHHOCTH.

OIIK-1.V.1

44

CeMelcTBO CTaTUYECKUX BBIXOJHBIX XapaKTEPUCTHK
OUIOJISIPHOTO TPAH3UCTOPA, BKIOYSHHOTO IO CXEME C
0OIIIMM SMUTTEPOM, U UX OCOOCHHOCTH.

OIIK-3.Y.1

45

CxeMa BKIIFOUCHUS 6I/IHOH$IpHOF0 TPpaH3UCTOpPA C O6I_I_II/IM
KOJUJICKTOPOM B «aKTHBHOM» PCIKHUME U €€ 0COOCHHOCTH.

I1K-3.3.1

46

Cuctema H napameTpoB OUIOISIPHBIX TPAH3UCTOPOB.

OIIK-1.V.1

47

POTOTPaH3UCTOP, YCTPOUCTBO U MPUHIMUI ACUCTBUSI.

OIIK-3.Y.1

Bompocsr (3amaun) s 3ageta / qudd. 3aueTa npejgacraBieHsl B Tadbmuie 16.

Tabnuna 16 — Bonpocs! (3agaun) ans 3adera / audd. 3adyera

Ne i/t

[Tepeuens BompocoB (3amav) myist 3adeta / nudd. 3auera

Kon
WHJUKaTOpa

Y4eOHBIM IJIAHOM HE MPEIYCMOTPEHO

[lepeuenr TeM [l KypCcOBOTO TMPOCKTHPOBAHUS/BBIIIONHEHUS KYpPCOBOW pabOTHI
MpeICTaBICHBI B TabmwmIe 17.
Tabnuna 17 — Ilepederp TeM Uit KypCOBOTO TPOSKTUPOBAHMUSI/BBITIOHEHUSI KYPCOBOM paOOTHI




[TpumepHbIii IepeyeHb TeM Ui KypCOBOTO IPOESKTUPOBAHUS/BBITIOIHEHHS
KYPCOBOM pabOoThI
Y4eOHBIM [IJJTAHOM HE NPEAYCMOTPEHO

Ne i/t

Bompockl st mpoBeleHUsT TPOMEXKYTOYHOW aTTECTallMM B BHJE TECTUPOBAHHUS
MpeACTaBICHBI B Tabmwuie 18.

Tabauna 18 — IlpumepHbii IepeyeHb BOPOCOB Il TECTOB

No . Kon
[TpuMepHBIii IepedeHb BONPOCOB Il TECTOB
/1 WHJUKaTOpa
1 Kakue 1aBa OCHOBHBIX THIIA NPHMeECHBIX noaynposoaHukos | OIIK-1.V.1
CyLIEeCTBYIOT?

(Bvibepume o0un unu HecKo1bKo NPAGUILHBIX OMEEMOB)
e IlosynpoBOAHHMKH p-THIIA
e [losynpoBOAHUKH N-THIA
e IlomynpoBogHukM q-TUNA
e [lomynpoBoAgHMKY Z-THIIA

2 Kakmue n1Ba ocHOBHBIX cBOlicTBa q1uoaa? OIIK-3.V.1
(Bvioepume 00uH unu HecKOJIbKO NPABUILHBLX OMEEN08)
e VYcuieHue cursana
e [IIponyckaHue TOKAa B OJJHOM HANPABJIEHUH
e BpinpsiMiieHHe MePeMEHHOT0 TOKA
e Cralunu3anus TeMrepaTypbl

3 YTo mnpoMcxXoAUT ¢ NPOBOAUMOCTBIO MNOJynpoBoaHuka npum | [1K-3.3.1
U3MEHEeHUH TeMIepaTypbl?
(Bvibepume o0un unu HecKonbKo NPAGUIbHBIX OMEEHIOE)
e (OnHa yMEHbIIAETCS MPU MOBBIIIEHUHN TEMIEPATYPbI
e Omna yBeJMYMBAETCS IPH NOBBIIEHUH TeMIIEPATYPbI
e Omna ocTaércs HEeM3MEHHON
e Ona yMeHbIIaeTCs PU MOHUKEHUU TEMIEPATYPbI

4 Kakue 1Ba  OCHOBHBIX mnpuMeHeHus Tpansucropos B | OIIK-1.V.1
MOJIyIIPOBOAHUKOBOM 3JIeKTPOHUKe?
(Bovioepume 00un unu HeCKoIbKO RPABUTLHBIX ONEENO8)
e YcuieHue CMTHaJIa
e YinpasiieHHe TOKOM
e XpaHeHHe PHepruu
e (Cosznmanue p-n mepexoaa

5 Kakue npoueccsl BJIUSIIOT HA IPOBOAMMOCTD MOJIYNIPOBOAHUKA? OIIK-3.V.1
(Bvibepume 00un unu HecKoJ1bKO NPAGUILHBIX OMEEN08)
e JlermpoBanue
e [lonspuzanus
e HoHnuszauus
e Temneparypa




6 Kaxkue 30HbI P-N mepexoaa MMEKT KJI0O4YeBOe 3HAYeHHe? I1K-3.3.1
(Bvioepume 00un unu HeCKoJIbKO RPABUTbHBIX ONEENO06)
e 30Ha HACHIILICHUS
e 3oHa o0eqHeHMS
e AKTHBHasl 30Ha
e [IpoBogsias 30Ha
7 YnopsizoubTe 3Tanbl padoTel p-n mepexoga mnpu mnpsimom | OIIK-1.V.1
CMeIlleHUM:
(Pacnonoxcums 6 npasuibHOl ROC/1€008aAMENbHOCHIN)
e Hauano Toka uepes nepexos
e YMeEHBIICHHUE 30HBI 00CTHEHUS
o [IpwioxeHue HaIPsHKEHUS K MEPEX0TY
e IIpeononenue MOTEHI[UATBHOTO 6apnepa
IIpaBujibHas MOC/a€10BATEILHOCTE: 3, 2, 4, 1
8 Pacnosioskure B mnpaBMIBLHOH mociaegoBaTenabHocTH J3Tanbl | OIIK-3.V.1
(¢popmupoBaHus p-n nepexoaa:
(Pacnonoxcumos 6 npasuibHoll ROC/1€006AmMea1bHOCHU)
e CoenuHeHue 00IacTel p-TUIA U N-TUMA
e  ®opMupOBaHUE 30HBI 00 THEHUS
e VYcTaHOBIIEHHE PAaBHOBECHOTO COCTOSIHUS
e PacnpeneneHue CBOOOAHBIX HOCHUTEJIEH 3apsza
IIpaBuabHAasi mocJjie10BaTeIbHOCTD: 1, 4, 2, 3
9 YnopsizoubTe 3Tanbl padoTbl MOJIYyNpoBoAHMKOBOro amoga B | [1K-3.3.1
peskuMe 00pATHOr0 CMelleHHsI:
(Pacnonoxcumos 6 npasuibHoIl ROC1€006ame1bHOCHU)
e Bospacranue 30HbI O0ETHEHUS
e [Ipunoxenue oOpaTHOrO HAPSKEHUS
e YMeHblIeHHE 0OpAaTHOTO TOKA Yepe3 Mepexo/T
e VBenuueHue MOTEHIUAIBHOTO Oapwepa
IIpaBuibHas mocjaenoBaTebHOCTh: 2, 1, 4, 3
10 Pacnmosioxxure marm  pabdorel  cradmiaurpoHa B pexume | OIIK-1.V.1
CTA0WIIN3AIUN HATIPSIKEH NS :
(Pacnonoscums 6 npaguibHO ROC1€008amMe1bHOCHI)
e [Ipunoxenue oOpaTHOTO HANIPSKEHUS
e Ilepexona B peKuUM JJABUHHOTO MPOOOS
e VYcraHoBII€HHE CTAOMIBHOTO HAIPSKEHUS
e CriaxuBaHue HaIpsKEHUS B e
IIpaBuibHas mocjaenoBareabHOCTh: 1, 2, 3, 4
11 YnopsizoubTe 3TANbI CO3JAHUA HHTErPAJIbHON CXEMBI: OIIK-3.V.1

(Pacnonoxcumos ¢ npasuibHoll ROC/1€006ame1bHOCIU)
e  @DopMHUPOBaHKE MOJIYINPOBOJHUKOBON MOIOKKHU
e JlerupoBanue o0acTeil KpucTamia
e [IpumeHeHNE METAIUTOKCHUTHBIX COSIUHEHUH JIsI KOHTAKTOB




e IlogkiroueHue BBIBOJIOB " KopIryca
IIpaBuabHasi mocJjea0BaTeJbHOCTh: 1, 2, 3, 4

12 Conporusiienue MOJIYIIPOBOJHUKA npu nospimenun | [1K-3.3.1
TeMIeparyphbl
(Bvioepume npasuivHwlil omeem)
e VYBeNIMUYMBACTCS
e YmMmeHblIaeTCH
e [IpakTHuecku HE U3MEHSAETCA
13 Y kakux BellecTB Ha JHepreruyeckoi amarpamme BajeHTHasi | OIIK-1.V.1
30HA NPUMBIKAET K 30He IPOBOAUMOCTH?
(Bvioepume npasuivHblil omeem)
e IIpoBonHuku
e JlunnekTpuku
e [lonynpoBonHuku
14 Yposenb ®epmu — 310 OIIK-3.V.1
(Bvioepume npasunvHwlii omeem)
e DHepreTu4ecKMidi ypoBeHb B 3allpellleHHON 30He JId
MOJIYIIPOBOAHMKOB BEPOSITHOCTD MOSIBJICHHUSA 31eKTPOHA HA
KOTOpOM paBHa 1/2.
e DHEpPreTUYeCKuil YpOBEHb B 3alpEHICHHOW 30HE I
IIPOBOJIHUKOB BEPOSITHOCTD TOSIBJICHUS 2JIEKTPOHA Ha KOTOPOM
paBna 1/2.
e DHepreTMYecKuid ypoBeHb B  BaJEHTHOH 30HE  JiA
IIOJIyIIPOBOJHUKOB BEPOSTHOCTh IIOSBJIICHUS 3JIEKTpOHA Ha
KOTOpOM paBHa 1/2.
e DHEpPreTMYECKUd YypOBEHb B pa3pelieHHOW 30HE IS
IIPOBOJIHUKOB BEPOSITHOCTD TOSIBJIEHUS 2IIEKTPOHA Ha KOTOPOM
paBHa 1/2.
15 Hoggle JHepPreTuYecKue YPOBHH B kpucraaaax | I1K-3.3.1
MOJIYNIPOBOAHMKOB MOT'YT 00Pa30BbIBATbCS
(Bovioepume o0un unu HecKoIbKO 0meenos)
e Bo3sxelicTBuEM 3IEKTPUUECKOTO OIS
e Ilpu nedexrax KpUCTAINYECKON pelIeTKH
e BpegeHneM [JpYrux 3j1eMEHTOB B KPHCTANLJIMYECKYIO
peleTKy
e Bo3snelicTBueM u3inydeHus
e TemioBeIMU NOJISIMU
16 Bbi0epuTe npaBujibHOE YTBEPKIAEHUE OIIK-1.V.1

(Bvioepume npasuivHwlit omeem)

e Ha mo6oMm sHEpPreTHYeckoM ypOBHE OJIHOBPEMEHHO MOXKET
HaXOJIUTHCS HECKOJILKO AIIEKTPOHOB. 3amomHeHHe
pa3pelieHHbIX YHEPreTUIeCKUX 30HbI HepaBHOMEpHOE, Ooee
HACBIIICHBI BEPXHHUE 30HBI




Ha mo0oM »HepreTuyeckoM ypOBHE OJHOBPEMEHHO MOXKET
HAXOJUTHCS HECKOJIBKO JIEKTPOHOB. DIIEKTPOHBI PABHOMEPHO
3aMoJHSIOT Pa3pelICHHbIE SHEPIeTUUECKUE 30HbI, HAYMHAS C
HUKHHX.

Ha j11000M 3HepreTuyeckoM ypoBHe OTHOBPEMEHHO MOKET
HAXOAUTHCHA He 0oJiee JABYX 3JJIEKTPOHOB. JIEKTPOHbI
PABHOMEPHO 3aMOJHSIOT pa3pellleHHble YHepreTHYecKue
30HbI, HAYMHAS C HUKHUX.

Ha mo0oM »HEpreTMyeckoM ypOBHE OJHOBPEMEHHO MOXKET
HaXOJUTHCS HECKOJIbKO AIIEKTPOHOB 3anonHeHue
pa3pelIeHHbIX YHEPTeTUICCKUX 30HBI HEpaBHOMEpHOE, Ooee
HACBILIEHBI HUKHHIE 30HBI

Ha mo0oM »sHepreTuyeckoM ypOBHE OJHOBPEMEHHO MOMKET
HaXOJUTHCS TOJIBKO OAMH 3JIEKTPOH DJIEKTPOHBI PABHOMEPHO
3aIOJIHAIOT Pa3pelIeHHbIE YHEPreTUYECKUE 30HbI, HAYUHAs C
HWXHUX.

17 KakoBa npuumHa JierHpOBaHUsi MCXOAHBIX mouaynpoBognukos | OIIK-3.V.1
npumecsiMu?
(Bvioepume npasuivHblil omeem)
e Jlins yBeJMYeHHMS YMCJIAa HOCHTeJIeil 3apsiioB OIHOTO MJIU
APYroro Tumna
e Jlnst yBenMUEHUsI CONPOTUBICHUS
e /Jlns yBenuueHus: IpOOMBHOTO HAMPSKECHUS
e Jlns yBenuueHus MEXaHUUECKON MPOYHOCTH
18 B kauecTBe mpumeceii HCMOJIb3YIOT [1IK-3.3.1
(Bvioepume o0un unu HecKoIbKO OmMeenoes)
o IlsaTuBaIeHTHBIE DJIEMEHTHI
e J[ByXBaJCHTHBIC PIIEMEHTBI
e UYeThipexBaJICHTHBIC AIIEMEHTHI
e TpexBajieHTHbIE D1eMEHTbI
20 Bri0epuTe npaBUIIbHOE YTBEP:KIEHUE OIIK-1.V¥.1
(Bovioepume o0un unu HecKoIbKO 0meenos)
e B mnonynpoBofHHKe N-THUMA MPU YBEIHMUEHUH TeMIEpaTypbl
oOpasyeTcs JbIpKa B 30HE IPOBOIUMOCTH
e B noaynpoBoaHMke N-THNA  NPU  YBeJHYEHUH
TeMIeparypbl o0pa3yercsi AbIpKAa B IPUMECHOM 30He
e B mnonynpoBofHHKe N-THUMA MPU YBEIHMUEHUH TeMIEpaTypbl
oOpa3yeTcs AbIpKa B BaJIEHTHOM 30HE
e B nmnogynpoBogHHMKe MN-THNA TPU  yBeJUYEHHUH
TeMneparypbl  3HAYMTeJbHasi  4YacTb  JJIEKTPOHOB
NPUMECHOI 30HbI IIEPEXOAUT B 30HY NNPOBOAMMOCTH.
e B momynpoBoAHHKE N-THUMA TMPU YBEIHMUYEHUU TEMIEpaTypbl
3HAYUTEbHAs YacTh AIEKTPOHOB MPUMECHOM 30HBI IEPEXOIUT
B BAJICHTHYIO 30HY
21 HeoOparuMbiM  THHOM 1p0o60si mnoaynpoBogHuKoBOro amoaa | OIIK-3.V.1

ABJACTCA




(Bvibepume npasunvuwlit omeem,)

DIEKTPUIECKHUIN MPoOoi
TenJsioBoii mpoodoii
TyHHEIBHBIN TPOOOH

22 Kakoii mosynpoBogHMKOBBIii mnpudop wucnogandyercs s | [1K-3.3.1
npeodpa3oBaHusl NEPEeMEHHOI0 TOKA B MOCTOSIHHBIN?
(Bvioepume npasunvuwlii omeem,)
e Tpanzucrop
o Jlnon
e doromunon
e Tupucrop
23 Kak Ha3bIBaoOTCsA BBIBOABI OUMOJISIPHOTO TPaH3ucTOpa? OIIK-1.V¥.1
(Bvioepume npasuivHblil omeem)
e ba3za, kosiekTop, IMUTTEP
e (Cerka, KaTof, aHOI
e 3arBOp, UCTOK, CTOK
e 3aTBOp, KOJUIEKTOP, SMUTTEP
e ba3za, karon, anon
24 Yo Takoe MHIKEKIHUA U IKCTPaKuus? OIIK-3.V.1
(Bvioepume npasunvHwlii omeem)
e Unxexuusi — BBOA B 00,1aCTh OCHOBHBIX HOCHUTeJIEN 3apsia
NnoJ AelcTBHEM MPSIMOr0 HANPSKEHUsI, a IKCTPAKIUA —
M3BJICYeHHE HEOCHOBHBIX HOCUTEJIEH IJIfl JAHHOH 00J1aCTH
NoJ AeiicTBMEM 00PATHOI0 HANPSIZKEH U
e Umxeknus — BBOJ B 00JIaCTh HEOCHOBHBIX HOCHUTEJICH 3apsiia
Mo/l JIEHCTBUEM OOpPATHOTO HANPSDKEHMs, a SKCTPAKIUS —
W3BIIEYCHUE OCHOBHBIX HOCHUTENEH s JaHHOW 00nacTu moj
JEHCTBUEM MPSMOTO HAIPSKEHUS
e Umxexuus — BBO B 0071aCTh OCHOBHBIX HOCHUTEJIEH 3apsiaa Mo
JIeCTBHEM OOpaTHOTO HAMpsDHKEHHsS, a OKCTPAaKIUsS —
W3BJICUEHNE HEOCHOBHBIX HOCUTENCH IS JaHHOM 001acTH 1O
JEMCTBHEM MPSMOTO HaIPSKEHUS
e Umxekuus — BBOJ B 00J1aCTh HEOCHOBHBIX HOCUTENEH 3apsiia
MoJl JEHCTBHEM TIPSIMOTO HANpPSDKEHUS, a DJKCTPAKIUS —
W3BIIEUCHNE OCHOBHBIX HOCHUTEJEH NJs JaHHOW 00nacTd moj
NeficTBHEM 00paTHOTO HaNpPSKEHUS
25 Kaxkoe Tpe0oBanue npexbsBisercs K mmmpuHe 0a3pl Ounoaspuoro | I1K-3.3.1

TpaH3ucTopa?
(Bvioepume npasuvHwlit omeem)

Ona ntomxHa ObITH 60JIb1Ie AU ((PY3UOHHOMN UTMHBI 3JEKTPOHA,
HO MEHbIIIE JITTHHBI BOJHBI JICKTPOHA

Omna nomxkHa ObITh Oosblie MU(Py3MOHHON UIMHBI U JTUHBI
BOJIHBI JIEKTPOHA

OHa n0/KHA ObITH MeHblIe AM(PPY3MOHHON UIMHBI U
AJUHBI BOJHBI 3JIEKTPOHA




e Ona gomkHa OBITh paBHa MEHbLIEMY W3 3HAYCHUH
G Gy3MOHHOM UTMHBI U TMHBI BOJTHBI AJIEKTPOHA
e Bce oTBEThI HEBEPHBI

26 Kakyo ¢QyHkmuoHa/JIbHYI0 CBsI3b BbIpaxkawT cratudeckumu | OITK-1.V.1
XapaKTePUCTUKAMH OMIIOJISIPHBIX TPAH3HCTOPOB?
(Bvioepume npasunvuwlii omeem,)
e C(CBA3b MeXIy TOKAMH U HANPSAKEHUSAMH BO BXOJAHOH H
BBIXO/IHOM 1ensiX NPH OTCTYTCBMHU HATPY3KHU
e (CBs3b MEX/AYy COIPOTUBICHUEM BO BXOJHOH LIENIU U TOKOM B
BBIXOJIHOM LIE€NU IIPU HAIMYUU HArpy3Ku
e CBa3p MEXIy HaNpsDKEHHMEM BO BXOJHOM Henu |
COIIPOTHBIIEHUEM B BBIXOJIHOM LI€NIM IPU HAIMUUU HArpy3Ku
e (CBsA3b MEXJy CONPOTHUBIEHUSIMHU BO BXOJHOH M BBIXOAHOM
LEMSX IPU HAJIMYWU Harpy3Ku
27 Kakyw cxemy BK/IOYeHMsI OumosisspHoro tpansucropa Ttaksxke | OIIK-3.V.1
Ha3bIBAKOT «<IMUTTEPHBIM MOBTOPHUTEIEM»?
(Bvioepume npasunvHwlii omeem)
e buUMOMSIpHBIA TPa3ucTOp, BKIFOUEHHBIH IO CXeMe C OOIIeiH
0a3oit
e bunonspHbli TpasuCTOp, BKIIOYEHHBIM IO CXEME € 0O0IUM
SMUTTEPOM
e bumnoasipublii TpazucTop, BKJIOYEHHBII M0 cXeMe ¢ 00IuM
KOJLIJIEKTOPOM
28 Kakas cxema  BkiI4YeHuss Oumossipuoro  tpausucropa | [1K-3.3.1
OJHOBPEMEHHO [aeT YCHJIeHHEe KaK M0 TOKY, TaKk H IO
HANIPSIZKEHU10?
(Bvibepume npagunvHbviil omeem,)
e bunonspHblii TpazucTop, BKIIOYEHHBIH MO cXxeMe ¢ o0Iei
6a3oii
e bunoasipablii Tpa3ucTop, BKIKYEHHbIH 10 cXeMe ¢ 001HM
IMHUTTEPOM
e bunonspHblii Tpa3sucTop, BKIIOYEHHBIH MO CXeMe C O0IUM
KOJUIEKTOPOM
29 Kakas cxema BkiIOYeHHMsi OumnoJsipHoro Ttpansucropa umeer | OIIK-1.V.1
HauOoJIbIIee BXOJHOE CONPOTHBJICHHE IIPH HaHMEHbIIEM
BBIXO/THOM CONIPOTHBJIEHUHU?
(Bvibepume npagunvHviil omeem,)
e bumnonspHblii Tpa3ucTop, BKIIOUEHHBIH MO cXeMe ¢ oOuiei
6a3oi
e bunonspHelii TpazucTop, BKIIOYEHHBIH 1O CXeMe C OOUIUM
AMUTTEPOM
e bumnoJssipHblii Tpa3uCcTOP, BKJIIYEHHBIH 110 CXeMe ¢ 001uM
KOJIJIEKTOPOM
30 Kak onpeaensiercs  auddepenuuannnoe  comporunaenue | OIIK-3.V.1

KOJUIEKTOPHOI0 Mepexoa OumoJisipHoro TpaH3ucropa?




(Bvibepume npasunvuwlit omeem,)

e Kak cooTHOLIeHHWe TNpHpPALEHUs] HANPSKeHUs Ha
KO/UIEKTOPHOM  mepexoJe K MNPHPALIEHUI0O TOKAa
KOJIJIEKTOPA MPH NMOCTOSTHHOM TOKe 0a3bl HJIHM SMUTTEpa

e Kak cooTHomeHue  mOpUpallleHUs ~— HaNpsOHKEHUS  Ha
KOJUIEKTOPHOM TMEPEeX0/ie€ K MPUPAIIECHUIO TOKa KOJIJIEKTOpa
IIPU MIOCTOSIHHOM HAIpPSKEHUH KOJUIEKTOP-dMUTTEP

e Kak cooTHomeHue  mOpUpalleHUs ~— HaNpsOHKEHUS  Ha
KOJUIEKTOPHOM IIE€peXo/ie K IMPHUPAIICHUI0 TOKAa KOJIJIEKTOpa
IIPH MIOCTOSIHHOM HAINpsHKEeHUH SMUTTEPHOTO Mepexoaa

e Bce oTBeTH HEBEPHBI

31 Kak onpeneasiercss  auddepenuuaibnoe  conmporuBienue | [1K-3.3.1
3MHUTTEPHOrO Nepexoaa OUNOJISIPHOIO TPaH3ucTopa?
(Bvioepume npasunvuwlii omeem)
e Kak cooTHOIIeHHE PUpAIICHHS] HATIPSHKEHUS Ha YMUTTEPHOM
nepexofie K MPHUPAIICHUI0 TOKa 0a3bl MpH TOCTOSHHOM
HANPSDKEHUHU Ha KOJUIEKTOPHOM IepeXojie
e Kak cooTHOlIeHHe NpUpPAIIEHUs] HANPSKEHUS Ha
3MHMTTEPHOM Ilepexojie K MPUPALIEHNI0 TOKA SMUTTEpa NpH
MOCTOSIHHOM HANPSIZKeHUHU KOJJIEKTOP-3MHUTTEP
e Kak cooTHomeHuWe  TpUpalleHUs  HANPSOHKEHUS  Ha
KOJUIEKTOPHOM IIepexo/ie¢ K IPHUPALIEHUI0 TOKa 0asbl mpu
MTOCTOSTHHOM HaNpsKEHUH Ha SMUTTEPHOM TEpexojie
e Bce oTBeTH HEBEPHBI
32 Kakoii Tpan3ucTop Ha3bIBAETCHA MOJIEBbIM? OIIK-1.V¥.1
(Bvioepume npasuivHblil omeem)
e 3JT0 TPaH3MCTOP, YCHJIUTEJIbHbIe CBOICTBA KOTOPOro
00yC/I0BJICHBI TOTOKOM OCHOBHBIX HOCHTeJell 3apsiga
O/IHOT0 3HAKA, MPOTEKAKIIMM Yepe3 MPOBOAAILIMI KaHaJ,
1 YIPABJISEMBbIM JICKTPHYECKHUM I10JIeM
e DOTO TpPaH3UCTOP, B KOTOPOM (PU3BHYECKHE MPOIECCHI
00yCIIOBJICHBI IEPEHOCOM HOCHUTEJNEH 3apsiia 000UX 3HAKOB —
uHXekuuei u nuddy3neit HEOCHOBHBIX HOCHUTENEH, Apeiipom
OCHOBHBIX U HEOCHOBHBIX HOCHUTENEH 3apsiia
e DTO TpaH3UCTOp, YCWIMUTEIbHBIE CBOWCTBA KOTOPOTO
00yCIIOBJIEHBI TOTOKOM OCHOBHBIX HOCHTEIEH 3apsiia pa3HbIX
3HAKOB, MPOTEKAIOIIUM 4Yepe3 MPOBOASIIMN KaHal, U
YIPaBISAEMBIM NIEKTPUUIECKUM TOKOM
e DOTO TpaH3UCTOp, B KOTOPOM MAaJICHBKUMH TOK 3aTBOpa
MO3BOJISIET YIPABIATH OOJIBIIUM TOKOM CTOK-UCTOK
33 Kaxkue BbIIEJISIIOT OCHOBHBbIE napameTpsbl nojaesbix | OIIK-3.V.1

TPAH3UCTOPOB?
(Bvioepume npasunvuwlit omeem)
e KpyTusHa XapakTEepUCTHKH S, BXOJAHOE€ M  BBIXOJHOE
comporuBieHuss RBx. u Ri, koap¢unument ycuneHus u,
€MKOCTh MEX/1y 3aTBOPOM U UCTOKOM C31




e Bxomnoe wu BbeIXOgHOE compotuBieHHs RBX. u Ri,
K03(pPUIMEHT yCUIIEHUS U, BXOJHOU TOK [BX., EMKOCTb MEX Iy
3aTBOPOM U cTokoM C3c

e Bxoanoe u BeIxogHOE conpoTuBieHus: RBX. 1 Ri, BX0HOM TOK
[BX., EMKOCTb M€y 3aTBOPOM M UCTOKOM C3H

e Kpyrusna xapakTepucTukM S, BXOJHO€ H BbIXOJHOE
conporusJiennss Rex. u Ri, ko3¢ dununent ycnienus u

e Bce 0TBEThI HEBEPHBI

34 M/II-TpaH3uCTOPOM €O BCTPOCHHBIM KaHAJIOM Ha3bIBaeTcs I1K-3.3.1
(Bvioepume npasunvuwlii omeem)
e [IloneBoii TpaH3MCTOpP, KOTOPBIi MOXKeT padoTarb B
pe:xxuMe odoramnieHus U 00eTHeHUS ;
e [loneBoii TpaH3UCTOP, KOTOPBI MOXET paboTaTh B pEXUME
obOoraieHus;
e [loneBoii TpaH3UCTOP, KOTOPBIA MOXKET paboTaTh TOJIBKO MpHU
00paTHOM HaNpPsHKEHUS Ha 3aTBOPE;
e [losneBoil TpaH3UCTOP, KOTOPBIA MOXKET paboTaTh TOJNBKO MpHU
IIPSIMOM HanpsKEHUs Ha 3aTBOPE;
35 IoporoBbimM HANPsKEHH EM B MJII-Tpan3ucrope ¢ | OIIK-1.Y.1
HHIYUHMPOBAHHBIM KaHAJIOM Ha3bIBAETCS
(Bvioepume npasunvHwlit omeem)
e HampspkeHue CTOK-HCTOK, MPHU KOTOPOM oOpasyercs KaHal
IIPOBOJIUMOCTH;
e HanpsikeHue 3aTBOP-HCTOK, NPH KOTOPOM o0pa3syercsi
KaHAJ NPOBOAMMOCTH;
e HampspkeHue  CTOK-UCTOK, TIpU  KOTOPOM  IPOUCXOAUT
MIEPEKPBITHE KaHAJIA;
e HampsokeHne 3aTBOp-UCTOK, MNP KOTOPOM  MPOMCXOAMT
MEpPEeKPHITHE KaHaa.
36 HanpsixeHneM 0TCeYKH M0JIEBOr0 TPAH3UCTOPA HA3bIBACTCH OIIK-3.V.1
(Bvioepume npasuivHblit omeem)
e HampspkeHne  CTOK-UCTOK, TIpU  KOTOPOM  MPOMCXOAUT
MIEPEKPBITHE KaHAJIA;
e HanpsikeHue 3aTBOP-HCTOK, INPH KOTOPOM IPOMCXOIHMT
NepeKpbITHE KAHAJIA IPH HYJIEBOM TOKe TPAH3UCTOPA;
e HampspkeHne  CTOK-UCTOK, TIpU  KOTOPOM  MPOMCXOAUT
MEePEKpPHITHE KaHaJla IPU HYJIEBOM TOKE TPaH3UCTOPA;
e HampspkeHne 3aTBOp-UCTOK, MPU  KOTOPOM  MPOMCXOAUT
MIEPEKPHITHE KaHAJIA IIPYU HEHYJIEBOM TOKE TPaH3HCTOPOB.
37 CTOKOM 10J1€BOT0 TPAH3UCTOPA HA3BIBAIOT I1K-3.3.1

(Bvioepume npasuivnwlit omeem)
e OnauMH U3 BBIBOJOB TPAH3UCTOPA, YEPE3 KOTOPBIA OCHOBHBIE
HOCHUTEJH 3apsiia BXOAIT B KaHAJ;
e OnuH U3 BBIBOAOB, Yepe3 KOTOPbId OCHOBHbIE HOCHTEIH
3aps/a BHIXOAST U3 KaHAJIA;
e BEIBOI OT yIpaBIISIIOIETO YJIEKTPO/IA;




e BriBox ot 061acTH, B KOTOPOIA cO3AaeTCs KaHAT.

38 HcTokoM mo1eBOro TpaH3ucToOpa Ha3bIBaeTcst OIIK-1.VY.1
(Bvioepume npasuivHblit omeem)
e OpauH U3 BBHIBOIOB, Yepe3 KOTOPbIii OCHOBHbIE HOCHTEIH
3aps/a NOCTYNaloT B KaHAJ;
e OnauH U3 BBIBOJOB, Yepe3 KOTOPbI OCHOBHBIE HOCHUTEIU
3apsijia BBIXOJAT U3 KaHaa;
e BriBoa OT ynpaBisIoOUIEro eKTPoa;
e BsriBox ot 061acTu, B KOTOPOI co3aaeTcs KaHal.
39 3aTBOPOM 10JIEBOT0 TPAH3UCTOPA HA3LIBAETCHA OIIK-3.VY.1
(Bvioepume npasuivHblit omeem)
e OnauH U3 BBIBOJOB, Yepe3 KOTOPBHI OCHOBHBIE HOCHUTEIU
3apsijia BXOAAT B KaHA;
e BbIBOI OT yNpaBJISIlOLIEro 31eKTPoaa;
e OmuH U3 BBIBOAOB, Yepe3 KOTOPHI OCHOBHBIE HOCHUTENU
3apsijia BBIXOIAT U3 KaHaja;
e BrIBox OT 0051aCTH, B KOTOPOU CO371a€TCS KaHaJ.
40 M/II-TpaH3ucTOpOM ¢ MHAYIMPOBAHHBIM KaHaoM Ha3biBaeTca | [IK-3.3.1
(Bvioepume npasunvHwlii omeem)
® T[I0JICBOM TPAH3UCTOP, KOTOPBIH MOXKET paboTarh B peKUME
oOorareHuss 1 00eIHEHUS;
® 10/1eBOii TPAH3UCTOP, KOTOPBI MOKET padoTaTh B pe:KuMe
oborameHus;
® T[I0JICBOM TPAH3UCTOP, KOTOPBII MOXKET paboTaTh TOJBKO MpU
00paTHOM HaNPsHKEHUS Ha 3aTBOPE;
® [I0JIEBOM TPAH3UCTOP, KOTOPBIM MOXKET paboTaTh TOJIBKO MpHU
IPSIMOM HaNpsDKEHUs Ha 3aTBOPE;
41 YnpasjeHue TOKOM CTOKa B mojaeBoM Tpansucrope ¢ | OIIK-1.V.1
yIpaBJSIIOIIMM P—N NEePexXo10M 0CHOBAHO HA
(Bvibepume npagunvHviil omeem,)
® H3MeHEHHMHM LIMPHMHBI U CeYeHHUs] KaHaJIa MPH U3MeHEHHH
00paTHOr0 HANPSIKEHHUS «3aTBOP — HCTOK»;
® WU3MCHCHWM UIMPUHBI W CEUCHHs KaHaja TP W3MEHEHUHU
MPSIMOTO HANpPSKEHUS «3aTBOP — UCTOKY;
® U3MCHEHUU CONPOTHUBIIEHUS KaHajla BCIEJICTBHE H3MEHEHUS
KOHIIEHTPAIMH WHKEKTHPOBAHHBIX HOCUTEIICH;
® WU3MCHCHWM UIMPUHBI W CEYCHHs KaHaja TP W3MEHEHUHU
HaNpsKEHUS «CTOK — UCTOKY;
42 KakoBa poups kpucraummyeckod pemerkn B cBoiictBax | OIIK-3.V.1

MOJIYIIPOBOAHUKOB?

(Ilpouumanme 3adanue u Oaiime ce60il pa3zeepHymulii 6APUAHM
omeema)

JJIeKTPpOHHAA cTPYyKTypa: Kpucraimnuueckas pemierka onpeaeiser
SHEPTeTUYECKHE yPOBHH, JOCTYIIHBIE JUIi  DJEKTPOHOB, U
3amnpelleHHbIE 30HbI, B KOTOPBIX 3JIEKTPOHBI HE MOT'YT HaXOAUThCs. B




MOJYIPOBOJAHUKAX PA3HOCTh MEXKIY BAJCHTHOM 30HOW W 30HOU
IIPOBOJAMMOCTH Ha3bIBAECTCS MIMPUHOM 3alpeIlieHHON 30HbI, U UMEHHO
3Ta IIMPHUHA OIpEAENsieT NPOBOISAIIME CBOMCTBAa Marepuana. Yem
MEHbUIE IMPUHA 3aIPELICHHON 30HbI, TEM JIETYe 3JIEKTPOHBI MOTYT
MEepPEeXO/IuTh B 30HY MPOBOJMMOCTH, YTO JIelaeT MaTepuan Oosee
IIPOBOSILINM.

I dekT JerupoBanusi: ATOMbI, 100aBJIEHHBIE K MOJYIPOBOIHUKY
JUIsL U3MEHEHMS €ro IPOBOAMMOCTH, 3aHUMAIOT OIPEICIICHHbIC
MO3ULIMK B KPUCTAJUIMYECKOW pemeTke. Tl U IOJIOXKEHUE 3THUX
JIETUPYIOMIUX aTOMOB BJIMSAIOT Ha KOJMYECTBO CBOOOTHBIX HOCHUTEINEH
3apsaa (9IEKTPOHOB WIIM JABIPOK), YTO HM3MEHSET SJEKTPUUYECKHE
CBOMcTBa mosynpoBoaHuKa. Hampumep, npoOaBieHne aToMOB C
MATUBAJICHTHBIMU  3JeMeHTaMHu (N-TUO JIETMPOBAaHMS) CO3JAeT
JIOTIOJIHUTEJIbHBIE JIEKTPOHBI, TOTJa KaK TPEXBAJIEHTHBIE AJIEMEHTHI
(p-THI TerupoBaHKs) CO3AOT JOMOTHUTEIBHBIC ABIPKH.

HdedexTbl HW auUCIOKAUMU: B peanbHBIX KpUCTaUIax BCeraa
OPUCYTCTBYIOT  Je(PEeKThl W  JUCIOKAllUU, KOTOpPhIE  MOTYT
CYIIECTBEHHO BIMATH Ha CBOWCTBA IOJYNPOBOJHMKOB. Hampumep,
JUCJIOKAMU MOTYT CO3/1aBaTh JIOKAJIU30BAHHBIE YPOBHU HHEPIUU B
3amnpeieHHON 30He, YTO BIUSET HA peKOMOMHAIINIO HOCUTENCH 3apsia
U, CJIe/I0BATeNIbHO, HA TPOBOAUMOCTH U 3(PPEKTUBHOCTH YCTPOUCTB HA
OCHOBE ITOJIYIPOBOAHUKOB.

Pemerounbie BuOpanuu (GpoHOHBI): ATOMBI B KPUCTAJUIMYECKOU
peleTKe He CTAaTUYHBI; OHHU IOCTOSHHO KOJEOIIOTCS BOKPYT CBOMX
PaBHOBECHBIX MOJIOKEHHH. DTU BUOpanuu, Wid (HOHOHBI, UTPAIOT
BAXKHYIO POJIb B TEIUIOBBIX CBOMCTBaX IOJyIPOBOJAHMUKOB, BIIUSAS Ha
TEIUIONPOBOJHOCTh M MPOILECChl PACCESHUA HOCUTENEH 3apsja.
BsanmopeicTBre 35IeKTPOHOB ¢ (POHOHAMH TaKKe MOXET BIHMATH Ha
MIPOBOJIUMOCTb U CKOPOCTb 3JIEKTPOHOB B MaTepHae.

Onruuyeckue CBOMCTBA: Kpucrannmueckas CTPYKTypa
IIOJIyIIPOBOITHUKOB onpenensier ux B3aUMO/ICCTBUE c
AJIEKTPOMAarHUTHBIM K3JTydyeHueM. Hanpumep, muprHa 3anpenieHHon
30HBl BJIMSIET Ha JJIMHY BOJHBI CBETA, KOTOPBIM MOIYNPOBOAHHUK
MO>KET MOIJIOU[aTh WM MCIyCKaTh. JTO CBOMCTBO HCIIOJIB3YETCS B
CBETOJMO/IaX U COJHEYHBIX 3JIEMEHTax JUld IpeoOpa3oBaHus CBETA B
3JIEKTPUUYECTBO U HA0OOPOT.

Mexanunuyeckue cBoiicTBa: Kpucrammyeckas pemerka BIMSIET U Ha
MEXaHWYECKHE CBOMCTBA MOIYNPOBOJHHUKOB, TAKUE KaK JKECTKOCTb,
MPOYHOCTh M yCTOHUMBOCTH K JedopmanusM. Hampumep,
MOHOKPHUCTAJIBI KPEMHHsSI 00JaJal0T BBICOKOHW TMPOYHOCTHIO U
CTaOUJIbHOCTBIO, YTO J€NIaeT X MCATbHBIMU ISl UCIOJIb30BAaHUS B
MHUKPO3JIEKTPOHHBIX YCTPOMCTBAX.
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KakoBbl OCHOBHBIE OTJIHYHUS MeXKAY N-TUIOM W P-THIOM
MOJIYIIPOBOAHUKOB?
(Ilpouumainme 3adanue u oOaiime c60l pazeepHymulil 6APUAHM
omeema)
Tun HocuTe1el 3apsaa:
e N-THN NOJYNPOBOAHNKOB: OCHOBHBIMH HOCHUTEIISIMH 3apsi/ia
SIBIIIFOTCST  DJIEKTPOHBI. OTH DJIEKTPOHBI MOTYT CBOOOIHO
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nepeMenatbCs M0  KPHCTAJUTMYECKOW  peIIeTKe,  4TO
o0ecreynBaeT MPOBOJUMOCTb.

P-THII OJTYNPOBOAHHKOB: OCHOBHBIMH HOCHTEIISIMH 3apsi/ia
SIBJSIFOTCSL JIBIPKH. JIpIpKa mpeacTaBlisieT coOOi OTCYTCTBHUE
ANIEKTPOHA B KPUCTAJUIMYECKOH pelIeTKe W BelneT ceOsi Kak
ITOJIOKUTEIIbHBIN HOCHUTEIIb 3apsja, CIIOCOOHBIH
HepeMeniaThes 10 MaTepuaiy.

Jlerupyoumue npuMecu:

N-TUN noJynpoBoaHMKOB: Co3maercs myTeM A00aBICHUS
[IPUMECEH MSITUBATICHTHBIX 3JICMEHTOB, Takux Kak (ocdop (P),
MbIIIBSIK (AS) wiu cypbMa (Sh). DTH 37eMEHTBI UMEIOT IATh
BAJICHTHBIX O3JICKTPOHOB, OJWUH M3 KOTOPBIX CTAHOBUTCS
CBOOO/HBIM M YYacTBYET B IPOBOJIUMOCTH.

p-tun moJjiynpoBoaHukoB: Co3ngaercs myTeM J00aBICHHS
IpPUMECEH TPEXBaJEHTHBIX JIEMEHTOB, Takux kak Oop (B),
amomunuit (Al) win raumii (Ga). DTH 3JEMEHTBI UMEIOT TPU
BAJICHTHBIX OJIEKTPOHA, YTO CO3[aeT HEIOCTaTOK OJHOIO
AJIEKTPOHA B KPUCTAJUIMICCKON pelIeTke, 00pa3yst IbIPKH.

JHepreTuveckasi CTpyKTypa:

N-TUN  NMOJYNPOBOJAHUKOB: DHEPreTHYECKUE YPOBHH,
CBSI3aHHBIE C JJOHOPHBIMHU MTPUMECSIMH, PACIIOIOKEHBI OJIU3KO
K 30HE MIPOBOAMMOCTH, YTO 00JIeryaeT nepexo/] 3JCKTPOHOB B
30HY MPOBOMMOCTH.

pP-THN  MOJIYNPOBOJAHUKOB: DHEPreTHYECKHE  YPOBHH,
CBSI3aHHBIE C AKIEHTOPHBIMH TMPHUMECSIMH, PACIIOI0KEHBI
OMM3KO0 K BAJICHTHOM 30HE, 4YTO OOJerdaer mepexo
AIIEKTPOHOB M3 BAJICHTHOMN 30HbBI, CO3/1aBasi IbIPKH.

IIpoBoauMocCTh:

N-THN MOJYNPOBOAHUKOB: [IpoBoanMOCTE obecrieunBaeTcs
JIBUKEHUEM  DJIEKTPOHOB, KOTOpPbIE HMMEIOT  BBICOKYIO
MTOJIBUKHOCTb. DJIEKTPOHBI IEPEHOCAT OTPULIATEIbHBIN 3apsil.
p-TUn MOJaynpoBoaAHMKOB: [IpoBoaMMOCTE obOecrieunBaeTcs
JIBUKEHUEM JABIPOK, KOTOPBIE MMEIOT HECKOJIBKO MEHBIIYIO
MOJBWKHOCTh TI0 CpPAaBHEHUIO C 3JeKTpoHamMu. [IpIpku
MIEPEHOCST MOJIOKUTENIbHBIN 3apsI.

IIpuMepsI HCIIOJIBL30BAHUA:

N-THII NMOJIYNIPOBOJHUKOB: ]_HI/IPOKO HCIIOJIB3YCTCA B
MMPOU3BOJACTBC TPAH3UCTOPOB, AUOAOB U APYTHUX IJICKTPOHHBIX
KOMIIOHCHTOB. B KOM6I/IHaHI/II/I C P-THIIOM CO3JaI0TCS BAXKHBIC
YCTpOﬁCTBa, TAaKUE€ KaK IUOJAbI U TPAH3HUCTOPBHI.

P-THII MOJIYIIPOBOAHUKOB: Taxoxe HCIIOJIB3YCTCHA B
IMPOU3BOJACTBE TPAaH3UCTOPOB, JAUOJ0B n APYrux
KOMIIOHEHTOB. BmecTte ¢ N-THIIOM MOJIYITPOBOOJHHUKOB
MCIIOJIB3YCTCsI AJIs1 CO3/IaHus P-N IIepeXoa0B.

p-n mepexon:

Korga n-tunm m p-Tun noaynpoBOAHUKOB COEIUHSAIOTCS, HA
TpaHMIIE UX KOHTaKTa oOpasyercs P-N mepexoa. ITOT Mepexo/
SBIIIETCS. OCHOBOM JUIsi pabOTBl MHOTHX DIIEKTPOHHBIX
YCTPOWCTB, TAKUX KaK JUOJbI U TpaH3UCTOPHI. [Ipu coznannn
nepexo/ia 3JMEKTPOHBI U3 N-TUMA MOJYIPOBOAHUKA U IBIPKU U3




p-THUIIa TOTYTTPOBOIHUKA PEKOMOMHHUPYIOT, CO3/1aBast 00JIacTh
WCTOIIEHUS, TJIe HOCUTEIN 3apsiaa OTCYTCTBYIOT.
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KakoBbI npenmyuiecTsa 1moJieBbIX TPaH3MCTOPOB 110 CPABHEHHUIO
¢ OMIOJIAPHBIMY TPaH3UcTOpaMu?

(Ilpouumaitme 3adanue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)

Broicokuii BxogHoii umnenanc: IloneBbie TpaH3UCTOpPHI 00J1a7AI0T
OUEHb  BBICOKMM  BXOJHBIM  HMIIEJJAHCOM, IIOCKOJIBKY  OHHU
YIPaBJISAIOTCS SJEKTPUUYECKUM I10JIEM, & HE TOKOM. JTO 03HAYAET, YTO
TOK, TPOTEKAIIINN dYepe3 YHpaBISIIOUIUN 3JIEKTpoa  (3aTBOD),
MPaKTUYECKH OTCYTCTBYeT. B cilyyae OWIONIAPHBIX TPaH3UCTOPOB
BXOJIHOM TOK 0a3bl CYIIECTBEHHO OOJbINE, YTO MOXKET MPUBOIUTH K
JOTIOJIHUTEIBHBIM ITOTEPSIM SHEPTUU U CIOKHOCTSAM B YIIPABICHUHU.
Hu3skoe 3nepronorpedaenue: 113-3a BBICOKOro BXOJHOTO UMIIEAAHCA
Y HU3KOTO YIPABISIONIETO TOKA MOJEBbIe TPAH3UCTOPHI MOTPEOIISAIOT
3HAYUTEIBHO MEHBIIE JHEPTrUd 0 CPABHEHUIO C OWIIOJISIPHBIMH
TPaH3UCTOpaMU. DTO JENAeT MX WJCANbHBIMHM Il IPUMEHEHUs B
SHEprocOeperarIux yCTPOHCTBaX 1 MOPTATUBHOMN AIEKTPOHUKE.
IIpocTroTra ynpaB/jieHusi: YHpaBlIeHHE NOJEBBIMU TPaH3UCTOpPaAMU
OCYIIECTBIISICTCSl HANpsIKEHUEM, a HE TOKOM, 4YTO YIpPOUIAaeT
CXEMOTEXHUYECKHE pEIIEHUS U yMEHbIIaeT TpeOoBaHUSI K
YIPaBIIsEMbIM CUTHaIaM. DTO OCOOEHHO Ba)KHO B IU(POBBIX cCXeMax
U UHTETPAIbHBIX CXeMaX, Ile HeoOxoauma Oonblias IIOTHOCTb
3JIEMEHTOB.

Cxopocty mnepekJiouenusi: [loneBbie TpaH3UCTOpPHI 007aNaIOT
BBICOKOW CKOpPOCTbIO IEPEKII0YEHUs Oyiarogapsi HU3KOW €MKOCTH
3aTBOpa M OTCYTCTBHUIO 3apsA/l0OB B P-N mepexojax. ITO IMO3BOJISAET
UCIOJIb30BAaTh MX B BBICOKOYACTOTHBIX IPUJIOKEHUSX, TaKUX Kak
VMITYJIbCHBIE HCTOUYHUKH MTUTAaHUS U BBICOKOYACTOTHBIE YCHIIUTENH.
Menbmuii TeruioBbiaesieHue: [loneBbie TpaH3UCTOPHI, OCOOEHHO
MOSFET, o6magaioT MEHBIIUM YPOBHEM TEIUIOBBIACICHUS NpHU
paboTe, NOCKOIbKY OHU UMEIOT MEHBIIIEE CONTPOTUBIEHUE B OTKPBHITOM
COCTOSIHUU. OTO CHMXKaeT NOTPEOHOCTb B CIOXKHBIX CHCTEMax
OXJIAKICHUS U yIIydIlaeT HaJIeKHOCTh yCTPOUCTB.

JIuneliHocTh XxapakrtepucTuk: [losieBble TpaH3UCTOPBI, OCOOEHHO
JFET, obnanatot xopouiei TMHEHHOCTIO BBIXOIHBIX XapaKTEPUCTHUK,
YTO AEJAET UX NPEATIOYTUTEIbHBIMU I aHAJIOTOBBIX IPUIIOKEHUN U
JIMHEWHBIX YCUIIUTENIEH.

PaanouacroTHbie cBoiicTBa: IlojeBble TpaH3UCTOpPHI 00J7aJaIOT
JYYIIMMH XapaKTEepUCTUKAMU Ha BBICOKHX 4acTOTaX MO CPAaBHEHHIO C
OUIOJIIPHBIMU TPAH3UCTOPAMHM, YTO JENIAeT UX MPEINOYTUTEIbHBIMU
JUIS PaIMOYaCTOTHBIX U MUKPOBOJHOBBIX MPUIIOKEHUH.
YcroiituuBocth K paguanuu: [loneBbie TpaH3UCTOPBI, OCOOEHHO
MOSFET, oGmamaroT Ooibliell yCTOWYMBOCTHIO K PaIHAlMOHHOMY
BO3JIEHCTBUIO, YTO JIE€NAET MX MOAXOAALIMMH Ul UCIOJIb30BaHUS B
KOCMHUYECKOW TEXHUKE U B YCJIOBHSIX MOBBIIIEHHOTO PaIialliOHHOTO
¢oHa.

IIpon3BoacTBeHHbIe NMpenMyliecTBa: TEXHONOTHS MPOU3BOACTBA
MOJIEBBIX ~ TPAH3UCTOPOB  Ooyiee  pa3BUTa W HKOHOMHYECKH
¢ dexTrBHA, OCOOCHHO /I OOJBIIUX HHTETPAIHHBIX CXEM. IJTO
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IMO3BOJIACT CO3JaBaTh CJIOXHBIC HMHTCTPAJIBHBIC CXEMBI C BBICOKOM
CTCIICHBIO MHTCTIpalluu U HHU3KOM CTOMMOCTBIO.
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Kakue ¢pakTopbl BIUSIOT HA NPOBOAMMOCTD MOJYIIPOBOAHUKOB?
(Ilpouumanme 3adanue u oOaiime c60l pa3zeepHymulil 6APUAHM
omeema)

KoHuenrpanus HoOcHTeJIel 3apsaa: [IpoBogumoOCTh
MOJIYIPOBOJIHUKOB ~ 3aBUCUT  OT  KOHIIGHTpAIlMM  CBOOOJHBIX
AJIEKTPOHOB M JBIPOK. DTa KOHIEHTpALUs MOXXET OBITh HM3MEHEHa
IyTeM JIETUPOBAHMUSI, [P KOTOPOM B IMOJYIPOBOJIHUK J100aBISIOTCS
IIPUMECH, YBEJIIMYUBAIOLINE KOJUYECTBO HOCUTENEH 3apsaaa. B n-tune
MOJIyIIPOBOIHUKOB JI00aBIISIOT TOHOPHBIE IPUMECH, YBETUUUBAIOIIHNE
KOHIICHTPALIUIO CBOOOJHBIX JIEKTPOHOB, a B P-THUIIE — AKIETITOPHBIE
[IPUMECH, YBEIIMUNBAKOIINE KOHIEHTPALUIO JbIPOK.

HMoaBu:xkHOCTL HOcHTed el 3apsiga: [loaBMKHOCTE HOCUTENEH
3apsiga (PJIEKTPOHOB W JBIPOK) TAaKXKE BIMSIET HAa MPOBOJUMOCTb.
[TonBMXHOCTH 3aBHCHT OT MHOXECTBa (DaKTOpOB, BKIJIIOUAs
TeMIeparypy, Ae(eKkTsl B KPUCTAITTUYECKOW pelIeTKe, U YPOBEHb
npumeceil. B ueanbHbIX YCIOBHUAX MOJBHYKHOCTH OIpPENENsieTcs
B3aUMOJICHCTBUSAMH HOCUTEIIEH 3apsi/ia C KPUCTAUNIMUECKON pEelIeTKON
(bononamm).

Temmneparypa: TeMnepaTypa 3HaUUTEIBHO BIUSET HA TPOBOJIUMOCTh
MOJIyIPOBOJHUKOB. C yBEJIIMYEHUEM TEMIEPATyphl YUCIO HOCUTENEH
3apsiia pacTeT, Tak Kak OoJbllee KOJIMUYECTBO IJIEKTPOHOB MOTyYaeT
JIOCTaTOYHO 3HEPruu AJI Nepexojia B 30Hy npoBogumoctu. OnHako
BBICOKasl TEMIIEpaTypa TAKKE YBEJIMYMBAET pPacCEsHHE HOCHUTEJIEH
3apsiia Ha (POHOHAX, YTO MOYKET YMEHBIIATh UX MOJBHU)KHOCTb.
JlerupoBanue: JlerupoBaHue SBISETCS KIIIOYEBBIM  CIIOCOOOM
YOpPaBJIEHUS IPOBOJUMOCTBIO  IOJYNPOBOJHUKOB. JloOaBieHue
JOHOPHBIX WJIM aKUENTOPHBIX MPUMECENd H3MEHSET KOHUEHTpPAIUIO
HOCHUTENEH 3apsiaa M UX pacnpeneneHue B marepuane. Hampumep,
nobasienue Gpocdopa (FoHOpHAS MPUMECH) B KPEMHHUI CO3/1aeT N-THII
MOJYTIPOBOJIHMKA, TOTJa Kak JjgoOaBieHue Oopa (akuentopHas
MIPUMECH) CO3IAET P-THUII MOJIYITPOBOIHUKA.

Kpucrannuyeckas crpykrypa: KadecTBO  KpUCTaUIMYECKOU
pElIeTKH BIUSET HAa MPOBOAMMOCTH MOIYNPOBOIHUKOB. [ledekTsl,
TUCIIOKAllMM W TPaHMIBI 3€peH MOTYT CO37JaBaTh JOBYIIKH JUIs
HOCHUTENEH 3apsiia, yMEeHbIIas UX MOJABMXXHOCTh U, CIIEOBATEIbHO,
MIPOBOAMMOCTh. BBICOKOKAaUeCTBEHHbIE MOHOKPUCTAIIBI 007a/latoT
Oonee BBICOKOM IIPOBOANMOCTBIO 1o CPAaBHEHMIO c
MOJIMKPUCTANTAYECKUMH WK aMOP(PHBIMHU MaTepUaiaMHu.
JleKTpHYecKoe MmoJie: BiausiHue BHEITHET O 3JIEKTPUYECKOr0 TOJIA Ha
MPOBOAMMOCTG  IOJYIPOBOJAHHUKOB MpOsBIsSeTcs uyepe3 Ad¢eKT
npetipa HOcuTenel 3apsaa. DIEKTPOHBI M JIBIPKH YCKOPSIOTCS MO
NeNCTBUEM DJIEKTPUUECKOTO OIS, YBETUYHUBAsi IPOBOJAUMOCTb. JTOT
ekt ocobeHHO BakeH B TolieBbIX Tpansucrtopax (FET), rae
MIPOBOAMMOCTH KaHaja yIpaBJseTcs JEKTPUUECKUM MOJIEM.
Ontuyeckue BoO3aeiicTBUSI: B  HEKOTOPBIX MOJYNPOBOIHUKAX
MPOBOJAMMOCTh MOXXHO HM3MEHSTh MyTeM ocBeuleHus. [lornomenue
(OTOHOB C dHEprueH, MPEBHIIAIIEH UPUHY 3aTPEHICHHONW 30HBI,
MOXKET  CO3/1aBaTh mapsl  3JIEKTPOH-IBIPKA, YBEITUINBAs
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KOHIICHTPAIIUIO HOCUTENIEH 3aps/ia v, CJIE0BATEIbHO, TPOBOUMOCTb.
3ot 3¢ ekt ucnonb3yercs B GOTOANOAX U COTHEUHBIX DJIEMEHTAX.
Ilpumecn wu 3arpsisHeHusi: HenpenHamepeHHbIE TIpUMECH U
3arpsi3HEHUST MOTYT 3HAYMUTEIBHO BJIHMSITH HA IMPOBOJUMOCTD
MOJTYNIPOBOJHUKOB. Hampumep, pake HEOOIBIIOE KOJIHMYECTBO
pUMecell METaUIOB B KPEMHUHU MOXKET CO3/1aBaTh INIyOOKHE YPOBHH
B 3amlpelIeHHONW 30HE, KOTOphIC BIUSAIOT Ha PEKOMOHMHAIUIO
HOCHTEIICH 3apsiia ¥ CHIKAIOT IPOBOUMOCTD.

Pagmanuonnbie Bo3aeiicTBusi: Bo3aeiicTBUEe HOHU3UPYIOIIETO
W3ITy4eHUST MOXKET CO3/1aBaTh JIOTMOJHHUTEIbHBIC Je(EeKTHl B
KPUCTAJUTMYECKOUN pEIIeTKe, BIHAS Ha MPOBOAUMOCTb. DT JAehEKThI
MOTYT CIIYXHUTh JIOBYIIIKAMU JUIsl HOCHTEJEH 3apsija Wi CO31aBaTh
HOBBIE YPOBHHU DHEPTUHU B 3alPEIICHHON 30HE.

TexHoJIOTHYECKHE npouecchl: [Tporeccrl MIPOU3BOJICTBA
MTOJTYTIPOBOTHUKOBBIX MPUOOPOB, Takue Kak AU y3usi, UMITTTaHTAIUS
U TpaBliEHWE, MOTYT BJIHSATH HA MPOBOJUMOCTH MAaTEPUAJIOB.
KoHTposnb Ham O3TUMH  mporeccaMyd  IO3BOJIIET  JTOOMThCS
HE0OXOIUMOM KOHIIEHTPAIIUU ¥ PACTIPEICIICHUS HOCUTEIICH 3aps/a.
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Kakune Meroabl HCHOJB3YIOTCA sl HM3MEPEHUs] M aHAJIM3a
CBOIICTB NOJIYIIPOBOAHMKOB?

(Ilpouumaime 3adanue u Oaiime c60ll pPa3zeepHymulil GAPUAHM
omeema)

JJleKTpUYeCKHe CBOMCTBA:

o BoJubT-ammnepHsble XapaKTepPUCTUKH -v
XapPaKTePUCTHKHU): DTOT METOJ 3aKJIIOYaeTCsl B U3MEPEHUU
TOKQ, IPOTEKAIOLIEr0 Yepes3 MOIYIIPOBOJIHUK IIPU PA3IMYHBIX
MIPUIIOKEHHBIX HaIpsKCHUSX. BonbsT-amnepHsie
XapaKTEPUCTUKHA IO3BOJIIOT ONPEIECIUTh TaKUE IapaMeTphl,
KaKk TOK HACBIIICHWS, CONPOTUBICHUE U  IIOPOrOBOE
HaIpsKEHUE.

e Merox Xosa: DTOT METOA MCHONb3YETCA ISl U3MEPEHMS
KOHIIGHTPAallMH W TOABMXHOCTM  HOCHUTENIEH  3apsna.
IlonynpoBoAHMK TIOMEIIAEeTCs B MarHUTHOE TIOJE, U
nU3MeEpsIeTCsl HampspDkeHue XOJula, BO3HUKAIOLIEE IONEPEK
o0Opaslla Tpu MPONMyCKAaHWHM TOKAa. OTOT METOJ| TaKxke
MO3BOJISIET ONPEAENNUTh TUII MOJYIPOBOAHUKA (N-TUIl MU P-
THIT).

o EMKoOCTHO-4YacTOTHBIE XapaKTepUCTUKHU C-v
XapaKTEePUCTUKH): DTOT METOJ 3aKIKYAeTCs B U3MEPEHUN
eMKocTH P-N nepexona uiar MOS cTpyKTypbl IpH pa3IHIHBIX
IIPUJIOKEHHBIX HaNPsDKEHUAX u 4acToTax. C-v
XapaKTEPUCTUKH TO3BOJISIIOT ONPENENNUTh MapaMeTphl, TAKUE
KaK KOHLEHTpauus NpUMECEH M TOJIIIHMHA H30JSLHUOHHOTO
CJIO4.

o TemnaoBoe payuieHnue (TenuioBas 3aBHCHMOCTD
CONPOTHBJICHUA): N3smepenune COIIPOTUBIICHUS
MOJIyIIPOBOJIHMKA IIPHU PA3JIMUHBIX TEMIIEpaTypax MO3BOJISET
ONPENEIUTh €ero TEIJIOBbIE XapaKTePUCTUKU U
JHEPreTUYECKUH 3a30p.

Onruyeckue cBoiicTpa:

I1K-3.3.1




CrnekTpocKONuUs MOIJIOIIEHUsA: DTOT METOJ HMCIOJIb3YETCs
TUTST HU3MEPECHHUS CIIEKTpa MOTJIONICHHSI cBeTa
MOJTyITPOBOAHUKOM. [TWK MOrIoNeHus yka3plBaeT Ha IUPHUHY
3aMpenieHHON 30HBI W TO3BOJISIET ONPEICIUTh HAJIH4Ue
npuMeceid U 1eeKTOB.

@oToNIOMHHECHEHIMA: OTOT METOJ 3aKJIIoyaercs B
BO30YKIICHUHM TOJYIPOBOJHUKA CBETOM W HW3MEPCHUU
nznydaemoro  cera.  Crmektp  (oTONMIOMHHECIICHIIUU
MO3BOJISIET ~ ONPENCIIUTh  JHEPreTUYEeCKUe  YPOBHH U
PEKOMOMHAIIMOHHBIE TIPOIIECCHI B MaTepHUalIe.
DIITHIICOMETPHsI: DTOT METOJ] HCIIONIb3YETCS ISl H3MEPEHHUSI
ONTUYECKUX TIOCTOSHHBIX (ITOKa3areidh MPEIOMIICHUS U
koddurmeHt AKCTUHKIINH ) MOJTYTTPOBOTHHKA.
DNTUIICOMETPUS TO3BOJISIET ONPENEIUTh TONIIMHY U COCTaB
TOHKHX TICHOK.

TenoBble cBOWCTBA:

TennonpoBogHOCTD: N3mepenune TEIUIONPOBOAHOCTH
IIOJIyITIPOBOJTHUKOB IIPOBOJUTCS C IIOMOIIBIO METOJIOB, TAKHX
KaK MeTOoJ JlazepHOM Bcmbllku uiau Mmeron Ceebeka. Otu
METO/bl IO3BOJISIIOT ONPEACIUTh CIHOCOOHOCTh MaTepuana
IIPOBOAUTH TEILIO.

Koapduuuent TemnoBoro pacmmpeHus: OTOT METOJ
UCIOJIB3YeTCsl  JUIl  WM3MEPEHHUsS W3MEHEHUs Ppa3MepoB
ITOJIYIIPOBOIHHMKA pu U3MEHEHUU TEMIIepaTyphl.
KosdduureHT TemnoBoro pacmmpeHus BakeH Ul OLEHKHU
TEPMHUUECKON CTAOMIBHOCTH MaTepUaJIOB.

CrTpyKTypHBIE CBOMCTBA:

PentrenoBckass au¢ppaxkumus  (XRD):  Dror  wmeron
UCIONB3YeTCS s OMpeleNieHuss  KPUCTAIMYECKOH
CTPYKTYpbl TOJYIPOBOAHUKOB. PeHTreHoBckas Iaudpaxius
MO3BOJISIET  ONPEACIUTh TapaMeTpbl PpELIETKH, Halu4due
Ne(pEeKTOB U OPUEHTALIMIO KPUCTAILIIOB.

CxkaHupyoLasi 3JeKTpoHHasi Mukpockonusi (SEM): Dror
METOJl HCIONB3yeTCs Il HCCIIENOBaHUS IOBEPXHOCTU
MOJIyIIPOBO/IHUKOB C BBICOKUM pa3zpenieHuemM. SEM no3Bossier
BU3YaJIN3UPOBATh CTPYKTYPY NOBEPXHOCTH U JE(PEKTHI.
IMpocBeunBawmas 3jieKTpoHHas Mukpockonus (TEM):
OTOT METOJ MCNONb3YeTCs A MCCIEAOBAaHUS BHYTPEHHEHN
CTPYKTYpPHI TIOJYIIPOBOJHUKOB Ha aTOMHOM ypoBHe. TEM
MO3BOJISIET OIPENENIUTh JePEKThl KPUCTAIUINYECKON PEeIeTKH
U pacrpeesieHUe NPUMECEH.

AToMHoO-cuiioBasi mukpockonust (AFM): Dtotr Meron
UCIOJIb3YEeTCS JUIsl MCCIIEOBaHUS TOMOTrpaduu MOBEPXHOCTU
MOJIyIIPOBOJIHUKOB € BBICOKMM  pazpemieHueM. AFM
MO3BOJISIET M3MEPSATh BBICOTHI M TIIyOWHBI CTPYKTYp Ha
MIOBEPXHOCTU C HAHOMETPOBOM TOYHOCTBIO.

XuUMHYECKUN aHAJIN3:

Bropuuno-uonHnasi macc-cniekrpomerpusi (SIMS): Dror
METOJl HCIOIB3YeTCs U aHAIM3a COCTaBa U paclpeaeseHNs
npuMeceil B monynpoBogaukax. SIMS mo3BossieT onpenenuTs




KOHIIEHTPALIMIO JIEMEHTOB Ha ITyOMHE MaTepraia ¢ BBICOKON
TOYHOCTBIO.

e PenrtrenoBckasi porodiekTponHasi ciekTpockonus (XPS):
OTOT METOJl MCIOJB3YETCS IS OIpPENEICHUS AJIEMEHTHOTO
COCTaBa MOBEPXHOCTH IMOJYMPOBOAHUKOB U UX XMUMHUYECKUX
cBazeil. XPS mo3BosisieT aHaJIM3MPOBaTh COCTaB TOHKHX
IJICHOK U TOBEPXHOCTH.

Kak n3mensiercsi 3Heprus 3anpemeHHoi 30Hb1 noaynposoanuka | OIIK-1.V.1
NPU U3MEHEHUM TeMIeparypbl?

(Ilpouumanme 3adanue u oOaiime c60l pa3zeepHymuvlil GAPUAHM
omeema)

1. OcHoBHBbIE NPUHIUIBL: 3anpelieHHas 30Ha
MOJIyIIPOBOJIHUKA — 3TO JSHEPreTHYECKUH [Mara3oH, B
KOTOPOM 3JIEKTPOHBI HE MOTYT CyIlleCTBOBaTh. OHa OTHEINSAET
BaJICHTHYIO 30HY (TII€ HaXOJSATCS DJIEKTPOHBI, CBS3aHHBIE C
aTOMaMH) OT 30HbI MPOBOAUMOCTH (TA€ 3JIEKTPOHBI MOTYT
CcBOOOJHO TepeMenaTbCcsi U y4acTBOBATh B MPOBOJUMOCTH).
[[lupuna 3ampemieHHOW 30HBI OMNPEACISIETCS MPUPOIOMN
Marepuaia 1 ero KpucTalInyecKon CTPYKTYpOil.

2. Temneparypuass 3aBucuMmoctbh: IllupunHa 3amperieHHON
30HBl YMEHBIIAETCS C YBEIMYEHUEM TeMIEeparypbl. ITO
CBSI3aHO C TE€M, YTO IPHU IMOBBIIICHUH TEMIIEPATYPhl aTOMBI B
KPUCTAINTINYECKON pEelIeTKE HAYMHAIOT CUJIbHEE KOoJebaThes.
OTH KoJe0aHMs BIUSIOT Ha B3aUMOJICHCTBUS MEXy aTOMaMH
U 3JIEKTPOHAMU, YTO MPUBOIUT K CYKEHUIO IHEPreTUYECKOTO

3a3opa.
3. MexaHu3Mbl yMeHbIICHUS] IIUPHHBI 3aNIPeIleHHOMH 30HbI:
o TemnoBbie KOJIe0aHMS: [Ipn YBEINYCHUU

TEeMIIepaTypbl aMIUIUTY/Aa KOJeOaHU aTOMOB BOKpPYT
X PaBHOBECHBIX IIOJIO)KEHUN YyBEJIUYUBAETCS. OTH
KoneOaHWs NPUBOAAT K CMSTYEHUIO MOTEHIMaja,
YAEPKHUBAIOLIETO AJIEKTPOHBI B BAJIEHTHOM 30HE, U K
YMEHBUICHUIO 3HEPruu, HEOOXOIUMON JUIsl mepexona
AJIEKTPOHOB B 30HY MPOBOJUMOCTH.

o Pacmmpenue peleTKu: IIpu ITOBBIILIEHUH
TEMIIepaTypbl KpUCTAJUITMYECKas peleTka
pacuImpsieTcsl, YT0 TAK)Ke CIIOCOOCTBYET YMEHbBIICHHIO
IIUPUHBl  3alpPEIICHHOM  30HBIL. YBenuueHue

MEKaTOMHBIX PACCTOSHHUM MPUBOAUT K H3MEHEHUIO
B3aUMOJICVCTBUM MEXKIY aTOMaMU U 3JIEKTPOHAMM.

4. TIpakTH4Yeckoe 3HAYeHHe: N3menenue LIUPUHBI
3aMpenieHHoN 30Hbl ¢ TEMIEPATypoil BaXKHO yUUTHIBaTh MpPU
pa3paboTKe MOITYIPOBOJHUKOBBIX YCTpoiicTB. Hampumep, B
COJIHEUHBIX JJIEMEHTAaX, CBETOAMOAAX W Ja3epax W3MEHEHUe
SHEPTUU 3aIlPEIIeHHON 30HbI BAHSIET HAa UX Y((HEKTUBHOCTH U
pabourie XapakTEepUCTUKU MPU pa3IUYHbIX TeMieparypax. B
AJEKTPOHHUKE TEMIIEPATYPHBIE U3MEHEHUSI MOTYT PUBOJIUTH K
npeiidy mapaMeTpoB TPAH3UCTOPOB U IPYTUX KOMIIOHEHTOB.

5. Ilpumepsr:




o Kpemnunii (Si): llupuna 3amperieHHON 30HbI KPEMHHUS
YMCHBINIAETCS C YBEIUYCHUEM Temmeparypol. [lpu
komHatHOUM Temmeparype ( 300 K~300~K) mmpuna
3alpelieHHoN 30Hbl cocTaBisieT okoio 1.12 3B, a npu
BBICOKHMX TEMIIEpaTypax OHa MOKET YMEHbIIAThCS Ha
HECKOJIBKO JIECATKOB M3B.

o Tamnmmii apcenun (GaAs): Jns GaAsS yMcHbIICHHE
IIUPUHBI 3aMPEIICHHON 30HbI TAKXKe HAOII01aeTCs IPU
yBeJIMYEHUH  Temreparypbl. [lpu  KomMHaTHOI
TEeMIIepaType MUPHUHA 3aPEIeHHON 30HbI COCTABIISIET
okojo 1.42 5B, U oHa yMeHbIIAETCS C MOBBIIICHUEM
TEMIIEPATYPHI.

Takum 00pa3zom, SHEpPrus 3amnperieHHON 30HbBI MOJYNPOBOJHUKOB
YMEHBIIIAETCS C YBEITMICHUEM TEMIIEPATYPhI, YTO OKA3bIBACT BIIHSIHHEC
HA UX AJIEKTPUYECKUE U ONTHYECKHUE CBOMCTBA. DTO BaKHO YUUTHIBATH
IpU pa3pabdOTKEe W JKCIUTyaTallMH IOJTYIPOBOIHHKOBBIX YCTPOWCTB
Uis o0ecredeHuss MX HaJeXKHOW paboThl B IIMPOKOM JHAra3oHe
TEMIIEPATYpP.

48 Onummre mpouecc yCTaHOBJIEHUS YCTOMYMBOro auHamudeckoro | OITK-3.V.1
paBHOBecHs VI P-N nepexoja
(Ilpouumaime 3adanue u Oaiime c60ll pPa3zeepHymulil GAPUAHM
omeema)
YcTolunBOoe  IMHAMHUYECKOE paBHOBECME B P-N Mepexone
yCTaHaBIMBaeTCs Omarojapsi OajmaHCy MeEXIy IBYMS OCHOBHBIMHU
nponeccamu: aAuddysueil HocuTeneidl 3apsjga depe3 Hepexon U
nperiom HocuTeneil moa AeMCTBUEM BHYTPEHHETO 3JIEKTPHUYECKOIO
IOJIS.

1. B 1nonynpoBOJHMKOBOM KpUCTasle P-TUINA COJEp)KaTcs
U30BITOK JBIPOK, @ B N-TUINA — U30BITOK JIEKTPOHOB. B MecTe
KOHTAaKTa (mepexoze) 3TH HOCUTEIHN HAaYMHAIOT
mMpPyHaAUpOBaTE:  BIPKM M3 P-00JacTH  CTPEMATCS
MPOHUKHYThH B N-00J1aCTh, a 3JEKTPOHBI U3 N-00jacTu — B P-
001aCTh.

2. B pesynprate muddy3un 37€KTPOHBI MOKUAAOT N-00J1acTh,
OCTaBJIAsg 3a COOOM HEMOJBUXKHBIE MOJOKUTEIbHBIE HOHBI
JIOHOPOB. AHAJOIM4YHO, [JBIPKHM, yXOAs U3 P-00JacTH,
OCTaBJISIIOT ~ OTPULIATENBHBIE HOHBI  AKLENTOPOB.  JTO
dbopmupyer  00JMacTh  IPOCTPAHCTBEHHOTO  3apsna C
BHYTPEHHUM 3JIEKTPUYECKHUM I10JIEM, HAIPABICHHBIM IPOTHB
g dy3un.

3. Ilo Mepe pocra BHYTPEHHEro IOJIg, OHO HauyWHaeT
MPENsATCTBOBATh AalibHeWmen nuddy3nn HocUTenei 3apsa.
B KOHEYHOM HTOre IOCTUTaeTCsl COCTOSHUE, NPU KOTOPOM
ITOTOK HOCHTEJEH, BBI3BaHHBIN muddys3uei,
YPaBHOBEIIMBAETCS MOTOKOM, BBI3BaHHBIM JipeioM moJ
JEWCTBUEM DJIEKTPUYECKOTO TOJISL.

49 Oxapaxkrepu3syiiTe pe:kMMbI padoThl OMnoasipHoro tpansucropa. | I1K-3.3.1

(Ilpouumaitme 3adanue u oOaiime C60U pPA3CEPHYMOBLI BAPUAHM
omeema)




bunonspHbIi TpaH3UCTOP MOXKET paboTaTh B PA3IUYHBIX PEKUMaxX B
3aBUCHUMOCTH OT COCTOSIHMSI €r0 p-N MEPEeXOJ0B (3MUTTEPHOIO U
KOJIJIEKTOPHOT0). BOT 0OCHOBHBIE pexXxuMbI pabOThI:

1. AKTUBHBIHN (YCHUIIMTEIbHBIN) PEXKUM:

e CocTosiHHE TEpPEeXOoJIoB: DMUTTEPHBIM MEPEXOJ] CMEIIEH B
NPSIMOM HAIPaBJICHUHU, KOJUIEKTOPHBIA — B 00pPaTHOM.

o Hasnauenue: Mcnonb3yercs 11 ycuieHHs CUrHaioB. B aTom
peXKUME Mayble W3MEHEHHMsS BXOAHOTO Toka (Toka 0as3bl)
IPUBOAAT K 3HAUUTEIBHBIM H3MEHEHMSM BBIXOJHOIO TOKa
(TOKa KOJIEKTOpA).

e Oco0eHHOCTH: DTOT peKUM HauboJIee YacTo UCIONIb3YyeTCs B
CXeMax yCUJIUTEIIEH.

2. Pexxum HaChIIEHUSA:

e Cocrosaue mnepexonoB: O0a mnepexona (AMUTTEPHBIA U
KOJIJIEKTOPHBII) CMELEHBbI B IPSIMOM HallpaBJICHUH.

o Hasnauenme: TpaH3UCTOpP IOJHOCTBIO  OTKPBIT,  €r0
COIIPOTHBJIGHUE  MHMHUMAJIbHO, W  OH  MPOIYCKaeT
MAaKCUMAaJbHBIN TOK.

e OcobenHoctu: Pexxum mnpumeHsercss B KIIOYEBBIX CXeMax,
KOIrJla TpaH3UCTOp paboTaeT Kak 3aMKHYTBIH  KIIIOY
(BKITFOUCHO).

3. Pexum otceuku:

o CocrosiHue nepexonioB: O0a nepexoaa cMelleHbl B 00paTHOM
HaIpaBJICHUU.

o Hasnauenue: TpaH3uCTOP NOJHOCTBIO 3aKPHIT, TOK YEPE3 HETO
MIPAKTUYECKHU HE IPOXOJIUT.

e Ocobennoctu: Mcnonb3yercs B KJIIOYEBBIX CXEMax, KOI/a
TPaH3UCTOp pabOTaeT KaK Pa30MKHYTHIM KJIt0U (BBIKJIIOUEHO).

4. luBepCcHBIN aKTUBHBIN PEKUM (PEIKO MCIIOIb3YETCs):

e CocrosHue nepexonoB: KomnekTopHblii nepexoj; cMelEH B
MIPSIMOM HaIPaBJICHUHU, & SMUTTEPHBIN — B 0OpaTHOM.

e Hasnauenue: Penko npumeHnsieTcs, Tak Kak XapakTE€pPUCTUKU
TpaH3MCTOpa B OTOM pEXUME 3HAUUTEIBHO XyXe I10
CPaBHEHHUIO C aKTUBHBIM PEKHMOM.

e Ocob6ennoctu: IloTok HocuTenel 3apsaa OCYLIECTBISIETCS B
00paTHOM HarlpaBJICHUH.

50

Oxapaxkrepusyiite CXeMbl BKJIIOYEHHU A OMIIOISIPHOTO
TPaH3UCTOPA.
(Ilpouumainme 3adanue u Oaiime c60l pa3zeepHymulil 6APUAHM
omeema)
CyliecTBYIOT TpPH OCHOBHBIE CXEMbl BKIIOUEHHUS OHUIOISPHOTO
TpaH3ucTopa: ¢ obmieit 6azoii (COB), ¢ 06mum smutrepom (COD) u ¢
obmmm  komektopom (COK). Kaxkmas w3 Hux o0namaer
YHUKQJIBHBIMA XapaKTEPUCTUKAMH, OMPEACISIOMMUMH WX 00J1acTh
MIPUMEHEHUS:
1. Cxema ¢ o01ueii 0a3oii (COB):

o Xapakrtepuctuka: baza sBugercs oOmeil Toukoil uis

BXOJHOU M BEIXOJHOU IIEIIEN.
o Bxoanoe conporuBienne: Huzkoe.
e BrpIxoaHoe conporuBieHue: Bricokoe.

OIIK-1.V.1




e  VYcuaenue: lmeer BbICOKHI KOA(DPUIMEHT YCHICHHS 10
HaIPsHKEHUIO, HO HE YCUJIMBAET TOK.

o IIpumenenmne: Vcnonb3yercss B BBICOKOYACTOTHBIX CXeMax U
B YCTPOMCTBAaX C MaJIbIM BXOJHBIM COIPOTUBICHUEM.

2. Cxema ¢ 00mum 3vmutrepoMm (COI):

o XapakTepucTuka: OMUTTEp SBIAETCA OOLIEH TOUKOM ISt
BXOJHOU M BEIXOJHOH ILIEIIEN.

o Bxoanoe conporuBiienue: Cpennee.

e BpixoaHoe conporuBJieHune: CpeaHee.

e  Ycuaenue: OOecrieunBaeT yCUICHHE KaK MO TOKY, TaK U 1O
HampsDKEHUI0, 4YTO JenaeT e€ Haubosiee YHHUBEpPCAIbHON
CXEMOHM.

o IIpumenenme: Illupoko HCHONAB3yeTCA B  yCHIMTEIAX
Onarogapst BRICOKOMY KO3 PUIIUESHTY YCUIICHHUS MOIITHOCTH.

3. Cxema ¢ 00mum kosiektopom (COK):

e Xapakrepucruka: Komiekrop sBiIseTcss o0MIeH TOYKOU st
BXOJIHOHN M BBIXOJJHOM IIEIEH.

o Bxoanoe conporuBJjienue: Bricokoe.

e BeixogHoe comporuBiaenue: Huzkoe.

e VYcuaenwe: YcunuBaeT TOK, HO  HE  HalpsDKEHUE
(ko3 purreHT ycuneHnus: HanpspKeHus = 1).

o IIpumenenne
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YcTraHoBHTE COOTBETCTBHE MEKAY THNAMHU MOJYNPOBOAHUKOB U
HX XapaKTepPUCTUKAMHU:
(Bonpoc na ycmanoenenue coomeencmeus)
Tunel N0JyNpoOBOIHUKOB:
A. YucTslii MOIyIpOBOIHUK
B. IlomynpoBoaHUK p-TUIIA
C. TlonympoBOAHHK n-THMA
XapaKkTepuCTUKU:
1. Co3zpaércs npu 100aBICHUH JOHOPHBIX MIPUMeECei
2. Co3maéres mpu 100aBICHUH AKIICTITOPHBIX TPAMeEcen
3. Hmeer paBHOE KONUYECTBO DJJEKTPOHOB U  JIBIPOK
IIpaBuabHoe cooTBeTcTBHE: A-3, B-2, C-1

OIIK-3.V.1
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YcranoBuTEe COOTBETCTBHE MEKIY KOMIIOHEHTAMHU TPAH3UCTOPAa U
UX QYHKIUAMM:
(Bonpoc na ycmanoenienue coomeemcmeus)
KoMnoHeHThI:
A. DMuttep
B. baza
C. Komnnextop
DyHKIUN:
1. HUcmyckaeT 3neKTPOHBI UITU JIBIPKU
2. YmparisieT TOKOM MEXIY SMUTTEPOM U KOJIEKTOPOM
3. Cobuparens 3JIIEKTPOHOB W JIBIPOK
IIpaBuabHoe cooTBercTBHE: A-1, B-2, C-3

I1K-3.3.1
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YcraHoBUTE COOTBETCTBHE MEXKAY TUIIAMHU COCJ]I/[HeHl/lﬁ U HX
Ha3HAYCHUEM:

OIIK-1.V.1




(Bonpoc na ycmanoeienue coomeemcmeus)
Tunsl coeanHEeHUH:
A. P-N nepexon
B. lorTku
C. T'ereponepexon
Hasna4venmue:
1. Jlns cHUWOKEHUS MaieHUs HaIIPSHKEHUS
2. OCHOBHOE COCTMHEHHUE B TIOTYIPOBOTHUKAX
3. Coenunenue Pa3IUYHBIX MaTepuasoB
IIpaBuabHoe cooTBercTBHE: A-2, B-1, C-3
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YcTraHOBHTE COOTBETCTBHE MEXKAY 30HAMHM MOJYNPOBOIHHKA U HX
CBOMCTBaAMM:
(Bonpoc na ycmanoenenue coomeemcmeus)
3oHbI:
A. 30Ha MpoBOAMMOCTH
B. 3anpeménnas 30Ha
C. BanentHas 30Ha
CaoiicTBa:
1. ConepuT 3JIEKTPOHBI, CIIOCOOHBIC TPOBOIUTH TOK
2. TIpoMexyTOK MeXIy YPOBHSIMU SHEPTHU
3. Conepxur AJICKTPOHBI, CBsI3aHHBIE c aToMaMH
IIpaBuabHoe cooTBercTBHE: A-1, B-2, C-3

OIIK-3.V.1
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YcTraHoBHTE COOTBETCTBHE MEKIY METOAAMH JIETHPOBAHUSA U HX
pe3yJbTaTaMu:
(Bonpoc na ycmanognienue coomeemcmeus)
Metoanl:
A. JlobGaBieHne 10HOPOB
B. JloGaBneHue akienTopoB
C. OrcyrcTBHE mpUMecei
PesyabTarhi:
1. TonynpoBoaHMK n-THNa
2. TlomynpoBOIHUK p-THIA
3. UYwmcreiid IIOJIYIIPOBOIHUK
IIpaBuabHoe coorBercTBHE: A-1, B-2, C-3

I1K-3.3.1

56

YcranoBure COOTBETCTBHE MEKIY MeXaHu3MaMu
MOJIYyIIPOBOHUKOB M UX (PM3NYECKUMM SBJICHUSIMH:
(Bonpoc na ycmanoeienue coomeemcmeus)
MexaHu3MBbI:
A. DaexTponpoBOAHOCTh
B. TI'enepamus
C. PexomOuHamus
SBJienus:
1. Ilepememnienue HocuTeNnen 3apsaa
2. OO6pa3zoBanue nap "IeKTpoH-/IbIpKa"”
3. Chusaue HOCHUTEJICH 3apsa
IIpaBuabHoe cooTBercTBHE: A-1, B-2, C-3

OIIK-1.V.1




57 YcraHoBuTe COOTBeTCTBHE Mexay Tumamm auoaoB u  mx | OIIK-3.V.1
GyHKuMAMH:
(Bonpoc na ycmanoenenue coomeemcmeus)
JAnoawri:
A. Bapukan
B. Cseroaunon
C. CrabumutpoH
DyHKIUN:
1. Perynupyer yacToTy B cxemax
2. Wznyuaer cBer
3. Crabunusupyer HaIpsHKECHUE
IIpaBuabHoe cooTBercTBHE: A-1, B-2, C-3

[lepeyeHb TeM KOHTPOJBHBIX PaOOT MO AMCHUIUIMHE OOYYAIOUIMXCS 3a04HON (HOPMBI
o0ydeHus1, IpeICTaBICHbI B Ta0uie 19.

Tabnuna 19 — IlepeyeHb KOHTPOJIBHBIX PaOOT
Ne /i [lepeueHb KOHTPOJIbHBIX paboT
He npenycmoTpeHo

10.4. MeTtoauueckre  MaTepuaibl,  ONPEACNSIONME  HPOUEAYpPhl  OLCHUBAHUS
WHIMKATOPOB, XapaKTePU3YIOIMUX J3Tanbl (OPMUPOBAHHUS KOMIICTCHIIUN, COJEPKATCA B
JIOKAJIbHBIX HOpMAaTUBHBIX akTax [ YAIL, pernmameHTHpPYIOIIMX TMOPSAIOK U MPOLEAYPY
MPOBEJICHUS TEKYIIETO KOHTPOJIS yCIIEBAEMOCTH M MTPOMEXKYTOYHON aTTECTAI[MH O0YYarOIIIXCs
'VAIL

11. MeTtoanueckue YKa3aHus AJid o6yqa}om1/1xc;1 110 OCBOCHHUIO JHCIHUITIIMHBI

11.1. Meroauueckue ykazaHus s OOy4yarolIMXCs [0 OCBOEHHMIO JIEKLIHOHHOTO
Marepuana.

OcHOBHOE Ha3HA4Y€HHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOMHOE, CHUCTEMHOE,
r1yOOKO€ U SICHOE U3JI0’KeHUE yueOHoro Marepuana. HazHaueHne cCoBpeMEHHOH JIEKIIUU B paMKax
JUCHMIUIMHBI HE B TOM, YTOOBI MOJYYHUTh BCIO HH(pOpMAIMIO MO TeMe, a B OCBOCHHUHU
q)YH)IaMGHTaJ'[BHBIX np06neM AUCHUIINIMHBI, MCETOJ0B HAYYHOro IIO3HAHUA, HOBEHUIITHNX
JOCTHOKEHUH Hay4dHOH MbIciu. B yueOHOM mporiecce JeKIHs BBINOJIHSAET METOA0JIOIHYECKYIO,
OpPraHM3alMOHHYI0 U MHPOpMAMOHHYIO0 (pyHKUMHU. JIeKHs packpbplBaeT MOHATHIHBIN anmapat
KOHKPETHOW o0slacTH 3HaHus, €€ MpoOieMbl, JaeT LEeJIbHOEe IMPEICTaBICHUE O AUCLUIUIMHE,
IMMOKAa3bIBACT B3aMMOCBA3b C APYIrUMU JUCHUITJIIMHAMMU.

[Tnanupyemble pe3yabTaThl IPH OCBOEHUH 00YYalOMUMUCS JIGKIIMOHHOTO MaTepuaa;

— IOJIyYeHUE COBPEMEHHBIX, LICJIOCTHBIX, B3aUMOCBSA3aHHBIX 3HAHWUM, YPOBEHb KOTOPBIX
ONPENENAETCS HEIEBOM YCTAHOBKOM K KaKJI0M KOHKPETHOU TEME;

— IOJIyY€HHE OIbITA TBOPYECKOH pabOThI COBMECTHO € IPENOJABATEIEM;

— pasBuTHE TPO(ECCHOHATBHO-IEIOBBIX  KAdecTB, JIIOOBH K TpPEAMETYy W
CaMOCTOATEIBHOIO TBOPYECKOTO MBILLIJICHUS.

— TOsBJIEHHE HEOOXOAMMOro HHTEpeca, HE0OX0AUMOTO Il CAMOCTOSITENIbHON pabOThI;

— IOJIyYeHUE 3HaHUK O COBPEMEHHOM YPOBHE Pa3BUTHUS HAYKU U TEXHUKHU U O IIPOTHO3€
WX pa3BUTHUS Ha OJM>KalIINe ro/bl;

— HAY4YUTBCA MCTOANYCCKU O6pa6aTLIBaTL Martcpural (BI)I)IeJ'ISITB TJIaBHBIE MBICIIM U
MOJIO’KEHUS, MPUXOTUTh K KOHKPETHBIM BBIBOJIaM, IIOBTOPATH UX B Pa3IMYHBIX (OPMYIINPOBKAX);

— IMOJYYCHHE TOYHOI'O IOHUMAaHHUA BCEX H€06X0)II/IMBIX TEPMHUHOB U TTOHSTHH.




JIeKUMOHHBIA MaTepuall MOXKET COMNPOBOXKIATHCA JAEMOHCTpPALMEl  CIAliIoB U
WCIIONIb30BAaHMEM pa3aTOYHOTO MaTepuaja TMpH MPOBEIECHUU KOPOTKUX JHCKYycCUH 00
OCOOEHHOCTSX MPUMEHEHHS OTICTBHBIX TEMATHK 110 JUCITUTIIIMHE.

CTpykTypa IpeoCTaBICHMS JCKIIMOHHOTI0 MaTepHaia:

— Jleknuuy,

—  JleMOHCTpanusi MPOMBIIIIEHHBIX 00pa3I[0B MOJYIPOBOIHUKOBBIX MPUOOPOB;

—  JleMOHCTpanusi JIEKTPUUECKUX CXEM BKIFOUCHHUSI MOTYTPOBOIHUKOBBIX MPUOOPOB.

11.2. Metoauyeckue yka3aHus Uil O0yJaroIIMXCs 110 y4acTHIO B CEMUHApax

OCHOBHOU TENBIO 711 00YYAIOIIETOCs SIBISICTCS CUCTEMAaTH3aIusl U 0000IIeHne 3HaHUI
Mo wu3yyaeMou Teme, pasaeny, (QopMHUpoBaHHUE YMeHUs padoTaTh C JOMOJHUTEIbHBIMU
UCTOYHUKAMU HH(OpPMAIMK, COIMOCTABISATh W CPABHUBATH TOYKH 3PCHHS, KOHCIICKTHPOBATH
MPOYUTAHHOE, BBICKA3bIBATh CBOIO TOYKY 3peHHs U T.1. B cooTBercTBUM C Benylen
JTUIAKTHYECKON IENBI0 COJCpKAHUEM CEMHHAPCKHUX 3aHATUN SIBISIOTCS Y3JI0BBIE, Hamboliee
TPYIOHBIE JUIsl TIOHUMaHHUS M YCBOCHHS TEeMbl, pa3leibl JUCHUIUIMHBL Crneunduxoil maHHOU
(GOpMBI 3aHATHH SBIISIETCS COBMECTHAs pa0boTa MpernojaBaTeliss i 00y4Jaromerocs: HaJ| peieHueM
MOCTaBIIEHHOW MpoOJeMbl, a MOMCK BEPHOIO OTBETa CTPOMUTCS HAa OCHOBE YepelIOBaHUS
VH/IUBUYAJIbHON U KOJUIEKTUBHOM JAEATEIIBHOCTH.

[Tpu mOATOTOBKE K CEMUHAPCKOMY 3aHSATHIO 110 TeME MPOCITYIIaHHON JIEKIIUK HEe0OX0IMMO
03HAKOMUTHCS C TUTAHOM €r0 MPOBEICHUS, C TUTSPATYPOH M HAYYHBIMHU ITyOJIUKAUSIMH 110 TEME
ceMHUHapa.

TpeboBaHuUsI K MPOBEJICHUIO CEMUHAPOB

11.3. Metoau4ieckue yka3aHUs JUIsi OOYYalOIMUXCS IO TPOXOXKICHUIO MPAKTHUYECKUX
3aHATHMN

[IpakTuueckoe 3aHSTHE SBISIETCS OJHOM M3 OCHOBHBIX (DOPM OpraHu3anuu y4eOHOTO
mpolecca, 3aKI0Yaronasicsl B BHITOJHEHUN 00yYalOIMIMMUCS 110 PYKOBOJACTBOM IperofaBaTes
KOMIUIEKCa YYEOHBIX 3aJlaHUi C LEJTbI0 YCBOCHUS HAYYHO-TCOPETHYECKHUX OCHOB YUYEOHOU
JTUCIUILIMHBL, TPHOOPETEHUSI YMEHUN U HaBBIKOB, OIBITa TBOPUECKOH eATEIbHOCTH.

[enpro MpakTHUECKOTO 3aHATHUS ISl 00YUYAIOIIEroCs SBJISICTCS MPUBUTHE O00YUYarOIIMMCS
YMEHUI 1 HAaBBIKOB NMPAKTUUYECKOW E€ATEIbHOCTH 10 NU3y4YaeMOM AUCIUILINHE.

[Tnanupyembie pe3ynbTaThl IPH OCBOCHUH O00YUYAIOIIMMCS TPAKTUUECKUX 3aHSITHIA:

— 3aKperuieHue, yriayOJeHue, pacllMpeHue M JeTau3alus 3HAHUWA TpU PElIeHUU
KOHKPETHBIX 33714,

— pa3BUTHE TIO3HABATENBHBIX CIIOCOOHOCTEH, CaMOCTOSITENILHOCTH  MBIIUICHUS,
TBOPYECKOIN aKTUBHOCTH;

— OBJQJICHME HOBBIMH METOJaMH W METOAMKAMH HW3Y4YCHHS KOHKPETHOW Y4YeOHOMU
JMCIIUTUIMHEL,

— BBIPpAOOTKAa CIMOCOOHOCTH JIOTMUECKOTO OCMBICICHHSI TONYyYEHHBIX 3HAHUU IS
BBITIOJTHCHMS 3aTaHHI;

— ofecrieueHue palMOHAIBLHOTO COYETAaHUsl KOJJIEKTUBHOM M MHAMBHIyaJbHON (popm
00yueHwusl.

TDC6OBaHI/I${ K IIPOBEACHUIO IPAKTUYSCKUX 3aHITHUMN

11.4. Metoauieckue yka3zaHus Ui 00yUYarOIIUXCs 110 BBITIOIHEHUIO TA00PATOPHBIX padoT

B xope BbinosiHeHUs 1ab0paTopHbIX paboT 00ydaromuUics JOKEH YIIIyOUTh U 3aKPENHTh
3HAHMSI, IPAKTUYECKUE HABBIKU, OBJIA/IETh COBPEMEHHON METOAMKON M TEXHUKOHN KCIIEPUMEHTA
B COOTBETCTBMM C KBIM(PUKAUMOHHON XapaKTepUCTHKOM oOydaromerocs. Brinmonnenue
71a00paTOPHBIX pabOT COCTOUT U3 IKCIEPUMEHTAIBHO-TIPAKTUYECKON, pacyeTHO-aHAIUTHYECKOM
4acTe! U KOHTPOJIBHBIX MEPONPHUSITHIA.



Brimonnenne mabopaTOpHBIX pabOT OO0ydYarOMIMMCS SIBJISIETCS HEOTHEMJIEMOW YacThIO
U3YYCHHUS UCIMIUIMHBI, OIPEICIIeMOil ydueOHbIM IUIAHOM, W OTHOCHUTCS K CPEICTBaM,
00eCTIeYMBAIOIINM PEIICHUE CIISTYIOIINX OCHOBHBIX 33]1a4 00y4YaroIIerocs:

— NPHOOpPETCHHE HABBIKOB UCCIICIOBAHUS MPOIIECCOB, SIBICHUH U 00BEKTOB, N3y4aeMbIX
B paMKax JaHHOU TUCIUILIHHEI;

— 3aKpeIUICHHE, Pa3BUTHE W JICTAM3AIUS TEOPETHUYSCKMX 3HAHHM, TMOJTYYCHHBIX Ha
JCKITHSIX;

— MOJIyueHHE HOBOW MH(OPMAIHH 110 N3yIaeMON JIUCIIUILINHE,

—  TpuUOOpETEHHE HABBIKOB CAMOCTOSTEIBHON pa0dOTHI ¢ IA0OPATOPHBIM 000PYIOBAHUEM
U Ipudopamu.

3ajanue v TpeOOBaHMUS K IPOBEJICHHIO JIAOOPATOPHBIX PaboT

HccnenoBanue XapakTepUCTUK MOIYHIPOBOJHUKOBBIX MprOopoB. JlaboparopHast pabora
BBITIOJIHSETCS] OpPUTaIoi U3 IBYX-TPEX CTYICHTOB Ha YHHBEPCAIbHBIX U3MEPUTEIBHBIX CTCHIAX.
[IpoBeneHne uccleOBaHUN OCYLIECTBISIETCS B COOTBETCTBHM C 3aJaHMEM M B YKa3aHHOU
HOCIICIOBATEIbHOCTU. Pe3ylibTaThl H3MEPEHHIA 3aHOCSTCS. B MPOTOKOJ MCIBITAHUM, KOTOPBIN MO
OKOHYAHHHU MCCIICAOBAHUI TOJDKEH OBITh MPE/ICTABIICH ISl IPOBEPKH MPETIOIABATENIO.

CrpykTypa 1 opmMa 0TUETa 0 Ja00paTOPHOI paboTe

OT4er J0JIKEH COJICP)KaTh. HAMMEHOBAHKE U 11eJIb pA0OTHI; CXeMbl U3MEPECHHMIA; TAOTUIIBI
I/I3MepeHHI)IX JaHHBIX Fpa¢)HKH XapaKTepI/ICTI/IK I/ICCJ'ICIIyeMI)IX O6’I)CKTOB; paCC‘-II/ITaHHI)IG
3HAYCHUS TAPAMETPOB HCCIIECyEMbIX 00OBEKTOB; KpaTKHE BBIBOBI. OTYET BBIMIOJIHICTCS HAa OeI0i
oymare opmata 297 x 210 kB. MM.

TpeboBanus k 0hOpMIICHUIO 0TYETA O JIAOOPATOPHOU paboTe

OoOpa3zer opopmileHHs] TUTYJIBHOTO JIMCTa TPUBEACH Ha caifte: https://guap.ru/standart/
['paduiku CTPOSATCS HA OTIACIBHBIX JIUCTaXx (opmara ordera. MIumocTpaluu Majibix pa3sMepoB
pa3MeIIalnTcs Ha OJHOM JHcTe. Bce rpadukd W PHUCYHKH TOJDKHBI HMETh HYMEpAIHI0 H
MOSICHSIOIIME MOIIUCH C YKa3aHHEM THIIA HCCiIeayeMoro o0bekTa. [IpUHIMIHATBHBIE CXEMbI
BBIUCPUYHMBAIOTCS B COOTBETCTBUU ¢ TpeOboBanusmu ECK/I.

1. Ao6pamos, A. II. DOnexktpoHuka. MeToauuyecKHue YKa3aHHUS K BbIIOJIHEHUIO
71a00paTOPHBIX pabOT MO KCCIEA0BaHUIO MOJEBbIX TpaH3ucTopoB / A. I1. AGpamos, B.
B. Onapun. CII6: I'YAIL 2009. — 42 c.: un.

2.  AOGpamoB, A. II. DnextpoHmka. MeToauyeckne yKa3aHHs K BBITIOJTHEHUIO
7a0opaTOpHBIX padOT MO HCCIEIOBAHUIO MOJYNPOBOJAHUKOBBIX auoaoB/ A. Il
Ab6pamos, B. B. Onapun. CII16: I'VAII, 2008. — 41 c.: un.

3. AOpamoB, A. II. OcHOBBI NOJYNPOBOJHUKOBOW 3JIEKTPOHUKU. Meronndeckue
yKa3aHUs K BBIIIOJIHEHHUIO J1abopaTopHbIX padoT./ A. I1. Abpamos. CII16: I'VAII, 2020.
— 54 c.: nn.

4.  AGpamos, A. Il. bunonspHeie U MoyieBblEe TPAH3UCTOPBL. MeToANYECKHE YKa3aHUs K
BBINOJIHEHUIO JlabopaTopHbx padotr./ A. II. AGpamos, B. I'. Hedenos, A. C.
[Tapackyn. CI16: I'VAIL, 2020. — 30 c.: ui.

11.5. Meroauyeckue yKazaHusl JUIsi OOYyYalONIUXCS MO0 TMPOXOXKACHUIO KypCOBOTO
POEKTHUPOBAHUS/BBIMOIHEHUS KyPCOBOM pabOoThI

KypcoBoii npoekt/ paboTa mpoBOAUTCSA C 1eNbI0 POPMUPOBAHUS Y 00yUaIOIIUXCSI OTbITa
KOMIIJIEKCHOT'O PELICHUsI KOHKPETHBIX 33/]1au MPO(PEeCCHOHANBHOM NesTeTbHOCTH.

KypcoBoii mpoekT/ paboTa 1mo3BoJisieT 00yJaromeMycs:

CTpyKTYpa HOSICHUTEIbHOM 3aIIMCKN KYPCOBOT'O IIPOEKTa/ padOTHI



https://guap.ru/standart/

TpeboBanusa K 0hOPMIIEHHIO MOSICHUTEIbHON 3aIIMCKH KYPCOBOrO IPOoeKTa/ padOThI

11.6. Mertoauueckue ykazaHus UIsl OOYYarONIMXCS MO MPOXOXKICHHIO CAMOCTOSITEIHHOM
paboThI

B Xo/e BBITIOJIHEHHUSI CaMOCTOSITEIbHON PabOThI, OOYYAIOIIUIICS BBIMOJIHAET PadOTy 1O
3aJ]aHUI0 U TP METOJUYECKOM PYKOBOJICTBE IpEINoaBareis, Ho 0e3 ero HermocpeACTBEHHOTO
YYaCTHSL.

s oOywarommxcsi 1Mo 3a04HOM (opMe OOydeHHs, CaMOCTOsTEIbHAas padoTa MOXKET
BKJTIOYATh B CE0s1 KOHTPOJIBHYIO padoTy.

B mporecce BBIMOTHEHHSI CaMOCTOSITENILHON paboThl, y oOywaromierocst (hopMupyeTcs
esecoo0pa3Hoe MIaHUPOBaHUE PaboUYero BpEMEHH, KOTOPOE MO3BOJISICT UM Pa3BUBATh YMEHUS U
HABBIKM B YCBOCHHU M CHCTEMATHU3AllUU MPUOOPETACMBIX 3HAHMI, O00CCIECUYMBAET BBICOKHIA
YPOBEHb YCIEBAGMOCTH B TIEpUOJ OOydYEHHS, IIOMOTAeT IOJYYUTh HABBIKH TTOBBINICHHS
npo¢eCCHOHATBLHOTO YPOBHSI.

MeroauyeckuMH ~ MaTepuallaMK,  HANpaBJSIOIIMMU  CaMOCTOSITENIBHYIO — paboty
00y4arOUUXCASABISIOTCS:

—  y4eOHO-METOJINYCCKUN MaTepHal 10 JUCIUILIHHE;

— METOJUYECKUE YKa3aHHUS MO BBIMOJIHEHUIO KOHTPOJIBHBIX Pa0oT (Ui 00ydYarommuxcst
10 32049HOU (hopMe 0OyIeHUs).

11.7. Meroauyeckue ykazanusi AJi1 00yHarOIIXCsI IO IPOXO0KICHUIO TEKYIIEro KOHTPOJIS
yCIIEBAEMOCTH.

Texkymuil KOHTpPOJIb YCIEBAEMOCTH IIPELyCMaTpPUBAET KOHTPOJIb KayecTBAa 3HAHUU
00yyaroIuxcs, OCyLIECTBISEMOIO B TEYEHUE CeMecTpa C LIeJbl0 OLCHMBAHUSA XO0Jla OCBOEHUS
JUCLUIUINHBI.

11.8. Meroauueckue yKa3zaHUs Uil OOYYarOIUXCS 1O MPOXOXKACHUIO MPOMEKYTOYHOH
aTTeCTallUU.

[IpomexxyTounast ~ aTTecTansi  OOy4alOIUXCS  MPEAYyCMaTpUBAE€T  OLICHUBaHUE
MPOMEKYTOUHBIX U OKOHYATEIbHBIX PE3yJIbTaTOB OOy4YeHHs MO auciuruiiHe. OHa BKIIIOYAET B
ce0s:

— DK3aMeH — (popMa OLIEHKH 3HAHUH, MOTYUYEHHBIX 00YUYaIOIIUMCS B IIPOIIECCE U3YUCHUS
BCEH MUCIUIUIMHBI UM €€ YaCTH, HABBIKOB CAMOCTOATEIbHOU pabOThI, CIIOCOOHOCTH MPUMEHSTH
UX JUIA pEHIeHUS TPaKTUYECKUX 3a/lad. OJK3aMeH, KaK MpaBWjIO, MPOBOJUTCS B TEPHOT
HK3aMEHAllMOHHON CECCHUU M 3aBEpIIAETCs ATTECTALIMOHHOM OLEHKOW «OTJIIMYHO», «XOPOILOY,
«YJIOBJIETBOPUTEILHO», «HEYIOBIETBOPUTEIHHOY.

— 3ader — 9T0 (hopma OIEHKHU 3HAHUMU, MOTYUYEHHBIX OOYYAIOIIMMCS B XOJI€ U3yUCHUS
y4eOHOM TUCIUTUTMHBI B LIEJIOM UJIM IPOMEXYTOUHas (IO OKOHYaHUU CEMEeCTpa) OIIeHKa 3HaHUMN
00yyJaronMcs 1o OTJEIBHBIM pa3feiaM JUCIUIUITMHBI C aTTECTAIMOHHOW OLIEHKOW «3a4TeHO»
WIIH «HE 3a4TCHOY.

— muddepeHIupoBaHHbI 3aueT — 3To ¢dopMa OIEHKA 3HAHWM, TOTYyYEeHHBIX
00yyJaronuMcs Mpy U3YYEHUH JUCIUIUIMHBI, TIPU BBHITTOJTHEHUH KYPCOBBIX MPOEKTOB, KYPCOBBIX
paboT, Hay4YHO-HCCIEA0BATENbCKUX PAOOT U MPOXOXKICHUH MPAKTUK C aTTECTAIMOHHON OLIEHKON
COTIUIHOY, «XOPOIIIOY, KYIOBJICTBOPUTEIHHOY, «HEYIOBICTBOPUTEIHEHOY.



Jluct BHeceHUs U3MEHEHUH B pabouyto IporpaMMy JTUCIUILINHBI
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