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denepanbHOE TOCYAaPCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE
YUpPEXIE€HUE BBICILIEr0 00pa3oBaHUs
@I'bOY BO «AJIBITeHCKNN TOCY1apCTBEHHBIN YHUBEPCUTET»

«AI'Y»
PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)

CMK. OII-2/PK-7.3.3

1 IHosicHuTEeIbHAS 3alIHCKA

Pabouas mporpamma TUCIUIUIMHEI COCTaBlieHA B cooTBeTcTBUU ¢ TpeboBanusMu @I'OC BO mo
HaIpaBJIEHUIO MOATOTOBKH (crienuanbHocTh) 27.03.04 YipaBieHue B TEXHUYECKUX CHCTEMaX.

PIT npencrasnser co60if COBOKYMHOCTh TUAAKTUUYECKUX MAaTEpPHAlIOB, HAIIPABIEHHBIX HA peau-
3aIHMI0 COJICPKATEIBHBIX, METOANYECKUX M OPraHU3alMOHHBIX YCIOBUH 00YJarOIIUXCS.

JlucuumimHa oTHOCUTCS 0a30Boi yacTu bioka 1.

TpynoemkocTs nucuuIuiveel: _6 3.e./_216 4.

KOHTaKTHas pabora:

3aHATHUSA JIEKIIMOHHOro THIa — _36_ 4.,

3aHSTHUS] CEMUHAPCKOTO TUTIA (MpaKTUYecKue 3aHsaTus) — 36 4.,

KOHTPOJIb CAMOCTOSITEIbHOU paboThl — _4 4.,

vHas KOHTakTHas padora — _0,3 4.,

KOHTpOJIUpyeMasi MUCbMEHHast pabota — 4.,

camocrostensHas padora (CP) — 113 4,

KOHTpOJIb — 26,7 u.

KittoueBbie ciioBa: MoiynpoBOJHUKH, 30HHAS TEOpHUs, 3allpellleHHas 30Ha, ypoBeHb Depmu, mo-
JBUKHOCTH HOCHUTEJICH, TIOYIIPOBOTHUKOBBIC TPUOOPHI, HHTETPATbHBIC CXEMBI.

dopma KOHTPOJISL: K3aMEH

CocraBurens: A.¢.-M.H., mpodeccop, Tinsues B.b

2 Hesn U 32124 JUCHUITHHBI (MOIYJIST)

N3ydyeHne qUCHMIUIMHBI HAIIPaBJIEHO HAa (POPMUPOBAHHE CIEAYIOIIMX KOMIETEHIINM:

OIIK-1 — cocoGHOCTb MpPEJCTaBIATh a€KBATHYI0 COBPEMEHHOMY YPOBHIO 3HaHMH Hay4YHYIO
KapTUHY MUpPa Ha OCHOBE 3HAHUS OCHOBHBIX MOJIOXEHHI, 3aKOHOB U METOJ0OB €CTECTBEHHBIX HAyK U
MaTEMaTHKH.

OIIK-2 — cnocoOHOCTh BBISIBISITH €CTECTBEHHOHAYYHYIO CYHIHOCTH NMPOOJIEM, BOSHUKAIOIIUX B
X0Jie Tpo(ecCHOHATIBHOIN AeSITeNbHOCTH, MPUBIEKATh JJIi UX PELIeHHUs COOTBETCTBYIOUIMM (U3UKO-
MaTeMaTUYECKUH armnapar.

ITokazaTenssMu KOMIICTCHITUN SIBISIOTCS
3HaHMA:
e CoBpeMeHHOH (PU3UIECKOIN TEOPUHU CTPOCHHUS TBEPIOTO Tea.
e SIBJIeHMII MPOUCXOAIINX B MOTYNPOBOTHUKOBBIX MaTeprajgax v Mpuoopax Ha KX OCHOBE.
o [IpuHIIMTIOB PaOOTHI MOTYITPOBOIHUKOBBIX TPHOOPOB, MX OCHOBHBIX ITAPaMETPOB U BHYT-
PEHHEN CTPYKTYPBHI.
YMmenus:
e OOBICHATH MTOBEJCHNUE HOCUTEIICH 3aps/I0B B TBEPJIOM TeJIe HA OCHOBE 30HHBIX JHArPaMM.
HaBrIkn:
e Pacuera MUKPOCKONIMYECKUX MapaMETPOB MOIYIPOBOHUKOBBIX MAaTEPUAIIOB HA OCHOBE
X MAKPOCKOIMHYECKUX MapaMeTpPOB.




DI'bOY BO
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«AL'Y»

PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)

CMK. OII-2/PK-7.3.3

3 OO0beM TUCHUIUIMHBI (MOIYJIs1) 0 BUAAM Y4eOHOii padoThI

Tabmuma 1. O6beM TUCIUTUTAHBI IO BUJIaM Y4eOHOH pabOThI

(o01mIast TpyJ0EMKOCTh B 3aYETHBIX €IMHUIIAX: 6)

Bceero Pacnpenenenue no
Bunbl yueOHOM paboThI 4acoB ceMeCsz::[ B acax
OO6m1ast TpyA0€MKOCTh AUCIIUTLIMHBI 216 216
KonTakTtHas pabora:
AyIUTOpHBIE 3aHATHS 72 72
3aHATHA JCKIIMOHHOTO THUIIA 36 36
3aHATHS CEMUHAPCKOTro TUMA (CEMUHAPHI) 36 36
KOHTPOJIb CAMOCTOSITEIbHON pabOThI 4 4
MHasl KOHTaKTHas paboTa 0.3 0,3
KOHTPOJIpyeMasi MICbMEeHHast paboTta
KOHTPOJIb 26,7 26,7
CamocrositensHas pabora (CP) 113 113
KypcoBas pabota (mpoekr)
Bui npomexyToqHOro KOHTPOJIS (3a4eT, SK3aMeH, aud. 3a4eT) IK3aMeH
4 Conep:xxaHue TUCHMILINHBI (MOLYJIs1)
Tabnuna 2. Pacnpenenenue 4acoB M0 TeEMaM U BUJIaM y4yeOHON paboThI
Howmep HaumenoBanue pazienon O6npem B yacax
pazaena Y TeM JUCHUIUINHBI (MOoaynsi) | Beero JI 113 KIIP | Koutpons Cp
"
HKP
1 BBeieHne B 30HHYI0 TEOPHIO 45 6 6 8 25
1.1 KBanToBo-Mexanuueckoe onuca- | 14 2 2 2 8
HUE CTPOCHHSI aTOMa
1.2 30HHAas TEOpHUs CTPOCHMS TBEP- 15 2 2 3 8
JIOTO TeJa
1.3 Mertaibl, AMIEKTPUKYU U 1Tony- | 16 2 2 3 9
MIPOBOIHHUKY C TOYKH 3PCHUS
30HHOU TeopuH. [IpumecHsIe 1o-
aynpoBogHUKHU. [Tomymeranisl.
2 SBJyienus B noaynpopoauukax | 80.6 14 14 9,3 43.3
2.1 DneKTpONPOBOAHOCTD MOXynpo- | 12 2 2 1 7
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PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
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BOJHUKOB. [[pIpku. [ToaBHAKHOCTD
Hocureinei. DyHKkuus pacupenae-
senust Gepmu.

22

TenmonpoBOAHOCTH MOIYITIPO- 12 2 2 2
BOJTHUKOB. DOHOHBI.

23

Konraxrasie asienus. Pabora 11,3 2 2 1,3
BbIxos1a. KOoHTaKkTHas pa3HOCTh
MIOTEHI[AAIOB.

24

Boinpsimienue Ha koHTakte AByx | 11 2 2 1
METaJUIOB, METaJlJIa U MOIYIpO-
BOJHMKA U JIBYX MOJIYIIPOBOJIHU-
KOB. p-N Mepexo/l.

2.5

TepMoaneKkTpuuecKre SBICHUS 12 2 2 2
(3 dextrr 3ecbeka, [lenbThe 1
TomcoHa).

2.6

['anpBaHOMarHUTHBIC U TEPMO- 11 2 2 1
MarHUTHBIC SIBJICHUSI.

2.7

DOTONPOBOAUMOCTD 11.3 2 2 1

6.3

IorynpoBogHukoBble npudopbl | 86,4 16 16 9,4

45

3.1

[TonyrpoBOAHUKOBBIE TUOBI. 12 2 2 1
Brinpsimurensabie auosl. uo-
el HloTTKH.

32

SIBnenus npo6os. Ctabunutpo- 12 2 2 1
Hbl. TyHHEbHBIE U 00pallleHHbIE
nuonel. beictponelictBue 1uo-
JIOB.

33

bunonspueie Tpan3uctopsl. BAX | 12 2 2 1
U IapaMeTpBbl.

34

PexumMbl paboThl OUIOISAPHBIX 12 2 2 1
TpaH3uCTOpOB. beIcTpOciicTBHE.
Tpansucrops! HIOTTKH.

3.5

IToneseie TpaH3ucTOpHEL. THIIHI, 12,4 2 2 1,4
BAX u napametpsl.

3.6

beicTpoaelicTBre noneBbIX TpaH- | 13 2 2 2
3UCTOPOB. MOIIIHBIE MOJIEBBIE
TPaH3UCTOPBI U OUTIOJISIPHBIE
TPaH3UCTOPHI C U30JINPOBAHHBIM
3aTBOPOM.

3.7

MHorocnoiiasle CTpyKTypsl. Tu- | 12 2 2 1
PHUCTOPBI, TPUHUCTOPBI U CUMHU-
CTOPBL.

3.8

Jpyrue Tunsl noaynpoBogHuko- | 11 2 2 1
BbIX MprOOpoB (1uoxasl I'anHa,
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PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
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JIAaBUHHO-TMIPOJIETHBIE TUO/BI, PO-
TOJMO/]IbI, CBETOIMO/IbI U JIP.)

Hrtoro

216 36

36

26,7

113.3

Cemunapckoe-3ansitue -1

33)13‘[1/[ U peleHus

3apanme 1. [Toxaxwure, uTo 3eneHblii cBeT (A =5 x 107 M) MOKeT BO30YK1aTh SIEKTPOHBI, KOTOPHIE

MOTYT IIPOUTH Yepe3 3alperieHHY0 300y KpeMHus (Si).

Pemenue. [Tonn3ysice popmyinoit ne bpoiins, Halizem 9To

TakuM 06pa3oM, KpHTHUECKOE 3HAYEHHE JTHHBI BOTHBI I KpeMHHs cocTapisieT 1,13 x 10 m. TTo
YCJIOBHIO 3a1a4u u3aydenre c A=5x 107 M= 0,5 x 105 M umeeT naxke GONbIIYIO SHEPTHIO, YEM Ta,
KOTOpasi HeoOXoAuMa JUIsl IPOXO0KIACHUS 3JIEKTPOHOB Uepe3 3aIPELIEHHYIO 30HY.

3ananmue 2. (a) Kpucrain repmanus (Ge) ocBenaeTcs 3JIeKTPOMarHUTHBIM H3JTy4YE€HUEM YacTOTON
3,091 x 10" I'i. Berauciure (hOoTOAPMUCCHIO HA JUTMHE BOJHBI, TEHEPUPYEMYIO ITHM B3aUMO,ICHCTBU-
eM. ['epmManuii - 3T0 MPOCTOI MOIYNPOBOAHUK C IIUPUHOM 3anpelieHHoN 30Hb!I Eg , paBHoii 0,7 3B.

(b) N300pa3ute CeKTp MOTIOMICHUS TEPMAHUs, TO €CTh rpahuK 3aBHCUMOCTH TOTIIONICHHOW SHEPTUN

he
JI"-r:|:-.11'= il

%

6.62«10°% «3x10°

1.1«1.6=1071%

B % B 3aBHCHMOCTH OT JJINHBI BOJIHBI A

Pemenne. (a) CHauana cpaBHUM 3Hepruio nagaronero GoroHa Egorona C SHEPTHEH 3alperieH o 30-

Hbl Eg:

Io ycnosuto Eg = 0,7 5B = 1,12x107" Ik , uto MenbIie, yeM Egorona . [109TOMY JBUKEHHE 3IEKTPO-
HOB COIIPOBO’K/Ia€TCs UCITyCKaHWEM HOBOro (hoToHa ¢ s3Heprueid paBHoi Eg, 1 yacThio sHEpruu, mpe-

=1.13.10° n

E(bo’ro]-{a = hV = 6,6X10_34X3,09X1014 = 2,04X10_19 I[)K

BhIIIaroniasa Eg, KOTOpaAa paCCCUBACTCA B KPUCTAJLJIC B BUJIC TCIIJIa (CM. puc. 1)

Z0ka
UL A T

E.
(]
hv|n._',m<|__;,<u T
AR
prrom PoToH
L J
’ € sanesthas
04D
Puc. 1.
he  &6.65-107°%x3x10°
':l"H3.1'_-.'-+EiH._ e =
E D.7«1.6x10™"

g

AN I3 WIS AR

- 1.77 107"

|
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PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
CMK. OII-2/PK-7.3.3

(b)
100 4

OGRACTL NOMOLSHKR

KOAPEUUMERT
NOIMSIYERER

() A‘ zup ne = 1.77

ANAHI 20NHH

3aganue 3. Ha ocHOBe 30HHOI TEOPUU OOBSICHUTE XOPOUIYIO ANEKTPONpoBoAHOCTH Kanus (K) u Ge-
punus (Be).

Pemenmne.

B kammu (K) ka1bIii aT0M BHOCUT OJIUH JIESKTPOH U OJTHY OpOUTAIIb B 30HY ITPOBOJUMOCTH (4S-30HY).
CornacHo npunnuiy 3anpera [laymu, kaxnas “monexynspHas opOUTaIb” MOXKET BMECTHTD J1BA AJICK-
TpoHa. [ToaToMy 30Ha MPOBOAMMOCTH JINIIH HATIOJIOBUHY 3alIOJTHEHA DJIEKTPOHAMH, YTO 00ECTIeuuBaeT
ANEKTPUUECKYIO TPOBOIUMOCTb.

|

w

3d
nycTas soHa

\Z&K 4s HanONOBKHY JANONHEHHAR Nonoca

pacciosHne
CrpyrTypa 3nepreTdecin yposnen ans xanva (K)

Kanui

3 [ 38

- I PR

1001 as!

I ﬂ*f*’?‘ﬁﬂ
L

D KpspThans ANeKTponeing Jamcy -
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VY 6epusnus (Be) kaxaplii aToM, HAaXOISAITUNCS B y3J1€ KPUCTAIUTMYECKON PEIISTKH BHOCHUT JIBA DJICK-
TpOHA U OJJHY OpOUTAIIb B 30HY POBOAUMOCTH (2s-30HY). [Ipy Hanmm4uu AByX 3JIEKTPOHOB HA OpOU-
Tajib (OT KaXKJ0ro aroma) 2s 30Ha MPOBOJUMOCTU 3amnoiHseTcs. Habnogaemas 3neKTponpoBOIHOCTb
00yCJI0BJIeHa IEPEKPBITHEM TOJIOCHI 2P, KOTOpas SIBJISIETCS IMyCTOM U, TAKUM 00pa3oM, 00ecrieunBaeT
MyCThIE SHEPTeTUUYECKUE COCTOSHUS, HEOOXOUMbIE IJISl JIEKTPOHHOMN MPOBOIUMOCTH.

W

} 2p neperpeiTHe

2s 3anonHenve

pPaccTORHME

CrpyrTypa 3nepreTyeckix yooeHen anf Sepunnus  Be

Saexmponnoe cmpoenue amona

Gepussus
Il mepsing JBa SHEPreTHHeCkWE YPoBRHA
A rpynina JBa aNekTRoMa Ha BHeWHEM
IHEPreTAYECKOM YROBHE
E
) 1s72s? to2p
' 28 11
22 ¥
15—

3aganue 4.

B nmpoxoasiiiem 6esiom cBeTe YMCThIM KpUCTAUIMUeCKUid MaTepuai (6e3 npumeceii UM ¢ O4YeHb Ma-
JIBIM KOJIMYECTBOM MPUMECE ) BBITTISAUT KPACHBIM.

a) OOBsSICHUTE, SIBISIETCS JIM TOT MaTepHall TPOBOTHUKOM, ITOTYITPOBOTHUKOM HIIH U30JIATOPOM?
(b) KakoBa mpubnu3nuTensHas MApUHA 3aMpeieHHON 30HbBI ISl 9TOr0 MaTepraia B 5B?
Pemenne.

a) [lo mrkasne »JIeKTPOMAarHUTHBIX BOJIH “O€JbIN CBET COAEPKUT U3IyUYCHHUE B IMAINa30HE JIJTUH BOJIH
ot 4000 A (¢uonerossiit) 1o 7000 A (TemHo-KpacHbIi). KpucTanmuueckuil MaTepuan, Kaxymuiics
KPacHBIM MTPH MPOMYCKAaHUH, UMEET CIICAYIONINE XapaKTePUCTHKH MOTIIOIICHUS:




denepanbHOE TOCYAaPCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE
YUpEKACHUE BBICIIEr0 00pa30BaHUs
@I'bOY BO «AJIBITeHCKNN TOCY1apCTBEHHBIN YHUBEPCUTET»

«AI'Y»
PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)

CMK. OII-2/PK-7.3.3

CMNEKTF MOTrNoWEHKA

T
abcopdumn J.
(RArNoLIEHWE )
100% CONACTE NOrNowWaHWA W3y -4BHAH
oT ronyBara 50 HENToM LEETA HENYHEHHE
{DACHOND LBETH
| I

4000 Eﬁﬂﬂ
ANWHA BoNHE: A (A)

a) eCJIM KpUCTaJNIMYECKUN MaTepua YUCThIi (0e3 mpumeceii), TO ero cieAayeT KiacCuPHUIIMPOBaTh KakK
MIOJTYIIPOBOTHUK, TTOCKOJIBKY OH 00J1a/IaeT KOHEUHOU «3aIpelieHHoi 30001, [loaTomy a1 akTuBa-
[[UU HOCUTEJNEH 3apsiaa TpeOyoTCsl KBaHThI cBeTa ((DOTOHBI) C SHEPTUSAMHU, TIPEBHIIIAIOIIUMU YHEPTHIO
U3Ty4eHUs1 POTOHOB KPACHOTO IIBETA.

(6) ITpunUMas AIUHY BOJIHEI KpacHOro 1seTa A = 6500 A kak nmorpaHu4HyIo B KaueCTBE Kpasi ONTHYE-
CKOT'O TIOTJIOMICHHUS JIsl 5TOTO MaTepHaa, MOXKHO HAaWTH 3HEPTu0 (POTOHOB KPaCHOTO I[BETA!

- e 305,102 g, — 2% _ 1945

bt 1.6 107 o

Takum 06pa30M, murpuHa BaHpeHJCHHOﬁ 30HBI U JAHHOTO KPUCTAJNIMYCCKOTO MaTCpHraia COCTaBJIsA-
et E=1.9 3B.

E

3ananue 5.

HeunsBecTHBIN MaTepuan Ipo3padeH [l CBETa ¢ 4acToTol (V) BrioTh a0 1,3 x 10' I'u. Hapucyiite
(300pa3uTe) cXeMaTUYHO 30HHYIO CTPYKTYPY IOJIOCHI JUIsl TOr0 MaTepuara.

Pemenue.
ITo popmyne Inanka E = hy Haxoaum 3Hepruro GoToHOB ¢ yactoToit 1,3 x 10 'z

E=hv={6.63»10" Dx-c)=(1.3x10" 1 )=

1=
x o = 0.54:m
1.6« 10" x

Takum 00pa3oM IoirydaeM, 9To MaTeprall Ipo3paveH i (OTOHOB C SHEPTUSIMH MEHBIIIE,
yeMm 0.54 »B.

[TonyuyeHHO€ 3HaYEHUE YHEPTUHU MTO3BOJISET CXEMATUYHO MTOCTPOUTH 3AMPEUIEHHYIO 30HY U
30HHYIO CTPYKTYDY.
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E a4 _—

— EAHA NESANTHMOCTH

Eg = 0.54 o

/77777 senn

3ananue 6.

HexoTopslii KpUCTAIIINYECKOE BELIECTBO IEMOHCTPUPYET, TaK Ha3bIBAEMBIM «ONTUYECKUI Kpay 10JI0-
chbI» (IIEPEX0/ OT HOIJIONIEHHS CBETA K IIPOIYCKaHMIO) PH YacToTe cBeta v = 5x 10 ' (c™!).

(a) Hapucyiite (1300pa3zute cXxeMaTU4YHO) AUArpaMMy, KOTOpas OTpa)xkaeT yKa3aHHOE B YCIOBUHU 3a]1a-
HUS ONTHYECKOE MOBEICHHE.

b) Kakoro nBera, 1o BamemMy MHEHUIO, IOJDKEH OBITh 3TOT MaTepHal IPH JHEBHOM CBETe?
(8) KakoBa mupuHna 3anpemieHHoi 30851 (Eg) 3Toro marepuana’?
Pemenne.

(a) KonkpeTHoe 3HaueHHE AITMHBI BOJHBI CBETA CBSI3aHO C YAaCTOTOH 1O opmyIie

]
a-S_ 37107 we . 167 w800 m
v 5{1014C]‘

CNEKTP NOMMOoWEHWA

IeNeHelf . wenTei

W ronyboid ; ~
100% B

T
g- & WMANyYeHHe
2 F KpACHOra LUBSTA
& &
L) I

400 800 -
AMAHA BOMHE! i {: i :'

(b) LIBeT OymeT opaHKEBBIM HUITH «KPACHOBATHIMY.

(3)
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denepanbHOE TOCYyIapCTBEHHOE OI0/PKETHOE 00pa3oBaTeIbHOE
YUPEKIACHUE BBICIIETO 00Pa30BaHUs

@I'b0Y BO «AIBITEHCKHI rOCYIapCTBEHHBI YHUBEPCHTETY
«AI'Y»

PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
CMK. OII-2/PK-7.3.3

Eg = Egporowa = hv = 66310 0o - = 5= 10M r

- 1,
= 3315107 Ox B —207 B
1.8-10-° I=

3aganue 7.

a) ONpPEeIeIUTh KOJMYeCTBO (B rpaMMax) 6opa (B), koTopoe, Oyay4un 3aMeIeHHBIM B 1 KT TepMaHus

(Ge), ycTaHOBUT IJIOTHOCTH HOCcUTeNeH 3apsaaa 3,091 x 107 em™.

0) HApUCYHTE CXEMAaTHYHO CTPYKTYPY SHEPreTHUECKUX 30H 3TOT0 MaTepualia, a Takke 0003HAYCHHS
BCEX BAXKHBIX CBOUCTB (OCOOCHHOCTEH).

Pemrenne

a) I3 nepuonyeckoil cucTeMbl XMMHUECKUX 3JIeMeHTOB MeHeneeBa Haxoaum, uTo i 6opa (B)
MossipHas macca paBHa 10,81 a.e.m. uiu npubnuszurensHo Mp=11 r/mons, s repmanus (Ge ) — Mo-
JsipHas macca paBHa Mge=73 r/mMonb. C qpyroii CTOPOHBI, MOJISIPHBIA 00BEM TepMaHust H3BECTEH U pa-
BeH Vge=13,6 cm*/Moib. Torja mioTHOCTs OJHOTO MOJIA repManus Oyaet paBHa Mage/ Vge= 5,37 r/cm’
. Orciona 06beM 1 kr=1000 r repmanus 6yzeT paBed npubmusutensHo 187,3 cm®. Jlo6asnenue 6opa
(B) maet oguH nepeHOCYMK HOCUTENS 3apsiia (3JIEKTPOH Win Jpipka?) Ha atoM. [lo ycrnoButo 3agaun
KOHIIEHTpalMs 60pa B repMaHKy J0JKHA cTaTh paBHoii 3,091 x 10'7 cm™ . 3nas Monspuyro Maccy 60-
pa Mg, TO eCTh Maccy OJJHOTO MOJISI U 3Has, 4YTO B OJJHOM MOJIE COJICPKUTCS YUCIO ABOTaIpO YaCTHUII
Na = 6.02x10%, HaxoauM Maccy YacTHIl 60pa, IO IIOTHOCTH PaBHOM MIIOTHOCTH HOCHTENeH 3apsaaa
3,091 x 107 em?®

= 17
_ H091=A07 ih g1 = 555.10%,

Tl
B g.02.10%

Takum o6pasom, ms kaxaoro 1 cm® repmanus (Ge) no6asisercs 5,55 x10° r Gopa (B). YuuTtsisas,
YTO MO YCIOBHIO 33124k 6epeTcs | Kr repManus o6beM KoToporo 187,3 cm® , HaXxoauM, 4TO sl STOTO
00béMa Macca Oopa Oynet paBHa

187,30 x 5,55 x 10 = 1,04 x 10~ ¢
B MpeuenHan peena STRYETYRR 30H

ZaHA ARCECOUREDCTH

UAnpeLEHHAR SoHa . 1

- -7 ) _
SR 5 107 T yosoe Gopa 8
, Sl PRALEHHON 20852 Yy T BHILE BERXHER
B R ¥ POBHH BHERTHH NpUwecH (B YAGTY BANSHTHOR 3oHb

[MEUMEGHAR WNH AKISTTORHEA 30HA,
nfiy oA neHHER Sapor (Bl

bt 3091 % 100 Owp 3 pareHTHOA 30HE
RaneHT=aR anHa

11



denepanbHOE TOCYyIapCTBEHHOE OI0/PKETHOE 00pa3oBaTeIbHOE
YUPEXKICHUE BBICIIETO 00pa30BaHHS

@I'b0Y BO «AIBITEHCKHI rOCYIapCTBEHHBI YHUBEPCHTETY
«AI'Y»

PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
CMK. OII-2/PK-7.3.3

5 CamocrosiTeqibHas padoTa 00y4ar0IIUXCs
Ta6mmma 3. CoaepkaHue caMOCTOSITEIIBHOU pabOThl 00yJarOITUXCS

Ne Bua camocrositensHOM paboThI Pa3nensl uiu TeMbl dopma OTYETHOCTH
n/m paboueii mporpamMmsI
1 Bneaynuropnas camocTosi- Bgenenue B 30HHYI0 Teoputo | Onpoc U KOHCIEKT BU-
TenbHas pabora JICOTICKIIUU
2 BHeaynuropHas camocTtosi- SBnenus B monynpoBoanu- | KosnokBuym
TenbHas paboTa Kax
3 Bneaynuropnas camoctosi- [TomrympoBOTHUKOBEIE TIpU- | 3anuTa pedeparon
TeabHas padboTa OOpBI

5.1. Tunsl KypcoBbIX padoT (IIPOEKTOB)
He npeaxycmotpeno.

5.2. llepeyens yueOHO-MeTOHYECKOT0 00eciedeHUsl IJIsl CAMOCTOSATEIbLHO padoThI
00y4Yar MU XCs

IIpodeccnonanbubie 0a3bI JAHHBIX
ba3w1 gannsix THUOH PAH http://inion.ru/resources/bazy-dannykh-inion-ran/

IBC «YHuBepcurerckas 0mdanorexa onaaiin» www.biblioclub.ru

Pecypc comepxut yueOHUKH, ydeOHBIe MOCOOUs, MOHOTpaduu, MEPHUOJUYECKHE HU3TaAHUS,
CIIPaBOYHMKH, CIIOBapH, SHUUKIONeuU. B Hacrosiee Bpems BkitodaeT Oosnee 130 Thic. HaMMEHOBa-
HUl. PexxuM poctyna: uis 3aperucTpupoBaHHbIX MOJIb30BATENEH.

OBC AI'Y wna mnargopme ammapaTHo-porpamMmHoro kommiekca OOO KV
http://adygnet.bibliotech.ru

Pecypc conepkuT 37eKTpOHHBIE aHAJIOTHU TpyAoB mpernonasarenet AI'Y. ObecnieunBaer 1o-
CTYHI K He0OXOAUMBIM Il 00pa30BaTEIbHOTO MpoLiecca U31aHusAM. Pexxum octymna: i 3aperucTpu-
POBaAHHBIX ITOJIB30BATENEH.

000 «Hayunasi j1ekTpoHHasi oubanorexka» (HIb) www.elibrary.ru

Poccuiickuii nH(pOpMalMOHHO-aHAIUTUYECKUI MOpTal B 00JIaCTH HAyKH, TEXHOJIOTUH U 00pa-
30BaHMs, B TOM YHUCIIE 3JIEKTpoHHBIe Bepcun Oosee 3900 poccHiickMX HaydHO-TEXHUYECKUX JKypHa-
JI0B, U3 KOTOpbIX Oosiee 2800 skxypHAIOB B OTKPBITOM JIOCTYTIE.

MexayHapo/anbie 0a3bl JaHHBIX HAYYHBIX U3TIAHUH

Web of Science https://apps.webofknowledge.com Haykomerpuueckasi pedepaTtuBHas 6aza gan-
HBIX XypHaJIOoB U KoH(pepeHuuit. Pexxum nocryna: IP agpeca yausepcurera

Scopus https://www.scopus.com/search/ — 310 HaykomeTpuueckast pedepatuBHas 6a3a JaHHbBIX,
Bxosast B 0a3y gaHHbeix SciVerse komnanuu Elsevier. SciVerse o0benunser B cede MaTepuaibl U3
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denepanbHOE TOCYyIapCTBEHHOE OI0/PKETHOE 00pa3oBaTeIbHOE
YUPEXKICHUE BBICIIETO 00pa30BaHHS

@I'b0Y BO «AIBITEHCKHI rOCYIapCTBEHHBI YHUBEPCHTETY
«AI'Y»

PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
CMK. OII-2/PK-7.3.3

KOJUIEKLIMHM PEIeH3MPOBaHHON jmTeparypsl SciVerse Scopus, coOpaHUS HOJTHOTEKCTOBBIX CTaTel
SciVerse ScienceDirect. Pexxum nocryna: IP agpeca ynuBepcurera.

zbMATH https://zbmath.org/ PedeparnBHas 6a3a JaHHBIX IO YUCTOW U MPUKIATHONH MaTeMaTHKE.

HuTepHeT-pecypcsl 0OTKpBITOro Aocryna (Open Access)
(MudopmaimoHHO-TTONCKOBBIE (CIIPABOYHBIE) CUCTEMBI)

Nudopmanuonnas cucrema «ExuHoe OKHO JgocTtyna K o0pa3oBaTeIbHbIM pecypcam»
http://window.edu.ru/ Pecypc obGecrieunBaeT cBOOOHBIN JOCTYN K WHTETPAIBHOMY KaTajaory oopa3o-
BaTEIIbHBIX UHTEPHET-PECYPCOB, K JICKTPOHHON OMOIMOTEKE YIeOHO-METOAMYECKIX MAaTEPUAIIOB IS
0011ero u mpogeCCHOHATBHOTO 00pa30BaHUs U K PecypcaM CUCTEMBI (DeiepaibHBIX 00pa30BaTEIbHBIX
MIOPTAJIOB, OOBEAMHSCT B SMHOE MHPOPMALIMOHHOE MPOCTPAHCTBO JICKTPOHHBIC PECYPChI CBOOOHO-
o JIOCTyNa Juis BceX ypoBHEW oOpazoBaHus B Poccunu.

YHuBepcurerckas nHpopmanuonHas cucrema Pocceust uisrussia.msu.ru

OTkpbITBIE 00pa3oBaTe/bHbIE KYPChI

Kypcebt OcHoBbl GU3NKH NOJTYNPOBOAHUKOB M JIEKTPOHHKH HAa PYCCKOM sI3bIKe:
https://openedu.ru/course/mephi/mephi_bmos
https://www.edx.org/course/osnovy-fiziki-poluprovodnikov-i-elektroniki

Kypc OcHOBBI (pM3UKH MOJTYNIPOBOJHUKOB M JJIEKTPOHUKH HA AHTJIMHCKOM SI3bIKeE:

https://www.coursera.org/learn/semiconductor-physics#syllabus

Ilepsas HEJIEJIA

Quantum Theory Of Semiconductors

In this module we will introduce the course and the Semiconductor Devices specialization. In
addition, we will review the following topics: Type of solids, Bravais lattices, Lattice with basis, Point
defects, Dislocation, Bulk crystal growth, Epitaxy, Energy levels of atoms and molecules, Energy
bands of solids, Energy bands in real space, Energy bands in reciprocal lattice, Energy band structures
of metal and insulator, Definition of semiconductor, Electrons and holes, and Effective mass.

8 Buzeo ((Bcero 76 MuH.)), 2 MaTEPHAIIOB ISl CAMOCTOSATEILHOTO N3YUYEHUS, 2 TECTOB

Bropas HEJIEJIA

Carrier Statistics

In this module, we will cover carrier statistics. Topics include: Currents in semiconductors, Den-
sity of states, Fermi-Dirac probability function, Equilibrium carrier concentrations, Non-degenerate
semiconductors, Intrinsic carrier concentration, Intrinsic Fermi level, Donor and acceptor impurities,
Impurity energy levels, Carrier concentration in extrinsic semiconductor, and Fermi level of extrinsic
semiconductors.

5 Buneo ((Bcero 71 mMuH.)), 2 MaTepHalioB AJisi CAMOCTOSTENILHOTO U3yUeHUsl, 2 TECTOB

Tperss HEJIEJIA

Currents in Semiconductor

This module introduces you to currents in semiconductors. Topics we will cover include: Ther-
mal motion of carriers, Carrier motion under electric field, Drift current, Mobility and conductivity,
Velocity saturation, Diffusion of carriers, General expression for currents in semiconductor, Carrier
concentration and mobility, and the Van der Pauw technique.
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yupeJieHUe BhICIIEro 00pa3oBaHUs
@I'bOY BO «AJIBITEHCKUH TOCYIAPCTBEHHBIA YHUBEPCHTETY
«AI'Y»
PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)

CMK. OII-2/PK-7.3.3

4 Bupeo ((Bcero 50 MuH.)), 2 MaTepuaIoB IJIsi CAMOCTOSITEIIBHOTO U3y4eHus, | TecT

Yersepras HEJIEJIA

Carrier Dynamics
In this module we explore carrier dynamics. Topics include: Electronic transitions in semicon-

ductor, Radiative transition, Direct and indirect bandgap semiconductors, Roosbroeck-Shockley rela-
tionship, Radiative transition rate at non-equilibrium, Minority carrier lifetime, Localized states, Re-
combination center and trap, Shockley-Hall-Reed recombination, Surface recombination, Auger re-
combination, Derivation of continuity equation, Non-equilibrium carrier concentration, Quasi-Fermi
level, Current and quasi-Fermi level, Non-uniform doping, and Non-uniform bandgap.

7 Buzeo ((Bcero 90 MuH.)), 2 MaTepHaIoB JIJIsi CAMOCTOSITEIIbHOTO U3yUeHHUs, 2 TECTOB

7 BU€O

Radiative Transitions (10 mum)
Radiative Transition Rate (13 mun)
Non-Radiative Transitions (111 mun)
Non-Radiative Transitions (215 Mun)
Continuity Equation (14 mMun)
Quasi-Fermi Level (8 Mun)
Heterogeneous Materials (14 Mun)

2 mMarepuana ajisi CaMOCTOSTEIbHOTO U3yYeHUS
Module Topics 10Mun

Materials and Physical Constants 10mMun
| mpakTH4eckoe ynpaxHEHUE

Home work

NuauBuayajibHble JOMAalIHUE 3a1aHUSs

Jomamnee 3axanme Ne 1.
1. Haiitu cpeau puc. 1... 8 BonpTamnepHyro xapaktepuctuky (BAX) 3amanHoro Trma sJ1eKTpoHHOTO

npubopa (3I1).
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®denepanbHOE rOCyIapcTBEHHOE OI0KETHOE 00pa30BaTEIIbHOE
yupeJieHUe BhICIIEro 00pa3oBaHUs

@I'b0Y BO «AJIBITEHCKUH TOCYIAPCTBEHHBIA YHUBEPCHTETY
«AI'Y»
PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
CMK. OII1-2/PK-7.3.3

Uu '

Ungr, B

200

5"’1

50

50t

1004

11 gy MKA

];\Ep,nﬂ

Puc. 7. Pue. 8.

2. OmpenenuTh B 00eHx 3aJaHHBIX Toukax BAX:

a) TOK MK HanpsbkeHue Ha D1, eciu 3a1aHbl COOTBETCTBEHHO HANPSDKEHUE UM TOK;
0) conpotusienue D11 mocTossHHOMY TOKY - R;

B) muddepenmansHoe conpoTtusienue 11 -.

Kpatko onucath TunoBble mpuMeHeHust Januoro JI1.

VYcnoBus i pacyera onpenensiores tabdia. 1 u tadm. 2
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®denepanbHOE rOCyIapcTBEHHOE OI0KETHOE 00pa30BaTEIIbHOE
yupeJieHUe BhICIIEro 00pa3oBaHUs

@I'bOY BO «AJIBITEHCKUH TOCYIAPCTBEHHBIA YHUBEPCHTETY
«AI'Y»
Pabouas mporpamMma AUCHUIUIMHBI (MOIYJIs)
CMK. OII-2/PK-7.3.3
TaGnvua 1
Jagarve MNochegran uidpa Homepa cTygeHYecHera BlaneTa
o I 2 3 4 5 6 7 B 9
Tin anex- S MewmHb A
TOOHHOMD nvon epinpasus  |Crabunatpod OuHuncTop
npwbopa TENBHBIA gHog
a
WPRIGIMER | ap | 100 | 20 | 100 | 20 | 100 20 | 100 | 20 100
TeMABPATYRS
1. MNpamas
P 1.Mpasmas seTes,
BETERE,
EHMAEDYEHHDE COC
ERMNHD"
Nonowere Ha 1.NMpamas seThb TOAHHE
HEHHOS
BAX pacqeTHbIx
COCTOHHME
TOYEK 2.0BpaTHanA BaTE: 2.Mpaman BeTER,
BHAKY @O COs-
2.06paTHan o
TOAHHE
EETHES
Mpamaos
E - Hanp:me HHE I'I|:I|s=| M. TOH I'I|:|j:r.1r.:u|F| ToH
snextpudeckie|  Moamos Hanpawenie Uy, e B i
oEpaTHu i PP A, HAM PR
BENW4MHE [cM. | oBpaTHoe Hanpamerue U,
Tabi. 2) TOHK obp.Hanp.
'ﬂ-'n:ﬁp un:-.nhr
I:|5|:l
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®denepanbHOE rOCyIapcTBEHHOE OI0KETHOE 00pa30BaTEIIbHOE
yupeJieHUe BhICIIEro 00pa3oBaHUs
@I'bOY BO «AJIBITEHCKUH TOCYIAPCTBEHHBIA YHUBEPCHTETY
«A'Y»
PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
CMK. OII-2/PK-7.3.3
TabBauua 2
JafaHHe MNocAsaHas Uidpa HoMepa cTyOeHYeckaro BrAaTa
a I 2 3 d 5 & 7 a 9
Uns, B 04 | 045 | 05 | 055 | 06 | 04 | D45 D5 (055 | DB
Ussh, B 30 40 50 &0 70 80 ad 100 | 110 | 120
lnnp, BA 10 15 20 25 30 10 15 20 25 30
bnpozia: MA 20 22 24 26 28 30 32 34 1 28
Upnni B | 100 | 120 |320 | 230 | 140 | 1so0 | 1s0 | 170 | 110 | 120

Jlomamnee 3aganue Ne2,

1. Haiitu cpeau puc. 1...8 craTudeckue XapakTepUCTUKU 3aJaHHOTO TUIIA TPAH3UCTOpa (CXeMa BKIIIO-
YeHHUs - OOLIMI SMUTTEP 11 OUITOJIIPHOTO TPaH3UCTOpa, OOIIMIA UCTOK AJIS TTOJIEBOTO).

¢ l & &0
ol [+ ool : 2
o & 204 6} 60
(] . 4 4}’ !
(| 30 ] 40
® v/
‘ I 20
, |l N s &
—ih ’ — Ae——
) Lohg A 0 5 10 %
Puc 1 Puc. 2

Puc. 3.
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denepanbHOE rOCYAapCTBEHHOE OOKETHOE 00pa30BaTEIbHOE
YUpEKACHUE BBICIIEr0 00pa30BaHUs
@I'bOY BO «AJIBITeHCKNN TOCY1apCTBEHHBIN YHUBEPCUTET»

«A'Y»
PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)

CMK. OII-2/PK-7.3.3

iz,

Puc. 4 154
Prc. 6.
‘& LopsA
" ) up ‘1"
)O" ’ ‘-'.'
§ ¥ I |
A0 % L :'3 1 (|
L o y |
b 114 }/J f 0+ & 5
w // i) )
\ " 4 U'
20 / / Y\,
w i 0 ) 7o
101 / //
§ L« )
"“"/‘"- 0 _‘/// \Jllp 5 4] st 10 (1] 0 11 Uno, B
—— e ’ —— r—pow—— ) - pad 4 e ’ . P —( iy
300 200 W00~ 23 ,;[-,-z;i,, ,,4’7 [ 2 700 150 200
, < 14 >4
o / 1] N _u'
! O/
o
» ,/ 1 ; 101 \
7 .l’// - 1 |
I 41 / i1 i
| “obpy MK
5l
T Ioko,MA
Puc. 8.
Puc. 7.

2. Ha BBIXO/IHBIX XapaKTEpUCTUKAX TPAH3UCTOPA MOCTPOUTH HATPY30UHYIO MPSAMYIO U NP 33IaHHOM
MOJIOKEHUHU Pabodeil TOUYKH ONpeaeNuTh BRIXOIHOM TOK lo, BeIXxoHOE Hanpspkenne U, 1 ajgeHue
HanpspkeHuss UR Ha Harpy304HOM CONPOTUBIIEHUH R.

3. Onpenenutsb B paboueii Touke MajJoCUTHaNIbHBIE TuddepeHIaTbHbIe TapaMeTpbl TpaH3ucTopa. B
BapuaHTax ¢ OUIOJISTPHBIM TPAH3UCTOPOM PACCUUTHIBAIOTCS , hi1,h21,h20,c ToeBsIM - S; Ri;.

4. B ciyyae UCnoJIb30BaHUs TPAaH3UCTOPA B HU3KOYACTOTHOM YCHJIMTEIIBHOM KacKaJle HalTH €ro oc-
HOBHBIE MAJIOCUTHAJIbHBIC TTapaMeTpPhI B paboueil TOUKe U COMPOTHBIICHUH UCTOYHHUKA CUTHANA R =
10 kOm. B BapuanTax ¢ OUIIOISIPHBIM TPaH3UCTOPOM omnpenensieTcs Rex, Reux, Ku, C moneBbmM Tpans3u-
crtopoM omnpenensiercs Reux, Ku 1 Xapakrepusyercs BennunHa Rgx.

5.B CJIydac UCIIOJIb30BaHUA TPAH3UCTOPA B KAYCCTBC KJIHOYa HaWTH YCJIOBUA TTOJYUCHUA B HCM COCTO-
SIHMI OTCEUYKHU B HACBIIICHUS, BBIXOAHBIC HAIIPSXKECHUEC U TOK B COCTOAHHUU OTCCYKU Uomc, Iomc, BBIXO/-
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®denepalibHOE TOCYIAPCTBEHHOE OI0KETHOE 00Pa30BaTEILHOE
YUPEKIECHUE BBICIIETO 00Opa30BaHUs
@I'bOY BO «AJIBITEHCKUH TOCYIAPCTBEHHBIA YHUBEPCHTETY
«AI'Y»
PaGouas mporpamma TUCHIUTUTHHBI (MOYIIS)
CMK. OII1-2/PK-7.3.3
HbIE HANPSHDKEHUE U TOK B COCTOSIHUM HACBIIEHUS Upac, liac Y CIIOBUA 7151 TOCTPOEHUH U pacueTOB
OTIpeNeNAI0TCS JAaHHBIMU Ta0u. 3 u Tabu. 4
Tabnuua 3
ZagaHue MNpeanocnegHRa urdpa HOMEPE CTYAS8HYECKOrD BrneTa
0 1 . 3 4 5 & 7 g 9
TWn TpaHzMCTOpa BunonapHsIA NOABECH © YNPARAARILAM B-N
Mepexogonm
HanpameHue K-
TOYHHHEE NUTEHHWA & 10 12 14 1& g 10 12 14 16
E, B
HarpysouHoe co-
npotusnesae R, 1 | 1,25 | 15 | 175 | 2 1 125 | 15 | 1,75 .
KO
Yem onpe-
genasTcA pabo4an Ig U,
Taqka (e, Taba, 4)
TabGnuuya 4
Zagarue MocnenHan Uudpa HOMEDE CTYAEHYECHOTD BUNeTa
0 2 E: 4 3 & 7 E 9
Tok baskl
it 20 |30| 40 | s0 |s&0| 20 30| 40 | so0 | eo
I, marA
Hanpamxease
ASTECP-WMCTOH =075 -1 =125 ) =1.5 | =2 -} 75 = | =1,25 | -1,5 =2
II"I'.|I-' [ E
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@I'5OY BO
«AT'Y»

®denepanbHOE rOCyIapcTBEHHOE OI0KETHOE 00pa30BaTEIIbHOE
YUpEKACHUE BBICIIEr0 00pa30BaHUs
«AJIBITeHCKNN TOCY1apCTBEHHBIN YHUBEPCUTET»

Pabouas mporpamMma AUCHUIUIMHBI (MOIYJIs)

CMK. OII-2/PK-7.3.3

MeToauueckue yKasaHua K BeINONHEHWD OOMALLHWX 320aHWui

Ans pewerns 330344 | HeobXxoAMMO D3HZKOMMTECR C OCHOBHbBIMW CBOMCTBEMM M
NPUMEHEHUEM ABYXNONOCHBIX NONYNPOBOAHMKOBEIX 3[1 - Pa3HOBUMAKOCTAMM AMOA0R,
cTaOMAUTPOHOM, AMHUCTOPOM (HEeYNpPaBAREMBIM TUPUCTOPON),

Heobxoaumas BONLT-3MNEPHIA XaPaHTEPUCTUKE (BAX) AonkHa BeiTe axkyparHo
NEPEHECEHa Ha KanbKy MK CHONMPOBaHa Apyrum cnocobom. Ha BAX sminonxaloTtca
NOCTPOEHMA, ODO3HAHAOTCA BENUYMHDI TOKOB W HaNPAMEHUA, 3 TAKKE YKA3bIBIETCS,
KaKoW Temnepatype 3Ta BAX COOTBETCTBYET. ITansl PeLieHns A0NKHbl BbiTh NOACHEHEL.

Mycte BAX sagawworo 30 npw 3agaHHOW Temnepatype wMmeeT sug pumc, 9
(TPUOAHDBIA TUPUCTOPR NPH NOCTOAHHOM TOKE YNPaBNAEMOro 3NEXKTPOAA), @ OCTaNbHaR
U3CTb 3343HMA onpeaennreTca W3 Tabn. 1 v 2 no asym nocneasum unppam Homepa
cTypenyeckoro bunera - 88. B aTom cnyyae 3a4aHo:

RAomawkee 3apanne Ne 1

lnp.esr = 36 MA
Unpans =110 8
InpMA § B
Iap bxp -
30
ARC
20+
10¢
Inp Suxa
Unp, B 300 200 100 5 . Unp, 8
i\ 2 100/ 200
011 Unp Sxa U"P boika
02.
: Io&p. MmA
Puc. 9.
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M

[looTpows 8TE TOUKH HE COOTBETCTHYDNMX JUBOTEAX OpAMoR BaT-
Bl HAX, Haflmem:

i

Unp. B }'2 B,
np Buigae = 4 WA

PacoUETEEM Hg BO BENEYoHHOM H BHENETGHHOM COOTOAHRAX.

_ Unp®xa _ 12 =333 u;
LY In|1 Sk J6-10™
R = Urtp Banca . L1 i = bS wlm .
@ Bou Inp Buixa 2107

Ana pacyera andubepeHUMANBHOMD CONPOTHUBASHHWA NOCTRCHM OKOND 3303HHBIX
TOYEH NPAMOYTONbHBIE TREYTONEHWHK, KATETl KOTOPRBIX BYOYT PABHBI NPHUEALLE HHAM
HarpAaxeHWA A U uToka A |

TpeyronbHWEW A0AKHE OBITh AOCTaTOMHO MankiMe AR Toro, YTobbl  Mx
MMNOTEHY3bl, ABNAKLWMWECA yYacTHAMK BAX, momHo Bbino CYMTaTe OTPEIHAMMW MPAMBIX
AvHKA. BuiNoAHKE NOCTPOEHKMA, Halgem:

R . AVapbea _ _AC 04 =20 Ou;
2 np. Bra ‘ﬂ-[np.ﬁhr.s BC  20-1079

] _ OUnplun , _DF 92 - 35 xow.
d npﬂhlrn A lnp- Ld\ia EF - 2=Il:'"d

B KauecTee yHAIAHWA M3 THNOBBIE NPUMEHEHWA THURMCTOPA MOMHO Ha3BaTe
BLINPAMAEHHE MNEPEMEHHOTD TOKA W HOMMYTAUMID B 3NEKTPUUYSCHMX  LEnAX.
BoinpAaMneHwe BO3MOMHO OnarofapA ero BEHTHALHBIM CBORCTBAM, BWOHbLIM M3
npWBeaeHHOMD pacueta. HomMmyTauua soamomHa Bnarogapa TomMy, YTO THREMCTOR NPM
NPAMOM HENPAMEHHK MOMET HEaXDOWTLCA Kak BO BKHOYEHHOM, TaK W B BbIHNIOUYEHHOM
COCTORHWMAX, NPK KOTOPBIX B0 CONPOTHEAEHWA TAKME IHAYMTENLHO OTAHYEIOTCR,

CnegyeT umeTe B BHAY, 4T0 B OBDO3HAYEHMAX TOKOE W HANPAMEHWMW TUPMCTOPa
WHAeKcsl "BKA', "BbikN" B AWTepaType ODbMHO WCNOALIYIOTCA B WHOM 3HaYEHHHM.

Hanpumep, U,., 0D03HaYaeT TO NPAMOE HaNpRMEHWE, NP KOTOPOM NPOMCXOOWT
OTNMPAHKE THPMCTOPA,
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JlomamHee 3aganue Ne2.

Ona pewenna 3agaun No 2 Heobxogumo MayduTb NpuHLMn paboTsl v cnocebsl
CMUCAHWA 3MEXKTDUMECKMX, CBOWCTE DWNOAAPHOrO WM MNOASBOTD  TRAH3MCTOPOS,
OIHSKOMMUTBECA C NPUHUKMNEMA UCNONBI0OBaHNA GMHOI‘IRPHDIX M NONEEDLIX TPaH3IUCTOPOSs
s yCHl‘IMTCIIbelX K3CK3anax # B KavecTee KN4,

Yraszanuan.n, 1, 2, 3 sagaHua
MycTe HEOBXDAUMbBIE CTETUHECKUE X3PIKTEPUCTUKKX MMesoT 8ua pyuc. 10 v puc. 11
(MAN-TPaH3uCTOP € HHAYLUMPOBAHHbLIM KaHaNoM p-Tuna).
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Ha puc. 10 Ha npumepe BapyadTa N2 83 nocTpoeHel HArPYsSOYHaA NPAMEA K
paboyan Touka A, YyTo No3BOARET rpaduUyecky HavTH Tpebyembie B N. 2 BEAWYMHBI:

B
- ]] - H = fT'EE h"[:lf"l'

Uy,=-38 €D  08-10°

AU
H. = -'L'I-t
: Al,

MocTpous B pabouyel ToOUKE Ha BLIXOAHBIX XAaPaKTEPUCTHRAX TpEyronbHue BCD
; MOMHO ONPEAENHTL BHYTPEHHEE CONMPOTHBNEHHE!

Al
AUy,

EF 1,710 24 s
= —_— =
Ve, =108 FB 0,8 N

| F

S =

Heobxogumo NOHMMaTE, 4TO WCNOABI0DBIHME MMEDWeRCA ~CToKo3aTRoOpHCR (2 B
cy<ae BUNONAPHOTD TPEHIMCTOPE - BXOQHOR) X3PIKTEPHMCTHHW BNOAHE OONYCTHAMO,
OAME ECAM YKazaHHOE Ha Hel Hanprmewwe U, (U.) oTawudaetcR ot weobxogwmosn
BEAMuHHE | Ug).

BozHMHIOWAA NPH 3TOM NOTPELUHOCTE OYeHE HEBENKKa W3-33 cnaboro BAWAHMA
BblXOOHOID HanpAMEHKMA Ha BENWMYHMHY BRINOOMOND TOKA B YOCUNATEND HOM DEHHMME,

Nocxoneky AvddepeqHuHaneHpie NApamMeTpel NONSBOTO TPAHIMLTOPE BIAWMHO
ceAzaHbl, KO2gdUUHeHT younerua momeT Beime paccyuTan, MCXOAA M3 BEAMYMH Ry 1 5

M =R 8 =112510"- 2,{-10° = 236

YHazaHMa K n.n. 4.5 sagaH4A
Brioaxe AocTaTouHyIo B BONLWWHETES CAYYEEE TONHOCTS A310T CAedyRUMe

oK BAMmeEHHBIE EblpaMeH A,
Jina CUOONADHOTO TpaH3IMCTODS

R h
Eﬂ - h A = — K g [ R
X ’
11 Bb1 x {+hy, R ’ Ret hh I
A LUONEBOT0 TPEHARCTOpE!
! 1 '
- ) = ——— S' H
RE‘HI { + _ﬂ__ ' hl"l { + _LR
Hi . anr
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B COCTORHMMW OTCEYHH TPaHIMCTOPHBIA KAKKY © BHNONAPHBIM TPaHIMETOPOM
HaxooWuTcA NpK f5=0. B atom cnydae:

U =f -1 R ¥E

K3 oamc K0 ’
I

Il

I
kK omc KO ?

rae [, — TeNN0BON TOK KOANEKTOPHOMO Nepexoaa.

KN C NoAeBbIM TRAHIMCTODOM C p-N Nepexonon HaxXoOAWTCA B COCTOARKMM
OTCEYKK, 8Nk

|L5u| aih

Ty %4

)

‘ I = E
LW oamc 1
T = (]
=L B Mmc -

COCTOAHME HAChILLEHMA B BUNONADHOM HAKOYE JOCTWIZETCA, NPU YBEAHYEHWM
Bazosoro TOHa A0 SENWYMMHBI [z ,.. 8@ B KAOME Ha NONSBOM TPaHIMCTOpPE C p-n
Nepexoaom - NP YMEeHbWEHWW aBCoNIOTHOR BENMYMHEl HANDAMEHWA Ha 3aTEOPE Ao
HanpameHdna U, ... B oboux cnydasx paBoyas TOYKA CMELWAETCA NO HarpysodHoR
ApAMON OO0 NWHAM, pasgenfwoweld obnacTy aKTMBHOrOD pexMma WM obnacte
BHAKOUEHHOTD COCTOAHMA KMNIOYA (MYMKTUDHAA NUHHA HA BBIXOAHSIX XAPAKTEDUCTHHAX),

B paccmoTpeHHOM Beille npumepe nonesoro MAOMN TpanzucTopa (pue, 10)
HCHOMBIE NAapaMeTPbl COCTABNRKT BEAHUMHBI

Wog s = E & fdR
:I“ EII'I1-E= D!

Ui ome = Upne = —H 6 B,
Uex nae ™ =7 B,
1o hac™ 2,9 MHA,
Un ige™ — %2 B

HeaocTaloWwan Beix0AH3A XapaKTEDUCTHHE, B A3HHOM CAYYAE NpH
Usk = 4,5 B, moweT BuiTh NOCTpOEHa WMCKOAR M3 TOro, Yyto DAManemallMe BhixoaHbIE

XIPAKTEPUCTMRM  NPaKTHHECKW MNapannefeHbl, & PECCTOAHWA  MEMAY HUMM
APONOPUMOHANBHbI, BBIXOAHOMY TOKY.
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Bonpocs! 111 caMOKOHTPOJIsA 110 TeMe «/[HoAbI U THPHCTOPBD)

1. Yem oTiM4aroTCs MOITYIPOBOJHUKOBBIE JUOIbI HA OCHOBE P-II IIEPEX0JIOB U HA OCHOBE MIEPEX0/I0B
METaJIJI-TI0JTyIPOBOAHUK?

2. Kak 3aBUCAT BOJIbTaMIIEPHBIE XaPAaKTEPUCTUKH MOJTYIPOBOIHUKOBBIX JHUOJ0B HA OCHOBE KPEMHUS
OT TEMIIEPATYPhI OKpY’KaroLIEel cpezbl?

3. IlomynpoBOJHUKOBBIE CTAOMIUTPOHBL. BoJbTaMIiepHbIe XapaKTepUCTUKH CTAOUIUTPOHOB.

4. BeInpsiMUTEIM HA OCHOBE TTOJIYITPOBOTHUKOBBIX AHOI0B. [IpenmyiiiecTBa BeIpSIMUTEINEH, TTOCTPO-
€HHBIX Ha OCHOBE JIMOJIOB C IIEpEX0AaMU METAJLI-II0JIYyIIPOBOIHUK.

5. TpuoaHble TUPUCTOPHL. Y CTPOMCTBO M BOJIbTAMIIEPHBIE XapaKTEPUCTHKHU.
6. YrpaBisieMbl€ MOJYIPOBOJIHUKOBBIE BRIPSMUTENN HA OCHOBE TUPUCTOPOB.

3agaun

1. ITapameTprueckuii cTabUIN3aTOP HAIPSYKEHUS BBIIOJIHEH HA MOJIYIPOBOJHUKOBOM CTAOUIMTPOHE
C HaIpsDKEHUEM JIAaBUHHOTO TTPpo0osi, paBHOM 6B. OnpenenuTh Kakas BeIMYMHA HAPSHKCHUsS OyneT
HOJ/IEP’)KUBATHCSI Ha BBIXOJIE CTAOMIIM3aTOpa HAMPSHKEHUS.

2. OnpenenuTh N0 CTATUYECKUM BOJILTAMIICPHBIM XapaKTEPHCTHKAM BO CKOJIBKO pa3 YMEHbIIAETCS
BCJIMYKMHA MMAaACHUA HAMIPSA)KCHUA HAa MMOJTYIIPOBOJHUKOBOM JUOAC IMPU MCITIOJIB30BAHUHU B BBIIIPAMUTC-
JSIX KPEMHHUEBBIX JIHOJIOB C TIEPEX00M METAJI-TIONYITPOBOAHUK, BMECTO TUOJIOB C «P-TI»-
HIepeX0/IaMH.

BOHpOCI)I AJIl CAMOKOHTPOJIA 110 TEME «TpaHSI/ICTopbl»

0. Yto Ha3wiBaeTcs Tpansuctopom? Kakosa kimaccuduxaiys TpaH3UuCTOPOB?
1. KakoBbl mpuHIKI pabOThI U YCTPOMCTBO OUMOISIPHOTO TpaH3ucTopa?

2. Kak omnpenenuTs BXOJAHOE CONPOTUBIECHUE OUIIONISPHOIO TPAH3UCTOPA 110 BXOJHBIM CTaTHUECKUM
BOJIbTAMIIEPHBIM XapaKTEPUCTUKAM?

3. Uem 0OBsICHSIETCS HU3KUI YPOBEHb COOCTBEHHBIX IIIyMOB KaHAJIbHBIX TPAH3UCTOPOB?
4. Kak 3aBucut Tok croka M/III - Tpan3ucTopa OT Halps>KEHUS 3aTBOP-UCTOK?

5. Uem oOBsicHsI€TCS Majiasi MOIHOCT, oTpednasiemas KMII/I - TpaH3uCTOpOM OT HCTOYHMKA MTUTA-
HUS?

6. UeM oOBsicHsIeTCs O0JIbIIasi BEJIMYMHA BXOAHOTO CONPOTUBIIEHUS KaHAIBHBIX TPAH3UCTOPOB?
7. KakoBbl mprMeHEeHUs! OUTOJISIPHBIX TPAH3UCTOPOB.
8. Kakue cxembl BKIIIOUEHHS OUTONIIPHBIX TPAH3UCTOPOB UCTIONB3YIOTCS B YCHIIUTENSIX CUTHAJIOB?

9. [losicHuTe MPUHIMI JSHCTBUS U Ha3HAUYEHUE PMIIbTPa HXKHUX YacToT. Kakue Tumnsl GpuibTpoB
HWKHMX 4acTOT BbI 3HaeTe?

10. Kak 3aBHCHT OT 4aCTOTBI AMINIUTYAHO-9aCTOTHAA XapaKTCPUCTUKA OTICPATMOHHOT'O YCI/IJ'II/ITCJ'IH?

11. KakuM MeT010M MOKHO pacIIMPUTh IUHAMHUYECKHUI AMana30H aMIUIMTYIHON XapaKTepUCTUKHI
YCUTUTENA?
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6 YueOHO-MeTOAUYeCKOe o0ecniedeHne JUCHTUNIMHBI (MOIYJIA)

Tabnuna 4. OcHOBHas TUTEpaTypa

No HaumenoBanwne, 6ubmuorpaduyaeckoe onvcanue

1 Oununnos, B.B. ®usnka nosynpoBoJHUKOBBIX TpUOOPOB: npakTukyM / B.B. ®unumnros,
C.B. Munyxk. — Jluneuk : JIuneuxuii rocyaapcTBEHHBIH M1€JarornyecKuii yHUBEPCUTET
umenu [LII. CemenoBa-Tsu-1llanckoro, 2016. — 125 c. : wi., Tabm1., cxem. — Pexxum gocty-
na: no noanucke. — URL: http://biblioclub.ru/index.php?page=book&id=576863

2 Ounsik, M. M. OcHoBHBIE (Pr3UUYECKHE MPOIIECCHI B MPOBOAHUKAX, MOTYIPOBOAHUKAX U
JIU3JIEKTpUKax: yueoHoe nocodue / M. M. @uisak. — Openbypr: OI'Y, 2015. — 134 c.

IBC: Pexum nocryna: http://pda.biblioclub.ru/index.php?page=book &id=438992&sr=1

3 Jlebenes, A. . duszuka nomynpoBoJHUKOBIX TpubopoB / A. U. JleGenes. — M.: ®uzmar-
qmT, 2008. — 488 c.

IBC: Pexum nocryna: http://pda.biblioclub.ru/index.php?page=book&id=68403&sr=1

4 Hrymuog, B. H. ®usnyeckne 0CHOBBI MUKPOIJIEKTPOHUKH [ DIIEKTPOHHBIN pecypc]: yaeo-
Hoe nocobue / B. H. UrymuoB. — M., bepnun: Qupexkr-Meaua, 2014. — 358 c.

IBC: Pexum nocryna: http://pda.biblioclub.ru/index.php?page=book&id=271708&sr=1

Tabnuua S. JlononHuTenpHas auTeparypa

Ne HaumenoBanue, Oubnuorpagpuieckoe onvucanue

1 Cruns6anc, JI. C. ®uznka noxynpoBogaukos / JI. C. Ctunsbanc. — M. : Cos. paauo, 1967.
—452c.

2 [xnoBckuii, b. Y. DnekTpoHHbIE CBOMCTBA JIESTUPOBAHHBIX MOJIYIPOBOJHUKOB [ D1eK-
TpoHHbIH pecype] / b. U. IlIknosckuit, A. JI. Ddpoc. — M.: Hayka, 1979. — 416 c.

IBC: Pexum nocryna: http://pda.biblioclub.ru/index.php?page=book &id=483402&sr=1

3 PeiBkun, C. M. ®oToanekrpruyeckue sBieHus B nosynpoBoaHukax / C. M. PeiBkuH. — M.
lNocynapcTBeHHOE N31aTENBCTBO (PU3UKO-MaTEMaTUUECKOM uTeparypsl, 1963. — 496 c.

IBC: Pexum noctyna: http://pda.biblioclub.ru/index.php?page=book&id=483399&sr=1

4 | Yebotapes, C. H. [TonynpoBoAHHKOBBIE HAHOTETEPOCTPYKTYPHI C MPOMEKYTOUHOM MO/-
3o0Ho# / C. H. Yebotapes, B. B. Kanunuyk, JI. C. Jlyaun. — M.: ®uzmatiut, 2016. — 192 c.

IBC: Pexum nocryna: http://pda.biblioclub.ru/index.php?page=book &id=485236&sr=1

Tabnuna 6. Pecypcsl nH(bOpMaImoOHHO-TEIEKOMMYHHKAITMOHHOM ceTu «HTepHeT»

Ne HazBanue (anpec) pecypca
n/n

1 https://openedu.ru/course/mephi/mephi_bmos/ Kypc OcHOBbI (pu3uKH MOIYIPOBOIHUKOB U
HIIEKTPOHUKHU
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2 | https://www.coursera.org/learn/semiconductor-physics#reviews Kypc Semiconductor
Physics

3 www.window.edu.ru ExawHOe 0KHO g0cTyna K 00pa3oBaTeIbHBIM pecypcam

http://edu.ru ®denepanpubiii mopran «Poccuiickoe oOpazoBaHHE»

7 MeToan4yeckne peKOMEH AWM 10 AUCIUILINHE (MOYJII0)

[IpenogaBaTemnto cieayer cpa3y oOpaTHTh BHHMAaHUE CTYAEHTOB Ha TOT (hakT, YTO MOBEACHUE
3JIEKTPOHOB B TBEPAOM TeJle OMUCHIBAETCS aIlapaToM KBaHTOBOW MexaHuku. ITostomy cienyer mo-
JIpOOHO ONKCATh C TOYKH 3PEHHSI KBAHTOBOW MEXaHUKU OCHOBHBIE TTOJIOKEHUSI 30HHOW TEOPHH, U 00b-
SCHUTb, KaK MOXHO OOBSICHATH MPOUCXOJALIME B KPUCTAJUIAX SIBJIECHUS C MOMOIIbI0 30HHBIX JHa-
IpaMM.

MeToauueckue PE€KOMEHIAUHU NMpenoaaBaTe/ 1o

[Tpu moAroToBKe JEKIMOHHOIO MaTepraa MpenojaBaTelib 00s3aH pyKOBOJCTBOBAThHCS paboyeit
IpOrpaMMOil Ul JaHHOTO HapaBJIeHUs NOArOTOBKHU. [Ipy uTeHun nekuuit npenojaBareib UMEeT
IIPaBO CaMOCTOSITENILHO BBIOUPATh (YOPMBI M METO/IbI U3JI0KEHHUS MaTepuaiia, KOTopble OyayT crnocoo-
CTBOBAaTh KAUECTBEHHOMY €ro yCBOeHUI0. [Ipu 3ToM npenoaBaresb B yCTaHOBIEHHOM HOPSIIKE MO-
JKET UCTIOJIh30BATh TEXHMUYECKHE CPECTBA 00yUEHUs, UMEIOIIHecs Ha Kadeape 1 B yHUBEPCUTETE.

Bwmecre ¢ Tem, BCAKHIA JIEKITMOHHBIN KYPC SIBISETCA B OIPEACIICHHON MEpE aBTOPCKUM, IIPEICTaB-
JsieT co0oi TBOPUECKYIO MepepaboTKy MaTepraia U HEeM30€KHO OTpaXKaeT JIMYHYIO TOUKY 3pEHHS
JIEKTOpa Ha MpeAMET U METOIbI €ro IpernoaaBanus. B 3Toil cBA3M npeacTaBiseTcs 1es1eco00pa3HbIM
NPUBECTH HEKOTOPbIE O0II1Ee METOANYECKIE PEKOMEHAALINH 110 IIOCTPOEHUIO JIEKIIMOHHOTO Kypca
dbopmam ero nmpernojaBaHus.

1. [TpoBeaeHue 3aHATHI C ayAUTOpHEH 00YUAIONTUXCS SBIISACTCS MYOJIMUYHBIM BUIOM JI€SITEIbHO-
CTH, OTIPENIENIAIONIUM psijil criennruyeckux TpeOoBaHUN K IpenojaBaTesio:
- IIpennogaBaresns AOIKEH UMETH ONPATHBIA BHEIIHUN BHT;

- [IpennogaBarens 00s3aH BIAACTh KYJIBTYPOU peUH;

- [loBenenue npenoaBaTess MpH JIIOOBIX CUTYAUSAX JOJIKHO OBITH KOPPEKTHBIM U JOCTOMHBIM.

2. BHUMaTeNbHO 03HAKOMUTBCS ¢ METOIMYECKMMHU PEKOMEHIAIMSIMU, TIPUBEICHHBIMU B Y4eOHOM
JUTEpaType 1Mo u3ydaeMoMy MaTepHay.

3. Tema eKIMU AOJKHA OBITh SICHO U YETKO CPOpPMYITUpPOBaHA.

4.Tlepen HauaaIoOM MOAPOOHOTO MU3IIOKEHHUSI MaTEepHalia 1eJIeco00pa3Ho KpaTKo 0003HAUUTD, O YeM
HOWUJET peyb B LIEJIOM.

5.11nan (KOHCIIEKT) JIEKIIUH JTOJIKEH OBbITh 3apaHee TIATEeNIbHO NpoayMaH (IpopaboTaH) ¢ TeMm,
4TOOBI U3JI0’KEHHE MaTepralia OblJI0O CUCTEMHBIM U CTPOTHM.

6. 3noxenune JOJIDKHO BECTHUCH SAICHBIM U YETKHUM S3bIKOM, (1)pa351 " IPCIIIOKECHUA HE TOJIKHBI
OBITH NEpErpyKEeHbl IPUYACTHBIMU, JEETIPUYACTHBIMU U APYTUMU 000pOTaMH, 3aTPYAHSIOLIMMH BOC-
NPUSATHE CMBICIIA.

7.OnpeneneHus 1 GOPMYITHUPOBKH TOJIKHBI COOTBETCTBOBATh COBPEMEHHBIM MPE/ICTaBICHUSIM O
npeaMETe U HE JOJKHBI ITPOTUBOPCUYNUTE NPCACTABJICHHBIM OIIPCACICHUAM B peKOMeHHyeMOﬁ lee6—
HOMH JInTEepaType.

8. M3noxxeHne marepurana J0HKHO COMPOBOXKAATHCS 00paTHOM CBsA3BIO O ciymmarensmMu. Oco6o
Ba)KHbIE MECTa CJIEYET BBIJICTUTH UM MOBTOPUTH. HEKOTOpBIE BOPOCH! CONPOBOXKAAThH 33AUKTOBBI-
BaHHEM MaTepHaa.
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9.PucyHku, BBIMOJIHEHHBIE OT PYKH MEJIOM WIIM MAapKEePOM Ha JIOCKE, TOJIKHBI OBITh SICHBIMU U XO-
POILIO BUTUMBIMU C TAJIbHUX PSIIOB ayJAUTOPHUHU.

10. [To BO3MOXKHOCTH ClIeTyeT COMPOBOXKIATh U3JI0KEHHE (DYH/IaMEHTAIBHOTIO MaTepuasia
puMepamMu, UMEIOIMMHU MTPUKIIATHOE 3HAUCHHE.

11. Craparbcs u3beraTb HEOJJHO3HAYHON TPAKTOBKH pacCMaTPUBAEMbIX BEJTMUUH: CIEIUTH 32
TeM, 4TOObI pa3HbIE 110 CMBICITY BEIMYMHBI 0003HAYAIINCh TO-PA3HOMY.

12. [Tpu ucronp30BaHUM TEXHUUYECKUX CPEACTB 00YUCHHsI (BUICOMPOCKTOPOB, CPEIICTB MYJIIb-
TUMEZHa U T.11.) AaBaTh BO3MOXHOCTh OOYUaIOLIUMCS JIeJaTh HEOOXOAUMBbIE 3alMCH U PUCYHKU B KOH-
CIIEKTaX WJIU MpelyCMaTPUBATh BO3MOKHOCTh IIPEIOCTABICHUSI MaTepraia B JIEGKTPOHHOM WIH JIPY-
TOM BUJIE.

13. AKHGHTI/IpOBaTI) BHUMAHUC 06yqafomer0cs1 Ha TOM, KaKUC BCJIMYHHBI ABJIAIOTCA BEKTOP-
HBIMH, a KAKHC — CKAJLIPHBIMU.
14. B KOHIIC JICKIIUH KPATKO MOABCCTH UTOT'Y U BBIBOABI.

MGTOI[I/I‘-IGCKaH MOZCIIb MperioaaBaHusad JUCHUIITIMHBI OCHOBaHA Ha MIPUMCHCHUN aKTHBHBIX MC-
TOAOB O6y‘{eHI/I5{. HpI/IHI_[I/IHaMI/I OpraHu3annuu yqe6H0ro IMponuecca ABJIAOTCA:

- BBIOOp METOJIOB MPEMOAaBaHUs B 3aBUCIMOCTH OT PA3JIMYHBIX (PaKTOPOB, BIMSIONIUX HA Op-
raHU3aIM yueOHOTo Ipolecca;

- 00BeIMHECHNE HECKOJIBKUX METOJIOB B €IMHBIN MPETOaBATSIIbCKII MOYJIb B IIEJISX ITOBHI-
nieHust 3G GeKTUBHOCTH Iporecca 00y4eHHUS;

- AKTHUBHOC Yy4aCTHue cnymaTeneﬁ B y‘IC6HOM IIpouecce;

- IpOBe/IeHUE MPAKTHUUYECKUX 3aHATHH, ONpeeNIonX NpuoOpeTeHNe HaBbIKOB PELICHUs
po0JIEeMBI;

- INPUBEJICHHUE IPUMEPOB IIPUMEHEHUS N3Y4aEMOr0 TEOPETUIECKOTO MaTEpHaa K peaJbHbIM
MIPAKTUYECKUM CUTYaLUsIM.

[To yuebHOMY TUIaHY IPEIYCMOTPEHO MPOBECHUE JIEKIIMOHHBIX M MPAKTUYECKUX 3aHATHUI.
Jlexuuy ynuTarOTCA C UCMOIb30BAaHUEM HATJISIIHBIX TOCOOMI U AJIEKTPOHHBIX MPE3EHTALUM, C IpUMe-
HEHHMEM NpoOJIEMHOr0 METOa, CTUMYJIMPYIOIIEro O3HABATEIbHYIO aKTUBHOCTh. B Havasne kaxxaoro
IIPAKTUYECKOI0 3aHATHUS IIPENO1aBaTeNIb OPraHU3yeT MIOBTOPEHUE U3YYEHHOIO Ha JIEKIIUU MaTepHraia
10 KOHTPOJIBHBIM BOIIPOCAM K JAHHOMY NPaKTHUYECKOMY 3aHITHIO, BCIOMUHAET CO 00YYarOIUMHUCS
MOHSTUHMHBIN anmapar, OCHOBHbIE (POPMYJIbl U 3aKOHBI 10 TEME PAKTHYECKOro 3aHaATus. [1pyu Bo3HUK-
HOBEHUHU 3aTPyJHEHUHN y 00yUaromuxcst Py pelIeHnH 3a1ay MpernoaaBarenb MoApoOHO pa3oupaeT
KaKIBIN IIar penieHust ¢ 00g3aTebHBIM BOBJICUEHUEM O0YUaIOIUXCsl U3 TPYIIIBI B IPOLIECC 00CY kK-
JICHUs aJIrOpUTMa PELICHU 3aJa4H.

B ycnoBusix npeo6aaaonero TeopeTuyeckoro o0ydeHus o0s3aTesIbHbIM ycIoBUeM TSt op-
MUPOBaHUS YMEHUN 1 HaBBIKOB SIBIIETCS YCBOEHHE TEOPETUUECKOTO MaTepuaa, 03TOMY BOIPOCHI
KOHTPOJISI TOJIKHBI IIPOBEPATH TOT TEOPETUUECKUI MaTepuall, COJIEpKaHue KOTOPOTro MPEICTABIEHO B
KOHCIIEKTE JIEKIIMM U yKa3aHHOU JuTepatype. [lepedyeHp paccMaTpruBaeMbIX BOIIPOCOB MO TEME TIpe-
nojaBaresb GOPMUPYET BO BPEMS UTECHHS JICKIUH.

[To ypOBHIO CIIOKHOCTH MPEYCMATPUBAOTCS CaMbI€ PA3JIMYHbIE BOIIPOCHI, IPEANIOIATAOIIUE
BOCIIPOM3BEJICHNE U 3aKPEIUICHHE TEOPETHYECKOT0 MaTepraa, IpOBEPKY €ro OCMBICICHHUS], BOTIPOCHI
Ha 00o0IIeHre, aHAIKU3 U CUHTE3 U JIp. O0s3aTeTbHO MPEeIyCMaTPUBAIOTCS KOHTPOJIbHBIE BOIIPOCH HA
MIPOBEPKY YCBOSHUS OMPEIeNICHN KIIFOUEBBIX TOHATHH, 3HaHUE (DAKTOB, TEOPUH, KOHIETIINH, TO €CTh
BCETr'0 TOT'0, YTO OIPEAEISAET OCHOBHOE COACPKAHUE TEMBI.
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Bonpocs! v 3aganus A1 KOHTPOJIS JOJKHBI TIO3BOJIUTH O0yYarOIIMMCSI CAMOCTOATEIHHO
ONPENIETUTh YPOBEHb YCBOCHUSI YU€OHOTO MaTepHraa 1o TeMe, IpeICTaBIeHHOro B JIGKIIMH, HA MPaK-
TUYECKOM 3aHITHUHU U YKa3aHHOW y4yeOHOH JuTeparype.

BOHpOCH IJIs1 CAMOKOHTPOJIA MOT'YT OBITH 3aMEHEHBI MHOI'OYPOBHEBBIMH 3aJIaHUSMMU.
]_ICJ'IB OLCHOYHBIX CPEACTB - OIIPEACINTE YPOBEHb YCBOCHUS TCOPETHUICCKOI'O MaT€puaa:

1 ypoBeHb — perpolyKTUBHBIN, TPEANOIATAOIINH JIUIb BOCIIPOU3BEICHUE MAaTepHaia U BbI-
MOJIHEHUE 33JaHUI 110 00pa3ILy;

2 ypOBEHb — PENPOAYKTUBHO-IPAKTUYECKUH, PEANIONAralouIiil OCMbICICHIE 3HAHUH U UX HC-
MOJIb30BaHUS Ha MPAKTHUKE;

3 ypOBEeHb — TBOPUYECKHUH, AAIOUTUN BO3MOXXHOCTh UCIIOJIb30BaTh 3HAHUSI HE TOJILKO B CTaH-
JIApTHBIX CUTyalUsAX U U3BECTHBIX BUAX AESITEIBHOCTH, HO U B HOBBIX, PaHEE HE3HAKOMBIX.

MeTtoauyeckue ykazaHusi 00y4alommMMcs 1o JUCUHUILINHE

[IpodeccrnonanbHas MOAroTOBKa B COBPEMEHHBIX By3aX CTPOUTCS MO MPUHIIUITY «OT TEOPUH K
MIPaKTUKE», YTO CO3/1aeT 0a3y aiisi GOpMUPOBaHUS YMEHUH U HABBIKOB HA OCHOBE YCBOCHHUS TEOPETH-
yeckoro Marepuaina. IMeHHO o3ToMY clieflyeT 0co00e BHUMAaHUE YAENIATh KaYeCTBY YCBOCHHUS TEO-
PETUYECKOT0 MaTepHaIa.

Marepuan KaxJ01 JISKIIUHU JTOJKEH OBITh MPOpPadOTaH: TOJKHBI OBITh BBIJICIICHBI OTIpeIee-
HUS, IOHATUS, 3aKOHBI, TEOPEMBI U UX JI0Ka3aTeNbCTBa. JlokHa OBITh YCBOCHA JIOTHYECKAs CBSI3b
AJIEMEHTOB U3Y4YEHHOro Marepuana. [Ione3Ho nenars OnopHslid KOHCIIEKT KaX0W JIEKIIUH.

[Tpu napannensHOM paboTe ¢ yueOHOM JIUTEpaTypOoi HEOOXOAMMO KOHCTIEKTUPOBATh Mpopada-
THIBaEMBIN MaTepHal ¢ 00s3aTebHBIM yKa3aHUEM UCTOYHHKA HHPOpMaLuH (aBTOp, Ha3BaHUE yueo-
HUKa, HOMEp CTPaHUIlbI). Bce HEMMOHATHBIE MOMEHTHI CIIEAYET 00s3aTeIbHO pa3o0parh ¢ mpernoaaBa-
TeJeM Ha 3aHATuu Wik B pamkax KCP.

8 MaTepuajibHO-TeXHHYECKOe o0ecneyeHne TUCUUIIMHBI (MOTYJI51)

VYuyebHast ayuTopHsi, 000pyJOBaHHAs KOMIUIEKTOM MYJIBTUMEIUIHOTO 000pYAOBaHUS C J0-
CTyIOM B ceTb VHTepHeT, He00X0 MO MEOEIbIO U JOCKOM.

HGKHI/II/I COIMMPOBOXKAAOTCA MPE3CHTAIUAMU, ITPCACTABIACMBIMU Y€PE3 MCAUAINIPOCKTOP U UH-
TCPAKTUBHYIO JOCKY HUJIN TCICBU30P C BBIXOAOM B CETh I/IHTCPHGT.

[Tporpammuoe obecnieuenue I1K ayn. 32306, 329 u HoyTOyKa U1l Ipe3eHTaLUil:
JIMueH3MOHHOE MPOrpaMMHOE obecrieueHne

— omneparnuonHas cucrema Microsoft Windows Professional 7 Russian Upgrade Academic
OPEN. Microsoft Open License No 48824880;

— oducHsrit maket porpamm Microsoft Office 2007 Russian Academic OPEN. Microsoft
Open License No 45084044;

— cBOOOJHO-PACIIPOCTPAHAEMOE IIPOrPAMMHOE 00ECIIEUEHUE:
OpenOffice Impress.
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9 Obecneuenue 00pa3oBaTeJbLHOIO MPoIecca JIsI JHIl ¢ OTPAHUYEHHBIMH BO3MOKHOCTAMH
3/10POBbSl U MHBAJIN/I0B

B xone peanu3zanyu AUCIUIUTAHBI HCIIOIB3YIOTCS CIEAYIOIINE JOMOIHUTEIbHBIE METOBI 00Y-
YEHUsl, TEKYIIEro KOHTPOJIS YCIEeBAEMOCTH M IMPOMEXYTOYHOW aTTecTaluyu OOydyaromuXcsi B 3aBHCH-
MOCTH OT UX UHIHUBUAYAJIbHBIX 0COOEHHOCTEM:

e JUIS CJICTIBIX U CIA0OBUJISIINX:

- TeKIUH OPOPMITSIFOTCS. B BUJI€ DJIEKTPOHHOTO JOKYMEHTA, JOCTYITHOTO C TIOMOIIBIO KOMIIBIOTEpa
CO CHEIHATH3UPOBAHHBIM IPOTPAMMHBIM 00ECTICUCHHEM;

- MUCbMCHHBIC 3aJIaHUs BBINIOJHAOTCA Ha KOMIIBIOTCPE CO CIICHUATIU3UPOBAHHBIM ITPOrpaMMHBIM
o0ecrieyeHreM, T MOTYT ObITh 3aMEHEHBI YCTHBIM OTBETOM;

- obecneynBaeTcs UHIMBUIYATbHOE paBHOMEpHOE ocBelieHrue He Mmenee 300 Jrokc;

- JIJIsl BBITIOJIHEHUSI 331aHUs TIPH HEOOXOIMMOCTH TPEIOCTABIISICTCS YBEITMYUBAIOIIEE YCTPOHCTBO;
BO3MO>KHO TaK)K€ UCII0JIb30BAHUE COOCTBEHHBIX YBEJIMUMBAIOIINX YCTPONUCTB;

- MUCHbMEHHBIC 33J]aHusT OPOPMIISIOTCS YBEITMYCHHBIM HIPUPTOM;

- 9K3aMEH M 3a4€T MPOBOATCSA B YCTHOM (POpME MIIM BBIMOJIHSIOTCS B MUCbMEHHOHN (pOopMe HA KOM-
nbIOTEpE.

e JUIS TIIYXHUX U CIA0OCIBIMIAIINX:

- IeKUH 0(QOPMIISIFOTCS B BHJIE 3JICKTPOHHOTO JOKYMEHTA, JTMOO TMPEAOCTaBISETCS 3BYKOYCHUIIHU-
Baromias anmaparypa MHIAUBUAYAJIbHOI'O IIOJIb30BAHU A,

- MUCHbMCHHBIC 3aJIaHUS BBIMIOJIHSAIOTCS HA KOMITBIOTEPE B MUCHbMEHHOM (hopMme;

- DK3aMEH U 3au4€T MPOBOJATCSA B NUCHbMEHHON (hopMe Ha KOMIIbIOTEPE; BO3MOXKHO MPOBEACHUE B
dbopMme TecTUupoBaHMs.

e JUIA JIUL{ C HAPYIIEHUSMU OIIOPHO-IBUIATEIILHOTO allapara:

- JIEKIIMH 0POPMIIIOTCS B BHJIE SJIEKTPOHHOTO JOKYMEHTA, JOCTYITHOTO C MOMOIIBI0 KOMITBIOTEPA
CO CIICHHUAJIM3UPOBAHHBIM ITPOTrpaMMHBIM O6CCHC‘~I€HI/I€M;

- MMUCbMEHHBIE 33/IaHUS BBITIONHSIOTCA HA KOMIBIOTEPE CO CIENHUATN3UPOBAHHBIM MPOTPAMMHBIM
o0ecIeYeHHEM;

- 9K3aMeH M 3a4€T MPOBOJATCS B YCTHOM (hopMe WK BBITIOTHSIOTCS B MUCbMEHHOM popMe Ha KOM-
BIOTEpE.

[Tpu HEOOXOIMMOCTH TIPEeIyCMATPUBACTCS YBETUYCHUE BPEMEHH VIS TIOJTOTOBKH OTBETA.

[Tponietypa mpoBefieHHsT TPOMEKYTOUHON aTTEeCTallMU AJIsl O0YYaIOLIUXCSl YCTAaHABIMBAETCS C
y4€TOM UX MHAUBUAYAJIbHBIX NCUXO0(pU3NYeCKuXx ocobeHHocTell. [IpoMexyTounas arrecTarusi MOXeT
IIPOBOAMTHCS B HECKOJIBKO JTAIOB.

[Tpu mpoBeaeHUM MNPOIENYpPbl OLIEHUBAHUS PE3YJIbTATOB OOYYEHMsI MpPEIyCMaTpPUBAETCS HC-
MOJIb30BaHUE TEXHUUYECKUX CPEJICTB, HEOOXOJUMBIX B CBS3M C WHAMBHIYaTbHBIMH OCOOCHHOCTSMHU
oOydaromuxcsi. OTH CpeACcTBa MOTYT OBITh MPENOCTABIEHbl YHUBEPCUTETOM, HJIM MOTYT HCIIOJb30-
BaThCsl COOCTBEHHbIE TEXHUYECKHE CPECTBA.

[IpoBenenue nporeaypbl OLIEHUBAHUS PE3YJIbTaTOB O0YUYEHHS JOMYCKAeTCsl C UCIOJIb30BAaHUEM
JUCTAHIIMOHHBIX 00pa30BaTENIbHBIX TEXHOIOTHH.

ObecnieunBaeTcs AOCTYI K HH(DOPMAIIMOHHBIM U OubIMorpadudeckum pecypcam B cetu MHTep-
HET JUI KaXJ10ro oOydaromierocs B (hopmax, aganTHPOBAHHBIX K OTPaHUYEHUSM UX 37I0POBbSI U BOC-
npusITHs UHQOpMALTHH:
e IS CHEMNBIX U CIIA00BUAAIINX:
- B meyaTHOU (hopMe yBEIMUEHHBIM HIPU(TOM;
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- B popMe DIICKTPOHHOTO JOKYMEHTA;

- B (hopme ayanodaiina.

e Ui TIYXUX M CIA0OCIBINIAIINX:

- B meyaTHoOu opMme;

- B popMe DIIEKTPOHHOTO IOKYMEHTA.

e Ul OOYYAIOUIMXCS C HAPYLICHUSIMHU OIIOPHO-BUIATEILHOTO arapara:
- B meyaTHoOu (opMme;

- B popMe DIIEKTPOHHOTO JOKYMEHTA;

- B (hopme ayanodaiina.

VY4eOHble ayIUTOPUH U BCEX BHUJOB KOHTAKTHOM M CAaMOCTOSITENILHOW PadOThI, Hay4Has OuoO-
JMOTEeKa U MHbIC MOMELIEHUs AJIs1 00y4YeHUsI OCHALLECHBI CIIeUaTbHBIM 000PYAOBaHUEM U YU€OHBIMU
MECTaMH C TEXHUYECKUMH CPEICTBAMH 00y4EHUSI.
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10 JIucT perucrpanuu u3MeHeHH

Howmepa nucros

Howmep

HN3MCHEC-
HUA

3aMe-
HCH-
HBIX

HO-
BbIX

AHHYJIN-
POBaHHBIX

OcHoBanue

JIIS BHECE-

HUS H3Me-
HEHHUS

IMoamuce

Pacmmdpos-
Ka MOJMUCH

Jara

[ara

BBEJIE-
HUSA W3-
MCHCHUA

1. 9,12

[IpuBeaeHbI
B COOTBET-

CTBHE
dIrocC

Tnsues B.b.

TastueB B.b.

16.03.21

16.03.21
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