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1. O01mue moJI0:KeHus
1.1. lean AUCHUIIHHBI

1. Lenpo mpenoiaBaHusl TUCLHUILIAHBI SBJISETCS U3yUYEHHE €CTECTBEHHOHAYYHBIX MPOOJIeM B
o0nacTu pU3MUIECKUX OCHOB MHUKPO- M HAHOAJIEKTPOHHUKH; (DU3UKHU TBEPIOTO Tela; PYyHKIMOHUPOBAHUS
KOMIIOHEHTOB 3JIEKTPOHHBIX CPEACTB U (opMHpOBaHHME CHOCOOHOCTH MNPUMEHITH (HU3UKO-
MaTeMaTUYECKUI amnmapar JUIs PelIeHUs 3TUX MpoOJeM.

1.2. 3agauy AUCHUILIUHBI

1. [lonydyeHue HEOOXOAMMBIX 3HAHUU MO (U3UYECKUM M TEOPETHUYECKUM OCHOBAM
MOJIyIPOBOIHUKOBOM 3JIEKTPOHUKH.

2. llonyueHne HeOOXOAMMBIX 3HAHWH MO METOJaM pacdyeTa OCHOBHBIX MapaMETpPOB H
XapaKTePUCTHUK MOJIYTPOBOJHUKOB U MOIYITPOBOAHUKOBBIX PUOOPOB.

2. MecTo aucuunannsl B crpykrype OIIOIT

bnok nucuunnun: b1. ucuumiunast (Moayan).

Yacte Otoka gucrmiing: O0g3aTeIbHas 4acTh.

Monyne quctuminH: Moayns HampaBieHUs moAroToBku (special hard skills — SHS).

Nunexc qucuumiunael: 51.0.03.02.

PeanusyeTcs ¢ mpUMEHEHHEM D3JIEKTPOHHOTO OOy4YeHUs, JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJIOTHH.

3. Hepeqeﬂb IJIAHUPYEMBIX PE3YyJbTaTOB Oﬁy‘lel-[]/lﬂ mo JTMCUMIIJIMHE, COOTHECCHHBIX C
HHAUKATOPpaAaMH J0CTUKCHUSA KOMIIeTeHIInii

[Iponecc u3ydeHus: TUCHUTUTMHBI HANpaBieH Ha GOPMHUPOBAHUE CIEAYIONIUX KOMIICTCHIIUHA B
cootBeTcTBUU ¢ ®I'OC BO 1 ocHOBHOI 00pa3oBaTeabHOM mporpaMmoi (Tadsmma 3.1):
Ta6mmma 3.1 — KoMneTreHInn 1 HHAUKATOPBI UX JOCTHIKEHUS

NHaukaTopsl TOCTHKEHUS [Inanupyemsie pe3ynbTaThl 00yUYeHUs 110
Komnerenuus
KOMITETCHIIUH JTUCLUTIIINHE
YHuBepcajibHble KOMIIETCHIIMT
Oob0menpodeccuoHanbHbIe KOMIIETEHIIUN

OIIK-2. Cniocoben OIIK-2.1. 3HaeT OCHOBHBIE 3HaeT OCHOBBI (PM3UKH TBEPJOTO Tela
CaMOCTOSITEJIBHO MPUHLUIIBI IPOBEICHUS (ocHOBBI (hM3HUECKUX SIBICHUI B
MIPOBOJIUTH AKCIIEPUMEHTAIIbHBIX MOJIYIIPOBOJIHUKAX, METAJlIaxX U
AKCIIEPUMEHTAIbHbIE UCCJIE0BAHUI U reTepoCTPYKTYpax); OCHOBHBIC TPUHIIUIIBI
UCCJIE0BAHUS U HCII0JIb30BAaHUs OCHOBHBIX MIPOBEACHUS IKCIIEPUMEHTAIbHBIX
UCIIOJIb30BaTh OCHOBHBIE |[TPHEMOB 00pabOTKU U UCCJIEIOBaHUM B 3TOM 00JIaCTH U OCHOBHBIE

IMIPpHUECMbI O6pa6OTKI/I u MMPEACTABJICHUS ITOJIYYCHHBIX | [TPUCMBbI O6pa6OTKI/I MOJIYYCHHBIX TaHHBbIX.
MpeaACTaBJICHHUA JaHHBIX

IOJTyYCHHBIX TaHHbBIX OIIK-2.2. YMeeT BoIOMpaTh | YMeeT NpUMEHSTH d3PPEKTUBHYIO METOIUKY,
3P PEKTUBHYIO METOAUKY METOBI M CPEJICTBA U3MEPEHHUS U pacueTa
HKCIIEPUMEHTATBHBIX napaMeTpOB MOTYNPOBOJIHUKOB U TPUOOPOB
UCCIIEA0BaHUN HAa UX OCHOBE.

OIIK-2.3. Braneer HaBpikamu | Binameer MeTogamMu U HaBbIKAaMH MPOBEICHUS
MIPOBEICHUS AKCTIEPUMEHTAJIBHBIX HCCIICIOBAHUN
IKCIIEPUMEHTATBHBIX XapaKTEPHUCTHK U pacueTa napameTpoB
UCCIIeIOBaHMM, 00pabOTKK U |MOJIYIIPOBOJHUKOB U MPOCTHIX TPUOOPOB Ha
MIPEACTABJICHUS TIOJYYCHHBIX |HMX OCHOBE.

JTAHHBIX

IIpodeccuonanbHbIe KOMIIETEHIUH
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[TKP-2. Cnocob6en [1IKP-2.1. 3naetT MeToANKHU 3HaeT METOJIMKH MPOBEJICHUS UCCIIEOBAaHUMN
apryMeHTHPOBAHO IIPOBEJICHUS UCCIEA0BAaHUN | XapaKTEpUCTUK U ONpeAeIeHUS TapaMeTpOB
BBIOMPATH U napaMeTPOB U XapaKTEPUCTHUK |y3JIOB U OJIOKOB HAa OCHOBE

peanu30BbIBaTh Ha y3J10B, OJIOKOB. MOJIyIPOBOJIHUKOBBIX CTPYKTYP.

NpaKkTUKe YPPEKTUBHYIO

METOJIUKY

AKCIEPUMEHTAIBHOIO

UCCIIEA0BAHUSA

napamMeTpoB U [TKP-2.2. YMmeer npoBOauTh | YMEET NPOBOAUTH UCCIETIOBAHUS
XapaKTePUCTHK HCCJIETOBaHMSI XapaKTEPUCTHUK | XapaKTEPUCTUK U OTIpeAeTICHUS TapaMeTpoB
KOHCTPYKIHUH 1 DJICKTPOHHBIX CPEJCTB U AIIEKTPOHHBIX IPUOOPOB, CPEJICTB U
TEXHOJIOTHICCKUX TEXHOJIOTMYECKUX MPOLECCOB |TEXHOJIOTMYECKUX MPOLECCOB.

IIPOLIECCOB JIEKTPOHHBIX

CPEACTB PA3IMYHOIO

(YHKIIMOHAJILHOTO

Ha3HAYCHUS

4. O0beM TUCHUILIMHBI B 324€THBIX ¢IMHUIAX C YKA3aHUEM KOJIUYeCTBA aKaleMUYEeCKUX YaCoB,
Bbl/IeJIEHHBIX HA KOHTAKTHYI0O Pa00Ty 00y4aloluXxcs ¢ npenojgaBarejiemM
U HA CAMOCTOSITEJIbHYIO PadoTy 00y4aromuxcs

OO6mas TpyA0€MKOCTh TUCIUIUIMHBI COCTABIISIET 5 3aU€THBIX enuHull, 180 akameMuuecKnx 4acos.

Pacnpenenenue Tpya0eMKOCTH TUCIUIUIMHEI 10 BHIaM YU4€OHOU JEATEIBPHOCTH MPEJACTABICHO B
Tabimre 4.1.

Tabmmia 4.1 — Tpy10eMKOCTh AUCIUIUIMHBI IO BUAAM YU4€OHOM eI TeIbHOCTH

Becero |Cemectpsl
4acoB 3 cemectp

Bupl yueOHOI 1esITeNbHOCTH

KonTakTHas aynuTopHas padora 00y4alomuxcs ¢ npenojaBaresieM, BCero 82 82
JIeKIIMOHHBIE 3aHATHS 36 36
[IpakTrueckue 3aHATUA 18 18
JlaGopaTopHble 3aHATUS 28 28
CamocrosiTeibHas padoTa 00y4aOmuXcs, B T.4. KOHTAKTHasI 98 98
BHeayIUTOPHas padoTa o0y4yarommxcsi ¢ nNpemnoaasarejieM, Bcero
[ToaroroBka K 3a4eTy ¢ OLIEHKOH 34 34
IToaroroBka K TECTUPOBAHUIO 20 20
BrinonHeHne NpakTUYeCKOro 3a/1aHus 16 16
[ToaroroBka Kk 3amuTe oT4eTa 1o JJabopaTopHO padboTe 14 14
[ToarotoBka k 1abopaTopHOii paboTe, HaNMCaHUE OTYETa 14 14
OO0mas Tpy10eMKOCTh (B 4acax) 180 180
Oo0wmas TpyproeMKocTh (B 3.€.) 5 5

5. CTpykTypa u cojep:kaHue TUCHHUIIMHBI
5.1. Pa3nennl (TeMbl) JUCUMIIMHBI M BUJbI Y4€OHOM 1eATeJIbHOCTH

CTpykTypa TUCHUIUIUHBI MO pas3jenaM (TeMaMm) W BUJaM y4eOHOU JesTeNTbHOCTH MPUBEICHA B
tabiuue 5.1.
Ta6mmma 5.1 — Pazyens! (TeMbl) TUCIMILIMHBI M BUABI YICOHOH ACATEIHHOCTH

HasBanus pasnesnoB (Tem) Jlex. [Tpak. | Jla6. Cam. | Beero uacos dopmupyembie
3aH., pao., (6e3
JTUCIUTUTAHBI 3aH., 4 | pal. KOMIIETEHIINH
q q AK3aMeHa)
3 cemecTp
1 BBogHas gacThb |4 |- |- |4 |8 |OHK-2, TIKP-2
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2 DiieMeHThI (GU3UKHK TBEpOTO Tena |4 2 - 10 16 OIIK-2, I[IKP-2
3 OcHOBBI (PHU3UKH 4 6 8 18 36 OIIK-2, ITKP-2
MOJTyTIPOBOJIHUKOB
4 DnexkTponpoBOJHOCTb TBEPBIX TeN |4 2 12 14 32 OIIK-2, [IKP-2
5 KoHTaKTHBIC SBICHUSI 4 4 - 10 18 OIIK-2, IIKP-2
6 IloyripoBOHUKOBBIE JUOABI U 4 - 4 16 24 OIIK-2, TIKP-2
OUIIONSIpHBIE TPAH3UCTOPBI
7 I10BEpXHOCTHBIE SIBJICHUS B 4 2 - 6 12 OIIK-2, [IKP-2
nostynpoBoiHuKax. [lonessie
TPaH3UCTOPBI
8 DOTOIIEKTPUUECKUE SABJICHUS B 4 2 4 14 24 OIIK-2, TTKP-2
MOJIYTIPOBOTHUKAX
9 ®u3nyeckne 0CHOBEI 4 - - 6 10 OIIK-2, TTIKP-2
HAHODJIEKTPOHUKHU

Hroro 3a cemectp |36 18 28 98 180

Hroro |36 18 28 98 180

5.2. Conep:xanue pa3esoB (TeM) TUCHUNINHBI

Coneprkanne pa3nenoB (TeM) TUCHUTLIAHEI (B T.4. IO JIEKIHUSIM) PUBEICHO B TadymIe 5.2.
Tabmuma 5.2 — Coneprkanue pa3zienos (TeM) TUCHUILIMHEI (B T.4. O JEKIHUSIM)

TpyroemkocThb
HaszBanus pasnenos Coneprkanue pas3iesioB (TeM) TUCIUILTAHBI dopmupyemble
(TeM) TUCUUTLITUHBI (B T.4. IO JICKITHSIM) (MeKIHOHHEIC KOMIIETEHIINU
3aHATHSA), U
3 cemecTp
1 BBoaHas JacTh Lemu u 3amaun qucumruineel. Mcropus 4 OIIK-2, TIKP-2
Pa3BUTHS TBEPAOTEIBHOMN SJIEKTPOHUKH.
Ponb coBeTckux 1 3apyOeKHBIX YUYEHBIX B
Pa3BUTHH MUKPOIJIEKTPOHUKH. Du3nueckue
OrpaHHYEHUs OBICTPOACHCTBUS U
MUHHUATIOpU3ALUU
Hroro 4
2 DnemeHThl PU3UKU DJIEeMEHTHI KBAHTOBOW MEXAHUKH M 30HHOMN 4 OIIK-2, ITKP-2
TBEPAOIO Tena TEOPUU TBEPBIX TEN
Hroro 4
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3 OcHOBBI (hU3UKH
HOJTYTIPOBOTHUKOB

CobcTBeHHas ¥ IPUMECHAs TPOBOAUMOCTh
HOJIyNIpO- BOAHUKOB. PaBHOBecHas
KOHIIEHTpaLUsl HOCUTENEH 3apsia, ypOBEHb
®epmu. 3aBUCUMOCTb KOHLIEHTpa- U1
HOCHUTEJIEH 3apsiia OT TEMIIEPATYPHI.
VYpaBHeHue OanaHca HocUTENEH 3apsa B
NoJynpoBoiHUKE. Tem- neparypHas
3aBUCHUMOCTb PABHOBECHOM KOHILIEHTpa- U1
HoOcUTeNeH 3apsaaa. 3aKoH JIeHCTBYIOIIMX
Macc. KoMieHcupoBaHHbIE
noJynpoBoHUKU. HepaBHOBeC- HblE
HocuTenu 3apsaja. [lonsaTue o kBa3suypoBHIX
®epmu. PexomOuHaius, ee MexaHU3MBbI.
CkopocTb pe- KOMOMHALMK U BPEMS JKU3HU
HocuTenen 3apsaaa. M3- myyarenbHas
pexomOuHanysa. OCHOBHbIE MOIYIIPO-
BOJIHUKH, IPUMEHSIEMbIE B
MHUKPOJIEKTPOHUKE , UX CBOMCTBA.
Huddy3nonnas u aperioBas COCTABIAIO-
mue Toka. Kospdunument muddysnn
Hocutenei 3aps- aa. CooTHOIIEHHE
OliHmreiiHa. MoHononsipHas u 6u-
noJisipHast i y3us HocuTenel 3apsiia B
MOJIYNPO- BOJHUKAX. Y PABHEHHE
HEIPEPBHIBHOCTH.

OIIK-2, [IKP-2

Htoro

4 DnexkTponpoOBOJHOCTD
TBEPJbIX TEI

Brnusinue anekTpudeckoro moss Ha GyHKITHIO
pacrnpe- eJIeHHsI HOCUTENEH 3apsaa.
Hpetidosas ckopocTs. [TogBMKHOCTH
HOCHUTEIIEeH 3apsaaa. YpaBHeHus Jlanxke- BeHa.
MexaHu3Mbl paccesiHis HOCUTENeH 3apsia.
DnekTpoH-GOHOHHOE paccesiHue. PaccesHue
Ha Jie- PeKTaxX KPUCTALTNIECKON PEIIeTKH.
OCHOBHbIE MeXa- HU3MbI PACCEIHUS
HOCHUTEJIEH 3apsiia B MOJYNPOBO- HUKAX.
TemnepaTypHas 3aBUCUMOCTb MOJABUKHOCTH
HOCHUTEJIEH 3apsiia B MOJYNPOBOAHUKAX.
TemmnepaTyp- Hasi 3aBUCUMOCTb YJI€IbHOMN
MPOBOJIMMOCTH MOJIYIIPO- BOAHUKOB.

O dexTrl cunbHOro Mosist. Tumsl
BOJIbTAMIIEPHBIX XapPAKTEPUCTHUK B
nonynpoBogHukax. BAX S u N tuna.
Oddext I'anna. [Tonstue o nome- max. CBU-
re"eparopsl Ha 3¢ dexre ['anHa.

OIIK-2, [IKP-2

HUroro
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5 KoHTakTHBIE SIBIICHUS

PaboTa BbIX0/1a DIIEKTPOHOB U3 METAJUIOB H
HOJIYTIPO- BOJAHUKOB. TE€pMOdIIEKTPOHHAS
samuccusi. KOHTaKT IByX METasioB.
KonTakTHast pa3HOCTH OTEHIIMAJIOB.
KoHTakT MeTaymui-noaynpoBOIHUK B
PaBHOBECHOM U HEPABHOBECHOM COCTOSIHUSIX.
[TpuKOHTAKTHBIE CIION OOCTHEHUS,
oOoramenus, naBepcun. dpdexr LoTT- Ku.
TonmuHa 00€JHEHHOTO CIIO4.
Pacnpenenenue no- rennuana Juox
[lorrku. BAX nuopna [lorrku. P-n nepexon,
€r0 SHEPreTUYECKHEe JUarpaMMbl B PaBHO-
BECHOM M HEPABHOBECHOM COCTOSTHHH.
O0eIHEHHBIICIION, AIIEKTPUUYECKHUE T10JIS B
00eHEeHHOM ciioe. Pe3- kuil u r1aBHbIN p-n
nepexoapl. TommuHa 00eTHEHHO- TO CIIOSL.
Konrakthas pasHocts norennuanos. Oopat-
HBIH TOK P-N MEPEX0/ia, €ro COCTABISIONINE.
BAX p-n nepexona. 3apsiaHas u

G Gy3noHHAS] eMKOCTH P-N Iepexoa.
[Ipo6oii p-n mepexoaa U ero MeXaHU3Mbl
(JTaBUHHBIH, TYHHEJIBHBIN, TETJIOBOM).

OITK-2, TTKP-2

Htoro

6 IloynpoBOIHUKOBBIE
JMOBI ¥ OUIIONIApHBIE
TPaH3UCTOPBI

[TomynpoBoAHUKOBBIE TPUOOPHI HA OCHOBE P-
n nepe- xoxa. IlonynpoBoJHUKOBBIE TUOBI.
OHepreTUyecKre JUarpaMMbl, TPUHIIMIT
JENCTBUS, OCHOBHBIE XapaKTe- PUCTUKU U
napaMeTpsl. bUnossspHbIie TPaH3UCTOPSI.
[Tpunuun neficTBus, cXxeMbl BKIIOUYEHUS,
JHEPreTHYe- CKUE 30HHBIE IUarpaMMBl,
BOJIbTAMIIEPHbIE XapaKTe- PUCTUKH,
OCHOBHBIE [TapaMETPHI.

OIIK-2, [IKP-2

HUroro

7 IloBepXHOCTHBIE
SBJICHUS B
MOJTYTPOBOTHUKAX.
[ToneBbie TpaH3UCTOPHI

[ToBepXHOCTHBIE COCTOSIHUS B
nonynpoBoHuke. [loBepxHOCTHAS
pexoMOuHanus. [IpumoBepXHOCTHBIN CIION
o0BvemHoro 3apsana. [loBepxHocTHast
poBOIUMOCTh. DddexT momns. MJITI-
CTpYKTypbl. BonbT- hapaansie
xapaktepuctuku MJIII-ctpykryp. [TosneBbie
TpaH3uCTOpPHL. [loseBbIe TPAH3UCTOPHI C
YIPaBISIOMUM p-n iepexoaoM. BAX stux
npudopor. MJIIT (MOIT)-TpaH3ucTopsl.
Nneansnas M/II-ctpykrypa. MII1-
TPaH3UCTOPBI CO BCTPOCHHBIM U
WHIyIUpOBaHHBIM KaHaioM. BAX M/III-
TpaH3ucTopa. Pexxumel 06eHeHuS,
oborarmienus, tHBepcuu. Posb
MTOBEPXHOCTHBIX COCTOSIHUM. Pa3HOBHIHOCTH
M/II-TpaH3ucTopos.

OIIK-2, IIKP-2

Hroro
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8 dotornextpudeckue |PotonpoBoauMOCcTh. CrieKTpasibHAas 4 OIIK-2, I[IKP-2
SBJICHUS B 3aBUCUMOCTB (POTOIIPOBOAMMOCTH.
MOJTyTIPOBOJIHUKAX DOoTONPOBOIUMOCTD IPU UMITYILCHOM
ocBenieHnu. PotodnexTpuieckue d3PPeKTol.
YceTpolcTBO, MPUHIMIT JEHCTBUS, OCHOBHBIE
XapaKTePUCTHKHU POTOPE3UCTOPA,
doroarona, porolnemenra,
doToTpaH3ucTOpA.
HTtoro 4
9 ®uznyeckue ocHOBEl |KBaHTOBBIE pa3MEpHBIE CTPYKTYPHI. 4 OIIK-2, [IKP-2
HAHOD3JIEKTPOHUKH OCO0EHHOCTH YHEPTreTHUECKOTO CIEKTpa
YaCTHULl B CUCTEMAaX OHMKEHHOU
pazmepHocTH. HaHOCTPYKTYypBI U 2JIEMEHTBI
HaHORJIEKTPOHUKH. [Tpobiaembl
OJTHORJIEKTPOHHUKH.
Hroro 4
Hroro 3a cemectp 36
Hroro 36
5.3. IlpakT4yeckue 3aHATUSA (CEMUHAPHI)
HanmeHoBaHMe NpaKTUYECKUX 3aHATUH (CEMUHAPOB) MPUBEACHO B Tabmuie 5.3.
Tabnuma 5.3 — HauMeHoBaHUE MPAKTUYCCKUX 3aHITHIA (CEMUHAPOB)
Hazpanus paznenos (Tem) HanmeHoBaHME MPaKTUUECKUX Tpynoemkocts, | PopMupyeMsble
JTUCIUTUTAHBI 3aHATUH (CEeMHHApOB) q KOMIIETEHIINH
3 cemecTp
2 DnemeHThl PU3UKU DJIEeMEHTHI 30HHOW T€OPUU TBEPIBIX 2 OIIK-2, ITKP-2
TBEPJOro Tella TeN
Uroro 2
3 OcHOBBI (hU3HKH CraTucTHKa 3J1IEKTPOHOB U JIBIPOK B 2 OIIK-2, [IKP-2
MOJIyTIPOBOJIHUKOB HOJIyTIPOBOTHUKAX.
['enepanus u pekoMOUHAIIHS 2 OIIK-2, ITKP-2
HOCHTEJIeH 3apsaa.
Huddysus u npeitd Hocutenen 2 OIIK-2, I[IKP-2
3apsiia B MOJXYIPOBOJHUKAX.
Hroro 6
4 DJIeKTpONPOBOAHOCTh DIJIEKTPONPOBOJAHOCTH TBEP/BIX TEIL. 2 OIIK-2, ITKP-2
TBCPABIX TECJI HUroro 2
5 KoHTakTHBIE SBICHUA KoHTakT MeTamI-nnosynpoBOIHHUK. 2 OIIK-2, [IKP-2
®u3nYecKue SBJICHUS B p-n 2 OIIK-2, ITKP-2
nepexojie
Uroro 4
7 IloBepxHOCTHBIE siBJIeHUs |[IOBEpXHOCTHBIE SIBJIICHUS B 2 OIIK-2, [IKP-2
B [IOJIyIPOBOJTHUKAX. HOJTyTIPOBOTHUKAX
[ToneBbie TpaH3UCTOPBI Utoro 2
8 DOTO2EKTPUYECKHE DOTOINEKTPUUECKHUE SABIICHUS B 2 OIIK-2, [IKP-2
SIBIICHUS B MOJTYTIPOBOTHUKAX
MOJTyTIPOBOTHUKAX HUtoro 2
Hroro 3a cemectp 18
Hroro 18
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5.4. JlabopaTopHbIe 3aHATHSA

HanmeHoBaHue 1a00paTOpHBIX pabOT MpHUBEIEHO B Ta0uIe 5.4.
Tabmmna 5.4 — HaumeHnoBaHue 1a00paTOPHBIX padoT

HasBanus pasnesnoB (Tem) HaumeHoBame 1a60paTopHBIX pabor Tpynoemkocts, | Dopmupyembie
JUCIUTTAHBI q KOMIIETEHIIUU
3 cemecTp
3 OcHOBBI (hU3HKHU N3mepenne noIBU>KHOCTH HOCUTEIIEH 4 OIIK-2, I[IKP-2
MOJTYTIPOBOTHUKOB 3apsja.
Omnpenenenne nudPy3n0OHHON TITUHBI 4 OIIK-2, I[TKP-2
Y BPEMEHHU KU3HU HEPAaBHOBECHBIX
HOCHUTEJIEH 3apsiaa
Hroro 8
4 DnexkTponpOBOIHOCTD Uccnenoanue 3dexra cumpHOTO 4 OIIK-2, I[IKP-2
TBEPJBIX TEI nosist (3¢ ekt ['anHa) u ero
HCIIOJIb30BAaHUE B YCTPOUCTBAX
MUKPO3JIEKTPOHUKE.
Onpenenenre BPEMEHH KU3HU 4 OIIK-2, IIKP-2
HEpaBHOBECHBIX HOCHUTENEH 3apsaaa
METOJIOM MOZYJISIIUHU IPOBOUMOCTH.
HccnenoBanue temMnepaTypHOu 4 OIIK-2, I[IKP-2
3aBHCHMOCTH JIEKTPOITPOBOAHOCTH
repMaHusl.
Hroro 12
6 IlonyripoBOJHUKOBBIE HccnenoBanue BOJbTAMIIEPHBIX U 4 OIIK-2, IIKP-2
JTUOJIbI U OMMOJISIPHBIE BOJIbT(hapaHbIX XapaKTEPUCTHK
TPaH3UCTOPHI MOJIyIPOBOIHUKOBOT'O IUOA.
Hroro 4
8 DOTORIEKTPUUECKUE Nzydenne HoTornpoBoguMocTi 4 OIIK-2, I[IKP-2
SIBIICHUS B MOJTYTIPOBOTHUKOB U OTIPECIICHUE
MOJTYTIPOBOTHUKAX BpPEMEHH >KU3HH HEPABHOBECHBIX
HOCHTEJIEH 3apsja.
Hroro 4
Hroro 3a cemectp 28
Hroro 28

5.5. KypcoBoii npoekT / kypcoBasi pabora

He npegycmoTpeHo y4eOHbIM IIJIaHOM
5.6. CamocTosiTesibHass paboTa

Bunbl camoctoATensHOM paboThl, TPYJOEMKOCTh U (hOPMHUPYEMbIe KOMIIETCHIIMH TPECTaBICHBI B
tadyuue 5.6.
Tabymma 5.6 — Busibl caMocTOsATeIbHON pabOThI, TPYJ0EMKOCTh U (HOPMHUPYEMbIE KOMITETEHIIUH

HasBanus pasnenos Brer Tpynoemkocts, | dopMupyemblie Dopmbl
CaMOCTOSITENIbHOM ’
(Tem) AMCUMITITUHBI q KOMIIETEHIINH KOHTPOJIS
paboThI
3 cemecTp
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1 BBoaHas yacTs [ToaroroBka K 3adery ¢ 2 OIIK-2, IIKP-2 | 3a4éT ¢ oLieHKOH1
OLIEHKOM
TloaroroBka x 2 OIIK-2, TTKP-2 TectupoBanue
TECTUPOBAHUIO
Hroro 4
2 DiieMeHThI (QPU3UKU [ToaroroBka K 3adery ¢ 4 OIIK-2, IIKP-2 | 3a4éT ¢ oLieHKOH1
TBEPJOTO TeNa OLICHKOH
TloaroroBka x 2 OIIK-2, TTKP-2 TectupoBanue
TECTUPOBAHUIO
Brinosnnenue 4 OIIK-2, [IKP-2 | IIpaktuueckoe
MIPAKTUIECKOTO 3a/laHue
3a/IaHHS
Htoro 10
3 OcHOBBI (PU3UKH [ToaroroBka K 3a4eTy ¢ 4 OIIK-2, ITKP-2 | 3auér ¢ oneHKon
MTOJTYTIPOBOTHUKOB OIICHKOM
IToaroroBka k 2 OIIK-2, [IKP-2 | TectupoBaHue
TECTUPOBAHUIO
IToaroToBka K 3aiuTe 4 OIIK-2, ITIKP-2 | 3ammura oTyera
oTyeTa 1o 110 1a00paTopHOi
nabopaTtopHo# pabote pabote
[Toarororka k 4 OIIK-2, I[IKP-2 | JlaGopatopHas
nabopaTopHoi padoTe, pabora
HaIMCaHUE OTYeTa
Brimonxenue 4 OIIK-2, [IKP-2 | IIpaktuueckoe
MIPAKTUIECKOTO 3a/laHue
3a/IaHKS
Htoro 18
4 DnexTponpoBOAHOCTH | [loAroTOBKA K 3a4eTy C 4 OIIK-2, ITKP-2 | 3auér ¢ oneHKon
TBEPABIX TEN OIICHKOH
IToaroroBka k 2 OIIK-2, [IKP-2 | TectupoBaHue
TECTUPOBAHUIO
[ToaroroBka k 2 OIIK-2, [IKP-2 | JlaboparopHas
nabopatopHo# padore, pabota
HaIUCAaHUE OTYETa
[ToaroroBka K 3ammTe 2 OIIK-2, ITKP-2 | 3ammura oTuera
oT4eTa 1o 10 JTa0OpaTOPHOM
nabopaTopHoi paboTe pabore
Brimonnenue 4 OIIK-2, [IKP-2 | IIpaktuueckoe
MIPAKTUIECKOTO 3a/laHue
3a/IaHKS
Hroro 14
5 KontaktHeie siBiieHus |[loarotoBka k 3a4eTy ¢ 4 OIIK-2, ITKP-2 | 3a4éT ¢ oneHKOM
OIICHKOH
IToaroroBka k 2 OIIK-2, [IKP-2 | TectupoBaHue
TECTUPOBAHUIO
Brinonnenue 4 OIIK-2, [IKP-2 | IIpaktuueckoe
MPaKTUYECKOTO 3a/1aHne
3a/IaHus
Hroro 10
9
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6 ITonynpoBoanukoBeie |[loaroToBka k 3a4ety ¢ 4 OIIK-2, I[IKP-2 | 3auét ¢ orieHKOM
MO/l U OUTIOJNISIPHBIE | OLEHKOM
TPAaH3UCTOPDI ITonroroBka k 4 OIIK-2, TTKP-2 TectupoBanue
TECTUPOBAHUIO
IloaroToBka K 3aIiuTe 4 OIIK-2, IIKP-2 | 3ammura oT4yeTa
oT4eTa Mo o 1abopaTtopHoit
nabopaTopHoii paboTte pabote
[ToaroroBka k 4 OIIK-2, [IKP-2 | JlaboparopHas
nabopatopHoO# padore, pabota
HaIUCaHUE OTYeTa
Hroro 16
7 IloBEpXHOCTHBIE [ToaroroBka k 3auery ¢ 4 OIIK-2, IIKP-2 | 3a4éT ¢ olieHKOM
SIBIICHUS B OLICHKOM
MOJIYTIPOBOJTHHUKAX. IloaroroBka k 2 OIIK-2, IIKP-2 TectupoBanue
IloneBbie TPaH3UCTOPBI | TeCTUPOBAHUIO
Hroro 6
8 ®doroanextpuueckue |Iloaroroska k 3a4ery c 4 OIIK-2, [IKP-2 | 3auér ¢ oueHKoi
SIBIICHUS B OLICHKOM
OJIYyIIPOBOJHHUKAX IloaroroBka k 2 OIIK-2, IIKP-2 TectupoBanue
TECTUPOBAHUIO
TloaroroBka k 3amure 4 OIIK-2, IIKP-2 | 3ammra otdyeTra
oT4eTa 1o 10 JTa0OpaTOPHOM
nmabopaTopHoi paboTe pabore
ITogroroska k 4 OIIK-2, [TIKP-2 | JlabopaTopHas
nabopaTopHOi paboTe, pabota
HalMuCaHue OT4YeTa
Hroro 14
9 ®uznueckue ocHoBbI |[loaroToBKA K 3a4eTy € 4 OIIK-2, ITKP-2 | 3a4éT ¢ oneHKOM
HAHODJIEKTPOHUKHU OLIEHKOH
ITogroroska k 2 OIIK-2, [IKP-2 | TectupoBanue
TECTUPOBAHUIO
Hroro 6
Hroro 3a cemectp 98
Uroro 98

5.7. CoorBercTBHE KOMIIETEHINH, GOpPMHPYEMBIX IPH H3YYCHHH AUCHHUILINHBI,
1 BHJI0B Y4eOHOM 1esiTeIbHOCTH

CooTBeTcTBUE KOMIETEHIUH, ((OPMUPYEMBIX NMPU U3YyUYCHHH AUCIUILINHBI, U BUJIOB Y4eOHOM
JeSATEeIbHOCTH MPEICTABIICHO B Tabuiie S.7.
Tabnuua 5.7 — CooTBeTCTBHE KOMIETEHIUH, (OPMUPYEMBIX MPU U3yUYECHUH TUCIMILUINHBI, U BUIOB

3aHSITUH
Bunbl yueOHOIl esTenbHOCTH
dopmupyemsbie
Jlek. | Ilpak. | JIa6. | Cawm. ®opMbI KOHTPOJIS
KOMIIETEHLIMHI
3aH. 3aH. pab. | pad.
OIIK-2 + + + + 3a4€T ¢ OIeHKOM, 3alIuTa OT4YeTa 110
nabopaTopHoi pabote, JlaboparopHas padoTa,
[IpakTrueckoe 3ananue, TecTupoBanue
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IIKP-2 + + + + 3a4éT ¢ OLEHKOM, 3alUTa OTYETA 1O
naboparopHoit padore, JlabopaTopHas padora,
[TpakTuyeckoe 3aaanue, TecTupoBaHue

6. PeiliTuHroBasi cucreMa /Uil OLEHKH YCIIeBAeMOCTH 00y4YaloIIuXCs
6.1. bajuibHbIE OLEHKH I (POPM KOHTPOJIsA

bannbeHbIe o1IeHKH 111 POpM KOHTPOJIS MPEACTaBICHBI B Ta0uIE 6. 1.
Tabmuia 6.1 — banipHbIE OLIEHKH

N . MaxkcuManbHbIN
MaxkcuManbHBIN MaxkcuManbHbBIN
0aut 3a mepuos Bcero 3a
@DopMBbI KOHTPOJIS O6amn Ha 1-yto KT ¢ | 0ann 3a mepuoj
Mexny 2KT n Ha CEMECTP
Hayana cemectpa | mexnay KT mn 2KT
KOHEI[ ceMecTpa
3 cemecTp
3auéT Cc OLEHKON 0 0 15 15
3ammra oT4eTa 1mo 0 10 10 20
nabopatopHoii pabore
JlaGopaTtopHnas pabota 0 10 10 20
[TpakTrueckoe 3agaHue 10 10 10 30
TecTtupoBanue 5 5 5 15
Hroro makcumym 3a 15 35 50 100
nepuo
Hapacratomum urorom 15 50 100 100

6.2. Ilepecuer 0a/1710B B OLICHKH 32 TEKYIIH KOHTPOJIb

[TepecueT 6a/UIOB B OIIEHKH 32 TEKYITUH KOHTPOJb TPEJCTABJICH B TadIUIE 6.2.
Tabmura 6.2 — Ilepecuer 6AJIIOB B OIICHKH 32 TCKYIIUH KOHTPOIIb
bayuibl Ha naTy TEKyLIero KOHTPOIs Orenka

> 90% ot MakcuMaIbHOI cymMMbI OamtoB Ha naty TK 5

Ot 70% no 89% ot MmakcuMabHOM cyMMBI O6aioB Ha naty TK
Ot 60% 10 69% oT MakcuManbHOI cymMbl OamioB Ha naty TK

N W[

< 60% oT MakcuMaJIbHOI cyMMBbI OaiioB Ha gaty TK

6.3. Ilepecuet cyMMbI 02/1710B B TPAAUIIMOHHYI0 M MEKAYHAPOAHYIO OLIEHKY

[lepecueT cymMMbl 6ayioB B TPAJULIMOHHYIO U MEXAYHApPOAHYIO OIIEHKY MPEJCTaBIEH B TaOIuIe

6.3.
Tabmmma 6.3 — Ilepecder cymMMbl 6AJIJIOB B TPAIUIIMOHHYIO U MEXIYHAPOIHYIO OLICHKY
Hrorosas cymma 6asios,
Onenka YYMTBIBAET YCIEUIHO CIAHHBIN Onenka (ECTS)
IK3aMeH
5 (oTnM4HO) (3aUTEHO) 90— 100 A (oTIM4HO)
4 (xopor10) (3a4T€HO) 85 -89 B (ouens xopor1io)
75— 84 C (xoporo)
70 — 74 D (y1oBIETBOPHUTEIHHO)
3 (YIOBJIETBOPHUTEIHHO) (3a4TEHO) 65— 69
60 — 64 E (mocpenctBenHo)
2 (HEeyJI0BJIETBOPUTEIHHO) (HE 3aUTEHO) Hwxe 60 6ammon F (HeynoBieTBOpUTENHHO)

7. YueOHO-MeTOANYeCcKOe 1 MH(OPMAIIHOHHOE o0ecneyeHHue QU CIUTIIHHbI

7.1. OcHOoBHas IMTEpaTypa
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1. Olyka, A. A. Hanosnektponuka : yueOHuK a1 By30B / A. A. lllyka ; mox oOrmieit pempakiueid A.
C. CuroBa. — Mocksa : U3gatenscTBo FOpaiit, 2022. — 297 ¢. — (Bricmiee o6pa3zoBanue). — ISBN
978-5-9916-8280-0. — TexkcT : anexkTponHbl // OOpa3zoBarenbHas miaatdopma HOpait [caiiT].
[DnexTponHbIt pecypc]: — Pexxum nmoctyma: https://urait.ru/bcode/490154.

2. T'yproB B.A. TBepaoTenpHas 2IEKTPOHHUKA: YIEOHOE MTOCOOUE I BYy30B. — 2-€ U3/., 10T. — M.:
Texnocdepa, 2005. — 406 c. (manuune B oudauorexe TYCVYP - 88 7k3.).

3. Edumos U. E., Koswsips U. f., 'opOynos FO. U. "Mukposnexkrponuka. ®usndeckue u
TEXHOJIOTUYECKHE OCHOBBI, HaAEKHOCTR': YueOHoe mocobue st By3oB — M. BIII, 1986. - 464 c.
(mammuune B 6ubnmoreke TYCVYP - 54 5k3.).

4. ®usnvyeckue OCHOBBI MUKPOIJIEKTpOHUKU: YuebHoe mocobue / H. C. Hecmenos, M. M.
CnaBuukoBa, A. A. llIupokos. - Tomck : TYCVYP, 2007. -276 c. (manuuue B 6udmmorexke TYCVYP - 170
9K3.).

7.2. JlonoTHUTEIbHAS JJUTEpaTypa

1. Oparynos BII., HeusBectusiii U.I'., I'puguun B.A. OCHOBBI HaHOZJIEKTPOHUKHU:yUeOHOE
nocodue 171 By30B — M.: @usmarkuura, 2006. — 494 c. (manuuue B 6ubanorexke TYCVYP - 20 5k3.).

2. boprapar H.U., I'apunoB C.A.,I'epacumenko H.H. n np. HanoTexHonoruu B 3J1€KTpOHUKE. —
M.: Texnocdepa, 2005. -446 c. (nanmuuue B Oubmuorexke TYCVYP - 20 3k3.).

3. ®@enopos, b. B. DnemenTts! Gpusuku TBepAoro Tena : yuednoe nmocodue / b. B. denopos, /1. D.
Hepanosckuii. — Tromens : TroMI'HI'Y, 2012. — 236 ¢. — ISBN 978-5-9961-0557-1. — Teker :
ANEKTPOHHBIN // JlaHb : 2JeKTpOHHO-OMOIMOTEUHAasE cucTeMa. [DIEeKTpOHHBIA pecypc]: — Pexum
nocrtymna: https://e.lanbook.com/book/28347 .

7.3. YueOHO-MeTOANYEeCKHE MOCOOUs
7.3.1. O6s13aTe/IbHbIE YUEOHO-MEeTOAUYECKHE MOCOOHSI

1. ®usnueckrue OCHOBBI MUKPO- U HAHOANEKTpOHUKH: COOPHUK 3a/1a4 U METOIUYECKUE YKa3aHUs
Mo MpoOBeJeHUI0 mpakTuueckux 3ausatuil / M. M. CnaBuukoBa, H. C. Hecmenos - 2015. 32 c.
[DnexkTpoHHBIH pecypc]: — Pexxum goctyma: https://edu.tusur.ru/publications/5641.

2. VUccnenoBanue CTPYKTYpPbl METaJ - OUAJICKTPUK - MOJYNPOBOAHHK: PyKoBOACTBO K
nabopaTtopHoii pabote / M. M. CnaBuukoBa, M. M. CnaBuukoBa, M. H. Pomanosckuii - 2018. 10 c.
[DnexkTpoHHBIH pecypc]|: — Pexxum goctymna: https://edu.tusur.ru/publications/7765.

3. U3yuyenue ¢GOTONPOBOAUMOCTH MOJYNPOBOJAHUKOB M ONpEAEieHHE BPEMEHU >KXHU3HHU
HEpaBHOBECHBIX HOCUTENEH 3apsaa: PykoBoacTBo k maboparopHoii padore / M. M. CnaBHukoBa - 2018.
10 c. [DnexTponHsIii pecypc]: — Pexum noctyna: https://edu.tusur.ru/publications/7769.

4. VI3aMepeHue MOABMKHOCTH HOCHUTENEH 3apsana: PykoBoacTBo k naboparopHoii pabore / M. M.
CnaBHukoBa - 2018. 7 c¢. [DnektpoHHB# pecypc]: — Pexum poctyna:
https://edu.tusur.ru/publications/7760.

5. Omnpenenenue nudQpy3noHHON IIUHBI U BPEMEHU KU3HU HEPABHOBECHBIX HOCHUTENEH 3apsaa:
PykoBoacTBo k nabopatopHoii pabore / M. M. CnaBuukoBa - 2018. 15 c. [DnekTpoHHbI# pecypc]: —
Pexxum noctyma: https://edu.tusur.ru/publications/7835.

6. OnpeneneHre BPEeMEHH >KHU3HU HEPAaBHOBECHBIX HOCUTENEH 3apsia METOAOM MOIYJISALNU
npoBoauMOCTH: PykoBoacTBO k maboparopuoit pabore / M. M. CnaBHukoBa - 2018. 7 c. [DneKTpOoHHBIH
pecypc]: — Pexxum poctyna: https://edu.tusur.ru/publications/7761.

7. UccnenoBaHue TeMIepaTypHON 3aBUCUMOCTH 3JIEKTPOIPOBOAHOCTH repManus: PykoBoACTBO K
naboparopHoii pa6ote / M. M. CnaBuukoBa - 2018. 10 c¢. [DnekTpoHHbIH pecypc]: — Pexum nocrtymna:
https://edu.tusur.ru/publications/7808.

8. OmpezeneHue MUPUHBI 3aMPEIICHHONW 30HBI MOTYMPOBOAHUKA METOIOM U3MEPEHUs OOPATHBIX
TOKOB 3JIEKTPOHHOABIPOYHOTO Tepexoaa: PykoBoactBo k mabopatopnoit pabore / M. M. CnaBHuKoOBa -
2018. 9 c. [DnexTponnsIit pecypc|: — Pexxum noctyna: https://edu.tusur.ru/publications/7834.

9. UccnenoBaHue BOJIbTAMIEPHBIX M BOJIbT(ApaTHBIX XapaKTEPHUCTUK MOIYMPOBOJIHHUKOBOTO
nuona: PykoBoncTBo k mabopatopHoii pabote / M. M. CnaBuukoBa - 2018. 13 c¢. [DnexTpoHHbI pecypc]:
— Pexxum poctyna: https://edu.tusur.ru/publications/7759.

10. N30pannbie rnaBsl GU3NKHA TBEPAOTO Tela: MeToAnYEeCKHe YKa3aHUs M0 CaMOCTOSTEIbHOM
pabotre / M. I'. KucrteneBa - 2012. 30 c. [DnekTpoHHBIH pecypc]|: — Pexum goctymna:
https://edu.tusur.ru/publications/1743.
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7.3.2. Y4yeOHO-MeTOAUIECKHE ITOCOOUS JIsl JINII
C OrPaHUYEHHBIMH BO3MOKHOCTSIMM 310POBbSI 1 HHBAJIU/I0B

Y4ebHO-MeToAnUeCKIEe MaTepUabl s CAMOCTOSTEILHON U ayJUTOPHOI paboThl 00yYaromuxcs
W3 YHUCJIA JIUI] C OTPAaHUYCHHBIMH BO3MOXXHOCTSIMH 3JJ0POBbSI M HHBAJIUOB MPEIOCTABISIOTCS B (hopMax,
a/IalITUPOBAHHBIX K OTPAHUYCHUSIM UX 3I0POBbS U BOCTIPUITHS HHPOPMALIUH.

Jost i ¢ HapylIeHUsIMU 3PeHus:

— B (popMe 2IIEKTPOHHOTO IOKYMEHTA,

— B I1€YaTHOW (hOpME YBEIUICHHBIM IPUPTOM.

Jst U ¢ HApyIIeHHsIMU cJIyXa:

— B (popMe 2IIEKTPOHHOTO IOKYMEHTA,

— B IIeyaTHOH (opme.

J1st i1 ¢ HAPYIIEHHSIMU OTIOPHO-IBUTATEIbHOTO anmapara:

— B (popMe 2IIEKTPOHHOTO IOKYMEHTA,

— B IIeYaTHOM (opme.

7.4. CoBpeMeHHbIe TPpo(deccuoHATIbHBIE 0a3bI JAHHBIX
1 UH(OpPMAIHOHHBIE CTIPABOYHbIE CHCTEMbI

1. Ilpu u3yyeHUHn AUCUUIIIMHBI PEKOMEHAYETCS 00pamaTbCsd K COBPEMEHHBIM 0a3aM JaHHBIX,
MHPOPMAIIMOHHO-CIIPABOYHBIM M MOUCKOBBIM cHcTeMaM, K KOTopeiM Y TYCVYPa oTkpbIT gocTy:
https://lib.tusur.ru/ru/resursy/bazy-dannyh.

8. MaTepuajibHO-TEXHHYECKOE U POrpaMMHoOe odecrnedyeHre JUCHUIITIHHbI
8.1. MaTepuajibHO-TeXHHYECKOE U MPOrPaMMHOe oOecriedeHue 1JIsl JeKIUOHHBIX 3aHATH I

Jlnst mpoBeneHUs 3aHATUN JEKIIMOHHOTO TUIA, IPYIIIOBBIX U MHAUBUIYaIbHBIX KOHCYJbTALU,
TEKYILEro KOHTPOJISI ¥ IIPOMEKYTOYHOH aTTeCTAllMN UCTIONb3yeTCs yueOHast ay TMTOPHS C JOCTATOYHBIM
KOJIMYECTBOM TOCAI0UHBIX MECT Ui y4eOHOH rpymibl, 000pyJOBaHHAs JOCKOM U CTaHIAPTHOW yueOHOM
Mebenblo. MiMeroTes MynbTUMeInitHOe 000pyT0OBaHUE U yueOHO-HATIIAHbIE TTOCOO0US, 00eCTIeYrBaIOIINe
TEMATUYECKHE NIUTIOCTPALMH T10 JIEKIIMOHHBIM pa3ziesiaM AUCLUILINHBIL.

8.2. MaTepuajibHO-TeXHHYECKOE U IPOrpaMMHOe olecriedeHne Uil MPAKTHYEeCKUX 3aHATHI

W3mepurensHas nabopaTopusi: yueOHast ayIuTOpuUs JIJIsl IPOBEICHUS 3aHATUN JIEKIIMOHHOTO THUIIA,
ydyeOHasi ayAuTOpHs AJs NPOBEACHUS 3aHATUN MPAKTUUECKOro THUIA, yueOHas ayquTopus Ijd
MIPOBEJICHUS 3aHATUHN J1a0OpaTOPHOTO TUIIA, yueOHAast Ay AUTOPHS ISl MPOBEACHUS 3aHATHI CEMUHAPCKOTO
THUIIA, TOMEIIEHUE JJIsI MPOBEICHUS TEKYIIEro KOHTPOJS M MpOoMexKyTouyHoU artectanuu; 634050,
Tomckas o6macte, r. ToMck, Jlennna npocnexr, a. 40, 316 ayx.

Onucanue uMeroerocs 000pya0BaHus:

- Bekropnsiii ananuzatop ueneit Ob30P-103;

- BekTopHbIil uMITy IbCHBIN aHanu3aTop nene P4-M-01;

- JJaGoparopusiii creHy "DyHKIMOHATBHBIE Y3JIbl MUKPOBOJTHOBOM TEXHUKH'";

- BoasT™meTp B6-9;

- 'enepatop curnanos I'CC-05 - 3 mr.;

- 'eneparop-uactoromep FG-7020;

- U3mepurens J12-22 - 2 wt.;

- Uctounuk nutanus b5-43;

- JImaewnpid ncrounuk nutanusg HY3003 - 2 mT.;

- Mynstumerp APPA 207;

- Ocmmmorpad RIGOL DS 1042 C;

- Octmmtorpad ¢ pynkiueit reaeparopa curnaios Keysight DSOX1102G - 2 mir.;

- Hudporoii ocrimmtorpadg DSO-3202A;

- Hudporoii ocrimmiorpad GDS-806S - 4 mT.;

- Mukpockon Ansramun CMO745T;

- [Tpoextop LG RD-DX130;

- MaruuTHO-MapKepHas J0CKa;

- KommiekT cnenuann3upoBaHHON yueOHOM Mebenu;

- PaGouee mecTo mpenogaBaTels.
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[IporpammHoOe obecnieueHue:

- Google Chrome;

- Kaspersky Endpoint Security 10 s Windows;
- Microsoft Windows;

- OpenOffice;

8.3. MaTepuaibHO-TeXHNYECKOE U POrpaMMHoOe o0ecrieyeHue 1Jisl JJa0opaToOpPHBIX padoT

W3meputensHas nabopaTopusi: yueOHas ayAUTOpUs Ul IPOBEICHUS 3aHATUH JIEKIIMOHHOTO THUIIA,
yueOHas ayauTOpHUs JJIS NMPOBEICHUSA 3aHATUN NMPAKTUUYECKOTO THUIMA, yueOHas ayIuTOpHUs I
MIPOBEICHUS 3aHATHIA 1a0OpaTOPHOTO TUMA, yueOHAas ay TUTOPUS Il IPOBEICHUS 3aHATUI CEeMUHAPCKOTO
TUMNA, IOMEUIEHHUE JUJI MPOBEACHUS TEKYILIEro KOHTPOJIS U MPOMEXYyTOouHOM arrectanuu; 634050,
Tomckast obnacts, . Tomck, Jlennna npocnexkr, a. 40, 316 ayn.

Omnwucanue UMeEIoIerocs 000py0BaHUS:

- Bexropnsiii ananuszatop ueneir Ob30P-103;

- BexTopHblil MITyJIbCHBIN aHanu3aTop neneit P4-11-01;

- JlaGopaTopuslii cTeH "OYyHKINOHATIBHBIE Y3716l MUKPOBOJIHOBOM TEXHUKHU";

- BoapT™meTp B6-9;

- I'eneparop curnanos I'CC-05 - 3 mr.;

- I'eneparop-uacroromep FG-7020;

- Usmepurens JI2-22 - 2 mit.;

- Uctounuk nuranus b5-43;

- JIuneitnpiid nctounuk muTanus HY 3003 - 2 mr.;

- Mynstumerp APPA 207;

- Ocminorpag RIGOL DS 1042 C;

- Ocmnorpad ¢ ¢ynkmueii reneparopa curaanos Keysight DSOX1102G - 2 mwir.;

- Hudposoii ocummnorpad DSO-3202A;

- Hudporoii octimnorpad GDS-806S - 4 mit.;

- Mukpockon Ansramu CMO745T;

- [Ipoextop LG RD-DX130;

- MarauTHO-MapKepHas J10CKa;

- Kommuiekt cnennanu3upoBanHoi yueOHoM Meben;

- PaGouee mecTo mpemnogaBaTels.

IIporpammHoe obecnieueHue:

- Google Chrome;

- Kaspersky Endpoint Security 10 mnst Windows;

- Microsoft Windows;

- OpenOffice;

8.4. MaTepI/laJ'II)HO-TeXHI/I'-IeCKOC H MporpammHoe odecneyeHue IJ1s1 CAMOCTOATEILHOM paﬁoTI)I

st camocToATeNbHONU paboThl UCIIOIB3YIOTCS yUeOHbIE ayIUTOpUH (KOMIBIOTEPHBIC KJIACCHI),
PacmosoKeHHBIE MO apecam:

- 634050, Tomckast o6macts, r. Tomck, Jlennna npocnexr, 1. 40, 233 ayn.;

- 634045, Tomckas o6macts, . ToMck, yi. KpacHoapmeiickas, 1. 146, 201 ayn.;

- 634034, Tomckas o6nacts, r. Tomck, Bepmunauna ynuna, a. 47, 126 ayn.;

- 634034, Tomckas o6nacts, r. Tomck, Bepmuauna ynuna, a. 74, 207 aya.

Onucanue uMeroerocs 000pya0BaHus:

- yueOHast MeOeb;

- KOMITBIOTEPBHI;

- KOMIIBIOTEPHI MOJKIIOUEHBI K ceTu «MHTepHEeT» U 00ecrneyuBaloT JOCTYI B 3JIEKTPOHHYIO
nH(popmanmoHHo-00pazoBaTenbHy0 cpeny TYCYPa.

[lepeuenb mporpaMMHOT0 O0OecreueHusI:

- Microsoft Windows;

- OpenOffice;

- Kaspersky Endpoint Security 10 s Windows;

- 7-Zip;
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- Google Chrome.

8.5. MaTepuajJibHO-TeXHHYECKO€e o0ecrevyeHne TUCIMTILTAHBI IS JTUI] C OTPAHUYEeHHBIMH
BO3MOKHOCTSIMH 3710POBbsI 1 HHBAJIN/IOB

OcBoeHue AMCHUIUIMHBI JINIAMH ¢ OTPAaHUYCHHBIMH BO3MOKHOCTSIMHU 3/10POBbSI M MHBAIHIAMHU
OCYILIECTBIISICTCS C UCTIOJIb30BAaHUEM CPEJCTB 0OYUEHUS OOILEro U CHelHuaIbHOI0 Ha3HAYCHHUS.

[Ipu 3aHATHSAX ¢ 00YYAIOIIMMUCS C HAPYWIEHHSAMH CJYyXa MPEeIyCMOTPEHO HCIIOJIb30BAHUE
3BYKOYCHUJIMBAIOIIEH ammaparypbl, MyJIbTUMEIUUHBIX CPEACTB M JPYTUX TEXHUUYECKHX CPEICTB
npuema/nepenaun yueOHoi HH(pOpMaluu B TOCTYIHBIX (opMax, MOOUIBHOM CUCTEMBI IPENoAaBaHuUs
U1 00y4aloUUXCs C MHBAJIUAHOCTHIO, MOPTAaTUBHON MHAYKIIMOHHOW CHCTEMbI. YueOHast ayaAuTopHs, B
KOTOpO# 3aHUMAIOTCA 00ydaromuecs ¢ HapyLUIeHHEeM cllyXa, 000pyJA0BaHa KOMIIBIOTEPHON TEXHUKOMH,
ayIMOTEXHUKOHU, BUJCOTEXHUKOU, dJICKTPOHHOU TOCKOM, MYJIbTUMEIUMHON CUCTEMOM.

[Ipu 3aHATHAX ¢ OOYYAIOMIMMHUCS C HAPYIIEHUSIMH 3PeHHs MPEIyCMOTPEHO HCIOJIb30BaHHE B
JEKIMOHHBIX U YYEOHBIX ayJUTOPUSIX BO3MOXKHOCTH MPOCMOTPA YJaJEHHBIX OOBEKTOB (Hampumep,
TEKCTa Ha JOCKE WJIM cllaiij]a Ha KpaHe) MPH MOMOIIH BUACOYBEIUUYUTEIEH 111 KOM(POPTHOTO
IPOCMOTpA.

[Ipu 3aHATHAX C OOYy4YarOUIMMHUCS C HAPYUWIEHHUSIMM ONOPHO-IBUIaTeJbHOI0 ammapara
UCIIOJIB3YIOTCS aJbTEPHATUBHBIC YCTPOMCTBA BBOAA MH(MOPMALUU M APYrHe TEXHUYECKHE CPEICTBa
npuema/nepenayn yueOHoil nuHGopmaIuu B JOCTYIHBIX opMax, MOOUIBHON CHCTEMbI 00y4YeHUS IS
JIIOJeH ¢ MHBAJUIHOCTBIO.

9. OneHovnblie MaTepuaJbl U METOAUIECCKUE PEKOMCHAALIMMA 110 OPraHU3aAllMU U3YICHUSA
JAUCHHUILIIMHBI

9.1. Conep:xaHue OLIEHOYHBIX MATEPHUAJIOB 1JI TEKYLIEr0 KOHTPOJISI
U MPOMEKYTOYHOI aTTecTaluu

Jlnst oueHKu cTeneHu chOPMUPOBAHHOCTH M YPOBHSI OCBOCHHS 3aKPETUICHHBIX 32 AUCIUIIIUHOMN
KOMITETEHITNH UCIIONB3YIOTCS OIICHOYHBIE MaTepualbl, MpeCcTaBlIeHHbIe B Tabnue 9.1.
Tabmuia 9.1 — ®opMbl KOHTPOJISL U OLIEHOYHBIE MaTEPHAIIBI

Ha3Ba?::;§;;ii;ﬁ (Tem) q;giﬁgfggr;;e ®opmebl koHTpOJst | Onienounbie MaTepuansl (OM)
1 BBoaHas yacTh OIIK-2, IIKP-2 |3auér c onieHKOH [Iepeuens BOIIPOCOB 11t
3a4eTa ¢ OL[EHKOM
TecTtupoBanue [IpumepHBIil nepeyeHb
TECTOBBIX 3aJaHUI
2 Onementsl pusuku TBepaoro |OIIK-2, [TKP-2 |3auér c ouenkoit  |IlepedeHp BOpocoB st
Tena 3a4eTa ¢ OLIEHKON
IIpakTueckoe TeMbl IpaKTUYECKUX 3aJaHUN
3a/1aHue
TecTtupoBanue [IpumepHBIil nepeyeHb
TECTOBBIX 3aJaHUI
3 OcHOBBI (PU3UKH OIIK-2, ITKP-2  [3auér c onienkoit  |[lepeuenn BOmpocoB ajist

HOJIYIIPOBOJIHUKOB 3ayeTa ¢ OLEHKOU
3amuTa otdyera o |IIpumepHslil nepedeHb
nabopatopHoOit BOTIPOCOB JJIsI 3QIIIUTHI
pabote 71a00paTOpHBIX paboT
Jlaboparopnas Tembl 1a00opaTopHbIX pabOT
pabota
[TpakTyeckoe Tembl npakTHUECKUX 3ajaHUN
3aJlaHne
TectupoBanue [IpuMepHBIil IepeyeHb

TECTOBBIX 3aJITaHUN
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HAaHOJ3JICKTPOHUKHU

4 DneKTpOonpOBOIHOCTD OIIK-2, [IKP-2  |3auér c ouenkoit  |Ilepeuenp BonpocoB st
TBEPABIX TEN 3a4eTa ¢ OLEHKOM
3amuta otdyeta o |[IpumMepHbIil mepedyeHb
nabopaTopHOit BOIIPOCOB ISl 3aLUTHI
pabore 71a00paTOPHBIX pabOT
JlaGopatopHas Temsbl 1abopaTopHbIX padoT
pabota
[IpakTrueckoe TeMbl MpaKTUYECKUX 3aJaHUI
3a/laHue
TectupoBanue [IpuMepHBIi TEpeUeHb
TECTOBBIX 3aJaHUN
5 KoHTakTHBIE ABIIEHUSA OIIK-2, [IKP-2  |3auér c ouenkoit  |Ilepedyenp BonpocoB s
3a4eTa ¢ OLEHKOU
[TpakTrueckoe TeMbl MpaKTUYECKUX 3aJaHUI
3a/laHue
TectupoBanue [IpuMepHBIi TEpeUeHb
TECTOBBIX 3aJaHUI
6 IlonynpoBonuukosbie nuoasl |OIIK-2, ITIKP-2  |3auér c onenkoir  |Ilepeuens BonmpocoB 1is
¥ OUTIOJISIPHBIE TPAH3UCTOPHI 3a4yeTa C OLEHKOMN
3amuTa otyera mo |IIpumepHslit nepedeHb
nabopaTopHOH BOITPOCOB JTSI 3AITUTHI
pabore 1abopaTopHbIX paboT
JlaGopaTopHas Tembl 1abopaTopHBIX paboT
pabora
TectupoBanue [IpuMepHBIil epeyeHb
TECTOBBIX 3aJaHUI
7 IloBEpXHOCTHBIE SIBIICHUS B OIIK-2, ITKP-2  [3auér c onenkoit  |[lepedyenn BOmpocoB mist
noiaynpoBoaHukax. [lonesbie 3a4eTa ¢ OL[EHKOM
TPpaH3UCTOPBI TectupoBanue [IpumepHsIil nEpeYEHb
TECTOBBIX 3aJaHUI
8 ®oroanexrpuueckue sapaeHus |OIIK-2, [TIKP-2 |3auér c ouenkoir  |[lepeuens BonmpocoB s
B MOJIYITPOBOAHUKAX 3a4eTa ¢ OLEHKOM
3amuta otyeta o |[IpumMepHbIil mepedyeHb
nabopaTopHOit BOIIPOCOB ISl 3aLUTHI
pabore 1a00paTOPHBIX pabOT
JlaGopaTopHas Temsbl m1abopaTopHbIX padoT
pabota
TectupoBanue [IpumepHBIil nepeyeHb
TECTOBBIX 3aJaHUI
9 ®dusznyeckre OCHOBEI OIIK-2, IIKP-2 |3auér c oneHKoH [lepeuenb BOIIPOCOB IJ1st

3a4cTa C OHCHKOﬁ

TectupoBanue

IIpuMepHBIil IepeyeHb
TECTOBBIX 3aJaHUI

[xana oneHku cHPOPMUPOBAHHOCTU OTAEIbHBIX MIAHHUPYEMBIX PE3yJIbTAaTOB OOyUYEHHS IO
JTUCIUIUIMHE TpuBeJeHa B Tabnuue 9.2.
Tabnuna 9.2 — Illkama oneHkn cPOpMUPOBAHHOCTH IUIAHUPYEMBIX PE3YJbTATOB OOyYEHHUS IO

JUCLUILINHE

CornacoeaHa Ha noptane N2 56007

16




dopmynupoBKa TpeOOBaHUH K CTETICHH C(HOPMHUPOBAHHOCTH
Ouenka bamner 3a OM MJIAHUPYEMBIX Pe3yJbTaTOB 00ydeHUS
3HATh yMETh BJIQ/IETh
2 <60% ot OTCYTCTBME 3HAHUU OTCYTCTBHE OTCYTCTBHE
(HEyIOBIETBOPUTENHHO) | MAKCUMAIBHOMU | UITU ()parMeHTapHBIC YMEHHUH UITN HABBIKOB WU
CYMMBI 0aioB 3HAHUSA YaCTHUYHO (dbparmMeHTapHbIE
OCBOEHHOE MPUMEHEHHE
yMEHHE HABBIKOB
3 ot 60% no o01mue, HO He B LI€JIOM YCIICIITHO, B 1IEJIOM
(YZ1OBJIETBOPUTENBHO) 69% ot CTPYKTYypUPOBAHHbIE HO HE YCIEIIHOE, HO HE
MaKCHMaJIbHOM 3HAHUS CHUCTEMAaTHUYECKH | CHCTEMAaTUYECKOE
CyMMBbI 0aJI0B OCYIIECTBIISIEMOE IIPUMEHEHHE
yMEHHUE HABBIKOB
4 (xoporo) ot 70% no chopMupOBaHHBIE, B 1IEJIOM B IICJIOM
89% ot HO cozeprKalue YCIIEIIHOE, HO YCIIEIIHOE, HO
MaKCUMaJIbHOM OTJIeNIbHbIE coJieprKaliue coJieprKaliue
CYMMBI 0ayuioB | mpoOseMbl 3HaHUS OTJIENIbHbIE OTJIeIbHbIE
npoOesbl yMEHUe poOebI
MIPUMEHEHHE
HaBBIKOB
5 (OTIU4YHO) >90% ot chopMUpOBaHHbBIE | CHOPMUPOBAHHOE YCIICIIHOE U
MaKCUMAJIbHOW | CHCTEMaTHYECKHE yMEHHUe CUCTEMATHUYECKOE
CYMMBI 0aIOB 3HAHUSA MPUMEHEHHE
HABBIKOB

[Ixanma KOMIUIEKCHOM OLIEHKU C(hOPMHUPOBAHHOCTH KOMITETCHIIMI MpHBEIeHa B Ta0uIe 9.3.
Ta6mmma 9.3 — [llkaia KOMIUIEKCHOM OIEHKH C(hOPMHUPOBAHHOCTH KOMITETSHIIUH

OreHka

dopMynrpoBKa TPeOOBAHUN K CTETICHH KOMIIETEHITUN

2
(HEYTOBJIETBOPUTEIIHLHO)

He nmeet HeoOX0IMMBIX PEICTABICHUN O IPOBEPSIEMOM MaTepHualie

WIH

3HaTh HAa YPOBHE OPHEHTHPOBaHMS, TIpeicTaBlieHnid. O0yJaromuiics 3HaeT
OCHOBHbIE MPU3HAKU WM TEPMHUHBI U3y4aeMOT0 dJIEMEHTa COACPKAHMUS, UX
OTHECEHHOCTb K ONPEICTICHHON HayKe, OTPaciid WK 00bEKTaM, y3HAeT B
TEKCTax, U300paKEHUSX UM CXeMaX U 3HAeT, K KaKUM HCTOUYHUKAM HY>KHO
oOpaiartbcs A 6ojee IeTalbHOTO €ro YCBOCHHUSI.

3 3HaTh ¥ yMETh Ha PeNpPOAYKTHBHOM ypoBHEe. O0yyaromuxcs 3HaeT
(YIOBIIETBOPUTEIHHO) |M3YYCHHBIHN 3JIEMEHT COACPKAHUS PENPOAYKTUBHO: TIPOU3BOIHHO
BOCITPOM3BOJUT CBOM 3HAHUS YCTHO, MUCbMEHHO UJIU B IEMOHCTPUPYEMBIX
JICUCTBUSIX.
4 (xoporo) 3HaTh, YMETh, BIIaJIETh HA AHAJTUTHYECKOM ypOBHE. 3Has Ha

PENpOAYKTUBHOM YPOBHE, YKa3bIBaTh HA OCOOEHHOCTH U B3aUMOCBSI3H
M3Y4YEHHBIX 00BEKTOB, Ha UX JIOCTOMHCTBA, OTPAaHUYEHHUS, UCTOPHUIO U
NEePCTIEKTUBBI PA3BUTUS U OCOOEHHOCTH I pa3HbIX O0BEKTOB YCBOSHHUSI.

5 (OTJIMYHO)

3HaTh, yMETh, BJIa/IETh HA CHCTEMHOM ypoBHE. OOy4aromuics 3HaeT
M3YYEHHBIHN 3JIEMEHT CO/IePKaHUSI CUCTEMHO, TPOU3BOJIBHO U 10Ka3aTEIbHO
BOCIPOU3BOAMT CBOU 3HAHUS YCTHO, MUCHMEHHO WJIH B IEMOHCTPUPYEMBIX
NENCTBUAX, YUUTHIBAsI U YKA3bIBasl CBA3H U 3aBUCUMOCTH MEXKIY ITUM
AIIEMEHTOM U JPYTHMHU 3JIEMEHTAMU COJEP>KaHUs AUCLIUIUINHBI, €T0
3HaYUMOCTD B COJIEP)KAHUU JUCIUILTUHBIL.
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1. HaiiguTe npaBrIbHBIC OTIPEICTICHUSI COOCTBEHHOTO TOYIPOBOIHUKA.
1) 3TO MOMYNPOBOAHUK C UACATHHOU KPUCTALITMIECKON CTPYKTYPOI;
2) 3TO NMOJYNPOBOJIHUK, B KOTOPOM €CTh CIEIHAIbHO BBEJICHHbIE IPUMECH;
3) TO MOAYNPOBOJHUK, B KOTOPOM KOHLEHTpPALMK CBOOOJHBIX AJIEKTPOHOB M JIBIPOK BCEraa
paBHBI;
4) 3TO OJYIIPOBOJHUK, B KOTOPOM HET KaKUX-THO0 AeEKTOB;
5) 5TO MOJYNPOBOJHUK, B KOTOPOM KOHLEHTpalus COOCTBEHHBIX HOCHUTENIeH 3apsia
npeoOagaeT.

2. Ilpu xakoif TemmnepaType JOHOPHBIN U aKIENTOPHBIN MOJIYITPOBOJIHUKN MPUOOPETAIOT CBOHCTBA
cOOCTBEHHOTO MOIYIPOBOAHHUKA?
1) mpu n00BIX TeMIepaTypax NpUMECHBIE MOTYNPOBOIHUKHI COXPAHSIOT CBOU CBOMCTBA, TaK
KaK MPUMECHBIE aTOMBI OCTAIOTCS B 00beMaxX KPUCTAILJIOB;
2) mpu T = Ts, xoraa ypoBerb @epmu repecekaeT TOHOPHBIN WIH aKIENTOPHBINA YPOBEHb;
3) mpu T Gonpme nim paBHoit Ti, korga ypoBeHb depMu MOKEH OKa3aThCsA B CEPEIUHE
3ampenieHHON 30HbI;
4) npu Temrnepatypax B obsactu Ts < T < Ti, koraa Bce MpUMECHbIC YPOBHH HOHU3UPOBAHBI.

3. Ykaxurte, rjae nNpaBUIbHO yKa3aHbl OCHOBHBIE M HEOCHOBHBIE HOCHUTENH 3apsia B
MOJTYTIPOBOIHUKE?
1) B JTOHOPHOM MOJYNPOBOJHUKE OCHOBHBIE HOCUTENH 3apsija — JbIPKU B BAJICHTHOU 30HE,
oOpa3yromuecs MpH Mepexoie U3 Hee AIEKTPOHOB B 30HY MPOBOJUMOCTH;
2) B IOHOPHOM TOJYIPOBOJAHUKE KOHIEHTPALMS JIEKTPOHOB B 30HE IPOBOAMMOCTH 3a CUET UX
noCcTymiaeHus ¢ qoHopHOTo ypoBHs npu 0 < T < Ti Beile, 4eM KOHIEHTpALUs JBIPOK B
BaJIeHTHOM 30He. [103TOMY 371€KTPOHBI B TOHOPHOM IOIYIIPOBOJHUKE HAa3bIBAIOTCS OCHOBHBIMU
HOCHUTEJISIMU 3apsifia, a IbIPKH — HEOCHOBHBIMU;
3) B aKLENTOPHOM IMOJYIPOBOJHHUKE OCHOBHBIE HOCHUTENH 3apsija — 3TO 3JIEKTPOHBHI,
nepemenue npu T > 0 B BAJIGHTHYIO 30HY € aKLENTOPHOT'O YPOBHS, @ HEOCHOBHbIE HOCUTEIU
— JIBIPKH, OCTABIIUECS Ha aKIIENITOPHOM YPOBHE;
4) B COOCTBEHHOM MOJYNPOBOJHUKE OCHOBHBIMU HOCUTEISIMU 3apsja SBJISIOTCS ABIPKU B
BaJICHTHOM 30HE, 00pa3yoluecs Mpy Mepexoe U3 Hee AIEKTPOHOB B 30HY MPOBOJIUMOCTH.

4. Kakue mapaMeTpbl MOJIYIPOBOJHUKOB MOKHO ONPEIEIUTh U3 TEMIIEpaTypHOU 3aBUCHUMOCTH UX
AIEKTPONPOBOJHOCTH?
1) moABMKHOCTH HOCUTETIEH 3apsia;
2) KOHUEHTPALUIO JABIPOK U JIEKTPOHOB;
3) yAenbHOE COMPOTUBIICHUE TIPH 3aJJaHHOM TEeMIIEpaTypeE;
4) mupuHY 3amnpelmeHHol 30HbB U3 3aBucuMocTu Inc(1/T) B obGmactu coOCTBEHHOU
MIPOBOAMMOCTH.

5. Kak noaBMKHOCTh HOCUTENEH 3apsiia B MOJIYIPOBOJIHUKE 3aBUCHUT OT €r0 TEMIIEPATYPhI?
1) B 0bacTé HU3KUX TEMIEpPaTyp, KOrjaa KOHIEHTpalus (pOHOHOB Majia, a MPUMECHbBIE aTOMBI
y>K€ HOHU3UPOBAHbI, SJIEKTPOHBI U JIBIPKU PACCEUBAIOTCS HA MPUMECHBIX MOHAX U MOJABUKHOCTh
HOCHUTEJeH 3apsija Bo3pacTaeT NMpPH yBEJIWUYeHUH Temieparyphl. [Ipu OGosiee BBICOKOM
TeMmepaTtype, Korja KOHUEeHTpauus (OHOHOB BO3pacTaeT MOABUKHOCTh HOCHUTENEH
YMEHbBIIIAETCS.
2)npu Manoil KOHUEHTpaluu ()OHOHOB B 00JIaCTH HU3KHUX TEMIIEPATyp MOJBUKHOCTh OCTAETCs
MOCTOSIHHOM MPH YBEJIMYEHUHU TeMIIEpaTyphl;
3)B peanpHBIX MOJYNPOBOJAHUKAX B 00JaCTH HHU3KHUX Temmepatyp 3aBHCHUMOCTb W(T)
00BSICHSIETCSI paccesiHMEeM HOCHUTENeH 3apsja Ha MOHAX NMpPUMEcCEed U YBEIUUYMUBAECTCS C
YBEJIMUEHUEM TEMIIEPaTyPhl;
4)B 001aCTH BBICOKMX TeMIIEpaTyp OCHOBHOE BIMSHHUE Ha MOJBUKHOCTH HOCUTEJEH 3apsaa
OKa3bIBaeT paccesHue Ha (oHOHax. TeMrepaTypHble 3aBUCUMOCTH CpEIHEN ATUHBI CBOOOTHOTO
nmpobera M CpeIHEH CKOPOCTH TETUIOBOTO JABMKCHUS HOCHUTENCH 3apsjia sIBISIOTCS MPUIHHON
YMEHBIICHUS UX MOABMKHOCTH C POCTOM TEMIIEPATYPHI.

6. KakoB ¢uznueckuii cMbIch TOHATHS « AU dy3UOHHAS JTHHAY ?
1) paccrosiHue, MPOXOIMMOE HOCUTEINIEM 3apsiia 3a BpeMsl JKU3HU;
2) paccTosiHuE, HA KOTOPOM KOHTAKTHOE JJIEKTPHUECKOE T0JIe YMeHbIaeTcs B 2,71 pasa;
3) paccTosiHME, Ha KOTOPOM OOBEMHBIN 3apsij HEPAaBHOBECHBIX HOCHUTEJIECH KOMIICHCUPYETCS
00BEMHBIM 3apsI0OM HECKOMIIEHCUPOBAHHBIX IPUMECHBIX aTOMOB;
4) nmuHa obyacti 00BEMHOTO 3apsiia.
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Kakue KOHTaKThl METAJI-MIOJIyIPOBOIHUK HA3bIBAIOTCS 3aMUPAIOLIUMU?

1) KOHTAaKTBI, B KOTOPBIX OTCYTCTBYET 3aMETHBIM TOK MpPH MOJade BHEUIHETO HaMpsKEHUS
70001 TOJIIPHOCTH;

2) KOHTaKThI, B KOTOPBIX COMPOTHUBJICHUE CJI0ST 00beMHOTO 3apsaa npu V < (0 oka3bIBaeTCs
3HAYUTENIbHO OOJIBIIE COMPOTUBIICHHS OCTAIbHOM YacTH MOITYIPOBOAHHKA;

3) KOHTAKThI, Y KOTOPBIX COMPOTUBJICHUE 00JaCTH 00beMHOr0 3apsiaa npu V > 0 3HaAUUTETBHO
MEHBIIIE CONPOTUBIICHUS OCTAJILHOM YaCTH MOJIYIPOBOIHUKA;

4) KOHTaKT, 00OTalIeHHbIH OCHOBHBIMU HOCHUTEISIMU 3apsnia, NepenieqIInMyu U3 MeTalia B
MIPUIIOBEPXHOCTHBIN CJION MOTYNPOBOIHUKA.

Ot 4ero 3aBUCUT OOpaTHBIN TOK pP-n-Tiepexojia B 00JaCTH HACKHIIICHUS ?

1) oT BeTMUMHBI IPUIIOKEHHOTO BHEITHETO HAIPSHKEHMUS,

2) OT HaNPsHKEHHOCTH BHYTPEHHETO AJIEKTPUYECKOTO MOJISI p-N MEPExXo/a;

3) OT KOHIICHTPAIIMK HEOCHOBHBIX HOCUTEJICH 3apsi/a;

4) ¢ poCcTOM TeMIiepaTypbl OOpaTHBIN TOK YMEHBIIIACTCS.

. YKaxxuTe NpU4YuHbI, OOBSICHSIONINE MaTyI0 TONIIUHY 0a3bl 17151 OUTIONIIPHBIX TPAH3UCTOPOB:

1) mpu yMeHbIIEHMHU TOJUIMHBI 0a3bl CHUXKAETCS KOJIMYECTBO HOCUTEJEeH 3apsna,
PEKOMOMHUPYIOMIMX B HeW mpu 1uddy3un K KOJUIEKTOPY;

2) toymuHa 0a3bl OmpeaesieTcsl MUPHUHON 00J1acTel SMUTTEPHOTO M KOJJIEKTOPHOTO P-n
MEPEXO0/I0B U MOATOMY 3aBUCHUT TOJIBKO OT KOHIIEHTPAILIM B HUX OCHOBHBIX HOCUTEJIEH 3apsia;
3) cHuxeHue B 0a3e KOHIEHTPAaLUH OCHOBHBIX HOCHTEJEH 3apsija yMEHbIIAET
PEKOMOMHAIIMOHHBIE TOTEPH HOCUTENEH, HHKEKTUPOBAHHBIX SMUTTEPHBIM P-N MEPEXO/IOM, UTO
MOBBILIAET KOJUIEKTOPHBIHN TOK;

4) Manasi KOHIIEHTpaIlisi OCHOBHBIX HOCUTEJIECH 3apsaa B 6a3e COOTBETCTBYET €€ OOJIbIIOMY
AIEKTPUUECKOMY COMPOTHUBICHHUIO, YTO OOYCIOBJIMBAET MEHbIIEE 3JIEKTPHUUYECKOE
B3aMMOJICIICTBHE SMUTTEPA U KOJUIEKTOPA.

[Touemy ko3 buUIIUEHT MTepeaun TOKa SIMUTTEPA TPAH3UCTOPA B cXeMe ¢ o01el 6a30i MeHbIIe
€UHULIbI?

1) BcaencTBre MHXEKIIMM HEOCHOBHBIX HOCUTEJEH U3 KOJIJIEKTOpa B 6a3y;

2) u3-3a OOJIBIIIOTO COMPOTUBIICHUS Oa3bl;

3) BcieacTBUEe peKoMOMHAIMU B 0a3e 4acTU HEOCHOBHBIX HOCHUTENEH, HHKEKTUPOBAHHBIX
AMUTTEPOM, U TIOCKOJIBKY 3(PPEKTUBHOCTH IMUTTEPA MEHbBIIIE €AMHUIIBI;

4) BcleACTBHE pACUIMPEHUS KOJJIEKTOPHOrO p-n Mepexoja MpHU Mojaye 3anuparoliero
HaIPSDKEHUS.

DJIEMEHT KaKOM TPYIIIIBI CJIETyET BBECTH B TIOJYIPOBOIHUK, OTHOCAIIUICS K [V rpymme, 4ToOb
MOJIyYUTh B HEM MPOBOJUMOCTH N-THMA?

1) V; 2)II; 3) 1II;4) VL.

Caetoauno/sl paboTaOT HA MIPUHIIMIIE:

1) MHXKEKITMOHHOW JTIOMUHECIICHITUH;

2) UHXKEKITMOHHOU AJICKTPUIECKOM JIFIOMUHECIICHIINH;

3) MHXKEKIIMOHHOMN AJICKTPOMArHUTHOM JTIOMUHECIICHIIHH;

4) MH)KEKITMOHHOW MarHUTHOM JTFOMUHECIICHIINH.

B kakux pexxumax MoryT paboTaTh M0JIeBblE TPAH3UCTOPHI?

1) AKTUBHOM, OTCEUKH W HACHIIIICHUS;

2) MacCUBHOM M aKTUBHOM;

3) ABIPOYHOM U TIPOOOHHOM;

4) TaBUHHOM M TETJIOBOM.

3aBUCUMOCTh TOKa KOJUIEKTOPA OT HAMPSKEHUS MPU TOCTOSIHHOM TOKe 0a3bl — 3TO:

1) BbIXO/IHAs BOJIbTAMIIEpHAS XapaKTEPUCTHKA;

2) BXOJHAs XapaKTePUCTHUKA!

3) BoibTaMIIEpHAs XapaKTEPUCTHKA Oa3bl;
4) aMITUTYTHO-4aCTOTHAs XapaKTepUCTHUKA.

[Tpubop, nmeromuii 2 B3aMMOISHCTBYIOIINUX P-N TIEPEX0aa, Ha3bIBACTCS:

1) GumOJNISIPHBIN TPAH3UCTOP;

2) CTaOUIIUTPOH;

3) crabucrop;
4) BapuCTOp.

[TonynpoBOIHUKOBBIH MPUOOP, YCUIUTENbHBIE CBOMCTBA KOTOPOTO OOYCIOBJIEHBI MOTOKOM
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OCHOBHBIX HOCHTEJEH, MPOTEKAIOMMUM Yepe3 MPOBOMAIMA KaHal WU yNpaBJlILIeMbIU
AIIEKTPUYECKUM TOJEM - 3TO:

1) GumOJISIPHBIN TPAH3UCTOP;

2) MOJIEBOM TPAH3UCTOP;

3) cTaOMIHUTPOH;

4) THPUCTOD.

UYrto sBIsieTCS MPEUMYLIECTBOM OMIOJISIPHBIX TPAH3UCTOPOB MO CPABHEHUIO C DJIEKTPOHHOMI
JaMIion?

1) OTcyTcTBHE HaKaJICHHOTO KaTO/1a;

2) HanM4Yue HaKaJIeHHOT'O KaTo/a;

3) MOKHO HCIIOJIB30BAThH B MOJIAPHBIX YCIOBUSX ;

4) yyBCTBUTENBHOCTD K MOBBIILIEHUIO TEMIIEPATYPHI.

UYem orpaHnyueHbl 3HAUEHUS KOJUIEKTOPHOTO HANPSKEHUS?

1) lllnpuHa KOJIIEKTOPHOTO MEPEX0/1a CTAHOBUTCS CIUIIKOM OOJIBIIION;

2) k03(ppuUIMEeHT epeHoca CTAHOBUTCS CIIUIITKOM OOJIBIITUM;

3) mpo0OoeM KOJUIEKTOPHOTO TIepexo/a;

4) k03 HUMEeHT 00paTHOM CBS3U JOCTUTAET MPEICTLHON BETUYHHBI.

UTto Ha3BIBACTCS KOJUIEKTOPOM OUIIOISPHOTO TpaH3UCTOpa?

1) OGnacTh TpaH3UCTOPA CO CPEIHEH KOHIICHTPAIUEH MPUMECH;

2) o0nacTh TPaH3UCTOPA CO CTOPOHBI 3aKPBITOTO P-N MEPEX0/Ia;

3) oGnacTh TpaH3UCTOpA, HA3HAYEHHEM KOTOPOH SBJISETCS MHXKEKIIMSI HEOCHOBHBIX HOCUTENEH B
0a3y;

4) obnacTh TPAaH3UCTOPA, HA3HAYCHUEM KOTOPOH SIBIISIETCS SKCTPAKIUA U3 0a3bl HEOCHOBHBIX
HOCHUTEJIEH.

UTto Ha3BIBACTCS IMUTTEPOM OUTIOJIIPHOTO TpaH3UCTOpa?

1) OGnacTh TpaH3UCTOPa C OOJBIION KOHIICHTPAIIMEH MPUMECH;

2) 065acTh TPAH3UCTOPA, HA3HAYECHUEM KOTOPOU SIBIISETCS MHKEKIUS HEOCHOBHBIX HOCHUTENICH B
0a3y;

3) o0nacTh TpaH3UCTOPA CO CTOPOHBI 3aKPBITOTO P-N MEPEX0/IA;

4) o0nacTh TPAaH3UCTOPA, HA3HAYCHUEM KOTOPOH SIBIISIETCS SKCTPAKIUA U3 0a3bl HEOCHOBHBIX
HOCHUTEJIEH.

9.1.2. IlepedyeHb BONPOCOB /ISl 324€Ta C OLEHKOM

. Kak Bausier mmpuHa 3anpenieHHoi 30Hb1 Ha BUg BAX p-n nepexona.
. Mexanu3m o0Opa3oBaHus 00JacTH MPOCTPAHCTBEHHOI'O 3apsja 3JIEKTPOHHO-IBIPOYHOTO

nepexosa.

IIpenctaBpTe M NOSICHUTE 30HHYI JHarpaMMy KOMIIEHCHUPOBAHHOIO JABIPOYHOIO
IIOJIyTIPOBOJIHUKA.

OOBACHUTD 3aBUCUMOCTH 3JIEKTPONPOBOAHOCTH ABIPOYHOTO MOTYTIPOBOJAHUKA OT TEMIIEPATYPHI.
OxapakTepu30BaTh TEIJIOBOI MPOOOH p-n mepexoaa.

N300pa3uTh 1 MOSCHUTH 30HHYIO IUAarpaMMy BBIPOXKIEHHOTO TOIYIPOBOJHHKA.

OCHOBHbBIE U HEOCHOBHbBIE HOCUTENH 3apsaaa. KakuM cOOTHOIIEHHEM CBSI3aHbl UX PABHOBECHBIE
KOHIICHTPALUH.

[IpumecHble YPOBHM B ITOJIyIIPOBOJIHHUKE.

[Ipupona ob6paTHOTO TOKA B p-n MEpexoie.

BbIpoXk/1€HHBIE U HEBBIPOXKIEHHBIE COCTOSHUS.

[TonsiTrie 0 poHOHAX.

IToBepXHOCTHBIE COCTOSAHUSI.

KakoBa npuposa Toka HachlIEHHs p-n IEpexo/a.

JlaBuHHBINA TPOOOH p-n mepexoaa.

YeM 00ycI0BIICHA 3IIEKTPOIPOBOJHOCTH COOCTBEHHOTO MOJIYIPOBOAHUKA?

C Kaxoil LieJIbI0 B IIOJIYNIPOBOJHUK BBOAST IPUMECH?

Kak BIMAIOT Ha 3JIEKTPONPOBOIHOCTD MTOJIyIIPOBOJHUKA TOHOPHBIE U AKLENTOPHBIE IpUMECH ?
OO®bsicuuTe, 4TO Takoe AbIpkU? KakoBo WX JBMKEHUE B MOJYNPOBOJAHHUKE MPU OTCYTCTBHH U
[0J1 AEMCTBUEM Pa3HOCTH TOTEHIIUAJIOB?
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OO0bsicHuTe OTINYKME COOCTBEHHOTO U MPUMECHOTO OJTYTPOBOTHUKOB?

Kakue Hocutenu 3apsija siBASIOTCS OCHOBHBIMU U HEOCHOBHBIMH B MOJIYIIPOBOJIHUKAX N- U p-
tunoB? [louemy? Kakum COOTHOIIEHHEM CBSI3aHBI KX PABHOBECHBIE KOHIIEHTPALIUH?
OO0bsCHUTE NPUYHHBI BO3HUKHOBEHUS NUP(DY3MOHHOTO W JApeihOBOTO TOKOB B
MOJTYTIPOBOTHUKE.

Uro Takoe p-n-nepexon? Kak on popmupyercs?

OO0bsicHuTE ¢ GU3UIECKON TOYKU 3pCHUS BEHTHIIHHBIC CBOKMCTBA P-N-TIEPEX0/Ia.

N300pa3ute 1 MOsICHUTE 30HHBIE TUAarpaMMBbl p-n Mepexo/ia B paBHOBECHOM COCTOSIHUU U TIPH
MPWIOKEHUHU IPSIMOT0 U OOPAaTHOTO HANPSKEHHUSI.

[TokaxkxuTe OTAWYUS MEXKIY BOJbTaMIEpHBIMU XapakTepuctukamu (BAX) kpemHuEeBOro u
repMaHHUEBOT0 AUOOB.

[IpuBenuTe TUMOBBIEC 3HAUEHUS JIJISl IPSMOI0 M 0OPAaTHOTO CONMPOTHUBICHUS 3TUX OU0a0B. Kak
ONpeAeIUTh JaHHbIE TapaMeTpsbl o BAX?

[lepeuncnure napametpsl, onpenensemsie no BAX peanbHoro quoaa. Kak onu onpeaensitorcs?
HanorerepocTpyKTypbl, GyHKIIMOHAIbHBIE BO3MOXKHOCTH YCTPOMCTB ¢ KBAHTOBBIMH SIMaMH,
KBaHTOBBIMH IIPOBOJIOKAMH, TOUKAMH.

Koaddumuent nepenaun mo Toky OUIOJIISIPHOTO TPAH3UCTOPA.

Cratuyeckue XapakTepUCTUKU MOJIEBOTO TPAH3UCTOPA C M30JUPOBAHHBIM 3aTBOPOM.

9.1.3. TeMbl NpaKTUYECKUX 3aTAHUI

. KakoBa BeposTHOCTh HAMTH AJIEKTPOH HA HUXKHEM YPOBHE 30HBI IPOBOAMMOCTH B COOCTBEHHOM

repMaHMH, eciii TemnepaTypa obpasia passa: a) 30 K.

. KakoBa BeposTHOCTh HAMTH AJIEKTPOH HA HUXKHEM YPOBHE 30HBI IPOBOAMMOCTH B COOCTBEHHOM

repMaHHH, eciii TemnepaTypa odpasua passa: 6) 300 K.

. OnpenenuTs KOHIEHTPALMI0 HEOCHOBHBIX HOcUTENEH 3apsaaa B repmanuu npu T=300K, ecau

Na=10"18 m-3.

Haiitu nonoxxenue ypoHs @epMu B COOCTBEHHOM HOJIYIIPOBOJAHUKE OTHOCUTEIBHO CEPEIUHBI
3ampenieHHon 30HbI Ipu KoMHaTHOU Temmepartype (T = 300 K), ecnu spdexkTuBHas macca
AJIEKTpOHA B 2 pa3a Oosbliie 3(pGEeKTUBHON MACCHI BIPKH.

VYposenr depmu nonaynpoBoaHuka Haxonutces Ha 0,3 3B Huke 1HA 30HBI MPOBOJUMOCTH.
KakoBa BepoATHOCTb TOTr0, UTO NPU KOMHATHON TEMIEpPAType HIHEPreTUUECKHE YPOBHH,
pacronio’keHHbIe Ha paccTossHuM 3K T BhIlIe JHA 30HBI TPOBOJUMOCTH, 3aHATHI JICKTPOHAMU ?

Yposenb @epmu noaynpoBoaHuka HaxoauTcs Ha 0,3 3B Huke JHA 30HBI TPOBOJIUMOCTH.
KakoBa BEpOSITHOCTH TOT'0, YTO YPOBEHb y NIOTOJIKA BAJIEHTHOW 30HBI COAEPIKUT ABIPKH, ECIU
LIMpUHA 3aIpELeHHON 30HH!I 1,1 3B?

B kxpucramie kpemHus p-tuna Ha Kaxzasle 10°8 aToMOB KpeMHHS NPUXOJUTCS OAUH aTOM
akuentopHoi npumecu. Halitu nonoxenue yposua ®@epmu npu komHatHoil Temneparype (T =

300 K) oTHOCHUTENIHHO BaJIEHTHON 30HBI.

VYnensHoe conmporuBieHue cobcrsenHoro repmanust npu T = 300 K p = 0,43 Om[IMm.
ITonBUKHOCTH 3JIEKTPOHOB M ABIPOK B repMaHuM paBHbl cooTBeTcTBeHHO 0,39 m 0,19
M”*2/(Blc). Onpenenure cOOCTBEHHYIO KOHIICHTPAIIMIO 3JIEKTPOHOB U IBIPOK.

Onpenenuth KOHIIEHTPALHMIO 3JIEKTPOHOB U IBIPOK B oOpaszue repmanus npu T = 300 K,
KOTOPBIA MMEET KOHIIEHTpaIuio JOHOPHbIX atoMoB Nd = 2[110714 cM-3 U KOHLIEHTPALHIO
akienTopHbeix aromoB Na = 31110714 cm-3.

Omnpenenuts npu T = 300 K yzaenbHOE conmpoTuBieHHE COOCTBEHHOr0 00pasia KpeMHHS.
[ToaBUXHOCTU 3JIEKTPOHOB M ABIPOK paBHBI cooTBercTBeHHO: 0,12 m 0,05 m*2/(B*c),
KOHIIEHTpAIMsi COOCTBEHHBIX HOcUTeNeH 3apsiaa ni = 1,50110"16 m-3.

Onpenenuts yaenbHbIE COIPOTUBIIEHUS KpeMHUs n-tuna nposogumocty npu T = 300 K, ecnu
koHUeHTpanuu aoHOpoB Nd paBHbl 10714 u 10718 cM-3, KOHIIEHTpanus cOOCTBEHHBIX
HocuTenel 3apsaa ni = 1,50110"16 m-3.

Onpenenutrh KOHUEHTPALMIO HEOCHOBHBIX HOCUTENEH 3apsijaa, UX MOJBHKHOCTh B 0Opasiie
repMaHueBoro noiynposoaHuka p-tuna npu T = 300 K, ecnu KoHIEHTpalus aKLENTOPHON
npumecu Na = 1016 cMm-3, a koapuuuent nuddys3un snekrpoHo Dn = 93 cm™2/c.
Omnpenenuts yaeabHyI0 MpoBoguMocTh oOpasua kpemuus npu T = 300 K, eciu koHIeHTpaus
aKkenTopos B mouynpoBoanuke Na = 2,3[110713 cm-3 u koHueHTpanus goHopoB Nd =
2,2[110"13 cm-3.
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OnpenenuTs CPEIHIO CKOPOCTH Apeda dJIEKTPOHOB U ABIPOK B repmanuu npu T = 300 K,
€CJIM K 00pa3ily NMPpUII0KEHO BHEITHEE JIEKTPUUECKOE MmoJie ¢ HanpspkeHHocThio E = 10, 100 u
1000 B/cwm.

OnpenenuTh 3HaAUYCHUE APEHPOBOTO TOKA, MPOTEKAIOIIETO Yepe3 KPEMHHUEBBIH CTEpP)KEHb
JUIMHOM 5 c¢M U ¢ momnepedHblM ceueHuem 0,5x0,5 cM”2, Kk KOHIIaM KOTOPOTro MPUIIOKEHA
pa3HoCcTh noteHuanoB 6 B. Kpemuuii n-tuna npoBoaumoctu. KoHIIeHTpaIus 3J€KTPOHOB
MPOBOAUMOCTH B HeM paBHa 10722 m”"-3, KOHIEHTpalHsi COOCTBEHHBIX HOCHTENEH paBHA
2,050110"16 m*-3. Temneparypa T = 300 K. Koapdbunuentsr audpy3un 37eKTPOHOB U JBIPOK
P ATOM TeMIiepaType cooTBeTcTBeHHO paBHbI 0,3111107-2 1 0,06501107-2 m”2/c.
[TonBMXKHOCTH 3JIEKTPOHOB UN U IBIPOK P B MOHOKpHUCTaJIe KPEeMHUS IPU KOMHATHOM
temneparype (T = 300 K) coorBerctBernno paBubl 1400 u 500 cm”2/(Bllc). Onpenenuts
Koa(urmenTs U Py3un AIMEKTPOHOB U JBIPOK MIPH ITON TEMITEpaType.

B oOpasiie repmaHus n-Tuma KOHIIEHTPAIMs TOHOPHOM MPUMECH NP KOMHATHOHN TEMIIepaType
(T =300 K) cocraBnsier Nd = 10"17cm”-3. Onipenenute 3HaueHue pi u 1udy3noHHyI0 TIUHY
31eKTpoHOB Ln , eciu BpeMs ux ku3Hu th = 50 MKC.

Onpenenure BpeMs KU3HH TN U MOJABMKHOCTH 3JeKTpoHOB pun npu T = 300 K, ecau
nuddy3ronHas nauHa 3IeKTpoHOB B repmanuu Ln = 0,15 cm, a koapdunuent auddy3uu Dn =
93 cm”2/c.

OmnpenenuTe MOABUAKHOCTh JIEKTPOHOB B KpeMHuu npu temneparype T = 300 K, ecau
koaurment auddys3un snexrpoHo Dn = 31 cm”2/c.

Boruncnuts nudy3snoHHble JIHUHBI IS SJIEKTPOHOB B T€PMaHUU P-TUIA U JIBIPOK B FEPMaHHUU
N-THUIIa, €CJIU BPEeMs )KU3HU HEOCHOBHBIX HOCUTENeH 3apsiaa th = 1p=10"-4 ¢, ko3pdurmuenTs
nudbys3uu ms repmanus p-tuna Dn = 990110-4 m2/c u qyis repmanus n-tuna Dp = 470110-4
M 2/c.

Omnpenenuts auddy3uonnyo aiuHy Ln u xodpdunuent nuddysun snexrporno Dn B
repMaHUM NMPU KOMHATHOW TeMIIEpaType, €CIU BPEMs KU3HHU 3JIEKTpoHOB tn = 500 MKc, a
MOJABMKHOCTH 3JIEKTPOHOB un = 3600 cm”2/(Bl1c¢).

OOpa3sen repMaHusi CONEPKUT B KadecTBe nmpumecedr 10720 qoHOpHBIX aTOMOB B 1 M3 u
70110719 akuentopusix atomoB B 1 M3, [Ipu koMHaTHOM TemmepaType oOpasia yaeabHoe
CONPOTHUBIIEHHE COOCTBEHHOTO repManus paBHo 0,6 Om[ /M. OnpeaenuTh MIOTHOCTh MOJTHOTO
JIpeidoBOro TOKa, €CIU K 00pasily MPUI0KEHO IJIEKTPUIECKOE ToJIe HampsHKeHHOCThI0 200
B/m. TlopBuxHOCTH 35ekTpoHOB pun = 0,38 M”2/(Bl]c), moaBu»)HOCTH ABIPOK pup = 0,18
M*2/(BlIc).

OnpenenuTh 3HaAYCHUE APEHPOBOTO TOKA, MPOTEKAIOIIETO Yepe3 KPEMHUEBBIH CTEpPKEHb
JUIMHOM 5 c¢M U ¢ momnepedHblM cedueHuem 0,5x0,5 cM”2, Kk KOHIIaM KOTOPOTrO MPUIIOKEHA
pa3HocTh noteHuanoB 6 B. Kpemuuii n-tuna npoBoaumoctu. KoHIEeHTpaus 3J€KTPOHOB
MPOBOIUMOCTH B HeM paBHa 10722 M-3, KoHIEHTpanusi COOCTBEHHBIX HOCHUTEJEH paBHA
2,050110"16 m*-3. Temneparypa T = 300 K. Koapdumuentsr audpy3un 31eKTPOHOB U JBIPOK
MIpH ATOM TeMIiepaType cooTBeTcTBeHHO paBHbI 0,3111107-2 u 0,06511107-2 m”2/c.

HpeiidoBerii TOK mI0THOCTHIO 10 MA/cM”2 TeueT yepe3 KpUCTALT KPEeMHHUS P-THIA C YIeTbHBIM
conpotuiienreM 5 Om[ Icm. Halitu cpenHioo apeidoByr0 CKOPOCTh IBIPOK U AJIEKTPOHOB.

Jns KOHTakTa MeETali-MOJYIPOBOJHUK HAa OCHOBE KPEMHHUS N-TUMA HNPOBOJUMOCTH C
KOHIIEHTpalUE TOHOPHON TPUMECH

N =50110"17cm”-3 paccunTaTh KOHTAKTHYIO Pa3HOCTh MOTEHI[MAJIOB, €CJIM B KAUECTBE MeTasuia
ucrnonb3oBaH: a) Ta (/1M =4,53B); 6) Pt ((IM =5,33B) npu T =300 K.

OrnpenenuTh KOHTAKTHYIO pa3HOCTh MOTeHUUanoB [ |k kpemHueBoro p — n-nepexona npu T =
300 K, ecmu Na=2[110"13 cm-3u Nd = 5011012 cm”-3.

Pe3kuii kpeMHHEBBIH p — n-nepexon chopMUpPOBAH M3 MaTepHaa pP-THIA C yICIbHBIM
conporusieHueM pp = 1,3[110"-3 Om[ M 1 MaTtepuana n-Tumna ¢ yAeIbHbIM CONMPOTUBICHUEM
pn = 4,6(110"-3 Om[ M npu T = 300 K. Bpems KU3HU HEOCHOBHBIX HOCUTEJIEH 3apsaaa B
Marepuaie p- u n-tunoB coctaigeT 100 u 150 MKC COOTBETCTBEHHO, IJIOMIAAL P — N-MEpeXo/ia
S =1 mm”*2. Beraucauth oOpaTHBIN TOK HACBIIIECHUS, IPEAIIOIOKHUB, YTO MPOTIKEHHOCTD P- U
n-o6sacteit MHOTO Oosbie AU Py3UOHHON JTMHBI HOCUTENEH 3apsaa, ecau pup = 4,81107-2
M~ 2/(BlIc), um = 0,135 m"*2/(Blic), n1 =6,5[110"16 m-3.

Yemy paBeH TOK KOJUIEKTOpa B OUIMOJISIPHOM TPaH3UCTOPE, BKIIOYEHHOM IO cXeMe ¢ 001ieit
6a3oii, ecnu [ = 10 MA, Uk6 = 10 B, Ix0 = 10 mkxA, a adpextuBHOCTD SMUTTEpa paBHa 0,99.
[Tpu xakom HampsixkeHud UkO TOK KOJUIEKTOpa OUMOJISIPHOTO TPAH3UCTOPA, BKIIOYEHHOTO IO
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cxeMe ¢ o0miel 6a30i, CTaHeT paBHBIM HYIIO, ecinu npu Uk6=0 Tok koyuekTopa Ik = IMA, a
[k0=10 MKA.

Brruucnure n30BITOYHYIO KOHUEHTPALMUIO 3JIEKTPOHOB uHepe3 2 MUJIIMCEKYHABI MOCe
BBIKJIIOUEHHUS! MCTOUYHMKA BHEHIHEro BO30YyXKIEHHUs, €ClIU ee CTalHOHapHas BeJIHYUHA
Dnct=5"10"19 M-3, a Bpems xu3Hu t=6,25"10-5 c.

Omnpenenure MIOTHOCTh TOKAa TEPMOSJIEKTPOHHOW SMHUCCHUHM M3 TepMaHUs p-TUMNA IpHU
temneparype T=300 K, ecnu ypoBenbr @epMu 3aHUMAET MOJIOKEHUE HA 5 KT BbIIIE MOTOJIKA
BaJICHTHOM 30HBI, a BHENTHss padoTta Beixoaa c0 = 4,0 3B, nocrosanas Puyapncona A=1,2"10"6
A/(M"2xTpan’2), mupuHa 3anpemnieHHoi 30a61 DE=0,67 3B.

Boruncnure mupuny o61acTu NpoCTPaHCTBEHHOTO 3apsia B pe3KOM p-n nepexojie Ha n-Ge npu
temneparype T=300 K, eciim KOHUEHTpalUu AOHOPHBIX U AKIENTOPHBIX MOHOB, a TaK¥kKe
COOCTBEHHBIX HOCHUTENEH 3apsaa, cooTBeTcTBeHHO, Nd=4"10720 m”*-3, Na=5"10"22 M-3 u
ni=2,5"10"19 M-3, nusaexkTpudeckas MPOHUIIAEMOCTh TepMaHus eps=16.

Ha smutrtepnsiii nepexon p-n-p tpansuctopa npu T=300 K mogano npsimoe HampsiKeHHUe
V36=0,2 B. Onpenenure KOHIIEHTpPAIIMIO HEOCHOBHBIX HOCHTENICH 3apsaa B 0a3e BONIU3H
AMUTTEPHOrO Mepexo/ia, €CIU KOHIIEHTPALlMU OCHOBHBIX HOCHUTENEH 3apsa B SMUTTEpe U Oa3ze,
COOTBETCTBEHHO, paBHbI 1710724 M-3 u 1710720 Mm-3. [l pacdyeTa IpUMHUTE KOHIICHTPAIIUIO
COOCTBEHHBIX HOCUTENEH, paBHOH 2,5 10719 M-3.

Briuncnute mia0THOCTh OOPAaTHOTO TOKa HACBHIIIEHHUS B pP-n MEpexojie Ha TepMaHUU MpHU
temnepatype 300 K. YaenbHble COMPOTHBICHUS IBIPOYHOW W JJIEKTPOHHOU obOacTei,
COOTBETCTBEHHO, paBHbI 1,6"10"-4 Omxm u 6,5'10"-3 Omx*xwm; moaBuwxHOocTH: Mmp=0,19
M”2/Bxc, mn=0,39 m*2/Bxc; Bpemena xusnu: tp=400 Mxc, tn=100 MKcC; KOHIIEHTpaIus
coOCTBeHHBIX HOCUTENeH paBHa 2,1°10"19 m-3.

OOpaTHBIN TOK HACHIIMIEHHUS CTAaHIAPTHOTO p-n mepexona (nuoma) mpu temmeparype 300 K
paBeH 2 MKA. Onpenenure HaANpsHKEHUE, MPU KOTOPOM MPAMOM TOK JOCTUTHET BeJIMYUHBI 10
MA.

9.1.4. IlpuMepHbBIi NepedyeHb BOMPOCOB ISl 3aIUTHI J1a00PaTOPHBIX padoT

YeMm OTIMYaAIOTCS SHEPreTUUYECKHUE CIEKTPhI JIEKTPOHOB B KPUCTAJUIE U B U30JUPOBAHHOM
aTtome?

UTo nmoHUMaeTCs Mo BAJICHTHOW 30HOM, 30HOM MPOBOJAMMOCTHU U 3alpPEIIEHHON 30HOM?

OT 4ero 3aBUCHUT HIMPUHA 3aIPELLIEHHON 30HBI?

KakoBa mupurHa 3anpeiieHHon 30HbI Y pa3IHuHbIX TBEPABIX TE?

Kakum MeToa0M MOKHO ONIPENEIUTh LIUPHUHY 3aIPELICHHON 30Hb17

Yro moHUMAaeTCs 1MoJ1 00paTHON BOJIBTAMIIEPHOM XapaKTEpPUCTHKON p-n mepexoaa?

Kakue dakTopsl BIUAIOT HA BETMUYMHY OOpPAaTHOTO TOKA B 00JIACTH HACBILICHHUS?

[Touemy anst onpeneneHus MUPUHBI 3aPEIIeHHON 30HbI METOJOM p-h Mepexoja Heo0Xo uma
TeMIepaTypHasi 3aBUCUMOCTh 0OpaTHOTO TOKa?

[To xkakuM cooOpaXeHUSM B JTaHHOH paboTe U3MEPSETCs CEMENUCTBO 0OpPaTHBIX BOJIbTAMIIEPHBIX
XapaKTEPUCTHUK P — N Mepexo/ia MpHu Pa3InYHbIX TEMIepaTypax, BMECTO OJJHOU 3aBHUCUMOCTH IS
=f(T)?

UYro Takoe 3KcTpanoasaus?

KaxoBa MeTonMKa pacuera MIMPUHBI 3alPEIICHHON 30HbI?

YeM oTiIMUAETCS SHEPTETUUYECKUIN CIIEKTP JIEKTPOHOB B KPUCTAITIMYECKOM ITOJIyIIPOBOAHUKE OT
CIIEKTpa a0COIOTHO CBOOOTHOTO 3JIEKTpOHA?

Yro Takoe 30Ha IPOBOJAUMOCTH, BaJIECHTHAsI U 3aIIPEIIEHHAs 30HbI?

Kakoe oTHOLIEHME MMEIOT BajJEHTHAs 30HA U 30HA NPOBOJUMOCTHU K JIEKTPONPOBOJHOCTH
MOJIyIPOBOJIHUKA?

YeM coOCTBEHHBIH MOJTYNPOBOJHHUK OTJIMYAETCA OT JJIEKTPOHHOTO, JIEKTPOHHBIH OT
JLIPOYHOTO?

[ToueMy KOHILIEHTpaIUsi COOCTBEHHBIX HOCUTENEH 3apsia 3aBUCUT OT IIUPHUHBI 3alpEIleHHOMN
30HBI, & KOHIICHTPALUs 3JICKTPOHOB B MPUMECHOM MOJYNPOBOJHUKE N - TUNA OT YHEPTUHU
MPUMECHOTO YPOBHS?

B kakoii 00nacTu 3KCIepuUMEHTAIbHOU 3aBUcUMOCTH Inc ~ 1/T u mouemy mposiBisieTcs
TEeMIIEpAaTypHas 3aBUCUMOCTh IIOJIBUKHOCTU HOCUTENEN 3apsaa?

OOBscHUTE TEMIIEPATYPHYIO 3aBUCUMOCTD 3JIEKTPONPOBOAHOCTH MOJIYITPOBOIHUKA.
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19. Kak KOHIIEHTpanusi MPUMECU M SHEPrus MOHHU3AIUHU MPUMECHOTO YPOBHS BIUSIOT Ha
3aBUCUMOCTH Inc ~ 1/T ?

20. [ToueMy B CUJIBHBIX 3JEKTPUUYECKUX MOJISAX 3JIEKTPOMPOBOJHOCTh apCEHUAA TajlIus MOKET
YMEHbIIATHCS?

21. OOBsicHUTE BOJIBTAMIIEPHYIO XapaKTEPUCTUKY nrojaa [ aHHa.

22. Yto Takoe 3¢ pexTrBHAS TOIBHKHOCTH?

23. OxapakTepusyiuTe mpoiecc 00pa3oBaHus JOMEHA.

24. OO6wsacuute npupoay CBY konebanumii Toka B nuoze [ 'anHa.

25. Tlouemy kosieOaHusl TOKa HAOMIOMAIOTCA NMPU HAMPSHKEHHOCTH 3JIEKTPUUYECKOTO MOJIS BhIIIE
MIOPOTrOBOr0 3HAYCHHUS?

26. Iloyemy B 00Opa3iie HE BOBHUKAET OJTHOBPEMEHHO 00JIee OJTHOTO JOMEHA?

27. Kakoe nmpakTU4eckoe MpUMEHEHUE UMEIOT A1o bl ['aHHa?

28. Kak paccuuTtaTh HOPOTrOBYIO HAMPSKEHHOCTh 3JIEKTPUUECKOTO MOJIs, MAKCUMaJIbHYIO MJIOTHOCTD
TOKa, HauOoJIblIIee U3MEHEHHE MOIBUKHOCTH HOCUTENEH 3apsia?

29. OOBscHUTE IPUPOY 3aPsITOBON EMKOCTH.

30. Kak o BosbT(hapaHON XapaKTEPUCTHKE OMPEIETUTh KOHTAKTHYIO PA3HOCTD MOTEHITUATIOB?

31. OOBscCHUTE BIUSHHUE PACIIPECIICHHS IPUMECH Ha BOJIbT(hapaaHyIo XapaKTEPUCTHKY.

32. Kak mo BonpTdapaaHol XapaKTEpUCTUKE OMpPENECIUTh TUMN p-n mepexona (pe3Kuil Wi
TIJIaBHBI ) ?

33. O0BsicHUTE, MOYEeMY NMPOOMBHOE HAMPSIKEHHUE JIS PE3KOro p-n mepexoja 3aBUCHT OT
KOHIEHTPALlUU TPUMECH, a JUIs IIJIAaBHOTO - OT I'PaJleHTa KOHIEHTPALlUH.

34, TlosicHuTE, YTO TaKoe «0a3zay JUOJA.

35. Kak o BobTaMIepHON XapaKTEPUCTHKE OMPEICTUTh COMMPOTUBIICHUE 0a3bI?

36. Kak M0OHO paccyuTaTh KOHIIEHTpAIMIO TpUMECH B 0aze nuoaa?

9.1.5. Tembl 1a00paTOPHBIX padoOT

N3MepeHne noABMKHOCTHA HOCUTEIIEH 3apsia.

. Onpenenenue 1uQPy3MOHHON JUTMHBI U BPEMEHH KU3HU HEPAaBHOBECHBIX HOCUTEIICH 3apsaa

. Uccnenosanue s¢dexra cunpHoro noius (3¢ dext ['anHa) 1 ero UCnonbp30BaHUEe B YCTPOIHCTBaxX
MHUKPOAJICKTPOHHKE.

4. OmnpeneneHre BPEMEHH KW3HU HEPABHOBECHBIX HOCHTENEH 3apsna METOJIOM MOIYJISIIUU

IPOBOIUMOCTH.

HccnenoBanue TeMrepaTypHOi 3aBUCUMOCTH 3JIEKTPOIIPOBOIHOCTH T€PMAHUSI.

6. MccnenoBanue BOJBTAMIIEPHBIX M BOJIBT(ApaJAHBIX XapaKTEPUCTUK IMOJIYNPOBOJHUKOBOTO

oA,
7. N3yuenue (GOTONPOBOIMMOCTH MHOJYNPOBOJHUKOB U OIpEIeieHUEe BPEMEHHU >KU3HHU
HEPaBHOBECHBIX HOCUTENEH 3apsia.

W —

e

9.2. MeTonnueckne peKOMeHIal N

YueOHBI MaTepuan u3iaraercs B GopMme, MPeroiaramiie caMoCTOsSTEIbHOE MBIIIICHUE
CTYJIEHTOB, camooOpa3oBanue. [Ipu 3ToM camocTosITeNbHas paboTa CTyICHTOB UIPAET PEIIAIOIILYIO POJIb
B XO/JI€ BCETro y4eOHOro mpolecca.

HauaTpe uzydeHue AuCHHUIUITMHBI HEOOXOIMMO CO 3HAKOMCTBA C paboueil mporpaMmoi, CIUCKOM
y4e0HO-METOUYECKOTO U MporpaMMHOro odecrnedeHusi. CamocrosiTenbHas padoTa CTyJeHTa BKIIOYaeT
paboTy ¢ yueOHBIMH MaTepuajiaMH, BBIOJTHEHHE KOHTPOJIbHBIX MEPONPUATHH, MPeayCMOTPEHHBIX
y4€OHBIM TUTAHOM.

B npouecce uzydeHus: TUCUUILIMHBI ISl Ty4YIIETO OCBOEHUS MaTepHaia He0OX0IUMO PEryJIpHO
oOpamaTbcsi K pEKOMEHAYEMOU JUTEepaType M MCTOYHUKAM, YKa3aHHBIM B y4eOHBIX MaTepuanax;
MOJIb30BaThCsl yepe3 KaOMHEeT CTy/AeHTa Ha cailte YHuBepcuteTa o0pa3oBaTeIbHBIMU pecypcaMu
ANEKTPOHHO-OMOIMOTEYHON CUCTEMBI, a TAK)KE 00IIEeTOCTYTHBIMU HHTEPHET-TIOPTaIaMU, COAECPKAIIUMHU
HAay4YHO-TIONYJSIPHbIE U CIEIUaJIU3UPOBAHHBIE MaTepHasbl, MOCBSIICHHbIE PAa3JIUYHBIM acHeKTaM
y4eOHOW AMCUUILIUHBIL.

[Ipu caMoCTOATEIHLHOM U3YYEHHUU TEM CIIEAYHTE pPEKOMEHIAIHSIM:

— YTEHHE HWJH MPOCMOTP MaTepHuajia OCYLIECTBISHTE CO CKOPOCTbIO, NOCTATOYHOM s
WHAUBUAYATbHOTO TTOHUMAaHUS U OCBOEHHS MaTepuaja, BbIJIENsis OCHOBHbIE UJEH; HA OCHOBAHUHU
M3YUYEHHOT'0 COCTaBUThH Te3UChl. OCBOMB MaTepual, MOMbITATbCS COOTHECTH TEOPHUIO C IPUMEpPAMHU U3
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MIPAKTUKU;

— €CIIM B TEKCTE BCTPEUAIOTCS HE3HAKOMbIE UJIM MAJIO3HAKOMbBIE TEPMHHBI, CIIEYyET BBISICHUTH UX
3HAaYeHUE JIJIsl TOHUMaHUS JajbHEHIIero MaTepuarna;

— OCMBICIIMBalTE MPOYUTAHHOE U N3YUEHHOE, OTBEUATE Ha MPEJI0KEHHbBIE BOIIPOCHI.

CtyaeHThl MOTYT MOJy4aTh WHAUMBUIyalbHbIE KOHCYIbTAIMH, B T.4. C UCIOJb30BAaHUEM CPEJICTB

TCJIICKOMMYHHKAIIUH.

[To gucuumIMHE MOTYT MPOBOJMTHLCS OMOJHUTEIbHBIC 3aHATHUSA, B T.4. B (hopMe BeOMHAPOB.
Pacnimcanue BeOMHApOB | 3anmucyu BEOMHAPOB MyOJMKYIOTCS B DJICKTPOHHOM Kypce / JIEKTPOHHOM

YKypHAaJIe M0 TUCIUIUINHE.

9.3. TpeGoBaHusi K OLIEHOYHBIM MaTepHAJIaM /ISl JIMI ¢ OTPAHUYEHHBIMH BO3MOKHOCTIMU

3A0POBbS U HHBAJIHU/10B

Jis nun ¢ OrpaHMYEHHBIMH BO3MOXHOCTSMHU 3J0POBbS M MHBAJIHUIOB INPEAYCMOTPEHBI
JIOTIOJTHUTEJIHHBIE OLIEHOYHBIE MaTepHalibl, IEPEeYeHbh KOTOPHIX yKa3zaH B Tabnwmie 9.2.

Tabnuma 9.2 — JlomonHUTENbHBIE MaTepHallbl OLICHUBAHUS IS JIUIl C OTPAHUYCHHBIMH
BO3MOXHOCTSIMUA 3JJ0POBbSi 1 WHBAJINJIOB

Kareropuu o6yuaroniuxcs

Buapl 7onoOMHUTENBEHBIX OLIEHOYHBIX
MaTCpHaIOB

@DopMbI KOHTPOJISL ¥ OLICHKH
pe3yJabTaToOB 00yUYeHUs

C HapylmeHusIMH cIyxa

TecThl, TUCbMEHHBIC
CaMOCTOSITeNIbHBIE PAOOTHI, BOIPOCHI
K 3a4€Ty, KOHTPOJIbHBIE pa0OTHI

[Ipenmy11eCTBEHHO MMCbMEHHAS
IIPOBEPKA

C HapyIICHUSIMU 3pEHUS

CobecenoBaHue 1o BOIpocam K
3a4eTy, OMPOC MO0 TEPMHUHAM

[Ipenmy1iecTBEHHO yCTHas
poBepKa (MHAWBUYAJBHO)

C HapyuIeHUsIMH OIIOPHO-
JIBUTATEIILHOTO arlnapara

Pemenue nucTaHIIMOHHBIX TCCTOB,
KOHTPOJIbHBIC pa6OTBI, IIMCHbMCHHBIC
CaMOCTOATCIIbHBIC pa6OTBI, BOIIPOCHI

K 3a4CTy

HpeI/IMYH_IeCTBeHHO
JUCTAaHIMOHHBIMH MCTOAaMU

C orpaHMyYeHUSIMH TIO
o0IIeMe TUIIMHCKUM
MOKa3aHUSIM

TecThl, TUCbMEHHBIC
CaMOCTOSITeNIbHBIE PAOOTHI, BOIPOCHI
K 3a4eTy, KOHTPOJIbHBIE paOOTHI,
YCTHBIE OTBETBI

[IpeuMy1ieCTBEHHO POBEpPKA
METOAaMU, ONIPCACTIAIONIUMUCA
UCXOJS U3 COCTOSIHUS
o0ydaromerocss Ha MOMEHT
IIPOBEPKU

94. MeToanuyecKkue PCKOMEHAAIHUHA 110 OMCHOYHBIM MaTepHaJdaM IJd JUIl ¢ OrPAHUYCHHBIMHA

BO3MOKHOCTSIMM 310POBbS 1 HHBAJIMI0B

Jns nui ¢ orpaHUYEHHBIMH BO3MOXKHOCTSIMU 3J0POBbSI U MHBAJIUJIOB MpPEayCMaTpPUBACTCS
noctymnHas popma MpeaoCTaBICHHS 3a/IaHUi OIIEHOYHBIX CPEJICTB, & HMECHHO:

— B mieuaTHoOu hopme;

— B I1€YaTHOW (hopMe C yBETUUYEHHBIM IIPHPTOM;

— B hopMe JIEKTPOHHOTO JIOKYMEHTA,

— MCTOAOM YTCHUA aCCUCTCHTOM 3aJIaHUSA BCIIYX;

— MPEJIOCTABJICHUE 33JJaHHUS C UCTIOJIL30BAHUEM CYPIOIIEPEBO/IA.
.HI/IIIaM C OIrpaHUYCHHBIMU BO3MOXHOCTAMHU 3JO0POBLA U MHBAJIMAAM YBCIIMYUBACTCA BPEMA Ha

IMOATOTOBKY OTBCTOB HAa KOHTPOJIBHBIC BOIIPOCHI. I[J'ISI TaKux 06yqa}0mnxcsl npeaycMaTpmuBacTCd
noctymnHas popMa npeaoCTaBICHHs OTBETOB HA 33aJJaHHs, 2 UMEHHO:

— MUCBMEHHO Ha Oymare;

— Ha0Op OTBETOB HAa KOMIIBIOTEPE;

— HabOp OTBETOB C UCIOJIH30BAHNEM YCIIYyT aCCHCTEHTA;

— MpEeJICTaBIEHUE OTBETOB YCTHO.

[Ipouenypa oneHuBaHusl Pe3yJbTaTOB OOYYEHHS JUI] C OTPAHUYCHHBIMH BO3MOXXHOCTSIMU
30pPOBbSI U MHBAIUIOB 0 AUCHUILIMHE TPEIyCMAaTPUBACT MPeAOCTaBlIeHne HHPopManuu B GopMax,
AallITUPOBAHHBIX K OTPaHUYCHUAM UX 3J0POBbS U BOCIIPUATHA I/IHCI)OpMaHI/II/II

J1st Iuu ¢ HapylIeHUsIMU 3PeHu:

— B hopMe JIEKTPOHHOTO JIOKYMEHTA,
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— B IIeYaTHOUW popMe yBEITUUCHHBIM HIPUPTOM.

J st i ¢ HAapyIIeHUsIMU cJIyXa:

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA,

— B IIeYaTHOM (opme.

J1st U1 ¢ HApYLIEeHUsIMU OTIOPHO-IBUTaTeIbHOTO anmapara:

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA,

— B IIeYaTHOU (opme.

[Ipn HEOOXOMMMOCTH IS JUIl C OTPAHHUYCHHBIMU BO3MOXKHOCTSIMH 3J0POBbSI U MHBAJIHJIOB
mpoIielypa OIEHUBAHUS PE3yJIbTaTOB 00yUEHHSI MOKET MPOBOJAUTHCS B HECKOJIBKO 3TAIIOB.
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