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JIucr aktyanusanuu padoueii nporpaMmbl

PaGouast mporpamMma repecMoTpeHa, 00CyKaeHa 1 0100peHa s peanuzaruu B 2023 - 2024
yueOHOM rofy Ha 3aceanuu Kadeapsl DOHU3UKH
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3aB. kadeapoii M.B.XpKy.]‘II/IC
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[Iporokonm oT 20 . Ne
3aB. kadeapoii M.b. Apkymuc

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peamsanuu B 2025 - 2026
y4eOHOM roy Ha 3acenanuu kaeapsl Dusznuku
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3aB. kadeapoii M.B.prynnc

Pabouas mporpamMmma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzanuu B 2026 - 2027
y4eOHOM roy Ha 3aceqaHnu Kadeapslr DOU3UKK

[Iporokom ot 20 1. Ne

3aB. kadeapoii M.B.XpKmec




1 Iles1u ocBOEHUSI T CHMUTLTHHBI (MOLYJI51)

[lenp u3yueHUs MUCHUIUIMHBI - (OPMUPOBAHNE HAYYHOW OCHOBBI JUISI OCO3HAHHOTO H
[IeJICHAIIPABIICHHOTO ~ MCIIOJB30BAaHUS CBOWCTB TBEPABIX TeJI, B TMEPBYHD OdYepeIb —
MOJIYIIPOBOJIHUKOB, IPU  CO3/JaHUM  3JIEMEHTOB, MPUOOPOB U YCTPOMCTB MHUKPO H
HaHORJICKTPOHHUKH.

3agauaMu Kypca CIyKaT pacHIMpeHHe HAYYHOTO KPyrozopa U 3pyAHUIMHU CTYJIECHTOB Ha
0aze wu3ydeHHs QYHIAMEHTAIBHBIX PE3yJbTaTOB (PU3UKKH TBEPAOrO0 Tejla M CIIOCOOOB
MPaKTUYECKOr0 HCIIOIb30BAaHUS CBOMCTB TBEPABIX TEJ, Pa3BUTHE TNMOHMMAHHUS B3aMMOCBS3U
CTPYKTYpBI M COCTaBa TBEPJBIX TEJ, U MHOT000pa3usi UX (PU3NYECKUX CBOMCTB, MPAKTHYECKOE
OBJIQJICHHE METOJIAMH TEOPETUYECKOr0 OMHCAHUS U OCHOBHBIMU TEOPETHYECKUMHU MOJEISIMU
TBEpPJIOTO TeJIa, HAaBBIKAMHM TOCTAHOBKH (DHU3MYECKOTO 3KCIEPUMEHTA 10 HM3YYEHUIO CBOMCTB
TBEPJBIX TEI M OCHOBHBIMU OKCIIEPUMEHTAJIBHBIMU METOAMKAMHU, CO3JaHUE OCHOBBI JJIs
MOCJICTYIOMIEr0 HM3Y4YCHHS BOINPOCOB (U3HMKU IOJYNMPOBOJHUKOBBIX MTPHOOPOB, BKIIIOYAS
DJIEMEHTHI M TPUOOPHI HAHODJICKTPOHUKH, (DU3MKU HU3KOPA3MEPHBIX CHCTEM, TBEPIOTEILHOM
3JICKTPOHUKHU M TEXHOJOTUH MUKPO- U HAHODJIEKTPOHUKH.

2 MecTo quCcHMIJIMHBI (MO1YJIsI) B CTPYKTYpe 00pa3oBaTeIbHOI POrpaMMbl

Jucnummaa Ousnka KOHACHCUPOBAHHOTO COCTOSIHHSI BXOJIUT B YacTh Y4eOHOTO IJIaHa
dbopMupyeMyro ydacTHUKaMU 00pa30BaTeIbHbIX OTHOIICHHI 00pa30BaTeIbHON MPOTPaMMBbI.

JUis  w3ydeHus  AWCHUIUIMHBI  HEOOXOAWMBI  3HAHUS  (YMCHHS,  BJIAJICHUSA),
c(hOpMHUPOBAHHBIE B PE3YJIbTATE U3yUCHUS TUCIUILINH/ PAKTUK:

Marematuka

®dusnka

3HaHus (YMEeHUs, BlaJIeHUs), MOJIYUYEHHbIE MIPU MU3yUYEHUU JAaHHOM JUCLMILINHBI OyIyT
HEOOXOIUMBI JUIsl U3yUSHUS IUCIUIUTNH/TIPAKTHK:

MarHuTHBIE 3JIEMEHTBI JJIEKTPOHHBIX YCTPOMCTB

OCHOBBI MUKPOIIPOLIECCOPHON TEXHUKHU

Pacyer 351eKTpOHHBIX CXeM

®u3nyecKkrue OCHOBBI AEKTPOHUKHU

Muxkponpoieccopsl

HanoanextpoHuka

TexHonornueckue JaTYNKU

OHepreTuyeckas IEKTPOHUKA

3 Komnerenuun odyyaromerocs, popMupyemMbie B pe3y/ibTaTe 0CBOCHUS

AUCUHMILIMHBI (MOAYJISA) U INIAHUPYEMbIe pe3yJIbTaThbl 00y4YeHUs

B pesynbrare ocBOeHHS JIUCHUIUIMHBI (Momyis) «®PuU3MKa KOHJIEHCUPOBAHHOTO
COCTOSIHUSD» 00yYaroIUiCs JOIDKEH 001a1aTh CIEAYOIIUMU KOMIETEHIIUSAMMU:

KO,Z[ HHJUKATOpa I/IH,I[I/IKaTop JOCTHIXKCHHA KOMIICTCHIIMH

[1K-1 CnocoOeH pa3pabarbIBaTh CTPYKTYpHbIE U (PyHKIIMOHAIBHBIE CXEMBI 3JIEKTPOHHBIX CUCTEM
Y KOMIUIEKCOB, IPUHIIMIIAAIBHBIX CXEM YCTPOMCTB C UCIOJIb30BAHUEM CPEJICTB KOMITBIOTEPHOTO
IPOEKTUPOBAHUS, IPOBEIECHUEM  IPOEKTHBIX PpacdeToB MU  TEXHUKO-KOHOMHYECKHM
000CHOBaHHEM MPUHUMAEMbIX PEIIEHUHN

[K-1.1 Pa3zpabaTpiBaeT 3CKU3HBIN MPOEKT, BKIIOYAIOIIUNA: BBHIOOP CTPYKTYpPHOU
CXEMBI 3JIEKTPOHHOTO YCTPOWCTBA WJIM CHUCTEMBI IyTEM COIIOCTaBJICHUS
pa3IMYHBIX BapHaHTOB M HX OLEHKU C TOYKH 3PEHUS] TEXHUYECKUX U
SKOHOMMYECKUX TpeOOBaHUI; pacCUUTHIBAET BCe HEOOXOAMMBIE MTOKA3aTEeNU
CTPYKTYPHOM CXEMBI JJIEKTPOHHOI'0 YCTPOMCTBA WU




CUCTCMBI, B TOM YHCJIC IIOKA3aTCJIM KadCCTBa, BI:IGI/IpaeT 1 000CHOBBIBACT
CXCEMbI BCIIOMOI'aTCJIbHbBIX YCTDOI‘/'ICTB

I1K-1.2

[Tpou3BOIUT TEXHUKO-3KOHOMHYECKOE 00OCHOBAHUE MPUHSATOTO PEIICHUS C
pacueramMu ce0ECTOMMOCTH YCTPOMCTBA M CTOMMOCTH €r0 SKCIUTyaTalluu;
CpPaBHMBAET C aHAJIOTaMU M0 TEXHUKO-3KOHOMHUYECKUM XapaKTEePUCTUKAM




4. CTpPyKTYpa, 00bEM U coiepKaHue TUCHHUIIINHBI (MOIYJIs)
OO0mast Tpy10eMKOCTh JUCIHILTUHBI cOocTaBiseT 3 3aueTHbIX eauHuin 108 akan. gacoB, B TOM

HHUCJIC:

— KOHTaKTHas pabdora — 37,15 akan. gyacos:
— aynuTopHas — 34 akaJ1. 4acos;

— BHeayauTopHas — 3,15 akas. yacos;

— camocTosTenpHas padota — 35,15 akaj. yacos;

— B (popMe npakTHuecKoi moarotoBku — 0 akas. 4yac;

— MOJTOTOBKA K dK3aMeHy — 35,7 akaj. yac

dopma aTTecTaluy - SK3aMEH

AynutopHas g s
o | xomrakTHas pabora E E dopma TeKyLIero
Pazzmen/ Tema 3 (B axaz. qacax) E [y Bux . KOHTpOIA Kon
[ — s g © [ camocTOATENbHOM | ycrieBaeMOCTH H KOMITETEHIIHH
@) g £ paboThI MIPOMEKYTOUHOH
Tlek. mab. | mpaxr. 'S aTTecTaluu
3aH. 3aH. | U &
1. Tunsl KOHAEHCHPOBaHHBIX
cpel, CUMMETpHs M CTPYKTypa
KPUCTAIIIOB
11 OcHOBHbIE
XapaKTepUCTUKU u
CBOWCTBa
KPUCTAIUTMYECKHX, 1. ITogroroska Kk
HEYNOPsI0YEHHBIX u PAaKTUIECKOMY
aMOp(GHBIX TBEPABIX TEN H 3aHATHIO
JKHUJIKHX KPUCTAIUIOB. 2. BoinonHenue
OnpeneneHue  CTPYKTYphI MIPAKTUYECKON 1. becena -
MPOCTEHIINX pemeToK mo| 4 2 2 5 paboThI o0cysxaeHne
JTAHHBIM 3. 2. YcTHBIN onpoc.
PEHTT€HOCTPYKTYPHOTO CamocTosTenbHoe
aHanus3a. MeTtosl M3y4YeHHe yueOHOH
ONHCaHHUA M MEXaHU3MBbI W Hay4HOU
B3aHMOJICHCTBUS JUTEPATYypPBHI
3JIEKTPUIECKOTO u
3JIEKTPOMArHUTHOTO IOJS C
pELIETKOM. JvrHamuka
Hroro no pazaeny 2 2 5
2. CBOOOAHBII 2MEKTPOHHBIN Ia3
B IIOJYNPOBOJAHUKAX U METaJlIax.
1. [loaroroBka K
MIPAKTUYECKOMY
3aHATUIO
2.1 PacyeTpl KHHETHYECKUX 2. BeinonHenue
XapaKkTEePUCTUK  TBEPIBIX MPaKTUIECKON 1. Becena -
Ten B npubmwkenun| 4 2 2 5 paboTbl oOcyxeHne
CBOOOIHOTO 3IEKTPOHHOIO 3. 2. YcTHBIH onpoc.
rasa. CamocrosTensHoe
u3yueHue yuyeOHOH
Y Hay4HOU
JUTEPaTyph
Hroro no pazgeny 2 2 5

3.  3onnas
PUIIOKEHHS.

Teopus MU ee




3.1 OcHOBHbIE
TPUOITMKEHHS 30HHOH
TEeOpHH, CBOMCTBa
OJI0XOBCKOTO JJIEKTPOHA, W
0COOEHHOCTH

JHEPreTHYECKOTO  CIEKTpa
9NIEKTPOHa B  KPHCTAJIIE,
MOHSITHE s deKTrBHON
MAacchl. Knaccudukanus
TBEpPABIX TEN HA METAaJLIbI,
MOJTYTIPOBOHUKH u
IVOJICKTPUKH ~ C  TOYKH
3peHUs] 30HHOW TEOpHH.

OcobeHHocTH 30HHOM
CTPYKTYPBI OCHOBHBIX
MOJTYTPOBOTHUKOB,
rmapaMeTpsl 30HHOH
CTPYKTYPBI, ONPEICIIAIOIINE
BO3MOXHOCTb u
3¢ (HEeKTUBHOCTH
UCITIOJIb30BaHUS ~ JIaHHOTO
MOJIYIPOBOIHHKA JUTS

KOHKPETHBIX TPaKTHYECKHX
MpwiokeHuil. Tunel U pojib
npuMeceit B
MOJTyIPOBOJHUKAX.

CraTucTHKa PaBHOBECHBIX
HOcUTeNeH 3apsana. MeTtozbl

OITHCAHUS MEJIKHX 31
TITyOOKHX MIPUMECHBIX
COCTOSIHHUH, METOIBI

pacdeTa MoJ0KEHH YPOBHS
®epmH B NOIYNPOBOJHUKE,
0COOEHHOCTH

TeMIepaTypHOU
3aBHCUMOCTH
KOHLIEHTpAllui  HOCHUTENEH
3apsiza, OCHOBHBIE

3 HEKTHI, MPOSBIISAIOIINECS
Opd  BBICOKOM  YPOBHE
JIETUPOBAHUSI.

1. [MoaroroBka k
MPAKTUYECKOMY
3aHSATHIO
2. Brmonuenwne
MPaKTUYECKON
paboThI
3.
CamocTosaTenpHOe
u3yueHue yuyeOHon
1 HAyIHOH
JUTEPATYPBI

1. Becena -
00CyXIeHHE
2. YCTHBIH ompoc.

Wroro no pazneny

4. HepaBHOBECHBIE HOCHTENHU

3apsia
1. [loaroroBka K
MIPAKTUYECKOMY
3aHATHIO
2. BeinonHenue
4.1 T'eneparus, o
MPAKTUIECKON 1. Becena -
pexoMOuHanus, Iuddy3us
u Jpeilid HEpaBHOBECHBIX padoTeI obeysxeHue
peH® —Hep 3. 2. YcTHBIH onpoc.
HOCHTeNeH 3apsiaa.
CamocrosTensHoe
u3yueHue yuyeOHOH
Y Hay4HOU
JUTEPATYPBI

Wroro no pazneny

5. MarHeTukH,

CBEPXMPOBOJIHUKH.




1. ITogroroBka k

[IPAKTHYIECKOM
5.1 ®wusuueckas npupoaa P SAHSTHIO y
MarHeTu3Ma, OCHOBHBIE 2 BhINONHEHIE
THIIBI MarHeTHKOB. ) .
. MIPaKTUYECKON 1. becena -
CBolicTBA ¥ OCHOBHbBIE
4 2 2 5 paboThI o0cyxieHne
THIBI  CBEPXIPOBOJIHUKOB, 3 2. VerHii onpoc
MakKpo- H ) ' ’
P CaMOCTOSITEIbHOE
MHUKPOCKOITHYECKUE MOJIEITH o
u3ydeHue yueOHoH
CBEPXIPOBOIUMOCTH. 1 HayHOf
JUTEPATYPhI
Uroro no pazneny 2 2 5
6. TIoBepXHOCTh M KOHTAKTHBIC
SIBIICHUSL.
1. ITogroroBska k
MPAKTUIECKOMY
3aHATHIO
2. BreinonHenue
6.1 KoHTakTHBIC SBJICHHS B MPAaKTUYECKOM 1. becena -
MeTaJiax u| 4 2 2 5 paboThI obOcyxIeHne
MOJTYTPOBOTHUKAX 3. 2. YCTHBI ompoc.
CaMoCTOATEIEHOE
U3yueHHe yueOHOM
Y Hay4HOH
JUTEPATYPBI
Hroro no pazaeny 2 2 5
7. OCHOBHEIE
JKCIEPUMEHTAIILHBIC METOBI
U3yUYCHHS CTPYKTYPHI,
3MEKTPUYECKUX H  MArHUTHBIX
CBOWCTB TBEP/ABIX TEIl.
7.1 MeTonapl
A 1. ITogroroBka k
AKCIIEPUMEHTAIILHOTO DAKTHICCKOM
ornpeeNieHus P SAHSTHIO y
AJIEKTPONPOBOIHOCTH u 2 BhiMoHeHIe
KOHIICHTpAIMA  HOCHTENeH ﬁpaxmqecxoﬁ 1. Becera -
3apsga B TBEPIAOM TeEIle )

P P o 3 3 5,15 paboThI 00Cyx/IeHHe
[IHPHHBI 3aIpereHHOH 3 2. Vermii onpoc
SOHEL, KOHHCHTpALUTH, CaMOCTOf;TEHLHOQ . '
MTOZIBUYKHOCTH, BpEMEHH .

u3ydeHue yueOHon
JKM3HH, koo dunmenra i HAVIHOM
muddys3uu HOCHTENCH JII/ITegaTprI
3apsjia B TOJIYPOBOJIHUKE.
HWroro no pazngeny 3 3 5,15
Hroro 3a cemectp 17 17 |35,15 SK3aMeH
Hroro no gucuuiunge 17 17 35,15 9K3aMCH




5 O06pa3oBaTejibHbIE TEXHOJIOTHH

[Ipu peanuzammy pa3IMYHBIX BUAOB y4ueOHOHW paboTbl Hambonee 3PPEeKTUBHBIE
pe3yNbTaThl OCBOEHUS NUCUUIUIMHBI JIAIOT TPAAUIMOHHBIE OOpa30BaTENbHBIE TEXHOJIOTUH,
TEXHOJIOTUN POOIEMHOTO o0yueHus, WHTEPaKTHBHBIC TEXHOJIOTHH,
H(}OPMaLMOHHO-KOMMYHHUKAIIMOHHBIE 00pa30BaTeIbHbIe TEXHOJIOTHH.

1. Tpapuuumonusie oOpa3oBaTeNbHBIE TEXHOJOTHH OPUEHTHPYIOTCS Ha OpraHHU3aluio
00pa3oBaTeNbHOTO  Mpollecca, MPEANONAralilyl0 MNPSAMYI TPAaHCISAIUI 3HAHUA  OT
IpernoiaBaTess K CTy/ICHTY (IIPEUMYIIECTBEHHO Ha OCHOBE OOBSACHUTEIHHO-MILTIOCTPATUBHBIX
METOJIOB 00y4eHHUst). YueOHas AesITebHOCTh CTYJI€HTa HOCUT B TaKHX YCJIOBHUAX, KaK MPaBUIIO,
pPEnpOyKTUBHBIA XapaKTep.

®opmbl y4eOHBIX 3aHATHI C UCIIOJIB30BAHUEM TPAJAUIIMOHHBIX TEXHOIOTHIA:

WudopmanmonHas JeKIHUs - [OCIENOBATEIbHOE HM3JIOKEHHE  Marepuansa B
TUCIUIUIMHAPHON JIOTHKE, OCYIIECTBISIEMOE MPEUMYILECTBEHHO BepOaIbHBIMU CpEICTBAMU
(MOHOJIOT MpernoaaBaTes).

Cemunap — Oeceza nmpenojaBaTesis U CTyACHTOB, 00CYKJICHHUE 3apaHee MOATOTOBICHHBIX
COOOImIEHNH TIO0 KaXIOMy BOMNpPOCY IUIaHA 3aHATUS C EIOWHBIM JUIA BCEX IIepEYHEM
PEKOMEHIyeMOl 0053aTeIbHON U TOMOTHUTEIBHOMN JTUTEpaTyPhI.

JlabopaTopHas paboTa — opranu3zanusi yaeOHON pabOThI C peaIbHBIMU MaT€PUATBLHBIMU U
UH(GOPMALIMOHHBIMU O0OBEKTaMH, AKCIEPUMEHTalbHas paboTa C aHaJIOrOBBIMH MOJEISIMU
peaTbHbIX OOBEKTOB.

2. Texnonoruu mpobIeMHOr0 OOyuUeHUsI — OpraHu3alus o0pa3oBaTeNBLHOrO Mpolecca,
KOTOpasi MPEANoaraeT moCTaHOBKY MPOOJIEMHBIX BOIPOCOB, CO3AaHUE yUYEOHBIX MPOOIEMHBIX
CUTYalUH JIJIsl CTUMYJIUPOBAHUS aKTUBHOW MO3HABATEIbHOM AEITETbHOCTHU CTYICHTOB.

@®opmbl yueOHBIX 3aHATHI C UCTIOIB30BAHUEM TEXHOJIOTHIA IIPOOIEMHOTO O0YIEHUSI:

[IpoGnemHas nekmuss — UW3IOXKEHUWE MaTepHuaia, IMpeanoyaraloiee MOCTaHOBKY
NpoOJEeMHBIX M JIUCKYCCHOHHBIX BOIIPOCOB, OCBEIICHWE pA3IMYHBIX HAyYHBIX ITOJXOJIOB,
ABTOPCKHE KOMMEHTApHH, CBSI3aHHBIE C Pa3IMYHBIMU MOJAEISMH WHTEPHPETAIlMA HU3ydaeMOro
MmarepHaa.

JIabopaTopHo-TIpakTUYECKOE 3aHATHE B (hOpME MpaKTUKyMa — OpraHu3anus yuyeOHOH
palboThl, HampaBlieHHas Ha pELIeHHe KOMIUIEKCHOW Yy4eOHO-TIO3HaBaTeNbHOW —3a/1auH,
TpeOyYIOIIeH OT CTyIeHTa MPUMEHEHHSI KaK HayYHO-TEOPETHYECKIX 3HAHHM, TaK U MPAKTHYECKUX
HaBBIKOB.

3. HTepakTHBHBIE TEXHOJIOTHH — OpraHU3anus 00pa3oBaTENBHOTO MPOIecca, KOTopast
IpernonaraeT akTUBHOE U HEJIMHEIHOe B3aUMO/IeHCTBHE BCEX YUaCTHUKOB, IOCTHKEHUE HA 3TON
OCHOBE JIMYHOCTHO 3HAYMMOIO Il HHUX oOpa3oBaTelbHOTO pe3ynbrara. Hapsmy co
CHEeLMATU3UPOBAHHBIMUA  TEXHOJOTHSIMM  TaKOro  poja  HPUHIUI  MHTEPAKTUBHOCTH
NPOCIIEKUBACTCSI B OONBIIMHCTBE  COBPEMEHHBIX  00pa30BaTENbHBIX  TEXHOJOTHH.
WHTEepakTHBHOCTH MOAPA3yMEBAET CyOBEKT-CyOBEKTHBIE OTHOLICHHS B X0€ 00pa30oBaTeIbHOTIO
mpolecca 1, Kak cieicTBue, GopMHpoBaHHE caMOpa3BUBaroLeicss HH(OPMAIMOHHO-PECYPCHOM
CpeJBbl.

@®opMbI yUeOHBIX 3aHSTHH C HMCIIOJIB30BAaHUEM CIICIUAIN3UPOBAHHBIX WHTCPAKTHBHBIX
TEXHOJIOTHIA:

1. Jlexuusi «oOpaTHOH CBA3M» — JEKUUSA—TIPOBOKAIMS (M3J10KEHIE MaTepuaa Cc 3apaHee
3a-TUTaHUPOBAHHBIMH OLIMOKAaMHU ), IEKIUSI-0ece 1a, JIeKIUs-AUCKYCCHS.

2. CeMuHap-TUCKYCCHSI — KOJUIGKTHBHOE OOCYXICHHE KaKOTro-JTH0O0 CIIOPHOTO BOIPOCa,
npoOjeMbl, BBIABICHHME MHEHUH B Tpynmne (MeXrpynmoBOdl AMajnor, JHUCKyCCHs —Kak
CIIOp-IHaJsor).

4.  MHpopMallMOHHO-KOMMYHHMKAIIUOHHbIE ~ O0pa3oBaTelbHbIE  TEXHOJIOTMH  —
opraHu3zais 00pa3oBaTeILHOTO MPOIecca, OCHOBAHHAS HA IPUMEHEHNH CTCIIHATH3HPOBAHHBIX
IPOTPAMMHBIX CpeJl M TEXHUYECKUX CPEJCTB PabOThI ¢ HHPOPMALIUEH.

®opmbl y4eOHBIX 3aHATUH € HUCIIOJIb30BaHUEM HHPOPMAIIMOHHO-KOMMYHHUKALMOHHBIX



TEXHOJIOTHI:

Jlexuusi-Bu3yanu3anus — W3JI0KEHUE COJEPIKAHUS COMPOBOXKAACTCS Ipe3eHTaluen
(memoHcTparuel yueOHBIX MaTepHUAJIOB, MPEJACTABICHHBIX B PAa3JIMYHBIX 3HAKOBBIX CHCTEMaX, B
T.4. WUTIOCTPATUBHBIX, IPahUIEeCKUX, ayJH0- U BUICOMATEPHAIIOB).

CemuHapckoe 3aHsATHEe B (hOpME NMPE3CHTAIIMN — IIPEICTABICHUE PE3YIHTAaTOB MPOSKTHON
WIM  HCCIIEIOBATEIbCKOM  JEATEIBHOCTH C  HCIOJb30BAHUEM  CIICHHMAIU3UPOBAHHBIX
MIPOTrPaMMHBIX CPE/I.

6 YueOHO-MeTOAUYECKOE 00eciedeHHe CAMOCTOSITeJIbHOI PadoThl 00y4yarommuxcst
IIpencraBneno B npuiioxeHuu 1.

7 OueHOYHBIE CPeACTBA /sl IPOBeeHHs POMEKYTOUHOI aTTecTaluN
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecnedeHrue TUCIUIITHHBI (MOTYJIs1)

a) OcHoBHas1 IMTEpaTypa:
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MaTepI/IaﬂbHO-TeXHI/I‘-IeCKOG oOecrieuenne JUCHUITJIMHBI BKJIFOYACT:

1. YyeOHble ayTuTOPUU JUIsl TPOBEACHUS 3aHSITUN JIEKIIMOHHOTO THIIA

OcHarieHue ayuTopuu:

MynbTHMEIMIHBIC CPEICTBA XPAHCHHUS, IEPEIAuH U MPEICTABICHUSI HHPOPMALIUH.

2. YueOHble ayIUTOPHH JUIS TPOBEACHUS NPAKTUYECKUX 3aHSATHHA, TPYNIOBBIX U
VHIVBUAYaAJIbHBIX KOHCYJIbTALMM, TEKYILErO KOHTPOJIS U IPOMEKYTOYHOM aTTECTalluK

OcHauienue:

WHTepakTHBHAs JOCKa, IPOEKTOP;

MynbTUMEAUINHBINA TPOEKTOP, IKPAH

3. Y4eOHble ayTUTOPUHU [T BBIIIOJHEHUS KYPCOBOTO MPOEKTUPOBAHUS, TOMEILIEHUS IS
CaMOCTOSITENIbHOM paboTHI.

OcHnaiueHue:

[Mepconanpubie KommbioTephl ¢ makerom MS Office, ¢ Beixogom B MuTepHer u ¢
JIOCTYIIOM B JIEKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTENIbHYIO CPEY YHUBEPCUTETA.

4. TlomemeHnue isi XpaHeHHs M NPOPUIAKTHUECKOTO OOCTYKUBaHUS Yy4eOHOTO
000pyaOBaHUS

OcHnaiueHue:

Crennaxu, ceiidbl a1 XpaHeHus: yueOHOro o0opyoBaHusi. THCTpyMEHTHI A1 peMOHTa
000opyT0OBaHUS



Ipuioxkenne 1

YuyeOHO-MeToAUYECKOE 00ecTiedeHHe CAaMOCTOATEIbHOM padoThI
o0y4aromuxcst

[Ipy wu3yueHUM AUCHUIUIMHBI OCYIIECTBISIOTCS TEKYIIUH, MPOMEKYTOUYHBIH U
UTOTOBBIA KOHTPOJIb MO JUCLUILIAHE.

Texymuii KOHTPOJIb OCHOBAaH Ha OETJIOM OIpoce pa3 B Heeo. PDOpMBI: TECTOBBIE
OIICHKH 32 BBITIOJIHEHHE UHIMBUyalIbHBIX 3a1annii. OcHoBHas 1enb TK: cBoeBpeMeHHas
OIICHKA YCIIEBAEMOCTH CTYJIEHTOB, MOOYXAatomiasi ux paboTaTh paBHOMEPHO, UCKIIIOYas
MaJible 3arpy3Ku WIN NIEPErpy3KH B TEUEHHE CEMECTpA.

[IpakTudeckue 3aHATHS CIEIyeT MPOBOAUTh B ayAUTOPUH C MYJIbTUMEIUHHBIM
0o00opyZ0BaHHEM, TPU 3TOM U KOJUIOKBUYMBI, M 3allUTa PE3yJbTATOB HCCIEIOBAHUMN
MPOBOJIATCS O TPATUIITMOHHON METOAMKE B Kjlacce.

IIpoMe:KyTOUHBI KOHTPOJbL — OCYIIECTBIACTCS B (opMe KOJIOKBUYMOB. Llenb
[IK: mnoOyauth CTYJAEHTOB OTYUTAThCS 3a YCBOGHUE pAa3lelioB  JIUCIUTLIMHBI
HAKOMUTEJIBHBIM 00pa3oM, T.€. CHaudaja 3a IepBble, 3aTe€M 3a CIEAYIOIINE pa3leibl,
U3y4aeMbl€ B CEMECTPE.

HNToroBelii KOHTPOJb 10 JTUCIHUIUIMHE - 5TO TPOBEpPKAa YPOBHS YUEOHBIX
JOCT)KEHUN CTYJIEHTOB MO BCeW AUCIHUILUIMHE 3a cemecTp. Dopma KOHTpOIS: 3a4eT ¢
OLICHKOM B KOHIE cemecTpa. [IpoBoauTcs TpaauuuOHHBIM criocobom. Llenb uroroBoro
KOHTPOJISI: TPOBEpPKAa 3HAHWM JTUCHUIUIMHBI, TMOJYYEHHBIX MPU H3YYCHUH pPa3JelioB,
JIOCTATOYHBIX ISl TIOCIEAYIONIEr0 O0yYeHHUS.

TeMbl IpakTUYECKUX 3aHATUH.

[IpakTueckoe 3ansatue 1.

HccnenoBanue ABICHUN TEPMO3JIEKTpOHHOU amuccuu (TOD) u onpenenexnue
paboThI BBIXO/a METOAOM NpsiMOM Puuapcona.

[IpakTueckoe 3aHsiTUE 2.

Hccnenosanue 3aBUCHUMOCTH AIIEKTPOIPOBOIHOCTH MeTasuia 17}
MOJIyIIPOBOJHUKA OT TEMIEPATYPBHI.

[IpakTrnueckoe 3ansarue 3.

TeMriepatypHoe ucciaeoBaHue p-N- mepexoaa MoJayIpoOBOJHUKOBOIO AUOA.
OmnpeneneHne KOHTAaKTHON Pa3HOCTH MOTEHLIAAJIOB.

[Ipaktnueckoe 3anstue 4. OnpenesieHre KOHLEHTpAaUWMW W 3HAKa 3apsna
HOCUTEJIEH, U 3HAaKa 3apsja HOCUTENIEW TOKa B IOJIYNPOBOJAHUKAX C ITOMOILBIO
apdekra Xosa.

[Ipaktnueckoe 3ansatue 5. McciienoBanue TUANEKTPUUYECCKONW MPOHULIAEMOCTH
CErHETORIIEKTPHUKA.

[IpakTnueckoe 3ansTue 6. M3MepeHue yHENbHOrO 3apsia 3JIEKTPOHA
(OTHOIIEHHE 3apsiia AIEKTPOHA K €r0 Macce).

[Ipaktrueckoe 3ansitue 7. M3ydeHue >7IeKTPOHHO-Ty4YEBOTO ocImuiorpada
U3MEPEHUE NTAPAMETPOB DJIEKTPUUECKHUX CUTHATIOB.

[IpakTueckoe 3anatue 8. M3MmepeHue TeMreparypsl, JIy4EUCIlyCKaTeIbHON
CIIOCOOHOCTH U CTEMIEHH YE€PHOTHI PACKAIIEHHBIX METAJIJIOB.

[TpakTrueckoe 3anarue 9. MccnenoBanue Temopu3NUECKUX XapaKTEPUCTUK
TBEP/AbIX TEJT METOI0OM MEPUOIUYECKUX KOJIeOaHUN TeMIepaTyphbl.



Ipunoxenue 2

OueHovHbIE CPeACTBA AJ MPOBeJeHUs MPOMEKYTOUHON aTTeCTAlMU

a) Ilnanupyemble pe3yabTaThl 00y4eHHUs M OLlEHOYHbIE CPeACTBA [JIsl IPOBeIeHMsI POMEe;KYTOYHOI aTTecTaluu:

CTpyKTypH

bIN DJIEMEHT

KOMIIETEHI]
uu

[Tnanupyemble pe3yiabTaThl O0yUeHUs

O1neHOYHBIC CPEACTBA

[TK-1: Cnocoben pa3zpabaTbiBaTh CTPYKTYPHBIEC U (PYHKIIHOHAIbHBIE CXEMBbI 3JIEKTPOHHBIX CUCTEM, U KOMILIEKCOB, IPUHLIUITHAIBHBIX CXEM YCTPOICTB C
HCIIOJIb30BAHUEM CPEACTB KOMITBIOTEPHOT'O MPOEKTUPOBAHUS, TPOBEICHUEM MPOEKTHHIX PACYETOB M TEXHUKO-IKOHOMUYECKIMM 000CHOBAaHUEM
MPUHUMAEMBIX pPeleHUI

[IK-1.1

PazpabaTbiBaet ICKU3HBIN IIPOEKT,
BKJIIOUYAIOILIUI: BBIOOP CTPYKTYPHOU CXEMBI
JIEKTPOHHOI'O YCTPOMCTBA WJIM CHCTEMBI
IyTEM COIOCTAaBIICHNUS Pa3JInYHBIX
BapMAaHTOB U MX OLICHKU C TOYKH 3PEHHUS
TEXHUYECKHUX u SKOHOMUYECKHUX
TpeOOBaHUH; paccuuThIBacT BCE
HEOOXOJUMBIE IIOKa3aTeau CTPYKTYpHOU
CXEMBI JJIEKTPOHHOIO YCTpOWCTBAa WM
CUCTEMBI, B TOM 4YHCIE IIOKa3aTeiau
KadyecTBa; BbIOMpaeT U  0OOCHOBBIBAET
CXEMBbI BCIIOMOTaTEJIbHBIX YCTPOMCTB

Ilepeuens meopemuueckux 6onpocoe

1 Tumsl cBsi3elt B KpucTauiax: cuiibl Ban-aep-Baanbca, noHHas CBsI3b, KOBAJIGHTHAS CBSI3b,
MeTaJlJIn4ecKasi CBS3b.

2 Pewerku bpaBe: 7 cuHronui, 3 KyOMUECKUX PEIIETKHU.

3 O603Ha4eHue y3JI0B, HaNpaBJIEHUH U TI0CKOCTeH (MHIeKChl Muiuiepa) B KpucTaiie.

4 Jledextor B kpuctamie: Openkens u Llortku.

5. Mukpouactuubl: pepmuons! 1 6030Hb1. OyHKIMS pacnpenenenus. [I10THOCTh coCTOsSHMIMA
JUISL 3JIEKTPOHOB B KpUCTAJLIIE.

6 ®ynkuus pactpenencuus Pepmu-upaka. dusnuecknii cMbics 3Heprun Gepmu i meTaia.
7 ®ynkus pacnpeneneHus Makcseia-bonbsimana.

8 ®yHkms pacupenenenus boze-OlHTeiHa.

9 CoGcTBEeHHBIE TOMYNPOBOIHUKU: 30HHas Auarpamma, sueprust ®epmu EF, paBHOBecHas
KOHLIEHTpalus Hocuresen 3apsaa nl. 3aKoH IEHCTBYIOIUX Macc.

10 IpIpku B MOIYNPOBOJHUKAX. DPPEeKTUBHASA Macca.

11 IIpsAMO30HHBIE U HEMPSAMO30HHBIE NIOJIYTIPOBOIHUKH.

12 JIoHOpHBIE MOIYIPOBOJAHUKH (N-THUIT): 30HHAS JUarpamma.

13 AknentopHble TOTYIPOBOIHUKH (P-TUI): 30HHAS JHarpaMma.

14 TemmiepaTypHas 3aBUCHMOCTb KOHIIEHTPALMN HOCUTEJIEH 3apsiia B IPUMECHOM
MIOJIyIIPOBO/IHUKE.

15 Hpeiid vocurenei 3apsaa. [lonBmwxHocTs. Bpems penakcaruu. J[muHa cBoO6o1HOTO TIpodera.
16 VY nenpHas 371€KTPONPOBOJHOCT. DIEKTPOIPOBOJHOCTh YUNCTHIX METAIUIOB.

17 CobcTBEHHAs TPOBOJUMOCTD OTYTIPOBOTHUKOB.

18 ITpumecHass IPOBOAMMOCTD MOJIYTIPOBOIHUKOB.

19 PabGota Beixoa. KOHTAaKT IBYX MeTaJIJIOB.




CrpykTypH
BII DJIEMEHT

KOMIICTCHIT
nn

[Tnanupyemble pe3yiabTaThl O0yueHUs

O1neHOYHBIC CPEACTBA

20 KoHTakT MeTaa ¢ HOJyIPOBOJAHUKOM: 30HHBIE IUarpaMMbl AJIs CTALIMOHAPHOTI'O COCTOSIHUS,
MPSIMOTO U 00PAaTHOTO BKIIOYECHHUST; KOHTAKTHAS pa3HOCTh MOTEHIUAIOB, IIUPUHA 00CTHEHHOM
00J1aCTH; BOJIbT-aMIIEpHAsl XapaKTepUCTHKA.

21 KoHTaKT ABYX MOJYIPOBOAHUKOB (P-N-IIEPEX0/): 30HHBIE IUAarpaMMBbl JIsl pPTALMOHAPHOIO
COCTOSIHUS, IPSIMOTO M OOPATHOTO BKJIFOUEHMSI; KOHTAKTHAsl Pa3HOCTh OTEHIIMAJIOB, IIMPHUHA
00e/THeHHON 00JIaCTH; BOJIbT-aMIIEpPHAsl XapaKTEPUCTUKA.

22 HopmanbHble KojaeOaHus JMHEHHOW KPUCTANIMYECKON PEIIeTKH U3 OIMHAKOBBIX aTOMOB:
JUCIIEPCUOHHAS 3aBUCUMOCTb.

23 HopmanbHble KojaeOaHHs TMHEHHOW KPUCTANINYECKOH PeleTKH ¢ 6a31ucoM U3 IBYX aTOMOB:
JUCIIEPCUOHHAS 3aBUCUMOCTb.

24 @ynkuus pacnpenenenus HopmanbHbix kKonebaHuil. XapakTepucTudyeckas

yacToTa u Temriepatypa [lebas.

25 ®oHOHBI. DHEPrust KPUCTAIIMNYECKOM peleTKH TBEpIOro Tena. TernnoeMKoCcTh TBEpAO0ro
TeJa.

K 1.2

[Tpon3BOANT TEXHUKO-3KOHOMHYECKOE
000CHOBaHNE IPUHATOTO PELIEHHUS C
pacueramu ce0ECTOMMOCTH yCTPOMCTBA U
CTOMMOCTH €T0 IKCIUTyaTalllH; CPABHUBAET
C aHAJIOTaMH 10 TEXHUKO-?KOHOMHUYECKUM
XapaKTePUCTHKAM

3adanus na peuienue 3a0a4 u3 nPoOPeccuoOHaNbHOU 001acmU, KOMRIEKCHblE 3A0aAHUA




CrpykTypH
BII 2JIEMEHT

KOMIICTCHIT
nn

[Tnanupyemble pe3yiabTaThl O0yueHUs

Ol1ieHOYHbIE CPEACTBA

BbuMCIMTE KOHLEHTPALHMM JICKTPOHOB n B JIMTHH, MeaM u cepebpe npu
temneparype 7=0 K. Dueprun ®epmn meramnos pasuwi: E{Li)=4,72 2B, E{(Cu)=7,11 1B,
EHAg)=5.49 5B.

Onpenpenure sxepruo depmu B repMaHHeBoM COOCTBEHHOM IOJIYIIPOBO/IHHKE
npu Temneparype =300 K. lupuna sanpeiieHHOil 3oubl_E,~0,67 5B. OdpexTurnas macca
amekTpoHoB m, =0,56m, n spdexrusnan macca awipox my, =0,59m, (m, — macca coGonHoro
WIEKTPOHA).

Bbrunciaure sHepruio (PepMu B repMaHHeBOM HPHMECHOM MOIYIPOBOIHHKE,
OTCYHTAHHYIO OT JIHA 30HLI NPOBOAMMOCTH, npH Temneparype 7=20 K. I'epmanuii aeruposau
akuenTopHoi npumecsio In ¢ koHueHTpaumei N=107 w7, upuua sanpeuwieHHO 30HLl NP
J1oil Temneparype pasHa E,=0.75 9B. Dueprus akrupauuun £,-0,011 2B,

Beruueante dHepruio Mepmy B repMaHHeBOM NPUMECHOM [OJIYTIPOBOAHHKE |
OTCHHTAHHYH OT [HA 30HBI NPOBOAHMOCTH, npu Temneparype 7=20 K. I'epmannit nerupoan
AoHOpHOI npumecsio Sb ¢ kouuentpaumeii N~10" M, Illupuna sanperuesnoii 3011 1pH 9108
Temieparype paena £,=0.75 aB.

Buruncaute duepruio Mepmu B repMaHHeBOM MPHMECHOM MOJYIIPOBOJHHKE |
OTCYHTAHHYIO OT JIHA 30HBI NPOBOAMMOCTH, npu Temneparype 7=20 K. I'epmannii neruposan
JIOHOPHOI npuUMechid AS € KOHLEHTpalmuei NA~107 M7 akyenropuoit npumecsio Ga ¢
kouuentpaumeii N,=5-10°% v~

Boiumcaute cpeaHion ApeidoByld CKOPOCTE JBHXKCHHA J/ICKTPOHOB Vg B
METHOM TPOBOIHUMKE JUIMHOMN /=1 M, eciin K HEMY npuioxkeHa pasHocts notenunanos U=10 B.
Vaensnoe conporusienne meau p =1,6- 10" Om-m. Konuentpauus nHocurenei sapsaia n=10"
M

Borumcante ammny cofonHoro npobera JIeKTPOHOB B HOJYIPOBOAHHKE B
CHILHOM IeKTpHueckoM mnose. Kpurudeckan wanpskennocts nons Eg=2-10" Blem.
Temneparypa 20 °C. )

eKTPONpoBOAHOCTL Hatpus pasha 6=2,17-10" Om™'-M™'. Dpdexrusuan macca
ekTpoHa m*=12m.. Beiuucnurs: a) ppeMa penakcauun r npu 7=300 K; 0) cpeaHion JUIHHY
csoboanoro npobera 4 npu 7=300 K; B) apeiidosyio ckopocts vy, B none E=100 B/m.

Ilpakmuueckue 3a0anusn

1 ITmockocTh oTCeKaeT Ha ocsax KoopauHat otpesku S1=0,5, $p=1,25, S3=1,5 B

eIMHUIIAX pedep dieMeHTapHOH sueiiku. OnpeaenuTs HHIEKCH Muiuiepa 3ToH MIOCKOCTH.

2 Haiitn nHaekcel Musiepa TIoCKOCTH, TTPOXO/ISIIEH Yepe3 y37I0BbIe TOUKH
KPUCTAINTNYECKON pemieTku ¢ KoopauHataMu x1=9, X2=10, X3=30, ecnu mapameTpsl perieTKu
a=3, b=5, c=6.

3 Paccuntath ¢ mnoOMONIBI0 HMHAEKCOB Muuiepa pacCTOSHHMS MEXAY COCEAHUMU




CrpykTypH
BII DJIEMEHT

KOMIICTCHIT
nn

[Tnanupyemble pe3yiabTaThl O0yueHUs

O1neHOYHBIC CPEACTBA

kpuctaumaeckuMu miockoctsmu (100), (110), (111) mas npMUTHBHON KyOHMYECKOM SIYCHUKH.
4 ITlycte a — nnuHaA pedpa OCHOBHOTO Ky0a TpaHEICHTPUPOBAHHON KyOWYECKOW PEIICTKH.
KaxkoBo paccrosinue ag mexay ommkaimumu aromamu B ['T[K-permerke?

5 Tlycts a — mymHa pedbpa OCHOBHOTO Ky0a 0OBEMOIICHTPUPOBAHHOW KyOWYECKOM PEIICTKH.
KaxkoBo paccrosinue ag Mmexay ommwkaimumu aromamu B OLIK-pemrerke?

6 Omnpenenutb yuciao atoMoB N0 B 3JIEMEHTAPHOU siUehKe jKelie3a, KPUCTAJUIM3YIOIIErocs B
KyOnueckor cucreme. PeOpo kyba a=0,286 HM, aTomHBIA Bec jkene3a A=55,84 r/moinb,
m10THOCTH p=7,8-10% K/M3.




0) Ilopsanok NpoBeeHNsI MPOMEKYTOYHOM aTTeCTAIMM, NOKA3aTe/IM M KPUTEPUH OLeHUBAHUS:

[IpomexyTouHast aTTecTanys 1Mo JUCHUIUIMHE BKIIOYACT TEOPETHYECKHUE BONPOCHI, TIO3BOJISIIONINE OLCHUTD
YPOBEHb YCBOCHHSI 00yUarONIMMHUCS 3HAHUH, U NMPAaKTHYECKHE 3aaHusl, BBIABILIONINE CTeNeHb C(hOPMUPOBAHHOCTH
YMEHHH ¥ BJIaJICHUH, IPOBOJUTCS B (hOpPME 3aUeTa C OLICHKOM.

IMoka3aTenn M KpUTepHH OLIEHHBAHNSA:
— Ha OIICHKY «OTJIM4YHO» (5 0amioB) — oOydaromuiics AEMOHCTPHPYET BBICOKHI ypOBEHB C(HOPMHPOBAHHOCTH
KOMIICTEHIINH, BCECTOPOHHEE, CHCTEMaTHIECKOE M TITyOOKOe 3HaHME Y4eOHOro Marepuana, cBOOOJHO BBIIOJHSET
MPaKTHIECKUE 3aaHusl, CBOOOTHO OMEPHUPYET 3HAHMSAMM, YMECHHUSIMH, IPUMEHSET UX B CHTYalWsAX MOBBIIICHHOM
CJIOKHOCTH.
— Ha OICHKY «Xopomo» (4 06amma) — OOyJaromuiics IEeMOHCTPHUPYET CPEIHUH YpPOBEHb C(HOPMHPOBAHHOCTH
KOMIICTEHIINI: OCHOBHBIC 3HAHMS, YMEHHS OCBOCHBI, HO JOIyCKAIOTCS HE3HAUNTEIBbHBIC OIINOKH, HETOYHOCTH,
3aTpyIHEHUs [IPU aHATUTHYECKUX OIEepaLUsIX, IepeHOCe 3HAHUH U yMEHHUH Ha HOBBIE, HECTAHAAPTHBIC CUTYalIUH.
— Ha OIEHKY «YyHAOBJIeTBOPHUTeJABHO» (3 Oamra) — o0OyyaromMiCcs JEMOHCTPHPYET IOPOTOBHIH YPOBEHB
c(OPMUPOBAHHOCTH KOMIICTEHIIMH: B XOJ€ KOHTPOJBHBIX MEPONPHUSITUH JOMyCKAaIOTCS OLIMOKH, IMPOSBISETCS
OTCYTCTBUE OT/EJbHBIX 3HAHUH, YMEHUH, HABBIKOB, O0Y4YaIOIIUICS UCIIBITHIBACT 3HAUMTENBHBIE 3aTPYIHEHUS TPH
ONEPUPOBAHNH 3HAHUSIMU M YMEHHSIMHU IIPU HX MIEPEHOCE Ha HOBBIC CUTYalUH.
— Ha OIICHKY «HEYAOBJIETBOPHTEJLHO» (2 Oamna) — oOyuaromuiicss AeMOHCTpHpyeT 3HaHus He Oonee 20%
TEOPETHYECKOT0 MaTepuaa, JOIyCKaeT CYIIECTBEHHbIC OIIMOKM, HE MOXET IOKa3aTh MHTECIUIEKTYAIbHbIE HaBBIKA
peLIeHHs MPOCTHIX 33/1a4.
— Ha OIEHKY «HEYIOBJeTBOPUTeIbHO» (1 Oamr) — oOydwarommiics HE MOXET IIOKa3aTh 3HAHUS HAa YPOBHE
BOCIIPOM3BEACHUS U 00BACHEHHSI HHPOpMANNH, HE MOKET MTOKa3aTh WHTEIJICKTYaJIbHbIC HABBIKH PELICHHS MIPOCTHIX
3a7ad.



