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1. e 1 niIaHUpPYeMBbIe Pe3yJbTAaThl 0CBOCHHUS M CHMIIJIMHBI (MOIYJIs1)

Iesbro 0cBOEHMSI JUCIMIUIMHEI ABISETCA (POPMUPOBAHUE CICAYIOIIMX KOMIIETEHLIUH:

— OIIK-1. CrocobeH aHanu3upoBaTh U HMHTEPHPETUPOBATH PE3YIbTATHl XUMHUYECKUX
9KCHEPUMEHTOB, HAOIIOJEHUN U U3MEPEHUH.

— OIIK-2. CnocoGeH TpOBOAUTH C COOJIOACHHEM HOPM TEXHHKH O€30MacHOCTH
XUMHUYECKHH 3KCIIEPUMEHT, BKJIIOYasi CUHTE3, aHAJIN3, U3y4YeHHE CTPYKTYpPhl U CBOMCTB BEIIECTB
Y MaTEpUaJIOB, UCCIEA0BAHNUE IIPOLIECCOB C UX YUYAaCTUEM.

—IIK-1. CnocoGeH BbIOMpaTh M HCIOJIb30BaTh TEXHUYECKUE CPEACTBA M METOJbI
UCOBITAHUM JUId pElIEHHUs MCCIEN0BAaTENIbCKUX 33/Jad XMMHMUYECKOM HalpaBlIE€HHOCTH,
HOCTAaBJIEHHBIX CIIELUAIMCTOM 00Jiee BEICOKOM KBaTM(UKALIH.

Pe3ynbraramMu 0cBOEHUS IMCLUIUIMHBI SBIISIOTCS CIEAYIOIINE UHAUKATOPBI JOCTHIKEHUS
KOMIIETECHIINH:

NOIIK-1.1. CucremaTu3upyeT U aHAIU3UPYET PE3yNIbTaThl XUMUYECKUX 3KCIIEPUMEHTOB,
HaOJ01eHUH, N3MEPEHNUH, a TaK)Ke Pe3yJIbTaThl pAaCUE€TOB CBOMCTB BEIIECTB M MAaTEpUAJIOB.

NOIIK-1.2. [IpemnaraeT MHTEPIPETALUIO PE3YIHTaTOB COOCTBEHHBIX SKCIEPUMEHTOB U
pPacYeTHO-TEOPETUYECKUX pabOT C HCMOJIb30BAHUEM TEOPETUUYECKUX OCHOB TPAAULMOHHBIX U
HOBBIX Pa3JI€JI0B XUMHUH.

NOIIK-1.3. ®opmynupyeT 3akiIlO4€HUs U BBIBOABI 110 pe3yibTaTaM aHajau3a
JUTEPATypPHBIX JaHHBIX, COOCTBEHHBIX 3KCIEPUMEHTAIBHBIX U PACUETHO-TEOPETUUYECKUX PabOT
XMMHUYECKON HANpaBJIEHHOCTH.

NOIIK-2.2. TIpoBOIWUT CHHTE3 BEMIECTB H MAaTEPHAJIOB pa3HOH MPUPOABI C
UCIIOJIb30BAaHUEM UMEIOIINXCSI METOIHK.

NIIK-1.2. T'oTOBHT 3J€MEHTHI TOKYMEHTALMH, TIPOEKTHI TUIAHOB M TIPOTPAMM OT/IEIBHBIX
srannoB HUP.

2. 33}13‘11/1 OCBOCHHA TUCHHUIIIMHBI

- OCBOUTH OCHOBBI CTPOEHUS TBEPABIX TeJl, TUIIBI U POJId A€()EKTOB B TBEPABIX Telax,
B3aMMOCBS3b MEXAY COCTaBOM, CTPOCHHEM M CBOMCTBAMH MaTEpHUaJIOB; TEOPETUUECKHE OCHOBBI
CHoCO0O0B OYMCTKHU TMOJIYIPOBOAHUKOBBIX MaTepHaIOB OT IPUMECEeH U MX JIETUPOBAHUS; METO b
CUHTE3a TBEP/BIX BEIIECTB, MPUHIIMUIIBI MPOTEKaHUsI TBEPAO(DA3HBIX peaKLnii;

- Hayuntbca oneHMBaTH BO3MOXHOCTM HAlpPaBIEHHOTO W3MEHEHMs T€X WM HHBIX
¢buznyeckux U (PU3MKO-XMMUYECKUX CBOMCTB MaTepUalIOB IyTEM HMX MOAM(HUKAIUU U BbIOOpA
YCIIOBUH MOJIy4YEHUSI HA OCHOBAHUHU HCIIOJIb30BAHMSI 3HAHUH O COCTaBe, CTPYKTYPE U pEaKLINOHHON
CIOCOOHOCTH TBEP/BIX TEIL.

- Osnagersb CBEACHUSAMHU 00 o0nacTsx IIPUMEHEHUS METAJNINYECKUX,
MOJIYTIPOBOJHUKOBBIX U IU3JIEKTPUUECKUX MATEPHATIOB B OINITO- U JIEKTPOHHON TEXHUKH.

3. MecTo AucuMnIuHbI (MOAYJisl) B CTPYKTYpe 00pa30oBaTe/IbHON NPOrpaMMbl

Juctunnuaa otHOcUTCs K biioky 1 «Jlucuuniauuel (MOTYIN)».

JlucuuniauHa OTHOCHTCS K 4YacTH 00pa3oBaTelbHOW MpOorpaMMmbl, (OPMUPYEMOit
YY9aCTHHUKaMH 00pa30BaTEIbHBIX OTHOIIEHUH, TIPEeAiaracTcsl 00 yJaronuMcs Ha BEIOOP.

Jucuunimza BXoauT B Moayns XUMHUS MaTepUaIOB

4. Cemectp(bl) ocBOeHMS U (popMa(bl) MPOMEKYTOYHON aTTECTALUM 10 AUCHHUIINHE

CemecTtp 7, oK3aMeH.

5. BXO}]HLIC TpCﬁOBaHI/Iﬂ AJIsA OCBOCHMUSA JUCHUIIJIMHbI

JUisl yCHenrHoro OCBOCHHUS AUCIUILIUHBI TPeOyIOTCS KOMIIETEHIINH, CPOPMUPOBAHHBIE B
XO0/IE OCBOEHHS 00pa30BaTeIbHBIX IPOrPaMM IPEIIECTBYIOLIET0 YPOBHs 00pa30BaHuUs.

JUis  yCHEemHOTO0 OCBOCHMs JUCHUUIUIMHBI TpPeOYIOTCS pe3yiabTaTbl OOydeHHUs 110
CIIEIYIOIIUM JAMCLUUIIIIMHAM: HEOpraHWuYecKas XHUMHUS, aHATUTHYECKas XHMHs, OpraHhyecKas



XHUMMHA, (bmnqecxaﬂ XHUMHUS, BBICOKOMOJICKYJIAPHBIC COCANHCHUS, KOJUIONAHAA XUMU, CTPOCHUC
BE€IICCTBA.

6. SI3bIK peajau3anuu

Pycckuii

7. O0beM IUCHUILIHHBI (MOTYJIA)

OO6mast TpyI0€MKOCTh TUCIMIUIMHBI COCTABISIET 4 3.€., 144 yacoB, U3 KOTOPHIX:
— eknud: 32 4.;
— IPAKTUYECKUE 3aHATHUSA. 32 U.;
B TOM YHCJIE€ IPAKTUYECKasi MOArOTOBKa: 32 .
O0BbeM caMOCTOSTEIILHON padOThI CTY/ICHTA ONPeAeicH YICOHBIM IIAHOM.

8. Conep:xkaHue TMCUUILIMHBI (MOYJIs1), CTPYKTYPHPOBAHHOE 10 TEMaM

Beenenne. OcCHOBHBIE MaTepuallbl 2JEKTPOHHOM TexHUKU. lIpencraBiieHus Hayku o
TBEPAOM COCTOSIHUU BeulecTBa. CBfA3b CBOICTB MaTepUanoB CO CTPYKTYpOHl U COCTaBOM.
Knaccugukanus TBepAbIX MaTepHajoB MO XMMHUYECKOMY COCTaBy, CTPYKTYpe, CBOMCTBaM U
GyHKIMOHATHPHOMY HazHaueHUI0. DyHIaMEeHTaNbHbIE U MPUKIIAJHBIE MTPOOIEMBI JIEKTPOHHOTO
MaTepUaIoOBEICHUS.

Y.| [lorynpoBOAHUKOBbIE MATEPHAJIBI

Tema 1. Knaccudukanuss s1eMEHTapHBIX MOJYHPOBOJHUKOB M IOJYIPOBOJHUKOBBIX
COCIMHEHU.

Knaccuukanus TBepIablX Tea: MeETaulbl, H30JSATOPbI, MOIXYNPOBOAHUKH. OCHOBHBIE
¢usznueckue MW XUMHUYECKHE CBOWCTBA IOJYIPOBOAHMKOB. PacmpesneneHue sieMeHTapHbIX
MOJIyIPOBOJHUKOB B mnepuogudeckoil cucreme Jl. M. MenneneeBa. [[BoliHble coeluHEHUs,
knaccupukanuss  ux. [lpaBmima  oOpa3oBaHHsI  aaMa30MoMOOHBIX  MOJYNPOBOAHHKOB  C
TETPA3APUUYECKON KOOpANHALMeEN aTOMOB. M3035eKTpoHHbIE psaabl. TpoiiHbIe, YETBEPTHBIE U T. 1.
MOJIYTIPOBOTHUKOBBIE coeTuHEHMSI. CBSI3b CBOMCTB COETMHEHUH C MTOJIOKEHUEM B IEPUOANYECKOMN
cucreme. Pa3pl NepeMEHHOro cocraBa. TBepaple pacTBopbl. llpuponma XuMHueckoil cBs3W,
CTPYKTYypa ¥ KOOpJAMHALKs aTOMOB. KpuTepuu noaynpoBoguMOCTH.

Tema 2. Teopus neekTHOrO KpHcTauia

3anay CTaTUCTUYECKON TEPMOAMHAMMKY U KBAHTOBOW CTAaTUCTUKU B TEOPUU J1€(PEKTHOTO
kpuctaiia. CoBpeMEHHasl TPAaKTOBKA 3aKOHOB IPOCTBIX M KPAaTHBIX OTHOLIEHUH M MOCTOSHCTBA
cocTaBa B NPUMEHEHHMH K KPUCTAIIMYECKHM pelieTkaM. BikHuil v AanpHUM MOPSIOK B
KpHUCTAaJLIE.

Bunel nedexrtoB: TOUeuHble, IIOCKME, OOBEMHBIE, NpOTsKEHHbIE. Knaccudukanus
neGeKkToB U Ae()EeKTHBIX CTPYKTYp: CTPYKTYPHI CMELICHHS, Pa3phbIXJICHUs, B3aMMO3aMeIleHHs,
JICJIEHNs, BbIUWTAHUS, 3aMelleHus, BHeApeHus. CoOCTBEHHBIH OecrnopsagoK B KpUCTallIax
(rerutoBble niedekThl). 3aBucuMOCTh JedextoB Dpenkens u IoTTku oT TeMmepaTypsbl.
TepMoaMHaMHUYECKUN BBIBOJI YCTOWYMBOCTU KpPUCTALUIOB ¢ JedekraMu. CloKHbIE Ae(EKTHI.
Buns! B3aumoneiicteus aedexroB B kpuctaiax. [Ipumepsr.

[TonynpoBoiHUKH Kak ¢a3bl nepeMeHHOro coctaBa. Kpurepun ycroitunoctu (a3, o6nactsb
roMmoreHHocTH. Kitaccuduxanus ¢a3 nepeMmeHHOro coctasa.. [IoHsTHE O TEPMOAMHAMUYECKOM P-
n-niepexoje. [Ipumenenue k pazam nepemeHHoOro cocrana npasuia a3 ['udoca.

PaBHOBecus B 1e()eKTHBIX KpHCTaIaX: TOMOT€HHOE, TeTepOreHHOe, TOJTHOe BHYTpEHHEe
paBHOBECHE, YaCTUYHOE WJIU «KBa3UPaBHOBECHOE)» cocTostHMe. ['paduueckuii MeTon pacuera
paBHOBECHOM KOHLeHTpalu AedexroB (Mmetoq Kprorepa u Bunka).

XUMUYECKHE CIIEJCTBUS CYIIECTBOBaHMS 1e(PEKTOB B KpUcTalUiax. BinusHue nedexton Ha
¢u3nueckre CBONCTBA KPUCTAILIOB.

Tema 3. MeTobl OYHCTKHU NOJYIPOBOJHUKOBBIX COETUHEHUN



TpeboBaHMs YUCTOTHI B OTHOILIEHUH ITOJIYTIPOBOAHUKOBBIX BeriecTB. Kimaccuduxkarus oco6o
YHUCTBIX BEHIECTB U MATEPUAIIOB, IPUMEHAEMBIX B IIOJYIIPOBOJHUKOBOM TexHUKe. HopmupoBanue
MHUKponpumeceid. XpaHeHne 0co00 YHCTHIX BEIIECTB.

OCOOEHHOCTh METOJOB IOJY4EHHS 0Cc000 4YHMCThIX BelecTB. OCHOBHbIE MPOOJIEMBI
r1yOoKoM ouMcTku. TepmMoauHamuyeckas yCTOMYMBOCTh KpucTaia ¢ npumechbio. OCHOBHbIE
TEPMOJIMHAMHUYECKUE XapaKTEPUCTUKH OCOOOYHCTBIX BEIIECTB.

Duzuko-xumuueckue memoovl ouucmru geuwjecms. Ikcrpakuusd. Coocaxnenue. MoHHbIi
oOmeH. [uctmmnsanus. Pektudukanus. DeKTpoOXUMHUYECKHE METOAbl. XpoMaTorpapuyeckue
MeToasl. [IpuHIMI METOI0B, OCHOBHBIE 3aKOHBI U 3aKOHOMEPHOCTH IIPOLECCOB, MATEMAaTUYECKUE
OIMCAHUS.

DQusuueckue memoowvl oyucmku. Kpuctammsanus TBEpIOTo BEIIECTBA U3 pacIulaBa. 3aKOH
pacupenenenus. Koabdumuent pacnpenenenus K. Tepmomunamuueckuit BoiBog K m ero
3aBUCHMOCTb OT TEMIIEPATyphbl U KOHLEHTPALUK.

Merton 30HHOW TIaBKHM (THUTENbHOH M OecturenbHbIN). BbeBox ypaBHenus Ildanna.
['padmyeckoe pacnpeneneHue npumeceit BIoyb ctepxHs. [IpeaensHoe pacnpenenenue. Biusaue
pas3InYHbIX (PAKTOPOB HA CTENIEHb OUYMCTKH IPH 30HHOMU IJIaBKE. 30HHOE BHIpAaBHUBAHMUE.

Posb muhy3noHHBIX MPOIIECCOB MpH 30HHON OYMCTKE. PaBHOBECHBIE W HEPAaBHOBECHBIE
ycioBus Kpuctamuzanuu. ['paguueckuii criocod onpenenenus Ksg.

Meton HanpaBineHHOU KpucTtaun3anuu. CynHocts MeToia. BeiBog ypaBHeHus. Kpurepuu
3¢ (EeKTUBHOCTH OYUCTKU KPUCTAIM3ALMOHHBIMU METOAMHU.

Tema 4. CuHTE3 MOTYIPOBOIHUKOBBIX COCTUHEHHM.

[Ipsimoli cHMHTE3 COENMHEHUH CIUIABJIEHUEM DACCUMTAHHBIX KOJUYECTB KOMIIOHEHTOB.
CuHTe3 coeIuMHEHUH, MMEIOUIMX JIETKO JETY4Mil KOMIIOHEHT. TemmepaTypHas 3aBUCHUMOCTh
yIpyroctu napa. PaBHOBecue B ra3oBOM CHUCTEME, COAEPXKALLEH MOJIEKYJbl PAa3HOIO COpTa.
TepMoaMHaMHUYECKUI pacueT yCI0BHUI OMyUeHUsI CTEXUOMETPUUYECKUX KPUCTAUIOB (Ha IpUMeEpe
CHHTE3a apceHuja rawius). [lomHoe paBHOBECHOE ONMCaHUE AMarpamMmbl coctosiHus Ga- AS).
JIByX, -TpexTeMIepaTypHblii CHHTE3. XMMUYECKUE METOJIbI CUHTE3A.

Tema 5. MeTozsl BbIpalliuBaHUsI MOHOKPHUCTAJJIOB

OOmias xapakTepucTUKa METO/A0B BhIpaminBaHusd. OOmias TepMOAMHAMHUYECKAs TEOPHs
pocCTa KpUCTAUIOB. BeposATHOCTh M TEepMOJUHAMUYECKHE YCIOBHUS OOPa30BaHUS KPUTHUECKUX
3apofplieii. BnusHue mepechlllleHnsT W IMOBEPXHOCTHO-aKTHUBHBIX BEHIECTB HA BEIUYUHY
3apoJblIlia KpUCTala.

Buipawusanue uz pacniaeos.

OOmrast xapakTepucTUKa METOOB BhIpalllMBaHUs U3 paciiaBa. Metox Yoxpanbckoro.
TexHosmornueckre yciaoBUs IOJYYEHHs COBEPIIEHHBIX MOHOKpHCTALIOB. Pacmnpenenenue u
BBIPABHUBAHKE IIPUMECEH B PACTYILEM KPUCTAILIE.

MeTtoa 30HHOM mHepekpucTaIn3anuu. MeToabpl HalpaBIeHHON KpUCTAIM3aluu (METOL
bpuxmena, meron Yanmepca). JledhekTsl pu BeIpalliMBaHUU MOHOKPUCTAJLIOB. TemmneparypHas
3aBUCUMOCTb KOHIICHTPAI[UU TOYEUHBIX AE(PEKTOB.

Buipawueanue uz pacmeopos.

TpeboBanust k pacrBoputensM. OCHOBHbIE pacTBOpUTEeNH. BbIpamuBanue U3
uHIM((HEpPEeHTHOrO PACcTBOPA, U3 U30BITKA HCXOJHOTO KOMITIOHEHTA.

Pocm kpucmannos uz eazosoii ghasoi.

[TpocThle u 3nUTaKCHATBHBIE TUIEHKHU; CIIOCOOBI MOTydeHusl. OCHOBHbBIE METO/IbI
AMUTAKCUAIBHOTO HAPAIIUBAHHS.

IIpssMo#t cuHTEe3 U3 mapoB. TepMOAMHAMUYECKUN pacyeT MapLUUaIbHBIX JaBICHUN ra3oB
IpU pOCTE€ CTEXUOMETPUUYECKUX KpPUCTAIIOB. TeMmepaTypHblii pexuMm u JedeKTbl Npu
BBIpaIllMBaHNM MOHOKPHCTAJIJIOB. PaBHOBecHe pacTylero Kpucrauia ¢ mapoBoit ¢asoit. Pacuer
KOHIEHTpalui 1eeKToB B KPUCTAJIIE B 3aBUCIMOCTH OT JJaBJICHUS MapOB JIETY4ero KOMIIOHEHTA.
ITony4enne MOHOKPUCTAIIIIOB 3aJaHHOI'O TUIIA U BEJIMYUHBI IPOBOJAUMOCTH.



Metoa ra30TpaHCHOPTHBIX peakuuii. TepMoInHaMUYECKHE YCIOBHS U BBIXOJ TPAHCTIOPTHBIX
peakuuii. [Ipumepsl noy4eHns 3MUTaKCHAIBHBIX CJI0EB 3JIEMEHTAPHBIX U IBOMHBIX
COCIMHECHU.

HccnenoBaHre HECOBEPLIEHCTB MOHOKPHCTANIMYECKUX IUIEHOK. TepMoauHaMHUYecKUi
pacueT KOHLIEHTpalMM IpUMeECH Npu TpaHcnopTe. Mcnonap30BaHue ra3oTpaHCIOPTHBIX pPeaKIMi
JUIS. OYUCTKH MOJYITPOBOHUKOBBIX COEIMHEHUH.

Tema 6. JlernpoBaHue 1oJIyIpOBOIHUKOB

DU3NKO-XUMUYECKHE OCHOBBI JIETHPOBAHUS MOIYIPOBOJHHUKOB.

JlerupoBaHue METAIITyprUUECKUM CIUIaBlIeHUEM. PacueT nurarypsl.

IToBepxHocTHOE Auddy3HOE eruposanue. 3akoHsl Puka. Pacnipenenenne KOHIEHTpAaLUU
muddyraupyromeit mpumecu Briryob obOpasua. Koaddunuent muddysun (/1) xax BenmymHa
KHHETHYeCKasl U TepMOJUHAMUYecKas. 3aBUCUMOCTb [ 0T TemnepaTypbl, KOHLIEHTPALUK 1 THUIIA
neeKTOB.

Mexanusmbl  auddysuun. JlerupoBaHue 3IEMEHTAPHBIX IOJYINPOBOJHUKOB. BiusHue
KOHIIGHTPAalUH JOePEeKTOB Ha PAaCTBOPUMOCTH IMpHuMecH. JIernpoBaHHE HECTEXHOMETPUUYECKHX
COeMHEHUH. 3aBUCUMOCTh PaCTBOPUMOCTHU IIPUMECH OT XapaKTepa U KOHLUEHTpaluu 1e(peKToB U
JTABJICHUS JIETYYEr0 KOMIIOHEHTA.

DNEeKTpOHHOE M HMOHHOE JiernpoBaHue (dnMoHMka). CymHOCTh MeToja. PamuanuoHHO-
CTHUMYJIMpOBaHHAs TUPPY3Hs.

Tema 7. HaHOTEXHOIO0THMS NOTYIPOBOIHUKOBBIX CTPYKTYP

HanocTpyKkTypHupOBaHHBIE KPUCTAJUIBI, UX XapaKTepHbIE pa3MepHbie 3hdeKTs u oTnmune
0T 00BeMHBIX KpucTauioB. OCHOBHBIE NOJIYHNPOBOJHUKOBBIE COEAMHEHUS, HCIIOJIb3YEMbIE B
HanoTexHonorun — Ge, Si, coemunenns AMBY (GaAs, InAs), A1BV! (CdS, CdTe). Jlokammsamus
JJIEKTPOHOB B HAHOCTPYKTypaXx M CBs3aHHble ¢ Hel 3¢¢extel. OOmactu HpUMEHEHUs
HAHOTEXHOJIOTUU: IIOJIEBbIE TPAH3UCTOPHl C JUCKPETHBIM IEPEHOCOM D3HEPIUH, Ja3epbl Ha
KBAHTOBBIX TOYKaX Ha OcHOBe nauona m — GaAs, rerepo3nuTakcHalbHble CTPYKTYphl C
HaHocnosAMH.  IIpumenenune VIIepOaHBIX  TPYOOK  (y/ulepeHbl) B TEXHOJOTHH
HOJYIPOBOJHUKOBBIX INPHUOOPOB B  KayecTBE 3aTBOPOB, MEXKCIOMHBIX KOHTAKTOB U
HEMOCPEICTBEHHO MOIYINPOBOIHUKOB C PA3JIMYHON IIMPUHOM 3aMpPEIIEHHON 30HBI.

Y.ll.dyHkunoHaJbHbIe MaTepHaJibl (MeTAJIbI, KepaMHKa, OJTUMePbI)

Tema 8. MeTamibl U CIUIaBbl CO CHIEUAIBHBIMU CBOWCTBAMU

Teopuu memaniuyecko2o coCmosAHus: TEOPUs CBOOOJHBIX 3JEKTPOHOB, €€ HEIOCTaTKH;
KBaHTOBO-MEXaHUYECKasi TEOpUsl DJIEKTPOHOB; 30HHAs Teopus TBepAbIx Ten. CTpykTypa
MmetauioB. da3pl B METAIMUECKUX CIIJIaBax: TBEP/bI€ PAacTBOPBI, MHTEPMETAIUIMUECKHE (a3bl.
HckaxkeHus: pemeTrok (auciokanmuid) ¥ AeQeKTBl CTPYKTYPHI; CBS3b MEXIY JHUHEHHBIMH
neeKTaMy U CBOMCTBAMHU METAJIOB; ITyTH YIPABJICHUS TUCIOKAIIMOHHBIMU Je(QEeKTaMH.

Onekmpuueckue ceolicmea memannog. duznueckas TMpUpoOAa DIEKTPONPOBOJIHOCTU
MmetauioB. [Ipuposa conmpoTUBIEHHsS METAJUIOB; LIEHTPBl paccesHus UM npaBuio MarTucceHa.
TemnepaTypHast 3aBUCUMOCTb YJEJIBHOIO CONPOTUBJICHHUS METANIMYECKUX MPOBOJHUKOB.
BausiHue npumeceit 1 Apyrux CTPYKTYpHBIX JePEKTOB Ha yIAEIbHYIO MPOBOJIUMOCTh METAIJIOB.
MerTainsl, UCHIOJIb3YEMbIE€ B KAUECTBE MPOBOIHUKOB B DJIEKTPOHHON TEXHUKE.



Csepxnposooswyue memannwl u cniassbi. OCHOBHbBIE CBOMCTBA CBEPXIIPOBOAHUKOB: 3P (et
Meiiccuepa — Okcendennaa, 3¢ dexTs! Jxo3edcona, cBEpXIIPOBOIHUKH ITEPBOTO U BTOPOTO POJIA,
KPUTHYECKHE MAarHUTHbIE TOJIS, KpUTHUECKUM TOK. IIpupona siBIeHUs CBEpXIIPOBOAUMOCTH,
uzoTonuyeckut  3pQexrt, KymepoBckue mapbl, (OHOHHBIH M HSKCUTOHHBIH MEXaHU3M
npoBoguMocTH. KoMMepueckne MmaTepuanbl U NPUOOPHI HA OCHOBE CBEPXIPOBOAMMOCTH:
CUJIBHOTOYHBIE U CJIA00TOYHBIE TEXHOJIOTHH.

Maenemuszm memannuueckux meepovix men. Ilapa- u quaMarHeTuku, GeppoMarHeTUKH,
MarHUTOCTPUKIUS, PpACHpEACICHUE MAarHUTHBIX MOMEHTOB IPHU IOMEIIEHHH pPa3IMYHbIX
MarHeTMKOB B MarHMTHOE II0JIe; BiIMsAHUE TeMmiepaTypbl: 3akoHbl Kiopu u Kropu-Belicca;
MarHeTU3M KOJUIEKTUBU3UPOBAHHBIX 3JEKTPOHOB. MAarHuTOMSArKHE W MarHUTOTBEpAbIE
MaTepuabl.

Tema 9. Kepamuyeckue Matepuanbl

Obwue ceedenuss o repamuyeckux mamepuaiax (KM). CTtpykTypa © CBOICTBa
Kepamuueckux wmarepuanioB. Kiaccubukanus m xapakrepuctuka KM: okcuaHas kepamiuka,
OeckucIOpoaHas KepaMuKa, KepMmeThl. TBepaodasHble peakiu B CHHTE3€ KEepaMHUYECKHX
MaTepuasoB: THUIBl TBepAOo(a3HBIX peakuui; crneunduueckue OCOOCHHOCTH MEXaHU3Ma,
KMHETUKA U TEPMOJIMHAMUKa TBEpAO(a3HbIX peaKuil U MpeBpaleHui.

Onexmpuueckue ceolcmea KepamuKu.

JysnexkTpuueckasi KepaMuKa: MEXaHU3MbI MTOJISIPU3ALUY KEPAMUKHU B 2JIEKTPUUYECKOM I10JIE;
Mb€30-, CETHETO- M MHUPOICKTPUUECKass KepaMHKa, B3aUMOCBSI3b MEXIY MbE30-, CETHETO- U
MUPOIEKTPUUECKUMHU CBOWCTBAMHU.

BricokoTeMmieparypHas CBEpXIpPOBOAAIIAS KepaMUKa: OCOOEHHOCTH KpPUCTANIOXUMUU
BBICOKOTEMIIEPATYpHbIX  CcBepXNpoBoAHUKOB. Kpurtuueckue mnapamerpsr BTCIL.  Ilytu
noBbIlIeHUs kputndeckux xapakrepuctuk BTCII-matepuano: O6mactu npumenenus BTCII-
MaTEepUaJIOB U €€ MEePCHEKTUBBI B TEXHUKE.

HNonnbie npoBoaHuKH. KpuTepun BOZBHUKHOBEHHUS CYIIEPUOHHOIO COCTOSIHUS TBEPABIX TEJ.
Baxneiimme TAIBI TPOBOJHUKOB. [I[puMeHEeHNE TBEPABIX 3JIEKTPOJIUTOB.

Kepamuueckue ¢eppumui. Knaccudukanus depputoB. Marnutomsirkue (GeppuThl co
CTpYKTypo mmuHenn. @DeppuTsl € TIEeKCaroHaJIbHOM  KPUCTAUIMYECKOM  CTPYKTYpOH
(rexcadepputsl). DeppUTHI CO CTPYKTYPOI I'paHara.

Onmuueckue c60UCMEA KepamMuyeckux mamepuanos. XapaKTepUCTHKA ONTHYECKUX
KEpaMUYECKHX MaTE€pUaJIOB; METOABI MOIYYEHMs] MPO3PAYHOM KEpPaMMKH; JIFOMUHECLUEHIUS U
TIOMHUHO(OPBI, TPUHIMUI pPaboThl Jazepa, oOmme TpeOoBaHUS K TBEPIbIM MaTepHualiaM,
HCIIOJIb3YEMBIM B JIa3epax.

Tema 10. ITonmumepHbie MaTepuabl

Qu3uko-xumuyecKue NPUHYUNbL CO30aHUE HOAUMEPHLIX — MAMEPUANo8 ¢ 3A0AHHbIMU
ceoticmeamy. OCHOBHBIE TPUHLUIIBI XMMHUYECKON U (uU3nyYecKol MoauduKaiuu MOJIUMEPOB.
[TonmumepHble  KOMIIO3UIIMOHHBIE MaTepHalbl: KJIacCU(UKalWs HANOJIHUTENEH, MOJelb
CTPYKTYpbl HAlOJHEHHOIO TMOJMMepa, MOAU(UUUpPYIOLUIUME JAEeWCTBUE HAlOJIHUTENeH Ha
HoJUMepsl. MoneKynsapHble KOMILJIEKChl MOJMMEPOB: CBOMCTBAa M CHOCOOBI IOJIyYSHHMS.
Merannopranuyeckre noJUMEpbI, MOTYYEHHbIE HA OCHOBE METAJIJICOIEPKAIX MOHOMEPOB.

dnekmpuueckue ceoucmea noaumepos. XUMHs MPOBOIAIINX MOIMMEPHBIX COEAMHEHU;
TUIBl MPOBOJSIIMX TOJMMEPHBIX BEIIECTB: MOJUMEPbl C 3JIEKTPOHHOW MPOBOAMMOCTHIO
(HaroJTHEHHbIE TMPOBOJAAIINE TOJIMMEpPHI, MOJIMMEPHl C CHUCTEMOM CONPSIKEHHBIX CBsA3ei),
MOJIMMEPHI C MOHHOM POBOJAUMOCTBIO; MEXAHU3M IepeHOca 3aps/ia B MPOBOISAIINX MOTUMEpax.
OTnuuuTenbHble OCOOEHHOCTH MOJMMEPOB C CHUCTEMOH CONpPSIKEHHBIX CBSA3€H, TBEPAbIX
MOJIMMEPHBIX AIEKTPOIUTOB, UX UCIOIb30BAaHUE B COBPEMEHHBIX YCTPOMCTBAX.

Onmuueckue ceoticmeéa noaumepos. MeTosibl cuHTE3a (HIyOopeCcCHUPYIOUNX HOIMMEPOB.
®doroduznyeckue npolecchl B NoJUMepax: o0pa3oBaHue BO30YKIEHHBIX COCTOSHUNA U MEPEHOC
SHEpruu, TyleHue ¢uyopecueHn nooaBkamu. [IpuMeHeHne (JIOMHUHECHEHTHbBIE COJHEYHbIE
KOHIEHTPATOPhI, MaTepUabl AJis JTa3€pHON TEXHUKH).

Kuokoxkpucmannuueckue (KK) nOAUMEDYI. [IpuHmmIs! MOJIEKYJISIPHOTO



koHcTpyupoBanus KK momumepoB. Crpykrypa u ocobeHHoctu cBoiictB JXKK mnommmepos.
Hcnonb3oBaHue B COBPEMEHHBIX YCTPOMCTBAX: CO3/laHHME HOBBIX THUIIOB TOHKOIJIEHOYHBIX
ONTUYECKUX MaTEpUAIOB U AJIEKTPUYECKU YIPABISIEMBIX Cpel A 3alUCU U OTOOpaKEHUS
uHpopmanuu.

9. Tekyuuii KOHTPOJIb O AUCUHUIIUHE

Texymuii KOHTPOJIb IO JIWUCHUUIUIMHE IPOBOJMUTCS IyTE€M KOHTPOJS MOCEHaeMOCTH,
BBITIOJIHEHHUSI TEOPETUYECKUX M PACUYETHBIX JOMAIIHMX 3aJaHuil, TECTOB IO JEKIHOHHOMY
MaTepuaiy, U GUKcupyercs B popMe KOHTPOJIbHOI TOUKU B CEMECTpE.

10. lopsaiok npoBeAeHUs] M KPUTEPUH OLIEHUBAHUS MIPOMEKYTOYHOM aTTeCTAllUH

JK3aMeH B ceJbMOM ceMecTpe MpeICTaBIseT co00i TecT u3 46 BONPOCOB pa3HbIX THUIIOB
(BBIOOp OJHOTO OTBETa M3 CIHMCKA, HECKOJIbKO OTBETOB W3 CIIMCKA, HA COOTBETCTBHUE) U
nposepsitonx MOIIK-1.2., 1.3., 2.2., UIIK-1.2. Ha Bompoc maercsi ofHa MOIBITKA. Bpewms
TECTUPOBAHUs orpaHnueHo — 45 MuH. OO0IIee KOIMYeCTBO OAIIIOB 3a TeCT — 54.

[IpuMepHBIii epeYeHb TECTOBBIX 33 IaHUN

1. KoHuieHTpalys paBHOBECHBIX HOCUTEJIEH 3aps/a B OJYIPOBOIHUKE ONPEIEIIAeTCS:

1. TONBKO ypOBHEM JIETUPOBAHUS

2. TOJBKO TEeMIIepaTypoii

3. oboumu daxTopamu

2. JIOHOpHbIE IPUMECHBIE YPOBHU B IOJIYIIPOBOAHUKAX. ..

1. 3aXBaTBIBAIOT AJIEKTPOHBI U3 30HBI IPOBOJAUMOCTH

2. 3aXBaTbIBAIOT JIEKTPOHBI U3 BAJIEHTHOMN 30HBI

3. OTHAIOT AJIEKTPOHBI B 30HY MPOBOAUMOCTH

3. Yka3aTh COOTBETCTBHE TEOPUU METAININYECKOTO0 COCTOSIHMSI IPUBEICHHOMY IPU3HAKY

1. Teopus [dpyne

A) 31EeKTpOHBI B METaJJIe pACCMATPUBAIOTCS KaK AJIEKTPOHHBIN ras,
K KOTOPOMY MOKHO IIPUMEHUTh KHHETHYECKYIO TEOPHUIO T'a30B.

2. Teopus 3ommepdenbaa

b) npocras kBaHTOBasi MO/IEJb MTOBEICHHS BaJICHTHBIX 3JIEKTPOHOB B
aToMe MeTajula. JJEKTPOHBI METajula PacCMaTpUBAIOTCS B JTOU
Mozenu Kak Pepmu-ras.

3. 3oHHAas TeopHs

B) onexkTpoHbl B aToMe€ UMEIOT OIpENEIeHHbIE JUCKpPETHbIE
3HayeHus (ypoBHH) dSHepruu. Ilpum cOMMKEHHMM aTOMOB Jpyr ¢
JIpyroM npu oOpa3oBaHUM KpUCTasla MPOMCXOAUT paclleIUIeHHe
OJIMHAKOBBIX ATOMHBIX 3HEPIeTUYECKUX COCTOSHHUH 3JIEKTPOHOB B
SHEPreTUYECKHE 30HBI.

OrtBer:

Pe3y.]'II>TaTBI OK3aMCHa

OIPCACIIAOTCA OIICHKaMH1 «OTIHUYHO», «XOopo1mo»,

«YHAOBJICTBOPUTECIIBHOY», KHCYAOBJICTBOPHUTCIBLHO.

Pe3ynbTaThl NpoMeKyTOUHOM aTTECTallMM 3aBUCIT U YUUTHIBAIOT PE3yibTaThl TEKYIIETO
KOHTpPOJISI - BBINOJHEHUS TEOPETHMUECKUX M PacUYETHBIX JOMAIIHUX 33JaHHUH, TECTOB IIO
JEKIIMOHHOMY MaTepHraiy. MakcuMaibHOE KOJHUYECTBO OaToOB 3a TEKymuii KoHTpois — 10.

[Tprmepsl pacu€THBIX 3aJaHUi ISl TEKYIIETO KOHTPOJIA:

1. Pacuer a3¢ppexTUBHOCTH 30HHOM IIaBKH.

2. Pacuer ycnoBuii cuHTe3a MOIYIPOBOAHUKOB U3 T'a30BOM (hazbl

Huxe npuBoanTcs 1IKaia mepeBoja CyMMbI OajlsioB 3a TEKYHIMI KOHTPOJb U IK3aMEH B

OLICHKH!

KonmuecTso 6amos YpoBeHb chOpMUPOBAHHOCTH KOMITETEHIIUN ‘ Onenka




58-64 6amnnos Komnerenunu c)opMUpoBaHbl HOTHOCTHIO OTJINYHO

46 — 57 6amios KomnereHuuu chopMHUpOBaHbl YaCTUIHO XOPOIIIO
35 — 45 Gannos Kommnerenunu chopmupoBansl pparMeHTapHO yIIOBIIETBOPUT.
Menee 35 Gamios Komnerennuu He chopMHUpOBaHbL, PEKOMEHAYETCSI | HEYIOBJIETBOPUT.

ITOBTOPHOC OCBOCHHE TUCIUITIIMHBI

11. YyeOHO-MeTOAMYECKOE 00ecIIeUeHHue

a) DJIEKTPOHHBIN y4eOHBIN KypC 10 AUCIUILUIMHE B 2JIEKTPOHHOM yHHBepcuTeTe «Moodley
- https://moodle.tsu.ru/course/view.php?id=21493

0) O1leHOYHBIE MaTEpHAIBl TEKYIIErOo KOHTPOIS W IMPOMEKYTOUYHOW aTTECTAMH 10
JOUCILUILIAHE.

B) [Tinan IMPAKTUYCCKUX 3aHATUH IO JAUCIHUITIIINHEC.

12. Ilepeuyens yueOHOIi TuTEpaTYyphl U pecypcoB ceTu UHTEepHeT

a) OCHOBHas JTUTepaTypa:

- @axnpmaH b. Xumus HOBBIX MaTepualioB W Ha”HoTexHosoruu. llep. ¢ anrn. — M.
Honronpyansiii: Matennexr, 2011. — 464 c.

- Copokun B. C., Aurunos b. JI., Jlazapesa H. II. Matepuanbl 1 31€MEHTbI 3JEKTPOHHOU
TexHUKU. [IpOBOIHUKY, TOYPOBOIHUKH, AUDJCKTPUKH: yueOHUK aiist By30B — CII06. : Jlans,
2015. - 442 c.

- Anexcannpos C. E., I'pexop @. ®. TexHoyorus MoJympoBOJIHUKOBBIX MaTEpHUaoB: y4eo.
nocooue / C. E. Anekcanapos, ®@. ®. I'pekoB — 2-¢ mu3n., ucnp. — CIIO6. : Jlans, 2012. —
230 c.

0) JOMONHUTEIbHAS TUTEpaTypa:

- 3eOpes I'. Y. ®uznueckre oCHOBBI KpeMHUEBOM HaHOAIEKTpoHUKHU. — M. : BUHOM, 2017. —
240 c.

- MokpoycoB I'. M., 3apyouna O. H., bekesuna T. Il. Mexda3nsie npeBpaiieHus H
(dbopMHpOBaHHE MOBEPXHOCTH MHOTOKOMIIOHEHTHBIX MOJYHMPOBOJHUKOB B JKUJKUX Cpelax:
yueb. nocobue — CIIO. : Jlanp, 2015. — 107 c.

- Organic Optoelectronic Materials /edited by Y. Li: Springer, 2015. — 392 p.

- Ceposa B. H. [Tonumepnsie ontudeckue marepuaisl, CI10. : Hayunsle OCHOBBI 1
TexHonoruu, 2012.

- Becr A. Xumus tBepaoro tena. Teopust u npuinoxkenus. B 2-x 4.M. : Mup, 1988.

B) pecypchl cetu HTepHeT:
- Course Plastic electronics | Coursera
- Frangois Cardarelli. Materials Handbook. A Concise Desktop Reference / - Springer, Cham,
2018. DOI:https://doi.org/10.1007/978-3-319-38925-7
- Bradley D. Fahlman. Materials Chemistry/ - Springer, Dordrecht, 2018. DOI:
https://doi.org/10.1007/978-94-024-1255-0

13. Ilepeyenb HHGOPMALMOHHBIX TEXHOJIOTH I
a) JIMIIEH3UOHHOE U CBOOOJIHO PACTIPOCTPAHIEMOE MPOTPAMMHOE 00ECTICUCHHE !
— Microsoft Office Standart 2013 Russian: nmaket nporpamm. BritogaeT npuinoxenus: MS
Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office
Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);
— myOIMYHO JoCTyMHbBIe oOnayabie TexHomoruu (Google Docs, SIaaexc auck u T.11.).

0) nHpOpPMaIIMOHHBIE CIIPABOYHBIE CUCTEMBI:


https://moodle.tsu.ru/course/view.php?id=21493
https://www.coursera.org/learn/plastic-electronics#syllabus
https://doi.org/10.1007/978-3-319-38925-7
https://doi.org/10.1007/978-94-024-1255-0

— DNEeKTPOHHBIN KaTajaor Hayunoit O6uboTeKn Ty —
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system

— DIeKTpoHHAas 6ubnuoreka (penozurtopwuii) Ty -
http://vital.lib.tsu.ru/vital/access/manager/Index

— OBC Jlans — http://e.lanbook.com/

— 3BC Koncynbrant ctyaenTa — http://www.studentlibrary.ru/

— ObpasoBatenbHas mwardopma KOpait — https://urait.ru/

—9BC ZNANIUM.com — https://znanium.com/

— OBC IPRbooks — http://www.iprbookshop.ru/

14. MaTtepua/jibHO-TEXHUYECKOe o0ecreyeHue

Aynuropun i IPOBEACHUS 3aHATUH JIEKIIMOHHOTO TUIIA.

Aynutopun Juisl IPOBENEHUS NPAKTUUECKUX 3aHATUH, MHIUBUAYAIbHBIX U I'PYNIIOBBIX
KOHCYJIbTALIMM, TEKYILEr0 KOHTPOJISA U IPOMEKYTOYHOH aTTeCTalUu.

[TomenieHust U1 CaMOCTOSITENIFHONW pabOTHI, OCHAIIEHHBIE KOMIBIOTEPHOW TEXHHUKOH U
JOCTYNOM K ceTu MHTepHeT, B 3JIEKTPOHHYIO HMH(GOPMALMOHHO-00pa30BaTEIbHYIO Cpely U K
WH(POPMALMOHHBIM CIIPABOYHBIM CHCTEMaM.

Aynuropun A NPOBEACHUS 3aHATUN JIGKIIMOHHOIO THUIIA, WHIUBUAYAJIbHBIX U
TPYIIIOBBIX KOHCYJIbTAllMM, TEKYIIEro KOHTPOJIS U IPOMEKYTOYHOM aTTECTallMy B CMEIIAHHOM
dopmate («AKTPY»).

15. Uudopmanusi o pazpadboTunkax

N3aak Tarpana MIBaHOBHA, KaH/. XUM. HayK, IOLIEHT, Kadeapa aHaTUTHUECKON XUMUU
HanuoHanpHOTro HecnenoBaTesbckoro TOMCKOro rocy1apcTBEHHOTO YHUBEPCUTETA, IOLEHT.

I'aBpunienko Haramust AiipaToBHa, A-p. XUM. HayK, JOLEHT, Kadeapa aHATUTHYECKOU
xuMuu HanvoHanbHOro MCCIenoBaTeNbCKOro TOMCKOTO TOCYAapCTBEHHOIO YHHUBEPCHUTETA,
JIOLICHT.


http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
http://vital.lib.tsu.ru/vital/access/manager/Index
http://e.lanbook.com/
http://www.studentlibrary.ru/
https://urait.ru/
https://znanium.com/
http://www.iprbookshop.ru/

