


1. eab U njIaHupyeMble pe3yJabTaThl 0CBOCHHSI JUCHUNIMHBI (MOIYJIs)

[{enpro 0OCBOEHUS TUCHIUTUINHBI SBISETCS (POPMUPOBAHUE CIEAYIONUX KOMITETEHITHIA:

— OIIK-1. CnocobeH aHanu3WpoBaThb W HHTEPHPETUPOBATH PE3YJbTAaThl XHMHUYECKUX
IKCIIEPUMEHTOB, HAOIIOACHUIN U U3MEPEHUH.

— OIIK-2. CmnocoOeH TpPOBOAUTH C COOJIIOJICHHMEM HOPM TEXHUKH O€301aCHOCTH
XUMUYECKUM HKCTIEPUMEHT, BKJItOUasi CUHTE3, aHAJIU3, U3YyUYEHUE CTPYKTYPbl U CBOMCTB BEIIECTB
U MaTepUaJIOB, UCCIIEAOBAHUE MTPOLIECCOB C UX YUACTUEM.

—TIK-1. CnocobGeH BbIOMpaTh ¥ HCIOJNB30BATh TEXHUYECKHE CPEICTBA U METOIBI
UCOBITAHUN JUIA pEIHICHHUS MCCIEAOBAaTENbCKUX 337ady XMUMHYECKOW HaIlpaBIEHHOCTH,
MOCTaBJICHHBIX CIICIIMATMCTOM 00JIe€ BRICOKOW KB (DUKAIINH.

PesynbpTaTramu 0CBOEHUS NUCUUIUIMHBI SIBISIOTCS CIEIYIONINEe WHAUKATOPBI JOCTHXKEHUS
KOMIIETEHLIH:

HOIIK-1.1. CucremMaTu3upyeT U aHATU3UPYET PE3yJbTaThl XUMHUYECKUX IKCIIEPUMEHTOB,
HaOJIIOJICHUH, U3MEPEHUH, a TAKKe PE3yJIbTaThl PACUETOB CBOMCTB BEIIECTB U MaTEPUAJIOB.

HOIIK-1.2. TIpeqnaraer HHTEPHPETALNIO PE3YIbTATOB COOCTBEHHBIX AKCIIEPUMEHTOB
pPacueTHO-TEOPETUIECKIX PadOT C UCIOJIB30BAHHUEM TEOPETUYECKUX OCHOB TPAJAMIIMOHHBIX U
HOBBIX Pa3/IEIOB XUMHH.

NOIIK-1.3. @opmynupyeT 3akiIlO4eHHss W BBIBOABI 110 pe3yjbTaTaM aHaju3a
JUTEPATYPHBIX JAHHBIX, COOCTBEHHBIX SKCIEPUMEHTAIBHBIX U PACUETHO-TEOPETUYECKUX PaboT
XUMUYECKOW HAIPaBIECHHOCTH.

NOIIK-2.2. TIpoBOIUT CHHTE3 BELIECTB M MaTEpPHUaJOB pa3HOMl MPUPOABI C
WCIIOJIb30BAHUEM UMEIOIITUXCSI METOTUK.

NIIK-1.2. ['OTOBUT 3JI€MEHTHI JOKYMEHTAIINH, MPOEKTHI MIIAHOB U MPOTPaMM OTIENIbHBIX
sraroB HHP.

2. 3aga4uy oCBOCHHS JUCIHUILINHDI

— OCBOUTH OCHOBBI CTPOEHUS TBEPABIX TeJl, TUIIBI U POJid 1e()DEKTOB B TBEPHABIX TeJax,
B3aMMOCBSI3b MEX]y COCTaBOM, CTPOCHUEM U CBOMCTBAMHU MaTEpUAJIOB; TEOPETUUYECKHE OCHOBBI
CI0COO0OB OYMCTKH MOJYNPOBOJIHUKOBBIX MAaTEPHAJIOB OT IPUMECEH U UX JIETUPOBAHUS; METObI
CHHTE3a TBEP/IbIX BELIECTB, MPUHIIMIIBI TPOTEKaHUs TBEPAO(]a3HBIX peakLuii;

- Hayuutbca oneHMBaTH BO3MOXHOCTH HAINpaBJIE€HHOTO W3MEHEHMS T€X WM HHBIX
¢u3nueckux M (PU3NKO-XUMHUECKUX CBOMCTB MaTepHajoB IyTeM MX MoAM(UKaluu U BbIOOpa
YCIIOBUH MOJIy4€HUS HA OCHOBAHUU MCTIOJIb30BaHMsI 3HAHUH O COCTaBe, CTPYKTYPE U peaKIIMOHHOM
CHOCOOHOCTH TBEPJIBIX TEN.

- OsBnagersb CBEJICHUSIMH 00 o0nacTsx IIPUMEHEHUS METaJUIMYECKUX,
MOJIyTIPOBOIHUKOBBIX U IUIJIEKTPUUECKUX MATEPHAIIOB B ONITO- U JIEKTPOHHON TEXHUKH.

3. MecTo AncuMMIMHBI (MOAYJIsl) B CTPYKTYpe 00pa30BaTe/IbHOW MPOrpaMMblI
JlucuuIuinHa OTHOCUTCA K 4acTH 00pa3oBaTesIbHOM Iporpammsl, (GopMmupyemoin
y4aCTHUKaMU 00pa30BaTeNIbHbIX OTHOLIEHUH, IBISIETCS 00513aTENbHOMN I U3YUEHHUS.

4. Cemectp(bl) ocBoeHHMs M opMa(bl) IPOMEKYTOUHONH ATTECTALMM 110 JIUCHUIINHE

Cemectp 7, DK3aMeH.

5. Bxoanble TpeOoBaHMS 1JIs1 OCBOEHUS U CHMILIMHBI

Jljig ycTienHoro OCBOCHUS JUCIHUILIUHBI TPEOYIOTCSl KOMIIETEHIIMH, chopMHpOBaHHBIE B
X0JIe OCBOEHHsI 00pa30BaTeIbHBIX MIPOTrpaMM HPEAIECTBYIONIETO YPOBHS 00pa3oBaHusl.

JUis  yCHemHoro OCBOEHHUS AUCHUILIUHBI TpeOyroTCs pe3yibTaTbl OOyuYeHHus 1o
CIEIYIOIIMM AMCLMIITIMHAM: HEOpraHW4YecKas XHMMHs, aHAJIUTHYECKas XMMMsI, OpraHUYECcKas
XUMUS, (PU3HUEcKas XUMUS, BBICOKOMOJIEKYJISIPHbIE COEIMHEHNUS, KOJIJIOUHAS XUMHUSI, CTPOCHHE
BELIECTBA.



6. SA3bIk peanu3zanuu

Pycckuit

7. O0beM TUCHUTITIHHBI (MOTYJIA)

OO01mmast TpyA0eMKOCTh TUCHHUIUTHHBI COCTaBiseT 4 3.¢., 144 acoB, U3 KOTOPBIX:
— Jekumu: 32 4u.;
— MPaKTHYECKHUE 3aHATUsA: 32 4.;
B TOM YHCJIE€ TPAKTHYECKas MOATrOTOBKA: 32 4.
O0BeM caMOoCTOATENBHOM pabOTHI CTYIEHTA ONPEAEIICH YUeOHBIM IIAHOM.

8. Coneprkanue TUCHUILIHHBI (MOIYJINA), CTPYKTYPHUPOBAHHOE MO TEMaM

BBenenne. OcCHOBHbIE MaTepHalibl 3JEKTPOHHOM TexHHMKHU. IlpeacraBineHuss Hayku o
TBEPAOM COCTOSHUM BemecTBa. CBA3b CBOMCTB MaTEpUalOB CO CTPYKTYPOH M COCTaBOM.
Knaccugukanuss TBepAbIX MaTepHajoB MO XHUMHUYECKOMY COCTaBy, CTPYKTYpe, CBOWCTBAM W
(GYHKLIHMOHAIBHOMY Ha3zHaueHUto. DyHaMeHTaIbHbIE U MPUKIIAAHbIE TPOOJIEMBI JIEKTPOHHOIO
MaTepUAIIOBEICHNUS.

Y.| [MosrynpoBoIHUKOBbIE MATEPHAJIBI

Tema 1. Kmaccudukamust 31eMEHTApHBIX MOIYIPOBOJHUKOB M IOJYNPOBOJIHUKOBBIX
COEIMHEHUI.

Knaccupukanuss TBepIObIX TeN: METaUIbl, H30JSATOPHI, MOIXYHPOBOTHUKH. OCHOBHBIE
¢u3nyeckue M XHMMUYECKHE CBOWMCTBA NOJYNPOBOJHUKOB. PacmpeneneHue siaeMEHTapHBIX
MOJYNPOBOJAHUKOB B mnepuoandeckon cucreme JI. M. MenneneeBa. J[BOWHBIE COEAMHEHHS,
kinaccupukanus ux. [IpaBuna  oOpa3oBaHMs — aaMa3o0noJOOHBIX — MOJIYIPOBOJHHUKOB — C
TETPa’APUUYECKON KOOPAUHALMEN aTOMOB. 303/IeKTpOHHBIE psiibl. TPONHBIE, YETBEPTHBIE U T.J.
IIOJIyTIPOBOXHUKOBBIE COeqUHEHUS. CBSI3b CBOMCTB COCIMHEHU C ITOJIOKEHUEM B IEPHOANYECKON
cucreMe. @a3pl NEPEMEHHOTO cocTaBa. [Bepable pacTBOpbl. lIpupona XMMHUYECKOW CBS3H,
CTPYKTypa U KOOpAMHALUs aTOMOB. Kputepuu noiaynpoBOgMMOCTH.

Tema 2. Teopust neeKTHOTO KpHCTaa

3a7auu CTAaTUCTUYECKOM TEPMOJMHAMUKYA U KBAHTOBOM CTaTUCTUKH B TEOPHM J1€(HEKTHOTO
kpuctayia. CoBpeMeHHas TPAaKTOBKA 3aKOHOB MPOCTBIX U KPAaTHBIX OTHOLIEHUI U MOCTOSHCTBA
CcOoCTaBa B NPHUMECHEHUU K KPUCTAJUIMYECKUM peUIeTKaM. bavKHUN M JajdbHUN TOpPAJOK B
KpHCTaJUIE.

Bunesl nedexToB: ToueuHble, IUIOCKHE, OOBEMHbIE, MNpOTsHKeHHbIe. Kiaccudukams
nedeKkToB U JAEPEKTHBIX CTPYKTYp: CTPYKTYpPbl CMEILEHUs, Pa3pbIXJIEHUS, B3aUMO3aMEUICHMUS,
JIeNieHus], BbIUUTAHUA, 3aMelleHus, BHeapeHus. CoOCTBEHHBbIM OecropsoKk B KpHcTawiax
(rernoBble nedekTsl). 3aBucumocTh aedextoB Dpenkens u IIoTTku oT TeMmmeparypsl.
TepMoaMHAMUYECKUH BBIBOJ YCTOWYMBOCTH KpUCTAIOB ¢ Aedexramu. CioxHble 1e(EeKThI.
Bunsl B3aumopeiicTBus neekToB B KpucTtamuiax. [Ipumepsr.

[TonynpoBoiHUKY Kak (a3bl mepeMeHHOro coctaBa. Kputepun ycrounBocTH (a3, 001acTh
romoreHHocTH. Knaccugukanus gpa3 nepemeHHoro cocrasa.. [IoHsATHE O TEPMOIMHAMUYECKOM P-
n-nepexoje. [Ipumenenue k azam nepeMeHHOro coctaa npasuia ¢a3 ['n60ca.

PaBHOBecus B 1epeKTHBIX KpUCTaJlJIaX: TOMOI€HHOE, F€TEPOTreHHOE, MTOJIHOE BHYTPEHHEE
paBHOBECHE, YaCTHUYHOE WM «KBa3UpaBHOBECHOE» cocTostHMe. ['padumueckuil MeTo] pacuera
paBHOBECHOM KoHIIeHTpaluu aedektoB (Metoa Kprorepa u Bunka).

XUMHUYECKUE CIIEACTBUS CYIIECTBOBAHMS 1e(heKTOB B KpucTaiax. Biausuue nedekroB Ha
¢duznyeckue cBOCTBa KPUCTAIIIIOB.

Tema 3. MeToapl OUMCTKH MOITYIPOBOAHUKOBBIX COEIMHEHUN

TpeboBaHus UUCTOTHI B OTHOLIEHUH MOITYITPOBOJHUKOBBIX BemiecTB. Kimaccudukarus ocodbo
YUCTBIX BEIIECTB U MAaTEPUAJIOB, IPUMEHAEMBIX B IIOJIYIIPOBOIHUKOBOU TexHUKe. HopMupoBanue
MUKpornpumeceil. XpaHeHHe 0c000 YMCTHIX BELIECTB.



OC0OEHHOCTh METOJIOB TONYYEHHUsT 0CO00 YHCTBHIX BemecTB. OCHOBHBIC TPOOIEMBI
riryOokoi ouncTku. TepMoauMHaMuueckas yCTOHUMBOCTH KpUCTalula ¢ npuMechio. OCHOBHBIE
TEPMOJMHAMHYECKHE XapaKTEPUCTUKH OCOOOUHCTHIX BEILIECTB.

Duzuko-xumuueckue memoovl ouucmru geuwjecms. Ikcrpakuusa. Coocaxnaenue. MoHHbIil
oOmeH. Juctumisiuus. Pektudukanmus. DIEKTpOXUMHUYECKHE METOJbl. Xpomarorpadudeckue
MeTobl. [IpuHIINMIT METO0B, OCHOBHBIE 3aKOHBI U 3aKOHOMEPHOCTH ITPOLIECCOB, MaTEMaTUUECKUE
ONHUCaHUS.

DQusuueckue memoowvl oyucmku. Kpucrammsanus TBEpIOTO BEIIECTBA U3 PacIulaBa. 3aKOH
pacupenenenus. Koabdumuent pacnpenenenus K. Tepmommnamuueckuit BeiBog K m ero
3aBUCUMOCTb OT TEMIIEPATyphl U KOHIIEHTPALUH.

Merton 30HHOHN TIaBKM (THUTENbHOHW M OecturenbHbIN). BeBox ypaBHenus Ildanna.
['padmyeckoe pacnpeneneHue npumeceit BIoyb ctepxHs. [IpeaensHoe pacnpenenenue. Biusaue
pa3INyYHbIX ()aKTOPOB HA CTEIIEHb OUYMCTKU MPU 30HHOM IJ1aBKe. 30HHOE BbIPAaBHUBAHHUE.

Pounb muy3uoHHBIX MPOIECCOB MPH 30HHON OYMCTKE. PaBHOBECHBIE W HEPaBHOBECHBIC
ycnoBus kpuctaunzanuu. ['padpuueckuii cnocod onpenenenus K.

Meton HanpaBiaeHHON KpucTtaun3anuu. CylnHocTs MeTo1a. BeiBog ypaBHeHus. Kpurepuu
3(h(HEeKTUBHOCTH OYUCTKU KPUCTAIUTM3AIMOHHBIMA METOIaMHU.

Tema 4. CuHTE3 MOITYIIPOBOIHUKOBBIX COCTMHEHH.

[IpsiMOoli cHMHTE3 COEIMHEHMI CIUIABIEHHEM PACCUMTAHHBIX KOJIMYECTB KOMIIOHEHTOB.
CuHTe3 coeIuMHEHUH, MMEIOUIMX JIETKO JIETY4YMil KOMIIOHEHT. TemmeparypHas 3aBHUCHUMOCThb
ynpyroctu napa. PaBHOBecue B ra3oBOil CHUCTEME, COJEpXkallell MOJIEKYJIbl pa3HOro copTa.
TepMoanHaMHUYECKUI pacueT yCIOBUIM NOMyUEHUs CTEXUOMETPUUYECKUX KPUCTAIUIOB (Ha IpUMEpE
CHHTe3a apceHuaa rawus). [TonHoe paBHOBECHOE OMMKMCaHHE auarpammbl cocTosiHus Ga- AS).
JIByX, -TpeXTeMIlepaTypHbIii CUHTE3. XUMHUYECKUE METOIBI CUHTE3A.

Tema 5. MeToasl BbIpalliuBaHUsI MOHOKPHUCTAJJIOB

OOmias xapakTepucTUKa METO/A0B BblpalivBaHusa. OOumiass TepMOAMHAMUYECKAs TEOPHs
pocTa KpHUCTAJUIOB. BepoATHOCTh U TEPMOAMHAMUYECKUE YCIOBHSI 0O0pa3oBaHUs KPUTHUECKHUX
3aponpliieid. BinsHue mnepechlllleHHs W IOBEPXHOCTHO-aKTHBHBIX BEIIECTB Ha BEJIMYUHY
3apojbllIa KpUCTaia.

Buipawueanue uz pacniaeos.

OOmrast xapakTepucTUKa METOJOB BhIpalllMBaHUs U3 paciiaBa. Metox Yoxpanbckoro.
TexHonornueckue ycioBUS TOJYyYEHUS COBEPUICHHBIX MOHOKpHCTaUIOB. Pacmpenenenue u
BBIPAaBHUBAHUE ITPUMECEN B PACTYILEM KpUCTAJLIE.

MeTtoa 30HHOM mNepekpucTan3anuu. MeToabpl HalpaBlIeHHON KpUCTAIM3aluu (METOJ
bpumxmena, meron Yanmepca). JledhekTsl pu BeIpalliMBaHUU MOHOKPHUCTAILIOB. TemneparypHas
3aBUCHUMOCTb KOHIICHTPAI[UU TOYEUHBIX 1€(PEKTOB.

Buipawusanue uz pacmeopos.

TpeboBanust k  pactBoputensM. OCHOBHbIE pacTBOpuUTENH. BplpamuBanue U3
uHM((HEPEeHTHOrO PacTBOPa, U3 U30BITKA HCXOJHOIO KOMIIOHEHTA.

Pocm kpucmannos uz eazosoii ghasoi.

ITpocThle u 3nUTaKCHANBHBIE TNIEHKH; CIIOCOOBI MosTydeHusi. OCHOBHBIE METO/bI
AMUTAKCUAIIBHOTO HapaIluBaHMUsL.

IIpssMo#t cuHTEe3 U3 mapoB. TepMOAMHAMUYECKUN pacyeT MapLUUaIbHBIX JaBICHUN ra30oB
IpU pOCTE CTEXUOMETPUUYECKUX KpUCTAIJIOB. TeMmepaTrypHbIi pexuM U JedeKTbl Mpu
BbIpaIllMBaHNY MOHOKPHCTAJIJIOB. PaBHOBecHe pacTyliero Kpucrauia ¢ napoBoit ¢azoil. Pacuer
KOHIEHTpalui 1eeKToB B KPUCTAJIJIE B 3aBUCUMOCTH OT JaBJICHUS TAPOB JIETYYEro KOMIIOHEHTA.
[TosryyeHne MOHOKPHUCTAIIIOB 3aJaHHOTO TUIA ¥ BEIMYMHBI IPOBOJAUMOCTH.

MeTto/ ra30TpaHCIOPTHBIX peakiuil. TepMoauHaMUYecKre YCIOBHS U BBIXOJ TPAHCTIOPTHBIX
peakuuii. [IppuMepsl NOayUYeHUs 3MUTAKCUATIBHBIX CJIOEB 2JIEMEHTAPHBIX U ABOWHBIX
COCTUHEHUN.



UccnenoBanue HECOBEPIICHCTB MOHOKPHUCTAJUIMYECKUX IJICHOK. TepMOIMHAMUYECKUI
pacueT KOHILIEHTpalMM IpUMECH pu TpaHcnopTe. Mcnonp30BaHne ra30TpaHCIOPTHBIX peaklui
JUTSL OYMCTKH MOJTYITPOBOJAHUKOBBIX COSAMHEHUH.

Tema 6. JlerupoBanue 1oJ1ynpoOBOAHUKOB

OU3NKO-XUMUYECKUE OCHOBBI JIETUPOBAHUS MOYTIPOBOIHUKOB.

JlernpoBaHue METAJIITyprUUECKUM CIUIaBlIeHUEM. PacueT nurarypsl.

[ToBepxHoctHOe nuddy3Hoe nerupoBanue. 3akoHbl @uka. PacnpeneneHre KOHIEHTpALUU
muddyrmupyromelr npumecu Briryob obpasua. Koaddunuent muddysun (/) xax Benuymna
KMHETHYecKasi U TepMOJuHaAMHUYecKasi. 3aBUCUMOCTb /[ OT TeMreparypbl, KOHIEHTPALlMU U TUTIA
neEeKTOB.

Mexanusmbl  quddysuu. JlerupoBaHue 5>JIE€MEHTApHBIX MOJYIPOBOJHUKOB. BiusHue
KOHIICHTPAaUUH JIe(PEeKTOB Ha PACTBOPUMOCTH IMpHMecH. JIernpoBaHHE HECTEXHOMETPHUECKUX
coeMHEeHU . 3aBUCMMOCTh PACTBOPUMOCTH IPUMECH OT XapaKTepa U KOHIEHTpaluu 1e(eKToB u
JTaBJICHUSI JIETYYErO KOMIIOHEHTA.

DNeKTpOHHOE M HOHHOE JierupoBaHue (dnuonuka). CymHocTh Meroaa. PanmanuonHo-
CTUMYJIMpOBaHHAst TUPPy3Us.

Tema 7. HaHoTexHOJIOTHS MTOYIPOBOJAHUKOBBIX CTPYKTYP

HanocTpyKkTypHrpOBaHHBIE KPUCTAJUIBI, UX XapaKTepHbIE pa3MepHbie 3pdeKTs u oTnmune
OT O0OBEMHBIX KpHUCTAUIOB. OCHOBHBIEC IMOJYIPOBOJAHUKOBBIE COCIWHEHUS, HCIOJIb3yEeMbIC B
HanoTexHonoruu — Ge, Si, coemunenns AMBY (GaAs, InAs), A1BV! (CdS, CdTe). Jlokammsamus
JJIEKTPOHOB B HAHOCTPYKTypax U cBsi3aHHble ¢ Hed dddexTsl. OOmacTH npUMEHEHUs
HAHOTEXHOJIOTUU: TIOJIEBbIE TPAH3UCTOPHl C JUCKPETHBIM IEPEHOCOM D3HEPIUH, Ja3epbl Ha
KBaHTOBBIX TOYKAaxX Ha OcHOBe nauoaa nm — GaAs, rereposnUTaKCHAIbHBIE CTPYKTYPHI C
HaHocnosAMH.  IIpumenenue yIaepoAHblX  TpyOok  ((dyiiepeHbl) B TEXHOJOTUU
MOJyIPOBOJIHUKOBBIX ~MPUOOPOB B  KAuyeCcTBE 3aTBOPOB, MEXKCIOMHBIX KOHTAaKTOB U
HETOCPEICTBEHHO MOJIYNPOBOJIHUKOB C PA3JIMYHON IIMPUHON 3aMPEIICHHONW 30HBI.

Y.ll.OdynkuuoHa IbHbIEe MATEPHAJIBI (METALIbI, KEPAMHUKA, OJUMePHI)

Tema 8. Meranibl U CIUIaBbl CO CIIEUAIBHBIMU CBOWCTBAMU

Teopuu memannuuecko2o cocmosaHus: TEOPUS CBOOOIHBIX 3JEKTPOHOB, €€ HEIOCTATKH;
KBaHTOBO-MEXaHUYECKasl TEOpUsl DJIEKTPOHOB; 30HHAs Teopus TBepAbIXx Ten. CTpykTypa
MeTauioB. da3bl B METAIMUECKUX CIIJIaBaX: TBEPJble pacTBOPbI, HHTEPMETAIIIMUECKUE (a3bl.
HckaxeHuss pemerok (Iuciokauuid) U nAe(eKTsl CTPYKTYPBI; CBSI3b MEXIY JIHMHEHHBIMU
neeKTaMy U CBOMCTBAMU METAJIOB; ITyTH YIPaBJICHUS TUCIOKAIIMOHHBIMH Je(EKTaMH.

Onexmpuueckue ceolicmea memannog. dusnueckas MpuUpoJa 3IEKTPONPOBOJIHOCTH
MeTtaioB. [Ipupoga conmpoTHBIEHHs METAUIOB; LIEHTPBI paccesiHWs W IpaBwio MaTTHCCeHa.
TemnepaTypHasi 3aBUCUMOCTb YJECJIBHOIO CONPOTHBJICHHUS] METAITIMYECKUX IPOBOJIHUKOB.
Bnusiaue npumeceit 1 ApYyrux CTPYKTYpPHBIX J1€(EKTOB Ha yJIEIbHYIO MPOBOJIUMOCTh METAIJIOB.
MerTainsl, UCHIOJIb3YyEMbIE B KAUECTBE MPOBOJIHUKOB B DJIEKTPOHHON TEXHUKE.

Csepxnposoosyue memannwl u cniasvl. OCHOBHbBIE CBOMCTBA CBEPXIIPOBOIHUKOB: 3 (et
MeiiccHepa — Okcendenbaa, 3pexTsl Jxo3edcona, cCBEpXIPOBOIHUKH [IEPBOTO U BTOPOTO POAA,
KPUTUYECKHE MarHUTHBIE MOJs, KpuTHUecKuil Tok. Ilpupona siBIeHHS CBEpXIPOBOJUMOCTH,
u30TOoNUYecKul 3(d@exT, KymnepoBckue mapbl, (OHOHHBII U DKCUTOHHBIM MEXaHHU3M
npoBoguMocTH. KomMMepueckue MmaTepuanbl U NPUOOPHI HA OCHOBE CBEPXIPOBOAMMOCTH:
CHIIbHOTOYHBIC M CJ1a00TOYHBIE TEXHOJIOTHH.

Maznemuszm memannuveckux meepovix men. Ilapa- u nuamarneTuku, GeppoMarHeTHKH,
MarHUTOCTPUKIINS, pAacHpeielieHHe MAarHUTHBIX MOMEHTOB TIPH TOMEIICHUH Pa3UYHBIX
MarHeTMKOB B MarHUTHOE II0Jie; BIMsSHUE Temmeparypbl: 3akoHbl Kropu u Kropu-Beiicca;
MarHeTH3M KOJUICKTHBU3UPOBAHHBIX OJJEKTPOHOB. MAarHUTOMSATKHE W  MarHUTOTBEP/bIC
MaTepHaIbl.

Tema 9. Kepamnueckue matepraiibl



Obwue ceedenus o kepamuueckux mamepuarax (KM). Ctpyktypa W CBOWMCTBa
Kepamuuecknx marepuanoB. Kiaccubukanus m xapakrepuctuka KM: okcuaHas Kepammuka,
OeckuciopoAHas KepaMuKa, KepMmeTbl. TBeprodaszHble peakiuu B CHHTE3e KepaMHUYECKUX
MaTepuaioB: THUIBI TBEpAO(A3HBIX peakiuil; crenuduyeckue OCOOCHHOCTH MEXaHU3Ma,
KMHETUKA U TePMOJMHAMUKA TBEpAO(Da3HBIX pEaKuil U MpeBpalleHuH.

Dnekmpuueckue ce0lcmea KEPAMUKHU.

JlysnexkTpuueckasi KepaMuKa: MEXaHU3MbI MOJISIPU3alUY KEPAMUKHU B AJIEKTPUYECKOM I10JIE;
[Ib€30-, CErHETO- U NHUPODJIEKTPUUECKAsl KEpaMHUKa, B3aHMOCBS3b MEXAY IbE€30-, CETHETO- U
MUPOAIEKTPUIECKUMHU CBOWCTBAMHU.

BricokoTemmiepatypHasi CBEpPXIPOBOIAIIAS KepaMHKa: OCOOCHHOCTH KpPUCTAUIOXUMUHU
BBICOKOTEMIIEPATyPHBIX  CBEpXINpPOBOAHUKOB. Kpurnueckue mnapamerpsl BTCIL. Ilytu
noBbIIeHUs kKpuTHueckux xapakrepuctuk BTCII-marepuanos: O6nactu npumenenuss BTCII-
MaTepUasoB U €€ MEePCHEKTUBBI B TEXHUKE.

Honnbie npoBoaHuku. Kpurepun BOZHUKHOBEHHUS CYTIEPHOHHOTO COCTOSIHUSL TBEP/IBIX TEII.
Bakneiimume tunsl mpoBoAHUKOB. [IpiMeHeHre TBEpAbIX ANEKTPOIUTOB.

Kepamuueckue geppumor. Knaccupuxanus deppuroB. Marautomsrkue ¢GeppuTsl CO
CTpyKTypoll mmuHenu. @DeppuTbl ¢ TEeKCaroOHANbHOM  KPUCTAUTMYECKOW  CTPYKTYpOH
(rexcadepputsr). DeppUTHI CO CTPYKTYPOI rpaHaTa.

Onmuyeckue c60UCMEA Kepamuyeckux mamepuanos. XapaKTepUCTHKA ONTHYECKUX
KepaMUYECKHX MAaTE€pUaJIOB; METOAbl MOJIYYEHHs MPO3pavyHOM KEepaMHMKH; JIIOMUHECUEHIUS U
JIOMUHO(OPBL, TPUHLUI paboThl Ja3epa, oOmmMe TpeOoBaHUS K TBEPABIM MarepHaliaMm,
HCIIOJIb3YEMBIM B Jla3epax.

Tema 10. [TonumepHbie MaTepualibl

Dusuko-xumuueckue NPUHYUNbl CO30AHUE HNOTUMEPHLIX — MAMEPUANo8 ¢ 3d0AHHLIMU
ceoticmeamy. OCHOBHBIC TPUHLMUIIBI XUMHUYECKOH U ¢u3ndeckol Moaudukaiuu MmoIuMepoB.
[TonmumepHble  KOMIIO3WIIMOHHBIE MaTepHalbl:  KiIacCH(UKanWs HANOJIHHUTENEH, MOJeIb
CTPYKTYpbl HANOJHEHHOTO TMOJHMepa, MOIu(UUUpPYIOIIME JeHCTBHE HAmOoJIHUTENeH Ha
noauMepsl. MoneKkyspHble KOMILIEKChl IOJMMEpPOB: CBOICTBA M CHOCOOBI IOIYYEHHS.
Mertannopranuyeckue moJuMephbl, OJyYeHHbIE HA OCHOBE METAIIJICOAEPKaIIX MOHOMEPOB.

Dnekmpuueckue ceocmea noaumepos. XUMHs MPOBOIAIINX TOJIUMEPHBIX COEIUHEHU;
TUIBl TPOBOASIIMX TOJMMEPHBIX BELIECTB: MOJUMEPHl C HIEKTPOHHOH TNPOBOAUMOCTBIO
(HaroJHEHHbIE NPOBOJSIIME TOJIUMEPBIL, TMOJIMMEPHl C CUCTEMOW COIpPSHKEHHBIX CBS3EH),
HOJIMMEPB! ¢ HIOHHON MPOBOJUMOCTBIO; MEXaHU3M IMEPEeHOCca 3apsa B MPOBOAALIMX MOJUMEpax.
OTnuuuTenbHblE OCOOEHHOCTH TOJUMEPOB C CHCTEMOM CONpPSDKEHHBIX CBSI3€H, TBEPIBIX
HOJMMEPHBIX IEKTPOIUTOB, X UCIOIH30BAHNE B COBPEMEHHBIX YCTPOHCTBAX.

Onmuueckue ceoucmea nonumepos. Metoasl cuHTe3a (IyOpecUUpYIOLUIUX MOJIUMEPOB.
dotoduznueckre Nporueccs B MojauMepax: o0pazoBaHue BO30YKIACHHBIX COCTOSIHUNA M TIEpeHOC
SHEpruM, TyueHue ¢uyopecreHuu no0aBkamu. [IprumeHeHne (JIIOMHUHECLEHTHBIE COJIHEYHbBIE
KOHIIEHTPATOPbI, MaTEPUAIbI JUIs JTa3€PHOM TEXHUKN).

Kuokokpucmaniuueckue (KK) noauMepbl. [TpuHnUIBI MOJIEKYJISIPHOTO
koHcTpyupoBanus KK momumepoB. Crpykrypa u ocobeHHoctH cBoiictB XK mnommmepos.
Hcnonp30BaHnE B COBPEMEHHBIX YCTPOMCTBaX: CO3JaHME HOBBIX THUIIOB TOHKOIUIEHOYHBIX
ONTUYECKUX MATEPUATOB U DJICKTPUUYECKHU YNPaBISIEMBIX Cpea Ui 3alUCU M OTOOpakeHUs
uH(pOpMaLIUH.

9. Tekyuuii KOHTPOJIb MO AUCHUILINHE

Texymuii KOHTPOJIb MO JWCUUIUIMHE MPOBOAUTCS IyTEM KOHTPOJIS MOCEIaeMOCTH,
BBIMIOJTHEHUSI TEOPETUYECKUX M PACUETHBIX JOMAIIHUX 3aJaHUN, TECTOB IO JIEKIIMOHHOMY
MaTepuaiy, 1 GUKcupyercs B popMe KOHTPOJIBHOM TOUKH B CEMECTpE.



10. lopsiok npoBeAeHUs] U KPUTEPUH OLIEHUBAHUS MIPOMEKYTOYHOM aTTeCTalluH

JK3aMeH B ceJbMOM ceMecTpe IpeJICTaBIseT co00i TecT u3 46 BONPOCOB pa3HbIX TUIIOB
(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 maercss ofHa MOIBITKA. Bpems
TECTUPOBAHUs orpaHnyeHo — 45 MuH. OO0IIee KOIMYeCTBO OAIIOB 3a TeCT — 54.

[IpuMepHBIii IEpeYeHb TECTOBBIX 3aJaHUN

1. KoHueHTpalus paBHOBECHBIX HOCUTENEH 3apsiia B IOJIyIIPOBOAHUKE ONpPEAEISIeTCS:

1. ToNbKO YPOBHEM JIETMPOBAHUS

2. TOJIbKO TeMIIepaTypoit

3. oboumu daxTopamu

2. JloHOpHBIE TPUMECHBIE YPOBHH B MOIYIIPOBOJHHUKAX. . .
1. 3axBaTBIBAIOT 3JIEKTPOHBI U3 30HBI IPOBOIUMOCTH
2. 3aXBaThIBAIOT 3JIEKTPOHBI U3 BAJIEHTHOM 30HBI
3. OTHAOT AJIEKTPOHBI B 30HY MPOBOAMMOCTH
3. Yka3atb COOTBETCTBUE TEOPUH METAJUIMYECKOTO COCTOSIHUSI IPUBEACHHOMY MIPU3HAKY

1. Teopus Hpyne

A) 3JIEeKTpOHBI B METaJJIe pAaCCMATPUBAIOTCS KaK AJIEKTPOHHBIN ras,
K KOTOPOMY MOXHO MPUMEHUTHh KHHETUYECKYIO TEOPHIO Ta30B.

2. Teopus 3ommepdennaa

b) npocras kBaHTOBasi MO/I€Jb [TOBE/ICHHSI BaJICHTHBIX 3JIEKTPOHOB B
aToMe MeTajula. JJEKTPOHBI METajula PacCMaTpUBAIOTCS B JTOU
Mojienu Kak Pepmu-ras.

3. 3oHHAasA TeopHS

B) onexkTpoHbl B aTroMe HUMEIOT OIpPEAEICHHbIE JHUCKPETHBIE
3HaueHusi (ypoBHM) dHepruu. [lpu cOMMXKEHHUH aTOMOB JPYT C
JIpyroM mpu 00pa3oBaHWM KpHCTaIa MPOUCXOAUT pacIIeIUieHUe
OJIMHAKOBBIX ATOMHBIX YHEPreTUYECKUX COCTOSHUN AJIEKTPOHOB B
SHEPreTUYECKHUE 30HBI.

OrtBerT:

PGSYHBTaTbI 3K3aMCHa

OIIPEaACIIAIOTCA OLCHKaMU «OTIHUYHO», «XOpOoHio»,

«YOOBJICTBOPHUTCIBHO», KHCYAOBJICTBOPHUTCILHOY.

Pe3ynbpTaThl NpOMEXyTOUHOM aTTECTallMM 3aBUCST U YUUTHIBAIOT PE3YJIbTaThl TEKYILErO
KOHTPOJISI - BBINOJHEHUS TEOPETHUECKUX M PAaCUYETHBIX JOMAIIHUX 33JaHHUM, TECTOB IIO
JEKIIMOHHOMY MaTepHuairy. MakcuMaabHOE KOJTMUECTBO OaToB 3a TeKymuii KoHTpois — 10.

[Tpumeps! pacu€THBIX 3aJaHUi ISl TEKYLIETO KOHTPOJIA:

1. Pacuer a3¢ppexTUBHOCTH 30HHOM IIaBKH.

2. Pacuer ycnoBuil cuHTe3a MOJYIPOBOJHUKOB U3 Ta30BOU (ha3bl

Huxe npuBoanTcs 1ikaia nepeBoja CyMMbl OaioB 3a TEKYIIMH KOHTPOJIb M SK3aMEH B

OLICHKH!
Konuuecto 6aimnoB | YpoBeHb chOPMUPOBAHHOCTH KOMITETECHIINH Ornenka
58-64 Gannos Komnerennuu copMupoBaHbI TTOTHOCTHIO OTIINYHO
46 — 57 Gamios Komnerennuu chopMupoBaHbl 4aCTUIHO XOPOIIO
35 — 45 Gamnos Kommerennmu chopmMupoBansl pparMeHTapHO YAOBJIETBOPHT.
Menee 35 6amios Kommerennmu He cpopMUPOBAHBI, PEKOMEHJIYETCS | HEYIOBICTBOPHT.
MIOBTOPHOE OCBOEHHUE AMCLHUIIMHEI

11. YyeOHO-MeTOAMYECKOE 00ecIIeueHue

a) DIIEKTPOHHBIN yueOHBIH KypC MO AUCHUILIMHE B JJIEKTPOHHOM yHHBepcuTete «Moodley
- https://moodle.tsu.ru/course/view.php?id=21493




0) OnieHOYHBIE MaTepHalibl TEKYLIEro KOHTPOJISI M MPOMEXKYTOYHOW aTTeCTalluH I10

NUCHUINIINHE.

B) IInan IMPAKTUYCCKUX 3aHATUH 11O JUCHUIIIIUHE.

12. Ilepeuyens y4ueOHOIi TuTEpaTyphl U pecypcoB ceTu UHTEepHeT

a) OCHOBHAs JTUTepaTypa:
@axsbmad b. XuMus HOBBIX MarepuanoB M HaHoTexHojoruu. Ilep. ¢ anrm. — M.
Honronpyanserii: Uatemekt, 2011. — 464 c.
Copokun B. C., Anrunos b. JI., Jlazapesa H. II. Matepuanbsl 1 31€MEHTbI 3J1EKTPOHHOU
TexHUKU. [IpOBOIHUKY, TOTYyIIPOBOAHUKH, AUDJICKTPUKH: yueOHUK aiisi By30B — CII6. : Jlans,
2015. - 442 c.
AnekcannpoB C. E., I'pexoB ®@. ®@. TexHOJIOTHS MOJyIPOBOIHUKOBBIX MaTEPHAIIOB: y4eO.
nocobue / C. E. Anekcanapos, ®@. ®. I'pekoB — 2-¢ u3n., uctp. — CIIG. : Jlans, 2012. —
230 c.

0) IOTIOJIHUTEIbHAS JTUTEPATYpa:
3e0peB ['. Y. ®uznuecknue 0CHOBBI KpeMHUEBOI HaHOAIEKTpoHUKHU. — M. : BUHOM, 2017. —
240 c.
MokpoycoB I'. M., 3apyouna O. H., bekesuna T. Il. Mexdazaple mpeBpamieHus |
dbopMUpOBaHUE MOBEPXHOCTH MHOTOKOMITIOHEHTHBIX MOJYIMPOBOAHUKOB B XKHUAKUX CpEAax:
yueb. nocobue — CII6. : Jlans, 2015. — 107 c.
Organic Optoelectronic Materials /edited by Y. Li: Springer, 2015. — 392 p.
Cepoga B. H. Iloimumepnsie ontuyeckue marepuainsl, CI16. : Hay4uHnbie 0OCHOBBI U
TexHoJioruu, 2012,
Bect A. Xumus tBepaoro tena. Teopus u npunoxenus. B 2-x 4.M. : Mup, 1988.

B) pecypchbl cetu HTepHeT:
Course Plastic electronics | Coursera
Francois 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 PACTIPOCTPAHSIEMOE MPOTPAMMHOE 00ECTICUCHHE!
— Microsoft Office Standart 2013 Russian: maker nmporpamm. Brirouaet npunoxenus: 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);

— myOnuyHO ocTynHbIe o0navynblie TexHomoruu (Google Docs, SIlnaexc Auck u T.11.).

0) UHQOPMAIIMOHHBIE CIIPABOYHBIE CUCTEMBIL:
— DJNEKTPOHHBIN KaTajuor Hayynoii 6ubnoTexu Ty -

http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system

— DneKTpoHHas oubnmoreka (peno3uTopwuii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index

— OBC Jlansb — http://e.lanbook.com/

— OBC Koncynbrant cryaenra — http://www.studentlibrary.ru/
— ObpasoBatenbHas mardopma KOpaiit — https://urait.ru/
—9BC ZNANIUM.com — https://znanium.com/

— 9BC IPRbooks — http://www.iprbookshop.ru/




14. MaTepuajbHO-TeXHHYECKOE 00ecneuyeHue

AyIuTopuH ISl IPOBEACHUS 3aHATHI JISKIIAOHHOTO THIIA.

AyauTopun Il IPOBENCHUS MPAKTHYCCKUX 3aHATUI, MHAWBUIYAIBHBIX U TPYIIIOBBIX
KOHCYJIbTAIMi, TEKYILIET0 KOHTPOJIS M MTPOMEKYTOUHOM aTTECTAIHH.

[TomereHust Uil CaMOCTOSITENBHOIN pabOThl, OCHAIICHHBIC KOMIBIOTEPHOH TEXHUKOH H
JOCTYIIOM K CceTH MHTEepHET, B 3JIEKTPOHHYIO HMH(pOPMAIIOHHO-00pPa30BaTeIbHYIO Cpelay U K
UH()OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMAaM.

AynuTopur sl TIPOBEACHMS 3aHITHI JIGKIMOHHOTO THIIA, HHIUBUAYAJIbHBIX U
IPYIIIOBBIX KOHCYJbTAIMH, TEKYILEr0 KOHTPOJIS M MPOMEXKYTOYHOU aTTECTAl[MH B CMELIAHHOM
dopmare («AKTpY»).

15. Undopmanus o paspadoTunkax

N3aak Tatesana MBaHOBHA, KaH/I. XMM. HayK, JIOIICHT, KadeIpa aHATUTHICCKOH XUMUU
HaunonansHoro uccnenoBarenbckoro TOMCKOro rocy1apcTBEHHOTO YHUBEPCUTETA, JOLICHT.

I'aBpunenko Hartanmust AlipatoBHa, KaHA. XUM. HayK, JIOIEHT, Kadeapa aHAIUTUYECKOM
xuMud HanmoHanbHOTO HCCIeA0BaTENbCKOr0 TOMCKOTO TOCYAapCTBEHHOTO YHHBEPCHUTETA,
JIOLIEHT.



