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TEXHOJIOM S H OBOPYIOBAHME /LIS [TPOW3BOICTBA MATEPHAJIOB 1
NPHBOPOB JIEKTPOHHOMN TEXHHKH

Crnenpanerocts: 2.2.3. Texnonordd # obopyosanne Aus NPOHIBOACTER MATCPHANOB H

NPHGOPOR MMEKTPOHHON TEXHHKR

r. Mockea
2022 rox



Pabouas mporpamMma aucuMIIiMHbI «TexHoOruss U 00OpyAOBaHHE AJS MPOU3BOJICTBA
MaTepualioB ¥ NPUOOPOB ATEKTPOHHONW TEXHUKH» COCTaBJIEHA B COOTBETCTBHHU ¢ DeepanbHbIMU
rOCYJapCTBEHHBIMH TPEOOBaHUSAMHU K CTPYKType NMPOrpaMM MOATOTOBKM HAYYHBIX U HAYYHO-
HeJarOTHYeCKUX KaJpoB B aCHHMPAHTYpe, YCIOBUSAM HMX PEAIN3allMd, CPOKaM OCBOCHHUS JITHUX
OporpaMM C YYE€TOM pasauuHbIXx (opM oOyueHHs, OOpa30BaTEIbHBIX TEXHOJOTUH U
0COOCHHOCTEH OTJENbHBIX KAaTErOpPHUH acCIUpPaHTOB, YTBEPKAECHHBIMUA NMpUKa3oM MHHHUCTEpCTBa
oOpa3oBanus u Hayku Poccuiickoii @eneparuu ot 20 okTs10pst 2021 1. Ne 951.

[Iporpammy coctaBuiu: XKapukos E.B., 1.T.H., TJIaBHBII Hay4YHBIN COTPYIHUK.

Wenesa JI.W., 1.1.H., II1aBHBIM HAy4YHBIM COTPYIHUK

[Iporpamma ob6cyxaeHa u ojo0peHa Ha 3acelaHnuu acrupanTckor komuccueir MO® PAH
30.06.2022, npotokon Ne2206-30

[Iporpamma yrBepsxkeHa pemenrem Yuenoro coera MO® PAH 05.07.2022 npotokoi Nel3



AHHOTaNUA

Vuebnaa qucuuiuinHa « TexHomorus u o0opyaoBaHue Ui MPOU3BOJCTBA MAaTEPUAIIOB U
npuOOpPOB 3JIEKTPOHHON TEXHMKW» SIBISETCS Ba)KHOM COCTaBHOW YacTbio YYeOHOro IuiaHa
IIPOrpaMMBbl MTOATOTOBKM HAy4YHBIX M HAy4HO-IIEJAaroru4eckux KaiapoB B acnupantype MOD
PAH. AxtyanbHOCTH Kypca 00yCIIOBIIEHAa BO3pACTAIOUICH POJIBIO NEKTPOHUKU M (POTOHUKU B
Hayke U TexHuke. KiroueBas posib B MOBBIIIEHUU S(PPEKTUBHOCTH U HAAEKHOCTH pabOThI
IpuOOpPOB M YCTPOMCTB ONTOIIEKTPOHUKN IPUHAJIEKUT MOBBIIICHUIO Ka4eCTBa U yJIyULIEHUIO
XapaKTEepUCTHK TNPUMEHAEMBIX MAaTepHUajoB, YEro HEBO3MOXKHO JIOCTHYb 0€3 IOouCKa M
pa3paboTku Ooyiee COBEPIICHHBIX MAaTEPHUATIOB U 0€3 ONTHUMH3AIUN TEXHOJIOTHH X MOJTYYCHUS.
B pamMkax Kypca paccMaTpuBarOTCS COBPEMEHHBIE METOIbI IIOJYYEHHMS KpPUCTAJUIMYECKHX,
CTEKJIOOOpA3HBIX, KEPAMHUECKUX U KOMITO3UIIMOHHBIX MaTepHalioB, MPUMEHIEMbIX B IpUOOpax
U YCTPOMCTBaxX D3JEKTPOHUKA W (OTOHHMKH, a TAKXKE METOJAbl MCCIEJOBAHUS U OCHOBHBIC
CBOICTBA U XapaKTEPUCTUKHU YKAa3aHHBIX MATEPUAIIOB, UX IIPEUMYILECTBA U HEIOCTATKH.

JuctumumHa «TexHomorust 1 000py0BaHUE JUIsl TPOU3BOACTBAa MAaTEPHAIOB U IPUOOPOB
JJIEKTPOHHOW TEXHUKHU» SIBISETCS BaXHbIM (aKkTOpoM (OpMUPOBaHMS Yy acHUpaHTa MU
COMCKaTelNlsl IEJIOCTHOTO HAayYHOTO MHPOBO33PEHHUS, Pa3BUTUS (U3NUYECKOTO MBIIIICHHUS.
OcBoeHue NUCHUILIMHBI O3BOJIUT BBIPAOOTAaTh y OYAYIIMX YYEHBIX MPAKTUYECKHE MOAXOJbI K
PEIIEHUIO COBPEMEHHBIX MPOoOIeM B 00IaCTH TEXHOJOTHH W 000pYIOBaHUS UIS MPOU3BOJICTBA
MaTepHajoB U HPUOOPOB HJIEKTPOHHONM TEXHUKUM M (POTOHUKM M B CMEXKHBIX 00JacTsAX
ecTecTBeHHbIX HayK. JlucuummnHa «TexHonoruss u o0OpyldoBaHME JJsi IPOU3BOJCTBA
MaTepuaJoB U IMpUOOPOB HIIEKTPOHHOM TEXHUKHU» TaKXKe HalpaBleHa Ha IOATOTOBKY
acIMpaHTOB K cJlaye KaHIMUJATCKOrO0 9K3aMeHa Mo creuuanbHocTd 2.2.3 TexHonorus u
00opy0BaHue JUIsl TPOM3BOACTBA MAaTEPUAIOB U MPUOOPOB FIEKTPOHHON TEXHUKHU.

OO6miast TpyAOeMKOCTh yueOHON auciuIuinHbl «TexHomorus u oOOpydoBaHUE IS
IPOM3BOJICTBA MAaTEPUAJIOB U IPUOOPOB IIEKTPOHHON TEXHUKU» COCTABIIAET 5 3a4ETHBIX €IMHMUII
(180 gacos).

KoHTposib ypoBHS OCBOCHMS JUCLMILIMHBI aCIIMPAaHTAMH U COUCKATEISIMU NIPOBOJUTCS B
¢dopMe Tekyleil U NTOroBol arrecrauuu. TeKyluil KOHTPOJIb NMPEANONaraeT OLEHKY 3HAHUNW U
YMEHMM Ha JICKIMOHHBIX 3aHATHAX C IOMOILBIO YCTHBIX OIPOCOB, OLICHKM DPAa3JIMYHBIX BHUJIOB
CaMOCTOSITENIbHOM paboThl aciupaHToB. [IpoMexyTouHas aTTecTanys aClIUPaHTOB MPOBOJUTCS B
dopme 3auetoB (B 3, 4 u 5 cemectpax). WroroBas arTecTaiiss MPOBOAUTCS B paMKax
KaHIUAATCKOrO 3K3aMeHa M0 CHeUalIbHOCTH «TeXHOJI0rus 1 000pyJ0BaHUE JIJIsl TPOU3BOJICTBA
MaTepHaoB U MPUOOPOB FIEKTPOHHOM TeXHUKN» (6 cemecTp).

1. Ieab u3yvyeHust AMCHUTIMHBI

enb m3ydyeHus AUCUUIUIMHBI COCTOUT B OCBOEHMHM OOYYalOIIMMHUCS 3HAHUU B oOnactu
TEXHOJIOTUM W 000pyIOBaHMSA s IMPOU3BOJACTBA MAaTEpUAIIOB U TMPUOOPOB 3SJIEKTPOHHOM
TEXHUKU U (DOTOHMKH, OBJIAJEHUU METOJAMU U BBIPAOOTKE MPAKTHYECKUX HABBIKOB PEILICHUS
3aJa4 MO TEXHOJIOTUH MPOU3BOJICTBA MAaTEpUATOB U MPHOOPOB 3JIEKTPOHHONW TEXHUKH H
¢oTtoHuKH, GOPMUPOBAHUN TBOPUYECKUX IMOAXOJ0B U YMEHHUH, HEOOXOAUMBIX JUISl YCHELIHOTO
OCYILECTBJICHUS] ~ HAy4YHO-HCCIEN0BATEIbCKON  JIEATENbHOCTH B OOJIACTM  TEXHOJOTHH
IIPOM3BOJICTBA MAaTEPUAJIOB U MPUOOPOB JIEKTPOHHOU TEXHUKHU U (POTOHUKH.

2. 3a1a9Yy AMCIUILINHDI

1) ocBoeHue acnupaHTamMu O0a30BbIX 3HAHMW B OOJACTH TEXHOJOTMHM MPOM3BOJCTBA
MaTepuaJioB W TPUOOPOB DJICKTPOHHOM TEXHMKH U (POTOHUKH, KAK JUCIHUTLIUHBI,
UHTETpUpYIONe o0medu3ndeckyro U OOIIETEOPETHUECKYIO MOATOTOBKY CIEIUATNCTOB B
JaHHOM o0macT ®  oOecrneunBaroNiell  HAyYHO-TEXHUYECKHE OCHOBBI  COBPEMEHHBIX
WHHOBAIIMOHHBIX Cep AesITeNbHOCTH;

2) oOy4eHne acmipaHTOB OCHOBHBIM MIPHHIUIIAM PEIICHHS 3a/1a4 B 00JIaCTH TEXHOJIOTUHU
MPOU3BOJICTBA MaTepUaIoB M MPUOOPOB DIEKTPOHHON TEXHUKU U (POTOHMKHM U OCBOCHHUE



OCHOBHBIX TEOPETUYECKUX METOJOB, IPUMEHUMBIX K OIMCAHUIO SBJICHUN B COOTBETCTBYIOLIUX
obsacTax GU3NKN ¥ XMUMHH U B CMEKHBIX MEXINCIUIUIMHAPHBIX 00JIacTsX;

3) ¢dopmupoBaHHE MPABHIBHBIX TEOPETHUECKUX IOJXOJ0B K BBIMOJHEHHIO HAYYHBIX
UCCJIEOBAaHUN B OOJIACTH TEXHOJOTHUH IPOU3BOJICTBA MATEPHUANIOB M MPHOOPOB AIICKTPOHHON
TEXHUKU U (POTOHUKH.

3. MecTo TUCHUILUIMHBI B CTPYKTYPe NPOrpaMMbl aCIMPAHTYPbI

Jucuunnuna «TexHonorus 1 00opyaoBaHue sl IPOU3BOACTBA MaTEPUATIOB U MPUOOPOB
AJIEKTPOHHOM TEXHHKW» OTHOCUTCS K OJJIGKTUBHBIM aucHuiuimHam OOpa3oBaTelbHOTO
KOMIIOHEHTa «J{UCHUIUIMHBL (MOIYJN)» MPOrpaMMbl ACHUPAHTYpPhHl MO chenuaibHocTu 2.2.3
TexHonoruss U 0OOPYIOBaHWE J/JIs MPOM3BOACTBA MaTepUaIOB M MPUOOPOB AIEKTPOHHOU
TEXHUKHU.

JuctummuHa «TeXHOIorus ¥ 000pyI0BaHKE TSI POU3BOICTBA MATEPHUAJTIOB H MPUOOPOB
AJICKTPOHHOM TEXHMKU M (OTOHHMKH» peanm3yeTcss B coorBercTBuu ¢ OI'T, OIIOII BO u
YyeOnoro mnana acnupantypel MO® PAH mno cneumansHoct 2.2.3 TexHomorusi u
00opyoBaHue AJisi IPOU3BOJICTBA MATEPHAIIOB M MPUOOPOB JIEKTPOHHON TEXHHUKH.

4. TpeOoBaHUA K pe3yJIbTATAM OCBOCHUS JUCHUIIMHBI

N3yuenue nucuuminHel « TexHonorus u o00pyaoBaHUE Ui IPOU3BOJCTBA MaTEpUasIOB
U IprOOPOB JEKTPOHHOM TEXHUKWY HAMpaBleHO Ha (OPMUPOBAHUE Y ACTUPAHTOB CIEAYIOIINX
KOI'HUTHUBHBIX yMeHI/Iﬁ 1 HABBIKOB:

- CHOCOOHOCTP K KPUTHUECKOMY aHallM3y U OIEHKE COBPEMEHHBIX Hay4HBIX
IIOCTI/I)KCHI/II;'I, FGHCpHpOBaHI/IIO HOBBIX HI[Cﬁ HpI/I peHIeHI/II/I HCCIICOAOBATCIBCKUX U HpaKTI/IquKI/IX
3a/1a4 B 00JIACTH TEXHOJIOTMH TPOU3BOJICTBA MAaTEPUAJIOB U MPUOOPOB AIICKTPOHHON TEXHHKHU U
q)OTOHI/IKI/I, a TAK)KC B CMC)KXHBIX U Me)K[[I/ICIII/IHJII/IHapHI)IX O6H21CT$[X;

- CHOCOOHOCTBH MPOEKTHPOBATh M OCYILIECTBIATH KOMIUIEKCHBIE HCCIEAOBAaHUSA, B TOM
YHUCJIe MEXIUCIUIUIMHAPHBIE, HA OCHOBE IEJIOCTHOIO CUCTEMHOTO HAy4YHOT'0 MHPOBO33PEHUS C
WCIIOJIb30BaHUEM 3HAHMA B OO0JIACTHM TEXHOJOTHH TIPOW3BOJICTBA MaTEpPHANIOB W IMPUOOPOB
AIIEKTPOHHON TEXHHUKH U (POTOHHKH.

B pesynbrare n3yueHus AUCHMIUIMHBI aCTUPAHT JOJKEH:

3HaThb:

e Mecto u poib OOLMX BONPOCOB HAyKd B  HAYYHBIX  HCCIIEIOBAHUSX;
€CTECTBEHHOHAYYHYIO CYHIHOCTb IMpoOJieM, BO3HUKAIONIMX B XojA€ MpohecCHOHAIbHON
JeITEIbHOCTH B OOJACTSIX, CBA3aHHBIX C TEXHOIOTHSIMA M OOOpYIOBaHUEM Uil TPOU3BOJCTBA
MaTepHAJIOB ¥ IPUOOPOB AIEKTPOHUKHU U (POTOHHKH;

e OCHOBHBIE TOJYNPOBOJHUKOBBIE MAaTepUanbl, a TaKXE MAarHUTHbBIE MaTEpUabI,
MaTepuaibl ONTOAJIEKTPOHUKH M BaKyyMHOH SJEKTPOHHMKH, a Takke pyrue (QyHKIMOHATbHBIC
MaTepHaIbl, MpUMEHsIEMbIE B TPUOOpaxX U YCTPOMCTBAX AIIEKTPOHHON TEXHUKH.

e OcHOBHbIE JIa3epHble, HEMTMHEHHO-ONTUYECKUE MaTepualbl U Apyrue (pyHKIMOHAIbHBIE
MaTepHalibl, IMIMPOKO HCIOIb3yeMbIE€ B KBAHTOBOM JJIEKTPOHMKE, BOJIOKOHHOM W HEIMHEHHOU
OINTHKE, WX CBOWCTBA, W KOHKPETHbIE CQepbl MPUMEHEHHUS, MPEHMYILIECTBA U HEIOCTATKU IO
CPaBHEHUIO C JPYTUMU aHAJIOTMYHBIMU MaTepHUaIaMH;

. Hambonee pacnpocTpaHeHHBIE METOABI TOMYYCHHUS, a TaKkKe Crernuduueckue
Pa3HOBUIHOCTH METOJIOB, CBSI3aHHBIE C  TOJYYEHHEM  BOKHEUIMX  TPATUIIMOHHBIX
(YHKIIMOHAIGHBIX ~ MATEPHATIOB  DJIEKTPOHUKHM W (POTOHWUKH, OCHOBHBIE TMPEUMYIIECTBA U
HEJIOCTaTKU TOT0 WJIM MHOTO CII0co0a MoJTy4eHus TOro WM HHOTO MaTepuara;

e COBpEeMEHHOE COCTOSIHUE HAyKH W TIEPCIIEKTUBHBIC Pa3pabOTKH B OOJACTU CO3AHMS
HOBBIX (DYHKIIMOHAJIBHBIX MaTEPUAIOB DJICKTPOHUKH U  (DOTOHUKHA C  YIyUIICHHBIMH
XapaKTepUCTHKAMH, a TaKke pa3paboTku B 0O0NACTH COBEPIICHCTBOBAHUS TPAAUIIMOHHBIX
MaTepuaios;



e (CoBpeMEHHBIE METOABl aHAU3a, KOHTPOJS, JWATHOCTUKM W HCCIIEAOBaHUA
XApaKTEPUCTUK MaTepUalioB, NMPUMEHSAEMbIX B NMPUOOpax U YCTPOMCTBAX IEKTPOHHOW TEXHUKH,
KBAaHTOBOM JJICKTPOHHMKM, BOJOKOHHOM M HEIMHEWHOM OINTHUKH; BO3MOYKHOCTH 3THX METOJOB;
¢du3nyecKkre M XMMHYECKHE 3aKOHBI, JIeKAIlMe B OCHOBE pabOThl 3THX METO/OB, a TaKke
COOTBETCTBYIOLMX N3MEPUTEIbHBIX IPUOOPOB, YCTAHOBOK U CTEH/IOB;

e TpeGoBanust k oOpazuaMm Ui MX MCCIEIOBAaHUSA PA3IMYHBIMM METOJAMH, OCHOBHBIE
OIIEpaIMH 110 ITOATOTOBKE 00pa3LoB K UCCIIEI0BAHUSM.

e (OcCHOBHbIE BpE/IHBIE U OMACHbIE JUIA 310pPOBbsl (DAKTOPHI, CBA3aHHBIE C MOJYYEHHEM U
XapakTepH3alell MaTepruaioB, MPUMEHIEMbIX B IPHOOPAX M YCTPOWCTBAX AJIEKTPOHHON TEXHHKH,
KBAaHTOBOU JJIEKTPOHMKH, BOJIOKOHHOM M HEJIMHENHOMN ONTUKH, BAKHEUIIME MEPHI OXPaHbl TPyAa U
TEeXHUKA OE30MacHOCTH, KOTOpble HEOOXOAMMO TPEINPHUHUMATh TPH HCCICAOBAHUHM TaKUX
MaTepHaJIOB.

YmMmern:

¢ KBIM(UIMPOBAHHO MOCTABUTHh HAYYHBIM SKCIIEPHUMEHT, UMEIOIIMH LETbI0 Pa3padoTKy
HOBBIX JINOO COBEPILICHCTBOBAHUE TPAJUIIMOHHBIX MATEPUATIOB H/WJIM METOJIOB MX MOJTYUCHHUS;

® KOpPPEKTHO M HCUEpPIBIBAIOIIMM 00pa3oM HHTEPIPETHPOBATh PE3YJIbTaThl YKa3aHHOIO
9KCTIEPUMEHTA (CepUM SKCIIEPUMEHTOB), IIPH 3TOM a0CTParupoBaThCs OT (PAKTOPOB, OKA3BIBAIOIINX
HECYIIECTBEHHOE BIIMSIHUE Ha IIOBE/ICHUE CUCTEMBL;

® [IOJrOTOBUTH HAYYHYIO ITyOJIMKALMIO (CTATbIO B HAYYHBIN JKYpHAJI, JOKJIAJ Ha HAyYHOM
MEpOIIPUATHH, pa3fen B KaHAUJATCKOW AUCCEPTALMH) IO pe3yJbTaTaM YKa3aHHOTO IKCIIEPUMEHTa
(cepum SKCIEPUMEHTOB).

e BBIOpaTh ONTUMAIBLHBIN METOJ XapakTepU3alMH, aHaJU3a U JUArHOCTUKU MaTepualloB,
IOpUMEHSEMBIX B MPUOOpaX M YCTPOMCTBAX 3JEKTPOHHOM TEXHMKH, KBAHTOBOW AJIEKTPOHUKH,
BOJIOKOHHOM M HEJTMHEHHON ONTHKH, UCXOJl U3 BUJA MaTepuala, KOHKPETHOH pelraeMoil HaydHo-
TEXHUUYECKOH 3a/1a4H, a TAKXKE PEaIbHBIX (B TOM YHCIIE, (PUHAHCOBBIX) BO3MOXKHOCTEH J1abopaTopuu
(Hay4HOH TpyMIBl) MO JOCTYIy K TOMY WJIM WHOMY AHAIUTHUYECKOMY, AMArHOCTUYECKOMY WIIU
HCCIIEI0BATENBCKOMY 000PYI0BaHUIO;

® [PaBWIbHO IOCTAaBUTh KOHKPETHYIO 3a/1auy IO MCCIIEJOBAHHUIO CBOMCTB KOHKPETHOIO
oOpasma WM cepur 00pas3loB (YCIOBUS, PEXHMMBI M IUANa30HBI M3MEPEHHH, T€OMETPHYECKUE
obnmacti o0Opa3lia, MOAJEKAIMe aHAIU3Y, KOJIMYECTBO AHAIM3HPYEMbIX TOYEK, HCIIOJIb3yeMble
ATAJIOHbI, BUJIBI U METOAbl MaTeMaTHYeCKOM OOpaOOTKH MOJIYYEHHBIX PE3yJIbTATOB M T.II.) TEpeN
OIIepaTopoM, MMEIOIIUM JOMYyCK K paboTe Ha COOTBETCTBYIOIIEM CJIOKHOM U JIOPOTOCTOSILEM
Hay4YHOM 00O0pY/I0BaHHMH, UCXOAS U3 BU/Ia MaTepralla, KOHKPETHOM peraeMoil HayqHO-TEXHUYECKOi
3a7a4M U (PUHAHCOBBIX BO3MOXKHOCTEH J1ab0paTopru (Hay4HOU TPYIIIbI);

e KBWIM(UIMPOBAHHO HHTEPIPETUPOBATh PE3Y/IbTaThl aHAIN3a, XapaKTepu3aluu U
JMAarHOCTUKU MaTepuasioB, MPUMEHSIEMBIX B NpUOOpax M YCTPOMCTBAX 3JIEKTPOHHOW TEXHUKH,
KBAaHTOBOU 3JIEKTPOHMKH, BOJIOKOHHOW Y HETMHENHOMN ONTUKU Pa3InYHBIMUA METOAMH.

Baapers:

¢ IUIAHMPOBAaHMEM, IIOCTAHOBKOM M 00paOOTKOM pe3yabTaTOB 3KCIIEPUMEHTa B 00JIACTH
TEXHOJIOTUH MTPOU3BOJICTBA MATEPUATIOB M IPHOOPOB AIEKTPOHUKHU U (POTOHUKH;

® COBPEMEHHbIMH HAay4YHbIMH TIPEJCTaBJICHUSIMA B OOJaCTH MaTEpUAIOBEACHHUS U
TEXHOJIOTUM TPOU3BOACTBA MAaTepUaloB U MPUOOPOB 3JIEKTPOHUKH M (POTOHUKH U B CMEKHBIX
00J1aCTAX €CTECTBO3HAHUS,

® TBOPYECKHM IIOJIXOAOM B pealu3allid HayYHO-TEXHHUYECKMX 3a]lady, OCHOBAHHOM Ha
CHCTEMAaTHYECKOM OOHOBJIEHUM TIOMyYEHHBIX 3HAHWM, HABBIKOB M YMEHHUH M HCHOJIb30BaHUU
MOCNeTHUX JOCTM)KEHHH B 00JacTH TEXHOJOTMH IPOM3BOJICTBA MAaTEPUAIIOB U NPHUOOPOB
AIIEKTPOHUKHU U (POTOHUKH.

® HaBBIKAMM MOHMCKAa HAy4YHO-TEXHUYECKOW MHpopMmaimu (Kak B OMOJMOTEUHBIX, TaK U B
ANIEKTPOHHBIX pecypcax) B 00JacTH CO3JaHUsl HOBBIX (DYHKIIMOHAIBHBIX MaTEPUAIOB JIEKTPOHUKU
U (OTOHUKU C YIYUIIEHHBIMH XapaKTEPUCTHKAMH, a TakKkKe B 00JAaCTH COBEPIICHCTBOBAHUS
TPaAULMOHHBIX MaTepualioB, W B o00JacTU pa3palOTKW HOBBIX M  COBEPILEHCTBOBAHUM
TPaAULIMOHHBIX METOJIOB MOJTYUYEHHsI TAKMX MaTepHaJIOB.



® OCHOBHOW CIEUUAIBHOW PYCCKO- U AHIIIOA3BIMHOW TEPMHUHOJIOTHEH, NMPUMEHSIEMOW B
MaTEpUAIOBEICHUY, TEXHOJIOTMU MAaTepUalioB, XapaKTEpU3aLMH, AaHaJIU3€ U JIMAarHOCTHKE
MaTepUaIOB KBAHTOBOU 3JIEKTPOHUKH, BOJIOKOHHOM U HETMHEWHOU ONTUKH.

® OCHOBHBIMH HAaBBIKAMH MAaTE€MaTHYECKOW (B TOM 4HMCIE, KOMIIBIOTEPHOI) 00paboTKu
pE3yJIbTaTOB 3KCIIEPUMEHTA, aHAJIM3a M JUMarHOCTMKM MaTEpUaJIOB AJIEKTPOHHOW TEXHUKH,
KBAHTOBOH 3JIEKTPOHUKH, BOJIOKOHHOW M HEJTMHEHHOW ONTUKU Pa3IMYHbIMUA METOAAMHU.

5. O0beM u Buj yueOHOoi padoThl
Ob6mas TpynoéMKocTh AUCUUIUIHHBL «TexHonorus u o0opynoBaHUE Ui MPOU3BOICTBA

MaTepuajIoB U MPUOOPOB JIIEKTPOHHOW TEXHUKW» cocTaBiseT 5 3ad. ex. (180 wacoB), mx
pacripeielieH|e 1o BuaaM padoT mpecTaBieHo B Tadmuie 1.

Tabmuna 1
Pacnpenesienne Tpy10éMKOCTH JUCUMILIMHBI 10 BUAAM PadoT
TpyroémMkocTh
Buj yueOHoii padoThl 3au4. B T.4. [10 ceMecTpaM
en. | ¢ 3 4 5 6

OO0mas TpyA0€MKOCTb AUCITUTUTHHBI 10 5 180 54 54 36 36
y4eOHOMY IIaHy
AyautopHasi padora: 114 36 36 18 24

aexyuu (J1) 114 36 36 18 24

cemunapwi (C) - - - - -
CamocrosiTesibHas padora: 66 18 18 18 12

camonoozomoexa (npopabomka u

nosmopeHue 1eKYUoHH020 Mamepuand,

0c60eHue mamepuana y4eOHUKo8 u 48 16 16 16 -

YueOHbIX nocobuil, LO020MoBKa K

ceMuHapam u m.o.)

Ilooecomoska k 3auémy 6 2 2 2 -

Iloozomoeka k s3K3aMmeHy 12 - - - 12
Bun xourpoas (3 — 3auem, 3 — 3 3 3 9
KaHOUOAmcKul 9K3aMeH)

6. Conepsxkanme 1M CHUILTHHBI
Tabmumna 2
TemaTuyeckuii n1aH yueOHOM AU CUMIIIMHBI
AyauTopHast Bueayauro
HaumeHoBaHue pa3je/ioB M TeM AMCUUIIMHBI | Bceero pabora pHast
JI C padora CP

Pasnea 1. Baxkneiimme MmaTepuanabl GOTOHUKH
Tema 1.1. OCHOBHBIE MMOHATUSA KBAHTOBOM 14 10 4
INEKTPOHUKHU
Tema 1.2. CoBpeMeHHBIE J1a3epHbIE MaTEpUANIbI U 14 10 4
METOJTbI UX TIOTYUCHHS
Tema 1.3. OcHOBBI (PU3UKH AaKTUBHBIX 12 8 4
JIDIICKTPUKOB
Tema 1.4. Baxunelme akTUBHbIE TUIIEKTPUKU 14 8 6




HanmeHoBaHMe pa3ie/ioB U TeM TUCHHILIMHBI

Bcero

AynuTopHast

padora

JI

C

Bueayauro
pHasi
pabdora CP

Bcero 3a 3 cemecTp

54

36

18

Tema 1.5. JIlroMuUHO(OPBI ¥ CHUHTUILIATOPHI

12

9

4

Tema 1.6. Baxxneiimue ¢GyHKIIMOHALHBIE
MaTepuabl

16

Paznen 2.
CoBpeMeHHbIE MATEPUAJIBI ONITOYIEKTPOHUKH
U JIEKTPOHHON TeXHUKU

Tema 2.1. Anma3s, kpeMHU# U KapOu KpEMHHUS:
CTPYKTYpa, CBOMCTBA, TEXHOJOTUH MOJTyYECHHUS,
00JIaCTH IPUMEHEHUS

14

Tema 2.2. onynpoBoxuuky turma A" BY 1

VI .
A'B"": cBOliCTBA, TECXHOJIOTHYCCKHUE
0COOCHHOCTH MOJXYYeHUs U 00JaCTH IPUMEHEHHUS

12

Bcero 3a 4 cemecTp

54

36

18

Pa3znen 3.
OcHOBHBIE MeTOAbI MOJIYYCHUSI MATEPHAIOB
3JIEKTPOHHOM TeXHUKH U GOTOHUKH

Tema 3.1 . DU3BUKO-XUMHUYECKUE OCHOBBI
MIPOIIECCOB MOJYUYEHUS] MATEPUATIOB U U3ICITHI
AJICKTPOHHOU TEXHUKH.

Tema 3.2 . Meroibl BeIpalliliBaHUs
MOHOKPHCTAUTMYECKUX MaTEPUAIIOB

12

Tema 3.3. OCHOBHBIE METO/BI OTYUEHUS
TOHKOIICHOYHBIX MaTE€PUAIIOB IS
OIITORJIEKTPOHUKH, BKIIIOUYAs TETEPOCTPYKTYPHI

Tema 3.4. TeXHOIOTHUN CTEKIOBUIHBIX U
CTEKJIOKPUCTAIUNIMYECKUX MAaTEPHUAJIOB

Tema 3.5. CriocoObI osTy4eHHs BOJIOKOHHBIX
MaTepUajoB

Tema 3.6. MeToab! oy4yeHuUs: ONTUYECKOM
KEepaMUKH

Bcero 3a 5 cemectp

36

18

18

Pazpea 4.
CoBpeMeHHbIE METO/IbI XapaKTepu3alun
MaTepHaJIOB

Tema 4.1. OcHOBHBIE METOALI UCCIEIOBAHUI
ONTUYECKUX U CIIEKTPAIbHO-TIOMUHECIICHTHBIX
XapaKTEPUCTUK MAaTEPUAIIOB JIJIsl HOTOHUKHU

14

10

Tema 4.2. MeTons! UCCIIeOBaHUIT
AIEKTPOPUZNUECKUX, TEPMHUUECKUX U
MEXaHUYECKUX XapaKTEPUCTUK MATEPUAIIOB ISl
OMTOJICKTPOHHUKHU

Tewma 4.3. CoBpeMEHHbIE METO/Ibl UCCIIEJOBAHUN
COCTaBa, CTPYKTYPHI U OCHOBHBIX JI€(PEKTOB
MaTEepUasIoB IEKTPOHHONW TEXHUKHU U (DOTOHUKH

14

10

Bcero 3a 6 cemecTp

36

24

12

HToro no xucuunjnHe

180

72

108




Pasznea 1. Baxxneiimue Matepuaabl (POTOHUKHU
Tema 1.1. OcHOBHbIE IOHATHS KBAHTOBOM JJIEKTPOHUKHU

[ornomenue u ycunenue ceera. Koo uumentsr DitHimTeitna. ClIOHTAaHHOE U BHIHYKACHHOE
nznydenue. Ontuueckuid pe3onHatop. KoHTyp u mmpuHa JuHMIA u3MydeHHs (TOTJIOIICHHS).
OnHOpOAHOE M HEOAHOPOAHOE YIUIMPEHUE JINHUI.

MoHoxpoMaTH4HOCTh U3MydeHHs. KorepeHTHocTh wu3nydeHus. HanpaBieHHOCTb H3ITydeHUs.
Cenexuus THIIOB KosieOaHui B na3zepax. [lonepeynsie u mpoaoabHbIE TUIIBI KOJIeOaHHH.

VYcnoBust nonydeHus: reHepauuu. Vicrounuku uzimydeHus. OU3NYECKHE OCHOBBI PabOThI JIA3€pOB.
TeepnotenbHble Ja3epbl. Monbl- akThBaTOphl. CrocoObl YIPaBIECHHS ONTUYECKHM H3ITy4CHHEM.
[TomynpoBogHUKOBBIE Ja3epsl. Jlazepbl HA OpraHMYECKUX KPACUTEIISX.

Ontryeckue BOJIHOBOMBL. BOJOKOHHBIC, IUIaHApHBIE U KaHAJIbHbIE BOJMHOBOIGL [lotepu B
BOJIHOBO/IaX. BosokonHble nazepbl. [IpeoOpa3zoBaHuMe 4YacTOThI ONTHYECKOTO H3JIYYEHHS B
BOJIHOBOJIHBIX CTPYKTypax OCHOBHBIE KOMIIOHEHTHI CHUCTEM OITHYECKON CBSI3H CO CIIEKTPATbHBIM
ymiotHeHueM. Onrudeckue ycwmrend. MHrerpaabHo-onTuueckue  3neMeHThl.  DOTOHHbBIE
KPUCTAJLIBI.

Tema 1.2. CoBpeMeHHBbI€ JIa3epHbIe MATEPHAJIbI U METOAbI HX MOJY4YCHUS

UtTpuii-anioMUHUEBBIA TpaHaT: CTPYKTypa, BaXHeHIHe (U3NYECKUE CBOICTBA.
Juarpamma 11aBKOCTH U (aKTOPBI, OJIArONPUATCTBYIOIINE KPUCTAJUIM3AUN TPAHATOBOM (hazbl.
MeToapl BBIpAlllMBaHUSA, XapaKTepHbIE POCTOBbIE AE(PEKThI M METOAbl OOpHOBI C HUMHU.
Tepmoanddy3noHHOE MOTyYeHHEe KOMITIO3UTHBIX aKTHBHBIX 3JeMEHTOB. JlazepHas kepamuKka Ha
OCHOBE UTTPHI-aTIOMUHUEBOr0 TpaHata. [Ipoune OKCHUIHBIE KPUCTAUTMYECKHE MATPUIBI s
PCAKO3CMCIIBHBIX HWOHOB (MOJII/I6IlaTI)I u BOJII)(bpaMaTI)I, AIIOMHUHAT MWTTpUA, BaHAAAThI,
CECKBUOKCHJIbI M Jla3epHas KepamMHKa Ha MX OCHOBeE). JlazepHble KpPUCTAIIIBI, JIETHPOBAHHBIC
nepexoaHbiMu  30d-uoHamu. [IpoOiiemMbl  ympaBiieHHS 3apsSOBbIM  COCTOSHHEM HOHOB-
aKTHBATOPOB.

JlazepHble KpuCTaUIBl (PTOPUIOB: OOIIHME OTIUYUTEIbHBIE OCOOCHHOCTH (DU3HKO-
XUMUYECKUX U CHEKTPAIbHO-TIOMUHECIICHTHBIX CBOMCTB, NPEUMYILIECTBA W HEJOCTATKU IIO
CpaBHCHHIO C OKCHJIHBIMU KpucTajljiaMu. HpO6J’I€MBI TEXHOJIOI'uu IMOJIYYCHHA
BBICOKOITPO3PAaYHBIX MOHOKPUCTAIJIOB U METOJBI TTYOOKONH OYMCTKU POCTOBOM 30HBI OT BOJIBI U
KHcJiopoJa. q)TOpI/II[HI)IG ONTUYCCKUC KPUCTAJLJIBI. CDTOpI/II[HaSI JJa3¢pHad KEpaMHMKa M HaHO-
CTEKJIOKEpaMHKa.

Pa3ynopsinodeHHbIE KPUCTAIUIMYECKUE MATPULIBI IS PEIKO3EMEIBHBIX HOHOB. JlazepHblie
CTEKJIa U BOJIOKHA.

Tema 1.3. OcHOBBI (U3UKH AKTHBHBIX JUIJICKTPHKOB

I'eteporenHble paBHOBECHS. Y CIOBUS CTAOMIBHOCTU U paBHOBecus (a3. Tumsl tuarpaMm
($a30BbIX paBHOBECHM JBYX- M MHOTOKOMIIOHEHTHBIX CHCTEM. JluarpamMmpl Kak HMCTOYHHK
uHpOpMaLlMM HEOOXOJUMOHM JUIsi BBHIOOpAa M ONTHMM3ALMU METOJAa CHHTE3a MaTepHuajoB C
3aJJaHHBIM COCTaBOM M CBOWCTBAaMHU, OIIPE/IETICHIE YCIOBUN UX CTAOMIBHOTO CYIIECTBOBAHHUS.

[onspu3anus ITUAIEKTPUKOB U ee (U3UUecKas CyIHOCTh. HemossipHble W MONSApHBIE
TUAIIEKTpUKU. [IpoBOAMMOCTE AMAIEKTPUKOB U ee (u3nyeckas npupona. Jusiaexkrpuueckue
oTepu U ux npupona. PazoBble Mepexosl MEPBOTO U BTOPOro poja. CerHeToaNeKTpUIECKUe
(bazoBbIe MEPeXO/bl.

[TpuHIUIIBL HEJIMHEWHOMN OIITHUKH. HenunenHno-ontuyeckue 3¢ heKThI.
OnekrpoonTtuueckue 3¢pdexTs, ¢Goroynpyruii  3¢p¢deKkT, MarHUTOONTUYECKUH AP QeKT.
Axycroontuueckue 3¢pdextel. Dotopedpakuusa. JusaekTpuueckue cpenbl i TeHeparuu



KOTCpCHTHOT'O M3JIYYCHUS. TBepl[bIe AUDJICKTPUYCCKUC CPCAbI JJISA HpGOGp&BOBaHHH 4aCTOThI U
MOAYJIALHUKU KOTI'CPECHTHOI'O U3JTYYCHHA.

Tema 1.4. BaxHeliline aKTUBHbIE TNIJIEKTPUKHU

Baxuelilye HelMHEHHO-ONTHYECKHE, I1b€30- M CETHETODJIEKTPUYECKHE, a TaKxkKe
doropedpakTUBHBIC KPHCTAILIBI.

Huobar gutua: Crpykrypa U (a3oBble INpeBpalleHus, (U3NKO-XUMHUECKUE
XapaKTEPUCTHKH, (ha30Basi [uarpaMMa U OCOOCHHOCTH TEXHOJIOTMH BBIPAIIUBAHMS KPUCTAJIIOB.
KourpysutHeie u crexuomerpuueckue kpuctawibl LiINDOsz. Texnonmormueckue nedektsl H
BO3MOYKHOCTH HMX YCTpaHeHHs. J[OMEHHOE CTpOEHHEe, KPUCTaUIbl C PEeryJIspHON JOMEHHOU
CTPYKTYpOii H HX MNpPHUMEHEHHE, MOHOJOMeHm3auus KpucrawioB. Crernuduka LiTaOs.
MoHokpuctaiibsl  Kanuid-tutanmi-¢pocdara. Kparkuii 0630p ApYrux HEIMHEHHO-ONTHYECKUX
kpucrauios (BBO, LBO, KDP).

ITbe30- u cerHerodnekTpuku. OCOOEHHOCTH CTPYKTYPbl M CErHETORIEKTPUYECKUI
¢azoBbiii nepexoa. Keapu. CrpykTypa, moaumMopdHble MOIUPHUKALMU, (PU3UKO-XUMHUYECKHE
CBOWCTBA KBapua. BreIpammBaHue KpPYMHBIX MOHOKPHUCTAJUIOB THUAPOTEPMATIBHBIM METOJIOM.
Ob6nacTu NpUMEHEHUs. KPUCTAIIIOB.

Kpucramnel cemeiicTBa IaHracMTa Kak ajJbTepHATHBA CHHTETHUYECKOMY KBapily.
CrpykTypa, CBOWCTBAa W BbIpalllMBaHue KpucTauioB. KpaTkuili 0030p Jpyrux mbe3o- H
CETHETORIEKTPUUYECKIX KPUCTAUIOB. MOHOKpHCTAIBI HUoOaTa Oapus-HaTpusi W HHUOOara
0apusA-CTPOHIMSL KaK 3JIEKTPOONTHYEeCKHEe U  (poTopedpakTUBHBIE MaTepHalbl: (QUIUKO-
XUMHYECKHE CBOMCTBA, CTPYKTypa MOJIUMOPPHBIX MOIU(DUKAIIIA.

Tema 1.5. JIroMuHoGOpbI U CHMHTHLIATOPHI

CaMo0aKkTUBUPOBAHHbIE M MPUMECHO-aKTHUBHUPOBAHHBIE JIOMUHO(POPHL. AKTUBAaTOPHbIE
OpUMEeCH JJs JIIOMMHO(QOPOB U CHUHTHIUIATOPOB, TPeOOBAaHUS, HpPEIbSBIAEMbIE K HHM.
TpeboBanusi, mpeabsSBIsIEMble K JIIOMAHO(DOPHBIM ¥  CHUHTHIUIITOPHBIM  MaTpPHUIIAM.
MoHokpucTauibl - Bonb(pamara cBUHIA. TunuuHble JedexTsl. lllenodno-ranoreHuHbIe
CUMHTHJUISITOPHBIE KPUCTAJUIBI, CTPYKTYypa M CBOMCTBA, BBIPAIIMBAHUE KPYIIHBIX KPHUCTAJLIOB,
oOmacti  npuMeHeHus. MoHokpuctauibl  ¢Topuna uepus.  DPHUMKO-XUMHYECKHE U
AKCIUTyaTal[MOHHbIE CBOMCTBA. MeTonabl MOJydeHHs KpucTauioB. BnusHue armocdepbl Ha
KayecTBO KpucTtayuioB. Kparkuif 0030p COBpPEMEHHBIX MOPOIIKOOOPA3HBIX JIOMHHO(MOPOB.
OcHOBHBIE METO/IbI UX CHHTE3A.

Tema 1.6. Baxxneiimme pyHKIMOHAJIbHbIE MATEPHAJIBI

KopyHn kak BakHEHIINI (YHKIIMOHANBHBIA U MO/UI0KEYHbIN MOHOKpUCTALUT. OCHOBHBIE
($u3NKO-XMMHUYECKHE CBOICTBA, CTPYKTYpa. BripamuBanue kpucramioB metogamu Kupomnyioca,
barnacaposa u Hoxpanbckoro. [Tomydenne kpuctamioB pa3nndHbix Gopm Merogom CrenaHosa.
JledexTsl B KpucTamiax, METOJIbl UX KOHTPOJIS U CIIOCOOBI YCTPaHEHHUSI.

®uaHUT, €ro OCHOBHBIE CBOWCTBA U cepbl MpuMeHeHHsl. CTPYKTypHbIe MOTUDUKAIIMN U
crocoObl ux crabwimm3anuu, YactuuHo craOunusupoBaHHbId nuokcun mupkonus (YCLI).
BrlpamuBanue KpHUCTANIOB METOAOM XOJOAHOTO KOHTeWHepa. Kparkuii 0030p npyrux
(GYHKIIMOHATIBHBIX U MOAJI0KEYHBIX MaTEPHAIIOB.

OcHOBBl ~ (pU3MUECKOW XUMHM  BBICOKOAMCIEPCHBIX cHcTeM. HaHomarepuaisl.
Hanorexnonorusi. CoBpeMeHHbIE TEXHOJOTMYECKHE METOAbl (HOPMHUPOBAHUS HAHOCTPYKTYP.
[Tpomeccel  camoopraHuM3anMd ¥ caMO(OPMHUPOBAHUS B  TEXHOJOTMH  HAHOCTPYKTYP.
CoBpeMeHHbIE  TEXHOJOTMYECKHMEe  MeToJbl  (OPMHpPOBAHHS  HAHOCTPYKTYPHUPOBAHHBIX
MaTepuaioB. 301b-TeNlb TeXHOJI0rus. [[puHIMIEl cO30aHNs] HAHOKOMIIO3UIIMOHHBIX MaTepHaloB.



Pazgea 2.
CoBpeMeHHBbIE MAaTEePHAJIBI ONTOYIEKTPOHHUKH M 3JIEKTPOHHOI TEXHUKHU

Tema 2.1. Anima3, KpeMHHUIl 1 KapOuJ KPeMHUSA: CTPYKTYpa, CBOMCTBA, TEXHOJIOTHU
MoJIy4eHHus, 001aCTH NPUMeHEeHUs

Martepuansl ~ ONTORIEKTPOHUKH.  M3iydeHune  cBeta B IMOJYHPOBOJHHUKAX.
[TonynpoBogHMKM €  OpAMOM W HEOPsIMOM  3ampelieHHOM  30HOHM.  Marepuansl
MOJIYIIPOBOTHUKOBBIX CBETOMOOB, JIA3ePOB U (POTONPUEMHHUKOB.

Anma3z: ¢usmdeckas kiaccu(uKanusg M CBOMCTBA KPHUCTAJLJIOB, BaYKHEHIINE TOUYEUHbBIE
nedextsl. dazoBas auarpamma. Baxneiimme crocoObl MOTydYeHUs] TOJIUKPUCTAIUIOB, TUICHOK H
KPYIHBIX KPUCTAJUIOB ONTHYECKOIO KayecTBa.

MOHOKPUCTAJUIMYECKM  KPEeMHUH, CTPYKTypa, CBOWCTBa, CQepbl NPUMEHEHHUS.
[Tomyyenue ctpyktyp «kpemuuid Ha wusossarope» (KHIU). OcHoBHBIE cnocoObl TiyOOKOH
OYUCTKH IIUXTHI M CIIOCOOBI BBIPAIIMBAHUS KPYIHBIX MOHOKpPUCTALUIOB. CriocoObl GOpbOBI ¢
KOHBEKTHBHBIMM TOTOKaMu B pacmiiaBe. CrocoObl OOpbOBI € JUCIOKALMAMU B KpUCTAJLIE.
[TocnepocToBast 00pabOTKa M KOHTPOJIb Ka4ecTBa.

[Tomukpucrananueckuil KpeMHMH W cojHeuHble OaTaped Ha ero ocHoBe. CrocoObl
noBbIIeHNe 3((HEKTUBHOCTH COJIHEYHBIX OaTapei.

OcHoOBHbIE (DU3MKO-XUMHUYECKUE U 3IIEKTPO(U3NYECKUE CBOMCTBAa KapOuJga KpEeMHUS.
Baxwneiimue nonutumnst SiC, ¢a3oBas auarpamma. BakHelme MeTobl MoTydeHust 00beMHBIX
MOHOKpUCTAJIIOB, MeTo Jlenn u caHaBuu-cyonumanuu. [lomyyeHne snuTakCHaIbHBIX IJICHOK
SiC. Xapakrepnsie nedexts! kpuctamioB SiC.

Tema 2.2. I[loaynpoBOAHUKH THIIA A"BY u A"BY: cBoiicTBa, Texnomornueckne
0COOCHHOCTH MOJIYy4YeHHUs U 00J1aCTH NPUMEHEeHUSs

[TonynpoBonHUKM THUDNA A"BY, o6mas xapaxrepucruka. OCHOBHbIC CTPYKTYpHBIE
MoaudUKaIMU. 3aBUCUMOCTh CBOWCTB, METOJOB IMOJy4eHUs U chep MpUMEHEHUs: OT COCTaBa.
®uznko-xumuueckue cpoiictBa GaAs. das3oBasg auarpaMMa apceHuia raums. Baxselmue
CrocoObl  BbIpalllMBaHUA MOHOKpUCTaIoB (GaAs, HMX NpeuMyllecTBa M HEJOCTaTKH.
XapakTtepHble JedexTsl B kKpuctamiax GaAs u crnocoObl 60psObl ¢ HUMH. 30HHAsI CTPYKTypa U
OCHOBHBIE INEeKTpopU3NYECKUE XapaKTEPUCTUKU GaAs. [TonynpoBosmuii "
nonyusonupytomuii - GaAs. Tsepable pactBopel  AlyGajxAs u  InyGajxAs, a Taxxke
reTepPOCTPYKTYPhI HA KX OCHOBE.

Hutpun rannus m snuTakCUaJIbHBIE T€TEPOCTPYKTYPHI HA €r0 OCHOBE, UX IOJIyYE€HUE U
npuMeHeHne. HuTpua ramms M 3OUTaKCHAIBHBIE TE€TEPOCTPYKTYPHI HAa €ro OCHOBE, HX
nojydyeHue U npuMeHenue. [lonyuenne o0beMHbIX MOHOKpUCTaIOB GaN. AHTUMOHU UHANS,
OCHOBHbIE (DPU3MKO-XMMHUYECKHE U DJIEKTPOPU3NUECKHE XapaKTEPUCTUKH, BbIPALIUBAaHUE
MOHOKPUCTAJIJIOB U BaxkHeWiHe chepbl npuMeHeHus. [1oaynpoBOIHUKN THIA A"BY! o6mas
XapakTepUCTUKAa M OCHOBHBIE OTJIMYMSA OT IIOJYIPOBOJHUKOB THIIA A"BY. Baxneitmue
NpEeJCTaBUTENIN 3TOTO KJlacca MOJYNpPOBOAHUKOB (ZnS, ZnSe, KPT), ux cBoiicTBa, OCHOBHBIE
CHocoObl MX IMOJIyY€HUS B BHUJE OOBEMHBIX MOHOKPHUCTAIOB, SMHUTAKCHAJIBHBIX IUIEHOK, U
po3pavyHOl KepaMUKH, chepbl MPUMEHEHHUS B ONTOAIEKTPOHUKE.

O6macTi  TpPUMEHEHUS  KPHUCTAUIOB:  Jla3epbl,  ONTHYECKUE  MOIYJISTOPHI,
aKycTo3JeKTpoHHble mpudopsl, MK-doTonpuemuuku.

Pa3nes 3. OcHOBHBIC MeTOAbI IOJIY4YCHHSI MATEPHAJIOB JJICKTPOHHOM TEXHUKH H (POTOHMKH

Tema 3.1 . ®u3nKO-XMMHYECKHE OCHOBBI MIPOLECCOB MOJTYy4YeHUS] MATEPHAJIOB M U31eJIMi
3JIEKTPOHHOM TEXHUKH.



Kpucrannmuzanus,  (QU3UKO-XUMUYECKHE  OCHOBBI  TexXHONOTWH.  TepMmoamHammuKa
KpUCTAIIN3auU. ATOMapHO-CTPYKTYpHBbIE MOJIEIM U MeXaHu3MbI pocTa. I[Ipomeccsl B razax u
BaKyyMe, PAcIbUICHHE MAaTepUAIOB M OCAXKICHUE IJICHOK. Mertonbl snutakcuu. [azodazHas
snutakcusi. MOC-ruapunsbidi  Meton. JKUIKOCTHAs HSHUTAKCHS. MonekynsapHo-TydeBas
SIUTAKCHS.

DneMEeHThl 30HHOW Teopuu. MeXaHW3Mbl COOCTBEHHOHW W TMPHUMECHOW IPOBOJUMOCTH.
CgoiictBa p-n mnepexoja. KuHernueckue sBICHHUS B MOJYNPOBOJHUKAX. OJIEKTPO- U
TEIUIONPOBOAHOCTh TMOJYMIPOBOAHUKOB. OnTHueckue H (HOTOINEKTPUUYECKUE SBICHUSY B
MOJYIPOBOHUKAX. TepmodnekTpuueckue siBIeHUS U dPQexT Xoiuia B IMOTYIPOBOJIHHUKAX.
Marnetoconporusienue. uddy3us nocureneit u npumeceid. Tepmo-2J1C. Dddexr [TenbThe.

Hcxonnble BeliecTBa, MCHOJb3yeMble JI MPOU3BOJCTBA MOHOKPUCTALUIOB M IUICHOK.
Oco00 4KCTHIE ATEMEHTHI U MaTepUallbl, UX POJb B COBpeMeHHOM TexHuke. [lonarue o yucrore
BEIIECTBA, METOJIbI ONPEACICHUS U OIICHKA YHCTOTHI. DU3MKO-XUMUYECKHE OCHOBBHI ITYOOKOMH
ouncTku BeulecTB. [lonstue o korddunmenTe pasneneHus 1 pacnpeneieHus. MeToabl OUUCTKU.
3onHas ounctka. Cyonumanus. Pektudukanus.

Tema 3.2 .MeToabl BbIpalllUBAHUSI MOHOKPUCTAJJIHYCCKUX MaTE€pHAJIOB

Mertonbl Hoxpanbckoro, bpumkmena (ropu3oHTanbHas U BEPTUKAIbHAS KOHPUTYpAIHH),
30HHOH MJIaBKU (TOPU30HTAJIbHAS U BEPTUKAJIbHASI KOHPUTYpaLMK), a TAKKE MOJUPHUKALIMH ITHX
metonoB (TSSG-meton, meronbr CremanoBa, Kupomynoca, TrpaJME€HTHOTO OXJIAXKIEHUS,
TEIIO0OMEHHUKA, XOJIOAHOTO THUIJIS, IUIaBaIOLIeH 30HBI U T.I.). Temao- U MaccomepeHoc Mmpu
BBIPAIMBAHUY KPUCTAJUIOB PpA3IMYHBIMU METOJAaMHM W3 paciulaBa M pacTBOP-pacILIaBa.
Pacnpenenenue mnpumeceil B KpucTawie, paBHOBECHBIH M 3(deKkTuBHBIA KO3(D(UIMEHTHI
pacnpenenenus. Bunubl KOHBEKLIMHM B paciulaBe M crocoObl yrpaBieHuss UMH. [IpoOiembl
yCTOMUMBOCTH (GpPOHTAa KpUCTaIu3aluuu. KOHIEHTpalMOHHOE MEepeoXIaXJAeHUEe U SYEHCThINA
poct. I'mapo- m aMMOHOTepManbHBIA MeTonbl. CHocoOBl BBIPALNIMBAHUSA KPUCTAJUIOB U3
pacTBOPOB.

Tema 3.3. OcHOBHBbIE MeTOAbl NMOJYYeHHS] TOHKOIUICHOYHBIX MaTepHAJIOB A
ONTO3JIEKTPOHUKH, BKJIIOYasl TeTePOCTPYKTYPbI

MeTopl HaHECEHHsI TOHKHMX IUIEHOK B BaKyyMe: BaKyyM-T€pMUYECKHIl, TEPMOMOHHBIH,
AJIEKTPOHHO-JIY4Y€BOM, HOHHO-IIA3MEHHBIN (C UCIOJBb30BAHUEM DPA3PSIOB HA MOCTOSIHHOM TOKE
(IIT), a takxke BY u CBY pa3psmoB), ¢ MOMOIIBIO aBTOHOMHBIX HOHHBIX HCTOYHHKOB.
MarHeTpoHHBIE PacIbUIMTEIbHBIE CUCTEMBI.

XKunxodasHas ¥ MOJNEKYIAPHO-IIydeBasi SIUTAKCHS, JIA3€PHOE paclblIeHue, (PU3NIECKoe
U XUMUYECKOE OCaXJeHHE U3 MapoBoil ¢a3el. [IpenmyiiecTBa u HEOCTATKHU, a TAK)KE OCHOBHbBIE
chepsl NPUMEHEHHS O3TUX METOAOB. [IpMMeHeHHe MeTaNIoOPraHWYeCKUX COEAMHEHHH Kak
UCTOYHHUKOB KOMITOHEHTOB HOJYIPOBOJHUKOBBIX IUIEHOK U TEXHHKa 0€30MacHOCTH MpH paboTre
C METaJNIOOPTaHUYECKUMHU COEAMHEHUAMU. TpeOoBaHMS K TMOMJIOKKAM U  IOATOTOBKA
IIOBEPXHOCTEH. OcobenHoctu MIOJIyYEHUS MHOTOCJIOMHBIX IIOJIYTIPOBOTHUKOBBIX
rerepocTpykTyp. otonurorpadus.

Tema 3.4. TexH0JI0THHM CTEKJIOBUIHBIX U CTEKJIOKPUCTAUINYECKHUX MATEPHAJIOB

CreknoBuiHOE cocTosiHME BemecTBa. OCOOEHHOCTH CHEKTPaIbHO-TIOMUHECIICHTHBIX,
ANEKTPOPU3NIECKUX, MEXAaHMYECKMX M TEIJIOBBIX CBOMCTB CTEKJIOBUIHBIX MaTepHAlIOB IO
CPaBHEHMIO C KPHUCTAJUIMYECKUMHU. MeTOoIbl MOMyYeHUs] ONTHYECKUX CTeKoJ. OCHOBHBIE BHJIbI
00BEMHBIX 1e(DEKTOB B ONTHUECKUX CTEKJIAX U METO/AbI OOphObI C HUMHU. XapaKTepUCTUUECKHE
TEMIEpaTypbl CTEKOJ M «ONacHbI» Auamna3oH TemrepaTryp. OcoOeHHOCTH KpHCTaUIM3aluu
cTekyia. ['oMoreHHass M reTeporeHHas Hykjeauus, (OTOHYKJIeAlus, T00aBKU-HYKIEaTOPBI.



HOBCpXHOCTHaSI u O6’bCMHaH KpucTallin3aluusa CTEKJIa. Kunernka KpucTaJlsin3aluu.
Huddy3nonnsiii 6apwep. [Ipo3paunas HaHO- M CTEKJIOKEpAMHKa W CIHOCOOBI MX TOJYYCHHS.
@DakTOphl, BIMUSIIONIMEC HA BEJIMYUHY PAJICEBCKOTO PACCESHUS CBETa B CTEKIIOKPUCTAJUTHYECKUX
MaTepuaax.

Tema 3.5. Cnioco0bI noJIy4eHUus1 BOJIOKOHHBIX MATEPHAJIOB

MeToapl MONy4eHHs AKTUBHBIX M IIACCHBHBIX ONTHYECKMX BOJIOKOH, CPaBHHUTEJIbHBIC
XapaKTEPUCTHKH, IPEUMYIIECTBA U HEJOCTaTKH. bopp0a ¢ THaApOKCHII-HOHAMU B ONITOBOJIOKHAX.
CriocoObl BBeJIeHMs NpUMeceld B BOJIOKHA W IIyTH MPEAOTBPAIICHUS MX KIACTEPU3ALMH.
OCOOEeHHOCTH MOTyYeHHSI MHOTOCEPILEBUHHBIX U (DOTOHHBIX ONTOBOJIOKOH. CriocoObl co3aanus
OpATTOBCKUX PEIIETOK B ONTOBOJOKHAX. MeTo/bl OJyYeHHsT MOHOKPUCTAIIIMYECKUX BOJIOKOH:
MUKPOBBITATUBAHHE BHH3, IKCTPY3us, MUHHUIIbEAECTAIL Crioco6b1 IpUAAHUA
MOHOKPHUCTAJIJINYECKUM BOJIOKHAM BOJTHOBOJHBIX CBOMCTB.

Tema 3.6. MeToabl OJIyYeHHUsI ONITHYECKOH KEPaAMUKHU

Ontuyeckast kepamuka. OCHOBHbIE TpeOOBaHMS K HAHOAMCIIEPCHBIM MOPOILKAM JUIsSl €e
nojsyueHus. Baxkseilme crnocoObl MOMY4YeHHMs] HAHOAMCIEPCHBIX IOPOIIKOB M HX
IPaHyJIOMETPUYECKUE XaPAKTEPUCTUKU. BHUIIBI U TEXHOJIOTMYECKHE PEKUMBI KOMIIAKTUPOBAHUS
MIOPOUIKOB, UCIIOJNIb3YeMbIe MPH 3TOM J100aBKH M UX poib. ['opsuee GopmMoBaHHE Kak CHOCOO
IIOJIyYEHUSI ONTHYECKONM KEpaMUKH U3 MOHOKPUCTAIIOB. (DaKkTOpPbI, BIUAIOIIUE HA BEIUMYHUHY
P2JIEEBCKOI0 PacCesHUsI CBETA B ONITHYECKOU KEPAMUKE.

Pa3nes 4. CoBpeMeHHbIe MeTObI XapaKTEePU3alHH MATEPHAJIOB

Tema 4.1. OcHOBHbIe MeTOAbI HCCJEIOBAHWH ONTHYECKHUX M CHEKTPAJbHO-
JIIOMMHECHEHTHBIX XapaKTePUCTUK MATEPHAJIOB Il (POTOHUKH

OCHOBHBIE METO/IbI U3MEPEHUS KO PHUIMEHTa IPeIOMIICHU MaTepHraa, ero AMCIepcuu
U TeMIleparypHoi 3aBucuMocTu. OCOOEHHOCTH H3MepeHHs Kod(hduineHTa NperomMieHus B
JIBYIY4eTpeIOMIISIONINX KpUcTaliax. MeTo ONTHYECKOW KOHOCKOIMHU KaK CII0CO0 OpUEHTALIUH
kpuctayioB. CrnocoObl HM3MEPEHHs OCHOBHBIX ONTHYECKHX MAapaMeTPOB  BOJOKOHHBIX
CBETOBOJOB. l3MepeHHe HENMHEHHO-ONTHUYECKHUX, JJIEKTpPO- W MAarHUTOONTHYECKHX U
dboTopedpakTUBHBIX CBOWCTB KpHUCTALIOB. OnTHyeckas aOCOpOIMOHHAS WU JIFOMHUHECIICHTHAs
crekTpockonus. JIFoOMHUHECIIEHTHO-KMHETHYeCKU aHanu3. OCOOEHHOCTH U3MEPEHUs! CIIEKTPOB
MOTJIOUIEHUS U3 BO30YXJAEHHOIO COCTOSHUS M CTUMYJIUpOBaHHON nmromuHecteHnuu. JI1P-, K-
Y PaMaHOBCKasl CIEKTPOCKOIIHS.

Tema 4.2. Mertoabl HCCHCIOBAHUNH JIEKTPOPHUIUYECKHX, TEPMHYECCKHX H
MeXaHMYECKUX XapaAKTePUCTHK MATEPHAJIOB IS ONITOYIEKTPOHUKH

[TogroroBka 00pa3noOB MaJisi W3MEPEHHM SIEKTPOPU3MUECKUX CBOUCTB. W3mepeHue
IIEKTPUYECKOW TMPOBOJUMOCTH, TUAIEKTPUYECKONW IPOHHULAEMOCTH, IOABH)KHOCTH u
KOHIEHTpAllUii OCHOBHBIX M HEOCHOBHBIX HOCHUTENEH 3apsijia, HIMPUHBI 3alpelieHHON 30HBI,
[JIyOMHBl  DJIEKTPOHHBIX W JBIPOYHBIX JIOBYIIEK. (OCOOEHHOCTH M3MEpPEHMH HOHHOU
MPOBOAMMOCTH. MeToAbl HCCIEIOBAHUN IbE30- MUPO- M CETHETOIJIEKTPUUYECKUX, a TaKkKe
MarHUTHBIX XapaKTEPUCTHUK.

JuddepeHnnanbHO-TEPMUYECKUN " TEPMOTPaBUMETPUYECKHI aHaImu3,
muddepeHManbHas CKaHUpPYIOIIas KajJopuMeTpus, auigatomMerpusi. OCHOBHBIE METOJbI
U3MEpPEHUI TUIOTHOCTH, TEIJIONPOBOJHOCTH, TEIUIOEMKOCTH MAaTe€pHalIOB OMNTO3JIEKTPOHUKH.



W3mepeHune TBEpOCTH, TPEILIMHOCTOMKOCTH, Mpeesia IpoYHocTH, Moy FOHra, cooTHOIIEHUs
[Tyaccona, TpuOOJOTrHUECKUX U APYIHMX MEXAHHMUECKUX XAPAKTEPUCTHUK.

Tema 4.3. CoBpeMeHHbIEe MeTOAbI MCCJIETOBAHUI COCTaBAa, CTPYKTYPbl H OCHOBHBIX
nedeKTOB MATEPUAJIOB JIEKTPOHHON TeXHUKH U (DOTOHUKHU

Ckanupyromas (pacTpoBasi) 3JEKTPOHHAs MHMKPOCKOIUS M PEHTTEHOCIEKTPAIbHbBIN
(SHEProJUCIEepPCUOHHBII) MHKpPOAHAIN3, OCOOEHHOCTH HCCIENOBAaHUHA  TUAJIEKTPUYECKUX
MaTepuaioB  ATUMM  METOJaMH. ATOMHO-CWJIOBass U TYHHEJIbHAas  MHUKPOCKOIIHUA.
[TpocBeunBaromias 1EKTPOHHAsT MUKPOCKOIUS U OCOOCHHOCTU IOJATrOTOBKU OOpa3LoOB JIs Hee.
PentrenodmoopectieHTHRI ¥ HEHTPOHHO-aKTUBAIIMOHHBIA aHANU3. ATOMHO-OMUCCUOHHAS- H
MacC-CIIEKTPOMETPUS B HHIYKIMOHHO-CBSI3aHHOW IIIa3Me€, MCKPOBas MacC-CIIEKTPOMETPHS.
Pentrenodas3oBblii M PEHTTEHOCTPYKTYPHBIM aHaiu3, OOCUET HX pE3yIbTaTOB METOJIOM
PutBenpaa m moaHoMaTpuuHbIM MeTONOM. COBpEMEHHBIE PEHTICHOBCKME METOIBI aHaIu3a
nokaneHOM  cTpykTyphl BemectBa (EXAFS, XANES). Opwuenrtauuss MOHOKPUCTAIIIOB
OTHOCHUTEJIBHO OCHOBHBIX KPUCTAJUIOTpapUUECKUX OCe peHTreHOAU(PPAKIIMOHHBIMA METOIaMH.
Kpusbie kauanus. OneHKa TIpaHyJIOMETPUYECKUX XAPAKTEPUCTUK HAHOCTPYKTYPUPOBAHHBIX
MaTepHaJoB PEHTIeHOAU(DPAKIMOHHBIMU MeTonamMH. OmnpeneneHue MOPUCTOCTH JUCIIEPCHBIX
MaTepHajJIOB METOAOM H3MEpPEHHsI aZICOPOIIMOHHBIX CBOMCTB 00pasIa.

JIOTOJTHUTENBHBIN NTEpEYEHb BOIPOCOB JII CAMOCTOSITENBHOTO M3YYEHHs JTUCLMILIAHBI
«Pusnyeckas SIEKTPOHHKA» (OpMUpYeTCs HAydHBIM PYKOBOJIUTENEM acHUpaHTa |
YTBEPKIAETCS ACIMPAHTCKON KOMHUCCUEH.

[lepeuenr BOMPOCOB MAJiI CaMOCTOSITENILHOTO HM3y4YeHUS IUCHUIUIMHBI «Du3ndeckas
AJIIEKTPOHMKAY» MPHU MOATOTOBKE K KaHAMAATCKOMY 3K3aMEHY IO CHEIUATbHOCTH COOTBETCTBYET
nporpaMMe KaHIUAATCKOrO SK3aMeHa MO0 CHeHUAIbHOCTH «Pu3ndeckas >IEKTPOHUKAY,
yrBepkaeHHor YueHnsiM coBetoM NO®D PAH (mpotokon Ne oT « » 20 r.).

7. IlpuMepHasi TeMaTHKA:

7.1. KypcoBbIX pa6oT

He npenycMoTpeHO yueOHBIM IIIaHOM

7.2. HayuHo-ucc/ie10BaTeIbCKUX padoT U NPOEKTOB
He npenycMoTpeHO yueOHBIM MIIaHOM

7.3. PedepatoB

He npenycMoTpeHO yuyeOHBIM IIIaHOM

8. PecypcHoe oGecnieuenue.

8.1. Kaaposblii noTreHumnamn

Acnupantypa UO® PAH pacnonaraer kaJpoBBIMH pPeCypcaMiy, TapaHTUPYIOIIUMU
Ka4ecTBO MOJTrOTOBKM acHUpaHTa Mo cnenuanbHocT 2.2.3. TexHosnorus u obopyaoBaHue s
MIPOU3BOJICTBA MATEPUAIIOB U MIPUOOPOB AIEKTPOHHON TEXHUKHU B cOOTBETCTBUU ¢ DI'T.

8.2. MarepuajibHO-TeXHHYECKOEe OCHAIIIEHHE.

Jns mpoBeneHus 3aHATUA 10 juciuiuinHe «TexHomorus u  obOopymoBaHuEe AJis
MIPOU3BOJICTBA MATEPUATIOB M MPUOOPOB DJIEKTPOHHOW TEXHHUKWY», MPEAyCMOTPEHHON Y4eOHBIM
IUTAHOM TOATOTOBKM AacCIHUPAHTOB, HMMEETCS HeoOXoaumas MaTepuanbHO-TeXHHUYecKas 0asza,
COOTBETCTBYIOIIIAA )IefICTBYIOHIHM CaHUTAPHBIM W NPOTUBOIIOXKAPHBIM IIpaBUJIaM W HOpMam,
obecrnevnBaroias MpoBeIeHNE BCEX BUIOB TEOPETUUECKON U TPAKTUUECKON TTOTOTOBKH:

— AyAUTOPUHN IOJId JCKOUOHHBIX U CCMHUHAPCKUX 33H$ITI/II71, OCHAIICHHBIC MMPE3CHTAIMOHHBIM
o0opynoBaHueM (HOYTOYK, MPOEKTOP, IKpaH) U MapKEePHBIMU JOCKAMH;



— oOopymoBaHue Ui TPOBEACHUS JIEKIUOHHBIX M CEMHHAPCKUX 3aHATUH B
JTUCTaHIIMOHHOM (opmare (B ciaydae HeOOXOIMMOCTH);

— JMIICH3UOHHOE TPOTpaMMHOE 00ecTIeueHHEe sl IEMOHCTPAIMH MPe3eHTaIuil B (hopmare
PowerPoint, OpenOffice uxu Portable Document Format.

— yueOHasi IuTepaTypa U METOJMYECKHE MaTepuaibl s MPOBEACHUS CaMOCTOSTEIbHOMN
pa6OTBI 110 AU COUITIINHEC.

8.3. O0pa3oBaresibHbIE TEXHOJIOTHHU

[Ipn peanu3anmuu pa3IUYHBIX BUIOB Yy4eOHOH pabOTBHl  (JIGKIMH, CEMHUHApBHI,
camocrosiTeNibHas paboTa) HCHONB3YIOTCS CIEAYIOLIUE COBPEMEHHBIE 00pa3oBaTebHbIC
TEXHOJIOTHH:

- ICKIIMOHHASI CUCTEMA O0yUYeHUS;

- "H(OPMAITMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTHH,

- HCCIIEIOBATENIbCKUE METO/IbI B O0YUEHHH.

[Tporpamma aucuuriuHbl « TexHOIOTHS U 000pYIOBaHKE ISl POU3BOJICTBA MATEPUATIOB
U NPUOOPOB AIIEKTPOHHON TEXHHUKH» IPEAYyCMaTPUBAET IIUPOKOE HCIOIb30BaHHE B y4eOHOM
MPOIECCe AKTUBHBIX W HWHTEPAKTHBHBIX (OPM TIPOBEIACHHUS 3aHATHH B COYCTAHUU C
BHEAYJIUTOPHOM  caMOCTOATENbHOW paboToii ¢ 1uenbto (GOPMUPOBAHUA U Pa3BUTHUSA
po(heCCHOHATLHBIX HABBIKOB y 0OyJaromuxcs. I (HEeKTHBHOCTh TPUMEHECHUS HHTEPAKTUBHBIX
dbopMm oOyueHust odecrieunBaeTcs peaausalrel CIeyOImnuX YCIOBHIA:

- CO3JJaHK€ JUATIOIMUECKOT0 IIPOCTPAHCTBA B OPraHU3alMy yueOHOro Mpolecca;

- HCIIOJIb30BaHHE MPHUHIIUIIOB COLUATbHO-TICUXOJIOTHYECKOT0 OO0y4YeHUsi B y4eOHOH U
HAay4YHOU JAESATEIbHOCTH;

- IPYMEHEHUE UHTEPAKTUBHBIX (hOpM 00YUEeHHUsI, HATIPABICHHBIX HA pa3BUTHE BHYTPEHHEH
AKTUBHOCTH aCIHUpaHTa, CTUMYJIUPOBAHHUE MOTHBAIIMUM M WHTEpeca B 00JACTH YIIIyOJICHHOTO
W3YYEHUS TEXHOJOTHMH TIPOU3BOJACTBA MaTepuaioB W MNPUOOPOB DIEKTPOHHON TEXHHKU B
00111€00pa30BaTeIbHOM U MPOPECCHOHAIBHOM IUJIaHE; IMOBBIIMICHHE YPOBHS AKTUBHOCTH W
CaMOCTOSITEILHOCTH ~ HAYyYHO-HCCIIEIOBAaTeNIbCKOW paboThl; pa3BUTHE HABBIKOB AaHANU3a,
KPUTHYHOCTH MBIIIICHUS, HAY9HOH KOMMYHUKAIIUH.

OO0pa3oBarenbHbIe TEXHOJIOTUU MPEINONIaraloT MpoBeAeHHe 3aHITUI B GopMe JEKIUN C
00BSICHEHHEM TEOPETHUYECKOT0 MaTepuaia, CEMUHApPOB ¢ pa300poM JIEKIIMOHHOTO MaTepuaiia u
pelieHrneM 3a7ad W caMoCTOsTeNbHYI0 pabory. CamocrosiTenbHas pa0oTa acHUpaHTOB
MpoBOIUTCS B (hOpME H3yYEHHUS OTACIbHBIX TEOPETHUUYECKHX BOIPOCOB IO MpejiaraeMoi
JIuTepaType.

9. YuebHo-MeTOoANYeCKOEe U HHPOPMALIMOHHOE 00eciedeHHe TUCIUTIIMHbI

9.1. D1eKTPpOHHBIE 0a3bI JAHHBIX, K KOTOPBIM 00ecne4eH JO0CTYII.

- nTepHeT-pecypebl Hay4YHO-TEXHUYECKOMN O6ubIMoTeKH NO® PAH
https://www.gpi.ru/about/library/education/

- Hayunas snextponnas 6ubnunoreka elibrary.ru;

- DnekTpoHHble 6a3pl Web of Science u SCOPUS;

- Kypuanet Physical Review, Journal of Apply Physics, Journal of Crystal Growth,
Optical Materials, Journal of the American Optical Society B, Optics Letters, Applied Optics,
Optics Express, Applied Physics Letters, Laser Physics, Laser Physics Letters, Chemical Physics
Letters, Journal of Non-crystalline Solids, etc., «Y®H», «I[lucbma B KITD», «KITDy,
«KC®», «Kpucramnorpadpus», «Heopranmueckue wmarepuanb», «OKypHan HeopraHMuecKoi
XUMHURY», «ONTHKA U CHEKTPOCKomus», «KypHan mpHukiIagHoi crnekrpockonumn», «KBaHToBas
AIIEKTPOHUKAY, U JIP.;

- HayuHple 1 HayuHO-TeXHHWYECKHE KypHalbl m3aarenscTB American Physical Society,
American Institute of Physics, Institute of Physics, Nature, Springer Verlag, 6a3a manasix Web
of Science.
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10. Arrecranusi mo aucuumiauHe. dopma nMpomMeKyTOYHOW aTTeCTallMM MO WUTOraM
oOyuenus B 3, 4 u 5 cemecTpax — 3a4eT, MpoLEeAypa aTTecTaluu B 3 U 4 ceMecTpax BKIIOYAeT
pelIeHre KOHTPOJIBHBIX 3a/1a4 U OTBET HA BOIPOCHL, B 5 CEMECTPE — OTBET HA BOIIPOCHI.

Hrorosass arrecrauys 1O IUCHUILIMHE BKIOYAET cAady KaHAMAATCKOIO 3K3aMeHa
HK3aMEHALMOHHONW KOMHUCCHH, YTBEPKICHHOM JIOKaTbHBIM HOpMaTUBHBIM akToM 1O® PAH.



11. Ownenounble cpeacTBa I TeKYLIero KOHTPOJISI  YCNeBAaeMOCTH H
MPOMEKYTOUYHOI aTTECTANMU MO0 UTOTaM OCBOEHMSI TUCHUTITIMHBI

111 OneHouyHbIe cpeacrsa TeKylIero KOHTPOJISI yCIeBaeMoCTH H
c¢opMHPOBAHHOCTH KOMIIETEHNH

Jnst  TeKylmero KOHTPOJsi YCIIEBAEMOCTH IMPUMEHSAETCS KOMIUIEKC METOAMK U
JTUAarHOCTHYECKOTO HWHCTPYMEHTApHUs: YCTHBIA OIPOC, Y4YEeT IMIOCEHIaeMOCTH 3aHITHH U
AKTUBHOCTH aCIHUPAHTOB B XOJI€ 3aHATHUH.

11.2 IllpuMepHBIii NepedeHb BONMPOCOB K 3a4eTy M0 JUCIHHIINHE

1. HuobGar nwutus: Crpykrypa u (as3oBble mpeBpamieHus, (QU3NKO-XUMHYECKUE
XapaKTEPUCTUKU. [JOMEHHOE CTpOEHUE, KPUCTAIUIBI C PETYJSIPHOM JOMEHHOW CTPYKTYpPOM M HMX
IIPUMEHEHNE, MOHOJIOMEHU3aLHs KPUCTAIIOB.

2. @azoBasi auarpamMma HUOOaTa JUTHUS U OCOOEHHOCTH TEXHOJOTHH BbIpAIlMBAHUI
kpuctauioB. KoHrpysHTHele M crexuoMerpudeckue kpuctauibl LiNbOj;. Texnomormueckue
neeKThl 1 BOBMOKHOCTH HX YCTPaHCHUSI.

3. MonokpucTamibl kanuii-tutanui-gpocdara. CocTaB, CTPYKTypa U OCHOBHbIE (PU3HKO-
XUMHUYEeCKHe cBoiicTBa. OOIACTH MPUMEHEHUS U TTPOOJIEMa «CEPBIX TPEKOBY.

4. da3oBas Auarpamma u BelpamuBanue kpucramios KTP u3 pacrsopa B pacruiase.

S. Kgapu. Crpykrypa, momumopduble MOAu(pHUKAINU, (HU3NKO-XHUMHUYECKHE CBOWCTBA
kBapia. O61acTu NPUMEHEHUs KPUCTAILIOB.

6. BolpamuBanue KpynHbIX MOHOKPHCTA/UIOB KBaplia T'MAPOTEPMAJIbHBIM METOOM,

pabota B "nepeBepHyToM" U paboueM pexxumax. TexHOJOrMyeckue rmapaMeTphl, OKa3bIBAIOLINE
HauOoJIbIlIEE BIUSHUE Ha CKOPOCTh POCTA U KAYECTBO MOHOKPUCTAJLIIOB.

7. Jlanracut: CTpyKTypa, CBOWCTBA U BbIpallliBaHUE KPUCTAIUIOB, 00JaCTH IPUMEHEHUSI.
8. MoHokpucTaiIbl  HHOOaTta Oapus-HaTpust W HHOOAaTta OapusA-CTPOHIMS  Kak
3JIEKTPOONTHYECKHE U  (POTOpePpaKTUBHBIE MaTepuasbl: (U3UKO-XUMHUECKUE CBOWCTBA,
CTPYKTYpa NOTUMOP(HBIX MOIUPHKAIHHA.

9. Jnarpammsl IJIaBKOCTH SBN, MOHOKPHCTAJIJIBI KOHI'PY2HTHOTO u
CTEXHOMETPUYECKOTO COCTABOB, UX MPEUMYIIECTBA, HEAOCTATKH U OCOOCHHOCTH BbIpAILMBaHUS,
00J1aCTH IPUMEHEHHUSL.

10. ®DeppuThl CO CTPYKTYpOH MIMUHENH, TpaHaTa, MEPOBCKUTA U TekcaruoMouTa. bu- u
nonaudepputsl. OCHOBHbIE METO/ABI MOJMY4YeHUs KpHUCTAIOB (epputoB. OcHOBHBIE 007acTH
pUMEHEHUs (HeppUTOB.

11. @U3NKO- XMMUYECKUE XapaKTEPUCTUKM W METOIbl IOJYYEHHs MOHOKPHUCTAIOB
JKele30-uTTpueBoro rpanara. Jlegextsl B Kpucramwiax. llomyuyeHne MOHOKpPHCTAIITMYECKUX
AIUTAKCUAIBHBIX IJIEHOK KEJIe30-UTTPUEBOTO IPaHaTa.

12. Maruauroontuyeckue u30aaTopbl Ha apaneeBckoM ¢ dexre. Monokpuctasl TI'T u
TCAT, pusnko-xuMu4yeckre CBOMCTBA U 0COOEHHOCTH BBIPALIUBAHUS.

13. Kopynn kak BaxHeHmMil (yHKIUOHAIBHBIA M MOJJOXKEYHBIH MOHOKPHUCTAIL.
OcHOBHBIE (HPU3NKO-XMMHUYECKHE CBOMCTBA, CTPYKTYpa.

14. BripammBanue kpucramioB Al,O3 meromamm Yoxpamsckoro u barmacapoBa, ux
JIOCTOMHCTBA M HEJOCTaTKH MPUMEHUTENBHO K TeXHOJOruu kopyHaa. IIpobrema TurenpHOro
MmaTepuaia. JlepekTsl B KpUcTamiax, METOIbl UX KOHTPOJIS U CIIOCOOBI YCTPaHEHUS.

15. [TomyueHne oueHb KpyHHBIX KpHucTauloB KopyHaa wmerogoM ['OU. Ilomyuenue
KPUCTAJJIOB pa3iuuHbiX ¢opM MmeTtogoMm CrenanHoBa. JlegekThl B KpUCTaIaX, METOAbl HX
KOHTPOJISI U CLIOCOOBI yCTPaHEHUS!.

16. ®uaHUT, €ro OCHOBHbIE cBoWcTBa M cdepbl mnpumeHeHHs. CTpPYKTypHbIE
MoguduKaMu U crnocodbl ux crabmwnmsanuu, YCLl. BelpamuBanue KpUCTAUIOB METOAOM
XOJIOIHOTO KOHTEWHEpa.

17. Kpucrannuueckast CTpykTypa anmasa, kpeMHus 1 kapouaa kpemaus. [loaurunsr SiC.



18. dusnueckas Ki1accupHUKaIys U CBOUCTBA ajMasa, BaKHEHIIINE TOYSUHBIE 1e(EKTHI.

19. ®dazoBas AuarpaMMa ajMasza U BaXKHEHIIHE CIOCOOBI MOJYYCHHS IMOJTUKPUCTAIIIOB,
TUICHOK U KPYITHBIX KPUCTAIJIOB ONTHYECKOTO Ka4yeCcTBa.

20. CpaBHHTEIBHBIC XAPAaKTEPUCTHUKU  (U3UKO-XUMHUYECKUX W ANEKTPOOU3HICCKHX
CBOICTB, a Takxke chep MPUMEHEHHUS KPEMHUS U BaKHEHIHX moauTumnoB SiC.

21. OcHOBHBIE CITOCOOBI TJIYOOKOW OYMCTKH IIMXTHI U CIIOCOOBI BBIPAIIMBAHUS KPYITHBIX

MOHOKpHUCTAIIIOB KpeMHHsL. CrocoObl OOphObI ¢ KOHBEKTHBHBIMH IIOTOKAMH B pacIilaBe U
JMCIIOKAIUSMU B KPUCTAJLIE.

22. XapaktepHble ne(eKThl B KpUCTaIaX KPEMHUS, MX JUArHOCTHKAa W BIMSHHUE Ha
cBoiictBa. [TocnepocroBas 06pabOTKa KPUCTAIIIOB KPEMHHUSI.

23. [TonukpucTaIMYECKUii KpeMHUH U CoJHeuHble Oartapen Ha ero ocHoBe. CriocoObl
MOBBIICHHE YPPEKTUBHOCTH COTHEYHBIX OaTapei.

24. ®dazoBas gumarpamma C-Si.  Baxkuelmme MeToapl TMONyYeHUsS  OOBEMHBIX
MOHOKPHUCTAJUIOB W SIUTAKCHATIBHBIX TUIGHOK SiC pa3ivyHBIX IOJUMTHIIOB. XapaKTepHbIE
nedextsl kpuctamioB SiC.

25. Ionynposomunku tnna A'"'BY, obmas xapakrepucruka. OCHOBHBIE CTPYKTYpHBIE
Mo HUKAIHA. 3aBUCUMOCTD CBOMCTB, METOJIOB TOIy4EHUS U cep MPUMEHEHHUS OT COCTaBa.

26. Hutpua ramims u snuTakcHaibHblE TeTEPOCTPYKTYPBI Ha €0 OCHOBE, UX MOJYyYEHHUE U
npumenenue. [lonyuenne o6beMHbIX MOHOKpUCTaIII0B GaN.

217. AHTUMOHMJI MHIMsI, OCHOBHbIE (U3UKO-XUMHMUYECKHME U  3JEKTPO(pU3NYECKHE
XapaKTEPUCTHKH, BEIPAIIMBAHUE MOHOKPHCTAJIOB U BaKHEHIIINE Chepbl IPUMEHEHHUS.

28. IMonynposouukn tuna A'BY', 06mas XapakTepucTHKa H OCHOBHBIC OTIHYHS OT
IIOJIyIIPOBOJIHUKOB THUIIA A"BY. Cdepsl nX TpUMEHEHHUS B ONITOAIEKTPOHUKE.

29. Baxcueiime npeacTaBuTend monynpoBomuukoB kmacca A'BY', mx  cBoiicTsa,

OCHOBHBI€ CIIOCOOBI MX TMOJY4YEHUS B BHJIEC OOBEMHBIX MOHOKPHCTAILIOB, SMHUTAKCHUATBHBIX
IUICHOK, ¥ TIPO3PAYyHOM KepaMUKH.

30. ®uzuko-xumuueckue cpoictBa (GaAs. daszoBasg auarpaMma apceHuga Taulds U
OCHOBHBIE NTPOOJIEMBI IPY BhIPAILIMBAHUH ITHX KPUCTAJUIOB U3 PacIlIaBa.
31. Baxwneiimme crnocoObl BbIpanuBaHus OOBEMHBIX MOHOKpHCTAIOB (GaAs, uX

IpeuMylIecTBa U HeIOCTaTKU. XapakTepHble AedekTsl B Kpuctamiax GaAs u crnocoObl 60pbObI
C HUMH.

32. 30HHasE CTPYKTypa M OCHOBHBIE »JIJIeKTpopu3ndeckue xapakTepucTuku GaAs.
[TomympoBoasmuii U nonyuszonupyomuii GaAs.

33. Teepabie pactBopbl AlxGaixAs u InyGajxAs, a Takxke TeTepOCTPYKTYpbl Ha HX
ocHoBe. CrtocoObI OJTyueHus: U chepbl MPUMEHEHUS.

34. WTTpuii-antoMUMHUEBBI TpaHaT: CTPYKTypa, BakHeWIIMe QHU3MYecKue CBOICTBa.
Jnarpamma mi1aBKOCTH, METO/bI BBIPAILMBAHUSA, XapaKT€pHbIE POCTOBBIE NE(EKThl U METOIbI
00pBHOBI C HUMHU.

35. TepMmoaudpy3roHHOE MOTYyYEHHE KOMIIO3UTHBIX AKTHUBHBIX AJIEMEHTOB Ha OCHOBE
UTTPUN-AIIOMUHUEBOrO TpaHaTa. JlasepHas KepamMMKa Ha OCHOBE MTTPHIl-aIFOMMHHEBOIO
rpaHara.

36. JlazepHble KpHCTaUIBl BaHAaTOB: CTPYKTYypa, BaJKHEHIINE CBOMCTBA B CPAaBHEHUU CO
cBoiictBamu MAT'. Meroabl BelpaliuBaHusl, XapaKTepHbIE POCTOBBIE JE(EKTHI U1 METOAbI OOPHObI
C HUMH.

37. JlazepHble KpHCTAIBI CECKBHOKCHIOB: CTPYKTypa, Ba)KHEHIIME CBOWCTBA B
cpaBHeHHH co cBoiicTBaMu MAI'. MeToab! BeIpaliuBaHusl, XapaKTE€pPHbIE POCTOBbIE JIe(EKTh U
METO/Ibl OOPHOBI C HUMH.

38. PasynopsioueHHble KpPUCTAUIMYECKUE MATPULBI I PENKO3EMENBHBIX HOHOB.
Baxneiliine kmaccbl, UX CpaBHHUTEIbHBIE XapaKTEpPUCTUKHU. MeTonbl  BbIpallUBaHUS,
XapaKTepHbIe POCTOBBIE 1€(DEKTHI U METO/IbI OOPHOBI C HUMH.

39. Baxneilmue nazepHsle cTekiia U BojokHa. CpaBHUTENbHbBIE XapaKTEPUCTUKH, METObI
HOJy4YeHus1, chepbl IPUMEHEHUSI.



40. Kpucrammsr  Ti°":AlbOs:  cTpykTypa, (HM3HKO-XMMHYECKHE M  CIEKTPATLHO-
TCHEPAIMOHHBIC XaPAKTEPUCTUKH, OCOOCHHOCTH BBIPAIUBAHHMS MOHOKPHUCTAILIOB. [IpoGiiemMbl
yIpaBJICHUS 3apPsIOBBIM COCTOSTHEM HOHOB THUTAHA.

41. Kpucramwist Cr*:BeAl,Os, Cr*:Mg,SiOs u Co*:MgAl,Os: crpykrypa, dusnko-
XUMHYCCKHE U CIEKTPaIbHO-TeHEPAIMOHHBIC XapaKTEPUCTUKU, OCOOCHHOCTH BbIPAIIABAHHUS
MOHOKpHCTAIIOB. [Ipo0ieMbl yripaBiieHUs 3apsJOBBIM COCTOSIHIEM HOHOB XpoMa U KoOabTa.
42. Kpucrams Cr*:Y3Als01, u V' 1Y3Al00: CTPYKTYypa, (PHU3UKO-XUMUYECKUE U
CHEKTPAIbHO-TCHEPAIIMOHHBIC XapaKTEPUCTHKH, OCOOCHHOCTH BBIPALIMBAHUS MOHOKPHCTAILIOB.
[TpoOaembl yrpaBeHHUs 3apsIOBBIM COCTOSTHHEM HOHOB XpOMa U BaHAIU.

43. Jlazepubie kpucrtamuipl (GTOPUAOB: OOLIME OTIMYUTEIBHBIE OCOOCHHOCTH (DHU3HKO-
XUMHYCCKHX M CICKTPAbHO-TIOMHHECIICHTHBIX CBOMCTB, MPEUMYINECTBA U HEIOCTATKH I10
CPaBHEHHIO C OKCHIHBIMU KPHCTAJIJIAMH.

44, [TpoGisieMbl TEXHOJIOTUU MOJYYEHUS! BBICOKOIIPO3PAUYHbIX MOHOKPHUCTAJJIOB U METO/IbI
rJ1yOOKOH OYMCTKHM POCTOBOM 30HBI OT BOJIBI U KUCIOPOJIA.

45. DTopuaHbIE ONTUYECKHE KPUCTAIIBI CO CTPYKTYPaMU MOBAPEHHOM COJH, (II0OpHTA,
IIE€eIUTa U KOPIAUEPUTAa.

46. @dTopuaHas Ja3zepHas KepaMUKa U HAHO-CTEKJIOKEpaMHUKa: MpEUMYIIecTBa U
HEJIOCTAaTKU 10 CPAaBHEHHIO C MOHOKPUCTAJUIAMH, BaKHEHIIINE METO/IbI TIOTY4EHUSI.

47. CaM0aKTHBHPOBaHHBIE M MIPHUMECHO-aKTUBUPOBAHHBIE JTIOMHUHO(POPHI. AKTHBATOPHBIE

npuMecH s JTIOMUHO(POPOB W CUUHTWIUIATOPOB, TPEeOOBaHMS, NPEIbSBISEMbIE K HUM.
TpeboBanus1, MpeabsBIsIEMbIE K JIIOMUHO(DOPHBIM U CIIMHTHILISTOPHBIM MaTPUIIAM.

48. MonokpucTaiisl BosibppamaTta cBuHIA. OU3NKO- XUMUYECKUE U IKCILTyaTalluOHHBIE
coiictBa. [lonyuenne MmoHokpucTaiioB. Tunuunelie nedextbl. TexHuka 0e301acHOCTH.

49. [[{erouHO-TAIOTeHUIHBIE CUUHTUJUISITOPHBIE KPHUCTAJUIbI, CTPYKTypa U CBOWCTBA,
BbIpalIMBaHUE KPYIHBIX KPUCTAIUIOB, 00JIaCTH IPUMEHEHUS.

50. Mounokpuctamisl  ¢propuna mepus. DOUMKO-XUMUYECKHE U IKCIUTyaTallMOHHBIC
CBOMCTBA. MeTO/bI TOJIYyYCHUs KPHUCTAUIOB. BiusHue arMocdepbl Ha KadyecTBO KPHCTAJUIOB.
Turensublie MaTepuansl. Tunuunsie AedexTsl. Texnuka 6ezomacHocTi. O0MacTH TPUMEHEHUS.
ol. CoBpeMeHHBIE  MOPOIIKOOOpa3Hbie  JIIOMHUHOGMOpPBL.  OCHOBHBIE  KJIACChl, HX
IpeuMylIecTBa U HEJIOCTATKHU, 001acT puMeHeHHs. OCHOBHBIE METObl X CHHTE3a U BIIMSHUE
IPAHYJIOMETPUUYECKUX XapPAKTEPUCTUK HA IKCILTyaTALIMOHHBIE CBOMCTBA.

52. OcHOBHBIE METO/IBI U3MEPEHUS MOKA3aTels IPEIOMIIEHHS MaTepuaa, ero JUCIIEpCUu
U TemmoeparypHoil 3aBUCHMOCTH. (OCOOEHHOCTHM HM3MEPEHMIl [JaHHBIX [apaMeTpoB B
JBYIIYYEIPEIOMIISAIOINX KPUCTAIUIAX.

53. OpueHTanis MOHOKPUCTAJIOB CpEIHEW W HU3IIEW CHHTOHHM OTHOCHTEIIBHO
ONTUYECKUX OCEH METOAAMH ONTHYECKON KOHOCKOIIMYU B CKPEILIEHHBIX HUKOJIAX.

54. Oco0OeHHOCTH H3MEPEHUH OCHOBHBIX ONTHYECKUX XapaKTEPUCTUK BOJIOKOHHBIX
CBETOBO/JIOB.

55. OcHOBHBIE ~ METOJBl ~ M3MEPEHMs]  HEJIMHEHHO-ONTHYECKHUX,  DJEKTpo- U
MarHUTOONTUYECKHX, a TAKKE POTOPEPPAKTUBHBIX CBONCTB KPUCTAILIOB.

56. W3mepenne u maremaTudeckas o0paboTKa CIIEKTPOB ONTHUYECKOTO IOIJIOIIEHUS U

moMuHecHeHIIMA. OCOOEHHOCTH HW3MEPEHUsl CIEKTPOB TMOIJIOMEHUsT U3 BO30YKIAEHHOTO
COCTOSIHUSI M CTUMYJIMPOBAHHOM JIIOMUHECLIEHIIU Y.

57. JIFOMUHECIIECHTHO-KMHETUYECKUIM aHallM3: METOAbl IIPOBEJNEHUS, MaTeMaTH4yecKas
00paboTKa U MHTEPIPETALNSI PE3yIhTATOB.

58. OIP-crieKTpoCcKONMsl KPUCTAUIOB M cTekod. Dusndeckue NPUHIMILL, chepbl
npuMmeHnenusd. Pacimdposka SI1P-criekTpos.

59. HK- u pamanoBckas cnekTpockonus: Ouznueckue MPUHLUUIBL, chepbl TPUMEHEHHUS.
Untepniperanmst  pe3yabTaTtoB. OCOOEHHOCTHM  M3MEPEHUS  CIEKTPOB  BBIHYXKJIEHHOTO
KOMOWHAIIMOHHOT'O PACCESIHUS CBETA.

60. W3mepeHne 31eKTpUYECKON MPOBOJUMOCTH M JUAJIEKTPUYECKONW MPOHUIIAEMOCTU
00pa31oB B 3aBUCUMOCTH OT TemIeparypsl. Pacyer HOABM)KHOCTH M KOHLEHTPAIM OCHOBHBIX



U HEOCHOBHBIX HOCHUTENICH 3apsia, IIMPHUHBI 3alPEUICHHOM 30HBI, TTYOWHBI AJIEKTPOHHBIX U
JIBIPOYHBIX JIOBYIIEK TIO pe3ysbTaraM ASTUX u3MepeHud. OCOOEHHOCTH HW3MEpPEHUN HOHHOU
MIPOBOJIUMOCTH.

61. Mertobl HccaeI0OBaHu MTbE30-, TUPO- U CETHETOIJICKTPUIECKUX, a TAKIKE MATHUTHBIX
XapaKTePUCTHK.
62. HuddepeHnmaibHO-TEPMUIECKU T u nuddepeHnanpHas CKaHMpYOIIas

KaJIOpUMETPHUS, TEPMOTPABUMETPHUSCKUN aHaIW3, METOAbl ompeneieHus Kkoddduimenra
TEPMHUUYECKOI0 PACIIUPEHUS KPUCTAIIIOB.

63. OCHOBHBIE METOJIbI M3MEPEHUM IUIOTHOCTH, TEIJIOMPOBOAHOCTH, TEIJIOEMKOCTH U
BSI3KOCTH MAaTEPHUAJIOB ONTOAJIEKTPOHUKH.
64. Metoasl u3MepeHust TBEPAOCTU, TPEIIMHHOCTOMKOCTH, TIpe/iesia MPOYHOCTH, MOJIYJIS

IOnra, coorHomenus Ilyaccona, TpuOOIOrHYECKUX U IPYTHX MEXaHMYECKUX XapaKTEPUCTHK.
OcoOeHHOCTH U3MEpPEHMHM JTHX XapaKTEpPUCTUK B MOHOKpHMCTAUIaX CpEeIHEH M HU3LIEH
CHUHIOHUM.

65. Ckanupyromas (pacTpoBasi) 3JEKTPOHHAsh MUKPOCKOINHS U PEHTTEHOCIEKTPAIbHBIN
(SHEProJUCIEepCUOHHBII) MHUKpPOAHAJIN3, OCOOEHHOCTH HCCIENOBAaHMNA  TUAJIEKTPUYECKUX
MaTepUaioB STUMHU METOAAMH.

66. ATOMHO-CHJIOBasi U TyHHeNbHas MUKpockonus. dusznueckue NPUHIUNBI U chepbl
MIPUMEHEHUS.

67. [TpocBeunBarolas MEKTPOHHAS MUKPOCKOIHS U OCOOEHHOCTH MOATOTOBKH 00pa3lioB
JUISL HEe.

68. Pentreno¢atoopecieHTHBIE ¥ HEHTPOHHO-aKTUBALIMOHHBIA  aHanu3. ATOMHO-

OMHUCCHUOHHAsA- U MAacCC-CIICKTPOMCTPUA B HHI[yT(IIHOHHO-CB?I3aHHOﬁ miasmMe, HUCKpoBasd MaccC-
crektpomerpusi. [IperMyliecTBa M HEIOCTaTKH OSTUX METOJOB, C(epbl MPUMEHUMOCTH,
IIOTPEIHOCTH U3MEPEHUH, IIOPOTH YyBCTBUTEILHOCTH.

69. PeHTreHO(a30BbIii U PEHTICHOCTPYKTYPHBIA aHaIM3 KaK METOJbl HCCIICIOBaHUIl
CTPYKTYPHBIX OCOOCHHOCTEH W nedexTooOpasoBaHuss B Kpuctauiax. OOcder pe3yabTaToB
ChEMKH METOJIOM PHUTBeIb/Ia U TOTHOMATPHYHBIM METO/IOM.

70. OpueHTanys MOHOKPHCTAJZIOB OTHOCHTEIBHO OCHOBHBIX KPHCTALIOTrpaduIecKux
ocell peHTreHOAU(PPaKIIMOHHBIMU MeToiaMu. KpuBble kadaHus.

71. OrneHka rpaHyJIoMeTpUUYECKUX XapaKTePUCTHK HAaHOCTPYKTYPUPOBAHHBIX MaTEepHaIOB
peHTreHoAn(ppakIIMOHHBIMU MeToqaMU. Y paBHeHHe Lllepepa u rpaHuiibl €ro NPUMEHUMOCTH.

72. OnpeneneHue MOPUCTOCTH  AMCIEPCHBIX ~ MaT€pUAJIOB  METOJOM  H3MEpEHUs
a/1cOpOLIMOHHBIX CBOMCTB oOpasua. [locTtpoenue u aHamu3 U30TEPM a1COPOIIHH.

73. OO6mas kinaccudukanuss MaTepHaJoB OMNTOIIEKTPOHUKU 1O XUMHUYECKOMY COCTaBY,
KOHCUCTEHIIUM M CBOWCTBaM.

74. OcHOBHBIE XapaKTEPUCTUKH ChIPbsI ISl TOTYYEHHUS MaTEPUAJIOB ONTOAIEKTPOHUKU

75. BcrniomoratenbHble peareHThl sl CHHTE3a MaTEPUAJIOB ONTOSJIEKTPOHUKH, UX POJIb.
76. Bunpl HarpeBa u crnocoObl u3MepeHusi TemrnepaTtypsl. [IpenmyiiecTBa, HeOCTAaTKH,
cdepbl MPUMEHEHUS.

77. OcHOBHBIE MaTepualbl pPEAKIMOHHBIX KaMep, THUIJVIEH, KOHTEWHEpPOB, aMmmyl,

HarpeBarenel, (yTepoBKHM, TEIJIOBBIX 53KpaHOB, CMOTPOBBIX OKOH, ux IIpenmymiectsa,
HEJ0CTaTKH, Chepbl IPUMEHEHHUS.

78. Turbl 3aUTHBIX aTMOC(EP, METOJIbI X CO3AaHUS U KOHTPOJIS.

79. Metonx YoxpabCKOTO, MPEHMYIIECTBA, HEAOCTATKH, XapakTepHble Ie(QEeKTH B
KpHCTalaX, BBIPALICHHBIX 3TUM METOJIOM

80. Monudukauuun wmeroga Yoxpanbckoro (TSSG-meron, wmertoast CrenaHosa,
Kuponynoca), cnenunuku 3TUX METOJIOB IPEUMYILECTBA, HEJOCTATKH, C(hepbl IPUMEHEHUS

81. Mertonb! rpymmsl bpumkMena npenMyiecTBa, HEJIOCTATKH, XapaKTepPHbBIE TePEKTH B

KpHucTalllaX, BbIPpAIICHHLIX 9TUM MCTOIOM.



82. Momudukamuun ~ Meroga  bpumpkvena  (MeToJ  TPaIMEHTHOTO  OXJIAXKICHHS,
TEII000MEHHHUKA, XOJOJHOTO THUIJIA) CHEHU(PHUKU 3TUX METOJOB MPEUMYIIECTBA, HEJOCTATKHU,
cepbl IPUMEHEHUS.

83. MeTob1 rpynIIbl 30HHOM MJIaBKU MIPEUMYIIIECTBA, HEAOCTAaTKU, XapaKTepHbIE 1e(heKThI
B KpHCTaJlJIaX, BBIPALICHHBIX 3TUM MeTo10M. Y paBHeHue [1panna.

84. Temio- 1 MacconepeHoc MpY BHIPALNTUBAHUN KPUCTAJIOB PA3IMYHBIMH METOJAMH U3
pacIuiaBa U pacTBOp-paciuiaBa.

85. Pacripenenennie mnpumeceir B KpUCTa/ule, pPaBHOBECHBIH MW HAOIIOMaeMbId
K03 PHULIMEHTHI pacTpeieICHuUS.

86. Bupl KOHBEKIIMH B pacIuiaBe U crocoObl yrpasieHust uMu. [Ipobiaemsl ycToitunBocTu
(bpoHTa KPUCTATUTA3AIIHH.

87. KoHIeHTpannoHHoe nepeoxIakaeHue U SYeucThlid pocT. CrocoObl 60pbObI C ATUMHU
SIBIICHUSIMHU.

88. ['unpo- u amMmoHOTepManbHBIA MeToAbl. I[IpermyIrecTBa UM HEOOCTATKH, a TaKkKe
OCHOBHBIE c(hepbl MPUMEHEHUS 3TUX METOOB.

89. Baxueiimue crnocoOb! BeIpaliMBaHus KPUCTAIIOB U3 PacTBOPOB.

90. KunkodaszHas snHUTAKCHS KaK CIIOCOO TOJMYYEHHST TOHKHX MOHOKPHUCTAJUTMYECKHX
TIeHoK, [IpenmyIecTBa u HEAOCTATKU, OCHOBHBIE Cepbl MPUMEHEHUS

91. MonexynspHo-1y4yeBas SIUTAKCHS, Kak croco6 MOJTyYEHUS TOHKHX
MOHOKPHUCTAINTNYECKHX TUICHOK, [IpenMyiiiecTBa 1 HEIOCTaTKH, OCHOBHBIE c(hepbl MPUMEHEHUS
92. Ou3nyeckoe W XHMHYECKOEe OcaxjaeHue u3 mapoBod (as3el. [IpemmymiectBa u
HEJOCTaTKH, OCHOBHBIE Chepbl MPUMEHEHUSI.

93. [IpuMeHeHHEe METAUIOOPTAaHUYECKUX COEJAMHEHHH KaK HCTOYHUKOB KOMIIOHEHTOB
MOJIYTIPOBOTHUKOBBIX TUICHOK UM TEXHUKA 0€30MacHOCTH MpU paboTe ¢ METalNIOOpraHu4ecKUuMU
COCMHEHUSIMH.

94. TpeOoBaHMs K MOUIOKKAM U TIOATOTOBKA TIOBEPXHOCTEH.

95. Oco0OeHHOCTH TMONY4YEeHHUS MHOTOCIOMHBIX IOJIYIIPOBOJHUKOBBIX TI'E€TEPOCTPYKTYP.
®dotonuTorpadus.

96. Crexio Kak ocoboe arperaTHoe COCTOsIHME BemiecTBa. I[louemy OHO Bceraa

HHEPreTUUECKn MeTacTaOmiIbHO? XapaKTepUCTUYECKHE TEeMIIepaTyphl CTEKOI M «OMAaCHBIIN»
JMara3oH TeMIepaTyp.

97. Oco0eHHOCTH HNEKTPOPU3NIECKUX, CHEKTPATbHO-TIOMHUHECHEHTHBIX, MEXaHUYECKUX
Y TETUIOBBIX CBOMCTB CTEKJIIOBUIHBIX MAaTEPHAJIOB MO CPABHEHHIO C KPUCTAIUTUICCKUMHU.

98. Mertonbl momydeHus: onTHYecKuX crekosl. OCHOBHBIE BUABI OOBEMHBIX /1€()EKTOB B
ONTUYECKUX CTEKJIaX U METO/bl OOPHOBI C HUMH.

99. OcobeHHoCTH KpHCcTaM3auy crekna. IloBepxHocTHast 1 00beMHAasE KpUCTAITU3AIS
crekna. Kunernka kpucramumsanuu, Teopus KIMA. J[luddysnonnsiii 6apsep.

100. Hykneauus crexia, ee BUABI M CHOCOOBI YIPaBIEHUS 3TUM IPOLECCOM. DHEPrHs
aKTUBAIMK HYKJICAIINN ¥ KPUTHYECKUI pa3mep 3apoapiia. JJo0aBKku-HyKI€aTophbl U UX POJIb.
101. @akTopbl, BIMAIOLIME HAa BEJIUYMHY  PIJIEEBCKOTO  paccesiHUs CBeTa B
CTEKJIOKPUCTATMYECKUX MaTepHraax.

102. MeTonbl MOTy4YeHUs] aKTUBHBIX M MACCHUBHBIX ONTHUYECKHX BOJIOKOH, CPAaBHUTENIbHBIC
XapaKTEPUCTHKH, TPEUMYIIECTBA M HEAOCTATKH ITHX METOJIOB.

103. YeM omacHbl THIPOKCWI-MOHBI B  ONTOBOJOKHaX. CrnocoObl  yMEHBIICHHUS
KoHIeHTpanu OH-MOHOB B ONITOBOJIOKHAX MPH PAa3JIMYHBIX METO/IaX MMOTyUeHHs TpedopM.

104. CriocoObl BBeieHUS TpuUMecedl B BOJIOKHA MpPH Pa3IMYHBIX METOJax IOJTy4eHUs
npedopM ¥ IMyTH MPEAOTBPALICHUS UX KIaCTEPU3aINH.

105. Oco0eHHOCTH MOTYYEeHUsI MHOTOCEPALIEBUHHBIX U (JOTOHHBIX ONTOBOJIOKOH. CIIocOObI
CO3/1aHMs OPITTOBCKUX PENIETOK B ONTOBOJIOKHAX.

106. OCHOBHBIE METO/BI MOTYYEHUSI MOHOKPUCTAIIIMUECKUX BOJIOKOH, UX MPEUMYIIECTBA,
HEIOCTaTKu W obnactu mpuMeHeHus. CrocoObl MpHIAaHUS MOHOKPUCTAUIMYECKHM BOJIOKHAM
BOJIHOBOJIHBIX CBOWCTB.



107. . OcHoBHBIE TPeOOBaHUS K HAHOAUCIEPCHBIM MOPOLIKAM JJISl TOJTyYEHHsI ONITHYECKOM
KepaMuKu. YeM 0OHM 00YCIIOBIIECHBI?

108. Baxxneiimme cmocoObl TONydeHUsT HAHOAMCIIEPCHBIX TOPOIIKOB HX MPEHMYIIECTBA,
HEJIOCTAaTKU U 00J1aCTH PUMEHEHUSI.

109. XapakTepHble I'PaHYJIOMETPUUYECKUE XApAaKTEPUCTHKU HAHOIOPOIIKOB, IOJIy4aeMbIX
pasInYHbIMU criocoOamMu. MsrKHe U )KeCTKUE arjioMepatsl, 60pb0a ¢ HUMH.

110. Bunbl 1 TexHosornyeckue pexXUMbl KOMIIAKTUPOBAHUS MOpoOUIKOB. Mcnonb3yemsie
IIPU 3TOM J1I00ABKU U UX POJIb.

111. ['opsiuee ¢dopmoBaHMEe Kak CIOCOO TOJMYYEHHST ONTHYECKOW KEpaMUKH U3
MOHOKPHCTAJIJIOB.

112. @DakTOphl, BIMAIOLIME HA BEIUYMHY PAJIECEBCKOIO PACCEsHMsI CBETAa B ONTHYECKOU
KepaMUKe.

12. MeToaguyecKkue peKOMEHAANMUN ACTIMPAHTAM [0 OCBOCHUIO U CHUIIMHBI

AcnupaHThl JODKHBI OBITh 3apaHee O3HAKOMIICHBI ¢ rpadukoM y4eOHOTO mpoliecca,
COJIEp)KaHWEM JUCUUIUIMHBI W METOIAMKON MpoBeacHHs 3aHsATui. [locemraemMocth y4eOHBIX
3QHITHIA SIBIISICTCS 00S3aTeNbHON I OOydYaromUXcs, KaK M BEJCHHEC KOHCIIEKTOB, 3aIlUCEH.
OtpaboTKka MPOMYIICHHBIX 3aHATHH MPEANoJiaraeT CaMOCTOSITENbHYI0 paboTy acmupaHTa C
y4eOHOU JIUTEPATypOl M OCYyIIEeCTBIsETCS B (hopMe coOeceloBaHUS MO0 TEME IMPOITYIICHHOTO
3aHATHUA.

13. MeToanyeckue peKOMeHAAlUN MPeNnoJaBaTe/IAM 110 OPraHu3aluuu 00y4eHHus Mo
JMCHUILINHE

13.1 Ilopsiok mpoBeaeHUsI JJeKIHH

Beéoonas wacme BKIOYaeT (GOPMYITUPOBKY TEMBI JIGKIIUM C KpPaTKOH aHHOTAICH
npeyiaraeMbIX 7S U3y4eHUsl BOIPOCOB, XapaKTEPUCTUKY MecTa M 3HAUYCHHUS JAaHHOW TEMBI B
Kypce.

OchnogHasa uyacmb JEKIUMM MMEET CBOEH IIeJIbI0 PACKpPBITHE COJIEP>KaHUs OCHOBHBIX
BOIIPOCOB U OIIPENEISAETCSA JOTUYECKON CTPYKTYPOU IUIaHA JIEKIIHUH.

B 3axnrouumenvroitl uwacmu nexKTop TPOBOAWT 0000I1IeHHME Hanbonee BaXHBIX H
CYIIIECTBEHHBIX BOIPOCOB, JEJIA€T BHIBOJIBI, OTBEYACT HA BOIMPOCHI CIyIIATeNeH, (OPMYITHPYET
3ala4il 7S CaMOCTOSITENIbHOM pa0oThl acmUpPaHTOB M PEKOMEHAYET COOTBETCTBYIOIIYIO

JHUTEPATYPY.

13.2 Ilopsinok npoBeaeHUs cCeMHHapa

Bo BBOAHON 4YacTM pelmarOTCs OPraHU3aLMOHHBIE 33JaYd CEMHHAPCKOIO 3aHATHSA:
IIPOBEpPKA TOTOBHOCTHU ayIMTOPUHU U MOJTOTOBICHHOCTH aCIUPAHTOB K 3aHATHUIO, (HOPMYJINPOBKA
TEMBI, LIEJIH U 33]a4 3aHSTHS.

OcHOBHasi 4YacTh 3aHATHS MPEANOJaraeT OpraHU3aldi0 JUCKYCCHH: IOCTaHOBKY
npo0JeMbl, BbIIEJICHNE OCHOBHBIX HalpaBiieHUH. BeicTyniueHne A0KIa 4MKOB, PaCKpPBIBAIOIINX
OCHOBHBIE IOJIOXKEHUSI TI0 BOIIPOCY. BBICTYIUIEHNSI OMMOHEHTOB, PACKPHIBAIOLINX CBOE BHJIEHUE
npo0IeMbl, TUCKYCCHS 110 JTOKJIATYy.

B 3akmounTenbHON 4acTU MOABOJSATCS WTOTH 3aHSTHSI, NAETCsl OLIEHKa pPe3yJbTaToB
paboThI ACIUPAHTOB.

13.3 Opranusanus caMOCTOATENbHOI Pa0OThI ACMUPAHTOB

OcHoOBHBIMU (hOpMaMU CaMOCTOSITETLHON pabOThl M KOHTPOJISL aCHUPAHTOB SIBIISIFOTCS:

BeinonHenne WHAMBUIYANbHBIX 33/aHUi (KaK pEenpoOAyKTHBHOIO, TaK M TBOPYECKOTO
XapakTepa), MO3BOJISIOIIMX JWAarHOCTUPOBATH YPOBEHb CHOPMHUPOBAHHOCTH Yy aCIUPAHTOB
3HAaHUH, yMEHUH 1 HaBBIKOB 1O AUCLUIUINHE.

CobecenoBanue — popma yaeOHOM AeATETLHOCTH, CTICIIHAIbHAs Oece/ia PEeno1aBaTelis C
aclMpaHTOM, PACCUYMTAHHAs Ha BbIICHEHHE O0beMa 3HAHWM aclupaHTa MO OMNpeAEICHHOMY



paszmeny, Teme, mpobiemMe W T.I., MO3BOJAIOIIAs OLEHUTh UX yMEHHE apryMEeHTHpPOBATh
COOCTBEHHYIO TOYKY 3pEHHUA, MPEANOJararmIiee BCECTOPOHHEE OOCYXKIEHHE KaKOTO-TH00
BOIIPOCA, MPOOJIEMBI WIIM COMTOCTABICHUU HH(OpMAINK, UACH, MHEHUH, TPEIIOKEHHIMA.

14. Onucanue KpUTEPUEB OLICHUBAHUSA 3HAHMH Oﬁy‘laeMbIX, IIKAJ UX OICHUBAHUA

14.1. Kpurepuu oueHnBaHusi 3HAHUH 00y4aeMbIX Ha 3a4eTe 110 JUCHHUILINHE:

Onenka «3aureHo»: OOywaromuiics OOHApY)XMJI 3HAHHE OCHOBHOTO y4eOHO-
IPOTPaMMHOTO Marepuaja B o0beMe, HEOOXOJUMOM Jisi albHEeHIIel yueObl U MpeacTosmen
paboThl MO CIEUUATbHOCTH, CIPABWIICS C BBINOJHEHHEM 3a/laHUi M KOHTPOJBHBIX pPadoT,
IIPEyCMOTPEHHBIX TPOrPaMMO TUCHUIUIMHBI.

Onenka «He 3aureno»: OOyuarouuiicss oOHapyKUJ 3HAYUTENbHBIE MPOOENbI B 3HAHUAX
OCHOBHOTO y4eOHO-IIPOrpaMMHOTO Marepuana, JAONYCTHWJ MPUHUUIHAIbHBIE OHIMOKA B
BBIMIOJTHEHUH MPEAYCMOTPEHHBIX MPOrpaMMOM 3aJaHUi U HE CIOCOOEH MPOJIOJDKUTH 00yueHHe
WIA TPUCTYIUTHh IO OKOHYAHHM AaCHHPAHTYPhl K TNPO(PECCHOHATBHON NeSTeNbHOCTH 0e3
JIOTIOJIHUTEJIBHBIX 3aHATHI MO COOTBETCTBYIOIIEH NUCIUILIMHE.

14.2. Kpurepuu oueHMBaHUSl 3HAHMH 00y4yaeMbIX HA KaHIAWJAATCKOM 3K3aMeHe IO
CIEeHAJIBHOCTH:

OneHka CTaBUTCS 10 KaXIOMY U3 BOIPOCOB KaHAMJATCKOILO JK3aMeHa I10
CHENHATBHOCTH, OIIEHKA 33 9K3aMEH ONpeeIsIeTCsl KaK cpeiHee apu(METHIECKOe U3 OLEHOK 10
TPEM BOIIPOCAM JK3aMEHA C COOTBETCTBYIOLIMM OKPYIJVIEHUEM JI0 LIEIOYMCICHHOH 10 MTpaBUiIaM
apudmernueckux omnepauui. [Ipy HanUUMM OLIEHKU «HEYAOBJIETBOPUTEIBHO» MO OJHOMY W3
BOIIPOCOB CTABUTCSI 001I1ast OLIEHKA «HEYI0BJIETBOPUTEIHHOY.

Onenka «OtnuuHO»: B 0TBETe KaueCcTBEHHO pacKpbITO cojepxaHue TeMbl. OTBeT
XOpowo cTpykTypupoBaH. IIpekpacHo ocBoeH NOHATMHHBIA annapar. [IponreMoHcTpupoBaH
BBICOKMM YPOBEHb IIOHMMaHMs Marepuana. IIpoaeMOHCTpUpOBAaHO IPEBOCXOIHOE YMEHUE
(bopMynHpOBaTh CBOM MBICIIH, O0CYX/1aTh AMCKYCCHOHHBIE NoJ0XkeHus. [IpencraBineHs! noaHbe
OTBETHI HA JOTIOJHUTEIIbHBIE BOIIPOCHI 110 TEME.

Onenka «Xopouio»: OCHOBHBIE BOIIPOCHI TEMBI pacKphIThl. CTPyKTypa OTBETAa B LIEJIOM
aZickBaTHA TeMe. XOpOWIO OCBOEH MOHATHIHBIA ammapaT. [IpogeMoHCTpHpOBaH XOpPOIIWH
ypOBEeHb NOHMMaHMs Marepuaia. IIpompeMoHcTpupoBaHO Xopoliee yMeHHe (OpMYIMPOBATH
CBOM MBICIIH, OOCYKJaTh TUCKYCCHOHHBIE MOJIoKeHUs. [IpencTaBieHbl yacTUYHBIE OTBETHI Ha
JIOTIOJIHUTEIILHBIE BOIIPOCHI 110 TEME.

Onenka «YoBineTBOpUTENbHO»: TeMa packpbiTa yacTUyHO. OTBET CTPYKTYPHUpPOBaH
HenocTaToyHO. [TOHATHIMHBIN anmapaT OCBOEH 4YacTHU4HO. [IponeMOHCTpHpOBaHO NOHHMMaHHE
OTZENIBHBIX IOJIOKEHUM W3 MaTepuaia 1o teme. 1IpoaeMoHCTpupOBaHbl yIOBIETBOPUTEIBHOE
yMeHue (opMyIupoBaTh CBOU MBICIH, OOCYXKJIaTh JUCKYCCHOHHBIE MoJioxkeHus. [IpeacraBiens
(bparMeHTapHbIe OTBETHI Ha JIOIOJHUTENIbHBIE BOIIPOCHI 110 TEME.

Onenka «HeynosnerBoputenbHo»: Tema He packpeita. OTBET HE CTPYKTYPUPOBAH.
[TonsaTuiiHBI  ammaparT OCBOEH B HEJOCTaTOYHOM oObeme. I[loHmManue Marepuana
(dparMeHTapHOe WIM OTCYTCTBYeT. IIpoieMOHCTpUpOBaHO HeyMeHHe (OpMyIupoBaTb CBOU
MBICTTH, OOCYXJaTb JAMCKYCCHOHHbIE ToJIo)keHHa. He mpeacraBieHsl  OTBETHl  Ha
JIOTIOJIHUTEIILHBIE BOIIPOCHI 110 TEME.

[Tporpammy pazpabotanu:
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