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PABOYAS MPOrPAMMA YYEEHOW OUCLUMMNUHDI

B1.B.[0B.05.02 MaTepuanbl AN 3NeKTPOHHON TEXHUKU

1. Koa n HaumeHoBaHMe HanpaBneHus NOoAroToBkKu/cneLnanbLHOCTU:
04.03.02 — Xumus, husuka u MexaHUKa Mamepuasos

2. Npodunb nogroroBku/cneymnanusaunsa: MamepuanoeedeHue u UHOYcmMpusi
HaHocucmem

3. KBanudukauusa BoinyckHuka: 6akasaep
4. dopma o6y4eHus: oYHasi

5. Kacdheppa, oTBevarowas 3a peanusauuio AUCLMNIINHBLI: MamepuasiogedeHusi U
uUHAycmpuu HaHocucmem

6. CoctaButenu nporpammsl: lIpuxumoe AHOpel Cepzeesuy,
kaHOuOGam ¢hu3uKo-mamemamu4ecKux HayK

7. PekomeHpoBaHa: HayyHo-Memodu4YyeCcKUM CO8emoOM XUMUYECKO20 (haKynbmema,

npomokos1 Ne4 om 25.04.2023

8. Yue6HbIn roa: 2026/2027 CemecTp(bl): 8



9.llenu n 3apgayum y4e6HOM AUCLIMNIIUHDI

ueHbIO JUCHUIIIINHBI ABJISICTCA (l)OpMPIpOBaHI/Ie Yy CTYJACHTOB HpeZ[CTaBJ'IeHI/Iﬁ 0 MaTepuajiax Iy 3HeKTpOHHOI7I TCXHHKH,
uXxX BUgax, (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IX CBOﬁCTBaX, cnoc06ax NMOJyUCHUA U 06J'IaCTHX MNPUMCHCHMUS.

B xoze uzydeHus: AUCUMIIIIMHBI CTYJEHTBI JOKHBI

- mpuobOpectn 3HaHMA OO0 OCHOBHBIX KJIaccaX MAaTepHalioB, O (HU3UKO-XUMHUYECKHX CBOWCTBAX W KPHUTEPUAX
KOHCTPYHPOBAHUS; 00 OCHOBHBIX (PM3UUECKUX XapPaKTEPUCTUKAX U O0JIACTSIX PUMECHEHHSI.

10. MecTo yyebHOM AncUMNNUHBLI B cTpyKType OOI:

AuvcumnnuHa BXoAUT B 4acTb,
OTHOLWeHUN (BapuaTmBHas) 6roka b1.

TpeboBaHMs K BXOAHBIM 3HAHUSIM, YMEHUSIM U HaBblkaM: ANSA OCBOEHWUSA Kypca CTyAeHT
AOMKeH OblTb 3HAKOM C OCHOBHbIMW pasgenamy obLen N HeopraHM4Yeckon XUMUKW, UMETb
npeacTaBneHns 0 MeTogax aHanm3a cocTaBa M CTPYKTYpbl BellecTsa.

N3yyeHne pgaHHOM aucumnnuHbl 6asvMpyeTca Ha criegyrwmnx OUCLMNIIMHAX, U3YYEHHbIX
cTyaeHTamm paHee: «O6was u HeopraHudeckass xumusay; «OpraHudeckass Xumuay;
«Mukpockonuyeckne meToabl UCCRefOBaHNA CTPYKTYpbl MatepuanoBy; « CnekTpockonuyeckne
MeToAbl uccnegoBaHust mMartepuanoBy»; «[llepcnekTMBHble MeToAdbl akTuBauuM MpOLEeCCOoB
CMHTE3a  (OYHKUMOHanbHbIX  MaTtepuanoB»,  «[lonynpoBoAHMKOBbIE  MaTepuanbl U
CBEPXNPOBOAHUKNY, K AMOP(HbIE XXMAKOKPUCTANIMYeCckme mMartepuanbiy.

dopMMpyemyro  y4acTHUMKaMu obBpasoBaTernbHbIX

11. MnaHupyeMble pe3ynbTaTbl OOY4YEeHUA MO AUCLUNIMHE/MOAYNIO (3HAHUSA, YMeHwus,
HaBbIKM), COOTHECEHHbIE C NNaHUpyeMbIMU pe3yribTaTaMU OCBOEHUSA ob6pa3oBaTesfibHOM
nporpamMmmMbl (KOMNETEHLUMAMU) U UHAUKATOPAMMN UX AOCTUKEHUS:

Kog HasBaHue Koga(bl) WHankaTop(bl) MnaHupyemble pesynbTaTbl 00y4eHus
KOMNeTeHuun
MK-2 | CnocobeH MK-2.1 | CnocobeH 3HaTb: COBpEMEHHbIE NpefCTaBNeHns o
ucnonb3oBaTtb BblGUpaTb MeToab! NoAxoAax K CUHTe3y maTepuarnoB C 3agaHHbIMU
3HaHMA 0 MeTogax CuHTe3a cBoncTBaMM
CUHTEe3a un maTepuanos YMeTb: UCnonb3oBaTb NOMyYEHHbIE 3HAHWUS ANS
CBOWCTBax pasnnMyHoro BbibOpa MeToda CuHTe3a MaTepuarnos
mMaTepuanos Ha3Ha4veHus (B TOM BnageTb: HaBblkaMy CMHTE3a HEKOTOPLIX BUAOB
pasnnMyHoro yncne MaTepuanos C KOMMO3NLMOHHbIX CBOMCTBaMU
Ha3Ha4yeHwusi, B TOM HaHOMaTepuaroB) B
yncne COOTBETCTBUM C
HaHoOMaTepuWarnos, nocTaBfieHHON
Ansi peLleHns 3agaven
npodeccuoHanbHbl | MK-2.2 CnocobeH 3HaTb: OCHOBHbIE TUMbI UCMOSb3YEMBbIX B
X 3agay ucnonb3oBaTb 3MNEKTPOHHOW TEXHUKE MaTepuanax n ux
3HaHWSA O CBOWCTBax | CBOMCTBa
maTepuanos anga | YMeTb: NporHo3npoBaTb BO3MOXHOCTU
peLleHns NPUMEHEeHWs MaTepuanos B pPa3fnyHbIX
KOHKPETHBbIX 06racTax ¢ y4ETOM NX PUINKO-XMMNYECKMX
NpoeCcCUoHarnbHbIX | XapakTepucTuk
3agav BnageTb: HaBblKaMy MCNONb30BaHUS 3HAHWI O
CBOWCTBaX OCHOBHbIX KITACCOB MaTepuarnos ans
peLLeHMs KOHKPETHbIX NpodeccnoHanbHbIX
3apav

12. O6beM AUcUUNnHbI B 3a4eTHbIX eanHuuax/vyac. — 3/108.

Popma NPOMEXYTOYHON aTTeCcTaLuumm — 3a4eT C OLEHKON

13. TpypoemkocTb No Buaam y4yebHon paboTbl

Bug yuebHow pabotbl

TpyaoemMKoCTb




Bcero [lo cemecTpam
7 cemecTp 8 cemecTp
KoHTakTHas pa6ota 60 60
nekuuu 30 30
npakTudeckme 30 30
B TOM Hmene: nabopaTopHble - -
KypcoBas pabota - -
CamocTtosTensHasi paborta 48 48
lMpomexyToyHasa aTTecTaumnsa (019 sk3ameHa)
UToro: 108 108

13.1. CopepxaHMe QUCLUMIUHDI

n/n Peanusauus
pasgena
HaumeHoBaHne pasgena ANCUUNIINHBI C
CopepxaHve pasnena OucUuUnunHb
OVCLUUNNNHBI MOMOLLIbIO
OHMawnH-Kypca,
OYMK *
1. Nlekumm
1.1 ®uznueckue 3pdexTs! B -
[Monspuzanys, 37eKTPONPOBOIMMOCTD, AUIICKTPHUECKHE
TBEPbBIX U I'a3000pa3HbIX
MOTEpH, TPOHUIIAEMOCTh
JIMDJICKTPUKAX
1.2 Knaccudukarus nposoanukos. [lomykpucramindeckue u —
®uznueckue 3pdexTs! B uaius nposon yKp
amop(hHble MeTalIbl U crutaBbl. OCOOEHHOCTH METAJLIOB B
MIPOBOHUKAX
TOHKOIUIEHOYHOM COCTOSIHUH
1.3 MaruuTtHas CTpyKTypa JOMEHOB B KpucTaiuiax. [Iponece -
Ousnueckue 3G HeKTH B TPyKIypa X B B Xp pot
HaMarHWYMBaHWs. MarHWTHBIA TUCTEPE3NC, MarHUTHAs
MarHUTHBIX MaTepuaiax
AHM30TPONHS
1.4 3onHas Mojienb noaynposoaHuKoB (I1I1). Beipoxknennsie u -
duznveckre 0OCHOBBI
HPOLIECCOB B HeBbIpoxxeHHbIe [1I1. Yposens ®epmu B I1I1. 3aBucumocts
P ypoBHSI depMu OT TeMIEepaTyphl, CTENEHN KOHIIEHTPaLUH
TIOJTYTIPOBOJHUKOBBIX
npumecH. [ToHsTne 00 371€KTPOHHO-ABIPOYHOM IIEpEXoe
Marepuaiax
THITBI IEPEXO0A0B, TOKU B P-N IIEpexoie
1.5 [TonmumepHble MaTepuansl U -
[TnacTuyeckue Macchl ¥ NOJIUMEPHI
TIACTMACCHI
1.6 Heopranunueckue crekia Haoprannueckue crexna. CBOWCTBA CTEKOI —
1.7 Marepuansl 115 KBAHTOBOM -
Marepuans! i 1a3€poB
AIIEKTPOHHUKH
1.8 HanoTtexHomormueckue . -
Marepuanbl i HAHOTEXHOJIOT Uit
MaTepHalIbl
2. NpakTn4yeckme 3aHATUA
21 Omsnueckue 3G HeKTs B OIEeKTPOIIPOBOIHOCTE TUIEKTPUKOB, TUIICKTPUIECKIE -
TBEPbIX M Ia3000pa3HbIX MOTEPH, AUDIIEKTPHUECKas TPOHUIIAEMOCTb, IIEKTPHIECKas
JIMDJIEKTPUKAX MPOYHOCTh, BUABI MPO0O0s B TUIIEKTPUKAX
2.2 Omsnueckue 3G HeKTs B N3ydeHnue 3aBUCUMOCTH YIEJIBHOTO 3JIEKTPUUECKOIO -
IIPOBOHUKAX COIPOTHUBJICHHS] IPOBOJIHUKA OT MX COCTaBa
2.3 ®uznueckue 3pdexTs B HamarHnueHHOCTh ¥ MarHWTHAs IPOHULIAEMOCTh -
MarHUTHBIX MaTepuaiax (eppoMarHeTHOKOB
24 OU3HUECKUE OCHOBBI -
IIPOLIECCOB B
DJIeKTPONPOBOJHOCTH MOJYIIPOBOAHUKOB
TIOJTYTIPOBOJHUKOBBIX
Marepuaax
25 [TonumepHble MaTepuansl U -
[TnacTnyeckue Macchl ¥ HOJIUMEPHI
IJIACTMACCHI
2.6 Pacuer TeruioeMkocTH ¥ KO3(pHUIHEHTA TEIUIONPOBOJHOCTH -
Heoprannueckue crekina
110 METOY aJAUTHBHOCTH
2.7 Marepuansl Uil KBAHTOBOM HccnenoBanue moxynpoBOAHUKOBOTO Ja3epa —




OJICKTPOHUKHU

2.8 Hanorexnonornueckue . -
OCHOBBI METOJIOB 30HIOBON MUKPOCKOIIHH HAHOCTPYKTYP
MaTepHabl
3. llabopaTopHbie 3aHATUS
3.1
3.2

13.2. Tembl (pasgenbl) AUCUUNIUHBI U BUAbI 3aHATUN

Buabl 3aHATWI (KONIMYECTBO YacoB)
Ne HavmeHoBaHue Tembl CaMoCTOSTeNnbhas
n/n (pasgena) gucumnnuHbl Jlekuumn MpakTtnyeckne | JlabopaTopHbie pa6ota Bcero
®uznueckue 3pdexTs! B
1 TBEPABIX U Ta3000pa3HBIX 2 2 - 6 10
JIMAJICKTPUKAX
®dusnueckue 3G HEKTH B
2 bd 4 4 — 6 14
MIPOBOJTHUKAX
dusznueckre 3PHEeKTH B
3 bd 4 4 - 6 14
MarHUTHBIX MaTepHajax
dusnIecKue OCHOBBI
MIPOIIECCOB B
4 pott 5 5 - 6 16
TTOITYTIPOBOTHUKOBBIX
MaTepHaax
ITonumepHbIe MaTepUabl U
5 P p - 6 16
IJIaCTMACCHI
6 Heopranuueckue crekna 4 4 - 6 14
Marepuassl 17151 KBAHTOBOM
7 pHab! A - 6 14
SJIEKTPOHUKHU
HanotexHonoruueckue
8 2 2 - 6 10
MaTepHabl
UToro: 30 30 - 48 108

14. MeToau4yeckue yKasaHus ans oby4arolmxcs No OCBOEHUIO AUCLIUNIIUHbI

B npouecce n3yyeHns aucuunnuHbl npeanonaratTca: paboTa ¢ KOHCNeKTamn nekunn un
nuTepaTypHbIMU UCTOYHUKaMM, CNeunann3npoBaHHbIMN MHTEPHET-pecypcamn, 6azamm LaHHbIX
n 6ubnuoTtekammn; NoAroToBka u 3awmTa pedepartos.

PekomeHgaumMm no OCBOEHWUIO AUCUMMNUHLI. HEOOXOAMMbI cucTemaTtmyeckass paboTta ¢
KOHCMEKTOM NeKUUin 1 nutepaTypHbIMKU MCTOMHUKAMK, a Takke C TeMaTtuyeckumum MHTepHeT-
pecypcamu.

15. lMepeyeHb OCHOBHOM WU [OOMNOJSIHUTENILHOW nUTepaTypbl, PECYpPCOB WHTEpPHeET,

HeoOGXxoAMMbIX ANA OCBOEHUSA AUCLUNIIUHBI (criucok numepamypbl 0pOPMISEMCs 8 COOmM8ememeauu
¢ mpebosarusimu FTOCT u ucrions3yemcsi obuwasi CK8O3Hasi Hymepauyus 0518 ecex sud08 UCMOYHUKO8)

a) OCHOBHas nuTeparypa:

Ne n/n UcTouHuUK

Wanmumoa K.B. ®u3snka nonynpoBogHMKOB [OnekTpoHHbI pecypc] / Wanumosa K.B. — 4-e wusa,,
1 ctep. — CaHkr-leTepObypr : JlaHb, 2010 .— 384 c.

— <URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=648>.

Enndpanos .. dusmka tBepaoro Tena [OnekTpoHHbIn pecypc] / Enudgaros .U, — 4-e nsa., ctep. —
2 Cankr-lMeTepbypr : NaHb, 2011 .— 288 c.

— <URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=2023>.

Matyxun B.J1. ®usuka TBEepaoro tena [OnekTpoHHbIn pecypc] / MatyxuH B. I1., Epmakos B. J1. — 1-e
3 n3a. — Cankr-MNetepbypr : JlaHb, 2010 .— 224 c.

— <URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=262>.

6) fononHUTENbHasa NuTepartypa:
Ne n/n McTouHnk

1 Mutep HKO. OcHoBbl usmkn nonynposogHukos / 0. Mutep HO, M. Kappona ; nep. U.W.
) PewwnHon; nog pea. b.I. 3axapyeHs . 3-e nsg. — M. : duamatnur, 2002. — 560 c.
lNopenuk C.C. MaTepmnanoBefeHue nonynpoBOAHMKOB UM AMINEKTPUKOB: y4ebHUK aAnga By3oB /
C.C. lNopenuk, M.A. Oawesckun. — M. : MUUCNC, 2003. — 480 c.

2.



http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=648
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=2023
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=262

OHUMKNoNeansa TEXHOMOrUM MOMyNPOBOAHUKOBBIX MaTepuanoB. ONEKTPOHHaA CTPYKTypa U
3. CBOWCTBa nonynpoBogHukoB : B 2 T. / noa pen. KA. kekcoHa u B. Lpetepa. — BopoHex :
Bogonen, 2004. -T.1/ nep. ¢ aHrn. nog pea. 3.M. JomaweBckon. — 2004. — 967 c.

Wrangep T. @asoBble nepexodbl W BbICOKOTEMMEpaTypHasi CBEPXMNpPOBOAMMOCTb.
YHuBepcanbHble CBOMCTBA KynpaTHbIX CBepXnpoBoaHuMkoB = Phase Transition Approach to High
4, Temperature Superconductivity. Universal Properties of Cuprate Supercondutors / T. lLUHanaep,
Ix. M. BuHrep ; nep. ¢ anrn. LWW. 6. ABaynearngosa ; nog pea. W. K. Kamunosa .— Maxaukana :
WN3a-Bo NH-Ta dmaukn darectaHckoro Hayd. ueHTpa PAH, 2007. — 498 c.

B) MHOPMALIMOHHbIE 3NIEKTPOHHO-00pa3oBaTenbHble pecypchl (ouumnaneHble pecypcbl MHTEPHET) :
Ne n/n Pecypc

1 https://www.lib.vsu.ru/ - cant 3oHaneHon Hay4yHon BubnnoTtekn BopoHexckoro
rocygapCTBEeHHOrO yHMBepcuTeTa
2. | http://www.elibrary.ru — Hay4yHas anekTpoHHas 6ubnmoTeka
3 http://www.sciencedirect.com - 0AMH 13 KPYNHENLINX B MUPE OHMaiH-COOPHUKOB
" | onybnukoBaHHbIX Hay4HbIX uccnegosaHui (Elsevier)
http://www.rusnanonet.ru/ - "HpopMaLUNOHHO-aHANNTUYECKNIA NOpTan POCCUICKON
HaUMOHanNbHOW HAHOTEXHOJIOMMYECKON CeTH

4,

16. MepeyeHb y4eOHO-meTOAMYECKOro obecneyvyeHUss ANA CaMOCTOATENIbHOM paboThbl
(yyebHo-mMemoduyeckue pekomeHOayuu, nocobus, 3adaqyHUKu, MemoOuyecKue yKal3aHusi [0 8bIMOJIHEHUI
rpakmu4ecKux (KOHMpPOJIbHbIX), Kypcoabix pabom u 0p.)

Ne n/n McTOoYHUK

[MpakTUKyM CUHTE3 N UccneaoBaHWe HaHOOUCTNEPCHbIX CUCTEM [NEKTPOHHbIN pecypc] : y4ebHo-
MeToamdeckoe nocobue : [aAns cTya. 4 K. AHEB. OTA-HMSA XMM. dak., ans Hanpasnenns 020300 -
Xumuns, domsnka n MmexaHnka matepuano] / BopoHex. roc. yH-T ; [cocT.: E.B. TomuHa n gp.]. —
OneKTpoH. TekcToBble AaH. — BopoHex : N3patenbckun gom BIY, 2015. — 3arn. ¢ tutyn.
akpaHa. — CBoboaHbIv gocTyn us nHtpacetn BIY. — Tekctosbin pann. —~Windows 2000; Adobe
Acrobat Reader. — <URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m15-102.pdf>.

17. OO6pasoBaTtenibHble TEXHONOrMNU, UCNONb3yeMble MNpu peanusauum y4ebHOM
OUCUMNNUHBbI, BKIOYaA [OUCTAHUMOHHbIe obpa3oBaTesnibHble TexHonorum (OOT),

aneKkTpoHHoe oby4yeHue (J0), cmewaHHOe 0Gy4eHue):
lMpoBeneHune TekyLen atrecTauum N cCamocToaTensHon paboTel NO OTAENbHLIM pasgenamM ANCUUNInHbI

18. MaTepnanbHO-TEXHUYECKOE obecneyeHme QUCLUNIINHDI:
Tunosoe obopyaoBaHue y4ebHoM ayamtopun
19. OueHo4HbIe cpeacTBa ANsl NPOBeAEHUA TEKYLEeNn U NPOMEXYTOYHOM aTTecTauum

MopsiAoK OLEeHKN OCBOEHMS 0ByYatoLmmmcs y4eGHOro matepuana onpegaensieTcs
cofepxaHueM crefyroLlmnx pasnenos AUCUUMIUHGI:

HaunmeHoBaHve WHamnkaTop(bl
,-ll\;gn pasgena AvcumniHb K%“&';?;;EH JJ.(QTWKG'%'H) OueHouHbie cpeacTea
(mogyns) KOMMNEeTeHL MM
Omsnueckue 3G HeKTs B AK-2 1 YCTHbIN onpoc
1. TBEPIBIX U Ta3000pa3HBIX MK-2 )
MK-2.2
JIMDIIEKTPUKAX
Ousnueckue 3G GeKTh B K MnK-2.1 YCTHbIN onpoc
2. MIPOBOTHUKAX -2 MK-2.2
3 ®duznueckue 3pdexTs! B AK-2 MK-2.1 YCTHbIN onpoc
) MAarHUTHBIX MaTepHuaiax MK-2.2
Ou3HYECKUEC OCHOBBI YCTHbIN onpoc
4 MPOIIECCOB B AK-2 MK-2.1 KoHTponbHasa pabota Ne1
' ITOJIYTTPOBOIHUKOBBIX MK-2.2
Marepuaiax
TTosuMepHBIEC MaTepUaTbl K NnK-2.1 YCTHbIN onpoc
>. ¥ TIACTMACCHI 2 MK-2.2



https://www.lib.vsu.ru/
http://elibrary.ru/
http://www.sciencedirect.com/
http://www.rusnanonet.ru/
http://www.lib.vsu.ru/elib/texts/method/vsu/m15-102.pdf

HaunmeHosaHue Mnankatop(bl)
I.'I\ﬁ pasgena AMCLMNIMHbI Ko“&';?;?” [OCTXEHMS OuerouHbie cpeacTsa
(mopgyns) 4 KOMNeTeHummn
6. Heopranuueckue crexna MK-2 k2.1 YCTHBI Onpoc
MnK-2.2
7 Marepua’sl s K-2 MK-2.1 YCcTHbIN onpoc
' KBAHTOBO} SIEKTPOHUKH ] MnK-2.2
8 HaHoTexHOIOrHYEeCKHEe K-2 NnK-2.1 YCTHbIN onpoc
: MaTepHaIbI i MK-2.2
lMpomexyToyHas aTTectauns Mepeyets BONDOCOB
dopma KOHTPONs — 3a4€T C OLIEHKOM P P

20 TuvnoBble OLEHO4YHble cpeAcTBa M MeToAMYECKMe MaTepuanbl, onpeaensiowume
npoueaypbl OueHUBaHUsA

20.1 TeKywWwMn KOHTPONb yCNeBaemMoCTHn

KoHTponb ycneBaemMocTy No ANCLUMMNITMHE OCYLLECTBIAETCS C NOMOLLbIO CreayHLLMX OLEHOYHbIX
cpencTs:

YemHbil onpoc
KoHmpornbHas paboma

MepeyeHb 3aA4aHNI ONst KOHTPOSbHbIX paboTt
KoHTponbHas paboTa 1.

Bapuarm 1.
1. TMocTpouTb 0GpaTHbIe peLLeTKM BCex MNNockux cetok bpase.
2. [MocTtpouTb nepByto 30Hy bpunnoaHa ana MUK peweTkun.
3. BbiBecTu ypaBHeHue Jlaya anga andppakuum BoMnH B Kpuctanne.
4. BbIBECTU ANCMEPCUOHHOE COOTHOLLEHME A1 CBOGOOHOrO aMeKTpoHa.
5. BbiBecTn ypaBHeHue obLiero Buga dyHkumMmn bnoxa ans kpucrtanna.

Bapuanm 2.

1. TlocTpouTb nepsble 4 30HLI BpunnioaHa Ans KBaapaTHOW NOCKOWN CETKU.

2. TMocTtponTb nepyto 30Hy bpunntoana ana OLUK pewweTkw.

3. [Hokasatb, 4To obpaTtHas k LK pewweTke asnsetca OLK peleTtkoi.

4. TlokasaTb 3KBMBANEHTHOCTb ypaBHeHun Bynbda-berra un Jlays.

5. BbiBecTu ypaBHeHue LlpeavHrepa ana kpuctanna € yy4eTom aguvabatuyeckoro  mpubnmkeHus,
BaneHTHOM amnnpokcumauuw, npubnukeHnem bopHa — OnneHreimepa W OOHO3MEKTPOHHOIO
NpubnmxeHns.

20.2 NMpomexyToyHas aTrectaums

MpomexyToyHas aTTecTauus No AUCUMNIINHE OCYLLECTBNSETCS C NMOMOLLbIO CreayoLLmX
OLIEHOYHbIX CPEACTB:

CobecedosaHue no bunemam K 3a4emy

lMepeyeHb BOMPOCOB K 3a4eTy U nopsgok popmuposaHua KUM

1. KpuTepum nonynpoBoAMMOCTU. [bIpOYHbIE M SMEKTPOHHLIE MONYNPOBOAHUKN. COBCTBEHHbLIE U MPUMECHbIE

NonynpoOBOLAHUKM.

2. O6wwmn Bug ypaBHeHus LpeguHrepa onsa kpuctanna.

3. MNocTponTtb Nnepsble 30HbI bpunnaHa Bcex NOCKMX ceTok bpaee.

4. 3ddekT MaHHa B MONyNpoBOAHMKAX.

5. AomabaTtuyeckoe npubnmKeHne n BarneHTHasl annpoKCMMauus nNpu peweHun ypaesHenus LpeanHrepa gnsi

Kpuctanna.

6. TepmoanekTpuyeckne adh@eKkTbl B NONYNpoBOAHUKAX.

7. PaccunTatb BENUYMHY yAernbHON MPOBOAMMOCTU COBCTBEHHOIO MPOBOAHUKA, €CMNY NOABMKHOCTb 3NIEKTPOHOB
paBHa 1200 CMZ/(B'C), a NoABMXHOCTb Ablpok 855 CMZ/(B'C), KOHLEHTpaLMs SNEKTPOHOB 3.10" em™.

8. OOQHO3NEKTPOHHOE NPUBNKEHNe Npu pelleHun ypaBHeHus LpeavnHrepa ona kpuctanna.

9. TemnepaTtypHasa 3aBUCUMOCTb YA4EMNbHOWN 3MEKTPONPOBOAHOCTM B NOSYNPOBOAHMKAX.

10. ®yHkums bnoxa.
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12.

13.
14.
15.
16.

17.
18.
19.
20.
21.
22.

23.
24,
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.

. OddekT Xonna B NonynpoBoAHMKaX.

Mpy cMNbHOM BbIPOXAEHUN HANTK KO PULMEHT TEPMO-3AC B INSb ¢ KOHUEHTpaUMe 3NEeKTPOHOB 10" cm
npu 100 K, ecnn paccesHne NponCxXoanT Ha 3apsXkeHHON npumecu. ApdeKkTnBHaAA Macca 3NeKTPOHOB Ha AHe
30HbI npoBoauMocTu pasHa 0.013mg, a WrpuHa 3anpeLleHHO 30Hbl UIBMEHSIETCS C TEMMEPATYPON MO 3aKOHY
E,==(0.26 — 2.710™T) aB.

MpnbnuxeHne cMNbHO CBA3aHHbLIX ANEKTPOHOB NpY peLleHnn ypaBHeHusa LpeavHrepa ana kpuctanna.
MexaHun3mbl paccesHUsi aNeKTPOHOB 1 AbIPOK B NONyNnpoBoAHMKaxX. Bpemsi penakcauyuu.

MpubnuxkeHne cnabo cBa3aHHbIX (NOYTU CBOBOAHBLIX) 3NEKTPOHOB ANs KpucTanna.

B nonynpoBoaHMKe KOHLIEHTpaUuUs 3NeKTPOHOB CoCcTaBnsna 1.2:10"° cm® npmn 400 K n 6.5 10" em® npu 350 K.
HaiTu WwnprHy 3anpeLleHHOon 30Hbl, Nonaras, YTo OHa NMMHENHO MEHSAETCH C TeMnepaTypow.

lMpruMeHeHne NPUBNKEHNS CUNBHO CBA3AHHbIX NEKTPOHOB AN MPUMUTMBHOM Kybuyeckomn pelueTku.
CkopocTb 1 apdheKkTMBHas Macca 3reKTPOHOB B TBEPAOM Terne.

KoHTakT MeTann—nonynpoBOgHUK.

3aBUCUMOCTb SHEPIMM SMEKTPOHA OT BONTHOBOMO BEKTOPA y AHA U MOTOSKA SHEPreTUYECKOW 30HbI.
3aBucUMOCTb NOABMXKHOCTM CBOBOAHBIX HOCUTENEN 3apsaa OT TeMnepaTtypbl.

Haritn adhpekTuBHY0O Maccy NnoTHOCTM cocTodAHMA B PbTe, ecnu nonepedHasi n NnpoaonsHas cocTasnstoLwas
3pheKTMBHOM Macchl paBHbl COOTBETCTBEHHO: M = 0.24my, m; = 0.024mg Y4yecTb 0COGEHHOCTM
N303HepreTMyecKknx nosepxHocrten B PbTe.

M303HepreTuyeckne NnoBEPXHOCTU B TBEPAOM TeErNe.

KOHTaKT BbIPOXAEHHBIX 9MEKTPOHHOIO 1 AbIPOYHOIO NOMYNpPOBOAHUKOB.

TeH3op obpaTHON 3 HEKTMBHOWM MaCChI.

KoHueHTpauusa anekTpoHOB M AbIPOK B 9HEPreTUHECKON 30He.

DyHKUKnA pacnpegenenma Pepmun — upaka. NosepxHocTb Pepmu.

TemnepaTtypHasi 3aBUCUMOCTb MOMOXeEHNs YPOBHA depMn B NONYNPOBOAHUKAX.

MpuMecHble 30HbI. AddekT bypwTenHa-Mocca.

[MNOTHOCTb KBAHTOBbLIX COCTOSAHUI B SHEPreTUYECKON 30HE.

Paccuntate 3(PPEKTUBHYIO NMOTHOCTbL COCTOSHUM B 30HE MPOBOAMMOCTM NONYNPOBOAHMKA, €Cnn
appekTBHas Macca 9neKkTpoHoB paBHa m* = 0.56m, npu Temnepatype 25 °C. W30aHepreTuyeckas
MOBEPXHOCTb Y AHS 30HbI MPOBOAMMOCTU cdhepuyeckasi.

OddekT NaHHa.

3oHHas cTpykTypa Si, Ge, GaAs.

MornoweHue oToHOB CBOGOAHBIMM HOCUTENAMM 3apsaaa. [nasmeHHbIVi pe3oHaHC.

B nonynpoBoaHuKe n-Tvna nnasMeHHas Yacrorta oy = 1.75-10™ I, abchekTMBHAS Macca dMeKTPOHOB paBHa
0.22m,, ananektpuyeckasa npoHuuaemoctb g(0) = 33. OnpegennTb KOHLEHTPaLUUIO SMEKTPOHOB.

-3

Kaxabin KUM cogepxut 2 Bonpoca U3 pasHbiX pasgenos NporpaMmmbl.

OnucaHue TexHonorum nposeaeHns
Ha nogroTtoBky nucbMeHHoro oteeTa Ha Bonpocbkl KUM (Ha nuctax otBeToB) Aaétcs 60 MUHYT,

rnocne aToro NPoBOAUTCS yCTHasA Geceaa.

Tpe6OBaHM$| K BbIMOMNHEHMIO 3a4aHWI, LWKanbl U Kputepun oueHmnBaHUA
[ns oueHmBaHus pe3ynbTaTtoB o6yqum:| Ha 3a4yeTe UCNosb3yTCA crneayrouime nokasaTenu:

BnageHve NoHATUNHBIM annapaTomM AaHHoW obnactu Hayku (TeopeTuyecKMmMmn OCHOBaMU ANCUUNIIUHDI),

cn

OCOOHOCTb WNMKCTPMPOBaTbL OTBET NpuUMepamu, akTamu, LAaHHbIMU Hay4YHbIX WCCneaoBaHun,

NPUMEHATb TEOpPETUYHECKME 3HAHNA ONA peLlueHNA NpakKTU4YeCKnx 3aaau.

[nsa oueHnBaHUA pesynbtaTtoB 0bydYeHUs Ha 3a4eTe C OLEHKOW mcnonb3dyeTcs 4-b6annbHas wana:

«OTIIMYHOY», «XOPOLLUOY, «YAOBIETBOPUTENIBHOY, «HEYAOBNETBOPUTENBHOY.

CooTHoLLIEHME MoKa3aTenen, Kputepues 1 LWKanbl OLEeHNBaHNA pe3ynbTaToB o6yqu|/|ﬂ.

Kputepuu oueHnBaHns KomneTeHumin Llkana oueHok

u

Obyyvarowutica 8 nonHol mepe enadeem meopemuyeckumMu OcHogamu OUCUUMNIIUHBI, Omnu4Ho
criocobeH  unICMpuUpog8ams omeem rpumepamu, hakmamu, OaHHbIMU Hay4YHbIX

3aday 8 obriacmu cuHme3a U rnpuMeHeHUs1 Mamepuarios

ccnedogaHuli, MPUMEHSIMb meopemuyeckue 3HaHusi 07l PeweHUs MpaKmu4YecKux

H

Obyyarowutica enadeem MOHAMUUHLIM MEOPEMUYECKUMU OCHOo8aMu OuUCUUNIIUHBI, Xopouwio
criocobeH oxapakmepu3o8amb OCHOBHbIE Kilaccbl Mamepuarsos, donyckaem ouwubKku u

emo4YHocmu rnpu omseme




Obyyarowutica enadeem 4Yacmu4yHO MmMeopemu4yecKUMU oOcHogamMu  OUCUUIIIUHBI,

Ydoenemesopu-

hpaemeHmapHo crocobeH oxapakmepu3osamb OCHOBHble Mamepuasios, He yMmeem meribHO

NMPUMEHAMb NOoJly4eHHbIe 3HaHUA Ha NnpaKmuke

Obyuyarowutica deMoHcmpupyem ompbi8OYHbIE, chpaecMeHmMapHbie 3HaHus, donyckaem | Heydoenemeopu-
meJibHO

epybble owubku rpu omeemsi Ha gonpockl KMMa u dononHumesibHble 80rpochI.




