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PABOYAS MPOrPAMMA YYEEHOW OUCLUMMNUHDI

B51.B.[1B.05.02 maTepuanbl ANsl 3NeKTPOHHON TEXHUKMU

1. Koa n HaumeHoBaHMe HanpaBneHusi NoAroToBkM/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 Ne 3 om 19.03.2020

8. YuebHbIn roa: 2023/2024 CemecTtp(bl): 8



9.llenu n 3apgayum y4e6HOM AUCLIMNIIUHDI

ueHbIO JUCHUIIIINHBI ABJISICTCA (l)OpMPIpOBaHI/Ie Yy CTYJACHTOB HpeZ[CTaBJ'IeHI/Iﬁ 0 MaTepuajiax g 3J'IeKTpOHH0171 TCXHUKH,
uXxX BUgax, (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IX CBOﬁCTBaX, cnoc06ax MOJYUCHUA U oGnacmx MMPpUMCHCHUA.

B xoze uzydeHus: AUCUMIIIIMHBI CTYJEHTBI JOKHBI

- mpuobOpectn 3HaHMA OO0 OCHOBHBIX KJIaccaX MAaTepHalioB, O (HU3UKO-XUMHUYECKHX CBOWCTBAX W KPHUTEPUAX
KOHCTPYHPOBAHUS;, 00 OCHOBHBIX (PH3UUECKUX XaPAKTEPUCTUKAX U 00JIACTSIX MPUMECHEHHUS.

10. MecTo yyebHOM AncUMNNUHBLI B cTpyKType OOI:

AuvcumnnuHa BXoAUT B 4acTb,
OTHOLWEeHWN (BapuaTuBHas) 6noka b1.

TpeboBaHMs K BXOAHBIM 3HAHUSIM, YMEHUSIM U HaBblkaM: ANSA OCBOEHWUSA Kypca CTyAeHT
AOMKeH OblTb 3HAKOM C OCHOBHbIMW pasgenamy oOLen 1 HeopraHM4Yeckoh XUMUKW, UMETb
npeacTaBneHns 0 MeTogax aHanm3a cocTaBa M CTPYKTYpbl BellecTsa.

N3yyeHne pgaHHOM aucumnnuHbl 6asvMpyeTca Ha criegywmx OUCLMNIIMHAX, U3YYEHHbIX
cTyaeHTamm paHee: «OO6wasa un HeopraHudeckass xumusay; «OpraHudeckass Xumusay;
«Mukpockonuyeckne meToabl UCCefOBaHNA CTPYKTYpbl MatepuanoBy; « CnekTpockonuyeckne
MeToAbl uccnegoBaHust mMartepuanoBy»; «[llepcnekTMBHble MeToAbl akTuBauum MpPOLLECCOoB
CMHTE3a  (OYHKUMOHanbHbIX  MaTtepuanoB»,  «[lonynpoBoAHMKOBbIE  MaTepuanbl U
CBEPXNPOBOAHUKNY, K AMOP(HbIE XXUAKOKPUCTANMYeckne martepuanbly.

dopMMpyemyro  y4acTHUMKaMu obBpasoBaTernbHbIX

11. MnaHupyeMble pe3ynbTaTbl OOY4YEeHUA MO AUCLUNIMHE/MOAYNIO (3HAHUSA, YMeHwus,
HaBbIKM), COOTHECEHHbIE C NNaHUpyeMbIMU pe3yribTaTaMX OCBOEHUS ob6pa3oBaTesfibHOM
nporpamMmmMbl (KOMNETEHLUMAMU) U UHAUKATOPAMMN UX AOCTUKEHUS:

Kog HasBaHue Koga(bl) WHankaTop(bl) MnaHupyemble pesynbTaTbl 00y4eHus
KOMNeTeHLUn
MKB-2 | CnocobeH MKB-2.1 | CnocobeH 3HaTb: COBpEMEHHbIE NpefCcTaBNeHns o
ucnonb3oBaTtb BblGUpaTb MeToab! NoAxoAax K CUHTe3y MaTepuarnos 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
HasHa4yeHusi, B TOM HaHoMaTepuaros) B
yucne COOTBETCTBUM C
HaHoMaTepuanos, nocTaBneHHoON
Ans pelleHus 3agaven
npodeccuonanbHbl | MKB-2.2 | CnocobeH 3HaTb: OCHOBHbIE TUMbI UCMOSb3YEMbIX B
X 3apad ucnonb3oBaTb 3MNEKTPOHHOW TEXHWKE 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 KITacCoOB Matepuanos ans
peLleHns KOHKPETHbIX NPOdeCcCMOoHanbHbIX
3agav

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

dopma NPOMEeXYyTOYHOM aTTecTaLuumn — 3a4eT C OLIEHKOW

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,
QYMK *
1. llekumm
1.1 ®uznueckue 3pdexTs! B -
[Monspu3sanusi, 31eKTPONPOBOIUMOCTb, TUIICKTPHUCCKUEC
TBEPbBIX U I'a3000pa3HbIX
MOTEPH, IPOHUIIAEMOCTh
JIDJICKTPUKAX
1.2 Knaccugukanus npoBogHukoB. [lonykpuctaminueckue u —
®uznueckue 3pdexTs! B (uicatus nposox YKp
amMopQHbIe MeTaJUTbI U cIuaBbl. OCOOCHHOCTH METAIIIOB B
MIPOBOTHUKAX
TOHKOIUICHOYHOM COCTOSHHH
1.3 MarnuTHas cTpyKTypa 10MeHOB B kpuctaiax. [Iponecc -
Ousnueckue 3G HeKTH B TPyKIypa X B B Xp pott
HaMarHNYUBaHWUA. MarHUTHBINA TUCTEPE3UC, MAaTHUTHAS
MarHUTHBIX MaTepHaiax
AHM30TPOIHS
1.4 3onHas mojens noxynposogaukos (I111). BeipoxxaenHsie 1 -
Ou3HYECKUEC OCHOBBI
HPOLECCOB B HeBbIpoxxeHHble [1I1. Yposens ®epmu B I1I1. 3aBucumoctsb
P ypoBHst @epMU OT TeMIIEpPaTyphl, CTSIIEHH KOHIICHTPALUT
MTOJTYTIPOBOTHUKOBBIX
npuMecu. [ToHsATHE 00 3TEKTPOHHO-IBIPOYHOM IIEPEXOIC
MaTepHuaiax
THUIIBI IIEPEX0JI0B, TOKH B p-N Iepexo/ie
1.5 [TonmumepHble MaTepuansl U -
[T1acTUUECKUEe MACChI M MTOJTUMEPHI
[JTaCTMACCHI
1.6 Heopranunueckue crekia Haoprannueckue crexna. CBOWCTBA CTEKOI —
1.7 Marepuansl 115 KBAHTOBOM -
Marepuans! i 1a3€poB
AIICKTPOHUKH
1.8 Hanotexnomornyeckue . -
Martepuaibl 115 HAHOTEXHOJOTHiA
MaTepHaIbI
2. NpakTn4yeckme 3aHATUA
21 Omsnueckue 3G HeKTs B OIEeKTPOIIPOBOIHOCTE TUIEKTPUKOB, TUIIICKTPUIECKIE -
TBEPIBIX ¥ ra3000pa3HbIX MMOTEPH, AUIIIEKTPUIECKAS IPOHUIIAEMOCTb, JJIEKTPHICCKAsT
JIHDJICKTPUKAX MIPOYHOCTH, BH/IBI IPO0OsI B AMIICKTPHKAX
2.2 Omsnueckue 3G HeKTs B N3ydeHnue 3aBUCUMOCTH YIEJIBHOTO 3JIEKTPUUECKOIO -
IIPOBOJTHUKAX COTIPOTHUBIICHUS MPOBOJIHUKA OT MX COCTaBa
2.3 Omsnueckue 3PPEeKTh B HamarHuueHHOCTh ¥ MarHUTHas IIPOHUIIAEMOCTD -
MarHUTHBIX MaTepHraliax (heppOMarHeTHOKOB
2.4 ®uznyecKkue OCHOBBI —
MIPOIIECCOB B
DIEKTPONPOBOIHOCTH IMOIYIIPOBOIHUKOB
MTOJTYTIPOBOTHUKOBBIX
MaTepHuaiax
25 [TonumepHble MaTepUansl U -
[TracTuueckue Macchl ¥ MOTUMEPHI
IUTACTMACCHI
2.6 Pacuer TerioeMKoCTH U KO3(DUIIUCHTA TEIUIONPOBOHOCTH -
Heoprannueckue crekina
10 METOAY aJAUTUBHOCTH
2.7 Marepuansl Uil KBAHTOBOM HccnenoBanue moxynpoBOAHUKOBOTO Jla3epa —




OJICKTPOHUKHU

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

13.2. Tembl (pa3genbl) AUCUUNIUHBI U BUAbI 3aHATUN

Buabl 3aHATWI (KONIMYECTBO YacoB)
Ne HavmeHoBaHue Tembl CaMoCTOSTeNnbhas
n/n (pasgena) gucumnnuHbl Jlekuumn MpakTtnyeckne | JlabopaTopHbie pabora 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 MaTepUaIbl 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. MeToaun4yeckume yKkasaHus ans oby4arowmxcsi N0 OCBOEHUK AUCLUNIIUHbI

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

PekomeHgaumMm no OCBOEHUIO AUCUMMNNUHLI. HEOBXOoAMMbI cucTemaTmyeckass paboTta ¢
KOHCMEKTOM NeKUUin 1 nutepaTypHbIMKU MCTOMHUKAMK, a Takke C TeMaTtuyeckumum MHTepHeT-
pecypcamu.

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

HeobGXxoAMMbIX ANA OCBOEHUS AUCLUNIIUHBI (criucok numepamypbl 0pOPMISEMCs 8 COOmeemcmeauu
¢ mpebosarusimu FOCT u ucrions3yemcsi obuwjasi 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-leTepbypr : JlaHb, 2010 .— 384 c.

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

Enndpanos .. dusmka tBepgoro Tena [OnekTpoHHbIn pecypc] / Enndanos 1. — 4-e ns3a., 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] / MaTtyxuH B. J1., 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 NuTeparypa:
Ne n/n McTouHnk

1 Mutep HKO. OcHoBbl usmkn nonynposogHukoB / 0. Mutep HO, M. Kappowa ; nep. U.W.
) PewwuHon; nog pea. b.I. 3axapyeHs . 3-e n3g. — M. : duamatnur, 2002. — 560 c.
lNopenuk C.C. MaTepmnanoBegeHue nonynpoBOAHUMKOB U AMANEKTPUKOB: y4ebHUK Ans 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 TEXHOMOrMM MOMyNpPOBOAHUKOBBIX MaTepuanoB. ONIEKTPOHHAs 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 nepexogbl W BbiCOKOTEMMNeEpaTypHasi  CBEPXMNPOBOAUMOCTb.
YHuBepcanbHble CBONCTBA KynpaTHbIX CBepXnpoBoaHMKoB = Phase Transition Approach to High
4, Temperature Superconductivity. Universal Properties of Cuprate Supercondutors / T. lLUHanaep,
Ix. M. BuHrep ; nep. ¢ anrn. WW. b. 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/ - "HpopMaLUMOHHO-aHANNTUYECKNIA NOpTan POCCUICKON
HaUMOHanNbHOW HAHOTEXHOJIOMMYECKON CeTH

4,

16. MepeyeHb y4eOHO-meTOAMYECKOro obecneyvyeHUss ANA CaMOCTOATENIbHOM paboThbl
(yyebHo-Memoduyeckue pekomeHOayuu, nocobus, 3adaqyHuKu, Memodu4yecKue yKa3aHUsl 0 BbIMOHEHUIO
rpakmu4ecKux (KOHMpPOJIbHbIX), Kypcoabix pabom u 0p.)

Ne n/n McTOoYHUK

[MpakTUKyM CUHTE3 N UccneaoBaHWe HaHOOUCTNEPCHbIX CUCTEM [NEKTPOHHbIN pecypc] : y4ebHo-
MeToamdeckoe nocobue : [ansa cTyd. 4 K. AHeB. OTA-HMSA XMM. dak., ans Hanpasnennsa 020300 -
Xumuns, domsnka n MmexaHnka matepuano] / BopoHex. roc. yH-T ; [cocT.: E.B. TomuHa n gp.]. —
OneKTpoH. TekcToBble AaH. — BopoHex : N3pgatenbckun 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. OOGpasoBaTtenibHble TEXHONOrMKU, UCNONb3yeMble MNpu peanusauunm y4ebHOM
OUCUMNNUHBbI, BKMOYaA [AUCTAHUMOHHble obpa3oBaTenbHble TexHonorum (OOT),

aneKkTpoHHoe oby4yeHue (J0), cmewaHHOe 0Gy4eHue):
MpoBeneHune TekyLen atTrecTaumm n CaMoCTOATENBHOM PaboTbl MO OTAENbHBIM pasaenam UCLMNIIMHDI

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
cofepxaHeM crieyoLmnx pasgenos ANCUUNIUHGI:

HavnmeHoBaHue WHankaTop(bl)
r’|\;gn pasgena AvcumnHb Ko“::;?;;’IH AOCTVXEHNA OueHouHbie cpeacTea
(mogyns) 4 KOMMNEeTeHL MM
Omsnueckue 3G HeKTs B AKB-2.1 YCTHbIN onpoc
1. TBEPBIX U Ia3000pa3HbIX MKB-2 b
MKB-2.2
JIMDIIEKTPHKAX
5 Ousnueckue 3G GeKTh B AKB-2 MKB-2.1 YCTHbIN onpoc
' NPOBOJTHHUKAX ) MKB-2.2
3 ®duznueckue 3pdexTs! B AKB-2 MKB-2.1 YCTHbIN onpoc
) MAarHUTHBIX MaTepHuaiax ) MKB-2.2
Ou3HYECKUEC OCHOBBI YCTHbIN onpoc
4 MPOIIECCOB B AKB-2 MKB-2.1 KoHTponbHasa pabota Ne1
' ITOJIYTTPOBOIHUKOBBIX i MKB-2.2
Marepuaiax
5 TTosuMepHBIEC MaTepUaTbl MKB-2 MKB-2.1 YCTHbIN onpoc
: ¥ TIACTMACCHI i MKB-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

HanmeHoBaHue WHankaTop(bl)
I.'I\ﬁ pasgena AMCLMNIMHbI Ko“&';?;?” [OCTXEHMS OuerouHbie cpeacTsa
(mopgyns) H KOMNeTeHummn
MKB-2.1 YCTHbIN onpoc
H -
6. €OpraHuvyecKue CTeKiia [MKB-2 MKB-2 2
7 Marepua’sl s MKB-2 MKB-2.1 YCcTHbIN onpoc
' KBAHTOBO} SIEKTPOHUKH ) MNKB-2.2
8 HanotexHosoruueckue AKB-2 MKB-2.1 YCcTHbIN onpoc
: MaTepHaIbI i MKB-2.2
[MpomexyToyHasa aTTecTaums Mepeyets BONDOCOB
dopma KOHTPONs — 3a4€T C OLIEHKOM P P

20 TuvnoBble OLEHO4YHble cpeAcTBa M MeToAMYECKMe MaTepuanbl, onpeaensiowume
npoueaypbl OueHUBaHUsA

20.1 TeKywunin KOHTPOJb YCNeBaeMoCcTu

KoHTponb ycneBaeMocTy Mo AUCLUUMNITMHE OCYLLECTBIAETCS C NMOMOLLbIO CreayHLLMX OLEeHOYHbIX
cpencTs:

YemHbil onpoc
KoHmpornbHas paboma

MepeyeHb 3aA4aHNI ONst KOHTPOSbHbIX paboTt
KoHTponbHas paboTa 1.

Bapuarm 1.
1. TMocTpouTb 0GpaTHbIe peLLeTKM BCex MNNockux cetok bpase.
2. [MoctpouTb nepByto 30Hy bpunntoaHa ana MUK peweTkn.
3. BbiBecTu ypaBHeHue Jlays 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 BpunniosHa Ans KBaapaTHOW NMOCKON CETKU.

2. lMocTtponTb nepsyto 30Hy bpunntoana ana OLK peweTku.

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

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

5. BbiBecTM ypaBHeHue LlpeanHrepa Ana Kpuctamma C ydeTom aguabatmyeckoro  npubnvkeHus,
BaneHTHOM amnnpokcumauuu, npubnuwkeHnem bopHa — OnneHreimepa W OQHO3MEKTPOHHOIO
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 popmuposaHna KM

1. KpuTepum nonynpoBoaMMOCTU. [bIpoYHbIE M SMEKTPOHHBLIE MONYynpPoBOAHUKM. COBCTBEHHbIE U MPUMECHbIE

NonynpoOBOLAHUKM.

2. O6wwmn Bug ypaBHeHus LpeguHrepa onsa kpuctanna.

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

4. OdpdekT MNaHHa B NONynpoBOOHUKAX.

5. AomabaTtuyeckoe npubnmKeHne n BaneHTHas annpoKCUMauus Npu peleHnn ypasHeHus LpeguHrepa ans

Kpuctanna.

6. TepmoanekTpuyeckne adh@eKkTbl B NONYNpoBOAHUKAX.

7. PaccumTatb BENUYMHY yAerbHON NPOBOAMMOCTN COBCTBEHHOrO NPOBOAHMKA, €CMW NOABUXHOCTb 3JTIEKTPOHOB
paBHa 1200 CMZ/(B'C), a NOABMXHOCTb Ablpok 855 CMZ/(B'C), KOHLEHTpaLmMs 3NIEKTPOHOB 3.10" em™.

8. OOQHO3NEKTPOHHOE NPUBNKEHNe Npu pelleHun ypaBHeHus LpeavnHrepa ona kpuctanna.

9. TemnepaTtypHas 3aBUCUMOCTb YAENbHOW 3M1EKTPONPOBOAHOCTM B NOSYNPOBOAHMNKAX.

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 cMNBbHOM BbIPOXOEHUN HAUTU KOIPULIMEHT TEPMO-3AC B INSb ¢ KOHUEHTpaUMeEn SNEKTPOHOB 10" cm
npu 100 K, ecnu paccesaHne NpoUCXOANT Ha 3apsXKeHHON npumecu. ApdekTnBHas Macca 3NeKTpOHOB Ha AHe
30HbI NpoBoauMocTuM pasHa 0.013mg, a WrpuHa 3anpeLleHHON 30HbI UBMEHSAETCS C TEMMNePaTypon No 3aKOHY
E,==(0.26 — 2.710™T) aB.

MpnbnuxeHne cMNbHO CBA3aHHbLIX ANEKTPOHOB NpY peLleHnn ypaBHeHusa LpeavHrepa ana kpuctanna.
MexaHn3mbl paccesHUsi aNeKTPOHOB 1 AbIPOK B NONynpoBoAHMKax. Bpemsi penakcauyuu.

MpubnuxkeHne cnabo cBa3aHHbIX (NOYTU CBOBOAHLIX) SNEKTPOHOB AN 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 MEHSAETCA C TeMnepaTypown.

lMpuMeHeHne NPUBNKEHNS CUINTBHO CBS3AaHHbLIX 3MEKTPOHOB A1 MPUMUTUBHOW KyOUYECKOW peLueTKu.
CkopocTb 1 apdheKkTMBHas Macca 3reKTPOHOB B TBEPAOM Terne.

KoHTakT MeTann—nonynpoBOAHUK.

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

Haritn adhpekTuBHY0O Maccy nnOTHOCTM cocToaHMA B PbTe, ecnv nonepeydHasi u NpoAaornbHas cocTaBnsaioLlas
abheKTMBHON 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.

MpumMecHble 30HbI. AddekT bypiTenHa-Mocca.

[MNOTHOCTb KBAHTOBbLIX COCTOSAHUI B SHEPreTUYECKON 30HE.

Paccuntate a(PEKTUBHYIO NMOTHOCTb COCTOSAHMW B 30HE MPOBOAMMOCTM MNOMNYNPOBOAHMKA, €Cnn
appekTBHaAs Macca 9neKkTpoHoB paBHa m* = 0.56m, npu Temnepatype 25 °C. W30aHepreTuyeckas
MOBEPXHOCTb Y AHS 30HbI MPOBOAMMOCTU cdhepuyeckasi.

OddekT NaHHa.

3oHHas cTpykTypa Si, Ge, GaAs.

MornoweHne oToHOB CBOGOAHBIMM HOCUTENAMM 3apsaaa. [nasmeHHbIV pe3oHaHC.

B nonynpoBoaHuKe n-Tvna nnasMeHHas 4actorta o, = 1.75-10™ I, ahcheKTUBHAs Macca SMeKTPOHOB PaBHa
0.22m,, ananektpunyeckasa npoHuuaemocTb g(0) = 33. OnpeaennTb KOHLEHTPALUIO SNEKTPOHOB.

-3

Kaxabin KUM cogepxut 2 Bonpoca U3 pasHbiX pasgenos NporpaMmmbl.

OnucaHue TexHonorum nposeaeHns
Ha nogroTtoBky nucbMeHHoro oteeTa Ha Bonpockl KM (Ha nuctax otBeToB) Aaértca 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 annapaTtoM AaHHOW obnactu Hayku (TeopeTuyecKMMmn OCHOBaMU AUCUUNIINHDI),

cn

OCOOHOCTb WNMKCTPMPOBaTbL OTBET NpuUMepamu, akTamu, LAaHHbIMU Hay4YHbIX WCCneaoBaHun,

NPUMEHATb TEOpPETUYHECKME 3HAHNA ONA peLlueHNA NpakKTU4YeCKnx 3aaau.

[ns oueHnBaHMs pesynbTaToB 00y4YeHMS Ha 3a4eTe C OLUEHKOM ucnonbdyetca 4-6annbHas wana:

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

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

Kputepuu oueHnBaHns KomneTeHumin Llkana oueHok

u

Obyyvarowutica 8 nonHoU mepe enadeem meopemuyeckKumMu ocHogamu OUCUUMIUHBI, Omnu4Ho
criocobeH  unICMpuUpog8ams omeem rpumepamu, hakmamu, OaHHbIMU Hay4YHbIX

3aday 8 obrrlacmu cuHme3a U nNPUMeHeHUsI Mamepuarsios

ccnedogaHuli, MPUMEHSIMb meopemuyeckue 3HaHusi 07l PeweHUs MpaKmu4YecKux

H

Obyyarowutica enadeem MOHAMUUHLIM MeopemuYecKUMU OCHO8aMu OUCYUNIUHBI, Xopouwio
criocobeH oxapakmepu3o8amb OCHOBHbIE Kilacchbl Mamepuarsnos, 0ornyckaem owubku u

emo4YHocmu rnpu omseme




Obyyarowutica enaBeem 4YacmuyHO Mmeopemu4yeckuMu ocHoeamu OUCUUMNIIUHBI,

Ydoenemesopu-

hpaemeHmapHo crocobeH oxapakmepu3osamb OCHOBHble Mamepuasios, He yMmeem meribHO

NMPUMEHAMb NOoJly4eHHbIe 3HaHUA Ha NnpaKmuke

Obyuyarowutica deMoHcmpupyem ompbI8OYHbIE, chpaeMeHmMapHbie 3HaHus, donyckaem | Heydoenemeopu-
meJibHO

epybble owubku npu omeemsi Ha gonpockl KMMa u dononHumesbHbie 80rpochl.




