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Paboyas nmporpaMMa JUCLMIJIMHBI pa3dpaboTaHa B COOTBETCTBHUM C CaMOCTOSITEJIbHO yCTa-
HOBJIeHHbIM MI'Y o6pa3oBaTesbHbIM cTaHgapToM (OC MIY) pisa peannsyeMbIX OCHOBHBIX
npodeccruoHaIbHbIX 06pa30BaTeJbHbIX MPOTPaMM BhICLIET0 0Opa30BaHUS MO HAMPABJIEHUIO
noarotoBku 04.06.01 «XuMuyeckue Hayku» Ha ocHoBe O6pa3oBaTe/IbHOIO CTaHAApPTa, CaMo-
CTOAATEJNIbHO ycTaHOBJeHHOro MI'Y numenu M.B.JlomoHocoBa (manee - OC MI'Y), yTBepxJeH-
Horo [Ipukazom N2 552 ot 23.06.2014 r. no MI'Y ¢ yyeTom uameHenuit B OC MI'Y, BHeceHHBIX

[Iprkaszom Ne831 mo MI'Y ot 31.08.2015 r..

['ox (roawl) npueMa Ha o6ydeHue 2014/2015, 2015/2016, 2016/2017,2017 /2018,
2018/2019, 2019/ 2020



1. KpaTkasa aHHOTaLUs:

Kypc npegHa3sHadeH A/ aCIUPaHTOB, CHELMAJIM3UPYIOLUXCA B 00/1aCTU HEOPraHMYeCKOTro MaTepHhaoBeJleHUs U ABJISAeTCA OCHOBOM AJIA IOo-
HUMaHUs QU3NYECKUX NPOLECCOB B IMPOKOM KJlacCe MaTepHasIoB, BKIKYAIOIEeM MeTa/llbl, JU3JeKTPUKH, NOJYyNPOBOAHUKH. CyliecTBeHHas
4acTb Kypca MOCBALeHa PaCCMOTPEHUIO OCHOBHBIX NPeJCTaBJIeHUM 30HHOW TeOPUM KPUCTA/NIMYECKUX TBepAbIX TeJ. Kypc paccyuTaH Ha ciy-
maTesed 3HaKOMBIX C OCHOBAMH KPUCTAJIOXUMHUHU U C OCHOBHBIMH II0OJIOKEHUSIMU KBAHTOBOM MeXaHUKHU. B pasgesie «KoHTaKTHbIE ABJI€HUA»
paccMaTpUBalOTCA NPOLECcChl HAa TPaHULAX paszesa, YTO BaXKHO [/ IOHMMaHUSA MeXaHU3MOB TPAaHCIOPTa B MOJIM- U HAaHO-KPUCTA/LJINYEeCKUX
MaTepuaax. Kypc Bkio4aeT JIeKIJMOHHbIe 3aHATHSA B COYETAaHUM C CAMOCTOATEJbHOU paboTou. OcBoOeHHe AUCLUUIIMHBI HEOOXOAMMO JJIA Ha-
Y4YHOH paboThl, IpeAloarapllei HaJluume MeXXJUCLUIIIMHAPHbIX T0JX0/10B K UCCJIe[JOBAaHUSAM.

2. YpOBeHb BbICIIEIro 06p330BaHI/IH — IIOATr0OTOBKA HAYYHO-II€eAarort4eCKMux KalpoB B aCITUPAHTYype

3. Hanpassienue noarotoBku: 04.06.01 XuMruieckre HayKH, HallpaBJIeHHOCTb: HeopraHnyeckas xumMus.

4. MecTo aucuuniuHel (MoayJis) B ctpykType OOIl: BapuatuBHag yactb OOIL, 610k 1 «/IMCHUNIINHDBL (MOAYJIN)».

5. [lnaHnupyeMble pe3yibTaThbl 06y4YeHHUs M0 AUCHUIIMHE (MOZYJI0), COOTHECEHHbIE C IIJIAHUPYEMbIMU pe3yJibTaTaMU OCBOEHUs 06pa3oBaTe/ib-
HOW NporpaMMmbl (KOMIETEHLUSMU BbIYCKHUKOB)

KoMneTeHIus Il1aHUpyeMble pe3yJIbTaThl 06yYEeHHs 0 JUCHHMIIHHE (MOAYJIIO)
CIIK-2. Croco6HOCTD MJIaHUPOBATh U IPOBOJUTH UCC/IE/|0Ba- 3HaTh COBpEeMEHHbIe METO/IbI KCCJIeJ0BaHUsI OJTYIPOBOJHUKOB
HHEe CBOMCTB HEOPraHUYECKHX BEI[eCTB KOMIIJIEKCOM GU3HUKO- | 3HATh COBpeMEHHbIE METO/bl UCC/IEJOBAHUSI TOUEYHBIX U MPOTIKEHHBIX Jie-
XUMHYECKUX METO/I0B, MHTEPIPETUPOBATDb U 0600611[aTh pe- $EeKTOB B MOJIYITPOBOAHUKAX
3yJIbTAThl KCC/IEJ0OBAHUM

6. 06'beM AUCLHUIIMHBI (MOAYJISA) B 3a4€THBIX eJMHUIAX C yKa3aHUEeM KOJIMYeCTBa aKaJleMUYeCKUX UM aCTPOHOMUYECKHX YacCoB, Bbl/leJIeHHbIX
Ha KOHTAKTHYI0 paboTy 06y4yarouuxcs ¢ npenojaBaTeseM (M0 BUAAM YyUeOHbBIX 3aHATUN) U HA CAMOCTOSITE/IbHYI0 PaboTy 00y4YaroLUXCs:

06sem ducyunauHsl (Modyss) cocmasasem _3_ 3a4emHble euHUYybl, 8ce2o 108 uaca, us komopbwix 42 yaca cocmassiem KOHMakmuas paboma ac-
nupanma c npenodasamesem (30 uacos 3aHamus JAeKYyuoHHo20 muna, 12 yacos meponpusimusi mekywe2o KOHmpo./isi ycnesaemocmu U npomexcy-
mouHoll ammecmayuu), 66 Yacoe cocmas/isiem camocmosimeabHasi paboma yvauwe2ocsi.

7. BxoaHble TpeboBaHUs [IJisl OCBOEHUS JUCLUIIJIMHBI (MOAY/Is1), Ipe/iBApUTEbHbIE YCIOBUS.




3HaTh: OCHOBOIOJIaralwle IPUHIHUIBI, I0JI0KEHHbIE B OCHOBY IIpe/ICTaBJeHUHN 06 3HEPreTUYECKOM CIEKTPE 3JIEKTPOHOB B KPUCTAJIJINYECKUX
TBePABIX TeJIax; IpeJCTaBJeHNU 0 KBa3U4aCTULAX, XapaKTepU3yIOLIMX KaK 3JIeKTPOHHbIe, TAaK U pelleTOYHbIe NPOLecChl B KPUCTA/IAX; OCHOB-
Hble CBOMCTBA MeTaJlJIOB, IOJYIIPOBOJHUKOB, IU3JIEKTPUKOB.

YMeTs: BbI6I/IpaTb HauboJiee d€KBATHbI€ METOAbI SKCIIEPUMEHTAJIbHOI'O olfpege/IeHNA OCHOBHBIX XdapaKTEPHbIX CBOWCTB HccieayeMbix MaTe-
pHaJioB, COMIOCTABJIATD CBOMCTBA HccieayeMbIx O6p3.3L[OB C CI)YH,ELaMeHTaJIbeIMI/I XdpaKTEPUCTUKAMHU MaTepHUaJia.

BiazeTh: npocTeNIIMMU pacieTHbIMUA MeTOZaMU pellieHUsl GU3NKO-XMMHUYEeCKUX 3aay.

JMCIUIIIMHBI U IPAaKTUKU (HaBbIKM), OCBOEHHWE KOTOPBIX HEOOXOAUMO JJI JAaHHOM AMCLMIIMHBI KaK NpejlliecTBylolee: «MaTeMaTU4eCKUI
aHasnu3», «JInHelHasa anrebpar», «YpaBHeHUs MaTeMaTudeckol pusuku», «Teopus BeposiTHOCTei», « TeopeTHdeckass MexaHUKa», ««/lupdepen-
IlMaJbHble ypaBHEHU», «PeasibHas CTPYKTypa TBepJoro Tesja», «kKBaHToBas xumus», «06masn ¢usrka», «kKBanToBas MexaHuKa», «Kpucrasio-
XUMUAY;

8. CozieprkaHue AUCHUIIMHBI (MOAYJIs), CTPYKTYPHUPOBAHHOE 110 TEMaM.

HauMeHoOBaHHe U KpaTkoe cogep- | Bcero B ToM uuncie
»KaHMe pa3/ejioB M TeM AUcLMN- | (4acskl)
JINHBI (MOAY.IfA), KoHTakTHas pa6oTa (pa6oTa BO B3aUMOAelCTBUH C peno- | CamocTosATe/IbHasA pabdo-
JlaBaTeJieM), 4achl Ta 00y4aruierocs, 4achol
dopma mpoMexxkyTO4YHOM aTTecTa- U3 HUX 13 HUX
MY N0 AUCHUILINHE (MOAYJII0)
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Tema 1 OCHOBbI 30HHOW TeOpHUHU | 26 12 2 14 12 12
TBEP/bIX TeJ.

Tema 2 CraTuctvka HocuTeseu 3a- | 19 6 1 7 12 12
paza.

Tema 3 fIBnenus nepeHoca 17 4 1 5 12 12
Tema 4 CBolicTBa AH3JEKTPUKOB 15 2 1 3 12 12
Tema 5 HepaBHOBecHble siBjieHUs B | 14 2 2 12 12
N0JIyIpOBOJHUKAX

Tema 6 KoHTaKTHbIe SIBJIEHUS. 17 4 1 5 12 12
[IpomexxyTo4yHas aTTecTanus 3ayem 6

HToro 108 30 6 6 36 66 66

Jlekuuu o teme 1.

Ne 1. 2 gaca.

CTauuoHapHbIe COCTOSHUS U dHEPreTUYeCKUU CIeKTP 3JIEKTPOHOB B KpucTaJyie. AfjuabaTrieckoe npubamxeHue. OLHO3JIeKTPOHHOE NPHUOJIH-
keHue (MeTo XapTpu-Poka). CamocorsiacoBaHHOE 1oJie. JJieMeHTapHble BO30YyxAeHHUs (KBa3U4aCTHILbI)

Ne 2. 2 gaca

®dynkuusa binoxa. O6paTHas peuietka. [lepruoJUUHOCTb BOJHOBBIX GYHKIUH U 9HEPTUH MO KBAa3UBOJHOBOMY BeKTopy. [I[pub/ivkeHHe CUJIbHO
CBSI3aHHBIX 3JIEKTPOHOB.

Ne 3. 2 gyaca

[Ipubamxenue ciaboi cBsa3u. [lorenyuan Kpouura-Ilennu. 3oHb1 BpuiatosHa.

Ne4. 2 yaca

[luknnyeckue rpaHu4Hble ycaoBus KapmaHa-BopHa. /IBxkeHUe 3/1eKTPOHA B KpUCTa/lle O/, AeWCTBUEM BHellHero noJis. Meton adpdekTus-
HOU Macchl.



Ne 5. 2 yaca

JddekTHBHAA Macca KaK xapaKTepHUCTHUKA 3aKoHa Aucnepcud. [loHsaTue apipku. Onpegesnenure 3GpPeKTUBHBIX MACC 3JIEKTPOHOB U JIbIPOK METO-
JIOM LIMKJIOTPOHHOT'0 pe30HaHca. Boiopoionono06Hble MpUMecHbIe LEHTPbl. Mesikre U r1y60KHe MPUMeCHbIe YPOBHU B NMOJIYNIPOBOAHUKAX.

Ne 6. 2 yaca.

KBaHTOBaHHe 3HEPTHUHU 3JIEKTPOHOB B MAarHUTHOM ToJie. lea/ibHBIN ra3 3JIEKTPOHOB. JJIEKTPOHBI B MeTaJsLie. [IUKJI0TpOHHAas U cCIMHOBas 3¢-
beKTUBHbIE MACChL.

JIeK1iuM 1o reme 2.

Ne 7. 2 yaca.

@OyHKIMA MJIOTHOCTU COCTOSIHUM /I KBaAPATUYHOT'O U30TPOMHOTO U HEM3O0TPOIMHOTO 3aKOHOB Aucrnepcuu. ddeKTHBHAs Macca MJIOTHOCTH
coctossHUU. PyHKUUA pacnipegenenus Pepmu. BoipoxkaeHHas U HEBBIPOXK/I€HHAs! CTATUCTUKU HOCUTEJIeH 3aps/a.

Ne8. 2 yaca.

CTaTUCTUKA HOCUTeEJIel 3apdaaa Ha IPpUMECHbIX HEHTpPax. 3aBUCHUMOCTD MOJIOKEHUS YPOBHA CDepMH OT TeMIIepaTyPphl.

Ne 9, 2 yaca.
[II0OTHOCTb COCTOSIHUM B MAarHUTHOM I10J1€e. YJIbTPAaKBAaHTOBBIUN Mpees MarHUTHbIX noJied. Popmy.ia Jiudpmuna-OHsarepa
Jlekuuu o teme 3.

Ne 10. 2 yaca.

JJIEKTPONPOBOAHOCTb U MOJBUKHOCTb. MexaHHU3Mbl paccesiHUsI HocuTesiel 3apsja. IddpekT Xosta. Ciiyyad MOHOMOJIIPHOM M OUIOJISIPHOM
IIPOBOJMMOCTH.

Ne 11. 2 yaca.

Kosnebanus oJHOMepHOU LieN0YKHU U3 0MHAKOBBIX aTOMOB U aTOMOB /IBYX TUIIOB. AKyCTHYeCKas U ONTUYeCcKasd BeTBU KoJ1e6aHUu. POHOHBL..
JleK1iuu o teme 4.

Ne 12. 2 yaca.

Cratuyeckue noJs. [lonsspusanus. YpaBHeHHe AUNOJbHOW peJlaKcaliu.

CTraTryeckast U BbICOKOYACTOTHAsA JU3JIeKTpUiecKas NpoHUIaeMocTb. KoMnsiekcHas AUaIeKTpUiecKasi IPOHULIAeMOCTh
JIeK1ium o teme 5.

Ne 13. 2 yaca.
['enepanus U pekoMOUHALUA HOCUTeJel 3apsza. BpeMa pesakcanuu. MexaHW3Mbl peKOMOWHALMU 3JIEKTPOHOB U JbIpoK. Jluddysus u apeid
HepaBHOBECHbIX HOCUTeJIer 3apsA/a B MOJYIIPOBOJHUKAX. YpaBHeHUe HellpepbIBHOCTHU. COOTHOIIeHUe JWHIITeHa.
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Jleknium o teMme 6.

Ne 14. 2 yaca.

JlebaeBa asrHa skpaHupoBaHUs. 06enHeHHbIN cioi loTTkU. PaboTa BbIX0Zja U KOHTAKTHAsA pa3HOCTb NOTEHIMAJIOB. 3aNuparolii U aHTHU3a-
nupariui ciou. bapeep loTTKU..

Ne15. 2 yaca.

p-h U epexo/ibl B NOJIYIPOBOJHUKAX. Pacnpe/esieHue 1noJist M NoTeHMajla B p-n nepexo/e. BosbT-aMnepHas v BoJbT-dapaZiHast XapaKTepH-
CTUKH p-h nepexo/1oB. TyHHe/bHBIN JUOZ,.

8. O6pa3oBaTe/ibHble TEXHOJIOTUU
[IpenosaBaHue AUCLUIIMH B pOpMe aBTOPCKUX KYpPCOB 110 IpOorpaMMaM, COCTaBJIEHHbIM Ha OCHOBE pe3yJ/IbTaTOB UC-
C/eJOBaHUM Hay4YHbIX IIKOJ PU3UYECKOT0 U XUMUUYeCKOTo ¢paKyabTeToB MI'Y.

9. Y4ye6HO-MeTOAMYECKHE MaTepHaJIbl /151 CAMOCTOATEbHON PabOThI 10 AUCHUILIMHE (MOAYJII0):
Poccuiickue KypHasbl «Pr3uka TBepZoro Tesna», «Pu3nka U TeXHHUKA MOJYNPOBOAHUKOBY, «KypHas 3KClepUMeHTaJIbHOM U TeopeTU4eCcKou
busnku», «Ycnexu GU3NYECKUX HayK». «Ycrexyu XUMUN», «Heopranudyeckue MaTepuasbl».

10. PecypcHoe obecneyeHue:
e [lepeueHb OCHOBHOM 1 BCLIOMOTraTeJbHOW yUeOHOU JTUTEPATYPhl KO BCEMY KypCy
OcHoOBHas JiuTEpaTypa

1. Y. KutTenb. BBeeHue B pu3uky TBepaoro Tesna. MockBa, Hayka, 1978.

2. JIx. Bneiikmop. ®usurka TBepaoro Tesa. MockBa, Mup, 1988.

3. H.B. Bpauar, B.A. Kyab6aurnHckuil. KBasuvacTuibl B GU3MKe KOHJEHCUPOBAHHOTO cOCTOsIHUA. MockBa, Pusmataut, 2005.

4. B.JI. bonu-bpyeBuy, C.I'KanamHukoB. Pr3uka nosynpoBoaHUKOB. MockBa, Hayka, 1990.

5.11.C. KupeeB. ®u3urka nosynpoBogHUKOB. MockBa, Briciias mkoJia, 1975.

6. K.B. llaiumoBa. ®r3uka nosynpoBoAHUKOB. MockBa, JHeproatomuszaat, 1985; C.-Iletepbypr, Jlaus, 2010.
JlonosHUTE/IbHASA JIUTEpAaTypa

1. M.M. Karanosg, U.M. Jludmui. KBasuyactuipl. MockBa, Hayka, 1989.
2. lx. 3anmMaH. [[pyuHLIMnBI TeOpUuK TBepAoro Tesa. MockBa, Mup, 1974.



3. UM. Jlupuuu, M.A. A36ennb, M.U. Karanos. ds1ekTpoHHas Teopusi MeTaioB. MockBa, Hayka, 1971.
4. 10, M. KapaoHa. OcHOBBI pU3UKHU MOJTYTIPOBOJHHUKOB. MockBa, ®usmMatiut, 2002.
5. U.M. lluannbkoBcKkUd. 30HHAsA CTPYKTypa NoJynpoBogHUKOB. MockBa, Hayka, 1978.

e [lepeyeHb HUCIOJIb3yEMbIX HHPOPMAIIMOHHBIX TEXHOJIOTHH, KCITOJIb3YEMbIX IIPH OCYIIECTBJIEHHN 06pa30BaTebHOTO MPOIlecca, BKIYas
nporpamMMHoe o6ecreyeHue, MHGpopMalMoOHHbIe ClIPaBOYHbIe CUCTEMbI (TP HEOOXOAUMOCTH):
http: //journals.ioffe.ru
e MarepHasbHO-TEXHUYECKOe obGecliedeHHe: 3aHSATHS MPOBOAATCS B 00bIYHOM ayAUTOPHUU C BO3MOXKHOCTBIO MOAK/II0OUEHUs] TEXHUKH JIJIsI
JIeMOHCTpAIUK Tpe3eHTalui

11. fI3bik npenojaBaHus — pyCCKUHU

12. [lpenogaBaTtenu:
Ps6oBa Jlroamusia UBaHOBHA, J1.¢.-M.H., mpodeccop, mila@mig.phys.msu.ru
Jpo3noB KoncrtanTuH AHjpeeBuy, K.¢.-M.H.

®oHABI OLIEeHOYHBIX CPEACTB, HE00X0AMMBIe /I OLLeHKH pe3y/IbTATOB 00y4eHus
1. IlnaHnupyeMble pe3yJsbTaTbl 00y4YeHUs NPUBEJEHBI B I1.5.

2. OOpa3ubl OLLEHOYHBIX CPECTB /IS TEKYLero KOHTPOJIS YCBOEHUd MaTepHraJa.
IIpuMepbl BONIPOCOB U 3a4a4 A/ AOMAaIUHUX 3aaaHui (I1K3)

1. OnpenenuTb WIMPUHY pa3pellieHHON 30HbI 1Sl S-COCTOSIHUM KyOHUUuecKo! pelieTKU. OrpaHUYUTBHCS B3aUMOJENCTBUEM C OJIMXKAULIUMU
coceiiMHU. OTBeT BbIPA3UTh Yepe3 UHTerpasl NepeKpbITUA U SdHEPTUI0 COOTBETCTBYIOILE aTOMHOM OPOUTAJIH.

2. TloctpouTs 3-10 30HY bpustosHa /15 IByMepHOU MPOCTOM KyOUYeCKOU pelIeTKH.

3. OueHWTDb BEJIMYMHY MAarHUTHOTO 10JIfl, B KOTOPOM MOXeT Ha0J/110jaThCA UKJIOTPOHHBIN Pe30HAHC, eC/IM BpeMsA cBO60JHOr0 npobera
3JiekTpoHa coctassseT 10-13c. CuntaTb 3¢ eKTHBHYIO MacCy U30TPONHOM M paBHOU 0.1 Macchl CBO6OJHOI0 3/1eKTPOHA.

4. OnpefenuThb TeMIepaTypHYIO 3aBUCMMOCTb I10JI03KeHNS YpoBHA PepMu B COGCTBEHHOM NOJIynIpoBoHUKe. (Bocnosb30BaThbCA ypaBHe-
HUEeM 3JIEKTPOHEHUTPaJIbHOCTH).

5. TunuyHOe 3HAYEeHUE 3JIEKTPONPOBOAHOCTHU MeTasl1a coctassieT 108 (Om M)-1. CunTas KOHLEHTPALUIO 3JIEKTPOHOB paBHOM 5 1028 M3,
OLleHUTb BpeMs peslakcaliy 0 3HepTrusM. IPPeKTUBHYIO MacCy NMOJIOKUTb PaBHOH Mo.



6. Onpenenutsb ApelPoBYIO U TENMTOBYIO CKOPOCTU 3JIEKTPOHOB B METAJLJIE, ECJIU MJIOTHOCTD 3JieKTpruueckoro Toka j=1000 A m-3. KoH1eH-

Tpanus 3J1eKTpoHOB n=5 1028 M-3, CKOJIbKO MOCTOSTHHBIX pellleTKH (a=5 A) MpoXoAUT 3JIeKTPOH, Aperdys no kpuctamiy, 3a 1 c? T=300 K.

HaliTu yacToTy, Ipu KOTOPOX HabJII0[aeTCsl MAKCUMYM Ha YaCTOTHOW 3aBUCUMOCTH TaHreHca yrJa NOTePh B AUITEKTPHUKE.

8. CBeT majjaeT Ha TOHKYIO MOJYNPOBOJHUKOBYIO MJIACTUHKY, TeHEPUPYS CBOOOAHBIE 3JIEKTPOHBI CO CKOPOCThIO Gn =1023 M3 /c. KoH1eH-
TpaLMs 3JIEKTPOHOB B TeMHOTe no = 1022 M-3. KakoBO BpeMsl KU3HU 3JIEKTPOHOB, €CJIM MPOBOJUMOCTD MJIACTUHBI yBeanuuaach Ha 0.1 %?

9. BbIpasuTh BeJIMYMHY KOHTAKTHOM Pa3HOCTU MOTEHLUAJIOB B P-N Mepexo/ie Yepe3 3Ha4eHUs COOCTBEHHOW KOHIIEHTPALUH, KOHI|eHTpa-
[JUM 3JIEKTPOHOB B N-00J1aCTU U KOHIIEHTPALUU JbIPOK B p-06J1aCTH, €CJIXU U3BECTHO, YTO NOJIyIPOBOJHUK HEBBIPOXK/EH 110 00€ CTOPOHBI
p-n nepexoja.

N

Ilo/1HBIN NepeYyeHb BOIIPOCOB K 3a4YeTy

1. OgHO3/IeKTpOHHAad 3ajayva.

2. J/7eMeHTapHble BO30YKJeHUs (KBa3U4aCTULbI).

. ®ynkuusa bsoxa.

. [lepyoUYHOCTH BOJTHOBBIX PYHKLUN U 3HEPTUH 110 KBa3WBOJIHOBOMY BEKTODY.

. [Ipnb6v>xeHue CUIBHO CBA3aHHBIX 3J1EKTPOHOB.

. [IpubavxeHue c1abou CBSA3M.

. 30HBI bpuatosHa.

. luknr4yeckre rpaHu4Hble ycaoBusA KapmaHna-bopHa.

. MeTtop adpdpekTrBHOM Macchl. IPPeKTUBHASA Macca — XapaKTEPUCTUKA 3aKOHA AUCIIEPCUU

10. [TousTue abipku. OnpefeneHue 3¢ PeKTUBHBIX MACC 3JIEKTPOHOB U AbIPOK METO/0M IIUKJIOTPOHHOI'0 pe30HaHca.
11. Bogopoionono6Hble IpUMeCHbBIE LIeHTPbI. MeJsiKue U rJy00KKe IPUMECHbIE YPOBHU B MOJIyIPOBOJHUKAX.
12. KBaHTOBaHHE 3HEPTUHU 3JIEKTPOHOB B MArHUTHOM IOJIE.

13. LlukJoTpOoHHAsA U CIUHOBAs 3P PEeKTUBHbIE MACCHI.

14. ®yHKUMSA IJIOTHOCTU COCTOSTHUM /15 KBaZ[paTUYHOT0 U30TPOMHOT0 YU HEU30TPOMHOI0 3aKOHOB JIUCIIEPCHUU.
15. Belpox/ieHHas ¥ HEBBIPOXKJeHHas CTAaTUCTUKY HOCUTeJIeH 3apa/a.

16. YabTpaKBaHTOBBIN Npezes MarHUTHBIX noJsied. Popmy.ia Jludmuna-OHsarepa.

17. 3¢ dpexT Xosna. Caydyalt MOHOMOJISIPHON TPOBOAMMOCTH.

18. 3¢ PpexT Xosna. Caydait 6UNONAPHON MPOBOAUMOCTH.

19. KosiebaHus 0JHOMEPHOU LIENOYKH U3 OJJMHAKOBbIX aTOMOB.

20. KosrebaHust 0lHOMEPHOM 11€TIOYKU U3 aTOMOB /|BYX THUIIOB.

21. AkycTuyeckas 4 ONTUYecKas BETBU KosiebaHUU. POHOHBL.

22.YpaBHeHUe JUIIOJIbHOW peslaKCalyH.

O 0 NONU bW



23. CtaTuyeckasa ¥ BbICOKOYACTOTHAsA AU3JIeKTpUUIEeCKasad IPOHULLAeMOCTh.
24. KoMniekcHasa AuaieKTpUudeckas IPOHULIAeMOCTb.

25. MexaHU3Mbl peKOMOUHAL WU 3JIEKTPOHOB U JIbIPOK.

26. lebaeBa JuiMHa 3KkpaHupoBaHus. 06egHeHHbIN cioi [loTTKH.
27.PaboTa BbIX0/1a U KOHTAKTHAsA Pa3HOCTb NOTEHLUAJIOB.

28. 3anuparlliui U aHTU3anupawun caou. bapeep lloTTKH.

29. p-n ¥ nepexoAbl B IOJYyIIPOBOJHUKAX.

MeToan4yeckue MaTepuasbl AJid IPOBeJeHUs NPOoLeAyp OLleHUBAaHUA pe3y/IbTaTOB 00y4YeHUs
3ayeT NpOBOAUTCA 110 6UJIeTaM, KaX/AblM U3 KOTOPBIX BK/IOYaeT TeOpeTU4YeCKHe BONPOChL. YPOBeHb 3HAHUM acIUpaHTa OLleHMBAeTCs Ha

«3a4TEHO», «<He3a4TeHo». OLleHKa «3a4TeHO» BbICTABJIAETCS, €CJIM 110 LIKa/le OLleHUBAHUA yYalluKhCcA JeMOHCTPUPYeT 3HaHUA YMEHUs U
BJIaJleHUs], COOTBETCTBYIOIIME KaTeropusaM 3, 4 u 5. B xozie 3aueTa, NpoBoAMMOro B popMe UHAUBUAYATBHOTO COOecel0BaHus], OLleHHU-
BaeTcsd CTeneHb CGOPMUPOBAHHOCTH «3HAaHUEBON» KOMNOHeHThl koMneTeH U YK-2, OIIK-1, [IK-1 wau [IK-16 (3HaHMe cOBpeMeHHOT0
COCTOSIHMA HayKH B 06J1aCTU MeTOZ0B HUCCJIeJ0BaHUSA NMOJIYNPOBOAHMKOB). YacTHYHO cHOPMHUPOBAHHOCTb YMEHHUS BbIOMpATh U NpUMe-
HATb B NPOJeCCHUOHAIbHOM [1eITeJIbHOCTU IKCIIepUMeHTa/IbHble U pacieTHO-TeopeTHu4yeckrue MeToAbl uccaenoBanus (OIIK-1) nposeps-
eTcs npy BelnosHeHUM [1K3 (Tekylas aTTecTanys), X olleHKa YYUThIBA€TCA KaK O/lHA U3 COCTABJAIOLMX DY BbICTaBJEHUHU 3a4eTa.

[lIkasa olleHMBaHUSA 3HAHUM, yMEHUW U HABBIKOB SIBJISI€TCS €JUHOM /1151 BCEX AWMCLUIIMH (IpUBeJieHa B TabJiulie HUXKeE)

IIIKAJIA U KPUTEPUHU OLEHHUBAHUSA PE3YJIBTATA OBYYEHHUA no aucuuniauHe (MOAyJI10)

OneHka 2 3 4 5
PesysibTaT
3HaHuUA OTtcyTcTBUE ®parMeHTapHble 3HAHUSA O61uire, HO He CTPYKTYPHUPOBaHHbIE CdopmupoBaHHbIE cCUCTEMATUYE-
3HAHUU 3HaHUA CKHe 3HaHUdA
YMmenusa OTcyTcTBHE B nesioM ycremHoe, Ho He | B mesioM ycnelHoe, HO cofiepakaliee YcneurHoe ¥ cucteMaTu4deckoe
yMeHUuH CUCTeMaTHU4yecKoe YMeHUe OT/leJIbHbIE TPo6eJsibl yMeHuUe (J10- yMeHue
IyCKaeT HETOYHOCTHA HENIPUHLUIIHU-
aJIbHOTO XapaKTepa)
HaBbiku (Biage- | OTcyTcTBUe Ha- |  Hanuuue oTAesIbHBIX Ha- B niesioM, copMrpoBaHHbIe HaBbl- ChopmMupoBaHHbBIe HAaBBbIKY, IPU-
HUS) BbIKOB BBIKOB KM, HO He B aKTUBHOU dpopMe MeHsieMble IIPU pellleHUH 33434
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