degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO
JupexTop pu3TEeX-IMIKOJIbI
3JIeKTPOHHUKH, JOTOHMKHU U
MOJICKYJISIPHOH QU3UKH

B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: ®u3nKa TBEPAOIo Tena
110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB
Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUAIIBI

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (BeceHHMI) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka k sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: B.I1. Copokun, 1-p ¢huz.-Mat. Hayk, mpodeccop

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapbl GU3UKU U XUMHH HaHOCTPYKTYp 29.05.2020



AHHOTANMA

Kypc "®wuszuka tBepmoro tena" mpeaycMaTpuBacT O3HAKOMIICHHE CTYACHTOB C OCHOBaMH ()M3HMKH TBEPAOTO
Tena, B Kypce KOTOPOIO pacCMaTpUBAIOTCS YIpPYyrue, TEIUIOBbIE, 3JEKTPUYECKHE U MarHUTHBIE CBOICTBa
UACaNbHBIX M pealbHBIX (C JedeKTamMu) KPUCTAJUIMYECKUX TBEPABIX Ted (METaJJIoOB, AMIJIEKTPHKOB,
MOJTYIPOBOJHUKOB, MAarHETUKOB) C yYETOM CTPYKTYpbl, CHMMETPUU U THIIOB XMMHUYECKUX CBSA3EH B HUX, a
Takke 0a30BbIC MPUIIOKEHUS Pa3IMIHBIX 3((EKTOB U CBOWCTB TBEPABIX TEIl.

3anaum Kypca:

* (QopmupoBaHue 6a30BBIX 3HAHWH B 00MacTH (PU3MKHU TBEPAOTO Tela KaK JUCIUIUIMHBI, HHTETPUPYIOIICH
o0mehu3nueckyto U OOIIETEOPETHYECKYI0 ITOATOTOBKY (DM3MKOB W OOECIICUHMBAIONICH TEXHOJIOTHUSCKUE
OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(ep eI TeIbHOCTH;

*  (opmupoBaHHE TpPENCTAaBICHUS O CBOMCTBAX TBEPABIX TN C yYETOM HMX CTPYKTYpbl, CHMMETPHH H
UIEKTPOHHOTO CTPOCHUS;

* MpUOOpETeHHE MPAKTUYECKUX YMEHUN U HABBIKOB B OPraHU3alMK SKCIEPUMEHTAILHOTO U TEOPETUIECKOTO
MOZEIMPOBaHUS (PU3MUECKHUX MPOIECCOB B TBEPABIX TENaX.

OcHOBHOE cofepxKaHHue Kypca U3JI0OKEHO B CIEAYIOIIUX pa3aesax:
1. MeToap! UCClIeIOBaHUS KPUCTAJUIMYECKON CTPYKTYP

Mertonbl CTPYKTYPHBIX UCCIEA0BAHUM.

OCHOBBI CTPYKTYPHOI'O aHAJIM3A.

2. CBoiicTBa TUAIEKTPUKOB
Tunel nonsipusanuy TBEpAbIX Tell. BHyTpeHHee 1noie B AUIIEKTPUKAX.
Jvanekrpudeckas penakcanus. YpaBHenue Jlebast.

3. CTpyKTypa U CUMMETPHS KPUCTAIIOB.
[IpuHLUIBI CTPOEHUS KOHJEHCHPOBAHHBIX CUCTEM.
ToyeuyHast ¥ IPOCTPAHCTBEHHAS! CUMMETPHUSIL.
Pewerku bpaga.

OOparHas pemeTka 1 30Hb bprosHa.

4. TernnoeMKoCTb AUNIEKTPUUECKUX KPUCTAIIIOB.

TemmnepaTtypHas 3aBUCUMOCTh TEINIOEMKOCTH TBEPAbIX Tel. Mojenb DWHIITeHA.
Mogens Jlebast.

AHTapMOHU3M KOJICOaHUH PEIeTKH.

5. Tumel cBsA3€H B KpUcTAIIaX
Kpucranibl HHEPTHBIX Ta30B U HOHHbIE KPUCTAILIIBI.
Kpucramib ¢ koBaleHTHOHN, METAJUTMUECKON 1 BOTOPOAHOM CBA3bI0. PocT kpucTamios.

6. Yrpyrue cBoiCTBa KPUCTAILJIOB
3akoH ['yka ns aHM30TPOITHOMN CIUIOITHON CPEJIBI.
VYnpyrue BoNHBI B Kpuctaiax. Ypasaenue Kpucroddens.

7. ®OHOHBI U KONeOaHHS PEIIETKH

Konebanust omHOMEpHOH 1IEeMOYKH.

Kosnebanust TpeXMEpHOTo KpUCTAIIa B TAPMOHUYECKOM NTPUOITHIKEHHH.
3aKoHbI AUCTIEPCHU POHOHOB.

8. JlehekThl KpUCTAIITMYECKON CTPYKTYPHI
Tunsl 1eeKToB B KpUCTaIaXx.



9. MarautHble CBOWCTBA TBEPBIX TEI

JlnaMaraeTusm.

[Tapamaruerusm.

®eppo- 1 aHTUGEPPOMATHUTHBIE COCTOSIHUSA B TBEP/BIX TEIaX.

JlomenHast cTpykTypa peppomaraetikoB. Kpupas HamaranunBanus. ['ucrepesuc.

10. HuzkoTemneparypHasi 1 BBICOKOTEMIIEpaTypHasi CBEpXIPOBOAUMOCTD
DKCIIepUMEHTAIBHBIE PE3yJIBTaThl 10 HU3KO- ¥ BEICOKOTEMIIEPATypHOM CBEPXIIPOBOANMOCTH.
Teopus ceepxnpooaumoctu bapnuna-Kynepa-lpuddepa.

11. IMomynpoBOIHUKH

CrarucTiKa 2JI€KTPOHOB B I10JYIIPOBOIHUKAX.

[MpumMecHbIe moMyIpoBOTHUKN BogopomonomnobHas Moaens.

TemneparypHble 3aBUCHMOCTHM KOHIICHTPALMM HOCHTENEH 3apsfa M IPOBOAUMOCTH B COOCTBEHHBIX H
MPUMECHBIX OIYTPOBOAHHKAX.

12. DnexTpoHbl B MeTalIax

Kitaccuueckne monenu raza cBOOOMHBIX ATeKTpoHOB (Teopust  [pyne-Jlopentna). Dddext Xomna.
Teopust 3ommepdenbaa cBOOOIHOTO MEKTPOHHOTO ra3a.

Craructuka ®epmu-Jlupaka aiis 3IEKTPOHHOTO Ta3a.

OJIeKTPOHHAS TETJIOEMKOCTb.

13. DHepreTuyueckas 30HHas CTPYKTypa

Mopnens Kponnnra-IlenHu u Moaenb mouTH CBOOOIHBIX 3JE€KTPOHOB.

DHepreTUYeCcKUil CIIEKTP COCTOSIHUNA CHIIBHO CBSI3aHHBIX 3JIEKTPOHOB.

Mertanibl, MOTyMETaIIbl, TUAIEKTPUKH U TOITYIPOBOAHUKH C TOUKU 3PEHUS 3allOJTHEHUS 30H.
[Hoepxnocts @epmu. Dddexr ae ['aaza Ban Anbdena.

1. leau u 3apauu

eap AUCUMNIMHBI
* 03HaKOMJICHHUE CTYJEHTOB C OCHOBaMH (PM3UKH TBEPOTO TENA, B KYpce KOTOPOTO PacCMaTPUBAIOTCS
yIpyTrue, TeIUIOBbIC, NEKTPUICCKUE W MATHUTHBIC CBOWCTBA MJICATBHBIX W pealbHbIX (C aedekraMn)
KPUCTaJUIMYECKHUX TBEPABIX TeN (METAIIOB, AUICKTPHUKOB, IMOJYITPOBOJIHUKOB, MATHETHKOB) C YIETOM
CTPYKTYpbI, CHMMETPUM W THUIIOB XUMHYECKHX CBSI3eH B HHX, a TaKkKe 0a30Bble MPUIOKCHUS
paznuvHbBIX Y()(HEKTOB U CBOMCTB TBEPABIX TEII.

3agaum AUCHUTLUTHHBI
. (dopmupoBaHue 0a30BbIX 3HaHMW B 007acTH (DUM3MKH TBEPAOTO Tela KaK JUCIUTUIMHBL,
HHTErpHUpYyIoLei 001mepru3nIecKyIo 1 00IIEeTeOPETUIECKYIO MOATOTOBKY (hU3UKOB 1 oOecreunBalomen
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

* (dopMupOBaHUE MPEACTABICHUS O CBOMCTBAX TBEPABIX TEJ C YYETOM MX CTPYKTYPbI, CAMMETPUH U
UIEKTPOHHOTO CTPOCHNUS;

. npuoOpeTeHne NPAKTHUYECKUX YMEHHH W HAaBBIKOB B OpPraHM3aldd AKCIEPUMEHTAIBHOTO M
TEOPETUYECKOT0 MOAETUPOBAHUS (PU3MUECKUX MPOLIECCOB B TBEPABIX TENAX.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNKIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIIeJOBAaHHN




[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

HOBBIC

HAYYHBIC PC3YyJIbTAThI

IIK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI

3HATb.

YMETB:

MECTO U pOJIb OOIIMX BONPOCOB HAYKH B HAYYHBIX HCCIICTOBAHUSIX;

COBpEMEHHBIE MPOOIIEMbI (GU3UKH, XUMHUH, MATEMATHUKH;

TEOpeTUIeCKue MoJeH (DyHAaMEHTaIbHBIX MPOIIECCOB U SBJICHUN B (PU3MKE U €€ IPUIIOKCHUSX;
HPUHIUITBI CAMMETPUH U 3aKOHBI COXPAHECHUS,

HOBCHIIIIE OTKPBITHA €CCTCCTBO3HAHUSA,

MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUSI;
0 B3aUMOCBS35X U (yHIaMEHTAJIFHOM €INHCTBE €CTECTBCHHBIX HayK.

3 (EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKJICHHUS,

YMO3aKJIKOYCHHNA, 3aKOHBI;

[IPENCTABUTh IAHOPAMy YHUBEPCAJIbHBIX METOJOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHMSI;
paborars Ha COBPEMEHHOM SKCIIEPUMEHTAILHOM 000PYI0BaHUY;
abcTparnpoBarhCsl OT HECYLIECTBEHHBIX BIMSHUN NPHU MOJAENHUPOBAHUU PEATBHBIX (PU3MUECKHX

CUTYALIUii;

IJIaHUPOBATH ONITUMAJIBHOC IIPOBECACHNUEC OKCIICPUMEHTA.

BJIAJIETh:

TUTAHUPOBAHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;

Hay4YHOW KapTHHON MUDa;

HaBBIKAMM CaMOCTOSATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM AKCIIEPUMEHTAIbHOM

000pyI0BaHNH;

MAaTeMaTU4C€CKUM MOICINPOBAHUCM (1)I/ISI/I‘IGCKI/IX 3aJaa4.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM YY€OHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Metonst HCCIIEIOBaHUS
KPUCTAJUIMYECKOH CTPYKTYp. MeTonsl
1 CTPYKTYPHBIX UCCIIETOBAHMIA. 4
OCHOBBI CTPYKTYPHOT'O aHAJIM3A.
CaoticTBa JIABIEKTPUKOB. Tunet
MOJISIPU3aLMU TBEPABIX Tell. BHyTpenHee
) 10JI€ B JU3JIEKTPUKAX. 6
Jusnexkrpuueckas penakcanusi.
VYpaBuenue [lebas.




CrpykTypa U CHUMMETPHsI KpPUCTAJIOB.
[IpuHIMIB! CTpPOEHHUSA
KOHJICHCUPOBaHHBIX cucreM. ToueuHas u
MIPOCTPAHCTBEHHAs CUMMETpHs. Pemerku
bpaBs. OOparnas pemierka M 30HBI
BbpumtrosHa.

TemnoeMKoCTh JIUDIIEKTPUIECKUX
KpHCTaJUIOB, TemmeparypHast
3aBUCUMOCTh TEIIOEMKOCTH TBEPABIX
Teix. Mopgens OnHITERHA.  Momens
Jebast. AHTapMOHU3M KoJieOaHmit
pEIIeTKH.

Tunsl cBsizeit B kpucramuiax. Kpucramisl
WHEPTHBIX Ta30B M WMOHHBIE KPHUCTAJUIBI.
Kpucramnbr c KOBAJICHTHOM,
METaJUIMYECKON M BOIOPONHOM CBA3BIO.
Poct kpucraios.

Vipyrue CBONCTBAa KPHUCTAIOB. 3aKOH
I'yka nns aHM30TPONHOM  CILIOIIHOM
cpedbl. YIpyrue BOJHBI B KpUCTaJIax.
VYpasuenue Kpuctoddens.

15

@®oHOHBI W KoneOaHUsT  PEIIETKH.
Koneoauuns OJIHOMEPHOM ICIIOYKHU.
Konebanusi TpexmepHOro Kpucramuia B
TapMOHUYECKOM TPUOIIKEHUN. 3aKOHBI
nucriepcuy (POHOHOB.

JledeKThl KpHUCTANTMIECKOH CTPYKTYPBHI.
Turbl nedexToB B KpUCTaiax.

MarautHele CBOICTBAa TBEPABIX TEIN.
Huamarnerusm. Ilapamaraetuszm. deppo-
U aHTU(EPPOMArHUTHBIE COCTOSHHUS B
TBEPIABIX Tenax. JlomeHHas CTpyKTypa
(dheppoMarHeTHKOB. Kpusas
HamarauuuBanus. ['ucrepesuc.

10

Huskoremneparypnas u
BBICOKOTEMIIEpaTypHast
CBEPXIIPOBOAUMOCTb.
OKCIIEpUMEHTAJIbHBIE  pe3ynbTarbl IO
HU3KO- u BBICOKOTEMIIEPaTypHOH
CBEPXIIPOBOAUMOCTH. Teopus
CBEPXIPOBOAUMOCTH
Bapnuna-Kynepa-Ulpuddepa.

11

[TonynpoBonHuKY. Crarucruka
3JIEKTPOHOB B MOJTYTTPOBOJHHUKAX.
IIpumecHsble HOJIYIIPOBOJHUKU
Bonopononono6xas MOJIEIb.
TemneparypHbie 3aBUCUMOCTHU
KOHLIEHTpAallMM HOCWUTENeH 3apsga u
IPOBOIMMOCTH B  COOCTBEHHBIX U
MPUMECHBIX TOIYHPOBOAHUKAX.




12

OnexTpoHbl B MeTayuiax. Kmaccuueckue
MOJENIN Ta3a CBOOOAHBIX BJIEKTPOHOB
(treopust  pynme-Jlopentna).  Dddekr
Xomna. Teopus 3ommepdenbaa
CBOOOTHOTO NIEKTPOHHOTO rasa.
CrarucTtuka ®epmu-/lupaka JUIst
JIEKTPOHHOIO  rasa. OJeKTpOHHAas
TEIIOEMKOCTb.

13

OHepreThdeckasi 30HHAs  CTPYKTYypa.
Mogens Kponunra-Ilenan u Monemnb
MIOYTH CBOOOIHBIX JJIEKTPOHOB.
OHepreT4ecKud  CHEeKTpP  COCTOSHUU
CUJIBHO CBSI3aHHBIX DJIEKTPOHOB.
Mertaibl, NOJIyMETaJlIbl, TU3IEKTPUKU U
MIOJIYIIPOBOJHUKH €  TOYKH  3pEHUS
3aI10JIHEHHUS 30H.

[ToBepxnocts @epmu. Dddext ne ['aaza
Ban Anbdena.

Wtoro wacos 60 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. MeToas! uccieoBaHus KPUCTAIUIMYECKON CTPYKTYp. MeToAsl CTPYKTYpPHBIX UCCIEOBAHMM.
OCHOBBI CTPYKTYPHOI'O aHAJIM3A.

DJIeKTpOHHAs MMKPOCKOIIUS, TYHHENIbHBI M aTOMHO-CHJIOBOW MHKPOCKOMBI, IU(PPaKIMOHHbIE
Metoabl. 3akoH  gudpakuuu  bparra-Bymeda.  Helitponorpadgus.  ODxcnepuMmeHTalbHBIC
IU(paKIMOHHBIE METOABl PEHTTCHOCTPYKTYPHOIO aHaiu3a. YcloBHe IUdpakiuu U oOparHas
pewerka. Iloctpoenwe OBanbaa. YpaBHeHust nudpakuuud Jlays. AMIDIMTYyHa paccesHHOU
(mnparupoBaHHOI) BONHBI PEHTTCHOBCKOTO HM3IYyYEHUS. DIEKTPOHHAsI MIOTHOCTh. CTPYKTYpHBIH
(akTop 6aszuca u aTOMHBII (PakTop paccesHUs. 3aKOHBI IOracaHusl.

2. CpoiicTBa AU21eKTpUKOB. TUIbI NONIpU3aLUK TBEPABIX Tel. BHyTpeHHee 1oj1e B AUANEKTPUKaX.
Jusnexkrpuueckas penakcauus. YpaBHenue JleGast.

Makpockonudeckoe anexrpudeckoe mnoiae. I[lomgpuzanus. [usnexTpudeckas BOCHPUUMYUBOCTb.
Husnexrpuueckas nponunaemMocts. Jlokansnoe none. [lone JlopenTna. MexaHu3Mbl MONApU3ALUH B
KpHUCTaj1ax c pasIUYHBIMU TUIIAMU XUMHYECKUX cBs3el. YpaBHeHue
Kiaysuyca-Mocottu-JlopenTua. DneKkTpoHHas HOJISAPU3YEMOCTb. Bsaumoneiicteue
JNEKTPOMArHUTHBIX BOJH C HWOHHBIMM KpHCTaJIaMH B HMH(ppaKpacHOW oO0IacTu CHeKTpa.
[lonepeunsle u mnpoponbHble ontudeckue QoHoHbl. IllomspuTonsl. MoHHAas NONAPU3YEMOCTb.
Cootnomienne  Jlunnena-Cakca-Temnepa.  OpueHTalMOHHas  JUIOJBHAS — MOJSPU3YEMOCTD.
Husnexkrpuueckas penakcanus. YpaBHenue JleOasi. KomiiekcHas ausnekTpuyeckas IpOHULAEMOCTb.
TaHreHc QUANEKTPUUECKUX NOTEPh. JJuanekTprudyeckue MoTepy Npyu pa3aMyuHbIX TUIIAX MOJSPU3ALIUY.
Cernero-, mMUpo- M TbHE303IEKTPUKHU. DJIEKTPOCTPUKLUS. [IpUMEHEHUS! KPHUCTAUIOB — aKTHBHBIX
JMRJIEKTPUKOB B (PpyHKIMOHANBHON CBY MHKpPOANEKTPOHHKE, aKyCTOICKTPOHHKE, MMbE30TCXHHKE,
aKyCTO- M JJIEKTPOOITHKE U CEHCOpaX.




3. Crpykrypa W CHUMMETpHs KpHCTauIOB. [IpMHIUNIBI CTPOEHUS KOHICHCHPOBAHHBIX CHCTEM.
TouyeuHast W mnpocTpaHCTBeHHass cuMMeTpus. Pemerku bBpass. OOparHas perierka W 30HBI
bpumtrosHa.

bmwkHuilt 1 nanbHUN TOPSAAOK, GYHKUIUS pagualbHOTO pachpeieseHus] YacTHILl, IPOCTPAaHCTBEHHAS
KOTEPEHTHOCTh. TpaHchsiuu. JneMeHTapHas siueiika u Oasuc. TodedHas W TPOCTPaHCTBEHHAS
cummerpust. IlpemensHble  rpynmel  cuMmMmerpuu. Ilpuanmn  cummerpun  Kropu.  Tumbt
POCTPAHCTBEHHBIX peleToK. [IpHHIUIBI IJIOTHOM M BAJIEHTHOW ynakoBOK. Muuekcel Muuiepa.
OOparHas perieTka 1 MEXIUIOCKOCTHBIE pacCTOsIHUA. 30HbI bpuiuttosHa.

4. TennoeMKoCTb IUIIEKTPUYECKHX KPUCTAJUIOB. TemmepaTypHas 3aBHCHUMOCTh TEIUIOEMKOCTH
TBepbIx Ten. Moxens DitHmTeiina. Mojens Jlebas. AHTapMOHN3M KOJIeOaHUH pelIeTKH.

TemnepaTypHast 3aBUCHMOCTh TEIUIOEMKOCTH TBepAbIX Ten. 3akoH Jromonra-Iltu. ®ynHkius
pacnpenenenuss [lnanka 1ns QoHoHOB. Mogenps DWHIITEHHA TEMJIOEMKOCTH TBEPIABIX Tedl.
[MnotHocts Mon. Iluknuveckue rpaHwuHble ycinoBusi bopHa-Kapmana. [puGnuxenue [lebas u
TEOpHUsSl TEIUIOEMKOCTH TBepAbIX Tell. Temmeparypa JleGas. AHrapmMoHu3M kojeOaHUil peIIeTKH,
TEIUIOBOE PACLIMPEHHE U TETJIONPOBOJHOCTh TBEPABIX TEll.

5. Tunsl cBs3eil B kpucramwiax. Kpucramisl MHEPTHBIX ra3oB U MOHHbBIE KpucTaiuiel. Kpucramisl ¢
KOB&JIEHTHOM, METAJUIMYECKON M BOTOPOAHOM CBA3bI0. POCT KpUCTAIIIOB.

DHeprust XuMU4ecKkor cBsi3u. Kpucramisl nHepTHBIX Ta30B. [Ipoucxoxnenue cun Ban-nep-Baanbca
— Jlonpona. Ilpupona cui orrankusanus. [Ipuauun [Taynu. [Torenunan Jlenapna-/l>xonca. MlonHsie
Kpuctamuiel. JHeprus Manenynra. Meron sideek OBbheHa. Merton OBanbna. OObEMHBI MOIYTh
YOPYrocTd KyOWYeCKMX KPUCTAJUIOB. DHEPrusl CBSI3M KOBAJICGHTHOTO Kpucramia. llomuMopdusm.
CrerneHb MOHHOCTH CBS3M B KpHUCTAJIaX OWHApHBIX COEAMHEHWU. Merayuimueckas CBS3b U €¢
0COOCHHOCTH. DHEpPrus CBsI3W MeTauioB. KpucTamuioXumMuueckne aTOMHBIE W WOHHBIC DPaHyChI.
Kpucramner ¢ BomopomabiMu cBsizsimu. [lpupoma BomopomHoit cBsizu U ee ocobeHHoctu. Poct
KpUCTAIUIOB. TeXHOJIOTMH CUHTE3a 0OBEMHBIX, TNIEHOYHBIX U OJTHOMEPHBIX KPUCTAJIIOB.

6. Yropyrue CBOWCTBA KPUCTAJUIOB. 3akoH ['yka 1y aHM30TPONHOW CIJIOLIHOM Cpenbl. YIpyrue
BOJIHBI B KpHcTasuiax. YpaBHenue Kpuctoddens.

Onpenenenne TeH3opa nedopmanmii. TeH30p MEXaHMUYECKUX HANPSHKCHUH, €ro BHYTPEHHSIS
cuMMeTpusl. 3akoH ['yka [ aHU30TPOITHON CIUIOIIHOM cpenbl. [locTosiHHBIE yIpyrol NoAaTInBOCTH
W YIPYTOH RKECTKOCTH. DHEPTUs ynpyroi aegopmaiu. TeH30p ynpyrux MoayseH /s KyOM4ecKoro
kpuctauia. OObeMHBIH MOAYJAb YOPYTOCTH W YOpPYTHMe MOCTOSIHHbIE KyOHMYecKOro KpHcCTasa.
YpaBHEHUE JIBHKEHUSI YIOPYrOW aHU30TPOIHOW CIUIOIIHOM cpefpl. TUIbl ynpyrux BOJH M 3aKOH
nucrepcuy (POHOHOB B KOHTUHYAJIbHOM HPUOIMKEHUH. DKCIIEPUMEHTAIbHOE ONPENEICHUE YIPYTHX
[IOCTOSIHHBIX.

7. ®ononsl u konebanus pewerku. Komebanus omnomepnoil nemnouku. KoneGanusi TpexmepHOro
KpHCTaJlJIa B TAPMOHUYECKOM MTPUOIMKEHNH. 3aKOHBI IUCTIEPCHU (POHOHOB.

KBanToBanue 3neprun Konebanuii aroMoB pemieTkd. KBazunmmynbc. 3aKOHBI COXpaHEHHs SHEPTHH U
ummynbca. Kasuynpyras cuna. CuitoBble nocrosuHble. KoneGanus oqHoMmepHoi nenouku. Llenouxa
c Oasucom. KonebaHus TpexMepHOro KpucTaijia B FapMOHHYECKOM NpuoOmmkeHnd. KBantoBanue
SHEpruM KosebaHuil aToMoB pemieTku. KBasunmiynbce. 3akoHBI COXpaHEHUS SHEPTHU U UMITYJIbCA.

Cemecrtp: 2 (Becennuit)

8. JlehekThl KpuCTAIIHUYECKON CTPYKTYphI. THIIBI ICEKTOB B KpHCTAILIAX.



Bakancuu: nedexrer mo lortku, nedektsr mo @penkemo. TepMomuHamMuyeckoe paBHOBECHE U
muddy3us TouedHbIX nedekToB. DHeprus aktuBauuu. VoHHas mpoBoguMocTs. LIeHTpsl okpacku B
HOHHBIX Kpuctaimax. [Iponeccel ynopsgouenus B cruaBax. Jucnokamuu. Bekrop broprepca.
I'pannub! 3epen. BinsgHue QUCIOKAMOHHON CTPYKTYpPhl HA MEXaHMUYECKHE CBOWCTBA KPUCTAJIIOB U
criaBoB. Kpusas nedopmariun pacTspkeHns. YnpodHeHue. besanciokannonHble KpUCTaIb (YChl).

9. MarautHele cBoicTBa TBepabix Ten. Juamarnetusm. Ilapamarnetusm. @eppo- u
aHTH(eppOMarHuTHBIE COCTOSIHUSI B TBEPABIX Tenax. JloMeHHas cTpykTypa (eppoMarHeTHKOB.
KpurBasg HamaranunBanus. ['ucrepesuc.

HanpsoxkeHHOCTh M MHAYKLUS MarHUTHOTO 10JIsl. MarHuTHasi BOCIPUUMYUBOCTh. HaMarHnueHHOCTb.
Huamarnetusm aromoB. llpeneccus Jlapmopa. ®opmyna JlamxkeBena. KsanTtoBas Teopus
qUuaMarHeTusMa W mnapamarserusma. 3akoH Kropu. @eppomarHetn3sMm u aHTU(EPPOMArHeTH3M.
[Mpubnmxenne MonekymsipHoro moist. Monenb Qeppomarnernsma [eiizenOepra. CrioHTaHHas
HAMarHM4eHHOCTb. TeMmmepaTypHas 3aBHCHMOCTb MAarHHUTHOW  BOCHPHUHMMYHMBOCTH  (3aKOH
Kropu-Beiicca). Touka Kiopu. Deppumarnetnku. Antudeppomarnernku. Touka Heens.
®eppomarHuTHble JoMeHbl. KpuBas HamarHM4uMBaHHUS (EPPOMATHETHKOB B IIEPEMEHHOM IIOJI€.
I'mcrepesnc. HamaranyenHocTh HachlmeHus. OcraroyHas HaMarHM4eHHOCTh. KospunTusHas cuna.

[Tpumenenust Gpeppo— u GepprUMarHUTHBIX MAaTEpUANIOB B EKTPO M PAJAUOTEXHHKE, HIEKTPOHUKE,
YCTpOHCTBaX XpaHeHU HHPOPMALIUH.

10. HwuskoremrieparypHas ¥ BBICOKOTEMIIEPATYpHAsi CBEPXIIPOBOAMMOCTh. OKCIEPUMEHTAIbHBIC
PE3yNbTaThl IO HU3KO- M BBICOKOTEMIIEPATypHOH CBEPXITPOBOAMMOCTH. Teopus CBEpXIPOBOAUMOCTH
Bapnuna-Kynepa-Ulpuddepa.

OKcIepUMEHTANIbHBIE PE3YJbTaThl MO HU3KO- M BBICOKOTEMIIEPATYPHOH CBEPXIIPOBOJUMOCTH.
Pa3pymieHne CBEpXNpOBOAMMOCTH MAarHUTHBIM TojeM. MneanbHbl anamarsHeTusm (3¢ dext
Meiiccuepa). TemoeMkocTh. DHepreTuueckas miellb. TeMiepaTypHoe MOBEJACHUE MTPOBOJUMOCTH B
BTCII. Tlomsatne o Teopun cBepxmpoBogumoctu bapnuna-Kynepa-Ulpuddepa. Dddexr
Jxozedcona. I'nmnoresst o npupoae BTCII. [IpuMeHnenns cBepXnpoBOIHUKOB B KPHOIIEKTPOHUKE U
JIEKTPOIHEPIETUKE.

11. ITonynpoBonHuku. CraTUCTUKA JIEKTPOHOB B IOIYIIPOBOAHUKAX. IIpuMecHbIE 11OIYTIPOBOIHUKU
Bonopononono6Has monens. TemmneparypHble 3aBUCMMOCTH KOHIIGHTpAalMK HOCUTENEH 3apsiga U
MPOBOIMMOCTH B COOCTBEHHBIX U IPUMECHBIX MOTYIPOBOTHHUKAX.

CoOcTBeHHbIE TOMYIPOBOAHUKY. 3ampenieHHas 30Ha. DorompoBoxuMocTb. [IpsiMble W HempsiMble
npoueccsl noromenus ¢otoHos. peiidosas ckopocts. [logBrkHOCTh. KOHLIEHTpaIUs 31IEKTPOHOB
(IBIpOK) B 30HE MPOBOIUMOCTH (BaJICHTHOH 30HE). 3aKOH JecTBYOMUX Macc. BomopoaononooHast
Mozenb. JIOHOpHBIE W aKUENTOPHbIE INPUMECH. OJIEKTPOHHass M JAbIpOYHas HPOBOAMMOCTbD.
TemneparypHasi HOHM3ALMs IPUMECHBIX IIEHTPOB. METOabl ONpe/esieHnsl 3HaKa HOCUTENeH ToKa B
nonyrnpoBogHUKax (3ddexr Xosuia, TEPMOIIEKTPOABUKYIIasi cuia). TemmeparypHasl 3aBUCHUMOCTb
MPOBOIMMOCTH B IPUMECHOM TTOJTyTIPOBOJHUKE.

[TpumeHeHHs NOTYIPOBOJHUKOB B MUKPOICKTPOHUKE, MHKEKIIMOHHBIX J1a3epax, (POTONPUEMHUKAX
U Tipeo0pa3oBaTessiX COTHEYHON SHEPTUH, CEHCOPax.

12. OmektpoHsl B Meramuiax. Kiaccudeckwe Monenu ra3za CBOOOJHBIX D3JIEKTPOHOB (Teopus
Hpyne-Jlopentna). Dddext Xomra. Teopust 3ommepdenbaa cBOOOTHOTO HIEKTPOHHOTO Ta3a.
Craructuka @epmu-Jlupaka aiist SIEKTPOHHOTO ra3a. DJIEKTPOHHAS TEIJI0EMKOCTb.

Knaccuueckne wmopmenu rasa cBOOOIHBIX 21ekTpoHOB [lpyne u  JlopeHTma. DnekTpoHHas
MIPOBOAMMOCTD, TEINIOEMKOCTh, TEMIONPOBOJHOCTh METAJUIOB. J[BI)KEHHE IEKTPOHOB B METAJIE B
MarHuTHoM moje. L{uknorponnas gacrora. Crarnueckoe Marueroconporusienue. Dddexr Xoma B
Metaiax. HecocroarenbHocTh Kinaccmueckux Mogened. Craructuka @Depmu-upaka mist
JNEKTPOHHOTrO ra3a. YpaBHeHue lllpeanHrepa u BosHOBBIE (DYHKIMH CBOOOIHBIX 3JIEKTPOHOB.
DHepreTUYecKue ypOBHM M IUIOTHOCTH 3JIEKTPOHHBIX COCTOSIHMWA. TemiieparypHas 3aBUCHUMOCThb
¢byuknuu pacnpeneneHus Depmu-Jlupaka. Dnepruss depmu U ee TeMiiepaTypHas 3aBHCHMOCTb.
[loBepxnocts PepmMu. DNEKTPOHHAs TEIJIOEMKOCTb. MoJelb METaJUIMYeCKOH MPOBOIUMOCTH
3ommepdenbaa. TermnonpoBogHOCTh MeTAIUIOB. 3akoH Bujemana-®paniia.



13. DHeprerudeckast 30HHas CTpykTypa. Monmenb Kponunra-IleHHu u Mojenb ModTH CBOOOJTHBIX
3JIEKTPOHOB. DHEPTreTUYECKUH CIIEKTP COCTOSHUM CHIIBHO CBSI3aHHBIX 3JICKTPOHOB.

Mertanbl, MOTyMETANIbl, JUIEKTPUKN U HOTYIPOBOJHUKU C TOUKH 3PEHUS 3aIIOTHEHUS 30H.
[Hoepxnocts @epmu. Dddexr ae ['aaza Ban Anbdena.

Monens Kponunra-Ilennn. Mogens noutu cBo6oanbix aekrponos (IIC3). Jndpakuust bparra mms
AIICKTPOHOB Ha TpaHuIle 30HbI bpriutiosHa. 30HbBI pa3pelIeHHbIX U 3alpeIIeHHBIX YHEPTHA B MOJCITH
[IC3. Teopema brmoxa. BomHoBoe ypaBHeHHE A7l JIEKTPOHA B MOJI€ MEPUOINYECKOrO MOTEHIINANA.
DHEepPreTHYeCKHid CIIEKTP COCTOSIHUI CHIIBHO CBSI3aHHBIX JJIEKTPOHOB (OLIEHKAa METOIOM JIMHEHHOMN
KOMOHMHAIIMU aTOMHBIX opbOutanei). DpdeKTHBHAas Macca M IIUPHUHA pa3pelieHHol 30HBL. (Cxema
npUBeIeHHBIX 30H. OCOOCHHOCTH Ha IpaHMIle 30HBI bpuintrosHa. Ynciio sHepreTHUeCKUX ypoBHEH B
30He. MeTaibl, HOIyMETaJlIbl, AUAIEKTPUKH M HOIYIPOBOIHUKN C TOYKH 3PEHUS 3alIOJHEHUS 30H.
Crpoenne mnoBepxaoctd @Depmu. Dpdexr ne [aaza- Ban AnbpenHa. DIeKTpoHBI U IBIPKH.
duznueckas uHTEpIpeTanus 3PPEKTUBHON MACCHI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa

1. Bacunesckuii A.C. ®uzuka tBepaoro tena. Yu. mocodue. 2010 .

2. bpanar H.b., Kyns0aunnckuii B.A. KBaznuactuiisl B pu3uke KOHIEHCHPOBaHHOTO cocTosHus. 2006
L.

3. 3unenxo B.U., Copoxun B.11., Typuun IL.I1. OcHoBE pu3uku TBepmoro Tena. —M.: OuzMaTiuT,
2001 r.

4. Bepemwarun U.K., Koknun B.A. u ap. @usuka tBEpaoro tena. 2-e¢ uza. ucnp.2001 .

5. Boponos B.K., [Tonomnenor A.B. CoBpemenHast pusuka. KoHaeHcHpoBaHHBIE COCTOSHUSL. Y.
noco6ue. 2008 .

JomnonHutensHas auTeparypa

1. T'mnzOypr U.®. Beenenue B pusuxy tBepmoro tena. 2003 .

2. IMaemnos I1.B., XoxnoB A.I. ®uzuka tBepaoro Tena — M: Bricmras mkomna, 2000.

3. Emvanos I'H., 3anyxussiit A.l., Ckpsitabiii B.U.,CmuproB E.A. Snenes B.H. ®usuka tBEpmoro
tena. Tom 1 cepun ®PUSUUYECKOE MATEPUAJIOBEAEHUE(Y4eOHuk asist By30B 1O OOII. pel.
b.A. Kamuaa. MU®ON,2007 .

4. Tlepnun, Baprausn, ®enopos ®uznka TBEpAOrO Tena. ONTHKA TOIYTPOBOAHUKOB, AUIEKTPUKOB,
MeTaiyioB. YuebHnoe nocobue. 2008 .

5. Cwupora JI.1. ®uzuka tBepyoro tena. COOpHUK 33134 ¢ OAPOOHBIMU penteHusMu. Uzp..2, ncnp.
2010

6. Karanos M.U. DnexTponsl, poHOHBI, MarHoHbl. U3a.2. 2008. 192 c.

7. Xypnans! no ¢usuke tBepaoro Tena (Pusuka reepaoro tena, Kpucramnorpadus, KT, ITucema B
XKT®, Physica Status Solidi b, Physical Review B u ap.)

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

JoctynHeie yepe3 Internet HayuHbIE 1 HAYYHO-TEXHHYECKHE )KYPHAIIBI, 3JIEKTPOHHBIC KOHCIICKTHI
TIEKIUH, yuaeOHble MOCoOHs U COOPHUKH 33124, pa3paboTaHHbIE JUIsl JAHHOTO Kypca.
Obecrieuenue caMOCTOSTETLHON paOoTHI - 0a3bl JAHHBIX 10 KypHanaM Physica Status Solidi b,
Physical Review



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

HE NPEAYCMOTPEHBI.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, W3ydalIUui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate m3yueHus TUCHUIUIMHBI CTYAEHT OJKEH 3HAaTh OCHOBHBIEC OMpPEIEICHUS AMCIUIIUHBL,
YMETh IPUMEHSATH TOyYCHHBIC 3HAHUS JIJISl PEIICHUS pa3InIHBIX 3a/1ad.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepwalia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeaaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS MOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amomuHaHus. [lpu
3aTPYINHEHWH W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpamiarhCs 3a KOHCYJIbTAIMSAMH K
MpenoAaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

Pa3zpaGoTunk: B.I1. CopokuH, 1-p ¢huz.-Mat. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydenus quciuiuinHbl « DU3nKa TBEPIOTO TeJay 00yJaronuics JOIKEH:

3HATh:
MECTO U pOjIb OOIIMX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUIX;
COBpEMEHHBIE TPOOIIeMbl (PU3UKH, XUMHHU, MATEMATHKH;
TEOpeTHUECKUe MoJIeTH (PyHAaMEHTAIbHBIX MIPOIIECCOB U SIBICHUN B (PU3MKE U ee MPUIIOKEHUSX;
NPUHIAITBI CAMMETPHH Y 3aKOHBI COXPAHEHHS;
HOBEHIIINE OTKPBITHS €CTECTBO3HAHMUS;
MOCTAaHOBKY Npo0IieM (pHU3NKO-XUMHIECKOTO MOJICITUPOBAHMYS;
0 B3aUMOCBSA34X U (yHIaMEHTAIbHOM €ANHCTBE €CTECTBEHHBIX HayK.
yMeThb:
3 PEKTUBHO HCIIOIH30BaTh HA MPAKTUKE TEOPETUUECKUE KOMIIOHEHTHI HAyKH: TIOHATHS, CYXKIICHHS,
YMO3aK/IIOUEHHs], 3aKOHBI;
NPE/ICTAaBUTh ITAHOPAMY YHHBEPCAIBHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM DKCIIEPUMEHTAILHOM 000PY/I0BaHUY;
a0CTparupoBarbCsi OT HECYNICCTBEHHBIX BIUSHUN MPH MOJACIHPOBAHUU PEATbHBIX (PH3HMYECKUX
CUTYAaLUI;
TUIAHUPOBATh ONTHMAJIEHOE TIPOBEICHUE IKCIIEPUMEHTA.
BJIA/IETh:
TUTAHUPOBAHHUEM, ITOCTAHOBKON M 00paOOTKOW pe3ylbTaToB (PH3HYECKOTO IKCIICPUMEHTA;
Hay4yHOH KapTUHON MUDA;
HaBBIKAMH CaMOCTOSTEIIHOH paboThl B JIAOOpAaTOpHH HAa COBPEMEHHOM JKCIIEPUMEHTAIBHOM
000pyIOBaHUY;
MaTeMaTHYeCKIUM MOJCITHPOBaHHEM (PU3NYIECKHX 3a1ad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBIfI OIIpoC B
Ha4aJIC 3aHATHA.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

Hepequb KOHTPOJIBHBIX BOIIPOCOB IAJId CAa4H ,I[I/I(l)(l)epeHLII/IpOBaHHOFO 3a4cTa:

. Tpancnsiunu. DnemeHTapHas suyeiika u 6a3uc
. TodeuHas u mpocTpaHCTBEHHAs] CHMMETPUS, KIIACChl TOYEUHON CUMMETPUU U (HeTOPOBCKUE TPYIIIBI

1
2
3. Kareropun u curronuu. IIpenensHsle rpynmnsl CAMMETPHAN, TPUHIAI cuMMeTprn Kropu
4. Tunsl IpOCTPaHCTBEHHBIX pemieToK bpasa

5

3aKOH PaLMOHAJIBHOCTH NapaMeTpoB, (EHOMEHOIOTHYECKOE M MaTeMaTHYECKOE ONpeAeieHHE
HMHJIEKCOB Muiuiepa HalpaBJIEHUH U IUIOCKOCTEN




6. OOparHas pelleTka ¥ MEXIIIOCKOCTHBIE PACCTOSTHUS
7. Slueiika Burnepa-3eitrua. 301 bpummosna

8. Meronsl MHKPOCTPYKTYPHBIX MCCIEIOBAHUN: 3JEKTPOHHAS MMKPOCKOIUS, TYHHEJbHBIM U
aTOMHO-CHUJIOBOM MHUKPOCKOTIBI, TU(PPAKINOHHBIE METOABI

9. 3akon aupakuun bparra-Byneda. ['pannisl npuMeHuMocTr

10. DxcniepuMeHTaNbHbIe TUPPAKIHOHHBIE METOABI PEHTTEHOCTPYKTYPHOTO aHATIH3a
11. YenoBue nudpakuun u oOparHas pemerka. [loctpoenne JBanbaa

12. YpaBuenus audpaxuun Jlays

13. IlpencraBneHne O cuiax CBSA3M OEKTPOCTATHUECKOM M KBaHTOBO-MEXaHUYECKOH MPUPOABI.
OcHoBHBbIE yCIIOBUS 00pa30BaHUS KPUCTAILIOB

14. DHeprusa xumudeckol cBsi3u. Kpuctamnsl nHepTHBIX ra3oB. [Ipoucxoxaenne cuin Ban-nep-Baanbca
— Jlonmona

15. Ilpupona cun orrankuBanud. [Tpunuun [laymu. ITorennman Jlenapnaa-J{xoHca

16. Hounsie kpuctamisl. OHeprusi Manenynra. OObeMHBI MOAYNIb YOPYTOCTH KyOHMYECKHX
KpPUCTAJUIOB

17. DHeprusi KoBaJIeHTHOrO Kpuctaiuia. CTerneHb HOHHOCTH CBS3M B KpUCTaIaX OWHApPHBIX
COEIMHEHU I

18. Merammndeckue KpUCTAJIBI. MeTtamanyeckas CBA3b M €€ OCOOCHHOCTH. BHCPFI/IH CBsA3HU
METAJINIMYCCKOIo Kpucrajjia

19. Kpucraiisl ¢ BonopogHbpIMU cBsi3siMu. [Ipupoaa BomqopoaHO# CBS3H U ee 0COOCHHOCTH
20. KantoBanue 3Hepruu KoJieOaHUH aTOMOB PEIICTKA

21. Heynpyroe paccesiHue (hOTOHOB U HEUTPOHOB Ha aKycTU4eckux (hoHoHax. KBasunmmynbce. 3aKOHBI
COXpaHEHHUsI PHEPTUU U UMITYJIbCa

22. Heynpyroe paccesHue HEHTpOHOB Ha ()OHOHAX KaK METOH H3ydeHHs (POHOHHOTO CIIEKTpa B
TBEpIBIX TeJIax

23. KBasuynpyras cwia. CuaoBbie IOCTOSHHBIE. YPaBHEHHE JBUKEHHS aTOMHOM TJIOCKOCTH

24. 3aKoH JUCTIEPCUU B clydae KojeOaHUs PEIIeTKH OJMHAKOBBIX aTOMOB

25. Tlepras 30Ha bpummosna. B3zanmocssi3b 30H bprimosHa ¢ TumaMu o0paTHOH penieTku

26. OcobeHHOCTH KoJleOaHui pelIeTKH Ha TPaHuIle 30HbI bpuinosHa

27. KontuHyanbHOE pUOIIKEHIE

28. Konebanus MPUMUTHUBHOW peUIETKH ¢ JAByMsl aromMamu B Oasuce. ONTHYECKHE W aKyCTUYECKHE
¢ononusle BeTBU. [IpenenpHas yacToTa aKkyCTHUECKOM MOJBI. 3alperieHHas 00JacTb 4acToT

29. TemneparypHas 3aBUCUMOCTb TEIUIOEMKOCTH TBEPABIX Tell. 3akoH rononra-IItu

30. ®ynukuus pacupenenenus [Inanka amns hoHOHOB. Momens DUHINITEHHA TEMIIOEMKOCTH TBEPIBIX TEI
31. lIpubnuxenune Jlebast 11 aKyCTUYECKUX TUIOB KOJeOaHHU TBEPIOTO TeJa

32. [InotHOCTh oHOHHBIX MoA. Lluknnueckue rpannynbie ycinoBus bopua-Kapmana

33. Teopus TeroemMkocTH TBepAbIX Ten Hedas. Temneparypa [dedas

34. AHrapMoHu3M KosebaHuit pemeTku. TernoBoe pacupesue

35. TermonpoBOJHOCTb TBEPABIX TEI

36. Onpenenenue TeHzopa nedopmanuii. beckoneuHo mainble u kKoHeUHbIE nedopmammu. OTHOPOIHEIE
Y HEOJHOPOAHBIE AedopMauu

37. Tenzop MexaHMYECKUX HANPSKEHUH, €T0 BHYTPEHHSISI CHMMETPHS

38. 3akoH ['yka /11 aHU30TPOITHOM CIIJIOIIHOM Cpebl

39. IlocTostHHBIE YIPYTO MOJATAUBOCTH U YIPYTOH KECTKOCTH

40. DHeprus ynpyroi nedopmanun

41. Tensop ynpyrux Moxynei ainst Kyondeckoro kpucramia. OObeMHBIH MOAY/Ib YIPYTOCTH M YIPYTHe
MOCTOSIHHBIE KyOUYEeCKOTO KpUCTaJlIa

42. YpaBHEHME JBHKEHUS YIIPYTON aHU30TPOITHON CIUIOITHON CPEIb

43. VYpaBuenus Kpuctodpdens. Ckopoctn ynpyrux BOJH M KOHCTAHTBI YIPYTOCTH KyOHWYECKOTO
KpHUcCTaJuia

44. YpaHenust MakcBesia JiJIsl ONMCAHUS CBOMCTB IUANIEKTPUKOB

45. MakpoCKOIIMU€CKOe U MUKPOCKOIIMYECKOE IEKTPUUECKUE TI0JIS B AUIIEKTPUKE
46. lonspuzanus. [lonsipusainoHHble 3apsiibl

47. lnaaexTpudeckast BOCIPUUMYHBOCTD. JudeKTpruueckast MpOHUIIAEMOCTh

48. ITone JlopenTia. CBsA3b MaKpoO- ¥ MUKPOCKOIIMYECKUX CBOMCTB IUANEKTPUKOB
49. Ypasuenne Kiaysuyca-MocotTtu-Jlopentua



50. MexaHu3Mbl OJIIPU3ALMY B KPUCTAIUIAX C PA3JIMYHBIMU TUIIAMU XMMUYECKUX CBsI3EH
51. DnexTpoHHas nonspu3anys (craTudeckas MoJIpU3yeMoCThb, YaCTOTHAsI 3aBUCHMOCTB)

52. BzaumojeiicTBHe NMEKTPOMArHUTHBIX BOJH C MOHHBIMH KPUCTAJUIAMU B MH(PaKpacHOi oOiacTu
CIEKTpa

53. Nonnas nomnsipuzanus (craTHyecKkas moJIIpu3yeMoCTb, YaCTOTHAS 3aBUCUMOCTD)

54. Coornomenue Jlunnena-Caxkca-Temnepa

55. lunonbHas ynpyras nojsipusanus (Ioaspu3yeMoCcTh, TeMIepaTypHasi 3aBUCIMOCTb)
56. lnznexrpuyieckas penakcanus. YpaBHenue lebas

57. KoMIuiekcHast TUJIEKTpUYecKas IPOHULIAEMOCTh

58. TaHreHC TUANEKTPUIECKUX NTOTEPD

59. JInanekTpryeckue MOTepH NpH Pa3INYHbIX TUIAX MOJPU3aLUN

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHaA:

1. Tunuunsie cBoiicTBa MeramwioB. Kiaccuueckue monmenu raza cBOOOTHBIX 3JEKTpOHOB [pyne u
Jlopentua

2. DneKTpoHHas IPOBOAUMOCTb, TEMNIOEMKOCTb, TEIJIONIPOBOJHOCTh METAJIIIOB

3. HecocTosATenpHOCTh KJIACCHUYECKUX MOeNen

4. Craructuka ®epmu-Jlupaka ass 3I€KTPOHHOTO Tra3a

5. VYpasuenwue lllpeaunrepa u BomHOBBIE (DYHKIIMK CBOOOJHBIX AIIEKTPOHOB. DHEPreTHUECKHE YPOBHU
Y IUIOTHOCTb 3NEKTPOHHBIX COCTOSHUI

6. Temneparypnas 3aBucuMOCTb QyHKIMH pacnpeneneHust Gepmu-npaxa

7. Oueprus @epmu. [losepxuocts Depmu

8. DneKTpoHHAs TEIIOEMKOCTh U €€ CPAaBHEHHE C PEILIETOYHOHN TEIIOEMKOCTHIO

9. Mogenp MeTalIMYeCKON MPOBOIMMOCTH B KBAHTOBOM IpUOIkeHNH 3omMmepdenbaa

10. TeronpoBogHOCTH MeTAIIOB. 3akoH Buiemana-Opanma

11. OTpaxeHune 3JIeKTPOMAarHUTHBIX BOJIH OT MeTajuia. [1na3sMeHHble KoeOaHus AEeKTPOHHOTO ra3a
12. Teopema bnoxa

13. BonHOBOE ypaBHEHHE AJIs JICKTPOHA B M0JI€ MIEPUOIUUECKOTO OTECHIIMATIA

14. Mogenb mouTH cBOOOIHBIX 3JIEKTPOHOB

15. DHepreTuuecKkuil CIEKTP COCTOSHUIM CUIIBHO CBSI3aHHBIX AJICKTPOHOB

16. DddexTrBHAA Macca U IUPHHA Pa3pEIICHHON 30HbI

17. udpakuus bparra i 3neKTpoHOB Ha rpaHule 30Hb bpuinosna

18. Cxema mpuBEJEHHBIX 30H

19. Yucno 3HEpreTHYecKux ypoBHEN B 30HE

20. MeTanbl, mOIyMeTasuIbl, AUIIEKTPUKH U OTYIPOBOJHUKH C TOUYKH 3PEHHS 3aII0THEHUS 30H
21. Ilpumepsl 30HHBIX CTPYKTYp (anmas, rpadur)

22. Ctpoenue nosepxHoctu GepMu 1 METOABI €€ UCCICAOBaHM (LMKIOTPOHHBIN pEe30HaHC, 3aTyXaHHe
YIBTpa3ByKa)

23. Ddodexr ne ['aza- Ban Anbdena

24. JluHaMHKa IBW)KEHUS 3JIEKTPOHOB. DJIEKTPOHBI U JBIPKU

25. dusnueckas uHTEpHpeTanus 3PPEKTUBHON MacCh

26. TepmoanexTpoHHas amuccus. 3akoH Puyapacona-Jlpmmana

27. DAEKTPOCTaTUIECKOE IKPAaHUPOBAHUE

28. DAEKTPOH-3IIEKTPOHHBIE CTOJIKHOBEHHUS

29. JIBuxeHue 371eKTPOHOB B MeTajlle B MarHUTHOM noje. [lukinorponHas yacrora

30. CraTnueckoe MarHeToCOIPOTHUBIICHHUE

31. DnexTpoH-GOHOHHOE B3aUMOJICHCTBHE B KOBAJICHTHBIX KPUCTAILIAX

32. leopmanmonHblil moTeHIHaNI. DIEKTPOH-(POHOHHOE B3aUMOACHCTBHE B MOHHBIX KpUCTaJIax
33. Ilorennman @penuxa. [Tonsponst

34. Dddexr Xonna B MeTammax

35. CoOcTBeHHBIE MTOTYNPOBOIHUKH. HekprcTaminueckie noxynpoBOJHUKH

36. 3ampenieHHas 30Ha

37. ®OTONPOBOAUMOCTD



38. [IpsiMble 1 HENMPSMBIE MTPOIECCHI TTOTIOMICHUS! (POTOHOB

39. DKCUTOHBI

40. TenmoBas u apeiidoBasi CKOPOCTH AEKTPOHOB. [ToBMKHOCTD
41. 3aK0oH IEUCTBYIOMIMX Macc

42. JIoHOpHBIE U aKIENTOPHbBIE TPUMECH

43. Mopenb BOZOPOAONIOA00HOTO aToMa JJIsl IPUMECHOTO IIEHTpa
44. DnexTpoHHas U ABIPOYHAs MPOBOAUMOCTD

45. TemneparypHast HOHU3AIUS TPUMECHBIX [ICHTPOB

46. Metonpl ompeneicHUs 3HAKAa HOCUTENEH Toka B monynpoBoaHukax (dddekr Xomna,
TEPMODBJIEKTPOABMIKYIIIAs CHIIA)

47. TemrnieparypHas 3aBUCUMOCTb IPOBOAUMOCTH B IPUMECHOM IOJIYIIPOBOIHUKE
48. bapwep LloTTkN

49. 48.21eKTPOHHO-IBIPOYHBIE (P-N) MEPEXOIbI

50. ITomynpOBOAHUKOBBIE TETEPOCTPYKTYPHI

51. YpaBHeHna MakcBesuia Juisi MarHETHKOB

52. HanpskeHHOCTh U MHAYKIIMS MATHUTHOTO TTOJIS

53. MaruuTHas BOCIpUAMYUBOCTh. HamMarHnueHHOCTh

54. Ina-, mapa- u peppoMarHeTHKH

55. JIlnamarnetusm aromoB. IIpeneccus Jlapmopa

56. ®opmyna JlankeBeHa. DIEKTPOHHBIN napaMaraeTusM. 3akoH Kiopu
57. ®eppomarueTusm U aHTH(GeppoMarHeTu3M. MoJeKyIsapHoe Hoe.

58. CrnoHTaHHass HaMarHMYEHHOCTh. TemmeparypHas 3aBUCHMOCTb MAarHUTHOW BOCHPUHUMYHBOCTH
¢deppomarueTnkoB (3akoH Kiopu-Beiicca). Touka Kropu

59. Mogens peppomarnern3ma [ erizenOepra. OOMeHHOE B3auMoJIeiicTBHE
60. CriiHOBBIE BOJIHBI (MArHOHBI)

61. Jlomensl. KpuBast HaMaranuunBanus (heppOMarHeTHKOB B IiepeMeHHOM Tone. KodpuutusHas cuia u
THCTEPE3UC

62. ®eppumarneruku. Autudeppomaraetuku. Touka Hemst

63. SnepHbli MarHUTHBIM PE30OHAHC. YPABHEHUS [BIXKCHUS JJIA SAEPHONM HaMarHM4EHHOCTH.
CnuH-penieToyHas pejaxcalus

64. YpaBuenus bnoxa. llluprHa pe3oHaHCHOM TUHUN

65. ®eppoMarHUTHBIN pe30HaHC

66. DNEeKTPOHHBIN MTapaMarHUTHBIA PE30HAHC

67. NudpakpacHas CieKTPOCKOIHS TBEPIBIX TEI

68. IMormomenune UK uznydenus Ha KoebaTeIbHBIX MEPExXo1ax

69. 1K cniekTpsl 1 MUKPOCKOMTUYECKHE TAPaMETPHI ITOJIOCHI ITOTIIOIICHHUS

70. KoMOnHannoHHoe paccesiHue cBeta (KjIacCHu4ecKoe ONMMcanue)

71. Pesynwratsl kBanToBOM Teopun KPC. Tenzop KPC. ITapamerps! konebanwmii u3 cnekrpos KPC
72. IlpaBuna ordopa anst caMMeTpun Konebanwuii, aktuBHbIX B UK 1 KPC

73. Meronsl knmaccubukanmu koneObanuid. OOmui Mmerton baraBantama. MeToa TO3UIIMOHHOM
CHMMETPUH

74. 3aBUCHMOCTD CIICKTPa OT MCXAHUYCCKUX HaHpH)KeHI/Iﬁ. FI/II[pOCTaTI/I‘leCKOG JaBJICHHC

75. OmpeneneHue CTPYKTypbl KPUCTAJUIOB MO KOJICOATEIbHBIM CIIEKTpaM. XapaKTePHCTHUECKUE
4acTOThI KoJeOaHuil B CIIEKTpax

76. JlokanbHble Kosebanus. Pesonancnoe KPC

77. I'mrantckoe (ycuinennoe nosepxuocteio) KPC (SERS)

78. l'mneprombuHanmonnoe paccesiaue ceera (I'KP)

79. OcoOeHHOCTH ONTHYECKON CIIEKTPOCKOITMH HAHOCTPYKTYP

80. ®oHonbI B HaHOCTpYKTypax. KoHdaitnmeHnT ¢poHoHOB. [loBepxHOCTHBIE (DOHOHBI
81. CBepxpemnieTku

82. CnoxeHue 30H

83. ®onon-(hoHOHHOE B3auMojieiicTBre. KyOnueckas aHrapMOHHYHOCTh

84. budononsr. depmu-pe3oHaHc

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.



[Ipumep 1.
1. 3anpeniennas 30Ha

2. Jlomensl. KpuBast HamaruuuuBanus peppomMarHeTukoB B epeMeHHoM nosie. KosprurusHas cuma u
THUCTEPE3UC

[Ipumep 2.
1. ¥paBuenus bnoxa. HlupuHa pe3oHaHCHON JTMHUH
2. Hamps>KeHHOCTh M MHAYKIIHAS MarHUTHOTO MO

Kpurepuu onieHuBanus
Ouenka ommuno 10 OamoB - BBICTABIISICTCS ~ CTY/ICHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEJIMETHOH 00IAaCTH, MPOAEMOHCTPUPOBABIIEMY YMEHUE YBEPEHHO M TBOPYCCKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Ouenka ommyHO 9 OalmoB -  BBICTABISCTCS  CTYIEHTY, NOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HPUHATHIX PELICHUAMN.
Ouenka ommmuHOo &  0GanoB - BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UeTaMHu.
Ouenka xoporio 7 6aj0B - BBICTABISETCS CTYAEHTY, €CIIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U TI0
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha INPAKTUKE, HO HEIO0CTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
OtmeHka xopomro 6 0ajoB - BEICTABISCTCS CTYACHTY, €CIIM OH TBEPIO 3HAET Marepuall, IPaMOTHO H 110
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
Ouenka xopouro 5 6anoB - BBICTABISETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HAeT Marepual, rpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT MPUMEHSTh NOJTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOTUYECTBO HETOYHOCTEH.
OueHka yIOBIETBOPUTENbHO 4 0anma - BBICTABIAETCS CTYAEHTY, NOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO MPAaBHWIBHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapyLIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasna, HO P 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOydeHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yIOBIETBOPUTENbHO 3 0ana - BBICTABIAETCS CTYAEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS TalbHEHIIero o0y4eHus 1
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.
OueHka HEYIOBJIETBOPUTENBHO 2 0ajla - BBICTABISACTCSA CTYAEHTY, KOTOPBIM HEe 3HaeT OoJblIel 4acTH
OCHOBHOTO cOJepXaHUsl y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOIYyUYEHHbIC 3HAHUS NPH PEIICHUN
THUIIOBBIX 33/1a4.
OreHka HEyHOBICTBOPUTENBHO | Oan - BBICTABIACTCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cojiep )KaHusl y4eOHOW MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesiome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

I[lpu mpoBenernn yctHOro UG QGEPEHIMPOBAHHOTO 3adeTa M dK3aMeHa oOydJaromemycs
npepocrasisiercss 30 MuHYT Ha moarotoBky. Ompoc oOywaromerocs 1Mo OWIeTy Ha yCTHOM
audGepeHIIMPOBAHHOM 3a4eTe U 9K3aMEHE HE JOJDKEH IPEBBILIATh OJHOTO ACTPOHOMHUYECKOTO Yaca.



