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)

o AMCHUIIJIMHE: duzuka TBCPAOIro TCJjIa
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadenpa QU3NKU ¥ XUMHUA HAHOCTPYKTYP

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrostensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au4. ex.: 3

[Iporpammy cocraBui: B.I1. CopokuH, n-p ¢pu3z.-mar. Hayk, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl GPU3UKU 1 XUMUHA HaHOCTPYKTYp 29.05.2020



AHHOTANMA

Kypc "®usuka tBepmoro tena" mpemycMarpuBaeT O3HAKOMIIEHHE CTYJCHTOB C OCHOBAaMHU (PM3UKH TBEPIOTO
Tena, B Kypce KOTOPOIO pacCMaTpUBAIOTCS YIIPYTUe, TEIUIOBbIE, IEKTPUYECKHUE U MarHUTHBIE CBONCTBA
uAeanbHBIX M peanbHbIX (C nAedeKkraMu) KpUCTAIMYECKHX TBEPABIX Tel (METaJJIOB, AMAJIEKTPHKOB,
[OJIyIIPOBOJHUKOB, MarHETUKOB) C YYETOM CTPYKTYpbl, CAMMETPUU U THIIOB XUMHUYECKHUX CBA3E€H B HUX, a
Takke 0a30BbIC MPUIIOKEHUS Pa3IMIHBIX 3((EKTOB U CBOWCTB TBEPABIX TEIl.

3anaum Kypca:

* ¢opmupoBaHne 0a30BBIX 3HAHWN B 001acTH (M3HWKH TBEPJOTO TeNa KaK JUCIUILUINHBI, HHTETPUPYIOIICH
o0me(hM3nUecKyt0 U OOIIETEOPETUIESCKYI) TMOATOTOBKY (DM3WKOB ¥ OOECIEUMBAIONIEH TEXHOJIOTUYCCKUC
OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(ep eI TeIbHOCTH;

*  (opmupoBaHHE NpEACTABICHUS O CBOIMCTBAaX TBEPHABIX TEJI C YYETOM HX CTPYKTYpPbl, CUMMETPUH U
UIEKTPOHHOTO CTPOCHUS;

* MpUOOpETeHHE MPAKTUYECKUX YMEHUN U HABBIKOB B OPraHU3aLMH SKCIEPUMEHTAIBHOTO U TEOPETUUECKOTO
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. HuskoreMniepaTypHasi ¥ BICOKOTEMIIEPATypHasl CBEPXIIPOBOIUMOCTD

OKCcIepUMEHTAJIbHBIE PE3YJIbTaThl 110 HU3KO- U BEICOKOTEMIIEPaTypHON CBEPXIIPOBOIAUMOCTH.

Teopus ceepxnpooaumoctu bapnuna-Kynepa-lpuddepa.

11. IMomynpoBOIHUKH
CrarucTuka JIeKTPOHOB B MOJTYIPOBOTHHUKAX.

[MpumMecHbIe moMyIpoBOTHUKN BogopomonomnobHas Moaens.

TemneparypHble 3aBUCUMOCTH KOHLICHTPALIMM HOCHUTENEH 3apsjia M TPOBOJUMOCTH B COOCTBEHHBIX H

MNPHUMCECHBIX IMOJYIIPOBOAHUKAX.

12. DnexTpoHbl B MeTalIax

Kitaccuueckne monenu raza cBOOOMHBIX ATeKTpoHOB (Teopust  [pyne-Jlopentna). Dddext Xomna.

Teopust 3ommepdenbaa cBOOOIHOTO MEKTPOHHOTO ra3a.

CraTucTrka q)epMI/I—I[I/IpaKa AJId 3JICKTPOHHOTO T'a3a.

BHGKTpOHHaH TCIINIOEMKOCTBD.

13. DHepreTuyueckas 30HHas CTPYKTypa

MO):[GJ'H) KpOHI/IHFa—HeHHI/I 1 MOACJb IIOYTH CBOGOI[HI:IX QJICKTPOHOB.

3HepFeTI/ILIeCKI/Iﬁ CIICKTP COCTOSIHMI CHJILHO CBSI3aHHBIX OJICKTPOHOB.

MeTaJ’IJ’IBI, NOJIYMCTAJUIbL, JUDJICKTPUKHU U MMOJYIIPOBOAHUKU C TOYKH 3PpCHUA 3alIOJIHCHUA 30H.

[Hoepxnocts @epmu. Dddexr ae ['aaza Ban Anbdena.

1. leau u 3apauu

eap AUCUMNIMHBI

*  03HAaKOMJICHHE CTYACHTOB C OCHOBaMH (PM3UKU TBEPAOIO Teja, B Kypce KOTOPOTO PaccMarpuBaroTCs
yIpyrue, TeIUIOBbIe, MEKTPUUECKUEe U MarHUTHBIC CBOMCTBA MJEANbHBIX M pealbHBIX (C JedeKTamMu)
KPUCTAJUIMYECKUX TBEPABIX TeJ (METAJUIOB, AUAIEKTPUKOB, MOIYIPOBOJHIUKOB, MAaTHETHKOB) C YU4ETOM
CTPYKTYpPbI, CUMMETPUH U THIIOB XHUMHMYECKHX CBsI3e B HHX, a TaKke O0a30BbIe IPHIOKECHUS
pa3nuyHbIX 3((EKTOB U CBOWCTB TBEPIABIX TEJI.

33]13‘[]([ JAUCHUIIINHBI

. dbopmupoBaHre 0a30BbIX 3HaHMW B 00NMacTH (U3MKK TBEPAOrO Tella Kak JUCIMILIIMHEI,
HHTETrpUpYIOLIeH 001e(U3NIECKYIO U 00IIETEOPETUYECKYIO MOATOTOBKY (PU3HKOB M 00ECIIeUnBaIOLICH
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

* (opMHpOBaHME NPEJCTABIECHHUS O CBOWCTBAX TBEPABIX TEJI C yUYETOM MX CTPYKTYphl, CHMMETPHUHU H

OJICKTPOHHOT'O CTPOCHUA;

. NpuOOpETeHNE NPAKTUYECKHMX YMEHHH M HaBBIKOB B OpPraHM3aLMU 3KCIIEPHUMEHTAIBHOTO W
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

IIK-1 Ciocoben craBuTh, (hOPMaIN30BEIBATE U

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH




pemarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIIEeI0BaTh MaTEMaTHYECKHE MOIETH
U3y4aeMblX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYUYHbIE PE3ysIbTaThl

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

3HATb.

YMETh

MCCTO U POJIb O6H_II/IX BOIIPOCOB HAYKHU

NPUHLUITEI CAMMETPUH U 3aKOHBI COXP
HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,
MOCTaHOBKY MPo0eM (pU3HKO-XUMHUE

Ooooooo

B HAYYHBIX UCCJICAOBAHUAX,

COBpPEMEHHBIE MTPOOTIeMbl PU3UKH, XUMHH, MATEMATHKH;
TEOpeTUIeCKUe MoJenH (PyHIaMEHTAIbHBIX MPOIECCOB U SABICHUN B (PU3KKE U €€ IPUIIOKCHUSX;

aHCHUS,

CKOI'0O MOACIINPOBAHUA,

O B3aMMOCBA3AX U (I)YH,I[aMeHTaJILHOM CANHCTBC CCTCCTBCHHLIX HAYK.

[l a¢pdexTHBHO HCIONB30BATh HA MPAKTHKE TEOPETHUECKNE KOMIIOHEHTHI HAyKH: IOHATHS, CYKICHUS,

YMO3aKJIKOYCHHNA, 3aKOHBI;

[J mpeacraBuTh NaHOPaMy YHHUBEPCAJIbHBIX METOAOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHUS;
[J paboTarh HAa COBPEMEHHOM 3KCIIEPUMEHTAIBHOM 000pYIOBaHUU;

0
CUTYALIUii;

abCcTparnpoBarhCsl OT HECYIIECTBEHHBIX BIMSHUM NPU MOJECIMPOBAHHM PEAIbHBIX (PU3NUECKUX

[J maHMpOBATh ONTHUMAJIBLHOE IPOBEIEHUE IKCIIEPUMEHTA.
BJIaJIETh:

|
0
|
000pyI0BaHNH;

Hay4YHOW KapTHHON MUDA;

TUTAHUPOBAaHUEM, TIOCTAHOBKOHM U 00pabOTKON pe3yabTaToB (PU3NUECKOTO IKCIIEPUMEHTA;

HaBBIKAMM CaMOCTOSTENBHONH paboThl B J1a0OpaTopuy HAa COBPEMEHHOM JKCIEPUMEHTAIbHOM

[J MareMaTH4ecKHM MOJeMpoBaHreM QU3NICCKUX 3a7ad.

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.

Tema (pazmen) TUCITUTUTHHEL

CamocT.

Jlexnun
H pabora

CeMuHapsI

JlaGopar. paboTsr

MeTtonapl HCCIICIOBAHMS
KPUCTAJUIMYECKOU  CTPYKTYp. Mertoabl
CTPYKTYPHBIX UCCIIETOBAHMIA.

OCHOBBI CTPYKTYPHOTO aHAJIN3A.

CaoticTBa JIABIEKTPUKOB. Tunet
MOJIApU3allii TBEPABIX Tell. BHyTpeHHee
10JI€ B JU3JIEKTPUKAX.
Judnexrpuaeckas
VYpaBuenue [lebas.

peiakcamus.




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
Teir. Mogens  OiHmTeiHa. Monenb
Jebast. AHTapMOHU3M KoJIeOaHMi
pEIIeTKH.

Tunsl cBsizeit B kpuctamiax. Kpucramibt
WHEPTHBIX Ta30B M WMOHHBIE KPHUCTAJUIBI.
Kpucramnbr c KOBAJICHTHOM,
METaJUIMYECKON M BOJOPOAHOM CBSI3BIO.
Poct kpucraios.

VYipyrue CBONCTBAa KpPHCTAIIOB. 3aKOH
I'yka nnd aHM30TPONMHOM  CILTOIIHOM
cpedbl. YIpyrue BOJHBI B KpHCTasllax.
VYpasuenue Kpuctoddens.

15

@®oHOHBI W KoneOaHUsT  PEIIETKH.
KoneGanusi ~ ogHOMEpHOW  LETIOYKH.
Konebanust TpexmMepHOro KpucTauia B
FapMOHUYECKOM NPUOIIKEHUH. 3aKOHBI
nucriepcuy (POHOHOB.

JledeKTsl KpHCTAITUIECKOH CTPYKTYPBHIL.
Turbl nedexToB B KpUCTaiax.

MarautHele CBOICTBa TBEPIABIX TeEI.
Huamarnerusm. Ilapamarnetuszm. deppo-
U aHTU(QEPPOMATHUTHBIE COCTOSIHHA B
TBEPIABIX Tenax. JloMeHHas CTpyKTypa
(dheppoMarHeTHKOB. Kpusas
HamarauuuBanus. ['ucrepesuc.

10

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

11

[TonynpoBonHuKY. Crarucruka
3JIEKTPOHOB B MOJTYTTPOBOJHHUKAX.
IIpumecHsble HOJIYIIPOBOJHUKU
Bonopononono6xas MOJIEIb.
TemneparypHbie 3aBUCUMOCTHU
KOHLIEHTPAallMl HOCHUTEJNEW 3apiga u
IPOBOIAMMOCTH B  COOCTBEHHBIX H
MPUMECHBIX TOIYHPOBOAHUKAX.




12

OnexTpoHbl B MeTamax. Kiaccuueckue
MOJENIM Ta3a CBOOOAHBIX JIEKTPOHOB
(reopust  [pynme-Jlopentma).  Dddekr
Xomna. Teopus 3ommepdenbaa
CBOOOTHOTO NIEKTPOHHOTO rasa.
CrarucTtuka ®epmu-/lupaka TSt
JIEKTPOHHOIO  rasa. OJeKTpOHHAas
TEIIOEMKOCTb.

13

OHepreTudeckasi 30HHAs  CTPYKTypa.
Mogens Kponunra-Ilennn u mMopens
MIOYTH CBOOOHBIX 3JIEKTPOHOB.
OHepreT4eckud  CHEKTpP  COCTOSHMM
CUJIBHO CBSI3aHHBIX DJIEKTPOHOB.
Mertauibl, OJIyMeTasllbl, IU3IEKTPUKU U
MIOJIYIIPOBOJHUKH €  TOYKH  3pEHUS
3aI10JIHEHHUS 30H.

[ToBepxnocts @epmu. Iddexr 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.

DJIeKTPOHHAsT MMKPOCKOIUS, TYHHENBHBI M aTOMHO-CHJIOBOM MHKPOCKOIBI, JU(PAKINOHHbIE
Metonbl. 3akoH  gudpakuuu  bpoarra-Bymeda.  Helitponorpadms.  DkcriepuMeHTalIbHBIE
TUPPaKIMOHHBIE METOABl PEHTTEHOCTPYKTYPHOTO aHaju3a. YCIOBHE ITUQPpPaKIud W oOparHas
pewerka. Iloctpoenwe Oanpma. VYpaBHenuss audpakuum Jlays. Ammiauryga paccesiHHOM
(mnparupoBaHHOI) BOJHBI PEHTTEHOBCKOTO W3JIYYCHHUsS. JJNEKTPOHHAs IUIOTHOCTh. CTPYKTYypHBIN
(akTop 6aszuca u aTOMHBII (PakTop paccesHUs. 3aKOHBI IOracaHusl.

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

Makpockonudeckoe anexrpuueckoe mose. Ilomspuzanus. Jluanexrpuueckass BOCIHPUUMYHUBOCTD.
Husnexrpuueckas nponunaemMocts. Jlokansnoe none. [lone JlopenTna. MexaHu3Mbl MONApU3ALUH B
KpHUCTaj1ax c pa3IuYHbBIMU TUIIAMU XMMHYECKUX CBsI3ell. YpaBHeHue
Kiaysuyca-Mocottu-JlopenTua. DJeKTpoHHas IIOSPU3YEMOCTB. Bsaumoneiicteue
JNMEKTPOMArHUTHBIX BOJH C HOHHBIMH KpHUCTaJlaMM B HH(]paAKpacHOH 001acTH CHeKTpa.
[lonepeunsle u mnpoponbHble ontudeckue ¢GoHoHbI. [lomsputonsl. MoHHAas HOISIPU3YyEMOCTD.
Cootnomienne  Jlunnena-Cakca-Temnepa.  OpueHTalMOHHAass  JUIOJBHAS — TOJSPU3YEMOCTb.
Husnexrpuueckas penakcauus. YpaBHeHue [ebas. KommiuekcHas quaneKTpuieckas MpoHUIIaeMOCTb.
TaHreHc qU3IEKTpUUECKUX NOTEPh. J(UaIeKTpUUecKre NOTEPU IIPU Pa3IMYHbIX TUIIAX MOJSIPU3ALIUY.
Cernero-, mUpO- U MHE30VICKTPUKHU. DIEKTPOCTpUKUUA. lIpuMEHEHHS KPUCTAJUIOB — AKTUBHBIX
JMDJIEKTPUKOB B (QyHKIHMOHANBHOH CBY MHKPOSIEKTPOHHUKE, aKyCTOIEKTPOHHKE, MhE30TEXHUKE,
aKyCTO- M JJIEKTPOOITHKE U CEHCOpaX.




3. CrpykTypa M CHUMMETPHUS KpUCTAJUIOB. I[IpHMHLIMIIBI CTpOEHHMS KOHACHCHUPOBAHHBIX CHCTEM.
ToueuHass W mnpocTpaHCTBeHHass cuMMeTpus. Pemetku bpaBs. OOpaTHas pemieTka W 30HBI
bpumtrosHa.

bmwkHuilt 1 nanbHUN TOPSAAOK, GYHKUIUS pagualbHOTO pachpeieseHus] YacTHILl, IPOCTPAaHCTBEHHAS
KOTEPEHTHOCTh. TpaHCIsAIUKU. JJeMeHTapHas sdeiika u Oasuc. TodeyHas W mpocTpaHCTBEHHAs
cummerpus. IlpenensHble  rpymmbel  cumMmeTpud.  Ilpunmun  cummerpun  Kropu.  Tunsl
POCTPAHCTBEHHBIX peleToK. [IpHHIUIBI IJIOTHOM M BAJIEHTHOW ynakoBOK. Muuekcel Muuiepa.
OOparHas perieTka 1 MEXIUIOCKOCTHBIE pacCTOsIHUA. 30HbI bpuiuttosHa.

4. TennmoeMKoCTb AMINEKTPUUECKUX KpHUCTAIIIOB. TeMieparypHas 3aBHCHMOCTb TEIUIOEMKOCTH
TBepbIx Ten. Moxens DitHmTeiina. Mojens Jlebas. AHTapMOHN3M KOJIeOaHUH pelIeTKH.

TemnepaTypHast 3aBUCHMOCTh TEIUIOEMKOCTH TBepAbIX Ten. 3akoH Jromonra-Iltu. ®ynHkius
pacnpenenenuss [lnanka pist ¢oHoHoB. Mopens OHHINTEHHAa TEIUIOEMKOCTH TBEPABIX TeEIl.
[MnotHocts Mon. lluknudeckue rpaHuuHbie ycioBus bopua-Kapmana. [Ipubmkenune Jlebas u
TEOpHUsl TEIUIOEMKOCTH TBepIbIx Tenl. Temmneparypa [eOas. AHrapMoHM3M KoJIeOaHHUN PEILIETKH,
TEIUIOBOE PACLIMPEHHE U TETJIONPOBOJHOCTh TBEPABIX TEll.

5. Tunsl cBs3edt B kpuctaiuiax. Kpucramisl MHEPTHBIX I'a30B U MOHHbBIE KpucTasuibl. Kpucramisl ¢
KOB&JIEHTHOM, METAJUIMYECKON M BOTOPOAHOM CBA3bI0. POCT KpUCTAIIIOB.

OHeprust XuMu4eckor cBsi3u. Kpucramibl mHepTHBIX ra3oB. IIpoucxoxaenue cun Ban-nep-Baansca
— Jlonnona. Ilpupona cui orrankusanus. [Ipuauun [Taynu. ITorenunan Jlenapna-/lxonca. MlonHbie
Kpuctamiel. DHeprus Manenynra. Metox sueexk OBbeHa. Metox OBampaa. OObeMHBIA MOIYIb
YOPYrocTd KyOWYEeCKHMX KPUCTAIUIOB. DHEPrUsl CBSI3W KOBaJeHTHOro Kpuctaia. [lomumopdusm.
CrerneHb MOHHOCTH CBS3M B KpHUCTa/UIaX OWHApHBIX CcoequHEHWH. MeTammudeckas CBSI3b U ¢
O0COOCHHOCTH. DHEpPrus CBSA3M METAUIOB. KpHCTaNIOXMMHUYEeCKHEe aTOMHBIE W HOHHBIC PajinyChl.
Kpucramier ¢ BogopomHsiMu cBsi3siMH. llpupoma BomopomHol cBs3m W ee ocobeHHoctu. Poct
KpUCTAIUIOB. TeXHOJIOTMH CUHTE3a 0OBEMHBIX, TNIEHOYHBIX U OJTHOMEPHBIX KPUCTAJIIOB.

6. Ymopyrue cBoiicTBa KpHUCTAJIOB. 3akoH ['yka Al aHM30TPONHOHN CIUIOIIHOM cpensl. Ympyrue
BOJIHBI B KpHcTasuiax. YpaBHenue Kpuctoddens.

Onpenenenne TeH3opa nedopmanmii. TeH30p MEXaHMUYECKUX HANPSHKCHUH, €ro BHYTPEHHSIS
cuMMeTpusl. 3akoH ['yka [ aHU30TPOITHON CIUIOIIHOM cpenbl. [locTosiHHBIE yIpyrol NoAaTInBOCTH
W YIPYTOH KECTKOCTH. DHEpTUs ynpyroi nedopmanuu. TeH30p ynpyrux Moayiei A KyOU4ecKoro
kpuctauia. OObeMHBIH MOAYAb YHPYTOCTH M YIPYTHE IOCTOSHHBIE KyOMYECKOro KpHUCTallia.
YpaBHEHUE IBHXKECHMSI YIPYTOM aHHW30TPOIHOM CIUIOIIHOW cpenbl. THIBI yHIPYrux BOJH U 3aKOH
nucriepcuy GOHOHOB B KOHTHHYaJIBHOM MPUOIMKEHUH. DKCIEPUMEHTAIBHOE ONPEAETICHHE YIPYTUX
[IOCTOSIHHBIX.

7. ®ononsl u konebanusi pewmerkd. Konebanus onmHomepHoil nenouku. KonebaHusi TpexmepHOro
KpHCTaJlJIa B TAPMOHUYECKOM MTPUOIMKEHNH. 3aKOHBI IUCTIEPCHU (POHOHOB.

KBanroBanue 3nepruu xosnebanuii atToMoB petieTk. KBazunmirysnbe. 3aKOHBI COXPaHEHUS! YJHEPTUN U
umiynbca. Kasuynpyras cuna. Cunosbsle noctostuable. Konebanust onHomepHoit nenouku. Lemouka
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: nedexrtsr mo Llortku, medexrsr mo ®penkenro. TepMoanHAMHUYECKOE PaBHOBECHE H
muddy3us TouedHbIX nedekToB. DHeprus aktuBauuu. VoHHas mpoBoguMocTs. LIeHTpsl okpacku B
HOHHBbIX Kpuctaiuax. I[Iponeccel ynopspgoueHuss B cruiaBax. [ucnokanuu. Bekrtop broprepcea.
I'pannub! 3epeH. BiusHue OUCIOKaMOHHON CTPYKTYpbhl HA MEXaHMYECKUE CBOWCTBAa KPHUCTAJUIOB U
criaBoB. Kpusas nedopmariun pacTspkeHns. YnpodHeHue. besanciokannonHble KpUCTaIb (YChl).

9. MarautHele cBoMcTBa TBepablx Ted. JuamarHetusm. Ilapamarnetusm. ®eppo- u
aHTH(eppOMarHUTHBIE COCTOSHHSI B TBEPABIX Tenax. JloMeHHas CTpyKTypa (eppoMarHeTHKOB.
KpurBasg HamaranunBanus. ['ucrepesuc.

HanpskeHHOCTh ¥ MHAYKIUS MAarHUTHOTO 10JIsl. MaruuTHasi BOCIPUMMYUBOCTh. HaMarHnmueHHOCTB.
Huamarnetusm aromoB. llpeneccust Jlapmopa. ®opmyna JlamxkeBena. KgaHToBas Teopus
OyaMarHeTusMa W mnapaMaraerusma. 3akoH Kropu. @eppomarHeTn3sm U aHTH(EPPOMArHETU3M.
[Mpubnmxenne wmosekymsipaoro mossa. Mopenb ¢eppomarHernsma [eizenOepra. CroHTaHHAs
HAMarHU4eHHOCTb. TeMmmepaTypHas 3aBHCHMOCTb MAarHUTHOM  BOCHPHUMYHBOCTH  (3aKOH
Kroopu-Beiicca). Touka Kriopu. @eppumarnernku. AnTudeppomarHetukn. Touka Heens.
®deppomarHuTHble JoMeHbl. KpuBasg HamarHu4MBaHUs (EPpPOMArHETHKOB B IIEPEMEHHOM IIOJIE.
I'mcrepesnc. HamaranyenHocTh HachlmeHus. OcraroyHas HaMarHM4eHHOCTh. KospunTusHas cuna.

[Tpumenenust ¢peppo— n GepprUMarHUTHBIX MAaTEpUaAIOB B EKTPO M PAAUOTEXHHKE, NICKTPOHUKE,
YCTpOHCTBaX XpaHeHU HHPOPMALIUH.

10. HwuskoreMmrieparypHas W BBICOKOTEMIIEpAaTypHas CBEPXIIPOBOAMMOCTb. OJKCIIEPUMEHTAIbHbBIE
PE3yNbTaThl 0 HU3KO- U BHICOKOTEMIIEPATYPHOU CBEPXIPOBOAUMOCTH. Teopusi CBEpXIPOBOIUMOCTH
Bapnuna-Kynepa-Ulpuddepa.

OKCIEepUMEHTANIbHBIE PE3YJIbTaThl [0 HHU3KO- W BBICOKOTEMIIEPATypHOW CBEPXIPOBOAMMOCTH.
Pa3pymieHne CBEpXNpPOBOAMMOCTH MAarHUTHBIM MojieM. MieanbHbl auamarseTusMm (3¢ dext
Meiiccuepa). TerioemMkocTh. DHepreTuueckas 1enb. TeMrneparypHoe MOBeIeHHE MPOBOAUMOCTH B
BTCII. Tlomsitue o Teopum cBepxnpoBoauMoctu bapauna-Kynepa-lllpuddepa. Dddexr
Jxozedcona. ['mnotessr o nmpupone BTCIL. [IpumeneHus: cBepXIpOBOAHUKOB B KPUOIJIEKTPOHHUKE U
JIEKTPOIHEPIETUKE.

11. ITonynpoBoaHuku. CTaTUCTUKA IEKTPOHOB B IIOJIYNPOBOAHUKAX. [IpuMecHbIe MOIyIpOBOAHUKH
Bonopononono6Has monens. TemmneparypHble 3aBUCMMOCTH KOHIIGHTpAlMM HOCHUTENEH 3apsiga H
MPOBOIMMOCTH B COOCTBEHHBIX U IPUMECHBIX MOTYIPOBOTHHUKAX.

CoOcTBeHHbIE TOMYIPOBOAHUKY. 3ampenieHHas 30Ha. DorompoBoxuMocTb. [IpsiMble W HempsiMble
npoueccsl noromeHus potoHoB. peiidonas ckopocts. [logsmxHoCcTh. KoHLIIEHTpaLus 31€KTPOHOB
(IBIpOK) B 30HE MPOBOAUMOCTH (BaJIGHTHOW 30HE). 3aKOH JAeWCTBYIONMX Macc. BomopoomnonooHast
Mozenb. JIOHOpHBIE W aKUENTOPHbIE INPUMECH. OJIEKTPOHHass M JAbIpOYHas HPOBOAMMOCTbD.
TemneparypHasi HOHU3aLMs PUMECHBIX LIEHTPOB. METOIbI ONpeaeseHNs 3Haka HOCUTEIeH TOKa B
nonyrnpoBogHukax (3ddexr Xosuia, TEPMOAIEKTPOABUKYLIas cuia). TemreparypHas 3aBUCHUMOCTD
MPOBOIMMOCTH B IPUMECHOM TTOJTyTIPOBOJHUKE.

[TpumeHeHHs NOTYIPOBOJHUKOB B MUKPOIEKTPOHUKE, HHKEKIIMOHHBIX Ja3epax, (hoTompreMHHUKaX
U Tipeo0pa3oBaTessiX COTHEYHON SHEPTUH, CEHCOPax.

12. OnexktpoHbl B MeTamnax. Kiaccuyeckue MOJETU Ta3a CBOOOAHBIX JJIEKTPOHOB (Teopus
Hpyne-Jlopentna). Dddext Xomra. Teopust 3ommepdenbaa cBOOOTHOTO HIEKTPOHHOTO Ta3a.
Craructuka @epmu-Jlupaka aiist SIEKTPOHHOTO ra3a. DJIEKTPOHHAS TEIJI0EMKOCTb.

Krnaccuueckne wmopenu ra3a cBOOOAHBIX dnekTpoHOB Jlpyme wu  JlopenTma. DnekrpoHHas
MPOBOJUMOCTB, TEIFIOEMKOCTh, TEIJIONIPOBOAHOCTh METAIJIOB. JIBI)KEHHE SJIEKTPOHOB B METaJlIC B
MarHuTHoM moje. L{ukinorponHas yactora. Crarnyeckoe Marerocomnporusienue. Dddexr Xomna B
Metaiax. HecocroarenbHocTh Kiaccudyeckux Mognened. Craructuka @Depmu-Hupaka ans
JNEKTPOHHOTrO ra3a. YpaBHeHue lllpeanHrepa u BosHOBBIE (DYHKIMH CBOOOIHBIX 3JIEKTPOHOB.
DHepreTU4ecKue ypOBHH M IUIOTHOCTH 3JEKTPOHHBIX COCTOSHMA. TemreparypHas 3aBUCHMOCTh
¢bynknuu pacnpeneneuus depmu-Jlupaka. Dueprus @epmMu u ee TemreparypHas 3aBUCHMOCTb.
[loBepxHocts DepmMu. DNEKTPOHHAS TEIIOEMKOCTb. Monenb MeTaIMYECKOH MPOBOAUMOCTH
3ommepdenbaa. TermnonpoBogHOCTh MeTAIUIOB. 3akoH Bujemana-®paniia.



13. Dueprerndeckast 30HHas cTpykrypa. Mozaens Kponunra-lleHHH W MOJeNb MOYTH CBOOOIHBIX
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-Ilenan. Mogens moutu cBoOoaHbIX 31ekTpoHoB ([1CD). dudpakuus Bparra mis
SNIEKTPOHOB Ha TpaHMIle 30HBI bpriuttosHa. 30HBI pa3pelIeHHBIX U 3alPEUICHHBIX SHEPTUi B MOACITH
[IC3. Teopema broxa. BomHoBoe ypaBHEHHE AJisl JIEKTPOHA B TOJIE TIEPUOANYECKOTO MOTEHIIMAIA.
DHepPreTHYeCKHid CIIEKTP COCTOSIHUI CHIJIBHO CBSI3aHHBIX JJIEKTPOHOB (OLIEHKAa METOIOM JIMHEHHON
KOMOMHAIIMU aTOMHBIX opOwuraneii). JddekTuBHas Macca W NIMPUHA pa3pemieHHON 30HBI. Cxema
npUBeIeHHBIX 30H. OCOOCHHOCTH Ha rpaHHIe 30HbI bprumosHa. Yucao SHepreTHYecKux ypoBHEH B
30He. MeTasuisl, MOTyMETAIIbl, JUIIEKTPUKU U TOIYIPOBOAHUKHN C TOUKH 3PEHUS 3alIOJHEHUS 30H.
Crpoenne mnoBepxHoctu Depmu. Dddexr ne l'aaza- Ban Anbdena. DIeKTpOHBI U ABIPKH.
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)

CryaeHT, W3ydalIuid AWCIHILIAHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM IMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OIpeNeTeHUs AUCIUILINHBI,
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 Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeaaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MpenoAaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

KBau(pukanus: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

Pa3zpatGoTunk: b.I1. CopokuH, 1-p ¢pus.-mMat. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTreMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus qucuiuinHbl « DU3nKa TBEPIOTO TeJay 00yJaronuiCs JOIKEH:

3HAThb:

MECTO U pOJib OOIINX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUAX;

COBpPEMEHHBIE MPOOTIeMbl PU3UKH, XUMHUH, MATEMaTHUKU;

TeopeTUYecKue MoJenH (PyHAaMEHTaIbHBIX NIPOIIECCOB U SIBICHUN B (PU3NKE U €€ MPUIIOKECHUSX;
MPUHLUIIBI CAMMETPHH U 3aKOHBI COXPAaHEHHUS;

HOBEWIIINE OTKPBITUS €CTECTBO3HAHUS;

MOCTAHOBKY MPO0JIeM (PU3UKO-XMMHUYECKOTO MOJICIMPOBAHUS;

0 B3aUMOCBS35X U (PyHaMEHTAJIbHOM €IMHCTBE €CTECTBEHHBIX HayK.

Oooooooo

yMeThb:
[l a¢ddexTHBHO HCIONTB30BaTh HA MIPAKTHKE TEOPETHYSCKIE KOMIIOHEHTHI HAYKH: TIOHSATHS, CYKICHUS,
YMO3aK/IIOUEHHs], 3aKOHBI;
[l mpeacTaBUTh NAaHOpaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHUS;
[J paboTarh HAa COBPEMEHHOM KCIIEPUMEHTAIEHOM 000PY/IOBaHHY;
[} aOcTparupoBarhCsi OT HECYHIECTBEHHBIX BIMSHUI NMpPU MOICITUPOBAHHH PEATBHBIX (DU3UUECKUX
CUTYAaLUiI;
[l ITaHUPOBATh ONTUMAJIBHOE MPOBEICHUE IKCIIEPHUMEHTA.

BJIA/IETh:
[l IIaHUPOBAaHUEM, IIOCTAHOBKOW M 00Pa0OTKOM pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
[J Hay4YHOU KapTUHOH MUpa;
[l HaBBIKAMH CaMOCTOSTEILHOW paboThl B J1TaOOpaToprM HAa COBPEMEHHOM JKCICPUMEHTAILHOM
000pyIOBaHUY;
[l MareMaTHYeCKUM MOJICITHPOBAHHEM (PH3HUYCCKHX 3a/ad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcepurajia npoOBOAUTCH YCTHBIfI OorpocC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBLIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

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

1. Tpancmsiunu. DnemeHTapHas a4yeiika u 6a3uc

2. ToueuHas U MPOCTPAHCTBEHHAs] CHMMETPUS, KIACChl TOYEYHON CUMMETPUU U HEeIOPOBCKUE TPYIIIBI
3. Kareropun u curronuu. IIpenensHsle rpynmnsl CAMMETPHAN, TPUHIAI cuMMeTprn Kropu

4. Tunsl IpOCTPAaHCTBEHHBIX pemieToK bpasa



5. 3aKkoH palMOHAIBHOCTH TapaMeTpoB, (EHOMEHOJOTUYECKOE W MaTeMaTHYeCKoe OIpesielieHHe
HHJIEKCOB Muiliepa HanpaBieHUH U TIOCKOCTEH

6. OOparHas peleTka 1 MeXIIIOCKOCTHBIE PACCTOSHUS
7. Sluetika Burnepa-3eiitua. 3onbl bpummosna

8. Meroasl MHKpPOCTPYKTYPHBIX HCCJIEIOBaHUI: 3JEKTPOHHAs MUKPOCKOINHWS, TyHHEIbHBIH U
aTOMHO-CHJIOBON MUKPOCKOIIBI, TU(PPAKIIIOHHBIE METObI

9. 3akon gudpaxnuu bparra-Bynega. I'panuiiel mpuMeHUMOCTH

10. DxcniepuMeHTaNbHbIE TUPPAKIIMOHHBIE METOABI PEHTTEHOCTPYKTYPHOTO aHATH3a
11. Yenosue nudpakiun u ooparHas pemerka. [loctpoenne IBanbaa

12. YpaBuenus audpaxun Jlay?

13. IlpencraBneHue o cujax CBSA3H JJIEKTPOCTATHUECKONM M KBAaHTOBO-MEXaHHMUYECKOH MPUPOIBI.
OcHOBHBIE ycTIOBHS 00pa30BaHMs KPUCTAIIIIOB

14. Dueprus xumudeckoil csa3u. Kpucramnsl uHepTHBIX ra3oB. [Ipoucxoxnenue cuin Ban-gep-Baanbsca
— Jlonnona

15. Ilpupona cun orrankuBanud. [Ipunnun [laymu. [lorenuman Jlenapaa-J{xonca

16. Hounwbie kpuctamnbsl. JHeprusi Mangenynra. OObeMHBIH MOIYIbh YIPYTOCTH KyOMUECKHX
KPHUCTAJIIOB

17. Dueprus koBalieHTHOro Kpucramia. CTeneHb HOHHOCTH CBS3W B KPUCTAUIaX OWHAPHBIX
COEIMHEHUN

18. Meramnueckue KpUCTaIbl. MeTamudeckas CBsi3b M €€ OCOOCHHOCTH. ODHEpTus CBSI3U
METaJJIMYECKOr0 KpucTaia

19. Kpucraiisl ¢ BonopogHsiMu cBsi3siMu. [Ipupona BonopoaHoil cBA3H U ee 0COOCHHOCTH
20. KBanroBanue 3Hepruu KojieOaHuii aTOMOB PELIETKU

21. Heynpyroe paccesiarie (OTOHOB M HEHTPOHOB Ha aKyCTHYEeCKUX (hoHOHAX. KBasummmynbc. 3aKOHBI
COXpPaHEHHUS SHEPTUHU U UMITYIIbCa

22. Heympyroe paccessHue HEWTPOHOB Ha (POHOHAX Kak MeETOA M3yueHHs (DOHOHHOTO CIEKTpa B
TBEPABIX TEIax

23. KBasuynpyras cuna. CuioBble IOCTOSIHHBIC. YpaBHEHHUE ABMKECHHSI aTOMHOM TIIOCKOCTH
24. 3akoH AUCHIEPCUH B clydae KojeOaHMs PEIIeTKH OAMHAKOBBIX aTOMOB

25. IlepBas 30Ha bpumtiosna. Bzaumocss3b 30H bpuimiosHa ¢ TumaMu o0paTHON pereTku
26. OcobeHHOCTH KOsleOaHU PELIeTKH Ha rpaHulie 30Hb bpunosna

27. KontunyansHO€ IpUOIIKEHIE

28. Konebanus MpUMHUTHUBHOW PELIETKH C ABYMs aroMamMHu B Oaszuce. ONTHYECKHE M aKyCTHYECKUE
¢dononnble BeTBU. [IpenenbHas yacToTa akyCTHUECKOH MOJBI. 3anpelieHHast 00J1acTh 4acToOT

29. TemneparypHas 3aBUCUMOCTbH TEIIJIOEMKOCTH TBEPABIX Tell. 3akoH Jrononra-IItu

30. ®dynkuums pacnpenenenus [lnanka st oHoHoB. Mosens DWHINTEWHA TEMII0OEMKOCTH TBEPABIX Tell
31. [Ipubmmxenue Jlebast 1uist aKyCTUYECKUX THUIIOB KOJeOaHWiA TBEPJIOTO Tea

32. [InotHOCTH hoHOHHBIX MO, [{uknnueckue rpannynbie ycinoBus bopua-Kapmana

33. Teopus TermoeMKoCcTH TBepAbIX Ten ebdas. Temneparypa Jlebast

34. AHrapMOHU3M KosieOaHui perieTku. TeroBoe pacuuperue

35. TenaompoBOAHOCTH TBEPBIX TEI

36. Onpenenenue TeHzopa aedopmanmii. beckoneuno mainbie U kKoHeuHbIe aedopmanun. OTHOPOAHEIE
1 HEOIHOPOAHbIE eopMannuu

37. TeH30p MEXaHUYECKHUX HAMPSDKEHUH, €r0 BHYTPEHHSISI CHMMETPUS

38. 3akoH ['yka 17151 aHU30TPOMHOM CIUIOIIHOM CpeIbl

39. IlocTostHHBIE YIPYTOW MOJATIANBOCTH U YIPYTOU KECTKOCTH

40. DHeprus ynpyroit nedpopmannu

41. Tenzop ynpyrux Moayaei st kyoudeckoro kpucramia. OObeMHBIA MOIYIb YIPYTOCTH U YIPYTHUeE
MOCTOSTHHbIE KyOHMUECKOTO KpHCTalIa

42. YpaBHEeHHE JBWKEHUS YIIPYTON aHU30TPOITHON CIUIOITHON CPE/Ib

43. VYpauenuss Kpucrtodpdens. CrkopocTH ymnpyrux BOJH M KOHCTAHTBHI YNPYTOCTH KyOHUYECKOTO
KpHCTaJlIa

44. YpaBpaenust Makcpeiuia Jyisl ONUCaHUsI CBOMCTB IUAJIECKTPUKOB

45. MakpOCKONMYECKOE U MUKPOCKOITUYECKOE DIEKTPUUECKHUE OIS B IUJICKTPUKE
46. Ionspuzanus. IlonspusainoHHbIE 3apsiIbl

47. JusnexTpudeckasi BOCOPUUMYUBOCTD. JIunleKTprudecKas NpOHUIAEMOCTh



48. ITone JlopenTia. CBsA3b MaKpO- ¥ MUKPOCKOIIMYECKUX CBOMCTB IUANEKTPUKOB

49. Ypasuenne Kiaysuyca-MocotTtu-Jlopentua

50. MexaHU3MbI MOJSIPU3ALMU B KPUCTAJUIAX C PA3IMYHBIMH THIIAMH XMMUYECKUX CBSI3€H
51. DnexTpoHHas noaspu3anys (craTudeckas MoJIpU3yeMOoCThb, YaCTOTHAsI 3aBUCHMOCTB)

52. B3aumMojeiicTBHE 3MEKTPOMArHUTHBIX BOJH C MOHHBIMH KpUCTAJIJIaMH B WH(ppaKpacHOU obmactu
CIEKTpa

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

54. Coornomenue Jlunnena-Caxca-Temnepa

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

57. KoMIuiekcHast TUJIEKTpUYecKas IPOHULIAEMOCTh

58. TaHreHC TUANEKTPUIECKUX NTOTEPD

59. JlnanekTpruyeckue MOTepH NpH Pa3IMYHbIX TUIAX MOJIIPU3aLUuN

Hepequb KOHTPOJIbHBIX BOIIPOCOB IJId CAAYM 5K3aMCHaA:

1. Tunuunele cBoicTBa MeTaiuioB. Kiaccudyeckue MoAenu rasa CBOOOAHBIX 3JEKTpoHOB [pyne u
Jlopentua

2. DneKTpoHHas IPOBOAUMOCTb, TEMNIOEMKOCTb, TEIJIONIPOBOJHOCTh METAJIIIOB

3. HecocTosATenpHOCTh KIIACCUYECKUX MOZeNen

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

5. VYpasuenue llpeaunrepa v BOMHOBBIC PYHKIIMH CBOOOJHBIX 3JIEKTPOHOB. DHEPTETHUECKUE YPOBHU
Y IUIOTHOCTB 3IEKTPOHHBIX COCTOSHUI

6. Temneparypnas 3aBucuMOCTb QyHKIMH pacnpeneneHust Gepmu-nupaxa

7. Oueprus @epmu. [losepxuocts Depmu

8. DneKTpoHHAs TEIIOEMKOCTh U €€ CPAaBHEHHE C PEILIETOYHOHN TEIIOEMKOCThIO

9. Mogens MeTaluIMYeCKON MPOBOIMMOCTH B KBAaHTOBOM IpuOImkeHNH 3ommepdenbaa

10. TeronpoBogHOCTH MeTAIIOB. 3akoH Bujemana-Dpanma

11. OTpaxeHune 3JIeKTPOMAarHUTHBIX BOJIH OT MeTajuia. [1na3sMeHHble KoieOaHus AeKTPOHHOTO ra3a
12. Teopema bnoxa

13. BonHOBOE ypaBHEHHE AJIs JICKTPOHA B M0JI€ MIEPUOIUUECKOTO OTECHIIMATA

14. Mogenb mouTH cBOOOIHBIX 3JIEKTPOHOB

15. DHepreTuuecKkuii CIEKTP COCTOSHUM CUIBHO CBSI3aHHBIX AJICKTPOHOB

16. DddexTrBHAA Macca U IUPHHA Pa3pEIICHHON 30HbI

17. udpakuus bparra i 3neKTpoHOB Ha rpaHuLe 30Hb bpuiniosna

18. Cxema mpuBEJEHHBIX 30H

19. Yucno 3HEpreTHYecKux ypoBHEHN B 30HE

20. MeTanbl, mOIyMeTasIbl, AUAIEKTPUKH U MOTYIPOBOJHUKH C TOUYKH 3PEHHS 3aII0THEHUS 30H
21. Ilpumepsl 30HHBIX CTPYKTYp (anmMas, rpadur)

22. Ctpoenue noBepxHocTy DepMu U METOIBI €€ HccieI0BaHus (LIMKJIOTPOHHBINA PE30HAHC, 3aTyXaHHe
YIBTpa3ByKa)

23. Ddodexr ne ['aza- Ban AnbdeHa

24. JluHaMHKa IBWXKEHUS JIEKTPOHOB. DJIEKTPOHBI U JBIPKU

25. dusnueckas uHTEpHpeTanus d3PPEKTUBHON MacCh

26. TepmoanexTpoHHas amMuccus. 3akoH Puyapacona-Jlpumana

27. DAEKTPOCTaTUIECKOE FIKPAHUPOBAHUE

28. DAEKTPOH-3IIEKTPOHHBIE CTOJIKHOBEHHUS

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

30. CraTnueckoe MarHeTOCOIPOTUBIICHHUE

31. DnexTpoH-)OHOHHOE B3aUMOJICHCTBHE B KOBAJICHTHBIX KPUCTAIIIAX

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 TTOTIONICHUST (POTOHOB

39. DKCUTOHBI

40. TenmoBas u apeitdoBasi CKOPOCTH AEKTPOHOB. [T0BMKHOCTD
41. 3aK0oH IEWCTBYIOMINX Macc

42. JIoHOpHBIE U aKIENTOPHBIE TPUMECH

43. Mopenb BOZOPOAOTIOA00HOTO aToMa JJisl IPUMECHOTO IIEHTpa
44. DnexTpoHHas U ABIPOYHAs MPOBOAUMOCTD

45. TemneparypHast HOHU3AIUS TPUMECHBIX [ICHTPOB

46. Metonpl ompesaercHUs 3HAaKa HOCUTENed ToKa B TONynpoBoAHHKax (d3ddext Xoina,
TEPMOAIICKTPOABIIKYIIIAsI CHJIA)

47. TemnieparypHas 3aBUCUMOCTb IIPOBOJUMOCTH B IPUMECHOM IOJIYIIPOBOTHUKE
48. bapwep LloTTkn

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

50. ITonynpOBOAHUKOBBIE TETEPOCTPYKTYPHI

51. YpaBHeHna MakcBesuia Juisi MarHETHKOB

52. HanpshkeHHOCTh U MHAYKIMS MATHUTHOTO TTOJIS

53. MaruuTHas BOCIPUUMYUBOCTh. HamMarHnueHHOCTh

54. Ina-, mapa- u peppoMarHeTHKH

55. JIlnamarnetusm aromoB. IIpeneccus Jlapmopa

56. ®opmyna JlankeBeHa. DIEKTPOHHBIN napaMaraeTusM. 3akoH Kiopu
57. ®eppomarueTusM U aHTH(eppoMaraeTu3M. MoJeKyIsapHoe Hoe.

58. CrnoHTaHHass HaMarHMYEHHOCTh. TeMmmeparypHas 3aBHCUMOCTb MAarHMTHOH BOCIIPHUMYHBOCTH
deppomarueTnkoB (3akoH Kiopu-Beiicca). Touka Kropu

59. Mogens geppomarnern3ma [ erizen6epra. OOMeHHOE B3auMoJIeiicTBHE
60. CriiHOBBIE BOJIHBI (MarHOHBI)

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

62. ®eppumarneruku. Autudeppomaraetuku. Touka Hemst

63. SnepHbli MarHUTHBIM pE30HAHC. YPAaBHEHUS MABUKCHUS Uil SIACPHOM HAMarHUYEHHOCTH.
CnuH-penieToyHas pejaxcarus

64. YpaBuenus bnoxa. llluprna pe3oHaHCHOM THHUN

65. ®eppoMarHUTHBIN pe30HaHC

66. DNEeKTPOHHBIN MTapaMarHUTHBIA PEe30HAHC

67. NudpaxpacHasi CIeKTPOCKOMHS TBEPIBIX TEJ

68. IMormomenne UK uznydenus Ha KonebaTeIbHBIX MEPEXo1ax

69. 1K cniekTpsl 1 MUKPOCKOITUYECKHE TTAPaMETPHI MTOJIOCHI TOTIIOIICHHUS

70. KoMOuHanmoHHoe paccesiHue cBeta (KJIacCu4ecKoe ONMMCcanue)

71. Pesynwratsl kBanToBOM Teopuu KPC. Tenzop KPC. ITapamerps! konebanwmii u3 cnekrpos KPC
72. lpaBuna ordopa asnst caMMeTpun Konebanwuid, aktuBHbIX B UK 1 KPC

73. Mertonsl kmaccudukanuu koneObanuid. OOmui Merox baraBantama. MeTox TO3HIIMOHHOM
CHMMETPUH

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

75. OmpeneneHue CTPYKTyphl KPUCTAJUIOB IO KOJICOATEIbHBIM CIIEKTpaM. XapaKTePHUCTHUECKUE
4acTOThI KoJeOaHul B CIIEKTpax

76. JlokanbHble Kosebanus. Pesonancnoe KPC

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

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

79. OcoOeHHOCTH ONTHYECKON CIIEKTPOCKOITMH HAHOCTPYKTYP

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

82. CnoxeHue 30H

83. ®onon-(hoHOHHOE B3auMojieiicTBre. KyOnueckas aHrapMOHUYHOCTh

84. budononsr. depmu-pe3oHaHc



[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.
1. 3anpeniennas 30Ha

2. Jlomensl. KpuBast HamarHnunBaHus (eppoOMarHeTUKOB B IEpeMEeHHOM mojie. KospuutusHas cuna u
THUCTEPE3UC

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

Kpurepuu onieHuBanus
Ouenka ommyno 10 OamoB - BBICTABIISICTCS ~ CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHWSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
MHTEpeC K JaHHOW MPEAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHATh X Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Ouenka omm4yHO 9 OaloB -  BBICTABISETCS  CTYAEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aja4, CBOOOIHOE U MPAaBUIBHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.
Ouenka ommmuHO &  0GanoB - BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UETaMHu.
Ouenka xopouro 7 6ajoB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepua, IPaMOTHO U IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Omenka xopomro 6 06ajoB - BHICTABISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAECT MaTepHa, rPaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOIyUYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMyCKAaeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
Ouenka xopomio 5 6ajioB - BBICTaBISETCS CTYAEHTY, €CIIM OH B OCHOBHOM 3HAeT Marepuall, FpaMOTHO
W 10 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTh IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOTUYECTBO HETOYHOCTEH.
OueHka ynoBIETBOPUTENbHO 4 Oajla - BBICTaBISAETCA CTYICHTY, IOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUH MIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NaJbHEHWIIero oOy4eHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ynOBIETBOPUTENbHO 3 Oama - BBICTaBISAETCA CTYICHTY, IOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMMOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEeOBAaTENbHOCTH B H3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3jeliaMi yu4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEYIOBIETBOPUTENBHO 2 Oana - BBICTABIAETCS CTYICHTY, KOTOPBIH He 3HaeT OojblIel 4acTH
OCHOBHOTO COJEp)KaHUsI y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NP PEIICHUN
THUIIOBBIX 33]1a4.
OrneHka HEyHOBIECTBOPUTENBHO | 0an - BBICTABISIETCS CTYICHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH



[Ipu mnpoBenennun yctHOro nuQEepeHIUPOBAHHOTO 3adeTa M 3K3aMeHa oOydyaromemycs
npenocrasisiercs 30 MUHYT Ha ToAroToBKy. Ompoc oOydaromierocst mo OWwieTy Ha YCTHOM
TuQQepeHIMPOBaHHOM 3a4eTe U IK3aMEHE HE JI0JDKECH IPEBBIIATh OJHOIO aCTPOHOMUYECKOTO Yaca.



