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1. MecTo 1 nesu JUCHUILIMHBI B cTpyKType OOII

Hucuummba «@Pu3nka KOHAEHCUPOBAHHOTO COCTOSIHUA» OTHOCHTCA K JIUCIMILIIMHAM
00s13aTeNIbHONM YacTh 00pa30BaTeNbHOM MporpaMMbl 10 HampasieHuto noarorosku 11.03.04
«OJIeKTPOHUKA U HAaHOIEKTPOHUKaY. /{11 yCBOGHHUS TaHHOTIO Kypca HEOOXOJMMO U3YUYHUTh TaKue
MOJYJIH (IMCIMIIMHBI) B paMKax 00pa30BaTesIbHOM MporpaMMebl OakanaBpa kak «OoOmiast pusuka,
«Kpucrannorpadgus» 1 uMeTh 0a30BbI€ MPEACTaBICHUS 00 OCHOBHBIX (PM3NYECKUX SBICHUSIX.

Iens ocBOCHMS TUCIMIUIMHBI ' DU3MKa KOHJIECHCUPOBAHHOTO COCTOSTHUS "

e (QopMHpOBaHUE y CTYIEHTOB IMOHUMAHUS OCHOBHBIX (PU3MUYECKUX SBICHUN U CHEIU(PUKH
IPUMEHEHHsT (PU3MUECKUX 3aKOHOB JJIs MX OINMCAaHUS B BEILECTBE, HAXOS’IIEMCS B
KOHJICHCUPOBAaHHOM COCTOSIHUU;

® pa3BUTHUE  HABBIKOB  KOJHMYECTBEHHBIX  OLEHOK  BAXHEWIIMX  XapaKTEPUCTUK
KOH/IEHCUPOBAHHOT'O COCTOSIHMSI;

e (QopmupoBaHUE MPEICTABICHUA O MPAKTUYECKOH 3HAYMMOCTH Pa3HOOOPA3HBIX CBOMCTB
KOHJICHCUPOBAaHHOI'O COCTOSIHUS BEIIECTBA.

3HaHUs, TOJY4YEHHbIE B XOJ€ M3YYCHMsS JUCHMILIMHBI «DPU3MKa KOHAEHCHUPOBAHHOTO

COCTOSIHMS», HEOOXOANUMBI Ul JTAJIIHEHIIEr0 OCBOCHHUS JIPYTUX AUCIHUIUIMH y4eOHOTO IJIaHa U
BBINOJIHEHUS BBIITYCKHOW KBaJTH(PUKAIIMOHHON pabOTHI.

2. Ilnanupyemble pe3yabTaThl 00y4eHUsI M0 JUCHHUILINHE, COOTHECEHHbIE ¢ MJIAHNPYeMbIMH
pe3yJibTaTaMHU OCBOEHHs 00Pa30BaTeJIbHON NPOrpaMmMbl (KOMIIETEHIUSIMU BbIIIYyCKHUKOB)

DopmupyemMbie Ilnanupyemblie pe3yabTaThbl 00yuyeHus: mo qucuumuinae | HaumeHoBaHue OLEHOYHOTO
KOMIIETCeHIIUH (Moay/jil0), B  COOTBETCTBMM €  MHAWKATOPOM | CpelacTBa
(xom, comepxaHue | MOCTHKEHUS] KOMIETEeHIHH
KOMITETEHITHH ) Nupukatop noctu:kenusi | Pe3yabraTsl 00yyeHus s NMPOMEKYTOYHOI
KOMIIeTeHNH 10 JMCUUILINHE TeKyLler | arrecranuu
(xon, coJiepKaHue 0
WHIUKATOPA) KOHTPOJI
b
ycneBae
MOCTH
OIIK-1. Cnocoben OIIK-1 Jlemoncmpayus OIlK 1.1. 3naem | Teopemuu | 1.
npumensms 6azoevie | cnocoOHOCMU NPUMEHAMb @ynoamenmanviole 3aKomblL | ecKue Hnousuoyans
3HaHUs 6 obnacmu bazoevle 3HaHUsA 6 oOnacmu | nPUpPoobL u OCHOBHblE | 60NPOCHL Hoe cobecedosanuie.
@usuxo- Qusuxo-mamemamuyeckux u | Qusuueckue u Mmamemamuieckue 2. Bemnonnenue
MamemMamuieckux u (UIU) eCMeCmEeHHbIX HAYK 8 |3aKOHbL  NPUMEHUMENbHO K NPAKMUYECKUX
(unu) ecmecmeennvix | cghepe ceoell ¢husuke KOHOEHCUPOBAHHO20 3a0anuil.
Hayk 6 cgpepe ceoell npogeccuoranvHol cocmoanus
npogeccuonanbHol OdeamenbHOCHMU OIIK 1.2. Ymeem  npumenamo
OesimenvHOCmu Qusuyeckue 3aAKOHbI u
MamemamuyecKue Memoovl O
pewenust 3a0ay | 3aoauu
meopemuyecko20 u NPUKIAOHO20
Xapaxmepa .
OIIK 1.3. Bradeem Hagvikamu Sauem:
UCNONb306AHUA SHAHUT YUBUKU U Konmponoensie
MAmeMamuxky — npu  peweHuu sadauu
NPAKMUYECKUX 3a0au
NPUKIAOHBIX 3a0ay 3aoauu

3. CTpyKTypa U coJep:kaHue JUCHUILTHHBI «DU3NKA KOHIEHCHPOBAHHOIO COCTOSIHUS»

3.1 TpynoeMKoCTb TUCHUTLIMHBI

OO01mmas Tpy10eMKOCTh 5)

YacoB 1o yueOHOMY IUIaHy 180

B TOM YHCIJIC




ayJMTOpHBIE 3aHATHA (KOHTaKTHas paboTa):

- 3aHATHUS JEKIIMOHHOTO THIa 64
- 3aHATHUSI CEMUHAPCKOTO TUIA (pEeIICHUE 3a/1a4)

- KOHTPOJIb CAMOCTOSTEIBHOU PabOThI (KOJITIOKBUYM,
KOHTpOJIbHAs paboTa 110 pEeLIeHHIO 3aa4)

camocTosITeNbHas paboTa 78

[IpomexxyTouHnas arrecranus

6 cemecTp — PK3aMeH

3.2. Conep:kaHue TUCHUIIUHBI

No B TOM YHCJIE
o/ KOHTaKTHasi padora (padora BO
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Brenenue. [lonsitue
1 | KOHJEHCHPOBAHHOIO COCTOSHUSA 6|2 2 2
BEIICCTBA.
MeTo/IBI CCIIeI0BaHUsA CTPYKTYPHI,
2 | a7eMeHTHOTrO ¥ (Hha30BOTO COCTaBA 6|6 2 4 6
KOHJICHCHPOBAHHOTO COCTOSIHHUS.
MeskaToMHOE B3aMMOJICHiCTBHE B
KOH/ICHCHPOBAHHOM COCTOSIHHH.
3 ACHEHP . 6 | 10 6 |4 10
Ipuposa XUMHYIECKOM CBS3U B
KOH/ICHCHPOBAHHOM COCTOSIHUH
4 | lebexTsl B KpECTAILIAX 6|6 4 2 6
5 | Hebopmarms TBEPABIX TEI 6 |12 6 6 12
WHAMHKA KPUCTAITHYECKOM
6 | P 610 |8 |2 10
peleTKn
7 DnekTpruyeckast Moaspu3anus 616 6 6
KOHJICHCHPOBAHHOTO COCTOSIHHUS
KoanokBuym, 2 yac 6|3 0 1
HekBaHTOBBIE TEOPUH ISl OMTUCAHUS
8 | 5JeKTPOHOB B KOHAEHCUPOBAHHOM 6|10 6 4 10
COCTOSTHHH
9 | OcHOBBI 30HHOM Teopun TBEPALIX Ten | 6 | 6 6 6
DneKkTpruyecKast IpOBOJIUMOCTh
10 P POBOA 6 | 14 8 |6 14
TBEPbIX TEJ
OnTuueckue cBOKCTBA
11 6|6 2 4 6
KOHJICHCHPOBAHHOTO COCTOSIHHUS
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MarauTHEBIC SBJICHUS B
KOHACHCUPOBAHHOM COCTOAHUU

HpOMe)KyTO‘IHaH aTTeCTanuAa - OK3aMCH

Coaep:xaHue pa3ieioB IHCHUIINHBI




1. BBenenne. Ilonsitue KOHIACHCHUPOBAHHOI'O COCTOSAHUA BEIIECTBA.
I_[e.HI/I n 3aJa41 JUCHUIIIINHBI. OCHOBHBIC IOHATHS U OIIPCACIICHUS.

2. Metoapl HccCAeI0OBAHMA  CTPYKTYPbl, 3JIeMEHTHOro u  (pa3oBoro cocrapa
KOH/I€HCHPOBAHHOI'0 COCTOSTHHS.

JudpakiunoHHble METOIbI MCCIEIOBAHUS KPUCTAJUIOB (peHTrenorpadus, snekrponorpadus,
HerTpoHorpadus). Ycnosus Bynsda-bperra-Jlays. Chepa DBonbaa. ['eomeTprueckie mpUHITUTIBI
mudpakmoHHbIX MeTo0B. Metonsl Jlays u Jlebas-Illeppepa, meron Bpammenus. OCOOEHHOCTH U
BO3MOXXHOCTH 3JIEKTPOHHOW MHUKPOCKOIIUHU MPU HUCCIEIOBAHUU KOHJIEHCUPOBAHHOI'O COCTOSIHHMSL.
Hexotopsle apyrue MeTo bl UCCIEI0BaHUS CTPYKTYPHI M (pa30BOro cocrasa.

3. Me:xxkaToMHOe B3auMoJelicTBHe B KOHJAEHCHPOBAaHHOM cocTosiHun. Ilpupoaa
XHUMHYECKOH CBSI3H B KOHIEHCHPOBAHHOM COCTOSTHHMH.

MexaTOMHOE B3aMMOJCHCTBHE B JIBYXaTOMHBIX MOJIEKYJIaxX W Kpuctauiax. [loTeHiumansl
MPUTSKEHUS U OTTAIKMBAHUSA. JHEPTeTUUECKHUE ITapaMeTpbl aTOMOB, IPUMEHSEMBIX ISl OMTUCAHUS
MEKAaTOMHBIX B3auMOJEHUCTBUUA. OCHOBHBIE THUIIBI XHMHYECKOW CBA3M B KOHIECHCUPOBAHHOM
cocrogsHu. MonHocte o ®umnunrmcy. CTeneHb MOHHOCTH, KOBAJIEHTHOCTH U METAJUIMYHOCTHU
KOBAJICHTHBIX CBA3€EH 110 XapUCOHY.

4. JNedekThl B KpHCTAJLIAX.
[Tonsitme nedexkra B kpuctawie. Kmaccuduramus maeekToB Mo pa3MEpHOCTH, MPHUPOIC
BO3HUKHOBHUSA. [{edekTrl mo @penkento u no Llotku. Jucookanuu.

5. Jlepopmanms TBepAbIX Tell.

[TonsiTust nepopMaliui ¥ MEXaHMYECKOIO HANpPSDKEHUs, MX TEH30pHBIM Xapaktep. Ympyras
negopmanus: 3akoH ['yka, momyns FOHra, moxyns ciasura, kosg¢unuent Ilyaccona, momynb
BCECTOPOHHETO CKaTus. Ympyras nedopMmanus MOHOKPHCTALIOB. MaTpuia  yopyrux
ko3 duurentoB. Buapl nnactuyeckoit nedopmanuu. TBepaocTb U MUKPOTBEpAOCTb. CHCTEMbI
CKOJIBXXCHUS.

6. JluHAMHMKA KPUCTAJUIMYECKOI pelieTKH.

3BYKOBBIE€ BOJHBI B KyOMUECKHUX KpHUCTasiaX. AHU30TPONUS CKOPOCTHU 3BYKA, €€ CBSI3b C
KOMITOHEHTaMHU MaTpPHULbl YIIPYTHX KO3 UIIMEHTOB, TPOI0JIbHBIE U TIONIEPEYHbIE BOJIHBL YIIpyrue
Koje0aHusl JUCKPETHBIX MOHOATOMHBIX M JBYXaTOMHBIX JUCKPETHBIX LEMOYEK. 3aKOHBI
mucnepeun. Ycnosus bopHa-Kapmana. [lonstue 308 bpuintosna, 1-1 30Ha bpuinrosna. @oHOHBI.
TemnoeMKOCTh KpUCTaNIMYecKol pemeTku (Monenu DifHiuTediHa u [lebast). AHrapmMoHHUYecKHe
3 PEeKTH B KPUCTAIUTMYECKON PEIIeTKE: TEIJIOBOE paclIMpeHue, TeIONPOBOIHOCTb.

7. DilekTprYecKas NOJIAPU3als KOHAEHCHPOBAHHOIO COCTOSIHUS

OCHOBHBIE  BEJIMUYMHBI, ONMCHIBAIOLIUE MOJSApU3ALMIO. MexXaHu3Mbl  AJIEKTPUUYECKOU
MOJIIPU3aLUU AUDJIEKTPUKOB. PeanbHble 1 MHUMBbIE YacTH MOJSPU3YyEMOCTH, UX 3aBUCUMOCTh OT
4acTOTBHl IIEPEMEHHOr0 3JEKTpuueckoro mnois. YpasHeHue Kiaysmyca-Mocortu. CnekrpaibHas
3aBHCUMOCTh JMIJIEKTPUUECKON mpoHuaemMoctd. Juanektpudeckue mnorepu. [lomspuzanus
HEIIEHTPOCUMMETPUYHBIX JUANIEKTPUKOB. CerHerosnekTpuku. «llomsgpuzanuonHas katactpoday.
[Tpumenenue teopun (a3oBbiX nepexonoB ['mH30ypra-Jlangay nis onucaHus nepexoja
«T1apa’IEKTPUK-CETHETONIEKTPUK.

8. HexkBaHTOBBbIE T€OPHH ISl OMUCAHMS YJIEKTPOHOB B KOHIEHCHPOBAHHOM COCTOSIHMH.
Teopus [dpyne-Jlopenna u ee mpuMeHeHUE ISl OMUCAHUS HEKOTOPHIX 3P dekToB. [IpuHIUIBI
aJIeKTpoHHOU Teopuu 3ommepdenbraa, chepa depmu, MIOTHOCTh COCTOSHUM, YpoBeHb Depmu B



METalJ1ax. 3JI€KTpOHHaSI TCIINIOEMKOCTL W TCILJIOIIPOBOJHOCTD. HpOTI/IBOpqu/ISI HEKBAHTOBBIX
TEOPHH.

9. OcHOBBI 30HHOIT TeOPUM TBEPABIX TeJl.

[TonHbI ramMUJIBTOHHMAH KpHUCTAUIA, aquabaTHUYecKoe, BAJCHTHOE W  OJHORJIEKTPOHHOE
npubnmxenns. CBoiicTBa BOJTHOBOM (PyHKIIMH 3JIEKTpOHA B KpHcTaiie, Teopema bioxa. ColicTBa
BOJIHOBOI'O BEKTOpa 3JIEKTPOHA B KpUCTa/ule, KBasuummyibc. 3anada Kponura-llenn. 3axon
JUCIIEPCUU NIl JJIEKTPOHA B IEPUOAMYECKOM IIOTCHLUAIBHOM IoJe. 30HBI bpuiiosHa.
D¢ dexTnBHas Macca. Meramibl, 0JyMETaJlIbl, TOJIYIPOBOAHUKH U JUAIEKTPUKU. CBs3b MEXIY
30HHOM CprKTypOﬁ 1 CTCIICHBIO HMOHHOCTHU, KOBAJICHTHOCTH MW MCTATJIMYHOCTH MCKATOMHBIX
cBsizell B noaynpoBoaHukax. [loBepxHocts ®depmu B peanbHbIX MetamiaXx. OcCoOEHHOCTH
AIIEKTPOHHOT'O CIIEKTPa B aMOP(HBIX BEIIECTBAX.

10. DJIeKTpHYecKasi IPOBOAMMOCTb TBEPABIX Tell.

[IpumeneHne pe3yabTaTOB 30HHOH TEOPUH [UIS ONMCAHMS TEMIIEPATYpHOH 3aBUCHMOCTH
IPOBOJUMOCTH B MeTalaX, COOCTBEHHBIX M JISTHPOBAHHBIX ITOJYIPOBOAHHUKAX. [IpUHIIMIIEI
HOJYIIPOBOJHUKOBOM  3JIEKTpOHUKH.  OCOOEHHOCTM  HPOBOJUMOCTH B aMOP(HBIX
NOJynpoBOHUKAX. OCOOEHHOCTH MPOBOJIUMOCTH B AUDIEKTPUKAX.

CBepXIpoBOIMMOCTh: OCHOBHBIE CBOMCTBA CBEPXNPOBOAHUKOB. OCOOEHHOCTH MAarHUTHBIX U
TEPMOJIMHAMHYECKUX CBOWCTB CBEPXIPOBOJAHUKOB. OCHOBHBIE TEOPHH CBEPXIPOBOIUMOCTH.
BricokoTeMnepaTypHble CBEpXITPOBOIHUKU. DIIEKTPOHUKA HAa CBEPXIIPOBOAHUKAX.

11. OnTuyeckue CBOMCTBA KOHAEHCHUPOBAHHOIO COCTOSIHUSA.

OCHOBHI)IG onpeneneHI/m U TIOHATHA. MexaHI/ISMLI I/I3JIyT-I€HI/I$I 1 TIOTJIOICHHUSA CBCTA B
KOHICHCUPOBAHHOM  COCTOSIHUU. [IpuHIMIBI  ONTOANEKTPOHUKH. COJHEYHBIE DIEMEHTHI.
TBepaoTenpHBIE J1a3ephl.

12. MarnuTHble SIBJIEHHS] B KOHIEHCHPOBAHHOM COCTOSIHMH.

JlnamarHeTMKM M TapaMarHeTukH, 3akoH Kropu. MarHeTusM 3JIeKTpOHOB IPOBOAMMOCTH.
ONEKTPOHbI B CWJIbHBIX MAarHUTHBIX NoJisix (3ddextrl ne ['aaza-Ban Anbdena, LllyOHuKoBa-ne
["aaza).

OOmeHHOEe B3aMMOJEHCTBUE KaK MpPUYMHA BO3HHMKHOBEHUS MarHuTHoro mnopsjaka.deppo-,
anTudeppo- U (eppuMarHeTHKH, CIIMHOBBIE CTEKJIa. Mojenb YCpPeIHEHHOT0 OOMEHHOrO MOJIs,
3akoH Kropu-Becca. JloMeHHas CTpyKTypa MarHuTOYIOpsiJOYEHHBIX MATHETHKOB.

MarauTHble pPe30HAaHCHl B KOHJIEHCUPOBAaHHOM coctosiHuu. OIIP u SIMP. IluknorponHsIit
pe3oHaHc. ®eppo- 1 aHTU()EPPOMATHUTHBINA PE30HAHC.

4. Odopa3oBaTe/ibHbIE TEXHOJIOTHH

3aHATHS 1O TUCUUIUIMHE MPOBOAST B JEKIMOHHON (hopme, B popMe MPaKTHUECKUX 3aHATUN
(pemenue 3a1a4), a Takke B hopmMe caMOCTOSATENHHON pabOThI CTYIeHTOB. Ha meKknusax cTy1eHThI
3HAKOMSITCSI C OCHOBHBIMHU MPECTABICHUSMHU, MOJICTISIMU U TEOPUSIMU (DU3UKU KOHJECHCHPOBAHHOTO
coctosiHUS. Ha mpakTH4ecKuX 3aHATHUSAX OHU MPUOOPETAIOT HABBIKM MAaTEMATHUECKOTO OMUCAHUS
KOHKPETHBIX I(P(PEKTOB U SIBICHUN, y4aTcs KOJUYECTBEHHO OIICHMBATh BaKHBIE (DHM3HUECKUE
napaMeTpebl.



5. YueOHo-MeTOoqHYeCKOe 00ecieYeHHe CaMOCTOSITeIbHON padoThl cTy1eHTOB. OLieHOYHbIEe
Cpe/CTBA /ISl TEKYLIEro KOHTPOJISl yCIeBAeMOCTH, IPOMEKYTOYHOM aTTecTAllMU 10 HTOraM
OCBOEHMS THCIUIIUHBI.

CamocTtosTenpbHas paboTa CTYACHTOB BKIIOYACT B ce0s aKTUBHOE H3Y4YCHHE JIEKIIMOHHOTO
MaTepuaia BMECTE C PEeIICHUEM 3a/1a4 MPU UCTIOIb30BAHUN COOTBETCTBYIOMIUX PA3/IEIOB yUCOHBIX
IOCOOUIA.

OneHOYHBIMH CPEACTBAMHU [UIsl KOHTPOJISA TEKYILEH yCIIEBAEMOCTH SIBJISIOTCS TEKYILHUE OLICHKU B
XO0JIe PEryJIIpHOM M PaBHOMEPHOM JUIsl Ka)JIO0H IpyNIbl CTYyJEHTOB paOOThl Ha MPaKTUYECKHX
3aHATUAX U UHIMBUYaIbHBIE OLEHKH I10CIIE BBIIIOJHEHUS BCEr0 LKA PELIECHU 3a1ay.

B kauecTBe mMpOMEXyTOUYHOTO KOHTPOJIS MPEIyCMOTPEH KOJUIOKBHYM B cepeanHe cemectpa (8-10
HeJlelIs) ¥ KOHTPOJIbHas pabora 1o peuieHuto 3anad (15-16 nenens).

Jns mpoxXoxACHUS aTTeCTallMk 110 TMPEAMETy MPOBOAUTCS HK3aMEH, BKIIOYAIOMIUA B CeOs
TEOPETUYECKUE BOMPOCHI U 3a/1a4H.

[lepeuens 3amau JUIsl MPAKTUYECKUX 3aHATHI MOAOUpaeTcsl MpenojiaBaTeleM C Y4eTOM YPOBHS
HOJTrOTOBJICHHOCTH TPYMIbl. J[Jsl 3TOro pekoMeHAyeTcsi MCIONb30BaTh mocodue [5], a Takke
OT/IEJIbHBIC 3a/1a41 B MOCOOMsX [2-4] B CIUCKE OCHOBHOM JIUTEPATYPBI.

I[J'ISI MPOMEKYTOYHOI'0O KOHTPOJA IO HOPCAMETY (KOJ'IJ'IOKBI/IYM) PEKOMCHAYIOTCA CIICAYHOLINC
BOIIPOCHI:

1. VYcnosus Bynbda-bparra u Jlays mis qudpakunu peHTT€HOBCKOTO M3ITyueHHs B
kpuctaiie. OCHOBHbIE PEHTT€HOBCKHE METO/IbI HCCIIE0BAHUS CTPYKTYPbI KPUCTAJIOB.

2. TlpuHIMNBI reoMeTpuyecKoi TeopuH AU(pakMi peHTTeHOBCKUX JIyueil B KpUcTasie.
[TocTpoenue DBoba.

3. MexaroMHOe B3aUMOAEWCTBHE B JBYXaTOMHOM MoJieKyle M B  KpHCTaJUIe.

DneKTpooTpuuaTeIbHOCTh. OCHOBHBIE BUbI XMMUUYECKOM CBSI3U B KPUCTAJLIAX.

IToncuer sHEPruM CBSA3U B MOJIEKYJIIPHBIX KPUCTAIUIAX.

[Toncuer sHEpruu CBSI3U B MOHHBIX KPUCTAJLIAX.

[TpuHIMIBI pacyeTa SHEPTUH CBA3H B KOBAIEHTHBIX KpucTaiuiax MetogoM JIKAO (Ha

IIpUMepe MOJIEKYJIbI BOJOPO/A).

7. OcHoBHbIE THIIBI 1€()EeKTOB B KpUCTaJIax. PacyeT paBHOBECHBIX KOHIIEHTPAIIMNA TOYEUHBIX

nedextos o LloTTkw.

Pacuer paBHOBECHBIX KOHIIEHTpAIMH TOYEUHBIX Ae(ekToB no dpeHkerto.

9. Hucnokammu. Kontyp m Bektop broprepca. MexaHW3MBl JBIKEHHUS JIACITOKAIHHA.
Hcroynnky quciokanu.

10. Yopyrocts TBepmoro tena. O000meHHbIH 3aKoH ['yKa It KPHUCTaIIOB.

11. IInacTuyeckue CBOWCTBA TBEpAbIX Tell. (OCHOBHbIE MEXaHU3MBbl IUIACTUYECKOM
nedopmaruu. CHUCTEMBI CKOTBKEHUSI.

12. Ynpyrue BoiHbI B KpHucTamiax. [IpomosbHble W monepeyHble MOJbI KojeOaHW B
KpUCTaJIJIaX KyOM4eCcKOH CHHTOHHH.

13. Konebanust ofHOMEpHONH MOHOATOMHOW HEMOYKH. 3aKOH TUCTIEPCHH.

14. Yopyrue koneOaHus OJHOMEPHON aTOMHOM LIETIOYKH C 0a3ncoM. AKYCTHYECKHE U
OINTUYECKUE KOJIeOaHusI.

15. TenmoeMKOCTh KPUCTATUIMYECKON PEIIETKH B MOJICTTH DUHINITEHHA.

16. TermoemkocTh  Kpuctayuimueckod pemerkun 1o Jlebaro. CrekTpanbHas IUIOTHOCTb
(hOoHOHOB.

17. TennonpoBOJHOCTH KpUCTATUINYECKOH pemeTku. Paccesnue pononos, N- u U-miporiecchl.
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18.

19.

20.
21.

22.
23.

24,

25.

26.

27.
28.

ONEeKTPOHHBIM yHOPYrMi MEXaHW3M MOJIIpU3aluu AUDJIEKTPUKOB. JlelicTBUTENbHAs U
MHHUMAasi COCTaBJIAIOLIME MOJSIPU3YEMOCTH, UX 3aBUCHUMOCTb OT YacCTOTHl IEPEMEHHOIO
3IEKTPUYECKOTO MOJIA.

Wonublll ynpyruii MexaHu3M HOJSIpU3aLUU AUAIEKTPUKOB. CHEKTpajibHas 3aBUCHUMOCTh
MOJISIPU3YEMOCTH 11 MIOHHOT'O MEXaHHU3Ma MOJIIpU3aliH.

JIMIIOJIbHBIN YIIPYTU MEXAHU3M MOJISAPU3ALHUUA JUIEKTPUKOB.

TennoBble MEXaHU3MBI MOJSPU3ALMH TUAIEKTPUKOB. X 3aBUCUMOCTB OT TeMmepaTrypsl U
Y4aCTOTHI MIEKTPUUECKOTO MOJIS.

VYpasnenue Knazuyca-Mocortu. ['paHuiibl €ro NpuMEHUMOCTH.

CrnekrpanbHas ~ 3aBUCUMOCTb  IIOJIHOM  MOJIIPU3YEMOCTH U AMDJIEKTPUUYECKOU
npoHuliaeMocTu ausnekrpuka. Coornomenue Jlunnena-Cakca-Temiepa.
JIMpiekTpudecKkue INOTEpU B IEPEMEHHOM JJIEKTPUYECKOM 1osie. TaHrenc yriia
JUAJIEKTPUYECKUX MTOTEPh. DKBUBAJICHTHAS CXeMa JUAJIEKTPUKA.

Cerneroanexrpuku. «llomspuzanuonnas katactpoda». [Ilpumenenne Teopuu Ga3zoBbIX
nepexon1oB I 'nu3Oypra-Jlanaay ans onucanus CIOHTaHHOM MOJISIPU3ALINU.

Onucanue 3J€KTPOHHOTrO raza B MeTajljiax B paMkax mojenu [pyne: 3akonsl Oma u
Bunemana-®panna.

Dddexr Xoma B pamkax moaenu Jpyne.

VYabTpaduoneroBas mpo3pavyHOCTb U CKUH-2QPEKT B METAILIAX.

HpI/I IMOATOTOBKEC K aTTCCTAllU IO IIPEAMCETY UCIIOJIB3YIOTCA CICAYIOIINC KOHTPOJIBbHBIC BOIIPOCHI,

BKJIFOYACMBbIC B OK3aMCHALIMOHHBIC OUJIETHI:

1.

2

10.
11.

12.

13.
14.

15.

16.
17.

Ycnosus Byneda-bparra u Jlays mis audpakiuy peHTTeHOBCKOTO M3IyYeHUS B
kpuctaiie. OCHOBHbIE PEHTT€HOBCKHE METO/IbI HCCIIEI0BAaHUS CTPYKTYPbI KPUCTAILIIOB.
[TpuHIMIIBI TEOMETPUUYECKOI TeOpUH AU(PPaKIIMKU PEHTTEHOBCKUX JIydel B KpUCTAILIe.
[TocTpoenue DBoiba.

MexaToMHOE  B3aMMOJEHCTBME B  JBYXaTOMHOM MOJIEKyJ€ W B  KpHUCTaJe.
DneKTpooTpuIaTeIbHOCTh. OCHOBHBIE BUbI XMMHUYECKOH CBSI3U B KPUCTAJLIAX.

[Toacuer sHEprun CBsI3U B MOJIEKYJISIPHBIX KpUCTAJLIaX.

[Toncuer sHEpruu CBSI3U B MOHHBIX KPUCTAJLIAX.

[IpuHUMIBI pacueTa >HEPrUU CBS3U B KOBAJIEHTHBIX Kpuctaiuiax MmerogoMm JIKAO (Ha
IIpUMepe MOJIEKYJIbI BOJOPO/A).

OcHoBHbIe THIIBI JeEKTOB B KpUCTAIaX. PacueT paBHOBECHBIX KOHIICHTPAIIMA TOYEUHBIX
nedextos o LloTTku.

Pacyet paBHOBECHBIX KOHIIEHTPAIIUN TOUEUHBIX JePeKTOB 10 DpeHKerio.

Hucnokammu. Kontyp m Bektop broprepca. MexaHu3Mbl ABWKEHUS JAUCIOKAIIHA.
HcTrounnku IuciIoKanum.

Yupyrocts TBepaoro tena. O600meHHbI 3akoH ['yKa U1si KpUCTaIoB.

[Inactuueckue cBoicTBa TBEpAbIX Tel. (OCHOBHbIE MEXAaHM3Mbl IUIACTHUUYECKOU
nedopmaruu. CHUCTEMBI CKOTBKEHUSI.

Yopyrue BonHbI B KpucTaiax. [IpogonbHble W TONEpedHble MOJBI KOJICOaHH B
KpUCTaJIJIaX KyOM4eCcKOH CHHTOHHH.

Konebanus oHOMEpHO MOHOATOMHOM LIEMTOYKHU. 3aKOH AUCTIEPCUH.

VYrupyrue kojebaHusT OJHOMEPHON aTOMHOW IETMOYKUA ¢ 0a3rcoM. AKYCTHYECKHE
OINTUYECKUE KOJIeOaHusl.

TemnoeMKoCcTh  KpUCTANIMYECKOW pelmeTku B Mojensx OiHmreiiHa u Jlebas.
CriekTpanbHas MI0THOCTH (DOHOHOB.

TennonpoBoAHOCTH KpUCTAUIMUECKON permeTku. Paccessuue hononor, N- n U-tiporiecchr.
Onucanue 3JIEKTPOHHOTO ra3a B MeTayiax B pamkax mozaenu [pyzae. 3akon Oma, apdexr
Xomnna, 3akoH Bunemana-®panua.



18.

19.
20.

21.
22.
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24,
25.
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27.
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34.

35.

36.
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50.
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Peakuust 31eKTpOHHOrO raza B MeTajule Ha NEPEMEHHOE 3JIEKTpOMarHuTHoe noje. CKHUH-
ap ekt u YO npo3pauHocts. [1a3mennas yactora.

[110THOCTD COCTOSIHUM 3JIEKTPOHOB IPOBOAUMOCTH B MeTajlie o 30MMep(enbIy.
YpoBenp ®epmu B MeTaIE U €ro 3aBUCUMOCTh OT TEMIIEpaTypbl B TEOPHUHU
3ommepdenbaa. [ToBepxaocTs Depmu.

TennoeMKOCTh U TEIUIONPOBOAHOCTD JIEKTPOHHOTO ra3a B Teopuu 3oMmepdenba.
VYpasuenue lpenunrepa sl 3J1€KTPOHOB B KpUCTaiie. AanabaTHuecKoe, BaJIGHTHOE U
OJIHO3JIEKTPOHHOE Npubamxenue. Lluknnueckue rpannunble ycnoBusa bopaa-Kapmana.
CRoiicTBa BOJIHOBOH (hyHKIIMM 3JIEKTPOHA B KpucTauie. Teopema bioxa.

CBolicTBa BOJJHOBOI'O BEKTOPA EKTPOHA B KpucTtayie. KBazunmiryibc.

DHEPreTUYEeCKUl CIIEKTP ANEKTPOHA B KpUCTasuie. 30HHAs CTPYKTypa. 30HbI bpuiuitosHa.
Bnusinue nedekToB Ha SHEPreTUYECKH CIIEKTpP AJIEKTpoHa B Kpuctasuie. [loBepxHOCTHBIE
cocrosiaus (ypoBHH Tamma).

DddexTuBHAS Macca MIEKTPOHA B KPUCTAILIE.

TemneparypHas 3aBUCUMOCTb 3JIEKTPOHHON MPOBOAMMOCTH B METAJIIaX.

TemnepaTypHas 3aBUCUMOCTb [TPOBOJUMOCTH B COOCTBEHHOM IOJIYTIPOBOJHUKE.
TemmepaTypHast 3aBUCUMOCTh MPOBOJAMMOCTH B TPHUMECHOM IOJYIPOBOAHUKE (Ha
IIpUMepE TOHOPHOU MIPUMECH).

[IpuHuuMnel  co3naHusl TOJYIPOBOJHUKOBOW 3yeKTpoHUKH. bapbepbr Illotku, p-n-
nepexoibl U MIII-cTpyKTypbl: OCHOBHBIE THIIBI IPUOOPOB.

[TonynpoBOAHUKOBBIE T€TEPONEPEXOAbl: TUIIBI MEPEXOJ0B, UX OCHOBHBIE CBOWCTBA U
IIPUMEHEHHUE.

OcHoBHbIE CBOHCTBA CBEPXIMPOBOAHUKOB. CBEPXIPOBOAHUKH 1-T0 U 2-T0 poAa.
TepMoaMHaMHKa CBEPXIPOBOJHUKOB. TEpPMOAMHAMHYECKHN CMBICI KPUTHYECKOTO
MarHMTHOTO NOJIs. DHTPOMNUS U TEIUIOEMKOCTh CBEPXIIPOBOIHUKOB.

VYpaHenust JIOHAOHOB AJIs1 3IEKTPUUECKOTO U MAarHUTHOTO MOJIEH B CBEPXIPOBOJIHUKAX.
JIoH10HOBCKas TTyOMHA TPOHUKHOBEHHUSL.

@u3nYeCcKUe HJIEH, JIXKAIIMEe B OCHOBE TEOPUHU CBEpXmpoBoaumocTH bapauna-Kynepa-
HIpudepa.

Oddextnr JIxo3edcona u TyHHenupoBanue JXKuBepa Ha CBEPXIPOBOJSANINX KOHTAKTHBIX
CHUCTEMaX.

CKBU/. [TpuHuMns! co3gaHus 3J€KTPOHUKH Ha CBEPXIIPOBOTHUKAX.

ONEKTPOHHBIM yNPYTUi MEXaHU3M IOJISIPU3ALMU IUIJIEKTPUKOB. YacTOTHAs 3aBUCUMOCTh
ANEKTPOHHON MOJISIPU3YyEMOCTH.

WonHbIil yIpyruil MEXaHU3M MOJISAPU3ALUU JUIIEKTPUKOB.

«OcTaTouHble Tyun» B MOHHBIX audiekTpukax. CootHomenue JInmneiina-Cakca-Temnepa.
JIMnonapHBINA YIPYTUl MEXaHU3M MOJISPU3ALNH JUIEKTPUKOB.

TennoBsie (penakcalmOHHBIE) MEXaHU3MBbI MOJISPU3AIMH AUAIEKTPUKOB. 3akoH Kropu st
M1apa’IeKTPUKOB.

YacToTHas 3aBUCHUMOCTB TETJIOBOH nmomnsipuzanuu (pemenue Jledas).

Pacuer nokanbHOrO ANIEKTPUYECKOro NOJIA B AUAIIEKTpHKE o JIopeHny. YpaBHeHHe
Knaysuyca-MocotTH.

Jusnexrpudeckue norepu npu BU-nonsapusammm.

MexaHn3Mbl IEpeHoca 3apsia B JUIEKTpUKax. HKEKIIMOHHbBIE TOKU B IUAJIEKTPUKAX.
Cerneroanextpuku. «llonspuzanuonnas karactpoda». [lepexonpl «CerHeTo’IeKTpUK-
napalyieKTpuk» (1o Teopuu (pas3oBbix nepexonos ['mu30ypra-Jlanaay).

Oco0eHHOCTH PHEPreTUYECKOr0 CIEKTpa AMEKTPOHOB U MEXAHU3MBI IIPOBOJUMOCTH B
aMOp(HBIX TOTYITPOBOIHUKAX

JnamarHeTusm aTOMOB U MOJIEKYJI O JIaH)KeBeHY.

[TapamarseTu3M aToMOB U MOJIEKYJ IO JIaHXKEeBEHY (KJIaCCUUECKOE pacCMOTPEHUE). 3aKOH
Kropu.



52. IlapamarHeTu3m aToMOB M MOJIEKyN Mo JlamkeBeHy (KBAaHTOBOE PAacCMOTpEHHE). 3aKOH
Kropu. [TapamMarueTusm u JuamMarHeTU3M 3JIEKTPOHOB MIPOBOIUMOCTH.

53. Ponb 0OMEHHOro B3aMMOJAEWCTBHSA B BO3HMKHOBEHHWU MAarHUTHOTO TOpPSAKa B TBEPIbIX
Tenax (Moxens [ elizenbepra).

54. TemnepaTypHasi ~ 3aBUCMMOCTb ~ HaMarHM4eHHOCTH  (eppoMarHeTHKoB.  Mopenb
yCpelHeHHOro oomMeHHoro noJist (Mozaens Beiicca). 3akon Kropu-Beticca.

55. JlomeHHas cTpykTypa heppoMarHeTUKOB.

56. IIpuHIMIBI TapaMarHUTHOTO Pe30HAHCa HA IPUMEpPE OAMHOYHOW MarHUTHOM YaCTHUIIBL.

57. YpaBuenus bioxa. CriekTpanbHble JIMHUK Jucriepcuu U noriomenus. JI1P u SIMP.

58. DeKTpOHBI MPOBOAMMOCTH B CHJIBHBIX MAarHUTHBIX MOJSIX. YpoBHHU Jlannay. Dddekrsr ne
l"aa3a - Ban Anbdena u lllyonukosa - ae ['aaza.

59. IuknotrpoHHbIK pe3oHaHc. OnpeneneHre KOMIOHEHTOB TeH30pa 3(()EeKTUBHONW Macchl B
MOJIyIIPOBOHUKAX METOJIOM LIUKIOTPOHHOI'O PE30HAHCA.

60. ®eppomaruuTHeIii pe3oHanc. Poib Gpopmer oOpasima.

61. AHTHdEpPOMAarHUTHBIN pE30HAHC.

62. OCHOBHBIEC MEXaHU3MBI ITOTJIOMICHHUS JICKTPOMArHUTHOTO U3TYYCHHUS B TBEPIBIX TEJax.

63. ®oTonpoBOAUMOCTH. PoIb TOBYIIIEK.

64. ®To-31¢ B monmynpoBoaHukax (3ddexr Jambepa).

65. MexaHu3Mbl HETEIUIOBOTO M3Iy4eHHsI TBepAbIX Ted. [IpuHIMN pabGoThl TBEPAOTEIHHOTO
nazepa (pyOMHOBBIH J1a3ep, MOJIYIPOBOIHUKOBBIN J1a3ep).

IIpumepsl 3a1a4, NPUMEHSIEMBIX IIPU ATTECTALIMMN:

1. Hcnone3ys noctpoeHue DBoJbJa, J0Ka3aTh CIPABEAJIMBOCTb COOTHOIICHHUS:
2(kG) +G* =0,

rae k — BOJHOBOW BekTop, & = 2mH, H — BeKTOp 00paTHOM peIIeTKH KpUcTalla.

2. Jloka3aTh 3KBUBAJIEHTHOCTb JIByX BapHAHTOB 3alIUCH UHTEPPEPEHIIMOHHOTO YPaBHEHUS:

=22 4 2(k6)+6% =0,

rae H — BekTop 0OpaTHOM PeLIeTKH KPHCTallIa, 5, 55 — HAIPABISIONINE KOCHHYCBI, A — JIJINHA BOJIHBI,
k — BonHOBOI BekTop, & = 2TH,

3. IToxkasats, uro pemerku ['TIK u OLIK siBisitoTCS B3aMMHO OOpaTHBIMH.

4, HaiiTi oOpatHyto pemeTky /uis CTpyKTypbl TpadeHa (IByMepHasi TeKkcaroHajlbHas
pelieTka).

S, Hcxons w3 nmpuHOUNA IUIOTHEHIIEH YIAKOBKH, OLEHUTh MaKCUMaJbHBIN pajnyCc aTOMOB,

CIIOCOOHBIX CO3/aTh TBEP/bI PacCTBOP BHEIPEHHs B IIMHKE 0e3 00pa30BaHUs XMMUYECKUX
ceszeit. Luak nmeet ['TIY -pemerky, MUHUMalIbHOE MeKaTOMHOE pacctosiaue — 0,266 HM.

6. OLeHUTh panyC HEHTPAIBHBIX MPUMECHBIX aTOMOB, KOTOPbIE MOTJIH OBl Pa3MECTUTHCS B
OKTadIpHuecKux Mex103musax sxene3a (OLK — pemierka, MUHMMAabHOE PACCTOSIHUE MEXKTY
atomamu 0,255 HM.)

7. MOHOKPHUCTAINTMYECKUA CIUTOK KpeMHHUs B (GOopMe IJIMHHOTO MWIMHIApa JIuHOW L u
paauyca I yrnpyro pactsaruBaercs B HanpapiieHuu <100>. [TonyunTh 4MCIeHHbBIE 3HAYEHUS
moayist FOura u koaddunmenta [lyaccona. Mcronb30Barh crneayronme 3Ha4CHUS



10.

11.

12.

13.

14,

15.

16.

yIpyrux Kod)QHuImeHToB: C11=16,74x10" mun/cm?, C12=6,52 x10" mun/cm?, Cus=7,96
x10M un/om?.

MoHOKpUCTAIITT KPEMHUS MOJIBEPIHYT BCECTOPOHHEMY YIPYTOMY CHKaTHIO 1O JaBICHHEM
P=10° Ila. Mcnonp3ys 3Hadenuss ynpyrux koddoumuentoB Cri=16,74x10! un/cm?,
C12=6,52 x10M qun/cm?, C14=7,96 x101 ,Z[I/IH/CMZ, ONPEACIUTh OTHOCUTEIIBHOE U3MEHEHUE
obbema kpucramia. Yemy OyzeT paBeH MOJyJIb BCECTOPOHHETO CXKATHSI?

MoHokpucTail TepMaHuss B BHJAE JUIMHHOTO Mapajienenunena, pedpa KOTOpOro
OpUEHTHPOBaHbl B HampasiieHuu <100>, 3axar MeXIy MAacCUBHBIMM JEPKaTEISIMU MIPU
KOMHATHO# Temmeparype, a 3aTeM Harper g0 500 °C. Onpenennth KOMIIOHEHTHI TEH30pa
ynpyrux HanpsbkeHuid. [lepopmanmeit  nmepxkareneit  mpeneOpeub. Mcmonb3oBaTh
CIIeyIOIUe JaHHbIe: ynpyrue Ko3(pPHuIrueHTs C11=12,98x10* aUH/CM?, C12=4,88 x104
mua/em?, Cas=6,37 x10M mun/cm?; xodddurment muHeliHOro pacmmupenus o=5,92x10°
rpaﬂ.'l.

HaHokpucTaan KpeMHHs HaxOIWTCS B paBHOBecMH B amopduoit marpuue SiOz mpu
KOMHATHO# Temreparype. Bero cucremy Harpesator 10 700 °C. KosddurmenT nmuHeiiHoro
pacimpeHus KpeMHHUs IpH 3Toi Temneparype o=107° rpan. ™, uro na nopsaok npepbimaeT
3Ha4YeHue »Toro napamerpa st SiO2. cnonp3ys 3HaYeHUS ynpyrux KOd(QQGHUIHMEHTOB JUIs
KPEeMHHUS C11=16,74x10" mun/cm?, C12=6,52 x10™ mun/cm?, Cas=7,96 x10Y mun/cm?,
OTIpECTUTh IaBJIEHUE HA HAHOKPUCTAII CO CTOPOHBI MAaTPHUIIBL.

Ckopoctb 3Byka B menu cocraBisier V=3830 m/c. Mcnonb3ys npubmmxenue Jlebas nis
TEIUIOEMKOCTH, OLIEHUTh YacTOTy U Temreparypy Jebas.

B npubmmxenun Jlebast momy4uTh BbIpaKeHUE Ul CIIEKTPAJIbHON IUIOTHOCTH KoseOaHui
B IBYMEPHOM MOHOAQTOMHOMW pELIETKE.

Temneparypa [leOas mist 3omota paBHa =165 K. Mcnone3ys npubmmwkenue Jlebas s
TEITIOEMKOCTH, OLIEHUTh CKOPOCTh 3BYKA.

B npubmmxennn 3ommepdenbaa OEHUTh CKOPOCTh AJIEKTPOHA Ha MoBepXHOCTH Depmu.
CpaBHHUTB €€ C TEIUIOBOW CKOPOCThIO B MpHOIIkeHnH pye (Moenb HIeanbHOro rasa).

B mpubmmxennn 3ommepdenbia MOTYYUTh BbIpaK€HHE JUISl MIOTHOCTH 3JIEKTPOHHBIX
COCTOSIHMI B IBYMEPHOH MOHOATOMHOM pEIIETKE.

N300pa3uth BUJ ~ CTAaTMUECKOM  BOJBTAMIIEPHOM  XapaKTEPUCTUKH  TYHHEIHHOTO
CBEPXIPOBOSAIIETO KOHTAKTA U3 ABYX CBEPXMPOBOAAIIX MeTaiioB BOau3u T=0 K. Uemy
paBHBl 3HAYEHMS XapaKTEPHBIX HANpPSDKEHMM B Clydyae KOHTaKTa CBUHIA U 0JoBa?
Vcnonp30BaTe clenyromuye 3HAYCHHUS IS SHEepreTudeckux meneit: 2App=27,3 M13B,
2Asn=18 m3B.



17.

OueHuTh TOK, IPU KOTOPOM CBEPXIPOBOJALIAS alIOMMHMEBAsl NPOBOJIOKA IMEpEHaeT B

HopMmasibHoe coctosiuue rnpu T=0 K. Kputuueckoe MarHutHOe mojie i aTIOMUHHS
B:=0,0105 Tn, nmametp npoBosioku d=1 mm.

18.

Iloka3arts,

YTO METAJUIMYECKUN JUTHH SBIISCTCS napaMaroeTUuKOM. C‘-II/ITaTL,

qTo

KOHIIeHTparys aToMoB uTust NLi=6X10%2 cm®, pamuyc 1S-opOUT IIPHHATE PaBHBIM 2,=0,053

HM.

19.

B pamkax ycpeTHEHHOTO 0OMEHHOTO OIS OLIEHUTh YHEPTHI0 OOMEHHOTO B3aUMOICHCTBUS

B HHUKCIEC, MPpUXOAAIIYIOCA Ha OJUH aTOM. C‘II/ITaTB, YTO CIIMHOBOC YHCJIO SHGKTpOHHOﬁ

obosouku paBHo S=1/2, remneparypa Kropu mns nukens T=627 K.

20.

TanreHc yriia JUDJICKTPUYCCKUX IMMOTCPh HEKOI'O JUDJICKTPHUKA Ha 4aCTOTE 100 kI’ umeer

snagenne 10°, craTmueckas IWOIEKTpUUEcKas IMPOHUIAEMOCTh €=2,5. Onpenenuth
yAenbHYI0 3()()EKTHBHYIO TPOBOJAMMOCTh U €MKOCTh 3TOTO Marepuayia i 9actoTel 100
kl'.

6. DoHJ 01LIEHOYHBIX CpeacTB 1Jist l'lpOMe)KyTO‘-IHOﬁ aTrTeCTalluM 10 JUCHHUIIJIMHE

6.1 IlepeueHb KOMIIETEHIMI BBITYCKHUKOB 00Opa30BaTENbHOW MPOTPaMMBI, B (OPMHPOBAHUHU

KOTOPBIX YYYBCTBYET IUCIHUIUIMHA, C YKa3aHUEM pe3yJibTaToB OOydeHMs (3HAHWUN, YMEHUH,

BIIaJicHUI) TpuBenéH Beime (pasgen 2).

JECKPUNTOPOB (OTIMYUTENbHBIX PU3HAKOB YPOBHEH OCBOEHUS KOMIIETEHLIUN).

Hwxe npusenena Ttabnuia oOpa3oBaTeIbHbIX

Yposenn Ixana oueHUBaHUA ¢(POPMHUPOBAHHOCTH KOMIIETeH M
copmupoBan
HOCTH TJI0X0 HEYJIOBJIETBO | YIOBJIETBOPH 04YeHb NMPeBOCXOIHO
Xopo1uo OTJINYHO
KOMIIeTEeHII Mt PUTEJIBHO TECJBbHO Xopomo
(uHaUKaTOpa
MOCTHKEHHST He 3auyteno
. 3aYTEHO
KOMIIeTeHHii)
OtcyTcTBUE YpoBeHb
3HaHUH YpoBeHb 3HaHUH B
TEOPETUIECKO 3HAHUU B obBeMe, YpoBeHb
YpoBeHb MuHUMaIbHO .
ro MaTepuaa. . . 00BeME, COOTBETCTBYIO | 3HAHWH B
3HAHUH HIWKE | JOMYCTHMBIH VpoBeHb
COOTBETCTBY | miem obpeme, p
MUHHMMAaJIbHBl | YpOBEHb SHAHU B
HeBo3moxxuOC o Ho1meM mporpaMmme COOTBETCTBY
3HaHus X 3HAHUH. obBeMe
— Th OLICHUTH 6 o 21 nporpaMmme IMOJArOTOBKH. omeM ’
TpeOOBaHUI. OIyILICHO
[IOJIHOTY P Y HOATOTOBKM | JIomylIeHo nporpamme | TPEBBIIAIONIE
o menn MeCTO | MHOTO M IIDOIDAMM
3HaHUIt 5 o . JIonyImeHo | HeckonbKo HOArOTOBKM porpammy
rpyOsbie HerpyObIxX
BCJIC/ICTBHE py Py HECKOIBKO HecymecTBeH | , 6€3 HOATOTOBKH.
OIINOKH. OLIHMOKH.
OTKa3a HerpyObIx HBIX ONIHOOK | OIIMOOK.
o0yyaroreroc ourbok
51 OT OTBETA
OtcyTcTBHE i IIponemonctp | IIpomemonc | Ilpopemoncrp | IIponemonc | IlpomemoHCTp
U pEILICHUU
MUHHMAaJIbHBI PP HPOBaHbI TPUPOBaHbl | UPOBAHBI BCE TPUPOBaHbl | HUPOBAHBI BCE
. CTaHJAPTHBIX
Ymenus X yMeHUil . OCHOBHBIE BCE OCHOBHBIE BCE OCHOBHBIE
3aja4 He
Hesosmosxnoc YMEHHUs. OCHOBHBIE yMEHHUs. OCHOBHBIE YMEHHUS,.
IIPOJEMOHCTD
Tb OLICHUTh Pemenst YMEHHUSL. Pewens! Bce yMeHus,peml | Pemenst Bce
HMPOBaHbI
HaJIpuue P TUIIOBBIC Pemiensl Bce | OCHOBHBIE €HBI BCE OCHOBHBIE
. OCHOBHBIE
YMEHHUHI 3a/1a4y ¢ OCHOBHBIE 3aa4u . OCHOBHBIE 3aJaun.




BCJICZICTBHE YMCHHUSL. HerpyObIMU 3a71a4u ¢ BeImosiHeHBI 3a71a4u ¢ BeImosiHeHBI
0TKa3a OIINOKAMH. HETrpyObIMH | BCE 3aJaHWUS, OTJICNBHBIM | BCE 3aJlaHus,
obyuaromeroc | AMenH MECTO | BpmomHeHs! OUIMOKaMH. | B IOJHOM u B IIOJTHOM
s1 OT OTBETA rpy0bie BCE 3aJlaHus Brimonnensr | 00beMe, HO HECYIIECTBE
OLIMOKH. HO HE B BCE HEKOTOpBIE C HHBIM obneme Ge3
ITOJTHOM 3a/JaHus, B HeI0YeTaMHu. Hemoueramu | HEA0YCTOB
oObeme. MTOJTHOM ,
o0beMe, HO BBITTOJIHEHBI
HEKOTOpBIE BCE 3aaHUs
c B TIOJTHOM
He04YeTaMu oObeme.
TIpogemoncry IIponemonc | IIpomemonc
[Iponemonc pozt P poat pol ™
HMPOBaHbI TPUPOBaHbI | MPOBaH
o N " TPUPOBAHEI .
TCYTCTBUE pH pemeHun MEETCA 6a30BhIC 0a30BbIe HaBBIKH TBOPYECKHUI
BJIaJICHUS CTaHAAPTHBIX | MHUHHMAJbHBI HABLIKH HOIXOM K
N HaBBIKU
MaTepHajoM. 3a/1a4 He 71 1pH PELICHHUIO
HeBo3MOXXHOC | MPOAEMOHCTP pu TIPH PEIICHUN | PEIICHUH HECTAHAAPTH
Th OLEHUTh HPOBaHbI Habop permesm CTAaHIAPTHBIX | HECTAHAAPT | pix 3amau
HaIM4ue 0a3oBbIC HAaBBIKOB UL 3ama4 0e3 HBIX 33724
Hagwiku CTaHJaPTHBI
HaBBIKOB HaBBIKH. peenus OIINOOK U 6e3 omunodoK
X 3a/1a4 C
BCJIE/ICTBUE CTaHAAPTHBIX HEJI0YETOB. u
HEKOTOPBIM
OTKa3a Wmenn mecro | 3anad ¢ HEJI0YeTOB.
u
obyuaromeroc | Tpyosle HEKOTOPBIMH
HEI0YCTaMH
s OT OTBETA OIIHMOKH. Heo4YeTaMu

6.2. Onucanue mMKaji OLCHUBAHUS

HpOMe)KYTO‘{HBIﬁ KOHTPOJIb Ka4€CTBAa YCBOCHHA CTYACHTAMH COACPKAHHA JUCHUIIIINHBI

MPOBOAMTCA B BUJE dK3aMeHa (6 ceMecTp), Ha KOTOPOM ONPEAETSIOTCS:

YPOBCHBb YCBOCHUS CTYACHTAMU OCHOBHOI'O yqe6H0ro MaTepHalia Imo AUCHUIIINHE,

YPOBEHb IOHUMAHMS CTYJEHTAaMU N3YYEHHOTO MaTepHala;

CIIOCOOHOCTHU CTYACHTOB HCIIOJIB30BATh IMOJYYCHHBIC 3HAHHWA JIA BBIIIOJHCHUA
KOHKPCTHBIX 3aJIaHUM.

[Ipu BbICTaBICHUN HK3aMEHAIIMOHHOM OIIEHKH MPUMEHSETCS ceMuOanbHas 1IKalla, KoTopas
110 OKOHYaHUM 00yueHus (B AumioMe 0akanaBpa) TpaHchopmupyercs B msaTuOanbhyto. [1o utoram
OCBOCHMS IHMCLUHUIUIMHBI CAAETCS dK3aMeH. DK3aMEHAIlMOHHBIH OWJIeT COAEP)KUT JiBa BOINpOca U

3aaay.

Kpurepun BbICTaB/ICHUS] OLICHKH IIPH cladye IK3aMeHa

Cemubann
Had IIKaIa

Onucanne ceMUOAITBHOMN IIKAIbI

[Taru6ans
Has IKajia




55 Otnuunast noarotoBka. CTyAEHT OTBEYAET MOJTHOCTHbIO Ha BOMPOCHI 5
IIpeBocxo | Omiera U JOTOJHUTEIBHBIC BOPOCHI (3a/1aHUsI ), BBIXOISIINE 32 OTJINYHO
JTHO paMKU U3YYCHHOTO 00beMa Kypca U U3y4YEeHHBIX alrOPUTMOB U
MTOJIXO0JIOB, MPOSIBIISISI HHUIIMATUBY M TBOPYECKOE MBIIIIJICHHE. Bee
KOMIIETEHIINH (YaCTH KOMIIETEHIINH), Ha YOPMUPOBAHUE KOTOPBIX
HarpalieHa TUCIHUIUINHA, COOPMHUPOBAHEI HA YPOBHE HE HIDKE
«IIPEBOCXOTHO»
5 Otinunas noaroroBka. CTyIGHT OTBEYAET MOJHOCTHIO HA BOTIPOCHI
OTJIMYHO | OWJIeTa B paMKax M3yYEHHBIX aJITOPUTMOB M 110ax0/10B. [Ipu oTBeTe
Ha JIONOJIHUTEJIBHBIE BOIIPOCHI JIOIYCKAIOTCS HE3HAYUTEIILHBIC
HETOYHOCTH.
4,5 Xopomast moaroroBka. CTyIEHT MOKa3bIBa€T XOPOIIUI YPOBEHb 4
OYEHb 3HAHUS BOTIPOCOB OHMJIETa M OTBEYACT C HEOOIBIIIMMH HETOYHOCTSIMH. XOpOIIIO
XOPOIIO
4 Xoporas moarotoBka. CTyICHT MOKa3bIBACT CPEIHUIA YPOBEHD 3HAHUS
XOpOLIO | BOMPOCOB OMJIETa U OTBEYACT HA HEKOTOPHIC JOMOJHUTEIbHbBIC
BOIIPOCHI IIpenoiaBaress (B paMKax Ousera).

3 Y 10BIETBOPUTENIbHAS MOATOTOBKA. CTYJCHT IMOKa3bIBACT 3
YZIOBJIETBO | YJOBJIETBOPUTEIILHOE 3HAHUE BOIIPOCOB OMJIeTa M 3HAHHE 0Aa30BBIX YOBJIETBO
PUTENBHO | MIOHATUH OTBEYasi C HABOSAIIIMMHE BOIIPOCAMH IIPEIIOIaBaTEIIs. PUTEIIBHO

2 CrTyneHT OKa3bIBaeT HEYOBJIETBOPUTEIHHOE 3HAHUE OCHOB Kypca U 2
HEYJOBJET | 0a30BBIX MOHATHI. HeoOxoauMa I0moIHUTEIbHAS TOATOTOBKA JIJIs HEYJIOBJICT
BOPUTENBH | YCIEIIHOTO TMPOXO0KICHUS UCTIBITAHUSI. BOPUTEIbH

o 0

1 [ToaroroBka coBepiieHHO HemoctaroyHa. [locnmenyromas nepecaava 1

IIJI0XO BO3MOKHA TOJIEKO C KOMHUCCHECH. IIJI0XO0

6.3. Kputepuun u mnpoueaypsl OLEHHBAHHS pPe3yJbTaTOB OO0y4YeHHs] MO AUCLHMILIHHE,

XapaKTepu3youmue 3Tanbl GOpMUPOBAHUA KOMIIETCHIMHT

J1sl olleHMBaHHWsl Pe3yJabTATOB O0Y4YeHHSl B BMI€ 3HAHUI, YMEHUIl W 61A0CHUl
HCIOJIB3YIOTCH CJeAYIolHe NPoueaypbl H TeXHOJIOTHH:
- 7Sl OLIGHWBAHUS PE3yJbTaTOB OOYYEHMS B BUJE 3HAHUI WCIIONB3yeTCs (PPOHTAIbHBIN
OIMPOC HAa NPAKTUYCCKHUX 3aHATUAX,
- JUIs OLICHMBAaHHUS pPe3yJbTaTOB OOYYEHHUS B BHJIE YMEHUIl WCIONB3YIOTCS 3a/auH,
BKJTFOYAIOIIUX HECKOJIBKO BOIMPOCOB B BHUAE KpaTKOH (HOPMYJIUPOBKH ACHCTBUN (KOMILIEKCA
JecTBUI) 1715 IPOBEICHUS] HEOOXOIUMBIX OTlepalliii U U3MEPEHUH, KOTOPbIE CIIEAYET BHIOJIHUTD,
HJIM OIMMCAHUC PE3YyJIbTaTa, KOTOpBIﬁ MOKHO CYHUTATh JOCTOBCPHBIM.
- JUIS OLICHHWBAHUS PE3yJIbTATOB OOYUYCHMsS B BUJIE 671A0CHUIl UCTIONb3YIOTCS KOMIUIEKCHBIE
3aaHus, Tpe6y}0m1/1e IIO3TAITHOI'0 PCIICHUA B TUIAYHOHN CUTyallUu U pa3BCPHYTOr'0 OTBETA.

6.4. TumoBble KOHTPOJIBHBIC 3a/JaHUS WM WHBIE MaTepHalibl, HEOOXOTUMBIC I OIICHKU
pe3yNbTaTOB O0yUYEHUS, XapaKTEPU3YIOMIUX 3Tanbl (POPMUPOBAHUS KOMIETCHIIMNA U (WIIN) st

UTOTOBOT'O KOHTPOJISI CPOPMUPOBAHHOCTH KOMIETEHIIHH.




TunoBble BOIIPOCHI IJIA q)pOHTaJ'ILHbIX OnmpocoB:

3anucath ycnoBus Bynbsgda-bperra-Jlaya.

IlepeuncnuTbh OCHOBHBIE TUIIBI XUMHUUECKHUX CBSI3€H B KOH/IEHCUPOBAHHOM COCTOSIHUU.
B 4yem orimmumne monenu TemnoBbix aedexros LloTku ot Mmonenu @penkens?
IIepeunciuTh OCHOBHBIE CBOMCTBA JUCIOKALIUMN.

UTo Takoe «CUCTEMa CKOJIbKESHHUSD» IS TUIACTHYECKON AedopMariu.

Omnpenenenue 1-oii 30Hb1 bprnttosxa.

No ok owhE

Hoquy MaCCHBHBIN O6p33€LI KeJie3a HaXouTCA BO MHOI'OAOMCHHOM COCTOsSIHHH, a
KEJIC3HBIC OITUJIKH O,I[HO,I[OMCHHBIG?

7. YueOHO-MeTOAUYeCcKOe M HH(pOpPMANMOHHOE oOecnevyeHHe TUCHUIIMHBI «DPU3UKa

KOHACHCHPOBAHHOI'0 COCTOSSHUA»

a) OCHOBHas JUTEpaTypa:

1. IIL.B.ITaBnoB, A.®.XoxnoB. ®u3uka TBepaoro tena.- M.: BI, 2000; Hwkuauit HoBropos:
u3a.HHI'Y, 1993 (untepuer-Bepcus: https://mexalib.com/view/17666)

2. B.A.T'ypros, P.H.Ocaynenko. ®u3nka TBEpAOTO Tela s HHXeHepoB. — M.: TexHocdepa,
2007 (uatepueT-Bepcus: https://nashol.com/2017120397793/fizika-tverdogo-tela-dlya-
injenerov-gurtov-v-a-osaulenko-r-n-2012.html)

3. U.Kurrens. Beenenue B pusuky tBeproro tena. — M.: Hayka, 1978 (unTepHeT-Bepcusi:
http://alexandr4784.narod.ru/kittelftt.ntml).

4. Jix.bnelikmop. dusuka tBepaoro Tena. - M.: Mup, 1988 (unrepHer-Bepcus:
http://bookfi.net/book/725627).

5. 3agaum no ¢usuke TBepaoro tena./ Iloa pen. I'.JIx.I'onncmuna.- M.:Hayxka, 1976
(uateprer-Bepcus: http://bookfi.net/book/687258).

0) TOTOJHUTEIbHAS JTUTEPATYPA:

1. A.Anumany. KBaHTOBas Teopusi KpUCTAIIIMUECKUX TBEPABIX Tel. — M.: Mup, 1981.
(uaTepHer-Bepcust: https://www.twirpx.com/file/2276911/)

2. H.Amxpodt, H-Mepmun. ®usuka tBepaoro tena, 1.1,2.- M.: Mup, 1979 (uaTepuer-
Bepeust: https://mexalib.com/view/5434).

B) OporpaMMHOC o0ecIIeueHHE U HHTEepHET-pECYPCHI

1.

2.

Hayunast snexTpoHHass OuOIMOTEKa (DJIEKTpOHHAs OWOIMOTEKA TMEePUOJAMYECKUX H3JIaHUN -
JIOCTYTI Yepe3 KOMIbIOTephI, oAakmroueHHbie K cet HHI'Y): https://elibrary.ru/defaultx.asp.
OnekTpoHHass 0a3a  JaHHBIX 1O  CBOWMCTBAM  TOJYNPOBOJHUKOBBIX  MaTEpPHAJIOB:
http://www.matprop.ru.

. DnexTpoHHas 06a3a JaHHBIX 0 GU3NYECKUM, XUMUYECKUM U CTPYKTYPHBIM CBOMCTBaM BEILECTB

U COCIMHEHUH (JOCTYNl 4Yepe3 KOMIIBIOTEpBl, MOAKIO4YeHHble K cern HHIY):
http://www.springermaterials.com.
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Y4eOHo-MeToIuuecKoe odecreueHne qUCIUTUTMHBL «DU3KKa KOHIEHCHPOBAHHOTO COCTOSTHUSD)
00YCJIOBJICHO HAJTMYMEM HEOOXO0IMMOI0 KOJIMYECTBA YUeOHUKOB B OnbanoTeke u Ha caiite HHI'Y
B 3JICKTPOHHOM BHJIE.

8. MaTepua/IbHO-TEXHHUYECKOE 0O0ecnevyeHue TUCIIHIIINHBI

[TomemeHus: TPEACTABISAIOT COOOW y4eOHBIE ayTUTOPUHU Il TPOBEICHHUS Y4YEOHBIX
3aHATUN, MPEIyCMOTPEHHBIX MPOTPaMMOM, OCHAIllEHHbIE O0OpYIOBaHHMEM M TEXHUYECKUMU
CpeICTBAMU OOYUYCHUS: CIICIUATH3UPOBAHHON MEOEbI0, METTOBBIMU HIIM MarHUTHO-MapKEePHBIMU
JIOCKaMH ISl peACTaBlIeHusl yueOHON MHpopMaIuu OO0JIBIIONH ay TUTOPUH.

[Tomemmienust Uis caMOCTOSITENbHON pPAaOOTHI OOYYAIOLIUMXCA OCHAIIEHbl KOMIIBIOTEPHOMN
TEXHUKOW C BO3MOXHOCTBIO NOJKIIOYEHHS K ceTu "HTepHer" M obecriedeHbl JTOCTYIOM B
3JIEKTPOHHYIO HH(POPMALIMOHHO-00pa30BaTEIbHYIO CPENy.

[IporpaMmma cocTraBieHa B COOTBETCTBHM C TpeOoBaHusiMH ycraHoBienHoro HHIY
00pa3oBaTeIbHOIO CTAaHJapTa BBICHIETO 00pa3oBaHUs IO HampasieHuto mnoaroroBku 11.03.04
"ONeKTpOHMKA U HAHOAJIEKTPOHUKA" .

ABTOD:
K.(b.-M. H., 1O1EHT Kadeapbl PU3UKU NOTYyIPOBOIHUKOB, JIEKTPOHUKH U HAHOIJIEKTPOHUKH
B.B. Kap3anos

Penensent:
3aBeyronuil kadenpoit Teoperrnueckoit pusuky, 1.¢.-m.H. B.A. Bypnos

3aBeyromuii kKadenpoit PU3NKU MOTYyIPOBOJHUKOB, YIEKTPOHUKH U HAHODJIEKTPOHUKH
1.¢.-m.H. mpodeccop . A. [TaBnos

[Tporpamma oro0peHa Ha 3aceaHuu Y 4eOHO-METOUUECKON KOMUCCHN (PU3NYECKOTO (aKyIbTeTa
HHI'Y, nportokon 6/H ot «14» nexkabps 2021 r.

[Ipencenarens YueOHO-MeTOqUUeCKON Komuccun pusmdeckoro ¢akynprera HHI'Y A.A. IlepoB



