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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

OU3UKA TBEPJIOI'O TEJIA
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AHHOTALMS

B kypce u3y4aroTrcss OCHOBHBIE MOJIOKEHHS (PU3UKU KOHIEHCHPOBAHHOTO COCTOSHUS METAJIOB
JUBJIEKTPUKOB U TOJYNPOBOJHUKOB. PaccMaTpuBaroTCs 3J€MEHTHl KPUCTAIIONPapUuecKoro aHajinsa
TBEPJOTO TeJa, BHIBI MEKATOMHBIX B3aWMOJICHCTBHH, AJIEMEHTHl 30HHOH Teopuu. I[loapoOHO
pa3buparoTcsi OCOOEHHOCTH KOBAJEHTHBIX KPUCTAJIOB, ONPEIENSIIONINE IOJYIPOBOJIHUKOBHIE
CBOMCTBA KPUCTAJIJIOB, @ TAK)KE€ BIMSAHHUE DPA3NIMYHBIX CTPYKTYPHBIX HECOBEPLICHCTB HAa OCHOBHBIE
CBOMCTBAa KpHUCTALIOB. Taxkke B Kypce yAeNsIeTCsi BHUMaHUE PACCMOTPEHHUIO BOIPOCOB, CBA3AHHBIX C
TETJIOBBIMU CBOMCTBAMHU KPUCTAJUIOB, HJIEMEHTAMHU CTaTUCTUYECKOH (PrU3MKH (DOHOHOB U AJIEKTPOHOB.
IIpyn wm3n0X€HUM TEOpUHU MOIYIPOBOAHUKOB YJAEISAETCSI BHUMAHUE ONMUCAHMIO PSAAa KOHTAKTHBIX,
TEPMOIEKTPUUECKUX U TaJIbBAHOMATHUTHBIX SIBJICHUN.

B xypce cyMMHpYIOTCS M IOJABOASITCSI UTOTM U3YyUEHUS JPYTUX TBEPAOTENbHBIX JUCIUIUINH 110
Maructepckoit mporpamme «®duszmka TBepmoro Tenma u  QoroHukay. OOCYKIAIOTCS OCHOBHBIC
TEOPETUYECKHE MpeACTaBleHUsT (U3MKU TBEPAOTrO Tella U JOCTWXKEHUs sKcnepumeHnrta. Cpeau
00CyX/1aeMbIX TEM - KPUCTAJUIMYECKHE M TEIUIOBBIE CBOICTBA, 30HHAs TEOpPHsl B TBEPABIX Telax,
CIEKTPBI KBA3UYACTHUL], CTATUCTUKA IEKTPOHOB U JBIPOK B IOJYNPOBOJHUKAX, CBEPXIPOBOIUMOCTS,
MarHuTHbIE CBOMCTBA.

1. LEJIU U 3ATAYA OCBOEHUS YYEBHOM JUCIHUIIINHBI

[ToaroToBuTh KBaTM(PUUIMPOBAHHBIX MOJIOJABIX CHEIHMATMCTOB, HAYMHAIOMIMX paboTaTh B
pa3nuyHBIX 00JacTsax, rae Tpedyercs 3HaHWE (U3MKA KOHJAEHCHPOBAHHOTO COCTOSHHS, (DU3MKH
MOJTYTIPOBOTHUKOB ¥ TIOJYIPOBOAHUKOBBIX MpUOOpoB. Llens Kypca 3akmrodaeTcs B TOM, YTOOBI Ha
OCHOBE CHCTEMaTHYECKHX OOOOIIEHUI M MOCIe0BATEIbHOTO H3JIOKEHUS CYIIECTBYIOIINX TEOPHH U
JNOCTHKEHUM B 00JacTU COBPEMEHHBIX TEXHOJOTMH BbIpabOTaTh y CilylIaTelei mpeicTaBiieHus 00
OOIIMX 3aKOHOMEPHOCTAX M TOAXOJX K TIPHUMEHEHHIO TEXHOJOTMYECKUX MPHUEMOB CO3/IaHUs
MaTepHalioB C 3a/laHHBIMU YHUKaJIbHBIMM CBOICTBaMH, a TakK€ O3HAKOMHUTH CIyllaTeled Kypca ¢
OCHOBHBIMH (PU3MUECKUMH MOJEISIMA U MAaTEMAaTHUECKUM allapaToM COBPEMEHHOH (GU3UKU TBEPAOTro
Telna.

2. MECTO YYEBHOM JUCIHUILJIMHBI B CTPYKTYPE OOII BO

JIUCIMIUIMHA JIOTUYECKH M COJAEPXKATeJbHO-METOJUUYECKH CBA3aHA CO  CIEAYIOIIUMHU
JUCHUIIIIMHAMMU BBaHMOHCﬁCTBHe H3JIYy4YCHUS C BCIICCTBOM, q)OTOHI/IKa, OKCIICPUMCHTAJIbHAs (1)I/I3I/IK8,
KOHACHCUPOBAHHOI'O COCTOsIHMA  BCIICCTBA, HeﬁTpOHHBIe METOJAbI HCCJIECAOBAHHUA B (1)I/I3I/IKC
KOHACHCUPOBAHHOI'O COCTOAHUA, MECTOABI UCCIICAOBAHNA KOHACHCUPOBAHHBIX CPEA U HAHOCTPYKTYP C
UCTIOJIb30BAHUEM CHHXPOTPOHHOTO U3JIyYCHHS, TIIOJYIPOBOJHUKOBBIC KBAHTOBBIE TI€HEPaTOpHI,
COBpEMEHHBIE TPOOIEMBbI (PU3HUKK TBEPIOTO Tea.

OsnazeHve JMaHHOM IMCLUUIUIMHOW HEOOXOIMMO BBIMTYCKHUKAM MAarucTepCKOM MpOrpaMMel
«®Pu3uka TBEpHOro Tena U (PoToOHMKA» MNpodMiIs MOArOTOBKU «DPHU3MKA KOHICHCUPOBAHHOIO
COCTOSIHUSI ~ BEIECTBA» IS CIEAYIOIMX obOiacted mpogecCHOHAIBHOM  JIEATENIbHOCTH  T10
UCCIIEJOBAaHHIO U pa3paboTKe:

®* YCTAaHOBOK U CUCTEM B obOacta (1)I/I3I/IKI/I KOHACHCUPOBAHHOI'O COCTOAHUS BCUICCTBA,

* YCTAaHOBOK U CHCTEM JIa3epHON 00pabOTKU MaTepuaos;

* CTPYKTYPHBIX M CHEKTPOCKOITMYECKIX CBOMCTB HOBBIX U pa3padaThIBaCMbIX MaTEPHAIOB

* METOJIOB MOBBIIICHNUS 0€30MTaCHOCTH SIICPHBIX YCTAHOBOK, MaTePHAJIOB M TEXHOJIOTHUH;



3. ®OPMUPYEMBIE KOMIIETEHIIUU U IINTAHUPYEMBIE PE3YJIbTATBI

OBYYEHUA

VYHuBepcanbHbIe H(WIK) o0menpodeccuoHaTbHbIE KOMITETEHIIUN

Kon 1 HauMeHoBaHue KOMIIETEHIIUU

OIIK-1 [1] — CriocoGeH ncronp30BaTh
(yHIaMEeHTaJIbHBIE 3aKOHBI TIPUPO/IBI
Y OCHOBHBIE 3aKOHBI
CCTCCTBCHHOHAYYHbIX JUCHUILJINH B
poheCCHOHATLHOMN IeATEIbHOCTH

OIIK-2 [1] — CnocobeH MpUMeHSITh
METOJIbl MATEMaTHIECKOTO aHAJIH3a,
MOJICTTUPOBAHUS, ONITUMU3AIINU U
CTaTHCTUKH ]ISl PEIICHUS 3a]1a4,
BO3ZHUKAIOIINX B X0
poeCCHOHATBHON JIEATETLHOCTH

OIIK-3 [2] — Cnioco6eH poBOANTH
HKCIIEPUMEHTAIbHBIC UCCIICAOBAHMS H
u3MepeHus, 00pabaThIBaTh U
MIPECTABISATH MMOJTyUYeHHBIE TAHHBIE C
y4eToM crietu(puKu U3MEepeHHii B
crcTeMax M yCTpoucTBaxX (POTOHHUKH U
ONTOUH(OPMATUKH

Kon v HanMeHoBaHMe HHIUKATOPA JOCTHKECHUS
KOMITETeHIIUHI

3-OIIK-1 [1] — 3naTh dhyHAaAMEHTAIBHBIC 3aKOHBI IPUPOIBI U
OCHOBHBIE€ U OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
TUCLUILITUH

VY-OIIK-1 [1] — YMeTh UcTI0Ih30BaTh PUINIECKUE 3aKOHBI
MIPU aHAJIKM3E U PEIIeHUH MpodieM mpodecCuoHATbHON
NEeSATEIbHOCTH; MPUMEHSTh U3YUEHHBIE 3aKOHOMEPHOCTHU K
pelieHno pU3NUECKHX 3a7a4 U aHAJIM3UPOBATh MOTyYEHHbIE
peuieHus

B-OIIK-1 [1] — Bnagets yMeHHEM BBIBOJIUTH OCHOBHBIE
COOTHOIIEHUS MEXKY (PU3HMUECKUMU BETUUYUHAMH,
CJIEyIOIINE U3 MTOCTYJIATOB TEOPUH WU U3 PE3yIbTaTOB
SKCIEPUMEHTA; YMEHHUEM IMPUMEHUTHh OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX JUCLUUIUIMH IIPU PEIICHUHU 33]1a4;
aHAJIM3UPOBATH MOTYYCHHBIE PEIICHHS 3a/1a4 B
npodeccunoHaNbHOM e TENbHOCTH; POBOUTH YHUCICHHbBIE
BBIYHCIICHUS ¢ TPeOyeMOoii CTENEHbIO TOYHOCTH;

3-OI1K-2 [1] — 3HaTh OCHOBHbIE TOHATHUS U METO/bI
MaTeMaTHYeCKOT0, BEKTOPHOT'O U TE30PHOTO aHAJIN3a,
MOJIEJIMPOBAHUS, ONTUMU3AIMHI U CTATUCTUKY ISl pELICHUS
3a/1a4, BO3ZHUKAIOIIUX B X0JIe MPOodhecCHOHATBHOMN
NeATETbHOCTH

V-OIIK-2 [1] — YMeTh pemiaTh TUTIOBBIE 3aa9H,
BO3HUKAIOIINE B X0JI€ MPOPECCHOHAIBHON NeATeIbHOCTH
METOJaMHU MaTEMaTHIECKOTO, BEKTOPHOTO U TE€30PHOTO
aHaaM3a, MOJICIMPOBAHUs, ONTUMHU3ALUNA U CTATUCTUKH JIJIs1
pelIeHus 3a/1a4, BOZHUKAIOIIUX B X0/€ MpodeccruoHalbHOMN
NeSATEIbHOCTH

B-OIIK-2 [1] — BrageTs MeTO1aMH MaTeMaTHIECKOTO,
BEKTOPHOI'O U TE30PHOT0 aHaJIN3a, MOJIETMPOBaHUS,
ONTUMU3AINH U CTATUCTUKH JIJTS PEIICHUS 33714,
BO3ZHUKAIOIINUX B X0/1€ MPO(HEeCCHOHATEHOU NesTEIIbHOCTH

3-OI1K-3 [2] — 3Hatb cneunuky METOJIOB U CPEICTB
HCCIEA0BaHUN U U3MEPEHUN B CUCTEMAax U YCTPOMCTBAX
(OTOHMKM U ONITOUH(POPMATUKU

V-OIIK-3 [2] — YMmeTh BBIOMpATH U UCIIOJIH30BATH
COOTBETCTBYIOIIUE PECYPCHI, COBPEMEHHBIE METOAUKH U
00opyi0BaHuE 15l IPOBEACHUSI SKCIIEPUMEHTATBHBIX
UCCIIeIOBAaHUM U U3MEPEHHI € yueToM crenupuKu
U3MEpEeHUi B cucTeMax U yCTpolcTBax GOTOHUKU U
ONTOUH(OPMATUKH




OIIK-3 [1] — Crocoben

CaMOCTOSITENIbHO OCBauBaTh
COBPEMEHHYIO (PU3UYECKYIO,

AHATUTUYECKYIO U TEXHOJIOTHUECKYIO
anmapaTtypy pa3IuIHOTO Ha3HAYCHHS

U paboTaTh Ha Hel

B-OI1IK-3 [2] — BiianeTs OCHOBHBIMH METOJJAMU ONTHKO-
(bUBUYECKUX MCCIICIOBAHUN U U3MEPEHHM, METOAaMHu
00pabOTKH | MpeACTaBICHUS MOTYYECHHBIX
IKCTIEPUMEHTAJIbHBIX JIAHHBIX.

3-OIIK-3 [1] — 3HaTh OCHOBBI Y IPUHIIUIIBI PAOOTHI
COBPEMEHHOM (hPM3NYECKOH, aHATUTUUECKON U
TEXHOJIOTMUECKOH anmapaTyphl pa3jIMuyHOr0 Ha3HAUYEHUS U
npaBuia 6e30macHoi paboThI C Hel;

V-OIIK-3 [1] — YMeTh paboTaTh Ha COBPEMEHHON
(bu3nUecKoil, aHATMTHYECKON U TEXHOJIOTUIECKOM
anmnapaTtype pa3JInyHOro Ha3HaYeHUs; aHAJIM3UPOBATh
pE3yJIbTaThl, OJYYEHHBIE C TOMOLIBIO AaHATUTUYECKON U
M3MEpUTENIbHOMN anmnapaTypbl
B-OIIK-3 [1] — Biiagets HaBBIKOM pabOTHI HA COBPEMEHHOM
(bU3MIeCKOl, aHATUTUYECKON U TEXHOJIOTUYECKON
anmnapaTrype pa3JIndyHOro Ha3HaYeHUs

IIpo@eccn0Haanme KOMIICTCHIIMK B COOTBCCTBUM C 3adadyaMH U

3HaHUI) TPOpEeCCUOHATHLHOMN e TENTFHOCTH:

oObekTaMu (0OmacTIMU

3apaua
npodeccuoHaIbLHOM
aesiteabnoctu (3I11)

PazpaboTka na3epHbIX 1
ONITUYECKUX
TEXHOJIOTHIT, aHAJIN3
MOCTaBIIEHHOM 3a/1auu
HCCIIE0BAHUN B
obnacti (POTOHHUKHU U
ONTOMH(OPMATHKH;
JKCIIEPUMEHTAaIbHbIE
WCCIICIOBAHMS B
obsacTu (POTOHHUKHU U
ONTOMH(OPMATHKH
HOBBIX SIBJICHHIA,
MaTepHUaoB, CUCTEM H
YCTPOMCTB

O0BbeKT nIn
00J1aCThH 3HAHUSA

JlazepHbie
TEXHOJIOTHH,
AJIEMEHTHI B COCTaBE
Ja3epHBIX CUCTEM,
OIITUYCCKUC
MaTepuaibl U
JieTan,

T paKIMOHHbIE
OIITUYCCKUC
AIIEMEHTHI,
TOJIOTPaMMBI

Koa n naumeHoBaHue
npodeccuoHaIbLHOM
KOMIIeTEHIIUM;
OcHoBaHue
(mpogeccuoHAIBLHBIH
cranaaprt-IIC, ananu3
OIbITA)

Hay‘IHO—HCCHC,HOBaTCHBCKOﬁ

IIK-1 [2] - ciocobeH k
aHaJIN3y MMOCTaBJICHHOM
3a/1a4y UCCIIEA0BAHUMN B
obsactu (POTOHUKHU U
ONTOMH(OPMATHKH

OcHosanue:
[TpodeccnonanbHpIi
crangapt: 29.004, 40.037

Koa n naumeHoBanue
HHIMKATOPA
AOCTHKEHUS
npodeccuoHaIbLHOM
KOMIIeTEeHI[UH

3-T1IK-1[2] - 3nath
COBPEMEHHOE
COCTOSIHUE Pa3BUTHS
(hOTOHUKHU 1
ONTOMH(OPMATHKH ;
V-IIK-1[2] - ymeTh
aHAITM3UPOBATh
UCXOJHBIE TPeOOBaHUS
MIPU PEUICHUH 337124 B
obsacTu (POTOHHMKHU U
ONTOUH(OPMATHKH
MIPOBOAUTH MOUCK
Hay4YHOTEXHUYECKON
nH(pOpMaIIUU IO TEME
pelaemMoit 3agauun
YTOYHSTH U
KOPPEKTHPOBATh
TpeOOBaHUS K
pelaeMoii 3aa4e B
obyactu (POTOHHUKHU U
ONTOUH(OPMATHKH ;
B-I1K-1[2] - Bragets
HaBBIKAMHU aHAJIN3a




Pa3paboTka na3zepHbIX U
ONTUYECKUX
TEXHOJOTHIT, aHAJIHN3
IIOCTABJIEHHOW 3a1auu
HUCCIIEJOBAaHUN B
o0nacti (POTOHUKH U
ONTOMH(POPMATUKU;
9KCIIEPUMEHTAJIbHBIE
UCCIIEIOBaHMUS B
o0nacti (POTOHUKH U
ONTOMH(POPMATUKU
HOBBIX SIBIICHUIA,
MaTepUajoB, CUCTEM U
YCTPOMCTB

JlazepHbie
TEXHOJIOTHH,
AIIEMEHTHI B COCTaBe

[IK-3 [2] - crtocoben k
HajaJKe, HaCTpOMKe,
FOCTUPOBKE U OTMIBITHOM

MIPOCTHIX
HCCIIeTIOBATEIILCKUX
3a/1a4 B 00JIacTH
dhoToHUKHU U
ONTONH(POPMATUKH
3-T11K-3[2] - 3HaTh
OCHOBBI TEOpUU
U3MEPEHUI OCHOBBI

JIA3€pHBIX CUCTEM, poBepKe MPUOOPOB U paboThI ¢
ONTHYECKUE CUCTEM U3MEPUTEIIBHON
MaTepuaisl U anmnapaTrypoil OCHOBBI
JieTan, Ocnosanue: ONTUKO(PU3NUECKHUX
TU(ppaKIUOHHBIE [IpodeccuonanbHbIi U3MEPECHUH; ;
ONTUYECKHUE crangapt: 29.004, 40.041 | V-IIK-3[2] - YmeTs
JJIEMEHTBI, I0JIb30BATHCS
rOJIOTPaMMBbI OCHOBHBIMH
U3MEPUTENIBHBIMU U
CEPBUCHBIMU
npubopamu
FOCTUPOBATH

OINITUYCCKUC YCTAHOBKU

;
B-TIK-3[2] - Bnanets
METOJIaMH ¥ TPUEMAMM
HaJaJKu, HAaCTPOUKH,
FOCTUPOBKH U ONIBITHOM
MIPOBEPKU IPUOOPOB U
CUCTEM

4. BOCIIUTATEJIbHBIA MOTEHIIUAJ JUCHUTLJIAHBI

Hampasnenus/uenu
BOCIIUTaHHS
[IpodeccrnonansHoe
BOCITHTAHHE

3agauym BocriuTaHus (Kos)

Coznanue ycinoBui,
o0ecrneynBaronnx, opMUPOBaHUE
HAYYHOT'O MUPOBO33PEHHUS, KYJIbTYPHI
IMMONCKAa HECTAHAAPTHBIX HAYYHO-
TEXHUYECKUX/TIPAaKTHUECKUX
peHIeHI/II\/’I, KPUTHYECKOT'O OTHOIICHHA
K UCCIIEIOBAaHUSIM JDKEHAYYHOTO TOJIKA
(B19)

BocnurarenbHbIl TOTEHIIUAT
JHUCIATUIHH

1. Ucnonp3oBanue
BOCIIUTATEILHOTO ITOTEHIIAAIA
JTUCIUILTAH/TIpakTHK «HaydHo-
HccreaoBarenbekas padboTay,
«IIpoekTHas mpakTUKay,
«HayuHb11 cemuHap» UIs:

- popmMupoOBaHUS TOHUMAHUS
OCHOBHBIX TIPUHITUIIOB U
Croco00B HAYYHOTO MO3HAHUS
MUpa, pa3BUTHUSA
HCCICA0BATCILCKUX KaueCTB
CTYJICHTOB MOCPEICTBOM UX
BOBJICUCHMS B UCCIIEAOBATEIIHLCKUE
MIPOEKTHI IO 00JIACTSAM HAYIHBIX
ncciaenoBanui. 2.Mcnoabp30BaHue
BOCIIUTATECILHOTrO ITOTCHIIAAIA
nucuurul "VMcropust Hayku u
unxenepun", "Kpurnueckoe
MBIIIJICHUE U OCHOBBI HayYHOUH




[Ipodeccuonanshoe
BOCIIUTAHUC

Coznanue ycnoBui,
o0ecrneunBaronx, opMUpOBaHUE
TBOPYECKOTO
MHXEHEPHOT0/pOoeCCUOHATBHOTIO
MBILIEHHS], HABBIKOB OpraHU3allu
KOJUIEKTUBHOM IIPOEKTHOU
nesitenbHOCTH (B22)

KOMMyHUKauu'", "Beienue B
crienuanbHOCTh ', "HaydHo-
uccieaoBarensckas pabora",
"Hayunblii cemunap" mis:

- popmupoBaHUs CIOCOOHOCTH
OTJIETISATh HACTOSIINE HAYYHBIC
MCCJIEI0BAHUS OT JHKEHAYUYHBIX
MOCPEJICTBOM TTPOBEICHHS CO
CTYJI€HTAMHM 3aHATUN U
peryisipHbIX Oecen;

- popMHupOBaHUS KPUTHUECKOTO
MBIIUICHUS, YMEHUS
paccMaTpUBaTh pa3IuvHbIC
MCCIIEIOBAHUS C SKCIIEPTHOM
MO3ULIUU [TOCPEICTBOM
00CYXICHUS CO CTyJCHTaMHU
COBPEMEHHBIX UCCIIEIOBAHUM,
HUCTOPUUYECKHUX MPEATOCHUIOK
MOSIBJICHUS T€X WJIN UHBIX
OTKPBITHIA U TEOPHH.
1.Mcnonb3oBanue
BOCIIUTATCILHOTrO ITIOTCHIINAIA
JTUCIUILIAH TPOo(dECCUOHATBLHOTO
MOJYJISl AJIS1 PA3BUTHSI HABBIKOB
KOMMYHUKAaIUU, KOMaHAHOU
paboTHI U IHIEPCTBA,
TBOPYECKOTO UHKEHEPHOTO
MBIIIICHUS, CTPEMIICHHS
CJIeI0BaTh B MPOQECCHOHATHHON
JeSATeTLHOCTH HOpMaM
MOBEJICHUS, 00€CIICUYNBAIOLIM
HPaBCTBEHHBIN XapaKTep
TPYZIOBOM AESTENBHOCTU U
HECJTY>KeOHOTO TIOBEACHHUS,
OTBETCTBEHHOCTH 32 MPUHSATHIE
penieHus 4epe3 MoJIr0TOBKY
TPYIIOBBIX KYPCOBBIX paboOT U
MPaKTUYECKUX 3aJIaHUM, PEIICHHE
KEMCOB, MPOXOXKACHHUE MPAKTUK U
noarorosky BKP.

2 .Mcnone3oBanue
BOCIIUTATECILHOTrO ITOTEHITAAIA
JTUCIUILTAH PO eCCHOHATBHOTO
MOJTYJISL JUTSL: - (POPMUPOBAHUS
MIPOU3BOACTBEHHOIO
KOJUICKTUBH3Ma B XOJI¢
COBMECTHOTO PEIICHUSI KaK
MOJICJIbHBIX, TaK U MPAKTHIECKUX
3a/1a4, a TAaKXkKe MyTeM
MOJKPETUICHHE PalliOHATBHO-
TEXHOJIOTHYECKUX HABLIKOB
B3aUMOJICUCTBUS B IPOEKTHOMN




[Ipodeccuonansroe
BOCIIUTaHHE

Co3zanne yciaoBuid,

o0ecnieunBaroImux, GOpMHUPOBAHNE

KyJbTYpbl 0€30M1acHOCTH IIpU paboTe ¢

Ja3epHbIM u3nydeHuem (B27)

JeSITeIbHOCTH SYMOLMOHAIBHBIM
3¢ dexToM yCcrenHoro
B3aUMO/ICHCTBHUS, OIIYIIEHUEM
pocTa o61ieit 3¢ heKTUBHOCTH
IpU pacupeeNeHUH MPOSKTHBIX
3aJa9 B COOTBETCTBHH C
CUJIBHBIMU KOMIIETEHTHOCTHBIMU
¥ SMOIIMOHAIILHBIMU CBOHCTBAMU
YJICHOB POEKTHOM IPyTIIbI.
1.Mcnonp3oBanue
BOCIIUTATEIBHOTO MOTEHIIAJIA
NpOQIIEHBIX TUCIATUTHH U BCEX
BUJIOB MPAKTUK JUIS: -
(bopMHPOBAHUS KYITBTYPHI
Ja3epHON 6€30MacHOCTH
MIOCPEJICTBOM TEMAaTHYECKOTO
AKIIEHTUPOBAHUS B COJICP>KAaHUU
JTVICIUTUIAH ¥ Y9eOHBIX 3aJJaHnH,
HOJTOTOBKH 3cce, pedepaTos,
JIUCKYCCHUH, a TaKXKE B XO/€
NpaKkTU4eCKoil paboThI ¢
Ja3epHbIM 000pPYyI0BAaHUEM. -
dbopMUpOBaHUS KYIbTYPHI
0e30MmacHOCTH IpH paboTe Ha
9KCIIEPUMEHTAIBHBIX U
MPOMBIIIJICHHBIX YCTAaHOBKAX
BBICOKOM MOIITHOCTH U
UMEIOITIMH TTOBBIIIICHHBIH
YPOBEHb OIACHOCTH Yepe3
BBITIOJIHEHHUE CTYJICHTaMHU
MPAKTHYECKUX U TaOOPaTOPHBIX
pabot, B TOM YHCIIe Ha
000pyIOBAaHUU JUJIsl UCCIIEIOBAHUS
BBICOKOTEMIIEPATYPHOH IJIa3MBbl.

S. CTPYKTYPA M COJAEP)KAHUE YYEBHOM JUCIUILINHBI
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* — COKpallleHHOE HaMMEHOBaHUE (POPMBI KOHTPOJIS
** — cyMMa MakCHMaJbHBIX OanoB joipkHA ObITh paBHa 100 3a cemecTp, BKIIOYAs 3a4eT W
(unn) 3K3aMeH

CoxpalieHne HaMMEHOBAaHUH (POPM TEKYILEro KOHTPOJIS U aTTECTALUH Pa3/ieiioB:

0O0o03ua | [To1HOE HAMNMEHOBAHME
YeHHe

KU1 KoHTpoJib 110 utoram

) OK3aMeH




KAJIEHJIAPHBIN IVIAH

Henen | Temsl 3ansaTuii / Coaep:kanue Jlek., | IIp./cem. | JIa6.,

U yac. , yac. yac.
6 Cemecmp 30 15 0

1-8 Yacrts 1 16 8 0

1-2 CrtpoeHue TBepabIX TeJl. Bcero ayutopHbIX 4acoB
Kpucrannuueckue u aMmopgHbIe Tena. 4 |2 [0
Kpucrannmaeckas ctpykrypa (pemietka, 6a3zuc, onepamun Owuaitn
CUMMETpHUH, TUIIBI pereTok bpase). 0 0 0
O6o3HayeHne KpucTauiorpaduueckux HarpaBIeHUN U
IIJIOCKOCTEH B KpUCTaJLIE. PEHTI€HOCT-PYKTYpHBIN aHAIM3.

AHM30TPONUS KPUCTAIIOB.

Knaccudukanus KpucTajioB M0 THITAM XUMHYECKHUX CBSI3CH:

- HIOHHBIE KPUCTAJUIBI (MOHHAS (TETEPOIOJISIPHAS ) CBSI3b);

- aTOMHBIE KPUCTAIUTBI(KOBAJICHTHAS (TOMEOMOJISIPHAs) CBS3b);
- METANTHYECKHE KPUCTAIUTBI (METAUTHYECKAsI CBSI3b);

- MOJIEKYJISIPHBIE KPUCTAJUIbI (BOAOPOHAS CBS3b).
CormnocraBieHre pa3IMuyHbIX TUIIOB CBsA3ed. KoBanieHTHas CBs3b
1 TIOJYTIPOBOTHUKOBBIE CBOMCTBA KPHCTAILIOB.

3-4 dedeKThl B KPUCTAJLIBIX. Bcero ayiutopHbIX 4acoB
JleeKThl B KpUCTaILIaX: 4 |2 [0
- MEXJ0Y3/I1sl U BAKAHCHUU; Omuiaiig
- nedextol o HIoTTKY; 0 0 0
- neexTrl mo OpeHkerio;

- TUCIIOKAlUU (KpaeBble M BUHTOBBIC);
- IPUMECH BHEJIPEHHUSI U 3aMEILECHUSI.

5-8 TemioBbie cBOMCTBA TBEepAbIX TeJl. DOHOHBI. Bcero ayiuTOpHbIX 4acoB
Cwiibl, IEHCTBYIOLIME MEXTY YACTUIIAMHU TBEPJIOTO TeJa. 8 | 4 | 0
XapakTep TeII0BOTO JABMKEHHUS B KpUCTAIIIAX. Ownunaiin
["apmonnueckoe mpubInKeHUE: 0 0 0
- KoneOaHus 1IEMOYKH OJIMHAKOBBIX aTOMOB (HOpMaJIbHBIE
KOJICOaHUS PEIICTKH, CTIEKTP HOPMallb-HBIX KOJICOaHU);

- KoJeOaHus B 1[EMOYKE HEOIMHAKOBBIX aTOMOB;

- aKyCTHYECKHe U ONTHYECKHE KOIeOaHUs pEeLIeTKY;

- (DOHOHBI.

TemnoeMKOCTh TBEPABIX TEI.

- 3akoH J[romonra u I1tu;

- KBAaHTOBBIE TEOPUH TEIIJIOEMKOCTH (TeopHsl DUHINTEHHA,
Mozeinb [ebas).

TemnonpoBoAHOCTH TBEPABIX Te. Pob aHTapMOHUYHOCTH
KoseOaHui.

9-15 Yactb 2 14 7 0

9-11 3oHHas Teopusi TBepAbIX TeJl. Bcero aytuTOpHBIX 4acoB
DHEpreTUYEeCKUe YPOBHU CBOOOTHBIX aTOMOB. 8 | 4 | 0
O00011IeCTBICHHE YICKTPOHOB B METaJlIe (JHEPTETUICCKUE Ownnaitn
Oapbepbl, TYHHEIUPOBAHKE, PACIEN-IEHUE YPOBHEH). 0 0 0

DHepreTu4ecKue 30Hbl 3JIEKTPOHOB B KpHUCTAJLIIE:

- IPUMEPBI 00pa30BaHUs YHEPTETHUECKUX 30H;

- JIeTIEHUE Ha METAJUIbI, MOTYTPOBOAHUKH, AUIICKTPUKH.
OCHOBBI 30HHON TEOPHHU:




- aquabaTudecKoe MPUOIMKEHUE;

- OZIHORJIEKTPOHHOE MPUOIMKEHUE;

- Teopema bioxa.

Mogens Kponura-Ilennu:

- aHaJIU3 MOJIEIHN:

- 3aBUCUMOCTb SHEPTHH 3JIEKTPOHA OT BOJIHOBOT'O BEKTOpa B
pa3pelIeHHbIX 30HAX;

- 30HbI bpusosna B 3agade Kponura-Ilennu;

- OFPAaHUYEHHOCTh MOJICIIN.

DddexTrBHAS Macca AIEKTPOHA, KBA3UUMITYJIC.
CoOcTBeHHbIe MOMYNPOBOAHUKH. [ToHsATHE O ABIPKAX.
PexombOunarmms. [IpoBoguMocTh B cOOCT-BEHHBIX
MOJIYTIPOBOIHUKAX.

[IpumecHbIe TOTYTIPOBOAHUKHU. JJOHOPBI U aKUIENTOPHI.
IIpumepsl.

PaBHOBecHBIE KOHIIEHTpALlMU CBOOOIHBIX HOCUTENEH 3apsiia B
MOJIYIIPOBOIHUKAX

- ypoBeHb DepMu B OJTYNPOBOTHUKAX;

- 3aBHCUMOCTb KOHLIEHTPAIIMH CBOOOIHBIX HOCUTEJEH OT
nosioxeHus: yposHs @epmu;

- KOHILICHTPALMs HOCUTEIIEH U T0JI0KEeHUE YpoBHS Depmu B
COOCTBEHHBIX MOJIYIIPOBOJHHUKAX;

- KOHIICHTPALIMsI HOCUTEIIEH U TI0JI0KeHHe YpoBHS Depmu B
MIPUMECHBIX MOTYTIPOBOJTHHUKAX.

12-15

DJIEKTPONPOBOIHOCTH B MOJYNPOBOAHMKAX. KOHTaKTHbIE
SIBJICHUS B MIOJIYIIPOBOAHUKAX.

DJEeKTPONPOBOIHOCTH HEBBIPOXKICHHOT'O Ta3a.

ITonBMKHOCTB HOCUTENIEH 3apsiia U €€ 3aBUCUMOCTD OT
TEeMIIepaTyphbl.

CoOcTBeHHas: NPOBOUMOCTb ITOJYIPOBOJAHUKOB U €€
TeMIepaTypHasi 3aBUCUMOCTb.

ITpumecHast TPOBOIMMOCTH MOJIYIIPOBOJHUKOB U €€
TeMIepaTypHas 3aBUCUMOCTb.

Onpenenenue TUIa NPOBOAMMOCTHU HOJTYIIPOBOIHHKA.
Dddext Xomnna B 0Opasie co CMEMIAHHON MPOBOUMOCTHIO U
€ro TeMIepaTypHas 3aBUCUMOCTb.

eHepauus, 1updy3us u apeid B MoynpoBOAHUKE, OJIU3KOM K
cobctBerHoMy. Koaddurment ounonsproit nuddysun.
WznyuarenbHas pekomOunaus. [loBepxHocTHas
pexomOuHanus. be3usnyuarenbHas pekoMOMHALMS. Y POBHU
NpUIMIaHus. Y poBHU pekoMOuHanuu. DpdexT Xoia B
o0pasIe co CMEIIaHHOM MPOBOIUMOCTBIO.

Bcero ayiuTopHbIX 4acoB

6 |3 |0
Ounaiig
0 0 0

CokpallieHHbIe HAUMEHOBAHUSI OHJIAMH OIILIUIA:

O6o03na | [lotHOe HAaMMeHOBaHUE
yeHue

oK DJIEKTPOHHBIN KypC

IIM [ToTHOTEKCTOBBIN MaTepual
111 IToHOTEKCTOBBIC JTCKITUH
BM Bunieo-maTepuansl

AM Aynmo-marepuasl




[Ip3 [Ipe3enTaumu

T TecTsl

5CM OJIeKTPOHHBIE CIIPaBOYHBIE MAaTEPUATIb
ncC WNHTEepaKkTUBHBIN CaUT

TEMBI ITPAKTUYECKUX 3AHATUIN

Henean

Tembl 3ansiTuii / Conepxxanue

6 Cemecmp

1-2

CrtpoeHue TBepabIX TeJl.

Crpoenue TBepabIx Ten. Kpucrammueckue u amopdHbie Terna.
Kpucrannmaeckas ctpykrypa (pemieTka, 6a3uc, onepamiu
CUMMETpHUH, TUIIBI peeTok bpase). O603HaueHne
KpUCTAUIOrpapUIECKUX HANIPABJICHUH U INIOCKOCTEHN B
kpuctamie. Knaccudukanus KpucTaiioB MO THIIAM
XUMHUYECKUX CBsa3el. JlepexThl B kpucTamiax.

JAudpakuus
MeTob! HecieJOBaHUSI KPUCTAIIOB C IIOMOIIBIO TU(PPAKIINH.
Ycnosue Bynbda-bparra. Ycnosue Jlayo.

TemioBble CBOMCTBA TBEPABIX TeJl.

Cunbl, 1eWCTBYIONINE MEXKIY YacTULIAMU TBEPJIOTO TeNa.
XapakTep TeIUI0BOTO IBM)KEHUS B KpUCTAJLIAX.
I"apmonnueckoe npudnmxenne. ononsl. TemnoeMkocTs
TBEPABbIX Tel. TermoeMKoCTh MeTauIoB. TernnonpoBoJHOCTh
TBEpJBIX Tel. POsIb aHrapMOHUYHOCTH KOJIEOaHUH aTOMOB.

JjieMeHThI (PU3NYECKO CTATUCTUKH.

Monenb cBOOOTHBIX 3JIEKTPOHOB U €€ MPUMEHEHHE K
Metanam. Kiaccudeckast 3eKTpOHHAsI TEOPHUST METAJLIOB.
KBanToBast Teopust 371IeKTPOHOB B MeTajie. TermioeMKoCTh
METaJJIOB (KBAaHTOBBIHM BapuaHT). TermIonpoBOIHOCTb
METaJIJIOB.

JJIeKTPONPOBOAHOCTDH B MOJIYNIPOBOJIHHUKAX.
[ToaBM>KHOCTH HOCUTENIEH 3apsiga U €€ 3aBUCUMOCTb OT
temmeparypbl. CoOCTBEHHAs! MPOBOJIUMOCTD
IMMOJIYIIPOBOAHUKOB U €€ TCMIICpATypPHasd 3aBUCUMOCTD.
[IpumMecHas npoBOAUMOCTD MOIYIIPOBOJIHHUKOB U €€
TCMIICPATYpHAasa 3aBUCUMOCTD. OCHOBBI CBCPXIIPOBOAUMOCTH.

11

HepaBHOBeCHBIE 2JIEKTPOHBI U AbIPKH.

I'enepanus u pekoMOHHaIMS HEPABHOBECHBIX HOCUTENEH
3apsaaa. bunonsipHas reHepanys HocuTeNen 3apsaaa 1noj
nericteueM ceeta. @oTonpoBoaUMOCTh. Bpems Ku3HH
HEPaBHOBECHBIX HOCUTEJIEH 3apsaaa. Y paBHECHUE
HETPEPBIBHOCTH B MoNynpoBoaHukax. Auddyznonnsiii u
npeiidosbrii Toku. CooTHOIIEHHE DUHINTEHHA.

12

3oHHAas Teopusi TBEPABIX Tel.

DddexTrBHAST Macca ANEKTPOHA, KBA3UUMITYJIIBC.
CobcTBenHble onynpoBoaHukH. [ToHsATHE O ABIPKaX.
PexomOunanws. [IpoBogumMocTs B COOCTBEHHBIX
MOJTYTIPOBOTHUKAX. [IpuMecHBIC TIOTYTTPOBOTHUKH.
PaBHOBecHBIE KOHIIEHTpALIMU CBOOOIHBIX HOCUTENEH 3apsiia B
MOJTYNPOBOJIHUKAX. [[TOTHOCTE COCTOSIHUI B 30HE. Y POBEHB
depMu B TONYNPOBOIHUKAX; 3aKOH JACHCTBYIONINX MacC.




3aBHCUMOCTH KOHLIEHTPAIIMH CBOOOIHBIX HOCUTENIEH U
MoJIOKeHUs ypoBHS DepMu B COOCTBEHHBIX MOTYIIPOBOJHUKAX
OT TEMIEPATypbl. 3aBUCUMOCTb KOHIIEHTPAL[UK HOCUTENIEH 1
noJsioxkeHus1 ypoBHst depMu B MPUMECHBIX MOTYTPOBOAHUKAX
OT TEMIEPATYPHI.

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

IIpy ocBOeHMM NAaHHOW JMCLUIUIMHBI OCHOBHYIO POJIb UTPAOT ayJUTOPHBIC 3aHATUS B BUMC
JEeKIMHA, a TaKkKe caMOCTOsITeNbHasi paboTa CTYIEHTOB, 3aKJII0OYAIOLIasics B BBHIIOJIHEHUHU JOMAIIHUX
3aJlaHul, TOBTOPEHUU H3YyUYEHHOIO0 MarepHuaja M MOATOTOBKE K KOHTPOJBHBIM MepOIpHATHIM. g
TOTO YTOOBI J1aTh COBPEMEHHOE COCTOSHHE (DU3MKH TBEPAOTrO Teja, MPEIyCMOTPEHO IIMPOKOE
WCTIOJIb30BAHNE COBPEMEHHBIX HAYYHBIX pabOT ® MyOJMKamuMid IO JaHHOW TeMe, IOCEIIeHue
naboparopuit HUAY MUOU. Pekomenayercs mnocemieHue CTyJIE€HTaMH Hay4YHBIX CEMHHApPOB U
KOH(EepeHIHii, B TOM YHCJe, MPOBOAUMBIX B pamkax Hayunoit ceccum HUAY MUDU, a takke B
JIPYTUX MOCKOBCKHX YHHUBEPCUTETaX U MHCTUTYTaX.

7.  ®OHJ] OLIEHOYHBIX CPEJCTB

@®oH/1 OLIEHOYHBIX CPEACTB MO JAUCLUILINHE 00eCIeYrBaeT MPOBEPKY OCBOCHUS IUIAHUPYEMBIX
pe3yabTaToB OO0y4YeHHs (KOMIIETEHIMHA W UX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHITUN TEKYIIETo,
PYOEIKHOTO U IPOMEKYTOYHOT'O KOHTPOJIS IO JUCLUTUIMHE.

CBs3p Mexny (opMHUpPYEeMBIMH KOMIIETCHIMSMH H (OpMaMH KOHTPOJII HUX OCBOCHHS
IIPEJCTABICHA B ClIeAyIOLIeH TabnuLe:

Komnerenuus NHaukaTopbl 0CBOEHUS ATTecTAllMOHHOE MEPONIPUATHE
(KII 1)
OIIK-3 3-OIIK-3 9, KU-8, K1-15
¥Y-OIIK-3 9, KH1-8, K1-15
B-OIIK-3 9, KH-8, K1-15
ITK-1 3-T1K-1 9, K-8, KM1-15
B-TIK-1 9, KH-8, K1-15
VY-TIK-1 9, KU-8, K1-15
[1K-3 3-11K-3 9, KU-8, K1-15
VY-IIK-3 9, KU-8, K1-15
B-TIK-3 9, KH1-8, K1-15
OIIK-1 3-OI1K-1 9, KH1-8, K1-15
VY-OIIK-1 92, KH1-8, KM1-15
B-OIIK-1 9, KU-8, K1-15
OIIK-2 3-OIIK-2 9, KU-8, K1-15
Y-OIIK-2 9, KH-8, K1-15
B-OIIK-2 9, K1-8, K1-15
OIIK-3 3-0OI1K-3 9, KH1-8, K1-15
¥-OIIK-3 9, KU-8, K1-15
B-OIIK-3 9, KU-8, KM1-15

HIxanpl oeHKH 00pa3oBaTeIbHBIX JOCTHKEHU I




[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPHUATHS JIEKHUT B mpenenax oT 0 10 yCTaHOBIIEHHOTO
MaKCHMAaJILHOr0 Oajljla BKIIOUYMTEILHO. MTorosas aTTecTanuAa I10 JUCHUIIIIMHE OLICHUBACTCA IIO 100-
0aJUIbHOM IIKae W MpeAcTaBiIsieT co00il cymmy OaioB, 3apabOTaHHBIX CTYJEHTOM IPHU BBITIOJTHEHUU
3a/IaHUM B paMKax TEKYIIEro W MPOMEXYTOYHOTO KOHTPOJIS.

Hrtorosas olieHKa BBICTaBISAETCS B COOTBETCTBUHU CO CIEAYIOLICH IIKAJIOM:

Cymma Ouenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
OaJUI0B OAJUILHOH IIKAJIE ECTS Y4eOHOU TUCITUTITUHBI

OHCHKa «OTJIMYHO» BBICTABJISACTCS
CTYJICHTY, €CJTH OH TJIyOOKO M IPOYHO
YCBOMJI IPOTPAaMMHBII MaTepuar,
MCUEPIIBIBAIOIIIE, TOCIIEI0BATEIBHO,
90-100 5 — «omauuno» A YETKO U JIOTHYECKH CTPOHO ero
M3JIaraet, yMeeT TECHO YBA3bIBATh
TEOPUIO C IPAKTUKOM, UCIIONB3YET B
OTBETE MaTepUall MOHOTPAPHIECCKOM

JIMTEPATYPHI.
85-89 B O1ieHKa «XOPOII0Y» BBICTABIISIETCS
75-84 C CTYJIEHTY, €CITH OH TBEP/IO 3HACT

MaTepHaj, TpaMOTHO U IO CYLIECTBY
n3Jaraer ero, He JOIyCKas

D CYIIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouioy
70-74

65-69 OrneHKa «yI0BJIETBOPUTEIBHOY

BBICTABISIETCS CTY/ICHTY, €CIIM OH UMEET
3HaHMS TOJILKO OCHOBHOTO Martepuala,

3 - HO HE YCBOWJI €ro JICTaNeH, JOImyCcKaeT
60-64 «Y0081eMBOPUMENLHOY E HETOYHOCTH, HEJIOCTATOYHO IPABUIIEHBIE
(hopMyTUPOBKH, HAPYIIEHUS
JIOTHYECKOM MOCIEI0BATEIBHOCTH B
U3JI0)KEHUH OPOrPaMMHOI0 MaTepuaa.

O1leHKa «HEYOBIETBOPUTEIBHOY
BBICTaBJIACTCA CTYACHTY, KOTOpBIfI HC
3HAET 3HAYUTEJIBHOMN YacTH
MPOrPaMMHOTO MaTepuala, JOMmyCcKaeT
H 60 2- F CylIecTBeHHbIe ommnOKu. Kak mpasuio,
HoRe KHEYO0BI1eMBOPUMETLHOY OIICHKA «HEYIOBJICTBOPUTEIHHOY
CTaBUTCS CTYJICHTaM, KOTOPbIC HE MOTYT
MIPOJIOJDKUTE 00yIeHHE 0e3
JOITIOJTHUTCIIBHBIX 3aHSATUH 110

COOTBCTCTBYIOHleﬁ JVUCIHUIITIMHC.

8. YYEBHO-METOAUYECKOE U TH®OOPMAIIMOHHOE OBECIIEYEHHE
YYEBHOH JUCHUTILJIUHBI

OCHOBHAA JIMTEPATYPA:

1. DU H99 Solid-State Physics : An Introduction to Principles of Materials Science, Berlin,
Heidelberg: Springer Berlin Heidelberg, 2009

2. D1 U 83 KpanToBas ¢uszuka. OCHOBHBIE 3aKOHBI : yueOHOE mocooue, Mocksa: JlabopaTopus
3HaHui, 2021



3. 538.9 1130 OcHoBBI pU3MKH KOHJEHCHPOBAHHOTO COCTOSIHUS : yueOHOe mocobue, J{onronpy THbIii:
Wurennekr, 2013

4. OU 11 18 ®uszuka norynpoBoJHUKOB : yueOHoe nocodue, Cankr-IlerepOypr: Jlans, 2022

5. 530 JI22 Teopernueckas ¢pusuka T.3 KBantoBas mexanuka. HepensruBucrtckas teopusi, , Mockga:
duszmatiut, 2008

6. OU1 K31 CopemenHsbie mpoodsieMbl ((U3UKHA KOHJIEHCUPOBAHHOTO cocTosiHUS : , B. A. KamypHukos,
A. B. Kpacasun, Mocksa: MU®U, 2008

7.539.2 H63 Coopuuk 3anay no kypey "®usuka tBepaoro tena" : , M. H. Hukomnaes, A. H.
MaiimucroB, Mocksa: HUAY MUDU, 2009

8. O H63 Coopuuk 3amay no kypey "®usmuka tBepaoro tena" : , M. H. Hukonaes, A. Y. MaiimucTos,
Mocksa: MUDH, 2009

JOITOJIHUTEJIbBHA A JIMTEPATYPA:
1. 53 JI22 Teopetruueckas ¢pusuka T.5 Craructuueckas ¢pusuka.l.1, Mocksa: ®uzmatiut, 2013

2.539.2 K31 CoBpemennsie npobiemMbl ¢puszuku TBepAoro tena Y.1 Llenpiit u nqpoOHBINA KBAHTOBBIC
addexTrr Xomna, , Mocka: HUSY MU®DU, 2011

3. 621.38 '95 TrepaoTenbHas IEKTPOHHKA : yueOHOE mocooue s By30B, B. A. I'yproB, Mocksa:
Texnocdepa, 2008

4. 621.3 C49 OcHoBBI MaTepHUATIOBEICHUS U TEXHOJIOTUU MOJTYTIPOBOIHUKOB : Yuel. nocodue s
By30B, . A. Cinyuunckas, Mocka: MUDU, 2002

5. 537 I'68 MarepuanoBeieHuE TOTYIPOBOTHUKOB U IUIJIEKTPUKOB : yueOHUK a1 By30B, C. C.
lNopenuk, M. f. lamesckuii, M.: MUCHC, 2003

6. 539.2 K45 Benenue B ¢pusuky tBepaoro tena : , Y. Kurrens , M.: MeauaCrap, 2006
[MPOTPAMMHOE OBECITEYEHHUE:

CrennanbHOE IporpaMMHOE obecriedeHre He Tpedyercs

LMS U UHTEPHET-PECYPCBI:

https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI
JUCLUIINHBI

CrnenuraibHOE MaTepUATbHO-TEXHUYECKOE o0ecrieueHne He TpeOyeTcs



10. YYEBHO-METOAMYECKHME PEKOMEHJIALUU JJIA CTYAEHTOB

[Ipu wu3ydeHMH Kypca HEOOXOAMMO YCBOUTH OCHOBHBIE (DU3NYECKHUE XapaKTEPUCTHKH
KOHJICHCUPOBAaHHOI'O COCTOSIHUSI BEILECTBA, OIPEAEISAIONINE CBOWCTBA METAJNIOB, JMAJIEKTPUKOB H
MOJTyTIPOBOTHUKOB. HeoOX0MMO OCBOWTH OCHOBHBIE SJIEMEHTHI KPUCTAJUIOTPaQHUECKOTO aHaIM3a,
yMEeTh pa3inyaTh OCHOBHBIE THIIBI KPUCTAUIMYECKUX CTPYKTYp IO COOTHOUIEHMIO [UIMH U
HaIpaBJIEHUH OCHOBHBIX BEKTOPOB 3JIEMEHTAPHBIX S4YeeK. YMETh YETKO OINpPEAENATh HAIMPaBJICHUS U
IJIOCKOCTH B KYOMUYECKHMX KpHCTalllaX, UMETh YETKOE MpeJCTaBiIeHHe O (DU3MUECKUX SIBICHUSX,
JeKaluMX B OCHOBE PEHTTCHOCTPYKTYpPHOrO aHanu3a. [loHuMaTh CBS3b BHENIHEH CHMMETPHUH
KPHUCTAJJIOB C BHYTPEHHEH CUMMETpUEH 37IeMEHTapHBIX SUYEeK.

HaanexxuT mnoHMMaTh MNPUPONY MEXKATOMHBIX M MEXKMOJIEKYJISPHBIX B3aWMOJICHCTBUH,
OTIPENIENIAIONNX KIacCU(UKAIUIO KPUCTAIIIOB IO THUITAM XUMUYECKOH CBS3H.

JInist ydIiero yCBOGHHWH TEOPHH aTOMApHBIX M MOJEKYJSIPHBIX opOHTaneid u o0pa3oBaHUS
rUOPUAN3UPOBAHHBIX OpOUTAIell PEKOMEHAYETCSl MCIOJIb30BaHUE HMHTEPAKTHUBHOIO pecypca B CETH
Hurepner «lanepest ATOMHBIX u MOJIEKYJIAPHBIX opOuTanei»:
(http://winter.group.shef.ac.uk/orbitron/). Ha ocHOBaHMM CpaBHEHUS Pa3IUYHBIX THUIIOB XHUMHYECKOM
CBSI3M OCO3HaTh, YTO CBOICTBA HACBHIIIEHHOCTH U HANPABIEHHOCTH KOBAJCHTHOM CBSI3M JAIOT HAdajo
MOJTyTIPOBOIHUKOBBIM CBOWCTBaM KPUCTAJUIOB.

Heo6xonnmo 4€TKO yCBOUTH KJIACCH(DPUKALNIO CTPYKTYPHBIX HECOBEPLICHCTB MO Pa3MEpHOMY
MIPU3HAKY, 3HATh NMPUYUHBI M YCJIOBUS MX BO3HUKHOBEHHMS, MOHMMATh, KaKHE CBOMCTBA KPUCTAJUIOB
HanboJiee YyBCTBUTENBHBI K Ae(peKTaM KaKI0ro Tuna. 3HaTh (U3NYECKYIO MPUPOTY B3aUMOJCHCTBUS
nepexkToB. YMeTb OOBICHATb, MOYEMY TOU€4yHble Je(EeKTbl SBISIOTCA TEPMOJUHAMHUYECKU
PaBHOBECHBIMHU, a IPYTHE TUIIHI 1e()EKTOB — HEPABHOBECHBIMH.

HyxHo 3HaTh (u3nyeckrue OCHOBBI TEIJIOBOTO ABM)KEHHS aTOMOB WJIM MOHOB B KpHCTaslIax,
MOHUMATh CBSI3b MEXKAY THUIIOM XHMHUYECKOM CBSI3M M XapaKTepoOM CHJI, JCHCTBYIOIIUX MEXIY
YacTUIIaMd B KpUCTa/slaX. YMETh MOJydYaTh AUCIEPCHOHHBIE 3aBUCHMOCTH B TapMOHHUYECKOM
NpUOIMKEHUN B HENPEPbIBHOM CTPyHE M B OJHOMEPHBIX IIEMOYKAX OJMHAKOBBIX M PAa3JIMYHBIX
aTOMOB. 3HAaTh, YTO JAMCKPETHOCTb PACIIOJIOKEHUS aTOMOB B LIEMIOYKE IOPOXKAAET OrPaHUMUYEHHOCTH
CBEpXY 4acTOThI KOJEOAaHUH, a HaJIMUKE B LIETIOYKE aTOMOB JIBYX THUIIOB — IOSIBJIEHUE aKyCTHUECKOH U
ONITUYECKOM BeTBEH KoJieOaHni. 3HaTh OCHOBHBIC IE€MEHTHI (PU3MUECKON CTaTUCTUKHU, IPHUMEHSEMbIE
JUISL ONHKCAHUS MAaKpOCKONMYECKUX CHUCTEM. 3HaTh ompejelieHne (OHOHA, MOHUMATh CTPYKTYpY
(hOHOHHOTO CIEeKTpa. 3HATh OCHOBBI KBAHTOBBIX TEOPUH TEINIOEMKOCTU TBEPJIOTO Tena. YMETh YETKO
(dbopMynupoBaTh YHPOUIAIONIME TPEANONOKEHHs, TOJOXKEHHbIe B OCHOBY Teopuit Jlebas wu
OWHIITENWHA.

Heo6xonumMo 0co3HaTh, YTO TEIUIOBOE paclIMpeHHe Tesl 00yCIOBICHO aHTapMOHUYHOCTBHIO
KojeOaHui.

HyXHO 3HaThb OCHOBBI 30HHOW TEOPUHU: IOCTAHOBKY 3aJaydl HAXOXKICHHS COOCTBEHHBIX
3HAYEHUH SHEPTUH W BOJHOBBIX (DYHKIIMI 3JIEKTPOHOB B KpHCTAJJIe, TOHUMATh, KaKue YIPOIIAIOIINe
MIPEIOI0KEHUS JIS)KAaT B OCHOBE aqua0aTHYECKOTO M OJHOAIEKTPOHHOTO mnpuOmmkeHus. [1oHSTH,
Kakue MPEeANOoChUIKM TMO3BOJMJIM HAWTH BHJI BOJHOBOM (YHKIMHM 3JEKTpOHAa B KpHUCTaJUIe
(chopmymnupoBarh Teopemy bioxa). Ciaeayer MOHATH CMBICT W HEOOXOJIUMOCTH BBEICHHS TIOHSTHS
a¢dexkTuBHON Macchl. 3HaThb CyTh MeTona 3((EKTHBHBIX Macc, €ro OCHOBHBIE MPEUMYIIECTBA U
orpaHuyeHus. 3HATh MPUHIUI SKCIEPUMEHTAIbHBIX METOJOB OIpPEIEICHUS KOMIIOHEHTOB TEH30pa
3¢ dEeKTUBHBIX Macc.

HNwmerp uéTKoe NpeACTaBICHHE O CIOco0ax aHaiu3a JIETHPOBAHHBIX IOJYIPOBOJAHUKOB.
[TonnmaTh 0cOOEHHOCTH TpUMEHEHHUs crocoba paccMmoTpenust npumecerd III m V rpynn B Si kak



BOJIOPOJIONIOAOOHOTO  aToMa, HaxoxsAmierocs B cpeae ¢ 3((EeKTUBHOW  IUAIIEKTPUYECKON
MIPOHHUIIAEMOCTBIO. 3HATh ONpEAENICHUE JHEPreTHYecKoro ypoBHS PepMu. YMeTh aHAIU3HPOBATH
KOHIICHTPALMU CBOOOJHBIX HOCHUTEJNEH 3apsiia MO MOBeACHWIO0 YpoBHsS depmu B 3aBUCHMOCTH OT
BHEIIHUX BO3JICHCTBUH (TEMIIEpaTyphl, BHEIITHETO SJIEKTPUIECKOTO TTOJIS).

HNwmets mpencrtaBieHne 00 SJIEKTPOHHOM M JBIPOYHOM MPOBOJUMOCTH B COOCTBEHHBIX H
IIPUMECHBIX TMOJIYHNPOBOJHHMKAX. 3HATh ONpEAEICHHE IMOABMKHOCTH HOCUTENEH 3apsjia U yMeThb
OOBSICHATh €€ TeMIepaTypHYIO 3aBUCUMOCTb. YMETh aHAJIM3UPOBATh TEMIIEPATYypHYIO 3aBHCHMOCTh
COOCTBEHHOMW U MPUMECHOM MTPOBOIUMOCTH.

3HaTh CcHOCOOBI PKCIEPHUMEHTAIILHOTO OMpPEeNeHHUs] THIIAa MPOBOJAUMOCTH IOJYIPOBOJHUKA.
3Hath (usnyeckne OCHOBBI dddekTa Xoula, yMETh OOBACHATH TEMIIEPaTypHOE IOBEACHUE
XOJUTOBCKOM Pa3HOCTH MOTEHIUANIOB. MIMeTh KaueCTBEHHOE NPEACTABICHUE O TajlbBAaHO-MarHUTHBIX
SIBJICHHSIX, KOTOPBIE MOTYT COIPOBOX/IAaTh XOJJIOBCKHE U3MEPEHUSI.

11. YYEBHO-METOIWYECKHUE PEKOMEHJIAIIUM JIJISI IPENIOJIABATEJIEHA

Heo6xoauMo 1aTh cTyJIeHTaM BO3MOKHOCTh YCBOUTH OCHOBHBIE (DM3HMUECKHE XapaKTEPHCTHKH
KOHJICHCUPOBAHHOTO COCTOSIHUSI BEIIECTBA, OINPECISIONINE CBOWCTBA METAJIOB, JWDIICKTPUKOB M
MOJyNpoBOAHUKOB.  CieqyeT  MO3HAKOMHUTb ~ CTY/€HTOB € OCHOBHBIMU  3JIEMEHTaMHU
KpUCTaIOrpa)uyeckoro aHaiu3a KpHCTaioB. HayuuTh ompenesnsTh HampaBiIeHHUS U IUIOCKOCTH B
KyOMYeCcKHX KpHCTaljiax, J1aTh YETKOE MPEACTaBICHHE O (PU3MUECKUX SBICHUAX, JISKAIIUX B OCHOBE
PEHTTEHOCTPYKTYPHOTO aHan3a. YKa3aTh Ha CBsI3b BHEIIHEW CUMMETPHM KPHCTAIOB (OTPaHKH) C
BHYTPEHHEH CUMMETPHUEHN DIIEMEHTAPHBIX STYEEK.

Crnemyer [nmaTh TpenCTaBIeHHME O MPHPOJE MEKATOMHBIX ¥ MEKMOJICKYISPHBIX
B3aUMOJEHCTBHH, OTIPEIEIAIOMNX KIACCH(PUKAIMIO KPHCTAJLIIOB 110 TUIIAM XUMHYECKOH CBSI3H.

JInst JTydiiero yCBOGHMM TEOPHUM aTOMapHBIX M MOJIEKYJSIDHBIX opOuTaneid m oOpa3oBaHUS
THOPUIN3UPOBAHHBIX OpOHMTANEH PEKOMEHIYETCsl MCIIOJIb30BaHHE WHTEPAKTUBHOTO pecypca B CETH
WntepHer «Tanepes aTOMHBIX u MOJIEKYJISIPHBIX opouTanen»:
(http://winter.group.shef.ac.uk/orbitron/). Ha ocHoBaHMM CpaBHEHUS pa3iIMYHBIX THUIIOB XMMHUYECKOMH
CBSI3U TI0Ka3aTh, YTO CBOMCTBA HACHIIIEHHOCTH W HANpPaBJICHHOCTH KOBAJCHTHOW CBS3M AAIOT HAYaIo
MOJTYTIPOBOTHUKOBBIM CBOWCTBaM KPUCTAJUIOB.

Jlate kimaccu(UKauoo CTPYKTYPHBIX HECOBEPIICHCTB IO pPa3MEPHOMY NPU3HAKY, BBISBUTH
MPUYMHBI UX BO3HUKHOBeHHs. [loka3arh, Kakue CBOWCTBA KPUCTAJUIOB HaWOOJee YyBCTBUTEIBHBI K
nedekram kaxmoro tuma. JlaTte mpencTaBieHue 0 mpupoje B3auMoneiicTBus aepexToB. OOBSICHUTS,
MOYeMy TOUYCUHBIE Ae(EKTHI SBISIOTCS TEPMOIUHAMHUUECKH PAaBHOBECHBIMH, a PYTHE TUIHI 1e(DEKTOB
— HepaBHOBeCHBIMHU. [IpuBecTH XapakTepHble MpUMeEphl MCIOIb30BaHMA JedeKToB ((hopMupoBaHue
CKPBITOTO M300paxKeHus1 Ha (POTOIUIEHKE U IpyTHE).

[To3HAaKOMUTH CTYJEHTOB ¢ (PM3UUYECKUMHU OCHOBAMH TEIUIOBOTO JIBUXKEHHS aTOMOB M MOHOB B
KpHUCTaJlaX, yYKa3aB Ha CBS3b MEXKAYy TUIIOM XUMHYECKOW CBSI3M M XapaKTEPOM CHJI, JCHCTBYIOLINX
MEX]y YaCTHIIaMU B KpUCTaJUIaXx. BeiBecTH U rpadudecku n300pa3uTh AUCIIEPCUOHHBIC 3aBUCHMOCTH
B TAPMOHHYECKOM TPUOIMKEHUH B HETIPEPHIBHOM CTPYHE M B OJHOMEPHBIX IEMOYKaX OJMHAKOBBIX U
pa3nuuHbIX aToMOB. OOpaTUTh BHUMAaHUE HA TO, YTO AUCKPETHOCTH PACHOIOKEHHS aTOMOB B LIETIOUKE
MOPOXKJAET OTPAaHWYEHHOCTh CBEPXY YaCTOTHI KOJICOAHUH, a HATWYKE B IIETIOYKE AaTOMOB JIBYX THIIOB —
MOSIBJICHUE AaKyCTUYECKOW W ONTHYECKOH BeTBei KoseOaHuil. HamoMHUTH OCHOBHBIE 3JIEMEHTHI
¢u3n4ecKoil CTaTHCTUKU, MPUMEHSEMble s ONHCAHUS MAaKpOCKOIMYECKUX cucteM. JlaTh



ornpeneneHue GpoHoHa, OOBICHUTH CTPYKTYpPY (pOHOHHOTrO criekTpa. /laTh OCHOBBI KBAHTOBBIX TEOPUI
TEIUIOEMKOCTH TBEPJIOTO TEIIA.

ITokazaTh MaTeMaTHYECKH, YTO TEIUIOBOE PACIIMpPEHUE TeJl 00YCIOBIEHO aHIAPMOHUYHOCTHIO
Koje0aHui.

JlaTb OCHOBBI 30HHOM TEOpPUH: IOCTABUTH 3aJlady HAaXOKIEHUS COOCTBEHHBIX 3HAYEHHM
SHEPIMU M BOJIHOBBIX (YHKIMH 3JEKTPOHOB B KPHUCTAJUIE, BBOJS YHNPOLIAIOIINE IMPEANOIOKEHHUS,
JeKallue B OCHOBE aauabaTHYeCKOro M OJHO3JIEKTPOHHOro mpuommkeHus. Iloka3aTe OCHOBHBIE
NPEANOChIIKM, TO3BOJIMBIIME HAWTH BUJI BOJHOBOM (YHKLIMH 3JIEKTpOHA B  KpUCTaLIe
(copmynupoBaTh Teopemy bioxa).

Pa3bscHUTH CMBICTT U HEOOXOJIUMOCTh BBEJICHHS MOHATHUS 3((HEKTUBHON MACCHI, a TAK)XXE CYTh
MeToza 3(pPEKTUBHBIX MAcC, €r0 OCHOBHBIC MPEUMYILECTBA M OrpaHUueHUs. [[03HaKOMHUTB CTYICHTOB
C 9KCIIEPUMEHTAILHBIMU METOJIAMH OTIPE/ICTICHUsI KOMIIOHEHTOB TeH30pa 3(h(peKTUBHBIX Macc.

Pacckaszath 0 cnocobax aHanu3a JETHMPOBAHHBIX MOJYNPOBOJHUKOB. OOpaTUTh BHUMAaHHUE Ha
0COOEHHOCTH TpUMEHEHus crnocoba paccmoTpenuss mnpumeced III m V. rpynm B Si Kak
BOJIOPOJIONIONOOHOr0  aToMa, Haxojfumerocss B cpede € APQPEKTUBHOM  IUAIEKTPUYECKOH
IPOHULIAEMOCThI0. 3HAaTh ONpeAeTIeHUE HepreTudyeckoro ypoHs depmu. Hayuuth ananu3upoBath
KOHIIGHTPALlMU CBOOOJHBIX HOCHUTENEH 3apsiia Mo moBeAeHuio ypoBHs depmu B 3aBUCUMOCTH OT
BHEIIIHUX BO3/ICMCTBUH (TeMIepaTypbl, BHEIIHETO 3JIEKTPUUECKOTO TOJIA).

Jlate mpejacTaBieHHE OO0 SIEKTPOHHOW M JBIPOYHON IPOBOAMMOCTH B COOCTBEHHBIX U
MIPUMECHBIX TOJIYPOBOAHUKAX. JlaTh ompeneneHue moABMKHOCTH HOCUTENIEH 3apsaa U OOBSICHITH e
TEMIIEPaTypHYIO 3aBUCUMOCTh. [IpOBECTH aHamu3 TeMIepaTypHOW 3aBUCUMOCTH COOCTBEHHOW U
MIPUMECHOHN IPOBOJUMOCTH.

[To3HAaKOMUTH CTYJEHTOB C OKCIEPUMEHTAJIbHBIMH CIOCO0AaMM  ONpENEeNeHUus THIlA
IIPOBOJIUMOCTH TOJYIPOBOJHUKA. BpIABUTE (usnueckue ocHoBbl 3¢¢ekra Xosuia, OOBICHUTH
TeMIIepaTypHoe NoBeJeHne XOJJIOBCKON pa3HOCTH MOTEHIMANIOB. JlaTh KpaTKoe ONMMCAaHue rajlbBaHO-
MarHMTHBIX SIBJIEHUI, KOTOPBIE MOT'YT COITPOBOX/AATh X 0JIJIOBCKUE U3MEPEHUSI.

ABTOP(BI):

Maspunxuii Oner bopucosuu



