MuHuCcTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit denepanun
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIIETO 0Opa30BaHMs
«HanuonanbHbIN Uccaen0BaTENbCKUN SAepHbI yHUBEpcUTET « MUDI)

MHCTUTYT JIA3BEPHBIX U TNTASMEHHBIX TEXHOJIOT M

KA®EIPA ®MN3UKHN TBEPOI'O TEJIA U HAHOCUCTEM

OIOBPEHO HTC JIAIIJIA3
[Tporoxosn Ne 1/04-577

or 27.04.2023 1.

PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

OU3UKA TBEPJIOI'O TEJIA
HanpaBnenne noaroToBku [1] 16.03.02 BBICOKOTEXHOJIOTHYCCKUE TIIa3MEHHBIE U
(cenuanbHOCTD) HSHEPreTUYECKHE YCTAHOBKH

[2] 12.03.03 ®oTonuKa 1 onTOMH(OPMATHKA

5

3 =

2 . ) = A

3 g g g | § g5

e 'Qd s a (=% Q9 —_~
o £ = | % oo | w24 < > z g
= o = T | B = Z s =z3 % = T S
8 S . = & = Eh =3 o - - - EQ"H'

SO g 9 = == e . e % d U =¥ 2 =g
P > o =9 < = © S = T
O 2 (= |2 2= S ® 2 g M~ < S S o
o =2 | O |’ =S |BRF | m=E30 = S Z 5
6 3 108 30 15 0 18-27 |0 €]
Hroro |3 108 30 15 0 0 18-27 |0




AHHOTALMS

B kypce m3ydaroTcsi OCHOBHBIE MOJIOKEHHS (PU3UKH KOHICHCUPOBAHHOTO COCTOSIHUS, (PH3UKH
METAaJUIOB, JIDJIEKTPUKOB U HOJTYTIPOBOTHUKOB. PaccmarpuBarorcst AIIEMEHTHI
KpHUCTaUTOrpauIeckoro aHajiu3a TBEPAOTO Teja, BUIBl MEKAaTOMHBIX B3aUMOJICHCTBUH, 3JIEMEHTHI
30HHOM Teopuu. I[lonpo6GHO pa3zduparoTcs 0COOEHHOCTH KOBAJIEHTHBIX KPUCTAJIOB, ONpPEENISIOIINe
MIOJyIIPOBOJIHUKOBBIE ~ CBOIMCTBA KPUCTAJUIOB, a TakKe BIUSHHME PpaA3IM4YHBIX CTPYKTYPHBIX
HECOBEPIICHCTB Ha OCHOBHBIE CBOWCTBA KpPUCTAJUIOB. Takxke B Kypce YyAenseTcs BHUMaHHE
PacCMOTPEHHMIO BOIIPOCOB, CBSI3aHHBIX C TEIUIOBBIMH CBOWCTBAMM KpPUCTAJUIOB, 3JEMEHTaMH
CTaTUCTHYECKOW (PU3MKK (OHOHOB M DSJCKTPOHOB. IIpM H3II0KEHUH TEOPUU MOJYNPOBOJAHUKOB
ylensercss BHUMAaHUE OIMCAHMIO Psa KOHTAKTHBIX, TEPMOAJIEKTPUYECKHX U TaJlbBAaHOMAarHUTHBIX
SIBJIEHUM.

1. IEJIN U 3ATAYA OCBOEHHMS YYEBHOM JJUCHUILJINHBI

Ilenp Kypca - 03HAKOMUTH CIyHIaTelel Kypca ¢ OCHOBHBIMU (DPU3HMUECKMMM MOJEISAMU U
MaTeMaTU4YeCKUM  anmapaToM (U3UMKUA TBEpPIOro TejJa U COBPEMEHHBIMHM  JOCTHXEHHAMU
JKCIEPUMEHTA.

2. MECTO YYEBHOM JJUCIUILJINHBI B CTPYKTYPE OOII BO

Kpr 3aKJIaabIBacT HCO6XOI[I/IMYIO 6&3y A OlMMCaHuA  COBPEMCHHBIX HpI/I60pOB
BKCHepI/IMeHTaHLHOﬁ (I)I/ISI/IKI/I. O6CY)K,Z[aIOTC${ OCHOBHBIC TCOPCTUUCCKHUEC TIPCIACTABIICHUS (I)I/ISI/IKI/I
TBCPAOro TEjIa U AOOCTHXXCHUA OSKCICPUMCHTA. Cpe;:m O6Cy)KI[aeMBIX TEM - KPUCTAJUIMYCCKHUEC U
TCIIJIOBBIC CBOfICTBa, 30HHAasd TCOpUsA B TBEPABIX TCJIaX, CIICKTPBI KBA3NUYaCTUL, CTATUCTUKA 3JICKTPOHOB
" JBIPOK B MOJYIIPOBOAHHKAX.

3. OOPMUPYEMBIE KOMIIETEHIIUU U IINTAHUPYEMBIE PE3YJIbTATbBI
OBYYEHUA

YHI/IBepCEUHJHBIC I/I(I/IJ'II/I) O6H.I€Hp0(l)eCCI/IOHaJIBHBIe KOMIICTCHIINW

Kox n nanmenoBanue komnerenuun | Kox m HamMeHOBaHNE WHAMKATOPA TOCTUKECHUS
KOMITETCHITUH

OIIK-1 [1] — Cnocob6en ucnonb3oBats | 3-OIIK-1 [1] — 3Hate GpyHAaMeHTaTbHBIC 3aKOHBI IPUPOJIBI U
(byHIaMEeHTaJIbHBIC 3aKOHBI IPUPOABI | OCHOBHBIE M OCHOBHBIEC 3aKOHBI €CTECTBEHHOHAYYHBIX

U OCHOBHBIE 3aKOHBI JUCLMILINH
€CTECTBEHHOHAYYHBIX TUCIUILJIMH B V-OIIK-1 [1] — YMmeTh ucnosib3oBaTh GU3UYECKUE 3aKOHBI
poeCCUOHATILHOM J1eATEIbHOCTH IIPU aHaJIU3e U pelIeHUH MpobieM mpodecCHoHaTbHON

NeSATEILHOCTH; IPUMEHSTh U3YUECHHBIC 3aKOHOMEPHOCTH K
penieHnto pU3NIeCKuX 3a1a9 U aHAIM3UPOBATH IMOTYYCHHBIE
pereHus

B-OIIK-1 [1] — Bnagets yMeHHEM BBIBOJAUTH OCHOBHBIE
COOTHOIICHUS MEXITY (PU3NIECKUMU BEIMYNHAMU,
CJIeIyIOIKE U3 MOCTYJIATOB TEOPUH WU U3 PE3YyJIbTaTOB
AKCTIIEPUMEHTA; YMEHHUEM NMPUMEHUTHh OCHOBHBIC 3aKOHBI
€CTECTBEHHOHAYYHbIX TUCUMIUIMH [IPU PELICHUHU 3a/1a4;




OIIK-2 [1] — CnocobeH MpUMeHSITh
METOJIbl MATEMaTHIECKOTO aHAIIH3a,
MOJICTTUPOBAHUS, ONTUMU3AIIUU U
CTaTHCTUKH JUTSl PEIICHUS 3a]1a4,
BO3HUKAIOIINX B X0
poeCCHOHATBHON IEATETLHOCTH

OIIK-3 [1] — Criocoben
CaMOCTOSTCIILHO OCBaUBaTh
COBPEMEHHYIO (PU3HUYECKYIO,
AHAIIUTUYCCKYIO U TCXHOJIOTHYCCKYIO
anmaparypy pas3jiuyHOro Ha3HAuUCHHUSI
1 paboTaTh Ha HEH

AHAJIM3UPOBATH MOJYUYEHHBIE PEIICHUS 3a1a4 B
po¢eCCUOHATBHON NEATETLHOCTH; MPOBOANTH YUCICHHBIE
BBIYHCIICHUS ¢ TPeOyeMOoii CTENEHbIO TOYHOCTH;

3-OI1K-2 [1] — 3HaTh OCHOBHBIE TTOHATHUS U METO/IbI
MaTeMaTHYeCKOT0, BEKTOPHOTO U TE30PHOTO aHAIN3a,
MOJEJIMPOBAHUS, ONTUMHU3ALMHN U CTATUCTUKH ISl pELICHUS
3a/1a4, BO3HUKAIOIIUX B X0JI€ MPOodheCcCHOHATBHOM
NEeATeIbHOCTH

V-OIIK-2 [1] — YMeTh pemaTh TUTIOBBIE 3aa9H,
BO3HHUKAIOIINE B X0JI€ MPOPECCHOHAIBHON NeATeIbHOCTH
METOJaMHU MaTEMaTHIECKOTO, BEKTOPHOTO U TE€30PHOTO
aHaian3a, MOJICIMPOBAHUS, ONTUMHU3ALUNA U CTATUCTUKH JIJIs1
pelIeHus 3a/1a4, BOZHUKAIOIINUX B X0/€ MpodeccruoHalIbHOMN
JeATeIIbHOCTH

B-OIIK-2 [1] — BrageTs MeTO1aMB MaTeMaTHISCKOTO,
BEKTOPHOI'O U TE30PHOT0 aHaJIN3a, MOJIETMPOBaHUS,
ONTUMU3AINH U CTATUCTUKH IS PEIICHUS 3a71a4,
BO3HHUKAIOIINUX B X0/1€ MPO(HecCHOHANBEHON NesSTEIIbHOCTH

3-OI1K-3 [1] — 3HaTh OCHOBBI ¥ IPUHLUIIBI PAOOTHI
COBPEMEHHOM (PU3MUECKON, aHATUTHICCKON 1
TEXHOJIOTMYECKOH amnapaTypbl pa3IMuyHOrO Ha3HAUYEHUS U
npaBuiia 6€30macHoO paboTHI C HEW;

V-OIIK-3 [1] — YMeTb paboTaTh Ha COBPEMEHHON
(bU3MIEeCKOl, AHATUTUYECKON U TEXHOJIOTUYECKON
anmnaparype pa3JInYHOro Ha3HauYeHUs; aHAJIM3UPOBATh
Pe3yJIbTaThl, MOJYUYEHHBIE C TOMOIIbIO aHATUTHYECKON U
U3MEPUTENIBHON anmapaTypbl

B-OIIK-3 [1] — Bnaners HaBbIKOM pabOThl HA COBPEMEHHOM
(bu3nyuecKoil, aHATUTUYECKON U TEXHOIOTHUECKON
anmnapaTtype pa3JIndyHOro Ha3HaYeHUs

[IpodeccnonanpHble KOMIIETEHIIMM B COOTBECTBHHM C 3a7adyaMu W OOBeKTamMu (00J1acTIMHU

3HaHUI) MpodhecCUOHATBHON IeATeTbHOCTH:

3agaua
npogeccuoHaIbLHOM
aesteabHocTu (311]1)

Pa3zpaboTka nazepHbIX U
OIITHUYCCKHUX
TEXHOJIOTHI; aHAJIU3
MOCTaBJICHHOM 3aaun

O0BeKT WiIn
00J1aCTH 3HAHUSA

JlazepHbie
TEXHOJIOTHH,
AIIEMEHTHI B COCTaBE
JIA3€pHBIX CUCTEM,

Kox m HanmenoBanue
npogdeccuoHaIbLHOM
KOMIIeTEeHIUM;
OcHoBaHue
(mpogeccuoHATIBLHBIH
cranaapt-IIC, anaan3
OnbITa)

HAaYYHO-UCCIIEN0BATEIbCKON

[1K-1 [2] - cmocobeH
aHaJIM3y MOCTAaBJICHHOU
3aJ1a4u MCCIICIOBAaHUN B
obnactu (HOTOHUKH U

Koa v HaumeHnoBanue
HHANKATOpPA
JOCTHKEHUS
npogeccuoHaIbLHOM
KOMIIETEeHI[HH

3-11K-1[2] - 3natb
COBPEMEHHOE
COCTOSTHUE Pa3BUTHS
(boTOHUKH U

HCCIIeIOBAaHUH B ONTUYECKUE ONTOUH(OPMATUKH ONTOUH(OPMATHUKH ;
obnactu (POTOHUKH U MaTepUalIbl U V-TIK-1[2] - ymeTb
ONTOUH(OPMATHUKH; JeTaiu, Ocnosanue: aHAJIM3UPOBATh
9KCIIEPUMEHTAJIbHbIE JUPpaKIUOHHBIC [IpodeccuonanbHbIiI UCXOJIHBIE TPeOOBaHUS




HCCIIEJOBaHUs B
o0iactu (POTOHUKH U
ONTONH(POPMATUKH
HOBBIX SIBJICHUM,
MaTepuasioB, CHCTEM U
YCTPOWCTB

Pa3paboTka nazepHbIX U
ONTHYECKHUX
TEXHOJIOTH; aHAJIN3
MMOCTAaBJICHHOM 3aJ1a4n
HUCCIEOBAHUN B
obnactu (OTOHHUKHU U
ONTONH(GOPMATHUKY;
AKCTIEPUMEHTAJIbHBIE
HCCIICIOBaHUS B
obnactu (POTOHHUKHU U
OoNnTOMH(GOPMATUKU
HOBBIX SIBJICHUM,
MaTepHuasoB, CUCTEM H
YCTPOWCTB

4. BOCIIMTATEJIbHBINA IOTEHIIAAJI JUCHUATLJIAHBI

ONTUYECKHUE
3JIEMEHTHI,
roJIOrpaMMBbl

JlazepHblie
TEXHOJIOTUH,
AIIEMEHTHI B COCTABE
JIa3epHBIX CUCTEM,
ONTUYECKUE
MaTepuaibl U
JieTany,

TG paKMOHHbIE
ONTUYECKUE
AIIEMEHTHI,
rOJI0rPaMMBbl

crangapt: 29.004

ITK-3 [2] - ciocobeH k
HaJlaJKe, HaCTPOMKE,
FOCTUPOBKE M OMBITHOM
IpOBepKe NpUOOpPOB U
CUCTEM

OcHosanue:
[IpodeccrnonanbpHbIM
cranzaapt: 29.004

NP PELLIECHUH 3a/1a4 B
obnactu (POTOHHUKHU U
ONTONH(POPMATUKU
MIPOBOJIUTH TTOUCK
HayYHOTEXHUYECKON
nH(pOopMaLU IO TeEME
pelraemMoi 3a1auu
YTOYHSTH U
KOPPEKTUPOBATh
TpeOOBaHUS K
pelaeMoi 3agaye B
obnactu (POTOHHUKHU U
ONTONH(POPMATHUKH ;
B-TIK-1[2] - Bnanmets
HaBbIKAMU aHaJIN3a
MPOCTHIX
HCCIIEI0BATENbCKUX
3aj1a4 B 00sacTu
(hoTOHUKH U
ONTOMH(POPMATUKU
3-1IK-3[2] - 3HaTh
OCHOBBI TEOpUU
HU3MEPEHUI OCHOBBI
paboThI ¢
U3MEPUTEIILHOU
arrnaparypoil OCHOBBI
ONTUKO(PU3NIECKHIX
W3MEPEHU; ;
V-IIK-3[2] - YmeTh
10JIb30BATHCS
OCHOBHBIMH
W3MEPUTEIILHBIMU U
CEPBUCHBIMU
npudopamu
FOCTUPOBATH
ONTUYECKUE YCTAaHOBKU

;
B-TIK-3[2] - Bnanets
MEeTOoAaMu U pUueMamMu
HaJIaJIKh, HACTPOMKH,
FOCTUPOBKH U OIBITHOM
MIPOBEPKU PUOOPOB U
CUCTEM

Hamnpasnenus/nenu
BOCIIUTAHHUS
[IpodeccrnonanpHOE
BOCIIUTAHUE

3ana4yn BocruTaHUs (KOJ)

Co3znanne yciaoBui,

o0ecnieunBaroImux, GopMHUPOBAHNE
HAy4YHOTO MUPOBO33PEHMUSI, KYIbTYPbI
NOMCKa HECTAHAAPTHBIX HAYYHO-

BocnmraTensHBINA ITOTESHITHAT
JMCIUIIINH

1. Ucnonp3oBanue
BOCHUTATEIBHOTO MOTEHIIMATIA
JTUCIUTIINH/TIpakTUK «Hay4aHo-
Hcciea0BaTeNbeKkas padboTay,




[Ipodeccnonanshoe
BOCIIUTaHHE

TEXHUYECKUX/ MMPAKTUYCCKUX
peHIeHI/II\/’I, KPUTHYCCKOT'O OTHOIICHHA

K UCCJICAOBAHUAM JIDKCHAYYHOI'O TOJIKA
(B19)

Co3znanue yciaoBuid,
o0ecrneynBaronnx, OpMUPOBAHUE
TBOPYECKOTO
WHXEHEPHOT0/TIPOoeCCHOHATBHOTO
MBIIICHUS, HABBIKOB OPTaHU3AIlUN
KOJIJIEKTUBHOU IPOEKTHOMN
nesitensHOCTH (B22)

«IIpoekTHas mpaKkTUKay,
«HayuHb11 cemuHap» JIs:

- popmMupoBaHUS TOHUMAHUS
OCHOBHBIX TIPUHITUIIOB U
CHOCO0OB HAYYHOTO TTO3HAHUS
MHpa, pa3BUTHUSA
MCCJIEI0BATENIbCKUX KAaueCTB
CTYJEHTOB ITOCPEJCTBOM UX
BOBJICUEHUS B UCCIIEA0BATEIIbCKUE
MIPOEKTHI 1O 00JIACTSAM HAYIHBIX
uccienoBanuil. 2.Mcnonb3oBaHue
BOCIHUTATEIHHOIO MMOTEHIINAJA
nucuuiiul "Vctopust Hayku u
unmxenepun', "Kpurnueckoe
MBIILJIEHUE U OCHOBBI HAYYHOU
KoMMyHuKaruu'", "Beienne B
cnenuansHocTs", "HayuHo-
uccieaoBarenbekas padora',
"HayuHbI1ii ceMuHap" mjis:

- opMHUpOBAHUS CTIOCOOHOCTH
OTJEJATh HACTOSIINE HAYyUYHBIE
UCCJIEIOBAHMSI OT JDKEHAYYHBIX
IIOCPEACTBOM IIPOBEJECHUS CO
CTYJEHTaMH 3aHITUH U
peryJsipHbIX Oecen;

- opMHUPOBAHUS KPUTHUECKOTO
MBILUICHUS, YMEHUS
paccMmaTpuBaTh pa3iIUyHbIE
UCCJIEOBAHMS C SKCIIEPTHOM
MO3UIMH TOCPEICTBOM
00CYX/IEHUS CO CTyI€HTaMU
COBPEMEHHBIX HCCIICIOBAHUN,
HCTOPUUYECKUX MPEATOCHIIOK
MOSIBJICHUS T€X WJIM UHBIX
OTKPBITUNA U TEOPHH.
1.Ucnonb3oBanue
BOCIHUTATEIHHOTO MOTEHIINAA
JUCIUIUIMH TPOo¢eCCHOHATBHOTO
MOJTyJIS JUISl Pa3BUTHUSI HABBIKOB
KOMMYHUKAIUH, KOMaHIHOU
paboTHI U TUJEPCTBRA,
TBOPYECKOTO MHKEHEPHOTO
MBIIUICHUS, CTPEMIICHHS
CJIEIOBATh B MPOQECCHOHATBHON
JEeSTEIIbHOCTH HOpMaM
MIOBEIEHUS, 00ECIIEYNBATOIIIM
HPABCTBEHHBIN XapakTep
TPYAOBOM AEATETLHOCTH U
HECITyKeOHOTO TTOBECHHSI,
OTBETCTBEHHOCTH 3a MPUHATHIC
pellIeHus Yepe3 MOATOTOBKY
TPYIIOBBIX KYPCOBBIX padoT U




[Ipodeccuonansroe
BOCIIUTAHUC

Coznanue ycnoBui,
oOecrneunBaronx, oOpMUPOBaHUE

KYJIBTYpbl O€30IIaCHOCTH IIPpU paboTe ¢

na3epHbIM u3inyuyeHuem (B27)

MPaKTUYECKUX 33JIaHUM, PEeIlIeHHE
KEWCOB, MPOXO0XK/IEHUE MPAKTUK U
noarotoBky BKP.
2.Mcnonp3oBaHue
BOCITUTATEIBHOTO OTEHIINAIIA
JUCIUIUIMH PO eCCHOHATBHOTO
MOJYJIS JUIs: - POPMUPOBAHUS
MIPOU3BOJICTBEHHOT'O
KOJUIEKTUBHU3MA B X0JI€
COBMECTHOTI'O PELIEHUS KaK
MOJICTIbHBIX, TAK U IPAKTHUECKUX
3a/1a4, a TaKxKe IMyTeM
MOJAKPEIUIEHHE palliOHATbHO-
TEXHOJIOTHYECKUX HaBBIKOB
B3aMMOJICUCTBUS B IPOCKTHOU
JEeSTEIbHOCTH SMOIMOHATbHBIM
3¢ deKkToM ycrenrHoro
B3aMMOJIEHCTBUSI, OIIYIIEHUEM
pocTa o01ie 3pPEeKTUBHOCTH
IIPU paclpeieNIeHuu IPOEKTHBIX
3a/1a4 B COOTBETCTBUH C
CHUJIbHBIMH KOMIIETEHTHOCTHBIMH
Y HMOLIMOHAJIbHBIMU CBOMCTBaMHU
YJIEHOB POEKTHOM I'PYIIIBI.

1. cnonp3oBanue
BOCIHUTATEIBHOIO MTOTEHIINAJA
npOoGUIBHBIX TUCIHUILUIMH U BCEX
BUJIOB TIPAKTHUK JIJISL: -
dbopMUpOBaHUS KYIbTYPBI
Ja3epHOi 6€30MacHOCTH
IIOCPEACTBOM TEMATHUECKOT O
aKLIEHTUPOBAHUS B COJIEPKaHUU
JTUCIUILTAH ¥ Y4eOHBIX 3aJaHH,
MOATOTOBKH 3cce, pedeparos,
JUCKYCCHH, a TaKXX€E B XOJI€
MPAKTUYECKON paboTHI €
Ja3epHBIM 000PYyIOBAHUEM. -
dbopMHUpOBaHUS KYJIbTYPHI
6e301acHOCTH IIpU paboTe Ha
SKCTIIEPUMEHTAIBHBIX U
MPOMBIIUIEHHBIX YCTAHOBKAX
BBEICOKOU MOIITHOCTH U
UMEIOIIIMH TTOBBIIIEHHBIH
YPOBEHb ONAaCHOCTH Yepe3
BBITIOJTHEHHUE CTYyIEHTaMHU
PAKTUYECKUX U JTJAOOPaTOPHBIX
paboT, B TOM YHuCIIE Ha
000pyA0OBaHUU AJIs1 UCCIIEJOBAHUS
BBICOKOTEMIIEPATYPHOM MIa3MBbl.




S. CTPYKTYPA U COJAEP)KAHUE YUYEBHOM JUCIUILIUHBI

Paznensl yueOHOM TUCIUTUIMHBL, X 00BEM, CPOKH U3Y4eHUS U (HOPMBI KOHTPOJIS:

IL.II

HaumenoBanue
pasaesia yueOHOM
JTUCIHUIIINHBI

Henean

JlabopaTopHble

Jlexnun/ Ipaxkr.
padoThbl, yac.

(cemmuHapsi )/

O0s13aT. TeKyIIMH

KOHTPOJIb (popma*,

HeJeJs)

MakcumaabHbINR

0aJ 3a pa3gea™*

pasnena (popma*,

ATTecTanusa
HejeJs)

HNuaukaropsl
OCBOCHHUS

KOoMIdeTeHIINMn

6 Cemecmp

YacTts 1

16/8/0

[\
()]

K-8

Yacts 2

9-15

14/7/0

25

KH-15




Hmoeo 3a 6 Cemecmp

30/15/0

50

KonTpoabHbie
MepOonpusiTUs
Cemectp

3a

6

50




B-
OIIK-
3,
3-TIK-
1,

V-
TK-1,
B-
TK-1,
3-TIK-
3 b

V-
MK-3,
B-
TK-3

* — COKpallleHHOE HAaMMEHOBaHUE (POPMBI KOHTPOJIS

** _ cymMMa MaKCHMAaJbHBIX OaJIOB JOJDKHA ObITh paBHa 100 3a cemecTp, BKIIOYAs 3a4eT U

(unn) 3K3aMeH

CoxkpailieHre HauMeHOBaHUN (POPM TEKYIIEro KOHTPOJIS U aTTECTAllUU Pa3elioB:

0Oo6o03ua | Ilo1HOe HAUMEHOBaHME
YeHHue

KU1 KoHTposib 1o uroram

2 Ok3aMeH

KAJIEHJIAPHBIN IITIAH
Henen | Temsl 3ansaTuii / Cogep:xkanue Jlek., | IIp./cem. | JIa6.,
U yac. , yac. yac.
6 Cemecmp 30 15 0
1-8 Yacts 1 16 8 0
1-2 Crpoenne TBepAbIX TeJl. Bcero aytuTopHsIX 4acoB
Kpucrannmaeckue u amopdHble Tena. 4 | 2 | 0
Kpucrannuuaeckas ctpykrypa (pemietka, 6a3zuc, onepamun Owunaitn
CUMMETpUH, TUIIBI perieTok bpase). 0 0 0

AHH30TpOIHUS KPUCTAILIIOB.

O06o03HaueHNe KPUCTAIUIOTpaPUUECKIX HAMPABICHUH 1
IUIOCKOCTEH B KpHCTajUIe. PEHTreHOCT-pyKTYpHBII aHAIIU3.




Krnaccudukanus KpuCTayjIoB 10 THITAM XUMHYECKHUX CBSI3CH:

- HIOHHBIE KPUCTAJUIBI (HOHHAS (TETEPOIOJISIPHAS ) CBSI3b);

- aTOMHBIE KPUCTAIUTBI(KOBAJIICHTHAS (TOMEOTOJISIPHAsI) CBSI3b);
- METATHYECKNE KPUCTAILTBI (METAUTHYECKAsI CBSI3b);

- MOJIEKYJISIPHBIE KPUCTAJUIbI (BOAOPOIHAS CBS3b).
ConocTtaBieHue pa3IMYHbIX TUIIOB cBsi3ell. KoBaneHTHAs CBA3b
Y TIOJTYTIPOBOTHUKOBBIC CBOMCTBA KPHCTAJLIOB.

3-4 JedeKTbl B KPUCTAJLIBIX. Bcero ayutopHbIx 4acoB
JleekThl B KpuCTasiax: 4 |2 [0
- MEXJI0y3J11sl U BAKAaHCHH; Ownnaitn
- nedextol o HloTTKY; 0 0 0
- neexTrl mo peHKerio;

- TUCIIOKalnu (KpaeBble U BUHTOBBIE);
- IPUMECH BHEIPEHUS U 3aMEIICHMUS.

5-8 TemioBbie cBOMCTBA TBEepAbIX TeJl. DOHOHBI. Bcero ayiuTOpHBIX 4acoB
Cwiibl, IEUCTBYIOLIME MEXITY YACTUIIAMHU TBEPJIOTO TeJIa. 8 | 4 | 0
XapakTep TEII0BOTO ABM)KEHHUS B KpUCTaJIaX. Omnutaiin
["apmonnueckoe npubInKeHHE: 0 0 0
- KoJIe0aHMs HEMOYKH OJMHAKOBBIX aTOMOB (HOpPMaJIbHBIC
KoJie0aHus PEeLIETKH, CIIEKTP HOpMallb-HbIX KOeOaHui);

- KoJie0aHMA B IIETIOYKE HEOJUHAKOBBIX aTOMOB;

- aKyCTHYECKHE U ONTHYECKHE KOIeOaHUs PEeLIeTKY;

- (hOHOHBI.

TennoeMKoCTh TBEPABIX TEIL.

- 3akoH Jlrosonra u Iltu;

- KBAaHTOBBIE TEOPUH TEIJIOEMKOCTH (TeopHs DUHIITEHHA,
Mozeib [ebas).

TennonpoBoAHOCTh TBEPABIX TeN. POJIb aHrapMOHUYHOCTH
KoJIeOaHUH.

9-15 Yacrtp 2 14 7 0

9-11 3oHHas Teopusi TBepAbIX TeJl. Bcero ayuTopHsIX 4acoB
DOHepreTUYecKue ypOBHU CBOOOIHBIX aTOMOB. 8 | 4 [0
O00011IeCTBICHHE ICKTPOHOB B METaJlIe (JHEPTETUICCKUE Owunaitn
Oapbepbl, TYHHEIUPOBAHKE, PACIEH-IEHUE YPOBHEH). 0 0 0

DHEpPreTUYECKUE 30HbI JIEKTPOHOB B KPUCTAILIE:

- IPUMEPBI 00pa30BaHUs YHEPTETHUECKUX 30H;

- JIeTICHUE HA METAJUIbI, MTOTYTPOBOAHUKH, JUIICKTPUKH.
OCHOBBI 30HHOH TEOPHHU:

- aquabaTuIecKoe MPUOIMKCHHUE;

- OZIHOAJIEKTPOHHOE MPUOIIKEHUE;

- Teopema bioxa.

Monens Kponura-Ilennu:

- aHAJIU3 MOJIENIHN:

- 3aBUCHUMOCTb 3HEPTHH 3JIEKTPOHA OT BOJIHOBOI'O BEKTOpA B
pa3pelIeHHbIX 30HAX;

- 30HbI bpusosna B 3agaue Kponura-Ilennu;

- OTPaHUYEHHOCTH MOJICIIH.

D¢ddexTrBHAT Macca HNEKTPOHA, KBA3UUMITYJIBC.
CobcTBeHHbIE MTONMYTPOBOAHUKH. [TOHSATHE O TBIpKax.
PexomOunanus. [IpoBoguMocTs B COOCT-BEHHBIX
MOJIYTIPOBOTHUKAX.

[IpuMecHbIe TOaYyNIPOBOAHUKH. JIOHOPBI M aKLIENTOPHI.




IIpumepsl.

PaBHOBECHBIE KOHIIEHTPALMN CBOOOIHBIX HOCUTENEH 3apsiia B
MIOJIYIIPOBOIHUKAX

- ypoBeHb DepMH B NIOIYNIPOBOJHUKAX;

- 3aBHCUMOCTb KOHLIEHTPAIIMH CBOOOIHBIX HOCUTEJEH OT
MoJI0KeHUs ypoBHs Depmu;

- KOHIICHTPALMs HOCUTEIIEH U T0JI0KEeHUE YpoBHS Depmu B
COOCTBEHHBIX MOJIyIPOBOAHUKAX;

- KOHIICHTPALMs HOCUTEIIEH U T0JI0KEeHUE YpoBHS Depmu B
IIPUMECHBIX MTOJIyIPOBOJHUKAX.

12-15

DJIEKTPONPOBOIHOCTH B MOJYNPOBOAHMKAX. KOHTaKTHBIE
SIBJICHHUS B MOJIYNIPOBOAHUKAX.

DEeKTPONPOBOIHOCTH HEBBIPOXKICHHOT'O Ta3a.

[ToaBM>XHOCTH HOCUTENEN 3apsia U €€ 3aBUCUMOCTh OT
TeMIIepaTyphbl.

CobcTBeHHAas MPOBOAUMOCTH MOJTYTIPOBOJHUKOB U €€
TeMIepaTypHasi 3aBUCUMOCTb.

[IpumecHast MPOBOAMMOCTD OTYTPOBOIHUKOB U €€
TeMIepaTypHasi 3aBUCUMOCTb.

Omnpenenenye TUIA MPOBOIUMOCTH MOTYTIPOBOIHUKA.
Dddexr Xomna B 0Opasiie co CMEMIAHHON MPOBOIUMOCTHIO U
€ro TemrepaTypHasi 3aBUCUMOCTb.

eHeparus, nuddysus u qperid B moIynpoBOIHUKE, OIIU3KOM K
cobcrBerHoMy. KoaddummenT ounonsproit nuddys3un.
WznyuarenbHas pekomOunarus. [loBepxnoctHas
pexomOuHanus. besusnyuarenbHas pekoMOMHALMS. Y POBHU
NpUIMIaHus. Y poBHU pekoMOuHanuu. DpdexT Xoia B
o0pasIie co CMeIIaHHOM MPOBOIUMOCTBIO.

Bcero ayiuTopHbIX 4acoB

6 |3 |0
Ouwutaiig
0 0 0

CokpailieHHbIe HAUMEHOBAHUSI OHJIANH OIIIIHIA:

Oo6o3una | [losiHOe HaMMeHOBaHMe
YeHHue

oK DJIEKTPOHHBIN KypC

1M [ToTHOTEKCTOBBIN MaTepual
111 [TOTHOTEKCTOBBIE JIEKIIMHU
BM Buneo-marepuaisl

AM AyJMo-MaTepualibl

[Ip3 [Ipe3eHTaumu

T TecTsl

5CM OJIEeKTPOHHBIE CITPaBOYHBIE MAaTEPUAJIb
ncC WNHTEepaKkTUBHBIN CAUT

TEMBI ITPAKTUYECKHUX 3AHSATHM

Henean | Tembl 3ansatuii / Coaep:xanue
6 Cemecmp
1-2 CrtpoeHue TBepabIX TeJl.

Ctpoenue TBepabIx Ten. Kpucrammueckue u amopdHbie Tena.

Kpucrannmaeckas ctpykrypa (pemietka, 6a3uc, onepamun
CUMMETpHUH, TUIIBI perieTok bpase). O603HaueHne
KpUCTAUIOrpaduIecKUX HAPABJICHUH U INIOCKOCTEN B




kpuctamie. Knaccudukanus KpucTaiioB MO THIIAM
XUMUYECKUX CBsa3el. JlepexTrl B kpucTamiax.

3-4 Judpaxkuus
MeTo/1pI MCCIIeTIOBAaHUS KPUCTAUIOB C TIOMOINBIO TU(PaKITUH.
Ycnosue Byabbha-bparra. Yciosue Jlaya.

5-6 TemioBble CBOMCTBA TBEPABIX TeJl.

Cunbl, 1eHiCTBYIONINE MEXKIY YacTULIaMU TBEPJIOTO TeNa.
XapakTep TEIUI0BOTO ABMKEHHUS B KpUCTAIIIAX.
I"apmonmnueckoe npudmmxenne. Poronsl. TemmoeMKocTh
TBEPABIX Tel. TeroeMKoCTb MeTauIoB. TennonpoBogHOCTh
TBEPJBIX Te. PosIb aHTapMOHUYHOCTH KOJIEOaHUH aTOMOB.

7-8 JyieMeHThI PU3NYECKON CTATHCTUKH.

Moenb cBOOOTHBIX 3JIEKTPOHOB U €€ MPUMEHEHHE K
MetainaM. Kiaccudeckasi 3eKTpOHHAsE TEOPHUST METAJLIOB.
KBanToBast Teopust 37IeKTPOHOB B MeTajie. TermioeMKoCTh
METaJJIOB (KBAaHTOBBIH BapuaHT). TermionpoBOIHOCTb
METAJIJIOB.

9-10 DJIEKTPONPOBOJIHOCTD B MOJYNPOBOIHHKAX.
[ToaBM>KHOCTH HOCUTENEHN 3apsiga U €€ 3aBUCUMOCTb OT
temnepatypbl. Co6cTBEHHast TPOBOIUMOCTh
IMOJIYIIPOBOAHUKOB U €€ TECMIICpATYpPHAaA 3aBUCUMOCTD.
[TpumecHast MPOBOIMMOCTH MOJIYIPOBOJHUKOB U €€
TEMIICPATYpPHAsa 3aBUCUMOCTD. OCHOBEI CBCPXIPOBOAUMOCTH.

11 HepaBHOBeCHBIE 2JIEKTPOHBI U AbIPKH.

I'eneparus 1 pekoMOUHaIMS HEPABHOBECHBIX HOCUTENEH
3apsana. bunomnspHas renepanys HOCUTENEH 3apsaaa MOx
nericteueM ceeta. @oTonpoBoauMOCTh. Bpems xKu3Hu
HEPaBHOBECHBIX HOCUTEJIEH 3apsaia. Y paBHECHUE
HENPEPBIBHOCTHU B MOJIYNPOBOAHUKAX. 1 dy3noHHbIN U
npeiidoBbiii Toku. COOTHONIEHUE DHWHINTEHHA.

12 3oHHas Teopusi TBePAbIX TeJl.

D¢ dexTuBHAs Macca IEKTPOHA, KBA3UMMITYJIbC.
CobcTBeHHbIe nonynpoBoAHUKH. [IoHsATHE O IbIpKax.
PexomOunanus. IIpoBoguMOCTb B COOCTBEHHBIX
MOJTyNpoBOIHUKAX. [IpuMecHbIe TOTYTPOBOHUKH.
PaBHOBECHBIE KOHIIEHTPAIIMN CBOOOIHBIX HOCUTENEH 3apsiia B
MOJTYNpPOBOJIHUKAX. [[TOTHOCTH COCTOSIHUI B 30HE. Y POBEHB
®depMu B OIYNPOBOJHUKAX; 3aKOH ACHCTBYIOLIMX MacC.
3aBUCUMOCThH KOHIIEHTPAI[UN CBOOOIHBIX HOCUTENEH U
NoJI0kKeHUs ypoBHA PepMu B COOCTBEHHBIX MOIYIIPOBOIHUKAX
OT TeMIepaTypbl. 3aBUCUMOCTb KOHIIEHTPAL[UK HOCUTENEH 1
10JI0’KE€HUS ypoBHS DepMu B IPUMECHBIX IOJIYTIPOBOJHUKAX
OT TEMIEPATYypHI.

6. OBPA3OBATEJIBHBIE TEXHOJIOI'YHU

HpI/I OCBOCHUHN HaHHOI;'I JAUCHUIIIMHBI OCHOBHYIO POJIb HUI'PAIOT ayJAUTOPHBIC 3aHATHA B BUJC
JeKIUI, a TaKKe CaMOCTOsTENbHAs padoTa CTYICHTOB, 3aKJIFOYAIONIAsCS B BBHINOJIHECHUU 3a/IaHHI,
MMOBTOPCHHU M3YUCHHOI'O MaT€puajia U MOATOTOBKE K KOHTPOJBbHBIM MEPOIIPHUATUAM. JIJ'IH TOT'0 YTOOBI
JaTh COBPEMEHHOE COCTOSIHHE (M3WKH TBEPIOTO Tela, MPEIyCMOTPEHO IIMPOKOE HCIOIB30BAHHE



COBPEMEHHBIX Hay4HbIX paboT M MyOJMKalMil MO JaHHOM Teme, mocemieHue sabdoparopuit HUAY
MU®U. PexomeHyeTcst IOCEIIEHUE CTYIGHTaMH HayYHBIX CEMUHAPOB U KOH(EPEHIHiA, B TOM YUCIIe
exerognbix koHgpepenmuit HUAY MUMOU, a Taxke B JAPYrHX MOCKOBCKHX YHHUBEPCUTETaX U
MHCTUTYTaX.

7. ®OHJ OHEHOYHBIX CPEJICTB

@DOHJ| OLIEHOYHBIX CPEACTB IO TUCIUILUINHE 00ECIeUrnBaeT MPOBEPKY OCBOCHUS TUIAHUPYEMBIX
pe3ynbTatoB o0ydeHus (KOMIETEHIMH M MX WHIUKATOPOB) MOCPEICTBOM MEPOMPUSITHN TEKYUIETo,
pyOexKHOrO U IPOMEKYTOUHOTO KOHTPOJIS IO JTUCIUILTHHE.

Cesi3p Mexnay (GOpMUPYEMBIMH KOMIETCHUUSMUA W (HOpMaMHu KOHTPOJIS HMX OCBOCHHUSA
Mpe/ICTaBJIeHa B CIEAYIOICH Ta0uIiie:

KOMlIeTeHIII/Iﬂ I/IH)]HKaTOPLI OCBOCHUA ATTeCTaIII/IOHHOC MeponpmlTne
(KII 1)

OITK-1 3-OIK-1 D, K-8, KU-15
V-OIK-1 N, KU-8, KU-15
B-OITK-1 D, K-8, KU-15

OIIK-2 3-OI1K-2 N, K-8, KU-15
V-OIIK-2 N, KU-8, KU-15
B-OITK-2 D, K-8, KU-15

OI1K-3 3-OI1K-3 N, KU-8, KU-15
V-OI1K-3 D, K-8, KU-15
B-OI1K-3 N, KU-8, KU-15

TK-1 3-TTK-1 N, KU-8, KU-15
V-IIK-1 N, K-8, KU-15
B-TIK-1 N, KU-8, KU-15

TK-3 3-1TK-3 D, KN-8, KU-15
V-IIK-3 N, K-8, KU-15
B-TIK-3 D, K-8, KU-15

HIkanbl oneHKH 00pa30BaTENbHBIX J0CTHKEHNH

[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPHUATHS JIEKUT B mpenenax oT 0 10 yCTaHOBJIEHHOTO
MaKCHMAaJILHOr0 Oajlla BKIIOUYMTEILHO. MTorosas aTTecranuAa I10 JUCHUIIIIMHE OLICHUBACTCA IIO 100-
0aJUTbHOM IIKae W MpeACTaBiIsieT co00i cymmy OaioB, 3apabOTaHHBIX CTYJEHTOM IPU BBITIOJTHEHUU
3a/IaHUI B paMKax TEKYIIETO U MPOMEKXYTOYHOTO KOHTPOJIS.

Hrtorosas olieHKa BBICTaBISAETCS B COOTBETCTBUHU CO CIEAYIOLICH IIKAJIOM:

Onenka
ECTS

Ouenka 1o 4-ex
OaJUILHOH IIIKAJIE

Cymma
0aJI0B

TpeOGoBaHMs K YPOBHIO OCBOCHHIO
Y4eOHOH TUCIMIUTHHEI

O1eHKa «OTIUYHOY» BBICTABIIACTCSA
CTYICHTY, €CIIH OH IIyOOKO M MTPOYHO
YCBOMWJI IPOrPaMMHBIN MaTepuan,
HCYEPIBIBAOLLE, IIOCIEN0BATEIBHO,
YETKO U JIOTUYECKU CTPOMHO €Tro
W3JIaraeT, yMeeT TECHO yBS3bIBATh
TEOPHIO C MPAKTUKOM, UCTIONB3YET B
OTBETE MaTepHall MOHOTPaPUUECKOM
JIUTEPATYPBHL.

90-100 5 — «omauunoy




85-89 B OlLieHKa «XOPOII0» BBICTABIIAETCS

75-84 C CTYZCHTY, €CJIM OH TBEPIO 3HACT

MaTepua, TPaMOTHO U TIO CYIIIECTBY
W3JIaraeT ero, He OMycKas

D CYIIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouto»
70-74

65-69 OlLieHKa «yI0BJIETBOPUTEIBHO

BBICTABJISICTCA CTyZ[eHTy, €CJIM OH UMEECT
3HAHUA TOJIBKO OCHOBHOI'O MaTepI/Iana,
R HO HE YCBOHII €T0 JIETAICH, NOIMyCKaeT
60-64 «Y00871eMBOPUMENLHOY E HETOYHOCTH, HEJOCTATOYHO IPaBUIIbHBIE
(opMyNIHPOBKY, HAPYILICHUS
HOFH‘ICCKOﬁ IIOCJIICJOBATCIBHOCTHU B
W3JI0’KEHUH [TPOrPaMMHOT0 MaTepraa.

OreHka «HEyJ0BIETBOPUTEIBLHO»
BBICTaBIISICTCS CTYACHTY, KOTOPBII HE
3HAET 3HAYUTEIBbHOU YacTH
MPOTPaMMHOTO MaTepuala, JOMyCKaeT
H 60 2— F cymecTBeHHbIe omnOKu. Kak mpasuio,
HRe «HEYO0811eMEOPUMETLHOY OLICHKA «HEYIOBJICTBOPUTEIIEHO
CTaBUTCA CTYJACHTaM, KOTOPBIC HE MOT'YT
MPOAOILKHUTE 00ydeHHe Oe3
JOTIOJTHUTENBHBIX 3aHATHH 110

COOTBETCTBYIONIEH AWCIMILINHE.

8.  YUEBHO-METOJUYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCUUIIIAHBI

OCHOBHAZ JIMTEPATYPA:

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

2. DU U 83 KanroBas ¢uzuka. OCHOBHBIE 3aKOHHI : yueOHOe mocodue, Mocksa: Jlaboparopust
3Hanui, 2021

3. 538.9 1130 OcHOBHI (pU3MKH KOHJICHCHPOBAHHOTO COCTOSHUS : yueOHOe mocobue, J{oronpy iHbIii:
Wurennekrt, 2013

4. OU 11 18 ®uszuka noxynpoBOJHUKOB : yueOHoe mocodue, Cankr-IlerepOypr: Jlans, 2022

5. 530 JI22 Teoperunueckas ¢usuka T.3 KBanroBas Mmexanuka. Hepenstuucrckas teopus, , Mocksa:
®usmataut, 2008

6. O K31 CoBpemMeHnHbIe Mpo0ieMbl GU3NKH KOHICHCUPOBAHHOTO cOCcTOsIHUS : , B. A. KamrypHukos,
A. B. KpacaBun, Mocksa: MU®U, 2008

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

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



JOIIOJIHUTEJIBHAA JINTEPATYPA:
1. 53 JI22 Teopetuueckas ¢puzuka T.5 Cratuctudeckas pusuka.l.1, Mocksa: ®uzmariut, 2013

2.539.2 K31 CoBpemennsie nmpobsiemsl ¢puzuku TBepaoro Tena Y.1 [emnsiit u qpoOHBIi KBaHTOBBIE
s dextrr Xomna, , Mocka: HUSY MUDU, 2011

3. 621.38 I'95 TeepaorenpHas 3MEKTPOHUKA : yaeOHOE Tocodme Jutst By30B, B. A. I'yproB, MockBa:
Texnocdepa, 2008

4. 621.3 C49 OcHOBBI MaTepUAIOBEICHUS M TEXHOJIOTHH MOJIYTIPOBOJIHUKOB : Y4el. mocobue ams
By30B, 1. A. Cnyuunckasi, Mocksa: MU®DU, 2002

5. 537 I'68 MarepuanoBeieHue MOJTyIPOBOAHUKOB U TUIIIEKTPUKOB : yueOHHK U1t By30B, C. C.
lNopenuk, M. . lamesckuit, M.: MUCHC, 2003

6. 539.2 K45 Benenue B ¢pusuky tBepaoro tena : , Y. Kurrens , M.: MeauaCrap, 2006
I[MPOIT'PAMMHOE OBECITIEYEHUE:

CrnenuaibHOE TTporpaMMHOE o0ecriedeHue He TpedyeTcs

LMS 1 UHTEPHET-PECYPCBI:

https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPUAJIBHO-TEXHUYECKOE OBECIEYEHHUE YYEBHOI
TACIATITAHBI

CrieninanbHOE MaTepUATBHO-TEXHUYIECKOE 00ecIieueHne He TpeOyeTcs

10. YYEBHO-METOAWYECKHUE PEKOMEHJALIUU IJIAA CTYAEHTOB

IIpy wu3yyeHun Kypca HEOOXOAMMO YCBOUTH OCHOBHbIE (DU3HUECKHE XapaKTEPUCTUKU
KOHJICHCHPOBAHHOTO COCTOSIHUSI BEILECTBA, OMNPEACIISIONIME CBOMCTBA METAIIOB, AUAJIEKTPUKOB W
MOJIyIIPOBOIHUKOB. HeoO0X0AMMO OCBOMTH OCHOBHBIE 3JIEMEHTHI KPHUCTAIUIOrpadUyecKoro aHaiusa,
YMETh pAa3IMyaTh OCHOBHBIE THIIBI KPUCTALUIMYECKUX CTPYKTYp IO COOTHOLIEHUIO MJIUH U
HaIPaBJICHUN OCHOBHBIX BEKTOPOB 3JIEMEHTAPHBIX SYEEK. YMETh YETKO ONPEAEIATh HAIIPABICHUS U
IUIOCKOCTH B KyOMYECKHMX KpHUCTalaX, MMETh YETKOE MpeJCTaBIeHHE O (U3UYECKUX SIBICHUSX,
JeXKaluX B OCHOBE PEHTIEHOCTPYKTYpPHOro aHanu3a. [loHuMaTh CBs3b BHELIHEH CHMMETPHUH
KPUCTAJIJIOB C BHYTPEHHEH CUMMETpHUEN 3JIEMEHTAPHBIX SUYEEK.

Hamiexur mnoHumaTh MNOpUPOAY MEXKATOMHBIX U MEXKMOJIEKYJISIPHBIX B3aUMOJEHCTBU,
OTpeAeISIONUX KIIacCU(UKALIMIO KPUCTAIUIOB MO TUIIAM XUMUYECKON CBS3H.

JUis Jydiiero yCBOGHUHM TEOpUM aTOMapHBIX U MOJEKYJSIpPHBIX opOutanel m oOpa3oBaHUA
THOPUAM3UPOBAHHBIX OpOUTANIe PEKOMEHAYETCs] MCIOJIB30BaHUE WHTEPAKTHUBHOIO pecypca B CETH
WuTepuer «l"anepes ATOMHBIX " MOJIEKYJISIPHBIX opouTanei»:



(http://winter.group.shef.ac.uk/orbitron/). Ha ocHoBaHMM CpaBHEHUS pa3iIMYHBIX THUIIOB XMMHUYECKOMH
CBSI3M OCO3HaTh, YTO CBOMICTBA HACBHIIIEHHOCTH U HAIPABJIEHHOCTH KOBAJEHTHOM CBS3M JAIOT HAydajo
MOJIyIIPOBOIHUKOBBIM CBOWCTBaM KPUCTAJIIIOB.

HeoOxoaumo 4€TKOo yCBOUTH KiIacCHU(PHKAIMIO CTPYKTYPHBIX HECOBEPLIECHCTB MO pa3MEpHOMY
MPU3HAKYy, 3HaTh MPUYUHBI U YCJIOBHUS UX BO3HUKHOBEHHS, TIOHMMAaTh, KaKW€ CBOWCTBAa KPHCTAJIOB
HauOoJiee YyBCTBUTEIbHBI K Ae(peKTaM Kak[oro Tuna. 3HaTh (U3NYECKYIO PUPOY B3aUMOJEHCTBUSA
ne@eKkToB. YMeTb OOBSCHATh, IMOYEMY TOYEUHble Je(QEeKThl SBISIOTCS TEPMOAMHAMHYECKU
PaBHOBECHBIMHU, a APYTHE TUIHI 1e()EKTOB — HEPABHOBECHBIMH.

Hy>HO 3HaTh (u3MUecKue OCHOBBI TEIJIOBOTO ABMKEHHsSI aTOMOB WJIM MOHOB B KpHCTalJax,
IIOHUMATh CBSI3b MEXAY THUIIOM XHMHUYECKOM CBSI3M M XapaKTepOM CHJI, ACHCTBYIOLIMX MEXKIY
yacTULIaMHU B KpUCTalIaX. YMEThb IOJydYaTh JUCIIEPCHOHHBIE 3aBUCUMOCTH B TapMOHHUYECKOM
NpUOIMKEHUH B HENPEPHIBHOM CTpyHE M B OJHOMEPHBIX IIEMOYKAaX OJMHAKOBBIX M Pa3IUYHbIX
aTOMOB. 3HAaTh, YTO JAMCKPETHOCTb PACIOJIOKEHUS aTOMOB B LIEMIOYKE MOPOXKIAET OrPaHMUYEHHOCTH
CBEpPXY YacTOThI KOJICOAHUH, a HAJIMYKE B LIENIOYKE aTOMOB JBYX THUIIOB — IOSIBJICHUE aKyCTUYECKOH U
ONTUYECKON BeTBeH KosieOaHMii. 3HaTh OCHOBHBIE 3JIEMEHTHI (PU3UUECKON CTATUCTUKU, IPUMEHSIEMbIE
JUI ONMMCAaHUsI MaKpOCKOIMYECKHUX CHCTEM. 3HaThb OmpejeleHHe (POHOHA, MOHUMATh CTPYKTYpY
(OHOHHOTO CIIEeKTpa. 3HATh OCHOBBI KBAHTOBBIX TECOPHM TEIMNIOEMKOCTH TBEPIOTO Tena. YMeTh YETKO
(GopMyIHpOBaTh YNPOUIAIONIUE TPEANONOKEHHS, TOJOXKEHHbIE B OCHOBY Teopuil [lebas wu
OHHIITEWHA.

Heo06xomumMo 0CO3HaTh, YTO TEIUIOBOE pACIIMpPEHHE Tell O0YCIOBICHO aHTapMOHUYHOCTHIO
Kos1e0aHui.

HyXHO 3HaThb OCHOBBI 30HHOM TEOpHUM: MOCTAHOBKY 3aJaud HAXOXKJIEHHUS COOCTBEHHBIX
3HA4EHUH SHEPrUM U BOJHOBBIX (DYHKIMI JIEKTPOHOB B KpHCTaJlIe, IOHUMAaTh, KaKUe yIPOIIAIOIINe
NPENONI0KEHUS JIS)KAaT B OCHOBE aqua0aTMYECKOro M OJHOAIEKTPOHHOro npuOmuxkeHus. [1oHATH,
KakMe NpEeANOoChUIKM IO3BOJWJIM HAWTH BHUJA BOJHOBOM (yHKIMM 3JIEKTpOHAa B KpUCTaLIe
(copmynupoBath Teopemy brnoxa). CrneayeT MOHATH CMBICI U HEOOXOAMMOCTb BBEJCHMS MOHSATHUS
3¢ dexTHBHON Macchl. 3HaTh CyTh MeToAa 3((EeKTUBHBIX MacC, €ro OCHOBHBIE MPEUMYIIECTBA U
OrpaHUyeHus. 3HATh MPUHLUI SKCIEPUMEHTAIBHBIX METO/OB OIPEIEICHHUS KOMIIOHEHTOB TEH30pa
3¢ hEKTUBHBIX Macc.

Nwmerp uyérTkoe mnpejacTaBieHHME O crnoco0ax aHajdu3a JIETHMPOBAHHBIX IOIYIPOBOAHHUKOB.
[Tonumars ocobeHHOCTH HpHUMEHeHus crnocoba paccmorpenust npumeceid III m V rpynnm B Si kak
BOJIOPOAOIIOO0HOTO  aToma, HaxXxoismerocs B cpeae ¢ dPPEeKTHBHON  AUAIEKTPUUYECKON
MIPOHUIIAEMOCTBIO. 3HATh ONpEAENICHUE 3HepreTHuyeckoro ypoBHs PepMu. YMeTh aHaIU3UPOBATH
KOHIIGHTPALMU CBOOOJHBIX HOCHUTENEH 3apsiia Mo moBeAeHuio ypoBHs depmu B 3aBUCUMOCTH OT
BHEIIIHUX BO3/ICMCTBUH (TeMIepaTypbl, BHEIIHETO 3JIEKTPUUECKOTO TOJIA).

Wwmets mpencrtaBieHre 00 3JIEKTPOHHONW M JIBIPOYHON MPOBOJMMOCTH B COOCTBEHHBIX H
MIPUMECHBIX MOJYNPOBOJHUKAX. 3HAaTh OINpEACICHUE IOABMKHOCTH HOCUTENEHW 3apsiia U yMETb
OOBSACHATH €€ TeMIepaTypHYIO 3aBUCUMOCTb. YMETh aHAJIMW3UPOBATh TEMIIEPATYPHYIO 3aBUCHUMOCTH
COOCTBEHHOW U MPUMECHOI MPOBOIUMOCTH.

3HaTh CHOCOOBI 3KCIEPUMEHTAILHOTO ONpPENENICHHs] THIAa MPOBOJAUMOCTH IOJYNPOBOJHUKA.
3HaTh (usznyeckre OCHOBBI H(dekra Xoiula, yMETb OOBACHATb TEMIIEPATypHOE IOBEAECHUE
XO0JUIOBCKOM pa3HOCTU MOTEHLMANIOB. MIMeTh KaueCTBEHHOE NpPEACTaBICHUE O I'ajibBAHO-MarHUTHBIX
SIBJICHUSIX, KOTOPBIE MOT'YT COIIPOBOX/1AaTh X OJIJIOBCKHE U3MEPEHUSI.



11. YYEBHO-METOJIMYECKUE PEKOMEHIALIMHU JJIsI MTPEMMOJABATEJE

Heo6xonumo 1aTh CTyJI€HTaM BO3MOKHOCTh YCBOUTH OCHOBHBIE (PM3NYECKHUE XapaKTEPUCTHKU
KOHJICHCUPOBAaHHOI'O COCTOSIHUSI BEILECTBA, OIPEAEISAIONINE CBOWCTBA METAJNIOB, JMAJIEKTPUKOB H
MOJlynpoBOJHUKOB.  Ciexyer  NO3HAKOMHUTb  CTYJEHTOB  C  OCHOBHBIMH  3JE€MEHTAMHU
KpUCTAJIJIOTpaUUEcKOro aHanu3a KpUCTauioB. HayuuTh ompenenarh HalpaBieHHS U IJIOCKOCTH B
KyOM4YecKHX KpHUCTalllaX, AaTh YETKOE MpeAcTaBieHUEe O (pU3MUECKHUX SBICHUSX, JEKAIINX B OCHOBE
PEHTTEHOCTPYKTYPHOTO aHaju3a. YKa3aTh Ha CBS3b BHENIHEW CHUMMETPHM KpPUCTAJUIOB (OrpaHKH) C
BHYTPEHHEN CUMMETPHUEN 3JIEMEHTAPHBIX AUYEEK.

Cnenyer pmaTh IpeNCTaBICHME O NPUPOJE  MEXKATOMHBIX M MEKMOJIEKYJISIPHBIX
B3aUMOJICHCTBHMNA, ONIPEEIIAIONINX KIACCU(PHUKAIIMIO KPUCTAIIIOB 110 TUIIAM XUMHUYECKON CBS3H.

JInsi mydIiero yCBOGHHUH TEOPHH aTOMApHBIX M MOJEKYJSIPHBIX opOuTaneid u oOpa3oBaHUS
rHOPUIN3UPOBAHHBIX OpOHUTANe PEKOMEHIYeTCsl MCIIOJIIb30BaHHE MHTEPAKTUBHOTO pecypca B CETH
Hutepner «lanepest aTOMHBIX 51 MOJIEKYJIAPHBIX opOuTanei»:
(http://winter.group.shef.ac.uk/orbitron/). Ha ocHoBaHMM CpaBHEHUs Pa3IUYHBIX THUIIOB XHUMHYECKOMN
CBS3U II0Ka3aTh, YTO CBOMCTBA HACBHIIIEHHOCTH U HANPABJICHHOCTH KOBAJEHTHOM CBSA3M JAIOT HA4allo
MOJIyITPOBOJIHUKOBBIM CBOMCTBAM KPUCTAJLIOB.

JlaTth KiaccH(UKALUIO CTPYKTYPHBIX HECOBEPLICHCTB IO pPa3MEpPHOMY NpPU3HAKY, BBIIBUTh
MPUYMHBI UX BO3HHMKHOBeHMs. [lokas3aTh, Kakue CBOWCTBA KpUCTAJUIOB Haubojiee YyBCTBUTEIBHBI K
nedexraMm kKaxkaoro tumna. [late mpenctaBiieHHE O MPHUPOJE B3auMoaeicTBUs neekToB. OObICHUTD,
MOYeMyY TOUYEUHBIE NEPEKTHI SBISIOTCS TEPMOAMHAMUYECKH PABHOBECHBIMH, a IPyTHe TUIHI Ae(PEeKTOB
— HepaBHOBECHBIMHU. [IpuWBecTH XapaKTepHbIE MPUMEpHI HCIONB30BaHuA nedekToB ((popmupoBanme
CKpBITOr0 M300paxkeHus1 Ha (POTOTUIEHKE U IPYTHUE).

[To3HaKOMUTH CTYAEHTOB C (PU3HMUECKUMHU OCHOBAMHU TEIJIOBOTO JBUKEHHSI aTOMOB U HOHOB B
KpUCTaJUIaX, YKa3aB HA CBSI3b MEXAY TUIIOM XMMHUYECKOW CBA3U M XapaKTEpPOM CHJI, EUCTBYIOIIHMX
MEX/1y YaCTHIIaMU B KpUCTaiiaX. BeiBecTu u rpadudecku N300pa3uTh AUCIIEPCHOHHBIE 3aBUCHMOCTH
B TaPMOHHYECKOM MPUOIMKEHUHN B HETIPEPBIBHOM CTPYyHE M B OJHOMEPHBIX LEMOYKaX OMHAKOBBIX U
pa3nuyHbIX aToMOoB. OOpaTUTh BHUMAHUE HA TO, YTO JUCKPETHOCTh PACIOI0KEHUS aTOMOB B IIETIOUKE
MOPOKIAET OrPAaHMUEHHOCTh CBEPXY YACTOTHI KOJICOAHUH, a HAIWYKE B LIETIOYKE aTOMOB JIBYX THUIIOB —
MOSIBJICHHE aKyCTUYCCKOW ¥ ONTHYCCKOW BETBEH KosieOaHWil. HamoMHUTH OCHOBHBIC JJIEMEHTHI
(u3NyecKoil CTAaTUCTUKH, NPHUMEHSEMblE [JIsl OINHCAaHUS MAaKpPOCKONMWYecKux cucreM. Jlate
ornpezeneHue GoHOHA, OOBACHUTL CTPYKTYPY (poHOHHOrO criekTpa. J[aTh OCHOBBI KBAaHTOBBIX TEOPUM
TETIOEMKOCTH TBEPJIOTO TENA.

[TokazaTh MaTeMaTHYECKH, YTO TEIUIOBOE paCIIMpEHUE Tell 00YCIOBICHO aHTAPMOHUYHOCTHIO
KoseOaHui.

JlaTb OCHOBBI 30HHOH TEOpHUH: IOCTABUTH 3aJauy HAXOXKICHHS COOCTBEHHBIX 3HAUYEHUH
SHEPIUU M BOJIHOBBIX (YHKIMH 3JEKTPOHOB B KPHUCTAUIE, BBOJS YIPOILIAIOIINE IMPEANONOKEHHS,
JeXallue B OCHOBE aauabaTHUecKOro M OJHOAIEKTPOHHOrO NpuoImkeHus. Iloka3aTe OCHOBHBIE
MPEINOChIIKH, TIO3BOJIMBINME HAWTH BUJI BOJHOBOM (YHKIHMH OJIEKTpOHA B  KpPUCTaJUIe
(chopmymnupoBath Teopemy biioxa).

Pa3bacHUTH CMBICT U HEOOXOAMMOCTh BBEACHUS MOHATHUS 3((HEKTUBHON Macchl, a TAKXKe CyTh
MeTo1a 3Q(PEKTUBHBIX MACC, €r0 OCHOBHBIE MPEUMYIIECTBA U orpaHuyeHus. [l03HaKOMUTH CTYJEHTOB
C DKCIEePUMEHTAIILHBIMU METOAaMHU OMPE/IeNIeHNs] KOMIIOHEHTOB TeH30pa 3(PPEKTUBHBIX Macc.

PacckazaTh 0 crnocobax aHain3a JIETHPOBAHHBIX MOIXYHPOBOJHMKOB. OOpaTUTh BHUMAaHUE Ha
0COOEHHOCTH TNpHUMEHEHus crnocoba paccmoTpenuss mnpumeceid III m V rpynm B Si  kak
BOJIOPOJIONIOAOOHOTO  aTOMa, HaxoxsAmierocs B cpeae ¢ 9((EeKTUBHOW  IUAIIEKTPUYECKON



IIPOHUIIAEMOCTBIO. 3HaTh OIpejaenaceHue 3Heprerndeckoro ypoHs depmu. Hayuuts ananusupoBathb
KOHIICHTPALMU CBOOOJHBIX HOCHTENEH 3apsiia Mo MoBeAeHUI0 ypoBHsS depmu B 3aBUCHMOCTH OT
BHEIIHHUX BO3JEHCTBUI (TEMIEpaTyphl, BHEUIHETO 3JEKTPUUECKOTO MOJIs).

Jatb mpexacraBieHHEe 00 SJIEKTPOHHOM M JBIPOYHOW MPOBOAMMOCTH B COOCTBEHHBIX H
MIPUMECHBIX MOITYIPOBOAHKUKAX. [laTh onpeneneHne NOABUKHOCTH HOCUTENEH 3apsaaa U OObSICHSTDH €€
TEMIIEpaTypHYIO 3aBUCHUMOCTh. [IpOBECTHM aHaau3 TeMIEepaTypHOW 3aBUCUMOCTH COOCTBEHHOW U
IIPUMECHOH MPOBOIUMOCTH.

[To3HAKOMUTH CTYJEHTOB C OKCIEPUMEHTAIbHBIMU CIOCO0AaMM  OINpENeeHusl THUIla
MIPOBOJIUMOCTH TOJYNPOBOJHUKA. BpIABUTH (usnueckue ocHOBBI 3¢dekra Xosuia, OOBICHUTH
TEMIEPATYPHOE MMOBEACHUE XO0JUIOBCKON Pa3HOCTH MOTEHIMANIOB. JlaTh KpaTKOE OMMCAHUE T'aJIbBAHO-
MarHMTHBIX SIBJIEHUI, KOTOPbIE MOT'YT COITPOBOX/AATh X 0JIJIOBCKUE U3MEPEHUSI.

ABTOp(BI):

Magpuukuit Oner bopucouu



