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1. IlepeyeHb MJIAHUPYEMBIX Pe3yJIbTATOB 00y4eHH S MO JUCHUIINHE, COOTHECEHHBIX €
YCTaHOBJIEHHBIMHU B 00pa30BaTe/IbHOI POrpaMMe HHAUKATOPAMH 10CTHKEHUS

KOMIIETeHIIM A

®opmupyemast

KoMIleTeHmsI (¢

yKa3aHHeM Ko0/12)
OIIK-2. Cnocoben
MPOBOANTH HAYYHBIC
UCCJIeIOBaHUS (PU3UUECKHUX
00BEKTOB, CUCTEM U
MPoIIeCCOB, 00padaThIBaTh
U TIPEJICTABIIATh
JKCIIEPUMEHTAJIbHBIC
JAaHHBIC;

Kon u HammeHoBaHue
HHIUKATOPA 10CTHKEHHS
KOMMETEeHI[HN

OIIK-2.1. Pa36upaercs B
OCHOBHBIX HAyYHBIX METOAX
TEOPETUIECKOTO U
IKCIIEPUMEHTAILHOTO
UCCIIEIOBaHHS OOBEKTOB,
MPOLIECCOB U SIBJICHUI

OIIK-2.2. Ucnons3yer
(bu3MKO-MaTeMaTHYECKUN
anmnapar AJs pa3paboTKu
MaTeMaTHYECKUX MOJIeNen
SIBJIEHUM, IIPOLIECCOB U
00BEKTOB IPU PELICHUU
3a/1a4 B PO eCCUOHATBHOU
JEATENIBHOCTH

OIIK-2.3. IIpoBoaut
HKCHEPUMEHTHI 110 3aJJaHHON
METOMKE U aHATTM3UPYET UX
pe3yabTaThI

Pe3yabTaTsl 00yueHus no
AMCHUINJIMHE (MOLYJII0)

JIOJKEH UMETh TPEACTaBICHUS O
MNPUHIHUIAX CTPOCHUS
KOHJIEHCHUPOBAHHBIX CUCTEM;
IIOHUMATh IPUPOAY U
0COOCHHOCTH MEKaTOMHBIX CBSI3€i
B KPUCTAJUTMYECKUX U aMOP(HBIX
TBEPJBIX Teax; 3HATh
0COOEHHOCTH YNPYTUX CBOMCTB U
CBSI3aHHBIE C HUMU IIPOLIECCHI
pacrpocTpaHeHUs YIIPYTUX BOIH B
KpUCTAJUIaX; COBPEMEHHYIO
TEOPUIO TEIIJIOEMKOCTH
KPUCTAJUIMYECKUX MPOBOJAHUKOB U
JUDJICKTPUKOB; MCXaHUYCCKHC,
AIEKTPUYECKUE, MATHUTHBIE
CBOICTBA KPUCTAJJIOB

OOy4Jaromumiics TOJKCH
IIPOBOAUTH MOJEIIBHBIE PACUETHI,
IIPOTHO3UPOBATh CBOMCTBA
KOHJCHCUPOBAHHBIX Cpell IIPU
BBIIIOJTHEHUH HAy4HO-
UCCIIEI0BaTEIbCKON PabOTHI;
IpUOOpPETaTh HOBBIE 3HAHUS 110
¢$u3nKe KOHAEHCUPOBAHHOTO
COCTOSIHUS, UCTIONb3YS
COBpEMEHHbIe HH(POPMALIMOHHbIE
Y KOMMYHUKAIIHOHHBIE
TEXHOJIOTUH.

OOyuaromuiicst T0JKeH UMETh
c(hOpMUPOBAHHbBIE HABBIKH
MIPOBEJICHUS SKCIICPUMEHTA B
(bu3HKe KOHIEHCUPOBAHHBIX Cpefl,
MIPEIOKUTH XOJT TPOBEICHUS
HCCIIEN0BAaHUA, CAMOCTOITEILHO
MIPOBOJIMTH UCCIICIOBAHMUS,
00pabaThIBaTh TaHHBIC C
MCIIOJIb30BAaHNEM COBPEMEHHBIX
UH(OPMAIIMOHHBIX TEXHOJIOTUH U
JIENaTh BEIBOJKI.



2. lleau 1 MecTO IMCHUILIMHBI (MOYJIsI) B CTPYKTYpe 00pa30BaTeIbHON NPOrPaMMbl

[enu u3ydeHus: TUCUMUIUINHBI:

JluctuminHa peann3yercs B paMKax 0a30BOM YacTH.

JInst OCBOCHMS AUCITUTUTMHBI HEOOXOIUMBI KOMITETEHIIUU, C(HOPMUPOBAHHBIE B PAMKaX U3YUCHUS
cnenyromux guciuruimH:  ®Pusmka, Teopermueckas ¢usuka, Teoperndyeckas MEXaHHKA;
MEXaHHMKA CIUIOLIHBIX CPEI.

Hucuunnuna uzydaercst Ha 3 Kypce B 6 cemecTpe

3. O0beM JUCUMITIMHBI (MOXYJIs]) B 3a4€THBIX eIMHUIAX ¢ YKa3aHHMEeM KOJIUYeCcTBa
aKaJeMH4YeCKHX WM ACTPOHOMHUYECKHUX YaCOB, BblJIeJIECHHbIX HA KOHTAKTHYI0 padoTy
00y4aromuxcs ¢ npenogaBaresieM (o BUAaM Y4eOHbIX 3aHATHII) U HA CAMOCTOSATEJILHYI0
padoTy 00y4arImuxcs

O61as TpyA0eMKOCTh (00beM) NUCHUIUIMHBI COCTaBisAeT 4 3a4. ef., 144 akan. 4.

Bcero yacos
O0BbeM THCHUILINHBI
Ounas ¢popma 00yueHusn

OO61mas TpyA0eMKOCTh AUCIUIIITMHBI 144
V4eOHBIX 4YacOB Ha KOHTAKTHYIO PadOTy ¢ MpenoaBaTesieM:

b1 (9901517 36

IIPaKTUYECKUX (CEMUHAPCKUX ) 52

npyrue ¢hopMbl KOHTaKTHON paboThl (PKP) 1,2
VY4eOHBIX 4acOB Ha KOHTPOJIb (BKJIFOYAs Yachl IIOJATOTOBKH): 34,8

IK3aMeH
Y4eOHBIX 9acOB Ha CAMOCTOSTEIbHYIO0 padboTy obydaromuxcs (CP) 20

DopMbl KOHTPOJIS CeMmecTpsl

IK3aMeH 6

4. Coep:xkanue TUCHUIIMHBI (MOAYJISA), CTPYKTYPUPOBAHHOE MO TeMaM (pa3aesiaMm) ¢
YKa3aHHeM OTBEeJCHHOI0 HA HUX KOJIMYeCTBA aKaJeMUYeCKMX YaCOB U BU/I0B Y4eOHBIX
3aHATHI

4.1. Pazenbl JMCUMILUIMHBI M TPYA0EMKOCTh 110 BUIAM y4eOHbIX 3aHATHH (B
aKaJeMUYeCKHUX 4acax)

Buabl y4eOHBIX 3aHATHI, BKIIOYAs

e Haumenosanue pasiena / CaMOCTOAITEIbHYIO PA0OTY 00YUYAIOLIUXCSH U

n/n TeMbl M CIUTIMHbI TPYAOEMKOCTE (B Hacax)
KonTakTHas padora ¢ npenogaBaresem CP
Jlek IIp/Cem Jlao

1 | Buabl XMMH4Y€CKOil CBA3M. 6 9 0 3
1.1 VoHHBIH THII CBS3H 2 3 0 1
1.2 KoBajeHTHBIE KPUCTAILIBI 2 3 0 1
1.3  MonexynsipHbIe KPHUCTAILIBI 2 3 0 1

2 | Kpucramimyeckasi CTpyKTypa 4 6 0 2
2.1 Cummerpus Kpucrajia 2 3 0 1
2.2 | HecoBepieHCTBa B KpUcTalax 2 3 0 1

3  3oHHas Teopus TBepPAbIX TeJa 4 6 0 2
3.1 | Merosl pacuera 30HHOU 2 3 0 1

CTPYKTYPHI




3.2 | DKCnepuMeHTAIbHOE U3yUeHHUE 2 3 0 1
30HHOHU CTPYKTYPBL.
4 | TemnJjioBble CBOICTBA TBEPABIX 4 6 0 2
TeJ
4.1 = Tennosle KoneOaHUs B 2 3 0 1
TBEPJBIX Teax.
4.2 TemnoeMKOCTh TBEPAOIO TeJA. 2 3 0 1
5 | ®uszuka MeTaLuIoB 4 6 0 2
5.1 Kraccuueckas teopus 2 3 0 1
CBOOO/IHBIX 3JIEKTPOHOB.
5.2  Hekotopsle 0cOOEHHOCTH 2 3 0 1
METAJUIMYECKOTO COCTOSTHUSI.
6 | dusuka noJynpoBOIHHKOB H 4 6 0 2
AUDJIEKTPUKOB
6.1 HeomHOpoIHBIC U OTHOPOIHBIE 2 3 0 1
MOJTYITPOBOIHUKHU
6.2 JludnexTpuyecKue CBOKWCTBA 2 3 0 1
M30JIATOPOB
7 | du3uKa HAHOMATEPHAJIOB 4 6 0 2
7.1  ®wusuka u XUMHUA 2 3 0 1
HaHOMaTEepPHAJIOB
7.2 | MeToasl co3aaHus 2 3 0 1
HAHOCTPYKTYp U
HaHOMaTEepPHAaJIOB
8 | SIBiieHusi mepeHoca 6 7 0 5
8.1 uddy3noHHBIE POLIECCH B 2 3 0 1
TBEPJIBIX TeIax
8.2  TemmonpoBOIHOCTH 2 3 0 1
8.3 MarHuTtHbIe CBOHCTBA 2 1 0 3
MaTepuasoB
Hroro 36 52 0 20

4.2. Copep:xanne JMCHHILIMHBI, CTPDYKTYPHPOBAaHHOE IO pa3jejaM (TeMaMm)

Kypc nmpakTudecknx/ceMuHapCcKUX 3aHATUN

Ne HaumeHoBaHue pa3jena Coaepixanue
/ TeMbl JUCHUILJIMHBI
1 Buanl XUMHYECKOH CBA3H.
1.1 HWownHBIi TUTI CBSI3U HNonnas cBsa3b. MeTtamnueckas cBA3b. BoopoaHas cBs3b.
CornocTraBneHue pa3IM4HbIX BUAOB CBs3U. OCHOBHBIE TUIIBI
TBEPBIX TEI.
1.2 KoBaseHTHbIe KpucTauibl = KoBaneHTHast CBS3b.
1.3 MonekynspHbie Cuna Ban-nep-Baanbsca. CMenanHbie BUIBI CBSI3H.
KPUCTAILIBI
2  Kpucraumueckasi CTPyKTypa
2.1 Cummerpus KpucTamia CummeTtpus kpuctamia. MaeanbHslii Kpuctami.
Kpucramnmueckas pemerka. Kpucramiueckast CTpykTypa.
TunuuHeie KpUCTATUYECKHE CTPYKTYphl. OO03HaUYCHHE
Y3JIOB, HAIIPABJIEHUM U TUIOCKOCTEN B KPUCTAJLIE.
Ornpezenenne CTPyKTypbl KpUCTaJIIA.
2.2  HecoBepieHCcTBa B Toueunsie 1eEeKTHI: BAKAHCHH, ATOMBI BHEJPECHHS 1

Kpucrajuiax

QJICKTPOHHBIC ,Z[C(I)CKTBI. O6pa3OBaHI/Ie TOYCYHBIX ,[Ie(bCKTOB.
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Hucnokaruu. KpaeBble 1 BUHTOBBIE AUCIOKALMKU. JHEPrUs
nucliokanuii. Bzanmoaencreue nucnokamuii. McTouHuk
nuciokarui. [lnacruaeckas nedopmarms.

Yupyras u mactuueckas aegopmarus. 3akoH ['yka.
OCHOBHBIE 3aKOHOMEPHOCTH IJIACTUYECKOTO TCUCHUS
KpuctajioB. TeopeTrueckasi U peajibHasi MPOYHOCTh
KpucTauia. Xpyrnkas U BpeMEHHAasi IPOYHOCTh TBEPABIX TEIl.
[1yTn noBsIlIEHUS TPOYHOCTU TBEPABIX TEI.

3 3onHas Teopusi TBEPABIX Tell
3.1 Meroasl pacuera 30HHOM = DHEPreTUYECKHi yPOBEHb CBOOOTHBIX SJIEKTPOHOB.
CTPYKTYpBI O06006111ecTBICHIE PJEKTPOHOB B KPUCTALIe. DHEPreTHUYECKHEe
nosiockl. DHeprust Pepmu DhdexTrBHAST Macca MIEKTPOHA.
3anojHeHue 30H eKTpoHaMHu. [IpOBOIHUKY, AUIIEKTPUKH,
MOJIYIIPOBOIHUKH. DKCIIEPUMEHTAILHOE U3yUEHUE 30HHON
CTPYKTYPBL.
3.2 DKcrnepuMeHTalbHOE Jpyrue MeToibl pacueTa 30HHON CTPYKTYpbI
M3y4EHUE 30HHOU OOm1re cBoicTBa BOJHOBBIX (DYHKIIMK BAJIEHTHBIX 30H
CTPYKTYPBHI. Meropn stueex
Meton npucoennHeHHbIX 1ockux BoiH (I111B)
Meton rpunoBckux ¢pynkuuit Koppunru, Kona u Poctokepa
(KKP)
MeTto opToroHanu3oBaHHBIX MIockux BoiH (OI1B)
[IceBnonorennman
KoMOuHMpoBaHHBIE METOTBI
Onpenenenue nosepxHoctu Oepmu
Dddext ne ['aaza — Ban Anbdena
CB0OOOIHBIE NIEKTPOHBI B IOCTOSIHHOM MarHMTHOM I10J1€
VYpoBHM 0JI0XOBCKUX 3JIEKTPOHOB B IOCTOSSHHOM MarHUTHOM
oJie
[IponcxoxaeHne oCHMIIISILMMA
BnusiHue civHa 371eKTpoHa Ha OCHMIUISILIMU
Jpyrue meToipl nccnenoBanus nosepxHoctu Oepmu
4 | TenoBble CBOMCTBA TBEPABIX TeJl
4.1  Tennossle konebanust B | Ternosble KosebaHus B TBepAbIX Tenax. HopmanbHbie
TBEPABIX TEJaXx. kosnebanus pemeTk. CrieKTp HOpMaJbHBIX KOJIeOaHHH.
DOHOHBI.
4.2  TemmoeMKoCTh TBepAOro | TermIoeMKoCTh TBEPIOTO Tela.
Tena.
5 ®uszuka MeTa/IoB
5.1 Kiaccuueckas Teopus HekoTopble 0cOOEHHOCTH METAIITNYECKOTO0 COCTOSTHHSL.
CBOOO/HBIX JIEKTPOHOB. | DJEKTPONPOBOAHOCTH MeTasuioB. Kimaccuueckas Teopust
CBOOOJIHBIX JIEKTPOHOB. DJIEKTPONPOBOAHOCTD CILIABOB.
5.2 | Hekotopsie ocobennoctn = CrutaBel. [lepexoanbie MeTambl. TemnocTONKOCTh CILIaBa.
METALINYECKOTO B3anMoCBs3b 2EKTPOHHON CTPYKTYPBI C MEXaHUYECKUMH
COCTOSIHHUS. CBOMCTBAMH U TEIJIOCTOWKOCTBIO CIIABOB NEPEXOAHBIX
MeTayIoB. [lepcrieKTUBEI TONTy4YeHNs CIIAaBOB ¢ BBICOKMMHU
(hU3HKO - MEXaHUYECKUMU CBOWCTBaMU
6 ®u3zuka noJynpoBOJIHMKOB H ANIIEKTPHKOB
6.1 HeomHOpomHbIe U OaHOpOIHBIE OYTIPOBOIHUKH

OJIHOPOJIHBIE
TTOJTYTTPOBOTHUKH

[Ipumepsl NOIyIpOBOAHUKOB
TunuyHele MpUMeEpsl 30HHOW CTPYKTYPBI MOJTYIIPOBOJHUKOB
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LIMKITOTPOHHBIN pe30HAHC
UYucio HocuTeNe ToKa pU TEPMOJIUHAMUYECKOM PAaBHOBECHU

6.2 Jludnexkrpuyeckue JusnexTpudeckue CBOMCTBA U30ISTOPOB
CBOMCTBA U30JISTOPOB DNeKTpOCTaTHKA AUAIEKTPUKOB
Teopus 10KaIbHOTO MOJIA
Teopus nonsipuzyemoctu
KoBasieHTHBIE AUAIIEKTPUKU
[TuposnexTpuyecTBo
CerHeToaeKTpuKku
7 ®u3uka HAaHOMAaTepHaJIoB
7.1  ®usuka u XxumMus Hanoxiacreps!l 1 HaHOMaTepuaisl. HanoTtexHonoruu
HaHOMAaTepHalloB
. MeTop! (hru3nueckoro AUCIeprupoBaHUs
MeToabl XUMHUYECKOTO JUCTIEPTUPOBAHHS
. buonoruueckue MeTo/ bl MOJIy4YEeHUSI HAHOMATEPHAIIOB
7.2 Metoabl co3nanus MeTo/1b1 MOJTy4eHUs: HAHOMATEePHAIOB
HAHOCTPYKTYp U MexaHn4ecKre METOIbI TOTyYeHHS HAHOTIOPOIITKOB
HaHOMAaTepHalloB
8 | SIBieHus mepeHoca
8.1 Juddysuonusie Ocob6ennoctu quddy3uu B kpucramwiax. uddysus B cruraBax
MIPOLIECCHI B TBEP/IBIX THUIIA TBEPBIX pacTBOPOB BHeApeHus. Juddysus 3a cuet
Temax JBYDKEHUS BakaHCUi. Makpockonmueckast Tudysust.
TennocToRKOCTh TBEPBIX TEI.
8.2 TennomnpoBoIHOCTH TennonpoBOIHOCTD.
8.3  MaruuTHbIE CBOICTBa Tunel MarHUTHBIX CTPYKTYp JMaMarHeTusm U nmapamMarHeTH3M.
MaTepUaJIOB deppoMarHeTusm

HabntoneHne MarHUTHBIX CTPYKTYP
Tepmonnnamuueckue cBoiicTsa BOIM3u Touku Kropu
CaolicTBa nipu HyNI€BO TeMiieparype. OCHOBHOE COCTOSIHUE

Kypc JIeKnMOHHBIX 3aHATHI

Ne HaumeHoBaHue pa3jena Conepxanue
/ TeMbl JUCHUILJIMHBI
1  Buabl XUMHYECKO#H CBA3H.
1.1 WonHBIA TUTI CBSI3U HNonnas cBs3b. . Metajuinueckas CBs3b.
1.2 KosasenTtHbie kpucTayibl  KoBajeHTHAs cBsi3b. BomopoHas CBS3b.
1.3 MonekynspHbie Cwuna Ban-nep-Baansca. CMmeniaHHbIE BUJBI CBSI3H.
KPUCTAJLIIBI CormnocraBneHue pa3IndyHbIX BUAOB CBsA3U. OCHOBHBIE THIIbI
TBEPJIBIX TEJI.
2  Kpucraumdeckasi CTpyKTypa
2.1 CummeTpus KpucTaia Cummerpus kpucramia. neanbHbli KpUCTAIL.
Kpucrannuueckas pemerka. Kpucrannuueckas cTpykTypa.
TunuyHbie KPUCTATTHYECKHE CTPYKTYphl. O003HaUEHNE
y3JI0B, HAPABJIEHUM U IJIOCKOCTEN B KpUCTAJLIE.
OrnpesienieHre CTPYKTYphl KpUcTasia.
2.2  HecoBepieHCcTBa B Todeunsie neeKThI: BAKAHCHH, ATOMBI BHEJPCHUS 1

Kpucrajuiax

aneKkTpoHHbIE AedekThl. OOpazoBaHUE TOYCUHBIX AE(PEKTOB.
Hucnokanuu. KpaeBbie 1 BUHTOBBIE AUCIOKALMU. JHEPIUs
aucnokanui. Bzanmopeiicreue gucnokamuii. Mctounuk
nucnokauuit. [lnactuueckast nedopmarnius.
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VYmpyras u mactudeckas aedopmarus. 3akoH ['yka.
OCHOBHBIE 3aKOHOMEPHOCTH TIACTUYECKOT0 TeUEHUS
KpucTayyioB. TeopeTuueckas U peajbHas IPOYHOCTh
Kpucrayuia. Xpynkas U BPEMEHHasl IPOYHOCTb TBEPABIX TEIl.
[TyTu MOBBILIEHUS TPOYHOCTH TBEPABIX TEII.

3oHHAas Teopusi TBEPAbIX TeJl

3.1

3.2

Mertoibl pacueTa 30HHOU
CTPYKTYPBI

DKcrepuMeHTaIbHOE
U3Y4EHHE 30HHOU

CTPYKTYPBHI.

VYPOBHU 2JIEKTPOHA B EPHOJNYECKOM NoTeHuane. Oouue
CBOMCTBA

[Tepuoauueckuii moTeHIMAN

Teopema biioxa

IlepBoe nokazaTenbCTBO TeOpeMbl bioxa

I'pannunoe ycnosue bopna — Kapmana

Bropoe noka3arenbctBo Teopemsl biioxa

O6ume 3amevanus o Teopeme bioxa

[TosepxHOCcThE @epmu

[1noTHOCTH ypOBHEM DIEKTPOHBI B C1a00M MEPUOANUECKOM
MOTEHIMAIIEe

OO6muii nonxon k ypaBHenuto lllpenunrepa B cirydae cinaboro
MoTeHIMaNa

DHepreTH4ecKue YpOBHU BOJIHM3U OJHOU U3 OPITTOBCKUX
mockocteit 162

DHepreTUYecKre 30HbI B OTHOMEPHOM ciiydae 166

KpuBbie 3aBUCHMMOCTH 3HEPTUU OT BOJIHOBOI'O BEKTOpA B
TPEXMEPHOM Cllydae

DHepreTuyeckas 1ielb

3ona bpusitosna

['eomeTpuyeckuii CTpyKTYpHBIN (PaKTOP B MOHOATOMHBIX
pemieTkax ¢ 6a3ucom

Ponb criuH-opOUTaTBHOM CBS3H B TOUKAaX C BHICOKOM
CUMMeTpHUen

Hpyrue MeToibl pacuera 30HHON CTPYKTYpPBI

OO61mue cBOCTBa BOTHOBBIX (DYHKIIMI BaJ€HTHBIX 30H
Meron sueek

Meton npucoennHeHHbIX mockux BoiH (I1I1B)

Meton rpuHoBckux ¢pyukuuii Koppunru, Kona u Poctokepa
(KKP)

Meto opToronann3oBaHHbIX mi1ockux BosH (OI1B)
IlceBonoreHnuan

KomOuHMpOBaHHBIE METO B

Onpenenenne nosepxHoctu Gepmu

OddexT ne ['aaza — Ban Anbdena

CBOOOIHBIE AIEKTPOHBI B TOCTOSSHHOM MarHUTHOM TI0JI€
YpoBHU OJIOXOBCKUX JIEKTPOHOB B TOCTOSTHHOM MarHUTHOM
oJie

[IpoucxoxaeHne oCuUIISIUN

Brusaue cnirHa 35eKTpoHa Ha OCIMIUISAIIUN

Hpyrue metonb! uccienoBanus nopepxHoctu Gepmu

TenJjioBble CBOICTBA TBEPABLIX TeJl

4.1

TemnnoBbie KOJIcOAHHS B
TBEPABIX TCJIax.

Knaccudeckas Teopusi TapMOHHYECKOTO KPUCTAaJIa
["apmoHnueckoe npubInKeHne
Anunabatuyeckoe MpUOIUKECHHE
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VY nenbHas TEMIOEMKOCTh KJIIACCHYECKOT0 KPUCTAILIA. 3aKOH
Jronounra u Iltu

HopmMmanbHble MOJIbI OTHOMEPHOM MOHOATOMHOM PEIIETKU
bpasa

HopwmaiibHble MOIBI OTHOMEPHOM penieTkH ¢ 6azucom 62
Hopmaisibable MOABI MOHOATOMHOW TPEXMEPHOM PELIETKU
bpas»

HopmanbsHble MOABI TpEeXMEPHOI pemeTku ¢ 6asucom 70
CBs3b € TEOpUEH YIIPYTOCTH

4.2

5.1

5.2

TenmoeMKoCTh TBEPAOTO
TCla.

Pu3nKa MEeTAILI0B
Kitaccnueckas reopust
CBOOO/THBIX JIEKTPOHOB.

HekoTopsie ocobeHHOCTH
METAJUINYECKOTO
COCTOSTHHS.

KBaHTOBas1 TEOpHUS TapMOHUYECKOTO KPUCTAILIA

Hopmanbsabie MOABI B YOHOHBI

OO1ee BbIpaXkeHUE JUIs TEIUIOEMKOCTH PEILeTKH
TennoeMKoCTb IIpH BBICOKMX TEMIIEpaTypax

TermioeMKoCTb IpU HU3KUX TEMIIEPATYpax

TennoeMKoCTs IpH MPOMEKYTOUHBIX TeMIEparypax. Moaenu
Jlebas

DiiHIITEHA

CpaBHeHuE penIeTOYHON U 3JIEKTPOHHOM YAETIbHBIX
TEIJIOEMKOCTEN

[110THOCTH HOPMAJIBHBIX MO/, (IIJIOTHOCTH (POHOHHBIX
YpOBHEH)

AHazorus ¢ Teopuei U3Iy4eHHs YEpPHOTo Tela
DKcrepuMeHTalIbHbIE METO/IBI OIpeieIeHus] JOHOHHOTO
CIIEKTpa

PaccestHie HEUTPOHOB KPUCTAILIIOM

Paccesnue 351eKTpOMarHuTHOTO U3J1y4eHUsT KPUCTAIIIOM
BonHoBas kapTuHA B3aUMOIECUCTBUS U3IIYUYECHHUS C
KOJIe0aHUSIMU PELETKU

Teopust metaimoB [pyne

OcHoBHbI€ npeanoaox)eHus moaenu pyne

Craruyeckas 3J€KTpOIPOBOJHOCTh MeTallia

S¢¢ext Xosia ¥ MarHeTOCONPOTUBIICH

BbicokoyacToTHas 3JIEKTPONPOBOIHOCTH METaIa
TemnonpoBoaHOCTh MeTasuia CBONCTBA 3JIEKTPOHHOTO Ia3a B
OCHOBHOM COCTOSIHUH

TepMoanHaMHU4YeCcKue CBOMCTBA ra3a CBOOOIHBIX AIEKTPOHOB.
Pacnipenenenue

®epmu — Jupaka

TepmomrHaMHUECKHE CBOMCTBA CBOOOHOTO AJIEKTPOHHOTO
ra3a. [I[pumenenue

pacnpenenenus Pepmu — Jlupaka

3oMMepdenbIoBcKas TEOPHUS MPOBOJIUMOCTH B METaJIaX
Henocrarku Moaenu cBOOOTHBIX 2JIEKTPOHOB
TpyaHocTH Mojeny CBOOOIHBIX SJIEKTPOHOB

O0630p OCHOBHBIX MPEITOJIOKEHUN

3OHHa$I CprKTypa OTACJIIBHBIX METAJIJIOB
MoHoBalIeHTHBIC METaJLIbI

I[ByXBaJ'IeHTHI)Ie METAJIJIbI

TpexBaJIeHTHbIE METAILIbI
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UYeThIpexBajI€HTHBIE METAILITBI
ITomymeraisl

[TepexoaHbie MeTAIIIBI
Penxo3eMenbHbIC METaIIbI
CrutaBbl

@u3uKa NOJYNPOBOJIHUKOB U AUIJIEKTPHKOB

6.1

6.2

Heonnoponnsie u
OJIHOPOJIHBIE
MTOJTYITPOBOTHUKH

JuanekTpudeckue
CBOMCTBA U30JISTOPOB

Pu3nKa HAHOMATEPUAIOB

.OIHOPOIHBIE MOJYIPOBOJHUKH

[Tprmepsl 0JIyIPOBOIHUKOB

TunnuyHele npuMepsl 30HHOW CTPYKTYpPbI NOJYIPOBOJHUKOB
[{MKIOTPOHHBIN pE30HAHC

Yuciio HocuTenne ToKa Mpu TEPMOJUHAMUYECKOM
PaBHOBECHHU

[IpumecHbIe ypOBHU

HaceneHHOCTh IPUMECHBIX YPOBHEH IIPU
TEPMOJIMHAMUYECKOM PaBHOBECUH

PaBHOBeCHast KOHIIEHTpALUSI HOCUTENIEN B IPUMECHOM
MOJIyIIPOBOJTHUKE

IIpoBOAMMOCTB 3a CUET IPUMECHOU 30HBI

Teopus siBIeHUI IEPEHOCA B HEBBIPOKICHHBIX
oJIynIpoBogHNUKax HeoqHopoaHbIe OTYITPOBOIHUKN
[Tonyknaccuueckas MoJieIb

PaBHOBECHBIN p — N-mIepexon

DeMEeHTapHOE PaCCMOTPEHUE BBIIPAMIIAIOLIETO AEUCTBUSA P
— N-mepexoja

OcHoBHbIe U3HUECKUE YePTHl HEPABHOBECHOTO CITydast
bonee neranbHas Teopusl HEPABHOBECHOTO P — N-Iepexoia
. Audnexrpudeckue CBOMCTBA U30IATOPOB

DIEeKTPOCTaTUKA JUAIEKTPUKOB

Teopust TOKAIBHOTO TOJISt

Teopus NoAAPU3yeMOCTH

KoBasleHTHBIE TUAIIEKTPUKHU

ITuposnekTpuuecTBo

CerHeToaNeKTpUKH

7.1

7.2

duznka nu xXuMug
HAaHOMAaTEePHUaIoB

MeTtonabl co3aHus
HaHOCTPYKTYp U
HaHOMaTEPHAJIOB

Hanoxnacreps! 1 HaHOMaTepuaisl. HanoTexHonoruu
MeTo/bI oJTy4eHUs: HAHOMATEpPHaIOB

MexaHnuecknue METObI OJIy4YEHUSI HAHOTIOPOIIKOB

. MeTobl pusmueckoro AuceprupoBaHus

MeToapl XMMUYECKOTO AUCTIEPTUPOBAHMS

. buonoruyeckue MeTo bl MOTY4EHHsSI HAHOMATEPUAJIOB
. MeTo/1pl 1osTy4eHus pa3IuyHbIX HAHOKJIACTEPOB U
HaHOCTpPYKTYp. HanoMarepuasl

SIBJjIeHMs nepeHoca

8.1

8.2

Huddy3nonnsie
MPOIIECCHI B TBEPIBIX

TC1ax

TCHHOHpOBOHHOCTB

Ocob6ennoctu auddysuu B kpuctamuiax. uddysus B crmaBax
THUIIA TBEPJBIX pacTBOPOB BHenpeHus. uddysus 3a cuer
JBIDKEHUS BakaHCcUi. Makpockonuueckast Tuddysus.
TermmocToNKOCTh TBEPBIX TEII.

TennoBble kone6aHus B TBEPbIX Tenax. HopmanbHbie
kose0anus pemeTku. CnekTp HOpMaJbHBIX KOoJeOaHui.
@®oHonbl. TennoeMkocTs TBEPAOro Tena. TermonpoBOAHOCTb.

8.3

MarauTtHsle cBOMCTBA

Tunbl MArHUTHBIX CTPYKTYp JlMamMarueTusm u
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MaTepuasoB napamarietusm. deppomarueTusm
HabmtoieHne MarHuTHBIX CTPYKTYP
TepmonnHamMuueckue CBOMCTBA BOIM3U ToUku Kropu
CaoiicTBa ipu HyJIeBO# Temneparype. OCHOBHOE COCTOSTHUE
reii3eH0eproBckoro heppoMarHeTuka
CaoiicTBa ipu HyJeBO# Temneparype. OCHOBHOE COCTOSTHUE
rei3eHO0eproBCcKoro aHTU(GeppoMarHeTHKa
[ToBenenue reii3eHOEProBCKOro (heppoMarHeTuka Mpu HU3KUX
TeMIIepaTypax.
CnuHOBBIC BOJIHBI
BricokoTemneparypHas BOCOPUUMYUBOCTD
PaccmoTtpenue moBeeHus CUCTEMbI BOJTM3U KPUTHUECKOMN
TOYKH
Teopust MOJEKYISIPHOTO OIS
CrneacTBusl TUIOJILHOTO B3aUMOICHCTBUS B
dbeppomarnetukax. JloMeHbI
CrneacTBusi TUIIOILHOTO B3aUMOICHCTBUSI.
PasmaranumBaromnive GpakTops

5. YueOHO-MeTOANYeCcKOe o0ecnieyeHue VIS CAMOCTOSITeIbHON padoThl 00y4arOIIUXCH 110
AMCUUIIMHE (MOAYJIIO)

Ha camocrosTenbHOe U3ydeHUe BBIHOCATCS CIIEIYIOIUE TEMbI

1. OOmiasi xapakTepuCTHKa CTPOCHHS aroma; DSHEpPrus aromMa M €€ KBaHTOBaHUE;
3JIEKTPOHHBIE 000JOYKH U 3JIEKTPOHHbIE KOH(UTYpAIMH CI0XHBIX aTOMOB; aTOMHBIE CIIEKTPHI;
XUMHYECKHE U (PU3NIECKUE CBOMCTBA aTOMA.

2. XUMHYeckasi CBs3b; DHEPrUsl CBS3M AaTrOMOB; KiacCU(HKALUs CBs3EH; CTPYKTypa
MOJIEKYJI; BHYTPEHHSS SHEPTHSI MOJICKYJT; MOJIEKYJISIPHBIE CIIEKTPBI, CBOWCTBA MOJICKYIL.
3. HedekTsl TBepAbIX Tenm: sHeprus obpaszoBaHusd M AUpy3UsT TOUYEUHBIX AE(PEKTOB;

paBHOBECHasl KOHLEHTpaLlMs TOYEUHBIX JAEPEKTOB; IPUYMHBI BO3HUKHOBEHHUS TOYEUHBIX
NeQeKTOB; JBHXXEHHWE JUCIOKAlM{; HampsDKEeHHs, CBSI3aHHbIE C JMCIOKALUSAMH; SHEPrus
JUCIIOKALMN; B3aUMOJIEHCTBUE JUCIOKALMNA MEXAy COOOH M C TOYEHYHBIMH JepeKTaMu;
VCTOYHUKHU AUCIIOKAINH

4. MexaHnnyeckue CBOMCTBAa KOHJIEHCUPOBAHHBIX CPE/l: XPYIIKOE pa3pyLIEHUE

S. JIHaMuKa KpUCTAIIIMYECKON PEIIeTKU: KOJIeOaHUsI aTOMOB TPEXMEPHOM peIIeTKH.

6. [Tonspuszanus NIWAIEKTPUKOB: CBSA3b MEXAY JIUIJIEKTPUYECKONM IPOHHUIIAEMOCTBIO M
MOJIAPU3YEMOCTBIO; YaCTOTHAs 3aBUCUMOCTD JUIEKTPUUECKON IPOHULIAEMOCTH

7. OnTuyeckue CBOWCTBA KOHIEHCUPOBAHHBIX CpEJA: CIOHTAaHHOE W WHIYLHPOBAHHOE
U3JIy4ECHUE; JIa3EPBI.

8. MarsuTHble CBOMCTBA KOHACHCHUPOBAHHBIX CpEI». MAarHUTHBIE CBOMCTBA aTOMOB;

KIaccuuKalus MarHeTUKOB; aHTUdeppoMarHeTusM u (eppuMarHeTusM; GeppoMarHuTHBIC
JIOMEHBI

KauecTBo u rimyOuHa OCBOCHHS MaTepHala 1Mo U3y4aeMoil TUCIUIUIMHE HEPa3phIBHO CBS3aHBI C
y€TKON opranm3aiuei u 3PGEeKTUBHOCTHIO caMOoCTOsATebHON padoThl cTynenToB (CPC). Llens
CaMOCTOSITENIbHOW paboThl CTYAEHTa — OCMBICIIEHHO M CaMOCTOSITENIbHO paboTaTh CHavajga ¢
y4eOHBIM MaTepUaJIOM, 3aTeM C HAy9HOW MH(OpMAIHel, 3a10)KUTh OCHOBBI CAMOOPTaHU3AINH 1
CaMOBOCITUTaHUS C TE€M, YTOOBI IPUBUTH YMEHHUE B JATbHEUIIIEM HETPEPHIBHO MOBBIMIATH CBOIO
npodeccuoHaNbHYI0 KBaTHU(PUKALHUIO.

CamocrosTenbHas paboTa CTYAEHTOB IPH H3Y4YEHUH Kypca OHo(pu3MKa BKIOYaeT B cels
CJICAYIOIIHNE BUIBI IS TEILHOCTH:

1) moAroTOBKA K JIEKIUSM, CEMUHAPCKUM U MPAKTUYECKUM 3aHATUSIM

2) caMOCTOSITENTFHOE U3yYeHHE OTICIFHBIX BOIIPOCOB Kypca,
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3) BBINOJIHEHUE JOMAITHUX 3aIaHUM;

4)oAroToBKa K MPOMEXKYTOUYHOMY KOHTPOJIO 3HAHUN (KOJJIOKBUYMY, 3alllUTE JOMAILTHUX
KOHTPOJIBHBIX paboT u JIp.).

Jl1s MakcHManabHOTO YCBOGHUS IUCHUUIUIMHBI PEKOMEHAYETCsl BeIeHUE KOHCIIEKTa U IIIoccapus,
YTEHUE W aHaJHM3 JICKIMOHHOTO MarepHajia. B mepuoj moAroToBKH K JIEKIMOHHBIM 3aHITHSAM
[JIaBHOE — HAYYUTHCSI METOJ]aM CaMOCTOSITEIbHOTO YMCTBEHHOTO TPYy/la, CO3HATEIBHO Pa3BUBAThH
CBOM TBOPUYECKHE CIHOCOOHOCTH M OBJIAJI€BAaTh HABBIKAMHM TBOPUYECKOW paboTel. st 3TOrO
HEOOXOUMO CTPOro coOMIOAAaTh JAUCUUIUIMHY ydeObl M moBeaeHUs. UeTkoe IIaHUpOBaHUE
CBOEro paboyero BpPEMEHH M OTIbIXa SABISETCS HEOOXOIMMBIM YCIOBHEM JUISl YCHEITHOW
caMoCTOSITeNIbHOI paboThl. B mpoiiecce MOArOTOBKM K MPAKTUYECKUM 3aHATHSAM, CTyIEHTaM
HE00X0MMO 00paTHTh 0CO0O€ BHMMAHHME Ha CAMOCTOATENBHOE H3yYCHHE PEKOMEHJIOBAaHHOMN
yueOHO-MeToIMYeckoi (a Takke HaydyHOH H momyispHou) nureparypbl. CamocTosiTesbHas
pabora ¢ yueOHMKAaMH, Yy4eOHBIMH MOCOOWSMH, HAYYHOM, CIPABOYHOM M TMOMYJISIPHOU
JUTEpaTypoil, MaTepuajiamMH T[EepUOJUYECKUX u3JaHud u VIHTepHeTa, CTaTUCTHUYECKUMU
JMAHHBIMH sIBIeTCS HauOonee HPQPEKTHBHBIM METOJO0M TOJYYCHUs 3HAHUH, MO3BOJSET
3HAYUTENbHO aKTUBHU3MPOBATh IMPOLIECC OBJaJCHUA HHpoOpMaImeii, crnocobcTByer Ooee
rIIyOOKOMY YCBOCHHIO HM3Y4aeMOro Marepuana, (OpMUpPYeT Yy CTYIACHTOB CBOE OTHOIICHHE K
KOHKpeTHOH mpoOneme. Jlns peanuzanuu JaHHBIX BUIOB  JCSITENBHOCTH  CTYACHTHI
CaMOCTOSITENIFHO MTPOPA0ATHIBAIOT IUTEPATYPY.

6. YueOHO-MeTOAMUYECKOE U MH(POPMALIMOHHOE o0ecTedeHue JUCIUNINMHBI (MOIYJIA)
6.1. Ilepeyennb y4eOHOI1 JIuTEPATYPbl, HEOOXOAMMOM I OCBOCHHS AUCHUIIIMHBI (MOIYJISA)
OcHoBHasi ydeOHasi iuTEepaTypa:

1. Bbymmanos, b.H. ®u3uka tBEpaoro tena: yued. mocodbue cTya. st BTy30B.— M.: Brici.
mK., 1971 — 224c. (14 7k3.)

2. TauubikoBa-bymkesuu, .M. ®usuka: yuebnuk: B 2 u. / .M. TamubikoBa-bymikesuu. -
2-e u3]1., uctp. - Munck: Bemmiimas mkona, 2014. - Y. 2. Ontuka. KBanToBas ¢pusnka.
Crtpoenue u (hu3nueckre cBOWCTBa BemecTsa. - 232 ¢. : M., cxeMm., Tabia. - bubmuorp. B
kH. - ISBN 978-985-06-2506-9 (u. 2). - ISBN 978-985-06-2507-6; To ke [ DneKTpOHHBII
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=460883. (09.06.2023)

3. [IlaBnos, I1.B. ®u3uka tBepaoro tena: Yued.1s cryn.By3os / [1.B.I1asnos, A.dD.XoxnoB
— 3-e u3n.,crep. — M.: Beicm. mik., 2000 .— 493c¢. (7 2k3.)

JlonoJIHUTEIbHAS y4eOHas1 JuTepaTypa:

1. Uponos, N.E. 3amaun mo oOmei ¢usuke: Yued.mocoOue s CTyA.BYy30B .— 4-e
u3 . ucnp. — M.;CII6: JIaboparopus bazossix 3Hanuit, 2001 .— 431c. (9 3k3.)

2. Antynun, K. K. Metoasl MaTemarndeckoit ¢pusnku: yaeoHoe nmocodue / K.K. AntynuH. -
3-e m3a. - Mocksa: Jlupekr-Menua, 2014. - 123 c. - ISBN 978-5-4475-0320-8; To xe
[DnexTponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=240552.
(09.06.2023)

3. JlonmomHuTenpHas yuyeOHas JTUTEepaTypa:

Enudanos, I''11. ®usnka TBepaoro Tena [DIEKTPOHHBIA pecypc|: ydeObHoe mocobue /

I'". EnudanoB. — DnextpoH. naH. — Caunkr-IlerepOypr: Jlanp, 2011. — 288 c. —
Pexxum moctyma: https://e.lanbook.com/book/2023. (09.06.2023)
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6.2. IlepeyeHb 3JIEKTPOHHBIX OMOJIMOTEYHBIX CHCTEM, COBPEeMEHHBIX NPodecCHOHATbHBIX
0a3 TaHHBIX U HHPOPMALMOHHBIX CIPABOYHBIX CHCTEM

Ne HanmMeHoBaHMe T0KYMeHTA € YKa3aHUEM PEKBHU3UTOB
n/n
1 Horosop Ha noctyn k 9bC ZNANIUM.COM wmexny baml'V B nuue nupekropa CO
baml'V u OO0 «3nanmym»Ne 3/22-36¢ ot 05.07.2022
2 Jlorosop Ha moctym K DBC «BC FOPAUT» (monxast komiekiws) Mexay baml'y B mume
mupextopa CO Baml'V u 000 «dnexrponnoe u3narensctso FOPANUTY Ne 1/22-36¢ ot
04.03.2022
3 Horosop Ha noctyn k ObC «YHuBepcuTeTcKas Oudimoreka onnain» mexay baml'y u
«Hexcmemma» Ne 223-950 ot 05.09.2022
4 Horosop Ha noctyn k ObC «Jlarb» mexny bamlV u uznarenscrBoM «Jlaub» Ne 223-948
ot 05.09.2022
5 Horosop Ha noctyn k ObC «Jlanb» mexny baml'V u nznarenscrBom «Jlanb» Ne 223-949
ot 05.09.2022
6 Cornamenue o cotpyanuyectse Mexxay baml'y u usgarensctBom «JIanb» Ne 5 ot
05.09.2022
7 OBC «Ob baml'V», 6eccpounsiii forosop mexay baml'y u OO0 «OTkpbiThie
ouobmunoreunsie cucteMbly Ne 095 ot 01.09.2014 .
8 JoroBop Ha B/l nuccepranuii mexay bamlyV u PI'b Ne 223-796 ot 27.07.2022
9 Jorosop o noakntoueHnu kK HOb u o npenocraBnenuu gocrymna k oobekram HOb mexny
baml'V B nuue aupextopa CO baml'y ¢ ®I'BY «PT'b» Ne 101/H3b/1438-I1 ot
11.06.2019
10  Horosop Ha noctyn k ObC «9bC FOPANUT» (momHast kosutekius) mexay Y YHuT B nuie

mupextopa CO YYHuT u 000 «dnekrponHoe unatenbctso FOPAUTY Ne 1/23-36¢ ot
03.03.2023

ITepedyenn pecypcoB HH(POPMALMOHHO-TEJICKOMMYHHKAMOHHOI ceTH « MHTEepHeT» (HaJsee -
ceTb «MIHTEpHET»)

Ne Anpec (URL) Onucanue
n/n CTPAHUIBI
1 https://www.youtube.com/playlist?list=PLcsjsqLLSfNBi2DrK8PMg- Jlexuuu
WR8i6bgb6gGg Xoxuosa JI.P.
MI'Y
2 https://geo.bsu.by/images/pres/geol/basgeology01.pdf OCHOBBI
re0JIOTUH,
pe3cHTaINsA

6.3. Ilepeyens JTNLEH3MOHHOTO 1 CBOOOIHO PACIIPOCTPAHAEMOr0 MPOrPaAMMHOTO
obecrieyeHHusl, B TOM YHCJIe 0T€YEeCTBEHHOT0 MPOM3BOICTBA

HaumeHoBaHMe MPOrpaMMHOIro odecredeHust
Office Standart 2007 Russian OpenL.icensePack NoLevel Acdmc

Windows 10

Kaspersky Endpoint Security
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7. MaTtepuajbHO-TeXHUYEeCKas1 0a3a, HeO0OX0AUMAas Il OCYLIECTBJIeHUs 00pPa30BaTeIbLHOI0

npouecca no JMCUMIUInHe (MOIYJII0)
Tun yuyeOHo# aynuTopun OcHaleHHOCTh YueOHoi
ayJIuTOpPUM
UuTabHBIN 3aJ1: TIOMEIICHUE JJII CAMOCTOSTEIHHOM pabOoThI VYuebnas mebenb, yaeOHo-
HarJsIHbIE TI0CO0uS,

KOMITBIOTEPBI C JOCTYIIOM K CETH
«HUutepner» u DUOC Ounnana

VYueOHas ayIuTOpUs 11 IPOBEICHHS 3aHATUH JIEKITUOHHOTO YueOHast Mebenb, 0CKa,
THIIa, y4eOHas ayJUTOPHUS JUIs IIPOBEIICHUS 3aHATHIL MYJIBTHMEIHA-TIPOCKTOP, IKPaH
CEMHUHAPCKOT0 TUTIA, YIeOHAs ayJUTOPHS TEKYIIETO HACTCHHBIN, y4eOHO-HATJISITHBIE

KOHTPOJISL M IPOMEKYTOUYHOMN aTTeCTallu, ydeOHas nocoowusi.
ayIUTOPUS TPYIIIOBBIX U UHIMBUYAJIBHBIX KOHCYJIbTAllUN
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