[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:
®WO: Coipos Uropb AHaTonbeBmY

Rlomxocre: ﬂ”pe'?ﬁ%gﬁgﬁf)l"o I'OCYITAPCTBEHHOI'O BIO/DKETHOI'O ObPA3OBATEJIBHOI'O

[lata nognucanus:
YHUKanbHbI MPOrpaMMHbIA KIKOY:

YYPH

CTEPJINTAMAKCKHI ®UIJITUAJ

KAEHMA BEICIHEI'O OBPA3OBAHUA

b683afeb64d7e9764175886ci9626a1 ¥ RMMCKIN YHUBEPCUTET HAVKI M TEXHOJIOT My

®dakynbTeT Ecmecmeennonayunuiii

Kadenpa Oobwent u meopemuyueckou pusuxu

AHHOTanuA padoyei NPOrpaMmbl JUCUUILIMHBI (MOTYJIS)

JTUCLUTIINHA b1.0.15.04 ®u3uxa KOHOEHCUPOBAHHO20 COCMOAHUA
o0si3aTesibHas 4acTh
Hanpasnenue
03.03.02 Qu3uka
KO HAaMMCHOBAaHUC HAIIPABJICHUA

[Iporpamma

Meouyunckaa gpusuka

®opma 00yueHust
Ounas

s mocTynuBIIMX Ha 0O0y4YEeHHE B
2023 1.

Crepautamak 2023



1. IlepedeHb MJIaHUPYEMBIX Pe3y/IbTATOB 00y4eHHUS 110 AUCHHUILIMHE, COOTHECEHHBIX €
YCTaHOBJICHHBIMH B 00pa30BaTe/1bHOM NporpaMmMe HHAMKATOPAMHU A0CTHKEHHS

KOMIIETeHIIM A

®opmupyemast

KoMIleTeHmsI (¢

yKa3aHHeM Ko0/12)
OIIK-2. Cnocoben
MPOBOANTH HAYYHBIC
UCCJIeIOBaHUS (PU3UUECKHUX
00BEKTOB, CUCTEM U
MPoIIeCcCOB, 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

Pe3yabTaThl 00y4eHus M0
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 YIPYTUX CBOMCTB U
CBSI3aHHBIE C HUMU IIPOLIECCHI
pacrpocTpaHeHUs YIIPYTUX BOIH B
KpUCTAJUIaX; COBPEMEHHYIO
TEOPUIO TEIIJIOEMKOCTH
KPUCTAJUIMYECKUX MPOBOJAHUKOB U
JUDJICKTPUKOB; MCXaHUYCCKHC,
AIEKTPUYECKUE, MATHUTHBIE
CBOICTBA KPUCTAJJIOB

OOy4Jaromuiics 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, CAMOCTOITEIBLHO
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:

Hucnurnnuna peainsyercs B paMkax 0a30BoOi yacTu.

JInst OCBOCHMS AUCITUTUTMHBI HEOOXOIUMBI KOMITETEHIIUU, C(HOPMUPOBAHHBIE B PAMKaX U3YUCHUS
cienyromux guciuruiaH:  Duswka, Teopermueckas ¢usuka, Teoperndeckas MEXaHHKA;
MEXaHHMKA CIUIOLIHBIX CPEI.

Hucuunnuna uzydaercst Ha 3 Kypce B 6 cemecTpe

3. O0beM aUCHUNIMHBI (MOAYJISI) B 32a4eTHBIX eIMHUIAX C YKa3aHHEM KOJIHYeCTBa
aKaJeMHYeCKNX WM ACTPOHOMUYECKHMX YACOB, BbI/IEJIEHHbIX HA KOHTAKTHYIO padoTy
00y4aromuxcs ¢ npenogaBaresieM (o BUAaM Y4eOHbIX 3aHATHII) U HA CAMOCTOSATEJILHYI0
padoTy 00y4arImuxcs

O61as TpyA0eMKOCTh (00beM) AUCUUILUINHBI COCTaBIsAeT 4 3a4. efl., 144 akan. 4.

Bcero yacos
O0BbeM THCHUILINHBI
Ounas ¢popma 00yueHusn

OO61mast TpPyA0€MKOCTh TUCHUTUTHHBI 144
V4eOHBIX 4YacOB Ha KOHTAKTHYIO PadOTy ¢ MpenoaBaTesieM:

b1 (9901517 36

IIPaKTUYECKUX (CEMUHAPCKUX ) 52

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

IK3aMeH
Y4eOHBIX 9YacOB Ha CAMOCTOSATEIbHYI0 paboTy obyuaromuxcs (CP) 20

DopMbl KOHTPOJIS CeMmecTpsl

IK3aMeH 6

4. Coep:kanue TUCHUIIMHBI (MOAYJISA), CTPYKTYPUPOBAHHOE 10 TeMaM (pa3aesiam) ¢
YKa3aHHeM OTBEeJCHHOI0 HA HUX KOJIMYeCTBA aKaJeMUYeCKMX YaCOB U BU/I0B Y4eOHBIX
3aHATHI

4.1. Pa3enbl 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 KPHUCTAILTBI 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 HeomHOpoIHBIEC 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 KoBaneHTHble KpucTauibl =~ KoBaneHTHast CBS3b.
1.3 MonekynspHbie Cuna Ban-nep-Baanbsca. CMenanHbie BUIBI CBSI3H.
KPUCTAILIBI
2  Kpucraumueckasi CTPyKTypa
2.1 Cummerpus KpucTamia Cummertpus kpuctamia. aeanbHblid KpucTai.
Kpucramnmueckas pemerka. Kpucramiueckast CTpykTypa.
Tunuuxeie KpUcTAITUYECKHe CTPYKTYpbl. OO03HaYCHHE
Y3JIOB, HAIIPABJIEHUM U TUIOCKOCTEN B KPUCTAJLIE.
Ornpezenenne CTPyKTypbl KpUCTaJIIA.
2.2  HecoBepieHCcTBa B Toueunsie neeKThI: BAKAHCHH, ATOMBI BHEJIPCHUS 1

Kpucrajuiax

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

Yupyras u mactudeckas aedopmarnus. 3akoH ['yka.
OCHOBHBIE 3aKOHOMEPHOCTH IJIACTUYECKOTO TCUCHUS
KpuctajioB. TeopeTrueckasi U peajibHasi MPOYHOCTh
KpucTauia. Xpyrnkas U BpeMEHHAasi IPOYHOCTh TBEPABIX TEJl.
[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,
MOJIYIIPOBOJIHUKH. DKCIEPUMEHTAIIBHOE U3yUEHHE 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
CB0oOOAHBIC JIEKTPOHBI B IOCTOSIHHOM MarHMTHOM T10JIE
VYpoBHM 0JI0XOBCKUX 3JIEKTPOHOB B IOCTOSSHHOM MarHUTHOM
oJie
[IponcxoxaeHne oCHMIIISILMMA
BnusiHue civHa 371eKTpoHa Ha OCHMIUISILIMU
Hpyrue meToibl UcciienoBanus nosepxHoctu Gepmu
4 | TenoBble CBOMCTBA TBEPABIX TeJl
4.1  Tennossle konebanusi B | TermoBbie kosie0aHus B TBEPIbIX Tenax. HopmanbHbie
TBEPJBIX TeJax. kosebanus pemeTkd. CrekTp HOpMabHBIX KoeOaHui.
DOHOHBI.
4.2  TemmoeMKoCTh TBepAOro | TermIoeMKoCTh TBEPIOTO Tela.
Tena.
5 ®uszuka MeTa/IOB
5.1 Kiaccuueckas Teopus HekoTopble 0cOOEHHOCTH METAIITNYECKOTO0 COCTOSTHHSL.
CBOOO/HBIX 3JIEKTPOHOB. | DJEKTPONPOBOAHOCTH MeTasuioB. Kiaccuueckas teopust
CBOOOJIHBIX JIEKTPOHOB. DJIEKTPONPOBOAHOCTD CILIABOB.
5.2 | Hekotopsie ocobennoctn = CrutaBel. [lepexoanbie MeTambl. TemnocTONKOCTh CILIaBa.
METALINYECKOTO B3anMoCBs3b 2EKTPOHHON CTPYKTYPBI C MEXaHUYECKUMH
COCTOSTHUS. CBOWMCTBAMHU M TETJIOCTOMKOCTBIO CIIJIABOB MEPEXOTHBIX
MeTauioB. [lepcrneKTUBbI MOTyUeHUs CIIABOB C BHICOKUMHU
(hU3HKO - MEXaHUYECKUMU CBOWCTBaMU
6 ®u3uka noJynpoBOIHMKOB H ANIIEKTPHKOB
6.1 HeomHOpomHbIe U OaHOpOIHBIE OYTIPOBOIHUKH

OJIHOPOJIHBIE
TTOJTYTTPOBOTHUKH

[Ipumepsl NOIyIpOBOAHUKOB
Tunuuxeie mpuMepbl 30HHON CTPYKTYpPBbI OJTYTIPOBOIHUKOB
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LIMKITOTPOHHBIN pe30HAHC
UYucio HocuTeNe ToKa pU TEPMOJIUHAMUYECKOM PAaBHOBECHU

6.2 Jludnexkrpuyeckue JusnexTpudeckue CBOMCTBA U30ISTOPOB
CBOWCTBA U30JISITOPOB DneKTpocTaThKa JUJIEKTPUKOB
Teopus 10KaIbHOTO MOJIA
Teopus nonsipuzyemocTtu
KoBasieHTHBIE AUAIIEKTPUKU
[TuposnexTprudecTBo
CerHeToaeKTpuKku
7 ®u3uka HAaHOMAaTepHaJIoB
7.1  ®usuka u Xxumus Hanoxiacreps!l 1 HaHOMaTepuaisl. HanoTtexHonoruu
HaHOMaTepHaJloB
. Meronpl pusnueckoro AucrneprupoBaHus
MeToabl XUMHUYECKOTO JUCTIEPTUPOBAHHS
. buonornueckue MeTo/1pl NOJIY4YEHUs] HAHOMATEPHAJIOB
7.2 | Metoab! co3anus MeTobl osTyuyeHusi HAHOMaTepUaloB
HAHOCTPYKTYp U MexaHn4ecKre METOIbI TOTyYeHHS HAHOTIOPOIITKOB
HaHOMaTepHaJloB
8 | SIBieHus mepeHoca
8.1  Muddysnonnsie Oco6ennoctu muddysun B kpucramiax. Auddysus B cruraBax
IIPOLIECCHI B TBEPIBIX THUIIa TBEP/IBIX pacTBOPOB BHeIpeHus. Juddysus 3a cuer
Temax JBIDKEHUS BakaHCUU. Makpockonmueckas 1udpQysusi.
TennocToHKOCTh TBEPBIX TEIL.
8.2 | TemnonpoBOAHOCTh TenaonpoBoIHOCTb.
8.3 | MaruuTHbIe cBOIiCTBa Tunbsl MarHUTHBIX CTPYKTYp [MamarHeTusm u napamMarHeTu3M.
MaTepUaJIOB deppoMarHeTusm

HabntoneHne MarHUTHBIX CTPYKTYP
Tepmonnnamuueckue cBoiicTsa BOnM3u Touku Kropu
CaolicTBa nipu HyNI€BO TeMiieparype. OCHOBHOE COCTOSIHUE

Kypc JIeKnMOHHBIX 3aHATHI

Ne HaumeHoBaHue paszjaeiia Conepxanue
/ TeMbl JUCHUILJIMHBI
1  Buabl XUMHYECKO#H CBA3H.
1.1 WonHBIA TUTI CBSI3U HNonnas cBs3b. . Metajuinueckas CBs3b.
1.2 KosasenTtHbie kKpucTayibl  KoBajeHTHAs cBsi3b. BoMopoHAs CBS3b.
1.3 MonekynspHbie Cwuna Ban-nep-Baansca. CMmeniaHHbIE BUJBI CBSI3H.
KPUCTAJLIIBI CormnocraBneHue pa3auyHbIX BUIOB CBA3U. OCHOBHBIE TUIIBI
TBEPJIBIX TEJI.
2  Kpucraumdeckasi CTpyKTypa
2.1 CummeTpus KpucTaia Cummerpus kpucramia. MneanbHblid KpUCTAILI.
Kpucrannuueckas pemerka. Kpucrannuueckas cTpykTypa.
TunuyHbie KPUCTATTHYECKHE CTPYKTYphl. O003HaUEHNE
y3JI0B, HAIPABJICHUI U IIOCKOCTEN B KpUCTAJLIE.
OnpeneneHne CTPYKTypbl KpUCTaIA.
2.2  HecoBepieHCcTBa B Todeunsie neeKThl: BAKAHCHH, ATOMBI BHEJPECHUS 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 aedopmanus. 3akon ['yka.
OCHOBHBIE 3aKOHOMEPHOCTH TIACTUYECKOT0 TeUEHUS
KpucTayyioB. TeopeTuueckas U peajbHas IPOYHOCTh
Kpuctayuia. Xpynkas 1 BpEMEHHas IPOYHOCTh TBEP/BIX 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 nokazarenbCTBO 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

DHepreTHYecKue YpOBHU BOJIHM3U OJHOU U3 OPITTOBCKUX
mockocteit 162

DHepreTUYecKre 30HbI B OTHOMEPHOM ciiydae 166

KpuBbie 3aBUCMMOCTH 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 npucoenrHeHHbIX TIockux BoiH (I1I1B)

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

Meto opToroHaan3oBaHHbIX MII0ckuX BosH (OI1B)
IlceBonoreHnuan

KomOuHMpOBaHHBIE METO B

Onpenenenne nosepxHoctu Gepmu

OddexT ne ['aaza — Ban Anbdena

CBOOOIHBIE IEKTPOHBI B TOCTOSSHHOM MarHUTHOM TIOJIE
YpoBHU OJIOXOBCKUX JIEKTPOHOB B TOCTOSTHHOM MarHUTHOM
oJie

[IpoucxoxaeHne oCuUIISIUN

BrustHre ciHa 351eKTpoHa Ha OCIMIUISIIAN

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 MOABI OTHOMEPHO# pemeTKu ¢ 6a3ucom 62
Hopmaisibable MOABI MOHOATOMHOW TPEXMEPHOM PELIETKU
bpas»

HopmanbHble MOABI TPEXMEPHOM pemeTku ¢ 6azucom 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 IS TEIUIOEMKOCTH PEILeTKU
TennoeMKoCTb IIpH BBICOKMX TEMIIEpaTypax

TermioeMKoCTb IpU HU3KUX TEMIIEPATYpax

TennoeMKoCTs IpH NPOMEKYTOUHBIX TeMIeparypax. Mozaenu
Jlebas

DiiHIITEHA

CpaBHeHuE penIeTOYHON U 3JIEKTPOHHOM YAETIbHBIX
TEIJIOEMKOCTEN

[T10THOCTh HOPMATBHBIX MO/ (THIOTHOCTH (DOHOHHBIX
YpOBHEH)

AHazorus ¢ Teopuei U3Iy4eHHs YEpPHOTo Tela
DKcrepuMeHTalIbHBIE METO/IbI OTpeieleHHs] POHOHHOTO
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

TepMoanHaMHUYeCKUe CBOMCTBA ra3a CBOOOIHBIX AJIEKTPOHOB.
Pacnipenenenue

®epmu — Jupaka

TepmomrHaMHUECKHE CBOMCTBA CBOOOHOTO AJIEKTPOHHOTO
ra3a. [I[pumenenue

pacnpenenenus Pepmu — Jlupaka

3oMMepdenbIoBcKas TEOPHUs MPOBOJAUMOCTH B METaJIaX
Henocrarku Moaenu cBOOOTHBIX 2JIEKTPOHOB
TpyanocTu Mojenu cBOOOAHBIX IJIEKTPOHOB

0O0630p OCHOBHBIX IIPENONOKEHNUN

3OHHa$I CprKTypa OTACJIIBHBIX METAJIJIOB
MoHoBalICHTHBIE METAILIbI

I[ByXBaJ'IeHTHI)Ie METAJIJIbI

TpexBaJIeHTHbIE METAILIbI

8



UYeThIpexBajI€HTHBIE METAILITBI
ITomymeraisl

[Tepexoanbie MeTaIbI
Penxo3eMenbHbIC METaIIbI
CrutaBbl

@u3uKa NOJYNPOBOJIHUKOB U AUIJIEKTPHKOB

6.1

6.2

Heonnoponnsie u
OJIHOPOJIHBIE
MTOJTYITPOBOTHUKH

JuanekTpudeckue
CBOMCTBA U30JISTOPOB

Pu3nKa HAHOMATEPUAIOB

.OIHOPOIHBIE TOJYIPOBOJHUKH

[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 HOCUTENEN B IPUMECHOM
MOJIyIIPOBOJTHUKE

IIpoBOAMMOCTB 3a CUET IPUMECHOU 30HBI

Teopus siBIeHUI IEPEHOCA B HEBBIPOKIECHHBIX
oJIynIpoBogHNUKax HeoqHopoaHbIe OTYITPOBOIHUKN
[Tonyknaccuueckas MoJieIb

PaBHOBECHBIN p — N-mIepexon

DeMEeHTapHOE pacCMOTPEHHUE BRIIPSAMIISIOLIETO ACHCTBUA P
— N-mepexoja

OcHoBHbIe U3HUECKUE YePTHl HEPABHOBECHOTO CITydast
bonee neranbHas TeOpusi HEPABHOBECHOTO p — N-Iiepexojia
. Audnexrpudeckue CBOMCTBA U30IATOPOB

DIEeKTPOCTaTUKA JUAIEKTPUKOB

Teopust TOKAIBHOTO TOJIS

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

MexaHnueckue METObI OJy4YEHUSI HAHOTIOPOIIKOB

. MeTobl pusmueckoro AuceprupoBaHus

MeToapl XMMUYECKOTO AUCTIEPTUPOBAHMS

. buonoruyeckue MeTo bl MOTy4EHNUsSI HAHOMATEPUAJIOB
. MeTo/1pl 1osTy4eHus pa3IuyHbIX HAHOKJIACTEPOB U
HaHOCTpPYKTYp. HaHomarepuaibl

SIBJjIeHMs nepeHoca

8.1

8.2

Huddy3nonnsie
MPOIIECCHI B TBEPIBIX

TC1ax

TCHHOHpOBOHHOCTB

Ocob6ennoctu 1uddysuu B kpuctamuiax. Auddysus B crmaBax
THUIIA TBEPJBIX pacTBOPOB BHenpeHus. uddysus 3a cuer
JBIDKEHUS BakaHCcUi. Makpockonuueckast Tuddysus.
TermmocToNKOCTh TBEPBIX TEII.

TennoBble kone6aHus B TBEPbIX Tenax. HopmanbHbie
kose0anus pemeTku. CoeKTp HOPMaJbHBIX KOJIEOaHHH.
@®oHonbl. TennoeMkocTs TBEPAOro Tena. TermonpoBOAHOCTb.

8.3

MarauTtHsle cBOMCTBA

Tunbl MArHUTHBIX CTPYKTYp JlMamMarueTusm u
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MaTepHaJIOB

napamarietusm. deppomarueTusm

HabmtoieHne MarHuTHBIX CTPYKTYP

TepmonnHamMuueckue CBOMCTBA BOIM3U ToUku Kropu
CaoiicTBa ipu HyJeBO# Temneparype. OCHOBHOE COCTOSTHUE
reii3eH0eproBckoro heppoMarHeTuka

CaoiicTBa ipu HyJeBO# Temneparype. OCHOBHOE COCTOSTHUE
rei3eHO0eproBCcKoro aHTUGeppoOMarHeTKa

[ToBenenue reii3eHOEProBCKOro (heppoMarHeTuka Mpu HU3KUX
TeMIIepaTypax.

CnuHOBBIE BOJHBI

BricokoTeMmneparypHas BOCOPUUMYUBOCTb

PaccmoTtpenue moBeeHus CUCTEMbI BOJTM3U KPUTHUECKOMN
TOYKH

Teopust MOJEKYISIPHOTO OIS

CrneacTBusl TUIIOJILHOTO B3aUMO/ICHCTBUS B
dbeppomarnetukax. JloMeHbI

CrneacTBusi TUIIOILHOTO B3aUMOICHCTBUSI.
PasmaranumBaromnive GpakTops
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