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MHUHHCTEpCTBO HAYKHU U BhICIIEro oOpa3oBanus PO

. N Dopma
VY IbSHOBCKUIH TOCYapCTBEHHBIH YHHBEPCUTET

®-Paboyast nmporpamma JUCLUIIIMHBI

1. HEJIX U 3AJJAYU OCBOEHMUSA JNCHUITJIMHBI

Henu oceoenus oucuunIunbL.

° dbopMHUpOBaHHE TIPEACTABICHUH O (PU3MUYECKOW CYIIHOCTH IPOIECCOB, MPOTEKAO-
[IMX B METaJJIaX, MOJIYIPOBOJIHUKOBBIX, TUAJICKTPUUECKUX, MATHUTHBIX MaTepuaiax u B
CTPYKTypax, CO3JJaHHbIX HA OCHOBE ATUX MATEPHUAJIOB B PA3JIMUHbBIX YCIOBUSX;

° BbIPaOOTKA 3HAHUN U HABBIKOB, HEOOXOAUMBIX JUIsI KOJTMYECTBEHHBIX OI[CHOK BEJIH-
qrHBI YQPEKTOB M XapaKTEPUCTHUECKUX MMAPAMETPOB C YIETOM OCOOCHHOCTEH KPHUCTAJI-
JUYECKON CTPYKTYPHI, SIEKTPOHHOTO U (POHOHHOTO CIIEKTPOB, THUIIA U KOHIICHTPAIINH JIe-
TUPYIOIIUX IIPUMECEH.
3aodauu 0ceoeHUA OUCUUNIUHDL .

o nojy4yeHue (pyHaaMeHTaTbHBIX 3HAHUI U HABBIKOB B 00J1aCTH (U3UKU KOHJICHCHPO-
BAaHHOT'O COCTOSIHUS,

o 03HAaKOMJICHHE C METOJMKaMHU HCCIICA0BAHUS (PU3MYECKUX CBOMCTB MAaTEPHAJIOB;

o YMEHHE HCIIOJIb30BAaTh PE3yJbTAaThl HOBBIX J3KCIIEPUMEHTAIBHBIX M TEOPETUUECKUX

I/ICCJ'IG,I[OBaHI/Iﬁ B o0J1acTu (I)I/I3I/IKI/I TBCPAOro Tejia U NOJTYIIPOBOAHHUKOB.

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OIIOII

Jucunmnnaa «@Pu3rKka KOHACHCHPOBAHHOTO COCTOSHHS BELIECTBa» SIBISACTCS TUCIIHII-
JMHON MO BBIOOPY U OTHOCHUTCS K YacTH, (GOpMUPYEMON ydacCTHUKaMU 0Opa30BaTENIbHBIX OT-
HOIICHM, broka | AMCHMIUTMH IHUKJIa IOArOTOBKH OakanaBpoB 1o Hampasieruro 28.03.02. «Ha-
HOMHIKEHepHs».

B paMkax naHHOW AMCHMIUIMHBI PACCMATPUBAIOTCS OCHOBBI (DM3WKHU TBEPAOTO Tela U
0COOEHHOCTEH NMpoTeKkaHus (PU3MUECKUX MPOLIECCOB B BEIIECTBAX PA3IUYHON IPUPOIBL.

OcBoeHnE MUCIUIUIMHBI 0a3upyeTcs Ha 3HAHUSX, MMOJYYEHHBIX TPH W3YYSHUH TUCIUILIHH
«Pusnka», «MaremaTuueckuil ananusy, «/luddepenmansabie ypaBHEHUSD.

Jlnisi OCBOCHHUSI AMCUUIUIMHBI CTYACHT JOJDKEH WMETh CIEIYIONINe «BXO/IHBIC» 3HAHHA,
YMEHUS, HaBBIKM U KOMIIETEHIINHN:

e 3HaHUE OCHOBHBIX 3aKOHOB 001el (QU3UKH;

e 3HaHue 0A30BbIX MOHATHI U ONPEEICHUI MaTEMaTUYECKOTO aHaIN3a.

Pe3ynbTaTthl OCBOEHHUS NUCHUUIUIMHBI OyQyT HEOOXOAMMSBI Ul JajbHEHIero mpoiecca
0o0y4yeHHsI B paMKax IMOATAIHOro (pOPMUPOBAHUS KOMIIETCHIIMN MPU U3YYEHUH CIEYIOIINX CIIe-
UATBHBIX TUCIUTUINH:

e HanosnekTpoHuka

o (DU3NKO-XMMHYECKHE OCHOBBI HAHOTEXHOJIOT UM

e KoMIO3UIIMOHHBIE MaTepHUalibl. MeTasioMaTpuyHbIe, ¢ MOJIMMEPHON MaTpPULIEH.
a TakkKe Ui MPOXOXKICHUsT YIeOHOM, MPOU3BOJACTBEHHON U MPEATUTUIOMHON MPAKTHK, TOCYaap-
CTBEHHOM MTOTOBOM aTTECTAIlHM.

3. IEPEYEHb IIJIAHUPYEMBbIX PE3YJIbTATOB OBYUYEHUSA IO JUCHMHAII-
JIMHE (MOAYJI0), COOTHECEHHBIX C IINTAHUPYEMbBIMHU PE3YJIbTA-
TAMHW OCBOEHHUS OBPA3OBATEJBHOM ITPOT'PAMMBI

Kox n HaumenoBanue peaiusye- | IlepeyeHb miiaHupyeMbIxX pe3y/ibTaTOB 00y4eHHs 110
MO KOMIIETEHIIUH AUCHHUILINHE (MOAYJII0), COOTHECEHHBIX C MHANUKATO-
PaMH JOCTHKEHHUsI KOMIIETeHIIHI

OIIK-1 3HaTh:
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CrocobeH pemiaTth 3agaun mpodec-
CHOHAJIbHOW JEeSATENIbHOCTH Ha OC-
HOBC IMPUMCHCHUA CCTCCTBCHHOHA-
YUHBIX M OOIIEMH)KEHEPHBIX 3Ha-
HUM, METOJOB MAaTEeMaTHYECKOIO
aHaJIM3a U MOJICTTUPOBAHUS

KJIacCU(UKALMIO TBEPABIX TEJ HA METAJUIBI, IMOJIYIPO-
BOJHUKH WM JUDJIEKTPUKH C TOUKH 3PEHUS 30HHOU TE€O-
pUHM; OCHOBHBIE IEKTPUUYECKUE, MATHUTHBIE U ONTUYE-
CKHE CBOMCTBA TBEPABIX TEJ, MEXAHU3MbI MPOTEKAHUS
TOKa; OCOOEHHOCTH AJIEKTPOHHBIX CBOWCTB HEYHOPSI0-
YEHHBIX U aMOP(HBIX MaTepUaIOB

VYMern:

MOHUMATh (U3UYECKYIO CYIIHOCTH IPOIIECCOB, IMPOTE-
KaIoIIUX B METaJlIaX, MOJYIPOBOIHUKOBBIX, JUAJIECKTPHU-
YECKUX, MarHUTHBIX Marepuaigax U B CTPYKTypax, CO3-
JIAHHBIX Ha OCHOBE 3TUX MaTEPHAJIOB, B TOM YHCJIE U MIPH
BO3JICUCTBUYU BHEIIHUX IOJEH M U3MEHEHUH TEeMIIepaTy-

pBI

Bnaners:

ONBITOM IMPOBEACHUS KOJUYECTBEHHBIX OLEHOK BEJIUYH-
Hbl 2(P(PEKTOB M XaAPAKTEPUCTUICCKUX TApPaMETPOB C
Y4E€TOM OCOOCHHOCTEH KpPUCTAITUYECKOU CTPYKTYPHI,
AJIEKTPOHHOTO W (JOHOHHOTO CIIEKTPOB, THIIA U KOHIICH-
Tpauuu JETHPYIOIINX NpuMecen

I1K-3

Hcnonb30BaTh  METOOUKH  KOM-
IJIEKCHOTO aHallu3a CTPYKTYPhl H
CBOWCTB HAHOCTPYKTYPHUPOBAHHBIX
KOMITO3UIIMOHHBIX MAaTE€pPUAJIOB IJIS
WCTBITAHUN HWHHOBALIMOHHOW TIPO-
TYKIUW HAHOUHIYCTPUU

3HaTh:

METOJIMKH KOMITJICKCHOTO aHaJIN3a CTPYKTYPhI U CBOMCTB
HAHOCTPYKTYPHPOBAHHBIX KOMIIO3UIIMOHHBIX MaTepHa-
JIOB

VYMeTs:
U3MEPSTHh NapaMeTPbl CTPYKTYpPbI U CBOMCTBA HAHOCT-
PYKTYpPUPOBAaHHBIX KOMIIO3UIIMOHHEIX MAaTePHUAJIOB

Bmanets:

HaBbIKAMHM U3MEPEHUS U aHAJIU3a pe3yIbTaTOB HOBBIX
BKCHGI)I/IMGHTEU'II)HI)IX nu TeopeTI/I‘IeCKI/IX I/ICCJ'ICJIOBaHI/Iﬁ B
obnactu (pU3MKK TBEPIOTO TeJa U MOIYIPOBOIHUKOB, K
CaMOCTOSITEIbHOMY BEIOOPY METOIa U 00BbEKTa UCCIIEIO0-
BaHUA

4. OBBEM JUCHOUIIJIMHBI

4.1. O0beM IMCHMILIHHBI B 3a4eTHBIX equHuIax (Bcero) — 9 3E

4.2. Tlo Buaam y4e0OHoii padoTsl (B yacax): 324

Konuuecmeo uacos (popma odyuenus — ounasn)
Buo yueonoit pabomut 6 m.u. no cemecmpam
Bcezo no nnany 5 6
KonrakTtHas paboTa 00y4arommx- 136/136 72[72 64/64
Csl C TpenoJiaBaTeyieM
AYIUTOPHBIE 3aHITHUSA:
e JIEKIUU 50/50 18/18 32/32
® [PAKTHYCCKUE M CEMUHAPCKHE 68/68 36/36 32/32
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3aHATUS
e Jj1abopaTopHbie paboThI (J1abo- 18/18 18/18

pPaTOPHBIN TPAKTUKYM)
CamocrosiTenbHas paboTa 152/152 72[72 80/80
®dopma TeKyIIero KOHTpoJIs 3Ha- TectupoBanue TectupoBanue Tectuposa-
HHUI U KOHTPOJISI CAMOCTOSTEIb- Brinonnenue KoH- | BeInojIHEHHE KOH- HHUE
HOU pabOThI: TECTUPOBAHUE, TPOJIBHBIX paboT TPOJIBHBIX pabOT Brmomnne-
KOHTp.paboTa, KOJUIOKBHYM, pe- HHUE KOH-
depat u ap.(He MeHee 2 BUIOB) TPOJILHBIX

pabor

Kypcoas pabora - - —
Buasl npoMexxyTouHOM aTTecTa- 3auer 3auer OK3aMeH
1M (IK3aMeH, 3a4eT) Ok3amen (36) (36)—
Bcero 4acoB mo JUCHUAILIAHE 324/324 144/144 180/180

* B cnyuae Heobxooumocmu uUCnonb306aHusl 8 yY4ebHOM npoyecce YacmuiHo/ UCKIIOUUMENbHO
OUCMAHYUOHHBIX 00pA308aMENbHBLIX MEXHONO2UN 6 mabauye uepes Cileul YKA3bl8aAemcs

Koauvyecmeo 4acoe pa6ombl

aucmaHl/;MOHHOM qbopMame C NPUMEHEHUEM IJIEKMPOHHO2O 06yquuﬂ.

HIIC ¢ ob6yuarowumuca 011 NpoOBeOeHUs 3aAHAMUL 8

4.1. Conepxanue TMCUMILIUHBI (MoayJisi). PacnpenesieHue 4acoB 1o reMmaM M BH-

AaM yuyeOHOH padoThI:

Buowl yueonvix 3anamuii ®opma
AyoumopHnuie 3anamus TeKyLIero
em.u. | Camo-
nabo- KOHTPOJIA
npakmu- 3auamus| cmo- N
Haszeanue pazoenoe pa- 3HAHUH
Bcezo yeckue 6 unme- | ameinnb-
u mem mop-
AEKYUU BAHAMUR, pak- | Haa pa-
cemMuna- muenoii | 6oma
bl 00 dopme
P mol P
Pa3zoen 1. Ocnogwl K6anmoeoul MexanuKu
Tema 1. OcHOBHBIE
MOCTYJIaThl KBaHTO- Kon-
BOI MexaHuKH. Jlya- TPOJIbHAS
JIU3M SIBJICHUM MUK- 12 2 4 6 pabora,
pomupa. IluHamuka TECTHUPO-
OJIHOMEPHBIX KBaH- BaHHE
TOBBIX CUCTEM
Pa3ned 2. DiieKTpu4ecKHe CBOMCTBA TBEPAbIX TeJl.
Kon-
TpOJIbHAS
Tema 2. DnemeHTHI 17 1 4 4 8 pabora,
¢bu3nueckoii cratu- TECTHPO-
CTHKH. BaHUE
Kon-
TpOJIbHAS
Tema 3. Monens 18 2 4 4 8 pabora,
CBOOO/THBIX JJIEK- TECTUPO-
TPOHOB. BAHHE
Tewma 4. 3oHHas T€O- 20 2 4 6 8 Kon-
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pus TBEPIBIX TEJ. TPOJIbHAS
pabora,
TECTUPO-
BAaHHE
Kon-
TPOJIbHAS
17 1 4 4 8 pabora,
Tema 5. Tepmonnek- TECTUPO-
TPUYECKHUE SIBJICHUS. BaHUE
Pasznen 3. Crpykrypa u nedeKkTbl B KpUCTAJLIAX.
Kon-
TPOJIbHAS
Tema 6. 'eomerpus 12 2 4 6 pabora,
COBEPILEHHBIX KPH- TECTUPO-
CTaJIJIOB. BaHHE
Kon-
TpOJIbHAS
Tema 7. B3aumoneii- 10 2 2 6 pabora,
CTBHE aTOMOB B TECTUPO-
TBEPJBIX TeJax. BAaHHE
Kon-
TPOJIbHAS
9 1 2 6 pabora,
Tema 8. Toueunble TECTUPO-
Ne(EeKTHI. BaHUE
Kon-
Tema 9. Paguanuon- TPOJIbHAS
Hble 1e(DeKThI U 7 1 2 4 pa0ora,
AIEKTPOTIPOBO/I- TECTUPO-
HOCTbh METaJIJIOB. BaHHE
Kon-
TPOJIbHAS
12 2 4 6 pa0ora,
Tewma 10. Iucnoka- TECTUPO-
005038 BaHHE
Kon-
TpOJIbHAS
Tema 11. Makpo- 10 2 2 6 pabora,
CKOITUYECKHE JIe- TECTUPO-
(eKThI. BAHHE
Pa3nen 4. Mexanuyeckue U TeIUIOBbIe CBOHCTBA TBEPIBIX TeJl.
Kon-
TpOJIbHAS
Tema 12. Yopyrue 12 2 4 6 pabora,
CBOMCTBa TBEPJBIX TECTUPO-
Te7. BaHHE
Kon-
Tewma 13. ITnactuu- 10 2 2 6 TPOJIbHAS
HOCTb U TBEPJIOCTb. pa0ora,

®opma A

Crpanuna 5 u3 26




MHUHHCTEpCTBO HAYKHU U BhICIIEro oOpa3oBanus PO
YI1pSHOBCKMI TOCY1apCTBEHHBINH YHUBEPCUTET

dopma

®-Paboyast nmporpamma JUCLUIIIMHBI

TECTUPO-
BaHUeE
Kon-
TpOJIbHAS
Tema 14. KonebGanus 16 8 pabora,
aTOMOB KPHUCTAJUIH- TECTHPO-
YECKOM PEIIETKH. BaHHE
Kon-
TPOJIbHAsS
Tema 15. TeruoBeie 16 8 pabora,
CBOMCTBA TBEPBIX TECTUPO-
Tel. BaHUeE
Kon-
TpPOJbHAsS
10 6 pabora,
Tema 16. Iuddy3us TECTUPO-
B TBEPJBIX TEJIAX. BaHUE
Paznen S. CBepxnpoBogumMocTb. MarHuTHbIe CBOICTBA TBEPABIX TeJl.
Kon-
TpOJIbHAsS
10 6 pabora,
Tema 17. CpolicTBa TECTUPO-
CBEPXITPOBOJHHUKOB. BaHHE
Kon-
TpOJIbHAS
Tema 18. Teopus 10 6 pabora,
CBEPXIPOBOIHUKOB TECTHPO-
1-ro u 2-ro pona. BaHUeE
Kon-
Tema 19. Bricoko- TPOJIbHAS
TeMIlepaTypHas 10 6 pa0ora,
CBEPXIIPOBOM- TECTHPO-
MOCTb. BaHUeE
Kon-
TpOJBHAsS
10 6 pabora,
Tewma 20. JIua- u na- TECTUPO-
pamMarHeTu3M. BaHHE
Kon-
TpOJIbHAS
14 8 pa0ora,
Tema 21. ®eppo- TECTUPO-
MarHeTus3M. BaHUE
Kon-
Tema 22. Maruuro- TPOJIbHAS
MEXaHHYECKUE 5B- 10 6 pabora,
JIEHUS] 1 MarHUTHBIE TECTUPO-
PE30HAHCHI. BaHUE

Pa3nes 6. OnTuyeckue CBOMCTBA TBEPABIX TeJl.

®opma A
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Kon-
TPOJIbHasA
8 2 2 4 pabora,
Tema 23. Ilornomie- TECTUPO-
HHC CBCTA. BAaHUC
Kon-
TpOJIbHAA
Tewma 24. PekoMOu- 8 2 2 4 pabora,
HAallTUOHHOC HU3JI1y4cC- TECTUPO-
HUC. BaHHC
HNTOI'O: 288 50 68 18 152

5. COAEPXXAHHUE KYPCA

Pa3znen 1. OcHOBBI KBAaHTOBOH MeXaHHKH

Tema 1. OcHOBHbBIE NMOCTYJAThl KBAHTOBOW MeXxaHMKH. /lyaqu3M siBJieHHIl MHKpPOMHUpaA.
JIluHAMH KA 0THOMEPHBIX KBAHTOBBIX CHCTEM.

OcHoBHbIE MOCTyJaThl KBaHTOBOM Teopuu. [IpuHiun cynepnosunuu. J{MCKpeTHbIE CBOMCTBA
BOJIH, BOJIHOBBIE CBOMCTBA yacTull. OnepaTopHOE PEACTABICHUE TUHAMUYECKUX IEPEMEHHBIX B
kBaHTOBOW Teopuu. CranmonapHoe ypaBHenue lIpeaunrepa. Ilpunimmn HeonpeaereHHOCTH
[eiizenbepra. I'panuunbie ycrnoBusi ans ypaBHeHus LllpeaunHrepa yacTuibl B KBaHTOBOM sIMe.
CrexTp sHEepru B KBaHTOBOU siMe. OTpakeHHE U MPOXOKICHUE YaCTHI] Yepe3 MOTCHIIMAIbHbBIC
Oapbepsl. TyHHenbHbIN 3pexT. [[apMOHUYECKHI OCIUIIATOP.

Pa3nen 2. DaekTpuyeckue CBOMCTBA TBEPABIX Tel.

Tema 2. D1eMeHTHI PU3NIECKON CTATHCTHKH.

TepMoanHaMuyeckuit cnoco0® onucaHus KOJUIEKTHBA YacTUll. TepMoANHaMUYeCKUe MOTEeHIa-
abl. XuMu4eckuid noreHuuan. CTaTUCTHYECKUH CrIoco0 onucaHus KojuleKTuBa yacTull. [lonHas
¢byHkus pacupenenenus. [110THOCTh cocTossHUE. BhIpokaeHHbIE 1 HEBBIPOXKAECHHBIE KOJUIEK-
TUBBI yacTull. KBaHTOBaHKE (pa30BOr0 MPOCTPAHCTBA U IUNIOTHOCTh COCTOSHUN (DEPMHUOHOB.
Kputepuii HeBbIpOKIEHHOCTH T'a3a CBOOOIHBIX 3JIEKTPOHOB. Pacnipenenenue Makcsena-
bonbimana. [onnas ¢pyHKIMS pacnpeaesieHus YaCTULl HEBBIPOXKICHHOTO 3JIEKTPOHHOIO rasa.
Pacnipenenenne ®@epmu-/Jupaxa. Sueprust @epmu. [lonnas GyHKMs pacrpenencHus BBIPOXK-
JICHHOTO ra3a 3JeKTpoHOB. OyHKIMS pacnpeaeneH s I BBIPOKICHHOro ra3a 6030HO0B. Temrie-
patypHas 3aBUCUMOCTb 3Heprun @epmu. CpeHee 3HAUEHUE SHEPTUN BBIPOXKIEHHOTO 3JI€K-
TPOHHOTO Ta3a.

Tema 3. MoaeJsib CBOOOIHBIX 3JIEKTPOHOB.

O06o0mecTBiIeHNE MIEKTPOHOB B KpucTaiie. Kinaccuueckas anexktponHas teopust Hpynae-
Jlopentua. BoiBoj 3akoHa OMa U BeIpaKeHUs AJi YACIbHOU 3JI€KTPONPOBOAHOCTU. Brinsuue
BBIPOXKICHHOCTH JIEKTPOHHOTO Ta3a. 3aBUCUMOCTH MOJIBIYKHOCTH JJICKTPOHOB B METaJIaX OT
TeMIIepaTypbl. DIEKTPONPOBOAHOCTh YNCTHIX METAJIIOB.

JlocTOMHCTBA ¥ HEIOCTATKH MOJIETH CBOOOIHBIX AJIEKTPOHOB. HeoOX0AMMOCTh y4eTa BIHsHUS
CTPYKTYpPBI Ha SJIEKTPUUYECKHUE CBOMCTBA KPUCTAILIIOB.

Tema 4. 3oHHast TeOpUs TBEPABIX TeJl.

VYpasuenne llpenunrepa nis kpucramia. [Tonarue 06 aqnadbaTudecKoM IPUOIMKEHUH, BaJICHT-
HOM anmpoOKCHUMAIIUY U OJJHOSJIEKTPOHHOM npubmmkenun. CamocornacoBanHoe none. [lepuo-
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JUYHOCTH KpucTauia u pyHkuuu bioxa. BonHoBoil BekTop cBOOOAHOrO 3JIEKTPOHA U 3JIEKTPOHA
B [IEpUOANYECKOM ToJe Kpuctasia. [lonarue o kBazunmmyibce. 3oubl bpumntosna. {uckper-
HOCTb BOJTHOBBIX BEKTOPOB. DHepreTuueckue 30Hbl. [loBepxHocTs depmu /it CBOOOHBIX dIIEK-
TPOHOB U ISl 3JIEKTPOHOB B Kpuctaiie. Moaens Kponura-Ilennu. Bisinue crenenu cBs3u
3JIeKTpOHA Ha 3aKoH qucnepcuu E(k). Pazpemiennsie u 3anpeiieHHble 30Hbl. DPQeKTuBHAs Mac-
ca aJieKTpoHa B kpuctaiie. [lonstue o apipkax. 3anogHeHue sHepreTuyeckux 30H. [IpoBoHu-
KM, TUAJIEKTPUKU U MTOIYIIPOBOAHUKU. [loBepXHOCTHBIE coCTOSsIHUA. Y pOoBHM Tamma. DHepreTu-
YeCKHE YPOBHU MPUMECHBIX aTOMOB U JIe(peKTOB. JIOHOPHI U aKIIENITOPHI. DIEKTPOIPOBOTHOCTh
METaJUIMYECKUX CILIaBOB. TeMiiepaTypHas 3aBUCUMOCTb IPOBOJIUMOCTH.

Tema 5. TepmodiekTpuuecKue siBJICHMSI.

B3anMOCBs3b TEIIOBBIX U JIEKTPUYECKUX MTPOLIECCOB.

Bo3HukHOBEHUE MOJISI B IPOBOAHUKE MTPU HATMYKMHU IpajueHTa TeMnepatypsl. Juddy3noHHbII
MOTOK, YBJI€YeHHE (DOTOHAMHM, POJIb TEMIEpPATypHOH 3aBUCHUMOCTH dHeprun Pepmu. AOGCoIOT-
Hast TepModJic. KoHTakT pasHOpoaHbIX MeTauioB. DddexTsl 3eeOeka, [lenbThe u ToMcoHa.

Pa3nen 3. Ctpykrypa u a1edeKkTbl B KpUCTALIAX.

Tema 6. I'eoMeTpHsi COBEPIIEHHBIX KPHCTAJJIOB.

IlonsTHE O KpUCTAIIAX, KPUCTAIIMYECKON CTPYKTYPE U 3JIEMEHTApHOM sueike. I [pumMuTuBHBIE
Aueiiku. Bexrop TpaHcasauuu. bazuc sueliku. OHEpreTHYeCKUi KpUTEPUN YCTOMUUBOCTH CTPYK-
Typsl. [ ekcaronanbpHast INIOTHOYMIAKOBaHHAsA CTPYKTYpa. IIpocras kyOnueckas cTpykrypa. Ky-
Ouueckas rpaHelleHTpUPOBaHHAs U KyOudeckas 00bEMOLEHTPUPOBaHHAs CTPYKTYpbl. CTPYKTY-
pBI anMmasa, canepura ZnS. Ctpykrypa MetainioB. TpancnsauonHas cummerpusi. Kpucramno-
rpaduyeckre CuCTEMbl KOOpIMHAT —CUHIoHUM. [IpaBuia kpucramiorpadguyeckoit yCTaHOBKH.
Pemerku bpase. Kpucramiorpadguueckue CHUMBOJIBI Y3710B, TNIOCKOCTEN U IPSIMBIX. MHIEKCHI
Muiepa. OnpezeneHue yriioB U MEXIIJIOCKOCTHBIX pacCTOSTHUM yepe3 uHaekcsl Musuiepa. O6-
paTtHas pemieTka. BeKTopbl 00paTHON pemIeTKH. YTIIbI MEXK/y BEKTOpaMU 0OpaTHOM pelIeTKH.
OO0BEM stueiiku npsiMoii 1 0OpaTHOI pemeTku. MeToab! onpeeneHst aTOMHOM CTPYKTYPbI
TBEPABIX TEJ: PEHTI€HO—, JJIEKTPOHO— U HelTpoHOorpadus. O61acT NpUMEHEHUS U BO3MOXKHO-
CTH KaXKI0T0 U3 TU(PPAKIIUOHHBIX METO/I0B.

Tema 7. B3aumojaeicTBue aToMOB B TBePAbIX TeJIaxX.

IIpupoga cuim MeXaTOMHOIO B3auMoOJeHCTBHs. l[IoHATHE O MOTEeHIMane MOHU3ALMM, YHEPTUU
CPOZCTBA K JIEKTPOHY U JIEKTPOOTPHULIATEIBHOCTH aTOMOB. OCHOBHBIE THUIIBI XUMHUYECKOU CBSI-
3M: METAJUIMYECKas, BaJICHTHAas U MoHHas. [loHATHe 0 moHHOCTH coenvHeHus. [loHaTne o Ha-
npaBlIeHHOCTH cBsizel. Cuibl Ban-nep-Baanbca. MonexynspHbsle kpuctamibl. MexaHu3Mbl AHC-
MIEPCUOHHOT0, OPUEHTALMOHHOTO U MHAYKIIMOHHOTO B3aWMOJEHCTBHSI. DHEPTHsl KaXKJI0r0 BUAA
B3aMMOJEHCTBUS. OHEprusi CBSI3M MOJIEKYJSPHBIX KpucTauioB. [lotenuman JlenHappa—
JIKOHCOHA, CTPYKTypHBbIE CyMMBbl. PaBHOBECHOE PACCTOSHHE M MUHUMAJbHAs dHEPIUs B3aUMO-
nevcreus. MonHas cBase. [lorenuman B3aumonericrBus. IlocrosHuble Manenynra. @opmyna
bopua—IJlanne. Onpenenenue napaMeTpoB MOTEHIMANA U3 U3MEPEHUN C)KMMAEMOCTH KPHUCTaJI-
na. KoBanenrtnas cBs3b. [lonsiTue 06 oOMeHHOM B3anMoJieiicTBun. DHeprus cBs3u. Hampasnen-
HOCTb U HacChIIIAEMOCTh CBsi3el. Mertamnyeckas cBsizb. MexaHusm (popmMupoBaHus. JHeprus
CBS3M METAJUIMYECKUX KpucTauioB. [TonsTre o BogopoaHo# cBa3u. ConocTaBiaeHUe pa3InyHbIX
BHJIOB CBSI3U M UX CYNEPIO3ULUS B PEATbHBIX COCTUHEHUSIX.

Tema 8. Toueunbie e eKThI KPUCTAINYECKON PellIeTKH.
[ToHsiTHE O TOYECUHBIX, JIMHEHHBIX, TOBEPXHOCTHBIX U 00BbEMHBIX JedekTax. TenaoBble, cTexuo-
MeTpuiecKue u paauanronnsie aedextol. Jledextsr mo llorTku u mo OpenHkento.
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Toueunsie neheKThl TEIIOBOW MPUPOLL. TepMuueckuii MexaHu3M oOpa3oBaHus nap DpeHkens
u nedpexroB Hlortku. TepmoanHaMu4ecKuil MOAXO/ K OMMCAHUIO KOHLEHTPAIIMH PABHOBECHBIX
nedekToB. YUeT TepMHUECKO IHTponuu. DHeprus oOpa3oBaHus 1e()eKToB. DKCIepUMEHTAIb-
HOE OIlpe/ielIeHNe KOHIICHTPAlUK BaKaHCUW IPU BBICOKHX TemIieparypax. OOpa3oBaHHe BaKaH-
CHUOHHBIX KOMIUIEKCOB. TeruoBble 1edeKThl B ONHAPHBIX COSAUHEHUSX.

Tema 9. Pagnannonnnie e eKThbl ¥ 3JIEKTPONPOBOAHOCTH METAJJIOB.

ToueuHble paguanoHHble neeKThl. Y aapHbId MexaHu3M obpazoBanus nap Ppenxens. [Topo-
roBasi HEpPrus CMeleHus. MUHUMaNIbHas SHEPIUs YacTUL U3JIy4€HHs, CO3JAIOLIEro paanalu-
oHHbIe AeeKThl. [[oHsATHE O MOAMOPOrOBBIX MEXaHU3MAaX FeHEPAllUU PAIUAMOHHBIX 1e(DEKTOB.
[TepBruHO-CMEIIIEHHBIE ATOMBI M CEYEHHsSI UX 00pa30BaHUs Pa3IMYHBIMU BUJAMHU KOPIYCKYIISIP-
HBIX W3NydeHui. Pa3Butue kackana cmemennii. Kackagnas @yaknus. Moxens Kunuuna-ITuza u
e mogudukanuu. OdpazoBaHHE MEPBUYHO-CMEIIEHHBIX aTOMOB IIPU raMMa-00JIy4eHUH.
Binustnue pannannoHHbIX 1e(eKTOB Ha CONMPOTHBICHUE METAIIIOB. CBsI3b MPUPAICHHS YIETbHO-
r'0 AJNEKTPUYECKOTO CONPOTUBIICHUS ¢ KOHIIeHTpauel nedextos. VccnenoBanus BIUsSHUSA 00-
Jy4eHHUs Ha COMPOTHUBIICHHE METAJIJIOB MPU HU3KUX Temmeparypax. OnpeeneHne noporoBoi
SHEPTUU CMEIEHUsI aTOMOB 110 pe3yJbTaTaM 00ydeHus: MeTaioB. Mo/iens HEYCTOMYUBBIX 30H
Y KOHIIEHTpalXs BakaHCUd. BiusiHME HACBHIIIAEMbIX CTOKOB Ha KHHETUKY HAKOIUICHUS! BAKAHCHI
npu 00ydyeHuu. BirsHue HeHachIIIaeMbIX CTOKOB Ha KUHETUKY HAKOTUICHHUS BaKaHCUI MIpH 00-
nydeHud. BriiusiHue temneparypsl 00JIy4eHHS M OT)KUTA HAa HAKOTUICHHUE J1€(PEKTOB U AJIEKTPO-
MIPOBOJIHOCTh METAJIIOB.

Tema 10. JIucaoxkamuu.

[Tonstue o qucnokanusx. Kpaesbie u BUHTOBbIE nuciiokanuu. Bektop broprepca. JIunus qucno-
kauuu. [InotHocTe aucnokanuit. ¥Y3nel gucnokanuil. Junaranus. CMeleHHbIe U KPUBOJIUHEH-
Hble auciokauuu. Mctounukn aucnokanuii. Teopernueckas MPOYHOCTh METAJUIOB Ha CJIBUT.
JIBr>KeHME AUCIOKALMM U IUIACTUYHOCTh. MEXaHU3Mbl JBUKEHUS JUCIOKALMN — MEepeIo3aHue
U ckosbkeHrne. Mexanusm @panka — Puga. [lone HanpspkeHUN TUCTOKAIMA. DHEPTUS TUCIOKA-
LUH.

Tema 11 Makpockonnuyeckne ge¢eKrTsbl.

JedexTsl ynakoBku U rpaHuilbl 3epeH. [lopel B kpuctamiax. [lepechlienrne KpucTaminyeckon
peeTky BakaHcusAMU. [{uddy3noHHas NOpUCTOCTh. 3ap0oXKIeHUE U pa3BUTHE IOP.
Makpockonuueckue AePeKThl MOBEPXHOCTH TBEpAbIX Ted. «KpyTeie» u «monorue» AeQeKThl.
MexaHU3MBl CTIaKUBaHMs MMOBEPXHOCTU. MeXaHM3M BSA3KOro TeueHHs. MexaHu3M oObeMHOM
muddysun. [MosepxHoctHas nquddysus. [lepenoc Beniecta yepes razonyio ¢azy. CriaxxuBaHue
«TIOJIOTUX» IE(PEKTOB.

Pa3nen 4. Mexanuyeckue U TeIJIOBbIE CBOHCTBA TBEP/BIX TeJl.

Tema 12. Ynpyrue cBoiicTBa TBepAbIX Tell.

[TonsTHe 0 medopmanuy ¥ HanpsoKeHUH. VICTHHHBIE W yCIOBHBIE AeopMaIiui U HampsHKSHUSI.
Hanpsoxenus cxarus /pactsokenus/ u casura. OnHoocHast nedopmanus. TeH30p HanpspKeHUi.
Hedopmaruu cxatus u capura. Onucanue o0bEMHOM gepopMalini.

Huarpamma nedopmanuu. Yopyrocts. 3akoH ['yka ans pacTspkeHUs W Ais caBura. Monaynb
FOnra u monyne cnsura. Koaddunuent Ilyaccona. O600mieHnsii 3akoH ['yka 17 U30TpOIHON
cpeabl. O6001eHHbIH 3aK0H ['yKa /17151 aHU30TPOIIHBIX CpEI.

Tema 13. [11aCTUYHOCTH U TBEPAOCTh.
[Tnactuueckas nedopmanmsi. CKOJBKEHUE U TBOWHUKOBaHHUE. SIBICHHE YIPOYHEHUsS /HaAKJIEI/.
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Otapix U pexkpucTaun3anys. JJucioKanuoHHas TEOpUs INIACTUYHOCTH.

XpyIKoe U IUIacTUYeCcKoe paspylieHue. TeopeTuueckas OLEHKA IMPOYHOCTH TBEPABIX Tel. Mo-
nenb MukpoTpeiinH ['puddurca. Monenu 3apoxIeHUsE MUKPOTPELIHH.

BpemenHnas npo4HOCTb TBEPABIX TEJ. 3aBUCUMOCTb BPEMEHHON IPOYHOCTH

OT HaIIPSDKEHUS U TEMIIEPATypbl. 3aBUCUMOCTb SHEPTUH aKTUBALMU OT HAIIPSKECHUS.

Tema 14. Kosie0anusi aTOMOB KPUCTAJINYECKON pellleTKH.

I'apmonnueckuii ocuuiuiATop. BosHbl B ynpyroi cpene. ®a3oBast U IpymnnoBasi CKOPOCTb BOJIH.
OnHomepHbIe KOoieOaHUsI OTHOPOIHON CTPYHBI. YTPYTHE BOJHBI B TPEXMEPHOU CILJIOIIHOM cpe-
Ie.

Konebanust oqHOpOIHOM 11eT0YKu aToMoB. JucnepcuonHbie cootHomenus. da3oBas u rpymmo-
Basi CKOPOCTH BOJIH B aTOMHOM 1ien0o4YKe. JIMCKPETHOCTh 3HAYEHUI BOJHOBOTO yucia. Hopmais-
HbIE KOOPJAUHATHI U CYNEPHO3ULUS TAPMOHUUECKUX OCHUIUISTOPOB.

Konebanus ogHOMepHOH 11eno4ku ¢ 6asucom. OnTudeckas U aKkyCTHUECKasi BETBU JHCIIEPCUOH-
HBIX KpUBBIX. O0JIacTh 3aMpenieHHbIX YacTOoT.

CriekTp HOpMaJBbHBIX KOJIEOaHUN TPEXMEPHOU pemeTKu. JucnepcuonHbie KPUBBIE IS PEIIETOK
¢ 6aszucom. [ImoTHOCTH HOpManbHBIX KoNeOanmii. Yactora u Temneparypa Jle6as. [lonstue o
¢dboHOHAX, UX CBOMCTBA U XapakTepuctuku. Ctatuctuka boze — DitHinTeiHA.

Tema 15. TennoBble CBOMCTBA TBEPABIX TeJl.

Tennoemkocts TBepaAbIX Teil. 3akoH [lrononra — Iltu. Teopus temnoemkocTu DifHIITEHHA. Xa-
pakTepucTuueckas temneparypa OWHmuTeiiHa. Teopus Tteroemkoctu [lebas. TemnmoemkocThb
3JIEKTPOHHOIO ra3a B MeTalIax.

TemoBoe pacuimpeHre TBEPAbIX Tel. YUeT aHrapMoHUYHocTH Kosebanuil. Koadpuuuent ren-
JIOBOT'O PACIIUPEHHUS TENl.

TemnonpoBOAHOCTh TBEPABIX Tel. 3akOoH Dypbe ISl U30TPOMHBIX U AHU3OTPOIHBIX TBEPIBIX
Tes1. Pemerounas TemonpoBoAHOCTh. Poib aHrapMOHUYHOCTH KoJieOaHuil. 3aBUCMMOCTb KO3 (-
¢dunueHTa pemeToYHOW TEIIONPOBOJIHOCTH OT TeMIepaTyphl. TemIonpoBOJHOCTh METAJUIOB.
VYyer BKJIaZia CBOOOJHBIX 3JEKTPOHOB. 3akoH Bunemana — ®@panna. Teopus [pyne - Jlopentua.
Teopus 3ommepdenbaa. 3aBUCUMOCTb 3JIEKTPOHHOM TEIIONPOBOJHOCTH OT TemmepaTypsl. Co-
IIOCTaBJIEHUE TEMJIONPOBOJHOCTU AUIIEKTPUKOB U METAJIIIOB.

Tema 16. [Indy3us B TBepABIX Teaax.

Jud¢y3nonnsle mpoueccsl — IBUKEHUE BaKaHCUH /IBIPOK/ U IBUKEHHE aTOMOB B MEKaTOMHOM
npoctpanctBe. Teopus muddysun Ppenkens. TemmeparypHas 3aBUCUMOCTh Ko3(dduimenra
mubdy3un. 1-it u 2-i 3akons! Ouka.

Juddy3us u3 NOCTOSHHOTO TOBEPXHOCTHOTO UCTOUHUKA. Jndy3ust U3 orpaHUYEHHOrO MOo-
BEPXHOCTHOT'O UCTOYHUKA.

Paznen 5. CBepxnpoBoaumMocTb. MarHuTHble CBOHCTBA TBEPABIX TeJl.

Tema 17. CBoiicTBa CBepXNPOBOJIHUKOB.

[ToHsiTHE O CBEPXIIPOBOAUMOCTH. DIEKTPUUECKOE COIPOTUBIICHHE CBEPXIPOBOIHUKOB. D ekt
Meiiccuepa-Oxcendenbaa. Kputnueckoe maruutHoe mosie. CBepXMnpoBOJHUKH EPBOTO U BTO-
poro pona. ®a3el MeiiccHepa u Lllyonukosa. M3oTonnyeckuit 3pPeKkT B CBEPXIPOBOJHUKAX.
TennoeMKoCcTs CBEPXNPOBOJAHUKOB. Ilornomenne n3ny4eHus: CBEpXnpoOBOJHUKAMH.

Tema 18. Teopusi cBepxnpoBogHuKOB 1-10 U 2-r0 poja.
TepMoanHaMuyecKoe 0ObSICHEHHE CKauKa TETNIOEMKOCTH B CBEPXIIPOBOIHUKAX |-T0O poxa.
JByxxunakoctHas Mojenb ['oprepa u Kazumupa. TemneparypHasi 3aBUCUMOCTh KOHLIEHTPALIUU
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CBEPXIPOBOJSALIMX HOCUTENEH. DIEKTPOMArHUTHBIE CBOMICTBA CBEPXIIPOBOJHUKOB. Teopus
JlonnoHoB. I'myOrHa MPOHUKHOBEHHUSI MTOJISI B CBEPXIPOBOAHUK. [IOHATHE O HEIOKAIBHOM TEO-
pun [Tunnapaa. CBepXnpoBOIHUKYA BTOPOTO pojia B MAarHUTHBIX nouax. Teopus ['mH30ypra-
Jlannay. BO3HUKHOBEHHE CMEIAHHBIX COCTOSIHUM. SIBIIeHNE nuHHKUHTA. [IpUTskeHne 3nekTpo-
HOB 3a CYET UX B3aUMOJICHCTBUS ¢ penieTkoi — cuiibl @penuxa. Kyneposckue napel. Onenka
pa3mepoB napsl. Teopus bapauna-Kynepa-1lpuddepa. BosHukHOBEHNE SHEPreTHIESCKOM IIETH.
KBantoBanue maruutHoro notoka. CrauroHapHblil 1 HecTanoHapHblid 3 dexTrl [xo3zedcona.

Tema 19. BbicokoTemMnepaTypHasi CBepXIpOBOIMMOCTb.
BricokoTeMiiepaTypHasi CBEpXIIPOBOIUMOCTb.

Tema 20. lna- 1 napaMarHeTusM.

MarnutHoe nosne B Beuiectse. Knaccudukanust maruetukos. [Ipupona nuamarnerusma. [lapa-
MaraetusMm. OyHkius JlanxkeBeHa. Y4eT MpoCcTpaHCTBEHHOTO KBaHTOBaHUs. 3akoH Kropu juis
napaMarHeTUKOB. MarHUTHBIE CBOMCTBA IEKTPOHHOrO rasa. [lonydeHne HU3KUX TeMneparyp
METO0M aauabaTHUECKOro pa3MarHuuMBaHus MapaMarHeTUKOB.

Tema 21. ®eppomMarHeTusm.

CrniunoBas npupoza peppomaraeruzma. OnblTel DiiHIITENHHA U Ae-1"aaza u onbiT bapHerra. Mo-
nexyssipHoe nojie Beticca. 3akon Kropu-Belicca. O6MenHoe B3anMoieiicTBre u peppomarte-
Tu3M. JlomenHas ctpykrypa peppomarneTukoB. Kpupas HamaranuuBanus. [letss rucrepesuca.
AHTHEppOMarHeTH3M U GepprUMarHETU3M.

Tema 22. MaruuToMexaHu4eCKue sIBJI€HUs] 1 MATHUTHBIE PE30HAHCHI.

IIpupona saepHOrO0 MArHUTHOTO PE30HAHCA. XapPAKTEPUCTUKA JIMHUH MTOTJIOLIEHUS. XUMHUYE-
ckuit cnpur. Cnsur Haiita. [Ipumenenue SIMP s uccnenoBanust METauioB. DJIEKTPOHHBIN Ma-
PaMarHUTHBIN PE30HAHC U €ro NpuMeHeHue. GeppoMarHuTHEIN pe3oHaHc. B3aumopaencreue
CBETa C TBEPAbIMU TeaaMu. KOMIIIEKCHBIN OKa3aTeb MPETOMIICHHUS.

Pa3nes 6. OnTuyeckue cBOiicTBAa TBEPABIX TeJl.

Tema 23. Iloryomenne ceera.

Mexann3Mbl noriionieHusa ceera. CoOCTBEHHOE MOrIOIIEHHE. DKCUTOHHOE noriomnieHue. Io-
TJIOIEHNE CBOOOTHBIMU HOCUTENISIMH. [I[pUMecHOe U PeleTOYHOe MOTIIONICHHE.

Tema 24. PekoMOMHALIMOHHOE U3 TyYeHHE.

PexomOuHarmonnoe u3nydenne. OCHOBHBIE MEXaHU3MBI peKOMOMHAIMK. MeK30HHas: PeKOMOH-
Hanus. PexomOuHamms yepes mokanuzoBanHbie ypoBHA. Moaenb Xosra-Illoxknmu-Puga. Bpemst
JKU3HU HEPABHOBECHBIX HOcUTeNel. Pagnanonteie 1eeKThl U Bpems ku3Hu. OJHOPOIHOE
pacnpenenenue nedekros. Kimacrepsr nedgexros. Moaens ['occuka. Monens MupoHnoBa. Dkcu-
TOHHAsI PEKOMOHMHAIIHS.

6. TEMbI IPAKTHUECKHWX U CEMUHAPCKHUX 3AHSATUI

Pa3znen 1. OcHOBBI KBAHTOBOW MEXaHUKHU

Tema 1. OcHOBHBIE NOCTYJIAThl KBAHTOBOW MeXaHHKH. Jlyanu3m siBJIeHHIl MHKpOMHUpA.
JIMHAMHKa OJHOMEPHbIX KBAHTOBBIX CHCTEM.

3ansaTus 1-2

dopma POBEICHUS — CEMUHAP.
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Bormpocsl o teme: J[MCKpeTHbIE CBOMCTBA BOJIH, BOJIHOBBIE CBOMCTBA yacTull. CTamoHapHOE
ypaBuenue lllpenunrepa. [Ipuanun Heonpenenennoctu [eizendepra. I'paHnyHbIC YCIOBUS IS
ypaBHeHus LlpennHrepa yacTuibl B KBaHTOBOM sime. CIIEKTp 3HEPruu B KBAHTOBOM sime. OTpa-
JKEHHUE U MTPOXOXKICHUE YaCTHIl Yepe3 MOTCHIIMATbHBIC Oaphephl. Pernenue 3amad.

Pa3zgea 2. JiekTpryeckue CBOMCTBA TBEPABIX TeJl.

Tema 2. DneMeHTHI PU3NUECKON CTATHCTHKH.

3ausTusn 3-4

dopma pOBEICHHS — CEMUHAP.

Bomnpoce! o Teme: TepMmoauHaMUYECKUE MOTEHIMAIBI. XUMUYECKUH ToTeHna1. CTaTucTuye-
CKHI1 crioco0 onucanus KoyiekTuBa yactuil. [loanas ¢pyakuus pactpeaenenus. [L1oTHOCTH co-
CTOSIHUIA. BBIpoXk/IeHHBIE U HEBBIPOKICHHBIE KOJIEKTUBHI yacTull. KBanTOBaHue $a3oBOro mpo-
CTPaHCTBA U TUIOTHOCThH COCTOSIHUH pepMruoHOB. KpuTepunii HEBBIPOKICHHOCTH Ta3a CBOOOTHBIX
anekTpoHoB. Pacnipenenenne Makcpenna-bosibiimana. [lonnas GyHKIMs pacnpeaeneHus 4acTUI
HEBBIPOXKJECHHOTO JIEKTPOHHOTO ra3a. Pacnipenenenne ®epmu-lupaka. Jueprus Gepmu. [1o-
Hasi QYHKIIUS pacipeeleHHs BBIPOXKACHHOTO Ta3a A1eKTpoHOB. DYHKINS pacipeleIeHUs st
BBIPOXKJIEHHOTO T'a3a 6030HOB. TeMmriepaTypHas 3aBucuMocTb sHeprun Oepmu. CpegHee 3Haue-
HUE SHEPTUU BBIPOKIECHHOTO JIEKTPOHHOIO ra3a. Pemenue 3anay.

Tema 3. Moaesab ¢cBOOOIHBIX 3JIEKTPOHOB.

3anarusa 5-6

®dopma NMpoBEeACHUS — CEMHUHAp.

Bompocs o Teme: O60011eCTBIEHNE MIEKTPOHOB B KprcTaie. Kinaccuueckas 31eKTpoHHAas
teopus pyne-Jlopentia. BeiBoa 3akoHa OMa 1 BhIpaKEHUS IS YAEIbHON 3IIEKTPOIPOBOIHO-
cTH. BiisiHEE BBIPOKIEHHOCTH DJIEKTPOHHOTO T'a3a. 3aBUCUMOCTD IOJIBFIKHOCTH JJICKTPOHOB B
MeTalljlaX OT TeMIEPaTyphl. DIEKTPOMPOBOTHOCTh YUCTHIX METAJLIOB.

JlocTOMHCTBA ¥ HEIOCTATKU MOJIETH CBOOOIHBIX AJIEKTPOHOB. HeoOX0oaAMMOCTh yueTa BIUsIHUS
CTPYKTYpHI Ha DJIEKTPUUYECKUE CBOWMCTBA KpUCTAIJIOB. Pemenue 3aay.

Tema 4. 3oHHast TeOpUsI TBEPABIX Tel.

3ansatus 7-8

®dopma npoBEIEHNS — CEMHUHAP.

Bompocel o teme: Ypasaenue Lllpeaunrepa mst kpucramia. [Tonstue 06 agnadbarnyeckom
npUOJIMKEHNH, BAJICHTHOW allPOKCUMAIIUU U OJTHOAJIEKTPOHHOM Ipubimxenuu. Camocoriaco-
BaHHoOe nose. [lepuoanunocts kpuctaiia u Gpynkunu bioxa. BonmHoBoi BeKTOp cBOOOIHOTO
AJIEKTPOHA U IEKTPOHA B IEPUOJNYECKOM ToJie KpucTaiuia. [ToHsTre o kBa3uumiysbce. 30Hbl
bpunnrosHa. J[MCKPETHOCTh BOJTHOBBIX BEKTOPOB. DHepreTudeckue 30Hb1. [IoBepxHocTs @epmu
JUIs CBOOOTHBIX 3JIEKTPOHOB U IS JIEKTPOHOB B Kpuctayie. Mozaens Kponura-Ilennu. Brnus-
HUE CTETIEHHU CBS3M JIEKTPOHA Ha 3aKoH aucnepcuu E(k). Pa3pelieHHble 1 3arpenieHHbIe 30HbI.
D¢ dexTrBHAS Macca 37eKTpoHa B Kpuctaiie. [ToHaTue o apipkax. 3arnoiHeHHe YHEPTeTHUECKUX
30H. [IpoBOTHUKH, AUDTIEKTPUKH U MOITYIPOBOAHUKH. [I0BEpXHOCTHBIE COCTOAHUSA. Y POBHU
Tamma. DHepreTuueckrue ypoBHU MPUMECHBIX aTOMOB U Jie(eKToB. JIOHOPHI M aKLIENTOPHI.
DNEeKTPONPOBOJHOCTh METAJUTMUECKUX CINIaBOB. TemMiiepaTypHasi 3aBUCMMOCTb ITPOBOAMMOCTH.
Pewenue 3anau.

Tema S. TepModJieKTpUYeCKHE ABJICHUS.

3ansaTusa 9-10

dopma IpOBEICHHS — CEMUHAP.

Bormpocsl o Teme: B3anMOCBS3b TEIIOBBIX U 3JIEKTPUUYECKUX ITPOLIECCOB.
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Bo3HuKHOBEHUE 110JI B MPOBOJIHUKE MPH HAIMYKUM rpajiieHTa TemnepaTtypsl.  uddy3unonnbrit
MOTOK, yBJIedeHUE (OTOHAMH, POJIb TEMIIEPATYpPHOH 3aBHCUMOCTH dHeprun depmu. AbGcomoT-
Has TepmodJic. KoHTakT pasHopoanbix MeTaiwioB. Dddektsl 3eebeka, [lenpthe n ToMcona. Pe-
LIEHHE 3a]1a4.

Pazgen 3. Crpykrypa u aedeKkThbl B KpUcTaLJIax.

Tema 6. I'eomeTpusi coBepiIeHHBIX KPUCTAJLIOB.

3ansaTusa 11-12

dopma pOBEICHHS — CEMUHAP.

Bonpocel o Teme: IloHATHE 0 KpHUCTaIaX, KPUCTAIIIMYECKON CTPYKTYPE U DJIEMEHTAPHOU
aueiike. [IpumuTuBHbIe stueiiku. Bekrop Tpancinsauuu. basuc sueiiku. DHepreTuyecKuil KpuTe-
pHUil YCTOWYMBOCTHU CTPYKTYphI. [ 'ekcaronaibHas JI0THOYIIAaKOBaHHAas CTpykTypa. [Ipocras ky-
Oouueckas cTpykTypa. Kybudeckas rpaHenieHTpUpOBaHHas U KyOndeckast 00bEMOIICHTPUPOBaH-
Hast cTpYyKTYypsl. CTpYKTYpBI antmasa, chanepura ZnS. CTpyKkTypa MeTauioB. TpaHCIsILIMOHHAs
cummetpus. Kpucramnorpadudecknue cucteMsl KoOpauHaT —CHHroHud. [IpaBuia kpucrasmio-
rpaduueckoil ycranoku. Pemerku bpase. Kpucramnorpaguueckue cMMBOIIBI Y3710B, IJIOCKO-
cteil u npsameIx. MHnexkcsl Musuiepa. OnpeeneHue yriioB 1 MEXIUIOCKOCTHBIX PACCTOSIHUMN de-
pe3 unaekcsl Musuiepa. OOpatHas pemierka. BekTopsl 00paTHOH perieTku. YIIibl MeXy BEKTO-
pamu oOpatHOii pemeTkr. OOBEM sTUeiKU PsIMON M1 00paTHOH permeTKi. MeToabl onpeaeeHHs
aTOMHOM CTPYKTYpBI TBEPJIbIX TEJ: pEHTTEHO—, JJIEKTPOHO— U HeWTpoHorpadus. Obsactu npu-
MEHEHHUS ¥ BO3MOXKHOCTHU KaXKJI0TO U3 AU(PPAKIIUOHHBIX METOI0B. Pernenue 3amay.

Tema 7. B3aumoneiicrBue aToMOB B TBEPAbIX TeJIax.

3ansaTue 13

dopma NMpoBEACHUSA — CEMHUHAP.

Bonpoce! o Teme: Ilpupona cun mexxatoMHOro BzanMonaenctsusd. llondarue o norennuane no-
HU3ALMHU, JHEPTHH CPOJICTBA K JIEKTPOHY M 3JIEKTPOOTPULIATEIBHOCTH aTOMOB. OCHOBHBIE THIIbI
XUMHUYECKON CBA3U: METAJIJIMYECKAsl, BAJICHTHAs U MOHHAs. [[oHATHE O MOHHOCTH COEAMHEHMUS.
[Tonsitue o HanpaBneHHOCTH cBsizel. Cuibl Ban-nep-Baansca. MonekynspHabie kpuctamuibsl. Me-
XaHU3Mbl JAMCIIEPCUOHHOIO, OPUEHTALIMOHHOIO M MHIYKIIMOHHOTO B3aMMOJCHCTBMSI. DHEprus
KaXKJ0ro BUJa B3aUMOJICHCTBUS. DHEPrusl CBSI3U MOJEKYJIApHBIX KpuctawioB. [lotenuuan Jlen-
Hapaa—/[»KOHCOHa, CTPYKTypHBIE CyMMBbl. PaBHOBECHOE pacCTOSHME M MUHUMAaJIbHAs JHEPrus
B3aumojeiicTBus. Monnas cBa3b. [lorennman B3anmoneiicteus. [loctositnabie Manenynra. @op-
myna boprma—IJlanae. Onpenenenue napaMeTrpoB MOTEHIMANA U3 U3MEPEHHUH CKUMAEMOCTH
kpuctaiia. KoBanentnas cBsizb. [lonstue 00 oOMeHHOM B3anMojelcTBUU. DHeprus cBsizu. Ha-
NPaBJICHHOCTh M HACHIIIAEMOCTh CBA3eH. Metayunueckas cBsA3b. MexaHu3M (OpMHUPOBAHUS.
OHeprus CBA3M MeTaUIMYecKuX KpucrawioB. [lonstue o BomopoaHoi cBszu. ComocraBiieHHe
pa3IMYHBIX BUJOB CBSI3U U UX CYNEPIIO3ULINS B pEANIbHBIX COeIMHEHUAX. Pemenue 3anay.

Tema 8. Toueunbie 1edeKTbI KPHCTAIMYECKON PeLIETKH.

3ausrtue 14

®dopma NpoBEAECHUS — CEMHUHAP.

Bonpocs! o teme: [loHSTHE O TOYEUHBIX, IUHEHHBIX, TOBEPXHOCTHBIX U O0OBEMHBIX Je(eKTax.
TenmnoBele, crexuoMeTpuueckue U paguannonssle aedexrsl. edexrsr no Hlortku u no dpen-
KEJI0.

Toveunsle nedeKTsl TeIIoBor npupoabl. Tepmudeckuil Mexanu3m oOpazoBanus nap dpenkens
u nedpexros Hlortku. TepmoanHaMuuecKkuil MoAX0 ] K OMMCAHUIO KOHLEHTPALlMA PaBHOBECHBIX
neeKToB. YUeT TepMHUECKOW SHTpONUU. DHeprus odpa3oBaHus Ae(PeKToB. DKCIEPUMEHTATIb-
HOE OIpeJIeJIeHNe KOHIEHTpAallu BaKaHCUM IpU BBICOKHMX TeMreparypax. OOpa3oBaHUE BaKaH-
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CHOHHBIX KOMIUIEKCOB. TeninoBbIie I[e(i)eKTBI B 6I/IHapHBIX COCINHCHUAX. Pemrenne 3ajJad.

Tema 9. Pannaunonnbie 1eeKThl ¥ 3JIEKTPONPOBOAHOCTH METAJJIOB.

3ansaTue 15

®dopma npoBEeECHUS — CEMHUHAP.

Bonpocs! o Teme: Toueuynsle pagralioHHbIE 1ePEKTHI. Y TapHbIM MEXaHU3M 00pa30BaHHUs Iap
O®penkens. [loporosas sHeprus cMmenieHus. MUHMManbHas SHEPrusl YacTHUIl M3JIYYEHHUs, CO3-
JIAIOIIEro pajuanioHHble nedekTsl. [IoHsITHe O MOAIOPOroBEIX MEXaHM3MaxX T'eHEepaIuy paaua-
LUOHHBIX JePeKTOoB. [IepBHUHO-CMEIIEHHbIE aTOMbI U CEYEHUs MX O0pa30BaHMs PA3IUYHBIMU
BUJAMHU KOPITYCKYJISIpHBIX M3MydeHui. Pa3Butue kackana cmemenuii. Kackannas ¢pynkuus. Mo-
nens Kunumna-ITuza n eé monudukanuu. OOpa3oBaHue NEPBUYHO-CMELIEHHBIX ATOMOB IIPH
raMma-o0JIydeHu .

Bausinue paguannoHHbIX 1e()eKTOB Ha CONPOTHBIICHHE METa/uI0B. CBsI3b NPUPALIEHUS YIEIBbHO-
'O DJIEKTPUYECKOTO COMPOTHBIICHUS ¢ KOHIIEHTpaIuen nedexTos. VMccnemoBanus BIUsIHUS 00-
Jy4EHHS Ha COIPOTUBIICHUE METAJUIOB ITPH HU3KUX TeMIleparypax. OnpeneneHue noporopon
HHEPrUM CMELIEHHUS aTOMOB 110 pe3yjbTaTaM 00aydeHus: MeTaiIoB. MoJienb HEyCTONYUBBIX 30H
Y KOHILICHTpalus BakaHCUl. BinsHNue HachIIaeMBbIX CTOKOB Ha KHHETUKY HAKOIUICHHUs BAKAaHCUM
npu o0ydeHun. BiusiHre HeHachIaeMbIX CTOKOB Ha KWHETHKY HAKOIUICHUSI BAKaHCHIA TIpU 00-
JaydyeHuu. BrnusHue Temneparypbl 00JydeHHs U OT)KUTIa HAa HAKOIUIEHUE Ie(EKTOB U 3IIEKTPO-
IIPOBOJIHOCTH MeTajuIoB. Pemenne 3anay.

Tema 10. Iucioxamumn.

3anarus 16-17

dopma NpoBEACHUSA — CEMHUHAP.

Bompocsl o teme: Ilonsitue o nucnokanusix. Kpaesbie u BUHTOBBIE nuciokanuu. Bekrop brop-
repca. Jluaus nucnokanuu. [TnoTHOCTE nucnmokanuid. Y3mel qucnokamnuii. Junaranus. CmenieH-
HbI€ U KPUBOJIMHEIHBIE quciokanuu. Mcrounnku aucnokanuii. Teopetnueckass mIpoYHOCTh Me-
TAJUIOB Ha CABUT. JIBMKEHHE NUCIOKAIIMMA U TJIACTUYHOCTh. MeXaHN3Mbl JIBUKEHUS JHCIIOKAINT
— Iepenoy3aHue U ckoipxkenne. Mexanusm Ppanka — Puna. [losie HanpskeHUN THCIIOKALUH.
OHeprus quciokauuu. Pemenue 3agau.

Tema 11 Maxkpockonnuyeckue ae¢eKThbl.

3ansaTne 18

dopma NpoBEACHUSA — CEMHUHAP.

Bomnpocs! o teme: Jledextsl ynakoBku u rpaHuilbl 3epeH. [lopel B kpucrannax. [lepecsienue
KPUCTAJJIMYECKON pelieTku BakaHCUsAMU. J{u(dy3noHHas MOPUCTOCTD. 3apOkKI€HNE U pa3BUTHE
1op.

Maxkpockonuyeckue ae(eKkTbl MOBEPXHOCTU TBepAbIX Ted. «KpyTeie» U «mosorue» nedexTsl.
MexaHu3MBbl CTia)KMBaHUS MOBEPXHOCTH. MeXaHH3M BSI3KOTO Te4yeHus. MexaHu3M oO0bEeMHOM
muddysun. [Nosepxnocthas nuddysus. [lepenoc BemecTBa yepes razoByio daszy. Criaxupanue
«monorux» nedexToB. Pemenue 3anau.

Paznean 4. Mexannuyeckue M TeIJIOBbIE CBOHCTBA TBEPIbIX TeJl.

Tema 12. Ynpyrue cBoiicTBa TBepAbIX TeJl.

3ansaTus 19-20

dopma npoBeIeHUs] — CEMUHAp.

Bonpocsr o teme: Ilonsitue o nepopmanuu u HanpsxkeHuH. VicTuHHbIe U ycinoBHBIE nedopmMa-
UM W HanpspkeHus. HanpsokeHus cxatus /pacTspkeHus/ u casura. OmgHoocHas nedopMarus.
Tenzop Hanpspkeruii. Jedopmaruu cxatus u cagura. Onucanue o0bEMHOM 1epopMaInm.
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Huarpamma aedopmanuu. Yupyroctb. 3akoH ['yka s pacTsbkeHHs W s ciBura. Moayib
FOnra u monyns cnsura. Koagdunuent Ilyaccona. O6o0mennbii 3akoH ['yka 1jist H30TPOITHOMN
cpenbl. O600IeHHBIN 3aKk0oH ['yKa JIJ1s1 aHU30TPOIHBIX cpell. Pemenue 3amay.

Tema 13. Il1acTUYHOCTH U TBEPAOCTD.

3ausrTue 21

®dopma npoBeICHUS — CEMHUHAP.

Bompocsr o Teme: Ilmactuueckast nedopmarusi. CKoJbKEHUE U TBOMHUKOBAHKE. SIBICHUE yII-
pouHeHus /Haknen/. OTAbIX U pekpucTauin3anus. JluciokauoHHas Teopus INIaCTUYHOCTH.
Xpynkoe u miacTudeckoe paspyuieHue. TeopeTuueckas OlleHKa MPOYHOCTU TBEPbIX Teld. Mo-
nenb MukpoTpeniut ['puddurca. Moaenu 3apoxxaeHIsT MUKPOTPEILUH.

Bpemennast npoyHOCTH TBEPBIX T€J. 3aBUCUMOCTh BPEMEHHOM MPOYHOCTH

OT HAIpPsDKEHUS U TeMIIepaTypbl. 3aBUCUMOCTb SHEPIMM aKTUBAILMU OT HanpsbKeHus. Pemienue
3a/1a4.

Tema 14. KoJsie0aHus1 aTOMOB KPUCTANJINYECKON pelIeTKH.

3ansaTus 22-23

dopma POBEICHHS — CEMUHAP.

Bormpocsl 1o Teme: ['apmonudeckuii ocuusuisitop. Bonnsl B ynipyroi cpeae. ®@azoBas u rpymnmo-
Basi CKOPOCTb BOJIH.

OpnHoMmepHbIe Koe0aHHs OJJHOPOAHOM CTpYHBI. YIIpYrHe BOJHBI B TPEXMEPHOU CIUIOLIHOM cpe-
ne. Konebanus omHopomHol nenodku aTtoMoB. JlucnepcuoHHble cooTHouieHus. PazoBas u
IPYNIOBas CKOPOCTH BOJH B aTOMHOM Lenouke. JIMCKPEeTHOCTh 3HAYEHWM BOJHOBOIO YHCIIA.
HopmanbHble KOOpAMHATHI U CYTIEPITO3UIIMS TAPMOHUYECKUX OCHMIIISTOPOB.

Konebanus ogHomMepHO# 1enoyku ¢ 6asucom. Onrudeckast M akycTHUecKasi BETBU TUCIIEPCHOH-
HBIX KpuBbIX. OOnacTh 3ampenieHHbIX 4acToT. CHEeKTp HOPMalIbHBIX KOJeOaHUN TpexMepHOMH
peweTky. JlucnepcuoHHble KpUBbIE Ul penIeTok ¢ 6asucoM. [InoTHOCTh HOpMaNbHBIX KoseOa-
Huil. Yacrota u temmneparypa [lebas. [lonstue o goHOHaX, MX CBOICTBAa M XapaKTEPUCTUKH.
Craructuka boze — OiiHiuTeiina. Pemenue 3anau.

Tema 15. TennoBble CBOMCTBA TBEPABIX TeJl.

3ansaTus 24-25

®dopma poBEACHUSA — CEMUHAP.

Bompocer no Teme: TemnoeMkocTs TBEpAbIX Tell. 3akoH Jrononra — [Itu. Teopus TemnoemkocTu
OlHmTeiiHa. XapakTepucTuyeckas Temieparypa OWHireiiHa. Teopus temoeMkoctu Jlebas.
TennoeMKoCTh 3JIEKTPOHHOTO T'a3a B METaJlIaX.

TennoBoe pacupeHre TBEPABbIX TeN. YUeT aHrapMOHHUYHOCTH kojeOanuii. Koaddumuent ten-
JIOBOT'O paCIIMpPEHUS TE.

TemnonpoBoAHOCTh TBEPABIX Tel. 3aKOoH Dypbe Uil U30TPOIHBIX M aHU30TPOIHBIX TBEPIBIX
Ten. Pemerounast TermmonpoBoHOCTh. POk aHTapMOHHYHOCTH KOJIEOAHUN. 3aBUCUMOCTH KO3 (-
¢uIMeHTa peneToyHol TeIIONPOBOJHOCTH OT TeMIepaTypbl. TemonpoBOJHOCTh METAJIIOB.
VYuer BKJIaga CBOOOIHBIX AJIEKTPOHOB. 3akoH Bunemana — ®@panna. Teopus dpyne - Jlopertia.
Teopus 3ommepdenbia. 3aBUCUMOCTD 3JEKTPOHHOM TEIUIONPOBOJHOCTH OT TemnepaTypbl. Co-
IIOCTaBJIEHUE TETUIONPOBOIHOCTH AUAJIEKTPUKOB U METAJUIOB. Perienue 3anad.

Tema 16. Inddy3us B TBepaAbIX TeEJIAX.

3ansrTue 26

dopma POBEICHUS — CEMUHAP.

Bormpocer o teme: Jluddy3uoHHBIE MPOILECCH — JABMKEHHWE BAaKaHCUU /IBIPOK/ U JABUKCHUE
aTOMOB B MEXaTOMHOM MpocTpaHcTBe. Teopus muddysun Openkens. TemnepaTypHas 3aBUCH-
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MOCTh Kodhdurnuenta nuddys3uu. 1-i u 2-i 3akonsl Ouka.
Juddy3us u3 MOCTOSHHOTO MOBEPXHOCTHOTO UCTOYHHKA. [[uddy3us u3 orpaHUYEHHOTO T0-
BEPXHOCTHOT'O KCTOYHUKA. Pernenune 3a1a4.

Pa3nes 5. CepxnpoBoaumMocTb. MarHuTHbIE CBOMCTBA TBEPABIX TeJl.

Tema 17. CBoiicTBa CBepXIPOBOIHHKOB.

3austue 27

®dopma npoBeACHUS — CEMHUHAP.

Bompocel o reme: IloHsTHE O CBEPXIIPOBOAUMOCTH. DIEKTPUUECKOE CONIPOTHUBIIEHUE CBEPX-
npoBotHUKOB. D dext Meticcuepa-Okcendenbna. Kpurnueckoe MmarautHoe moje. CBepxmpo-
BOJIHUKH TIepBOTO U BTOporo pona. ®a3er Meiiccuepa u lllyonukosa. M3oTonnyeckuii 3 QexT B
CBEPXIIPOBOJHHUKAX. TEIIOEMKOCTh CBEpXIPOBOIHUKOB. [loriomienue n3myuyeHus: CBEpXImpo-
BOJAHUKaMU. Pemenne 3anau.

Tema 18. Teopusi cBepxnpoBoagHuKoB 1-ro u 2-ro poaa.

3ansaTne 28

dopma POBEICHHS — CEMUHAP.

Bomnpocsl o teme: TepMoauHamuueckoe 0ObsICHEHUE CKayKa TEIUIOEMKOCTH B CBEPXITPOBOJI-
HuKax |-ro poxa. JIByxokuakoctHas mojenb ['oprepa u Kazumupa. TemneparypHas 3aBUCUMOCTh
KOHLEHTPALUU CBEPXIIPOBOAAILNX HOCUTENEH. DIEKTPOMAarHUTHBIE CBOMCTBA CBEPXIIPOBOIHHU-
koB. Teopust JlonoHos. ['myOnHa NpOHUKHOBEHMSI 110JIsI B CBEpXNPOBOAHUK. [ToHsiTHE O HETNO-
KanpHOU Teopuu IIunmapaa. CBEpXnpoBOAHUKY BTOPOIO POJa B MArHUTHBIX NOJAX. Teopus
I'mu30ypra-Jlangay. Bo3HUKHOBEHHE CMEIIaHHBIX COCTOSIHUM. SIBieHne nuHHUHTA. [IpuTsixe-
HUE JIEKTPOHOB 3a CUET UX B3aUMOJEHCTBHS C pemeTkol — cuibl Ppenunxa. Kyneposckue napsl.
Onenka pasmepoB napsl. Teopus bapauna-Kynepa-Ilpuddepa. BosuukHoBeHME sHEpreTHYE-
ckoif menu. KBaHToBaHMe MarHUTHOTo nMoToka. CTallMOHAPHBIN U HeCTalIMOHAPHBIA (P QeKThI
JIxo3edcona. Pemenue 3amau.

Tema 19. BoicokoTemnepaTypHasi CBepXIPOBOIUMOCTb.

3ansaTne 29

dopma NpoBEACHUSA — CEMHUHAP.

Bormpocsl 1o Teme: BbeicokoTemneparypHasi CBEpXIIpOBOAUMOCTb. Perenue 3anad.

Tema 20. /Ina- u mnapaMarHeTusm.

3anstue 30

dopma NpoBEACHUSA — CEMUHAP.

Bormpocs!l o Teme: MarautHoe niosie B BemectBe. Kitaccudukanus maraetukoB. [Ipupoaa nua-
MarHetusma. [Tapamarnerusm. @ynkuus JlanxxeBeHa. Y4eT IpOCTPaHCTBEHHOIO KBAHTOBAHU.
3akoH Kropu 11 napamarHeTHKOB. MarHUTHBIE CBOMCTBA AJIEKTPOHHOrO rasa. [lonyyenue Hus-
KHX TeMIepaTyp METOAO0M a/lnabaTH4YecKOro pa3MarHn4MBaHus apaMarHeTUKoB. Pemienue 3a-
Jad.

Tema 21. ®@eppomarseTusm.

3aunsrue 31

dopma MpoBEAECHUSI — CEMHUHAp.

Bompocsr o teme: CrnimHoBas pupoaa dheppomaraeruzma. OnbiThl DifHIITEHA U ne-1"aa3za u
onbIT bapuerta. Monekynsapaoe nosne Beticca. 3akon Kropu-Beticca. OOMeHnHOE B3anMo1eHCT-
BUE U PpeppomarHeTu3M. JJomeHHas cTpykTypa heppomaraeTukoB. KpuBas HaMarHW4uBaHUsI.
[Terns rucrepesuca. AHTHGEpPpOMarHeTu3M U GpeppuMarieTusm. Pemienne 3amay.
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Tema 22. MarautomexaHu4ecKue siBJIEHUS 1 MATHUTHBIE PE30HAHCHI.

3ansitue 32

dopma pOBEICHHS — CEMUHAP.

Bomnpoce! o Teme: [lpupoja s1epHOro MarHuTHOTO pe30HaHca. XapaKTEPUCTUKA JJUHUM MO-
romeHus. Xumuueckuit cipur. Casur Haitra. [Ipumenenne SAMP s ucciienoBanus METauioB.
DJIEKTPOHHBIN NTapaMarHUTHBIN pE30HAHC U €r0 TpUMeHeHue. GeppoMarHUTHBINA PE30HAHC.
BzaumopeiictBue cBera ¢ TBepAbIMHU TenaMu. KoMIIEKCHBIN OKa3aTenp npejaomieHus. Peme-
HHE 3a1a4.

Pa3nen 6. OnTuyeckue cBOMCTBA TBEPIABIX TeJl.

Tema 23. Iloryionienue ceBera.

3ansaTue 33

®dopma MpoBeACHUS — CEMHUHAP.

Bompocel o teme: Mexanusmsl norsiouieHus ceeta. CoOCTBEHHOE MOIIIOMIEHNE. DKCUTOHHOE
noryiouienue. [lornomenne cBo60HBIMU HOCUTENSIMU. [IpuMecHOe U pereToYHOe MOTJIOLICHHE.
Pewenne 3anau.

Tema 24. PekoMOMHALIMOHHOE U3JIyYeHHeE.

3anstue 34

dopma pOBEICHHS — CEMUHAP.

Bonpocsl o Teme: PexomOuHanmnonHoe nznydeHue. OCHOBHBIE MEXaHU3Mbl PEKOMOWHAIUH.
Mex3onHast pekomOuHanus. PekomOuHaIus yepes JJokain3oBaHHbIe ypoBHU. Moens XoJia-
loxnu-Puna. Bpems xu3Hu HepaBHOBECHBIX HocuTenel. Paguannonsslie 1eQeKTsl 1 Bpems
xu3Hu. OnHOpoaHOE pactipenenenue nepexron. Kinacreps! nedexros. Monens I'occuka. Mo-
nens MupoHoBa. DKCUTOHHAs pekoMOuHanus. Pemenue 3anauy.

7. JABOPATOPHBIE PABOTBI (IABOPATOPHBIN TIPAKTUKYM)

JlaGopaTtopHast pabdota 1. Onpenenenre MHPUHBI 3aMPEIICHHON 30HBI MTOJIYITPOBOIHAKA
JlaboparopHas paboTta 2. McciaenoBanue 3MeKTPONPOBOTHOCTH TOTYIIPOBOTHUKOB
JlaGopaTtopHast pabora 3. VMccnenoBanue 371eKTPONPOBOJIHOCTH METAIIIIOB
JlaboparopHas pabota 4. MI3yueHue paboThI p-n epexoia

JlaGopaTtopnast pabota 5. IIpo6oii p-n mepexoma

JlaboparopHas paboTa 6. KoHTakT MeTamI-moayrnpoBOTHUK

JlaGopaTtopHast pabota 7. Ddext Xomia B MPUMECHBIX MOTYIPOBOTHIUKAX
JlaboparopHas paboTta 8. M3yueHue 37IeKTPUUECKON MPOYHOCTH TBEPABIX TUIICKTPUKOB

8. TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE®GEPATOB

Jlannslit Bug paboTsl He ipeaycMoTper YII.

9. NEPEYEHbDb BOIIPOCOB K 3AYETY

1. Pacnpenenenne MakcBemna-bonbimana. [Tomnas GyHkmus pacnpeneneHus 4acTHIl He-
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BBIPOKIEHHOT'O 3JIEKTPOHHOT'O Ta3a.

2. Pacnpenenenue @epmu-upaka. Jueprust Gepmu. [lonnas yHKIUS pacnpeaeaeHus
BBIPOKIEHHOTO T'a3a 3JIEKTPOHOB.

3. Kuaccuueckas anexrponnas reopus pyne-Jlopentiia. BeiBoj 3akona Oma 1 BeIpaKeHHs
JUISL yI€IIBHOM 3JIEKTPOIPOBOIHOCTH. BiiusiHUuE BBIPOXKACHHOCTH 3JIEKTPOHHOIO rasa.

4. 3aBUCUMOCTH IIOJIBUKHOCTHU JIEKTPOHOB B METAJIJIaX OT TEMIIEPATYpPbl. DJIEKTPOIPOBO-
HOCTb YHCTBIX METAJIJIOB.

5. VYpaBuenue Ulpenunrepa ans kpuctaia. [Toastue 06 aquadarndeckoM MPUOTUKCHUH,
BaJICHTHOM alMpOKCUMAIMHN U OJHORJIEKTPOHHOM NpuOimxeHnn. CaMocoriacoBaHHOE
noje. [lepuonuunocts kpucramia u pynkuuu bioxa.

6. BosiHOBOI1 BeKTOp CBOOOIHOTO 3JIEKTPOHA U 3JIEKTPOHA B IEPUOAMUECKOM MOJIe KPH-

cramna. [lonsitue o KBa3unMnyJibCe.

3oubl bpuitosHa. J[ucKpeTHOCTh BOJTHOBBIX BEKTOPOB. DHEPI€TUUECKHUE 30HBI.

[ToBepxHOCTE Depmu [IsE CBOOOTHBIX IEKTPOHOB U IS JICKTPOHOB B KPUCTAILIE.

9. Mogenb Kponura-Ilennu. BiusHue ctenenu cBsi3u 3J€KTpoHA Ha 3aKoH auctiepcun E(k).
Pa3pemiennslie 1 3anpeieHHbIE 30HBI.

10. Db dexTrBHAsT Macca dnekTpoHa B kpuctasie. [lonsTue o apipkax.

11. 3anosniHeHue 3HepreTuyecKkux 30H. IIpoBOAHUKY, JUBIEKTPUKHU U MOTYIPOBOAHUKH.

12. TloBepxHOCTHBIE COCTOSTHUS. Y poBHH Tamma.

13. DHepreTryuecKkue ypoBHH MPHUMECHBIX aTOMOB H JIe(EeKTOB. JJOHOPHI M aKIENTOPEI.

14. DnexTponpOBOAHOCTh METAJUIMYECKUX CIIJIaBOB. TeMnepaTypHas 3aBUCUMOCTh IPOBO-
JUMOCTH.

15. Kpucramiorpaduyeckue cucteMbl KOOpAuHAT — cuHroHuu. Pemetku bpage.

16. Kpucramiorpaduueckie CHMBOIIBI y3JI0B, TUIOCKOCTEH 1 psiMbIX. MIHIekcs Muiniepa.

17. O6patHas pemierka. BekTopbl 00paTHOM pemieTkd. YTibl MeXay BEKTopaMHu 0oOpaTHOH
pemetku. O0bEM siueliky IpsIMON U OOPATHOM pEeIIeTKHU.

18. MeTozb! OIpeiesieHUsl aTOMHOM CTPYKTYPBI TBEPABIX TEIL.

19. IIpupona cuir MeKaTOMHOTO B3aMMOACHCTBHS. [l0TeHIIMaN HOHU3AIMH, SHEPTHS CPOJICT-
Ba K IEKTPOHY U 3JIEKTPOOTPULIATEIBHOCTD aTOMOB.

20. OcHOBHBIE THUTTBI XUMUYECKOH CBSI3H: METAJUTMYECKAsl, BAJICHTHAsI 1 MOHHASL.

21. Cunbl Ban-nep-Baanbca. MosekyssipHble KpUCTAJUIBI. DHEPrHsl CBSI3U MOJIEKYJISIPHBIX
kpuctauioB. Ilorenuman JlenHapaa—/[>KOHCOHa, CTPYKTypHbIE CyMMbl. PaBHOBecHOE
paccTosiHuEe 1 MMHUMAaJIbHAs SHEPTHsI B3aUMOJICHCTBUS.

22. Nonnas cBs3b. [loTenmuan B3aumoeicTBus. [locrossaasie Manenynra. @opmyna bop-
Ha—Jlanne. OnpeneneHne napamMeTpoB MOTEHLIMANA U3 U3MEPEHUHN CXKMMAEMOCTH KpHU-
cTaja.

23. KoBanenrtHas cBs3b. [loHsATHE 00 0OMEHHOM B3auMoJeHCTBUH. DHeprus cBs3u. Hampas-
JIEHHOCTBH M HACBIIIAEMOCTE CBSI3EH.

24. Metaunueckast cBsizb. MexaHu3M (GOpMHUPOBaHUS. DHEPTHsl CBSA3U METAJUINYECKUX KpU-
CTaJLIOB.

25. IlonsiTvie 0 BOJOPOJIHOM CBSI3U.

26. ToueuHble, TUHEWHBIC, TOBEPXHOCTHBIE M 00BEMHBIE Ne(eKThl. TeIioBbe, CTEXHOMET-
puueckue U paguannonsslie aedextsl. Jledexts! mo lorTku u no @penkento.

27. Toueunble NeeKTHl TEMJIOBOH MPHPOIBL. TepMHUYECKHI MEXaHW3M OOpa30BaHUS Iap
Openxkens u gedexroB Hlortku. KoHueHTpamus paBHOBECHBIX Ie(PEKTOB. YUET TepMHu-
YEeCKOM SHTpONUU. DHeprusi 00pa3oBaHus JePEKTOB.

28. Toueunble paauanoHHbIE Ae(EKThl. Y AapHbII MexaHu3M oOpa3zoBaHus nap PpeHkes.
[ToporoBas sHeprust cmenieHusl. MUHMMaIbHAs SHEPIUs YaCTULl U3JTyYEHHUs], CO3ar0IIIe-
ro panuaiuonsbie aedextsl. Moaens Kununna-I1uza u e€ monuduxarmm.

29. [lonsatue o nucnokanusx. KpaeBsie n BUHTOBBIE nuciokaiuu. Bekrop broprepca. Jlunus

o N
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quciokanuu. IIIoTHOCTE nucIoKanui.

30. V3nb1 aucnokanuii. Junatanusa. CMeneHHbIe U KpUBOJIUHEHHBIE TUCIOKany. VIcTouHu-
KM JUCIIOKalui. /[BryKeHNe TUCIOKALNUN U TUNIACTUYHOCTbD.

31. MexaHHU3MBI IBKEHHS JUCIOKALUN — MEeperoii3aHie U CKoibxkeHne. Mexanuzm @paHka
— Pupa. Ilosie HanpsikeHU 1UCIIOKaMUA. DHEPTUsS AUCTOKALIMH.

IHEPEYEHbB BOITPOCOB K OK3AMEHY

1. Jedopmanus u HanpsbkeHue. McTuHHBIE M ycloBHbBIE JedopMmanuu U HanpsbkeHus. Ha-
NPSOKEHUS CKATUS /pacTsbkeHust/ U ciaura. Ten3op HanpspkeHuid. Jledopmanuu cxatus u
casura. Onucanue o0bEMHON Aedopmarum.

2. Jlmarpamma nedopmanmu. Ynpyrocts. 3akoH ['yka aist pacTsokeHus U s casura. Mo-
nynbs FOura u moayns casura. Kosdduuuent [Tyaccona. O600menHsIii 3akoH ['yka.

3. ITlnactuueckast nedopmanusi. CKOJbKEHHE M ABOWHUKOBAaHWE. SIBICHHE YNPOUYHEHHS
/nakien/. OTIBIX U peKpucTaun3auus. JJuciokannoHHas Teopus IIaCTUHYHOCTH.

4. Xpymnkoe M IJIaCTHMYECKOE paspylieHue. TeopeTnueckas OLIEHKa MPOYHOCTHU TBEPIBIX
tes1. Mozens Mukpotpent ['puddurca. Moaenu 3apoxaeHuss MUKPOTPEILUH.

5. Tapmonwnueckwuii ocrmiarop. Bonnsl B ynpyroii cpene. @a3oBast u rpymnnoBas CKOPOCTh
BOJIH.

6. OnmHoMepHbIe KOleOaHHUsS OJHOPOTHON CTPYHBI. YTIPYIHe BOJIHBI B TPEXMEPHOH CILIONI-
HOH cpefe.

7. Konebanus ogHOpOJHON 1IETIOYKM aTOMOB. JlucnepcuoHHsle cooTHomeHus. das3opas u
IPYNIOBasl CKOPOCTH BOJIH B aTOMHOM Lienouke. /[MCKpeTHOCTh 3Hau€HUN BOJHOBOTO
ymcna. HopmasibHble KOOPAWHATHI U CYNEPHO3UIIMS TAPMOHUYECKUX OCIIHILISTOPOB.

8. KonebGanus ogHomepHoO# 1enodku ¢ 6azucom. Ontudeckas U aKyCTHUECKas BETBH JIUC-
NEePCUOHHBIX KpUBBIX. O01aCTh 3aNperIeHHbIX YacToT.

9. CnexkTp HOpPMalbHBIX KOJeOaHUH TpexMepHOH pemeTkd. J{MucrnepCcuoHHbIe KPUBBIE JUIS
pemierok ¢ 0azucoM. [ImoTHOCTE HOpMalbHBIX KosebaHuil. Yactota u Temneparypa Jle-
6as. IlonsTe o ¢oHOHaxX, WX cBoMcTBa M XapakTepucTuku. Craructuka boze — Diin-
HITeHAa.

10. TertoemMkocTh TBepbIX Ten. 3akoH [rononra — [Itu. Teopus TerioeMkocTH DUHIITEH-
Ha. XapakTepucTUUYecKas Temineparypa DUHIITeHHa.

11. Teopus tertoemkocTH /lebasi. TermioeMKoCTb 3J1€KTPOHHOTO ra3a B MeTajlIax.

12. TerutoBoe pacmIMpeHHe TBEPIBIX TeNl. YUeT aHrapMOHUYHOCTH Kosiebanuit. Koadpumu-
€HT TEIJIOBOIO PACIIUPEHUS TEN.

13. Teopust nudysun Openkens. TemneparypHas 3aBUCUMOCTh KodpummeHTa nuddy3um.
1-i1 u 2-i1 3akonbl OuKa.

14. lnddy3ust u3 MOCTOSTHHOTO MOBEPXHOCTHOTO UCTOUHUKA. [l y3ust u3 orpaHuYEeHHOTO
MOBEPXHOCTHOI'O UCTOYHHUKA.

15. TloHsATHE O CBEPXNPOBOUMOCTHU. DNEKTPUUECKOE COMPOTUBICHUE CBEPXITPOBOIHUKOB.

A dext MeiiccHepa-Oxcendenba.

16. Kputnueckoe MmarHuTHOE 1mosie. CBEpXIPOBOJHUKH MTEPBOTO B BTOpOro poaa. dasel
Meiiccuepa u LllyoHukoBa.

17. TennoeMkocTh CBEpXIPOBOAHUKOB. [lornomnienue u3nydeHns CBepXInpoBOTHUKAMHU.

18. JIByxokuaKocTHas MOAETb. TemneparypHasi 3aBUCUMOCTb KOHIICHTPALIMU CBEPXITPOBO-
IAIIX HOCUTEIIEHN.

19. DnexTpomMarHuTHBIE CBOICTBA CBepXNPOBOAHUKOB. Teopus Jlongonos. ['mybuna npo-
HUKHOBEHUS T0JIS1 B CBEPXITPOBOHUK.
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20.
21.

22.

23.

24.
25.

26.

217.

28.
29.

30.

31.
32.
33.
34.

CBepXMnpoBOJIHUKH BTOPOTO pojia B MAarHUTHBIX noiisix. Teopus ['un30ypra-Jlannay.
[IputskeHre 3IEKTPOHOB 3a CYET UX B3aUMOJECUCTBUS ¢ pemieTkoi. KynepoBckue napsl.
OueHka pa3mMepoB Mapsl.

Teopus bapauna-Kymnepa-Ilpuddepa. BosaukHoBeHnue sneprerudeckoii menu. Ksanro-
BaHHME MArHUTHOI'O ITOTOKA.

CranuoHapHbIi 1 HecTaunoHapHBIN 3¢ dexTr! [xo3edcona. BeicokoTemnepaTypHas
CBEPXIPOBOJUMOCTb.

MaruautHoe none B BemecTBe. Kitaccudukanust MaraeTukoB. [Ipupona nuamaraerusma.
[Tapamarnetusm. @ynkuus JlanxkeBeHa. Y4eT IPOCTPAHCTBEHHOTO KBAHTOBAHUS. 3aKOH
Kropu mi1s mapamMaraeTukoB.

CnunoBas npupoaa ¢eppomaraernsma. OnbIThl DifHIITEHHA U Je-1"aa3a u onbIT bapHer-
ta. MonekynspHoe noje Beiicca. 3akon Kropu-Beiicca.

Ob6menHoe B3auMoielicTBUE U peppoMarHeTu3M. AHTU(eppoMarHeTusm u eppumarte-
TH3M.

JlomeHHas cTpykTypa deppomarneTukoB. Kpusas namaranuuBanus. [letns rucrepesuca.
[Ipupona ssaepHOro MarHUTHOIO PE30HAHCA. XapaAKTEPUCTUKA JJUHUM NOTJIOMEHNs. X U-
muueckuid caur. Casur Haitta. [Ipumenenue AIMP nns uccienoBaHus MeTajuioB.
DNEeKTPOHHBINA MapaMarHUTHBIA PE30HAHC U €ro NpuMeHeHne. @eppoMarHUTHBIN pe3o-
HaHC.

B3anmoneiicTBre cBera ¢ TBEpABIMU TenaMu. KOMIIIEKCHBIN MOKa3aTENb MPETOMIICHUS.
MexaHu3Mbl MOTJIOIICHUS CBETA.

PexomOnnanmonnoe uzinyderre. OCHOBHBIE MEXaHH3MBbI PEKOMOWHAIIHH.

Me:x3oHHast pekoMOuHanus. PekomOuHanus 4yepe3 J0KaJIn30BaHHbIE YPOBHHU.

10. CAMOCTOSATEJIBHASA PABOTA CTYJIEHTOB

®opma 00yueHHs OUHasA

HasBaHnue pa3ie/ioB u Bua camocrosiTeibHOM padoThI O0bem | DopMa KOHTPO-
TeM (npopabomka yueonozo mamepua- | B 4acax J
na, pewienue 3aoau, pegpepam, 00K- (nposepka pewe-
140, KOHMpPoOJIbHAA paboma, noo- Hus 3a0au, pege-
20MOBKA K coaue 3auema, IK3amena pama u 0p.)
u op.)

Tema 1. OcHOBHBIE TTO-
CTyJIaThl KBAHTOBOW Me-

[IpopaboTka yueOHOTrO Marepuaia c
UCIIOJIb30BAHUEM PECYPCOB y4eOHO-

XaHWKU. Jlyanmusm siBie- | METOAMYECKOro M MH(OPMAIIMOHHO- 6 TectupoBanue,
HUN MUKpoMupa. J[nHa- | TO oOecTieueHns TUCIUTUIUHBL; YCTHBIN OIIPOC
MHKa OJJTHOMEPHBIX KBaH- | [IoAroTOBKA K TECTUPOBAHUIO;
TOBBIX CHUCTEM [TogroroBka K ciade sK3aMeHa.
[IpopaboTka yyeOHOro Marepuaia c
HCIOJIb30BAHUEM PECYpPCOB yueOHO-
METOANYECKOTO U MH(POPMALIMOHHO-
! (popman TectupoBanue,
ro obecrevyeHus TUCIUTLTNHBI,
8 OTYETHI K
[ToaroToBka K TECTUPOBAHUIO;
nab.paboTam
[ToarotoBka OT4ETOB K JiabopaTop-
Tema 2. DnemeHTsl pu- | HBIM paboTam
3UYECKOM CTaTUCTHUKMU. IToaroroBka Kk caye 3K3aMeHa.
Tema 3. Mogens cBO- [IpopaboTka yueOHOTO Marepuana 8 TectupoBanue,
OOIHBIX HJIEKTPOHOB. WCIOJIH30BAHUEM PECYpPCOB yueOHO- OTYETHI K
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METOJIMYECKOTO U HWH(POPMAIIMOHHO-
ro odecrevyeHns JUCIUILINHEI;
[ToaroroBka K TECTUPOBAHUIO;
[ToaroroBka oT4eToB K J1aboparop-
HBbIM paboTam

IToaroroBka k cjade sK3aMeHa.

nab.paboram

Tema 4. 3onHas Teopus
TBEPABIX TEJl.

[IpopaboTka y4eOHOTO Marepuana c
HCIIOJIb30BAHUEM PECYpPCOB yueOHO-
METOAMYECKOT0 ¥ MH(POPMALMOHHO-
ro obecrnedyeHus: AUCUUILINHBL;
[ToaroroBka K TECTUPOBAHUIO;
[lonroroBka OTYETOB K J1aboparop-
HBbIM paboTam

ITonroToBka K caye SK3aMeHa.

TectupoBanue,
OTYETHI K
nab6.paboram

Tema 5. TepmodiiekTpu-
YECKUE SIBICHUS.

[IpopaboTka y4eOHOTO Marepuaia C
HCIIOJIb30BAHUEM PECYPCOB Yy4eOHO-
METOJIMYCCKOT0 U HH(POPMAITHOHHO-
ro odecrevYeHus JUCIUILINHEI;
[ToaroroBka K TECTUPOBAHUIO;
[ToaroroBka ot4eToB K J1aboparop-
HBbIM paboTam
IToaroroBka k cjade 3K3aMeHa.

Tectuposanue,
OTYETHI K
na6.paboram

Tewma 6. ['eomerpus co-

BCPIICHHLIX KPUCTAJIJIOB.

[IpopaboTka y4eOHOTO Marepuaia C
WCIIOJIb30BAHUEM PECYPCOB Yy4eOHO-
METOAMYECKOTO ¥ MH(POPMAIIMOHHO-
ro odecrevYeHus JUCIUIUINHEI;
[ToaroroBka K TECTUPOBAHUIO;
IToaroroBka k cgaue sK3aMeHa.

TectupoBanue,
YCTHBIH OIIPOC

Tema 7. B3zaumoneincr-
BHE aTOMOB B TBEPJIBIX
Tenax.

[IpopaboTka yyeOHOTrO Marepuaia c
HCIOJIb30BAHUEM PECYpPCOB yueOHO-
METOJIMYECKOTO U MH(POPMAIIMOHHO-
ro o0ecrnedyeHus: AUCHUIUINHBL
[ToaroToBka K TECTUPOBAHUIO;
ITonroroBka K cradye sK3aMeHa.

TectupoBanue,
YCTHBIH OIIPOC

Tema 8. Toueunrle ne-
(EKTHI.

[IpopaboTka yyeOHOTrO Marepuaia c
UCIIOJIb30BAHUEM PECYPCOB y4eOHO-
METOJIMYECKOTO0 U MHPOPMAIIMOHHO-
ro o0ecredyeHus: AUCUUIUINHBL
[ToaroroBka K TECTUPOBAHMIO;
ITonroroBka K caue sK3aMeHa.

TectupoBanue,
YCTHBIH OIIPOC

Tema 9. Pagnanuonusie
nedeKThl U AIEKTPOIpO-
BOJIHOCTBH METAJJIOB.

[IpopaboTka yyeOHOTO MaTepHaia c
UCIIOJIb30BAHUEM PECYPCOB y4eOHO-
METOJIMYECKOTO0 U MHPOPMAIIMOHHO-
ro o0ecredyeHus: AUCHUIUINHBL
[ToaroroBka K TECTUPOBAHMIO;
ITonroroBka K cade sK3aMeHa.

TectupoBanue,
YCTHBIH OIIPOC

Tema 10. JIucookarum.

[IpopaboTka yyeOHOTO MaTepuaia c
WCIIOJIb30BAHUEM PECYPCOB Yy4eOHO-
METOJIMYECKOT0 U MH(pOPMAITMOHHO-

TectupoBanue,
YCTHBIH OIIPOC
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Tro O6€CHC‘I€HI/IH JUCHUIIIINHBI,
[ToaroToBka K TECTUPOBAHUIO;
IloaroroBka K cjiade 3K3aMeHa.

Tema 11. Makpockonu-
qyeckue e(eKThI.

[IpopaboTka yuyeOHOrO Marepuana
HCIIOJIb30BAHUEM PECYPCOB Y4eOHO-
METOAMYECKOTO ¥ WH(POPMAIIMOHHO-
ro obecreueHus JUCITUTUINHBI,
[TonroToBka K TECTHPOBAHUIO;
IToaroroBka Kk caye 3K3aMeHa.

TectupoBanue,
YCTHBIHA OIIPOC

Tema 12. Ynpyrue cBoi-
CTBA TBEPJBIX TEJl.

[IpopaboTka yuyeOHOro Marepuana
WCIIOJIb30BAHUEM PECYPCOB Yy4eOHO-
METOAMYECKOT0 ¥ WH(POPMAIIMOHHO-
ro o0ecreYeHust TUCITUTUTNHBI,
[TonroToBka K TECTHPOBAHUIO;
IToaroroBka Kk cgaye 3K3aMeHa.

Tectuposanue,
YCTHBIA OIIPOC

Tema 13. ITnacTUYHOCTH
Y TBEPAOCTb.

[IpopaboTka yueOHOTO Matepuaa c
WCIIOJIb30BAHUEM PECYPCOB Y4eOHO-
METOAMYECKOT0 ¥ WH(POPMAIIMOHHO-
ro obecrieYeHust TUCITUTUTNHBI,
[TonroToBka K TECTHPOBAHUIO;
[ToaroroBka K ciaye sK3aMeHa.

Tectuposanue,
YCTHBIA OIIPOC

Tema 14. Konebauus
aTOMOB KpHUCTaJUTHYe-
CKOM PEIIEeTKH.

[IpopaboTka yueOHOTO MaTepuaa c
WCIIOJIb30BAHUEM PECYPCOB Y4eOHO-
METOJIMYECKOTO0 U HH(POPMAIIMOHHO-
ro o0ecreYeHust TUCITUTUTNHBI,
[ToaroroBka K TeCTUPOBAHUIO;
IToaroroBka Kk caye 3K3aMeHa.

TectupoBanue,
YCTHBIA OIIPOC

Tema 15. TennoBeie
CBOICTBA TBEPJIBIX TEI.

[IpopaboTka yueOHOTO MaTepuana c
WCIIOJIb30BAHUEM PECYPCOB Yy4eOHO-
METOJIMYECKOTO0 U HH(POPMAIIMOHHO-
ro o0ecreYeHust TUCITUTUTNHBI,
[ToaroroBka K TeCTUPOBAHUIO;
IToaroroBka Kk caye 3K3aMeHa.

TectupoBanue,
YCTHBIA OIIPOC

Tema 16. duddysus B
TBEPJIBIX TEJax.

[IpopaboTka yueOHOTO MaTepuana c
WCIIOJIb30BAHUEM PECYPCOB y4eOHO-
METOJIMYECKOTO U HH(POPMAIIMIOHHO-
ro o0ecreYeHns TUCITUTLTAHBI,
[ToaroroBka K TeCTUPOBAHUIO;
TloaroroBka k ciade >K3aMeHa.

TectupoBanue,
YCTHBIA OIIPOC

Tema 17. CsoiicTBa
CBEPXIPOBOTHUKOB.

[IpopaboTka yueOHOTO Marepuaa C
WCIIOJIb30BAHUEM PECYPCOB y4IeOHO-
METOJIMYECKOTO U HH(POPMAIIIOHHO-
ro o0ecreYeHNs TUCITUTLTAHBI,
[ToaroroBka K TeCTUPOBAHUIO;
IToaroroBka k cigadue sK3aMeHa.

TectupoBanue,
YCTHBIA OIIPOC

Tema 18. Teopus cBepx-
MPOBOJHUKOB 1-r0 U 2-
ro poja.

[IpopaboTka yyeOHOTO Matepuaa c
UCIIOJIb30BAHUEM PECYPCOB y4eOHO-
METOIUYECKOT0 U MH(POPMAITMOHHO-
ro odecreyeHus JUCHUITIIMHBI,

TectupoBanue,
YCTHBIN OIPOC
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[ToaroroBka K TECTUPOBAHUIO;
IToaroroBka K cgadue sK3aMeHa.

Tema 19. BricokoTemiie-
paTypHas CBEpXIIPOBO-
ITUMOCTb.

[IpopaboTka y4eOHOTO Marepuana c
UCIIOJIb30BaHUEM PECYPCOB y4eOHO-
METOAMYECKOTO ¥ MH(POPMALMOHHO-
ro 00ecreyeHus TUCIUTUINHBI;
[ToaroToBka K TECTUPOBAHUIO;
[ToaroroBka K caye 3K3aMeHa.

TectupoBanue,
YCTHBIN OIIPOC

Tewma 20. JIua- u napa-
MarHeTH3M.

[IpopaboTka y4eOHOrO Marepuana C
UCIIOJIb30BAaHUEM PECYPCOB y4eOHO-
METOAMYECKOTO ¥ MH(POPMALMOHHO-
ro 00ecreyYeHus TUCIUTUINHBI;
[ToaroroBka K TECTUPOBAHUIO;
[ToaroroBka K caye SK3aMeHa.

TectupoBanue,
YCTHBIA OIIPOC

Tema 21. ®eppomarte-
TU3M.

[IpopaboTka y4eOHOTO Marepuaia C
HCIIOJIb30BAHUEM PECYPCOB Yy4eOHO-
METOAMYECKOTO ¥ MH(POPMAIIMOHHO-
ro odecrevYeHus JUCIUILINHEI;
[ToaroroBka K TECTUPOBAHUIO;
IToaroroBka k cjade 3K3aMeHa.

TectupoBanue,
YCTHBIA OIIPOC

Tema 22. MargauromMexa-
HUYECKHUE SBJICHUS U
MarHUTHBIE PE30HAHCHI.

[IpopaboTka y4eOHOTO Marepuaia C
HCIIOJIb30BAHUEM PECYPCOB Yy4eOHO-
METOAMYECKOTO ¥ MH(POPMAIIMOHHO-
ro odecredYeHus JUCIUIUINHEI;
[ToaroToBka K TECTUPOBAHUIO;
IToaroroBka K ciade sK3aMeHa.

TectupoBanue,
YCTHBIH OIIPOC

Tema 23. ITormonienne
CBETA.

[IpopaboTka yueOHOTrO Marepuaia c
HCIOJIb30BAHUEM PECYpPCOB yueOHO-
METOJIMYECKOTO U MHPOPMAIMOHHO-
ro o0ecredyeHus: AUCHUIUINHBL
[ToaroToBka K TECTUPOBAHUIO;
ITonroroBka K cade PK3aMeHa.

TectupoBanue,
YCTHBIH OIIPOC

Tema 24. PexomOunaru-
OHHOE HU3JIyYEeHHE.

[IpopaboTka yueOHOTrO Marepuaia c
UCIIOJIb30BAHUEM PECYPCOB y4eOHO-
METOJIMYECKOTO U MH(POPMAIMOHHO-
ro o0ecredyeHus: AUCHUIUINHBL
[ToaroroBka K TECTUPOBAHMIO;
ITonroroBka K cade FK3aMeHa.

TectupoBanue,
YCTHBIH OIIPOC

11. YYEBHO-METOANYECKOE U THOOPMALIMOHHOE OBECIIEYEHHUE

JTUCIATITAHBI

a) CnucoK peKoMeHAyeMO JINTepaTypbl

OcHoBHAA:

1. T'ypros, B. A. ®usuka TBepa0OTO TENA JJIsT MHKEHEPOB : yueOHoe mocodue / B. A. I'yp-
toB, P. H. Ocaynenko ; mox penaxuueii JI. A. Anemmna. — Mocksa : Texnocdepa, 2012.
— 560 c. — ISBN 978-5-94836-327-1. — Tekct : 3JeKTPOHHBIA // DIEKTPOHHO-
OubmuoreyHas cucrema IPR BOOKS [caiiT]. — URL:
http://www.iprbookshop.ru/26903.html
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JlomostHuTEIBHAS

1. DnemeHThl Ghu3UKK TBEPAOTO Tena : yueObHoe mocodbue / cocraBurenu B. . Yeuyes, C. B.
Bukynos, U. M. JI3t0. — HoBocubupck : HoBocuOupckuii rocy1apcTBeHHBINA arpapHbIit
yauBepcuteT, 2012. — 160 c. — ISBN 2227-8397. — TekcT : a1eKTpoHHBIN // DIek-
TpOHHO-OMOMMoTeunass  cuctema  [PR BOOKS : [caiit]. —  URL:
http://www.iprbookshop.ru/64832.html

YyeoHo-MeToAUYECKAN:

1. Koponés, A. A. ®usuka tBEpaoro tena. Yacts 1 : MeToauyeckue peKOMEHIAINH 1O BbI-

nonHeHuto jaboparopueix pador / A. A. Koponés, C. A. KypamoBa. — CaHKT-
[TerepOypr : Yausepcurer U'TMO, 2014. — 80 ¢. — ISBN 2227-8397. — TekcT : 37ek-
TPOHHBIA // DnexkTpoHHO-OMOMuoreyHas cucrema [PR BOOKS : [caiit]. — URL:

http://www.iprbookshop.ru/68723.html

CorJiacoBaHo:
/ OTN A4S L L) € ] /
e . /'VL — ¢ LA j"r"

JTOIKHOCTB COTPYAHHKA HayUHJ11 OHOTHOTEKH dHO MOAIMCH 1ara

0) mporpaMMHoe obecrneyeHue

HE MPESyCMOTPEHO
B) [Ipodeccuonanbubie 6a3bl JaHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBI

1. DyIeKTPOHHO-0UOIHOTEYHbIE CHCTEMBI

1.1. IPRbOOKS [DeKTpoHHBIH pecypc]: 3JIeKTpOHHO-OMOIHOTeYHass cucTeMa/ TpyImia
komnanuilt At [Iu Op Menua. - OnextpoH. aad. - Caparos, [2019]. - Pexxum nocty-
na: http://www.iprbookshop.ru.

1.2. FOPAHUT [DnextpoHHE# pecypc]: ameKTpoHHO-6uGHOTeuHas cuctema/ 00O
Dnekrponnoe m3narenbcro IOPAWT. - DiexTpon. man. — Mocksa, [2019]. - Pe-
*uM jgocrtyna: https://www.biblio-online.ru.

1.3. KoHCyabTaHT cTyAeHTa [ DIEKTPOHHEIN pecypc]: 2IeKTPOHHO-OMOIMOTEYHAS CHC-
tema/ OOO Ilonutexpecypc. - DnekTpoH. naH. — MockBa, [2019]. - Pexum gocty-
na: http://www.studentlibrary.ru/pages/catalogue.html.

1.4. Jlanb [DnexTpoHHBIM pecypc]: ameKTpoHHO-OMOIHoTeuHas cucrema/ OO0 3BC
Jlanb. - Onextpon. pnman. — C.-Ilerepoypr, [2019]. - Pexum gocryna:
https://e.lanbook.com.

1.5. Znanium.com [DneKTpOHHBIA pecypc]: 3JIEKTPOHHO-OMOIMOTEYHAS CHUCTeMa/
OOO 3unanmym. - OnekTpoH. naH. — Mocksa, [2019]. - Pexum pgocryna:
http://znanium.com.

2. Koncyabrantllintoc [DnekTpoHHBINA pecype]: crpaBouHas mpaBoBasi cuctema/ Kom-

nanus «Koncynerant [Imrocy. - OnektpoH. nas. - Mocksa: Koncymnpsrantlntoc, [2019].

3. baza npaHHBIX NePHOAMYECKMX H3AAHMIl [DJIEKTPOHHBIA pecypc|: IJIEKTPOHHBIC
xypHaie/ OOO WBUC. - OmnexktpoH. pnaH. - MockBa, [2019]. - Pexum npocryma:
https://dlib.eastview.com/browse/udb/12.

4. HaumoHaJbHasl 3JIeKTPOHHAsE OuOMoTeKa [DIEKTPOHHBIA pecypc|: dIEKTpOHHAs
Ooubmuoreka. - DNeKTpoH. naH. — Mocksa, [2019]. - Pexxum noctyna: https://mH30.pd.

5. ®enepanbubie ”HPOPMAIHOHHO-00pa30BaTeIbHbIE MOPTAJIbI.

5.1. Madopmanmonnas cucreMa EnmHoe OKHO JocTyma K 00pa3oBaTelbHBIM PecypcaM.
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Pexxum moctyma: http://window.edu.ru.

5.2. ®enepanbublii  mopran  Poccuiickoe  oOpazoBanme.  Pexum — goctyna:
http://www.edu.ru.

6. O0pa3oBarenbHble pecypebl Yal'y:

6.1. Dnexrponnas 6ubnmoreka Yiul'Y. Pexxum mocryma: http://lib.ulsu.ru/MegaPro/Web.

6.2. O6pazoBarenbHbiil mopran Yiul'Y. Pexxum mocryma: http://edu.ulsu.ru.

7. IIpodeccuonanbHbie HHPOPMAIMOHHBbIE PeCyPChI:

7.1. «Texnuyeckass MexaHHKa» WH(POPMAIMOHHO-00yJaromuii pecypc. Pexxum gocryna:

https://isopromat.org.
CoracoBaHo: Z B2
X / Ll / / y / ,/”‘ oy 4 & C "" ’ ’ :
JOKHOCTE coTpyAHHKa YATHT %(0) ‘ T moanuch narta

12. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUITJIMHBI

Aynuropur AN TOPOBEACHUS JIEKUUH, CEMUHApCKUX 3aHATUH, U1  BbIIOJIHEHUS
7a00paTOpHBIX PAabOT M MPAKTHUKYMOB, JJIsi TPOBEIEHHUS TEKYIIEro KOHTPOJId U
IIPOMEXKYTOUHOM aTTECTALMU, KypPCOBOIO IPOEKTUPOBAHNUS, TPYIIOBBIX U MHAWBUIYAJIbHBIX
KOHCYJIbTALIU .

AynuTopuM  YKOMIUIEKTOBAaHbl — CIELMAIU3UPOBAHHON  MeOenplo, y4eOHOM  JIOCKOM.
AynuTtopuu JUisl IPOBEICHUS JIEKIUI 000pyA0BaHbl MYJIbTUMEIUIHBIM 000PYIOBaHUEM /TS
npeocTaBlIeHUs HHQOpMAIK OOIBIION ayAUTOPUH.

Jlnst mpoBeieHust 1a00paTOPHBIX PabOT MCIIONIB3YETCs ClleAyIoliee 000py10BaHUE:
MOJIVJIbHbIV YYEBHbIN KOMITJIEKC MYK-TTI

AMIIEPMETP-BOJIbTMETP AB1

TEHEPATOP HAIIPSDKEHNI MHOI' O®YHKIIMOHAJIBHBIN T'H4-01

CTEHIA C OBBbEKTAMUM NCCJIEJJOBAHUMA C3-25X01

CTEHIA C OBBbEKTAMUM NCCJIIEJJOBAHUMA C3-TTO1

CoenunutenbHble MpoBoa 1MHOM 60 cm (mrekepa L1-6, [114)

13. CHEHUAJIBHBIE YCJIOBUS JI51 OBYYAIOLIUXCSA C OTPAHUYEHHDbI-
MM BO3MOXKHOCTAMMU 310POBbSA

B cnydae wnHeoOxoammocTH, OOyYarONIMMCS U3 4YHCIA JHUI[ C OTPaHUYECHHBIMHU
BO3MOXHOCTSIMHM 3JI0pOBbsl (IO 3asBJICHUIO OOYyYaroIerocsi) MOTYT MpeajaraThCsi OJHU W3
CIICAYIONIMX BapUaHTOB BOCTIPHUATHS WHQPOPMAIMM C YYETOM UX HHAWBHIYaTbHBIX
NCUXO(PHU3MUECKUX 0COOEHHOCTEH:

— JUISL TUI C HApYLLIEHUSIMU 3pEHUS: B IeYaTHOUN (popme yBeIHMUeHHBIM pUPTOM; B popme
AJIEKTPOHHOTO JIOKyMEHTa; B (opme ayauodaiina (mepeBos ydueOHBIX MaTepHalioB B
ayauodopmar); B mevaTHoW ¢opme Ha si3bike bpaiins; WHIUBUAyalbHBIE KOHCYJIBTAIMU C
HpUBJICUYECHHEM TH(IIOCYPIOTIEPEBOAUNKA; HHIUBUAYAIbHBIC 3aaHUsl U KOHCYJIbTALIUY;

— JUId JHIl C HapyIIeHWsIMM CiIyxa: B Ie4daTHOH ¢opme; B ¢GopMe 3IEeKTPOHHOIO
JOKYMEHTa; BUACOMATEPHAIIBI C CYOTUTPaMU; HHIUBUIYyaIbHbIE KOHCYJIBTAIIH C TIPUBJICUYCHUEM
CYpJIOTIepEBOJUMKA; UHANBUIYAIbHbIE 3aJJaHUS U KOHCYJIbTALIUY;

— s U] ¢ HApyOICHWSMH OIOPHO-ABHTaTENFHOTO ammapara: B IedaTHo (opme; B
dopMe DIEKTPOHHOTO JOKyMeHTa; B (opMme ayauodaiina; HHIMBUAYaJIbHBIE 3aJaHUS U
KOHCYJIbTaI1H.
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B ciyyae HEoOXOaUMOCTH HMCHOJIb30BaHUS B Y4eOHOM MPOLECCE YACTHUHO/ HMCKIIIOUU-
TEIHHO JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHONOTHH, opranu3zamnus padotsl [IIIC ¢ oOyuaro-
nmmmucs ¢ OB3 1 uHBanmuaamMu npeaycMaTpuUBaeTcs B AJIEKTPOHHONW MHGOPMAIMOHHO- 00pa3o-
BaTENbHOU CPe/ie C YUETOM X WHAMBHIYATbHBIX ICUXO(PHU3MUIECKUX 0COOCHHOCTEH

p)

PazpaboTtunk _~7 __jouent, Pri6bun Bnagucnas Buransesuy
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