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PABOYASA ITPOI'PAMMA JIUCLHUIIJIMHBI
MartemaTuyeckoe MoeIMPOBaHHE B COBPEMEHHOM MAaTepHaI0BeeHUN
IIporpamma 6akanaBpuara
no HanpapjeHuio noaroroBku 03.03.02 ®usuka,
npoduias «ludpossie TeXHOJIOTUN B PU3UKE»

dopma NOArOTOBKU OYHAs

Kypc 3 cemectp 6

aekuuu 18 ygac.

npaktudeckue 3ausaTust 00 vac.

nabopaTopHbie paboThI 36 yac.

B TOM YHCJIE C UCIIOJIH30BAHUEM

BCEr0 4acoB ayIMTOPHON Harpy3ku 54 yac.
camocTtosiTensHas pabora 18 yac.

B TOM YHCIIE Ha MOJATOTOBKY K 9k3aMeHy 36 4ac (eciu SK3aMeH MPEAyCMOTPEH).
KOHTPOJIbHBIE PA0OTHI (KOJTUYECTBO) HE MIPEAYCMOTPEHBI
KypcoBasi paboTa / KypcOBOM MPOEKT HE MPEAYCMOTPEHBI
3a4eT HeT

’K3aMeH 6 cemecTp

PaGouas nmporpamMma coctaBiieHa B COOTBETCTBUU C TPEOOBAHUSIMU
denepanbHOTO rocy1apcTBEHHOI0 00pa30BaTeNLHOIO CTaHapTa

no HarnpasyieHuto moarotosku 03.03.02 dusuka,

YTBEPKACHHOTO TpHKa30M MUHKCTEPCTBA HayKU U BhICLIEro oOpa3oBanus PO
ot 7 aBrycta 2020 r. Ne 891.

PabGouas nmporpamma oOcy»xieHa Ha 3acenanuu JlenapraMeHTa TeOpeTUIeCKOr (PU3UKH U
WUHTEJUICKTYyaJIbHBIX TEXHOJOTHH, TPOTOKOMI Ne 4 ot «25» Hos10pst 2021 .

Hupexrop [enapramenta: Hedener K.B.

CocraBurenu: npodeccop, 1.¢.-m.H. Appemos JI. JI., noueHt, k.¢.-m.H. Unsromma U. T'.

BrnanusocToxk,
2022



OO0opoTHas cTopoHa TUTYJIBHOrO Jucta PITJI

|. Padouasi mporpamma nepecmorpena na 3aceganun JTOUT:

IIporokon or « » 20 1. Ne

HupexTop nenaprameHTa

(moznmucs) (M.0. damunms)

1. PaGouasi nporpamMma nepecMoTpeHa Ha 3aceganuu ITOUT:

IIpotokon ot « » 20 1. Ne

JupekTop nenapTaMeHTa

(oamnuce) (N1.0. damuus)

111 Padouass mporpamma nepecmMorpena Ha 3aceqanuu ITOUT:

[IpoTokon ot « » 20 r. Ne

JupexTop nenaprameHTa

(nmoamuce) (M.0. damunus)

V. PaGouast nporpamMa nepecmoTpeHna Ha 3aceaanuu {TOUT:

[IpoTokon ot « » 20 r. Ne

Jupexrop nenapraMeHTa

(moznmucs) (M1.0. ®ammus)



1. llenu u 3aga4u OCBOEHUS AUCLUIIINHBIL:

Lenb: Lenp u3yueHuss AMCUUIUIMHBI — MPUOOPETEHUE CUCTEMATU3MPOBAHHBIX
3HAHUK O MaTeMaTU4eCKOM  MOJCIMPOBAHUU B COBPEMEHHOM
MaTEpUAIOBEICHUH.

3agaum:

* W3yYCHHEC OCHOBHBIX IPUHIIUIIOB KBAaHTOBOW TCOPUU KOHJICHCHPOBAHHOTO
COCTOSIHHUSL;

* OCBOCHHE MaTEMaTHYECKOTO ammapata (U3WKH KBAaHTOBOM TEOPUU
KOHJICHCUPOBAHHOTO COCTOSIHHUS;

* W3yYCHHE OCHOBHBIX TIOHSATHMM W  3aJad  KBAaHTOBOM  TEOPUHU
KOHJICHCUPOBAHHOT'O COCTOSIHHS.

HpO(I)CCCI/IOHEUIBHBIG KOMIICTCHIIMHN BBIITYCKHHUKOB 1 HHIUKATOPBLI UX

JOCTHUKCHMUA:
Tun 3amaq Kon n HaumenoBanue
npodeccuoHaANEHON Kon n HauMeHOBaHNE HHAMKATOPA
KOMIIETCHLINU JOCTHKEHHS KOMITETCHIINH
(pe3ynbTaT OCBOCHHS)
[Mpodeccuonansubie [K-1 Cnocoben
3a1a4n MPUMEHSTH METO/IBI
Hay4HbIX HUCCJIEIOBAHUH B
n30paHHOM 00JIacTH
9KCHEPUMEHTAIBHBIX U
(WIM) TEOPETUIECKUX
¢uznueckux uccnenopanuii| [1K -1.3 [IpuMensieT coBpeMeHHBIE HAyYHbIE
C IIOMOIIIBIO COBPEMEHHOH | METO/IbI Ha YPOBHE, HEOOXOJUMOM IS
NpUOOpPHOIA 6236l (B TOM | IOCTAHOBKH M PEUICHUS 33124, OCHOBBI
YHCIIE CI0XKHOTO KOMITBIOTEPHOTO MOZEITUPOBAHUS
(mznyeckoro
o0opyioBaHus) U
MH(POPMALMOHHBIX
TEXHOJIOTUM C YYETOM
OTEYECTBEHHOTO U
3apyOeKHOT0 OIbITa
Kon n HanmeHOBaHHE MHIMKATOPA HanmeHoBaHue mokazaresst OlleHUBaHUS
JOCTHKEHHSI KOMITETEHIIH (pe3ynbTaTa 00yueHHs O AUCUHUILIIHHE)
1K -1.3 [IpumeHsieT cOBpeMeHHbIE 3HaeT METOIbI HAYYHBIX SKCIIEPUMEHTATBHBIX U
Hay4YHbBIE METOJIbI HA YPOBHE, TEOPETUIECKUX (PUIUUECKUX HCCIIEIOBAHUI, COBPEMEHHYTO
HEO0XOIMMOM JUTS TOCTAHOBKH U npubopHyto 6a3y U HHPOPMALMOHHBIE TEXHOJIOTHH
peleHus 3a7a4, OCHOBBI YMeeT IpUMEHSITh METOIbl HAyYHBIX DKCIIEPUMEHTAIBHBIX U
KOMITBIOTEPHOTO MOJICITUPOBAHUSI TEOPETUIECKUX (PUIUUECKUX HCCIIEIOBAHHI, COBPEMEHHYIO
npubopHyto 6a3y U MHPOPMALMOHHBIE TEXHOJIOTUH




Kon 1 HanmeHoBaHME HHAUKATOPA
NOCTHIKEHUSA KOMIIETEHI[NU

HawnmeHoBaHue mmokazaresst OlleHUBaHUS
(pe3ynbTaTa O0yYCHHUS MO JUCIIUILINHE)

Brageer HaBbIKaMu aHAIM3a U BEIOOpPA METOJIOB HAYYHBIX
IKCTIEPHUMEHTAIBHBIX U TEOPETUUCCKUX (PUIHUECKUX
HCCIIeIOBaHNH, COBPEMEHHYIO IPUOOPHYIO 0a3y
UH(OPMALMOHHBIC TEXHOJIOTHU

2. Tpyao&MKOCTh AUCHUUIUIMHBI U BUIOB YUYEOHBIX 3aHITUNA MO TUCITUTINHE

OO6mrast TpyA0EMKOCTh NUCIMIUIMHEI cocTaBiseT 3 3a4€THBIX eauaul] ( 108

AKaJCMHNYCCKHUX I‘I.’:lCOB).

(1 3aueTHas eqUHMIIA COOTBETCTBYET 36 aKaJeMUUECKUM YacaMm)

Bunamu y4eOHbIX 3aHATUN U paOOThI 00YYaIOLIErocs Mo AUCIHUIUIMHE MOTYT

ABJIATBHCA:
O6o3HavyeHme Buner yaeOHbIX 3aHITHI U pabOTHI 00ydaronerocs
Jlex Jlexun
JIab JlabopatopHble 3aHATHS
CP CaMocTosiTelibHas paboTa 00y4aroIerocs B IEPUOJT TEOPETUISCKOro 00yUeHUs!
KOHTDOIE CamocTrosiTenpHas padoTa 00ydaromerocsi 1 KOHTaKTHas paboTa 00y4aroIerocs ¢
P IperoiaBaTelieM B IIEPHO]] TPOMEKYTOUHOH aTTecTaluH

CrpykTypa JUCUUILUINHBIL:

®opma 00ydyeHus: — ouHast

KomnyecTBo 4acoB o BUaaM
y4eOHBIX 3aHATHN U paObOTHI
00yJaroIerocs dopMel
HaumenoBanue paznena % Y - P .
No g a MIPOMEKYTOYHOU
JIHUCIUATUIMHBI 5 5 aTrecTa
O s © a | v | ~ TTECTALIUU
2|58 |8)| ¢
5)
A
Pa3nen Nel KBanToBble Moaeau
1 8 6 18 - - 9 18
OTKMCAHUS TBEPJIOrO TeJa
Pazgen Ne2 OcHOBHEBIE DK3aMeH
2 | KBaHTOBBIC YpaBHEHHS B (PHU3HKE 8 | 12 | 18 - - 9 18
TBEPJIOTO Tela
Hroro: 8 18 - - - 18 | 36 DK3aMeH

3. CTPYKTYPA U COJEP)KAHUE TEOPETUYECKOM YACTH

KYPCA

Paznen 1. KBanToBBIE€ MO/J€JIM ONTUCAHKUS TBEPAOIO Teja 4ac. 6 yac.

Juckpernas ynpyras uenoudka. KBaHToBast TeOpusi HENPEPHIBHOM yIIPYTOU




cTpyHbl. [11a3MOHBI. JITUHHOBOJIHOBBIE ONTUYECKHE (POHOHBI B U30TPOITHOM
KpUcTajuie. AKyCTUYECKHE KoJIeOaHus ¢ OOBIION JUTMHOW BOJTHBI.
deppoMarHUuTHBIE MAarHOHBI. AHTH(EpPOMAarHUTHBIE MarHOHKI. [[pyrue
BOTIPOCHI, CBSI3aHHBIE C (DEPPOMArHUTHBIMH MarHOHAMHU.

Tema 1. AkycTuueckue GoHOHBI Yac. 2. J[uckpeTHas ynpyras 1ernouka.
KBanTOBasi Teopus HEMPEPHIBHON yNPYTroi CTPYHbI. AKyCTHUECKUE KOIeOaHUs
¢ 0ombIION JIMHON BOTHBL. DOHOHBI B U30TPOMHOM KpHucTaiie. DOHOHBI B
KOHJICHCUPOBAaHHOM 0030HHOM Trase.

Tema 2. [Li1a3mMoHbI, onnTHYECKHE (P)OHOHBI U MOJISIPU3ANUOHHBIC BOJIHBI
yac. 2. [Ina3zmMonbl. J[THHHOBOIHOBEIE ONTHYECKHE (POHOHBI B U30TPOITHOM
Kkpuctaiie. Bzaumoneiictue ontuueckux GOHOHOB C (POTOHAMH.

Tema 3. Marmonsbl yac. 2. DeppoMarHuTHbIE MarHOHBI.
AHTHu(eppoMarHuTHble MarHoHsl. Jlpyrue BONpoChl, CBA3aHHBIE C
(beppoMarHuTHBIMU MarHOHaMH.

Pasnen 2. OcHOBHBIE KBAHTOBBIC YPABHECHHUS B (pU3HKe TBEPAOIo TeJIa yac.
12 vac. Merton ypaBHEHUH ABMKEHUS JJIs TIOJIEH 4acTUIl. Y paBHEHUE XapTpH
— @oka. DNEeKTPOHHBIN a3 B IpubOImxeHusx Xaptpu u Xaptpu - Goka. Meton
CaMOCOIJIACOBAHHOIO MOJIs. JuanexkTpuueckuil popmanusm. JusnexkTpudeckoe
HKPaHUPOBAHUE TOUEUHBIX 3apPsHKEHHBIX IIpUMecel. UncaeHHbIe pacyeTsl
DHEPIUN KOPPEILHUHA. DIEKTPOH-IEKTPOHHOE B3aUMO/IEHCTBHUE.
Jusnextpuueckuil popmanusm Ha sI3bIKE AMarpaMMHON TeXHUKU. CBOOOIHBIIM
3JIEKTPOH B MarHUTHOM noje. Dddekt ae ['aaza — Ban Anbdena.
[Tonyknaccuyeckoe pacCMOTPEHHUE TUHAMUKHY 3JIEKTPOHA B MATHUTHOM ITOJIE.
Tononornyeckue cBoOWCTBa OPOUT B MArHUTHOM ToJie. L{UKIOTpOHHBIN
pe30HaHC Ha chepOUIaIbHBIX SHEPIETUYECKUX TOBEPXHOCTSIX.
MarneroconpoTuBieHUE. Y paBHEHUE NIEPEHOCA AJISI MATHETOCOIIPOTUBIICHHUS.
Meton Burnepa — 3eiitry . [Ipubmkenue moutr cCBOOOHBIX DJIEKTPOHOB
(0000I1IEHHBII METOJT OPTOTOHATM3UPOBAHHBIX TJIOCKUX BOJIH).
DHEpPreTUYeCcKUe 30Hbl, HUKIOTPOHHBIN PE30HAHC U IPUMECHBIE COCTOSIHUS.
OHepreTuueckue 30Hbl1. [I[pruMecHbIe cOCTOSIHNS U YPOBHHM JlaHiay B
MOJYIPOBOJHUKAX. DKCUTOHBI

Tema 4. ®epMuoHHbI€e M0 U PpUOIMKeHHe XapTpu-Doka. yac. 2. Meton
YPAaBHEHUN JBVDIKCHUSA IS [10JIeH YacTULl. Y paBHeHUe XapTtpu — Doka.
DNEKTPOHHBIN Ta3 B MPUOIMIKEHUIX XapTpu U XapTpu - Doka.

Tema S. Teopusi cucTeM MHOTHX YaCTHIl U €€ IPUMEHEHHE K
3J1eKTPOHHOMY ra3y 4ac. 2. MeTos caMOCOrJIacoBaHHOTO TMOJIS.
Jusnextpuueckuii popmanusm. [{usnekTpruueckoe SKpaHupOBaHUE TOUECUHBIX
3apsHKEHHBIX TpUMecei. UUCIIEHHbIE PACYEThI SJHEPTUN KOPPETSALHH.
DIEeKTPOH-3JIEKTPOHHOE B3auMozeiicTBue. Jusnekrpuyeckuid popmanusm Ha



Aa3bIKe AuarpaMMHoi TexHuku. Teopema bioxa. 3oubl bpuiuitosHa u
CUMMETPHS KPUCTAILIA.

Tema 6. ®ynkuuu bioxa yac. 2. Teopema brioxa. 3ons! bpumtrosna u
CUMMETPHS KpUCTAIIA

Tema 7. /InunamMuka 3J1eKTPOHOB B MATHUTHOM T0J1e Yac. 2. CBOOO HBIM
AJIEKTPOH B MarHuTHOM moJie. dddexr ae ['aaza — Ban Anbdena.
[Tonyknaccuyeckoe pacCMOTPEHHUE TMHAMUKH 3JIEKTPOHA B MATHUTHOM ITOJIE.
Tonosioruyeckue cBOMCTBa OPOUT B MAarHUTHOM MoJie. [ [UKIOTpOHHBII
pe30oHaHC Ha chepPOUIaTbHBIX YHEPTETUUECKUX TTOBEPXHOCTSIX.
MaraeToconpoTuBIICHUE. Y PaBHEHHUE IEPEHOCA TSI MATHETOCOIPOTHUBIICHHUS.
Tema 8. Pacuer 3HepreTnyeckux 30H u noBepxHocreii @epmu uac. 2.
Meton Burnepa — 3eiirr . [IpubnurkeHne mouTu cBOOOTHBIX AJIEKTPOHOB
(00001IEHHBII METOJT OPTOTOHATM3UPOBAHHBIX TJIOCKUX BOJIH).

Tema 9. IoJrynpoBOAHNKOBBIE KPUCTAJLIBI Yac. 2. DHEPreTHUECKUE 30HbI,
UUKJIOTPOHHBIN PE30HAHC U IPUMECHBIE COCTOSIHUS. JHEPrETUYECKHUE 30HBI.
[IpuMecHbIE COCTOSIHMS U YPOBHHM JIaH1ay B MOJYyNPOBOJIHUKAX. DKCUTOHBI.

4. CTPYKTYPA U COAEP KAHUE MPAKTUYECKOHN YACTH
KYPCA
JlaGopaTopHbie padoTnl 36 yac.

CamocTosiTenbHass paboTa CTYJICHTOB IMPU MOJATOTOBKE K IMPAKTUYECKUM
3aHATHUSIM COCTOUT B TIIATEIILHOM M BHUMATEJIbHOM M3YUYCHUH JICKIIUI, MaTEpUAJIOB
MPOLIEAIIETO 3aHITHUS, PEIICHUH TOMAITHUX MIPAKTUYECKUX 3aJaHU i, MOATOTOBKE K
TEOpUU CIEAYIOLWEro mpakThuueckoro 3aHsATud. CamMmocrosTeNnbHas paboTta
CTYJICHTOB TP TOJATOTOBKE K 3a4e€Ty COCTOMT B YIJIYOJEHHOM W3y4YCHUU
TEOPETUYECKOr0 MaTepHuasia, MOBTOPEHUM MPAKTUUECKOIO Marepuajga CeMecTpa
(Kypca), pacCMOTPEHHH B JIMTEPATYpPE PEKOMEH/IOBAHHBIX HA JICKITUSIX TEM.

B camocTosiTenpHOM paboTe CTYIEHTOB IMPEayCMaTPUBAIOTCS CISAYIOIINE
BU/Ibl 3aHSATHUI:

1. BeimonHeHne AOMaNIHUX 3aJaHAA 10  CIEAYIOUIEA TEMATHKE:
MPOCTPAHCTBO M BpEMA B KJIACCUYECKOW MEXAHUKE, OTHOCUTEIbHOCTD
MEXaHUYECKOTO ABWKEHHS, CUCTEMa OTCUETA, 3a/1a4l KHUHEMATHKH.

2. CamocTosTeNnbHas TPopadoTKa OTAEIBHBIX Pa3/IesioB JIEKIIMOHHOTO Kypca,
BXOASIIMX B MOAYJIM. Hanrcanue KOJIJIOKBHYMOB.

3. PemeHue 3amady W3 33JaYHUKOB C TMOCIEAYIOLIEH HX MPOBEPKOI
npenogaBaTelieM.

4. CamocrosTenbHas padoTa CTYJICHTOB MPU MOJATOTOBKE K 3a4€Ty COCTOUT B
yIIIyOJI€HHOM U3YYeHUHU TEOPETUYECKOr0 MaTepualia, MOBTOPEHUH MPAKTHYECKOTO



MaTepuaia cemecTpa (Kypca), paCCMOTPEHUH B JTUTEPAType PEKOMEHI0BAaHHBIX Ha
JEKLHSX TEM.
PexoMeHaaluM ISl CAMOCTOSITEILHOM Pa00ThI CTYAEHTOB
CamocrosTenbHas padoTa CTyJeHTa MPEAIoaracT U3y4eHUE HEKOTOPBIX TEM
CaMOCTOSATEIIBHO W OTBETHI Ha BOIPOCHI:
JIABOPATOPHAS PABOTA 1. Akyctudeckne (poHOHBI Yac. 4.
PaccMaTpuBarOTCs TUIIBI XUMUYECKOM CBS3U U ATOMHOM CTPYKTYPBI
KPUCTAJUIMYECKUX TBEPABIX TEJN U, B YACTHOCTH, BaKHEHUIINX
MOJIyITPOBOIHUKOB.
JIABOPATOPHAS PABOTA 2. I11a3MoHbI, ONITHYECKUE (POHOHBI U
MOJISIPU3allHOHHbIE BOJIHBI Yac. 4. PaccMaTpuBarOTCs ypaBHEHHUSI IBHXKEHHUS
aTOMOB B KPUCTAJIJIE U MX PEIICHHUs], 3aKOH JUCIIEPCUN YIIPYT'UX BOJIH,
aKyCTHUYECKUE U ONTUYECKHE KOJeOaHus, KBAHTOBAaHUE KOJICOaHU, TOHITHE
KBa3U4aCTHUIbl Ha IpUMepe (POHOHA.
JIABOPATOPHAS PABOTA 3. Marnonsl 4yac. 4. PaccMatpuBaroTcst
KBaHTOBaHUE OJTHOMEPHOMU LENOYKHU. Poiib HenmuHeHHOCTH (KyOnueckuii u 4
NOpsIJIKa YJIEHbl B raMUJIbTOHUAHE). Onpeaensiercs: TeI0EMKOCTh OHO- ABY- U
TPEXMEPHOM PELIETOK, BKJIAJ] B TEMJIIOEMKOCTh OT ONITHYECKUX (DOHOHOB.
JIABOPATOPHASI PABOTA 4. ®epmuoHHbIe moJist yac. 4. 3agada
sKpaHupoBaHus (ypaBHeHue Ilyaccona). DkpaHMpOBaHHUE HEBBIPOKICHHBIM
3JIEKTPOHHBIM Ta30M. DKkpaHupoBanue 2D snektponamu. KBanTtoBbie 3¢ppexTh
B 3aJjau€ SKpaHUpoBaHus (PppuaeneBckue ocuuisanum). [1nazmonsl B
TPEXMEPHOM MeTajlie
JIABOPATOPHAS PABOTA 5. Teopusi cucTeM MHOTHX 4acTHII yac. 4.
DneKTpoH-POHOHHOE B3auMojieicTBre B MoJenu Kponura-lIlennu. OnexkTpos-
(OHOHHOE B3aMMOICUCTBUE B MPUOIMKEHUN TYHHEIBHOTO TAMHJIbTOHUAHA.
DnexTpoH-PpoHOHHOE B3auMmoercTBue. [Ibe30apdext
JIABOPATOPHAS PABOTA 6. ®yukuun baoxa gac. 4. [IpoBogumocTs
MeTauia B Mojenu pyne. Bkiax B MpoBOJMMOCTE OT pacCesHUs Ha IPUMECH:
map paauyca R — kimaccuueckas v KBaHTOBas 3a/1ay. JIEKTPOH-(POHOHHOE
paccesnue. TemmneparypHas 3aBucumocTtsb. 1D n 2D monenn
JIABOPATOPHAS PABOTA 7. IluHamuka JJ1eKTPOHOB B MATHUTHOM
noJjie yac. 4. Kunernueckoe ypaBHenue bonbimana
HaiiTi npoBOIUMOCTb 3JIEKTPOHHOTO Ta3a B MPUOIMKEHUN BPEMEHHU
penakcanuu. ITokaszars, 4TO €ciiv JIEKTPOHHBIN ra3 HEBBIPOXK/IEH, a TEIIOBAs
CKOPOCTb 3JIEKTPOHOB OO0JIBIIIE CKOPOCTH 3BYKa, TO PaCCEsIHUE IEKTPOHOB Ha
aKyCTUYEeCKUX (POHOHAX SIBISIETCS KBA3UYIPYTrUM. PelnTh JIMHEapru30BaHHOE
ypaBHeHue bonbiiMaHa A1 371€KTPOHOB B HEOJHOPOJAHOM AJIEKTPUUECKOM
ToJIE.



JIABOPATOPHAS PABOTA 8. Pacuer 2HepreTu4ecKux 30H U
nosepxHocreil ®epmu yac. 4. HaliTh KOMIIOHEHTHI TEH30pa ANEKTPUUECKOM
POBOJAMMOCTH B CJIAOOM MarHUTHOM I10JI€ B IPUOIMKEHUN BPEMEHH
penakcanuu Pemuts 3amauy 1 B mepeMeHHOM MarHuTHOM mojie OOCyIuTh
3agady 1 B ciayyae 2D 371€KTpOHOB B CHIIBHOM MarHUTHOM I10JI€ (KBaHTOBBIN
ap¢ext Xonna). [TokazaTe, 4TO B npeaesie HU3KUX TEMIIEPATYp B OJHO30HHOM
npUOIMKEHUU MarHeTOCONPOTUBIIEHUE PABHO HYJIIO.

JIABOPATOPHAS PABOTA 9. [To1ynpoBoIHUKOBbIE KPUCTAJLJIBI Yac.
4. HaiiTi 31€KTPOHHYIO TEIUIOEMKOCTh ABYMEPHOIO raza. Haiitu ypoBHU
DHEPIUU AJIEKTPOHOB B KBAHTOBOU MPOBOJIOKE € MPSIMOYTOJIBHBIM CIIEKTPOM B
IPUCYTCTBHE 3apsLDKEHHOW MMPUMECH. 3aucaTh raMuibToOHNaH PamObl (ciiuH-
OpOUTaIBbHOE B3aMMOJIEICTBIE Ha N30TPOIHON OPUEHTUPOBAHHON
NOBEPXHOCTH) U HAWTH CIIEKTP AJIEKTPOHOB. PaccmaTprBaroTCs aToMHast
CTPYKTYpa U OCOOEHHOCTH SHEPIeTUUECKOT0 CIEKTPa HEYTOPSII0UEHHBIX
(aMOp(HBIX) MOITYTPOBOIHUKOB, INIOTHOCTh COCTOSTHUM U JOKaU3alus
AIIEKTPOHHBIX COCTOSIHUI, pOJIb OJM>KHETO NOpsAaKa B POpMUPOBAHUHN
AIIEKTPOHHOT'O CHEKTPa HEKPU-CTATUNIMYECKHUX MOIYITPOBOJHUKOB, CIIEKTPbI
ONTUYECKOTO MOTJIONICHUS.

5. CTPYKTYPA, COAEP KAHUE, YYHEBHO-METOAUYECKOE
OBECHEYEHUE CAMOCTOSATEJIbHOM PABOTHI OBYUAIOIIUXCSH
(u Onnaiin xypca npu nanuquu)

PexomMeHaaluu Mo caMoCTOATEILHOM padoTe CTYACHTOB

Ilinan-rpadguk BbINOJHEHHS] CAMOCTOSITE/IbHON PadoThl 10 AUCHUILINHE

n/n

Bun camocrositenbHOIM Jara/cpoxn IIpumepHble | DopMa KOHTPOJIA
padoThI BBINOJIHEHUSI | HOPMBI
BpeMeHH Ha
BBINOJTHEHHE

3agaHus s camocTosaTenbHon | 1-6 Henens 5 Cobecenopanne (YO-1), YcTHbIH
paboThI K pa3geny 1. ompoc (YO-1), Tecr (ITP-1)
3agaHus U1 cCaMOCTOATENbHON | 7-18 Henmens 14 Cobecenopanne (YO-1), YcTHbIH
paboThI K pazaeny 2. ompoc (YO-1), Tecr (ITP-1)
3ananus ans camocrtostensHol | 1-18 Henenst 19 Cobecenosanne (YO-1), YcTHbIi
paboThI K MPAKTHYECKOMY ompoc (YO-1), Tecr (ITP-1)

3agsaTuio 1-9.

3aganus 11 CAaMOCTOSATEILHOM PadoThI K TeMe 1.

IToaroroBka KOHCIIEKTOB JIEKLHI, OTBETOB Ha BOIIPOCHI. TeKyIIUil KOHTPOJIb
BKJIFOYAET KOHTPOJIb IMOCENIAEMOCTH 00YUAIOIMMUCS €KEHEENbHBIX 3aHATHH,
OLIEHKY X aKTUBHOCTH B X0JI€ AUCKYCCUH, Mpe3eHTalus OaKaiaBpoM JI0KJIaa 1o




OJIHOMY M3 pa3AesioB NpOrpaMMBbl Kypca.
1. CrpykTypa XKUAKMX W TBEpAbIX Ted. TBepible Tena : KpUCTALUIMYECKUE,
amop(HbIE,

MOJIMKPUCTAIINYECKHE, KBA3UKPUCTAIUNINYECKUE

2. Tunbl KpUCTaIMYECKUX pemeTok. Pemerku bpasa.

3. [Ipsimas u obpatHas pemetku. CBoMCTBa 00paTHON peleTKH

4. Teopema broxa

5. Konebanusi pemerku. DOHOHHBIM CHEKTP pEIIETKHM C OJHUM aTOMOM B
AJIEMEHTAPHOMU AYEHKE

6. Konebanust pemetku. DOHOHHBIA CHEKTp pEHIETKH C JBYMsI aTOMamMu B
AJIEMEHTAPHOU AYEHKE

7. IuHamuka pemieTku rpadena

8. KBanTOBanue pemeroyHbix Moj. POHOHBI

9. Tenn0eMKOCTh KPUCTAITMYECKOMN pelieTKu

10. ludpaxius Ha pelieTke

11.9nexkTpoHBl B KPUCTAUIMYECKOW pemieTke. Mojenb mouTh CBOOOAHBIX
AIEKTPOHOB

12. DneKTpOoHBI B KPUCTATUIMYECKOMN pemieTke. Moaenb CHIIbHOM CBSI3U

13. CratucTrKa 3J€KTPOHOB B KPUCTAIUIE. DJIEKTPOHHBIN BKJIA]] B TEMJIOEMKOCTh
14. 30HHas CTpyKTypa KpHUCTaUIOB. MeTauibl, MOJYMETAJUIbl, JIUIJIEKTPUKH,
MOJTYIIPOBOAHUKM.

15. 3onHas cTpykTypa rpadena. Tonosoruueckue u30JIaToPhl.

3aganus 1JIs CAaMOCTOSAATEJILHOM PadoThI K TeMe 2.

[ToaroroBka KOHCIIEKTOB JIEKIINM, OTBETOB Ha BOIIPOCHI. TeKyI1il KOHTPOJIb
BKJIFOYAET KOHTPOJIb MOCEIIAEMOCTH 00YUAIOIUMUCS €KEHEIEIbHBIX 3aHATHM,
OIICHKY MX aKTMBHOCTH B XOJI€ TUCKYCCUM, TTpe3eHTaIrs OaKkaaaBpoM J0KIIaja 1o
OJTHOMY M3 Pa3ZEeNoB NPOrpaMMBbl Kypca.

DneMeHTapHble BO30YXAEHHUS B TBEPABIX TeJlaX. DKCUTOHBI, MJIA3MOHBI.
DneMeHTapHble BO30YXACHUS B TBEpAbIX Tenax. [lonspoHbl

B3anMopelicTBrE ¢ BHEIIHUM 3JIEKTPO-MarHUTHBIM TtojieM. [TomsapuToHBI

CruH BO BHELIHEM I10J1€. MarHoHsl.

Kunernueckoe ypaBHeHue bosibpliMana. 3JI€KTpONPOBOAHOCTD

Kunernueckoe ypasHenue bosbimana. TenmonpoBogHOCTS.

Kunetnueckoe ypaBHenue bosbiimana. [lpuOnuxeHue BpeMEHU pellaKcallvu.
PaccesHne Ha KyJIoHOBCKOM mnpumecu. KuHetmueckoe ypaBHeHHe bosbiimaHa.
[Tpubnuxenue BpeMeHu penakcanuu. Paccesinue Ha (hoHOHAX.

DNEeKTPOHBI B MAarHUTHOM T10J1e. Dpdext Xomna. LIukmoTpoHHBIN pe3oHaHC.
MaruaeToconpoTUBIICHUE.

ONEeKTpOHbl B KBAaHTYIOIIEM MarHuTHoOM Ioje. YpoBHu Jlanmay. KBaHTOBBI
s dext Xomna.



da30BbI€ NIEPEX0Abl B TBEPABIX Tesax. Teopus Jlanmay. @eppoMaraeTusm.
da3oBble mepexoapl B TBEpAbIX Tenmax. Tleopus Jlampmay. Ilepexomsl B
CErHETORIIEKTPUKAX

da3zoBbie nepexoabl B TBepAbIX Tenax. [lepexoast Motra, AHnepcena, [Taitepiica.

3agaHus ISl CAMOCTOSITEILHOM PadoThl K MPAKTUYECKOMY 3aHATHIO 1-2.

Texyuwii KOHTPOJIb BKIIOUAET KOHTPOJIb MOCEIIAEMOCTH 00YYarOIIUMUCS
e)KEHE/IeTIbHBIX 3aHATHH, OLIEHKY UX aKTUBHOCTHU B X0J1€ AUCKYCCHM, 00CYXKICHUS
peIIeHHBIX 3a/1a4

Ha Puc. 1 [lokaszan ononnsrit cnextp rpadena. Huxuss ZA moga2 o B=k (7 P

6 10— = x M 2 /c) cCOOTBETCTBYET KOJICOAHUSIM B HANPABICHUH, IEPIICHIUKYISIPHOM
IUIOCKOCTH JmcTa. [lpenmonarass Hanuyue TOJNBKO OSTOM BETBH, ONPEACIUTH
TEMIEPATYPHYIO 3aBUCUMOCTh (POHOHHON KOMIIOHEHTHI TEIUIOEMKOCTH Trpadena

IIpU HU3KHUX TCMIICpaTypax.

1600 - [ - 1600
TO
1400 } 1400
Lo

1200 .\ 4 1200
2 M\ .
* | By
E 1000} X 1 1000
P TA
=
e 80022 20 800
2
® 600} - 600
w

400 | LA 400

200 //TA 1 F'al # 20 ° ' 1 200

ZA ZA |15 ' £ ZA 3 1
0 - ' - 0
r M K AT I M K r
3amaua 2

Ha Puc. 2 moxaszana anekTpoHHas 30HHas CTpykTypa rpadena. depmueBckas
ckopocTh F v BOnmu3u Touku upaka (22 Evk k =+ F x y h ) pasua 106 m/c.
[Ipennosaras ypoBenb depMu COBNAJAONIMM C TOYKOW [lupaka, ompenenvtsb
TEMIEPATYPHYIO 3aBUCUMOCTh AJIEKTPOHHON KOMIOHEHTHI TEIJIOEMKOCTH TpadeHa
MIpY HU3KUX TeMIEpaTypax.



TB band structure
{rbands

3angaua 3
@DOHOHHBIN CHEKTp OJHOMEPHOM pemeTku nMeeT BuA 2 sin . 2 ka m o © =

Onpenenutb  TEMNEPATypPHYID  3aBUCUMOCTh  (DOHOHHOW ~ KOMIIOHEHTHI
TEIJIOEMKOCTH MPY HU3KUX TEMIepaTypax.



6. KOHTPOJIb JOCTHXKEHUSI IIEJIEM KYPCA

MOJ€CJIM OMCaHusd TBEPAOTO

TCOPCTUYCCKUX (1)H3I/I‘IGCKI/IX HCCHeZ[OBaHHﬁ,

(YO-1), YcrHbrit

Ne Koutponaupyembie Koa u HaumeHoBaHue Pe3yabTarbl 00yyenust OueHouHbIe CpeCTBA
n/n pasaesnbl / TeMbl HHAUKATOPA JOCTHKEHHUST TeKymuii NPOMEKYTOUYHAS
AUCIHUIIINHBI KOMIETCHIHMH KOHTPOJIb arTrecTanus
Paznen Nel KanToBbIE 3HaeT MeTOIbl HAy4HBIX 3KCIIEPUMEHTAIIBHBIX U CoOecenoBanue Ox3ameH. Bompocst

1-5.

Tena COBpeMeHHyI0 MpuOopHyIo 6a3y u uadopmammonnsie | onpoc (YO-1),
IIK -1.3 [IpuMeHseT COBpeMEHHbIE | TEXHOIOTUH Tecr (ITP-1)
HAYYHBIE METO/IBI HA YPOBHE, VMeeT IPUMEHAT METOIBI HAYYHBIX
HEOOXOIMMOM JIUTS IOCTAHOBKH M SKCMIEPUMEHTAILHBIX U TEOPETHIECKUX (PU3MUECKUX
PELIEHNs 3a/1a4, OCHOBBI UCCIIEIOBAHNH, COBPEMEHHYIO IPUOOPHYIO 6a3y U
KOMITBFOTEPHOTO MOJIETTUPOBAHHUS MH(OPMAIMOHHBIE TEXHOIOTHH

BriazieeT HaBbIKaMU aHaIM3a U BEIOOPA METOIOB

HAYYHBIX DKCIIEPUMEHTAIBHBIX U TEOPETHUECKHUX

(PU3MIECKUX UCCIIEIOBAHMMN, COBPEMEHHYIO

npubopHyto 6a3y 1 UHHOPMALMOHHBIE TEXHOJIOTHU

3HA€ET METO/IBI HAYYHBIX IKCIIEPMMEHTABHBIX U CobecemoBanue Dx3amen Bonpocsr

Paznen Ne2 OcHoBHEIE
KBAaHTOBEIC YpaBHCHHS B
(hu3nKe TBEpAOTO TEIA

1K -1.3 ITpumeHsieT COBpeMeHHBIE
HAy4YHBIC METO/IbI Ha YPOBHE,
HEOO0XOUMOM JJIsI [IOCTAHOBKH 1
peleHus 3a1a4, OCHOBBI
KOMIIBIOTEPHOT'O MOICTHUPOBAHUS

TEOPETUYECKUX (PUIHYECKUX MCCIICIOBAHH,
COBpPEMCHHYIO MPHOOPHYIO 0a3y 1 HHPOPMALIMOHHBIC
TEXHOJIOTUH

YmMmeer TIPUMEHATH MCTOJAbI HAYYHBIX
OKCIICPUMEHTAJIBHBIX U TCOPETHUUCCKUX (I)I/ISI/I‘IQCKI/IX
HCCIIeIOBaHUH, COBPEMEHHYIO PUOOpPHYIO 0a3y u
I/IHq)OpMaHI/IOHHI)Ie TCXHOJIOTHHU

Bunajsieet HaBbIKaM¥ aHAJIM3a U BEIOOpA METOIOB
Hay4YHBIX 9KCIIEPHMEHTAJIBHBIX H TEOPETHYECKHX
(hu3MUeCcKHX UCCIIEeJOBaHUH, COBPEMEHHYIO
npubopHyto 6a3y 1 HH(YOPMALMOHHbEIE TEXHOJIOTHU

(YO-1), YcrHsrit
ompoc (YO-1),
Tect (ITP-1)

6-16

THUIOBBIE KOHTPOJIBHBIE 3aJaHUS, METOJAMYECKUE MATEPUAJIbl, ONPEIACIAIOIINE MPOUESAYPhl OLICHUBAHWUS 3HAHWM, YMEHUH H

HAaBBIKOB ¥ (WJIN) OTIBITA JICITEILHOCTH, a TAK)Ke KPUTEPUHU U MOKa3aTeIu, HEOOXOIMMBbIE TSl OIICHKH 3HAHWH, YMEHHM, HABBIKOB

U XapaKTepU3yoIre pe3yabTaThl 00yUueHus, peacTaBieHbl B [Ipunoxenun




7. CHUCOK YYEBHOU JIUTEPATYPbI U UHOOPMAIIMOHHO-
METOINYECKOE OBECIIEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTEpaTypa
(anexmponmvie u nevammvie uz30amUs)

1. Tladiepnc, Pynonbd KBantoBas Teopus TBepabix Ten / Pynonsd Ilaitepic ;
nepeBoa A. A. AGpuxkocoB. — Mocksa, MkeBck : PerynspHas u xaoTuueckas
nuHamuka, WHCTUTYT KOMIBIOTEpHBIX HcciaenoBanuid, 2019. — 260 ¢. — ISBN
978-5-4344-0718-2. — Tekct : snextponHbid // Ludposoii obpazoBaTenbHBIN
pecypc IPR SMART : [caiitr]. — URL: https://www.iprbookshop.ru/92041.html
(mara obpamienus: 16.03.2023)

2. llBemuk, A. M. KBantoBas Teopus 1moJii B (U3UKE KOHJIEHCHUPOBAHHOTO
coctostHust / A. M. llenuk. — Mockpa : DUSMATIIUT, 2004. — 320 c. — ISBN
5-9221-0237-0. — TekcT : amexkTpoHHbIM // Jlanb : 37eKTpOHHO-OMOIHOTEYHAs
cucrema. — URL: https://e.lanbook.com/book/2714 (mata oOpamieHus:
16.03.2023). — PexxuM goctyma: Juisi aBTOPH3. IOJIb30BaTEIICH.

3. KsanroBas teopus TBepabix ten / Y. Kurrens ; mep. ¢ anra. A. A. I'ycepa
Mockga : Hayka, 1967. 491 C.
https://lib.dvfu.ru/lib/item?id=chamo:667883&theme=FEFU

JlonmoTHUTe IbHAS JIMTEepaTypa
(nevammvle u snexmponHbLe U30aHUS)

1. Ancensm A.W. Beenenue B pusuky nomynpoBogHukoB. - M.: Hayka, 1978.

2. Amkpodt H., Mepmun H. "®usuka tBepaoro tena". 1 u 2 tom,1979. U3n-Bo
"Mup", Mocksa

3. Kurtens Y. Beenenue B husuky tBepaoro tena. - M.: Hayka, 1978.

4. 3aiiman JIx. [Ipuniumne! Teopuu TBepaoro tena. - M.: Mup, 1974.

5. bonu-bpyesnu B.JI.,, KanammnmukoB C.I'. ®usmka mnOIynpoOBOIHUKOB.-
M.:Hayxka,1990.

6. H.b.bpanar, C.M.UynuHoB . "DHepreTHUecKHe CHEKTPbI JJIEKTPOHOB W
dbononon". 1980. N3a-Bo0 MockoBCKOTO yHUBEpCcHUTETa, MOCKBA.

7. B.B.lllmunr ."Begenue B ¢usuky cepxnporogumoctu". 2000. ML HMO,
Mockaa.

8. OcHOBBI (PM3HKH KOHIEHCUPOBAHHOTO COCTOSIHUS BEIIECTBA : yueOHOe nmocobdure
mis By3oB / E. B. babkun, U. Kpayc, I'. T'ocmanoBa ; CuOupckuit
rOCyJJapCTBEHHBIN a’pokocMuuecknii yHuBepcuteT. Kpacnosipck : [M3a-Bo
Cubupckoro aspokocMuueckoro yuusepcurera| , 2007,227 c.


https://lib.dvfu.ru/lib/item?id=chamo:667883&theme=FEFU

9. OcHOBBI (PM3MKH KOHIEHCUPOBAHHOTO COCTOSIHUS BEIIECTBA : yueOHOE rocodue
mis By3oB / E. B. babkun, U. Kpayc, I'. T'ocmanoBa ; CuOupckuit
roCyJapCTBEHHBIA a’poKocMUYecKHuil yHuBepcuTeT. Kpachosipck : [M31-Bo
Culupckoro a’pokocMHuecKoro yuusepceurera| , 2007,227 c.

10.Jnarpammatuka. JIekuu 1no n30paHHbIM 3a/1a4aM TEOPUH KOHJEHCUPOBAHHOTO
coctosiausa / M. B. CanmoBckuii, WU3n. 2-e, ucnp. u mpon Mockpa ,MkeBck :
PerynapHas wu xaotumdeckas JAuHamuka : VHCTUTYT KOMIIBIOTEPHBIX
nuccienoanuii , 2010,376 ¢

11.OcHoBBI (HM3UKH KOHACHCUPOBAHHOTO COCTOSHUSA : [yueOHoe mocobue] / FO. B.
ITetpoB Honronpyausii : MaTemnekt , 2013,213 ¢

Ilepeyens pecypcoB MHPOPMALMOHHO-TEJICEKOMMYHHKALIMOHHOM CEeTH
«HHTEepHET»
He nipexycmotpeHo.
Ilepeyenb MHGPOPMALUOHHBIX TEXHOJIOTI I
U POrPaMMHOI0 o0ecreYeHnst
He npexycmotpeHo.

8.METOAUYECKHUE YKA3AHMUSA 10 OCBOEHUIO JUCIHUIIJIUHBI

JIEKIMOHHBIE 3aHSTHSI OPUEHTUPOBAHBI HA OCBEILIEHUE BBOIHBIX TEM B K&KIBIN PA3IEI
Kypca ¥ NpU3BaHbl OPUEHTUPOBATh CTYJICHTOB B IMPEIJIaraéMOM MaTepuase, 3aJ10KUTh
HAay4YHbIE Y METOMOJIOTMUECKUE OCHOBBI JIIS JAJbHEUIIICH CaMOCTOSTELHOM PabOThI
CTYJICHTOB.

Baxnoii siBnsieTcst camocTosiTesnbHast pabota 1o Kypcy. B xoze 31oit paboThl CTyICHTBI
OTOMparOT HEOOXOAMMBIIM MaTepHal IO U3y4aeMOMY BOMPOCY U aHATU3UPYIOT €T0.
Meronuueckre yka3zaHus o C1aue 3a4eTa.

3a4eThl NPUHUMAIOTCA BEAYIIMM Ipenoasatenem. [Ipu 0obIIoM KOITMYeCTBE rpyI
y OJIHOTO TIPErojiaBaTeNis WK TpU OOJBIION YMCICHHOCTH TIOTOKA 0 PACTIOPSKEHHIO
3aBeqytomiero kadeapoit  (3aMecturens AupekTopa  (wimana mno  y4yeOHOM |
BOCIIUTATENIbHOW ~ pa0OTe) JOMyCKaeTcsi TMPUBICYCHHE B  TOMOIIL  BEAYyIIEMY
MPENoAaBaTeNto APYTHX MPENoIaBaTelieH.

®dopma npoBenieHns 3a4eTa (yCTHas, MMCbMEHHAS U JIP.) YTBEPKAACTCS Ha 3aCeAaHun
kadeppl MO COrTIACOBAHUIO C PYKOBOAMTEIEM B COOTBETCTBHU C Paboueld MporpamMmoit
yueOHOM TUCITUTUTHEI.

Bo Bpemst mpoBezieHns 3aUeTa CTYJCHTBI MOTYT TIOJIb30BaTHCS PadoUe mporpaMmMoi
y4eOHOM UCIUIUIMHBI, a TAKkKe C paspeleHus MPenoaaBaresis, MPOBOJISINETO 3a4eT,



CMPABOYHOM JIMTEPATYPOU U APYTUMH MOCOOUSIMHU (YUeOHHKaMH, YIeOHBIMU TTOCOOHSMH,
PEKOMEHIOBAHHOM JINTEPATypOM U T.I1.).
3aueTHbIC BEIOMOCTH SIBJISIOTCS OCHOBHBIMU TEPBUYHBIMU JOKYMEHTAMH IO Y4YeTy
YCIEBAEMOCTH CTYJICHTOB. AJIMUHUCTPATOpbl 0Opa30BaTeNbHBIX MPOrpaMM JI0 Hadaia
NpOLETYphl MPUEMa 3aYETOB M 9K3aMEHOB (hOPMHUPYIOT 3a4E€THO-IK3aMEHAIIMOHHBIE
BEJIOMOCTH.

[Ipu siBke Ha SK3aMEHBI W 3a4€Thl CTYAEHTHI 00S3aHbI UMETh NPU ceOe 3aUeTHYIO
KHIDKKY, KOTOPYIO OHH TIPETbSIBIISIIOT SK3aMEHATOPY.
[NperiofaBaresnb 3aMonHsIeT COOTBETCTBYIOMIME rpadbl 3a4eTHOW KHWKKH CTyZEHTa, a
MMEHHO: Ha3BaHHE AWCLMIUIMHBI 3alMCHIBACTCS TOJHOCTHIO, 0€3 COKpAllleHHH, B
COOTBETCTBHH C Y4EOHBIM [JIAHOM, TakKe YKa3bIBACTCs (PaMIIIMS PENOAABATENS, OLICHKA,
Jata, TOAIUCh, TPYIOEMKOCTh JMCIMIUIMHBI, YKa3aHHAs B 3a4€THO-IK3aMEHAI[OHHON
BEJIOMOCTH WX JIUCTE.
[Tpu mpoMeKyTOUHOM aTTecTali 00YYarOIMMCS] YCTAHABIMBAIOTCS OLICHKH: T10 3a4ETaM:
«3aUTEHO» U «HE 3aYTCHO.
B 3a4eTHyr0 KHIWKKY CTyJ€HTa M B AK3aMEHAIMOHHYIO BEIOMOCTb BHOCSATCS TOJIBKO
TIOJIO’KUTEITbHBIE  OLIEHKH, HEY/IOBJICTBOPUTEIBHBIE OLEHKM BHOCSTCS TOJIBKO B
AK3aMEHAIIMOHHYIO BeIOMOCTb. [Ipy 3amonHeHnn BeIOMOCTH HE IOITYCKAOTCSl TPOYEPKH
WM He3anoyHeHHble Tpadbl. HesBka cTyneHTa Ha 3adeT 0e3 yBaKUTEIbHOW MPUYUHBI
MOXKET OBITh 3aCUMTaHa KaK MOJyYeHUE HEYAOBJIETBOPUTEILHOM OLEHKH, IPU 3TOM B
BEJIOMOCTH JIETIACTCS] 3AIICh «HE SIBUJICSD).
O1ieHKY, BBICTAaBIICHHBIE 9K3aMEHATOPOM I10 UTOraM 3a4€TOB, HE MOJIEKAT IEPECMOTPY.
CryzieHT, He COTTIaCHBIN C BHICTABJICHHOM OIIEHKOM, UMEET MPaBO B TCUCHUE CIIETYFOIIIETO
pabouero JHsA TOAATh 3asiBIEHME, coryacoBaHHoe ¢ pykoBogureneM OOIL, Ha ums
mupektopa [lkons! (Pumana) ¢ mpockOoit 0 epecaaye 3k3amMeHa koMuccuu. B cimydae
00OCHOBAaHHOCTH TIOIAHHOTO 3as1BJIeHUs TupeKTop LLIKoIbl co3naeT KOMUCCHIO B COCTaBe
He MeHee 3 mpo¢UIbHBIX MperojaBaresiel Mo CooTBeTCTBYHoNIEH Kadenpe. OreHka,
NOJydeHHas CTYJIEHTOM BO BpeMsl Iepecadd »HK3aMeHa KOMHUCCHHM, SIBIISIETCS
OKOHYATEJIbHOM.
CTyzeHT IODKeH U3Y4uTh OCHOBHBIE TUIIBI KOHJICHCHPOBAHHBIX CPE, KIACCU(PUKALIAIO
KPUCTAIUTMYECKUX PELIETOK, KPUCTAIMYECKUE CHHTOHUM, MPOCTPAHCTBEHHBIE TIPYIIIbI
KpUCTAIlIa; OCHOBHBIE TPHOJIMKEHUS] 30HHOM TEOPHUHM KPUCTALIOB, OCOOEHHOCTH
HHEPrEeTUYECKOT0 CMEKTpa AJIEKTPOHA B KpUCTalie, NMOHSTHE 3()(EKTUBHON Macchl,
KJ1aCCU(PMKALIMIO TBEPIBIX TEJl HA METALIbI, MOIYIPOBOIHUKN U JUAJIEKTPUKH C TOUKH
3pEHUSI 30HHOU TEOPUH;
PaccMoTpeTh OCOOEGHHOCTH KJIaCCHUYECKOTO M KBAHTOBO-MEXAHWYECKOTO  OIMMCAHUS
ANIEKTPOHHOI'O Ta3a, OCHOBHBIE TEPMOAMHAMUYECKUE U KUHETUUECKUE XAPAKTEPUCTUKU U
ANIEKTPOMArHUTHBIE CBOMCTBA AJIEKTPOHHOIO Ta3a B TMOJYNPOBOJAHUKAX U METAILIE,;



METOZIbl OIMCAHMSl JWHAMHKA pEUICTKH, OCHOBHBIC THIIBI KOJICOAHMH pEIETKH,
ONTUYECKHE U aKyCTHUYECKHe (DOHOHBI M X CBOWCTBA;

-METO/IbI OITMCAHMSI X MEXaHU3MBI B3aUMOJICHCTBUS ANIEKTPUUECKOTO ¥ MAarHUTHOT'O TOJIeH
C PEIIETKON; (PU3UYECKYIO TEOPUIO MArHETH3MA, OCHOBHBIC THITH MAarHETHKOB.

B pe3ymbrate W3ydeHWsI JMCHUIUIMHBI CTYICHT JOJDKEH YMETh OCYIICCTBIISATH
METOZIOJIOTUYECKOe  OOOCHOBAHHME — HAYyYHOTO

HCCHCHOB&TGHBCKOﬁ COBpPCMCHHBIC

HUCCIICAOBAHM,

HAYy4IHBIC MCTObI
KHHCTHYCCKHUC U TCPMOINHAMUYCCKUC XAPAKTCPUCTHUKH KBAHTOBOI'O 3JICKTPOHHOI'O I'a3a,

UCTIOJIb30BaTh B
pabote PaCCUUTHIBATH
HAXOJIUTh CHEKTP JIOKATH30BAHHBIX COCTOSIHUMA METOJIAMH TEOPHUX BO3MYILICHUIA.
CTynIeHT T0KEeH OBJIaAeTh MPUHIMIIAMU pacuyeTa KWHETUUECKUX U TePMOMHAMIYECKHX
XapaKTEepUCTUK TBEPAOrO Tea; METOaMH pacuera KoJeOaHWH aTOMHOM pEIIeTKY,
OIKCBHIBATh AJIEKTPOHHBIE COCTOSIHMS B KOHJCHCHPOBAHHBIX Cpellax; MeTolaMu
UCTIOJIB3YIONIME TIPE/ICTABICHHE BTOPUYHOTO KBAHTOBAHMS; METOJaMH KBAHTOBOM
MEXaHUKH B TIPUJIOKEHHUH K 33/1a4aM (PH3UKU KOHACHCUPOBAHHBIX COCTOSTHUIA.
9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUIIJINHBI

Y4eOHBIC 3aHATHUS 1O JUCITUIUIMHE MOTYT IPOBOJIUTHCS B CIEIYIOIINX
MTOMEIICHHIX, OCHAIEHHBIX COOTBETCTBYIOIIMM 00OPY/IOBAHUEM U MPOTPAMMHBIM
oOecrieueHueM, pacnoiaokeHHbIx 1o ajapecy 690022, r. Bragusoctok, o.Pycckuid,
1. Asxkc, 10:

[lepeyeHr MaTepUATBHO-TEXHUYECKOTO M MPOrPaAMMHOTO 0OECIeUeHUs
JTUCHUTUIMHBI IPUBEJICH B TaOJIHIIE.

HanmeHnoBanue
cHenranbHBIX
MOMEILEHUH 1

MOMEIIEHUH JIJIs

CaMOCTOSITEIIbHOM
pabothr*

OCHAIIIEHHOCTH CTELHAIBHBIX IOMELICHUHN U
TIOMEIIEHUH I IPOBeIeHHs YUeOHbIX
3aHATHUH, U1 CAMOCTOSTENIFHON pabOTHI

IlepeueHb TULIEH3MOHHOTO
MPOrPaMMHOTO OOeCTieueHUsI.
PexBU3UTHI OATBEPAKAAIOLIETO
JIOKyMEHTa

YueOHble ayAUTOPHHU ISl IPOBEICHNS YUeOHBIX 3aHATHI:

D208/347, D303,
D313a, D401, D453,
D461, D518, D708,
D709, D758, D761,
D762, D765, D766,
D771, D917, D918,
D920, D925, D576,

D807

JlekumoHHas ayiuTopusi 000pyaoBaHa
MapKepHOH JIOCKOH, ay THOTIPOUT phIBATENIEM

3JECh JOITIOJIHUTCA
JIMIOEH3WUOHHBLIM I10

D229, D304, D306,
D349, D350, D351,
D352, D353, D403,
D404, D405, D414,
D434, D435, D453,
D503, D504, D517,
D522, D577, D578,
D579, D580, D602,
D603, D657, D658,
D702, D704, D705,

2 atax, mom Ne 135, MynbTumenuitHas
aymuropus: [Ipoexrop Mitsubishi EW330U,
Oxpan mpoekimoHHbIi ScreenLine Trim White
Ice, mpodeccrnonanshas XKK-manens 47", 500
Kna/m2, Full HD M4716CCBA LG, noacucrema
BHJICOMCTOYHHUKOB IOKyMeHT-kamepa CP355AF
Avervision; roJicucremMa BuIeOKOMMYTallHu;
TIOJICUCTEMA Ay JUOKOMMYTALUH U
3BYKOYCWJICHHS; TTI0/ICUCTEMa HHTEPAKTHBHOTO
yIpaBJIeHUs

1B coorserctBuu ¢ m.4.3. ®IOC




D707, D721, D722,

D723, D735, D736,

D764, D769, D770,

D773, D810, D811,

D906, D914, D921,

D922, D923, D924,
D926

D207/346

Mynstumenuitnas ayguropus: IIpoexrop 3-
chip DLP, 10 600 ANSI-mm, WUXGA 1 920x1
200 (16:10) PT-DZ110XE Panasonic; sxpan
316x500 cm, 16:10 ¢ 371. MPUBOAOM; KpEIUICHIE
HacteHHO-TIoTono49HOe Elpro Large Electrol
Projecta; nmpodeccunonansuas JKK-manens 47",
500 Kn/m2, Full HD M4716CCBA LG;
MOJICUCTEMa BU/ICOUCTOYHUKOB JIOKYMEHT-
kamepa CP355AF Avervision; noacucrema
BUICOKOMMYTAIMH; TTOJICHCTEMA
ayJJMOKOMMYTALIH Y 3BYKOYCHIICHHS;
MOJICUCTEMa HHTEPAKTHUBHOTO YIPABICHHS),

D226

MynbsTumenuiinas ayagutopus: Ilpoexktop
Mitsubishi EW330U, DkpaH mpoeKInoHHbII
ScreenLine Trim White Ice, mpodeccrnonanpras
KK-manens 47", 500 Kn/m2, Full HD
M4716CCBA LG, nmoacucrema
BHICOKOMMYTAIINH; TIOICUCTEMA
ayJJMOKOMMYTALIH ¥ 3BYKOYCHIICHHSL;
MOJICUCTEMa UHTEPAKTUBHOTO YIPABJICHHS),
D362 (npodeccuonansuas XKK-nanens 47", 500
Kn/m2, Full HD M4716CCBA LG, moacucrema
ayJJMOKOMMYTALIH ¥ 3BYKOYCHIICHHSL;
KommbroTepHbii Ki1acc Ha 15 mocaiouHbIX MECT

D447, D448, D449,
D450, D451, D452,
D502, D575

MynbsTumenuiinas ayagutopus: Ilpoektop
Mitsubishi EW330U, DkpaH mpoeKInoHHbIH
ScreenLine Trim White Ice, moacucrema
BHJICOMCTOYHHUKOB JOKyMeHT-kamepa CP355AF
Avervision; mogcucTeMa BHICOKOMMY TaIlHM;
MOJICHICTEMA ayANOKOMMYTAIUH U
3BYKOYCHIICHUSI; ITOJICHCTEMA HHTEPAaKTUBHOTO
yIpaBJICHUS

D446, D604, D656,
D659, D737, D808,
D809, D812

MynbsTumenuiinas ayagutopus: IIpoextop
Mitsubishi EW330U, DkpaH nmpoeKInoHHbIH
ScreenLine Trim White Ice, npodeccronanbHast
JKK-manens 47", 500 Kn/m2, Full HD
M4716CCBA LG, noacucrema
BHJICOMCTOYHHUKOB JOKyMeHT-kamepa CP355AF
Avervision; mojicucremMa BuI€OKOMMYTallHH;
TIOJICHCTEMA Ay JTHOKOMMYTALIUH U
3BYKOYCWJICHHS; TIO/ICHCTEMa HHTEPaKTHBHOTO
ynpasieHus; KomnsroTepHsrit kinacc; Pabouee
MecTo: Kommeroreps! (TBepaoTenbHBIH TUCK -
oobemom 128 I'b; XKectkuii auck - oobem 1000
I'b; ®opm-daxrop — Tower); KOMITIEKTyeTCs
KJIaBHATypOM, MbIIb0. MoHITOpoM AOC
12757Fm; KOMIUIEKTOM IITHYPOB 3JI. INTAHMSA)
Mogens - M93p 1; JluaradoHHBIH K1ace,
KOMIBIOTEPH! OCHAIIEHBI TPOTPAMMHBIM
koMIutekcoM Sanako study 1200

D501, D601

MynsTuMeauiinas ayautopus: [Ipoexrop
Mitsubishi EW330U, DxpaH npoeKInoHHbIH
ScreenLine Trim White Ice, npodeccronanbhas
KK-manens 47", 500 Kn/m2, Full HD
M4716CCBA LG, noacucrema
BHICOMCTOUYHHKOB JIoKyMeHT-Kamepa CP355AF




Avervision; rojicucremMa BuI€OKOMMYTallHH;
MOJICCTEMA Ay AUOKOMMYTAIUH U
3BYKOYCHJICHHSI; [TOJICUCTEMA UHTEPAKTUBHOTO
ynpasneHus; KomnbroTepHslit knacc Ha 26
pabounx Mect. Pabouee mecTo: MoHOOIOK
Lenovo C360G-i34164G500UDK

[Tomemenns s cCaMOCTOATENBHOM PaOOTHI:

A1042 ayguropus s
CaMOCTOSITCIIbHOM
paboThI CTYICHTOB

Mono6mok Lenovo C360G-i34164G500UDK —
115 wr.; MHTErpUpOBaHHBII CEHCOPHBII
muctieit Polymedia FlipBox; Kommup-nipuaTep-
L[BETHOH ckaHep B e-mail ¢ 4 notkamu Xerox
WorkCentre 5330 (WC5330C; ITonHoUBETHBIH
Konup-TnpuHTep-ckaHep Xerox WorkCentre
7530 (WC7530CPS O6opynoBanue asis
WHBAJMJOB U JIUI C O'PaHUYECHHBIMHU
BO3MOXHOCTAMU 310p0oBbs: Jlucnei bpains
Focus-40 Blue — 3 urr.; {ucrueit bpaiiss
Focus-80 Blue; Pabouas crannus Lenovo
ThinkCentre E73z — 3 wir.; Bugeo yBenudaurens
ONYX Swing-Arm PC edition; Mapxkep-
mukTodor Touch Memo mdposoii;
VYeTpoiicTBO NOPTATUBHOE MJIsI YUTEHUSA
IJI0CKOIeYaTHbIX TekcToB PEarl;
CkaHHpPYIOIIAs ¥ YUTAIOIIAs MallInHA ISt
HE3PSAYMX M CIA00BUIINX MTOJIb30BaTEIeH
SARA; IIpunrep bpaiins Emprint SpotDot - 2
uit.; [Ipunrep bpaitns Everest - D V4; Buneo
yBennuutesis ONYX Swing-Arm PC edition;
Buneo ysennuurens Topaz 24” XL
CTAallMOHAPHBIN AIIEKTPOHHEI; O0yJaromas
cucTeMa JUIs IeTel TaKTHIbHO-pedeBast, T100
JUTSL JIFOZIeH ¢ OTpaHUYeHHBIMH BO3MOXKHOCTSIMU
310pOBbs; ¥YBeauuuTenb pyuHoil Bugeo RUBY
MOPTAaTUBHBIN — 2 TIT.; DKpaH Samsung
S23C200B; Mapxkep-nukrodon Touch Memo
UG pOBOH.

Microsoft Windows 7 Pro MAGic
12.0 Pro, Jaws for Windows 15.0
Pro, Open book 9.0, Duxbury
BrailleTranslator, Dolphin Guide
(konTpakT Ne A238-14/2);
HewuckirountensHple TpaBa Ha
ucnonszoBanue [10 Microsoft
pabounx CTaHIUI TOTB30BATEIICH
(xoHTpakT DA-261-18 ot
02.08.2018): - nuueH3us Ha
KIIMEHTCKYIO ONEPaIlHOHHYIO
CHCTEMY; - JIMLEH3US Ha ITaKeT
O0(HCHBIX MPOAYKTOB 15l pabOTHI C
JOKYMEHTaMM BKJIrO4ast
¢dopmar.docx , xIsx , .vsd , .ptt.; -
JIMLEH3HS T1a TIPABO MOKITIOYCHUS
MOJIb30BATEINS K CEPBEPHBIM
OTIEPAIIMOHHBIM CHCTEMAM |,
rcnonbp3yeMsM B JIBOVY : Microsoft
Windows Server 2008/2012; -
JIMLEH3Ms Ha TIPaBO MOJKITIOYEHUS K
cepBepy Microsoft Exchange Server
Enterprise; - nuieH3us ma mpaBo
MOJKJIFOUEHUS K BHYTPEHHEH
UH(OPMALMOHHOI crcTeMe
JIOKyMEHTO000pOTa U MOPTATY C
BO3MOXKHOCTBIO TIOMCKA
nH(pOopMaLK BO MHOXKECTBE
Y/IAIICHHBIX U JIOKATbHBIX
XpaHWIKINAX, pecypcax,
OoubnmoTekax WHPOPMAIIHH,
BKJIIOYasd NNOPTAJbHBIC XpaHUIIUIIIA,
ucrnoinb3yemoii B JIBOY: Microsoft
SharePoint; - nunen3us Ha npaBo
IIOAKJIIFOYCHUS K CUCTEME
LEHTPAIM30BAHHOTO YIIPABJICHUS
paboYMMU CTAHIUSIMH,
ncnonp3yemMoit B JIBOY: Microsoft
System Center.

10. ®OH/IbI OLIEHOYHBIX CPE/JICTB
CDOHILBI OLCHOYHBIX CpeI[CTB Hpe,Z[CTaBJ'IeHI)I B HpI/IJ'IO)I(eHI/II/I.

(¢ponowr oyenounvix cpeocme exmouarom 6 cebsi: nepeueHb Gopm OyeHUBaHus,
NPUMEHSEMbIX HA PA3IUYHBIX SMAnax @opmMuposanusi KoOMHemeHyull. 8 Xooe
0CBOEHUSL OUCYUNTIUHBL MOOYJISL, WKATLY OYEHUBAHUS KANCOOU (hOPMbL, C ONUCAHUEM
UHOUKAMOPOB  OOCMUNCEHUSL OCB0CHUsL  OUCYUNIUHbL  CO2NACHO  3ASG/ICHHbIX
KOMNemenyuil, npumepvl 3a0aHULl MeKywe20 U NPOMENCYMOUYH020 KOHMPOJS,

saxntouenue pabomooamens na POC (OM))



MHHUCTEPCTBO HAVKHU U BBICIIIET'O OBPA3OBAHU S POCCUICKOM ®EJIEPAIIN

dbeﬂepanbﬂoe TrocyaapCTBEHHOC aBTOHOMHOE 06p330BaTeJ'II)HOG YUPECIKACHUE BBICHICTO 06pa30BaHI/IH
«/{aabHeBOCTOUYHBIN (eepabHbI YHUBEPCUTET»
(ABDY)

UHCTUTYT HAYKOEMKHMX TEXHOJIOTUI U IEPEJIOBBIX MATEPUAJIOB (PUJTHAJIA)

®OH/I OHIEHOYHbBIX CPEJICTB
MarteMaTn4eckoe MOJeJIMPOBAHUAE B COBPEMEHHOM MAaTepPHaJIOBeleHUH
IIporpamma 6akasaBpuara
1o HanpapJeHUu10 NoaArorosku 03.03.02 dusuka,
npopuias «ludposBbie TEXHOJIOTUN B PU3UKE»

BaaauBocTok
2022



HepequL (l)OpM OLCHUBAHMSA, IPUMEHACMBIX HA PA3JIUYHBIX 3Tanax (l)OpMI/IPOBaHI/IH KOMHeTeHHl/Iﬁ B X0/J1¢ 0CBOCHMUSA
AUCHUIIIMHBI / MOaYyJIsd

Ne Koutponaupyembie Koa u HaumeHoBaHue Pe3yabTarbl 00yyenust OueHouHbIe CpeCTBA
n/n pasaeiibl / TeMbl MHAMKATOPA J0CTUKEHHUS TeKyImii IPOMEIKYTOUHAS
AUCHHUIIINHBI KOMIICTCHIIUHU KOHTPOJIb arTrecTanus
Paznen Nel KBanToBbie 3HaeT MEeTOB HAYYHBIX SKCIIEPUMEHTAIBHBIX U CoOecenoBanue Ok3ameH. Bonpockt

MOJCIN ONHMCAHUA TBEPAOTO

TCOPECTUYCCKUX (I)I/ISI/I‘K)CKI/IX PICCJICI[OBaHI/Iﬁ,

(YO-1), Ycrusiit

1-5.

Tena COBpeMeHHyI0 MpuOopHyIo 6a3y u uadopmammonnsie | onpoc (YO-1),
T1K -1.3 TIpuMeHsIET COBpEMEHHBIE | TEXHOJIOTHH Tect (ITP-1)
Hay4HBIE METO/IbI Ha YPOBHE, YMeeT NpUMEHSITh METOIbl HAyYHBIX
HEo0XOJUMOM JJII HOCTAaHOBKHU H 9KCIIEPUMEHTAIIBHBIX U TEOPETUUECKUX (PU3NIECKUX
pemIeHus 3a71a4, OCHOBBI HCCIEI0BaHNH, COBPEMEHHYIO IPHOOPHYIO 06a3y 1
KOMITBIOTEPHOTO MOAEIHPOBAHUS nH(pOpMaMOHHbBIE TEXHOJIOTHH

Braneer HaBBIKaMM aHaIN3a M BBIOOPA METOHOB

Hay4YHBIX IKCIIEPUMEHTAJIBHBIX U TEOPETUUECKHX

(U3MYECKHX UCCIIeIOBAaHUH, COBPEMEHHYIO

npubopHyto 6a3y 1 UHHOPMALMOHHBIE TEXHOJIOTHU

3HaeT MeTOIb HAyYHBIX 3KCIIEPUMEHTAIBHBIX U CoOeceroBanue Dx3ameH Bompocsr

Paznen Ne2 OcHoBHEIE
KBAaHTOBEIC YpaBHCHHS B
(hu3nKe TBEpAOTO TEIA

[IK -1.3 ITpumMeHsieT cOBpeMEHHbIE
Hay4HBIC METO/bI Ha YPOBHE,
HEOOXOAUMOM JJIsl IOCTAaHOBKH U
pereHus 3a1a4, OCHOBBI
KOMIIBIOTEPHOTO MOAETHPOBAHUS

TEOPETUYECKUX (PUINYECKUX UCCIICIOBAHHH,
COBpPEMCHHYIO MPHOOPHYIO 0a3y 1 HHPOPMAIMOHHBIC
TEXHOJIOTUH

YMeeT IpUMEHSTh METOIbl HayYHBIX
OKCICPUMEHTAJIBHBIX U TCOPETHUCCKUX (I)I/ISI/I‘IQCKI/IX
HCCIIeIOBaHUH, COBPEMEHHYIO IPUOOPHYIO 0a3y u
I/IHq)OpMaHI/IOHHI)Ie TCXHOJIOTHHU

Brianeer HaBbIKaMM aHaIM3a M BBIOOPa METOLOB
Hay4YHBIX IKCIIEPUMEHTAJIBHBIX U TEOPETHUECKUX
(hu3MUecKHX UCCIIEeJOBaHUH, COBPEMEHHYIO
npubopHyto 6a3y 1 HH(GOPMALMOHHbEIE TEXHOJIOTHU

(YO-1), YcrHsrit
ompoc (YO-1),
Tect (ITP-1)

6-16

OueHoOYHBbIE CPEACTBA sl TEKYIIIEr0 KOHTPOJISI
ITepeBon onenku u3 100-0anapHOM B 4eThIpeXOaIbHYIO MPOU3BOAUTCS CIAEAYIONIUM 00pa3oMm:




- oTyimaHO — OT 80 10 110 6amnoB (Bxirovast 10 moOmpPUTEIBHBIX 0alIOB);

- xoportio — ot 60 10 79 6amios;

- YIOBJIETBOPUTEILHO — OT 45 110 59 6anios;

- HEYJOBJIETBOPUTENIBHO — MeHee 45 OalioB.

Kpurepuu ouenku (B 6amnax):

- 25-30 6a10B BBICTABIIAETCS CTYJEHTY, €CJIM CTYJEHT J1aj MOJIHbIE, pa3BEPHYTHIE OTBETHI HA BCE TEOPETUYECKUE BOIIPOCHI
ousera, MPOJEMOHCTPUPOBAN 3HAaHUE (DYHKIMOHAIBHBIX BO3MOKHOCTEM, TEPMUHOJIOTMH, OCHOBHBIX 2JIEMEHTOB, YMEHHE
IPUMEHSTh TEOPETUUECKHUE 3HAHU IIPU BBINOJIHEHNUN NPAaKTUUECKUX 3adaHuil. CTyneHT 0e3 3aTpyAHEHUI OTBETHUJI Ha BCE
JOTIOJIHUTENbHBIE BONPOCHI. [IpakTrueckas 4acTb paOOTHI BHIMOIHEHA MTOJIHOCTHIO 0€3 HETOUHOCTEN U OIINOOK;

- 17-24 6anioB BBICTABIAETCS CTYJIEHTY, €CJIM CTYJEHT PACKpPbLI B OCHOBHOM T€OPETUUYECKUE BOIIPOCHI, OJIHAKO JOIMYIIEHBI
HETOYHOCTHU B OTNIPECIICHUN OCHOBHBIX MOHATHUI. [Ipy 0TBEeTE HA TOMOJHUTENBHBIE BOIIPOCHI JOIYIIEHBI HEOOJIbIINE
HETOYHOCTU. [Ipy BBIMOIHEHUH NTPaKTUUYECKON YacTh pabOThI JOMYIIEHBI HECYIIECTBEHHBIE OLINOKY;

- 10-16 6annoB BBICTABIACTCS CTYJEHTY, €CIIM IPU OTBETE HA TEOPETHUECKUE BOMPOCHI CTYIEHTOM JOMYIIEHO HECKOIBKO
CYIIIECTBEHHBIX OIMIMOOK B TOJKOBAaHUU OCHOBHBIX MOHATHH. JIOTMKa M IOTHOTA OTBETA CTPAAIOT 3aMETHBIMH U3bSHAMHU.
3ameTHbI MpoOesIbl B 3HAHUU OCHOBHBIX METOJIOB. TEOpETHUECKHE BOMIPOCHI B LIEJIOM U3JI0KEHBI JOCTATOYHO, HO C MPOITyCKaMHU
Mmatepuana. IMerTcs NpuHIMIHAIbHbIe OIIMOKHY B JIOTHKE MIOCTPOSHUS 0TBeTa Ha Bompoc. CTyICHT HE pelII 3a7a9y WiId Ipu
pELIeHUH TONYIIEHbI IpyOble OIINOKY;

- 1-10 GanyoB BBICTABISETCS CTYACHTY, €CIIH OTBET Ha TEOPETUIECKHIE BOIIPOCHI

CBUETEIBCTBYET O HEIOHUMAaHUU U KpailHe HETIOJIHOM 3HAaHUU OCHOBHBIX MOHATHI 1 MeTo10B. OOHApYKUBAETCS OTCYTCTBHE
HABbIKOB MPUMEHEHUS TEOPETUYECKUX 3HAHUM MPH BBIITOJIHEHUH MPAKTUYECKUX 3a1aHui. CTyJIEHT HE CMOT OTBETUTh HU Ha
OJIMH JIONIOJTHUTENbHBIN BOIIPOC.

OueHOYHBIE CPeICTBA /ISl IPOMEKYTOYHOM aTTeCTALMI

KOZ[ 1 HAMMCHOBAaHH¢ Pe3yJ’leaTBI oﬁyquI/m Ikana OICHUBAHUA l'lpOMe)KyTO‘lHOi/'I aTTreCTalluu

HHAUKATOpPA

JAOCTHKCHUHA
KOMIECTCHUINH

HeynosiyieTBopuTeabH
)

YnoBieTBOpUTEIbH
0

Xopomio

OT1In4HO

IIK -1.3 ITpumenser
COBpPEMEHHBIC HAYYHBIE
METOBI Ha YPOBHE,

HEOOXOIUMOM JIJIS

3Haer METOAbI HAYYHbIX
OKCIICPUMCHTAJIbHBIX U TECOPECTUICCKUX
(i)I/I3I/I‘l€CKI/IX HCCHeHOBaHHﬁ,

He 3naer meToasl
Hay4HBIX
SKCHEPUMEHTAIBHBIX U
TEOPETUUECKUX

3HaeT OCHOBHbIE
METO/Ibl HAYYHBIX
SKCHEPUMEHTAIbHBIX U
TEOPETUUECKUX

3HaeT METO/IbI HAYYHBIX
SKCICPUMEHTAIBHBIX H
TEOPETUIECKHUX
(buzmueckux

3HaeT Bce U3JI0KEHHbIE
B Kypce METO/IbI
Hay4YHBIX
SKCHEPUMEHTAIBHBIX U




MOCTAHOBKHU W PEIICHHS
3a/1a4, OCHOBBI
KOMITBIOTEPHOTO
MOJIETTMPOBAHUS

COBpPEMEHHYIO MPHOOPHYIO 0a3y u
MH(POPMALMOHHBIC TEXHOJIOTUH

¢u3mIecKux
HCCJICIOBAaHUH,
COBPEMEHHYIO IIPHOOPHYIO
6a3y 1 MH(pOPMAIIMOHHBIE
TEXHOJIOTHH

¢du3ngecKnx
HCCJICIOBAaHMM,
COBPEMEHHYIO
npubopHyto 6azy u
nH(pOopMaMOHHbIE
TEXHOJIOTUH

HCCJICIOBaHUH,
COBPEMCHHYIO
pubOopHYIo 6azy u
UH(POPMAIMOHHBIC
TEXHOJIOTHH

TEOPETUYECKUX
¢du3ngecKknx
HCCJICTOBAaHMUM,
COBPEMEHHYIO
npubopHyto 6azy u
nH(popMaMOHHbIE
TEXHOJIOTUH

VYMeeT IpUMEHSTh METOIbI HAy IHBIX
9KCHEPUMEHTAIBHBIX H TEOPETHICCKHUX
(hU3UYIECKHUX UCCIICOBAHUM,
COBPEMEHHYI0 IPUOOPHYIO 0a3y u
MH(OpPMaLMOHHbIE TEXHOJIOTHH

He ymeer npumeHsTh
METO/IBI HAyYHBIX
9KCTIEPUMEHTAIBHBIX U
TEOPETHIECKUX
(u3mIecKux
HUCCIIeOBAHUM,
COBPEMEHHYI0 PUOOPHYIO
6a3y 1 MH(pOPMAIIMOHHBIE
TEXHOJIOI'MHU

YMeer npuMeHATh
TOJIEKO OCHOBHBIC
METOZBI HAyYHBIX
IKCIIEPHUMEHTANBHBIX H
TEOPETUYECKUX
(busnueckux
HCCJIEIOBAHUM,
COBPEMEHHYIO
npubopHYo 0asy u
nH(pOopMaLMOHHbIE
TEXHOJIOTUH

YMmeer xopo1io
TIPUMEHSATH METOJIBI
HaYYHBIX
9KCTIEPUMEHTAIBHBIX U
TEOPETHIECKUX
(busndeckux
HCCIICIOBAHUM,
COBPEMEHHYIO
npubopHyto 6a3y u
UH(OpPMALMOHHBIE
TEXHOJIOTHH

YMeeT npuMeHsTh BCe
U3JI0’KEHHBIC METOIbI
Hay4YHBIX
IKCIIEPUMEHTAIBHBIX H
TEOPETUYECKUX
¢busngeckux
HCCIIeJOBAHUM,
COBPEMEHHYIO
pUOOpPHYIO 0a3y u
nH(popManOHHbIE
TEXHOJIOTUH

Bnaneer HaBbIkaM¥ aHaJIM3a M BEIOOpa
METOJIOB Hay4YHBIX
IKCTIEPUMEHTAJIbHBIX U TEOPETUUECKUX
(bu3ruecKkux ucciea0BaHni,
COBpPEMCHHYIO MPHOOPHYIO 0a3y u
UH(POPMALMOHHBIE TEXHOJIOTUH

He Bnajeer HaBbIKaMu
aHanu3a v BeIOOpa
METO/IOB HAYYHbBIX
9KCIIEPUMEHTAIBHBIX U
TEOPETHIECKUX
(busndeckux
HCCIIeTIOBaHUM,
COBPEMEHHYIO PUOOPHYIO
0a3y u nH(POPMAIHOHHEIE
TEXHOJIOTHH

Bnaseetr 0oCHOBHBIMU
HaBBIKAaMH aHAJIM3a 1
BBIOOpA METOZIOB
Hay4HBIX
IKCTIEPUMEHTAIIbHBIX U
TEOPETHYECKUX
buznyecknx
HCCJIEJOBAHUM,
COBPEMEHHYIO
npuOOpHYTO 0azy u
nH(pOopMaMOHHbIE
TEXHOJIOTUH

Buriageer HaBbIKAMHU
aHaIIM3a 1 BEIOOpa
METO/IOB Hay4YHBIX
9KCIIEPUMEHTAIBHBIX U
TEOPETHYECKUX
(busngeckux
HCCIIeIOBAHUM,
COBPEMEHHYIO
puOOpHYIO 0azy u
HH(OPMALMOHHBIE
TEXHOJIOTHH

Brnaneet n oTimmaHO
OpUEHTUPYETCS BO
BCEX M3JI0)KCHHBIX B
Kypce HaBbIKaMHU
aHanm3a v BeIOopa
METOJIOB Hay4YHBIX
9KCTIEPUMEHTAIIBHBIX U
TEOPETHYECKUX
¢du3ngecKux
HCCIICJOBaHMM,
COBPEMEHHYO
npudopHyto 6azy u
nH(popManoOHHbIE
TEXHOJIOTUH

Crmmcok BOITPOCOB K 3K3aMCHY




1. Bextop TpaHcasuu, pemerka, 6asuc.
2. JIByXxMEpHBIE KpUCTAJUIBL: JJIEMEHTApHAs U IPUMUTUBHAS SYEHKH, pelieTKH bpase 11 AByXMEpPHBIX KpUCTAJIIOB.
3. TpexmepHble KpUCTAILIbL, pelIeTKH bpaBe 11 TpexmMepHbIX KpucTaiioB. MHaekcsl Musiepa n 0003HauYeHre HallpaBIeHU.

4. IIpocThie KpUCTAJUIMUECKUE CTPYKTYPbl: KyOudecKkasi rpaHelleHTPUPOBAHHAS U Te€KCAroHaJIbHAs C IJIOTHOM YITaKOBKOM;
CTPYKTypa ajiMa3a 1 XJIOPUCTOTO HaTpHs.

5. AHM30TpoONUs TBEPABIX Tel. SABneHue nonumopdusma. Knaccudukaiiust TUIOB CBSI3U B KPUCTAIUIAX: HOHHBIE, KOBAJICHTHBIE,
METAJUIMYECKUE U MOJICKYJISIPHBIC KPUCTAJLIBI.

6. 3aKoH Bparra. 3KCHCpI/IMeHTaHBHBI€ MCTOABI UCCICOOBAHNA CTPYKTYPBI TBEPABIX TCII: MCTOI Haya, MCTOI BpalllCHUA
Kpucrtajuia, HOpOHIKOBBIﬁ MCTOM.

7. Mo3anunas ctpykrypa. [Ipumecu. ATOMBI B MEKIOY3JIHSAX U BAKAHCHUHU.
8. PaBHOBecHast kKOHIIEHTpanus nedexToB. Juciokaruu.

9. OcHOBHBIE TapaMeTphl YIIPYyTruX BOJH. COOTHOIEHNS TUCTIEPCUH I YIIPYTUX BOJH B OJHOMEPHOM KPUCTAIITMYECKON
IIEMOYKE, COCTOSIICH N3 OJMHAKOBBLIX aTOMOB 1 M3 aTOMOB 2-X BHJIOB.

10. AkycTUyeckue 1 ONTHYECKHE BETBU KOJIeOaHUM Il OTHOMEPHBIX U TPEXMEPHBIX KPUCTAIIOB. AKYCTUYECKUE U ONITUYECKUE
(OHOHBL.

11. O6partnas pemetka. 3oubl bprntosna. 3akon Jronounra-I1Ti, mogens DiHmTeitHa. JlebaeBckast TeOpHs TEMIIOEMKOCTH
pELIETKH.

12. TennoeMKOCTb QJICKTPOHOB IMIPOBOJAMMOCTHU B MCTAJlJIax. TGHJ’IOHpOBO)IHOCTB TBEPALIX TCI.

13. CBoOoaHbIH AekTpoHHBIHN Ta3 ®epmu (0HOMEPHBIN ciydaii). Dueprust ®epmu, hyukmnus pactpenenenus Oepmu-/lupaka.
CBOOOTHBIN AMEKTPOHHBIN Ta3 B TpexmepHoM citydae. [ToBepxHocTh (chepa) Depmu.



14. DnexTponpoBOHOCTh U 3akoH Oma. TemnonpoBogHOCTs METAIOB, 3akoH Bunemana®panua. [Ipuunnbl nosiBneHus
3aMpenieHHbIX 30H Ha OCHOBE PACCMOTPEHHSI OPATTOBCKOTO OTPAKEHUS dJICKTPOHHBIX BOJIH.

15. Meraibl, MOJIyIPOBOJIHUKH U JUDJIEKTPUKHU C TOUKHU 3PEHUS 30HHOM Teopuu. BoHOBBIE (DyHKIMU 3JIEKTPOHA B
nepuoanyeckoil pemerke. CxeMa NpUBEIEHHBIX 30H. DPQPEKTUBHAS Macca 3JIEKTPOHA, IbIpki. CoOCTBEHHAs! IPOBOAUMOCTb.
3akoH aeicTByomux Macc. KoHmentpaius coocTBeHHbIX HocuTeneil. CTpyKTypa SJHEpreTUYECKUX 30H (Ha MPUMEpPE TepMaHusl).
[{MKI0TPOHHBIN PE30HAHC B OJIYIIPOBOAHUKAX

16. DddexTuBHas Macca 3JIeKTpoHa, AbIpku. CoOCTBEHHAs! TPOBOJMMOCTD. 3aKOH JIeHCTBYOMMX Macc. KoHeHTparms
coOcTBeHHBIX HOocuTenel. CTpyKTypa SHEPreTUYECKUX 30H (Ha nmpuMepe repManus). [{ukioTpoHHBIN pe30oHaHC B
MOTYTIPOBOJHUKAX.

KommiekT TecToB (T€CTOBBIX 3a/1aHUI)

no aucuuiinae « KBantoBas Teopus TBEPAOTO TEJIay

1. ConocraBbTe ...

1. MoHHas cBsI3b a. CBSI3b OCYIIECTBIISIIONIASCSA OCPEACTBOM
KJIACCUYECKOM AJIEKTPOHHOM Maphl, JEKTPOH KYpCUPYET

MEXY JIByMsI aTOMaMH.

2. KoBanenTtHas cBsI3b b. CBSI3b UMEIOIIEE CXOACTBO C KOBAJICHTHOM, T.K. B
OCHOBE JIC)KUT 0000IICCTBICHUE BHEITHUX BaJECHTHBIX

AJIEKTPOHOB — TOJILKO aTOMOB BCEU PEIIETKH.

3. Metannunueckas CBA3b C. CBA3b, 00YCIOBJIEHHAs B OCHOBHOM



3IEKTPOCTATHYECKUM B3aMMOAEHCTBHEM
IPOTHBOIOJIOKHO 3aPSHKEHHBIX HOHOB
Otser: 1-c, 2-a, 3-b

2. YpaBHenue Jlays

a)

a’S” = 2casind = hA

b™S” = 2bBsind = kA
c’S”=2aysin@ =11}

b)

a’S” = 2aasinf = hi

b™S” = 2bBsing = kA

c’S”=2cysinf =11}
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c)

a’S” =2aacos6 = hA

b™S” =2bBcos = kA
c’S”=2cycosf =121}



d)

a’S” =2aasind =0
b~—S” =2bBsin6 =0
c’S”=2cysinf =0
¥

OtBeT: b

3. OOGBIYHBIM METO/IOM OTIMCAHUS TIOJIOKCHHS TUIOCKOCTH B KPUCTAJUTMUECKOU PEIICTKE
SBJISIFOTCS

I meron Kpamepa

2 metrop I'aycca

3 unaekcel Muiiepa
4 yHseKcbl XOKUHTa
OtBerT: ¢

4. pazoBas CKOPOCTH
a) wp=x=hc

b) wdp =

w



q

=cA

C) wh =x =wc= hc

d) wd =x =wq=vA

Otser: d

5. Yucno GoHOHOB B TBEPAOM TeJie HE MOCTOSTHHO. DOHOHOB ...

a) TeM OoJIbllie, YeM HIDKE TeMIlepaTypa, a Ipu NPUOIMKEHUH UX K HYJIIO KX YUCIIO
TaK)Ke CTPEMUTCS K HYJIIO.

b) Tem Oosibllie, YeM HIKE TEMIIepaTypa, a Ipy NPUOMKEHUN UX K HYJIIO KX YUCIIO
CTPEMUTCS K OECKOHEYHOCTH.

C) TeM OoJIbIlle, YeM BBIIIIE TEMIIEPATypa, a MPU MPUOIMKEHUU UX K HYJITIO UX YHUCIIO
TaK)Ke CTPEMUTCS K HYJIIO.

d) Tem GoJbliie, UeM BBIIIIE TEMIIEPATYPA, a IPU NPUOTMKEHUHN X K HYJIIO WX YHCIIO
CTPEMUTCS K OECKOHEYHOCTH.

OtBer: ¢

6. 3ona bpustosHa npeacraBisieT coOoH ...

a) siaeiiky Burnepa — 3eliTiia B 00paTHO# peleTke.



b) nanekc Mwiepa B 0OpaTHON pelIeTKe.

C) siueiiky XOKHHTa

d) 3ony bpuuttosna

OtBeT : a

7. llepBas 30Ha bpuiitodHa aBisercs ...

a) 30HOI ¢ HAMMEHBIINM 00bEMOM, OHA TIOJTHOCTHIO OTPAHIYEHA TNIOCKOCTSIMH,
KOTOpBIE JICTIAT MOMO0JIaM MEePIEHANKYISIPHBIE K HUM BEKTOPBI 00OpaTHOM PEIIETKH,
MPOBEJICHHBIC N3HAYalIa KOOPAMHAT

b) siBsIeTCS 30HOM C HAUMEHBIIIUM 00BEMOM, OHA TIOJTHOCTHIO OTpaHUYCHA
TUIOCKOCTSIMU, KOTOPBIE IEJST MONOoJIaM MapajielbHbIe K HUM BEKTOPBI 00paTHOM
PEIIETKH, IPOBEICHHBIE K HYJIEBBIM KOOPJAUHATAM

C) SIBJSIETCS] 30HOM ¢ HAUOOJIBIIUM 0ObEMOM HE OTPAHUYEHHOU MIIOCKOCTSIMHU.

d) sBiisieTcst 30HOM ¢ HAUOOJIBIITUM 00BEMOM, HO TIPH 3TOM OTPaHUYCHHOU
MJIOCKOCTSIMH, KOTOPBIE JIEJIAT TOTOJIaM TEPIICHIUKYJIIPHBIC K HUM BEKTOPBI
oOpaTHOM perieTKy, TPOBEICHHbIE N3HaYaaa KOOPANHAT

OtBerT: a

8. «BoJHBI) YaCTHUI] ONMMMCHIBAIOT BOJIHOBBIMU (YYHKIIUSIMH, KOTOPBIC BBITIISIAT CIAEAYIOIIUM

o0Opazom:



a) Y = A(kx — wt)

b) ¥ = Aei(kx — wt)

c) Y = Aei(k — wt)

d) Y = A(k + wt)

Otser: b

9. Kakoe U3 cieayrommux yTBEpKIACHUN BEPHO:

a) ®epMu — ra3 ecTb CUCTEMA B3aUMOJICHCTBYIOIIUX 3JIEKTPOHOB, MOAUHNHSIIOIIUXCS
npuHouny Jlyu ne-bpoitns, Ta ke cuctema ¢ B3auMOJeHCTBUEM HasbpiBaeTcsa depmu
— )KMJIKOCTBIO, TEOPHIO KOTOPYIO pa3zpadoTan Jlanaay.

b) depmu — ra3 ectb cucTeMa B3auMOACHCTBYIOUIUX 3JIEKTPOHOB, MOAYUHSFOLIIUXCS
npuHIuIy bopa, Ta ke cucrema ¢ B3auMoAerncTBUEM HasbiBaeTcss Depmu — TBEpIOe
TEJO , TECOPUIO KOTOPYIO pa3zpadboTan DUHIITEHH .

c) depmu — ra3 ecTb CHCTEMA HEB3aUMOJEHCTBYIOIIMX 3JIEKTPOHOB, IMOAYHHSIOIIUXCS
npuHnuny [laynu, Ta ke cucrema ¢ B3auMOIeCTBUEM Ha3biBaeTcss Pepmu —
KHUJIKOCTBIO, TEOPHUIO KOTOPYIO pazpadoran Jlannay.

d) ®epmu — ra3 ecTb cCuCTEMA HEB3AUMOICUCTBYIOIIMX AJIEKTPOHOB, OTUMHSIOIINXCS

npuHiuiy [laynm, Ta ke cucrema ¢ B3auMoJerlcTBUEM HasbiBaeTcss Oepmu —



KHUIKOCTBIO, TCOPUIO KOTOPYIO paspadotan Jlyn ne-bpoiinb.

OtBeT: C

3aKOH BBINOJHAETCA. . .. ... OT0 OOBACHAIOT pa3INuMEM TUIIA CTOJKHOBEHHI, 00YCIaBIMBAIOIINX IPOLIECCHI TEMIONPOBOJHOCTH
a) IpY OYeHb HU3KUX TemmepaTypax (mpu T<<0 L yBenuuuBaeTcs)

b) npu He oueHb BbICOKUX Temneparypax (mpu T<<0 L ymenbmiaercs)

C) pY HE OYEHb HU3KUX Temneparypax (mpu T<<O L ymensiiaercs)

d) mpu ouenb HU3KUX Temmneparypax (mpu T<<O L yBenuuuBaercs)

OtBeT: C

11. JIBukeHue 2JIEKTpOHA B KPUCTAIIE MOXKHO OMUCATh C TTOMOIIBI0 BOJTHOBOTO MAaKETa,
COCTaBJICHHOIO U3 ...

a) OJTIOXOBCKHX (DYHKIIHIA.

b) BOJIHOBBIX (DyHKIIMIA

¢) bynkmuit JlopeHia

OtBerT: a

12. llluprHa 3HEPreTUUECKOMN IEIH —. ..

a) 3ampelleHHas 30Ha - paBHA CyMME MEX]1y HauboJjee BBICOKOW TOUKOM 30HbI
MIPOBOAMMOCTH M HanOoJsiee HU3KOM TOUKOM BaJICHTHOMN 30HBI.

b) 3ampeleHHas 30Ha - paBHa CyMME MEX1y HauboJiee HU3KOM TOUKOM 30HbI



MIPOBOJIMMOCTH M HanbOO0JIee BRICOKOW TOYKOW BAJICHTHON 30HBI.

C) 3ampelleHHas 30Ha - paBHA Pa3HOCTH MEXKy Hanbosee HU3KOM TOUKOU 30HbI
MIPOBOJIMMOCTH ¥ Harbo0JIee BRICOKOW TOYKOW BAJICHTHOMN 30HBI.

d) 3anpeleHHas 30Ha - paBHa pa3HOCTU MEXIy Hau0o0Jiee BHICOKON TOUKOM 30HBI
MIPOBOAMMOCTH U HanboJiee HU3KOM TOUKOM BaJI€HTHOM 30HBI.

OtBeT: C

14. Kakoe u3 cienyomux yTBEPKIACHUN BEPHO:

a) B uneanbHOM MOJTYyNpPOBOHUKE MTPOUCXOIUT paccesHue Ha perieTke (poHoHax), B
peaIbHOM MOJIYNPOBOIHUKE — PACCESTHUE HA PUMECHBIX aTOMaX, HO MPH BBICOKUX
TeMmrepaTrypax npeobiagaer paccesHue Ha GOHOHAX.

b) B uaeaibHOM MOTYITPOBOTHUKE MPOUCXOIUT paccesiHre Ha penieTke (hoHOoHax), B
peaJbHOM MOJTYNPOBOIHUKE — paccesiHUe Ha (POHOHAX, HO TIPU BBICOKUX TEMIIEpaTypax
npeo0agaeT paccessHue Ha MPUMECHBIX aTOMaXx.

¢) B uneanbHOM MOTYyNpPOBOIHUKE MTPOUCXOJIUT paccessHue Ha perieTke ((poHoHax), B
peaTbHOM TMOJIYTPOBOJIHUKE — paccessHue Ha (POHOHAX, HO MPU HUZKUX TeMIIepaTypax
npeo0saaeT paccesHue Ha MPUMECHBIX aTOMaXx.

d) B uneansHOM MOMYynpOBOAHUKE TPOUCXOIUT paccesiHue Ha pemreTke ((poHoHax), B

p€albHOM IMOJYIIPOBOAHHUKE — PACCCAHUEC HA IIPUMECHBIX aTOMaX, HO IIPW HU3KUX



TeMIlepaTypax npeoodianaet paccessuue Ha GOHOHAX.
OTtBeT :a

15. Tlpu noriomienny cBeTa TBEPAIMH TeIaMH SHEPTUsi (POTOHOB MPEBPAILACTCs B APYTUEBUABI dHEprun. OHA MOXKET UITH Ha
M3MEHEHUE SHEPTreTUUYECKOT0 COCTOSIHUSA CBOOOIHBIX WJIM CBA3aHHBIX C aTOMAMM 3JIEKTPOHOB, a TAK)KE Ha U3MEHEHUE
KoJjebaTesbHOM sHeprun aToMoB. [lornomenre 00ycioBIEHO, B OCHOBHOM, JIEUCTBUEM CIIEYIOIIMX MEXAHU3MOB:

a) MCIK30HHBIX JJICKTPOHHBIX IICPCXOA0B U3 BaJICHTHOM 30HEI B 30HY IIPOBOAUMOCTH. CBs13aHHOE C 3TUM MEXaHHU3MOM
IMOTJIOIICHUC ITOJIYYHJIO HA3BAHHUC COOCTBEHHOT'O WJIH (bYHI[aMeHTaJII)HOF (O

b) mepexo10B, CBSI3aHHBIX C YYaCTHUEM SKCUTOHHBIX COCTOSTHUN (IKCUTOHHOE MOTJIOICHHUE);

C) IIEPEXO0JI0B ICKTPOHOB WJIU ABIPOK BHYTPH COOTBETCTBYIOIINX Pa3peIISHHBIX 30H, T. €. IEPEXO0JI0B, CBA3aHHBIX C HATMYUEM
CBOOOHBIX HOCUTENEH 3apsia. [JlaHHOe MOTJIoNIeHEe Ha3bIBAIOT MOTJIOMICHUEM CBOOOJHBIMU HOCUTEISIMU 3apsiia;

d) Bce mepeuncieHHOe

Otsert: d

Kpurepuu ouenku (B 0annax)

3a KaXIbli IPaBUIBLHBIN OTBET- 1 6a

Pemenue 3amau

1. PaccumnTaiiTe paguyc OKTa3JpUUECKOM MOPHI B PEIIETKE Y-KEJIe3a U CPABHUTE BEIIUUUHY
nedopManuy Ipyu BHEAPEHUN B HUX aTOMa:

1) azora (RN = 0,71 A); 2) yrmepona (RC = 0,77 A); 3) xkucnopoaa (RO = 0,66 A).

2. Beipa3zuTte KOHIEHTPALUIO CIIJIaBa B MAaCCOBBIX IMPOLIEHTAX.



1) Al-23 at. %Li; 2) Ag—40 ar. %Cu; 3) Fe—20 ar. %Mo; 4) Ti—40 at. %Zr; 5) Pb—28 at. %Sn
3. BrIpasuTte KOHIIEHTpAIMIO CIJIaBa B ATOMHBIX MPOIIEHTAX.

1) Ag-25 mac. %Cu; 2) Fe—11 mac. %Si; 3) Fe—15 mac. %Mo; 4) Al-8 mac. %Ca; 5) Ti-25 mac.
%Al

4. OuieHUTE YaCTOTY MEPECKOKOB BAKAHCUU U aTOMa U KO3 puiueHT camonudpysuu npu
KOMHATHOM TeMIepaType U BOJIM3HU TeMIEPaTypbl IUIABICHHUS:

1) B HuKee; 2) B kene3e U 3) B IUHKE.

5. OuieHuTe CpeAHEKBAAPATHIECKOE CMEIIICHUE BaKaHCUHU U aToMa 3a | yac (B MUKpOHaxX U B
€IMHULIaX MEKaTOMHOI'O PACCTOSIHUS) TP KOMHATHOM TeMIlepaTrype U BOJIU3H

TEMIIepaTypbl TUIABJICHHUS:

1) B 30110Te€; 2) B Bosbdpame u 3) B IUIaTHHE.

6. Ctasib C UCXOAHOM KOHIIEHTpanuen yriepoaa Coo HaXoAUTCA B IEMEHTALIMOHHON

neun ¢ temneparypoil T u yrnepoaneim noteHuuanoM CO. Paccunraiire:

a) KOHLIEHTpALMIO yTiiepoja Ha riyouHe h uepes Bpems t1; 0) criycTs kakoe Bpemsi

3Ta KOoHLeHTpauus gqocturdet Cl; B) rimyOuHy cios, r/ie KOHIICHTpaIus

npesbiaet Cl, yepes Bpemsi 12; T') BO CKOJIBKO pa3 00JIbllie BpeMEeHH NoTpeldyeTcs

IS TIOJTyY€HUS CJI0s1 TAaKOM ke TIyOuHbI, eciid Temneparypy noHusuth Ha 100°C? Koaddunuent

muddys3un yriepoaa B aycrenure npumute paBHbiM D =0,10exp(—134-10 / RT ) cm /¢ (sHeprus



aktuBaruu BeipaxxeHa B Jx/mons). T =920°C; Coo = 0,12%; CO = 1,2%; C1 = 0,65%; h = 0,8 mwm;
t1=84;12=161u.

7. Halimure cpeiHee pacCTOSIHUE MEX]Ty TUCIOKAUUSIMU: a) B OTOXKEHHOM METalIe C

IJIOTHOCTBIO Juciokanuii p = 106 cM—2 ; 0) B xonoanoaedopmupoBaHHoM MeTaiuie ¢ p = 1010 cm—
2 . CpaBHHUTE €T0 C PaJANyCOM siipa JucioKanuii (rsaapa ~ 3b).

8. CKOJIBKO KWJIOMETPOB JUCIOKAIMI coepKUTCs B 1 cM3 @ a) 0TOXOKEHHOTO MeTallia C
IJIOTHOCTRIO Juciokaiuit p = 106 cM—2 ; 0) xononnoaepopmupoBanHoro metamwia ¢ p = 1010 cm—2
? Halimure 00bEMHYIO TOMTIO sJIep AUCIOKAIUM B 000MX ciiydasx (IpuHUMAas painyc sapa rsapa ~
3b).

9. B pacuére Ha 1 cM3 meTaia CpaBHUTE: @) SHEPTUIO AUCIOKALMKI MPU UX MAKCUMAJILHO
BO3MOKHOM mIoTHOCTH ~1012 cM—2 ; 6) HEpruto BakaHCUH MPU UX MAKCUMAJIBHO BO3MOXHOM
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PaBHOBECHOM KOHIIEHTpAIMK (BOJIM3H TeMIIepaTyphl TUTABJICHHS); B) SHEPTHIO MEKATOMHOU CBSI3U
(aHepruro cyonumarun) cyoi. Pacuér cnenaiite muist: 1) cepedpa (ecyon = 2,60 sB/aTtom); 2) ckxenesa (ecyon = 3,63 aB/atom).
10. Haitnure HanpsoKeHUE, HEOOXO0IMMOE JIS ITPOXOKACHUS ITOJTHON KpaeBOU IHUCIIOKAITUN

HaJl IApaJUIEIIbHOM €1 3aKPEIIEHHON TUCIIOKALMEN, €CIIA PACCTOSTHUE MEXIY UX IJIOCKOCTAMHU
ckoJbkeHus coctaBisier 10b; 25b; 100b. Pacuér cnemaiite mis 1) a-kenesa; 2) cepedpa.

11. Kakoe HanpsikeHHe HAJ0 TPUIIOKUTh K Mape MOJHBIX KPACBBIX AUCIOKAIIMNA OJTHOTO



3HAKa, CKOJIB3AIINX B OJTHOM TUIOCKOCTH, YTOOBI CONMM3UTH UX 110 pacctosiaus 10b; 25b; 100b?
Pacuér cnenaiite nis: 1) a-xenesa; 2) cepedpa.

12. 3anummre Bce BO3MOXKHBIE THUIIBI peakluid Mex 1y AByMs auciokanusmu 1/2a B ['L{Kpemérke u otOepure u3 HUX
DHEPreTUYECKH BBITOJHBIE.

13. 3anummuTe Bce BO3MOXKHBIC TUITBI PeaKIuil MexXay AByMs auciokanusmu 1/2a B8 OLlKpemérke u ordepute n3 HUX
SHEPreTUYECKU BHITO/IHBIE.

14. MoHokpucTalla cepedpa BeIpalllMBaloOT U3 paciuiaBa. OLEHUTE MIOTHOCTh BO3HUKAIOIIUX
B XO0/J1€ KPUCTAJUIM3AIUU JUCIIOKAIINMA, €CIIU Mepernajl TeMIepaTyphl BOJIU3U TPaHUIlbl pasjiena
KUJIKOCTHU U TBEPAOH (pa3bl cocTaBiser 10 K/mm. Kosddunuent nuneitHoro pacmupenus cepedpa
MIpH Temreparype rmiaBieHus pasex 28-10—6 K -1

Kpurepuu ouenku (B 0annax)

[IpuBeneHo MoaHOE MPaBUIIbHOE PENIEHUE, BKIKOYAIOIIEE NPABUIbHBIN OTBET U
HCUEPIBIBAIOIINE BEPHBIE PACCYKICHUS C IPSIMBIM yKa3aHWEM HaOJIF0aeMbIX

SIBJICHUM U 3aKOHOB

1 Gann

JlaH mpaBWIIbHBINA OTBET, U PUBEJICHO OOBSICHEHNE, HO B PEIIICHUU UMEIOTCS

OJINH WJIM HECKOJIBKO HEJIOCTAaTKOB

0,5 6ayuoB



Her nmpaBunbsHOro orsera 0 6amios

[TucbmMeHHast KOHTpOJIbHAs paboTa

1. Haiitu mnotHocTs KpuctamwioB NaCl u CsCl (cm. puc.1)

Puc.1

2. 3Has MOCTOSIHHYIO a, BBIYUCIUTHh MEKIIJIOCKOCTHBIE paccTossHus d100,

d110 ,d111 n ux oTHOIICHUE IIJIS:

a) MPOCTOi, 6) 0OBEMHOIICHTPUPOBAHHOM, B) TPAHEIICHTPUPOBAHHOM
KyOMYECKUX PELIeTOK

3. Haiitu nmoctosiaayto pemetky AgBr (tumn pemerku NaCl), eciim ©3BeCTHO

gyto K[ - TUHMS BaHAIUS OTPAXKASTCS B TIEPBOM TOPSIKE OT CUCTEMBI INIOCKOCTEH
17

(100) mox yriioM ckoJibxkeHust 9 = 25.9°,

4. BeuncauTh JJIMHY BOJIHBI PEHTTEHOBCKOTO M3JIYYCHHS , KOTOPOE

OTpa)kaeTcsi BO BTOPOM TopsJike oT cucteMsbl mockocteit (100) kpucramia NaCl
(cm.puc.l) nmox yriaom ckoibxenus ¥ = 25.0° . HaliTu Takxe yroJ, moji KOTOpbIM
3TO U3YyUYEHUE OTPAKAETCS B MAKCUMAITBHOM TIOPSAKE OT JAHHON CHCTEMBI
IIJIOCKOCTEHN.

5. Monokpuctait NaCl (cMm.puc.1) caumarot o meroy Jlays B1oas ocu



YeTBEPTOro mopsaka (0ch z) Ha GOTOIIACTUHKY, OTCTOSIIYIO OT Kpructaymuia Ha L=50
MM. Haiitu a1 MakcuMyMOB, COOTBETCTBYIOIINX OTpaXeHUAM OT mtockoctel (031)
u (221):

a) UX pacCTOSHUE JI0 IEHTPa Jay rpaMMbl

0) JIMHBI BOJIH PEHTIEHOBCKOTO M3JIy4YECHUS

6. Y3KHI IIy4OK JIEKTPOHOB C 3HEpruen 25k3B nmpoxoauT yepe3 TOHKYIO
MNOJIMKPUCTAIUIMYECKYIO TUIEHKY U 00pa3yeT Ha IJIOCKOM 3KpaHE Ha PacCTOSHUU
L=20,0 cM oT mneHku cucremy AudpakuUOHHBIX KoJel. J(namMeTp nepBoro Kobla
D=13,1 mM. BoruncnuTh nocTosIHHYIO pemieTku. M3BecTHO, yTO OHa KyOuueckast

00BEMHOLEHTPUPOBAHHHAS.



3axiouenue padorogarenst Ha DOC (OM)



