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He.]'ll/l OCBOCHHUSA JHCHUIIINHBI
HCJ'IB Kypca «Dusuka KOHACHCUPOBAHHOI'O COCTOAHUA)» COCTOUT B CUCTEMATHUYCCKOM H3JI0KCHUU
CIIOCO00B U MCTOAOB MNPHUMCHCHUA OCHOBHBIX HNPUHIOWUIIOB KBaHTOBOM TCOPHUU K HUCCICAOBAHUIO
CBOMCTB KPUCTAITIMYCCKUX TBEPABIX TCJI; HAYYUTH CTYIACHTOB IIPHMCHSITH IIOJYYCHHBIC 3HAHHUA IIPU
pCelICHUHA 3a/1a4 B O6HaCTI/I, rac OHU ClICHHUAIIU3UPYIOTCH.

CTyI[eHT AOJDKCH MO3HAKOMHUTBLCA C HCKOTOPBIMHM METOAAMU, INMPHUMCHACMBIMH K OIIMCAHUIO

HaOMOIaeMbIX  (PU3UYECKUX SIBICHUW U TPUOOPECTH HABBIKU

CaMOCTOATCIIBbHBIX HAYYHBIX

UCCIIEIOBaHMA, BKJII0OYasi (POPMHUPOBAHNE HABBIKOB U3YUCHHUSI HAYYHOH (PU3HUECKON JTUTEPATYPHI.

Ne Kon HaunmenoBanue o0nactu npoheccnoHaIbHOM e TeTbHOCTH.
n/n | npodeccuonansHoro | HammeHoBaHue npogeccHoHaIbHOTO CTaHAapTa
CTaHzAapTa

01 O6pa3oBaHre U HayKa

1. 01.001

peructparioHHbIii Ne 43326 )

[podeccnonansuelii ctanmapt «[lemaror (memarorndeckas AeATEIFHOCTE B chepe
JOIIKOJILHOTO, HAYaJIBHOTO 0OIIEr0, OCHOBHOTO OOIIET0, CPEAHETO OOIIETO
00pa3oBaHus) (BOCHHUTATENb, YIUTEIb)», YTBEPKACHHBIN NpruKazoM MUHNCTEpCTBA
TpyZAa U conmaibHO 3anmThl Poccutickoit @eneparun ot 18 oktsaopst 2013 . Ne
544Hu(3apeructpupoBad MuHICTEpCTBOM FocTHINU Poccuiickoit denepannu 6
nekadpst 2013 r., peructparmonssiit Ne30550), ¢ u3sMeHeHHEM, BHECEHHBIM
IpuKa3oM MuHuCTEpCTBa Tpyla U couuanbHol 3amuTel PO ot 5 aBrycra
2016r.Ne4221 (3apeructpupoBad MuHuctepctsoM octurmu PO 23 asrycra2016r.,

01.003

IpodeccronanbHplil cTanmapt «[legaror qOMOJHUTEIBHOTO 00Pa30BaAHUS ETCH U
B3POCIBIX», YTBEP>KIEHHBIN IPUKa30M MUHUCTEPCTBA TPYAa U COLMAIILHOM 3aIUThI
P® ot 5 mas 2018r. Ne 298H (3apeructpupoBad MuHUCTEPCTBOM rocTuiuu PO 28
aprycta 2018r., peructparonsasii Ne 52016

®opmupyemble AUCUMUIIIMHON 3HAHUS U YMEHUS TOTOBAT BBITYCKHUKA JaHHOW 00pa30BaTeIbHON
IPOTPaMMBbI K BBITIOJIHEHHUIO CIIEAYIONIMX 0000IEHHBIX TPYIOBBIX (DYHKIIHIA:

Kon u O000meHHbIe TPYA0BbIe GYHKIUH Tpyaosbie pyHKINH
HalMeHOBaHHue Kon HaumenoBanue Yposenn| HaumenoBanme| Kox| Yposenbn
Nnpo¢eccuoHAJIbHO kBanu (moaypoBeHb)
ro cTaHjaapTa Kaluu KBaJTupUKAIL

10
01.001 ITemaror [Memarornueckas Oo6menenarornuec/A/01.6
(memaroruyueckas NEesATEIbHOCTD MO Kast QyHKIHS. 6
NEeATEIbHOCTD B MPOEKTUPOBAHUIO U O0yueHue
ITOLLIKOJIbHOM, [peanu3anuu Bocnurarensnas [A/02.6
HaYaJIbHOM OOIIEM, 00pazoBaTeILHOTO eI TENLHOCTD 6
OCHOBHOM 0011IeM, 4 [mpouecca
CpeIHEeM 00IIeM 00pazoBaTebHBIX 6
00pa3oBaHum) OpraHu3aKsaX Passusatowas  A/03.6
(BocmIUTaTENb, ITOIIKOJIBHOT O, ACATCILHOCTD
VIUTEb) HaYaIEHOTO O0IIETO, 6
OCHOBHOT'O OOIIIEro,
CpeIHEro O0IIero
00pazoBaHMs
[Tegaroruueckas [Tegarornyeckas
NesITeNIbHOCTD 110 MEesITeNIbHOCTD 110
MIPOSKTUPOBAHUIO U peanu3anuu
B |peanuzaniu 0CHOBHBIX 6 MporpamMm B/03.6 6
00111e00pa30BaTEIHHBIX OCHOBHOTO H
MporpamMm CpPEIHETro O0IIETo
o0Opa3oBaHus




Ilepedens 3aga4 npogecCHOHAIBHOM AeATEJIbHOCTH BbINIYCKHUKOB:

Ob6nacth Tunel 3a1a4 3anaun OOBeKTHI

npodeccuoHanbHOW  |MpodeccnoHanTbHON npodeccuoHaIbHOM po¢eccCHOHAIBHOM

JEeSITeTTHHOCTH JeSITeTbHOCTH JeSITeTbHOCTH JesTeNbHOCTH (WIH

(mo Peectpy 00J1aCcTH 3HAHMS)

MuHTpyza)

01 O6pa3oBanue [Tenarornyeckuit Pazpabotka u OO6pa3zoBaTenbHbIC
peanu3anus POrPaMMBbI U
00pa3oBaTeNbHbIX o0pa3oBaTeNbHBbIH Mpolecc
nporpamMm CIIO n B cucreme CIIO u 10
nporpamm 1O

06 Css3p, Hay4no- UccnenoBanue, NudopmarnmonHsie
MH(POPMAIMOHHBIE M | MCCIICOBATEIbCKUN paspaboTKa, IpoOneCChl, TCXHOJIOI'NH,
KOMMYHHKAIHOHHBI BHEJ[pEHUE U CUCTEMBI U CEeTH, UX
o TeXHOLOIHH COIIPOBOXKIICHHE UHCTPYMEHTAIILHOE
UH(pOPMaITMOHHBIX (mporpammHoe,
TEXHOJIOTHI U CUCTEM | TEXHHYECKOe,
OpraHU3aI[MOHHOE)
obecreyeHue, CrIoco0kl 6
U METOJIBI
MPOEKTUPOBAHMUS,
OTJIAJIKH, IIPOU3BOJICTBA U
JKCILTyaTaluu
UH(POPMALIMOHHBIX

TEXHOJIOTHI U CUCTEM B
pa3IUYHBIX 00JIACTAX U
cdepax udppoBoi
9KOHOMMKH

2. Mecrto mucuuniannbl B cTpykrype OITOII 6akanaBpuara
Jucnnmumaa «Pu3nKa KOHJICHCHPOBAHHOTO COCTOSHUS» OTHOCHTCS K O0S3aTeNbHOW YacTH,
dopmupyeMoii yuacTHUKaMu o0pa3zoBaTenbHbIX oTHOIeHuH (b1.B.07).
JuctumuimHa n3ydaercs Ha 3 Kypcee B 6 cemecTpe.

OcHogéHble HABBIKU, KOTOPBIMU JIOJDKEH 0071a1aTh CTYACHT: 3HaTh OCHOBHBIE CBOMCTBA MPOTSHKEHHBIX
cucTeM, OOyCIIOBIICHHBIE KBAaHTOBBIM XapaKTEPOM B3aWMOJCHCTBUM, 00JajaTh HaBBIKAMHU PabOTHI C
00BEKTaMH, KOTOpBIE XapaKTepHBI I pPacCMAaTPUBAEMBIX CHCTEM, BKIIOUas MpsiMoe U oOpaTHOe
MPOCTPAHCTBO,  OMEpallid  CHMMETPHUHM, MHOTOXJIEKTPOHHBIE BOJIHOBBIE  (DYHKIIMH, WMETh
MPEJCTABICHUE O METOAX PELICHUS] MHOTOXJIEKTPOHHBIX 3aa4, TAKUX, KaK METOJ XapTpH, XapTpH-
®oka, Teopuss @ynkuuonana [I1oTHOCTH, a TakKe CIENHAIBHBIX METO/IAX PELICHUS 3a/1a4M O PacueTe
AIIEKTPOHHON CTPYKTYPhl KPUCTAJUIOB, BKIIOYAas, B TOM YHUCIE, U MX NPUOIMKCHHBIE BapUAHTHI —
METOJ CHUJIbHOW CBSI3M, METOJ TOYTH CBOOOJHBIX OJIEKTPOHOB, MeTOA A(H(PEKTUBHONW MAaCCHI.
Yka3aHHBIC HABBIKH JOJKHBI CITY’)KUTh OCHOBOM JUISl MOHUMAaHUs (DU3MUECKUX OCHOB TAKHUX SIBJICHUI,
KaK OJJICKTPOH-(DOHOHHOE B3aWMOJCHCTBHE, CBEPXIPOBOJANMOCTh, a TaKXKe IITUPOKOTO CIIEKTpa
ONTUYECKUX MPOLIECCOB B KOHAEHCUPOBAHHOM COCTOSIHUH.

Jnst ocBoeHUs quCHUILUIMHBI «PU3UKA KOHJACHCUPOBAHHOTO COCTOSIHUS» MCIOJIB3YIOTCS 3HAHUS,

YMEHUST M BHIBl JAEATENBHOCTH, C(HOPMHUPOBAHHBIE B Mpollecce H3Yy4YeHHUs mpenmMeToB «OOmas
¢usukay, «Bpicmias maremMaTukay, «JeKTpoauHaMuKa». OCBOGHUE AAHHOW JMCHUILIMHBI SBIISCTCS
HEOO0XOIMMOW OCHOBOW Ui M3YYEHHUS TaKUX MUCLUUIUIMH, Kak «Cratuctudeckas ¢usuka», «Pusuka
TBEPJOTo Tenay, «DU3uka moaIuMepoBy.

3. Pe3yabTaThbl 0CBOEHHS TMCHUILIHHBI (MO1YJIs) - PU3NKA KOHJAEHCHPOBAHHOTO COCTOSTHUS


http://fgosvo.ru/docs/69/0/2/6
http://fgosvo.ru/docs/69/0/2/6
http://fgosvo.ru/docs/69/0/2/6
http://fgosvo.ru/docs/69/0/2/6

[Iporiecc wu3yueHHWs] MUCHMIUIMHBI HarpaBieH Ha (OPMUPOBAHHE 3IEMEHTOB CIEAYIOLINX
komneTeHnuil B cootBercTBUU ¢ ®I'OC BO 110 gaHHOMY HaIpaBJICHUIO:

Kon HanmeHnoBanue WNHpaukaTop AOCTHKEHUS B pesynbrare ocBoeHUs
KOMIIETECHIINH KOMIIETEHIIUH KOMIIETEHIIUU JMCLUUIUIMHBI 00yYaromuics
(3axpenierHblll 3a OUCYUNTUHOTL) JOJIZKEH:

YK-2 YK-2. VYK-2.1. Onpenenser kpyr 3a7a4 B | 3HaTh: AHanu3upoBaTh
Cnocoben paMKax MocTaBJIeH 3aravy, BBIICNAS ee 0a30Bble
OIIpEeAEIATh KPYyT HOM LI€TIM, OIIPEJEIISET CBA3U COCTaBJISIOLINE
3aJa4 B paMKax MEXly HUMH; YMmeTs: OcyuiecTBIAThH
[IOCTaBJIEHHON VYK-2.2. Ilpennaraer crioco0sl MOUCK  WHPOpPMALUU I
LU U BBIOUpaTh | peIIeHUs [MOCTABJICHHBIX 33]1a4 U [PELICHUS MIOCTaBIICHHOM
ONTUMAJIbHbIE 0’KHJaEMbI€ PE3YJIbTaThI; 3a/lauy [0 Pa3IMUHBIM TUIIaM|
CIocoObI UX OILICHHMBAET IPEII0KEHHBIC 3arpocoB
pEeLIeHUs, UCXOAsl | CHOCOOBI C TOUKH 3PEHHUS Bnaners: Ilpu o06pabotke
u3 COOTBETCTBHUS 1I€JIU TPOEKTA; nH(pOpMalUU OTINYaeT (HaKTh]
JIEHCTBYIOIINX VYK-2.3. Ilnanupyer peanu3anuio |[0OT MHEHUN, WHTEpIpeTaluid,
MIPABOBBIX 3aJ1a4 B 30HE CBOEH OLICHOK, dbopmupyeT
HOPM, OTBETCTBEHHOCTH C yYETOM COOCTBEHHBIE ~ MHEHHA U
UMEIOLTUXCS UMEIOLINXCS PECYPCOB U CYXKICHUS,  apryMEHTHPYET
pecypcoB u OTrpaHUYEHUH, IEHCTBYIOIINX CBOH BBIBOJIBI M TOUKY 3pEHUS
OTpaHUYEHUN MIPABOBBIX HOPM;

VYK-2.4. BeinoiHserT 3a/1a4u B 30HE
CBOCH OTBETCTBEHHOCTH B
COOTBETCTBHH C
3aMJaHUPOBAHHBIMU Pe3yIbTaTaMH
Y TOYKaMU KOHTPOJIS, IpU
HEO0XOIMMOCTH KOPPEKTUPYET
CIocoObI peleHus 3a1a4;

VK-2.5. IIpencrasnser
pe3yJIbTaThl IPOEKTA, IPEIaracT
BO3MO>KHOCTH MX MCIIOJIb30BaHUS
W/WUJTM COBEPIIICHCTBOBAHUSI.

IIK -3 "OTOBHOCTBIO [TK-3.1. Ilonumaet pusnyeckue Bnagers: MmeTomamu
PUMEHSTH Ha OCHOBBI METO/IOB U CPEJCTBA HaX0XJeHus, 0T0opa 1
[IPAKTHKE npeoOpa3oBaHus HHGOpMAIUH, 00BETMHEHUS PA3TMYHBIX
mpodeccruonanbHpie | 0OMeHa nH(pOpMaIue Ha METOIOB MPOBEICHUS
BHAHUS TEOPUU U pPacCTOSHUU C MIOMOILBIO (U3NUECKUX UCCIICTOBAHUI.
METO/I0B PaZMOdIIEKTPOHHBIX CPEJICTB U YMeThb: OCMBICIIEHHO
(bu3nuecKux TEXHOJIOTHH. BBIOUpATh HAYYHBIH METO
VICCIIETOBAHMI [1K-3.2. Bnaneer merogonorueii | mpoBeaeHUs] PU3NUECKUX

MaTEMaTUYECKOTO MOJEIUPOBAHMS| HCCIEI0BAHNM.

(bu3HYECKUX MPOIIECCOB U 3HAaTh: CIIOCOOBI

00BEKTOB Ha 0a3e Kak OTIpeIeJIeHUs] BUJIOB U THUIIOB
CTaH/JIapTHBIX MMAKETOB npodeccnoHalbHBIX 33]a4, a
ABTOMATHU3UPOBAHHOTO TaKXKe METOIbl UX PeIIeHUs
MIPOEKTUPOBAHUS U UCCIIEIOBAHMM,| TIpU MPOBEIECHUHN

TaK U CaMOCTOSITEJIBHO (GU3NUECKUX UCCIIE0BAaHUIN
CO3/1aBa€MbIX OPUTHHAIBHBIX

IPOTPaMM.

I1K-3.3. IIpumensieT i poByIO




TEXHHKY MPU 00pabOTKe TaHHBIX
IIPU COOJTIOJIEHUN OCHOBHBIX
TpeGoBaHui HHPOPMAITMOHHON
0€30MacHOCTH.
I1K-3.4. IIpumMeHsieT cOBpeMEHHbIE
nH(OpPMallMOHHbBIE CPEACTBA MIPU
MOJTOTOBKE JAHHBIX MPH
COCTaBJICHUH 0030pOB, OTYETOB U
HAYYHBIX TyOJIMKAIii.

4. CTPyKTYypa U cojiep:KaHHe JUCHUILIHHBI (MOYJI51)
4.1. CTpyKTypa QM CHUIIMHBI (MO1YJIs1)
OO01ast TpPyZ0EMKOCTh AUCHUILIMHBI COCTABIISAET 3 3a4eTHBIX equanl, 108 waca.

Ne Buabl yuyeOHoil paboThl, BKJIO4Yasi ®opmbl TeKyLlero
n/n CaMOCTOSITETbHYIO padoTy KOHTPOJISI  yCHEeBAeMOCTH
CTYJIEHTOB M TPYA0eMKOCTh (B (no nedensm cemecmpa)
KonrTakTHast Camocrositesib| PopMa NPOMEKYTOYHOM
pabora -Has1 padoTa arTecTaluu (no
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1 Brenenue. OcHoBuble 6 |4 |1 1 1
MOHSTHSL.
2. | OcHOBHBIE nonoxkenus 6 |8 |2 | 2 2 1+ +
(U3KMKH TBEPAOIO Tela.
3 KBantoBas 3amaua wmHorux 56| 10| 2 | 2 2 2 + +
Te.
4, AnmnabaTnueckoe 6 |8 |2 |2 2 1 + +
npuOJIMKEeHue.
5 OHO2TIEKTPOHHOE 6 |8 2 |2 2 1 +
npuOIIKEeHNe
6 AHTHUCUMMETPHU30BAHHBIE 68 2 |2 2 1 +
BOJIHOBBIE (DYHKIIUU.
7 Teopus @dynkiuonana 6 (8 |2 | 2 2 1 +
[TImoTHOCTH
8 Meroa Kona-11Isma. 6 8 |2 |2 2 1
9 MeTobl pemenus 6 | 10 2 | 2 3 1
YPaBHEHU 30HHON TEOPUHU.
10 | JIuHeiiHbIE METOMBI. 6 8 |2 |2 2 1
11 | TlpuGnuKeHHBIC METOIBI. 6 |8 |2 2 2 1




12 | DnextpoH-poHOHHOE 6 |8 2 |2 2 1
B3aUMOJICHCTBUE.
13 | DnexrpoH-poHOHHOE 6 |8 |2 |2 3 1
B3aWMOJICVICTBUE B HWOHHBIX
KpHUCTaJIJIax.
14 | CBepXnpoBOIUMOCTb. 6 |8 |2 |2 2 1
15 | CBepXxnpoBOIUMOCTb: 6 |9 |2 |2 3 2 + +
MUKPOCKOITUYECKAS TEOPHS .
16 OnTtuueckue cBoiictea 6 |8 |2 |2 2 1 + +
KpHUCTAJIJIOB.
17 | KBantoBas Teopuss 6 |8 |2 |2 3 1 + +
OINTUYECKUX CBOWCTB
KPHUCTAJIJIOB
OO0mass TpyAOEeMKOCTb, B 108 | 34| 34 40 19 | IlpomexxyTouHas
qacax dopma
3auer +
3ayer ¢ OLEHKOH
OK3aMeH

4.2. Conep:xkaHue TUCHUILINHBI «DU3UKA KOHAEHCHPOBAHHOIO COCTOSIHHS

Tema

Conepxanue

JIuteparypa

1. Beeneuune. OCHOBHEBIE
MOHSATHS.

TpaHCHSIMOHHAs CUMMETPUS, OCHOBHBIE BEKTOPBI
TPaHCISILUHI, JIEMEHTapHas s4eika, ssueiika Burnepa-
3eiiTia, oOpaTHas peleTka, nepBas 30Ha bpuimosHa,
CUCTEeMa eIUHUI] (ATOMHAsl, PENIATUBUCTCKAS )

[1]-[6]

2. OCHOBHBIE TOJIOKEHMUS
(U3KUKHN TBEPAOIO Tea.

MEePUOJNYECKHI MOTeHIMal, Teopema bioxa, 30HHas
CTPYKTYpa, JUCTICPCUOHHAS 3aBHCHMOCTD,
KknaccupuKalus  TBEPAbIX  Tel.  JJIeMEHTapHbIe
B0O30yxaeHusi. KBa3uyacTHIlbl

[1]-[6]

3. Kganrtosas
MHOTHUX TEJL.

3agada

O6mas GopmynrpoBKa KBAHTOBOM 33JJa4d MHOTHX Tell.
MHOro31eKTpOHHOE ypaBHEHUE [Ipenunrepa,
l'amMubTOHMAH.

[1]-6]

4. AnnabaTnyeckoe
pUOIIHKEHUE.

Pazgenenue aTOMHBIX B OJICKTPOHHBIX KOOpJAUHAT.

[1]-[6]

5. OIHOAIEKTPOHHOE

Banentnoe npubmkenue. BapuanvoHHbBI NpUHIMIT

[1]-[6]

BOJIHOBBIE (DYHKIIUH.

Bapuauvonssii npuHnum. YpasHeHus Xaprpu-dDoka.
OOmMeHHast SHEPTHs.

pUOIHKEHUE. Putma. VYpaBuenus Xaprtpu. CamMocOoriacoBaHHBII
MOTEHIINAIL. Pemenne «CaMOCOTIIaCOBAHHBIX»
YpaBHEHUH.

6. Onpenenurens Cmiitepa. Bpruncnenue cpennux | [1]-[6]

AHTHCUMMETPU30BaHHbIC | 3HAUCHUH € JCTEPMHUHAHTHBIMH  (DYHKIUSMH.




7. Teopusa dyHKUMOHANA
[InotHOCTH

DNEeKTpOHHAasl IUIOTHOCTh, OIpEACICHHE, OCHOBHbBIE
cBoiictBa. IlepBas teopema XosuOepra-Kona. Bropas
teopema XosHOepra-Kona, BapHallMOHHBIM TPUHIHIT
JUISL AJEKTPOHHOW IUIOTHOCTU. MYHKIMOHANI MOJTHOU
SHEPTUH.

[1]-[6]

8. Meton Kouna-III»ma.

[TocTpoenue (dhyHKIIMOHAIA SHEPTUH c
HCIIO0Ib30BaHUEM (UKTUBHOMN CHCTEMBI
HEB3aMMOJCHCTBYIOIINX YacTull. YpaBHeHusi Kona-
[IIrma. OOMEHHO-KOPPEISIIMOHHAS YHEPTHSL.

[1]-[6]

9. MeTto b1 pemienus | O6mass  ¢opmynupoBka  3amadd.  basucHble

YpaBHEHUH 30HHOW TE€OpUHU

¢ynkuuu.  CekynspHoe  ypaBHeHHe. Meron
IUIOCKHMX BOJH. MeTOJ] MPHCOETMHEHHBIX TIOCKHX
BOJIH. MCTOI[ OPTOIrOHAJIM30BAHHBIX  IIJIOCKHUX
BouH. [lceBnonorennuai.

[1]-[6]

10. JInnelHble METOOEL.

Jluneapuzanusi. JInHeHHbIi METOJT
MPUCOEIMHEHHBIX TuIockuX BoJH (JIIIIIB).

[1]-[6]

11. TIpubnuxkeHHbIE METOJBI. | DNEKTPOH B IMYCTOM pemieTke. MeToa CHIIbHOM

CBs3W. MeETOJl TOYTH CBOOOJHBIX 3JICKTPOHOB.
DddexruBHas macca. Teopema Banbe.

[1]-[6]

12. OnexTpoH-hoHoHHOE | O01IMe CBOWCTBA B3aMMOJICHCTBHS 3JEKTPOHA C

B3aUMOJIEHICTBHE.

KoJiebaHusiMu pemeTku. Tenzop nedopmanuu,
JOKANBbHOCTH. J{ehopMalimoOHHBIN MOTEHIHAIL.
I'apmonnueckuit OCLUJLIATOP. Bropuunoe
KBaHTOBaHUE, onepaTopsl POXKACHUSA u
YHUUTOXKEHHS. [IoHATHE MOJIEBBIX OIEpPaTOPOB.
"aMunbTOHMAH 1S YacTUll ¢ 2-X U 4-X 4aCTUYHBIM
B3aMMO/ICCTBUSIMU. TI'amunsTOHMAH
HEeB3aMMOJeHCTBYOMUX (POHOHOB. ['aMuIbTOHUAH
B3aUMOJICHCTBUS JJIEKTPOHOB ¢ (OHOHAMHU B
MIpe/ICTABJICHUH YHCell 3amoyiHeHus. [ 'paduueckoe
IIpEJICTAaBJICHUE, JarpaMMBbl deitHMaHa.
[Ipocrerimue THUIIBI B3aUMOJICHCTBUIL.
BupryanbHbie GOHOHBI.

[1]-[6]

13. OnextpoH-poHOHHOE | B3anmoneiicTBie anekTpoHa ¢ gedopmarueit
B3aMMOJICHICTBHE B WOHHBIX | pEHICTKA B CIy4Yae BIJIBHOW CBS3H. DIEKTPOH-

KpucraJuiax.

(doHOHHOE B3aUMO/IeIICTBUE B HMOHHBIX
kpuctauiax. [lonsgpon. Moaens @pennxa.

[1]-[6]

14. CBepXmpoBOAMMOCTh

Kputnueckast temneparypa. O¢ddexr MeiicHepa-
Oxkcendenpaa. Teopust JloHmoHoB. YpaBHEHUS
JlongoHoB. IIpOHMKHOBEHME MAarHUTHOTO TIOJS
BHYTpb cBepxmpoBogHuka. Teopuss ['mH30ypra-
Jlanpgay.  Ilapamerp  mopsaka.  YpaBHEHUsA
['un3bypra-Jlangay.  JlnimHa ~ KOTepeHTHOCTH.
CaepxnpoBoanuku 1-ro u 2-ro poaa. KBantoBanue
Mar#MTHOIO NOTOKa. DIIIOKCOH.

[1]-[6]

15. CBepxnpoBOANMOCTD: | DJIEKTPOHHOE NpuTskeHue. KynepoBckue mapsl.
MHUKpOCKomueckas Teopus. | M3oronudeckuii 3 dexr.

[1]-[6]




16. Onruyeckue cBoiicTBa | Buabl B3aumojeiicTBus cBeTa ¢ TBepabiM TeioM; | [1]-[6]

KpUCTAJIIOB ONTHUYECKUE KOHCTAHTBI, IIOIVIONICHUE CBETa
KpUCTAJLIIaMU, coOCTBEHHOE IIOTJIOLIEHHUE;
9KCUTOHHOE IIOTJIOILICHHUE; MIOTJIOILICHHE
CBOOOTHBIMU HOCUTEIISIMU; IIPUMECHOE
IIOIJIOIICHHUE; PELIETOYHOE MIOTJIOIICHHE.
PexomOuHanmonHoe U3JIy-4ECHHE B

MOJIyIIPOBOIHUKAX. MeX30HHasE peKOMOMHALUS.
PexomOuHanmst yepe3 JOKaJIM30BaHHBIC IEHTPHI.
OKCcUTOHHAs  pekoMOuHanus.  TBeprOTeNbHbIE

JTa3ephl.
17.  KsanrtoBas  Teopus|OOmmii TEOPETHYECKHMI  aHAIW3  MEX30HHBIX | [1]-[6]
OINITHYECKHUX CBOMCTB | ONITHYECKUX IEPEX0JIOB; JIUTIOTBHOE
KPHCTAIIJIOB NPUOIMKEHNE; BEPTHKAIBHBIE TIEPEXO/IbI; CBSI3b C

OIITHYECKUMHU KOHCTaHTaMH. Onruueckue

CBOMCTBA KpucCTaJllla KPpCMHUSI.

IIporpaMmma QM COUIIHHBI.

BBenenue. KoHAeHCHpOBAaHHOE COCTOSHME BeUIECTBA. Buabl KOHIEHCHUPOBAHHOIO COCTOSHHS.
TBepapie Tena, )KuAKOCTH U amopdubie Tena. CTpyKTypa TBEPIBIX TeJ, )KUAKOCTEH 1 aMOP(HBIX Tedl.
Kpucrainnsl. MOHOKpHUCTAUIBI M TOJIMKPUCTAJNINYECKUE BELLIECTBA.

CuMMeTpuueckue M CTAallMOHApHBIE COCTOSIHMSI  KPUCTAUIOB. AuabaTW4yecKuil  IPUHLMIL
ITpocTpancTBeHHas pemieTka kpuctaunos. Hanpasnenus B kpucramie. Manekcsl Munepa. OCHOBHbIE
TUIBl KPUCTAJUIMUECKUX peweTok. fueilka Burnepa — 3eiftua. OOpaTHas pemierka KpUCTAaJJIOB.
TpaHCHALMOHHAS CUMMETPHUS KPUCTAIIIIOB.

OCHOBBI 30HHOW TEOPUU TBEPIBIX TEI.

OnHOIEKTPOHHBIE COCTOSIHUS B KpPHUCTa/UIE. DJIEKTPOH B nepuogudeckoM nose. Oynknuum bioxa.
CBoiicTBa BOJIHOBOTO BEKTOpa »3J€KTpoHa B Kpucrtamie. Ksasummmynbc. 3oHbl bpuimosHa u
noBepxHocTe Pepmu. OHeprua Pepmu OHEpreTHUECKHe 30HBL. MeTasl, AMDIEKTPUKU U
MOJyIPOBOHUKU. D@dekTuBHas macca 3ekTpoHa. CTaTHUCTHKA 3JIEKTPOHOB B TBEPABIX  Tejax.
Oynkunu pacnpeneneHus Pepmu. XuUMUYECKAN TOTEHIUAT.

JledexTsl B TBEpABIX TEax.

Knaccugukarnus negpexros. TennoBblie Toueunble nedextsl. [edextsr mo dpenxento. JlepekTsl mo
[lortku. qucnokamuu. KpaeBbie 1 BUHTOBBIE TUCIOKAIWH.

DNEKTPUYECKHUE CBOICTBA TBEPABIX TEIN.

IIpumecu. /[oHOpHBIE W aKLIENTOPHBIE NPUMECH. DHEPreTUYECKHE YPOBHU NPHUMECHBIX AaTOMOB B
Kkpucrauie. HepaBHOBECHBIE DIIEKTPOHBI U IBIPKU. PaccesHus HocuTeneld 3apsiaa, NPpOBOAUMOCT U
KMHETUYECKUE CBOMCTBA METAJUIOB, TUAJIEKTPUKOB U MOJIYIIPOBOIHHUKOB.

OnekTpoH — MOHOHHOE B3aUMOJIEHCTBHE.

®onoubl. UMnynibe @oHoHA. AKycTHYeCKUE U onTuyeckre (GOHOHBI. [11a3MeHHbIe BOJIHBI, M1JIa3MOHBI.
Kongencanuu 6030H0B. CBEPXTEKY4ECTb.

[IpocTpaHcTBEHHAs TUCTIEPCHS U TPOXOKACHUE CBETA Yepe3 KPUCTAILI.

B3anmopelicTBue cBeTa ¢ KpUCTAJUINYECKOM perieTkoil, nonsponsl. [lonsapon @penuxa. dpdexkTuBHas
Macca mnojisipoHa. DkcuToHbl Ppenkens u Banwe. [lomaputon. Onthueckue CBOMCTBA METAJIOB,
JUDJIEKTPUKOB W IOJYNPOBOJHUKOB. IloBepxXxHOCTHBIE COCTOAHMSI 3IeKTpoHOB. CocTosHusA
JJIEKTPOHOB B CTPYKTYpax ¢ MOHUKCHHON Pa3MEPHOCTBIO

Conep:kaHue NPAKTHYECKUX U CEMUHAPCKHUX 3aHATHI.
3anamue I. CTpyKTypa u cuMMeTpHs KpuctamioB. Pemerka bpass. OCHOBHBIE BEKTOPHI TPAHCISALIUM.



3anamue 2. YriakoBka aToMOB B Kpuctamiax. Koadduuuent ynakosku s peuierok bpass. AtomHbie
mwiockoct. Mlanekcel Belica.

3anamue 3. OOpatHas Pemerka. OCHOBHBIE BEKTOPHI TPAHCISALUN OOpaTHOW pemeTku. 30Ha
bpuitosHa.

3anamue 4. O0ume cBoiicTBa ypaBHenus Lllpeaunrepa ans nepuoaudeckux cucreM. Teopema bioxa.
broxoBckue QpyHKImU. Kp-raMuabToHHaH

3anamue 5. Monens Kponnra-Ilennu. DHepreTuueckre 30HbI.

3anamue 6. Metop miockux BoJiH. [lepuoanueckuii noreHIman. 30HHas CTPYKTypa B METOJI€ TNIOCKUX
BOJIH.

3auamue 7. OCHOBHBIE JIEKTPOHHBIE XapaKTEPUCTUKH: 3(PPEeKTUBHAS Macca, CKOPOCTb.

3anamue 8. Meton cunbHOU cBsi3u. DyHkuuu BanHbe. 3a7auM Ha BBIUMCIEHHME JUCIEPCUOHHOMN
3aBHUCUMOCTH ISl IPOCTHIX CTPYKTYD.

5.00pa3oBaTesibHbIEe TEXHOJIOTUH

[Ipy mpoBeaeHUU ayAMTOPHBIX 3aHATUH M OPraHU3aLMM CaMOCTOATENbHOM paboThl CTYAECHTOB
UCIONB3YIOTCS 00pa30BaTENIbHbIE TEXHOJIOTMU AJIS pealu3allid KOMIETEHTHOCTHOIO MOJIXOAa C
UCIOJIb30BAaHUEM B y4eOHOM Ipolecce aKTHBHBIX M MHTEPAKTUBHBIX (POpM MpoBelEHHs 3aHATUI B
BUJEC KOMIBIOTEPHBIX CUMYJISIIMNA, JEIOBBIX M POJEBBIX HUIP, pa300p KOHKPETHBIX CUTYaIlui,
IICUXOJIOTUYECKUE U UHBIC TPEHUHIY, MO3TOBbIE INTYPMBI IIPU U3YYEHUU BIUSAHUS HIEKTPOMArHUTHBIX
BOJIH Ha YEJIOBEKA C IeJIbI0 (POPMHUPOBAHUS M Pa3BUTHSI TPO(ECCHOHATLHBIX HABBIKOB CTYACHTOB.

6. Y4eOHO-MeTOIUYECKOE OOecTiedeHre CaMOCTOSATENBLHOI PadoThl cTyaAeHTOB. OLeHOYHbIe
cpeAcTBa /sl TeKYyIIero KOHTPOJISI yCIeBAe€MOCTH, MPOMEKYTOYHOI aTTeCTAIMU MO HTOram

OCBOCHHUA TUCHHUIIJIMHBI.

6.1. Ilian camocTosiTe/ILHOM PadOTHI CTY/IEHTOB

No | Coneprxanne caMOCTOSITENHFHOM paboThI Kon-Bo | ®opma OtmeTka 0
4acoB KOHTPOJIS BBINTOJIHEHU U
1 Cxema mpuBelneHHBIX 30H. [lepmommyeckas | 3 YcrTHOE
30HHAs CXeMa. cobeceqoBaHue

2 [ToBepxnocte ®epmMu B MeTamiax ¢ | 2
rpaHeleHTPUPOBAHHON KyOndeckon

CTPYKTYpOH.

3 DHEepreTUYecKnii  CIEeKTp 3IJIEKTPOHOB B | 2
kpucraiie. Monens Kponura- [1lennn

4 Jucnokanus. Kontyp u BekTop broprepca. 2
5 Heynpyroe = paccesnue  ¢gotoHoB  Ha | 4 orpoc
aKyCTU4YeCKUX  (POHOHAX, HEYIpyroe

paccesHue  HEHUTpOHOB  Ha  (OHOHAX,
HEYNPYToe paccessHuEe PEHTTEHOBCKUX JIydei
Ha pOHOHAX

6 Buner B3auMonelcTBU cBeTa ¢ TBEpAbIM | 4
TEJIOM.

6.2. MeToanuyeckue yKa3aHMsl 10 OPraHU3aIMU CAMOCTOSITEJIbHON Pad0ThI CTY/IEeHTOB



[lenpi0 caMOCTOATENBHON pPabOTHl SBISETCS CaMOCTOATENbHOE NPUOOPETECHHE HOBBIC 3HAHUM H
BbIpabOTKa CHOCOOHOCTM K IIOCTOSIHHOMY CaMOOOYYEHHI0O M CaMOCOBEPIICHCTBOBAHHIO B
npodeccHoHaIbHON U COIMATFHO-00IIECTBEHHBIX cepax AesTeIbHOCTH.

CamocrosTenbHas yuyeOHast paboTa MpencTaBiIeHa TaKUMH (GopMamMH y4eOHOTo mporecca, Kak
JeKIUs, CEeMUHAp, MPAKTUYECKUE U JTa0OPaTOPHBIE 3aHATHS, SKCKYPCHH, MOAr0TOBKAa K HUM. CTyAeHT
JOJDKEH yMEThb BECTH KpaTKHe 3alHCH JICKIHH, COCTaBIATh KOHCHEKTHI, IUIAHBI M TE3HCHI
BBICTYIIJICHUM, TOAOUPATH IUTEPATYypy H T.J.

Hayunast camocrositenbHast paboTa CTy/IeHTa 3aKII0YaeTCs B €r0 y4acTUu B paboTe KPy>KKOB Ha
kadeapax, B HayyHBIX KOH(EpPEHLHUSX pa3HOTO YpPOBHsS, a TaKXKe B HANMHUCAHUM KOHTPOJIbHBIX,
KYPCOBBIX U BBIITYCKHBIX KBAJTU(PUKAIIMOHHBIX (IUIUIOMHBIX padoT) paboT.

CamocTrosiTe/ibHasi padoTa CTY/IEeHTOB BKJIIOYAET CJIeIyI0IIHe KOMIOHEHTBI:

NoNe Kon-Bo ®dopma
HaumenoBanue paboTsl
n/m 4acoB KOHTPOJISI

[TpopaboTka JIEKIIHOHHOTO

1 bop 18 3ayeT
Marepuasia

3 [ToaroroBka k 1a60paTOpHBIM 18 Jomnyck k ka0 1a60paTopHOit
paboram paboTe 1 3amuTa OTYeTa.

6.3. Marepuanbl AJsi NPOBEJCHUS TEKYIIero M IPOMEKYTOYHOr0 KOHTPOJIA 3HAHUH
CTYAE€HTOB

KoHnTpoJbHbIe 3a1a4n.
1. Crpyxtypa anma3za. CKOJBKO aTOMOB COAEP)KUTCS B TI'PAHELEHTPUPOBAHHBIM KyOHuecKon
AIIEMEHTapHOM suelke?
2. Ocp cummerpus mnopsiaka. Kpucramnuueckas pemieTka HE MOXKET HMETh IMOBOPOTHYIO — OCh
CUMMETpPHS MSATOTO TOopsinKa. Jloka3zaTh 3TO yTBEpPKIACHHUE.
3. OnpenenuTb, Kakue 3JIEMEHTbl CUMMETPUU MMEIOTCS B KyOe, a Takxke B KyOe, IpaHU KOTOpPOTO
3alITPUXOBAHBl TaK, YTO HANpPaBIEHHUS INTPUXOB Ha TMEPECEKAIOMIUXCS TPaHAX B3aWMHO
HepIEHUKYJISIPHBIL.
4. OnpenenuTs MEXIUIOCKOCTHBIE PACCTOSIHUSI B KyOMUYECKOH pelieTke B CeMeNCTBaxX IMJIOCKOCTEN ¢
unaekcamu (100), (110), (111) u (112).
5. BeiBecTu 3aKk0H 30H ( 3ak0H Beiicca), kKoTopbiit Tacut: eciu [uvw]- ock 30HbI, a (hKl) — rpans 3Toit
30H5L, TO hu + kv + lw = 0.
6.IIpuBecTn BbIpake€HUS [UIsl MApaMeTPOB sSUYEEK MPSMOMl W OOpaTHOM peleTOK BCEX CUCTEM, UX
MEXIUIOCKOCTHBIX PACCTOSIHMM M 0OBEMOB AJIEMEHTAPHOM SUCHKH.
7. Ilokasatk, uTo B Kyouueckoii cucteme Hanpasienue (hkl) mepnennukyssipro k rpanu (hkl).
8. Jlokasath, 4To B KyOMUYeCcKOil cucteme yron ¢ Mexnay HopMmamamu K rpassM (hikili) u (h2kalz)
onpenensiercs GopMyIIoi:

hh, + kK, +11,

JhZ k2 +12)(h2 + k2 +12)
9. BeiBecTu BhIpakeHue aisi sHeprun depmu uisi MoJeIM CBOOOAHBIX AJIEKTPOHOB MeTailia MpH
abCOJIIOTHOM HyJIe TEMIIepaTyphbl.
10. Cuutas cepeOpo OJHOBAICHTHBIM METAIIOM CO chepruecKoil TOBEPXHOCTHI0O DepMH, BEIYUCIUTD
CJIEIyIOIINE BETUYHHBIL:

1. snepruro @epmu u Temnepatypy Pepmu;

2. ckopocts Depmu;

3. CpeAHIO0 ITTMHY CBOOOIHOTO MpoOera IJIEKTPOHOB

IIpU KOMHATHOW TeMIiepaType 1 BOINU3HU aOCOIIOTHOTO

COS @ =




HYJISI TEeMIIEPATYD;

4. o6bem mepBoii 30HBI bpuitrosHa.

Vcnons30BaTh B pacyeTax CieAylollMe AaHHble A1 AQ: maotHocTs 10,5 T'eM™; aToMHEI Bec
A=107,87; ynensHoe conpoTusienue p= 1,61-10°0m cm npu 295%°K 1 0,0038-10° Om-cm mpu 20°K
11. DnexTpoH IBMXKETCS B OJHOMEPHOM IIEPUOJUYECKOM MOTEHUUAIBHOM II0JIE, CO3J4aBacMOM
aTOMaMH, HaXOASIIMMUCS Ha paccTosHuU d IpyT OT Apyra.

[Tokasath, 4TO BOJHOBBIC (DYHKIMU dJIEKTPOHOB MOTYT uMeTh Bua U (X) exp (ikx), rae u (X) —
byHKIUS TOW K€ MEPUOAMYHOCTH, YTO W moTeHuuan. [Ipeamonaras, 4To B TpPEeXMEpPHOM Ciyyae
BOJIHOBast (pyHKIMs uMeeT aHamoruunblid Bua: U (r) ekx (ekr), ompemenuth 3HaYCHHS BOJHOBOT'O
BekTOpa K /17151 rpaHelieHTPUPOBAHHOM KyOUYECKON PEIIETKH.

12. 3ona bpuwmmosna pomOuueckoir pemerku. Ilycte pomOuyeckas pemeTka HUMeEeT TpH
NPUMHUTUBHBIX OCEBBIX BeKTOpa a=bX, D=2y, c=z, mnuHa KOTOpBIX BBIpaXkarTcs B . OmnpeneinTh
pasmepsl U GOpMy OIPEeTUuTh pa3Mepsl U GopMy IIepBoOii 30HbI bpuiutosHa.

13. Iloka3aTh, 4TO Ha TpaHUIAX IEPBOM 30HBI bpHII0O3HA BOJHOBBIE (PYHKIIUHA CBOOOJIHOTO
3JIEKTPOHA B OJHOMEPHOW MEPHOIMUSCKON peIIeTKH ¢ mepruoaoM d BeIpokaeHbl. [Toka3aTh, 4To eciiu
KKl aTOM BHOCHUT Majoe BO3MYIIEHHE, TO B NMEPBOM MPUOIMKEHUU 110 BO3MYIIEHUIO BOJHOBBIE
(GYHKIIMM Ha FPaHULE 30Hbl IPONOPLUOHAIbHBI.

. NzX nzX
sin—— um Cc0S—— (N — LeJIoe YKCIIO0).
d d

14. Iloka3arb, 4TO B Ciy4ae, KOTJa JBUKEHUE 3JIEKTPOHA B KPUCTAJJIE MOXXHO paccMaTpuUBaTh Kak
pacrnpocTpaHEeHHUE MIOCKOW BOJIHBI exp(ikr), KBaHT /K COOTBETCTBYyeT UMITyJbCy. [loka3arh, 4To eciu

Ha KPHUCTAJI JEHCTBYET BHEIIHEE HIIEKTPUYECKOE II0JIe, TO CKOPOCTh WM3MEHEHHs HUMIIyJbCca B
3aBUCUMOCTH OT BPEMEHHU TaKOBA, YTO IEKTPOH MOXKET paccMaTpUBaThCS KAaK 4acTUIla, oOpaTHast
Macca KOTOPOH SIBJIAETCS TEH30PHOM BEIMYMHOW, MUMEIOIIEH KOMIIOHEHTBI:

[lj _1oe
m); h® okok,

15. BpluucnuTh paBHOBECHYIO KOHLeHTpauuto a) aepexkroB Hlortku; 6) nedexro dpenxens B
KpHCTaJLIe.

CocTaB u conep:kaHue 3aIaHNI, 32/1a4, KOTOPbIe MPeAYyCMOTPEHbI IJIs pellleHusT W pa3dopa Ha
3aAHATHAX.
Sanamue 1.
3ajaya 1. M300pa3uTh CTPYyKTypy KpucTajuia, JJIsi KOTOPOTO BEKTOpHI TpaHciauuu (a,,a,,a,) H

aroMublii 6azuc (A, B) ompenensrores cinenyromum o6pazom:

a, =a 0,—,—)

a, =a(L0,0) A=2a(0,0,0) =[000] A=2a(0,0,0) =[000]

a) a, =a(0,1,0) 111 111 6)aza£0l 111 111
o GG e B

a; =a(0,0,1) 2 22 222 1 222 222
a;=al —

2

11
alza O,E,EJ
L1 A=2a(0,0,0) =[000]
a,=a —,0,=
B a; =2} 2] gt 1 1) [112
4 4 4 444
11
a;,=a —,—,0
2 2 ]

3anaya 2. OnpeaenuTh YUCI0 aTOMOB B PAaCIIMPEHHON deMeHTapHOi stuciike, Trma NaCl, umerorei
dopmy KyoOa.



3aoaua 3. Ilycts a;,a,,a, - BEKTOPbI TpaHCIALUN HEKOTOpoH pemetku bpass. Ompenenum Tpu
BEKTOpa

u, =lha, +ma, +na,

u, =la, +m,a, +n,a,

u, =la, +mya, +n.a,

rae |;, m;, n; - mensre uncna. [TokaszaTs, yTo eciu

Il ml nl
I, m, n,]=N,
|3 m3 n3

rae N — menoe uymciio, To BEKTOpbl U,,U,,U, 0Opa3sylOT HEKOTOPBI HOBBI HAa0Op OCHOBHBIX

TPAHCIALUN ¥ HAallTH 00BEM DIIEMEHTAPHOH SUEHKH, TOCTPOSHHON Ha TAKUX BEKTOpax.

3anaya 4. [lokaszarb, 4T0 0OBEMHOIIEHTPUPOBAHHAS KyOHUecKasi pelieTka MOKeT ObITh pa3esieHa Ha
JIBE TIPOCThIE KyOmdeckue pemerku A u B Tak, 4To HU 0ojHA mapa OJIMKaWIIuX cocelel B MCXOIHOM
pemieTke He okaxeTcs B pemietke A winu B. Ilokasath Takxke, 4yTo mpocTas KyOudeckas peleTka
MOJKET paccMaTpUBAThCS KaK JBE IPaHELIEHTPUPOBAHHbBIE, @ TPAHELIEHTPUPOBAHHAs KaK 4 MPOCTHIX.
3anamue 2.

3amava 1. J{nst cTpykTypsl anMasa (canepura) HAWTH BEITMYUHY TETPadIpHIecKoro yria A-B-A.
3amaya 2. Haiitu kodddULIMEHT yHNaKOBKU i TMPOCTOH, OOBEMHOIICHTPUPOBAHHON U
rPaHEIICHTPUPOBAHHON KyOMYECKOM PEIIeTKH.

3anamue 3.

3agaya 1. [IpssiMbIM penieHueM ypaBHEHUs (ai by ): 275, , MOKa3aTh, YTO BEKTOPBI TPAHCISALUN

00OpaTHOM PENIETKH OMPEAEIIIOTCS (HOPMYITaMH:
[a;,a,]
b, = 2r— 1k
(a;,[a,,a;])
rae i,j,K — nuknmyeckue nepecraHoBku uncen 1, 2, 3.

(27)°
Q

0

3agaya 2. IlokaszaTh, 4ro 00BEM IepBOil 30HBI bpmnmoona Q) = , Tne Qg - o0weMm
AJIEMEHTapHOM TYEHKH peieTkH bpass.

3anaua 3. [Tokasate, 4yTO pelieTka, oOpaTHast K 00paTHOM, COBMAAAeT C HCXOAHOM pemeTkoi bpasa.
3anamue 4.

3agauya 1. [TomyuyuTh NpaBUIBHO HOPMHUPOBAHHBIE OJHOJAETEPMUHAHTHBIE (QYHKIMHU cucTeMbl u3 N
YacTHUII C TIOJTYLIETbIM CIUHOM ((hepMHU-YaCTHIIbI)

3agauya 2. [TomyyuTh NpaBUIBHO HOPMHUPOBAHHBIE OJHOJETEPMUHAHTHBIE (QYHKIMHU cucTeMbl u3 N
YACTHI] C IIEJIBIM CTUHOM (003€-4acTHIIbI).

3agaua 3. [lomyuuTh BhIpakeHUE JIsi SHEpruM B merone XapTpu-doka yepe3 OJHORIEKTPOHHBIE
GyHkMK cucteMbl N 3JIEKTPOHOB, HAXOSIIMXCS B ToJe siaep 3apsaga Z,,J =1,...M .

3amaya 4. C moMomibl0 BapUAlMOHHOTO METOJAA, HCHOJb3yS (PYHKIMOHAI JHEPrHH, MOIYYUTh
ypaBHeHus Xaprpu-Doka.

3amaua 5. Ilokazare, yto ypaBHeHue lllpemunrepa s mepHOIUYECKON YacTH BOJHOBOW (YyHKIIMH
¥, () MOXXHO 3anucath B BUE

(P + hk)?
2m
rae v, (r) = eikruk (.

3anamue 5.
3amaya 1. [Tokaszats, 4TO AJIE OTHOATOMHOTO KpHUCTasia, GYHKIHS, TIOCTPOCHHAS KaK

+V(r) ju, () =&(k)u, (r),



cbk(r):ﬁzeik%o(r—a),

rae @(r)- QyHKIMH, JTOKAIM30BaHHBIE B OKPECTHOCTU Y3JIOB DEIIETKH, SBJISETCS BIOXOBCKOIM
byHKIHECH.

3aiaya 2. PaccMOTpeTh OTHOMEPHYIO MOJIEb KPHCTA/UIA C TOTCHIIMAIOM BHJIA:
U,, O<x<p
U()=1 "
0, —-gq<x<0
U TEPUOAOM pEIICTKH a= p+ (. HaiiTu BoNHOBBIC (YHKIMHU, CIIEKTP SHEPIHH U PacCMOTPETh
npenenbHslii caydait p—0,U, — oo, Tak uto U, p =Const .

3anamue 6.
3agaua 1. VMcmonb3ysi METOJ TUIOCKUX BOJIH, HAlTH CIIEKTP PHEPTUN B OAHOMEPHOM KpHUCTAJUIE IS
3HA4YEeHUH BOJHOBOI'O BEKTOpA Ha IpaHMIIe 30HbI bpuosHa.
3anaua 2. [loka3aTh, YTO Ha TpaHUIAX TEPBOHM 30HBI BpuiuTi0IHA BONHOBBIE (DYHKIIMH CBOOOIHOTO
JNIEKTPOHA B OJTHOMEPHOM peleTke ¢ nepuooM d BIPOKICHBI.
3amaua 3. Paccmotpets 3aauy 0 2-X MEPHOM 3JIEKTPOHHOM Ta3e 1
a) 10Ka3aTh, YTO KHMHETHUYECKAasl YHEPIUs IEKTPOHA B «yIy» 30HbI bpuiuitosHa B 2 pa3a Oosnblie,
YeM Ha cepeliHe CTOPOHBI,
0) HalTH 3TO OTHOIIEHUE Ul 3-X MEPHOTO CIydas.
3anamue 7.
3agaua 1. [Tokaszarb, 4TO AJIs JIFOOOIO COCTOSTHUS AJIEKTPOHA B KpHUCTaJlIe TPYIIIOBAs CKOPOCTh B JBa
pasza Oombiie (azoBoii ckopocTd. HalTH cooTHOIIEHHE MEXAY TPYIIOoBOM M (Pa30BOM CKOPOCTHIO,

ecnu 3akoH aucniepcun umeet Bua £(K) = Ak® + Bk*, a Taxke mokasars, 4To v, =V,,ecu
2A°
E =
9B
y y s Q y
3amava 2. [lokazaTh, 4TO I KKIOW IYHEPreTHUECKON 30HBI cymiectByeT 2N W COCTOSIHUH,
Vs

NPUXOAIIMXCS Ha €IMHULLY 00beMa 00paTHOrO MPOCTPAHCTBA.

3anamue 8.

3amaua 1. Jloka3aTh CBOWCTBO «TpaHCisauum» (QyHKuA BaHHbe &1 OAHOMEPHOTO Ciyvas:
@, (X) = @, (X —na), rae N — HOMep y3Jia OJTHOMEPHOW PEIIETKH C TIEPHOJIOM .

3amaya 2. Jloka3ath OpTOroHANLHOCTH (yHKIUI Banube @, (X) .

3amaya 3. Beruucnuth QyHKIUM BaHHBE AN Ciydas MPOCTONM KyOMUYECKOW peIIeTKH, KOoraa
bnoxoBckas ¢pyHKIUS 3a7a€TCs MIIOCKON BOJIHOM (JIEKTPOH B ITyCTOM peIeTKe).

3amava 4. Jlnsg mpocToil KyOWYecKo pemieTku ¢ JUIMHOW pedpa a BBIYUCIUTH 4 HIDKHUX DHEPTUU

o T
CBO60}1HBIX OJICKTPOHOB, €CJIM BOJTHOBOW BCKTOP B CXEMC MPUBCIACHHBIX 30H HMMECT IAJIUHY 2—I/I
a

NEPICHIUKYISPEH TPaHu Kyoa.
3agayva 5. Mcnonib3ys BeIpaK€HHE U SHEPTUH B METOJE CUIBLHON CBSI3U

Z h(n)eikn

n

zs(n)eikn

rae n(nn,n,)=n,a, +n,a, +n,a,, a takxe canras senmanasl N(N), sS(N) mapamerpamu, moIyYnTH B

eK)=¢, +

NpUOIKEHHH OJIMKAWIIKMX coceneil sBable Boipakenus 1 pyukiuu £(K) omHoaromMHoro kpucraia

¢ I1IKP, OLIK u I'IK pemerkoii.
3amaya 6. IlomyuuTh BhIpakeHue i TeH30pa S(PPEKTHBHONM MacChl KpUCTaUla C MPOCTOM
KyOWYeCKOH peIIeTKOM, ECIIU CIIEKTp SHEPTHil UMEET BUJ



e(K) =

E, - ZA[cos k,a+cosk,a+cos kZaJ

Y HaTH TpeAesbHbIe 3HaUYeHUs 11l Touku K =0.

Bonpocekl u 3aganus 1Ji HHAUBUAYAJBLHONH M CAMOCTOSAITEILHOM padoThlI.

N
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28.
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30.

31.
32.
33.
34.
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36.
37.

Hatb onpenenenue pemetku bpasa.

Kakwue cBoiicTBa SBISIOTCS 0OLIMMU JUIsl IPUMUTUBHOM sueilku u siueliku Burnepa-3eiitua? B
YeM 3aKJIH0Yar0TCs UX OTINYus?

SIBnseTcs U psiMast pereTka 0OpaTHO 10 OTHOIIEHUIO K CBOEH 0OpaTHOI?

Kak Bbrmcisercss 00beM 2JIEMEHTapHOH sSTYCHKn?

Kak Beruncinsercst oo0bem siueiiku Burnepa-3eittia?

YKa3arp 4MCIIO MEPBBIX U BTOPBIX COCEACH AJIS MPOCTOM KyOMUECKON PEIIeTKH.

VYka3aTh 4MCIIO OIMKAUITUX COCEEH I IPaHeIICHTPUPOBAHHON KyOMYECKOM PEIIeTKH.
VYkazare uncio OmmKaiimmx coceneit 11 00beMHO-IIEHTPHUPOBAHHON KYOMYECKON PEIeTKH.
N3o06pasuts maockoctu [100], [110], [111] ans mpocToit KyOHMUecKo# petieTKy.

. 3a cYer KakuX B3aUMOJCHCTBUN CTAOMIM3UPYETCS KPUCTAJUIMYECKAss CTPYKTypa HOHHBIX

KpUCTAJUIOB.
MoxeT nu OBITh CTaOWJIBHBIM KPHUCTAJJI, aTOMBI KOTOPOTO B3aHMMOJICEUCTBYIOT TOJIBKO CO
CBOMMH OJIKaWIINMU COCEIIMHU ?

B 4em cocTouT npruposa KOBAJICHTHON CBSI3U.

KakoB MexaHu3M BOJIOPOJHOM CBSI3H.

[IpuBecTu npuMepsl «CKEIETHBIX» KPUCTAIUIOB U yKa3aTh THUI XUMHYECKOU CBSI3HU.

Onucatp npupoy B3aumoencTus Ban-nep-Baanbca.

3anucath OCHOBHOC YPABHCHHE JUHAMHKYU PEIICTKH B TAPMOHUYICCKOM MTPUOIMKCHUH.
[lepeunciuTh OCHOBHBIE CBOMCTBA PELLICHUNM YPaBHEHUN JTUHAMUKH PEILETKH.

B uem cocTout oTnmMyMe akyCTUYECKMX KOJI€OaHUH OT ONTUYECKUX.

Kakoii Tun pereTouynsix kojaeOaHui TPUBOINUT K MOJSIPU3ANNN KPUCTAIIA U TTOUEMY.

VYka3aTh cBOWCTBA BOJIHOBOM (DYHKIIMHU AJIEKTPOHOB B KpUCTAJLJIE.

Cdopmynuposats Teopemy broxa.

Urto Ha3zwiBaeTcs brioxoBckoit pyHkImen ?

Kaxkue Tumbl KBa3u4yacTHI] MOTYT CYHIECTBOBATh B KpHCTAJLIaX ?

B uem cocTout MexaHu3m 00pa30BaHUs SHEPTETUUECKUX 30H B KpUCTasuiax ?

Kak 30HHas Teopusi 00BSACHIET OCHOBHOE Pa3Inyie METAIIOB U TUAIEKTPUKOB ?

N300pa3uth KaueCTBEHHO CXEMY YHEPreTUUECKUX 30H MoJIyMeTalla.

3anucaTh COOTHOIIEHHE, CBSI3bIBAIOIIEE BEKTOP CKOPOCTH JIEKTPOHA U €r0 BOJIHOBOW BEKTOP.
Hate onpenenenue teHsopa dpdextuBHON Macchl. Kakoil BUJ MMEET TEH30p B KyOMUYECKUX
KpucTayiax ?

Boruncnuth 3¢ dekTuBHYI0 Maccy 3J€KTPOHA B OJHOMEPHOM KpHUCTaJIE C 3aKOHOM JIUCIIEPCHH

E(k)=E, + (E, - E,)sin? a—zk

Boruncnute 3P PEKTUBHYIO Maccy JJIEKTpOHA JUISL 3aKOHa JUCIIEPCUN

E(k) = E, — E,(cos(k,a) + cos(k,a) + cos(k,a) — 3).

JaTte ompeneneHue TUIOTHOCTH COCTOSTHHM.

B uem cocTouT MexaHHU3M paccesHUs JIEKTPOHOB Ha KOJICOAHHIX PEIIETKH.

[Tepeuncnuth GakToOpbl, IPUBOASIINE K PACCETHHUIO DJIEKTPOHOB B KpUCTAJLIE.

YeM OTIMYAIOTCS BOJHOBAs (DYHKIIMS MOBEPXHOCTHBIX COCTOSHUIM M BONHOBas (PyHKIUS JJIst
UJIealIbHOTO KpucTaya ?

[Tepeuncnuth TUIBI 1e(EKTOB B TBEPBIX TENAX.

B uem coctout otnmune nedexra mo dpenkento ot aedekra o HlorTku?

N300pa3uTh 4aCTOTHYIO 3aBUCHMOCTH JUAJICKTPUYCCKOW MPOHHUIIAEMOCTH ISl TUAJICKTPUKA C
WOHHOW MOJISIpU3allueid U yKa3aTh MOJSIPUTOHHYIO 001acTh.



38.
39.
40.

YKa3aTb OCHOBHBIE CBOMCTBA CBEPXIIPOBOMSILETO COCTOSHUS.

JlaTh Ka4eCTBEHHOE ONIMCAHNE MEXaHU3Ma BO3SHUKHOBEHUS CBEPXIIPOBOAUMOCTH.
CBepXIpoBOIUMOCTh : Kakue (DaKTOphl YKa3bIBAIOT Ha ONPEACISIONIYI0 POJb KoyieOaHui
peueTku ?

Bonpocel no qpucuuminie «®u3uka KOHAEHCHPOBAHHOTO COCTOSIHUSD)

1.

12.
13.
14.
15.
16.
17.
18.
19.
20.
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22.
23.
24.
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26.
27.

28.
29.
30.
31.
32.
33.

34.
35.

OcHOBHBIE NOHATUS (U3UKU TBEPAOIO Teja: TPAHCISALMOHHAS CUMMETpHs, pelerka bpass,
OCHOBHbBIE BEKTOPBI TPAHCIIALUH, dJIEMEHTapHas siuelika, ssuelika Burnepa-3eiitua.

OcHOBHBIE MOHATHA (U3UKKM TBEPAOrO Teja: OoOpaTHas peIIeTKa, BEKTOPbl TPaHCIALUN
o0OpaTHO pelieTku, 30Ha bpusuitosHa.

OCHOBHbIC NOHATUS (UM3MKU TBEPAOro Teja: NEpUOJMYECKUH IMOTEeHIual, Teopema bioxa
(popmynupoBka), 30HHASI CTPYKTYpa.

OnemeHTapHble Bo30yxaeHus. KBazuuacTuisl.

Obmast popMynupoBKa KBAHTOBOH 3ala4d MHOTHX Te€J, MHOTOYJIEKTPOHHOE YypaBHEHHE
[[Ipenunrepa.

Anmnabaruyeckoe npubImkeHue. PazneneHne aTOMHBIX U JIEKTPOHHBIX KOOPIWHAT.
OnHosneKTpOHHOE NpUOIMKeHne. Meron XapTpu.

AHTHCHUMMETpUYHBIE BOIIHOBBIE PyHKIMU. MeTon Xaptpu-Doka.

Onpenenenue u o01IMe CBOICTBA 3JIEKTPOHHOM IJIOTHOCTH.

. Teopus @yunkuuonana [Inornoctu: nepsas reopema Xosnoepra-Kona.
. Teopuss @yukumonana IImotHocTu: BTOpass Teopema XosHOepra-Kona, BapuanmoHHBII

IPUHLIUIIL.
Meton Kona-Illsma. dynkunonan sneprur. OOMEHHO-KOPPEISILIHOHHAS SJHEPTHSL.

Meron Kona-1lIsma, ypaBaenus Kona-IlIsma.

Mertozbl penieHus 30HHBIX YpaBHEHM: Oa3ucHbIe (YHKIMU, CEKYIISIPHOE YpaBHEHUE.

Meron mIOCKUX BOJIH.

Merton Aueex.

MeTto1 NpUCOETMHEHHBIX TIOCKUX BOJIH: MT-noreHmuan.

Meron npucoeAMHEHHBIX IUIOCKUX BOJIH: PEILIEHUE 30HHOTO YPaBHEHHUS.

OO61mas cxema JMHEMHOTr0 METO/a MPUCOETUHEHHBIX MIIOCKUX BOJIH.

Meron opTOroHaIM30BaHHBIX MIJIOCKUX BOJIH.

IIceBnonorennuan. MozenbHbIe U NEPBONPHUHIMITHBIC IICEBIONOTEHIAIIBI.

DJNEKTPOH B IIyCTOH pelieTke. 30HHAs CTPYKTypa.

[TpubnmxeHne CUIIbHOM CBSI3U: oNpeziesieHne 1 oo1ue cBoiicTBa GpyHkuuii Banbe.
[TpubnnxeHne CUIBHON CBA3M — 3aKOH JUCHEPCUH, SHEPTeTHUECKUE 30HBI B METOJI€ CUIBHOMN
CBSI3U.

Mogenb MouTH CBOOOJHBIX 3JEKTPOHOB, TEOpUs BO3MYILIEHUHA. 30HHAs CTPYKTypa B CXeMe
pacIIMpPeHHbIX U MPUBEIECHHBIX 30H.

Ilepuonnueckue rpaHuYHBIC YCIIOBYS. BhIunciieHne HHTErpaioB 1o 30He bpuinntosHa.
[Tnotaocts coctosuuii, Berunciaenre N(E) nis snexrpona B mycToii pemerke.

CBoiicTBa 3JIEKTPOHOB B KpHcTamax: 3(p¢eKTUBHAs Macca 3JIEKTPOHOB U JBIPOK, TEH30p
3 PeKTUBHOI MACCHI.

Teopema Banse.

CKOpOCTB AJEKTpOHA. Y pPaBHEHUSA JIBUKEHUS.

OneKTpoH-(GOHOHHOE  B3aMMOJIEHCTBHE:  OOIIME  CBOIicTBa, TeH30p  JedopMaluu,
nehopMalMOHHbBIN MTOTEHITHAIL.

BropuyHoe KBaHTOBaHME W MPEJCTABICHHUE YHCEN 3aloJHEHUEe Ui J1e(OpMAlOHHOTO
HOTEHIMANIA.

ONeKTpOH-(POHOHHOE B3aUMOJCHCTBUE — TaMWJIBTOHHAHA B3aUMOICHUCTBUS, JUArpaMMbl
deliHMaHa, 3JIEMEHTapHbBIE MPOLIECCHI.

Buptyanbhbie (OHOHBI.

B3anMozeiicTBre 3IeKTPOHOB ¢ AehopMaliieii B cirydae CHIIbHOM CBSI3H.



36. DnexTpoH-(poHOHHOE B3auMO/ieiicTBE B MOHHBIX KprcTaax. [lonsapon, moaens @penuxa.
37. CBepXIpoBOIMMOCTb:  KpUTHYEeCKas Temmeparypa, dbdext MelicHepa-OxceHdenpaa.

VYpaBHeHue JIOHIOHOB.
38. CBepXIpoBOIUMOCTh, IPOHUKHOBEHHE MArHUTHOTO TIOJISl B CBEPXITPOBOAHHUK.
39. CeepxmpoBogumocTh: Teopus [ ma3Oypra-Jlangay.
40. CBepXIpOBOJUMOCTD: JUIMHA KOT€PEHTHOCTH, CBEPXIPOBOIHUKH 1-T0 U 2-T0 poja.
41. KBanTOBaHME MarHUTHOTO MOTOKA. DITIOKCOH.
42. OCHOBHBIE MOJOKEHHUSI MUKPOCKOITMYECKON TEOPHH CBEPXIIPOBOIUMOCTH.
43. Bujpl B3aMMOJICHCTBHSI CBETA C TBEPIBIM TEJIOM; ONITHYECKHUE KOHCTAHTHI.

44, CobcTBEHHOE IOIJIOIICHHCE, OKCHUTOHHOC IOIJIOIICHUCEC, IOIJIOIICHUEC CBO60,Z[HBIMI/I

HOCHUTEJISIMU; TIPUMECHOE MOTJIOLIEHHUE; PELIETOYHOE MOTJIOIIEHHUE.
45. PexoMOMHALIMOHHOE U3TyUYEHHE B MOIYIPOBOAHUKAX. MeK30HHAas peKOMOUHAIHS.

46. PexoMOMHaIMs yepe3 JTOKATM30BaHHbIE IEHTPBI. DKCUTOHHAS peKoMOWHaIMs. TBepIOTEIbHBIC

Ja3epsl.

47. O0mmii  TEOPETHYECKUH aHallu3 MEK30HHBIX ONTHYECKUX  IEPEXOJI0B.  JIUIOJIBHOE

pUOJIIKEHHE.
48. BepTUKAJIBHBIC ITIEPEXO/IbI, CBSI3b C ONTHYCCKUMHU KOHCTAaHTaMHU.

7. quﬁﬂo-MeTozmquKoe H MAaTEPHAJIBHO-TEXHHYECCKOEC o0ecneuyeHue AUCHUIIJIUHBI

7.1. YueOHas iuTeparypa:
Ocnoenas:
1. ®wusuka tBepuoro coctossausa baditkmop Jx.2008
2. Bsenenwme B ¢pusuky tBeproro tena Kurrens Y. 2010
3. OcuoBsl ¢uzuku TB. Tena 3unenko B.U., Copoxun B.I1., Typuun I1.IT. 2008

Hononnumenvrast:
1. KBaHTOBOXMMHUYECKHE METOBI B TEOPHH TBEPI. Tesa DBapecToB P.A. 1982

2. Meronbl BHIYMCIUTEIbHON (U3KMKK B Teopuu TBepzaoro tena bapesxtap B.I., 3apouenues

E.B., Tpouukas E.I'. 1990

®usuka tBepaoro tena I1asnos I1.B., Xoxnos A.B. 2000

®usuka nonynpoBoaHukoB bonu-bpyesuu B.JI., Kanamnukos C.I1. 2009
Teopus tBepaoro tena. lassinos A.C. 2008

®usuka tBepaoro Tena [lasnos [1.B., Xoxios A.B. 2008

oA

7.2. UnTepHeT-pecypchbl

Ha3Banue pecypca Cceblaka/nocTyn

DOnekTpoHHas OubnuoTeka oHnaiiH «EamHOe OKHO K http://window.edu.ru
00pa3oBaTelIbHBIM pecypcamy

«O06pa3zoBatenbHbIil pecypc Poccumny http://school-collection.edu.ru

DdenepanbHbIi 00pa3oBaTeNbHBIN MOPTAJT: http://www.edu.ru
YUPEXKICHHUS, MPOTPaMMBbl, CTaHAAPThI, BY3bI, TecThI
EID, THA

®denepanbHbIi LEHTP MH(POPMAIIMOHHO- http://fcior.edu.ru
oOpazoBartenbHbIX pecypcoB (PLIMOP)

Pycckast BupTyasipHasi Oubanoreka http://rvb.ru

EsxenenenbHUK Hayku U obOpasoBanus FOra Poccum http://old.rsue.ru/Academy/Archives/
«AKamemMus» Index.htm

Hayunast snektponHasi Oubauoreka «e-Library» http://elibrary.ru/defaultx.asp

DeKTpoHHO-0MOroTeuHas cuctema IPRbooks http://www.iprbookshop.ru

DNEKTPOHHO-CIIPAaBOYHAsl CHCTEMa JIOKYMEHTOB B http://www.informio.ru
cthepe obpazoBanust «MHPOpMHOY»



http://window.edu.ru/
http://school-collection.edu.ru/
http://www.edu.ru/
http://fcior.edu.ru/
http://rvb.ru/
http://old.rsue.ru/Academy/Archives/Index.htm
http://old.rsue.ru/Academy/Archives/Index.htm
http://elibrary.ru/defaultx.asp
http://www.iprbookshop.ru/
http://www.informio.ru/

NudopmanmonHo-npaBoBas cucrema «KoHCynbTaHT- CereBast BepcHsl, IOCTyIIHAa CO BCEX
TUTIOC KOMITBIOTEPOB B KOPIIOPATUBHOW CETH
HNurly
DJ1eKTpOHHO-0MOaHoTeuHas cuctema «FOpaiT» https://www.biblio-online.ru

7.3. TIporpamMmmHoOe oGecnieyeHue

Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
Microsoft Windows server 2003, 2008, 2012, 2016

Microsoft Office 2007, 2010, 2016

Antuupycnoe 10 Kaspersky endpoint security
CupaBouHo-nipaBoBas cucrema “KoHcynbrant”

6 Oneparnmonnas cuctema Microsoft Windows XP Professional.

7. Iaker npuknanabix nporpamm Microsoft Office 2003 Professional.
8. IIporpammuslil npoaykT «AHTHBUpPYC Kacnepckoroy.

9. IMporpammusrii mpoaykT FineReader 7.0 Professional Edition.
10. ITporpammusiii npogykt MATLAB 6.

S

7.4. MaTepuajibHO-TeXHHYeCKOe o0ecneuyeHue
MarepuanbHO-TeXHHUYECKass 0a3a COCTOUT U3 KaOWHEeTa I MPAKTUYCCKUX U CEMUHAPCKUX 3aHSITHH,
JICKIITMOHHON ayauTopuu u Jabopatopuu. Jlaboparopusi OcHalleHa JIabopaTOpHbIM 000pYI0OBaHUEM
JUTsE Ta0OPATOPHBIX PabOT.

VYyeOHnas ayJIuTOpus st | Cron ans mpenofasarens - 1 mrT. (COCTOUT U3 2-X CeKIHiA);
nekuuoHublX 3amaTHid (Ne  306) | cryn mns mpenopasarens -1 mir.; gocka - 1 mir.; Tpudyna-1
386132, PU, r.Ha3zpansp, | mT, cToi - 42 mT.; ckambsi-84 mT

I'amyp3ueBckuit OKpYT, yII.

Maructpanbras, 39a, Kopriye 3E

JlaGoparopus «OnexkrpoauHamuka» | Ctoin Ui mpenoaasarens - 1 WT; CTyJ Ui MpenoiaBaTes
(Ne201) 386132, PHU, r.Haspaus, | -1 mrT.; mocka - 1 mmr.; croa - 10 mr.; ckamps-20 mt. DTA
lamyp3ueBckuit OKpYT, yIi1. | — aHaus, JIKT -8. OmpeneneHue TEIUIOEMKOCTEH U
MaructpansHas, 39a, Kopnyc 3E 00BEMHOM MPOBOJUMOCTH IOJIUMEPOB. YCTAHOBKA JUIS
OTIPEICJICHUST DIIEKTPHUUECKONH MPOYHOCTH JTHIIICKTPUKOB.
OmnpeneneHue  OUAJICKTPUYECKON  NPOHMLAEMOCTH U
TaHreHca anb(a AudNeKTpuuecKux norepb. OnpeneneHue
MOKa3aTessl MPEJIOMIICHUSI ¥ €r0 WHKPEMEHTHI pacTBOPOB
noauMepoB. MasTHUK — Komep /s HCCIeIOBaHUs
MIPOYHOCTH ITOJINMEPOB. DUII-onpenenenue
pellakCallMOHHBIX MTOTEPh B MOJUMEpax.



https://www.biblio-online.ru/

Pabouas mporpamma aucuuminHel «®du3MKa KOHJIEHCUPOBAHHOTO COCTOSHUS» COCTaBJIEHA B
cootrBercTBUU ¢ TpeboBanusiMu PI'OC BO mno nHanparnenwto mnoarotoBku 03.03.02 Pwuswmka,
YTBEPIKJICHHOTO MpHKa3oM MuHucrepcTBa oOpazoBanusi 1 Hayku Poccuiickoit deneparun ot « 07 »
aBrycta 2020 r. Ne 981.

[Tporpamma onoOpeHa Ha 3acenanuu kadeapsl «PU3nKa»

[Tpotokon Ne 10 ot «20» utons 2023 rona

[Tporpamma ogo0peHa YueOHO-METOAMYECKUM COBETOM (PH3UKO-MAaTEMAaTHIECKOTO (paKyIbpTeTa
[Tpotokon Ne 10 ot «23» utons 2023 rona

[Ipencenarens YueOHO-METOIUYECKOTO COBETA (PaKyIbTeTa /Haneruesa M. A.

[TporpamMma paccMOTpeHa Ha 3acelaHuU Y 4e0HO-METOINIECKOTO COBETA YHHBEPCHTETA
[TpoTokom Nel0 ot «28» mronst 2023r.



CBeeHnsi 0 nepeyTBep:KIeHNH MPOrpaMMbl HA O4YepeTHON y4eOHbIH roJl U perucTpanun
H3MeHEeHU

VueOHblit Pemenue Buecennbie n3MeHeHus ITonnucek 3as.

roj Kadeapbl kadeapou
(Ne mporokoa, 1ata)




