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I. Heaun n 3axa4y JUCHUTLIAHBI
«®Du3nKa KOHJIEHCUPOBAHHOTO COCTOSIHUS» SBISIETCA OJHOM M3 0000maromuX (PU3NYECKUX JUCLIH-
IUIMH W TIPEAIONaracT 3HAHWE OCHOB KJIACCUYECKOM MEXAHUKH, TCOPHM IOJIA, HEPEIATHBUCTCKON
KBAaHTOBON MEXaHWKH, TEPMOJWHAMHUKU U CTaTUCTUYECKON (DPU3HMKH, a TaKk)Ke OCHOB BCEX pa3JICIIOB
BBICILIEH MATEMATUKH.
Henun kypca
Lensro kypca «Pu3nKa KOHIEHCUPOBAHHOIO COCTOSIHUS» ABJIACTCS 03HAKOMIICHHE C OCHOBHBIMU UJIC-
SIMU U IPEJIIOCBUIKAMHU, JIEKALMMHU B OCHOBE OIIMCAHUS U MPUPO/Ibl KBAaHTOBBIX kHKocTel. [loka3aTh
IIPUYMHBI, 00YCIIaBIMBAIOIINE U3MEHEHHE MHOTUX (PU3MUECKUX CBOMCTB KPUCTAJUIMUECKUX TBEPIBIX
TeJI, BKJIIOYas HAHOKPHCTAIIMUECKOe cocTosHue. [lokazaTh MEeXAUCIUILUIMHAPHBIA XapakTep (HU3UKU
TBEPJIOro TeJla U €€ MPHUKIAJHBIX acCleKTOB. Bo30yuTh HHTEpeC acHUpaHTOB K CHUHTE3y 3HaHWM, MO-
JYYEHHBIX B Kypcax o01Iei, TeopeTndeckoil pu3uKu 1 (U3NKHA KOHJICHCUPOBAHHOTO COCTOSIHUSI.
3agauu Kypca
BripaboTats y crienpanicta HaBbIKA PAKTHYECKOTO MCIIOJIb30BAaHMS METOJIOB, IPEAHA3HAYCHHBIX JIJIS
MaTEeMaTHYeCKOro MOJEIUPOBaHUS U ONMCAHUS NOBEJCHNS KBAaHTOBBIX KHJKOCTEH, UMEIOIUX OecKo-
HEYHOE YHCJIO CTETIEHEH CBOOOIBI.
I1. Mectro nucuuminnsl B crpykrype OIIOIT
HuctumumHa «Pu3nka KOHISHCHPOBAHHOTO COCTOSHUS BXOIUT B BAPUATHBHYIO YacTh OOIICHAYYHO-
ro nukia OIIOII. M3ydeHne pasnenoB Kypca IpearoyiaracT UCIOJIb30BAHUE MOJYYEHHBIX OCHOBHBIX
3HAHWW, YMEHUN M KOMIIETEHIIMI Ha MOCIenyoeM ypoBHE o0pa3oBanus. i n3ydyeHus AUCLHUILIM-
HbI, HEOOXOUMBI 3HAHUS U YMEHHSI U3 YMTaeMON Ha MIIAJIIINX Kypcax.
I11. TpeGoBaHusA K pe3yIbTaTaM OCBOCHMS AMCIUIIIHHBI
IIponiecc n3yueHust IUCUUILIMHBI (MOJYJIs) HalpaBieH Ha (OpMUPOBAaHUE CIIETYIOIUX KOMITETEHIIMNA:
- CnocoOeH MCTOIb30BaTh CHEIMATH3UPOBAHHBIC 3HAHUS B 00JIACTH (U3UKHU TSI OCBOSHUS TPOQIITb-
HbIX pusuueckux gucuumumd (ITK-1).
Ilepeyens muIaHNpyeMbIX pPe3yJIbTATOB 00y4YeHHS N0 JUCIUIIHNHE , COOTHECEHHBIX C HHANKATO-
PaMH JOCTHKEHUS] KOMIIeTeHIIHI

Komnerenius TIK-1

Nunukatoper komriereH- MJIKnki.1 CrnocobeH mpoBOIUTh aHAIU3 HAYYHBIX JAHHBIX, PE3yJbTaTOB
HKCIIEPUMEHTOB M HAOIIOEHUH, UCTIOIB3YS CIEIUATU3UPOBAHHBIC 3HAHUS

1207
t B 00J1aCTH (PU3UKU U aCTPOPUIUKH.

PesynbraTel 00ydueHuss  3uaem: OCHOBOIIOJIATAIOLINE MPUHLIUIIBI, TOHATHS U THUIIOTE3BI, JIeXKAallUe B
OCHOBE OIHCaHUs KBAaHTOBBIX KHJIKOCTEH.

Ymeem: anexkBaTHO COMOCTABIIATH JJAHHBI KOHKPETHBIN Mpolecc crnocody
€ro onucaHus (BbIOOp ypaBHEHHS).

Braoeem: meronamu pelieHHs COOTBETCTBYIOIIMX YpaBHEHUH B TpeOye-
MOM NPUOJINKEHHUH.

IV. Coaep:kanne u cTPYKTYpa IMCHUILJIMHBI (MO1YJIs1)

OO0BeM JUCHMIUTMHEI COCTABIISIET 4 3aUETHBIX eNUHUIBI, 144 yaca, B ToM yuncie 99 yaca KOHTaKT-
HOM pabOTHI.

3aHATUS TPOBOIATCS TOIHKO B OYHOW (opMe O0O0ydeHHs] ¢ MPUMEHEHHEM AUCTAHIIMOHHOTO KOH-
TPOJISI CAMOCTOATENBbHOM paboThl cTyaeHToB uepe3 DMOC daxkynpTeTa. DNEKTPOHHONW M AUCTAHIIMOH-
HOM GopM 00yueHHs HE MpeTycMaTpUBaeTCsl.

Ha npaktuueckyto noarotroBky orsogutcst 30 ay IUTOPHBIX YacOB.

dopma MPOMEKYTOUHOU ATTECTALUN: IK3aMEH.

4.1. Coagepxkanue TMCHUILUIMHBI, CTPYKTYPUPOBAaHHOE 10 TeMaM, ¢ YKa3aHMeM BHJI0B



yqeﬁnmx 3aHATHH U OTBEJEHHOI0 HA HUX KOJIHYeCTBA AKAJCMHUICCKHUX YaCcoB

Ne | Paz- C Bc s Bunsr yaeOHOI paboTHI, DopMBI TEKY-
o/ | mgen € | er | HHUX | BKJIIOYas CAMOCTOSITENBHYIO PaboTy 0Oydarommxcs , MpakTHde- | [IEro KOHTPOJIs
Juc- | M | O | [Ipak- CKYIO TIO/ITOTOBKY U TPYIOEMKOCTb yCIIeBaEMOCTH;
LU € ya | THYe- (B yacax) ®opwma npo-
MHBI/T| C | CcO | cKad MEKYTOYHOU
KonrakrHas pabora mpenogasarens ¢ o0ygaro- | CamocTtos-
eMBl T B | IOJO- aTTecTaluu
IIAMHCS TenbHAs
p ro- (no cemecm-
pabota
TOBKa Jlexuyn Cemunapckue = KoHcympTannu pam)
00y- /mpaKTUYEeCKue
qaro- /mabopaTopHbIe
MUX- 3aHATHA
cs
1 1-9 7 144 30 50 34 1 19 [IpakTuue-
CKoe 3ana-
HHE, DK3a-
MEHaIMOH-
HbIC OUJICTHI
Utoro: 144 30 50 34 1 19

4.2. Il1aH BHeayIMTOPHO# caMOCTOSAATETbHOM PatoThI 00yYaAIOIIUXCSI 1O TUCIHHILINHE

Cemectp Ha3zBanue CamocrodrenbHas pabota ooydaroniuxcsi  OneHoyHoe | YyeOHO-
Pasiend, Te-pu.  cavo- Cpokd  Bbi- Tpymoem- CPEICTBO METOIHYEC-
MBI CTOSITEJIBHOW | ITOJIHEHMSI KCTb (4ac.) ckoe  obec-
pAGOTEI Ie4YeHue ca-
MOCTOSTEIIb-
HOM pabOoTHI
1 Tema 1-9 3ananue B ITocne npoi- 19 Hemonctpa- Mcrounuku  un3
Buje 3a7aun  JE€HHBIX TEM I[US1 TOTOBBIX OCHOBHOH W
peleHni JIOTIOJTHUTEIb-
HOH JwuTeparty-
pel Mo Teme
MPAKTUYICCKUX

3ansATHil; O0pa-
30BaTeIbHBIC

pecypcesl,
CTYIIHBIE

Ho-
1o
JIOTHHY U Napo-
JIF0, TIPEIoCTaB-
nsembiM  Hayu-
HOW OuOmMoTE-
ko UI'Y.

4.3. Conep:xanue y4eOHOro MaTepuaJia
Coaep:xaHue pa3iesioB ¥ TeM JUCHUTNIHHBI
1. Bropu4HOe KBAHTOBaHHeE
[IpencraBienne yrcen 3anodHeHNs. BoHOBast QyHKIMS B pencTaBlIeHNH dncen 3amonHeHnst. Coot-
BeTcTBUE co lllpenanHrepoBckoit (OpMyIHpPOBKONW KBaHTOBOW MeXxaHUKH. OnepaTopbl pOXKACHUS U
YHHUYTOXCHHUSA. ['aMUIIBbTOHNAH CUCTEMBI B3aMMOCHCTBYONIUX YaCTHIl B HMITYJIbCHOM ITPOCTPAHCTBE.



BropuyHoe KBaHTOBaHME BOJHOBBIX (PyHKUWH. ['aMUIBTOHHMAH CHUCTEMbI B3aMMOACUCTBYIOIIUX Ya-
CTHI] B KOOPJIMHATHOM ITpesicTaBieHnH. Oneparop MIOTHOCTH YKCIIa YacTHULL.
[IpuHUUIT TOKAECTBEHHOCTH OJMHAKOBBIX YAaCTULl B KBAHTOBOW MexaHuke. CHMMeTpHUYHas BOJIHOBAs
bynkuus ans 6o3e-cuctem. [lonstue yucen 3anonHenus. BoiaHoBas GyHKIUS CHCTEMBI B MPEACTaB-
JeHuU yucen 3anoiHeHus. [IpeacraBieHne BTOPUYHOrO KBAaHTOBAHUS JUIsl JUHAMUYECKUX MEPEMEH-
HbIX. Ornepartopsl poKIACHUS U YHUUTOKeHHs. KBaHTOBaHHbBIE BOJIHOBBIE (QyHKUMH. IIpencraBienue
boronto6oBa /i aqAMTUBHBIX, OMHAPHBIX, ..., S-KPaTHBIX JTUHAMUYECKHX BenuuuH. [IpencraBnenue
['efizenOepra a1 KBAaHTOBAHHBIX BOJHOBBIX (DYHKIIHHA.

2. MOHOHBI B KpUCTA/LJIAX
DOHOHBI B OAHOMEPHOM KpucTauie. [loTeHumanpsHas 3Heprusi OAHOMEPHOM LENOYKH aToMoB. Ilepe-
XOJl K KOJUIEKTUBHBIM NepeMeHHbIM. DyHkius Jlarpanxka s OTHOMEpPHOU Lenoyku aToMoB. DyHK-
nus [ammnbronnana. KBantoBanue (mepexos K KBaHTOBOM mMexaHuke). [lepexon k oneparopam pox-
neHus u yauaroxxeHus. @oHonsl. OCHOBHOE M BO30YKIEHHOE COCTOSIHUE.

3. MoHOHHAS TEMJI0eMKOCTh TBEPAbIX TeJl.
CBoOopHas sHeprusi OHOHHOTO raza. Beruucienue cBOOOIHON SHEPTHH B YACTHBIX CIIy4asx: a) HU3-
KM€ TeMIepaTyphl; 0) BEICOKHE TEMIIEpaTyphl; B) CpeaHHE TeMIepaTypbl (MpuOImkeHns DUHIITeHHA
u Jle6as, remmnieparypa [lebas, GOHOHHAS TETUIOEMKOCTB).

4. CaepxrekyuecTb. KBanTOBas KHAKOCTH. CHIEKTPBI 603€BCKOI0 THIA.
Kongencauusa bo3ze-OitHiurelina. MoenbHbI TaMUJIBTOHUAH B NPUOIMKEHUU NAPHOTO B3auUMOJEH-
CTBUS 1J1 003€-CUCTEMBI B MPEACTABIEHUU BTOPUYHOTO KBaHTOBaHuA. [Tonxon boromo6oBa B ananu-
3€ MOYTH UAEATBHOro 003e-raza ¢ KOHJIEHCATOM. BBIBOJ CEKTpa 3jIeMEHTapHbIX BO30YKIEHUH J1aH-
HoOM cuctemsbl. [IpeobpazoBanue boromo0OoBa onepaTopoB poOXKACHUS U YHUUTOXKEHHUA. J{naronanusa-
1Y FaMWIbTOHHAHA B3aUMOJACHCTBUI. Y CIIOBUS BOSHUKHOBEHHSI CBEPXTEKYUYECTH B IOYTH HJIEAJIb-
HOM 0o3e-raze. Pacmpesenienne aToMOB 110 UMITYJIbCY B JIaHHOM cucteme. [ToHsATHE BOTHOBOH ()yHK-
LMY KOHJIEHCATa U TUIOTHOCTH MOTOKA KOHJIEHCATA.
[TonsiTe cBEpXTEKy4YeCTH KBAaHTOBOM JKHMJKOCTH. Y CJIOBHE BOSHUKHOBEHMSI CBEPXTEKYUYECTH JUIsl 00-
3e-xkuaAKocTH. CBepXTeKydas U HOpMajbHasi KOMIIOHEHTA KUAKOCTU. CBsI3b HOPMAJIBHOM KOMITOHEH-
ThI )KUJKOCTH C Ta30M HOPMaJIbHBIX BO30Yy:k1eHnH. DOHOHHAS U POTOHHAsS IJIOTHOCTH.

5. KBaHTOBbBIEe BUXpEBbIe HUTH
TepmoeHaMuueckoe paBHOBECHE BpalaroIierocs: tena. Bpamaromuiics renuii |l. Tepmonunammye-
CKO€ YyCJOBHE BO3HHKHOBEHMs BUXPEBOW HHUTH B CBEpXTeKydel kommoHeHTe renus |l Bo Bparmiaro-
meMesa cocyne. KBantoBanue OHcarepa BUXpEBOM HUTH. PacnpezneneHue CKOpPOCTH CBEPXTEKydel
KOMIIOHEHTbI BOKPYT BUXPEBOM HUTH NMPOU3BOJILHON (popmbl. KpuTHueckas CKOpOCTh YIJIOBOTO Bpa-
nieHus. [Ipenen TBEpAOTENBHOIO BpAIllEHUsl CBEPXTEKYYel KOMIIOHEHTHI. [IOHATHE BUXPEBBIX KOJEL]
KaK 0co00ro Tumna sjneMeHTapHbIX Bo30yxaeHuil renus |l. CkopocTh OBMKEHMS M 3aKOH JHUCIIEPCUU
JUIsl BUXPEBOTO KOJIbLIA IIPOU3BOJIBHOTO pajnyca.

6. DJIeKTPOH B KPUCTAJUINYECKOI peléTKe.
OeKTpoH B nepuoandeckom moine. Teopema brmoxa. Dueprernueckuii cniekrp. Konuenmms depmu-
xunkoctu Jlanaay. [loBepxnocts @epmu B Metaiuie. O0muid BUA KUHETUYECKOrO ypaBHeHUs. Peme-
HUE KHHETHYECKOTO YPaBHEHUS Ul U30TPOMHOIO METaula B MPUOJIMKEHUN YIIPYTUX CTOJKHOBEHUH.
DIIEKTPO- U TEIUIONPOBOJHOCTD.

7. CBepxnmpoBoANMOCTH
BripoxkaeHHbIN «104YTH HacaIbHbIN» DepMHU-Ta3 C MPUTSHKEHUEM MEXAY dacTtuliamu. lIpaBuiibHbIM
Y4ETB3aUMOJEHCTBHSI YACTHL] C MPOTUBOIOJIOKHBIMA UMITYJIbCAMH M COIMHAMHU B MCXOJHOM T'aMHJIb-
ToHHaHe. [lepexon kK HOBBIM OmepaTopaM POXKACHHS M YHUUYTOXKEHHS KBa3HUdacTul. BapuanuoHHbIN
npuHiun boromo6oBa. J[naroHanu3anus raMUuJIbTOHUAHA. DHEPTUs OCHOBHOTO COCTOSTHHUS. DHEpre-
TU4eckas mesb. CrekTp Bo30yKIEHHbBIX COCTOSIHUH, OIIeHKa JUTMHBI Koppensauuu. TemnepaTypHas 3a-
BHCHMOCTbB SHEPreTHYECKOM 1enu. TermoeMKocTs.

8. ®eppoMarHeTHMKHU U aHTH(ePPOMATrHETHKH.

MakpOoCKOIMUYECKNE XapaKTEPUCTUKN MArHUTHBIX BEHIECTB. MarHuUTHBIA qumoias. Hamarnuden-

HocTh. BocnpunmunBocts. KpuBas HamaranuuBanus. Knaccudukanus maraHeTukos. /lnaMarHeTHKH.
[Tapamarnetnku. @eppomMarHeTuKi. ATOMHasi MarHUTHasi CTPYKTypa KpUcTaioB. AHTU(deppomarte-



tuku. @eppumarneTukd. OCHOBHOE COCTOSIHME aHTHU(EeppoMarHeTHka. MarHuTHas CTpykTypa. Mar-
HUTHAas NOJpenIeTka. Buabl MarHUTHBIX CTPYKTYp. MeTo MOJIEKYJIIPHOTO MOJId B TEOpUU aHTU(ep-
pomarsHeTusMa. MarHOHHBIN CIEKTP.
9. ®ynkuusi 'puHa MaAKpPOCKONUYECKOH CHCTEMBI.

VYpaBHEeHMsI IBUKEHUS AJIs refi3eHOeproBCKUX ONEpaToOpoB M UX CBOMCTBA. 'aMMIIBTOHHAH CHCTEMBbI
B3auMoJieiicTBytomux vyactui. @ynkuus ['puna. CBa3p pyHkuuu ['puHa ¢ MaTpuien mioTHOCTH, pac-
IpeleieHne JacTul 1o umiynbcam DOyHkums ['puHa B umMnyiscHOM npencrasBieHuu. Hopmuposka
¢ynkuuu I'puna. OnpeneneHne dHEPreTHUecKoro crektpa mno Gynkuuu I'puna. Oyunxnus ['puna ue-
anibHoro depmu-rasa. BpluucieHne TepMOJMHAMUYECKMX BEIMYUH C MOMOLIbIO (PyHKIMH ['puHa.
Oynkuua ['puHa B IpecTaBIeHUH B3aUMOICHCTBUS.

4.3.1. IlepeyeHb cCeMHUHAPCKHX, NIPAKTHYECKUX 3aHATHI 1 J1a00paTOPHBIX padoT

No | Ne paznena u HaumeHnoBanue ceMHUHApOB, Tpyno- OlieHOYHBIE CPEICTBA ®dopmupye-
TEMBI IUC- | TMPAKTHYECKHUX H J1a0OPaTOPHBIX eM- MbIEe KOMIIe-
LUTTUHBL pabort KOCTb TEHIUU
(Momyst) (dacen)

1 2 3 4 5 6
1. | Temal BropuuHoe kBaHTOBaHUE 4 3anaHue Ha CEMHHApE B IK-1
BUJIE 334U

2. | Tema 2 QDOHOHBI B KpHCTAIIaX 4 3anaHue Ha CEMHUHAPE B [K-1
BUJIE 331a4U

3. | Tema 3 DoHOHHAs TEIUIOEMKOCTh TBEP- 4 3anaHue Ha CEMHHApE B IK-1
JBIX TEl BUJIE 334U

4. | Tema 4 CBepXTeKy4ecTb. 4 3amaHue Ha CEMHUHAPE B [K-1
BUJIE 33/1a4U

5 | Tema 5 KBaHnTOBBIE BUXpEBBIE HUTH 4 3ajaHue Ha CEMHHApPE B [K-1
BUJIE 33/1a4HU

6. | Tema 6 ONEKTPOH B KPUCTAIITMYECKON 4 3ajlaHue Ha CEMHHAPE B IK-1

peméTke BUJIE 337a4H
7. | Tema7 CBepXnpoBOANMOCTh 4 3ajaHue Ha CEMHHApPE B [K-1
BUJIE 33/1a4HU

8 | Tema 8 deppoMarHeTUKH U aHTUdep- 4 3azlaHue Ha CEMHHAPE B IK-1
POMarHeTHKH BUJIE 33a4H

9 | Tema9 O®yukius ['puna 5 3ajaHuie Ha CEMUHAPE B IIK-1
BUJIE 331aYHU

4.3.2. [lepeyeHn TeM (BOMPOCOB), BLIHOCHMBIX Ha CAMOCTONATEbHOE H3yYeHHE CTYI€HTAMHU B
aMKax camocrTosTeabHoil padotsl (CPC)

No Tema Bux camo- 3aganue Pexomennaye- | Hachl
Hen CTOATENb- Masi JuTepa-
HOU paboThI Typa
1 Bropuutoe kBanToBanne | Bueaynu- | UreHue oCHOBHOM U J0- Hcrounuku us 4
TOpHas, pe- | MOJHUTEILHON JIUTEpaTy- OCHOBHOI U
LIEHUE 3a- | pbl JOTIOJTHU-
naq TEJILHOU JIH-
2 MDOHOHBI B KpHCTAIITAX Bneaynu- | UreHue oCHOBHOI U J10- TepaTyphl 10 4
TOpHas, pe- | MOJHUTEILHON JIUTEparTy- TeMe MPaKTH-
LIEHUE 3a- | pbl YECKUX 3aHs-
Jlad TUH




3 ®oHoHHas TeIIOeMKOCTE | BHeaynu- | UTeHue 0oCHOBHOM U 10-
TBEPABIX TeII TOpHAas, pe- | MOJTHUTEIbHOU JIUTEepaTy-
LIEHUE 3a- | PBI
a4
4 CBepXTEKy4eCTb. Bueayau- | UreHue OCHOBHOM U J10-
TOpHAasl, pe- | MOJHUTEIBHOM JINTEpaTy-
LIEHUE 3a- | PBI
a4
5 KsantoBbie ~ Buxpesble | Bueaynu- | UreHue oCHOBHOM U J0-
HHATH TOpHAas, pe- | MOJHUTEIbHOU JIUTEepaTy-
LIEHUE 3a- | PBI
a4
6 DIIEKTPOH B KPUCTAJLIH- Bueaynu- | Urenue OCHOBHOM U J10-
4eCKOIl penéTke TOpHAas, pe- | IMOJIHUTEIBHOU JIUTEepaTy-
LIEHUE 3a- | PBI
a4

4.4. MeronuyecKkue yKa3aHHs 10 OPraHM3alMU CAMOCTOSATEIbHOM Pa0doThI CTYIEeHTOB

B pasnmene 4.3.2 cryaeHTam i CaMOCTOATENBHOIO yriyOJEHHOTO M3Y4YeHUS AUCIUIUIMHBI (TIapali-
JICNTBHO C JICKIMSIMU) MPEUIararoTcs 3aauu M0 U3ydaeMbIM paszzenaMm u rpaduk ux usyueHwus. [Ipen-
TI0JIAraeTCs, YTO CTYJACHT CaMOCTOSTEIIEHO M3YUYUT JIOTIOJHUTEIbHBIC TTaparpadsl Mo IpOHICHHON Te-
Me, IPEJICTAaBJICHHBIC B JIUTEpAType U3 II. 5, a 3aTeM PEUIUT NPEJIOKEHHBIC TEOMETPHUCCKUE 3a]1auu.
OreHKa caMOCTOSITETTHHON PabOTHI CTYIEHTOB MPOBOAUTCS B BUJE KOHTPOJIBHBIX OMPOCOB HA MPAKTHU-
YECKHX 3aHITHSX.

4.5. [IpumepHasi TeMaTHKa KypCOBBIX padoT
Y4eOHBIM MJIaHOM HE MPEAYCMOTPEHO HATUCAHHUE KYpPCOBBIX padoT.

V. YueOHo-MeTOANYeCcKOe U MHPOPMALTMOHHOE o0ecnedeHne I CHUTITHHbI
a) CIIUCOK JIUTEPATYPBI

OCHOBHas JIUTEpaTypa

1. Enudanos, I'. 1. ®usuka tBepAoro tena [IaeKTpoHHBIN pecypc]: yuel. mocobue / T'.

. Enudanos. - Mocksa : Jlans, 2011. - 288 c. - Pexxum nocryna: 9bC "Uznarensctso "Jlanp". - He-
orpanmd. npoctyt. - ISBN 978-5-8114-1001-9

2. Casenbes, U.B. Kypc obmeit pusuku. B 3-x 1. T.3. KBanToBas ontuka. AtomHas ¢pusuka. dusu-
Ka TBEPJIOTO Tena [ DIeKTpOHHBIN pecypc] : yued. mocodue: / M. B. CaBenbes. - Mocksa: Jlans, 2011. —
318 c. - Pexxum noctyna: ObC "M3garensctBo "Jlanp". - Heorpanuu. noctym. - ISBN978-5-8114-
1211-2

3. Kotkum, I'. JI. JIekmuu 1o cratucTuveckor pusuke: y4ued. mocoome yis cry. By3os / I'. JI. KoTkuH.
- M. ; MxeBck: Perymsp. u xaotuu. nuHamuka, 2006. - 189 c. - ISBN 5-93972-257-1 (20 5k3.)

JIOTIOJTHUTENIbHAS IUTEPATYpa

1. JTannay, JI.JI. Teopetuueckas pusuka [Tekct] : yued.mocobue ans ctya.¢us.cuem.yu-to:B 10T. /
JleB NaBunoBud Jlannay, EBrennit Muxaiinosud Jlnudmmir;, JJaBunosuu Jlannay; Muxaitnosuu Jlug-
i, [lerpoBud [MutaeBckuii. - 3-e u3z.,crep. - M. : @usmarnut. — T.IX : Cratuctuueckas ¢pusu-
ka.Y.2:Teopust kouaencupoBarnaoro cocrosiaust / E.M. JIudmrum, JI.IT.ITuracsckuit; [Tox
pen.JLILIIuraesckoro. - 3-e u3f.,crep. - 2001. - 493 c. ; 22cm. - ISBN 5922101242. — (10 »k3.)

2. Ao6pukocoB, A.A. OcHoBBI Teopuu MeTaiuioB [TekcT] : [ ¢us. cremr. By30B] / A.A. AOPUKOCOB. -
M. : Hayka, 1987. - 519 c. — (59Kk3.)



0) eproIUIECKUE H3TaHUS
- HET .

B) CIIMCOK aBTOPCKUX METOAUYCCKUX pa3pa60T01< - HECT

) 0a3bl JaHHBIX, THPOPMAITMOHHO-CIIPABOYHBIE ¥ TIOMCKOBBIE CUCTEMBI
http://library.isu.ru/ - Hayunast 6utarorexa UT'Y;

O6pasoBaresbHbIe PECYPChl, JOCTYIHBIE MO JIOTHMHY M IapoJIio, MpeaocTaBisieMbiM HaydHoit
6ubmmnorexoi UI'Y:

e https://isu.bibliotech.ru/ - U3 «bubnuoTex»;

e http://e.lanbook.com - DBC «M3matenscTBO «JlaHbY;

e http://rucont.ru - 3BC «PykoHT» - MeXOTpacieBas HaydHass OHOIMOTEeKa, copeprKamas onud-
POBAHHBIE KHUTH, IEPUOANIECKUE U3IaHHUs M OTICIbHBIC CTAThH [T0 BCEM OTPACIISIM 3HAHHIA, a
TaKXe ayanuo-, BUJA€0-, MyJIbTUMEAHA COPT U MHOTOE JIPYTOE;

e http://ibooks.ru/ - OBC «AiiOyKcy»- HHTEpHET peCypchl B CBOOOTHOM TOCTYIIC,

VI. MatepunajibHO-TEXHHYECKOe o0ecnevyenne JUCHUMINHbI

VYueOHast ayiuTOpHs sl IPOBEeHNS 3aHATH. Ha JIeKuusax MOTryT UCIOJIb30BATHCS MYJIbTUME-
IUITHBIE CPECTBA: MPOEKTOP, MEPEHOCHOH dKpaH, HOYTOYyK. Vcnosbp3oBaHe riio0aibHON KOMIIbIO-
TEPHON CETU MO3BOJISIET 00ECIIEUUTh JOCTYITHOCTh UHTEPHET-PECYPCOB U PEAIU30BATh CAMOCTOSITEIb-
HyI0 paboty crynentoB. Ha Qakynbrere MMeeTcsi KOMIBbIOTEPU3UPOBAHHAS ayIUTOpUs, IpeIHa-
3HAaYEHHAs /ISl CAMOCTOSITEIBHON pabOThI, C HEOTPAHUYCHHBIM JIOCTYTIOM B MHTEpHET.

VII. O6pa3oBaTe/ibHbIC TEXHOJIOTHH

3az1atm H3JI0KCHUS U N3YUCHHA AUCHUILIMHBI pECAIU3YIOTCA B CICAYIONIUX (bopMax JACATCIIBHOCTH

® JICKIIMM, HAUOCJICHHBIC HA MOJTY4YCHUC HCO6XOI[I/IMOI71 I/IHq)OpMaIlI/II/I, U €€ HCIIOJIBb30BAHUC IIPU
pELIEHNN IPAKTUYECKUX 3a/1ay;

® IIPAKTUYECKHE 3aHATHUS, HAINPABICHHBIE HAa AaKTHBU3ALUIO I03HABATEIBHOW JESTEIBHOCTH
CTYACHTOB U an/I06peTeH1/1${ HMHU HAaBBIKOB PCIICHUA MPAKTUYCCKUX U HpO6J’I€MHI>IX 3aj1a4,

® KOHCYJIbTAlIUU —€XKEHEJEIBHO IS BCEX JKENAIOIIUX CTYACHTOB;

e caMoOCTOsITeNIbHAsi BHeayJuTOpHas paboTa HampaBlieHa Ha MPUOOPETEHHWE HABBIKOB
CaMOCTOSITENILHOTO PELIeHMs 33/1a4 10 AUCLUILINHE;

o TGKYIHI/Iﬁ KOHTPOJIb 3a ACATCIBHOCTBIO CTYACHTOB OCYIICCTBIISICTCA Ha IPAKTHYCCKUX
3aHATHIX

VIII. OneHo4yHble MaTEepHAJIbI VIS TEKYLIEr0 KOHTPOJISI M IPOMEKYTOYHOM aTTecTaluu
@DOHJ OLIEHOYHBIX CPEJCTB MPEJCTABIEH B IPUIIOKEHUH.
®dopma MpoBeACHU TPOMEKYTOUHOM aTTECTAIUN — JK3aMEH.
Bormpock! Tekyniero KOHTpoJs:
1.IlpencraBnenue yucen 3anodHeHus. BomHoBas GyHKIHMS B IPEICTABICHUH YMCET 3aMTOJTHEHHS.
2. OnepaTopsl pOKACHUS U YHUUTOXKEHHUS.
3. ['aMHJIbTOHHAH CUCTEMBI B3aMMOJICHCTBYIOIIMX YAaCTULl B KOOPJMHATHOM IpejacTaBieHuu. 4. Omne-
paTop IJIOTHOCTH YUCJIA YaCTHUIL.
4. IlpeacraBieHre BTOPUYHOT'O KBAHTOBAHUS JIJIs1 TUHAMUYECKHX MEPEMEHHBIX.
4. llpencrasienue ['eitzenOepra 1jisi KBAHTOBAHHBIX BOJTHOBBIX (DYHKIIUH.
5. IlpeobpazoBanue boroito6oBa onepaTopoB poXkKAECHUS U YHUUTOKESHUS.
6. Jlnaronanu3amus raMuJIbTOHHAHA B3aUMOACHCTBUM.
7. lloHATHE CBEPXTEKYYECTH KBAHTOBOW KHIKOCTHU. Y CIOBHE BO3HMKHOBEHHUS CBEPXTEKYy4ECTH IS
003e-KUIKOCTH.




8. CaepxTekyyas U HOpMaJibHast KOMIIOHEHTA >KUKOCTH.

9. ®OHOHBI B OITHOMEPHOM KPHUCTAILIE.

10.ITloTeHumanbHas YHEPrus OAHOMEPHOM LIENOYKH aTOMOB. Ilepexo/ K KOJUIEKTUBHBIM [TEPEMEHHBIM.
11. ®ynkuus 'puna. @yuxuus 'puHa B npeacTaBIeHUN B3aUMOIEHCTBUS.

IIpuMepHbIH NIepeyeHb BONMPOCOB U 3aJaHUI K IK3aMeHy

1. TIlpencraBnenue yucen 3anojHeHUs. BonHoBas GyHKIMS B IPEICTABICHUU YMCEN 3aIl0JI-HEHUS.
CootserctBue co lpeaunrepoBckoii (OpMyTHPOBKON KBAHTOBON MEXaHUKH.

2. OmnepaTtopsl pOKICHUS U YHUUYTOKCHHUS.

3. T'aMuUIBTOHMAH CHCTEMBI B3aUMOICHCTBYIOIIMX YaCTHI] B UMITYJIECHOM ITPOCTPAHCTBE.

2. BropuuHoe KBaHTOBaHHE BOJHOBBIX (PYHKUIMNA. ['aMUIBTOHMAH CHCTEMBI B3aMMOCHCTBYIO-ILIUX
YacTHI] B KOOPJIMHATHOM TpeicTaBiieHnu. OnepaTop MIOTHOCTU YUCIIA YACTHIL.

3. IlpuHIMO TOXAECTBEHHOCTH OJUHAKOBBIX YaCTUI[ B KBaHTOBOW MexaHuke. CHUMMeTpUuHas
BOJIHOBast (QYHKIHS I 603€-CHCTEM.

4. Tlonstue uncen 3anonHeHus. BomHoBas QyHKIMS CHCTEMBbI B MPEACTABICHUN YUCEI 3a-TIOJTHEHUS.
[IpencraBineHne BTOPUYHOTO KBAHTOBAHUSA ISl TIMHAMHYECKUX MEpeMEeHHBIX. Omne-paTopsl poOKIeHUS
Y YHUUTOXEHUSI.

5. IlpuHIMIT TOXACCTBEHHOCTH OJIMHAKOBBIX YAaCTHI] B KBAaHTOBOM MEXaHUKE. AHTUCUMMET-PUYHAs
BosHOBas (yHKuus A Gepmu-cucrem. [loHstre yrcen 3amoiHeHus.

BonHoBas (yHKOHMS cHCTEMbl B TPEACTABICHHHM YHUCENI 3amoiHCHHS Ui DepMu-CUCTEM.
[IpencraBinenne BTOpPUYHOIO KBAaHTOBAHHUS Il IMHAMUUYECKUX MEepEeMEHHbIX. OnepaTopsl poKICHHS U
YHUYTOKEHUS.

6. Konneuncanus boze-DuHiTeliHa.

7. MonenbHBI TaMWIBTOHHAH B TPUOIDKEHUM IApHOTO B3aWMOJACUCTBHS I 003€-CHCTEMBI B
MPEACTABICHUN BTOPUYHOTO KBAHTOBAHUSI.

8. BbIBOj criekTpa 3JeMEHTapHBIX BO30YKJIEHUN i1 003€-CUCTEMBbl B MPEICTABICHUN BTOPUUY-HOTO
KBAaHTOBAHUS.

9. IIpeobpazoBanne boromo6oBa onepaTopoB POKICHUS U YHUUTOXKEHUS. Y CIIOBUSI BOSHUKHO-BEHUS
CBEPXTEKY4ECTH B IOUYTH HJIeaTbHOM 003e-Ta3e.

10. [maronanmuzaiusi raMUJIbTOHHMAHA CBEpXTeKyder cucteMbl. [loHsSTHE BOMHOBON (DYyHKIIHH
KOHJIEHCATa U INIOTHOCTHU MOTOKA KOHJEHCAaTa

11. TlonsiTHe CBEPXTEKYyUECTU KBAHTOBOM KUIKOCTH. Y CIIOBUE BOZHUKHOBEHUSI CBEPXTEKY-UYECTH IS
003€e-)KHUIKOCTH.

12. CeepxTeky4ass W HOpMajbHas KOMITOHEHTa JXHUIKOCTH. CBSI3b  HOPMAJIBHONH KOMITOHEH-THI
KHUJKOCTHU C Ta30M HOPMAJIbHBIX BO30YkIeHUI. DOHOHHAS M POTOHHAS TNIOTHOCTH

13. Pacmpenenenrie CKOpOCTH CBEPXTEKyuel KOMIIOHEHTHI BOKPYT BHXPEBOW HUTHU IPOU3-BOJIBHOM
dopmbl. Kputuyeckas cKopocTh yriaoBoro BpaimieHus. llpemen TBepAOTENbHOrO BpallleHUs
CBEPXTEKYUY€i KOMITOHEHTBHI.

14. BBIpOXKACHHBIN «IOYTH WAeaNbHBIY DepMu-Ta3z ¢ MPUTSHKEHHEM Mexay dactuniamu (Mogenb
BKIII).

15. IlpaBuibHBINA yueT B3aUMOJEHCTBUS YacCTHI] C MPOTUBOIOJIOKHBIMU UMITYJIbCAMU U CHU-HAMU B
HWCXOHOM raMujibTOHHaHe. [lepexor K HOBBIM oreparopaM pPOKACHUS U YHHUUTOXKECHHS KBAa3UYACTHIL
(Bapuanuonnsiii mpunnun boromro6osa.) mias Gepmu yacTui.

16 Jluaronanm3anus ramuiabToHHaHa Mogens BKII

17. ®oHOHBI B oAHOMEpPHOM KpucTaiie. [loTeHnnanbHas SHEpPrusi OAHOMEPHOM ILIEMOYKH aTOMOB.
[Tepexoa K KOJJIEKTUBHBIM MEPEMEHHBIM.



IIpuMep TecTOBBLIX 3aJaHUH NJdA NPOBEPKH CHPOPMHPOBAHHOCTH KOMIIETEHLHUH, YKAa3aHHBIX
Bbimie B ILIII:

1. TIpeoGpazoBanue boromao6oBa onepaTopoB poxkIeHUs U YHUUYTOXEeHHS bo3e cucrem

o a} =ch(8,)b] +sh(8,)bZ, Bepuviii omeem
o a} =cos(8,)b] +sin(8,)b,
o a: = ch[ﬁ'u)b:

2. CBs3b BEIIMYMHBI UICTH C TEMIIEPATYyPOH MEepexoa B CBEPXIPOBOIHHUKE.
e T_.=0.57A BepHo
e T.=05A
o T = A

3. CHeKTp doHOHOB B OIHOMCPHOM KPpHUCTAJIIC aKYyCTHYCCKAA BETBb.
ez(p) =c#p BepHo
oz(p) =c*p’
oc(p) =c*p?

4. Tamunpronmad ['eiizenOepra 11 heppoMarHeTHKOB
o H=]X_.,.55 J<0 Bepno
o H=]% ;.55 J>0
e H =f2¢.f,j:=- 5:'5}'

Pazpaborunku: Py A JoueHT kapeapsr reoperndeckor pusuku  C.B. Jlonos

[Tporpamma paccMoTpeHa Ha 3aceanuu Kadeapsl obmmei u kocmuueckot ¢pusuku UTI'Y
«_15 » _mapra 2023 .

[Tpotokon Ne _8 , 3aB. kadenpoit @- B.JI. TTanepnsIii

Hacrosimmasi mporpamMMa He MoO:KeT ObITH BOCIPOHM3BeleHA HHU B Kakoii ¢opme 0e3

NpeABapPUTEJbHOI0 NMCHbMEHHOI0 paspelieHust kadeapbi-pa3padoTynka NporpaMmsl.



