MHWHOBPHAYKH POCCHUHU

(benepaapHOE TOCYIaPCTBEHHOE OFOKETHOE 00pa30BaTEeIbHOE YUPEKICHUE
BBICIIIETO 00pa30BaHUs
«APKYTCKHWHN I'OCYJIAPCTBEHHBI YHUBEPCHUTET»
OI'bOY BO «UT'Y»
Kadenpa reopernueckoii puzuxku

YTBEPX/ARO
HekaH ¢u3snueckoro (akyabTeTa

—

\ W/_ﬁjﬁ/r'B‘ngeB
«20» ampens 2024 ¢

PaGouyas nporpamMmMa qMCUMIJIMHBI

Haumenosanue nucrmminiel: 51.B.08 ®du3nka KOHIEHCUPOBAHHOI'O COCTOSHUSI

Hamnpasnenue noarorosku: 03.03.02 ®dusuka

HanpasnenHnocts (poduis) moAroToBku: OU3MKa MaTepHAIOB TBEPIOTEILHOW IICKTPOHUKH U HOTO-

HUKH
KBanudukanus (cTernensp) BeITyCKHUKA: bakagaBp

®opma o0yuenus: QOuHas

CornacoBano ¢ YMK ¢usudeckoro pakynprera  PexomeHnmoBano kadempoii:

[TpoTokon Ne42 ot «15» anpens 2024 r. [IpoTokomn Ne 7
- Ot «15» mapra 2024 r.
[Ipencenarens £ sl /”/ /
" H.M.Byaues H.o. 3aB. kadenpoit kv

C.B. JloBuos

Hpxyrek 2024 r.



Conepxanue

| IR B (507 07 QT Par: ke 1 09104 (03005 00 020741 30 FOUUUUUUUUU 3
II. Mecto muctumuinHbL B CTPYKTYPE OITOI....c.iiiiiiiiiiiieeeee e e 3
III. TpeGoBaHMsI K PE3YIBTATAM OCBOCHUS TUCITUATIITIHBL. ... .vveeenereeeereeensreessreensseeensseeensseesssseesssseens 3
IV. Conepskanue v CTPYKTYPA JUCITUTUTAHBL (MOJLYIIS). . ceeuvreeureeeresireenueesnseeneeesnseesseesnseenseesnseesseesnnes 3

4.1. Conep:xaHue TUCIUILINHBI, CTPYKTYPHUPOBAHHOE 110 TeMaM, ¢ yKa3aHHEM BUI0B y4eOHBIX 3a-

HATUN U OTBEJCHHOTO Ha HUX KOJUYECTBA AKATEMUUCCKHIX HACOB. .. .ecrurreeereeeereeaereennreenseeenneens 4
4.2. [Inan BHEAyAUTOPHOM CAaMOCTOSATEIHLHON pabOThl 00YUAIOIINXCS TI0 TUCHIUTIIHHE. ................ 4
4.3. ConeprKaHUE YUEOHOTO MATEPHATIA. ¢...c.veemreeurereenreeurenseenseemsenseenseeasesseenseessesseenseessesseenseensesseensens 4
4.3.1. [lepeueHb CEMHHAPCKUX, MPAKTUICCKUX 3aHATUN U TA0OPATOPHBIX PAOOT.....cvveeuveeerenneene .6

4.3.2. [lepeyenr TeM (BOMPOCOB), BEHIHOCHMBIX HAa CaMOCTOSTEIIbHOE HM3yUYE€HHE CTYJIEHTaMHU B

pamMkax caMOCTOSTEIBHOU PAOOTBEI (CPC)..cc.uviiiiiiieiiicciie ettt e e .6
4.4. Meroanueckue yKa3aHus 0 OpraHU3aIllui CAMOCTOSTEIbHOU PabOThl CTYJEHTOB................... 7
4.5. IlpuMepHast TEMATHUKA KYPCOBBIX PADOT.......eevieruiretieniieetienteeteesiteeseessseeseessseenseesssesnseesnseenne T
V. YyeOHo-MeTOAMYECKOE 1 HH(HOPMAITHOHHOE 00ECTICUEHUE TUCTIHIIITHHBL. .....c.veevveeeereeeneeeneeneeens 7
Q) CTTHICOK JTHTEPATYPBL. ..eeeuuveeeureeeerresssseeassseeessseesssseeansseesnsssessssessssseesssssssssessssssssssssesssseessssessssseennns I
0) TEPUOTMUECKUC MUBIAHII = HET...c.uveeuriesureeueesuteenttensreenseesnseenseesnseesseesnseaseessseenseesnseenseessseenseessen 7
B) CIICOK aBTOPCKHUX METOTUICCKHIX PABPAOOTOK = HET....eeeurreereenrienireeteenseeesseessneeseesseeasseesseessens I
r) 6a3bl JTaHHBIX, THPOPMALIMOHHO-CITPABOYHBIE U TIOUCKOBBIE CHCTEMBL......ccuveenrieiieeieeniieenneennne T
VI. MaTeprallbHO-TEXHUYECKOE 00CCTICUCHHUE TUCTIUTITHHDBL. ......uvveeenereeeereesereessseeesseeensseesnsseeennns .8
VII. OOpa30BATEIBHBIE TEXHOMOTH . ......veeuverurereemteameenteensenseenseesesseenseesesssesseesesssesseensessesseensessens .8
VIIIL. OuieHouHbIe MaTepUabl 1Js1 TEKYIIETO KOHTPOJIS U IPOMEKYTOUHOM aTTECTAIUMH............... .8

[TpunosxeHnue: GOHT OIICHOYHBIX CPEJICTB



I. Hean v 32124y TUCUUILJIAHBI
«®Pu3uka KOHJEHCUPOBAHHOIO COCTOSHUS» SIBIAETCS OAHOM M3 0000IIaromMX (U3MUECKUX AUCLU-
IUIMH U TIPEAINOoNaraeT 3HAHME OCHOB KJIACCUYECKOM MEXAHMKH, TEOPUM I0JI, HEPEISITUBUCTCKON
KBAHTOBOM MEXAaHUKH, TEPMOJAMHAMHMKHM U CTATHCTUYECKOH (DM3MKH, a TaKKe€ OCHOB BCEX pa3feiioB
BBICILIE MATEMATUKH.

esan kypca
[enbto kypca «PuU3nKa KOHAEHCUPOBAHHOI'O COCTOSIHUS» SIBISIETCSI O3HAKOMJIEHUE C OCHOBHBIMU HJIE-
SAMH U TIPEIIOCBUIKAMH, JIEKAIMMHU B OCHOBE OITMCAHMsI U TPUPOJBI KBAHTOBBIX JKUAKOCTEN. [TokazaTs
NPUYHHBI, 00YCIIaBIMBAIOIINE U3MEHEHHE MHOTHX (DU3MYECKHX CBOMCTB KPUCTAJUIMYECKHX TBEPIBIX
TeJI, BKJIIOYas HAaHOKPHCTAIMUYecKoe cocTosiHue. [loka3aTe MeKAMCUUIUIMHAPHBIA XapakTep (GU3UKU
TBEPJIOTO TeJla U €€ MPUKIATHBIX aClIeKTOB. Bo30yIuTh MHTEpEC acIMPaHTOB K CUHTE3Y 3HAHHM, MOy -
YEHHBIX B Kypcax o011el, TeopeTndeckoi GU3nKu U (U3NKHA KOHJIEHCUPOBAHHOTO COCTOSIHUS.
3anaum kypca

BeipaboTats y cnenuanicTa HaBbIKM MPAKTHYECKOr0 UCIOIb30BAHUS METO/I0B, IPEIHA3HAUYEHHBIX IS
MaTEeMaTHYECKOr0 MOJAETMPOBAHUS U OMUCAHUS TIOBEACHUSI KBAHTOBBIX KUIKOCTEH, HMEIOIINX 0ecKo-
HEYHOE YMCJIO CTENeHeH CBOOOBI.

I1. Mecto qucuuminnsel B crpykrype OIIOIT
Jucunmnza «®u3nka KOHIEHCUPOBAHHOTO COCTOSHUS» OTHOCUTCS K AUCLUILIUHAM, (OPMUPYEMBIM
y4acTHUKaMU 00pa30BaTeIbHOTO Mpolecca. M3ydeHue pas3ienoB Kypca npernonaraeT uCroib30BaHue
HOJYYEHHBIX OCHOBHBIX 3HaHMH, YMEHMH M KOMIETEHLUI Ha MOCIEAYIOUIEM YpOBHE OOpa30BaHMSL.
JUis u3ydeHus: TUCIUIUIMHBI, HEOOXOIMMBI 3HAHUS M YMEHUS U3 YATAaeMOM Ha MJIAJIINX Kypcax JWC-
nuIIuH TeopeTndeckoit Gu3HKy.

I1I. TpeOoBaHusA K pe3y1bTATAM OCBOCHHS JMCIHIIIHHbI
ITepeyenn miIaHMpyeMbIX pe3yJIbTATOB 00y4EHHA M0 JUCHHILINHE, COOTHECEHHBIX ¢ HHIMKATO-

aMH 10CTHKEHHMS KOMIIeTeHIH

Kommerenmmsa [TIK-1: CriocobeH ucrnonap30BaTh CHEIUATN3UPOBAHHBIC 3HAHUS B 00JIaCTH
¢u3ukn U QU3MKU KOHJCHCHPOBAHHOTO COCTOSHHS ISl OCBOCHHS MPO-
(UIBHBIX PU3NYECKUX AUCIUILINH.

Wupukaropel komnereH-| UK, 11 [Ipumenser ¢usnko-mMareMaTn4ecKuii ammapar B cdepe cBoei

1 pohecCUOHATLHON eI TeNIbHOCTH

PesynbraTel 00ydueHuss | 3naem: OCHOBOIIOJIATAOLIME IPUHLIUIIBI, TOHATHUS M TUIIOTE3bI, JIekKaIlue B
OCHOBE OIHCaHUs KBAHTOBBIX KHJIKOCTEH.

Ymeem: anexkBaTHO CONOCTABIIAThH JTaHHBIA KOHKPETHBIN Ipolecc crnocody
€ro onucaHus (BbIOOp ypaBHEHHUS).

Braoeem: meronamu pelieHus COOTBETCTBYIOLIMX ypaBHEHUH B TpeOye-
MOM NPUOIUKEHHUHU.

IV. Conep:xxanue u CTpyKTypa IMCUMILINHBI (MOAYJINA)

OO0OBeM IHMCIUINUIMHEI COCTABIIAET 5 3aueTHRIX eauHull, 180 gyacoB, B ToM uncie 103 yaca KOHTaKT-
HOU pabOoTHI.

3aHATHS TPOBOJATCS TOJBKO B OUYHOM ¢opme oOydeHus ¢ MPUMEHEHHEM JUCTAHIIMOHHOIO
KOHTPOJISI CAMOCTOSITENIbHON paboThl cTyaeHToB uepe3 DUOC ¢akynpTera. DIEKTPOHHONW U AMCTaH-
IIMOHHOU (opM 00yUEHUS HE TTPETyCMATPUBACTCS.

Ha nmpaktuueckyro noaroTroBKy OTBOAUTCS 34 ayIUTOPHBIX Yaca.

dopma MPOMEKYTOUHOU aTTECTALlMU: 3a4ET.



4.1.

Coaep:kanve TMCUMIUIMHBI, CTPYKTYPHPOBAHHOE 1O TeMaM, ¢ YKa3aHHeM BH/I0B
Y4eOHBIX 3aHATHI U OTBEICHHOI0 HA HUX KOJMYEeCTBA AKA/IeMHYE€CKHX YaCOB

Ne | Pa3- | C| Bc 4! Buabt yueGHOI paboThI, DopMEI TEKy-
n/m | gen | e | er | HUX | BKJIIOYas CAMOCTOSTEIBbHYIO PaOboTy 00y4aroumxcs , pakTH4e- | [Iero KOHTPOJIs
Iuc- | M | O |Ipak- CKYIO IIOATOTOBKY U TPYIOSMKOCTb yCIEBAEMOCTH;
ou- | € | 4Ya | Thde- (B gacax) ®dopma mpome-
M- | ¢ | co | ckasg KYTOYHOH art-
KonTakTHas pabora npenogasatens ¢ o0yyaroiu- | CaMocTosi-
HBI/ | T B | mon- TeCTallUH
MHUCA TCJIbHaA
TEMBI | P ro- (no ceme-
pabota
TOBKa Jlexmun Cemunapckue | Koncymprammn cmpam)
00y- /MpaKTHYECKHE
qaro- /mabopaTopHbIe
KX~ 3aHITHUS
col
1 1-9 |7 |180 |34 50 34 1 51 IIpakTrue-
CKoe  3aja-
HHC, 5K3aMC-
HaIlMOHHBIE
OUIeTHI
Hroro: 180 |34 50 34 1 51

4.2. [1naH BHeayIMTOPHOI CAMOCTOSAATEIbHOM PA0OTHI 00Y4AIOIIUXCS M0 JUCUHUILIHHE

J€ 3aJa4u

JCHHBIX TEM

peleHuit

OHUsA TOTOBBIX

Cemectp Ha3Banue CamocrostensHas padbora obydaronuxcst | OnieHounoe | YueOHo-
aznena, Te- TB METOANYE-
PasAeIa, Te gy camo- Cpoku  BeI-| Tpymo- CpeAICTBO cTon 6e
MBI . K Te-
CTOSITEIbHOM | TOJIHEHUSI €MKCTb ckoe obectie
YeHUEe camo-
paboTsl (dac.) CHHC  caMo
CTOSITEJIBHOU
paboThI
7 Tema 1-9 3ananue B BU- |[locne mpoi- 51 Hemoncrpa- | Mctounuku u3

OCHOBHOH H
JIONIOJIHUTEIIb-
HOIl nuTepary-
pBI
HPaKTUIECKUX

10 TEMCE

3auatuii; OO0-
pa3oBareib-
HBbIE PECYpCHI,
JIOCTYTIHBIC TI0
JIOTUHY W Tia-
pOJIIO, Ipeo-
CTaBJISIEMBIM
Hayunoii 6u6-
JINOTEKOU
ury.

4.3. Conep:xxaHue y4eOHOro MaTepuaJia




Conep:xaHue pa3/iesi0B U TeM JUCHUNIMHBI

1. BropuuyHoe KBaHTOBaHMeE
[IpencraBnenue uncen 3anonHeHus. BonmHoBas GpyHKIMs B IpecTaBiIeHUH dncen 3anoiHeHus. Coor-
BercTBue co IlIpeauHrepoBckoil (GOpMYITUPOBKON KBAaHTOBOM MeXaHWKU. OmepaTropbl POKICHUS U
YHUUTOXEHUSA. ['aMUIIbTOHMAH CUCTEMbI B3aUMOACHCTBYIOIINX YACTHUI] B UMITYJIbCHOM MPOCTPAHCTBE.
BtopuyHoe kBaHTOBaHHME BOJIHOBBIX (YHKIMHA. ['aMUIbTOHMAH CHUCTEMBI B3aMMOJICUCTBYIOIIMX Ya-
CTHUI] B KOOPJIMHATHOM TpecTaBieHnu. OnepaTop MIOTHOCTUA YUCIIA YACTHULL.
[IpuHIUIT TOKAECTBEHHOCTH OJMHAKOBBIX YAaCTHUIl B KBAHTOBOM MeXaHHKe. CUMMETpUYHAasi BOJIHOBAs
bynkus s 6o3e-cuctem. [loHsTre yncen 3amnonHeHus. BomHoBast GyHKINS CHCTEMBI B IPEICTABIIE -
HUU 4ncen 3anojHeHus. [IpencraBneHne BTOpUYHOrO KBAaHTOBAHUS JUISl JUHAMUYECKHUX ITEPEMEHHBIX.
Omneparopbl poXJIeHUS ¥ YHUUTOXXKeHUs. KBaHTOBaHHBIC BOJIHOBBIC (pyHKIMU. [IpencraBnenue boro-
m000Ba Ui aAIMTUBHBIX, OMHAPHBIX, ..., S-KPATHBIX TUHaAMU4eckux BenuuuH. [IpencraBnenue ['eii-
3eHOepra a1l KBAaHTOBAaHHBIX BOJIHOBBIX (DYHKIIMH.

2. MOHOHBI B KPUCTAJLIAX
@OHOHBI B OTHOMEPHOM KpucTajuie. lloreHnuanbaas 3Heprust OJHOMEPHOM LIETIOYKH aTtoMoB. Ilepe-
X0J1 K KOJUICKTUBHBIM NepeMeHHbIM. DyHkuus Jlarpanxka st oAHOMEPHOM 1eno4YKku aToMoB. DyHK-
uusa 'amunbronunana. KBantoBanue (mepexoj K KBaHTOBOW MexaHuke). Ilepexon k omepaTopam po-
KJIeHUA U YHUUYTOXKeHUs. DoHOHBI. OCHOBHOE U BO30YXIEHHOE COCTOSIHUE.

3. ®oHOHHAA TEII0EMKOCTh TBEPABIX TeJl.
CBoOoanas sHeprusi HOHOHHOTO Ta3a. Beruncinenne cBOOOAHON YHEPTUU B YACTHBIX CIydasX: a) HU3-
KM€ TeMIepaTyphl; 0) BEICOKHE TEMIIEpaTyphl; B) CpEAHHE TeMIepaTyphl (MpuOmmKkeHus: DHHIITeHHA
u Jle6as, remneparypa [lebasi, hoHOHHAS TETIOEMKOCTB).

4. Caepxrekyuectb. KBanTOBasi kMIAKOCTh. CrieKTPbI 003€BCKOI0 THIIA.
Konnencanus boze-DitHmreitna. MoiebHbIM TaMIJIBTOHHAH B MPUOJMKEHUN TTAPHOTO B3aUMOJICH -
CTBUS Il 003€-CUCTEMBI B MIPEACTABICHIH BTOPUYHOTO KBaHToBaHUs. [logxon boromo6oBa B anamu-
3€ MOYTH HiealbHOro 003e-ra3a ¢ KOHJAeHcaToM. BbIBOJ criekTpa 3JeMeHTapHbIX BO30YX ACHUN JaH-
HoM cuctemsbl. [IpeoOpazoBanue boromo6oBa onepaTopoB POXKACHUS U YHUYTOXKEHUS. Jlmaronanusa-
Y TaMWIbTOHHAHA B3aUMOJACHCTBUI. Y CIIOBHS BO3HUKHOBEHHS CBEPXTEKYYECTH B IOYTH HJ€ANb-
HOM 0o3e-raze. PacnpeneneHre aToMOB IO UMITYJIbCY B JIaHHOU cucteme. [IoHsATHE BOTHOBOM (hyHK-
LMY KOHJIEHCATa U IUIOTHOCTU MOTOKA KOHJICHCATA.
[lonsiTe CBEpPXTEKYy4E€CTH KBAHTOBOM >KUIKOCTU. YCIIOBUE BO3HMKHOBEHHUS CBEPXTEKYUECTH [l
603e-xuakoctu. CBepxTeKyuyass U HOpMallbHasi KOMIOHEHTa KUAKOCTU. CBA3b HOPMaJIbHOW KOMIIO-
HEHTBI KHUJIKOCTHU C Ta30M HOPMAJIbHBIX BO30YKaeHH. DOHOHHAS ¥ POTOHHAS IIOTHOCTH.

5. KBaHTOBBI€ BUXpPEBble HUTH
TepMoaeHaMuuecKoe paBHOBECHE Bpallaromerocs rena. Bpamarommiics renui 1. Tepmoannamuye-
CKO€ YCJIOBME BO3HHMKHOBEHHMSI BUXPEBOW HUTH B CBEpPXTEKyuel KommoHeHTe renust Il Bo Bpaiaro-
memcst cocyne. KBantoBanue OHcarepa BUXpeBOW HMTU. PacripeneneHue CKOpPOCTH CBEPXTEKyudei
KOMITOHEHTbI BOKPYT BUXPEBON HUTH MPOU3BOJIBHON (popmbl. KputHueckas CKOpocTh YIJIOBOrO Bpa-
uieHust. [Ipenen TBepaOTENbHOIO BpAaIllEHUs CBEPXTEKyUYel KOMIIOHEHTHI. [loHATHE BUXPEBBIX KOJEI]
KaKk 0co0O0To THIIa 3JeMeHTapHBIX BO30YyxaeHuit remust 1. CKopocTh IBMKEHUS W 3aKOH JTUCIIEPCUHU
JUTsl BUXPEBOTO KOJIbLIa MPOU3BOJIBHOTO pajinyca.

6. DJIEKTPOH B KPUCTAJLUIMYECKON peléTKe.
OnexkTpoH B nepuonuueckom moje. Teopema brnoxa. Dneprernueckuit criextp. Konuenuus gpepmu-
xuakoctu Jlangay. [Tosepxnocts @epmu B metaiie. OOl BUa KHHETHYECKOTO ypaBHEHUs. Perre-
HUE KMHETHUYECKOTO YPaBHEHUS JJIsi U30TPOIHOTO METalia B MPUOIMKEHUU YIPYTHX CTOJKHOBEHUU.
DIEeKTpOo- U TEIIONPOBOJHOCTD.

7. CBepxXnpoBoAHUMOCTH
BripoxkaeHHbIH «IOYTH WIealibHbIIDY PepMu-ra3 ¢ NpPUTSHIKEHHEM MEXAy yacTulamu. [IpaBuibHbIM
Y4€TB3aUMOJICHCTBUS YACTHUI] C IPOTHUBOIOIOKHBIMU UMITYJIbCAMHU U CIIMHAMH B UCXOJHOM T'aMHJIBTO-
HuaHe. [lepexon Kk HOBBIM omeparopaMm POKIACHUS M YHUYTOXKEHUs KBasUdacTwll. BaprmannoHHBII
npuHiun boromtoOoBa. Jlnaronanuszamnus raMUIbTOHHAHA. DHEPTUs OCHOBHOTO COCTOSIHUS. DHepre-



TU4eckas menb. CrekTp BO30YKIACHHBIX COCTOSIHUMN, OIIEHKA IJTUHBI KOppemsaiuu. TeMmneparypHas 3a-
BHCHMOCTb dHEPreTHYECKOM 1eau. TermmoemMKoCTs.
8. deppoMarHeTuku U aHTH(epPOMATHETHKH.

Makpockonnyeckre XapakTepUCTUKA MarHUTHBIX BellecTB. MarHuUTHBIM aumonb. HamarannueH-
HOCTh. BocmpunmuuBocTh. KpruBas HamaranumBanus. Kinaccudukanus MarHeTukoB. JlnaMarHeTHKY.
[Tapamarnetuku. @eppomMarHeTUKd. ATOMHas MarHUTHAs! CTPYKTypa KPUCTAIIIOB. AHTH(EppOMarte-
tuku. @eppumaraeTukd. OCHOBHOE COCTOsIHME aHTHU(eppoMarHeTHka. MarHutHas CTpykTypa. Mar-
HUTHas nojpenierka. Bunbl MarHUTHBIX CTPYKTYp. MeTo MOJIEKyJISIpHOTO MMOJiA B TEOPUHU aHTUDep-
pomarHerusMa. MarHOHHBIN CIIEKTD.

9. ®ynknusa ['pyHa MAKPOCKONMUYECKON CHCTEMBI.
VYpaBHEHUs BUKEHUS JJIS TeH3eHOEPrOBCKUX ONEpPaTOpOB M UX CBOMCTBA. 'aMMIIBTOHHAH CUCTEMBI
B3auMoaecTByronux yactuil. Oyuknus ['puna. Ces3p GyHknuu ['puHa ¢ MaTpuiiel IiIOTHOCTH, pac-
npejesieHne 4acTull 1no umnyibcaM OyHkius ['puHa B UMIYJIbCHOM mpejncTaBieHnd. HopMmupoBka
¢byukuun ['puna. Onpenenenne sHepreTHdeckoro cnekrpa mno ¢pyakuun ['puna. @ynkius ['punHa uge-
anpHoro depmu-raza. BeuucieHne TEpMOAMHAMUYECKUX BEITUYMH C MOMOIIbI0 (yHKIuU [puHa.
Oyukius ['pyuHa B peicTaBieHUN B3aUMOICHCTBHS.

4.3.1. IlepeyeHb CEMUHAPCKUX, MPAKTHYECKUX 3AHATHH U JIa00OPaTOPHBIX padoT

Ne | Ne pasnena u HanmenoBanue ceMruHapos, Tpyno- OneHouHbIe cpencTBa dopmupye-
TEMbI JUCLHU- | MPAKTUYECKUX U JTaOOPaTOPHBIX eM- MbI€ KOMIIe-
TUTHHBI (MO- pabort KOCTh TEHIUHU
INAIE) (dacer)
1 2 3 4 5 6
1. | Tema 1 BTopuuHoe kBaHTOBaHUE 4 3ananue Ha cemuHape B Bu- | I1K-1
JIe 3a/1a4H
2. | Tema 2 @DOHOHBI B KpUCTAILIAX 4 3ananue Ha cemuHape B Bu- | [IK-1
1€ 3aa9u
3. | Tema 3 doHOHHAA TEIUIOEMKOCTE 4 3aganue Ha ceMuHape B Bu- | [1K-1
TBEPABIX Tell 1€ 3a/1a4u
4. | Tema 4 CBepXTEKy4eCTb. 4 3ananue Ha cemuHape B Bu- | I1K-1
1€ 3a/1a4
5. | Tema 5 KBaHTOBBIE BUXPEBBIE HUTHU 5 3aganue Ha ceMuHape B Bu- | [1K-1
I 3aJaun
6. | Tema 6 ONEKTPOH B KPUCTATUTHIECKON 4 3amganne Ha cemunape B Bu- | [1K-1
pemeérke 1€ 3a/1a4
7. | Tema7 CBepXnpoBOAUMOCTb 4 3ananue Ha cemuHape B BH- | [IK-1
Jie 3aJa4u
8 | Tema 8 deppoMarHeTHKH U aHTUdeEp- 4 3ananue Ha cemunape B Bu- | [1K-1
pPOMAarHeTHKH JIe 33/1a4
9 | Tema9 Oyuknus ['puna 4 3ananue Ha cemuHape B BH- | [IK-1
1€ 3aJauu

4.3.2. Ilepeuenp TeM (BONMPOCOB), BHIHOCHMbBIX HA CAMOCTOSITEJIbHOE HU3y4YeHHe CTyJeHTaAaMH B
pamkax camocTositeJibHOH padoTsl (CPC)

Ne Tema Bun camo- 3anaHue Pexomennye- | Yacsl
Hen CTOSATENb- Mas JuTepa-
HO paboTHI Typa
1 Bropuunoe kBantoBanue | Bueaynutop- | UTeHre OCHOBHOM U IOMOJI- Ucrounuku u3 10
Hasl, pele- | HUTEJIbHOM JIUTEpaTyphl OCHOBHOH U J10-
HUE 3a7a4 MIOJIHUTEIbHOU




2 @DOHOHBI B KpHUCTAJIIaX Bueaynutop- | UreHne oCHOBHOM U J0TION- 10
Has, peuie- | HUTEJIbHOU JINTepaTypsl
HHE 3a7a4
3 @OHOHHAs TEIIOEMKOCTh | BHeaynuTop- | UreHne OCHOBHOM U 101IOJI- 10
TBEPJBIX Tel Hasf, pelie- | HUTEIbHOW JIUTEpaTyphI
HHE 3a7a4
4 CBEpXTEKyIECTb. Bueayautop- | UteHne oCHOBHOM U JOMOJI- JINTEPATYPHI 11O 10
Has, pelie- | HUTEIbHOU JIUTEPaTyphI TeMe MpaKkTHIe-
HUE 33134 CKUX 3aHSTUH
5 KBanToBrIE BUXpeEBbIe | BHeaynuTop- | UTeHrne OCHOBHOM U IOMOJI- 5
HUTH Has, pelie- | HUTEJIbHOU JINTepaTypsl
HUE 33134
6 ONeKTpoH B Kpuctali- | BHeayaurop- | UTeHne OCHOBHOW U 10MOJ- 6
YecKoil peméTke Hasl, pelie- | HUTEJbHOU JINTepaTypsl
HUE 33134

4.4. MeronuyecKkue yKa3aHHs 10 OPraHU3alMUA CAMOCTOSITEJIbHOH Pa0doThI CTY/IEHTOB

B paznene 4.3.2 cTyneHtam Ui caMOCTOSTENIBHOTO YIIyOJISHHOTO M3y4YeHHs JUCLUIUIMHBL (T1apai-
JIEJIBHO C JIEKLIUSAMU) MPEAIaraloTcs 3ajauu 1o u3ydaeMbIM paszzenam. [Ipennonaraercs, 4To cTyIeHT
CaMOCTOSTENIEHO MU3YUYHUT JONOJIHUTENbHBIEC Maparpadsl 1o NpoiieHHON TeMe, IPeACTaBICHHBIC B JIH -
TepaType u3 II. 5, a 3aTeM pEIUT IpeUIoKeHHbIe 3aJaun. OIeHKa CaMOCTOSTEIbHON pabOThl CTyAEH-
TOB IPOBOJUTCS Ha IPAKTUYECKUX 3aHATHUSAX.

4.5. [IlpumepHasi TeMAaTHKA KYPCOBBIX padoT
Y4eOHbBIM IJIaHOM HE IPEAyCMOTPEHO HAIIMCAHUE KYPCOBBIX paboT.

V. Y4eoHo-MeTOoqMYecKOe U MH(OPMALIMOHHOE o0ecneyeHue JUCIUNINHBI
a) CIIUCOK JIUTEPATYPBI

OCHOBHasl JIUTEpaTypa

1. Enudanos, I'. 1. ®usuka tBepaoro tena [DneKTpoHHBIH pecypce]: yued. mocodue / I'. U. Enuda-
HOB. - Mocksa : Jlans, 2011. - 288 c. - Pexxum noctyna: 9bC "U3narenscrso "Jlanp". - Heorpanuy.
noctym. - ISBN 978-5-8114-1001-9

2. Casenbes, .B. Kypc o6mieii pusuku. B 3-x 1. T.3. KBantoBas ontuka. AtomHas gusuka. Ousu-
Ka TBEPJIOTO Tena [ DIeKTpoHHBIN pecypc] : yueb. mocodue: / U. B. CaBenwes. - Mocksa: Jlans, 2011. —
318 c. - Pexxum noctyna: 9bC "U3snarensctBo "Jlanp". - Heorpannu. noctyn. - ISBN978-5-8114-
1211-2

3. Kotkum, I'. JI. JIekiuu no cratuctTruyeckoi ¢pusuke: yued. mocodbue st crya. By3os / I'. JI. KoTkus.
- M. ; MxeBck: Perynsp. u xaotud. nuHamuka, 2006. - 189 c. - ISBN 5-93972-257-1 (20 »k3.)

JIOTIOJIHUTENIbHAS JIUTEPATYPA

1. JJanmay, JI. 1. Teopetndeckas ¢usuka : yaeoHoe nmocodue : B 10 romax / JI. 1. Jlannay, E. M. JIud-
i, JI. IT. TTuraeBckuit ; mox pexakmueii I'. C. JlanacOepra. — 5-e uzn., ucnp. — Mocksa : @3-
MATIJINT, 2021 — Tom 9 : Cratuctudeckas ¢puzuka. Y. 2. Teopusi KOHACHCUPOBAHHOTO COCTOSTHUS
—2021. — 440 c. — ISBN 978-5-9221-1580-3. — Tekct : aneKTpoHHbIH // JIaHb : 3eKTpOHHO-0MO-
muoteunas cuctrema. — URL: https://e.lanbook.com/book/185699

2. Baiikos, 0. A. ®u3nka KOHASHCUPOBAHHOTO COCTOSIHUSA : yueOHoe mocodue / 0. A. Baiikos, B. M.
Ky3nenoB. — 4-e uzn. — Mocksa : Jlaboparopust 3nanuii, 2020. — 296 ¢. — ISBN 978-5-00101-825-
4. — Tekcr : anekTpoHHBIH // JIaHb : 371eKTpoHHO-0MOIHoTeuHas cuctema. — URL:
https://e.lanbook.com/book/151595

3. Kysneunos, C. U. Kypc ¢usuku ¢ npumepamu penierus 3agad. « Pusnka KOHASHCUPOBAHHOTO CO-
crostHUs : yueOHoe mocodbue / C. U. Kysnenos, H. A. Tumuenko. — Tomck : TITY, 2011. — 47 c. —



https://e.lanbook.com/book/151595
http://ellib.library.isu.ru/cgi-bin/irbis32r_11/cgiirbis_32.exe?LNG=&Z21ID=&I21DBN=IRCAT&P21DBN=IRCAT&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D1%82%D0%BA%D0%B8%D0%BD%2C%20%D0%93%D0%BB%D0%B5%D0%B1%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
http://ellib.library.isu.ru/cgi-bin/irbis32r_11/cgiirbis_32.exe?LNG=&Z21ID=&I21DBN=ELEC&P21DBN=ELEC&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%95%D0%BF%D0%B8%D1%84%D0%B0%D0%BD%D0%BE%D0%B2%2C%20%D0%93.%20%D0%98.

Texct : anexTpoHHbI // JlaHb : 3neKTpoHHO-O0nbIoTeunas cucrema. — URL:
https://e.lanbook.com/book/10274

0) nmepuoANYECKrEe U3TAHUS - HET

B) CITMCOK aBTOPCKUX METOAMYECKUX pa3pabOTOK - HET

r) 6a3bl TaHHBIX, UH(HOPMAIIMOHHO-CIIPABOYHBIE U TIOUCKOBBIE CUCTEMBI

http://library.isu.ru/ - Hayunas 6ubnuorexa UT'Y;

OOpa3oBareNbHbIC PECYPChI, OCTYIHBIC 0 JIOTUHY M IapoJo, MpenocTaBisieMbiM HaydHoii
oubnmorexoit UT'Y:

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

e http://e.lanbook.com - ObC «M3narenbctBo «JlaHby;

e http://rucont.ru - 9bC «PykoHT» - Mex)oTpacieBas Hay4dHas OMOIMOTEeKa, coqepkamas orud-
POBaHHBIC KHUTH, IEPHOANYCCKHE M3IaHUS U OTJCIbHBIC CTATHU IO BCEM OTPACIISIM 3HAHHH, a
TaKXe ayJIno-, BUJICO-, MyJIbTUMEIUA COPT U MHOTOE JIPYTo¢;

e http://ibooks.ru/ - OBC «AiOyKC»- HHTEPHET pecypCchl B CBOOOTHOM JOCTYTIE;

VI. MaTtepuajibHO-TeXHHYECKOe o0ecneyeHHe TMCIUTLIHHbI

VYueOHas ayuTopus AJsl MpoBeieHus 3aHaTHH. Ha JeKuMsX MOTryT UCIOJIb30BaThCs MYJIbTUME-
JUIHBIE CPEICTBA: MIPOEKTOP, MEPEHOCHOM dKpaH, HOYTOYK. Mcnonb3oBaHue riio0aabHON KOMITBIO-
TEPHOM CEeTH MO3BOJIAET 00ECIICUYUTH JOCTYITHOCTh HHTEPHET-PECYPCOB M PEaIN30BaTh CAMOCTOSTEIIb-
HYyI0 paboTy crynenToB. Ha dakynbpTeTe nMeeTcss KOMIBIOTEPU3NPOBAHHAS Ay AUTOPHSI, IPEAHA3HA-
YeHHAs 1711 CAMOCTOSITENIbHOM paboThI, C HEOTPAHMUEHHBIM JOCTYIoM B IHTEpHET.

VII. O0pa3oBaresibHbIE TEXHOJIOTHU
3a)1aq1/1 H3JI0KCHUA U U3YUYCHHUA JUCHUIIIIMHBI PCATIU3YIOTCA B CIICAYIOIIUX (bopMax JACATCIIbHOCTH .

e JIEKIIMHU, HalleJIeHHbIE Ha MOJIy4eHHEe HeoOXoauMoi MH(OpMalMH, U ee UCHOIb30BaHUE
[IPU PELICHNUU IPAKTUYECKUX 3a]a4;

® [paKkTUYECKHE 3aHATHUS, HANpaBJI€HHbIE HAa aKTHBHU3AIMIO MMO3HABATEIBHON JESTENbHOCTH
CTYJCHTOB U IPUOOPETEHHSI HIMH HABBIKOB PEIICHHUSI MPAKTUICCKUX U TIPOOJIEMHBIX 3a7a4;

® KOHCYJIbTAllUU —€XKEHENIEIbHO Ul BCEX JKEJIAIOIUX CTYJEHTOB;

® caMOCTOsTeNbHAsl BHEAYJUTOpHas paboTa HalpaBiieHa Ha MPUOOPETEHHE HABBIKOB CaMo-
CTOSITEJIBHOTO PEIICHUS 3a/1a4 MO JUCIUTIINHE;

® TEKYyIIM KOHTPOJIb 32 JACSITEIBHOCTHIO CTYJIEHTOB OCYIIECTBIISETCS HA MPAKTUYECKUX 3a-
HATHUSAX

VIII. OneHo4yHbIe MATEPHAJIBI VIS TEKYLIEr0 KOHTPOJISI H IPOMEKYTOYHOM aTTecTaluu
@DOH/1 OLIEHOYHBIX CPEJCTB MPEACTABIECH B IPHIIOKEHHUH.
®opMa poBeACHUS IPOMEKYTOUHON aTTECTALUU — JK3aMEH.
Bonpocs! Tekymero KOHTpoIs:
1.IIpencraBnenue yncen 3anoiHeHus. BomHoBast GyHKIMS B IPEACTABICHUHU YUCEI 3aTI0JHEHUS.
2. OnepaTopsl pOKACHUA U YHUUTOXKEHHUS.
3. 'aMHUIbTOHHAH CUCTEMBI B3aUMOJIEHCTBYIOIIMX YaCTHIl B KOOPAUHATHOM IpezcTasieHuu. 4. One-
paTop IJIOTHOCTH YKCJIA YACTHULL.
4. IIpencraBineHre BTOPUYHOTO KBAHTOBAHMS sl TUHAMUYECKUX IEPEMEHHBIX.
4. TlpencraBnenue I'eizenOepra /st KBAHTOBAHHBIX BOJIHOBBIX (DYHKITUH.
5. IlpeoGpa3oBanue boromoOoBa onepaTopoB pOKIACHUS U YHUUTOXKCHHUS.
6. Jlnaronanu3amus raMuJbTOHHAHA B3aUMOACHCTBUM.
7. TloHsiTUE CBEPXTEKYYECTH KBAHTOBOW JKHUJIKOCTH. Y CJIOBHUE BO3ZHUKHOBEHMS CBEPXTEKYUECTH IJIS
003€e-KUIKOCTH.
8. CBepxTeky4dasi U HOpMajbHasi KOMIIOHEHTA KUAKOCTH.




9. ®oHOHBI B OITHOMEPHOM KPHUCTAJLIIE.
10.ITorennmanbHast 3HEPTHUS OAHOMEPHOM IIEMOYKH aTOMOB. [Iepexo/1 K KOJIEKTUBHBIM NTEPEMEHHBIM.
11. ®ynkuusa 'puna. @ynkuus 'puHa B npeacTaBIeHUN B3aUMOIEHCTBUS.

IIpuMepHbIi NepeYeHb BOIPOCOB K IK3aMEHY

1. IlpencraBnenue uucen 3anoyiHeHus. BoiaHoBast GyHKIUS B MPEICTaBICHUM YKUCEN 3arOJI-HEHUS.
CootsetctBue co lIpenunrepoBckoii (opMyIHMPOBKON KBAHTOBOI MEXaHUKH.

2.  Omneparopsl pOXKACHUS U YHUUTOXKEHHUS.

3. TamunbTOHHMAH CHUCTEMBI B3aUMOJIEUCTBYIOIIMX YACTHUI] B UMITYJIbCHOM IPOCTPAHCTBE.

2. BropuyHoe KBaHTOBaHWE BOJHOBBIX (PYHKIWN. ['aMHJIbTOHHMAH CHUCTEMBI B3aWMOCHCTBYIO-IITNX
YacTHI] B KOOPJIMHATHOM TpeacTaBiieHnu. OnepaTop MIOTHOCTH YUCIIA YACTUIL.

3. IlpuHIMIO TOXIECTBEHHOCTH OJMHAKOBBIX YAaCTHI] B KBAaHTOBOM MexaHuke. CHMMeTpuyHas
BOJIHOBAsA (DYyHKIMA 1151 603€-CUCTEM.

4. TlonsTue uncen 3anonHeHus. BomHoBas GyHKIUS cUCTEMBI B NIPEACTABICHUHN YHCEN 3a-II0JIHEHUS.
[IpeacraBieHre BTOPUYHOTO KBAHTOBAHUS JJI1 JUHAMUYECKUX NEpeMEeHHBIX. One-paTopbl poKICHUS
Y YHUYTOXKECHUS.

5. IlpuHUUI TOXIECTBEHHOCTH OJMHAKOBBIX YACTUIl B KBAHTOBOM MeEXaHUKE. AHTUCHUMMET-pUYHAs
BosiHOBas GyHkius s @epmu-cucreM. [lonstue yrcen 3anogHeHus.

BonHoBast (QyHKIHMsS CcHCTEMbl B TPEICTaBICHHM 4YHUCENl 3amoinHeHus s DepMmu-cucrem.
[IpeacraBineHre BTOPUYHOTO KBAHTOBAHUS JIUIsl JUHAMUYECKHX ITepeMeHHbIX. OnepaTropsl poKIECHUS U
YHUYTOKEHUS.

6. Konnencanusa boze-DiHmrenna.

7. MopenbHbI TaMHJIBTOHHAH B MPUOIMKEHUHM MAapHOTO B3aUMOJCUCTBUs aJsi 003e-CHCTEMBI B
IIPEACTABICHUN BTOPUYHOTO KBAHTOBAHMUS.

8. BbIBO/ CrieKTpa 3JIEeMEHTApHBIX BO30YKIEHUH s 0603e-CUCTEMBI B MPEICTABICHUH BTOPHY-HOTO
KBaHTOBAHUSI.

9. IlpeobpazoBanue boromoboBa OnepaTopoB POXKICHUS U YHUUTOKEHHS. Y CIIOBUS BO3HHUKHO-BEHHS
CBEPXTEKYy4eCTH B IIOYTH HJIeaTbHOM O03e-Tase.

10. [ImaroHanu3anus TaMHUIbTOHMAHA CBEpXTEeKyueld cucTteMbl. lloHsATHEe BOJHOBOW (yHKIMU
KOH/IEHCATa U IUIOTHOCTH MOTOKA KOHJIEHCATa

11. IlonsiTHE CBEPXTEKYyUYECTH KBAHTOBOM KUIKOCTHU. Y CIIOBUE BO3ZHUKHOBEHUSI CBEPXTEKY-UECTU IS
003€e-KUIKOCTH.

12. CBepxTekyuyass M HOpMajbHasi KOMIIOHEHTa >KUAKOCTH. CBs3b  HOPMaJbHON KOMIIOHEH-ThI
’KHUJIKOCTHU C Ta30M HOPMAaJIbHBIX BO30Y KeHH. DOHOHHAs U POTOHHAS INIOTHOCTH

13. PacnpeneneHne CKOpOCTU CBEPXTEKYUYEl KOMIIOHEHTBHI BOKPYI BUXPEBOM HHUTH NPOU3-BOJBHOU
dopmbl. Kpurtuueckass ckopocTh yriaoBoro BpaiueHus. Ilpenen TBepIOTENBbHOTO BpalCHUS
CBEPXTEKYYE KOMIIOHEHTBHI.

14. BeIpokIIeHHBIN «TI0UTH HaeadbHBINY DepMu-ra3z ¢ npuTsHkeHHeM Mexay dactunamu (Mogensb
BKII).

15. IlpaBWIbHBIN y4YET B3aMMOJACHCTBHS YACTHI] C TPOTUBOIOJIOKHBIMU UMITYJIbCAMUA M CIU-HAMU B
HCXOJIHOM TamMuibTOHHaHe. [lepexo1 K HOBBIM OlepaTopaM POKICHUS U YHUUTOXKEHUS KBA3MYACTHUIL
(Bapuarnmonnsrii npunnumn boromo6osa.) mis depmu gacTuil.

16 uaronamu3anus ramuiabToHradna Moaens BKIII

17. ®oHOHBI B OogHOMEpHOM KpucTamie. [loTeHlmanbHas SHEprus OAHOMEPHOM IEMOYKHA aTOMOB.
[lepexo/ K KOJUIEKTUBHBIM MTEPEMEHHBIM.



Ipumep mecmosvix 3a0anuti 01 NPOBEPKU CHOPMUPOBAHHOCMU KOMNEMEHYUl, YKA3AHHbIX Gblule 8
n.3:

1. TIpeoGpazoBanue boroiro6oBa onepaTopoB POXKIACHUS U YHHUTOXKEHHUS bo3e cuctem
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2. CBi3b BEJINUYNHBI meian ¢ TeMHepaTypOﬁ nepexoaga B CBEPXHIPOBOJHHUKE.
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3. CHCKTp (I)OHOHOB B OIIHOMepHOM KpI/ICTaJ'IJ'IC aKy'CTI/I‘lCCKaH BCTBb.
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Pazpabotunku: noueHt kadenpsl Teoperndyeckort pusuku  C.B. JloBios

[Iporpamma coctaBieHa B coorBeTcTBUU ¢ TpeboBanusimu GI'OC BO no HanpapiieHHIO MOATOTOBKU
03.03.02 dusuxa.
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Hacrosimas mnporpammMa He MOeT ObITh BOCIPOM3BeJAeHAa HHM B Kakoil ¢opme 0e3
NpeABapUTEIbHOI0 MMCHMEHHOI0 pa3pelieHus kKadeapbl-pa3padoTynKa NPporpaMMabl.



