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ABSTRACT

Bachelor’s degree in 11.03.04 “Electronics and nanoelectronics”.
Study profile “Electronics and nanoelectronics™.

Course title: “Quantum theory of solids”.

Variable part of Block 1, 4 credits.

Instructor: Shulga D. V.

At the beginning of the course a student should be able to:

OK-4 the ability to creatively perceive and use the achievements of science and
technology in the professional sphere in accordance with the needs of the regional
and global labor market.

Learning outcomes:

GPC-1 Ability to present an adequate modern level of knowledge of the
scientific picture of the world on the basis of knowledge of the basic provisions, laws
and methods of natural Sciences and mathematics

GPC-2 the Ability to identify the nature of natural science problems arising in
the course of professional activity, to involve for their solution the appropriate
physical and mathematical apparatus

PC-3 Readiness to analyze and systematize research results, to present
materials in the form of scientific reports, publications, presentations

Course description:

The laws of quantum mechanics form the basis for the study of the structure of
matter. They allowed to find out the structure of atoms, to establish the nature of the
chemical bond, to explain the periodic system of elements, to understand the
structure of atomic nuclei, to study the properties of elementary particles . Since the
properties of macroscopic bodies are determined by the motion and interaction of
the particles from which they are composed, the laws of quantum mechanics are the
basis for understanding most macroscopic phenomena. Quantum mechanics
allowed, for example, to explain the temperature dependence and calculate the heat
capacity of gases and solids, to determine the structure and understand many
properties of solids (metals, dielectrics, semiconductors). Only on the basis of
quantum mechanics could consistently explain such phenomena as ferromagnetism,
superfluidity, superconductivity,. There are also phenomena (such as the Josephson
effect) in which the laws of quantum mechanics are directly manifested in the
behavior of macroscopic objects.

Main course literature:

1. SHpol'skij, EH.V. Atomnaya fizika. Tom 2. Osnovy kvantovoj mekhaniki
I stroenie ehlektronnoj obolochki atoma [Atomic physics. Volume 2. Fundamentals
of quantum mechanics and the structure of the electron shell of the atom]
[EHIektronnyj resurs] : uchebnik / EH.V. SHpol'skij. — EHlektron. dan. — Sankt-
Peterburg : Lan', 2010. — 448 s. (rus) — Access: https://e.lanbook.com/book/443

2. Bajkov, YU.A. Kvantovaya mekhanika [Quantum mechanics]
[EHIektronnyj resurs] : uchebnoe posobie / YU.A. Bajkov, V.M. Kuznecov. —



EHlektron. dan. — Moskva : Izdatel'stvo "Laboratoriya znanij"”, 2015. — 294 s. (rus)
— Access: https://e.lanbook.com/book/70719

3. Kvantovaya mekhanika [Quantum mechanics]: uchebnik / Vedrinskij R.V.
- Rostov-na-Donu:lzdatel'stvo YUFU, 2009. - 384 s. ISBN 978-5-9275-0706-1 (rus)
- Access: http://znanium.com/catalog/product/553266

Form of final control: exam.



AHHOTaNMs K padoyeil mporpaMmme TUCUMILIIMHBI
«KBaHTOBasl TEOPUSA TBEPABIX TeJD)

Kypc «KBanToBas Teopusi TBEpABIX Te» MpPEIHA3HAYEH ISl CTYACHTOB
ouHOU (opMbl 00ydeHust HampaBieHus noarotoBku 11.03.04 «DnexkTpoHuka u
HaHOAJIEKTPOHUKAY.

OOmast TPyJOEMKOCTh OCBOEHHUS JUCLUUIUIMHBI COCTaBiseT 4 3aueTHbIE
eauHuIbl, 144 yaca. Y4eOHBIM TUIAHOM IIPEAYCMOTPEHBI JIEKITHOHHBIC 3aHATHUS (36
4acoB), MpakTHUecKue 3aHaTus (36 4acoB), camocTosTenbHas padora (72 vaca, B
TOM YHcIie 36 9acoB Ha MOJATOTOBKY K dK3aMeHy). JIuciummmHaa peanusyercs Ha 3
Kypce B 6-M ceMecTpe.

Jucunmuimaa «KBaHTOBAast TEOpUS TBEPABIX TEI» OTHOCUTCA K BAPUATUBHOU
4acTU IUKJIA JUCLHUILINH, MOJYJb « CTPOEHUE U CBOMCTBA MAaTEPUATIOBY.

N3yuenne naHHOW AMCIHUILUIUHBI 0a3UpyeTCs Ha CICAYIOMINX JUCIUIUTMHAX:
«Marematnueckuii  aHanu3», «@PuU3MKa KOHIAEHCHPOBAHHOTO  COCTOSIHUS,
«INEKTPUYECTBO U MAarHETU3M», «MeTobl MaTeMaTUYECKON (HU3UKI.

OCHOBHBIC TOJOXKEHUSI JAUCHUIUIAHBI JOJKHBI OBITh HCIOJIB30BaHbI B
JadbHEUIlIeM TIPU W3YYCHUH CIEAYIONUMX JTUCHUIUIMH: «TepMoauHaMHKa W
craTucTuueckas ¢uszukay, «MaTtepuanbl U 3JEMEHThl KBAaHTOBOM U ONTHUYECKOU
AIEKTPOHUKIY, «DHU3MKa ¥ TEXHOJIOTHSI KBAHTOBBIX MIPUOOPOBY.

3aKoHBI KBAaHTOBOW MEXaHUKU COCTABIISIIOT (PYHIAMEHT HU3Y4YEHHUS CTPOCHUS
BemecTBa. OHU TO3BOJIMIIM BBISICHUTH CTPOEHUE aTOMOB, YCTAHOBUTH MPUPOAY
XUMHUYECKON CBSA3H, OOBSCHUTH TMEPUOJUYECKYI0O CHUCTEMY JJIEMEHTOB, MOHATH
CTPOCHHE SI/IEp aTOMHBIX, U3y4aTh CBOMCTBA dJIEMEHTApHBIX YacTull . [lockoibKy
CBOMCTBA MaKpOCKOMUYECKHUX TEJl ONPEACIISIIOTCS IBUKEHUEM U B3aUMOJIEHCTBUEM
YaCTHIl, U3 KOTOPBIX OHU COCTOSIT, 3aKOHBI KBAHTOBOM MEXAHUKHU JIEKAT B OCHOBE
MOHMMAaHUSI OOJIBIIMHCTBA MAaKPOCKOMMYECKHX siBJeHUH. KBaHTOBas MeXaHHKa
MO3BOJIMIIA, HAPUMEpP, OOBSCHUTH TEMIEPATYpPHYIO 3aBUCHUMOCTb U BBIUMCIUTH
BEJINYMHY TEIIOEMKOCTU Ta30B U TBEPIBIX TEN, ONPEAEIUTh CTPOCHUE U MOHSTH
MHOTHE CBOWCTBa TBEPABIX TeN (METaUIOB, NHMAJIEKTPUKOB, MOJIYIPOBOIHUKOB).
TosbKO Ha OCHOBE KBAHTOBOM MEXaHUKH YJAJOCh IMOCIEAOBATEIHLHO OOBSICHUTH
Takue SBJICHUS, Kak (peppoMarHeTusM, CBEPXTEKYydeCTh, CBEPXIPOBOJIUMOCTb,.
CymiecTBytoT Takxke sBieHus (Hampumep, Jlxozepcona 3¢¢ekT), B KOTOPBIX
3aKOHbI KBAaHTOBOW MEXaHUKU HEMOCPEACTBEHHO IPOSIBIAIOTCA B TMOBEIACHUU
MaKpPOCKOMUYECKUX OOBEKTOB.

Heab wu3ydeHus IUCHUIUIMHBI — TPHOOPETEHHE CHUCTEMaTU3UPOBAHHBIX
3HAHUU 110 OCHOBAM KBAHTOBOW MEXaHUKH.

3agaum:

® 3y4YCHUE OCHOBHBIX MPUHIIUIIOB KBAHTOBOW MEXaHUKU;

® OCBOCHHME MAaTEMATHYECKOTIO anmnapara KBaHTOBOI MEXaHUKHU;

® U3y4YEHHUE OCHOBHBIX NMOHATUN U YPABHEHUN KBAHTOBOW MEXAHUKU;



e TpUOOpeTEeHHE HABBIKOB pEIIEHUs 3a7ady MO AMCIUILIMHE KBAaHTOBOM
MEXaHUKH.

JlJig yCenHoro u3ydeHus TUCUIinHbl « KBaHTOBast Teopus TBEPABIX TEM» Y
CTYACHTOB JOJDKHBI OBITh C(HOPMHUPOBAHBI CIEAYIOIINAE IPEABAPUTEIBHEIC
KOMTICTCHITHH:

e OK-4 cnocoOHOCTP TBOPYECKM BOCIHPUHUMATh U HCHOJIb30BATH
JOCTHKEHHUSI HAyKH, TEXHHKH B TpPO(ecCHOHANbHOU c(epe B COOTBETCTBUU C
NOTPEOHOCTSIMU PETHOHATBHOTO U MUPOBOTO PHIHKA TPY/A.

B pesynbrare m3ydeHusl NaHHOW NUCHUIUIMHBI Y CTYACHTOB (OPMUPYIOTCS
CIeAyIoNIMe OOIIEKyIbTypHBIe/ obmenpodeccronanbubie/ mpodeccroHaIbHbIe
KOMIIETCHIINH (3JIEMEHTHI KOMIICTCHITHIA ).

Koa un ¢popmyanpoBka Jransl GopMUPOBAHUSA KOMIIETEHIIUH
KOMIIeTeHIIUH
OIIK-1 TEOPETHUYECKUE  OCHOBAHMS  KBAaHTOBOM  TEOpPHH,
CriocobHocTh 3HaeT OCHOBHBIE  ()U3MYECKHME  CHCTEMbl W  3aKOHBI,
TIpEACTABIATD ONHUCHIBAEMbIE KBAHTOBOM TEOpHEHA.
aZICKBaTHYIO
COBPEMEHHOMY YPOBHIO | Vyeer pelaTh TUIOBBIE 3a7ja4l KBAHTOBOM TEOPHUHU.
3HAaHUU HAYYHYIO
KapTUHY MUpa Ha
OCHOBE 3HaHUs
OCHOBHBIX MOJOKEHHIA, Braneer TOYHBIMH U IPUOJIMKEHHBIMU METO/IaMU KBAaHTOBOM
3aKOHOB U METO/IOB TEOpUHU.
€CTECTBEHHBIX HayK U
MaTEMAaTUKH
OIIK-2 MPENOCHUIKA CO3AaHUs KBAHTOBOM MEXAHUKHU;
Croco0HOCTH 3Haer MaTeMaTUYeCKHI anmnapat KBaHTOBOM MEXAHHKU;
BBIABJIATE OCHOBHbIE NIPHHIIMITBI KBAHTOBON MEXAHUKH.
€CTECTBEHHOHAYUYHYIO
-HaXxOJUTh CPEHHNE 3HAUEeHUS (PU3NUYECKUX BEIUUHH;
CYIIIHOCTB TIPOOJIEM, 5 5
BO3HHKAIONIAX B XOLE HaXOJUTb COOCTBEHHBIE 3HAYEHUS M COOCTBEHHBIE
npodeccuoHanbHOM Ymeer (yHKIHH OTTepaTOpOB;
JIEATENBHOCTH, BBIYUCIATh  KOIPQUIMEHT  TMPOXOXKACHHUS  Uepe3
MPUBJIEKATD [Tl UX MOTEHLIUAJIbHBIN Oapbep.
peleHus
COOTBETCTBYIOLIUI . . .
CaMOCTOSITENIbHOM paboThl ¢ y4eOHOM M Hay4HOU
¢dusuxo- Brnaneer .
MaTeMaTHYeCKUI JHUTCpaTypoH,
annapar
OCHOBHbBIE YpaBHEHUS KBAaHTOBON MEXaHUKH;
IK-3 3uaer NpUOIMKEHHBIE METO bl PEIICHUS
ToroBHOCTR KBaHTOBOMEXAHNYECKHUX 3a/1a4.
AHAJIN3UPOBATH U
CUCTEMAaTU3HPOBATh IIPUMEHSTH TEOPUIO BO3MYILEHUH K PEIICHUIO 33/1a4;
PE3yIbTaThl IIPUMEHATh TCOPETUYECKUE 3HAHUA K PELICHUIO
HcciIenoBaHny, Vmeer NPaKTUYECKUX ¥ HAYYHBIX 3a/1a4;
IIPEJICTaBIISTh
u3Naratb, MOHMMAaTh W KPUTHUYECKHU aHAIM3UPOBATh
MaTepuaibl B BUJE 5
U3UYECKYIO HHPOPMAIHIO.
Hay4YHBIX OTYETOB, o0medu3MaeCKyio HH(OPMAIIO
Bnaneer UCTOJIb30BaHUsI 0a30BbIX TEOPETUYECKUX 3HAHUH B




nyonuKanui, 0o0JIaCTH ~ €CTECTBEHHBIX  HAyK TpU  PEUICHUU
Npe3eHTalni npogeccHoHATBHBIX 3a/1au.

Jlnst hopMHpOBaHUS BBIMICYKAa3aHHBIX KOMIIETCHIIMN B paMKax TUCIUTIIMHBI
«KBaHTOBas TEOpHS TBEPABIX TE» MPUMEHSIOTCS CIICAYIONINE METOAbI AaKTHBHOTO/
WHTEPAKTUBHOTO OOYYCHHS. OOCYXICHHE B Tpymlmax, peEIICHHEe 3aad ¢
00CYXIEHHUEM.

|. CTPYKTYPA U COJAEPXKAHUE TEOPETUYECKOM YACTH
KYPCA (36 yacoB)

Pa3nen 1. ®usnveckne 0CHOBbI KBAHTOBOM TeopuH (4 yaca)

Tema 1. U3nydyenue adCOJIOTHO YePHOIo Tesa (2 yaca)

TemoBoe wu3nyudenue. lcmyckarenpHass M MOIVIOMIATEIbHAsE CIOCOOHOCTH
tena. 3akoH Kupxroda. AbcomotHo uepHoe Tenno. CrekTp u3IydeHus: aOCOIIOTHO
yepHoro Tena. KBanTel 3Hepruu u nocrosiiHas [lnanka.

Tema 2. ®oro3ddexr (1 uac)

3akoHsl hoTodPdekra. YpaBHeHne DUHINTENHHA 1)1 BHeHEro (oTo3dekra.

Tema 3. Cnektp aToma Bogopoaa (1 uac)

Crpoenue atoma. Mozienu cTpoeHus aroma. DiieMeHTapHasi 00pOBCKasi TEOPHs
CTpoeHus aToma Bojgopozaa. CexTp atoMa BoAopoja. 3arpynHeHus teopun bopa.
Bouabl maTepun.

Pazgen 2. MaremaTnueckuii annapatr KBaHToBoi Teopuu (4 1yaca)

Tema 1. BexkTopsl u oneparopsi (1 yac)

JIuHeliHOE BEKTOPHOE MPOCTPAHCTBO M €ro cBoucTBa. CkalsipHOE
npousBenenue. Hopma Bektopa. JIuHeliHble omnepaTopbl B TUJIBOEPTOBOM
npocTpadcTBe. KomMmyTHpyromue U HEKOMMYTHUpYHOMME oneparopel. CBOWCTBa
COOCTBEHHBIX BEKTOPOB M  COOCTBEHHBIX JIMHEMHBIX CaMOCOMNPSKEHHBIX
OIIEPaTOPOB.

Tema 2. Teopust npeacrasiaenuii (1 yac)

Matpuipl  onepatopoB M MPEACTaBICHUS  BOJHOBOM  (DYHKIIMH.
OKBUBAJIEHTHOCTh  JIOOOTO  MPEACTaBICHHUS  TWJIbOEpPTOBa  MPOCTPAHCTBA
MaTtpuuHoMy. Ilepexon OT OJHOTO MPEACTaBIEHUS K JIPYroMy KakK YHUTapHOE
npeoOpa3zoBanue. KoopamHaTHOe W MMIYJIbCHOE NpelacTaBiieHus. BomaHoBas
(byHKIMS, €€ BEpOATHOCTHASI UHTEPIPETAIIHSL.

Tema 3. YpaBHeHue qBHKeHUS (2 yaca)

Bpemennoe ypaBHenue lllpenunrepa. IIpuumnHOCTB. IInOoTHOCTH mMOTOKA
BeposiTHOCTU. CTalMOHApHBIE COCTOSHHUS. PelieHwe 3agaud C HavyalbHBIMU
YCIIOBUSIMHU. 3aBUCUMOCTb CPEAHUX OT BpeMeHH. IHTerpaibl ABUKEHUS.

Pa3znean 3. Ilpocreiimue T04HO pemaemMble 3a1a4u (4 yaca)

Tema 3. [lorenuunanabHas simMa (1 yac)

Koneunas nmotenmnuanbuas sima. Jluckpernsiii cnektp. TyHHETbHBIN 2P heKT.



Tema 2. 'apmonnueckuii ocumiasaTop (1 gac)

Crnektp snHepruii. BonnoBbeie ¢ynkiuu. HyneBas sHeprus rapMOHHYECKOTO
OCHMJUIATOPA U COOTHOLICHUE HEONPEAECIEHHOCTH. ['apMOHUYECKUI OCILIUIUISATOP B
MPEJICTABICHUH ONIEPATOPOB POXKACHUA-YHUUTOKEHHUS.

Tema 3. KysioHoBCKH OTeHIUAJ (2 Yaca)

JIBrkeHue B ULEHTpaibHOM mojie. CHekTp U BOJIHOBbIE (YHKIIMM aTroMa
BOJIOPO/IA.

Paznen 4. MoMeHT MMIIYJIbCA B KBAHTOBOI Teopuu (4 yaca)

Tema 1. OpOuTaJBHBI MOMEHT HMITYJIbCA (2 Yaca)

MarHuTHbpld M1 MEXaHMYEeCKUUA MOMEHT atoma. CoOOCTBEHHbIE 3HAUYEHUS U
coOCTBeHHBIC (YHKITMA MOMEHTA UMITYJIbca. CII0)KEHHUE IBYX MOMEHTOB UMITYJIhCA.

Tema 2. Cniun (2 yaca)

Cnun snextpona. CniuHoBbie pyHkiuu. Ypapaenus [laynu. [punmun [aymu.
IIepronnueckas cucteMa 3J1eMEHTOB MeHierneesa.

Paznen 5. Ilpuban:keHHbIe METOAbI BLIYHCJIEHNSI COOCTBEHHBIX 3HAYEeHU
U cOOCTBEHHBIX PyHKIMI onepaTopoB (4 yaca)

Tema 1. Teopust BO3MYlIEHU B COCTOSIHUSIX C JUCKPETHBIM CIIEKTPOM (2
yaca)

Teopus Bo3MylleHUN (HEBBIPOKIECHHBIE COCTOSIHUS). Teopus BO3MYIIEHUMN
IIPY HAJIMYUMU BBIPOXKJECHUSA. Teopus HecTauMOHApHBIX Bo3MyulleHuil. llepexon
CHUCTEMBI U3 OJIHOTO COCTOSIHUS B IPYro€ MO/ AEUCTBUEM BO3MYIICHHS.

Tema 2. /I[pyrue npudan:xkeHHbIe METOABI (2 Yaca)

Bapuanunonusii METO/I. MeTton KaHOHHUYECKHUX npeoOpa3zoBaHUA.
WuTerpanbHas ¢popma TeoOpun BO3MYLIEHUH.

Pa3nen 6. CiuH ¥ TOKAeCTBEHHOCTH YyacTull (4 yaca)

Tema 1. CniuH 31emeHTapHbIX YacTull (1 yac)

Omnepatopsl crimaa. Matpuiel [laynu. CoOcTBeHHBIE (YHKIIMK OmepaTropa
criuHa. Martpuia noBOpOTOB.

Tema 2. ToxaecTBeHHOCTb YacTul (1 yac)

[IpyHIMO ~ TOXIOECTBEHHOCTHM dacTul. YpaBHeHue [lpenunrepa s
TOXJIECTBCHHBIX 4YacTUll. CHUMMETPUYHBIE M AHTUCUMMETPUYHBIE COCTOSHMUSI.
Cxewmpbl IOnra. BonHoBbIE GyHKIIMU CUCTEMBI IBYX DJIEKTPOHOB.

Tema 3. Atom resius (1 gac)

DneMeHTapHasi TEOPUsI OCHOBHOTO COCTOSIHUSI aTOMOB C JIByMsI 3JIEKTPOHAMM.
Bo30yxnennsie coctosHus aroma renus. Opto — u maparenuit. OOMeHHOE
B3aUMOJEHUCTBUE B CUCTEME JIBYX BJIEKTPOHOB.

Tema 4. Onucanne MHOT03JIEKTPOHHBIX cucTeM (1 yac)

Merton camocoriacoBanHOro noJjisg (Meton Xaptpu — @oka). CrtaTucTuueckas
Mozenb aromMa (Meton Tomaca — @epmu). Ilepronuueckas cucTeMa XUMHUYECKUX
anemeHToB (MeHieneeBa).



Paznen 7. BropuuHoe KBAaHTOBaHUE B cucTeMe 0030HOB (4 yaca)

Tema 1. ®otonbl (1 yac)

CobcTBeHHbIE KOJIeOaHNsI U KBAHTOBAHUE AJIEKTPOMArHUTHOTO 10Jist. DOTOHBI
C OIPEAEICHHBIM MOMEHTOM U YETHOCTBIO.

Tema 2. ®ononblI (1 yac)

BTopruuHoe KkBaHTOBaHHE YIIPYyroro nojs. ®OHOHBI B TPEXMEPHOM KpHCTAILIE.

Tema 3. BzanmopeiictBue B cucreMe 0030HOB (2 yaca)

KBa3zuuacTuipl B cUCTEME B3aMMOJIEUCTBYIOMIUX 0030HOB. OCHOBBI TEOPUU
CBEPXTEKy4YeCTH. B3auMMOmeNCTBHE JJIEKTPOHOB C u3iydeHueM. [lornomenune u
U3ITy4EeHHE CBETA

Pasnen 8. BropuuHoe kBaHTOBaHMe B cucTeme (pepMuOHOB (4 1aca)

Tema 1. Cucrema HeB3auUMOAEHCTBYIOIINX (pepMHUOHOB (2 1aca)

[IpencraBieHne 4YUCEN 3alOJHEHUs I CUCTEM HEB3aUMMOJEHCTBYIOIINX
depmuonoB. OHepruss Depmu. «/IplpouHoe» mpeaCTaBICHUE. XUMUYECKHI
HOTEHIHAIL.

Tema 2. Cucrema B3aumoaeiicTByOmux (pepMHOHOB (2 yaca)

[lapHoe B3ammopeiictBue B cuctemMe (QepmMuoHOB. KaHOHMYECKoe
npeoOpa3zoBanue boromo0OoBa. BzaumonelcTBue 3NEKTPOHOB C  (OHOHAMU
MeTasuia. OCHOBBI TEOPUH CBEPXIIPOBOIUMOCTH.

Paznen 9. Ynpyroe paccessnune yactun (4 yaca)

Tema 1. Paccessnue yactui 0e3 cnuHa (2 yaca)

Amiumutyaa u ceueHue paccessHus. YpasHenue (Ilpenunrepa) Teopuu
paccesnua. @Dynkums ['puna. [lpubmmxenue bopua. PaccessHue ObICTpBIX
3apSYKEHHBIX YaCTHUIL aTOMAMH.

Tema 2. ®a3zoBasi Teopus paccesinus (1 gac)

Merton napimanbHbIX BOJIH. IHTErpansHOE ceueHue paccessuus. OnTuyeckas
TeopeMa. YIpyroe paccessHue MEIJICHHbIX YacTUL. Y IPYTO€ PaccesiHue B
KYJIOHOBCKOM I10JI€.

Tema 3. Paccesinue ToxkaecTBeHHbIX yacTull (1 yac)

DddekTsl 00MEHa TOXKAECTBEHHBIX YacThIl 0e3 cnrHa. D¢ (deKTsl 0OMeHa
TOXKJI€CTBEHHBIX YaCTHUII, 00JIaJaromux ciiuHoM. [lonsipu3anus npu paccestHum.

1. CTPYKTYPA U COAEPKXAHHUE IMMPAKTHYECKOMN YACTH
KYPCA
IpakTuyeckue 3ansiTus (36 4acos)
3ansitue 1. OcHOBHbIE OHSITHS TEOPHH JIUHEHHBIX ONEPATOPOB.
(o0cy:xxmenune B rpynnax) (2 gyaca)
3ansiTue 2. Co0cTBeHHbIC GyHKINH, COOCTBEHHbIC 3HAYEHHS, CPEeHHUE.
(pemenue 3axa4 ¢ oocyxaennemM) (2 yaca)



3ansTue 3. [IpoeknnonHbie onepaTopsl. (00Cy:KaeHHe B rpynmnax) (2
yaca)

3ansarue 4. [Ipeacrap/jieHus oNepaTopoB U BOJHOBBIX PyHKIMIA.
YHuTapHble npeodpa3oBanus. (00cyxaenne B rpynmnax) (2 yaca)

3ansitue 5. CTanimoHapHbIE COCTOSTHUS TUCKPETHOTO CIieKTpa. (pemeHue
3a/a4 ¢ 00cy:kaenneM) (2 yaca)

3ansiTue 6. YpaBuenue Lpénunrepa B MMIyJIbCHOM IPeACTABJICHUH.
®yukuua I'puna ypaBuenus HIpéaunrepa. Unterpansuas ¢gopma
ypaBuenus llIpénunrepa. (o0cy:xaenue B rpynnax) (2 yaca)

3ansaTue 7. CocTrosinnst HenpepbIBHOIO cnektpa. [Ipoxo:kaeHue yepes
NMOTEeHI[HAJIbHbIE 0apbephl. (pemeHne 3a1a4 ¢ 00cyxaennem) (2 yaca)

3anaTue 8. CucreMbl ¢ HECKOJIBKHMH CTeNNeHIMH ¢B0o0oabl. YacTHia B
NePHOIMYECKOM MoTeHIuae. (00CcyKaeHne B rpynnax) (2 yaca)

3ansTue 9. O01IHe CBOiCTBA MOMEHTA HMITYJIbca. (peleHne 3a1a4 ¢
odcy:kaenneM) (2 yaca)

3ansitue 10. Moment L = 1. (2 yaca)

3anstue 11. CioxxeHue MOMEHTOB. (2 Yaca)

3ansTue 12. Tensopusblii popmMaan3mM B TEOPUU MOMEHTA. (2 yaca)

3ansaTue 13. CocTossHMSA TUCKPETHOT0 CIIEKTPA B HEHTPAJIbHBIX MOJISIX.
(2 yaca)

3ansitue 14. CocrosiHusi ¢ MaJioil JHeprueii cBsa3u. YacTuna B
COBMECTHOM I0JI€ KOPOTKO/IeiiCTBYIOIIEr0 U JAJbHOIEHCTBYIOIIET 0
NMOTEHIHAJIOB. (2 yaca)

3ansTue 15. Cucremsl ¢ akCHAIBLHOM CHMMeTpHEl. (2 yaca)

3ansitue 16. CnimH. (2 yaca)

3ansTue 17. CnuH-opOUTAILHbIEC COCTOSIHUA YACTHIBI CO CITMHOM a =
1/2. Boicuiue cnuHbI. (2 yaca)

3ansaTue 18. CniuHoBas (MOJAPU3ANUOHHASA) MATPHUIIA IJIOTHOCTH.
YriioBble pacnpeaeieHnsi 1 KOppeJasiiii B pacnajaax. (2 yaca)

I1l. YYEBHO-METOJIUYECKOE OBECIIEYEHHUE
CAMOCTOSTEJBHON PABOTHI OBYYAIOIIIUXCSH

Y4eOHO-METOAUYECKOE o0ecrieueHue CaMOCTOSITEIILHOU paboThI
oOy4aromnuxcs 1o aucuuruinae « KBaHTOBast TEOPHs TBEP/IBIX TE» MPEACTABICHO B
[Tpunoxenuu 1 1 BKiIrOYaeT B ceOs:

eIJIaH-Tpa(UK BBITOTHCHHUS CAMOCTOSTEILHOM PAaOOTHI IO TUCITUTIIIMHE, B TOM
YHCJIC TPUMEPHBIC HOPMBI BPEMEHH Ha BBITIOJHEHUE TT0 KaXI0MY 3aJJaHUI0;

®XaPAKTEPUCTUKA 3aJaHUi [T CAMOCTOATENbHON pPabOThI CTYACHTOB H
METOINYECKUE PEKOMEHIAIMH 110 UX BBITTOJTHEHHUIO;



eTpeOOBaHUSI K

MpCaCTaBJICHUIO

CaMOCTOATENbHON pabOTHI;

u

odopmIIeHNIO

S KPUTCPHUHN OLCHKH BLIIIOJTHCHUA CaMOCTOSITEIbHOM pa6OTBI.

pEe3yJabTaTOB

IV. KOHTPOJIb TOCTU/KEHUS LEJEN KYPCA

Ne KoHnTtponmpyemslie OneHouyHble CPECTBA -
n/n| Moaynu/ pa3zaenst / Tembl | Kogel u 3Tansl opMUpOBaHUs HAaUMEHOBAHUE
JUCLIUIUIUHBL KOMIIETEHIIU I TEKYIIUNA |[IPOMEXKYTOYHAS
KOHTPOJIb aTTecranus
1 [Pa3men 1. OIIK-1 [3uHaer Pabora  Ha|Dk3ameH,
DU3NYECKHE OCHOBBI ymeer COMHHAPCKUX | porIpoChI
o BJIaACCT 3aHATUAX
KBAaHTOBOU Teopuu Nel-6
OIIK-2 |3Haer
yMeeT
BJIaaccT
2 |Paznmen 2. [IK-3 [3Haer KonrtponbHast| JK3ameH,
MaremaTuyeckuit yMmeer padora  (IP1gompochr
o BJIaJIcET 2
amnrapaTt KBaHTOBOU - ) Ne7-15
OIIK-1 |3HaeT
TEOPHUH
yMmeeT
BJIaaccT
3 [Pazgen 3. OIIK-2 [3naer Pabora  Ha|DK3aMeH,
[Tpocreitmme TouHO ymeer CCMHHAPCKUX |poTpOCHI
BJIaCCT 3aHATUAX
peliaeMble 3a1a4u A Ne 15 -20
TIK-3 [3Haer
yMeeT
BJIAJIEET
4 Pa3zgen 4. Momentr  |OIIK-1 [3Haer KonTponbnas| 9k3ameH,
UMITyJIbCa B ymeer pabora  (IIP1gompocer
o BJIa/I€ET 2
KBaHTOBOW TEOPUH A ) Ne 21 -27
OIIK-2 |3Haer
yMeeT
BJIAJIEET
5 |Pa3nen 5. [IK-3 [3Haer PaGora  Ha|Dk3ameH,
[TpuGnmxeHHbIe ymeer CCMUHAPCKUX |poTpOCHI
BJIaCCT 3aHATUAX
METOAbI BEIUUCIIEHUS A Ne 28 - 31
OIIK-1 |3HaeT
COOCTBEHHBIX
yMeeT
3HAYCHUHN U BIIANeeT
COOCTBEHHBIX
GbyHKIIHIA OnIepaTopoB
6 OIIK-2 [3Haer DK3aMeH,
ymeer BOTIPOCHI
BJIAJIEET




Pa3nen 6. CriuH u [IK-3 [3Haer Kontponbsnasa|Ne 32 - 34
TOXIECTBEHHOCTD ymeer padora  (ITP-
9aCTHII BJIaJIceT 2)

7 |Paznen 7. Bropuunoe |OIIK-1 [3Haer Pabora  Ha|Dk3ameH,
KBaHTOBaHHEC B ymeer COMHHAPCKUX | porIpoChI
cucTeMe OO30HOB BAancer SAHATHIAX Ne 35 -41

OIIK-2 |3Haer
yMeeT
BJIAJCET

8 [Paznen 8. Bropuunoe |[IK-3  [3Haer KonTponsnas| Dk3aMeH,
KBaHTOBAaHHE B ymeer pabora  (ITP1gompochr
cucteme (epMUOHOB BlaAeet 2) Ne 42

OIIK-1 |3HaeT
yMmeeT
BJIAJEET
9 Pazmen 9. Yipyroe |OIIK-2 [3Haer Pabora  Ha|DK3aMeH,
paccessHAe 4acTHI] ymeer CCMUHAPCKIX | o TPOCKHI
BJIagCCT 3AHATUAX NQ 43 _ 48
TIK-3 [3Haer
yMmeeT
BJIAJCET

KOHTpOJIBHBIE M METOIUYECKHE MAaTEPHUAIIBL, & TAKXKE KPUTEPHUH U IOKA3aTEIN
HEOOXOMMbIE JUIs OLEHKU 3HAHUN, YMEHU, HABBIKOB M XapaKTePU3YIOLUE STaIlbl
(dbopMHpOBaHUs KOMIIETEHLIUNA B IPOLIECCE OCBOCHUSI 00pa30BaTeIbHON MPOrPaMMBbl
npeacrasiieHsl B [Ipunoxennn 2.

V. CIIMCOK YUYEBHOM JUTEPATYPHI © UHOOPMAIIMOHHOE
OBECIIEYEHME JJUCIUITJINHBI

OcHoBHas auTEparypa
(onexmponnvie u neuammvie uz0anus)

1. nonsckuid, 3.B. AtomHas ¢uszuka. Tom 2. OCHOBBI KBAHTOBOW MEXaHUKH
¥ CTPOCHHE JICKTPOHHOM 0007109KM aTOMa [ DINeKTPOHHBIN pecypc] : yueOnuk / 3.B.
[monsckmii. — DnextpoH. nan. — Cankr-IlerepOypr : Jlanb, 2010. — 448 c. —
Pesxxum noctyna: https://e.lanbook.com/book/443

2. baiikoB, FO.A. KBantoBas mMexaHuka [DNEKTpOHHBINH pecypc] : ydeOHOe
nocobue / FHO.A. baiikoB, B.M. Ky3nenoB. — OnekTpoH. gaH. — Mocksa :
N3narensctBo "JlabopaTtopus 3Hanuii", 2015. — 294 c¢. — Pexum pgocryna:
https://e.lanbook.com/book/70719

3. MarazunaukoB A.Jl. BBelneHre B KBAaHTOBYIO MEXaHUKY [DJIEKTPOHHBIN

pecypc]: yuebHoe mocobue/ MarazunaukoB A.JI., MyxaueB B.A.— DnextpoH.


https://e.lanbook.com/book/443
https://e.lanbook.com/book/70719

TEeKCTOBbIE NaHHble.— ToMck: TOMCKHMI roCyJapCTBEHHBIM YHUBEPCUTET CUCTEM
yhOpaBieHUsT W paauodnekTpoHuku, 2012.— 112 c— Pexum pocryma:
http://www.iprbookshop.ru/13860.html. — 35C «IPRbooks»

4. KpacnoneBueB E.A. KBaHTOBas MexaHMKa B TPUJIOKEHUSIX K (PUBHKE

TBEPJOro Tena [DNEeKTPOHHBIN pecypc]: yuebHoe nocodue/ Kpacnonesue E.A.—
DIIEKTPOH. TEKCTOBBIE JTAHHbBIE.— HoBocubupck: HoBocubupckuit
roCyJapCTBEHHBIN TexHuueckui ynuBepcutet, 2010.— 354 ¢.— Pexum nmocryna:
http://www.iprbookshop.ru/45097.html. — 35C «IPRbooks»

5. Tpsacyués, B.A. KBaHTtoBas MexaHuKa JJIsl CTYyJIEHTOB TEXHUYECKUX BY30B
[DnekTponHBIil pecypc] : yueOHoe mocobume / B.A. Tpsacyués ; mox pen. A.B.
[TonkoB. — OnekTpoH. gaH. — Tomck : TITY, 2017. — 156 c. — Pexum nocryna:
https://e.lanbook.com/book/106765

6. KBantoBas Mexanuka: yuyeOnuk / Begpunckuit P.B. - Pocto-Ha-
Hony:U3narensctBo IODY, 2009. - 384 c. ISBN 978-5-9275-0706-1 - Pexum
noctyna: http://znanium.com/catalog/product/553266

7. JleuueB B.B. OCHOBBI KBAaHTOBOW MEXaHUKH B MPOCTEHIIUX 3ajadax
[DnexTpoHHBIHN pecypc]: yueoHoe nocodue/ JieBuueB B.B.— DyieKTpOH. TEKCTOBBIE
nauaeie.— CII16.: YamBepcurer UTMO, 2014.— 38 c.— Pexum nocryma:
http://www.iprbookshop.ru/67477.html.— DBC «IPRbooks»

8. Apipnun, B.B. ®usuka. KsantoBas ¢usuka. KBaHTOBas MexaHuka u
aToMHas (u3uKa [DNEeKTpOHHBIN pecypc] : yuebnoe nocodue / B.B. pipaun, T.JI.
Kum, C.A. leneneBa. — OnekTpoH. naH. — Kemeposo : Ky3I'TY umenu T.D.
['op6aueBa, 2018. — 182 ¢. — Pexkum noctymna: https://e.lanbook.com/book/115114

JlonmosiHUTE/ILHAS JIUTEpaTypa
(onexmponnwvie u neuammvie uz0anus)

1. bnoxunnes, /[.11. OcHOBBI KBaHTOBOM MEXaHUKH [ DIEKTPOHHBIN pecypc] :
yaebHoe nocobue / JI.M. bnoxunaneB. — InektpoH. naH. — Cankr-IletepOypr :
Jlanb, 2004. — 672 ¢. — Pexxum nocrtymna: https://e.lanbook.com/book/619

2. Jlanpmay, JI.JI. Teoperuueckas ¢uszuka T.3. KBaHTOBas MexaHUKa
(HepensiTuBUCTCKAs Teopust) [ Dnexkrponnsiit pecypc]/ JI.J. Jlannay, E.M. JIudmui.
— DnekTpoH. nadH. — Mocksa : @uszmarnur, 2001. — 808 ¢. — Pexxum goctymna:
https://e.lanbook.com/book/2380

3. bamamor B.B. Kypc kBaHTOBOW MexaHWKd [DIeKTpOHHBIA pecypc]/
banamos B.B., JlomuHoB B.K.— D3nekTpoH. TeKCTOBBIE OaHHbIE.— MOCKBa,

NxeBck: Perynspnas u xaotnyeckas auHamuka, 2001.— 336 ¢.— Pexum nocrymna:
http://www.iprbookshop.ru/16546.html.— 5BC «IPRbooks»

4. Emotun, [1.B. KBanToBas MexaHuka ¢ 3aj1auamMmu [ DJIeKTpOHHBIN pecypc] :
yuebHoe nocodue / I1.B. Entorun, B.J[. Kpuuenkos ; noxa pen. boronro6osa H.H..


http://www.iprbookshop.ru/13860.html
http://www.iprbookshop.ru/45097.html
https://e.lanbook.com/book/106765
http://znanium.com/catalog/product/553266
https://e.lanbook.com/book/619
https://e.lanbook.com/book/2380

— DnekTpoH. nadH. — Mocksa : @uszmarnur, 2001. — 300 ¢. — Pexxum goctyna:
https://e.lanbook.com/book/48207

5. Jemumonuu, b.II. MaremaTtuueckue OCHOBBI KBAaHTOBOM MEXaHUKHU
[DnexTpoHHBI pecypc] : yueoHoe mocooue / B.I1. JleMumoBud. — DNEeKTpOH. JaH.
— Cankr-IlerepOypr : Jlawb, 2005. — 200 c¢. — Pexum goctymna:
https://e.lanbook.com/book/604

6. Tommaue B.B. OcHOBBI KBaHTOBOW MEXaHUKH [DIEKTPOHHBIA pecypc]:
yuebHoe mocobue/ TonmmaueB B.B., denoroB A.A., ®enoroa C.B.— DnekTpoH.

TEKCTOBBIE JTaHHble.— MockBa, MxeBck: PerynspHas m xaoTuyeckas JUHAMUKA,
2005.— 240 ¢.— Pexxum moctyma: http://www.iprbookshop.ru/16586.html.— 3BC
«IPRbooks»

7. Kapnos, H.B. HauanpHble TJ1aBbl KBAHTOBON MEXaHUKH [DIEKTPOHHBIN
pecypc] : yuednoe nocodue / H.B. Kapnos, H.A. Kupnuenko. — DIeKTpoH. gaH. —
MockBa : ®wuwsmamimr, 20060 — 360 c. — Pexum jocryna:
https://e.lanbook.com/book/2193

Ilepeyens pecypcoB HHGPOPMALMOHHO-TEJICEKOMMYHHUKALIMOHHOM CeTH
«HHTEepHET»

http://www.physbook.ru/
http://hep.phys.msu.ru
http://elementy.ru/trefil/20
http://www.femto.com.ua/articles/part_1/1557.html
http://www.quantumintro.com/
http://phys.org/physics-news/quantum-physics/

7. http://www.bbc.co.uk/science/space/universe/questions_and_ideas/quantu
m_mechanics

S LA LD

VI.METOANYECKHUE YKA3AHUS IO OCBOEHUIO TUCHUTIJIMHBI

Jlek1iimoHHBIE 3aHATHS OPUEHTUPOBAHBI HA OCBEIIEHUE BBOAHBIX TEM B KAXKIbIN
pa3zaeln Kypca v pyu3BaHbl OPUEHTUPOBATH CTYIEHTOB B IIPEAJIAra€MOM MaTEpHae,
3QJI0KUTh  HAay4YHbIE M  METONOJOTHYECKHME OCHOBBI Ui JaJbHEUIIEH
CaMOCTOATENbHON pabOThI CTY/IEHTOB.

BaxxHoli siBisieTcs caMocTosITeNbHAs paboTa 1mo Kypcy. B xome 3Toit paboThl
CTYACHTBl OTOMpAIOT HEOOXOAMMBIA MaTepuans MO0 H3y4aeMOMYy BONpPOCY U
aHanu3upyroT ero. [Ipu moaroTroBke K 3aHATHAM CTYIAEHTBI MOTYT IOJIb30BAThCS
paboueit mporpaMMoi yueOHOM TUCUUILITMHBIL, & TAKKE CIIPABOYHOM TUTEpaTypou 1
IpyruMu nocoOusiMu (ydeOHHUKaMu, YYEOHBIMH MOCOOMSIMHU, PEKOMEHJAOBAHHOM
JUTEPATYPOU U T.I1.).


https://e.lanbook.com/book/604
https://e.lanbook.com/book/2193
http://elementy.ru/trefil/20
http://www.femto.com.ua/articles/part_1/1557.html
http://www.quantumintro.com/
http://phys.org/physics-news/quantum-physics/

IIpy mpoMeXyTOYHOM aTTEeCTalMK A0 K3aMEHA JOJKHBI CIATh BCE OTYETHBIC
pabOThI U MOTYYUTh JOIYCK K 3K3AMEHY.

VIll. MATEPUAJTBHO-TEXHUYECKOE OBECIIEYEHUE
JUCHUILIAHBI

Aynuropus Ui YTCHHSI JIEKIIUH U POBEACHUS MTPAKTHYECKUX 3aHATHH:

nepcoHanbHbIl KoMmbioTep Lenovo ThinkPad E125 ¢ nuneH3uoHHBIM U
CBOOOTHBIM TIporpaMMHBIM obOecnieueHuem — MS PowerPoint 2007 u Acrobat
Reader XI;

npoextop Benq MP770;

IIEPEHOCHOM DKpaH.



[Tpunoxenne 1

MMHHUCTEPCTBO OBPA3OBAHMS 1 HAYKH POCCHUMCKON ®EJIEPALINN
denepaibHOE rOCYAApPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICILIETO 00Opa30BaHUs
«/laibHEeBOCTOYHBIH (peepaibHbIN YHUBEPCUTET»

(IBOY)

HIKOJIA ECTECTBEHHBIX HAYK

YUYEBHO-METOJUYECKOE OBECIIEYUEHUE CAMOCTOSATEJBHOM
PABOTBI OBYYAIOLHINXCA

«KBaHTOBasi Teopus TBEPABIX TeJD)
Hanpasienue noaroroBku — 11.03.04 JekTpoHnKa U HAHOJIEKTPOHUKA
DNEeKTPOHUKA U HAHODJIEKTPOHUKA
dopma NOArOTOBKYU OYHAS

BaaauBocTok
2018



ILinan-rpaduk BoINOJHEHHUSI CAMOCTOSITEIbHON PadoThHI M0 JTUCHUIJINHE

Ne Mara/cpoxun | Bua camocrositennbHoii | Hopmbl BpeMeHn Mopma KoHTpOS
BLINOJIHEHHSA padoThI HA BBINOJIHEHHE
2 Heaens [ToxaroroBka Kk 4 Pabora Ha
CEMHUHAPCKHUM 3aHITHIM faca CEMUHAPCKHX 3aHATHUSIX
4 yenensa IToaroroBka k 4 Pabora Ha
CEMUHAPCKHUM 3aHATUSIM aca CEMUHAPCKHUX 3aHATHAX
6 Henens IToaroroBka k Pabora Ha
4 gaca
CEMUHAPCKHUM 3aHATHUSIM CEMUHAPCKHUX 3aHATHAX
8 Hemens [ToxgroroBka Kk 4 Pabora Ha
CEMUHAPCKHUM 3aHITHIM faca CEMUHAPCKHUX 3aHSATHUSIX
10 menens IToaroroska k 4 Pabora Ha
CEMUHAPCKHUM 3aHATHIM Haca CEMUHAPCKHUX 3aHATHAX
12 wenens IToaroroBka k 4 Pabora Ha
CEMUHAPCKHUM 3aHATHIM Haca CEMHUHAPCKHUX 3aHATHAX
14 nenens IToaroroBka k 4 PaGora Ha
CEMUHAPCKHUM 3aHITHIM Haca CEMHUHAPCKHX 3aHATHSIX
16 nenmens IToaroroBka k 4 PaGora Ha
CEMUHAPCKHUM 3aHATHIM Haca CEMHHAPCKHUX 3aHATHAX
18 menens IToaroroska k 4 Pabora Ha
CEMUHAPCKHUM 3aHATHIM Haca CEMHHAPCKHUX 3aHATHAX

XapakTepucTHKA 3aJaHUH ISl CAMOCTOATEIbHON Pad0ThI CTYICHTOB M
METOAUYECKHE PEKOMEHIAIUM 110 UX BHINIOJTHECHUIO

CamocrosiTenbHas paboTa MOMOTaeT CTyACHTaM:

1) oBnageTh 3HAHUSMU:

- yTeHHe TeKcTa (yueOHUKa, MEePBOUCTOYHHKA, TOTIOJHUTEILHON JTUTEPATYPhI
U T.J.);

- COCTaBJICHHE IJIaHa TEKCTa, rpadruueckoe n300pakeHrue CTPYKTYpbl TEKCTa,
KOHCTIIEKTUPOBAHUE TEKCTA, BBIMUCKHU U3 TEKCTA U T.1.;

- paboTa co CIpaBOYHUKAMHU | JIp. CIIPABOYHOM JIUTEPATYPO;

- UCIIOJIb30BAHUE KOMIIBIOTEPHOW TEXHUKU U HTEpHETA U 1Ip.;

2) 3aKpeIUIATh U CUCTEMATU3UPOBATh 3HAHUSL:

- paboTa ¢ KOHCIIEKTOM JICKITUH;

- 00paboTKa TeKCTa, MOBTOPHAs padoTa HaJl y4eOHBIM MaTepUalioM y4eOHUKa,
MePBOMCTOYHHUKA, TOTIOTHUTEILHON JTUTEPATYPhI, AyJIU0 U BUICO3AIHCEH;

- MMOJITOTOBKA ILJIaHA;

CamocTosiTennbHass paboTa MOXKET OCYIIECTBIATHCS WUHAUBUIAYAIBHO WM
rpynnamMu CTYACHTOB B 3aBHCHUMOCTH OT II€JIM, 00beMa, KOHKPETHONW TEMAaTUKHU
CaMOCTOSATENLHON pabOThI, YPOBHS CJIOKHOCTH M YPOBHSI YMEHHI CTYJIEHTOB.



KoHTponib pe3ynbTaToB CaMOCTOSITENBHOM pabOThl CTYJEHTOB JOJIKEH
OCYILECTBISTHCS B Mpeleiax BPEMEHH, OTBEACHHOTO Ha 00s3aTelbHbIe Y4eOHbIE
3aHATHS U BHEAYAUTOPHYIO CAMOCTOSITENbHYIO PabOTy CTY/IEHTOB MO JUCIUILINHE,
MOJKET MPOXOANTH B MMCbMEHHOM, YCTHOM HJIM CMEIIaHHOM Qopme.

CamocrosiTenbHas paboTa Ha JIEKIUH

Crnyianue u 3anuch JeKIUNA — CII0KHBINA BUJ] By30BCKOW ay/IUTOPHON paOOTHI.
BuumatenbHoe ciyliaHMe M KOHCIEKTHUPOBAHUE JIGKIMH  MpeIosiaraet
WHTEHCUBHYIO YMCTBEHHYIO JIEATEIbHOCTh cTyieHTa. KpaTkue 3anucu jJexkuuii, ux
KOHCIIEKTUPOBAHHUE MOMOIaeT YCBOUTh Y4eOHbId Marepuai. KoHCnekT sBisiercs
MOJIE3HBIM TOT/A, KOTJIa 3alIMCaHO CaMO€ CYIIIECTBEHHOE, OCHOBHOE M CIEJIAHO 3TO
caMuM CTyJaeHToM. He Hajo cTpeMuThes 3anucaTh JOCIOBHO BCHO JIEKIUI0. Takoe
«KOHCIIEKTHPOBAHUE» NPUHOCUT OOJbILE Bpela, YeM IMOJb3bl. 3alHCh JIEKIHM
PEKOMEHYETCSI BECTH IO BO3MOXHOCTU COOCTBEHHBIMU (POPMYIMPOBKAMH.
JKenaTenbHO 3anMCh OCYILECTBIISATH HA OJJHOW CTPAHUIIE, a CIEAYIOIIYIO0 OCTABISATh
U TpOpabOTKU Y4eOHOro MaTepuana CaMOCTOSITENIbHO B JOMAIIHUX YCIIOBUSIX.
KoHCIeKT nekuuu Jiydiie MNoapa3feisaTh Ha MYHKThI, maparpadsl, coOmromas
KPAaCHYIO CTPOKY. DTOMYy B OOJBIION CTENeHH OyAyT CIOCOOCTBOBATh ITyHKTHI
IlaHa JIeKUWHU, TMpeIokKEHHbIe npenojaBarensM. [IpuHUMIIUAIbHBIE MeECTa,
ornpenaeneHusi, Gopmynbl U Ipyroe cleayeT COPOBOXKAATH 3aMEUAHUSIMU «BAXKHOY,
«0Cc000 BaXKHO», «XOPOLIO 3aIOMHUTH» U T.I. MOXKHO AeNaTh 3TO U C MOMOIIBIO
pa3HOLIBETHBIX MapKepoB WM pyuek. Jlydme ecau oHM OyayT COOCTBEHHBIMH,
4YTOOBI HE MMPUXOIUIIOCH MPOCUTH UX Y OJTHOKYPCHUKOB U TEM CaMbIM HE OTBJIEKATh
uX BO Bpems Jekiuu. [lenecooOpazHo pa3padoTaTh COOCTBEHHYIO «MapKOTpaduio»
(3HauKu, CUMBOJIBI), COKpalieHus ciaoB. He naumHuM Oyner W u3ydeHHE OCHOB
creHorpadguu. PabGoTas Haa KOHCIEKTOM JIEKIMH, Bcerga HeoOXOAUMO
UCITI0JIb30BATh HE TOJIBKO YYEOHUK, HO U Ty JUTEPATYPY, KOTOPYIO TOMOJHUTEIHHO
pexoMmeHioBan JiekTop. VMEeHHO Takasi cepbe3Has, KpomoTiuBas pabora ¢
JICKIIMOHHBIM MaTEPUAJIOM TIO3BOJIUT IIYOOKO OBJIAJETh 3HAHUSAMH.

PaboTa ¢ nuTepaTypHbIMU HCTOYHUKAMHU

CamocTtosiTenbHas paboTa ¢ ydeOHMKaMH, YYCOHBIMU MMOCOOUSIMH, HAYyYHOM,
CIIPAaBOYHOU U MOMYJISIPHOM JINTEPATYPOU, MATEPUATIAMU TTIEPUOIUIECKUX U3AaHUN
u MutepHera siBnsierca HamOosee 3PQPEeKTUBHBIM METOAOM MOJIYYEHHUsS] 3HAHUM,
MO3BOJISIET 3HAYMTENIbHO AaKTHUBHU3UPOBATh MPOLIECC OBIAACHUS HH(OpMalueH,
CIIOCOOCTBYET OoJiee TIIyOOKOMY YCBOSHHUIO H3yd4aeMoro MaTepuana, GopMupyeT y
CTYICHTOB CBO€ OTHOIIEHHME K KOHKpeTHOW mpobieme. bonee riaybokomy
PaCKpPBITHIO BOITPOCOB CIIOCOOCTBYET 3HAKOMCTBO C JIOTIOJIHUTEIBHOMN JTUTEPaTyPOH.

TpeOoBaHus Kk npeacTaBjieHUI0 U 0POPMIICHHUIO Pe3yJIbTATOB
CaMOCTOAATE/IbHOI PadOThI
TpeOoBaHUs K KOHCHEKTY JJIsl MPAKTUYECKUX 3aHSITHIA:
1. JlomkeH ObITh B OTACIBHOM TETPaaH, MOMUCAHHBIMN.



2. O06s3aTenbHO MUCATh TUIAH 3aHITHUS C YKAa3aHUEM TEMbI, BOIIPOCOB, CIHUCKA
JUTEPaATyphl U UCTOYHHUKOB.

3. OrpaxaTh npoOJEMAaTHKy BCEX IIOCTABJICHHBIX BOMPOCOB (aHAIU3
UCTOYHUKA, JINTEPATYPHI).

4. Hmerp 1m0  HUM  apryMeHTUpOBaHHbIE  BbIBOABL.  CIoBO
«apryMEHTHPOBAHHBIE» ABJISETCS KIIOYEBBIM. [ 1aBHOE - TOKa3yeMOCTh BBIBOJIOB.

Kpurtepun o1ieHKH BBIMOTHEHUSI CAMOCTOATENbHON padOThI

KoHTposb caMocTosITeNIbHOM pabOThI CTYACHTOB MPEAYyCMAaTPUBAET:

* COOTHECEHHE COACPKAHMS KOHTPOJIS C LIETSIMU O0yUeHUS;

* 00BEKTUBHOCTH KOHTPOJIS;

* BATUHOCTH KOHTPOJISI (COOTBETCTBUE MPEABABIAEMBIX 33JaHUNA TOMY, YTO
MIpeArnosaraeTcs NpoBEPUTH);

* T PepeHInanmo KOHTPOIbHO-U3MEPUTEIBHBIX MAaTEPUAIIOB.

®opMBbI KOHTPOJI CAMOCTOSATEIBHON PAOOTHI:

* PaboTa Ha ceMUHAPCKUX 3aHATHUSX .

* 3ayer.

Kputepun o1ieHKH pe3ylbTaTOB CaMOCTOSITETbHOM PaboThI

Kputepusmu o1ieHOK pe3ynbTaTOB BHEAYIUTOPHONU CaMOCTOSITEIbHOM paOOTHI
CTYJICHTA SIBJISTFOTCSI:

* YpOBEHb OCBOEHUS CTYACHTOB yUeOHOTO MaTepHana;

* c(OpMHUPOBAHHOCTH OOIICYUSOHBIX YMCHHIA;

* yMEHHUS CTY/JCHTa aKTUBHO HCIIOJIb30BaTh AJIEKTPOHHBIE 00pa30BaTeIbHBIC
pecypchl, HaXOAUTh TpeOyroUlyrocs MHPOpMalLMIO, U3y4aTh €€ U MPUMEHSITh Ha
MIPaKTHKE;

* 000CHOBAaHHOCTb M YETKOCTh U3JI0KEHHUS OTBETA;

* oopMIICHHE MaTeprasa B COOTBETCTBHH C TPEOOBAHUSIMH;

* yMEHUE OPUCHTUPOBATHLCS B MMOTOKE MHGOPMAIINH, BBIJEIATH TJIAaBHOE;

*yMEHUE YETKO CGhOpMYIHpOBaTh MPOOJIEeMy, MPEIJIOKUB €€ pelIeHueE,
KPUTHYECKH OLICHUTDH PEIIEHUE U €TO MOCIIEICTBUS;

*yMEHHE TI0Ka3aTh, NPOAHAIM3UPOBATh aAJIbTEPHATHUBHBICE BO3MOXKHOCTH,
BAPUAHTHI JCHUCTBUN;

* yMeHHEe c(hOpMHPOBATH CBOIO MO3HUIIMIO, OIICHKY U apTyMEHTHPOBATH €e.



[Tpunoxenue 2

MMHHUCTEPCTBO OBPA3OBAHMS 1 HAYKH POCCHUMCKON ®EJIEPALINN
®enepaibHOE rOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHHUE
BBICILIEr0 00pa30BaHMs
«/laibHEeBOCTOYHBIH (peepaibHbIN YHUBEPCUTET»

(IBOY)

HIKOJIA ECTECTBEHHBIX HAYK
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MMacnopt ®OC

Kon u popmyuposka

Jrtanbl (OPMUPOBAHHUA KOMIIETEHIMH

KOMIIeTeHIIUH

OIIK-1 TEOPETUUYECKUE  OCHOBaHUS  KBAaHTOBOW  TEOpUH,

CrocoGHocTh 3HaeT OCHOBHbIE  (DU3MUECKHME  CHUCTEMBl M  3aKOHBI,

TIpENCTABIIATD ONHCHIBAEMbIE KBAHTOBOM TEOPHEH.

aJIeKBaTHYIO

COBPEMEHHOMY YPOBHIO | Vet pelaTh TUIOBBIE 3a7jaul KBAaHTOBOM TEOpHUHU.

3HAHUN HAyYHYIO

KapTUHY MUpa Ha

OCHOBE 3HaHUs 5

OCHOBHBIX MOJIOKCHHUIH, Braneer TOYHBIMH U MIPUOIMKEHHBIMH METO/IaMU KBAaHTOBO

3aKOHOB U METOJIOB TEOPUHU.

€CTECTBEHHBIX HayK U

MaTeMaTUKHU

OIIK-2 MPEIOCHUIKU CO3/IaHUsI KBAHTOBOM MEXaHHKHU;

CriocobHOCTB 3Haer -MaTeMaTUYECKU arnmnapaT KBAHTOBOW MEXaHUKH;

BBIABIIAITE -OCHOBHbIE MTPUHIIUIIEI KBAHTOBOW MEXaHMKH.

€CTECTBEHHOHAYYHYIO :

CYIHOCTH MPOGIIEM, HAXOJUTh CPEJHNE 3HAYCHUS] PU3NUECKUX BEITUUNH;

BOSHHKAIOIUX B XOI€ HaxOJUTh COOCTBEHHBIC 3HAYECHHS U COOCTBEHHBIE

npodeCcCHOHAIBHON Ymeer (byHKUMY OrIepaTOpOB;

JIeSITENIbHOCTH, BBIUUCIIAT  KOX(PQPUIMEHT  TPOXOXKICHHUS  4epes

HPUBJICKATDb IJIA UX MOTEHIIUATIBHBINA Oapbep.

pelieHus

COOTBETCTBYIOIIUN . . .
CaMOCTOSITENIbHOW paboThl ¢ y4eOHOW W Hay4dyHOU

¢buzuKo- Bnaneer .

MaTeMaTU4YeCKUil JMTCpaTypoH,

anmnapar

[K-3 OCHOBHBIE€ YPABHEHUSI KBAHTOBOW MEXAHUKHU;

T OTOBHOCTE 3Haer NpUOJIMKEHHBIE METOBI PEIIEHUS

AHAIN3UPOBATD U KBaHTOBOMEXAHNYECKUX 3a/1a4.

CHCTEMATH3MPOBATE TIPHMEHSATH TEOPUIO BO3MYIIEHHUH K PEIIEHHUIO 3a71ad;

PESYABTATEL - IPUMEHSTh TEOPETUYECKUE 3HaHUSA K PELICHUIO

UCCJIEIOBAaHUH,

MpEICTABIATS Ymeer MPaKTUYECKUX U HAYYHBIX 33/1a4;

MATEePHAIbI B BUJIE u3laraTh, NOHUMaTh W KPUTUYECKH AaHAIU3UPOBATH

HAyYHBIX OTYETOB, o01epu3nIecKyr0 HHPOPMAITHIO.

myOMKanui, UCTOJIBb30BaHUSI 0a30BBIX TEOPETUUYECKUX 3HAHUU B

npe3eHTauni Bnageer | 007acTH  €CTECTBEHHBIX ~ HAyK PH  PELIEHUH

npodeccnoHanbHbIX 3a1au.




Ne KoHnTtponupyemsle OneHouyHbIE CPECTBA -
n/n| Mmoaynu/ pa3zaenst / Tembl | Kogel 1 3Tansl opMUpOBaHUs HAaUMEHOBAHUE
JUCHUITIIMHBI KOMHCTCHHI/If/'I TCKYIHPIﬁ IMPOMCIKYTOUHAA
KOHTPOJIb aTTecranus
1 [Pa3men 1. OIIK-1 [3naer Pabora  Ha|Dk3ameH,
du3nyecKre 0OCHOBEI ymeer CCMHHAPCKIX | BoTTpOCHI
o BJIagCCT 3aHATUAX
KBaHTOBOI Teopuu Nel-6
OIIK-2 |3Haer
yMeeT
BJIAJIEET
2 |Paznen 2. [IK-3 [3Haer Kontponbnas| Dk3aMeH,
MaremaTtudeckuit ymeet pabora  (IIP1gompockr
o BIIAJICET 2
anmnapar KBaHTOBOM A ) Ne7-15
OIIK-1 |3HaeT
TEOpUHU
yMeeT
BJIagCCT
3 [Pa3zpgen 3. OIIK-2 [3naer Pabora  Ha|DK3amMmeH,
[Ipocreiimme TOYHO ymeer CCMUHAPCKIX | o TPOCKHI
BJIagCCT 3AHATUIX
peliaeMble 3a1a4u A Ne 15 -20
TIK-3 [3Haer
ymeeT
BJIaCCT
4 Pa3zgen 4. Moment  |OIIK-1 [3Haer KonTponbnas| Ok3ameH,
UMITYJIbCA B ymeer pabora  (IIP1pompoch
o BIIAJICET 2
KBaHTOBOW TEOPUH - ) Ne 21 -27
OIIK-2 |3Haer
yMeeT
BJIaJIeeT
5 [Pa3gen 5. [IK-3  [3Haer PaGora  Ha|Dk3ameH,
[TpubnkeHHbIE ymeer CCMUHAPCKIX | B o TpOCHI
BJIagCCT S3AHATUSIX
METO/bl BHIYHUCIICHUS A Ne 28 -31
OIIK-1 |3HaeT
COOCTBCHHBIX
B yMeeT
3HAYCHUH U BIATEET
COOCTBEHHBIX
GbyHKIIHIA 0nIepaTopoB
6 (Paznen 6. CiuH n OIIK-2 [3Haer Konrponeras| Dx3aMeH,
TOKJIECTBEHHOCTh ymeer pabora  (IP1gompocer
BIIAJICET 2
Y4acTHII - ) Ne 32 -34
TIK-3 [3Haer
yMeeT
BJaJIeeT
7 OIIK-1 |3HaeT PabGora Ha| JK3aMEH,
ymeeT CEMHHAPCKUX |Bo1pOoCh
BJIAJIEET 3aHATHUAX




Paznen 7. Bropuunoe |[OI1K-2 [3naer No 35 -41
KBaHTOBaHHE B ymeer
BJIAZIEET
cucteme O030HOB
Paznen 8. Bropuunoe |[IK-3  |3Haer KonTponbnas| Dk3amMeH,
KBaHTOBaHHEC B ymeer pabora  (IIP1gompockr
BJIaJIeET 2
cucteme GepMUOHOB A ) Ne 42
OIIK-1 |3HaeT
yMeeT
BJIAZIEET
Paznen 9. Yopyroe |OIIK-2 [3naer Pabora  Ha|Dk3ameH,
paccesiHrue YacTHII ymeer CCMHHAPCKIX | poTTpOCHI
BJIaJieeT 3aHATUAX No 43 - 48
[IK-3 [3Haer -
ymeeT

BJIAJICET




HIkana oueHuBaHus YPOBHS C(POPMUPOBAHHOCTH KOMIIETEHIIMI

Kon u Ortanbl GOPMUPOBAHUS KOMIETEHIIUH | KPUTEPUH NOKAa3aTeJ I 0aJ1bI
¢opmyaupoBk
a
KOMITeTeHI[HH
OIIK-1 3HaHue CnocobHoCTh 45-64
CnocoGuoctb TEOPETUYECKUE TEOPETUYECKUA | MEPEYUCIIUTD U
HpeICTaBIATh OCHOBaHMS KBAHTOBOH | X OCHOBAaHUH | OXapaKTepu3oBaTh
aIeKBaTHYIO .
cg pene y o 3HaeT TEOPHUH, OCHOBHEIE KBaHTOBOI OCHOBHEIC
BPEMCHHOMY .
VPOBHIO 3HAHH (ToporoBsIit (hu3nIecKHue CHCTEMBI MEXaHUKH. ¢$usnaeckue
HayIHYIO YPOBCHB) W 3aKOHBI, CHCTEMBI M 3aKOHBI,
KapTHHY MHpa OITNCBIBAEMBIC OIIUCBIBAEMBIC
Ha OCHOBE KBaHTOBON MEXaHUKOM. KBaHTOBOM
SHaHHA MEXaHHMKOH.
OCHOBHBIX VYMenue Croco6HOCTh 65-84
MOJIOKCHUN
’ penaTh pemaTh
3aKOHOB U yMeeT pelaTh TUIIOBBIE
METONOB . THUTIOBEIC KBaHTOBOMEXaHIUE
11 (TIpOBUHYTHL | 3a7aYd KBAHTOBOU
€CTECTBEHHbBIX i) MEXAHHUKH 3a1a91 CKHC 3a1a4H.
HayK U ' KBaHTOBOI1
MaT€MaTHUKHU MEXaHUKH.
Brnaneer CnocobHoCTh 85-100
METOZaMHU NPUMEHHUTH TOYHBIC
TOYHBIMH H .
KBaHTOBOI U MPUOIIMKCHHBIC
BJIaJceT MPUOIMKSHHBIMHA .
. . MEXaHUKH. METOIbI KBAHTOBOM
(BBICOKHIA) METOJIaM{ KBaHTOBOM
MEXaHHUKH MPH
MEXaHUKH.
peleHuH
KOHKPETHBIX 3a]1ad.
MIPEIIOCHIIKH 3Hanue CriocoOHOCTE 45-64
CO3/IaHMsI KBAHTOBOK MaTeMaTHYECK | MEPEUHCIUTh U
MEXaHUKH, OTo ammapar PAaCKpBITH CYTh
MaTeMaTU4eCKU KBaHTOBOH OCHOBHBIX
amnmapar KBaHTOBOM MEXaHHUKH, TPUHITUIIOB,
MEXaHHUKH, OCHOBHBIX METOJIOB U
3HAeT .
OIIK-2 N OCHOBHBIE ITPUHIIUIIBI MIPUHITUIIOB ypaBHCHHI
(ToporoBsIit . . .
CnocoOHOCTh ) KBaHTOBOM MEXaHWUKH; | KBAaHTOBOH KBaHTOBOM
OBCHbB
BBIABJIATD P OCHOBHBIE YpPaBHEHUS MEXAHUKHU. MEXaHUKU.
CCTCCTBCHHOHAY KBaHTOBOM MEXAHHKH;
YHYIO CYIIIHOCTb
Y 5 ym MPUOIIMKCHHBIC
npooieM,
BO3HHKAIONIUX B METOZBI PEIICHHS
xo11e KBaHTOBOMEXaHHYCCKHI
npogecCuoHab X 3a7ad4.
HOM HAaXOIUTh cpenuue | YMeHue CriocoOHOCTB 65-84
ACATELHOCTH, 3HAYCHUs] (PU3UUECKUX | HAXOIUTH MPUMEHSITh
TpHUBJICKATE JUIs BEJIMYHH; cpenHue TEOPEeTHYECKUE
HX PeIICHUS
COOI")FBGTCTByIOH.I HaXOJTUTh 3HAYCHUS 3HAHUS K PEIICHUIO
wit bu3mKO- COOCTBECHHBIC 3HAUCHUS | (PU3UUCCKUX MPAKTHICCKHUX U
MaTeMaTHuecKn | YMeeT U COOCTBEHHBIC BEJIMYHH, HAYYHBIX 3a]1a4;
i ammapat (mponBUHYTH | (hYHKIHK ONIEPATOPOB; | COOCTBEHHBIC | H3JIArarTh,
i) BBIYUCIIATH 3HAYCHUS W | IOHUMATh U

K03 durneHT
MIPOXOXKICHUS Yepe3
MMOTEHITNATbLHBINA
Gapbep;

MMPUMEHATH TCOPUIO

CcOOCTBEHHBIE

byHKITUN
OIIepaToOpOB.

KPUTUYECKU
aHaJIM3MUPOBAThH
001epu3nIECKy 0
HHOPMALHIO.




BO3MYILIEHUH K
PEIIeHHIO 3a1ad;
TIPUMEHSTH
TEOpPETHIECCKHE 3HAHUSA
K PEIICHUIO0
MPaKTUIECKUX U
Hay4YHBIX 3a]1a4;
W3Narath, HOHUMAaTh U

KPUTUYICCKH
aHaIM3UPOBATh
o0medn3nIecKyIo
HHPOPMAILIHIO.
Bmanenne CriocoOHOCTE 85-100
HaBBIKAMH CaMOCTOSTEITFHO
caMmocrosTenb | paborartk C
CaMOCTOATEIIBHON HOH paboThl C | y4eOHOW U HAy4YHOH
paboThI ¢ y4eOHOU U yueOHOH U JIUTEpaTypoil;
Hay4HOW JTUTEpaTypoil; | HaydHOU HCIIOJIb30BATh
UCIIOJIb30BaHHUs nuTepaTypoi; | 0azoBble
6a30BbIX WCTIONB30BaHU | TEOPETUIECKHE
BIIazieeT .
. TEOPETHICCKUX 3HAHUH | 51 0a30BBIX 3HaHUS B 00JacTH
(BBICOKMIA) .
B o0acT TEOPETHYCCKH | KBAaHTOBOU
€CTECTBEHHBIX HayK X 3HaHUH B MEXaHUKH TIPH
TIPA peIICHUHN obxact peleHnn
npodeccroHaNbHBIX KBaHTOBOI1 npodeccroHabHbBI
3ajay. MEXaHUKH MPH | X 3a1ad.
peuieHuu
npodeccrona
JIbHBIX 33]a4.
TIPEAIOCHIIKH 3Hanue CriocoOHOCTE 45-64
CO3/1aHMsI KBAaHTOBOM MaTeMaTHYECK | MEPEUHCIUT U
MEXaHUKH, Oro ammapar PaCKpBITH CYTh
MaTeMaTHIECKUI KBaHTOBOI OCHOBHBIX
anmnapaT KBaHTOBOH MEXaHHUKH, TPUHITUIIOB,
MEXaHHUKH, OCHOBHBIX METOJIOB U
3HAeT .
. OCHOBHBIC TPUHITUIIBI MIPUHIUIIOB ypaBHCHHI
(ToporoBsIit . . .
KBaHTOBOI MEXaHUKH; | KBAaHTOBOWM KBaHTOBOI
[1K-3 YPOBEHb) ’
[ OTOBHOCTS OCHOBHbIE YpaBHEHHS MEXaHHKH. MEXaHHUKH.
aHAIIM3HPOBATH KBaHTOBOH MEXaHUKH;
" MPUOIIMKCHHBIC
CHUCTEMaTH3HPO METOBI PEIICHHS
BaTh KBaHTOBOMEXaHUIECKH
pesyIbTaThl X 3a1au.
Egzzii:;?::s’ HAaXOJUTh cpenuue | YMeHue CriocoOHOCTB 65-84
MaTepHaibl B 3Ha4YeHUs (PU3NYECKUX | HAXOIUTh MIPUMEHSThH
BHMJIC HAYYHBIX BCIINYNWH, CpeaHue TCOPETUICCKHUEC
OTYETOB, HAXOIUTh 3HAYCHHS 3HAHMS K PELICHUIO
HY6HHK3HHI7IJ COOCTBEHHBIC 3HAYEHUs | (PU3UUECKHUX NIPaKTUYECKUX U
TpeSCHTALIH yMeeT 1 cOOCTBEHHBIE BEJIMYHH, HAYYHBIX 3a]1a4;
(mponBUHYTH | (hYHKIHHK ONIEPaTOPOB; | COOCTBEHHBIC | H3JIArarTh,
i) BBIYUCIIATH 3HAYCHUS W | IOHUMATh U
KO3 punueHT COOCTBCHHBIC | KPUTHYCCKH
MPOXOXK/ICHHUS Yepe3 byHKIMN aHaJIM3MUPOBAThH
MOTEHIIMATbHBIN OTIEpaTOPOB. 00meu3nIecKyro
Gapbep; nH(pOPMAIIHIO.

MMPUMEHATH TCOPUIO




BO3MYILIEHUH K
pELICHUIO 3a71a4;
MPUMEHSTH
TEOPETHUYECKNE 3HAHUS
K PEIICHHIO
NPaKTHYECKUX U
Hay4YHBIX 337134
n3Jarath, IOHUMATh U
KPUTHYECKH
aHaIM3UPOBATh
o0medn3nIecKyIo
HHPOPMALIHIO.

BlIafeeT
(BBICOKMIA)

CaMOCTOSATENbHOMN
paboThl ¢ y4eOHOIt n
Hay4HOU JIUTEpaTypoi;
HCIIOJIb30BaHUS
0a30BBIX
TEOPETHYECKUX 3HAHUI
B o0JacT
€CTECTBEHHBIX HAYK
[P pELICHUH
npo¢heCCHOHATBHBIX
3amad.

Bnanenune
HaBBIKAMU
CaMOCTOSTENb
HOM paboTHI C
y4eOHOI U
Hay4yHOU
JIUTEPATypOH;
HCIIOJIb30BaHU
s1 0a30BBIX
TEOPETHICCKH
X 3HAHHUH B
obnactu
KBaHTOBOM
MEXaHUKH MPH
pelIeHUH
npodeccrona
JBHBIX 337a4.

CnocobHOCTh
CaMOCTOSTEITFHO
paboTarts ¢
yueOHOM 1 Hay4YHOI
JIUTEPaTypOH;
UCIIOJIb30BaTh
0azoBble
TEOpETUIECKHE
3HaHUS B 00JacTH
KBaHTOBOH
MEXaHUKH TIPH
peleHnH
npoQeCCHOHANBHBI
X 3a1ad.

85-100

MeToauveckue peKOMEHIAlMU, ONpee/sAIIe NPoueAypPbl Ol eHUBAHMS
pe3yJIbTATOB OCBOCHM S AU CIUTIIUHBI

[TpomexyTouHass arrectauusi OOyyarolUXcs IO Y4eOHOW JMCLMILIIMHE
OCYILECTBJSIETCS B paMKax 3aBEpPILICHHUs W3y4YeHUs JAaHHOW JUCLUIUIMHBI U
II03BOJIAET ONPEACIIUTh KAa4eCTBO U YPOBEHb €€ OcBoeHud. lIpeamerom oneHku
OCBOCHUS SBJISAIOTCS YMEHUS U 3HAHUS.

[IpomexxyTouHast arrectauus OOYYArOIIMXCS OCYIIECTBIsieTCS B (opme
PK3aM€Ha W  TMO3BOJISIET  ONpPENENUTh  pa3BUTHE OOUMX  KOMIETEHIUH,
npeaycMmotrpernbix st OIIOIL. YcnoBuem pomycka K 3K3aMEHY  SIBJISIETCS
YCHEIIHOE OCBOEHUE 00YUAIOIIMMHUCS BCEX AJIEMEHTOB AUCIUIUIMHBI (BBIIOJIHEHHE
U c/laya BCeX KOJUIOKBUYMOB U KOHTPOJIbHBIX paboT).

Tekylmuii KOHTPOJIb YCIIEBAEMOCTH OCYIIECTBIISIETCS B XOJ€ IOBCEAHEBHOU
yueOHOW padOoThI MO KypCy AUCHUIUIUHBI. JlaHHBIA BUA KOHTPOJS CTUMYJIUPYET Y
OoOy4Jarommxcs CTpEeMJICHUE K CHUCTEMAaTUYECKOW CaMOCTOSITENIbHOM paboTre 1o

HN3Y4YCHUIO yqe6H01”4 JUCHUIIIINHBI, OBJIaACHUIO O6H_II/IMI/I KOMIICTCHIIUAMM.



BOITPOCBHI K DK3AMEHY no aucuuninne «KBanroBasi reopust
TBEPABIX TeJ»

1. CrexTp u3iaydeHus: abCOOTHO YEPHOTO Tea.

2. KBanTsl sHeprum u nocrosinHas [1nanka.

3. 3akonsl porodrddekra.

4. YpaBHenue DiHIITEHA 17151 BHeLTHEro GoTodddekra.

5. DnemeHTapHas OOpOBCKasi TEOpHsI CTPOCHHS aTOMa BOJOPOIa.

6. CniekTp atoma Bojopoa. 3arpyaHeHus: Teopuu bopa. Bonusl maTepun.

7. JIuHeiiHOe BEKTOPHOE MPOCTPAHCTBO U €ro cBoMcTBa. CKalsipHOE
npoussenenue. Hopma Bekropa.

8. JIuneitHbie onepaTopsl B TIILOEPTOBOM MpocTpancTBe. Kommytupyromue
Y HEKOMMYTHUPYIOIIUE OTIEPATOPHI.

9. CBoiicTBa COOCTBEHHBIX BEKTOPOB U COOCTBEHHBIX JIMHEUHBIX
CaMOCOIIPSIKEHHBIX ONEPATOPOB.

10. Matpuiibl onepaTopoB U MPEACTaBICHUS BOTHOBON (QYHKIIUH.
OKBUBAJIEHTHOCTH JIFOOOTO MPEACTABICHUS TMILOEPTOBA MPOCTPAHCTBA
MaTpUYHOMY.

11. Ilepexon OT OAHOTO MPEACTABICHUSA K APYTrOMY KaK YHUTAPHOE
npeoOpazoBanue. KoopauHaTHOE U UMITYJILCHOE MPECTaBICHUS.

12. BontHOBast pyHKIHUS, €€ BEPOITHOCTHAS MHTEPIPETALIHSL.

13. Bpemennoe ypaBuenue llpenunrepa. [Ipyunnnocts. [1noTHOCTS MOTOKA
BEPOSITHOCTH.

14. CraumonapHslie coctogHus. Pemenne 3a1aun ¢ Ha4YaabHBIMU YCIOBUSMU.

15. 3aBUCHUMOCTB CpeIHUX OT BpeMEHU. MIHTEerpasibl JBUKEHUS.

16. Ilotennuanbuas sima. J{uckpetnsiit ciektp. TyHHETBHBIN D PeEKT.

17. T'apmonuueckuit octmuuisitop. Criektp sHepruil. BomHoBbie QyHKIHY.

18. HyneBast 3Heprus rapMOHUYECKOT0 OCHUJUIATOPA U COOTHOILICHHE
HEeonpeeIeHHOCTH. ["apMOHNYECKHU OCIMIIIATOP B MPEICTABIEHUHU ONIEPAaTOPOB
POXKIACHUS-YHUUTOXCHUS.

19. KynonoBckuii noteHIHaI. JIBUKEHUE B LIEHTPAILHOM TIOJIE.

20. CnekTp 1 BOJIHOBBIE (DYHKIIMU aTOMa BOJIOPO/IA.

21. MoMeHT uMIyJibca B KBAaHTOBOM TEOPHUHU.

22. MarHuTHbIA 1 MEXaHUYECKU MOMEHT aToMa.

23. CoOcTBEHHBIEC 3HaUEHUS M COOCTBEHHbIE (DYHKIIMTM MOMEHTA UMITYJIbCA.

24. CnoxeHue 1ByX MOMEHTOB UMITYJIbCA.

25. CnuH 3nexktpoHa. CnUHOBBIE (PYHKIUU.

26. YpaBuenus [laynu. [Tpunuun [Taymnu.

27. Tlepuoaudeckasi cucteMa 3JeMeHTOB MeHieneena.



28. Teopus cTanoOHAPHBIX BO3MYIIIECHUN (HEBBIPOKICHHBIE COCTOSIHUS ).

29. Teopwus CTallMOHAPHBIX BO3MYILIEHUN (BBIPOKICHHBIE COCTOSIHHUS).

30. Teopwus HECTaIMOHAPHBIX BO3MYIICHUIA.

31. I[IpumeHeHne BapHAIIMIOHHOTO METO/AA JUIsl pacueTa YHEPTHH CUCTEMBI.

32. TlpuHuun ToxaecTBeHHOCTH YyacTull. CHMMETpUYHBIE U
AHTUCUMMETPHUYHbBIEC COCTOSAHUS. BOJTHOBBIE PYHKIIMU CUCTEMBI JIBYX DJIEKTPOHOB.

33. OOMeHHOEe B3aUMOJICHCTBUE B CUCTEME JABYX AJIEKTPOHOB.

34. Atowm renus. OpTo- U napareyiuu.

35. Metox camocoriacoBanHOTo mosts (Xaptpu-Doka).

36. Craructudeckasi MOJEIb aTOMa.

37. Bropuunoe kBanToBaHue. BonHoBas GpyHKIUS B ccTeEMe OO30HOB.

38. Omeparopsl (U3MUECKUX BEJIMYMH B MPEACTABICHUH YMCEN 3aMI0JTHCHHUS.

39. CobcTBeHHBIEC KOJICOaHUSI U KBAHTOBAHHE JICKTPOMArHUTHOTO MOJIS.

40. ®oToH. DHEprUs, UMITYJIHC 1 MOMEHT UMITyJIbca (hOTOHA.

41. BzaumojelcTBHE 3apsHKCHHON YaCTHIIBI C AJIEKTPOMATHUTHBIM TOJIEM.

42. BTopudHOE KBaHTOBAHHE W BOJHOBAS (QYHKIUS B cCTeMe (DEPMHOHOB.

43. Ympyroe paccesHue 4acTull 0e3 CliMHA. AMIUIUTY/Ia U CEUYCHUE
paccestausl. YpaBHeHue u GyHKIuMs ['puHa 151 3a1a4u paccesHusl.

44. Teopus ynpyroro paccesiHus B npuOmmkenuu bopha.

45. BOpHOBCKOE paccesHUe aTOMaMU OBICTPBIX 3aPSKEHHBIX YACTHII.

46. dazoBas Teopus paccesHus. OnTuyeckas Teopema.

47. Yupyroe paccessHue Ha c(hepruiecKOi MpIMOYTOIbHON MOTEHIIMATBHON
sMe.

48. Ympyroe paccessHue TOKISCTBEHHBIX YACTHII.

49. OO6mas Teopus HEYNIPyroro paccesHus. Kanamer paccesaus. OnTuyeckas
TeopeMa.

Kpurtepuu oleHKH HA IK3aMeHe 10 JMCHUIIHHE
«KBaHTOBasi TEOpHS TBEPABIX TE»

OleHKa «OTJMYHO)» CTaBUTCS, €CJIIM OTBET MOKA3bIBAET MPOYHBIE 3HAHUS
OCHOBHBIX MPOIECCOB M3y4aeMOM MpeMETHONM 001acTH, OTIMYAETCs TIIyOMHON U
MOJTHOTOM PACKPBITUS TEMBI; BIAJCHUE TEPMHUHOJIOTUYECKUM almnapaToM; YMEHUE
OOBSICHSITh CYIIHOCTh, SIBJICHUN, MPOILIECCOB, COOBITHUM, J€JIaTh BBIBOABI U
00001IeHNs, JaBaTh AapPryMEHTHUPOBAHHBIE OTBETHI, MPUBOAUTH MPHUMEPHI;
CBOOOTHOE BIIAJICHUE MOHOJIOTMYECKON PEUbI0, JOTUYHOCTh U MOCIEI0BATEILHOCTh
OTBETa; YMEHHE IPUBOIUTH TPUMEPHI COBPEMEHHBIX MPOOJIeM U3ydaeMon 00JIacTH.

OneHka «X0poII0» CTaBUTCS, €CJIM OTBET OOHAPYKUBAET MPOYHBIE 3HAHUS
OCHOBHBIX MPOIIECCOB M3y4aeMOM MPEIMETHON 001acTH, OTJIMYAETCS TIIyOMHON U
MOJTHOTOM PACKPBITUS TEMBI; BIAJCHUE TEPMHUHOJIOTUYECKUM almnapaToM; YMEHHE
OOBSICHSITh CYIIHOCTh, SIBJICHUN, MPOILIECCOB, COOBITUM, JeJIaTh BBIBOJABI U



0000IICHNS, JaBaTh AapryMEHTHPOBAHHBIC OTBEThbI, NPUBOIAUTH IMPUMEPHI;
cBOOOJTHOE BJIQJICHHE MOHOJIOTHYECKOM PEUbl0, IOTHYHOCTD M TIOCIICI0BATEIIBHOCTh
orBeta. OTHAKO JOIMyCKASTCS OJ[HA - IBE HETOYHOCTH B OTBETE.

OreHKa «yI0BJIE€TBOPUTEIbHO» CTABHTCS, €CIIU OTBET CBUACTCILCTBYET B
OCHOBHOM O 3HAHHMH IIPOIIECCOB M3y4aeMOW MPEAMETHOH OO0JAacTH, OTIUYAETCS
HEJIOCTATOYHOW TIIYOMHONM M IOJIHOTOM PACKPBITHS TEMbI, 3HAHHEM OCHOBHBIX
BOIIPOCOB TEOpHH; ci1a00 CcHOPMHUPOBAHHBIMU HAaBBIKAMU aHAIW3a SBJICHUH,
IPOIIECCOB, HEAOCTATOYHBIM YMEHHMEM JaBaTh apryMEHTHPOBAaHHBIC OTBETHI U
IIPUBOJUTH TPHUMEPHI; HEJOCTATOYHO CBOOOJHBIM BIIQJCHHEM MOHOJOTHYCCKON
peUbl0, JIOTHYHOCTBIO M ITOCIICIOBATEILHOCTRIO OTBETA. JlomycKaeTcss HECKOJIBKO
OIUOOK B COJICP)KAaHUH OTBETA; HEYMCHHE MPUBECTH MPUMED PA3BUTHS CUTYaIlUH,
IIPOBECTH CBSI3b C JPYTUMH acClIEeKTaMH H3ydaeMoii 00J1acTH.

OrneHKa «HEYI0BJIETBOPHUTEIBHO» CTAaBHTCS, CCIIM OTBET OOHAPY)KHUBACT
HE3HAHHWE IIPOIECCOB HM3y4aeMOH MPEAMETHOM 00JIaCTH, OTIMYAFOIIHICS
HETIyOOKHMM PpAcKphITUEM TEMBI; HE3HAHHEM OCHOBHBIX BOIIPOCOB TCOPHH,
Hec(OPMUPOBAHHBIMM HaBbIKAMHU aHAJHM3a SBJICHHUM, TNPOIECCOB; HEYMEHHEM
JaBaTh apTyYMEHTHPOBAHHBIC OTBETHI, CJIA0BIM BJIAJICHUEM MOHOJIOTHYECKON PEUbO,
OTCYTCTBHEM JIOTHYHOCTH M IIOCIEAOBATEIBHOCTH. JIOMyCKAIOTCA CEepPbe3HbIC
OIIMOKH B COJICP’KaHMH OTBETA; HE3HAHUE COBPEMEHHOM MPOOJIEMaTUKH N3y4aecMOM
0071aCTH.

KoMmuiekT 3agannii 1Jisi KOHTPOJIbHOI padoThI

Tema 1. Puznyeckre 0CHOBbI KBAHTOBOM TEOPUH

Bapuanr 1. U3nyueHune a0COJIIOTHO YEPHOT'0 TeJIa

TennoBoe wuznydenue. McmyckaTenbHass M TOrJOLIATEIbHAS CIOCOOHOCTh
tena. 3akoH Kupxroda. AbcomotHo uepHoe Teno. CrekTp u3IydeHus: aOCOIIOTHO
yepHoro tena. KBantsl sHeprun u nocrosiHHas [lnanka.

Bapuanr 2. ®oto3p ekt

3akonsbl poTodrPdekra. YpaBHeHue IUHIITEIHA 17151 BHENTHETO GhoTodPdekTa.

Bapuanr 3. CniekTp aTroma Bogopoaa

Crpoenue atoma. Mojienu cTpoeHus atoma. DiieMeHTapHasi 00pOBCKasi TEOpHs
CTpOeHMs aToma Boaopoaa. CrnekTp aroMa BOAOpoJa. 3aTpyAHeHus teopun bopa.
Bouabl maTepun.

Tema 2. MaTeMaTH4YeCKHUIl annapaT KBAHTOBOW TeOpHUU

Bapuant 1. BekTopsbl 1 onepaTopbl

JluHeiiHOE BEKTOPHOE MPOCTPAHCTBO H €ro cBoicTBa. CKalsipHOE
npousBenenue. Hopma Bektopa. JIuHeliHble omepaTopbl B TUJIBOEPTOBOM
npocTtpancTBe. Kommytupyromue u HeKoMMyTupyronme onepatopbl. CBoWCTBa



COOCTBEHHBIX BEKTOPOB M  COOCTBEHHBIX JIMHEMHBIX CaMOCONPSKEHHBIX
OIEPATOPOB.

Bapuanr 2. Teopust npeacraBjieHui

Matpuiibl  omepaTopoB M TPEJACTABICHHUS  BOJHOBOM  (DyHKIHUH.
OKBUBAJIGHTHOCTh ~ JIIOOOTO  TPEACTaBIICHUS  TWIbOEpPTOBa  MPOCTPAHCTBA
MatpuyHOMy. llepexon OT OHOro MpeaCTaBIEHUS K APYTOMY KakK YHHUTApHOE
npeoOpazoBanue. KoopamHaTHOe W MMIyJIbCHOE NpelcTaBiieHus. BomaHoBas
GbyHKIIUS, €€ BEpOSITHOCTHASI HHTEPIIPETAIHSI.

Bapuanr 3. YpaBHeHue ABHKECHUSA

Bpemennoe ypaBHenue Ilpenunrepa. [IpmumaHOCTB. [IIMOTHOCTH mOTOKA
BeposiITHOCTH. CTAallMOHAPHBIE COCTOSHHUA. PelleHne 3agayd C HavalbHBIMU
YCIIOBUSIMHU. 3aBUCUMOCTb CPEAHUX OT BpeMeHU. MIHTerpasibl ABUKEHUS.

Tema 3. IIpocTreiinue TOYHO peniaeMblie 3a1a494

Bapuanr 3. IloTreHnuanbHas sima

Koneunas noteHmuanbHas sima. Jluckpetnoiit cektp. TyHHETbHBIN 3 deKT.

Bapuanr 2. 'apMoHMYeCKHIl OCHULIATOP

Crnektp sHepruil. BomHoBbele ¢yHkuuu. HyneBast sHeprus rapMOHHUYECKOrO
OCLUJUIATOPA U COOTHOIICHUE HEONPEAECIECHHOCTH. ["'apMOHNYECKUI OCHMIIIATOD B
IIPEACTABICHUH OIIEPATOPOB POKIACHUS-YHUUTOXKEHHUS.

Bapuant 3. Ky 10HOBCKHII MOTEeHIHAJ

JIBukeHne B ULeHTpajdbHOM Iosie. CHeKTp M BOJHOBBIE (DYHKIMHM aTroma
BOJIOPOJA.

Tema 4. MoMeHT UMITYJILCA B KBAHTOBOM TEOPUH

Bapuant 1. OpOuTanbHbIi MOMEHT UMITYJIbCA

MarHuTHpli M1 MEXaHMYEeCKU MOMEHT atoma. CoOCTBEHHbIC 3HAYCHUS U
cOOCTBEHHbIE (PYHKIIMM MOMEHTA UMITyJibca. ClI0)KEHUE IBYX MOMEHTOB UMITYJIbCA.

Bapuanr 2. Cnun

Cnun snextpona. CniuHoBbie pyHkiuu. Ypaaenus [laynu. [punmun [aymu.
IIepronnueckas cucreMa 3J1IeMEHTOB MeHierneesa.

Tema 5. IIpudin:keHHbIE METOAbI BLIYMC/ICHUSI COOCTBEHHbIX 3HAYEHUH U
c00CTBeHHBIX QYHKIMH OIepPaTOPOB

Bapuanr 1. Teopusi Bo3MylIeHHi B COCTOSIHUAX C JUCKPETHBIM CHIEKTPOM

Teopus BO3MylIEHUN (HEBBIPOKIECHHBIE COCTOSIHUS). Teopus BO3MYLIEHUH
IIPY HAJIMYUM BBIPOXKJCHUA. Teopuss HecTauMOHApHBIX Bo3MyuleHui. [lepexon
CUCTEMBI U3 OJTHOI'O COCTOSIHMS B APYrO€ MO JEHCTBUEM BO3MYIICHUS.

Bapuanr 2. JIpyrue npu0/imnkeHHbIe MeTObI

Bapuanuonnbin METO/I. Meton KAHOHMYECKUX npeoOpa3zoBaHUA.
WurerpanbHas gpopma TeoOpur BO3MYUIEHUH.

Tema 6. CIIHH M TOXKIECTBEHHOCTH YaCTHIY

Bapuanr 1. CniuH 3J1eMeHTaAPHBIX YACTHIL



Onepatopsl cinHa. Matpuusl [laynu. CoOcTBeHHbIE (YHKIMU Omeparopa
cnHa. Marpuia noBopoToB.

Bapuanr 2. To:K1eCTBEHHOCTH YaCTHIL

[IpuHIMIT ~ TOXJIECTBEHHOCTHM 4YacTull. YpaBHeHue Illpenunrepa s
TOXKAECTBEHHBIX YacTUL. CHMMETPUYHBIE W AHTUCHUMMETPUYHBIE COCTOSHUS.
Cxembl FOHra. BosiHOBbIE GYHKIIUU CUCTEMBI IBYX JJIEKTPOHOB.

Bapuanr 3. ATom resiusi

DIleMeHTapHasl TEOPUsE OCHOBHOI'O COCTOSIHUSI aTOMOB C JABYMSI 3JIEKTPOHAMMU.
Bo30yxnennsie coctosHms aroma remms. Opto — u maparenuit. OOMeHHOE
B3aMMOJICHCTBUE B CUCTEME ABYX DJIEKTPOHOB.

Bapuant 4. Onucanue MHOT03JIEKTPOHHBIX CHCTEM

MeTton camocoriiacoBaHHOTO 1osist (MeTon XapTpu — @oka). CtaTuctudeckas
mozaenb aroma (meron Tomaca — @Depmu). Ilepuoguyeckas cucBapuant
XUMHUYECKUX 3JIeMeHTOB (MeHieneena).

Tema 7. BropuuHoe KBaHTOBaHHe B cUCTeMe 0030HOB

Bapuanr 1. ®oToHBI

CoOcTBeHHbIE KOIeOaHUs U KBAHTOBAHUE AJIEKTPOMATHUTHOTO 110J11. DOTOHBI
C ONPEIEIICHHBIM MOMEHTOM U YETHOCTBIO.

Bapuant 2. ®OHOHBI

BropuuHoe kBaHTOBaHHUE yIpyroro 1oJjs. @OHOHbBI B TPEXMEPHOM KPUCTAJLIE.

Bapuant 3. B3aumoneiicteue B cucreme 0030HOB

KBazugacTuiibl B cuctemMe B3auMOJICHCTBYIONUX 0030HOB. OCHOBBI TEOPHHU
CBEpPXTEKy4YeCTH. B3anmmoaencTBHE 3JIEKTPOHOB C u3iydeHueM. [lornomenune u
W3JIyYEHNE CBETA

Tema 8. Bropu4yHoe KkBaHTOBaHHMe B cucTeMe GepMHOHOB

Bapuanr 1. Cucrema HeB3auMoAeicTBYOIIUX GepMHOHOB

[IpencraBieHre 4ucen 3amOIHEHHS Uil CUCTEM HEB3aUMOJCUCTBYIOIIUX
dbepmuonoB. OHeprus @Depmu. «JlpipouHoe» mnpeacTtaBiacHUe. XHUMHUYCCKHUI
ITOTEHIMAIL.

Bapuanr 2. Cucrema B3anMoaeiicTByOIuX GepMHOHOB

[Tapuoe B3aumojelictBue B cuctemMe (epmuoHoB. KanoHuyeckoe
npeoOpa3zoBanue boromo06oBa. BzaumoaelcTBUe HIEKTPOHOB C  (poHOHAMU
MeTtaiia. OCHOBBI TEOPUM CBEPXIIPOBOIUMOCTH.

Tema 9. Ynpyroe paccesiHue 4acTuil

Bapuanr 1. Paccesinue yacTtui 06e3 ClimHa

AMiuiuTtyna U cedeHue paccesHus. YpaBHenue (Ilpemunrepa) Tteopuu
paccesnus. Dynkums ['puna. [lpubmmxenue bopua. PaccesiHue ObICTpBIX
3apsIKEHHBIX YaCTUI] aTOMAMMU.

Bapuanr 2. ®a3oBast Teopusi paccestHUs



Meron napuuaneHbIX BoJIH. IHTErpansHOe ceueHne paccesHus. Onruueckas
Teopema. YIPyroe paccesHue MEIJICHHbIX YaCTHUILl. Y IPYTrO€ pacCesHUE B
KYJIOHOBCKOM TIOJIE.

Bapuanr 3. Paccesinue TOXKAeCTBEHHbIX YaCTHII

DddekTsl 00MEeHa TOXKAECTBEHHBIX YacTHIl 0e3 cirHa. D¢ deKkThl 0OMeHa
TOXKJIECTBEHHBIX YaCTHUII, 00Jaaomux cimiuHoM. [lonsipusanus npu paccesHuu.

Kpurepuu oieHKM BHINOJHEHHSI KOHTPOJLHOM PadoThI

Otmertka "OT1anyHo"
Bepno BbinonaHeHo 6omnee 85% 3amanuii.

Otmetka "Xopomo"
Bepno BeinonHeHo 75-85% 3ananuii.

OtMmeTtka "Y JOBIETBOPUTEIBHO"
Bepno BeinoaHeno 60-75% 3ananuii.
OrMmetka "HeyaoBieTBOPUTENBHO"

Bepno BeinosHeHo MeHee 60% 3am1anuii.



