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1. Hesan u 3a1a4M U3yYeHHU S TUCHHILIHHBI

1.1 Heanp AucHUNINMHBI

Ienpro Kypca sIBJISETCS O3HAKOMIIGHHE CTYACHTOB CO CIEUHU(DHYSCKUMH KBaHTOBBIMHU
CBOMCTBAMH M 3aKOHOMEPHOCTSIMH MHUKPOOOBEKTOB, C TMPUMEHEHHUEM 3aKOHOB KBaHTOBOU
MEXaHHKH JIJIS aHau3a (PU3HYSCKUX SIBJICHUH U MPOIICCCOB.

1.2 3agaun AMCHUILIMHEI

- (hopMupOBaHKE OCHOBHBIX NOHATUI U IPEJCTABICHUN KBAaHTOBOM MEXaHUKH;

- 03HaKOMJIEHHME CTYJIEHTOB C OCHOBHBIMU METOJAMH U UX UCIIOJIb30BAHUEM JJIs1 PELLICHUS
psiZla KOHKPETHBIX 3a7ad4;

- co3anue 0a3bl Ui U3yUEHHs TOCIEAYIOIINX Pa3ieioB Kypca TeOPETHUECKON (DU3HKH;

- 00CyX/IeHHEe IPUII0KEHU N KBAHTOBOM MEXaHUKH, IPECKa3aHHbIX HA OCHOBE KBAaHTOBBIX
CBOWCTB M 3aKOHOMEPHOCTEH MUKPOOOBHEKTOB;

- (opmupoBanue y OyaylIMX yduTened NpPEICTABICHUS O KBAaHTOBOW TEOPUM Kak
dyHIaMeHTe COBpeMEHHOW (PM3MKHM M KaK BaKHEHINIEH COCTaBHON 4YacTH O0IIEYeI0BEYEeCKOM
KYJIbTYDBI.

1.3 MecTo AucuuninHbl (MOAYJIs) B CTPYKType 00pa3oBaTe/ibHOM NPOrpaMMbl

Hucuunnuna «KBaHTOBasi MexaHuka» oTHocutcs K Moaymo "OCHOBBI NpeAMETHBIX
3HaHu# 1o npopuiio «duszukay". Moaynb OTHOCUTCA K 0053aTeNbHOM YaCTH U SBISIETCS 0a30BbIM
TEOPETUYECKHUM W TIPAKTUYECKUM OCHOBAHWEM [UIS IMOJITOTOBKH OakalaBpOB MO MPOQHIIIO
«Pusukay.

KBanToBass MexaHuKa ABISETCS OJHUM M3 IJIaBHBIX JOCTH)KEHUUA HAYYHOM MBICIH XX
Beka. Hapsity ¢ Teopueil OTHOCUTEIBHOCTH OHA COCTaBiseT (PyHAAMEHT COBPEMEHHOU (PU3UKH.
Omna omnupaercs Ha 3HaYUTENIbHO O0Jiee CIIOXKHBIN, 10 CPAaBHEHUIO C KIIACCUYECKON MEXaHUKOM,
MaTemaruueckuil ammapar. [Iporpamma kypca mnpemycMaTpuBaeT U3ydeHHE TPEX (U3MUYECKU
OKBUBAICHTHBIX (DOPMYJTMPOBOK KBAaHTOBOW MEXaHWKH: BOJNHOBOM Mmexanuku Llpénuurepa,
MaTpU4HOM MexaHuku [ eif3eHOepra 1 BeKTOpHON KBaHTOBOM MexaHuku Jupaka.

N3yuyenne mucuurimabsl «KBaHTOBas MexaHuKa» Oa3upyercs Ha 3HAHUAX, YMEHUSX,
HaBBIKaX, C(OPMHUPOBAHHBIX B MPOLIECCE U3YUEHUS TUCIMIUIMH «MexaHukay, «Marematndeckue
METO/Ibl B (PU3UKE» U LIKOJIBHOM Kypce (U3HKH.

[ToHsATHS, 3aKOHBI U METO/Ibl, BBEICHHBIE B TUCIMIIMHE «KBaHTOBas MexaHHKa», OyIyT
MCIIOJIb30BAThCS MPU U3YUYEHUU TUCIUIUINH «DJIEKTPOAMHAMHKA U TEOPUS OTHOCUTEIBHOCTH,
«TepMmonnHamuka, craTUcTHYecKas (Qu3MKa M (QU3MUecKas KHHETHKa», a TaKke Jis
MOCJIEYIOIIEr0o  MPOXOXKACHHUS IMENAarOrM4eCKOd  INMPaKkTHKW, TMOJATOTOBKM K  HTOTOBOM
roCyJapCTBEHHOM aTTECTALNH.

1.4 Ilepeyens MaaHMPYyeMbIX Pe3yJbTATOB O0OY4YeHHUS] MO JUCHUIIMHE (MOAYJII0),
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTATAMHU 0CBOEHHS 00pa30BaTeIbHOM IPOrpaMMBbl

Juctunnuaa «KBaHTOBas MexaHWKa» OOECTeYMBaeT MHCTPYMEHTApHil (HOPMHUPOBAHMS
CIEeIYIOMINX MPOodeCCHOHATBHBIX KOMIIETSHIINI OaKkalaBpoB

KOH 1 HAUMCEHOBAHUE NWHAUKATOPA JOCTUIKCHHUA PC3yJ’IBTaTLI 06y‘leHI/IH 10 JUCHHUITIMHE
KOMIICTCHIIH

IIK-1. Cnoco6eH ocBanBaTh U UCNOJIb30BaTh 0a30Bble HAYYHO-TeOpeTHYeCKUe 3HAHUSA U
NPAKTHYECKHEe YMEHHs 110 MpeMeTy B NPo¢eCCHOHAIBHOM IeSiTeJIbHOCTH

UIIK-1.1. ITonumaer CYUIHOCTb, | 3HaeT MPEAMET, 11eJIb, 331a4H1 U METOIbI (PU3HKH, €€
3aKOHOMEPHOCTH, MIPUHIIMIIBI U | MECTO B CcHCTeM€ Hayk; (yHIaMeHTalIbHbIE
0COOEHHOCTH M3y4yaeMbIX SBICHMA U | U3MUECKUE TEOPUM M 3aKOHbI; IOHUMATbh,
aHAJIM3UPOBATh (PU3MUECKYIO CYIIHOCTb SIBJICHHM




KOH 1 HAUMCHOBAHUEC UHAUKATOPA JOCTUIKCHUA
KOMIICTCHIIH

P€3yﬂbTaTI)I 06y‘{eHI/IH 10 JUCHMITIMHE

IporeccoB, 0a30BbIX TEOPHUM B 00JacTH
(GU3MKN ¥ TEXHOJIOTUU

U TIPOILIECCOB,
TEXHHKE

MPOUCXOASUIMX B TPUPOJLE U

yMeeT npuodperaTh
TEOpEeTHUYECKHE 3HAHUS

HOBBIC HAay4YHO-

BIIQJICET HABBIKAMU MPUMCHCHHS (PUINICCKUX
TEOpUH K aHAJIU3Y MPOCTEUIINX TEOPETUUECKUX U
MIPUKJIATHBIX BOIIPOCOB

IIK-2 Cnioco0eH KOHCTPYHPOBATH cofiep:kaHue 00pa30BaHMsA B MPeAMETHOH 00,1aCTH B COOTBETCTBHH
¢ TpedoBanusiMi @PI'OC 0CHOBHOIO M cpeHero o01ero 00pa3oBaHus, ¢ ypOBHeM Pa3BUTHSI COBPEMEHHOM
HAYKH M C Y4eTOM BO3PACTHBIX 0COOCHHOCTEH 00y4aloImuxcs

NIIK-2.1. OnpenensieT IpUOPUTETHBIC
HaIpaBJICHUS Pa3BUTHUS
oOpazoBarenbHON cuctemMbl PO,
tpedoBanus OI'OC, nmpuMepHBIX
00pa3oBaTeNbHBIX IPOrPaMM MO
y4eOHBIM IpeMeTaM «Dusukay u
«Texnomorus»

3Ha€T  METOABl W HpUEMBI  ITOCTaHOBKH
(GU3MUECKOro  IKCIEPUMEHTa, CIIOCOOBI  €ro
MaTeMaTH4ecKoil 00paboTKH; 3HATh METOAbl U
OpUE€MBI  pEIICHUS] KOHKPETHBIX  (U3NIECKUX
3azad4, ¢busnyeckue IIPUIIOKEHUS
MAaTE€MaTHYECKUX MOHATUI

YMEET NPUMCHATDH 0a30BbIE€ 3HAHUSA AJI1 pCIICHUSA

TEOPETUYECKUX W TIPAKTHYECKUX (HUBNIECKUX
3aja4, MPaBUIbHO OPraHU30BBIBATH (PU3HUECKUE
HaOJIOACHNUS M SKCTIEPUMEHTHI, aHAIM3UPOBATH X
pe3yJIbTaThl, OCYLIECTBIIATH IIOCTPOCHHUE
MaTeMaTHYECKUX MoJeNiell (pU3MuecKuX sIBICHUIMA
U IPOLIECCOB

BJIaJICET HABbIKAMU IPOBEACHMS (PUINYECKUX
HaOMIOACHUH M SKCHEPUMEHTOB,  pELICHHS
MIPOCTEUINX TEOPETUYECKUX U IPUKIAIHBIX 3a/1a4

2. CTpyKTYypa M coepKaHue JHCIUIIIHHbI

2.1 PacnipeaesieHne TPY10EMKOCTH AUCUMILIMHBI IO BUaM padoT

O6mas Tpy10EMKOCTh AUCIUILTHHBI cocTaBisieT 3 3a4.el. (108 gacoB), ux pacmnpeneneHue
10 BHJIaM paboT Mpe/ICTaBIeHO B TabIuIe

Bun yuebnoit paboThl Bcero Cemectpsl
4acoB (uacsr)
5
KonrakTHasi paboTa, B TOM YHCJI€: 12,3 12,3
AyIuTOpHBIE 3aHATHS (BCEro): 12 12
3aHsATHS JEKIIMOHHOTO TUIIA 4 4 - - -
JIabopaTopHBIe 3aHSTHUS - - - - -
3aHATUS CEMUHAPCKOTO TUTA (CEMUHAPHI, 8 8 i i i
PaKTHYECKHUE 3aHSTHUS)
WNnas koHTaKkTHasA padora:
KonTpons camoctositensHoi padoTsl (KCP) - -
IIpomexyrounas arrectauus (MKP) 0,3 0,3
CamocrosiTeJibHAasi paboTa, B TOM YHCJI€: 87 87
Kypcosast pabota - - - - -
ITpopaboTka yuaeOHOro (TEOPETHYECKOro) MaTepuaa 20 20 - - -
BrImonHeHne WHANBHTY aTbHBIX 33JJaHUH (TTOATOTOBKA 20 20 i i i
cooOLIeHUH, Tpe3eHTaluil)




Pedepar 20 20 - - -
[ToaroroBka K TEKyIIeMy KOHTPOJIO 27 27 - - -
KouTtpoJs:
IToaroroBka K 3K3aMeHy 8,7 8,7
OO0masi Tpy10eMKOCTh yac. 108 108 - - -
B TOM 4YMCJIe KOHTAKTHAsA 123 | 123
pabora
3a4. e/l 3 3

2.2 CTpyKTYypa QM CHUIINHBI:

Pacnpenencnue BuI0B y4eOHOW pabOThI U HX TPYJOEMKOCTH TI0 Pa3JieiaM JUCIUTLTAHBI.
Paznensl qucuumiuHel, u3ydaeMeie B 8§ cemectpe (05 cmyodenmos ODO)

2.3 Coaeprxanue pa3aeaoB JUCHUIIHHBI:

KonmuectBo yacos

OCHOBBI U
MaTeMaTUYECKUI
arnmapar KBaHTOBOM
MEXaHUKH

Hayku. OCHOBHBIE 3Talbl CTAHOBJICHUS
KBaHTOBOI Teopuu. KBaHTOBast TeOpUs Kak
Ba)XKHEHIIass cocTaBHAs 4acTh
00I11eueI0BEYECKOM KYIbTYPHI.
DKCIepUMEHTAIbHBIE OCHOBBI KBAHTOBOM
MexaHuku. HecocTosSTeabHOCTh

Ne AynuropHas CamocrosiTenbHast
pasze HaumenoBanue pasnenon
A Bcero pabota pabora
113 JIP
OKcrepuMeHTalIbHbIE OCHOBBI U -
1. MaTeMaTUYEeCKUi anmnapar 16 - 14
KBAHTOBON MEXaHUKHU
2. BonHoBast pyHKIUS 1 ee CBOICTBa 18 2 14
OmnepaTopb! pU3NUECKUX BEITUYHH. -
3. CobcTBeHHbBIE PYHKITUH, 16 2 14
COOCTBEHHBIE 3HAUEHUS], CPEJTHUE.
To4HO pemraeMble KBAaHTOBO- -
MEXaHUUECKHUE 3a/1a4H.
4. OnHoMepHOE ABUKEHHUE. 17 2 15
JIBI>KeHMe B MOJIe LIEHTPAIbHBIX
cuil
[TpubnnkeHHbIE METOBI -
S. KBaHTOBOI MexaHuKu. Teopus 16 2 14
BO3MYUIEHUMN
6 CIHH ¥ CUCTEMBI TOXKIECTBEHHBIX 16 9 - 14
YaCTHII
NTOI'O 10 - 87
2.3.1 3aHATHA JTEKIMOHHOI'0 THIIA
Ne HaumenoBanue Comepxanue pasmena ®opMa TeKyIIero
paszaena KOHTPOJISI
1. DKcrepuMeHTaIbHble| MeCcTo KBaHTOBOM MEXaHUKHU Ha KapTe KonrtponsHas pabora

Nel- o pazneny,
KOJJIOKBUYM




KJIACCUYECKON (PU3UKHU MPU 00BICHEHUN
aTOMHBIX SIBJIEHUH (pacnpezeneHue
SHEPI'UHU B CIIEKTPE U3ITyYSHHS a0COIIOTHO
YepHOro Tefna; Mojenb aroma Pesepdopnaa u
mpo0yieMa ee yCTOMYMBOCTH; TIMHEHYAThIA
XapakTep aTOMHBIX crieKTpoB). [locTynarsl
bopa u ux skcnepuMeHTaIbHOE
noATBepkieHHe. KBaHTOBaHME KPYTOBBIX
opOUT B aTOME BOJIOPO/ia. Y POBHU SHEPTUU
U CIIEKTPAIIbHBIE CEPUU
BOAOPO0MOA00HOTO aroma. TpyaHOCTH
teopun bopa. DneMeHTapHas KBaHTOBas
TEOpHsI CBETa U OOBSICHEHUE Ha €€ OCHOBE
dhoToanekrpuueckoro dpdekra, rahdexra
Komnrona. ['mnoresa ne bpoitns o
KOPITyCKYJISIPHO-BOJIHOBOM MPUpPOJIE
MUKpPOYACTHI] U €€ IKCIIEPUMEHTAIbHbIE
MOATBEPKACHUS (OIBITHI TIO U PAKITUH
3JIEKTPOHOB, HEUTPOHOB, aTOMOB U
MOJICKYJI).
Marematuueckuil annapatr KBaHTOBON
MexaHuKu. [ToHsTHE 0 BOTHOBOH (PyHKITHH
KBAHTOBO-MEXaHUUYECKOU CUCTEMBI.
CratucTuyeckoe TOJIKOBaHUE BOJIH i€
bpoiins. BeposTHOCTHBIN XapakTep
3aKOHOB KBaHTOBOM MEXaHHKH.
VYpasuenue llpénunrepa mis cBOOOIHOM
YaCcTHUILIbI U YACTUILIBI BO BHELITHEM
MOTEHIMAIbHOM MoJie. CTalmoHapHbIe
cocrosiHus. YpaBHenue llpénunrepa nis
CTallMOHAPHBIX COCTOSIHUM. Y paBHEHUE
HENpPEPHIBHOCTU B KBAHTOBOW MEXaHHUKE.
BekTop mI0THOCTH MOTOKA BEPOSTHOCTH.
IIpuHIUIT Cynepno3UIUU COCTOSTHUN
B KBaHTOBOI MexaHuke. M300paxenue
(bU3UYECKUX BETUYHMH JIMHEUHBIMU
CaMOCONPSYKEHHBIMU OIIEpaTOpaMH.
Oneparopbl KOOPAMHATHI, UMITYJIbCA,
MOMEHTA KOJIMYECTBA ABM)KEHHUS, DHEPTUH.
Teopembl 0 COOCTBEHHBIX (PYHKLIUAX U
COOCTBEHHBIX 3HAYCHUSIX JIMHEHHBIX
CaMOCONPSKEHHBIX ornepatopos. CpeaHue
3HaueHUs! GPU3NYECKUX BETUYHH U
BEPOSTHOCTH MUX JI03BOJICHHBIX 3HAUEHUH.
CootHomeHns kommyTtanuu. Ilonarue o
TOJTHOM Ha0ope (PU3nUecKnx BeTUIHH.
CooTHo1IEHNE HEOTIPEAETIEHHOCTEN AJIs
KOOpJIUHATHI U UMITyjbca. HepaBeHcTBO
I'eiizenbepra. Kputuka ommoOouHbIX
TOJKOBaHUN COOTHOIIEHUI
HeomnpezeneHHocTel. Ponb nponecca
M3MepeHusl B KBAHTOBOM MEXaHHUKE.




JuddeperurpoBanue onepaTopos 1Mo
BPEMEHH U 3aKOHBI COXPAaHECHUS B
KBaHTOBOH MexaHuke. CBsI3b 3aKOHOB
COXpaHEHHS C CHMMETpPHUEH MPOCTPAHCTBA U
BpPEMEHHU.

TouHO peraembie
KBaHTOBO-
MEXaHUYEeCKue
3amaun. OgqHOMEpPHOE
JIBUKCHHUE.
JIBr>keHue B moJie
LEHTPAJIbHBIX CHJI

B3anMoCBsI3b KBAaHTOBOM U KJIIACCUUECKOU
Mexanuku. O6o01IeHne ypaBHeHUs
INamunprona-S1ko0u B KBAaHTOBOM
Mexanuke. [IpenenbHslii nepexon K
KJIACCUYECKOU MexaHuke. TeopeMbl
Opendecra. [IpuHIMT IPUIUHHOCTH B
KBaHTOBOI MEXAHHKE.

OnHomepHbIE KBAHTOBO-MEXAaHUYECKUE
3a/1a4d. 3a/1aya O YaCTULE B OJTHOMEPHOM,
a0COIFOTHO HEMIPOHUIIAEMOM SITITHKE.
JIMHEeNHBIN TApMOHUYECKUIN OCLIMIIISTOP,
€ro PHEPTreTUUYECKUM CIIEKTP U BOJHOBBIE
¢bynkiuu. B3anMoaelicTBre MUKPOUYACTHIIBI
C IOTEHIIMAIBHON CTYIIEHBKOM.
Hanbaprepnoe paccesinue. [Ipoxoxaenue
YaCTHUIIbI Yepe3 MOTEHIMAIBHBIN Oapbep
MPSIMOYTOJIBHON U MIPOU3BOJIbHOM (POPMBL.
Tynnensubii 2 Pexr. Odume cBoiicTBa
OJIHOMEPHOTO JABUKEHUSI MUKPOYACTHIIBI.
JIBr>KeHUe B IEHTPATIbHO-CUMMETPUYHBIX
nosiax. [Ipobnema nByX Ten B KBAaHTOBOM
MEXaHUKE U €€ CBEJICHHE K 3a]1a4e O
JBUKEHUU OJHOW YaCTHUIBI B LICHTPAJIbHO-
CUMMeTpuYecKoM moiie. UHTerpasbl
nBUKeHus. OnepaTopbl MOMEHTa UMITYJIbCA,
UX COOCTBEHHbIE (PYHKIIMM U COOCTBEHHBIE
3HaueHus. PagnanbHoe ypaBHEHUE
[Ipenunrepa. [ToBeaenne paguanbHOU
BOJIHOBOH (DYHKIIMH Ha OONBIINUX U MaJIbIX
pacCTOSTHUAX OT LIEHTpA MOJIA.
Bonoponononobusiii atom
(PHepreTUyecKue YpOBHH U CTPYKTYpa
BOJTHOBBIX (DYHKIIMI TUCKPETHOTO CIIEKTPA;
«CIly4aitHOE» BBIPOKACHUE; PaIUAIIbHAS U
YIJI0Bas IJIOTHOCTH JIEKTPOHHOTO 001aKa;
CHEKTPOCKOMUYecKasl KiacCu(pUKaIus
COCTOSIHHI; KPYTOBBIE TOKH B aTOME U
MarHUTHBI MOMEHT OpOUTATLHOTO
JBIDKEHUS d7eKTpoHa). KBanToBanue
SHEPTUH BpallleHUs (IPOCTPAHCTBEHHBIN
poTatop). Mojenb ONTUYECKOTO AIEKTPOHA
JUIsI aTOMOB HIEJIOYHBIX METAJUIOB.

Bomnpocs qist
orpoca 1o Teme,
KOJUIOKBUYM

2.3.2 3aHATHS CEMHHAPCKOI0 THIIA

HaunmenoBanue
pazzgena

Temarnka NpakTUYECKUX 3aHATUN
(cemMuHapoB)

dopma TeKyIIEero
KOHTPOJIA




TouHo pemaemblie
KBaHTOBO-
MEXaHUYECKUE
3agaur. OgHOMEpPHOE
JIBUKEHUE.
JBr>xeHue B moie
LEHTPATbHBIX CHJI

JInHelHbI TApMOHUYECKUN OCLUILIATOP.

1. BeruncneHue 3Hepruu HyJIeBbIX
KoJIeOaHU Ha OCHOBE HEPABEHCTBA
I'eitzenbepra.

2. BeruncnieHre aMILTUTY 1 BEPOSTHOCTEH ¢
HOMOILBIO YCIIOBUSI HOPMUPOBKH BOJIHOBBIX
byHKIMH.

3. IIpaBuna ot6opa mms JIT'O.

OmnepaTopbl MOMEHTa KOJIMYECTBA
JBIDKEHUS B c(pepruecKoii cucreme
KOOp/IMHAT.

1. OnepaTopsl MOMEHTA UMITYJIbCA U ETO
MPOEKINH B chepruuecKkoi cucrteme
KOOpJUHAT.

2. Onepatopsl MOBBIIEHUS U TOHWKEHUS
MOMEHTa UMITYJIbCA.

I[BI/I)KCHI/IG MHUKPOYACTUIBI B I10JIC
LOCHTPAJIbHBIX CHJI

HccnenoBanue paHHaHLHOﬁ IIJIOTHOCTH
BCPOATHOCTHU B BOI[OpOIlOHOI[O6HOM aToOMC.

Komnnoksuym.

[Tpubnmxennsle
METO/Ibl KBAaHTOBOM
MexaHuku. Teopus
BO3MYILIEHUM

KBaHTOBBIE MTEpeX0/Ibl B YCIOBUSIX
HECTAIIHOHAPHOT'O BO3MYILICHUS.

1. BeposITHOCTH KBaHTOBBIX IEPEXO0/I0B MO
BIIUSTHUEM MEPUOINYECKOTO BO3MYIIICHHUS.
DJIEKTPUIECKHE TUTIOIBHBIE TIEPEXOIBL.

2. [IpaBuna orbopa 11 OpOUTATBLHOTO U
MarHUTHOTO KBaHTOBBIX YHCEIL.

3. Beruucnenue ko3¢ pureHTon
OWHIITeHHA.

4. EcrecTBeHHas IIMPHUHA SHEPTETUYECKOTO
YpPOBHSI.

5. Yrpyroe paccesiHue 4acTHIl B IEPBOM
NpUOJINKEHUU TEOPUHU BO3MYILEHUH.

B3aumopeiicTBre KBAHTOBOM CHCTEMBI C
AJEKTPOMATHUTHBIM TTOJIEM

1. JIByxypoBHEBasl cucTeMa B ToJie
AJEKTPOMATHUTHON BOJIHBI.

2. [lepexoapl B TUCKPETHOM CIIEKTDE.

3. KBaHTOBBIC ITepex0/Ibl U3 AUCKPETHOTO
CIIEKTpa B KOHTUHYYM.

Komnoksnym

COuH U CUCTEMEI
TOXIECTBEHHBIX
YaCTHUIL

CnuH a51eKTpoHa

1. IlepecTaHOBOYHBIE COOTHOLICHHUS [Tt
OIIEpaTOpPOB CIHHA.

2. Marpuus! [aynn.

3. OnepaTopbl MOBBILICHUS U TTOHMKEHHS
MPOEKIINY CIIMHA.

AToM renus.

KonTponbHas
pabota Ne2:
OIIpe/ieNICHUE
OCHOBHBIX TEPMOB
JUI IEPEXO/IHBIX U
PEeAKO3EMENIbHBIX
JJIEMEHTOB




1. IIpuMeHeHrEe TEOPUU BO3MYLICHUM
JIBYXKPAaTHO BBIPOKJEHHOTO YPOBHS JUIS
OIpEENICHUS] PHEPIETUUECKOTO CIIEKTPa
JIBYX3JIEKTPOHHON CUCTEMBI.

2. OOMEHHBIHN U KYJIOHOBCKUH MHTETPAJIBL.
3. Onpexnenenue BUAa TPUILUIETHBIX U
CHHIJIETHBIX BOJTHOBBIX (DYHKITHIA.

4. OpTo- 1 mapareaui.

Mornekyna Bogoposa

1. Pacuer 3HEpreTHYECKOro CIEKTpa
MOJIEKYJIbl BoJlopoJia. IHTerpasl
O0OMEHHOT0 U KYJIOHOBCKOT'O
B3aUMO/JICHCTBUS, UHTErpall
HEOPTOTOHAJILHOCTH.

2. Onpenenenue BU1a BOJHOBBIX (YHKLUMH
C YYETOM UX CBOMCTB CUMMETPHHU.

3. YcraHoBneHue Kpurepus 00pa3oBaHUs
MOJIEKYJIbl BOJIOPOJIa U TOMEOIIOIIPHOM
XUMHYECKOMN CBSI3U.

MHOTr03J1€KTPOHHBIE CUCTEMBI

1. Brruucienue opOUTalIbHOTO, CIIMHOBOTO
¥ TIOJIHOTO MOMEHTA KOJIMYECTBA JABMKEHUS
MHOT'O3JIEKTPOHHBIX aTOMOB.

2. OmpenieneHrne OCHOBHBIX TEPMOB
MHOT'0OJIEKTPOHHBIX aTOMOB C YU4&TOM
npaBui XyHaa.

3. Beruucnenue 3¢ ¢peKTUBHOTO Yncia
MarHeToHoB bopa.

2.3.3 JlaGopaTopHbIe 3aHATHUSA
He npeoycmompenut

2.3.4 IlpumepHasi TeMaTHKa KYPCOBBIX PadoT (IIPOEKTOB)
He npeoycmompeno

2.4 IlepedyeHb y4eOHO-METOANYECKOr0 O0ecneYeHHsl I CaMOCTOSATEeIbHOI padoThl
o0y4yammxcs Mo AMCHUILIHHE (MOLYJII0)

[Tepeuenb yueOHO-METOAMUECKOTO 00ECTIEYeHHS JUCIUIUINHBI IO
Ne Bun CPC BBITMIOJTHEHUIO CAMOCTOSATEIbHOU padOThI

1 2 3

1| TIlpopabotka |baiikos, FO.A. KBanToBas mexanuka: yueoHoe nocodue / FO.A. Baiikos,
y4eOHOro B.M. Kysnenos. — M.: U3narensctBo "JIabopaTopus 3nanuit", 2015. —

(Teoperudeckoro)|294 ¢. — Pexxum noctyna: https://e.lanbook.com/book/70719.
Marepuasa

2 | Brmonnenue |BaitnOepr, C. KBanToBas Teopus nomus. T.1. OOmias Teopust [ n1eKTpOHHBIN
uHauBUAYyanbHbIX pecypc] / C. Baitn6epr; nox pen. B.U. XKykosckoro; nep. ¢ anri. B.Y.
3aJlaHUuU Kykosckoro. — M.: ®uzmarnut, 2015. — 648 c¢. — Pexum gocryna:
(moxroroska |https://e.lanbook.com/book/91164.




COOOIIIECHUIA,
MIPE3CHTAIINN )

3 Pedepar Cob6ounes, C.B. OCHOBBI HEPENATUBUCTCKON KBAHTOBOM MEXaHUKH: Y4eOHOE
nocobue / C.B. Cobones. — M.: ®usmariaut, 2016. — 144 ¢. — Pexum
noctyna: https://e.lanbook.com/book/105005

3. O6pa3oBaTe/ibHbI€ TEXHOJOTHH

B cootBerctBum ¢ TpeboBanusmu OI'OC mpu peanuzanuu pa3inyHbIX BUAOB Y4eOHOM
paboThl B mpolecce U3yudeHHsl AMCLUIUIMHBI MPEelyCMaTpPUBAETCS HCIOJIb30BAHHUE B y4eOHOM
npoliecce CIeyoIUX aKTUBHBIX M HHTEPAKTUBHBIX (HOPM MPOBEICHHS 3aHATHI:

® JICKIUU;

® [10/IOTOBKA MMMCBbMEHHBIX peepaToB 10 TeMaM Kypca;

¢ BrinonHeHne MHIMBUAYATbHBIX 3aJaHUH (IIOATOTOBKA COOOILEHUH, IPpe3eHTali).

4. OueHoYHbIE H MEeTOHYECKHE MAaTePHAJIbI

4.1 OueHoYHBbIE CPeACTBA JAJsl TEKYIIEro KOHTPOJISI yCIIeBAeMOCTH U IPOMEKYTOUHOM
aTTecTAlH

OrneHouHble CcpelCcTBa MNpEJHAa3HAYeHbl U KOHTPOJIE M OLEHKH 0O0pa30BaTeNbHBIX
JOCTIDKEHUH 00ydYaromMXcsi, OCBOMBIIUX HPOTpaMMy Yy4eOHOH IUCHWIUIMHBI «HA3BaHUE
JUCLUIUTMHBDY.

O1eHOYHBIE CPEJCTBA BKIIOYACT KOHTPOJIbHBIE MAaTEpPHAIIbl Ul MMPOBEACHUS TeKYIIero
KOHTPOJIs B (popMe 3a1aHuil 0npoca, pa3HOYPOBHEBBIX 33]a4, U MPOMEKYTOYHOM aTTecTAUH
B (popMe BOIIPOCOB U 33JIaHUM K IK3aMEHY.

OneHouHble cpencTBa Uil HMHBAJIMIOB W JIMI C OTPAaHUYEHHBIMH BO3MOKHOCTSIMHU

3JI0pOBBSI BHIOUPAIOTCS C YYETOM UX WHAMBUIYATBHBIX TICHXO()HU3UYECKIX OCOOCHHOCTEM.

— IpY He0OXOAMMOCTH UHBAIM/IAM U JIULIAM C OTPaHUYE€HHBIMU BO3MOKHOCTSIMH 3/I0POBbS
MIPEOCTABIISETCS JOTIOJHUTEIFHOE BPEMS JIJIs IOATOTOBKU OTBETA HA SK3aMEHE;

— IIpU MPOBEJICHUH HPOLEAYPbl OLIEHUBAHUS PE3YyIbTaTOB 00yUeHHs] HHBAINIOB U JIULL C
OTPaHUYECHHBIMH BO3MOXXHOCTSIMH 3/I0pPOBBSI TIPEAYCMATPUBACTCS MCIIOIh30BAHNE TEXHUUECKUX
CpeACTB, HEOOXOIUMBIX UM B CBSI3U C UX MHAWBUIYAIbHBIMU OCOOEHHOCTSIMH;

— TIpY HEOOXOAUMOCTH JIJIsl 00YHAFOIINXCS C OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 370POBBS
U MHBAJIUAOB TpOLEAypa OLEHMBAHUSA pPE3yJbTaTOB OOYyYEHHUS IO AMCHUUIUIMHE MOXKET
MIPOBOJUTHCS B HECKOJIBKO ITAIIOB.

ITponienypa oneHMBaHUs Pe3yJIbTATOB OOYYEHHsS MHBAJIUIOB U JIUI] C OrPaHUYEHHBIMHU
BO3MOXKHOCTSIMH  3JIOPOBBSI IO JTUCHUIUIMHE (MOJIYJIIO) TMpelycMaTpuBaeT IPeI0CTaBICHUE
uHpopmanuu B (opMax, AAANTUPOBAHHBIX K OrPAaHMYEHHMSIM HX 370POBbS U BOCIPHUSATHS
uH(popMauu:

Jist U1 ¢ HapyIIEHUSIMH 3pEHMSL:

— B MieyaTHOM popme yBeIHMUEHHBIM HIpUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JUiist U1 ¢ HapyIIEHUSIMH CITyXa:

— B I1e4aTHoM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JUist a1 ¢ HapyIIEHUSIMH OTIOPHO-/IBUTATEJILHOTO anapara:

— B TIe4aTHOU opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JlaHHBIN TIepeYeHbh MOXET OBITh KOHKPETH3HPOBAaH B 3aBHCHMOCTH OT KOHTHHTEHTA
00ydaromuxcs.



TunoBbie KOHTPOJIbHBbIE 3aJaHUS WJIN HHbIE MATEPHAJIbl, He00X0AUMbIe 1JIsl OLleHKH
3HAHUN, YMEHMid, HABBIKOB M (WJIH) ONbITA JEeATEJbHOCTH, XaAPAKTEPHU3YIOIIUX ITANbI
(opMupoBaHHA KOMIETEHUNH B IIpoLiecce 0OCBOEHHs 00pPa30BaTeILHOI MPOrpaMMbl

Bonpocel onpocos

Ne 1. DKCHEPUMEHTAJIbHBIE OCHOBbI I MATEMATUYECKUI AIIITAPAT
KBAHTOBOW MEXAHMKH

1. ®opmyna Ilnanka.

2. Teopust hoTOHOB DHHIITEIHA.

3. IucKpeTHOCTh aTOMHBIX COCTOSIHUM. Teopust BoIopo1omo100H0ro aroma o bopy.

4. BosiHoBbIe cBOMCTBA yacTull. [ unoresa ne bpoitis.

5.0mnmcanue COCTOSHUS C TIOMOIIIBIO BOJTHOBOW GyHKIMU. BomHoBas dyHkus ae bpoiins
JUIs CBOOOTHOW YaCTHIIBI.

6. CratucTuyeckasi HHTEpIIpETalus BOJTHOBOW (DyHKIIUH.

7. Ypasuenue J. llIpenunrepa.

8. CranoHapHbIe COCTOSTHUSA.

9. [110THOCTH TOKA BEPOSTHOCTH.

10. ConocTaBieHue onepaTopoB PU3NYECKUM BEIMYMHAM B KBAHTOBOW MEXaHUKE.

11. IlpuHuun cynepno3uiUu COCTOSSHUM U JIMHEHHOCTh OIEepaTopoB B KBAaHTOBOM
MEXaHHUKe.

12. CobcTBeHHBIC (DYHKIMU M COOCTBEHHBIE 3HAYCHUS OTIEPATOPOB.

13. CamoconpsikeHHBIE OnepaTopbl. BemecTBeHHOCTh X COOCTBEHHBIX 3HAUCHUM.

14. OpTOoroHanbHOCTh U HOPMUPOBKA COOCTBEHHBIX (DYHKIIUA.

15. Cpennue 3HaueHUs PU3HUECKUX BEIUYHH.

16. KommyTtanus omneparopoB. YCJIOBHE COBMECTHOM OIpEeAeNeHHOCTH (HHU3MUECKUX
BEJIMYKH.

17. HepaBenctBo ['eitzen0epra. CoOOTHOIICHHE HEOTIPEACIICHHOCTEH.

18. l3mMeHeHMe BO BpEeMEHH CpPEAHMX 3HAYCHUH  (PU3UYECKUX  BETUYMH.
JuddeperumrpoBanue onepaTopoB MO BPEMEHH.

19. 3akoHBI COXpaHEHUsI B KBAHTOBOW MEXaHUKE U MX CBSI3b CO CBOMCTBAMHM CHUMMETPUHU
IIPOCTPAHCTBA U BPEMEHH.

20.Teopemsl Dpendecta. [IpuHIMT TPUIUHHOCTH B KBAHTOBOW MEXaHUKE.

21.00600meHune ypaBHeHus [ amuiibToHa-Ik00M B KBAaHTOBOM MEXaHUKE.

22 IlpenenbHbIN Iepexo]] K KJIaCCUUECKON MEXaHUKE.

Ne 2. TOYHO PEITAEMBIE 3AJJAYM KBAHTOBOU MEXAHUKHW: OJTHOMEPHOE
JABWXEHUE. IBKEHUE B ITOJIE IEHTPAJIBHBIX CUJL

1.Yactnna B OTEHINAIBHOM SILIMKE.

2.JInHenHbIl TApMOHUYECKUN OCLIAIUIATOP.

3.B3aumoneiicTBUE MUKPOYACTHUILIBI C TPSIMOYTOJIbHON MOTEHUUATbHON CTYNEHBKOM.

4.TIpoxox/1eHHe YacTUIIbl Yepe3 MOTeHIMAIbHBINA 0apbep. TyHHENbHbIH AP HEKT.

5./IBMKeHME B IEHTPaJIbHO-CUMMETPUYHOM T10JIe. Pa3ienenne nepeMeHHbIX B ypaBHEHUHT
[Ipénunrepa.

6.CobcTBeHHBIE (PYHKIIMN U COOCTBEHHBIE 3HAUEHUS ONlEpaTOpa MOMEHTA UMITYJIbCa.

7.PagnanbHoe ypaBHeHue llIpénunarepa. DHEpreTHUECKHl CIIEKTP BOIOPOIOMOI00HOTO
aToma.

8.PasnanbHble BOJHOBBIE (YHKIMH CTAllMOHAPHBIX COCTOSHUI BOJOPOJIONOA00HOTO
aToMa M pajuaibHasi INIOTHOCTh BEPOSITHOCTH.

9.Knaccugukanust COCTOSHHUI B aTOMe BOJOPO/Ia.

Ne 3. TEOPUS BO3SMYIIIEHUIA

1. CraunonapHas TeOpusl BO3MYILEHUI HEBBIPOKAECHHOIO YPOBHS.

2. CraunoHapHas TeOpHUsl BO3MYILIEHUHN NPU HATUYUH BBIPOKIACHHUS.

3. Teopus BO3MyILIEHUS, 3aBUCSILETO OT BpeMeHU. KBaHTOBbIE IEPEXO/IbI IO BIUSHUEM
BO3MYILIEHHUS, IEPUOANYECKU 3aBUCSIIETO OT BPEMEHH.




4. BeposITHOCTh JJEKTPUUECKUX JUMOJBHBIX TIEPEXOJOB TMPU B3aUMOJICUCTBUU
3apsKEHHON YaCTUIBI C AJIEKTPUUYECKUM T1OJIEM AJIEKTPOMArHUTHOM BOJHBI.

5.Koaddunmentsr DitHiTeiiHa.

6.[1paBuna otOopa 111 OpOUTAIIBHOTO M MATHUTHOT'O KBAHTOBBIX YHCETI.

Ne 4. CITMH U CUCTEMbBI TOXAECTBEHHbBIX YACTHUII

1. CiuH 25eKTpoHa. DKCIEPUMEHTAIBHBIC (DaKTHI.

2. Oneparopsl cnuHa. Matpuus! [aynu.

3. IlonHblii MOMEHT KoJIMYecTBa [JBIWXKEHHUS diekTpoHa. CnuH - opOuTambHOE
B3alUMOJICHCTBUE.

4. ToHKasi CTPYKTypa CIEKTPOB BOJOPOAOIIOT00HBIX aTOMOB.

5. Hopmaunbusiii a3 ext 3eemana.

6. AnomanbHbIi ekt 3eemana.

7. llpuHLIUN HEPAZTUYUMOCTH OJJUHAKOBBIX MUKPOUYACTHII.

8. CuMMeTpHUUHbIE U AaHTUCUMMETPUYHBIE COCTOSAHMS. B030HBI U GEepPMUOHBIL.

9. ITpunuun [Naynu.

10. Ilepuoauueckas cucrema siementoB J[.M. Menaeneena.

11. Atom renus. [Tapa- u oprorenuii. OGMeHHOE B3aMMOJCHCTBHE.

12. Monekyna Bogopoaa. [Ipupoia KOBaJIeHTHOM XUMUYECKOM CBSI3H.

13. CrivH ¥ BaJIEGHTHOCTb.

Ilepeuens uacmu Kkomnemenyuu, npoeepsaemvlx oyenounvim cpeocmeom: I11K-1 (3uatn),
I1K-2 (3HaTB).

IIpumepHBIii BADHAHT KOHTPOJILHOH padoThI
1. JIuHEHHBIM TapMOHHMYECKMH OCLWUIATOP C 3apsJOM € IIOMEIIEH B OJHOPOIHOE

AIEKTPUUYECKOE T0JIe HAMPSHKEHHOCTHIO €, HAIMIPaBIEHHOE BIOJb OCU KoyiebaHwuii. PaccmarpuBas
NEHCTBHUE JEKTPUUECKOTO MO KaK BO3MYIIICHHE, HATH MOMPaBKH MEPBOTO M BTOPOTO MOPSIKA
K DHEPruu OCHWLIATOpa. B ueM 3akiouaeTcsi BIMSHUE HAIOKEHHOTO 3JEKTPUYECKOro Mojsi?
[Toxaxkute, YTO BHENIHEE DJIEKTPUUECKOE II0JE€ MOXKET «IOJABUTh» HYJIEBbIE KoJeOaHUs
ocumsuisitopa. [Ipu kakom mose 3To BO3MOXKHO?

2. HaiiTu nomnpaBKM NEpPBOro MOPsAAKAa K YPOBHSIM SHEPTrUU U BOJHOBBIM (YHKIUSM
AIIEKTPOHA, JIBUXKYILErocs B CHEepUUECKU-CUMMETPUYHOM I0JI€, B IPUCYTCTBUH OJHOPOJHOIO
MAarHuTHOTO TOJIs, HAIIPABJIEHHOI'O BJIOJIb OCU Z. YUYECTh, YTO HEBO3MYIUEHHBIMU BOJIHOBBIMU

A

(GYHKIUSAMU SBISIOTCS COOCTBEHHBIE (PYHKIIMHU ONEpaTopa MpOeKIIu: MOMeHTa umMityibca K, .

3. Ilpu paccMOTpeHHH BOIOPOJOIOM00HBIX aTOMOB OOBIYHO CUUTAETCS, YTO IIEKTPOH
HaxXoIUTCA B KYJIOHOBCKOM II0JIE aTOMHOI'O sApa. HpI/I OTOM HC YUHUTBIBACTCA OTJINYUC I10JIA OT
KyJIOHOBCKOTO B 00J1aCTH caMoro sijpa. HalTi monpaBKy nepBoro nopsiika K OCHOBHOMY YPOBHIO
SHEPTHH, 00YCIOBICHHYIO KOHEYHBIMHU pa3MepaMu Spa, CUNTAst AP0 PABHOMEPHO 3apsKEHHBIM
mapukoM paguyca I, ~107?cn . Pamuyc nepsoii Goposckoii opbutel a~10° cu. B xauectse

oneparopa BOSMYIICHUS IPUHATH
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Bomnpocskl Kk 3xk3aMeHy

®opmymna [Inanka. BomHoBbIe cBolicTBa yactull. I'unoresa ne bpoiins. Teopust poToHOB
OiHmTeHa. JIMCKPETHOCTh aTOMHBIX COCTOSTHUM. Teopust BOJAOPOI0II0100HOTO aToMa 1o
bopy.

Ornucanue COCTOSTHUS C TIOMOIIBIO BOJIHOBOHM (GyHKIMK. BomHoBas (ynkmus ae bpoiins
JUis cBOOOTHON yacTHIbl. CTaTUCTUYECKast HHTEPIPETAIsI BOJIHOBON (YHKIINH.
VYpaBuenue O. lIpenunrepa.

CranoHapHbIe COCTOSHUS.

[110THOCTH TOKA BEPOSTHOCTH.

ConocrapneHue orneparopoB (pU3NYECKUM BEIMYMHAM B KBaHTOBOM MexaHuke. [IpuHiun
CYNEpPHO3UIMN COCTOSHUNW U JIMHEWHOCTh OMNEpaTOPOB B KBAHTOBOW MEXaHHKE.
CoOctBeHHble (pyHKIMM W COOCTBEHHBIE 3HAYCHHS OrneparopoB. CaMOCONpsKEHHBIC
orepaTopsl. BelecTBeHHOCTh MX COOCTBEHHBIX 3HAUCHUH.

OpTOroHanbHOCTh 1 HOPMUPOBKA COOCTBEHHBIX (QYHKIUH.

Cpennuie 3HaueHUsT GU3NIECKUX BETUUHH.

KommyTanus onepatopoB. Y ci10BuE COBMECTHOW OMPENEICHHOCTH (PU3NIECKUX BETTHUMH.

. HepaBenctBo I'eiizenOepra. CooTHOIIEHUE HEOMIPEICTIEHHOCTEH.
. I3MeHeHune BO BpeMECHH CpeIHUX 3HaUeHUH (pu3ndeckux BenuyuH. uddepeHnnpopanme

OIEPATOPOB IO BPEMEHH.
3aKoHBI COXpaHEHUsI B KBAHTOBON MEXaHHWKE M UX CBSI3b CO CBOMCTBAMH CHMMETPHUU
MIPOCTPAHCTBA U BPEMEHH.

Teopemsl Dperdecta. [TpuHIHI TPUIMHHOCTH B KBAHTOBON MEXaHUKE.

O6o6mienue ypaBHenus [ 'aMmunbToHa-K00M B KBaHTOBOM MEXaHHKE.

[IpenenpHbIN MEPEXo]] K KIACCUYECKON MEXAHUKE.

Yactuia B HOTEHIIMAIIBHOM SILIUKE.

JInHEeNHbBI TApMOHUYECKUNA OCLUILIATOP.

B3anmoneincTere MUKpOYaCTHULIBI C IPSAMOYTOJIbHOM TOTEHIUAIIBHON CTYIIEHBKOM.
[TpoxoxaeHne 4yacTulbl uepe3 NoTeHIMaIbHbIN Oapbep. TyHHENbHbIN 3P PexT.
JIBr>keHMEe B LIEHTPaIbHO-CUMMETPUYHOM ToJie. Pa3nenieHne nepeMeHHbIX B YPaBHEHUHU
[IIpénunrepa.

CobctBeHHbIe GYHKIINHM U COOCTBEHHBIE 3HAUEHUS OllepaTopa MOMEHTA HUMITYJIbCA.
PamuansHoe ypaBuenue IlIpémnunrepa. DHEpreTUYECKUN CHEKTP BOJIOPOIONOI0O0HOTO
aroMma.

PanunanbHbie BOTHOBBIE (PYHKIIUU CTAIIMOHAPHBIX COCTOSIHUM BOJIOPOIOTIOIOOHOTO aToMa
Y paJialibHasl INIOTHOCTh BEPOSITHOCTH.

Knaccudukanus coctossHuii B aToMe BOIOPO/Ia.

CranunonapHas Teopusi BO3MYIIEHUH HEBBIPOKJACHHOTO YPOBHSI.

CranuoHapHasi TeOpUsi BO3MYILIEHUH TPU HAJTUYUU BBIPOKACHUA.

Teopust BO3MyIlIEHHs], 3aBUCAILETO OT BpeMeHU. KBaHTOBbIE MEpeXoibl MO BIUSHUEM
BO3MYIIEHUS, IEPUOIUYECKHU 3aBUCSIIETO OT BPEMEHHU.

BeposaTHOCTD 2IIEKTPUYECKUX JUITOJIBHBIX EPEXOI0B IIPU B3AUMOJACHCTBUM 3apsKEHHOM
YACTHUIIBI C TIEKTPUUYECKUM TTOJIEM JIEKTPOMArHUTHOU BOJIHBI.

KoaddurmenTs DUHIITEHHA.

[IpaBuna orGopa 1151 OpOUTATHFHOTO M MATHUTHOTO KBAHTOBBIX YHCET.

CnuH 3eKTpoHa. DKCIepUMEHTAIbHBIE (PaKThI.

Omneparopsl ciuHa. Martpuns [laynu.



33. [lonmHBIE MOMEHT KOJIMYECTBAa JBM)KCHHS JJICKTPOHA. Crma - opOuTanbHOE
B3aWMO/JICHICTBHUE.

34. Tonkas CTpyKTypa CIIEKTPOB BOJOPOIOMOJOOHBIX aTOMOB.

35. HopmanbHstii 3 dext 3eemana.

36. AHomanbHbIN 3¢ dekT 3eemana.

37. IlpuHIUT HEPA3TUIMMOCTH OJJUHAKOBBIX MHUKPOYACTHIL.

38. CuMMeTpUYHbIE U aHTUCUMMETPHYHBIE COCTOSIHUA. b030HBI U (PePMUOHBI.

39. [Ipunuun ITaynu.

40. [Tepmonnueckas cuctema 3nementoB [[.1. Mennaeneena.

41. Atom renus. Ilapa- u oprorenuii. OOMeHHOE B3aMMOJEIICTBHE.

42. Mounekyna Bogopoaa. [Ipupona KOBaJIGHTHOM XUMUYECKOHN CBS3H.

43. CriiH ¥ BAJIGHTHOCT.

6.2 MeToanueckue MaTepUAJbl, ONpeAeJAONINe MPoUeIyPbl OIEeHUBAHUS
3HAHUI, YyMEeHH, HABHLIKOB M (MJIM) ONbITA JEeATEJbHOCTH, XAPAKTEPHU3YIOIUUX ITANbI
(opMupoBaHUA KOMIETEHUM

Meroanyeckue PpeKOMEHIALMHU, OIpeleJsdolue Npoueaypbl OLEHHMBAHHUA HA
JK3aMeHe

HTorosoii popmoit KOHTPOIIST CPOPMUPOBAHHOCTH KOMIIETSHIIUH Y 00YJarOIuXcs 10
JUCLUIUIMHE sIBiIsgeTCs 9k3aMeH. CTyZeHThl 00s3aHbl CaTh SK3aMEH B COOTBETCTBUU C
pacnucaHueM U yueOHbIM IUIaHOM

DOC npoMeKyTOUHOM aTTEeCTallMM COCTOUT U3 BOIPOCOB K dK3aMEHY 110 TUCLUILIMHE.

OK3aMeH 10 AUCHUILIMHE IIpecielyeT 1Lielb OLEHUTh PadoTy CTyEHTa 3a Kypc,
II0JIy4YE€HUE TEOPETUUECKUX 3HAHUM, UX IIPOYHOCTD, PA3BUTUE TBOPUECKOIO MBILIUICHHUS,
nproOpeTeHre HaBBIKOB CAMOCTOSITENIbHOW Pa0OThI, yMEHHE MTPUMEHSTH MOJTyUYeHHBIE 3HAHUS
JUISl PEILIEHUS IPAKTUYECKUX 3a7ad.

dopMa poBEACHUS IK3aMEHA: TUCBMEHHO.

DK3aMeHaTOpy MPENOCTABIIAETCS IPABO 3aJaBaTh CTYIAEHTAM JOIOIHUTEIbHBIE
BOIPOCHI IO BCEeW yueOHOU MporpaMMe JUCHUIIINHBIL.

Pesynbrar ciaym 5K3aMeHa 3aHOCUTHCS IIPETOJAaBATEIEM B 9K3aMEHALIMOHHYIO
BEJIOMOCTh U 3a4ETHYHO KHHKKY.

Kpurepun onenkn:

OlIeHKA «OTJIMYHO»: ITyOOKHE UCUEPIIbIBAIOIINE 3HAHHSI BCETO MIPOTrPAMMHOI0
MaTepuaa, JOTHYECKH IOCIEN0BATEIbHbIE, [IOJIHBIC, [PAMMATUYECKU ITPABUIIbHBIE U
KOHKPETHBIE OTBETHI HA BOIIPOCHI SIK3aMEHAIIMOHHOTO OMJIeTa U I0NOJHUTENbHBIE BOIIPOCHI
YJICHOB KOMHMCCHH; MCIIOJIb30BaHHE B HEOOXOIMMOI Mepe B OTBETaX S3bIKOBOIO MaTepHala,
IPEJICTABICHHOTO B PEKOMEH/IyEMbIX YU€OHBIX TOCOOUSX U IOMOJHUTEIBbHOM TUTEpaType. ;

OLIEHKA «XOPOILLIO0»: TBEPABIE U JOCTATOYHO IOJIHBIE 3HAHUS BCETO IPOrPAMMHOIO
MaTepHaa, Iocie10BaTeIbHbIEC, IPABWIbHBIC, KOHKPETHBIE OTBETHI HA ITOCTABJIEHHBIE BOIIPOCHI
py CBOOOTHOM pearupoBaHUU Ha 3aMeYaHUs 110 OT/AEIbHBIM BOIIPOCaM;

OLICHKA «Y/AOBJIETBOPUTEJIbHO»: 3HAHNE U IOHMMAaHUE OCHOBHBIX BOIIPOCOB
nporpaMmsl, Hamuue He 6osee 50% ommOoK B OCBEIEHUH OT/IENbHBIX BOIIPOCOB OMIIETa;

OLICHKA «HEYI0BJIETBOPUTEIBHO0»: HETOHUMAHUE CYIIIHOCTH U3JIaraéMbIX BOIIPOCOB,
rpyOble OIMOKH B OTBETE, HEYBEPEHHbIE U HETOUHBIE OTBETHI Ha JIOTIOJIHUTENbHBIE BOIIPOCHI
HK3aMEHATOPOB.

MCTOIII/I‘ICCKI/IB PEKOMEHIAUU, ONPEACTAIONINEC NMPOoUECAYPbl OUCHUBAHUA KOHTPOJBHBIX
pador:

KommnonenToMm TEKYIIETO KOHTPOJIA IO JUCHHUIIIIMHE SABJIACTCA KOHTPOJIbHAA pa60Ta B
BUJIC MUCHMEHHOTO PEIICHHS 3a/1au.



MaxkcruManbHOE KOJIHUYECTBO 0aJIOB, KOTOPOE CTYACHTHI MOTYT HOJYYHUTh 32
NPaBWIbHOE pelICHHE 33]]a4 Ha KOHTPOJIBHON paboTe, COCTaBIIsAeT 5 OaIoB.

Crynenu ypoBHEl OCBOEHUS Bupn 3aganus KomnuectBo
KOMIIETEHIIUNI OajuIoB
[Toporossrii KonTponbras pabota 3
bazoBsrii KonrponsHas padora 4
[TponBuHYyTHII KonrponsHas pabora 5

MeToanyeckue peKOMeHAAUMH, ONpee/sIoIe MPoueAyPbl OLEeHUBAHUSA ONPOCa

dopMa poBeACHUA— TMCbMEHHBIN OIIPOC.

JmurensHOCTh onpoca — 20 MUHYT.

Kpurtepun onenkmn:

- OLICHKA «32a4YTEHO» BBICTABJISETCS 3a: YMEHUE UCIIOIb30BATh €CTECTBEHHOHAYYHBIE U
MaTeMaTHYECKUe 3HAHUSA IS aHan3a (PU3MUECKUX SBICHUH U PEIICHUS MPAKTUIECKUX 3a/1a4,
yYMEHHE MOHUMATh IPUIUHHO-CIICCTBEHHbBIE CBS3U, TOHUMATh CYITHOCTh (PU3UYECKUX SIBICHUU.

- OlIeHKA «He 32a4YTeHO0)» BHICTABIIICTCS 3a: HECIOCOOHOCTh BBISIBUTH IIPUYUHHO-
CJIEICTBEHHBIE CBS3H, OTCYTCTBUE HABBIKOB aHATH3UPOBATH (PU3MUECKUN CMBICT OCHOBHBIX
dopMyJ1, ypaBHEHHI, HEyMEHHE pelllaTh 3a7auu JJis IPOCThIX MEXaHUYECKUX MOJIENEH U
MHTEPIPETUPOBATH UX PE3YJIbTATHI.

5. IlepeyeHb OCHOBHOM U 10NOJTHUTEIbHOMH Y4eOHOM JINTEPaTYpPhbl, HEO0X0AMMOM 1JI5
OCBOCHUS AMCHUIIMHBI (MOXYJIs1)

5.1 OcHoBHasi 1MTEpaTypa:

1. BaiixoB, O.A. KBanToBas MexaHuka: ydeOHoe mnocobue / FO.A. baiikoB, B.M.
Ky3znenoB. — M.: U3natensctBo "JIabopaTopus 3nanuit", 2015. — 294 c. — Pexum nocryna:
https://e.lanbook.com/book/70719.

2. Uponos, N.E. 3anaun no kBaHTOBO# (prsmke: yuedHoe mocodbue / U.E. MpomoB. — M.:
UznarensctBo  "JlaGopatopus 3nHanumit", 2015. — 220 c¢. — Pexum pocryna:
https://e.lanbook.com/book/84093.

3. BaiinGepr, C. KantoBas teopus nomnsi. T.1. Obmias teopus [DnekTpoHHbIN pecypc] /
C. Baitn6epr; non pen. B.U. Kykosckoro; nep. ¢ anri. B.Y. XKykosckoro. — M.: ®uzmatiur,
2015. — 648 c. — Pexxum nocryna: https://e.lanbook.com/book/91164.

4. Cobones, C.B. OcHOBBI HEPENATUBUCTCKON KBAaHTOBOIM MEXaHUKH: yueOHoe nmocodue /
C.B. Cobone. — M.: ®wsmarmur, 2016. — 144 c. — Pexum pgoctymna:
https://e.lanbook.com/book/105005.

JIy1st OCBOCHUST TUCHUTUTMHBI MHBAIUIAMH | JIMIIAMH C OTPAHUYCHHBIMUA BO3MOKHOCTSIMHU
3I0pOBbS MMEIOTCSI M3JaHHsI B DJIEKTPOHHOM BHJIE B JJEKTPOHHO-OMOIMOTEUHBIX CHCTEMax
«/lanvy u « FOpaumy.

5.2 lonostHMTe/ILHAS JIATEPaTypa:

1. Jlanmay JILJ. Kypc teopernueckoit ¢usuxku. Tom III. KsanroBas mexaHuka
(HepeNATUBHUCTCKAs TeOpHUs) [ DIEKTPOHHBIN pecypc|: yuebHoe mocodue ais By3os/ Jlangay JI.JI.,
JIupumun E.M.— DnexTtpoH. TekctoBele aanHble. — M.: ®U3MATIIUT, 2004. — 798 c.—
Pexxum noctyma: http://www.iprbookshop.ru/17288.

2. brnoxunnes JI.1. OcHOBBI KBaHTOBOM MexaHuku - M.: Hayka, 1983.

3. MarseeB A.H. Aromnas ¢usuka - M.: Beiciras mkona, 1989.



4. Coxonos A.A., TeprnoB .M., Kykosckuii B.U. KBantoBas mexanuka, - M.: Hayka,

1979.

5. IInonbckuit 3.B. AtomHas pusuka, T. 1 u 2. — M.: Hayka, 1984.

6. HasweimoB A.C. KBantoBas mexannka. — M.: Hayka, 1973.

7. MynranoBckuii B.B., Bacunesckuit A.C. Kypc Teopernueckoit ¢pusuku. KBaHTOBas
Mexanuka — M.: [IpocBemenune, 1991.

8. ®epmu D. KBanToBas Mmexanuka. Koncnekr nekuuii. — M.: Mup, 1968.

5.3. [lepuoauyeckue U3IaHusA:

BOoo~Nooa~WNE

XKypHain npukiaagHOH MEXaHUKH U TEXHUUECKOW (PU3UKU

Kypnan texunueckon Hpu3uku

N3zsectus BY3o0B.Cepust: Pusuka

NnxenepHas gpusuka

IIpukinagHas MexaHuka

[TpuknanHas MexaHMKa U TEXHUUYECKas (pU3nKa

Teopernueckas 1 MaTemMaTudeckas (pru3uka

Ycenexu MexaHuKu

Ycenexu Gpu3nuecKkux HayK

0. VYwuensle 3anucku KazaHCKOro rocyaapcTBeHHOro yHuBepcutera: cepus: OU3HMKO-

MAaTCMaTUYCCKHUEC HAYKU

6. MeTonnueckne yKa3aHus 1Jisl 00y4aOUIUXCS M0 OCBOEHHUIO U CHHUILIMHBI (MOTYJIs1)
DKk3aMeH MpOBOJUTCS B KOHIE ceMmecTpa. Ha »K3aMeH OLleHHMBalOTCA TMOJIy4YCHHbIS
TEOPETHUUYECKUE U TMPAKTUYECKUE 3HAHHS, UX MPOYHOCTh, PA3BUTHE TBOPUYECKOT'O MBIILICHUS,
MpHOOpETEHUE HABBIKOB CAMOCTOATEIBHOM PabOThl, yMEHHE CHHTE3UPOBATh MOyUYEHHBIC 3HAHUS

W IPUMCHSTH UX.

Bun yuebnbix
3aHATHHI

OpFaHI/I?,aIII/IfI ACATCIIBHOCTH CTYyACHTA

Jlexuusa

[Ipu usyuenun reopernyeckon GU3MKN OYEHb BAXKHO MOCEIIATh JEKIUU U
MOJIpOOHO 3aMMChIBATh U3JIaraeéMblii Ha HUX MaTepuan. 3To 00ycIOBIEHO
TEM, YTO B YUEOHBIX NOCOOUSAX HE COAEPIKATCS JIeTaIbHbIE

MaTeMaTHYCCKUC HDCO6Da3OBaHI/I$I. CTaHI[apTHLIfI MCETOA HU3JIOKCHUA

CBOJIUTCS, KaK ITPaBUJIO, K 3aMEYaHUSAM TUIIA: «KaK HETPYJIHO I10Ka3aThy,
«TOCTIe HECTIOXKHBIX MPeoOpa3oBaHmil moayuum» U T.11. O HAKO, 32 STUMU
TaK Ha3bIBAEMBbIMU «HECII0KHBIMH MPeoOpa3zoBaHUSIMI» 0OBIYHO
CKPBIBAIOTCSI HECKOJIBKO CTPAHUI] MATEMAaTUYECKUX MTPEOOPa30BaHUT,
MIPEK/IEe YeM MOTyuuTcs TpedyeMblil pedynbrar! DTy cnenupuky
yueOHbIX TocoOuil He00X0AMMO UMETh B BUy. B mpouecce uTeHus
JIEKIMA MaTepuall U3j1araeTcs J10Ka3aTelbHO, TOJpOOHO, CO BCEMH
IIPOMEXYTOUYHBIMH BBIKJIaZKaMu. [ I[pUcyTCTBYIOINI Ha JIEKIIUU CTYJIEHT

CTaHOBUTCA COYYACTHHUKOM IPOIECCA NMOJTYUYCHHUA BCEX OCHOBHBIX

d)I/ISI/I‘-ICCKI/IX pe3yabTaToB. TOIBKO TAKUM CHOCO6OM, nocTurasd mar 3a

maroM B€CbMa HEIMPOCTHIC BOIIPOCHI, MOXXHO IMMOHATH JIOTUKY AUCHHUILINHBI
" €€ OCHOBHOE COJEPKAHUE.

B nporiecce camocTosTenbHON pabOThI HaJl KYpCOM JICKITUHA HE0OXO MO
YACINTh BHUMAaHUC OCHOBHBIM IMOHATHUAM, ICPCUYNCIICHHBIM B




TEPMUHOJIOTMYECKOM MUHUMYME T10 KaXKJI0MY pa3zeily, U Hay4YUThCs
CaMOCTOSITENIbHO BBIBOAMTD BCE IJIaBHBIE ()OPMYJIIbI M YPABHEHHUS.

[IpakTuueckue [ToaroToBKa K MPaKTUYECKUM 3aHSATHAM MPEIIoaaraeT padoTy ¢

3aHATUSI KOHCIIEKTOM JIEKLIMI M CAMOCTOSITENIbHOE PELICHHE 3a]1a4 U3 JIOMAIIHUX
3aJIaHNH.
KonTponbHas B mporiecce moAroToBKM K KOHTPOJIBHON paboTe HE0OX0IUMO 00paTHTh
pabora BHUMaHHE Ha BOIPOCHI, CHOPMYITUPOBAHHBIE B 3aJaHHUX JJIS

CaMOCTOSITENIbHON pabOThI, a TAKXKe MPOAHATTU3UPOBATh PEILICHHE
TUIMYHBIX 33]1a4 Ha IPAKTHUECKUX 3aHATHIX.

B ocBoeHMM MUCHUTUIMHBI WHBATUAAMH U JUIAMH C OTPAaHUYCHHBIMH BO3MOXHOCTSIMU
3I0pPOBBSl OOJIBIIIOE 3HAYCHHUE HMMEET WHIAWMBUIyaJlbHas yudeOHash pabora (KOHCYJIbTAMH) —
JIOTIOJTHUTEIIFHOE Pa3bsICHEHNE Y4eOHOTO MaTepuara.

WupuBuayanbHble KOHCYJIBTAIMM IO TMPEIMETY SIBISIOTCS BaKHBIM  (aKTOPOM,
CIOCOOCTBYIOIUM HHJIMBUYaTU3allid O0yUEHUS U YCTAHOBJIICHUIO BOCIIUTATEILHOTO KOHTAKTa
MEXJy IMpernojaBaTelieM W OOyYaroIMMCS HWHBAJIUIAOM WU JIMIOM C OTPAaHHYCHHBIMH
BO3MOXKHOCTSIMH 37I0POBBSI.

7. Ilepeyenb MH(POPMALMOHHBIX TEXHOJIOTHI, UCIOJIb3YeMbIX MPH OCYLIECTBJICHHU
00pa30BaTeILHOIO MPoLEcca MO JUCHHUILIHHE (MOLYJII0)
7.1 llepeyeHb UHPOPMATMOHHO-KOMMYHUKANMOHHBIX TEXHOJIOTHA
® 3JIEKTPOHHBIE YYEOHUKU U TIOCOOUS, IEMOHCTPUPYEMBIE C TOMOIIBI0 KOMITBIOTEPA U
MYJIbTUMEIUNHOTO MPOEKTOPA,
® UHTEPAKTUBHBIE JTOCKHU,
® 3JIEKTPOHHBIE YHIUKIIONEINH U CIIPABOYHUKH,
® TPEHAXKEPhI U MPOTPAMMBI TECTUPOBAHMS,
e oOpasoBarenbHbIe pecypchl UHTEepHeTa,
® BHJICO U AYJIUOTEXHHUKA.

7.2 TlepeyeHb JMIEH3UOHHOIO M CBOOOJHO PACIPOCTPAHAEMOr0 INPOTrPAMMHOIO
odecmeueHus

MicrosoftWindows 8, 10

Microsoft Office Professional Plus

7.3 IlepedyeHb COBpEeMEHHBIX NMPO(ecCHOHANBHBIX 0a3 JaHHBIX U HHPOPMALMOHHBIX
CIIPABOYHBIX CHCTEM

B mpomecce paGoThl HaJ KypCcOM CTYIEHTBI MOTYT HCITOJIb30BATh dJICKTPOHHBIC YYeOHBIE
nocoOusi, pa3MeICHHbIE B CETH HHTEPHET, a TAK)KE€ KHUTU 3JIEKTPOHHOM OMOIMOTEYHOMN CUCTEMBI.

http://elibrary.ru/ eLIBRARY — Hayunas snekTpoHHas Onbimoreka.

http://www.edu.ru - Karamor o6pa3oBaTeibHBIX HHTEPHET-PECYPCOB.

http://ru.wikipedia.org - cereBas >HIMKIONIE AU «BUKATIEIND).

http://www.college.ru - caiiT, coaepXaluii  OTKPBITbIE  YYEOHHKH o
€CTeCTBEHHOHAYYHBIM TUCIIHIUTHHAM.

http://www.edu.ru - Poccuiickoe o0pa3zoBanue - denepanbHbIi OpTAIL.

http://www.krugosvet.ru - cereBas sHImKIONEAUS «Kpyrocser».

http://www.naturalscience.ru - caiT, MOCBSIIIEHHBIN BOITPOCAaM €CTECTBO3HAHHS.



http://elibrary.ru/
http://www.edu.ru/
http://ru.wikipedia.org/
http://www.college.ru/
http://www.edu.ru/
http://www.krugosvet.ru/
http://www.naturalscience.ru/

8. MaTrepua/ibHO-TeXHHYECKOE oDecriedeHne 1o JUCHUIIuHE (MOIYTI0)

Bug padot

MarepualibHO-TEXHHYECKOE 00eCIIeYeHNE TUCIIUTIIMHBI
(MOyJIsT) ¥ OCHAIIIEHHOCTH

JIleKnIMOHHEBIE 3aHATHS

YyeOHast ayaAuTOpust Uil MPOBEACHUS 3aHATUH JIEKINOHHOTO,
CEMUHAPCKOro TUMa

350080 r. Kpacnonap, yn. CopmoBckasi, 173, No22

VYuebHas MeOenb (CTOJBI, CTYJIbS ), IEPCOHAITBHBIA KOMITBIOTED
C BBIXOJOM B CeTh VIHTEpHET, MPOEKTOp, IKpaH, MeJoBas
Jocka,  jabopaTopHble  KOMIUIEKCHI — Jjig  y4eOHOU
MIPAKTUYECKOW M IPOEKTHOM ACATEIBHOCTU II0 €CTECTBEH-
HOHAYYHBIM JAMCIHUILUIMHAM

CemuHapckue 3aHATUS

YueOHast ayaAuTopust Ui MPOBEACHUS 3aHATUH JIEKIIMOHHOTO,
CEMUHAPCKOro TUIIa

350080 r. Kpacnonap, yn. CopmoBckasi, 173, Ne22

VYyebnas me0Oenb (CTONbI, CTYJIbs), IEPCOHAIBHBIA KOMIBIOTED
C BBIXOJOM B CeTh VIHTEpHET, MPOEKTOp, PKpaH, MeJoBas
nocka,  jabopaTopHble  KOMIUIEKCHI — Aid  y4eOHOU
MIPAKTUYECKOW M IPOEKTHOM JEATEIBHOCTH IO €CTECTBEH-
HOHAYYHBIM AUCIHUILUIMHAM

['pymnmioBsie
(MHAUBUAYAJIbHBIC)
KOHCYJIbTAIIHH

VYyeOHast ayaAuTopust Uil MPOBEACHUS 3aHATUH JIEKINOHHOTO,
CEMUHAPCKOro TUIIa

350080 r. Kpacnonap, yn. CopmoBckasi, 173, Ne22

Yyebnas meOenb (CTONbI, CTYIbs), IEPCOHAIBHBIN KOMITBIOTED
C BBIXOZOM B CeTh VIHTEpHET, MPOEKTOp, PKpaH, MeJoBas
nocka,  jabopaTopHble  KOMIUIEKCHI — Aid  y4eOHOU
MIPAKTUYECKOW M TMPOEKTHOM AECATEIBHOCTH II0 €CTECTBEH-
HOHAYYHBIM JUCIUILUIMHAM

Tekymuii  KOHTpPOJIb,
IIPOMEXKYTOYHAS
arrecTanus

VY4eOHast ayaAuTOpHst Uil TPOBEACHHS 3aHITHN JIGKIIMOHHOTO,
CEMHHApPCKOIo THIa

350080 r. Kpacnonap, yn. CopmoBckasi, 173, Ne22

VYyeOHast MmeOenb (CTOMBI, CTYJIbs), IEPCOHATIBHBINA KOMITBIOTEP
C BBIXOJOM B CeTh VIHTEpHET, MPOEKTOp, DKpaH, MeloBas
JI0cKa,  Ja0opaTopHble  KOMIUIEKCHI s y4uyeOHOH
MIPAKTUYECKOW M TPOEKTHOM AECATEIBHOCTU II0 €CTECTBEH-
HOHAYYHBIM JIUCHUIUIMHAM

CaMocrosTenbHas
pabota

bubmmorexa (Kpacuonap, yin. CopmoBckasi, 173)
VYuebHas mebenb (CTOJbI, CTYJIbs), IEPCOHAIbHBIE KOMIIBIOTEPHI
C BBIXOJIOM B ceTh MIHTEpHET.




