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MHMNHOBPHAYKU POCCUN
\,} DenepanbHOE rocyJapCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
@ YUpEKIECHHUE BBICIIETO 00pa3oBaHUsL

«UensOunckuit rocynapcrsenHslil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas nporpamma aucuuminasl "KBantoBas Teopus” Mo HapaBlIeHHIO TOATOTOBKH (crenuanpHoctd) 03.03.03
"Pammodusnka" HanpaBieHHOCTH (Tpodmto) TerekoMMyHNKaMOHHbEIE CHCTEMBI M HH()OPMAITHOHHBIE TEXHOIOTHH cTp. 3
OI'BOY BO «Henl'V»

1. HEJIX OCBOEHUMA TUCHUTIINHBI

HCJ'II) JUCIHUILINHBL «KBaHTOBas TCOpUs» COCTOUT B 06y‘IeHI/II/I OCHOBaM KBaHTOBOM TCOpHH.

OCHOBHBIE 33J1a4U JUCITUTUTHHBI:

- U3yYeHHE OCHOB KBAHTOBOW TEOPUH, OCHOBHBIX MOHSTHH, 3aKOHOB ¥ MOJIeJieii KBAaHTOBOM TEOPHH;

- U3y4eHHe MaTeMaTHIEeCKOro alapara KBaHTOBOI Teopuy;

- IOJTY4YC€HHE HAaBbIKOB PCIICHUS 3a/1a4, CBA3aHHbIX C KBAHTOBBIMU CUCTEMaMHU.

Pe3yJILTaTBI O6y‘IeHI/IH 110 JUCHUILUIMHE HAITPAaBJICHBI HA JOCTHXXCHUEC NHIUKATOPOB!

OIIK-1.1. O6nanaer 6a30BBIMU 3HAHHUSMH, OTYYCHHBIMHU B 001aCTH (PU3UKU U PagHOU3UKH.

OIIK-1.2. JIleMOHCTpHUpPYET YMEHUE pellaTh 3aaull, GOpMyIUPyeMbIe B paMKax GU3UKU U pafuopU3UKY.

OIIK-1.3. VimMeeT HaBBIKK HCIIOJIB30BAHUS OCHOBHBIX IOHSITHI, TEOPEM, 3aKOHOB (PM3UKU M PaTUO(U3NKH IS PELICHUS 3a/1a4
npodeccnoHaNbHON ASSTENFHOCTH, B TOM YHCIIE B chepe Meaarornieckoi AesTeIbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Huka (pazgen) OITOIT: b1.0.20

2.1 TpeOGoBaHus K MpeIBAPUTENLHOI MOATOTOBKE 00y4YaI0IIEerocs:

TeopeTrnueckas MexaHUKa

MareMaTH4ecKHii aHaau3

BexTopHBIit 1 TEH30PHEIN aHATH3

Juddepennuanbable ypaBHEHUS

OJeKTpoArHAMHKA

2.2 JIncuMnIuHbI U MPAKTUKH, JJIs1 KOTOPHIX OCBOEHHE JAHHOI TMCIHUIIUHBI (MOIYJIs1) He00X0AMMO KaK MpeIllecTByolIee:

N3ny4yenue BonH

[MonynpoBOJHUKOBAS IEKTPOHUKA

KBanrosas pannodusuka

3. KOMIIETEHIIMHX OBYYAIOIIEI'OCA, ®OPMUPYEMBIE B PE3YJIbTATE OCBOEHUSA JUCITUIIJIMHBI
MoAayJis)

OIIK-1: Cnioco0eH npuMeHATH 6a30Bble 3HAHUA B 00/1aCTH (PU3UKHN M PafHO(PU3NKH M HCII0/Ib30BaTh UX B IPOQeCCHOHATBHOM
AesiTeJIbHOCTH, B TOM 4HCJIe B cepe neJaroruuecKoi JesiTeJJbHOCTH;

3HaTh:

Jst noctrxenust OIIK-1.1: TeopeTnueckue 0OCHOBBI, OCHOBHBIE MOHATHS, 3aKOHBI M MOJIETIN KBAaHTOBOM TeOpHUU

YMmern:

Jnst noctmxerns OIIK-1.2: moHNMaTh, U31MaraTh ¥ KPUTHYECKH aHAIU3HPOBATh 0a30BYI0 HH(OPMAIHIO 110 Pa3ielly TEOpeTHIECKOi
¢m3ukn "KBaHTOBas TeOpHs", MOJIB30BATHCS TEOPETHIECKIMU OCHOBAMH, OCHOBHBIMHU MOHATHSAMH, 3aKOHAMH U MOZENSIMH KBaHTOBOM
TEOpUU

Buaanern:

Jnsa nocrmxenus OIIK-1.3: puznyeckumu 1 MaTeMaTH4ECKUMHU METOAaMHU 00pabOTKH U aHaJIN3a MH(OPMAIIKH 110 pa3ieTy
TeopeTnyeckoi Gpusnku "KBaHToBast TeOpus"; HABBIKOM PELICHHS KOHKPETHBIX (GU3MUECKUX 3a1a4

B pe3yabTaTe 0cBOGHMS AMCHUIIIMHBI 00yYaOLIMiics q0/KeH

3.1|3narth:

3.11 TCOPETUYCCKUE OCHOBBI, OCHOBHBIC ITOHATHU S, 3aKOHBI 1 MOJCIIN KBaHTOBOM TCOpUHU

312

3.2|Ymern:

3.2.1|moHnMaTh, U3JIaraTh U KPUTHUESCKH aHATM3UPOBATh 0a30BYI0 HH(GOPMALIUIO 110 pa3ieiny TeopeTHYecKoi Gpu3nuku
"KBanrtoBas Teopus", oIp30BaTHCS TEOPETUIECKUMH OCHOBAMHU, OCHOBHBIMU MOHSATUSIMH, 3aKOHAMU U MOJENISIMU
KBaHTOBOW TEOPUU

© ®I'BOY BO «Henl'V»




MHWHOBPHAYKHN POCCHUA

\)} ®denepanpHOE rocyJapcTBEHHOE OI0KETHOE 00pa3oBaTeIbHOE
YUPEXACHUE BbICIIETO 00pa3oBaHuUs

«Yenabunckuii rocynapcrBenssiii yausepeurer» (PI'bOY BO «Henl'Vy»)

Pabouas nporpamma aucuuminasl "KBantoBas Teopus" Mo HanpaBieHHUIO TOATOTOBKH (crenuansHocTH) 03.03.03

¢duzuku "KBanToBas Teopus"

"Pammodusnka" HanpaBieHHOCTH (Tpodmtio) TerekoMMyHNKaIMOHHbEIE CHCTEMBI M HH()OPMAITMOHHBIE TEXHOIOTHH cTp. 4
OI'BOY BO «Henl'V»
3.3|Bragers:
3.3.1|bm3udeckuMu 1 MaTeMaTHIECKUMHU METOIaMK 00pabOTKH U aHaIKn3a HH(POPMAIIUH 0 Pa3eNny TEOPETUUECKOM

4. OFbEM JUCIHUIIJIMHBI (MOIY.JIST)

O6wwasn TpygoemMKocTb 6 3ET

Yacos 1o yuebHOMYy IutaHy : 216
B TOM UHCIIC :

ayauTopHBbIe 3aHsThs : 138 9K3aMeHEI 6, 7
camMocCTosTeNbHas paboTa : 28,8
94acoB Ha KOHTPOIb : 27
KoHTakTHas pabora: 160,2

Buapr KOHTPOJIST B CEMECTpax:

0eCKOHEYHO BBICOKUMH CTeHKaMH. YacTuIia B IpsAMOYTOJIbHOM NOTEHIIMAIBHOM
siMe. JIucKkpeTHsIN ciekTp. YacTuma B MpsIMOYTOJIBHOM MOTEHIMAIBHOM SIME.
HenpepsiBHsli criekTp. IIpsSMOyroabHbIN MOTEHIATBHBIN Oapbep
(ryrHenupoBaHue). OAHOMEPHBIH TapMOHUYECKUH OCHUIIATOpP. Y CI0BUA
OHOBPEMEHHON U3MEPUMOCTH (PU3NUECKUX BEIHUYNH. Y paBHEHHE
HETPEPhIBHOCTH VIS IUIOTHOCTH BEPOSATHOCTH HAXOXK/IEHHS YaCTHUIIbI B
3aJJaHHBIX KoopauHaTax. KBasukinaccudeckoe aBrkeHue. /Jlex/

UKP: 22,2
5. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHBI (MOAYJIS)
Kon HanmeHoBaHuUe pa3/e/10B U TeM /BUJ 3aHATHS/ Cemectp | Yacos Jlutepatypa
| saHsATHS [ Kvpe
Paznen 1. Beenenne

11 O0nacTs npuMeHeHHs KBaHTOBOM Teopuu. [lepexo oT KBaHTOBOH K 6 4 JI1.1J11.2J11.3
Kiaccuueckoi Mexanuke. OOBEKThI, KOTOPhIC U3ydaeT KBaHTOBas Teopus. Mx JI1.4J12.1 JI2.2
XapaKTepUCTUKHU. SIBICHUs, KOTOPbIE HE OOBSICHAIOTCS € IIOMOLIBIO 013233 54 55
knaccuueckoi ¢pusuku. udpakuus snexkTpoHoB. ['unoresa ne bpoiis.

BousHoBoit naket. [lyanusm: BojHa — yactuua. /JIex/
Pa3nen 2. MatemaTH4YecKHUii annapaT KBAHTOBOI Teopuu

2.1 TIpuniun HeonpeaeneHHoct. [leproauueckne rpaHUYHbBIC YCIOBUS JIISt 6 8 JIL.1J11.2 J11.3
cB0Oo1HOI yactulpl. [TocTpoeHne onepaTopoB PU3MIECKUX BEITHYHH. JI1.4J12.1 J12.2
BonuoBas ¢ynkuusa. CtaTHcTHYECKas TPAKTOBKA BOJHOBOH (DYHKIIHH. 21320335435
KomMyTannoHHbIE COOTHOLIEHUS AJIs ONEpaToOpoB (HU3UIECKUX BEIUYUH.

CBoiicTBa oniepatopoB (usmdecknx BeandiH. CoOCTBEHHbIE (QYHKINH U
COOCTBEHHbIE 3HAUCHUS ONEPAaTOPOB (HU3NIECKUX BeIUduH. OnepaTopsl
KOOpPIHMHATHI, UMITYJIbCa, SHepTHH. /JIek/

2.2 IIpunuun HeonpenenenHocTy. Ilepuoauueckue rpaHUYHbIE YCIOBUS JUIs 6 6 JI1.1J11.2J11.3
cB0OO1HOI yacTuipl. [TocTpoeHue onepaTopoB PU3HIECKUX BETHUHH. JI1.4J12.1 J12.2
BounHoBas ¢ynkiums. CtaTucTuyeckas TPaKTOBKA BOJTHOBOH (YHKIIUHY. 013233 354 55
KomMyTannoHHbIE COOTHOIIEHUS AJIs OTIEPATOPOB (DM3MIECKUX BEIUYMH.

CgoiicTBa onepaTopoB guzndeckux BeandrH. CoOCTBEHHbIE (PYHKIIMU U
COOCTBEHHBIE 3HAYECHUS ONIEPaTOPOB HU3MIECKUX BeTHInH. OmepaTopsl
KOOpPJMHATHI, UMITyJIbca, SHepruu. /Ip/

Pazpnen 3. IIpocTeiimme 3aga4n KBAaHTOBOI TeOpUH

3.1 VYpasuenue lpeaunrepa, 3aBucsiiee ot BpeMeHH. CTallMOHApHOE ypaBHEHUE 6 12 JI1.1J11.2 J11.3
[penunrepa. Yactuma B mpocTpaHcTBe, CBOOOAHOM OT cril. YacTuiia B sime ¢ JI1.4J12.1 J12.2

013923334055
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crp. 5

3.2

VYpasuenue llIpenunrepa, 3aBucdiiee oT BpeMeHd. CTalMoOHapHOE ypaBHEHHE
Ipenunrepa. YacTuia B mpocTpaHCTBE, CBOOOIHOM OT CcHII. YacTHiia B siMe C
06ECKOHEUHO BBICOKUMU CTeHKaMu. YacTula B IPSIMOYTOJIbHOM NOTEHIMAIBbHOM
sime. JIuckpeTHsIi ciekTp. YacTuma B MpsIMOYTOJIbHOM MOTEHIUATIBHON SIME.
Henpepsiublii criektp. [IpsMoyroabHblii oTeHIUAIBHBINA Oapbep
(ryrHenupoBaHue). OAHOMEPHBIH TapMOHUYECKUH OCHUIIIATOP. Y CI0BUS
OTHOBPEMEHHOW M3MEPUMOCTH (U3NUECKUX BEIHUYNH. Y paBHEHHE
HEIIPEPLIBHOCTH IS INIOTHOCTH BEPOATHOCTU HaXOX/ICHUS YaCTUIIBI B
3aJJaHHBIX KoopauHaTax. KBasuknaccuueckoe nsrkenue. /I1p/

10

J1.1J11.2J11.3
JI1.4J712.1 J12.2
013233 24 35

Paznen 4. HBI/l)Rel-ll/le YaCTUIbI B 10JI€ HEHTPAJBbHBIX CHJI

4.1

3ajgaua IBIKEHUS NBYX Tesl. CBeleHHe K 33/1a4e TPeX NepEeMEHHBIX.
Paznenenue nepeMeHHBIX B ChepUUECKUX KOOPIHUHATAX. 3aBUCUMOCTD
BOJIHOBBIX (PYHKIMIA OT yIiIoB. PaguanbHoe ypaBHEHHE. ACHMITOTHKA
paguanbHOM YacTH BOJIHOBOW (yHKIWH. J[BIDKEHHE B KYJIOHOBCKOM TOJIE.
Knaccugukanus ypoBHeit sHepruii. Teopus onepaTopa MOMEHTa UMITYJIbCA.
CBoiicTBa onepaTopa MOMEHTa UMITyJIbca. /JIek/

16

J1.1J11.2J11.3
JI1.4J12.1 J12.2
013233 54 055

4.2

3ajaua ABIKEHUA ABYX Tesl. CBeJeHHe K 3a/1ade TpeX IMepeMEHHBIX.
PasneneHne nepeMeHHbIX B ChepHIECKUX KOOPUHATAX. 3aBHCUMOCTb
BOJIHOBBIX (DyHKIHMH OT yriuoB. PagnansHoe ypaBHEeHHE. ACHMITOTHKA
paanaIbHOIl YacTH BONHOBOH (yHKIMH. [[BIDKEHHE B KYJIOHOBCKOM IIOJIC.
Knaccugukanus ypoBHeit sHepruii. Teopus onepaTopa MOMEHTA UMITYJIbCA.
CBoiicTBa oneparopa MOMeHTa UMIyJnca. /IIp/

10

J1.1J11.2J11.3
J1.4J]12.1 J12.2
0135233 54055

Pa3nen 5. [Ipud/n:keHHbIEe MeTOIbI KBAHTOBOI TeopuH

5.1

Teopus Bo3MyIeHUs 0e3 BBIPOXKIeHUS ypoBHEH sHepruil. Teopus
BO3MYLICHU IIPH HAJIMYMU BBIPOKIEHUS YpOBHEH sHepruil. Bapuanuonssiit
HOpUHLUIL. MeToJ| KaHOHHYEeCKUX IpeodpazoBaHuil. MexaToMHbIE
B3auMoeHcTBUSL. /JIex/

J1.1J11.2J11.3
J1.4J712.1J12.2
013233 24 35

5.2

Teopus Bo3MyIeHHs 0€3 BBIPOXKICHUS ypoBHEH sHepruil. Teopus
BO3MYLICHU IIPH HAJIMYMU BBIPOXKIEHUS YpOBHEH 3Hepruil. Bapuanuonssiit
HOpUHLMIL. MeToJ1 KaHOHHYEeCKUX Ipeodpa3oBaHuil. MexaToMHbIE
B3aumoeiictaust. /TIp/

JI1.1 J11.2 J11.3
J1.4]12.1 J12.2
013233 24 35

Pa3nen 6. Teopusi npencraBjieHui

6.1

KoopauHaTHoe npejcraBiieHre. DHepreTHuecKoe MpeICTaBIeHHE.
Nmnynscnoe npeactasiaenue. Ckobounsie o0o3Hauenus upaka. [Tonstue 06
YHHUTapHBIX npeobpasoBanusx. [Ipeacrasienne penuurepa. [Ipencrasnexue
Teiizen6epra. [Ipencrasnenune Jupaka (I[IpeacraBneHue B3anMoICHCTBUS).
Ipexncrasienne yucen 3anoaHeHus. OnepaTopbl pOXKACHHs, YHHUTOKEHHUS,
4pucia yacTul. HaxoxkIeHne SJHEPreTHIecKOro CeKTpa rapMOHHYECKOT0
OCLMJIIATOPA B MPEACTABICHUN YHCET 3aMoHeHHs. HaxokieHne BOITHOBBIX
(YHKIHMH rapMOHMYECKOT0 OCLIJUISTOPA B MIPEACTABICHUH YHCEIT 3aTI0JTHCHHUSL.
HaxoskieHHe JHepreTHYeCKOro CeKTpa aHrapMOHUYECKOT0 OCLIJUISATOPA B
HPEACTaBICHNN Yncel 3anoiHeHus. CucteMa rapMOHNYECKNX OCLULISTOPOB B
MPE/ICTAaBICHUN YKCell 3anoaHeHus. /JIex/

J1.1J11.2J11.3
JI1.4J12.1 J12.2
013233354055

6.2

KoopaunatHoe npezacrasieHre. DHepreTHuecKoe NpeJICTaBICHHUE.
HmnynscHoe npeacrasiaenue. Ckobounsie o6o3Hauenus upaka. [lonsartue 06
YHUTapHBIX peoOpaszoBanusx. [Ipeacranenue llpequnrepa. IpencraBnenue
T'eiizen6epra. [Ipencrasnenue [Qupaxa (Ilpeacrasienue B3anMoaeiCTBIS).
IIpeacrasnenue uucen 3anonHeHus. OnepaTopsl POXKACHUS, YHUUTOXKEHNUS,
yHcia yacTull. HaxoxieHne 3HepreTHYeckoro CreKTpa rapMOHNYECKOro
OCLIMJIIATOpA B IPEICTaBICHUH YHCeN 3anoaHeHns. HaxoxgeHue BOTHOBBIX
(yHKIMI rapMOHUYECKOT0 OCLMILIATOPA B IPEICTaBICHUY YHUCEI 3a[I0JHEHHUS.
HaxoxIeHue sHepreTHYECKOro CeKTpa aHrapMOHUYECKOT0 OCLIMIUIATOpA B
MIPECTaBICHUH YHCcel 3anoiaHeHus. CucreMa rapMOHHYECKUX OCHMUIATOPOB B
HPECTaBICHUN YKcel 3anoaHenus. /Cp/

0,2

JI1.1 J11.2 J11.3
J1.4J12.1 J12.2
01022333435

Pasnea 7. Teopusi KBAHTOBBIX IIEPEX0/10B
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cTp. 6

7.1

Teopus BO3MyIIEHUH, 3aBUCAIIUX OT BpEMEHU. AnabaTuuecKoe BKIIOUEHUE
B3anMOecTBYA. BHe3anmHoe BKIIIOUeHNE B3aUMOICHCTBHS. DIIEKTPOHHBIN
pacnap. ITozurponHslil pacnaj. Bo3mylleHue B BUJE CTYNIEHbKH.
I'apmonmyeckoe Bo3MyieHue. [IpuHIMIBI TOCTPOSHNUS MPaBII 0TOOpA.
Boz0yxnenue atoma nposieTaronie Tsokesnoi yactuneil. Bsaumoneiicteue ¢
3IIEKTPOMArHUTHBIM H3JTydeHHeM. BepostHocTs mepexoma P_m —> 1.
JIIMHHOBOJIHOBOE MPUOIIKeHHE. JJUMONBHBIN 3JICKTPHUYECKHI MOMEHT
nepexona m —> | (d_m,l). BepositHocTh HcycKauus OTOHA B SANHHUILIE
TeJIeCHOTO yriia. BeposTHOCTE morioneHus GOTOHA B €MHHIE TEJIECHOTO
yria. BeposiTHOCTb HCIyCKaHuUs 0JHOTO (hoTOHA. BeposTHOCTb MOToNmeHus
onHoro ¢oroHa. CioHTaHHOE U3ay4eHue (POTOHOB. HAYyIIMPOBaHHOE
uznydenue GoroHoB. [IpaBuia orGopa A1 UCIIyCKaHHS CBETa aTOMOM. Bpems
JKM3HHU BO30YXIeHHOTO cocTosiHMS. [IIupuHa SHEepreTHIecKux TMHUH
COCTOSIHUH C KOHEYHBIM BpeMeHeM KU3HU. /JIek/

10

J1.1J11.2J11.3
JI1.4J712.1 J12.2
013233 24 35

7.2

Teopust BO3MYIICHHUH, 3aBUCSIINX OT BpeMEHU. ATMabaTHYeCKOe BKIIOYCHUE
B3anMOeicTBYA. BHe3ammHoe BKIIFOUEHNE B3aUMOICHCTBHS. DIIEKTPOHHBINA
pacman. ITo3uTpoHHEI pacnas. Bo3MylieHe B BHJE CTYHNECHBKH.
T'apmoHnueckoe Bo3MynieHue. [IpHHIMIBI TOCTPOSHHS IPaBUII OTOOpA.
Boz0yxnenue atoma npolieTaromuien Tsokenoi yactunei. Bzaumoneiicteue ¢
3IIEKTPOMArHUTHBIM H3IydeHueM. BepostHocTs nepexoma P_m —> |.
JUTMHHOBOJIHOBOE NPHOIIIDKEHNE. [JUIOTBHBIH SIeKTPUYSCKU MOMEHT
nepexoma m —> | (d_m,l). BepostHocTh ucyckanust pOTOHA B €ANHHUIIE
TEJIeCHOT0 yriia. BeposTHOCTh moromenus ()OTOHA B SAWHHMIIE TEICCHOTO
yria. BeposiTHOCTh HCIyCKaHUs OTHOTO (hOTOHA. BeposSTHOCTD MOTIIOMEHUS
onHoro ¢ortoHa. CioHTaHHOe nu3ny4yenue GoToHoB. HIyIIUpOBaHHOE
n3irydenue ¢potoHoB. [IpaBuia oTOopa IS HCITyCKAaHHS CBETa aTOMOM. Bpemst
JKM3HH BO30YXKIEHHOTO cocTosHMs. IIInprHa SHEPreTHIeCKNX JIMHUH
COCTOSIHHU# C KOHEYHBIM BpeMeHeM ku3Hu. /Cp/

J1.1J11.2711.3
J1.4]12.1J12.2
013233 24 35

Pa3nen 8. ToxkaecTBeHHbIE YaCTHIIBI

8.1

OcHoBHble nonoxeHus. Pepmu - cratuctuka. bose - cratuctuka. ATom renus.
Crun. Oneparop cnivHa. BropuuHoe KBaHTOBaHUE CUCTEM C TOXKAECTBEHHBIMU
yacTuiamu (npeacrasieHue yncen 3anonneHus). Cratucruka bose.
BropruHoe KBaHTOBaHHME CHCTEM € TOXK/IECTBEHHBIMH YaCTHUIIAMHU
(npencrasneHue yucen 3anonHeHus ). POHOHBI. DNEeKTPOMarHuTHOE HOJe.
Craructuka ®epmu. Dnexkrponsl. Ypasaenne Xaptpu-Doxka. YpaBHeHne
Xaptpu-®oxa-Cmatepa. YpaBaenue Tomaca- @epmu. Ilepronuueckas
cucreMa MeHzeneeBa. XuMu4eckasi CBsA3b, MOJEKYJIbI. /JIex/

10

JI1.1J11.2 J11.3
J1.4J12.1J12.2
013233 24 35

8.2

OcHosHble nonoxenus. epmu - cratuctuka. bose - cratuctuka. ATom renus.
Crun. Oneparop cnivHa. BropuuHoe KBaHTOBaHUE CUCTEM C TOXKAECTBEHHBIMU
yacTuiamu (npeacrasieHue yncen 3anonneHus). Cratucruka bose.
BropruHoe KBaHTOBaHHME CHCTEM € TOXKIECTBEHHBIMH YaCTHLIAMHU
(npencrasneHue yucen 3anonHeHus ). POHOHBI. DNEeKTPOMarHuTHOE HOJe.
Cratucruka @epmu. JnekTpoHsl. YpaBHeHue Xaptpu-doka. YpaBHeHue
Xaptpu-doxka-Cmarepa. Ypasuenue Tomaca- @epmu. [lepnonndeckas
cucreMa MeHzeneeBa. XuMudeckas CBsi3b, MOeKyJbl. /T1p/

10

JI1.1 J11.2 J11.3
J1.4]12.1 J12.2
013233 24 35

8.3

OcHosHble nonoxenns. @epmu - cratuctuka. bose - cratuctuka. ATom renusi.
Crnun. Oneparop cnivHa. BropuuHoe KBaHTOBaHUE CUCTEM C TOKAECTBEHHBIMU
yacTuiamu (npeacrasieHue yncen 3anoinnenus). Crarucruka bose.
BropruHoe KBaHTOBaHHE CHCTEM C TOXIECTBEHHBIMH YaCTHLIAMH
(npencraBneHue yncen 3anonHeHus ). POHOHBI. DNEKTPOMarHuTHOE MOJe.
Cratucruka @epmu. JnekTpoHsl. YpaBHeHue Xaptpu-doka. YpaBHeHue
Xaptpu-doxka-Cmatepa. Ypasuenue Tomaca- @epmu. [lepnonndeckas
cucreMa MeHzeneeBa. XuMudeckas CBs3b, MOJEKYIbL. /Cp/

JI1.1J11.2 J11.3
J1.4J712.1 J12.2
01022333435

Pa3nen 9. Teopus paccessHust
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MHMNHOBPHAYKU POCCUN
\,} DenepanbHOE rocyJapCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
@ YUpEXIECHHUE BBICIIETO 00pa3oBaHUs

«UensOunckuit rocynapcrsenHsiil yausepeurer» (PI'bOY BO «Henl'Y»)

Pabouas nporpamma aucuuminasl "KBantoBas Teopus" Mo HanpaBieHHUIO TOATOTOBKH (crenuansHocTH) 03.03.03

"Pammodusnka" HanpasieHHOCTH (1podmtio) TerekoMMyHNKaIMOHHbEIE CHCTEMBI M TH()OPMAIIHOHHBIE TEXHOJIOTHH ctp. 7
OI'BOY BO «Henl'V»
9.1 OO1ue MoJI0XKEeHUs, IOCTAHOBKA U TUIIBI 337124 B KBAHTOBOU TEOPUU 7 8 JI1.1J11.2J11.3
paccesiHus, BUIBI paccesHrs. OCHOBHBIE XapaKTEPUCTHUKH IIpoliecca JI1.4J12.1 JI2.2

paccesiHUsI: aMILTUTYa, (a3a, cedeHre. BOpHOBCKOe MPUOIMKEHHE B TEOPUH
paccesaust. HuskosHepretmdyeckoe paccesiHue. PaccesHue npu BRICOKHX
sHeprusix. ®opmyna Pesepdopaa. /Jlex/

010520393 54 55

9.2  |O6uue monoXeH s, MOCTAHOBKA M THITHI 33]]a4 B KBAHTOBOH TEOPHH 7 8
paccesHusI, BUABI paccesiHusi. OCHOBHBIC XapaKTEPUCTHKHU MPoLecca
paccesiHUsI: aMILTUTYa, (a3a, cedeHre. BOpHOBCKOe MPUOIMKEHHE B TEOPUH
paccesaust. HuskosHeprermdyeckoe paccesiHue. PaccesHue npu BRICOKHX
sHeprusix. ®opmyna Peszepdopna. /Tp/

JI1.1J11.2J11.3
J11.4J12.1 J12.2
013233 54055

9.3  |OO6uIue monoxeH s, MOCTAHOBKA M THITHI 33/1a4 B KBAHTOBOH TEOPUH 7 6
paccesHusI, BUBI paccesiHusi. OCHOBHBIC XapaKTEPHCTHKH MPOIecca
paccesiHUsI: aMILTUTYa, (a3a, cedeHre. BOpHOBCKOe MPUOIMKEHHE B TEOPUH
paccesaust. Huskosneprermdeckoe paccesiHue. PaccesHue npu BRICOKHX
sHeprusix. ®opmyna Pesepdopna. /Cp/

JI1.1J11.2J11.3
J11.4J12.1 J12.2
013233 54055

Paznen 10. KBazupeasiTuBucTCKasi KBAHTOBAs TeOPHs

10.1 |VYpaBuenue Kneitna — l'opnona. CB0OOJHOE IBHKEHHE YACTHIIBI C HYJIEBBIM 7 6
crimHOM. YpasHeHue [{upaka. CBOOOAHOE ABIIKCHHE JICKTPOHA.
PensTHBUCTCKIE TONPABKY K JBIDKSHHUIO JJICKTPOHA B JIIEKTPOMAarHUTHOM
1oje. ATOM BO BHEIIHEM MarHUTHOM nose. D¢ dekt 3eemana. ATOM BO
BHEIIHEeM dJiekTpudeckom moje. Dddexr [rapka. /Jlex/

JI1.1J11.2J11.3
JI1.4J12.1 J12.2
01030233 54 55

10.2 |VYpasuenue Kneiina — I'oprona. CBo60AHOE JBHXKEHUE YACTULIBI C HYJIEBBIM 7 6,6
criHOM. YpaBHenue [Jupaka. CBOOOAHOE ABMKCHHE 3JICKTPOHA.
PenaTUBUCTCKHE NONPABKU K JBIXKEHUIO JICKTPOHA B 3JI€KTPOMarHUTHOM
1oje. ATOM BO BHEIIHEM MarHUTHOM nose. D¢ dekt 3eemana. ATOM BO
BHEIIHEM 3ekTpudeckoM moie. Dddekr [Itapka. /Cp/

JI1.1J11.2J11.3
J11.4J12.1 J12.2
013233 54 55

Paznen 11. Unas kontakTHas padoTa

11.1 |VeauBuayanbHbIE KOHCYIBTALWH, TEKYIIUNA KOHTPOIs /MKP/ 6 12,8 JIL.1J11.2 J11.3
JI1.4712.1 J12.2
013233 54 55
11.2 |WMuouBunyanbHblC KOHCYIbTAlMH, TEKyLIMH KOHTponb /MKP/ 7 9,4 JI1.1J11.2J11.3
JI1.4J12.1 J12.2

013233 354 55

6. POHJI OHEHOYHBIX CPEJICTB

6.1. IlepeyeHb BUIOB OLIEHOYHBIX CPEACTB

Tecr

OTt4eTsl o 3aa49aM (10 MPaAKTUIECKUM 3aHATHSIM)
KonrponbHas paboTa

Bompocks! k ak3aMeny

6.2. TunoBbie KOHTPOJIbHBIE 32/IaHUS U MHbIE MaTepHAaJIbl 115 TeKyLleil aTTecTaluu

3aga4uM K NPaKTHYECKNUM 3aHATUSAM U IIPUMEp BapHaHTa KOHTPOJIBbHON paboTh! MpeacTaBieHs! B @OH/E OLIEHOUHBIX CPEICTB

MMPOMEXYTOYHOU aTTecTanuy no aucuuruinae "KBanTosas Teopus'.

6.3. TunoBnie KOHTPOJbHbIC BOIPOCHI U 3aIaHUA JIAA l'lpOMe)KyTO'-IHOﬁ arrecralumu

Bomnpocs! k sx3ameny (6 CEMECTP)
1. O6nacTb NpUMEHEHUS KBAHTOBOM MeXaHUKU. Ilepexo OT KBaHTOBOI K KJIaCCUYECKOIl MEXaHUKE.
2. OOBeKTHI, KOTOPBIE U3y4aeT KBAaHTOBast MeXaHUKa. MIX XapaKTepUCTUKH.

3. SIBneHus, KOTOpbIE He OOBSICHSIOTCS C IOMOIIBIO Kiaccudeckor Gpunku. SBienue potoaddexra. @oTOHHAS TEOPHs CBETA.

4. SIBneHus, KOTOpbIE HE OOBSACHAIOTCS C IOMOIIBIO Kilaccudeckoit pusnku. Dddexkr KomnroHa.
5. SIBneHus, KOTOpbIe He OOBACHSIOTCS € TIOMOLIBIO Kiaccuueckoi ¢pusuku. OnbiT @panka-Iepua.
6. Iudpakuus snekrpoHos. 'unoresa e bpoiins. BoiaHoBo# maker.

7. Qyanu3m: BoiHa — yactuia. [IpuHnnm HeonpeneaeHHOCTH.

8. Ileproanyeckre rpaHUYHbIC YCIOBUS U1l CBOOOIHON YaCTHIIBI.

© ®I'bOY BO «Yenl 'Yy
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9. IToctpoeHue onepaTopoB GUIMUECKUX BEIHIHH.

10. BonuoBas ¢yHkius. CTaTHCTHUECKAsI TPAKTOBKA BOJIHOBOH (DYHKIIMH.

11. KoMMyTaIlMOHHBIE COOTHOLIEHHUS JUI ONIEPATOPOB (PU3UUECKUX BEIUUHH.

12. CpoiicTBa onepatopoB (pU3NIECKUX BEITHYHH.

13. CoGcTBeHHbBIE (DYHKIIMU U COOCTBEHHbIE 3HAUEHUSI ONEPaTOPOB (HU3UUECKUX BEIUYUH.

14. OnepaTopsl KOOPAUHATHL, UMITYJIbCA, SHEPTUU.

15. Ilpocreiimne 3anaun KBaHTOBOI MexaHukH. Y paBHenue lllpennnrepa, 3aBucsiiee OT BpeMEHH.

16. Ipocreiimue 3anauu kBaHTOBOI MexaHuku. CranoHapHoe ypaBHeHue IlIpeaunrepa.

17. TIpoctetitine 3a1a4n KBAHTOBOW MeXaHUKHU. YacTuiia B MPOCTPAHCTBE, CBOOOJIHOM OT CHIL.

18. IpocTeiimue 3a1auu KBaHTOBOI MexaHuKH. YacTula B siMe ¢ 6ECKOHEUHO BEICOKMMH CTEHKaMU.

19. IlpocrTeiinne 3aga4dn KBAHTOBOIM MeXaHUKH. YacTuIia B MPSIMOYTOJIBHON MOTEHITHABHON siMe. J{MCKPETHBIHN CIIEKTP.
20. IpocTeiimue 3a1auu KBaHTOBOM MeXaHUKH. YacTula B IPsIMOYTOJIbHON MOTEHIUAIBHOMN siMe. HenpepbIBHBIN CLEKTP.
21. TIpocTeiiime 3a1a4i KBAaHTOBOW MeXaHUKU. [IpsIMOYTONBbHBINA TOTEHIUATBHBINA Oapbep.

22. OnHOMEpHBIH rapMOHUYECKUH OCLIAIIATOP.

23. JIBrKeHUe YaCTHIIBI B ITOJI€ IEHTPAIbHBIX CHJI. 3a/1ada IBHKEeHHS ABYX Tell. CBeeHne K 3a/1aue TPeX IMepEeMEHHbIX.
24. JIBr>keHMe YacTHIBI B [10JI€ LIEHTPaJIbHBIX CUIL. Pa3/ienieHue nepeMeHHbIX B chepruueckux KoopJuHaTax.

25. JIBW>KEHHE YaCTHIIBI B TIOJIC ICHTPAJIBHBIX CHJI. 3aBUCHMOCTD BOJHOBBIX (DYHKIIMI OT YIJIOB.

26. JIBr>keHMe YacTHIIBI B [10JI€ LIEHTPaJIbHBIX CHIL. PaguanbsHoe ypaBHEHHME.

27. JIBW>KEHHE YaCTHIIBI B TI0JIC IICHTPAJIBHBIX CHJI. ACUMITOTHKA PaIUabHON YacTH BOJTHOBON (DYHKIIHH.

28. JIBKeHHe YacTULIB B [IOJI€ LIEHTPAJIbHBIX CUIL. J[BIJKEHHE B KYJIOHOBCKOM IIOJIE.

29. JIBW>KEHHE YaCTHIIBI B TIOJIC EHTPAJIBbHBIX cril. Kitaccudukanus ypoBHEH SHEPTHil.

30. Teopust onepaTopa MOMEHTa UMITYJIbCA.

31. CpoiicTBa omepaTopa MOMEHTa UMITYJIbCA.

32. YcnoBus OAHOBPEMEHHOH U3MEPUMOCTH (DU3UYECKUX BEIMYMH.

33. YpaBHeHHE HENPEPHIBHOCTH IS IJIOTHOCTH BEPOSITHOCTH HAXO0KJICHUS YACTUIIBI B 3alaHHBIX KOOPIUHATAX.

34. IlpuGKeHHBIE METO/Ib KBAHTOBOM MeXaHUKH. Teopus Bo3MyIeHUs 0€3 BHIPOXKICHUS YPOBHEH 3HEPIuil.

35. IpubnmxeHHbIE METOBI KBAHTOBON MEXaHUKHU. Teoprs BO3MYILCHHS PU HAJTMYUH BBIPOXKACHHUS YPOBHEH SHEPTH.
36. IIpuGikeHHbIE METO bl KBAHTOBON MEXaHUKU. BapualiuoHHbIN IPUHIIKIL.

37. IlpubnmxeHHbIE METOBI KBAHTOBON MEXaHUKH. MeTol KaHOHHUECKHX PeoOpa30OBaHUil.

38. Teopus npencrasnenuii. KoopanHatHoe nipecraBieHue.

39. Teopus npeacTaBaeHUN. DHEPreTHYECKOE MPEICTaBICHNUE.

40. Teopus npeacrasiieHuH. IMITyIbCHOE NpeAcTaBIEHHUE.

41. Teopus npexacrarnenuit. CkobouHble 0003HaueHus Jupaka.

42. Teopus npencrasineHuil. [Tonarie 06 yHUTapHBIX IPeOOPa30BAHUAIX.

43. Teopus npencrasiennid. [Ipencrasnenue [lpenuarepa.

44. Teopus npexacrasnenuid. [Ipencrapnenne ['eitzendepra.

45. Teopus npeacrasnenuid. [Ipeacrasnenue Jupaka (IIpencraBnenne B3auMoneicTBUs ).

46. IIpencraBnenue yucen 3amnoyiHeHus. OnepaTopbl pOXKACHUS, YHUUTOXKECHHUS, YUCIIa YaCTHIIL.

47. HaxoJeHUE YHEPreTUIECKOTr0 CIIEKTPa FapMOHHYECKOT0 OCIMIIIATOPA B IPEACTABICHUH YUCEN 3aII0JIHEHUSL.
48. HaxoxkxJeHue BOJIHOBBIX (DYHKIMH rapMOHHYECKOTO OCHMIUIATOPA B MPEACTABICHUN YHCEI 3aII0THEHHS.

49. HaxoxJeHe SHepreTUIeCKOro CIEKTPa aHrAPMOHUUECKOT0 OCIIMIIIATOPA B IPEICTABICHUHU YHCEIl 3alI0HEHHUS.
50. Cucrema rapMOHHYECKUX OCLIMIITIITOPOB B MPEACTABICHHH YHCEIT 3aTI0THEHHS.

Bomnpocs! k sx3ameny (7 CEMECTP)

. OCHOBHBIE NOJIOKEHUS (AKCHOMBI) KBAHTOBOI MEXAHUKH.

. Crtoco0 mocTpoeHust 01epaTopoB B KBAHTOBOW MEXaHHUKE.

. Yci10BUSL OTHOBPEMEHHON H3MEPUMOCTH (PU3MUECKUX BEITHIHH.

. Teopus kBaHTOBBIX Iepexon0B. Teopus BO3MYILEHUI], 3aBUCAILNIX OT BPEMEHH.

. Teopusl KBAaHTOBBIX IIEPEXOA0B. AMabaTHIECKOE U BHE3AITHOE BKIIOYEHHE B3aUMOICHCTBUSL.

. Teopusi KBAHTOBBIX IIEPEXOA0B. DIIEKTPOHHBIN U IO3UTPOHHBIN pacnas.

. Teopus KBaHTOBBIX IIEPEX010B. Bo3MyIlieHUE B BU/IE CTYNIEHBKU.

. Teopust KBAaHTOBBIX IIEPEX00B. 'apMOHHYECKOE BO3MYIIECHUE.

. Teopust KBaHTOBBIX IIepeX0A0B. IIPpHHIMIIBI TOCTPOEHUS IIPaBUII OTOOpA.

. Teopus KBaHTOBBIX IIepexo010B. Bo30yxaeHue aToma rposerarommeil TsSHKeIol yacTHIeH.

. Teopust KBAHTOBBIX IIEPEX0A0B. B3anmoieiicTBIE ¢ AIEKTPOMArHUTHBIM H3IydeHHeM. BeposTHocTs nepexoma P m —> |.
. Teopust KBaHTOBBIX IIEpeX010B. B3auMoeiicTBUE ¢ 21€KTPOMarHUTHBIM U31ydeHHeM. JJIMHHOBOIHOBOE NIPUOIIIKEHUE.
. Teopust KBAHTOBBIX TIEPEX0AOB. JIMIOIBHBII EKTPHUYCCKUI MOMEHT Tiepexoma m —> | (d_m,l).

. BepositHOCTB MicyckaHus ()OTOHA B SIMHHIIE TEIECHOTO yIa.

. BeposTHOCTh NOTTIOIIEHNS (POTOHA B €AMHUIIEC TEIECHOTO yIa.
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16. BepoATHOCTb UCITyCKaHUs OAHOTO (poTOHA.

17. BeposTHOCTH MOTIIONICHUS OJJHOTO (pOTOHA.

18. CrioHTaHHOE U3IyueHHe (POTOHOB.

19. UuayuupoBaHHOE U3ITydeHHUE POTOHOB.

20. ITpaBuna orbopa 111 MCITyCcKaHUsI cBeTa aToMoM. [Iimockast BojHa.

21. IIpaBuna orGopa 1151 MOTIIOIIEHHs cBeTa aToMoM. [Imockas BoHa.

22. TIpaBuna oTOopa 151 MOTIIOIICHHs CBeTa aToMoM. Kpyrosas nonspuzanysi.

23. Bpems xU3HH BO30YKIEHHOTO COCTOSIHUSL.

24, lllupuHa SHEPreTHUECKUX JIMHUN COCTOSHHUI C KOHEUHBIM BPEMEHEM JKU3HH.

25. ToxxnecTBeHHbIE YacTULbl. OCHOBHBIE IIOJIOKEHUSL.

26. ToxnecTBeHHBIE YacTUIBL. DEepMU - CTATUCTHKA.

27. ToxxaecTBeHHBIE YacTUIBL. bo3e - craTHCTHKA.

28. Atom renms. [laparenuit.

29. Atom renus. OpToreiui.

30. Crun. Omnepatop crimHa.

31. BropuuHOoe KBaHTOBaHHE CUCTEM C TOXKAECTBEHHBIMH YaCTUIIAMU (IIpeJICTaBlICHUE yucel 3anonaHenus). Ctatuctuka bose.
32. BropudHOe KBAaHTOBAaHUE CHCTEM C TOKIECTBEHHBIMHU YacTHIIAMHU (TIPECTaBICHUE YUCEI 3aroIHeHus ). DOHOHBI.

33. BropuuHoe KBaHTOBaHHME CUCTEM C TOXKJICCTBEHHBIMU YacTHLIAMHU (IIPEACTABICHHUE YK Cell 3aII0JHEHN). DJIeKTPOMarHuTHOE I0JIe.
34. BropudHOe KBAaHTOBAaHUE CHCTEM C TOXKISCTBEHHBIMHU YacTUIIaMHU (IIpeICTaBlIeHue dncen 3amonaenus). Cratuctuka Oepmu.
DNeKTPOHBI.

35. Bropu4yHOE KBaHTOBaHHUE CUCTEM C TOKICCTBCHHBIMHU YaCTUIIAMU (TIpE/ICTaBIICHHUE YKCE 3aloHeHus). Y paBHeHHe XapTpu-Doka.
36. BropuuHOe KBaHTOBaHHE CUCTEM C TOXKAECTBEHHBIMH YaCTULAMU (IIpEJICTAaBICHUE YHCell 3anoaHeHus). CTaTucTHieckoe
npubnmwkenue. Ypapaenue Xaprpu-Doka-Cratepa.

37. YpaBuenue Tomaca-Depmu.

38. Ilepnonnueckas cuctema Menzaeneena.

39. Xumnueckas cBsi3b. Monekynsl. AnuabaTudeckoe NpHOIIKeHUE.

40. Xumuueckast cBsi3b. Monekynbl. JBrwkenue saep. (JBmwkenue 1eHTpa Mace, BpalieHue, KojiebaHue).

41. Xumnueckas cBs3b. Monekyisl. Merox ["alitiepa-Jlongona. Monekyna H2.

42. Xummnaeckas cBs3b. Monekynbsl. Meton JIKAO.

43. Xumnueckas cBsi3b. Moinekyibsl. Buasl cBsseil.

44. O01mue NoJI0KEeHHs], TOCTAaHOBKA U THUITHI 33/1a4 B KBAHTOBOM TEOPUH PACCESHHSI, BUABI PACCEsSHHS.

45. OCHOBHBIC XapaKTEPUCTHKHU NPOLIECCa PACCESHUS: aMILUIUTY 1A, Ba3a, ceueHHUe.

46. bopHOBCKOE IPHOIIKEHNE B TEOPUH PACCESHUSL.

47. HuzkoaHepreTu4eckoe paccesiHue.

48. PaccestHue mpy  BBICOKUX SHEPTHUSAX.

49. ®dopmyina Pesepdopaa.

50. KBa3upensaTUBUCTCKas! KBAHTOBAs TEOPHUsL. DIIEMEHTapHbIE YaCTUIIBI B KBAHTOBOM TEOPUHU.

51. KasupenstuBucrckas kBaHToBas Teopusi. YpasHenue Kineitna — ['oprona.

52. KBa3upenasaTuBUCTCKasi KBaHTOBas Teopyst. CBOOOIHOE ABHKEHHUE YACTHIBI C HYJIEBBIM CIIMHOM.

53. KBa3upensaTuBUCTCKast KBAaHTOBas Teopus. Y paBHeHue JJupaxka.

54. KBa3upensaTUBUCTCKas KBaHTOBas Teopusi. CBOOOAHOE JBIKEHHUE HIIEKTPOHA.

55. KBa3upensaTuBUCTCKast KBAHTOBas TeOpUsl. PelATHBHCTCKUE MMONPABKH K JBHKCHHIO AJIEKTPOHA B 3JIEKTPOMArHUTHOM IIOJIE.

6.4. Kputepuu oneHuBaHus

TekyIunii KOHTPOJIb TEOPETUIECKUX 3HAHUI M IIPAKTHICCKUX HABBIKOB [IPOU3BOAUTCS Ha MPAKTHYCCKHUX 3aHATHAX B BHIC
KOHTPOJIbHBIX PaboT, a TakxKe B BUAE paboUnX TeTpazei 1o TeMaM IPaKTUYECKHUX 3aHATUH, KOTOPHIE CAaeT CTYACHT B TeUEHHE
cemectpa. Homep BapraHTa BBINOJHEHHST KOHTPOJIBHBIX 33JaHUI Ha3HAYAESTCS MIPETIOIaBaTENIeM.

CTyAeHT AOMyCKaeTcs K Caaue 3K3aMeHa B KOHIIE CEMECTPa MPH YCIIEIITHOM BBITIOJHEHHH MPAKTHUECKUX 3a1aHui. DK3aMeHAIIMOHHAS
OIICHKA CTABUTCS] HA OCHOBAHHWH MUCEMEHHOTO U YCTHOTO OTBETOB IO K3aMEHAIIHOHHOMY OWIIeTy. DK3aMEeHAIMOHHBIN OUteT
COACPIKHUT ABAa TCOPETUICCKUX BOIIPOCA U 3a/1avy. CTy}IeHTLI, KOTOPBIC YCIICIIHO OTYUTAIIMCH B TCUECHHUC CEMECTPA O PCIICHHBIX
3ajavax 10 TeMaM IPaKTUUECKHUX 3aHATHH U3 TIPEUIOKESHHOTO CITUCKA 3a/1a4 B METOJMIECKIX YKa3aHUIX K KYpCy, 0CBOOOXKIAIOTCS OT
3-ro Bompoca B Ouere (T.€. pelieHus 3a1aun).

Ha sk3aMeHe CTY/ICHT [OJTy4aeT OLEHKY «YIOBJICTBOPUTEIBHOY» B CIydae YCHCIIHOM CIaul «TeOPETHYECKOr0 MUHUMYMay, KOTOPBIH
BKJIFOYAET: 3HAHHE OCHOBHBIX MIOHSTHI, Ha3BaHNE W (PU3NYECKHI CMBICI BEJIMYHH, BUJ OCHOBHBIX paclpelesieHruil 1 COOTHOLICHHI
(6e3 BBIBOIA), OIIPEICISIEMBIX BOIIPOCOM OMIIETa.

OI1eHKa «XOPOILIO0» — CTYAEHT TBEPIO 3HAET y4eOHO-IPOrpaMMHBIN MaTeprall, FpaMOTHO | TI0 CYLIECTBY M3J1araeT ero, Ho MpH 3TOM
JIOIYCKAIOTCS HETpyOble OIMOKH PH BEIBOJE (POPMYII MIIM OTCYTCTBHE HEKOTOPBIX JIEMEHTOB BEIBOJA.
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O1eHKa «OTIMYHO» — CTYACHT JIOJDKEH MPOJEMOHCTPUPOBATh OTIMYHOE 3HaHUE MaTepHaa, Kak JISKIMOHHBIX 3aHSATHH, Tak U TEM,
BBIHOCHMBIX Ha CAMOCTOSITENbHOE 00ydeHe, OTBETHB Ha 00a Bompoca OuieTa, BOCHPOU3BEIs COOTBETCTBYIOIINE MaTeMaTHIECKUE
BBIKJIQJIKH U JIOTHUECKUE PACCYXICHHS; 3a]]a4a JOJDKHO OBITh MOJHOCTBIO PEUIeHA, CTYACHT MPaBHIbHO 0OOCHOBBIBAET MPUHSTHIE
peleHus.

7. YHEBHO-METOAUYECKOE 1 TH®OPMAIIMOHHOE OBECIHHEYEHUE TUCHUIIJIMHBI (MOAY JIA)

7.1. Pexomengyemas JiunTepaTypa

7.1.1. OcHoBHas JUTepaTypa

ABTOpI)I, COCTaBUTCIIN 3armaBue I/IS,ZLaTeJ'II)CTBO, rong Pecypc

JI1.1 |(Jlammay JI. J. KBaroBast MexaHuKa: MOHOTpadHst Mockaa, 9BC
(https://biblioclub.ru/index.php?page=book&id=474072) Jlenunrparn :
locynapctBennoe
U31aTeIbCTBO
TEXHHKO-
TEOpEeTUIECKON
nuTepaTtypsl, 1948

JI1.2 |daBeinos A. C. KBanroBas Mmexanuka: ydyeOHOe ocoOue /st YHUBEPCUTETOB Mocksa : Hayka,
1973
JI1.3 [Tanmmxwit B. M., 3amauu 1Mo KBaHTOBOW MeXaHHKe: ydeOHOe mocobue s ¢pusudeckux |Mocksa : Hayka,
KapnaxoB b. M., Koran |cnenuanbHocTel By30B 1981
B. .
JI1.4 |Jlanmay JI. ., JTuduun |Kpatkuii kype TeopeTHuecKon (GU3UKH: KypC JICKIHH Mockga : Hayxka, 9BC
E. M. (https://biblioclub.ru/index.php?page=book&id=494680) 1972
7.1.2. JlonoHuTeIbHAS JUTepaTypa
ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, ron| Pecypc
JI2.1 [CoxomoB A. A. BBeneHne B KBAaHTOBYIO MEXaHHUKY: MOHOTpadus Mockaa : 9BC
(https://biblioclub.ru/index.php?page=book&id=257427) Dusmarrus, 1958
J12.2 |Bnoxunues /1. U. OCHOBBI KBaHTOBOW MEXaHHMKH: y4yeOHOe ocodue Mocksa : Hayka, 9BC
(https://biblioclub.ru/index.php?page=book&id=495577) 1976

7.2. Ilepeyens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIIMOHHOM ceTH ""UHTepHeT"

D1 |Jlanb [DnekTpoHHLIH pecypc] : anekTpoHHO-0ubmoTeunas cucrema (OBC) / m3marenserso Jlans. — URL: http://e.lanbook.com/

32 |YHuBepcurerckas 01OnMoTeka OHIaiH [ DNeKTPOHHBII pecypc] : anekTpoHHO-0nbmmoreunas cuctema (OBC) / OO0
Hupexrmenua [abmmmuar. — URL: http://biblioclub.ru/

33 [IOpaiit [DnexTpoHHBIN pecypc] : aneKTpoHHO-0nbaroTeuHas cucrema (ObC) / uzparensctBo HOpaiit. — URL:
https://biblio-online.ru

D4 |Znanium.com [DnexTpoHHbIH pecypc] : anekTpoHHO-61bmHoTeyHas cuctema (OBC) / HayuHo-u31aTenbCKuil IEHTP
NH®PA-M. — URL.: http://znanium.com/

35 |eLIBRARY.RU [Onexrponnslii pecypce] : anekrponHas 6ubnuoreka / Hayu. snexrpon. 6-ka. — URL:
http://elibrary.ru/defaultx.asp

7.3 llepeyenb nHGOPMAIMOHHBIX TEXHOJIOTHI

7.3.1 IIporpammHoe oGecneyeHue

Adobe Reader

LMS Moodle

Adobe Connect Acrobat

7.3.2 TIpodeccuonajibHbIe 6a3b1 JAHHBIX U MH()OPMAIMOHHO-CIIPABOYHbIE CHCTEMBbI
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1. DnexTpoHHBbI KaTanor HayuHoll 6ubauoreku Yenl'y [DnexrponHslil pecypc] : 0a3a gaHHbIx / Yens0. roc. yH-1. — URL:
http://library.csu.ru/ru/ - Yensi6unck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : xypHaJib
American Physical Society : caiit. — URL: http://journals.aps.org/about — 5I3. aurir. — Pexxum 1ocTyIma: TOIBKO U3 CETH YHUBEPCUTETA. —
TeKCT : ANMEKTPOHHEIIL.

3. Web of Science : mymsruanctuuinaapHas pedeparuBHas 6a3a JaHHBIX / KoMIanus Thomson Reuters. — Pexum gocryma: s
3apeructpup. nonb3osareneil Uenl'V. — TeKCT : 31M€KTpOHHBIN.

4. Scopus : peeparuBHas 6a3a nanubix / Elsevier BV. — URL: http://www.scopus.com/ — £I3. aurit. — Pesxum focryma: st
3apeructpup. nonp3osareneit Yenl'Y. — TekcT : 37eKTpOHHBIH.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — 5I3. anri. — PexxuM mocTyma: uist 3aperucTpup. monb3osateneit Yenl'Y. —
TEeKCT : DIIEKTPOHHBII.

8. MATEPUAJ/IbHO-TEXHUYECKOE OBECIHIEYEHHME JUCHUIIJIMHBI (MOAY JIs1)

Jist peanu3anny JUCHUILTHHBI HCTIONB3YIOTCS YUCOHBIC ayANTOPHH TSI IIPOBEACHHUS 3aHSTHI JICKIIHOHHOTO TUITa, CEMHHAPCKOTO
THUIIA, TPYIIIOBBIX ¥ HHIUBUAYAJIbHBIX KOHCYIBTAIIUM, TEKYIIET0 KOHTPOJIS U MPOMEKYTOUHOI aTTeCTallnH, a TAKKEe MOMEIICHUS IS
CaMOCTOATEIILHOI paboThI.

Jlnst mpoBeieHns 3aHATUH JIEKIIMOHHOTO TUIIA TIpeAJIaraloTcss Habophl AEMOHCTPAIHOHHOTO 000PYIOBaHUS U y4eOHO- HATJISIHBIX
mocoOuit (MyIbTUMETUIHBIC IPE3CHTALINH).

Hcnonesyrotest ayauropust Ne205 - ynranbhbiii 3a5 Ne3 (yueOHbIi kopiye Nel) u aynutopus Ne206 - 37eKTpOHHBIN YHUTATIBHBIN 34T
(crienanu3upoBaHHbIi MeaualeHTp) (yueOHbIi kopiyc Nel) i caMocTosTeNnbHON paboThI CTYCHTA, OCHAILIEHHBIE IEPCOHATBHBIMU
KOMITBIOTEpaMH, MyJIbTUMEANHHON anmaparypoil. B aymuropusx odecredeH TOCTYII K pa3iudHON CIpaBOYHOHN JIHTEpaType,
SHIMKJIONEUAM, OHONIMOrpa)u4ecKuM 1 TIOJTHOTEKCTOBBIM 0a3aM JaHHbBIX, HH(OpMalMOHHBIM pecypcaM «HTepHeT».

9. METOAUYECKHUE YKA3ZAHUWSA JJIS1 OBYYAIOIUXCSA 11O OCBOEHUIO JUCHUTIIJIMHBI (MOZY JIST)

OcBoeHue cofepxanus ydeOHOH AucuuIIMHb «KBaHTOBas TEOPUS» OCYILECTBIIAETCS Ha JIEKIUSIX U IPAKTUYECKUX 3aHATUSIX.
JlekMOHHBIE 3aHATHA 00€CIEUUBAIOT TEOPETUUECKOE U3yUeHUE TUCHUIIMHBL. OCHOBHBIMU METOAAMU OOYYEHUS ABIIAIOTCS
nH()OPMALMOHHO-00BACHUTEIbHBII U TpoOIeMHbIH. Ha neKusIx u3naraeTcs OCHOBHOE COZIepKaHUe TeM IIPOrpaMMBl, IPOBOAUTCS
aHaJIM3 OCHOBHBIX MOHATHH U paCCMaTPUBAIOTCS IIPUMEPBI.

JIeKIMOHHBIN MaTepual SIBISETCS BaXKHBIM, HO HE €IMHCTBEHHBIM JUI YCBOCHHUS yueOHOH quciuiiuubl. Ero o6s3aTensHo
HEO0OXOIUMO JOIOJIHUTh MATEPUAIOM OCHOBHOMU U JONOJHUTEIBHON JIUTEPATYPHI 110 TEME.

[IpaxkTHuyeckue 3aHATHS CIIYKaT Ul 3aKPEIJICHUS] TEOPETUUECKUX OCHOB, N3J1araeMblX B JeKuuAX. Ha mpaktudeckux 3aHATHAX
oOydJaeMble OBIIaJeBalOT OCHOBHEIMH METOaMH U PHEMaMH pelleHns 3anad. [ IpoBeaeHns TEeKyIIero # IpOMeXyTOIHOTO
KOHTPOJISI IPOBOIUTHCS KOHTPOJIbHAS Pad0Ta U 3aIlUTHI 33/1a4 110 KaXI0H TeMe NPaKTUUSCKUX 3aHATHH. 3aluTa 3a1a4 To TeMe
HoJApa3syMeBacT PEeIleHUE 3a1a4 U3 IPEAJ0KEHHOTO CIIUCKA 3a/1a4 U yMEHUE OOBSCHUTH X0 pelieHus 1-2 3anad u3 remsl. Cucrema
KOHTPOJIbHBIX MEPOIPUSTHI T0/DKHA 00eceynBaTh OObEKTUBHYIO OLIEHKY 3HAHUH U HaBBIKOB CTYJEHTOB, CIIOCOOCTBOBATH
HOBBIIIECHAIO 3 ()EKTHBHOCTH BCEX BUIOB YICOHBIX 3aHATHIA.

B crydae mpuMeHeHus pu 00yYeHUH AUCIUIUINHEL QJIEKTPOHHOTO O0YYeHUs, AUCTAHIMOHHBIX 00pPa30BaTEbHBIX TEXHOIOTHI
oOuieHue 00yJaromuXcs ¥ MperojaBaTeis OCYIECTBIISCTCS B PEXKUME PeabHOrO BpeMeHH (OHIaiH-JIeKIH (BeOUHApPBI), YaThl,
BHJIE0-KOH(EPEHIINH U JIP.) WK OTIOKEHHOTO BpEMEHH (CHCTeMa TUcTaHIiorHoro ooyuenns Moodle, MS Office365, dopymsr,
JICKTPOHHAS 110YTa U JP.).

ITpu 0Oy4enun Jun ¢ OrpaHUIEHHBIMU BO3MOKHOCTSIMH 30POBbS DJIEKTPOHHOE 00yUECHHUE, TUCTAaHIIMOHHBIE 00pa30BaTeIbHbIE
TEXHOJIOTHH ITPeyCMAaTPHBAIOT BO3MOXKHOCTB ITpHUeMa-Tiepeiadl HHGOPMAIUHU B JOCTYITHEIX I HAX (opMax.

Peanuzanyst AMCUUIUIMHEI C IPUMEHEHUEM 3JIEKTPOHHOTO 00ydeHHs, TUCTAaHIIMOHHBIX 00pa30BaTeNbHBIX TeXHOI0THi (nanee — D0,
JOT) ocymectBasercs Ha ocHoBaHUU «[lonoxeHuUs 0 peanu3alul OCHOBHBIX U JIONOJHUTEIbHBIX 00pa30BaTEIbHbIX IIPOrPaMM €
HIPIMEHCHUEM 3IIEKTPOHHOTO 00yYeHHUs U IUCTAHI[HOHHEIX 00pa30BaTeIbHEIX TEXHOJIOTHIT B (heiepaTbHOM TOCyIapCTBEHHOM
OI0/PKETHOM 00pa30BaTEILHOM YUPEKICHUH BHICIIET0 00pa3oBaHus «HeIsIOMHCKHUM ToCyJapCTBEHHBIH YHUBEPCUTETY, «I1os0KeHuUs
0 TOpsIKE 3a4eTa 00YHJaIOIMMHUCS IT0 OCHOBHBIM ITPO(eCcCHOHAIBHBIM 00pa30BaTeIbHBIM IIPOTPaMMaM BEICIIIETO 00pa30BaHUs B
OI'BOY BO «Uenl Y» pe3yabTaToB OCBOCHHUS B OPTraHU3AIMIX, OCYIIECTBISIOMINUX 00pa30BaTeIbHYIO IESTEIbHOCTD, Y4eOHBIX
IPEAMETOB, KypCOB, TUCLHUIIIUH (MOAYJIEH), IPAKTUK, JOIOIHUTEIbHBIX 00pa30BaTeIbHBIX IPOrPaMMy IIOCPEICTBOM SIIEKTPOHHOM
nHdopmarronHo-o6paszoBarensHoi cpeast PTBOY BO «Uenl 'V». B ucknounTenbHbIX citydasix (Gpopc-Maxkop U T.11.) IpU
peanuzanuu oOpazoBaTenbHOU AessTenpbHocTU ¢ npuMeHeHreM D0, IOT MoryT IpuMeHATh KOMIIOHEHTBI, HE BXOJSILUE B IEPEUCHb
AJIEKTPOHHOM HHPOPMAIMOHHO- 00pa30BaTEIILHON CPEIIBI.
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10. CHEIIMAJIBHBIE YCJIOBUA OCBOEHUA JUCHUIIIMHBI OBYYAIOINIUMMUCSH C UHBAJTUIHOCTBIO 1
OI'PAHUYEHHBIMHA BO3MOXHOCTSIMHU 310POBbA

OcBoeHHE TUCHUIIMHEI HHBAJIHIAMH U JIUIIAMH C OTPAaHUYCHHBIMH BO3MOXXHOCTSIMU 3[J0POBBsSI OCYILECTBISIETCS C UCTIOIb30BAHUEM
CHEIHATBHBIX TEXHUYECKHX CPEICTB W HH(POPMAIMOHHBIX TEXHOJOTHUH, MpPEIOCTaBIsIeMbIX PeCypCHBIM yueOHO-METOANICCKHM
LEHTPOM 10 OOyYEeHHIO MHBAIWIOB M JIMI[ C OTPAaHUYEHHBIMH BO3MOXKHOCTSAMH 370poBbsi Yenl'Y mo 3ampocy oOywaromierocs
(MOOHJIBHBIC CIICIHANBHBIC TEXHHYCCKUE CPEACTBA JUIS JIMI C HAPYIICHUSMH 3pPCHUS M C HAPYIICHHEM CIIyXa, aCCHUCTHUBHBIC
nH(OPMALIOHHBIE TEXHOJIOTHH).

IMpu HE0OXOMUMOCTH Ui OOYYAIOIIMXCS C HApYIICHHSMH 3pEHUS Ha pabounmx MecTaxX JJisl MPOBEICHUS MPAKTUYCCKUX HIIH
abOPaTOPHBIX 3aHATUI YCTAHABIMBACTCS CIIEIHMANBLHOE MPOrpaMMHOE obecreueHne (MporpaMma pedeBOl HaBHTAINH, PEUYeBbIC
CHHTE3aTOPbI, KPAHHbIC JTYTIBI).

B yueOHble aymuropun obecrieunBaeTcs OECHPENATCTBEHHBIN AOCTYH Il 00yJalomuUXCsl ¢ MHBATUIHOCTBIO U C OTPAaHUYCHHBIMH
BO3MOXHOCTSIMHU 3[I0POBBS. B Kak[ioli ayauTopu, rae 00y4aroTcs MHBAJIH/IBI U JIMLA C OTPAaHMYEHHBIMH BO3MOXKHOCTSIMH 3/10POBbS,
IPeTyCMaTPUBAETCS COOTBETCTBYIOLIEE KOJTUIECTBO MECT JUIS OOYJAIOLIUXCS C YIETOM HapyHISHHH HX 3J0POBbSL.

Jlist ocBOEHMS TUCUMIUIMHBI MHBAIUAAM U JIMLIAM C OTPaHHYEHHBIMU BO3MOXHOCTSAMH 3/I0POBbS IPEIOCTABIISACTCS JOCTYI K II€YaTHBIM
HCTOYHUKAM, UMEIOIMUMCS B HaydHoU OubimoTtexe UYenl'Y, ¢ MOMOIIBIO CIIENMATBHBIX TEXHHYECKUX CPEICTB; TOCTYI C ITIOMOIIBIO
CHENUANBHBIX TEXHHUYECKHX U MPOTPAMMHBIX CPEICTB K AJIEKTPOHHBIM HCTOYHHUKAM, INPEICTABICHHBIM B (DOpME 3IIEKTPOHHOTO
JokyMeHTa B (poHme HayuHo# 6ubaroTekn Yenl'Y Mtk 371eKTpOHHO-OUOITHOTEUHBIX CHCTEMAX.

Y4eOHO-MeTOIMUeCKHe MaTepHaibl Ul 00YJAIOIIUXCs U3 YHCIIA MHBAIUIOB U JIUI C OTPAaHWIEHHBIMH BO3MOKHOCTSIMHU 3I0POBBS
MPEJOCTABISAIOTCA B (OPMaX, aIalTUPOBAHHBIX K OTPAaHMYCHUSM HX 3I0POBbS U OCOOCHHOCTSIM BOCIIPHATHS HH(POPMALIUH.

J171s1 ”HBaMIOB | JIUI] C OTPaHIMYEHHBIMH BO3MOXKHOCTSIMHU 3/I0POBBSI OCBOGHHE TUCIUILIHHBI MOXKET OBITh YACTHYHO HITH MOJHOCTHIO
OCYIIECTBIICHO C UCIOIb30BAaHUEM AUCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOIOTH.

Ilpn mpoBeneHWM TNPOMEXYTOUHOH aTTeCTallid MO JAWCHUIUIMHE OOYYaroUIMMCS C HWHBAJIUAHOCTBIO W C OTrPaHHYEHHBIMH
BO3MOXHOCTSIMH 3JI0POBbSI O0ECHEUMBACTCS M0 WX 3asBICHHIO NPEJAOCTABICHHE B JIOCTYNMHOW (opMe B 3aBHCHMOCTH OT HX
WHIUBHUAYaJIbHBIX OCOOSHHOCTEH HMHCTPYKIMH O TIOPS/AKE IIPOBENECHUS IMPOMEKYTOYHOH ATTECTAIlMH, OLEHOYHBIX CPEICTB H
BO3MOXXHOCTH OTBETOB Ha 3a/laHus (IIMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIbIOTEpE, MUCbMEHHO wipudrom Bpaiins, c
HCIIONIb30BAaHUEM YCITYT aCCHCTEHTA, YCTHO).

[Tpu npoBeaeHUN NpoLEAYPbI OLICHUBAHUS PE3YJIbTATOB OOYYEHHsI MHBAJIMIOB U JIMI C OTPAaHMYEHHBIMU BO3MOXHOCTSIMHU 3JI0POBbSI
IpeycMaTpruBaeTCs HCIOIb30BaHUe IpeaocTaBieHHBIX Yenl Y min coOCTBEHHBIX TEXHUUECKHUX CPEACTB, HEOOXOAUMBIX HM B CBSI3U C
X MHAUBUAYAJIbHBIMU OCO6€HHOCT${MI/I. HpI/I HCOGXO}II/IMOCTI/I HHBaJIWAaM M JIMllaM C OrpaHU4YCHHBIMU BO3MOKXHOCTAMU 3J0POBbs
MIPEIOCTABISIETCS JIOTIOTHUTEIBHOE BPEMsl JUIsl MMOJTOTOBKU OTBETa Ha 3aJlaHus, IPOLEeNypa OLEHNBAHKS PE3yIbTaTOB O0YIEHHS 1O
JAUCHUIUTMHE MOXKET MPOBOAUTHCSA B HECKOJIBKO 3TAIlOB.
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"Pamuodusuka" HanpasieHHOCTH (poduitio) TenekoMMyHHKAIHOHHbBIE CHCTEMBI i HH()OPMAIIMOHHBIE TEXHOIOTHH ctp. 13
OI'BOY BO «Henl'Y»

Pa6Gouas nporpamMmma JucuMIuIinHbI (MOAyJisl) 0100peHa U peKOMEeH/10BaHa:

ITpopekTop 1o yueOHOH paboTte yTBepxkaeHo 24.02.25 A.A. CanamaToB
Y4eHbsIM COBETOM (hU3NUECKOTO (aKyabTeTa

ITporoxon 3aceganus Ne 05 ot 06.02.2025

[Ipencenarens YueHoro coBera

(husuueckoro paxkynpTeTa COIIaCOBaHO M.A. 3arpeoun
3acenanuem kadgeapnl o0ueii U TeopeTHYecKoi (PU3NKH

ITporoxon 3aceganus Ne 04 ot 30.01.2025

3aBenyromui kapenpoi COITIaCOBaHO A. E. Maiiep

ABTOD (COCTaBUTEIIH) M. JI. Mumiep

CTpykTypa pa6oueii mporpaMmbl cO00TBeTCTBYeT mpukasy pekropa ®I'bBOY BO «Ueal'¥» ot «13»
anpeas 2021 r. Ne 247-1

© ®I'BOY BO «Henl'V»




