degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: KBaHTOBaHNE IMHAMHYECKHX CUCTEM M KNHETHYECKHUE YPaBHEHHUS
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
Du3TeX-KIIACTEp aKaIeMUYECKOW U HAyYHOU Kapbephl

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 75 4ac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: FO.H. Opnos, 1-p ¢u3.-MaT. HayK, CTapIIui HAYYHBIH COTPYIHUK

[Iporpamma obcyxnena Ha 3aceqanun Ousrex-kiacrepa akaJeMHUUeCKOl 1 HayuHO# kapbepsl 17.05.2021



AHHOTANMA

B kypce uznararorcs METOAbl NOCTPOEHUS KIACCUYECKOM W KBAHTOBOM CTAaTHCTUYECKOM MEXAHUKH IS
CHCTEM C JIOKaJbHBIM BBIPOXACHHEM B (Pa3oBOM MPOCTPAHCTBE, a TAKXKE HCCICAOBAHHUIO CIIEKTPAIbHBIX
CBOMCTB KBaHTOBBIX I'AMUJIBTOHHAHOB IOJIMHOMHUAIBHOIO THIIA, MCIOJL3YIOIIUXCS B PA3JIMYHBIX MOIEISIX
KBaHTOBOH ontuku. MccnenyeTcs BOIpoc o poiiv IpaBHila KBAaHTOBAaHUSA Ui BeIBoa ypaBHeHus lIpenunrepa
U IIPU MOCTPOEHHM CTAaTUCTHYECKHX ONepaTopoB M ¢yHKIMM BurnHepa. Ha ocHOBe KBaHTOBOTO ypaBHEHHS
JlnyBuiis BBIBOAATCS ypaBHEHMS KBaHTOBOHM 1enouku boroirobosa. PaccmarpuBaercs METOn MOCTPOCHUS
pemenuii ypaBHenus lllpenunnrepa ¢ momompio Gopmyn deiinmana Ha ocHoBe Teopembl YUepHoBa. Jlis
MTOJINHOMHMAJIBHBIX ~KBAaHTOBBIX T'aMMJIBTOHHAHOB ONMCHIBAETCS AJNTOPUTM IIOCTPOEHHUS IMPOCTPAHCTBA
JMHEHHbBIX HHBAPUAHTOB 10 OIlepaTopaM 4yucia 4yacTull U (GopMyIupyeTcs MeTol aCHMITOTHYECKOTO aHaIn3a
CIEKTpa TraMWIBTOHHAaHOB. Ha OCHOBE MeTO#a JMHEWHBIX HWHBAapHAHTOB IPOBOAUTCS CONOCTABIICHUE
KBAHTOBBIX I'AMUJIBTOHUAHOB U KUHETUYECKUX YPAaBHEHUH.

1. lean u 3apa4n
Heab nucUMMINHBI

AaTb  CTyA€HTaM OCHOBBI
CTaTUCTUYCCKON MCXaHHUKH.

3HaHWH B oO0MacTM MareMarnyeckoro QopMain3mMa KBaHTOBOM

33]13‘[1/[ JAUCHUIIINHBI

OCBOUTH (bOpMaJ'II/ISM KBAHTOBAHUA, H3YUYUTb MATCMATUYCCKUC OCHOBBI KBAaHTOBOM KHHCETHYECKOM
TCOPUH, YMETH BbIBOAUTH U aHAJIM3UPOBATH KBAHTOBBIC U KJIACCUUCCKUC KUHCTUYCCKNUEC YPABHCHUS.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-2.2 Crniocoben MIPOTHO3UPOBATh pe3yabTar

NEeSITEIbHOCTH U IUIAHUPOBAThH MOCJIEJ0BAaTEIbHOCTD IIAroB
VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX

I JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer

9Tamnax €ro pcajn3anun
HJ'IaH—l"pa(l)I/IK pceajin3anun IIPOCKTa B INCJIOM U IUIAH

KOHTPOJIA €ro BBIIIOJIHCHUSA

OIIK-1.1 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 00NacT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTH
mpoheCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLITMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCunoHaNbHON e TeTbHOCTH

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TEHHOCTH

OIIK-2 Nmeer nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M HMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJIbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI

OIIK-3 Cnoco0OeH BbIOUpaTh U (UIH) pELICHUS

pa3pabaThIBaTh MOIAXO/IbI K PEIICHHIO THIIOBBIX
1 HOBBIX 3a71a4 B 00acTu npodeccrnoHanbHON
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoGeH ycIenHo peann30BbIBaTh

petiexH

1€ TOCTABJICHHOMN 3aga4u, IMpOBECTU

aHaJIn3 pe3yJibTara U NMPCACTABUTh BbIBOAbI,

pumMe

HsIsl 3HAHMS M HABBIKK B 00JIACTH

(hM3UKO-MaTeMaTHIEeCKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJOTHHA

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOrPAMMHBIX ITPOLYKTOB

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEICHUS HAYYHOTO MCCIIEA0BAHUS

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh

HOBBIC

HAYYHBIC PC3YyJIbTAThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4ecKoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBAaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETb:

JMHEHHOEe KBAaHTOBaHME, KBAaHTOBOE ypaBHeHue JlmyBuiuis, uenouka boromo6osa, QyHkuus Burnepa,

ypaBHeHUe Moliana

paboTaTh C KBAHTOBBIMH CTAaTUCTUYECKUMH OIIEPaTOpaMH
BJIaJIETh:

0a30BBEIMU MTOHATHUSIMHU TCOpUN JINTHEWHOI'O0 KBAaHTOBAHUS U KBAHTOBOM CTAaTUCTHYECKON MEXaHUKU.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 JlnHAMHUYeCKHE CUCTEMBI. 2 5
2 BripoxieHHble TarpaHkKuaHbl. 2 5
3 PeHﬂTI/IBHETCKI/Ie MOJIENH ) 5
B3aMMOJICHCTBYIOIIMX YaCTHUL.
4 Jlarpanxuanbl c BBICIIUMHU ) 5
[IPOU3BOJHBIMHU.
Henouka boronro6oa. @yHKIMOHATBHAS
5 TUIOTEe3a W ypPaBHEHHS  DBOJIIOLUU 2 5
MOMEHTOB.




6 Pacueruienne nemnouku boromo6oBa u ) 5
KMHETHUYECKHUE YPaBHECHHUS.

7 JIluneiiHoe KBaHTOBaHUE JAMHAMUYECKHX ) 5
CHUCTEM.
KBanrosas nernouka  boromo6oBa.

8 KBanroBanue B OKPECTHOCTH 2 5
JUHAMUYECKON CUHTYJISPHOCTH.

9 BropuuHo€e KBaHTOBaHHE. 2 5

10 MopaenbHble TaMUIBTOHUAHBI KBAaHTOBON ) 5
OIITUKHU.

1 AcCUMITOTUKA CHEKTpa raMUJIbTOHMAHOB ) 5
KOMOMHALIMOHHOTO PacCesHusI.
CucremMbl OPTOTOHAJIBLHBIX TOJIMHOMOB B

12 |3amauax kBaHTOBOW onTUkH. DyHKINA 2 5
Burnepa.

13 VYpaBuenue Moitana. CranuoHapHbIe ) 5
peleHusl.

14 | Popmynsl DeitHMana u TepeMa YepHoBa. 2 5
VYcpenHeHre  KBAaHTOBBIX — ITOJMYTPYIIIL

15  |Ciydaiinble Onmy>KAaHusi B MPOCTPAHCTBE 2 5
KOTEPEHTHBIX COCTOSHUH.

Nroro yacos 30 75

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. JInHaMHYeCKHEe CUCTEMEL.

VYpasHenue JInyBuiis U TMHAMUUYECKU-MHBAPHAHTHAs Mepa.

OnpeneneHue CUHTYIISIPHOTO MHOXKECTBA IMHAMUUYECKON CHCTEMBI.

2. BeIpokieHHBIE J1arpaHKUaHbl.

[IpumMeps! BBIPOXKIEHHBIX JUHAMUYECKUX CUCTEM.

[IpuHLMD NpOAOIKEHUS TPAEKTOPUHU Ha OCHOBE HEIIPEPBIBHOCTH [IEPBBIX HHTETPAJIOB.

3. PensiTuBUCTCKHE MOJIENH B3aUMOEHCTBYIOIINX YACTHII.

JluHaMu4ecKu-UHBapUaHTHasE Mepa B TEOPUU T.H. «IIPAMBIX B3aUMOACHCTBUI PENSATUBUCTCKUX
yactul. Jlarpanxuansl J{apsuna n @oxa-duxrenronsua-Mudensaa.

4. .Hal“paH)KI/IaHBI C BBICIIMMU IIPOU3BOJAHBIMU.

Hal"paH)KI/IaHLI, 3aBUCAIIUC OT BBICIIUX IMTPOU3BOAHBIX.

MO):[GJ'H: JAUHAMHUKU C OTPAaHUYCHHBIM YCKOPCHUCM.

5. L[enornca Boromtobosa. CDYHKLII/IOHaJ'ILHaH THUIIOTE3a U YpAaBHCHHUA 3BOJIFOITMU MOMCHTOB.

Q)YHKI_II/IFI pacupceaciiCHUA B CTaTUCTUYCCKON MEXaHHKE. L[enqua BoronroOoBa.

ypaBHeHI/ISI OBOJIIOIMKM  MOMCHTOB

(GYHKIMM  pacupeacieHHs.

Boromo6oBa. YpaBHeHUsI IEPBOTO MPHOITHKEHUSI.

qDYHKI_H/IOHaJ'IBHaﬂ

THUIIOTE3a




6. Pacuennenune 1ienouku boromo6oBa 1 KHHETHYECKHE YPaBHEHHUS.

Mertonsl pacueruieHus: ypaBaeHuit boromobosa. Kunetnueckue ypasaenus: bonbiimana u Biacosa.
7. JInHEHOE KBAHTOBAaHUE IMHAMUYECKHUX CUCTEM.

KganTopauus Beitns, Hopnana, bopra. OGuiuii oaxo K CHMMETPU3aIMK oniepaTtopa I'aMHIbToHa.
8. KBanroBas nenouka boromo6osa. KBaHTOBaHNE B OKPECTHOCTH AMHAMUYECKOW CHHTYISPHOCTH.
VYpaBuenue llpenunrepa u KBAHTOBOE ypaBHEHHE JInyBUILIS.

Marpuna miotaoctd. Kanropas nienodka boromto6osa.

IIpumeps! KBaHTOBaHUSI FaMUJIBTOHHAHA B OKPECTHOCTH JUHAMUYECKOH CUHIYJISPHOCTH.

9. BropuuHoe KBaHTOBaHUE.

BropuuHoe kBaHToBaHue. CUMBOJIBI BEKTOPOB U OIIEPATOPOB.

10. MonenbHbIe raMUILTOHUAHBI KBAHTOBOM OITHKH.

MogaenbHble TaMUIIBTOHHAHBI KBAHTOBOM OMNTHKHU.
[IpencraBnenue KOrepeHTHBIX COCTOSIHUM JIJIs1 HECTAaHAAPTHBIX KOMMYTAIIMOHHBIX COOTHOIIEHHH.

11. AcHMITTOTHKA CIIEKTpa raMHJIBTOHHAHOB KOMOMHAIIMOHHOTO PAacCesTHUSI.
ACHUMITOTHYECKUE OIIEHKU CIIEKTPOB raMUJIBTOHHAHOB KOMOMHAIIMOHHOTO PACCESIHNUS.
12. CuctemMbl OPTOTrOHAJILHBIX TIOJIMHOMOB B 3aJa4ax KBaHTOBOW onTuku. dyHkuus Burnepa.

CucTteMbl OPTOroHaNbHbIX IIOJMHOMOB B 331a4aX KBAaHTOBON OIITHKH.
@yHkuus Burnepa B KBAHTOBOW CTaTUCTUYECKON MEXaHUKE.

13. YpaBuenue Motiana. CtanioHapHbIE PELIECHUSI.

VYpaBHeHue oBomonMKM (QyHKIMM Burhepa u ero 3aBHCHMOCTh OT MpaBWJIAa KBAaHTOBAHUS
JTUHAMUYECKUX CHCTEM.

14. ®opmynsr Oeiinmana u Tepema YepHoBa.

@opmynsl Pelinmana U Tepema YepHoBa. HMTepallMOHHOE MOCTPOEHUE pEIIEHHUS YpaBHEHUS
[IpenuHrepa.

15. Ycpennenue KBaHTOBBIX monyrpynm. ChydaifHble ONy»JaaHWs B TPOCTPAHCTBE KOT'€PEHTHBIX
COCTOSIHHUIA.

VYcpenHeHre KBaHTOBBIX MOJYTpymil. DKBUBaJIeHTHOCTh 1o YepHoBy. [locTpoeHne paBHOBECHBIX
pacIpeneneHuil Ui JUHEUHBIX KBAaHTOBaHUN. ['apMOHMYECKUI OCHUILIATOP.

Ciyuaiiable OnmyXJIaHHS B MPOCTPAHCTBE KOT€PEHTHBIX COCTOSHHMNA. DKBHBaJIEHTHBIE MO YepHOBY
OIIepaToOpsI CABUTA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOAMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

Aynutopus Ha 18 yenoBek, MesioBast JIoCcKa, Badpa AJisi CTHPAHUS C JIOCKH, CKPEOOK IS ylajJeHUs
JIUIIHEN BOABI C AOCKH, MEJl CO CKPYIIIEHHBIM KBAaJAPAaTHBIM CEYCHUEM.



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
1. OcHOBBI KBaHTOBAaHUS BBIPOXKICHHBIX THHAMUYECKUX cucteM [Tekcr] : yueOHOE mocoOue aist By30B
/ 1O. H. Opnos; M-Bo o6pazoBanus u Hayku PD; Mock.usnuko-TexH.uH-T (roc.yH-T) .— M : MOTU,
2004 .—236.c.

2. Meron BropuuHoro kBaHTtoBaHus [ Tekct]/®. A. bepesun , -M., Hayka, 1986

JomnonHurenbpHas auTeparypa

1. BBenneHre B KBaHTOBYIO CTaTUCTHYECKYIO MexaHUKY [Tekcr], [Monorpadus]/H. H. boromro6os, H.
H. Boromo6oB (Mi1.), -M., Hayka, 1984

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Crynent, m3yuatouii kypc "KBaHTOBaHHWE IWHAMHUYECKHX CHUCTEM W KHHETHYECKHE ypaBHEHHA',
JIOJKEH, C OMHOW CTOPOHBI, OBJIAIETh OOIIMM MOHATUHHBIM aIlllapaToM, a C IPyroil CTOPOHBI, JOJKEH
Hay4UThCs IPUMEHATh TEOPETUUECKHUE 3HAHUS Ha [IPAKTUKE.

B pesynbrare u3ydeHus IQUCLUIUIMHBI CTYyAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
AKCHOMBI, METOJIbI I0KA3aTEIIbCTB.

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoAuMoe BpeMsi s paboThl CTyOeHTa HajJ TEMOHU.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIHUH, y4eOHOW M Hay4yHOW JHUTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX M CaMOCTOSTEIbHOIO H3yuYeHMs,
JIOKa3aTeJIbCTBO OTACIBHBIX YTBEPKICHHUH, CBOMCTB;

— pelieHue 3a/1a4, IpeAaracMblX CTyIEHTaM Ha 3aHSATHAX U B KaUe€CTBE KYPCOBOTO 3aJaHMS;

— MOATOTOBKY K 3aHSATHUSIM, K3aMCHY.

PyKoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTyIeHTa ocylecTBisercs B Qopme
UHAUBUYaJIbHBIX KOHCYJIbTALUM.

ITokazareneM BiIQAEHUS MaTepUaIoOM CIYXKHUT YMEHHE pemarh 3aaadu. Jns GpopMHpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIie
3amad. [pu pemeHny 3a1a4y Kaxkaoe JeiicTBHE HEOOXOMMO apryMEHTHPOBATh, CChUIASICh HA U3BECTHBIC
TEOPETUUECKUE CBEICHMUS.

BaxxHo no0uThCcA MOHMMaHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOTo ero 3amoMuHaHus. [Ipu
3aTPyOHEHUN H3YYCHHUS OTAEIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpalaThCsi 3a KOHCYJIBTALUSMH K
JIEKTOPY WJIM NIPENOiaBaTeiio, BEAYyIeMy IPaKTUUECKUE 3aHATHSL.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

dusrex-KiIacTep akaJIeMHUUECKOi U HaydHOU Kapbephl (MaremaTrnueckue MeTo/IbI
COBPEMEHHOH (PH3UKH)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: 10.H. Opios, a-p ¢pu3.-Mar. HayK, CTapLIMi HAYYHBIH COTPYIHHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

YK-2.2 Crniocoben MIPOTHO3UPOBATH pe3yabTar
NEeSITeIbHOCTH U IUIAHUPOBATh MOCIEJ0BAaTEIbHOCTD IIAroB
7 JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pceajin3anun IIPOCKTa B INCJIOM U IUIAH
KOHTPOJIA €ro BBIIIOJIHCHUSA

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBLHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4YHbIC 3HaHUS B 001acTH (U3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 00001maTs ¥ KPUTHYECKH OILCHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLITMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHre 00 aKTyallbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENILHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

OIIK-2.1 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHOU e TEBHOCTH

OIIK-2.3 Brnazmeer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M HMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHUTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOIYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlIK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(GOPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HayK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAay4HbIE TPOOIEMBI, [TOyYaTh

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax MCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHMA H3y4aeMBIX
SIBIICHUI | MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynbprare m3ydeHus AucuMIUIMHBI «KBaHTOBaHHE NTUHAMUYECKUX CHCTEM M KHHETHYECKHE YPaBHEHHSD)
00yJaromuiics JOKeH:

3HATb:

JTUHEWHOEe KBAHTOBaHWE, KBAHTOBOE ypaBHeHue JInyBuiuis, nenovyka boromo6osa, GyHkius Buraepa,
ypaBHeHHe Moiiana

YMeTh:
paboTaTh ¢ KBAHTOBBIMH CTAaTUCTUYECKUMU OTIEPATOPAMHI
BJIA/IETh:
0a30BBIMHU MTOHATHSAMH TEOPHUH JIMHEHHOTO KBAHTOBAHUS M KBAHTOBOW CTAaTHCTUYECKOW MEXaHHUKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0
He nmpexycmorpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. BoiBon ypaBHeHus JInyBWIIs B TaMUJIBTOHOBON MEXaHUKE.

2. BeIBoj1 ypaBHEHUI 9BOIOIUH (PYHKIIHIA paclpeieIeHUs] KOMITIEKCOB B3aUMOJICHCTBYIOIIIUX YaCTHII.
3. BbIBO/I ypaBHEHHMIA YBOJTIOIIMA MOMEHTOB (DYHKIIMH pacTipeieTICHHS.

4. BeIBOjI 9iJIEpOBO# THIPOAMHAMUKY U3 IIETTOYKH bormo6osa.

5. Cr1abopenATUBUCTCKUHM JTarpaHyKuaH CHCTEMbI 3apsKEHHBIX YaCTHUIl U TOYKHU BBIPOXKICHHUS.

ITpumeps! OnneToB Ha K3aMeHe B 9-M cemecTpe:

buner 1.

A) CuMBOJIBI BEKTOPOB M ONIEPATOPOB B MPECTABICHUH KOTEPEHTHBIX COCTOSHUH.
b) Teopema UepHoBa o momyrpymie.

buner 2.

A) Jluneiinoe kBanTOBaHME M (popMyra oOparieHus.

b) ®ynxus Burnepa u ee cBsi3b ¢ MaTpHUIlEH MITOTHOCTH.

buner 3.

A) Teopema 0 NIOCTPOGHUM DHKBUBAJIECHTHON CpENHEH IOJYTpyHNbl A I'aMUIBTOHUAHOB IIpU
JIMHEHHOM KBaHTOBAaHUH.

Bb) Cranmnonapnas ¢pyHkuus Burnepa ais rapMOHHYECKOTO OCHMILISTOPA.

burer 4.

A) Snpa xBanroBanuii Beiins, Bopua, Mlopiana u uX XapaKTepuCTHUECKHE (YHKIIHH.

Bb) AcumnToTHKa ClIEKTpa raMUIBTOHUAHOB B MOZAEIISIX KBAHTOBOM ONTHKH.

burer 5.

A) IlpeacraBieHne BTOPUYHOTO KBAHTOBAHUS 17151 HECTAHAAPTHBIX KOMMYTALIMOHHBIX COOTHOLICHUH.

b) IlocTpoeHne paBHOBECHON MaTpHIlbl MJIOTHOCTH FAPMOHUYECKOTO OCLMIIISATOPA C UCIIONb30BaHUEM
TeopeMbl YepHoBa.

Kpurepun onennBanus



Onenka «ormmuHo (10)» BhICTaBIsAETCS OOydaromieMycsl, €CIId OH TIOKa3all BCECTOPOHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

oueHka «omm4HO (9)» BhICTaBIAETCA OOy4YalOIIEMyCsl, €CJIM OH IIOKa3aJl BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HOPUHATBIX PELICHUH, HO IMPHU 3TOM OBUIM JOMYIIEHBl HEOOJbIINE HETOYHOCTH, KOTOPbIE OBLIH
CaMOCTOATEIBHO OOHAPY>KEHBI U HCIIPABIICHBL;

OLICHKa «OoTIM4YHO (8)» BhICTABIAETCA OOydYalOIIEMyCs, €CJIM OH IIOKa3aJl BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
NPUHATBIX PpEIIeHWH, HO NPH 3TOM OBUIM JOMYyINEHBI HEOONbIINE HETOYHOCTH, KOTOpHIE IOJICE
yKa3aHUs 3K3aMEeHAToOpa ObUIM CaMOCTOSTEIBHO UCIPABIICHBI;

OLIEHKA «xopomIo (7)» BBICTABISIETCS 00yUaromeMycs, €CJIM OH TBEPJO 3HAET MaTepHual, IPaMOTHO U IO
CYIIECTBY H3JIaraeT ero, yMeeT IpPHUMEHSATh IOJy4YCHHbIC 3HAHHS Ha IPAKTUKE, HO [OIMYCKaeT
HETOYHOCTH B OTBETE MJIM JETIAaeT HECYIIECTBEHHbIE OUIMOKH MPH PEIICHUH 3a71a4;

OLIEHKa «XOpoIIO (6)» BBICTABIAETCS 00Y4aIOMEMYCsl, €CJIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U O
CYIECTBY H3JaraeT €ro, ymeeT IPHUMEHATh IOJIy4YEeHHbIC 3HAHMA Ha IPAKTUKE, HO [OIYCKaeT
HeOoJbLIMe OMMOKH B OTBETE U (WJIM) IPH PEILICHUH 3a]1ay;

OLICHKA «X0pomIo (5)» BBICTABISIETCS 00yUaromeMycs, €ClIi OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U O
CYLIECTBY H3JIaraeT €ro, yMeeT MPHMEHATh MOJYYCHHbIC 3HAHHWS Ha TNPAKTHUKE, HO OTBEYAET
HEYBEPEHHO U (WJIH) JI0TycKaeT OMMOKH TIpY PEelIeHUH 3a71ad;

OLICHKA «YJIOBJIETBOPHUTENBHO (4)» BbICTABIsAETCS OOy4aromeMmycs, MoKaszaBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIA XapakTep 3HAHWH, HETO4YHble (OPMYIMPOBKM O0a30BBIX MOHITHH, HAPYLICHUS
JIOTUYECKON IOCIIeI0BATEIbHOCTH B N3JI0KEHUH [IPOrPaMMHOI0 MaTepuasa, €CiId IIPU 3TOM OH BJIaieeT
OCHOBHBIMH pa3fiesiaMu y4eOHOW MporpamMmbl, HEOOXOAMMBIMH IS JaJIbHEHIIEro OOydYeHUsI 1 MOXKET
MPUMEHSATH MOJIYYECHHBIC 3HaHU 110 00pasily B CTAaHAAPTHON CUTYallly;

OLICHKA «YJOBJETBOPHUTENbHO (3)» BbICTaBIsAETCS OOy4aromeMmycs, MoKaszaBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HAHWH, HETO4Hble (OPMYIMPOBKM O0a30BBIX MOHITHH, HAPYLICHUS
JIOTUYECKOHW II0CJIEZ0BAaTEIbHOCTY B H3JIOKEHUU IIPOIPaMMHOIO Marepuaia, He BIaJCIOIIEeMy
HEKOTOPBIMH pazieflaMi Y4eOHOH MpOrpamMMbl, HO YMEIOIIEMY NPUMEHSTH MOJY4YCHHbIE 3HAHUA II0
o0pasity B CTaHAAapTHOM CUTyalny;

OLICHKA «HEYIOBJIETBOPUTEIHHO (2)» BBICTABIAETCS O0ydaromeMycsl, KOTOPbIM He 3HaeT Oonbliel
4acTH OCHOBHOIO COJIEp)KaHHUS y4eOHOW NpOorpaMMbl TUCHMIUIMHBI, JOMYyCKAaeT TpyOble OMMOKM B
(bopMyIHPOBKaX OCHOBHBIX MOHATHI TUCHUIUINHBI X HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAHHS [IPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

OLICHKA «HEYIOBIETBOPUTENHHO (1)» BBICTaBIsSETCS 00ydaroIeMycsi, TOKa3aBlIeMy IOJIHOE HE3HaHUE
y4eOHOM porpaMMbl JUCLUTLTHHEI.

5. MeTonu4eckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu mpoBeneHUM yCTHOTO dK3aMeHa 0O0ydarolieMycsl MpeaocTaBisieTcss | acTpOHOMHYECKHH Yac Ha
noarotoBky. Ompoc olyuaromierocst mo OWJIETYy Ha YCTHOM 3K3aMEHE He JOJDKEH NPEBBIATh IBYX
ACTPOHOMHMYECKHX 4acoB. Bo BpeMs mpoBeaeHus 3x3aMeHa 00yJarommecs MOTYT MOJIb30BaThCsl TOIBKO
[IPOrpaMMOM IUCLUILIUHBI.



