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
kadenpa QyHnaMeHTaILHOW MaTeMaTHKH

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 obcyxneHa Ha 3aceqanuu Kadenpsl pyHaaMeHTanbHOa Maremaruku 28.03.2025



AHHOTANMA

B kypce wu3nararoTcs METOAbBI MOCTPOCHUS KIACCUYECKOM M KBAHTOBOM CTATUCTUYECKOHM MEXAHUKH JUIS
CHCTEM C JIOKaJIbHBIM BBIPOXKACHUEM B (Pa30BOM MPOCTPAHCTBE, a TAKKE HCCIICAOBAHHUIO CIIEKTPAIbHBIX
CBOMCTB KBaHTOBBIX I'AMUJIBTOHHAHOB IOJIMHOMHUAIBHOIO THIIA, MCIOJL3YIOIIUXCS B PA3JIMYHBIX MOIEISIX
KBaHTOBOH onTuku. Mcenemyercst BOpocC O poiu MpaBuiia KBaHTOBaHMS 7S BbIBoAa ypaBHeHus Lllpennnrepa
U IIPU MTOCTPOEHHM CTAaTUCTUYECKHX omeparopoB M ¢yHKIMH Buraepa. Ha ocHOBe KBaHTOBOTO ypaBHEHHUS
JlnyBuiis BBIBOIATCSL YpaBHEHHMs KBaHTOBOWM Lenouku boromo6oBa. PaccMarpuBaeTcss MeToA MOCTPOCHUS
pemenuii ypaBHenus lllpennarepa ¢ momomipio Gopmyn Deitnmana Ha ocHOBe Teopembl YepHora. Jlms
[TOJINHOMHUAJIBHBIX KBAaHTOBBIX T'aMHJIBTOHHAHOB OIMCHIBAETCS aAJITOPUTM IOCTPOECHHS MPOCTPAHCTBA
JMHEHHbBIX NHBAPUAHTOB I10 OIlepaTopaM YMCiIa YacTHIl U GOPMYIHUPYETCS METOA aCUMIITOTHYECKOTO aHaIM3a
CIEKTpa TraMWIBTOHHAaHOB. Ha oOCHOBe MeTona JIMHEHHBIX WHBAPUAHTOB IIPOBOAMTCS COIOCTABICHUE
KBAHTOBBIX I'AMUJIBTOHUAHOB U KUHETUYECKUX YPAaBHEHUH.

1. lean u 3apa4n
Heab nucUMMINHBI

JaTh CTY[JGHTAaM OCHOBBI 3HAHMM B 00JaCTH MareMaTHYeCKOro ¢opMann3Ma KBaHTOBOM
CTaTHCTUYECKON MEXAHHKHU.

33]13‘11/[ JAUCHUIIINHBI
- OCBOUTDH (l)OpMaJ'II/IBM KBaHTOBaHMA,
- U3YyUUTh MATCMATUYCCKNEC OCHOBLI KBAaHTOBOM KMHETHUYCCKOU TCOpUHU,
- YMCTb BbIBOAUTH U aHAJIM3UPOBATH KBAHTOBBIC U KIIACCUYCCKNUEC KUHCTUUCCKUC YPABHCHU .

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-2.2 Criocoben MPOTHO3UPOBATh pe3ynbTar
AEATEeIbHOCTH M ITAHHUPOBATh MOCIIEIOBATEILHOCTD LIaroB
s JAOCTIDKCHUS  JaHHOTrO  pesynbrara. Dopmupyer
WwiaH-rpaQuK peanu3alyd IPOEKTa B LEIOM M IUIaH
KOHTPOJISI €T0 BBITTOTHEHUS

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

OIIK-1.1 3HaeT ®W  CcOOCOOCH  HUCIOJIB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneet cucremoit pynnamentansieix |OIMK-1.2 CrmocobeH 0600mark ¥ KpUTHYECKH OIICHWUBAThH
Hay4YHBIX 3HAHUH B 00acTu OIBIT M PEe3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IaCTH
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHnn 3a1a4 NpoQeccCuOHATBHON AEATENbHOCTH

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2 Nmeer npeacrasienne o6 akryansHbix |OIIK-2.3 Bnageer npodeccroHanbsHOW TEpMHHOJIOTHUEH,
npo0iemMax HayKH U TEXHUKH B 00JIacTH CBOEH |HCIIONb3yeMO B COBPEMEHHOHW  HayYyHO-TEXHHUYECKOM
poeCcCHOHANBHOM e TENFHOCTH, CIIOCOOCH  |UTeparype, o0nagaeT HaBbIKAMH YCTHOTO M HMHCBMEHHOTO

Ha HayYHOM f3bIKe (hOPMYIHPOBATH W3JIOKEHUSI PEe3yJIbTaTOB HAay4YHOW AEATEIBHOCTH B paMKax
npogecCHOHANbHBIE 3a]1a41 npo¢ecCHOHATBHON KOMMYHHUKAIUN
OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh

WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTD

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PELIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI

OIIK-3 Criocoben BbIOMpaTh 1 (MIH) pELICHUS




pa3pabaThIBaTh MOAXO/IbI K PEIIEHHIO THIIOBBIX
1 HOBBIX 3a7ia4 B 00acTu npodeccrnoHanbHON
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U
OTrpaHUYEHUS Pa3IMYHBIX METOJOB PEIICHHS

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CpaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHS B ob0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCO0
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITENLHOCTH

I[IK-1.2 CnocobeH  BbyIBHTaTh THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue u (WJiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3aJad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbBI

3HATB:
- TMHEMHOE KBAaHTOBAaHUE,
- KBAHTOBOE ypaBHeHUE JINyBUILIA,
- rrerrouka boromro0oBa,
- (pynkus Burnepa,
- ypaBHeHue Moliana
YMETh:
paboTarh ¢ KBAHTOBBIMH CTATHCTUYECKHMH OTIEpaTopamMu
BJIAJICTh:

0a30BBEIMHU MTOHATHUSIMHU TCOpUN JINTHEWHOT'O0 KBAaHTOBAHMS U KBAHTOBOM CTAaTUCTHYECKON MEXaHUKU.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI

pabora

1 JlnHAMHUYeCKHE CUCTEMBI. 2 5

2 BripoxieHHble TarpaHkKuaHbl. 2 5

3 PenstuBucrckue MOJIENH ) 5

B3aMMOJICHCTBYIOIIMX YaCTHUL.




HarpaH)I(I/IaHLI C BBICIIIMMH

4 2 5
MIPOU3BOJHBIMH.
Henouka borono6osa. @yHKIMOHANBHAS

5 CUIIOTE3a W YPAaBHEHUS  HBOJIIOLUU 2 5
MOMEHTOB.

6 Pacueruienne nemoukun boromo6oBa u ) 5
KMHETHYECKHE YPABHEHMUS.

7 JInHeliHOe KBAaHTOBaHHE JUHAMHYECKUX ) 5

CUCTCM.

KBanrosas neriouka  boromo6osa.
8 KBantoBanue B OKPECTHOCTH 2 5
JMHAMHYECKOW CHHTYISPHOCTH.

9 BropuuHo€E KBaHTOBaHHE. 2 5

10 MopaenbHble TaMUIIBTOHUAHBI KBAaHTOBOU ) 5
OIITUKHU.

1 ACUMIITOTUKA CIEKTpa raMUJIBTOHUAHOB ) 5
KOMOMHALIMOHHOTO PacCesHusI.
CucrtemMbl OPTOTOHAJILHBIX MTOJTUHOMOB B

12 [3amauax KBaHTOBOW oNTUKH. DyHKIUSA 2 5
Burnepa.

13 VYpaBuenune Moitana.  CranuoHapHbIe ) 5
peIIeHHUS.

14 | Popmynsl DeitHMana u TepeMa YepHoBa. 2 5

VYcpenHeHre  KBAaHTOBBIX — MOJYTPYIIIL
15  |Ciydaiinble Omy>KAaHus B MPOCTPAHCTBE 2 5
KOTEPEHTHBIX COCTOSHUH.

Hroro wacos 30 75
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIIS), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 1 (Ocennwii)
1. JInHaMHYeCKHE CUCTEMEL.

VYpasHenue JInyBuiis U IMHAMUYECKU-MHBAPUAHTHAs Mepa.
OnpeneneHue CUHTYIISIPHOTO MHOXKECTBA IMHAMUUYECKON CHCTEMBI.

2. BeIpokieHHBIE J1arpaHKUaHbl.

[IpumMeps! BBIPOXKIEHHBIX JUHAMUYECKUX CUCTEM.
[IpuHLMD NpoAOIKEHUS TPAEKTOPUHU Ha OCHOBE HEIIPEPBIBHOCTH [IEPBBIX UHTETPAJIOB.

3. PensiTuBUCTCKHE MOJIENH B3aUMOIEHCTBYIOIINX YACTHII.

JluHaMU4eCcKU-UHBapUaHTHAasE MEpa B TEOPUHU T.H. «IIPSIMbIX B3aUMOIEHCTBUI» PEISITUBUCTCKUX
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'IL JAUHAMHUKU C OTPAaHUYCHHBIM YCKOPCHUCM.




5. llenouka boronro6oBa. dyHKIMOHALHAS TUTIOTE3a M YPaBHEHUS SBOIIOIIUHA MOMEHTOB.
OyHKIUS pacnpeieNieHus B CTaTUCTHUecKol MexaHuke. [lemouka boromro6osa.

VpaBHEHUs OSBOJIONMM MOMEHTOB (YHKUMHM pacupeneneHus. @OyHKIMOHANbHas THIIOTE3a
Borono6oBa. YpaBHeHHs: IEpBOTo MPHOIMKEHUSI.

6. Pacuennenune nenouku borono6oBa 1 KWHETHUECKHE YPaBHEHHUS.

Mertonsl pacueruieHus: ypasaenui boromo0osa. Kunetnueckue ypasaenus: bonsiimana u Biacosa.
7. JInHeHOE KBAaHTOBAaHUE TMHAMUYECKHUX CHUCTEM.

KsanroBanus Beiins, Mopaana, bopra. O6muii moaxon Kk cuMMeTpu3anuu oneparopa ['aMunbToHa.
8. KBanroBas uenouka boromo6osa. KBaHTOBaHNE B OKPECTHOCTH AMHAMUYECKOW CHHTYISIPHOCTH.
VYpasuenue [llpenunrepa u KBaHTOBOE ypaBHEHUE JIMyBUILIA.

Marpuna miotHocT. KBaHToBas rienouka boromo0oga.

[Ipumeps! KBaHTOBaHMS TAaMUJIBTOHMAHA B OKPECTHOCTH JUHAMUYECKON CUHTYJISIPHOCTH.

9. BropuuHO€ KBaHTOBaHHE.

Bropuunoe kBantoBanrue. CUMBOJIBI BEKTOPOB M OIIEPATOPOB.

10. MoaenbpHbIE raMIJILTOHHAHEI KBAHTOBOU ONTHKH.

MO):[GJ'H:HLIG raMUJIFTOHHAHBI KBAHTOBOM OIITHKH.
Hpe)_ICTaBJ'IeHI/IC KOT'CPCHTHBIX COCTOSTHHI IAJId HECTAaHAAPTHBIX KOMMYTAllMOHHBIX COOTHOIIICHUM.

11. AcumnroTuka CIICKTpa raMUJIbTOHUAHOB KOM6I/IHaL[I/IOHH01"O paccesaHus.
ACHMIITOTHYCCKHE OIICHKU CIICKTPOB 'aMWJIBTOHHUAHOB KOM61/IHaL[I/IOHHOFO paccesanus.
12. CucteMsl OPTOTOHAJIbHBIX IOJIMHOMOB B 3a/la4ax KBAaHTOBOM OITHKH. qDYHKLII/ISI BI/IFHepa.

CucTeMbl OPTOTOHATBHBIX ITOJIMHOMOB B 33/1a4aX KBAHTOBOW OTITHKH.
Oynkuus Burnepa B KBAHTOBOM CTaTUCTUYECKON MEXaHUKE.

13. YpaBuenue Moitana. CtauuoHapHbIe peIICHHs.

ypaBHeHI/Ie 3BOJJIOINHA q)yHKL[I/II/I BMrHepa U CTr0 3aBUCUMOCTb OT IIpaBUJIda KBAHTOBAHUA
JUHaAMHUYCCKHUX CUCTCM.

14. ®opmynsr Deiinmana u Tepema YepHoBa.

@opmynel DelinmaHa U Tepema YepHoBa. HTepallMOHHOE IIOCTPOCHUE PELICHUS YPaBHEHMS
[Ipeaunrepa.

15. Ycpennenue KBaHTOBBIX momyrpymm. CiydaitHele OMyKIaHUS B TPOCTPAHCTBE KOTEPEHTHBIX
COCTOSIHUI.

VYcpenHeHHe KBAaHTOBBIX HOJIYIpyMIl. DKBUBaJIEHTHOCTh 10 YepHoBy. [locTpoeHue paBHOBECHBIX
pacupeneneHni Uil TMHENHBIX KBAaHTOBAHUN. |'apMOHUYECKHI OCIIMIIIATOP.

ChnyyaiiHple Ony>XJaHWS B IPOCTPAHCTBE KOTE€PEHTHBIX COCTOSHUM. DKBUBaJEHTHBIE Mo YepHOBY
OIIEepaTophl CIBUIA.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Aynutopus Ha 18 yenoBek, Me0Bas 1OCKa, mBadpa Ui CTUPAHUs ¢ JOCKH, CKPEOOK JIsl yAAICHUS
JIMILHEHN BOABI ¢ JOCKH, MEJI CO CKPYIJIEHHBIM KBaJpPaTHbIM CEYEHUEM.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. OcHOBBI KBaHTOBAaHUS BBIPOXKICHHBIX THHAMUYECKUX cucteM [Tekcr] : yueOHOE mocoOue aist By30B
/ 1O. H. Opnos; M-Bo o6pa3zoBanus u Hayku PD; Mock.dusnko-TexH.uH-T (roc.yH-T) .— M : MOTU,
2004 .—236.c¢.

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

JomnonHurensHas auTeparypa

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

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUMN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Crynent, uzywatouuii kypc "KBaHToBaHME IUHAMHYECKHMX CHCTEM M KHHETUYECKHE YypaBHEHUs'",
JIOJDKEH, C OMHOW CTOPOHBI, OBJAAETh OOLIMM MOHSATUITHBIM aniaparoM, a ¢ Jpyrod CTOPOHBI, JOJKECH
Hay4UThCs IPUMEHATh TEOPETUUECKHE 3HAHUS Ha [IPAKTUKE.

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

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHOM caMoCTOsATeNbHOM paboThl cTyfeHTa. B mporpamme
Kypca TpUBEACHO MHUHUMAIbHO HEOOXomuMoe Bpemsl Ui paldoThl CTyleHTa HaJ TEMOH.
CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dyHOW JuTeparype),
[IOJTOTOBKY OTBETOB HA BOIPOCH], IPEJHA3HAYEHHbIX JUISI CaMOCTOATEJIBHOTO  M3Y4EHHS,
JIOKa3aTeJIbCTBO OTACIBHBIX YTBEPKICHHUI, CBOMCTB;

— pelieHue 3a/1a4, IpeAjaracMblX CTyIeHTaM Ha 3aHATHAX U B KaUe€CTBE KYPCOBOTO 3aJaHMS;

— MOATOTOBKY K 3aHSATHUSIM, K3aMCHY.

PykoBOACTBO W KOHTPONb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocyuiecTBisieTcss B (opme
UHAUBUYaIbHBIX KOHCYJIbTALUM.

ITokazareneM BiaJeHUs] MaTepUaOM CIYXKHUT YMEHHUE pelarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHATh TEOPETUUYECCKUE 3HAHMS HA MPAKTHKE CTYACHTY HEOOXOAMMO pellaTh Kak MOXKHO OOoJibIIe
3amad. [Ipu pemennu 3a1a4 Kaxaoe qeicTBHE HEOOXOAMMO apryMEHTHPOBaTh, CChUIAsICh HA U3BECTHHIC
TEOPETUUECKUE CBEICHMUS.

BaxxHo 100UTHCA MOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPyJHCHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CIEAyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
JIEKTOPY WJIM NIPENOoiaBaTeiio, BEAyIeMy 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
kadeapa QpyHraMeHTaTbHOW MaTeMaTuKu

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: 10.H. Opmnos, n-p ¢pu3.-mMar. HayK, CTapIIni HaAyYHBIA 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 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITeTbHOCTH U IUIAHUPOBATh MOCIIEAOBATEIbHOCTh 1IaroB
7 JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pcain3ann IMpPOCKTa B LCJIOM W IIJIaH
KOHTPOJIA €ro BBIIIOJIHCHUSA

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

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpo)eCCHOHANBLHON  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4YHbIC 3HaHUS B 001acTH (U3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3y/IbTaThl HAayYHBIX MCCIECJOBaHUH B 0O0JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpU
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 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0nacTh cBoeill mpodeCcCHOHANBHOM
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 Crocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, Mpeiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKMMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 CnocobeH mnpuMeHATh 3HaHHA B o0JacTu
(bHU3UKO-MaTEMaTHYECKUX HayK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WiIH)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynprare m3ydeHus nucuuiuiiHbl «KBaHTOBaHHME NMHAMHYECKUX CHUCTEM W KMHETUYECKHE YPaBHEHUS»
00yJaromuiics JOKeH:

3HATh:
- TWHEMHOE KBAaHTOBAaHUE,
- KBAHTOBOE ypaBHeHUE JINyBUILIA,
- rrerrouka boromro0oBa,
- pynkust Burnepa,
- ypaBHeHue Moliana
YMeTh:
paboTarh ¢ KBAHTOBBIMH CTATHCTUYECKHMH OTIEpaTopamu
BJIAJIETh:
0a30BBIMH MTOHATUSMYU TEOPUU JIMHEHHOTO KBAHTOBAHUS 1 KBAHTOBOW CTATUCTUYCCKON MEXaHUKHU.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllleMy KOHTPOJIIO
He npenycmorpeno.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

Hepequb KOHTPOJILHBIX BOIIPOCOB!

. BeiBo ypaBHeHUs JInyBULISE B TAMUIBTOHOBOM MEXAHUKE.

. BeiBon ypaBHeHui sBomonnu (GyHKITUH paciipene’eHus KOMIUIEKCOB B3aUMOICHCTBYIONUX YACTHII.
. BeiBozt ypaBHEHUI YBOIONMYA MOMEHTOB (DYHKITHI pacpe/ieicHHs.

. BeiBox »itiepoBoii THIPOAMHAMUKY U3 TIenouky bormrobosa.

. CrabopensITHBUCTCKUH JIarpaHKUaH CUCTEMBI 3apPsSKCHHBIX YaCTHI] U TOYKU BBIPOXKICHUS.

. CHMBOJIBI BEKTOPOB U OIIEPATOPOB B MPEIICTABICHUH KOTEPEHTHBIX COCTOSTHU.

. Teopema UepHoBa 0 mosyrpymre.

0 NN N bW~

. JIuneitHoe kBaHTOBaHKE U (opMyiia OOpalieHusl.
9. @ynkuus Burnepa u ee cBs3b ¢ MaTpulel INIOTHOCTH.

10. Teopema O MOCTPOCHHM 3KBUBAJICHTHOM CpelHEW HOMYTrpynmnbl s TaMUJIBTOHHAHOB IIPU
JIMHENTHOM KBaHTOBaHUH.

[Mpumeps! OUIETOB:

buner 1.

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

buner 2.

A) Jluneiinoe kBanToBaHue 1 popMyra oOparieHus.

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

Kpurepun onennBanus




Onenka «ommmyHo (10)» BeICTaBIsieTCsl OOydYaloIIEMyCsi, €CIM OH [OKa3aJl BCECTOPOHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

oueHka «omm4HO (9)» BhIcTaBIAETCS OOyyaromeMycs, €cld OH II0Ka3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HOPUHATBIX PELICHUH, HO IMPHU 3TOM OBUIM JOMYIIEHBl HEOOJbIINE HETOYHOCTH, KOTOPbIE OBLIH
CaMOCTOATEIBHO OOHAPY>KEHBI U HCIIPABIICHBL;

oueHka «omiM4yHO (8)» BhICTaBiIAETCS O0OyyaromeMycs, €cld OH II0Ka3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
NPUHATHIX PpeIIeHWH, HO NPH 3TOM OBUIM JOMYyIIEHbI HEOOJNBIINE HETOYHOCTH, KOTOpbIE IOJCe
yKa3aHUs 3K3aMEeHAToOpa ObUIM CaMOCTOSTEIBHO UCIPABIICHBI;

OLIeHKa «xopomIo (7)» BBICTABISIETCS 00y4aromeMycsl, €CJIM OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U IO
CYIIECTBY H3JIaraeT ero, yMeeT IPHUMEHATh IOJYYCHHBIC 3HAHHWS Ha IPAKTUKE, HO JOIMYCKaeT
HETOYHOCTH B OTBETE MJIM JETIAaeT HECYIIECTBEHHbIE OUIMOKH MPH PEIICHUH 3a71a4;

OLIEHKa «XOpOILO (6)» BHICTABIACTCS 00y4alOIEeMyCsl, €CJIM OH TBEPAO 3HACT MaTepHall, TPaMOTHO H 110
CYIIECTBY H3J1araeT €ero, ymeeT IPHUMEHATh IOJy4YEeHHBIC 3HAHWA Ha IPAaKTUKE, HO [OIYCKaeT
HeOoJbLIMe OMMOKH B OTBETE U (WJIM) IPH PEILICHUH 3a]1ay;

OLICHKA «X0pomIo (5)» BBICTABISIETCS 00y4aromeMycs, €CJIM OH TBEP/O 3HAET MaTepHuall, IPaMOTHO U MO
CYLIECTBY H3JIaraeT €ro, yMeeT MPHMEHATh MOJYYCHHbIC 3HAHHWS Ha TNPAKTHUKE, HO OTBEYAET
HEYBEPEHHO U (WJIH) JI0TycKaeT OMMOKH TIpY PEelIeHUH 3a71ad;

OLICHKA «YJIOBJETBOPHUTENBHO (4)» BhICTaBIseTCs OOydaromeMycs, MOKa3aBIleMy (parMeHTapHbIH,
pa3po3HEHHBI XapakTep 3HaHWM, HETOuHble (OPMYIUPOBKH Oa30BbIX MOHATHH, HapyIICHHS
JIOTUYECKON IIOCIIe10BATEIbHOCTH B U3JI0KEHUH IIPOIPaMMHOI0 MaTepuaa, €Clid IIpy 3TOM OH BIIaJeeT
OCHOBHBIMH pa3esiaMu y4eOHOW IMporpamMMbl, HEOOXOAMMBIMH Ul AalbHEHIIEro o0yueH!s] U MOXKET
MPUMEHSATH MOJIYYECHHBIC 3HaHU 110 00pasily B CTAaHAAPTHON CUTYallly;

OLICHKA «YJOBJIETBOPUTENIBHO (3)» BBICTAaBIACTCS OOydaroLIeMycCs, MOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHWI, HETOYHbIE (OPMYIMPOBKH 0a30BBIX MOHSATHH, HapPyLIICHUS
JIOTUYECKOHM TIOCIIEIOBATEIbHOCTH B H3JIOKEHHM IIPOrPAMMHOIO Marepuala, He BIaJICIOLIeMy
HEKOTOPBIMH pa3liellaMi y4eOHOW MpOorpamMMbl, HO YMEIOIIEMY NPHMEHSTH NONyYeHHbIC 3HAHHS IO
o0pa3ily B CTaHJapTHOM CUTYallHH;

OIICHKA «HEYJIOBJICTBOPUTEILHO (2)» BBICTABISAETCS OOydarolmeMycs, KOTOPBI HE 3HaeT OOJbIIeH
YaCcTH OCHOBHOTO COJEpPKaHUSI Y4eOHOW MpOrpamMMbl JHCUUILIMHBL, JOIyCKAaeT IpyOble OMHMOKU B
(bOpMyIHPOBKaX OCHOBHBIX MOHSTHH AUCHUIUIMHBI M HE YMEET UCIIOIb30BATh MOIYyYCHHBIC 3HAHUS [IPU
PELICHNH TUTIOBBIX MPAKTUYECKUX 337134,

OLICHKAa «HEYIOBIETBOPUTENHHO (1)» BbICTaBIsieTcs 00yyaromeMycs, MoKa3aBIlIeMy MOJIHOE HE3HaHUE
y4eOHOM porpaMMbl JUCLUTLTHHEI.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu nmpoBeneHun ycTHOro 3k3ameHa oOydaromeMycs IpeAocTaBisieTcs | acTpPOHOMHYECKMH 4ac Ha
IIOJTOTOBKY.

Ompoc ofyuatomerocs 1o OujeTy Ha YCTHOM SK3aMEHE He [ODKeH INPEBBIATh IBYX
ACTPOHOMMUYECKHX YacOB.

Bo Bpems mpoBeaeHusi 3K3ameHa oOydarommecs MOTYT IIOJb30BAaThCS TOJIBKO IPOrpaMMOin
JUCLUAIUIMHBIL.



