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: OTKpBIThIE KBAHTOBBIE CHCTEMBbI
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa QU3NKA U TEXHOJIOTHH HAHOCTPYKTYP

Kypc: 2
KBaJIMpUKALS: MarucTp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 3 (OCEHHUH) - DK3aMeH

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

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBui: A.A. BumHeBbl#, ka1, Gu3.-Mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqanuu Kagenpsl GU3NKU U TEXHOIOTUN HaHOCTPYKTyp 05.02.2025



AHHOTANMA
Kypc siBnsieTcst BBOIHBIM B OCHOBHBIE TEOPETUUECKHE METOMBl aHANIM3a OTKPBITHIX KBAHTOBBIX CUCTEM JIA
pPa3BUTHS HABBIKOB II0 OPTaHHU3aIllMU CAMOCTOSITENBHBIX HCCIEAOBAHWNA B IIUPOKOM CIHEKTpPE HayYHBIX
HarnpaBlIeHWH. BymayT W3ydeHBl cleAyrolue MeToAbl U THoaxoisl: Meron leizeHOepra-JlamkeBeHa; MeTon
Marpullpl TotHocTH (ypaBHeHue JIMHaOmana); METON KIACTEPHOTO Pa3JIOKEHHs; METOJ] HEPaBHOBECHBIX

¢ynkuunii ['puna (Texnuka Kenngpima).
1. leau u 3apauu

Meap AUCUMNIMHBI

BBeaeHue B OCHOBHEBIE TCOPCTUUCCKUC MCTO/bI aHaJIn3a OTKPLITHIX KBAHTOBBIX CUCTCM IJIS pa3BUTUA
HaBBIKOB 110 CaMOCTOSATCIbHOI OopraHu3anuun I/ICCJ'IGI[OBaHI/Iﬁ B [IIMPOKOM CICKTPEC HAYYHbIX

HaIIpaBJICHUM.

3agaun AU COMIIHHBI
NsyueHnue:
1. Merona IeiizenOepra-JlanxeBeHa.

2. Meroaa Matpuis! IoTHOCTH (ypaBHeHue JInnaOnana).

3. Meroza KIacTepHOIo pas3ioKeHHs.

4. Merojaa HepaBHOBecHBIX (pyrkIwmii [prHa (TexHuka Kenaprma).

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANBPHOW ~ JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HaHUS B 00JacTH (U3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3y/bTaThl HAayYHBIX MCCIECJOBaHUH B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NeSTeNbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

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

OIIK-3.1 CnocobeHn aHanmu3upoBarh 3ajady, [JIAHHPOBATbH
MyTH pEIIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

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

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOJIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS




IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4uy, B ToM uncie paspadareiBath 1 |[IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SABJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U IIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE

pe3yabTaThl
[IK-2.1 CnocoGeH IUIaHUPOBaTh M MPOBOAWUTH HAyYHBIE
TIK-2 CnocoOeH caMOCTOSTEIbLHO WIH B HCCICAO0BAaHUS CaMOCTOATCIbHO HMJIM B COCTaBE HAy4dHOIO
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUICKTHBA
KOJIJICKTHBA OPraHU30BbIBATh U MPOBOJNTH I1IK-2.2 CnocobeH mNpoBOAUTH ampoOalMi0 Pe3yIbTaToB
Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTol nOoCpPeACTBOM

MyOIMKaIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCHUILTHHE (MOIYJII0)

B pesynbrare 0CBOCHHS AUCHUILTHHBI 00YYaIOIINECs JOIDKHBI

3HATh!
1. OcHOBHBIE YpaBHEHHMS, ONMCHIBAIOIINE TUHAMUKY OTKPBITOH KBAHTOBOI CHCTEMBI.
2. Kpurepuu, 1o KOTOPBIM pe3epByap MOKHO OTHECTH K MapKOBCKOMY.
3. Bausiaue citydaiiHoro Habopa ¢a3sl Ha MAaTPUILY TUIOTHOCTH.

YMETb:
1.  BblUHCHATH AMHAMUKY KOPPEISTOPOB OINEPAaTOpOB POKACHUS W YHHUYTOXKEHUS (DOTOHOB,
B3aUMOJICHCTBYIOLIHMX C TEIUIOBBIM PE3EPBYapOM.
2. Beruaucnsars koapunuents! auddy3un (KoppeisiTopbl JaHKEBEHOBCKAX CHIT) UCTIONB3YsI YpaBHEHHE
OWHIITEeHA.

BIIAJICTh!
1. HaGopoM HaBBIKOB M 3HaHWH, HEOOXOJMMBIX JUIS PEHICHUS aKTyalIbHBIX HAyYHBIX M TEXHHYECKUX
3ajad.

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

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AUCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 CocrosiHME  OTKPBITBIX  KBAHTOBBIX 4 4
CHCTEM
2 Meron MaTpulbl IIOTHOCTH 6 6
3 Mertop I'elizenOepra-JlanxeBeHa 6 6
4 Kitacreproe pasnoxenue 6 6
5 OcCHOBBI HEPaBHOBECHOW JAuMarpaMMHON 3 g
TEXHHUKH
Nroro gacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 3 (Ocennwii)
1. CocTostHEE OTKPBITHIX KBAHTOBBIX CUCTEM

Marpunia motHoctu. [lpencraBienue umcen 3anojHeHWs. YpaBHeHue ¢on Heiimana.
Pacnpenenenue ['m60ca.

2. MeToa mMarpulibl IJIOTHOCTH

CrioHTaHHOE M3TY4YeHHE KaK B3aMMOJCHCTBHE C pe3epByapoM HYJIEBOM TeMIIEparyphl. YpaBHEHHE
Jlunnbnama At CUCTEMBI, B3aUMOJICHCTBYIOIIEH ¢ MapKOBCKUM pe3epByapoM. ChydaiHbI HaOOp
¢a3pl. CIOHTaHHOE H3JIy4E€HHE 3MUTTepa co cOoeM (a3bl C PE30HATOP C 3aTyXaHHEM B PEXUME
ciaboii cBs3u (3ddext [Tapcenna).

3. Merog I'eitzenbepra-JlamxkeBeHa

lelizeHOeproBckoe TMpeACTaBICHHE B KBAaHTOBOM MexaHHMKe. J[MHaMudeckoe ypaBHEHHE IS
oreparopos ¢ JIaH)KeBEHOBCKMMH CHJIaMH. J[MHAMHKa OIepaTOpHBIX KOPPEJIATOPOB BTOPOro U Oojee
BBICOKHX IOPSAKOB. TeopeMa KBaHTOBOW perpeccuu.

4. KnactepHoe pa3ioxeHue

Uepapxuss Boromrobosa. OmnpenerneHre HENPUBOAMMBIX CHHIVIETHBIX, AYyOJETHBIX, TPUILUICTHBIX
KoppensaTopoB. I[IpumeHeHne kK OAHOMOZIOBOMY J1a3epy.

5. OCHOBBI HEPaBHOBECHOW JUATPAMMHOM TEXHUKHU

Omneparop 3BOMIONHH B MpeACTaBleHUN B3auMoeiicTBus. Kennprmesckuit koutyp. @yukuus [puna.
YacTtuuHOE CyMMHpOBaHHE, COOCTBEHHO-dHEpreTHuecKas 4acTb, ypaBHeHHe JlaiicoHa. YpaBHeHHSA
KananoBa-beiima. IlpumeHeHne K CIOHTaHHOMY M BBIHYXJIEHHOMY H3JIyYEHHMIO B OJIHOMOJOBOM
nasepe.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOXMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

KoMIIIeKT 1eKTpOHHBIX PE3EHTALNI/CIaliIoB; ayTUTOPHS, OCHAIIEHHAS PE3EHTAMOHHON TeXHUKOM
(poekTop, 3KpaH, KOMITLIOTEP/HOYTOYK); TP HEOOXOUMOCTH CIICIIUATbHbIC TEXHUIECKHE CPEJICTBA
JUTsE 00y JaroIuXxcst HHBAM 0B 1 ul] ¢ OB3.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTepaTypa
Literature fund of the basic departament:
1. M.O. Ckammu, M.C. 3y6aiipu, KantoBas Ontuka (Pusmarniut, Mocksa, 2003).
2. H.-P. Breuer, F. Petruccione, The Theory of Open Quantum Systems (Oxford University Press,
2002).

JomnonHurensHas aureparypa




Literature fund of the basic departament:

1. I1. 1. Apcees, “O nuarpaMMHON TEXHUKE IJI1 HEPABHOBECHBIX CHCTEM: BBIBOJI, HEKOTOPHIE
0co0eHHOCTH U HekoTophle TpuMeHenns”, YOH, 185:12 (2015), 1271-1321; Phys. Usp., 58:12 (2015),
1159-1205.

2. M. Lax, “Quantum Noise. I'V. Quantum theory of Noise Sources”, Phys. Rev., 145, 110-129 (1966).
3. J. Fricke, “Transport Equations Including Many-Particle Correlations for an Arbitrary Quantum
System: A General Formalism”, Ann. Phys., 252, 479-498 (1996).

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCHMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Ipu nmoaroToBKe U MPOBEACHUH JCKIIMOHHBIX 3aHATUI UCIIONIB3YETCS CETh HHTEPHET.
Kpowme Toro, ucnonssyercs Libre Office, a Takke rpaduueckuii maker Ink Scape.

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

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAACTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaMPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas paboTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeaaraéMbpIX CTyIeHTaM Ha 3aHATHAX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJJaHHUI MPOMEKYyTOUHOM aTTeCTallru.

[Tokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 10 TEMaM
JUCITUILIUHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amomuHaHus. [lpu
3aTPYINHEHWH W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpamiarhCs 3a KOHCYJIbTAIMSAMH K
MpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



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 QU3NKU U TEXHOJIOTHH HAHOCTPYKTYP

Kypc: 2

KBaJIH(UKALUS: MarucTp
Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaszpatGoTunk: A.A. BumHeBsl#, KaH[. pu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CriocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

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

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara v [IpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTDH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE Hay4HOIO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKalUK HAYYHBIX CTAaTeH U y4acTusi B KOHOEPEHIIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pe3YIbTAaTC N3YUYCHUA JUCIIUITIIMHBL «OTKpI:ITBIC KBAaHTOBBIC CUCTCMbD) 06yqa10m1/11710;1 JOJIKCH:

3HAThb:




1. OcHOBHBIEC ypaBHEHHSI, OTIMCHIBAIOLINE JUHAMUKY OTKPBITON KBAHTOBOW CHCTEMBI.
2. Kputepuu, o KOTOPBIM pe3epByap MOKHO OTHECTH K MapKOBCKOMY.
3. Bausiaue cirydaitHoro Habopa ¢assl Ha MaTpUIy IUIOTHOCTH.
yMeThb:
1.  BBIYUCIATH [IWHAMHUKY KOPPEIATOPOB OMNEPATOPOB POXKACHUS M YHHUUTOKEHUS (POTOHOB,
B3aUMO/ICHCTBYIOILINX C TEIUIOBBIM PE3EPBYapOM.
2. Beruucnars koagdunuents auddy3un (KoppeisTopsl JaHKEBEHOBCKUX CUIT) UCIIONIB3YsI ypaBHEHHUE
OlHIITEeHA.

BJIA€Th:

1. HaGopoM HaBBIKOB M 3HaHMH, HEOOXOJUMBIX JUIS PELICHUS aKTyaJIbHBIX HAyYHBIX M TEXHHUYECKUX
3a/ad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHATUA 110 TCMC ITPOULIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaroumuxcst

[IpuMepsl KOHTPOJIBHBIX 3alaHUIH:

1. Moka3zath TeopeMy Brka [uisl 4eTBIpEXONepaTOPHOTO CPEIHETO.

2. YpaBHEHHE JBW)KCHHS TPUBEICHHOW MAaTPHIIBI TUIOTHOCTH, OIMHUCHIBAIOILICH I0JIE OJHOMOIOBOTO
pe30HaTOpa, B3aMMOJICHCTBYIOIIEIO C BAaKYyMHBIM PE3EPByapoM dYepe3 YacTUYHO MPOIMyCKaroliee
3epkaio, umeeT Bua d(rho)/dt= --gamma/2 (a(+) a rtho - 2a rho a”(+) + rho a”(+) a), rae gamma =
omega/Q - CKOPOCTh 3aTyxaHus. BrIBe[uTe YpaBHEHUS JIUISI COOTBETCTBYIONIUX BEIUYUH U MMOKAXKHUTE,
410 KBaHTOBBIC (uiykTyarmu <DX172> n <DX2"2>, tne X1 = (ata™(+))/2 u X2 = (a - a™(+))/2i,
YBEJIMYMBAIOTCS OJIarofapsi TUCCHUMAIUH.

3. OguHOYHAs MOzJa C YacTOTOM oOmega B3aMMOJACHCTBYET C TEIUIOBBIM PE3EpPBYapOM. DBOJIOLHS
CHCTEMBbI OITUChIBaeTCs ypaBHeHueM JlamkeBena da~/dt = -- 0.5 delta a~ + F_{a~} (t), tne a~ (t) = a(t)
exp(i omega t). Berancnuts nucnepcuro <DX142>, roe X1 = (at+a”(+))/2, B MOMEHT BpeMeHH t, cuuTast
€€ M3BECTHOH B HAauaIbHBII MOMEHT BpeMeHH (t=0).

4. Marpuia niaoTHOCTH.

5. IlpencrapieHre yuces 3aroIHEHUS.

6. YpaBuenue (o Helimana.

7. Pacnpenenenue ['ub6ca.

8. CloHTaHHOE U3/Iy4Y€HUE KaK B3aUMOACHCTBUE C PE3EPBYapOM HYJIEBON TeMIIEpaTyphl.

9. YpaBuenwue JIuHa01a1a AJ151 CUCTEMBI, B3aUMOJICHCTBYIONICH C MAPKOBCKUM PE3EpPBYaPOM.
10. Ciryuatinbiit Habop ¢asbl.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. Marpuna mnotHoctd. [lpencraBneHue uwncen 3amonHeHus. YpaBHeHue ¢oH Heiimana.
Pacnpenenenue ['m60ca.

2. JlokazaThs TeopeMy Buka /ist 4eThIpexonepaTopHOro CPeaHero.

burer 2.

1. CrioHTaHHOE M3Ty4YeHHE KaK B3aMMOJICHCTBHE C PE3EPByapoM HYJEBOW TeMIepaTyphl. YpaBHEHHE
Jlunnbnama s cUCTEMbl, B3aUMOJACHCTBYIOLICH C MapKOBCKUM pe3epByapoM. CryuaiiHblii HaOop
¢dazsbl.

2. VYpaBHeHHE ABIKEHHs MPHUBEICHHON MaTpHUIbl IUIOTHOCTH, ONMCHIBAIOIICH II0JIE OJHOMOIOBOTO
pe3oHaropa, B3aUMOJECHCTBYIOIIET0 C BaKyyMHBIM pE€3e€pByapoM dYepe3 YacTUYHO IPOIyCKarolee
3epkano, umeeT Bua d(rho)/dt= --gamma/2 (a™(+) a rtho - 2a rho a”(+) + rho a”(+) a), roge gamma =
omega/Q - CKOpOCTh 3aTyxaHHs. BriBenuTe ypaBHEHHS AJs1 COOTBETCTBYIOIIMX BEJIMYMH U MOKAXKHTE,
910 KBaHTOBBIC (uiykTyanuu <DX172> u <DX272>, rne X1 = (ata™(+))/2 u X2 = (a - a™(+))/2i,
YBEIMUUBAIOTCS OJIarofapst JUCCUITALIUH.



Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIH OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAETCSA CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELLICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayyia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (GopMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT TrpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BaTh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 0ajim - BBICTABISAETCS CTYIEHTY, KOTOPHIH HE 3HAaeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOK B (GOPMYIUPOBKAX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOOUTCS B YyCTHOW Qopme mo Owieram. B kaxxgom OuiieTe mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaroremycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



