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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: KBaHTOBast TeOpUsi HEPABHOBECHBIX SBJICHUI
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa npodiieM GU3UKU U acTPOPUZUKU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: A.T. CemeHoB, kauj. (pu3.-MaT. HAYK

[Iporpamma obcyxneHa Ha 3acefanuu kKadenpsl npodieM ¢usuku u actpodpusuku 04.06.2020



AHHOTANMA
Kypc nmpennasHaden i cTyaeHTOB nepBoro Kypca maructparypsl MOTU u umeer cBoeil nenpio oOyueHune
CTYJEHTOB METOJaM, HCIOJb3YyeMbIM IPHU OINMCAHUHU PA3JIMUYHBIX KBAHTOBBIX HEPAaBHOBECHBIX SBICHUN B
COBPEMEHHOH (pHU3HMKEe KOHIECHCHUPOBAHHOIO COCTOSHUS BEILECTBA, KOCMOJIOTUH, (PU3UKE BBHICOKHX SHEPTHH M
ap. Taxke B paMKax Kypca CTyAEHTbI OyIyT HO3HAKOMJICHBI C PSIIOM 3a71a4 U3 Pa3IMuHbIX oOnacTel pu3ukwy,
K KOTOPBIM MOTYT OBITh IPUMEHEHBI JaHHBIE MEeTOAbl. B wacTHOCTH, OyneT monpoOHO 00CYKICHO TO, KaK U3
KBAaHTOBOI YHMTapHON »SBOJIOLMM BO3HMKAET IUCCUIIATUBHOE U KJIACCUYECKOE IIOBEACHUE CIIOXKHBIX
MHOTOYAaCTHYHBIX M TMOJEBBIX CHCTEM, M KaK JaHHOE MOBEACHHWE MOXET OBITh ONMHMCAHO B PEAyLIUPOBAHHBIX

tepmuHax. [Tomumo 3toro, Oyaer moxpoOHO 00CYKIECH BOIIPOC O POKICHUH YaCTHUIl B CHIIbHBIX TTOJISX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

(bOpMI/IpOBaHI/Ie 3HAHUU K YMGHHﬁ, HeO6X0):[I/IMBIX AJid TIPOBCACHUA TCOPCTUUCCKUX I/ICCJ'IG,Z[OBaHI/Iﬁ C
HCIIOJIb30BAHUCM TAaKUX METOHOB, KaK HEPAaBHOBECHAsA AJUAarpaMMHas TCXHHKA, TCXHHKa Kenz[bnna,
KBAHTOBOC KMHCTUYCCKOC YPABHCHHUC U AP. B PA3JINYHBIX o0macTax COBpeMeHHOﬁ (1)I/I3I/IKI/I.

33]13‘[1/[ JAUCHUIIINHBI

° qDOpMHpOBaHI/Ie y 06yqafoumxc;1 3HAaHUHA O COBpPCMCHHBIX 3aJa4ax, CBA3dHHBIX C OIIMCAHHUCM
MOBEACHUA KBAHTOBBIX CUCTEM BAAJIN OT COCTOSIHUS PaBHOBECUA

® O6yquHe CTYACHTOB MCTOAAaM, MCIHOJb3YEMbIM IIpU ONHCAHUH PA3JINYHBIX KBAHTOBBIX

HCPABHOBCCHBIX SIBIICHUM

*  @opMHpOBaHHE YMEHHUI U HABBIKOB IPUMEHSTH I[IOJIyYE€HHBIE 3HAHMs NI pelIeHus 3ajad Mpu

IIOMOIIHN HepaBHOBGCHOﬁ ,I[Hal"paMMHOﬁ TCXHUKH,

paccMaTpuBaeMbIX B JaHHOM Kypce

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

TeXxHuKUu Kennplma W JOpyrux  MOIXOJOB,

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HaumMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJu3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHUCTEMHOTO TIO/IX0/1a, BBIpadaThIBaTh
CTpaTeruro AeucTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

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

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

OIIK-3 Cniocoben BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

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

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
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.2 CnocoGeH  BbLABHraTb  THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl OIMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3ybTaThl




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)

B pesynbrare ocBoeHUS TUCIUIUTHHBI 00y4YaronInecs JOJKHBI
3HaTh:

YMETB:

° OCHOBHEBIE IoAXOo4bl U HpO6J'IeMBI BO3HHUKAOMIUC TIPpHU ONHUCAHUA KBAHTOBLIX CUCTCM BJAJIM OT

COCTOSAAHHS PaBHOBECUA,

* OcHOBHBIE TOHATHS Kypca:MaTpulla IUIOTHOCTH, ¢yHKUMU [puHa, HepaBHOBeCHasl AMarpaMMHas
(GyHKIIMOHAN  BIHMSHUSA,
muddepeHanbHOe  ypaBHEHHE,  (DIyKTyallMOHHO-IMCCUIIATHBHAS  Teopema,

TCXHHUKa, KBaHTOBOC KHMHCTHYCCKOC

I'n66coBCcKuii aHcaMOIIE;

ypaBHEHHUE,

o CwMpbICI OPUMCHSACMBIX B KYPCC MCTOA0B.

* IIpumensts o6cykaaemMble B paMKax Kypca MOAXO/bI K PEIICHHIO 3a/1a4;
* AHanM3MpoBaTh NPUMEHUMOCTH ONMCAHHBIX METOJOB K ONMUCAHUS TEX MM WHBIX HEPABHOBECHBIX

SIBJICHUH.

BJIAJIETD:

* TeopeTnyeckuM U MOHATHHHBIM armaparoM (pU3MKU HEPABHOBECHBIX CHCTEM.

CTOXAaCTHYECKOE
0000IIEHHBIA

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

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

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHIM, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora

Merton (YHKIIMOHATILHOTO

1 WHTETPUPOBAHUS JUIS OTIMCAHUS ) 1 5
KBaHTOBBLIX YACTHII, IOJEH M aHcamOnei
OOJIBLIIOTO YMCIIAa YaCTHI]

) KBanToBass MexaHHMKa JUCCHUIIATHBHBIX ) 1 5
CUCTEM

3 DyHKIMOHAT BIIMSIHUS ) 1 5
®eitnmana-BepHona

4 VYpaBuenue JlanxeBeHa 3 1 5

5 KBanroBass Teopus moyii Ha KOHTYpeE 3 1 5
Kenppima

6 Knaccuueckue & KBAaHTOBbIE 3 ) 5
KOMITOHEHTBI TIOJIeH

7 CBsI3b 0OmepaTopHOro Mmoaxoja v Moaxona 3 5 6
KOHTUHYaJIbHOI'O HHTETPUPOBAHUS

] [Ipumep CKAJISIPHOM TEOpUU c 3 ’ 6
KyOW4eCKUM B3aMMOJICHCTBHEM

9 PoxkneHure gyacTUI] B CHUTBHBIX ITOJISIX 3 1 6

10 Poxnenune wactun, B MCKPHUBICHHOM 3 1 6
IIPOCTPAHCTBE-BPEMEHU

1 HepaBHoBecHbIE COCTOSIHUSL B peajibHbBIX 3 ) 6
cucreMax

Hroro yacos 30 15 60

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.ex.




4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)

1. Meron GyHKIMOHATBLHOTO HWHTETPUPOBAHHS JUIS ONKMCAHWS KBAaHTOBBIX YacTHI], TOJIEH WU
a"caMOJIeli OOJIBIIIOrO YKCIIa YACTHUI]

OyHKUMOHAJBHBI HMHTErpaj Ajsl OmnucaHus OO30HHBIX, (EPMUOHHBIX W CIUHOBBIX CHCTEM.
HanoMuHaHue OCHOBHBIX (haKTOB.

2. KBaHTOBasi MeXaHUKa JUCCUIIATUBHBIX CUCTEM
[Ipumep yacTuibl, B3aMMOIEHCTBYIONIAS ¢ OKpYKeHneM u moaenb Kanneipei-Jlerrerra.
3. ®yukuonan Bmusaus Oelinmana-BepHoHa

[TonsTe o QyHKIMOHATIE BIMAHUA. BBIBOJ COOTBETCTBYIOIETO (YHKIMOHAIA M Ciaydas
JIMHENHOTO JUCCUIIATUBHOTO OKPYKEHUS.

4. YpaBHeHnue JlanxeBeHa

Ces3p  ()yHKIIMOHANIA BIMSHHUS C ONHCAHWEM B TEPMHHAX YypaBHeHUs JlamKkeBeHA W WHBIMHU
noaxonamMu. Maen cToxacTHIECKOr0 KBAHTOBAHUS.

5. KBanrtoBas Teopus nmomns Ha koHType Kenzpima
KontunyanbHblil naTerpan Ha koHType Kenapima. CpaBHeHMe in-in 1 in-out opmannsma.
6. Kinaccudeckue 1 KBaHTOBbIE KOMIIOHEHTHI I10JIEH

KenppimeBckuil moBopoT i OO30HHBIX M ()epMHOHHBIX Mojed. CBA3b € KBAa3MKIACCHYECKUM
Pa3IOKEHUEM.

7. CBsi3b OIICpaTOPHOIO MOoAXO0Aa U MOAX0Ad KOHTUHYAJIbHOT'O MHTCTPUPOBAHUSA

CBsI3b Pa3IMYHBIX TOAXOJI0B M BO3HUKAIOLIME IPHU 3TOM mpobdiemsl. Boibop perymspusanun. BeiBon
KMHETHUYECKOIO ypaBHEHHUS.

8. [Ipumep crasipHON TEOPUHU C KyOUIECKUM B3aUMOICHCTBHEM
CrpykTypa B3auMojieiicTBUs, BbIBOA KMHETHUECKOIO YPaBHEHUS U BPEMEHU PeJlaKCaluH.
9. PoxxzieHne gacTul B CUIbHBIX HOJSAX

Ucnonb3oBanne texuuku Kenapima s onwcaHus poxaeHHd dacTull. [lpumep CHIBHOTO
AIEKTPUUYECKOTO TOJIA.

10. PoxneHne 9acTHIl B HCKPUBIEHHOM IIPOCTPAHCTBE-BPEMEHH

Poxnenue yactun B npoctpanctse de-Curepa.

11. HepaBHOBECHBIE COCTOSHUSA B PEANBHBIX CHCTEMAX

Hexotopsle HepemeHHbIE TPOOIEMBI OTIMCAHUS HEPABHOBECHBIX COCTOSHUM B peallbHBIX CUCTEMaX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)



CrangaptHas yueOHas ayTUTOpHsl, KOMITBIOTEP, UHTEPHET-COCTUHEHHE.
6.IlepeyeHnb pekoMeHyeMOii TUTEPaTyPbI

OcHoBHas nuTeparypa
1. Teopernueckas pusuka [Texcr] : B 10 . T. 10 : ®usnueckas kuHeTHKA : yue0. mocodue s By30B /
JI. 1. JTannay, E. M. Jludpmmr ; mon pex. JI. I1. [TutaeBckoro .— 2-e uzf., ucnp. — M. : ®uzmaniur,
2001, 2002, 2007 .— 536 c.

2. A.Kameneyv, Field theory of non-equilibrium systems,Cambridge University Press, 2011.

JomnonHurensHas auTeparypa

1. G. D. Mahan, Many-Particle Physics, Plenum, New York, 1990.
2. J. Berges, Nonequilibrium Quantum Fields: From Cold Atoms to Cosmology, arXiv:1503.02907

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

0a3a 3JIeKTPOHHBIX MPETPUHTOB arxiv.org, AEKTPOHHBIC KOHCIIEKTHI JICKIUH, YaeOHbIEe TIOCOOHS 1
cOOpHUKH 33124, pa3paboTaHHbIE JUIsl JAHHOTO Kypca.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Her.
9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryaeHT, W3ydalIui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAQJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate u3yueHus TUCHUIUIMHBI CTYAEHT IOJKEH 3HAaTh OCHOBHBIEC OMpPENEICHUS AUCIUIIUHBL,
YMETh IPUMEHSATH MOJTy9ICHHBIC 3HAHUS JIJISl PEIICHUS Pa3IMYHBIX 33714,

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

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

— BeJICHNS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAgaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

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

BaxxHo 10OWTHCS TMOHMMaHMsI U3y4yaeMoro mMarepualna, a He MEXaHHYeCcKOro ero 3amoMmuHaHus. [lpu
3aTPYINHEHWN W3yYCHUsS OTIEIBHBIX TEM, BOIPOCOB, CIEIyeT OOpamiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



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 npodiieM GU3UKU U acTPOPUZUKU

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: A.I. CemeHOB, KaH]I. H3.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIECJOBaHUI B 0O0JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-3 Cnioco6eH BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsI OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHIE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara 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

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBIICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIINHBL «KBanToBas TCOPpHA HCPABHOBCCHBIX SIBIICHUIN OGy‘laIOHII/II\/'ICH JOJIKCH:

3HAThb:

® OcCHOBHEBIE noaxoabl U HpO6J'I€MBI BO3HUKAOIIUEC IIPU OINHCAHWUA KBAHTOBBIX CHUCTEM BJaJIM OT

COCTOSIHUS paBHOBCCHUS

* OcHOBHBIE MOHATHS Kypca:MaTpHla IJIOTHOCTH, (GYHKIMM [ puHa, HepaBHOBECHAsl JUarpaMMHas

TEXHHKA, KBAHTOBOE
muddepeHmanbHoe  ypaBHEHHE,
I'u606coBckuii aHcaMOIIK;

KHHETHYECKOE
(GIyKTyarMOHHO-JUCCUITAaTUBHAS

ypaBHeHHe, (YyHKIHMOHAJI  BIHMSHHUA,

TeopeMa,

CTOXAaCTHYECKOE
0000IIEHHbIH

» CMBbICI IPUMEHSAEMBIX B Kypce METO/I0B.

yMeThb:

° HpI/IMeHHTL O6CY)KZ[aGMLI€ B paMKax KypcCa IoAXO0Abl K pCHICHUIO 3a/1a4;
® AHaHI/ISI/IpOBaTL IPUMEHUMOCTD OIMMCAHHBIX METOAOB K OIMMCAHUS TEX WU WHBIX HCPABHOBCCHBIX

SIBJICHHU.
BJIA/ETh:

° TeOpeTI/I‘leCKI/IM ¥ TOHATUHHBIM arrapaTromMm (I)I/I3I/IKI/I HCPAaBHOBCCHBIX CUCTCM.

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

[IpuMeps! KOHTPOJIBHBIX 3alaHUIH:

1 BBIBOIL (I)YHKL[I/IOHaHa BJIMAHUA JIA CIIy4das JIMHEHHOTO AUCCUIIATUBHOI'O OKPYIKCHUS

2 BBIBOIL KHUHCTHUYCCKOT'O YPAaBHCHUSA U BPCMCHU pCJIaKCAllU.

3 Hcnonp3oBaHne TEXHUKH KeJ’I,Z[BIH.Ia AJId OIHMCAaHUA POXACHUA YaCTHUILIL: HpHMep CHJIBHOI'O

AJICKTPUICCKOTO ITOJIA.




4 BoiBox cBs3U (PyHKIMOHAIA BIMSHUS C ONIMCAHWEM B TepMHUHAX ypaBHeHMs JIaH)KeBeHa.
5 Onmnucanue poxxaeHue yactull B mpoctpanctee [le-Curepa.

4. llepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB:

[lonsTre o pyHKUINOHATIC BIUSHHUS.

Kengpimesckuil moBopoT 17151 6030HHBIX U ()EPMUOHHBIX TOJEH.
CpaBHenue in-in u in-out ¢popmanuzma.

CBI3b € KBa3UKJIACCHUECKUM PA3JI0KCHUEM.

CBAI3b pa3MyHBIX [TOJXOA0B U BOZHUKAIOLINE TPH 3TOM IIPOOIEMBI.
Poxnenune yacTuil B UCKPUBICHHOM MIPOCTPAHCTBE-BPEMEHH

NSV e =

KonTtunyansHsIl MHTETpal Ha KOHType Kennpima.

[Ipumepsl 3x3aMeHaMOHHBIX OuieToB B 10-0M cemecTpe:

burer 1.

1. IlonsTHE O PyHKIMOHATE BIUSHHUA.

2. Poxxnenue gactun B npoctpanctee [le-Curepa.

burer 2.

1. YpaBuenue JlamxeBena. CBsi3b (hyHKIMOHAJIA BIUSHUS C ONMCAHUEM B TEPMUHAX yPaBHEHHUS.

2. Hcrnonp3oBaHHE TEXHUKHU Kenm:nna AJIL OrMCaHusA pPOXIACHUSA YaCTHII. HpI/IMep CHJIBHOI'O
SJICKTPUICCKOTO ITOJIA.

Kpurepun onennBanus

Onenka "ommuno" (10 Gamos) BBICTABIISIETCSI  CTY/IEHTY, II0OKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHHUS YYEeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.

Onenka "ormnmumuno" (8 0ayioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0anoB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTHUKE, HO HEJOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYWIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTH MOMyYeHHbIC 3HAHHMS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 OammoB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HAeT Marepuad,
IPaMOTHO M MO CYIIECTBY H3JaraeT €ro, yMeeT HMPUMEHATh MOJy4YEeHHbIC 3HAHUs Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

Onenka "ynosneTBopuTedabHO" (4 Oanna) BBICTABISIETCA CTYIEHTY, IIOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpamMMbl, HEOOXOJUMBIE IS JalbHEHIIero ooyueHus, 1
MOYKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBnerBoputensHO" (3 Gajuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH MporpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET MTOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.



Omnenka "HEyJOBIETBOpUTENBHO" (2 Oana) BBICTABISETCS CTYJCHTY, KOTOPBIA HE 3HAET OOINbIIeH
4acTH OCHOBHOTO COIEpKaHHsI y4eOHOM MpOorpaMMbl AMCLMIUIMHBL, JOMYCKaeT rpyOble OmMOKH B

(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

Onenka "HeynosierBoputenbHo" (1 0ami) BBICTaBISETCS CTYACHTY, KOTOPBIA HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX

0a30BBLIX MOHATUH JUCHUIIIIMHBI U BOO6H_IG HC HMMCCT HABBIKOB PCHICHUSA THUIIOBBIX MPAKTHUYCCKUX
3aJga4.

5. MeTonuyeckne MaTepuaJbl, onpeaesione NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipu mpoBeneHUH yCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercsi 30 MUHYT Ha MOATOTOBKY.
Ompoc ofyuatomerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IPEBbIIIaTh OIHOTIO
acTpoHoMHueckoro daca. OueHUBaHHE 3HAHUI MPOU3BOAUTCS B COOTBETCTBUH C BBIIICYKAa3aHHBIMH
KPUTEPUSIMHU B COOTBETCTBUU C COAEPKAHUEM AUCLUILINHBL.



