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: Teopus cTpyn
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kagenpa TeoOpeTHUECKON U MaTeMaTHUeCKON (DU3UKH

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

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

CamocrosrensHas padora: 60 gac.

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

[Iporpammy cocTaBui: 9.T. Mycaes, phd (k.¢h.-m.H.)

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapa TeoOpeTHIeCKor 1 MareMaTrnueckor ¢pusuku 27.03.2025



AHHOTANMA

OnHOM U3 BaXKHEHIINX 3a1a4 COBPEMEHHON (M3MKH SBISIETCS IMOCTPOCHUE TEOPHH, KOTOpas MO3BOJIMIIA Obl
enuHeIM 00pa3oM omucarb 4YeTblpe M3BECTHBIX (PyHIAMEHTANbHBIX B3aUMOACHCTBHUS. MHOXECTBO
HaOJIOEHUH TIOKa3bIBAIOT, YTO YCIEIIHBIM IOAXOIOM K PELICHHIO ITOM HpoOIeMbl SBISETCS KBAHTOBAs
teopust monsi. C ee MOMOIIBIO (M3HMKAM YK€ YHAIOCh MOCTPOUTH OOBEAMHEHHYIO KBAHTOBYIO TEOPHIO
ANIEKTPOCTA0bIX B3aMMOJICHCTBHIMA, a TakXKe KBAaHTOBYIO TEOPHIO CHIIBHBIX B3aMMOJCHCTBHH (KBAaHTOBYIO
XxpoMonuHaMuKy). OIHaKoO MOCTPOCHHWE KBAHTOBOM TEOPHUH TPABUTALMU  SIBISIETCS COBEPIICHHO
HETPUBUAJIBHOU 3a7aueil.

Teopust CTpyH mpemiaraeT SJETaHTHBIA CHOCO0 pPEHmIeHUS AITOM NPOOJIEMBI M TPENOCTABISICT EIUHOE
KBAaHTOBOE OIMCAHWE /I BCEX YETHIpeX (yHIaMEHTAIBHBIX B3aumojencTBuil. Kpome Toro, Teopus crpyH
OOBEMHSIET M CBSA3bIBACT OOJBIIMHCTBO HANpaBICHHH COBPEMEHHOW MaTeMaTHYeCKOW (DM3UKH, TaKHe Kak
UHTETPUPYEMbIE CUCTEMBbI, KOHPOPMHYIO TEOPHIO IOJIs, CyHePCUMMETPHYHbIC KaIHMOPOBOYHBIE TEOPHHU OIS,
cyneprpaButanus, u T.0. OCBOEHHE TEOPUH CTPYH SBIISICTCS HEOOXOAWMBIM JUIS TEOPETHKOB B 00JacTH
(M3MKH YacTHIl BHICOKHMX DHepruil. B kypce OyayT paccMOTpeHbl OCHOBHBIC MOHATHS (U3UKKA OO30HHBIX U
(epMHOHHBIX CTPYH.

1. leau u 3apauu

eap AUCUMNIMHBI

Ilens 0OCBOEGHUS AUCHMIUIMHBI COCTOUT B (DOPMHUPOBAHMH Y CTYJCHTOB MPEACTABICHUS O TECOPUU CTPYH,
00CYXJIEHUM OCHOBHBIX METOAOB ONHMCAHMS M KBAaHTOBAaHUS B TEOPUU CTPYH, ONMHMCAHUM CBS3EH C
JPYTUMH TEOPUSIMU U MOZEIIIMU.

3agauu AUCHUILIHHBI

3amaua IUCHUIUIMHBI COCTOMT B OOYyYEHHMM CTYJCHTOB OCHOBHBIM IIPHHLHMIIAM M METOIaM TEOpUHU
CTPYH, TOJITOTOBKE CTYJCHTOB K BEJCHUIO HCCIICIOBAHHM, CBI3aHHBIX C TEOpUECH CTPYH M OIM3KUMHU
00JIACTSIMH TEOPETUYECKON (PU3UKU U MAaTEMAaTHKH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

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

VYK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
BBISIBIISISL €€ COCTABIISIFOLIME M CBSI3U MEX/Y HUMHU

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

OIIK-1.1 3HaeT W CcOOCOOCH  HCIOJB30BaTh B
mpoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

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

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuk W (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a1a4 NpoQeccCuOHaNBHON AEATENbHOCTH

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX

TEXHOJIOTUHI

pe3yabTaToB
OIIK-5 Crioco0€eH 1 TOTOB K ITOBBIIIEHUIO OIIK-5.1 Cnocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
KBaIU(UKALUU, IPOPECCUOHAIBHOMY POCTY U |BOCIIPHHUMAs COLIMAJIbHBIC, STHUYECKHE,

PYKOBOJZICTBY KOJUIEKTHBOM B chepe cBoei KOH(peCCHOHAIbHBIE U KYJIbTYPHBIC Pa3Indus




npodeccuoHaIbHON e TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHMMaAs COLUAIbHBIE, STHUYECKHUE,
KOH(peCCHOHAIbHBIE U KyJIbTYPHBIE Pa3Indus

OIIK-5.2 Brnameer HaBBIKOM  PYKOBOACTBA  MaJjbIM
KOJUIGKTUBOM B  cdepe cBoeil  mpodeccrnoHambHON
JEATEIIbHOCTH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJia4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTW4eCKOW OONacTH CBOEH MPOQEeCCHOHATHLHOMN
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

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

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCIJICAOBAHMUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

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

3HAaTh:

OCHOBHEBIE IMPUHIUIIBI TCOPHUU CTPYH, COOTBCTCTBYIOIIUC CBOICTBA K MCTOMHEI.

YMETB:

9(1)(1)CKTI/IBHO HUCIIOJIb30BAaTh Ha MPAKTUKEC TCOPCTUUCCKUC TIOHATHA, PCLIATH 0a3oBEIC 3aaa4u,

CBS3aHHBIE C TEOPUEN CTPYH.
BJIaJIETh:

OCHOBHBIMU METOJIaMH, UCIIOIb3YIOLUIMMHUCS IIPU PELICHUH 3a/1a4, CBSI3aHHbBIX C TEOpUEH CTPYH.

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

4.1. Paznenbl tuctMIIMHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Beenenue 2 4
2 Knaccuueckas 6030HHas cTpyHa 4 8
3 KaHoHnueckoe KBaHTOBaHHE OO030HHOMN 4 ]
CTPYHBI
4 Knaccuueckas pepmuonHas crpyHa 2 4
5 Kanonnueckoe KBaHTOBaHHE 4 ]
(hepMHUOHHOM CTPYHBI
Kondopmuas Teopust moms - Kak
6 PENSATUBUCTCKU MHBAPUAHTHBIA MOIXOM K 2 4
OIMCAHUIO CTPYH
7 KBanroBanue CTPYHBI METO/IOM 5 4
(YHKIIMOHAJIBHOTO MHTETpajia
8 CrpyHHBIE B3aUMOJICHCTBUS 4 8
Huskosneprernyeckue AeUcTBUAS s
9 moJyieil 6e3MaccoBOro CEKTOpa CTPYHHBIX 2 4
BO30YKICHUN




10 |T- u S- nyanbHOCTU B TEOPUU CTPYH 4 8
Hroro wacos 30 60
[loaroroBka k sK3aMeHy 0 gac.

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

4.2.

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

Cemectp: 1 (Ocennuii)

1. BBenenune

MotuBanus u3ydeHus: Teopun ctpyH. [IpobiemMbl KBaHTOBOH TpaBUTAlMU (HETIEPECHOPMHUPYEMOCTD,
CUHTYISIPHOCTH, WH(OPMAIIMOHHBIM TapajlOKC, DJHTPONHS YEPHBIX JbIp, KOCMOJIOTHYECKAs
MOCTOsIHHAsSI), OOBEAMHEHUE BCeX (YHJAaMEHTAIBHBIX B3aMMOJICHCTBHIA, JyajbHOE OIKMCAHUE
KaJIMOPOBOYHBIX TeOpUil (rojorpadus).

CJ'IC,I[CTBI/ISI H3 TCOPUU CTPYH U CII0COOBI €€ 06&pr>KGHI/I$IZ CynepCuMmMeETpus, HOBbIC YaCTHUILIbI,
PCIMUKTOBOC U3JTYUCHUC, KOCMHUYCCKUC CTPYHBIL.

HelicTBusl A7 PEISTUBUCTCKOM 4YacTHLBI M €ro cuMMeTpuu. KBaHTOBaHME CUCTEM CO CBA3IMU
(monxon [upaka). Bpamaromasicss TouedHasi cymep dvactuia, cymnep uactuua bpunka-llBapia,
CyIIEpCUMMETPHUSI.

2. Knaccuueckast 6030HHas CTpyHa

HeiictBue HamOy-T'oro um ero cummerpuu, ypaBHeHus nBuxenus. [leiictBue IlomsikoBa u ero
CUMMETPHUM, YPaBHEHMs IBW)KEHUs, COXpaHsIoLMecs BeauuuHbl. Kilaccuueckas 3KBUBaJIEHTHOCTb
neiictBus [lonskoBa u HamOy-1oto.

OTKpBITBIE M 3aMKHYTBIE CTPYHBI (TpaHu4HbIe ycinoBusl Helimana//lupuxiie u nepruonnveckue).
Pasnoxenune cTpyHHBIX pemieHuil no monam. Anredpa Bupacopo.

3. KanoHnueckoe KBaHTOBaHHE OO30HHOM CTPYHBI

KBanToBanue B kaanOpoBKe CBETOBOTO KOHYyca. PaspemnieHue cpsi3eil.

Criexktp cTpyHHBIX BO30yXkneHuil, JlopeHI MHBapuMaHTHOCTH, Kiaccuukauus Burxepa, Taxuos,
0e3maccoBblii cekTop - TpaBuToH, mone Kannba-Pamonma (2-popma), aunaTtoH, cKaluspbl U
BeKTOpHBIE ToJsi Ha D-Opanax. MHoxecTBO coBmagatomux D-OpaH, (cymep) SHr-Muiic kak ux
3 PEeKTUBHOE HU3KOIHEPTETHIECKOE OMMCAHNE.

4. Knaccuueckas pepMHOHHAs CTpyHA

CrnmHOpHI B 001111 TEOPUH OTHOCUTEIBHOCTH.

Heticreue I'puna-1lIBapua u Pamona-Hasse-111Bapua uist cynepcTpyH.
Cymnepcrpyns! tuma I, IIA, 1IB.

CynepcummMmerpusi, Beitnesckas u cynep Beitnesckas cummerpuu nevicrsus PHIII.
CynepkoHpOpMHasT KaTHOPOBKA.

I'pannunsie ycnosust Pamona u Haswe-1lIBapua nist cyneperpyssl PHILL.

Cyniep anrebpa Bupacopo.

5. Kanonnveckoe KBaHTOBaHUE (PEPMUOHHON CTPYHBI

KanoHnueckoe KBaHTOBaHNE, KBAHTOBAHNE HA CBETOBOM KOHYCE.
Crextp depmuonnoit crpynst ais tumna [, [1A, [1B, TIHO npoekmws.

Konrponbnast pabora Ne 1.




6. Kondopmuas Teopust most - Kak peIsITUBUCTCKY MHBAPUAHTHBIN MOIXO K ONMCAHUIO CTPYH

OmneparopHoe pa3jIoKeHHE U TOKAECTBa YopJa.
HenTpanbublii 3apsa u anredbpa Bupacopo, BeiineBckas anomanwist.
CooTBeTcTBHE MEXY OllepaTopaMy TEOPUU U €€ IPOCTPAHCTBOM COCTOSHUH.

7. KBaHTOBaHME CTPYHBI METOIOM (DYHKIIMOHAJIBHOTO MHTETpajIa

Nurerpan no nytsam. yxu ®@aneesa-Ilomnosa.

Kputnueckas pasmMepHOCTb.

[IpocTpaHCTBO CTPYHHBIX COCTOSIHUN M BEPIIMHHBIE OLIEPATOPBI.
Hexpurtuueckue cTpyHsl.

8. CTpyHHBIE B3aUMOJIEHCTBUS

JpeBecHble aMIUTYBI U1 3aMKHYTHIX cTpyH (Bupacopo-Illamnupo).
JlpeBecHble aMILIUTY/bI AJIs1 OTKPBITHIX cTpyH (Benenuano).

OI{HOHCTJ]CBBIC AMILIATYBL. CooTBeTcBHE MCXKAY NCTICBbIMH aMIUIUTYAaMU JIs1 OTKPBITHIX CTPYH U
APCBCCHBIMU IJId 3aMKHYTBIX.

9. HuzkosHepreTnueckue qeicTBrs A Tosel 6e3MaccoBOTO CEKTOpa CTPYHHBIX BO30YKICHUN

CrpyHa Ha ¢oHEe HETPpUBHAIILHON MeTpUKH, o Kansba-Pamonaa u nunaroHa.
BeiineBckast ”HBapUaHTHOCTh, OOHYJIeHHE OeTa QyHKIUH 111 JOHOBBIX MOJICH.
VYpaBHEHUS U IEHCTBUE CyIIEpTpaBUTALIIY.
VYpaBuenus u aeiicreue bopna-Mudenbaa.

10. T- u S- nyanbHOCTH B TEOPUH CTPYH

3aMKHYyTasi ¥ OTKPBITasi CTPYHBI Ha OKPY>KHOCTU. CUMMETPHH CIIEKTPA.
IIpaBuna Bymepa.

Konrponbnas pabora Ne 2.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

YueOHast aymuTopus, 10CKa.
KomiiproTep A5 HCTI0/Ib30BaHUs HHTEPHET-PECYPCOB.
[IpoexTop 151 AEMOHCTPALMNA WILTIOCTPALIMI U BU3yaJIbHOTO MaTepHara.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

. G. Arutyunov, Lectures on String Theory

. R. Blumenhagen, D. Lust, S. Theisen, Basic Concepts of String Theory
. P. West, Introduction to Strings and Branes

. D. Tong, String Theory

. J. Polchinski, String Theory

. M. Green, J. Schwarz and E. Witten, Superstring Theory

AN AW~

JlononHuTeNbHAS TUTEPATypa
1. B. Zwiebach, A First Course in String Theory
2. T. Ortin, Gravity and Strings
3. P. Di Francesco, P. Mathieu and D. Senechal, Conformal Field Theory



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

https://www.arxiv.org — ApXuB 3JIEKTPOHHBIX IPEIIPHUHTOB

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha 3ansTHsX HCIIOIB3YIOTCS MYIBTUMEUIHBIE TEXHOJIOTUY, BKIIIOYAsl JEMOHCTPALMIO IPE3EHTalUM.
Jnist AMCTAaHIIMOHHBIX 3aHATHH MOTYT OBITh UCIIOJIb30BaHbI SHAEKC-TeneMocT, wxMaxima.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT MJOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENILHOW Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOH JINTEPaTyphl;

— TpopaboTKy Yy4eOHOro Marepwana, MOATOTOBKY OTBETOB Ha BOIMPOCHI, MPEIHA3HAUYCHHBIX JUISI
CaMOCTOSITEILHOTO U3YUCHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSX;

— MOJITOTOBKY K BBIMOJIHEHUIO 33JJaHUM TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIaJicHUs MaTepUaIoOM CITY>)KAT YyMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI IO TeMaM
JUCIUTLIAHEL

BaxxHO m0OWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrOo ero 3amoMuHaHus. [lpwm
3aTPYJHCHUH WM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpamiarbcs 3a KOHCYIbTAIUAMH K
MPEIoIaBaTelio.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEILICHUS 33/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSTHI.



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
kageapa TeOpeTHUECKON U MaTeMaTHUeCKON (PU3NKU
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3zpaGoTunk: 9.T. Mycaes, phd (x.¢h.-M.H.)



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE

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

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh . .
. o MOCTaBJICHHOM  MpoOJIeMHON  cUTyalud Ha  OCHOBE
CTpPAaTETHIO ICHCTBUH
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH
OIIK-1.1  3maer u cnoco0eH  HCIOIb30BaTh B
npoeCcCHOHANBHON  JEesTENbHOCTH  (yHIaMEHTalbHBIC

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

Hay4HbIe 3HAaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

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

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

OIIK-4 Crioco0eH ycrenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
UH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HABBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTPAMMHBIX IIPOLYKTOB

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

OIIK-5 CriocoOeH 1 roTOB K MOBBIIICHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM NI TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHABHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMAJIBHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

HaBBIKOM
chepe  cBoeit

OIIK-5.2 Bnaneer
KOJUIEKTUBOM B
eI TEIIHbHOCTH

PYKOBOJICTBA  MAaJIbIM
npoeccroHaIbHOM

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHH B
paMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccroHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

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

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIE
HCCJICAOBAHUS CaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus AucuuIuinHel « Teopust cTpyH» 00y4aromuiics: JOmKEeH:

3HAThb:

OCHOBHEBIE IMPUHIUIIBI TCOPHUU CTPYH, COOTBCTCTBYIOIIUC CBOICTBA K MCTOMHEI.

yMeTh:

aq)(l)eKTI/IBHO HUCIIOJIb30BaTh Ha MPAKTUKEC TCOPCTUUCCKUC TIOHATHA, PCLIATH 0a30BEIC

CBS3aHHBIE C TEOPUEN CTPYH.

3aJ1a4H,




BJIaJeTh:
OCHOBHBIMU METOJIaMH, UCIIOIb3YIOLUIMMHUCS IIPU PELICHUH 3a/1a4, CBSI3aHHbBIX C TEOpUEH CTPYH.

3. IlepeyeHb THNOBBLIX (IPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

1. Uemy paBHa Mepa uHTErpupoBanus B neiictBun HamOy-I'oro, [TonsikoBa?

2. Beinucars cummerpun aerictBusi HamOy-I'0To, kak 3aBHCAT mapaMeTpbl OT KOOPAMHAT HA MUPOBOM
JIUCTE.

3. Ilouemy B neiictBue IlomnsikoBa Heb3s1 10OABUTH MOTEHLIUAT WIM KOCMOJIOTUYECKYIO KOHCTaHTY?
4. BeiBecTH JUCTIEPCHOHHOE COOTHOLLIEHHE Ui TaxuoHa. B uem ero mpobnema?

5. Kakue ObIBarOT THIBI TPAHUYHBIX yCIOBUN AJ1si O030HHBIX M (PEPMHOHHBIX CTPYH?

6. Uro Taxoe I'IIIO npoexnus?

7. Yto Takoe T-gyalbHOCTD B TEOPHH OTKPBITHIX CTPYH?

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

ITepeueHb KOHTPOIBHBIX BOIPOCOB:

[puanmnumansHoe otuume neiictBus [lonskosa n Ham6y-Toto.
[lepBuuHOE 1 BTOPUYHOE KBAaHTOBAHMUE.

OTKpBITHIE U 3aMKHYTbIE CTPYHBI.

D-6pansl.

T-nyanbHOCTb.

BeilineBckass MHBApUAHTHOCTb.

CynepcummeTpusi.

I'IO npoexuus.

e AN N M

9. Ilokasarp, uto rpynmna Ilyankape sSBiseTCS NOTYIPSAMBIM ITPOU3BEICHUEM.
10. ITokazaTh cynep CHMMETPUYHOCTD JJIS BpAIlAIoIIecs Cynep YacTHUIIbL.

11. OueHure xapakTepHbIe TapaMeTPhl CTPYHBI, HATSDKEHUE, TITHHY.

12. Tloka3zaTh cynep CMMMETpUYHOCTH A cTpyHsl PHIIL.

13. BeiBecTH ypaBHEHUS IBH)KCHHS CTPYHBI B KOOpAMHATAX CBETOBOTO KOHYCA.

[Mpumeps! OUIETOB:

buner 1.
1. Cynepcummerpusi.
2. I''IO npoexuus.

buner 2.
1. Iloxa3aTh cynep CHMMETPUYHOCTD 1uig cTpyHbl PHIIL.
2. BeiBecTH ypaBHEHMS IBU)KEHUS CTPYHBI B KOOPAMHATAX CBETOBOI'O KOHYCA.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOH MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX 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, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.



Ouenka ommuyHO 8§ OawioB - BBICTABIISICTCSl  CTY/AGHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE MPU PEIICHUH KOHKPETHBIX 33714, NPaBHIbHOE 00OCHOBAHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BEICTABISIETCS CTYICHTY, €CJIM OH TBEP/O 3HACT MaTepHall, IPaMOTHO U MO
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha IPAKTHKE, HO HEIO0CTAaTOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT ero, yMeeT NpUMEHSTh HOJIyYeHHbIC 3HaHHs Ha TPAKTHKE, HO JOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

Ouenka Xxopomo 5 6auioB - BEICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HA€T Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yaoOBIETBOPHUTENbHO 4 Oajula - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IpPAaBWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYILCHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO MaTrepuaa, HO IPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOyYeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBIETBOPUTEIBHO 3 Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHiA, JOIyCKAIOUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIIEH YyacTH
OCHOBHOTO cOAep)XaHUsI y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

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

HuddepenumrpoBanHbIii 3a4€T MPOBOAUTCS B YCTHOM popme 1o Ouseram.

B kaxmom Guiiete npeacTaBieHO ABa TECOPETUYECKUX BOMPOCaA.

[Ipu npoBeaenuu 3auéra oOyqaromemycs npegocrasisiercs 30 MUHYT Ha TIOATOTOBKY.
Omnpoc obyuaronierocs He TO/HKEH NPEBBIIATh OJHOTO aCTPOHOMHYECKOTO Yaca.



