degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))
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N0 THCHUTIJINHE: Teopus cTpyn
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npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

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

Kypc: 1
KBaJIMpUKALS: MarucTp
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nabopatopusle 3ansaTus: 0 gac.
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Bcero gacos: 90, Bcero 3a4. ef.: 2
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AHHOTANMA

OnHOM M3 BaKHEWIIMX 3a/ad COBPEMEHHOW (DM3MKHU SBISETCA MOCTPOSHHE TEOPUH, KOTOpas MO3BOJIMIA Obl
enuHeIM 00pa3oM OmUCaTh 4YeThIPE M3BECTHBIX (PYHAaMEHTAIBHBIX B3aUMOACHUCTBUS. MHOXECTBO
HaOJIOEHUH TTOKa3bIBAIOT, YTO YCIEHIHBIM IOIXOAOM K PEIICHHIO ATOH MpOOJIeMbl SBISIETCS KBAaHTOBAS
teopusi mons. C ee momoubio (pU3MKaM yxe yAaanoch MNOCTPOUTh OOBEAWHEHHYIO KBAaHTOBYIO TEOPHIO
ANIEKTPOCTa0bIX B3aUMOJCHCTBUM, a TakKe KBAHTOBYIO TEOPHUIO CHUJIBHBIX B3aWMOJECHCTBUN (KBaHTOBYIO
XpoMonuHaMuKy). OIHaKo TOCTPOCHHE KBAaHTOBOW TEOPUM TPaBUTALMM  SIBISAETCS  COBEPIICHHO
HETPUBUAJIBHOU 3a7aueil.

Teopust CTpyH mpemiaraeT 3JIETaHTHBIM CIOCOO pelieHHs STOH NpoOIeMBbl W TMPEIOCTABISECT EIHHOC
KBaHTOBOE OIMCAHWE JJIsl BCEX 4YeThIpex (yHIaMEHTaIbHBIX B3ammoneicTBuid. Kpome Toro, teopust CTpyH
OOBEMHSIET M CBSA3BIBACT OOJBLIMHCTBO HANpPABICHHI COBPEMEHHOH MareMaTHUYecKoil (pu3nku, Takue Kak
UHTETPUPYEMbIE CUCTEMBbI, KOHPOPMHYIO TEOPHIO IOJIs, CyHePCUMMETPHYHbIC KaIHMOPOBOYHBIE TEOPHHU OIS,
cyneprpaButanus, 1 T.1. OCBOGHHE TEOPHU CTPYH SBISIETCS HEOOXOIUMBIM JUIi TEOPETHKOB B 00JacTH
(M3MKH YacTHIl BHICOKHMX DHepruil. B kypce OyayT paccMOTpeHbl OCHOBHBIC MOHATHS (U3UKKA OO30HHBIX U
(epMHOHHBIX CTPYH.

1. leau u 3apauu

eap AUCUMNIMHBI

Llens 0CBOGHUS AUCHMIUIMHBI COCTOUT B (POPMHUPOBAHUHU y CTYJCHTOB IIPEACTABICHHUS O TEOPHU CTPYH,
00CYX/IEHUH OCHOBHBIX METOAOB ONHMCAHMS M KBAaHTOBAaHUS B TEOPUU CTPYH, ONHMCAHUU CBS3CH C
JPYTUMH TEOPUSIMU U MOZEIIIMU.

3agauu AUCHUILIHHBI

3amaua IUCHUILIMHBI COCTOUT B OOyYEHHH CTYACHTOB OCHOBHBIM NPHUHIMIIAM M METOAaM TEOPHUHU
CTPYH, TOJITOTOBKE CTYJCHTOB K BEICHHMIO MCCIICIOBAHUI, CBA3aHHBIX C TEOPHEH CTPYH U ONU3KUMH
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 Ananuzupyer npoOJIEeMHYIO 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  OcymiecTBisier TIOMCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

OIIK-1.1 3HaeT W cHocoOEGH  WCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneer cuctemoii pynnamenransabix |OIIK-1.2 CrnocobeH 0600marh U KPUTHYECKH OICHUBATH
Hay4YHBIX 3HAHUH B 00acTu OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCLIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTHuKi W (U3UKH U CHOCOOCH HMX MPHMEHSTh IpH
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 CrnocobeH mNpuMeHATh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX

TEXHOJIOTUHI

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

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 cBoel  mpodeccrnoHanbHON
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajaue W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

[MIK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCIJICAOBAHMUS CAaMOCTOSITENIbHO 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 HCTIOJIb30BAaTh HaA MPAKTUKE TCOPCTUYCCKUC TMIOHATHUA, PCIIATh 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 OO30HHOM 4 ]
CTPYHBI
4 Knaccuueckas pepmuonHas crpyHa 2 4
5 Kanonnueckoe KBaHTOBaHHE 4 ]
(hepMHUOHHOM CTPYHBI
Kondopmuass Teopust monst - 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: Teopur cTpyH. [IpoOneMbl KBaHTOBOW IpaBUTAIMK (HENEPEHOPMHUPYEMOCTb,
CUHTYIISIPHOCTH, WH(OPMAIIMOHHBIN TapajiokC, DHTPONUS UEPHBIX JBIP, KOCMOJIOTHYECKas
MOCTOsIHHAsI), OOBEJAMHEHUE BCeX (YHJaMEHTAIBHBIX B3aMMOJICHCTBHI, yajlbHOE OIHCAaHUE
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.

HelcTBus A PEISTUBUCTCKON 4YacTHIBI M €ro cuMMeTpuu. KBaHTOBaHME CUCTEM CO CBS3SIMHU
(monxon [upaka). Bpamaromasicss TouedHasi cymep dvactuia, cymnep uactuua bpunka-llBapia,
CyIIEpCUMMETPHUSI.

2. Knaccuueckast 6030HHas CTpyHa

HeiictBue HamOy-Toro m ero cummerpum, ypaBHeHus apwkenus. Jletictsue [lomsikoBa u ero
CUMMETPHUM, YPaBHEHMs IBMDKEHUS, COXpaHsoLuecs BeauuuHbl. Kiaccuueckas SKBUBaJ€HTHOCTb
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 B030yxaeHu#, JlopeHu uMHBapHaHTHOCThH, Kiaccuukanus Buraepa, Taxuow,
0e3maccoBblil cekTop - TpaBuToH, mone Kannpba-Pamonma (2-popma), aumaroH, cKajaspbl u
BeKTOpHBIE ToJsi Ha D-Opanax. MHoxecTBO coBnanatommx D-Opan, (cynep) Sur-Muuic 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 AMILUIUTYbI. CooTBeTcBUE MEKAY INECTICBBIMU aMIUVIUTYJaMU IJIA OTKPBITBIX 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)

CTyneHT, W3ydYarolmui JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pPE3YyabTaTC HU3YUCHUA AUCHUIIMHBI CTYACHT MHOJUKCH 3HATb OCHOBHBLIC ONPCACIICHUA W IOHATHA,
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 ydeOHOro Marepuala, TOATOTOBKY OTBETOB HAa BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3YUCHUS;

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

— MOJITOTOBKY K BBIMOJIHEHUIO 33JJaHUM TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajieHHUss MaTepraIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaMm
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTrepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3YYCHHUsS OTJAEIbHBIX TEM, BOMPOCOB, CIEAYyeT OOpamiarhCsi 3a KOHCYABTAIUSMH K
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/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

dusrex-KIIacTep akaJaeMUUecKoil n HaydHoi kKapbepsl (TeopeTnueckas u
MareMarndeckas Qu3mnKa)

Kypc: 1
KBaJIMpUKALUS: MarucTp

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

Pa3zpadoTunk: 3.T. Mycaes, phd (x.¢.-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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh . .
. o MOCTaBJICHHOM  MpoOJIeMHON  cUTyalud Ha  OCHOBE
CTpPAaTETHIO ICHCTBUH
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH
OIIK-1.1  3Haer wu  cmnocoOeH  HUCNONB30BaTh B
npoeCcCHOHANBHON  JESTENbHOCTH  (yHAaMEHTaJIbHBIC

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

Hay4HbIe 3HAaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Crmocoben 0000maTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICAOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 CrocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
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 COIIMAJIBHEIE, ITHHYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

HaBBIKOM
chepe  cBoelt

OIIK-5.2 Bnaneer
KOJUIEKTUBOM B
eI TEIIHbHOCTH

PYKOBOJICTBA  MAaJIbIM
npodeccruoHambHOM

[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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KaueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

[MIK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCIJICAOBAHUS CaMOCTOSITEIbHO 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 HCTIOJIb30BAaTh Ha MPAKTUKE TCOPCTUYCCKUC TMIOHATHUA, PCIIATh 0a3oBBIC

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. Beimucats cummerpun aevictBust HamOy-I'0To, kak 3aBUCIT mapaMeTphbl OT KOOPAWHAT 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

[TepeueHb KOHTPOIBHBIX BOMPOCOB [UIs TPOBeAeHUsS AU depeHIIMpOBaHHOTO 3a4eTa:
[puanmnuansHoe otuume neiicteus [lonskosa u Ham6y-Toto.

[lepBuuHOE 1 BTOPUYHOE KBAaHTOBAHMUE.

OTKpBITHIE U 3aMKHYTbIE CTPYHBI.

D-6pansl.

T-nyanpHOCTB.

BeilineBckass MHBApUAHTHOCTb.

CynepcummeTpusi.

e AN A M

I'IO npoexuus.

[TpuMepsl KOHTPOIBHBIX 3a/IaHUH (HE MEHee MATH BOIIPOCOB/3aJaHNI )

1. Ilokasars, yto rpynna Ilyankape siBisieTcsl OIYIIPSIMBIM IIPOU3BEICHUEM.
[lokaszarp cynep CMMMETPUYHOCTD I BPALLAIOIIENCs CyIlep YaCTHLIbI.
Onenure XxapakTepHble IapaMeTpbl CTPYHBI, HATSKEHUE, JUIMHY.
IToka3zate cynep cuMMETpUYHOCTS 111 cTpyHbl PHILL.

kv

BeiBecTH ypaBHEHUs IBUKEHUS CTPYHBI B KOOPJMHATaX CBETOBOIO KOHYcCA.

Kpurepun onennBanus

Onenka ormuuao 10 OGamnoB - BBICTaBJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka ommyHO § OamioB - BBICTABJIAETCA CTYIAEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON IMPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xopomio 7 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeer IPUMEHTh I0Jlyu€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHa, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HA MPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.



OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
1 IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAacT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBIEeTBOpUTENbHO 4 Oamya - BBICTABIACTCS CTYICHTY, IOKa3aBIIeMy (parMEeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHOM MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBI HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPUHIHUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
TUIIOBBIX 3a]ay.

OueHka HEYIOBIETBOPUTEIbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne ommOKy B (GOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBannpiii 3a4€T NPOBOAUTCS B YCTHOH Qopme 1o Owneram. B kaxmom Ouiere
NpPE/ACTaBICHO JBa TEOPETHYECKWX Bompoca. [lpum mpoBemeHmm 3au€ra  oOydaromeMmycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocss He JOJKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



