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: Anrebpanyeckast TONOIOTUS
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

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

Kypc: 2
KBaJIMpUKALS: MarucTp

Cemectpbl, HOpMBI IPOMEIKYTOUHON aTTECTAIHH:
3 (ocenHui) - 3auet

4 (BeceHHwmil) - Dx3aMeH

AynutopHbIX yacoB: 120 Bcero, B TOM 4HCIIE:
nexun: 60 gac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 75 4ac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 225, Bcero 3ad. e11.: 5

[Iporpammy cocrasuin: A.B. Epuios, kauj. ¢uz.-mar. HayK, JOUEHT

[Iporpamma obcyxnena Ha 3aceqanun Ousrex-kiacrepa akaJeMUUeCcKOl U Hay4HOH Kapbepsl 24.05.2022



AHHOTANMA

Anrebpanyeckas TONOJNOTHSA SBIIsETCS (PyHIAMEHTOM JJIsl 3HAYUTEIBHOM 4aCTH COBPEMEHHON MaTeMaTHKH, a
TaKKe HMCTOYHMKOM MHOTrMX ee uuei. [Ipeamer anreOpanueckoil TOMOJIOTMM MOXKHO KpaTKO ONMCAaTh Kak
H3yYeHHE KATeTOPHM TOMOJOTMYECKUX MPOCTPAHCTB MYTEM TMOCTPOCHHS Ha HEH TOMOTONMYECKH
MHBAPHAHTHBIX (YHKTOPOB B Kakylo-JInOO anreOpanyecKyl0 KaTeropuio, YTO IIO3BOJIIET CBOIUTH
reoMeTpuuecKkue 3afauu (Hampumep, 3ajgadu o kiaccudukauuu) Kk "anrebpamdeckum". Kiaccnueckumu
puMepaMy TakuX (YHKTOPOB SIBISAIOTCS (yHIAMEHTalbHasl TPyNIa M TPYHIbI TOMOJOTUN U KOTOMOJIOTHH
TOTOJIOTUYECKUX MPOCTPAHCTB. 3a4acTyl0 HMCIIOJIB30BAHUE YXKE ATHX MPOCTEHIINX WHBAPUAHTOB IO3BOJISIET
MOJTy4aTh HETPUBUAJIBHBIE PE3yNbTaThl (IIpuMep: Teopema bpayspa o HemoABMKHON TOUKE), 10KA3bIBATH

TOMOTOINNNMYECKYIO HEOKBUBAJICHTHOCTDb JAHHBIX IPOCTPAHCTB.

Mertoapl anreOpandeckoil TOMOJIOTMM MHOTOKPAaTHO MHPOJEMOHCTPUPOBAIN CBOIO J(P(EKTHBHOCTH Kak B
pa3MUHBIX 3aJadax TeoMeTpuu (IOrpyKEeHHEe MHOrooOpaswii B E€BKIMIOBO IPOCTPAHCTBO, INIAJIKHE
CTPYKTYpbl Ha MHOrooOpa3usx, KiacCH(pUKanus MHOTrooOpasuii B paMKax pas3iIH4YHBIX BEPCUH TEOpHHU
KOOOp/IM3MOB, ...), TaK W B Jpyrux oOmacTsax (KJIaccU(UKAMs BEIICCTBEHHBIX anredp ¢ JeJcHHEM,
KBuieHoBckoe nmocrpoeHue anredpandeckoil K-reopun, npuseiee K OTKPHITHIO HOBBIX (DyHIaMEHTaIbHBIX
CBsI3eH MEXAy anreOpoil U TOMOTONMYECKOW Kareropued, MHOTOYHCIICHHBIC MPUMEHEHHS TOMOJIOTHYEeCKIX
MHBAPHAHTOB B COBPEMEHHOU (H3HKE, ...). Bo 2-if momoBruHE Mpomuioro Beka ObUIM yCTAaHOBIICHBI IITyOOKHE
CBSI3M aNreOpanyeckoil TOMOJOTMU C aHAJIM30M, Hambosiee SPKUM IPUMEPOM KOTOPBHIX SIBHJAch TeOopema
Atbu-3uHrepa 00 MHICKCEe IUIMITHYECKOTO OIlepaTropa Ha KOMIAKTHOM MHOT000pas3uu. Kpome Toro, moHsATHs
U METOIbl TEOPUH BEKTOPHBIX paccioeHnii u K-Teopum WrparoT o4eHb BaXKHYIO POJIb B psiie pas3/ienoB
COBPEMEHHOW MaTeMaTHKH U (pU3HKH.

VYuuThIBas BbIIIECKa3aHHOE, Kypc IO ainredpandeckoid TOMOJIOTMH TPEICTABISIETCS HEOOXOAUMBIM IIpH
MOATOTOBKE COBPEMEHHBIX CIEIHMAINCTOB IO airedpe, TeOMETPUH U TeopeThueckoil ¢usuke. OH sBiseTcs
CHHTETHYECKHM KYPCOM, OMUPAIOIIMMCS Ha 3HAHWE alreOpbl, oOmei Tomonornu u JuddepeHruanIbHON
TeOMETPUH, U B CBOIO OYEpe[b pa3BUBACT HMJCH YIMOMSHYTHIX HpeamMeToB. Hampumep, 0e3 MCIoOnb30BaHHS
CpencTB anredpandeckod TOMOJOTHMM TPYAHO TPEICTABUTH IEPEXOJ OT H3Yy4YCHHs JIOKAJbHBIX CBOWCTB
MHOT000pa3uii (0OBIYHO MPOUCXOMALIEM B Kypcax MO TEOpUH IMaJKuX MHOrooOpasuil n auddepeHunaibHoR
TeOMETPHUH) K UCCIIEOBAaHHIO TNI00AJIBHBIX CBOIMCTB MOCIIEIHNUX, & BEAb YaCTO MMEHHO ITI00aJIbHbIE CBOICTBA
UTPAIOT B TEOMETPHUYECKOM 3aj1aue MPUHIMITHAIBHYIO poiib. KpoMe TOro, IaHHBIA Kypc MOMKET IOCITYKHTh
XOpoulel WIUIIOCTpalued Toro, Kak paboTaloT pasziauyHble anredpandeckue MeToiasl (Takue Kak
TOMOJIOTHYECKas airedpa U TEOpHsl KaTeropuii).

1. leau u 3apauun
eap AUCUMNIMHBI
JaHHBII KypC CTaBUT LEJIbI0 IIO3HAKOMUTBH CIIyllarejied Kak CO CTaHAApTHBIM KJIACCUYECKUM

MOJTXO/IOM K JaHHOMY IIPEAMETY, TaK U JIaTh MPEACTaBIEHUE O €ro 0ojiee COBPEMEHHBIX METOAaxX M
Uaesx.

3agauu AUCHUILIHHBI

CdopmupoBars y ciaymarenel mpeacTaBIeHNe O 3a/adax U METOAaxX anreOpandecKoil TOMOJIOIHuH, O ee
CBSI35X C TOMOJIOTUYECKOM anreOpo.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananuzupyet npoOJIEeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TOMCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  NpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

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

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS
[IOCTABJICHHON 1eJId Kak I10CJIE0BaTeIbHOCTh I1aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUPyeMOI
JEATEIBHOCTH W Ha B3aUMOOTHOIIEHHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU




OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.1 SHaeTr W© CIOCOOEH  HMCHOIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara 1 MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB M OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHbIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTHdeckoi o0nacTu cBoed mpodeccHoHaTbLHOU
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATH KAYECTBO pa3padoTaHHON
MOJENN

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

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
MyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

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

3HAaThb:

OCHOBHBIC KJIACCUYUCCKHUC MOHATUA U PC3YJILTATHL Anre6panquK0171 TOIIOJIOTHH

YMETB:

IIOJIB30BAaThCA KIIACCHYCCKUMH MCTOJaMU Anre6pa1/1quK0171 TOIIOJIOTHUU IJId PCUICHUA 3a1a4

BJIAJIETh:

arnraparomMm KJ1aCCUYCCKOH AJ'IFe6paPI‘IGCKOI>i TOIIOJIOI'NH

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

Tema (pa3nen) TUCIUTUTMHBI

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

CamocT.

Jlexuu
pabora

Cemunapsl | Jlabopar. paboThr

CUHTYNSIpHBIE  CHMIUIEKCHI H
CuHrynasipHble FOMOJIOTHU.

OCIIN.

npeobpazoBaHusl.

Kareropuu, ¢QyHKTOpEI M €CTECTBEHHbBIE

I'omoronmueckas
CUHTYJISIPHBIX TOMOJIOIMH.

HWHBAapUAaHTHOCTb

Kpocc-npousBenenne romonoruit

TOYHAas 1MOCJICA0BATCIIBHOCTD TOMOJIOTHI.

OTHOCUTEIIbHBIE TOMOJIOTHH. I[J]I/IHHaﬂ

BBIp63aHI/Ie " Cro IIPUMCHCHUC.

Axcuomsl Ditnen6epra-CTuHpoa.

XX (L[N »n |~ W

Knerounnie
TOMOJIOTHH.

MPOCTPAaHCTBA U

nux

NSRS 3 I (O ) B \O R I O ) B NS
N[ NN] D [N] N
[NST I O3 I (O ) B \O R I O B NS




Tomonorun c ko3 punmeHramu.
9 Teopema 00 YHUBEPCAIBHBIX 2 2 2
ko3 durmenrax.
ALMKIMYHBIE MOAECTHM M Teopema
10 2 2 2
Kronnera.
11 CuHTYIsIpHbIE KOTOMOJIOTHH. 2 2 2
12 |[Ipon3BeneHus B KOTOMOJIOTHSIX. 2 2 2
13 JlokanbHbIe K03 HUITHCHTHI u 3 3 3
OpHUeHTaLusl.
14 |dBoiictBeHHOCTSH IlyaHKape. 3 3 3
15 [Ipenenbl, Kompeaensl W CONPSKEHHBIE 3 3 4
(YHKTOPBI.
16  |[omoronmueckas KaTeropus 3 3 4
17  |JloxaiapHO TpUBHAIBHBIE PACCIOCHUS 3 3 4
18  |Paccnoenus 3 3 4
19  |Kopaccnoenus 3 3 4
20 Paccnoennnsle u KOPACCIIOCHHBIE 3 3 5
MOCIIEI0BATEIbHOCTH
71 CnaOble SKBHMBaJCHTHOCTH W TEOPEMBI 3 3 5
VYantxena
2 IIpencraBumocTte koromonorui. Teopus 3 3 5
MPENSATCTBUN
23 |Bextopnsle paccnoenus u K-teopus. 3 3 5
Knaccuduuupyromee HIPOCTPAHCTBO
24 |rpynnsl. CUMITTUIIMATBHBIE MHOYKECTBA U 3 3 5
KJIacCU(PULIMPYIOMIHNE TPOCTPAHCTBA
Nroro gacos 60 60 75
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.
4.2. Cogep:xaHue IUCLUUILIMHBL (MOLYJIsl), CTPYKTYpUPOBaHHOE 110 TEMaM (pa3zeiam)
Cemecrtp: 3 (Ocennwii)
1. CunrynsipHbie CUMIUIEKCHI U 1iend. CHHTYISpHbIE TOMOJIOTHH.
OmnpeneneHye CUHTYISIPHBIX TOMOJIOTHI.
2. Kareropun, GyHKTOpBI M €CTECTBEHHBIE TPEOOPA3OBAHMSL.
SI3BIK TEOpUU KaTeropui.
3. T'omoTonnueckass ”HBAPUAHTHOCTb CHHTYJISIPHBIX TOMOJIOTHA.
lomoTonuu, IENHBIE TOMOTONMM, 3Be3JHBIE oOmacTh. J{oKa3aTelnbCTBO TOMOTOIHYECKOM

HWHBApPUAHTHOCTHU CUHTYJIAPHBIX TOMOJIOTHIA.

4. Kpocc-npou3BeJeHUE TOMOJIOT Ui

Kpocc-npousBenenne u ero CBOHCTBA.

5. OTHOCUTEILHBIE TOMOJIOTHH. I[J'II/IHHaSI TOYHas 1MOCJICA0BATCIIBHOCTD TOMOJIOTHIA.




OTtHOCHUTENbHBIE TOMOJIOTHH. J|JIMHHAS TOYHAs! MTOCIJIE0BATEIHFHOCTh TOMOJIOTUN, ACCOIIMUPOBAHHAS
C KOPOTKOM TOYHOW IIOCIENOBATEIbHOCTBIO LEMHBIX KOMIUIEKCOB. TOYHAs IOCIEN0BAaTEIbHOCTh
Mapkl.

6. Belpe3anue u ero npuMeHEHHE.

Axcroma Beipe3anusi. Berancnenue romomnoruii cdep.

7. Axcuomsl Ditnendepra-Ctuapoaa.

Axcunowmsl Ditnenbepra-Ctunpona, ux ciuenctsus (teopema Maiiepa-Breropuca). JlokazarenbcTsa.
8. Kietounble npocTpaHcTBa U UX TOMOJIOTHH.

OnpeneneHus U NpUMeEPHI KIETOUHBIX MPOCTPaHCTB. KiieToOUHbIN KOMITIEKC.

9. I'omonoruu ¢ ko3 dunuenramu. Teopema 00 yHuBEpcaIbHBIX KO3 (HUIIUCHTAX.

Tomonorun ¢ xoadpdunuentamu. Oynkrop Tor. OcHOBHas TeopeMa TOMOJIOTHYECKOW aireOpel.
Jloka3aTenbCTBO TEOPEMBI 00 YHHUBEPCAIBHBIX KO PHUIIHESHTAX.

10. Atukmasele Mozaenu U teopema Kronuera.
Merton anMkIu4HbEIX Mozenei. Teopema Ditnenbepra-3unsoepa. Teopema Kionnera.
11. Cunrynsipasle KOTOMOJIOTHH.

Omnpenenenne CUHTYISPHBIX Koromonorud. Koromomornu ¢ kxodddunuentamu. Teopema 00
YHHUBEpCAIbHBIX Kodpuirentax. Axcruomsl Ditnenoepra-CTHHpOAA 1Jis1 KOTOMOJIOTHH.

12. IIpou3BeneHHsI B KOTOMOJIOTHUSIX.
IIpousBeneHHs B KOTOMOJIOTHSX U UX CBOMCTBA.
13. JlokanbHble K03(pPULUEHTHI 1 OpUEHTALIUS.

Omnpenenenne cuCTEMBbl JOKaNbHBIX Kod(¢uiuentoB. OpueHrauuss MHOrooopasuii. Teopema 00
OpHEHTALUH.

14. JIBoiictBenHocTh Ilyankape.

DOopMyJIMPOBKA U JI0KA3aTEILCTBO TEOPEMBI IBOMcTBEHHOCTH IlyaHkape.
Cemecrtp: 4 (Becennuit)

15. TIpenenbl, KoTIpeneNbl U CONPSKEHHBIE (PYHKTOPHI.

KareropHsle mpenessl 1 KONpeaesnsl, CONpsKeHHbIe (YHKTOpHI. J[eKapTOBO 3aMKHYTHIC KaTE€rOpHH.
Kareropust KoMIakTHO MOPOXKIEHHBIX IPOCTPAHCTB.

16. 'omoTonnueckas KaTeropus
I'omoronuueckas kareropust. basucHeie Touku. @YHKTOPHI IETENb U HAICTPOUKH.
17. JlokanbHO TpUBHAJIBHBIE PACCIOCHHUS

JlokanbHO TPUBUAJIBHBIC PACCIIOCHHUA: OIIPCACIICHUC U TPUMCPBHI.



18. Paccnoenus

Pacciioenus B cmbicie I'ypeBuua. @yHnamMeHTaabHbIi rpynmnoud. [oMoTonuueckass HHBApUaHTHOCTD
MyJU103Ka PacciIoeHusl.

19. Kopaccinoenust
Kopaccnoenus: onpeenenne u CBOMCTRA.
20. PaccioeHHHBIE U KOPACCIOCHHKIE MTOCIEI0BATEILHOCTH

Kanonnueckue (akropuzanuu oroOpaxenuil. Konmyc oroOpaxkenues. IlocienoBarensHOCTh
bappara-Ilynne u ee cBoiCTBA.

21. Cnabble S5KBUBAJIICHTHOCTH U TEOPEMBI Y aliTxena
TomoTonuyeckrie SKBUBAJICHTHOCTH, cllabble SKBUBaJICHTHOCTH. Teopembl Y alTxea.
22. IIpencrtaBuMoCTh KoroMosoruid. Teopus npensiTCTBUi

[IpocrpanctBa Dlinenbepra-Maxkneilina, npumepbl. @yHaaMeHTaNbHBINA Kiacc. [IpeacTaBUMOCTD
(yHKTOpa KOTOMOJIOTHH. DJI€MEHTHI TEOPHU NPEISATCTBUH.

23. BextopHsle paccinoenus U K-teopus.

Bexkrophsbie pacciioenus: omnpenenenue. Knaccuduiupyromee npocrpanctso. [pynna [porennuka,
(xommutekcHast) K-reopus. Ilonstre o mepuomuunoctu borra. K-Teopus kak o0oOIeHHass Teopus
KOT'OMOJIOTH.

24.  Knaccudumupytomee  mpoctpaHcTBo — rpynnbl.  CHUMIUIMIMANBHBIE ~ MHOXKECTBA U
KJIacCU(PULMPYIOMINE TPOCTPAHCTBA

CUMIUTMIIMANIbHBIE ~ MHOXKECTBA, WX  TIeoMeTpuyeckas  peanmsanus. HepB — kareropuw,
KJIacCU(pHUIUpYIOIIee IMPOCTPAaHCTBO Kareropuu. Ipynmomn UYexa wu  wiaccuuimpyromuee
OTOOpaXKEeHHE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTopus, 10CKa, MEAUAIIPOEKTOP, SKPaH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Haynes Miller Lectures on Algebraic Topology
2. J.P. May A concise Course in Algebraic Topology
3. James F. Davis, Paul Kirk Lecture Notes in Algebraic Topology

JlononHuTenbHAs TUTEpaTypa
1. M Aguilar, S. Gitler , C. Prieto Algebraic Topology from a Homotopical Viewpoint
2. A. Xaruep AnreOpanyeckasi TOTIOJOTHS
3. A.T. ®omenko, [1.b. ®ykc Kypc romoronnueckoit TOoaorun

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)



https://pi.math.cornell.edu/~hatcher/AT/AT.pdf
(Hatcher A. AlgebraicTopology)

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Zoom, Skype
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IJUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOILIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare U3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[TokazarenemM BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OUTHCS MOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYNHEHUW W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiathCs 3a KOHCYJIbTAIHSIMHU
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 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
Du3Tex-KJIacTep aKaJeMUIecKoi n HayuyHO! Kapbepbl (CoBpeMeHHas pyHAaMeHTalbHas

MaTeMaTHKa)
Kypc: 2
KBaTuuKanus: MarucTp

Cemectpbl, HOpMBI IPOMEKYTOUHON aTTECTAIHH:
3 (ocenHui) - 3auet

4 (BeceHHwmil) - DK3aMeH

Pa3zpatGoTunk: A.B. Epmios, kaua. ¢pus.-mart. HayK, JOIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 SHaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara 1 MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B  o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB M OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE IPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCAaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3padoTaHHON
MOJENN

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

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKaluK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIINHBL «Aﬂre6panqecxaﬁ TOIIOJIOT'HS» O6y‘laIOH_IPII>'IC$I JOJIKCH:

3HAThb:

OCHOBHBIC KJIACCUYUCCKHUC MMOHATUA U PC3YJILTATHL AnrerqueCKoﬁ TOIIOJIOTHH

yMeTh:

IIOJIB30BAaThCA KIIACCHYCCKUMH MCTOJaMU Anre6panquK0171 TOIIOJIOTHUU IJId PCUICHUA 3a1a4

BJIaJd€Th:

arnraparomMm KJIaCCUYECKOH AJ'IFe6paPI‘IGCKOI>i TOIIOJIOI'NH

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBbIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marceprajia InpoOBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHsATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst

Hepequb KOHTPOJIbBHBIX BOIIPOCOB




1. BriBenute Teopemy Maitepa-BbeToprica u3 akCHOMBI BbIpe3aHus
2. OnumTe KJIETOYHYIO CTPYKTYpY MHOTooOpasus [ paccmana
3. lokaxkute TeopemMy DiinenOepra-3miboepa ¢ TOMOIIBI0 METO/Ia aAlMKIMYHBIX MOJICIICH.

4. JlokaxxuTe, 4YTO 1000€ OTOOpaKEHHE €CThb KOMIO3HIMS KOPACCIOCHHS W TOMOTOIMHYECKOM
SKBUBAJICHTHOCTH. Kak BBINIAUT TBOWCTBEHHOE YTBEPIKICHUE IS PACCIOCHUI?

5. UTo Takoe TOMOTOITMYECKHIA CION 0TOOpakeHus? B ueM COCTOUT ero yHUBEpCAIIbHOE CBOMCTBO?

6. OObsicHATE , TIOYEMYy BBIUYHCICHHWE KOTOMOJIOTHUECKHX OIepaluii CBOAUTCA K BBIYUCICHHUIO
KOTOMOJIOTHIA IPOCTPaHCTB DitneHoepra-Makeiina.

7. JlokaxkuTe COMPSHKCHHOCTh (DYHKTOpa TeOMETPUYECKOH peann3anuu B (YHKTOpa CHHTYISPHOTO
CUMIUTMIIMAIEHOTO MHOXKECTBA.

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. ITocuunTaiiTe TOMOJIOTUM U KOTOMOJIOTHH BEIIECTBEHHOTO MPOSKTHBHOTO IMPOCTPAHCTBA C Pa3HBIMH
ko3 punmenramu.

2. Tlocumraiite romosoruu mnpousBeneHus $\mathbb{R}P*3\times \mathbb{R}P"3$ c¢ uensiMu
ko3 punmenramu. OObSICHUTE MOTyYEHHBIN pe3ysbTar.

3. Tlycte $S™{ptq}\rightarrow S”p\times S"q$ --- HekoTopoe HempepbiBHOE OTOOpaxeHue. Kakoe
OTOOpaKCHHUE OHO MHIYIIHPYET B CTAPIINX KOTOMOJIOTHSIX?

4. Beraucnure Koubiio koromojoruii $imathbb {C} P n.$

5. Jns $n$-mepHoro knerounoro mpocrpanctBa $X$ 3amaiite Oumekumio wmexay S$H”n(X,)\,
\mathbb{Z})$ u $[X,\, S"n].$.

[Tpumeps! 3K3aMeHAIMOHHBIX OUIIETOB

bumer 1.

1. Akcuoms Diinen6epra-CtuHaposa. [loka3zaTebcTBO aKCHOMBI BRIPE3aHUSI.

2. IlocumnTaiiTe TOMOJIOTHH W KOTOMOJIOTHH BEIIECTBEHHOTO MPOEKTHBHOTO MPOCTPAHCTBA C PA3HBIMH

ko3 punmenramu.

buner 2.

1. Kopaccnoenust n ux cBoiicta. Jlokaxkure, uto ecinu $i\colon Alrightarrow X$ --- kopaccinoenue u
$g\colon Alrightarrow B$ --- mpousBombHOe oToOpaxkenue, To $B\rightarrow B\cup gX$ ---
KOPACCIIOCHUE.

2. Jna $n$-mepHoro xierouHoro mnpocrpancTBa $X$ 3amaiite Oumekmmro wmexay $H n(X,\,
\mathbb{Z})$ u $[X.,\, S"n].$.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - 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 PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka OmIMYHO 8§ Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeeT IPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOIY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT 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.

OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISIETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
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 yIOBIETBOPUTEIbHO 3 Oaiia - BBICTABISETCS CTYICHTY, MOKa3aBIIEeMY (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.

O1reHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISACTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THIIOBBIX 33]1a4.

OueHKa HEyIOBJIETBOPUTENBHO | 0ai - BBICTABISACTCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (GpopMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

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

OK3aMeH MpOBOAUTCS B ycTHOW Qopme mo Owuseram. B kaxjgom OuiieTe mNpencTaBICHO JiBa
TeopeTuueckux Bompoca. [lpu nmpoBexeHun 3a4uéra M 3K3aMeHa olOydaromemycs npenocrasisercs 30
MHHYT Ha TOAroToBKy. Ompoc o0yd4aromierocss He JOJDKEH IPEBBIMIATh OJHOTO ACTPOHOMHYECKOTO
Jaca.



