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AHHOTANMA

Anrebpandeckas TONONOTUs siBisieTcs] GYHIAMEHTOM JUIsl 3HAYUTEIbHONW YaCTH COBPEMEHHOW MaTeMaTHKH, a
TaKkKe HMCTOYHMKOM MHOTHMX ee uuei. [Ipeamer anreOpanmueckoil TOMONOTHMM MOXKHO KpaTKO ONHUCAaTh Kak
W3yYeHHE KATeTOPUM TOMOJIOTUYECKUX MPOCTPAHCTB IIyTEM MOCTPOCHHS Ha HEW TOMOTONHUYECKU
MHBAPHAHTHBIX (YHKTOPOB B Kakylo-JInOO anreOpanyecKyl0 KaTeropuio, YTO IIO3BOJIIET CBOIUTH
reoMeTpuuecKkue 3aiaun (Hampumep, 3afgadu o kiaccudukauuu) k "anreOpamueckum". Kiaccmueckumu
IpuMepaMH TakUX (YHKTOPOB SIBJISAIOTCS (yHIAMEHTaJlbHasl TPyNNa M TPYHIIbI TOMOJOTUH W KOTOMOJIOTHM
TOTIOJIOTUYECKUX MPOCTPAHCTB. 3a4acTylO HMCIIOIb30BAHUE YK€ 3TUX MPOCTEHIINX HMHBAPHUAHTOB IMO3BOJISIET
MOJTy4aTh HETPUBUAJIBHBIE PE3yNbTaThl (IIpuMep: Teopema bpayspa o HemoABMKHON TOUKE), 10KA3bIBATH

TOMOTOINNNMYECKYIO HEOKBUBAJICHTHOCTDb JAHHBIX IPOCTPAHCTB.

Mertozapl anreOpanydecKoil TOMOJOTMM MHOTOKPAaTHO ITPOAEMOHCTPUPOBAIH CBOIO S(P(PEKTUBHOCTh 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 JpPyrux oOmactsax (kiaccu(uKaius BEIIECTBEHHBIX alre0p C JieIIEHUEM,
KBuineHoBckoe mocrpoeHue anredpandeckoit K-reopun, npuBemee K OTKPHITHIO HOBBIX (DyHIaMEHTAIbHBIX
CBsI3eH MEXAy anreOpoil U TOMOTONMYECKOW Kareropued, MHOTOYHCIICHHBIC MPUMEHEHHS TOMOJIOTHYEeCKIX
WHBAPHAHTOB B COBPEMEHHOU (H3HKe, ...). Bo 2-if moioBMHE MpONUIOro BeKa ObUTH YCTaHOBJICHBI TITyOOKHE
CBSI3M aNreOpanyecKoil TOMOJOTHMH C aHAJINW30M, Haubojee SIPKUM IPUMEPOM KOTOPBIX SBHJIACh Teopema
Atbu-3uHrepa 00 MHIEKCEe IUTMITHYECKOTO OIlepaTopa Ha KOMIAKTHOM MHOTrooOpasuu. Kpome Toro, moHATHS
U METOIbl TEOPHUH BEKTOPHBIX pacciioeHuil m K-Teopuu UrparoT oueHb BaKHYIO pOJib B ps€ pa3zieioB
COBPEMEHHOW MaTeMaTHKH U (pU3HKH.

VYuuThiBasg BbINIECKa3aHHOE, Kypc IO aireOpanveckol TOMOJIOTHMH IPEACTABIACTCS HEOOXOOUMBIM IpU
MOATOTOBKE COBPEMEHHBIX CIHEIUAIMCTOB MO anredpe, reoMeTpuu U TeopeTudeckoi ¢usuke. OH sBIseTcs
CHUHTETUYECKHM KypCOM, OIMPAIOIIUMCSI Ha 3HaHHWE anreOphl, obmiel Tomonoruu W auddepeHInanbHOMN
TeOMETPUH, M B CBOIO OYEpEeIb Pa3BHBACT WJEH YIOMSHYTHIX NpeaMeToB. Hampumep, 6e3 MCIOIb30BaHHS
CpencTB anreOpanvyeckol TOMOJIOTMH TPYAHO IPEACTAaBUTH MEPEXOol OT H3YyYeHHs JOKAJIbHBIX CBOWCTB
MHOT000pa3uil (0OBIYHO MPOUCXOAALIEM B Kypcax MO TEOpUH IMIaJKUX MHOrooOpasuil u auddepeHunanbHon
T€OMETPHUH) K UCCIIEJOBAaHUIO II00ATbHBIX CBOMCTB MOCIEIHHX, a Belb YaCTO UMEHHO INI00AJIbHBIC CBOWCTBA
UTPAIOT B TEOMETPHUYECKOW 3a/ade MPUHIUIHAIBHYIO poiib. KpoMe TOro, NaHHBIH Kypc MOXET IMOCIYKHTh
XOpouleli WUTIOCTpalued Toro, Kak paOoTaloT pa3nuuHble anreOpandeckue MeToAbl (Takue Kak
TOMOJIOTHYECKas airedpa U TEOpHsl KaTeropuii).

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

MTOJTXO/IOM K JaHHOMY IpPEeIMeTy, TaK W JaTh MPEACTABICHUE O €ro 0ojee COBPEMEHHBIX METOAaX W
Uaesx.

3agauu AUCHUILIHHBI

CdopmupoBars y ciymareneil IpecTaBlIeHne 0 3a7a4ax U MeToax anreOpandeckoil TOmoIoruH, 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 npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
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 CTpaTEeruIo JOCTHKEHUS
[IOCTABJICHHON 1€ Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE  Ha  BHEIIHEE  OKPYKEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU




OIIK-1 Bnaneer cuctemoit pynnamenransubix |OINK-1.1  3Haer w  cmocoOeH — HWCIONB30BaTh B
Hay4HBIX 3HAHUN B 00JIACTH npoeCcCHOHANBHON  JEesTeNbHOCTH  (yHIaMEHTalbHBIC
(u3HMKO-MaTeMaTHIECKUX HAYyK Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-4 Crioco0eH ycItenTHo peain30BbIBaTh OIIK-4.2 CrmocobeH TpUMEHATH 3HAHHS B 00JacTH

pelIeHne MoCTaBIeHHON 3a]]aqu, IPOBECTH
aHaJIM3 pe3yNibTaTa U MPEeACTaBUTh BHIBOAbI,
MPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH
(hM3UKO-MaTeMaTHYEeCKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHH

(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yNnbTaToB

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

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

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BHIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUIo

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HMCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKaluK HAYYHBIX CTAaTeH U y4acTusi B KOH()EPEHIUSIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

OCHOBHBIC KJIACCUYUCCKHUC MMOHATUA U PC3YJILTATHL Anre6panquK0171 TOIIOJIOT'HH.

YMETB:

IIOJIB30BAaThCA KIIACCHYCCKUMH MCTOJaMU Anre6pa1/1quK0171 TOIIOJIOTHUU IJId PCUICHUA 3aaa4.

BJIAJIETh:

arnraparomMm KJ1aCCUYCCKOH AJ'IFe6paPI‘IGCKOI>i TOIIOJIOT'UH .

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 CUHTYNSIpHBIE CHMIUIEKCHI M LICIH. ) 5 )
CuHrynspHbBIE TOMOJIOTUH.
) Kareropuu, ¢GyHKTOpBI M €CTECTBEHHbIC ) ’ )
npeobpazoBaHusl.
3 I'omoTonuueckas MHBAPHAHTHOCTb ) ) )
CHHTYJISIPHBIX TOMOJIOTHH.
4 Kpocc-npoussenenue romonoruii 2 2 2
5 OTHOCHUTENBHBIE TOMOJIOTHH. I[JH/IHH&VUI ) ’ )
TOYHAsI TOCJIEA0BATEIBHOCTH TOMOJIOTHA.
6 BrIpesanue u ero npuMeHeHHe. 2 2 2
7 Axcunowmsl Ditnen0epra-CtuHpoza. 2 2 2
] Krnerounele  mpocTpaHcTBAa M HX ) ) )
TOMOJIOTHH.
Tomonorun c ko3 dumeHTamu.
9 Teopema 00 YHUBEPCAIBHBIX 2 2 2
ko3 urmenrax.




10 AIMKIMYHBIE  MOAENM U Teopema ) ) )
Kronnera.

11 CuHTYnspHBIE KOTOMOJIOTHH. 2 2 2

12 |IIpon3BeneHns B KOTOMOJIOTHSIX. 2 2 2

13 JloxanbHbIe k03¢ puLmeHTH u 3 3 3
OpHUeHTaLusl.

14 |BoiictBenHoCTh IlyaHkape. 3 3 3

15 IIpenensl, xompenensl U CONPSKEHHBIE 3 3 4
(YHKTOPBI.

16  |T'omoronuueckast KaTeropus 3 3 4

17  |JlokanpHO TpUBHAIBHBIE PACCIOCHHUS 3 3 4

18  |Paccnoenus 3 3 4

19  |Kopaccnoenus 3 3 4

20 Paccnoennnsie 51 KOpPacCIOEHHbIE 3 3 5
[10CJIEI0BATENbHOCTH

71 Cnavl61>1e 9KBHUBAJIEHTHOCTH U TEOPEMBI 3 3 5
VYaiitxena

2 Hpe)_ICTaBI/INiOCTB koroMmosioruid. Teopus 3 3 5
[IPENATCTBUH

23 |Bextopnsie paccnoenus u K-teopus. 3 3 5
Krnaccudunupyromniee IIPOCTPAHCTBO

24 |rpynnsl. CUMITMIMATIBHBIE MHOKECTBA U 3 3 5
KJIacCU(HUUIUPYIOLIIE IPOCTPAHCTBA

Hroro yacos 60 60 75

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 225 ygac., 5 3ad.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 3 (Ocennuii)
1. CunrynspHble CUMIUIEKCHI U nenu. CHHTYISApHbIE TOMOJIOTHH.
OnpeneneHne CUHTYISIPHBIX TOMOJIOTHHA.
2. Kareropuu, GyHKTOPHI 1 €CTECTBEHHBIE TPEOOPA3OBAHHUS.
S3BIK TEOpUU KaTETOPHUH.
3. I'omoTOnMuecKass MHBAPUAHTHOCTDb CUHTYJISIPHBIX TOMOJIOTHA.

lTomoTonuu, uenHbBIE TOMOTONMWH, 3BE3AHBIE oOnacTH. JloKa3aTenbCTBO TOMOTONHUYECKOMN
HWHBapUAaHTHOCTH CUHIYJISIPHBIX TOMOJIOTHH.

4. Kpocc-nipousBeieHuEe TOMOIOTHIA
Kpocc-npousBenenne 1 ero CBOHCTBA.
5. OtHOCHTENBbHBIE TOMOJIOTHH. [JTMHHAS TOYHAS TOCIEA0BATEILHOCTh TOMOJIOTHA.

OTHOCHUTENbHBIE TOMOJIOTHH. J|JIMHHAS TOYHAs! MOCJIE0BATEIHFHOCTh TOMOJIOTUN, ACCOIIMUPOBAHHAS
C KOPOTKOM TOYHOH ITOCIEAOBATEIbHOCTBIO LEIMHBIX KOMIUIEKCOB. TOUYHAas MOCIIEN0BATEIBHOCTh
Hapkl.




6. Bripe3anue u ero mpuMeHeHHe.

Axcuoma BbIpe3anus. Beruuciienue romonoruii cgep.

7. Axcuomsl Ditnen6epra-CtuHpoaa.

Axcuomsl Diinenbepra-CtuHposa, ux cieacTsus (Teopema Maiiepa-Beeropuca). Jlokazarenbcrsa.
8. KnneTounsle mpocTpaHCTBa U UX TOMOJIOTHH.

Omnpenenenus 1 MpUMepsl KIETOUYHBIX IPOCTPAHCTB. KieToUHbIN KOMITIEeKC.

9. 'omonoruu ¢ ko3ddunmenramu. Teopema 00 yHUBEpcanbHBIX K0dDUITUEHTAX.

Tomonorun ¢ xosdpdunmentamu. @yakrop Tor. OcHOBHas TeopeMa TOMOJOTHYECKOH anreOphl.
Jloka3aresbCTBO TeopeMbl 00 YHUBEpPCAIbHBIX Kod(duImenTax.

10. Arukmasbie Moaenu U teopema KronueTa.
Mertop anukimyHbIX Mojenel. Teopema Diinenoepra-3miboepa. Teopema KronneTa.
11. CunrynsipHble KOTOMOJIOTHH.

OmpeneneHne CHHTYSpHBIX Koromoiyoruid. Koromomormu ¢ xoaddummentamu. Teopema 00
YHUBEPCAIBbHBIX KodhuirenTax. Axcruombl Ditienoepra-CTHHpoAA ik KOTOMOJIOTHH.

12. TlpousBeneHus: B KOTOMOJIOTHSX.
[IpounsBeneHus B KOTOMOJIOTUSIX U UX CBOMCTBA.
13. JlokanbHble K03 PHUIIMEHTHI 1 OpUEHTAIIS.

Omnpenenenne CHUCTEMBbl JIOKaIbHBIX KodQdummenToB. OpueHTanus MHoroodpasmii. Teopema 00
OpHEHTALINY.

14. JIBoiictBeHHOCTH IlyaHKkape.

DopMyaHpoBKa U JOKA3aTeILCTBO TEOPEMBbI ABoMicTBeHHOCTH [lyaHkape.
Cemectp: 4 (Becennuii)

15. TIpenenbl, KoTIpenenbl U CONPsHKEHHBIE (PYHKTOPHI.

KareropHble mpenessl U KONpeaesnbl, CONpsHKeHHbIE (YHKTOPHI. J[eKapTOBO 3aMKHYTHIE KaTeTOPHHU.
Kareropust KOMIaKTHO OPOXKAEHHBIX IIPOCTPAHCTB.

16. T'omoTonuyeckas KaTeropus

T'omoronuueckas kareropust. bazucusie Touku. yHKTOPHI IETENIb U HAJICTPOUKH.
17. JlokanbHO TpUBHAIBHBIE PACCIOCHUS

JlokabHO TpUBUAJIBHBIE PACCIOEHUS: OIIPEEICHUE U IIPUMEDHI.

18. Paccnoenus



Pacciioenus B cmbiciie I'ypeBuua. @yHnaMeHTaabHbIi rpynmnon. [oMoTonuueckass MHBApUaHTHOCTD
MyJ103Ka PacciIoeHusl.

19. Kopaccnoenust
Kopaccnoenus: onpeenenne u CBOMCTRA.
20. PaccioeHHHBIE U KOPACCIOCHHKIE MTOCEI0BATEILHOCTH

Kanonnueckue (akropuzanuu oroOpaxenuil. Konyc oroOpaxkenues. IlocienoBarensHOCTh
bappara-Ilynne u ee cBoiCTBa.

21. Cnabble S5KBUBAJICHTHOCTH U TEOpPEMBI Y aliTxena
TomoTonuyeckrie SKBUBAJICHTHOCTH, cllabble SKBUBaJICHTHOCTH. Teopembl Y alTxea.
22. IIpencrtaBuMOCTh KoroMosioruid. Teopus npensiTCTBUi

[IpocrpanctBa Dlinenbepra-Maxkneilina, npumepbl. @yHaaMeHTaNbHBINA Kiacc. [IpeacTaBUMOCTb
(yHKTOpa KOTOMOJIOTHH. DJI€MEHTBI TEOPHU NPEISATCTBUIM.

23. BextopHsle paccinoenus 1 K-teopus.

Bexkrophbie paccioenus: omnpenenenue. Knaccudumupyroiee npocrpanctso. ['pymmna [poTeHauka,
(xommutekcHast) K-reopus. Ilonstue o mepuogmunoctu borra. K-teopus kak 0000IIeHHAs Teopus
KOT'OMOJIOTH.

24.  Knaccuduiupyromee  npocTpaHcTBO — rpynmbl.  CUMIUTMIMANbHBIE  MHOXECTBA U
KJIacCU(PULMPYIOMINE TPOCTPAHCTBA

CuMIUIMIIMAJIbHBIE ~ MHOXKECTBA, WX  reoMeTpuyeckas  peanusauusi. HepB — kareropuw,
KJIacCU(pHUIUPYIONIEe MPOCTPAHCTBO Kareropuu. Ipymmomn UYexa u  kiaccuuimpyromuee
OTOOpaXKEeHHE.

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

VYueOHast aymuTopus, 10CKa, MEAUAIIPOEKTOP, SKPaH.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

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

JomnonHurensHas aureparypa

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

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI 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 OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Zoom, Skype
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

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

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOMW CaMOCTOATEIHLHOM PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— TpopaboTKy y4eOHOro Marepuaia, MOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYEHHBIX JUIS
CaMOCTOATEJILHOIO U3yUCHMUS];

— pelieHue 3a/1a4, peaIaracMblx CTyIEeHTaM Ha 3aHATUSAX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

ITokazareneM BiaJeHUs MaTEPHAJIOM CIIy)KHT yMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI 110 TEMaM
JUCIUTUINHEIL.

BaxHo 100UTHCA NMOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPyJHCHUM W3y4YeHHs] OTACIBbHBIX TEM, BOIPOCOB, CIIEAYET OOpamiarbCsl 3a KOHCYIbTAlUSIMU
[IPENoJaBaTeo.

Bo3MoxeH npoMeKyTOUHbIM KOHTPOJb 3HAHUM CTyAEHTOB B BUJE PELICHUS 3aJad B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QpyHraMeHTaTbHOW MaTeMaTuKu

Kypc: 2

kBaTuuKkanus: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
3 (oceHHui) - 3a4eT

4 (BeceHHmit) - DK3aMeH

Pa3paborunk: A .B. Epmios, xaua. ¢uz.-MaT. HayK, JTOIICHT



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

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

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

OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
nmpo)eCCUOHANFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
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 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nH(pOpMaNKIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

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

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

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKalUK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:

OCHOBHBIC KJIACCUYUCCKHUC MMOHATUA U PC3YJILTATHL AnrerqueCKoﬁ TOIIOJIOT'HH.

yMeTh:

IIOJIB30BAaThCA KIIACCHYCCKUMH MCTOJaMU Anre6panquK0171 TOIIOJIOTHUU IJId PCUICHUA 3aaa4.

BJIad€Th:

arnraparomMm KJIaCCUYCCKOH AJ'IFe6paPI‘IGCKOI>i TOIIOJIOI'UH .

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcpuajia mpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHsATUA 10 TCMC ITPOULJIOTO 3aHATUA.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /1J1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst

[lepeuenp koHTpONBHBIX BompocoB (11 cemecTp):




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. Jloxaxute, 4YTO J000€ OTOOpakeHHWE €CTh KOMIIO3UIMSA KOPACCIOCHUS M TOMOTONNYECKOMH
SKBUBAJICHTHOCTH. Kak BBINIAUT TBOWCTBEHHOE YTBEPIKICHUE IS PACCIOCHUI?

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

6. OObsicHATE , TOYEMYy BBIUYMCIIEHHE KOTOMOJOTHMYECKHUX OIEpaluii CBOAUTCA K BBIYHCICHHIO
KOTOMOJIOTHIA IPOCTPaHCTB DitneHoepra-Makeiina.

7. JlokaxxuTe COMpsHKEHHOCTh (YHKTOpa T'€OMETPHUYECKOW peanu3aluu U (QyHKTOpa CHHIYISPHOTO
CUMIUTMIIMAIEHOTO MHOXKECTBA.

8. [TocunraiiTe TOMOJIOTHHA ¥ KOTOMOJIOTHH BEIIECTBEHHOTO MPOSKTUBHOTO MPOCTPAHCTBA C Pa3HBIMHU
ko3 punmeHramu.

9. Ilocuwuraiite romonoruu npomssercHus $\mathbb{R}P"3\times \mathbb{R}P"3$ c tuenbimu
ko3 punmenramu. OObSICHUTE MOTyYEHHBIN pe3yybTar.

10. IMyctp $S”{p+q}\rightarrow S”p\times S*q$ --- HeKoTOpoe HempepbiBHOE OTOOpakeHue. Kakoe
0TOOpakKEHHE OHO MHIYIHPYET B CTAPIIMX KOTOMOJIOTHSX?

[Tepeuens KOHTpOIBHBIX Bompocos (12 cemectp):

1. Beruucnure Kombito koromosoruii $imathbb {C} P n.$

2. Jlns $n$-mepHoro kiuerouHoro mnpocrpaHctBa $X$ 3amaiite Omexmmioo wmexay $H n(X)\,
\mathbb{Z})$ u $[X,\, S"n].$.

3. Axcuombl Dittenbepra-Crinpoa. JJoka3arebcTBO aKCHOMBI BBIPE3aHHUSI.

4. TlpoctpancrBa Oitnenbepra-Makneitna, nmpumepsl. DyHaaMmeHTanbHbIM Kiacc. [IpeacraBuMocTb
(yHKTOpa KOTOMOJIOTHH. DJIEeMEHTBI TEOPHH MIPETISTCTBHIA.

5. lonsitue o nepuoanynoctd borra. K-Teopust kak 00001eHHAsT TEOPHST KOTOMOJIOTHIA.

6. Hepe kareropuu, kinaccuuuupyroniee MpPOCTPaHCTBO Kareropuw. [pymmouwn Yexa wu
Kjaccuuuupyromuee oToopaxxeHue.

7. llpousBeieHns B KOTOMOJIOTHSIX U X CBOMCTBA.

8. JIokanpHO TPUBUAIBHBIE PACCIOCHHUS: OIIPEICIICHIE U TPUMEPHI.
9. l'omoTonM4ueckas MHBAPUAHTHOCTH ITYJI0IKA PACCIIOSHUS.

10. TeopeMmsbl YaiiTxena.

[Tpumeps! 6uneros (11 cemectp):

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

2. [locunTaiiTe TOMOJIOTUN M KOTOMOJIOTHH BEIIECTBEHHOTO MPOSKTHBHOTO IMPOCTPAHCTBA C Pa3HBIMH
ko3 punmenramu.

buner 2.

1. Kopaccnoenus u ux cBoiicta. Jlokaxwure, uyro eciau $i\colon Alrightarrow X§ --- kopaccinoenue u
$g\colon Alrightarrow B$ --- mpousBoibHOe oTOOpaxkenue, To $B\rightarrow Blcup gX$ ---
KOPACCIIOCHUE.

2. Hna $n$-meproro kneroynoro mnpoctpaHctBa $X$ 3amaiite Omekumio wmexay $H n(X,\,
\mathbb{Z})$ u $[X.,\, S"n].$.

[Mpumeps 6uneros (12 cemectp):

buner 1.

1. Hep kareropum, kiaccuuuupyroiee MOPOCTPaHCTBO Kareropuw. [pymmown Yexa wu
Kjaccuuuupyromuee oToopaxxeHue.

2. IlpousBeaeHUs B KOTOMOJIOTUSIX U UX CBOMCTBA.

buier 2.



1. T'omoTonmnueckast ”HBAPHAHTHOCTD MYJUIO3KA PACCIOCHUSL.
2. Teopemnl YaiiTxena.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYeOHOHM MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHHUE YBEPEHHO
IPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPAaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJIy4YEHHbIC 3HAHUS HA IPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYECHHBIEC PE3YIIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MTOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKazaBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEeHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MPOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIEero oOydeHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLllH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeJ0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHON CUTYalHH.
OneHka HeyIOBIETBOPUTENIBHO 2 0ajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 0ajim - BBICTABISAETCS CTYNEHTY, KOTOPHIH HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX TMOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

DK3aMeH POBOAMTCS B YCTHOU (hopMe o OmiieTam.

B xaxxom Ouiiete mpeicTaBiIeHo Ba TEOPETUUECKHUX BOIIPOCa.

I[Tpu npoBeeHny 3a4éTa 1 HK3aMeHa 00ydaromemycs npenocrasisercs 30 MUHYT Ha IOATOTOBKY.
Ormpoc o0yuaromerocst He JOJDKEH IPEBBILIATh OHOTO ACTPOHOMUYECKOTO Yaca.



