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Annomayusn. [Jens HaCTOSINETO HCCIISIOBAHHS — YCTAHOBUTH TOIOJIOTMYECKHE CBOMCTBA TPEXMEPHBIX MHOr000pas3ui, 10-
mycKaromux motoku Mopca—Cwmeiina 6e3 HelmoABIKHBIX ToYeK (HeCHHTYspHble Wi HMC-TIOTOKH), U IPUBECTH TPUMEPHI
TakuX MHOrooOpasuii, He SBISIOMIMXCS JIMH30BBIMU MpOcTpaHcTBaMUu. HecMOTpst Ha TO, YTO M3BECTHO, YTO JII000E Takoe
MHOT000pa3ue SABISAETCS 00beANHEHHEM KPYTOBBIX PYYeK, UX TOMOJOTHS MOXET OBITh HCCIEA0BaHa JOIOIHHUTEIBHO U yTOY-
HEHa B ciy4ae Majoro 4ucia opourt. Tak, HampuMep, B Ciiydae MOTOKA C AByMS HECKPYYCHHBIMH (MMEIOIIMMHU TPyO4aTyIo
OKPECTHOCTh, TOMEOMOP(HYIO 3aMOIHEHHOMY TOPY) OPOMTaMH TOIOJIOTHS TAKUX MHOTO00pa3uii yCTaHOBJIEHA TOYHO: JH000e
Hecyee MHOorooopasine HMC-niotoka ¢ BymMst opOMTaMu SIBISETCS JIMH30BBIM IIPOCTPAHCTBOM. PaHee cuMTanoch, 4To Takylo
’K€ TOIOJIOTHIO UMEIOT BCE MPOCTHIE OPHEHTUPYEMbIe MHOT000pa3us, gomyckatomme HMC-nioToku He Gojee 4eM ¢ Tpemst
HECKPYUYCHHBIMU opOuTaMu. Memoosi. B nanHOlU paboTe paccMOTpeHbl HaACTPoiiku Haa aupdeomopdusmamu Mopca — Cmeiina
¢ TpeMsl IePHOANYECKIMI OpOuTaMu. DTH HaACTPOHKY B CBOIO odepens sBisitorcss HMC-nioTokaMu ¢ TpeMst IepHoANIEeCKUMEI
TpaeKTOpHAMHU. PaccMOTpeHBI yHUBEpCATbHBIE HAKPHITUS HECYIIMX MHOTOOOpAa3Hil 3TUX MMOTOKOB H JIMH30BBIX IPOCTPAHCTB.
Pesynomamel. B HacTosie paboTe NPUBOAUTCS CUETHOE MHOXECTBO TOMAPHO Pa3IMYHBIX MPOCTHIX 3-MHOroo0pasui, J10-
nyckaronmx HMC-1toToky B TOYHOCTH C TpeMsl HECKPYUYEeHHBIMU OpOuTaMHu. 3axnioyenue. VI3 pe3ynbTaToB JaHHOW paboOTh
CJEyeT, 4TO CYIIECTBYET CYETHOE MHOXKECTBO ITONAPHO Pa3IMYHBIX TPEXMEPHBIX MHOTOOOPA3Hid, OTIIMYHBIX OT JIMH30BBIX
IPOCTPAHCTB, YTO ONPOBEPraeT paHee OMyOIMKOBAaHHBIN PE3yNbTaT, YTBEPIKAAIOIIUHA, YTO JII000€ MPOCTOE OPUEHTHPYEMOE
MHoOroo6pasue, nomyckatoniee HMC-noTok ¢ He 6oiee ueM Tpems OpOUTaMH, SIBISIETCS JTHH30BBIM IIPOCTPAHCTBOM.

Knrouegwie cnoea: neocobpie motoku, notoku Mopca — Cmeiina.

Bnrazooapnocmu. Pe3ynsraTbl IONrOTOBIEHB! B X01e nposeneHus uccienoBanus (Ne 21-04-004) B pamkax IIporpaMmsr
«Hayunpiii ¢onn HammoHanmbHOTO HCCIEIOBAaTENBCKOTO yHUBepcuTeTa “‘Bricmmas mkona sxoHomuku” (HUY BIID)»
B 2021-2022 rr. Arop 6aromaput O. B. TTourHKy 3a IOCTAaHOBKY 3a7[a4d U IUIOJIOTBOPHBIC 00CYKIACHHS.

Jna yumupoganus: Llyoun /[. /{. Tomonorns HeCymux MHOT00Opa3Hil HECHHTYIISIPHBIX MOTOKOB C TPEMsI HECKPYUCHHBIMH Op-
6urtamu // U3Bectus By3os. ITHJI. 2021. T. 29, Ne 6. C. 863-868. DOI: 10.18500/0869-6632-2021-29-6-863-868

Cmamus onybaukosana na ycnosusax Creative Commons Attribution License (CC-BY 4.0).

© ILhy6un JT. JT., 2021 863


https://doi.org/10.18500/0869-6632-2021-29-6-863-868
https://doi.org/10.18500/0869-6632-2021-29-6-863-868

Short communication
DOI: 10.18500/0869-6632-2021-29-6-863-868

Topology of ambient manifolds of non-singular Morse — Smale flows
with three periodic orbits

D. D. Shubin

National Research University
Higher School of Economics, Nizhny Novgorod, Russia
E-mail: schub.danil@yandex.ru
Received 29.05.2021, accepted 27.07.2021,
published 30.11.2021

Abstract. The purpose of this study is to establish the topological properties of three-dimensional manifolds which admit
Morse — Smale flows without fixed points (non-singular or NMS-flows) and give examples of such manifolds that are not lens
spaces. Despite the fact that it is known that any such manifold is a union of circular handles, their topology can be investigated
additionally and refined in the case of a small number of orbits. For example, in the case of a flow with two non-twisted
(having a tubular neighborhood homeomorphic to a solid torus) orbits, the topology of such manifolds is established exactly:
any ambient manifold of an NMS-flow with two orbits is a lens space. Previously, it was believed that all prime manifolds
admitting NMS-flows with at most three non-twisted orbits have the same topology. Methods. In this paper, we consider
suspensions over Morse — Smale diffeomorphisms with three periodic orbits. These suspensions, in turn, are NMS-flows with
three periodic trajectories. Universal coverings of the ambient manifolds of these flows and lens spaces are considered. Results.
In this paper, we present a countable set of pairwise distinct simple 3-manifolds admitting NMS-flows with exactly three
non-twisted orbits. Conclusion. From the results of this paper it follows that there is a countable set of pairwise distinct
three-dimensional manifolds other than lens spaces, which refutes the previously published result that any simple orientable
manifold admitting an NMS-flow with at most three orbits is lens space.

Keywords: nonsingular flows, Morse — Smale flows.
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B Hacrosmeit paboTe ycTaHaBIMBAIOTCS TOMOJOTHMYECKHE CBOMCTBA 3aMKHYTHIX 3-MHOT0OOpa-
3uit M3, nomyckaromux notoku Mopca—CwMeiina 6e3 HEMOABMKHBIX TOYeK (HECHHTYNSpPHBIE HIIH
HMC-niotoku). U3 pabots! [1] u3BecTHO, uTO JIE0OOE Takoe MHOrooOpa3ue siBiieTCs 00beIMHEHUEM
KPYTOBEIX pydek. HarmoMHHIM, 9To TIof KpyroBoii pyuKoif morumMaetcs n-auck DF x D" npuxneennsrit
K MHoroo6pasuto M no muddeomoppusmy S~1 x D"k — M. Onnaxo B coyuae Majoro ymcia
OpOUT TOMOIOTHIO MHOTOOOpa3us MoKHO yTodHATh. Hampumep, HMC-1TOTOKM B TOYHOCTH C IBYMSA
HECKPYYCHHBIMH OpOMTaMU (MMEIOLIUMH TPYOUYaTyr0 OKpECTHOCTh, TOMEOMOP(HYIO 3aIl0IHECHHOMY
TOpY) TOMYCKAaIOT TOJIBKO JIMH30BBIE TPOCTPAHCTBA. B mpeamonoxxennu, 9YTo HeCyIee MHOrooOpasue
ABIAETCA MPOCTHIM (roMeoMopdHbIM S? X S! M HenpUBOTMMBIM — 10625 IMTHHAPUYECKH BIOKEHHAS
B Hero 2-cdepa orpaHMUMBACT 3-1Iap), ITOT pe3yisbTar MoixydeH B [2], B obmem cimydae — B [3],
IJe TakXe IMOJydeHa IOJIHAsI TOMOJIOTHYECKast KilaccH(UKalusl TakuxX MOTOKOB. HamomHuM, 4TO B
TpyOuaroir okpecTHOCTH nepuogrdeckux opout HMC-OTOK TOMOIOrHYECKH COMPSHKEH C HAJICTPOUKOM
Haz auddeomopduzmom a: R? — R? puma a(x1, 2) — (M1, hao); B cityyae, koraa Ay > 0, Ay > 0,
COOTBETCTBYIOIAsl OPOUTA MONYUYUTCS MPUTIrUBaroieH, korga A; > 0, Ao < 0 — cemiosoii, Ay < 0,
Ao < 0 — orrankuBarome. [lyst TakMX MOTOKOB OJTHA TIEPUOTUYECKast OpONUTA SABISIETCS IPUTATHBAIOIIEH,
Ipyras oTTajkuBaromeil. B cuiny toro, 4ro Hecymee mHorooopasue roboro HMC-notoka siBisieTcst
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00beIMHEHNEM HEYCTOWYHMBBIX (PaBHO, KaK M yCTONYMBBIX) MHOTOOOpa3Hil CBOMX MEPHOAMYECKHUX
opbut, To mMpu Hamuuu Ooyiee deM AByX opoutr HMC-moToK HEOOXOIUMO HWMEET XOTS OBl OHHY
MPUTATUBAIONIYIO, XOTSI OBl OJJHY OTTAJIKMBAIOLIYIO M XOTsI ObI OHY cemioByto opouty. CoracHo [2],
HMC-notoku ¢ HeCKpy4eHHBIMH OpOUTaMu, HE OoJiee, 4YeM OfiHA U3 KOTOPBIX SBJISIETCS CEIJIOBOM, TOXKE
JIOMYCKAIOT TOJIBKO JIMH30BbIC MpocTpancTBa (cM. Teopemy 2 B [2]). B Hactosiel paboTe Mbl prBeaeM
CYETHOE MHOXECTBO TOTIAPHO PA3IMYHBIX MPOCTHIX 3-MHOT000pa3mii, momyckaomux HMC-ioTokn
B TOYHOCTU C TPeMsI HECKPYUYCHHBIMH OpOMTaMHM M HE SIBJISIFOIIMXCS JIMH30BBIMH IPOCTPAHCTBAMHU.
Otkyna cnenyer, uto Teopema 2 B [2] HEe BepHa.

Teopema 1. Cywecmsyem cuemnoe MHOMCECMBO HONAPHO PAIUHHBIX NPOCMBIX 3-MHO2000pasul,
oonyckarowux HMC-nomoxu ¢ mouHocmu ¢ mpems HeCKPYYEeHHbIMU OPOUMAMU U He AGIAUIUXC
JUH30GLIMU NPOCMPAHCTNEAMU.

Joxazamenvcmeo. B padore [4] paccMOTpeH Kiacc COXpaHSOUIMX opueHTanuio quddeomoppusmos f
Mopca—Cwmeiina B TOUHOCTH ¢ ofHOU cenioBoi opouToit O, 381aHHBIX HA 3aMKHYTBIX OPUCHTHPYEMbIX
TIIOBEPXHOCTSX Sy posa g. YCTaHOBJIEHO, YTO B ciydae, Korna audpdeomopdusm f|ywu MeHseT opueHTa-
LIKI0, HeOTy)Iaroiiee MHOKeCTBO nuddeomopdhusmMa f UMeeT KpoMe CeIOBOH OHYy CTOKOBYIO (O, U
OJIHy UCTOYHUKOBYIO (O, opOUTHL. [IpH 3TOM HEOOXOAMMBIM M IOCTATOYHBIM YCIOBUEM CYIIECTBOBAHUS
Takoro Jqudpdeomopdusma f Ha NOBEPXHOCTU Sy ABIAETCS CIEAYIOIMI HAG0P MEPUOTOB M), Mg, Mg
opour O, Oy, Oy, COOTBETCTBEHHO:

e my=1ms=29,mg=1,9>0;
e my=1mg=29+1,my=2,92>0;
® mw:2,m0=29+1,ma:1,920-

Taxum o6pazom, auddeomopdusmer Mopca — CMeiina B TOYHOCTH € TpeMs IEPHOTUYECKHUMHE OpOHTaMU
CyLIECTBYIOT Ha oBepxHocTH Sy moboro pona g > 0 (puc. 1, 2, 3).

Hosichenue x puc. 1, 2, 3: nogepxnocms u ouggpeomopghusm Ha Heil nOAYYAIOMCS CKIEUBAHUEM
CMOPOH MHO20Y20IbHUKA, UMEIOWUX OOUHAKOBOE 0003HAYUEHILE.

Paccmorpum nudpdeomopdusm fy: Sy — Sy, g > 0 ¢ nepuoanuecKMMH JaHHBIMU M = 1;
me = 2¢g; Mg = 1 W HaACTPOHKY f;: My, — My, wan Hum. 110 onpenencHuIo HajCTPOMKH
3-mHOroo6pasue My, SBIAETCS NPOCTPAHCTBOM OpOUT NekcTBUs tuddeomopdusma

Fy(z,r) = (fg(x),r —1): Sg x R = §4 x R,
(&)
G G - o,
() f(o) (o) o
0(1 (9(1 0(1 (9(1
2 Q 2
£(o) f(o) f(o) 1 (o)
(% O
0& 0
f(o) (o) "
N (o)
Cs c Oy (9(1
Puc. 1. Iuddeomopdusm ¢ nepuoaudeckuMu JTaHHEIMI Puc. 2. Iuddpeomopdusm ¢ meproquyecKIMU JaHHBIMH
My =1ms=4,mqe=19=2 My =1ms=3, my=2,9g=1

Fig. 1. Diffeomorphism with periodic data m, = 1, Fig. 2. Diffeomorphism with periodic data m, = 1,
Mo =4, mg=1,9g=2 me=3,me=2,9g=1
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Puc. 3. luddeomopdusm ¢ neprHoquuecKUMH JaHHBIMH Mg, = 2, Mg = 5, Mg = 1, g = 2

Fig. 3. Diffeomorphism with periodic data my, = 2, mg =5, ma =1, g = 2

10 ecthb My, = S, x R/F,;. O6osnaunm uepe3 vy, : Sy X R — My, ecTeCcTBEHHYIO MPOEKIIHIO.
Onpenemim notok f; Ha Sy X R dopmystoii:

f;(:c, r) = (z,7 +t).

EcrecrBennas mpoekums vy, @ Sy x R — My, ungynupyer norok f; = vy, f;vjjgl; My, — My,
HasbIBaeMBblii Haocmpotikot Hax nudpeomopdusmom fy. ITo mocTpoenuto f; — HMC-1oTok B TOYHOCTH
C TpeMs HECKPYUYECHHBIMH OpOHTaMH.

[okaxewm, uto MHOroo6pasue My, SBISETCS NPOCTHIM M HE TOMEOMOPGHO JTMH30BOMY MPOCTPAH-
cTBY 11 Bcex g > 0.

B cuny yrBepxaenus 1.6 B [5], MHOroOoOpasue sSBIETCS HEMPUBOIMMBIM, €CJIM OHO HAaKPHIBALT-
Cs1 HEPUBOJMMBIM MHOTOOOpasueM. M3 onpenenenus HaACTPOHKH CIIeyeT, 4To MHOrooOpasue My,
HakpbIBaeTca MHoroobpasuem S, X R. IIpu 3ToM MoBepXHOCTh S, HAKphIBAETCSA TMOO €BKIMI0BOM
IJIOCKOCTBIO, JIMOO MIOCKOCThIO JI06aueBCKOTO, U, CIIEN0BATENbHO, My, yHHBEPCAIBHO HAKPHIBAET-
sl eBKJIMIOBBIM TIpOCTpaHcTBOM R3, KOTOpoe, Kak U3BECTHO, HeNpUBOAMMO. Takum obpazom, M fo =
mpoctoe MHOrooopasue. I10ckonbKy Bce JIMH30BBIE MPOCTPAHCTBA YHUBEPCAIBHO HAKPBIBAIOTCS JIU-
60 S? x R, mu60 S, u yHUBepcabHbIE HAKPHITHUS y TOMEOMOP(HBIX MPOCTPAHCTB TOMEOMOP(HBI
(cm., Hanpumep, caenctue 21.5 B [6]), To mHOTOOOpasue My, He TOMEOMOPGHHO JMH30BOMY IIPO-
CTpPAHCTBY.

[Mokaxem, 4ro MHOr00Opasus M, TONAPHO HE TOMEOMOPGHHBI IPU PA3IUYHBIX g.

3ameTum, uTo qudpeomopdusM f, ABIAETCA TPAIUEHTHO-NOLOOHBIM. B 5TOM ciyuae (cMm., Ha-
npumep, [7]) oH TomonoruyecKy conpsukeH ¢ auddeomopdruzMoM Braa qagg_}], e ¢pg — NEPUOAUYECKUM
nudpeomopdusm, copnanaommii ¢ f, Ha HEOMy K IAKOIEM MHOXKECTBE U MMEIOIMI NIEPUOJI, COBIAIAI0-
IIUH C TIEPHOIOM CEIJIOBBIX cemapaTpuc (Bce cemapaTpruchl MMEIOT OAMHAKOBBINA IEPHON), a E; — CABMT
Ha MHUILY BPEMEHHU IPaJUeHTHO-TIONOOHOTO MOTOKA Eg. Takum obpasom, fg u ¢, romoTonHbl. M3 3T0T0
daxra cnenyer (cM., Hanpumep, Teopemy 2.6 B [5]), uro mHOroobpasus My, u Mg, — TOMEOMOPHHBL.

B cuny nepromuunoctu ¢y muoroodpasue My, — 3elidepToBO ¢ TpeMs 0COOBIMH CIIOSIMHU, COOT-
serctBytomumu opouram O, O, Og. dna mupdeomopdusma f, nepuon ceanoBsIX cenaparpuc paBeH
49, 1, clnenoBaTeNIbHO, KPATHOCTH 3THX CJIOEB paBHA 4¢, 4¢, 2, cooTBeTcTBEHHO. Kpome Toro, kak Ob1I0
OTMEYEHO BblIllIE, MHOr00Opasue My, YyHUBEPCAILHO HAKPHIBAETCS €BKIMIOBBIM MIPOCTPAHCTBOM R3.
B srom ciyuae (cm., Hanpumep, Teopemy 2.3 B [S]) MHOroo6pasue My, JOIyCKAET €MHCTBEHHOE €
TOYHOCTBIO 10 n3oMopdusmMa paccioenue 3eiidepra. HamoMHuM, uTo 1Ba 3eH(EpTOBBIX paccIoeHUs
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Ha3BIBAIOTCS U30MOPGHBIMU, ecTH cyliecTBYeT nuddeomMopdusm, mepeBoASIINI CIIOU OJHOTO CIOCHUS
B ciou Broporo. ITpu atom (cM., Hanpumep, yrBepxkaenue 2.1 [5] wmm teopemy 10.2 [8]) HeoOxoau-
MBIM yCIIOBUEM H30MOP(MHOCTH 3eH(PEPTOBBIX PACCIOCHHI SBISCTCS PABEHCTBO KPATHOCTEH 0COOBIX
ci10€B. Takum 00pasom, 3ei(pepToBbI PACCIOEHHUs HA MHOr000Opasusax My, momapHo He H30MOPGhHbI U,
CIIEIOBATENBHO, MHOTOOOpasust My, MONapHO HE rOMEOMOP(HBI PU PASTUYHBIX g. O

Crnucok JuTeparypsl

1. Asimov D. Round handles and non-singular Morse — Smale flows // Annals of Mathematics. 1975.
Vol. 102, no. 1. P. 41-54. DOI: 10.2307/1970972.

2. Campos B., Cordero A., Martihez—Alfaro J., Vindel P. NMS flows on three-dimensional manifolds
with one saddle periodic orbit // Acta Mathematica Sinica. 2004. Vol. 20, no. 1. P. 47-56.
DOI: 10.1007/s10114-003-0305-z.

3. Pochinka O., Shubin D. Nonsingular Morse — Smale flows of n-manifolds with attractor-repeller
dynamics [Electronic resource] // arXiv: 2105.13110. arXiv Preprint, 2021. 17 p. Available from:
https://arxiv.org/abs/2105.13110.

4. Medvedev T., Nozhdrinova E., Pochinka O. On periodic data of diffeomorphisms with one saddle
orbit // Topology Proceedings. 2019. Vol. 54. P. 49-68.

5. Hatcher A. Notes on Basic 3-Manifold Topology [Electronic resource]. Ithaca, NY: Cornell
University, 2007. 61 p. Available from: https://pi.math.cornell.edu/ hatcher/3M/3M.pdf.

6. Kosniowski C. A First Course in Algebraic Topology. Cambridge: Cambridge University Press,
1980. 269 p. DOI: 10.1017/CB09780511569296.

7. Grines V. Z., Medvedev T. V., Pochinka O. V. Dynamical Systems on 2- and 3-Manifolds. Vol. 46
of Developments in Mathematics. Switzerland: Springer International Publishing, 2016. 295 p.
DOI: 10.1007/978-3-319-44847-3.

8. Mameees C.B., @omenxo A.T. AnTropuTMHUYECKHE M KOMIIBIOTEPHBIE METOABI B TPEXMEPHOM
tonosioru. M.: M3gareascteo MI'Y, 1991. 304 c.

9. Friedl S. Algebraic Topology [Electronic resource]. Regensburg: University of Regensburg, 2019.
326 p. Available from:
http://www.mathematik.uni-regensburg.de/friedl/papers/2016_algebraic-topology-i.pdf.

References

1. Asimov D. Round handles and non-singular Morse — Smale flows. Annals of Mathematics. 1975;
102(1):41-54. DOI: 10.2307/1970972.

2. Campos B, Cordero A, Martinez-Alfaro J, Vindel P. NMS flows on three-dimensional manifolds
with one saddle periodic orbit. Acta Mathematica Sinica. 2004;20(1):47-56.

DOI: 10.1007/s10114-003-0305-z.

3. Pochinka O, Shubin D. Nonsingular Morse — Smale flows of n-manifolds with attractor-repeller
dynamics [Electronic resource]. arXiv: 2105.13110. arXiv Preprint; 2021. 17 p. Available from:
https://arxiv.org/abs/2105.13110.

4. Medvedev T, Nozhdrinova E, Pochinka O. On periodic data of diffeomorphisms with one saddle
orbit. Topology Proceedings. 2019;54:49-68.

5. Hatcher A. Notes on Basic 3-Manifold Topology [Electronic resource]. Ithaca, NY: Cornell
University; 2007. 61 p. Available from: https://pi.math.cornell.edu/ hatcher/3M/3M.pdf.

6. Kosniowski C. A First Course in Algebraic Topology. Cambridge: Cambridge University Press;
1980. 269 p. DOI: 10.1017/CB09780511569296.

Uyoun J]. /1.

WzBectus By3oB. [TH], 2021, T. 29, Ne 6 867


https://doi.org/10.2307/1970972
https://doi.org/10.1007/s10114-003-0305-z
https://arxiv.org/abs/2105.13110
https://pi.math.cornell.edu/~hatcher/3M/3M.pdf
https://doi.org/10.1017/CBO9780511569296
https://doi.org/10.1007/978-3-319-44847-3
http:// www.mathematik.uni-regensburg.de/friedl/papers/2016_algebraic-topology-i.pdf
https://doi.org/10.2307/1970972
https://doi.org/10.1007/s10114-003-0305-z
https://arxiv.org/abs/2105.13110
https://pi.math.cornell.edu/~hatcher/3M/3M.pdf
https://doi.org/10.1017/CBO9780511569296

7. Grines VZ, Medvedev TV, Pochinka OV. Dynamical Systems on 2- and 3-Manifolds. Vol. 46
of Developments in Mathematics. Switzerland: Springer International Publishing; 2016. 295 p.
DOI: 10.1007/978-3-319-44847-3.

8. Matveev SV, Fomenko AT. Algorithmic and Computer Methods for Three-Manifolds. Netherlands:
Springer; 1997. 337 p. DOI: 10.1007/978-94-017-0699-5.

9. Friedl S. Algebraic Topology [Electronic resource]. Regensburg: University of Regensburg; 2019.
326 p. Available from:
http://www.mathematik.uni-regensburg.de/friedl/papers/2016_algebraic-topology-i.pdf.

LIyoun /lanuna /Jenucosuy — pomwics B ropoxae IlaenoBo Hukeroponckoit obmactu (2000).
C 2018 r. mo HacTosiIIee BpeMsI — CTyIeHT (paKynpTeTa MaTeMaTHKH, HHPOPMATHKH W KOMIIBIO-
TepHBIX Hayk HalloHanbHOro HCClIeI0BaTeNIbCKOr0 YHUBEpcUuTeTa «Bpicias 1mkoa S3KOHOMHUKM
(Hwxunit Horopon), craxép-ucciienoparelis JlabopaTopiy TONOJIOTMYECKUX METO/IOB B AWHAMU-
ke (MMuKH HWY BIID).

Poccus, 603155 Huwxauit Hosropon, bonbmast [Tedepckas, 25/12
HanmonanbHbIi HccnenoBaresibckuil yHUBEpCUTET «Bpiciast 1KojIa IKOHOMUKIY,

\ JlaGoparopust TOMOJIOTMYECKUX METOJOB B IHHAMHKE
“ E-mail: schub.danil@yandex.ru
/ AuthorID: 1056063

Llyoun /1. /1.
868 W3Bectus By3os. [TH/, 2021, T. 29, Ne 6


https://doi.org/10.1007/978-3-319-44847-3
https://doi.org/10.1007/978-94-017-0699-5
http://www.mathematik.uni-regensburg.de/friedl/papers/2016$_$algebraic-topology-i.pdf
https://elibrary.ru/author_profile.asp?id=1056063



