CHpaBKa Ha HAM-BA>KHUTE IMOCTU2KEHUS U TAXHOTO
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Henuneen I'eomerpuyen AHajm3

Enud or Hali-3HAYNMHTE MH De3YJITaTH, ChIbDXKAIL Ce B CTyausaTa moj Homep [S1]
(Memoirs Amer. Math. Soc., 2014) n B nybnukanuunTe mox Homepa [44] (J. Eur. Math.
Soc., 2010), [53] (Ann. Sc. Norm. Super. Pisa Cl. Sci., 2012) u |76] (Analysis & PDE,
2023), coBmectu ¢ . BacuieB u MOSIT 3aIuTHI JOKTOPAHT W Bede JOIEHT, 101l VBaHn
MunueB, € HAaMHPAHETO HA BCUYKHU eKCTpeMaJHu (DYHKIUU B HepaBeHCTBOTO 0T CobosieB
tun Ha Qonana-Ilain 3a kBarepHnoOHHUTE rpynK Ha Xait3enbep u onpeeasineTo Ha KBa-
TepHUOHHO KOHTAKTHATa KOHCTaHTa Ha fmabe 3a crapmapraute 3-CacakueBurte cepu,
3a 9METO W3CJIeBAHE Ca HEOOXOIUMU HOBH I€OMETPUIHO-AHAJIUTHIHU METOIN, PA3BUTH
U W3M0/I3BaHu B npTupanute mo-rope crarun (I[Ipuroxkenune3, [putoxenned).

IT1e orbeneka cbakTa, 4e B cBeTa ca N3BECTHU €KCTPEMAJINTE HA HEPABEHCTBO-
To oT CobosieB Tun Ha Poaanxa-Illaiin camo 3a EBkampoBoTo mpocTpaHCTBO,
KOMILJIEKCHUTE Tpynu Ha Xaiizenbepr, moaydenu ot . Jxepucwu u Ix. Jluu,
U HOBHUTE €KCTPEeMaJ/l 3a KBATEPHUOHHMHTE rpynun Ha XaiizeHOepr mojydeHn
ot BanoB, MunueB n Bacunaes.

PazBuBaiiku reoMerprusra Ha KBAT€PHHOHHO KOHTAKTHHTE MHOI0O0Opa3Hsi, ChbBMECTHO C
. Bacunes, orkpusame B mybiaukanusta mojg Homep [45] (Journal de Mathe ’matiques
Pures et Applique’es (2010)), HOBa TeH30pHA NHBAPUAHTA HA KBAT€PHUOHHO-KOHTAKTHATA
CTPYKTYpa, XapaKTepu3upalia JIOKAJIHO MJIOCKATEe KBATEPHUOHHO KOHTAKTHH MHOTOO0-
pasnsd, Karo J0Ka3BaMe, Ue aHyJHPAHETO HA TO3U HHBAPHAHTEH TEH30D € HeoOXOIUMO
1 JOCTATBHIHO YCJIOBHE €IHO KBATEPHHOHHO-KOHTAKTHO MHOI00Opasme ja Oble JIOKAJIHO
KBaTEPHUOHHO M30MOP(MHO HA KBATePHHOHHATA I'PYIIa Ha Xal3eHOepr M KaTo CJIeICTBHE
J1a O'bJ1e JIOKAJIHO KBAaTepHUOHHO n3oMmopduo na 3-Cacakuenara cdepa. To3u pesyarar e
HOTBBLPJIEH U J0KazaH 1o pasiuded mMeros ot JI:x. Anr (TIpuioxenne 2).

ITTle orbeneka, We B CBEeTOBHATa MaTeMaTHMKa ca W3BECTHU CaMO TpPHU Ta-
KHNBa TEeH30pa - TeH30pbT Ha Baiij, xapakTepusuparl JIOKAJTHO KOHMOPMHO
minockure Pumanosu npocrpancrBa (reopema Ha Baiin), renzopbt Ha YepH-
Mosep, xapakrepusupair jgokaauo CR-minockure CR-mHOroo6pasus (reope-
ma Ha Yepu-Mosep), u Ten3opbT Hamepen ot BanoB u BacusieB ompese-
JISAIT, JIOKAJIHO IJIOCKWTE KBATEPHUOHHO KOHTAKTHU MHOroobpasus (Teopema
ua VlBanos-Bacuies).

OcuoBHa neJl Ha oTOeII3aHATe IIO-Irope pe3yJTaTu € IIPpUJI02KeHUEeTO UM 3a pelllaBaHeTO Ha
KBAaTEPHUOHHO KOHTAKTHUAT HpO6J’I€M Ha HMa6e, NMEHHO 3a KOMIIAKTHO KBAaT€PHHUOHHO



KOHTAKTHO MHOTOOGDA3Ue ChINECTBYBA JIM KBATEPHHOHHO KOHTAKTEH U30MOPMU3bM TAKa,
e HOBATA KBATEPHUOHHO KOHTKTHA CTPYKTYpPA Jla MMa KOHCTAHTHA CKAJAPHA KPUBHHA
ua Bukapa. B crarusra [71] (Journal de Mathe’matiques Pures et Applique’es (2018)),
CHBMECTHO ¢ MOST 3aIlUTHAJ JOKTOPAHT 1 Bede JOIeHT, 1011, Anekcanabp [leTkoB mokas-
BaMe, 4e KBATeDHUOHHO KOHTAKTHUAT IPobieM Ha fImMabe 38 KOMIAKTHO KBATEPHUOHHO-
KOHTAKTHO MHOT0OGPa3ue, KOETO He € JIOKAJIHO ¢(hePUUHO, T.€. OIUCAHUST [O-TOPE TeH30D
Ha lBanos-BacusieB sia He e ThKIECTBEHO HYJIA, BUHATM UMa DelleHHe.

Tyxk, 3a paznmuka or PumanosBusat npobdsem Ha fmabe u CR-ipobiembT Ha fIMabe, KbaeTo
caydanre n=4 3a pumanoBus u n=3 3a CR ce HyXIagT 0T JOI'bJIHUTEJHH PA3LIeK1a-
HUS B HAIMUAT CAy4ail Ha KBATEPHUOHHO KOHTAKTHHAT Npobjem Ha fmabe ToBa He e
HeoOxoamMo. To3u dakT HsIMA 3aI0BOJIUTETHO ODSICHEHWE HO MOYKe OU eJIHa NMPUYNHA €,
qe TeopeMuTe Ha X.Baitt n Yepn-Mo3zep 3a anyanpane Ha ChOTBETHUTE TeH30pH Ha Baiir
n UbpH-Mo3ep He BaxKaT 3a ChOTBETHHUTE PA3MEPHOCTH JOKATO pe3yaTaThT Ha BaHOB-
BaCI/LHeB 3a KBaTCPHUOHHO-KOHTAKTHU MHOFOO6paSI/IH BaKH1 3a BCUYKH Da3MEPHOCTHU.

4. Vsciaenpaiiku u aHAIU3UPARKN CBOMCTBATA HA CyO-/IaIlIaciaHa B KBATEPHHOHHO KOHTAKT-
HI MHOT000pa3usi, CbBMecTHO ¢ 1. Bacuies u yCIeIrso 3aiiuTHIAST ME TOKTOPAHT- TOII.
A. TlerkoB, Hamupame B mybsmkarure mox Homepa |57| (Journal of Geometric analysis)
u [61] (Nonlinear analysis-Theorey (2013)) dopmyna or BoxHepoB Tun u KaTo mpuio-
JKeHre, B KOMIIAKTHUS CJIydail, JaBaMe TOYHA OIEeHKa OTI0JIY 3a COOCTBEHHTE JYHC/Ia Ha
cy6-Jlamnacuana, KosaTo ce goctura otT 3-CacakueBara cpepa. YcTaHOBABaMe, de IIPH J10C-
THTaHe Ha PABEHCTBO B Ta3H OIleHKA cy0O-XecuaHa Ha eKCTpeMaIHaTa cOOCTBeHA (DYHKIIAA
HgaMa 6esciiesna yact. PopMysupame XUIore3ara, 4e U3MezKIy BCUYKUN KOMIIAKTHU KBa-
TEPHUOHHO KOHTAKTHU MHOrO00pa3msi PaAaBEHCTBOTO ce moctura camo 3a 3-CacakmeBara
cdepa m ycTaHOBSIBaAME Ta3W XUIMOTE3a B YacTHHUA caydail Ha KommakTHu 3-CacakmeBn
muoroobpasus. B crynusra mox nomep [63] (Journal of Spectral Theory) nokassame Ta3u
XUIOTe3a B OOIIHUS CAydail 3a pasMepHOCT IO-TOJIAMA OT 7, HMEHHO IIbJIHO CIPSMO eC-
rTecTBeHaTa PUMaHOBA MeTPUKA KBATEPHUOHHO KOHTAKTHO MHOIOODpa3ue ¢ pasMepHOCT
MO-TOJISIMA, OT 7 JIONYCKAIO HeTpuBHajHa (DYHKINS C HyJIeBa 0e3C/IeHA JaCT HAa XOPH-
30HTAJHUAT i XecnaH € KBTepHHOHHO KOHTaKTHO n3oMmopduo Ha 3-CacakmeBara cdepa.

Pesyararure u HOBUTE METOU B Ta3u 00IACT, HAMUPAHETO HA HOBO JIOKA3aTEJICTBO HA TE€O-
peMara Ha Yepu-Mosep, xapakTepusupaiia JiokaaHo miockure CR-MHOr000pasus KaKTo
1 HAMHpPaHeTO Ha HOBO JI0KA3aTeJICTBO Ha dopMmynara Ha :kepucon-JIu ca orpasenu B
cbBMectHaTa mu ¢ 1. Bacwies monorpadus [M1|, (Eztremals of the Sobolev inequality
and the quaternionic contact Yamabe problem, World Scientific Publishing Co., Lecture
Notes, 2011 n o63opuara crynus |O1] ( Nonlinear Analysis-Theory (2015)).

CTpyHHE TeOpMHU U TeOMeTpUs

E,ZLHa OT IVIaBHUTE ABUZKEIIU CUJIN B HayKaTa B MOMEHTa € TeOpUuAdTa Ha CTPYHUTE, OIIUTBAIIlA
n1a obeHN TeopusATa Ha AFHIMANH 32 TpaBATAIMATA C APYTUTE TPU B3AUMOIEHCTBUS — CUJTHO,
caabo u enekTpoMaruuTHo. OKa3Ba ce, 4e B TO3HM I'PAHIUO3EH IIPOEKT OCOOEHO BarKHA POJI
UIpasiT Hafi-3HAUYNTEJHN [MOCTUKEHHMs HAa MaTeMaTHKaTa B 00JaCTH KaTo AudepeHInaTHATa 1
aJreOpuvIHa reoMeTpus, JudepeHIuaJTHITe ypaBHeHUs, TpyIuTe U aaredpure Ha JIu u ap.

PeHleHI/IH Ha ypaBHEHUATa 3a ABU2KEHHC B KJ/IaCHYE€CKaTa BeYe€ TeOpud 3a I'paBUTalUATa
BbB BakKyyM ca PUMaHOBH MHOTrOOOpasws ChC CIENHATHA XOJOHOMHS: KaTO MHOr00Opas3msiTa



Ha Kanabu-fy (kommaktau Keneposu Pudu-miockn MHOrooGpasusi) KaTo 3a JOKa3BaHE Cb-
mectByBaneTo uMm C.-T. fy momyuasa dpuimosa mpeMust; KOMOAKTHI PUMaHOBU MHOTOOOpa3Us
¢ xosoHomust rpynara Gy nam rpynara Spin(7) (npocrpancrsa na /Ixkoiic). M3Becren marema-
Trdecku (DAKT e, Ye yPaBHEHWATA 34 JBUZKEHUE €A CJAeJCTBHUE OT 3ala3BAHETO HA CyTepCHMeT-
pudTa, T.e. ChIIECTBYBaHe HA MapaJiesieH CIITHOD BOAU 10 Pruyun-niocka MeTpHKa.

[Ipu HaTMYIMe HA CUJIOBHU MOJIETA YPABHEHUATA 33 CYNEePCUMETPUATA U YPABHEHHATA 38 JIBU-
JKeHHe ce MPOMEHST KOeTO BOJM JI0 MPOMsHA Ha TeOMeTPHATAa Ha PelleHusTa, Thpcar ce Pu-
MAHOBH MHOTOOOPa3usi ¢ METPUYHA CBBHP3AHOCT C HAITHLIHO AHTUCUMETPUYHA, TOP3UsI, TUATO
XOJIOHOMUST ce ¢hbpka B rpynure SU, Sp, Go, Spin(7), yaosrersopsiaitu Moaudunupanure
YPaBHEHHS 32 CYIIEPCUMETPATA H ChOTBETHUTE YpaBHEHNU 3a JBUzKeHue. B To3u ciayydail, ypas-
HEHUSATA 3a CYNepCUMeTpUsITa He BJIeKAT YpaBHEHUATA 3a JIBUKEHHWe. 3a HEMPOTHBOPEUHUBOCT
HA CUTEMAaTa, YPABHEHUATA 3a CYIIEPCUMETPHATA ce JAOMbJIBAT OT ypPaBHEHUE 33 aHyJIUpPaHe Ha
AHOMAJINSITA, KATO 33 XeTePOTUIHATA CTPYHHA Teopus cucreMara e mpemioxkena ot K. Xy
A. Crpovunrep mpe3 1986 r., u3BecTHa Karo cucremara Ha Xya-CrpoMurep, u u3cjae BaHa OT
Bojsienu yaenn karo C.-T. fy, A. Crpomunrep u ap.

[IbpBHUTE KOMITAKTHH HETPUBUAJHU DeIllleHns B pa3MepHOCT 6 Ha ypaBHEHHATA 3a 3aIa3-
BAHE HA CYNEPCHMETDHITA U YPABHEHWETO 3a aHYJIHPaHe Ha aHOMAJUATA (CHcTeMa Ha XyJl-
CrpoMuHrep) 3a XeTepoTudHaTa CTPyHA ¢ HETPUBHAJHO CUJIOBO 10J1€, HETPUBHAJICH JHJIATOH
n HeTpuBHajeH nHCTaHTOH ca noctpoeru ot Jlxyu Jlu u C.T. dy u /Ix. @y u C.-T. fy B
neprojaa 2004-2008 1, kaTo podJIEeMBT € CBeJIeH [0 JI0Ka3BaHe Ha ChINEeCTBYBAaHE Ha peIleHne
Ha HeJIMHEIHO YacTHO AudepeHInalIHo YpaBHeHNe KAaTo PelleHneTo € B HesgBHa GhopMa.

5. @yHgaMeHTaJleH TpobJieM B XeTepOTHYHATA CTPYHHA TeOpHs € W300pPbT Ha IOIXOIs-
I CBBHP3aHOCT BBPXY JOMUPATETHOTO PA3CIoeHne Ha 0230BOTO MHOTOOOPA3HETO, UUATO
dopma na [lonTpgarun ydacTsa B ypaBHEHHETO 33 aHyJHMpaHe Ha aHOMa/uATa. FJuH OT
Ha-3HAYUMATE MU Pe3yJITATH B Ta3u 00JIACT € TeopeMaTa JOKA3aHa B IIyOTHKAIUSITA IO/
uwomep [51] (Phis. Lett. B, 2010) noka3paiia, e pelieHusITa Ha CHCTEeMAaTa YPABHEHUS 3a
CYNEPCUMETPUSITA KAKTO U AHYJIUPAHETO HA AHOMAJIUATA (M3BECTHA KATO CHCTEMA Ha XyJI-
CrpoMuHTep) ca PelleHns Ha YPABHEHUSITA 32 JBHXKEHUE B XeTePOTHUIHATA TEOPHs, BbB
BaXKHUTE 34 TEOPUATA PA3MEPHOCTH 5,6,7 1 8, TOYHO KOTraTO HEONPeIeeHATA CBbP3aHOCT
BbpXy 6a30BOTO MHOTOOOpa3We € WHCTAHTOH, T.e. KPUBUHATA il C€ CbIbpKa CHOTBETHO
B rpynure SU(2),SU(3),Gy u Spin(7). BaxkHocTTa Ha Ta3u TeopeMa B pa3mep-
HOCT 6 ce ompenesiss or Teopemara Ha xyu JIn u C.-T. dy, koaro TBbpau,
4e BbPXY KOMIIAKTHO EPMUTOBO Pa3CJIOEHUE ChIITECTBYBAa €JIMHCTBEHA MHCTAH-
TOHHA cBbp3aHocT. KomOuHanudaTra Ha ABaTa pe3yJjTaTa onpeies €THO3HAY-
HO m300pBbT HA HEM3BECTHATA CBBHP3AHOCT BHPXY AOHNUPATETHOTO PA3CJI0EHUE
Ha 6a30BOTO MHOroo0Opa3meTo B YPABHEHUETO 3a aHYJIWPAHE HA AHOMAJIMUATA
B pasmMmepHocT 6. Ta3zum Teopemara, m3BeCTHA Bedue KaTo Teopema Ha lIBamoB
e mpeJaoKa3aHa u obobmieHa 3a BcuuKu pasmepHoctu ot . Maprenun u JIx.
Cnapkc (Adv. Theor. Math. Phys. 15 (2011)) u otnoBo ot Kcenus ge na Oma
u Epux Csanc ( JHEP 1410 (2014) 123 ).

Tosa dasa ocrosanue na Joyne Pone, Cebacmuar IMurapd u Kcuansern Ilane
(Surveys in Differential Geometry 2017. Celebrating the 50th anniversary
of the Journal of Differential Geomelry, 331-364, Surv. Differ. Geom., 22,
Int. Press, Somerville, MA, 2018, arXiv:1806.11235) da napexam cucme-
mama Ha Xya-Cmpomurzep ¢ UHCMAHMOHHA c8BP3aHocm cucmema Ha Xya-
Cmpomunzep-HUsarnos (Hull-Strominger-Ivanov sistem). (Duong H. Phong,
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Geometric flows from unified string theories, Contribution to Surveys in
Differential Geometry, Vol. 27 (2022), Forty Years of Ricci flow , edited by
H.D. Cao, R. Hamilton, and S.T. Yau, arXiv:2304.02533. (Ilpunoxenned, [Tpu-

noxenne6, [Tpuaoxenunell).

B nybaukarnusara mox mnomep [47] (Comm. Math. Phys.), ceBmectna ¢ M. @epranes,
JI. ¥rapte n P. Bunrgkavmna, mocTpossBaMe MbpBATE U3BECTHU B CBETOBHATA JIITEPaTypa
eKCITUIUTHA KOMIAKTHU PeIIeHHs B pasMepHOCT 6 Ha ypaBHEHHUsITA 3a JBUKEHHE Ha
XeTepOTUYHATA CTPYHA C HETPUBUAJHO CUJIOBO I10JI€, IOCTOSHEH JMJIATOH U HeTPUBUAJICH
MHCTAHTOH. Te3u mpuMepHn ca HeTPUBHMAJIHH PEIieHus B pa3MepHOCT 6 HA ypaBHEHHATA
3a 3ara3BaHe Ha CyMepCUMETPUATA M yPABHEHHETO 3a aHyJWpaHe Ha aHOMajnaATa (cuc-
rema Ha Xya-Crpomuarep-IIBaHOB) 3a XeTepOTHYHATA CTPYHA ¢ HETPUBUAJTHO CHJIOBO
10J1e, MOCTOSHEH JUIATOH U HeTPUBUAJIEH HHCTAHTOH, KOUTO CHIIEBPEMEHHO Ca PelleHus
Ha yPaBHEHUATA 3a JBUKEHME Ha XeTepoTudyHaTa crpyHa. Te3m pe3lyaraTtm ce muTH-
pat ot Bozemnu crnermaauctu B obaacrra karo C.-T. dy u cvasropu (Comm.
Math. Phys. 289 (2009), (2023)), kakTo u ot I>x. @y B 10KIama CH IO IOKAHA
Ha Mexaynapoauua Konrpec mo maremaruka B Xaiinepabar, Uaauga 2010 u
ap. B ny6aukanusra nox womep [62| (Journal of High Energy Physics) cbBmectHa ¢ M.
Qepuanjes, JI. Yrapre /1. BacuieB namMmepuxme eKCIJIMIIUTHI KOMIIAKTHA CUHTYJISIpHEA G-
MEpHH pellieHnsd Ha YPaBHEHUATA 3a JBUKEHIE HA XeTePOTUYHATA CTPYHA C HETPUBUAJHO
CUJIOBO T10JIe, HETPUBUAJIEH WHCTAHTOH M HEITOCTOSHEH JIMJIATOH YAOBICTBOPSABAIIN yPaB-
HEHUATA 3 JIBUKEHUE Ha XeTePOTHYHATA CTPYHA JO BTOPH PeJl Ha CTPYHHATA KOHCTAHTA
(string tension) KaTo JMJIATOHA Ce 3aJIaBa OT PEeaJIHH cJaiicoBe Ha U3BecTHATA (DYHKIUS
na Baepmrpac. PusndeckaTa IpupoIa HA Ta3Ud M3HEHAIBAIIA BPb3Ka HAa XeTEPOTHIHUTE
ypaBHEHUA HA JBUYKEHHUE C eJUNTHIHUA (DYHKIUU TPEJCTON Ja O'bjie yCTAHOBEHA.

Tpabsa na ce oTdesexku, Ue KOMOAKTHUTE HETPUBHUAJIHN PEIIEHUs B pa3Mep-
HOCT 6 Ha ypaBHeHUATa 3a 3ala3BaHe HA CyHEPCUMETPHUATA W YPABHEHUETO
3a a”HyJaupaHe Ha aHoMaausita (cucremara Ha Xyna-CTpoMuHrep) 3a xerepo-
THYHATA CTPYHA C HETPMBUAJIHO CUJIOBO II0JI€, HETPUBUAJIEH WJIATOH N HET-
puBuajien mHCTaHTOH moctpoeHu ot kxyH JIu u C.T. dy u Hx. @y u C.-T.
Ay B mepuona 2004-2008 r, He yIOBJIETBOPABAT YPABHEHUATA 34 ABUYKEHUE 3a
XeTEepOTUYHATA CTPYHA, Thil KATO T€3W aBTOPM HU3MOJI3BAT CBHP3AaHOCT BbPXY
JOTUPATETHOTO Pa3CjIoOeHNe, KOITO HE € MHCTAaHTOH, U ChIJIACHO TeopeMaTa Ha
BanOB OT mpeagHaTa TOYKa 5, PEIIIEHUETO HE yAOBJIETBOPABA yPaBHEHNATA 3a
ABU>KE€HUE HAa XeTepPOTUYHATA CTPYHA.

B ny6ummkanuute mox omepa (48] (Advances in Theoretical and Mathematical Physics) n
[50] (Nuclear Physics B) coemectnun ¢ M. @epranzes, JI. Yrapre u P. Buagkamma, moc-
TpOgZiBaMe I'bPBUTE U3BECTHH B CBETOBHATA JIUTEPATYPA EKCILUTMIUTHUA KOMIAKTHH HET-
PUBHAJIHUM DEIIEHUs] B DA3MEDHOCTH 5, 7 M 8 HA yDABHEHUATA 34 3ala3BAHE HA CyNEep-
CHMETPUATA M yPABHEHUETO 3a aHy/JMPAHE HA AHOMAIMATA 32 XETEPOTUIHATA CTPYHA C
HETPUBHAJIHO CUJIOBO T10JI€, TOCTOAHEH JUJIAaTOH U HETPUBUAJIEH THCTAHTOH, KOUTO C'hIIIEB-
PEMEHHO ca PellleHns Ha YPABHEHUsITA 38 JIBIKeHHe Ha XeTepoTuuHarta crpysa. Meronu-
Te or [48] 3a KoHCTpyHpaHe HA pemeHus Ha cucremara Ha Xyia-CTpomMuHrep-
VIBaHOB, KOUTO Ca U PEIlleHNs HA YPABHEHUATA 32 ABUXKEHNE HA X€TEPOTUYHATA
cTpyHa 0axa 0600menu cbrBceM Hackopo oT Kcenmsa me na Oma, Margmanena
Jlapdopc u Mario Marua, Adv. Theor. Math. Phys. 26 (2022) kakTo u ot



10.

Jason D. Lotay, Henrique N. Sa Earp, Trans. Amer. Math. Soc. Ser. B 10
(2023), karo pemrenuero or [48] e onmcaHOo OTHOBO B IbpBara pabora Karo
WJIIOCTPAINS IIOPakJallfa ToBa 00OOIleHne M TOBAa peIlleHne € IIPOBOKNPAJIO
n3caensanusi BbB Broparta,(IIpmioxkenne?, [puioxkennel2). B nybiaukanusara mos
uomep [67] (Communications in Mathematical Physics, 2015), coBmectna ¢ M. @epuamn-
nes, JI. Yrapre n /1. BacuieB HaMepuxMe eKCITUTIATHE KOMIIAKTHY CHHTYJISTPHU PENTeHU s
B Pa3MepHOCTH 7 U 5 Ha YPABHEHUATA 3a NBUKEHHE HA XeTePOTUYHATA CTPYHA C HETPH-
BHAJIHO CHJIOBO I10Ji€, HETPUBUAJIEH MHCTAHTOH M HEIIOCTOSHEH JUJIATOH y/I0BJIETBODIBa-
M YPaBHEHUATA 33 JBUKEHHUE HA XETEePOTHYHATA CTPYHA /10 BTOPH PeJi Ha CTPyHHATA
KOHCTaHTa (string tension), a aAuiaaToHa ce 3aJaBa OT peasHH CJalicoBe HA W3BECTHATA
dyuKng Ha Baepmrpac kato dusmyeckaTa Ipupojia Ha Ta3W W3HEHAIBAIA BPb3Ka Ha
XeTePOTUIHUTE YPAaBHEHNA HA JABUKEHUE C eJTUITUYHN (DYHKIIUH He e M3BECTHA W J0CeTa.

Teopemara 3a HeCHIIECTBYBAHETO HA KOMIIAKTHE KOMILIEKCHH MHOTOOOPA3Hs ¢ X0JIOMOD-
¢bHO TPUBHATHO KAHOHHYIHO PA3CJOCHHE, T.e. ¢ HYJIEB I'bPBU KJac Ha YepH, mapaJei-
Ha CIPAMO cBbp3aHocTTa Ha Bucmyr-Crpomunrep komiuiekcna gopma na obema u 00-
3aTBopena cremen Ha KejgepoBa dopma, pazaudHu or MHOroodOpasusTa Ha Kasmadbu-y,
ycranosena cbBMectHO ¢ . [Tanagonoyroc B myGaukanunte mojx zomepa [23] (Phis. Lett.
B, 2001) u [25] (Class. Quantum Grav., 2001) u |58] (Advances in Mathematics, 2013) ce
HHTEPIPeTHpa, ChIVIACHO u3cjaeapanuaTa Ha A. CTpOMHHTED, KATO TeOpeMa 3a HeCbIec-
TBYBaHE HA PEIICHUS HA CylepCUMeTpudHuTe crpyHnu teopuu or tun 1l cbe 3arBopena
3-dbopma Ha CHIOBOTO 10Jie, KOUTO He ca Kanabu-¢y. Tasm BazkHa Teopema BOIAU JI0
ThpCeHe Ha HOBM MOAU(UKAINU B TeOpusaATa Ha cTpyHUTe OT TN 1l. 3a BakHOCTTA U
3HAYEHUETO HA TO3M Pe3yJITaT roBopaAT nuTupanus (06mmo 237 W3BeCTHH HA MEH IHTaTA)
ot Bozemn Maremaruiy u dbusuiy karo C.-T. dy (Xapsapn)-dusnos naypear, I'anr Tau
(Ipurerbr), Caitvon Canamon (Kparckn Komesx-Jlomgon), Hozed Iommmuackn (Canra
Bapb6apa), Txepom Tayarrer (Mvneparopeku Konex-Jloumon) u ap (Bik. nurupanms
Ha [23], [25] u [58] or Cnmebk Ha nUTHpaAHUS).

PumanoBu, Ilourn EpMmuroBu, Ilouytn KoHTaKTHH,
G2 um Spin(7) mHOrOOOpa3us

B cbBmectHaTa ¢ M. @eprannes, B. Myuboc u JI. Yrapre mybaukammst mos zHomep [41] (J.
London Math. Soc., 2008) ca nedunupanu crernuagan cCTpyKTypu (IpUOIA3ATETHO XUIIO
CTPYKTYDH) BbPXY 5-MEPHHU MOYTH-KOHTAKTHE MHOT0OOpasus. lajena e ob1a KOHCTPYK-
U 38 MOJIyYaBaHe Ha G-MepHU TPUOIU3UTETHO KeJIepPOBH HEKOMIAKTHH MHOMOOOpa3us,
KOUTO C€ MOJIYIaBAT OT HPUOJIM3UTETHO XUIIO CTPYKTYPa Upe3 peliaBaHe Ha CuTeMa 00nK-
HOBeHU JauepeHIInATHE ypaBHeHns. KaTo c/iecTBre oT Ta3nu 0611a KOHCTPYKITHS Ca J1a-
JIGHV HOBU MTPUMEPHU HA HEKOMTAKTHU 6-MepHU TPUOTU3UTETHO KEJIEPOBH MHOTO0ODA3HS.
[lle orbesnexa, 9e ca M3BECTHH CAMO YEeTHPH IPHMepPa Ha KOMIIAKTHH IPUOIU3UTETHO
KeJlepoBH G-MepHH MHOI000pas3usl M BbIPOCHT JaJIH ChIIECTBYBAT U JAPYTH KOMIIAKTHH
upumepu Oerie OTKPUT JIOCKOPO: MMEHHO, HmpuWJarafiku m J0pa3BUBAWKU HAIIUS
merox Foscolo and Haskings, (Annals of Mathematics, 185 (2017), no. 1, 59-
130 ) mocTpomxa HOBM HEXOMOre€HHM KOMMAKTHU npubausmurenno Kemeposu
MHOroobpasus B pasmepsoct 6, (IIpuioxenned).

B cbBmectHata ¢ M. @epranges u B. Mynboc pabora nox vHomep [69] (Ann. Scuola.
Norm. Super. Pisa Cl. Sci., 2019) e nHamepena TomnoJornvna naBapuanra (hopMasTHOCT)
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14.

3a 7-MepHH KoMHIakKTHH 3-CacakmeBH MHOI00Opa3usl KaTo € YCTaHOBEeHO, 4e Te ca (op-
MaJIHA TOYHO KOTATO BTOPOTO UHCJI0 HAa BeTTn e mo-rossamo ot eamaumna. C momomnia Ha
Ta3u TeopeMa e JajieH npumMep Ha 7-mepHo Cacaku- AWHIAIHOBO MHOTOODpa3ne He 0Ty -
KaIlo 3-CacCaKkueBa CTPYKTYPa, KOETO € MHOHEPCKU Pe3yJITaT OTKPUBAI HOBA HACOKA HA
U3CJIeIBAHMSI.

B c¢wBmectHuTe Mu ¢ T. @puapux nmybaukarnun mos Homepa [28] (Asian J. Math., 2002)
u [31] (J. Geom. Phys., 2003) ca orkpuTH HEOOXOIUMH H JOCTATHIHN YCJIOBHS 33 Cb-
IECTBYBaHe HA METPUYHA CBBP3AHOCT ¢ AHTHCHMETPHYHA TOP3Hsl, 3aIla3Balla JajleHa
G5 CTPYKTYpa W € JOKA3aHO, Y€ Ta3W CBBbP3AHOCT € eJWHCTBEHA, KATO € JTaJeHa sIBHA
dbopmysia 3a Topsusra ii. PopMysiupanu ca HEOOXOJUMHU U JOCTATHLIHU YCJIOBUS 32 Cb-
IeCTByYBaHe€ Ha PCEIICHUE Ha II'bPBUTE ABE€ YPpaBHEHUA 3a 3alla3BaHe Ha CYIIEpCUMETpHuATa
B CTPYHHUTE TEOPUHU B PA3MEPHOCT 7, TPABUTUHO U JUJIATUHO yPABHEHUATA, TP HAJTUUNE
Ha TOYHO €/IHA CylepcuMeTpHst (ChIIecTByBaHe HA TOYHO €JIMH MAapaJIeseH CIUHOD), U e
IIpeCMeTHATA CKAJIapHATA KPUBUHA HA pelleHnero. Te3n pesysirarTu ce siBBAT MTHOHEPC-
KW B TOBa HANpPABJEHHEe, U3BECTHN ca My 282 turara Ha [28] u 101 nurara na [31] (Bx.
murupanns Ha [28] u [31] or Cnucebk Ha muTHpaHus).

YeranoseHo e, B myGsiukanuara noa vHomep [30] (Mathematical Research Letters, 2004),
u3HeHa BT (hakT, ye 33 Besako Spin(7) MHOrooOpa3ue CbIIeCTBYBa €JIUHCTBEHA CBbD-
3aHOCT 3anasBama Spin(7) cTpyKTypara, KOSTO UMa aHTHCHMETPHYHA TOP3USA. 3a TOp-
3UdTa Ha Ta3W CBHLP3aHOCT € Hamucana sgBHa dopmyna. Dopmynupanu ca HeoOXOIUMU
U JIOCTAT'BYHHE YCJIOBHA 3a CBIIECTBYBaHE Ha pelleHre Ha I'bDBUTE [BE YPaBHEHHS 32
3ala3BaHe Ha CbIEPCHMETPUATA B CTPYHHUTE TEOPHH B PA3MEPHOCT 8, 'PABUTHHO M M-
JIATUHO yPABHEHUATA, IIPU HAJMYUE HA TOYHO €JHA CylNepCUMeTpus (ChINeCTBYBaHe Ha
TOYHO eJINH apaJiesieH CIHHOp ). 3a KoMmakTHu Spin(7) MHOrooGpasus, KOUTO ¢a JTOKaJI-
HO KOH(DOPMHO €KBUBAJEHTHH Ha TIPOCTPAHCTBA Ha JI>KOC € yCcTaHOBeHO, ue WHIeKca Ha
eJIMITHYEH OIIEPaTOp € HyJla U e JaJeHa JuHeilHa Bpb3ka Mexk 1y duciaara Ha Beru. Te3u
pe3yJITaTH ce SBABAT IMMOHEPCKH B TEOPHATA HA XeTEPOTHYHHUTE CTPYHH B PA3MEPHOCT
8, m3BectHu ca Mu 85 murara Ha [30] (Bx. nurupanns ma [30] or Crouchbk Ha muTHpa-
uusi). Tazu cebp3aHOCT € HapedeHa or Bucenre Mynsoc u Kapioc ITlax6armn,
Rev. Math. Phys. 32 (2020), no. 5, 2050013, 47 pp. , Cebp3anoct Ha IBanoB
(Ivanov connection). (IIpunoxenune9).

YeraHOBEHHAT 1 J0Ka3aH B cbBMecTHaTa Mu ¢ P. Kieiiton nybaukanusra mox Homep [34]
(Comm. Math. Phys., 2007) pesyarar, de KoMnakTHO (Go-MHOT00Opasue ¢'hC 3aTBOPEHA
dbyunamentamna 3-popma, uniito Ten3op Ha Baiia e ¢ HysieBa quBepreniust (B 4acTHOCT, U
KOraTo MHOrooGpa3uero e ARHIAHOBO) e mpocTpaHcTBO Ha JIKoiic, T.e. byHIaMeHTATHA
3-dopma e napasiesina cupsimo Pumanosara cebp3anoct. Ta3u TeopemMa OTroBOps Ha
B'BIIPOCA 33 ChIIECTBYBAaHE HA KOMIIAKTHHU AlHINATHOBU (Go-MHOroo0pa3ud C'bC
3aTBOpeHa pyHIAaMeHTadHa 3-dhopMa, MOCTABEH B MATEMATUKATA OT CBETOBHO
u3BectHusT maremaruk P. Bpaagur ( Zbl 1115.53018), kakTO U OT €IHU OT
BOZEININTE yYeHN B 00jacTTa Ha TeopernynaTa dpusuka, M. llBeruy, I'. 'ubonc,
I.JIy u K.ITone (Nucl. Phys. B638 (2002)), (IIpuioxkenuel).

B cbBmectrara ¢ T.@puapux nybiukamnus nog zomep [29] (J. Reine Angew. Math., 2003)
ca HaMepeH! HeOOXOJUMHU U JOCTATHUHU YCJIOBHUS 34 ChIIECTBYBAHE U €JIUHCTBEHOCT HA
METPUIHA CBBHP3AHOCT ¢ AHTHCUMETPUYHA TOP3Us, 3ala3BAIIA JAJEHA [0UYTH KOHTAKTHA
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19.

MeTPUYHA CTPYKTYpa W € MpecMeTHaTa TOP3UATa . 3a KOMIAKTHH MOYTH KOHTAKTHO
METPUIHU MHOTOOOpa3us ¢ aHTHCHMeTpudeH Ten3op Ha Hioenxoitz u Kumunroso ¢yn-
JIAMEHTAJIHO BEKTOPHO I0JIe € JOKa3aHa TeopeMa OT THIA Ha KJIacHuecKaTa TeopeMa Ha
Tauubana 3a K-kontakTaute Muoroodpasus. Popmyiupanu ca HOBU KOH(POPMHH TpaH-
copmanum Ha MOYTH KOHTAKTHA METPUYHA CTPYKTYDA.

B c¢bBmectnara ¢ I1. Tomomon nybaukanus nog momep [11] (Math. Zeitschrift, 1997)
oTroBapsaMe orpunareano Ha pbipoc noctased or H. Xuruwmn B Math. Reviews 1981,
81e/53052, nanau cbinecTByBaT KOMaKTHI AHIIAH-EpMUTOBH MeTPUKHE BHPXY KOMITaK-
THU KOMILTEKCHU MOBbPXHUHMU, 38 KOUTO € U3BECTHO, Ye He gonyckaT Aitrmaiin-Keaeposu
MeTPUKH, KaTO YCTaHOBABaMe, de aKO KOMIIAKTHA KOMILJIEKCHA ITOBBPXHUHA JOIYCKA
Attnmaita-Epymurosa metrpuka 1o Td e wim Alnmaiin-KesepoBa wim mobpxHuna Ha

Xomdd.

B covemectnara ¢ 1. IlerpoBa myGaukamust mon womep [13] (Geometriae Dedicata,
1998), ca pasriefanu u JOKATHO Kiaacudunupanu 4-mepaure PUMaHOBH MHOTOOODA3US ¢
TOYKOBO-IIOCTOSTHHU COOCTBEHM CTOWHOCTH Ha oneparopa Ha PumanoBara KpuBHHA, KaTO
€ JIaJIeH HOB HEeTPUBHUAJIEH NMpUMep. 103W HeTpUBUAJIEH IIPUMEDP MOPOIN HOBA 00/acT 3a
n3CjeBaHe B CJAyYaWTe HA MHOTOMEpPHH PuMaHOBH MHOroobpasus U IceBIo-PumeHoBH
MHOrooopasusd. Tazu pabora e nmuTupaHa B 5 moHorpadum, Kato e ordesexka
MoOHoOrpaduuTe Ha CBETOBHO m3BecTHuUAT marematuk M. Bepike, Riemannian
Geometry During the Second Half of the Twentieth Century kakro u A panoramic view
of Riemannian geometry, (Bx. murupanusara va [13] 8 Crucbk ¢ murnpanus).

B cbBMecTHATA HE € YCHENIHO 3AIMUTHIUAT MU JOKTOPAHT-TMOKOHUAT jon. CHMeoH
Bamkosoit, mybimkanus mox uHomep [35] (Differential Geometry and its Applications,
2005) w3rpazkjame TeopHsATa Ha CBbP3aHOCTHTE BbLPXy napa-EpvuroBure m mapa-
KBATEPHUOHHUTE MHOT000pa3usi. JlokazpaMe mapaepMUTOB aHAJIOT HA W3BECTHATA TEOpe-
ma Ha Losbepr-Cakce 3a Jlopenoso Maoroobpasue (teopema na Losabepr Cakc 3a HeyT-
paJjiHa MeTpHKa Cbe curaarypa (2,2)). Hedbunupame npubausutento mapa-Kemaepopure
MHOT000pa3us, 38 KOUTO JT0Ka3BaMe, Ue B pa3MepHOCT 6 Te ca AMHITANHOBY, HO 3a pa3/in-
ka or npubsmsurenno Keseposure Mmuoroodbpasus, Puun miockusdar ciaydail He MOXKe Jia
Obje n3kaoUdeH. /lapame npuMepn Ha npuban3uTeHO napa-KeaepoBu MHOrooOpasus u
[IOCTaBsIME BBIPOCHT 3a CbIECTBYBaHe Ha Pu4n mmocku npubsusurenno napa-Keaposu
pocTpaHcTBa B pazMeprocT 6. [losoxkuresen oTroBop Ha TO3H BBIPOC Oelre IajeH OT
Bucenre Koprec u Jlape ledep, (J. Lie Theory 19 (2) (2009)). UsBectau ca mu 122
nuTHpaHus Ha craTudra |35] karo exno e B Annals of Mathematics vol. 186 (2017).

B ¢bBMmectrara ¢ Jasune Bapunapu nybaukanus nox womep [72| (Cale. Var. and PDE,
(2019)) e najeHa TONOJOTHYHA XapAKTEPUCTHKA 38 KOMIATHUTE KBATEPHUOHHO KOHTAK-
THU MHOTOOOPA3US C PA3MEPHOCT Mo-rojisiMa oT 7 (Teopema ot tunt Boue-Maiiepc), nMmen-
HO, JIOKA3aHO €, Y€ KOMIIAKTHO KBATEPHUOHHO KOHTAKTHU MHOrooOpasue ¢ pa3MepHOCT
MO-TOJIIMa, OT 7, KOETO € I'bJIHO CIPIMO ecTecTBeHaTa cyO-PumManoBa MeTpuka u yia0B-
JIETBOPSBA €CTECTBEHU OT THUIl HAa Pu4m ycjoBUs 3a MOJOKHUTETHOCT € KOMIAKTHO U €
JIaJieHa TOYHA TOpHA IPAHUIIA 33 HETOBUAT cyO-PUMaHOB TuaMeTbp, KOATO ce JOCTUra 3a
3-CacakueBara cdepa.

OnuTBaiiku ce 1a ¢h3Jate eInHHa TEOpHus Ha PaBUTAIMATa W eJeKTpoMarHeTn3sMa A.
AVHIIANH pa3rIek1a MHOrooOpasusi ¢ HeCUMETPUYHA METPUKA (He-CHMETPUIHA TeOpHsl
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Ha rpasutaiusTa - HTT), KaTo cuMeTprYHATA YACT € HEM3POJEHA W OMKMCBA TPBUTAIIN-
ATa & HECUMETPUYHATA JaCT-eJIeKTPOMATHETU3Ma U ThPCH CBBP3aHOCT, KOSITO HE 3ama3-
Ba HECHMETPUYHATA METPUKA, HO YAOBJETBOPSBA TaKa HAPEUEHOTO METPUIHO YCJIOBHUE
Ha AfiHuiaiin u Topsudara i e 3-bopma. B ¢wBmectHara ¢ M. 3naranosud crartusi |74]
(Class. Quant. Grav., 2020) ycranoBsBame (akTa, 9€ B PA3MEPHOCT 5, CbIIECTBYBAHETO
Ha Ta3W CBBP3aHOCT € eKBUBAJEHTHO Ha paKTa, de H-MepHOTO MHOroobpasue e Cacaku-
AjinmanoBo. ToBa 6 MOTJIO J1a ce OKaykKe MHTEPECHO Thil KaTo IOKa3Ba, e MOxKe Ou
chinecTByaBa Bpb3ka mexay Affamanosara HTT u AdS/CFT cworBercrBHeTO MeKIY
CyTepCUMeTPUIHATA TEOPUSITA HA CTPYHUTE W KOH(POPMHUTE TEOPUU HA MOJIETO, Thil KATO
Cacakn- AfHIAKHOBATE MHOTOOOPa3us Ca CBbP3aHH C PelleHus Ha Te3H TeOPHH.

20. UspectHo e, ue AliHmaiiHoBo PuManoBo MHOrooGpasue ¢ pasMepHOCT ITO-TOJISMA, OT JIBE
€ C KOHCTaHTHa CKaJlapHaTa KPpHBUHA. Ba KOMIIKTHO PI/IMaHOBO MHOFOO6pa3I/Ie C HeOTpu-
narejien renzop wa Puun, /le Jlequc n Tonunr omengBaT OTK/JIOHEHHETO HA CKaJIapHATA
OT KOHCTQHTHOCT C HUHTEerpaJi OT 663CJ’I€,ZLHI/I§[T TEH30p Ha PI/I“II/I YMHOZXKEH C KOHCTaHTa
3aBUCEIA OT Pa3MEpPHOCTTA. 3a KOMIIAKTHO CHJIHO IceBaounsnbkaaao CR MHorooopasue
aHAJOTMYEH pe3y/TaT 3a cKajJapHaTa KpubBuHa Ha Tamaka-BeGcrep e mokasam ot Yew,
CaoroMme 1 By KaTo € HM3M0OJI3BAHO YCIOBHE 3a MOJOKUTEIHOCT, IPU KOETO IIBPBOTO COO-
CTBEHO 4ncyIo Ha cyb-Jlamracuana e BUHATHW 1mMo-ToiaMo oT ToBa Ha CacakueBara cdepa.
B cbemectnara ¢ A. Tlerkos paGora [77] (Ann. Sc. Norm. Super. Pisa Cl. Sci., 2023)
HUe OlleHsABaMe OTKJOHEHUETO Ha Ta3U CKaJapHa KPUBUHA OT KOHCTAHTHOCT KAaTO U3IO0JI-
3BaMe JIPYro BaxKHO YCJIOBHE 3a IOJIOKUTEJTHOCT, KoeTo ydacTBa B CR HepaBeHCTBOTO
na Kopmec. JIBeTe yc1oBHs 3a MOJOKUTETHOCT ¢bBHAIAT 3a CacakueBU MHOMOOOPa3nd,
KaTo [MOKa3BaMe, de HaIllaTa OIMEHKA e 1M0-100pa oT oneHkara mnogydena or Yen, Caorome
n By OHGHKI/I 3a OTKJIOHEHHNETO Ha CKaJlapHaTa KPpUBHUHa Ha BI/IKap OT KOHCTAaHTHOCT 3a
KOMIIAKTHO KBAaTEPHUOHHO KOHTAKTHO MHOrooOpa3ue HaMUpame B ChbBMecTHaTa paboTa

|78] (Rev. Real Acad. Ciencias Ezxactas, Fis. Nat. Ser. A. Mat., (2023).

[Tpunocute ordenazanu B Toukute 10., 18., 19. u 20 KakTO M OCHOBHATA YacT OoT 1. ca mpe3
MOCJeTHUTE D TOANHM, B Tlepuoaa 2019-2024r.

NsBectnu ca mMu 1445 nutupaHusa Ha pe3yaTaTHTE OT CIIOMEHATHTe MO-TOPe TPYJIOBe KaTo
476 muTupaHnd ca mpe3 nocaeanuTe 5 roauau, 2019-2024.

[Tle ctoMena ¥ UUTUPAHUS B TOI CIIUCAHUS 110 MATEMATUKA W TEOPETUIHA (DU3UKA, OT KOUTO
B 4-Te¢ HAl-CHIHN CIHCAHUA IO MATEMATHKA B CBETA:

- Inventiones Math.vol 209 (2017) - murar 41 Ha 47

- Annals of Mathematics, vol. 185 (2017) - murar 28 ua 41, murar 36 Ha 12,

- Annals of Mathematics vol. 186 (2017) - murat 78 na 35;

- Journal of the AMS vol. 30 (2017) - nuurar 42 na 33;

- Comm. Pure Appl. Math. vol. 77 (2024) - nurar 23 Ha 62 u nurar 64 Ha 47;

Kakro u nurupanus B:

Journal Diff. Geom. (2019, 2021, 2022); J. Math. Pures. Appl. (2023); Adv. Math (2021,
2022); Journal fur the reine und angewande math. (Crelles Journal) (2019, 2021, 2023);
Transaction of the AMS (2017, 2020, 2023), Mathematische Annalen (2017, 2019, 2022, 2023);
Proc. London Math. Soc. (2022); Comm. Partial Diff. Equations (2016), Annali di Matematica
Pura ed Applicata (2017, 2022), Ann. Sci. Norm Super. Pisa (2016); JHEP (2019,2021,2022);
Comm. Math. Phys. (2022, 2023, 2024), Nuclear Phys. B (2018) u ap.
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