BIOT'VK

odiLifiHOro onoKeHTa Ha AucepTaiiiiny po6oTy
Pomancbkoro Muxaitia Mukouaiiopnua
«PyHKTODH i aCHUMIOTOTHYHI BIACTHBOCTI METPHIHIX TPOCTOpiB»
T0/laHy Ha 37100y TTS HAyKOBOTO CTyTIeHs
KaHuaTa GI3HKO-MATEMATAYHEX HAYK
3a crenjaibnictio 01.01.04 — reomerpis Ta Tonosoris

B npejicransieniit na posrisiy aucepramiiiuiii po6ori Pomancekoro Muxaiina MiukoaaitoBnua
(@yHKTﬂpH i ACHUMITOTHYHI BJIACTHBOCTL MEeTPUYHHUX HpOCTO]JlB) BHUBYAKOTHCH pl:)ﬂl KOHCTpY-
KIIil aCHMIITOTHYHOT TONOJIOTT Ta IPOBEIEHO 6araTo KOHKpeTHHX o6unciienb. Tepmin <acummnro-
THYHA TONOJIOTisI> 6yB BBe}Z(eHMﬂ O ﬂpa}ll"lHIKOBHVI JJIsA BUBYEHHSA (MB.KPOCKOI'I]‘!HMX) BJIACTH-
BOCTeli METPUYHUX NPOCTOPiB. 30Kpema, OJHA 3 Ha/iil HA BHBYEHHS X BIACTHBOCTEH TOJIsi-
rajla B NOTEHIIHHUX 3aCTOCYBaHHAX TeOPil 10 0GYNC/IeHHSI TOMOTOIIYHHX THIIB TONOJOT YHUX
npocropis (sanpukiaj rinoresn C. Hosikosa npo Tak 3sani BHIIi CHIHATYDH), & OTXKe i 10 auc-
KPeTHHX iHBapiaHTiB X IPOCTODIB, siKi MOXKHa 6y/10 6 «HAOYHO CTOCTePIraTH» B IPHKJIA/HAX
JIOCJIJIPKEeHHAX .

Baranbna 3a1a4a nojsirae B kiacudbikanii MerpuuHux NPOCTOPIB 3 TOHICTIO 10 «rpy6oi»

expisasentaocti. Hanpukaas, Muoxuna uianx Z abo paujoHaibHuX Huces Q <3zanexy» Bu-
VIS IAl0Th TaK caMo Bei aiiichi wncia R 1 B 1poMy cenci Bei Tpu MHOKMHM “ekBiBasenTHI” B
ceHci acuMIToTHYHOT TonoJorii (rpy6o exBiBanenThi). 3aaua rpy6oi kiacudbikawii € CYTTEBO
CKJI8/IHIINIO0 HIXK MOX/IMBO HaBiTh Kiaacudikalis BCIX METPH30BHEX TONOJIOIYHHX IPOCTOPIB,
TOMY 1O 110-TIepliie OjiHa | Ta XK TONOJIOris MOXe NOPO/KYBATHCH DI3HUMH METPHKAMH, a 10~
JIDYTe BijoGpaskeHHs! MiXK 1IDOCTODAMU € ACHMIITOTHYHO JIHNIAIEBEME, 'DY60O BIACHUMH, aJjie
He 0603 A3KOBO HEllePEePBHUMM. B pesy.nb'ra,’rl 3BUYHA ].HTylll,\)l xeovle'rpwmm TONOJIONT B <«I'py-
60My>» KOHTEKCTI He 3aBXK/U CIIPAIBOBYE.

B poboti Bukopucrano 6arato pisHix TexHiK s J0BeeHHS rPy6Oi eKBiBaeHTHOCTI abo He
eKBIBAJIEHTHOCT] /IeAKHX BJIACHMX METPHYHUX IPOCTOPIB, i 1e € JO0CUTH cepiiozHnM 37106y TKOM
Jwcepranii — npose/ieHi 0GUNCIIeHHs MOXKYTb CTATH JAfOBUMH IHCTDYMEHTAMH /LISl 3araJbHIX
METO/LIB JI0CJI/PKEHHS IPYOHX THIIB BJIACHHX METPHYHHX TPOCTODIB.

Ilepeiiiy 10 BUCBIT/IEHHS 3a/1a4 PO3B’S3aHUX B JMcepTaiii.

AHAJIOrOM TOYKHM B acHMITOTHuHIH Tonosorii € npoctip Ry, To6ro XXRy = X, Tomy npu-
PO/IHUM € IHTAHHS, IOCTaB/IeHa B 3rajianiit Bume poGori Ipanimuikosa, yu 6ye juxoiin X R,
eksiBasienTHmit 10 konyca CR?

B posiai 2 6yayernea konTpupukiaz. A cave b nacuiaxy 2.1.3 gosejieno, mo Kol X « Ry
Ta acumnroruunnii konyc CR, He i3omMopdHi B Besukili acumnroruynii KaTeropii.

Jani B jiemi 2.2.1 posryisijaioThes reojiesiinuii Merpuuni TIPOCTOPH, $IKi € OJIHOYACHO Y-CJ1a60
ONYKJIMMHU Ta 0-ci1a60 BIHYTUMH, Jist jiesikuX 7 > 1, Ta § < 1. CTBepuKyeThes, MO st TAKHX
npocrpis jxoitn X * R, isomopdunit X x R, B acumnroruuniii kareropii A.

B pD'!;]i.iIi 3 BUBHYAIOTHCS (i)VHKTOpPl CUMETDHYHOIO Ta lillepCMVlP’l 'PHYHOIO CTeleHs B aCHM-
NTOTUYHUX Kalel‘opmx B teeppienni 3.1.1 nokasano, mo B kareropii A Apymﬁ CUMeTPpUYHHH
CTeniHb MJIOMUHK SP (R?) isomopdmuii konycy Haj CTpiuKoI0 Mebiyca, a bP (R +) — i3omop-
Punit RY

Mani B reopemi 3.2.1 jioBesieno, mo npocrip exp;(R?) isomopdunii R y Kareropii A, mo €
anasiorom Teopem Borra 1ipo re, mo exp,(S') isomopdnuit S, a B Teopemi 3.2.2 - mo npocrip

~3 .
SP (R?) expiBanentnuit xonycosi Cone(T’) jan sanosrernnv topou 7.
Taxox B possizi 3 joBejieno, mo B Kareropii A
® JpYruii IPOEKTUBHUH CTeNiHb P, (R?) naomunn R? rta cynepposmmpens A;(ﬁ( ) i30-
mopdui R*,

© upoektusnuii kpaapar Pr’(R) upumoi R isomopdmuii naGyosi TR,
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o npocrip P"(R%/+) isomopduuit R"*! /4, ne + — BiiHOmeH s eKBiBAIEHTHOCTI T = —1.

Posnist 4 npuCBSYEHO ACHMIITOTHYHUM BJIACTHBOCTSIM TillepIPOCTOPIB €BKJIiI0BUX POCTOPIB:

MPOCTOPY KOMIAKTHUX MigMHOXKHH exp(R™) Ta HOro mifmpocTopiB NPOCTOpY 3B'A3HUX KOMITA-
KTHHX TiaMHOXHE exp®(R™) Ta npocTOpy ONyK/IMX KOMIAKTHHX migMuoxuu cc(R™).

B posini nokasano, mo exp(R™) ta cc(R™) € reoae3iliHuMy 5K METPHYHI IIPOCTOPH BiAHOCHO
merpuku Cayciopda (emu 4.1.114.1.2), a exp®(R") - ni (reopema 4.2.1). Takox B Teopemi 4.1.6
Jjiosejieno, mo exp(R™) we € rpy6o exsiBanentaum g0 cc(R") (teopema 4.1.6), ta 10 exp®(R")
(reopema 4.2.5).

B posjiisi 5 BuB4aeThesi rpy6Ga eKBiBajJeHTHICTb PI3HMX KOHCTDYKIIiH Ha/| eBKJIII0BUMH TIPO-
cropamu. 330kpem, B Teopemax 5.1.1 Ta 5.2.1 j0BejeHO JMiNmuIEBY eKBiBATIEHTHICTb MiXk TaKu-
wu npocropamu: R}, expg(R,), SP3(R.), exps(R) Ta SP3(R), B Teopewmi 5.2.4 - Mixk exp,(R™)
Ta R™ x Cone(RP™1).

B Teopemi 5.2.6 cTBepAXKY€ETHCS, MO NPOCTOPH ]Ki Ta P(R) He € rpy6o exBiBajeHTHUMH, &
B Hacaiky 5.2.8, mo P(IR) He BKJIajaeThCs JININIEBO B 3KO/IEH eBKJi10Buil poctip R™.

Haai, reopema 5.2.9. crBepipkye, mo acumnrorndunit konye C(Ry) ta naabyjosa L(R.) ne
€ rpy60 eKBiBaJIEHTHHMH.

Crncox 3ayBaXkeHb

1. BarajibHe 3ayBaXKeHHS BIAHOCHTHCA J0 M00Y/IUBA Ta BAKOPACTAHHA KOHCTPYKI(H NPAMOro
J00yTKY, KOHyCa, Ha0y/I0BH, JXKOHHA, Ta daxTop-npocropy. Lli noHATTS B acCUMINTOTHYHOMY
cenci o3nadeni B crarti [panimnikoa [23], ane B guceprauii jesiKi 3 HUX BUKOPHCTOBYIOTHCS
iHmoMmy ceHci, 30Kpema (hakTop-npocCTip, a oTKe KOHyC i Ha/0y/10Ba.

1.1. Iousrrst bakrop-npocropy X/A B acumnroruyniii kareropii [23, crop. 78| Biapisuse-
ThCs Bij 3BUUARHOrO, Ko A «cTuckaeThest B Toukys. B rononoriunomy cenci X /A orpumye-
ThCH CKJICIOBAHHSIM BCIX TOYOK 3 A a OjiHy, B TO# 4ac sK B aCHMITOTHYHOMY, A PO3OHBAETHCS
Ha nigmMHoKuHN Ag, (s > 0), TOHOK, 110 3HAXOAATHCS HA O/{HAKOBIH BijcTaHi Bij 6a3uCHOT TOYKH
0, 1 KOXKHA TaKa HENOPOXKHA MHOXKHHA «CTHCKAETHCH» B OKPEMY TOYKY.

Bapro 6yi0 6 BiamiTuTh, mo B gucepranii HakToOp-npocTip po3yMi€Tbcs B 3BU4aliHOMY TO-
mioriuHoMy cenci. epes e NOHATTS ACHMINTOTHYHUX KOHYCY Ta Ha/I0y/I0BH Bi/IDI3HAIOTHCS Bij|
THX, siKi BBejleni B crarTi Jlpanimuikosa |23|.

Tomy, 30kpema, B Jjiemi 2.1.1 3amicts A nosunno Gytu Hanucano A, 6o B cenci o3Hauens
ancepranii CR ta Ri He roMeomMopdHi, & TOMy aBTOMATHYHO HE eKBiBaJeHTHI B xareropii. 3
inmoro Goky, B Jiemi HacnpaB/ii JOBOAMTHCs Aenio inimii dakr (dopmysa B psaky 2, crop. 43):
He icHye kBasi-isomerpii f : CR — R% (auB. o3navenns Ha crop. 35.), a ToMy i npoTocpu
JIiCHO He Gy/yTh eKBiBAJEHTHI B BeIMKiH ACHMITOTHUHIH KaTeropii A.

1.2. IIle BigHOCHO TOHATTS JRKOiHA. BapTo 6yi10 6 NOsSCHATH, 10 NOHATTS JPKONHA, B aCHM-
HTOTHYHOMY CEHCI TaKe caMme SiK i CTAHJIaDTHE TONOJIOTIYHe O3HAYEHHS.

Ha crop. 40 (psigok 1 3Bepxy) aucepranii nanucano, mo jpkoiin X * Ry — ne nigupocrip
npocropy Po(X V Ry ) #imMOBIpHICHAX Mip, HOCISIME SIKMX € JBOTO4YKOBI MHOXuHMU. Lle onucoee
O3HA'IEHHS He 30BCiM TO'HO Bijo6paxkae kapruny. PopMajbHe O3HATICHHS BiJPIBHACTLCS Bij
CKA3aHOIO:

X*Ry={u=ab,+(1-a)d, |z X,yeRy, |zl =y}
B npoMy Hocii Mip - 1e He jJ0BinbHI ABOTOUKOBI maMHOXMEM {z,y} C X V R, a cave Taki,
mwoe6 z € X, y € Ry, i npu upomy ||z|| = y. Hanpukias, Mu He MOXKemMO B3siTH 0OHABI TOUYKM

z,y 3 Ry.
Bistbm Toro, Ty Bapro 6yii0 6 ckasaru, mo, (MabyThb) B sikocti 6asucHoi Touku B R% Gepersest
nouaTok koopamsar, a |z|| = d(z,z,), Ae zo — ue Ta TOUKA, BiAHOCHO sKOi Geperbcs Gyker

(X, @) V (R, (0,0)).

Hapenrri, 3rijino dopmyim, joxoiin X + Ry micrurs Mipy p = ady, + (1 — a)dpp), #xa €
JiiniitHoI0 KoMmGiHanjewo Mip Jipaka B 6asucHnx To4kax. Ajie B GyKeTi 1l TOUKHM TOTOXKHI, TOMY
HOCIH TAKOT MIPH CKJI8IA€ThCS 3 OJHIE] TOYKH, & 3HAYUTH, 3T1IHO OIIUCY, TAKA MDA HE HAJIEXKHUTh
JIKOMHY.
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2. Posain 1.1. Bapro 6y.10 6 HapecTu B3a€MO3B'430K MK NOHATTSMH BIACHOTO Ta rpy6o Bia-
CHOI'O BiOBpaKeHHs i, 30KpeMa, BIIMITHTH, O B Be/ukifi acuMnTOTHUHIE Kareropii A rpybo
BracHi Binobpaxcenus He 0606°#3%080 Hemepepeni, TOMY MO jijisi HENEDEPBHUX Bifobpaskers
MiX BJIACHHMH METPHYHHMH NPOCTOPAMH NOHSITTS BJIACHOrO i rpy6o BJACHOrO BijI06pakeHHs
TOTOXKHI1.

3. Crop. 57. ®opmyiia s KoHyca Haj crpiukoo Mebiyca:
Cone(M) = {tz |z € M,t > 0},

e M — ue 06pa3 JinmuIEeBoro BKAaieHHs h : SF'\}""(S 1) — R3. Is dopmyira, pakrruno noxasye,
mo Cone(M) — nie 06’/ iHaRHs BCIX BIAKPHTHX NPOMEHIB, M0 3’€(HYIOTb LOYATOK KOODAMHAT 3
Toukamu M. He sicHo, 9u npasia, mo Bl Ii NPOMeH] NepeTHHAIOTHCS JIKIIE B IOYATKY KOOP-
junar. [Hanke orpumannii npoctip He 6yjie KOHYCOM y 3BHYHOMY CEHCi.

4. B rtBep/ukenni 4.1.3 Ha crop. 76, B HepiBHOCT] Ha APYrOMy DS/IOK 3HM3Y, B JiBiil YacTuni
nepiBHOCTi Ipu @ NOBMHHO 1Ie CTOATH B JyXKKAX jesiKe 9HC/I0 (3Ti/HO O3HAuEHHsS CHMBOJY

X
)

Bijmiveni He0/1iKH He € CyTTEBMMY i HE BILIMBAIOTH Ha 3arajlbHy BUCOKY NO3UTHBHY OIIHKY
poboru.

Jlucepranisi HOCHTh TEOPeTHYHMIl Xapakrep. BoHAa BHKOHAHA HA BHCOKOMY HAyKOBOMY PiB-
Hi 1 cnipaBJsie jlyxe rapHe BpakenHsi. Bci Hape/eHl B Hill Pe3y/IbTATH € HOBUMH i HajleXarh
Gesrocepe/iHbo aBropy. Pesyibrary jucepraiii ony6iikoBani B 5 cTarTaX y BUJAHHSAX, MO BXO-
JAATH /10 MepestiKy (haxOBUX HAYKOBUX XKYDHAJIB 3Ii/IHO YNHHOIO 3aKOHOJABCTBA, IpHYOMY 1
CTATTS iH/EKCYEThest CHCTEeMOIO Scopus, 1 B 1-x Te3ax jonoBiii Ha MDKHAPO/IHiH KoHdepeniri.
Bonn TaKoX JONCEIZAIHCHL Ha HAYKOBEX ceminapax. Apropedepar nobpe BimoGpaxae amicr

JAncepranii.
OUiHIOIOYH PELEH308aHY JMCEPTAIII0 B LIJIOMY, MOXKHA 3DOOMTH BHCHOBOK NPO Te, MO BOHA
€ 3a M HayKOBHM JI0CJIijL , AiKe 36araTH/IO TONOJIOTiIO, 30KpeMa aCHMITOTHYHY,

aKTyaJdbHUMHM pesyiibratamu. OTpHMaHi pe3yibTary MOXYTh OyTH 3aCTOCOBAHI B NOAJIBLUTMX
JIOCJI/P>KEHHSX B TOINOJIOTI], reOMeTpHYHill Teopil rpy1, acHMITOTHYHif Tonoorii, Teopii romo-
ToIii.

DBsazaiw, mo aucepraniiina potora Pomancbkoro Mnxatina Mukosatiosuya «@ynxropu i
ACUMITOTHYHI BJAACTHBOCTI METPHYHMX [POCTOPIBY BLANOBL A€ BCIM BHMOIaM YHHHOTO HOJO-
skenns "Tlopsa/iKy NPUCY/PKEHHs HayKOBWX cTynenis”, a if aprop 6e3 cyMHiBy 3aciyroBye ipu-
CBOEHHS HAYKOBOI'O CTYTIeHs KaH/u/1aTa BisHKo-MaTeMaTniHuX HayK 3a cretfiaibnictio 01.01.04
~ I'€OMETPIsi T4 TONOJIOTIs.

Odiniitunit onoHent,
ujien-kopecnonient HAH Yxpainu
JIOKTOD (hizuKo-MaTeMaTHIHUX NayK
3asiysad jabopaTopii TonoJorii
BiiJ1y aureOpH ra TOnoJorii
Incruryry marevarnku HAH Ykpaiun
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