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NHBeHTa pnsauna NaMAaTU

@ 19 snBaps 2022 r. — cTofecATUNETIE CO AHS poxkaeHus JleoHnaa
Butansesnya KaHtopoBmya, BCEMUPHO M3BECTHOrO MaTeMaTnKa 1
SkoHOMUCTa. ByHaepKnHA, OKOHYMBLINIA yHUBEpCUTET B 18 neT 1
cTaBlwmii npodeccopom B 20, aKageMunK Mo MaTEMATUKe U naypeat
Hobenesckoli npeMumn no sKOHOMUKE — peaKkne obCcToATeNbCTBA
XKN3HW, AOCTONHbLIE HEKOTOPOrO BHUMAaHUsS camu no cebe.

o OpaHako n3BneYb U3 HUX NoNe3Hble Ans cebs BbIBOALI BPAA Nu
BO3MOXXHO — CobbITUS KpaliHe pefikue 1 ManoBeposiTHble. [pyroe
[E10 TBOPYECKOE HAC/EANe YEsI0BEKA — CAENAHHOE AJs APYrUx
OCTaeTCsl, NOKa OHO He 3abbITO, UCnopyeHo uau obonraHo.

o HObuneiinas mata — noBoa AJst UHBEHTapu3auuu namsaTu. Bcnomunas
BKJ1af, HaLLEero cOOTeYeCTBEHHNKA B KYNbTYPY, Mbl COXpPaHsieM ero
AYyXOBHbI MUp ans byayuiero...
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KanTtoposud n Kynmanc 1975
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Kantoposuny n Cobones 1983
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1912 Popuies 19 suBaps (6 sHBaps mo crapomy crumo) B CaHKT-
Tlerepbypre. Orern; — Buramuit Mounceesnu Kanroposuda. Mars — ITa-
yamna ['puropnesna Cake.

1926-1930 Cryzent JIT'Y. Hayunsiii pykosoaurens — I'. M. @uxren-
TOJIBIL.

1930-1939 JlenuHrpaJicKnii MHCTUTYT HHYKEHEPOB MPOMBIIIICHHOTO
crponrenbersa (npodeccop ¢ 1932 ).

19301941 Jlenunrpajckuit rocysapersennsiii yansepenrer (mpodec-
cop ¢ 1934 1)

1935 3Banue joKTOpa hus.-MaT. HAYK 63 3alUTHI JUCCEPTAIIUH.
1936 Kunra «Metojibl nTpubIInKEHHOTO PEIeHNs] ypaBHEHN{ B 1acT-
HBIX [POU3BOJHLIX» (coBMecTHO ¢ B. 1. Kpbliosbim).

1938 Ilepsag npemus 1o MareMaTHKe Ha BeecorosnoM KoHKypce paboT
MOJIOZBIX YUEHBIX.

1939-1948 Buiciiee BOeHHO-HIZKEHEPHOE TEXHIYECKOe YUUIne (Had.
kadeapsr).

1940-1961 JlenunrpaJickoe otyesnenne MareMaTuvIecKoro HHCTHTYTa,
uM. B. A. Crekiosa (¢ 1948 r. 3aB. orgenom).
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1950 Kunra « DyHKIIOHAILHBIN AHAJIN3 B IIOJLYYIOPSI0YEHHBIX IIPOCT-
pamcrBax» (comecrno ¢ B. 3. Bysmxom u A. I''Ilunckepom).

1951 Kuura «Pacder panuonaibHOrO packpost IPOMBIIIIEHHBIX MaTe-
puasios» (comectro ¢ B. A. Basramiepom).

1958 Us6pan uienom-xoppecnongenrom AH CCCP no Oraesnenuio
SKOHOMUKH Ha BakKaHCHIO 1y CUOMPCKOTO OTIEeJICHHS.

1959 Knura «DKOHOMUUECKHUIT paciyeT HanIy qIero NCoIb30BaHust pe-
CypPCOB».

1959 Knnra «DyHKIMOHAIBHBII aHAJIN3 B HODMUPOBAHHBIX IPOCTPAH-
crBax» (coBmectHo ¢ I. IT. AKMIIOBBIM).

1960-1971 Nucruryr maremarnkn CO AH CCCP (¢ 1962 r. 3am.
JIIPEKTOpA).

1964 Us6pan aeitcreurensabiM wiesoM AH CCCP no Orjenennio mMa-
TEeMaTHKH Ha BakaHcuio st CHOUPCKOTO OT/IeIeHNsI.

1965 Jlenunckas npemus copmectHo ¢ B. C. Hemunnosbim u B. B.
Hosoxknsosbim.

1975 HobGenesckas npemus 110 sxkonomuke comectro ¢ T. Kynmancom.
1976-1986 Bcecoto3Hblil HayTHO-MCCI1E/I0BATENILCKIIT HHCTUTYT CHCTEM-
ubix uceaegosanuii Locitana 1 AH CCCP (pyxkosopurens Hampasiie-
HUst).

1986 Cronwascsa B Mockse 7 ampesst 1 moxoporen na HoBogesuabem
KJIaI0uIIe.
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Bknag B Hayky

[MpoeKkTNBHbLIE MHOXECTBA
MpocTpaHcTea KaHTopoBuya
JlnneiiHoe nporpaMmmupoBaHne
OnTumanbHbIll TpaHcnopT
PauunoHanbHbI packpoii

MeTtog HbtoToHa — KaHTopoeuya
«KanTtopoBny u Akunos»

OnTumaneHble LIEHbI

Hannyuylwee ncnonbsoeaHue pecypcos
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cTokn maTeMaTUKM 1 3KOHOMUKY

o CraHOBnEeHME HAayKM KakK UHCTPYMEHTA MOHWMaHUs — LONTWIA 1
CJIOXKHBIA npouecc. 3apoXXAeHne OpanHaNLHOrO cHeTa UKCUPOBAHO
NaneoNMTUHECKNMIN HAXOLKaMU, OTAENEHHBIMU JECATKAMUN ThICSY NET
OT SIBJIEHMS] PAa3yMHOIO N XO3SIACTBYIOLLErO HENOBEKA. DKOHOMUYECKAS
npakTKa npeaBapsieT NPefbICTOPUIO MaTEMATUKN,
ChOpMUPOBABLUYIOCS B HAYKY AOKa3aTeNbHbIX BoluncaeHuii B [pesHeii
['peuun npumepHo 2500 net Tomy Hazag.

o LleneHanpaBneHHOe NoBefeHNE NOAENA B YCIOBUSIX OFPaHUYEHHbIX
pecypcoB cTasio obbeKTOM Hayku coBcem HepasHo. [laToli poxxaeHus
SKOHOMMKM KaK HayKu MpuHATO cunTaTb 9 mapta 1776 r. — peHb
nybnnkauum counHennst Agama Cmuta «llccnepgosanme o npupoge un
npu4nHax boraTcTea HapogoB».
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l—lpemvleT MaTEMATUKN

o [lpeameT MaTEMaTUKN — KOJIMYECTBEHHbIE N MPOCTPAHCTBEHHbIE
hopMBI YENOBEHECKOrO MbILLEHNS.

@ MaTemaTuka pyHKUNOHUPYET KaK HayKa AOKa3aTeNbHbIX NCYUCTEHNA,
NOCTOSIHHO OBHOBAASICH U HapalMBas 0bBEM HAKOMIEHHbIX 3HAHWIA.
Co BpeMeHEM MeHAITCA TpeboBaHUA K CTPOrocTU J0Ka3aTeNbCTB U
TEXHOJIOMUAM UX MOJIYYEHUs, BOSHUKAET fesleHne MaTeMaTUKN Ha
YUCTYIO U NPUKNALHYIO.
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MaTemaTnka 1 3KOHOMUKA

@ MaTemaTuka usydaer dopmbl Mblwnerus. MNpegmer skoHOMUKYN —
obcTosiTeNnsCTBa Yenoseyveckoro noeegerunsi. Matematnka abctpakTHa
1 [AOKa3aTesbHa, a NPOPECCMOHASBHBIE PELLEHUS] MAaTEMATUKOB HE
33/€BatOT ODBLIYHYIO XXU3Hb JIIOAEH. DKOHOMUKA KOHKPETHA U
JeKnapaTuBHa, a NPaKTUYeCKUe ynpaXKHEHNS] SKOHOMUCTOB
OCHOBATEJIbHO XKN3Hb MEHSIOT.

o Llenb maTtemaTuku — He3ynpeyHble UCTUHBI N METOAbI UX MOJTYHEHUS.
Llenb skoHOMUKN — uHAWBMAYaNLHOE Bnarononyyme v Nyt ero
JOCTVKEHWS.

@ MaTemaTunka He BMELINBAETCS B JINHHYKO XXN3Hb 4€/10BEKA.
DKOHOMMKA 3a4€BACT €ro KOWeNeK N KOLIENKY. Cnncok KOPEHHbIX
pa3n|/|q|/||7| MaTEMaTUKU N SKOHOMUKIN BecKoHeYeH.
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MaTtemaTunsa Unsa SKOHOMUKN

@ XIX Bek oTMe4YeH MepBbIMN MOMbITKAMMN MPUMEHEHNSI MATEMATNYECKNX
MeTOf0B B 3koHOMUKe B paboTax AnTyaHa Ortocta KypHo, Kapna
Mapkca, Yunesima Crennn [kesonca, Jleona Banbpaca u ero
npeemHuka no JlozanHckomy yHusepcutety Bunwsdpego MNapeto.

@ MaTemaTunyeckasi akoHomunka — HoBauust XX Beka. /ImeHHo Torga
BO3HWKJIO MOHMMAaHUE TOrO, YTO SKOHOMMYECKUE NpobsieMbl TpebytoT
COBEpLUEHHO HOBOro MaTemaTu4eckoro annapata. K skoHoMuyeckoii
npobaemaTuke obpaTUANCL MaTEMATUKN NEPBOIA BenYUHbI — [>KoH
don Heliman un JleoHun Kantoposuy.

@ Teopusi nrp kak annapaTt U3y4eHust SKOHOMUYECKOrO MOBEAEHUS 1
JNinHeliHoe NporpamMMUpPOBaHME KaK annapaT NPUHATUA peLLeHul
NPUBENN K CTPEMUTENLHOW MaTeMaTU3aLMn SKOHOMUKIN.
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P33prBbI MEHTAJIbHOCTN

o Mexay TOYHBIM 1 TYMaHUTapHbIM CTUJISIMU MbILUJIEHUST CYLLECTBYIOT
NpUHUUNManbHble pasnnyus. JIloan CKAOHHBI K PacCy>XAeHUAM Mo
AHaNOrnM U MeTOAY HEMOJIHOW MHAYKLUWN, POXXAAIOLLUM UHO3UI0
0BLLE3HAYMMOCTI 3HAKOMBIX NpuemMoB. Paznnuuns Hay4dHbIx
TEXHONOMMiA He BCerpa BblfesieHbl OTYET/IMBO, YTO, B CBOIO O4Yepefb,
CnocobCTBYeT CaMOU30ASALNN N BBIPOXKAEHUIO TPOMAAHBIX Pa3aesoB
HayKu.

@ PasHuua B MeHTanMTeTe MaTEMaTMKOB 1 SKOHOMUCTOB 3aTPYAHSET UX
B3aVMOMNOHUMAHWE U COTPYAHUYECTBO. HeBUANMBI, HO Be3gecyLin
Neperopoaky MbILLUJEHUS, U30ANPYOLLME MaTeMaTNYeCKoe
COOBLLECTBO OT CBOEr0 3KOHOMUYECKOTO BU3ABU.
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KoHconnaaums MbllLneHns

o Bneannﬂrou.q,ee MHor006pa3|/|e HanpaBneHmVl VICCﬂep,OBaHMVI
KaHTOpOBI/I‘-Ia O6'be,EI|I/IH$|eTCF| KaK €ro JIM4HOCTbIO, TaK N €ro
METOANHECKNMWN YCTAHOBKAMU. On BCe€rga nog4epkmBas BHYTpPEHHEE
€ONHCTBO HayKW, B3aMMOMNPOHUKHOBEHNE mp,eﬁ n MeTogos,
HeO6XOp,I/IMbIX ANA peweHnsa CaMbiX p33H006pa3HbIX TEOPETUNHECKUNX
N NpnknagHbix npo6neM MaTEMATUKN N SKOHOMUKN.

o XapakTepHoii YepToii TBopyecTBa KaHTopoBuya bbiia opmeHTaums Ha
Hanbonee TpyaHble NpobaeMbl N cCaMble NEPCNEKTUBHLIE NAEN
MaTeMaTUKN N SKOHOMUKN CBOErO BPEMEHMU.
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KaHTopoBuY 1 geckpunuus

o [lepsbie paboTbl KaHTopoBrYa OTHOCHANCH K MOMY/ISIPHONR B Te rOAbI
TeMaTuKe AeCKpPUNTUBHON Teopun MHOXecCTB. Jluaep sToro
Hanpasnenus H. H. Jlyaun B 1934 r. nucan KanTtoposnyy:

@ «Bbl gomxHbI 3HaTb, KAaKOBO Moe oTHolweHne K Bam. Bac Bcero, kak
YesIOBEKA, S HE 3HAIO elle, HO yrafbiBato MSrKMA Yapyrowmin xapaktep. Ho
TO 4TO 51 TOYHO 3HatO — 3TO pa3mMep Bawunx gyxosHbIX cun, KOTOpBbIE,
HaCKOJIbKO 5t MPUBLIK YraAblBaTh JOAel, NPeACTaBASIOT B HayKe
HEOrpaHNYeHHbIE BO3SMOXXHOCTU. 51 He CTaHy MPOM3HOCUTH

COOTBETCTBYIOLLEr0 CNOBa — 3a4eM? TafaHT — 3TO CAMLWIKOM Maso. Bbl

MMeeTe NpaBo Ha bonbLuee...>.
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MaTemaTusaymsa counyma

@ B 1920-1930 roabl coumanbHble heHOMEHBI CTann NpeaMeTom
HeBepbanbHbIX UCCnefoBaHNiA, TpebOBaBLLNX CO3AaHNS CreunanbHbIX
MaTemaTuyecknx metogos. CylwecTBeHHO BO3pocaa noTpebHOCTL B
cTaTUCTM4Yeckoin obpaboTke aaHHbix. Co3aaHne HOBbLIX NMPOM3BOACTS,
BHEJpeHME NepeaoBbIX TEXHONOrUA, 0bOpyaoBaHNA 1 MaTepUanos
BbI3BaJIN NOTPEOHOCTL COBEPLUEHCTBOBAHUSI TEXHUKU PaCHETOB.
BypHoMy pasBuTuiO NpukKnagHoii MaTemMaTuKM cnocobcTeoBana
aBTOMAaTU3aLMs U MeXaHN3aLusa MpoLecca BblHMCAeHNA.
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Coto3 aHanM3a 1 NMPUIOXKEHNIA

o B 1930 rogbl npukiagHas MaTemMaTnka CTpeMUTENbHO cbmxaercs ¢
PYHKUMOHANBHBIM aHAIN30M.

o CyulecTBeHHYy0 pofib B 3TOM NpOLIECCe Cbirpanun uccnefosanusi [pkoHa
¢oH HeilimaHa no MaTemMaTN4ecKUM OCHOBaM KBAaHTOBOW MEXaHWKMN 1
Teopuy Urp Kak annapata SKOHOMUYECKNX UCCAeL0BaHNIA.

@ B Poccun nuoHepom n reHepaTOpOM HOBbIX CUHTETUYECKUX UAEN CTan
KaHTopoBsuu.
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[NpocTpaHcTBa KaHTopoBunya

@ LlenocTHoCTb MbilwieHNs NposiBAsiIach BO BCEM TBOPYECTBE
KanToposuya. gen nuxelinoro nporpaMMunpoBaHmns bbian TeCHO
CBSAA3aHbl C €r0 METOA0JIONMYECKMMIN YCTaHOBKamu B obnactu
maTemaTuku. B cepeante 1930 ronos LeHTpasbHOEe MeCTO B
MaTeMaTMYeCKNX ncciefoBaHusix KaHtoposmya 3aHuman
hyHKUMOHANBHBIV aHaNus.

@ [NaBHBLIM CBOMM MaTEMATUYECKUM AOCTUXKEHMEM B 3TOW obnactu
KaHTOpoBMY cHMTan BblAeSieHNe CMELNaNbHOro Kacca nopsifiKoBo
MOJIHbIX YNOPSAOYEHHbBIX BEKTOPHBIX MPOCTPAHCTB, KOTOpPbIE B
OTeYeCTBEHHOI INTEpaType UMeHyOT K-NpocTpaHCTBaMu nau
npoctpaHcTBamu KaHTOpoBMYa, Tak Kak B CBOUMX paboumx TeTpagsx
KaHTopoBMY Nucan o « MOMX NPOCTPAHCTBAX.
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[MpuHunn KanTopoBunya

«B aT0ii 3aMeTke 51 onpenensito HOBbIW TUN MPOCTPAHCTB, KOTOPbIE s HA3bIBatO
JINHERHBIMW NOAYYNOPsSfOYEHHBIMI NMPOCTpaHCcTBamu. BeegeHune aTux
NPOCTPAHCTB MO3BOJIIET U3yYaTb JIMHEHbIE Onepauumn ogqHoro obuiero knacca
(onepauunu, 3Ha4eHNs1 KOTOPbIX MPUHALIEXKAT TaKOMY MPOCTPAHCTBY) Kak

NnHeliHble OYHKLNOHANbI».
Kantoposuy, Jokn. AH CCCP (1935).

C. C. Kytatenagse (MHctutyT matemaT MATEMATUKA 1 SKOHOMUNKA 8 chespans 2022 22 /43



XaH, baHax n KaHToposuy

@ PaccmoTpum BelyecTBeHHble BekTOpHbIE NpocTpaHcTBa X, Y, W n
AnarpamMy LeicTBUSA JIMHERHBIX ONepaTopoB

A w
N A
Y
Kak mn3secTHO,

(i) (3%) XA = B < ker(A) C ker(B);
o (ii)Ecau W ynopsigodero korycom W, n
AX) — Wy =Wy — AX) =W, 1. e. A(X) maxopupyer W, To

X

(3X>0)XA=B o {A<0} Cc{B<0}

npu ycnoeuu, 4to Y npoctpaHcTBo KaHTopoBuya.
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JInHeliHble HepaBeHCTBa

o [lpocTpaHcTBa KaHTOpoBUYa fanun paMku Afist NOCTPOEHUS TEOPUN
JIMHENHbIX HEPABEHCTB, HEODXOAUMOV B MPUBIMIKEHHBIX BbIYNCIEHNSAX
ONsi OLEHOK TodHOCTU. KOHUenumsi HepaBeHCTB BeCbMa
npucnocobneHa ans 3agay, CBA3aHHbIX C NPUBINKEHHBIMY
BbIYUCIIEHUSIMU, TOE CYLLECTBEHHYIO POJib UTPatoT pa3HOObpasHbie
OLEHKN TOYHOCTU MOJYYEHHbIX PE3Y/bTaTOB.

@ [loCcTaBLMKOM JMHENHBIX HEPABEHCTE bblia SKOHOMUYECKAS
npobnematuka. LlenecoobpasHoe n ontumansHoe noseaeHne B
YCJIOBUSIX OFPaHUYEHHbBIX PECYPCOB €CTECTBEHHO (DOPMY/IMPOBaTL B
TEPMUHAX YAaCTUYHOIO CPaBHEHUS.
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MecTo HEPaBEHCTB B Fr€EOMETPUN N aHANTN3E

@ KoHuenuusi nuHeliHbIX HEPAaBEHCTB HepPa3pbiBHA C BbIMYKIOCThIO W,
cTano bbiTb, reoMeTpuein n PyHKLMOHANBHBIM aHAIN30M.

@ Bbinyknblli MHOrorpaHHMK —- peLIeHne KOHEYHOW CUCTEMBbI JIMHERHbIX
HepaBeHCTB. B ciyyae obuiero nonoxeHus BbINyKible MHOXECTBA CyThb
peLeHmns NOAXOAAWNX CUCTEM JINHENRHBIX HEPABEHCTB.

o DyHKUMOHaNbHLIVE aHaNM3 NpeAnonaraeT HaJnyme HETPUBUAJIbHBIX
HEMpPepPbIBHBIX IMHERHBIX PyHKLMOHanoB. Hannune takoro
hyHKUMOHANA SKBUBANEHTHO CYLLECTBOBAHUIO HEMYCTOrO
COBCTBEHHOrO OTKPLITOrO BbIMYKIOFO MHOXECTBA B ODBbEMIIOLLEM
NPOCTPaHCTBeE.
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JInHeliHoe nporpammMupoBaHue

@ JlnHeiiHoe NporpaMMmMpoBaHue — TEXHUKA MaKCUMWU3aLUM JIMHeliHOro
hyHKUMOHANA HA MHOXECTBE MOJIOXKNTENBbHBIX PELUEHUNI CUCTEMBI
NINHeliHbIX HepaBeHCTB. HeyanBnTeneHo, 4TO OTKPbLITUE JIMHEHOIO
NMporpaMMUpPOBaHUS NOC/IE[OBAJIO BCKOPE 3a CO34aHUEM OCHOB TeOpuu
npocTpaHcTe KaHToposuya.

@ TepmuH «J/MHeiiHOe NporpamMmmupoBaHuey 6o npeasioxed B 1951 r.
aMepukaHckumM skoHomuctom T. Kynmancom. B 1975 r. Kantoposuy
n Kynmanc nonyunnu Hobenesckyto npeMuto no sKOHOMUHECKUM
HayKam C (DOpPMY/IMPOBKON «3a UX BKIAZ B TEOPMIO ONTUMAJILHOIO
pacnpegenenus pecypcoey. Ocoboii 3acnyroii Kynmaxca crana
nponaraHfa MeTOLOB JIMHERHOro NPOrpaMMUNPOBaHNS 1 3aLuMTa
npuoputeta KaHTOpoBUYa B OTKPbLITUN 3TUX METOLOB.

o B CLUA nuneiiHoe nporpaMMupoBaHme BO3HWUKAO ToNbko B 1947 . B
pabotax dxopaxa JaHuura.
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OTKprTI/Ie B SKOHOMUWKE

o C onTumManbHbIM NaaHOM NtobOI NNHERHON NporpaMMel
aBTOMAaTUYECKN CBSI3aHbl ONTUMaJbHbIE LieHbl NN < ODBEKTUBHO
obycnoeneHHbie oueHkny. [NocnegHee rpomMo3aKoe CIOBOCOYETaHME
KaHTopoBnY Bbibpan U3 TakTUHeCcKnx coOObpakeHnii 415t NOBbILLEHUS
KKPUTUKOYCTONYMBOCTU» TEPMUHA.

(] KOHLI,eI'ILI,I/IH ONTUMaNbHbIX UEH N B3aNMO3aBUCUMOCTb ONTUMAJIbHbIX
peLUGHI/IVI N ONTUMAJIbHbIX UE€H — TaKOBa KpaTKasa CyTb
9KOHOMWHYECKOIro OTKPbITUA KaHTOpOBVI‘-Ia.

C. C. Kytatenagse (MHctutyT matemaT MATEMATUKA 1 SKOHOMUNKA 8 chespans 2022 27 /43



VHI/IBepCBJ'I bHasA SBPUCTNKa

@ AbcTpakTHble ngen KaHtoposnya B Teopun K-npocTpaHCTB CBsi3aHbI
C JIVHERHBIM NPOrPaMMUPOBAHUEM U MPUBIVNMKEHHBIMU METOLAMM
aHannsa.

@ Wpaen nnHeliHoro nporpaMmMmpoBaHmsi UMMaHEHTHbI TEOPUN
K-npoctpaHcTs. BbinosHeHune ntoboro ns npuHATLIX BapuaHTOB
pOpPMY/IMPOBOK MPUHLMNA ABOWCTBEHHOCTU JIMHERHOIO
NpPOrpamMMUpPOBaHMsi B abCTPaKTHOW MaTEMATUYECKOR CTPYKType
C HEeU30EXHOCTLIO MPUBOAUT K TOMY, YTO UCXOAHbLIA OOBLEKT sABASIETCS
K-npocTpaHcTBOM.
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CDyHKLI,I/IOHaJ'IbHI:II\/JI dHaJIN3 "
NpMKAaaHad MaTeEMaTUKA

@ B konue 1940 rogos KaHTtoposuy cchopmMynuposan u paseun Te3UC O
B3aIMOCBA3M (DYHKLMNOHAIBLHOrO aHain3a 1 NpUKIaAHON MaTeEMaTUKM:

@ «YCcTaHOBMIACh TPAAULMS CHITATL (PYHKUMNOHAMBHBIN aHANN3 AUCLUMANHON
YUCTO TEOPETUYECKON, AANEKO OT HEMNOCPEACTBEHHbIX NMPUIOXKEHWIA,
KOTOpasi B NPaKTUYECKNX BOMPOCAxX He MOXeT bbITb ucnonb3osaHa. Llens ...
B U3BECTHOI Mepe paspywinTb 3Ty TPaAULMIO, YKa3aTb Ha CBS3b
PYHKLMOHANBHOTO aHaNM3a C BONPOCaMU NMPUKIALHONA MAaTEMATUKU. ...

@ KaHTOpoBMY BbILEAN TPU TEXHONOMMU: METOL Ma>kOPaHT,
Bocxoaawwmlii kK Kown, MeTon KoHe4YHOMepHbIX NpubavxeHuii u MeTog,
JlarpaH>xa ons HOBbIX 3agay ONTUMU3ALUN, BOSHUKAOLWNX B
SKOHOMUKE.
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Tpu TexHonorunu

@ TexHONOrno MaXkopupoBaHusi B 0BLLNX YNOPAAOYEHHBIX BEKTOPHbLIX
npocTpaHcTBax KaHTOpoBMY B35/1 32 OCHOBY MCCNEA0BaHUS
BapmaHToB MeToga HetoToHa B HaHaxoBbIX NpoCTpaHCTBax.

o [luckperusaymss — npubnvxeHne BeCKOHEYHOMEPHbBIX MPOCTPAHCTB U
OMNepaToOpPOB NX KOHEYHOMEPHBIMU aHaforaMy — CBsi3aHa C
YANBUTENBHBIM YHUBEPCAJIbHBIM MOHUMaHUEM BblHNCANTENIbHOL
MaTEMaTUKN KaK HayKu O KOHEYHbBIX MPUbIMKeHnsx obymx
KOMMNaKTOB.

@ HoBM3Ha 3KCTpeManbHbIX 3afaY, BOSHUKAIOLWMX B COLMANbHbIX
Haykax, CBsI3aHa C HaJIM4MeM MHOFOMEPHbIX NPOTUBOPEYUNBLIX Leneid,
CTaBsALWMX Ha NepBOe MeCTo npobrieMy COrnacoBaHUsi MHTEPECOB WU
CKaaspn3aLno BEKTOPHbIX Lienei.
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Ma>koprpoBaHue

o [lyctb X n Y — BelLeCTBeHHbIE BEKTOPHbIE MPOCTPAHCTBA 1 3ajaHbl

sekTopHbie Hopmbl |-lx u |-ly. Mycts, panee, T — nuneitnbiii

onepaTtop n3 X B Y, a S — nonoxuTenbHblii onepatop us E B F

TaKune, 41o

X—T vy

|1 Ll

E F

o Ecam npu stom | Txly < Slxlx  (x € X), 1o S HasbiBatoT
maxopantoii T. Touynas maxopanta | T| — wanmenbunii
nonoXmuTenbHelli onepatop u3 E 8 F, gns kotoporo
[Tl < ITl(Ix)) (x € X).
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AbcTpakTHas HopMa

«ABCTpakTHas HOPMa MO3BONSIET rOPa3A0 TOHbLUE OLEHUTH EMEHT 1
onepauuio, YemM OAHO HNCIO — YUCNOBasi HOPMa, U baarogaps 3ToMy Nony4uTb
60ﬂee TOYHbIE (I/I LIJVIpOKVle) rpaHnubl TPUMEHNMOCTN METOAA NOCNeAOBATE/IbHbIX
npubnmxennii. Tak, B Ka4eCTBE HOPMbI HEMPEPLIBHOW (PYHKLNN MOXXHO B3SiTb He
rpaHuLy eé BO BCEM WHTEpBase, a COBOKYMHOCTb €& rpaHuL, B HECKOJBKIX
HaCTUYHbBIX MHTEPBANAX... DTO MNO3BOMSET YTOYHUTL OLEHKY MPaHULLbl CXOAUMOCTH
MeTOAa NOCNef0BaTENbHbIX NPUBAKEHUI AN UHTErPabHBIX YPABHEHNI».
Kantoposuy, Becthuk JITY (1948).
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HopmuposaHue nocnegoeaTenbHOCTEN

l(61,&,.. ) = (&l &, - - - [En-1], sup |ék]) € RV
k>N

& /
&

&

()

Ll = Q& s sy

«S nonarato, 4TO N B pAae APYyrnx cayd4aes npuMMeHeHNe BMeCTO
BEWECTBEHHbIX YNCEN SNNEMEHTOB JINHEMHbIX nonyynopsano4eHHbIX
MPOCTPAHCTB B OLEHKAX MOXKET MPUBECTN K CYLLECTBEHHOMY YTOYHEHMIO
MOCNEAHUX .

Kantoposuy, Bectruk JITY (1948).
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ByneBosHauHbIli aHanU3

o CoBpemeHHasi TEXHMKA MaTEMATUYECKOTO MOAEIMPOBaHUS NMO3BOINA
NoKasaTb, YTO OCHOBHble CBOWCTBA PELUETOYHO HOPMMPOBAHHbBIX
MPOCTPAHCTB MPeACTaBASIOT CObOi byneBo3HauHbIe MHTEPNpEeTaLUK
CBOICTB K/1ACCUYECKUX HOPMUPOBAHHBIX MPOCTPAHCTB.

@ [pon3BosibHOe BaHaxOBO MPOCTPAHCTBO BHYTPU ByneBO3HAYHOIA
MOAENN MPUN BHELLHEN paclunpoBKe NpeacTaBnasieT coboii
pacluimpeHHoe npocTpaHcTBo baHaxa — KaHToposu4a. [1pu atom
KaXK[J0€ PEeLIETOYHO HOPMUPOBAHHOE MPOCTPAHCTBO MOXET ObITh
peanM30BaHO KaK MJIOTHOE MOAMNPOCTPAHCTBO HEKOTOPOro baHaxosa
MPOCTPaHCTBA B NOAXOAsiLeli DyneBo3HayHOW Mogenu.
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HuckpeTnsauus

@ VYpaBHeHune
Tx =y,

rae T : X — Y, a X n Y baHaxoBbl NpOCTPaHCTBA 3aMEHSIOT Ha
ypaBHeHune

Tnxn = yn
noabopoM KOHEYHOMEPHLIX anMnpPOKCUMUPYIOLLMX MOANPOCTPAHCTB
Xn, YN 1 BnoxeHuii 1y, Jn:

X—T vy
N IN
Xn—5.— Y
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[ MnepannpokcrmMayus

@ HectaHpapTHble Mogenn JarOT MeTOA BHELLUHEW annpokcMMauumn

T

E—F

3aecs E n F — HOpMMpoBaHHbIE BEKTOPHbIE MPOCTPAHCTBA HAZ OAHUM
1 TEM >KE MOJIEM CKaNsipoM, T — orpaHnyeHHblil NnHelHbIA onepaTop
n3 E B F, a# — cnmBon nepexofa K HeCTaHAApTHON 0bosiouKe.
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Obosoyka nNpocTpaHCTBa

e lyctb (E, || - ||) — BHYTpeHHee HOPMUPOBAHHOE MPOCTPAHCTBO
Hag *IF,a Itd(E) n p(E) BHEWHNE MHOXECTBA JOCTYMHBIX 1
beckoHeyHo Masbix anemeHtoB E. lNo onpenenexnunto
E#* = Itd(E)/p(E) Hopmupyem E#, nonaras
x|l := [Ix*] == st(lix|]) € F (x € Id(E)).

@ 3peck ¢ 1= g := (-)* : Itd(E) — E* — cakTop-romomopcusm, a st
— CMMBOJI NMEPEXOAA K CTaHAAPTHOM 4acTu JOCTYMHOrO HuUCha.
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Obonoyka onepatopa

o llycte T : E — F — BHYTPeHHWA orpaHNYeHHbIli NHElHbIV onepaTop
u3 E 8 F. Hucnosoe MHOXeCTBO
c(T)={Ce*R: (Vx € E)|| Tx|| < C||x||} sBnsietcs BHyTpeHHUM 1
orpanudeHHsiM u || T|| ;== inf ¢(T).

e Ecnmn || T|| — mocTynHoe 4ncno, To N3 KIaCCMY4ECKOro HOPMaTUBHOTO
HepaseHcTBa || Tx|| < || T||||x||, cnpaBegnusoro ans Bcex x € E,
sugHo, 4to T (Itd(E)) C Itd(F) n T(u(E)) C p(F). CneposaTensHo,
KOPPEKTHO onpeaeneHo cHmkenne T Ha E# — obonoyka
T#: E* — F#, pelicTeytowas no npasuny

T#pex := o Tx (x € E).
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Hanunune rmnepannpOKCMMaumﬁ

@ [MpocTpaHcTBo E# aBTOMaTU4eCKM OKa3biBaeTcst baHaxoBbIM 415
KaXX[0ro BHYTpPeHHero (He 0bsi3aTeNbHO MOJIHOMO) HOPMUPOBAHHOTO
npocTpaHcTBa E. Ecnu BHyTpeHHAs pa3mMepHOCTb BHYTPEHHErO
HOPMUPOBAHHOIO NPOCTpaHCTBA E KOHeYHa, TO nMpocTpaHcTBO E
Ha3bIBAIOT rUNEPKOHEYHOMEPHLIM. N KaXkgoro HOPMUPOBAHHOMO
BEKTOPHOrO MPOCTpaHCTBa E cyluecTByeT runepkoHe4HHOMepHoe
nognpoctpaHcTeo F C *E, cofeprkallee BCe CTaHAAPTHbIE 3/1EMEHTI
BHYTpeHHero npoctpaHcTea *E.

@ NHdpuHuTE3UMaNbHBIE METOALI MO3BOSIOT NPELJIOKUTL 1 HOBbIE
CXEMbI TUMEPANMPOKCUMAaLMM OBLMX KOMMNAKTHBIX NPOCTPaHCTE. B
KayecTBe TakUX NpUbAVKeHU K KOMMAKTHOMY MHOXECTBY CBEpPXY
MOTYyT BbICTYNaTb MPOU3BOJIbHbIE KOHEYHbIE BHYTPEHHNE MHOXECTBA,
cofepykallyne BCe CTaHAAPTHbIE 3JIEMEHTbI NOAJIeXallero
annpoKCUMaLMmM KOMNaKTa.
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Ckanapusaumns

o Cneundpmyeckne TpyAHOCTM NPaKTNYECKUX 3a4a4 U HeobXO4MMOCTb
CBEAEHUS NX K YNCNOBOMY Ciy4ato Bblaun CBsi3aHbl B TBOPYECTBE
KaHTopoBMYa C pa3MbILWAEHUSIMU O NPUPOLE BELLECTBEHHbLIX YMCEN.
dnemeHTbl cBoux K-NpoCTpaHCTB OH pacCcMaTpuBan Kak 0bobLueHHbIe
4yncnia, TeM CaMbiM Pa3BUBasl UAEN, KOTOPLIE B HALle BPEMSs MPUHSTO
Ha3bIBaTb CKansipu3aumeii.

o CKaJ'IFIpVI3aU,VIF| B CaMOM O6LIJ,€M CMbIC/IE — 3TO NpuUBEAEHNE K HNCHy.

@ Yucno npeacrasnsieT coboit Mepy KoMYeCcTBa. 3HAYNT CKansipu3aumum
nmeeT obuiemaTemaTnyeckoe 3HadeHne. Viccneposanna Kantoposuya
B 06/1aCTN CKanapusauumn beian CBA3aHbl C NpobaeMamy SKOHOMUKMY,
KOTopble 0bnagatoT 6ONLWNM YUCAOM MPOTUBOPEUUNBLIX LiENen 1
WHTEPECOB, NOAJIeXALLUX COrNacoBaHnio. DTO NPUBOAUT K CEPLE3HbLIM
TPYAHOCTSIM, OTCYTCTBYIOLIMM B C/1yH4ae CKansipos.
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dnemeHTbl K-NpoCTpaHCTB CyTb YMC/a

o Ckansipusauus no KaHTopoBMYy CBA3aHa C OAHOI M3 CaMbIX sIPKUX
CTpaHWL, MAaTEMATUKIN MPOLLSIOrO BEKA — C NPODNEMOV KOHTUHYYMA.
Metog dopcurra Kosna bbin ynpouwen B cepeanHe 1960 rogos
C UCMOAbL30BaHMEM annapaTa bynesbix anrebp m HOBOI TEXHOAOrUN
MaTEMATNHECKOIro MOAENNPOBaAHNA, I/ICI'IOJ1b3yIOLIJ'eI7I HECTaHOapPTHbIE
MOZENN TEOPUN MHOXKECTB.

@ [porpecc BO3HUKLLIErO Ha 3TO OCHOBE BYNIEBO3HAYHOrO aHan3a
NPOAEMOHCTPNPOBaN (PyHAAMEHTANbLHOE 3HAYEHME PACLLNPEHHBIX
K-npoctpaHcTs. Kaxaoe n3 Takmx NpocTpaHCTB, Kak 0Ka3aaochb
COBEPLUEHHO HEOXKUAAHHO, CAYXKUT PaBHOMPABHOW MOAENLIO
BELLECTBEHHON NPSIMOIA 1, 3HAYUT, UTPaeT B MaTEMaTUKe Ty Xe
dyHaamenTanbHyto ponb. [pocTpaHcTea KanToposuya aanm HoBble
MOAENN MONA BELLECTBEHHbIX Yucen n obpenn beccmepTue.
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Vpokun KaHnToposurya

o [lpoTnBopeumne Mexay bnecTaWmMMmN JOCTUXKEHNAMN 1N AETCKast
HENPUCNOCODNEHHOCTBIO K MPaKTUYECKON INHUN XXU3HU — OAUH U3
Ba)KHbIX MapajoKCoB, OCTaB/eHHbIx HaMm KanToposudem. Cama ero
XU3Hb CTaja SIPKUM U 3arajoyHbIM ryMaHMTapHbIM DEHOMEHOM.

@ nTpaBepTHoCTb KaHTopoBuYa, o4eBnaHast B IUHHOM obLieHun,
COBEPLUEHHO HEOXKMUAAHHO COYETaNach C NybaNYHO
aKkcTpaBepTHocTblo. OTCYTCTBME OpPaTOPCKOro Japa COCeACTBOBaO C
rnybuHoi normkn n ocobbiMu npuemammn nonemukn. Ero BHyTpeHHss
cBoboga 1 CaMofoCTaTOYHOCTb, MSIFKOCTb, A0bpoTa 1
NCKNIOYNTENbHAS CKPOMHOCTb CTOSUIN B OAHOM psgy C
LleNIeHaNPaBAEHHOR XXECTKOCTBIO U HEYTOMUMOCTBIO Ha MyTM K
nocTaefeHHoii uenn. KaHtopoBuy gan Ham obpasew Hauay4ywero
NCNOJIb30BaHUSI PECYPCOB JINYHOCTMN B YCAOBUSIX BHELLIHUX U
BHYTPEHHUX OFPaHUYEHNA.
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13HaHka ycnexa

@ [Mpoueccel HpascTeeHHoro pasnoxeruss CCCP B 1970 rogbi He
obxoaunm CTopoHoii Hayky. KaHTOpOBUYY NPULLNOCE CTONKHYTLCS C
HEMaJIbIM YUC/IOM THYCHOCTEN, TBOPUBLUUXCS U B MaTEMATUKE U B
3KOHOMUKE. [bILWHBIM LBETOM pacLBeTaN Kapbepusm, CPeAU M1aBHbIX
CUMMNTOMOB KOTOPOrO TeX JIET Dbl KaK « BOMapKCOBJIEHNEY 1
«BOKamMs3C3CMe», Tak U aHTUCEMUTU3M, OCIOXKHEHHbIVi HEHABUCTBIO K
OUCCNOEHTCTBY.

o [locnepHue roabl xusum KaHtopoBud 6611 agMUHUCTPATUBHO
orpakieH oT MaTemaTuyeckoii xu3uu Mocksbl. Kak 3To Hu
napagokcanbHo, nony4yexne Hobenesckoii npemun He NpuBeno K
M3MEHEHUIO PeXUMa 3aManynBaHNs 1 COLMAbHON n3onsumm —
NpesnpUHMMANUChL MOMbITKM BbiBeCTM ero us coctasa Cnbupckoro
OTHAENEHUs, CNyHaNUCh U YKycbl nomenbye. Mexay Tem o KoHua
cBoux AaHeli KaHTOpoBMY OCTaBafNCs MaTEMATUKOM W K €rO MHEHUIO
npucnywmneanuce angepbl Hoebix nokoserunii C.M. Hoenkos n B.U.
ApHonbg,
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|
Membl ans byayuiero

@ Membl KaHTopoBnmya BocTpeboBaHbl YE/1I0BEHECTBOM, YTO BUAHO MO
y‘-le6Hb|M nJjaHam J'II-O6OFO OKOHOMMNYECKOIro nan MatTeMaTun4yeckoro
dakynbTeTa B Mupe. Annapat MaTeMaTUKU U UAES ONTUMANbLHOCTK
CTannm nogpydHbiMn opyansammn J'HO6OFO MNPAaKTNKYKOLWEro SKOHOMUCTA.
Hogble MeToabl NOCTaBUAN HENPEOAOTMMYIO MAAHKY ANs
TPagnunoOHaINCTOB, paCCMaTPUBAOLLNX SKOHOMUKY KaK MOJINTOH
TEXHONOrnii TUNa MaKKUaBenn3ma, nn3obaACTBa, 34PaBOro CMbICAa
n dpopcaiita.

o 3KOHOMVIK3 KaK BEYHbIN napTHEpP MaTeEMaAaTUKN V|36E)KVIT CNINAHNA C
Nt0boii 330TEPMUHECKON HaCTbiO FYMaHUTAPHbBIX HAYK, MOANTUKN VN
bennerpuctuku. Hoeble NokoneHUss MaTeMaTMKOB DyayT CMOTPETL Ha
3araflodHble Npobaembl SKOHOMUKN KaK Ha Be300HHbIA NCTOYHUK
BLOXHOBEHUSI N MPUBJIEKATENIbHYIO apeHY MPUJIOXKEHNS 1
COBEPLUEHCTBOBAHNA CBOUX 6e3ynpel-|Ho CTpOornx MeToaos.

@ Bbluucnenne nobenut ragatue.
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