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O MECTE HECTAHJIAPTHBIX MOJAEJIEI

C. C. Kyrarenanze

CraTbg MOCBAIIEHA METO/0JIOTUY HECTAHIAPTHOIO MOJeIupoBaHud. [Io0Ka3aHo, 9YTO HECTAHIAPTHBIE Me-
TOXBI aHAJIN3A, T. €. IPHEMBbl, OCHOBaHHBbIE Ha OJHOBPEMEHHOM WCIOJIh30BAHWUM CTAHJAPTHBIX W HECTAaH-
JAPTHBIX MO/Iejiell TEOPUU MHOXKECTB, He SBIISAIOTCS YeM-TO UCKIIOYATETbHBIM NN HOBOMOIHBIM. MokHO
CKa3aTh, YTO HECTAHIAPTHBIE MOJE/N (DAKTUYUECKN WCIOJIH30BAJINCh JABHO, HO HA COBPEMEHHOM 3Tare
BO3MOXKHOCTH HECTAHIAPTHOTO MOJEJTMPOBAHUS MCCJIEAYIOTCS OOJiee MOIHO, YeM 3TO ObLIO TMPUHSATO Pa-

HEe.

O HecTaHIAPTHBIX MOJIESIX ¥ CBSI3aHHBIX C HUMHU METO/IaX aHAJIN3a MOYKHO CKa3aTh MHOTO
HEMOHATHOTO 1 oTTajsKuBaiero. lens Hacrosimnero coobIenns — NPOUIIOCTPUPOBATH MHYTO
BO3MOYKHOCTb.

B ocroBe MmaTemaTuku CO BpeMeH aHTUIHOCTH JIeyKaT TOYKHU U dncia. JIpeBueiinmit u Bax-
HEUIuil preM UCCIeI0BaHUNl — n300pakeHne Yuces TOUKamu. MoKHO TOBOPUTH O MPOCTEH-
HIeM npuMepe MOJETMPOBAHUS, T. €. U3yIEeHUN CBONHCTB OJHUX OOBEKTOB (YUCEN) C TIOMOIIBIO
IPYTUX — WX n300paskeHuit (TO9eK).

Pazbepem sToT KIaccuueckuit mpumep mojapobHee. /st 9TOro HE0OXOAUMBI OMpejeeH s
MCXOJIHBIX TIOHITHI — To4Yek U guces. Obparumcs K mepBoncTouHnky — «Haganamy EBkinga.

Onpenenenne 1 Kunrnu I rmacut: « Toukxa ecth TO, 9TO He mMeeT dacTeiiy. Uucia xKe ompe-
nesiennl B Kuure VII B n1Ba npuema:

«1. Edunuya ectb (TO), 4epe3 4To KazKJ0e M3 CYMECTBYIOMNUX CUNTACTCS €IUHBIM.

2. Yucao xKe — MHOYKECTBO, COCTABJIEHHOE M3 €JIMHMUIL. »

B xommenTapun . /1. Mopayxaga-BoaToBckoro, compoBoxK gatomieM pyccknii mepesos «Ha-
qasI», OTMEYIAETCS, 9TO B TPETECKOM OPUTHHAJE MCTOIB3yeTcsa cioBo Mdova( — monada, KOTO-
poe He BIOJHE TOYHO MEPEBEIEHO KAK «EJIMHUIIAY.

EC.HI/I HOrD;OI)'ITI/I K IIPUBEAECHHBIM OIIPpEeaACJIECHUAM C COBPEMEHHBIX TEOPETUKO-MHOZKECTBECHHBIX
HOSHHHﬁ, TO MO2KHO BUAETH, YTO [Ba HATYPAJIbHBIX YNC/Ia — 3TO ABa MHOXKECTBa, OJHO U3
KOTOPBIX COJIEPXKUT JAPYTOe, B TO BPEMsI KAK Pa3HbIe TOUKM sIBHO HE MUMEIOT OOIUX dacTeil u,
3HAYUT, HE TIEPECEKAIOTCA KaK MHO>KECTBA. TOLIKI/I EBK.}II/I,Z[& ABJIAIOTCA TIPEJKaAMUW COBPEMEHHBIX
Pa3HOBUIHOCTEN TIyCTOrO MHOXKECTBA (HA3BIBAEMBIX «ATOMAMEY ).

Takum obpazom, mpu u300pa’keHUH IuCeJI TOIKAMHU Ha IMPIMOH HJIH IJIOCKOCTH HE CO-
OJIF0/TAeTCST B3aUMOPACIOIOXKEHTE MOJETUPYEMbIX 00bEKTOB KAK MHOXKECTB — HE COXPAHSIeTCs
orieparius repecevdenus uin, oosee o110, OTHOIIEHNE TPUHAIEXKHOCTH MEXK/1y MHOXKECTBAMU
(nnm, B 6oJI€€ TPATUIIMOHHOM SI3BIKE, MEXK/TY SJIeMEHTAMU MHOYKECTB).

Mojenb B paMKax TEOPUU MHOYKECTB HA3BIBACTCS HECMaHOapMHOl, eCin st m300paykeHmit
MOJIETUPYEMBIX OOBEKTOB He COXpaHeHo orTHoirenue npunasiexuoctu (JI. Xenkun). Cremno-
BATEJIbHO, OOIENPUHATHIN Crocob m300parkeHus YUCe/ TOYKAMM — B TEXHUYECKOM CMBIC/IE
TpeJIcTaB/isieT co00ii TPUMEp HECTAHIAPTHOTO MOJIETUPOBAHUSI.
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O6paTuMcst O ITUM YIJIOM 3PEHUs K IPYTUM KJIACCHIeCKUM TPUMepPaM MATeMaTUIeCKOTO
MOJIE/TUPOBAHUSI.

1. Moaenp Ilyankape HEeBKJIUIOBOIl T€OMETPUU COXPAHSET MEPECEUEHUs] MPSIMBIX — U B
9TOM CMBIC/IE CTaHIAPTHA.

2. Knaccuueckoe m3obparkenme cernmapabeqbHOTO THARDEPTOBA MPOCTPAHCTBA KaK TIPO-
CTpaHCTBa HOCTeAOBATENLHOCTE lo U mpocTpancTBa L2 (—, ) MATerpEpyeMBIX ¢ KBaJpa-
ToM DYHKIUN JaeT TPUMEP HECTAHIAPTHOTO MOJeIupoBaHus. B camowm rgese, MyHKIUN Sin
U COS TIEPECEKAIOTCS KAK MHOXKECTBA M aOCIHUCChI TOUEK MepeceveHus (/1a ¥ OPIANHATHI TOXKeE)
nebesbraTepecHbl. 300paxkenns 3tux QyHKINE B [ IMEIOT MAJIONHTEPECHOE TTEPECeIeHue.

Takum o6pazom, Teopema Pucca — Qurriepa 06 nzomopdusme ruibOEPTOBBIX TPOCTPAHCTB
(oHO¥ TUILOEPTOBOI PA3MEPHOCTH) TI0 CyTH MCIIOIL3YeT HECTAHJAPTHYIO MOJEb, 9TO, KO-
HEYHO, HUKAK HE yMAJIsIeT €€ 3HAYUEHUS.

DTOT TpUMEp TPOSABJSIET BaXKHEUITYI0 OCOOEHHOCTH HECTAHJIAPTHOTO MOIEJUPOBAHUS.
HecranmapTable Momenn BeChbMa «UyBCTBUTEIBHBI» K TOMY, UTO U KAK MOJEJUDPYETCs, Ka-
KuM 00pa30M MPOBEPSIOTCA MOEeIupyeMble yTBepKaeHus. VHadue roBops, mpoIeaypa Bepu-
duKanuM — O0TCEeNBAHNE UCTUHHBIX CYKIEHUN OT JOXKHBIX — CaMa HYKJAETCS 3/1eCh B IBHOM
pa3bIICHEHWH.

Crout 0c000 MOAIEPKHYTH, UTO U300paYKEHNE AHAJIUTHIECKUX O0bEKTOB KAPTUHKAMHU Ha
TJIOCKOCTH — HEYCTPAHUMBII TTPUEM MaTeMaTUIeCKUX MCCIEI0BAHUN — SIBJISIETCS C TEXHUUE-
CKOIl TOUKM 3peHUs OOBIYHBIM TPUMEPOM HECTAHIAPTHOTO MOJEJUPOBAHUSI.

W3 ckazaHHOTO SICHO, UTO Hecmandapmmvie Memodv, GHAAU3A, T. €. TIPUEMbl, OCHOBAHHBIE
Ha OAHOBPEMEHHOM WUCIOJB30BaHUW CTaHIAPTHBIX W HECTAHIAPTHBIX Moﬂeﬂeﬁ Teopum MHO-
JKECTB, HE SBJISIIOTCS 9eM-TO UCKIIOUUTEIbHBIM WM HENPUINIHBIM WA HOBOMOIHBIM. JItoam
TOBOPAT MTPO30ii M KOHCTATAIUs 3TOr0 (PaKTa JUTEPATYPOBEIAMA HUKOTO HE cMyIaeT. MoxKHO
CKa3aTh, YTO HA COBPEMEHHOM 3Talleé BO3MOXKHOCTH HECTAHJAPTHOTO MOJEJUPOBAHUS HCCJIE-
JyIoTcst 60J1ee MOIHO, 9eM 3TO OBLIO IMPHUHSTO PaHee.

v ",’

Yuusepc m ¢on Heiimana <<OCHQU{eHHbLI>> HUBEepPC M

Puc. 1

Bephewmcst k Hanbosiee pacnpoCTpaHEHHOMY U BarkKHefIIIeMy HeCTaHIAPTHOMY [IPUEMyY aHa-
JI3a — U300pAYKEeHNIO THCe] TOYKAMH. B TeXHUTIecKoM ITaHe pedb 3/1eCh NAET O 3aMeHe THCIa
a ojtHOvIeMeHTHBIM MHOKecTBOM {a}. [TonsTHO, uT0, CKaxKeM, uncia 4 u 5 1epecekaroTcs, a ux
m3o6paxkenns {4} u {5} — mer. [locTymmM o aHAIOTNE CO BCEMN MHOKECTBAMH, SJIEMEHTAMH
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KJIacca BCeX MHOXKeCTB — yHuBepcyma ¢don Heiimana V:
x: a €V~ Ai={a} € V.

Kak o6b1umo,

U Ve,

acOn

Vo= |J P(Vp).

BEa

e

T.e Vo={z:(3p) (Beanz CVs)}

Moxk#HO n300pa3uTh 3Ty KOHCTPYKIMIO WHAYE W PACCMOTPETH MUP:
V,:={(¢g,a): a €V} =V

Ecin ¢ — BbicKa3blBaHme 0 MHOXKECTBAX, TO B HAIEH MOJEIN OYEBH/IEH 3aKOH <IIEPEHOCAY:
o((1,A)) <> p(A) (r.e. (1,a) C(1,b) <> aCbur m).
Heckonbko 06001mM mpuBeeHHYI0 KOHCTPYKInio. IIycrs

Vo =V?:={p:Q =V, domyp =Q; imp C V}.

ITycrs A = A(-) — nexoTopslii anement n3 Vg 1 ¢ — bopMyia TEOPHI MHOKECTB. 3aKOH
MOKOOPJAMHATHOTO MOJEIUPOBAHUA HE BBI3BIBAET 3aTPY/IHEHMIL:

p(A) < (Vg€ Q) p(Alg)).

C srmm mpasunom Vg 09€BHIHO CTAHOBHTCA MOJEIBI0 Teopun MHOXKecTB. OgHaxko m3 06-
IIAX COOOPAXKEHMI KayKeTCsI, YTO TAKas «IIOCTONHASY MOJETh HUKAKNX HOBBIX 3HAHHUI HaM He
nobaBser (XOTs OHa U HECTAHJAPTHA).

Barnsmem Bee xe Ha Vg nosanmarenbree. Iisg 3Toro monoxum

[p(A)] = {q € Q: ¢(Alg)}-

Boznaukaer «omenka nuctTuHHOCTH» HOpMYJT ¢ Kak yukims [ -] co snavenuavu B P(Q). ITo-
HATHO, 9TO CIPABE/INB «IIPUHIIAT TIEPEHOCA :

(¢ — Teopema) < [¢] =

Hepr,uHo BUAETH, 9TO CIIPpaBEAJINBBI COOTHOIIIECHUA:

[ A 4] = Tl N1,
[V 4] = ¢l Uﬂ¢ﬂ

[(Vz) o] = N\ [p(a
[B2) o] =/ o
[Tpu 5TOM BEpEH U «ITPUHITUI MAKCAMYMA :
B2) p(z) » 39) [p(@)] = Q.
Barisinem Ha 00bekT R := R . Ouesugno

[R — nose BemecTBeHHBIX Unces] = @,
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T. €. 'R MoJeupyeT Iojie BeIIeCTBeHHBIX YHCes «BHyTpu Vg».
MoxxHO cKazaTh U ©HA4YE

Rl:={z€Vg:[z € R]=Q} =RY,

T. €. «CIT[yCK» MOJIS BEIIECTBEHHBIX YnCesl BHYTPH Vg — TIPOCTPAHCTBO BEIIECTBEHHLIX (QyHK-
nmit Ha Q.

ITpuBegerHy0 KOHCTPYKIIMIO MOXKHO HECKOJBKO 0000IINTH, 3aMeHUB () Ha CTOYHOBCKWIA
KOMIIAKT HEKOTOPOI TIOTHO# GyJteBoit anre6psr B, a P((Q)) — Ha anre6py OTKPHITO-3aMKHY THIX
nonmuOKeCTB (). Tounee roBOps, OpeIeisisi HOBBIM «HECTAHJAPTHBINY YHUBEPCYM MHOXKECTB
V(B), TIOJIOKUM

V&B) ={z:(3 € a) z:dom(z) > B A dom(z) C VéB)},
V(B) = U V((IB)a
aceOn

re « mpoberaer kKjacc opauHasioB On.
Byanesa onenka ncruanocty [@] onpenensiercs pekypcueii o cJI0xKHOCTH (¢ TP eCTeCTBEH-
HO¥l MHTEPIIPETAIINY JIOTUIECKUX CBI30K U KBAHTOPOB. OIEHKN YKe aTOMHBIX (GOPMYT & € Y U

r=yY oad r,y € V(B OTIPEAETIIOT CXeMOM TPAHCHUHUTHON PeKypCcun:
[zeyl:== \/ v ALz=a];
zedom(y)
r=yl= A z(x)=lzey]lr N ylz)=lzeal
z€dom(z) z€dom(y)

(3Hak = CcEUMBOMM3UPYET UMILIUKAIHNIO B B.)

Tak BozumKaer OyeBo3HA4UHBIN yHUBEpCYyM V\2/) momenumpytomuii yamsepcym (ou Heii-
mana V. [Ipu sTom mose BemecTBeHHBIX dnces R B HOBOM MOJEIN MMEET CBOMM CITYCKOM Pac-
mupenHoe K-npoctpancreo R, 6aza koroporo nzomopdHa UCXOAHON Oyiepoit anrebpe B.
Tem cambim mosrygaer obocHOBaHUE 8pucmudeckuti npunyun Kanmoposuua, n Teopus Oyie-
BO3HAYHBIX MOJIE/IENl TTPEBPAIIAETCS B AllllapaT OHOTO W3 KJIACCHIECKUX PA3AEa0B (DYHKIIHO-

(B)

HaJIbHOTO aHAJIN3A.

Teopust 6y€eBOBHAYHBIX MOJeJIeli, CTaBIIAg OCHOBOW «Oy/JE€BO3HAYHOTO aHAJM3a», BOCXO-
aut k 1. Crorry, P. Conosero, I1. Borenke u I'. Takeytu. Bosiee n3BecTHO HampapjeHue MO-
JIeTUPOBAHMSI, TIOJIYUYNBINlee HA3BaHWe OT CBOero ocHoparens A. Pobumrcona «HecTaHIAPTHBIH
anam3y. B HacTosdinee BpeMsi BCe Uallle NCIOIb3yeTcs 00siee TOIHBIM TEPMUH «UH(MUHATEIN-
MaJIbHBIN aHAIM3», MTOMYEPKUBAIOIINI CBsI3b HOBON TEOpUM C KJAACCUIECKUMU BO3IZPEHUSIMU
muddepeHmaabHOr0 M MHTErPAJIbHOr0 UCIUCIEHNUs, BOBHUKIIErO B hopMe «aHam3a 0eCcKo-
HEYHO MaJIbIX».

C TexXHUYECKO! TOUKM 3peHUs MOJe/ I NHPUHUTEINMATBHOTO aHAIN3a MOTYT PACCMaTpPH-
BaThCsT KaK MPOCTeNIne Pa3sHOBUIHOCTH OyIeBOo3HAYHBIX Mojeseii. OnHako 3HaueHre nHOU-
HATE3UMAJbHBIX METO/IOB CTOJIb BEJIUKO, UYTO POOMHCOHOBCKMIT aHAIN3 3aHNMAET COBEPIIEHHO
ocoboe mecto. JloctarouHo cKazaTh, YTO UMEHHO B HEM HAILIM OObSCHEHWE MeTO/bl, OCHO-
BaHHBIE HA WCHOJBb30BAHUN AKTYaJIbHBIX GECKOHETHO GOBIINX U GECKOHEUHO MAaJIbIX IHCesT (B
YACTHOCTH, Teopust Hemeqnmbix KaBanbepn u Mmonamonorus JlehGuuna).

PazpuBag nndunnTe3NMANBHBIN anaau3, 0T 00bIYHOrO yHUBEpcyMa (ou Heiimana V me-
PEXOIISAT K «OCHAIEHHOMY» yHUBepcyMy V! Tak HazbIBAEMBIX 6HYMPEHHUL MHOXKECTB C OT-
MEUYEHHBIMU B HEM PEMEPHBIMU TOYKAMU — CMAHIGPMHLLMY MHOKECTBAMY, COCTAB/ISIIONTAMA
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J/Hueepc M BHCULHUX MHOMCECME

Puc. 2

K/1acc m3o6parxkennii — komun V¥ 06branoro yansepcyma V. Jasbreiimmii anaIms moka3saeT
gyro V! nexxur B HOBOM Kiacce — B yHuBepcyMe V¥ grewniur MHOXKECTB, YI0BIeTBOPSIONINX
axcmomatuke Iepmesno. B VE Brigenen yausepeyM «ximaccmaecknx» muoxects VO — erme og1-
Ha peasim3aIis MIpa CTAHJAPTHLIX MHOKecTB V2. TotHee roBops, MMeeTCst *-n300parkenne,
noatemenTHO otoxaectriasioniee VO u V. B cuny amanoros npuarummnos neperoca VO, VI
u V! Moxkno paccMaTpuBaTh Kak «unocracus yaumsepcyMa don Hejimamna V. HMenno B 3ToM
CJIOYKHOM B3aMMO/IEHICTBAN HECTAHIAPTHBIX MOJEJIEHl TPOXOAUT BeChMa OyPHBINl COBPEMEHHBIH
9Tl BO3POXKJIEHUsI, IEPEOCMBIC/IEHUS U ODOTAIEHNS CTAPUHHBIX NH(MUHUTEZUMATHHBIX METO-
JIOB.

CuHTe3 TEXHUYECKUX MPUEMOB OYIeBO3HAYHOTO U NH(MDUHUTEZUMATHHOTO aHAIN3a — 9TO BO
MHOTOM BCe eIlle OTKpbITas mpobsema. C ee COBpEMEHHBIM COCTOSTHUEM MOXKHO TTO3HAKOMUTHCS
o cepun «HecTtangapTHBIE METOIBI AHAIM3AY.
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