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YTO TAKOE BYJIEBOSHAUYHBIN AHAJIN3?

C.C. KYTATEJIAA3E

ABSTRACT. This is a brief overview of the technique of Boolean valued
analysis.

1. BBeaeune

TepMmuH «6yJIeBOZHAYHBIN aHAJIM3> BO3HUK B IIPejiejiaX MaTeMaTUIeCKON JIOTUKY.
B ymorpebsienue ero Been TakeyTu, BBLIAOMNIACS CIEIUAJACT B 0OJIACTH TEOPUU
nokazaresberB. TakeyTu onpeenuni B [1] O6yieBO3HAYHbIA AHAIN3 KAK IPUJIOKEHUE
K aHaJM3y OyJeBO3HAYHBIX MOJeJell TeOPUN MHOYKECTB, IIOCTPOeHHbIX CKOTTOM U
CoJioBeem. AHaJlOrMYHBIE MOJIEJIU B Te YK€ BpeMeHa Ipejyioxkuil Bomnernka. Tem ca-
MBIM BOIIPOC, BBIHECEHHBIN B 3aroJIOBOK, II0JIy9YaeT HEKOTOPBI OTBET B HYJIEBOM
npubsmkennn. OHAKO 3aKAHYNBATH HA TOM ObLIO ObI paHO. YMECTHO OOCY/IUTH
6oJtee TOIPOOHO CJIEYIOIINE TPUA BOIIPOCA.

1.1. 3adem BOOOIIe HY>KHO 3HATh Npo Oy/ieBo3HaYHbI aHaau3? B mayke
MBI HEPEJIKO PYKOBOJICTBYEMCSI JIIOOOIBITCTBOM, & eIl Jallle 3aHNMAaeMCs TeM, 9TO
nosryaaercs. OJHAKO IIeHMM MbI B HayKe TO, 9TO JiejlaeT Hac yMHee. ByjneBosHnau-
HBIIl aHaJu3 00JIa/aeT TaKON IEHHOCTHIO, pa3JBUras Ipejesibl HAIIUX 3HAHUN U
CHUMasI MOPHI KATETOPUIHOCTH C IVIa3 COBEPIIEHHOIO MATEMATHKA — MaTeMaTHKA
par excellence. I'taBHas 11€71b JATBHERIIIETO U3TOKEHNST — ODOCHOBATH STOT TE3WC.

KUTATELADZE, S.S., WHAT 1S BOOLEAN VALUED ANALYSIS?
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1.2. Jlns vero 3To 3HATH paboTaoineMy MareMaTuky? acTh OoTBeTa yiKe
JaHa — 49To0BI cTaTh ymHee. EcTh m apyroe, He MeHee BaKHOE OOCTOSTEIBCTBO.
ByneBosnaunblii anajm3 He TOJBKO CBA3aH CO MHOTUMH TOIOJOIHIECKUMHU U T€0-
METPUYIECKUMU UJIESIMU, HO U MPEIOCTABIsIeT TEXHOJOIHIO PACIIUPEHUS COJIepIKa-
HUsI y2Ke JIOKa3aHHbIX TeopeM. Kaxktast Teopema, JOKa3aHHAs KJIACCUIECKUMU CPEeJI-
crBaMu, 00J1a1a€T HOBBIM HEOUEBUIHBIM COJEPKAHUEM, OTHOCSIIMMCS K «IIePEMEH-
HBIM» MHOXKECTBaM. 1OUHee TOBOpsI, JT00as JOKa3aHHAS TeOPEeMa MOPOXKIAET HOBOE
CeMeiCTBO TeOpeM, 3aHyMEPOBAHHOE BCEBO3MOXKHBIMU MOJHBIME OYJIeBbIMU aJIre6-
PAMU UJIH, ITO TO K€ CaMoe, HeroMeOMOP(MHBIMUA CTOYHOBBIMU ITPOCTPAHCTBAMI.

1.3. Yro garor OysieBo3HAYHBIE MOJEaN Teopuu MHOXKecTB? OTBeTy Ha 3TOT
BOIIPOC OY/IyT ITOCBSIIIEHBI KAK CO/IepyKATE/IbHAsI, TAK U TEXHUYIECKas JacTu 0630pa.
B nenTpe BHuMaHuUs OyyT 0OIMe METObI, He 3aBUCHAIINAE OT TOHKUX BHYTPEHHHUX
CBOWCTB MCXOJHON MOTHOM OysieBO#l ajrebpbl. DTU MPUEMBI [TPOCTHI, HATJISIHBI 1
VI0OHBI B OOpAIEHUM, & IOTOMY MOTYT MPUTOIUTCS JiIoOoMy paboTaroriemMy Ma-
remaruky. Cjieyer IOMHUTH IIPU 9TOM, YTO OYyJIEBO3HAYHBIE MOJIEJA TEOPUU MHO-
JKeCTB OBLIM IPUIYMAHBl PAJIUA TOTO, YTOOBI YIPOCTUTH U3JIOYKEHHE MeToja (Pop-
cunra Kosna [2]. Maremarnka Hembicimma 6e3 jtokasarenascrs. Nullius in Verba.
Cratb ymuee 6€3 COOCTBEHHBIX ycunil HepeaabHo. [losTomy dacTs MecTa OyeT oT-
BeJleHa CXeMe JI0KA3aTe/IbCTBA HE3aBUCUMOCTH OTPHUIAHUS T'HIIOTE3bl KOHTHHYYMA
or akcnoM Teopun MHOXKecTB Ilepmeno — @penkenst (¢ BeiGopom) ZFC. Nmenno
3a 9TOT pe3ysIbTaT, 3aKPHIBIIHIil IepByio mpobiremy I'uanbepral, B 1966 romy Kosmy
ObLTa pucykaeHa OUiICOBCKasT MeIaJlh.

2. ByneBo3zHauHbIe MoOzeIN

Apena OyeBO3HAYHOTO aHAJM3a — HEKOTOpas OYJIEBO3HAYHAST MOE]b TEOPUU
muoxkectB ZFC. UTobbl 33/1aTh TAKyI0 MOJENb, HY>KHO B3sTh IOJHYIO OYJIEBY aJl-
re6py?. 3 coobpazkenmit KoMbpOpTHOCTH 31eMeHThI O 1 1 BHIGPAHHOM MOTHOIT GyiTe-
BoOit ayirebpbl B 1 oneparuu B B MOXKHO CYUTATH HAOOPOM CIIEIUAJIBHBIX CUMBOJIOB,
HCIIOJIB3YEMBIX TPU OOCYXKJEHUN BOIPOCOB MCTUHHOCTU MATEMaTUIeCKUX yTBEp-
JKJICHUIA.

2.1. ByneBo3HauHblil yHUBepCcYM. [[j1s1 KaxKI0r0 OpAMHAJIA (¢ TIOJIOKUAM
B .
VP = {z | Fnc(z) A 38)(B<a A dom(z) C V§) A im(z) C B}.
(Hyxuble cBenenus o6 opauHaaax cobpanbl HuxKe B mynkre 7.2.) Bosee noapobuo
B
W(() )= z,
ng)l = {z |z — bysxmus, dom(z) c VP, im(z) ¢ B},

vE = U WéB) (o« — mpeziesIbHBII OpMHAT).
B<a

T uns6epr [3] cumras npaBRONOLOGHBIM, YTO «C TOYHOCTBIO JI0 S9KBHUBAJEHTHOCTH, TAKUM 00-
pa3oM, eCTb TOJBKO BE€ COBOKYIIHOCTH YUCEJI — CUYE€THad COBOKYIIHOCTb U KOHTUHYYM».

2ByﬂeBa anrebpa B — 310 anrebpa ¢ eaununeil 1 (ormanoit or Hynsa 0) Hazm d6yTasemenm-
nowv noaem 2 = {0,1}, B KOTOpOil KaxKJplii ss1eMeHT uaemnorenTed. Jdnsa a,b € B monaraior
a < b «> ab = a. Ilonaora B o3HavaeT HAJIUYINE TOUHBIX BEPXHUX M HUXKHUX TPAHUI] y JIIOOOrO
[IOZMHOKeCTBa B.
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Kiacc
vE = ) v
a€On

1 ectb 6yaecoznavmvitl ynusepcym. dmementsr V() umenyor B-snaunoumu mho-
orcecmeamu. Cremyer samernts, uro VB cocronr nexmounrenso n3 dyHKImii.
B uwacraocTH, @ — 9TO0 dyHKINS ¢ 001aCTBIO ONpemesenust & u obpazom . Ciemo-

B
BaTEJBHO, TPU «HIKHNX> d1axka V(B) yerpoens: cieryommm o6pa3on: W(() ) = g,

W%B) = {2}, WéB) = {@,{@},b) | b € B}. Crour nomguepkHyTh, ur0 o < 3 —
WSXB) C W(BB) st mrobbix opmuHanos a u 3. Kpome toro, 8 VB mueer mecro
NPUHUUN UHOYKYUL

(Ve € VP ((Vy € dom(z)) w(y) = ¢(@)) = (Vo € V) p(a),

rje ¢ — dopmya ZFC.

2.2. Ounenka ucTUHHOCTHU. Bo3bMeM Tenepsb npousBosibHyio dhopmyray ZFC Buma
v = p(u1,...,u,). Ec/in 3aMEHUTH I€MEHTHI Uy, . . ., Uy DJIEMEHTAMHA L1, ..., Ty €
V(B),| 10 MBI mOTyINM KOHKPETHOE YTBEPIKIEHHE 06 00BEKTAX X1, ..., Ty. IIOMpO-
OyeM IPHUIINCATH STOMY yTBEPKJIEHUIO HEKOTOPYIO OUEHKY UCTMUHHOCTMU, KOTOPYIO
KOpoYe MBI Oy7leM MMEHOBaTh NPOCTO oyexkol. Takas orneHka [¢] momxHa GBHITH
asiemeHToM ajreopel B. Ilpu 3TOM MBI ecTecTBEHHO XOTHM, 9T00bI Teopembl ZFC
cTajim «HanboJlee NCTUHHBIMU» B CMbBICJE HOBO IIPOIE/IypPHI, Ipuodbperas B Kade-
CTBe OIEHKU MCTUHHOCTU HAMOOJbImii djieMeHT 1 := 1p anredbpsr B, T. e. ee edu-
HULY.

Ol1eHKY IIPaBUJIBHO [TOCTPOEHHOM (DOPMYJIBI CJIEYET OIPEIeNIATh «IBONHONY UH-
Jgyknueit. Bo-niepBbIX, HYy?KHO y4eCTh ClI0C00 TOCTPOEHUsI JaHHOM (DOPMYJIBI U3 aTo-
MapHBIX (OPMYJ BUJa £ € Y U & = Y. BO-BTOPBIX, HY>KHO OIPEJIEIUTH OIEHKU
aToMapHbIX hopMyIT st & 1 Y, npoberatonux V(B | mpusiekas pexypcusroe ompe-
Jesienre OyJIeBOZHAYHOIO YHUBEPCYMA.

OueBnHO, uTO ecam ¢ u ¢ yxKe onenennsie dbopmyist ZFC, a [¢] € Bu [¢] € B
— OIIEHKU 3TUX (POPMYJI, TO CJIEJLYET IOJIOKUTH

[ A 9] =Tl A4,
[o vyl :=lel v I¥I,
[ = 9] == [l = [¥1,

[=¢] == =[],
[(Vz) p(@)] ==\ ()],
[G2)e@)] =\ [e(@)],
eV (B)

I7le B MPABBIX YaCTAX CTOAT OYJIEBHI OIEPAINH, OTBEYAIOIINE JIOTHIECKUM CBI3KaM
7 KBAHTOPAM B JIEBBIX 4YacTdAX: A — Iepecedenne, \V — OObeqUHEHNE, - — JIOMOJI-
HEHUe, a UMILUIKAIUS — OIIpeJiejieHa IpaBmwioM: a — b := —a V b a4 a,b € B.
Tosbko Takue orpejieyieHnsI 00eCIIeYaT 3HAYEHUE <«EIUHUIA» JIJIsT OIEHOK KJIACCH-
YeCKUX TaBTOJIOTHH.

[Tepeiiem Temepb K OIEHUBAHUIO ATOMAPHBIX (GOPMYT T € Yy U & = Y Jis
z,y € VB, Uuryntusaas ugesi ompejeeHHsl COCTOUT B TOM, 4TO B-3HadHOe
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MHOXKECTBO ¥ <«HEUYETKOE», T. €. «COIEepKUT 3djaeMeHT z u3 dom(y) ¢ BEpOATHO-
cTbI0 Y(2)». PyKOBOICTBYSCH 9TUM U Kejlasi COXPAHUTD JIOTUIECKYIO TABTOJIOIHIO
x €y <+ (Iz € y) (2 = x) HAPALY ¢ AKCHOMOIl SKCTEHCUOHAJILHOCTH, MbI [IPUXOMM
K CJIEAYIOMEMY PEKYPCUBHOMY OLPEIEIEHUIO:

[teyl:= \ wAlz=a4l,

z€dom(y)
[x =vy] = ( /\ x(z)—>[[z€y]])/\< /\ y(z)—>[[z€x]])
zedom(x) z€dom(y)

Tenepb MbI MOXKEM IIPHUIATH CMBICJ (DOPMAJIBHBIM BBIPDAYKEHUIAM BHIAA O(X1, . . ., T ),
e T1,...,2, € VB u ¢ — dopmyna ZFC. Muaue roBopst, Mbl B COCTOSTHHH
TOYHO OMNPEJETUTh CMBICJ, B KOTOPOM TEOPETUKO-MHOXKECTBEHHOE YTBEDKICHUE
©(u1,...,Uy,) BEPHO U 3aJaHmI HAGOPA OGBEKTOB T1, ..., T, € VB,

Vmenno, Mbl GyieM TOBOPUTH, 9TO Gopmyaa @(T1,...,Tn) GLINOAHEHA BHYM-
pu V) wimm aro anemenmol 1, . .., Ty 06aadarom ceoticmeom @ enympu V) mpn
yeaosun, 910 [@(z1,...,2,)] = 1. B aroit curyamun mamyr VB = o(zy, ..., z,).

Eciu mekoropast opmysia ¢ teopun ZFC 3anucana Ha HAIlleM €CTECTBEHHOM sI3bi-
Ke, T0 U3 mepanTH3Ma crapar Kaperam: VB = «p». Suar ydosaemeopenus =
IIPUBOJUT K yHOTPEOIEHHIO TEOPETHKO-MOIEIbHEIX Bhipazkernit Tima «V(B) — sro
6yaecosnavnas modeaw st p» smecto VB = .

fcHo, 9TO BCe aKCHOMBI M TEOPEMbI UCUYUCJIEHUS] IIPEJUKATOB IIEPBOTO IOPSIIKA,
sepusl B V(B B wacrnocrn,

(1) [z =] = 1,

(2) [z=y] =y =2],

(B) [x=ylnly=2] <[z=2z],

(4) [z =yl n [z ea] <[z eyl

(6) [x=ylnlzez] <[ye-zl
Ormermm, uro s moGoit dopmyist ¢ Gymer VB =z =y A p(z) = ¢(y), T e.

(6) [z =yl A p(@)] < e®)]-

3. IIpunnunel 0ysIeBO3HAYHOIO aHAJIN3A

B 6ynesozuaunom yausepcyme V(B) coorromenne [x = y] = 1 uu B Koeli Mepe He
o3Ha4aeT, 9T0 MYHKIUN & U Y COBIAJIAIOT KakK djeMeHTsl V. Hanpumep, dyukimus,
paBHAs HYJIIO HA KAKOM-JIHOO U3 CJI0EB W((XB), r7e « > 1, urpaeTr poJib IIyCTOr0 MHO-
xectBa B V(B). D10 06CTOATEIBCTBO MOKET 3aTPY/IHITH HEKOTOPbIE KOHCTPYKITIH,
HeOOXO/IMMBIE B JTaJIbHEHIIIEM.

3.1. Otmenumelii yauBepcyM. B aroif cssu Mbr nepeiizem or VB x omdeau-
(B)
, OOBITHO COXPAaHsisi 32 MOCIETHUM TIPEZK-

(

MOMY Byaeso3narmomy yrueepcymy V
—(B
mnit cuvBost V(B 1. e. momoxxkum VB) = ¥ ). IIpu sTOM, ITOOBI OIpENETUTD

7(B)
W/, Mbr paccMorpum oTHOmeHne dksusagentroctu {(z,y) | [z = y] = 1} na
V(B). Buibupas ssement (mpejcTaBUTeb HAMMEHBINErO PAHra) B KaxKIOM KIacce

. 7(B)
SKBUBAJIEHTHBIX (DYHKIUI, MbI U TPUXOANM K OTJAEJUMOMY YHUBepcyMy V' .
SamMeTnM, YTO UMILTHKATIHS

[z=y] =1 = [p()] = [¢(y)]



388 C.C. KNTATEJIABE

CIpaBeInBa JJIs TPOM3BOJIBHON (opmysel ¢ Teopun ZFC u asemeHToB =, Yy
3 VB, Crenosaresbno, B OTIEIMMOM YHHBEPCYME MOYKHO BBIYHC/IATH ONEHKIH
dopwmyi, He obpalas HIKaKOro BHUMAaHUs Ha BBIOOP MpecTaBuTeeit. B mambHeit-
eM, TIpu paboTe B OTJAEIUMOM YHUBEPCYME, MbI Oy/IeM yI00CTBa paii PACCMATPH-
BATh KOHKPETHBIH NIPEJICTABUTENb KJIACCa IKBHUBAJEHTHOCTH, a He BeCh Kilace (Kak
9TO MPUHSITO B aHAJIN3€, CKAYKeM, IIPpU paboTe ¢ (PyHKIMOHAIBLHBIMU ITPOCTPAHCTBA~
Mu mKaJsbl Pucca).

3.2. CsoiicTBa 6ysieBOo3HAaYHOI Mojeau. Baxkueiimue cBoiicTBa Oy/I€BOZHATHO-
ro yausepcyMa V(B) coGpanbl B CIIELYIOMIX TPEX IPe/IOKEHIIX:

(1) TIPUHLMI TEPEHOCA. Bee teopembr ZFC sepusr B V(B)| 1. e. cumsosmirde-
CKU:

VB = ZFC.

ITpuHIMI IEpeHOCa yCTAHABIMBACTCS TPYIOEMKON IIPOBEPKOI TOrO, YTO BCE aK-
cuombl ZFC nostyunsiu onenky 1 u 9TO BCe IpaBUjia BBIBOJAA OIEHKY (hOPMyJI yBe-
suamBator. VHorma mpuHmun mepenoca Bblpaxkaior ciaosamm: «V(B) — sro Gyse-
BosHauHas Mojiesib ZFC». Tak Tepmun «OysieBo3HaYHAST MOJIEIH TEOPUI MHOXKECTB»
BXOJIUT B MATEMATHKY.

(2) TIPMHIUIT MAKCUMYMA. Tst Kak1o0it popmysiet ¢ Teopun ZFC cymecrsyer
snement xo € VB g xoroporo [(3z) o(z)] = [¢(0)]-

B uacrrocru, eciun Baytpu VB Bepro, uro ecrs x, aas xkoroporo ¢(z), To (B
embicite V) cymecrsyer asement xg B VB Takoit, uro [p(20)] = 1. Cumposmaecku:

V) G2 p(a) — (Fo0) VP b (o).

Hpunmun mMakenmyma osnadaer, aro (Izg € VIB)) [p(z0)] = V, ey [p(2)]
ao60it dhopmyist ¢ Teopun ZFC. Tlocnemnee cooTHolieHre 00bICHSIET TPOUCXO-
JKJIeHWe TEPMUHA <IIPUHIUII MakcuMyMay. JloKa3aTeJabCTBO K€ ITOrO MPUHITUIIA
COCTOUT B HECJIOKHOM IIPUMEHEHUH CJIE/LYIOIIero pakTa.

(3) IIpuHLMI NEPEMEIUBAHUA. IIycts (be)ecz — pasbuenue edunuyvt B B,
T. €. CEMEMCTBO 3JeMeHTOB OyJieBoii aarebpbl B Takoe, 910

\ be =1, (¥n€E)(E#n— b Aby=0).
£e=

JI1st KazKI0ro ceMeiicTBa 91eMEeHTOB (Z¢)¢cx OyIeBOSHAYHOIO yHHBEPCYMA vB)
u m060ro pasbuenns enuHUIb (be)¢cz CYMIECTBYET, U IPUTOM €JIMHCTBEHHOE, IIe-
pemenmuBanue (x¢) ¢ moMomubio (unu ¢ BepostHocTME) (be); T. €. SJIEMEHT & OTxe-
mmamoro yrusepcyma VB) raxoit, uro be < [z = x¢] aa Beex € € Z.

Ilepemewusanue = cemeitcta (x¢) ¢ moMombio (be) 0GO3HATAIOT CIIELYIOLIIM
obpazom: & = mixeexz(bexe) = mix{bexe | £ € E}. IlepememuBanue cBSI3aHO C IVIaB-
HOIt 0COOEHHOCTBHIO OYIEBO3ZHATHON MOJIEIN — MPOIIELYPOit «CTYIEeHIATOTO» HAabOpa
BBICIIIEl OIEHKU MCTHUHHOCTH.

(4) Tycrs z € VB u b € B. Oupenennm dbynkuuio br ua dom(bz) := dom(x)
1o npasuiny: bx : t > b A x(t) aia t € dom(x). Torma br € VB u s sro6bix
z,y € VB cnpasemymsn pasenctsa [z € by] = bA [z € y] u [bxr = by] = b —
[z = y].
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IIpoBepka mepBOro COOTHOIIEHUsT COCTOUT B HENOCPEJICTBEHHOM IojIcUIeTe OyIie-
BBIX 3HAYEHUN UCTUHHOCTH C IPUBJIEICHHEM OECKOHETHOTO JUCTPUOY THBHOTO 3aK0-
Ha:

[z €by] = \/ by) ) At=z]=bA \/ yOAt=z]=bA [z € y].

tedom(by) tedom(y)

Bropoe paBeHCcTBO mCIIOIL3yeT paBuia ONEHUBAHUS U3 2.2:

[bz = by] = ( A @) —[te bx]]) A ( A (o)) - te by]]> _

tedom(by) tedom(bx)
- ( N bAy)—bATte x]])) A ( N brzt)—>GATte y]])> -
tedom(y) tedom(x)
= A (Ory@) =) A (BAY(D) = [t € 2]) A
tedom(y)
AN (OAzE) = b)) A((BA(E) = [tey]) =
tedom(x)
—( A b—>(y(t)—>[[t€x]])>/\< A b—>(9c(t)—>[[t6y]])>—
tedom(y) tedom(x)

=b— [z =1y].

(5) lnabe Buxz € VB 6yner [bx = 2] =bV][z = 2] ubr = 2] = -bV[z =
&]. B wacrnoctn, VP = br = mix{bx, "bo}.

(6) IIycrs (be) — pasbuenne equuunnl B B, a cemeiictso (r¢) C V(&) rakoso,
aro VB = ¢ # y g mobbix € # 1. Torma cymecrByeT sjieMeHT & € VB,
Iyist Koroporo [z = x¢]| = be upu Beex . B camom neste, momoxum = mix(bez¢)
u a¢ = [z = x¢]. o ycnoBuio ag A ay = [z = ze] A [z, = 2] < —[ze # 2,] =0
npu £ # 1. Kpome roro, b < ag g Bcex £ B CUJIy CBOMCTB IepeMeIINBAaHUS.
Taknm o6pasom, (ag¢) Takzke pasouenue equunis B B. C apyroit cToponsl, —be =
\/777,£€ b, < \/n# a, = —ag m —bg < —ag, T. e bg > a¢. Urak, pasbueHns eIuHAIE!
(be) u (a¢) coBIamaoT.

(7) Pacemorpum dbopmyast ¢(x) u (x) Teopun ZFC. HomycTuM, 9T0 JJisi HEKO-
toporo uy € VB) srmomeno [¢(ug)] = 1. Torma

[(V2)(p(2) = ¢(@)] = A {[¥@)] | v e VP, [pu)] =1},
[B2)(p(@) A (@) =\ {[¥w)] |u e VP, [pu)] =1}

Otu (I)OpMyJII)I PACKPBIBAIOT «MO3aYHBbIC» MEXaHNU3MbI BepI/I(bI/IKaL[I/II/I B W(B)

3.3. ®yuknuoHajabHas peanusanus. [lycrs () — cCTOYHOBO MPOCTPAHCTBO TOJI-
HOIt GyJsieBoii anrebpbr B. O6o3naunm 4epes i (0TaeauMblii) Oy1eBO3ZHAYHbIA YHU-
sepcym VB, Jlnst kaskoit Touky ¢ € @ BBeJEM OTHOIIEHHE SKBHBAJEHTHOCTH
~g Ha Kiacce Y ciemyromuM obpasoM: u ~¢ v > ¢ € [u = v]. Paccmorpum
paccioenne V9 = {(q,wq(u)) | g€ Q,u e il} M yCJIOBUMCH OGO3HAYATH APy
(q, ~g (u)) cumBosioM Uu(q). O4eBHIHO, UTO JIst KasKJIOro sjieMeHTa u € i oTobpa-
xenme U : ¢ — 1(q) upeacras/ser coboii cedenne paccioenus V@, Bamerum, uTo
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nuis Begkoro x € V@ cymecrsyior u € U u ¢ € Q Taxwme, uTo u(q) = z. Kpome Toro,
paBeHCTBO U(¢) = D(¢) BBIIOJHEHO TOTJA M TOJIBKO TOTJA, Korua ¢ € Ju = v].

IIpesparnm Kazapii cioit V4 paccroenns V® B anrebpantdeckyio cucreMy cur-
Harypsl {€}, monaras VI =z €y < ¢ € [u€v], rue smemMenTs! u, v € $1 TAKOBHI,
aro U(q) = = u U(q) = y. Jlerko ybeuTbest B TOM, UTO IPUBEJIEHHOE OIPEJEJIEHIEe
KoppekTHO. eficTBuressHo, ecan U1(q) = @ u U1(q) = y Jyisi Kakoii-imbo npyroi
apbl 3JIEMEHTOB U1, V1, TO YTBEPXKICHUS q € [[u S v]] nqe [[u1 S vl]] 9KBUBAJICHTHBI.

Hecnoxuo ybeauTbest B TOM, 4TO KJacc, cocraBieHHblil Muoxecrsamu {u(A) |
u € U}, Tme A — OTKPBITO-3aMKHYTOe TIOJMHOXKECTBO (), sIBisieTcss 6a30i HEKo-
Topoii Tonosorun Ha V. Dro mossosser paccmarpusaTh V@ Kak HelpepbIBHOE
pACCIOeHNE, HA3BIBAEMOE HENPEPLIEHbIM NOAUSEPCYMOM. 1101 HenpepbishbLm ceve-
nuem pacciaoenns: VO MOHEMAIOT Cedenue, sBIISIONEECs HEIPEPBIBHOI (byHKITHEIE.
O6o3nraunm gepes ¢ KIACC BCEX HEMPEPBIBHBIX cedennit VO,

OrobpazkeHne u — U OCyIIecTBIsgeT Oueknmio Mex iy i u €, B KOTOPOii JIerko
PACIO3HATH OCHOBY I YI0OHOH (DyHKIMOHAJIBHON peajm3anuu OyJIeBOZHAIHOTO
yamsepcyma V(B Jleramn 91oif yHHBepCAIbHONR KOHCTDPYKIMHM, IPHHAIIEKALIET
Pyrmany u JlocenkoBy, nupusejensl B [8, . 6].

3.4. Coumanusamus. Maremarnka ABaIaToOro BEKa JIAIa HEMAJIO IPUMEPOB JI0-
CTHKEHNU, IIOJIyYEHHBIX 38 CYET COLUAIN3AIIE 00BEKTOB U IIPOGJIeM, T. €. BKJIIOUe-
HUST WX B Kj1acc cebe moobHbIX". By/leBo3HauHbIe MOJIE/H TIOJTyHaloT eCTeCTBeHHbIi
CTATYT B PAMKaxX TeOpuH Kareropuii. Vies mepeMeHHOro MHOXKeCTBa CTajla OCHOBOM
KaTEerOpHOI0 AHAJN3a JIOTUKH, OCYIIECTBISEMOrO B PAMKaX COBPEMEHHOI Teopun
Torocos [4].

3.5. Jducrannuonnoe moaesimpoBaHue. CBoiicTBa Oy/I€BOSHAYHOIO YHUBEPCYMa,
OTPaskaloT HOBYIO HAYUHYIO KOHIICIIUIO, KOTOPYIO MOXKHO HA3BATH 3A04HbIM WU
ducmanyuorrvim modesuposanuem. IloscHIM CyTh 9TOM KOHIIENINN €€ CDABHEHUEM
¢ TPAIUITMOHHBIMA TIOIXOIAMHU.

CrankuBasich ¢ ABYMS KJIACCHIECKUMU MOJIEJISIMU OHOI TEOPUU, MBI IBITAEMCS
YCTAHOBUTD B3aMMHO OJIHO3HATHOE COOTBETCTBHE MEXKJIY YHUBEPCYMAaMU ITUX MOJIe-
steit. Eciin Takyro 6UeKIuio yaaercs: moo0parh, IepeBoisl IPeJIMKAThI 1 OlePaIluu
OJIHOI MOJieJI B MX AHAJIOIM B JPYTOil, TO MbI TOBOPUM 00 M30MOPQMHOCTU MOJe-
steit. Takum obpa3oM, OMICAHHOE TIPeCTaBIeHne 00 N30MOPGU3Me MOIPA3YMEBAELT
SIBHOE COTIOCTABJICHHE MOJIeJIell — MpeIbsiBJieHre OUEKITNH YHUBEPCYMOB.

IIpencraBum cebe, ITO MBI JIUIIEHBI (PUITIECKON BO3MOKHOCTU TTOIJIEMEHTHOTO
CpaBHEHUsI MOJIeJIeil, OJHAKO MOYKeM OOMeHMBAThCs MHpopMalueil ¢ objamareiemM
JIpyTOii MOJIeJI HA PACCTOSHUE. B mporiecce oOIeHNs JIETKO YCTAHOBUATH, YTO HAII
[MapTHEP M3Yy4YaeT C IMOMOIBI0 CBOEH MOje/ i 00bEKThI, KOTOPBIE OH MMEHYET XOPO-
110 3HAKOMBIME HAM CJIOBAMMU, TOBOPST O MHOXKECTBAX, UX CPABHEHUU U TIPUHAJIEK-
noctu. [lockonbky mac marepecyer ZFC, Mbl copammBaeM y HEro — MCTHHHBI JIU
akcuombl ZFC? TlopaGoraB B cBoeil Mojiesin, HapTHEP COODIIAET «Jia, MCTUHHBI».
VOeuBIINCh TAKXKe, 9TO HAIll MapTHEDP HUCIOJb3yeT Te XK€ IIPABUJIa BBIBOJA, UTO
MIPUHSITHI HAMW, MBI JIOJI2KHBI TPU3HATH, 9TO UMEIOIIASCsS Y HETO MOJIEIb — ITO MO-
JleJib mHTepecyomeit Hac Teopun. [101€3HO MOI9€PKHYTH, YTO CIIEJIAB TAKOW BBIBO/I,

3FI/IJ'Ib6epT ckaszas B cBoeM gmokiuaze [3]: «Ecam mHam He ynaercs HafiTH pelleHHe MaTeMaTH-
9eCKOH IPOOJIEMBI, TO YaCTO IIPUYMHA ITOTO 3aKJIIOYAETCH B TOM, YTO MbI HE OBJIAJEJU €llle JO-
CTATOYHO OOIIel TOYKOM 3peHusi, ¢ KOTOPOil paccMaTpuBaeMasi pobjieMa MPeICTABIISIETCS JIUIITh
OTJIeJIBHBIM 3BEHOM B LIENH POJCTBEHHBIX IIPOOIEM>.
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MBI HUYEro He y3HAJM HU 00 00bEeKTaX, COCTABJISIONINX €r0 MOJIE/Ib, HU O MPOIEIY-
pax, ¢ IOMOIIBIO KOTOPBIX OH OTJINYaeT UCTUHHBIE YTBEPXKICHUA OT JIOZKHBIX.

HoBusna aucTannnoHHOTO MOJIETUPOBAHNS CBA3aHA C OTKA30M OT OTOXK/IECTBJIE-
HUs [IPEJIMETHBIX 00JIACTell U C JOIYCKOM paHee HEM3BECTHBIX IIPOIELyD Bepudu-
Kallu¥l YTBEPXKJICHUI.

3.6. Texuomorusi. s noka3aTebCcTBa OTHOCUTEIHLHON COBMECTUMOCTH TEOPE-
THKO-MHOKECTBEHHBIX yTBepzenuii yumsepcym V(B) ncmomssyior ciemyromntyio
cxemy. Ilycrs J u ¥ — pacmupenus reopuu Lepmeno — @penxeis ZF (6e3 BbI-
6opa), mpuuem u3 copMmectumoctu ZF cienyer copmectumocts .. [Ipennonoxnm,
9TO MOXKHO OIpeiennTb B rak, uro . = «B — nosHas Oysea ajarebpa» u npu
stoM . = ] = 1 jqys kaxoit akcuomsl ¢ Teopun 7. Torna n3 coBMecTHMO-
cru ZF caenyer copmectumocts 7. Tak V() ucnosnesyror B mccieoBanmsx mo
OCHOBaHUSIM MATEMaTHUKH.

Jpyrue BosmoxkuocTn npumenenus V' (B) Gasupyiorcs Ha ToM, 9TO IpH JTI060M
BBIOOpE Oys1eBOil aysredpsl B 9TOT yHUBEPCYM — IIOJUTOH I UCIBITAHUS [TPOM3-
BOJIBHOI'O MATEMaTHYIECKOTO COOBITHsI. B CHIIy IPUHIIAIIOB MEPEHOCa M MAaKCUMyMa,
B moboM u3 VB mmerorcss 06beKTHI, Hrpalolye POIN HHCe, TP, GaHAXOBBIX
IIPOCTPAHCTB, MHOI00Opa3uii U BOODIIE BCEX y2Ke BBEJIEHHBIX B 000POT U €Il TI0Ka
HEIPUJLYMAHHBIX MaTEMATUIECKUX MOHSATUN. DTH 06bEKTHl MOKHO BOCIIPUHUMATH
KaK HECTAHJAPTHBIC DEATU3aIMN COOTBETCTBYIOINX UCXOTHBIX 06pA30BaHUI.

Bce 3HAMEHHUTBIE U HE OY€Hb TEOPEMBI HHTEPIPETHPYIOTCs Atst daemenTos V(F)
U TIOJTy9aioT MIPU 9TOM HAWBBICIIYIO OIEHKY MCTUHHOCTH. BO3HUKaeT BO3MOXKHOCTH
HOBOI TE€XHOJIOTMHM — COIIOCTAaBJIEHUsI MHTEPIIPETAINNA MaTeMaTuiecKux (PakToB B
YHUBEPCYMax HaJl Pa3HbIMU OysieBbIME ajirebpamu. PaspaboTka cOOTBETCTBYOMIETO
arnmapara COCTaBJsSeT CyIECTBO OyJIeBOZHAYHOIO aHAIN3a.

4. Coycku U noabeMbl

Huxkaxkoe corocrasiieHre HEBO3MOXKHO O€3 CBOEro Pojia Juajiora Mexx 1y V n VB,
Hawm my2)eH moctaTodHo yIoOHBI MaTeMaTHIeCKUil MHCTPYMEHTapuil Jijisi CPaBHU-
TEJIFHOTO AHAJIM3a WHTEPIIPETAINN MOHATHI 1 (HPaKTOB B pas3HbIx Mozensax. Coor-
BETCTBYIOIIAsT METHUKAG CNYCKO8 U Nodsemo6 OCHOBAHA HA OIEPAIUSX KAHOHIIE-
CKOT'O IIOI'DY2KEHUs, CIIyCKa U IIOIbeMa, KOTOPBIMU MBI ceiiuac u 3aiimemcs. Haunem
C KaHOHUYECKOI'O IIOIpy2KeHusi yHuBepcyMma (on Helimana.

4.1. Kanonundeckoe norpyxkeHue. Bass x € V, 0603HaIMM CUMBOJIOM " cmah-
dapmmoe ums x B V(B ); T. €. 9JICMCHT, OIIPE/ICJICHHBII CIIeAyIONEel CXeMO PeKyPCHM:

" =g, dom(z"):={y"|ye€z}, im(z"):={1}.

OTMeTHM HEKOTOPBIE CBOMCTBA OTOOParKeHMs T — T, KOTOPHIE MOHAI00ATCA HAM
B JIAJIbHEHNTIIIEM.
(1) Ecin z € V, a ¢ — dopmyaa ZFC, To

[Gy € ") e)] = \/{lp(z")] | 2 € 2},
[(vy € ") ()] = \{lp(z")] | 2 € 2}

(2) Ecoin & u y — sementsr V, TO ¢ IOMOIIBIO TPAHCHUHUTHON MHIYKIIUK Mbl
BUJIUM, 9TO

zeyeVP ey, z=yo VP =y
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Jpyrumu cjaoBaMu, CTaHIAPTHOE UMsi MOXKHO PaCCMaTPUBATH KaK (DYHKTOP TOTPY-
xennst V B VB,

IMycrs 2:={0,1}, rme O u 1 — uynb u equuuna Oysesoit aiaredpbl B. D1y aByx-
9JIEMEHTHYIO aJirebpy BOCIPHHUMAIOT KaK OJHY U3 UIOCTaceil JBOHKU. fcHO, 9TO
V@) moxno pacemarpusars kak noakiaace V(B Her comuenuii, 9ro cranmapTHOe
umst orobpazkaer V ma V()| uro dbukcupyer cieyommee mpeoKense:

(3) (Vuec V@) 3z e V) VB =y =z,

(4) Dopmyity HA3BIBAIOT O2paHUYEHHOM, €CIIU KazK/as CBI3aHHAs [IePEMEHHAs B
Hell BXOJIUT TI0J1 3HAK OIPAHMYEHHOI0 KBAHTOPA; T. €. KBAHTOPA, PACIIPOCTPAHEHHO-
o Ha KakKoe-Jinbo MHOXKeCTBO. TOUYHee ToBOpPsl, KaxKJasl CBsSI3aHHAs IIepEMEHHAsT X
orpannveHa KBaHtopoM Buza (Va € y) nim (Ix € y) Jyist HEKOTOPOTO Y.

OrPAHUYEHHBIN [IPUHIUII HIEPEHOCA. Jli1st Kaxk0i orpaHmIeHHOH (pOpMyJIbI
o teopun ZF¥C u moboro nabopa xi,...,T, € V BBHIIOJHEHO COOTHOIIEHHUE:

o(T1,. .., Tpn) < VB Eo(zy,...,z5).

Paborast mastee B oTeiuMOM yHUBEPCYME V(B), YCJIOBUMCST COXPAHATH CAMBOJI "
3a BBIJIEJIEHHBIM 3JIEMEHTOM KJIacCa, COOTBETCTBYIONMIETO L.

(5) B kauecrBe npuMepa OTMETUM I[I0JIE3HOE CJIEJICTBAE OIPAHUIEHHOIO IIPUHIA-
I1a IIepeHoca:

«® — coOTBETCTBUE U3 X B Y» <+ vB) = «®" — coorBercrBue u3 " B Y »;
«f — dbyskusg u3 r B y» < VB E «f" — dbyukuua uz x” B y"»

(mpu stom f(a)" = f(a") mas Beex a € ). Takum o6pa3oM, CTAHIAPTHOE UM
MOXKHO PaCCMaTPHUBATDH KaK KOBAPHAHTHLIH (DYHKTOP M3 KATETOPUH MHOXKECTB (HJIn
coorsercTrmit) BuyTpn V B nojxosgmntyto nojgkareropmio V(%) sayrpu otmesnumoro
yausepcyma V(B

(6) MHO)KeCTBO T HA3BIBAIOT KOHE4HbLM, ECIIH T COBIAIAeT ¢ 00pa3oM dbyHKIUH,
OlpeJIesIeHHOl Ha KOHeYHOM opmHase. CHMBOIMYIECKH 9TO BBIpaXKaroT Tak: Fin(z).
CanenoparenbHo, Fin(z) := (In)(3 f)(n € w AFnc (f) Adom(f) = n Aim(f) = ),
rje, Kak obprauo, w = {0,1,2,...}. SlcHo, 9ro BoiUCcaHHas HOPMyJIa HE SIBJISIETCS
orpanndennoil. Tem He MeHee IpeoOpa30BaHie KOHEYHBIX MHOMXKECTB C HOMOIIBIO
KAHOHUIECKOT'O TIOTPY2KEHUS JTOCTATOIHO y06Ho. B camoMm jmeste, obo3naduM depe3
Ppin (%) KJIACC KOHEUHBIX MOAMHOXKECTB &, T. ¢. Ppin(x) 1= {y € Z(x) | Fin(y)}.
Tl moboro muoykecTBa T mMeeT Mecto coormomrenme: V(B = Ppy(r)) =
Ppin(x"). Beuny HeorpanmdeHHoctr (HOPMYIIBI, ONPEIEISIONIEl MHOKECTBO O/
MHOXKECTB, B 001meM ciaydae Gyuer tonbko [P (x) C P(z")] = 1.

(7) IIycts p — mpousBosbHLLL aBToMOpdu3M OyieBoit anrebper B, a 1), — aie-
ment V(B onpenensemsrit bynxmueit {(b”, p(b)) | b € B}. Torma

(a) p(b) =[b" € ¢¥,] nns moboro b € B;

(b) aus muOxkectBa A C B Bbmonnsercs [A® C ¢, — (AN A)" € ¢,] =1 B TOM

1 TOJBKO B TOM caryuae, ecan p (A A) = A p(A);
(c) [¥p — ymsrpadunsrp Ha B"] = 1.

(8) Ilycrs m — romomopdusm B B mommyto OyineBy anredpy C. Pexypcmeit mo
otHOMTeHMIO y € dom(x) MBI MOKeM ompeeuTs oTobpaskenne 7 : VB — V(©)
takoe, uro dom(r*z) := {r*y | y € dom(z)} u 7z : v = \/{n(z(2)) | z €
dom(z), 7*z = v}. Eciu romomopdusm 7 MHBEKTUBEH, TO HHHEKTUBHBIM OYJIET U
orobpazkenue 7*. [Ipu srom 7%z : 7y — 7(z(y)) aia Beex y € dom(x).
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IIycts 4 — ynbrpaduasrp B Gynesoii anredbpe B, a 4’ — nBoiicTBeHHBIH K HEMY
urear, T. e. Y’ := {=b | b € U}. Torma daxrop-anrebpa B/’ nByxsnemeHTHA N
ee MOYKHO OTOXKJECTBATH ¢ OyseBoit anrebpoii 2:= {0,1}. ®akrop-romomopdusm
7 : B — 2 He sBisieTcst, BOOOIE TOBOPs, MOJHBIM. DTO He MO3BOJISET CBI3aTh
onenxn ncruaroctr 8 VB u V@), Onmako ecomu 7 moson (1. e. ecim 4 — riasHbrit
yabTpaduIbTp), TO s JHObIX GOpMyasl ©(X1,...,Ty) U HAOOPA Ui, ..., U, €
V() Gyner

V® = p(r*uy, ..., 7" up) < [o(u,...,u,)] €U,
ubo jig b € B paBHOCHIBHBI cooTHOImerus m(b) =1 u b € .

(9) Ilyrem dakropusanuu u3 yHHUBEPCyMa V) u yaprpaduibrpa 4 MOXKHO
CKOHCTPYHPOBATE MOJIEIb, OTIHIHyI0 oT V().

Beegem B VB ornomenne ~y mo dopmyie ~y = {(z,y) € VB x V(B |
[x = y] € U}. dcno, uro ~y — sksusazentnocts ma V(B Obozmaumm cum-
sostom V(B) /4 dakrop-kiace V®B) 110 ~¢ u HAZEIUM €r0 OTHOIICHHEM €y =
{Z,9) | v,y € VB [z € y] € U}, tne ¢ + T — xanonmueckoe hakTop-
orobpazkenne uz V(B 5 VB /§(. Moxwo nokazars, uro VB /il = o(T1,...,%,) <
[o(zi,. .. 2,)] € Y s z1,..., 2, € VB u bopmyasr ¢ Teopun ZFC.

4.2. Cnyck. B3gs 1pou3BoIbHBIH 9j1eMeHT & (OTAeJUMOro) GyJIeBOZHAUHOIO YHU-
sepcyma VB | onpeennn cnyck ) smemenTa @ cireyommmM oGpasoM:

zl:={ye VP | [y cz] =1}.

IIpuBenem mpocreiiue CBOMCTBA CIIyCKOB:

(1) Knacc £} — s1o muoxkectso, T. e. x| € V ga 2 € VB), Ecmm [z # @] = 1,
TO X} — HeycTOe MHOXKECTBO.

(2) Tyers 2z € VB u [z # @] = 1. Torga ms moboit bopmyist ¢ Teopun ZFC
OyeT

[(Vz € 2) p(@)] = Nlp@)] | 2 € =1},
[Gz € 2) p(2)] = \[{lp(@)] | = € 21}.

ITpu sTom cymecTByeT To € 2zl Takoi, uro [p(zo)] = [(3z € z) o(z)].

(3) Iycrs ® — coorsercrBue n3 X B Y BHYTpH V(B Nuave rosops, ®, X u'Y
— snementsr V(B) 1 npu srom [® C X xY] = 1. Torga Haiifercs, u IpUTOM €WH-
crBeHHoe, coorsercTire ®| n3 X| B Y] rakoe, uro ®L(A}) = ®(A)} myst moboro
Herycroro moamuozkectsa A muoxkectsa X suyrpn V(F). Bosmukaromee cooTser-
creue &) w3 X| B Y] massaor cnycrom coorsercrsust ® uz X 8'Y suyrpn V),

(4) Cryck cynepnosurnuu COOTBETCTBUI BHYTDH V(B) papen cymeprosuiun ux
cryckoB: (U o @)l =Tl od].

(5) Ecim & — coorserctsue suyrpu VB 1o (d71)| = (&))"

(6) TIycrs Idy — ToxmecTBennoe oTobpazkenne mekoroporo X € V) pmyr-
pu V&), Torna (Idx)J = Idx;.

(7) pemmomnoxum, aro must X, Y, f € VB ppmonmero [f: X - Y] =1, 1 e f
— orobpazxenne u3 X B Y sayrpn VB, Torma f| — emuncrBennoe 0T0GpaZkeHme
u3 X| B Y, ynosrersopsiomee coorsomenuio [fl(z) = f(z)] = 1 mua Becex x €
X

B cuy (1)—(7), MbI MOXKEM pacCMATPHUBATH CIIYCK Kak (DYHKTOD U3 KATEropuu
B-3HaYHBIX MHOXKECTB U 0TOOpazKeHuii (COOTBETCTBUI) B KATENOPUIO OOBITHBIX MHO-
JKeCTB 1 oTobpazkeHnil (coorBeTcTBHIt) B cMbIcae V.
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(8) BasiB x1,...,z, € VB, oGosmaumm uepes (z1,...,z,)" coorsercrByromyio
yropsiouennyio n-xKy sayrpu V(B). JTonycrum, uro P — 910 n-apHOe OTHOIIEHE
wa X uytpn VB 1. e. X, P € V&) u [P C X"] = 1. Torna cymecTByer n-apaoe
ornomenne P’ ma X/ Takoe, 9T0

(z1,...,2,) € P' & [(x1,...,2,)P € P] =1.

Jomyckast HEGOBITYIO BOJIBHOCTD, MBI OyjileM 0003Ha4YaTh OTHOIIeHHE P’ 3aHATBIM
cuMBoJIOM P 1 uMeHoBaTh ero cnyckom P. AHamornaubiM 06pa3oM OCYIIECTBISIOT
cnyck (bYHKIHI HECKOJIBKUX IMEPEMEHHBIX.

4.3. Tlogwem. Iycts z € V u 2z € VP, 1 e myecrs & — 970 HEKOTO-
pOE MHOXKECTBO, COCTABJIEHHOE M3 B-3HAYHBIX MHOXKECTB WJIH, JPYTUMH CJIOBAMH,
r € 2(VP). Honoum @1 := @ u dom(zt) := z, im(xt) := {1} upm ycio-
BuM, 9T0 T # &. Dyement T (OTIEJUMOro) yHUBEPCYMA V)| 1. e. BoIgCICHHBI
npescraputess kiacca {y € VOB | [y = 1] = 1}, naseisaior nodsemom z.

(1) Cremyromue pasemncrsa cripasemymussl s seex @ € P (V) u moboit bop-
MYJIBL :

[(Vz et ()] = Ale@)], [Gz€at)p()] =\ [p®)]-

yeET YyET

IIpousBonsa nogbem coorBercTtBust  C X X Y, ciiejryeT uMeTh B BUJLy BO3MOXK-
HOE pas3jaudne MeXKy ero o0acTbio oTmpaBieHnss X u 00JIaCTHIO ONPEIeICHUS
dom(®) :={z € X | (z) # T}. D10 06CTOATENBCTBO HECYIECTBEHHO JJIsi HAIIIX
Ouzkaimux neseii. [losToMy roBopsi 0 ciyckax, Mbl Beerja OyaeM UMETb B BHJLY
TOJIBKO BCIOALy OmpejiesieHHble coorBercTust: dom(P) = X.

(2) Hycts X,Y,® €V, X,Y € VB u & — coorsercrsue uz X BY. Cymiecrsy-
€T, I TIPIUTOM €JMHCTBEHHOe, cooTBercTBre ®T 13 X1 B Y1 BryTpn V(B) 1akoe, urto
paserctBo PT(AT) = P(A)T cupasemuBo it KaXKIOro MOAMHOXKeCTBa A MHO-
xkecra dom(®P), B TOM U TOIBKO B TOM ciyuae, ecan P sKcmeHncuonasvho, T. e.
YJIOBJIETBOPSIET CJIE/IYIOIIEMY YCJIOBHIO:

Y1 € B(21) = [rr =22] < \/ [y1 = v
y2€2(z2)

s x1, 1y € dom(®). Ilpu stom &1 = @1, rme @ := {(z,y)? | (z,y) € ®}.
OneMenT $1 HA3BIBAIOT NOJBEMOM MUCXOIHOIO COOTBETCTBUS D.

(3) Cyneprosunust 9KCTEHCHOHAJILHBIX COOTBETCTBUI TOXKE IKCTEHCHOHAJBHA.
TIpu 5TOM TIObEM CYTIEPIIO3UIN PaBeH Cyeprosumui moxbemos (sayrpu V(E)):
1. e. ipu ycaosun dom(¥) D im(®) Gymer VB |= (T o &)t = U1 o &1,

Bamernm, uro ecin ® u &1 skerencnonambubt, To (1)1 = (&)1, Ozxnaxo,
B 00OIIEM CJIy4ae SKCTEHCHOHAIBLHOCTH P HUKAK He TapaHTUPYET IKCTEHCUOHAJIb-
HOCTHL O 1.

(4) Crour ynoMsiHyTh, YTO €CJIHM SKCTEHCHOHAJIBHOE COOTBETCTBHE f SIBJISETCS
dbyuknueit w3 X B Y, 1o mogbem f1 coorBercrBust f Oyner dyuknueit uz X1 B Y.
IIpu 3TOM CBOHMCTBO 3KCTEHCHMOHAJLHOCTH MOXKHO 3aIIUCATH CJIEYIOMNIM 00PA30M:
[z1 = z2] < [f(x1) = f(2x2)] mna Beex z1,22 € X.

Jst muozkectsa X C VB | cumBomom mix(X) Mbl Oyjem 0603HAYATH COBOKYII-
HOCTB BCex HepeMernuBanuit Buna mix(bexe), rue (z¢) C X u (bg) — mpoussoibHoe
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pasbuenue equnuUIbl. Huzkeciemyonue IpeyIokKeHns UMEHYIOT NpasuAdMY COKPa-
WEHUS CMPENOK WA NPABUAGMU NOJGEMOE U CnYCcko6. ECTh MHOTO BECKHX OCHOBA-
HUI HA3BIBATH WX MIPOCTO npasusamu Swepa [6].

(5) Mycrs X u X' — npa noavmokectsa VB u f : X — X' — sxcrencuonas-
Hoe orobpaxkenwue. Ipemnomnoxkum, aro Y,Y’ g € V(B) yropinersopsiior ycioBmo
[Y£2]=[]g:Y = Y'] =1. Torma

X1 =mix(X), YIT=Y;
Mx=1f glt=g

(6) TTo anasoruu ¢ 4.1 (6) JIerKo BBHIBECTH CJIe/IyIONIEe MHOJIE3HOE COOTHOIICHE
Prin(X 1) ={01] 0 € Prin(X)} 1.

B O6H_[€M CJIy4ae MOXKHO yTBepXKIaTh JINIIb, YTO BHYTPU W(B) nMeeT MeCTO BKJIIO-

genne Z(X1) D {01] 0 € ZZ(X)}1.

4.4. MoaudurmpoBaHuble cOycKu u mmogabemMbl. [lycts X € V, X £ &, = e.
X — memycroe MuOXKeCTBO. IlycTh, namtee, 6ykBa 1 0003HATAET KAHOHUIECKOE BJIO-
xenne z — z (z € X). Torga o(X)t = X" u X = 1(X"]). Ucnonbsys npuse-
JIEHHBIE COOTHOIIEHHST, MbI MOXKEM PACIIPOCTPAHUTH OIEPAINN CIIYCKA U TOIbeMa Ha,
cayuaii, korga ® — coorsercreue 3 X B Y|, a [¥ — coorsercrBue n3 X" Y] = 1,
re Y € VB, Nnenno, nonoxum &1 := (P o1 1)t u U] := U] 0. B sroii curya-
nuu 3jeMeHT P HazBIBAIOT MOJUPUUUPOSAHHLIM Nodsemom cooTBeTcTBUst P, a U]
UMEHYIOT Moduduyuposarnvim cnyckom coorsercTeust V. (B ciayuae, Korja KoH-
TEKCT YCTPAHSIET JBYCMBICJIEHHOCTh, MBI Oy/IEM MO-IIPEXKHEMY TOBOPUTBH IIPOCTO O
HOIbEMAX U CILYCKAaX U UCIOJIb30BATh OOLIKHOBEHHBIE CTPEJIKH.) JIErKo IPOBEPUTD,
aro &1 — exmHcTBenHOE cooTBercTRHE BHYTpH V(B yrnoBmeropsiomee cooTHOMIE-
o [O1(z") = ®(x)1] = 1 s Beex z € X. Ananoruuno, U] — eauHCTBEHHOE
coorsercrBue u3 X B Y, mius koroporo pasercrso U] (z) = ¥(x")| umeer mecto
pu Bcex T € X.

Ecim @ := f u ¥ := g — 93170 QYHKIMK, TO IPUBEIEHHBIE COOTHOIIEHHUS IPUHU-
mator Bug [f1(z") = f(x)] =1, g¢l(z)=g(z") mas Becex x € X.

5. DJieMeHTHI OyJI€EBO3HAYHOI'O aHAJIN3a

B kaxkmom OysieBOZHAYHOM YHUBEPCYME MMEETCs IMOJIHBIA HAbOp MaTeMaTmde-
CKUX O0bEKTOB, BKJIIOYAIOINIIII MHO2KECTBA C JIIOOBIMU JIOIOJHATEILHBIMU CTPYKTY-
paMu: TPYIIIbI, KOJbIla, aJreopsl u T. 1. IIpuMmenenne cmycka K ajaredbpamdecKum
cucreMaM B OyJIeBO3HAYHON MOJe/M BbIIeJsieT 00pa30BaHUsl ¢ HOBBIMU CBOWCTBa-
MU ¥ BeJIeT K BBISBJIEHUIO (PAKTOB 00 MX CTPOEHWM M B3auMOCBs3sX. Haxoxmenue
TaKUX CBsI3eil M COCTABJISIET COMEpKaHNe OYJIeBO3HAYHOIO aHAJM3a. B HACTOAIEM
0030pe eCTeCTBEHHO OrPAHUIUTHCS OCHOBAMU COOTBETCTBYIOIIEH TEXHUKH.

5.1. ByneBbr MmHO>KecTBa. Haurem ¢ pacrno3zHaBanus MPOCTEAIINX 0OHLEKTOB, pe-
aJIM3yeMbIX BHYTPHU OYJIEBOBHAYHOTO YHUBEPCYMA.

(1) Byaeso mmoorcecmeo mm muodcecmso ¢ B-cmpyxkmypoti nim xe npocto B-
MHotcecmeo — 31o 1o onpenenennto napa (X,d), e X € V, X # @, n d —
orobpaxkenne u3 X X X B OyseBy ajrebpy B Takue, 9To jjisd BCeX T,Y,z € X
BBITIOJTHEHO:

(@) d(z,y) =0z =y;
(b) d(z,y) = d(y,x);
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(c) d(z,y) < d(z,2)Vd(zy).
[Ipumep B-MHOXKeCTBa TPEJICTABISET KAXKI0e HEIyCTOe MOAMHOXKeCTBO & # X C
VB, ecim camrars, uro d(z,y) = [z # y] = -z = y] mna z,y € X. py-
rofi mpuMep BO3HUKAET, €CJTU CHAOAUTH HEIyCTOe MHOXKECTBO X «IUCKpPETHOH B-
MeTpuKoi» d, T. e. cuurars, uro d(z,y) = 1, ecim © # y, u d(z,y) = 0, ecsm
T =y.
(2) Ha Jo6Goii GysieBoii anrebpe D B KadecTBe D-METPUKA MOXKHO B3ATh CUM-
mempuueckyo pasnocmv: . Ay = (x A —y) V (y A —z). Paszbepem cBazanHyIO
¢ atuM KoHcTpykIimio. Ilycts ¢ — yabrpadunbtp Ha Oynesoit aarebpe D. Pac-
cmorpuM GyseBo MHOXKecTBO (X, dx) ¢ D-merpukoii dx. Beegem GunapHOe OTHO-
menne ~y B X dopMynoit (z,y) € ~y <> ~dx(z,y) € 3. U3 oupenenenus Gy-
JIeBO}i METPHUKH BHIHO, UTO ~y — OTHOIIEHHe SKBUBajIeHTHOCTH. IIycTs X/~vy —
daxTop-MHOKeCTBO X 10 9KBUBAJEHTHOCTH ~y, & Tx : X — X/~ — KaHOHH-
geckoe dakTop-oTobparkenne. Ecim Mbr Haunaamu ¢ Gysiesa muOXKecTBa (D, A), TO
B KadectBe D /~y, TOTyanTCs ABYX3JIeMeHTHas1 Oyiesa anrebpa 2. IIpu sTom cye-
CTByeT euHCTBeHHOe oTobpaskenue d : X/~ — 2 Takoe, aro d(mx(z),mx(y)) =
7p(d(z,y)) nnsa seex x,y € X. Kpome Toro, d — auckperHas OyjeBa MeTpUKa Ha
X/~y. Eciu dx — nucKpeTHast METpHKa, TO ~y = Idx n X/~y = X.
(3) Hycrs (X,d) — mekoropoe B-muoxkectBo. Ilyerh ¢ := 14, — yIbTpa-
dbunbrp, nocrpoennsiii B coorsercrsun ¢ 4.1 (7) wa B”*. Ilo orpanndeHHOMY TPUH-
muny neperoca (X7, d") aBisiercss B -MHOXKECTBOM BHYTPH V), Tlonoxum 2 :=
X" [~y Hpu atom [z" ~y y"] = —d(z,y) aua Beex z,y € X. CuenoparesbHo,
cymecrsytor saement 2 € VB u pumpeknus ¢ : X — X' := 2| makue, uro
d(z,y) = [o(x) # 1(y)] anst Beex x,y € X u Kaxkplil s1ement ' € X' nonyckaer
npencrasienne & = mixeez(bet(xe)), Tme (2e)eez C X u (be)ecz — pasbuenue
equmnist B B. Daement 2 € V(B) naspsaior 6yaesosnaunoti pearusayuets B-
muO)KecTBa X . Ecom X — nuckpernoe B-muOXKecTBO, T0 2 = X" n () = 2" most
Beex z € X. Ecomn X € VB, 10 o — unbekuus u3z X1 B 2 suyrpu V(5.
(4) Orobpaxenue f uz B-muoxecrsa (X, d) B B-muoxecrso (X', d") naspiBator
corcumarougum ipu yerosuu, uro d' (f(x), f(y)) < d(z,y) maa Beex z,y € X.
IIycts X u Y — mexkoropeie B-muoxkectsa. Ilycrs, namee, 2" nu % — ux 0Oy-
JIEBO3HAYHBIE peasjm3anuu, a 1 : X — 2l uj:Y — #| — coorsercrByiomue
nabekimu. Ecmu f : X — Y — cxumaromee orobpakeHne, TO CyIIECTBYET, U IIPH-
Tom euncTBeH, s1eMent g € V(B) rakoit, aro lg: Z %) =1uf=71oglonr
YenoBumces mncars 2 = .F~(X) =X~ ug:=.7~(f) = f~.
(5) CupaBeyiuBBI yTBEPK ICHUSI:
(a) V) = f(4) = f~(A~) qas AC X;
(b) Ecuu g:Y — Z — cxumaroiiee orobpazkeHue, T0 go f TakzKe CKUMAIOIIee
oroGpaskere n VB |= (go f)~ = g~ o f~;

(c) VB = «f~ — unbexiusi» B TOM U TOIBLKO B TOM CJIytdae, eciii f CIy?KuT
B-uzomeTrpuei;

(d) VB |= «f~ —cropbexims» B TOM I TOJIBKO B TOM CIIydae, €CIi Oyaer

(VyeY) \{d(f(x),y) |z € X} =1.

(6) Paccmorpum B-muoxkectso (X, d). Ilycrs (be) — pasbuenne ejunuipt B B
u (z¢) — cemeiicTBo smeMenToB B-muoxkecTBa X. Ilepemewusanuem cemeticmea
(x¢) ¢ nomowwto (be) HasbIBaIOT sieMent x € X Takoit, uTo be A d(z,z¢) = 0 ma
Beex {. Kak u pambine, mepememmBanue o003HadaeM CHMBOJIOM & = mix(bexe).
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[MepemermuBanue (ecjau OHO CYIIECTBYET) €AMHCTBEHHO. B camom mede, ecin y € X
u (V€)(be Ad(y, z¢) = 0), To

be Nd(z,y) < be A (d(z,xe) Vd(ze,y)) = 0.

B momoit 6yneBoit anredbpe B BbITONMHEH O€CKOHETHBIN IUCTPUOYTUBHBIN 3aKOH M,
CTaJIO OBITh,

d(z,y) = \/{bf A d<x7y)} =0.
SuaguT, T = y.

[omuepkiem, uro B ormmame or yamepcyma V(B) (cm. 4.3) mepememusamms
B aOCTPaKTHOM B-MHOXKeCTBe CYIIECTBYIOT HE BCET/IA.

(7) Bz A C X, obosnaunm cumBosioM mix(A) MHOXKECTBO BCEX IlepeMelnBa-
Huit s;mementos u3 A. Ecin mix(A) = A, o rosopgar, uto A — yukauveckoe noo-
mmootcecmeo X . Tlepecedenne Beex MUKIMIECKUX MHOXKECTB, cojep:kanmx A, 060-
suavaior cuMBosioM cyc(A). Byneso mMuOkecTBO X HA3BIBAIOT PACWUPEHHLM UIIH
YHUBEPCANBHO TONHDLM, ECIIE B HEM CYIIECTBYIOT IlepeMenBanust mix (b x¢ ) Mo06bIx
cemeiicT (r¢) C X oTHOCHTEIBHO MOOLIX pasbuenuii equunisl (be) C B. B ciyuae,
KOIJIa TaKue MePEMEIMBAHUSI CYIIECTBYIOT JIUIND JIJIs KOHEUHBIX CeMEICTB dJIeMeH-
TOB, caMo X Ha3bIBaIOT pad.odicumbim. MOXKHO TTOKa3aTh, UTO ecqm X — pacIiu-
pennoe B-muoxecrso, To mix(A) = cyc(A) s moboro A C X. Hukiandeckoe 1moj-
MHOKECTBO B-MHOYKeCTBa He BCETJIA SIBJISIETCsT PACIIUPEHHBIM B-MHOKecTBOM. B TO
2Ke BpeMs IUKJINYECKOe IIOJAMHOXKECTBO V() co cBoeit KaHOHMYECKOI B-merpukoii
€CTb pacIupeHHoe B-MHOKeCTBO.

5.2. AareGpaudeckue B-cucteMbl. BCIIOMHUM, 9TO TOJ cueHamypoli TTOHNMa-
10T Tpoiiky o := (F, P,a), rae F u P — HeKOTOpBIe (BO3MOXKHO, [ICThIE) MHOYKECTBA,
n a — orobpaxenue u3 F'U P B w. Eciau muoxkectsa F' u P KOHEYHDI, TO 0 UMEHY-
0T Koneunol cuznamypot. B mpuiokeHnsix 0OBITHO HAM MPUXOJAUTCA UMETH JEJI0
¢ aJyredpamvYecKNMU CHCTEMaMU KOHEYHOH curHATypbhl. VIX paccMoTpenuneM Mbl U
OTPAHUIUMCS.

[Hox n-aprot onepayuet u n-aprvim npeduxamom Ha B-mHO)KecTBe A OHMMAIOT
cxxuMatomue orobpaxkenust f : A" — A up: A" — B coorBercrBeHHO. [IpunaTO
cunTaTh f U P COCUMAIOWUMY TPA YCIOBUH, 9TO

n—1
d(f(a07'~'>an71>7f(a67"°7a,nfl)) < d(alﬁa;e)?
k=0
n—1
A (p(ags - - - an—1),p(ag,...,a5,_1)) < d(ag,ay,)
k=0
JUISL BCEX A, Qs - - -, Gn—1, G_1 € A, e d — 310 B-Merpuka Ha A.

dcHo, 9TO MaHHBIE BBIIIE ONPEIETEHUs 3aBUCAT OT B um Obut0 OBI paBUIIbHEE
rOBOpHUTEH 0 B-omepanusx, B-tpeankarax u 1. n. CTouT, pazymeercs, MPUIEPKU-
BaTbCs DOJIee MPOCTON U YKOHOMHON IPAKTUKH, KOIJIA 9TO He BBI3BIBAET OCOOBIX
HeJI0pa3yMeHuiA.

Anzebpauneckan B-cucmema 2 curHaTyphl 0 — 3710 110 onpejiesiennio napa (4, v),
e A — Hemycroe B-MHOXECTBO, 0CHOBHOE MHONMCECTNEO WA HOCUMEAb WIH YHU-
sepcym cucteMbl U, a ¥ — OTOOparKeHne TaKoe, ITO

(a) dom(v)=FUP;
(b) v(f) — aro a(f)-apuas oneparus Ha A st Beex f € F
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(c) v(p) — 10 a(p)-apHsii npexukar Ha A s Beex p € P.

IIpunsito Ha3BIBaTL ¥ unmepnpemayuet A 1 ucroab3oBaTh obo3nadenus: f¥ u p”
Bmecro v(f) u v(p). Curnarypy anrebpawmdeckoil B-cucrembr 2 := (A,v) wacrto
obozradaior yepes o(A), a Hocureab A cucremsr A cumsosoM |2|.

AnreGpanveckyto B-cucremy 2 := (A, V) IMEHYIOT pactuupernoti WA Pa3A0HCU-
Mo, ec/in TaKoBBIM sBjistercs Hocutesb A. Pas A = {@}, To 0-apuble oneparuu u
npesuKaThl Ha A npejicraBiisiior cob6oro orobparkenust u3 {@} B MHOXKecTBO A 1 aJi-
re6py B coorBercTBeHHO. MbI 6y1eM 0TOXK NeCTBIATH oTobpazkenue g : {&} — AUB
¢ astemenToM ¢(@). Kaxmas 0-apuas onepaius Ha A TpaHchOPMUDPYETCs] TAKUM
00pa3oM B €IMHCTBEHHBIN 3/1eMeHT A. AHAJIOIMYHO, MHOXKECTBO Beex 0-apHBIX mpe-
JjukaToB Ha A npespaiaercst B OyjeBy ajarebpy B.

Eciu F := {f1,...,fn} u P := {p1,...,pm}, TO anrebpandeckyio B-cucremy
curHarypsl o 4acro samuckiBaior kak (A,v(f1),...,v(fn), v(p1),.-.,v(pm)) wm
naxe (A, fi,...y fns D1y, Pm). IIpu 9T70M MBI OyJieM HOACTABIATH BbIPAYKEHUE
o= (f1y--+y fns P1y--.,Dm) BMecTO 0 = (F, P, a).

Ilepeiimem Kk B-3HaYHON MHTEPIIPETAIINY S3bIKa MIEPBOrO MOpsiiKa. PaccMoTpum
anrebpanyeckyto B-cucremy 2 := (A,v) curnarypst o := o(2) := (F, P, a).

Mycrb p(xg, - .- Tn—1) — DOPMYJIBI CUTHATYPBL 0 C T CBOOOHBIMHU [IEPEMEHHbI-
mu. JomycruMm, 9T0 33/1aHBI ag, . . ., 0n—1 € A. B 9T0# cuTyanun MbI MOXKeM Ompe-
JIeJTATH OTEHKY WCTHHHOCTH |p|* (ag, ..., an_1) € B dbopmymsl ¢ B cucreme 2 s
JIAHHOTO HabOpa 3HAYEHUH ag, ..., 0n_1 IIEPEMEHHBIX Zq,...,Tn_1. OUpeeeHue,
KakK OOBIMHO, JIA€TCsl WHLyKImedH 1o jinHe hopMyJIbl ¢. PaccMaTpuBast IOrHIecKue
CBSI3KM U KBaHTOPBI, ITOJIOKUM

lo A ¢|Ql (agy ... ,ap_1) := |<p|m(a0, cey Q1) A \w\m(ao, ey Qno1);
oV |* (ag, . .. an—1) = |o[*(ao, ... ,an—1) V [¢¥[* (a0, .- ., an—1);

[=@l* (a0 - -y an-1) == —lp[* (a0, - ., an-1);
|(vx0)gplgl (a’lv'-'yan—l) = /\ |30\Ql(a0,...,an_1);
ap€A
|(3zo)el® (a1, ..., an_1) := \/ I/ (ag, .-\ an_1)-
apg€EA

Teneps coremyer pazobparbes ¢ aromapubiMu dopmynamu. Jomycrum, aro p € P
CHMBOJIN3UPYET M-apHblil ipeukat, ¢ € P — sro 0-apublit npenukat, a to, . .., tym—1
— TEpPMbI CUTHATYPbI 0, IPUHUMAOIINE 3Ha4YeHus by, . . ., by, 1 IPY 38 IaHHBIX 3HA-
YEHUSIX A, - - -, Gpy—1 TEPEMEHHBIX X, . - ., Tp_1- 110 OIPEIETIEHUIO MBI TIOJIOXKUM:

|<p|m(a07"'7an—1) = V(q)v €CIn Y = ¢
lo[*(ao, - .., an—1) :=—d(bo,b1), ecmu @ = (to = t1);
|g0|m(a0, cosan_1) =p"(bo, ... bm—1), ecm @ =p(to,...,tm_1),
rjie d — 310 B-merpuka Ha A.

Dopmyiy @(Zg,...,Tn_1) HA3BIBAIOT 6bINOAHEHHOT B anarebpaudeckol B-
cucreme 2 IpU 3a/ITAHHBIX 3HAYCHUAX QQ, - - - , Gp—1 € A MEPEMEHHBIX L(, . .., Ln_1 U
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mamryT A = ¢(ag, . . ., Gn_1) Tpu yeaosun, ato |p|*(ag, . .., a,_1) = 1. AmsrepHa-
THUBHBIC BLIPDAYKCHHSA B 3TOH CHTYaIlUd TAKOBBI: 3HAYECHHA Ay, . . .,dn_1 € A ydosae-
meopsiom (xo, ..., Tn_1) Wik ©(ag,...,a,—1) ucmunro B A. B ciyuae nByxaie-

MEHTHO} 6ys1eBoii anreGpbl Mbl IPUXOIUM K OOBIYHOMY ITOHUMAHUIO BBIIIOJHEHUSI
dopMysIBl B asirebpandeckoit cucreMe.

BemomuawnM, 910 3aMKHYTYIO (DOPMYILY (0 CHTHATYDBI 0 HA3BIBAIOT MAEMOA02UET
[PU YCJIOBUH, 9TO (0 BBIIOJIHEHA B JIIO0O# ajrebpandeckoii 2-cucreMe CATHATYPBI 0.

(1) Paccmorpum reneps anrebpandeckue B-cucremsr A = (A,v) n ® = (D, p)
onHoM curHaTyphl 0. Orobpaxkenne h : A — D nHaspBaioT 2omomoppusmom A B D
IpPU YCJIOBUU, UTO JJIA BCEX QQ, - - .,0p_1 € A BBIIOJHEHBI CJIEILYIONHAE COOTHOIIE-
HUST:

(a) dp(h(a1),h(az)) < da(ay,as);

(b) h(f")= f*, ecmm a(f) =0;

(C) h(f"(ao, s 7an—1)) = f“(h(G'O)) sy h(an—l))v ecrm 0 7& n:i= Cl(f);
(d) p¥(ag,...,an-1) <p*(h(ag),...,h(an—1)), rue n := a(p).

2) T'omomopdusM h HA3BIBAIOT CUAbHBIM, €CIA NJId J000ro p € P Ttakoro, 4ro
) )
0 # n:= a(p), upu Beex do, . ..,dp—1 € D BBIIOJHEHO HEPABEHCTBO

pﬂ(d07 v 7dn71) <
< \/ p"(ao,...,an-1) A =dp(do, h(ao)) A ... A =dp(dn-1, h(an-1)).

A0,y yQp—1€EA

Eciu B (a) u (d) uMeer MecTo paBeHCTBO, TO h HA3BIBAIOT u3omopPusmom n3 A B
®. HecomHueHHO, 9TO KaXKbIil CIODBHEKTUBHBI N30MOPGMU3M U, B YACTHOCTH, TOXK-
nectBenHoe otobpaxkenune Idy : A — A ciayxar cuabHbIME TOMOMOpPdu3Mamu. Cy-
neprosuiys (CUIbHBIX) FOMOMOPMU3MOB — CHOBa (CHJIbHBI) roMoMopduam. Oue-
BUJIHO, 4TO ecim h — romomopdusM 1 h~1 Toxke romoMopdusmM, To h n30MOphU3EM.

CHOBa OTMETHM, UYTO B CIy4Yae JIBYXIJEMEHTHOH GyeBoil aarebpbl MbI ITPUXO-
UM K CaMbIM OOBIYHBIM TOHSITHSM TOMOMOPGhU3Ma, CHIBHOIO roMoMopdu3Ma u
n30MOpQU3MA.

5.3. Cyck gaBoiiku. [lpexie, 4eM repexojuTh K OIPEIEIEHII0 CIIyCKa 0o0Iei
aJIredpantecKoil CHCTEMBI, PACCMOTPHUM CIIyCK JBYX3JIEMEHTHOI OyseBoil airebpsl.
BriGepem npomssosbibie Ba snementa 0, 1 € VB, yrosnersopsiomniie ycioBmio
[0 # 1] = 1. Hanpumep, moxkuO cunrarb, 910 0 := 0% n 1 := 1%. Cuyck D nByx-
ssementHOl Gyseoit anre6psr {0,1}2 sayrpn V) npencrasser coboit mosmyio
GyseBy anarebpy, usomopduyo B. @opmyinsr [x(b) = 1] = b u [x(b) = 0] = —b, tne
b € B, 3amaior uzomopdusm x : B — D.

5.4. Cuoyck anarebpaudeckoii B-cuctembl. Paccmorpum Terneps ajrebpande-
ckyto cucremy 2 komeunoii curzaryper o BayTpu VB i mycrs VB) = «A = (4, v)
It HeKOTOpbIX A u v». Cnycrxom 2 nazsisator napy 2 := (Al, p), rue p — byHk-
IUsl, OTPEJIesIieMasl ¢ MOMOIIBIO cieayomux dopmyir: f# = fY| mua f € F, a
pt = x"top¥] nna p € P. 3nech x — yKasaHHBII B 5.3 m30MOphU3M Gy/IeBbIX
anre6p B u {0,1}5].

(1) Tycrs (xg,...,Tn—1) — bukcupoBanHas GHOpMy/JIa CUTHATYPBHI 0 OT N
CBOBOJIHBIX IiepeMeHHbIX. Bprummem dopmyiny ®(zo, ..., Z,—1,2) g3bKa Teopun
MHOXKeCTB, Koropas (bopmaiusyer yreepxkienue 2A = o(zg, ..., Tn—1). Popmysa
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A E p(xg, ..., Tn_1) 33a10aeT n-apHblii npeaukar Ha A Wiu, 9TO TO XKe caMoe, 0T00-
paxenue uz A" B {0,1}. B cuwiy UpuHIUIOB MAKCUMyMa M IIEPEHOCA CYIIECTBYET,
¥ IpuToM euHCTBeH, daement |¢|* € VB) raxoii, aro

[le*: A" — {0,1}7] = 1,
[[|30|m(a07 .. 'aan—l) = 1] = [[‘I)(CL(), .. -aan—lym)ﬂ =1

JUISE BCEX A, - - -, 0n_1 € Al.
Taxmv o6pazom, bopmyma VB = «p(ag, . .., a,_1) nctummo B A» BepHa B TOM
U TOJBKO B TOM ciyuae, ecan [®(aq, ..., an—1,2A)] = 1.

(2) IIycrs 2 — anrebpanyeckasi CUCTEMa CUTHATYDBI 0 BHYTPU V), Torma A
— 9TO pacimmpenHas ajarebpandeckas B-cucrema curnarypst o. [Ipu sTom

x oo™ = |p*L

JUIST KazKJI0i (DOPMYJIBI (0 CUTHATYPBI 0.

(3) Iycrp A u B — naBe anrebpanvecKue CUCTEMbI OOIIEdl CUTHATYPBI 0 BHYTPH
V&), Tonomxum A’ := AL u B’ := B|. Torma ecmm h — romomopdusM (CHITBHDIIT
romomopdusm) srayrpu VB uz 2 B B, To A’ := h] — romomopdusm (coorser-
CTBEHHO, CUJIbHBII roMoMopdusm) B-cucrem A’ u B'.

HaoGopor, eciiu b’ : A" — B’ — romomopdusm (cubabiii romoMopdusm) aares-
paudeckux B-cucrem, To h := h't — 310 romoMopdusM (COOTBETCTBEHHO, CUIIBHBIIH
romoMopdusm) u3 A B B BHyTPU VB,

(4) Hycrs A := (A,v) — anrebpandeckas B-cucrema curaarypsl o. Torga Haii-
nyrest o, p € V(B) rakue, 40 BBIIOIHEHEI CIIE/yIONHE YCIOBHS:

(a) VB) = «(o7, ) — anrebpamteckas CHCTEMa CHTHATYDBI 0>}

(b) ecm A := (A", V') — cuyck (7, u), To A — pacumpenHas anrebpandeckast
B-cucrema curHaTypsbl o;

(c) mmeerca uzomopduam ¢ u3 A B A’ rakoii, uro A’ = mix(:(A));

(d) myra kax ol GbOPMYJIBI @ CUTHATYPBI 0 OT T CBOGOJHBIX IEPEMEHHBIX BbI-
HOJTHEHBI DABEHCTBA

o[ (a0, ., an-1) = l¢/* ((ac), ..., 2(an-1)) =
= x "1 ((Je* )e(ao), - . ., Uan—1)))

[pU JIIOOBIX Qg .. . ,Ap_1 € A, TJI€ X OIPEIEJIEHO BHIIIIE.

6. ByJIeBOBHa‘-IHI)Ie BeEIlleCTBEHHbIE YNCJIa

Tenepsb MBI y2Ke B COCTOSIHUN ITPUMEHUTH TEXHUKY OyJIEBOZHATHOI'O AHAJIN3a K AJi-
reOpamvIecKoil CUCTEME HAWIEPBEHIIEero 3HAUEHUS IJIsi BCel MATEMATUKU — K I0-
JIIO BEIECTBEHHBIX dncesi. HarmoMHuM cHagasa HeKOTOpble HeoOXoauMble (PaKThI U3
TEOPUU BEKTOPHBIX PEIIeTOK.

6.1. IIpocrpancrBa KantopoBuua. Haunem ¢ onpejiesienuit. DieMeHTH & U Y
BEKTOPHOI pemerkn E HazbiBaloT dusstonkmuvimy (u mumyT © L y) npu ycrosun,
qro |z|Aly| = 0. Horoca naun komnonenma E onpenesiena Kak dusstonkmmuoe 0onos-
nenue M+ :={z € E | (Vy € M)z | y} kaxoro-imm6o nomvaoxkectsa M C E. Taw,
rJle 3TO YMECTHO, MBI yI00CTBA PaIil UCKIIOUAEM U3 PACCMOTDEHUs] TPUBUATBHYIO
BEKTOPHYIO DEIIETKY, COCTOSIIYIO U3 OJHOTO HYJISI.
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VuopsiiouenHoe 1o BrJouenutio Muaoxkectso B(E) nojoc E npejcrasiser coboo
IIOJIHYIO OyJIeBY aiare0py OTHOCHUTEILHO CJICLYIOIINX OIIEePAITTii:

LANK=LNK, LVK=(LUK)** -L=L' (L ,K¢c%B(E)).

Bysnesy anrebpy B(FE) gacro umenyior 6a3ol E.

Iopsadxosoti npoexmop B E — 3T0 MAEMIIOTEHTHBIN JIMHEHAHBIN ontepaTop 7 : F —
E. ynonersopsronuit HepaperncTBaMm 0 < mx < x nipu Beex 0 < x € E. MuoxkecTBO
PB(F) BCex NOPSIKOBBIX IIPOEKTOPOB, YIOPAI0UEHHOE IIPABUIIOM T < p <> T O p =
T, ABJIAETCs OyJIeBOI ajareOpoii CO CJIEAYIONUMU OITEPAIIMSIMI:

TAp=mop, wVp=mwm+p—mop, -w=Ig—7 (7 péc(E)).

ITycts u € E4 e (u—e) = 0 st mekoroporo 0 < e € E. Toryma e — 310 ipae-
MEHM WA 0CK0A0K U. MHOXKecTBO € (1) BCEX OCKOJIKOB HEHYJIEBOTO 3JIeMeHTa U € F
C TIOPSIIKOM, WHIYIIMPOBaHHBIM u3 F| mpejcTaBjser cobo OyieBy aaredpy ¢ pe-
MIETOYHBIMA OTE€PAITUSIMHU, TAKAME K€ KaK B F, U JOMOJHEHNEM, JEHCTBYIONIM 110
PaBUILy —e:= u — €.

BekTopuyio pernterky Ha3bIBaloT npocmpancmeom Kanmoposuwa wiaun K-npo-
CTNPAHCIMBOM, €CJTU KAXKJI0€ HEIyCTOe OTPAHMYEHHOE CBEPXY IHOJAMHOXKECTBO B HEil
uMeeT TOYHYIO BEPXHIO Ipanuily. Eciiu Kaxkioe ceMeificTBO MOMApHO JIU3BHIOHKT-
HBIX 37eMeHToB K-mpocrpanctsa E orpanundeno, To F Ha3bIBAIOT PACUUPEHHBIM
WA YHUBEPCANLHO TLOAHDIM.

(1) IIycrs E — npoussosnbroe K-nipocrpanctso. Torma orobpaxkenne 7 — w(E)
sagaer u3oMopdusm Mexay Gynaespivu aarebpamu P(E) u B(E). Ecau B E ecrb
nopsiiKoBas eauHua 1, To orobparkenus T — w1l m3z P(E) B (1) u e > {e}++
u3 €(1) B B(E) rakke OCYIIECTBISIOT N30MOPGMU3M COOTBETCTBYIONUX OYJIEBBIX
asrebp.

(2) Kaxnoe pacmupennoe K-mpocrpanctBo E ¢ mopsiakoBoil eauaumeii 1 Mo-
2KeT 6])ITI) HaJIeJIEHO €JUMHCTBEHHbIM YMHO2KE€HUEM, IIPpEeBPpallalOIIuM E B TOYHYIO
f-anrebpy, a 1 — B equHUIly KOJiblla. B 9101 f-aarebpe Kaxkablil MOPsIIKOBbIiA TTPO-
exrop 7 € ‘P(F) coBuauaer ¢ oneparopom ymHoxkenus Ha m(1).

6.2. Cmyck moJisi BeIleCTBEHHBIX duncesi. Ha 0OCHOBaHMN NPUHIUIIOB MAKCHMY-
Ma i ieperoca cymectsyer saement Z € V(P) raxoit, uro VB) |= «%Z — ynopsiao-
YEeHHOE II0JIe BEIECTBEHHBIX dnces». Acro, uro sayrpu V(B) mone # enumcrsenno
¢ TOYHOCTBIO 710 m3oMmopdusma, T. €. ecmu Z' — Apyroe MmoJie BeIeCTBEHHBIX H-
cert Baytpn VB 1o VB = «nons Z u #' wsomopdubr». Hecaoxmo mokasars,
aro R* — apxumesnoso yropsiiodennoe mojte saytpu V(B Tlostomy MBI MOzeM
cantars, aro VB = «R" € # u # — (merpudeckoe) nonosmenne R ». Bass
obeIkHOBeHHYIO emuaniy 1 B R, 3amernm, aro V(5 E «1:=1" cayKuT nopsiIKo-
BOIl enuHuIeH X >.

Paccmorpum ciyck £, anrebpaundeckoii cucremsl Z := (|%|,+, -, 0,1, <).

(1) B coorBercrBum ¢ obiell poueypoil Mbl [IPEBPAIIAEM CILyCK HOCHTENA
B anrebpanveckylo CUCTeMY, CIIyCKasl ONEPAINU U TIOPSJIOK U3 Z.

Boiee nospobHO, cii0zkeHne, yMHOYKEHHNE U CDABHEHNE BOSHUKAIOT JIJIs JIEMEHTOB
Y,z € u A €R 10 cieayonuM MpaBuam:

() z+y=z¢ez+ty=2]=1;

(b) zy=z e Jry=2] =1;

() z<yez<yl=1

d) =y [MVz=y]=1.
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(2) Ausrebpamueckag cucrema Z | upeicrasisger coboii pacmupennoe K-1po-
crpancTBo. [Ipu sToMm umeercs (kanorndeckuii) uzomopdusm x GyseBoit airebpor B
Ha 6a3y P(Z ) upocrpancrsa Z| Takoii, 4ro

x(b)x = x(b)y <> b < [z = y],
x(b)z < x(b)y <> b < [z < y]

JUIst BCex T,y € Zl u b € B.

DTOT 3aMeYaTeNbHBIN PE3YJIbTAT, YCTAHOBUBIIAN MMMAHEHTHYIO CBS3b MEXKIY
Oy/JIeBO3HAYHBIM AHAJTM30M U TEOPUU BEKTOPHBIX PENIETOK, IPUHAIEKHAT [opo-
Hy [7]. Teopema Topaona mokasana, 9TO paclIMpeHHbIE NPOCTpaHCcTBa KaHTOpPO-
BUYa SABJISIIOTCS HOBLIMU DABHOIIPABHLIMU MOJEJISIME I10JIS BEIIECTBEHHBIX YUCE]L.
IIpu 3TOM KaKjas apXuMeI0Ba BEKTOPHAS PENIeTKA, HAIPUMED, JTI000e TPOCTPaH-
crBO Ly, p > 1, nopHuMaeTcs B IUIOTHYIO IOJApeIieTKy nouist R B cooTBeTcTByIOmmIeit
Oy/T€eBO3HATHON MOJIEIH.

CILycK 1oJist CKaJIsipOB OTKPBLI JIOPOr'Y K IIMPOKOMY UCIOJIb30BAHUIO OYJICBO3HAY-
HBIX MoOJieJiell B (DYHKIMOHAJILHOM aHaJu3e. B HacTodlnee BpeMd TaKOi aHAJIU3
UPOBEJIEH JOCTATOYHO IIOJIHO J1Jisi DAHAXOBBIX IPOCTPAHCTB, GAHAXOBBIX AJIIredp, pe-
MIETOYHO HOPMUPOBAHHBIX IIPOCTPAHCTB U MozyJieit. COOTBEeTCTBYIONMIA MaTepHal
noapobuo npeacraseH B (8, ror. 10-12].

7. KapanHaJjbHBI CIBUT

ByneBosnaunbie Momesin ObLIN TIPEIJIOKEHBI JIJIsi PAOOTHI B OCHOBAHUSIX MaTe-
marukn. Muorne tonkme cBoiictBa o0bexToB BHyTpr V(P) cymecrsenno 3apucsr
oT cTpoenns: OyaeBoil anredopsl B. Bosnukaioree pa3moobpasne BO3MOXKHOCTEH
OT'POMHBIN Darazk cBejieHnit 0 OyAeBbIX ajarebpax ciaenann Oy/T1eBO3HATHBIE MOJIETH
OJIHUM W3 CAMBIX MOIIHBIX MHCTPYMEHTOB COBDEMEHHBIX MCCJIEIOBAHNIT B OCHOBAHM-
X MATEMATHKH.

Paboraromuit MmaTeMaTnK Kpaiite peaKo OIIyIIaeT 3aBUCUMOCTh OT OCHOBAHUIA,
II0STOMY BBIIIE MBI PACCMATPHBAJE Takme KOHCTpyKumn u csoiicrea V(B)| B ko-
TOpBIX crenuduieckne ocobenHocTn OyaeBoit aaredpol B He urpaau posu. Vmen-
HO Ha HUX W 3MXK/JIETC OCHOBHOH OJIOK OysieBO3HAYMHOrO aHajm3a. Mexy TeM 3a-
BUCHMOCTD sIJ[pA MATEMATHKH OT OCHOBAHUI MCKJIIOUUTE/IBHO CYIIeCTBeHHA. By-
JIEBO3HAYHBIN aHAJM3 00sI3aH CBOMM ITPOUCXOXKJIEHUEM MPEKPACHBIM PE3YJIbTATaM
T'énens n Kosna, mpogeMOHCTPUPOBABIINM HAM HE3aBHCHUMOCTH THUIIOTE3bI KOHTH-
HyyMa OT OCTaJbHbIX akcuoM Teopun ZFC. Brosre ymecTHO 00CYIUTEH CBSI3aHHBIE
C 9TUM BOIIPOCHI.

7.1. Baragku KoHTHHYyMA. [[oHsITHE KOHTUHYYMa OTHOCUTCS K YHCJIy BasKHEI-
X B OOIIEHAY THOM HHCTpyMeHTapuu. MareMaTndeckue BO33peHUs Ha KOHTHHYYM
POJICTBEHHBI (DU3UIECKUM MTPEJICTABICHUSIM O BDEMEHU U CBSI3aAHHBIX C HUM II€peMe-
nax. /locrarouno cociarhesa Ha Bequkux Hpiorona u Jleitbruria, mo-pa3momy BOC-
IPpUHUMABIINX KOHTUHYYM. [l1aBHOE TedeHne, 06pa3 NpuOBIBAIOIMINX U YOBIBAIOIIMX
TEKy4YUX apryMeHTOB, HEIIPEPBIBHO IIOPOXKIAIOIINX W3MEHEHUs 3aBUCSIIUX OT HUX
[IEPEMEHHBIX BEJIMYNH, JIe)KAT B OCHOBE MHPOBO33peHusi HboroHa m ero meroza
MEPBBIX U MOCJeIHUX oTHOmeHni. [IpuHunmaabHoe 3aTpy/THEHNE TTPEICTABIeHUH
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HeroroHa cBsizaHO ¢ HEBO3MOXKHOCTHIO BOODOPA3UTH HEIIOCPEICTBEHHO IIPEIIIEeCTBY-
IONUit MOMEHT BPEMEeHH, OJIMKANIITYIO K JAHHOM, COCETHIO TOYKY YHCJIOBOTO KOH-
tuayyma. s JleitOuuna nepemMennast B IMYNHA KYCOYHO IIOCTOSHHA B OECKOHEY-
HO MAaJIOM C TOYHOCTBIO JI0 HEJOCTYIIHBIX OIIYIIEHUIO BEJINYUH BBICIIUX ITOPSIIKOB.
KonuTunyym jij1s Hero pacua/aercss B HabOp HEIIEPECEKAIONNX s MOHA/, COBEPIIIEH-
HO OCOOBIX HJI€AJIbHBIX CYITHOCTEIH.

Bozzpenus Herorona u Jleiitbauma cyMMUPYIOT UM, BOCXOISIINE K TUIyOOKOM
npesrnoctu. Maremaruku JIpesreit Dua bl pa3indain TOYKA U MOHAJIBI, SKCILJIH-
Upys JBONCTBEHHYIO IPUPOJY N€OMETPUYECKUX U YUCJTIOBBIX 00HEKTOB MaTeMaTH-
ku. OT npalypoB CKBO3b BeKa IPUIILIa K HAM TaliHa, yCTPOMCTBA KOHTHHYYMA.

TeopeTnko-MHOXKECTBEHHAST YCTAHOBKA OOHAPYKUJIa HOBYIO 3arajKy KOHTHUHYY-
ma. KanTop ycraHOBUII HEPABHOMOIIHOCTD HATYPAJIHHOTO Psi/ia U IIPOCTEHIIEro Ma-
TEeMATHIECKOI0 KOHTHHYYMa — 9HCJIOBO# mpsmoit. Hemerernno Bo3HUK 1A TTPOOIIE-
Ma KOHTHHYYMa — 3a/1a9a O HAXOK/IEHUU MOIIHOCTEN IIPOMEXKYTOIHBIX MHOXKECTB.
l'unoresa KOHTUHYYMa COCTOUT B TOM, YTO HUKAKUX HOBBIX MOIIHOCTEH ITPOMEXKY-
TOYHBIE [TOJMHOXKECTBA HE MMEFOT.

[Ipobsiema KOHTHHYyMa CTOsiJIa MEPBOMl B y2Ke IUTUPOBAHHOM JOKJame [ 'miib-
Gepra [3]. Y6exkaennbiii anti-ignorabimus, I'nibpbepr Beerga CKIOHSIICST K COPABEI-
JINBOCTU TUIIOTE3bI KOHTUHYYMA. JII0OOIBITHO, YTO OFHA U3 €r0 CAMBIX SAPKAX U
KpacuBbIX crareil 5], naruposannast 1925 romom u cojieprKainasi 3HaMeHuTyo Gpa-
3y O KAHTOPOBOM Dpae, IOCBAIIEHA Ha CAMOM JIeJie ONIMOOYTHOMY JI0Ka3aTEeIhCTBY
TUIIOTE3bl KOHTHHYYMA.

Pycckuit npoBumert Jlysun cumras HECOCTOATETHHBIM ITPOCTOE IIPEITOI0KEHTE
0 HE3aBHCHMOCTH TUIOTe3bl KoHTHHYyMa. OH oTMedas Ha Bcepoccuiickom cbesie
mareMaTukoB B 1927 1.: «IlepBoe, 9TO MPUXOIUT HA YM, 3TO TO, UTO YCTAHOBJICHUE
MOIIHOCTH continuum’a ecTh /1710 CBOOOIHON aKCHOMBI, BPOJI€ AKCHOMBI O HapaJi-
Jtesisix qyist reomerpun. Ho B TO »Ke BpeMsi, Kak TP MHBAPUAHTHOCTU BCEX MPOYUMUX
aKCHOM reoMeTpun EBKIIM A ¥ TPU BAPbUPOBAHUN AKCHOMBI O ITAPAJIIEIbHBIX MEHSI-
€TCsl CAMBINl CMBICJT TPOM3HECEHHBIX WJIM HAIIMCAHHDBIX CJIOB: ,,TOYKA", ,,ipsMasi’, etc.
— CMBICJI KAKHUX CJIOB JIOJI?KEH MEHSATLCS, €CJIA MBI JeJlaeM MOIIHOCTH continuum’a
ITOJIBUKHON Ha asjieddUIecKoil MIKase, Bce BpeMs JTOKa3bIBasi HEIIPOTUBOPEIUBOCTH
sroro asuzkenus! MomHOCTb continuum’a, ecji TOJIBKO MBICJUTH €ro KaK MHOYXKe-
CTBO TOYEK, €CTh €J[MHas HeKas PeaJbHOCTh M OHA JIOJ’KHA HAXOJIUTLCS Ha aJle-
dudeckoii mKaJe TaMm, e OHA Ha Hell €CTh; Hy2KJIbl HET, €CJIU OMPEeIesIeHIe STOr0
MecTa 3aTPYJAHUTEIbHO W, Kak npubasumi Obl J. Hadamard, ,,qaxe HEBO3IMOXKHO
JUTst Hac, Jirogeits [9)].

I'énenpb m0Ka3a/1 COBMECTHUMOCTD TMIIOTE3bI KOHTUHYYMa ¢ akcuoMmamu ZFC, mo-
CTPOUB YHHBEPCYM KOHCTPYKTHBHBIX MHOXKecTB [10]. KosH ycraHoBui coBmecTu-
MOCTb OTPHUIIAHWS THIOTE3bl KOHTHHYyyMa ¢ akcrnomamu teopuu ZFC ¢ momormbio
Popcurza, m306PETEHHOTO UM HOBOT'O METOJ[4 M3MEHEHUsI CBONCTB MMEIOIIIXCS HJTH
TUIIOTETUYECKUX MOJIeJIeil TeOpUU MHOXKECTB. DysieBo3HadYHbBIE MOJEH CAesIaIn
TpynHBIH pesyabrar Kosma mpoctseiv?, mpogemoncTpupoBaB paboraomiemMy MaTe-
MaTUKy HE3aBUCHUMOCTH THUIIOTE3bI KOHTHMHYYyMa C TOH K€ HAIJISIIHOCTBIO, UTO U
Mozesb [lyankape 7y HEEBKIIMIOBOM reoMeTpun. SHAKOMBIE C TOU TEXHUKON JIF0-
Jlu CKJIOHHBI, cienys Kosny [2, ¢. 282], cuurarb runoresy KOHTUHYYMA «04€6UIHO
JIOZKHOI».

40 cpoem pesynbrare Kosu ommaxaer samerna |11, c. 82]: «Ho, KoHe4HO, 3TOT pe3ysbTaT Ha
camom dene JIETKUN B TOM CMBICJIE, YTO TYT €CThb sACHAsA (DUIOCODCKA UIET>.
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Bynem pykoBomcTBOBaTHCS 3HAMEHUTHIM yKa3aHueM JleeknHma «He IPUHIMATH
6e3 0Ka3aTeIbCTB HUYEro U3 TOTO, 9TO MOXKHO JI0KA3aThy M 0OCYIUM BKpaTIe (Pop-
MaJIbHYIO cTOpoHy fesa. ComepKaTesibHble apryMeHThl COOPAHbI B 3aMeYaTeTbHBIX
crarbsix Kanamopu [12], Kosna [13] 1 Manuna [14].

7.2. Opaunainbl. Konrenius opanHaia OTparXkaeT APEBHEHINNH MEXaHIM3M CUeTa
C TIOMOIIBIO TIOCJIEJIOBATENLHOIO HAHECEHUs 3apyOOK.

Kinacc X Ha3BIBAIOT MpPaH3umueHsim, eCI KaXKIbli 3jeMeHT X sIBJISETCST IO
muokecTBoM X, T. e. Tr (X):= (Vy)(y € X —» y C X).

OpdunasoHbM KAQCCOM WMEHYIOT TPAH3UTUBHBIA KJIACC, BIOJHE YIOPSIOYEH-
HBIT oTHOIIEHNeM puHaIexnoctn €. Samucy Ord (X) ozmauaer, uro X — op-
JUHAJIBHBIN Kiacc. OpAuHAIBHBIN KJIACC, SIBJISIIONIMACS MHOXKECTBOM, HA3BIBAIOT
OPOUHANOM, NOPAJKOSBIM T MPAHCHUHUMHbLM Yucsom. Kace BceX OpAuHAJIOB
oboznagaror On. CaMu OpJIUHAJIBI TPUHSTO 0003HAYATH MAJIBIMU IPEYECKUMEU OYK-
Bamu. [Ipu 3TOM HCIONB3YIOT Clieayonme cokparienus:: a < 3:= a € 3, a <
B:=(ax€ B)V(a=p), at+l:=aU{a}. Ecmm a < (, To roBopdar, 410 ¢
npedwecmsyem (3, a B caedyem 3a a.

IIpussiekast akcuomy (OYHIAUPOBAHUSA, JIEMKO YCTAHOBUTH, UTO MOMKHO IOJIH30-
BaThCst 60JIee TPOCTBIM OIMpeJIeJIeHNeM: OPJIMHAJ — 9TO TPAH3UTHBHOE MHOYKECTBO,
JIMHEWHO yTIOPSI0Y€HHOe HAa OCHOBE OTHOIIEHUS TPUHAIJIEKHOCTH:

Ord (X))« Tr(X)ANVueX)VveX)(uev V u=v V v E€u).

OTMmeTnM 10/Ie3HBIE BCIIOMOTATETbHBIE (DAKTHI.
(1) IIycrp X u Y — upoussosbublie Kiaccol. Eciiu X oppunasen, Y Tpansurusen
n X # Y, To paBHOCHIBHBI cooTHOmIeHns ¥ C X nY € X.
(2) Iepeceuenne 06X ABYX OPAMHAJIBHBIX KJIACCOB €CTh OPIMHAJBHBIIN Ki1acc.
(3) Eciit X n'Y — opaunasbble Kiaacee, T0 X €Y VX =Y VY € X.
(4) CupaBeyIuBbI CJIEIYIONIUE YTBEPK JICHHUSL:

(a) suemeHTaMHU JIFOOOTO OPAUHATIBLHOIO KJIACCA MOTYT OBITH TOJIBKO OPAMHAJIBL;

(b) On — e MHCTBEHHBI OPIMHAJIBHBIN KJIACC, HE SIBJISIONIMIICT OPIANHATIOM;

(c) mng KazKIOro OPIMHATIA (@ MHOKECTBO (¢ + 1 CJIy?KUT ODJIMHAJIOM, TIPHIEM
HAMMEHBIINM U3 BCEX CJIEAYIONUX 38 & OPNHATIOB;

(d) obwvemunenue |J X memycroro kiacca opauaanos X C On cHOBa OpAuHAb-
HbI Kyacc; e X — MHOXKecTBO, TO | J X ecTh BepxHssl TPaHuIla MHOZKE-
crBa X B ynopsymouenHoM kiacce On.

(5) Tounyo BEPXHIOI TPAHUIYY MHOXKECTBA OPJMHAJIOB Z IPUHATO 0OO3HAYATH
lim(z). Opaunan « HasBIBAIOT Npedeavhvim, ecan o # & u lim(a) = a. IxbBuBa-
JIEHTHO, (¢ — TPEJEIbHbI OpJUHAaJ, €CJIM OH HelpeacTaBuM B Bujge o = B+ 1 ¢
kakuM-1100 3 € On. CumBos Kjp 0603HAYAET KJAcC BCEX MPEIEIbHBIX OpIMHA-
s0B. Opaunassl, e Bxomanme B K, 00pa3yoT Kiacc HenpedesvHvir OPINHAJIOB
Ki:= On\Kj1 = {a € On|(35 € On)(a = B+ 1)}. Obosnaunm OGykBoil w Hau-
MEHBIIH IPeJIeIbHBIH OpauHaJL. [IpUsSTHO BCIOMHUTD, YTO 3JIEMEHTHI W HA3bIBAIOT
NOAOHCUMENDHOLMU UEADIMYU YUCALMU.

(6) Tockombky juist € WV dopmyna Ord (x) orpanndena, to B cuiy 4.1 (4)

a€On+ VB = 0rd (a").

(7) dust mpomssosbroro z € VB) pemommeno V(B) |= Ord () B Tom 1 TobKO B
TOM CJIydae, eciu cymecTByior opaunan 3 € On u pasbuenue exquunisl (by)qeg C B
Takme, 9T0 & = MiXaeg(baa’).
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7.3. Kapaunamnwbi. Konnenmus kapanaaia BOCXOAUT K TATEOTUTHICCKOMY METOILY
rmepecyeTa CPaBHEHHEM C 3apaHee M3BECTHON COBOKYIIHOCTBIO. JTOT IIPHEM 3aCBU-
JIETEJILCTBOBAH apXe0JIOTMIeCKUMI HAXOKAMHI MHOTOYUCJIEHHBIX OYJLT ¢ TOKEHAMH.

JlBa MHOXKeCTBa HA3BIBAIOT PAGHOMOUHDBLMU, €CJIU CYHIECTBYET B3AUMHO OJHO-
3HAYHOE OTODpakeHWe OJIHOTO U3 HuX Ha apyroe. OpauHas, He PaBHOMOIIHBIA HU-
KaKOMY IIPEJIIIeCTBYIONIEMY ODJMHAJY, HAa3bIBAIOT Kapounasom. Takum obpazoMm,
KapJNHAJBl — 3TO ITAJOHBI CPABHEHUS MOIIHOCTEN OPAMHAJIOB, PedEepPEeHTHI Me-
pol KostmdecTBa. JI100oe 11es10€e MOI0KUTEIHbHOE IHICJIO CIIyKUT KapauHAJIoOM. ZCHO,
9TO W CIYKUT HAMMEHBINNM OECKOHETHBIM KapauwHaoM. Iy 1060ro 6ecKoHeTHO-
ro OpJMHAJA (v CYIIECTBYET, U MIPUTOM €JIMHCTBEH, HauMeHbIMH KapauHai J2 (a),
MIPEBOCXOISAIINI (. DTU OPJUHAJBI IPUHSITO HA3BIBATH GAeHaMU U UCIOIB30BATH
JUISE HUX TPAIUAIINOHHBIE, HECKOJIBKO N30BITOYHBIE 0003HATEHUSI:

Ng i = wp 1= w;
Not1 := wat1 := H(wq) (a € On);
Ng:=wg :=lim{w, | @ € 8} (B € Kn).

(1) Besikoe MHOXKECTBO T PABHOMOIIHO €JIMHCTBEHHOMY KapJMHAJY |Z|, Ha3bIBa-
eMOMY KaPOUHAALHHLM YUCAOM AT MOULHOCTHI ITOTO MHOXKeCTBa. MHOKECTBO
cuemno, ecim || = wo:= w, u ne 6oaee wem cuemno, ecan |z| < wy.

(2) CranpaprHble HMEHA ODJAMHAJIOB U KAPAUHAJIOB [PUHSITO HA3BIBATH CMAH-
dapmmvimu opouHasaMU U cmandapmHbmMy Kapdunasamu. Ecim o € On, To
v®) E Ord(a") u, cramo 6eITh, BHyTpH V(B) cymecrByer eammcTBenubii axed
Non. Kak ormedeno B 7.2 (7), IpOU3BOJIbHBIN OPJAMHA BHYTPU V(B) ecrp mepeme-
[IMBAHKE CTAHIAPTHBIX OPIMHAJIOB. AHAJIOIUYHO, JII00O0i OyIIeBO3BHAUHBII KapIAuHAJ
CJIY?KHUT MEePEMENTUBAHIEM HEKOTOPOTO MHOXKECTBA, CTAHIAPTHBIX KADIMHAJIOB.

(3) Hunst sroboro KapauHAIA ¢ BBITIOJHEHO cooTHOMEHNE [(wq )" < Ron] = 1.

(4) BysieBa asnreGpa B umeer cuemuoill mun, €Cau JH060e MHOXKECTBO HONAPHO
JTU3BIOHKTHBIX 9J1eMeHTOB B He 60jee yeM cueTHO. B Takoit ajrebpe mjs 1o60ro
opmunata o € On Gymer VB |= (w, )" = Roa.

7.4. Turnore3a KOHTUHYyYMAa. B3sB NpOU3BOJILHBIN OPJIMHA (¢, MBI O0O3HATIM
CHMBOJIOM 2¥® MOINHOCTb MHOXKECTBa P (wy), T. €. 2¥% := | P (wy)|. Taxkoe 06o3Ha-
YeHue OUPABIAHO TeM, 9T0 2% u H(x) PaBHOMOIIHBI JJId JI000r0 T, rje 2% — Kiace
Bcex orobpaxkenuit u3 x B 2. Kanrop obHapyKui u jgokazal, 910 |z| < |2%| kakoBo
OBl HI OBLIIO MHOXKECTBO . B 4acTHOCTH, W, < 2“ 115 j1r06oro opauHasa «. Crajo
OBITH, IO OIIPEJIETIEHUIO Wqo 41 < 29,

Borpoc o ToMm, nMeroTcs wiin HeT Kakue JTU00 IPOMEXKY TOUHBIE MOIITHOCTH MEXKLY
Wa41 B 29, T. e. BBIIOJTHEHO JIX PABEHCTBO Wot1 = 2Y%, COCTABISET COJECPXKAHIE
00606uLenot npobaemwvr Konmunyyma. IIpu a = 0 9T0 KITaccuaeckast npobaema KoH-
MUHYYMG.

Ilox e2unomesoti xonmuHryyma MOHMMAIOT PABEHCTBO wi = 2“. I'mmore3a KoH-
TUHYYMa II03BOJIsIET BIIOJIHE YIOPSJIOYUTH OTPE30K YUCJIOBON IPSIMOIi CIIOCOOOM,
Ipr KOTOPOM JIODOH COOCTBEHHBIN IMOMNOTPE30K B HOBOM MOpsijike Oymer He 60-
jlee yem cdeTHbIM. OTCyTCTBHE TPOMEXKYTOYHBIX MOITHOCTEH, T. €. COOTHOIIEHUE
(Vo € On) wa41 = 29+, HABBIBAIOT 0000wWenHol 2unome3ot KOHMUHYYMA.
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7.5. Anrebps! popcuHra. 3aiiMeMcs OIMUCAHUEM CIEIUATBHOIO KJIACCa OYIeBbIX
anrebp B, obecrmedImBaionnx TaKue BO3MOXKHOCTH, KaK «CKJICHBAHWE» IBYX CTaH-
JIAPTHBIX GECKOHEYHBIX KADMHAIOB TpH morpyxkenun B yauBepcyM V(B tak n
pa3/IndHbIE CMeIeHns Ha ajepUIecKoil IKaJe.

(1) Pacemorpum ymopsimouensoe MuoxkecTBo P:= (P, <). Byzem npeamnosnarars,
4qro B P umeercs HanMeHbInii sjiemenT 0. Eciu »ke B P oTCyTCTBYET HaMMEHbITU
9JIEMEHT, €ro BCeryia MOXKHO J00aBuTh, 3amenns P na P U {0}. B mHOkecTBe P
BBeJleM OmHApHOe OoTHoIIeHue |, rmojarast

plqgq < (VreP)r<pAr<qg—r=0).

Paccmorpum nonsipy AL := 7, (A) := {q | (Vp € A) q L p} u 6ynem noabzosarhes
coxpamenHoii 3amuceio [p] ;= {p}*++. Ornomenne | cummerpmamo. Kpome Toro,
npu p L p 6yaer p = 0. B wacrHocTu, nanMensinas | -kommonenTta Pt cosnasaer ¢
{0}. Herpyauo nposeputh, 4ro oTobpazkenue p — [p] ©u30TOHHO, & | npecrasiger
coboit Tak HazbIBaEMOe omuouwerue dudsronkmmuocmu Ha P. B cury obmux cBoiicTs
takux orHomennit mMuoxkectso R (P) := {At | A C P} Bcex L-xommonent B
P, ynopsijioueHHOe 110 BKJIIOYEHHI0, 00pa3yeT nosHyo OyseBy anredpy. Hamomamm,
YTO MOJAMHOXKECTBO P Oy/ieBoii ajreGpsl B HA3BIBAIOT NAOMHbLM, €CJIU JJIst JIEOOOTO
HEHYJIEBOI'O dJIEMEHTa beB CYTIECTBYET HEHYJIEBOH 37eMeHT p € P, jura KkoToporo
p<b.
(2) Hdyis ynopsijogeHHOro MHOXKeCTBa P DaBHOCHJIbHBI YTBEDPK ICHUSI:

(a) ecim p,g € P u 0 # g & p, TO cymecTByer HeHyJeBoil snement p’ € P, ms
koroporo p' < qup L p';

(b) [p] = [0, p] nast aroboro p € P;

(c) orobpaxkenue p — [p| B3AUMHO OJHO3HAYTHO;

(d) orobpazkenue p — [p] ciyzKuT HOPsAKOBBIM n30Mopdusamom P Ha njioTHOE
HIOJIMHOZKECTBO IOJIHOI Oys1eBoit anre6per K (P).

YIOpsII0YeHHOE MHOXKECTBO P HA3BIBAIOT U3MEABUEHHDIM, €CJIU OHO YIOBJIETBO-
psier omHOMY (a TOra M Kaxkjaomy) u3 ycuaosuii (a)—(d) uz 7.5(2). Takum obpa-
30M, M3MeEJIbUEHHbIE YIOPSIOYEHHbIE MHOXKECTBA M TOJIBKO 3TH MHOYKECTBA H30-
MOPQHBI IIOTHBIM TOIMHOXKECTBAM IMOJHBIX OysieBbix aaredp. Ilpm sTtom OyseBy
airebpy R (P) UPUHATO HA3BIBATH OYACEHIM NONOAHENHUEM YIOPSIIOICHHOIO MHO-
kecrBa P. PaccmorpuM HEOGX0IMMBbIe HAM MPUMEPHI U3MEJIBIEHHBIX YIIOPSI0IeH-
HBIX MHOKECTB.

(3) BosbmeMm jsiBa HemycThix MHOXKecTBa x U Y. O6ozHaunM cumsosom C(z,y)
MHOKECTBO BCeX (DYHKIHi, ONpPEIeIEHHBIX Ha KOHEYHBIX [TOJMHOXKECTBAX & U JIei-
crBytomux B . Takmm obpa3om,

C(z,y):=A{f | Foc(f) A dom(f) € Prin(x) A im(f) Cy}.

Ornomenne nopsaka B C(z,y) BBenem dbopmyioit g < f «» g D f. Ecm g £ f, To
6o dom(f) C dom(g) u f # gldom(y), 60 dom(f) e mexxur B dom(g).

B nepsom cirydae mosioxkum f':= g, a Bo BTopoMm cirydae onpenenum f’ hbopmyita-
vu dom(f') := dom(f)Udom(g), f'laom(g) = 9, f'|= # fl-» rae z:= dom(f)\dom(g).
B oboux caydasix serko Buzeth, uro f < gwu f L f' B C(z,y) U {0}. 3uauur,
C(z,y)U{0} — uamesibueHHOE yIOpsiodeHHOE MHOXKeCTBO. COOTBETCTBYIOIILY IO MOJI-
HyI0 OyJsieBy asre6py Mbl 0003HaIUM cUMBOJIOM B(x,y).

(4) IIycrb » — GecKOHEUHBIH KapAuHaJ, a & U Y — Te XKe, 910 u B (3), npudem
ly| > 2. O6o3naunm cumsosom C,,(x, y) MHOKeCTBO BeeX DYHKIMA, OUPeeIeHHbIX
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HA, [IOJMHOXKECTBAX & MOIIHOCTH CTPOrO MeHbIe, 4eM ». MHade rosops,
Co(z,y):={f [ Fnc(f) A dom(f) € Z(x) A [dom(f)] <3 A im(f)Cy}.

Hopanok B C,.(z,y) BBOAMTCA Tak x)e, Kak u B (3). Temu ke paccyKIeHUAMHU,
9TO U BbINIe, MOXKHO y6enuThbest, uro O (z,y) U {0} — usmessueHnoe ynopsijodeH-
Hoe MHOXKecTBO. CoOTBETCTBYIOIIEE OYJIEBO MONOTHEHNE MbI O0O0O3HAYUM CUMBOJIOM

B%(x7y>' HCHO7 qaTo C(l’,y) = Cw(.’E,y) u B(.’L’,y) = Bw(x7y)

7.6. Cmerenune anedon. Habop OyseBbix ajaredp, mpearbsaBICHHBIN B 7.5, 03~
BOJISIET JIOOUTHCS KAPJAMHAJIBHOTO CJABUTA B IMOIXOJIAIIEH OYJI€BO3HATHON MOJEN 1
TeM CaMbIM IIOJIyIUTh IIpEeKpacHbIil pe3ysbrarT Kosna. B ceoem mokmasze 2001 ro-
J1a 06 oTKpbiTHU (popcuHra KO9H OTMETH/I, 9TO «HCIOJIb30BAHUE SI3BIKA OYJIEBBIX
ayreOp Ipub/IMKAeT HAILy TeXHUKY (DOPCUHIa K O0bIYHBIM Ipuemams [13, ¢. 1096].

(1) IIycte A — npousBosibHBL GeckoHeuHbll Kapaunasa. BosbMeM nosnyo Gy-
nesy anre6bpy B := B(w, ). Torma |[A\"| — cueTHbIN KapauHa BHYTPU VB 1 e
VB = |2 = R.

(2) Hdost mr066IX GECKOHEUHBIX KAPWHAJOB » U A CyIIECTBYeT IMOJHas OyJieBa
anrebpa B rakas, aro VB |=[x"| = |\

(3) B(z,2) — GymeBa anrefpa CIETHOTO THIIA.

(4) Tlyctb & — HemycTOE MHOXKECTBO U |Z| = w,,. Torma cupaseyiuBsl OleHKN

wa < |B(,2)] < (wa)“.

(5) Ecimt (wa)“° = wo 1 B:= B(w X wy,2), To VB =280 = R A,

(6) Eciiu ZF — menporusopedusas Teopus, 1o HenporuBopeunsa u ZFC npu
Ho0aBJIeHNN K Hell aKCHOMBI 2“0 = wo.

B camom nmene, I'énens mokazan [10], uro menmporusopeunsocts ZF He mcuesner
[IpU TPUHSTAA AKCUOMBI BBIOOpa M OOOOINEHHOI IMIIOTe3bI KOHTUHYYMa. JHAYWT,
MOYKHO IIPEIIOJIOKUTD, ITO

(wa)*0 = (241)" = 210 = 2% = wy.

B cuny (5) maiizercs mommas Gysesa amre6pa B Taxas, aro V(B) j= 2% — Ry,
BBuay odeBumHOrO COOTHOIIEHUS vB) E2" = 2 6yner vB) ENar = Ry 1, coe-
nosaresno, V(B) |=2% = Ry, Kpome Toro, V(B |= ZFC no npurmmmy neperoca
3.2(1).

(7) HeupepblBHOCTH BCeX TOMOMODP(MU3MOB KJIACCHIECKOH GaHAXOBOIH aireGpbl
C(]0,1]) e 3aBucuT or ocrasbHbIX akcuoM Teopun ZFC, HO 3aBHCHT OT MOIIHO-
cti 240, 06 srom cm. [15, c. 19].

(8) IIycre A — muoxkecrBo dyukuuii u3 R B cuernbie nogmuoxecrsa R. Ec-
an f € A, a x u y — Hayraj B3saTble YHUCJa, TO MOXKHO JyMaTb, 4t0 y € f(z) ¢
BeposiTHOCTEIO 0, T. €. ¢ f(y) ¢ BeposiTHOCTBIO 1. AHasornuno, y ¢ f(x) ¢ BeposT-
HOCTBIO 1. PYKOBOICTBYSICh 9TUMHU COJIEpyKATEIbHBIMU cooOpazkeHussMu, Opeiyimur
npeokua B [16] akcuomy AX caenyromero copepxanust: (Vf € A)(3x)(Jy) = ¢
fw) Ay ¢ f(x). IIpu stom B ZFC akcuoma AX okazbiBaercs: nepedopMyIupoBKOi
orpunianus runoresbl KoHtuayyma CH. D10 ciiykuT eme ofHuM aprymMeHToM B
mosib3y cyxkaenusi Kosna: «koHceHcyc Oyjer gocturayT Ha ToM, uro CH — joxHast
runoresas [13, c. 1099).

ITpuseieHHEbIH T0X0 K TIpoBGiieMe KOHTHHYYMa B OCHOBHOM n3iiozkeH B [17]. Ilo
HOBOJY OIYINEHHbIX neTaJeii u 6ubsmorpaduu cM. [8, 1. 9]. IIpeacrasienue o co-
BPEMEHHOM COCTOSIHUU MeToJ[a (hOPCHHIa MOYKHO COCTaBUTH 110 MoHOrpaduu [18§].
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8. Jloruka u cBoboma

Maremaruka — jipeBHefimas Hayka. OHaKko cHadasia 66110 cstoBo. [losesno mom-
HUATH, YTO CTAPUHHBII «JIOrOC» YKUBET HE B IPDAMMATHKE, & B JIOTUKE U JIOTUCTHKE.
TTopsiIoK B MBICJISIX U MIOPSIJIOK XPAHEHUsI — JPAroleHHbIE Japhl HAIIKUX [TPAIILYPOB.

Ha unTe1eKkTyaabHOM 10JIe He IeifiCTByeT 3aKOH yOBIBAOIIETO IIOA0POo/Iusi. dem
6OJIbIIIe MBI y3HAEM, TEM 3HAYUTE/IbHEe CTAHOBUTCH T'DAHUIA C HE3HAEMBIM, TEM
Jaiie Mbl CTAJKHBAEMCHA C HeBeJIOMbIM. JIBaamarToiit BeK 00OraTmyi HAIKA TeOMeT-
pUYecKue IIPeJICTABJIEHNs] HOHATHSME IIPOCTPAHCTBA-BPEMEHH U (DPAKTAIHLHOCTH.
Kazk10e KOHKpeTHOe 3HaHie — 3TO COOBITUE, JIEMEHT IIPOCTPAHCTBA MUHKOBCKOTO.
ITosnanHOEe HaMU 0Opa3yer SIBHO OIPaHUYEHHOE MHOXKECTBO 3HaHuil. Pybexxu Hayku
COCTaBJISIIOT TPAHUILY TTO3HAHHOIO C HEBEJOMBIM, KOTOPasi HECOMHEHHO (DpaKTasIb-
Ha, ¥ Yy HAC HET HUKAKUX OCHOBAHUI MIPEIIOIATATh €€ CIPAMIISEMOCTD UJIN M3MEPH-
MOCTh. CTOUT IIPU 9TOM OTMETHUTH, YTO MAPIIPYTHI K HEPEIOBBIM IPAHUIIAM HAYKH,
IIPOKJIa/IbIBAEMbIE IIPEToIaBaTeIaMu B cdepe 00pa30BaHus, JOCTATOYHO IVIAJIKHUE.
Ilesaroruka He JIFOOUT CKAYKOB U PE3KOI CMEHBI CJIOXKUBIIENCS mapaJurMbl. Bos-
MOXKHO, YTO STH TOIOJIOTMIECKUE IPEMATCTBUAS OTPAYXKAIOT 0O bEKTUBHBIE TPYIHOCTH
MOJIEPHU3AIIH O0PA30BAHUSI.

He cuects jokazareinberT (hpakTaAJIbHOCTH IPAHUIBI 3HAHUS U He3Hanus. Cpein
HUX TaKue HeraTUBHbBIE SIBJIEHHUS, KAK 0€3YIepKHBII POCT IICEBIOHAY KM, MACTHIII3-
Ma ¥ UHBIX (DOPM MPaKobecHsi, 3aI0JI3a0IIUX BO BCE JIAKYHBI HEIIO3HAHHOTO. 1Ipo-
sIBJIEHUSIME (PPAKTAJBHOCTH CJIyZKAT TaKYKe CaMble HEOXKUJIaHHBIEe, IIPEKPACHbIE U
TOPa3UTE/IbHBIE B3AMMOCBA3U BHEITHE JTAJIEKAX OTPAC/el U Pa3IejioB HAYKMU.

PeBomonmonnbie n3ameHennst MaTeMaTUKN Ha PyOerke I€BATHAIIIATOTO U IBAIIA~
TOrO BEKOB CBS3aHBI HE TOJIBKO C HOBBIM HCYUCIEHUEM OECKOHEYHOCTH, CO3TAHHBIM
KanropoMm B ero teopum MHOXKeCTB. He MeHbIllee 3HaUYeHUE MMeEJIO CTAHOBJIEHUE
U pa3BUTHE MATEMATHYECKON JIOTUKU, IMOJBEPTIIEHl CTPOrOMY aHAJM3Y CaM IPO-
IIECC MATEMATHYECKOTO JOKA3aTeIbCTBA. Pa3pemmnMocTb U HEePa3peImmMoCcTh, J0-
Ka3yeMOCTb M HEJIOKA3yEeMOCTh, IPOTUBOPEINBOCTh U HEIIPOTHBOPEYNBOCTD BOILIN
B HCCJIEIOBATEILCKUI JIEKCUKOH COBEPIIEHHOrO0 MareMaTuka. Maremarnka craja
pedieKCUBHON HayKOW, 3aHATON HE TOJBKO MOUCKOM HCTHHBI, HO W U3yJarorieit
CcOOCTBEHHBIE CIIOCOOBI €€ TOUCKA.

Jloruka Apucroresisi, anopun 3eHona, 6pursa Busibsima uz Okkama, oces Bypu-
mana, Calculemus Jleitbrura u anrebpor Bysis — Bbiiarommecs JOCTUXKEHUS 9€J10-
BEYECKOI0 TeHUsI, OCBETUBIIINE JIOPOTy K HOBOMY 3TAIly JIOTUIECKUX UCCIIEIOBAHUIA.
®pere obeccMepTUII CBOE MMs, CO3/IaB UCYHCJIEHUE IPEIUKATOB — OCHOBY COBpE-
MEHHOI MaTeMaTUYeCKON JIOTUKY.

JlBaiiaThiii BEK OTMEYEH CTPEMUTE/IBHBIM IIPOHUKHOBEHUEM Heil MareMaTude-
CKOW JIOTHKHW BO MHOTHE Pa3Jejibl HAyKW U TeXHUKU. JIOTHKa He TOJIPKO OPraHu3yeT
7 yHOPSI0YNBAET MBIIMIJIEHUE, HO U OCBOOOXKIAeT HAC OT JOIMATHU3MAa IIPU BBIOODE
00BLEKTOB M METOJIOB MAaTEMATHIECKOr0 aHan3a. JIoruka HAIuX JaHel — BaKHeli-
I UHCTPYMEHT M MHCTUTYT MaTeMaTu4decKoil cBoOonbl. DyieBo3HauHbIi aHAINS
CJIy?KUT TOMY OJIECTSIIIIUM TIOATBEPKIEHUEM.

Boszspaiasich K MCXOIHOMY OIPEIEIEHUI0 OYIeBO3HAYHOTO AHAIN3A, JTaHHOMY
TakeyTn, MBI JOJIZKHBI KOHCTATHPOBATH €TI0 YPE3MEPHYIO IMUPOTY. BysreBo3HadHast
MOJIeJIb, OCHOBAHHAS HA [UJIEMME <UCTUHAY» WU <JIOXKb», HESBHO HCIIOJIb3YeTCst
TIOIABJISIIONTNM OOJILITMHCTBOM MaTeMaTukoB. Haru Oeceqbl HA ceMuHApax He 3a-
CJIy?KUBAIOT KBaJIM(PUKAIIUYA IPOU3Be/eHnii po3bl. 1lo aHajoruu, Bpsij JI CTOUT
rOBOPHUTH, 4T Diiyep, Komu u Abenb 3anuManch OyJI€BOZHAYHBIM AHATA30M.
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By,)'[eBOZ%HaHHbeI aHaJIn3 — 9TO ClIeIuaJIbHad MaTeMaTHnIeCKasd TeXHUKa, OCHOBaH-

Has Ha OIEHKEe NCTMHHOCTU C TOMOIBIO HETPUBHUAJIBHON OysieBoit anredps. C Teo-

DPETHKO-KATErOPHON TOYKHU 3PEeHUs OyIeBO3HAYHBIN aHAIN3 — TEOPHs OYJIEBBIX TO-

110
Ha

coB. C TOIOJIOTMYIECKOI TOYKU 3PEHUs] — TEOPUsi HEIPEPLIBHBIX ITOJHBEPCYMOB
CTOYHOBBIX ITPOCTPAHCTBAX.
Max y4un Hac SKOHOMUHU MBITIeHUs. BO3MOXKHO, cJle/lyeT MPUMEHUTDb €ro IPUH-

OUIl 1 COKPATUTb I‘pOlVIOS,ZLKI/Iﬁ TEpMUH <<6yﬂeBO3HaquIﬁ aHAJIN3». MaTeMaTI/I3aHI/IH
3aKOHOB MBIIIJIEHHs BOCXoauT K Bysmio [19] u mocroiina janugapaoro turyiia «6yses
AHAJIU3».
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