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Anvoranusi. /lannas paborta mnpojgoszkaer o0CyXKIeHHe abCOTIOTHON Teo-
MeTpHH ¥ BO3MOYKHBIX MOJIXOJIOB K €€ nocrpoennto, Hadaroe B [ABI]. Bepo-
srHocTHBIe KoHCTpyKimu u3 [ABI| mojckaseiBator, 4To mckoMast «abeosIioT-
Has 6a3a» B MoxkeT ObITh OUeHb OOJIBIITUM 00BEKTOM. B CBA3U ¢ 3TUM nmMeer
CMBICJI OOCY/TUTDh, KAKIE UMEHHO KOHCTPYKITUU MOTYT ObITh ITOJIE3HBI JIJIsl 110~
CTPOEHUsI TAKOTO poja OOJIBINX 00bEeKTOB. B HacTosdleil pabore MbI cocpe-
JIOTa"NBaeM BHUMAaHNE HA WH/IYKTUBHBIX 1 KOWH/IYKTUBHBIX KOHCTPYKITUSX B
MaTeMaTUKe U IMOKa3blBaeM, KAK OHH MOTYT ObITh TPUMEHEHBI, B YaCTHOCTH,
Jtst hopMasIu3aIiy BEPOSITHOCTHBIX KoHCTpyKimit u3 [ABI].

KuaroueBbie ciioBa: Ab6cosorHasd reomMeTpud, IIoJe U3 OJHOI'0 dJIEeMEHTa,
NHAYKTHUBHBIE KOHCTPYKIUU, KOUH/JYKTUBHbIEC KOHCTPYKIIHH.
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3 UVBayKTuBHBIE U KOUH/YKTUBHbIE KOHCTPYK-
U1 B MaTeMaTUuKe

MpI Bujiesn, 9TO «IIpaBujibHasi» abcosoTHasg 6asa B, T.e. 6a3a Jiurd abcosoT-
HOI MeOMEeTPHH, MOXKET OBITH GOJILIIIM 00BLEKTOM, HalpUMep, «6eCKOHEeYHO-
mepabiv cnmizekcom» A([0, 1]) u3 [ABI][2.1.19] u uro, Bo3MOKHO, HMEHHO
[MO9TOMY TIPaBUIbHAsT KOHCTPYKITHS aOCOTIOTHON MeOMETPUU YCKOIB3aeT OT
nac. Takoro pojia 0ObeKThI, OOBIYHO IIPEICTAB/IAIONNE U3 cebsi MHOXKECTBa,
MOIIIHOCTU KOHTHHYYM C HEKOTOPOIl €CTeCTBEHHOH TOIOJIOTHel, OOBIYHBI B
aHaJIM3€e U CMEXKHBIX 00/IaCTIX MATEMATUKH, OJIHAKO IIPEJICTABIISIOTCS MEHEe
€CTECTBEHHBIMU C TOYKHM 3peHust aareOpol. [1o9ToMy MbI JOJIZKHBI IOHATH, KAK
COOTHOCSITCS «AJITeOpANTIecKuey U «aHAJTUTHIECKHEe» O0bEKThI, I HACKOJIBKO
€CTEeCTBEHHO OHU MOTYT CMEINBATHCH.

3.1 WMuaykTuBHBIE U KOMH/IYKTUBHbIE KOHCTPYKIIUU

OparM 13 c11ocoboB GOPMAIBLHOIO OIpPeaeIeHNs] U PA3INIeHIs «aJredpan-
TECKUX» W «QHAJIATHIECKIX» OOBEKTOB SIBJISIIOTCS] NWHIyKTUBHBIE I KOWH Ty K-
rusnble koncrpykuuu, cm. [CHI|, [CH2|, [CP].

3.1.1. (UanykTuBHBIE ¥ KOMH/YKTHBHBIC KOHCTPYKIIMHA B KATETOPUU MHO-
JKECTB, B TOIOCAX U B IPOU3BOJIBHBIX Kareropusx.) OTMeTHM, 9TO UHJLYK-
THUBHBIE ¥ KOWHIYKTHUBHBIE KOHCTPYKIIUNA HamboJIee eCTECTBEHHO BOSHHKAIOT
B MHTYHUIMOHUCTCKOM Teopuu 3aBUCUMBbIX TUIIOB Maprun—JIéda, momensavu
KOTOPOU SBJIAIOTCS TOTOCHI. [[09TOMY ecTecTBEHHO paccMaTPUBATD 9TH KOH-
cTpyKiun B Torocax. OJiHako MHOI'HE KOHKPETHbIE KOHCTPYKITUN MOT'YT ObITH
paccMoTpeHbl B OoJiee o0mmx Kareropusix C, Halpumep, J€KapTOBLIX WJIH
JIEKaPTOBO-3aMKHYTHIX. TaK, MbI Oy/1eM IIPUMEHATH HEKOTOPhIE KOHCTPYKITHHI
He TosbKO B C = Sets, HO U B KATErOPHUAX TOMOJOIMIECCKUX MJIA PABHOMEP-
HBIX TPOCTPAHCTB, KOTOPBIe He SBJsToTCs Torocamu. C JIpyroit CTOPOHBI, B
«OOBIYHOII MaTeMaTHKe» BCE 9TU KOHCTPYKIUU OOBIYHO IMPUMEHSIOTCA TOJIb-
KO B KATErOpuu MHOYKECTB, IJle OHU HanboJiee HAIJISIHBI UIH KaK MUHUMYM
[IPUBBIYIHBL.

Bce 9T KOHCTPYKIIUN ecTeCTBEHHBIM 00pa30M PaCIPOCTPAHAIOTCA Ha I'O-
MOTOTIIIECKYIO TEOPHUIO TUIIOB, MOJIEISIMI KOTOPOIi JTIOJI?KHBI OBITH 0O-TOMOCHI
B cMbIciie J. Lurie, ojiHako 9To yTBepKJIeHne TTOKa He J0Ka3aHO CTPoro. Tem
HE MeHee, OTMETHM, 9TO IPH KeJAHUU MOYKHO OBLIO OBbI MCIIOJIb30BaTh OO-
TOIIOCKHI Wi OoJiee obine oo-Kareropun B kadecrse C.
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3.1.2. (Tabsauia cpaBHEHMs WHYKTHBHBIX U KOWH/LYKTUBHBIX KOHCTPYKIIUIA. )
[Ipexkne, yem oOCy)JIaTh (bOpMaJIbHBIE ONPEJIEIeHUsI, TTPUBEJIEM CBOJIHYIO
TabJINILY, TJIe CPABHUBAIOTCS WHYKTUBHbIE 1 KOWH/IYKTUBHBIE KOHCTPYKITUH,
4TOOBI JaTh HeDOpMAJIbHOE MIPEJICTABIEHUE O IIPEJIMETE.

KOHCTPYKIUKU

NHAYKTUBHBIE

KOMHAYKTHUBHbIC

TUITXYHBIE IIPUMEPDbI

IIpUMepPbI KOHCTPYKIUHI

THUIINYHbIC 9JICMCHTDI

eCTeCTBEHHad TOIIOJIOI'HA
IIOJIHOTAa

MOIIHOCTb MHOXKECTBa
YHUBEPCAJIbHOE CBOHCTBO
CBOICTBO IIOJ'bEMA,

I'OMOJIOTnY9eCKaAd aﬂre6pa

T'OMOTOIINYIECKaAd aﬂre6pa

T'OMOTOIINYECKHNE THUIIbI

N07 Z? Qa @

MHOrOWIeHbl K 1]

KOHEYHDIE
(cimekm)  A*
asasurom A

CJIOBA
HaJT

KOHCTPYKTUBHBIE

(dopmyssr,  BBIpa-
JKEHU )

OOBIYHO JAUCKPETHaA
HeT
KOHe4YHOoe MJIn CYeT-
HOE

MHAIMAJILHBI  00Db-
€KT

JeBOE CBOMCTBA
o 'beMa,

CBOOOIHBIE N
[IPOEKTUBHBIE pe-
30JIbBEHTHI

KOpacCCJIOEHHbIE 00b-
C€KTbI

CUMIIJIMIIaJIbHBIC
MHOZKeCTBa

orpesok [0, 1], R, C,
L*(R), Z,
dopmaIbHbIE  PSIIbI
K[[z]]

OecKOHEYHbIE IIOC/IC-
nosarejabHoCTH A%

Ipeieanl HoCaeI0Ba-
TeJIbHOCTEN

HEJINCKPETHA
qacTo 1A

KOHTHHYYM

dbuHaIbHBIN 00bHEKT

IIpaBoe CBOMCTBO
moJIbeMa
UHBbEKTUBHBIE  pe-
30JIbBECHTDLI

paccjioeHHbIe 00bEK-
ThI

TOTIOJIOTUIECKIE
IIPOCTPAHCTBA

3.1.3. (Ilpumep uHIYKTHBHON KOHCTPYKIIUE: HATypasbHble dncsa.) CaMbim

TJIaBHBIM IIPUMEPOM HH,HYKTHBHOfI KOHCTPYKIHUU ABJIAIOTCA HATYPaJIbHbIE IUC-
na No. Hamomuuwm, coriacno akcmomam Ileano marypasbHble Ync/ia MOTYT

OBITH OXapaKTEPU30BAHBI CJIELYIOMUM 00Pa30M:
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e Ecrb BhIIeseHHOe HarypasbHoe uncio (. Ha kareropHom s3bike 3TO
o3HavaeT, uTo JiaH Mopdusm o : 1 — N u3 punasbHOro oobekra 1 = 1¢
narHON Kareropun C B 0ObEKT HATYPAJIbHBIX unces V.

e /I KasKJ0ro HaTYpaIbHOTO YHCIA 71 €CTh CJeIyIoee, KOTOPOe Mbl
obozrauum nt ymbo s(n). Mnade rosopsi, nan sugomopdusm s : N —
N.

e Kaxi0e HaTypaIbHOe YUCI0 N ecTh Jubo 0, mubo $(m) st 0JJHOZHATHO
ONPEJIETIEHHOrO HATYPAJIBLHOIO YHCja M (3/1eCh 00beIMHEHbI JIBE aKCH-
ombl Tleano: (Vn)(n™ # 0) u (Ym)(Vn)(m*™ = n™ = m = n)). Ha
KaTeropHOM si3bIKe 9TO O3HavaeT, 410 (0,s) : 1 U N — N — usomop-
dusm, rae 1 LI N obo3HauaeT KOIPOU3BEJIEHIE.

e AKcrmoma MHIYKIIMN: €CJIM HEKOTOPOE TTOAMHOYKECTBO MHOYKECTBa, HATY-
paTbHBIX ducest cofepKuT 0, 1 BMecTe ¢ KaXKJbIM HATypPaJbHBIM YHC-
JIOM M COJIEPKUT CJIeIyIOIee 3a HUM, TO OHO COBIIQJIa€T CO BCEM MHO-
JKeCTBOM HaTypaJIbHBIX unces. VHade roBopsi, Kakjoe HaTypaJbHOe
YUCJIO MOXKET OBITH IIOCTPOEHO U3 HYJIA IIyTEeM IIPUMEHEHUs OIIEPAITIT S
KOHEYHOE YUCJIO Pas3.

Akcromy MHIYKIIME CJIOXKHee Bcero (popMajin30BaTh, MOTOMY YTO OHA He
BBIDAYKAETCS B JIOPMKE [EPBOro MOpsijika (HaM HyKEeH KBAHTOD [0 HOJMHO-
JKeCTBaM MHOYXKECTBA HATYPaIbHBIX YUCe/I JIMOO 110 IpeuKaTaM, OlUChIBA0-
M CBOHCTBa HaTypaJIbHBIX qI/ICQH). O,ZLI/IH U3 BapUaHTOB — C KBaHTOPOM
no upemukary: (VP : N — B)(P(0)&(Vn : N)(P(n) = P(n')) = (Vn
N)(P(n)). B pamkax Teopun kareropuii (hopMaan3oBaTh TaKOe yCJIOBUE JI0-
BOJILHO CJIOZKHO ([IOHAI00UTCsI KAK MUHUMYM 3JIeMeHTapHbIil Totoc). Jlyure
3aMETUTh, YTO II0 CYINECTBY aKCHOMAa MHIYKIMKA O3HAYAET, YTO HET <«JIUII-
HUX» HATYpPaJIbHBIX 9HUCEJI, T.€. 9TO MHO2KECTBO HaTypPaJIbHbIX 9YUCEJI HACTOJIb-
KO MaJiO, HACTOJIBKO 3TO BO3MOXKHO. DTO IPOCTO O3HAYAET, ITO MHOXKECTBO
nn OObeKT HaTypaJabHBIX 4uces N eCcThb MHUIUAJbHBI OOBLEKT B KaTero-
pun, cocrosieii uz tpoek (N,0: 1 — N,s: N — N), yI0OBIeTBODPSIONINX
oCTaJIbHBIM akcruoMaM Ileano.

D10 ompeeaeHne 00beKTa HATYPAIbHBIX UHCET HCIOJIB3YeTCs, HAIIPHU-
Mep, B TEOPUU JIEMEHTAPHBIX TOMOCOB. Ec/in B 3/IeMEHTAPHOM TOIOCE €CTh
00bEKT HATYpAJbHBIX YUCEJI, TO Jajiee OKA3bIBAIOTCA BO3MOXKHBIMU U JIPY-
rue UHIYKTUBHbIE KOHCTPYKIIMU, ¥ JeMEHTaPHBIA TOIIOC OKA3LIBAETCS I10-
gTK TOIOCOM I'poreninka. AHAJOIrMIHBIM 00Pa30M, B TEOPUH MHOYKECTB Cy-
HIeCTBOBaHME MHO2KECTBa HaTypPaJIbHbIX YUCEJI IIPUXOJUTCA I'apaHTUPOBaTh C
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IIOMOIIIBIO OT,ZLQJII)HOfI AKCHOMBI, OJJHAaKO IIOCJIE€ 3TOI'O CTaHOBATCA BO3MOXKHDbI
Oosee-Menee Bce coaepzkKaTe/JIbHbIe MaTeMaTUIeCKNE KOHCTPYKIIUN.

3.1.4. (KareropHoe onpeneserne 06beKTa HATYPATbHBIX 9ucesr.) Mbl TOIBKO
ITO OTPeIe/ I O0BEKT HATYPAIbHBIX uncesl N B IPOU3BOJIBHON KATEropun
C KakK MHHUIUAJbHBIA 0ObekT B Kareropuu Tpoek (N, o,s), rme N : ObC,
0:1l¢c = Nwus: N — N rakossl, uto (0,5) : le U N — N — uzomopdusm.
Ormerum, uto srumu yeaosusimu N | Bepree, Tpoiika (N, 0, s) ompejieisiercs
OJ/THO3HAYHO C TOYHOCTBIO JI0 KAHOHUYIECKOro n3omopdusma. Bosee Toro, mo-
cJie/iHee yCJIoBHe, 910 (0, $) — u30MOpdU3M, OOBITHO N3OBITOTHO, HHUIINATb-
HbIiT 06bekT B Kareropuu Tpoek (N : C,0:1 — N, s: N — N) Gyier aBroma-
THYIECKHU 00/1aaTh 9TUM CBOWCTBOM, ec/ii Kopoussejenue 1L N cyiecTByer
B C, OCKOJIbKY OKazkercs, 9to (1UN 4y : 1 — 1UN, s : IUN — 1UN), rze
s" = (ig0,195), T.€. §'iy = Q0 u s'ig =98, tme iy 1 1 - 1UNuwis: N - 1UN
0003HAYAIOT €CTECTBEHHBIE BJIOKEHUSI — eIle OJINH WHUIUAJIbHBIN 00BhEeKT B
STOH KaTeropum TPOeK, U IIOTOMY cymecTByeT n3omopbusm 0 : 1N = N,
Takoit, aro fi; = o u s’ = s6; orciona jerko BeiBouUTCHA 6 = (0, S).

BaxkHBIM BO BCeM 3TOM SIBJIIETCS TO, 9TO OOBEKT HATYPAJBHBIX UHUCE]T
OKa3bIBAETCS MHUIUATHLHBIM OOBEKTOM B HEKOTOPOH KATErOPUU KOHEUHBIX
nuarpamm BaHyTpH C.

3.1.5. (uaykTrBHBIE KOHCTPYKIIUH: CIIMCKHU, WA KOHeUIHbIe cioBa A*.) Ciie-
JIYIOITUI TI0 CJIOKHOCTU TMPUMEP WHIYKTUBHONW KOHCTPYKIIMA — 9TO MHOMKe-
CTBO KOHEYHBIX cJioB A* Hajy manabiM ajdasurom A. Asdasur A Moxker
OBITb KOHEYHBIM I CIETHBIM MHOXKECTBOM, HJIM KaKHM YTOJIHO paHee I10-
CTPOEHHBIM MHOXKECTBOM, Ui 00bekToM Kateropuu C. MHaxe roBopsi, Terepb
pedb ujer 00 WHAYKTUBHON KOHCTPYKIINN WK O (PyHKTOPE, KOTOPBIH Ipu-
HuMaet mapamerp A u msroropsser n3 Hero A*. Cam mapamerp A mpu 5TOM
MOZKET OBITH, HAIIPUMEP, IOCTPOEH C ITOMOIIBIO JAPYroil MHIYKTUBHON WM
KOMH/IYKTHBHOW KOHCTPYKIINU WJIU KaK-HUOYIb elle.
Koneunsie cioBa A* MoryT ObITH ONMUCAHBI CJIELYIONUM O00PA30M:

e |[IIycroe cioso.| Cymecrsyer mycroe cioso ) € A*.

e |Konkarenanus.| Ecm x € A n oo € A*, 0 KOHKaTeHAIHS T — TOXKE
CJIOBO.

e |EmuncrBennocts npescrasienns.| Jlroboe ciaoso smbo mycro, au6o
OJTHOBHAYHO TIPEJICTABUMO B BU/I€ KOHKATCHAIINN L.
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e |[CrpykrypHas ungyknus.| Bee cioBa 1mosydaioTess U3 IyCTOro CJio-
Ba C IIOMOIIBIO KOHECYHOI'O YUCJIa IIPUMEHEHUA IIpaBUJjia KOHKaTCeHaIlUH.
Nnaue roops, ecam noaMHoxkectso P C A* comepxut (), u BMecTe ¢
KaxKIbIM @ € P comepxkut xa ajist Bcex © € A, to P = A*.

DT aKCHOMBI AHAJOIMIHBI akcuomaM [leaHo, u B JIefiCTBUTEIBHOCTH sIB-
JAI0TCA UX 00001IeHreM (ecin B KauecTBe A B3ATb OJIHO3JIEMEHTHOE MHO-
JKeCTBO JTOO (PUHAJIBHBIN OOBEKT KATeropuu, TO aKCHOMBI jijisi A* cramyT
akcroMamu [leano). OHE MOryT OBITH KaTeropudHUIMPOBAHBI CJIEITYIOINM
obpazom: A* — 9TO MHUIMATBHBIH OOBbEKT B KaTeropum Beex Tpoek (X
C,0:1c = X,c: Ax X — X), rye mbl nipesuoiaraeM, 9to B C CyIIECTBYIOT
KOHEYHbIE JIeKapTOBbI Tponsseienns. Ecin B C ecTb KOHEUHbIE KOITPOU3BE/Ie-
Hust, To okaxkercs, 9to (0, ¢) : 11U (A x X) — X — uzomopdusm, HOCKOJILKY
1U (A x X)) 6yzner yJIoBIeTBOPATH TOMY 7K€ YHUBEPCAJILHOMY CBOICTBY, 4TO
n X, aHaJIOrT9IHO T.e. CyIIECTBOBAHUE U €/INHCTBEHHOCTD IIPEJICTABIIe-
HUsI CHOBa SIBJISIOTCS CJIEJCTBUSAME YHUBEPCAJIHHOTO CBOICTBA.

3.1.6. (asbueiinme npuMepbl MHIYKTUBHBIX KOHCTPYKIHMI: apudmernde-
CKHe BbIpaXKeHusi, (DOPMYJIbl, MHOTOUJIEHBI, CBOOOIHBIE T'PYIIIIhI, CBOOOHBIE
abesieBbl TPYMIBL.) $IcHO, 9TO AHAJOTHYHBIM OOPA30M MBI MOXKEM OIIpejie-
JINTh, HAIIPUMED, apuOMETHIeCKNe BhIPAsKEHUsI, JIOTTIecKre (bOPMYJ/Ibl U T.11.
CxkazkeM, apudMeTHIECKOE BhIPaXKeHUe — 3TO JINOO IeJI0€e TUCI0, JTUO0 OJ1-
Ha W3 IepPEeMEeHHBbIX U3 JIAHHOIO (BUKCHPOBAHHOIO crimcka A, aubo oaHo u3
(E+FE"), (E—F), (F-FE), tne Enu E' — apudmerndeckne BbIPayKeHNUSI.
BareM MBI MOXKEM IMOTPeOOBATH CYIIECTBOBAHWE W €INHCTBEHHOCTH TAKOTO
peJIcTaBIeHns, ¢chopMyIMPOBATEL MPUHIAIT CTPYKTYPHOU WHYKITHH, U ITe-
pedopMyIHpOBATh BCE 3TO KAaK WHUIMAJILHOE CBOWCTBO B HEKOTOPOW KarTe-
ropun. Ecin ke MbI 3aX0THM OIPEJIE/IUTHL MHOTOUIEHb Z[A] ¢ 1ejbivMu Ko-
s dunmerTaMu OTHOCUTE/ILHO TEPEMEHHBIX U3 A, TO MBI MOXKEM CIeIaTh
9TO, HAIIPUMED, C MOMOIIBIO MTOJIXO/ISIIEr0 OTHOIIEHNS SKBUBAJIEHTHOCTH Ha,
apudMeTnIecKuX BhIpaykeHusx ¢ mepemeHHbiMu u3 A. Hajo Tobko mpose-
PUTH, 9TO 9TO OTHOIIEHNE SKBUBAJEHTHOCTH «KOHCTPYKTUBHO» M «HHJIYK-
THBHO» B HEKOTOPOM CMBbIC/Ie. B AeficTBUTE/IbHOCTH BOIPOC O TOM, KaKHe
UMEHHO OTHOIIEHUS UH/IyKTUBHBI, TOXKE UHTEPECEH; Mbl TIOKA OIPAHUTUMCS
TeM, 9TO WH/YKTHUBHBIE OTHOIIEHUS 33/AI0TCs KOHETHBIM HAOOPOM IPABUII
BUJIA <€CIU T1 ~ Y1, -y Ty ~ Ym, T0 E(x1, ... 2p) ~ E(y1, ..., Ymn)», 01
E — mexoTopoe JI0IyCTIMOE BBIpazKeHne cO CBOOOIHBIME TepeMeHHbIMI. [Ipu
9TOM ~ — 9TO HAUMEHBULEE OTHOIIEHNE, YIOBIETBOPAIOIIEe JaHHOMY HabOPy
npaBui. Takoro pojia OTHOIIEHUS YacTO BOZHUKAIOT B JIOTHKE U B ajredpe.
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TeM caMbIM MBI BU AWM, 9TO IIOYTU BCE€ KOHCTPYKIIUU B aﬂre6pe 1 JIOTUKE
ABJIAIOTCA MHAYKTUBHBIMMU.

3.1.7. (Ilpmmep KomvIyKTHBHON KOHCTpyKImu: orpesok I = [0, 1].) Koun-
JIyKTUBHDIE KOHCTPYKIUN OIPEJIC/IAIOTCS AaHAJOTTIHO WH/LyKTUBHDBIM, OJTHAKO
Terepb B HEKOTOPOIl KATEropun KOHEUHBIX JIMarpaMM BHYTPH JIAHHON KaTe-
ropun C Mbl 6epeM He MHUIUAJIbHBINA, a pUHAIbHBIN 00beKT. OH cHOBa Oy1eT
OJTHO3HAYHO OIpPeJIeJIeH ¢ TOYHOCTBIO JI0 KAHOHUYECKOro n3oMmopdusma. O-
HAKO CBOICTBa KOWHJ/IYKTHBHBIX O0OBbEKTOB OOBITHO COBCEM HE TaKue, KakK y
MHIyKTUBHBIX. B KadecTBe mpuMepa paccCMOTPUM KOWHIYKTUBHOE OIIpe e Te-
uue orpeska [ = [0,1]:

e Ecrb siBa BbliesienHbIx sstemenTa 0, 1 € I (Ha KaTeropHOM si3bIKe — JiBa
mopdusma , r : 1¢ — I), u npu 3rom 0 # 1 (Ha KATErOpHOM sI3bIKE —
pacciioeHHoe IpousBegenne le X, 1o ecTb HHUIHAIBHLIN 00beKT &).

e Cymectsyer uzomopdbusm 0 : [ = [ U,; I, rakoii, uro Ol = 4;l un
Or = igr, rne I U,; I o3HauaeT mymayT

11— =7 (3.1.7.1)
jgu— T

e (I,l,r,0) — dbuHATIBHBINA OOBHEKT CPEJIU BCEX TAKUX IE€TBEPOK.

DakTnuecKkn 3/1eCh CKazaHo, 4To Jroboil snement [ = [0,1] ects gubo x/2,
60 (x4 1) /2 miasg HekoToporo x € I, npudeM Bee 3TU 3JIEMEHThI PA3JINIHbI,
3a nckmodenueM ciaydas 1/2 = (0 + 1)/2. IIpu 5T0M MBI JTOJIZKHBI B34Th
«caMblii 60JIBINOI» Takoil [, nHave, HAPUMED, JIBOMIHO-PAIMOHAJIHHBIE TN
panumoHasbHble ncsia w3 orpeska [0, 1] Takxke OymayT yAOBIETBOPSTH STHM
akcrmoMaM. Kak u Jijisl WHIyKTHBHBIX KOHCTPYKIIHil, JIOCTATOYHO TPEOOBATH
cymecrBoBanne Mopdusma 6 : I — I U,; I, ero m3oMOpdHOCTH ABIACTCH
CJIeJICTBUEM yHUBepcaJsbHoro ceoiictsa (1,1, r,0).

3.1.8. (ITpumep KOUHYKTHBHON KOHCTPYKITUH: OECKOHEYHBIE [IOCIE0BATE Ib-
noctu AY = AN man andasurom A.) Jpyroit XapakTepHbIH MPUMepP KOWH-
JIYKTUBHON KOHCTPYKITUHA — 9TO MHOXKeCTBO (man 00bekT) A“ GeCKOHeUHbIX
nocJieloBaTesibHocTell HaJl hukcupoBaHHbIM aiaBuroM A (KOTODBIH MOXKeT
ObITH TPOM3BOJILHBIM 00beKTOM JjlanHOi Karteropuu C). B sToMm ciydae Mbl
TpedyeM cieayrolee:
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e Jlio6oit snement X = A“ ecrb KoHKaTeHalusl o, rjae r € A, a € A*.
Unaue rosopst, jan (u30)mopdusm 6 : X — A x X.

e (X,0) — dunanpupiii 06bekT B Kareropun Bcex map (X : C,0 : X —

Ax X).

CuoBa usomopdHOCTh § ciiejiyer u3 yHuBepcajabHoro cpoitcra (X, 6), mo-
ckoybKy (A X X, id4 x6) obsaaer TeM Ke yHUBEPCAJTBLHBIM CBOHCTBOM.

3.1.9. (Bapuant: KoHeuHBIe U OECKOHEUHBIE ITOCIIEI0BATEILHOCTH BMECTE. )
[Ipu xemanum MBI MOYKEM CJI€JIATh MPEIBLIYIIII TPUMED IyTh 00Jiee TOX0-
»kuM Ha [3.1.5] paspenius 1ociie0BaTebHOCTIM 00PBIBATHCS 10CIIE KOHE-
HOTO YHCJIa JeMEHTOB. B 5TOM ciydae HaJI0 paccMaTpuBaTh CTPYKTYPHBII
(u30)mopdusm 0 : X — 1e U (A x X), KoTopslii Oyjer 03Ha4aTh, YTO JIO-
6oit ssremenT X ecTb JIMOO IyCcTast MOCIeI0BATE/IHLHOCTD, TUO0 KOHKATCHAIUS
oyksbl u3 A u snementa 3 X. Ecim norpeboBarh, aTobbl 6 cpasy ObLI n30-
MOP(MU3MOM, TO TOJIYIUTCSI KATErOPHsl, WHUIUAJIBHBIN 00BEKT KOTOPOH —
MHOXKECTBO KOHEUHBIX CJIOB A*, a huHabHBIT — MHOKeCTBO AY U A* KoHed-
HBIX 1 6eCKOHEUHBIX CJ10B Hal A. flcHo, 4T0 MHMIMaIbHBIA O0bEKT KATErOpun
eJIMHCTBEHHBIM 00pa3oM oTobpazkaercs B pUHAJIbHBINA, T.e. A* ecTecTBEHHO
BKJIajibiBaeTcsd B AY U A*. MbI notyduin npuMep eCTeCTBEHHOTO 0TOOparKe-
HUsT WHYKTUBHON KOHCTPYKITMH B KOWH/IYKTHUBHYIO.

3.1.10. (Ilpumep KOUHLYKTUBHON KOHCTPYKIIUMI: KAHTOPOBO MHOXKeCTBO C' =
{0,1}N.) Kanroposo muoxkecrso C' = {0, 1} 6eckoneunnbix mocsieosaTen-
HOCTEl U3 HyJIell 1 eINHUI] TAKKe SABJITeTCS TPUMEPOM KOWHIYKTUBHOI KOH-
CTPYKIIAHU, TOCKOJIbKY 9TO YaCTHBIN CJTydait st andasura A = {0, 1}.
Mozkno Takzxke 3a/1aTh C' HEIIOCPEICTBEHHO, KaK (DUHAJIBHBI O0BEKT B KaTe-
ropun ap (C': C,0 : C — C'UC), rue 6 ucronb3yercst /i BBIPAYKEHUsT TOTO
daxTa, aTo 1060it s71emerT C' nmeer b0 But Ocr, OO 1av JI7IsT HEKOTOPOTO
aecC.

3.1.11. (Orobpazxkenue U : C' — [.) KourjykTuBHOE OIIpEJIe/IeHe OTPe3Ka
I = [0,1], npusegennoe B [3.1.7| 10 cymiecTBy Onpejesser ero Kak MHO-
JKECTBO HAJIJICYKAIUM 00pa30M OTOXKJIECTBJICHHBIX OECKOHEYHBIX JIBOMYHBIX
napobeit (0.xox1xs . ..)2. B To ke Bpemsi KanTopoBo MHOXkecTBO C' = {0, 1}
€CTb MHOYKECTBO BCeX OECKOHEUHBIX IOCJIEIOBATEILHOCTEN U3 Hysell n eu-
uuil. [TosTomy ecrecTBeHHO 0:KMJIATDH, UTO CYIIECTBYET KAHOHUYIECKOE OTOOPa-
xenue u : C' — I, orobpazkaroriee OECKOHEUHYIO TTOCJIeI0BATE/IbHOCTD HYyJIeit
U €JIMHUI] B COOTBETCTBYIOILYIO JIBOUYIHYIO JIpoOb. Takoe 1 MOKHO TIOCTPOUTD
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C TIOMOIIBIO YHUBEPCAILHOTO cBoiicTBa I. s 9Toro msrorosuM u3 C' «IICeB-
noorpe3ok» C':= CU1, B3aB ' :=4,0° : 1 — C’ (cm. , rze onpenaesén
0°:C),r":=iy:1— C'"monpenemus ¢ : ' = CUl — C'L,,C" = CUCUL1
kak Oc Uidy, tme 0 @ C — C U C — crpykrypubiit moppusm C. Ilo-
ckosibky (C' = C U 1,I',r',0") yuoBiaerBopsier yCaOBUAM U3 , cyle-
cTByeT euHCcTBeHHbI Mopdusm v’ @ C' — [ B dunambublii oobekT I. Torma
u:=u'iy : C — I — uckoMblii MOphU3M.

3.1.12. (IIpumep KOMHIYKTHBHOI KOHCTPYKIHMN: Z,.) flcno, 9ro messe p-
aJInvIecKue IUCaa MOTYT ObITh IpPeJICTaBIeHbl KaK OeCKOHEUHBIE ITOCTeI0Ba-
resibHOCTH HaJ asndasurom u3 p nudp {0,1,...,p — 1}. Hanpumep, MmoxHO
0TOOPaA3UTH ZZEE cxp® cep € {0,1,. .., p—1} B GECKOHEUHYIO OCIIEI0BATEb-
HOCTB (Cg, €1, - - .), JIUOO BOCIOJIB30BATHCSI TIPEICTABUTEISIME TeiixMIo/LIepa.
[TockoJIbKY J1JIs1 BBIYUCJIEHUS MIEPBBIX HECKOJBKUX UMD CyMMbBI HJIU PO-
U3BEJIEHNs P-aIMIECKAX YHCeTT JIOCTATOYHO 3HATH IepBble HECKOIBKO MM
cJlaraeMbIX WJIM COMHOXKHTEJIeH, CTPYKTypa KOJbIa Z;, OKa3bIBaeTCA COIJIa-
COBAHHOH C €ro KOMHJAYKTUBHOU KOHCTPYKIIUEH.

3.1.13. (IIpemesnbl u Kompemesabl KaK KOUHIYKTUBHbBIC M WH/IYKTHBHBIE KOH-
crpykrmn.) OTMeTHM, 9TO MPOU3BOJBHBIA Mpejiea B Kareropuu C siBIsieT-
¢l IPUMEPOM KOWH/YKTUBHON KOHCTPYKIIMH, TIOCKOJIBKY OH OIPeJesIeH Kak
puHAIBHBINT 00BEKT HEKOTOPOI Kareropuu juarpamMm B C, B TO BpeMs Kak
KOIIPEJIE/IbI SBJISIIOTCH UH/IyKTUBHBIME KOHCTPYKITUSIMU, MOCKOJIBKY OHU —
MHUTHAJIbHbIE OOBEKTHI B KaTeropusx Juarpamm. Hampumep, rnpsivoe mpouns-
Besierne A X B ectb dunaIBHBIT 00beKT B Kareropuu Tpoek (X : C,p: X —
A,q : X — B), 1 IOTOMY OHO SBJISIETCS IPUMEPOM KOUHIyKTUBHON KOH-
cTpyknuu ¢ napamerpamMu A m B. DTO MOKa3bIBaeT, YTO BCIOMOTATE/IHHBIE
KOHCTPYKIIUU, UCHOJIb3YEMbIE TIPU ONpPEJIEJICHIN KATErOPUU JUArpaMM JIjist
IIOCTPOECHUA HEKOTOPOU HOBOI MHIYKTUBHON UJIM KOUHJIYKTUBHON KOHCTPYK-
UK, CAMHU MOTYT OBbITH 00Jiee TPOCTBHIMUA WH/IYKTUBHBIMU WJIM KOWHTYKTUB-
HBIMH KOHCTPYKIUsAME. [Ipu 9TOM MHIYKTUBHbIE KOHCTPYKIIMH MOTYT OBITDH
OTIpEeJIeJIEHBI C TIOMOIIBIO BCIIOMOTATEHbHBIX KOWHIYKTUBHBIX KOHCTPYKITU
(cM., HATIpUMED, rjle MHYKTUBHAS KOHCTPYKIMSA MHOXKECTBa KOHEU-
HbIX cioB X = A¥ zagneiictByer ¢ : A X X — X B KadecTBe KOMIIOHEHTA
JIarpaMMbl) ¥ HA000pOT (CM., HApUMEp, KOMHLyKTUBHOE OIIPE/IeJICHUe OT-
peska I = [0,1] 8[3.1.7] rae ucnonssosan mymayt I L, I, T.e. HiLyKTHBHAS
KOHCTDYKITHS).

3.1.14. (EcrecTBennble TOOIOIMN HA UHLYyKTUBHBIX 1 KOWH/IYKTHBHbBIX KOH-
crpykiugx.) OObIYHO MH/YKTUBHBIE U KOUH/YKTHUBHbIE KOHCTPYKIMU U3HA-
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JaJIbHO PACCMATPUBAIOTCS B KATEMOPUU MHOXKECTB, XOTs JIPYTHe KATeropun
TOKE MOT'YyT OBITh 10JIe3HbI. TakK, Mbl MOXKEM IIOBTOPUTH JIIOOYIO TaKyIO KOH-
CTPYKIIHIO, HAIIPUMED, MHIYKTHBHY O KOHCTPYKINIO HATYPAJIbHBIX drces N =
Ny nm konsyKTHBHY0 KOHCTpYKInio orpeska I = [0, 1] B kareropuu (oTe-
JIIMBIX) TOIOJIOIMIECKUX IIPOCTPAHCTB. OOBITHO MBI HOJIYIHM TO YK€ CAMOe
MHO?KECTBO, UTO U IPHU IPUMEHEHHH 3TOW KOHCTPYKIMHM B KaT€rOPUU MHO-
»KeCTB, HO C HEKOTOPOIi ecTecTBeHHOI Tonotorueii. [Ipu sToMm mosyvaromasics
TOIIOJIOTHS HA WHIYKTHUBHOW KOHCTPYKIINK ITOYTH BCErJa OYIET JUCKPETHOI.
QaKTUIeCKN €IMHCTBEHHBIN CITIOCOO MOJIYYUTh HEJIUCKPETHOE ITPOCTPAHCTBO
— 9TO NMPUMEHUTH WHYKTUBHYIO KOHCTPYKIIHIO K IapaMeTpy, sBJISIONEMY-
¢ HeJIUCKPETHBIM TOIIOJIOTTICCKUM ITPOCTPAHCTBOM, HAIIPUMED, MOYKHO pac-
CMOTpETH CBOOOIHBII MOHOU T A*, MOPOXKIEHHBI HEUCKPETHBIM TOTIOJIOI -
YEeCKUM TPOCTPAHCTBOM A, TakuM, Kak orpe3ok [0, 1] (torma sro Gyaer mpu-
MEpOM TPUMeHEeHNs WHIYKTUBHONW KOHCTPYKIINN K KOWH/YKTUBHOMY ITapa-

MeTpy).

3.1.15. (ITosHOTa ecTecTBEHHON PABHOMEPHO CTPYKTYDPbI HA KOWH/LYKTHB-
HBIX KOHCTPYKIusX.) OIHAKO ecTecTBeHHAsT TOMOJIOTUsST Ha OOJIBITMHCTBE KO-
WHIYKTUBHBIX KOHCTPYKINI, KaK IIPaBUJIo, HeJuckpeTna. Hanpumep, Takum
obpa3oM moJydaercs BemecTBenHas romosorus Ha [ = [0, 1] u p-aguaeckas
Torosiorus Ha Z,. Bo MHOTUX cIydadx TOIOJIOIHWd Ha KOMHIYKTUBHBIX KOH-
CTPYKIMSIX 38/Ia€TCsI HEKOTOPOI eCTECTBEHHO PABHOMEPHON CTPYKTYPOil (10~
TOMY YTO MOXKHO ITPUMEHUTH KOHCTPYKIIUIO HE TOJIBKO B KATETOPUU TOIIOJIO-
T'MY€eCKUX IIPOCTPaHCTB, HO MU B KaTEropun OTAC/IMMBIX PaBHOMEPHLIX IIPO-
CTPAHCTB), U 9Ta PaBHOMEpPHAasl CTPYKTypa OOBIMHO ToJiHa. [Ipmanaa sroro
NpUOIU3UTETHLHO TakoBa: ecau X — (pUHAIBHBI OOBbEKT B HEKOTOPOI Ka-
TETOPUN JIMAarpaMM B PABHOMEPHBIX MPOCTPAHCTBaX, TO X rtoxe sBAseTCH
JMarpaMMoil U3 3TON KaTeropuu, a 3HaIAT, X — X obnagaer peTpaKkToM,
T.€. IPOCTPAHCTBO X — PETPAKT IOJIHOT'O OTJAEJIUMOIO ITPOCTPAHCTBA X , 1 11I0-
TOMY CaMO IOJIHO U OTJIECJIMMO. (qT06bI OPEBPATUTD 9TO PACCyZKJIEHUE B TEO-
peMy, HaJI0 TIOJIPOOHO OIMCATH, KAKHE UMEHHO BCIIOMOTaTe/IbHbIE KOHCTPYK-
MW MBI JIOITYCKAeM TIPH OITpeJie/IeHNN KaTerOPUN JTUarpaMM; 3T KOHCTPYK-
UK JIOJIZKHBI OBITH COTJIACOBAHBI ¢ (DYHKTOPOM ITOIOJTHEHUST PABHOMEPHBIX
IIPOCTPAHCTB, & TaKXKe C 3a0bIBAIOIUM (DYHKTOPOM M3 PABHOMEPHBIX IIPO-
CTpaHCTB B KaTeropuro MHO}KeCTB.)

3.1.16. (EcrecrBennast TOMOIOTHS KOMH/IYKTHBHBIX KOHCTPYKIINiT KaK IIPH-
YIHA yCIIeXa TeOPEeTHKO-MHOKEeCTBEHHOM TOMOION NN B aHasm3e. ) MoxKHO mpei-
IIOJIO?KUTD, YTO UMEHHO HaJIMYUe €CTECTBEHHOI TOIIOJIOMU U 3a49aCTyIO I0JI-
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HBIX PaBHOMEDHBIX CTPYKTYP SBJSETCS WCTUHHON HPUYMHOI YCHEITHOCTH
IpUMeHeHHsI (TeOPETHKO-MHOXKECTBEHHOI) TOIOJIOIUU B AHAJIN3€E U OJIM3KIX
JUCHHAIIINHAX.

3.1.17. (KoHCTpyKTUBHBIE 3JIEMEHThI WH/YKTHBHBIX KOHCTPYKITHA.) O6bIYHO
B MH/LYKTUBHBIX KOHCTPYKIUSIX MOYKHO BBIJIEJIUTD KOHCIMPYKMUBHBLE INCMEH-
Mbl, KOTOPBIE MTOJIyYIAIOTCS 38 KOHEYHOE UHCJIO MIAT0OB U3 CTPYKTYPHBIX MOP-
(bU3MOB MHYKTUBHOW KOHCTPYKIMK (T.e. U3 KOMIIOHEHT COOTBETCTBYIOIIEN
JIMarpaMMbl) U, BO3MOXKHO, U3 JIEMEHTOB I[IapaMeTPOB WHIYKTUBHOW KOH-
cTpyKimu (HampuMep, 3JIeMEeHThl WHYKTHBHON KoHCTpyKImu A Ll B jerko
cTposiTcs u3 3yeMeHTOB A U 97eMeHTOB B). DTO HPUMEHHMO HE TOJLKO B
KaTeropuu MHOXKECTB, HO U B JIpyrux kareropusx C, ecju Mbl JIOTOBOPUMCS
Ha3bIBATH «djIeMeHTaMu» T : X obobekTa X : C ero riobajbHble CEUeHHS, T.€.
Mopdusmer = : 1 — X u3 dpunampHOro oobekta Kareropuu C B X.

Taxk, eciu N — 00BEKT HATYPAJTBHBIX YUCEJ, B HEM JIETKO CTPOSITCS KOH-
CTPYKTHUBHBIE 3JIEMEHTHI 0, $(0), $(s(0)), ..., 00braHO 0603HAUaeMbIe Kak 0, 1,
2, ... B obmem cirydae KOHCTPYKTUBHBIE 9JIEMEHTBI OOBITHO MOTYT OBITH 3a-
[IICaHbI KaK KOHEYHBIE (POPMYJIbI, B KOTOPBIX MOI'YT yYaCTBOBATH 3JI€MEHTHI
[apaMeTpOB MHIYKTUBHONW KOHCTPYKIIHAM.

3.1.18. (Bce sjieMeHTHI HHJIyKTUBHBIX KOHCTPYKIMI OOBIYHO KOHCTDYKTHB-
HbI.) OOBIYHO BCe 9JIEMEHTBI HHYKTUBHBIX KOHCTPYKITHIT OKA3bIBAIOTCS KOH-
CTPYKTHUBHBI, IIPOCTO [IOTOMY, YTO HOJMHOXKECTBO (HJIU OTHII, TOJTO0BEKT. . . ),
COCTaBJIEHHOE U3 KOHCTPYKTUBHBIX 3JIEMEHTOB, y2Ke 00J1a/1aeT YHUBEPCAJIb-
HBIM CBOWCTBOM WH/IyKTHBHON KOHCTPYKIMU. lHade roBops, WHIYKTUBHBIE
KOHCTPYKIINY MUHUMAJIbHBI, B HUX HET JIUIITHNAX 3JIEMEHTOB, I €CTh POBHO TO,
YTO 00s13aHO OBITH — TO €CTh KOHCTPYKTHBHBIE JIEMEHTHI.

3.1.19. (KoucTpyKTHBHbIE 3/1eMEHTBI KOMH/YKTUBHBIX KOHCTPYKIHMIi.) Mox-
HO aHAJOIMYHBIM 0OPa30M OIPEJE/IUTh KOHCTPYKTUBHBIE JIEMEHTHI KOWH-
JIYKTUBHBIX KOHCTPYKIit. OTHAKO TIPU UX OTPeJIeJIEHNN HeOOXOIMMO pa3pe-
MAUTH (KOHEYHOE YHCJIO Pa3) UCIOIB30BaTh He TOJIBKO CTPYKTYPHBIE MOP(hU3-
MBI KOWH/IYKTHBHOW KOHCTPYKIIIH U 3JIEMEHTHI €€ TapaMeTPOB, HO U YHUBEP-
CaJIbHOE CBOMCTBO KOWMHIYKTHUBHON KOHCTPYKITUH, UHAYE MOXKET OKa3aThCHd,
YTO MBI HE MOXKEM IIOCTPOUTH HU OJIHOT'O dJIEMEHTA.

[IpounmrocTpupyem 9T0 Ha MpuMepe IPsMoro mnpousseieHus X = A X B.
1o dbuHaNbHBI 00beKT B Kareropun jguarpamm (X, p: X — A, q: X — B).
[TockobKy HET CTPYKTYPHBIX MOPMU3MOB CO 3HAUYeHUAMH B X, HEIIOHSTHO,
OTKY/Ia B34Tb X0Ts1 Obl oyinH emeHT X = A X B. Onnako eciima : Aub: B
(re.a:1— Aub:1— B)— upousBosbnble saeMentol A u B, 1o (1,4 : 1 —



3.1. UnnykTuBHbBIC U KOUH/YKTHBHBIC KOHCTDYKIIHH 13

A,b: 1 — B) — 00beKT paccMaTpUBaeMOil KATETOPUH JHATPAMM, U TOTOMY
u3 Hero ecth MopdusMm (a,b) B dunambHbIT 00beKT A X B, T.€. cyIiecTByer
eIMHCTBEeHHBI 71eMeHT (a,b) : 1 — A X B, takoit, uro p(a,b) = a u ¢(a,b) =
b. Kak 0ObIYHO, MBI pa3peliaeM UCIO/Ib30BATh TaKHe 3JIeMEHThI B (hOPMYJIax,
€CJIN OHU OIPEJIENIAIOTCS € MOMOIINBIO CBONUCTBA, KOTOPOMY V/OBJIETBOPSIET
€JIMHCTBEHHBL 00beKT (M. obcy2xenne (-cumbosta ['ubbepra B [3.3.1).

Boutee cioxublit mpuMep — 910 beckoneunnie ciaoBa AY n3|3.1.8, B satom
cllydae y HAC €CTh TOJIbKO CTPYKTYPHBIA MOpdU3M JjileKOHKaTeHamn (pas-
noxkenust) 0 1 AY — A X A“, m MBI MOXKeM JIOKa3aTb, YTO OH sIBJISIET-
cs u3oMopdusMoM. [1o3ToMy MBI B IPHHIIUAIIE MOYKEM CTPOUTH BbIPAYKEHUsT
0~ (z,a) : A¥ ¢ nomompio Konkarenanuu 01, B KoTopeix T : A m o : AY.
Opna mpobJsiemMa: y HAC HET HU OJHONW KOHCTAHTHI CO 3HadeHuAMHU B A%, 1mo-
9TOMY HaM He ¢ 9ero HadaTh IMOCTPOeHHe OeCKOHEeYHbIX CIoB. [lis pererus
9TO¥t IPOGJIEMBI BBIOEPEM TTPOM3BOJIBHBII ssieMeHT a @ A (uto o3Hauaer a € A
B KaTeropuu MHOXKeCTB Jinbo a : 1 — A B mpousBoJibHOl KaTeropun C) u 3a-
MeTUM, 9TO (@, *) eCcThb 3JIEMEeHT IPsMOro mpoussenenuss A X 1, a 3Haqwr,
(1, (a,*) : 1 = AX 1) €CTb O0BEKT U3 KATErOpUH Juarpamm, (GuHATLHBIM
00'BEKTOM KOTOPOii siB/sieTcst AY. YHUBepcaabHOe CBOCTBO A“ Teriephb 103B0-
JIsIeT HaM ompeesinTh Mopdusm a*> : 1 — A% 1.e. ssement a™ : A“, Takoii,
a0 0(a™®) = (a,a™), 4To Ha caMOM Jiejie O3HA4YaeT, 4To a™° — IMOCJeI0Ba-
TEJbHOCTD AAG . . . 13 DECKOHETHOIO KOJIMIECTBA 9K3eMILIsIpoB a. [locte Toro,
KakK MbI TocTpomym a™ : A st Jr000ro a : A, MBI JIETKO MOYKEM MTOCTPOUTb,
HanpuMmep, 6eckoHeuHble ciiosa abc™ = abceee. .. = 07 (a,071(b, ™)) : A¥
s T00BIX a, b, ¢ € A, T.e. B meiicrBuTesbHOCTH A“ COHEPXKUT MHOIO KOH-
CTPYKTHBHBIX 9JIEMEHTOB.

OTMmernM, 9TO JIEMEHTHI YKA3aHHOIO BUJA HE MCUEPIBIBAIOT BCEX KOH-
CTPYKTHBHBIX 3JIEMEHTOB A“: HAIpUMeEp, MOXKHO JIOKA3aTh C ITOMOIIBIO yHU-
BepCcasIbHBIX CBOMiCTB, uT0 (A X A)¥ = A“ ¥ HCHOIB30BATH STOT H30MOD-
dbusm st nocrpoernss GeckoHedHbIX cI0B (ab)® = ababab. .., xapakre-
pHU3yeMbIX B3aUMHO peKypcuBHbIMU cBoiictBamu 6((ab)®) = (a,(ba)™) u
0((ba)>) = (b, (ab)®). B neitcrBuresbhocru, eciim © : N — A — npous-
BOJIbHASI TTOCJIEIOBATETHLHOCTD 3eMeHTOB A (T.e. Mopdusm B C U3 00bekTa
HATYpaJbHBIX dncesl N B A), TO MOXKHO MOCTPOUTH djieMeHT & = u(x) : AY,
TaKOM, 9TO H(U(x)) = (x(O),m o s); ecsim C = Sets, 3T0 03HAYAET, YTO JIIO-
6oit TIOCTIeI0BATENLHOCTH (L) )neN, MOKHO COTIOCTABUTH DECKOHETHOE CJIOBO
T = xoT1To.... g nokasarenbcTBa 3TOro (hakTa HaJIO MOCTPOUTDH JIHMa-
rpavmy (N,0, : N — A x N), e 0.(n) = (x(n),n + 1), u npumeHuTsh K
Heil yHuBepcasibHoe cBoiictBo AY. Ecu xkareropus C J1eKapTOBO 3aMKHYTA,
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MBI HOJIyduM TakuM obpazom Mopdusm u : AN = Hom(N, A) — A“; ecm C
TOIIOC, TO 3TOT MOpMU3M OyJIeT N30MOPPUIMOM.

C pyroit CTOPOHBI, B KAKUX-TO CJIyYasiX B KOUH/YKTHBHBIX KOHCTPYKIH-
X X €eCTb «KOHCTaHTBI», T.e. TOTOBbIe MOPMU3MBI U3 1 WM U3 OJHOrO U3
napamerpoB koucTpyKiuu B X . Hanpumep, B ciyuae orpeska I = [0, 1] ectb
koHcTauTsl 0 = [ n 1 = r, a Takxke mopdusm 6 : I — I Ll,; I, npo Koro-
PBIil MOXKHO JIOKA3aTh, 9TO OH H30MOpdu3M. [109T0MY MBI MOXKEM IPUMEHSITH
0~ tod : I =1 Uy I S ITubloiy: ] — [ K STUM KOHCTAHTAM JIS IIO-
CTPOEHUS KOHCTPYKTUBHBIX 3j1eMeHTOB . [TockobKy 911 jBa oToOpakenust
I — I coorBercrByIoT & +— /2 1 x — (x + 1)/2, mosydaronmecs Takum 06-
pasoM KOHCTPYKTUBHBIE 3jieMeHThl [ = [0, 1] — 910 jBOUYHO-paIlOHATIbHbIE
qucia, TPUIeM JIisi UX [MOCTPOEHUsI He UCIOJIb3YETCs YHUBEPCATIBLHOE CBOii-
ctBo I (KpoMme Kak JIJIst JIOKA3aTeIbCTBA TOro, 910 § — nzomopdusm). C apy-
POl CTOPOHBI, €CIM STBHO MCIOJIB30BaTh YHUBEPCAJIbHOE CBOMCTBO [, MOXKHO
HOCTPOUTH JPyTHe KOHCTPYKTHBHBIE JIEMEHTHI [, HAIpUMED, 3JeMeHThl 1/3
u 2/3, xapakrepusyembie 0(1/3) = i1(2/3) u 0(2/3) = iy(1/3). Boaee 06-
1o, Jrobasi GeckoHedHasi gBouvHas Jpodb 0.xoxy ... (T.e. yobast GyHKIWs
x: N —{0,1} = 1U1) 3agaer HeKOTOPBIi sjeMenT [ (I JOKA3aTeILCTBA
HaJI0 B3Th 1ceBaoorpe3ok X = 11U N U1, tae n : N HedopMasibHO COOT-
BeTcTByeT OeckoHedHol apodu 0.2,Zy41 . . ., 1 mocTpouts O, 1 X — X U, X
¢ momorpio Gyaknuu x 1o dopmyie 0,(n) = i14,, (n + 1), 3aTeM npume-
HUTh yHUBepcajbHoe cBoiicTBO [). Ecin hyHKIMS 2 KOHCTPYKTUBHA, MOXKHO
CUYMTATh TaKue OECKOHEUHBIE JIBOMIHBIE JIPOOM KOHCTPYKTUBHBIMU SJIEMEHTa~
mu /. Hampuwmep, 1/ V/2 — KOHCTPYKTHBHBI 37€MeHT I, COOTBETCTBYOIi
byukiun z(n) = max{y € N : y* < 22"} mod 2.

3.1.20. (AnbrepHaTuBHas KOHCTpYKIus orpeska I.) Konerpykiumst orpeska
I = [0, 1] gepe3 GecKOHEUHBIE JIBOUYHBIE JIPOOH m ABJIAETCSA CaMOU IIPO-
CTOI1, HO HE Bcerja caMmoii yJ00Ho s npuioxkenuii. Hanpumep, e u3 Bes-
KO KOHCTPYKTUBHOM (DyH/IaMEHTAIbHON IMTOC/IEI0BATE/IHHOCTU PaIlMOHA b
HBIX YUCeJI, 3aKJI0UYEHHBIX MEYK/IY HYJIEM U €JIMHUIIEN, MOXKHO aBTOMATUIECKHT
OCTPOUTE 3JjieMeHT [. Bosee Toro, He ymaércs Jaxe ompeesnTh 0ToOparKe-
uue s : I x I — I, coorBercrByoree noxycymme s(z,y) = (x + y)/2, uz-3a
TOr'0, YTO IIPU CJIOKEHUN OECKOHEUHBIX JIBOMYHBIX JIpobeit ouepennas mudpa
CYMMBI MOKET 3aBHCETb OT OECKOHEYHOT'O KOJIMYeCTBa MUMp caraceMbIX.
MoKHO TPEIOKUATH JPyTrue KOMHyKTHBHBIE KOHCTPYKIIUU OTpe3Ka, 00-
Jlee CJIOKHBIE, HO JIMIIEHHbIE 3TUX HEJIOCTATKOB. Hamprmep, MOXKHO 3amu-
coiBaTh dncyaa x € [0,1] ¢ moMommpo U36LITOYHON JBOMYHON CHCTEMbL: T =



3.1. UnnykTuBHbBIC U KOUH/YKTHBHBIC KOHCTDYKIIHH 15

ZZ‘;O 1,272 tae z, € {0,1,2}, Torna nepsbie n 1udP CyMMbI MOTYT GBITH
BBIMUC/IEHBI 110 1I€PBOil n + 2 nudpam ciaraembix. Hade roBopst, ajibrepHa-
TUBHBIN 0Tpe30K I’ obsragaer nByMs pasinaabiMu KoHctantamu 0, 1: 1 — I’
u Tpems orobpaxenusimu [, m, r : I’ — I', coorBercTByomumu x — /2,
r—x/2+1/4ux— (x+1)/2. [Ipu 5170M J0/IKHBI OBITH BBIIOJIHEHBI HEKO-
TOpbIe aKCUOMBI, Takue, Kak ml = lr, mr = rl, [0 =0, r1 = 1, {1 = r0, u
cJIe/IyIonias KOMMYTaTUBHAS JUATPAMMA JOJIZKHA, OBITH KOIIPEJIEIOM:

« 2ot (3.1.20.1)
b
]/_Z>I/ -

1\

———7

B 006braHOIT TEOpUM THUIIOB MOXKHO ODOWTHCH 0O€3 JIEBOIO BEPXHETo yIJia, PaB-
HO Kak 1 6e3 KoHcTaHT 0 m 1 (OHM HYKHBI TOJBKO It aKCHOMBI 0 # 1),
HO BCE 9TO HEOOXOIMMO Il MPABUJIBLHOIO ompejeseHuss I” B roMOTONNYe-
ckoit Teopun TunoB. C Jpyroit CTOPOHBI, st 00BITHOrO oTpeska [ n3 [3.1.
MBI MOKEM MOCTPOUTH TAKYI0 KOMMYTATUBHYIO juarpammy (6e3 auaroHaib-
HOIl CTpesiku M), IPUIEM U MajIeHbKHUl KBAJpaT B BEPXHEM JIEBOM YIJIy, U
BHEIITHUI KOHTYP JuarpaMMbl OYIyT KOJIeKapTOBBIME KBajpaTamu. OTcroaa
CJIJTyeT CYIIECTBOBAHKUE CTPEJIKU M Jijid [, a 3Ha9YUT, 1 KAHOHMYECKOT'O MOP-
dusma ¢ : I — I’ cornacHo yHuBepcaabHOMy cBoiicTBy I’. DTOT MOPDU3M, 110
Beeil BujmMmocTu, B ob1ieM ciaydae He Oyaer n3oMopdusMoM (XOTs, KOHETHO
e, OyJIeT UM B KAT€rOPUU MHOYKECTB), TIOTOMY 9TO MbI MOXKEM OIPEJIE/IUTh
nosycymmy S : I’ x I' — I' ma I’, no ne na I.

O tHaKO TIPU TaKOM IOJIXOJIE CJIOYKHO CKOMOWHUPOBATH [, m, r B OJUH
MopdusM u3 I’ B HEKOTOPBIN KOHEUHBIN KOIpPeIea U IPH 9TOM OIUCATh BCe
HeOOXOIUMBbIE OTOXKIECTBJIEHU, & €3 9TOr0 CJIOXKHO IPUMEHATh YHUBEPCAJIb-
Hoe cpoiicto I'. Bosmoxno, npoire cuadana nocrpouts 3¢ = {0,1,2}¥ a
3aTeM HOCTPOUTHL I’ Kak ero (pakKTopoObeKT ¢ MOMOIIBIO HMOIXOIAIICH KOMH-
JYKTUBHOW KOHCTPYKIIAH.

3.1.21. (Anbreprarusnbiii orpe3ok I’ kak [—1, 1], nocrpoenne R uz I'.) Ajb-
TEPHATUBHBIN OTPe30K I’ 3a4acTyio y100HeH OTOXKJIECTBIIATE ¢ BEIeCTBEHHbI-
mu gucsiamu [—1, 1], a we [0, 1]. B arom ciyuae orobpaxkenus [, m, r : I’ — I’
coorsercrBytoT () = (x—1)/2, m(z) = x/2, r(z) = (x+1)/2, a korcrauTs 0
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u 1 craHOBsATCS KOHCTaHTaM” — 1 U 1, ¢ TeMu 2Ke XapaKTepPUCTUIECKUMHI CBOTi-
crBamu [(—1) = —1, r(1) = 1. CoorBercrBue Mexy unciaamu & € [—1,1] u
UX U30BITOYHBIMU JIBOMYHBIME 3allUCSMU JIy9Ille Tellephb 3aliChIBATh B BUJIE

x =Yy o ;27" e x, € {—1,0,1}; nnorma ynoGreii macars 1 BMecTO
—1, manpumep, 1/7 = (0.11110010100001 . . .),.

3.1.22. (Iloctpoenne R u Q, u3 I’ u Z,.) Ilpn TakoM HOIXO/E €CTECTBEH-

HO crpouTh R u3 I’ = [—1,1] ¢ nomompo BCoMOraTe IbHON WHJLYKTUBHON

KOHCTPYKIIMU KaK WHJIYKTUBHBINA IIPEJIES MOCIeI0BATEIbHOCTH MOP(U3IMOB
m m m

I' — I' — I' — ...; TeM cambiM R — 3T0 HEYTO BpOJIE JIOKATU3AIIUN

I’ ornocuresnsio m, T.e. yMHOXKeHudA Ha 1/2. Ananormano, Q, MoxKer OBITH
HOCTPOEHO U3 Zj, KaK UHJIYKTUBHBIA 1penesn Zj, NELN Loy, NEN Loy, L, .., rme
p : Z, — Z, obo3HadaeT yMHOXKEHHE HA p (OHO MOXKET OLITH JIETKO 33a/a-
HO, HaIlPUMEP, C MOMOIIBIO CABUTA IOCIEI0BATEIBHOCTH UMD, 3aJAI0NNX
JIEMEHT o € Z,,, Ha OJHy HO3uIHI0). OTMETHM, YTO THIOTETHICCKI MOXKHO
crpouTh R 1 ¢ momoripio ctangapTHOro orpeska I n3|3.1.7) HO B 9TOM cirydae
He yJlaeTcd JaxKe 33/1aTh CJIoXKeHrne Ha R, B TO Bpems KakK aJbTepHATUBHBIIMN
orpesok [’ u3 MIO3BOJIFET OIPE/IE/TUTh CJIOKEHNE U YMHOXKEHUE Bellle-
CTBEHHBIX YHUCEJI.

Tem campim R u Q,,, B orvmmane ot [—1, 1] un Z,, He ABIAIOTCA 9UCTO KOMH-
JIyKTUBHBIMU KOHCTPYKIAMU. OHU SBJISIOTCA WH/LYKTUBHO-KOUH/TY KTHBHBIMU
KOHCTPYKIIUSIMHU, T.€. OHU TIOJIyHal0TCs TPUMeHEeHNEM MH/TyKTUBHON KOHCTPYK-
I K KOUHIYKTUBHOMY apryMeHTY.

3.1.23. (Ymuoxenue X : RXxR - Ru Q, xQ, = Q,.) Bamerum, uro orob-
pazkKeHue YMHOXKEHUsI BemecTBeHHbIX unces X : R X R — R, (z,y) — zy,
KOHCTPYKTHBHO, OJHAKO sIBJISIETCSI HEIIPEPBIBHBIM, HO HE PABHOMEPHO Helpe-
PBIBHBIM, 9TO Ha IEPBBIA B3[VISI IPOTHBOPEYUT TOMY, YTO OBLIO CKA3aHO
Boiite B [3.1.15] 1po KAaHOHMYHOCTH PABHOMEPHBIX CTPYKTYD Ha KOUH/[YKTHB-
HBIX KOHCTPYKINAX. AHAJIOTWYIHAsT CATYAINsT U C P-auIeCKIM YMHOXKEHUEM
Q,xQ, — Q,. B neiicTBUTEILHOCTH 3/1€Ch HET IPOTHBOPEUNH, HOCKOJIBKY (),
1 R He 91cTO KOMHYKTUBHBIE KOHCTPYKIUHU, & UH/IYKTUBHO-KOUH/IYKTHBHBIE,
CM.

MozkHO TakKe OTMEeTUTh, YTO YUCTO KOWH/YKTUBHBIE KOHCTPYKIINW, Ta-
Kue, Kak [ u Z, (ACIOIB3yIONe TOJBKO KOHEYHbIe MHOXKECTBA KaK apry-
MEHTBI ), 3a9aCTYI0 OKA3bIBAIOTCSI HE TOJBKO IIOJIHBI, HO M KOMIAKTHBI, ITO
0TYaCTH 00BICHSET, IIOYeMy 3a/laHHble Ha HUX HEIPEPBIBHBIE OTOOPArKEHMS
OKa3bIBAIOTCsI PABHOMEDPHO HEIPEPHIBHBI.

3.1.24. (He Bce 3/1eMeHTBI KOMH/YKTUBHBIX KOHCTPYKIMHA KOHCTPYKTUBHBI,
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HO KOHCTDYKTHUBHBIE 3JIEMEHTBI OOBIYHO IJIOTHBL.) OTMETHM, 9TO B OTJIH-
que OT IJIEMEHTOB MHAYKTHBHBIX KOHCTPYKHHfI, HE BCE€ 3JIEMEHTbI KOMHJ/IYK-
THUBHDBIX KOHCprKL[I/Iﬁ KOHCTPYKTUBHBI. O,ZLH&KO KOHCTPYKTHUBHBIC 3JIEMEH-
ThI OOBITHO IJIOTHBI B €CTECTBEHHON TOTOJIOTHH, KOTOPYIO MBI OIPE/IETUIN B
3.1.14] ITockoIbKY 0OBIYHO MHOXKECTBO KOHCTPYKTUBHBIX 3JIEMEHTOB CUETHO
(moToMy YTO KOHCTPYKTUBHBIE 9JIEMEHTHI MOIYT OBITH 3aJIaHbI KOHEYHBIMU
opmysiaMu U BBIDAYKEHUSIMHE ), MBI BUJIUM, UTO KOUHOYKMUESHBIE KOHCMPYK-
YU 00BIUHO ABAAIOMCA NOAHBIMU DABHOMEPHBLMU NPOCMPAHCMEAMU, 0 KOH-
CMPYKMUBHDLE INEMEHMBL YACTO 00PA3YIOM CHEMHOE BCI00Y NAOMHOE MHO-
atcecmso. JTa IIOTHOCTD TOZKE MOXKET OBITH CTPOro JIOKa3aHa I HEKOTOPBIX
KJIACCOB JIMArPAMM, HO MbI He OyJieM ceiidac 9TUM 3aHUMAThCH.

3.1.25. (KounyKTHUBHBIE KOHCTPYKIIMU YACTO SIBJISIFOTCS TOJIbCKUMU TIPO-
CTPAHCTBAMU U O0JIAJIAIOT MOIIMHOCTBIO KOHTHHYYM.) IIpenbiymume paccyx-
JIEHHS TTOKA3BIBAIOT, UTO 3a9aCTYI0 KOMH/YKTHUBHbIE KOHCTPYKIUU X JIOIYC-
KaIOT IIOJIHYI0 PABHOMEDPHYIO CTPYKTYPY, OTHOCUTEJILHO KOTOPOil €CTh CUeT-
HO€ BCIO/LY IJIOTHOE MHOKECTBO. Eciin JToKa3aTh, YTO 3Ta paBHOMEPHAs CTPYK-
Typa MOPOXKIAETCS CIETHBIM CEMENCTBOM OKPYKEHUN — TO eCTh 4To X MeT-
pu3yeMo — TO TeM caMbIM X OKaxKeTCs TOJILCKUM TpocTpancTtBoM. [Ipu-
MeM 0e3 JI0Ka3aTeIbCTBA, YTO 9TO JEHCTBUTETHLHO TaK BO MHOTHX CJIydasX
(cM. Takxke Huzke). [I0CKOIBKY BCe HECUeTHBIE TOJLCKUE MPOCTPaH-
CTBa 00JIaJIAI0T MOIIHOCTHIO KOHTUHYYM, 3TO OObICHAET, TOUEeMY TIOUTH BCE
MHTEpeCHble MHOYXKECTBAa B aHajU3e U B MaTeMaTHKe BOOOIIE JINOO CUETHDI
(MHJLyKTHBHBIE KOHCTPYKITHUH ), JIHOO 00J1a/Iat0T MOITHOCTHIO KOHTHHYYM (KO-
UHJIyKTUBHBIE KOHCTPYKIMK). B 9TOM CMBbIC/Ie KOHTHHYYM-THIIOTE3a BEPHA.

3.1.26. (MerpusyemMocTh KOMH/YKTHBHBIX KOHCTPYKIIHIi: KOHCTPYKTHBHBIE
OKDYZKeHs paBHOMEPHOIT cTpyKTypbl.) HedopmasbHo nosicHum, mouemy ecre-
CTBEeHHasd paBHOMepHasd CTPYKTypa Ha KOMH/YKTUBHBIX KOHCTPYKIUAX 9aCTO
OKa3bIBAETCs ITOPOK/IEHHOI CYeTHBIM CEMEICTBOM OKPYZKEeHUil, T.e. MeTPU3Yy-
emoit. Ilycrs X — KOWHJIyKTHBHAs KOHCTPYKIMs ¢ mapamerpamu A, ...,
A,,. Byziem mnipesmoarath, 9TO €CTECTBEHHbIE PABHOMEDHBIE CTPYKTYDPBI Ha
napamerpax A; auckperHsl (9T0 06bIYHO GyIeT Tak, ecin A; caMu 3aJiaHbl ¢
HOMOIIBIO WH/LYKTUBHBIX KOHCTPYKIUI) WM X0Tst Obl MeTpU3yeMbl (HAIpH-
Mep, e A; 33J1aHbI ¢ IOMOIIBIO 60J1ee TPOCTHIX KOMH/LYKTUBHBIX KOHCTPYK-
IWii, OHU METPHU3YEMbI «II0 MPEJIOJIOKEHUIO UHIYKIMN» ). TakuM o0pa3oM,
MOXKHO CUHMTATh, 9TO Ha KaxKJI0M A; PUKCHPOBAHO cUeTHOE (DyHIAMEHTA b
HOE CeMelCTBO OKPY2KeHuit. ByjieM cTpouTh BCeBOZMOXKHBIE KOHCTPYKTUBHBIE
orobpaxkenns u3 X B A; (Ha caMoM Jiejie He TOJIbKO B mapaMeTpbl A;, HO u
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B HEKOTODBIE JIDYT'He BCIIOMOTATEIbHbIE KOHCTPYKIINH, HAIIPUMED, KOHEUHbIE
MHOKECTBA), T.e. OTOOPAKEHMUsI, KOTOPbIE MOIYT OBITH ITOCTPOEHBI C HOMO-
b0 KOHEYHOI'0 YUC/Ia MPUMEHEHUN CTPYKTYPHBIX MOphuU3MOB X, YHUBED-
CaJIbHOTO CBOiicTBA X WM KAaKUX-TO CTaHJAPTHBIX KOHCTpyKInid. [Tockombky
KOHCTPYKTHUBHBIE O0TOOpaxKenus p : X — A; 0OBIYHO 3aJ1aI0TCs KOHETHBIMU
dopmynamu, ux Oyzer He 60see UeM cueTHOE MHOXKECTBO. C JIpyToit CTOPOHBI,
ecTecTBeHHasl paBHOMeEpPHas CTPYKTypa Ha X 0ObIYHO OyIeT camoil caadoil
PaABHOMEPHOI CTPYKTYPOIi, B KOTOPOil BCE P PABHOMEDHO HEIPEPBIBHBI. JTO
O3HaYaeT, UTO paBHOMEpHas CTPYKTypa X MopoxKgaeTcd mTpoodpazaMu OTHO-
CUTEJIbHO BCEBOBMOXKHBIX P : X — A; OKpyKeHmit n3 BRIOPAHHBIX (DyHIaMEH-
TAJIBHBIX CIETHBIX ceMeiicTB okpyxkenuit Ha A;. [Toromy ona Toxke obs1amaer
CYETHBIM TTOPOKIAIONINM CEMENCTBOM, T.€. METPU3YeMA.

MoKHO cKa3aTh, 9YTO METPU3YEeMOCTb PABHOMEPHON CTPYKTYypbl X sB-
JII€TCs CJIEJICTBUEM CUYETHOCTU MHOXKECTBA, «KOHCTPYKTHUBHBIX» OKPY2KEHWUIT,
a OHO CYETHO, ITOCKOJIbKY KOHCTDYKTHUBHBIE OKDPYXKEHUs TapaMeTpPU3yIOTCS
KOHEYHBIMU (DOPMYJIaMU, aHAJIOTMIHO MHOXKECTBY KOHCTPYKTUBHBIX JIEMEH-
ToB X. B 3TOM CMBICTIE METPU3YEMOCTH PABHOMEPHON CTPYKTYPBI SBJISETCS
JIBOMCTBEHHBIM CBONCTBOM K HAJMYHUIO CYETHOTO BCIOAY IJIOTHOTO TIOJIMHO-
JKecTBa (KOHCTPYKTHBHBIX 9JIEMEHTOB).

3.1.27. (Yucrble MHAYKTUBHBIE U KOUH/IYyKTUBHbIE KOHCTPYKIIUH TPUBUATb-
HbI.) MBI Bujten B , g0 R 1 Q,, He aBIAIOTCA YNCTO KOMH YK TUBHBIMU
KOHCTPYKIUAMU, & ABJISAIOTCA WHTYKTHBHO-KOMH/IYKTUBHBIMU, T.€. SABJISIOTCS
pPe3yIbTaTOM IPUMEHEHUs] WHJIYKTUBHON KOHCTPYKIIMM K KOWHTYKTHBHOMY
aprymenry. Ognako orpe3ok [’ = [—1,1] u Z, B JefiCTBUTEILHOCTH TAKXKe
He ABJISIOTCA YUCTO KOWH/IYKTHMBHBIME KOHCTpyKIusaMmu. Harpumep, B 10-
crpoennn Z, kak {0,1,...,p — 1}* KouHmyKTUBHAS KOHCTPYKINA A ~» AY
MIPUMEHSAETCs] K KOHEYHOMY P-3JIEMEHTHOMY MHOYKECTBY, KOTOPOE SIBJISI€TCS
WHIYKTUBHON KOHCTPYKIIUEH, a UMEHHO, KOIPOU3BEJICHUEM ] SK3EMILISIPOB
dbuHaTBHOrO 06BEKTa (MM OJHOTOYETHOTO MHOYKECTBA). TOYHO Tak »Ke KaH-
topoBo MHO)KecTBO C' = {0, 1}* ncrnonb3yer ubo JBYXI7TEMEHTHOE MHOKE-
crBo {0,1} = 1U1 B KauecTBe mapaMeTpa, JUOO ONpeIeJISIeTCs KaK (DUHATb-
HBIIT 00bekT B Kareropuu map (C, 0 : C' — C'UC), u Torga Kopon3BeieHue,
T.€. UH/IYKTUBHAasI KOHCTPYKIINSA, 38/IeICTBYEeTCS TIPU ITOCTPOEHUN KATErOPUM
JTAATPAMM.

Paccyxas Takum 06pa3oM, HECJIOKHO MPUATH K BBIBOJLY, YTO BCE YUCTO
KOUHJLyKTUBHbIE KOHCTPYKIIUK (T.€. KOUHIyKTUBHbIE KOHCTPYKIIUH, KOTOPbIE
HCIIOJIB3YIOT TOJILKO paHee OlpeaeseHHble YINCTO KONHTYKTHBHBIE KOHCTPYK-
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I[UH JIJIsT TOCTPOEHHsI KATErOPUH JUArPAMM HJIU B KAIECTBE [IapaMeTpOB) OKa-
3BIBAIOTCS M30MOPQHBI BUHAIBHOMY 00bEKTY 1 (T.€. OJHOTOYETHOMY MHOZKE-
crBy, ecin C = Sets). AHAJIOTUYHO, eIMHCTBEHHAS] YUCTO WHIYKTUBHAS KOH-
CTPYKIMsI — 9TO WHUIUATBHBI 06beKT & (mycroe MHO)KeCTBO). [Ipumensist
WH/IyKTUBHBIE KOHCTPYKIMU (KOMPOU3BE/IEHNE) K YMCTO KOUH/LyKTUBHOMY Tia-
pamerpy (buHaIBHOMY OOBEKTY ), MBI [IOJIy9aeM KOHEUHbBIE, & 3aTeM U OeCKO-
HEYHBbIE MHOYKECTBA, TAKNe, KAK MHOYKECTBO HATYpaabHbIX duces. [Ipumensis
K KOHEIHBIM MHOYKECTBAM KOWHJIYKTHUBHBIE KOHCTPYKITUH, [TIPUA OIIPE/IeT€HUN
KOTOPBIX MBI TAKKe Pa3periaeM UCI0Jb30BaTh KOHEUHbIE KOIIPeIeIbl, MBI TI0-
JIydaeM KOUH/YKTUBHbIE KOHCTPYKIUK BpoJe Z, uiu I'. MbI MozkeM, OJIHAKO,
CTPOUTDH KOWHIYKTUBHbIE KOHCTPYKITUU ¢ OECKOHEYHBIMU UH/TYKTUBHBIMHY T1a-
pamerpamu, Takue, Kak N (6eCKOHEUHBIE TI0C/IEI0BATETLHOCTH HATYPAJIb-
HBIX 9UCE).

3.1.28. (C10KHOCTH MATEMATHIECKUX 00BEKTOB KaK KOJMIECTBO U3MEHEHHUI
KBaHTOPOB. MHOroOMepHbIe JIoKasibHbIe 110J1s.) HamoMunm, 910 B MaTeMaTu-
YeCKOI JIOTUKE IPUMEHsIeTCs CJeIyionas rpydas Kiaaccuduraims (hopMyt
[0 CJIOZKHOCTHU: 0OJiee CJIOKHOW cumTaercs Ta (dopMmysa, B KOTOPOil 60Jb-
e mnepemMeH KBaHTOPOB (¢ V Ha 3 u HAOOGOPOT) BO BJIOXKEHHBIX IEMOYKAX
KBaHTOPOB. IIpu 3TOM Bce cBOOO/IHBIE IIepEMEHHbBIE MOYKHO CUUTATh CBS3aH-
HBIMH KBaHTOPOM BceoOImHocTH. Hampmmep, B yCI0BHM KOMMYTATHBHOCTH
(Vz)(Vy)(z + y = y + &) Her nepeMeH KBAHTOPOB, & B OIIPEJICJICHUN HEIpe-
peisroctu (Vz)(Ve > 0)(30 > 0)(Va')(Jx — 2'| < § = |f(z) — f(2')] < ¢)
€CTb IIeJIbIX JIBe IepeMeHbl KBaHTOpOB. [loaromy HenpepbBHOCTH QyHKIMH
— GoJtee CJIOZKHOE CBOWCTBO, YeM KOMMYTATHBHOCTH OIIEPAIlHH.

MBI MOYKeM aHAJIOTTIHBIM 00pa30M KJIaCCH(MUITMTPOBATH MaTEMATHIECKIE
KOHCTPYKIIAN 110 KOJIMYECTBY IEPEXO/I0B OT KOMHIYKTUBHBIM KOHCTPYKITHI K
BJIOKEHHBIM MHJIYKTUBHBIM U HA0OOPOT (3TO TeM 6Gojiee eCTeCTBEHHO, eCjiu
yaectb, uro (Vo : X)(P(x)) ¢ TOYKH 3peHusi TEOPUU THUIIOB SABJISIETCS 3aBH-
CHMBIM TIPOU3BEIEHIEM H(x: x) P(z), T.e. KOUHIYKTUBHOW KOHCTPYKIIHEH, a
dr — unaykrusHOit). B KauecTBe 6a3bl MOKHO HCIIOIB30BATH HUYTO (TOIA
IIEPBBIM IIATOM JTI0D0T0 TIOCTPOEHUS BCErjia OyIeT MoCTpoeHrne (PUHaILHOIO
00bEKTA, T.e. KOMH/YKTHBHAasI KOHCTPYKIIUS, K KOTOPOW IPUMEHSETCsT KOIIPO-
u3BeJIeHUe, T.e. WHYKTUBHAS KOHCTPYKIHUS), JTUOO MOXKHO HAYaTh CPasy C
KOHEUYHBIX MHOXKecTB. C TaKoil TOUKHU 3peHus HaTypaJsbHble dncia Ny, 1esbre
p-aandeckue ducia Z, u orpe3ok I’ = [—1, 1] 0bsagaior ouHaKoBOil «CI0K-
HOCTBIO», a R m Q, — GoJsiee CJIOKHEBI, MOCKOJIBKY OHU HOJIy9alOTCH U3 KO-
HEYHBIX MHOYKECTB M KOHCTPYKITHI C TOMOIIBIO MH/TYKTHBHO-KOWH Ty KTUBHOM
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KOHCTPYKI[UU. DTO MPOSIBJISETCS U B TOM, 4TO Z, 1 I’ KOMIAKTHBI, B TO
BpeMd KaK R un Qp — BCEro JIMIIb JIOKAJLHO KOMIIAKTHBLI. Ecian CUUTATDb,
YTO MHAYKTHUBHBIE KOHCTPYKIIUH, HpI/IMeHéHHbIe K KOHEYHBIM MHO2KECTBaM,
JIAIOT CYETHBIE MHOMKECTBA C JAUCKPETHON TOIOJIOTHEl, 8 KOMHIyKTHBHbIE —
[OJIbCKIE KOMIIAKTLI (T.€. OTIEJIMBbIE KOMIIAKTHBIE IIPOCTPAHCTBA CO CIET-
HOI 6a30if TONOJIOrUH), TO UHJIYKTHBHO-KOMHJIYKTUBHDLIE NAyT B JIydIIEM
CcJIydae JIOKAJIbLHO KOMIIAKTHBIE, & TO M KOMIIAKTHO-IIOPOXK AEHIBIE IIPOCTPAI-
CTBa. Cﬂeﬂyfomaﬂ urepanud — KOMHAYKTUBHO-UHYKTUBHO-KOMHAYKTHBHBIE
KOHCTDYKIIUM, IIPUMEHEHHbIE K KOHEYHBIM MHOXKECTBAaM — IO BCeil Buau-
MOCTH 33/1aéT MaTeMaTHdecKne OODBEKTHI, JIs ONICAHUA KOTOPLIX yKe He
XBaTaeT TOIOJOrur. MHOroMepHbIe JIOKAIbHBIE HOJIst IPU HPABIJILHOM II0JI-
XOJIe KaK pa3 sBJISIOTCS IIPUMEPAMU IOJ00HBIX KOHCTPYKInii. Bo3amoxkHO,
HIMEHHO [TO9TOMY C HUMU He YIAaETCsl YIPABJISTHCS MPUBBIYHBIME (TOIIOJIOTO-
anreOpanIecKiMI) CPECTBAMI.

3.1.29. (DieMeHTbI KOMH/YKTUBHBIX KOHCTPYKIIUHA MOTYT OBITh TIPEJICTABIIE-
HbI (DYHIAMEHTAJIHHBIMUI MTOCJIEIOBATEILHOCTAMI KOHCTPYKTUBHBIX JIEMEH-
ToB.) OTMeTUM, YTO, MOCKOJIBKY KOUH/IyKTUBHAsI KOHCTPYKIHs X 3a4acTyio
OKa3bIBAETCS TIOJIHA, & MHOYKECTBO KOHCTPYKTHUBHBIX 3JIEMEHTOB B HEil CIETHO
U BCIOJLY IJIOTHO, TTPOM3BOJIBHBIN 3JIEMEHT T € X MOXKET ObITh 3aITMCaH KaK
IpeJiesl HEKOTOPO# CXodmeiics, Win, 9T0 PaBHOCUILHO, (PYHIaMEHTAJILHOM
[OCJIEIOBATEILHOCTH (X,) KOHCTPYKTHUBHBIX 3j1eMeHTOB. Hampumep, sro6oe
BENIECTBEHHOE WJIM P-aJIMYeCcKoe YHUCJIO eCTh IIpejie/l HEKOTOPOIt Iocse/10Ba-
TeJIbHOCTU PAIMOHAJIBHBIX YHUCE.

3.1.30. (He Bce sieMeHTHI KOWH/IYKTUBHBIX KOHCTPYKIINI KOHCTPYKTUBHBI,
HO CaM¥ KOMH/IyKTUBHBIE KOHCTPYKIUH KOHCTPYKTUBHBI.) Hecmorpst Ha To,
YTO HE BCE 3JIeMEHTHhl KOWHIYKTUBHBIX KOHCTPYKIINN KOHCTPYKTUBHBI, Ca-
MM KOWHJIYKTUBHBbIE KOHCTPYKIIUU KOHCTPYKTUBHBI, 110 KpaitHeil Mepe, ecin
KaTeropus JuarpaMm, UCIOJIb3yeMas JJIsd UX MOCTPOEHN, JTOMyCcKaeT ONuca-
HUE C ITOMOIIBI0O KOHEYHOI'O YnC/a (DOPMYJT U BCIOMOTATEIbHBIX KOHCTPYK-
Ui, BCe U3 KOTOPBIX KOHCTPYKTUBHBI. DTO TAK, MOCKOJbKY KOUH/YKTHBHBIC
KOHCTPYKIIUU ABJAIOTCH (PUHATBLHBIMU OOBEKTAMU B 9THX KATEIOPUAX JUa-
rpaMM, T.e. OJHO3HAYHO OIIpe/IeIeHbl CBOUM YHUBEPCAJIbHBIM CBOHCTBOM. Ta-
KM o6pasom, Harnpumep, I = [0,1] # R KOHCTPYKTHBHBI, HECMOTDSI Ha TO,
YTO KOHCTPYKTHBHBIX BEIECTBEHHBIX UHCEJ OYeHb MaJo (HX CUYeTHOE MHO-
JKECTBO).

3.1.31. (IIpomexkyTOoduHBII UTOr: KOWHJIYKTHBHBIC KOHCTPYKIIUU HE MEHee
€CTeCTBEHHbBI, YeM WMH/IYKTUBHbIEC, I MUMEIOT IIPaBO Ha CYIIECTBOBAHUE, OCO-
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6erno B Teopun uuces.) [logsemem nmpomeskyTounbiii uror. Mbr BuuM, 910
NHAYKTUBHbIC KOHCTPYKIIUKX O6I)ILIHO CY€THbI, Ha HUX HEeT €CTeCTBEHHOI TO-
[TOJIOTUH, TIOMUMO JINCKPETHOI, U BCE UX JIEMEHTHI OOBITHO KOHCTPYKTUBHBI,
T.e. 33JIalI0TCd KOHEeYHbIME hopmyiamu. [[o9ToMy MHIyKTHBHBIE KOHCTPYK-
MM OYEeHb YaCTO BO3HUKAIOT B ajredpe u joruke. C Japyroit cTOPOHBI, KOMH-
JIYKTUBHBIE KOHCTPYKIIUKA OOBITHO 00JIaJIAI0T MOIIHOCTHIO KOHTUHYYM, U Ha
HUX €CTh €CTEeCTBEHHAA TONOJIOINA U paBHOMEpHad CTPYKTYPa, B KOTOPO OHU
IIOJIHBI 1 ABJIAIOTCA ITIOJILCKUMU ITPOCTPaHCTBaMMU. KOHCprKTI/IBHbIX QJIEMEH-
TOB B HUX MAaJIO, HO OHH 3a4aCTyI0 00pa3yIoT CYeTHOE BCIOJY ILJIOTHOE MHO-
»kecTBO. KOMH/IyKTUBHBIE KOHCTPYKIIUKA €CTECTBEHHBIM 00pa30M BO3HUKAIOT B
aHaJIn3€e, U OHU HE MeHee KOHCTPYKTUBHBI U €CTECTBEHHBI, YeM WHIYKTUBHBIE
KOHCTPYKIIMK. BoJjiee TOro, B T€OpUM YUCEJI Y2KE HCIOJIB3YIOTCS HE TOJIBKO
UHIYKTUBHBIE, HO 1 KOUHJYKTUBHBIC KOHCTPYKIIUH, Hapumep, Zj,. [loaromy
IIPeIII0IOKEeHNe, ITO abCo0THasT 6a3a, HeoOXouMasl JIJId ITOCTPOeHusT ad-
COJIFOTHOM TeOMeTPHUH, B KOTOPOil ObI YMC/IOBOI CJIydaiil cTajl Obl aHAJIOTUYeH
P YHKITMOHATBHOMY, MOXKET 3aJIeiCTBOBATH JIJIT CBOErO MOCTPOEHUS KaK MH-
JOYKTUBHBIE, TAK U KOMHJAYKTUBHbIE KOHCTPYKIIUU, HUYEMY HE TPOTUBOPEYUT
1 JazkKe OZKHIaeMO.

3.2 KomBayKTnBHBbIE KOHCTPYKIINN B TEOPUHN BEPOSITHO-
creil

Mps1 Bujies, 9TO KOMHIYKTUBHBIE KOHCTPYKIINN HE MeHee eCTeCTBEHHBI, YeM
UHJIyKTUBHBIE, ¥ YTO OHU 3a4YaCTYIO €CTECTBEHHLIM 00pa30M BO3HUKAIOT B
aHajmn3e U OJM3KUX JucIuiinHax. Kak cjejicTBue, OHU OKa3bIBAIOTCH CBsI-
3aHbl U C TeOpueil BepodaTHOCTE!, HAlIpUMep, B paMKax KOJIMOI'OPOBCKOH ak-
CHUOMATHU3AIMN TEOPUN BEPOATHOCTEN, YBA3BIBAIOIIEH BEPOATHOCTL U TEOPUIO
Mepbl. MokeM s MBI OoJiee TBHO MPOCJIEINTH BOSHUKHOBEHNE KOWHTYKTUB-
HBIX KOHCTPYKIIMII B T€OPUU BEPOATHOCTER !

3.2.1. (Daements kantopoBa MHOkecTBa C' = {0, 1}* KaK HCTOYHHK CIIy-
JaifHbIX mocsieoBarebHoCTell Hysteit u exunuil.) [lepBoe Hame nabioeHue
Oy/eT BOT KaKMM. 3aMeTHM, YTO KaHTOpoBo MHOxkectBo C' = {0,1}*, onn-
caHHOe KaK KOMHIyKTHBHas KoHCTpyKims B [3.1.10] obramaer mums oM
crpykTypHbiM Mopdusmom 6 : C — C U C = {0,1} x C. Ioromy, ecin
HaM JaH 31eMeHT « : C, eIMHCTBEHHOEe, YTO MBI C HHM MOXKEM CIEJIaTh C
BBIYHC/IUTE/IBHOM MM KOHCTPYKTUBHON TOYKHU 3PEHUS — 9TO IIPUMEHUTH § 1
nostyauts 0(a) = (g, '), tae xg € {0,1} u o/ : C'. lnaue roBopst, MBI IIOJIy-
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JaeM OJIHY JABOMYHYIO Mudpy u HOBBII 3jieMeHT C', ¢ KOTOPBIM MBI, B CBOIO
ovepe/ib, MOXKEM pa3Be UTO CHOBa IIOBTOPUTH ITY oleparuio. TeM cambiM
smeMeHThI «v : C' MOXKHO pacCMaTpUBATh KaK FeéHepaTOphI IOC/IeI0BATETLHO-
creit u3 nysei u eguauIl. [loce moydenus odepeHON JTBOUTHON TUMPHI Mbl
3a0/IHO TIOJIy9aeM W HOBOE COCTOgHUE reHepatopa. lIpm sToM, eciam sj1emeHT
a : C «Ipou3BOJIeH» WIN «CIydaeH» (OTHOCHTETHHO eCTECTBEHHOW BEpOsiT-
nocrroit Mepst Ha {0, 1}Y), To mosmyuaroniascst nocieosaTebHOCTD Hy et 1
e uHUIL OyIeT caydaiinoii, T.e. C' — 5T0 reHepaTop HE3aBUCUMBIX CJIyIaliHBIX
JIBOMYIHBIX UMD, WIK «UCTOTHUK CJIYIARHOCTH.

3.2.2. (Duement « : C' KaK UCTOYHUK OOJIeE CJOKHBIX CIIyIaiiHBIX O0BEKTOB. )
MpbI MOXKeM M3BJIEKATh U3 3TOI'0 MeHepaTopa cpasdy HECKOJBKO UMD MOIPST
U HCIIOJIb30BaTh UX BMeCTe JJId IeHepaluu Oojiee CJI0XKHBIX 00bekToB. Ha-
[IPUMep, B3sIB TPU JABOUYHBIE ITI(MPHI, T.€. IpUMeHUB f TPU pa3a, Mbl MOYKEM
BBIOPATH «CJIydallHbIN» /IeMeHT U3 JIIOoro (He 6osiee 4eM) BOCHMIIIEMEHT-
HOI'O MHOXKeCTBa. boJjiee TOro, Mbl MOXKEM HCIIOJIb30BaTh IPEMUKC-KOI JIJIsT
KOJIMPOBaHMsI BCeX (KOHCTPYKTHUBHBIX) 9JIEMEHTOB KaKOii-HUOY/Ib WH/LYKTHB-
HOM KOHCTpyKImu A, m gurars mo mudpe n3 a : C' 10 Tex mop, MoKa He
YBUJIAM TIOJIHBII KOJ KaKOro-To semenTa A. Hampumep, MbI MOzKeM KOIUPO-
BaTh HaTypaJibHOe 9uco 1 : N ¢ moMoInibio cjioBa 1™0; Torma Jrd mosryte-
HUS CJIYYIailHOIO HATYPAJbHOIO YMCJIa MbI Oy/IeM IeHEepUpOBATH CJIydaifHbIe
JIBOMYIHBIE IUGPHI JI0 TeX MOP, MOKa He MOJYIUM HOJIb; KOJUIECTBO €JINHMUII,
CreHEePUPOBAHHBIX JI0 TIEPBOI'O HYJISA, U €CTh UCKOMOE CJIydaiiHOe HATYPaJIbHOEe
JHCJIO.

3.2.3. (Pacmpeiesienne BeposiTHOCTE Ha, JIEMEHTAX MH/YKTHBHBIX KOHCTPYK-
muit.) B mpepiaytneM npuMepe Mbl He TPOCTO MOJTyIaeM CJLy dailHble 9JIeMeH-
ThI UH/IYKTUBHBIX KOHCTPYKIIHi, HAIIpUMED, CIydaiiHble HATypaJIbHbIe YUC/Ia,
HO TIOJIy9aeM WX ¢ HEKOTOPBIMU (PUKCHUPOBAHHBIMU BeposiTHOCTsIMU. Harpu-
Mep, MBI OJTydaeM gucio n > 0 ¢ BepogTHOCTEIO 2- "1, B obmiem ciydae Mbl
CTPOMM HEKOTOpOe KOHCTPYKTuBHOE orobpaxkenue v : C' — A x C, rme A —
3aJlaHHAasT WHIYKTUBHAS KOHCTPYKIns. Torma Ha A BO3HWKAeT eCTeCTBeHHAsI
Mepa — 006pa3 cTaHJIapTHOl BepOSTHOCTHON Mepbl Vo Ha C' (6y1eM Ha3bIBAThH
eé «mepoit Xaapa na C'») OTHOCHTEJIbHO OTOOpakeHusi p = pry oy : C' — A.
[TockoIbKY WHJIyKTUBHBIE KOHCTPYKIUHU (B KATEIOPUU MHOXKECTB) OOBIYHO
CYETHBI U JUCKPETHBI, BEPOITHOCTHBIE MEPhI HA A 3a/[al0TCsl TPOCTO Iepe-
YHUCJIEHUEM BEPOSITHOCTE BCeX 3JIeMeHTOB: p, = P(§ = a) mig a € A ¢
Pa >0, > ,59gPa = 1, T.e. OHE IAPAMETPHU3YIOTCH (IIOMOJHEHHBIM OEeCKOHEeY-

HoMepHbIM) cumiiercom A
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OrmMeTuM, 9TO 15 33 aHusl BEPOSITHOCTHBIX pacipeesiennii Ha A HaMm Ha,
CaMOM JieJie He 00513aTeIbHO N3HAYAIBLHO PACIIOIAraTh TEOPUEil Mephl: MbI MO-
JKeM BMECTO 3TOro n3y4arh orobpakerus C' — A, KOHCTPYKTUBHBIE UJTU HET.
Nuade roBopsi, MOHATHE IPOIECCA MOPOXKIEHUSA CJIYIANHOIO SJIEMEHTa THU-
na A 1upn KeJaHuM MOXKET ObITh HCIIOJb30BAHO BMECTO IMOHSATHUS CJIYIaiHOMN
BEeJIMYIUHBI, T.e. U3MePUMOil (hyHKIMH, JjIs0 000CHOBaHUS HEKOTOPBLIX (bpar-
MEHTOB Teopun BepodTHocTeil. TeMm caMbiM dOpMaIbHO HCKIIOUAETCS HEOD-
XOJIMMOCTB MCIIOJIb30BAHUSA Teopun Mepbl. [Ipu sToM nosrydalomascs Teopus
MOzKeT OBITH DoJIee O0IIell, HalTpuMep, OHA MOXKeT ObITh IPUMEHNMa He TOJIb-
KO B KaT€rOpPUH MHOXKECTB.

3.2.4. (Coayuaiinble 3/1leMeHTbI KOUHJLyKTUBHBIX KOHCTPYKIuii.) [TomMumo ciry-
JaHBIX 9JI€MEHTOB MH/IyKTHBHBIX KOHCTPYKIIAI, HAM MOT'YT OBITH IOJIE3HBI
cJy4daiHble 9JIeMEeHThl KOUHIYKTUBHbBIX KOHCTPYKIIUN, HAIIPUMED, Cly4aiiHble
sstemerThl orpe3ka [ = [0, 1]. Eciii Mbl X0THM MOJTy9nTh pABHOMEPHO PACIIpe-
JIeJIeHHYIO Caydaiinyio sesmuanny Ha [0, 1], mocTaTrodHo B3sTh 0TOOpaKeHue
U :C — I, nocrpoennoe B|3.1.11 koTopoe 1epeBouT OECKOHEIHYIO TTOCIe-
JIOBATEJIbHOCTD HYJIefl M €JIMHUI] B BEIIECTBEHHOE YUCJIO0 C COOTBETCTBYIOIIEH
JIBOMYHOM 3amncbio. 910 U KOHCTPYKTHBHO, W IIEPEBOIUT Mepy Xaapa Vo
Ha C' B Mepy Jlebera na [0, 1]. Jasee, eciim F' : R — [0, 1] — mobast Henpepbis-
Hasg (QYHKINs pacipeieeHus, Mbl MOYKEM TTOCTPOUTDH CJIYYalHyIO BEJIMIHHY
C TaKUM paclipejiesienneM Kak F 1 o U, n 3Ta KOHCTPYKIUS KOHCTPYKTHB-
Ha, eciim (byHKINUA F KOHCTPYKTHBHaA. Hampumep, Mbl MOXKEM OIPEIE/IUTD
CIIy4aliHyIO CTaH/JIAPTHYIO I'ayCCOBCKYIO BEJIMUNHY.

3.2.5. (IIpousBoibHbIE BEPOSITHOCTHBIE PACIIPE/IC/ICHUS HA WHLyKTUBHBIX KOH-
CTPYKIMSIX. ) 3aMEeTHM, 9TO yMEHUEe TeHEPHPOBATH PABHOMEDPHO PACIIPe IeIeH-
Hble cirydaitible Besmansbl ¢ oMorbio U @ C' — [0, 1] cpa3y no3soJiser rexe-
PUPOBATH CJIyYailHble BEJTMIUHBI CO 3HAYEHUSIMU B (PUKCUPOBAHHOM CUETHOM
MHOXKeCTBe A, HallpuMep, B HEKOTOPOil MH/LyKTUBHOW KOHCTPYKITHH, €CJTH 3a-
JIAHO TIPOU3BOJIBHOE (JKeTaTeIbHO KOHCTPYKTHBHOE) PACIIPE/IC/ICHIE BEPOSIT-
nocreit p, > 0 ma A, > _,p, = 1. Hanpumep, ecm A = N = Ny, mbr
MOKEM BBIYUCIUTH KYMYJIATUBHBIE CYMMBI P, = an_:lo Dm U 3aT€M OTOD-
pasurb ¢ : [0,1] — N c nomompio ¢ : x +— max{n € N : P, < z}.
Torma o6pas mepsl Jlebera na [0, 1] orHOCHTEIBHO ¢ — 9TO Tpebyemasi Bepo-
sITHOCTHasA Mepa Ha N, Tak 910 ¢ o U MOXKET UCIOJIb30BaThCs JJIsT 38,/ aHUsT
ciaydaiiHoit Benmawabl Ha N ¢ 3aJaHHBIM pacupegeserneMm. OTMeTHM, YTO
oToOpazkeHne ¢ He COBCEM ONPeesIeHO C KOHCTPYKTUBHON TOYKU 3pEHUd,
JlayKe eCJIM UCXOJIHOE BEPOSITHOCTHOE paclpejiesieHrne KOHCTPYKTUBHO; OJIHA-
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KO OHO OIIPEJIEJIEHO BCIOJLY, KPOME HEKOTOPOI'O MHOYKECTBA MEpPbI HYJIb, UTO
JIOCTATOYHO JUIst HAIUX Iiesieil. (DTo JOBOJBHO OKIIAEMO, IOTOMY HYTO BCE
KOHCTPYKTUBHbIE OTOOparKeHHsl HEIIPEPBIBHBI, & (¢ He HEIPEPBIBHO; B TO XKe
BpeMsl KOHCTPYKTHBHBIE OTOODAKeHMUsI, OIPe/IeIEHHbIe [IOYTH BCIOLY, BCErO
JIMIIb U3MEPHUMBIL. )

3.2.6. (Pacuerienue reseparopa: «auaronanby> A @ C — C x C.) Korga
MBI PeHEPUPOBAJIN, HAIIPUMED, CIydaiiHble HaTypaIbHbIe YUCia, Mbl CTPOUIIN
orobpazkenue v : C' — N x (| KOTOpoe JaeT U3 «reHepaTopa CaydaliHbIX
qUCes» WM «UCTOYHUKA CaydaifHocTu» « : C' He TOJBKO CJIydaiiHOe YHC/IO
N, HO U HOBBIA reHeparop ' : C', KOTOPBIA MbI 3aTEM MOYKEM HCIIOJIH30BAThH
JIIsT TEHEPAIMH TOCIE LY IOIIUX CIyYailHbIX 3JIEMEHTOB, HE3aBUCUMbBIX OT Y7Ke
nocrpoertoro. OjHako reHepaius ogaoro unciaa x : [0, 1] pacxogyer cpasy
BeCh 3alac CJAyJYaiiHOCTH, ITOCKOJBKY y Hac ecTh oroopaxkenme U : C' —
I =[0,1], awe C — I x C. Bouio 6b1 nosresHo nmerb orobpazkenue U’ :
C — I x C, xoTopoe TO3BOJISIO OBl U JaJbIlle TeHEPUPOBATH CJIyJaiiHbIe
06bEKTHI, HE3ABUCUMbIE OT Y2Ke [IOCTPOEHHOro Jucia Ha orpeske [0, 1]. Torma
MBI MOLJIU ObI, HAIIPUMED, CTeHEPUPOBATH IIOC/IE0BATEIbHOCTh HE3aBUCUMbIX
OJINHAKOBO PACIIPEIE/ICHHBIX CIyYalHbIX BEJIMINH.

B neiicTBUTEILHOCTH MBI BCErJIa MOXKEM 9TO CJeJIaTh, IIOCKOJIBKY CYIIe-
CTByeT KOHCTPYKTHBHOE JHaroHaabioe otobpazkenne A : O = C x C, KoTo-
poe oTobpazkaeT MOCIeI0BATEIbHOCTh JIBOUYHBIX PP @ = ToX{T2X3... B

Hapy HE3aBUCHMBIX MOCIEI0BATEILHOCTEH Y = ToXoly ... M a°d = T12375 . . ..

[ockonbky A, (ve) = ve @ Ve, Mbl MOZKeM HCIOb30BaThL ¥ u oY) oty yen-
upie 13 « : C' ¢ nomornpio A(a) = (a®¥, a®?), n1a nocrpoenus He3aBUCUMBIX
CIydaitHbIX 00beKTOB. Hampumep, Mbl MOXKEM MTOJTHOCTHIO U3PACXOI0BATH OJ1-
HO U3 HUX Ha [ocTpoenue ciaydaitnoro uncia [0, 1]. Mrade roBopsi, Mbl MOXKeM
w3 U : C — I =10,1] mocrpours U’ : C' — I x C xax U' := (U x id¢) o A.
MbI BuIM, 9TO KJIIOYEBBIM SIBJISIETCSI CYIECTBOBAHNE KOHCTPYKTUBHOTO
«koymuokenusi» A : C' — C' x C, takoro, uto A, Ve = Vg Q@ Vg. DTO KOyMHO-

KeHue, OJHaKO, He fABJIAEeTCA KOACCOIIMATUBHBIM HUJIN KOKOMMYTAaTUBHBIM.

3.2.7. (IIpu korcTpyKTUBHOM 10/1X0/e C' UTpaeT pojib BEPOSITHOCTHOTO MPO-
crpancTBa 2.) TeM camMbIM BbIIlIe U3JI02KEH HEKOTOPbIil KOHCTPYKTUBHBIH 110]1-
XOJI K TEOPUU BEPOATHOCTE!, TP KOTOPOM MbI OIMChIBaeM, KaK MOYKHO CI'eHe-
pUPOBATH BCe HYKHbIE HAM CJIydailHble 00bEKThI, NCXO0/1s U3 OJIHOTO JJIEMEHTA
a : C, KOTOPBIIt MOYKHO CUYUTATH T€HEPATOPOM CJIyYalHbIX JBOUYHBIX ITUMDP.
Posib A-3HauHOii citygaiiHON BeImauHbI € TIPH 9TOM BBITIOJTHSIETCS (JKeTaTeb-
HO KOHCTPYKTHBHBIME) orobpaxkenusmu & : C' — A. TTockobKy KOHCTPYK-
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TUBHBIE OTOOPAYKEHWsI, ONPEJIEJEHHBIE TIOUYTH BCIOLY (T.e. C BEPOSTHOCTHIO
OJIMH), U3MEPUMBI, Mbl BUJUM, 9TO 9TO IPUMEPHO COOTBETCTBYET KOJIMOIO-
POBCKOI aKCHOMATHU3AIINN, €CJIH B KAYeCTBE BEPOSITHOCTHOI'O ITPOCTPAHCTBA
) B39Th KaHTOPOBO MHOKeCTBO C' € €ro CTaHIapTHOW Mepoil Vo. DTO TeM
GoJiee ecrecTBEeHHO, ecyin yuecTb, uro (C, Vo) (BMecTe ¢ momnosiHenneM 6ope-
JIEBCKOIi g-aJireOpbl MHOXKECTB) — 9TO OJ[HA U3 9KBUBAJEHTHBIX peajin3ariuit
CTaHAPTHOIO BEPOATHOCTHOrO IpocTpancTsa, cM. [ABI][2.1.10]

3.2.8. (IIpsimasi KOMHyKTHBHAsI KOHCTPYKIIUS CTAHIAPTHOTO BEPOSTHOCT-
Horo mpocrpancTBa 2.) Mol Buzenn B|3.2.6], 9T0 KIIOYEBBIM /I UCIIOJIB30-
BaHMsI KaHTOpOBa MHO)KecTBa C' B KadecTBe (KOHCTPYKTUBHOTO) CTaHIAPT-
HOT'O BEPOSITHOCTHOTO MIPOCTPAHCTBA {2 SBJISETCS HAJUIHNE «uaroHaaimy A :
Q — Q x ), KoTopasi K TOMy Ke 0Ka3bIBaeTCs N30MOPGMU3IMOM. DTO TOJICKA-
3BIBAET, YTO MbI MOTJIK OBl HOIBITATHCS HAIPSIMYIO ONPEIeUTh §) ¢ MOMO-
B0 KOUHIYKTUBHON KOHCTPYKIINU, OJJHUM U3 3JIEMEHTOB KOTOPOIi sIBJISIETCS
(A:Q — QxQ). K coxkanenuro, ecim Mbl IIPOCTO BO3bMEM (DUHAJBHBIN 00b-
ekt B Kareropuu juarpamm (2 : C, A : Q — QX Q) B kakoil-HUOY/ b IeKapTOo-
Boit Kareropuu C, TO 9TUM (DUHATBHBIM 00BEKTOM OKaXKeTCsi ¢, T.e. OJHOTO-
JeqHOe MHOXKeCTBO 111 C = Sets. DTo ABJsieTcst IpuMepoM (peHOMEHa, OTMe-
aennoro B[3.1.27} dbunamnbeLit 00bekT B Kareropun (€ : C, A : Q — OxQ) —
9TO YHMCTO KOWMH/IYKTUBHAS KOHCTPYKITUS, TIOCKOJIBKY B Kav4eCTBE BCIIOMOTa-
TEJIbHBIX 3JIEMEHTOB MCIOJIb3YeTCs TOJBKO MPSMOE IIPOM3BE/IEHIE, TOXKE KO-
UHIYKTUBHAST KOHCTPYKITHSA, TaK 9TO () OKA3bIBACTCSA IHUCTO KOWH/TYKTUBHOM
KOHCTPYKIIAEH, 1 TIOTOMY TPUBUAJIBHO.

3.2.9. (Yrounenne komHykTHBHON KOHCTpyKnuu 2.) Hamo mobasuts mo0-
OJTHUTE/IbHBIe TpeboBanus. Hampumep, MOKHO OTpeOOBATDH, ITOOLI CyIIe-
CTBOBAJIa BO3MOXKHOCTH T€HEPUPOBATH CJIydaliHble JTBOMIHbBIE U(PHI, T.€. I10-
cryaupoBarh cymiecrsoBanue ¢ : ) — {0,1}. OunanbHblil 00bEKT B KATEro-
pun jumarpamm (2 : C;A @ Q — Q x Q¢ Q — {0,1}), wim, uro pasno-
cuibio, B Kareropun guarpamm (2 : C.d = (¢, A) : Q@ — {0,1} x Q x Q)
JieficTBuTe/IbHO m30MopdeH KanTopoBoMy MuOXkKecTBY C. B camom rerne, u3
BTOPOTO OIKCAHUsSI BUIHO, ITO () — 9TO MHOXKECTBO (WM THI) OECKOHEY-
HBIX JIBOMYHBIX JIEPEBbEB, KaXK/I0W BEPIIIHA KOTOPBIX ITOMeYeHa HYJIEM HJIN
enununeit, ¢ : Q@ — {0,1} BosBpamaer merky kopus, a A : Q — Q x Q
0TOOpazKaeT JepeBo B I1apy, COCTOSILYIO U3 €ro JIeBOro MoJIJIeEpeBa U IIPaBoro
nojiyiepesa. JKBUBAJICHTHOE onucanne — () ecTb MHOYKECTBO OTOOpaKeHMI
x : {0,1}* — {0,1} u3 komeunwix gpomunbix cioB B {0,1}, c(z) = z(9)
u A(z) = (a = z(0a),0 = z(la)). Ecam conocraBuTh ABOMIHOMY CJIOBY
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a € {0,1}* (uenymneBoe) narypajbuoe 9uciao (la)y, mosydaemM SKBUBATIEHT-
noe ommcanue: § ects {0, 1}, ¢ orobpazkaer x = (2, )nen B 21, 2 A HEpeBoUT
T1ToT3 ... B APy (ToXyTg. .., T3T527 .. .). DTO OTOOPAKEHNE OYEHDb MOXOXKEe
Ha A : C — C x C n3[3.2.6] HO He BHONHE COBIAJAET ¢ HAM, IIOCKOJIBKY
1 He WCIoJb3yercss B mpaBoii wactu. B wmrore mame A : Q — Q x () He
ABJIseTCa U30MOophU3MOM; n30MopdusMoM okasbiBaerca d = (¢, A) : Q =
{0,1} x Q x Q, 910 HECKOIBKO CTPAHHO, IMOCKOJIBKY MOJIy9aeTCs, 9TO MPH
pacIIelIeHnl TeHepaTopa CIyUYailHbIX THUCe/T TOYEMYy-TO HaJl0 3a0/HO CreHe-
PUPOBaTh OJHY HE3ABUCUMYIO CJIyUalHYIO JIBOUIHYIO IH(DY.

Ecyim MBI XO0TUM M36aBUTHCS OT 3TOTO HEJOCTATKA, HAJI0 MOTPEOOBATH,
9TOObI Cilydaiinas aBondHas nudpa, CreHepupoBaHHas ¢ IIOMOMIBIO ¢ : ) —
{0,1}, coBmasama co cirydaitHoii JBom4HOl 1idpOii, CreHeprpoOBaHHOMN, Ha-
IpUMED, JIEBBIM TeHEPATOPOM IOCJIE PACHIEIIEHNUS, T.€. HAJIOXKUTD JIOTOJIHY-
TeJqbHOE yciioBue ¢ = c o pry oA. B srom ciayuae €, A 1 Q - Qx Qn
c: Q — {0,1} B TounocTn GyJyT COBHAJATH C COOTBETCTBYIOIMMU OTOO-
PaXKEeHUIMH, paHee MOCTPOEHHBIMU JJIsi KAaHTOPOBa MHOXKeCTBa, U A Oyuer
U30MOPMDU3MOM.

3.2.10. (Uror: Teopust BEpOATHOCTEN CO CTAHIAPTHBIM BEPOSTHOCTHBIM IIPO-
cTpaHcTBOM §) TOPOK/AETCs POCTOI KOMH/YKTUBHOM KOHCTpYKIHeii.) Mbr
BUJIMIM, YTO TEOPUsI BEPOATHOCTEN — WM HEKOTOPBI €€ KOHCTPYKTHBHBII
aHaJIOl — eCTeCTBEHHBIM 00pa30M TOPOXKJIAeTCAd MPOCTON KOWHIYKTUBHOIM
KOHCTpYKImeil. A mMeHnHo, Mbl TpeOyeM, ITOOBI THII «IeHepaTopa CJIydaii-
HBIX OOBEKTOBY» WM «HCTOYHUKA COydaiHoCTH» {2 00J1a1aJl paciiellieHIeM
A Q) — Q x ) 1 BOBMOKHOCTBIO T€HEPUPOBATH CJIyUaiHbIE TBOUIHBIE TTH(D-
pot ¢ : 2 — {0, 1}, BOBMOXKHO, C JOMOJHUTEIBHBIM YCIOBHEM ¢ = ¢ © Pry OA,
U TOT/Ia COOTBETCTBYIONIAs KOWHIYKTUBHAS KOHCTPYKIUS Cpa3dy JaéT HaM
CTaH/IAPTHOE BEPOSITHOCTHOE IPOCTPAHCTBO () BMecTe ¢ u3MepPUMbIMU (DyHK-
OUSIMI Ha, HEM.

3.3 Kanonumveckme m HEKaHOHUYECKNE KOHCTPYKIINHT

OTMmeTuM, YTO UH/YKTHUBHBIE U KOWH/IYKTUBHBIE KOHCTPYKIIMH, PACCMOTPEH-
uble B[3.1] gBIISIOTCS HPUMEPAME KAGHONUYECKUT KORCMPYKYUG B MATEMATU-
Ke, IIOCKOJIbKY OHM OIIpeJe/IAI0TCA CBOMM YHHBEPCaJIbHBIM CBOHICTBOM OJHO-
3HAYHO ¢ TOYHOCTHIO JI0 KAHOHHIECKOro n3oMopdusMa (MIn S5KBUBAIEHTHO-
cT, ecu Mbl paboTaeM B FOMOTONUYECKOi Teopuu TUTIOB). MbI xoTnM 06Cy-
JINTH, HACKOJILKO BO3MOXKHBI I €CTECTBEHHBI HEKAHOHMIECKNE KOHCTPYKIIUH,
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U pacCMOTPETh HECKOJBKO IMPUMEPOB, 9acTO HCIOJIB3YEMbIX B MaTeMaTUKe,
B YACTHOCTHU, KOHCTPYKIIMIO aJredbpantdeckoro 3aMbIKaHus 1moJisd. MoxkeT Jjim
OBITh TAKOe, UTO TOJbKO KAaHOHUYECKNEe KOHCTPYKIINH 00J1aIaf0T IIPAaBOM Ha,
cyIecTBoBaHUe?

3.3.1. (Bbibop 0IHOZHAYHO OTPEJIEIEHHONO0 0ObEKTa: L-CUMBOJI [ miibbepra. )
HamomunM, 9TO MBI OOBIYHO MOYKEM HCIIOJIH30BaTh B PACCYKIECHUSIX MaTe-
MaTH9IecKue 00bEKTHI, OJIHO3HAYHO 3aJIaHHBbIE C ITOMOIIBIO0 HEKOTOPOT'O CBOii-
crBa P(z). Nnage rosops, ecin P(x) — HEKOTOPBIil IpeAnKAT (3aBUCAIIII
OT IPEeJMETHON [IEPEMEHHOIT X)), 1 JI0Ka3aHa TeopeMa, ITO CYIIeCTBYeT €JInH-
CTEHHBI T, /711 KOTOpOro P(x), To Mbl MOXKeM BBIGPAThH ITOT €JIMHCTBEHHBII
I ¥ UCIIOJIb30BaTh €ro JaJbllle, KaK ecju Obl OH ObLT 3a/iaH sIBHOI KOHCTPYK-
nmeit. Takoii BBIOOp 0OBIYHO (POPMAIM3YETCS B JIOTUKE C TIOMOIIBIO (-CUMBOJIA,
['nibbepra, KOTOPBIiL JesiaeT 13 npeankara (T.e. hGopMyJIbl o CBOOOIHOIN 11e-
pemennoit) P(x) tepum t,.P(x) (anraercs: «raxoii x, aro P(x)» mam «ToT x,
JIst KOTOporo P(x)»), KOTopblil 3aTeM MOXKHO HCIOJIb30BATH BHYTPH IPOM3-
BOJILHBIX BbIpakeHuii. 1o paboTaeT u B TOM Ciaydae, Korja P(x) 3aBucur
OT JIOIIOJIHUTE/ILHBIX [T€PEMEHHBIX: HAIPUMEp, €C/Id JOKA3aHO, 9TO JJIsl JIIO-
6oro y (u3 HEKOTOPOi 0obJacTH WM THIA Y) CYNIECTBYeT eJINHCTBEHHBIH T,
takoit, uro P(x,y), 10 t,.P(x,y) sBIsieTcs KOPPEKTHBIM TEPMOM (3aBUCSI-
mum ot y). Hampumep, ecim 6 : X — Y — 310 HEKOTOpas QyHKIUA, U Mbl
JIOKa3aju ee GHeKTUBHOCTD, TO Y — t,.(0(z) = y) 3amaer obparHyio dyHK-
mio 071 Y — X.

XopoIIo U3BECTHO, UTO €CJIA (-CHMBOJIBI UCIOJIB3YIOTCA BHYTPH JOKa3a-
TeJbCTBA HEKOTOPOTO YTBEP:KJIEHUS, B (DOPMYJIMPOBKE KOTOPOIO UX HET, TO
MOKHO (DOPMAJIBHO UCKJIIOUYNTH BCE (-CHMBOJIBI U3 JOKA3aTEIbCTBA C MTOMO-
IIBIO IPOCTHIX TIpeobpasoBanuii. ['py6o roBopst, Kax 1oe BXoxJIeHue L. P(x, y)
3aMeHsIeTCsl Ha HOBYIO CBOOOJIHYIO IIEPEMEHHYIO ', U CHAPY KK J100aBJIsAETCS
JonostHuTe IbHOE yesopue Pz’ y). Dro 6610 j1oKa3ano Kak pas erie ['nib-
oeprom n bepnaiicom. [loaToMy BBejieHHE (-CHUMBOJIa COBEPIIIEHHO 0630011
HO ¥ He IPUBOJIUT K KaKUM-TO (yHIaMEHTAJIbHBIM U3MEHEHUsIM B JIOTHKe. B
YaCTHOCTH, (~CUMBOJI JIOITYCTUMO UCITOJIH30BATh B MHTYUITHOHUCTCKOM JIOTHKE,
cemanTuke Kpunke—2Kyasist, MHTYUIIMOHUCTCKONR Teopuu THUIIOB MapTuH—
JIéda.

Cureryer OTMETHTh, 9TO CXOXKUN T-CHMBOJI, KOTOPBI HCIOJIb3yeTcst Byp-
6aky B OCHOBAHUSIX TEOPUU MHOYKECTB JIJIsI OIPEJIEJICHIs] KBAHTOPOB W IS
dopmauzaun akCuoMbl BBIOOpa, BOBce He Tak Oe300maeH. Hamomumm, aTo
Tz P () MOXKHO MCIOJIB30BATEL BCETJIa; T-CAMBOJI KAKUM-TO 06pPa30M BbIOUDa-
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eT OJIMH W3 3JIEMEHTOB, i KOToporo P(x) BepHO, eci Takue eCcTh, MpH-
geMm ecain P(x) < Q(z), To BosmmebHbIM 06pasoM 7,.P(x) = 7,.Q(x). fcwo,
49TO, HEeCMOTpd Ha TO, 9YTO T-CUMBOJI Ha HepBbeI B3IJIdJl OYCHb IIOXOZ2K Ha
[-CUMBOJI, B JIefICTBUTEILHOCTH OH BKJIIOYAET B cebsi aKCHOMY BbIOOpPA, U T10-
TOMY He MOKeT ObITh UCIIOIb30BaH, HAIIPUMED, B MHTYHUIIMOHUCTCKOMN JIOTHKE.
VcKII0YNTE T-CUMBOJI U3 JIOKA3aTeIbCTB, TI€ OH MCIIOJIb3YeTCsl, TOXKe O0bIY-
HO Hesb3s. Hampumep, ¢ moMomibio 7-CUMBOJIA JIETKO JI0Ka3aTh, UTO JII000e
CIOPBEKTUBHOE oTOOparkenne MHOXkecTB f : X — Y objamaer cedeHuem, a
0e3 T-CIMBOJIa 9TO, BOODOIIE TOBOPS, HeBepHO.D

3.3.2. (KareropHbiit npuHIUI BHIGOpA OJHO3HAYHO OIPEJIETEHHOIO 00bEK-
ta.) [Ipuniun BeI60pa OJHOZHAYHO OIPEJIEJIEHHOIO 00beKTa 00BIYHO (HesB-
HO) PaclpoOCTPaHsIeTCs U HA TEOPHIO KATErOpHii, Iie pa3pernaeTrcs BioupaTh
OJINH U3 00'BEKTOB, 33/IAHHBIX OJIHO3HATHO C TOYHOCTHIO JI0 OJITHO3HAYTHO OIIpe-
JIEJIEHHOT'O M30MOppU3Ma, MU K€ OJTHY U3 SKBUBAJEHTHBIX KATETOPUIl, €CJIU
BCE 9TH KATErOpUN KAaHOHUIECKN IKBUBAJIEHTHBI. B 1efiCTBUTETLHOCTH B TEO-
PUH KaTEropwii MOCTOSTHHO UCIIOJIB3YETCs TOT MPUHIIAIL, HO ITOYTH BCETIa ITO
IIPOMCXOIUT HESBHO.

3.3.3. (Fomoronuyeckuii HPUHIKIT BEIOOPA OJIHO3HAYHO OIPEIEIEHHOIO 00b-
exra.) Ecam Mbl 1Iepexo/iuM K BBICIIUM KATErOPUsIM, U, B YACTHOCTHU, K TO-
MOTONUYIECKUM THIAM (KOTOpBIE, KAK M3BECTHO, TO K€ CaMoe, 4TO U OO-
IPYIIOK/IBI), TO MbI [IOJTy9aeM TOMOTOIMYECKUTT TPUHIIUTT BEIOOPA OJIHO3HAY-
HO OIIPEJIEJIEHHOTO O0BEKTA: ECAU B8CE CNOCODLL 6b1O0PA HEKOMOPO20 00BEKMA
00pa3yom CMALUBAEMOE NPOCMPAHCMEO, MO MOACHO CYUMAML IMO NPO-
CMPancmeo moukol u 3apurcuposams 6v60p 00nozo obsexma. Vnade roso-
ps, B TOMOTOIIMYIECKOM KOHTEKCTE CYIIEeCTBOBAHNE W €IMHCTBEHHOCTH O3HA-
YAIOT HEIYCTOTY U CTATHBAEMOCTH HEKOTOPOTo IpocTpancTBa. OTMETHM, 9TO
€CJTM TTPOCTPAHCTBO CBA3HO, HO HE CTATUBAEMO, STOT IPUHIUI HE PabOTaeT.
Touno Tak ke OOBIYHBI KATErOPHBIN IPUHITAIT OJHO3HAMHOTO BHIOOPA HE pa-
OoTaeT B CBA3HBIX I'PYIIONJIAX, B KOTOPBIX €CTh HETPUBUAILHBIE aBTOMOD-
dpu3Mbl 00BEKTOB.

3.3.4. (Muurnuanbubie n dbuHaIbHBIE 00BEKTHl B 0O-KATEIOPHUAX, & TaKKe

B neitcrBuTenpHocTH I'MIB6EPT OpeIeNIII He (-CHMBOJI, BEIGHPAIOITHI 06HEKT, KOTO-
PBIil CYIIIECTBYET U €JUHCTBEHEH, & £-CUMBOJI, OJIM3KUIL 110 CBOMM CBONCTBAM K T-CHMBOJLY
Bypbaku u, B wacTHOCTH, He TPEOYIOMNI € INHCTBEHHOCTH O0OBEKTA C YKA3aHHBIM CBOIi-
crBoMm. [losTOMy €-CHMBOJT He pacIpOCTPAHSETCs HA WHTYUIIMOHUCTCKYIO JIOTUKY, B OTJIU-
qre 0T 00CYKIAeMOr0 BBIIIE (-CHMBOJIA, 110 CYIIECTBY SIBJISAIONIETOCS WHTYHUIIHOHUCTCKOMN
BEpCUEH £-CUMBOJIA.
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npeJiesibl U Korpesesbl.) OTMernM, 9To BCEBO3MOXKHBIE BapUAHTHI BBIOODA
HHUIUATBHOrO (M pUHAIBLHOTO) 00bekTa B oo-Kareropuu C (B CMBICTE
J. Lurie) ob6pasyioT crsruBaeMoe IpOCTPAHCTBO (ecjim OH BOOOIIE CYIIECTBY-
er). VIMEeHHO TI09TOMY JIOIyCTUMO TOBOPHUTH 00 OIPEIeJIEHHOM HHUIUATHHOM
win GUHATILHOM 00beKTe, KaK ecan Obl OH OBbLI eIMHCTBeHHBIM. [locKoJib-
Ky IpeJesibl ¥ KOIpeaesbl JuarpaMM B oo-Kareropuu C OIpeIessaioTcs Kak
HEKOTOPBIe (PUHAbHBIE WK UHUIUAJIBHBIE O0BEKTHI B ITOIXO/ISAIIIX BCIIOMO-
raTe/IbHbIX 0O-KATErOpUsX, JOIMYCTUMO TaK»Ke TOBOPUTH O KOHKPETHBIX IIpe-
Jles1lax WIn KOTIpejiesiaX, Kak ecyim Obl OHM ObLIN eIMHCTBEHHBIMI. B roMoTO-
IITYIECKOM CMBICJIE OHU U €CTh €JIMHCTBEHHBIE.

3.3.5. (UnaykruBHbIE 1 KOWH/IyKTUBHBIE KOHCTPYKIMU B OO-KATETOPUSX U
B TOMOTOIIMYECKOIl T€OpUH TUIOB.) AHAJOIMIHBIM 06PA30M, MTOCKOJIBKY WH-
JYKTUBHBIE 1 KOUH/IYKTUBHBbIE KOHCTPYKITUU SBJISIOTCS MHATTUAIbHBIMA 1IN
dpuHAIBHBIME O0OBEKTAMHU B COOTBETCTBYIONINX KATETOPHUAX JUArPaAMM, OKa-
3BIBAETCH JOMYCTUMBIM HCIIOTB30BATH X HE TOJIBKO B OOBITHBIX KATETOPUIX
U B UHTYHIIMOHUCTCKON Teopuu tunoB Maprun-J/Iéda, Ho u B ux romoromnu-
YeCKHUX aHaJIorax — OO-KaTeropusdax U I'OMOTOINYECKON TEOPUU THUIIOB.

B sToM cMmbIC/Ie MHIYKTUBHBIE M KOWHYKTUBHbIE KOHCTPYKITUU OY€Hb
eCTeCTBeHHB! (KAHOHUYIHBI) U MOI'YT HCIOJIb30BATHCS B MATeMaTHKE IIPAaK-
THYECKN B JIIOOBIX CHTYaIUIX.

3.3.6. (BaBucumsblii ojHO3HAYHBIH BEIGOD.) OTMeTHM, 9TO CHOPMYIUPOBAH-
HBIIl BBIIIIE TIPUHIUIT «[OMOTOIUIECKOTO OJIHO3HAYHOIO BbIOOPay (ec/u mpo-
CTPAHCTBO HEIYyCTO W CTATMBAEMO, TO MOYXKHO BBIOpATh M3 HEro 3JIEMEHT,
KaK ecjii Obl OHO OBLIO OJHOTOYEYHBIM) paboTaer M B CHTYyalUsiX, KOTJA
€CTh JIONOJHUTENbHbIE apamMeTpbl. Hampumep, ecau Y — HEKOTOPBIH THII,
U ISt KaxkJoro ¥ : Y (T.e. JIs KazKJIoro «djieMeHTay y Tuia Y') 3ajaH THIl
X(y), 3aBucamuit or y, To ecam joka3ano, 9ro X (y) cTAruBaeMo Jisi JIro-
Goro y : Y, To mbl MoxKeM mocrpouth cevenue f i [J ) X(y) — nnaue
roBopsi, Takyio «byHKIUIO», 3ajanuyio #a Y, aro f(y) : X(y) mia Jio-
ooro y : Y. HedopmagbHO 3TO cjelyeT U3 TOrO, YTO BCE CJOU ITPOEKITHH
p: X = Z(y:Y) X(y) — Y craruBaembl, U IOTOMY HPOCTPAHCTBO CeYeHuil f
0TOOpayKeHUsl P TOXKE CTATUBAEMO, a 3HAYUT, U3 HEro MOYKHO BBIOPATh Kak
Obl €JIMHCTBEHHBIN 3JIEMEHT.

D70 cooTBETCTBYET TOMY, 4TO Mbl roBopuian B [3.3.1] nmpo -cumsoi, 3a-
BUCANIMNA OT JOIOJHUTENbHBIX Imapamerpos. OaHako npu (popMaaIbHOM I10-
CTPOEHMN MOMOTONUYECKON TEOPUH THUIIOB JIjIst 0O0CHOBAHUA ITONH KOHCTPYK-
UK UCIIOIB3YeTCd aKCUOMa, YHUBAJEHTHOCTH. BeposiTHO, MOXKHO ObLIO Obl
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000#ITHCh W BBEJIEHHEM T'OMOTOIINYIECKOTO (-CUMBOJIA.

OTmeTuM, 9TO CTPOUTH CeUeHNs 0TOOparKeHNil, PO KOTOPbIe HEN3BECTHO,
YTO BCE UX CJIOU CTATUBAEMBI, BOOOIIE TOBOPSI, HEAL3A, JTarKe eCJIU BCe CJIOU
HemycThbl. B 0OBIUHOI MaTeMaTnke Mbl MPUBBIKJIA OOXOJIUTH ITO OIPAHUYIE-
HUE C ITOMOIIBI0 aKCHOMBI BBIOOPA, OJHAKO B TOMOTOIIMYECKOM MHUPE JIarKe
aKcuoMa BBIOOpa He momoraeT: eciu p : X — Y — pacc/ioeHue TOIOJIOId-
YeCKUX MPOCTPAHCTB, U Y — KJETOYHBII KOMILIEKC, TO, BOOOIE TOBOPS, P
He 00/13/1aeT HEeIIPEPBIBHBIM CEYE€HUEM, €CJIN TOJIBKO PACCIOCHNE HE SIBJIAETCS
anUKJINIHbIM. B KadecrBe mpuMmepa MoxKHO B3aTh X = R, Y = R/Z.

3.3.7. (Hekanonudyeckue KOHCTPYKIMU B MareMaTuke.) Mbl BUIUM, 9TO MbI
JIOJIZKHBI OI'PAHMYUTHCSA UCIIOJIb30BAHUEM B MaTeMaTHKe TOJHKO KaHOHUYe-
CKUX KOHCTPYKITUI, T.e. TAKUX, KOTOPbIE 33 JIaI0T HYKHBIN 00HEKT OJJHO3HAU-
HO C TOYHOCTBIO JI0O KAHOHUYECKOTO M30MOp(MU3Ma WU SKBUBAJEHTHOCTH
(nHAe rOBOPsI, IPOCTPAHCTBO BAPUAHTOB BBIOOPA 00HEKTA JOJIZKHO OBITH CTsI-
ruBaeMbIM). MbI Ha caMoOM Jiejie yKe 00CYKajil 9TOT BAayKHBIA TPUHIUI B
[ABl] r/le B Ka4ecTBe PeIeHus IPe/jIarajoch UCIOIb30BATh BCIO Ka-
Teropuio (BeChb I'PYIIION], 0O-TPYIION] WK BCE MPOCTPAHCTBO) BAPUAHTOB
BBIOOPA, €CJIN TA KATErOpHus He SKBUBAJECHTHA TOYETHOI.

OHako B MaTeMaTHKe eCTh BayKHbIE KOHCTPYKIIUN, HE sIBJIAIOIINECT Ka-
HOHUYECKUMHU B 3TOM cMbicie. Kak ObITh ¢ HuMm?

3.3.8. (IIpumep HEKAHOHMYECKOI KOHCTPYKIUH: Aaredpandeckoe 3aMbIKaHe
nosisi.) Mbl y2Ke BUjiesin B [ABl], YTO BaXKHBIM ITPUMEPOM HEKAHOHM-
YECKOH KOHCTPYKIIUU SABJISETCA KOHCTPYKIUS AJIre0PantiecKoro 3aMbIKaHUsT
Ipou3BOJIbHOTrO 10Jid k. Kareropus Bcex ajareOpamvdeckn 3aMKHYTBIX aJire0-
pamdeckux paciuperuii k < () oKa3bIBaeTCs CBA3HBIM I'PYIIIIONIOM, HO 00b-
eKThl 9TOil Kareropun 00JIaJAI0T HETPUBUATBLHBIMUA aBTOMODMU3IMAMHE, T.€.
MEKJy JABYyMs ajarebpamvdecKUMM 3aMbIKAHUSAMUI T0JIsd kK HET KAHOHIMYECKOTO
nzomopusma.

B neficrBuTe/IbHOCTH MOXKHO BUJIETH, YTO BCE OOIMUE KOHCTPYKITUH aJi-
re6pantiecKoro 3aMbIKaHus k 33/1eHCTBYIOT aKCHOMY BbIOOpa. Harmpumep, Mbl
MOXKEM PACCMOTPETh MHOXKECTBO KJIACCOB M30MOP(MU3MOB KOHEUHBIX PaCIIU-
penuit {k — K, },c; (370 BHOJIHE MOXKHO HPOJIEJIATH KOHCTPYKTHBHO, TIO-
CKOJIbKY KOHEYHOMEpPHBIE k-aJiredpbl 3aIal0TCAd KOHEYHBIM HabOOPOM CTPYK-
TYPHBIX KOHCTAHT, ¥ MbI MOXKEM BbIJIEJINTh U3 BCEBO3MOXKHBIX HAOOPOB CHA-
JaJja Te, 9YTO 33/al0T aCCOMMATUBHYIO KOMMYTATUBHYIO ajaredpy ¢ eJIMHUATICH,
a 3aTeM W Te, UTO COOTBETCTBYIOT TOJISIM, XOTS JIJIs TMPUMEHEHUs JTAHHOM
KOHCTPYKIIUU JIOCTATOYHO IPOCTO B3ATh BCE ACCOIMATUBHBIE KOMMYTATHUB-
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Hble k-ajareOpbl ¢ eJIMHUIE(), 3aTeM CTPOUM HX ONPaHMYEHHOE TEH30PHOEe
npousBegeane A = ®Z€ ; K, (oHO sBiISIeTCA KOIPOM3BEJICHUEM B KaTero-
pUH KOMMYTATUBHBIX k-areOp ¥ MOTOMY KAHOHHYHO), 3aTeM BBIOMpAeM B
A Kakoil-HubOy1b MaKCUMaJIbHBIH Hjgeag m 1o teopeme Kpysuis u mosaraem
k := A/m. fcno, 4ro mocieaHmii mar — BBHIGOP MAKCHMAJLHOTO Heaa, 10
Teopeme Kpysiisg — CyIecTBeHHO UCIIO/IB3YeT AKCUOMY BBIOODA.

Nurepecno, 410 u 10Ka3aTE/IbCTBO TOTO (haKTa, ITO JIOObIE J1Ba ajiredpa-
MYIeCKUX 3aMBIKAHUS MO/ k M30MOPQHBI, TAKZKe CYIECTBEHHO 3a/1eiiCTByeT
aKCMOMY BBIOOpa, HaIpuMep, B Brjie JeMMbI [{lopHa, mTprMeHeHHoiT KO BCeBO3-
MOZKHBIM TIOJ/IPACIIUPEHUSIM OJIHOTO aJrebpamvyecKoro 3aMbIKaHUsS W UX BJIO-
JKEHHUSIM BO BTOpPOe ajirebpandeckoe 3ambikanue. JIubo MoxkHo cHoBa mpod-
AKTOPU30BATH TEH30PHOE ITPOU3BEJICHIE ITUX JBYX aJreOpaniecKux 3aMbIKa-
HUI 10 KAKOMY-HHOY/Ib MAKCHMAJIBHOMY HIeaTy (BHIODAHHOMY C TIOMOIIBIO
Teopembl Kpysuisi)  TeM caMbIM MOCTPOUTH ajaredbpanveckoe 3aMblKaHUe,
n30MOpdHOE OJHOBPEMEHHO ODOMM MCXOIHBIM AIredpamdecKuM 3aMbIKAHU-
SIM.

Hy:xno BbIpaboTaTh Kakoe-TO OTHOIIEHUE K AJITre0pantiecKoMy 3aMbIKa-
HUIO, UCXOJId U3 9TUX (DAKTOB. YK€ BUJIHO, UTO €/IBa JIU IOy IUTCS OTIPeIe-
JINTh ajredpandeckoe 3aMbIKAHWE TIOJIsT B pAMKaX, HAIPUMep, TOMOTOIIIe-
ckoit Teopun tunos. Ho uro moxuo caenars? B [ABI][2.1.13] mbr npemo-
JKIJIN JIBa BapUAHTA:

e PaccmarpuBarh BeCh CBSI3HBIN MDYIIION]T AIreOpanvIecKuX 3aMblKaHMUi
moJig k. DTO MOYTH SKBUBAJEHTHO TOMY, 4TOOBI paboTaTh C OJHUM
anreGpamtecKuM 3aMBIKaHueM k, HO WCIo/b30BaTh Toabko Gal(k/k)-
SKBUBAPUAHTHbBIE KOHCTPYKIIUH.

e JIj1s1 KOHKPETHOIO 110JIsA k TONBITATHCS 3384aTh JOMOJHUTEILHYIO CTPYK-
TYpY, JeJaloNyio ajJredbpandeckoe 3aMbIKaHue eJIMHCTBeHHbIM. Hanpu-
Mep, MO’KHO CTPOHTH HoJIe ajrebpamdecknx ancen Q) BMecTe ¢ BIIoKe-
mem Q — C.

B cBa3u ¢ tem, 9TO M30MOPGHOCTH JABYX PA3JIUYHBIX AJIT€OPANICCKUX
3aMbIKaHU# TaKKe OKa3blBaeTCs HEKOHCTPYKTHUBHOU M CYIIECTBEHHO UCIIOJIb-
3yeT aKCMOMY BBIOOpA, BO3MOYKHO, HAJIO PACCMOTPETH €Ile OJUH BapPUAHT:

e llcnosib30BaTh KATErOPWIO BCEX KOHEUHBIX pACIIUpeHuit 1mojisd k B Ka-
YeCcTBEe 3aMEHbBI aIredpandeckoro 3aMbIKaHud k.

[To Bceit BUAMOCTH, JIJIs TPOU3BOJILHOTO TIOJI kK 9TOT BAPUAHT ABJISETCH
namwtydmuM. OJHaKO Jijif KOHKPETHBIX k y HAC MOYXKET OBbITH BBIOOD.
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3.3.9. (Anrebpanueckue sambikanust F, u Q, menee kanonndmnsi, vem Q u
R = C.) InTepecubIM CIeACTBHEM IIPEIBLIYIINX HaO/IOICHIH ABIAETCS TOT
daxt, uto R = C okasbBaeTCss KaHOHMIHBIM (TIoTOMY 4TO R 3aaeTcs ¢
MOMOIIBIO KOMH/IYKTHBHBIX KOHCTPYKIHii, a 3areM C MOXKHO HMOCTPOUTH KaK
R X R; ocHOBHYyIO Teopemy ajreGpbl MOXKHO JIOKa3aTh KOHCTPYKTHBHO), U
noromy Q, cnabxxennoe BioxkenneMm Q < C, TakKe KaHOHIIHO (MBI MOYKEM
noctpouth Q KaK MHOMXKECTBO anrebpamtdecKmX KOMILICKCHBIX 4Hces). 1lpu
sTom, Harpumep, [F, ropasio Menee kanonmano. Tem Gosee Q, HEKAHOHITHO.

st Toro, 9T00BI OHATH 3TO, TOCMOTPUM CHaYaJIa Ha KOHEYHbIE PACIIN-
penus Fp.. 9Tobbl uX OCTPOUTH, HaI0 HAWTH KaKOi-HUOY Ib HEIIPUBOIUMBIi
muorowien P(X) € F,[X] crenenn n u nonoxurs Fyn = F,[X]/(P(X)).
O/ 1HaKO 9Ta KOHCTPYKIUS HEKAHOHUYHA, TOCKOJIbKY HEITPUBOIMMBIX MHOTO-
wreroB P(X) maOro. Mbr Morin 66l MOMBITATHCS CAEIATH 9TY KOHCTPYKITHIO
KOHCTPYKTHBHOM, HATIDHMED, B3sB JieKcukorpadudeckn vHanmenbinmii P(X),
HO 3TO HE 0c000 ToMOraeT (KOHCTPYKIHsI CTAHOBUTCS KOHCTPYKTUBHOM, HO
BCEé PABHO HEKAHOHUYHOIT), UTO CTAHOBUTCS 3aMETHO, KOTJIa MbI MBITAEMCH
BIOKUTD Fyn B — BO3HUKAET N/ BAPHAHTOB BJIOXKEHHHA, U HETOHSATHO,
KaKOil 3 HUX BbIOpaTh. Ec/in MBI BBIOEpPEM OJMH M3 HUX KaKUM-HHUOY/Ib KOH-
CTPYKTUBHBIM, HO HEKAHOHUYHBIM OOPa30oM — HAIPUMeEp, BbIOEpEM TOT U3
HUX, 9TO 0TOOpazkaeT BblIeIeHHYI0 00pasytontyto Fyn B anement F .. ¢ jex-
cuKorpadrIecK HAUMEHBIIINMI KOOPIMHATAMYU B BBIJIEJIEHHOM 0asuce — TO
MBI [IOTOM 3 9TO PACIUIATUMCsL, KOIJIa HOUBITAeMCsl BIOKHUTD Fyn 1 F o B
[ jnn/n M yBUJUAM, 9TO HOJIYUMBIINHCS TPEYTOJIBHUK BJIO2KEHUN HEKOMMYTa~
TuBeH. A Besb 115 ocTpoenus F, IPHETCS TaK JIeIaTh, TOCKOIBKY 9TO HH-
JTyKTuBHBLI Ipegen Beex Fyn. OHAKO HHTEPECHO, YTO B 9TOM CJIydae MOXKHO
JIOKa3aTh CYIIECTBOBaHUE COTJIACOBAHHOW CHUCTEMbI BJIOYKEHUI M KakK CJIe/I-
CTBHE UX UHJyKTHBHOIO Ipejeia — rojst Fy,, He MCio/b3yst aKCHOMBI BBIGO-
pa. Hanpumep, MOXKHO 1moC/I€/10BaTEIBHO CTPOUTD BIOKEHUsT Fpnt < i1y
U 3aTeM B3ATh WX WHIYKTUBHBIN 1pejes. Vnade rosopsi, ajaredpaunteckoe
samblKanme [F, BCE e ecTb, W Bce BAPUAHTHI €r0 BHIOODA HEKAHOHIIECKH
n30MOP(MHBI, HO 3a(pUKCUPOBATH OJIMH U3 HUX MBI HE MOYKEM.

MozKkHO OBLIIO OBI TOIBITATHCS U3TOTOBUTDH 00J1€€ KAHOHUIHYIO KOHCTPYK-
muio Fy» ¢ momomnipio mepBoobpasubix Kopueitl (p" — 1)-oif crenenn us enu-
HUIIBI, HO 9TO TOXKE HE OYEHb IIOMOraeT, IMOTOMY YUTO KOPHEW W3 €JUHUIIbI
CJIUIIIKOM MHOT'O M HEIOHSITHO, KaK BbIOpATh OJIMH U3 HUX.

3.3.10. (IIpumep: nons menenus kpyra Q(/1) max Q.) OTMmerum, 9TO OIS
nenenns kpyra Q(/1) okasbiBaiorcs ropasio 60jiee KAHOHMYHBIMU, YeM HX
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arasora naj [F,. 9To IPOUCXOAUT U3-3a TOTO, YTO MHOIOYWIEH JeJI€HUsI KPYTa
D (X) = [y (X d _ 1)#n/d) xoncrpykTuBen n HenpusoauM Ha Q, Tax 4TO

MBI MOzKeM 11pocTo mostoxkuth Q(/1) := Q[X]/(®,(X)). Dror crocob e pa-
6oraer nag F,, noromy aro ram ®,(X) He OyjaeT HEMPUBOAUM, U IIPUIETCS
IIPOU3BOJILHBIM 00Pa30M BBIOMpATh OJIMH M3 ero comHoxkuteseit. OmHako B
neficrBurenbuoct Kanomndno ne Q(3/1), a Q(/1) Bmecre ¢ duxcnposan-
HBIM I1€pBOOOpPa3HbIM KOPHEM W3 €JIUHUIIbI (,. Pa3Hulla cTaHOBUTCS CYIIe-
CTBEHHOI, Korjia Mbl IbITaeMcst moctpouth Q% = Q( /1) = lim Q(¥/1).
BoJtee-menee e TMHCTBEHHBIN CHCTEMaTHIECKHT CIIOCOO BBIOpATH COTIACOBAH-
HYIO CHCTeMY HepBooGpasHbIX KopHeit u3 epunuipl ¢, € Q(3/1) — s1o crosa
B102KUTE B B C 1 m0soKuTh (, 1= e2™/™,

B urore nosygaercs, uro Q% kak 6bI ecTh (HaM He Hy»KHa aKCHOMA, BbI-
6opa Jist TIOCTPOEHHsT H30MOPGMU3MOB MEKJLy €r0 Pa3HBIME Pean3aIIAME),
HO HaM HYZKHO JTO0 BJI0KUTH ero B C, mnb0 MCIoIb30BaATh TOJTBKO KOHCTPYK-
1M1, SKBUBapHaHTHBIE oTHOCHTenbHO Gal(Q¥/Q) = 7.

3.3.11. (IF'I, Kak akTopkoibio ZY¢ C Q% C C.) IlockoibKy HOJIA JeeHus
kpyra Haj (Q oKaspIBalOTCS KOHCTPYKTUBHBI, €C/id 3a(pUKCUPOBATH UX BJIO-
werns B C, BozHEKaeT cob/Ia3H BOCIOIB30BATECS STHM JITst TocTpoerns .
A mvenno, pacemoTpuM Tesoe 3ambikanne ZYY C Q% C C (ono BrosHe KOH-
CTPYKTHBHO U KAHOHMYIHO Kak 10/K0.b110 C), 3aTeM BbhIGEpeM Kakoi-HUOY/Ib
npoctoit uiaean p Haj p u nonoxum F, := Z%¥ /p. Tpobiema cHoBa B TOM,
YTO Y HAC HET KAHOHUYECKOTO CII0CODa BHIOOPA MAKCHMAJBLHOTO Heasa .
B pannoMm ciydae MoxkHO oboiTHCH O3 TeopeMbl Kpysisg m aKCHOMBI BbI-
bopa, mpojiesiaB CIETHYIO TOC/IeI0BATE/IbHOCTD MPOU3BOIBHBIX BHIOOPOB 13
KOHEYHBIX MHOXKECTB, HO IT0 CYIIECTBY 9Ta Ta Ke MpobJeMa, UYTO U MPU Ips-
MOM mocTpoenun F,: HAa/0 KAKUM-TO 06pa3oM BBIODATH U3 HEPUBOJUMBIX
comuoxkureseit Y, (X) mo MOIyII0 p OMWH, U HEMOHSITHO, KAK ITO CJEJIAThH
KAHOHUIECK.

3.3.12. (KoHCTpYKTUBHOCTD M KAHOHUYHOCTD.) [Ipenbityime mpuMeps! 1o-
Ka3bIBAIOT, YTO KOHCTPYKTUBHOCTH U KAHOHUYIHOCTH BOBCE HE OJTHO U TO 2Ke€.
Hanpuwmep, koncrpykius Fy» ¢ HTOMOIIBIO JIEKCUKOT padUIeCKN HAUMEHBITIETo
HeIIPUBOJIMMOI'0 MHOI'O4JIeHa cTelleHu n HaJ, [, KOHCTPYKTHBHA, HO HEe KaHo-
auaHa. C JIpyroit CTOPOHBI, KAHOHUYECKAsT KOHCTPYKIHMS He 00si3aHa OBIThH
KOHCTPYKTHUBHOM: €CJIM MBI JIOKayKeM, UTO HEKOTOPbI 00bEKT CYIIECTBYET U
eJIMHCTBEH (B TOJXOJSINEM CMbIC/IE), HO He NMPHUBEJEM BHOI KOHCTPYKIIUH,
MBI BCe K€ CUUTaeM ceds BIIpaBe BHIOPATH €ro ¢ IMOMOIIbIO (-CUMBOJIA [ b
oepra.



3.3.13. (Cuemyer jin oTKa3aThCsl OT BCEX HEKAHOHWYHBIX KOHCTPYKIIUN?)
Bosnukaer Bompoc: ciiejiyeT Jin OTKa3aThCAd OT HEKAHOHUYHBIX KOHCTPYK-
1uit BooOIIE, pa3 y2K OHU 3a4aCTYIO MCIOJIL3YIOT aKCUOMY BbIOOpA U TIOTOMY
[IPOU3BOJIbHBI, B K TOMY K€ HE MOTYT OBbITh II€PEHECEHBI B TOMOTOIMYECKYIO
TEOPUIO THIIOB, KOTOpPas IPEeTeH/IyeT Ha POJib HOBBLIX, 0oJiee MPaBUIbHBIX,
OCHOBAHMIT MaTEeMATUKN !

MpbI cuuTaem, YTO TaKOH paJIMKaIbHBIN OIX0 ObLT OBbI CJIUIITKOM ITPEK-
JieBpeMenen. HekaHOHWYHBIE KOHCTPYKIINU, TaKhe, KaK ajredpandecKoe 3a-
MBIKaHUE TI0JIdA, TO3BOJIAIOT HaM OTHOCHTEILHO JIETKO JIOKa3bIBATh COJEPIKar-
TeJIbHbIe MaTeMaTu4decKue GpakThl. OueHb MOXKET ObITh, 9TO 9TH (PAKTHI MO-
ryT ObITh JIOKa3aHbl 060JIee KAHOHUIHO — HallpUMeP, ¢ UCIOJIb30BaHUEM Ka-
TErOPUM BCEX KOHEUHBIX PACIIUPEHUNl 10Jis kK BMECTO ero ajredpamiecKoro
zambikaausg. OTHAKO MTO/I00HBIE JTOKA3aTeIbCTBA HABEPHSIKA OKAYKYTCs JIJIMH-
Hee U CJIOZKHee, U TToToMYy 00J1ee 3allyTAaHHBIMU U MeHee ITOHATHbIMU. B KoHIe
KOHIIOB, IPOrpaMMa, IIePEIUChIBAHUS BCeil MaTeMaTUKN B PaMKax MOMOTOIIH-
YeCKOI TeOPHUH TUTIOB IIPOJIBUHY/IACH HE CJUIIKOM JAJIEKO, BEPOATHO, KaK pa3
IIO3TOMY.

OHAKO 9TO MBI MOYKEM CeJIaTh, TaK 9TO JydIle OTIaBaTh cebe OTYET B
TOM, KaKie KOHCTPYKIIUM KaHOHUYHDI, & KaKUe HET, U €CJIU MbI BCE YK€ 0CO-
3HAHHO HCIIOJIb3yeM HEKAHOHUYIECKNEe KOHCTPYKIIMU — TO B KAKOM BHJIE UX
HCITOJIb30BaHne HauboJiee ecTecTBeHHO. TaK, ecin y»K MbI UCIOJIB3YEeM aJred-
pamdecKoe 3aMbIKaHUEe k, MBI JIOJZKHBI 3a00TUTHCSA O TOM, YTOOBI BCE HAIIU
[IOCTPOEHUs ObLIN SKBUBAPUAHTHBI OTHOCUTEJIBHO TPyIIbI [aaya, wim, 9To
OJTHO M TO 2Ke, YTOOBI ObLIIO HEBaXKHO, KAKOe NMEHHO aJIre0pandecKoe 3aMbl-
KaHUe Mbl BBIOpaJIN, U KaKUM UMEHHO 00pa30oM JIBa ajredpamvdecKnx 3aMbl-
KaHusg n30MOpdHBI JpyT JApyry. Takoro posga obiiue MPUHIUILI TO3BOJISIOT
OBICTPO OTCEKATH MOIBITKH HEIIPABUILHOTO UCIIOJIb30BaHNsT HEKAHOHIMIECKUX
00BEKTOB, pa3 y2K MbI He TOTOBBI COBCEM M30aBUTHCH OT HUX.
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