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1 (O630p Tekymiero MoJIoXKeHus eI

1.1 CymiecTByolnue NOAXOAbl N X HEIOCTATKHI

1.1.1. (Kousbresble crieKTpbl, Ey-aarebpbl U CleKTpajbHasi TeOMETPUsS Kak
TOYKa COOPKH CYIIECTBYIONMX M0/X0/0B.) [lo cymiecTBy, jtydiiue u3 cyiie-
CTBYIOIIUX ITOJIX0J/IOB TaK MJIM WHAYE CBOJIATCA K MCIIOJIH30BAHUIO KOJILIIEBBIX
CIIEKTPOB WIH Foo-aaredp (KOTOPBIX MBI JJisi TIPOCTOTHI OY/IeM CIUTATH OJl-
HUM ¥ TeM XKe TOHSITHEM) BMECTO OOBIYHBIX KOMMYTATHUBHBIX KOJIEI, M 3a-
MEHBI OOBIYHOI aJredparmdecKoil TeoMeTpun Ha CIEeKTPAJIbHYIO M€OMETPUIO,
He laBHO u3J102KeHHyto J. Lurie. Hekoropbie aBTOpPHI ellle He COBCEM 3TO OCO-
3HaJIM, HO TeM He Menee, 310 Tak. Hampumep, Kon n Konzanu ucrnombsyior
[-mu0kecTBa Cerajia M MOHOMIBI B 3TO KaTeropuu B KadecTBe «0DOOIEH-
HBIX KOJICI[», OJIHAKO CJICIYIONINil Iar — yTOYHEHHUE 9TOW TEOPUHM C ITOMO-
IIbIO CUMILTUITUAIBHBIX 00bEKTOB U NOMOTOIUYIECKON ajredphl JjIsd TOCTPO-
€HUs TPOU3BOIHBIX (PYHKTOPOB M T.II. — HEU30EXKHO HMPUBOIUT K PACCMOT-
penmto Bcex [-mpocrpancrs Cerana (wim, 910 IPUMEPHO OJHO U TO XKe, -
CUMILTUIHATBHBIX MHOXKeCTB). Oaako [-mpocrpancrsa Cerasia ¢ UX T€H30D-
HBIM [IPOU3BEJIEHNEM — 9TO KaK pa3 OJiHa U3 MoJlesieil CBA3HbIX (connective)
CIEKTPOB ¢ A-ipousBejieHueM. [[oaToMy MX Teopusi Ha CJIEIYIOIIEM Iare To-
JKe TIPeBpalaeTcs B CIIEKTPAIbHYI0 TeOMETPHIO.

1.1.2. (HemocraTku crieKTpaibHOl TeOMETPHN B Ka4eCcTBe KaHuaaTra B abco-
JIEOTHYTO TeoMeTpuio.) Temepb 006Cy/ MM, 4eM HAC HE yCTPAUBAET CIIEKTPAJIb-
Hasl FeOMeTPHs KaK KaH/IUIaT Ha POJIb abCOIOTHON reoMeTpun (HJIn TeoMeT-
pHHI HAJ[ «IIOJIEM U3 OJIHOTO 3JIeMeHTay ). B paMkax 9Toil Teopun ecrecTBeH-
HBII KaHIUJIAT Ha «II0JIe U3 OJHOTO dJIEMEHTa» — 9TO CPepUIecKHUil CIeKTP
S. U3 Hero jieiicTBUTENBHO €CTh €IUHCTBEHHbINH MOPMU3M BO BCe KOJIbIIE-
BbI€ CIIEKTPBI, BKJIIOYas CIEeKTp Dditnendbepra—Maxkieitna HZ, KOTODbBIi MbI
OTOXKJIECTBJIIEM C OOBIYHBIM KOJIBIIOM IeJibiX uncest Z (6oJiee 06110, 0ObIU-
HOE KOMMYTATHBHOE KOJIBIIO A OTOXKIECTBIISIETCS CO CIIEKTPOM itieHbepra—
Makseitna HA). Ilpu sToM m0ax0/1€ Jazke BO3HUKAET HETPUBHAJILHOE TEH-
30pHOe Mpou3Be/ienne 7 Ha cebs, nockonbky HZ N HZ # HZ. (pasuuna cBsi-
3aHa C CyIIecTBOBaHNeM HeTpuBHabHOi anrebpsl Crunpojga mod p). Tem He
MeHee, UTOroBasl KAPTUHA IOJIYIaeTCsl CTPAHHON M HEYI0BJIETBOPHUTEIbHOM:

o «CrexkTp chepuveckoro CreKTpar SpecS COBIaIaeT KakK TOMOJIOITYe-
CKO€ IPOCTPAHCTBO CO Spec mpS = Spec Z, MyCcTh U ¢ JAPYTUM IIYIKOM
E.-anarebp (COBHAJIAIOINNM B Ty, HO HE B BBICIIUX I'OMOTOIMMYECKUX
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rpynmnax). Kak ciecrBue, ero 3aMKHYTbIE TOUYKH COOTBETCTBYIOT ITPO-
CTBIM YHCJIAM, U €Ile eCTh 00INasi TOYKa, COOTBETCTBYIONIAS M3y ICHIIO
PalnOHaJIbHBIX I'OMOTOIIMYECCKUX THUIIOB. STO HE COBCEM TO, YTO OXKHU-
JTAeTCsI OT «abCOJIFOTHOI 0a3bl» WM «CIIEKTPa IOJIsI U3 OJHOTO JJIEMEH-
tay SpecF. EcrecrBerHHO OBLI0 OBI 0XKUIATH, 9TO aOCOIIOTHAA Oa3a Cco-
JIEPZKUAT TOJIBKO OJIHY TOUKY, IIPUMEPHO KaK CIIEKTPbI KOHEUHBIX I10JIei
SpecF,, apraomueca 6a30ii B QyHKIIHOHAJIBLHOM CIIydac.

o Kak ciesicrBue, orobpazkenue Spec Z — Spec S BBIIVISIUT COBCEM HEIIO-
xoke Ha orobpazkenne kpupoit C' man F, B 6a3y SpeclF,. Bmecto To-
ro, 9ToObl 0TOOPaAXKATh BCE MPOCTBIE YUCIA U3 SpecZ B OJHY TOUKY
abCOJIIOTHOI 0a3bl, oTobOpaykeHne SpecZ —» SpecS sIBIsSIeTCsT TOMEOo-
MOPGMHU3MOM TOIOJIOTIecKuX mpocTpancTs! Bes pasnuiia — TOJIBKO B
CTPYKTYPHOM ITy4Ke Fo,-aredp.

e Kpowme Toro, Spec Z — Spec S siBisiercst m130MOpMU3IMOM B 00IIIEH TOT-
Ke, 9TO COBCEM HEOXKUJAHHO U OIATH-TAK! HEIOXOXKE Ha OTOOParKeHMe
(oTHOCHTENIbHOIT) KpUBOii B Ga3y.

e Mbr MOKeM TTOCTPOUTDH SpecZ X Spec Z, HO Pe3yJbTAT CHOBA BBITJIA-
JINT CTPAHHBIM — MBI B OY€PEIHON pa3 MOoJIydaeM HedYTO roMeoMOpd-
HOe Spec Z, HO ¢ JIDYTUM CTPYKTYPHBIM IIy4YKoM KoJierl. [Ipumepno tak
BBITJIAIUT (DOPMaJIbHAST OKPECTHOCTD JIMATOHAJIA B TIPSIMOM ITPOU3BE/Ie-
HUHU, Y KOTOPOH JPYTOil Iy90K KOJIeTt (B KOTOPOM OOJIbIIIE TOMOJIONHYe-
CKHUX HUJIBIIOTEHTOB), HO TO YK€ TOIOJIOTHIECKOe TIPOCTPAHCTBO. Hemb3st
CKa3aTh, YTO TO COBCEM HEMHTEPECHOE U DECIIOJIe3HOe ITPOCTPAHCTBO —
TaK, B HeM HeTpuBHaJIbHOE IpsaAMoe Ipousseienne SpecF, X SpecF,, o
CYIIECTBY COOTBETCTBYIOIIEE JiBolicTBeHHON ayirebpe Ctunposa mod p.
OnHAKO 9TO COBCeM He Ta «(OTHOCHUTENbHAST) MOBEPXHOCTb», KOTOPYIO
MBI OXKHUJIAJTH Obl YBUJIETD 110 aHAJOTUH ¢ (DYHKIIMOHAJILHBIM CJIyYaeM,
U eJ[Ba JIM Ha Hell MOXKHO YCTPOUTH Ty TEOPUIO IepecedeHnii, KoTopas
MoOTJIa ObI MPOSICHUTH aHAJIOTHIO MEYKJIy TEOPETUKO-UUCIOBBIM U (DYHK-
IUOHABHBIM CJIYYaeM.

e Mur Takzke He mosydaeM HerpuBnasbHoro SpecF, x SpecF, nna pas-
HBIX IIPOCTBIX P # {, U HE MOXKEM <«IepedupaTbCs» M3 OJHOW MTPOCTOI
XapakTepucTuku B Apyryo. [lo cymecTBy, 510 caegcrBue Toro gak-
Ta, YTO MPOCThIE YUHCJIa PAa3/IeJeHbl y2Ke Ha yYPOBHE SpecsS, Tie OHH
COOTBETCTBYIOT JIOKATH3AINSIM TOMOTOITNYECKUX THIIOB OTHOCHUTETHHO
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Pa3IUYIHBIX IPOCTBIX YUCET. DTO OOCTOATETHCTBO, BO3MOXKHO, I10JI€3-
HO B aJIreOpanvdecKoil TOIIOJIOTUH, T/Ie OHO ITOPOXKIAeT XPOMATHIECKYIO
TEOPUIO W IIO3BOJIAET MHOI'O Yero BBIYUCJINTL, HO BPEIHO JJIfd HalllnX
eJiei.

e Il HaKkoHeI, Mbl HE IOJIy4aeM HETPUBUAJIBHON «apXUMEIOBON TOUKN»
I «KOJIBI[A apXUMEIOBBIX Iesbixy» Or C R. Te KoHCTpyKINM, KOTO-
pble y HAC €CcTh — BPOJie Zo, B TEOPUU ODOOIIEHHBIX KOJIEIl — «Pac-
TBOPAIOTCS» ¥ IIPEBpaIIaoTca B R IpH HOMBITKE IOCTPOUTH HAJI HIMUI
MHUHUMYM TOMOTOIINYECKOH ajaredpbl, HeOOXOAUMBbIN J1JIsT (DOPMYIUPOB-
K1 TeopeM Bpojie Teopembl Pumana—Poxa. Her momxomsiero anaJiora
U CPeJi KOJIBIIEBBIX CIIEKTPOB.

e Kak ciefcrBue, MbI HE MOXKEM IIOCTPOUTH KOMIAKTH(hDUKAIIIIO Spec Z.
A BeJib TIOJIHOIIEHHAST aHAJIOIUS MEXK/Iy TEOPETUKO-YUCIOBBIM 1 (PYHK-
[IMOHAJIBHBIM CJIYIaeM JOJ2KHA BKJIOUATh B ce0sl IOCTPOEHNE KOMIIAK-
TuduKamn Spec Z, 3aMKHYThIe TOYKI KOTOPO# JTOJ?KHBI COOTBETCTBO-
BaTh BCeM HOpMHUpoBaHuAM Q, HeapXUMeOBbIM (p-aJInvIecKiM) U ap-
xuMmeioBoMy. OjiHako 1mpu pabore Haji 0a30if SpecS He O0YeHb jIaxKe
[IOHSTHO, KyJa MOIJIa Obl IIPOEMUPOBATHCS apXUMeI0Ba TOYKa Spec Z
pu OTOOpaKeHun B Spec S.

1.1.3. (PynmamenTaibable MpobaeMbl U UX mposiBieHus.) MoKHO KOHCTa-
TUPOBATDh, YTO CUTYAIUs JOBOJBHO MEYAJIbHA — MBI HE MOXKEM «CMENINBATh»
pa3HbIe XapaKTEePUCTUKU, KOMIAKTU(PUIUPOBATL Spec Z, YMHOXKATbL Spec Z
Ha cebs, YTOOBI MOJIyIYUTb OTHOCUTE/IBLHYIO IIOBEPXHOCTL Hat 0a30it u T.71. Bee
9T MPOOJIEMBI CHJIBHO CBS3aHBI JAPYT C JAPYTOM U IO CYIIECTBY CBOJATCT K
TOMY, 9TO BbIOpaHHas HaMu abCOTIOTHAs 0a3a Spec S OKa3bIBACTCS CJUIIKOM
[OXOXKa, Ha SpecZ, TaM yKe pa3Jie/ieHbl Bce MPOCThbie dncia u T.a. pyras
dynmaMenTasibHag MpodIeMa — OTCYTCTBUE apXUMEJIOBBIX TEJIBIX.

1.2 Tpu moaxojia K MOCTPOEHUIO aOCOJJIOTHOI TeoMeT-
pun

MpbI BuiuM, 9TO 10 CHX TIOP YUCTO aJredpamtdecKuil MoJXo/l K MOCTPOCHUIO
abCOJTIOTHOI TeOMeTpUN, OCHOBAHHBII Ha TIOCTPOEHNH DoJiee-MeHee aredpan-
YeCcKOl KaTeropuu 0O0OIEHHBIX KOJIEI M PACCMOTPEHIH UX CIIEKTPOB, He J1al
02KIJIaeMbIX PE3YILTATOB. BO3MOXKHO, HAM HEOOXO/IMMbBI KAKUE-TO JIOTIOJIHU-
TeJIbHbIE COOOPAXKEHUsT M KOHCTPYKIMK, YTOOBI HMOJIYIUTh PABUILHYIO ab-
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COJIIOTHYIO TeOMeTpHIo U abcosroTHyio Oa3y. [lonpobyeM yKaszaTh HEKOTOPBIE
IIOTCHIMAJIbBHO IIOJIC3HbIE ITOAXOIDbI. HaH_H/I OCHOBHbIE€ BapHaHTbI — 3TO 2€0-
mempureckuti nodxrod, xKamezophoili nodrod n so2uveckut nodrod. Konedaro
JKe, 9TOT CIUCOK HE MCUYEPIIHIBAIOIINIA.

1.2.1. (Teomerpuyeckuii MOJIX0/]: OTHOCUTEIbHbBIE CXeMbI HaJl HETPUBHAJILHOT
6a30ii.) Bo3amoxkHO, BMECTO TOrO, 9T00BI pacCMATPUBATEL «aOCOIOTHBIE» CXe-
MBI, HAJI0 PACCMaTPUBATH «OTHOCUTE/ILHBIE» CXeMbI HaJl HEKOTOPOii 6a30it B,
KOTOpas Torja u OyjeT MCKoMoil abcosoTHol 6a30ii, ud0 Oyjier OJM3Ka K
Heil. Dta 6asza B MoKeT OBITH TOMOJIOIMYECKUM ITPOCTPAHCTBOM, TOIIOCOM
(0ObIYHBIM UK BBICIIUM B cMbicsie J. Lurie — B jaiibHeiieM Mbl He pasJin-
JaeM 9TH JIBa BApUAHTA B HAIIMX ODOIUX PACCYIKIECHUSIX ), OKOJIBIIOBAHHBIM
TOIIOCOM WU BeKTou oM. KOHIEnTyabHO 9TO HEKOTOPOE TOIOJOTUIECKOe
IIPOCTPAHCTBO WJIN €ro Mojxojidrnee 0bobenne. BaxkHo, 4T0 MbI OOJIbIIIE HE
HacTauBaeM, YToObI 6a3a B ObLia CIIeKTPOM 0000IIEHHOIO KOJIbIIA I I€M-TO
ITOJIOOHBIM.

3areM MBI MPOU3BOJIUM BCe OOLIYHBIE KOHCTPyKImu HaJl B. OObrdmnbie
KOJIBI[A CTAHOBATCS IMOCTOSTHHBIMU ITyYKaMK KOJIel HaJl B, 0ObIYHbBIE CXEeMbI
X — ornocureybHbIMU cxeMamu X X B — B, u B0ooOIIe «OObIYHbBIINY 00b-
ekT X IIpeBpallaeTcs B IIOCTOSIHHBIN OTHOCHTE/IbHBIH 00beKT X X B — B.
OHaKO MOMUMO TAKMX TPUBHAJIBHBIX PaccjoeHuil Haj B y Hac MOLYT IIO-
SIBUThCS HOBBIE PACCJIOCHUS, He N30MOPQHBIE MOCTOSHHBIM HaJ 6a30ii, OO0
n30MOpP(HBIE JIOKAJIBHO, HO He ri1obajabHOo. MoxKkeT ObITh, MBI HE MOLJIH JI0
9TOTO MOMMATH apXUMEJIOBHI IeJible O U3-3a TOTO, YTO OHU IIPEJICTABJISIOT
u3 cebst (060BIIEHHBI ) HEMOCTOSTHHBIN TIOJIITY 0K KOJIEI[ B TOCTOSTHHOM ITy9Ke
kosten; R, wag B? Touno Tak ke KoMuakTudukanus Spec Z MOIjia YCKOJIb-
3aTh OT HAC U3-3a TOr'O, UTO, B TO BpeMs KaK OOBITHOMY Spec Z COOTBETCTBY-
eT MoCTOsgHHOe paccyoenue B X SpecZ — B, 910 MOXKeT ObITH HEBEPHO JIJIst
KOMTAKTU(DUKAITIH.

1.2.2. (HemocraTku reoMeTprYeCcKOro MOJX0/a: OTKY/a B3ATh [IPABUILHYTO
6asy B?) OCHOBHBIM HEJOCTATKOM IeOMETPUYECKOTO MOJXO0JIa SBJIAETCS TO,
YTO He MOHATHO, OTKY/a B34Th IIpaBUIbHYIO 0a3y B. Hackoiapko oHa euH-
crBenna’ Kakumum yHuBepcaJbHBIME CBoOWicTBaMU 3ajaerca! Tem He menee,
reOMeTPHYECKN IT0/IX0J] JOBOJBHO HAIVISIEH, €CJIM Mbl KaKUM-TO 00pas3soM
moitMeM, Kakas JIOJKHa ObITh 0a3a U 1oveMy, JajIbllle Bce OyIeT ONUCHIBATh-
Cd B OTHOCUTEJILHO IIPUBLIYHBIX TEePMUHAX.

1.2.3. (KareropHslii o/1xo/1: 3aMeHsieM KATeropuio MHOXKECTB Sets Ha Jpy-
ryio kareroputo B, jenaeM Bce KOHCTpyKimu B 3.) pyrum BapuanToMm mpe-
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OJI0JICHUSI BOSHUKIINUX TPYAHOCTEN IpeicTaBIdeTCd 3aMeHa KaTeropuu MHO-
JKeCTB Sets Ha, JIPYTYIO MOJIXOJIANIYIO KaTeropuio B, u iposejienne Bcex 00bId-
HbIX KOHCTpyKImit BHyTpu B. Tak, eciim B 1ekapTOBO 3aMKHYTa, MbI MOYKEM
OIPEJIETIUTh KOJIbIa U MOIyu BHYTpu B (B TOM dncyie 0000IIeHHbIE), a ec-
Jn B dABsgeTcs 37eMeHTapHBIM TOIMOCOM, MBI MOYKEM IIepeHecTH BHYTPb B
3HAYUTEJbHYIO YaCTh MaTeMaTUKU, BKJIIOYad OIpeJ/e/ileHue BHYTPEHHEN Ka-
Teropun B BB 1 1oCTpOeHNE BHYTPEHHEH KaTeropuii mMpeJiiyYKoB HA BHYTPEH-
Hell KaTeropuu, u JaJjee OIPee/IUTh JIOKAJIN3aluio BHYTPEHHE KaTeropuu
IIPEAIIYYKOB C IIOMOIIBIO IIOJAXOAAIIel NIEeMIIOTEHTHON BHY TPEHHE MOHaAbI.
DTO O3HAYAET, YTO MBI MOYKEM JlayKe MMOCTPOUTH CHEKTPbI BHYTPEHHUX KO-
JIell M CKJIEUTh U3 HUX BHYTPEHHHE CXEMbl, IIYCTh W IICHOW CYIIEeCTBEHHDLIX
TEXHUYCCKUX YCUJIUMA.

1.2.4. (Ilpumep mpuMeHeHHsT KATErOPHOTO TOIX0/1a: Ur KAK HEYeTKOe MOJI-
kousiblo B R.) IIpumepom mpumMeHeHHsT KATEMOPHOTO TOJXO/IA SIBJISIETCS MOsT
[IOTIBITKA 3aMEHUTH OOBbIYHBbIE MHOYKECTBA Ha HEUYETKHUE C IETbI0 MOCTPOEHU s
BapHaHTa apXMMEJIOBBIX IedblXx O C R, OCHOBAaHHOrO Ha HEYETKUX MHO-
2KECTBaxX M I'ayCCOBCKUX PacCIpe/ie/IeHUsX; B 3TOM CJydae XapaKTepUCTU4e-
ckast Gynkmus Yg, : R — [0,1] Moxer npunuMarh 3HAYCHUS, OTJIHIHBIC
or 0 mw 1, ¥ MBI MOXKEM OIPEJIENTh HEIeTKOe MHOXKECTBO OR, TOJIOXKWUB
Xow(T) = e~*"/2. Takoii IIOJXOJ] IIPeJICTaB/IdeTCd Pa3yMHBIM U €CTECTBCH-
HBIM, IIOCKOJIBKY CBA3b apXUMEJIOBBIX IIeJbIX U I'ayCCOBCKUX paclpe/leIeHnit
MOHATHA KaK MUHUMYM C JIIccepTanuu Teiita.

1.2.5. (He,zLOCTaTKI/I KaTeropHOro Ho,uxozga.) Cpean He0CTATKOB KaTerOpHO-
IO TIOJIXO/a MOXKHO OTMETUTH €r0 TEXHUYECKYIO0 U KOHIENTYaJbHYIO CJIOXK-
HOCTH (IO CYINECTBY, HAJI0 TOBTOPUTH 3HAYUTEIBHYIO YaCTh MATEMATHKU
BHYTpHU KaTeropuu BB, mpudeM B ropasjio 6ojiee CJI0XKHOM BapUaHTE), & TaK-
JKe Ty 2Ke IPo0JIeMy, UTO U Y T€OMETPUUECKOI0 10/ IX0/1a — HEIOHSTHO, OT-
Kyaa Oparh B. OmgHako mpuMep ¢ HEUYETKHMH MHOYKECTBAMH ITOKA3bIBAET,
9TO KaKNe-TO KaHIUIAThl B [3 MOI'YT eCTeCTBEHHBIM 0Opa30M BO3SHUKHYTH B
IIPOIIECCe TTPEOJI0ICHUS TTPOOJIEM, CBI3AHHBIX C CYIIECCTBYIOIIUMHU ITOIXO/IAMH.
Kotodesoit gaBiigeTcss BOSMOXKHOCTD OCTPOEHUSA apXUMETOBBIX I1EJIBbIX.

1.2.6. (JIormueckuii mojxos.) Hakoner, MoxKeT oKa3aThCsl TakK, YTO HAIIH
HeyJIa9u OO0bACHSIOTCS T€M, 9TO OOBIUYHBIX OCHOBAHUI MaTeMaTUKN HEJI0CTa-
TOYHO JIJIs TIOCTPOEHUS IIPABUIbHON a0COTIOTHOI reomeTpun. Hykuo pacim-
PUTH OCHOBAHUSI 110 CPABHEHUIO C OOBIYHOM KJIACCHIECKON JIOTMKOM 1 Teopueit
MHOYKECTB, JI00aBUTh KaKNe-TO HOBBIE JIOTMYECKUE ITPUHITUAIBI U AKCUOMBI, 1
TOTJIa BCE TOJIydnuTcd. VHavue roBopsi, Mbl OIIPEJIe/IseM KaKylo-TO HOBYIO JIO-
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I'UKY, U TIOBTOPsIEM 3HAYUTE/IbHbIH (hparMeHT MaTeMaTHKU yyKe BHYTPU 9TOM
JIOPUKHM, IPUMEPHO KakK 3TO Jesiajn BoeBojcKuil 1 KOMIAHUs B IPOIPAMME
romorornuyaeckoii Teopun tunioB (HoTT), merrasick npeiokuth 6osee ajek-
BaTHbIE U €CTECTBEHHbBIE OCHOBAHUA /I aIre0parniecKoii TOMOJIOTUI 1 3a0/IHO
IJI BCell MaTeMaTUKMH.

1.2.7. (Hemocrarku siormaeckoro mojxosa.) OCHOBHOI HEJIOCTATOK JIOTHYe-
CKOT'0 TIOJIX0/Ia — YTO OH OTKPOBEHHO BBITVISAJINT KaK «IIOWIN TyJla — He 3HAI0
KyJa, IPUHECH TO — He 3Haio 4To». [[pocTpaHCTBO BO3MOXKHBIX JIOTUIECKUX
TEOpUil OTPOMHO, HEIIOHATHO, B KAKYIO CTOPOHY CMOTPeTh. [Ipu aTom Tpy10-
3aTpaThl Ha ITPOBEPKY JaxKe OJIHON TeOpUU-KaH /I aTa MOTYT ObITh OTPOMHBI,
Kak mokasbiBaeT mmpumMep mnporpammbl HoT'T, gobusmieiics jiniinb orpanmdeH-
HBIX YCIIEXOB.

1.3 BzamMmocBsi3b M €IMHCTBO TPEX IIOIXOI0B

Tenepb MbI OOBbSCHUM, TIOYEMY NeOMETPUIECKUI, KATErOPHBIN U JIOTUIECKU
[IOJIXO/T, K TIOCTPOEHHIO abCOIIOTHON reOMeTPHH OUeHb TECHO B3aMMOCBSI3AHbI
7 MO CYIIECTBY SABJISIOTCS PA3HBIMHU ACHEKTAMU OJIHOTO W TOTO XKe MOJIXOJIA.

1.3.1. (CBs3b JIOrn9IecKoro u KaTeropHoro moaxosa.) Ecmm y Hac ectb Kakasi-
TO JIOTHYIECKasi Teopust |, MBI MOXKEM PACCMOTPEThb €€ MO BHYTPU OOBIU-
HOH MaTeMaTWKH BMECTO TOTO, UTOOBI MOJTHOCTHIO PaccyzkjaaTh BHyTpn T .
MoesisiMu IO IXOIATIIX TeOPHil T 00BITHO SIBJISIIOTCS KaTeropun I3 ¢ KaKuMu-
TO cBoficTBamu. Tak, TOMOCHI ABJISTIOTCS MOJIEISIMU UHTYUIIUOHUCTCKOMN JIOTH-
Ki (BepHee, HHTYHITMOHUCTCKON Teopun TunioB Maprur-JIéda) mocpeacrsom
cemanTukn Kpunke—7Kyasnsg. Konkpernas jormdeckas Teopus, BKIIOYAIO-
masg B cedd KaK MUHUMYM HMHTYHUIIMOHUCTCKYIO JIOTHKY, & TaKKe JIOIOJTHU-
TeJbHbIE IIPpaBUJIa BBIBOJA U AKCUOMBI, OYJIET UMETh B KadecTBe Mojeseil He
BCE TOIIOCHI, & HEKOTOPHBIE CIIelnaIbHbIe, I Mbl MOXKEM IOIBITATHCS ITIOCTPOUTD
YHUBEPCAIBHYIO MOJIeNIb JIJAHHO# Jtorndeckoir Teopun T . Torma BMecTo Toro,
9TOOBI ITO-TO MPOBEPATH UJIU CTPOUTH B JIOTUIECKONH TEOPHUH T, MBI MOKEM
JleJlaTh BCe 9TO BHYTPH Kareropun B3, MOJIB3YsICh MPU 9TOM KJIACCHIECKOM
MaTeMAaTUKON 1 MPUBBIYHON Jiorukoii. HaobopoT, Besikuit Toroc B, mim mgazke
BCsKas Kareropus B, MOXKeT OBITHb OIMCAaHa ¢ IIOMOIIBIO CBOEHl BHYTpEHHEI
JIOPUKY (TEOPUU THUIIOB, TUIIAMU KOTOPOI SBJISIIOTCST 0O6beKThI Kareropuu 1),
a aKCHOMBI COOTBETCTBYIOT T€M CIENU(MDUICCKUM YTBEPKICHUSIM, KOTOPBIE
BCeryia BBITIOJTHEHBI BHYTPHU JIAHHON Kateropun 5.

Taxum 0O6pazoM, JIOTUIECKU TOIX0/] U KATErOPHBIHN MTOX0/T 110 CYIIEeCTBY
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SKBUBAJIEHTHBI, 9Ta SKBUBAJIEHTHOCTH PEAJIM3YETC C MTOMOIBIO TEOPUUA MO-
Jlesieit. 9To He JBa Pa3HBIX IIOAXO0/A, & JABa PA3HBIX sI3bIKA JIJIS OIMCAHUS
OJTHOM W TOM »Ke CUTYaIluH, ¥ Mbl MOYXKEM ITePEKII0YaThCI C OJHOTO A3bIKa Ha,
JIPYToil Tak, KaK HaM yJI0OHO.

1.3.2. (CBsi3b KaTEropHOro W reOMETPHYECKOro 1o/xoa.) KareropHerii u
reOMeTPUYECKUIl IOJIX0J] TAKyKe OKA3bIBAIOTCS TECHO CBS3aHBI JIPYT C JIPY-
roMm. A umMeHHO, eciin 6a3a B W3 reoMeTpUYIECKOro IOJXO/a SIBJISIETCS TO-
IIOJIOTUYIECKUM IIPOCTPaHCTBOM, €l MOXKHO COIOCTaBUTbL TOIIOC IIYYIKOB B
TOF/:[‘a IeOMETPUYICCKUM KOHCTPYKHIHUAM Ha/Jl B COOTBETCTBYIOT KaT€ropHbI€
KOHCTDYKIWMK BHYTpH Karteropuu B. Hampumep, mytwok xoser ua B coor-
BETCTBYeT BHYyTpeHHeMy Koublly B B. Bosee Toro, cormacio teopeme JIbsi-
KOHECKY BHYTPEHHEHl KaTeropuu IPeIIydYKOB HA BHYTpPEHHEl KaTeropuu B
B cooTBeTCTBYeT HEKOTOPBIH «HacTosmuil> Tonoc £ nax B. Wuade rosops,
BMECTO TOT'O, YTOOBI CTPOUTH BHYTPEHHHE CIIEKTPhI BHYTPEHHUX KOJIEI] B Bu
CKJIEMBATh U3 HUX BHYTPEHHHE CXeMBbI, Mbl MOYKEM CTPOUTH OTHOCHTEHHBIE
CIEKTPBI IyYKOB KoJiell Ha i 6a30if B u cK/ienBaTh W3 HUX OTHOCHUTEIHHBIE
CXEMbI, 9TO TOPa3/10 0oJiee HAIJISAIHO U OHATHO T'€OMETPUYIECKH.

Koneuno xke, eciiu 6a3a B B reOMeTpUIECKOM TI0JIX0/I€ ABJIAETCSA TOIIOCOM,
a He TOIIOJIOTMYECKUM ITPOCTPAHCTBOM, TO BCE 3TO TeM 0oJiee IIPUMEHUMO, T10-
TOMy 9TO B — 3T0 Torjma yzke roroBas 0a30Basi KATETOPHUs JIJIsT KATETOPHOTO
[I0JTX0/1a, & BHYTPEHHssI JIOTUKA KaTeropun 3 — 9T0 mpaBu/ibHas JIOTHIeCKas
Teopusi JIJIsi JIOTUIECKOTO IMOJIX0/1a. AHATOTHYIHBIE 3aMEUaHUsT MOXKHO CJIe-
JIaTh, €CJIi reoMeTpudecKas 6a3a B sBisgerca KaKuM-HHOYIb JAPYTrUM 0000-
IEHUEM TOIOJIOTHYECKOTO TTPOCTPAHCTBA, HAIIPUMED, BEKTOUIOM.

1.3.3. (Bce Tpu nomxosa cOBIAIAIOT, 9TO PA3HBIE sI3BIKU /I ONUCAHUS OJI-
HOTO ¥ TOTO 2Ke.) MBbI BbIbSICHUIIN, 9TO TeOMETPHIECKUil MoIx0/1 ¢ 6a30it B,
KATEropHbBIi MO/IX0/1 ¢ Kareropueil B m JIornyeckuii mojaxo ¢ reopueit T —
9TO 110 CYMIECTBY pas3Hble SA3BIKA JIJI ONUCAHUS OJHON W TOI Ke CATYaIluH.
MBI MOXKeM TIEPEKJIIoUaThCs ¢ OJIHOTO S3bIKa Ha JIPYTOoi, YTOOBI CKOMIIEHCH-
POBaTh HEJOCTATKU 9TUX IMOJIXOJA0B U MOJb30BATHCA NX MPENMYIIECTBaAMMU.

2 BepogrHocTh m abcosroTHasg reoMeTpud

Tenepb MBI XOTUM PACCMOTPETH, KAKUM 00pPa30M IPEJIbIIYIINE TP ITOIXO0-
Jla K TIOCTPOEHUIO aDCOJIIOTHON reOMeTPUU MOTYT OBIThH CBA3aHBI C Teopueit
BeposiTHocTeit. CHavaa HAJI0 TMOSACHUTH, [MOYEMY MbI CIUTAEM, 9TO TEOPHd
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BEpPOATHOCTEN MOXKeT ObITh KaK-TO CBa3aHA ¢ abCOIIOTHOM reomeTrpueit. 3a-
T€M MbI IIOKazKEeM, KaK BEPOATHOCTHBLIC IIOAXOAbl MOI'YyT 6bITI) BCTPOEHLI B
OOIIyI0 KOHIIEIIITUIO TIOCTPOEeHUS abCOTIOTHOM 0a3bl, N3JI0XKEHHYIO paHee.

2.1 BeposiTHOCTHBIE ITOAXOABI K IMOCTPOEHUIO abCOJIIOT-
HOI1 0a3bI

2.1.1. (Teopus BeposiTHOCTE( U apxUMEIOBBI Tieible.) OIHUM U3 apryMEHTOB
B II0JIb3y TOI'O, UTO «IIPaBU/IbHasg» abCOJIOTHAs Oa3a JOJKHA ObITh KaK-TO
CBSI3aHA C BEPOATHOCTSIMHU, SABJIIETCS CBA3b apXUMEJIOBON TOYKU U THIIOTE-
TUIECKOTO «KOJIbIIA apXMMeJIOBBIX Ieabixy Op C R ¢ HedeTKnMU MHOMKe-
CTBAMHU W TayCCOBCKUMH CJIYUafHBIMKU BeJTMYUHAMU. B KOHIE KOHIIOB, OJTHO
u3 HamboJjiee YJIAIHBIX U MOHSTHBIX ONpejeseHnii Og — 3TO HEYeTKOe I10/I-
MHOKecTBO R ¢ xapakTepucTuieckoil pyHKImei e~o/2, Torna npu xeyranuu
MOXKHO WHTEPIPETUPOBATH e~ */2 kak BEPOSATHOCTH TOT'O, YTO JIAHHOE YUCJIO
r € R gBisiercd apXuMeJIOBbIM IIEJIbIM, T.€. IPUHA/JIE)KUT HEIETKOMY MHO-
)kecTBy Op. Ecin e xapaKTepucTuiecKyto (OyHKITIIO e~/ JOMHOXKUTH Ha,
Mepy Jlebera dx m oTHOPMUPOBATH, IMOJIYYUM CTAHIAPTHOE HOPMAaJIbHOE pac-
npenenenue N (0, 1), KOTopoe 10 aHAJIOTUH C P-aINIECKUM CJTy9aeM JIOTHIHO
cauTarh «Mepoit Xaapa Og».

2.1.2. (ApakesoBCKasi TeOMETPHs, TIOTEHIUAJIBI U CIydaiiHble OJIy K IaHUsI. )
Jlpyrum aprymMeHToM SABJISIETCS TO, ITO TeOMeTpus Hal Spec O 10 CYIIECTBY
JIOT’KHA OBITH BAaDHAHTOM apaKeJIOBCKON TeOMeTpHH, & KaK MIUHUMYM CYIIe-
CTBYIOIHE KOHCTPYKIINM apaKeJOBCKON IreoMeTpHH 3a/IefICTBYIOT ITOTEHITH-
aJIbl 3aMKHYTBIX TIOJIMHOTO00OPA3Uil B KadecTBE BAaXKHOI'O WHIDEJIUEHTA IS
nocTpoenusi apudmeTndeckoit Teopun nepecedenunit. OHAKO MOTEHITHAJIBI
3aMKHYTBIX TOJIMHOTO00pa3uil puMaHOBa WJIM K3JIEPOBA MHOI0OOPa3Usd JI0-
IIyCKAIOT €CTEeCTBEHHYIO MHTEPIIPETAINIO B TEPMUHAX CJIyYalHBIX OJIyK 1a-
Huii. B TakoMm cirydae MOXKHO TPEIOJIOKUTE, 9TO CIydaiiHble OJIy2KIaHus
HA PUMAHOBBIX MHOT000DA3Uil JIOJ?KHBI ObITh KaK-TO CBA3aHbI ¢ O, a 3HAa-
YUT, NIpaBUIbHAs abcosoTHasd 0a3a JO/KHA KAKUM-TO 00pa30M IO3BOJIATH
MOJIEJTUPOBATH CJIydaiiHble OJTy K TaHW.

2.1.3. (BeposrHOCTHOE CMeruBaHIe PAa3HbIX XapaKTepucTuk.) pyrum ap-
I'YMEHTOM B I10JIb3Y BEPOATHOCTHOM 6a3bl, HE CBA3aHHBIM C apXUMEJIOBOI TOY-
KOI1, IBJISIeTCs TO HaOJIIO/IEHIE, ITO BEPOSITHOCTHBIE KOHCTPYKITUH ITO3BOJISIIOT
CMEIINBATh Pa3Hble XapaKTEePUCTHKU U HEIIPEpPhIBHO «Iepeduparbeds u3 IF),
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B [y 111 pasHbIX TPOCTBIX p # £, 9TO OOBIYHO HEBO3MOXKHO B JIPYTUX TOJI-
xomax, Kak Mbl Bujgean B [1.1.2] A umeHHO, IIPEIIIOI0KUM, ITO MBI XOTHM
repebparbesi, Hanpumep, u3 3 B F5. [Iycts y Hac ectb ciiydaiiHOe KOJIb-
1mo. MbI MaJjI0 9TO PO HEro MOXKeM CKa3aTb, HO KaK MHUHHUMYM B HEM €CTh
equnuia 1. BymeMm onpenensTh XxapaKTepUCTHKY 3TOrO KOJIbIa, CKJIaIbIBast
eJIMHUILy C CODOI ¥ IpOoBepPsis, MOJIYUIUJICA JIX HOJIb. B 0OBIYHOI MaTeMaTnke
60 3 =14+141=0,ymb605=1+1+1+141 = 0, HO HE 006a cpazy (6yaem
CYUTATh, YTO M3BECTHO, 9TO 1 # 0). A B BEPDOATHOCTHOM MHpPE MOXKET OKa-
3aThCs, YTO B HAYaJe HaIlero myTu BeposTHocTh P(3 = () paBHa enuHuIIE,
3aTeM OHA IOCTEIEHHO yMeHbINaeTcs, a BepodaTHocTh P(5 = () yBesndnba-
ercsl, 1 B KOHIIE HAIEro IIyTH MbI yKe abco/oTHO yBepeHbl, uro 5 = (. Tem
caMbIM MbI HenpepbIBHO mpojedopmuposaiu Fs B Fs (ocobenno ecm nsna-
YaJIbHO M3BECTHO, 9TO BCE JIEMEHTHI PACCMATPUBAEMOTO CJIyIafHOTO KOJIbIIA
sBJIsIoTCst cymMmMamu eunni). «Kparaaitmuits nyrs u3z Fz 8 Fy npu srom
Oyzer obaagarh Tem cBoiictBoM, uro P(15 = 0) = 1 Bo Bpemsi BCero myTH, HO
HOMFMO 9TOTO IyTH ecThb u jpyrue. Mbl MoxkeM Takxke ormcarh Z/(9) Kak
HeGOIBINYI0 OKpecTHOCTh Fy = Z/(3): MBI MOXKEeM HAYaTh C TOTO, YTO MbI
yBepensl, uTo 3 = 0 u 9 = 0. Barem Mbl MOxKeM coxpaHaTh P(9 = 0) = 1,
HO TIoCTereHHo yMeHbinarh P(3 = 0) ¢ eauauipl 10 Hyasd. Tem caMbiM Mbl
wiasHo mepeiinem ot Fs x Z/(9).

2.1.4. (Bblienennas pojib BElIECTBEHHBIX 4HnCesl.) B mpeibiiyinem myHKTe
BUJIHO, YUTO BEIECTBEHHbIE YHC/a (HAIPUMED, BEPOSATHOCTH, MPHUIUCAHHBIE
TE€M WM UHBIM COOBITHSIM) II0JIE3HBI U MI'PAIOT BBIJEJIEHHYIO POJIb, T03BO-
JIgd 3aJaBaTh HENPEPLIBHbIE IIyTH MEXKJy Pa3JIMIHBbIMU aJIre0pandecKuMN
o0beKTaM’, KOTOPbIe OOBITHO CJIOKHO JehOPMUPOBATH JAPYT B JApyra. ITO
zameTHO ¥ B [2.1.1] roe MBI He MOXKeM onmcaTh HeYeTKoe MHOXKECTBO O 0e3
BeIeCTBEHHBIX duces. MoKHO OXKHUJIATh, 9YTO BENIECTBEHHbBIE UHUC/Ia UTPAIOT
BasKHYIO POJIb B OlKcaHuU abCOJIOTHON 6asbkl B, KOTOpyio MbI uiiem. Ta-
Kasl BbIJIEJIEHHAs POJIb BEIECTBEHHBIX Yncesl Ha (PYHIAMEHTAJILHOM yPOBHE
KaykKeTcsl JOBOJIbHO cTpaHHoil. C Ipyroil CTOPOHBI, ajredpamdecKast TOIO-
JIOTHS JaeT MPUMep JIpYroil BeTBU MaTeMaTUKHU, I'JIe BEIIECTBEHHBIE YUCTIA
UT'PAIOT OYeHb BarKHYIO POJIb, HECMOTPA Ha TO, 9TO BCe HEOOXOIMMbIE 00b-
€KThl B IPHUHIAIIE JIOMYCKAIOT YHUCTO KOMOMHATOPHOE OIUCAHHE, HAIpUMep,
KaK CUMILIUIMAJIbHbIE MHOXKECTBA, U TUIIOTETHYECKNA MOYKHO UCKJIIOUUTH Be-
IECTBEHHBIE YUCJIA U3 BCEX IMOCTPOEHUM, IMYCTh 3TO W HE BCETJa MPOCTO W
ecTecTBeHHO. MOKeT OBbITh, Ta T€OPHsi, KOTOPYIO MbI HIIeM, 00/1a/1aeT aHAJIO-
TUYHBIM CBOMICTBOM: OHO JIOITYCKAET OIUCAHUE U O€3 BENEeCTBEHHBIX TNUCET, HO
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OllCaHMne, UCIIOJIb3YIoIlee BeIeCTBEHHbIC Y1 CJla, ITPOILE 1 y,ZLO6HeI71 HOSTOMY
Ha JaHHOM 3Talle HE Ha/IO CJIMIIKOM IIepezKNBaTb U3-3a TOI'O, YTO BOSHUKaIOT
KaKne-TO BeIIeCTBEHHBIC ITapaMeTPhI.

2.1.5. (fBnserca sm abcomornas 6a3za B craruBaemoii?) B stom mecte Bo3-
HUKaeT MHTEPECHBIIl BOIPOC — dABJIAeTCs Jin abcostoTHasl 6a3a B craruBae-
Moit? KoHeuHo, MbI 1IOKa HE 3HAEM, ABJISIETCS JTU OHA BOOOIIE TOIIOJIOTHYe-
CKUM ITPOCTPAHCTBOM, a He, HalpuMep, TOIOoCOM miu BekTomjoMm. OHako
ecu B — 9TO MPOCTPAHCTBO BCEX PaCIpee/IeHuil BEpOATHOCTEH HA HEKO-
TOpOii o-asrebpe dbyHIAMEHTAIBHBIX COOBITHIT (IO CYIIECTBY MBI TOJBKO UTO
00CyK1aI1 HEYTO MTOJ00HO0E B, TO B — 3T0 cTIruBaeMoe IIpoCTPaHCTBO
(6eCKOHEUHOMEPHBIH CUMILIEKC). Mbl YBUMM MO33Ke, UTO JIPYTUEe eCTeCTBEeH-
HbIe KaHIMIAThl B B BK/IIOYAIOT B ¢eOsi BAPUAIIMU HA TeMY OECKOHETHOMEPHOI
cdepbl S, KoTopasi ToXKe CTIruBaeMa.

HOSTOMy Pa3yMHO IIOIIBITATHCA OTBETHUTL Ha BOIIPOC, HE ABJIACTCA JIM 3TO
CTpaHHBIM. ECJ'H/I yYHUuBEpPCaJibHaAd 6&3& CTdAruBa€Ma, HE IOJIYYUM JIX MBI TY
’Ke TEOPHIO, YTO W HaJl TOYKOW, UYTO BEpHET HAC B UCXOJHYIO CUTYaIlUIO CO
BCEMHU ee TPoDJIeMaMu, MEePEeINCIeHHBIMUA B Beap (Tomosnoruveckue)
pacc/ioeHns HaJl CTATUBaeMOit 023011 0OBITHO OKA3bIBAIOTCS M30MOPMHBI TPU-
BHAJILHBIM !

Ckopee Bcero, BO3MOYKHasT CTATNBAEMOCTh 0a3bl He SBJISIETCS TTPOOJIEMOIT,
[IOTOMY YTO ITYYKH Ha CTATUBAEMOM IIPOCTPAHCTBE BCE 2Ke He 00sI3aHbI OBITD
[IOCTOSHHBIMU, TO €CTh MBI MIOJIy4aeM TOIOChl B, He SKBUBaJeHTHBIE Sets. B
KOHIIE KOHIIOB, Ta Ke ajreOpantdeckasi TOMOJIOTHS CYIIECTBEHHO SKCILTyaTU-
pyer Tor dakt, uro orpe3ok I = [0, 1], X0Th U cTAruBaeM, CUIBHO OTJINYA-
eTCsI OT OJTHOTOYEYHOTO MPOCTPAHCTBA * U HE MOXKET OBITh Ha HErO 3aMeHeH
(Hampumep, B ompejesieHnn romorornn). Moxker ObITh, j1aske eCTeCTBEHHO
OXKHJIATh, UYTO IpaBUIbHas abcosoTHAA Oa3a B OyIeT cTAruBaeMoil.

2.1.6. (O1 BepoATHOCTHOrO MPOCTPAHCTBA K abcosoTHol 6aze.) JlomycTum,
HpEeJIbIIYINNe apryMeHThl yOeInn HaC B TOM, 9TO BEPOSITHOCTHBIE U HU3Me-
PUMBIE IIPOCTPAHCTBA JOJIZKHBI UI'PATh CYIIECTBEHHYIO POJIb IIPU IIOCTPOCHUN
paBUILHON abco/IoTHOM 6a3bl. Torja y Hac BOSHUKAIOT JBE MPOOJIEMBI:

e BeposiTHOCTHBIX IIPOCTPAHCTB MHOI'O, PABHO KaK U M3MepuMbIxX. Kakoe
u3 HUX BeIOpaTh? [logemy Kakoe-To 0HO U3 HUX HOJIZKHO OBITH BEIOPAHO
B Ka4eCTBE OCHOBBI JIJI IIOCTPOEHUsT aDCOJIFOTHOI 6a3bI?!

e Mur Bujiesin, aTo abcosmorHas 6a3a B 10/KHA OBITH 9€M-TO BPO/JIe TO-
ITOJIOTHIECKOTO TIPOCTPAHCTBA UJIM TOIIOCA, & BOBCE HE BEPOSITHOCTHBIM
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I U3MEPUMBIM ITPOCTpaHcTBOM. Kak ObITh ¢ 3TuM? MOXKHO Ji ecTe-
CTBEHHBIM 00pa30M M3MOTOBUTDH M3 OJHOIO JApyroe?

[Topobyem oTBeTUTH CHavaja Ha BTOpOil Bompoc. OKasbIBAeTCs, €CTh Kak
MHHUMYM JIBa CIIOCOOA N3TOTOBUTH TOTOJIOI'TYECKOE TTPOCTPAHCTBO UJIA TOIIOC
U3 BEPOATHOCTHOTO WJIN U3MEPUMOTO ITPOCTPAHCTBA.

2.1.7. (Tomoc u3 BEPOSITHOCTHOTO MPOCTPAHCTBA: KOHCTpPYyKIns JleuHst.)
O/ inH BO3MOYKHBII OTBET HA BTOPOI M3 IMOCTABJIEHHBIX BOIIPOCOB JIaH B IEpP-
BoM ToMe SGA4, rime mpuBoauTCa KOHCTpyKIus Jlesmmus Toroca 6e3 Tovexk.
st 9710i KOHCTPYKIMK HY?KHO u3Mepumoe mpocrpancreo (X, a), t.e. X —
MHOKECTBO, @ — o-ajrebpa moMHo)KecTB Ha X . Kpome Toro, HyKeH o-ujieat
n C a. Eciim va (X, a) 3aana 0-KOHEYHAsT MEPA [, MOYKHO B3sITh UJI€AJT MHO-
JKECTB MepbI HyJb (9TO, B 9aCTHOCTH, IPUMEHHMO, €CJIU M3HAYATIBHO JTAHO
BeposgTHOCTHOE mpocTpancTBo (X, a, P)). Eciu e 1aHO TOJBKO H3MepuMoe
[POCTPAHCTBO, MOXKHO B3sITh HyJIeBOil uaean n = {J}.

Teneps Mbl crpouM u3 (X, @) caiiT MOYTH KaK U3 TOMOJOIHIECKOTO MPO-
crpancrsa. [[yis aToro omnpejesnsem kareropuio S, 00bEKTH KOTOPOi — n3-
MepHMbIe MHOXKECTBa (TO €CTh MHOXKECTBa U3 @), YIIOPSI0YEHHbIE 110 BKJIO-
genuto (1o ectb Mopdusm u3 S B T eCTh B TOM U TOJBKO TOM CJIydae, ecjm
S C T). Hanee, Mbl onpejiesisieM 6a3y TMOKPBITHIT KaK He 004€e “eM CHEMHbLE
cemeiicTBa Mopdusmos {S, — S} B S, rakue, uro S — J,, So npuHaIEKHT
ujeaay n. MoxKHO IpOBEPHUTDH, UTO TEM CaMbIM Ha S Olpejie/ieHa HeKOTOpast
Tonosorust poTeH mKa, 1 MBI I0JIy 4aeM HeKOTOPbIit Toroc S. Ecim nexonmast
Mepa (1 He 06J1a/1aeT aToMaMu (OTHOTOUETHBIMI MHOZKECTBAMI HEHYJIEBO Me-
PBI), TO TOMOC S He o6sagaeT HE OQHOI TOUKOMN, HO IIPU STOM HETPUBHAJICH.
On u npupenen B SGA4 B KadecTBe IpruMepa HETPUBUAJILHOIO TOIoca 0e3
TOYEK.

Tem e Menee, 9Ta KOHCTPYKIIHMS TOIUTCS HE TOJIBKO JIJIsl [IOCTPOEHUS 110~
JIOOHBIX MTpuMepoB. HectoxKHO BUAETH, 9TO CeUeHMsI ITOCTOSHHBIX ITydIKoB U
na S COOTBeTCTBYIOT U-3HAUHBIM CJIydaiiHbIM BeJumanHaM (110 KpaiiHeil Mepe,
ecin Bee NojiMHOXKecTBa U M3MEPUMBI, UTO €CTECTBEHHO IIPEIIoIaraTh B TeX
ciydasix, Koryia U He 6osiee uem cuétHO). [losromy, B3sIB B KavuecTBe MCXOJI-
HOT'O U3MEPUMOI'0 ITPOCTPAHCTBA KAKOE-HUOYIh BEPOSITHOCTHOE IIPOCTPAHCTBO
(Q, a,P), MBI IOJIly9NM TOIOC, HOCTOSTHHBIE ITYIKHA B KOTOPOM COOTBETCTBYIOT
OOBIYTHBIM MHOXKECTBAM, WX ITPOU3BOJIBHBIE CEUeHNT — CJIyJaifHbIM BEJNYIN-
HaM, & UX IOCTOSHHBIE CEUEHUsI — ITOCTOSTHHBIM BeJMdIuHaM. Bojee Toro,
MOXKHO JIeJIaTh 0oJiee HEOOBITHBIE BEI — HAIPUMED, OIPEIE/UTh CIydaii-
HOE KOJIBIIO KAaK KOJIBIIEBOI O0BEKT B TAKOM TOIOCe. TeM caMbIM BCsl TEOpUst



2.1. BeposiTHOCTHDBIE TOJXOJBI K IOCTPOCHHUIO aOCOJTIOTHOH 0a3bl 14

BEpPOSATHOCTEN MOXKET OBITH MOCTPOEHA BHYTPHU TOIIOCA S , & BHYTPEHHHS JIO-
TUK& 9TOIO TOIOCA IPEJICTABIAET U3 ce0d HEKYIO «BEPOSATHOCTHYIO JIOTHKY»,
KOTOpasi MOYKET ObITh IMPUMEHEHa B KadeCTBE OCHOB «BEPOATHOCTHON MaTe-
MaTHKI», BKJIIOYAIONIEll B cebsl crydaifHOCTh Ha (DYHIaMEHTAJIHLHOM yYPOBHE.

YIUBUTETBHO, YTO MMOJOOHBIE IOCTPOEHUS He OBbLIN MTPOJIEJIAHBI, XOTs KOH-
cTpyKius leimHs SBHO BBITVISIIUT KaK IIEPBBIi AT B JIAHHOM HAITPABJIEHUN,
3a KOTOPBIM He TOCJIE/IOBAJIN CJIETYIOIINE.

2.1.8. (AsbrepHaTHBa: CHMIUIEKC BEPOATHOCTHBIX Mep Ha (X, a).) Hecmor-
psi Ha 3HAYNMOCTb KOHCTpYKInu Jlemus, y Hee ectb cBon HejocTtaTku. Tax,
HOJTY 9IOIIUHCS TOIIOC OYeHb CHJILHO HECBA3EH, IIOTOMY UTO Y JIHOOOTO IMOJ-
06bekTa BUHAIBLHOIO 00BEKTa €CTh JIONOJIHEHNE (9TO COOTBETCTBYET TOMY,
970 JTII0001 00BEKT OYJIeBOiT aaredphl @ 00JIaIA€T JOMOJHEHUEM ). DTO MOYKET
HOMEIIATh «HEIPEPBIBHO MepebupaThCs» M3 OIHON XapaKTepUCTUKU B JPY-
ryio, kak omucano B[2.1.3] wan mo KpaiiHeil Mepe Tak HAIVISIHO OINCHLIBATD
9TOT HPOIECC.

JInst Takux ciiydaeB ecThb JApyrast KOHCTPYKIIUS: MBI MOXKEM PACCMOTPETH
MHOYKECTBO BCEX BepOATHOCTHBIX Mep A(X) Ha JaHHOM H3MEPUMOM IIPO-
crparctee (X, a). Ecim gan nHekoTopslit o-ujean n C @, HAIIPHMED, UICAT
BCEX MHOXKECTB Mepbl HYJIb OTHOCHTEIBHO HEKOTOPOil 0-KOHEYHOH Mephl V,
TO MOXKHO paccmorperb He Bce A(X), a ero mogmuokecTBo A, (X), cocrost-
IIee U3 BEPOSTHOCTHBIX Mep, OOPAINAIONIUXCA B HOJIb Ha M.

B kauecrse Torosorun Ha A(X) mwin A, (X) MOXKHO B35ITh KaK U CHIIBHYIO
TOHOJIOTHIO (OIIPEJIeJIEHHYI0 HOPMOI ||44|| Ha mpocTpaHcTBe BCeX OrpaHUYeH-
HBIX Mep Ha X, He 0653aTe/IbHO MOJIOKUTEIBHBIX ), TAK U CJIa0YI0 TOMOJIOIHIO
(TOMOJIOTHIO TTOTOYEYHOl CXOAMMOCTH Kak oTobpazkenuit p : a — [0,1]), B
JTAHHOM CJIydae 9TH jBe Tonosorun cosiagaor. Ilo cymecrsy, A(X) — sro
6eckoneduHOMEpHBIN cuminiekc. JloBosbro odeBnano, aro A(X) — crarusa-
eMoe ITPOCTPAHCTBO (J/1st HerycToro X ), HO Mbl y2Ke 00CYyIuIn B q9TO
9TO HECTPAIITHO.

2.1.9. (Crangaprabie n3MepuMble TpoctpancTsa.) ObpaTnmces Teneps K mnep-
BOMY H3 BOIIPOCOB, IOCTaB/IeHHbIX B[2.1.6} /1ake eciii Mbl MOXKEM H3TOTOBUTH
TOIIOC U3 BEPOATHOCTHOI'O MJIM U3MEPUMOTI'O IIPOCTPAHCTBA, OTKY/Ia B34Th IIpa-
puibHoe? VX 2Ke BeJab OYeHb MHOIO?

B neiicrBuTe IBHOCTH TIO CYIIECTBY €CTHh TOJIBKO OJHO U3MEPUMOE IIPO-
CTPAHCTBO — TaK HA3BIBAEMOE CMAHIGPMHOE USMEPUMOE NPOCMPAHCMEO W
TOJIBKO OJTHO BEPOSITHOCTHOE TIPOCTPAHCTBO — CMAHIAPMHOE 8EPOATNHOCTNHOE
npocmparcmeo. B 9TOM OTHOIIIEHUN CHUTyalusd aHAJOTHYHA CUTYAIMHA C Be-
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IIIECTBEHHBIMI UJIM KOMILJIEKCHBIME IMJILOEPTOBBIMI IIPOCTPAHCTBAME — BCE
UHTEpPEeCHbIE THIL0EPTOBBI IIPOCTPAHCTBA Ccerapade/ibHbI, U BCe cernapadesib-
Hble THIHOEPTOBBI IPOCTPAHCTBa (HeKaHOHWYeCKN ) n3oMopdHbI. [TosTomy Ha
caMoM Jlejie HeT MPoOJIeMbl, KaKOe MMEHHO M3MEePHMOe WJIM BEPOATHOCTHOE
IIPOCTPAHCTBO BHIOPATH.

OnuiieM cHava I CTAHIAPTHOE n3Mepumoe pocrpanctso (em. [DS) 12.B]).
Ono MoOxKeT OBITH OHIpeIeIeHO, KaK J000e HeCUeTHOE ITOJbCKOE IIPOCTPAH-
ctBo P BMecTe ¢ og-ajarebpoit 60pesieBCKUX MHOXKEeCTB Ha HeM. HarmomHmM,
YTO TOJBCKOE MPOCTPAHCTBO — 9TO TOMOJOTUIECKOE TTPOCTPAHCTBO, TOIIOJIO-
I'Usi KOTOPOI'0 MOXKeT OBITh 3ajaHa C MMOMOIIbIO TOJIHOW METPUKH, U B KO-
TOPOM €CTh CYETHOEe BCIOJY ILIOTHOE MHOXKeCTBO. MHOrme TOIoJIormvecKne
[IPOCTPAHCTBA, BCTPEYAIOIINeCs B MATEMATHKE, OJIbCKUE.

OkasbIBaeTcst, ITO JHOO0OE IMOJBCKOE IPOCTPAHCTBO JHUOO He Oojee dem
cueTHo, b0 00J1aJ[aeT MOIIHOCThIO KOHTHHYYM (T.e. JIsi TIOJbCKUX IPO-
CTPAHCTB BepHA KOHTHHYyM-Tunoresa, cM. [DS| 6.B], a npyrux 6eckoHeIHbIX
MHOKECTB B MaTeMaTUKe MPAKTHYecKu He ObiBaer). [is Hammx meseit jo-
CTATOYHO BBIOpATH JII00OE MOJIBCKOE ITPOCTPAHCTBO MOITHOCTH KOHTUHYYM U
paccMoTpeThb o-aaredbpy 60pesIeBCKUX MHOXKECTB Ha HeM. MbI MOXKeM, HaIIpu-
Mep, pacCMOTpeTh bopesieBckre MHOXKecTBa Ha orpeske [0, 1] mim wa R nm
Ha KanToposoMm MuOKectse {0, 1}V,

CrangapTHOEe M3MEpPUMOE IIPOCTPAHCTBO, IMOCTPOEHHOE TaKUM 00pasoM,
OKAa3bIBAETCSl €JIMHCTBEHHBIM C TOYHOCTBHIO JIO (HEKAHOHHYECKOTO) HU30MOP-
dbuzma (em. [DS]) 15.B]), T.e. Mexk 1y H00BIME JBYMST HECUETHBIMU MTOJTHCKIMU
MIPOCTPAHCTBAME MOXKHO ITIOCTPOUTH B3aUMHO U3MEPUMYIO OUEKITHIO.

2.1.10. (CrangapTHble BEDOSATHOCTHBIE IPOCTPAHCTBA. ) AHAIOTHIHBIM 00pa-
30M CYHIECTBYIOT CTAHIapPTHBIE BEPOSITHOCTHBIE ITPOCTPAHCTBA, W IIPaKTHIe-
CKHU BC€ PeaIbHO BCTPEYAIONINeCs BEPOsITHOCTHBIE ITPOCTPAHCTBA CTAHIAPT-
ubl. B riepBoM npubsmKeHuu CTaHapTHOE BEPOSTHOCTHOE MPOCTPAHCTBO —
9TO TO, B KOTOPOM MOXKHO YCTAHOBUTH «HCTHHHOE ITOJIOYKEHHE JIeJI», OTBETHUB
Ha CUETHOE YHCJIO BOIIPOCOB, TO €CTh OHO B HEKOTOPOM CMBICJIE TTOPOXK TA€eT-
Csl CUYETHBIM CEMeCTBOM M3MEPUMBIX MHOXKECTB. B KadecTBe CTaHIapTHOTO
BEPOATHOCTHOIO TIPOCTPAHCTBA MOXKHO B34Th, HApuMep, orpe3ok [0, 1] ¢ me-
poit Jlebera (n Bcemu mopMHOXKeCTBaMu, U3MepuMbiMu 110 Jlebery), mim ke
kanToposo MuoxkecTBo {0, 1} 2 CF | T.e. MHOKECTBO 6ECKOHEUHBIX 10CIE/I0-
BaTeJIbHOCTEN MOJ0pachiBaHUil MOHETKH, ¢ Mepoii Xaapa.

XOTd W HEBEpHO, YTO JIOObIE JIBA CTAHJIAPTHBIX BEPOSITHOCTHBIX IIPO-
CTpPAHCTBA U30MOPQHBI, OHU CTAHOBATCH MU30MOPMHBI MOCJIE BBLIKUILIBAHUS
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U3 KaxKJIOro M3 HUX HOJAMHOXKeCTBa Mepbl Hysib (cM. [SP]).

Taxum 06pa3zoM, ecjim HaM HY2KHO KOHKPETHOE BEPOATHOCTHOE ITPOCTPaH-
CTBO, HAIIPUMED, JIJIs TpUMeHeHnst KoHcTpykimn Jenmast [2.1.7| (koTopast Kak
pa3 UrHOPHPYeT MHOXKeCTBAa Mepbl HyJb), HaJO MPOCTO B3ATh CTAHJIAPTHOE
BEPOATHOCTHOE MPOCTpaHcTBO, HampuMmep, [0, 1] ¢ mepoii JleGera. ITosyuaro-
MUHCS TOTIOC OITPEJIeIeH OJTHO3HAYHO C TOYHOCTBHIO JI0 SKBUBAJIEHTHOCTH.

2.1.11. (IlpomerkyTOUHBII UTOT: JiBa KaHIIIaTa HAa abcomoTHY0 6a3y.) [Ipeb-
JIYIIEe PacCMOTPEHUs Y2Ke JaJl HaM JiBa KOHKPETHBIX KaH/Iujara Ha abco-
JIOTHYIO 06a3y:

e Toroc, mostyueHHBIN B pe3ysbTare MpUMEeHeHUsT KOHCTpyKIiuu JlemnHst
[2.1.7] k cTanapTHOMY BEPOSITHOCTHOMY IPOCTPAHCTBY;

[ BeCKOHe‘{HOMeprIfI CUMIIJIEKC BCEX BEPOATHOCTHLIX MEP Ha CTaH/I1apT-
HOM U3MEPUMOM IIPOCTPAHCTBE.

Abcommoraast 6a3a Mor/ia ObI COBIIAIATH € OJIHUM M3 TUX ITPOCTPAHCTB JTHOO
COJIEP2KATh OJTHO U3 HUX, HAIIPUMED, B KadecTBe cOMHOKUTE . OIHAKO JTyd-
1€ MMPOJIOJIZKUTH HAIU ODIIHMe PACCMOTPEHUS IPEXKJIE, YeM IMOIPYKATHCH B
IIOCTPOEHUE TEOPUU, OCHOBAHHOI Ha BBIOOpE OJIHOI M3 9TUX JBYX abCOJIOT-
HbIX 0a3. B KoOHIle KOHIIOB, MPUBEJIEHHBIN BBIIIE CIIUCOK 3aBEJIOMO HEIOJIOH,
MBI MOIJIM ObI, HAIIpUMED, TPUMEHUTH KOHCTPYKIWIO /lesinHas K crangapTHO-
My U3MEPUMOMY IIPOCTPAHCTBY, WM IPUAYyMaTh KaKle-TO elle KOHCTPYKIINU
TOIIOCOB U3 BEPOATHOCTHBIX MPOCTpaHcTB. MoxKeT ObITh, MBI CyMeeM BbIJie-
JINTb KaKHe-TO OOIUe IPUHIUIIBI, TO3BOJIAIONINE CY3UTh ITPOCTPAHCTBO Ba-
PHAHTOB U HE TPATATH yCUJIMA Ha IPOBEPKY 3aBEAOMO HEIIOIXOAAIINX.

2.1.12. (KareropHslii mojixo/i: B3AThb BCE BEPOATHOCTHBIE UJIA M3MEPHUMbIE
npoctpaHcTBa cpady.) CielyerT OTMeTUTh, ITO MOMUMO PUBEICHHOTO BBIIIIE
pertennst mpod/IeMbl BBIOOPa TOIXOIAIIET0 BEPOATHOCTHOI'O MM U3MEPUMOTO
[IPOCTPAHCTBA, €CTh U JPYTOH MOJIXO/I: a UMEHHO, PACCMOTpeTh Kateropuio C
Bcex (He CJIUIIKOM GOJIBINIX ) BEPOSITHOCTHBIX UJIM M3MEPHMBbIX TIPOCTPAHCTB,
1 11oTpebOBaTh, YTOOBI BCE KOHCTPYKIIUU ITPOBOIUJINCH HaJl BCeMU 00beKTa-
M Kareropun C u ObLIN OBl COTVIACOBAHBI ¢ MOp(MU3IMaAMU, T.€. PACCMaTPH-
BaTh HPEIIYUYKN MHOXKecTB Ha C, JIEKAPTOBBI M KOJEKAPTOBBI PACCIOCHUS
a1 C u T.1. Jlaxxe eciim Bce 00bekThl Kareropuu C OyayT n3oMopghHBI CTaH-
JIAPTHOMY TIPOCTPAHCTBY WJIN €r0 peTpaKTaM, KATerOPHBII MOIX01 BCE PABHO
MOKET OBITH I10JIE3€H U €CTECTBEHEH, MTOCKOJIbKY OH pelaeT mpodeMy HeKa-
HOHUYHOCTHA U30MOP(MU3MOB MEXKJIy CTaHIAPTHBIMUA BEPOSATHOCTHBIMU WJIH
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U3MEPUMBIMU [TPOCTPAHCTBAME (C TOYKU 3PEHHs] NOMOTOIMYECKON Teopun
THUIIOB, HEKAHOHUIHOCTH BBHIOOpA M30MOP(MU3MA SABJSIETCA CTOJb 2Ke CyIIie-
CTBEHHOI MpOOJIeMOii, KaK 1 HEOJHO3HATHOCTH BHIOOpa caMoro obobekra). B
STOM CIIyHae KaTeropust Ipeanyakos Muozxects C Ha C GyleT SKBHBAJICHTHA
kareropun M-MHOXKeCTB, Tie M — MOHOU HJIOMOPMU3MOB CTaHIaAPTHOTO
(BEPOSITHOCTHOTO WJIM U3MEPUMOro) mpoctpancTsa B kareropuu C. Ecim Ha
C 3ajiana Hekas Tonojiorus ['porerjuka (HApuUMep, ¢ MOMOIIBIO KOHCTPYK-
I[N, AHAJIOTMYHOM KOHCTPYKImK JleiHsT ), TO COOTBETCTBYIONIHI TOIIOC, T.€.
Kareropus myukos C, Oyaer mosHol noxkareropueil B C, T.e. B KATErOpHH
M-muox)ecTB.

[IpumepoM TOXOXKel KOHCTPYKIIUU SIBJIIETCS T.H. <«TOIOJIOIMYECKUN TO-
noc» Ilurepa dxxoncrona [TT].

2.1.13. (IIpuHrmn ncmob30BaHus BCeX HEKAHOHUIECKUX N30MOP(MU3MOB, OH
JKe TIPUHITAI SKBUBAPMAHTHOCTH KOHCTPYKIWIA.) B mpeapiiyemM myHKTe Mbl
MHMOXOJIOM YIIOMSAHYJIU ITPUHIIATI, IPOUCTEKAIONINN B TOM YUC/I€ U3 TOMOTO-
[IIYECKOl TEOPUM TUIIOB, COTJIACHO KOTOPOMY HEKAHOHUYHOCTH IPHU BBIOOPE
n3oMopdu3Ma ABJIIETCS TaKOM »Ke CyIIeCTBEeHHON TPo0IeMoil, KaK U HEeOIHO-
3HAYHOCTH NIpU BbIOOpE 00beKTa KaTeropuu. [[ocKobKY 9TOT TPUHIIAIT TTPe/T-
CTaBJIIETCS KpaifHe BayKHBIM JIJII MaTeMaTHKU BOOOINE, MMEET CMBIC/T JIaTh
eMy Ha3BaHHe U oOCyIuTh norojapodnee. HazoBem ero npunyunom ucnonso-
306AHUSA BCET HEKAHOHUMECKUT USOMOPHUIMOG, WA IKE NPUHUUNOM IKEUBH-
puaHmHocmu Koncmpykuyut. VIHade ToBopsi, JaxKe ecjan 0ObEeKT OIpejie/eH
OJIHO3HAYHO C TOYHOCTBIO JI0 HEKAHOHUYIECKOT0 n30MOp(hU3Ma, Mbl BCE PABHO
JIOJIZKHBI PACCMATPUBATH BCE BAPUAHTHI BLIOOPA 3TOr0 00beKTa 1 N30MOpdu3-
Ma, TeM caMbIM (haKTUUeCKU BCErja UCIO/b3ys KareropHblil moaxoz [2.1.12]

2.1.14. (ITpumep npumMeHeHWs TPUHIUNA YKBUBAPUAHTHOCTH KOHCTDYKITUIA
B anrebpe n Teopun umces1.) Hampumep, aarebpandeckoe 3aMbIKaHue k MO
k otmpeesieHo OJHO3HAYHO ¢ TOYHOCTHIO /10 HEKAHOHUYIECKOTO N30MOPdhU3Ma.
BHauNT, BCAKUI pa3, KOIJa MBI HCIOJIb3yeM k B KOHCTPYKIIHAX /I JOKA-
3aTeJIbCTBAX, HAIM KOHCTPYKIIMH JIOJIZKHBI OBITH COIVIACOBaHbI CO BCEMU Ba-
puanTaMu BbIOOpa k 1 BCeMH n30MOPQHU3MAMI MEK/Ty HIMH, T.€. MBI JOJIK-
HBI paboTaTh ¢ I'PYHIIONIOM Beex ajredpamdeckux 3ambikanuii k. [Tockosb-
Ky 9TOT TPYIIIONL CBSI3€H, OH SKBUBAJEHTEH I'PYIIIONILY C OTHUM OOBEKTOM
u rpymmoit asromopduzmon Gal(k/k), T.e. MBI Bee-TaKm MOKeM 3aDUKCHPO-
BATb OJIHO aJIrebpanuecKoe 3aMbIKaHne k, HO BCe KOHCTPYKIIIN JOJZKHBI OBITH
Gal(k/k)-sKBUBApHAHTHBIMH.

Jpyroii criocod 1mpeoioieHns HEKAaHOHUIHOCTH U30MOpdu3Ma 3aKI049a-
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eTcsl B 3aJ[aHUH JIONTOJTHUTEIbHBIX JaHHbIX. Hampumep, 1mojie ajaredbpamdecKux
unces Q aBisgercs ajreOpamdeckuM 3ambikanreMm Q, n MoToMy, ecin Mbl HeE
3aJadUM JOITOJITHUTE/JIbHBIX JaHHBIX, MbI 6YA6M O6HBaHbI HNCIIOJIB30BAaTh TOJIb-
ko Gal(Q/Q)-skBuBapuanTHbIe KOHCTpYKImn mpu pabore ¢ Q. C apyroit cTo-
ponbl, eci Mbl 3adurcupyem Bioxerne Q < C, y Q Gosbie He ocranercs
HETPUBHUAJIBHBIX aBTOMOP(MU3MOB, U MbI CMOKEM PabOTaTh C OJIHON KOHKPET-
HOI peaJim3aliieil ajaredpamdecKuxX Iuces Kak MOAMHOYKECTBa KOMILIEKCHBIX
quceJI. STO IIOKa3bIBaCT, IIOYEMY aHAJIUTHUYICCKHUEC U TPaHCHEHJICHTHBIE METO-
JIBI MOT'YT OKa3bIBaThCsA Ha MPAKTUKe Oojiee YI0OHBIME, YeM YUCTO ajredpa-
MYIecKue, Jlake B aJirebpanvdecKoil TEOPUU THCel.

2.1.15. (IIpuHnun 5KBUBAPUAHTHOCTU KOHCTPYKIMI B ajJrebpanveckoil To-
nosiorud.) VIHTepecHO, ITO OPTOrOHAJIBHBIE M CHMMETPHUICCKHE CIIEKTPHI B
aJIredpamvIecKoil TOIMOJIOTHH KaK Pa3 OTJINIAIOTCA OT IPUYMaHHbBIX JI0 9TOTO
[IOCJIE/TOBATETBLHBIX CIIEKTPOB T€M, YTO MOMHSAT BCe HEOOXOIMMBbIE CUMMETPUN
WJIN UX 9aCTh, T.€. 3TU KOHCTPYKINU O0jiee SKBUBAPUAHTHDI, YeM UCXOHAA, U
IIPU 9TOM OHU TTO3BOJIUJIM PEIIUTH CTOSIBIINYIO JIOJITO€ BPEMs IIPOOJIEMY OIIpe-
JIeJIEHUS TTPABUJIBHOTO /A\-IIPOU3BEIeHUs CIEeKTPOB. VlHavue roBops, U B 3TOM
cydae TPaBUJIbHOE PelleHne OKa3a/JI0Ch YAaCTUIHBIM WJIN TOJTHBIM ITPUMEHe-
HIEM 00CYZKIaeMOTO TIPUHITUIIA.

2.1.16. (DKBUBAPHAHTHOCTH TOJBKO OTHOCUTEIHHO U30MOPMU3MOB MU K-
BuBajieHTHOCTER.) OTMETHM, 9TO IPUBEJIEHHBbIE BBINIE apryMEeHTbI 0OOCHO-
BBIBalOT 3KBUBAPUaHTHOCTH TOJIbKO OTHOCUTEJ/IBHO BCEX I/I3OMOp(1)I/I3MOB. 9K-
BUBapUaHTHOCTbL OTHOCUTEJ/ILHO SH,Z[OMOp(bI/I3MOB Ipu 3TOM MOXKeT 6bITb I10-
JIe3Ha, HO He oDg3aTe/bHa, BO BCIKOM CJIydae, OHa He CJIeJIyeT C TaKOW Ke
HEOOXOIMMOCTBIO.

2.1.17. (BepositHocTHas Jjiornka mwin KBaHTOBasi?) Mbl Bujesn, 94T0 BEpo-
SITHOCTHBIH IIOAXO He JIMIIEH CMBICJIa B TOM YHUCJI€ U3-3a CYHICCTBOBaHHA
CTaHJaPTHOT'O BEPOATHOCTHOI'O WM U3MEPUMOI'O IIPOCTPpaHCTBa. STO HaIlOMU-
HaeT JIpyroil aHaJIOTMYHBIN (haKT, BayKHbII B KBAHTOBOW MEXaHUKE — €JIHH-
CTBEHHOCTH cenapabesibHOro ImjibOepToBa MPOCTPAHCTBA (KOMILIEKCHOIO B
KBAHTOBOI MexaHuKe). He o3Havaer jim 9TOro, 4TO HA CAMOM Jieie BMECTO
IIOCTPOCHUA BEPOATHOCTHON JIOIMKU (HaHpI/IMep, KaK BHYTPEHHEN JIOI'MKHU
OJHOI'O M3 JIBYX TOIIOCOB, YKa3aHHBLIX B MbI JOJI2KHBI CTPEMUTLCA
K IIOCTPOEHUIO KBAHTOBOHN JIOTMKH, AHAJOTHYHBIM 0Opa30M OCHOBAHHOI Ha
cenapabeTbHOM KOMILJIEKCHOM HJIM BEIECTBEHHOM I'MJILOEPTOBOM IIPOCTPAH-
crBe? B KoHIle KOHIOB, busndecknii MUp B CBOeil OCHOBe KBAHTOBBIN, a He
BGpOHTHOCTHbeI, 1 BEPOATHOCTU BOSHUKaIOT B HEM JIMIIb KaK HpI/I6J’II/I3I/ITeJ'H)—



2.1. BeposiTHOCTHDBIE TOJXOJBI K IOCTPOCHHUIO aOCOJTIOTHOH 0a3bl 19

HOe omncanue OoJsee rIyOOKUX KBAaHTOBBIX 3 dekToB. K ToMy Ke MbI BuIe-
mu B[2.1.1] uro rayccoBckue cirydaifHble BEJUIHHBI, HEPA3PIBHO CBI3AHIbIC
C TIOJIOYKUTETLHO OIPeIeJICHHBIMUA KBAIPATUIHBIMU (pOpMaMU U THIHOEPTO-
BBIMU IIPOCTPAHCTBAMU, UMEIOT MPSIMOE OTHOIIEHUE K apXUMEIOBBIM IEJ/IbIM
Or C R.

[Toka 9TO MBI 3aIIOMHUM 3TOT apryYMEHT U OTJIOXKUM ero B cropony. OgHa-
KO, €CJIN yJACTCSl TIOCTPOUTH Pa3yMHYIO BEPOSTHOCTHYIO MOJETh (abCosroT-
HyI0 6a3y), MOXKHO GyJIeT 3a/aThCs BOIPOCOM, HE sIBJISIETCS JIM OHA MPHUOJIH-
JKeHneM K 0oJjiee CJIOXKHOI, HO OoJiee MPaBUILHON KBaHTOBON MO/, OCHO-
BaHHOI Ha I'MJILOEPTOBBIX IIPOCTPAHCTBAX !

2.1.18. (Cranmapraoe ruyibbepToBO MpocTpancTso.) Ilo anajoruu co cran-
JIAPTHBIM U3MEPUMBIM M CTAHIAPTHBIM BEPOSTHOCTHBIM IIPOCTPAHCTBOM, OY-
JIEM Ha3bIBATDH cerntapabesibHOe BEIEeCTBEHHOE N KOMILIEKCHOE THILOEPTOBO
MIPOCTPAHCTBO CMAHIAPMHLMU 2UALOEPMOBLLMU NPOCTPAHCTEAMU.

2.1.19. (A({0,1}Y) — me coscem GeckoreaHOMEpHBIH crMILIekc.) OTMmeTnm
BO m30eKaHue HexopadyMeHnil, 4To MHoKecTBO A(X) BEpOATHOCTHBIX MeEp
Ha CTAHJIAPTHOM H3MeprMoM poctpancTse X (Hanpumep, orpeske [0, 1] wiu
kanToposoM muoxectse C' := {0, 1} ¢ g-anrebpoit GopesieBCKIX MHOKECTS)
— Ha CaMoM Jiejie BOBCe He OeCKOHEYHOMEpHBIN cumiieke A uin ero mo-
ITOJIHEHIE AOO, XOTsl 1 06J1a/Ia€T OTYACTH CXOXKUMU CBOHCTBaMU (HAIpHMeD,
SIBJISIETCS BBIIIYKJIBIM U CTATMBaeMbIM). B camoMm jeste, JIorn9HO onpeiesnThb
HecKOHeTHOMEPHBIH cumIiieke A 110 aHaI0run ¢ 6eCKOHeTHOMEPHOIT cdepoii

S

A® = liﬂA" = {(An)nen € R§0 : Z An = 1, mourn Bece A, = 0}
n neN

(2.1.19.1)

1 ero IIoII0oJIHECHNE

A~ = {(An)nen € Rgo : Z)\n =1} (2.1.19.2)

neN

B 1o e Bpems snementor P € A({0,1}Y), re. BepogTHOCTHBIE MepbI Ha
MHOKECTBE GECKOHEUHBIX TOC/IEI0BATEILHOCTE M3 HyJeil 1 €IMHUIL, MOKHO
3aJIaTh C TIOMOIIBIO YuceT p, = P(mocienoBarebHOCTh HAYNHAETCS C (),
rje a mpoberaet MuOKecTBO {0, 1}* Bcex KOHEUHBIX CJIOB U3 HYJI€il U e [iHHUII.
OTH 4HCIa HOIIUHEHB! YCJIOBUAM Py = 1, Do > 0, Do = Pao + Da1, U MOKHO
IPOBEPUTH, UTO BEPOATHOCTHAS Mepa P OJHO3HAYHO OIPE/IEISeTCs TaKIM
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HabOpOM p,,. Ecim 3akomupoBaTh o HaTypasabHbIM ducaoM n = (la)s, 10 ol
n ol cooTBEeTCTBYIOT 2n 1 2n + 1, M MBI TIOJIydaeM CJIeIyIoliee OlucaHue:

A({0,1}7) = {(p) € RZg 1 p1 = 1, (V) (pn = P2 + P2ngn)} (21.19.3)

JIpyroe sKBUBaJIEHTHOE OIMCAHHE HOJIYyYaeTCsl, €C/IH CIPYIIINPOBATE CJIOBA (¢
0 UX JIJIAHE ||

A0, 1}) = lim AV = 1im A (2.1.19.4)

Baecs AOU" — cuvmiiexc, BepmiHaMu KOTOPOTO ABJISIOTCS Bee CI0Ba (v JTH-
HBI N, & MOP(MU3M IIepexoia AL Alon” repeBouT Bepiuubl o) n
al B . B wactnocru, u3 sroro onucanus suno, uro A({0, 1}V) kommaxrHo
(U ABJIETCS TTOJBCKUM KOMIIAKTOM ), B OTJINYNE OT HACTOSAIINX OECKOHETHO-
MepHBIX cHMILIEKCoB A% 1 A% (L0C/IE10BATEILHOCTS BEPIIMH KOTOPBIX HE
o6J1a/1aeT TOYKOM CIYIIEeHNs! ).

Nnrepecno, aro, mockonbky A(X) fBIIS€TCs MOIBCKEM IIPOCTPAHNCTBOM,
OHO TaKzKe CTAHOBHUTCS CTAHIAPTHBIM N3MEPHMBIM IIPOCTPAHCTBOM, €CJIH €0
HaJIeIUTh o-arebpoit 6openeBckux MHOXKeCTB, 1 ToToMy A(A(X)) («BepostT-
HOCTHBIE PaCIPe/IeJICHIsI Ha IIPOCTPAHCTBE BEPOSTHOCTHBIX PACIPE/Ie/ICHI» )
HeKaHoHIYecKu n3oMopduo camomy A(X)! BeposiTHO, MMEHHO [T09TOMY B KO-
ueunoM urore sepua teopema ge Ounerru [DE| IIT] u ee 060bmemust.

2.2 CpasBHenwne KoHCcTpyKIuu Jlesmmis n 6ecCKOHeYHOMep-
HOT'0 CUMILJIEKCA

MpbI ipuBesn B TPEJILIIYIIEM pa3jesie JIBe KOHKPETHbIC KOHCTPYKITUHU, IT03BO-
JISIFOIIIE U3TOTOBUTH TOIIOC M3 BEPOATHOCTHOI'O WJIA U3MEPUMOI'O IIPOCTPaH-
cTBa: 910 Konempykuui Jeauns (CM. U NPoCmMparcmeo 8ePoAMHOC-
HOLT MEp, OHO XKe <«OecKOHeyHoMePHbIT cuMnaekcs (CM. . MpI XOTHM
CPaBHUTH UX, YTOOBI IMOHUMATh WX OTHOCHUTEJbHBIE IIPEHMYIIECTBA U HEJIO-
craTKu. Mbl yBUAUM, 9TO HECMOTPs Ha TO, YTO M3HAYAJIBHO OHU BBITJIAIST
COBEPIIEHHO Pa3HBIMHU, 3TH JIBE KOHCTPYKIINA OKA3bIBAIOTCA TECHO CBA3AHBI:
110 CcyIecTBy, Toroc Jlenmus — 9TO HEKOTOPBIE KOMOMHATOPHBIN OOBEKT, &
IIPOCTPAHCTBO BEPOATHOCTHBIX MEp — €r0 reoMeTpUUecKasd peain3aliys.

2.2.1. (Pasmuuns koucrpykiu JleJmHst 1 OPOCTPAHCTBA BEPOATHOCTHBIX
Mep.) Ha mepBbrit B3DuIsijf, 9TH J(Be KOHCTPYKIIUH IIPEJICTABIIAIOTCS COBEP-
IIEHHO pPa3HbIMU: TaK, KOHCTPYyKIMs /JlesuHs JlaeT TOIoC, HEe SBJISIONIAICS
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TOIOJIOTHIECKUM IIPOCTPAHCTBOM, M 3TOT TOIIOC BIIOJIHE HECBSI3€H, B TO Bpe-
M KaK IIPOCTPaHCTBO BEPOATHOCTHBLIX MEP ABJIACTCHA O6quHI)IM TOITOJIOT -
YECKUM IIPpOCTPaHCTBOM, U K TOMY 2K€ CBA3HBIM M Ja2KE CTATNBaCMbIM. HpI/I
9TOM TOIIOC U3 KOHCTPYKIK JleJInHsT 0ueHb XOpOIo KoJupyer coObiTust (Kak
OTKPBITBIE OObEKTHI, T.€. MOJ00HEKTh (DUHATIBHOIO 00bEeKTa ), CJIydaiiHble Be-
JMYuHbBL (KaK 1J100a/IbHbIe CEeYeHNUs TOCTOSHHBIX MTyYKOB) U JIazKe CJIydaiiHbie
0OBEKTHI, TaKHe, KaK CJIydaiiHble KOIba (Kak COOTBETCTBYIONIHE OObEKTHI B
TOIOCE, HAIIPUMED, KOJIbIEBbIe OOBEKTHI, T.e. Iy4KHu KoJter). urade roBops,
OH XOPOIITO OTPAYKAET BeCh JIOTHIECKN KapKac TEOPUN BEPOSITHOCTE, 1 JTazke
MTO3BOJISIET TTPOU3BOUTH KOHCTPYKIIUHU, CJIOXKHO (hOpMaIu3yeMble IIpH 0ObIY-
HOM [OCTPOEHWU TEOPUH BEPOSTHOCTEl (HAIpUMeEp, pacCMaTpPUBATh CJIydaii-
Hble 0OBEKTHI, & HE TOJIBKO CIIydYailHble BEJIMIUHBI, T.€. CJIyYailHbIe 3JIeMEHTI
HOCTOSTHHBIX 00BEKTOB).

OpHako mpy 3ToM TOmOC Jle/nHsT HUYero He 3HAET O BEPOSTHOCTAX TEX
WMJIM WHBIX COOBITHII. B Jrydrmem cirydae oH pasindaer TOJIBKO, sIBIAETCS JI
BEPOSITHOCTh HYJIEBOIl WJIM HEHYJIeBOW (& 3HAYUT, eMHUIHONW WJIA MEHBIIe
eJIMHUIIBI, eCJIU [epeiiTh K JIONOTHeHHI0 coObiTus). [IpocrpancTBo Beposit-
HOCTHBIX ME€PD B 9TOM CMbICJI€ IIPpEACTaBJ/IAETCA IIOJITHBIM aHTHUIIOJO0M, IIOTOMY
YTO OHO IIOMHUT TOYHBIEC BEPOATHOCTU BCEX CO6bITI/H71.

2.2.2. (Tomoc [enunsi — He TOMOJIOMHYECKOE TIPOCTPAHCTBO, HO GJIM30K: OH
nokasb, mm 0-tonoc.) OpHO U3 GyHIAMEHTAIBHBIX OTJINYIHNA 3aKII0YAeT-
¢ B TOM, 9T0 Tomoc JleqnHss — 9TO MMEHHO TOIIOC, a He TOIOJIOTHYeCKOe
npoctpancTBo. OHAKO B JeficTBUTEIbHOCTH TOmoC JlenHs Hejgaaex oT To-
MOJIOTUIECKUX TTPOCTPAHCTB, TIOCKOJIBKY SIBJII€TCS (-monocom, Win A0KaAABI0,
T.e. OH IMOJIHOCTHIO 3aJa€TCsl PEIIETKON OTKPBITHIX 0ObEKTOB (M0700HEKTOB
dbunaabHOro 00bekTa). JIOKaI YacTo HA3BIBAIOT «TOMOJIOTHYECKHMH TPO-
cTpaHCTBaMu 0€3 TOYEK», MMOCKOJIbKY OHH JIeHCTBUTEILHO HACTOIBKO OJIN3KN
K TOIIOJIOTHYIECKUM IIPOCTPpaHCTBaM, HACKOJIbKO 3TO BO3MOXKHO: TOIIOC, OIIpe-
,ILe.HeHHbeI TOIIOJIOTUYIECKUM IIPOCTPAHCTBOM, BCErJa fABJIACTCA JIOKAJIbIO, 1
HA0OOPOT, €CJIN JIOKAJIb 00/1a/1aeT JIOCTATOIHBIM KOJTMIECTBOM TOYEK, TO OHA
9KBUBAJIEHTHA, TOTIOCY, 3aJaHHOMY HEKOTOPBIM TOMOJOTHIECKAM ITPOCTPAaH-
cTBOM. TeM caMbIM KaTeropus TPE3BBIX TOIOJOIMIECKUX IIPOCTPAHCTB OKa-
3bIBAETCsI SKBAJIEHTHA IIOJTHON ITOJKATErOPUN KATErOPUN JIOKAJIEH.

STO pacCyzKaeHue IIOKa3bIBaeT, Y9TO Mbl HE JOJI2KHBI CJIMITKOM OI'OpYaTbhCA
13-3a TOTO, YTO TOIOC Jle/TnHsT BCETo JINIIb JIOKAJ b, & He TOMOJIOITIeCKOe TPO-
CTPAHCTBO, U He JIOJIZKHBI BBIJIBUTATH 9TO B KAIECTBE BO3MOXKHOT'O apryMeHTa
[IPOTHUB UCIIOJIHL30BaHUs Toroca JlenHs B HAIlIIX KOHCTPYKIUAX aDCOTIOTHOMI
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0a3bl.

2.2.3. (Tonoc Henuust — 310 KOMOMHATOPHBIH 0OBEKT, & CUMILIEKC BEPOSIT-
HOCTHBIX Mep — €ro reoMeTpryeckasi peanusarys.) Mex iy Tomocom lemmmst,
OIPEJIeJIEHHBIM U3MEPUMBIM HJIH BEPOSTHOCTHBIM ITPOCTPAHCTBOM X, U CO-
OTBETCTBYIOIIUM CUMILIEKCOM BepoaTHOCTHBIX Mep A(X) mwin A, (X)), cyre-
CTBYeT JIOBOJIHO TecHast CBsi3b. Tak, eciau X — KOHEYHOE MHOYKECTBO, TO CO-
orsercTByomuit Tornoc lemuns coorBerctByeT X Kak JUCKPETHOMY TOIOJIO-
IUYIECKOMY IIPOCTPAHCTBY, & IPOCTPAHCTBO BEPOATHOCTHBIX Mep A(X ) — 310
(reomerpudeckuit) cuMILIeKe ¢ BepimHamu B X . MoXKHO JyMaTh 1Ipo TOHoC
Jemuns Kak HEKOTOPBI KOMOMHATOPHBINA 00BbEKT, KOTOPbIH KOJUPYET TOJIb-
KO «Ka4eCTBEHHYIO» MH(MOPMAIMIO, & PO COOTBETCTBYIOIIEE BEPOITHOCTHOE
[POCTPAHCTBO — KAK IeOMETPUYECKYIO PEAIM3aINI0 9TOr0 KOMOUHATOPHOIO
0ObEKTa, 10 aHAJOIMA C CHMIUIAIMAJILHBIMA MHOXKECTBAME B aJjrebpante-
CKOfi TOIOJIOTUH U WX MeOMEeTPHIECKUMHU peasm3arusamu. CHMILIHIHATbHBIE
MHOKECTBa — 9TO KOMOMHATOPHBIE OObEKTHI, IUCKPETHBIE IO CBOEHl CYIIHO-
CTH, a UX TeOMETPUYECKHE Pean3aIii — 9TO 3a9aCTYIO CBS3HbIE TONOJIOIU-
“eCcKHe [IPOCTPAHCTBA, TO3BOJISIONIIE CTPOUTH BCEBO3MOXKHBIE Iy TH, TOMOTO-
n, j1ebOpMaIMOHHbIE PETPAKTHI U T.I1. [Ipu 9TOM U cCHMIUIATIBHBIE MHO-
JKECTBA, W TOMOJOIWIEeCKHe TPOCTPAHCTBA MOTYT ObITH HCIOJIBb30BAHBI JIJIs1
[OCTPOEHUST TOMOTOINYIECKON KATErOPUH, U B paMKaX 9TOH KaTeropuy pas-
JIMYIHE MEXKJLy «KOMOMHATOPHBIMU» CHMILIAIAATBHBIMI MHOXKECTBAMU U X
«TOIOJIONMYECKUMU» TeOMETPUIECKUMHE Peasin3alsMu ncyesaet. U cumium-
[AJBHBIE MHOXKECTBA, U UX I'€OMETPHYECKIEe peajusanun (BMecte ¢ 6osee
obmuyu CW-KoMILIeKcaMy HJTH JTazKe TPOU3BOJIBHBIMEI KOMIIAKTHO MOPOK-
JIEHHBIMH TOIOJIOTHYECKUMHU TIPOCTPAHCTBAME) B MTOTe MO3BOJISIOT OIPEJIe-
JINTH MOJICJIbHBIC KaTeropuu, sKBuBasenTHsie no Kemteny. Ilpn srom camu
9TU MOJIeJIbHBIE KaTeropuu 00JIajIaloT JOBOJIBLHO PA3HBIMU CBOHCTBAMME: TaK,
B KaTErOPUHU CUMILIUIIUATIBHBIX MHOYKECTB BCE OOBEKTHI KOPACCIOCHHBI, B TO
BpeMsI KaK B KaTeropuu (KOMIAKTHO MOPOXKIEHHBIX) TOMOJOIMIECKUX MPO-
CTPAHCTB BCe OOBEKTBI PACCIOEHHBI (OTHOCHUTEIHHO MOJIEIBHON CTPYKTYDHI
Ceppa—Ksmtena). [losromy HEeKOTOpBIE KOHCTPYKIIUH TIPOIIE TPOU3BO/UTE
B OJIHO{T U3 9TUX MO/JIEJIbHBIX KaTeropuil, Apyrue — B apyroii. Hanpumep, ro-
MOTOINUYECKUE PACCIOCHHBIE [TPOU3BE/IeHNs] YI00HeH M KaK MUHUMYM Ha-
DJIsITHE CTPOUTH B TOIIOJIOIMIECKUX MTPOCTPAHCTBAX.

2.2.4. (leomerpudeckas peagn3aliysi CAMILUTAIMATHLHOTO MHOYKECTBA KaK PO~
CTPAHCTBO BePOATHOCTHBIX Mep.) [lycrs K — cuMImmIuasbHOe MHOXKECTBO,
HEBBIPOXKJIEHHOE B CJIEJYIOIIEM CMbICJIE: BCe BEPIIMHBI JTIOOOTO HEBBIPOXK I€H-
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HOTO CHMIUIEKCA PA3JINIHBI, U JIOObIe J[Ba HEBBIPOXK/EHHBIX CHMILIEKCA 00-
JIaJal0T PAa3/IMYHbIMUA MHO2KECTBaAMU BEPIIINH. TOF,ZL& reoMeTpuiecKad peaJin-
sanus || Moxker ObITh OlMcaHa Kak MHOYKECTBO BCEX BEPOSITHOCTHBIX Mep
P Ha MHOXKECTBE BEpIIHH K CHMILIMIMAILHOIO MHOXKeCTBa [, TaKUX, 9TO
SUPD P COJIEPKUTCS B MHOYKECTBE BEPIIMH KAKOrO-HUOYIb cuMILiekca K.

Taxum 06pazoM, GapuIeHTPUIeCKIe KOOP/MHATEI BHY TPU CUMILJIEKCOB ['eO0-
MeTpuveckoil peasmsaruu | K| Takxke MOryT ObITH MHTEPIPETUPOBAHBI KAK
HEKOTOpPbIEC BEPOATHOCTU. STO O6']:aHCHSIeT7 I1o41eMy Mbl HaCTauBaeM, 9TO U B
obIIeM CIydae MOXKHO J[yMaTh PO MPOCTPAHCTBO BepOATHOCTHBIX Mep A(X)
(rme X — m3MepuMoe WM BEPOSITHOCTHOE IIPOCTPAHCTBO) KAK [IPO MeOMeT-
PHUUIECKYIO PeaTn3aIuio KOMONHATOPHOro 00bekTa — Tornoca Jlemmrs, onpe-
JesieHHoro X . 910 coobpazkenue nokasbiaet, 9To A(X) u romoc lenmus ne
00513aTe/ILHO PUHIUNUAIBHO PA3/IHTIHDL; CKOPee 9TO Pa3Hble CHOCOOBI OIN-
CaHud OJHOI'O 1M TOI'o K€ I'OMOTOIIMYECKOI'O O6'beKTa.

2.2.5. (U3mepumbiv mopmuOKecTBaM Y C X COOTBETCTBYIOT 3aMKHYTBIE
nomvuozkectsa A(Y) € A(X).) Ecan Y — usmeprnmoe mojMHOKECTBO U3~
MEpUMOro mpocrpancTsa X, To Y omnpejessier OTKPBITHIi 0ObEKT B TOIIO-
ce Hemuns, obnamatomuii jjonoaenueM X — Y, T.e. IO CYIIECTBY OTKPBITO-
3aMHYTOE HMOJIMHOXKECTBO B Tonoce JleuHst, ecjin JiyMaTh PO HEro Kak mpo
TOIOJIOIMYECKOE TIPOCTPAHCTBO WU JIOKAJIb.

C apyroii croponbsl, A(Y) 0TOXKIECTBIAETCS € 3aMKHYTBIM [OJMHOKE-
crBoM B A(X), COCTOAINIUM U3 BEPOSITHOCTHBIX Mep P, CKOHIIEHTPUPOBAHHBIX
Ha Y, Te. takux, uro P(Y) = 1. Jonomnenne A(Y) — 910 OTKpBITOE MHO-
xecTBo, Xapaktepusyemoe P(Y) < 1. Ecm Y = X —Y — gonosmenne Y, To

MOXKHO TakzKe cka3arb, uto A(Y') xapakrepusyercss P(Y) = 0, a ero momo-
nerne — P(Y) > 0. Unade rosops, ecim pacemaTpusaTh BEyTpr A(X) mos-
MHOZKECTBa, OIIPE/IeJIEHHbIE CPABHEHUEM BEPOSITHOCTEi HEKOTOPBIX COOBITHI
C HYJIEM WM eIUHAIEH (ITO COOTBETCTBYET «KAYECTBEHHOMY» HCIIOJIB30Ba-
HUIO BEPOSITHOCTE: MbI He (PUKCHPYEM TOYHOE 3HAYEHHE BEPOSTHOCTEH, HaM
BAyKHO JIMIIIb, BO3MOYKHO TO WJIM MHOE COOBITHE WJIM HET), TO MOJIyIarolye-
¢ TTOJIMHOZKECTBA OY/IyT OJTM3KO COOTBETCTBOBATH «KOMOMHATOPHOI» CXeMe,
3aJlaHHOiT TorocoM [esnns.

Ormernm, ato A(X) ne ectb oobegunenue A(Y) u A(Y) = A(X -Y), B
OTJIMYHE OT TOTO, YTO IMPOUCXOAUT ¢ Torocamu lenuns. B geiicrBurenbHocTn
A(X) — sro mxkoitn A(Y)* A(X —Y'). MbI cHOBa BUINM, KAK €CTECTBEHHBIM
00pa30M BO3HHKAET 3HAKOMAs TOMOJIOIHIeCKask KOHCTPYKITHS.

2.2.6. (l'eomerpuueckas peanusaius Spec Z.) MoxkHO cebe npeIcTaBuTh, 9To



OOBIYHBIE CXEMBI U CIIEKTPBI KOJIEIl, TAKUe, KaK SPec Z — 3TO YhCTO KOMOUHA-
TOpHbIE O0OBEKTHI, Bpojie Torocos emund. [Ipesmnonoxum, 910 €cTh HEKOTO-
pas dbopMasbHast KOHCTPYKITHs (<«TeOMeTpHYIecKasi pean3allisi» ), KoTopas,
HaIpuMep, mpeodpaszyet Toroc JlenHs B MPOCTPAHCTBO BEPOATHOCTHBIX MED.
Yo OyjeT, ec/ii Mbl IPUMEHUM 3Ty FeOMETPUUYECKYIO peaTu3aIiio K Spec 77
MoOKHO TIPEJIIOIOKUTE, YTO MOy IUTCA HEKOTOPOE CBA3HOE TOIOJIOIUYIECKOEe
IPOCTPAHCTBO | Spec Z|, n 3aMKHYThIe MOAMHOYXKeCTBa Spec Z Oy/IyT COOTBET-
CTBOBaTb 3aMKHYTBIM IIOJIMHOXKECTBAM B 3TOM IPOCTpaHCcTBe. B wacTHOCTH,
| SpecF,| C | SpecZ| GyayT HemepeceKaromuMncs 3aMKHY THIMI IO IMHOMKE-
CTBaMU.

Bosee Toro, MoxkHO TpeJCTABUTDH, YTO JIOKAJIbHbIE KOODJMHATHI TOYEK
| Spec Z| 6yayT momyckarh HEKOTOPYIO BEPOSTHOCTHYIO HHTEPIIPETAIMIO 110
AHAJIOTUHU C m, ¥ 9ITO 3aMKHYTbIe ITogMHOkecTBa | SpeclF,| OymyT BbLIE-
JIATHCs BHYTPH | Spec Z| yeIoBUSME PaBEHCTBA KAKMX-TO U3 STUX KOODJIMHAT-
BEPOSTHOCTEN HYJIIO WA, HA0OOPOT, €JIMHUIE. DTO HAMIOMUHACT HEMDOPMAJIb-
nyio kapruny u3 [2.1.3] rae B Kadecrse ycioBus, Bbiensiomero Fy,, mpesra-
rajocs P(p-1=0) = 1.

2.2.7. (Fomorornmueckuii paccjioerHblii kBaapar Spec Z.) Eciu obpucosas-
Hag BbIIIE KAPTHHA UMEET XOTh KaKOe-TO IPaBo Ha CyIMIeCTBOBAHUE, MOXKHO
TaKKe TPEJIIOJIOKHUTD, YTO MPaBIIbHOe Spec Z X Spec Z (HaJ1 HeKOTOpoii ad-
COJIIOTHOM 6a30ii) JIOJIZKHO BBIUUCJAATHCA KaK MOMOTONUYECKOE PACCIIOEHHOE
npousseaenne. Torma Mbl MOXKEM HCIOJIL30BATh T'€OMETPUYECKYIO peasIn3a-
o | SpecZ| B KadecTBe PACCAOCHHON 3aMEHBI M BBIUHCIIATH YXKE €€ pac-
CJIOCHHOE TIPOM3BEIeHNe Ha cebst, KOTOpoe TOrJa OyIeT JOIycKaTh OOLIMHOe
OlMCcaHue KakK IPOCTPAHCTBO TPOEK (T, y,7Y), TJie & U Yy — TOYKHU B | Spec Z|, a
~ — IIyTb MeXK/ly HPOeKIUAMHU T U Y Ha abcomoTHyio 6asy. IlonaTao Torma,
1o4YeMy OOBIYHBIE CIIOCOOBI BBLIYHC/ICHUs aOCOIIOTHOTO KBaJpara SpecZ He
JaloT HpaBI/IﬂbeIﬁ pPeE3yJIbTaT U HE IIO3BOJIAIOT CMEIINBATL Pa3Hble XapaKTe-
PUCTUKWU.

Bee 10 x0porio corsacyercs ¢ HedopmabHoii kaprunoii u3[2.1.3] Mox-
HO TaKzKe OTMETUTD, YTO HelnpepbiBHbIe (PYHKINN, 00paIIaiomuecs B HOJIb B
TOYHOCTU Ha HEKOTOPOI 3aMKHYTOII HOJCXeMe, OYeHb [OXOKM Ha IOTeHIIAA-
JIbI 3aMKHYTBIX II0JIMHOI000pa3uil N3 apaKeJoBCKON IeOMEeTPHH.
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