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AHHOTAIUA

B mHacrosimeii paGore, B paMKax aHAJUTHYeCKOH ¢uiocopuu, paccMaTpuBaOTCH
npoodJeMbl JIOTUYECKO TpPaHCIEHIEHIIUH, BOZHUKAKIIHE B OCHOBAHUAX KJIACCHYECKO
¢GopMabHOII JIOTUKH ¥ TEOPETHKO-MHOKECTBEHHOH MaTeMaTHKH.

1. O0 ananuTH4YecKkoM HanmpasJieHuM B puiaocopuu u peHomeHe
JIOTHYECKON TPaHCUEHACHIIUU

Kak wu3BecTHO W3 ucTopuu pa3BuTUs (GWIOCOPUH, AHATUTHUECKAs (QHUIOCOPHS SBISETCS
HamnpaBjieHUEM, cTaBiliee B 20—0M BEKe JOMUHHUPYIOIIEM B aHIIOA3bIYHBIX cTpaHax. [lo cBoei
CyTH, TEPMHUH «aHaJIUTHYEeCKas (Guiocodus» O03HAYAET ONPEACICHHBIA CTHIh (PrIocodCKOro
MBIIUICHHSI, OPUEHTUPYIOLIUICS Ha Healbl SICHOCTU W JIOTMYECKOH CTPOTOCTH MBIILICHUS, a
TaK)K€ €ro S3bIKOBOTO BBIPAKEHHUS, IMYTEM MPUMEHEHUs MEeTOJ0B (OpPMAaNbHON JIOTMKH U
MIPUBJICYCHUEM PE3YJIbTaTOB TOYHBIX U €CTECTBEHHBIX HAYK.

Kak mnpaBuno, cumraercs, 4TO OCHOBOIOJOXHHKAMH aHAINTHYECKOTO HANpaBlICHHUS B
¢dbunocodun sBrsrorcs ['otnod dpere, beprpan Paccen, Ansdpen Yaitxeiin u xopmk Myp,
KOTOpPBIMH OBLIO HayaTta pazpaboTka MeToJ0B (MIOCO()CKOr0 aHanM3a HOBOTO BHJIA,
OCHOBAHHOTO Ha JOCTIXKEHHIX B ¢opmanbHOU snoruke. Kak m3ectHo ['oTnmobom @pere ObLt
CllelaH 3HAYUTEIbHBIN BKJAX B pa3pabOTKy JIOTUKH MPEIUKATOB, YTO MO3BOJMIO HCCIEIOBAThH
Joruyeckue GopMbl OONBIIETO YUCIIA BUAOB S3BIKOBBIX MPEATIOKEHUN, YEM 3TO OBUIO BO3MOXKHO
B mpenumecTByonmii nepuos. ['ornod ®pere Ob1 OJHOW W3 KIIOYEBBIX (QUIYp B 00JIACTH
¢unocodpun maremarnku. @pere momaran, 4YTo MareMaTHKa M JOTHKA, KaK OTPAcId HAYyYHOTO
3HAHMA, 00JIaIal0T COOCTBEHHBIM OOOCHOBaHMEM, HE 3aBHCAIINM OT CYXXJICHHH M MEHTAJIbHBIX
COCTOSIHUH OT/IENBHBIX YYECHBIX, PA0OTAIONINX B O0IACTH JIOTUKU ¥ MAaTEMATHKH.

Taxke kak u ['otmo6 ®pere, beprpan Paccen nu Ansdpen Yaiitxen 000CHOBBIBAIU Ty TOUKY
3peHHsI, YTO MaTeMaThKa CBOAMMAa K (YHIAMEHTaJIbHBIM JIOTHYECKHM TNpUHIMIaM. Pabota
beprpana Paccena u Ansdpena Yaiitxena - «Principia Mathematica», - mociyxuina mpuIAHON
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MHTEpeca MHOIMX (QHIOcOPOB K CHUMBOJIMYECKOW sioruke. [lo3qHee HaydHble ycHiIMsl TaKux
aHanuTHieckux ¢unmocodoB, kak beprpan Paccen wu JlonBur Butrenmreiin, ObutH
c(hOKyCHpOBaHBI Ha CO3JJaHUU ONTUMAIBLHOTO Ml (PriIocOPCKOro aHaiM3a s3bIKa, CBOOOIHOTO
OT JBYCMBICJICHHOCTEH OObIIeHHONH peun. JliogBurom BUTreHmITEiHOM B €ro KHUTE
«Duocodpckuit TpakTaT Oblia pazpaboTaHa cUCTEMa JIOTHYECKOTro aToMu3Ma. [1o yTBepKaeHu o
Jliogpura ButrenmreiliHa, B JOTHMKO-(UIOCO()CKOM aclekTe, KapTUHAa MHpa MOXET OBITh
BbIpR)KEHA HAa OCHOBE S3bIKa KJIACCHYECKOW (POpMajbHON JIOTMUKHM MEPBOTO IMOPSIKA, IMyTeM
BBIPA)KEHUSI aTOMapHbIX (PaKTOB aTOMApHBIMU MPOMO3ULMSMUA M COEUHEHUEM UX IPU MOMOLIH
JIOTHYECKUX ONEPATOPOB.

DopMaIbHO-IOTHYECKHUE METO/Ibl AaHATUTUYECKOH (hriocodun MPUMEHSIOTCS TaKXkKe B paMKax
¢bunocopckoro HampaBieHUs JIOTUYECKOTO MO3UTHBU3MA. Takue MpeACTaBUTEIN YIOMSHYTOIO
HarnpaBieHus, kak Pymonpd Kapuam m T'anc Peiixen6ax mosaraiau, 4TO WCTHUHBI JIOTHKH H
MaTEeMaTHKU SIBISIOTCS CBOEr0 poja TaBTOJOTHSIMH, a WMCTUHBI €CTECTBEHHBIX HayK —
BepUPUIUPYEMBIMA AMIUPUYECKUMHU YTBEPKICHUSIMHU.

[IpencraBuTens kputndeckoro panuoHanusMa - Kapn Ilonmep, B mpoTHBOBEC HAINPaBICHUIO
JIOTUYECKOTO TO3UTHUBHU3MA BMECTO NPOLEAYpbl BepHU(pUKALNK, 3aHUMAIOLIYI0 ILIEHTPAIbHOE
MECTO B KOHIEMIMH JIOTHYECKUX MO3UTUBUCTOB BBEJ MPOLEeAypY (anbcuuKanuu, yrBepxKaasi,
YTO HAYYHYIO TEOPHIO HENb3sl MOATBEPAMUTH OMNBITOM. OIBIT MOXKET TOJIBKO OIPOBEPTHYTH
Teopuio, T.e. danpcudunuponars ee. [lommep chopmynupoBan «[IpuHIMI MOrpemIMMOCTH,
COTJIACHO KOTOPOMY J000€ Hay4YHOE 3HAHWE HOCHT JIMIIb THUIOTETUYECKHH XapakTep H
MOJIBEP’KEHO Hen30exxHbIM omunbOkaM. B corBerctBum ¢ konuemnuei Kapna [lommepa, poct
HAy4YHOT'O 3HAHUS OCYIIECTBIsETCS OJarofaps BHIABHKEHUIO M OITPOBEP)KEHUIO TUIIOTE3, TO €CTh
B COOTBETCTBUU C IPUHITUTIOM (haTbCUDUKAITUH.

Nmpe Jlakatoc, yuenuk Kapna Ilommepa, pa3paboTaq HOBYIO KOHIEIIUIO, HA3BaHHYIO MM
«yCOBEpUICHCTBOBAHHBIM (panbcupukannonu3Mom». OH BBEN TOHSATHE HCCIEI0BATEIbCKON
IpOrpamMMbl, IO3BOJIAIOLIEH Oojee peaTrMcTUYHO OmucaTh Ipouecc pa3BuTvs Hayku. [lo
JlakaTocy, TOIBKO IOCIENOBATEIBHOCTE TEOPHUH, & HE OAHY OTAEIbHYIO TEOPHIO, MOKHO
XapaKTepu30BaTh, KaK HAy4HYI0, HJIM HA000pOT, KaK HEHayuHY!0. Psij] CBA3aHHBIX APYT ¢ ApPyroM
teopuit T1,...,Tn,... B OTHON U TOH e 00JIACTH HAYKH, MPEJCTABIISAECT COOOM UCCIEIOBATENHCKYIO

nporpammy. [IpHHAIIEKHOCTE K JAaHHOM «HCCIIEIOBATENBCKOW MPOrpaMMe» OINPEaesaeTCs
COXPaHEHHEM B KaXKJI0M HOBOW TEOPUU METAPU3NIESCKUX MPEATIOKEHUN, 00pa3yIoIINX «TBEPIOe
AIpO» pacCcMaTpUBACMOM HAay4YHO-UCCIIEN0BATEIBCKON IIporpaMmel. TBepaoe sSApo HEU3MEHHO.
OHO HE BXOAUT B COINOCTaBJIEHHE C OIBITOM HENOCPEACTBEHHO, 4YTO OOEecHeurnBaeTcs
«3alllUTHBIM TMOSICOM» BCIIOMOTaTeNbHBIX rumnore3. llpu mnosBieHunn QanbcuuuupyoIero
dakTa AIpo COXpaHsAETCS, a 3allUuTHBIA Tosic MeHsercs. B konmenmuu JlakaToca
paccMaTpuBaeTca HE OTAENIbHAsl Teopus, a MOoCcIeqoBaTebHOCTh Teopuil. CMeHa Teopun Tn Ha
Teoputo T (n+1)Ha3pIBaeTCs CABUIOM HCCIEIOBATENbCKOM Tporpammbl. Ecim cMeHa teopuu



MPUBOJUT K OTKPBITUIO HOBBIX (PAKTOB, TO CABHUI MPOTPaMMbl Ha3bIBAETCSI MPOTPECCHUBHBIM.
Ecnu cnBur mporpamMmbl He [100aBisSieT SMIIMPUYECKOrO COAEpkKaHHUsS, TO OH Ha3bIBaeTCA
PErpeCCUBHBIM.

Tomacom KyHom, B paMkax KOHIENIMH HUCTOPHUYECKON NWHAMUKH DPAa3BUTHUS HAYKH, ObLIN
BBEJICHBI TaKHW€ MOHSTHS, KaK HaydyHas mapagurma u HaydHoe coobmiectBo. [lo Kyny passurue
HAyKH MPOUCXOIUT CKaukooOpa3zHo. OHO W3 LEHTPATbHBIX MECT B KoHIenmu Tomaca Kyna
3aHMMaeT TOHSITHE HAYYHON NapagurMbl, WM COBOKYITHOCTH HauOoliee OOMMX HUIACH H
METOJIOJIOTUYECKUX YCTAaHOBOK B HAyKe, NPHU3HABAEMBIX JAHHBIM HAyYHBIM COOOIIECTBOM.
Hayunas nmapagurma o61amaer cieyroIuMi OCHOBHBIMU CBOWCTBAMHU:

1. OnHa npuHATa HAYYHBIM COOOIIECTBOM, KaK OCHOBA ISl AajbHeHIe paboThl.

2. OHa coAep>KUT epEMEHHbIE U TPEOYIOLINE UCCIIEJOBAHUS BOIIPOCHI, TEM CaMbIM OTKpBIBas
IIPOCTOP IJISL UCCIIEN0BATEIIEH.

Pa3BuTne «HOpMaJIbHOM HayKW» B paMKaxX MPUHITOM MCXOJHOM HAYy4YHOW MapaJaurMbl
IpOAOIDKAEeTCs 10 TeX IOp, MOKa CYHIECTBYIOIIAs MapagurMa HE YTPauMBaeT CIIOCOOHOCTH
pemath HayuyHble TpoOnembl. Ha ouepeqHoMm sTame pa3BUTHS «HOPMAJIBHOM HAyKH», Kak
NPaBUJIO BO3HUKAET 3()(HEKT HECOOTBETCTBUS SMIUPUUYECKHX HAONIOJCHUNA M TEOPETUUYECKUX
MIpEACKa3aHui, OCHOBAHHBIX HA CYILECTBYIOLICH HAay4YHOM IapagurMe, BO3HUKAIOT aHOMAJHH.
Korma Ttakux aHoOMaJMii HakalIMBaeTCs JOCTaTOYHO MHOTrO, IPEKPAIIAeTCs HOPMAIbHOE
TEYCHHE HAyKM U HACTylaeT COCTOSHHE KpHU3HCA, KOTOPOE paspellacTcs «HaydHOU
PEBOJTIONMEI», TPUBOJIAILIECH K JOMKE CTapOi M CO3JaHUI0 HOBOM HayYHOU MapagurMsl.

W3 mpuBeneHHOTO BBIIIE KPAaTKOTO 0030pa HEKOTOPHIX OCHOBHBIX HAMpAaBICHUA B
COBPEMEHHOM aHaIUTUYECKON (puiocopuun CTAaHOBUTCS SICHO, YTO PA3BUTHE HAYKH B LIEJIOM,
PaBHO KaK U pa3BUTHE OTHAEIbHBIX OTpaciieil HayKH, a TAK)KE Pa3BUTHUE OTAEIbHBIX HAIPaBIECHUIN
B paMKax TOUM WJIM WHOHW OTpACIH, MPEJACTABISET COOO0M ONMpeIeICHHBIN MPOIECC, MePUOINICCKH
CONPOBOXKIAIOIINICSA KOHIIENTYAIbHBIMU M3MEHEHUSIMH B HAy4YHOW MapagurmMe TOW WM WHOMN
KOHKPETHOW 00J1aCTH HAayKH.

PesynbTaThl ncciaenoBaHui, moxydaeMbie B TOW WIM WHOM 00JIacTH HAYKH B CUJIBHOM CTEMEHU
3aBUCUT OT TOM JIOTUYECKOW CHUCTEMBI, Ha 0a3e KOTOPOH MPOUCXOIUT Pa3BUTHE ITOM OOJIACTH.
o cepenunbl 19-ro croneTrusi, B KaueCTBE OCHOBHOW JIOTMYECKOW CHUCTEMBbl BBICTYyMasIa
apUCTOTENIEBCKAasl  TPaJAWI[MOHHAs JIOTMKA, OCHOBHBIE JIOTUYECKHE 3aKOHBl  KOTOPOM
MPEACTABIICHBI HUXKE.

OnHuM u3 Haunbosiee BaXKHBIX YCIOBHM BO3MOXKHOCTH aJE€KBAaTHOTO M3Y4YEHHUS OOBEKTOB
METOJAMU  KIACCUYECKOU apUCmomenesckoi mpaouyuoHHOU JNO2UKU — ABJIAEMCs  YClo8Ue
0emepMUHUPOBAHHOCMU U HEUSMEHHOCMU CBOUCME U3yudemvlx 00bekmog. JIpyruM BasKHBIM
TpeOOBaHUEM SIBIAETCS TO OOCTOSATENBCTBO, UTO MPAOUYUOHHAS KIACCUYECKas JNO2UKA
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npuHumaent K pacCMoOmpeHruro me U moJjabKo ne 6blCKA3bl6AHUA 00 uCCﬂe()yeszx obvexmax u
A6/IeHUAX, KOTOPBIC YAOBJICTBOPAIOT CICAYIOIHUM TPEM OCHOBHBIM 3aKOHaM JIOTUKH .

A. 3aK0H TOKIEeCTBA

Kaosicooe evickaszviganue no2uvecku pasno camomy ceoe.
A=A (1.1)

Bb. 3akoH HempoTHBOpEUYHUsd

Hukaxoe évickazvléanue no2uuecku Heé PABGHO ceoemy ompuyanuio

A#—A (1.2)

B. 3aKoH HCKJII0YEHHOI'0 TPETLEro

ﬂﬂ}l J1100020 6bICKA3bIGAHUA — UCHUHHO TUOO0 CAMO 8bICKA3bIEAHUE TUDO €20 ompuuanue,
mpembia 603MOHCHOCHIb UCK/IIOUEHA.

A®—-A (1.3)
B ¢opmynax (1.1)-(1.3) npuHATHI clieaytomume 0003HAYCHHS:

A - HEKOTOpPOE BBICKa3bIBaHWE, —A - OTPHIIAHWE BBbICKa3biBaHUSA A.® - Jormueckas
HpOHOBI/II_II/IOHaJII:HaSI CBsI3Ka, A3BIKOBBIM JKBUBAJICHTOM KOTOpOfI ABIICTCA HCKIIFOYAKOIIICe

«.]'II/I60>>, —1 - CHMBOJI OTpHULIaHUA, SI3BIKOBBIM DKBUBAJICHT KOTOPOI'0 BBIPpAXKACTCsA, KaK «HEC - A»,

UM BBIP@KEHHEM «HE BEPHO, 4T0 A» .

HeobxogumMo OTMETHTh, YTO B apHUCTOTEIEBCKOM TPATUIIMOHHOW JIOTHMKE JOITYCTUMO
paccMaTpuBaTh T€, M TOJBKO T€ BBICKAa3bIBaHHUS, KOTOPHIC YAOBICTBOPSIOT MEPEUUCICHHBIM
BBIIIE JIOTUYECKUM 3aKOHaM. 101bKO npu coOn00eHuu 3mo20 YCio6us, B OTHOUIEHUU TaKWUX
BbICKa3bIBaHUI OYyAYT CIIPaBEUIMBBI BCE T€ 3aKOHBI apUCTOTENECBCKOW TPAJWLIMOHHON JIOTHKH,
KOTOpBIe JIOTUYECCKU COBMCCTHBI C HGpG‘-II/IC.HeHHBIMI/I BBIIIIC OCHOBHBIMU 3aKOHAMMN.

[Tonsitue «Mctunbl» sBisieTcss 0HON U3 (DyHIaMEHTaIbHBIX PEIUTHO3HBIX, (HUIOCOPCKUX U
JOTUYECKUX Kareropuil. B pasnmuyapix QmIocopckux W JIOTHUECKHX CHCTEMax OHO
onpenensercs no pazHoMmy. OHON U3 OCHOBHBIX TPAJAUIIMOHHONW KOHIENIUN MOHATHS UCTUHBI 8
PAMKax Kaiaccuyeckou @uiocoguu SBISETCS KOHUENINS, OCHOBHBIE TOJOKEHUS KOTOPOU ObLTH
chOpMYyIUPOBAHEI €Ille BEJIUKUM JIPEBHETPEUECKUM MBICTUTEIIEM APHCTOTENIEM, U Pa3BUTHI B
paborax ¢umocooB MOCIEAYIOMETO BpPeMEHH. [J1aBHOE W3 ATHUX TMOJOKEHHH CBOIUTCA K
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YTBEPKACHUIO: «UCMUHA eCmb coomeéemcmeue eewju u unmeniekma». B mpaduyuonnom
K1Accu4eckom cmbicle, UCTUHA — 3TO ajeKkBaTHas HH(opmanus o0 0o0bekTe, MoiydyaeMas
MOCPEACTBOM YYBCTBEHHOI'O U HMHTEJUIEKTYAIIbHOTO W3Y4YEeHHs, WM MPHUHIATHS COOOIeHus: 00
00BEKTE, U Xapakxmepuzyemas ¢ no3uyuu 0ocmogepHocmu. B apucToTeneBCKoOl TpaauiuOHHON
JIOTUKE, JUIsi KOTOPOM 3HAYEHUWE MCTHUHHOCTU BBICKA3bIBAaHUM  SBISIETCS OAHUM U3
MPEUMYILECTBEHHBIX MPEIMETOB HU3Y4YEHUS, OJHUM U3 KPUTEPUEB HCTUHHOCTH BBICTYIAET
JoTUYecKas MPaBUILHOCTh — OTHOCHUTEIbHAS MOTHOTA (POPMATBHO-aKCUOMATUYECKUX CHCTEM U
OTCYTCTBHE B HUX MPOTHUBOPEUUH.

OIHUM H3 OCHOBHBIX ITOHSITHM KJIACCHYECKON JIOTMKH BBICKA3LIBAHUN SBJIAETCS TOHSITHE
[IpoTUBOpeuUsl. B  apuUCTOTENEBCKOM TPaJULMOHHOM JIOTUKE OHO HMEET HECKOJIBKO
WHTEpOpETaUi.

* [IpoTuBopeurie — TMOJIOKEHHE, MPH KOTOPOM OJHO BBICKA3bIBAHUE HCKIIIOYAET JIpyroe
BBICKA3bIBaHUE, JIOTUYECKA HECOBMECTHOE C HUM.

* IIpoTuBOpeurie — YTBEPKACHHE O TOXKICCTBEHHOM pPaBEHCTBE JABYX Wi OoJjiee 3aBeIOMO
pPa3IUYHBIX 0OBEKTOB.

* AHTHMHOMHUS — B KJAQCCHUECKON TpPaTUIIMOHHON JIOTMKE — MPOTUBOPEUUE MEXIY ABYMS
BBICKA3bIBAHUSMH OJMHAKOBO JIOTHYECKU JOKA3YEMbIMHU.

OTMGTI/IM, YTO AHTHHOMHUS SIBIISIETCS OCOOBIM BUJIOM IPOTUBOPCHUUS, IMOCTOJIBKY IOCKOJIBKY
BO3MOJXHa TaKas JIOrm4ecKasd CUTyalus, Impu KOTOpOﬁ JA02UYeCKU 8bl8OOUMBIMU SABIAKOTCA, KakK
A0Ka3aTCIbCTBO CAMOI'0 YTBCPIKACHUS, TAK U CTO OIIPOBCPKCHU.

K duucny wegopmanvuvix akcnoM TPAAULMOHHOM KJIACCHYECKOH JIOTMKH OTHOCUTCS
chOpMyTUPOBAaHHBI B 3aBEPIICHHOM BHUJEC BBIJAIOIMIMMCSI MaTeMaTUKoOM, ¢Guimocopom u
norukoM I'.B. JleiiOnunem «IIpuHIMI JOCTATOYHOr0 OCHOBAHWS» - MPUHLUI, TPEOYIOIINH,
YTOOBl B Ciy4yae KaKJIOTO YTBEPXKIEHUS YyKa3bIBAIUCh YOETUTENIbHbIE OCHOBAHHS, B CHIY
KOTOPBIX OHO MNPUHUMACTCA W CUHUTACTCA HCTHUHHBIM. OGOCHOBaHI/Ie TCOPCTUYICCKOTO
YTBEPKACHUS, KaK MPaBUJIO, ClIaraeTcs u3 yeniou cepuu npoyedyp, KacalolUuXcs HE TOJbKO
CaMoOro YTBCPIKIACHHSA, HO U TOM TCOpHUH, COCTABHBIM 3JICMCHTOM KOTOpOI>'I OHO ABJISICTCA.

B cBoux Tpygax ApUCTOTENbh OYEPUYUBAET PAMKH IPUMEHUMOCTH 3aKOHA O HETPOTHBOPEUUHU U
3akoHa 00 WCKIIOYEHHOM TpEeTbeM. B ero COYMHEHHSIX OTMEYaeTCs, «4Ymo 3AKOHbl
Henpomueopeuus U UCKIIOYEHHO20 MPembe2o He UMEIOm CUNbl 8 CYHCOeHUAX 0 0yoyujem: eciu
KMOo-HUOYO0b ymeepaicoaem, Ymo 4mo-iudo ciyuumcs 8 oyoywem, a opyeou ompuyaem 3mo, mo
30ecb Hem J102U4ecKo20 Npomugopedus, NOMoMy Ymo, NOKa hakm He cO8epULUIICS, B03MONCHO
KaKk mo, maxk u opyeoe, NOCKOIbKy Oyoyujee He 5811emcsi HeoOX00UMO OemepMUHUPOBAHHBIM,
OHO 3a8uUcUm om CAY4auHOCmel, 3a6UCUM U OM 80U JI00€U, U OM UX NOBEOCHU».

YHnoMsHyTOE BBIIIE MHEHHE CAMOI0 OCHOBOIIOJIOKHMKA KJIACCUYECKOW TPaJIULIMOHHOMN
(dhopMaIbHON JIOTMKKM O TpaHHIAX MPUMEHHUMOCTH 3aKOHA O HEMPOTHBOPEUYMH M 3aKOHA 00
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HCKIIFOYCHHOM TPETBEM 3ACAYHCUBAEN CAMO20 Cepbe3Ho2o 6Humanus. 1lo cymecTBy aema
apUCTOTENIEBCKAs KJIACCHYECKash TPAAUIIMOHHAs JIOTHKA MPUMEHHMA TOJIBKO MPH MCCIICIOBAHUN
BOITPOCOB, TTPOUCXOASIINX B HACTOSIIEM, HJIM HCCICAOBAHUU BOMPOCOB M SIBICHUM, UMEBIINX
MECTO B MPOILJIOM, K TOMY K€ MPH TOM OOSI3aTEIbHOM YCJIOBHH, YTO MMEETCS JOCTOBEpHAas
uH(pOpMAaLIUS O COOTBETCTBYIOIIUX SIBICHUSX M COOBITUSX. Takke Mpenarnoiaraercs, 4To
CYLIECTBYIOT KPHUTEPUU HUCTUHHOCTH, B COOTBETCTBUU C KOTOPBIMH MOXHO JIOCTOBEPHO
OLICHUBATh HMCTUHHOCTh, JUOO JIOKHOCTH YTBEPKICHHUH, CBS3aHHBIX C HCCIEAYEeMBbIMU
SIBJICHUSIMU Y TIPOIIECCAMH.

Kak wu3BeCTHO, KJlacCMUecKas MaTeMaTHKa 3aHMMACTCA IPEUMYIIECTBEHHO HW3YyYECHUEM
SBJICHUM W TIPOLIECCOB, CBS3aHHBIX C OECKOHEYHOCThIO. O/HAKO, IO BIIOJIHE IOHATHBIM
[IpUYMHAM, CBS3aHHBIM C TpPaHULAMU IPUMEHUMOCTU KJIACCUYECKOM apUCTOTENIEBCKOMI
TPaIUIIMOHHON JIOTUKH, B KJIACCHYECKOH MaTeMaTWKe MpU HM3YYEHHUU CBOMCTB OECKOHEUHBIX
BEJIMYMH M MHOXXECTB, KaK IMPaBHJIO H30erajgd pacCMOTPEHHs] B SIBHOM BHJE 3aBUCHUMOCTH
M3Yy4aeMbIX OCCKOHEUHBIX BEJIMYMH OT BPEMEHH. DTO MOXKHO OOBSCHHTH TE€M, Ymo yuem
8peMeHU 8 SIBHOM UOe, Cpa3y JHce CMagum noo COMHeHUe 3aKOHHOCMb NPUMEHEHUs HeKOMOPbIX
KAACCUYECKUX Memo008 KOCBEHHO20 O00Ka3amenbcmed, TaKUX HalpuMmep, Kak METoA
JI0Ka3aTeNbCcTBa OT IMPOTHUBHOIO, KOTOPBIA CaMbIM HENOCPEACTBEHHBIM 00pa3oM CBs3aH CO
BTOPBIM U TPETbUM OCHOBHBIMHU 3aKOHAMH KJIACCHYECKOM apHCTOTEJIEBCKOW TPagULIMOHHOU
JIOTUKY, W 4YacTO IIPUMEHSETCd B TeX CIlydasX, KOIJla Ha OCHOBAHMM IPAMBIX METOJOB
JI0OKA3aTeNIbCTBA HE MPEICTABISAETCS BO3MOXHBIM HAWTHU PELIEHUWE TOW WM WHOM CIIOKHOH
poOIEMBI.

OnHako B COBPEMEHHOM KJIACCHUYECKOW TEOPETHKO-MHOXKECTBEHHONW MaTeMaTHKe (YHKUUsS
BPEMCHH SIBJIICTCA COBEPIIEHHO 3aKOHHBIM M CTaHJAPTHBIM MHCTPYMEHTOM HM3y4Y€HUS SIBICHHUU
U IPOLECCOB, CBS3aHHBIX ¢ OECKOHEYHOCTHbIO. B OCHOBE MOHATHS (PYHKLUU BPEMEHU JIEKHT
MHOKeCTBO T C R ¢ »ieMeHTamMH ¢, Ha3bIBAEMOE MHOKECTBOM MOMEHTOB BpeMeHH. Bpewms
oOJyazaeT TOM XapaKTepHOH OCOOCHHOCTBHIO, UTO UMEET HalpaBiieHHe. DTO O3HAYaeT, YTO €CIIU
t,,t;,€T n t,<t,, TO MOMEHT BPEMEHHU [, NIPEIUIECTBYET MOMEHTY BpEMEHHU [,. MHbIMH

CJIOBaMHu, T sBuseTcCs YHOHopsasA0UCHHBIM MHOKCCTBOM.

OyHKIMS BpPEMEHH OIpefenseT oToOpakeHue [ MHOXKECTBa MOMEHTOB BpemeHu T Ha

MHOKECTBO BCIICCTBCHHBIX YN CCJI R:

f:T >R (1.4)



DOnemeHTamu f OyAyT mapsl (t, x), obOo3Ha"aeMble Takxke yepe3 x(¢),rae te T,xe R. Kaxnas
Takas mapa orpeJenseT 3HaueHue QYHKIUU BPEeMEHH B MOMEHT ¢. IloiHas COBOKYMHOCTH map

(t, x), T.€. 3HAYEHUI x(t) 1u1si BeexX € T, u mpencrapiseT cooor (QyHKIMIO BpEMEHH.

BBenenue ¢yHKIMM BpeMEHM Cpa3y JK€ CTaBUT BONPOC O HEOOXOAMMOCTH YydeTa Tak
Ha3bIBaeMbIX A M B normk BpeMeHH, OfHA M3 KOTOPBIX OPHMEHTHPOBAHA HA BPEMEHHOM psif
«IIpOLLIOe-HACTOsIee-0yaAylee», a Jpyras Ha BPEMEHHOM psJ «paHbLIE-0JHOBPEMEHHO-
MO3Xe». ITO 0OCTOSTENHCTBO, B CBOIO OYEpE/b, 03HAUACT BBIXOJ 3a IMpEJesbl KIaCCHUECKOU
apUCTOTEIEBCKOU TPAAULMOHHON JIOTUKH.

MareMaTHUeCKue OCHOBBI COBPEMEHHOW  KJIaCCHYECKOM  (OpMalbHOW  JIOTMKH, Kak
CaMOCTOSITENIFHOTO JIOTMYECKOTO HampaBlieHUs, ObUIM 3aJ0XKEeHbl B IEPBOM MOJOBUHE U
cepeaune 19-ro cronerus. OCHOBHAs ujesi COBPEMEHHOM Kiaccuyeckoi (popmanbHOM JOTHUKH
3aKJII0YaeTcsi B «apu@MeTH3anuu» JOTHKA U (OPMAIBHO-JIOTUYECKOM  HCUUCICHHUH
BBICKA3bIBAaHUI HAa OCHOBE JIOTUKO-apU(METHUYECKUX OIEepalyii, OrpeeIeHHbIX B COOTBETCTBUH
C OCHOBHBIMU JIOTUYECKMMHM IIpaBUJIaMU JTOM cucTeMbl. [Io cBoell CyTH cOBpeMeHHas
KJaccuyeckas (opMasbHasi JIOTUKA SBISETCS pa3BUTHEM M O0OOIIEHHEM apUCTOTENIEBCKOM
TpagULUOHHON JIOTUKU. IIpu 3TOM BCe JlorMueckue 3aKOHBI apUCTOTENIEBCKOM TPaJIULIMOHHON
JIOTHKH SIBJIAIOTCS WCTMHHBIMU JIOTMYECKHMMM (POpMylTaMH M C TOYKH 3PEHHS COBPEMEHHOMN
KJIacCuueckod (opManmbHOW JIOTUKH HyJeBoro mopsiaka. CoBpeMeHHash KiacCH4ecKas
¢dbopManbHas Joruka Obula pa3BUTa Oyiarojgapsi yCUJIUSIM MHOTMX MAaTeMaTHKOB, B 4YHUCIIE
KOTOPBIX B MIEPBYIO ouepear HeoOXoauMo ynoMsiHyTh, J[xopmka byns, Oracreca ne Moprana,
UYapns3za [Iupca, ['otnoba ®pere, JlaBuaa ['mnsbepra, beprpana Paccena, Anbdpena Yaiitxena,
Anon3o Yepua, Kypra I'enens, Anbdpena Tapckoro.

ba30oBeIMH TOHATHSIMH JIOTUKU BEICKA3bIBAHUN HYJICBOI'O IMOPsAAKA SABJISAKOTCA:

* [Ipono3unnoHanbHass TMepeMEeHHAs — TEepEeMEHHas, 3HAaYeHHEM KOTOPOHl MOXeT OBITh
JIOTUYECKOE BBICKA3bIBAaHUE.

* IIpono3unuoHanbHas popmysa — ONpenesieTcss MHIYKTUBHO CIEAYIOUIIM 00pa3oM:
a) Ecu P — mpono3unmonansHas nepemenHas, To P — popmyina.

Bb) Eciu A — ¢popmyna, To ~A — ¢popmyia.

B) Eciu A u B ¢popmyiiel, TO

(Av B) (A A B) (1.5)

=(A.B) (1.6)



TaKxe POPMYIIBIL.

B dopmynax (1.5) Ha mepBoM MecTe CTOUT AU3BIOHKIMS dopmyn A u B, cooTBeTcTByromas
JIOTHYECKOW CBsi3ke «A wimm B». Ha BTOpoM MecTe CTOMT KOHBIOHKIIHS, COOTBETCTBYIOIIAS
JIOTUYECKOU CBSI3KE «A 1 B».

* B cooTBercTBHM C MpaBWIIAMHU KJIACCHMYECKOW (POpManbHOM JIOTMKHM HYJIEBOTO TOPSIKa,
Kaxaas (opMyna MOXeT OBbITh IOJIydeHAa 3a KOHEYHOE YMCJIO LIaroB MpU HMOMOILU
JIOTHYECKUX CBSA30K M 0A30BBIX JIOTHYECKUX NEPEMEHHBIX.

e 3Haku

- Al 1V 11— (1.7)

0003HAYalOT OTPULIAHUE, KOHBIOHKIINIO, AU3BIOHKIINIO, UMIUIMKALUIO (JIOTHYECKOE CIIEJOBAHUE).
Hanpumep —A o3HauaeT oTpuuaHue BbIcKasbiBaHMsl A. Beipaxenue (1.6) o3Hadaer, yTo U3
BBICKa3bIBaHUSI A cllefyeT BbiCKa3biBaHue B. Mmrummkamus obo3zHadaercs Takke A—B (A
nmimmnupyer  B).  IlpuBenennsie B (1.7) 3HaKM Ha3bIBAlOTCSA  MPOINO3ULMOHAIBHBIMU
JIOTUYECKUMHU CBSI3KAMH.

e Tlomdopmynoii Ha3piBaeTcs dYacTh (QopMynbl, cama sBiSfOmascs  GOPMYIIOM.
CoOcTBenHoit mondopMyinoii HasbiBaeTcss moadopMyna, He COBMAAAIOMAs CO BCEH
bopmyoii.

* OImeHKOW MPOIMO3UIIMOHATIFHBIX TEPEMEHHBIX HAa3bIBACTCS JIOrMueckas (yHKUus u3
MHOXKECTBa BCEX MPOMO3UIIMOHATBHBIX IEPEMEHHBIX B MHOXXECTBO HWCTHHHOCTHBIX
saaueHuit {0,1}. Ocrosrotl 3a0aueil 102uKu Hy1€8020 NOPAOKA A6ILeMCs YCMAHOBIEHUE
UCMUHHOCIMHO20 3HAYeHUs (QOpMYIbl, eCiu ONnpeoeleHbl UCMUHHOCMHbLE 3HAYEHUS.
8X00AWUX 6 Hee nepemeHHblX. VICTUHHOCTHOE 3HaueHHE (GOPMYNbI B TaKOM Cllydyae
OTIpeNIeNIIeTCS MHIYKTUBHO, C IIaraMd, KOTOPBIE HCIIOJIB30BAINCH TPH TOCTPOCHUH
(hOpPMYIIBI C UCIIOJIE30BAHUEM TAOIUI] UCTHHHOCTH CBSI30K.

Kpurepuii n10xa3zyeMOCTH M HeAOKa3yeMocTH (opMyJa Kjaaccuyeckoro ¢GopMaabLHOIro

HCYHCJIEeHNs] BbICKA3LIBAHMIA

[Tycts A — HekoTOpas GopMyia KJIaCCHYECKOTO0 MCUYUCIICHUS BBICKA3BIBAHUM, & X1,X2,...,Xp —
nepeyeHb BXOAIINX B Hee MepeMeHHbIX. Bbruncianum R, .. an(A) Ha MHOXeECTBE Bcex HAOOpOB
3HA4YE€HUN 2, a,...,3, BXOAAIIUX B Hee nepeMeHHbIX. Ecnu mpu stom, Ry an(A)=1 Ha Bcex
Habopax aj, as,...,a,, TO GopMyna A — TOXIACCTBEHHO UCTUHHAS, MaKas opmyia npusHaemcs
00Ka3yeMou.



Ecnu xe cymectByer HaOOp 3HAYeHHMM MEPEMEHHBIX TaKOW, 4TO yclnoBHE Ryjao. an(A)=1 He
BBITIOJTHSIETCS , TO dopMmyna A — HE TOXIECCTBEHHO WCTUHHAsS, makas (hopmyia npusHaemcs
HeooKa3yemoll.

KpuTtepuii __npoTMBOPEYNMBOCTH M ___HENPOTHBOPEUYHBOCTH (l)ODMV.J'I KJIACCHYECCKOTO0
HCYHCJIEHNS BbICKA3LIBAHMIA

ITycte A — HekoTopas ¢opMylia KIACCUYSCKOTO MCYHCICHUS BBICKA3BIBAHUU, A X|,X2,...,Xp —
MepeyeHb BXOJSAIINX B HEE MEPEMEHHBIX. Bbrancianm R, .. an(A) Ha MHOXECTBE BceX HAOOPOB
3Ha4YE€HUH aj, ay,...,a, BXOASIIUX B Hee mepeMeHHbIX. Ecnu npu 3ToM R, a0, an(A)=0, Ha Bcex
Habopax a;, a,...,a,, TO Qopmyna A — npusHaemcs @GOPMATLHO MOHNCOECMBEHHO
npomueope Usoll.

Ecmm ke cymecTByeT Ha0Op 3HAYEHWN TEPEMEHHBIX TaKOM, 4TO YClIoBUE Ry an(A)=1
BBITIONTHSETCS XOTSI ObI B OJTHOM CJIy4ae M3 paccMaTpUBaeMbIX, TO Gopmyna A — npusHaemcs
8bINOHUMOU U HENPOMUBOPEHUBOLI.

Onpeneaenye rjiao0ajdpLHol GopMaaLHONH HENPOTHBOPEYNBOCTH JOTHYECKOro MCYHMCJICHHUS
BLICKA3LIBAHMI

Jlornueckoe UCUUCIIEHUE HAa3bIBACTCA TNT00AIBHO (POPMATIHLHO HEMPOTUBOPEUNBBIM, €CJIU B HEM
HE JI0Ka3yeMbl HUKaKHE JBE BHEIIHHE (OPMYJBI, U3 KOTOPBIX OJHA SBISIETCS OTPHUIIAHUEM
napyroii. VHade TrOBOps, JIOTHUECKOE MCYHCICHHE Ha3bIBaeTcs TIJI00AIbHO (HOPMAIBbHO
HEMPOTUBOPEUYUBBIM, €CITM B HEM HE CYIIECTBYET Takas BHeUIHss (opmyna A, 4To Jokazyema
kak popmyna A, tak u dopmyina —A. B mpoTHBHOM ciiydae JTIOTMUECKOE MCUMCIICHUE SIBIIACTCS
r7100abHO (POPMaTBHO IPOTUBOPEUUBBIM.

[Ipobnema rtn06anpHONW (OpPMATBLHONW HEMPOTHUBOPEYMBOCTH 3aKIIOYAECTCS B BBIACHEHUH
BOIpOCA: SBJIACTCS JAHHOE HCYMCICHHWE HENPOTHBOPEYHMBBHIM MM HeT? Eciau B MCUUCIEHUH
OOHapy>KUBAIOTCSI BHEIIHUE JOKazyeMble (GopMmynbl BHaa A W —A , TO TaKoe HCUUCIICHHUE
ABIsieTCA (POPMAIBHO MTPOTHBOPEUUBBIM.

H3BecTHa CICAYyIoLas, 1ocuieckKku Heonpoeepacumo JOKa3aHHasA TCopemMa.

TeopeMa 0 1;1002JLH0M GopMaATLHOH HENPOTHBOPEYHBOCTH KJaccuIeckoro popMajabLHOIro
MCUYUCJICHNS BLICKA3LIBAHUI

Knaccuueckoe ¢dopManbHOE HCYHCIECHUE BBICKA3bIBaHWN 00J7a/JaeT CBOWCTBOM TII0OaIhHOU
(dbopMaTbHON HEMPOTUBOPEUYNBOCTH.



CkazaHHOe BBIIIE O3HAYaeT, YTO MOJECIMPOBAHUE TEX WM HMHBIX JIOTUYECKUX (opMmyn B
pamKax Kjaccuueckoi (opMaiabHOW JIOTUKU HYJIEBOIO MOPS/IKAa, B COOTBETCTBUM C IPaBHIIAMU
YIOMSHYTOU T€OpHH, OyAET SIBISITHCSI OOBEKTUBHBIM M OYJET aJIeKBaTHO OTPaKaTh JIOTUYECKYIO
MIPUPOJTY HCCIEIYEMBIX C €€ TIOMOIIBIO JIOTHYECKUX (POPMYIL.

B xnaccuyeckoit popmanbHO# JOTHKE HYJIEBOTO MOPSIKA, B YUCIIEC TIPOUNX, PACCMATPHUBAIOTCS
JIOTHYECKUE (OPMYIIbI, ONpEAEICHHbIE HAa MHOXXECTBE YHApHBIX M OWHAPHBIX JIOTHYECKHX
ornepauuii. YnoMmsaHytele Joruyeckue Gopmynsl npeacrasieHsl B Taaune 1 u Tadanue 2.

Taoauua 1. Tabauua yHapHBIX JJOTHYECKUX onepauui

Yﬂapm,le JJOTHYECKHE onepanuu

X gl=(C) | g2xE(=) | g3 E (1) | g40)= (0)
1 0 1 0
0 1 1 0

B Tabaune 1 yHapHBIX omepaiuii NPUHATHI CIeayromue O0O3HAueHHs: X — JIOTWYecKas
nepemenHas, gl(x) — ¢yHkuus orpunanus (Heranuu), g2(x) — GyHkmus Toxaectna, g3(1) —
TOXAeCTBeHHasT PyHKIUs Jornueckor enquHuIibl, g4(0) — ToxxaecTBeHHast QYHKIIUS JIOTHYECKOTO
Hyns. 0 u 1 — soruueckue, TOXKAESCTBEHHbIE HYJIb U €MHHIIA COOTBETCTBEHHO.

B Ta6uaunne 2 OMHApHBIX JIOTHYECKUX OIEpaIldid IPUHSATHI CICAYIOIIHEe 0003HAYCHUS:

X Uy — JIOTUICCKHUC IICPCMCHHBLIC;

Fi(x, y) — xousronkuus (F 1(x, y) = x&y = x/\y = min(x, y)),
F (%, y) — nussronkuus (F »(x, y) = xVy = max(x, y)),

F 3(x, y) — skBuBaneHTHOCTH (F 3(X, y) = X~uy = X=y = X4—y),
F 4(x, y) — cymma o moxyiio nBa (F 4(x, y) = XEB'y),

F 5(x, y) — nmmukanus ot y K X (F 5(x, y) = xe—y = x(y),

F (X, y) — nmmukanus oT X K y (F (X, y) = x—y = xy),
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Tabauua 2. OcHoBHBbIE GOPMYJIbI OMHAPHBIX JIOTHYECKUX ONepalMid.

BunapHble Jornyeckue onepanuu

XYy Fl(Xay) FZ(X,Y) F3(X’Y) F4(Xay) FS(X’Y) F6(Xay) F7(X’Y) FS(X’Y)

0|0 0 0 1 0 1 1 1 1
01 0 1 0 1 0 1 0 1
10 0 1 0 1 1 0 0 1
11 1 1 1 0 1 1 0 0

x|y| | Foxy) | Floxy) | F11xy) | F12(x,y) | F13(%,y) | F14(%.y) | F15(%.y) | F16(%,y)

0|0 0 0 1 1 0 0 1 0
01 0 1 1 0 0 1 1 0
10 1 0 0 1 1 0 1 0
11 0 0 0 0 1 1 1 0

F 7(x, y) — crpenka ITupca = dyukuus Jlarrepa = Gyukuus Be66a

(«anTHUaU3BIOHKIUS») (F 7(X, y) = le).
F 5(x, y) — mrpux Ileddepa («antukonbionkmms») (F (X, y) = X|y),
Fo(x,y), F 10(X, y) — unBepcuu umrukauuii Fs u F g,

F 11— F 14 — GyHKIIUM TOJNBKO OJHOTO apTyMEHTa,

F15(x, y), F16(X, y) — TOX1ecTBa.

B nocnenHue gecATuneTHsi, MHOTHME CIEHUAIUCTBI 10 OCHOBAHMSIM  KJIACCHYECKOMN
MaTEMaTHKH, - OTMEYAIOT HaJU4HMe CePbEe3HOr0 HAayyHOro Kpu3uca B 00JacTH MHPUHUTAPHOU
TEOPETUKO-MHOKECTBEHHON MartemaTuku /1/. W3ydyas uCTOpHIO CO3MaHUS U PAa3BUTHS TEOPUHU
MHOKCCTB, KaK CAMOCTOATCIILHOTO pa3aciia MaTEMAaTUKU, MOKHO MPUATH K BBIBOAY, YTO B CUITY
OIMPCACIICHHBIX MPUYHH, CBA3AHHBIX C JIOTHYECKOU HpHpOI[OfI TCOpHUU MHOXCCTB, 3TOT KpPHU3UC,
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10 CYTH JieJia HaJajcsi ¢ CaMOTO MOMEHTA 3apO’KJICHHS TEOPUU MHOKECTB, KaK CaMOCTOSTEIbHOM
MAaTeMaTUYECKON AUCUUILIMHBI, U MPOJOJHKAETCS JO CEro JHSA, BOT yxe okoio 130 nerT.

Kak m3BecTHO, MEpBBIl TPy MO TEOPHH MHOXECTB OBUI HAMMCAH BBIIAIOIIUMCS YCIICKHM
MaremaTukoM bepHapaom bonbiano, eme B cepenude 19-ro Beka. Ero knura «Ilapagoxcer
0ECKOHEYHOTO», U TI0 Cel JCHb MOJB3YETCsl MOMYyISIPHOCTBIO, SBISIETCS UHTEPECHON C JIOTHKO-
¢mnocopckoil TOUKM 3peHHsT U TPOJMBAET CBET HAa MHOTME JIOTHUYECKHE U (PHIOCOPCKUE
0COOEHHOCTH OCHOB TEOPUH MHOXECTB. YK€ M3 CaMOro Ha3BaHHMs KHHUTH, a TaKkKe U3 ee
COZIep)KaHUs, CTAHOBHUTCA OYEBHAHBIM, 4YTO bepHapay bBombunano ObllM  M3BECTHBI
napagoKcalbHbIe JOTMYECKHE CBOWCTBA TMOHATHA OECKOHEYHOCTH B CBSI3U C HCCIICAOBAaHHEM
CBOHCTB OECKOHEYHBIX KJIACCOB U MHOYKECTB.

Maremaruueckass TEOpPHsI MHOXKECTB, KaK CaMOCTOSITENIbHAs MaTeMaTudecKas JUCLUIUIMHA,
oopMuace u modyumia JanpHeimee pa3BUTHE Onarogaps HayYHOMY BKJIQAY BBLIAIOLIETOCS
HEMEILIKOT'O MaTeMaTUuKa I'eopra KanTopa, KOTOpBIN TPaJULIMOHHO CYUTAETCSI
OCHOBOIIOJIO)KHUKOM MaTE€MaTHYECKONH TEeOpHH MHOXeCTB. Yxke cam Kanrtop, Onectsmie
BIQJCBIINN JIOTUKOH, 3agyMbIBaJICd HaX TEM, HACKOIBKO CO3/JaBaeMas WM TEOpHS,
COOTBETCTBYET IPUHLMUIIAM apUCTOTEIEBCKOM TpaJiWLMOHHOM Joruku. Ilo-BunmMomy He
ABIISICTCA CIyYalHBIM M TO O00CTOSITENbCTBO, 4TO KaHTOp BHauase Ha3blBall CBOE HOBOE
MaTeMaTHYECKOE HalpaBJICHUE HE TEOpUeEH, a «YueHueM o MHokecTBax» (Mengenlehre — HeM.).
OnHako, 1O Mepe TMpOJABMKEHHS B CBOCH padoTe B HampaBICHUM pa3BUTUS HOBOM
MaTeMaTHYeCKOM Haykd, KaHTOp NIpHIIeN K 3aKIIOYEHHUI0, YTO CO3JJaHHOE UM HalpaBJICHHE
MOJKET SIBJIATHCS OCHOBOM JUIst Bcel MaremaTtuku. B cBs3u ¢ atum Kantopowm Obuia pazpaborana
IIPOrpaMMa CTaHIapTU3alUi MATEMAaTUKH Ha OCHOBE CO3/IaHHOM UM T€OPUU MHOMKECTB.

HeoOxomuMo oTrMeTuTh, uTO co3nanHas ['eoprom KaHTOpoMm Teopusi MHOXKECTB, C CaMOTO
Ha4dajia BCTpeTI/I.Ha pe31<oe HerI/IHTI/Ie Cco CTOpOHBI MHOTHUX BC,Z[yH.II/IX MaTEMaTUuKOB. B YUCJe
MPOTHUBHUKOB MTPUMEHEHHUS TEOPUH MHOKECTB ObUTH TaKHE BHIHBIC MAaTEMaTUKH TOTO BPEMEHH,
kak Anpu Ilyankape u ['epman [IBapi. Oco60i HEMPUMUPUMOCTBIO IO OTHOIICHUIO K TEOPUH
MHO’KECTB OTJIMYAJICS BBIAAIOIIMICA HeMelKui MatemaTuk Jleomonba Kponekep.

BrionHe ecTecTBEHHO MPEANOIOKUTh, UTO Y TAKUX U3BECTHBIX U aBTOPUTETHBIX MATEMATHUKOB,
kak Aupu I[lyankape, ['epman lIBapi, Jleononsn Kponekep, beptpan Paccen, - nomkub! ObuTH
ObITh BEChbMa BECKHE OCHOBaHUs AJi1 00OCHOBaHMS CBOell mo3unmu. M, Kak 3TO MOKa3bIBAIOT
COBPEMEHHBIE MCCIIEIOBAHUSI, 3TH OCHOBAHMS JCHCTBUTEIBHO CYIIECTBYIOT, M OTPaXaroT
OIIPEEIIEHHYIO TOUKY 3PEHHUS, CBSI3aHHYIO NPEXJIE BCETO ¢ apUCTOTEIEBCKOM JIOTUKOM, a TaKkKe
C €€ OHTOJIOTUYECKON YCTaHOBKOM.

Heo0Xx0oauMo OTMETUTH, YTO JIOTUKAa APUCTOTENS HEPa3phIBHO CBs3aHA C €ro (Gpuiocodckoi
CHCTEMOW, ¥ B OHTOJIOTMYECKOM CMBICIIC BBICTYINAET, KaK CPEICTBO W MHCTPYMEHT IMO3HAHHS
YeJIOBEKOM BHEUIHEro Mupa. M3 UCTOpUM pa3BUTUS aHTUYHOM (pninocoduu U JOTMKH U3BECTHO,
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YTO APHUCTOTENb MPUACPKUBAICA TOM MO3UIUU B TEOPUU IMO3HAHUSA, YTO YEJIOBEK MOXKET
[I03HATh TOJIBKO T€ SIBIEHUS W MPEAMETHI, KOTOPBIE IOCTYNHBI €r0 BOCHPHUATHUIO OpraHamMHu
YyBCTB, U KOTOpbIE MOTYT OBITh BOCHPHUHATHI M OOpabOTaHbI €ro CO3HAHHEM Ha OCHOBE
PalMOHAIIBHOTO M HEMPOTHBOPEUYMBOIO JIOTUYECKOTO MBICIUTENBHOIO Iporecca. g 3Toro
SIBIIIETCS HEOOXOIMMBIM BBITIOJIHEHUE 110 KpaiftHel Mepe cienyromux ycnoBuil. [lepBoe ycnoBue
- YIIOMSIHYTBIE SIBIICHUS U TPEIMETHI TOJKHBI YIOBIETBOPATH KATErOpUU OBITHS, TO €CTh OHU
JOJDKHBI CYIIECTBOBATh OOBEKTHUBHO B HACTOSIIEM BPEMEHH, WM JOCTOBEPHO H3BECTHO, UTO
OHM HMMEJIM MECTO M CYIIECTBOBAJIM B MPOLUIOM. BTopoe ycimoBue - u3ydaeMble SIBICHHUS U
MpeIMEThl MOT'YT OBITH BOCIIPUHATHI YEJIOBEKOM C ITOMOIIBI0 OPTaHOB YYBCTB B HACTOSIILIEM, HIIH
nH(pOpMaLIUg O HUX MOXET ObITh MOJIyu€Ha W3 JOCTOBEPHBIX HAYUHBIX HCTOYHUKOB. TpeTbe
YCIIOBHE — HMCCIIEAYIOTCS SIBJICHUS W MPEAMETHI, UMEIOIINE MECTO B HACTOSIIEM, I UMEBIINE
MECTO B MpOUUIOM. YeTBepToe YCIOBHUE — CBOWCTBA IPEAMETOB U SBJIEHUWA OCTAKOTCS
HEU3MEHHBIMU B IIPOLIECCE UCCIEI0BaHUA. Bee 3TO 03HAYAET, UTO € MOMOIIBIO APUCTOTEIEBCKOM
JIOTUKA MOTYT OBITh TO3HAHBI TOJNBKO T€ SIBICHUS WM TPEIMETHI, KOTOpPBIC MO KpaiHel Mepe
UMEIOT CBOE€ COOCTBEHHOE, ONPENCIICHHOE W HEU3MEHHOE OBITHEe B HACTOSIIEM, WIH
CYLIECTBOBAJIM B MPONLIOM, a 00 MX XapaKTEpPUCTUYECKUX KayecTBaX HMeEeTcs AO0CTOBEpHas
HayyHas uHGopManus, He MojJiexanias U3MEHEHHUIO B MTPOLIecce UCCIeA0BAHMUS.

Yro kacaercst OTHOIIEHUsT ApucToTens K punocodckoit KaTeropuu «HEObITUS», TO APUCTOTEINb
MPUICPKUBAIICS TOTO MHEHUS, YTO «HEOBITHE» HE MOXET OBITh TO3HAHO YEJIOBEKOM, IIO
MPUYMHE OTCYTCTBHS MMPU3HAKOB, 0 KOTOPBIM MOYKHO OBIJIO OBI CyTUTh O €ro CYIIECTBOBaHUHU.
C nmpyroii cTOpOHBI APUCTOTEINb T0JIaraj, YTO €CH «HEObITHE» MPOSBISET ceOsl OnpeIeICHHBIM
00pa3oM U MOXET OBITh BOCIIPUHSTO YEIOBEKOM, TO OHO YXK€ IMEpPECTaeT OBITh «HEOBITHEM», U
CTaHOBHTCS YaCThIO «OBITHS». OTCIO/Ia M OHTOJIOIMYECKasi YCTAaHOBKA APUCTOTEIIS B OTHOILICHUH
«HEOBITHS» - «HEOBITUS» HET. M3 5TOro HEemoCpeACTBEHHO BBITEKACT OIHUCATEIbHAS
XapaKTepUCTHKAa OJHOTO M3 BUAOB MPOTHBOPEYHS B apUCTOTENIEBCKOM JIOTHKE — HA3b18aMb
Hecywjecmgyioujee — CyWecmeyiouum  A6IAemcs — Npomueopeyuem ¢ MOYKU — 3PEeHUs.
apucmomenescKkol mpaouyuOHHOU 102UKU.

Jlnst Toro, 4ToObl OLEHUTh CTEMEHb COOTBETCTBUS JIOTHUECKUX OCHOBAHHM TEOPUH MHOXKECTB
apUCTOTEJIEBCKOM JIOTHKe, HEOOXOIMMO PACCMOTPETh CUCTEMY OCHOBHBIX OIpEJEIEHUI TeOpUH
MHOKecTB. K 4YHCIly OCHOBHBIX MOHATUNH TEOPUH MHOMKECTB OTHOCHUTCSA MOHSTHE IIyCTOTIO
MHOKecTBa. IlycToe MHOXECTBO oOIpenessieTcs, Kak MHOXECTBO HE HMMeEIoIllee HU OIHOIO
sanemeHTa. llpu akcMoMaTHYeCKOM TIOCTPOCHHU TEOPUH MHOXKECTB (OPMYIUPYIOT Tak
HA3BIBAEMYIO «AKCHOMY ITYCTOTO MHOXECTBA» 6 KOMOPOU NOCMYJIUPYEemcs CYuWecmeosanie
nyCcmo20 MHOJCeCmaa.

C OHTOJIOTHYECKOW TOYKH 3PEHHS, B TEOPUU MHOKECTB MMEHHO ITyCTOE MHOKECTBO SIBIISICTCS
apxeturnoM (00pa3oM) KaTeropuu «HEOBITHUSI» aPUCTOTEIIEBCKOM ¢dunocodun u JToTuKu. B cuimy
CaMoro CBOETO OMPE/IEICHHUSI, TyCTOE MHOKECTBO HE COJIEPIKUT B ce0e HU OJHOTO JJIEMEHTA, U B
CHJIy 3TOTO O6CTO$IT€J'H>CTB3. C TOYKH 3pCHUA apHCTOTeHeBCKOﬁ JJOTUKH, - HE MOXCT 6I>ITB
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BOCIIPUHSATO TO3HAIONMM CYOBEKTOM HermocpeACTBeHHO. C TOUKM 3peHUs] apHCTOTENEBCKOM
OHTOJIOTUYECKOW MO3MIMH, B OCHOBAHUSIX TEOPUH MHOXECTB HPAMO HAPYUIAEMCS O0OHA U3
OHMONO2UYECKUX YCMAHOBOK apPUCTOMENe8CKOll 102UKU, @ UMEHHO — MHOXKECTBO, HE MMEIOIIee
HU OJIHOTO DJEMEHTa, TO €CTh KOHCTPYKTHMBHO HE€ CYIIECTBYIOIIEE C TOYKH 3pPEHHS
apUCTOTENIEBCKON TPAAUIIMOHHON JIOTHKH, - 00basiiemca cywecmsyowum. HeTpyaHo BUIETS,
YTO TAaKOE MOJIOKEHHUE NIl B OCHOBAHMAX TEOPUU MHOXKECTB MPSAMO MPOTHBOIOJIOKHO YYCHHIO
ApHCTOTENS 0 KATErOpHsIX ObITHUS U HEOBITHS.

[MpunasTHE «AKCHOMBI IYCTOTO MHOXXECTBa» BIJIEYET 3a COOOH Takke HEBO3MOXXHOCTh
JIOTUYECKOTO OTCEUYCHHSI PACCMOTPEHHS TPOTUBOPEUHBBIX 110 APUCTOTENIO0 OOBEKTOB U KJIACCOB.
B knaccuueckoi MaremaTuke, B MPEAIIECTBYIOIIMNA CO3JAHUIO TEOPUM MHOXKECTB IEPHOI,
BOIIPOC PAaCCMOTPEHUSI MPOTHBOPECUUBHIX OOBEKTOB pEIIAICS B COOTBETCTBHU C OCHOBHBIMH
3aKOHAMHU apUCTOTEICBCKOMN JIOTUKH — T€ OOBEKTHI U SIBJICHHS, KOTOPHIE 110 CBOSH JIOTHYECKON 1
AQHAJIMTUYECKON TPUPOAE BCTyNaJd B MPOTHBOPEUYHE C OCHOBHBIMU JIOTMYECKHUMHU 3aKOHAMH
aApUCTOTEIEBCKON TPAAMIIMOHHOMN JIOTUKH, MPU3HABAIMCH HECYIIECTBYIOIIMMU C TOYKH 3PEHHUS
apUCTOTENIEBCKON JIOTUKM W HE BKIIOYAIMCH B YHUCIO paccMaTpuBaeMbIx 00bekToB. [locie
CO3JIaHUSl AKCHOMATHUYECKOW TEOPHUM MHOYKECTB, B CHJIY ITOCTYJIMPOBAHUSI KOHCTPYKTUBHOI'O
CYILIECTBOBAHUS IMYCTOIO MHOXECTBA, HE COAEPKAIIETO0 HU OJHOIO JJIEMEHTA, CTAaHOBUTCS
HEBO3MOXKHBIM OTPHIIATH CYIIECTBOBAHHUE JIa)Ke MPOTUBOPEUMBOTO KjIacca, UMEIOIIETO XOTS Obl
OJIUH JJIEMEHT. Eciu CymecTByeT Kiacc, 3aBeIOMO HE MMEIONIUN 3JIEMEHTOB, TO TeM OoJiee
KOHCTPYKTHBHO CYIIIECTBYET KJIACC, UMEIOIINI XOTsI ObI OJWH JIEMEHT, JJa)Ke HECMOTPS Ha €ro
BO3MOXHYIO JJOTHYECKH MPOTUBOPEUUBYIO IPUPOAY.

Eme onHa, BecbMa 3HA4YMTENbHAS C TOYKU 3PCHMS APUCTOTENECBCKOM TPaJWLMOHHON JIOTMKHU
po0JeMa, 3aKIH04aeTCsl B CXEME OIPEeNIEHUs KIaCCOB U MHOXECTB, KaK TAKOBBIX, HA OCHOBE
3aJaHus  TAaK  HAa3blBAEMOI0  XapaKTEPUCTUYECKOIO  CBOMCTBA, WM  COBOKYITHOCTH
XapaKTEPUCTUYECKUX CBOWCTB, ONPEACIAIONMUX 3TO MHOKECTBO U BXOZSAIINAE B HETO DJICMEHTHI.
I'eoprom KaHTOpOoM Kjlacchl 1 MHOKECTBA ONpPEIEIISUINCH 0 cleayromen oomiel GopmanbHOi
cXeMe:

Cls(Cx) = {x: (Vx)(C(x))} (1.8)

rae, C(x) XapakTepUCTUYECKOE CBOMCTBO, WJIM COBOKYITHOCTh XapayTEPUCTUUYECKUX CBOMCTB,

OIPECACIIAOIINX TOT UIIU WHOM KJIACC MJIM MHOKECTBO.

N3BectHO, uT0 KaHTOp BBIAETSIT MOHATHE MHOKECTBA U3 O0IIEro MOHATHUS Kiacca. MHOXECTBO
no KaHTopy — 3TO TakoW KJacc, KOTOPBIM YIOBJIETBOPSAET BCEM JIOTMYECKHM 3aKOHaM
aApUCTOTEJIEBCKOM TPaAUIIMOHHOW JIOTMKUA. B MpOTHBHOM ciydae — paccMaTpUBaeMblid Kiacc
aBisgercs o KaHTopy — JIorMuecky HEKOHCUCTEHTHON COBOKYNHOCThIO. OHako KanTopom, Tak
U He ObUIO CIIeNIaHO COOTBETCTBYIOIIEro (opManbHOro yrouHeHus. IlociaencTBust 3TOro
0OCTOSITENILCTBA XOPOIIO W3BECTHBI — BBIIAIOUIMMCS AHTIUICKUM JIOTUKOM W MaTeMaTHKOM
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beprpanom Paccenom Obu1 OTKpHIT Tak HazbiBaeMblld «[lapamokc Paccena», B paMkax KOTOpOTro
ObUTa MOCTPOEHAa KOHCTPYKIUS TAaKOro Kjacca R, KOTOPBIN YAOBJIETBOpSET (popMalbHOMY
TpeboBanuio (1), HO HE COOTBETCTBYET 3aKOHAM AapHUCTOTEICBCKOW TPAJAUIIMOHHOW JIOTHKHU.
Takum 00pa3oM, co Bcel OMpeeICHHOCTHIO BRISICHUIIOCH, YTO KAHTOPOBCKAsI TEOPHS MHOXKECTB
Ha JIeJie ONpeIeNisieT TaKKe U JJIOTUYECKH HEKOHCUCTEHTHBIE COBOKYITHOCTH.

I'eoprom KanTOopoM B paMkKax ero TEOPUH MHOXKECTB, OBLI OTKPBIT TaK Ha3bIBACMbIH
«[Tapanokc Kanropa», B pe3ynbrare paccMOTpeHUss KoToporo, KaHTop mpuiien Kk He MEHee
napaioKCcalbHOMY 3aKJIIOUEHHUIO O TOM, UTO Kjlacca V' BCeX CaMOTOXKIECTBEHHBIX MHOXKECTB HE
cyuiectByet. Jlornyeckasi mapagoKCaabHOCTh ASTOTO 3aKJIIOYEHHUS! COCTOUT B TOM, YTO CAMH IO
ce0e CaMOTOX/IECTBEHHBIE MHOXECTBA CYIIECTBYIOT, HO T€M HE MEHEE, COCMAGIEHHbIl U3 HUX
K1acc — He cywecmeyem. DTa JOTMYECKH IapaJoKcaibHas CUTyalllsl BBINVIAIUT ele Oosee
napajiokcanbHOi Ha (poHe MPUHATHSA «AKCHOMBI IIyCTOIO MHOXKECTBa», - B YACTHOCTH, B PaMKax
KaHTOpOBCKOU U kinaccudeckux cucteM ZF u ZFC teopun MHOXKECTB TPUXOAT K 3aKIIOUCHHIO,
YTO IyCTOE MHOKECTBO, HE COJAEp)Kalllee HU OJIHOTO 3JIEMEHTa CYIIECTBYET, a Kjacc BCeX
CaMOTOKJIECTBEHHBIX MHOKECTB, HECMOTPS Ha HAJIMYME CAMHX CaMOTOX/I€CTBEHHBIX MHOXKECTB,
mem He MeHee He Cyujecmeyen, KaK makogol.

B Teopum kmaccoB M MHOXKECTB BEChbMa CYIIECTBEHHOW TIPOOJIEMON SIBISETCS BOMPOC
CyLIeCTBOBaHMsI yHUBepcaibHoro U - Kiacca, TO €CcTh Kjacca, 3JIeMEHTaMH KOTOPOTo SIBISIOTCS
BCE€ JIPYTrue€ MHOXKECTBA U KJIACCHI.

Heo6xoauMo 0TMETHTb, UTO KOHCTPYKTUBHOE CYIIECTBOBaHUE YHHBepcaibHoro U - kiacca, -
70 CUX IOp, KaK IPaBHIIO, - HE NPU3HACTCA B KIACCHYECKUX CHCTEMax TEOpUU MHOXKECTB. B
Ka4yecTBE XapaKTEpHOro NMpuMepa MOXKHO IPUBECTH PaCCMOTPEHHUE 3TOro Bompoca B pabore /1/.
KpacHbIM KypcHBOM BBIJIEIICHBI T€ MECTa B J0Ka3aTEIbCTBE, HA KOTOPhIe HEOOXOAUMO 0OPaTUTh
IIPUCTAIIbHOEC BHUMAHUE.

YT1Bep:kaeHne 00 VHHBEPCAJILHOM KJacce

He cywiecmeyem Knacca écex MHOMCeCme, Ui hOpMaibHo
—(@x)(vy)ye x) (1.9)
JlokazaTenbCcTBO

I[OKaBaTG.HBCTBO 6YI[GM BCCTHU OT MPOTUBHOI'0, 4 UMCHHO JOIYCTHM, YTO IJISI HCKOTOPOIO X
BEpHO:

(Vy)ye x) (1.10)

Ilonoosrcum:
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v:{ue X;ué u} (1.11)
Paccmompum nepeoe npeononosxcenue:
vey (1.12)
U3 conocmaenenusn (1.11 ) u (1.12) cnedyem:
(ve v):>(v$ v) (1.13)
Paccmompum emopoe npeononosxcenue:
VE VY (1.14)
U3 conocmaenenusn (1.11 ) u (1.14) cnedyem:
(veév):(ve v) (1.15)
U3 conocmaenenusn (1.13) u (1.15) cnedyem:
[(ve v)<:>(ve£v)]EO (1.16)

Coomnowenue (1.16) o3nauaem noayuenue apucmomese6cK020 NPOMUBOPEUUS.
Cneoosamenvno oonywienue, gviparcaemoe coomuoutenuem (1.16) neeepuo u umeem mecmo
(1.9).

Herpynno Bugers, uro ¢opmyna (1.16) BepaxkaerT He uTo MHOE, Kak «[lapamokc Paccemax.
WubiMu crioBamu, uMeHHO «[lapagokc Paccena» siBisieTcst TeM JJOrMYECKMM OCHOBAaHUEM, UCXOAS
U3 KOTOPOrO JIENAETCsl BBIBOJ O HECYIECTBOBAHWM YHHMBEPCAJIBHOI'O KJIACCA BCEX MHOKECTB.
Takum 00pa3oM, MOKHO NPUATH K BBIBOJY O TOM, YTO B KJIACCUUECKOW TEOPUU MHOXKECTB,
BONPOC CYIIECTBOBAHUS YHUBEPCAJIBHOIO KJlacca HENOCPEACTBEHHO cBs3aH ¢ «llapamoxcom
Paccena».

Eme Apwucrorento ObUIO U3BECTHO, YTO (oOpMalibHble MPOTHBOPEYMS MOTYT BO3HUKATh Ha
AHATUTUKO-CUHTETUYECKOM  JTalme YMCTBEHHOW JI€ATEIbHOCTM 4YEJlIOBEKa B  IIpoliecce
nepepaboTKU TOM MM MHOW peaynbHOM MHpOpmManuu. Kpome 3Toro He0oOXOIUMO YUYHUTHIBATH
TaKkkK€ M TO OOCTOATENIBCTBO, YTO peanbHas WH(OpMAIHs, MO CBOEH JIOTMYECKOH CTPYKTYpe
MOXET M HE COOTBETCTBOBATH APUCTOTEIEBCKOM TpAaJAMIMOHHON Joruke. Ilpencrasisercs
COBEPIIICHHO ECTECTBEHHBIM, YTO MbI HE MOXEM 0e3 JOJKHBIX Ha TO OCHOBAHUW MPUIHCHIBATH
peasibHOM  WH(GOpMAIMU  JIOTHYECKHE CBOWCTBA, BBITCKAIONIME U3  aPUCTOTEICBCKOU
TPAAULMOHHON JIOTMKH, MTOCKOJIBKY 3aBEIOMO CYIIECTBYIOT TAKHE YTBEPKIACHUS U JIOTMYECKHUE
(GbopMyIbl, KOTOpble HE COOTBETCTBYIOT BTOPOMY M TpPETbEMY 3aKOHaM apHUCTOTENIEBCKON
TPaAULIMOHHON JIOTUKU. YTIOMSHYTbIE JIOTHYecCKHe (OpMYJbl COAepkKaTrcs HalpuMmep B
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KJIACCMYECKHUX JIOTUYECKUX IMapaJioKcax, KOTOpPbIe MOCTPOCHBl UMEHHO Ha TOM OOCTOSITENbCTBE,
YTO BXOJALINE B HUX JOTHYECKHe (POPMYIIbl BEIXOAST 3@ paMKH apUCTOTEIEBCKOM TpaaUIIMOHHOM
JIOTUKH.

[IpencraBisier wuHTEpeC TO OOCTOATENBCTBO, YTO Hamuuue Jorudeckoro 0, Kak
CHUCTEMOOpa3yIome KOHCTAaHThI COBPEMEHHON KJIACCUYECKOM JIOTHKH HYJIEBOTO TIOPs/IKa,
mo3BoJisieT HaM MonenupoBaTh «[lapamokc Paccena» ectecTBeHHBIM 00pa3oM, MOCKOJIBKY OHO
COJIEPKUT JIOTHUECKYIO (hOPMYITY, TOKIECTBEHHO PaBHYIO JIorndeckomy (:

O=[(vev) = (vev)]=0 (1.17)

U3 coornomenust (1.17) cnemyer, uto noruueckas Gopmyna Q SBISETCS JIOTHYECKH

MHBEPCHOM II0 OTHOLIEHUIO K 3aKOHY O HENPOTUBOPEYMM APUCTOTEIIEBCKOM TpPagULMOHHOU
JIOTUKU. YUYUTBIBasi CBOMCTBA JIOTUYECKOTO HYJISI U JIOTUYECKON €IMHULIBI, MBI MOYKEM ITOCTPOUTH
TaOMUIBl YHAPHBIX M OMHAPHBIX JIOTMYECKUX ONEpaluil JIOTHYECKOW CHCTEMBI, OCHOBAaHHOH Ha
«3aKOHE TOXKAECTBAa» apUCTOTEIIEBCKOM TpaauIIMOHHOM Joruku u «Ilapagokce Paccena». Kak ato
HU NapaJOKCaJIbHO, HO TaKasl JIOTHYECKAasl CUCTEMA IO CBOEH JIOTUYECKON CTPYKTYpPE COBIANACT C
COOTBETCTBYIOLIMMH JIOTHUYECKUMH CTPYKTYpaMH KJIaCCHUECKOW (popManbHOH JIOTMKU HYJIEBOTIO
OPsJKA.

Tabauua 3. YHapHbIe JJOTHYeCKH TPAHCIEHAeHTHbIE ONepanun

Ynapnble JIOTHYE€CKHU TPAHCHCHACHTHbBIC ONlepalluu

X glM=(-) | g2xE(=) | g3 E D) | g40)= (0)
Q&0 1 0 1 0
A=A 0 1 1 0

N3 Tabauubl 3 u Tadaunsl 4 cienyer, uro B HUX jJorudeckue 1 u ), 3aMeHEHBI JIOTHYECKUMU
dbopmynamu «3akoHa ToxaecTBa» u «Ilapamokca Paccena» coorBercTBeHHO. C TOYKH 3pEHUS
JIOTUYECKOU CTPYKTYPHI KJIACCHUECKOW (HhOPMaIbHOM JIOTHKHM HYJIEBOTO TOPSIKA Takas 3aMeHa
SIBJISICTCS JIOTHYECKH DKBUBAJICHTHOW B CMBICIIC 3HaUECHUN (DOPMaTbHON HCTUHHOCTH.
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Tabauua 4. BunapHble T0rH4ecKH TPAaHCUEHIEHTHbIE ONepanuu

Bnnapnble JIOTHYECKHU TPAHCHCHACHTHBIC OIlepalluu

X y F,| F, F; F, Fs F F, Fg
Qe -0 | Qe 0 0 0 1 0 1 1 1 1
00| A=A 0 1 0 1 0 1 0 1

A=A | Q00 0 1 0 1 1 0 0 1
A=A Z=7 1 1 1 0 1 1 0 0

Q=70 | 00 0 0 1 1 0 0 1 0
Q=0 A=A 0 1 1 0 0 1 1 0
A=A Q<0 1 0 0 1 1 0 1 0
A=A A=A 0 0 0 0 1 1 1 0

®opmyJibl, HE COOTBETCTBYIOIIME 3aKOHAM APUCTOTEJIEBCKOW TPAAMIIMOHHON JIOTUKH, U TEM
CaMbIM BBIXOJSIIUE 32 NPEAEIbl YIOMSHYTOW JIOTUYECKOW CHCTEMBI, HA3BAHbI HAMHU JIOTUYECKH
TpaHCUEHJEHTHbIMU (  OT Jar. transcendentis — TMepelIarMBaIOIMA 3a MPEIEbl).
COOTBETCTBEHHO, JIOTMUYECKAsi CHCTEMa, BKIFOUAIOIIAs JOTHYECKHE (OPMYIBI, BBIXOJSIINE 32
Mpeaeabl  apUCTOTENIEBCKOW TPAAULMOHHOW JIOTMKH, Ha3BaHa HaMu «TpaHCLEHIAECHTHON
norukoi». 13 Tadauubl 3 u Tadauusl 4 cienyer, 4ToO HA OCHOBE COBPEMEHHOM KJIaCCUUECKOMN
(dbopManbHOW JIOTMKH HYJIEBOTO MOPSAKAa MOXKET OBITh MOJHOCTHIO (pOPMAIM30BaHA HE TOJILKO
apUCTOTENEBCKAass TPAAMIMOHHAS JIOTMKA, HO M TPAaHCLUEHJACHTHAs JIOTMKA, OCHOBHBIMH
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CTPYKTYPHBIMU 3JIEMEHTaMU KOTOPOM SIBJISIETCA «3aKOH TOXIECTBa» AapHUCTOTEIIEBCKOM
TpaaguoHHON Jiorukn u «llapamokc Paccena», ABASIOMMACA JOTMYECKM HWHBEPCHBIM IO
OTHOIIIEHUIO KO BTOPOMY OCHOBHOMY 3aKOHY apHUCTOTEJIEBCKOM TPAIUIMOHHON JIOTHUKH.
BrisiBieHHBIE HAMU OOCTOSITENTLCTBA O3HAYAIOT, YTO COBPEMEHHAsi KiaccCuueckas opMaibHas
JOTUKAa OOBEAMHSAET B CBOMX PaMKaX, KaK apUCTOTENEBCKYIO TPAAWIIMOHHYIO JIOTHUKY, TaK
BBIXOJIAIIYIO 32 €€ MPEeeibl, - TPAHCIEHACHTHYIO JIOTHUKY. TeM caMblM CTAHOBUTCSI OYEBUIHBIM
CYIIECTBEHHOE OTIMYME COBPEMEHHOH KacCH4ecKol (hOpMabHOM JIOTUKK HYJIEBOTO MOPSIKA
OT apUCTOTEJIEBCKON TPAAUIIMOHHOMN JIOTUKH.
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2.AHau3 (peHOMEHA JIOTHYECKOH TPAHCUEHJEHIUM B OCHOBAHMSIX
KJIACCHYECKOH TEOPUU MHOKECTB

2.1 O d¢opmanvno-nocuueckon u meopemMuUKO-MHOICECMEEHHOU cucmeme
INCOL&TAMLA

B Hacrosmem maparpade mpeactaBieHoO oOlnee ONMMCcaHue TPAHCIEHICHTHOW —(opmanbHO-
morudecko U TeopeTnuko-MHokecTBeHHOM cucteMbl INCOL&TAMLA u HEKOTOPBIX,
MOJYYEHHBIX Ha €€ OCHOBe pesynbTatax /2,3,4/. Ilpm sTOoM mox ¢GopMaTbHO-IOTHYECKOM
TpaHCIeHJIeHIIMeW (0T Jar. transcendentis — TmepeniarMBarOmMid, BBIXOIAIIANA 3a TIPEIEIIbI)
ITIOHUMAETCA BBIXOJ 3a NpPeNesbl KIACCHYECKOW apUCTOTEIIEBCKOM TPaJULIMOHHOM JIOTHKH,
HaOmIOgaeMblid M JOKa3yeMblii B paMKaX COBPEMEHHOM TIJO0OAJIbHO HEMPOTUBOPEUYHBOM
KJIaCCUYEeCKOM (OopMalbHOW JIOTHMKM HYJIEBOTO mopsjaka. Kak H3BeCTHO, B COBPEMEHHOM
KJIaCCHUYECKOM (OpMabHOW JIOTWKE HYJIEBOIO TOps/KAa OCHOBHBIC JIOTUYECKHE 3aKOHBHI,
MOJy4aeMble B IpeJenax KIaCCUYECKOM apUCTOTENIEBCKOW TPaJAULMOHHOW JIOTMKH, SBISIOTCS
TOXKJIECTBEHHO-UCTUHHBIMU JIOTHUYECKUMH (Qopmyiamu. I3BecTHO Takke, 4TO Tio0agbHas
(dbopMabHO-I0rHYecKass HEMPOTUBOPEUYUBOCTh KJIACCHYECKOW (POpMalIbHOM JIOTWKH HYJIEBOTO
MOPSIIKA HEONPOBEPKUMO [JOKa3aHa BBIJAIOIIUMCS ABCTPUICKAM JIOTHKOM W MaTE€MaTHKOM
Kyprom I'enenem um He momiexxuT coMHeHHI0. OHAKo, C APYrod CTOPOHBI, MCCIEIOBAHUE
JIOTHYECKUX CBOWCTB KJIACCMYECKOW (hOPMabHON JIOTUKM HYJIEBOTO MOpsAKa MOKa3ajio, 4To
HECMOTPSI Ha 3TO OOCTOSITENIHCTBO, B HEW CYLIECTBYIOT M TaKHUE€ JIOTUYECKHE YTBEpPKICHHS H
joruueckue GopMysbl, KOTOPbIE XOTS M HE OTPULIAIOT MPSIMO 3aKOH O HENPOTUBOPEUUH U 3aKOH
UCKJIIOUEHHOTO TPETHEro, OJHAKO B CHUJIBHOW CTENEHM OTJIMYAIOTCS OT KIIACCUYECKUX
apUCTOTEJIEBCKUX BBICKA3bIBAHUI B CMBICIE COOTBETCTBUS MX 3aKOHAM O HENPOTHUBOPEUUU H
UCKITIOYEHHOTO TPEThero. YTOMSHYTbIE JIOTUYECKHE YTBEPXKACHUS M JIOrHMYecKue (popmysibl
KJIacCM4ecKoM  (opManbHON JIOTMKM HYJIEBOTO TOpsAAKa OBLTM Ha3BaHbl  JIOTHYECKU
tpancuenaeHTHeIMU.  Cucrema INCOL&TAMLA paspaborana mia  3¢pEHEKTUBHOTO
UCCIIEIOBaHUSI UMEHHO TPAaHCLUEHICHTHBIX (OPMATbHO-JIOIMYECKUX U JIOTUKO-aHAIUTUYECKUX
(dbopMyIl B pa3nuuHbIX (POPMATHHBIX U MOIY(OPMATHHBIX MATEMATHIECKUX TEOPHUSIX.

B pamkax MexmayHapogHoro HayuyHO-TexHHueckoro ooOmectBa «INCOL», rtpynma
CIELUAINUCTOB TOJT PYKOBOJICTBOM H3PAaWJILCKOTO YYEHOTo, paboTaiomiero B 00JIaCTH
(hopManbHOI JOTUKH, TEOPHH MHOXKECTB, MTPUKIATHON MAaTEMAaTUKHA U MEXaHUKU - AJIeKCaHIpa
AXBIIE€[IMaHU, - YCIIEUIHO 3aBEPILMJIa MHOTOJIETHIO pPadOTy IO CO3JaHHI0O M NPUMEHEHUIO
TPAHCUEHIEHTHOH MHOTOYPOBHEBOH (hOPMAIBHO-IOTUYECKOH M TEOPETHKO-MHOKECTBEHHOM
marematuueckoii cucremMbl INCOL&TAMLA («Incolumitas & Transcendent Multilevel
Logical Analysis»). CiioBo incolumitas Ha naTeiHM 0003HauYaeT 0e30macHOCTh. TemM caMbIM, B
Ha3BaHUM YIOMSHYTOM JIOTUKO-MaTeMaTUYeCKON U TEOPETHKO-MHOXKECTBEHHOH CHCTEMBI
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INCOL&TAMLA mnomuepkuBaeTcsi, 4TO 3HAHHWE TPAHCICHICHTHBIX JIOTHUYECKHUX CBOWMCTB
(hopMaIbHON KIACCHYECKOM JIOTMKH HYJICBOTO MOPSIAKA, MO3BOJISIET COJACHCTBOBATH JIOTHUSCKU
O0e3omacHOMY €€ TPUMEHEHHI0O B TOW WIM HWHOW (opMaNpbHOM WM TONXY(HOPMaTBHOM
MaTeMaTquCKOﬁ TeOpI/II/I, YTO HE MOKCET 6]:ITB I‘apaHTI/IpOBaHO HpI/I CTaH,Z[apTHOM cec
HCIIOJIB30BAHUHU.

Jlornueckum sApOM YIOMSHYTOH JIOTMKO-MaTEMaTUYECKON TEXHOJIOTUU SIBIIACTCS «HOY-Xay»,

chopMmynupoBanHoe U oOocHoBaHHOe B 1990 romy coBMecTHO AJIeKCaHIpPOM U
Homapom AxBieguanu B BUJIE «[IpuHIUIIOB JIOTUKO-MaTeMaTHIECKOU
TpaHCUeHJeHUun». B Teuenun mnocnenayrommx 20 ner, AnekcaHapoM AXBiIeIMaHH Ha
OCHOBE YHIOMSIHYTBIX MIPUHIUIIOB, ObLTH OCYIIECTBIIEHBI MHOTOUYHUCJICHHBIE
JIOTUKO-MAaTeMAaTU4ECKUE,  HAyYHO-TEXHUYECKHE, MYJIbTUAUCUUIUIMHAPDHBIE U JIOTHUKO-
dunmocodckue  MccienoBaHMs, KOTOpbIE TPUBEIM K  pa3pabOTKe  TpaHCIEHISCHTHOMN
TEOPETHUKO-MHOXKEeCTBEeHHOM JIoruko-Maremarrndeckoit cuctembl INCOL&TAMLA.

OnHUM U3 MEPBBIX, KTO JOTMYECKH U MaTeMaTHUYeCKH CTPOTO MOKa3al CyIIeCTBOBaHHE ciaabo
TPAHCUEHJIEHTHBIX  JIOTUYECKUX (QOpMyd B  JIOCTaTOYHO Ooratbix (opMalbHBIX U
noyiypopManbHbBIX ~MaTEeMaTHUECKUX TEOpHsX, Ccojaepkalmux akcuomaTtuky Ileano, Obu1
BeIfatomuiics aBcrpuiickuii jJoruk Kyprt [emenb. i ymoMsSHYTBIX BBIIIE TEOpHH OBLIO
MOKa3aHO CYIIECTBOBaHME B HHUX TakuX Jiorudeckux ¢opmyn F u —F, 9to He mpencrasnsercs
BO3MOXXHBIM JIOKa3aTh WJIH OMPOBEPrHYTh HU oAHY u3 Gopmyn F umm —F, mpu ycmoBuu, 4to
YIOOMSIHYTBIE€ BBIILIE TEOPUU JIOTUUECKH HENMPOTHUBOpEUMBBHI. JTUM cambiM Kyptom I'enenem
OBLIO MOKa3aHO CYIIECTBOBAHUE B ATUX TEOPHSIX TAKUX TPAHCIEHACHTHBIX JIOTUYECKUX (HOPMYIT
F u —F, xoTophIe C 0JTHOI CTOPOHBI XOTS M HE OTPHUIIAIOT 3aKOHA 00 UCKIIFOYEHHOM TPEThEM, HO C
OpYro CTOpOHBI M He yAOBIETBOpsAOT eMmy. Ilpum stom «llepBas Tteopema I'emens» B
uatepnpetaruu  cucteMbl INCOL&TAMLA o3Hawaer, 49ro eciud JOCTAaTOYHO Oorartas
dbopManbHas wuau mnonypopManbHas MaTeMaTH4ecKas Teopus, cojepralias aKCHOMaTHKY
[leano, sBisieTcsi HEMPOTUBOPEUUBOM, TO B Hell cormacHo Teopun Kypra I'egens cymiecTByroT
TpaHCILEeHIeHTHbIE Joruueckue Gopmyisl F u —F.

H3BecTHO, uTO T1i0OanbHas (opMalbHO-IOTHYECKasi HEMPOTHUBOPEUYUBOCTh KJIACCHUECKOMN
¢dopmanpHOW JIOTWKM HyJeBoro mnopsiaka ycranoBieHa Kyprom [I'emenem. InmobanbHas
(dopmanpHO-JIOTHYEeCKass HENPOTUBOPEUMBOCTh KIIACCHUECKOW (HOPMAIIBHOM JIOTMKH HYJIEBOTO
MOpSAJIKa 03HAYaeT, YTO B HEW HEBBIBOJUMBI JBE TaKME TOXKIECTBEHHO HCTUHHBIE JIOTUYECKHE
(bopMyIIBI, KOTOPBIE BMECTE C TEM OTpHLAIH OBl Apyr apyra. OnHaKo, TEM HE MEHee, B paMKax
dbopmanibHO-T0THYECKON B TeopeTuko-MHOKecTBeHHOU cucteMbl INCOL&TAMLA ynanock
CYUIECTBEHHO pa3BUTh Teoputo Kypra ['emens, B TOM cwmbicie, 4YTO OBLJIO J0Ka3aHO
CyIIECTBOBaHME B caMOH  (hOPMAJbHO-JIOTHYECKH  HEMPOTHBOPEYMBOM  KJIIACCHUECKOU
(dbopManbHOW JIOTHKE HYJIEBOTO IMOpSJKa CYIIECTBOBAaHHME TAKUX CHJIBHO TPaHCUEHIAEHTHBIX
yIBep)KIeHUH u (opMya 53Toil Teopun A W —A, UYTO MO OTAEIBHOCTH JIOTHUECKH
HEMPOTHUBOPEUHMBO BBIBOAUMO, Kak A Tak 1 —A. HeoOX01MMO OTMETHUTH,UTO MPH J10KA3aTEIBCTBE
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CYLIECTBOBAHMSI CUJIBHO TPAHCUEHACHTHBIX YTBEpXkKJIeHUH A W —A He ObUI HCHOJB30BaH
morndeckuii 3akoH JlyHca Ckora, cOrjacHO KOTOPOMY H3 TOXJIECTBEHHO MPOTUBOPEUUBOM
dbopmynsl BRIBOAUMA J00ast hopmysia, B TOM 4HUCiIe B poTtuBopeune Buga A&—A. HaoGopor,
npencrasieHHoe B pamkax INCOL&TAMLA  gopmanbHO-TOTHYECKOE J0Ka3aTelbCTBO
CWIBHOM  TPAaHCUEHACHTHOCTH  YTBEpXKIAEHMM A u —A, 1oapa3ymMeBaeT HMEHHO
HEMPOTUBOPEUMBHIN (hOpMANBHBINA JIOTHUECKUI BBIBOJ, HE COJEpKaIlUil B ceOe TOXKIIECTBEHHO
MIPOTHUBOPEYUBBIX (POPMYIL.

B ocHOBe nmpuBENEHHBIX BBIIIE PE3YAbTATOB JekKaT «[IpHMHUMIBI JIOTHKO-MATEeMaTHYEeCKOM
TPaHCUEeHIeHIMU» CPOPMYJIMPOBAaHHBIE U JIOKa3aHHbIE COBMECTHO Ausekcanapom u Homapom
Axsneauand B 1990 roxy. OHM COCTOAT U3 CIEAYIOIIUX YETHIPEX YTBEPXKIACHUN, KOTOPbIe ObLTH
(GopMabHO JIOTMYECKH CTPOTO JI0Ka3aHbl B paMKax KJIACCUUECKOW (HOPMaAIILHOM JIOIMKH
HYJE€BOIO MOpAJIKa, KaK TEOopeMbl, HpHyeM Oe3 MPUMEHEHHs KOCBEHHBIX METOJIOB
JI0Ka3aTeNIbCTBA U JIOTHYECKOTro 3akoHa Jlynca Ckora.

IlepBLIii NPUHIMI JOTHKO-MATEMATHYECKOH TPAHCIEHACHIINU

B knaccuueckoii ¢hopmanvnoil 102uKe Hy1€6020 NOPAOKA CyUIeCmeyiom makKue 102udecKu
CUJIbHO mpancueHOeHmHuvle ymeepicoenus u gopmyavt A u —A, umo no omoenvnocmu
J102uYecKu HenPoOmueopeuuso 6b1600uMo, Kak A mak u —A.

Bropoii nmpuHIMI JOTHKO-MaTEeMaTHYECKOH TPAaHCIEHACHIINH

B knaccuueckoii popmanvroit nocuke Hyn1e€6020 NOPAOKA KOHCMPYKMUGHO cCyuiecmeyem
Jl02udecKu UHEepcHoe Xaycoophoeo obuiee mononozuueckoe n02udecKoe npocCmpancmeo, 6
KOmMOpomM MHOMCECE0 N02UYECKUX 3AKOH06 KIACCUYECKOU apucmomeneéckoil n02uKu
6bICKA3bIGAHUIL  AGIACMCA UL €20 COOCMEEHHbIM NOOKIACCOM, d Kpome He20 8
YHOMAHYMOM  00WieM MONOI0ZUYECKOM JI02UYECKOM RpOCmpancmee, 6 Kavecmee
COOCMEEHH020 NOOKNACCA COOEPHCUMCA MAKIHCE U KACc ¢1a00 U CUNbHO MPAHCUEHOCHMHBIX
J102UYECKUX YMEePHCcOeHUl u hopmyi.

Tpernii TPUHINN JOTHKO-MATEeMATHYECKOH TPpaHCIeHIeHIIHH

B knaccuueckoii ¢popmanvnoit nocuke Hyne6020 nopaoKa KOHCMPYKMUGHO Cyuiecmeyem
Jlo2uYecKu UHGEpPCHOe apucmomesneeéckoe, mempuszyemoe no Xaycoopdy mononozuyeckoe
JlocuyecKkoe  NPOCMPAHCMEO, cooepicaujee  10KAIbHbIE, eénewine  hopmanvno
Henpomueopeyugple J102U4ECKUe noonpocmpancmea  (opmanvHo20  K1ACCUUECKO20
ucuucnenua Il'unvbepma, eHympu KOmMoOpvIX 6b1600UMBL HPEOETbHO MPAHCUEHOEHMHbLE
Jl02uyecKue hopmynvl, IK6UEAIEHMHbIE OMPUUAHUIO 3AKOHA 0 HENPOMUEOpe Ul U 3AKOHA 00
UCKIIOYEHHOM MPEempem.
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YerBepThlii NPUHINN JOTHKO-MATEMATHYECKOH TPaHCIEHIEeHITHN

Kaowcoaa, oocmamouno 6ocamasn ¢hopmanvnana uiu noayphopmanvuas mamemamuyeckasn
meopus, cooepicauias Kiaccuieckylo (QopmanvHylo 102uUKy HY1€6020 HOPAOKA, Meopuio
PAUUOHAILHBIX HUCel, OnpedesieHue 0eCKOHeYHO O00bWoll GeIUYUHbl U OnpeodeieHue
63AUMHO O0OHO3HAYHO20 COOMEEMCMEUA KIACCO8 UNU MHOMcecme (6 mom uucie u
0ecKoHeuHbIX), cooepiycum maxkue CUibHO MPAHCUEHOEHMHblE 02UKO-MamemamuiecKue
ymeepocoenua A u —A, umo no omoenvnocmu, YopmanvbHo N02UUECKU U AHATUMUYECKU NO
OMOEbHOCMU HEeNPOMUBOPEUUBO 6bIEOOUMO, KAK ymeepicoenue A, mak u ymeeprcoenue
~A.

B nacrosmee Bpems cuctema «INCOL&TAMLA» mo3Bonser  3¢hdEKTHBHO
OCYILECTBIATh ~ MHOTOYPOBHEBBIE  MYJIBTHUAMCLUIUIMHAPHBIE,  MEKIUCLHUILUIMHADHBIE U
MOHOJUCUUIUIMHAPHBIE MCCIEIOBaHUA B DPA3NIMYHBIX OONACTAX HAYKM U TEXHUKU C
Y4eTOM OCOOEHHOCTEH KIJIACCHUYECKOW apUCTOTENEBCKON CHUIUIOTUCTHKH, apUCTOTENEBCKOM
KJIaCCUYEeCKOM  (OpMaIbHOM  JIOTUKH, COBPEMEHHOW KIACCHYECKOW JIOTMKH  HYJIEBOTO
MOpsi/IKa, COBPEMEHHOM KIIaCCHYECKOH JIOTUKY TIEPBOTO MOPSAKA, a TaKKe OyneBoii anreOpsl.

Ha ocnoBe mnoruko-maremarndeckoii cucteMbl <«INCOL&TAMLA» Obuin  ycnemrHo
pa3pelieHbl HEKOTOphIe KJIACCHYECKHE TpPYTHOPa3pelIMMble 3aadyd TEOPHU MHOMXKECTB,
MaTEMaTU4eCKOro aHalln3a, KIACCHYECKOM TEOMETPHH M aHAINTHYECKOH MEXaHWKU, B TOM
qHCIIe:

1. UccnenoBana noruueckas crpykrypa «KoHTHHYYyM — runotessl» ['eopra KanTopa, qokasaHbl
€e JIOTUYECKH TPaHCLIEHJCHTHbIE CBOMCTBA, KOTOPbIE 3aKJII0YAIOTCS B OTIMYUU €€ OT OCHOBHBIX
3aKOHOB KJIACCHYECKOU TPaIULIMOHHOMN apUCTOTEIEBCKOM JIOTHKU,
U B paMKax KIJIACCMYECKOW (OpPMAIbHON JIOTUKU HYJIEBOTO M IMEPBOTO MOPSIKA, TOIyUYEHBI
HOBBIE pemieHus: «Kontunyym-npobinemer» Kantopa BHe akcuomarndeckux cucreM ZF u ZFC.

2. BeinosnHeH (opManbHO-JIOTMYECKMM aHaIW3 M JaHbl PEIIEHUS HEKOTOPBIX KIACCHYECKUX
[1apaZioKCOB B OCHOBAHUsAX JOTMKU. [I0ka3aHO, 4TO HEKOTOPBIE MMAPAJOKCHI, TAKUE KaK HAaIlpUMep
«[Tapagokc mxena» u «llapamoxkc Ilmaroma m CokpaTa», comepkaT  JOTMYECKH cllabo
TPAHCLEHJCHTHBIC YTBEPXKICHUSA, KOTOPHIE C OJHOM CTOPOHBI, XOTd M HE OTPULAIOT
apUCTOTEIIEBCKUE 3aKOHBI O HEIIPOTUBOPEYUH U UCKIIFOUEHHOM TPETHEM, HO C IPYroOil CTOPOHBI U
HE COOTBETCTBYIOT apHCTOTEJIEBCKOMY 3aKOHY 00 HMCKIIIOUEHHOM TpeTbeM. Takue JOruyeckue
(dopMysBl B KIacCH4EeCKOM (hOpMalbHOM JIOTMKE HYJIEBOTO MOpsAKa KBATU(PHUIMPYIOTCS, Kak
HEIIPOTUBOPEYMBBIE M ONHOBPEMEHHO C 3THM, Kak HemokasyeMmble. TOIbKO B OIHOW BepCHH
«[Tapamokca xena», a uMeHHO B «[lapagokce OnmMeHmza» COICPKUTCS TOXKIAECTBEHHO
NPOTHBOpEUYNBas JIoTHUecKass (GopMmysaa, pPAaBHOCHIbHAs YTBEPXKIEHUIO O COOCTBEHHOM
noxHOCTH. Ha ocCHOBaHMM Ki1accMUecKoi (popManbHOM JIOTUKM HYJIEBOTO MOPSJIKA JaHO TAKKE
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pemienue «llapagokca kpokoauna», U Ha €ro IpUMEPe NPOAHATU3UPOBAH MPOLECC MOSBICHUS
(opMasIbHO-JIOTMYECKOTO TOXKIECTBEHHOIO NTPOTUBOPEUNs B mpouecce (popManbHO-TOTHIECKUX
paccyxnennii. Ha ocHoBe cuctembl INCOL&TAMLA ynanoch Takyke HalWTH 1O KpaitHEH Mepe
7IBa peLIeHHs Uil U3BECTHOro coductuyeckoro mapanokca «Tspx6a Ilporaropa u DBatiax,
KOTOpBIE OJJTHAKO BBIXOJST 3a IIPeNeibl KIaCCUIECKOW TPAAUIIMOHHONW apUCTOTENEBCKOM JIOTHKH.
IIpemiaraemble pelleHMs, KaKk pa3 WUIIOCTPUPYIOT TOT Clly4ai, KOIZJa Ha IEPBBIM B3IJIAL
KOHTPAJAUKTOPHO MPOTHBOIOJIOXKHBIE APYT APYTY JIOTHYECKHEe (OPMYIbI OKa3bIBAIOTCS Ha Jeje
HEIIPOTUBOPEYUBO Pa3pPEILIUMBIMHU.

3. Ha ocnoBe noruko-matemaruueckoil cucrembl INCOL&TAMLA paspaborana Teopus
tpancueHneHTHIX KinaccoB TCT (Transcendent Classes Theory), nensio KoTopoii siBIsieTcs
U3Y4YEHHE TEOPETHKO-MHOKECTBEHHBIX OOBEKTOB W KJIAcCOB (B TOM YHCIE M MHOXECTB), U3
CYLIECTBOBAHMSI KOTOPBIX CIEAYIOT €1a00 TPaHCUEHACHTHbIE, CUJIbHO TPAHCIICHIEHTHBIE UJIH K€
npeeabHO TPaHCUEHACHTHbIE yTBep:xkaeHusa. [lokazaHo cyliecTBOBaHHME TakuX OOBEKTOB H
KJIACCOB B KAHTOPOBCKOW TEOPUU MHOXKECTB, & TAK)KE€ B aKCMOMAaTUYECKUX TEOPHUSIX MHOXKECTB
ZF u ZFC. UccnenoBaHbl JIOTHYECKHE CBOMCTBA «MeToga MaTeMaTHUECKON WHIYKIMH» U HA
KOHKPETHBIX MpPUMeEpax MOKa3aHbl €ro TPAaHCIEHJIEHTHBIE JIornueckue coiictBa. Kpome storo
MoKa3aHo, 4ro B akcuoMaTtnueckux cucremax ZF u ZFC, nocTynmupyoommx cymecTBOBaHUE
MyCTOTO MHOKECTBA, 1 OCHOBAaHHBIX Ha KJIACCHUYECKOH (hopManbHOU JIOTHKE MEPBOTO MOPSIIKa,
MyCTOE MHOXECTBO 00JIaZlaeT TaKUMM TPAHCLEHAECHTHBIMU JIOTHUYECKMMH CBONCTBAaMH, YTO
JTOKa3aTeNIbCTBO Kiaccuueckor HempotuBopeunBoctH cucteM ZF u ZFC craHoButcs
HEBO3MOKHBIM.

4. UccnenoBaHbl JOTMKO-aHATUTHUECKHE OCOOCHHOCTH MATOrO MocTynara EBKiuaa u cBA3aHHbBIX
C HUM DPa3JIUYHbIX aKCUOM O MapajuleIbHbIX NPAMBIX. J0Ka3aHO CyIIECTBOBaHUE PAallMOHAIBHOU
AQHATMTUYECKOM, aOCOJIIOTHOM, HEEBKIIMIOBOM IUIOCKOCTH, B KoTopoi «[loctymar Ilpokma» o
MapajuIeIbHbIX IPSIMBIX T0Ka3bIBAaeTCS Kak TeopeMa. OTHOBPEMEHHO C 3TUM IOKa3bIBAETCs, YTO
AThIA TocTynaT EBKIMIa B €ro OpUTHHANBHOW BEPCHM HE MOXKET OBITh HM JIOKa3aH, HH
OINPOBEPTHYT B paccMaTpuUBAacMON aOCOMIOTHOW PALMOHAJIBHON aHAJUTUYECKOH IUTOCKOCTH.
OTUM caMbIM JIOKa3bIBAC€TCS CYIIECTBOBAHWE a0COTIOTHOW aHAIMTUYECKOW IIJIOCKOCTH, B
kotopbix «[loctymar Ilpokna» sBIS€TCS JOTMYECKHM HE3aBUCHMBIM OT MSATOTO MOCTYyJaTa
EBxnmuma. Kpome storo Ha ocHoBe Monenu KieitHa, 1 cOOCTBEHHO €BKIIMIOBCKOTO ONPEICICHHS
MapajuieIbHbIX TPSIMBIX, MOKa3aHO CYIIECTBOBAHHWE TAaKOW TOMOJIOTHYECKOW To Xaycuopdy,
Mozen a0CONIOTHOM TUIOCKOCTH ¢ OECKOHEUHO pACIIHPSIONICHCS BO BPEMEHU TpAaHMIICH, B
KOTOpPOH MOCTynaT o mapajuleNbHbIX OpsMbIX JloOaueBCKOro BBIMOJHAETCS Kak Teopema.
[TokazaHo, 9TO0 B aOCOMIOTHOW pPAllMOHATBHON aHATUTHYECKON IJIOCKOCTH, BHITIOJHEHHE WIIH
orpunianue «lloctymara Ilpokna», CYIIECTBEHHBIM O0pa30M 3aBHCHT OT AHAIUTUYECKUX U
TOMOJIOTUYECKUX CBOMCTB IUJIOCKOCTH M OINPEACNICHHS NapajUIeIbHOCTH MpAMbIX. Takxe
MOKa3aHO, YTO COOCTBEHHO EBKJIMJIOBCKOE OMpPEIEICHHE MapaUIeTbHOCTH MPSIMBIX 00JIajaeTt
TPAHCLIEH/IEHTHBIMU JIOTHYECKMMH CBOMCTBaMHU. VIMEHHO 3TO €ro cBOMCTBO M 0OycClaBIMBAaEcT
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CIpPaBEIMBOCTh U JI0Ka3yeMOoCTh mocTynaTa JloGaueBckoro o mapajielbHBIX HPSIMBIX IpU
HAJIMYUU COOTBETCTBYIOUIUX JIOTUKO-aHAIMTUYECKUX CBOMCTB IJIOCKOCTH

5. HccnenoBanbl TpaHCICHACHTHBIC JIOTHYECKHWE CBOMCTBAa BTOpoM mpoOiembl ['mibbepra.
[Tokazano, 4To I KaXJOW, JOCTaTOYHO Oorarod ¢GopMalbHOW WM MOdypopMaIbHOM
MaTEeMaTHYeCKOM TEOpHH, BKIIOYAIOIIEH B ceOsl TEOpHIO ILENbIX HEOTPHUIATENbHBIX YHCET,
«AKCHOMY TyCTOTO MHOXECTBa», «AKCHOMY OJKCTCHCHOHAIBHOCTH MHOXECTB», METO
JI0Ka3aTeNnbCcTBa 1O TPAaHC(PUHUTHONW MHIAYKIMH, TOHATHE U ONpeAeiieHHe OEeCKOHEUHBIX
MHOXCECTB, OIMPCACIICHHUC 6€CKOHe‘IHO 60HBHJOﬁ BCIIMYHNHBI, OIMPCACIICHUC
B3aMMHOOAHO3HAYHOI'O COOTBETCBUA MHOXKECTB (B TOM YHUCIIC U OJIA 6€CKOH€‘-IHBIX MHO)KGCTB), -
CYIICCTBYIOT TaKUC JIOTUYCCKHU CHIIbBHO TPAHCUHCHACHTHLIC YTBCPKACHUS A u ’_A, qTo
HEMPOTUBOPEUYUBO BBIBOAMMO, Kak A Tak u —A. IloaydeHHBI pe3yapTaT O3HA4YaeT
HEBO3MOXKHOCTh JIOKA3aTeJIbCTBA KJIACCHUYECKON apHCTOTENIEBCKOW HENPOTUBOPEUHMBOCTH IS
KaKJIOH YIMOMSHYTOM JOCTaTOYHO OoraToit opMaabHON U MOTy(hOpPMAIbHOW TEOpUU. ITO Ke B
CBOIO OdYepelb O3HayaeT, 4YTO Ha OCHOBE KaXJOH TaKoW TeOopHuH HEBO3MOXKHO [0Ka3aTh
KJIACCHUYECKYI0 apHCTOTEIEBCKYI0 HEMPOTHBOPEYUBOCTh AKCMOMATH4YECKOH cucteMbl [leaHo,
MOCKOJIbKY KaXK[ash Takas TEOpHsl camMa He OTBEYaeT KIACCHYECKOMY apUCTOTEIEBCKOMY
MOHATUIO O HCTIPOTUBOPCUNBOCTHU.

HccnenoBanbl  CHJIIBHO  TPaHCLUEHJICHTHBIE CBOWCTBA METOJOB  MaTEMaTHYECKOW U
TpaHCUHUTHON WHIYKIMH, TPUBOASIIAE B HEKOTOPBIX CIy4dasX K HENPOTUBOPEUUBOM
BBIBOJMMOCTH HEKOTOPBIX YTBEpXKIACHUM Buga A MU —A MO OTHETBHOCTH B IMpOIECCE
CTPEMJICHHSI ApTYMEHTOB JIOTUYECKUX MHIYKTHUBHBIX (GopMyN K OeckoHeuHocTH. [lokazaHo, 4TO
CYHIECTBYIOT Cllyyau, KOTJa IpHU CTPEeMJIEHUU K OECKOHEUHOCTH, METOJIbl MaTeMaTH4YeCKOW U
TPaHC(UHUTHON UHAYKLUU HE COTJIACYIOTCS C 3aKOHAMH O HEMIPOTUBOPEUHH U 00 UCKIIOUEHHOM
TPEThEM apUCTOTEIEBCKON JIOTUKH BbICKa3bIBaHU. [lonydeHHbIE pe3yIbTaThl CBUAECTENBCTBYIOT
O CYIIECTBOBAaHWU 3HAUUTENBHBIX JIOTUKO-aHAIUTUYECKUX TMpoOJIeM C TOYKH 3peHus
apUCTOTENIEBCKOM TPaAMIIMOHHON JOTMKH B 00JIaCTH KJIACCHYECKOM TEOPETUKO-MHOKECTBEHHOM
MaTemMaTuku, a Takke B Teopusx ZF u ZFC, u xopomio cornacyroorcs ¢ MepBOM M BTOPOi
teopemamu Kypta I'enenss o HemonmHOTe (OpMaIbHBIX U MONIY(POPMATHHBIX MATEMATHUECKUX
teopuil. HeoOX0IMMO OTMETUTH, YTO MPHUBEICHHBIC BBIIIE PE3yIbTaThl HUKAK HE 3aTParuBarOT
W3BECTHBIE pe3yibTaThl BBIJAIOLIEIOCS HEMENKOro MareMarnka [epxapma I'eHumena o
JIOTUYECKOW COBMECTHOCTH akcuoM u apudmeruku Ileano, momydennoie um B 1936 rony, Ha
OCHOBE /100aBJICHHUS K JIOTUKE MEPBOTO MOPSI/IKa aKCUOMBI 0 0€CKBAaHTOPHON MHAYKLIUU.

6. VccrmenoBaHnbl TpaHCICHACHTHBIC JIOTUYECKHE CBOMCTBA IMecTor mpobOsiembl ['mibbepra o

MOJTHON M JIOTUYECKU CTPOroM ( B apUCTOTEIEBCKOM MOHUMAaHUU ) aKCUMOMATHU3aLMK PA3IMYHBIX

obnactelt pusuku. [TokazaHo, uTo B 00IIEM ciIydyae dTa 3a7a4a sABIseTcs GOpPMaTbHO JTOTUYECKH

HEpa3pemrMMOi C TOYKH 3pEHUSI OCHOBHBIX 3aKOHOB KJIACCUYECKOUM apUCTOTEIEBCKOM JIOTUKHU. B

YaCTHOCTH TOKA3aHO, YTO Ha OCHOBAHHMHM OCHOBHBIX 3aKOHOB apUCTOTENIEBCKON JIOTUKH HE

MOXKET OBITh AaKCHMOMATH3WPOBaHA HAmpUMeEp Takas 00JacTh MEXaHUKH, KaK aHaTUTHYeCKas
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craruka. Iloka3zaHo cCylecTBOBaHME B aHAJUTHUYECKON CTAaTHKE TaKUX JIOTUYECKH CHUJIBHO
TPAHCLICH/ICHTHBIX YTBEP)KJIEHUH, KOTOPbIE MOTYT OBITh KaK JOKa3aHbl TaK U OMPOBEPTHYTHI.
[TokazaHo, 4YTO MMEHHO TAaKUM JIOTHYECKHM CHJIBHO TPAHCLEHICHTHBIM CBOICTBOM 00JiagaeT
«[IpuHIMT BO3MOXKHBIX MEepeMelleHnii» Jlarpanka B OTHOILIEHUH UJCATbHBIX CUCTEM, KOTOPBIMA
KakK MOKa3aJIM JIOTUKO-aHAIUTUYECKUE UCCIIEI0OBAHMS, MOKHO JIOKa3aTh U MOKHO OIPOBEPTHYTh.
IToxazaHo, 4yTo KakoBa OBl HH ObUIA AKCHOMATHYECKass CUCTEMA B OO0JIACTA aHAJIUTHYECKOM
CTaTHKH, TO OCHOBAaHHAsl Ha HEl Teopus WK He OylIeT ColepKaTh YTBEPKICHUE, CoAepKaIeecs
B «[IpuHITMTIE BO3MOKHBIX TIEPEMEIICHHI», U TOT/Ia OHAa Oy/IET COAepKATEIbHO HETOTHOM, UITH
xe oHa Oyzer cofepkaTh «[IpHHIIMI BO3MOXHBIX MEpEMEIICHNUH», a 3HAYUT TEM CaMbIM OyzeT
COJIepKaTh YTBEPKIECHUE C TPEEIIbHO TPAHCUEHACHTHBIMH JIOTHYECKUMHU CBOWCTBAMHU, U B 3TOM
Ciydae OHa He Oy/IeT JJOTUYECKH COTJIACOBBIBATHCS C KIIACCHYECKON apUCTOTEICBCKOM JTOTUKOM.

AHaJOrMYHOE TMOJIOKEHHUE CKJIaIbIBAaeTCsl U B O0JIACTM aHATUTHUYECKOW JMHAMUKH. bbuin
HCCIEA0BAHbl CUJIBHO TPAHCUEHICHTHBIE JIOTMYECKHE CBOMCTBAa BapualMoHHOro «lIpmHnmmna
JI’ Anambepa-Jlarpamxa» B aHaIUTHYECKON auHaMuKe. [loka3aHbl JIOTMYECKH CHIJIBHO
TPAHCUEH/IECHTHBIE CBOIMCTBa JTOr0 NpPUHIMNA B 00JaCTH aAHATUTUYECKOH JIMHAMHUKHU
IJIACTUYECKUX CUCTEM. BBIABIIEH MIMPOKUN KiIacc MIIACTUYECKUX CUCTEM, U1 KOTOPBIX YCIOBHE
BBITIOTHUMOCTH BapuanuoHHoro «[Ipunnumna JI” Anambepa-Jlarpanka» sBISETCS JOCTaTOYHBIM,
KaK JUIsl COOJIIOICHUST YCTIOBUN PaBHOBECHS, TaK U JJIS TOJHOTO Pa3pyLICHUs OJHOW U TOU XKe
CUCTEMBI IIPU OJHUX U TEX K€ AaHAIUTHYECKUX YCIOBUAX /I BHEIIHEH HAarpy3Kd. JTUM CaMbIM
Joka3bpiBaeTcs (OpMajabHO JIOTHYECKH IMpe/eibHO-TpaHCUeHAeHTHas mpupoaa «lIpuHiuna
I’ Anambepa-Jlarpanxka», (opManbHO JIOTHUECKH DSKBUBAJICHTHAs OTPHUIAHUIO 3aKOHA O
HEMPOTUBOPEUNH U OTPULIAHUIO 3aKOHA 00 UCKIIOYEHHOM TPETHEM.

Takum  oOpa3oM, TIpOBEIEHHBIE MCCIEIOBAHMSA MOKa3ajld, 4YTO SBJIEHUE JIOTHUKO-
MaTeMaTHYeCKOM TpaHCUEHAECHUMH  SBJISETCA HE CIy4alHbIM, a BIIOJHE 3aKOHOMEPHBIM
SIBJICHHEM, HaOIIOaeMBbIM Jake B TJIOOAIBHO (OPMaIbHO HEMPOTHBOPEUMBON KJIACCHYECKOM
¢dopManpHOW JIOTUKE HYJIEBOTO TMOpSAKA, B KAHTOPOBCKOM M aKCUMAaTHYECKHX TEOPUsX
MHOkecTB ZF n ZFC, BO MHOTUX NPUKIATHBIX 00JACTAX T€OMETPHH, MATEMAaTHKU U (U3UKH,
TaKMX KaK HalpUMep KiaccudecKas IUIAHUMETPHsl, aHaJIUTUYecKasi CTaTUKa U AWHAMHKa. Takoe
MIOJIOKEHHUE JIeJI HE JOJDKHO Ka3aThCsl YAMBHUTEIBHBIM, IOCKOJBKY YyXe APHUCTOTEN0 OBLIH
U3BECTHBI JIOTUKO BPEMEHHbIE OIPAHMYEHHUs, HAKJIAAbIBAEMble HAa IPUMEHEHHE 3aKOHA O
HEMPOTUBOPEUMH U 3aKOHa 00 MCKIIOYEHHOM TpeTbeM. VI3BECTHO COXpaHEHHOE B HMCTOPHUH
JIOTUKHM MHEHHE ApPHCTOTENsI O TOM, YTO 3aKOHBI O HENPOTHBOPEUMH M 00 HCKIIOUYEHHOM
TPETbeM HE HUMEIOT CWIbl B CYKICHUAX OTHOCUTEIbHO OyIylIUX COOBITUH M SIBJICHHUH,
MOCKOJIbKY OyJyIie COOBITUS HE SBISIOTCS ONPENEICHHO JAeTEPMUHUPOBAHHBIMU. DTO MHEHHE
ApucroTensi  HEMOCPEACTBEHHO  Kacaercsi TeX  (QOpMaJbHBIX M MOIXY(POPMaTbHBIX
MaTeMaTHYECKUX TEOpHH, KOTOpble TaK WJIM HMHAa4Ye 3aHUMAIOTCS BONPOCAMU H3YUYCHHS
0ECKOHEUHOCTH.
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Kak n3BecTHO, cOBpeMeHHasi TeOpusl KJIAaCCOB M MHOXKECTB JIOMYCKAET YYeT BPEMEHH B SIBHOM
BUJE. DTO 03HAYAET, YTO MPU yUeTe BPEMEHU B SIBHOM BUJE, T.€. IIPH MapaMeTpU3aluu T€X WIH
MHBIX OECKOHEYHBIX MPOIECCOB C IMOMOIIBI0 BBEACHUS HE3aBUCHUMOIO IapamMeTpa BpEMEHH,
HpOGHGMa MNPOTUBOPCUNBOCTU WM  HCHOPOTUBOPCUUBOCTHU IMPUHIUIIHNAIBHO CHHUMACTCA,
IMOCKOJIBKY CO6JIIOI[€HI/IG B OTUX YCJIOBHUAX 3aKOHA O HCIIPOTUBOPCUUU U UCKIIIOUCHHOM TPCTHCM
HE TMPEACTABISIIOCh BO3MOXXHBIM JakKe€ CO3/IaTeII0 OCHOBHBIX 3aKOHOB KJIACCHYECKOM
TPAAUIIMOHHOW JorTMKM — Apucrorento. OJHAKO SBICHUE JIOTMKO-MAaTeMaTH4YEeCKOM
TPAHCLIEH/IEHIIUH, CO CBOEH CTOPOHBI, BHOCUT CYIIECTBEHHBbIE KOPPEKTHUBBI B JI0KA3aTEIbHYIO
0a3y Toi WK WHOHM (HOPMATBHON WITH TTOJTY(OPMAIbHOW MaTeMaTHIeCKo Teopuu. B yacTHOCTH,
B BOIIPOCAX, CBA3AHHBIX C M3YYEHHEM OECKOHEYHOCTH U OECKOHEUHBIX MPOIECCOB, C IIEIbIO
a/IeKBaTHOT'O OIMHCAaHUs YIOMSIHYTBIX IPOLIECCOB, CTAHOBUTCS HEOOXOAUMBIM y4eT A u B joruk
BPCMCHHU. KpOMe 9TOroO, IMPHU BBIXOAC 3a MPCACIIbI TPUMCHHUMOCTU 3dKOHA O HCIIPOTHUBOPCYNU U
3aKOHa 06 HUCKIIFOYCHHOM TPCTHCM, (baKTI/I‘IeCKI/I CTAHOBATCA HCIIMTUTUMHBIM IPUMCHCHUC TAKUX
KOCBEHHBIX METO/IOB JIOKA3aTeIbCTB, KaK KJIIACCUYECKUI METOJI I0Ka3aTeIhCTBA OT IPOTUBHOTO,
3akoH KiaBus, 3aKOH CHATHS IBOMHOIO OTPULAHMS, & TAK)KE HEKOTOPBIX APYTHX JIOTUYECKUX
3aKOHOB, CBSI3aHHBIX C 3aKOHOM O HEMPOTHBOPEYUHU U 3aKOHOM 00 MCKIIIOUYEHHOM TpeTheM. Eciu
e, KaK 3TO MPOUCXOJUT BO MHOTHX CITydasix B I€MCTBUTEIBHOCTH, YIIOMSIHYThIE METO/BI BCE )K€
MPUMEHSIIOTCSI CUCTEMATUYECKH, KaK 3TO UMEET MECTO B KaHTOPOBCKOM TEOPHUH MHOXKECTB U B
teopusix ZF u ZFC, TO MPEACTaBIsE€TCS BO3MOXHBIM — BBeAeHue «lIpuHuuma
JOMUHHUPOBAHUS» (MIPUHLUIIA TPEIANOYTEHHs), COTIACHO KOTOPOMY Ha MHOXeCTBE (hOpMaJIbHO
JIOTUYECKUX JOKa3aTeNbCTB B paMKax KJIaCCHYECKOW (hOpMaabHOU JIOTUKH HYJIEBOTO MOPSIIKA, -
MpsAMBIC MCETOJbI NOKA3aTCJIbCTBA JOMUHUPYIOT KOCBCHHBLIC (HpHMBIe METOAbI AOKAa3aTCIbCTBA
HUMCIOT NPCANIOYTCHUC IICPC KOCBGHHBIMI/I).

B noruko-dunocodckom cmbicie, uaes pazpadborku cucreMbl INCOL&TAMLA BocXoauT K
noruko ¢unocodpckomy yueHnio «TpaHcueHAeHTAAbHOM JIOTMKHM» BBIJAIOIIEr0 HEMEIKOTO
meiciuTens Mvmanynna Kanra, paccMmoTpeBinero B cBOedl 3HaMEHHUTOW paboTe, BOMPOCHI
COOTHOIIEHHUS, CYIIECTBOBAIIMX HA TOT IEPUOJ BPEMEHHM, Pa3IUYHBIX HAIIPABJICHUU JIOTUKU. B
KOHTEKCTE€ HMCTOPMYECKOTO Ppa3BUTHS JIOTHKM M MaTeMaTMKA KaKk HayK, CHCTEMa
INCOL&TAMLA 1o3BonsieT (popManbHO-IOTUUECKH (B paMKax JIOTUYECKHX CHCTEM
KJIaCCUUECKOW (HOpMaTbHOM JIOTMKK HYJEBOTO M TMEPBOTO TMOPSIKOB) M aHATUTUYECKH CTPOTO
00OCHOBAaTh OCHOBHBIE IOJIOKEHMSI JOApUCTOTENIEBCKOM JIOTMUECKOW INIKOJIBI CO(PHCTOB,
CYObEKTUBHO-JIOTHYECKAs! M JIOTHKO-PEISTUBUCTCKAs KOHLEMIIMM KOTOPBIX, KaK ATO MOKa3aJH
IIPOBEJICHHBIE COBPEMEHHBIE UCCIIEJOBaHMsI, UMEIOT BIIOJIHE PAaBHBIE IPaBa Ha CYIIECTBOBAHUE C
ApUCTOTENIEBCKOM KIIACCHUECKOW TPaJUIIMOHHON JIOTUKOH B paMKax COBPEMEHHON TII00aIbHO
(dbopManTbHO HEMPOTUBOPEUMBOM KIIACCHUECKOW (hOpManbHOM JIOTMKM HYJIEBOTO TMOpSAIKa, a
TaK)Ke€ B BOIIPOCAX, CBA3AHHBIX C CYILIECTBEHHOM JIOTHYECKON HEONPEAEIEHHOCTBIO U U3yYEHUEM
JIOTMKO-aHAJIMTUYECKUX CBONCTB OECKOHEYHBIX KJIACCOB M MHOKECTB.
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2.2 Teopema IK3UCMEeRUUAIbHOCMU YHUBEPCAIBHOZ0 Klacca

B HacrosimeM — maparpade  HCCIEMyeTcss  BONPOC  JIOTHYECKOH  BBIBOJUMOCTH
9K3UCTEHLMAJIBHOCTU (CYIIECTBOBAHUS) YHUBEpcaJbHOro kijacca U B TOH WIM HHOU
AKCMOMAaTHUYECKON TEOPUH KJIACCOB WJIM MHOXECTB. [loka3aHo, 4TO B KaXJ0i TEOPUU MHOKECTB,
B KOTOPOM NpPHUHATA «AKCHOMa IYyCTOTO MHOYKECTBa», - YTBEPKIACHUE SK3UCTECHIMATbHOCTH
yHUBEpcaibHOTrO Kjacca U sBIsSIeTCS JIOTMUECKH BBIBOJUMMBIM. Kpome 3TOro mokaszaHo, 4To
yHUBepcainbHbIM Kilacc U OJHOBPEMEHHO SIBISIETCS MHOXECTBOM. lIpu ycloBUM NpUHSTHS
aKCMOMBI O CYIIECTBOBAaHMM TIyCTOIO MHOXECTBA, JIOKa3aHa TeopeMa KOHCTPYKTUBHOM
9K3UCTEHIIUATHLHOCTH JTIFOOOTO KJIacca ¢ Hamepe] 3a1aHHBIM XapaKTEPUCTUISCKUM CBOWCTBOM.

B Teopunm MHOXECTB OCHOBOIOJIAraioliee 3HAYEHHE HMMEET OTHOIICHHWE MPHUHAJICKHOCTH
o0bekTa 00BekTy. Jlns ero oOo3HaueHHWss B TEOPUHM MHOXKECTB BbIOpaH cumBon €. C
UCIOJb30BAHUEM CHMBOJIOB Uil 0003HAueHUS OOBEKTOB, (DaKT MPHUHAIICKHOCTH OOBEKTa
X 00BeKTy Y BhIpakaeTcs cienyromei popmynoii:

XeY 2.2.1)

HaobGopot, dakt HenpuHaAIeKHOCTH O00BbeKkTa X O00BEKTY Y BBIpaKAETCS ClenyIomen
bopmyoii:

XeY (2.2.2)

@®opmyna (2.2.1) unTaerca cleaylomMM 00pa3oM: 00beKT X NPUHAMICKUT OOBEKTy VY .
®opmymna (2.2.2) untaercs CAEAYIOIMM 00pa3oM: 00beKT X HEe MPUHAIICKUT 00BEKTY Y .

B TeOpI/II/I MHO>XCECTB  JIA COKpaH_IeHHOFO CHUMBOJIMYCCKOI'O 0603Ha‘-IeHI/I}I SA3BIKOBBIX
JIOTUYECKUX KOHCTPYKLUH NPUMEHSIOTCA TaK Ha3blBacMble KBaHTOpbl. Hampumep 3 - sBisercs
KBaHTOPOM CYIIICCTBOBAHHS W NMPUMEHSCTCS I 0003HAYCHHUS CYIIICCTBOBAHUS TEX WIIM HHBIX
00BEKTOB.

@akT cyniecTBOBaHMs 00beKTa X BBIpAXKAETCs CIEAYIOUIMM 00pa3oM:
E).¢ (2.2.3)
@DakT He CyIIeCTBOBaHUS 00bEeKTa X BBIpaXKaeTcs CIEAYIOUIMM 00pa3oM:

—(3X) (2.2.4)

®opmyina (2.2.3) ynTaercs CAeAYIOIMHMM 00pa3oM: cymecTByeT 00bekT X . @opmyna (2.2.4)
YUTAETCS CIEAYIOUIMM 00pa3oM: HE BEPHO, YTO CYIIECTBYET OOBEKT X , UJIH, YTO TO K€ CaMoe —
o0bekTa X HE CyIIeCTBYET.
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JlpyruM OCHOBHBIM KBAaHTOPOM TEOPHH MHOXECTB SIBIISIETCSI KBAHTOP BCEOOITHOCTH, KOTOPBIH
ob6o3Hauvaercs V . Beipaxenue:

vX (2.2.5)
03Ha4aeT — JUI BceX 00BEKTOB X .
BeIpaxenue:

—(VX) (2.2.6)

03Ha4yaeT — He BEPHO, YTO JJIsl BceX 00BEKTOB X .

B coBpeMeHHBIX HCCIIEJOBaHMUSIX [0 TEOPUUM MHOXKECTB HMEETCS JOCTATOYHO MOAPOOHO
pa3paboTaHHas KjiaccupuUKalUsg TeX HIM HHBIX OOBEKTOB M KiaccoB. IIpuBeneM HeKoTOpbIE
OCHOBHBIC MOMEHTHI YHNOMSHYTOW Kiaccudukanuu 1o KHUTE /1/ W3BECTHOrO YEIICKOTO
CIIELIMAIMCTA TT0 TEOPUHU MHOKECTB — okTopa [1.Bonenku.

[TycTh maHbl Kakue-Tu00 yKe COo3AaHHbIE OOBEKTHI M YKa3aH HEKOTOPHIN CIIOC00, C MOMOIIBIO
KOTOPOTO MOYHO BBICITUTH 3TH OOBEKTBHI CPEIU OCTAIBHBIX OOBEKTOB. YTIOMSHYTHIH CIIOCOO
BBIZICJICHHUS] 00BEIMHSAET 3TU O00BEKTHI. ECliM Ha BBIZIEJICHHBIE TaKUM 00pa3oM OOBEKTHI MOYKHO
CMOTpPETh, KaK Ha BIIOJIHE PaBHOIPABHBIE, TO TOBOPAT, UTO BBIJIETICHA COBOKYNHOCHb 0OBLEKMO8.
Ecnu ke mo yclioBUSIM paccMaTpUBAEMOro BOMPOca HEOOXOIUMO MPHU3HATH 3a BBIACICHHBIMU
O0OBEKTaMU pAa3IMYHBIC TO3UIUA W HE TMPEACTaBISETCS BO3MOXXHBIM WTHOPHPOBATH TO
OOCTOSITETLCTBO, YTO OHU UMEIOT pAa3JIUYHBbIE CBOMCTBA, WU BCTYMAIOT B pa3lIdYHbIC
OTHOIIEHUS, TO TOBOPST, YTO 8bLOENIEHO COOOUECB0 00BbEKMO8.

Brinenenue rpynmnsl 00bEKTOB M3 COBOKYIMHOCTH JIPYTHX OOBEKTOB MPOUCXOAUT HA OCHOBE
3a/laHusl TaK Ha3bIBAEMOr0 XapaKTEPUCTUYECKOTO CBOWCTBA, KOTOPOE IMPEACTaBISET COOOI
MPHU3HAK, 110 KOTOPOMY Ta WM WHas rpylna 0ObEKTOB BBIICISCTCS U3 COBOKYITHOCTH JIPYTHX
00BEKTOB.

[lpu ompeneneHUM HEKOTOPOTO Kllacca HAa OCHOBE XapakTepuctmdeckoro cBoiictBa C(X)

(XapakTepUCTUYECKOE CBOMCTBO MOJMKET IPEJCTAaBIIATH COOOM TakKe COBOKYIMHOCTH CBOMCTB,
KOTOPBIM JIOJIKHBI YJIOBJIETBOPSATH 3JIEMEHTBI ONPEIENIAEMOr0 Kjlacca) CHUMBOJIbHAS 3alKcCh
OIIPEAEIIAEMOr0 KJIacca UMEET CIEAYIOUIUI BU:

Cls(Cx) ={x:(Vx)(C(x))} 2.2.7)

OnpenejgeHne MHOKECTBA

MHuoscecmeom HaA3bI8aACMCA KNACC, YO081EMEOPAIOUUIL CT1E0YIOULEMY YC0BUID:

Set(Cx) = {x : (VX)(C(x)) A VY(C(y) ® =C(y))} (2.2.8)
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®opmyna (2.2.8) o03HAYaeT, YTO MHOKECTBOM SBJISETCA TAKOM KJIACC, AJIEMEHTBI KOTOPOTO
YIOBJIETBOPSIOT XapaKTEPUCTUUECKOMY CBOMCTBY C(x), M, KpOME 3TOTO0, JUIsl KaXKJA0ro 00beKTa

Yy Ha OCHOBAaHUHU 3aKOHa 00 HCKIIOYEHHOM TPETHEM MOXHO PCUHINTH, YAOBJICTBOPSACT JIM OH

XapaKTepUCTHUECKOMY CcBOMCTBY C(x), THOO HET.

TakuM oOpa3oM MbI BHJIHUM, YTO T[OHSTHE MHOXKECTBA HE TMPUHAUICKUT K UHUCITY
CaMOOYEBHJIHBIX IOHATHHI. Bplmaromuiics demckuid MareMatuk bepHapza bonbnanHo, KOTOpBIMA
MEPBBIM BBEJl TOHSATHE MHOXXECTBA, B CBOEC BPEMs IOJKCH ObUT MPHIOKUTH HEMAJIO YCHIIHM,
9TOO0Bl OOBSICHAUTH YWUTATENI0, YTO COBOKYIHOCTh KaKMX JMOO OOBEKTOB, a TeMm OoJjee
coobujecmeo  00bLEKMO8  3a4acmylo  pasHOPOOHBIX, MOMKHO TPEICTaBUTh cebe, Kak
CaMOCTOATENIbHYIO CYIIHOCTh. Dopmyna (2.2.8) Mmo3BOISET paccMaTpUBaTh MHOXKECTBA, Kak
BIIOJIHE OIPE/EICHHBIE, JOTUYECKH YETKO BBIJICIICHHBIE KJIACCHI.

OI[HI/IM U3 OCHOBHBIX MHOHITHH TCOpHUU KJIACCOB ABJACTCA IMOHATUC IMTYCTOT'O MHOXKCCTBA.
[IycTbiM MHOXECTBOM Ha3bIBaeTCs TAaKOM Kjacc, KOTOPBIA HE COAEPKUT HU OJITHOTO BJIEMEHTA.
ITycroe MHOXeCTBO 00O3Ha4aeTcs CHMBOJIOM . B TeopuH KIIACCOB IMyCTOE MHOKECTBO
SBISIETCS  aHajgorom apudmerndeckoro 0 MHOKE€CTBA JIEMCTBUTENBbHBIX uucen. I[lo
OIPEETICHUIO CYIIECTBYET TOJILKO OJHO MyCcTOe MHOKeCcTBO. Dopmyna A= o3Ha4aer, 4To
MHO>KECTBO A HE MMEET HM OJHOIO 3JEMEHTa, YTO OHO IyCTO, YTO OHO «ucye3aeT». Eciu He
BBOJUTH NOHSTHS IYCTOTO MHOXECTBA, TO MPH ONPEAEIEHUU TOTO WM MHOTO KOHKPETHOIO
knacca C mpuUIuUIoch ObI 9acTo JeJaTh OrOBOPKY: €CJIM OH CYIIECTBYET. DTO MPOUCXOANUT U3-32
TOTO, YTO YAacCTO JJIEMEHTHI Kjacca OTMpEICNIeHbl TaK, YTO 3apaHee ObIBaeT HEM3BECTHO,
CYILIECTBYIOT OHU WUJIU HET.

B akcuomaTthyeckux TEOpHUSX MHOXECTB, CYIIECTBOBAHME CaMOr0 IyCTOTO MHOXKECTBA
YTBEPXKAACTCSl CIEHHATbHON «AKCHOMOW ITyCTOrO MHOXXECTBa», Koropas (opmynupyercs
CIIETYIOIIUM 00pa3oM.

«AKCHOMA YCTOT0 MHOKECTBA»

Cymecmeyem MHOJICecmeo, He cooep.ucauqee HU 00HO20 3/1eMeHma;

Ex)(Vy)ye x) (2.2.9)

Kak mpaBuio, MHOKECTBO OKa3bIBACTCS IYCTHIM, B TOM CiIy4yae, KOTJla XapaKTEePUCTHUECKOE
CBOMCTBO MHOXeCTBa - C(X), ONPEHEINSIONIEe COBOKYITHOCTh 3JIEMEHTOB MHOXKECTBA, SIBJISIETCS

JJOT'MYCCKU, MAaTEMATHYCCKHN HJIN (I)I/ISI/I‘ICCKI/I HCOCYIICCTBUMBIM.

HeobxogumMo OTMETHTBH, YTO BBEACHHE IOHATHUS IYCTOTO MHOXECTBAa, U B OCOOCHHOCTH,
CBSA3aHHOM C HUM «AKCHOMBI ITyCTOO MHOXECTBa», OKa3bIBAET 3HAYUTEIHHOE BO3/ICUCTBUE HA
caMU JIOTMYECKHE BBIBOJIbI, TOJIy4aeMbI€ B paMKaxX TEOPUH KJIACCOB M MHOXKECTB.
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Jlo co3naHusl TEOPUM MHOYKECTB, B KIACCHMYECKOM MaTeMaTHYeCKOM aHaiu3e, Ipodiema
CYHICCTBOBAHMS WJIM HE CYIIECTBOBAHUSA TE€X WJIH HHBIX JIOTHYECKUX WM MAaTEMaTHYECKHX
O00BEKTOB OblIa TECHO CBs3aHA C HENPOTHUBOPEUMBOCTBIO WM IPOTUBOPEUHUBOCTHIO
orpenensieMblx 00BeKTOB. McXoas M3 OCHOBHBIX 3aKOHOB apHUCTOTEIEBCKOM JIOTMKH, IPH
IIOCTPOCHUH TOW WJIM MHOW MaTEMaTUYECKON TEOPUH, B HEEC BKIIIOYAIIUCh U B HEU NPU3HABAINCH
CYIIECTBYIOIIMMHU TOJBKO T€ OOBEKTHI, HEMPOTHBOPEYMBOCTH KOTOPHIX ObLIA YCTaHOBJIEHA C
JOCTOBEPHOCTBIO. Te ke OOBEKTBI, KOTOpPBbIE MO CBOEH JIOTMYECKOW WM MaTeMaTUYeCcKOM
IIPUPOJE SABISUIMCH MPOTUBOPEYMBBIMH, - HUCKIIOYAINCh U3 JAIBHEHUIIET0 PaCCMOTPEHMS B OTOU
TEOPHUH, T.€. IPU3HABAIINCH HE CYIIECTBYIOIUMU B 3TOH TEOPHH.

C CO31aHHUEM T€OpI/II/I MHOXCECTB, U BBCACHUA B HEC ITOHATHUSA HyCTOI‘O MHOXECTBA COBMECCTHO
C «AKCHOMOW TyCTOTO MHOXXECTBa», TMPEXKHSAS KOHIEMIUA CYIICCTBOBAHUS WJIH HE
CYIIIECTBOBAHUS T€X WM HWHBIX OOBEKTOB B PaMKax TOW WM MHOW MaTeMaTUYECKOW TEOPUH
KapAWHAJIbHO W3MeHuiIach. Hwxke, mId Kaxaol aKCHMOMAaTHYECKOM TEOpPHUM MHOXECTB,
coJiepKallel aKCHOMYy CYIIECTBOBAHHS ITyCTOrO MHOXKeCTBa CGHOpMYJIHMpOBaHAa W JOKa3aHa
TeopeMa O KOHCTPYKTUBHOM CYIIIECTBOBAHWUHU JIOOOTO0 Kllacca ¢ Hamepel 3aJaHHBIM
XapaKTEPUCTUUECKUM CBOMCTBOM.

TeopeMa KOHCTPYKTHBHOM dK3UCTCHIHAJLHOCTH KJaccoB (AxBJaeauanu A.H. — 2011 r.)

JAna  Kaxcooii akcuomamuueckou meopuu Kaiaccos, cooepycauieii «AKcuomy nycmozo
MHOICECEA», CYULECMEOGAHUE NYCHIO20 MHONCECHEA AGNAECMCA OO0CHAMOYHBIM YC108UEM 01
00Ka3amenbCcmea KOHCHPYKMUBHO20 CYULECHBO8AHUA KAXNCO020 Kldaccd, Onpedeiemozo Hanepeo
3A0aHHbIM XAPAKMEPUCHMUYECKUM CEOUICME0oM (WU co8oKynHocmbio ceoticme) C(x).

JlokazaTenbCTBO

PaccmorpuMm  cnepyromme  ciny4yau. IlepBbI  cioydal:  XapakTepUCTHYECKOE  CBOWCTBO
C(x) sBisleTcsl JIOTHUECKH, MATEeMaTHYeCKH MM (PU3MYECKH HEOCYHIeCTBUMBIM. Toraa He

CyLIECTBYET HHM OJHOTO IEMEHTa X , YIOBIETBOPSIOLIEIO 3TOMY CBOMCTBY. B 3TOM ciydae
KJ1acc co cBoiicTBoM C(x) ABisieTcs mycThM. OJJHAKO B CHILYy «AKCHOMBI IIyCTOTO MHOXECTBA» —

IIyCTOE MHOXECTBO CYIIECTBYET. DTO O3HAYaeT, YTO B PacCMaTpPUBAEMOM CIIy4ae KJIacC CO
cBOMCTBOM C(x) XOTS M SBJISETCA IYCTBIM , HO TEM HE MEHee CYILECTBYET, KaK IIyCTOE

MHOKECTBO.

Bropoil ciydail: XapakTepUCTHYECKOE€ CBOMCTBO ((Xx) SBIAETCA OCYIIECTBUMBIM, T.€.
CYILLECTBYIOT DJIEMEHTHI X, YAOBJICTBOPSIOIINE XapaKTepUCTUYECKOMY cBOUCTBY C(x). B 3TOM
cimydae, cornmacHo (2.2.7), xknmacc Cls(Cx) siBASI€TCS HEMYCTBhIM, a CJIEIOBAaTEeILHO — TeM OoJiee

KOHCTPYKTHUBHO CYIIECTBYIOIIUM.
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W3 mnpuBeJeHHOrO BBIIIE PACCYXACHUS CIEAyeT, 4YyTo B JII0OOM cilyyae, HeB3upas Ha
OCYHIECTBUMOCTh HJIM HEOCYIIECTBUMOCTh XapaKTEpUCTHYECKOro cBorcrtBa C(x), Kiace

Cls(Cx) cyliecTByeT WM B BHJE HEMYCTOTO KJIacca, WK € B BHUJIE IyCTOTO MHOKECTBA. JTO
O3HayaeT, 4YTO €ClIM C cymecTtBoBaHueM kiacca Cls(Cx) BO3HMKAIOT IIPOTUBOPEUYMBBLIC

CYXKACHUA, MmO Mbl 6blHy9fC()€Hbl npussams makoice u qbaKm ux Ccyuwecmeosarnus. 9T0
00CTOSITCIILCTBO SBIISICTCS HEOTHEMIIMMBIM CBOHCTBOM Kaxxgoi TCOpHUHN KJIACCOB WJIN TCOPHUU
MHOXKECTB, conepmameﬁ «AKCI/IOMy IMyCTOIr0 MHOXKCECTBa», U ABJICTCA NPAMBIM CIICACTBHUEM
IIPUHATHA 9TOM aKCHOMBEIL.

HepefmeM TCIICPb K OMIPCACIICHUIO YHUBCPCAJILHOI'O KJIacCa.

OnpenejieHne YHUBEPCAJIbHOI0 Kjacca

Knacc U naszvieaemcs ynusepcansHvim, eciu 1060 HEnyCmou uiu nycmou 00vekm A6J11emcs €20

JJ1eMEHMOM.

DopMaIbHOE ONpeneJeHHe YHUBEPCAIbHOI0 Kaacca

U=Cls(u)={u:(u=9)v (u+39)} (2.2.10)

®opmyna (2.2.10) o3navaer, 4TO INMEMEHTAMU YHHBEpCalbHOro kiacca U SIBIAIOTCS, KaK MyCTOE
MHOECTBO, TaK M JIFOOOW HEIyCTOM Kacc.

IlepBas TeopeMa IK3UCTEHIMATbHOCTH YHUBEPCAJILHOI0 KJjacca

(AxBiaeananu A.H. — 2011 r.)

Ana kaxcoou akcuomamuueckou meopuu Kidaccos, coOepycauwieli aKcuomy nycHoz0 MHOMCecmaed,
Cyuecmeosanue nycmozo0 MHOMCECHEa AENAACMCA O0CHIAMOYHBIM YCI06UeM 0N 00KA3ameabCmea

CyuieCmeo6anuA yHueepCcaibHo20 Kiacca U.

A = VWU ={u: (u=D)v (u#D)})) (2.2.11)

Jloka3aTenbCTBO

B cootBerctBUM ¢ camuM onpeneneHuem (2.2.10) yHUBEpCaIbHOIO KJAcca, OH COJEPIKUT
MyCTOE MHOXECTBO B KauecTBe 3jeMeHTa. CieaoBaTelbHO YHHMBEpPCATIbHBIA KIIACC SIBISIETCS
HCITYCTBIM. B CHUIIy TCOPCMbI 3K3UCTCHIUAJIBHOCTU KJIACCOB, 3TO O6CTO}IT€.HBCTBO O3Ha4yacT
KOHCTPYKTHUBHOE CYIIIECTBOBaHHE yHHUBepcanbHOro kiacca U . Teopema nokazaHa.
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BTtopasi TeopeMa IK3UCTEHIIMAJILHOCTH YHHBEPCAJIBLHOI0 KJacca

(AxBaemuauu A.H. — 2011 r.)

na  Kaxcooii axcuomamuueckoiu meopuu Kiaccos, cooepiycauieil aKcuomy Hnycmozo
MHOIHCECMEA, OMPUUAHUE CYULECME08ANHUsA YHUGEPCANbHO20 Khacca U, eneuem 3a coboit
OmpuUyaHue Cyuecmeosanus nycmozo muoxcecmea O . CnedosamenvHo YHUGEPCAIbHbLI
knacc U cywecmeyem.

Jloka3aTeIbCTBO

Jloka3zaTenbCTBO MPUBEAECHHOW BBIIIE TEOPEMbl OMNUPACTCAd HA JIOTUYECKUH 3aKOH
KoHTpano3uuuu. Ha ocHoBanum crpaBemmBocTd Gopmynsl (2.2.11) u Jg0ruyeckoro 3akoHa
KOHTPAIMO3ULUU MOYKHO 3aKJIFOUUTh:

A =>IFU(U ={u:(u=90)vu+9d)})

(2.2.12)
(3U(U ={u:(u=2)v u#D)})) = —3ID)

N3 cootHomenuss (2.2.12) HEMOCPEICTBEHHO BHUAHO, YTO OTPHULIAHUE CYIIECTBOBAHUSA
YHUBEPCAIBHOTO KJIAcCa, MPUBOAUT K OTPHUIAHUIO ITYCTOTO MHOXECTBA, & 3TO MPOTUBOPEUHUT
«AkcuomMe MmycToro MHOXXecTBa». (ClenoBaTeslbHO YHUBEpCAIbHBIN kiacc U  CyliecTByeT.
TeopeMa noka3ana.

TeopeMa 3K3UCTEHIIHAJIbHOCTH VHHBEPCAJBLHOI0 MHOKECTBA

(AxBaemuauu A.H. — 2011 r.)

Yuueepcanvuwiit knacc U aenaemca muodxcecmeom.
Jloka3aTenbCTBO

W3 TeopeMbl OK3HUCTCHIMOHAIBHOCTH KiaccoB u  (opmansHoro ompenencuus (2.2.10)
yHUBepcalbHOro Kiacca U cienmyer, dYro JO00OM  KJacc, OMNpeAeNsieMblii  HEKOTOPBIM
XapaKTepUCTUUECKUM CBOMCTBOM C(x), SBISIETCS JIEMEHTOM YHUBEpcaiapHOro kmacca U .
[TosToMy 11 yHUBepcanbHOTO Kiacca U BhIMONHSACTCS (hOPMAIBHOE OIpEIeIEHUe MHOXKECTBA
(2.2.8). CnenoBarenbHO yHUBEpCANbHbIN Ki1acc U SBISETCS MHOXKECTBOM.

Takum 00pazoM, BONPEKH MIUPOKO PACIPOCTPAHEHHOMY MHEHHIO O HE CYIIECTBOBAHUU
YHUBEPCAJIBHOTO KJIacca, - B HACTOSIIEH paboTe MOKa3aHO,YTO HA0OOPOT, - YHUBEPCAIbHBIN
kyacc U cyliecTBYET U ABISETCS MHOKECTBOM.
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2.3 O mpancyenoeHmHbIX J102UYeCKUX CEOUCHBAX NYCMO20 MHOMCECMEA 6
KAHMOPOGCKOU Mmeopuu MHOMCECHE U OCHOBHBIX ONPeOeIeHUAX
mMpPancyeHOeHmMHOU J102UKU

OfHUM U3 OCHOBOIOJIATAIOUIMX OTHOLIEHUH MEXKIY MHOXECTBAMH M KJacCaMM, SIBISIETCA
OTHOILIECHHUE NMPHHAUIEAKHOCTH 3JIEMEHTOB OJJHOI'O MHOKECTBA MJIM KJlacca, IPYyroOMY MHOKECTBY
WIN KJIaccy. PacCMOTpUM COOTBETCTBYIOLIUE OIpEesIeHUs] IO MOHOTrpaduu /S/ BBIAAIONMIETOCS
Hemenkoro maremaTtuka @enukca Xaycnopga, B pamkax Teopun MHOXkecTB I'eopra KanTtopa.

Ecnu nanbl 1Ba HEMyCTHIX MHOXKECTBa X MY , TO BO3HHUKAET BOIPOC O TOM, HE TIPUHAIJICKAT
JIM BJIEMEHTBI OJJHOTO U3 HUX TaKxke U Apyromy. IlycTb x U y SBISIOTCS 3J€MEHTaMU MHOXXECTB

X nY coorBeTcTBeHHO. CriepBa pacCMOTPHUM CIEAYIOLME BO3MOXHBIE AIbTEPHATUBBI:

1. Kaxnoe xe Y, He kaxxnoe xe Y.
2. Kaxnoe ye X, He kaxnoe ye X .

KOM6I/IHI/Ipy}I COUCTaHHA MNPUBCACHHLIX BbBIINIC BO3MOXHBIX aJIbTCPHATUB, IMMPUXOIHM K
CJICAYIOIIUM YCTBIPEM BO3MOKHBIM CIIYyUasaiM:

1. Kaxnoe xe Y, kaxnoe ye X: X =Y.

2. Kaxnoe xe Y, He kaxnoe ye X: X VY.
3. Hexaxnoe xe Y, kaxnoe ye X: Y X.
4

He kaxnoe xe Y , He kaxnmoe ye X .

B ciyuae (1) roBopsrt, uTo MHOkecTBa X M Y paBHBI Apyr Apyry. B ciydae (2) roBopsr, uto
MHOXECTBO X SIBJISIETCSI IOJIMHOXECTBOM MHOecTBa Y . B ciyuae (3) roBOpsIT, 4TO MHOXKECTBO
Y sBisieTcsl MOJAMHOXKECTBOM MHOKecTBa X . [lmst ciyuas (4) B MoHorpaduu ®.Xaycnopda /5/
HE 3ape3epBUPOBAHO HUKAKUX 0003HAYCHHIA.

B kaHTOpPOBCKOI1 TEOPHUU MHOKECTB TOBOPUTCS O HEOOXOJUMOCTH MPU3HAHUS CYIIECTBOBAHUS
MyCTOr0 MHOKECTBA, 0003HAYAEMOT0 KaK &, MpuYeM MOCTYIUPYETCS €AUHCTBEHHOCTD ITyCTOIO
MHOKeCTBa. DaKTHYECKH, MyCTOE MHOKECTBO & B TCOPUH MHOMKECTB SIBIISCTCS aHAIOTOM
apu(pMeTHUYECKOro HOJIS TEOPUH JEHCTBUTENbHBIX YHCET.

Ecnu mHOXecTBa X U Y IyCTBI, TO UMEET MECTO COOTHOLLICHHUE:
X=Y=¢ (2.3.1)

OrnpesiesieHHBIE JTIOTUYECKHE TPOOJIEMbl BO3HHUKAIOT B TOM Ciy4yae, KOorja OJHO MHOYKECTBO
MycTo, a apyroe HeT. [1ookuM IS ONIpeIeIEeHHOCTH, YTO MHOXECTBO X TIYyCTO, @ MHOXKECTBO
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Y He sBasercs mycTthiM. B asTtom ciydae, B MoHorpadum /5/ ®.Xaycmopdhom mnpuBeneHo
ClIeyIolllee pacCyXIeHue, U31aracMoe HUXe.

Ilycte X = | Torga yTBEPXKIEHHE «E€CIH X € Q’ TO X€ Y » COpaBelIMBO IOTOMY, UYTO
X =(J | He CONEPKUT HU OJIHOTO DIEMEHTAX U X€ & ABIAETCS JOKHBIM CykneHueMm. Ecmu

JaHbl 1Ba CyKJeHus A u B, To yTBepxkaeHue «eciu A BepHO, TO B Takyke BEpHO», BEpHO BCAKUUN
pas, koraa A HeBepHo. U3 HEBEpHOTO CyX)ACHUS A ClenyeT JIF000e CyKICHHE.

Takum o0pa3om, U3 MPHUBEIEHHOTO BBIIIE OTPhIBKA U3 /5/ cliemyer, yTO B JaHHOM CIIydae B
paccyxknennn Xaycaopda mnpumensiercs 3akoH Jlynca Ckora, COTJIaCHO KOTOPOMY W3
POTHUBOPEYHS], WIN JIOKHOTO CYXKIEHHS CIeayeT Jo0oe cyxaeHue. Xaycaopd TeM CaMbIM
MIPU3HACT, YTO CY)KJICHHE A, onpeaensemMoe Gopmyoit:

A=(xe@)=0 (2.3.2)

SIBJISICTCS JIOXKHBIM, T7i¢ o1 0 B TaHHOM ciTy4dae ToHUMaeTcs: (hopMaibHO-TOTUYECKHI HOJIb.

Heo6xoamumMo OTMETHTB, YTO B KJIACCUYECKON apHCTOTEIECBCKOW TPAAUIIMOHHOM JIOTUKE 3aKOH
HyHca Ckora sBIS€TCS NPENyNpEeAUTENbHBIM 3aKOHOM. OH NpeaynpexJaeT O TOM, YTO W3
JIOKHOI'O, NN XKC HpOTI/IBOpe‘II/IBOI‘O Cy)K,Z[GHI/I}I MOXET CJICO0OBATH JIIO6OG Cy)K,Z[eHI/Ie, B TOM
YHUCJIe U OTPUIIAaHUE 3aKOHA O HEMPOTUBOPEUHH, & UMEHHO:

0= (B=-B) (2.3.3)

NMeHHO 3TOT mpemynpeauTeNbHbIA 3aKOH M HapyIIeH B KAaHTOPOBCKOM TEOPUU MHOYKECTB.
Takum 00pa3oM KaHTOPOBCKas TEOPUS MHOXECTB COJIEPKUT JIOTUYECKU JIOXKHYI (OpMyITy
(2.3.2) , Ha OCHOBaHMM KOTOPOU BBIBOJMMO apUCTOTEIEBCKOE MPOTHUBOPEUHUE, COAEpkKaIeecs B
KayecTBe nmojopmysl B (2.3.3). B kinaccuueckoil apucToTeNneBCKOM TPaIuIIMOHHON JIOTHKE 3TO
03HAYaeT, YTO KAHTOPOBCKAs TEOPHUSI MHOXKECTB COAEPKUT JIO)KHOE OCHOBHOE ITOJIOXKEHHUE B BUJIE
(2.3.2) 13 KOTOPOro BBIBOAMMO NPOTHBOpeudHe, coaepxkaieecs B (2.3.3). JloxxHOe OCHOBHOE
II0JIOKEHHE B KJIACCUUECKON TPaJUIIMOHHOM JIOTHKE Ha3bIBaeTcs — error fundamentalis (y1aT.).

PaccmoTtpuM crienyromue onpeaeneHus.

OnpenesieHne JOrHYeCKH CHJILHO TPAHCIEHAEHTHBIX JOTHYeCKHX (l)O])MV.]'[

Jozuueckue gpopmynwvt F u —F nazviearomcs nocuuecku cunbHo mpaHcueHOEeHMHbIMU, eCllU
no 0MOENbHOCMU ABNACMCA O0OKAZYEMbIM UL 8b1800uUMbIM, Kak I, max u —F.
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OnpeneaeHue JOrn4eckd CHJILHO TPAHCIEHIACHTHOH TEOPHH

Dopmanvnaa unu noaygopmanvuan, nozuueckas uau mamemamudeckas meopua T
Ha3zvleaemcs 102u4ecKu CUIbHO MPAHCUECHOCHMHOIL, eCllu Ha MHocecmee ee cyycoenuit TS
nO 0MOENbHOCMU 6blBOOUMbBL CUILHO MPAHCUeHOeHmHuble no2udeckue ¢opmynvt F u —F.
Jlozuuecku cunvno mpancyenoenmnuan meopus ovoznauaemces kax HT.

OnpenesaeHye JOrniecky npeaeabHo TPAHCHEHIEHTHLIX JOornyeckoi hopmyJa

Jozuueckue popmynet F u —F nazviearomcsa nozuuecku npedeivHo mpancyeHOeHmMHbIMU 6
HeKomopoii hopMantbHOl uau ROAYPHOPMAIbHOU 102UHECKOU UIU MAMEMAMUYECKol meopuu
T, ecnu 0na Hux 6 3moil meopuu GbINOJAHAEMCA XOMA 0bl OOHO U3 NEPEUUCIEHHBIX HUICE
J102U4eCKUX COOMHOUEHUIL:

FA=F

F==F

—F A—F

F & —F

—(F v—F)
(F=>0AEF=0)

—~(F ® —F)

OnpeaesieHue JOrHYeCKH NMpeaebHO TPAHCIEHAEHTHOM Teopun

Dopmanvuaa unu noaygopmanvhasn, aozuveckans uau mamemamuyeckas meopua T
Ha3zvleaemca 102u4eckKu npeoeibHo MpPancyeHOeHMHOI, eclu HaA MHOMCECMEe ee CYIHCOeHUT
TS 6vi600uma xoms 66t 00Ha napa npeoderbHO MPAHCYEHOCHMHBIX ozudeckux gopmyn F u
—F. Ilpedenvno mpancuenoenmuyio meopuro oo6osnayum — LT.

OnpenesieHue JOrHYeCKH NMpeaebHO TPAHCIEHAEHTHOI0 00beKTa

Kasicovun 06118Km, Kjlacc ujiu MHOJcecmeo, KOHCMPYKmMUu6Ho cyuiecmeyrouiue 6 meopuu T,
Haszovlearomca JiocuueckKu npedeﬂbno mpaucuendenmnblmu 6 Imoit meopuu, eciu Ha

36



MHoxucecmee TS cyxcoenuit 3moii meopuu, 6 OMHOUIEHUU YROMAHYMBIX 00beKma, Kiacca
U MHOMCECMEA J102UYeCKU UIU AHATUMUYECKU 8bl800OUMbBL RPEOEbHO MPAHCYEHOCHNHblEe
nozuyeckue popmyner F u —F. Ilpedenvno mpancuenoenmusiii 00veKkm, Kaacc uau
MHOMcecmeo 00o3nauum — LTC.

OnpenesaeHye JOrnieckd CHJILHO TPAHCHEHJIEHTHOI0 00 beKTAa

Kastcowtii 06vexkm, Knacc unu MHox cecmeo, KOHCMPYKMUeHo cyuwiecmeayrouwue ¢ meopuu T,
HA3bI6AIOMCA CUTIbHO MPAHCUCHOCHMHBIMU 6 IMOUl meopuu, eciu Ha muoxcecmee TS
CYHCOCHUUl IMOU meopuu, NHO OMOEIbHOCHU Bbl6OOUMbBl CUNbHO MPAHCUEHOECHMHbLE
nocuueckue gpopmynvt F u —F. Cunvno mpancuyendenmubslii 00beKm, K1acc uiau MHOMHCECHBO
ooo3nauaemca kax HTC.

O603HaunM kaHTOpoBckyto Teoputo MHokecTB uepe3 CST (Cantorian Set Theory). U3
cooTHomeHus: (2.3.3) MBI BHAMM, YTO K COXKaJEHUIO, B KAHTOPOBCKOW TEOPHUH MHOKECTB
comepxkutcs error fundamentalis, B pe3ynapTaTe 4YEro CTAHOBUTCS BBIBOJUMBIM JIOTUUYECKU
IpeaenbHO TpaHCUeHAeHTHas ¢GopMyna. DTo o3HavaeT, 4yto Teopus MHoxkecTB Kanropa CST,
SBIISICTCA JIOTUYECKU IMPEJEIbHO TPAHCLUEHICHTHOW Teopuei. YKa3aHHOEe 00CTOSTEIbCTBO
CaMbIM CEpbE3HBIM 00pa3oM BJIHUSET Ha BBIBOIBI, mojydaeMblie B pamkax CST, ocobeHHO 3TO
kacaercst «Teopembl Kantopa» u «Ilapamokca KanTopa», SBISIOMUXCA OCHOBOW BBIBOJUMBIX
Jlajiee OCHOBHBIX TEOPEM B KAHTOPOBCKOM TEOPUU MHOMKECTB.

2.4 Ilapaookc  «Akcuomst  nycmozo  MmHodMcecmea» U «AKcuombl
pezynapuocmu» 8 akcuomamuveckux cucmemax ZF u ZFC

B Hacrosmem maparpade mpeAcTaBleH aHalIW3 OTKPBITOTO aBTOPOM B  OCHOBAaHMSIX
KJIACCHYECKOW aKCMOMATHUYEeCKOM Teopun MHOXKecTB «[lapagokc «AKCHOMBI IyCTOrO
MHOXECTBa» U «AKCHOMBI PETYJISIPHOCTH» B akcuoMaTuieckux cucteMax ZF u ZFC», koTopslit
3aKJII0YaeTcss B TOM, YTO B pe3yibTaTre CTpemiieHusi u30exarb BO3HHUKHOBeHUs «Ilapamokca
Paccena» B OCHOBaHUSIX TEOpPUM MHOXKECTB W BBEIACHUS C OTOM LENbl0 «AKCHOMBI
pEeryasipHOCTH», BO3HHMKAET IIEJIbIM KJIACC MHOXXECTB THNA b, KaXKJ0€ M3 KOTOPBIX SBIISIETCS
3JIEMEHTOM JIOTHYECKH TpaHCUEHIEHTHOTO R-knacca Paccena.

«AKcroMa PEryaspHOCTH» IO CBOEH JIOTUYECKON 3HAYMMOCTH 3aHUMAeT OJIHO W3
LEHTPAJIIHBIX MECT B akcuomaruuyeckux teopusix MHoxectB ZF u ZFC ( cucrema akcuom
epmeno-Openkens, U Ta Ke CHCTEMa, JOMOJIHEHHAash «AKCHOMOH BbeIOOpa»). Ee ocHOBHOE
Ha3HAuYeHWE 3aKiIrovalnoch B ycrpaHeHuu «llapamoxca Paccema» B OCHOBaHMSIX TEOPHH
MHOXeCTB. {151 TOTro, YTOOBI MEpPEelTH K JIOTMYECKH aJ€KBATHOMY PACCMOTPEHHUIO «AKCHOMBI
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PETYJIIPHOCTH» M €€ JIOTHYECKHUX OCOOCHHOCTEH, pacCMOTPUM CrepBa (GOPMYIHPOBKY U
coneprkanue «I[lapamokca Paccenax», a TakkKe BBITEKAIOIINE U3 HETO CIICICTBUS.

Ilapanoxc Paccesa

Knacc Z nazosem PEryJISAPpHBIM, CCIIN AJId HET'O BBIMMOJIHACTCA COOTHOIICHUC!

Z¢7Z (2.4.1)

Kmacc Y HazoBeM HEPETYIAPHBIM, €CJIN JJI1 HETO BBINTOJIHACTCA COOTHOIICHHUC!

YeY (2.4.2)

Cdopmupyem kiacc R cieayroummM o0pa3om:
R=Cls(Z)={Z:Z ¢ Z} (2.4.3)
3amaauMcs BOIIPOCOM, SIBJISIETCS JIM KJIACC R PEryJsipHBIM JIH00 HEeT?
Ecnu knmacc R siBisieTcs peryJsipHbIM, TO BBITMOJIHSIETCS YCIOBUE:

Re R (2.4.4)

Torga knacc R ynoBieTBOpsieT omnpeaeneHuio (2.4.3), 1 B cuity camoro onpenenenus (2.4.4)
Kjlacca R cienyer:

Re R (2.4.5)

TakxuMm oOpazom:

(R¢ R)= (Re R) (2.4.6)

PaccmoTtpum Teneps BTOpYIO BO3MOKHOCTb, & UMEHHO:

ReR (2.4.7)

Torna B cuity ompeneneHus: NIPUHAUICKHOCTH 00BEKTa KIIacCy, KJace R ABISETCS AJIEMEHTOM

camoro ce0s, u B cuiy omnpeneneHus (2.4.3) ans HEro BBINOJHSAETCS XapaKTEPUCTUYECKOE
CBOWCTBO, COIJIACHO KOTOPOMY:

R¢ R (2.4.8)

Takum oGpazom:

(ReER)=(Re¢R) (2.4.9)

N3 conocraBnenus (2.4.6) u (2.4.9) cnenyer:
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(R¢ R) < (Re R) (2.4.10)

Mbl BuiuM, 4TO cooTHouueHue (2.4.10) sBIsA€TCS JIOTUYECKHM KOHTPAIUKTOPHBIM K 3aKOHY O
HEMPOTUBOPEUNH KJIACCUUYECKOM apUCTOTENIEBCKOW TpaaulMOHHOW Jioruku. HazoBem kmacc R -
kinaccom Paccena. U3 cootHomenus (2.4.10) u ompeneneHus JOTUYECKU TPAHCUEHICHTHBIX
KJIaCCOB, CIIEAYET, uTO R - Kiacc Paccena siBisieTcs TOTMUECKH MPeeIbHO TPAHCIICHICHTHBIM.

Bo3Hukaer ectecTBeHHBIN BOIIPOC: sABJsETCs M Kiacc Paccena HemycteiM? J[1st TOTO, 4TOOBI
MOKa3aTh, YTO Kiacc Paccena KOHCTPYKTHBHO SIBJISIETCS HEMYCTHIM, JOCTATOYHO MOKAa3aTh, YTO
OH COJICPXKHUT XOTsI ObI OAMH dJIeMEHT. [IJIsl 3TOr0 paccCMOTPUM MycToe MHOXecTBO . B cuiy
«AKCHOMBI IIyCTOIO0 MHOXKECTBa» UMEEM:

(x:(Wy)yex)}=0 (2.4.11)
B cuny popmymnsr (2.4.11) umeem:

De D (2.4.12)

N3 conocrasnenus (2.4.12) u (2.4.3) cnenyer:

De R (2.4.13)

N3 (2.4.13) cnenyet, uto kinacc Paccena sBnsercs HenmycTeIM. Iloatomy B cuny «Teopemsl
9K3UCTEHIMATBHOCTH KJIAaCCOB», - Kiacc Paccema cymiecTByeT KOHCTPYKTHBHO. JlokasaHHOe
YTBEPKIEHHE MOXKHO C(HOPMYIUPOBATH B BUJE CIICAYIOIIEH TEOPEMBI.

IlepBas TeopeMa dIK3UCTEHIIHAJILHOCTH KJacca Paccesna

(AxBaeauanu A.H. — 2011 r.)

Jna Ka)cooii akcuomamuyueckoli meopuu Kiaccos, cooepiyicaujeii «AKCUoOMy nycmozo MHOMCECHEar»,
CyuLecmeosane nyCmoz0 MHONCECMEA AGNACMCA OOCHAMOUHBIM YCA06UeM 0711 OOKA3AmeabCmeda
KOHCMPYKMuUeHozo cywecmeosanusn knacca Paccena - R.

AP = IR(R={Z:Z ¢ Z}) A(R D)) (2.4.14)

Ha ocHOBaHUM JIOTHUECKOTO 3aKOHa KOHTpano3uuunuu, NpuBCACHHYIO BLBIIIC TCOPEMY MOIKHO

chopMyaupoBaTh HHEIM 00Pa3oM.
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BTopasi TeopeMa 3K3MCTEHIIMAJILHOCTH KJjacca Paccesia

(AxBaemuauu A.H. — 2011 r.)

Jna Kax)cooil akcuomamuueckoil meopuu Kiaccos, cooepiycauieli akCuomy Cyulecmeosanus nycmozo
MHOMCecmea, ompuyanue cywecmeosanus Kuacca Paccena - R, 61euem 3a codoit ompuyanue
Cyuecme06anus nycmozo muoxicecmea O :

—3dR(R={Z:Z¢ Z}) A(R# D)) = 3D (2.4.15)
JlokazaTenbCcTBO

B cuny cootnomenus (2.4.14) u 1oruueckoro 3akoHa KOHTPANno3UIUd UMEEM:

AP =3IR(R={Z:Z¢& ZH A (R D)) &

(2.4.16)
(—3IR(R={Z:Ze¢ Z}) A(R# D)) = —3D)

CootHomienue (2.4.16) noka3piBaeT c(hOpMyJIUPOBAHHYIO TEOPEMY.

PaccMmoTpuM cnenyroiee onpeaeneHue.

OnpeaeieHue JOTHYeCKH NMpeaebHO TPAHCIEHIEHTHBIX 00beKTOB, KJIACCOB M1 MHOKECTB

Kasicowtit 006vexm, knacc unu MHOICECME0, KOHCMPYKMUEHO cyujecmeyrouiue ¢ meopuu T,
HA3bl6AIOMCA  J102UYECKU NPedebHO0 MPAHCUEHOCHMHbIMU 6 IMOIl meopuu, eciu Ha
mMHoxucecmee TS cyxncoenuit 3moii meopuu, 6 OMHOUIEHUU YHOMAHYMBIX 00beKma, Kiacca
U MHOMCECMEA KOHCIMPYKMUBHO CYULeCMEYION nPedelibHo mPAHCYEHOeHHble 102uiecKue
dopmyner F u —F. Ilpeoenvno mpancyeHOeHmMHbBLL 00beKm, K1acc UIU MHOMHCECHEO
obo3nauum — LTC.

[IpuBeneHHOE BBINIE OMPENEICHHUE COBMECTHO C TEOpEeMaMu 3K3UCTEHIIMAIBHOCTH KJlacca
Paccena mo3BossitOT BBIpa3UTh MOJyYEHHBIE B IPUBEACHHBIX BBILIE PACCYKICHUIX PE3YIbTaThl B
BHJIE TEOPEMBI.

TeopeMa IK3UCTEHUHAILHOCTH JOTHYECKH MNPEAeJbLHO TPAHCHEHIACHTHLIX 00HLEKTOB M
KyaaccoB (Axsjaeauanu A.H. — 2011)

Cywiecmeyem no Kpaiineii mepe 00UH J102U4eCKU npeoeibHo MPAHCUEHOCHMHbLIL 00beKm u
Kknace. R-knacc Paccena aenaemca no2uvecku npeoeibHO MpancyeHOeHMHbIM 00beKmMoM U
Kaaccom.
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PaccMmoTpuM cnenyroiee onpeaeneHue.

OnpenejaeHue reue3yca 00LeKTa, KJacca HJid MHOKECTBA

T'enezucom n0o2uueck020 MamemamuyecKko2o uiu meopemuKo-mHONCeCMEEHHO20 00beKma,
Kiacca unu MHOICECHEa HA3bl6Aemcsa KOHCMPYKMUGHOE AHANUMUYECKOe WU YUCTEeHHOe
cyuiecmeosanue YROMAHYmoz20 00veKma, Kiacca uiu MHOMCECMEd, OCHOGAHUEM KOMOPO20
AGNAEMCA MAMEMAMUYECKUIL  6bl600 UNU  O0OKA3ZAMENbCMEO €20 KOHCHMPYKMUBHOZ20
CyuLecmeo6anus, cmpo2o  opmanuszyemvle 8 pPAMKAX ~ COBPEMEHHOU  2]100aA7bHO
HEenpomueopeyUBbIX K1ACCUUECKUX hOPMATIbHBIX JI02UK HYJ1€6020 U NEPBO20 NOPAOKOE.

OnpeneieHue reHe3Uca JOTHYeCKH TPAHCIIEHIEHTHOT0 00beKTa, Kjacca MM MHOKECTBA

T'ene3ucom n02uvecku MmMpancyeHOEHMHO20 MAMEMAMUYECKO20 UMW  MeOPemuKo-
MHONHCECMBEHHO20 00beKma, Kiacca uid MHOMCECHEa HA3bl8AeMCcA KOHCHMPYKMUGHOe
aHanumuyeckoe UIU HUCIeHHOe CYU{eCmE08aHue YNOMAHYMOZ0 00veKma, Kiacca uiu
MHOICECMEA, OCHOGAHUEM  KOMOPO20  AGNACMCA  MAMEMAMUYECKUN  6blBOO WU
00Ka3amenbcmeo €20 KOHCHMPYKMUBHOZ0 CYUWLECHBO6AHUA, CMPO20 (opmanuzyemovle @
PAMKAX COBPEMEHHOIl 2/100a1bHO HENPOMUEOPEUUBHIX KNACCUUECKUX (HOPMATbHBIX J102UK
HY1€6020 U NEPE020 NOPAOKOE.

OnpejeieHHe reHe31uca JJOTHK0-MaTeMaTHUeCKoi TPpaHCIeHIeHIIHH

TI'ene3ucom nocuxo-mamemamuueckou mpancueudeuuuu 6 HeKomopoﬁ meopuu T
Ha3vléaemcs npouecc noA6/IeHUA JiocudecKu mpancueudeumnblx mamemamudecKkux uiu
meopemuKo-mHONHCeCmM6eEeHHbLX 00bEeKmMoB K1accoe Uil MHONCECmE 8 INOoll meopuu.

W3 mnpuBeeHHBIX BBINIE PACCYKIEHUH CIIEAyeT, 4YTO OSK3UCTEHIUAIbHOCTh JIOTMYECKU
TPaHCLIEHJIEHTHOTO R -Kkiacca Paccena sBisieTcs NpsIMBIM CIIEACTBHEM «AKCHOMBI ITyCTOTO
MHOXKXECTBa», 4YTO C YUCTOM IIPUBCACHHBIX BBIIIC OHpGI[eJIeHI/Iﬁ MOKHO BBIPa3UTb TAKXKC B BHUIC
CHEAYIOLIEH TEOPEMBI.

TeopemMa 0 JOCTATOYHOM VCJIOBHMM T'€HE3MCA JOTHYECKHM NMpeaeJbHO TPAHCHEHICHTHBIX
00LekTOB (AxBJaeananu A.H. — 2011)

Hpuuﬂmue «AKkcuomot nycmozco MrHoIHcecmea» A6JAaemca 00CMAaAMmMOYHbIM ycioeuem onsa
2eHe3uca jiozuuecKu npedeﬂbuo mpancuendeumnblx 00BbEeKmMO6 U K1aAcco8 68 KIAACCUUECKOIl
meopuu MHoOdIcecme.

[IpuBeeHHBIE BEIIIE TEOPEMBI 03HAYAIOT, YTO CYIIECTBOBAHUE TPAHCIEHJCHTHBIX OOBEKTOB U
KJIACCOB, B YAaCTHOCTH JIOTMYECKH TPaHCIICHJIECHTHOro R -Kiacca Paccena mpemonpenensercs
«AKCHOMOW ITyCTOT0 MHOKECTBa» M HE 3aBHCHUT OT IPYTHX aKCHOM T€OPHUU MHOXKECTB.
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[IpuBenem (GopMynTupoBKY «AKCHOMBI PETYISPHOCTH», OCHOBHOW IIEJIbI0O KOTOPOH OBLIO
npeononenue «Ilapamokca Paccema».

AKCHOMA PeryJsspHOCTH

B nwbéom nenmycmom cemeiicmee MHOMNCECME - d, eCmMb NO MeHbuiell Mepe 00HO
MHOMCECME0 b, Kaxcovlii Inemenm ¢ KOmMopozo He RPUHADIEHCUM OAHHOMY cemelicmey d,
unu hopmanvuo:

RA=Va(az D= 3Ab(be anVce(ce b= c¢ a))) 2.4.17)

Jlns nanbHeWIero M3Ja0XKeHUs HaM HEeoOXOJMMO J10Ka3aTh CJEeNYIONIYI0 TEOpEMY B paMKax
KJIacCCUYeCKOU (popMaIbHOM JIOTMKH HYJIEBOTO MOPSIIKA.

TeopeMa 0 Bepudukanuu dbopMaJILHON J0KA3YEMOCTH JOTHYECKOr0 VIBEep:KIeHUus

Ecnu nekomopoe ymeepocoenue B cnedyem us opyz020, omauunozo om Hezo0 ymeepiHcoeHus
A, a makxce u u3z e2o ompuuanus —A, mo ymeepirycoenue B aensemca ¢opmanvno
00Kazyemuim.

JlokazaTenbCcTBO

JlokazarenbcTBO  C(HOPMYTMPOBAHHOM BBINIE TEOPEMBI OCYIIECTBIEHO HA OCHOBAaHUH
JIOTHYECKOW TpOTrpaMMbl  BbIUYHCIUTENbHOrO Marematuueckoro mnaketa MATCAD. B
COOTBETCTBUH C IPAaBWJIAMH KJIACCHYECKOW (HOpMasbHOM JIOTHMKH HYJIEBOTO TOpSAIKAa HMMEIOT
MECTO CJICAYIOIINE COOTHOIICHHUS:

2

- O = O

_— = O O
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=[[(=(A.B)) A (=(A,B)].B=1] =

—_— = e

®dopmyna (2.4.20) cBUACTEIBCTBYET O TOM, 4TO CHOPMYIUPOBAHHAS HAMU TEOpeMa SIBISETCS
BEPHOM.

Paccmorpum  teneps  «Ilapamokc  «AKCHOMBI IYCTOTO MHOXECTBa» M «AKCHOMBI
perynsipHoctu» B cucreMax ZF u ZFC».

Iapaaokce «AKCHOMBI IIYCTOr0 MHOMKECTBA» M «AKCHOMBI PerviasipHocTu» B cucremax ZF
u ZFC (AxBaeauanu A.H. -2011)

ITycmoe muoscecmeo & u Ka)3cooe KOHCHPYKMUGHO CYULECEYIOUuiee MHONCECME0 MUna
b, popmanuzyemoe ¢ cucmemax ZF u ZFC na ocnose nozuueckoil KOHbIOHKUUU «AKCUOMBbL
HYyCMoz0 MHOMCECmEa» U <«AKcuomvl pezyaapHocmu», HRPUHAONEHCAmM  1OZUYECKU
mpancyenoenmuomy R -knaccy Paccena.

JlokazaTenbCTBO
Bo3MoskHEBI crienyronme ciyJan.

1. B teopun ZF He uMeeTcs HM OJHOIO HEMYCTOrO KJacca, yIOBJIETBOPSIOIIETO BCEM
akcuomam teopun ZF . B aToM ciyuae cemeiicTBo kiaccoB CZF , onpenensieMblX TeOpuen
ZF sBISETCS TYCTBIM MHOXECTBOM & W BCIICACTBHE 3TOrO OOCTOSTENBCTBA, a TAKKE
BCJIE/ICTBUE OIPENEICHMs JIOTMUYECKH TpPaHCUEHAECHTHOro R -kinacca Paccena - CZF
ABIsieTCA dJeMEeHTOM R . B atoMm cimywae yciosue, chopmynrpoBaHHoe B «[lapagokce
«AKCHOMBI ITyCTOTO MHOECTBa» U «AKCHOMBI PYTYJISPHOCTH» BBIIOJIHAETCS, IOCKOJIBKY
B paccMaTpuBaeMoM ciyvae knace CZF nmpUHAUIEKUT JIOTHUECKH TPAHCLIEHAEHTHOMY R -
kiaccy Paccena, kak mycTo€ MHOXECTBO.

2. CymecTByeT XOTs Obl OJIWH HEMYyCTOH KJIacC d, YJOBJICTBOPSIONIMIA BCEM aKCHOMaM
teopurn ZF . Torma B COOTBETCTBUH C «AKCHOMOH PETYISPHOCTH» CYIIECTBYIOT
MHO’KECTBa TUMA b, A KaXJIO0T0 U3 KOTOPBIX CIiepBa pacCMOTPUM NEPBbIN MOACTy4al, a
HUMCHHO:
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(beb)=1 (2.4.21)

B paccmarpuBaemMoM ciiydae «AKCHOMa PEryJsipHOCTH» RA OyaeT colepKaTh JIOTUYECKYIO
noadopmymy:

db(be an(beb=be a)) (2.4.22)

Benencteue (2.4.21) norumyeckas Qopmyna (2.4.22) [OpUBOAUT K apHCTOTEICBCKOMY

MPOTUBOPEUHUIO. DTO O3HAYAET, YTO y HAC OCTAETCs TOJBKO MOJACITydYaid, albTEPHATHUBHBIM K
(2.4.21), a umeHHO:

(be b)=1 (2.4.23)

B sToM ciyyae mo onpeneneHuo JJOTHYeCKH TpaHCLEeHAEeHTHOro R -kiacca Paccena — kaxaoe
MHOXECTBO THNAa b TPUHAMISKHUT R -KJIaccy. DTOMY XKe Kiaccy NPUHAMICKUT U IyCTOe
MHOKecTBO . Takum 00pa3oM U B 3TOM PacCMaTPUBAEMOM CIy4ae BBITOIHSIOTCS YCIOBHSI
chopmynupoBaHHOTO Hamu mapanokca. I[lpumenss «Teopemy Bepudukanuu GopmMaabHOM
JOKa3yeMOCTH YTBEPKIECHUS» Mbl MOXEM 3aKJIIOUUTh, YTO JCHCTBUTEIBHO, BHIIBICHHBI HAMH
mapajokc uMeeT MecTo. TakuM o0pa3oM MPUMEHEHHE «AKCHOMBI PErYISPHOCTH» TIPH
(hOpMUPOBAHHUH TE€X WM MHBIX KJIACCOB MM MHOXECTB B paMKax aKCHOMATHUECKUX T€opuil ZF
u ZFC mnopoxxgaeT MHOXECTBA TUIA b, KOTOPBIE HANONIHAIOM JI02U4eCKU MPAHCYEeHOeHMHbLU
R -xnacc Paccena. D10 03HayaeT, YTO HA OCHOBAaHUU «AKCHOMBI PETYISIPHOCTH» HE YIAaeTCs
npeonoiieth «Ilapagokc Paccena», mpuuMHON reHe3nca KOTOPOro SIBISETCS «AKCHOMa MyCTOro
MHOXXECTBa» M 0ojiee TOro — TPUMEHEHHE «AKCHOMBI PETYJSIPHOCTH» HAo00OpoT, -
cnocobcmeyem HAnoNHeHUIo lo2uiecku mpancyeHoenmuozo R -xnacca Paccena.

2.5 Jlocuueckuit ananu3z «Teopemvr Kanmopa

PaccmoTpenue norndecknx cBoMcTB «TeopeMbl KanTopa» 0 MOUIHOCTH BCEX MOAMHOMXKECTB
JTAHHOTO MHOXKECTBA IMpeABapUM HEKOTOPHIMU OCHOBHBIMHU TOJIOKEHUSIMU TEOPUU MHOMKECTB.
OpHolf M3 TEepBBIX OCHOBHBIX aKCHOM TEOPHUM MHOXKECTB  fBIAETCS  «AKCHOMa
9KCTEHCHUOHAIBHOCTU», COJIEP>)KaHNE KOTOPOU NPUBEIEHO HUKE B COOTBETCTBUMU C /1/.
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AKCHOMA 3KCTEHCHOHAJILHOCTH

JTo60oe muoxicecmeo 00HO3HAYHO onpeodesiemcsa ceoumu rjiemenmamu. /[na pasencmea
08YX HENYCHMbIX MHOMCECME He00X00UMO U 00CMAMOUHO, YMOObl IJ1IEMEHMbl KAHCO020 U3
HUX, Obl1u I1Iemenmamu u opyzozo. Ilycmoe muoscecmeo pagno camomy ceoe.

VX, YVz(ze X & zeY)s X =Y) (2.5.1)

B Teopum MHOXKECTB paccMaTpHUBalOT, KaK KOHEUYHbIC, TaK W OECKOHEYHbIE MHOXKECTBA.
[IpeumyiiecTBeHHOE BHHMAHHUE YJENAETCS PACCMOTPEHHIO OECKOHEUHBIX MHOXecTB. Cpemu
KOHEUHBIX MHO>XECTB BBIJIEISAIOT TaK)K€ TAKWE MHOYKECTBA, KOTOPHIE COJAEPKAT €AMHCTBEHHBII
aneMeHT {a}. B yactHOCTH, eciii OOBEKT a SABIAETCS MYCTHIM MHOXKECTBOM, TO PaCCMaTpPUBAIOT

TaKKe MHOKECTBO {J}, €IMHCTBEHHBIM BJIEMEHTOM KOTOPOT'O SIBJSIETCS ITyCTOE MHOKECTBO .

OpnHoit w3 HamOoJiee BAXKHBIX AKHMOM TEOPHUU MHOXKECTB SBISETCA «AKCHOMAa CTETICHU».
[TpuBenem ee GopMyIHUPOBKY B COOTBETCTBHH C /1/.

AKCHOMA CTeNNIeHU

ﬂﬂ}l Kaxcoozo muoxcecmea X cyuiecmeyem MHOIICECmeo Y, AeaAaouieecit MHOMdCeCmeom
écex nOOMHOIIcecme mMHodcecmea X :

VX3dYWz(ze Y & z< X) (2.5.2)

HpI/IBGI[CM HCKOTOPELIC 0a30BbIe IMOJIOXKCHHS TCOpPHUU MHOKCCTB, CBIA3AHHLIC C PA3JINYUCM
KOHEUYHBIX U OECKOHEYHBIX MHOXCECTB, a4 TaKXKEC C IIOHATUAMU COOTBCTCTBHA U 3KBUBAJICHTHOCTHU
MHOXKECTB.

PaCCMOTpI/IM CIicpBa MHOXXCCTBO BCCX HCIIBIX IMOJIOKUTCIBHBIX YUCCIT B I[GCHTH‘IHOﬁ CHUCTEMC
CUHCJICHUA C IPUCOCAUHCHHBIM K HCMY 0COOBIM YHUCJIOM, HAa3bIBACMbBIM HYJICM 0.

0,1,2,3,4,5,6,7,8,9,10,11..................c.o... (2.5.3)

N3 mHOkecTBa (2.5.3) MOKHO BBIJEIUTh MHOXECTBO HATypaJbHbIX YMCEN WJIM HATypajabHbIN
pAll, KOTOPBIA UMEET CIIECYIOIINI BUI:

1,2,3,4,5,6,7,8,9,10,11..................ce (2.5.4)
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Heo06xoauMo OTMETHUTB, YTO BONPOC MPHHAIEKHOCTH ( MHOXKECTBY HaTypallbHBIX YHCEI
ABJISICTCS HEOJHO3HAYHBIM, BeChbMa HETPUBHAIbHBIM U cropHbIM. Ilockonbky 0 obGmamaer
0COOBIMU JIOTUKO-aHAINTHYECKUMHU CBOMCTBAMH B TEOPUHU JCHCTBUTEIBHBIX M KOMIUIEKCHBIX
quce, Mbl B JajibHeHIIeM He OyneM npuaucisaTh (0 K MHOXKECTBY HaTypajbHBIX urced. C apyroi
cTopoHsl 6e3 () HEeBO3MOXKHA 3alUCh HATYPAJIbHBIX YHCEN B JACCATUYHOM CHUCTEME CUHCIICHHMS.
Hcxons w3 BbIIECKAa3aHHOTO, MBI OylneM paccMaTpuBaTh MHOXeCTBO (2.5.3) membIxX
MIOJIOKUTETBHBIX YHCEN C NMpHUCOeAMHEHHBIM K Hemy (), kak 0a3oBoe, M BBIACIUM M3 HETO
MHOECTBO HaTypalbHBIX uucen (2.5.4).

[lonsiTe COOTBETCTBUSI OTHOCUTCS K OCHOBHBIM MOHSITUSM TEOPUM MHOXKeCTB. ['oBOpAT, 4TO
MEXIy JABYMSI MHOXECTBAMHM YCTAHOBJIEHO COOTBETCTBHE, €CIU OINPEACNICHO MPaBUIIO, IO
KOTOPOMY JJIsi KaXKJIOTO 3JIEMEHTa OJHOTO MHOXECTBAa BBHIOMPAETCSl OMpPENEICHHBINH 3JE€MEHT
Ipyroro MHo)kecTBa. Ha 0CHOBe OHSITHSI COOTBETCTBHSI MEX]Ly MHOXKECTBAMHU, BBOAUTCS TaKXkKe
MOHATHE 0TOOpakeHUsI MHOKECTB. [Ipu 3TOM pa3nuyaroT MOHATHS OTOOpaKEHHs] «MHOXKECTBA B
MHOKECTBO», U OTOOPaKCHUSI «MHOXKECTBA HA MHOXKECTBO.

OnpenesaeHye NOHATHS OTOOPAKEHHUS MHOKECTBA B MHOKECTBO

Coomeemcmeue, npu KOMoOpoOM Kaxcoomy InemMeHmy Henycmoz2o MHox3cecmea X omeeuaem
€OUHCMBEHHBLIL J)JIEMEHM  HENYCmo20 MHO)cecmea Y, HaA3bleaemcsa O0mooparceHuem
MHOdIcecmeéa X 6 MHOXcecmeo Y .

OnpeneaeHyue NOHATHS 0TOOPAKEHHUS MHOKECTBA HA MHOKECTBO

Coomeemcmeue, npu Komopom KaJKdOMy I1eMEHMmMY HenyCcmo2o MHoxcecmea X omeeuaem
COUHCMBEHHDLIL I1EMEHM Henycmozo mMHo)cecmea Y, u Kpome moco, KaJKdOMy Jjiemenmy
MHOdMcecmea Y omeeuaem Xxomsa 0Obl 00UH InemeHm MHoOdMcecmea X Ha3bleaemca
omoﬁpaofcenuem MHOMIcecmea X Ha MHOMICecmeo Y .

OTo0pakeHus: MHOXECTB 00bIYHO 0003HavaT OykBamu f, g, h...... Ecau npu otoOpaxeHun
f omemeHTy x€ X, COOTBETCTBYET JJIEMEHT y€ Y, TO JIEMEHT y Ha3bIBalOT 00pa3oM

AJIEMEHTA X, a DJIEMEHT X Ha3bIBAIOT MPOOOPA30M DIIEMEHTa y U IHIIYT:

y=f(x) (2.5.5)

MHOXecTBO BceX MpooOpa3oB 3JEMEHTa y Ha3bIBAIOT €r0 IMOJHBIM MpoodpasoM. B ciydae

OTOOpaKEeHHSI MHOKECTBAa X Ha MHOXXECTBO Y THIITYT TaKXKe:
Y =f(X) (2.5.6)

OtoOpakenue f:X — Y Ha3bBaeTCsl WHBEKTUBHBIM, €CIIM Pa3HbIC 3JIEMEHTHI MHOXKECTBA

X UMEIOT pa3InyHbIe 00pa3bl.
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OnpenejaeHne MHOKECTBEHHOM YKBUBAJTECHTHOCTH

Omoobpasicenue muoxcecmea X Ha MHOMcecmeo Y HA3bI6AEMCA 63AUMHO 0OHO3HAYHbBIM,
eciu  pasHuIM  JJIeMEeHmam MHoMcecmeéa X, COOMEEMCHMEYIOM pa3Hble IJ1eMEHMbl
muoyncecmea Y. Ecau muoncecmeo X — 63auMHO0OHO3ZHAUHO OmMOOpajrcaemcsa Ha
MHOMcecmeo Y , mo muoxycecmea X u Y HA3b16AIOMCA MHONCECMEEHHO IKGUGAICHMHbIMU,
YUMo GbIPANCACHICA CIEOYIOUUM 00PAZOM :

X=Y (2.5.7)

OnpenejieHne 0Tpe3Ka HATYPAJBLHOIO Psiia

MHnoscecmeo ecex HamypaibHblX UHuUucesl, MEHbUWIUX Uin paeHblX HEKomopomy
HamypajibHOMy 4HuUcCiy 1N, Ha3bleaemcsa OmMpe3KoOmM HaAmypaibHo20 p}l()a. Ompe301<

1,1

HAMYpPanIbHO20 pada 0603Havaemca Kax 1,n|. B uacmnom cnyuae umeem

OnpenejieHne KOHEYHOI0 MHOKECTBA M KJjacca

MHuoocecmeo unu Kiacc Ha3vleaemcsa KOHEYHbIM MHOMCECHEOM 8 MOM U MOIbKO 6 MOM
ciyuae, eciu OHO IKEUBATICHMHO OMPE3KY HAMYPAIbHO20 PAOA.

OnpeaeaeHye 0eCKOHEYHOI0 MHOKECTBA M KJIacca

MHuoscecmeo unu Kuacc, He Aenawvuiueca IK6UGAICHMHbIMU HUKAKOMY OmMpPE3Ky
HamypajibH0O20 p}lda, Ha3vl8aAIOMCA OECKOHEUHBIMU.

OnpenejieHre MOIIIHOCTH KOHEYHOI0 MHOKECTBA M KJjacca

MOM(HOCMblo KOHEUYHO020 MHOJIcecmea uiu Kiacca Hasvleaemcia HamypaibHoe Kojludecmeo
€20 3J1emenmoe n.

OnpenejieHre pPABHOMOIIHOCTH KOHEUHbIX MHOKECTB H KJIACCOB

Zlea KOHEUHbIX MHOJICecmea uin Kuacca AGIAIOMCA PACGHOMOULHBIMU mozoa u MONLKO
mozda, K020a KOMUYECmEO0 UX I/IEMEHMO8 sblparcaemca OOHUM U meM Jice HamypaibHbIM
HUCJiom n.
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OnpeneseHye MHOKECTBEHHON NMOPSIIKOBOH PABHOMOIIHOCTH 0€CKOHEYHLIX MHOKECTB H

KJIAaCCOB

ea mnorcecmeenno Ixeugaienmmusle 0pyz opy2y 6eckoneunwvle MHOMcecmea (WU K1accol)
HA3b18AIOMCA MHOMCECMBEHHO NOPAOKOBO PAGHOMOULHBIMU.

Onpenesaenye 001Iero NOPSIAKOBOro KApIHHAJLHOI0 YHCJIa 1151 0eCKOHEYHBLIX MHOKECTB U

KJIAaCCOB

Ecnu 0s6a 0Oeckoneunbix MHOIMCECMEA UAU KIACCA MHOMCECMEEHHO IKEUBANEHMHbI, MO
2060pAm, 4MoO OHU UMerm DecKoOHeuHoe 00ujee nopaodKo6oe KapOuHaIbHOe YUCo.

[Tocneanee ompeneneHue HYXIAeTCsl B TMOSCHEHWU. HeoOXOAMMO OTMETHUTh, YTO HMEIOTCS
CYILLIECTBEHHBIE JIOTMUECKUE pa3JInuusi B JIOTMYECKON MPHUPOJIE€ MOILIHOCTEH KOHEUHBIX H
OECKOHEYHBIX MHOXKECTB W KJIaCCOB. MONIIHOCTh 3a/laHHOTO KOHEYHOI'O MHOXKECTBA SIBIISETCS
MOCTOSIHHBIM KOHEYHBIM HAaTypalbHBIM YHCIOM, B TO BpeMsl KaKk OECKOHEYHOE MOpSIKOBOE
KapJIWHAJIbHOE YHUCIIO0 onpeensieTcs B pe3yabTaTe YCTaHOBJICHUS nopsiiKa
B3aMMHOO/IHO3HAYHOT'O COOTBETCTBUSI MEKY IBYMsI O€CKOHEUHBIMH MHOKECTBAMH U KJIacCaMH.
BcenenctBue 3TOro 0OCTOSATENHCTBA AHATUTHUYECKOE BBIPAKCHHE OCCKOHEYHOTO MOPSAKOBOTO
KapJMHajla MOXET CYUIECTBEHHO 3aBHUCETh OT XapakTepa U CBONCTB pacCMaTpUBAEMOrO
COOTBETCTBHUSI.

B Teopunm MHOXKECTB M KJIACCHUYECKOM MaTEMAaTUYECKOM aHAJIU3€ MCCIEI0BAaHUE
OECKOHEUYHOCTH OCYIIECTBISICTCS C IMOMOIIBIO OECKOHEYHBIX BEJIHYWH, KOTOPBIC SIBISIOTCS
HOCHUTEIISIMU CBOWCTB, KaK aKTyalbHOH TaK M MOTEHUUAIbHOW OECKOHEYHOCTU. beckoHeuHbIe
MOPSAKOBBIE  KapJIWMHAIbHBIE  YHCIA  BBIPAXKAIOT  aKTyaJbHO-OCCKOHEUHBIH  XapakTep
0eCKOHEeUHOro MHOecTBa. HO OJHOBPEMEHHO € 3THUM B KJIACCHYECKOM MaTeMaTHYeCKOM
aHaJI3€ CYIIECTBYET MOHATHE OECKOHEUHO OOJBIION BETUYMHBI (KOTOpPas BbIpaXKaeT CBOMCTBO
OCCKOHEYHOTO  KOJIMYECTBA), JIOTUKO-aHAJTUTHYCCKUNA  XapakTep KOTOPOM  pacKphIBaeT
IIPUBOIUMOE HIXKE ONPENEICHHUE.

Onpeneaenne 0ecKOHEYHO 00JbLII0N BeJUINHBI

Ilepemennan s(n) nazvieaemcsa 0ecKoOHeuHO 00bUL0M, eclU OHA 011 0OCMAMOYHO OONLUIUX

HAMYPATLHBIX 3HAYEHUN 11 CHAHOBUMCA, U 0CIAEmCcA RO AOCOTIOMHOU 8eIUYUHe 00 buLell
CKOJlb Y200HO 601611020 Hanepeo 3a0annozo yucaa E >0:

|s(n)|> E,(n>N,) (2.5.8)

Heo0XxomuMo TOAYEpKHYTh, YTO B TPUBEACHHOM BBIIIEC OMpPEICICHHH MBI UMEEM JIEJI0 C
MEPEMEHHON BEJIMYMHOM, KOTOpas JIMIIb B TMPOIECCE CBOETO HM3MEHEHHS MOXET CIeNaThCs
OOJIBIIIEH CKOJIb YTOJTHO OOJIBIIIOTO MPOU3BOJIBHO B3siTOro uncina E > 0.
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beckonewHo OosbIias BEMTUYHWHA XapaKTEPUIYETCs CTPeMIICHHEM K OECKOHEYHOCTH
|s(n)] — o0 (2.5.9)

C HCJIBKO JIOTHYCCKOTO pacpOCTpaHCHUA KOJIUYCCTBCHHOI'O XapaKTCpa MOUIHOCTH KOHCYHBIX
MHOJKECTB Ha O€CKOHCYHBIC MHOXKECTBA pacCMOTpUM CIICAYIOIICC OMPCACIICHUC.

OnpenejieHne KOJMYECTBEHHOI0 KAPAMHAJBHOIO YHCJIA JJIA _0eCKOHEYHbIX MHOKECTB H
KJIACCOB

Konuuecmeennvim KapOuHnaibHbIM YUCIOM 0OECKOHEYHO20 MHOMcecmea uau Kiaaccd,
Konuuecmeo  INeMEeHmo8  KOMOpPO20  8blPAXNCAEMCA  HAMYPAIAbHOU  (hynKyuei
| c(n) Inamypansnozo apzymenma n_ cmpemawasca K OecKOHeUHOCMU Npu CMpeMIeHuu

n — 0, HA3bI6AEMCA HECKOHEYHO DONbUIAA eNTUYUNA
C, = |c(n)|(n —> o0)

Heo0xomuMo OTMETHTBH, YTO KOJUYECTBEHHBIC W TOPSIKOBBIC KapAWHAIbHBIC YHCIA, MOTYT
UMETh HMEIOT Pa3lIMYHyI0 JIOTUKO-aHAIMTHYECKYI0 mpuponay. llepBble W3 HUX BBIPAKAIOT
0ECKOHEYHOE KOJIMYECTBO, a BTOPHIC — OTHONICHUS MOPSAKA I IBYX WM 0oJiee OECKOHEUHBIX
MHOKECTB MJIN KJIACCOB.

B kmaccrmyeckoM MaTeMaTHYECKOM aHaIN3e OECKOHEUHBIE KOJIMYECTBEHHBIE KapJAuHaJIbHbIC
YHCIIa Ha3hIBAIOT TAKKeE «HECOOCTBEHHBIMH YHCIAMM».

IlepBoii, M3 Tak Ha3bIBAEMBIX 3JEMEHTAPHBIX OCCKOHEYHBIX MOIIHOCTEH, B KJIACCHMYECKOU
TEOpPUHU MHOXKECTB paccMaTpUBAETCs MOIIHOCTh BCEX HaTypalbHbIX uucen. KapauHanbHOe

YHCII0 MHOXKECTBA BCEX HATypalbHbIX 4Hces o0o3HauaeTcsa Kak X (aned-Hyib, aned — neppas

OykBa uBputckoro andasura). CornacHo /5/ - X, BblpakaeTcsl ClIeIyIOIUM COOTHOIIEHUEM:

Xy=1+1+1+1+....... (2.5.10)

Taxkum oOpa3oM, B cootBeTcTBUU C (2.5.10), - X sIBIA€TCS KOIMYECTBEHHBIM KapIUHAIbHBIM

YUCJIOM. B COOTBETCTBUH ¢ KJACCMYECKUM MAaTeMaTHYSCKHUM aHAJIM30M, cooTHomeHue (2.5.10)

O3HayaeT, 4To X, SBISETCS CYMMOH OECKOHEYHOro psijfa E€IWHUIl, a [0 TEPMUHOJIOIUU
KaHTOPOBCKOI TEOPHHM MHOXECTB X, - SBISETCS MEPBBIM TPAHC(HUHUTHBIM KapJUHAIbHBIM

YHUCJIOM.
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C npyroil CTOpOHBI, B COOTBETCTBUH C KJIACCHUYECKON KAHTOPOBCKOW TEOpUEH MHOXKECTB, X,

SABJIICTCA TMOPAJAKOBBIM KapAWHAJIBbHBIM YHCJIOM. Ecimu HCKOTOPOC OCCKOHEYHOE MHOXKECTBO
B3aMMHOO/JJHO3HAYHO OTO6pa)Ka€TCH Ha MHOXCCTBO HATYpPAJIbHBIX 4YUCCJI, TO T'OBOPAT, YTO 3TO
MHOXCCTBO CUCTHO, IMNOPAAKOBO PABHOMOIIHO MHOXCECTBY HATypaJlbHBIX 4YHCCI W HMCECT
MOpAAKOBOC KapAWHAJIBbHOC YUCIIO NO , KJIX YTO TO K€ CaMO€ — MOIIIHOCTb NO .

Ecmu X MHOXKECTBO, TO MHOXCCTBO, ABJIAKOIICCCA MHOXKXCCTBOM €TI0 IIOAMHOXKCECTB

, MOIIIHOCTh MHOXKCCTBA

o0o3Hauaercs kak P(X). MomHoCcTs MHOXKECTBA X 0003HAUaeTCs |X

P(X) obo3HauaeTcs yepes |P(X )| .

[Tepeitnem k paccmorpenuto «Teopembr Kantopa» . KpacHbpIM 11BeTOM BBICIICHBI (hparMeHTHI
JI0Ka3aTeNIbCTBA, HA KOTOPBIE CIEAyeT OOpaTHTh caMO€ MPUCTAITHHOE BHUMAHUE TPU aHAIIH3E
JIOTUYECKUX CBOMCTB JI0Ka3aTenbCcTBa «Teopembl KanTopa».

Teopema KanTopa

Jroboe muorcecmeo menee MOULHO, UEM MHOHCECMEBO0 6CEX €20 NOOMHOIHCECHE.

JlokazaTenbCcTBO

JonycTuM, 4YTO CYlIeCTBYET MHOXKECTBO A, PAaBHOMOIIHOE MHOXECTBY BCEX €ro
noamHoxkecTB P(A). Toraa cymecTByeT B3aMMHOO/HO3HAYHOE COOTBETCTBHE (OMeknus) f,

CTABSIIIASA B COOTBETCTBHE KAKIOMY 3JIEMEHTY MHOXKECTBA A , HEKOTOPOC €Iro IMMOJAMHOKECTBO

Y , 9TO MOXXET OBITh BBIPAKEHO B CJICAYIOIIEM BHJIC:
JAFCIAYWC(Ce A)TY : (Y = f(C)A (Y C A) (2.5.11)

(ObpatuM BHUMaHHE Ha CYIIECTBEHHYIO JeTanb. [Ipexkie deMm mepedTH K JaabHEHIIemMy
JI0Ka3aTeNIbCTBY,HEOOXOAUMO YIOCTOBEPUTCS B CYIIECTBOBAaHMM OOBEKTOB, MEPEUHCICHHBIX B
cooTHomeHuu (2.5.11), u yaocToBepuTCa UIsl pacCMaTPUBAEMBIX KJIACCOB B CYIIECTBOBAHHH
XOTsl OBl OJTHOTO OTOOpa)Ke€HWs, M3 Kilacca OTOOPAKECHHM, OINPENSSIEMbIX COOTHOIICHHEM
(2.5.11). OnHako B CTaHOAPTHBIX BEPCHUSAX JOKazarenbcTBa «Teopembl Kantopa» 3ta gopmyna
OTCYTCTBYET BOBce. TeMm Ooliee, Kak MpaBWIIO, HE PACCMATPUBACTCS U BOIPOC CYIIECTBOBAHUS
MOOOHBIX OTOOPAKEHUIN).

PaccMoTpuM MHOKeCTBO B, VI0BJI€TBOPSIOIEe COOTHOIEHUIO

B={x:(xe A nlxe f(x)) (2.5.12)
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(B dopmyne (2.5.12) He nmoka3zaHO CyIIECTBOBaHHE OOBEKTOB X, YIOBJICTBOPSIOIINX
chOpMyIUPOBAHHOMY XapaKTEPUCTUYECKOMY CBOMICTBY, NMOCKOJBKY HE MpHBEICHA pealibHas
CTPYKTypa B3aMMHOOJHO3HAYHOIO COOTBETCTBUS MEXIy MHOXkectBaMu A u P(A). B
KJIACCHYECKOW apHUCTOTEIEBCKONW TPAJULIMOHHOMN JIOTMKE ATO XAPAKTEPU3YETCS KAK JIOTHYECKAast
omuOKa «petitio principii» - «IPEIBOCXUIIEHUE OCHOBAHUS»)

f OMeKTHBHO, 2 1J1 B BBINOJIHACTCH COOTHOIICHHE:

BcA (2.5.13)

H03TOMy CYIIECTBYET TAKOH 00bEKT y , AJd KOTOpPOro:

(ye A)~(f(y)=B) (2.5.14)

( B (2.5.14) Taxxe conmepkuTcs «petitio principii», MOCKOJIbKY HE JOKa3aHO CYIIECTBOBAHUE
oOBeKTa y ).

Tenepb MOCMOTPHUM, MOKET JIM y PUHAJIEKATD B .

Ecin ye B, 1o B coorBercTBUU C (2.5.12) - y€ A, HO3TOMY B COOTBETCTBUH C (2.5.12) :

ye f(y) (2.5.15)

C npyroii CTOpoHBI B COOTBETCTBMM € (2.5.11), mOCKOJIBKY y€ A, TO CyllecTBYeT Y nais

KOTOpOTO
Y =f(y) (2.5.16)
N3 conoctaBnenus (2.5.15) u (2.5.16) cnenyer:
yeY (2.5.17)
N3 conocraBnenus (2.5.11) u (2.5.17) cnenyer:
ye f(C) (2.5.18)

N3 conocraBnenusa cotHomenu (2.5.11), (2.5.12), (2.5.14), (2.5.17), (2.5.18) cnenyet, 4TO
00BeKT  y€ A, ompenensieMblid  cooTHomieHueM  (2.5.14), HE  MPUHAMJICIKHUT

B3aMHOO/JHO3HaYHOMY COOTBETCTBHMIO, OIpeAeIsieMOMY cooTHoweHuem (2.5.11). 310
03HA4YaeT, YTO U3 CAEJIAHHOIO JONYIIEHUs y € B, B pacCMaTpUBAEMOM CIy4yae Mbl IPHUIUIM K

MPOTUBOPEUYUIO C MCXOJHBIM NPEANOJOKEHHEM O CYIIECTBOBAHUM B3aMMHOOJIHO3HAYHOTO
COOTBETCTBHUS MEXKY MHOKECTBOM A W MHOXECTBOM BCEX €r0 MOJIMHOKECTB P(A).
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PaccmoTtpum Teneps BTOpYIO BO3MOKHOCTb, & UMEHHO:
ye B (2.5.19)
Torna u3 conocrasnenus (2.5.14) u (2.5.19) cnenyer:
ye f(y) (2.5.20)
N3 conocTasnenus coorHomenuu (2.5.14) u (2.5.20) cnenyer:
(ye A)n(ye f(y) (2.5.21)

N3 conocraBnenus cotHomenuu (2.5.12) u (2.5.21) cnenyer:

ye B (2.5.22)

O4eBUHO, YTO MOJYUYEHHOE COOTHOIIEHHE (2.5.22) mpOTUBOPEUYUT COOTHOUIEHUI0 (2.5.19).
Takum 00pa3oM U B ’TOM paccMaTpUBAEMOM CIy4dae Mbl IPUIIUTH K IIPOTUBOPEUHUIO, 2 HMEHHO U3
npeanoyoxenus (2.5.19) mpl npunwin k ero orpuanuto (2.5.22). UMeHHO K TakoMy JBOHHOMY
MIPOTUBOPEUUIO U MPUXOJAT IIPU CTAHAAPTHOM J10Ka3aTenbcTBe «Teopembl Kantopax.

IlepeiineM Temepp K pacCMOTPEHHUIO BOIpoOca, - sBIseTcs 1u «Teopema KanTopa» BepHOH B

obmeMm ciydyae. KputepueM HCTHHHOCTH B 3TOM BOIIPOCE, C TOYKH 3PEHHUS KIACCHYECKOM
aApUCTOTEJIEBCKOW TPAJAMLMOHHOW JIOTMKHM, B JAHHOM CIlydae CIYKUT CIEAYIOLIee IIPaBUIIO
OIIpOBEpKEHMSI, (POPMYITUPOBKA KOTOPOTO MPUBECHA HIXKE.

IIpaBuJio onpoBep:KeHust

Ecnau ucmunnocmo HeKOMOpPo2o CyiHcoOeHUus ymeepicoaemcs 071 6cex 603IMONCHBIX CIyuaes
U3 YUCIA PACCMAMPUBACMBIX, U MEM CAMbIM COOEPIHCUmM J1I02UYECKUN KEAHMOP
6ceobwHOCMU RO OMHOWIEHUIO KO 6CeM CAYYAAM U3 YUCIA PACCMAMPUBAEMDBIX, MO 0I5 €20
onpoeepicenus 00CMamo4Ho HaAmMu Xomsa 0vl 00UH CAYYAN U3 YUCTAA PACCMAMPUBAEMBIX,
07151 KOMOPO20 YROMAHYHOE CYIHCOCHUE ABIACHICA TIOHCHBIM.

Jl1is aiekBaTHOTO perieHus Bonpoca 006 ucTHHHOCTH «Teopembl Kantopa», B mepByIo odepens
HEOOXOAMMO €IIIe Pa3 PacCCMOTPETh ONPeACTICHUE TIOHATHS MHOXKECTBA.

OnpeaejgeHne MHOKECTBA

MHnoscecmeom Hazvleaemcs Knacc, Y006aemeopaouuil ciedyiouemy yciosuro:
Set(Cx) ={x: (Vx)(C(x)) A (Vy(C(y)®C(y)} (2.5.23)

®opmyna (2.5.23) o3HaYaeT, 4YTO MHOMXKECTBOM SIBJISIETCS TaKOM KJacc, 3JIEMEHThl KOTOPOTO
YIOBJIETBOPSIOT XapaKTepUCTHUECKOMY CBOMCTBY C(x), M, KpOME 3TOr0 JUIsl KaXKJI0ro 00beKTa
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y Ha OCHOBaHMM 3aKOHa OO0 HCKIIOYEHHOM TPETHEM MOXKHO PELINTh, YAOBIETBOPSET JH OH
XapaKTepUCTHUECKOMY CBOUCTBY C(x), TMNOO HET. Dmum camvlm ocyujecmeansemcs mpebosanue

00HO20 U3 OCHOBHBIX 3AKOHO8 KIACCUYECKOIL mpaduuuonnoﬁ apucmomeﬂeecmﬁ J1I02UKU — 3AKOHA
00 UCKIIOYEHHOM mpembsem.

B oTHomeHun yHUBEpcalbHOTO Kiacca-MHOXkecTBa U Hamu Oblia qokazaHa «Teopema
SK3UCTEHLIUAJIBHOCTH YHUBEPCAJIHLHOTO MHOECTBa», COIJIACHO KOTOPOM KOHCTPYKTHUBHO
CYIIECTBYIOIINN YHUBEpCAIbHBIN Kilacc U SABISIETCS OJHOBPEMEHHO M YHUBEPCAIbHBIM
MHOECTBOM.

Jns MomHOCTH (KapIMHAJIBHOTO 4YHCIA) KJacca WJIM MHOXECTBAa Y TMPUHATO CIEAYIOIIee
0003HaUeHUE:

CardY =|Y| (2.5.24)

MHOXECTBO WM Kjacc Y, SBISIOMIESCS MHOKECTBOM (KJIacCOM) BCeX ITOJIMHOXKECTB
(moKIIaccoB) MHOXKECTBA MIIH Kjlacca X , 0003HAYaeTCs CICAYIOMNUM 00pa3oMm:

Y =P(X) (2.5.25)

KapauHanbHoe 4KMCI0 MycToro MHoXectBa & cuutaercs paBHbiM (. KapauHanbHOe 4mCIIO
HEMyCTOT0 OECKOHEYHOT'0 KJIacca MM MHOYKECTBA SBJISIETCS OECKOHEUHO OOJIBIION BETUYHHOM.

OpHMM U3 KITIOYEBBIX MOMEHTOB B JIOTHUECKOM Pa3BUTHH OCHOB TEOPHH KIIACCOB U MHOXECTB
MPENICTaBIsIeT COOOM JIOTMYECKH KOPPEKTHOE  PpEIICHHE BOMpOca — SIBISIETCS JIM ITYCTOE
MHOXECTBO & TOIMHOKECTBOM HEMycToro kimacca Z . ITOCKONBKY 3TOT BOMPOC MO CBOEMY
CYUIECTBY SIBIISIETCS BEChbMa CIIOPHBIM U HEOJHO3HAYHBIM, TO ISl €T0 PEIICHUS MBI MPUBJICYEM
JIOTUYECKU KOPPEKTHOE (OpMaibHOE ONpeAeNiCHUE MOHATUS TIOJMHOKECTBA, TAHHOTO B paboTe
/6/, TIO3BOJIAIOLIIEE CUATATh, YTO B cucreMe ZF, & - 4BIAeTCsS IOIMHOKECTBOM KaXXIOTO
HEIMyCTOTO WJIM IyCTOro Kiacca Z .

OnpenejieHne NOHIATHS MOJAMHOKECTBA M IOJAKJIACCA

Knace unu muoxncecmeo X Hazvieaemca NOOKIACCOM WU HOOMHOMNCECIMEOM KNaAcca Uil
MHOMcecmea 7 moz20a U MONbKO Mo204, Ko20a He cyujecmeyem HU 00HO20 MAK020
anemenma X , KOMopulii He ANANCA Obl INeMeHmom Z , unu Qopmanvho:

(X CZ) e —(Ax:(xe X Axe Z)) (2.5.26)

ITycroe MHOXeCTBO & paBHO caMOMy ceOe M SABJISIETCSI CBOUM COOCTBEHHBIM MOMHOKECTBOM.

PaccmoTpuM tenepp TOT cityyaid, KOrja UMEETCS MyCTOE MHOYKECTBO M HENMYCTOM KJacC WM
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MHOXecTBO Z . IloacTtaBuM TIpuBEIEHHBIE BBIIIE CHUMBOJIBI B COOTHOIICHHE (2.5.26) u
MPOM3BEIEM UCTUHHOCTHYIO OIICHKY TTOJIYYeHHOU (POPMYIIBI:

(B cZ)e (Fx:(xeDrxe Z))]=1 (2.5.27)

W3 coornomenus (2.5.27) cieayer, 4To A KIACCOB WJIM MHOXKECTB & WM Z - COOTHOIICHHE
(2.5.27) BeimonusieTcs. CienoBaTeIbHO UMEET MECTO COOTHOIIICHHE:

DczZ (2.5.28)

Takum o00pa3oM Mbl BUIUM, UYTO CYILECTBYET Takoe (HOPMaJbHO-JOTHUYECKH KOPPEKTHOE
onpeJieleHue MOJMHOKECTBA, KOTOPOE MO3BOJISIET B paMKax CHCTeMbl ZF  CUMTaTh MYyCTOE
MHOXECTBO J MOJAMHOXECTBOM Ka)KIOTO MyCTOr0 MJIM HEIyCTOr0 KJlacca WM MHOXKeCTBa Z .

PaccmoTpum Tenepb XxapakTep OTHOIICHUS SKBUBAJCHTHOCTH WJIM HEOKBUBAJIEHTHOCTH MEXKIY
YHHUBEpPCAJIbHBIM KJIACCOM-MHOXXeCTBOM U ¥ MHOXECTBOM BCeX €ro mnoamMHoxkects P(U).

PaccmoTtpuM crienyromee onpeaeneHue.

OnpenejieHne CHHIYJISIPHOIT0 KAPAMHAJLHOI0 YHCJIA M CHHIVJISIPHOIO KJacca

Kapounanwvnoe uucno SCardX xknacca unu muoxncecmea X , HA3b186AeMCA CUHZYIAPHLIM 6
MOM, U MOJIbKO 6 MOM CJIyuae, eCliu 6bINOJIHACMCA COONMHOUICHUE:

SCardX = CardX = CardP(X) = |X|=|P(X)| (2.5.29)

rae P(X) - MHOXECTBO BCEX IOJAMHOKECTB KJlacca MM MHOKecTBa. Kitacc mim MHOXECTBO,

MMEIOIIEe CUHTYIISIPHOE KapAMHATIBHOE YHCIIO,- HA3bIBACTCSI CUHTYJISIPHBIM
Jloka)keM cienyroniee yTBEpKICHHE.

TeopeMa 0 CHHIVJSPHOM MHOKECTBE M CHHIVJISIPHOM KAPANMHAJbLHOM YHCJIE

(Axsaenuanu A.H. — 2011)

Cymecmeyem bOeckoneunoe Henycmoe CUHZYIIAPHOe MHOJIcecmeo, umerouiee CUHy/iApHoe
Kap()uHaJleoe uucimo. Ynueepcaﬂbnblﬁ Knacc-muodxcecmeo U agnaemca CUHZY/IAPHBIM.

JlokazaTenbCcTBO

PaccmoTpuM yHMBepcanbHBINA Kilacc-MHOXkeCTBO U M MHOXeCTBO ero noamHoxects P(U). B
COOTBETCTBUM C OIIPEIEICHUEM U , xaxgpii dnemeHT Kkiacca P(U)OQHOBpEMEHHO
npuHamiexkut u U . [loaToMy UMeeT MeCTO COOTHOIIEHHUE:
(Vx:xe PU)=xeU)=(PU)cU) (2.5.30)
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B cootBetcTBuU ¢ onpenenennemM U yHUBEpCaTbHBIN KJIACC COJEPKUT B KAYECTBE 3JIEMEHTOB
BCE KJIACChl, KaK MyCTOM KJAcC, TaK M KaXKIbId HEMyCTOW, KOHEYHBIA WM OECKOHEUHBIH.
[MosTomMy kaxablid kjacc X , mpuHamiexamui kiaccy U, sBAseTcss ero moJAMHOXKECTBOM M
BCJICICTBUE ATOrO OJHOBPEMEHHO SBIAETCS HJIEMEHTOM kiacca P(U) T.e. UMEET MECTO

COOTHOLIEHHE:
VX : (XeU=>XcU)=>(XePU)=>UcPU)) (2.5.31)

N3 comocraBnenns cootHomeHui (2.5.30) m (2.5.31) 1 «AKCHOMBI 3KCTCHCHOHAIIBHOCTH»
Clemyer:

U=PU) (2.5.32)
N3 cootnomenus (2.5.32) cnenyer:

CardU = CardP(U) = SCardU = SCardP(U) =|U| = |P(U)| (2.5.33)

CootHomenue (2.5.33) moka3bpiBacT BBIABHHYTYIO THIOTE3Y O CYIIECTBOBAHUM OECKOHEUYHOTO
CUHTYJIIPHOTO MHO>KE€CTBA U CUHTYJIIPHOTO KapJWHAIBHOIO yKcia. TeopeMa J0Ka3aHa.

Taxum 06pa3zom MbI BUIUM, uTO U - ABISETCS CUHTYISAPHBIM KJIaCCOM-MHOXKECTBOM, PaBHBIM U
PaBHOMOLIHBIM MHOKECTBY BCEX CBOMX MOAMHOXkeCTB P(U). Kpome 3TOro, mid yTBEpKICHUS

00 SKBUBAJCHTHOCTH CUHTYISIpHBIX MHOXecTB U u P(U) HaM He noHadoOuioce cmpoums
MHOMCECBEHHYIO IKBUBALEHYUIO MeXHCOY HUMU, TIOCKOJBKY BOIPOC 00 MX 3KBUBAJICHTHOCTU
pasperunsicsi HEMOCPEACTBEHHO, MyTeM YCTAaHOBIIEHUS PAaBEHCTBA MEXAY HUMHU. PaBeHCTBO u
paBHOMOIIHOCT, MHOXkecTB Uu P(U) cornacHo «[IpaBuily ompoBep)kIeHUs» U SBISETCS
KOHTP-TIPIMEPOM, orpoBepratomuM odrHocTh «Teopemsl Kantopa». Takum o6pa3om, B 001IeM
ciydae — «Teopema KanTopa» He siBIsI€TCSI BEpHOIA.

Tem He wMeHee, TPENCTaBISCT OMNPENCICHHBI HMHTEPEC PACCMOTPEHHE JIOTHYECKHX
0COOCHHOCTEH J0Ka3aTenscTBa «Teopembl KaHTopa» ¢ ydeToM MOTydYeHHBIX HAMU PEe3yIbTaTOB.
BosBpariasich kK pacCMOTpEHHOMY HaMH JI0Ka3aTelbCTBY «TeopeMbl KaHTopa» MBI BUIUM, YTO C
y4eTOM TOJYyYeHHbIX HaMM pe3yibTaroB, ¢Gopmyna (2.5.12) B ciaydae CHHIYJISIPHOTO
YHUBEPCAIBHOTO Kilacca-MHOXKecTBa U, COMEPKUT «petitio principii», KOTOpoe mepepacTaeT B
«error fundamentalis» (J105kHO€ OCHOBHOE TOJIOKEHHE B JOKA3aTEJIbCTBE), KOTOPOE 3aKJIIOUAETCS
B TOM, YTO B Cllydyae YHUBEpCaJIbHOTO Kiacca U , 3ieMeHTa X HE CYIIECTBYET BOBCE, OCKOJIbKY
JUIsl YHUBEpCadbHOro kiacca U, Kaxablid €ro aneMeHT npuHamiexutr u P(U)=U. B stom

cj1ydac, MHOXKXECTBO B oka3biBaeTcs IMyCTBIM:

B=9 (2.5.34)
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Uro xe kacaercs dopmynsl (2.5.14), To B ciaydae yHuBepcaiabHOro kmacca U = P(U), Mbl
uMeeM otoOpaxkenue kinacca U = P(U) - Ha cebst camoro, IpuyeM 3TO 0TOOpaKeHUE SBISETCS

OJTHOBPEMEHHO 3KBUBaicHIHEH. [loaTomy BMecTo cooTHomeHus (2.5.14), Mbl OyZeM UMETh:
(YeU)A(f(y)=Y) (2.5.35)
B toMm ciyuae, korma y =, Oynem UMeTh:
QDeU)A(f(D)=0D) (2.5.36)
B sTom ciyyae popmyna (2.5.35) BeImonHsAETCS.

OnHako B TOM citydae, koraa y # &, To ¢ yuetoM (2.5.35) Mbl umeeM:
y=fn=#< (2.5.37)

B srom cimywae cnpasemmuBa dopmyna (2.5.37), a ¢ yuerom (2.5.34) dopmyna (2.5.14) —
MPUHUMACT BUJL:

(YeU)A(f(y)=D) (2.5.38)

Msbl BHIUM, YTO B paccMaTpuBaeMoM ciydae Qopmyna (2.5.38) comepXUT Ha YCIOBHSX
KOHBIOHKIINU TTOA(GOPMYITyY, JIOTHUECKA HECOBMECTHYIO C UCTHHHBIM cOOTHomieHueM (2.5.37) u
MMOATOMY SIBJISIETCSI JIOXKHOUM. Takum 00pa3zomM MOKHO 3aKJIIOUUTh, YTO UMEHHO (HopMyIsl (2.5.12)
u (2.5.14) crangapTHOrO N0OKa3aTenbcTBa «Teopembl Kantopa», comepkammue «petitio principii»
(«IpeIBOCXMILIEHUE OCHOBAHHS»), TMPUBOASIT B KOHEYHOM UTOre K BO3HHUKHOBEHUIO
IIPOTUBOPEUYUS] B Cllyda€ CHHIYJSPHOIO YHHUBEpcaibHOro MHoOxectBa U . Hmenno smo
00CmMOoAMeNbCmeo U A61AeMmcs UCMOYHUKOM B03HUKHOBEHUS CEPbEe3HbIX N02UYeCKUX npoobiem,
BO3ZHUKAIOIINX B CBS3H C JIOKA3aTEIhCTBOM M JallbHEHIINM mpuMeHeHneM «Teopembl KanTopa»
B KJIACCUYECKON TEOPUU MHOXKECTB.

2.6 Jlozuueckuii ananu3z «Ilapaooxkca Kanmopa»

B Teopun muoxectB «Ilapagokc Kantopa» napsany ¢ « Teopemoit Kantopa» urpaer BaxxuHyro
poJib B JAIbHEHWIINX JIOTMKO-aHAIUTHYECKUX NocTpoeHusax. Kak m3BectHo, Teopema Kantopa
bopMynupyeTcs CIeTYIOIHNM 00pazoMm.

Teopema KanTopa

Jroboe muorcecmeo menee MOULHO, UEM MHOHCECMEBO0 6CEX €20 NOOMHOIHCECE.
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B nmpenpinymem mnaparpage HaMu OBIJIO TOKa3aHO, 4YTO B CiIy4ae CHHTYJISIPHOTO
YHUBEPCAIBHOIO Kiacca-MHOXecTBa U =~ «Teopema Kantopa» He SIBISIETCS BEpHOW. A HMEHHO,

HMMEET MECTO CJIEJIYIOLIEE YTBEPKACHHUE, - YHUBEPCAIbHBIA CUHTYIISIPHBIN Kiacc-MHOkecTBO U ,
SIBJISIETCSI PAaBHBIM W PABHOMOIIHBIM MHOECTBY BCE€X CBOMX MOJIMHOXkecTB P(U), dYTO

(hopMaJIbHO BBIPAXKAETCSI CICYIOIUM COOTHOIIICHUEM B KapIWHAIbHBIX YUCITIAX:
CardU = CardP(U) = SCardU = SCardP(U) =|U| = |P(U) (2.6.1)

Kak Oyner mokaszaHo jgainee, 3T0 OOCTOATENBCTBO IMO3BOJISICT PA3PEIIUTh TaK Ha3bIBAGMBbIi
«[Tapagokc Kanrtopa», cTaHmapTHas BepCcHs KOTOPOTO H3JIOKE€Ha HUXKE, C J100aBICHHBIMH
HallUMH KOMMEHTapHsIMH, BbIICICHHBIMU KypcuBOM. DparMeHThl JIOTUYECKOTO aHajiu3a, Ha
KOTOpbIe Hajo OOpaTUTh MPHUCTAJbHOE BHHUMAHUE MPU HUCCIEIOBAHUM JIOTHYECKON MPUPOJIBI
«[Tapanokca Kanropa», u KOTOpble B KOHEYHOM CYETE€ U NMPUBOAAT K MapagoKCy, BbIIEICHBI
KpPacHBIM I[BETOM.

Ilapanoxc Kanropa

HpeI[HOJ'IO)KI/IM, 4TO KJIAaCC BCEX CAMOTOXACCTBCHHBIX MHOXKCCTB CYHICCTBYET H BBLIPAXXaCTCA
COOTHOIICHHUEM:

V={x:x=x} (2.6.2)

(ObpaTtuM BHUMaHHE Ha TO OOCTOSITENHCTBO, YTO corytacHo (2.6.2), kimaccV sBusieTcs kiaccom
8CeX CAMOMONCOCCMBEHHBIX MHONCECMB).

B srom crmyuae Uit MHOXKECTB X M t=t# , ynoierBopsonmx (2.6.2), cCrpaBeaaInBoO
CJIe1yIollee COOTHOIICHUE:!

VaxVt(xet = xeV) (2.6.3)
CootHomreHue (2.6.3) o3HaUaeT, 4TO  SBJSCTCS IIOJAMHOXKECTBOM MHOXKeCTBa V .
tcVv (2.6.4)
U3 (2.6.4) cnenyer:
Vil <V (2.6.5)
(2.6.5) o3Ha4aeT, 4YTO MOLTHOCTh MHOKECTBA ! HE MPEBBIILIAET MOLUTHOCTU MHOKeCTBa V :

Ho B cuny «AKCHOMBI CTENEHHW», Uil MHOXKECTBA V , KaKk WM MJIA BCAKOIO MHOXECTBA
CYILIECTBYET MHOKECTBO BCeX ero noAMHOkeCTB P(V), nno «Teopeme Kantopa»:
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POV > V| (2.6.6)

CooTHoiienne _ (2.6.6) BcTyYmaeT B NPOTHBOpeYHEe ¢ COoOTHomeHueM (2.6.5).

CaenoBaTe/ibHO C/IeJaHHOE NMPEeNNoJIoKeHHe HeBEPHO M MHOKeCTBa V He cyliecTBYeT.

OnHako, Kak YIMOMHHAJIOCh BBIIE, HAMH B TpeAbIaylIeM maparpade ObUIO MOKa3aHO, YTO
«Teopema Kanropa» He sBIII€TCS BEpHOU B Cily4ae YHUBEPCAJIBHOTO Kilacca-MHoO)kecTBa U . D10
03HAYaeT, YTO COOTHOIICHHE (2.6.0) sBIseTCA B 00IIEM Cirydae HefokazyeMbIM. TakuM o0pazom,
UMEHHO TO OOCTOATENhCTBO, UTO «Teopema KaHTopa» B o0IIeM ciydae HE SBISIETCS BEPHOU U
SBIIIETCS OJHOW W3 TNpuYuH BOo3HUKHOBeHUs «[lapamoxca Kanrtopa. Kpome storo B cuiy
CIpaBeTMBOCTU cooTHomeHu# (2.6.3) u (2.6.4), - cootHomenue (2.6.5) sBusercs 6€3ycI0BHO
BEpPHBIM, U, CJIEIOBATEIbHO, €ro oTpuiianue (2.6.6) Mo MEHbIIEW Mepe SBISIETCS JIOTMYECKH
HEJIOKa3yeMbIM.

PaccmoTpuM  Bompoc, HAcCKOJbKO BO3MOXHO B MPUHIMIE, B paMKaX apuUCTOTEIEBCKOU
KJIACCUYECKOM  TpaJAWIMOHHOW JIOTUKM OTBEpraTh CyHIECTBOBaHME Kiacca V  Bcex
CaMOTOXKJIECTBEHHBIX MHO)KeCTB. Kak H3BECTHO, MOHSATHE CAMOTOXIECTBEHHOCTH OOBEKTOB,
KJIACCOB M MHOXECTB HEMOCPEICTBEHHO COIJIaCyeTCs C IEPBbIM 3aKOHOM KJIACCHYECKOM
apUCTOTENIEBCKON TPAJAMIIMOHHOM JOTHKU — 3aKOHOM ToXKIecTBa. CienoBaTenbHO, ompuyanue
CYUIecmeoB8anus 6ce20 KIACCA CAMOMONCOECHMBEHHbIX MHOMCeCms SBISETCS JIOTHYECKU
HEBO3MOXKHBIM C TOUKH 3PEHUS TPAJIULUOHHON apUCTOTEIEBCKOM JIOTUKH.
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3. UccienoBanne (eHoMeHA JIOTMYECKOM TPaHCIHEHIAEHIIMH B
OCHOBAHMAX KJIACCHYECKOH (POPMAIBHOH JIOTUHKH HYJIEBOIO
NOPAAKA U JIOTHYECKH TPAHCUEHACHTHBIX CBOMCTB «AKCHOMbI
BbIOOpa»

3.1 Teopemuvt 0 n102uuecKoii MpancyeHOEHYUU 6 KAACCUYECKOU (opManbHoil
J102UKe HY1e6020 NOPAOKA

B mactosmem maparpade cpopMymupoBaHbBI M JOKa3aHbl TEOPEMBbl O JIOTHYECKOU
TPAHCIICH/ICHIIMM B OCHOBAHUSAX KJIACCHYECKOW (OpMabHOM JIOTMKM HYJIEBOTO TMOpPSAKa.
[TokazaHo, 4TO JIOTMYECKasi TPAHCICHAEHIUS IO OTHOLIEHHIO K KJIACCUYECKON apuCTOTEIEBCKON
TPaJAULIMOHHOW JIOTHKE, NPEICTaBiIsIeT COOO0H 3aKOHOMEpPHOE SBJIICHHE, HENMOCPEACTBEHHO
BBITCKAIOIEe M3 CaMUX OCHOB COBPEMEHHOW KIIACCHYECKOW (hOopManbHOW JIOTUKH HYJIEBOTO
MOPsAIKA, TTI00ATbHASI HEMPOTUBOPEUYNBOCTh KOTOPO YCTAHOBJICHA BBINAIOIIUMCS aBCTPUUCKIM
norukoM — Kyprom I'egenem.

PaccmoTpuM ompeneneHue apucToTeaeBCKoi (GopMaIbHO-JIOTHYECKH UCTUHHON (hOPMYJIBI.

OnpeneaeHyue apucToreeBcKoi hopMaJLHO-T0rHYecKH HCTHHHON (hopMVJIbI

Jocuueckaa ¢hopmyna, noanocmolo y0061emeopAlOULAA  MPEM OCHOBHBIM 3AKOHAM
KJlaccu4ecKkoll apucmomenescKoi mpaouyuoHHoN 102UKU, 3HAYeHUA UCHUHHOCMU KOMOpoil
pasnsl no2uveckoil 1 npu eécex 3HAUEHUAX, 6XO00AUUX 6 Hee J102UUECKUX NEePEeMEeHHbIX,
HA3b16AEMCA APUCMOMENEECKOL UCHUHH O 102UYECKOU (hOPMYTIOIL.

IlepeiimeM K pacCMOTPEHUIO TMOHSATHS JIOTMYECKOW TpaHcueHaeHuu. Ilox mormyeckoi
TpaHCIEHJIeHIIeH (0T JaT. transcendentis — MepemIaruBarOIINi, BRIXOASAIIMN 3a TPEAEIb) MO
OTHOLICHUIO K KJIACCHUECKOW apHUCTOTENEeBCKOM (OpMaIbHONH JIOTUKE MBI IOHHUMaeM
KOHCTPYKTUBHOE CYIIECTBOBAHME W BBIBOJAMMOCTb B pPAMKaX COBPEMEHHOW KJIACHYECKOM
dbopManbHOW JIOTUKM HYJIEBOTO TOPSAIKA TaKUX JIOTHYECKUX (OPMYI, KOTOpHIE HE
COOTBETCTBYIOT BTOPOMY HJIM TPETHEMY OCHOBHBIM 3aKOHAM KJIACCHYECKOW apHCTOTEIEBCKOU
TPaJULIMOHHOM JIOTUKHU U TEM CaMbIM BBIXOJIAT 3@ MPEEIbl YIIOMSIHYTOM JIOTUYECKON CUCTEMBI.

Omnpenenenne JOru4ecKs ¢J1a00 TpaHCHEHACHTHON (GopMyJIbI

Jocuueckaa ¢popmyna G Kraccuueckoit GopmanvHoll 102UKU  HY1€6020 NOPAOKA
Hazvleaemcsa J102UYeCKU C1ad00 MPAHCUEHOEHMHOU N0 OMHOWEHUI0 K KIAACCUYECKOoul
apucmomenesckol mpaouyuoHHou a1ocuxe, eciu u cama opmyna G u ee ompuyanue —G
AGNAIOMCA HENPOMUBOPEUUBHIMU U BMECHIE C MEM HEOOKA3YEMbIMUL.
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Chopmynmnpyem 1 JOKaKeM CIIeIyIolIee YTBEpKICHHE.

TeopeMa 0 cJa00¥ JOrnyeckoi TpaclHeHJACHIMH B KJaccuyecko (hopMaJLHON JOTHKe
gvJjaesoro nopsaaka (Axsiaeanauu A.H. — 2011)

Ha mnoicecmee yHapHbIX J102U4eCKUX OREPAUUil KIACCUUECKOU (HopmanvHoil 102UKu
HY/1€6020 NOPAOKA Cyuecmeyrom i102udecku ciaoo mpancenoenmuste gpopmynvt G u =G no
OMHOWEHUIO K KNIACCUYECKOU MPAOUUOHHOU APUCMOMENe6CKOll 102UKe.

Jloka3aTeabCTBO

[TycTs norudeckas hopmyina G onpeaeneHa ciaeayonmM 00pa3om:
G=g2x=(0,) 3.1.1)
Torga ee orpunianue G UMEET CIEYIOLIUNA BUI:

—G = glx=(1,0) (3.1.2)

N3 coorHomenuit (3.1.1) m (3.1.2), a Takxe mpaBWJI KJIACCMUYECKOW (hopManbHOI JIOTUKH
HYJIEBOTO MOps/IKa clenyeT, 4To Kaxaas u3 ¢popmyn Gu —G SBISeTCS HENPOTUBOPEUHUBON U
BMECTE C TEM HENOKa3yeMOH. DTO 03HA4YaeT, YTO B OTHOLIEHUHU HU OJTHOM U3 HUX B OTICIBHOCTH
MBI HE MO’KEM YTBEPXKAATh 00 €€ apuCTOTEIEBCKOM HCTUHHOCTH. J|efiCTBUTENBHO:

(G=g2x=1)=(01) (3.1.3)
(=G = glx=1)=(1,0) (3.1.4)

®opmyna (3.1.3) o3HayaeT, yTO yTBEpXKIAeHHWE 00 HMCTHHHOCTH Jormueckoud (opmynsr G
apnsieTca HenokazyeMbiM. ®opmyna (3.1.4) o3Hauaer, yTO YTBEpXKACHHE OO0 HCTHUHHOCTH
norudeckoi popmyinel G ABISETCS HEAOKa3yeMbIM. TakuM 00pa3oM Mbl BUAMM, YTO HU OJHA
u3 jorudeckux Qopmyn G, —G 1O OTACTBHOCTH HE SBIAETCS TOXAECTBEHHO HCTUHHOM
apucTOTeNeBCKO  ¢opmyrnoi. BcenenctBue »storo, jormueckue ¢opmynsl  G,—G  He
YAOBJIETBOPSIIOT TPETbEMY OCHOBHOMY 3aKOHY KJIACCUYECKOM TPaJAMLIMOHHON apUCTOTEJIEBCKOMN
goruku. C Apyroil CTOPOHBI OHHM  YJOBIIETBOPSIIOT OINPEAENICHUIO JIOTUYECKH Ci1ado
TPaHCUEHJIEHTHBIX Jornueckux ¢opmyna. Takum o0pa3oM Mbl BHUIUM, YTO Ha MHOXKECTBE
YHapHBIX JIOTHYECKUX OTMEPalMi KIACCHYECKOW (OpMabHONW JIOTUKH HYJIEBOTO TOPSIIKa,
CYIIECTBYIOT JIOTHUECKH CJ1ab0 TpaHcueHneHTHbIe hopmyiasl G u —G . Teopema noka3ana.

PaccMmoTpum onpeneneHue JIOrH4ecKy MpeaebHO TPAHCIICHACHTHON (DOPMaTbHOM CHCTEMBI.
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OmnpenesieHne JOrH4eCKH NpeaeJbHO TPAHCHEHIEHTHOH GOopMaAILHON CHCTEMbI

Dopmanvuan 102uiecKas CUCHEMA HA3bIBACHICA J102UYECKU NPedelbHO MPAHCHEHOEHMH O,
ecnu A6NAEMca 00KA3YeMbIM, YMO HA MHOMCECHEe J102UHeCKUX (Popmyn Imoil cucmemol
6b1600UMa Xomsa 0bl 00HA U3 102UYECKU NPEOeIbHO MPAHCYUECHOCHMHBIX 102UUECKUX (opmyi,
Ymo HopmanbHo mModxcem Oblmo bIPANHCEHO CIEOYIOUUM 00PA30M:

[(BIAB2AB3A.BmA..BM)= (CA—C)]=1 (3.1.5)

[((BIAB2AB3A.BmA..BM)= (—CAr—C)]=1 (3.1.6)

Chopmynupyem 1 qOKaxKeM CIEIYIOIIEe YTBEPKICHHE.

Teopema 0 npeneabHOH JOrHYECKON TPAHCHEHAEGHTHOCTH KJaccHuyeckoil ¢opmaiabHoi
JIOTHKH HYJIeBOro mnopsinka (Axsjeauanu A.H. — 2011)

Knaccuueckaa popmanvnasa nocuxa Hyneeo2o nopaoKa A6AAemMcA J102UYECKU NPedelbHO
mpancyenoeHmuoil  opmanvnoit nozuueckou cucmemou. Ha mnosxcecmee ynapuvix
J102UYeCcKUX Onepayuil 6vlgo0umMa no KpaiHell Mmepe O00HA J102U4ecKu npPeodeabHO
mpancuenoenmuan popmyna.

JlokazaTenbCcTBO

N3 pacecmorpenus Tabaumbl 1 yHapHBIX JOTHYECKHX ONEpAIMil CIEMyeT, 4TO KaKaas H3
dbopmyn glxu g2x MO OTHEIBHOCTH, SABJISETCS HENPOTUBOpeunBOi. OJTHAKO, HECMOTPS Ha 3TO,

WX KOHBIOHKITUS SBIACTCS (POPMaIbHO TOXKISCTBEHHO IPOTHBOPEUHBOM:
(glx A g2x) =(1,0) A(0,1) =(0,0) (3.1.7)

N3 coornomenus (3.1.7) u nornyeckoro 3akoHa /[ynca Ckora cineayer:
[(glx A g2x) = (—glx A——glx)] =[(0,0) = (0,0)] = (L1) (3.1.8)

N3 dopmynsr (3.1.8) u ompeneneHus JTOTHUUECKH MPEASIbHO TPAHCUECHIEHTHON (opMalbHON

CHCTEMBI CJEIyeT, YTO BBIBOJUMOCTH JIOTMYECKH MpPEIeNbHO TPAHCUEHACHTHOH (HopMyIibl
(mglx A—glx) Ha MHOXKECTBE YHApHBIX JIOTHUECKUX OIEpaluil Kiaccudeckoi (GpopmaabHOM
JIOTUKHM HYJIEBOTO IOpSAJKA SIBISETCS TOXAECTBEHHO JAOKa3yeMoil. [losmomy xknaccuueckas
dopmanvHas no2uxka Hyn1e8020 NOPAOKA ABNAEMCA NOSUYECKU NPeOelbHO MPAaHCYeHOeHmHOL
gopmanvroul nocuyeckol cucmemot. Teopema qokazaHa.
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3.2 Teopema o nocuuecku mpancyeHOeHmMHbIX ceolcmeax «AKcuomol 6v100pa»

B mnactrosmem maparpade, ¢ yderoM wu3BecTHBIX pe3ynabraroB Kypra ['emens m I'epxapna
['eHuleHA B OTHOILIEHUUU KJIACCHUYECKOM JIOTMKO-MAaTeMaTUYECKOM aKCMOMAaTHUYECKOM CHCTEMBI
PA Jlx3ysenmne Ileano, chopmynupoBaHa u nokazaHa «Teopema O TeHe3Uce JOTHYECKOM
TPAaHCLUEHJCHIIMM B OCHOBAHUSX KJIACCUYECKOM TEOPETUKO-MHOXKECTBEHHOM MaTEMaTUKH».
[Tokazano, 4dro coueranne «Meroga MaTeMaTHYeCKOW HWHAYKIMW» C  TJI00aJbHO
HEMPOTUBOPEUMBOM KJIACCHUECKOH (OpMaTIbHON JIOTMKOM HYJIEBOTO MOpsaKa M «AKCHOMOM
BbIOOpa»  SBISETCS  JOCTAaTOYHBIM  YCIIOBMEM Ui TeHe3uca JIOTMYECKH IPeAesbHO
TPAHCUEHIEHTHOH  (OpMaJbHOM CHUCTEMBI B  OCHOBAaHMHM  KJIACCHYECKOH  TEOpPETHUKO-
MHO>XECTBEHHON MaTEMaTUKH.

Kak wu3BecTHO, BbImarommMmcs aBcTpuiickuMm sorukom Kyptom [emenem Obiio MmokazaHo
CYILIECTBOBAHUE B KJIACCUYECKUX MAaTEeMaTHUYECKHUX TEOPHSX, COJEpKallUX aKCHOMATUYECKYIO
JIOTUKO-MAaTEeMAaTHYECKyl0  aKCHOMAaTHYECKYH)  CHUCTEMY  BBIJAIOIICTOCS  HUTAJIbSIHCKOTO
marematuka Jlxy3enne IleanHo ¢ mnpucoeguHeHHOM K Hed «MeTogoM MaremMaTH4ecKoi
uHaykinun»  PA&MI, Takux  TPaHCUEHIEHTHBIX IO OTHONIICHHIO K  KJIACCHYECKOM
aApUCTOTENIEBCKOM TPaIUIIMOHHON Joruke, jorudeckux ¢opmyn F u —F, xotopbeie ¢ omHoi
CTOPOHBI XOTSl M HE OTPHIIAIOT 3aKOHA 00 MCKIIOYCHHOM TPEThEM, HO C JIPYroil CTOPOHBI U HE
yaoBieTBopsitoT eMy. Ilpu sTom mepBas Teopema ['enens mo CyiiecTBy O3HA4yaeT, YTO €CIHU
J0CTaTo4Ho Ooratasi popMaiibHas WK Moay(opManbHas MaTeMaTudecKast TeOpusi, coJepiKaliast
akcuoMatuky [leaHo, sIBIsIeTCS HEIPOTHUBOPEUMBOM, TO B HEW CYIIECTBYIOT TPaHCUEHICHTHBIC
norudeckue popmynsl F u —F, xoTopsle HE MOTyT OBITh HU JIOKA3aHBI, HU OMPOBEPTHYTHI HA
OCHOBAaHHMM KJIACCUYECKOW apUCTOTEIEBCKOM TPAAMIIMOHHON JIOTUKHM WU «AKCHOMaTHYECKOMN
cucremsl [leano»

[IpuBenem dopmymupoBkn Teopem Kypra Temenst o HemomHoTre (opManbHBIX U
mory(hopMaIbHBIX JJOTUKO-MaTEMaTUYECKUX CUCTEM, conepxkamux cucremy PA &MI.

IlepBas Teopema I'enenst

CymectByeT Takoe cyxaenue F B akcuomaruueckoit cucreme PA&MI, uro uvu F, Hu —F He
MOTYT OBITh JOKa3aHbl mocpenctBoM akcuomM u3 PA&MI, ecnu cucrema PA&MI
HEMPOTUBOPEUHNBA.

Bropas Teopema I'enens

HemnporuBopeunBocth akcuomaruueckoil cuctembl PA&MI - Consis(PA&MI)), He moxet
obITh Moka3aHa B PA&MI, ecniu cucrema PA&MI siBisieTcst HEIPOTUBOPEUNBOIA.

Huxe npuBoguTCs coliepaHue TPAAUIIMOHHON BEpCUM aKCHOMaTH4yecKoil cuctemsl [leano —

PA.
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Axcuombl Ileano

1. 1 ecmb namypanvnoe uucio.
2. /Ina Kax@co0020 HAmypaibHO20 4UCIA N UMEEMCA HOYHO O00HO HAMYPAIbHOE HUCIO,
Hazvlgaemoe e20 nociedyr uwum u oooznauaemoe S(n).

3. Bcezoa umeem mecmo comunouienue S(n) # 1.

4. U3 pasencmea S(n) = S(m)cnedyem m=n.

5. Ilpunyun nonnoui unoykyuu. Muosxcecmeo N, namypanvhvix uucen, cooeprycaujee 1 u
011 KA)}c0020 u3 n 31eMeHmo8 caedyiouwiuil 3a Hum rjiemenm S(n), cooeprycum ece

HamypajlbHble Uucia.

Apudmernka Ileano

Cnosicenue u yMHOMCEHUE HAMYPATLHBIX YU CE ONpedensiemcs popmyramu:

S(n)y=n+1 (3.2.1)
S(m+n)=m+S(n) (3.2.2)
n-l=n (3.2.3)
n-S(m)y=n-m+n (3.2.4)

HeobxoaumMo oTMETHTh, YTO KpOME aKkcMOMaThdeckor cuctemsl [leano, - PA, Bkitouaromeii B
cebs «Axkcuombl Ileano» u «Apudmeruky IleaHo», OCHOBaHUS KJIACCHUYECKOW MaTeMaTHKU
(PA&MI) Brmoyaror B cebst Takke «MeTox MareMaTHyecKoW WHAYKIUH», (OPMYIHPOBKA
KOTOPOTO MPUBOJIUTCS HUKE.

Metoa MaTeMaTHYeCKOH MHAVKIINU

Ecnu nekomopoe ymeeporcoenue A(n),n=1273.......... cnpaeeonueo ona n =1, u 011 Kax3cooz2o
nu3z cnpasedausocmu A(n) npu 3HaveHuu nciedyem cnpageonugocms A(n+1)npu n+1, mo

ymeepocoenue A(n)- cnpaseoauso 01sa 6cex HAMypaIbHulX N, UAU POPMATbHO:
(VneN_ )(Vie{l,.n)A(n)=1= A(n+1)=1)= (Vne N, )(A(n)=1) (3.2.5)

Kak u3BecTHO BhIIaromuMcs HeMelnkuM Marematukom ['epxapaom I'ennenom B 1936 ropy
ObUTa JOKa3aHa COBMECTHOCTh akcuoM Ileano m apudmeruxu Ileano, ogHako Iisi 3TOTO emy
MPUILIOCH 100aBUTh K JIOTUKE MEPBOTO MOPAJIKA JOMOJHUTEIbHYIO aKCUOMY (OE€CKBAaHTOPHYIO
nHayknuoo). Tem cameim ['epxapmom ['enmeHom Oblma 3aBepmieHa mporpamma JlaBuma
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I'mnpbepra mo Qopmanmszammu OCHOBaHWM MareMaTukd. HeoOXoaumMo MOAYEepPKHYTh, UTO
pe3yibTaThl, oJlydeHHbIe ['epxapioM ['eHIIEeHOM HE BCTYIAlT B MPOTHBOPEUYUE C TEOPEMAMH
I'enens, HaoOOpoT HccnenoBaHue W pe3ynabTarhl ['epxapaa ['eHiieHa SBISIOTCS KOCBEHHBIM
noaTBepkneHneM «Btopoii Teopembr [emensi» mockonbky [eHmeny mans 000CHOBaHUS
BHYTPEHHEH JIOTMYECKON HEMpPOTUBOPEUYMBOCTH AKCMOMATHYeCKOW cuctembl PA  mpunuioch
N00aBHUTH K JIOTUKE MEPBOTO MOPSIKA TOTIOTHUTEBHYIO aKCHOMY O O€CKBAaHTOPHON MHIYKIIUH.

N3 conocraBnenus pesynbratoB Kypra I'enens u I'epxapaa ['eHueHa B OTHOIIEHHMHU
akcuoMaTuueckoil cucreMbl PA BbITEKaeT Ba)XHOE CJEICTBUE — MOXHO YTBEPXKAATh, YTO
akcuomarmnueckas cucrema PA sBrsieTcss BHyTpEHHE HEIIPOTUBOPEUYMBOM B CMBICIIE JIOTHYECKOU
COBMECTHOCTH OCHOBHBIX aKCHOM 3TOH CHUCTEMBI, a 3TO B cOOTBeTCTBHH C «llepBoil Teopemoit
Il'egensi» o3Havaer, 4TO B KaXJAOM MaTeMaTHYECKON TEOPUHU MEPBOTO MOPsIKa, OCHOBAHHOM Ha
cucreme PA cyliecTBYyIOT JIOTHUYECKH TPAaHCUEHAECHTHBIE 10 OTHONICHUIO K apHCTOTEIEBCKON
TpaguimoHHou GopmansHOU joruke dopmyisl F u —F, koTopsie He MOTYT OBITh HH JIOKA3aHbI,
HU ONPOBEPrHYTHl HAa OCHOBAaHUHU KJIACCUYECKOM ApUCTOTENEBCKOW TPAIAWLMOHHOM JIOTMKUA H
akcuomaruueckoil cucremsl [leano PA.

s manpHEHIero W3JI0KEHUs HaM MOoHamoouTcs «Akcuoma BbeIOOpa» u3 cuctembl ZFC
TEOPUH MHOXKECTB, CIIOBECHast (POPMYyIUPOBKA KOTOPOU MPUBOIUTCS HUKE.

AKCHOMA BBIOOpAa

Jna Kax)coozo cemeiicmea B HenycmvlX HenepeceKkarujuxci MHOMCECME cyujecmeyem no
MeHbvuiell mepe 00HO HeEnycmoe MHodMcecmeo D, Komopoe umeeem mobKo 00UH 00WiUil
JJIeMEeHm C ¢ Kaycovlm u3 MHOXMcecme b € B dannozo cemeiicmea.

Paccmotpum criienyroiee onpeseieHue.

OnpenejieHne JOrMYeCcKoro KoJjjaamnca

Jocuueckum Konnancom (momanvHolM 0CHaOIEHUEM UCHMUHHOCIMU) HA3bI6AEMCA MAKAA
Jl02udecKas cumyayus, Kozoad 6 HeKOmopou (opmanvHoul unu noayphopmanbHol 102UKO-
mMamemamuyeckou meopuu T, cmaHosumca 102u4ecKu KOHCMPYKMUGHO OCYU{eCHMEUMbIM
6blgedeHUe HA OCHOGE HENPOMUGOPEUUBHIX JIOZUYECKUX (POpMYN, - MOHCOECMEEHHO
RPOMUBOPEUUBOI 1OZUYECKOU POpMYTbl UNU POPMYSI HA MHONHCECH e YHAPHBIX, OUHAPHBIX,
MEPHApHbIX WU 6 00ugem cayuae n - apHbIX 102UYECKUX Onepayuil.

Chopmynupyem 1 JoKaKeM CIeIYIOIIYI0 TEOpEMY.

Teopema 0 JormdyeckoM koJance B cucremMe PAKSMI&AB B paMkax KjaacCHYeCKO
dopMaIbLHO¥ JIOTMKH HYJIEBOr0 nopsiika (Axpaeauanu A.H. — 2011)

Couemanue Knaccuueckoi  (opmanvHoil  J102UKU  HY1€6020 nopaoka, «Memooa
MamemMamuy4ecKou UHOYKUUU» U «AKCUOMBL 6blOOPA», ABNAEMCA OOCHMAMOYHBIM YCI06UEM
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0711 KOHCMPYKMUGHOU OCYU,eCHIGUMOCHIU MHOMCECHIEEHHO20 J102UYECK020 KOlanca 6
Ka)coou  (opmanvnoii  uau  nOAYPOPpManvHol  J102UKO-MAMEMAMUYECKOU  meopuu,
cooepircaweii  Kaaccuueckylo - (popmanvHyl0  J102uKy  Hyneeo20  nopaoka, «Memoo
MamemamuuecKoil UHOYKUuu» u «Axcuomy evloopa».

JlokazaTenbCcTBO

ITycTp B-  Henmycroe  CEMEHCTBO  HEMYCTBIX  HENEPECEKAIOIIMXCSA  MHOXKECTB
bl,b2,b3, noruueckux (HopmMyIl, ONpeaeTCHHBIX HA MHOKECTBE YHAPHBIX JIOTMUECKUX ONEeparui

CJIETYIOIIM 00pa3oM.

bl - ecThb CUETHOE MHOXECTBO HENPOTUBOPEYMBHIX, JOTMYECKH CJIA00 TpPaHCIICHICHTHBIX
bopmyn all,al2,al3,..aln,................ , IOTUYECKasl CTPYKTypa KaXk10M M3 KOTOPBIX COBMANIAET C

JIOTHYECKOW CTPYKTYpPOH HENpoTUBOpeunBOi (opmynsl gl(x) Ha MHOXKECTBE YHApHBIX
JIOTHYECKUX OTepanuii KI1acCuueckoi popManbHOM JOTHMKH HYJIEBOTO MOPsAKa.

b2 - ecTb CUETHOE MHOXXECTBO HEMPOTHBOPEUYMBBIX, JIOTUYECKU CJIA00 TPAHCIICHIIEHTHBIX
bopmyn a2l,a22,a?3,...an,................ , JIOTMYECKAsi CTPYKTypa KaKI0M U3 KOTOPBIX COBIIAIAECT

C JIOTMYECKOH CTPYKTYpOW HENpOTUBOPEUMBONl (GopMynbl g2(x) Ha MHOXECTBE YHApPHBIX
JIOTUYECKHUX ONEPAINi KJIaCCHYECKOH (hOpMalbHOM JIOTHKH HYJIEBOTO TMOPSIIKA.

b3 - ecTh CUETHOE MHOXXECTBO TOXAECTBEHHO MCTUHHBIX JIOTHUECKUX (HopMyn
a3l,a32,a33,...a3n,................ , JIOTMYECKass CTPYKTypa KaXXIOH U3 KOTOPBIX COBIIAJAET C

JIOTUYECKOU CTPYKTYPOH TOXKIECTBEHHO MCTUHHOW (opmyinbl g3(1) Ha MHOXKECTBE YHapHBIX
JIOTUYECKHUX ONEPAIMil KJIaCCHYECKO (hOpMalbHOM JIOTHKH HYJIEBOTO TMOPSIIKA.

Koprexu dl,d2,d3,...,...,dn,... morudeckux (HopMyl, OmpeneanuM CIeAylommM o0pa3oM Ha
OCHOBE «AKCHOMBI BEIOOpa»:

d1={(all,a21,a31) (3.2.6)
d2 =(al2,a22,a32) (3.2.7)
d3=(al3,a23,a33) (3.2.8)

dn = (aln,a2n,a3n) (3.2.9)
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Onpenenum koprex LCU = <lc1, lc2, lcS,...,lcn,...> JIOTUYECKUX (DOPMYIT CIETYIOIIIM 00pa3oM.

lcl=(all A a2l Aa3l) (3.2.10)
lc2 = (al2 A a22 Aa32) (3.2.11)
lc3=(al3 A a23 Aa33) (3.2.12)
len = (aln A a2n A a3n) (3.2.13)

W3 cnocoba ompeneneHuss MHOXeCTB bl,b2,b3 HEMPOTUBOPEUUBBIX JIOTHUECKUX (HOPMYI
MHOKECTBAa YHApHBIX JIOTHYECKHX OMepanuil I100albHO HEMPOTUBOPEUMBON KIIACCUYECKOM
(dbopmanbHOM JTOTUKM HyJIeBoro nopsiaka u gopmyi (3.2.10)-(3.2.13) cnenyer:

lel = ((1,0) A{0,1) A(L1)) = (0,0) (3.2.14)

le2 = ((1,0) A (0,1) A (1,1)) =(0,0) (3.2.15)
Ie3=((1,0) A{0,1) A(1,1)) =(0,0) (3.2.16)
len= ((1,0) A(0,1) A(11)) = (0,0) (3.2.17)

W3 ompenenenus koprexa LCU=<lcl,lc2,lc3,...,lcn,...> u ¢opmyn (3.2.14) — (3.2.17)

CIIeNIyeT:

LCU =((0.0).(0,0).(0,0).....(0.,0).... (3.2.18)
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®opmyna (3.2.18) u 03HaYaeT KOHCTPYKTHUBHYIO BBIBOJIUMOCTh MHOKECTBEHHOTO JIOTHYECKOTO
KOJUIarca, MmOJy4€HHOro Ha OCHOBC KOHBIOHKIHWHW HCHOPOTUBOPCHUBBIX JIOTHYCCKUX q)OpMy.H
MHOKECTBA YHApHBIX JIOTHYECKMX OIepaluif, 3aKOHOB TJI00adbHO HEMPOTUBOPEUMBOM
KJIAaCCMYeCKONH (OpMaIbHON JIOTMKK HYJIEBOTO TOpsiAKa U «AKCHOMBI BbIOOpa». Teopema
J0Ka3aHa.

PaccMoTpuM crenyroniee onpenesexue.

OnpeaejeHye CYETHOr0 KOPTEKA JIOTHYECKOro KoJJIanca HAa MHOKECTBE VHAPHLIX
JOTHYECKHX onepanui

Kopmeirc, onpeodenaemotit popmynoit (3.2.18):
LcU =((0,0).(0,0).(0,0).....(0.0)....)

Hasvléaemca CUemHbIM Kopmexcem Ji02U4eCKo20 Kojuianca Ha MHOM)cecmee YHAPHbIX
JlocudecKux onepauuﬁ.

PaccmoTtpum crienyroiee onpeseieHue.

OnpeaejgeHye CYETHOr0 KOPTEXa HCTHHHOCTH HAa MHOYKECTBE VHAPHBLIX JOTHYEeCKHX
onepaumi

Kopmeic U1, onpeoenaemvtit hopmynoir:
U1 =((L1),(L1).(L1).....(L1)....) (3.2.19)

HA3bl6ACMCA CYEMHBIM KOPMEXHceM UCIUHHOCHU HA MHOMCECH8e YHAPHBIX J102UYECKUX
onepayuil.

CdhopmynupyeM U TOKaXKEM CIEAYIONIYIO0 TEOPEMY.

TeopemMa 0 reHe3uce JOTHYECKOM TPAHCHEHICHUUH B OCHOBAHMAX KJIACCHYECKON
TEOPETHKO-MHOKeCTBeHHOM MaTeMaTuKH (AxBJjaeauanu A.H. — 2011)

Koucmpykmueuoe cyuiecmeosanue Cu4eémHoc0 Kopmeaica LCU nozuueckozco xonnanca Ha
MHOJ2iHCcecmee YHAPHBIX J102UHUECKUX onepauuﬁ AeAemca 00CMaAmMOYHbIM ycaoeuem onsa
2éHe3uca u CUeMmMHO20 Kopmejrica UCMUHHOCmMU Ul, ceudemeﬂbcmeyrou(ezo o
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KOHCIMPYKMUGHOII  OCYWECIEUMOCIU  2€He3Uca  J102U4ecKOll  MPAHCYECHOCHUUU HA
MHOMCECEE YHAPHBIX J102UYECKUX ONEPauuil 6 Kaxcooll J102UKO-MAmeMamuiecKkou
dopmanvnoni unu nonygopmanvHon meopuu, cooepircauieii KiaccuvecKyro QopmaavHyio
JI02UKY HYJ1€8020 nopaoKa, «Memoo mamemamuueckoii uHOYKyuu» u «Axcuomy evioopar.

JlokazaTenbCcTBO
PaccMoTpuM MHOKECTBO JIOTHUECKUX (POPMYII, OTIPEICTCHHBIX CIAEAYIOIMHUM 00pa3oMm:
S1=[(all A a21Aa31) = (mgl(x) A—gl(x))] =(0,0) = (0,0) = (L1) (3.2.20)
S2=[(al2 A a22 A a32) = (—gl(x) A——gl(x)] =(0,0) = (0,0)=(L1)  (3.2.21)

S3=[(al3 ra23 A a33) = (—gl(x) A—=—gl(x)]=(0,0)= (0,0)=(L1)  (3.2.22)

Sn =[(aln A a2n A a3n) = (=gl(x) A——gl(x)]=(0,0) = (0,0)=(L1)  (3.2.23)

Koprexk, cocTaBiIeHHBIN U3 JOrMYECKHX BEKTOPOB, MOJTYYEHHBIX B pe3yabTare popmyn (3.2.20)-
(3.2.21) paBen cueTHOMY KOpTEKY HCTHHHOCTH U1 :

(L), (L), (LD),....(L1)....) = U1 (3.2.24)

[Tonyuennoe cootHomenue (3.2.24) o3Ha4aeT A0KA3aTeIbCTBO CHOPMYIMPOBAHHONW HAMHU
TEOPEMBI.
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3akJII04YeHue.

B nactosmeit pabote HamMu OBUTIO MOKa3aHO, YTO COBPEMEHHas Kiiaccuueckas (opmanbHas
JIOTUKA HYJIEBOTO MOpsAJKa, a 3HAUYUT M CoJAepKallas ee Kiaccuueckas (opmaiibHas JIOTHKa
MEepBOro TMOpSAKAa HUMEIOT JIOTUYECKH TPAHCLUEHICHTHBIE CBOMCTBA 1O OTHOILIEHUIO K
aApUCTOTEIEBCKON TPAAUIIMOHHON JIOTUKE, B YACTHOCTH:

1. Knaccuueckas gopmanbHast JJOTHMKa HYJIEBOTO MOPSIKA COAEPKUT MHOXKECTBO JIOTHYECKHUX
dbopMyI1, HCKITIOUEHHBIX U3 PACCMOTPEHHUSI B apUCTOTEIEBCKOM TPaIULIMOHHOMN JIOTHUKE.

2. B kmaccuyeckod (OMaNbHOM  JIOTMKE HYJIEBOTO TOpPSJIKAa KOHBIOHKLHUS — JIBYX
HEMPOTHBOPEUMBHIX JIOTHUECKUX (POPMYS MOXKET MPUBOJIUTH K JOTMYECKOMY KOJUIATICY —
TOKJAECTBEHHOMY OCJIa0JIeHUIO0 (POpPMaIbHON MCTHMHHOCTU. JTa JIOTHMUYECKas CUTyalHs B
KOpHE OTJIMYAETCs OT IIOJIOKEHUs JAE]I B apUCTOTEIIEBCKOM TPALULIMOHHOW JIOTHKE, TIe
HEMPOTUBOPEYUBOCTh (HOPMYJIBl O3HAYaEeT €€ WCTHUHHOCTb, M BCJIEICTBHE ATOTO
00CTOATENIbCTBA, - KOHBIOHKIIMA BYX WM 00Jiee HEMPOTUBOPEUMBBIX JJOTHUECKUX (PopMy
ABJIETCS TOXKAECCTBEHHO NCTUHHOM.

3. B nacrosmeit pabore, B paMKax KiacCMYecKod (OpMaibHOM JIOTHMKH HYJIEBOTO MOpPSIKa
Ob1  chopmymupoBaH u jAokazaH «llepBbIii MPUHIMO  JTOTUKO-MAaTEMAaTHYECKOM
TPAHCLEHJIECHIIMU» COTJIACHO KOTOPOMY B HEKOTOPBIX CIy4asx (OpMajbHO-JIOTHYECKU
HEIIPOTUBOPEYUBO BBIBOAMMBIMM SIBJISICTCS, KAaK CaMO YTBEp)KIAEHUE A, TaKk U €ro
OTpUIIAHKE —A, YTO C TO3UIUNA aPUCTOTEIICBCKON TPAJIUIIMOHHOW JIOTUKH MOXET OBITh
0XapaKkTEepPHU30BaHO, KaK BbIBEJIEHHNE aHTHMHOMHHU. VI3 OTMEUEHHOro HaMu OOCTOATENbCTBA
HETOCPEACTBEHHO CIIEAYET, YTO B PAMKaX KJIACCHMYECKOW (OpPMarbHOM JIOTMKH HYJIEBOTO
IOpsIIKa, BO MHOTHMX CIIydasX Mbl YK€ HE MOXKEM IPETEHIOBATh HAa IIOCTHKCHUE
«apHUCTOTENIEBCKOM HCTUHHOCTH». B OONBIIMHCTBE Ciy4aeB HAET peyb TOJbKO O
«JIOTUYECKH HENPOTUBOPEYMBOM  BBIBOAMMOCTH», IIPUYEM BO MHOTHX  CIy4asx
HEMPOTHBOPEUMBO BBHIBOJMMBIMHU SIBIISIIOTCS, KaK cama Jiormueckas Qopmyrna, Tak U ee
orpunanue. [loHATHE «apUCTOTENEBCKOW HCTHHHOCTH» B KJIACCHYECKOH (opMaIbHOM
JIOTUKE HYyJIEBOIO M IEPBOr0 IMOPSAAKOB  3aMEHACTCS IOHSATHUEM  <«JIOTHMYECKOU
JI0Ka3yeMOCTH», TA€ O]l JIOTHYECKH A0Ka3yeMoH mojapasdyMmeBaeTcs (opMysia, 3HaYCHHE
JIOTMYECKOW UCTUHHOCTU KOTOPOM IpH J1H000i KOMOMHALMY BXOASIIUX B HEE IEPEMEHHBIX
paBHO JIOTUYECKOUN €IMHULIE.

4. Kpurepuil HEPOTHUBOPEUMBOCTH KJIACCHUYECKOW (POPMATILHON JIOTUKM HYJIEBOTO MOpPSAKA
OTJINYAETCS OT KPUTEpUsl HEIIPOTUBOPEYUBOCTH APUCTOTEIEBCKON TPAJIULIMOHHOMN JIOTUKHU.
B coorBercTBUM € apUCTOTENIEBCKOM TPaJAULIMOHHON JIOTUKOW, HENPOTUBOPEUYMBBIMU
CUUTAIOTCS JIOTUYECKHE (POPMYIIBI, TOJIHOCTHIO COOTBETCTBYIOIINE OCHOBHBIM JIOTHYECKUM
3aKOHaM — 3aKOHY TOKJECTBA, 3aKOHY O HEMPOTHUBOPEYMH U 3aKOHY 00 HCKIIOUCHHOM
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TpeTheM. B kimaccudeckoit (opmanbHOM JOTHKE HYJIEBOTO TMOPSIKA HEMPOTHBOPEUUBOU
cuutaercss Jiro0as BBINOJHUMAs Jiorudeckas ¢opmyia, TMpPUYEM €CIH  B3aUMHO
KOHTPAJUKTOPHBIE JIOTHYECKUe (POPMYJIbl O OTAEIBHOCTH SBISIOTCS BBIMOJIHUMBIMHU, TO
OHHU 110 OTACIIBHOCTHU  ABJIAIOTCSA n HCIIPOTUBOPCUNBLIMU. OTMmeueHHOE BBIIIIC
O6CTO$IT€JII>CTBO BBIABJIACT CYHICCTBCHHOC Pa3IMduC MCKAY JABYMA pacCMaTpUBACMbIMHU
JJOTUYCCKMU CUCTEMAMU B CMBICIIC O6H3&TGHBHOﬁ BBITIOJTHUMOCTH  3aKOHa 06
HCKIIIOYCHHOM TpPCTHCM. NapmMu CJIOBaMH, JIOTUYECKUEC Q)OpMyHBI, HUCKIOYCHHBIC B
ApPUCTOTENIEBCKOW TPATUIIMOHHOMN JIOTHKE, HE MCKIIOYCHBI B KJIACCHYECKOH (hopMalbHON
JIOTUKE HYJEBOTO MOPsAKa.

ApuctoTeneBckasi TpaJuLMOHHASI JIOTUKA M KJaccuueckas (opManbHas JIOTHUKa HYJIEBOTO
MOpsIIKa UMEIOT Pa3fMyYHble KPUTEPUH MPOTUBOPEUMBOCTH. COIIACHO apUCTOTENEBCKOU
TPaIWLIMOHHON JIOTWKE, Ta Wi WHasg (QopmanpHas WiIH MONXypopManbHas TEOPHS
NpHU3HACTCST MPOTHBOPEUMBOM, €cld B €€ paMKax BbIBoAMMa Qopmyna, He
COOTBETCTBYIOILIAasl OTHOMY M3 OCHOBHBIX JIOTMUECKHUX 3aKOHOB apUCTOTEIEBCKOM JIOTUKH,
WIHM e SBIISAIONIASACS JIOTUYECKH KOHTPAIUKTOPHOW, MJIM KOHTPApPHOM MO OTHOLIEHUIO K
YIOMSHYTBIM JIOTUYECKHM 3aKoHaM. B kimaccudeckoil (opMallbHOW JIOTHKE HYJIEBOTO
nopsiika Ha000POT, BHITIOJIHMMAS JIOTHYECKass (opMylia, HE COOTBETCTBYIOIIAsI 3aKOHY 00
UCKIIIOYEHHOM TPEThEM CUUTACTCSl HEMpPOTHUBOPEUYUBON. BBIBOAMMOCTH JIOTHMUYECKH
TOKJAECTBEHHO MPOTHBOPEUYMBON (POPMYIIBI, SBISIOUICHCS CBUICTEIHCTBOM JIOTHMYECKOTO
KOJulanca, TAaKXe HE MPU3HACTCS MPU3HAKOM MPOTUBOPEUYMBOCTH TEOPUHU, IMOCKOIBKY
HECMOTpSL Ha TO, YTO B paMKax caMOW KJIacCHYEeCKOH (OpMaIbHON JIOTUKH HYJIEBOTO
MOPSIIKA JTOTHYECKHUIA KOJUIATIC SBJISETCS BBIBOAMMBIM, TEM HE MEHEE 3TO OOCTOATEIHCTBO
HE SBJSICTCS JJOCTATOYHBIM JIsl IPU3HAHUS KIIACCHUECKON (OPMANBHON JIOTHKU HYJIEBOTO
MopsiIKa MPOTUBOPEeUnBOr Teopuel. Hao0opoT, nu3BecTHo, uTo Kiaccuyeckas (popmanbHas
JIOTUKAa HYJIEBOTO TOpsAKa sBIsSeTcs (GopMalbHOW TIJI00AJBbHO HENPOTUBOPEUUBOM
teopueii. C TOYKM 3peHUs KJIACCHYECKOW (HOPMAIIBHOW JIOTMKKA HYJIEBOTO TMOPSAKa
dbopManbHO-JIOrHUecKas MPOTHUBOPEUMBOCTh TEOPUHM 3aKJIIOYAETCS B BBHIBEJCHUM B €€
pamMKax TakuxX JIBYX TOXJIECTBEHHO MOKa3yeMbIX (hopMyi, Kaxaas U3 KOTOPBIX SBISETCS
OTPULIAHUEM JIPYTOM.

B cuny cyniecTBeHbIX pa3iavuuMil MEXIy ABYMS PacCMaTPpUBAEMBIMM JIOTMYECKUMHU
CHCTEMaMH, COYETAHUE apPUCTOTEJIEBCKOM TPAIUIIMOHHON JIOTUKA C KJIACCHYECKOU
(opManbHON JIOTMKOM HYJIEBOTO TOpSJKAa B psjie CIy4aeB MOXET INPUBOIUTH K
00pa30BaHUIO APHUCTOTENEBCKUX NpOTHBOpeunid. I[Ipym mnosyueHHMM apHUCTOTENEBCKOrO
IPOTHBOPEYMsS] HA OCHOBE COYETAaHUS METOAOB KIACCHYECKOM (hDOPMaIbHOM JIOTUKU
HYJIEBOI'O TIOpsAJKa C apUCTOTEJIIEBCKOM TPaAULUOHHOW JIOTMKOM B paMKax HEKOTOPOU
dopmanbHON WM TOMY(HOPMAILHOM TEOPHH, Takash TEOpUs yXKE HE MOXET CUHTATHCS
apHUCTOTENIEBCKH HENTPOTHBOPEUUBOII.
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7. B cuiy TOoro o0cTosTENbCTBA, UTO KiIaccuueckas (opmalibHas JOTHMKa HYJIEBOTO MOpsaKa
SIBJISICTCSI COCTABHOM YaCThIO KJIACCHMUECKOW (hOpMaJIbHOM JIOTHMKH TEPBOTO TOpsKa, TO
OTMEUEHHBIE BBIIIE€ JIOTUYECKHUE MPOOJIEeMbl aBTOMATUYECKH PACIpPOCTPAHSIOTCS U Ha
KJIACCUYECKYIO JIOTUKY TEPBOIO MOPSAKA.

O60011ass pacCMOTpPEHHbIE BBIILIE MaTepuaibl MOKHO BBIIEIUTH CIEAYIOUINE OCHOBHBIE
IIPUYMHBl TEHE3MCa SIBJICHUS JIOTMYECKOW TPAHCLEHAECHLIMH B OCHOBAHMSX KJIACCUYECKOU
TEOPETUKO-MHOKECTBEHHOM MAaTEeMaTHKH, BBIpAXAIOUIMECs B PETYIIPHOM 00pa30oBaHUU
apUCTOTENEBCKUX aHTUHOMUH.

1. Jlornueckas HEOJHOPOIHOCTb APUCTOTEJIEBCKONW TPAAUIMOHHOM JIOTMKU M KJIACCUYECKOU
(opManbHOMN JIOTUKK HYJIEBOTO TOPSIIKA, IPUBOIAIIAS 3a4aCTYIO K JIOTHYECKOMY KOJUIAIICy
(ToTampbHOMY OcCia0NeHnI0 (GOPMaTbHOW HCTUHHOCTH) BCIICACTBUE CMEIICHHUS JIOTHYECKUX
(bopMyIT ITHX ABYX CUCTEM.

2. Hanwuwme noruyeckw TPaHCIEHACHTHBIX CBOMCTB Yy KJIACCHYECKON (POpMaIbHON JIOTHKH
HYJIEBOTO MOPSAKA.

3. IlpuHsATHE B OCHOBAHMSX TEOPUU MHOXKECTB «AKCHOMBI MyCTOTO MHOKECTBa», WUIyLIEH
Bpa3pe3 C OHTOJIOTMYECKOW YCTAaHOBKOW apUCTOTEJIEBCKOM TPaJULIMOHHOM JIOTMKU B
OTHOILICHUH KaTETOPUU «HEOBITHS».

4. HenoctaTouHO 4eTKOE ONpeeiICHUE MOHATUS MHOXKECTBA, IPUBOSIIEE K BOSHUKHOBEHUIO
AHTUHOMMUH.

5. T'eHe3nc MHOMXECTBEHHOI'O JIOTUYECKOTO KOJUIanca, BO3HUKAIOIIMWA B  pe3ysbTaTe
coueTaHus «AKCHOMBI BBIOOpa» € KJIacCHYECKOW (OpMabHOW JIOTUKOW HYJIEBOTO
NOpsI/IKa.

HeobxoaumMo OTMETHTH, YTO HCTOPUYECKH, JOTHKO-(QUIOCOPCKHE OCHOBBI CYOBEKTHBHO-
PENATUBUCTCKOTO HANPABJICHHUS B JIOTMKE M (puitocouu ObLIM 3a10’KEHBI B aHTHYHBIE BPEMEHA,
- TPEACTAaBUTENSIMH JPEBHEIPEUECKOM MIKOIBl copucToB. M3 HCTOpUM AaHTUYHOM JIOTHKH
M3BECTHO, YTO €€ B JOAPUCTOTEIEBCKUN MEPHOA, OAHUM U3 HanboJiee CHIBHBIX (PHMIOCO(PCKUX
M JIOTHYECKMX HampaBieHuil B JlpeBHell ['pennu SBISJIOCH Yyu€HHE MIKOJBI CO(HUCTOB.
Coducte (OT Ip.-Tped. — yMelel, H300peTaTenb, Myapell, 3HATOK) —  IPEBHErPEUCCKHE
IIJIaTHBIE [Ipeno1aBaTenu KpacHOpeuus, IIPEICTABUTENHN
OJTHOMMEHHOTO (PMIIOCO(CKOTO HAIIPABJICHUS, pacHpocTpaHeHHOro B ['perun  Bo  2-0i
nonoBuHe V. — 1-i1 monoBuHe IV BekoB 10 H.3. B mupokom cwmbicie TEpMHH «COPHUCT»
O3HAYall UCKYCHO20 uau mMyopoeo uenoseka. K Hambonee H3BECTHBIM CTapIIUM coOpUCTaM
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otHocsarcs [Ipotarop  AGnepckuid, lopruit w3 Jleontnn, I[wnmuit w3 Dmuasr, [Ipoauk
Keocckuit, Autudont, Kputnii AduHckuii.

Crapmme coductet — Ilporarop, I'opruii, IIpoauk wm ['mnmuit — OBUTM BBIIAIOITAMUCS
Y4eHBIMH CBOETO BpeMeHH. J[o coducToB ¢humocodbl B OCHOBHOM 3aHUMATIUCh HCCIICIOBAHHEM
MPUPOABI, COPUCTHI ke CAENANM TIABHBIM MPEIMETOM CBOEro (PHIOCO(CKOro UCClIeIOBAHUS
4eJloBEeKa M €ro AedTenpbHOCTh. Ha mepBoe MecTO BBICTYNAOT BOMNPOCHI MOJMTHKH, 3THUKH,
TEOpUHU TOCYJapCTBA U MpaBa, HAYMHAIOT pa3pabaThIBaThCsl PUTOPHUKA, (PHIIOIOTHS, TPaMMaTHKA
u 1. A. IIporarop u Ilpoauk OJHMMHM W3 NEPBBIX CTAIM 3aHMMATbCS BOIPOCAMU HAYYHOIO
a3bIko3Hanus; [Iporarop, ['opruii u Tpacumax onHMMM U3 NIEpBBIX B I'penun cranu co3naBaTh
TEOPUI0 PUTOPHKHU.

3nameHnuToe nonoxkenue codrcra [Iporaropa - «4enoBeK €cTh Mepa BCEX BEIICH», - HCXOIUIIO0
u3 yueHus [epaknmura 0 BceoOlIell TeKy4ecTH M W3MEHUYMBOCTH BCETO CYIIECTBYIOIIETO.
[TockonbKy B KaXIblii MOMEHT W3MEHSETCS, KaK BOCIPUHUMAIONMA CYOBEKT, TaK W
BOCIIPHHUMAEMBIH UM OOBEKT, TO BOCIPHITHE CyOBEKTa KaKIBIM YEJIOBEKOM OTHOCHTEIBHO H
CYOBEKTUBHO. [10 MHeHUI0 coghucmos, 011 Kaxrco020 UCHMUHHO MO, YMO eMy KAXHCEMC sl MAKO8bIM
8 OaHHOE BPeMsL.

VYuenue Ilporaropa o uenogexe, kak mepe 6ceco cyujecmeyoujeco, 0 TOM, YTO y KAHCO020
YenoBeKa 8 Kaxdcovlll MOMeHm 0cobds UCMUHA, 9TO OOHOU U MOU Jice ey Mo2ym Obimb
O0OHOBPEMEHHO NPUNUCAHBI NPOMUBONOLONCHbIE CEOUCMBA, TIOTOKIIIO HaYaI0 PEISTHBHCTCKOM
U CyOBEKTHBHCTCKOM TEOpUHU MO3HAHHUA COPUCTOB. PenaTuBu3M cOpUCTOB MOTYUYHSI OCOOCHHO
SIPKOE BBIPAKECHUE B aHOHMMHOM COYMHEHUH «/[BOSIKHE peur», B KOTOPOM Pa3BHUBACTCS YUCHUE
00 OTHOCHTEJILHOCTH YEJIOBEUECKUX MOHATHI 0 A00pe U 371€e, O MPeKpacHOM U 6e300pa3HoM, O
CHPaBETMBOCTH M HECTIPABEUIMBOCTH, 00 UCTHHE M JDKU. ABTOP TOBOPHT, YMO U CYObU OOHY U
my Jtce pedb MO2ym pAcYeHusams U Kaxk Jodxcb, u kak ucmuny. OIHA U Ta ke Bellb ObIBaeT
OJIHOBPEMEHHO M JIETKOW M TSDKEJIOW, B 3aBUCUMOCTH OT TOTO, C KaKOW JAPYroi BelIblO OHa
CpaBHUBACTCH.

Pa3pabatpiBasi TeopHiO KpacHOpeuus, COQUCTHI HE MOIJIM HE 3aTPOHYTh BOIIPOCOB JIOTHKH,
paccMaTpuBas MX MOJ YIJIOM 3peHHMs TeXHMKHM crnopa. [Iporarop Hamucan cnenuaabHOE
counHenue «MckyccTtBo crnoputTh». Mcxons W3 MONOXKEHHS, YTO O 6CAKOU Gewyu ecmvb 08d
NPOMUBONONIOJNCHBIX MHEHUS, OH TIEPBBIN cman npumensams ouanoe, 8 KOmopom 08a cobeceoHuKa
6 cnope 3awuwany 08a NPOMUBONONONACHBIX 6321404.

Coductsl ObUIM BechbMa HCKYCHBIMH HM300peTaTeNsiMH TapagoKCcoB. B mIMpOKoM cMbIcie
napajokc — 93TO TIOJOKEHHE, PE3KO pacXofsmieecs € OOLICTPUHATHIMH, YCTOSBIIMMUCS,
OPTOOKCATHHBIMA MHEHHAMH. OOBIYHO MapafoKC TMpeacTaBiIsieT co0oi Hayalo TaKoro
HCCIIeIOBaHMsI, HEKOe HapylleHne KoHBeHUuH. Ilapanokc B Oonee y3KOM 3HAUEHUU — 3TO JBa
NPOTHBOIOJIOKHBIX ~ yYTBEPXKICHHUSA, IS KaKIOTO U3 KOTOPBIX HMEIOTCS  KaKyIIHecs
yOeautenbHbIME apryMeHThl. Hanbomnee octpas ¢popma mapanokca — aHTUHOMUS, PacCyKICHHUE,
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AOKa3bIBAOMICC MPHUECMIICMOCTH IABYX YTBep)KHeHHﬁ, OIHO U3 KOTOPLBIX SABJIACTCA OTPUILAHHUEM
JPYyTOroO.

[IpoBeneHHoe B HacTosied paboTe HCCIAEAOBaHHWE IIOKAa3bIBAET, UTO «JIOTHYECcKas
[apaJIOKCANbHOCTh» TEX WJIM HUHBIX YTBEP)KICHUI HOCUT OTHOCHUTENIBHBIM XapakTep B TOM
CMBICJIE€, YTO BBIXOJUT 32 PAMKH ApUCTOTEIEBCKON TPAJIWLMOHHOMN JIOTMKH, OCTAaBasICh TEM HE
MEHee B paMKaX COBPEMEHHOW KJlacCMYecKOW (HOpPMaNbHOM JIOTUKHM HYJIEBOTO MOPSIKA.
CTaHOBHUTCS OYEBUAHBIM, YTO APUCTOTEJIEBCKAs TPaJAMIMOHHAS JIOTUKA HE SBISAETCSA
€JUHCTBEHHO BO3MOXXHOM JIOTUYECKOW CHUCTEMOW, Ja)K€ C TOYKH 3PEHUS] COBPEMEHHOM
KJIacCHUeCKorW (OpMaJIbHOW JIOTHKH HYJEBOTO W IEpPBOro MOpsAKoB. bojee Toro, xak 3To
MOKa3aHO B HACTOAILIEH paboTe, B paMKax KJIacCH4ecKoil (opMalbHOW JIOTUKU MOMKET OBITH
nocrpoeHa  «TpaHcueHIEHTHas  JIOTMKa, Oasupyromiasici Ha  «3aKOHE  TOXKIECTBa»
apUCTOTEIEBCKOM  TpaauUMOHHOW Jsoruku U «[lapamokce Paccena»,  sBmAromemcs
KOHTPAJUKTOPHBIM KO BTOPOMY OCHOBHOMY 3aKOHY apUCTOTEJIEBCKON TPaJULIMOHHON JIOTHUKH.
[Ipu 3TOM cama jorumdeckas CTPyKTypa YHapHbIX, OMHApHBIX M B OOIEM Cily4dae 7- apHbIX
JIOTHUECKUX OMNepauuil He mperepreBaeT u3MeHeHHH. OTMeueHHble O0OCTOSATENIbCTBA
CBUJICTEIBCTBYIOT 00 OOOCHOBAHHOCTH JIOTUKO-(DHIIOCO(PCKON PEIITHBUCTCKONW KOHIICTIIIHH
AHTUYHOHM IIKOJIBI CO(HCTOB, OCOOCHHO B TEX CIIydasX, KOTJa pedb HAET O PACCYKACHUSAX B
YCIIOBUSIX CYIIECTBEHHON HEOMpPENEICHHOCTH, B CBSA3M C H3y4Y€HHEM OECKOHEYHBIX KIIAacCOB,
MHO’KECTB U IPOLIECCOB.

Taxxe 3acimyKHBaeT BHUMaHUE TO OOCTOATEILCTBO, UTO HA pyOeke 19-20 BekoB, B mpoliecce
CO37IaHUsI HOBOHM JIOTHYECKOW CHCTEMBI B BHUJC KJIACCHYCCKON (HOPMAIBHOW JIOTUKH HYJEBOTO
MOPAZIKA, U KJIACCUYECKON (DOpPMaTIbHOM JIOTUKU MEPBOTO MOPSAKA, a TAKXKE C CO3JaHHEM TEOPUU
MHOXECTB, KaK CaMOCTOSATEIIbHOM MaTeMaTW4eCKOW JUCHUIUIMHBL, BBIICHUJIOCH, 4YTO
apuUCTOTENeBCKAas TPAAUIIMOHHAS JIOTUKA SBJSETCS JIMILb YaCTHBIM CIIydaeM JIOTUKH HYJIEBOTO U
NIEPBOTO TOPSAKOB, a KpOME Hee YHNOMSHYTbIE JIOTUYECKHE CHUCTEMBbl BKIIIOYAIOT B ceOs
joruyeckue (OpMyIbl, BBIXOASIIME JAleKo 3a IMpeaeibl apUCTOTEIEBCKON TpaIulMOHHON
noruku. TakuM 0Opa3oM B Mpoliecce pa3BUTHSI MAaTEMATHKHU U JIOTHUKH, KaK HAYK, B YITOMSIHYTHIHA
MepHoJ] BPEMEHHU IPOU30ILUIa CMEHa Hay4yHOW MapaJurMbl, Kak B 00JacTHU JIOTMKH, TaKk U B
00JIaCTH MaTEeMaTHKH, YTO MPEJCTABISET HECOMHEHHBIH MHTEpEC C aHATUTHKO-(PUIOCO(CKOM
TOYKH 3PEHHUS.

OTMeyeHHbIE BbIIIE OOCTOSTEILCTBA ECTECTBEHHBIM 00pa3oM CTHMYJIHPYIOT JalbHEHIINE
uccleioBaHusl  (peHOMEHa JIOTMYECKOH TAaHCUEHACHIMM B OCHOBaHMSX COBPEMEHHOM
KJIACCUYECKOM JIOTMKM M TEOPETHKO-MHOXKECTBEHHOW WMH(UHUTAPHOM MaTeMaTHKH, B LEJAX
pPa3BUTHA JIOTMKO-aHAJIMTHYECKUX METONOB, IO3BOJSIOMUX OCYILUECTBIATh JIOTMYECKUU
KOHTPOJIb B QHAJIUTHYECKUX HCCIEAOBAHUAX, a TAaKKe CHOCOOCTBYIOIIMX Y4Y€Ty U IO
BO3MOYKHOCTH IIPEOJIOJICHUIO BBISBIEHHBIX B HACTOALIEM MCCIEIOBaHUUM  (OpPMaIbHO-
JIOTHYECKUX Tpo0seM, CBSI3aHHBIX C (PEHOMEHOM JIOTHYECKOW TPaHCICHJACHIIMU B OCHOBaHMSIX
KJIaCCUYEeCKOH (pOPMaTIbHOM JIOTUKU U TEOPETHKO-MHOKECTBEHHON MaTeMaTHKH.
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