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AHHOTAIAA

HACTOAIASYL KHUTA NOCBAIMMEHA HCCIENOBAHWK) ®EHOMEHA
JOTHYECKOH TPAHCHEHIEHIIHA B OCHOBAHHAX KJACCHYECKOW

®OPMAJNLHOK JOI'AKH, KJACCHYECKOM TEOPETHKO-
MHOXKECTBEHHOA MATEMATHKH W AHAJIMTHYECKOH MEXAHWKH

IWIACTHYECKAX CHCTEM, IOJ JOTHYECKOW TPAHCIEHIEHNAER
MOHAMAETCS BBIXOJI 3A TPE/EJBI KJACCHAYECKOM
APACTOTEJIEBCKOH TPAIWIMOHHOM JIOTMKH, HABJIOIAEMEIA
KOHCTPYKTHBHO H @®OPMAJHEHO JIOKAIYEMBIH B PAMKAX
COBPEMEHHOW TIJIOBAJIBHO HENPOTHBOPEYABOMA KIACCHAYECKOH
®OPMAJIBHOM JIOTHKHA HYJIEBOT'O H IEPBOTO MOPSIKOB,

ACCHENOBAHAE ®EHOMEHA JIOTHYECKOW TPAHCHEHIEHIIMA
OCYIMECTBJIEHO HA OCHOBE PA3PABOTAHHOMN ABTOPAMM JIOTHYECKHA
TPAHCOEHAEATHON JIOTAKO-MATEMATHYECKOW ¥ TEOQPETHKO-
MHOXECTBEHHOW CHCTEMBI (INCOL&TAMLA», B PE3VJIBTATE
TNMPAMEHEAAA YIIOMAHYTOW BRIIIE CACTEMEIL, ABTOPAMH C YYETOM
PEIYJILTATOB BBIJAIOIIAXCA MATEMATHKOB - ABCTPHMCKOIO
JOTHMKA KYPTA TEIENA, M HEMEIKOIO MATEMATHKA - TEPXAPJA
TEHOEHA, HCCIEIOBAHBI  JIOTMYECKA  TPAHCHEHIEHTHBIE
OCOBEHHOCTH «BTOPOW MPOBJEMBI TWIHBEPTA» B OTHOIIEHWHA
AKCHOMATAYECKOH CHCTEMBI IEAHO <(«PA&MI», A TAKKE
ACCIAEAOBAHBI BOMPOCKHI JIOTUKO-AHAJIATHYECKOH TIPHPOJBI
KJACCAYECKOW CHCTEMBI TEQPAH MHOXKECTB «ZFC» B PAMKAX
COBPEMEHHOW KJACCHYECKOW ®OPMAJILHOM JIOTHKA HYJIEBOTO M
NEPBOT'O OPAIKOB,

B HACTOAINEA PABOTE TAKKE PACCMOTPEHKI BOIIPOCHI ®EHOMEHA
JOTAYECKOW TPAHCHEHAEHIMH, BOSHHKAIOIIAE B PAMKAX
MEXAHAKO-AHAJIMTAYECKOA KJIACCAYECKOW TEOPAM NPEJAEJLHOIO
PABHOBECHSI TLJIACTHYECKHAX CHCTEM, KOTOPAA B TEYEHHH
3HAYMTEJIBHOI'O NEPAOIA BPEMEHH SABJIAJACE OJHAM W3
OCHOBHBIX METOAOB B TEOPHH PACUETA CTATHYECKOM NMPOYHOCTH
H YCTOHMIHABOCTH YIIOMAHYTRIX CACTEM,



CBEAEHHA Ob ABTOPAX

AJIEKCAHJIP HOIAPOBHAY AXBIEIWAHA - TPY3HHCKAA ¥
M3PAWIBCKAN YYEHBIHA, PABOTAIONIANA B OBJIACTH HCCJIEIQOBAHWS
JOTAYECKHA TPAHCHEHAEHTHEIX TWPOBJEM B  OCHOBAHWSAX
®OPMAJILHONI JIOTHKH, KJACCHYECKOM TEOPETHKO-
MHOKECTBEHHOH MATEMATHKH, AHAJMTHAYECKOH MEXAHAKA W

MEXAHWKH ILTACTHYECKAX U ICEBIOIVIACTHIECKWX CUCTEM,

HOIAP BAJIEPHAHOBAY AXBJIIEIWAHW (1924-1993) — W3BECTHERIA
TPY3WHCKAHA YIEHBIA, ABJIAICA W3BECTHRIM SKCIEPTOM B OBJIACTH
ACCIENOBAHASA CHHIYJIAPHBIX JIOTHIECKAX H AHAJIATAYECKAX
MIPOBJIEM KJACCHYECKOH AHAJIMTIIECKON MEXAHWKH,
CTPOUTEJHHOW MEXAHWKH, A TAKXKE B OBJIACTH TEOPHH PACYETA H
IKCIHEPTH3EI CEHCMOCTOMKOCTH COOPY/KEHHI,

B HACTOSAIIENA KHUTE ONHCKHIBAETCSA PA3ZPABOTAHHAS ABTOPAMH

COBPEMEHHASL  JIOTHKO-MATEMATHYECKAA H TEOPETHKO-
MHOKECTBEHHAS CHCTEMA «INCOL&TAMLA», IPETHASHAYEHHAS IS
MYJbTAIACIAILIMAHAPHBIX W MEXIACOMILIAHAPHBIX HAYYHBIX
ACCIEJIOBAHMNA, CHCTEMA (NCOL&TAMLA» OCHOBAHA HA
OBHIENMPHHATRIX H IIAPOKO PACHPOCTPAHEHHBIX JOTHYECKHX
CACTEMAX KJIACCAYECKOH ®OPMAJIBHOW JIOTHKH HYJEBOIO H
NEPBOIO NOPAAKOB, ¥ IPOIIIA AIIPOBALIAIO B PEAJIBHEIX
IKCIEPTA3AX BBIYACJIHATEIBHBIX TPOTPAMM HW PACYETHBIX
AHAJTATAYECKAX METOJOB B OBJIACTH AHAJIA3A INIACTHYECKAX H
NCEBIO-IUVIACTHYECKHX MEXAHWYECKHX CUCTEM,

B HACTOAUIEW PABOTE IIOKA3AHA B3O®EKTHBHOCTH CHCTEMBI
«NCOL&TAMLA» IIPH AHAJIM3E H PENIEHAW HEKOTOPBIX JIOTAYECKH
TPAHCOEHIEHTHEIX IPOBJEM KJACCAYECKOW  ®OPMAJIBHOM
JIOTHKHA, OCHOBAHWH KJIACCAYECKOW TEOPETHKO-MHOKECTBEHHOK
MATEMATHAKHA W AHAJATAYECKOW MEXAHWKHA ILUIACTHYECKAX
CHCTEM,
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K 105-1eTrio co aHs poxkaeHNs BLAAIOIETOCS JOTMKA U

matemaTtuka 20-ro Beka — Kypra ®@puapuxa I'exesnst

Kypt I'eenpb (1906 - 1978 rr.) siBisieTcss OMHUM M3 BBIAAIOMIMXCS YaeHbIX 20-T0 cTONETHS,
BHECIIIMM OIPOMHBIM BKJaJ B Pa3BUTHE MATEMAaTHYCCKOHM JIOTMKHM W BO MHOTHX acCIIeKTax
OTIPEACTUBIINM MOCIETYIOIINA X0/ pa3BUTHs Pa3BUTHS JTOTUKUA U MATEMATHUKH B LIEJIOM.

Kypr ®punpux I'enens pomwics 28 ampens 1906 roga B ropoae bpronH (HeiHe bpHo —
Yexwust). Ero oren, Pynone¢ I'egens, ObU1 BianenbleM KpYyMHOH TEKCTHIIbHOW (abpuku B
bpuo. Mare I'enens, Mapuanna Xangmay, yuyunace BO PpaHiuu, rae  MNoJdyduia
ryMaHHUTapHOe 00pa3oBaHue.

[Toctynus B Hauane 20-x rogoB B Benckuii ynusepcurer, Kypt ['enens cnepBa y4uiics Ha
¢dbusznueckom ¢akynbTeTe, OJHAKO 3aTeM H30pall 001acThi0 ClelHaTu3alud MaTeMaTuky. B
koHie 20-x romoB ['emenp 3alIUTHII TUCCEPTAIMIO TI0 MAaTEMATHYECKOHN JIOTHKE, B pamMKax
KOTOPO¥ JIOKa3aJl OJHOTY UCUMCIICHHSI JIOTUKH MPEANKATOB rmepBoro nopsaka. C magama 30-
X TroJoB, BIUJIOTH 10 1938 rona, ['enenp npenogaBai B BEeHCKOM yHUBEPCHUTETE, U SBIISUICS
OJTHAM W3 SIPKUX TPEJICTABUTENICH IITKOJIBI JOTUYECKOTO MMO3UTUBU3MA.

B 1940 rony Kypr I'enens smurpupoBain B Amepuky. C 1940 roga mo 1953 rox I'enens
npopabotan B HWHctuTyre BbICIIMX —HcchenoBaHud, a B 1953 romy Bomen B
MIPENOIABATENBCKUN cOCTaB [ [pHHCTOHCKOTO YHUBEPCHUTETA.

B nauane 50-x romoB Kyprt ['enenbs Obul yaOCTOEH OAHOM U3 BBICIIMX HAYYHBIX HArpaj
CILIA, - DiHmreliHOBCKOM mpemuu, a B 1974 rony emy Obuta BpydeHa HarmonanbHas
Menans Hayku. Kypt I'emens Obim wienom Hammonanmsnoit Axanemun Hayk CIIA u
noyeTHbIM wieHoM JIoHnoHckoro Maremaruyeckoro OOriecTsa.

HauOonpmryro HayuHylo cilaBy W MHpPOBYIO wu3BecTHOCTh Kypry I'emenmto mpunecnu
3HameHuThie «Teopembl ['enens» o HemoiaHOTe (POpPMalbHBIX AKCMOMAaTHYECKUX CHCTEM,


http://www.mth.kcl.ac.uk/~llandau/Homepage/Math/Godel.jpg

KOTOpbI€ BBISIBUJIM 3HAUUTENbHBIE JIOTUYECKHE MpOoOJIeMbl B CaMOM aKCHOMAaTHYECKOM
METOJIe MOCTPOEHUSI (POPMANBHBIX U MONY(POPMATbHBIX JOTHYECKHMX M MaTEeMaTHUYECKUX
TEOpHil Ha OCHOBE KJIACCHUECKOU (pOpMaIbHOM JIOTHKH.

Kak u3BECTHO, OCHOBBI aKCMOMAaTHMYECKOTO METOJa ObUIM 3aJI0’KEHbl €I1€ aHTUYHBIMU
I'PEYECKUMHU MaTeMaTHKaMHU. XapaKTepHOW 4EPTOl aKCMOMATHYECKOI0 METOJA SIBISETCS TO
OOCTOSITENILCTBO, YTO B TOW WJIM HMHOM TEOpPUM, HEKOTOPOE OTPaHUYCHHOE YHCIO
YTBEPXKACHUM NPUHHUMAETCS B KaueCTBE AaKCUOM WJIM IIOCTYJATOB (T.€. YTBEPIKIECHHUU.
HUCTHHHOCTh KOTOPBIX TNPUHUMAaETCs 0e3 J10Ka3aTeNbCTBa), a OCTAJIbHBIC YTBEPXKIACHUS
TEOPUU BBIBOAATCS M3 UCXOAHBIX aKCHMOM Ha OCHOBAaHMM JIOTUYECKHUX INPABUJI BBIBOJAA, B
KauecTBE KOTOPbIX OOBIYHO NPUHUMAIMCh IIPaBUJA, OCHOBAaHHBIE Ha  3aKOHAX
apUCTOTENIEBCKOM TPAIULMOHHON JIOTMKU. B mpouecce pa3BUTHA MaTeMaTHKHU, KaK HAyKH,
JUIl OCHOBHBIX €€ pa3/eloB ObulM pa3pabOTaHbl aKCMOMAaTHYECKUE CHUCTEMbI, Ha OCHOBE
KOTOPBIX CTaJl0 BO3MOXXHBIM JIOTMYECKM aJE€KBaTHOE MX OIHMCAaHUE B paMKax
apUCTOTEJIEBCKOM TPaJMLIMOHHOM JIOTUKU. B pe3ynbrare 3T0ro npouecca, B Hay4HbIX Kpyrax
YKOPEHUJIOCh MPOYHOE YOEXJIeHHUEe B TOM, UTO JUIsl JIIOOOM MaTeMaTHYeCKON JUCLUIUIMHbI
MO>KHO YKa3aTb [1€peu€Hb aKCUOM, JOCTATOUHBIM JUIsl CUCTEMATHUECKOI0 IIOCTPOEHUSI BCETO
MHO>KE€CTBA UCTUHHBIX YTBEPKICHUM TaHHOW JUCIIUILINHBI.

«Teopembl ['emensi» BHECHM BEChbMa CEPbE3HBIE KOPPEKTHBHI B OOICTIPUHATHIE H
YCTOSIBIITMECST B3TJIABI HA TPHUPOAY JIOTUKO-MATEMAaTHUYECKUX TIOCTPOCHUN B paMKax
akcuomaruueckoro wmertona. MccrnemoBanust I'emens mokasaiu, 4YTO  BO3MOXKHOCTH
aKCMOMaTHYECKOTO METO/a olpezesieHHbIM o0pa3oMm orpanuudeHbl. Kyprom I'exenem ObLio
JI0Ka3aHO, YTO JUIS BEChbMa IUPOKOTO Kiacca aKCHMOMATHYECKUX TEeOpUi (BKIIIOYAIOIIETO B
YaCTHOCTH aKCHOMAaTHYeCKyl0 apudMeTHueckyro Teoputo [leaHo) HEBO3MOXKHO J0Ka3aTh UX
apUCTOTEIEBCKYIO HEPOTUBOPEUNBOCTD, €CJIM HE BOCIOJIb30BaThCS B JI0KA3aTEIIbCTBE CTOJIb
CHWIIBHBIMH METOJaMH, YTO HUX COOCTBEHHas apUCTOTENEBCKas HEMPOTHBOPEUYUBOCTh
OKa3bIBaeTCsl IMOJBEpP)KEHAa elle OOJIbIIMM COMHEHMSIM, HEXKEIH apUCTOTEIEeBCKas
HENPOTUBOPEUMBOCTh CaMOM paccMarpuBaeMoil Teopuu. OTCI0/1a HETTOCPEACTBEHHO CIEAYEeT
BBIBOJI O TOM, YTO HU O KaKOW OKOHYATENIbHOI CUCTEMaTHU3alli B paMKaxX apUCTOTEIEBCKON
TPAIUIIMOHHON JJOTUKH MHOTHX BOKHEWIIIUX Pa3/IesIOB MAaTEMaTUKH HE MOXET OBITh U PEUH,
W HeNmb3s JaTh HHUKAKWX HAJESKHBIX TapaHTUH TOTro, YTO MHOTHE BaXKHbIE O0JacTu
MareMaTUKd B JIOTUYECKOM CMBICIE TOJHOCTBIO COBMECTHBI C apUCTOTENIEBCKOM
TpaIuIIMOHHON Jsorukod. Huke mnpuBoasrcs oOmenpuHsTeie ¢GopmynupoBku «Teopem
I'enens», Kacaromuecs JIOTMKO-aHATUTHUYECKUX CBOMCTB akcMoMaTuyeckoi cucreMsl [leano -
PA.

IlepBas Teopema I'enenst

Cywecmeyem maxoe cyncoenue F ¢ axcuomamuueckoii cucmeme PA, umo nu F, nu —F
He Mmozym Ovimb O0oKazansl nocpeocmeom axcuom u3z PA, ecnu cucmema PA
Henpomuegopeuuaa.



Bropast Teopema I'enesist

Henpomueopeuusocmo axcuomamuuecxkou cucmemot PA (ConsisPA), ne moocem
ovimb 0okazana 6 PA, ecnu PA aenaemcsa nenpomueopeuusoii.

HNutepecHo orMeTuth TO 00OCTOSATENBCTBO, uTO Teopusi Kypra I'emenst B ompeneneHHOM
CTENEHU TIEPEKIMKaeTCs ¢ MpoOJeMOl TpaHUI] NPUMEHUMOCTH 3aKOHAa HCKIIFOYEHHOTO
TPETHEr0 APUCTOTEIICBCKOW TPAAUIIMOHHON JOTWKU. B Haudane 20-ro cTONETHUS M3BECTHBIN
rojulanjackuii  maremMatuk Jledt3eH bpaysp mnoaBepr KpUTHKE NPUMEHEHHE 3aKOHa
HCKJIFOYCHHOTO TpeThero B WHGUHHTApHOH MaTtemaTtuke. CrpaBemnBO OTMedYas TO
00CTOSITENTLCTBO, YTO 3aKOH HCKJIIOUEHHOTO TPEThEro, B OCHOBHOM NPUMEHUM IPHU
WCCJICIOBAaHUHM KOHEYHBIX IPOILIECCOB, W TPH OOS3aTCIILHOM YCIOBUU HATWYHUS KPHUTEPHS
WMCTUHHOCTH, TIO3BOJISIONIETO BEpU(UIIMPOBATh HCTUHHOCTD JIMOO JIOXKHOCTH TOTO WJIA HHOTO
yTBepxkaeHus, JI.bpaysp Ha MHOTMX KOHKPETHBIX NpUMEpax IOoKazal, 4YTO B Cllydae
OECKOHEUYHBIX TPOILECCOB M OECKOHEYHBIX MHOXKECTB MEXAY VYTBEPKICHHEM M €ro
OTPULIAHUEM MOXET MMETh MECTO €Ile TPEThsl BO3MOXHOCTb, CYIIECTBOBAaHHME KOTOPOM Ha
Jierie HEBO3MOXKHO HCKIIOUNTh. KpuTtnka bpayspom 3akoHa 00 HCKIIOYEHHOM TPEThEM
MpHBeJia K CO3JaHUI0 MHTYMIIMOHUCTCKOM JOTMKU. B mocnennel He mpUHUMAETCsl 3aKOH 00
UCKITIOYEHHOM TPEThEM U OTOPACHIBAIOTCS BCE TE€ CIOCOOBI PaCCy>KICHHM, KOTOpPbIe C HUM
cBsa3anbl. Cpeau HHX - KOCBEHHBIE METOJBI JIOKa3aTeNIbCTBA, - TaKWE KaK METOJ
JTIOKA3aTesIbCTBa IyTEM IPUBEACHHUS K IMPOTHUBOPEUHUIO, a TAKXKE METOJ JI0Ka3aTelIbhCTBa,
OCHOBAHHBIN HA JIOTUYECKOM 3aKkoHe KiaBmus.

B cBere cymiectBoBaHus oruueckux npoodiem, oTkpbIThix Kyprom I'egenem u JleirseHom
BpayspoMm, a Takke HEKOTOPBIMU JPYTMMHU U3BECTHBIMH JIOTUKAMU U MaTeMaTHKaMH TOTO
BPEMEHH, B 4YMCIE KOTOPbIX HE0OXonuMo ymnoMsHyTb W beprpana Paccena, Bo3HuKaer
3aKOHOMEPHBII BONPOC — JOJDKHA JIM MaTeMaTuKa, KaKk HayKa, B 005S3aTeIbHOM MOpPSAKE
YIOBJIETBOPSTh 3aKOHAM apUCTOTENCBCKOW TpajWIIMOHHON JIOTUKU? CaM OCHOBOMOJOXHHUK
TPaIULIMOHHON (OpMaAIbHOW JIOTMKHM — ApPHUCTOTENb, - NMPSIMO yKa3blBaJl Ha BPEMEHHbIE
I'PaHULbl IPUMEHUMOCTHA BTOPOIO U TPETHETO 3aKOHOB TPATUMLMOHHOMN JOrHKH. [Tockombpky
OEeCKOHEUHble MHOXECTBa M OECKOHEYHbIE TIPOLECCHl TaK WM MHAye CBSA3aHBl C
OECKOHEYHBIM BpEMEHEM, TO O3TO MHEHHE ApPHUCTOTENsI €CTECTBEHHBIM 00pa3om
pacrnpocTpaHsieTcsi Ha WHOUHUTApHYI0 MaTeMaTHKy, OCOOEHHO B TeX BOIpocax, KOorjaa
UCClIeIoBaHNEe OECKOHEYHOCTH HEMOCPEJCTBEHHO CBA3aHO CO BpeMeHeM. PaccmoTpenue
BPEMEHH B SBHOM BHJI€ MOXET CYIIECTBEHHBIM 00pa3oM OTpa)xaTbCcs Ha JIOTMYECKHUX
BBIBOJIAX INPH PACCMOTPEHMH TE€X WIM HMHBIX OECKOHEYHBIX AHAIUTHUYECKUX IPOLIECCOB.
MoOXHO 0XHMJaTh, YTO UMEHHO B ATHUX cCilydasx npumeHenue teopuu Kypra I'enenst Oyner
0COOEHHO aKTyalbHbIM.
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BBenenue

OO0 OCHOBHBIX 32KOHAX APUCTOTEJIEBCKON TPAAUIIUOHHOU JTOTUKH

CoBpemMeHHasi Hayka IpolIa JOJTUMH IyTh  3apOXACHUSA, CTAHOBJIEHUS U pa3BUTHUSA
Pa3IMYHBIX KOHKPETHBIX 00J1aCTei TOYHBIX, €CTECTBEHHBIX, T'YMaHUTAPHBIX, (UIOCOPCKUX U
uHbIX Hayk. [loxkanyit He OyneT mnpeyBelIMYEHUEM CKa3aTh, YTO OJHONW K3 OCHOBHBIX
COCTaBJISIOUINX Pa3BUTHUSI HAYKH B 1I€JIOM, @ B OCOOCHHOCTH TOYHBIX U €CTECTBEHHBIX HayK,
SIBJISIETCSl HayKa JIOTMKH, IO3BOJISAIOIIAS CUCTEMAaTU3UPOBATH OIBITHBIE M AHAJIUTHYECKUE
JTAaHHBIE TE€X WM MHBIX KOHKPETHBIX HAYyK, M CIIOCOOCTBYIOIIAS JalbHEHILIEMY Pa3BUTHIO TE€X
WIM WHBIX o0jacTeil Haykd, Ha OCHOBE UMEIOIUXCA 0a30BBIX HSMIHMPUYECKUX U
AQHAJIUTUYECKUX JaHHBIX.

Yuenue o Jlococe, xak 00 OCHOBE pa3BUTHUS MHpA B LIEJIOM, U B TOM YHCJI€ PA3BUTUS )KU3HU
Ha 3emJie, a TaK)Ke OCHOBE Pa3BUTHS YEJIOBEUECKOrO OOIIECTBA, BOCXOJUT K He3alaMsATHBIM
BpemeHaMm /[lpeBHero Mupa. Cynsd 1o MMEHOIIMMCS COBPEMEHHBIM JIaHHBIM, MCTOPHYECKH,
OCHOBOI Pa3BUTHS MUPOBOH HAyKM SIBJSUIMCH CAKPaJbHBIC 3HAHMS, MOJIYYCHHBIE JIIOABMU
JpeBHero Mupa ot eme Oojiee pPaHHUX, BBICOKOPA3BUTHIX IMBHIM3aLMi. YacTbio
YTEpsIHHBIE, a YaCThI0 OEPEKHO OXpaHSIEMbIE OT MOCTOPOHHUX B30POB HEMOCBSIICHHBIX, ITH
CaKpaJlbHbl€ 3HAHUS BOIUIOTWJIMCH B pa3inyHble (POPMbI YEJIOBEUECKOI'O 3HAHMS, a TaKkKe
HallUId CBOE BBIPAXKEHHE B PA3JIMYHBIX TEOJIOTMUYECKUX, (DUIOCOPCKUX, IZ0TEPUUYECKUX U
MHCTHYECKMX Y4eHMsX [[peBHero Mupa.

B anTnuHOE BpeMs ClI€Abl JOPCBHUX CAKPAJIbHBIX 3HaHHI>i, MOXHO O6Hapy}I(I/ITB B
Pa3JIMIHBIX (I)I/IJ'IOCO(I)CKI/IX YUCHUAX W JIMTCPATYPHBIX IMAMATHUKAX AHTHUYHOI'O BPCMCHH,
KOTOPLIC HBIHC ABJIAIOTCA JOCTOSHUCM IJ.IPIpOKOfI HaquOﬁ O6H.[CCTBCHHOCTI/I.

K wumcny ynomuHaeMbIX HaMu BblIaromuxcs (uUiaocopCKUX MNaMsITHUKOB AHTUYHOIO
BpeMEHH, 0e3 COMHEHUs1 MOKHO oTHecTU «M3yMpynHyto ckpuxkanby ['epmeca Tpucmerucra
— JIETEHJIapHOM JIMYHOCTH, OJHO W3 APEBHEHIIMX YIOMHUHAHUNA O KOTOPOM COIEPKHUTCS B
tpakrate [{uuepona «O npupozae borosy.

B «M3ympyaHoit ckpuxanu» JsereHgapuelii I'epmec Tpucmerucr yrBepkgaer 00
HMCTHUHHOCTU COOTBETCTBUS «Bepxrez0» HEBUIUMOTO HAMH MUPA, U YaCTUYHO HaOJII01aeMOro
HaMmu «Huorcnezoy» 3eMHOT0 Mupa. Taxoke HCTHHHO yTBepxkaaercs o0 eauHon CywrnocmHou
OcHose MUpO3JaHUs, SABIIOIICHCS TakKe€ M OCHOBOM pa3BUTHA BUAMMOIO M HEBHUIMMOIO
MUPOB, KaK e0uHo20 4eno2o.

Yuenue o Jlococe, Hamno OIHO W3 CBOMX BbIpaXeHUH B (QuaocopckoM yueHHH
3HaMEHHUTOTO JipeBHerpedeckoro ¢uuocoda ['epakiaura Ddecckoro (mpumepHo 544-483rr.
1o H.3). CornacHo ydeHuto 'epaxiiuTa, Bce MPOU3OILIO U3 OTHS U MPEOBIBAET B COCTOSIHUU
MOCTOSIHHOTO M3MeHeHusl. OroHb — Haubosiee AMHAMUYHAS U W3MEHYMBAs U3 BCEX CTHXUM.
CornacHo npezacraBieHusM ['epaknura OroHb Crymaercs B BO3yX, BO3yX MpeBpalacTcs B
BOJly, BOJa — B 3€MJIIO («IIyThb BHHU3», KOTOPBIA 3aT€M CMEHsSETCs «IyTeM HaBepx»). Cama
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3emis 110 FepaKHI/ITy HEKOoraa ObLIa YacThIO BCCO6H.[CFO pPaCKaJI€HHOI'O OrHd — HO 3aTeM
OCThLJIA.

B cootBerctBuM c yuenueMm ['epakimra, Jlococ umeer (YHKUWIO YIPABICHUS BEIAMH,
IIpoLieccCaMu U KOCMOCOM. ['epakiuT cuuras, 4To Bce HenpepbhlBHO MeHseTcs. [lonoxenue o
BCeOOIIEH] M3MEHYMBOCTU CBA3BIBAJIOCH ['€pakiinTOM C MJieell BHYTPEHHEN pa3/IBOEHHOCTU
BEILEH U MPOLECCOB Ha IPOTUBOIOJIOKHBIC, B3aMMOECHCTBYIOIIKE APYT C APYTOM CTOPOHBI.
ITo I'epaknury — Jlococ ecTb €IMHCTBO IPOTUBOIOIOKHOCTEH, CHCTEMOOOpa3yroias CBA3b.
«M3 EnunHoro Bce MpoucxoauT, U U3 Bcero — Enunoey.

W3 ncropun aHTUYHOMW JIOTUKHA W3BECTHO, YTO OJJHUM U3 HanOoJiee CHIIBbHBIX (QUIOCOPCKUX
U JIorMYecKux HampaBieHuil B JlpeBHeil ['peumu saBismoch ydeHue Cco(UCTOB.
Coductsl (OT ap.-Tped. — yMeltell, u300peTarelib, MyApell, 3HATOK) —
JpEeBHETPEUYECKUE IUIATHBIE  MIpernojaBaTenu KpacHOpeuu, peICTaBUTeNN
OJTHOMMEHHOTO (PUIOCO(CKOTO HANIPaBIIEHUs, pacmpocTpaHeHHoro B ['peruun Bo  2-0it
nosioBuHe V. — 1-i1 monosune |V BekoB 10 H.3. B mupokoM cMmeicie TepMHH «coduct»
O3HAYall UCKYCHO2O Ul Myopoeo uenoseka. K Hamboiee M3BECTHBIM CTapIIMM COPUCTaM
otHocstes [Iporarop Aonepckuii, [opruii w3 Jleontun, [mnmuit w3  Dmwmpasr, [poguk
Keocckwii, AuTudont, Kputnii ApuHCKHIA.

Crapmme coducter — Ilporarop, I'opruii, Ilponuk m I'mnmmii — OBUTH BBLIAIOLIMMHCS
y4€HbIMH CcBoero BpemeHH. Jlo coducroB ¢Qumocodppl B OCHOBHOM 3aHMMAIUCh
UCCIIEIOBAaHUEM MPHUPOJABI, COQUCTHI K€ CHAENaJId TJAaBHBIM IPEIMETOM CBOETO
¢unocopckoro ucciea0BaHus YeJI0BEKA U €ro JiesTeNbHOCTh. Ha mepBoe MecTo BBICTYHAOT
BONPOCHI TOJMTUKU, ITUKH, TEOPUHM TOCYAapCTBa M IpaBa, HAYMHAIOT pa3padaTbIBaThCs
puTOpUKa, GUIIoNOrus, rpaMmmaruka u T. 1. [Iporarop u IIpoauk oJHUMH U3 NEPBBIX CTAU
3aHMMATBHCS BOIIPOCAMU HAy4yHOTO s3bIK03HaHus; [Iporarop, I'opruii u Tpacumax ogHuMM U3
nepBbIX B ['pennu ctanu co3aaBaTh TEOPUIO PUTOPUKHU.

3nameHuToe monoxkeHue coducta Ilporaropa - «uenoBek ecTh Mepa BCeX BemIen», -
UCXOOWJIO W3 YyueHus [lepaknura o BceoOIIeld TEKy4yeCTH W HM3MEHYMBOCTH BCETO
cymiecTByromero. [loCKONbKYy B KaJbli MOMEHT H3MEHSICTCS, KaK BOCIPUHUMAIOIIHMA
CYyOBEKT, TaK W BOCIIPHHHUMAEMBIN UM OOBEKT, TO BOCIIPUATHE CYOBEKTa KaXIbIM YEIIOBEKOM
OTHOCUTENILHO U CYOBEKTUBHO. [10 MHeHUIO coghucmos, 05 Kaxrc002o0 UCUHHO MO, Yo em)
Kaxfcemcst maxKo8viM 8 OAHHOe 8PeMsl.

VYuenune [Iporaropa o uenoseke, kak mepe 6cezo cywecmsyroue2o, 0 TOM, YTO Y KAHCO020
YenoseKa 6 Kadicovlli MOMeHm 0cobas UCMUHA, YTO OOHOU U MOU Jce gewju mMo2ym Obinmb
OOHOBPDEMEHHO — NPUNUCAHbL  NPOMUBONONOJNCHbIE — CBOLUCMEd,  TIONOXKWIO  HAyalo
PENATUBUCTCKON U CyOBEKTUBUCTCKON TEOPUM TMO3HAHUS cO(UCTOB. PensTuBusm coducToB
MOJIY4UI OCOOCHHO SIPKOE€ BBIPRKCHHE B AHOHMMHOM COYMHEHHH «JIBOsIKME peun», B
KOTOPOM Pa3BUBAETCS YUeHHE 00 OTHOCHUTEILHOCTH YEJIOBEUECKHUX MOHSATUH 0 no0pe u 3ie,
0 MPEKpPacHOM M 0e300pa3HOM, O CIPaBEUTMBOCTU M HECIPABEATUBOCTH, 00 UCTHHE U JDKHU.
ABTOp TOBOPHUT, 4mo U CyOblU OOHY U MY JHce pedb MO2YM PACUEHUBAMb U KAK 10JCb, U KAK
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http://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/w/index.php?title=%D0%A3%D0%BC%D0%B5%D0%BB%D0%B5%D1%86&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%B1%D1%80%D0%B5%D1%82%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9C%D1%83%D0%B4%D1%80%D0%B5%D1%86
http://ru.wikipedia.org/w/index.php?title=%D0%97%D0%BD%D0%B0%D1%82%D0%BE%D0%BA&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D1%8F%D1%8F_%D0%93%D1%80%D0%B5%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D1%80%D0%B5%D1%87%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/V_%D0%B2%D0%B5%D0%BA_%D0%B4%D0%BE_%D0%BD._%D1%8D.
http://ru.wikipedia.org/wiki/IV_%D0%B2%D0%B5%D0%BA_%D0%B4%D0%BE_%D0%BD._%D1%8D.
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B0%D0%B3%D0%BE%D1%80_%D0%90%D0%B1%D0%B4%D0%B5%D1%80%D1%81%D0%BA%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D0%B3%D0%B8%D0%B9_%D0%B8%D0%B7_%D0%9B%D0%B5%D0%BE%D0%BD%D1%82%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%BF%D0%BF%D0%B8%D0%B9_%D0%B8%D0%B7_%D0%AD%D0%BB%D0%B8%D0%B4%D1%8B
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B4%D0%B8%D0%BA_%D0%9A%D0%B5%D0%BE%D1%81%D1%81%D0%BA%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B4%D0%B8%D0%BA_%D0%9A%D0%B5%D0%BE%D1%81%D1%81%D0%BA%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D1%84%D0%BE%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B8%D0%B9_%D0%90%D1%84%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9

ucmuny. OHa U Ta K€ Bellb ObIBACT OJJHOBPEMEHHO U JIETKOW U TSXKEIJIOH, B 3aBUCUMOCTH OT
TOTO0, C KaKOM JPYroil BEIIb0 OHA CPABHUBAETCA.

PazpabateiBas Teopuro KpacHOpeUwHsi, COPHCTHI HE MOTJIM HE 3aTPOHYTh BOMPOCOB JIOTHKH,
paccMmarpuBas MX MOJ YIioM 3peHHsl TeXHHKH cropa. [Iporarop Hamucan crnenuanbHOE
counHenue «lckyccTBo crioputh». Mcxoast U3 MoJIOKEHUS], UTO O BCAKOU 6ewu ecmob 08a
NPOMUBONONIONCHBIX MHEHUs, OH TIEPBBIA Cman npumeHsasms Oudaioe, 8 KOMOpoOM 08a
cobeceOHUKa 6 cnope 3auuyani 08a NPOMUBONOONHCHLIX 63211404.

Coductsl 6buUM BecbMa MCKYCHBIMH M300peTaTeNsiMU MapagoKcoB. B mmpokoMm cMmeicie,
[apajiokC — 3TO IIOJIOKEHUE, PE3KO PACXOAAIIEecs C OOLICIPUHATHIMM, YCTOSBIINMHUCS,
OPTONOKCATbHBIMU MHEHUsAMH. OOBIMHO MAapaJOKC MpPEACTaBISeT COOOI Hayalo TAaKOTo
UCCIIeJOBaHMsI, HEKOe HapylleHne KOHBeHIMH. [lapagokc B Oojee y3KkOM 3HA4€HUH — 3TO JBa
IPOTUBOIOJIOKHBIX yTBEPXKICHUS, IS KaKIOTO M3 KOTOPBIX HMEIOTCS KaKyLIHecs
yOenutensHbIME apryMeHThl. Hambomee octpas ¢opma mapamokca — aHTHHOMHUS,
paccyXIeHHe, JOKa3bIBalllee IPUEMIIEMOCTh JBYX YTBEP)KICHUH, OIHO U3 KOTOPBIX
SBIISICTCS OTPUIIAHUEM JIPYTOTO.

B nmnocrnenyromee Bpems BEIMKAM JIPEBHETPEUECKUM MBICIUTENIEM ApHUCTOTEIEM
(mpumepno 384-322 1m0 H.3.) Oblaa pa3paboTaHa COBEPIICHHO HHAas JIOTHYECKas CHUCTEMA,
KOTOpasi B JalibHEHIIeM W SBUJAach 0a30il NIJs pa3BUTHs JIOTUKU, KaKk Hayku o (dopmax
MBIIIIEHUS] U CIIOCO0aX BOCHPUATHS OKPYKatollel 0ObEKTUBHOM 1€HCTBUTEIBHOCTH.

OI[HI/IM 13 HanOojee BaXKHBIX YCJIOBI/Iﬁ BO3MOXHOCTH aJICKBATHOTO U3YUCHUA 00BEKTOB
METOJIAMH KIACCUYECKOU apucmomeﬂeecmﬁ mpa()uuMOHHoﬁ JlocuKu — sAejsiemcs ycioesue
demepmuHupoeaﬁﬁocmu U HEeU3BMEHHOCMU CEOLCME usydaemublx 00veKmos. I[pyTI/IM BaXXHbIM
Tpe60BaHI/ICM ABIACTCA TO O6CTO$IT€J'II)CTBO, qTo mpaduuuonﬁaﬂ Kjaccudeckas Jiocuka
npuHumaent K pacCmMompeHruro me u moJjibKo me 6blCKaA3bl6aAHUA 00 uccxzedye/ubzx obvexmax u
A6/ICHUAX, KOTOPBIC YAOBJICTBOPAIOT CIACAYIOIIUM TPEM OCHOBHBLIM 3aKOHaM JIOTHUKH .

A. 3aK0H TOKIECTBA

Kaowcooe evickazvieanue nocuuecku PAa6HO camomy ce6e.
A=A (B.1)

Bb. 3akoH HenmpoTHBOpPEYHUs

Hukakoe évicka3vléanue 102uuecKu Heé PABHO ceoemy ompuyanulro

A= —A (B.2)

B. 3aK0oH HCKJIIOYEHHOI'0 TPETLEro

ﬂﬂ}l 1100020 BbLICKA3bIBAHUA — UCHMUHHO JIUOO CAMO 6bICKA3bIGAHUE JIUOO0 €20
ompuuanue, mpentbi 603IMONHCHOCMb UCKIIIOUEHA.
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A®—-A (B.3)
B popmynax (B.1)-(B.3) npuHATH cnenyronme 0003HauCHHUS:

A - HEKOTOPOC BLICKA3bIBAHUC, —A - OTpUILIAHUC BbICKA3bIBaAHUA A.® - jgorumyeckas
IMpONO3uIMOHalIbHaA CBA3KaA, A3BIKOBBIM 3KBHBAJICHTOM KOTOpOfI SABJIACTCA HMCKIIOYAronice
<<JII/I60)), — - CUMBOJI OTpULIaHUA, SI3BIKOBBIM DKBHBAJICHT KOTOPOIr'0 BBIpAXac€TCd, KaK «HC -

A», unu BepaxeHneM «He BepHO, uTo A » .

Heo6xonuMo OTMETHTh, YTO B apUCTOTENIEBCKON TPAJUIMOHHOM JIOTMKE JOIMYCTUMO
paccMaTpuBarh T€, U TOJBKO TE€ BBICKA3bIBAHUSA, KOTOPBIE YAOBIETBOPAIOT IEPEUNCICHHBIM
BBIILIE JIOTUYECKUM 3aKOHaM. T0.1bK0 npu cobaro0eHuu 3mo20 yCcioeus, B OTHOIIEHUN TaKUX
BBICKa3bIBaHUN OYAYT CHpaBEIIMBbl BCE TE€ 3aKOHbl APUCTOTEJIEBCKOW TpaJWLMOHHON
JIOTHKH, KOTOPBIE JIOTHYECKU COBMECTHBI € IIEPEYUCICHHBIMU BBILIE OCHOBHBIMU 3aKOHAMMU.

[Tonsitne «VcTUHBIY ABISETCS ONHOW M3 (YHIAMEHTAIBHBIX PEIUTHO3HBIX, (hrmocodekux
U JIOTMYECKHX Kareropuid. B pasmuusbix ¢(uinocopckux W JIOTMYECKHX CHCTEMax OHO
ompenensiercss 1mo pazHoMy. OJHOM M3 OCHOBHBIX TPATUIIMOHHOW KOHUEMIUNA TTOHSITHS
UCTHHBI 68 PAMKAX KIACCUYECKOU 3anaoHoll uiocoguu SBISETCS KOHIENIHNs, OCHOBHBIC
MIOJIOKEHMSI KOTOPOH OBLIN COPMYIIHPOBAHBI €1Ie BEIMKUM JPEBHEIPEUECKUM MBICIUTEIEM
ApucroreneM, U pa3BUTHI B paboTax (huiaocodoB nociaeayomero BpeMeHu. I naBHoe U3 3Tux
IIOJIOKEGHUH CBOJMUTCA K YTBEPKACHUIO: <«UCMUHA eCMmb coomeemcmeue eewu U
unmeniekma». B mpaouyuonnom 3anadnom Kiaccuueckom cmwvicie, WUCTUHA — 3TO
anekBatHas MHQopManuss 00 oObekTe, Moiydyaemas TIOCPEACTBOM UYBCTBEHHOI'O U
MHTEJJIEKTYaJIbHOTO W3YYEHHUsI, WM IPUHATUS cOOOLIeHUSI 00 00BEKTE, U Xapakmepuzyemas
¢ nosuyuu oocmosepHocmu. B apuCTOTENEBCKON TpPaAMIIMOHHOW JIOTHKE, A KOTOPOM
3HaY€HHE UCTHMHHOCTH BBICKA3bIBAHUN SIBJIAETCS OJHMM M3 MPEUMYIIECTBEHHBIX MPEIMETOB
W3Y4YEHUs, OAHUM M3 KPUTEPUEB HCTUHHOCTU BBICTYNAET JIOTHYECKas MpPaBUIBHOCTb —
OTHOCUTEJIbHAs MOJHOTa (HOPMAIIbHO-aKCHOMATHYECKUX CHCTEM M OTCYTCTBHE B HHX
IIPOTUBOPEUUI.

OaHUM M3 BaXXHBIX WUTOTOB (PHIOCO(PCKUX HCCIETOBAHHI BBICTYMACT PA3IUYUE MEKIY
a0COJIOTHOM W OTHOCUTEILHOM HCTHHOH. AOCOIIOTHAas WCTHHA — 93TO IIOJIHOE,
MCYEpIBIBAIOIIee 3HAHUE O MHPE WM O HEKOTOPOW COBOKYMHOCTH €ro OOBEKTOB (B
YaCTHOCTH 00HO20 00beKkma), Kak O CI0KHO OPraHW30BaHHBIX cHucTeMax. OTHOCUTEIbHAs
WCTUHA — 3TO HETOJIHOE, HO 8 HeKOMOPbIX OMHOUEHUSX 8epHOe 3HAHUe B OTHOIIICHUHU TEX JKe
cucteM. OTHOCHUTENIbHAS UCTHHA — PIIIOCO(PCKOE TIOHIATHE, OTPAKAIOIIEEe YTBEPKIACHHUE, UTO
abcooTHAst UCTHHA (MU UCTUHA B IIOCIEIHEH HHCTAHIIMU») TPYAHO JOCTHKUMA.

OnHUM M3 OCHOBHBIX NOHSTHUH KJIACCMUYECKOM JIOTMKHM BBICKA3bIBAaHUH SIBIAETCS IOHATHE
poTHBOpeuusi. B apuCTOTENEBCKOW TPAaJULIMOHHON JIOTUKE OHO HMMEET HECKOJIBbKO

UHTEpIIpeTalui.

° HpOTHBOpC‘-II/IC — IMOJIOKCHUC, IIpU KOTOPOM OIHO BBICKAa3bIBAHWC HCKIKOYACT APYroc
BBICKa3bIBAHUC, JIOTHYCCKN HECOBMCCTHOC C HUM.
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* IIpoTuBOpeUrEe — yTBEPXKACHUE O TOXKICCTBEHHOM PAaBEHCTBE JBYX WM Oojiee 3aBEIOMO
pa3IUYHbIX OOBEKTOB.

* AHTHHOMHSA — B KJIACCHYECKOM TpaﬂHHHOHHOﬁ JIOTUKEC — IPOTHBOPEUYHUEC MCKIAY ABYMs
BBICKA3bIBAHUAMUA OJJUHAKOBO JIOTHUYCCKU JOKA3yCMbBIMHU.

OTMmeTHM, 4TO aHTUHOMMUS SIBJISIETCSI OCOOBIM BUJIOM IIPOTUBOPEUUS, IOCTOJIbKY ITOCKOJIBKY
B03MOJICHA MAKAs TO2UYECKAs CUmyayus, IpU KOTOPOH 10cuuecku 6b1600uMbIMU SBIISIOTCS,
KaK JI0Ka3aTeJIbCTBO CAMOI'0 YTBEPKJIEHUS, TaAK U €r0 ONPOBEPIKEHUSI.

K uucny uegpopmanvnuix akcuoM TpajUIMOHHOM KJIACCHUYECKOHW JIOTUKU OTHOCHTCS
c(OpMyYIHPOBaHHBIH B 3aBEPLUICHHOM BHUJAE BBLAAIOLIMMCS MaTeMaTHKOM, (uiocodhom u
gorukom ['.B. JleiiOnunem «IIpuHIUI JA0CTATOYHOIO OCHOBAHUS» - [PUHIMII,
TpeOyroumii, 4roObl B Cilydae KaKJOI'0 YTBEPXKAECHHUS YKa3blBAJIUCh YyOEIUTENIbHBIE
OCHOBAHHUS, B CHIIy KOTOPBIX OHO TNPHUHUMACTCA M CUYHMTAETCd HUCTHHHBIM. OOOCHOBaHHE
TEOPETUYECKOTO YTBEPXKAEHUS, KaK IpaBUJIO, cJaraercs u3 yeuou cepuu npoyeoyp,
KacarolIUXCsl HE TOJBKO CaMOI0 YTBEPXKACHHUSA, HO U TOW TEOPUM, COCTABHBIM 3JIEMEHTOM
KOTOPOM OHO SIBJISIETCSI.

B cBoux Tpymax ApuCTOTENh OYEPYMBACT pPAMKH NPHUMEHHMOCTH 3aKOHa O
HETMPOTUBOPEYHH U 3aKOHA 00 UCKIIFOUCHHOM TPETheM. B €ro COUMHEHHSIX OTMEUAETCS, «Ymo
3AKOHbL HENPOMUEOPEUUs. U UCKIIOUEHHO20 MPembe20 He UMEION CUNbL 8 CYHCOEHUAX O
Oyoywem: eciu Kmo-Hubyob ymeepicoaem, 4mo 4mo-ubo ciyuumcs 8 6yoywem, a opyeou
ompuyaem 3mo, Mo 30eCb Hem JI02UYeCKo20 NPOmugopeduss, NOMomy 4mo, noxka ¢axm He
COBEPUIUICS, BO3MONCHO KAK MO, Max u o0pyeoe, NOCKOIbKY 0yoywee He s6Isemcs
HeoOX00UMO OemepMUHUPOBAHHBIM, OHO 3ABUCUM OM CIYHAUHOCMEU, 3d8UCUm U OM GOJU
ar00el, U Om UX NOBEOCHU.

VYIoMsAHyTOE BBIIIE MHEHHE CAMOIO0 OCHOBOIIOJIOKHHMKA KJIACCUYECKOW TPaguIIMOHHOU
(hopManbHON JIOTMKH O TPaHUIIAX MPUMEHMMOCTH 3aKOHa O HENPOTUBOPEUYMH U 3aKOHA 00
HCKIIIOYEHHOM TPETBEM 3ACAYHCUBACH CAMO20 cepbe3Ho20 eHumarnus. 110 cymecTBy nena
apUCTOTEIIEBCKAas KJACCUYECKass TPaJULMOHHAs JIOTMKAa IIPUMEHUMA TOJIBKO IIPU
HCCIIEA0BAHUHN BOIIPOCOB, MPOUCXOMALIMX B HACTOSILEM, WIM HUCCIEAOBAaHUU BOIPOCOB U
SBJICHUM, UMEBIIMX MECTO B MPOILUIOM, K TOMY € IPU TOM 00s3aTe€IbHOM YCIOBHH, YTO
UMeeTCsl JIOCTOBEpHasi MH(OpMalusi O COOTBETCTBYIOUIMX SIBIEHUSAX U COOBITHSX. Takxke
MpeIoiaraeTcs, 4YTo CyIEeCTBYIOT OOBEKTUBHbBIE KPUTEPHUH UCTUHHOCTH, B COOTBETCTBUU C
KOTOPBIMM MO>KHO JIOCTOBEPHO OILIEHMBATh WCTHHHOCTb, JIMOO JIOXKHOCTh YTBEP)KIEHUM,
CBA3aHHBIX C UCCIEAYEMBIMU SIBIICHUSIMHU U MPOLECCAMMU.

Kak wu3BecTHO, Kjaccuueckas MaTeMaTHKa 3aHUMAETCs NPEUMYLIECTBEHHO H3Y4YEHHEM
SBJICHUM M TIPOLIECCOB, CBSI3aHHBIX C OECKOHEYHOCTHIO. OJIHAKO, MO BIOJHE MOHITHBIM
IIPUYMHAM, CBSI3aHHBIM C TpaHUIAMH IPUMEHHMOCTH KJIACCHUYECKON apuCTOTEIEBCKON
TPaJUIIMOHHON JIOTHKH, B KJIACCHYECKON MaTeMaTUKe MPU M3yYEHUU CBOMCTB OECKOHEUHBIX
BEJIMYMH U MHOXECTB, KaK MPaBUJIO U30€raal pacCMOTPEHHs B SBHOM BHUJE 3aBHCHUMOCTH
M3Yy4aeMbIX OECKOHEYHBIX BEIMYUH OT BPEMEHHU. DTO MOXHO OOBSICHUTH TEM, YmMo yuem
8peMeHU 8 ABHOM 6uoe, Cpa3y Jice Cmagum noo COMHEHUe 3AKOHHOCMb NPUMEHEHUs
HEKOMOpbIX KAACCUYECKUX MemoO008 KOCBEHHO20 OOKA3amenbCmed, TaKUX Halpumep, Kak
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METOJ JO0Ka3aTelbCTBa OT MPOTHBHOIO, KOTOPBIH CaMbIM HEMOCPEACTBEHHBIM 00pa3oM
CBSI3aH CO BTOPbIM U TPETHUM OCHOBHBIMH 3aKOHAMH KJIACCUYECKOM apHUCTOTEJIEBCKOM
TPaJUIIMOHHON JIOTMKH, U 4aCTO MPUMEHSIETCS B T€X Cy4asX, KOrja Ha OCHOBAaHUHU MPSIMBIX
METOJIOB JI0KA3aTeJIbCTBA HE MPEICTABISACTCS BO3MOKHBIM HAWTH PELICHHE TOW WIM HUHOMN
CIIO’)KHOW TIPOOIIEMBI.

OnHako, B COBPEMEHHOW TEOPETUKO-MHOXKECTBEHHOW MareMaTuke (DYyHKLUS BPEMEHU
ABJISIETCS COBEPIIEHHO 3aKOHHBIM M CTaHAAPTHBIM HMHCTPYMEHTOM HU3y4YCHHs SABJICHUH U
NPOLIECCOB, CBA3AHHBIX C OECKOHEYHOCTBIO. B OCcHOBE MOHATHS (QYHKIMH BPEMEHH JICKMT
MHOkeCcTBO T < R ¢ snmemenTamu t, Ha3pIBaeMOE MHOYKECTBOM MOMEHTOB BpeMeHH. Bpems
obnagaeT Toi XapaKTepPHOM OCOOEHHOCTBIO, YTO MOKET OBITh YIOPAN0YEHO. DTO O3HAYAET,
yro eciu t,t,eT u t;<t,, To MOMEHT BpeMeHH !, IpeAlIeCTBYeT MOMEHTY BpeMeHH t,.

Napivm CJIOBaMH, T saBasgercs YIHOPAAOYCHHBIM MHOKCCTBOM.

CDYHKI_[I/ISI BPCMCHH OIIPCACIISACT 0To6pa>1<eHHe f MHOXecTBa MOMEHTOB BpCMCHHU T na

MHOKECTBO BCHICCTBCHHBIX YHCCJI R:

f:T—>R (B.4)

Onementamu f OyayT mapsl (t,X), ob0o3HauaeMble Takxke yepe3 X(t), rae teT,xeR.
Kaxxnas Takas mapa ompenensier 3HadeHue (QYHKIMH BpeMeHH B MomeHT 1. I[lomnas
COBOKYIHOCTH TIap (t,X), T.€. 3HAYCHHUI X(t) st Bcex teT, m mpencraBusier coboit

(YHKIUIO BpEMEHU.

BBenenue QyHKuMM BpeMEHHU cpa3y K€ CTaBUT BOIPOC O HEOOXOIMMOCTH YdeTa Tak
Ha3bIBaeMbIX A U B noruk BpeMeHu, 0JjHa U3 KOTOPBIX OPUEHTHpPOBAHA HA BPEMEHHOU psf
«IIpolLIoe-HacTosIIee-0yayIiee», a apyras Ha BPEeMEHHOW psJi «paHbIle-0JHOBPEMEHHO-
Mo3Ke». ITO 00CTOATENBCTBO, B CBOKO OYEPEIb, 03HAUACT BBIXO/[] 32 MpeAesbl KIACCUYECKON
apUCTOTENEBCKON TPAIUIIMOHHOM JIOTHUKH.

B HacTosimiel  KHUT€  HMCCIEAYIOTCA  BOMPOCHI  COOTHOIICHHWS  KIIACCHYECKOH
apUCTOTENIEBCKON TPaJUIIMOHHON JIOTMKM M COBPEMEHHOW KIJlacCCH4eCKOoH (opMambHOM
JIOTUKHU HYJIEBOTO M MEPBOTO MOpsAKOB. Takxke, B pamkax «Btopoit mpobiems! ['unsbepTay,
HCCIIEYETCS BOMPOC JIOTMYECKUX OCHOBAHMM KIIACCHYECKOM TEOPETUKO-MHOXKECTBEHHOM
MaTeMaTHKM " akcuomarmdeckorl cucrembl PA&MI Brigaromerocss HTaIBIHCKOIO
Matemartuka Jxy3enmne [leano. B Hacrosmieii paboTte moka3aHo, 4TO HECMOTPS Ha TO, YTO BCE
dbopManm3yempie JOTUYECKHUE (OPMYIBI KIACCHYECKOW apHCTOTENEBCKOW TPaTUIIMOHHOM
JIOTUKU SIBJISIFOTCSI MCTUHHBIMH JIOTHYECKUMHU (HOPMYyJIaMH KJIACCUYECKOW (opManbHON
JIOTUKHU HYJEBOTO MOpsiKa, TEM HE MeHee Kiaccuueckas (opMaibHas JIOTHKAa HYJIEBOTO
MOpsi/IKa B CUJIBHOM CTENEHU OTIMYAETCS OT KIIACCUYECKOW apHCTOTEJIEBCKOM JIOTUKU B
CMBICJIE OJIHO3HAYHOM  BBIIOJHUMOCTH BTOPOTO W TPEThET0 OCHOBHBIX 33aKOHOB
KJIACCUYECKOU apUCTOTEJIEBCKOU JIOTUKH.
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[TpoBeneHHOE B paMKax HacTosIEH paboThl UCCIEI0BaHUE ITOKA3bIBAET, YTO COBPEMEHHAs
KJlaccudeckas (opMaibHas JIOTMKa HYJIEBOIO IHOpsiika 00jasaeT ropaso 0osee CUIbHBIMU
JOKa3aTEIbHBIMU  BO3MOXKHOCTSIMU 110 CPaBHEHHMIO C apUCTOTEIEBCKOM TpaJULMOHHON
JOrMKOW. B YacTHOCTM Ha OCHOBaHMHM METOJOB KJIACCHYECKOW (OPMaIbHON JIOTHKH
HYJIEBOI'O TOPSAKA YAQJIOCh HAaWTHU PEIICHMS I HEKOTOPBIX KJIACCUYECKUX JIOTMYECKHUX
[1apaJiIOKCOB, JIOTMYECKU aJ€KBAaTHOE PELICHHE KOTOPBIX IPEICTABIACTCA NPAKTUYECKU
HEBO3MOKHBIM B PaMKaxX apUCTOTEJIEBCKOW TPAJULIMOHHON JIOTUKH.

C apyroii CTOpOHBI, J€TalbHbIM aHAJIN3 MU3BECTHBIX TEOPEM BBIJIAIOIIETOCS ABCTPHIICKOTO
noruka Kypra I'egens o HemonHOTe (HOpManmbHBIX M MONY(POPMAIBHBIX MaTEMaTHUYECKHUX
Teopuii, comepkamux cucremy PA&MI («Axkcmomarnueckas cucrema Ileano» ¢
«MeToa0M MaTeMAaTH4eCKOW HMHAYKUHMW») , TI0KAa3alj, YTO COUYETAHHUE aAPUCTOTEIIEBCKOM
TPAIUIIMOHHON JIOTUKH C COBPEMEHHOM KIIACCHYECKON (hOpMaIbHOW JIOTUKOW HYJIEBOTO
Mopsiika, B psAJie CIydaeB, NPUBOAUT K OOpPa30BaHUIO JIOTMUECKH TPAHCUEHIEHTHOMN
(dbopMaabHOW CHUCTEMBI, TJE IOJ JIOTUICCKOW TPAHCICHICHIIMCH IMOHMMAETCS BBIXOJI 3a
MpeAeIibl apUCTOTENEBCKOW TPAJAULIMOHHOM JIOTMKA B CMBICJIE BBIIOJIHUMOCTH BTOPOrO U
TPETHEr0 OCHOBHBIX 3aKOHOB apUCTOTEIEBCKON JIOTUKHU.

AHaJIOTUYHOE TOJIOKEHUE HMEET MECTO M B OCHOBAaHUAX TEOPETUKO-MHOKECTBEHHOU
MAaTeMaTUKH, & HMEHHO, - COYETaHHE «AKCHOMBI MYCTOTO MHOXECTBa», «AKCHOMBI
peryisipHOCTH» U «AKCHOMBI BbIOOpa», B codeTaHuu ¢ «MeTomoM MaTeMaTH4ecKOi
WHIYKIAW», - SABJISETCS JIOCTaTOYHBIM  yCIIOBUEM I  OOpa3oBaHHS  JIOTHYECKHU
TPAHCIEHJIEHTHOM MO OTHOIICHUIO K apUCTOTEIEBCKONW TPAJAUIIMOHHON JIOTUKE (POpMaTbHOM
JIOTUKO-MAaTEMaTUYECKON CUCTEMBI.

[IpuBenenHsle B HacTosIel paboTe TaHHbBIE SBISIFOTCS HEOMPOBEP)KUMBIM CBHJIETEIHCTBOM

O KOHCTPYKTUBHOW OCYHIECTBUMOCTH JIOTMUECKOrO KoJiianca (TOTalbHOIO ociaaOiaeHus
¢dopManbHOW MCTUHHOCTH) M TeHe3Hca JIOTMYEeCKOM TpaHCIEHJIEHIIMM Ha MHOXECTBE
YHapHbIX M OWHApHBIX JIOTMYECKUX ONepaluid B KaXJ0H JOrMKO-MaTeMaTH4ecKou
¢dopmanpHOW  wiIM  TOdAyQOpMaTbHOW  TEOpPHUH,  COAEpXKalled  apUCTOTENIEBCKYIO
TPaJULIMOHHYIO JIOTHKY, KJIACCUYECKYI0 (hOpPMaJbHYIO JIOTUKY HYJIEBOro mopsika, «Meton
MaTeMaTHYeCKOM MHAYKIMM» U «AKCHOMY BBIOOpa». YCTaHOBJIEHO, YTO B OCHOBaHUSIX
KJIACCMYECKOM (OpMalbHON JIOTUKM HYJIEBOTO TMOpSAKAa M KIACCHUYECKOH TEOpEeTUKO-
MHO>XECTBEHHOM MAaTE€MAaTUKH, KOHCTPYKTHUBHO CYILECTBYET TPAHCLEHJICHTHAs JIOTHKA,
SIBJISIFOIIASICA JIOTUYECKH WHBEPCHOM IO OTHOLIEHUIO K KJIACCHYECKOM apUCTOTENIEBCKOM
TPaJAULIMOHHOM JIOTUKE.

COBOKYIMHOCTh apHUCTOTENIEBCKOW W TPAHCIECHJEHTHBIX JIOTMK 00pa3yeT CHHTYISPHYIO
dbopMaIbHYI0O  JIOTHKY B  OCHOBAHHSIX  KIACCHYECKOW  TEOPETHUKO-MHOXXECTBEHHOM
MaTEeMaTHKH, COJAEpXKalllel KiIacCH4eckylo (opMalbHYIO JIOTHKY HYJIEBOTO TOpPSIKa,
(hopMasIbHYIO JIOTHKY TIEPBOTO MOpsiAKa, «MeToa MaTeMaTuueCKOW WHIYKIIUN» U «AKCHOMY
BBIOOpa», YTO MO CYIIECTBY Jiela CBHUJETEIBCTBYET O JIOTUYECKOW TPAHCIIEHIECHTHOCTH
OCHOBaHUH  KIIACCHYECKOH  TEOPETHUKO-MHOXECTBEHHOH  MaTEMaTHKH,  COJICpKAIIUX
«AkcuoMatudeckyw cuctemy Ileano», «MeToq MaTeMaTHYeCKOW HHIYKIIUU» U «AKCHOMY
BBIOOpaY.
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I'1aBa 1
AHaJIM3 U pelIeHUus] KJIACCHYeCKUX Mapaj0KCcoOB

TPAAUIMOHHOM JIOTUKHU

1.1 Pewenue napaookca «Taxcoa Ilpomazopa u Iéamnay

Paznenas mHeHue ApuUCTOTENE B OTHOLIEHHWHM KJIACCUYECKOW TPAIULIMOHHOM JIOTHKH,
COTJIACHO KOTOPOMY, IPU PACCMOTPEHUU BOMPOCOB CBA3AHHBIX C OYTyIIUM, BBIIOIHUMOCTh
BTOPOI'O0 M TPETHETO OCHOBHBIX 3aKOHOB KJIACCHYECKOW TPAJUUMOHHOW JIOTUKHM HE MOXKET
ObITh TapaHTUPOBAaHA ABTOMATHUYECKH BO BCEX pPACCMATPUBAEMBIX CIydasx, MPHUBEAEM B
Ka4yeCTBE MpUMEpa JIOTMYECKHI aHaJM3 W PEIICHUE W3BECTHOIO JIPEBHETPEUYECKOTO
copuctuyeckoro mapamokca «Tsmkba IIporaropa wm  DBatinay, HU300pPETEHHOTO B
JPEBHETPEUYECKON IIIKOJIe CO(PHUCTOB, KOTOPHIM Kak OyAET IMOKa3aHO Jajee, OCHOBBIBACTCS
MMEHHO Ha TOM OOCTOSITENBCTBE, YTO BKIIOYACT B ce0s docosop [lpomacopa ¢ Deamaom, 6
KOMOPOM ONUCLIBAIOMCSL  YCIOBUSL 002080pd, KOMOPble OOINCHbI OblMb  GbINOJIHEHbl 6
oyoyuem.

Iapanoxce «Tsa:xx0a IIporaropa u IBarjaa»

Y opesnezpeueckozo copucma Ilpomazopa yuunca cogucmuke, u 6 mom uucne
cyoeonomy Kpacnopeuuio, nexkuii Jeaman. Ilo 3axniouennomy medxncoy Humu 002060py,
Deamn 0ondcen ovin 3anaamums 3a ooyuenue 10 moic. opaxm IIpomazopy monvko 6 mom
ciyuae, eciu @vluZpaent ceoil nepevlil cyoednwvlii npoyecc. B cayuae npouzpviuia nepeozo
Ccy0eoHo20 dena, 6 COOMEEMCMEUU C 3AKTIOUEHHBIM 002060POM OH 8000u4e He 00A3aH Obll
naamume.

Oonako 3axkonuue 0dyuenue, Jgamn He Cmau yuascmeosams ¢ cyoeonvix maxycoax. Kax
cneocmeue IMo2o 00Cmoamenbcmed, OH CYHUman ceos c60000HbIM om niaamul 3a yueoy.
Imo oaunoce 00601610 00120, mepnenue Illpomazopa uccakno, u on cam nooan Ha c60e2o
yuenuka ¢ cyo. Takum odpazom 007121cen 0bl1 COCMOAMBCA NEPBLLL CYOeOHBLI npoyecc
Deamna.

Ilpomaczop npueen cnedyrowyro apeymenmayuro: «Kaxum 6vt nu ovino pewrenue cyoa,
Deamn doaxcen Oyoem 3annamums. On U0 évluzpaem ceoil cyoeoOHwvlil npoyecc, 1Ubo
npouzpaem. Ecnu eviucpaem, mo 3annamum no 002080py, eciu npouzpaem, mo
3anaamum no peuwieHuo cyoa.

Deamn so3paxcan: «Hu ¢ mom, nu ¢ opyzom cayuae s ne oonxncen naamums. Ecnu s
8blUZPAl0, MO A He 00JIIHCEH NAAMUMb NO PEeUeHUI0 CYOd, eclu RPOuzZpar, mo He 3aniavy
no 002060py.
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Jns  paspemieHus paccMaTpUBaeMoro MmapaZokca IocTapaeMcs JIOTMUECKH YeTKO
chopMyIUPOBATH YCIOBUS 33J]a4l, COTJIACHO KOTOPBIM:

1. IlporaropoM mnojaH KMCK NPOTHUB DBaTjia Ha yKa3aHHYIO B JIoroBope cymmy B 10
TBIC.IpaXM.

2. B ciywae Bwurpeima mpomecca Ilporaropom, oH monydaeT yka3aHHYIO B JIOTOBOpPE U
HCKE CyMMY OT DBarJa.

3. B cnywae BelMrpblma Jena DBaTiOM, OH IIOJy4yaeT B KAauyecTBE KOMIIEHCALIUU 3a
MOpaJIbHBIN yIIepO, ykazaHHYIO B Hcke cymMmy — 10 Thic. apaxm oT [Iporaropa.

4. Cynps HEe UMeEeT IIpaBa OTKJIOHUTH UcK [Iporaropa.

5.Cynpss  00s3aH BBIHECTH peIIeHHe, O00ECleYnBaoNIee HEMPOTUBOPEUYUBOCTD I10
OTHOILLICHMIO K ycioBusM jgoroBopa Ilporaropa ¢ DBarioM, B pamMkKax OJHOIO CyneOHOro
nporecca.

6.CyiiecTByeT MHpPaBOBOM MEXaHU3M, OOECIEUYHBAIOIIUNA HEYKOCHUTEIHHOE HCIIOTHEHUE
pEelIeHus Cyla B COOTBETCTBUH C JoroBopoM Mexay [Ipotaropom u OBatiiom.

3amemum, umo xoms apeymenmayus 6amia ¢ MOUKU 3peHUs  KIACCUYECKOU
MpaouyuoHHou  (opmMarbHol  102UKU, HA  Nepevlll 832110,  KOHMPAOUKMOPHO
npomugononodcua apeymenmayuu Ilpomaeopa, oonaxo obe apeymeHmayuu Kacaromcs
OyOywezo, Komopoe ewje He HACMYNUNO, NOIMOMY 8 OAHHOM Cayyde, 6 OMHOUEHUU
apeymenmayuti  Ilpomazopa u Deamaa, coenacHo nooxody Apucmomens, 3aKOH O
Henpomueopeyul U 3aKkOH UCKIIOUEHHO20 MPEembe2o He UMEOm CUTbL.

VYkazaHHOe OOCTOSTENHCTBO O3HAYAET, UYTO pEIIEHUE TAaHHOTO MapaZoKca He CBA3aHO C
00s13aTeTLHBIM BBITIOTHEHHEM BTOPOTO M TPETHETO OCHOBHOTO 3aKOHOB JIOTHKH. B pemeHun
MOCTABICHHOM 3a1a4u MBI 00513aHbI JIUITH 00E€CIIEYUTh HETIPOTUBOPEUUBOCTH IO OTHOLIEHHUIO
K goroBopy [Iporaropa ¢ OBatiom c¢ yderom ycinouii (1) — (6), uTo Kak OyneT mokazaHo
nanee, SIBISETCS BO3MOXKHBIM, MPHU YCIOBUU TPUMEHEHUS Memood Henpomusopeiusoco
Vpe2yiuposanus KOHQIUKMHBIX —CUmMyayuti, KoOmopwili npedcmasnsiem cobot cnocoo
paspewieHusi KOHQIUKMHOU cumyayuu, nymem Y0081emeopeHust YCI08USM HAYAIbHOO
002080pa MeHCOY KOHQDIUKMYIOWUMU CMOPOHAMU (8 CIyYde NPUHYUNUATLHO2O HATUYUS
MAaKou 803MOICHOCMU).

Htak, paccMOTpHM BOMPOC, KaKOBO JOJKHO OBITH pEUIeHHE CYIbH, YTOOBI OHO
YIOBJIETBOPSIO OBl ycioBUSM JoroBopa Mexay I[Iporaropom u 3OBarioMm. Cyabs AOIKEH
BBIHECTH pellieHrne B moiib3y nubo [Iporaropa, nmubo DOBarna. UTo ObI BEIHECTH pEIICHHE B
nosib3y IlpoTaropa Hamo MMeTh NOCTaTOYHbIE OCHOBAaHHWSA, a WX HET, IOCKOJIbKY nepebiil
npoyecc ewe He 3aeepuier. Ecinu ke TEM HEe MEHEE BBIHECTH pellleHue B nonb3y IIporaropa,
TO cpa3y e MOoCJe Cy/la OKaXEeTCs, 4YTO pelIeHHE Cyla MPOTUBOPEUYUT YCIOBUSIM JIOTOBOPA,
MOCKOJIBKY DBaTJI CBOM mepBbIil mpouiecc npourpai. [loatomy pemenne B nons3y [Iporaropa
OKa)keTcsi He0OO0CHOBaHHBIM. KpoMe 3Toro, ecnu BeIHECTH perieHue B moib3y [IpoTtaropa, To
B ATOM ciy4yae DBaTi HE JOJDKEH IUIATUTh B CHJIY JIOTOBOPA, MOCKOJBKY OH MPOUTPAET CBOU
MepBbIA Tporecc. DTo o3HayaeT, yto IIporarop He moayduut cymmsl B 10 Thic. Apaxm,
IIOCKOJIBKY OBaTil HE 3allJIaTUT €My 3Ty CyMMy B cuily gorosopa. [loaToMy B 3TOM ciyuae
BO3HUKAET MPOTHUBOpEUHE C yCIOBHsIMH AoroBopa — [Iporarop, BeiMrpaB mporecc, A0IKEH
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nonyuuTh 10 ThIC.qpaxM OT DBatia, a DBaTJI HE JOHKEH IUIATUTh TH K€ CaMble JICHbIU 10
JIOTOBOPY. BBHIY HEBO3MOKHOCTH HCIOJIHEHHS PEIICHUS Cyaa 5TO JIeJI0 MOXKET OBITh
BBIHECEHO Ha IMOBTOPHBIN CyI€OHBIN MPOIIECC, YTO HAPYIITUT YCIOBUE 5.

PaccMoTpuM Temepp BTOpPOM U3 BO3MOXHBIX BapuUaHTOB — CY/bsl BBIHECET pELIEHUE B
nojp3y OBaria. B atom ciydae Ilporarop 3ammatutr 10 Teic. gpaxm DBaTily MO PELICHUIO
cyaa, a OBati BeiuiaTut [Iportaropy 3tH ke 10 ThIC. Apaxm mo goroBopy. Takum oOpasom
yCIIOBHUSL JIOTOBOpa, a Takxke ycioBus (1) — (6) 1 BO3MOKHOCTh HCIIOJIHEHUS PEIICHUS Cyna
Oynytr oOecrnieueHbl. C y4yeTOM pPacCMOTPEHHBIX BBINIE OOCTOSTENBCTB y CYIbH €CTh BCE
OCHOBaHUS BBIHECTU IIPUTOBOP B MOJIH3Y DBaTIIA.

Takum oOpa3om, B pe3ynbTare pemenus cyna, [Ilporarop ¢opmanvro nonyuum niamy ot
DBarja CBOMMH € COOCTBEHHBIMU JIEHbIaMH, d pPealbHblX 3apabdomaHnHblX Ha O0y4eHUU
DBatiia JICHET OH He noayuum. IBATI ghopmanvro ynaiamum IIpoTaropy ero xe COOCTBEHHBIE
JCHBTU, A peanbHbIX C80ux OeHee 3a O0ydeHHe He zaniamum. Wtak ¢ QopmanbHON U
peanbHOM TOUKH 3peHUus cyo gviucpaem Ieami, [Ilpomacop deno 6 cyoe mpoucpaem, HO TO
JIOTOBOPY (OpMANbHO NOIYHUM C80U COOCMEeHHble OeHbou OT DBaTia, a Ha JIele — Ha
obyuenuu Jeamna He 3apabomaem HU4e20.

Tenepr BepHemcsi Hazaa kK aprymentanuu [Iporaropa u OBarna. C TOYKM 3peHUs
CYIIOIIPOM3BOJICTBA, - apryMeHTanusi IIpotaropa ¢opmanvHo evinonnena, a peanvHO Hem.
ApryMmeHTanusi OBatia 6bINOIHEHA PeanvbHO, d (GOopmManbHO Hem. ITO O3HAYAET, YTO B
OTHOIICHUH KaXJ0ro u3 cyxaeHuid [Iporaropa m DBaTia, ¢ TOYKH 3peHHS KIACCHUYECKON
Tpa[[HLIHOHHOﬁ (1)OpMaJII)HOI>'I JJOT'MKH HEBBIITOJIHUMBI 3aKOHBI HCIIPOTHUBOPCUMA nu
UCKJIFOYEHHOTO TPETHETO, TOCKOJBKY C JIETIOBOM W CyneOHOW TOYKM 3pEHUs pednbHas
ucmuHa TIPOTUBOMIOJIOKHA DOPMANbHOU UCMUHe, T.€ pedilbHds UCMUHA Ha CTOPOHE
apryMeHTauuu DBatia, a hopmanvHas ucmuHa — Ha CTOpOHE aprymeHTanuu [Iporaropa, u
HECMOTpSL Ha 3TO, 00€ «MpomugononodcHvie Opyz Opy2y UCMUHBLY WMEIOT MECTO B
IEeUCTBUTENFHOCTH, MTPUYEM Ha 3aKIIOYMTEIIFHOM dTare CyaeOHOro mporecca ¢ IMOMOIIBI0
NPUMEHEHUST Memood Henpomueopeiu8oeo  ypecyiuposanus KOHGIUKMHBIX Cumyayuil
yoaemcsi Henpomuopeyuso GblNOJIHUMb BCE YCIOBHS AOTOBOpa Mexxay llporaropom u
DBatiom, a takxe ycinosus (1) — (6).

HeoOxomuMo OTMETHUTh, YTO HCXOAS M3 YCJIOBUW JIOTOBOpa, y DOBaTia HMeeTcs
JOTIOJTHUTEIbHAS BO3MOKHOCTh OCBOOOJUTHCS OT OOS3aHHOCTH OIUIATHUTH CBOE OOy4YeHHE.
Jl7is 3TOrO €My IOCTaTOYHO, HE JIOKUIAsCh Havaa cyJeOHOro pa3ouparenbCcTBa, B3sATHCS 3a
JIPYTOH, KakoW MO0 3aBEOMO TPOUTPHIIITHBIA JJIi HETO MPOIECC, WU KE OpraHu30BaTh
¢buKTHUBHOE €m0 W (UKTUBHBIA TIPOIECC C 3apaHee MPEAPEHICHHBIM MPOUTPHIIIHBIM
pesyiapTaToM. B 3TOM cilydae, OH MO OKOHYaHWH TAKOTO (UKTHBHOTO W IPOHTPHIIIHOTO
CyneOHOro mporecca, B COOTBETCTBHH C JOTOBOpPOM, (AKTUYECKH cpaszy ke Oyaer
ocBOOOXAeH oT yriaTel aeHer [Iportaropy. Takum o0pa3om, MBI MOXEM 3aKIIOUYUTh, YTO
noroop Mexay [Iporaropom u DBaTiiom ObLT cocTaBiieH B ymepbd uHTepecam [Iporaropa, u
KpoMe 3TOTo, (paKTUYECKH TMO3BOJSIET DBATIy peain30BaTh CBOE MPEUMYIIECTBO, HEB3Upas
Ha HapyILIEHWE UM MOPAJIbHBIX U 3TUUYECKUX HOPM B OTHOUIEHUU CBOETO YUUTEIIS.

N3 paccyxneHusi, MPUBEACHHOTO BBINIE, CIEAYET, YTO PEHIEHHE JAHHOIO MapajokKca
BBIXOJUT 32 PaMKH apUCTOTEIEBCKON TPATUIIMOHHON JIOTUKH, BCIEACTBUE HAIMYHS JIOTUKO-
BPEMEHHBIX 3JIEMEHTOB, HE IMO3BOJISIOMIMX B IMOJHOW Mepe MPUMEHUTh BTOPOU W TPETHIl
3aKOHBI APUCTOTENCBCKOW TPAAWIMOHHOW JIoTUKH. HeoOXxomuMo OTMETHTh, 4YTO B
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MPUBEJCHHOM HaMH JIOTUYECKOM aHaiu3e U penieHuu mnapaaokca «Tsokba Ilportaropa u
DBarja», Mbl B HEIBHON (pOpMeE YUHTHIBAIIM JIOTUKO-BPEMEHHbBIE acTIeKThl paccMaTpUBaeMOil
3amaun. B yacTHOCTH, B HesABHON (opMe YUHUTHIBAICS BpPEMEHHOW ps  «IIpOIILIOe-
HacToslee-0yayIIee», XapaKTepHbIi 151 A-TIOTUKA BPEMEHH.

W3 npuBeaeHHOro BhINIEe aHanm3a napaaokca «TspkObr [Iporaropa u OBatna» ciemyer, 4To
BBITIOJITHCHUE BTOPOTO M TPETHETO OCHOBHBIX 3aKOHOB KJIACCHUECKOW (POPMAJIbHOM JIOTUKH He
aensgemcs uem mo camum cobou pasymerowumcsa. Haobopor, ucxons u3 «lIpuHumma
JA0CTATOYHOT0 OCHOBAHMS»  CIEAyeT, 4YTO B  KJIACCHYECKUX  MOIY(HOpPMaTbHBIX
MaTEMATHYECKUX TEOPHSIX He0OX0OUMO umMems OOCMAmoyHo yoeoumenvhvie OCHOBAHUS IS
TOr0, YTOOBI CYUTATh T€ WJIM HWHBIC YTBEPKICHHS O3TOM TEOPUU BBICKA3BIBAHUSIMU,
YAOBJICTBOPSIIOIIMMH  OCHOBHBIM 3aKOHAM  apUCTOTEIEBCKOW TPATUIIMOHHOM JIOTHKHU.
O4eBUIHO, YTO YKa3aHHOE OOCTOSITENHCTBO MPEANOJaracT MpeabsiBIeHHE 0oJiee CTPOTruX
TpeOOBaHUN K JIOTHUYECKOM CTPOTOCTH KIACCHYECKUX MATEMAaTHYECKHX JI0Ka3aTeNIbCTB,
OCHOBAHHBIX Ha apPHUCTOTEJIEBCKOW TPATUIIMOHHOW JIOTMKE, KOTOpPBIE 3aKIIOYAalOTCsS B
HE0OXOIMMOCTH aHaNN3a JIOTUYECKOU CTPYKTYPBI IOKA3bIBAEMBIX JIOTUYECKUX YTBEPKICHUMN
u Qopmyn, u BepudUKaMM MX HA COOTBETCTBHUE OCHOBHBIM 3aKOHAM apUCTOTENEBCKOMN
noruku. Ilpu cucTeMaTHUYeCKOM WrHOPUPOBAHUU YHOMSHYTHIX TpeOoBaHUM, MO Mepe
pa3BUTH TOW WIM WHOW KOHKPETHOW KJIACCHYECKOM MaTeMaTW4ecKol MoixypopMaTbHOU
TEOPHUH, C OOJIBIION CTENEHBIO BEPOSTHOCTH CIENYET OXKUIATh TMOSBIEHUS B 3TOM TEOPUHU
QHTUHOMUU U HEJJOCTOBEPHBIX BHIBOJIOB, KOTOPHIE B CBOIO OYEPEh MOTYT PACIIPOCTPAHUTHCS
M Ha Te 00JIaCTH 3HAHUS, B KOTOPBIX OyIYyT MCIOIB30BATHCS, MOJTYYCHHBIE B YITOMSHYTOU
MaTeMaTUYeCKOU TEOPUH PE3YJIbTaThI.

1.2 Pewenue «llapaookca kpoxoouna»

Tpazmum[ H306peTaTI> W BBIABJIATH MAapaJOKChl BO3HUKIIA U COXPAaHUJIACh B UCTOPHUYCCKOM
Pa3BUTHM JIOTHUKH, KaK HAyKH, BIJIOTh A0 HOBOTro BpeMeHH. OOBIYHO MapaioKChl CTPOSTCS Ha
TOM, YTO JIOTHKa BXOJANINX B HHX yTBGp)K}I@HHfI, OTJINYaCTCA II0 CBOUM JIOTMYCCKUM
BBIPA3UTENIbHBIM CBOWCTBAM OT JIOTMKM OOBIYHBIX  BBICKA3bIBAHUH apUCTOTEIEBCKON
KJIACCHYECKOW TPaJAUIIMOHHON JIOTUKH.

B nacrosmem naparpa(l)e MBI NIpe/jraracM K paCCMOTPCHUIO BAPUAHT PCIICHHUA OAHOTO H3
HU3BCCTHBIX IMMapaJOKCOB — «Hapa1101<ca KpOoKoOJuiIa», aBTOPOM KOTOPOTO TpPaaAUIIMOHHO

CUMTAeTCS aHTUYHBIN CUIIMIMACKUI CO(I)I/ICT KopaKc. BHauane u3noxxum CyTb ITapaaoKca.

ITapagokc KPOKOIMJIA

«Kpokooun evixeamun y ecunmanku, cmoseuieil Ha Oepezy peku, ee peoenka. Ha ee
MOIbOY 6epHYmMb pedenKa, KpOKoOu, nPoaue, KaK cez0d, KPOKOOU108y Cl1e3y, OMEemu:

— Teoe necuacmoe pacmpozano mens, u A 0am meode WAHC ROJIYUUMb HA3A0 pedeHKa.

Yeaoaii, omoam a ezo mebve unu nem. Eciu omeemuwiv npasuivho, 1 6epHy pebdeHKa.
Ecnu ne yzaoaewn, s e2o ne omoam.
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Ilodymae, mamsv omeemuna:

— Tbt He omOawb mue pedenka.

— Tot e2o ne noayuuwiv, — 3aKkarwuun Kpokooui. — Tel ckazana nuodo npaedy, 1uoo
Hnenpaedy. Ecnu mo, umo a ne omoam pedenka, — npaeoa, i He omoam e2o, maxk Kax
uHaue ckazanHnoe He Oyoem npaeooiu. Eciu ckazannoe — nenpaeoa, 3navyum, mol He
yzaoana, u s He OMOAM pehEeHKa no y2080py.

Oonaxo mamepu 3mo paccyiyicoenue He NOKA3an0ch yoeoumenbHvim:

— Ho ¢edv echu a ckazana npasdy, mo mvl omoaulb MHe pedeHKA, KaAK Mbl U
0ozosopunuce. Ecnu jce a ne yzaoana, umo mot He omoauivb pedeHKa, mo movl 00JIHCEH

MHe e20 omoamsv, UHAYEe CKA3AHHOEe MHOI0 He Oy0em Henpagooil.

Kmo npae: mamv unu kpoxooun? K uemy o6a3zvieaem Kpokoouna OaHHOe UM
ooewanue? K momy, umoovt omoame pedenka uiu, Hanpomue, Y4moovl He omoamsp €202

UccnenoBanne «Ilapagokca Kpokoiuia» OyaeM BECTH Ha OCHOBE COBPEMEHHOI
KJIAaCCUYECKON (POpMabHOHN JIOTMKU HYJIEBOro Topsiaka. Jlanee mpuBoasTCcs HEOOXOAUMBIC

0a30BbIC OpEIeICHNUS 1 MTPaBHJIa YIIOMSHYTOW JTIOTHYECKON CHCTEMBI.

ba3oBEIMH TTOHATHSAMH JIOTUKU BBICKAa3bIBAHUI HYJICBOT'O IIOPAAKA SABJISIFOTCA:

° HpOHOSI/IHI/IOHaJIBHaH NnepeMCHHas — MEpEeMCHHAasA, 3HAYCHUCM KOTOpOfI MOXET OBITh
JIOTHYCCKOC BBICKA3bIBAHUC.

° HpOHOSI/IHI/IOHaJIBHaH (popMyna — OHpCACIACTCA HHAYKTUBHO CJIICAYHOIIUM 06pa30M:

a) Ecniu P — npono3unnonansHas nepemenHas, To P — popmyina,
6) Eciu A — ¢popmyna, To ~A — dpopmyina;

B) Eciiu A u B popmyisl, TO

(Av B) (A A B) (1.2.1)

—(A,B) (1.2.2)

TaKxe GOpMYIIBIL.
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B ¢opmynax (1.2.1) Ha nepBOM MeCT€ CTOMT IU3bIOHKIUS ¢opmynr A u B,
COOTBETCTBYIOIIAsl JIOTUYECKOW cBsi3ke «A unu B». Ha BTropom MecTe CTOUT KOHBIOHKIIHS,
COOTBETCTBYIOIIAsA IOTMYECKOU CBSI3KE «A U B».

* B coorBercTBMM C TpaBWIaMH KJIACCHUYECKON (OpPMAIbHON JIOTUKH HYJIEBOTO
nopsAaka Kaxzaas Gopmyia MOXKET ObITh MOJydyeHa 32 KOHEUHOE YHUCIIO IIaroB MpHU
MTOMOIIY JIOTUYECKUX CBS30K M 0A30BBIX JIOTHUECKUX ITEPEMEHHBIX.

e 3Haku

1 AL v o (1.2.3)

0003HAYaOT OTPHIIAHWE, KOHBIOHKIUIO, JHU3BIOHKIMI, HWMIUIMKAIUKD  (JIOTHYecKoe
cnenoBanue). Hampumep —A o03Ha4yaeT OTpuIlaHWe BbICKasbiBaHus A. Beipaxenue (1.2.2)
O3HayaeT, YTO M3 BBICKAa3bIBaHUS A ciienyeT BbicKasbiBaHue B. Mmrmumukanus o0o3Havyaercs
takke A—B (A ummmunupyer B). Ilpuenennsie B Boipaxenuu (1.2.3) 3HaKU Ha3bIBAIOTCSI
MIPOITO3UITUOHATLHBIMU JIOTHYECKHUMH CBSI3KaMHU.

» Tloadopmymnoii Ha3biBaeTcss dYacTh (QOPMYIBI, cama SBISIOMIAsICS  (HOPMYIIOH.
CoOcTBeHHOH TOGOPMYIIOi Ha3bIBaeTCs MOAPOPMYIIa, HE COBMAJAIOIIAs CO BCEU
hopmyoii.

*  OrneHkol MPONO3ULMOHANBHBIX MEPEMEHHBIX HA3bIBACTCS JIOTMUYEcKas (QYyHKIMS W3
MHOKECTBA BCEX IMPOMO3UIIMOHAIBHBIX TMEPEMEHHBIX B MHOXXECTBO MCTHUHHOCTHBIX
3HaueHut {0,1}. Ocuoenoii 3adaueii nocuku Hyne6020 NOPAOKA  AGNAEMCS
ycmauosenenue — UCMUHHOCMHO20 — 3HAYeHUs  (hopmynvl,  eciu  onpeoeieHbl
UCMUHHOCIMHbIE 3HAYEHUs 8X00AuUX 8 Hee nepemenHbiX. VICTHHHOCTHOE 3HaueHHe
bopMyIBI B TakOM cly4yae OIpeneisieTcss HWHIYKTHBHO, C IaramMu, KOTOpBIC
WCIOJIb30BATKCH MPU MOCTPOCHUU (POPMYJIBI C UCIOIb30BAHUEM TaOIMIl HCTUHHOCTH
CBSI30K.

Kpurepuii 1o0Kka3yeMocTH M HeaoKa3yveMocTH GopMya KjaaccH4eckoro ¢GopMaibLHOIro
MCYMCJIEHUS BbICKA3LIBAHUI

[Iyctb A — HekoTopas ¢opMyla KIACCHYECKOTO0 HCYHUCICHUS BBICKA3bIBAaHUHU, a
X1,X2,. . .,Xn — [IEPEUCHb BXOJIAIINX B HEE MEPeMEHHBIX. Bbrunuciinm Ry a2 an(A) Ha MHOXKECTBE
BCEX HA0OpPOB 3HAYEHWH aj, ay,...,a; BXOIANIMX B Hee MepeMeHHBbIX. Eciu mpu 3Tom
Ra1a2..an(A)=1, Ha Bcex Habopax aj, ap,...,an, TO GopMmyiaa A — TOXKICCTBEHHO HCTHHHASI,
maxas hopmyna npuzHaemcs 00Kazyemotl.

Ecnu ke cymiectByeT HaOOp 3HAYCHUH TEPEMEHHBIX TaKOM, uTO yciaoBUE Raiao  an(A)=1 He
BBINOJIHSACTCS , TO (hopMya A — He TOXKAESCTBEHHO UCTHUHHAS, MaKds (hopmyna npusHaemcs
HeO0Ka3yemoll.
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Kpurepuii npoTHBOPEYHBOCTH H  HENPOTHBOPEYHMBOCTH (OpMYJ KJIACCHIECKOIO
MCUYUCJTCHUS BLICKA3LIBAHMIA

[Tyctb A — HekoTopas ¢opMylia KIACCUYECKOTO HCYHUCIICHUS BBICKA3BIBAaHUHU, a
X1,X2,...,Xn — [IEPEUCHD BXOJIAIINX B HEE MEPeMEHHBIX. Bbaucium Rag a2 an(A) Ha MHOXKECTBE
BCEX HA0OpOB 3HAYEHWH aj, ay,...,an BXOIAUIMX B Hee MnepeMeHHbIX. Eciu mpu 3ToM
Rara2..an(A)=0, Ha Bcex Habopax aj, ap,...,an, T0 dopmyiaa A — npusnaemcs hopmanibro
MOHCOeCmME8EeHHO NPOMUBOPEUUBOU.

Ecnu ke cymiectByeT HaOOp 3HAYCHH MEPEMEHHBIX TaKOHM, 4TO yclnoBUE Raiaz.  an(A)=1
BBITIOJTHAETCS XOTSI OBI B OJTHOM CJIy4dae M3 pacCMaTpUBAEMBbIX, TO hopMmyna A — npusnaemcs
BLINOIHUMOLL U HENPOMUBOPEUUBOLL.

Onpeaesenye  r100aJLbHON  GOpMAJLHON  HENPOTHBOPEYHMBOCTH  JOTHYECKOI0
MCYMCJICHNS BHICKA3HIBAHMI

Jlorudeckoe MCUMCICHHE HA3BIBAETCs II100abHO (OpMaTbHO HEMPOTHBOPEUHUBBIM, €CITU B
HEM HE JO0Ka3yeMbl HHKaKuhe JBe BHeIIHHWE (OPMYNbI, U3 KOTOPBIX OJIHA SIBISETCS
oTpulianieMm Apyroil. MHade TroBOps, JOTMYECKOE HMCUUCICHHE HA3bIBACTCS TJI00AIbHO
(dbopMarbHO HEMPOTUBOPEUMBHIM, €CIIM B HEM HE CYIIECTBYET Takas BHEIIHSs Qopmyina A,
4YTO J0Ka3zyeMa kKak gopmyna A, Tak u ¢opmyna —A . B mpoTUBHOM ciyyae JIOTUYECKOE
UCYHCIIEHUE SIBISIETCA TTI00aTbHO (pOpPMabHO MPOTUBOPEUUBEIM.

[Tpobnema rinobGanbHOM (GOpMaIbHONH HENPOTUBOPEUMBOCTH 3AKJIHOYAETCSl B BBIICHEHUU
BOIIPOCA: SBJISETCS JaHHOE MCUYMCIIEHUE HEMPOTHUBOPEUYMBBIM WM HeT? Ecin B ncuncienun
OoOHapy>KUBAIOTCsSl BHEIIHMUE J0KazyeMmble (GopMyibl Bua A U —A , TO TaKOe HCUYHUCIECHUE
sBIgeTcs (OpMaIbHO IPOTUBOPEUUBBIM.

H3BectHa CIICAYIOIAs, j1ocudecKu Heonpoeepaicumo N1O0Ka3aHHasad TeopeMa.

TeopeMa o0 rjo0aJdbHOM  (GopMaAJILHOH HENPOTHBOPEYUBOCTH  KJIACCHYECKOIO
dhopMaATBLHOI0 HCYHCJIECHHUS BLICKA3LIBAHUN

Kraccuueckoe gpopmManpHOE HCUNCIICHUE BBICKA3bIBAHUHN 00J1a/1aeT CBOMCTBOM TIO0ATBHOM
(dbopManbHON HEMPOTUBOPEUUBOCTH.

Cka3zaHHOE BBIIIE O3HAYAET, YTO MOAEIUPOBAHHUE TE€X WU HMHBIX JIOTHYECKUX (HOpMys B
pamMKax KjaccH4yecKoil ¢opManbHOW JIOTMKM HYJIEBOTO TNOpsAIKa, B COOTBETCTBUU C
MpaBWJIaMU YIIOMSIHYTOM TEOpUH, OyIeT SBISATbCS OOBEKTHBHBIM U OyAeT aJeKBaTHO
OTpaXkaTh JOTHYECKYIO IPUPOIY UCCIEAYEMBIX C €€ TOMOUIBIO JIOTHUECKUX (GOpMYII.

Teneps MpUCTYNIUM K JIOTHYECKOMY MojenupoBaHuio «llapagokca kpokoauiaa» B paMmKax
KJIaCCUYECKOU (DOpMaTbHOM JIOTHKH HYJIEBOTO MOPSIKA.

Brenewm crnenyronue o6o3nadenus. [Iycts A — norudeckast opmysa:
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A= «KpOKOJUJ BEPHET peOCHKA MaTepH» (1.2.4)
Torpa:

~A= «HEBEPHO, YTO KPOKOUJI BEPHET peOCHKA MaTepu» (1.2.5)

O603Hauum yepes B — hopmyny Matepu, coepKallyio yITBepkKaeHUe 0 TOM, OTITYCTUT JIN
Kpokoaui ee peOenka uinn Het. Toraa ~B — oTpunanue 31oit GopmyIibl.

Hcxonsa u3 IIPUHATBIX BbIIIC 0003HaUeHHI U TEKCcTa napajokca, YCJIOBHUSA KpPOKOJAUJIA
MOZCIIMPYIOTCA CICAYOIHUMU IBYMA q)OpMy.HaMI/I:

=(B=1,A) (1.2.6)

(1.2.7)
=(B= 1,-A)

CnoBecnast unTepnperauust Gopmynst (1.2.6) BBIIJISIUT CISIYIOIIUM 00pa3oM: «eCiH
dopMmyna Marepu HCTHHHA, TO KpPOKOAMJI BepHeT pebeHka Marepw». CroBecHas
uHTepnperanus Gopmysabl (1.2.7) BRITISIUT CIEAYIOMMM 00pa3oM: «eciu GopMmysa MaTtepu
HE SBISETCS HCTUHHOW, TO HEBEpHO, YTO KPOKOAMUJI BepHET peOeHka Mmarepu». Takum
00pa3oM W3 TPUBEACHHBIX BHINIE YTBEPKICHUN CIEIyeT, YTO MaTephlo peOeHKa JOJDKHA
ObITh c(OpPMYIMpPOBAaHA TaKas MCTHHHAS, WIM XOTsS OBl JloKazyemas Jiorndeckas ¢opmyia,
KOTOpasi BBIHYX/IaeT KPOKOJMIIA OTJaTh €l peOeHKa B COOTBETCTBHH C €r0 COOCTBEHHBIMU
YCIIOBUSIMH.

OnpenenuM JIOTHYECKUE KOPTEKU 3HAUEHUH MCTUHHOCTH (OpMYJ YCIOBUI KPOKOJAMIA Ha
MHOKECTBE OMHApHBIX JIOTUYECKUX OIepalfii, onpeaeNeHHbIX COBPEMEHHON KJIacCHUYECKOM
¢dopmanpHOW JIOTMKOM HYJIEBOIO  TOpsJIKA, MOCKOJIbKY paccMaTpuBaemble (HOpMYJIbl
SBIIAIOTCSL OWMHApHBIMHM JIOTHYECKUMH (opmyramu. B cooTBercTBUM C MNPUHATHIMU B
KJIaCCUYECKOH (pOpMaIbHOM JIOTUKE MPaBUIIAMH TTOJIOKUM:

(1.2.8)

&

|
» O F O

i

=, O O

Dopmysbl (1.2.8) obecneunBarOT paCCMOTPEHNUE KOHEUYHOT'O MHOYKECTBA BCEX BO3MOYKHBIX
KOHKPETHBIX KOMOMHAUWi 3HaueHWi mepeMeHHbIX B u A. Mcmonb3ys Ansi BBIYHCICHHS
JIOTUYECKUX KOPTEXKEW 3HAYCHHH WMCTHHHOCTH YCJIOBHUU KPOKOJWJIA OINEpPaTOp JIOTMYECKOU
BEKTOPHU3ALUH, MOJYyUYUM:
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1
SN
=(B=1A)= . (1.2.9)
1
—_— (1.2.10)
=(B=1,-A) =

=

Takum o6pazom u3 popmyi (1.2.9) u (1.2.10) MbI BUANM, YTO B COOTBETCTBUH C 0a30BBIMHU
OMPENICNICHUSIMUA KITACCHYECKOI JIOTUKU HYJICBOTO MOPSAKA, KPOKOAWIOM ObLIM BBIABUHYTHI
BBIIIOJTHUMbIC U HEIPOTUBOPEYMBBIC JIOTHUECKHE (OPMYJIbI, KOTOPBIC C JIPYrod CTOPOHBI
OZIHOBPEMEHHO SIBIISIFOTCS U HEI0KA3YEMBIMH.

Heo0xoauMo OTMETUTh, YTO B COOTBETCTBHM C YCJIOBHSMH Iapajokca y KPOKOIWIIA
UMEIOTCSl 3HAYMTEJIBHBIC JIOTMYECKHE IPEHMYIIECTBA IEped MaTepbio pedeHka. ITo
BBIPAYKAETCS B TOM, YTO y KPOKOJIMJIAa MMEETCS BO3MOXKHOCTh BAPHAIIMH JIOTHYECKUX CBSI30K,
T.€. BO3MOXXHOCTh CBOOOJIHOTO BHIOOpA B JTM3BIOHKIIUN U KOHBIOHKIIMH MEXTY (POpMYIaMu
ero ycJOBUH, a TaKke BO3MOKHOCTh HENPHUMEHEHHS JIOTMYECKHX CBSI30K MEXKIy HHMH,
MOCKOJIBKY B €r0 COOCTBEHHBIX YCIOBHUSX 9TO MPSMO HE OTOBOPEHO.

Uccnenyem Temeps ¢dopmyny Marepu, NMPUBEACHHYIO B TEKCTe mapagokca. [lo cBoeit
JIOTHYECKOH CTPYKType oHa coBmazgaer ¢ ¢opmynoit (1.2.5), T.e. MaTh pebeHKa BBIIBUTACT
JIOTUYECKYI0 (popMyITy:

B=—A (1.2.11)

B stom cnyyae y Kpokonauia MOSBISETCS BO3MOXKHOCTb OOBSBHUTH, YTO (DOPMYIIBI €ro
YCIOBUH NOJPa3yMeBaIOT UX KOHBIOHKIMIO. Torja Ha MHOMKECTBE OMHAPHBIX JIOTHUECKUX
oreparuii noxy4aem cienyromme Gopmybl:

1

(=(B=1A) A >(B# 1,—A)) = g (1.2.12)
1

(B=—-A) = (1.2.13)

o - = O

®opmyna (1.2.12) npencraBisier coOOW KOHBIOHKIMIO JIOTUYECKHX —(OpMYIT  yCIOBUIA
kpokomia. @opmyina (1.2.13) npencraBnseT coboit Joruueckyo GopMyiy MaTepu peOeHKa.
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B paccmarpuBaeMoMm ciydae apryMeHTalus KpOKoAuaa UMEET CIEAYIOIUN BU.

BoiiBunyTass mareppro Jjormueckas (opmyia JOTHUYECKH HECOBMECTHA C YCIOBHSAMHU
KpPOKOJMJIA:

[(=(B=1.A) A =(B=1,-A)) A (B=-A)| = (1.2.14)

o O o o

[ToaTomMy B paccMaTpuBaeMOM Cllydae y KpOKOJWIa B COOTBETCTBUU C €r0 COOCTBEHHBIMU
YCIOBUSIMU TOSIBJISIFOTCSL BCE OCHOBaHHUS HE OTHaTh peOeHka MaTtepu. TakuM oOpazom
npeonazaemoe Hamu peulenue paccmampusaemo2o Nnapaookca 3aKnouaemcs 6 mom, 4mo
npuBeOeHHass 8 HeMm Jloeudeckas opmyna omeema Mmamepu 6 KOHMEKCme KOHBLIOHKYUU
@opmyn ycnosuil KpoOKoOUia OKA3bl8Aemcs: OPpMailbHO-I02ULeCKU NPOMUBOPEYUBOU, UYMO 6
VCI0BUAX OMCYMCMEUS Kpumepusi MamepuaibHolu UCMUHHOCMU A67Semcs 00CMaAmOYHbIM
yenosuem 0 OmKa3a KpoKoouna 6epHymos pebenKa mamepu.

Heo0xomuMo OTMETHTH, YTO HEKOTOpPbIE NPUBEACHHBIC BBIINIE JIOTHUYECKUE (HOPMYIIBI
UMEIOT CYILECTBEHHbIE OTJIMYMS OT JIOTUYECKUX (OPMYJ apHUCTOTENEBCKOM Joruku. B
COOTBETCTBUM C OCHOBHBIMM 3aKOHAMM apHUCTOTEIEBCKON JIOTMKH, BBICKA3bIBAHUE HOJIKHO
OBbITh JINOO UCTUHHBIM, JINOO JIOXKHBIM, MPembsl 603MONCHOCMb UCKII0YEHA. DTOTO Mbl HUKAK
HE MOXEM YyTBEpPXkJaTh B OTHOLIEHUHU JIOTUYECKOW (OPMYJbl KpOKOAWIA M JIOTHYECKOH
(bopMyIbl MaTepH, OCKOJIbKY YTBEPKAECHUS 00 UX UICTUHHOCTH WUJIM JIOKHOCTH OKa3bIBAIOTCS
HEJI0Ka3yEeMbIMU:

(=(B=1.A)=1)= (=(B=1.A)=0-= (1.2.15)

o B O O

(=(B=1,-A)=1)= (=(B=1,-A)=0)= (1.2.16)

e =
o o Lk o
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[lo Hamemy MHEHHIO, NPUBEACHHOE BBIIIE HCCICJOBAHUE JIOTUUECKOW CTPYKTYpbI
«[Tapamokca KpOKOAMIIa»  CBHUJETEIBCTBYET O  BO3MOXKHOCTHM  PEKOHCTPYKLIMU U
MOJIETTUPOBAHUS COPUCTUYECKOM TOTHYECKON TEXHUKHU B paMKax KJIacCHYECKOH (popManbHON
JIOTUKU HYJIEBOTO TOPSAJKA, YTO MOXKET MPEACTABIATh ONPEAENCHHBI HWHTEPEC C TOUKH
3peHUsi BOIPOCOB HCCIICJIOBAHMSI AHTHYHBIX COPUCTHUECKUX (PUIOCOPCKUX U JIOTHUYCCKHX
TpaIuIui, a Takke UX (PrI0OCO(OCKUX M JIOTHUECKUX aPXETUIIOB B HEKOTOPHIX KIACCHUECKUX
dbopManbHBIX M TONY(QOPMATBHBIX JIOTHYECKMX W MATEeMATHYECKUX TEOPHSIX HOBOTO
BPEMEHH.

1.3 Jlocuueckuii ananus «Ilapaooxca nxceua)

«[Tapagokc mxerna» sSBIsSETCS OJHUM U3 HanboJiee U3BECTHBIX APEBHEIPEYECKIX aHTUYHBIX
coucTrueckux mapagokcoB. COrIacCHO MCTOPHYECKUM CBEACHHUSM, €r0 aBTOPOM SIBIISIETCS
MPEJCTaBUTENIb aHTUYHON Merapckoil ¢mnocodekoit mkonsr EBOynmua. Hambonee cunbHas
dopma «Ilapamokca mkema» BbIpakaeTcsi cieayronieit ¢paszoii — «To, 4To s yTBEp)KAarO
ceiiyac, JIOKHO.

Cmanoapmnoe unmyumusHnoe paccyxcoenue o «Ilapagokce Jkerna» yTBEpKIaeT, 4TO €Cllu
conepxamieecs B «llapamokce yxena» CyXA€HHE HCTUHHO, TO OHO JIOXKHO, a €CIM OHO
JIO)KHO, TO OHO SBJISIETCS MCTHUHHBIM, CJIEJIOBATEIbHO OHO TIPOTUBOPEUYUT 3aKOHY
HCKIIFOYEHHOTO TpeTbero. CUMTAETCs, 4TO MPEMAJIOKEHHE TaKOTO pojJia MPUHUUIIMAIBHO HE
MOXKET OBITh HHM JOKa3aHO, HM OMNPOBEPTHYTO B MpeiesiaX TOro s3blka Ha KOTOPOM OHO
U3JI0KEHO.

B Hactosmeil paboTe Ha OCHOBE COBPEMEHHOW KJIaCCHUECKOW (hOpMaIbHOM JIOTUKU
HYJIEBOT'O MOps/IKa MpejaratoTcst BapuanTel Gpopmanuzanun «llapanokca mkenay», a Takxke
HEKOTOPBIX €ro pasHoBuAHOCTeH. HeoOX0oauMo OTMETUTh, YTO COBpPEMEHHAs KJIacCHUecKas
¢dopmanpHas JOrMKa HYJEBOIO MOpsKa o0siafjaeT TeM JOCTOMHCTBOM, UTO €€ Iiio0anbHas
HENPOTUBOPEUMBOCTh  JIOKa3aHa  (JOKAa3aTeNIbCTBO  NPHUHAJICKUT  BBIAAIOIIEMYCS
aBcTpuiickoMmy Joruky Kypty ['enento). 3To 03HauaeT, 4TO B paMKax yIOMSHYTON CHCTEMBI
HE MOTYT OBITh BBIBEJCHBI JIB€ BHEIIHHWE OJHOBPEMEHHO TOXKJIECTBEHHO JOKa3yeMmble W
B3aMMHO KOHTPAJAUKTOpHBIE Jjorumueckue ¢opmynsl F u —F. Kpome storo B pamkax
COBPEMEHHOM KJIACCUYECKOW JIOTMKH HYJIEBOTO MOPSAIKA MOTYT OBITh Takke (hOpMaTu30BaHbI
YTBEPKIECHHUSI, KOTOPBIE 10 CBOUM JIOTUYECKUM CBOMCTBAM OTJIMYAKOTCS OT BBICKA3bIBAHUU
KJIacCCUYeCKOM  (OopMarbHONH  apUCTOTENEBCKOW JIOTUKU B CMBICIE OJHO3HAYHOHN
BBIITOJIHUMOCTH 3aKOHA UCKIIFOUEHHOI'O TPETHETO.

B knaccuueckoit opMasibHOMN JIOTHKE HYJIEBOIO MOpsiIKa JOruyeckas cTpykrypa Gpopmyi
Ha MHOKECTBE YHAPHBIX JIOTUYECKUX OMNEPALMi UMEET CIIEYIOIINMA BUT:
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Taoauna 1. Tabauua yHapHBIX JJOTHYECKHX oNepanuii

yl—[apl—[ble JIOTHYECKHUE onepanuuun

X 9l=(m) | 92x=(=) | g3()= (1) | 94(0)= (0)
0 1 0 1 0
1 0 1 1 0

B Ta6aume 1 yHapHBIX orepamnuidi TPUHATHI Cleayrome 0003HAUCHHS: X — JIOTUYeCcKast
nepemenHast, g1(x) — Gyukius orpuiianus (Heranuu), §2(x) — pyHkius toxaectsa, 93(1) —
TOXJeCTBeHHass (yHKuus Jjorudeckoir eauuuipl, ¢4(0) — TokmaecTBeHHAs QYHKIHS
norudeckoro Hynst. 0 u 1 — jorudeckue, TOKIACCTBCHHBIC HYIIb U €MHHUIA COOTBETCTBEHHO.

[Ipexne yem mepedTd K (opManm3anuu yTBEpKIeHHs, coaepkamerocs B «llapamokce
JDKeLa», HeoOXOIUMMO YTOYHHTh, YTO B JAaHHOM ciyd4ae cjlelyeT HPUHATh 3a KpUTEepHUi
uctuHHoctu. M3 camoro Tekcra «llapamokca Jpkema» cileayer, 4YTO YINOMSHYTOE
YTBEP)KICHUE HE COJEP’KUT MH(POpPMALMM O BHEIIHUX SBJICHUAX WIH COOBITHAX. [loaTomy
«MamepuanbHulll Kpumepuil UCmuHHOCmU» N0 APUCTOTENIO B JAHHOM CIIy4ae OTCYTCTBYET,
IIOCKOJIBKY OTCYTCTBYET BO3MOYKHOCTb CpaBHEHMSI BBICKA3bIBAEMOI'O YTBEP)KIEHUS C
OOBEKTUBHON peadbHOCThI0. TakuM 00pa3oM ocTaercs b «(HOpPMaJbHBIM KpUTEPH
UCTUHHOCTU». B cooTBeTcTBUM € (POpPMalIbHBIM KPUTEPUEM HCTUHHOCTH KJIACCHUYECKOMN
(opManbHOW JIOTMKHM HYJIEBOTO MNOpsIKa, (OpMaabHO TOXKJIECTBEHHO JIOKHOM CuMTaeTCs
TOXJECTBEHHO MpoTUBOpeunBas Qopmyna. B wuHBIX cioydasx Jjoruueckas Qopmyna
CUMTAETCS] HEIPOTUBOPEUNBOM.

3amaua wWccIeNOBaHUS JIOTMYECKOH CTpPYKTYpel «llapamokca Jpkena» 3akitodaercs B
YCTaHOBJICHUH JIOTHYECKOTO KOPTEKAa UCTHHHOCTH, COJICPIKAIIECTOCsS] B HEM YTBEPIKJICHUs, Ha
MHOKECTBE YHApHBIX JIOTHYECKHX oreparuii. dopmyna yTBEpKICHHUS, COIEPIKAIMIETOCT B
«[Tapagokce joKena», UMeeT CIeTyIOIUI BHI:

L=0 (1.3.1)

rae 0 — JOrmYecKuii CHMBOJ TOXXKIECTBEHHOTO TPOTHBOPEYHSL.

[Mpumensss mpaBuna Tadauubl 1 st paccMaTpuBaeMoro ciydas, a TakXe OIepaTop
JIOTUYECKOW BEKTOPH3AIMH BBIYUCIUTEIBHOW JIOTHYECKOW MPOTPaMMBbl MATE€MaTHYECKOTO
BerancauTensHoro maketa MATCAD |, s citydasi, koraa Jjorudeckas nepeMenHas L mosxxer
MpUHUMATh JTI00bIe nomyctumbie 3HaueHUs (0 wim 1) m3 obnacTu CBOETo OMpeneNeHus,
MOTYYUM:

oo - ( (1)) (1.3.2)

29



N3 dopmynsr (1.3.2) ciemyer, 4TO B paccMaTpHBaeMOM Cllydae, JOrHuYecKas (Gopmyiia
yTBepXKIeHUsI, conepxkamerocs B «[lapamokce Jpkera» sIBISETCS HENPOTHBOPEYMBOM, U
BMECTE C 3TUM HEJI0Ka3yeMOM.

W3 nipuBeIcHHOTO BBIIIIE aHAK3a paccMaTrpuBaeMoit popmbl «Ilapagokce Jhkea» cienyer,
YTO JICHCTBUTENBHO, CYIIECTBYIOT TAKHUE JIOTHUECKUE YTBEPXKIACHUS M (GOPMYJIbI, KOTOPbIC HE
SIBJSIFOTCSL QPUCTOTEIEBCKUMH BBICKa3bIBaHUAMH. [103TOMY COOTBETCTBHE TOM WM HHOMN
JIOTMYeCKoi (HOpMyJIbl 3aKOHAM apUCTOTEICBCKOM TPaIUIIMOHHOW JIOTHKH JOJHKHO OBITH
JOJKHBIM 00pa3oM 000CHOBAHO.

PasnoBugHocthto «llapamokca mxena» cuurtaercs Ttakke — «llapamokc Ilnarona wu
Cokparay, 3akmouaromiuiics B caeayroiem. [lnaton: «Cnenyromee BbickasbiBanue Cokpara
oyznet noxubiM». Cokpar: «To, uro ckazan [1naToH, ICTHHHOY.

Hwxe ™Mbl yBUIMM, 4YTO IO CBOEW Jorudeckod crpykrype «llapamokc Ilnatona u
Cokpara» oTimdaeTcs OT OCHOBHOM Bepcun «Ilapamokca Jpkena» TeM, 4To COJAEPIKHUT B cebe
JIBE€ JIOTMYeCKHe mepemMeHHble. [[03ToMy ero MoJenMpoBaHUE JOJKHO OCYIIECTBISATHCS Ha
MHO’KECTBE OMHAPHBIX JIOTHYECKUX Oomepanuid. BBenem cremyromnme 0003HaYeHNS !

(1.3.3)

30
30

|
_ O +—» O

B ¢opmynax (1.3.3), P — nmormdeckuii KopTe:k 00JacTH OMpeneeHHs HCTHHHOCTHBIX
3HaYeHUH Ui yTBepkaeHus [lmatoHa. S — jmormdeckuii KOpTeX OO0JIAaCTH ONpeAeTeHHS
BO3MOXKHBIX HMCTHHHOCTHBIX 3HaueHWd s yrBepkaeHuss Cokpara. ®opmynsr (1.3.3)
OTPakal0T BCEBO3MOXHbIE KOMOMHAIINK cOYeTaHUN (POpMaIbHOW HCTUHHOCTH HA MHOXECTBE
OMHAPHBIX JJIOTUYECKUX ONEpaluid s MOTeHIHAIbHBIX yTBepxaeHuil [lnatona u Cokpata B
YCJIOBUSAX OTCYTCTBHUSI MaT€PHAIBLHOTO KPUTEPUS UCTUHHOCTH.

dopmanuszyem yrBepxkaeHue [lnarona o noxHocTy yrBepkaeHus CokpaTa U HaWJIeM s
HETO0 JIOTUYECKUN KOPTEK NCTUHHOCTHBIX 3HAUCHUN

1.3.4
[P=(S=0)]= (1.34)

o = B+ O
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®opmanuzyeM yrepxaeHuse Cokpara 00 UCTUHHOCTU yTBepxkaeHus [lnatona u Haitnem
JUISL HETO JIOTHYECKHUI KOPTEK UCTUHHOCTHBIX 3HAUCHUN

[[P=(S=0)]=1] = (1.3.5)

o b =, O

Kak cneayer uz dopmyn (1.3.4) u (1.3.5) yreepxnenus Ilnarona u Cokpara ¢ TOYKH
3pEHHsI COBPEMEHHOW KIIACCHYECKOW (DOPMAIIbHOW JIOTUKU HYJICBOTO MOPSIAKA SBISIFOTCS
HEMPOTHBOPEYMUBBIMHU, XOTS M HeqoKazyeMbiMu, U cornacHo (1.3.6) ¢opmanvro nocuuecku
MoxcOecmeenHvl 0pye opyay.

[P=(S=0)=[lP=(S=0]=1]= (1.3.6)

e i

Eme onnoit popmoit «llapamokca mxena» sisnsercs «l[lapagokc DnumeHua» KOTOPBIM
3aKJIIOYAETCS B CIENYIOMEM. OMUMEHHUJ, Oyaydd KpUTSHUHOM, ckazan. «Bce kputsiHe
JoKelpl». TpeOyeTcs onpenenuTh BbICKa3all I OH TPaBIy, HITH COJITai?

Heo0xonnMo OTMETHUTB, YTO B OTHOLLEHUU BCEX APYTUX KPUTSAH, KPOME HETO CaMoOro, 3TO
yIBEpKJIeHHE DNUMEHUNAA A611emcs He0OKa3yemMblM, TTIOCKOIbKY HE NMPHUBEICHO HU OJHOIO
UX BBICKA3bIBAHUS, CIENOBATEIbHO He umeemcsi U OOCMAMOYHbIX OCHOBAHUU  OJis
onpeoenenno2o ymeepoicoenus 00 UX HCTUHHOCTH WIM JOXHOCTH. OpHako ocraercs
yTBEp)KJeHHE DNHUMEHHIa O CaMOM ce0e B TPEThEM JIMLE, KaK O KPUTSAHUHE, SBISIOLIEMCS
mkenoM. B coBpemeHHOH (opMalbHONW KJIAaCCMYECKOM JIOTUKE HYJIEBOTO MOpsaKa
YTBEpP)KJCHHE ONUMEHHJa O COOCTBEHHOW JIO)KHOCTH MOJEIUpPYETCs  CIeAYIoIen
JIOTHYecKor (hopMyIIOit:

E=(E=0) (1.3.7)

Amnanus popmyisr (1.3.7) Ha MHOXECTBE YHAPHBIX JIOTHUECKUX OIEPAIHii MOKA3bIBAET,uTO
dbopmyia (1.3.7) sBiasieTCs TOXKIAESCTBEHHO MPOTHBOPCUNBOIA:
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[E= (E<0)] - @ (1.3.8)

Takum oOpa3om ¢opmymna (1.3.8) mo3Bosisier HaMm yTBEp)KIaTh, YTO YTBEPIKICHHE
DHUMEHHIA COOEPAHCUNM  MONCOCCMEEHHO NPOMUBOPEUUBYIO NOSUYECKVIO  hopmyny TIO
OTHOIIIEHHUIO K HEMY caMOMy. B OTHOILICHUH e €ro YTBEPKICHHUS [0 OTHOMICHUIO K IPYTUM
KPUTSHAM MOXXHO CJIIeNIaTh BBIBOJ, YTO BBICKA3aHHAs UM Jiorudeckas (Gopmysa sBISCTCS
He,ﬂOKaSyeMOﬁ no npuduHe omcynmcmeust 00CmMamounvix OCHOBAHUN.

W3 mpuBeneHHOro BhILIE aHaidu3a pa3auuHblX (opMm «llapamokca Jkeuna» ciemyer, 4To
paccMOTpeHHbIe (HOPMBI UMEIOT OTJIMYAOLLYIOCS APYT OT JIpyra CTPYKTYPY, IPH 3TOM TOJIBKO
B «[lapagokce OnumMeHHMIa» COAECPKUTCS TOXKIECTBEHHO IpOTHBOpeuHuBas (opmyna
YTBEpXKIEHHUSI DIUMEHUAa O COOCTBEHHOW JIOXKHOCTH. Jlormueckue GpopMylibl MEPBHIX IBYX
paccMOTpeHHBIX BapnuaHTOB «llapamokca jpkena» ABISIIOTCS HETOKAa3yeMbIMA M BMECTE C TEM
HENPOTUBOPEUMBBIMU. VIMEHHO 3TUM Jorudeckue GopMyJibl, COAEpKAIIMECS B IEPBLIX ABYX
dopmax «Ilapagokca JpKema» OTIMYAIOTCS OT  BBICKA3bIBAHMHA  apHCTOTEIEBCKOM
TPaJULIMOHHON JIOTMKH, [UIsl KOTOPBIX BBINOJIHEHHE 3aKOHA HCKIOYEHHOIO TPEThEro
ABIsETCA 00s3aTenbHbIM. TakuM oO0pa3oM, Mbl BUAMM, 4YTO CO(QUCTHYECKas TEXHHMKa
JIOTHYECKUX MMOCTPOEHUH MOKET ObITh (hopMann30BaHa B paMKax COBPEMEHHON (hopMallbHON
JIOTHKHU HYJIEBOTO MOPSAKA, YTO B OINpPENEIEHHONW CTENEeHH MOXET CIYXHTb 00OCHOBaHUEM
JIOTUKO-(PUIOCOPCKON  KOHIENIMH CO(PUCTOB B  YCIOBHSX HapaHENPOTHBOPEUMBBIX
JIOTHYECKUX PACCYKICHUM.

1.4 Pewenue «Ilapaookca 6paooopesn»

OfHUM M3 LEHTPalIbHBIX MOJOXKEHUH KJIACCHUECKOW TpPaAUIIMOHHON apHCTOTENEeBCKOM
JIOTHKH SIBISETCSl  apUCTOTEJIEBCKOE INMOHMMAaHME 3aKOHAa O HEMpPOTUBOPEYHH, KOTOPBIH
peryaupyer JIOTHYECKHE OTHOLICHHS MEXIY KOHTPAIUKTOPHBIMH BbICKa3bIBAHUSIMH.
OTMmeTuM, 4YTO JIOrMKa APHUCTOTENs NPUHUMAET [BAa KPUTEPUS HCTHHBI: MaTepHalIbHBINA
(cormacue MbIciel ¢ Bemamu) U (opmanbHBIM (coryiacue MbIciiel Mexay coOoif), mpudyem
TOCIO/ICTBYIOIINM (JOMUHUPYIOIIUM) KPUTEPUEM B HEW SIBIISIETCS MaTepUAIbHBIN.

PaccmoTpum  yuenune ApucToTenss 00 HMCTHHE ¥ 3aKOHAX MBIIUICHUA. APHUCTOTENb
MIPUHUMAET UCTHUHY B IIMPOKOM U B Y3KOM cMbIcie. VICTMHA B y3KOM 3HAYEHUH €CTh MUCTHHA
cyxnenusa. Ilo Apucrorento, UCTHHA W JIOXKb, CTPOrO TOBOpSA, OTHOCSTCA TOJBKO K
COEAMHEHMIO U PAa3bEIUHEHUIO MPEICTABICHUN U MOHATUI. Hamm cyxaeHus MarepuaibHO
WCTUHHBI WJIM JIOKHBI B 3aBUCHMOCTH OT TOTO, COOTBETCTBYET JIM COBEPIIAEMOE B HHUX
COEAMHEHHE WM Pa3beIMHEHUE MPEICTABICHUN U MOHATUNA CaMOM JEHCTBUTEIBHOCTU. UTO
e KacaeTcs OTIEJIbHBIX M30JIMPOBAHHBIX MPEIMETOB MBICIH, TO CaMU IO cebe OHU ellle He
HWCTUHHBI U HE JIOKHBL.
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Takoe NOHSATHE UCTUHBI OCHOBBIBAETCS HA MPEANOJIOKEHUH, YTO MPEAMET MBICIU
(mpencraBieHue WIM TOHATHE) CPABHUBACTCA C pEalbHBIM OOBEKTOM, OTOOpa)KeHHEM
KOTOPOrO OH SIBJISIETCS, M B KaueCTBE HMCTUHHOTO MPHU3HAETCA TO MPEACTABICHHE WIIU
MOHSATHE, KOTOPOE aJIEKBAaTHO OTPa)KaeT TO, YTO CYIIECTBYET B JIEWCTBUTEIBHOCTH.
Mpeicnumoe SIBJIETCS MaTepUalbHO JIOXKHBIM B TOM Cllydae, €CJId €My WM BOOOIIE HE
COOTBETCTBYET HHMYEr0 B JIEUCTBUTEJIBHOCTH, WM €CIM COOTBETCTBYIOUIUMN pealbHBIN
MpeIMET B HEM OTOOpaKEH HEBEPHO. DTO — MaTepHalibHasl JIOKHOCTh, i OHA 3aKJII0YaeTCs B
HECOOTBETCTBUHU MBICIMMOTO peallbHbIM 00BbeKTaM. [Ipyroil BUA JIO)KHOCTH — JIOXKHOCTH
cyxnaernus. [To Apucrorento, oqHa u3 GOpM JIOKHBIX CYKICHHHA 3aKIIOYAaeTCS B TOM, YTO
HECYIIECTBYIOIIEE BBICKA3bIBAETCS, KaK CYIIECTBYIOIIEE, MJIM HAa00OpOT — CYIIECTBYIOIEE
BBICKA3bIBAETCSl, KAK HECYIIECTBYIOLIIEE.

OCHOBHBIM 3aKOHOM MBILIUIEHHUA Yy ApHUCTOTENs SBISETCS 3aKOH HEIpPOTHUBOPEUMS.
ApHCTOTENIb HA3bIBAET ATOT 3aKOH CaMbIM HEOCIIOPUMBIM INPUHUUIIOM. ApPUCTOTENb JAET
HECKOJIBKO (hOPMYIHPOBOK 3TOro 3akoHa. OxHa m3 GopMynupoBok riacut: «HeBo3mMoxkHO,
9YTOOBI OJTHO U TO K€, B OJJHO U TO K€ BPEMsl, U B OZJHOM U TOM € OTHOLIEHUH, 1 ObLIO U HE
OBLIO TIPHCYILE OJHOMY U TOMY >ke». Hapsny c 9Toii pa3BepHyTOW (OPMYITHUPOBKOM daeTCs
KpaTkasi oHToJoruueckas gopmyna: «HeBo3MOXHO, UTOOBI OTHO M TO K€, B OJHO U TO K€
BpeMs, OBUIO U HE OBIIION.

B xauecTBe 1OCTOBEPHEUINX ITOJIOKEHUN Y APUCTOTENSI  IIPUBOAATCS TAKKE CIEAYIOIINE

(GOopMyYIMpPOBKM 3aKOHa O HenpoTuBopeuuu: «HeBo3MOXkKHO, 4TOOBI OJHOBPEMEHHO ObLIN
WCTHHHBIMU TIPOTHBOIIONIOKHBIE CYXACHU», nin: «HeBo3M0OXHO, 4TOOBI MPOTUBOpEYAIIIHE
YTBEP)KJCHHUs OBbLIM MUCTUHHBIMU IO OTHOIICHUIO K OJHOMY U TOMY Xe» . ApucToTeneM
JAIOTCS M COKpalleHHble Jiornyeckue ¢opMyinbl: «HeBO3MOXKHO BMecTe HUCTHHHO U
YTBEP)KIaTh U OTPULATH» MU «HEeBO3MOXKHO BMeCTe YTBEPKAATh U OTPULIATHY.

[To Apuctorento BbICKa3bIBaHHE (@) OMpeeNseT OJHO MOHATHE (a) W, CIEeIOBATEIHHO,
OJIHOBPEMEHHO C HHUM BO3HUKAET JBOMCTBEHHOE eMy MoHsATHE — (He-a). OcHoBHas dopmyna
3aKOHa HEMpPOTHBOPEYMS TaKOBa: «a HE ecTh He-a». CMBICT 3aKOHOB HEMPOTHBOPEYUS U
TOXKJIECTBA B 9TOM ACIHEKTE TAKOB: «a HE MOXKET UMETh TOT )K€ CaMblii CMBICII, KAaKOW HMeeT
TO, YTO IO CBOEH CYIIIHOCTH HE €CTh a», CIIEIOBATENILHO, «a €CTh a U MMO3TOMY He- a €CTh He-
a».

IlepeitneMm Kk yuyeHUIO ApPHUCTOTENS O 3aKOHE MCKIIOYEHHOro Tperbero. OcCHOBHas
dbopmynupoBka ero y Apucrtorens TakoBa: «PaBHBIM 00pa3oM HE MOXXET OBITh HHYETO
MOCEPEANHE MEXY IBYMsI POTUBOPEUAIIMMHE APYT APYTY CYKIESHUSMHU, HO 00 OJTHOM OJHO
HE00X0UMO JTUOO0 YTBEPKAATh, TNOO OTPHUIIATHY.

OTtHomeHne MCXKAY JBYMsA 3aKOHAMH — 3aKOHOM HCIOPOTUBOPEHYUA MW 3aKOHOM
HCKIIFOYCHHOT'O TPCTHETO, — 110 ApI/ICTOTCJ'IIO, TAaKOBO: OTPHULIAHUC 3aKOHA HCIIPOTUBOPCUUA
UMECT CBOUM HGO6XO}II/IMBIM CICACTBHMEM OTPHUIAHHUEC 3aKOHAa HCKIIOYCHHOTO TPETHETO.
3akoH HCMIPOTHUBOPCUUA €CTh HeO6XOI[I/IMa$I MMPECAIIOChUIKA 3aKOHAa UCKIITFOUCHHOT'O TPECTHETO.

B cooTBeTcTBUM C OCHOBHBIMU 3aKOHAMU JIOTUKU Y APUCTOTENS AaeTCs yUeHHE 00 UCTHHE.
[To ApucToTento UCTHHA M JIOKb HAXOAATCS B KOHTPAAUKTOPHON MPOTHBONOJIOKHOCTHU. 1o
caMOMYy ONPENENICHUI0 dTUX TOHITHH JIO)KHOCTh €CTh OTPUIIAHWE UCTUHBI, & UCTUHHOCTh —
OTpULIAHHE JIOKHOCTU. [loyokeHue O KOHTPATUKTOPHOM MPOTHUBOMOJOXKHOCTA HCTHUHBI U
JOKH  CIY’)KUT Yy ApHCTOTENsS MNPEANOoChUIKON J0Ka3aTeslbCTBA 3aKOHA HMCKIIOYEHHOTO
TPETHETO.
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C OCHOBHBIMM 3aKOHAaMHU JIOTMKM Yy ApPHCTOTENSI HEPa3pbIBHO CBA3aHO €ro YYEHHE O
cyxacHuy. CoracHo ApHUCTOTENIO, CYXACHHE €CTh CHUHTE3 IPEICTaBJICHUN. JTOT CHHTE3
€cTb CYOBEKTHBHAs JEATEIBHOCTh MBIIUICHHUSA, KOTOpas Ha OCHOBE IPEANIECTBYIOIIETO
aHaJIn3a CTaBUT pPa3bEAMHECHHBIC DJJIEMEHTHI CYXKIEHUS B T€ WIA WHBIE JIOTUYECKUE
OTHOIICHHS, COOTBETCTBEHHO HMX IMPHPOJE U OTOOpakaeMOW NEHCTBUTENBHOCTU. Takol ke
CYOBEKTUBHOW J€SIT€IbHOCTHIO MBIIUIEHUS SBJIAETCS U JUAUPE3UC, T. €. YMCTBEHHbIN aHAIN3.
N B yTBEpAMTEINBHOM CYXIECHHHM €IUHAs MBICIb pa3jlaracTcsi Ha CBOM DJIEMEHTHL. B
OTHOILICHUU IIOHATHH PA3JIOKEHHUE COBEPIIACTCS IOCPEACTBOM JeNeHuA. Jnaipe3nc u CUHTE3
CyTb JIBA MOMEHTA, KOTOPBIE IIOCTOSHHO JOJKHBI B3aUMOJCHCTBOBATh, U UX B3aMMOJICHCTBHE
JIeJIae€T BO3MOXKHBIM TOT ICUXMUYECKHUN IPOLECC, 3aKIIOUUTEIBHBIM PE3YJIBTaTOM KOTOPOIO
SIBJISIETCS JIOTMYECKOE YTBEPKACHUE WIM OTPULIAHUE.

Tenepb paccMOTpUM OHTOJIOTMYECKOE coiepxkaHue cyxaeHus. Ilo Apucrorento
CyOBEKTUBHOE MBbIIIJIEHHE (IICUXOJOIMYECKasi CTOpPOHA CYXKJEHHUsS) €CTh €JUHCTBEHHBIN
BO3MOJKHBI HCTOYHHMK 3a0NyKJACHUH W JIOKHOCTH CYXJIEHWH. PeanbHO ke OCHOBOM
UCTUHHOCTU SBJISICTCA MPEXKIE BCEro caMo 0OBEKTUBHOE OBITHE U JIMIIL BO BTOPYIO OYEpelb
cyObekTUBHOE MbllieHHe. dopmanbHble MPOTUBOPEUYUS MOTYT BO3HMKAThb Ha CTaJUU
AQHAJIMTUKO-CUHTETUUECKONW  JIEATENIbHOCTH, KOTOpas IepepadaThlBaeT  MbICIUTENbHBIN
MaTepuai B CyXKICHHUE.

CornacHo Apuctorento, (GopManbHble UCTHHA U JOXb CYOBEKTUBHBI Y)K€ IIOCTOJIBKY,
IIOCKOJIbKY OHHU CYTh CBOMCTBA IICMXMYECKHUX IpoueccoB. Ho, ¢ aApyroi CTOpoHsI, MOHATHE
MaTepHabHOW UCTUHBI Y ApUCTOTENsE O0BEKTUBHO U peaaucTudHo. CyXJeHHe, 10 YUEHUIO
ApucToTens, MCTUHHO JIMIIb TOT/AA, KOT'/1a OTHOIIEHHS COBMECTHOI'O MJIM Pa3/IeIbHOTO ObITHS
JIBYX COJIE€p)KaHUI MBICIIH, YCTaHOBJIEHHBbIE B CYObEKTHBHOM JBM)KEHUHU MBIIIJICHUS, CYTh
a/IeKBaTHbIE OTOOPAKEHUSI pEaJIbHBIX OTHOLIEHUH.

HMcTHHHO TO  yTBEpPAMTENBHOE CYXKIEHHE, KOTOPOE COOTBETCTBYET  PEATBHOMY
COBMEIICHUIO, U UCTUHHO TO OTPULATEIBHOE CYXKIEHUE, KOTOPOE COOTBETCTBYET PEaIbHOU
pazznenpHOCTH. UM ecnu oTpuuarenbHOE CYKIEHUWE HHOIZA TPAKTYeTCs, Kak OTpHUIIaHUE
JIOKHOTO YTBEPIUTENHHOIO, TO U 3TO OTPULIAHHE JOJDKHO MOKOMTHCS Ha peabHOM Oasuce,
Ha JIEWCTBUTEIBHON Pa3eIbHOCTH B CAMOM PEATbHOM OBITHH.

Cyxnenune  Apucrorens  0003HA4aeT TEPMHMHOM  «amogaHCHC», UYTO  3HAYMT
«OOHApPYKMBAIO», «OTKPBIBAIO», «BBIpaxkaro». [lo ompeneneHuro, - CYXICHHE eCTh
BBICKA3bIBAaHUE O MPHUCYITHOCTH WU HEMPHUCYIIHOCTH Yero-mubo 4demy-mubo, U SBISETCS
0COOBIM BHJIOM PEuH, a HIMEHHO TaKOW peublo, B KOTOPOH HAXOJIUT CBOE BBIpAKECHUE UCTHHA
1100 JIOKb.

CorynacHO apUCTOTENEBCKOM JIOTMKE, NMPUHUMAEMbIE €d CYKIEHHUS, O KOTOPBIX MOXHO
OJIHO3HAYHO YTBEP)KJaTh, YTO OHM JMOO MCTUHHBI, JIUOO JOXKHBI, MOXHO BBIIECTUTH B
OT/ENbHYIO KaTeTOPHIO U Ha3bIBaTh UX BbICKa3bIBaHUAMH. TakuM 00pa3oM BbICKa3bIBaHUS —
9TO TaKHE CYKJIEHHsI, KOTOPBIE YAOBIETBOPSIOT IIEPBBIM TPEM OCHOBHBIM 3aKOHAM JIOTUKH —
3aKOHY TOJXKIECTBA, 3aKOHY O HEMpPOTUBOPEYMH M 3aKOHY 00 HCKIIOYEHHOM TpPEThEM.
YeTBepTbIM OCHOBHBIM 3aKOHOM KJIACCHUYECKOM TPAaJWIMOHHOM apUCTOTEIEBCKOW JIOTMKHU
apnsiercs «lIpUHIUN J0CTATOYHOrO0 OCHOBAHMS», OKOHYATEIHHO C(HOPMYTUPOBAHHBIHI
I'".B.JIeitouunem B 17 Beke.

HeoOxoauMo OTMETHUTH, YTO KOHCTPYKTUBHO CYIIECTBYIOT YTBEP)KIEHHUS U JIOTUYECKUE
(GopMyIbl, HE SBISIONIUECS aPUCTOTENIEBCKUMH BBICKA3bIBAHUSMHU, T.€. CYIIECTBYIOT
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YTBEP)KICHHUSA U JIOTHYECKHE (POPMYIIBI B OTHOUICHUH KOTOPBIX HE BBIMOJHSAIOTCS 3aKOHBI O
HENPOTUBOPEYUU U UCKIIFOUEHHOI'O TPETHETO.

Ha ocHOBaHMH OCHOBHBEIX 3aKOHOB apHCTOTeﬂeBCKOfI TpaHHHI/IOHHOﬁ JJIOTMKH BO MHOI'HNX
ClIydadx MOXHO YCTAHOBHUTL ABJIAOTCA TC WJIM HMHBIC YTBCPIKIACHUS BBICKA3BIBAHUAMH WA
HCT. HeO6XOI[I/IMBIM U JOCTAaTOYHBIM YCJIIOBHEM TOI'0, UTO paCcCMATpUBACMOC YTBECPKIACHUC
SABJIICTCA BBICKA3bIBAHUCM, SABJIACTCA ITOJHOC COOTBCTCTBHE €TI0 ICPBBIM TPEM OCHOBHLIM
3aKkOHaM JIoTWKH. B 9TOM, MW TOJBKO B 3TOM CJIy4da€, Ha OCHOBAaHHUH «Hpm{unna
AOCTATOYHOI'0 OCHOBAHMUSD>, TAKOC YTBCPIKIACHHUC MOXKXHO CYHHTATh BBLICKA3LIBAHHCM. I[JISI
9TOTI0 HCO6XOI[I/IMO M JOCTAaTOYHO IIOKa3aTh, YTO paCCMaTpuBacMoO€ YTBEPKACHUC JTOTUYCCKHU
paBHO CaMOMY ce6e, 4YTO OHO JIOTMYCCKHU HEC paBHO CBOCMY OTPHULIAHUIO U B OTHOLICHUH HETO
MOXHO OJHO3HAYHO YTBCpPXKIaTb, 4YTO OHO h19%(s10) HNCTHHHO, 100 JIOXKHO, a mpembi
BO3MOINCHOCHIb UCKIIIOUYEHA.

HeoOxonuMo OTMETHTH, YTO B TOM CJyd4ae, €CIH HE IMPEACTaBISAETCS BO3MOXKHBIM
JIOCTOBEPHO M OJIHO3HAYHO YCTAHOBHUTH, UTO PACCMATPHUBAEMOE YTBEPIKICHHUE YIOBICTBOPSET
MEepBbIM TPEM OCHOBHBIM 3aKOHAM JIOTUKH, TO B cuily «lIpuHUOMIA J10CTATOYHOIO
OCHOBAHUS» CJIEAYyeT CIeNaTh 3aKIIOUYEHHE, YTO HE HMMEETCS JOCTAaTOYHBIX OCHOBAHHM
MPUYKCINTh JaHHOE YTBEPXKICHHE K KIACCy apHCTOTENIEBCKMX BbICKa3biBaHHil. B 3ToM
cllydae paccMaTpUBAEMOE YTBEPKIACHUE He HOONeHCUm OaibHetuemy pAcCMOMpPEHUuio 8
PAMKAX MPAOUYUOHHOU APUCTNOMENEBCKOU KILACCUYECKOU I02UKU.

[Tepeiinem Teneps K aHanu3y 3()(HEKTHBHOCTH 3aKOHOB APHCTOTEIEBCKOW KIIACCHYECKOMN
TPAIUIIMOHHON JIOTHKHM W apHCTOTEIEBCKHX KPUTEPUEB MaTepHaIbHOW M (OpMaIbHOU
UCTUHBI Ha npuMepe moaenuposanus «llapamokca Paccena» B OIHOI €ro momysisipHON
¢dopme. HeobXxoauMO OTMETUTH, YTO B CBOE BPEMsl, TEOPETUKO—MHOXKECTBEHHas (Qopma
YIIOMSIHYTOTO TapajoKca, aBTOPOM KOTOPOTO SBJIAETCS BBIJAIOLIMICS MaTEMaTHK, JIOTUK U
¢unocod xonma 19-ro u nepsoit nonosunsl 20 Beka — beptpan Paccen, npoussen Becbma
CHJIPHOE BII€YaTJeHHE HAa MATeMaTHYECKYI0 OOIIECTBEHHOCTb TOrO BPEMEHH, U Jaxe, IO
CyTHU JieNa, sIBUiIach KOCBEHHOM NMPUYMHON pacKoia HEKOTOPBIX MaTEMaTHYECKHUX IIKOJI Ha
pa3IMYHbIE JIOTUKO-MaTEMATUYECKUE HAIIPABICHUS.

«Ilapagokc OpagooOpesr»

Oonoii u3z eepcuii napaooxkca Paccena saensemca napadokc oepesenckozo opaooodpes,
CO2NACHO KOMOPOMY OOHOMY O0epeseHCKoMy 0Opaoodpero npukazaiu «Opumov Kaxcooo
JHcumenn 0epesnu, Kmo cam He Opeemcs, U He OpUmMb MO20 Hcumensn 0epeeHu, Kmo cam
opeemca». Kak on 0onxcen nocmynumsp ¢ cooou?

Cmanoapmnoe unmyumusHoe  paccyscoenue 00 u3I0KeHHOM Bbime «l[lapanokce
Opamobpes» (mpemayioxkeHHOe caMuM bepTpanom PaccenomM) mMmeer cienyromuid BUI: «eCiIu
JepeBeHCKHi OpaoOpeit He OpeeTcs, TO OH JOMKEeH OpUTH ceds , U, eCIM OH OpeeTcs , TO OH
HE JIOJUKeH OpHuTh ceOs». HeTpyaHo 3aMeTHTh, YTO B pe3ysbTaTe 3TOTO PaCCYKICHHS MBI
NPUXOJUM K TPOTUBOPCUUIO. B TNpUBEEHHOM BBIIE  PACCYKICHHUU 1O YMOIUAHUIO
npeononazaemcsi, 9To JEPEeBEHCKUN OpamoOpeit sSBISETCS KUTEIEM TON IEPEeBHU B KOTOPOM
OH paboTaeT, HECMOTPS Ha TO, YTO HHPOPMAIH 00 ITOM HEMOCPEACTBEHHO HE COOEPHCUMCS
6 mexcme napaooxca. IIpencTaBisieT HHTEpeC TO 0OCTOATEIBCTBO, YTO KaK OyIeT MOKa3aHo
Janee, MIMEHHO 3TO paccyxiaeHue Paccena, TpaJUIIMOHHO CYMTAIOIICECS COCTABHOW YaCThIO
TaHHOTO MAapaJIoKCca, U «Oenaem e20 NApAdOKCATbHbIMY.
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[Tocrapaemcst ¢opmanuzoBare ycnoBus — «llapagokca OpamoOpes» Ha MHOXECTBE
OMHAPHBIX JIOTUYECKUX OIepalii, METoJJaMi COBPEMEHHON KJIacCH4YecKo (opmanbHOM
JIOTUKU HYJEBOT'O MOPSIKA, C IIeJIbI0 YCTAaHOBHUTH, IO KaKUM MpPUYMHAM U HA KaKOM 3Tame
bopmynHupoBaHus YCIIOBUM paccMaTpuBaeMOro IapaJoKca BO3HUKACT «IOTHYECKU
napajoKcaibHasi CUTyalHs».

[Tycte A ecth yTBepknenue: «Kutenb nepeBHu Opeercst cam». Torma oTpuiiaHue 3TOro
yTBEpXKICHUS A mMmeeT cienyrommii Bua: «HeBepHO, 4TO XKUTENb ACPEBHH OpeeTcs: camy.
O6o03naunm yepe3 B yrBepxnenue: «bpanobpeii Opeet xxutens nepeBHn». Toraa oTpulianue
3TOro yTBepXKAeHus ~B mmeer cnenyromuii Bua: «Hesepno, uro O6panobpeit Opeet sxutens
NEPEeBHUY. 3amemum, Yymo 6 HAYANbHLIX YCI08UAX NAPAOOKCA He COOEPHCUMCS HUKAKOU
ungopmayuu 0 mom, sasisemcsa au opadodpeu dxcumenem OepesHu uau Hem. Ilosmomy 6
yenax — aoeKeamHoz20 — JI02UHEeCK020 MOOeIUPOBAHUs  pACCMAMPUBAEeMO20  NAPAOOKCA
Heobxooumo paccmompems 0be smu 8ozmodchocmu. O603HaunM depe3 C yTBEpKIeHUE:
«bpanoOpeil sBNsieTCS KUTENEM JAEPEBHU B KOTOPOil OH paboTtaeT». Torma oTpuiianue 3Toro
yrBepxaenus —C umeer cnexyrouuii Bun:«HeBepHo, uTo OpamoOpeit sSBISETCS KHUTEIEM
JIEpEeBHU B KOTOPOM OH paboTaeT».

Heo0XxomuMo OTMETHTh, YTO B COOTBETCTBUU C TPAJAUIMOHHOW KJIACCUYECKOW JIOTMKON
Apucrorens, B LEISIX aJE€KBATHOTO PACCMOTPEHUS JaHHOW JIOTMYECKOH 3agaduu, ciexyer
OIPENICIIUTh MAaTEPUAIBHBIM ¥ (OPMAIbHBIA KPUTEPUU HCTHHHOCTH. B COOTBETCTBUM C
HaYaJIbHBIMH YCJIOBUSMHU TIapaJioOKca, TOJ MaTepHaIbHBIM M (HOPMAIBHBIM KPHTEPHEM
UCTHHHOCTH B JAHHOM Cllydyae Mbl OyJeM IOHMMAaTh HEMPOTUBOPEYMBOC BBITOJIHCHHE
«TpUKa3a» JepeBEHCKOMY OpamoOpero. DTO 03HAa4YaeT, YTO MbI IMOCTapaeMcsl MOCTPOUTH
TaKyl0 JIOTHYECKH M (PU3MUYECKU BHIOJTHUMYIO MOJENb PEIIeHHs Mapagokca, KoTopas ¢
OJIHOM CTOpOHBI HEe OyJeT MPOTUBOPEUUTHh HaualIbHBIM YCIOBHUSM MapajoKca, a C JApYyrou
CTOPOHBI OYZIeT COOTBETCTBOBATH 3aKOHAM KIIACCUYECKOW TPaJUIIMOHHOW apHCTOTEIEBCKON
noruku. I1o HameMy MHCHWIO, MMCHHO TaKas CTPATCTUA HaXOXACHHA JIOTUYCCKOIO pCIICHUA
COOTBETCTBYET ApPUCTOTEIEBCKOMY IMMOHUMAHUIO 3aKOHAa O HEMPOTHUBOPEYHUH, MOCKOIBbKY
3aKOH O HEMpPOTHBOPEYMH, KaK pa3 M BbIpaKaeT CTpeMJIeHHuEe HU30ekaThb MPOTUBOPEUHUs B
PacCyXJICHUSIX, CBI3aHHBIX C BOCIIPUATHEM OObEKTHBHON PEaTbHOCTH.

CornacHO NPUHATHIM BbIIIE O00O3HAYEHUSM, S3bIKOBas MHTepHperanus (opmanbHOM
MOZIEJIA YCJIIOBHM MapaJoKca UMEET CIEAYIOIUN BU!

«Ecnu xxutens nepeBHH OpeeTcs cam, TO HEBEpHO, 4To Opamodpelt Opeer KuTelns NepeBHH,
1, €CJIM HEBEPHO, YTO KUTENb IEPEBHU OpeeTCs caM, TO Opaiodpei OpeeT KUTeNs JEPEBHIY.

B mpuHATBIX CHMBOJIMUYECKHX OO0O3HAYECHHSIX PACCMOTPEHHAs SI3bIKOBas WHTEPIIpETAIUs
HAMEET CIEAYIOIIUN BUA!

«Ecmu A,to ~B,u, ecitm A, 10 B» (1.4.1)

BerancnuM JToruueckre KOPTEXHU 3HAYCHUH MCTHHHOCTH (opMyisl yeinoBus «[lapamokca
OpamoOpesi» Ha MHOXKECTBE OMHAPHBIX JIOTHUECKUX OMEpPaIUii, ONpeIeIeHHbBIX COBPEMEHHON
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KJIaCCUYECKOH (hOpPMAIIbHOM JIOTUKOM HYJIEBOTO MOpsAIKa. B COOTBETCTBUU ¢ MPUHATHIMU Ha
MHOYKECTBE OMHAPHBIX JIOTHYECKHUX ONEpaLMil TPaBUIaMU HOJOKHUM:

0
Al (1.4.2)

1

1

(1.4.3)

Torma BeKTOp HWCTUHHOCTHBIX 3Ha4YeHWH Jjorudeckoir Qopmyasl  (1.4.1) npumer
CHEAYIOLIUN BUA:

[(=(A,—B) A (=(=A,B))] = (1.4.4)

o - +» O

N3 (1.4.4) B COOTBETCTBUU C MpPaBWJIAMH KJIACCHYECKON (OPMANBHOW JIOTHKH HYJIEBOTO
nopsiika cienyer, uYro OcHOBHoe ycioBue «llapamokca OpamoOpes» BbIpaXkaercs
HEMPOTUBOPEUNBOM JIOTHUECKON (OPMYITOH.

Ilepelinem Temepp K pacCMOTPEHHIO BOIPOCAa O TOM, MOXET JIU SIBISATBHCS IO YCIOBHUSAM
3aJauu JiepeBeHCKUI OpanoOpeil xuTeneM TOW JEepeBHU B KOTOpOW OH paboraer. BHauane
paccMOTPUM IEPBYIO M3 JIBYX BO3MOYKHOCTEW, ONPEAEIAEMYIO JOTMUYECKUM YTBEPKICHUEM
C, a umenHo: «bpanoOpelt sBiISETCS KHUTEIEM JIEPEBHU B KOTOpoW OH paboraer». B sToM
ciydae yTBepxkaeHHE A mpuoOperaeT cnenyrommii Bua: «bpamoOpeit Opeercs cam».
YTBepxkaenue B mpu 3ToM mpuHHMaeT cienyromuid Bui: «bpamoOpeit Opeer OpamoOpesi».
HetpynaHo BHIETH, UTO B pacCMaTpUBAEMOM CiIydae OJHOTro OpamoOpest yreepxkaeHus A u B
OKa3bIBAIOTCS JIOTHUECKU DKBUBAJIEHTHBIMU APYT APYTY:
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<(A.B) (1.4.5)

VYcnoBue (1.4.5) sBisiercst AOMONHUTENBHBIM K (DOpMYyJie YCIOBHSI paccMaTpHBaEeMOIo
napajokca, Mo3TOMY OHO JIOJDKHO pPacCMaTpuBaThcs COBMeCTHO ¢ Qopmyioit (1.4.4) Ha
YCIOBUSIX UX KOHBIOHKIUU:

S

[(=(A,-B) A (=(-A.B)] A (=(A,B)] =

(1.4.6)

o O o o

N3 ¢opmynsr (1.4.6) caenyer,uro nomonmHutensHOe ycinoue (1.4.5) mpuBoauT K
TOKIECTBEHHOMY TIPOTHUBOPEUHUIO. DMo o3HAuaem, Ymo UMEHHO OOnyujenue O mom, 4mo
oepesencKull Opadobpell A6saemcs xHcumenem mol 0epesHU, 8 KOmopou oW pabomaem,
npU8oOUm K NpOmMuopeduro.

PaccMoTpuM Tenepb BTOPYIO BO3MOKHOCTB, BBIPaXKaeMyI0 JIOTUUECKUM yTBepkaeHueM —C
a umeHHo: «HesepHo, uTo OpamoOpel SABISETCS KUTENIEM AEPEBHH B KOTOPOH OH paboTaeT».
Heo06XxoauMo OTMETHTH, YTO 3Ta BO3MOYKHOCTH SIBIISIETCS OCYHIECTBUMOW — OpamoOpeii,
paloTaroliii B JaHHOM JepeBHE, MOXKET OBITh JKUTENEeM JpYyrod Onusnexaiiield aepeBHU
WIA TOpoJia, YTO HEe MpoTHBOpeuHuT ycinoBusiM «llapanokca Opamnobpes». Kpome storo B
paccMaTpUBaEMOM Cllyyae TNPOTHUBOpPEUUs HE BO3HUKAET, MOCKOJIBKY Opamolpell Moxer
HENIPOTUBOPEUYMBO BBINIOJIHATH MPUKA3 B OTHOLLIEHUH JKATEIEH JepeBHU. UTO K€ KacaeTcs ero
caMoro, TO OH B OTHOUIEHHH ce0si UMeeT cBOOOY BhIOOpa, MOCKOJIBKY YIIOMSHYTHIN MPUKa3
BOBCE HE OTHOCHUTCS K HEMY, TaK KaK OH HE SIBJISIETCSA YKUTEJIEM TOW JEPEeBHH B KOTOPOM
paboraer. [losmomy 6padobpeti modcem Opume cebs, He 6CMYnas 8 Npomusopeuue ¢
yerosuamu  npuxkaza. ITO W ABIAETCS TpeAslaraéMbIM  pEIIeHHEM paccMaTpuUBaeMOil
nonyJsipHoit Bepcun «Ilapamokca 6pamodpes».

[IpuBeneM CpaBHUTEIBHBIA aHANW3 JIOTHUYECKUX OCOOEHHOCTEH  PpacCMOTPEHHOMU
nonynsipHoit  Bepcuum  «llapamokca  Paccema» ¢ KIIacCHMYECKOM  TpaJMIIMOHHOMN
apUCTOTENIEBCKOM JIOTMKOW. Bo-mepBbIX, cienyer OTMETHTb, YTO OCHOBHOE JIOTMYECKOE
ycioBue paccMoTpeHHol Bepcun «llapamokca OpamoOpest, Beipaxaercst ¢opmymnoii (1.4.4),
JIOTHYECKasi CTPYKTypa KOTOPOH OTIMYAeTcs OT JIOTMYECKOW CTPYKTYphl BBICKA3bIBAaHUN
ApUCTOTENIEBCKOM JIOTMKM B CMBICIE BBIMOJIHUMOCTH 3aKOHA HCKIIOYEHHOTO TPETHETO.
Konbtonknus monosnHutensHoro ycioBus (1.4.5) ¢ ycnoBuem (1.4.4), mpuBOAMT K
TOX/IecTBeHHOMY TpotuBopeunto (1.4.6), Kak ¢ TOYKH 3pEHHs COBPEMEHHOM KIIACCHYECKON
(dbopMaIbHOM  JIOTMKK  HYJIEBOTO TIOpsAJIKA, TaK W  KJIACCHYECKOW  TPaaUIIMOHHOU
apUCTOTENIEBCKOM JOTHKH. [109TOMy B KadecTBe pelIeHUs paccMaTpUBAaeMOTro MapajaoKca
HaMH BBIOPaHO Takoe JIOTHYECKH OCYIIECTBUMOE pEIICHHE, KOTOPOe HE MPOTHBOPEYHT
OCHOBHOMY YCJIOBHUIO paccMmarpuBaeMoil Bepcun «Ilapagokca 6pamgobpes», 3akiovaromieecs
B TOM, YTO OepeseHCKUll Opadobpell He s61semcs dcumenem mol O0epesHU 8 KOMOpoU
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pabomaem. Takum o00pa3oM, B paccMaTpUBacMOM Ccllyuyae, HMMEHHO apHCTOTEJIEBCKOE
[TIOHUMAaHHE JIOTMYECKOTO0 3aKOHA O HENPOTUBOPEUYMH, OCHOBBIBAIOLIEECS HAa CTPEMIICHUU
n30exarb NMPOTUBOPEUUSI B PACCYKICHUSX, ITyTeM CPaBHEHMSI T€X WJIU HHBIX CYXICHUH C
OOBEKTUBHON PpEATBHOCTHIO, TIO3BOJWJIO HAM HAWTH HENPOTUBOPEUYHBOC pEIICHUE
PacCMOTPEHHOIO IapaoKca.

1.5 Pewenue «llapadokca mapa 20p000e»

[ToHsATHE TYCTOrO MHOKECTBA SIBJISIETCA OJHUM M3 OCHOBHBIX IOHSTHUH TEOPUHU KIJIACCOB U
MHOKECTB. [IyCThIM MHOKECTBOM Ha3bIBACTCS TAKOM KJIACC, KOTOPBIA HE COIEPKUT HHU
onHoro nsneMenrta. Ilycroe MHOXecTBO 0003Hauaercs cuMmBojioM ). B Teopum kiaccoB
MyCTO€ MHOKECTBO SIBJIICTCSI aHAIOrOM apudmeTndeckoro 0 MHOXKECTBA JEHCTBUTEIbHBIX
gucen. [lo ompeneneHuo CymecTBYeT TOJBKO OIHO IMyCTOoe MHOXecTBO. Dopmyna A= @
03HAaYyaeT, YTO MHOXKECTBO A HE MMEET HU OJIHOIO 3JIEMEHTA, YTO OHO IIyCTO, YTO OHO
«ucuezaeT». Ecnu He BBOAUTH MOHATHUS IIyCTOTO MHOXKECTBA, TO MIPU ONPEAEIECHUN TOrO WK
WHOTO KOHKpeTHOro kjacca C mpHILIock ObI YacTo JejaTh OTOBOPKY: €CIIU OH CYIIECTBYET.
DTO TMPOUCXOAMUT H3-3a TOTO, YTO YACTO AIEMEHTHI KJIacca OMpPENeNIeHbl TaK, 4YTO 3apaHee
OBIBaCT HEWM3BECTHO, CYIICCTBYIOT OHH HJIU HET.

[TonsiTe mycToro MHoOXecTBa SBJIsiETCS 3()(PEKTUBHBIM CPEICTBOM PELIEHHS] HEKOTOPBIX
KJIACCUYECKHUX IAapaJJOKCOB TEOPUHU MHOXKECTB. B KayecTBe OJAHOr0 M3 TaKMX MapafoOKCOB,
HIDKe OyleT paccMOTpeHa OaHa U3 momyisipHbIx Bepcuil «llapamoxca Paccema» B dopme
«[Tapamokca mapa ropoaosy». Huxe npuseaena popmynuponka «llapagokca Mapa ropoioBy.

«I1apagokc MIpa ropoaoBy»

B oonoii cmpane ovin uzoan ykaz: «Mapvl 20p0008 00NHCHBL HCUML HE 8 MOM 20P00e,
20€ OHU AGNANMCA MIPAMU, A 6 CHEYUANbHOM 20p00e MIPO6». Bonpoc 3akniwouaemca 6
cnedyruem — 20e 00J1HCEH HCUNb MIP 20P00a MIPO8?

Pemienne manHoOroO napajaokca CBOAUTCA K PACCMOTPCHHUIO BOIIPOCAa O CyHIECTBOBAHNUN M3pa
ropojia M3poB. Bhaauaine PaCcCMOTPHUM OJIHY U3 IBYX BO3MOXKHOCTEIH M3Bp ropoaa M3poOB OBLI
1/136paH. B »Tom CJIy4a€ BO3HHUKACT NPOTUBOPCHUC — MIOP IoOpoJa MIPOB HOJLUKCH KUTh B
ropoac MjspoOB, MOPOM KOTOPOro OH ABJIACTCA, YTO IO YCIOBUIO 3aJadun JOTHUYCCKHU
HEBO3MOKHO.

Bropas BO3MOXHOCTH OCHOBaHa Ha apUCTOTENEBCKOM IMOHMMAaHUM 3aKOHa O
HEMPOTUBOPEUYNH, KOTOPOE 3aKIIYaeTcs B CTPEMJIICHHUH U30eXaTh NPOTHBOPEUHA B
paccyX/IeHUSIX, a TaK)Ke MOHITUU IIYCTOIO0 MHOXKECTBA. MIP 20p00a MIPO8 He Modcem Oblmb
u3bpaH, - «Kpecio mapa 2opooos — nycmoy. B amom cnyuae 2opodom ynpasnsem cogem

MIp06  20p0008. Ommemum, UYMO IMO peuleHue AGIAeMcs OCYWEeCMEUMbIM U He
npomugopeuum yCio8usam napadokcd.
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I'1aBa 2
AHanm3 peHoMeHa JIOrH4ecKoi TPpaHCUeHAeHINT

B OCHOBAHMAX KJIACCHYECKOH TCOPHUH MHOKECTB

2.1 O dhopmanvuo-nozuueckon u meopemuKo-MHONCECHEEHHOI CUCHIEME

INCOL&TAMLA

B HacTosmem naparpade npenctaBieHo o0lee onucaHue TPAHCUEHIEHTHOH (opMalibHO-
noruueckoid u Teoperuko-mMHokecTBeHHOW cucTteMbl INCOL&TAMLA u HekoTOpHIX,
MONyYeHHBIX Ha €€ OCHOBe pesynpTarax. [lpm »>TOM mox (opManbHO-TOTHYECKOH
TpaHcueHaeHIen (ot yat. transcendentis — mepemaruBarOIIyiA, BBIXOIAIINN 3a TPEACIbI)
MMOHUMAETCSA BBIXOJ 3a MPEIENbl KIIACCHYECKOW apUCTOTENCBCKOW TPAaIUIIMOHHON JIOTHKH,
HaOII0AaeMblii  KOHCTPYKTUBHO U JIOKa3yeMbIl JIOTMUECKM B paMKaX COBPEMEHHOU
r7100abHO HENPOTUBOPEYMBOI KJIaCCMYECKON (OPMaIbHOM JIOTUKU HYJIEBOTO U IEPBOTO
nopsiaka. Kak n3BecTHO, B COBpPEMEHHOH Kiaccudyeckoil (hopMallbHOW JIOTHMKE HYJIEBOI'O
NOpsiIka OCHOBHBIE JIOTMYECKHE 3aKOHBI, IIOJydaeMble B Ipejaenax KJIacCHYeCKOH
ApUCTOTENIEBCKOM  TPAJAMIMOHHOM  JIOTMKH,  SIBIISIIOTCS  TOXKIECTBEHHO-MCTHHHBIMU
noruueckumMu  popmynamu. M3BecTHO Takke, YTo TIOOambHAS (HOPMAIBHO-JOTHYECKAs
HEMPOTUBOPEYMBOCTh  KJIACCHYECKOH  (OpManbHOH  JIOTHKM  HYJIEBOTO  IOpPSIKa
HEOIPOBEPKUMO JIOKa3aHa BBLIAIONIMMCS aBCTPUICKUM JIOTHKOM M MaTteMaTHkoM KypTtom
I'eneneM M He NOMIEKUT COMHEHMIO. OJHAaKO, C JpYrol CTOPOHBI, HCCIIE€AOBaHHE
JIOTHYECKUX CBOMCTB KJIACCHUECKOM (hOpMaJIbHON JIOTMKM HYJIEBOIO MOPSAIKa MOKa3ajo, YTo
HECMOTPs Ha 3TO 0OCTOSITENbCTBO, B HEW CYIIECTBYIOT U TaKHU€ JIOTUYECKUE YTBEPXKICHUS U
Joruyeckue (HopMysbl, KOTOpbIE XOTS M HE OTPHUIAIOT MPSIMO 3aKOH O HENPOTUBOPEUHH U
3aKOH MCKJIFOUYEHHOTO TPETHEro, OJJHAKO B CHIIBHOW CTETIEHW OTIMYAIOTCS OT KJIACCHYECKUX
APUCTOTENIEBCKUX BBICKA3bIBAHUN B CMBICIIC OJHO3HAYHOTO COOTBETCTBHUS WX 3aKOHaM O
HETMPOTUBOPEYHH W HCKIIOUYEHHOTO TPETHETO. YTIOMSHYTHIE JIOTUYECKHE YTBEPXKICHHS WU
joruueckue (HOpMyJIbl  KIIACCHYECKOW (OPMATbHON JIOTHMKH HYJIEBOTO TMOPSIKA OBLIH
Ha3BaHbl Joruuecku TpaHcueHJeHTHbIMU. Cuctema INCOL&TAMLA paspabortana s
3G (PEKTUBHOTO HUCCIEAOBAaHUSI HMMEHHO TPAHCHEHJEHTHBIX (HOPMANbHO-IOTHUECKUX U
JIOTUKO-aHATUTUYECKUX (QOpMyJI B pa3MyHbIX (OPMAIBHBIX U  MOIY(QOpPMaTbHBIX
MaTeMaTHYECKUX TEOPHSIX.

B pamkax wMexayHapoaHOro HayuyHo-TexHuueckoro oobmectBa «INCOL», rpynna
CMELUAINCTOB TIOJ] PYKOBOJCTBOM H3pAMJIbCKOTO y4eHOro, paboTaromiero B 00JacTu
(dbopmManpHOW JIOTUKH, TEOPUM MHOXKECTB, NPUKIAJHOW MAaTEMAaTUKU M MEXaHUKH -
Anexcanapa AXBieIuaHH, - YCIEIIHO 3aBEpIINIa MHOTOJETHIOK PadOTy MO CO3JaHUI0 U
MPUMEHEHHUIO TPAHCIIEH/IEHTHOM MHOTOYpOBHEBOW (OPMaIbHO-JIOIMUECKONH U TEOPETHKO-
MHOXecTBeHHOM  MartemaTtuueckoir  cucremMbl INCOL&TAMLA  («Incolumitas &
Transcendent Multilevel Logical Analysis»). Crnoso incolumitas na nmareiHu 0603HavYaeT
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0e3omacHOCTh. Tem cambIM, B HA3BaHUU YIIOMSHYTOH JIOTHKO-MaTeMaTUYECKONW U TEOPETHKO-
MHOXECTBEHHOI  CHCTEMBI INCOL&TAMLA mnopdepkwBaeTcs, YTO 3HAHHUE
TPAHCIEHJICHTHBIX JIOTUYECKUX CBOMCTB (OPMAIBHOW KIJIACCHUYECKOW JIOTHKH HYJIEBOTO
MOPSZIKA, TTO3BOJIICT COJICHCTBOBATH JIOTUYECKU OE30MAaCHOMY €€ MPUMEHEHHUIO B TOW WU
WHOW (opMaNbHON WK MONyGOpPMATbHOW MaTEMaTHYECKOH TEOPHH, UYTO HE MOXKET OBITh
rapaHTUPOBAHO MPU CTAHJAPTHOM €€ UCIOJIb30BAHUU.

Jlornueckum sAIpOM YIOMSHYTOH JIOTMKO-MATEMAaTHUYECKOW TEXHOJOTUHU SIBJISETCS «HOY-
xay», chopmynupoBanHoe u oOocHOBaHHOEe B 1990 rony coBMECTHO AJIEKCAaHIPOM U
Honapom AxBienuanu B BUJIE «[IpuHIMnIOB JIOTUKO-MaTE€MaTHYECKOU
TpaHCUeHAeHIun». B Teuenun mnocieayromux 20 net, Anekcanapom AXBIeIUaHU Ha
OCHOBE YIOMSHYTBIX  IPHUHIIUIIOB, ObLIH OCYUIECTBJIECHBI MHOI'OUYUCJICHHBIE
JIOTUKO-MAaTeMaTUYeCKUE, HAyYHO-TEXHUYECKUE, MYJIbTUIUCUUIUIMHAPHBIE U  JIOTUKO-
¢bunocodckue uccienoBaHus, KOTOpbEe MPUBEIN K pa3pad0TKe JIOTUYECKU TPAHCLEHICHTHON
TEOPETHUKO-MHOXKECTBEHHOM JIoruKo-Maremarrndeckoit cucrembl INCOL&TAMLA.

OnHUM U3 NEpPBBIX, KTO JIOTHYECKM M MAaTEMATHYECKU CTPOro IOKa3aja CyLECTBOBaHME
c1ab0 TPaHCLEHAEHTHBIX JIOIMYECKMX (OpPMYN B JOCTATOYHO OOrarelx (GOpMaJbHBIX U
1oJy(hOpMabHBIX MaTeMaTHMYECKUX TEOpUsX, colepKallux akcuomatuky IleaHo, Obul
BbIAtOMiics aBctpuiickuid oruk Kypt 'emens. Jlnsi ymoMmsiHYTBIX BBIIIE TEOpU OBLIO
MOKa3aHO CYIIECTBOBAHME B HUX TAKHX JIoTH4Yeckux ¢opmyn F u —F, uto He mpencrasnsercs
BO3MOKHBIM JIOKa3aTh WM ONPOBEPTHYTHh HU OAHY U3 (opmyn F win —F, nmpu ycinoBuu, 4ro
YIOMSIHYTBI€ BBIIIE TEOPHH JIOTMYECKU HENPOTUBOpeunBBl. DTHUM cambiM KypTtom ['enenem
ObUIO TOKa3aHO CYUIECTBOBAaHME B ITHX TEOPHSIX TAaKUX TPAHCIEHJICHTHBIX JIOIMYECKUX
¢dopmyn F u —F, koTopbie ¢ OJJHOI CTOPOHBI XOTS U HE OTPULAIOT 3aKOHA 00 UCKIIOUEHHOM
TPETbEM, HO C APYroil CTOPOHBI M HE yAOBIETBOpAIOT eMmy. IIpu 3tom «llepBas Teopema
I'enensi» B unTepnperanuu cuctemMbl INCOL&TAMLA o3HauaeT, 4To €ciu IOCTaTOYHO
Ooratass QopManpHas WM ToJypopMalibHas MaTeMaTH4yecKas Teopus, CoJiepKalas
akcuoMatuky IleaHo, sABsIeTCS HENMPOTUBOPEUMBOW, TO B HEM comnacHo teopun Kypra
I'enenst cymecTByIOT TpaHCUEHAECHTHBIE Jorudeckue Gopmyisl F u —F.

N3BecTHO, uTO rioOaibHas (HOpMaIbHO-IOTHYECKas] HENPOTUBOPEUNBOCTh KIACCHUYECKOM
dbopMabHONM JIOTUKH HyJeBOro mnopsaka ycraHoBieHa Kyprom [emenmem. ['mobGanbHas
(hopManbHO-I0rHYecKast HEPOTUBOPEUUBOCTD KJIACCHUECKON (hOpPMaIbHON JIOTUKU HYJIEBOTO
MOpSAJIKa O3HA4yaeT, 4YyTO B HEHl HEBBIBOJUMBI JIBE TaKUE TOXKIECTBEHHO JIOKa3yemble
Joruyeckue (popMyIbl, KOTOpble BMECTE C TeM OTpULAIM Obl Ipyr apyra. OpHako, TeM He
MeHee, B paMKax (OPMaJIbHO-JIOTUYECKOH M TEOPETHKO-MHOXECTBEHHONW CHCTEMBI
INCOL&TAMLA ynanocs cymiecTBeHHO pa3BuTh Teoputo Kypra I'enens, B ToM cMmbicie,
4YTO OBUIO JOKa3aHO CYIIECTBOBAaHHWE B CaMOil (hOpMasbHO-JTOTMYECKH HENPOTUBOPEUMBON
KJIacCM4eCKOM (hopManbHOM JIOrMKe HYJIEBOro MOpsSAKa CYIIECTBOBAHHE TAKUX JIOTMYECKU
CIWJIBHO TPAaHCUEHICHTHBIX YTBEPXKICHUM u Qopmyn 3Tod Teopuun A U —A, 4YTO MO
OTJIETTLHOCTH JIOTUYECKH HEMPOTHBOPEYMBO BBHIBOAMMO, Kak A Tak u —A. HeobGxomumo
OTMETUTB,YTO NPHU AOKA3ATEIBCTBE CYHIECTBOBAHNS CUIBHO TPAHCLICHACHTHBIX YTBEPKACHUN
A u —A He ObUI HCIIONIB30BaH Jorudeckuii 3akoH JyHca CkoTa, COTIaCHO KOTOPOMY H3
TOXJECTBEHHO NPOTUBOPEUYMBOM (OPMYINBI BBIBOAMMA Jto0as ¢Gopmyna, B TOM 4YHCIE U
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npotuBopeune Bujma A& —A. HaoGopot, mpencraBimennoe B pamkax INCOL&TAMLA
(hopMaNTbHO-JIOTHYECKOE JI0KA3aTEIbCTBO CHUIIBHOM TPAHCUEHACHTHOCTH YTBEPXKICHHH A H
—A, Tmojpa3yMeBaeT HMMEHHO HEMPOTUBOPEYMBBHIN (DOpPManbHBI JIOTHYECKUI BBIBOJ, HE
COJIEp KaIIuii B ce0e TOXIECTBEHHO MPOTUBOPEUUBBIX (HOPMYIL.

B ocHoBe mpuBeAeHHBIX BbllIe pe3yabTaToB  JexaT «IIpmHOMOBI  JIOTHKO-
MaTeMAaTH4YeCKOH TPaHCUEeHAeHIIMU», TIEPBHI U3 KOTOPBIX ObLI ChOpMyIHUpPOBAH U JOKA3aH
coBMecTHO Anekcanapom U Homapom Axsrneauanu B 1990 rogy. «IIpuHOMIBI JIOTHKO-
MAaTeMaTH4YeCKO#l TPaHCUeHAeHIMI» BKIIIOUAIOT B ce0s1 CIIEAYIOIINE YETHIPE YTBEPKIACHUS,
KOTOpble ObUIM (POpPMaNBbHO JIOTMYECKH CTPOrO JOKa3aHbl B paMKaxX KIACCHYECKOM
(bopManbHOM JTOTUKH HYJIEBOTO MOPs/IKA, KaK TEOPEMBI, IprueM 0e3 MPUMEHEHHsI KOCBEHHBIX
METOIOB I0Ka3aTesIbCTBA U Joruyeckoro 3akoHa JlyHca Ckora.

IlepBblii NPUHIMIL JOTHKO-MATEMATHYECKOH TPAHCIEHIEHIIMH

B  knaccuueckoin gopmanvhoii 102uKke HynNe6020 NOPAOKA CYUWLeCmeEyiom maxue
J102UYecKU CUIbHO MPAHCUEHOEHMHble ymeepycoenus u gopmyavst A u —A, umo no
OmoenbHOCHMU 102UYECKU HENPOMUBOPEUUBO 6bl600UMO, KaK A mak u —A.

BTopoii NpUMHIMI JJOTHKO-MATEMATHYECKOI TPAHCIIEHIEHIIHH

B knaccuueckoiut popmanvhoit 102uKe Hyne6020 nOpaOKa KOHCMPYKMUGHO CYUiecmayem
J102UYeCKU UHBEPCHOE XAYcOophoso obuee mononozuieckoe 102udecKoe nPOCMpPaHcmeo,
6 KOMOPOM MHOMNCECMBO 0CUHECKUX 3AKOHO08 KIACCUUECKOUl apUCMOmMe1e6CKoll 102UKU
6bICKA3bIBAHUIL ABNACHICA JIUWb €20 COOCMEEHHbBIM HOOKIACCOM, A4 KpOMe He20 8
YHOMAHYMOM 00WemM HONONOCUHECKOM JI02UYECKOM NPOCMPAHCMEe, 6 Kauecmee
COOCmMEEHH020 noOKAcca COO0epHCcUmca makxyce U Kiacc ¢caabo u  CUIbHO
MPAHCYEHOECHMHBIX J102UYECKUX YIBEPHCOCHUT U (hopmyiL.

TpeTnii NPUHIMI JIOTHKO-MATEMATHYECKOH TPAHCIIEHIEHIIUH

B knaccuueckoit popmanvhoit 102uke Hyne6020 nopaoKka KOHCHMPYKMUBHO Cyujecmeyem
J102U4eCcKu UHBEPCHOE XAYcOopdhoeo oduiee mononozuyecKoe 102uiecKoe npoCcCmpancmeo,
codepicaujee  J10KAIbHbIE, GHEWIHE (DOPMATLHO HEnpOmMueopeuugvle JN02UUECKUE
noonpocmpancmea Qopmanvhozo Kiaccuueckozo ucuucinenus Ilunvbepma, enympu
KOMOopbIX  6bl80OUMBL  NPEOeIbHO  MPAHCUEHOCHMHble  JloZudecKue  (hopmynel,
IKGUGAIEHNHbIE OMPUUAHUIO 3AKOHA 0 HENnPOMUEOpeyuu U 3aKOHA 00 UCKIIOUEeHHOM
mpemapem.

YerBepThIii NPUHIHUI JOTHKO-MATEMATHYECKON TPAaHCIEHIeHIINH

Kaosicoasn, oocmamouno 0ozamas dopmanvnan unu noaygopmanvnan
MamemMamuyecKkan meopus, co0epHcauias Kiaccudeckyio popmanbHylo 102UKy HY1e€6020
nopaoKa, meopuio payuoOHaIbHBIX YUces, onpedesenue 6ecKOHeYHo GO1bUI0N 6eTUYUHBL U
onpeoenenue 63aUMHO 0OHO3HAYHOZ0 COOMEEMCHEUA KIACCO8 UL MHOMcecme (6 mom
yucie u 0ecKOHeuHbIX), cooepicum maKue J10ZUYECKU CUbHO MPAHCYEHOCHNHbLE
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Ja0z2uKo-mamemamuyeckue ymeepiyicoenuas A u —A, umo no omoenvnocmu, opmaibHo
J102UYeCKU U QHATTUMUYECKU 8b1600UMO, KAK ymeepiicoenue A, max u ymeepocoenue —A.

B mnacrosmee Bpems cucreMa «INCOL&TAMLA» mno3Bonser 3¢¢eKTUBHO
OCYIIECTBIISITh MHOTOYPOBHEBBIC  MYJIBTHIUCIUIUIMHAPHBIE W MEKIUCIUILIMHAPHBIE
UCCIIEIOBAaHHS B pa3IMYHBIX obmacTsax HayKH u TEXHHUKHU c
YY4ETOM OCOOEHHOCTEH KIIACCHUYECKOW apUCTOTEIIEBCKON CHUJUIOTUCTHKH, apUCTOTEIICBCKOM
KJIAaCCUYECKOH (OpMaibHON JIOTHKH, COBPEMEHHOW KJIACCHYECKOH JIOTMKH HYJICBOTO
MOpsIIKa, COBPEMEHHOM KIIAaCCHYECKOM JIOTUKU TIEPBOTO MOPSIKA, & TAKKE OyJIeBOM anreOphl.

Ha ocnoBe noruko-matematrnyeckoi cucreMbl «INCOL&TAMLA» Obutd yCHENIHO
paspelieHbl HEKOTOPhIE KIACCHYECKHE TPYIHOPA3pEUIMMbIC 3aJaud TEOPUU MHOXKECTB,
MaTEeMaTHYECKOr0 aHalln3a, KIACCHYECKOW IeOMETPUU M aHAUTHYECKOW MEXaHHWKH, B TOM
qHcIIe:

1. Hccnenoana noruueckas crpykrypa «Kontunyym — rumnote3sl» [eopra Kanropa,
JIOKA3aHbl €€ JIOTUYECKU TPAHCUEHICHTHBIE CBOMCTBA, KOTOPBIE 3aKJIIOYAIOTCSA B OTJIMYUU €€
OT OCHOBHBIX 3aKOHOB KJIAaCCHYECKOW TPAJULMOHHOW apUCTOTEIEBCKOM  JIOTHKH,
U B paMKax Kjaccuueckoil (hopMajbHOW JIOTUKU HYJIEBOTO U MEPBOTrO MOPSIKA, TMOTYYCHBI

HoBble pemieHust «KonTuHyyMm-npobiems» Kantopa BHe akcuoMaTHueckux cucteM ZF u
ZFC.

2. BomonHeH (GopManbHO-TOTMUYECKUI aHaIM3 M JIaHbl PELIEHHUsS HEKOTOPBIX KJIACCHUYECKHX
MIapaJlOKCOB B OCHOBAHMAX JIOTWKH. [lokazaHo, 4TO HEKOTOpPBIE IMAPAJOKCHI, TAaKHE Kak
Hanpumep «llapagokc mxena» u «llapagokc Ilnarona m Cokpata», comepkar JIOTHYECKU
cy1ab0 TPAHCUECH/IEHTHBIE YTBEP)KICHMS, KOTOPBIE C OJHOM CTOPOHBI, XOTS M HE OTPHUILAIOT
apUCTOTEJIEBCKUE 3aKOHBI O HENPOTHBOPEYMH M HCKIIOYEHHOM TPEThEM, HO C APYrou
CTOPOHBI U HE COOTBETCTBYIOT apUCTOTEIEBCKOMY 3aKOHY 00 MCKIIOYEHHOM TpeTheM. Takue
jgorudyeckue (opMynbl B KJIACCMYECKOM (OpPMaJIbHOM JIOTMKE HYJIEBOrOo IOpsKa
KBAIN(ULIMPYIOTCA, KaK HEPOTUBOPEUUBHIE U OJHOBPEMEHHO C 3THUM, KaK HEJIOKa3yeMble.
Tonpko B onHoM Bepcum «Ilapamokca ipkxena», a umeHHo B «llapamokce Onumenupa»
COZICPKUTCS  TOXKJIECTBEHHO IPOTHUBOpPEUYMBAs JIOTHUECKas (QopMmylia, paBHOCHIIbHAs
YTBEP)KICHUIO O COOCTBEHHOM JOXHOCTH. Ha oOcHOBaHMH KiaccHuecKoi (opMaibHON
JIOTUKHM HYJEBOTO TMOpsAKa JaHo Takxke pemeHue «llapamokca kpokonuna», M Ha €ro
pUMepe MpoaHaTU3UPOBaH MPOLECC MOSABIECHUS (OPMATBHO-TOIHYECKOTO TOXAECTBEHHOTO
MPOTUBOPEYUsT B Tpoliecce (opManbHO-IOITMUECKUX paccyxaeHuid. Ha ocHoBe cuctembl
INCOL&TAMLA ynanocek Takke HaiTH MO KpaifHe# Mepe JBa pPemieHHs IS H3BECTHOTO
coductuyeckoro napanokca «Tspkba [Iporaropa m DBaTiay, KOTOpbIE OAHAKO BBIXOAAT 3a
IIpeienbl KJIACCUYECKON TPaAUIIMOHHON apuCTOTENEBCKOM JIoruku. [Ipeanaraemele pemenus,
KaK pa3  WUIIOCTPUPYIOT TOT Cly4ai, KOIrJa Ha MEepBbld B3IJISAA KOHTPAaJAUKTOPHO
MPOTHBOIOJOXKHBIE  JPYr JpYry Jiorndeckue (opMyiabl OKa3bplBalOTCS Ha  Jiene
HENPOTUBOPEUMBO Pa3pPEILINMBIMH.
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3. Ha ocnoBe noruko-maremarnueckoir cucteMbl INCOL&TAMLA Obuta paspabortana
Teopus TpaHcieHaeHTHbIX KiaaccoB TCT (Transcendent Classes Theory), 1iensio KOTopoi
SBIIAETCS M3yYEHUE TEOPETUKO-MHOKECTBEHHBIX OOBEKTOB, MHOXECTB U KJIACCOB, U3
CYIIECTBOBAHMUSA KOTOPBIX CJIEAYIOT JIOTHUECKHM CJIab0 TpPAHCIEHICHTHBIC, CHIBHO
TPAaHCICHJICHTHBIE WJIM K€ TMpPEAesIbHO TpPAHCICHACHTHbIE YyTBepxkaeHus. [lokazaHo
CYIIECTBOBAaHHE TaKUX OOBEKTOB M KIACCOB B KAHTOPOBCKON TEOPUU MHOXKECTB, a TAKXKE B
akcuoMaTnueckux Tteopusx MHoxectB ZF u ZFC. VccnenoBaHbl JIOTUYECKHE CBOWMCTBA
«MeTtosia MaTeMaTHyecKOll HHIYKIUU» ¥ HAa KOHKPETHBIX IpPUMEpPax TIOKa3aHbl €ro
JIOTUYECKH TPAHCICHICHTHBIE CBOMCTBA MPU CTPEMJICHMHM HATypaJlbHOIO apryMeHTa K
aKTyalnpHOM OeckoHeyHOcTH. Kpome 3TOro mokaszaHo, 4To B aKCHOMAaTHYECKHX CHCTEME
ZFC, mnocTynupylomeil CcymecTBOBaHHE IyCTOIO MHOXECTBAa, W OCHOBAaHHOW Ha
KJIaCCUYECKON (hOpMaIIbHOW JIOTHKE HYJIEBOTO W IMEPBOTO MOPSAKA, IMyCTOE MHOXKECTBO H
«Akcrnoma BBIOOpa» 00JaNalOT TAaKUMHU JIOTHUECKH TPAHCIECHICHTHBIMH CBOMCTBAMH, YTO
JI0Ka3aTeIbCTBO ~ ApPUCTOTEIICBCKON HEMPOTHBOPEUYUBOCTH cucteMbl ZFC  craHOBUTCS
HEBO3MOXHBIM.

4. HccnenoBaHbl JOTUKO-aHATMTUYECKUE OCOOCHHOCTH TSTOTO TMocTyjiata EBkimnma wu
CBA3aHHLIX C HUM PAa3JIMYHBIX dKCHUOM O MapaJUICIbHBIX ITPSAMBIX. I[OKaSaHO CYHIICCTBOBAHUC
palMOHAIBHOM aHATUTUYECKON, aOCOJIIOTHOM, HEEBKIMJAOBOM IUIOCKOCTH, B KOTOPOM
«ITocrynar [Ipokna» o mapamienbHbIX NPSAMBIX JTOKa3bIBaeTCs Kak TeopeMa. OHOBPEMEHHO
C 9TUM MOKAa3aHO, YTO MATHIM MmocTynar EBkiuaa B ero OpUrMHAIbHON BEpCHUU HE MOXKET
ObITh HHM JIOKa3aH, HH OMPOBEPTrHYT B paccMaTpuUBaeMoil  abCONIOTHOM palrOHATBHOM
AQHAJIUTUYECKONW TIJIOCKOCTH. OTHM CaMbIM JIOKa3bIBAaeTCSl CYIIECTBOBAHHME aOCONIOTHOM
AHAIMTUYECKON IIIOCKOCTH, B KoTopod «lloctymar Ilpokmna» sBiseTcs JOTHYECKH
HE3aBUCUMBIM OT msiToro nocryniara EBknuaa. Kpome storo Ha ocHoBe Moaenu KneiHa, u
COOCTBEHHO  €BKJIMJIOBCKOTO  ONpEAENEHUs  TNapajyIebHBIX  MPAMBIX,  IMOKa3aHO
CYIIIECTBOBAHUE TAKOM TOMOJOTUYECKOU MO Xaycaopdy, Moaenn abCOTOTHON TIIOCKOCTH C
OECKOHEYHO PacCIIMPSIONIEHCS BO BpEeMEHU I'paHUIed, B KOTOPOH MOCTYNAT O MapaieabHbIX
npsambix  JloGaueBckoro BBITIONHAETCS Kak Teopema. [lokazaHo, 4To B abOCONIOTHOMN
palMOHAIBHOM AHAJIUTHUYECKOM IIJIOCKOCTH, BBINOJHEHHE uau oTpuinanue «lloctynarta
[Ipokiay, cyiiecTBEeHHBIM 00pa30M 3aBUCUT OT aHAIMTUYECKUX U TOMOJIOTUYECKUX CBOMCTB
MIJIOCKOCTH U OIPEAEIICHUs] MapauIeIbHOCTU MPSIMBIX.

5. HccnenoBanbl TpaHCIEHIEHTHBIE JIOTHYECKHUE CBOMCTBAa BTOpoi mpobiembl ['uimsbepra.
[TokazaHo, 4TO JUIs KaXJOH, J0ocTaToyHO OoraToit (opMmanbHON WM moxypopMaTbHOU
MaTeMaTHYeCKON TEOpHH, BKIIOYAIOIIEH B ceOsl TEOPHIO IIENIbIX HEOTPUIATENbHBIX YHCET,
«AKCHOMY IIyCTOIO MHOXECTBa», «AKCHOMY 3KCTEHCHOHAJIBbHOCTH MHOYECTB», METOH
JI0Ka3aTeNIbCTBA MO TPAHC(HPUHUTHOM HHIYKIMM, TOHATHE M OIpe/eieHHe OeCKOHEYHBIX
MHOXECTB, onpeneneHue OECKOHEYHO 00Jb11101 BEJINYUHBI, onpeeIeHue
B3aMMHOOJHO3HAYHOTO COOTBETCTBHSI MHOXECTB (B TOM 4YHCIe U Uil OECKOHEYHBIX
MHO’KECTB), - CYLIECTBYIOT TaKU€ JIOTUYECKH CHJIBHO TPAHCLIEHJCHTHBIE YTBEPXKACHUA A U
—A, YTO NO OTAEIBHOCTH, JIOTUYECKH HENPOTUBOPEUYHMBO BBIBOAMMO, Kak A Tak U —A.
[TonydyeHHBI1 pe3yiabTaT O3HAYAET HEBO3MOXHOCTb  JIOKA3aTENIbCTBA  KJIACCUYECKOM
apUCTOTENIEBCKONH HEMPOTHUBOPEYMBOCTU I KAKIOW YIOMSHYTOH JOCTATOYHO OOTraToif
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dbopManpHOl U MOIY(HOPMATBHOM TEOPUH paccMaTPUBAEMOIo Kiacca. JTO K€ B CBOKO
ouepelb O3HA4YaeT, 4YTO Ha OCHOBE KaXJOW TaKOW TEOpUH HEBO3MOXKHO JI0Ka3aTb
KJIACCMYECKYIO0 apHCTOTEJIEBCKYIO HEITPOTUBOPEUYMBOCTh aKCMOMaTH4eCcKOi cucteMsl [leano,
IIOCKOJIBKY KaXK[as Takasi TEOpHsl cama HE OTBEYAeT KIIACCUYECKOMY apHCTOTEIEBCKOMY
MOHSATHIO O HEMPOTUBOPEUUBOCTH.

HccnenoBaHbl JIOTMYECKH TPAHCLEHACHTHBIE CBOMCTBA METOJOB MAaTEMaTHUECKON H
TpaHC(UHUTHOW HHAYKLIWHU, NPHUBOJAIIME B HEKOTOPBIX CIydasX K HEMPOTHBOPEUYUBOU
BBIBOJIUMOCTH HEKOTOPBIX YTBEp)KIEHUH Buga A U —A 1O OTIENbHOCTH B IIpoLiEecce
CTpEMJICHHS apTYMEHTOB JIOTHYECKUX MHIYKTUBHBIX (hopMyn K OeckoHeyHocTH. IlokazaHo,
YTO CYIIECTBYIOT CJIlydyaW, KOIJa TP CTPEeMJICHMH K OECKOHEYHOCTH, METOJIbI
MaTeMaTHYeCKOM M TpaHC(UHUTHOM MHAYKIMM HE COINIACyIOTCd C 3aKOHAaMH O
HEMPOTUBOPEUMH U 00 HCKIIOUEHHOM TPEThEM apUCTOTENIEBCKOM JIOTMKH BBICKAa3bIBAaHHIA.
[Tonmy4yeHHble pe3ynabTaThl CBUAETENIBLCTBYIOT O CYLIECTBOBAaHMM 3HAYUTEIbHBIX JIOTHKO-
AQHAJTMTUYECKUX MpOoOJeM C TOYKM 3PEHHUS apUCTOTENIEBCKOM TpaJMIMOHHOW JIOTMKH B
00JIaCTH KJIACCHYECKON TEOPETHKO-MHOKECTBEHHOW MAaTeMaTHKH, a Takke B Teopusix ZF u
ZFC, 1 XOpoIlIo COrilacyroTcs ¢ mepBoi U BTOpoi Teopemamu Kypra ['enens o HemomHoTe
dbopMaIbHBIX ¥ TONYy()OPMAIBHBIX MaTeMaTH4YecKux Teopuil. HeoOXoaumMo OTMETHTH, YTO
MNPUBCACHHBIC BbIIC PE3YJIbTAThl HUKAK HC 3aTparuBarOT H3BCCTHLIC PE3YJILTAThI
BBIJIAIOIIErOCs HEMELKOro maremaruka I'epxapna I'eHueHa o J10rmyeckoil COBMECTHOCTHU
akcuoM u apudmeruku Ileano, nmoiaydyenHsle uM B 1936 roxy, Ha OCHOBE J0OABICHMS K
JIOTHKE TEPBOT0 MOPsIIKa aKCUOMBI 0 O€CKBAaHTOPHOM MHAYKIUH.

6. MccnenoBaHbl TpaHCLIEHACHTHBIE JIOTHYECKHE CBOWCTBA IIecTol mpobiemMsl ['mnsbepra o
MOJTHOM M JIOTMYECKH CTporo ( B apUCTOTENIEBCKOM IOHMMAaHMM ) aKCHOMAaTH3alUH
pa3nuuHbIX oOnacteil ¢usuku. IlokasaHo, yTo B o0mIeM ciyyae 3Ta 3ajaya sBIsAETCA
(bopManbHO JIOTHYECKH HEpa3pelIMMoil ¢ TOUKM 3pEHUs OCHOBHBIX 3aKOHOB KJIACCHYECKOMH
apUCTOTENEBCKOM JIOTUKU. B 4aCTHOCTM MOKa3aHO, YTO Ha OCHOBAaHWU OCHOBHBIX 3aKOHOB
apUCTOTENIEBCKON JIOTUKM HE MOXET OBITh aKCMOMAaTH3MpOBAaHA HAlpuMep Takass 00JacTb
(1)I/ISI/IKI/I, Kak aHanuTH4deckas cratuka. Ilokazano CYIICCTBOBAHUC B AHATMTHYECKOM CTaTHKE
TAKHUX JIOTHYECKHU CHUJIBHO TPAHCHCHIACHTHBIX YTBep)KI[eHI/II\/’I, KOTOpPBIC MOTI'YyT OBITh Kak
JOKa3aHbl TaK W ONpOBeprHyThl. Iloka3aHo, YTO KMMEHHO TakUM JIOTUYECKH CHJIBHO
TPAaHCIICHJCHTHBIM CBOMCTBOM o0O0jazaer coBpeMmeHHas wuHTepnpetauus «lIpuniuna
BO3MOXXHBIX NE€peMelleHn» JlarpaHka B OTHOLIEHUM HICATbHBIX MEXAHUYECKHUX CHCTEM.
ITokazaHo, 4TO KakoBa Obl HU ObUIa aKCMOMAaTHYeCKas CUCTeMa B OOJIACTH aHATUTHYECKOU
CTaTUKH, TO OCHOBaHHas Ha HeW Teopuss MIUM HE OyAeT coJep)KaTh YTBEPKICHHUU,
COACpIKKAIINUXCA B ((HpI/IHHI/IHe BO3MOXXHBIX HCpCM@HI@HHﬁ», n TOoraga OHa 6y21€T
COJIEp’KaTeIbHO HEMOJHOM, MU Ke oHa Oyner cojepxkath «[IpUHLIKI BO3MOXKHBIX
MepeMelIeHi», a 3Hau4uT TeM caMbIM Oy/leT CcoJep)KaTh YTBEPXKIEHUS C JIOTMYECKU
NpeJebHO TPAHCLEHACHTHBIMU CBOMCTBAMH, M B 3TOM Cllydyae OHa He OYyJeT JIOTMYeCKU
COTJIACOBBIBATHCSI C APUCTOTENEBCKON TPaJULIMOHHOMN JIOTUKOM.

AHaJIOTUYHOE MOJIOKEHUE CKIIAJbIBACTCS U B 00JACTH aHAIUTUYECKOM AUHaMuKU. bbuin
HCCIIEA0BaHbl JIOTUYECKU CHJIBHO TPAHCLIEHJECHTHBIE CBOMCTBA BapualMOHHOro «lIpuHiuna
JI’ Anambepa-Jlarpana» B aHanMTH4YEeCKOM auHaMuke. I[lokazaHbl JIOTMYECKH CHIIBHO
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TPAHCLEH/IEHTHbIE CBOMCTBAa 3TOr0 MpHHLMIA B OOJACTH AHAIUTUYECKON TUHAMUKU
IUIACTUYECKUX CUCTEM. BBISABIEH IIMPOKUI KIIACC IIIACTUYECKHUX CHUCTEM, Ul KOTOPBIX
YCIIOBHE BBINOJIHUMOCTU BapuanuoHHoro «lIpuniuna JI’AnamGepa-Jlarpanka» sBisieTcs
JOCTaTOYHBIM, KaK JUIs COOJIIOJICHHSI YCIOBUM PaBHOBECHS, TaK M JJISl IOJTHOTO pa3pyIICHUs
OJIHOM M TOW K€ CHUCTEMbI IIPU OJHUX M TE€X XK€ AHATUTUYECKUX YCIOBUAX Ul BHELIHEH
Harpy3ku. DTUM CaMbIM JO0Ka3bIBaeTCs (POPMaNbHO JIOTHYECKU MPEIEIbHO-TPAHCLICH/ICHTHAS
npupona «lIpunmuna JI’Anambepa-Jlarpanxa», (GopManbHO JOTHYECKH SKBUBAJICHTHAsS
OTPUILIAHUIO 3aKOHA O HEMPOTUBOPEUUH U OTPULIAHUIO 3aKOHA 00 NCKIFOUEHHOM TPEThEM.

TakuM 00pa3oMm, TMPOBEIEHHBIC HWCCICIOBAHUS TIOKA3aJiM, YTO SBJICHHE JIOTUKO-
MaTEMATHYECKON TPAaHCUEHACHIIMH SBJISICTCS HE CIy4YailHBIM, a BIIOJIHE 3aKOHOMEPHBIM
SIBJICHHEM, HAOJII0JaeMbIM JIaKe B TJ100aIbHO (POPMaAIbHO HEMPOTHBOPEUYMBON KIIACCHYECKOM
(dbopMasbHOW JIOTUKE HYJIEBOTO IMOPSIKA, B KaHTOPOBCKOM W aKCHMATHYECKUX TEOPHSIX
MHOXecTB ZF u ZFC, BO MHOTHX NMPUKJIATHBIX 00JIACTAX FT€OMETPUHM U MEXAHUKH, TAKUX KaK
HampuMep KJaccuyeckas IUIAaHHUMETPHS, aHAJIWTHYeCKas CTaTHMKa M JUHAMUKA. Takoe
MOJIOKCHHE JIeTT HE JOJDKHO Ka3aThCsl YAMBUTEIBHBIM, MOCKOJBKY YXKEe APHUCTOTENIO OBLTH
W3BECTHBI JIOTHKO BpPEMEHHBIC OTPAaHWYCHUS, HAKJIaJbIBAacMble Ha MPHUMCHCHHE 3aKOHA O
HEMPOTUBOPCUYNH U 3aKOHA 00 MCKIIOYECHHOM TpeTheM. M3BECTHO COXpaHEHHOE B MCTOPUU
JIOTUKH MHEHHE APHCTOTEINSI O TOM, YTO 3aKOHBI O HEMPOTUBOPEUYUU U 00 HCKIFOYCHHOM
TPEThEM HE UMCKOT CHJIbI B CYXICHHSIX OTHOCHTEIBHO OYAYIIUX COOBITHH M SIBICHUH,
MOCKOJIBKY Oynyliue cOOBITHS HE SIBISIOTCS ONPEACICHHO JICTePMHUHUPOBAHHBIMH. ITO
MHEHUE APHCTOTENS HEMOCPEICTBEHHO KacaeTcss TeX (popMalbHBIX U MOITY(hOpMaIbHBIX
MaTEeMaTHYeCKUX TEOpPHUil, KOTOphIE TaK WJIM HHadye 3aHUMAIOTCS BOMPOCAMH H3y4YEHUS
OCCKOHEYHOCTH, 3a4acCTyIO0 TEM CaMbIM B HESIBHOM BH/IC BKITFOYAOIINE B ce0sl 1 OECKOHEYHOE
BpeMms.

Kak u3BEeCTHO, COBpEMEHHasl TE€OpHUsl KJIACCOB M MHOXKECTB JIONYCKAET Y4YET BPEMEHH B
SIBHOM BHJI€. OJTO O3HA4aeT, 4YTO MpU y4dyeTe BPEMEHH B SBHOM BHJE, T.e. TPH
napaMeTpu3alui TE€X WIM WHBIX OECKOHEYHBIX TMPOIIECCOB C TIOMOIIBIO BBEICHUS
HE3aBUCHUMOTO rapamerpa BPEMEHHU, npoOiemMa MPOTUBOPEUYNBOCTH 1781171
HETIPOTHUBOPEUYMBOCTH TPUHIUIHAIBHO CHUMAETCs, TOCKOJBKY COOJIIOACHHE B ITHX
YCIOBUAX 3aKOHAa O HENPOTUBOPEYMHM M MCKIIOUYEHHOM TPETBEM HE IPEIACTaBISUIIOCH
BO3MOXHBIM Ja)X€ CO3JaTEI0 OCHOBHBIX 3aKOHOB KIIACCUYECKOW TPAAULIMOHHOW JIOTUKHA —
Apucrorento. OpHako SBIE€HUE JIOTUKO-MAaT€MAaTHUYECKOW TPAHCUEHJEHIIMU, CO CBOEH
CTOPOHBI, BHOCHUT CYIIIECTBEHHBIE KOPPEKTUBHI B JOKa3aTENbHYIO 0a3y TOW WU WHOU
dhopmasibHONM WK TOMy(QOopMaTbHON MaTeMaTHYECKON Teopuw. B yacTHOCTH, B BOMpPOCaX,
CBSI3aHHBIX C MU3yYEHHEM OECKOHEYHOCTHU M OECKOHEUHBIX MPOIECCOB, C LENbI0 aIeKBATHOTO
OTHMCAaHUs YIIOMSHYTBIX MPOIECCOB, CTAHOBUTCA HEOOXOAMMBIM yueT A u B jioruk BpemeHu.
Kpowme storo, mpu BeIXojie 32 IpeAeabl IPUMEHUMOCTH 3aKOHA O HEMMPOTUBOPEUYUH U 3aKOHA
00 HMCKJIIOYEHHOM TpeTheM, (PAKTHUECKH CTAHOBSTCS HETUTUTUMHBIM MPUMEHEHHE TaKUX
KOCBEHHBIX METOJOB JI0KA3aTeJIbCTB, KaK METOJ JOKa3aTeabCTBa OT MPOTUBHOIO, 3aKOH
KnaBusi, 3aKk0OH CHATHUS ABOMHOTO OTPUIIAHMS, A TAKKE HEKOTOPBIX JIPYTUX JIOTUYECKHUX
3aKOHOB, CBSI3aHHBIX C 3aKOHOM O HEMPOTHBOPEUYHH M 3aKOHOM 00 UCKIIOYEHHOM TPETHEM.
Ecnu ke, kak 3TO NPOMCXOJUT BO MHOIMX CIy4yasX B JEHCTBUTEIBHOCTH, YIOMSHYTHIC
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METOJIbI BCE KE MPUMEHSIOTCA CHUCTEMAaTHYCCKH, KaK 3TO MMEET MECTO B KaHTOPOBCKOM
TeOpuH MHOXECTB M B Teopusix ZF u ZFC, To mpencraBisieTcsi BO3MOXKHBIM BBEJCHUE
«[IpuHIMna JTOMUHHpPOBaHMS» (MPUHIUIA MPEAMOYTCHHS), COIJIACHO KOTOPOMY Ha
MHOeCTBE (POpMaiIbHO JOTHYECKHX JO0KA3aTEeILCTB B paMKaX KIACCHYECKOH (opManbHON
JIOTUKHU HYJIEBOTO TOPSIKA, - MPSMbIE METOMBI JI0KA3aTeIbCTBA JOMUHUPYIOT KOCBEHHBIC
(TIpsiMBIE METOJIBI I0KA3aTeILCTBA HMCIOT MPEATIOYTCHHE TIEpe]] KOCBEHHBIMU ).

B noruxo-¢unocopckom cmeicie, uaes paspadbotku cucrembl INCOL&TAMLA u
ocHoBaHHOW Ha Hed Teopun TCT, BOCXOIUT K JOTHKO (HIOCOPCKOMY YUEHUIO
«TpaHcueHAeHTANBbHOM JIOTMKH» BBIJAIOIIET0 HEMeNKoro meicaurens Mmmanyuna Kanra,
paccMOTpPEBILIEr0 B CBOEH 3HAMEHUTON paboTe, BONPOCH COOTHOIICHUS, CYyIIECTBOBAILINX HA
TOT NEPUOJ BPEMEHM, PaA3JIUYHBIX HAIPABJICHUN JIOTMKUM. B KOHTEKCTE HCTOPHUYECKOIO
pa3BUTHA JIOTMKU U MaTematuku kak Hayk, cucreMa INCOL&TAMLA u teopus TCT
MO3BOJISIOT (POPMATIBHO-JIOTUYECKH (B paMKaxX KJIaCCHUECKOW (popManbHO JIOTUKU HYJIEBOTO
U TEepBOro IMopsiKa) W AaHAJIUTUYECKH CTPOro OOOCHOBaTb OCHOBHBIE IIOJOXEHHUS
JIOAPUCTOTEIEBCKOW JIOTUYECKOW IIKOJIBI CO(PUCTOB, CYOBEKTHUBHO-JOTMYECKAs] M JIOTUKO-
peNATUBUCTCKAsT KOHLENIMM KOTOPBIX, KaK 3TO IOKa3ajdu IPOBEICHHbIE COBPEMEHHBIE
UCCIIEIOBaHMs, UMEIOT BIIOJHE pAaBHbIE IIpaBa Ha CYIIECTBOBAHUE C AapUCTOTEJIEBCKOMN
KJIACCUYECKON TPaIUIIMOHHOW JIOTUKOW B paMKaxX COBPEMEHHOW Ti00albHO (OopMabHO
HENPOTUBOPEUMBOM KJlacCUYECKOH (OpManbHOM JIOTMKM HYJEBOIO IMOpPSJKa, a TaKXKe B
BOIIPOCAX, CBSI3aHHBIX C CYLIECTBEHHOW JIOTMYECKOM HEONPEAEIEHHOCTBIO U HM3yYCHHEM
JIOTUKO-aHAJIMTUYECKUX CBONCTB OECKOHEUHBIX KJIACCOB M MHOYKECTB, HA OCHOBE TEOPHH
MHOYKECTB U KJIACCOB U KJIACCUYECKOH (popManbHO JIOTMKU HYJIEBOTO U TIEPBOTO MOPSAKA.

2.2 Teopema IK3UCMEHUUA/IbHOCMU YHUBEPCAIBHO20 Klacca

B  mactosmem maparpade  uccieayercs  BOMPOC — JIOTUYECKOW  BBIBOJAUMOCTH
HK3UCTEHIIUAIBHOCTH (CYIIIECTBOBAHUS) YHUBEpcalpHOro kiacca U B TOW wiu WHOU
AKCMOMAaTUYECKOW TEOpUM KJIACCOB WJIM MHOXECTB. [lokazaHo, 4TO B KaXJoll cHCTeMe
TEOPUH MHOXECTB WJIM KJIACCOB, B KOTOPOHW MPUHATA «AKCHOMa ITYCTOTO MHOXECTBa», -
YTBEPKICHUE OSK3UCTCHIIMAIBHOCTH yHHMBEPCAJIBHOrO kiacca U sBIsETCS JIOTHYECKU
BBIBOAUMBIM. Kpome 3Toro rnokazaHo, 4To yHUBepcaabHbIN Ki1acc U OJHOBPEMEHHO SIBIISIETCS
MHOXeCTBOM. [Ipu ycrmoBUM TPHHSATHS aKCHOMBI O CYIIECTBOBAaHWHU IyCTOTO MHOXKECTBA,
JI0Ka3aHa TeopeMa KOHCTPYKTHUBHOM 3K3MCTEHIMAIbHOCTH JIO0O0ro Kiacca C Hamepen
3a/IaHHBIM XapaKTEPUCTUUECKUM CBOHCTBOM.

B Teopun MHOXECTB OCHOBOIIOJIararoliee 3HaueHWe MMEET OTHOLIEHHE MPHUHAJIeKHOCTU
o0bekTa 00bekTy. [l ero o0o3HaueHUs B TEOPHUM MHOXKECTB BblOpaH cumBoa €. C
UCIOJIb30BAHUEM CUMBOJIOB [Tl 0003HaUEHHsI 0OBEKTOB, (haKT MPUHAIEKHOCTH 00BeKTa X
00beKTy Y BhIpaXkaeTcs cieayrouiei GopMyo:

X eY (2.2.1)
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Hao6opoTt, ¢akT HenpuHaIe)KHOCTH 00beKkTa X 00BeKTy Y BhIpaKaeTCs CIIEAYIONIeH
hopmyioii:

X gY (2.2.2)

@opmyna (2.2.1) yuTaercs cieayouM o00pa3oM: 00BEKT X MPUHAAICKUT OOBEKTY Y .
dopmyna (2.2.2) urraercs CleayrmuM 00pa3oM: 00beKT X HE MPUHAMICKUT 00BEKTY Y .

B Teopum MHOXECTB Ml COKPALICHHOTO CHMBOJHMYECKOTO OOO3HAUEHUS S3BIKOBBIX
JIOTUYECKUX KOHCTPYKLIUMH IIPUMEHSIOTCA TaK Ha3blBaeMble KBaHTOpbl. Hampumep 3 -
SBIISICTCS KBAHTOPOM CYIIECTBOBAHHUS U MPUMEHSETCS 17151 0003HAYCHHS CYILIECTBOBAHUS TEX
WA UHBIX OOBEKTOB.

@akT cymiecTBOBaHMs 00beKTa X BBIPAKAETCS CIEAYIONIMM 00pa3oM:
E) (2.2.3)
@DakT He CyIeCTBOBaHUS 00beKTa X BhIpa)kaeTcs CIEAYOUIMM 00pa3oM:

~(@3X) (2.2.4)

@opmyna (2.2.3) uyutaerca ciaeayroumM oOpa3om: cymiectByeT o0bekT X . dopmyna
(2.2.4) guraetcs caenyomMM 00pa3oM: HE BEPHO, UYTO CYHIECTBYET 00BEKT X , HIIH, YTO TO
&Ke camoe — 00beKTa X He CyLIecTBYeT.

JlpyruM OCHOBHBIM KBaHTOPOM TEOPHM MHOXKECTB SIBJII€TCSI KBAHTOP BCEOOIIHOCTH,
KOTOpBIN 0603HavaeTcst V. Gopmyna:

VX (2.2.5)
O3HaYaeT — 1A BcexX 00BEeKTOB X .
dopmyia:

—(¥X) (2.2.6)

03HaA4YaCT — HEC BCPHO, UYTO IJIA BCCX 00BEeKTOB X .

B COBPEMCHHBIX HCCICAOBAHUAX IO TCOPHHU MHOXECTB HMECTCA OOCTATOYHO HO}IpO6H0
pa3pa60TaHHa>1 Knaccmbnxaum{ Te€X WA UHBIX O0OBEKTOB M KJIACCOB. HpI/IBC,Z[CM HCKOTOPELIC
OCHOBHBIC MOMCHTEI YHOMHHYTOﬁ KJ'IE[CCI/I(I)I/IKB.I_[I/II/I 1o KHHrIe /1/ M3BECTHOTO YEIICKOIO
ClicuaJIMCTa 1o TCOPpUHU MHOKECTB — JOKTOpPa II.Bonenku.

[Tycte maHbl Kakue-THOO YK€ CO3/aHHble OOBEKTHI M YKa3aH HEKOTOPBIA CIOco0, ¢
MOMOIIBI0 KOTOPOTO MOXHO BBIJCNUTh O3TH OOBEKTHl CpPeld OCTAIBHBIX OOBEKTOB.
YHoMsHyTBIN cI0co0 BbIIEICHHS] 00BEAUHSIET 3TH 00BeKThl. ECii Ha BbIIETICHHBIE TaKUM
o0pa3oM OOBEKTHl MOXHO CMOTPETh, KaK Ha BIIOJIHE DPAaBHOIpPABHBIE, TO TOBOPST, UTO
BBIJIETICHA COBOKYNHOCMb 00bekmog. Ecnm ke Mo ycIoBHSIM paccMaTpUBaeMOro BOMpoca
HEOoOXOIUMO TMpPHU3HATh 3@ BBIJCICHHBIMH OOBEKTAMHM pa3IM4YHbIE MO3UIUU U HE
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MPEJICTABIISACTCS BO3MOXKHBIM HTHOPHUPOBATH TO OOCTOSATEILCTBO, YTO OHM MMEIOT Pa3InYHbIC
CBOMCTBA, MJIM BCTYHAIOT B Pa3JIMYHbIC OTHOLICHUS, TO TOBOPSAT, YTO 8bIOENIEHO COOOUECIEO
00beKmos.

Brigenenue rpymnsl 00bEKTOB U3 COBOKYITHOCTH APYIHX 00BEKTOB IMIPOMUCXOIUT Ha OCHOBE
3aJaHMsl TaK Ha3bIBACMOI'0 XapaKTEPHCTHUYECKOIO CBOMCTBA, KOTOPOE IMPEACTABISACT COOOM
MIPU3HAK, [0 KOTOPOMY Ta WJIM WHAs TPyIIa 00bEKTOB BBIICIACTCS U3 COBOKYITHOCTH JAPYTHX
00BEKTOB.

OnpeaeseHye Kjaacca

Ilpu onpedenenuu nexomopozo knacca Ha 0choge xapakmepucmuueckozo ceoiicmeéa C(X)

(xapakmepucmuuecxoe CB8OIUCMBO MOIHCEM npedcmaeﬂﬂmb co001l maxkyce COBOKynHOCHb
ceoﬁcme, Komopbim 00J1)ICHbL yooeﬂemeop}lmb Jjiemenmal onpe()eﬂ;lemozo macca)
CUMEBO0/IbHAA 3aNUCDH onpe()ejmemozo Kiaacca umeem Cﬂedylomuﬁ euo:

Cls(Cx) ={x: (VX)(C(X))} (2.2.7)

MHOKeCTBO OIpCaACACTCA, KaK JIOTHYECKU UYCTKO BI)IILGJIGHHI)II;'I Kj1aCcC, Ha OCHOBC
JIOTUYECKOI'0 3aKOHA 00 HCKIIOUCHHOM TPETHEM.

OnpeaesgeHye MHOKECTBA

MHuosrcecmeom Hazvleaemca Kiacc, y0061emeopaouiuil c1e0yiouemy ycioeuio:
Set(Cx) ={x: (WVX)(C(x)) A VY(C(y) ®—-C(Y))} (2.2.8)

®opmyna (2.2.8) 03HAYAET, YTO MHOKECTBOM SIBIISIETCSI TAKOW KIIACC, SJIEMEHTHI KOTOPOTO
yIIOBJIETBOPSIIOT XapakTepucTudeckoMy cBoucTBY C(X), M, Kpome 3TOro, AJisg KaxJOro

o0OBEKTa Y Ha OCHOBAaHMU 3aKOHa 00 UCKIIOYEHHOM TPEThEM MOXKHO PpELINTD,

YIIOBJIETBOPSIET JIM OH XapaKTEPUCTHUECKOMY cBOMCTBY C(X), m1bo HET.

Takum o00pa3oM MBI BHIUM, YTO TIOHSITHE MHOXXECTBA HE MPUHAIICHKHUT K UHCIY
CaMOOYEBHU/IHBIX MOHATUW. Bpigatommiics dyemckuii wmateMatnk bepHapn bosbiano,
KOTOPBIN MEPBBIM BBEJ MOHATHE MHOXKECTBA, B CBOE BPEMS JIOJDKEH OBLIT MIPUIIOKUTH HEMAJIO
YCHJINH, 4TOOBI OOBSICHUTH YUTATEII0, YTO COBOKYITHOCTh KaKHX 100 0OBEKTOB, a TeM OoJiee
coobwecmso 00bLEKMO8 3a4acmyr)  pAa3HOPOOHbIX, MOXKHO TPEICTAaBUTH cebe, Kak
CaMOCTOSITENIbHYIO CYIIHOCTh. DopMmyna (2.2.8) mo3BossieT paccMaTpuBaTh MHOMKECTBA, KakK
BIIOJIHE OTPE/IEICHHBIE, JTOTUYECKH YETKO BbIICJIEHHBIE KJIACCHI.

OfHUM M3 OCHOBHBIX MOHSATHIA TEOPUHU KIIACCOB SIBJISIETCS MOHSATHE MYCTOTO MHOXKECTBA.
[lycTeiIM  MHOXECTBOM Ha3bIBaeTCsl TAKOM KJIacC, KOTOPBIA HE COAEPKHUT HU OJHOTO
anemeHTa. [lycTroe MHOXeCTBO 0003HauaeTcsi cuMBOJOM . B Teopuu KiaccoB mycToe
MHOYECTBO SIBJISIETCSl aHAJIOrOM apudmerndeckoro 0 MHOXecTBa JeHCTBUTENBHBIX YHCEIL.
[To ompeneneHHIO CYHMIECTBYET TOJNBKO OIHO Iyctoe MHOXecTBo. Popmyna A=
O3HAyaeT, YTO MHOXKECTBO A HE HMMEEeT HM OIHOTO BJIEMEHTa, YTO OHO IYCTO, YTO OHO
«ucue3aet». Eciy He BBOIUTH MOHATHS ITyCTOTO MHOKECTBA, TO IIPU OIPEEIICHUU TOTO HIIH
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HHOI'0O KOHKPETHOI'O KJj1acca C MMpUIIOCH OBl YacTo J€JIaTh OTOBOPKY. €CJIM OH CYIIECTBYECT.
9T0 IMPOUCXOOUT H3-3a TOI'0, YTO YaCTO 3JIEMCHTBHI KjaccCa OIIPCACIICHBI TaK, YTO 3apaHEC
OBIBaeT HENU3BCCTHO, CYIICCTBYIOT OHH WUJIN HET.

B akcHMoMaTHYeCKHX TEOPHSX MHOXECTB, CYIIECTBOBAHME CaMOT0 IMyCTOr0 MHOXKECTBA
YTBEPIKAACTCS CHCHUAIBHON «AKCHOMOW IMyCTOrO MHOXECTBa», KOTOpas (GOpMyIHpyeTcs
CJIETYIOIIUM 00pa3oM.

«AKCHOMA IYCTOI0 MHOZKECTBAY

Cymecmsyem MHOJICecmeo, He coOep.m'amee HU 00HO20 INIeMeHma:

@)(vy )y %) (2.2.9)

Kax IMpaBUJI0, MHOKECTBO OKA3bIBACTCS ITYCTHIM, B TOM CJIYUdcC, KOI'Jd XapaKTCPUCTUICCKOC
CBOMCTBO MHOJKECTBA - C(X) , ompeaeisronee COBOKYIIHOCTh 3JIEMCHTOB MHOXKCECTBA,

ABJICTCA JIOTHYCCKHU, MATCMATHYCCKHN HJIN (bl/ISI/ILICCKI/I HCOCYIICCTBUMBIM.

HCO6XO,I[I/IMO OTMCTHUTL, YTO BBCACHUC IIOHATHUA IMYCTOI'O MHOKCCTBA, U B OCO6€HHOCTI/I,
CBSA3aHHOM C HUM «AKCHOMBEI IIyCTOI'0O MHOXKECTBA», OKAa3bIBACT 3HAUYUTCIILHOC BO3JIcliCTBUE
Ha CaMy JIOTHYCCKYIO CTPYKTYPY TCOpPUH KIIACCOB U MHOKECTB.

Jlo co3aHus TEOpUU MHOXKECTB, B KJIACCHYECKOM MaTeMaTHMYeCKOM aHaiu3e, Ipobiema
CYILIECTBOBAHUS WJIM HE CYLICCTBOBAHUSA TEX MIU MHBIX JIOTMYECKUX WIM MaTEMaTHYECKHUX
O0BEKTOB OblJJa TECHO CBf3aHA C HENPOTUBOPEUMBOCTBIO MM IMPOTHBOPEYUBOCTHIO
ornpeJieNgeMblXx 00BEKTOB. VCXOAsT M3 OCHOBHBIX 3aKOHOB ApPHCTOTEIEBCKOW JIOTHKH, MpPU
IIOCTPOCHUH TOM WM HWHOM MAaTEeMaTU4YeCKOM TEOpHHM, B HEe BKIOYAINCh U B HEU
MPU3HABAINCH CYIIECTBYIOLUIMMH TOJIBKO T€ OOBEKTHI, HEIPOTUBOPEUMBOCTh KOTOPBIX ObliIa
YCTAQHOBJIEHA C JOCTOBEPHOCTBIO. Te€ ke OOBEKThl, KOTOPHIE IO CBOEH JOIMYECKOW WU
MAaTE€MaTHYECKOW MPUPOJE SABISJIUCH POTUBOPEUYUBBIMH, - UCKIIOYAINCh U3 JAJIbHEHIIETO
pPacCMOTPEHMS B ITOU TEOPUH, T.€. IPU3HABAIIUCH HE CYILIECTBYIOIUMU B 3TOU TEOPUH.

C co3gaHueM TEOpHH MHOXECTB, W BBEJCHUS B HEE TOHSATHS ITyCTOTO MHOXXECTBa
COBMECTHO C «AKCHOMOW IMYCTOTO MHOXECTBa», MPEXKHAS KOHLENIHUS CYIIECTBOBAHUS WU
HE CYIIECTBOBaHMUS TeX WMJU HWHBIX OOBEKTOB B paMKax TOW HJIM MHOM MaTeMaTU4YeCKOU
TEOPUU KapJAUHAIBHO U3MEHMIIACh. Huxke, Ui KaK10M aKCMOMAaTHYECKON TEOPUU MHOKECTB,
coJieprKaIleil akCHOMY CYIIIeCTBOBaHUsI ITYCTOTO MHOKECTBa, C(HOpPMYIHpPOBaHA U JOKa3aHa
TeopeMa O KOHCTPYKTUBHOM CYIIIECTBOBAaHUHM IIOOOT0 Kiacca ¢ Hamepen 3aJaHHBIM
XapaKTEePUCTUYECKUM CBOWCTBOM.

TeopeMa KOHCTPYVKTHBHON YK3MCTEHIHAJILHOCTH KaaccoB (AxBiaeauanu A.H. —2011 r.)

Ana  Kaxicooii axcuomamuueckou meopuu Kuaccoe, cooeprycauwjeli «Akcuomy nycmozo
MHOMCECMBA», CYUIECMBOBAHUE NYCHIO20 MHOMCECHEA AGAEMCA 0OCHMAMOYHBIM YC108UEM O
00Ka3amenvcmea KOHCMPYKMUGHO20 CYULECIBE08ANUA KANHCO020 KNACCA, ONPEOeAeM0oz0 Hanepeo
3A0AHHBIM XAPAKMEPUCMUYECKUM C60UCMEoM (Ul co8oKyniocmbio ceoiicme) C(X) .

JlokazaTenbCcTBO

50



Paccmotpum cnepyromue ciayyan. [lepBbiii ciydaii: xapakrepuctuueckoe cBoicTBo C(X)

SBJIAETCS JIOTMYECKH, MaTeMaTH4ecKu WM (U3NYECKH HeocyllecTBUMbIM. Torma He
CYLIECTBYET HHM OJIHOTO 3JIEMEHTa X , YIOBJIETBOPSIOLIETO 3TOMY CBOMCTBY. B aTOM ciyuae
kimacc co cBoiictBoM C(X) sBisiercss myctbiM. OJHakoO B cully «AKCHOMBI ITyCTOTO

MHOXKECTBa» — IMYCTOE MHOXECTBO CYLIECTBYET. DTO O3HAYaeT, YTO B PaccMaTpuBacMOM
cltydae Kiacc co cBoiictBoM C(X) XOTS U SIBJISAETCS MYCTBHIM , HO TEM HE MEHEE CyILIeCTBYET,

KaK IyCTOC MHOXKCCTBO.

Bropoii cnyuwaii: xapaktepuctuueckoe cBOHCTBO C(X) SIBJISETCS OCYIIECTBUMBIM, T.C.
CYIIECTBYIOT DJIEMEHTBI X, YIOBIETBOPSIONINE XapaKTepucThudeckomy coiictBy C(X). B
3TOM citydae, coryiacHo (2.2.7), kimace Cls(Cx) sBisieTcst HenmyCThIM, a CIIS0OBATEeIbHO — TeM

0oJiee KOHCTPYKTUBHO CYIIECTBYIOIIUM.

W3 mpuBeneHHOrO BBINIE PACCYKICHHS CIEAyeT, YyTO B JIIOOOM cilydae, HEB3Hpas Ha
OCYIIIECTBUMOCTh HJIM HEOCYIIECTBUMOCTh XapaKTepucTudeckoro cpoictBa C(X), Kiacc

Cls(Cx) cymecTByeT Wi B BHJE HEIYCTOrO KJIacca, WM € B BHJIE ITYCTOTO MHOXECTBA.
DT0 03HAYaeT, 4yTo eciu ¢ cymectBoBaHueM kiacca CIS(CX) BO3HHMKAOT MPOTHBOPCUUBBIC

CYXKIIEHUS, MO Mbl GbIHYICOEHbl NPUSHAMb MAKdice U hakm ux cyujecmeosanus. ITO
OOCTOSTENILCTBO SIBJIAETCSI HEOTHEMIIMMBIM CBOMCTBOM KaXK10i TEOPHM KJIACCOB WJIM TEOPUHU
MHOJKECTB, COoZlepXKallel «AKCHOMY IIyCTOTO MHOKECTBa», U SIBJIETCS MIPSMBIM CIIEJCTBUEM
MIPUHATHS dTON aKCHOMBI.

Hepeﬁz[eM TCHICPD K OIMPEACIICHUIO YHUBCPCAJIBHOTO KJIaccCa.

OnpeaeeHne YHUBEPCAJBLHOI0 KJjacca

Knace U nasvieaemces ynusepcanvnvim, eciu 10060 nenycmoii uiu nycmoii 00vekm A61emcs
€20 IJ1eEMEHMOM.

DopMaIbLHOE OIIPeIeJeHHe YHUBEPCAJIbHOI0 KIacca

U=Cls(u)={u:(u=9)v (u=29)} (2.2.10)

®opmyna (2.2.10) osnauaer, 4TO dIEMeHTaMu yHUBepcalbHOro kimacca U SBIISIOTCS, Kak
IyCTOE MHOXECTBO, TaK U JIF00O0M HeMmycToil Kiacc.

IlepBasi TeopeMa HIK3UCTEHIHMAJIBLHOCTH YHHUBEPCAJLHOI0 KJacca

(AxBaeauanu A.H. — 2011 r.)

,ZIJI}I Kax3cooil aKxcuomamuyecKkoi meopuu Kjiaccoe, codepofcamet? AKCUOMy nycmozco mMHorcecmea,
Cyuiecmeoeanue nycmozo MHox)cecmea A6/i1emcs 00CMAMOYHbIM ycaosuem 01 00Kazamenvcmea

cyuecmeosanus ynueepcaibiozo knacca U .
AP =3UU ={u:(u=9)v (u=D)}) (2.2.11)
Jloka3aTenbCTBO
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B cootBercTBUU ¢ camuM ompenencaueM (2.2.10) yHHBEpCaIbHOTO Kiacca, OH COMCPKHUT
IyCTOE MHOXKECTBO B KadecTBe djeMeHTa. CieoBaTelbHO YHUBEPCAIbHBIA KIIACC SBISETCS
HenmycThIM. B cuity Teopembl 3K3UCTEHIIMAIBHOCTUA KJIaCCOB, 3TO OOCTOATEIHCTBO O3HAYAET
KOHCTPYKTHBHOE CYIIIECTBOBaHKE yHUBepcaiabHOro kiacca U . Teopema noka3zana.

Bropasi TeopeMa 3K3UCTEHIMAJILHOCTH YHHBEPCAJIBHOI0 KJjacca

(AxBjaennanu A.H. —2011 r.)

Jna Kaxcooit axcuomamuyeckoi Mmeopuu Kidaccos, cooepicauieil aKcuomy Hnycmozo
MHOIHCECMEA, OMPUUAHUE CYULECME08ANHUS YHUBEPCANbHO20 Knacca U , enreuem 3a coodoii
ompuyanue cyuecmeosanus nycmozo muoxcecmea & . Cne0oeamenbHo yHUGEPCAIbHbLI
knacc U cywecmeyem.

JlokazaTenbCTBO

JlokazaTenbCTBO TMPHUBEICHHON BBIIIE TEOPEMBI ONMUPAETCS HA JIOTUYECKUM 3aKOH
KoHTpano3uiui. Ha ocHoBanuu crpaBemuBocTH Gopmyiabl (2.2.11) 1 JOrHYecKoro 3akoHa
KOHTPAIO3UILIMA MOYKHO 3aKJIFOUUTh:

@A =3U(U ={u:U=2)v (UzD)}) =

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

N3 cootHomenust (2.2.12) HENOCPEICTBEHHO BHMIHO, YTO OTPHIAHHE CYIICCTBOBAHHMS
YHHBEPCAIBLHOTO KJIacca, MPUBOJUT K OTPHUIIAHUIO ITyCTOTO MHOYKECTBA, & 3TO IPOTHBOPEUHT
«Akcuome myctoro MHOXKecTBa». CiemoBarenbHO YHUBEpCalbHbIH Kiacc U cymecTByer.
Teopema noka3ana.

TeopeMa IK3UCTEHIIMAJIbHOCTH YHUBEPCAJLHOI0 MHOZKECTBA

(AxBjaeanmanu A.H. — 2011 r.)

Cymecmeyem YHUGEPCAIbHOE MHOIHCECMBO. Ynueepcaﬂbublﬁ knacc U  saensemcsa
MHOHCECMEOM.

I[OKaBaTCJ'IBCTBO

U3 TeopeMbl JK3MCTEHIMOHATLHOCTH KiaccoB H  (opmanbHoro ompenenenus (2.2.10)
yHuBepcanpHoro kiacca U cremyer, dYro mro0o0# Kilacc, OMNpeneNsieMblii  HEKOTOPBIM
XapaKTepUCTHUECKUM CBOWCTBOM C(X), SIBISETCS AJIIEMEHTOM YHHBEpcaibHOro kmacca U .
[Tostomy must yHuBepcanpHOTO Kiacca U BeImomHseTcs (opManbHOE ONpeaeTeHne
MHOxecTBa (2.2.8). CieoBaTebHO YHUBEpCabHbBIHN Kitace U SBIISIETCS MHOKECTBOM.
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TakuM 00pa3oM, BONPEKH HIMPOKO PACIPOCTPAHEHHOMY MHEHHMIO O HE CYIEeCTBOBAaHUU
YHHUBEpPCAJIBHOTO KJIacca, - B HAcTOALIeH paboTe Mmoka3aHo,4To HA00OPOT, - YHUBEPCAIbHBIH
kiace U cymiecTByeT u SBISETCS MHOXKECTBOM.

2.3 O mpancyeHOeHmHBIX J102UUECKUX CBOICMEAX NYCHIO020 MHOMCECHEd 6
KAHMOPOBCKOU MeOopuu  MHOMCECME U OCHOGHBIX ONpeoeeHUAX
mMpancyeHOeHmHou 102UKU

OfHMM U3 OCHOBOIOJIATAIOLIMX OTHOILIEHHHM MEX1y MHOXKECTBAMM M KJIACCAMH, SIBIISIETCS
OTHOILICHHE MPUHAIJICIKHOCTH DSJIEMEHTOB OJHOTO MHOXXECTBAa MJIM KJjacca, APYyromy
MHOXKECTBY HJIHM KJaccy. PacCMOTpHM COOTBETCTBYIOIIUE ONpEAeieH s 10 MoHorpaduu /2/
BbIJIatOIIErocss Hemenkoro Maremaruka ®denukca Xaycnopga, B paMKax TEOPUH MHOXKECTB
I'eopra Kanropa.

Ecau panel 1Ba HCIIYCTBIX MHOXECTBa XnY , TO BO3HHMKACT BOIIPOC O TOM, HC
IMpUHAJICIKAT JIK JJIEMCHTBI OJHOTO M3 HHUX TAKIKC U IAPYIroOMYy. HYCTB X U Y SBIAIOTCA

JIEMEHTaMu  MHOXecTB X uY coorBercTBeHHO. (CrnepBa  pacCMOTpUM  CIIEAYIOLIME
BO3MO>KHbIE aJIbTEPHATUBBI:

1. Kaxnoe XeY , ne kaxmoe XeY .
2. Kaxmoe y € X, He kaxaoe Y € X .

KOM6I/IHI/Ipy51 COUCTaHus IMPUBCACHHBIX BBIIIC BO3MOXHBIX aJIbTCPHATHUB, NPUXOAUM K
CICAYIOUIUM YCTHIPEM BO3MOKHBIM CIIy4asiM.

1. Kaxmoe xeY , kaxmoe ye X: X =Y.

2. Kaxmoe xeY ,nHe kaxaoe ye X: X VY.
3. Hekaxmoe XxeY ,kaxmoe ye X: Y < X.
4,

He xaxmoe X €Y , He kaxaoe Y € X .

B cnyuae (1) roBopsT, uto MHOkecTBa X U Y paBHBI Ipyr apyry. B cinydae (2) roBopsr,
YTO MHOXKECTBO X SIBJISIETCS MOAMHOXKECTBOM MHOXecTBa Y . B cmydae (3) roBopsT, 4to
MHOKECTBO Y sBJIE€TCS MOJAMHOXeCTBOM MHokectBa X . Jlns ciydas (4) B MoHorpaduu
@.Xaycnopda /2/ He 3ape3epBHPOBAHO HUKAKMX 0003HAUCHHU.

B KaHTOpPOBCKOHl TEOpHMM MHOXECTB TOBOPUTCA O HEOOXOIUMOCTH MpPHU3HAHUS
CYIIECTBOBAHUS IMYCTOr0 MHOXKECTBa, 0003HA4YaeMOro kKak J, MpUYeM MOCTYIUPYETCS
eIMHCTBEHHOCTh MYCTOr0 MHOXXecTBa. (DaKTHUUECKH, MyCTOE MHOXKECTBO & B TEOpUH
MHOYKECTB SIBJISIETCSl aHAJIOTOM apu(METHUECKOTO HOJISI TEOPUH JIEHCTBUTENBHBIX YUCEl.

Ecnu MHO)kectBa X M Y MyCThI, TO UMEET MECTO COOTHOILICHUE:!

X=Y=0 (2.3.1)
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OnpezeneHHbIe JIOTHYECKHE MPOOIeMbl BO3HUKAIOT B TOM Cllydae, KOT/ia OJJHO MHOYKECTBO
mycro, a japyroe Her. [loJoXuM JUIs ONpEAEICHHOCTH, YTO MHOXXECTBO X IYCTO, a
MHOXECTBO Y He SBJIIETCS IMyCThIM. B atom ciydae, B MmoHorpaduu /2/ (ctp.11),
@.XaycnoppoM NpuBeACHO CIEIYIOIEe pacCyXAeHHE, CYTh KOTOPOTO U3JI0KEHA HUXKE.

[ycte X = | Torna yreepxkuenue «ecim X € 1o X €Y » CIPABEIMBO MOTOMY, YTO
X =(J | He CONEPIKUT HU OJIHOTO DJIEMEHTAX M X € J SBIAETCA JIOKHBIM Cyx)IeHUEM. Eciu

JaHbl J1Ba CyKJeHus A u B, To yTBepkaeHue «eciau A BepHO, TO B Taxke BEpHO», BEpHO
BCSAKUH pa3, Korjga A HeBepHO. V3 HEBEPHOTO CYKICHHS A ClleAyeT JI000e CyKICHHUE.

Takum 00pazom, U3 IPUBEACHHOTO BHIIIEC OTPHIBKA U3 /2/ CIEIyeT, 4TO B JAHHOM Cllydae B
paccyxaennn Xaycnopda, B kadecTBe (OpPMAIbHOTO BBIBOJA, HPUMEHSIETCS JIOTHYCCKHUIA
3akoH Jlynca CkoTa, COTJIaCHO KOTOPOMY W3 MPOTHUBOPEYHS, WM JIOXKHOTO CYKICHUS
cnenyer IoOoe cyxkaeHue. Xaycaopd TeM caMbIM I[IPH3HACT, 4YTO CYXKJICHHE A,
onpenensieMoe GopMyIIoi:

A=(xe@)=0 (2.3.2)
ABJIACTCA JIOKHBIM, I'IC I10J O B JaHHOM cnyqae IIOHUMACTCA q)OpMa.HI)HO-JIOFI/ILIeCKI/Iﬁ HOJIb.

HeoOxonnMo OTMETHTH, YTO B KJIACCHUYECKOH apUCTOTENEBCKOW TpaJWLIMOHHOM JIOTHKE
3axkoH JlyHca Ckorta siBisieTcs peaynpeIuTebHbIM 3aKOHOM. OH IpeaynpexIaeT O TOM, 4TO
U3 JIO)KHOTO, WJIM K€ NMPOTUBOPEUMBOTO CYXJAECHUS MOXKET ClelIoBaTh J000€ CyX/IeHue, B
TOM YHCJIE U OTPULIAHHUE 3aKOHA O HEIIPOTUBOPEUUH, & UMEHHO!

0= (B=-B) (2.3.3)

VIMEHHO 3TOT NpeaynpeIuTENbHbIN 3aKOH U HapylIeH B KAHTOPOBCKOM TEOPUH MHOKECTB.
Takum 00pa3oM KaHTOpPOBCKas Teopuss MHOXecTB B Bepcun @D.Xaycmopda comepxut
JIOTMYECKH JIOXKHYI0 Gopmyny (2.3.2) , HA OCHOBAaHUU KOTOPOW BBIBOJMMO apUCTOTEIECBCKOEC
MPOTHBOPEYHE, cojaepkaimieecss B KadectBe mnoadopmyiasl B (2.3.3). B kimaccuueckoi
apUCTOTENIEBCKOM TPaTUIIMOHHOMN JIOTUKE 3TO 03HAYAET, YTO KAHTOPOBCKAS TEOPUSI MHOXKECTB
COJICP)KUT JIOKHOE OCHOBHOE TMOJIOKeHHEe B Buae (2.3.2) W3 KOTOPOrO BBIBOJUMO
npoTuBopeune, conaepxkameecs B (2.3.3). JIo)kHOE OCHOBHOE MOJOXKEHUE B KIACCHMYECKON
TPaJUIIMOHHOM JIOTHKe Ha3bIBaeTcs — error fundamentalis (;at.).

PaCCMOTpI/IM CJICOAYIOUC OIIPCACIICHUS.

Onpelleﬂe}me JIOTUYECCKH CUJIBbHO TPAHCHCHACHTHBIX JIOTHYCCKHUX d)ODMVJI

Jlozuueckue ¢0pmyﬂbl F u —F nazviearomcsa nocuuecku cunvno mpaucueudenmubmu,
ecnu no OMoOeIbHOCHIU ABIACHICA 102UYECKU 8bl€00uMblM, KakK F, max u —F.

54



OnpeneseHye JOrH4ecky CHILHO TPAHCIHEHACHTHOM TEOPHH

Dopmanvuaa unu noaygopmanvhan, nocuyeckas uau mamemamuueckana meopus T
Ha3vleaemcs 102u4eckKu CUIbHO MPAHCUEHOEHMHOI, eclU HA MHOXMCECHEe ee CYHCOCHU
TS no omoenvnocmu 6v1600uMbl CUILHO MpPaHcyeHOeHmHble o2uyeckue gopmynvt F u
—F. Jlozuuecku cunvno mpancuyenoenmnan meopusa oooznavaemcsa kax HT.

OnpeneseHye JOrn4ecky npeaejabH0 TPAHCHEHACHTHBIX Jornieckou opmy.Ja

Jocuueckue  opmynnn  F u —F  nazvigaromca  nozuuecku - npeoenvHo
MPAHCUEHOECHMHBIMU 8 HEKOMOPOIl (opManbHOll Unu NOAYPHOPMANbHOI T102UYECKO UMY
Mamemamuyeckoil meopuu T, eciu 0131 HUX 6 IMOI MeOpUU BLINOAHACMCA XOMs bl
00HO U3 NEPeYUCIEHHBIX HUICE 102UYEeCKUX COOMHOUIEHUIL:

F /\—|F
F =—|F
(2.3.4)
—F A—==F
F<—F

(F=0A(=F=0)

Onpeneienne JJOTHYECKH NPeAeJbHO TPAHCLHEHIEHTHOH TEOPHH

Dopmanvuaa unu nonyghopmanvhan, nouveckana unu mamemamuyeckans meopus T
Ha3vleaemcsa J02UYECKU NPeoeibHO MPAHCUEHOEHMHOU, eClu HA MHOMcecmee ee
cyycoenuit TS evl600uma xoms 6vl 00HA nAPA NPEOEIbHO MPAHCUEHOCHMHBIX J102UHECKUX
dopmyn F u —F. Ilpedenvno mpancuyenoenmuyio meoputo oooznauum — LT.

OnpeneieHne JJOrMYECKH NMpeaeJbHO TPAHCIHEHIEHTHOI0 00beKTa

Kasicowtit 06vexkm, Knacc unu MHOMCECME0, KOHCMPYKMUGHO CYUECMEYIouiue 6 meopuu
T, naszviearomca n02uueckKu npeoeIbHO MPAHCUEHOCHMHBIMU 6 IMOIl meopuu, eciu Ha
MHoxcecmee TS cyxcoenuit 3moil meopuu, 6 OMHOUWIEHUU YROMAHYMBIX 00beKmMa, Knacca
uaW  MHOMCECHMEA,  JIO2UYECKU  UAU  AHAIUMUYECKU  Gbl6OOUMBL  NPEOeIbHO
mpancyenoenmnuvle nozuueckue gopmynnt F u —F. Jlocuuecku npedenvho
mpancyendeHmuslil 00veKm, Kaacce uau Muoxcecmeo ooosnauum — LTC.
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OnpeaeseHye JOrH4ecky CHILHO TPAHCIEHIEHTHOI0 00HLEeKTA

Kascootit 06vexkm, Knacc uiu MHOMCECM 60, KOHCIMPYKMUGHO CYU{eCmeylouue 6 meopuu
T, naszvigaromcsa CUIbHO MPAHCUCHOCHMHBIMU 6 IMOIL Meopuu, eciu Ha MHoxcecmee TS
CYAHCOCHUN IMOU meopuu, nNO OMOECTbHOCHU BblGOOUMbBL CUTbLHO MPAHCUEHOCHMHbIE
nocuueckue gopmyavt F u —F. Jlocuuecku cunbho mpancuenoeHmuwlii 00veKm, Kuacc
unu muoxcecmeo ovoznauaemces kak HTC.

O0603HauMM KaHTOPOBCKYIO Teopuio MHOkecTB uepe3 CST (Cantorian Set Theory).

N3 cootHomienust (2.3.2) MBI BHUIUM, 4YTO K COXAQJICHHWIO, B KAaHTOPOBCKOH TEOpUU
MHOXkeCTB, B Bepcuu ®.Xaycmopda /2/, cogepxxurcs error fundamentalis, B pesysbrare yero
B (2.3.3) cTaHOBHUTCS BBIBOAMMON JIOTUYECKH MPEIENIbHO TpPaHCIEHAEHTHas Gopmyna. ITo
o3HauvaeT, uro Teopusi CST, sBiseTcs JTOTWYECKU MpeAebHO TPAHCIEHIESHTHOW TeopueH.
VYkazaHHOE O0OCTOSTEIHCTBO MOXKET CaMbIM CEpPhE3HBIM 00pa3oM BIHATH Ha JallbHEHIINE
BBIBOJIBI, MOJTydaembie B pamkax CST.

2.4 Ilapadokc «AKcuomvl nycmozo MHoOdMcecmea» U «AKcuomol
pezyaaprnocmuy 6 akcuomamuueckux cucmemax ZF u ZFC

B Hacrosmem mnaparpade mpencTaBieH aHalIM3 OTKPHITOIO aBTOPOM B OCHOBaHUSX
KJIACCUYECKOM aKCMOMAaTU4ecKOW Teopun MHOXecTB «llapamokca «AKCHOMBI IycTOTO
MHOXECTBa» M «AKCHOMBI PETYISIPHOCTH» B akcuoMaTHueckux cucremax ZF u ZFCy,
KOTOpBIM 3aKiIo4aercs B TOM, YTO B pe3ylbTaTe CTPEMJICHHsS HM30€KaTh BO3HUKHOBEHUS
«ITapagokca Paccena» B OCHOBaHUSX TEOPUUM MHOMKECTB W BBEACHUS C JTOM IEJBIO
«AKCHOMBI PEryJIIPHOCTH», BOSHUKAET LENbIH KJIacC MHOXKECTB TUMA D, Kaxk10e U3 KOTOPhIX
SBIISIETCS JIEMEHTOM JIOTHYECKH TpaHcleHeHTHoro R-kiacca Paccena.

«AKCHOMa PEryJsipHOCTU» 3aHUMAET 0 CBOEH 3HAUMMOCTU OJIHO U3 IIEHTPAIbHBIX MECT B
akcmoMaTHueckux teopusix MHOkecTB ZF u ZFC ( cucrema akcuom Llepmeno-@penkens, u
Ta JKe CcHCTeMa, JIOMOJHEHHas «AKcHOMOH BbIOOpa»). Ee ocHOBHOe Ha3HaueHHE
3aKJII0YaJIOCh B YCTPAaHEHUHU Tak Has3biBaeMoro «llapagokca Paccena» B OCHOBaHHMSAX TEOpUU
MHOecCTB. [l TOro, 4TOObI MePelTH K JIOTHUECKH a/IeKBATHOMY PACCMOTPEHHUI0 « AKCHOMBI
PEryJIsIPHOCTU» U €€ JIOTUYECKUX OCOOEHHOCTEH, pacCMOTpPUM criepBa (HOpPMYTUPOBKY U
conepxkanue «llapagokca Paccenay, a Takke BbITEKAIOUIME U3 HETO CIEICTBHSL.

ITapagokc Paccea

KHaCC Z HA30BEM PCTrYJIAPHBIM, CCJIN IJId HET'O BBIIIOJIHACTCA COOTHOMICHUC!:
ZeZ (2.4.1)

Kmacc Y HazoBeM HEPETYISIPHBIM, €CJIU OJIsSI HETO BBIIIOJIHAECTCA COOTHOIICHUE.
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YeY (2.4.2)
Coopmupyem kiacc R crenyromum obpazom:
R=CIs(2)={Z:Z2¢ 7} (2.4.3)
3aganuMmcst BOIIPOCOM, SIBIISICTCS JIM KJlacC R peryssipHbIM 1100 HeT?
Ecnm knacc R siBisieTcs peryisipHbIM, TO BBIITOJIHSETCS YCIOBHUE:
ReR (24.4)

Torma ximacc R ymoBneTBopsieT ompexaeneHuio (2.4.3), © B CHIIy CaMOTr0 OIpPEICICHHUS
(2.4.4) xnacca R crnenyer:

ReR (2.4.5)
Takum oOpazom:

(Rg¢R)= (ReR) (2.4.6)

PaccMOTpHM Ternepb BTOPYIO BO3MOKHOCTD, @ HMEHHO:
ReR (2.4.7)

Torma B cumy onpezaeneHus NPUHAUICKHOCTH OOBEKTa Kiaccy, Kiacc R sBisercs
JJIEMEHTOM caMoro ce0s, W B cwiry onpeaenenus (2.4.3) [UIs HEro BBIOTHSAETCS
XapaKTEPUCTUYECKOE CBOHCTBO, COTTIACHO KOTOPOMY:

ReR (2.4.8)
Takum oOpazom:
(ReR)=(Rg¢R) (2.4.9)
U3 conocranenus (2.4.6) u (2.4.9) cnenyer:

(R¢R) < (ReR) (2.4.10)

Msl BuauM, uto cooTHomieHue (2.4.10) sBaseTcs JOrMUecKH KOHTPATUKTOPHBIM K 3aKOHY O
HEMPOTUBOPEUNH KIIACCUYECKOM apHCTOTEIEBCKON TpaaumoHHoU noruku. Hazosem kimace R
- kimaccom Paccena. U3 cootnomenus (2.4.10) u onpeeneHust JOTHYeCKH TPaHCIICHICHTHBIX
KJlaccoB, ciaenyer, uto R- kmacc Paccema sABIfSeTCS  JIOTMYECKH  IPENEIBHO
TPAHCLIEHJICHTHBIM.

Bo3Hukaer ectecTBEHHBIM BOMpoC: sBIsIETCS Ju Kiacc Paccenma HenmycthiM? [{nst Toro,
9TOOBI TIOKa3aTh, YTO Kiacc Paccena KOHCTPYKTHUBHO SIBIISIETCS HEMYCTBIM, JTOCTaTOYHO
MOKa3aTh, YTO OH COJEPKUT XOTS OBl OIWH d3JEMEHT. /[ 3TOr0 paccMOTpUM IyCTOE
MHOXeCTBO . B cHily «AKCHOMBI MyCTOTO MHOKECTBA) UMEEM:
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{x:(vyXyex)}=0 (2.4.11)
B cuny hopmyisr (2.4.11) umeem:
X310 (2.4.12)
U3 conocranenus (2.4.12) u (2.4.3) cnenyert:
“eR (2.4.13)

N3 (2.4.13) cnenyer, uto knacc Paccena siBnsercs HenmycTeiM. [loaToMy B cruty «Teopembl
9K3UCTEHLIMAJIBHOCTU KJIacCOBY», - Kiacc Paccena cyniecTByeT KOHCTPYKTUBHO. Jloka3aHHOE
YTBEPIKIACHUE MOKHO COPMYIUPOBATH B BUJIE CICAYIONIEH TEOPEMEI.

IlepBasi TeopeMa IK3UCTEHIMAIBHOCTH KJjacca Paccesia

(AxBJaennanu A.H. —2011 r.)

Jna  Kaxcoou akcuomamuyueckoii meopuu  Kiaccos, cooepycaujeil.  «AKcuomy nycmozo
MHOICECBA», CYUWECHBOBAHUE NYCIO20 MHOMNCECMEA AGNACMCA 0OCHAMOYHBIM YC06UeM O
00Ka3amenbcmea KOHCMPYKmMueHozo cywiecmeosanus Knacca Paccena - R .

AP = IR(R={Z:Z ¢ ZY) A (B R)) (2.4.14)

Ha ocHOBaHUM JIOTMYECKOT0 3aKOHA KOHTPAIMO3UIIMU, PUBEIEHHYIO BBIIIE TEOPEMY MOMKHO
c(OpMyIHPOBaTh HHBIM 00pa30M.

Bropasi TeopeMa YK3MCTEeHIIMAJLHOCTH KJjacca Paccesa

(AxBjaeananu A.H. — 2011 r.)

Jna Kaxcooll akcuomamuyeckoii meopuu Kiaccos, co0epicauieli aKCuomy Cyujsecineosanus
HYCHO20 MHOXCeCmea, ompuyanue cywecmeosanus kaacca Paccena - R, eneuem 3a cobou
ompuyanue cyuecmeosanus nycmozo muoxcecmea < .

—IR(R={Z:Z £ Z}) A(D eR)) = -3 (2.4.15)
I[OKSB&TCJ'IBCTBO

B cuny cootHomenus (2.4.14) 1 TOTHYECKOro 3aKOHA KOHTPAIIO3HIINN UMEEM

A= IR(R={Z:Z ¢ ZNY A (D R))) &
(—3R((R={Z:Z ¢ Z}) A (D € R)) = —32)

(2.4.16)
CootHouienue (2.4.16) nokaspiBaeT chOpMYITHMPOBAHHYIO TEOPEMY.

PaccMoTtpuM crienyroiee onpeneneHue.
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Onpenenenne  JOTHYECKH NpeaeJbHO TPAHCIHEHAEHTHBLIX O00bEKTOB, KJIACCOB M

MHOKECTB

Kascowtit 06vexkm, Knacc uiu MHOMCECME0, KOHCIMPYKMUGHO CyUiecCmeylouue 6 meopuu
T, Haszviearomcs 102uuecKu nPeoebHO MPAHCUECHOCHMHbBIMU 8 IMOU Mmeopuu, eciu Ha
MHOdMcecmee TS cyscoeHull Mo meopuu, 6 OMHOUWEHUU YROMAHYMBIX 00beKmMa, K1acca
unu MHOIMCECmea KOHCMPYKMUGHO cyugecmeyrom 102UYecKu npeoenvHo
mpancyenoenmusle nozuueckue gopmyavt F u —F. Ilpedenvsno mpancuenoenmmuulii
00veKkm, Knacc unu muodxcecmeo ooosnauum — LTC.

HpI/IBeHGHHOG BBIIIC OMPCACIICHUEC COBMECTHO C TCOPEMAMH SK3UCTCHIHUAJIIBHOCTH KJiacCa
Paccena mno3BonsIOT BbIPpA3UTh IOJYUYCHHBIC B IPUBCACHHLIX BbINIC PACCYKICHUAX
PE3YIbTATEI B BUAC TCOPCMBI.

TeopemMa F3K3UCTCHIMAILHOCTH JOTHYECKH NPeaeJbHO TPAHCUHEHICHTHBIX 00beKTOB U
rJjaaccoB (Axpaenuanu A.H. — 2011)

Cywiecmgyem no Kpaiineil mepe O0OUH J102UYECKU NPeOebHO MPAHCUEHOCHMHbLI
00vexkm u Knacc. R -knacc Paccena asgnaemcea 1ocuuecKu npeoeibHo mpancyeHOeHmHbIM
00bEeKmMoM U Kiaccom.

PaccMoTtpuM crienyroiiee onpeseeHue.

OnpeneieHne reue3nca 00beKTa, KJaacca MJiu MHOKECTBA

I'ene3ucom n102uueck020 mamemamuieckozo UaAU MeOPEeMUKO-NHOHCECHEEHHOZ0
00veKkma, Knacca uiu MHOMCECMEa HA3bl6AeMc KOHCMPYKMUGHOE AHATUMUYECKoe WU
YUC/IEHHOe G03HUKHO6EHUE YNOMAHYMO20 00veKma, Kiacca Ulu MHOMNCECMEa,
OCHOGAHUEM KOMOPO20 AGNAEMCA MAMEMAMUYECKUI  6bl600 UMW  JIO2UYECKOe
00Ka3amenbcmeo €20 KOHCMPYKMUBHO20 CYW,eCHE06aHUs, CMmpo2o (opmanuzyemvle 6
DPAMKAX CO8PEMEHHOI 2100A1bHO HENPOMUBOPEUUBHIX KIACCUUECKUX (POPMATLHBIX 102UK
HYJ1€6020 U NEPBO20 NOPAIKOE.

Onpeneienne  reHe3Mca  JOIMYEeCKHM TPAaHCUHEHJAEHTHOI0 00beKTa, KJacca WM

MHOKECTBA

TI'ene3ucom nozuuecku MmMpaHcUeHOEHMHOZ0 MAMEMAMUYUECKO20 WU MEOPEMUKO-
MHOIHCECMBEHHO20 00beKma, KAacca UL MHOMCECMEA HA3bl8AemcAa KOHCMPYKMUGHOe
aHanumuyeckoe UIU YUC/IeHHOe 603HUKHOGEHUE YHOMAHYMO20 00beKma, Kiacca uiu
MHOIHCECMEA, OCHOBAHUEM KOMOPO20 AGNACMCA MAMEMAMUYECKUI 6bl6O0  UJIU
Jl02uuecKkoe  00KA3amenbCmeo €20 KOHCHPYKMUBHO20  CYULeCMBOGAHUA, CHPOZ0
dopmanuzyemoie 8 pamkax coépemennoil 2100aNbHO HENPOMUBOPEUUBHIX KINACCUYECKUX
dopmansHbIX 102UK HY1€6020 U NEPBO2O NOPAOKOS.
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Onpeneenne reHe3nca JOrHKo-MaTeMaTHUeCKoi TPaHCIeHIeHITHH

TI'ene3ucom nozuko-mamemamuueckoii mpancuenoenuuu 6 Hekomopoﬁ meopuu T
Ha3ovléaemcs npoyecc 603HUKHOBEHUA J102u4eCKU mpancuendenmnbtx mamemamudyecCKux
uiu meopemuKo-mMHOICECMBEHHbBIX 00BEKMO08 KACCO8 UIU MHOIICECME 6 IMOIL meopuu.

HCO6XO,I[I/IMO OTMCTHUTH, YTO OK3HUCTCHUHAJIIBHOCTH JIOTHYECKHU TPAaHCUCHACHTHOI'O R -
knacca Paccenma sBiseTcs IIPSAMBIM CIIEACTBUEM «AKCHUOMBI IIyCTOI'0O MHOXXECTBA», 4TO C
Y4Y€TOM IIPHUBCACHHBIX BBIIIC onpeﬂeneHHﬁ MOX>KHO BBIPA3UTh TaKXKE B BUIAC cnez{y}omefl
TCOPCMBI.

TeopeMa 0 JOCTATOYHOM VCJIOBHH FeHE3MCA JOTHYeCKH NpeaebHO TPAHCIHEHICHTHBIX
00bexTOB (AxBaeauanu A.H. — 2011)

Hpuuﬂmue «Axcuomut nYyCmo2o MHOJMcCECmea» A6Jjisiemcs 00CMamo4YHbIM ycaosuem o1
2eHe3uca jiocuuyecKu npedeﬂbuo mpancuendenmubtx 00BbEKmMO8 U K1acco6 8 KACCUUECKoIl
meopuu MHOJIcecmse.

[IpuBeneHHbIE BBHIIIE TEOPEMBl O3HAYAIOT, YTO CYIIECTBOBAHWE TPAHCIEHICHTHBIX
O0OBEKTOB M KJIACCOB, B YAaCTHOCTU JIOTMYECKH TpaHCUEHAEHTHOro R -kimacca Paccena
MIPEAOTIPEACIISIETCS «AKCHOMOM ITyCTOTO MHOKECTBAY.

[TpuBeneM GopmMyIMpOBKY «AKCHOMBI PETYJISIPHOCTHY», OCHOBHOM II€JIbI0 KOTOPOIro OBLIO
npeononenue «llapagoxca Paccenay.

AKCHOMA PEeryJsspHOCTH

B nrwoom nenycmom cemeiicmee muodycecmé - A, ecmb no MeHbUiell mepe O00HO
MHOMcecmeo D, Kajxicovlii 21emenm C Komopozo He nPunAadNexdcum OAGHHOMY CeMeiicmey
a, unu gopmanvho:

RA=Va(a=d—=3db(beanVvVc(ceb=cga))) (2.4.17)

JUis nanpHEeMIero u310keHusl HaM He0OOXOJMMO J0Ka3aTh CIEAYIOUIYI0 TEOPEMY B paMKax
KJIacCM4ecKoi (hopMaIbHON JOTUKU HYJIEBOTO MOPSIIKA.

Ipuszuak popMaabHON JOKA3YEMOCTH JOTHYeCKOr0 VTBepKIeHU

Echu nexomopoe ymeepycoenue B cnedyem w3z Opyzoco, omauunozo om Hez2o
ymeepycoenua A, a maxxce u u3z e2o ompuyanusa —A, mo ymeepiycoenue B agnaemca
dopmanvro ookazyemoim.

JlokazaTenbCcTBO

JlokazarenbcTBO CHOPMYJIMPOBAHHON BBIINIE TEOPEMbI OCYIIECTBICHO HAa OCHOBaHWUHU
JIOTMYECKOW TMpOorpaMMbl BBIYHCIUTENbHOrO MaTtematnueckoro makera MATCAD. B
COOTBETCTBHUH C NPABWJIAMH KJIACCHYECKOW (OPMAIBHON JIOTWKH HYJIEBOTO MOPSIKa HMEIOT
MECTO CJICAYIOIINE COOTHOIICHNUS!
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0
1
- (2.4.18)
0
1

/&M’
0
B (1) (2.4.19)
1
1
1
S[(=(AB) A (= (AB)LB=1=| | (2.4.20)
1

®opmyna (2.4.20) cBUAETENBCTBYET O TOM, 4YTO c(hOpMyIMpOBaHHasE HaMU Teopema
SIBJISIETCS] BEPHOM.

Paccmotrpum  temeppr  «Ilapamokc «AKCHOMBI TYCTOTO MHOXECTBa» M «AKCHOMBI
perynsipHocTu» B cucreMax ZF u ZFC».

Iapaxokc «AKCHOMBI IIVCTOI0 MHOKECTBA» M «AKCHOMBI PEryIsIPHOCTH» B CHCTEMAX
ZF u ZFC (AxBaeamanu A.H. -2011)

Ilycmoe muosxcecmeo & u Kaxcooe KOHCHMPYKMUGHO Cyujecmeyloujee MHONCECHIBO
muna b, ¢popmanuzyemoe ¢ cucmemax ZF u ZFC na ocnoee nozuueckoit KOHbIOHKUUU
«AKcuomvl nycmozo MHOMCECMEa» U «AKCUOMBL peynApHOCMUY, RPUHAONEHCam
Jaozuyecku mpancyenoenmnomy R -knaccy Paccena.

Omnucanue napajaokca
Bo3MoxHBI CJIeaAyromue ciiydau.

1. B Teopun ZF He mMeeTcs HU OJHOTO HEIYCTOTO KJIAcca, yIOBJIETBOPSIOIIETO BCEM
akcuomam teopuu ZF. B atom ciayuae cemerictBo kimaccoB CZF , ompenensembix
Teopueit ZF sBIsIeTCS] yCTHIM MHOKECTBOM &J U BCIIEJCTBHE ITOTO OOCTOSTEIBCTBA,
a TaKXKe BCJIEJICTBUE ONPEEIICHUs JJOTUUECKH TpaHCLUEHAEHTHOro R -kiacca Paccena -
CZF sBnsercs snemeHtoM R. B atom ciyuae ycrnoBue, chopMynupoBaHHOE B
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«Hapa/:[m(ce «AKCHUOMBI IIyCTOI0O MHOXKCCTBa» H «AKCHOMBI PYT'YJLIPHOCTH )
BBITIOJIHACTCS, IMOCKOJIBKY KJIACC CZF MNPpUHAMJICIKUT JIOTUYCCKU TPAaHCUHCHACHTHOMY
R -KJIaCCy Paccena, KaK ITyCTO€ MHOXECTBO.

2. CymecTtByeT XOTs ObI OMH HEMYCTOH Kiacc @, YAOBIETBOPSIONIMN BCEM aKCHOMaM
teopun ZF. Torga B COOTBETCTBUM C «AKCHOMOU PEryJISIPHOCTH» CYIIECTBYIOT
MHOKECTBA THMa D, I Kakmaoro M3 KOTOPHIX CIIEpBa PacCMOTPUM  IIEPBBIi
MOJACIy4Yaid, @ UMEHHO:

(beb)=1 (24.21)

B paccmatpuBaemoMm ciydae «Akcuoma peryispHoctu» RA - Oyner coaepikaTh
JIOTHYECKYI0 MOIHOpMYITy:

db(bean(beb=bga)) (2.4.22)

Benencreue (2.4.21) noruueckas ¢opmyna (2.4.22) TPUBOAUT K apUCTOTEICBCKOMY

MMPOTUBOPCUUIO. 3TO 03HA4Y4cCT, YTO Yy HAC OCTACTCA TOJIBKO noncnyqaﬁ, aHBTepHaTHBHLIﬁ K
(2.4.21):

(beb)=1 (2.4.23)

B sTOM ciydae mo omnpeneneHMro JIOTMYEeCKHM TpaHCLEHAEHTHOro R -kmacca Paccena —
KaK/I0€ MHOXECTBO Tuma b mpuHamiexuT R -kmaccy. DTOMY ke KiIaccy MPUHAIICKUT U
nycroe MHOXecTBO . Takum 00pa3oM M B 3TOM pacCMaTPHBACMOM CIy4ae BBIMTOIHSIOTCS
yclioBUsL cOpMyIupOBaHHOrO Hamu mnapajgokca. [lpumensis «lIpusnak dopmanbHOi
JIOKa3yEMOCTH YTBEPKIACHUS» MBI MOYKEM 3aKIHOYUTh, YTO JIECUCTBUTEIBHO B KaXIOM W3
JBYX PAacCMaTpUBAEMBbIX CIIy4aeB pacCMaTPUBAEMBIX, BBISABICHHBIM HAMH IapajloKC MMEET
MecTo. TakuMm 00pa3oM NpUMEHEHUE «AKCHOMBI PETYISPHOCTU» NpU (HOPMUPOBAHUU TEX
WIM WHBIX KJIaCCOB WJIM MHOXXECTB B paMKax akcumomatwueckux teopuii ZF u ZFC
MOPOX/IAET MHOXECTBA THIA D, KOTOPBIC HANOMHSIOM JIO2UYeCcKU mpancyeHoenmuwli R -
kyacc Paccena. DTo 03HadaeT, UTO Ha OCHOBAaHUU «AKCHOMBI PETYJISIPHOCTH» IO CYTH J€Na
He yaaercs npeononers «Ilapagoke Paccena», mpuunHOi reHe3nca KOTOporo Ha caMoM JIeje
SBIIFETCS «AKCHOMa ITyCTOTO MHOXKECTBa», M 0oyiee TOro — NPUMEHEHHE «AKCHOMBI
PEryISIPHOCTU» HA00OPOT, - cnocobcmeyem HanOIHEeHUIO 102UYecKy mpancyeHoeHmuno2o R -
kiacca Paccena.
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2.5 Jlocuueckuit ananus «Teopemvt Kanmopa»

Paccmotpenue noruueckux cBoiictB «Teopembl KanTopa» 0 MOIIHOCTH BCeX NOJMHOKECTB
JAHHOTO MHOXKECTBA IPEJABApUM HEKOTOPBIMH OCHOBHBIMU IIOJIOKEHUSMHU TEOPHHU
MHOXkecTB. OfHON M3 MEpBBIX OCHOBHBIX AKCMOM TEOPHM MHOXKECTB SIBIIETCS «AKCHOMa
HKCTEHCUOHAIBHOCTHY, COJIEPYKAHUE KOTOPOIl MPUBEICHO HIKE B COOTBETCTBHH C /1/.

AKCHOMA 3KCTEHCHOHAJILHOCTH

JT1060e mHoxcecmeo 00HO3HAUHO ONPeOeNAeMCA C6oUMU Inemenmamnu. /Ina pagencmea
08YX HEnyCmuvlX MHON}CECME HEOOX00UMO U OOCMAMOUHO, UM OOblL J1eMEHMbL KAHCO020 U3
HUX, Ovlau Inemenmamu u opyz202o. Illycmoe muoicecmeo pasno camomy ceoe.

VX, Y(VZ(ze X < zeY) < X =Y) (2.5.1)

B Teopun MHOXECTB paccMaTpHUBarOT, KaKk KOHEYHbIE, TaK U OECKOHEUHbIE MHOXECTBA.
[IpenmyIiecTBeHHOE BHUMAHUE YENAETCS PacCCMOTPEHHUIO OECKOHEUHbIX MHOXeCTB. Cpeau
KOHEUYHBIX MHOXECTB BBIICISAIOT TaKKe TaKME MHOXKECTBA, KOTOpPBIE COJEpKaT
€IMHCTBEHHbIN 35eMeHT {a}. B yacTHOCTH, eciu 0OBbEKT @ SBJISETCS MYCTHIM MHOXECTBOM,

TO paCcCMATPUBAIOT TAKKEC MHOKECTBO {@}, CANHCTBCHHBIM 3JICMCHTOM KOTOPOI'O ABJIACTCA

MyCTOE MHOXECTBO .

OnHoil u3 Hambosiee BaXKHBIX aKHMOM TEOPHUH MHOXKECTB SABISETCS «AKCHOMA CTEHEHM».
[TpuBenem ee GopMyIHPOBKY B COOTBETCTBHH C /1/.

AKcHOMA CTENEeHH

Jna  Kaxncoozo mmuoxmcecmea X cywjecmeyem  MmHoyucecmeo Y, Aenaoueecs
MHONHCECHBOM 6CEX NOOMHONICECHE MHONICECEa X .

VX3IYVz(zeY <z < X) (2.5.2)

HpI/IBeIlCM HCKOTOPBIC 0a30BbIEC MOJIOKECHHS TCOPHUU MHOXKCCTB, CBA3AHHBIC C PA3JIMUUCM
KOHEUHBIX U OECKOHEYHBIX MHOXECTB, a TakKX€ C TIIOHATHAMH COOTBCTCTBUA H
O9KBHUBAJICHTHOCTHU MHOXCCTB.

PaCCMOTpI/IM CIIepBa MHOXKCECTBO BCCX IMCJIBIX IIOJIOKUTCIBHBIX YHCCI B ,[[CC)ITI/I‘-IHOI\/'I
CUCTEME CUHCIICHUA C IIPUCOCANHCHHBIM K HEMY 0COOBIM YHUCJIIOM, HA3bIBA€CMBIM HYJIEM 0.

0,1,2,3,4,5,6,7,8,9,10,11....vvveoeeeeeeee . (2.5.3)
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N3 wmHOkectBa (2.5.3) MOXXHO BBIICIUTh MHOXECTBO HATypajdbHBIX YHCENT WU
HATypaJbHbIN PsAJl, KOTOPBI UMEET CICIYIOIINI BUI:

1,2,3,4,5,6,7,8,9,10,11...............ociit. (2.5.4)

Heo0xoIMMo OTMETUTh, 9TO BOMPOC MPUHAICKHOCTH () MHOKECTBY HATYPaIbHBIX YUCEI
SIBJIICTCS. HEOJHO3HAYHBIM, BEChbMa HETPUBHAIBHBIM U crOpHBIM. [lockonmpky 0 obnamaer
0COOBIMU JIOTUKO-aHATTUTHYECKUMH CBOWCTBAMHU B TCOPHH JCHCTBUTEIHHBIX U KOMIUICKCHBIX
qucell, Mbl B JaJIbHeWeM He OyaeM npuuucisath ) K MHOKECTBY HaTypalbHBIX ymcen. C
npyroit ctopoHsl 06e3 () HEBO3MOXHA 3allMCh HATYPAIBHBIX YUCEN B JCCATHYHON CHCTEME
cuucieHus. Vcxoas W3 BBINIECKA3aHHOTO, MbI OyJeM paccMaTpuBaTh MHOXecTBO (2.5.3)
LEJIBIX TOJIOKHUTEIBHBIX YHCE C MPUCOSANHEHHBIM K Hemy (, kak 0a30Boe, U BBIJICIUM U3
HEro MHOYKECTBO HATYpaJbHbIX ukcen (2.5.4).

IlonsATHE COOTBETCTBHS OTHOCHUTCA K OCHOBHBIM IIOHATHUAM TEOPUU MHOXECTB. ['oBOpAT,
YTO MEXKIY IBYMsI MHOKECTBAMH YCTAHOBIIEHO COOTBETCTBUE, €CIIA OIIPEAEIECHO IIPABUIIO, 110
KOTOPOMY JJIsl KaK0Tr'0 3JI€MEHTa OJIHOT0 MHOYKECTBA BBIOMPACTCS ONpPENEICHHBIA 3JIEMEHT
Apyroro MHoxkecrtBa. Ha OCHOBe NOHATHSA COOTBETCTBUSA MEXKIAY MHOXKECTBAMHU, BBOJIUTCA
TaK)Ke IMOHATHE OTOOpakeHHs MHOXKecTB. [Ipum 3TOM pa3nuyaroT MOHATUS OTOOpaKEHUS
«MHO>XECTBA B MHOXKECTBO», U OTOOpaKEHUsI «MHOKECTBA HA MHOYKECTBOY.

Onpenenenne NOHATHS 0T06pame}mﬂ MHOKECTBA B MHO?KECTBO

Coomeemcmsue, npu Komopom KanCOOMy Jjiemernmy Henycmozco MHoJdcecmea X
omeeuaem eOUHCHBEHHBIIL J/1IeMEHm Henycmozco MHoOJdcecmea Y, Ha3bleaemca
0m06pa;»cenuexn MHOMcecmea X 6 MHOdxcecmeo Y .

OnpenejeHne NOHATHS 0TOOPAKEHNSI MHOKECTBA HA MHOKECTBO

Coomeemcmeue, npu KOMOpPOM Kaxcoomy 3Ij1eMEHmy Henycmoz0 MHoxycecmea X
omeeuaem eOUHCMEEHHbLI I/IEMEHM HEenycmoz20 Mmuoxcecmea Y, u Kpome mozo,
Kaxcoomy rniemenmy mHodxycecmea Y omeeuaem xoms 0vl 00UH INeMeHm MHOHcecmea X
Ha3zvleaemcs omooparceHuem MHoxcecmea X Ha MHoIcecmeo Y .

Oto0pakeHuss MHOXECTB OO0BIYHO oOo3HauatoT OykBamu f,g,h..... Ecnmu npu
oroOpakeHnn f smemeHTy X € X, COOTBETCTBYET 3JIEeMEHT Y € Y , TO 2JIEMEHT Y Ha3bIBAaIOT

o0pa3oM 3JeMeHTa X, a 3JIEMEHT X Ha3bIBalOT MPOOOPa30oM IJIEMEHTa Y U MUIIYT:
y=f(X) (2.5.5)

MHOXeCTBO BCEX Hp006pa3OB 3JICMCHTA Y Ha3bIBAIOT €r0 IIOJHBIM HpOO6p3.30M. B ciry4dac

OTOOpaKEHHSI MHOKECTBAa X Ha MHOXKECTBO Y THIIYT TaKXKe:
Y = f(X) (2.5.6)
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OTO6pa)KCHI/Ie f : X =Y HaswiBaercs HHBCKTHUBHBIM, €CJIM PA3HbLIC 3JICMCHTBI MHOXKECTBA

X UMEIOT pa3Iu4HbIe 00pasbl.

CJ'IC,Z[YIOH_IGG OIMPEACICHUE IIPUHATO B COTBETCTBUH C COBPEMEHHBIM ITOAXO0A0M K BOIIPOCY
OIMMCAaHUS MHO>KECTBEHHOI YKBHUBAJICHTHOCTH KJIACCOB M MHOXKECTB, HpHHHTOﬁ B pa60Te /1/
HU3BCCTHBIM CIICHUAIIMCTOM I10 TEOPHUU MHOXECTB, JOKTOPOM I1.Bonenkoii.

OnpeneseHre MHOKECTBEHHON YKBHBAJEHTHOCTH MHOKECTB

Omoﬁpaafcenue MHOJICecmea X HA  MHOJXICECmeo Y Hazvieaemcsa 63AUMHO
00H03HalleLM, eciiu pAa3HbIM JIleEMEeHmam MHoIHcecmea X s coomeemcmeyrom pas3Hble
nemenmol muodxcecmea Y . Ecnu munoscecmeo X 63aumno 00HO3HAUHO 0m06paofcaemc;l
HaA MHOXCECmeo Y y mo MHoOJIcecmea Xu Y nazviearomca  MHOICECMBEHHO
IK6UBA/IEHMHbIMU, UM O 6blpAdICACM(CA cnedyiomuM 06pa30M :

X =Y (2.5.7)

OmnpenejieHne 0TPe3Ka HATYPAJIbLHOI0 Psiia

Mmnooscecmeo e6cex HaAamypaibHblX HUucesl, MEHbUWIUX UJIU PABHbBIX HEKOMOopomy
HamypaabHomMy Yuciy N, HA3bIGACHICA OMPE3KOM HAMYpPAIbHO20 p;wa. 0mpe301<

HAMypanibHo20 paoa 0003Havaemcsa KaKk |l, N|. B uacmnom cnyuae umeem |1,2q .

OnpenejieHne KOHEYHOI0 MHOKECTBA H KJjacca

MHuosncecmeo unu Knacc Ha3vbl6AemMcsa KOHEUHBIM MHONCECIEOM 6 MOM U MOAbKO 6 HOM
cayuae, eciiu OHO IKGUGATIEHMHO OMPE3KY HAMYPAIbHO20 PAOa.

Onpeneienne 0eCKOHEYHOI0 MHOKECTBA M KJIacca

Mnoscecmeo uiu Kjiacc, He AsAawuiueca IK6UBAICHMHBIMU HUKAKOM)Y OMPE3KYy
HamypajibH020 p}ma, HAa3b18aI0MCA OECKOHEUHbIMU.

OnpeaeaeHne MOIHOCTH KOHEYHOI0 MHOKEeCTBA M KJjiacca

MOM(HOCmblO KOHEe4YHO020 MHOJicecmea Wiu Kiacca Hasvleaemca HamypailbHoe
Koauyecmeo e2o riemenmos N .

OnpenejieHrne PABHOMOIIHOCTH KOHEUHbIX MHOKECTB H KJIACCOB

ﬂea KOHEUHbIX MHOJICECmMea UJlu Kilacca AGJAIOMCA PAGHOMOULHBIMU mozoa u moJibKo
moz()a, K020a KOJIU4ecmeo ux 31eMeHmos sblpasicaemcs O00HUM U meM Jce HamypaibHbIM
qyuciaom N.

OHDeIleJICHI/Ie MHOKEeCTBEHHOM PABHOMOIIIHOCTH 0eCKOHEUYHBIX MHOZKECTB M KJIACCOB

/lea mnoxcecmeenno 3IKeusanenmuvie Opyz Opy2y 0OecKOHeuHbvle MHOMcecmea (uau
KJ1accobl) HA3b186AI0MCA MHONCEC8EHHO PAGHOMOUIHBIMU.
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OnpeaeseHye 00HIero MHOKECTBEHHOI'0 KAPAMHAJBLHOIO0 YHCJIA I8 0eCKOHEYHLIX

MHOKECTB H KJIACCOB

Ecnau o0sa Oeckoneunvix mMHOIMCECMEA UL KNACCA MHOICECHBEHHO IKeUuedileHmHovl, mo
2oeopsam, Umo OHU umerom beckoneunoe 06m€€ MHONCECME6EHHOE KapOuHaJlbuoe quucio.

HOCJ’IG,Z[HGG ONpeCaACIICHNUEC HYXXIACTCA B INOACHCHHHU. HCO6XOI[I/IMO OTMETHUTDH, UYTO UMCIOTCA
CYIICCTBCHHBLIC JIOTHYCCKHUE pa3Iindyus B JIOTHYECKOH pupoac MOIHHOCTGI;’I KOHCYHBIX U
OECKOHEYHBLIX MHOKECTB M KJIACCOB. MontHOCTb 3aJaHHOI'O KOHECYHOI'O MHOXXCECTBA ABJISICTCA
IIOCTOAHHBIM KOHCYHBIM HAaTypaJlbHbIM YHUCIOM, B TO BpPEMA Kak OECKOHEUYHOE 0611[66
MHO>XCCTBCHHOC KApAWHAJIIBHOC YUCIIO, OIIPCACIIACTCA B PE3YJIbTAaTC YCTAHOBJICHHA IOPAAKA
B3aMMHO OJHO3HAYHOI'O COOTBCTCTBHA MCKAY JABYMs OCCKOHEUHBIMU MHOXXECTBAMH U
Kj1accamu. BceaencTBue 3TOro O6CTO$IT€JII)CTB21, AHAJIUTUYCCKOC BBIPAKCHHUC OECKOHEYHOTO
O6HI€FO MHOXCCTBCHHOT'O KAapAWHAJIBHOI'O 4YHCIAa MOXET CYIWCCTBCHHO 3aBHCCTh OT
XapaKTepa u CBOICTB paccMaTpuBacMoOro COOTBCTCTBUA.

B Teopum MHOXECTB U KJIAaCCMUYECKOM MaTEMAaTUYECKOM aHaJU3€ HCCIIEJOBaHUE
0ECKOHEYHOCTH OCYIIECTBIISIETCS C TMOMOIIbI0 OSCKOHEYHBIX BEIMYUH, KOTOPHIE SBIISIOTCS
HOCUTEJIIMU  CBOMCTB, KaK aKTyaJlbHOM, TaK M MOTEHUHMAJbHOH OECKOHEYHOCTH.
beckoHeuHble O0IIME  MHOXKECTBEHHbIE KapJIMHAJIbHBIE YHCIIA BBIPAXKAIOT AaKTYaJIbHO-
OeCKOHEeUHBII XapakTep OECKOHeYHOro MHoXecTBa. Ho OJHOBpeMEHHO C 3TUM B
KJIACCUYECKOM MAaTeMaTHYeCKOM AaHalIM3€ CYILECTBYET IIOHATHE OECKOHEYHO OO0jbIIon
BEJIMYMHBI  (KOTOpasi BBIpaXaeT CBOMCTBO OECKOHEYHOrO0  KOJMYECTBA), JIOTUKO-
AHAJIMTUYECKUI XapaKTep KOTOPOU pacKpbIBaeT MPUBOAMMOE HIDKE ONpeiesICHUE.

Onpenesgenye 0eCKOHEYHO 00JbINONA BeTHYNHBI

Ilepemennaa s(n) nazvieaemca 6OeckoneunHo 0601bULON, eclU OHA ONA O0OCHAMOUHO

OonbuwiuxX HAmMypanbHLIX 3HAYUEHUIl N CMAHOGUMCA, U OCHMAEmca NO a0COIOMHOU
eeiuuuHe 6oabULell CKOIb Y200HO 0016U020 Hanepeo 3a0annozo yucia E >0:

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

HGO6XO)II/IMO MOAYCPKHYThb, YTO B NPUBCACHHOM BBIIIC OIPCACICHNN, Mbl UMEEM ACJIO0 C
HepeMeHHOﬁ B€J'H/I‘—II/IHOI>1, KOTOpasa JUIIb B IMPOHECCE CBOCIO M3MCHCHUA MOXCET CACIATHCA
OOJIBIIIEH CKOJIb YroaHo 0OJIBIIIOrO MMPOU3BOJIBHO B34ATOTO YHCJIa E>O0.

BeckoHeuHO OOJbIas BEIMYMHA XapaKTCPU3YCTCA CTPEMIICHUEM K OCCKOHEUYHOCTH:

s(n)] —> o0 (25.9)

C 1enpl0 JIOTMYECKOTO PACHpOCTPaHEHHUs KOJMYECTBEHHOTO XapakTepa MOIIHOCTH
KOHEYHBIX MHO)KECTB Ha OECKOHEYHBIE MHOXKECTBA IIPUMEM CIIEyIOIlIee ONpeesieHuE.
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OnpeneeHne KOJHYECTBEHHOI0 KAPJIHHAJBLHOI0 YHCJIA sl 0€CKOHEUHBIX MHOKECTB M
KJIAaCCOB

Konuuecmeennvim KapOuHANbHBIM YUCAOM 0OECKOHEUHO020 MHOMcecmea uiu Kidaccd,
KOlu4ecmeo 371eMeHmos Komopoz2o eviparcaemca namypanvnou @ynkyuei | c(n) |

HamypaibHo2o apcymenma N , cmpemaulancia K Oeckoneunocmu npu cmpemaenuy N — ©

, HA3bleaemcs 686‘]('0]'!@‘”-!0 60Jlbma}l eéluyuUHa
C, =[c(n)|(n > x)

B KIIaCCHYCCKOM MaTeMaTHu4CCKOM aHaJIn3¢C OCCKOHEUHbIE KOJIMYCCTBCHHBIC
KapJAWHaJIbHBIC YU CJIa HA3BIBAKOT TAKKEC «HECOOCTBEHHBLIMHU UK CIIAMH).

[TepBoif, U3 Tak Ha3bIBAEMBIX HIEMEHTAPHBIX OCCKOHEUHBIX MOIIHOCTEH, B KIaCCHYECKOIl
TCOPHUHU MHOXCECTB pacCMaTpHUBACTCA MOIIHOCTb BCEX HATYypPaJIbHBIX YHCCII. KapI[I/IHaJII)HOC
YUCJIO MHOXKECTBA BCEX HATypalbHBIX uMcel O0O3HadaeTcs Kak N, (aned-Hynb, aned —
nepsass OykBa wuBpHTCKOro andasuta). CormacHo /2/ - N, BbIpaxaeTcs CIEAYIOLIHM

COOTHOILICHHUEM

No =1+1+1+1+......... (2.5.10)

Taxum o6pa3zoM, B cooTBercTBUH ¢ (2.5.10), - X, obiamaer cBOHCTBAMHU KOJMYECTBEHHOTO
KapAMHAIBHOTO 4YHcla. B COOTBETCTBHM C KIIACCHYECKHMM MAaTEeMaTHUECKUM aHalUu30M,
cootHomenue (2.5.10) o3navaer, yTo N, SBISETCS CyMMOW OECKOHEYHOIrO psiia eIMHUI, a
0 TEPMHHOJIOTMM KAaHTOPOBCKOM TEOPUM MHOXKECTB N, - SBIAETCd HadalbHbIM

KapJAuHaJIbHbIM YHUCJIOM.

C npyroii CTOPOHBI, B COOTBETCTBHH € KJIACCUYECKON KAHTOPOBCKOW TEOpHEN MHOXKECTB, N,

ABJIICTCA MHOXCCTBCHHBIM  KapJWHaJIbHBIM YHCJIOM. Ecmm HEKOTOPOC OECKOHEUHOE
MHO>KECTBO B3aMMHOOJHO3HA4YHO 0To6pa>i<aeTc5{ Ha MHOXKCCTBO HATypaJIbHLIX 4YHUCCII, TO
roBOpAT, UYTO 3TO MHOXCECTBO CUCTHO, MHOXCCTBCHHO OSKBHUBAJICHTHO MHOXCCTBY

HAaTypaJIbHBIX YHUCCI U HUMCET MHOXCCTBCHHOC KapJIWHAJIBHOC YHUCIIO NO, WJINX 4YTO TO XK€

CaMo€ — MOIIHOCTh N .

Ecm X MHO>KECTBO, TO MHOXCCTBO, ABIAOIICCCA MHOXCCTBOM €ro IIOAMHOXKCCTB

obo3Havaercs kak P(X). MomHocte MHOXecTBa X o0o3Havaercs |X , MOIIHOCTh

MHO)kecTBa P(X) o6o3Hauaercs yepes | P(X )| :
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[Tepeitnem k paccMmorpenuto «Teopembl Kanrtopa». KpacHbIM 11BETOM BBbIJIE€JICHBI
(bparMeHThl JOKa3aTeNbCTBA, HA KOTOPHIE CIEAYET O0paTUTh camoe MpHUCTaIbHOE BHUMAHUE
MIPH aHaJIM3e JIOTUYECKUX CBOMCTB J0Ka3aTenbcTBa «Teopembl Kantopay.

Teopema KanTopa

JTr060e mHosrcecmeo menee MOUWHO, YemM MHOHCECHBO 6CEX €20 NOOMHOICECME.
JlokazaTenbCcTBO

JonycTuM, 4YTO _CYILECTBYET MHOXKECTBO A, PaBHOMOIIIHOC MHOXKCECTBY BCCX €TI0

noamHOokecTB P(A). Toraa cymecTByeT B3aMHO OIHO3HAYHOE COOTBETCTBHE (OMEKIIUs)

f, CTaBsAlllag B COOTBETCTBHEC KaXKAOMY 3JEMEHTY MHOXCCTBa A, HEKOTOpPOC Cro

IIOAMHOXKECTBO Y , YTO MOXKCET OBITH BBIPAXKCHO B CJICAYIOIICM BUIC:
JAICIFAYVC(C e AIY (Y = F(C)A(Y < A (2.5.11)

(ObpatuM BHMMaHHE Ha CYIIECTBEHHYIO AeTalb. lIpexiae dem mepedTd K JaibHEHIIeMY
JI0Ka3aTeNIbCTBY, HEOOXOIMMO YAOCTOBEPUTCS B KOHCTPYKTHUBHOM CYIIECTBOBAHUM OUEKLIUU
f wu oObekTOB, MepeunciieHHbIX B cooTHOMmeHNH (2.5.11). OmHaKoO B CTaHIAPTHBIX BEPCHUAX

JOKa3aTcCIbCTBa ((TCOpCMBI KaHTopa» 9TO COOTHOIICHUE, KaK IIPaBUJIO, OTCYTCTBYCT BOBCC).

PaccmoTrpuM MmHOKecTBO B, vioBJIeTBOpsIIONee COOTHOIECHHUIO :

B={x:(xe A)n(xe f(X))} (2.5.12)

(B dopmyne (2.5.12) He nmoka3zaHO CYIIECTBOBaHME OOBEKTOB X, YAOBJIETBOPSIOLIMX
cOpMyITHPOBAHHOMY XapaKTEPUCTHYECKOMY CBOWCTBY, IIOCKOJBbKY HE MPUBEACHA pealibHas
CTPYKTypa B3aWMHO OJTHO3HAYHOTO COOTBETCTBUSI Mexnay MHoxectBamu A u P(A). B
KJIACCHMUYECKON  apHCTOTENCBCKOM TPAJMIMOHHON JIOTHKE JTO XapaKTepH3YyeTCs Kak
Jorudeckas omuoka «petitio prinCipii» - «peaBOCXUIIeHHEe OCHOBAHMS)

f OMekTHBHO, a Ui B BLINOJHACTCH COOTHOIICHHE:

Bc A (2.5.13)

H03TOMy CYIIECTBYET TAKO 00bEKT Y, AJsi KOTOpOro:

(ye AA(f(y)=B) (2.5.14)
Teneps NOCMOTPUM, MOXKET JIM Y NPUHAIEXATh B .

Ecmu y € B, To B coorBercTBHH ¢ (2.5.12) - y € A, mosTOMY B cooTBeTCTBHH € (2.5.12) :
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ye f(y) (2.5.15)

C npyroii ctoponsl B coorBercTBuu ¢ (2.5.11), mockonbky Yy € A, To cymecTByeT Y s

KOTOpOro

Y = f(y) (2.5.16)

N3 conocrasienus (2.5.15) u (2.5.16) cnenyert:

yeY (2.5.17)

U3 comocraienus (2.5.11) u (2.5.17) cnenyer:
ye f(C) (2.5.18)

Takum oOpasom w3 comoctaBieHust cotHomenuit (2.5.11), (2.5.12), (2.5.14), (2.5.17),
(2.5.18) cnenyer, uto O0O0BEeKT Y€ A, ompenenseMblii cooTHomieHueMm (2.5.14),  He

MPUHAJICKAT B3aUMHO OJIHO3HAYHOMY COOTBETCTBHUIO, OIPEAEISIEMOMY COOTHOIICHUEM
(2.5.11). Dro o3Hauaer, YTO U3 CHIEIAHHOTO JIOMyIIeHUs1 Y € B, B paccmarprBaeMoMm ciryuae

MbI IPpUIIA K TIPOTUBOPCUNUIO C UCXOAHBIM HPCAIIOJIOKCHUECM O CYHICCTBOBAHUHN B3aMMHO
OAHO3HAYHOI'O0 COOTBETCTBUA MCKAY MHOKCECTBOM A ¥ MHO>XECTBOM BCEX €TO IMOAMHOKECTB

P(A).
PaccmoTpum Teneprs BTOPYIO BO3MOXKHOCTb, @ UMEHHO:

yeB (2.5.19)
Tornma u3 conocrasnenust (2.5.12) u (2.5.19) cnenyer:
ye f(y) (2.5.20)
U3 conocraienus cootHomenunit (2.5.14), (2.5.19) u (2.5.20) cnenyer:
(YeAA(ye FMA(F(Y)=B)A(y«B) (2.5.21)
W3 comocrasienus cotHomienui (2.5.12) u (2.5.21) cnenyer:
(yeB)A(f(y)=B)a(yeB)=0 (25.22)

CornacHO TOJNy4eHHOMY COOTHOIIEHHIO (2.5.22) MOXXHO 3aKJIIOYUTh, YTO U B ITOM
paccMaTpuBaeMOM Ciy4yae Mbl MPUIUIM K IOPOTHBOpeuHio. VIMEHHO K TakoMy JIBOHHOMY
MIPOTUBOPEYUIO U MPUXOIAT MPU CTAHIAPTHOM Jl0KazarenbcTBe «Teopembl Kantopay.

Ilepeiinem Tenepb K pacCMOTPEHUIO Bompoca, - sBisercs au «Teopema Kantopa» BepHOM
BO Bcex ciyyasx. Kpureprem UCTHHHOCTH B 3TOM BOIIPOCE, C TOYKU 3PEHUS KIACCHUECKOMN
apUCTOTENEBCKOW TPAAUIIMOHHOW JIOTMKH, B JAHHOM CIIy4ae CIYKUT CJIEAYIOIIEE MPaBUIIO
OTpOBEPKEHMS, POPMYITUPOBKA KOTOPOTO MPUBEICHA HUXKE.
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IIpaBuJjio onnpoBep:KeH NS

Ecniu ucmunnocms HEKOMOPO20 CYHCOEHUsL YMEEPHCOACMCA Ol 6CeX 603MONCHBIX
cyuaes u3 Uucaa paAcCMampugaemvix, U mem CAMblM COOEPHCUM JI0ZUHEeCKUI K8AHMOP
6CCOOWHOCIU RO OMHOWEHUIO KO 8CEM CAYUAAM U3 YUCAA PACCMAMPUBAEMBIX, MO O]iA
€20 OnpoeepryceHuUs 00CMAMmMoO4HO HAUMU Xoms O0bl O00UH CAyYail U3 Yucla
paccmampueaemoix, 071 KOMopo2zo YROMAHYHIOE CYHCOEHUE AGNACHICA 10HCHBIM.

Z[J'IH AACKBATHOI'0 PCIUICHUA BOIIpOCa 00 HCTHHHOCTHU «TeopeMH KaHTopa» 11 BCEX
ClIydacB, B IICPBYIO O4YCPCIb HCO6XO,I[I/IMO €lc pa3 pacCMOTPETh ONPEACICHUC ITOHATHA
MHOXKECTBA.

OnpenejgeHne MHOKECTBA

Mnuooicecmeom nazvieaemcs Kiacc, ydoeﬂemsopﬂlomm"t cnedylomemy ycaoesuro:
Set (Cx) ={x: (VX)(C(xX)) A (VY(C(y)®—-C(y)} (2.5.23)

dopmyna (2.5.23) o3HaUaeT, YTO MHOYKECTBOM SIBJISICTCS TaKOM KJIACC, 3JIEMEHTBI KOTOPOTO
VIOBJICTBOPSIOT XapaKTEPUCTHUECKOMY CBOHCTBY C(X), W, KpoMe 3TOro sl KaXIO0ro

O00bEKTa Y Ha OCHOBAaHMHM 3aKOHa OO0 WCKIIOYEHHOM TPETbeM MOXKHO pEUIHTb,
YIOBJIETBOPSIET JIM OH XapaKTepucTHuyeckoMy cBoiicTBYy C(X), nubo HeT. Omum camvim

ocyuecmeuiaencs mp€60661H1/l€ 00HO020 U3 OCHOBHBIX 3A4KOHOE KIACCUYECKOU mpaduuMOHHozZ
apucmomeﬂeeckoﬁ JA02UKU — 3AKOHA 00 UCKTIIOYEHHOM mpembem.

B oTHomeHnn yHUBepcaibHOTO Kilacca-MHOkecTBa U Hamm Obina mokazaHa «Teopema
9K3UCTEHLIMAIBHOCTH YHHUBEPCAJIBHOIO MHOXECTBA», COIJIACHO KOTOPOM KOHCTPYKTUBHO
CYIIECTBYIOIINH yHHUBEpCaIbHBIH Kkiacc U sBisieTcss OMHOBPEMEHHO W YHHBEPCAIBLHBIM
MHO>KECTBOM.

Z[J'ISI MOIIHOCTH (Kap,[[I/IHaJ'ILHOl"O ‘II/ICJ'Ia) Kjacca WM MHOXecTBa Y HCIOJIB3YCTCA TAKXKE
CJICAYIOIICC 0003HaYEHHE:!

CardY =|Y| (2.5.24)

MHoxecTBO WM Kiacc Y , SBISIONIEECS MHOXECTBOM (KJIacCOM) BCEX MOIMHOMXKECTB
(TmozKIIaccoB) MHOXKECTBA WITH Kjlacca X , 0003HAYAETCs CISAYIOMNUM 00pa3oM:

Y = P(X) (2.5.25)

KapaunaneHoe urciio myctoro MHOXecTBa & cumraercst paBHbiM 0 . KapaunansHoe yrciio
HEMyCTOT0 OECKOHEYHOro Kllacca WM MHOXKECTBa SIBISETCS OECKOHEYHO OOMBIION
BEJIUYNHOM.

OpHMM M3 KJIIOYEBBIX MOMEHTOB B JIOTMUECKOM pa3BUTHM OCHOB TEOPHM KIJIACCOB U
MHOYECTB TPEICTABIAET COOOW JIOTUYECKH KOPPEKTHOE pEeIIeHHE BOIpOca — SIBISETCS JIU
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IIyCTO€ MHOXECTBO & MOJMHOXECTBOM HemycToro kinacca Z . [IockoibKy 3TOT BOIpoc IO
CBOEMY CYILECTBY SIBJISIETCS BEChbMa CIIOPHBIM U HEOJHO3HAUHBIM, TO AJIS €r0 PEIIEHHs] Mbl
IIPUBJICYEM JIOTMUECKH KOPPEKTHOE (hOPMAILHOE ONIpEAEICHUE MOHATHS MOAMHOXKECTBa,
JTaHHOTrO B padote /3/, MO3BOJIAIOIIEE CUUTATH, YTO &I - SBISETCS MOJAMHOKECTBOM KayKI0TO
HEITyCTOr'0 WIH ITyCTOro Kjacca Z .

OnpeneeHrne NOHATHS NOJIMHOKECTBA M IOAKJIACCA

Knacc unu munoscecmeo X Hazvléaemcs nOOKAACCOM U HOOMHOICECHEOM KIACCA U
MHOMCecmea Z mo20a U MOAbKO mo20da, Ko20a He cyuiecmeyem HU 00H020 MAKO20
anemenma X , KOmMopwlil He ABAANCA Obl I1eEMEHMOM Z , uu opmanvHo:

Xc2)e—(Ix:(xeX AxgZ)) (2.5.26)

HYCTOC MHOXECTBO & paBHO CaMOMY cebe U SABISETCI CBOMM COOCTBEHHBIM
ITOAMHOXKCCTBOM. PaCCMOTpI/IM TCIICPb TOT cnyt{aﬁ, Koraa MMECTCA IIYCTOC MHOXKXCECTBO H

HGHYCTOI;'I KJaccC WIX MHOXECTBO Z . HOI[CTaBI/IM IMPUBCACHHBLIC BBIINIC CHUMBOJIBI B

cootHotenue (2.5.26) u npou3BeeM UCTUHHOCTHYIO OLICHKY TTOJIy4CHHOM (POPMYJIBL:
[(BcZ)e(Tx:(xedAxeZ))]=1 (2.5.27)

W3 cootHomienus (2.5.27) cneayer, 4To A1 KJIACCOB WIM MHOXKECTB & U Z - COOTHOILICHHUE
(2.5.27) Bemomnusiercst. Cie0BaTeIbHO HMEET MECTO COOTHOIIICHHE:

Fcz (2.5.28)

Takum o0pa3oM MBI BHUIUM, YTO CYIIECTBYET Takoe (HOpPMabHO-TIOTUUYECKH KOPPEKTHOE
OnpeJIelIeHuE NOJIMHOKECTBA, KOTOPOE MO3BOJISIET B paMKax cucreMbl ZF cumrathk mycroe
MHOXECTBO &, - MOJMHOXKECTBOM Ka)KIOT0 IMyCTOTO MM HEMyCTOro Kiacca MM MHOKECTBA
Z.

PaCCMOTpI/IM TCIICPb XAPAKTCPp OTHOIICHHA OSKBHUBAJICHTHOCTHU WM HCEOKBHUBAJICHTHOCTU
MEX]y YHUBEPCAIBHBIM KJIAacCOM-MHOKeCTBOM U ¥ MHOXECTBOM BCEX €ro MOJIMHOMXECTB
P(U). Paccmotpum crieyromee onpeiecHue.

OnpeaejeHne CHHIYJISIPHOI0 KapAMHAJbLHOI0 YHCJIAa M CHHIYJIAPHOI0 KJjacca

Kapounanwvnoe uucno SCardX xknacca unu mnoxyncecmea X , Hazvieaemcs CUHZYIAPHBIM 6
moMm, U moabKO 6 MoM ciyuae, eciu 6bINOIHAEMCA COOMHOUIEHUE:

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

rne P(X) - MHOXeCTBO BceX IOIMHOXECTB  Kjacca WM MHoXKecTBa. Kiace wim

MHOXECTBO, UMCIOIICEC CUHTYJIAPHOC KapAWMHAJIBHOC YHUCJI0,- HA3bIBACTCA CUHTYJISIPHBIM
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JlokaxkeM cienyroiiee yTBEepKICHHE.

TeopemMa 0 CHHIYJISIPHOM MHOKECTBE M CHHI'YJISIDHOM KapAMHAJbLHOM YHCJIE

(AxBaenuanu A.H. — 2011)

Cymecmeyem Oeckoneunoe Henycmoe CUHZYIAPHOE MHOMNICECH 60, UMerouiee CUHZYIAPpHOoe
KapOunaﬂbHoe yucino. YHMKepcaJleblﬁ Knacc-muodcecmeo U aenaemca CUHZY/IAPHBIM.

JlokazaTenbCcTBO

PaccmoTpum yHUBepcallbHBIN Kiacc-MHOKecTBO U 1 MHOXkecTBO ero moamHoxects P(U).
B coorBercTBuu ¢ ompenmenennem U | xaxapiid anmemeHT kiacca P(U)omHOBpeMEHHO

MNPpUHAIJICIKUT U U . HOSTOMy HNMECT MECTO COOTHONLICHUC:
(Vx:x e P(U) = xeU) = (PU) cU) (2.5.30)

B cootBerctBum ¢ onpenenenneM U yHUBEpCaNbHBIH KIACC CONEPKHUT B KAadeCTBE
JJIEMEHTOB BCE KIACChl, KaK MYyCTOM KIACC, TaK W KaXKIblil HEMyCTOM, KOHEYHBIH WU
OeckoHeunblid. [loaTomMy Kaxknblidi kimace X , npuHamIekKamuid kinaccy U, siBisercs ero
MTOJIMHO’KECTBOM U BCJICJICTBHE ATOT'O OJJHOBPEMEHHO SIBIIsIETCS 3NieMeHTOM Kitacca P(U) T.e.

NMEECT MECTO COOTHOILICHHUC:
(VX : (X eU= X cU)= (X ePU))= U cPU)) (25.31)

W13 comocrasienus cootnomienuit (2.5.30) u (2.5.31) 1 «AKCHOMBI 3KCTEHCHOHATBHOCTH
CIIEIYeT:

U=PU) (2.5.32)
U3 cootHomenus (2.5.32) ciaenyer:

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

Cootromenne (2.5.33) 10Ka3bIBacT BBIIBUHYTYIO TUIIOTE3Y O CYIIECTBOBAHUU OECKOHEUHOTO
CUHTYJISIPHOTO MHOKECTBA M CHHTYJIIPHOTO KapIMHAJIBHOTO YKciia. Teopema JoKa3aHa.

Takum oOpazom ™Mbl BuauM, uto U - SBIISETCS CHHTYISPHBIM KJIACCOM-MHOKECTBOM,
PaBHBIM M PaBHOMOIIHBIM MHOXECTBY Bcex cBoux nojamHoxects P(U). Kpome storo, mms
YTBEpXKIEHHS 00 DKBUBAJICHTHOCTH CHUHTYISIpHBIX MHOxkectB U um PU)  Ham we

NOHAO0OUNOCH CIPOUNMb MHONCECMBEHHYIO IKBUBAIEHYUIO MeHcOY HUMU, TIOCKOJIBKY BOIIPOC
00 MX DKBHBAJIIEHTHOCTH Pa3pelInjiCcsi HEMOCPEACTBEHHO, MyTEM YCTAHOBIEHHS PAaBEHCTBA
MEXIy HUMH. PaBeHcTBO M paBHOMOIIHOCTE MHOXecTB U m P(U) cormacHo «IIpaBuiy
OTIPOBEPKICHUSI» W SBISETCA KOHTP-TIPUMEPOM, OIPOBEPTAIOIIMM OOIMIHOCTE «Teopembr
KanTopay. Takum oOpazom, B obmeMm ciaydae — « Teopema Kantopa» He sSBIsI€TCS BEpPHOM.
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Tem He MeHee, TNpEACTaBISIET HMHTEPEC PACCMOTPEHUE JIOTHUECKUX OCOOCHHOCTEH
nokaszarenbctBa «Teopembl KaHTOopa» ¢ y4eToM TMOJNyY4eHHBIX HaMH pe3yJbTaToOB O
CHHTYIISIPHOCTH YHUBEpCaJIbHOTO Kiacca-MHokecTBa U . Bo3Bpaimasich Kk pacCMOTpEHHOMY
HamH Jl0Ka3atenbcTBy «Teopembl KaHTopa» Mbl BUAMM, YTO C yYETOM IOJIyUYCHHBIX HAMHU
pe3yabTatoB, hopmyna (2.5.12) B ciiyyae CHHTYJISIPHOTO YHUBEPCAIBHOTO KJIacCa-MHOKECTBA
U, comepxur «petitio principii», kotopoe nepepacraer B «error fundamentalis» (imoxxHoe
OCHOBHOE TIOJIOKEHHE B JIOKA3aTENLCTBE). JTO MPOUCXOAUT IO TOW MPUYMHE, YTO B CIydae
yauBepcanpHoro kmacca U, B kauectBe Oueknmu f paccmartpuBaercs otoOpakenue U Ha

camoro cebs (nm 4to 1o ke camoe Ha P(U) =U) , a munooicecmseo B oxazvieaemcs 6 smom

cryyae nycmoim, TIOCKOJBKY JUIsI YHUBEpcalnbHOTO Kiacca U , mpu oroOpakeHun Ha ceds |,
KaX/1blii ero snemeHT npuHaiexxut u P(U) =U . B paccmarpuBaeMoM ciiydae uMeeM:

B=0 (2.5.34)

Yro xe kacaercs ¢popmyinl (2.5.14), To B ciyuae yHuBepcasnbHoro kinacca U = P(U), mbl
umeeM otoOpakenue kmacca U =P(U) - Ha cebs camoro, mpuyeM 3TO OTOOpakeHHE
SIBISIETCSl OJJHOBPEMEHHO SKBHBaneHIMed. Ilosromy cootHomenue (2.5.14) npuHHMaer
CIeIYIOLUN BUI:

(yeU)A(f(y)=VY) (2.5.35)
B toMm ciyuae, xorna y =<, Oynem UMeTh:
(D eU)A(T(D)=9) (2.5.36)

B atom ciydae dhopmyina (2.5.35) BeimomnHsieTcst u npomusopeuus: He eo3nuxaem. Gopmyna
(2.5.36) o3Havaer, 4yTO MyCTOE MHOKECTBO, KaK AJIEMEHT YHUBEPCATBLHOTO KJIacCa MHOXKECTBA
U , oTtoOpakaeTcst Ha caMoro ceOst Tpu paccMaTpruBaeMoit otroOpaxkennn f yHUBepcaabHOTO

kinacca U Ha ce0s (um uto To ke camoe Ha P(U) =U).

OnpHako, NpeanojoKuB yi@, Mbl_BIIA/JIaeM B _INPOTHBOpPEYHE €O CBOMCTBAMM

orobpakenusi f kak oroOpaxkenms U mHa cedsi , 4TO cpa3y e BIeYeT 3a COOOH
BO3HHKHOBEHHE €III¢ M APYTOTo MPOTUBOPEUUs, a UMEHHO ¢ ydeToM (2.5.35) momyqmm:

y=1(y)=9 (2.5.37)

C npyroii cTopoHsl, ¢ yuetom (2.5.34) popmyna (2.5.14) — npuHUMaET BUI:
(yeU)A(f(y)=9) (2.5.38)

Msbl BHIUM, YTO B paccMmaTpuBacMoM ciydae Qopmyna (2.5.38) coaepKuUT Ha YCIOBHSIX
KOHBIOHKIIMU TOJA(POPMYITy, JIOTHYECKH HECOBMECTHYIO C cooTHomeHueM (2.5.37), uto
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CBHJCTEIBCTBYET O MOJIYYEHHH NPOTUBOpEUHsA. TakuMm 00pa3oM MOXKHO 3aKIIOYUTh, YTO
UMEHHO _Tpenoyoxkenne Y=< B couetanuu ¢ ¢Gopmynamu (2.5.12) u (2.5.14)

CTaHJApTHOro JokasarenbcrBa «Teopemsl KanTopa», NHpHUBOIAT B KOHEYHOM HTOre K
BO3HUMKHOBEHHMIO IIPOTHBOpPEYUS B CJlIydae CHUHIYJSIPHOIO YHHMBEPCAJIBHOIO —KJlacca-
mHOxecTBa U . HMmenno smu obcmosamenvcmea u A1A0OMCA UCHIOYHUKOM 803HUKHOBEHUS
Cepbe3HbIX 102U4ecKux npoobiem, BOSHUKAIOIMX B CBSA3U C JI0Ka3aTEIbCTBOM U JalbHEHIINM
npuMeHeHneM «TeopeMsl Kantopa» B KI1aCCM4ECKON TEOPUU MHOXKECTB.

2.6 Jlocuueckuit ananus «Ilapaooxca Kanmopay»

B Teopun muoxectB «llapamoxc Kantopa» Hapsny c¢ « Teopemoit Kantopa» wurpaer
BAXKHYIO POJIb B JAIBHEHUIIUX JIOTUKO-aHAIUTUYECKUX MOocTpoeHusix. Kak usBecTHo, reopema
KanTopa popmynupyercs cremayronmm o0pa3om.

Teopema KanTopa

Jrob6oe muorcecmeo menee MOULHO, UeM MHOHCECMBO 6CEX €20 HOOMHOICECMB.

B mpeapinymem maparpade Hamu OBLJIO TOKa3aHO, 4YTO B CiIy4ae CHHTYJISPHOTO
yHHUBepcaapHOro Kiacca-mHoxkectBa U  «Teopema Kantopa» He sBisieTrcs BepHOW. A
MMEHHO, UMEET MECTO CIIEIYIOLIEE YTBEPKJECHUE, - YHUBEPCAIbHBIM CUHTYISPHBIN KJacc-
MHOXECTBO U , ABJLICTCA paBHBIM M PAaBHOMOIIHBIM MHOKCCTBY BCCX CBOHX IMOAMHOKCCTB
P(U), uto dhopMaabHO BhIpaXkaeTcst CASAYIOUINMM COOTHOIIEHHEM B KapAMHAIBHBIX YHCTaX '

CardU = CardP(U) = SCardU = SCardP(U) =[U| =|P(U)| (2.6.1)

Kak 6yner nokazano ganee, 3T0 00CTOSTENBCTBO MO3BOJISIET PAa3PELINTh TaK Ha3bIBAEMBIH
«ITapamoxc Kantopa» , cranmapTHas Bepcusi KOTOPOTO M3JIOKEHA HIKE, C TI0OABICHHBIMU
HallUMU KOMMEHTApUSMHU, BbIICIIEHHBIMU KypcUBOM. PparMeHThl JJOTHYECKOTO aHaIn3a, Ha
KOTOpbIE HaJ0 OOpaTUTh MPUCTAILHOE BHUMAHUE TIPHU UCCIIECIOBAHUH JIOTUYECKOM MPUPOIBI
«ITapanokca Kantopay», 1 KOTOpble B KOHEUHOM CYETE U MPUBOAAT K MapajoKCy, BbIIEIEHbI
KPaCHBIM IIBETOM.

Ilapanokc Kauropa

Hpe,Z[HOJ'IO)KI/IM, 9TO KJIACC BCCX CAMOTOKACCTBCHHLIX MHOXKXCECTB CYHICCTBYCT U BbIPAXKACTCA
COOTHOIICHHUEM

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

(OOpaTuM BHHUMaHHE Ha TO OOCTOSITEIBCTBO, uTO corjacHo (2.6.2), kmacc V  sBisercs
KIACCOM 8CEX CAMOMONCOECMBEHHBIX MHONICECMS).
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B atom ciyuae mis MHOokecTB X u t=t# < , ynoBnersopstonux (2.6.2), crpaBeainBo
CIICYIONIEe COOTHOIIICHUE:

VxVi(x et = xeV) (2.6.3)
CootHorienue (2.6.3) o3Havaer, 4o t SBISICTCS MTOJAMHOXECTBOM MHOXKecTBa V .
tcV (2.6.4)
U3 (2.6.4) cnenyer:
vt < V| (2.6.5)
(2.6.5) o3Hayaet, YTO MOIIHOCTH MHOXECTBA { HE MPEBBIIIACT MOITHOCTH MHOKeCTBA V :

Ho B cuiny «AKCHOMBI CTEmeHH», UIi MHOXKeCTBa V , KaKk M JJIsl BCAKOTO MHOYKECTBA
CYIIECTBYET MHOXKECTBO Bcex ero nogmMuoxect P(V), m no «Teopeme Kantopa»:

PV)|> V| (2.6.6)

CootHomenue _(2.6.6) BCcTymaeTr B __NpOTHBOpeune ¢ cooTHomenunem (2.6.5).

CaenoBaTelbHO C/IeJAHHOE MPEANoJI0KeHe HEBEPHO M MHOKECTBA V ne CylieCrByeT.

OpnnHako, KaKk yIIOMUHAJIOCH BBINIE, HAMHU B MpEIbIAyIIeM naparpade ObIJIo MOKa3aHo, 4To
«Teopema KanTopa» He sSBIsSETCS BEpHOU B cliydae YHHUBEPCAIBHOTO Kiacca-MHOkecTBa U .
3T0 03Hauaer, yTo cooTHOIeHHUe (2.6.6) sBisieTcss B 00LIeM cilydae HeIoKazyeMbiM. Takum
o0pa3oM, MUMEHHO TO 00cTosATeNnsCTBO, 4TO «Teopema Kantopa» B oOmmieM ciaydae He
SIBJISIETCS. BEPHOM M SIBISIETCS OAHOW M3 NpW4MH BO3HMKHOBeHHs «llapagokca Kantopa.
Kpome 31010 B crity cripaBeisTMBOCTH cooTHomeHu# (2.6.3) u (2.6.4), - cootHomenue (2.6.5)
ABISIETCS 0E3yCJIOBHO BEPHBIM, H, CIIEIOBATEIIbHO, €20 Ompuyanue no MeHvulell mepe
ABNAENCA 102UYECKU HEeOOKA3YEMbIM.

PaCCMOTpI/IM BOIIPOC, HACKOJIBKO BO3MOXHO B IIPUHIOUIIC, B paMKax apHCTOTeHeBCKOﬁ
KJIACCUYECKON TPaTUIIMOHHON JIOTHMKM OTBEpraTh CyIIeCTBOBaHHMe Kiacca V  Bcex
CaMOTOXKACCTBECHHBIX MHOKECTB. Kax HU3BECTHO, ITIOHATHUE CaMOTOXIACCTBECHHOCTH O6T)CKTOB,
KJIaCCOB M MHOECTB HEIOCPEICTBEHHO COIJIacyeTcs C MEPBbIM 3aKOHOM KJIACCUYECKOM
apUCTOTENEBCKOW TPaJMIIMOHHOM JIOTMKM — 3aKOHOM ToxzaectBa. Kpome 3Toro
CaMOTOXJECTBEHHOCTh KaXJOr0 MHOXKECTBa CJIEAYET M3 aKCUOMBI 3KCTEHCHOHAIbHOCTH.
CrnenoBarenbHO, ompuyanue Cywecmeosanus 6ce2o0 KIaAcca CAMOMONCOECmEEHHbIX
MHOJCeCme  SIBISIETCS  JIOTHUECKHM HEBO3MOXXHBIM C TOYKH 3pPEHUS  TPaJUIIUOHHOMN
aApUCTOTEIEBCKOM JIOTHUKH.
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I'naBa 3
HUccaenoBanue (peHOMEHA JIOTMYECKON TPAHCUEHICHIIUU
B OCHOBAHUAX KJIACCHYECKOU (POPMAIBLHOM JIOTUKHU HYJIEBOI'0

nopsiaka u cucreme ZFC Teopruu MHOKeCTB

3.1 Teopemwt 0 no2uuecKkoii mpaHcueHOCHYUU 6 KNACCUUECKOU hopManbHOu
J102UKe HYJ1€6020 NOpPAOKa

B mnacrosimem maparpade copMmynupoBaHBI M JJOKAa3aHBl TEOPEMBI O JIOTHUECKOW
TPAHCLUEHJECHIIMM B OCHOBAHUAX KJIACCUYECKOW (HOpManbHOM JIOTMKH HYJIEBOrO MOpsAKa.
Ilokazano, u4ro JIOTUYECKasl TPAHCUEHACHLUS [0 OTHOLICHHIO K KIACCHYECKOMN
apUCTOTEJIEBCKOM TpPaJMIIMOHHOMN JIOTMKe, MpeAcTaBiseT coOOH 3aKOHOMEpPHOE SIBIICHHE,
HEMOCPEJCTBEHHO BBITEKAOIEE U3 CAMUX OCHOB COBPEMEHHOM KilaccMuecKol (opMalibHON
JIOTUKM HYJIEBOTO TMOpAJKA, IJI00AJbHAs HENPOTUBOPEUMBOCTh KOTOPOM YyCTaHOBJIEHA
BBIJJAIOIMMCS aBCTPUUCKUM JIorukoM — Kyprowm I'enenem.

PaCCMOTpI/IM OIIPECACIICHUC apHCTOTeHeBCKOﬁ Q)OpMaHLHO'HOFI/I‘{eCKI/I HCTUHHOMU q)OpMyIIBI.

Onpenesnenue apucTOTENeBCKO (HOPMAIBLHO-JIOTHYECKH HCTHHHON (hOpMYJIbI

Jlozuueckasa ¢popmyna, nonHocmovio y0061emeEoOPAIOWAA MPEM OCHOBHBIM 3AKOHAM
KIaccu4eckoil apucmomenesckoil. mpaouyuoHHOl J102UKU, 3HAYEHUs UCMUHHOCHU
KOmopoul 6 Knaccuueckou popmanvhoil 102uKe Hy1e6020 NOPAOKA PAGHbL 102u4ecKoi 1,
npu 6cex 3HAYEHUAX, 6XO0AWLUX 6 Hee JI0ZUYeCKUX NEPEeMEHHbIX, - HA3bI6aAemcs
apucmomesnegckoil hopmanbHo-102u1ecKu UCHUHHOU (opmyoil.

IlepeiineM K pacCMOTPEHMUIO MOHATHS JOTMYECKOM TpaHcueHAaeHuuu. Ilox moruueckoun
TpaHCIeHIeHIMeH (OT JiaT. transcendentis — mepemaruBaroIyii, BEIXOIAIINN 3a IPECIIbI) O
OTHOIICHUIO K KJIACCUYECKOW apHCTOTENIeBCKOW (HOpPManbHOW JIOTUKE MBI TMOHUMAaEM
KOHCTPYKTUBHOE CYIIECTBOBAaHHWE M BBIBOJAMMOCTH B pPaMKaxX COBPEMEHHOW KJIACHYECKOH
(hopMaIbHOM JIOTUKH HYJIEBOTO TMOPSAKAa TaKUX JIOTHYECKUX (QOpMyJ, KOTOpHIE HE
COOTBETCTBYIOT BTOPOMY UJIM TPETHEMY OCHOBHBIM 3aKOHAM KJIACCUUYECKON apUCTOTEIEBCKOM
TPAJALIMOHHON JIOTMKA M TE€M CaMbIM BBIXOIAT 3a MpPEAEibl YINOMSHYTOH JOTHYECKOU
CHCTEMBI.

OnpenesieHne JOrH4eckKy ¢Jad0 TpaHCHeHAeHTHOH GopMyJabI

Jlozuueckan ¢opmyna G Knaccuueckoii GopmanvHoOll 102UKU HYN1€6020 NOPAOKA
Ha3bl6aemcs 102UYeCKU C1a00 MpPAHCYEHOCHMHOU RO OMHOWEHUI) K K1ACCUYeCcKol
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apucmomenesécKkoii mpaouyuoHHol 102uKe, eciu u cama gopmyna G u ee ompuyanue
—G senaomca nenpomueopeuusbiMu u emecme ¢ mem HedOKA3yeMovIMU.

ChopmynupyeM 1 JOKaKEM CIIeIyIolIee YTBepKICHHUE.

Teopema 0 ciaa0oil Jormyeckoil TpaclHeHACHIWH B KJaccuuyeckoil ¢opmMaabHOM
JIOTHKE HYJ1eBOro nopsiika (Axpiaenuanu A.H. — 2011)

Ha mnosicecmee yHapHbIX N02UYeCKUX OREPAyUll KIACCUUECKOU (HOPMANbHOU N02UKU
HY/1€6020 NOPAOKA CYyULeCmEyIom 1o2udecku ciaoo mpancenoenmmuvle popmynvt G u —G
N0 OMHOUIEHUIO K KIACCUYECKOU MPAOUUUOHH O APUCHOMENe6CKOll 102UKe.

JlokazaTenbCcTBO

[Tycts morudeckas ¢popmyna G onpeeseHa cieayoOnmM 00pa3om:
G=9g2x=(01) (3.1.1)
Torna ee orpunanre —G UMeeT CleIyIONUHIA BUI:

—G = glx =(10) (3.1.2)

N3 coornomenuii (3.1.1) u (3.1.2), a Takke NpaBHI KIACCHYECKON (POPMAILHOHN JIOTUKH
HYJICBOTO MOPSIKA cenyeT, uyTo Kaxkaas u3 opmyn G u —G sBIseTcs HEIPOTUBOPEUUBOM
U BMECT€ C TeM HeJoKazyeMoW. JTO O3HayaeT, 4TO B OTHOIIEHWU HH OJHON M3 HHUX B
OTIENBbHOCTH MBI HE MOXEM yTBEepXKJIaTh 00 ee apucTOTeNeBCKOW HCTUHHOCTH.
JIeliCTBUTENBHO:

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

®opmyna (3.1.3) o3HavaeT, YTO yTBEP)KIACHHE 00 MCTHHHOCTH Jormyeckor (Gopmyssl G
aBiseTcs HemokazyeMbiM. Dopmyna (3.1.4) o3Hayaer, 4TO YTBEpXKICHHE 00 HMCTUHHOCTH
noruueckoi popmynbl —G  sBIIETCS HelOKa3yeMbIM. TakuM 00pa3oM Mbl BHIIUM, YTO HH
omHa u3 Jjormueckux ¢opmyn G, —G 1O OTHENBHOCTH HE SBISETCS TOXKICCTBEHHO
WCTUHHOW apucToTeneBckoi (opmymnoit. Kpome storo, normueckue dopmynsl G,—G He
VAOBJIETBOPSIIOT ~ TPEThbeMY  OCHOBHOMY  3aKOHY  KJIACCHYECKOM  TpaJWIIMOHHOMN
apuCTOTENEBCKOM JIOrMKH. C JOpyrodl CTOPOHBI OHHU  YJIOBIETBOPSIIOT ONPEACICHUIO
JOTUYECKH cNabo TPaHCUEHICHTHBIX Jorudeckux (opmyi. Takum oOpa3oM MBI BUAMM, YTO
HAa MHOXECTBE YHApHBIX JIOTHYECKHX OIepaluii Kiaccuyeckord (opMaabHOU JIOTHKU
HYJICBOTO TIOPSI/IKA, CYIIECTBYIOT JOIHMUYECKH ¢aabo TpaHcieHaeHTHbie opmynsr G u —G.
Teopema nokaszaHa.

PaccmoTpuM ompeneneHue J0ruuecKy MpeieiabHO TPAHCLIEHASHTHON (GOpPMaIbHON CUCTEMBI.
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OnpenejieHne JOrHYeCKH MpeaeJbHO TPAHCIHEHIEHTHOH (l)ODMaJIBHOi‘I CHUCTEMDbI

QDopmanvuana  n02uuecKas  CUCHEMA  HA3bLIGAEMCA  JIOZUYECKU  NPedenrbHO
MPAHCUEHOEHMH O, eClU AGNACMCA O0KA3YeMbiM, YMO HA MHOMcecmee J102UHeCKUX
dopmyn moui cucmemwvl 6vi6oOUMa Xxomsa Obl O00HA U3 JO2UUECKU NPEOETbHO
MPAHCUEHOCHMHBIX J102UYECKUX (OPMYT, UMO (HOPpMATILHO MOIHCEm ObIMb GbIPAIHCEHO
cedyrouum 00pazom:.

[(BLAB2AB3A..BmA..BM)= (CA-C)]=1 (3.1.5)
[(BLAB2AB3A..BmA..BM) = (-C A——C)]=1 (3.1.6)

ChopmynupyeM U JOKaXKEM CIEIYIOIIEe YTBEPKICHHUE.

Teopema 0 nmpeaeabHON J0rMYeCKOl TPAHCIEHJAEHTHOCTH _KJIaccHYecKoii hopMaibHOM
JOTMKHU HYJeBoro nopsaka (Axsaeauanu A.H. — 2011)

Knaccuueckaa ¢popmansnaa nozuka Hynee020 nopaoxka Aenaemca j102u4ecku npeoenbHo
mpancyenoeHmHuou opmanvhoil no2uveckoi cucmemou. Ha mnuoicecmee ynapuvix
JI02UYeCKUX Onepauuil 6vleo0umMa no KpailHeil Mepe O00HA J102UYeCKU RNpedenbHO
mpancyenoenmuan gpopmyna.

JlokazaTenbCcTBO

N3 paccmotpennst Tabauubl 1 yHapHBIX JTOTUYECKUX OIEpAIlMd CIEIYET, YTO KaKIas U3
dopmyn glxu g2X MO OTAENIBHOCTH, SBISETCS HENMpOTHBOpeurnBOoM. OHAKO, HECMOTpPS HA

9TO, UX KOHBIOHKIH:A ABJIACTCA (1)0pMaJ'II>HO TOXIACCTBCHHO HpOTHBOpeqHBOfIZ
(91x A g2x) = (1,0) A(0,1) = (0,0) 3.1.7)

U3 cootHorenus (3.1.7) u norudeckoro 3akona /lynca CkoTa cieayer:
[(91x A 92X) = (—g1x A =—g1x)] =[(0,0) = (0,0)] = (11) (3.1.8)

N3 dpopmynst (3.1.8) u onpepeneHus JOru4ecKy MpeesibHO TPAHCHIEHICHTHO!H (opMalibHOI
CUCTEMBI CJEIYeT, YTO BBIBOJUMOCTH JIOTUYECKU MpeNeIbHO TPAHCIEHIEHTHOU (OpMYyIIbl
(—glxA——Q1X) Ha MHOXECTBE YHApHBIX JIOTHUECKHX ONEpaIyii KJIaCCHIECKOU
(hopMaIbHON JIOTMKUA HYJEBOTO TOPSIKA SBISETCS TOXKISCTBEHHO IO0Ka3zyeMmou. [losmomy
Kaaccuyeckas (QopmanvHas 102UKA HY1e8020 NOPAOKA AGNAeMCS J02UYecKU NpeodesbHO
MPAHCYeHOeHMHOU hopMaNbHOU N02udeckol cucmemot. TeopeMa qokazaHa.
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3.2 O nocuueckux ceoiicmeax «AKcuomsl 6b100pA» U 2€HE3UC
MHOMCECMBEHHOU J102UUEeCKOU MPAHCUCHOCHUUU 6 KIACCUUeCKOUl cucmeme
meopuu mHodxycecme - ZFC .

B nacrosmem maparpade, ¢ yuerom m3BecTHBIX pesynbTaToB Kypra I'egenst u I'epxapna
I'eniiena B OTHOIIEHHMHMM KJIACCUYECKOM JIOTMKO-MaTeMaTHYeCKOH aKCMOMaTHYECKOH
cucrembl PA JIx3y3zenme Ileano, chopmynmpoBana u noka3zaHa «Teopema o TeHe3wce
JIOTUYECKOW TPAHCLEHACHUMHA B OCHOBAHMAX KJIACCHUYECKONM TEOPETUKO-MHOKECTBEHHOU
maremaTukuy». llokazaHo, yrto coueranue «Meroga MaTreMaTUYECKOM HWHIAYKLIHHU» C
r7100abHO HENPOTHBOPEYMBON KIIACCHUECKOW (hOPMAIbHOM JIOTMKON HYJIEBOTO MOpSAKA U
«AKCHOMOI BbIOOpa» SIBISIETCS JOCTATOYHBIM YCIOBHMEM Ui TeHe3Huca JIOTHYECKH
MPEACIIBHO TPAHCIEHIACHTHON (OpMaIbHOW CHUCTEMbl B OCHOBAHUSAX KJIACCHYECKOMN
TEOPETUKO-MHOKECTBEHHON MaTeMaTUKH.

Kak m3BecTHO, BBLIAIONIMMCS aBCTpUKCKUM JorukoM Kyprom I'emenem Obuio mokazaHo
CYLIECTBOBAHUE B KJIACCUUECKUX MaTeMaTUYECKUX TEOpUsX, CoJIeprKaIINX
aKCHOMAaTUYECKYI0 JIOTMKO-MaTEMaTHYECKyl0 aKCHOMAaTHUYECKYyI0 CHCTEMY BBIJAIOLIETOCs
utabsiHCKOro Marematuka Jlxysenmne Ileano ¢ npucoenquHeHHOM K Hel «Metogom
marematudeckor wuHAyKimm» (PA&MI), Takux JOrMYecKH TPAHCIEHACHTHBIX IO
OTHOILICHMIO K KJIACCUYECKOM aprCTOTENEBCKON TPAAULIMOHHON JIOTHKE, JOTMYeCKUX (Gopmy
F u —F, koTOpble ¢ OJHON CTOPOHBI XOTS M HE OTPULIAIOT 3aKOHA 00 UCKITIOUEHHOM TPEThEM,
HO C JIpyroi CTOPOHBI M HE YyIOBIETBOPAIOT eMy. IIpu stom mepBas Teopema I'enensa mo
CYLIECTBY O3HA4yaeT, YTO €ClU JOCTaToyHO Ooraras (opmanbHas WM HodypopmalibHas
MaTemMaTHueckas TeopHsl, coJeprkaiias akcuoMatuky IleaHo, siBisieTcsi HEMPOTUBOPEUUBOM,
TO B HEW CYIIECTBYIOT JIOTHUYECKH TpaHCLUEHAeHTHbIE Gopmynbl F u —F, kotopbie He MoryT
ObITh HM JOKa3aHbl, HU ONPOBEPTHYTHl HA OCHOBAHMHU KJACCHUECKOH apUCTOTENIEBCKOU
TPaJIULUOHHOM JIOTUKH U «AKCHOMAaTHYECKOM cucTeMsbl [leano»

[IpuBenem dopmynupoBku Tteopem Kypra Tegens o HemonHoTre (OpMaTbHBIX U
NOJTy(POPMaTBHBIX JIOTHKO-MaTeMaTHIECKUX CHCTeM, cojepxanux cuctemy (PA&MI).

IlepBas Teopema I'enens

Cywiecmeyem makoe cyycoenue F ¢ akcuomamuuecxoit cucmeme PA&MI, umo nu F,
Hu —F ne mozym 6Ovimb Ooxazanwvt nocpeocmeom akcuom uz PA&MI, eciu cucmema
(PA&MI) nenpomusopeuusa.

Bropas Teopema I'enessi

Henpomueopeuusocms axcuomamuueckou cucmemot (PA&MI) (Consis(PA&MI)), ne
moxcem ovimob ookazana ¢ (PA&MI), ecru (PA&MI) sensemca nenpomusopeuusoii.

Hixe MPUBOJUTCA COACPIKAHUC TpaIlI/II_II/IOHHOﬁ BEpCcun aKcmoMaTh4eckon cuctemMsl Ileano
- PA.
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Axcuombl Ileano

1. 1 ecmv namypansnoe uucno.
2. Jna kaxcoozo namypanvrnozo yucia N umeemcs mouyHo 00HO HAMYPAIbHOE YUCIO,
Hazvleaemoe e20 nociedyrouium u oooznauaemoe S(n).

3. Bcezoa umeem mecmo comunowenue S(n) =1.
U3 pasencmea S(n) =S(m)credyem m=n.
IIpunyun nonnoii undykyuu. Muoscecmeo N, namypanvnvix uucen, cooeprycauyee
1 u ona Kkaxcoozo uz N Inemenmos ciedyowuii 3a Hum nemenm S(N), codeprcum

6ce HamypajibHble Huc/a.

Apudmeruka Ileano

Chosicenue u yMHOMCEHUE HAMYPATLHBIX YUCE ONpedensiemcs gopmynamu:

S(n)=n+1 (3.2.1)
S(m-+n)=m+S(n) (3.2.2)
n-1=n (3.2.3)
n-S(m)y=n-m+n (3.2.4)
HCO6XOI[I/IMO OTMCTUTBL, UYTO KpPOMEC aKCUOMATHYECKONH CHCTEMBI HeaHo, - PA,

BKItoyaromeil B ceds  «Axcuombl Ileano» u «Apudmeruky IleaHo», ocHoBaHus
kinaccuueckoil marematuku (PA&MI) BrimowaroT B cebst Takke «MeToa MaTeMaTHuecKon
UHIYKIUW», POPMYIUPOBKA KOTOPOT'O PUBOIUTCS] HUXKE.

MeTtoa MaTeMaTHYeCKOH MHIYVKIINHA

Ecnu nexomopoe ymegepiycoenue A(n),n=123.......... cnpageonuso ona N=1, u ona
Kaxco020 Nu3z cnpasedrusocmu A(N) npu 3nauenuu N ciredyem cnpagedausocms A(N+1)
npu N+1, mo ymeepycoenue A(N)- cnpasedrueo 01a 6cex HamypaabHvlx N, UIU

dopmanvno:
(YneN, X(Viefl..n)AN) =1= A(n+1) =1) = (vne N,)(A(n)=1) (3.2.5)

Kaxk u3BecTHO BbIaOmMMCs HEMELIKUM MaTeMaTukoM ['epxapniom ['enuienom B 1936 romy
ObLTa JOKa3aHa COBMECTHOCTh akcuoM [leano u apudmeruku IleaHo, ogHako A 3TOro emMy
MPUIIJIOCH J100aBUTh K JIOTUKE TMEPBOTO TOPSAAKA JOTOJHUTENBHYI0 aKCHOMY O
OeckBaHTOpHOM HHAYKIMU. Tem cambiM ['epxapnom ['eHileHOM Oblia 3aBepIIeHa MporpamMmma
Hasuna ['mas0epra mo dhopmanusanuu OCHOBaHUN MaTeMaTuku. HeoOxoaumMo moTuepKHyTh,
YTO pe3yibTaThbl, MoiiyueHHble ['epxapnom ['eHlleHOM He BCTyMalT B MPOTHUBOpPEUHE C
Teopemamu ['enensi, HAOOOPOT UCCiIenoBaHMEe U pe3ynbTaThl [ epxapna ['eHiieHa SBISIOTCS
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KOCBEHHBIM HOATBepkAeHHEeM «Bropoit Teopembl [emens» mockonbky ['eHueHy s
00OCHOBaHHsI BHYTPEHHEH JIOTHYECKOW HEIPOTHBOPEYMBOCTH AKCHOMATUYECKOH CHCTEMBI
PA npunuiock 00aBUTh K JIOTUKE IEPBOIO IIOPsJKA JOMOJHUTEIBHYIO aKCHOMY O
0ECKBaHTOPHON MHTYKIIHH.

N3 comnocraBnenus pesyinbtatoB Kypra I'egens u I'epxapna ['eHueHa B OTHOIICHUU
aKCMOMaTHU4YecKon cuctembl PA BBITEKaeT Ba)XHOE CIIEACTBHE — MOXHO YTBEP>KIATh, UYTO
akcuoMaruueckass cucrema PA  sBiseTcs BHYTpPEHHE HENPOTUBOPEUHUBOM B CMBICIIE
JIOTUYECKOW COBMECTHOCTH OCHOBHBIX apU(METHUECKHX aKCHOM OTOW CHUCTEMBI, a 3TO B
coorBercTBuu ¢ «IlepBoii Teopemoil l'enens» O3HAYaeT, YTO B KaXJAOW MAaTEMaTUYECKON
TEOpUM TIEPBOTO TMOpPSAAKA, OCHOBAaHHOM Ha cucteMe PA CylIecTBYIOT JIOTHUECKH
TPAHCIIEH/ICHTHBIE TI0 OTHOIICHUIO K apUCTOTENEBCKON TPAIUIIMOHHON (HOpMaIbHON JTOTHKE
dbopmynbel F u —F, KoTOpble HE MOTYT OBITH HU JIOKA3aHbI, HU ONPOBEPTHYTHl HA OCHOBAHHUH
KJIACCUYECKOW apUCTOTEJIEBCKOM TPaJULIMOHHON JIOTUKM M aKCUOMATUYECKON CHUCTEMBI
[Teano PA.

Jlnst nanbHEWIIEero M3JI0KEeHUsT HaM MOHanoOuTces «Akcuoma BeIOOpa» u3 cucrembl ZFC
TEOPUH MHOKECTB, CIIOBECHAs (POPMYIUPOBKA KOTOPOU MPUBOIAUTCS HUXKE.

AKCHOMA BBLIOOpAa

Jlna kaxcoozo cemeiicmea B Hnenycmuvlx HenepeceKkaroujuxca MHOMCECME Cyuiecmeyem
no MeHvuieil mepe 00HO Henycmoe mHoxycecmeo D, komopoe umeeem monvbko 00uH
oowuil Inemenm C ¢ Kaxcovim u3z muoxcecme b € B oannozo cemeiicmea.

PaccMoTtpum cnenyroliee onpeeicHue.

OnpeaeeHue JOrHYeCKoro KoJjianca

Jozuueckum Konnancom (momanvHovim 0CI1AONEHUEM UCHMUHHOCHIU) HA3bI6ACMCA MAKAA
Jl02udecKans cumyayus, Ko20a 6 HeKOmopou GopmanbHoll UIU NOAYPOPMATLHOU T10UKO-
mamemamuyeckou  meopuu 1, cmanoeumca  J102UMEeCKU  KOHCHIPYKMUGHO
oCyuecmeumMbim 6blée0eHue HaA OCHO6e HENPOMUBOPEHUBLIX J102UHECKUX Gopmyn, -
MOXCOeCMEEeHHO NPOMUBOPEUUBOI IO2UYECKOU (POopMYabl UAU POPpMYSI HA MHOMCECmEe
YHApPHBIX, OUHAPHBIX, MEPHAPHBIX UU 6 00uem ciyuae N - APHBIX 102UYECKUX Onepayui.

CoopmynupyeM u JOKaXKEM CIEAYIOIIYIO TEOPEMY.

Teopema 0 Jormyeckom koJuiamnce B cucreme PA&MI&AB B pamkax KjaccH4ecKoil
dopmManbLHOM JOTMKH HYJeBOro nopsaaka (Axsaenuanu A.H. — 2011)

Couemanue Knaccuueckoii (OpManbHOl 102UKU HY1€6020 nopadka, «Memooa
Mamemamuyeckoil uHOyKuyuuy u «AKcuomol evloopan, AeAAEMCA OOCHAMOYHBIM
ycnoguem 04 KOHCMPYKMUGHOU OCYUWECMEUMOCHU MHONCECHBEHHO20 102UYECKO20
Konnanca 6 Kaxycoou (opmanvHoll uUlu NOAYPOPMANbHOU J102UKO-MAMEMAMUYECKOU
meopuu, cooepicauieii Kiaccuueckylo QopmanvHylo 102UKy Hyn1e6020 nopaoka, «Memoo
Mamemamuyieckoil UHOYKYuu» u «AKCuomy evloopay.
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JlokazaTenbCcTBO

[Iycte B- Hemycroe cemeiicTBO HENMyCThIX Hemepecekamomuxcs MHoxkecTB bl b2, b3,

JIOrUYeCKUX (GOpPMyJI, ONPEICICHHBIX HA MHOXECTBE YHAPHBIX JIOTMYECKUX Oleparuii
CIIETYIOIIUM 00pa3oM.

bl - ecTh cueTHOE MHOKECTBO HEMPOTUBOPEUUBBIX, JIOTHUCCKU CIIA00 TPAHCICHICHTHBIX
dopmyn allal2 al3,..aln,............. , JIOTWUYEeCKas CTPYKTypa KaXJI0H U3 KOTOPBIX

COBIAJIaeT C JIOTMYECKON CTPYKTYpOH HempoTUBOpeunBoil popmyssl ¢l(X) Ha MHO>KeCTBe
YHapHBIX JOTMYECKHUX OIepaluii Kiaccuieckoi (hopMaabHOM JOTUKU HYJIEBOTO MOPSIKA.

b2 - ecTh cyeTHOE MHOKECTBO HENPOTHBOPEYMBBIX, JOTHYECKH CIIab0 TPAHCIIEHIEHTHBIX
bopmyn a2l,a22,a23,..a2n,............... , JIOTHUYecKas CTPYKTypa KaXIOH U3 KOTOPBIX

COBIIAJAET C JIOTHYECKOW CTPYKTYpPOH HEHmpOTHBOpeYMBON (hopMyisl g2(X) Ha MHOXKECTBE
YHApHBIX JIOTHYECKUX ONEPALUi KIACCHUECKOH (HOpMaIbHOM JOTHKH HYJIEBOTO MOPSIKA.

b3 - ecrb cueTHOE MHOXECTBO TOXKIECTBEHHO HWCTHHHBIX JIOTHYECKUX (opMyIT
a3l,a32,a33,...a3n,................ , JIOTUYECKasl CTPYKTypa KaKIOH M3 KOTOPBIX COBIIANAET C

JIOTHYECKOW CTPYKTYPOH TOXKAECTBEHHO UCTHHHOW popmynel g3(1) Ha MHOXKECTBE YHAPHBIX
JIOTMYECKUX OIepaluil KIaccuuecKoi (hopMabHOM JOrMKH HYJIEBOIO HOPsIIKA.

Koprexu d1,d2,d3,...,...,dn,... mtoruueckux Gopmyi, orpeneianm CleayrIuM o0pa3oM Ha
OCHOBE «AKCHOMBI BEIOOpa»:

d1=(all a2l 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)

Omnpenenum  koptexx LCU :<|C1,|C2, |C3,...,|Cn,...> JOTUYEeCKUX (GOPMYJT  CIEIYIOIIUM
obOpazom.

Icl= (allA a2l a3l) (3.2.10)
Ic2 = (a2 A a22 A a32) (3.2.11)
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Ic3 = (a13 A 223 A a33) (3.2.12)

Icn = (aln Aa2n A a3n) (3.2.13)

U3 cnocoba onpenenenuss muoxects bl b2,b3 HemporuBopeunBhIxX Joruyeckux GHopmyi

MHOYKECTBA YHaPHBIX JIOTHYECKUX OMepaiuii ria00aabHO HEMPOTHBOPEUYMBOM KIACCHYECKON
(bopMabHOI JIOTUKH HYJIeBoro nopsiaka u popmyi (3.2.10)-(3.2.13) cnenyer:

lc1= ((1,0) A(01) A (11)) =(0,0) (3.2.14)
Ic2 = ((1,0) A(0.1) A (11)) = (0,0) (3.2.15)
Ic3=((1,0) A (0,1) A (11)) =(0,0) (3.2.16)
len = ((1,0) A (0,1) A(11)) =(0,0) (3.2.17)

W3 ompenenenus koprexa LCU :<|C1, Ic2, |C3,...,|Cn,...> u dopmyn (3.2.14) — (3.2.17)

CJICAYCT:

LCU =((0,0),(0,0),(0,0)....,(0,0).... (3.2.18)

®opmyna (3.2.18) U o03HaUaeT KOHCTPYKTUBHYIO BBIBOJIUMOCTH MHOXECTBEHHOTO
JIOTUYECKOr0 KOJUIANca, TOJYYEHHOIO Ha OCHOBE KOHBIOHKIMHU HENPOTUBOPEUHUBBIX
JOTUYECKUX (POPMYJI MHOXKECTBA YHApHBIX JIOTMUECKHX OIepaluii, 3aKOHOB T100aJbHO
HEMPOTUBOPEUMBON KJIACCHUYECKON (HOpPMAaTbHOU JIOTMKU HYJIEBOTO MOPSAIKA M «AKCHOMBI
BbIOOpa». Teopema gokazaHa.

PaCCMOTpI/IM CJICAYIOHICC ONPCACIICHUC.

OnpeaejeHye CYETHOr0 KOPTEXKA JOTMYECKOro KOJLJIAINCA HAa MHOKECTBE VHAPHbLIX
JOTHYECKHX onepanui

Kopmeoic, onpedensiemotit gpopmynoi (3.2.18):
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LCU =((0,0),(0,0),(0,0),...,(0,0),...)

Ha3ovléaemcs CHEMHbIM KOpmeiHcem Ji0CUHUeCKo20 KoJuianca Ha MHoJcecmee YHapHblLX
JlocuiecKux onepauuﬁ.

PaccMoTrpum cnenyroniee onpeaeicHue.

OnpeaejgeHre CYETHOI0 KOPTEXKA MCTHHHOCTH HA MHOKECTBE VHAPHBLIX JOTMYECKHX
onepaumii

Kopmeac UL, onpedensemotit hopmynoii:
U1=((11),(11),(LD),...,(LD),... (3.2.19)

Ha3vlgaemcs CHemHbIM KOpmeHcem UCIUHHOCIU HA MHOMCECH8e YHAPHBIX 102U eCKUX
onepayuil.

Chopmynupyem U JOKaKEM CICTYIONIYIO TEOPEMY.

TeopemMa 0 TreHe3suce JOIHYECKOW TPAHCHEHICHIMU B OCHOBAHMAX KJIACCHUYECKON
TeOPETHKO-MHOKEeCTBeHHOI MarteMaTuku (Axsiaeananu A.H. — 2011)

Koncmpyxkmuenoe cywecmeosanue cuemnozo kopmexca LCU nozcuueckozo xonnanca na
MHOIICECEe YHAPHBIX JI02UYECKUX ONepayuil, A6AAemca 00CMAMOYHbIM YCa08uem 0
2enesuca u CYuecmeo6anus CUEemMHO20 Kopmedica UCMUHHOCIU Ui,
ceudemenbcmeyoulez0 0 KOHCMPYKMUGHOU OCYW{€CMEUMOCIU 2eHe3UCA 102UYeCKOou
MPAHCYEHOCHYUU HA MHOMNCECHEE YHAPHBIX J02UYECKUX ONEPAUUil 6 KAMCOOU J102UKO-
Mamemamuueckoiu QopmanvHoil unu  ROJAYPOPMANLHOU  meopuu, cooeprcauienl
Kaccu4eckyro hopmanvhylo n102UKy Hy1e6020 nopaoka, «Memood mamemamuueckoi
UHOYKUUu» u «Axcuomy evioopay.
JlokazaTenbCcTBO

PaccMoTpuM MHOXKECTBO JTOTHYECKHUX (POPMYJI, OTIPEAETIEHHBIX CIEAYIOLUUM 00pa3oM:

S1=[(allAa21Aa3l) = (—gl(x) A ——g1(x))]=(0,0) = (0,0)=(11)  (3.2.20)
S2=[(al2 A a22 A a32) = (—g1(x) A =—g1(x))] = (0,0) = (0,0) =(11) (3.2.21)
S3=[(al3 A a23 A a33) = (—gl(x) A =—g1(x))]=(0,0) = (0,0) = (1L1) (3.2.22)

Sn =[(aln A a2n A a3n) = (—g1(x) A ——g1(x))] = (0,0) = (0,0) =(11)  (3.2.23)
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KopTek, COCTaBiIE€HHBIH W3 JIOTHYECKHX BEKTOPOB, MOJYYCHHBIX B pe3yibrare (GOpMy
(3.2.20)-(3.2.21) paBeHn cueTHOMY KOpTeKY McTUHHOCTH UL:

(11),(11),(12).....(11),..) =U1 (3.2.24)

[Tonyuennoe cootHomenue (3.2.24) o3HavaeT J0Ka3aTeIbCTBO CHOPMYIUPOBAHHON HAMH
TEOPEMBI.
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I'1aBa 4
/[Ba IPUHIUAIIA JIOTUKO-MATEMATHYECKON TPAHCUEHACHIINHT

cucrembl INCOL&TAMLA u «Bropasi npo6jema I'miab6epTay

4.1 Ilepevlii npunuyun J102UKO-MAMEMAMUYECKOU MPAHCUCHOCHUUU
cucmemot INCOL&TAMLA

B macrosmem maparpade mpuBeneHbl (GOpPMYIHPUPOBKA U Joka3aTenbcTBO «IlepBoro
NPUHIHMIA JOTHKO-MaTeMaTHyeckoil TpancuenaeHuuu» cucreMbl INCOL&TAMLA |
CBHUJICTEIILCTBYIOLIETO O TOM, YTO BTOPOM M TPETUH OCHOBHBIC 3aKOHBI KJIACCHYECCKOMN
ApHUCTOTEJICBCKON TPaJUIMOHHON JIOTUKH B paMKax KIACCHYECKOH (OopMalbHON JIOTMKH
HYJICBOTO TIOPSIIKA HOCSAT YaCTHBIN XapakTep.

PaCCMOTpI/IM HCKOTOPLIC OCHOBHLIC OIIPCACIICHUSA KJIACCMYECKOM q)OpMaHBHOﬁ JIOTHKH,
CBA3aHHBIC C IOHATHCM OO0Ka3aTCJILCTBA.

Onpeneienne (l)OpMa.]'lLHOFO JIO'HYCCKOI'0 1I0KA3aTCJdbCTBA

B nocuxke u mamemamuxe, popmanbHvIM J102UYECKUM O0O0KA3AMETbCMEOM J102UUECKOU
unu mamemamuueckou Gopmynvt L npu naneped 3a0anHbIX UCXOOHBIX MOCHLIKAX,
Ha3bleaemcs UenouKka 102UYeCKUxX uiu MamemamudecKux yMo3axKiouenuil, GopmaivHo-
Jlo2u4ecKu UCMUHHO CBUOEMEeIbCMEYIOUAn 0 MoM, Ymo npu Hanepeo 3a0aHHOM Habdope
AKCUOM U NPAsuUsl 6616004, A MAKMHCE NPU 3A0AHHBIX UCXOOHBIX HOCLLIKAX, - (hopmyna L
6bI6OOUMA U3 UCXOOHBIX NOCBHLIOK.

Onpenenenue GopMaJILHOr0 BLIBOAA

DopmanvHbLIM 6bI6O0OM HA3BIBAECMCA KOHEYHOe, YNOPAOOUEHHOE MHOICECMEO0 CHIPOK,
HANUCAHHBIX HA POPMATbHOM A3bIKE, MAKUX, UMO KAMCOAA U3 HUX AGNAEMCA U0
aKcuomoil, 1u6o noayuyeHa u3 npeovlOywjux CmMpOK NPUMEHEHUEM O00HO020 U3 NPABUsl
8b16004.

Onpeaeaenue GopMaIbLHOro 10Ka3aTeJIbCTBA

DopmanvubimM 00KA3AMELCIMEOM YHIGEPIHCOCHUA UL TIOCUYECKOUL (hOPMYTIbl HAZbIBACMCA
dopmanvuslit 661600, nocneoneli CMPOKOU KOMOPO20 ABIAEHCA OAHHOE Y EePIHcOeHe.
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OnpeaeseHye TeopeMbl

Ymeeporcoenue, umerouwiee popmansvnoe ooxazamensbcmeo, Hazvleaemcs meopemoil.

Onpeneaenue GopMaIbLHOH TEOPUU

MHnoocecmeo ecex meopem 6 OAHHOU POPMANLHOU MOOeEU, PACCMAMPUBAEMOE EMECHE C
angasumom GopmanvHo20 A3bIKA, MHONCECMEAMU AKCUOM U NPAGUT  6b1600d,
Hazvleaemcs popmanvHoil meopueil.

OnpenejieHne JOrH4ecKH CHILHO TPAHCIIEHIEHTHLIX YTBeP:KIeHus1 U (hopMyJibl

Jozuueckoe unu mamemamuueckoe ymeepofcdeuue, uiu srnce ¢0pMled A nazvieaemcsn

JqocuiuecKku CUJIbHO mpchueHOeHmHoﬁ no OMHOWIEHUIO K KlaccuuecKkoit

apucmomesneécKoii mpaouyUuoHHoU 102UKe, eciu no OmOenbHOCMU HEenPOMmuUEOPeUUso
6b1600UMbl KaK ¢opmyna A mak u ghopmyna —A.

Onpenenenne CMJIbHO TPAHCIEHIEHTHOH T€OPUH

dlopmaﬂbmm uiu nwzyqbopmaﬂbmm meopus  Hasvleaemca J102u4eéCKu  CuJibHoO
mpancuendenmuoﬁ, ecau 6 Hell cyuiecmeyrom Henpomueopeiueo 6b1800UMbBIE CUNBHO

mpancyenoenmuwie popmynvt A u —A.

B Ta6umue 2 paccmaTpuBaroTcsl Jorudeckue (OpMyIibl, ONpeAelieHHble Ha MHOXKECTBE
OMHAPHBIX JIOTUYECKUX OMEpalUi KJIACCHUECKOH (opManbHOMN JIOTUKH HYJIEBOTO MOPSIKA.

Ta6anna 2. OcHoBHBIE (opMYIbI ONHAPHBIX JTJOTHYECKUX ONEePAMId.

Bl/lHaprle JJOTHYECKHUE ollcpalumn

x|y| [F1xy) | Faxy) | Fa(xy) | Faxy) | Fs(xy) | Fe(xy) | F7(xy) | Fg(xy)
00 0 0 1 0 1 1 1 1
01 0 1 0 1 0 1 0 1
1]0 0 1 0 1 1 0 0 1
1)1 1 1 1 0 1 1 0 0
x [y | [Foxy) | F1o(xy) | F11(xy) | F12(x.y) | F13(xy) | F14(X.y) | F15(%Y) | F16(X.Y)
0l0 0 0 1 1 0 0 1 0
01 0 1 1 0 0 1 1 0
1]0 1 0 0 1 1 0 1 0
1)1 0 0 0 0 1 1 1 0

X U Y — JJOTHYCCKHUEC ICPEMECHHBIC,

0 u 1 — normueckue ,TOXKACCTBCHHBIC HYJIb U €AMHUI]A COOTBETCTBCHHO,
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F1(X, y) — xonsronkuus (F 1(X, y) = x&y = x/\y = min(x, y)),
F (X, y) — mussronkmus (F 2(X, y) = xVy = max(x, y)),

F 3(X, Y) — skBuBaneHTHOCTD (F 3(X, Y) = X~y = X=Y = X+—Y),
F 4(X, Y) — cymma no momymio 1Ba (F 4(X, y) = XBy),

F5(X, y) — umrumukanus ot Y k X (Fs(X, y) = xe—y = x(y),
F6(X, y) — mmrumukanus ot X K Y (Fs(X, y) = X—y = x_2y),

F7(X, y) — crpenka [Tipca = pynkuus [darrepa = pynkuus Béooa
(«anTunu3broHKIu) (F7(X, y) = le).

F (X, y) — mrpux Hléddepa («anTukonbronkuus») (Fg(X, y) = X|y),
Fo(X, Y), F10(X, ) — unBepcun umrmuiukanmii Fs u Fg,

F 11— F 14 — dyHKUMu TOIBKO OJHOrO aprymeHra,

Fi5(X, Y), F1e(X, y) — ToxnecTsa.

Teneppr chopmynupyeM u 1gokaxkem «llepBblii MOPUHIUI  JIOTHUKO-MaTEeMaTHUECKON
TPAHCLICHICHITUI.

IlepBbIii NPUHIMI JOTHKO-MaTeMaTHyecko TpaHcuenaeHnum (Axsaeauanu AH. —
AxsJenquanu H.B. — 1990 r)

B knaccuueckoii popmanvnoii 102uke Hyneeozo nopaoka cyuiecmeyiom maxue 102u4ecKu
CUnbHO mpancyeHoenmuole opmynot A u —A, umo no omoenbHOCMU J102UYECKU
Henpomueopeuuso 6v1600uUMbl, KaKk A max u —A.

JlokazaTenbCcTBO

Onpenenum Gopmyny A Ha MHOXKECTBE OMHAPHBIX JIOTMYECKUX OMNEPANUN CIICTYIOIIAM
o0Opazom:

A=(x=1)=(0,011) (4.1.1)

[Tokaxkem, 4TO Ha MHOXKECTBE OMHApPHBIX OMNEpaIMii CYIIECTBYET HENPOTHBOPEUHBBIN
¢dopmaneHblii BBIBOJ (hopmynbl (4.1.1) Takol, YTO yHOPSIOYEHHOE MHOXECTBO CTPOK
(bopManbHOrO BBIBOAA COAEPKHUT TOJIBKO HENPOTHBOPEUUBBIE JIOTHYECKUE (HOPMYIIbI, U
KpOME 3TOr0 JIOTUYECKHM KOPTEK UCTUHHOCTH YIOMSHYTOrO BbIlle (OpMajibHOTO BHIBOJIA
SIBJIIETCS TOKJECTBEHHO JOKa3yeMbIM. Y IOMSHYTBIN BbIlIe (POPMaJIbHBII BBIBOJ OCHOBAH Ha
CBOWCTBaX MHOXeCTBa OMHAPHBIX JIOTHYECKUX OTepanuii, mpuBeeHHBIX B Tadanue 2.

C yuerom (4.1.1) umeet mMecTo ciaenyrouii opMalibHbIN BBIBOA!
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(4.1.2)

{I(xvy)a(x e y= (x=1) =[(0111) A(10,01)]= (0,011 = (0,001) = (0,011} = (L111)

®opmyna (4.1.2) nokasplBaeT, YTO NPEJICTABIECHHBINH (OpManbHbIiA BbIBOA GopMynel A mpu

(UKCHPOBAHHBIX 3HAUCHUSIX JIOTUYECKUX apPTyMEHTOB SIBIISIETCS JIOKa3yEeMbIM.
Paccmotpum teneps popmyny:

[-A=—(x=1)]=(1100) (4.1.3)

[Tokaxkem, 4TO Ha MHOXKECTBE OWMHAPHBIX OMNEpaIMii CYIIECTBYET HENPOTHBOPECUHBBIN
¢dopmanbHblii BbIBOJ (hopmyinbl (4.1.3) Takol, YTO yHOPSJIOYEHHOE MHOXECTBO CTPOK
(opManbHOrO BBIBOJA COJAEPKUT TOJIBKO HENPOTUBOPEUUBBIE JOrMUYecKue (GOpMylibl, U
KpOME 3TOr0 YIOMSIHYTBIN BbIlIEe (pOpMabHbII BHIBOJ SIBISETCS IOKa3yEeMBbIM.

(4.1.4)

{I(x®y)A(x= y)|= ~(x=12) =[(0110) A (1101)]= (11,0,0) = (0,1,0,0) = (11,0,0}} =
=(1111)

®opmyna (4.1.4) noka3pIBaeT, YTO MpeJCTaBICHHBIN (OpMabHBIA BBIBOJ (GOPMYNIBl —A
SABIISIETCA JOKa3yeMbIM NMPU (PUKCHUPOBAHHBIX 3HAUEHHSX JIOTHYECKUX apTyMEHTOB.

Urak, ToxxnectBeHHO Aoka3zyembie hopmynsl (4.1.2) u (4.1.4) cBUIETETBCTBYIOT O TOM, YTO
¢dbopmynel A u —A BBIBOJAMMEBI HEIPOTUBOPEUNBO. TeopeMa Joka3aHa.

JlokazaHHbBIM HaMu «IIpuHUUNI JIOTUKO-MaTeMaTHIECKOHN TPAHCUEHACHIIND)
CBUJIETEIBCTBYET O TOM, YTO TJIOOQJIBHO HEMPOTHUBOpEUMBAs Kiaccuueckas (opMaibHas
JIOTUKA HYJEBOTO TMOPSAJKA SIBISETCS CUJIBHO TPAHCHEHACHTHON (POpPMaIbHO-IOTUYECKOM
TEOpUEH, U TEM CaMbIM B CUJIbBHOM CTENEHU OTJIMYAETCS OT TPAAULIMOHHOW apUCTOTEIEBCKON
JIOTHKH.

4.2 Bmopoii npunyun J102UKO-MAMEMAMUYECKOU MPAHCUCHOCHUUU
cucmemovt INCOL&TAMLA

B Hactosmem mnaparpage Ha OCHOBE TEOPETUKO-MHOXKECTBEHHOTO TOIOJIOIMUYECKOTO
METOAa BBLAAIOLIErOCs HeMelkoro waremaruka ®@enukca Xaycaopda HcciIeqyoTcs
TOIOJIOTUYECKHE CBOIMCTBA JIOTMUECKH WHBEPCHBIX MPOCTPAHCTB KIACCHUECKOH (opmalibHON
moruku HyneBoro mopsnaka. ChopmymupoBan u nokazaH «BTopoii mpuHIMN JIOTHKO-
MaTeMaTH4ecKoil TPaHCUeHAeHIUI) (hopManbHO-IOrHYECKOI u TEOPETUKO-
MHoOxecTBeHHOH cucteMbl INCOL&TAMLA B pamkax kimaccuueckoil opMabHON JTIOTUKH
HyJleBoro mnopsaka. IlokasaHo cymiecTBOBaHHWE TPAHCIEHACHTHOW JIOTUKH, JIOTHYECKH
MHBEPCHOM 110 OTHOLICHUIO K apUCTOTEJIEBCKON TPAJULIMOHHON JIOTHUKE.
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B nenax nanpHelero aJeKBaTHOTO OMMCAHMS TOIIOJIOIMYECKUX JIOTUYECKUX MPOCTPAHCTB
B OCHOBaHUAX KJIacCH4eCKOH (hOpMasbHON JIOTMKM M TEOPUU MHOXKECTB, Mbl 0OpaTHUMCS K
METOAY BBLAAIOLIETOCS HeMenkoro maremarnka ®enmkca Xaycaopda, MO3BONISIOMIETO MPU
COOJIFOJICHUH OIPENIETIEHHBIX YCIOBHI PeoOpa3oBbIBaTh T€ WK MHBIE HCXOIHBIE MHOXKECTBA
B TOIOJIOTMYECKHE ITPOCTPAHCTBA.

MeTtoa mpeoOpa3oBaHUs MCXOJIHBIX MHOXKECTB B OOIIME TOIOJIOTMYSCKHE IPOCTPAHCTBA
Oy/eM OIUCHIBATH B COOTBETCTBHU C /2/.

OnpeaesaeHye onepannuy 3aMblKaHus 1o Xaveaopdy

T'osopam, umo ¢ mnoixcecmee R ycmanoenena onepayus 3amMblKaHUusA, eciu Kaicoomy
noomuoxncecmgy M c R nocmaeneno ¢ coomeemcmeue nekomopoe muoxncecmeo M c R.

M naszvieaemca zamvikanuem muodxcecmea M .

OnpeneeHne 001Iero TOMOJI0INYECKOr0 MPOCTPAHCTRA Mo Xaycaopdy

Mnoswcecmeo R, 6 Komopom ycmanosnena onepayusn 3amMulKaHus, HA3bl6Aemca 00uuUMmM
mononozudeckum npocmpancmeom no Xaycoopdy (uau no opyzomy — o0ouwum
mMononocu4ecKum xaycoopghoevim npocmpancmeom). dnemenmul oowezo
mononozu4eckoz0 npocmpancmea Haszwvleaomcesa e2o0 moukamu. Iloomnosrcecmea
npocmpancmea R Ha3zvlearomca moueuHvIMU MHOMCECMEAMU. DleMeHMmbl 3AMbIKAHUSA

M mHa3zviearomca moukamu RPUKOCHOGEHUA MHOJICcecmea M.

Ecmu B OIHOM M TOM K€ MHOKCCTBC YCTAHOBJICHBI ABC pa3HbIX ONCpPAllMK 3aMbIKaHUW, TO
MBI UMECEM BA pa3HbIX TOMMOJOTHYCCKHUX ITPOCTPAaHCTBA.

PaccMoTpuMm  Temeph TpoIlecC MOCTPOSHHSI JIOTHYECKUX  OOIIUX  TOTOJIOTHMYECKHX
XxaycIop(hOBBIX MPOCTPAHCTB B KJIACCHYECKOH (OpMaIbHON JIOTHKE HYJIEBOTO IMOPSIKA.
[lycte B o0OmEeM ciydae OIpeae/ieHbl JIOTMUECKHE OIEpalldd Ha MHOXKECTBE BCEX
n(n=1...,m,..,N) - apHbIX JOrW4YecKux OTHOIIeHWH, re N - CKoJb yromHo OOJBIIOE

KOHEYHOE HarypanbHoe uncio. O6osnaunm vepes X;(M)-j (j =1,..J) - biii noruueckuii

KOpTEX 3HAYEHUH JIOTUYECKOTO apryMEHTa Ha MHOKECTBE M - ApHBIX JIOTHYECKUX OIleparui
KJIacCM4eCKOM (opManbHOW JIOTHMKM HYJIEBOro mopsnaka. s MOSICHEHHs, B KauecTBe
MpUMepa, PacCMOTPUM CIEAYIOIMNA  YacTHBIM ciay4yail (UKCHPOBAHHOTO JIOTHYECKOIO
KOpTexa !

x;(3) =(0,11) (4.2.1)

®opmyna (4.2.1) o3HauaeT, 4YTO B JAHHOM CJIy4ae paccMaTpUBaeTCsl (PUKCUPOBAHHBINA BEKTOP
3HAYEHUH JIOTHYECKOT0 apryMeHTa Ha MHOKECTBE TePHAPHBIX JIOTHYECKUX OMepaIuil.

Onpenenenue siBHOM Joru4eckoii GpopmyJinl

HAenoii nozuyeckoii opmynoit na Mmuodycecmee J - APHBIX J102UHECKUX ONePaAyUil
K1accuyeckoil hopmanvHoil 102uKu Hy1e6020 NOPAOKA HA3bleAemca hopmyna euoa -
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G<xj> = g<xl,...,xj,...xJ> (4.2.2)

6 o00wem cayyae evlpaxcarouwlas J102U4ecKyl0 (YHKUUOHATbHYIO C8A3b  MeHCOy

J102UYEeCKUMU  APZYMEHMamu <x j> u Qyukyuei G<xj> HA OCHOGe NPUHAMbBIX &

KJlaccuuecKkoil popmanvhoil no2uxke npagu.

Onpeaesnenye HessBHOU JJorndeckoid GpopmMyJibl

Hesagnvimu nozuueckumu gropmynamu na MHoxycecmee J - apHuixX 102U4ECKUX onepayuil
Kaccuueckoll (hpopmanvhoil 102uKu HY1€6020 NOPAOKA HA3bIEAIOMCA (hopMYTbl 8UdaA

g<xl,...,xj,...xj>:1 (4.2.3)

g<x1,...,xj,...x3>:0 (4.2.4)

W3 paccmotpenust ¢popmyn (4.2.2) — (4.2.4) MOXHO ciaeiaTh BBIBOJ, YTO CYIIECTBYIOT
OIPEICTICHHBIC PA3IM4Ksl MEXKIYy SIBHBIMA W HESBHBIMU JIOTHYCCKUMH (QopMmyiaamu. A
UMCHHO, TPH OIpPEICIICHUH SBHOM JIOTMYECKOW (OpMysbl ObUI MPUMEHEH JIOTHYSCKHUN
OlepaTop TOXKAECTBA, TOIJIa KAaK MpPU ONPEICICHUM HESIBHOW JIOTUYECKOH (HOpMYIIbI
NPUMEHEH OIepaTop pPaBeHCTBA 3HAYEHUI HMCTHHHOCTH, a JTO O3HAYaeT, 4TO B JaHHOM
cilyqae paccMaTprBaeMasi HesiBHas Jorndeckasi QyHKIHUS OmpenenseT MHOXKECTBO KOPTeXen
JIOTMYECKUX apTyMEHTOB, YAOBIICTBOPSIONIMX JaHHOMY pPaBEHCTBY. B dWacTHBIX ciydasx
bopmyisl (4.2.3) u (4.2.4) MOTYT IPUHUMATb CIICAYIOIIUI BU:

g<xl,...,xj,...xJ>zl (4.2.5)

(4.2.6)

«Q
—
x

=
X
x
<
~—
1
o

OnpeaeseHue Jorn4ecky HHBepcHo GopmMyJabl

Jna gpopmynet (4.2.2) nozuuecku ungepcHou agasnemcs gopmyna

—.g<x1,...,xj,...xj> (4.2.7)
Jozuueckue gopmynvt (4.2.3) u (4.2.4) asnawomca 63auMHO 102UYECKU UHBEPCHBIMU.

Jozuueckue ¢opmynvt (4.25) u (4.2.6) maxxnce sasnAOMCA 63AUMHO J102UYECKU
UHBEPCHBIMU.
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OnpenejieHne 001Ero TOMOJOrMYECKOIr0 HHBEPCHOI0 JIOTHYECKOI0 MIPOCTPAHCTBA U €ro
JIEMCHTOB

Obwee mononozuueckoe uHeepcHoe nozuyeckoe npocmpancmeo SL onpedensemca na
OCHOBAHUU 66EOCHUA ONEPAUUU 3AMbIKAHUA HA MHOMNCECHIBE 6CeX 102UUECKUX (hopmyn
eécex n(n=1,...,m,...N) - apubix 102unecKux onepayuil Kiaccuieckou opmanbHoil 102UKu

HY/1€6020 NOPAOKA. Ynomanymas onepayus 3aMbIKAHUA ORpedesieHd ¢ HOMOWbIO
J102U4eCKoll Onepayuu UHGEPCUU cinedyruiem oopazom.

a. Kaocoout nocuueckoii ghopmyne, na Kaxcoom muodxcecmee M - APHBIX 102UYECKUX
onepayuil, cmasumca 60 63aAUMHOOOHO3ZHAYHOE COOMEEMCmeEue J102U4ecKu
uneepcHa eii popmyna.

b. H3 nynxkma () nenocpedcmeenno ciedyem, umo Kaxcoomy noomuodcecmey L
Ja0zuueckux opmyn muoxncecmea SL ecex nozuueckux opmyn Knaccuueckoi

dopmanvuoil 102uKu HY1€6020 NOPAOKA COOMEEemMCmaEyem e20 3amvlkanue L .

c. SL - mHaszvieaemca xaycoopghosvim o0dwuM MONONOZUYECKUM UHBEPCHBIM
RPOCMPAHCMBOM KIACCUYECKOU (YOPMAIbHOIL 102UKU HY1€6020 NOPAOKA.

d. Jlocuueckue ¢hopmynst npocmpancmea SL nazviearomcs ezo 0600wennbIMU
J102UYEeCKUMU MOYKAMU UTIU RO UHOMY — €20 JI02UYECKUMU IJIeMEHMaMU.

e. Kaowcooe noommorncecmeéo L npocmpancmea SL  nazvieaemcs moueunvim
J102UYECKUM MHONCECHIBOM.

f. Mnuoscecmeo SL nozuueckux d)OpMle Eua3bwaemCﬂ JqocuiecKkum 3amMoblKanuem
SL.

g. 0606u{eHHble JqocuiecKkue mouku (ll]lu umo mo Jnce camoe — JiocuueckKue
QﬂeMeHmbl) JA02UUECKO020 34MbIKAHUA EHa3b18a10mc}l JaocudecKkumu mouxkamu
CORPUKOCHOBEHU MOUECUHO20 J102UUECKO20 MHOIHCECMBa L.

BBenenoe Hamu omnpeneneHHe W TMOCTPOEHHE OOIEro TOMOJIOIMYECKOrO JIOTMYECKOTro
npoctpaHcTBa SL TO3BONSET paccMaTpUBaTh JIOCTATOYHO MIMPOKUH CIIEKTP BOIMPOCOB,
CBA3AHHBIX C M3Y4YCHMEM JIOTUYECKHX W TOIOJOIMYECKUX CBOMCTB KJIACCHYECKOMN
(bopManbHON JOTHKHU HYJIEBOTO MOPSJIKA.

PaCCMOTpI/IM CJICOAYIOUC ONIPCACIICHUA.

Onpenenenne apuCTOTENEBCKOM JOrn4eckoi GopMyJibl

Jlocuueckasa opmyna, arAOWAACA UMW UCHMUHHOU APUCMOMENEECKOU J102UUeCKOll
dopmynoi, unu apucmomenescku npomMuUEOPEUUEON 102UHECKOU POPMYI0N HAZLIEAEMCA
apucmomenescKoil 102udecKoil hopmynoi.

Onpenenenne HeapUCTOTEJECBCKOM JIOTHYECKOIT (hOpMYJIbI

Kasxcoasa nozuueckana ¢opmyna, ne ANANOWAACA APUCHOMENEECKOU J102UYECKOU
dopmynoii, nazvieaemcea HeapucmomenescKoll 102udecKoil opmynoil.
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OnpenejieHne ApUCTOTENEBCKOI0 JOTHYECKOr0 NMOJANPOCTPAHCTBA

Mmuoowcecmeo AL apucmomenesckux nozuueckux (opmyn 6 obuiem monoi02uiecKom
UHBEPCHOM J102UYecKoM npocmpancmee SL Knaccuueckoii (hopmanvHoll 102UKU HY1€6020
noOpAOKa, HA3bI6ACMCA APUCIMOMENEE6CKUM JI02UYECKUM ROONPOCHMPAHCHIBOM 102UYECKO20
npocmpancmea SL .

OnpenejieHne HEAPHUCTOTEJIEBCKOI0, JOTHYECKH TPAHCIEHIEHTHOI0 NOJANPOCTPAHCTBA

Mnuoxcecmeéo TL Heapucmomenesckux, 102u4ecKu MpPAHCYEHOCHMHBIX J102UYECKUX
Gopmyn 6 o00wem mMoOnONOZUUECKOM UHBEPCHOM Jl02UvecKkom npocmpancmee SL
Kaccuueckoi popmanvhoii J102UKU HYNe6020 nopaoka, Hazvleaemcs
Heapucmomeneeckum 102udecku mpancyeHOeHMHbIM ROONPOCIMPAHCIEOM 10ZUYECKO20
npocmpancmea SL .

OnpeneaeHne apucTOTEIeBCKH KOHTPAJUKTOPHOI0 JOTHUYECKOI0 NOANPOCTPAHCTBA

Mnoxcecmeo ALC nozuueckux opmyn ¢ o0wem MmMORONOZUYECKOM UHBEPCHOM
Jnozuueckom npocmpancmee SL Kiaccuueckou popmanvhoil 102uku Hyneeozo0 nopaoka,
ACNAIOUWUXCA TIOZUHECKU KOHMPAOUKMOPHBIMU N0 OMHOULEHUIO K JIO2UYECKUM (Popmynam
apucmomene6ckoil  Kuaccu4eckou  MpAaouyuoHHOU  JIO2UKU Hazvleaemcs
apucmomesne6cKu KOHMPAOUKMOPHBIM J10ZUYECKUM NOORPOCMPAHCMEOM J10ZUYECKOZ0
npocmpancmea SL .

OnpeaeaeHne apucTOTEIeBCKH CHHIYJISPHOIO JOTHYe€CKOr0 MOANPOCTPAHCTBA

Oobveounenue ALS noonpocmpancme ALu ALC oowezo mononozuueckozo uneepcrhozo
J02uyecko20 npocmpancmea S nazvleaemcsa  apucmomeneécku - CUHZYIAPHBIM
J102UYecKuM nOORpocmpancmeom npocmpancmea SL .

Teneps chopmynupyeM U JokaxkeMm «BTopoii NpPHHIUN JIOTHKO-MATEeMATHYeCKOWH
TPAHCHEHACHIHI.

BTopoii npuHIMI JOrHKO-MaTeMaTHdeckod TpaHcuewaeHuuu (Axsjaenuann A.H. —
Axsaeauanu H.B., 1990-2011)

Ha mnoxcecmee nozuueckux opmyn Kiaccuueckoii (opmanvHoil 102UKU HY1€6020
noOpAOKa KOHCMPYKMUBHO Cyuwiecmeyem J102u4ecKu UHeepcHoe Xxaycoopgoeo obdujee
mononozuueckoe iozuieckoe npocmpancmeo SL, ¢ Komopom mHodscecmeo nozuuecKux
3AKOHO08 KNACCUUECKOU ApUCHOMmMEeNe6CKOU 102UKU BbICKA3bIGARUIL AGIACMCA JTUWDL €20
coOCmeeHHbIM NOOKNACCOM, A KPOMe He20 6 YHOMAHYHOM 00uieM MmONON02UYECKOM
J102U4eCKOM NPOCMPAHCMee, 6 Kauecmee cOOCHEEHHBIX NOOKIACCO8 COOEPHCAMCA MAKIHce
U K1accwl c1abo u npeoenbHo mpancyeHOeHmHbIX 102UYEeCKUX (opmyi.

JlokazarenbCTBO.

Hamu 66110 paccMoTpeHo onpezenieHHe 00IEero TONOI0OTHYECKOT0 JIOTHUYECKH HHBEPCHOTO
npocTpancTBa SL B KOTOpOM OBUI paccMOTpeH Imporecc ero moctpoeHus. s
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JI0Ka3aTeIbCTBA TEOPEMBbI HEOOXOAMMO W JOCTATOYHO IOKa3aTh, YTO MPOCTPAHCTBO SL
CYLIECTBYET KOHCTPYKTMBHO M HE SBIJISIETCS IIYCTBIM, M B HEM BBIIOJIHSIOTCA YCIIOBHUS
chOopMyIUPOBAHHON BbIIIE TeOpeMbl. [lJIs 3TOro pacCMOTPUM CIiepBa MHOXKECTBO YHApPHBIX
JIOTUYECKUX OTEpaIuil KIIacCHIeCKor (pOopMaTbHOM JTIOTUKH HYJIEBOTO MOPSAKA.

B knaccuueckoit popmanibHOI JOTHKE HYJIEBOTO MOPSAIKA JIOTUYECKask CTpyKTypa hopmy,
OTpe/IeNIEHHBIX HA MHOXKECTBE YHAPHBIX JIOTHYECKUX OMepaluil UMeeT B, IPEICTaBICHHbII
B Ta6mume 1. B Tabamme 1 yHapHBIX JIOTMUECKUX OMNEpPAlMid TPHUHSTHL CIIETYIOIINE
0003HaYeHHS: X — JJorudeckas nepemennas, g1(x) — pynkuus orpumnanus (Heramun), g2(x) —
¢bynkuust toxkaectBa, 93(1) — ToxaecTBeHHas (QYHKIMS Jormdeckoi eaunuibl, ¢g4(0) —
TOXAECTBEHHAsA (PYHKIUS Jorudeckoro Hyns. 0 u 1 — normveckue, TOXKIECTBEHHBIE HYIb U
€IMHUIIa COOTBETCTBEHHO.

PaccmoTrpuM  BTOpOM OCHOBHOM 3aKOH apUCTOTENIEBCKOM TPAJMLIMOHHOM JIOTHKU B
cienyromei hopme:

—(A(X) = —A(X)) (4.2.8)

HerpyaHo 3ameTuTh, 4TO JIOTMYEcKas CTpyKTypa 3akoHa (4.2.8) coBmamaer ¢ ¢yHKIuUeH
03(1) =1, ompeneneHHOW HAa MHOXKECTBE YHAPHBIX JIOTHUSCKUX OIEpAIMid KJIACCUYCCKOU

(hopManbHOMN JIOTUKH HYJIEBOTO TIOPSIIIKA.

3aMeTHM, YTO Ha MHOXKECTBE YHApHBIX JIOTMUECKUX Oonepanui, onpeneneHHoM B Tadiauue
1 cymectByer norudeckas ¢opmyna g4(0) =0, sBusromascs JOTUISCKH WHBEPCHOH I10

oTtHoteHuo K hopmynam g3(1) =1 u (4.2.8).
JIerko mpoBEpUTH, YTO UMEET MECTO COOTHOILICHHE
[94(0) = 0] =[A(x) = —A(X)] (4.2.9)

W3 comocraBnenus (4.2.8) u (4.2.9) cnemyer, uyto dopmyasl —(A(X) =—-A(X)) u
[A(X) E—lA(X)] SIBJISTIOTCSL  JIOTHYECKH B3aMMHO WHBEpPCHbIMU (opmynamu. Dopmyra
[A(X) E—.A(X)] SIBJSIETCSl  JIOTHYECKH — TPEACTbHO TPAHCICHICHTHOW W JIOTHYECKH
KOHTPAAUKTOPHOM I10 OTHOLIEHHWIO KO BTOPOMY OCHOBHOMY 3aKOHY apHCTOTEIIEBCKOM
TPaAMIMOHHON  JIOTMKH,  CIIEIOBATEIbHO  OHA  TNPHHAIICKUT  apUCTOTEIICBCKH
KOHTPaAUKTOPHMY JIOTHUecKoMy moanpoctpanctBy ALC u apuCTOTENEBCKH CHHTYIISIPHOMY
normyeckoe moanpoctpadctBy ALS . M3 mocienHero oOGCTOSTENHCTBA M MPHHATHIX HAMH
OTpe/ieJICHUI HEMOCPEJICTBEHHO BBITEKAET, YTO M BKIIOYAIOIIEE MX OOIIee TOMOJIOTHIECKOE
MHBEPCHOE JIOTHYECKOE IPOCTPAHCTBO SL Takke sBIsgeThCS HemycThiM. COOTHOIIECHHE
(4.2.9)  nmokaspiBaeT  KOHCTPYKTHBHOE  CYIIECTBOBAHHWE  JIOTHYECKH  MPEAETBbHO
TPaHCIEHIEHTHBIX (POpMYyII B TipocTpancTBe SL .

B coorBerctBun ¢ Tabaumeil 1 yHapHBIX JIOTHYECKUX oOIepaunuii, KOHCTPYKTUBHO
CYIIECTBYIOT CJIEYIOIIHE JOruYecKre (HOpMyIIbl:

A(XD) = (x =) (4.2.10)
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A(X2) = (x = 0) (4.2.11)

B cooTBercTBHH C Ta6J'II/IH€I71 YHApPHBIX JTOTHUYCCKHUX OHepaHI/Iﬁ HUMECIOT MECTO CIICAYIOIINEC
COOTHOLIICHUS .

A(D) = (x=1) =((01) =1)=(02) (4.2.12)

A(x2) = (x=0) =((0,1) = 0) = (1,0) (4.2.13)

N3 dopmyn (4.2.12) u (4.2.13) cnenyer, uro noruueckue (opmynbr A(xXDu A(X2)
SBJISIOTCS JIOTUYECKH C€J1a00 TPAaHCIEHICHTHBIMHA, ¥ KPOME 3TOrO SBIIAIOTCSA JIOTHYECKU
MHBEPCHBIMHU JIPYT 10 OTHOIICHUIO K apyry. CKa3aHHOE BBIIIC, C YUYETOM HPUHITHIX HAMH
OMPE/ICNICHNI 03HAYACT, YTO OOIIEe TOMOJIOTHIECKOE JIOTHIECKOE HHBEPCHOE MPOCTPAHCTBO

SL comepxuT Takke JOTHYECKH Cl1ab0 TPaHCUEHIACHTHBIC, JOTMYECKH B3aMMHO HHBEPCHBIC
dopmyner A(xD)u A(X2) .

WTak, HaMM yCTaHOBJIEHO, YTO B KJIacCHYECKOH (hopManbHOM JOrMKe HyJIEBOIrO MOpsKa
KOHCTPYKTUBHO CYIIECTBYET HEIYCTOE JIOTHYECKM WHBEPCHOE xaycaopdoBo oOriee
TOIOJIOTHYECKOE JIOrHYecKoe Hemycroe mpoctpaHcTBo SL. Kpome storo mamm mokasaso,
9TO MPOCTPAHCTBO SL Kpome 3aKOHOB W JIOTHUECKHX (POPMYJT apUCTOTEIEBCKOM JIOTHKH B
KayecTBE DJEMEHTOB COJEPXKHUT TAKKE JIOTHYECKHM ¢1a00 U JIOTMYECKH IPEJENIbHO
TpPaHCLEHJIEHTHbIE Joruueckue Qopmynbl. [lomyuyeHHble pe3ynbTaThl U SIBISIFOTCS
JI0Ka3aTeJIbCTBOM pacCMaTpPUBAEMON HaMH TEOPEMBI.

Joka3zanHblii HamMu «BTOpOl NMPUHLIHUN JIOTMKO-MATEMAaTHYeCKOH TPaHCUEHICHIUMN,
CBHJICTEJILCTBYET O KOHCTPYKTHBHOM CYIIIECTBOBAHUU JIOTUYECKH TPAHCIEHAECHTHOM IO
OTHOIICHHUIO K apUCTOTENEBCKOM TPAJAWLIMOHHOW JIOTMKE (OPMAIBHONH  CHCTEMBI,
HaxoJsIIelics BHYTpU TJI00ambHO  (OPMAIBHO  HEMPOTHBOPEUYMBOW  KIIACCHUECKOH
(dhopManbHOM JOTHKH HYJIEBOTO MOPSJIKA.

4.3  Ilpunoswcenue meopuu Kypma I'edena o nenonnome ¢hopmanvhvix
AKCUOMAMUYECKUX CUCIEM K K1accu4ecKoil hopmanvHoil 102uKe

B nawane 20-ro Beka Ha MexayHapogHOM MaTeMaTH4ecKoM KoHrpecce B Ilapumxe,
BBIJJAIONMMCSA  HEMEIKMM MaTemaTukoM JlaBumom [mnpbeprom Oblia mpeacTaBiieHa
mporpaMMa u3 23, BechbMa CIOXKHBIX MaTEMaTHUYECKHUX MPOoOJIeM, peIIeHHEe KOTOPBIX
MPEJICTABIUI0 OONBIINONW HMHTEpEeC MM MaTeMaTUYecKOro HAay4yHOro COOOIIeCTBAa TOTO
BpemeHH. Mcropuuecku u3BecTHO, uro JlaBua ['mnpOepT oTiaudancs BechbMa IIUPOKUM
MaTEeMaTHYeCKUM KpPYyro3opoMm, U paboTas B pPA3NIUYHBIX OONACTAX MAaTeMaTUKH, OH BO
MHOTHX W3 HHX JOOWJICS BBIJAIONIMXCS HAyYHBIX PE3YNbTATOB. DTO OOCTOSTEIBCTBO H

95



IIO3BOJIUIIO €MY C(l)OpMYJ'II/IPOBaTB , CTaBIIME€ BIIOCICACTBHM 3HAMCHUTBIMU — 23
MaAaTEeMaTHYCCKUC HpO6J’ICMBI B PA3JIMYHBIX 00/1aCTIX MAaTEMATHKH.

W3BecTHO, uTO mepBble aBe MpoOieMbl [mnbpOepra mpuHAAIEKAT K KIaccy MpolieM
OCHOBaHUI MaTemaTukd. B wyacTHocTH BTOpas mnpobOiema [mipOepra 3akirovaercs B
YCTaHOBJICHUH HETIPOTUBOPEUYUBOCTH, TUOO MPOTUBOPEUNBOCTH CUCTEMBI aKCHOM M CUCTEMBbI
JJIEMEHTapHON apu(METHKH, TJIe B KQUeCTBE OCHOBHOW aKCMOMATHUYECKON apruPpMETHIECKON
CHCTEMBI TPAJUIIMOHHO paccMarpuBaercs apupmernueckas cucrema PA&MI Beinatomerocs
UTAIbSIHCKOr0 Marematuka J[xy3enne [leano.

OnuH n3 Hanboee 3HaYMMbIX PE3yIbTaTOB B PELICHUH BTOPOM mpobiemsl [ minbpbepra Obu1
JOCTUTHYT CTaBIIMM BIIOCJIEJACTBUU 3HAMEHHTHIM — TOTJA €IIe MOJIOJBIM aBCTPHUICKUM
matematukoM Kyprom [D'enemem. Kak wusBectno, Kyprom I'emenem B 1931 romy ObLio
JI0Ka3aHO CYIIECTBOBAaHME B KIACCHYECKUX MATEMaTHUYECKUX TEOPHAX, COJACpPKAIIIX
aKCMOMAaTHYECKyI0  JIOTMKO-MaTeMaTudeckyro  cucreMmy  PA&MI BBIJIAIOIIIErOCs
uTanbsiHCKoro Marematuka Jlkysenmne IleaHo, Takux TPaHCUEHACHTHBIX MO OTHOUICHHUIO K
KJIACCMYECKON apUCTOTENEeBCKON TPaaUIIMOHHOM Joruke, Jorudeckux c¢opmyn F u —F,
KOTOpBIE C OJHON CTOPOHBI XOTS M HE OTPUIIAIOT 3aKOHA 00 MCKIIIOUYEHHOM TPEThEM, HO C
Jpyroii CTOPOHBI M He YAOBIETBOPAIOT emy. [Ipu a3Tom nepras teopema ['enenst no cyimiectBy
O3HayaeT, 4YTO €CIM JIOCTaTo4yHo Ooratas ¢opmanpHas WM 1oidydopManbHas
MaTeMaTH4YecKasi TEOpHs, coJeprKalas akcuoMatuky lleano, sBiIsieTCs HEIPOTUBOPEUMBOA,
TO B HEH CYIIECTBYIOT JIOTHUECKH TPAHCIEHACHTHBIE 10 OTHOUICHHWIO K KIIACCHYECKOU
TPaJULIMOHHON apUCTOTENEBCKOM Joruke jorudeckue popmynsl F u —F, kotopbie He MoryT
ObITh HU [JOKa3aHbl, HM ONPOBEPTHYTHl Ha OCHOBAaHMM KJIACCHYECKOH apHCTOTENEeBCKOMN
TPaJUIIMOHHON JIOTUKHU U aKkCMOMaTHuecKoi cucteMsl [leano.

Jlns ynoOcTBa nanbpHEIIero u3okeHus npuBeaeM eule pas popMmynupoBku Teopem Kypra
I'enens o HemonHOTE (POPMAIBHBIX M MOTY(HOPMANBHBIX JIOTUKO-MAaTEMaTHYECKHX CHCTEM,
cogepxxauux cucremy PA&MI.

IlepBas Teopema I'exenst

Cywecmeyem maxoe cyncoenue F ¢ axcuomamuuecxoii cucmeme PA&MI, umo nu F,
Hu —F ne mozym 6vimb Ooxazanwvt nocpeocmeom axcuom uz PA&MI, eciu cucmema
PA&MI nenpomusopeuusa.

Bropas Teopema I'enessi

Henpomueopeuusocms axcuomamuueckou cucmemor PA&MI (Consis PA&MI), ue
Modcem ovimo ookazana 6 PA&MI, ecnu PA&MI sagnasemca nenpomuegopeuueoii.

Hwxe mpuBoauTcs conepkaHue TpaJIUIIMOHHON BEPCUU aKCHOMaTHYeCKOW cucteMsl [leano
- PA.

Axcuomsl Ieano

1. I ecmb namypanwvhoe uucino.
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2. /lna kaxcoo2o namypaivho2o yucia N umeemcs moyHo 0OHO HAMYPAIbHOE YUCIO0,
Ha3zvleaemoe e2o nociedyouwum u ovosnauaemoe S(n).

3. Bcezoa umeem mecmo comnowenue S(n) =1.
4. U3 pasencmea S(n) = S(M) credyem m=n.

5. Ilpunyun noanoit unoykuyuu. Muoixcecmeo namypaivnovix yucen, cooepicauiee 1 u
013 Kax)co0ozo u3z N Ijnemenmos ciedyrouwjuii 3a num nemenm S(N), codeprycum éce

Hamypa/ibHble HUCa.

Apudmeruka Ileano

Cnosicenue u yMHOMCEHUE HAMYPATLHBIX YUCEN ONpedensiemcsa popmynamu:

S(n)=n-+1 (4.3.1)
S(m-+n)=m-+S(n) (4.3.2)
n-1=n (4.3.3)
n-S(m)y=n-m-+n (4.3.4)

Kpome akcrnomaruueckoii cuctemsl [leano PA, Bkitouaromieii B ce0s «Akcruomsl [leano» u
«Apudpmetuxy Ileano», cuctema ocHoBaHuM Kiaccuueckoir mareMatuku PA&MI Bkitouaet
B ce0s1 1 «MeToJ1 MaTeMaTUUeCKOU UHTYKITUN.

MeToa MaTeMaTHYeCKO HHAYKIIMH

Ecnu nexomopoe ymeepyucoenue A(n),n=123.......... cnpagsednugo oaa N=1, u onn
Kaxco020 Nu3z cnpaseonusocmu A(N) npu 3nauenuu N credyem cnpagedausocms A(N+1)
npu N+1, mo ymeepycoenue A(N)- cnpaseoruso ons eécex namypanvhvix N, uu

dopmanvno:
(VneN, (Vi efl,..nh)A(N) =1= A(n+1) =1) = (Vne N,)(A(n)=1) (4.4.5)

B nacrosmem maparpade mMbl OyneM paccMmarpuBaTh «Teopemsl ['efens» ¢ TOUKU 3peHHs
JIOTUYECKH TPAHCIICH/IEHTHBIX MPOOJIeM B3aUMOJCUCTBHUSI apUCTOTEIEBCKONW TpaJWIIMOHHON
JIOTUKHW, KJaccuueckod ¢GopMalbHOM JIOTUKHM  HyJleBoro Tmopsiaka u  «Meroga
MAaTeMaTUYECKOM WHIYKIMU», KaK OCHOB KJIACCHYECKOW TEOPETUKO-MHOXKECTBEHHON
MaTeMaTUKH, TOCKOIbKY B QopMamuzamuun «MeTtoga MaTeMaTHUeCKOW WHIYKITHH
yHOOTPEOISIOTCS KBAaHTOPBI MPUHAJIC)KHOCTH M BCEOOITHOCTH, XapaKTEpHBIC I TEOPUHU
MHOECTB M KJIACCHYECKOW (hopMalibHON JIOTMKU mepBoro mnopsiaka. C 3Toii mensio Oynyt
chopMyIUpOBaHBl W JI0OKa3aHbl MeTareopembl o «Teopemax ['emens», oTpaxaroriue
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CYIICCTBOBAHUE JIOTMYECKHW TpPaHCUCHIACHTHBIX HpO6J'IeM B OCHOBaHHAX KJIaCCHYECKOM
(bOpMﬂJ'IBHOfI JIOTUKH ¥ KJIACCUYECKOM MaTeMaTUKH.

MetaTeopema o «IlepBoii Teopeme I'enens» (A.H. Axpiaequann — 2011 r.)

H3 «llepeoni meopemvr I'edensn» cnedyem nozuuecku KOHCHIPYKMUGHOE OMIAUYUE
Kaccu4eckon  (QopmanvHou  J102UKU  HY1€6020 NOPAOKA OM  GAPUCHIOMENE6CKOU
mMpPaouyUOHHOU J102UKU 6 CMbIC/IE 8LINOTTHUMOCHU «3AKOHA 00 UCKTIOUEHHOM MPEenmbem>».

JlokazaTenbCcTBO

PaccMoTpuM npuHIMnuaneHyo cxemy gokasatenberBa «llepsoii Teopemsl ['enensi». 3nech
HEOO0X0/MMO TIOJYEPKHYTh, YTO HAC B JAHHOM CIIydae HWHTEPECYIOT MMEHHO JIOTHYECKHE
KOMITOHEHTHI 3TOT0 JI0Ka3areiabcTBa. M3BecTHO, uTto ['eneneM Oblia BBIABUHYTA JOTHYECKAs
¢bopmya, KoTopas 3aTeM Obljia IpeBpalleHa UM B apudmeTnueckyro popMyily Ha OCHOBE Tak
Ha3bIBAEMOU «TeEJIEBCKON HyMepaluu», MO3BOJIAIOIIEN IEPEBECTH UCXOIHYIO JIOTUYECKYIO
¢dopmyny B apupmernyeckyro. OnHaAKO, MPEICTABIACTCS COBEPIIEHHO €CTECTBEHHBIM, UTO
IIPOLIECC «T'e/IeIeBCKOM HyMepaluu», BBIABUHYTOH ['enenem ioruuyeckoi (opmynbl, He
MEHSET €€ UCXOIAHOH JIOTMYECKOM CTPYKTYpPBI, 1 KPOME 3TOro, Kak OyJIeT IOKa3aHo Aalee,
VMEHHHO YIOMSHYTAsl JIOTHYECKasl CTPYKTypa Ha JIeJIe SBJIAETCS OJJHUM M3 KIIFOYEBBIX MECT B
Teopun ['enenst 0 HeNMoIHOTE HOPMATBHBIX AKCHOMATHYECKHX CHCTEM IEPBOT0O MOPSIIKA.

HTak paccMOTpUM BONIpOC, Kakas ke Jiorndeckas ¢opmyrna Obuta BeIIBUHYTa KypTrom
I'enenem. SABnsisich OnecTsmyM JOTUKOM, ['efiens moHuMall, 4Tto BeliBUraeMasi UM popmyiia ¢
OJIHOM CTOPOHBI HE JOJIKHA ObUIa OBITH TOXKJIECTBEHHO NMPOTHUBOPEUMBOM, MOCKOJBKY TaKas
OCHOBa JIOKa3aTenbCcTBa ObUTa OBl mpH3HaHA, Kak «error fundamentalisy B ocHoBanum
JI0Ka3aTeNbCTBA, HA OCHOBAHMU JIOTHYecKoro 3akoHa J[yHca CkoTa, cOrsacHO KOTOpOMY U3
TOXJECTBEHHO TPOTUBOPEUUBOM (opMynbl cienyer mobas ¢opmyna, BKIOYas U
TOXAECTBEHHO NpoTHBOpeunBYt0. C pyroil cropoHs! 'efenb 10mKeH ObUT UMETh TBEPIYIO
rapaHTHIO TOTO, YTO BBIABUraeMas UM (Gopmylia, paBHO Kak U €e OTpULlaHHe, He MOTYT OBbITh
JIOKa3aHbl WM ONPOBEPTrHYTHl HM B OJIHOM ApUCTOTENEBCKM HEMPOTHBOPEUHMBOM JIOTHKO-
QaHATUTUYECKON  QopManbHON  wiM  monydOpMalbHOW  CHUCTEMe,  CoJiepiKalllen
akcuomaTtuueckyto apudmernyeckyro cucreMy Ileano PA.

Jlanee MbI moKa)keM, YTO Ha MHOXKECTBE YHApPHBIX ONEpalui KJIacCU4ecKol (popMasibHOM
JIOTUKM HYJIEBOTO MOpsAKa JAEUCTBUTENBHO CYHIECTBYET HENPOTHUBOPEUMBAS JIOTHYECKas
dbopmyna, ymoBieTBopstomas CHOPMYIUPOBAHHBIM BHIIIE YCIOBUAM. VIMEHHO Takou
hopmymoit sIBISETCS Cieayromas Joruueckas popmyna:

G =—(x=1)=—{(01) =1)=(1,0) (4.4.6)

SI3BIKOBBIM DKBUBAJICHTOM paccMOTpeHHON B (4.4.6) GopMyiibl SBISETCS YTBEPXKJICHUE!
«HEBepHO, uTo (opMmyaa X sBISETCS Aokazyemoi». M3 (4.4.6) u mpaBHi KIIaCCHUYECKOU
(dbopmanbHOW JIOTUKU HYJIEBOTO MOPSJKA CIEAYeT, YTO JIorndyeckas (opMyia BBIABHHYTOTO
YTBEPXKICHUS SBIISIETCS HEAOKa3yeMOH, HO BMECT€ C TE€M U HEIPOTHUBOPEYUBOM,
CIIEZIOBATEIIFHO U CAMO YTBEPIKIICHUE SBISIETCS C OJJHON CTOPOHBI HEJIOKa3yeMbIM, a C IPYTroi
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CTOPOHBI HENMPOTHBOpPEYMBBIM. VIcTHHHOCTHAs oreHka (4.4.6) mpencTaBiacHHOW (OPMYJIbI
TaK)X€ CBUJETEIIbCTBYET O TOM, YTO C TOYKU 3PEHHUS KJIACCUUYECKOW (POPMAIbHON JIOTHKHU
HYJIEBOTO IOpPSIIKA U COOTBETCTBYIOIIMM SI3BIKOBBIA 3KBHBAJICHT B BUIEC YTBEPKICHUS
«HEBEPHO, 4TO (hopMyna X SBISAETCS JOKA3yeMOil» - SBISIETCS HEIOKa3yeMbIM, U BMECTE C
TE€M HENPOTUBOPEUYUBBIM.

PaccMmoTpuMm Terepsb (hopMalibHOE OTPHIIaHKE JTorHueckoi Gopmyist (4.4.6), a UMEHHO:
—G= —|(—|(X = 1)) = —|<1,0> = <0,1> (447)

N3 (4.4.7) n npaBu Kiaccuueckor (GopMalibHO¥ JIOTUKY HYJIEBOTO MOPS/IKA CIEIYET, YTO
U 3Ta Jlorndeckas (popMyiia, ¢ OHOM CTOPOHBI ABJISAETCS HEAOKA3yEMOH, a ¢ APYroi CTOPOHBI
HENPOTUBOPEUMBON. PaccMOTpUM Tenepp JOTMYECKYIO CTPYKTYPY CIENYIOLIEH JOruuecKoin
¢dopmyisl F: «HeBepHO, uTO hopMyna X sBISETCS HPOTHUBOPEUHBOM».

F=—(x=0)=—(01)=0)=(01) =G (4.4.8)

43 MMPUBCACHHOI'O BBIIIEC PACCYKACHUS MBI I1OJTy41acM oee Henpomueopeduevle, U emecme C

amu H€00Ka3V€Mbl€ JJOIT'HYCCKHUEC (I)OpMYJ'IBI, SIBJISIIOIIMECS IO CBOGU JIOTMYECKOM CTPYKTYpC

B3aMMHO KOHTPAJMKTOPHBIMHU, H BBIPA)KAEMbIC CIICYIOUIMMH YTBEPKICHUSIMHU.
G: «HeBepHO, 4TO popMyna X SBISIETCS JOKA3yeMOM» (4.4.9)
—G=F: «HeBepHO, 4yTO hopMyna X SBISAETCS MPOTUBOPEUNBOIT» (4.4.10)

Hcxons W3 TPUBENEHHOTO BBINIE JIOKA3aTENbCTBA, MPEJACTABISAETCS COBEPILICHHO
OUYEBUHBIM, UTO «TefefieBCKasi aprupMETH3AIUI» COOTBETCTBYIOIIUX JTOTUYECKUX (HOpMYyI U
MOCTPOCHHE MX KOHCTPYKTHBHOTO apudmernyeckoro obpasza, HM B KOl Mepe HE MOTYT
W3MEHUTH JIOTUYECKOHN CyTH, BBIIBUHYTHIX [ efenem norudeckux dopmyin. [loaromy «IlepBas
Teopema l'emens», MO CylIecTBY Jeja, Kacaercss B TEPBYIO O4YEpelb BOIPOCOB
B3aUMOJICVCTBUSl  APUCTOTEJIEBCKOW TPAAUWUIHMOHHOW JIOTMKM W OTJIMYHOW OT HeEe
KJIACCMYECKOM (OpMaNbHOM JIOTUKM HYJEBOTO TMOpsAKa, KOTOpas HECMOTps Ha TO
00CTOSITENTLCTBO, YTO MPHU3HAET apPUCTOTENEBCKHM 3aKOH 00 HCKIIOYEHHOM TPETheM —
(dhopManbHO-TOTHUYECKH HUCTHHHBIM, - TEM HE MEHee COACPKHT W TaKue B3aUMHO
KOHTPAJIMKTOPHBIE HEMPOTUBOPEUYUBHIC (B MOHUMAHUHU KJIACCUYECKOW (HOpMaTbHOU JOTHKHU
HYJIEBOTO TMOpsiIKa) JIOTHYecKHe (OPMYIbI, KOTOPBIE He COOmMEemcmeyom 3aKOHy 00
ucknrouenHom mpemovem. Merareopema J10Ka3aHa.

PaCCMOTpI/IM OIMPCACIICHUEC JIOTHUYCCKOI'0 KOJIJIarca € TOYKH 3pCHUA apHCTOTCHeBCKOﬁ
Tpa,Z[I/ILIHOHHOﬁ JIOTHKH, a TaK¥XKE KJIaCCHYECKOM (I)OpMaHBHOﬁ JIOTUKH HYJICBOTO IMOPAJKA.

OnpeneieHne JJOTHYECKOI0 KOJLIAICA B APMCTOTEIEBCKONH TPATUIIMOHHOM JIOTHKE

Jlozuueckum konnancom (momanvHelm ociadaeHuem GopmanvHOl UCHMUHHOCHU) 6
HEeKOmopou (hopmanvHoll UnU NOTYPHOPMATLHOU T102UKO-MAMEMAMUYECKOI meopuu,
OCHOBAHHOII HA APUCHIOMENEBCKOI MPAOUYUOHHOU JI02UKe, HA3bl8AEMCA J102UYECKUIl
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npouecc, npueodAwW Ul K 00pazoeanur0 6 IMOU meopuu apucmomeneécKozo
npomueopeyus Ui AaHmMUHOMUU.

OnpeneieHne JOrHYECKOr0 KOJLIANCA B KJIACCHYECKOT Q)ODMaHLHOﬁ JIOTUKE HYJIECBOI'O
H IIEPBOI0 NMOpPAAKOB

Jlocuueckum Koanancom (momanvHoiM ocaadieHuem GopmanvHoul UCMUHHOCHU)
Ha3vleaemca MmMaxas J102u4ecKkas CUumyauyus, Ko20a 6 HeKOmopou GopmanvHol unu
nonygopmansnoil 102uKo-mamemamuyeckoi. meopuu T, CMAHOBUMCA J102UYECKU
KOHCIMPYKMUGHO OCYU{ECHEUMbBIM GbléeOeHUE HA OCHOBE HENPOMUBOPEUUBHIX 1O2UHECKUX
dopmyn, - opmansno mosrccoecmeenno npomueopeuusoil nN02UYECKOU Gopmynvl uiu
dopmyn na muoscecmee yHapHblX, OUHAPHBIX, MEPHAPHBIX UAU 6 00Wem ciayuae N -
APHBIX J102UYeCKUX onepayuil.

TeopeMa 0 JJOrMYECKOM KOJLJIANCe B Kjaaccuyeckoi ¢GopMaibHO# JJOruKe

(A.H. AxBaenuann — 2011 r.)

Ha muoocecmee yHapHvIX 102U4ecCKUX OneEpayuil Kiaccudeckou (opmanvHoil 102UKU
HY1€6020 NOPAOKA KOHCMPYKMUBHO CYU{ECHEYIOM HEenpomueopedusvle ¢ mo4Ku 3peHus
Kaaccuueckou  (opmanvHou  J102UKU  HY1€6020 NOPAOKA JlocuuecKue opmyiel,
yooenemeoparwwue ycinoeuam «llepeoit meopemot I'edenn», KOHBIOHKUUA KOMOPHIX
é/1euem 3a co00il 102udecKuil Koianc.

I[OKaBaTeJ'IBCTBO

N3 comocrasienus dopmyi (4.4.9) u (4.4.10) BeiTekaeT BecbMa JIFOOOIBITHAS JIOTHYECKAs
curyarust. C oxuoii ctoponsl (opmynbl (4.4.9) u u (4.4.10) COOTBETCTBYIOT peabHOM
JEUCTBUTENILHOCTH W TOJTOMY SBJISIOTCS MaTePHAIbHO MCTHHHBIMH C TOYKH 3PEHHUS
KJIACCHYECKON (pOpPMaIbHOMN JIOTUKU HYJICBOTO MOPSIKA M apUCTOTEICBCKON TPaIUIIMOHHON
aoruku. C ApPYyroit CTOPOHBI MO CBOEH JIOTHUYECKON CTPYKType OHH SIBJISIOTCS B3aHMHO
KOHTPaIUKTOPHBIMH, @ HX KOHBIOHKIIHS TOKIECTBEHHO PaBHA JIOTHYECKOMY HYIIIO:

(G A—G)=(1,0) ~(01)=(0,0) (4.4.11)

Taxkum o6pa30M CKIAObIBAEMCA N02UYECKU naDaOOKCCUleClﬂ cumyayusi — CymeCTBYIOT JIBa

MaTCpruaJIbHO HUCTUHHBIC YTBCPIKACHHA, KOHBIOHKIMA KOTOPBIX o6pa3yeT (I)OpMaJ'ILHO-
JIOTUYCCKOC IMPOTHUBOPCUUC. ECTCCTBCHHO, 9YTO TakKasd JIOTHYCCKasl CUTyalusl HHUKAK HE
YKIIaAbIBACTCA B paMKU apHCTOTCHCBCKOﬁ TpaIlI/II_II/IOHHOﬁ JIOTHUKH.

U3 cootHomenus (4.4.11) cnemyer, 4To B pacCMaTpUBAaeMOM CJy4ae, KOHBIOHKIIHS JIBYX
HEMPOTUBOPEUUBBIX JIOTUYECKUX (OpMyn, oOmpefeNeHHbIX Ha MHOXKECTBE YHapHBIX
JOTUYECKUX OIepaluii Kiaccuieckoi (hopMaabHOU JIOTHMKU HYJIEBOTO TOPSIKA, eleyem 3d
€0001i 102uyecKull KOAIANcC 8 K1accuveckol popmanbHoll 1o2uke Hynegoeo nopsoka. Teopema
J0Ka3aHa.

PaccmoTpuM ompeneneHne apucTOTeNIeBCKON (pOpPMaIbHO-IOTHYECKOH MPOTUBOPEUUBOCTH
(hopmMabHOM TEOPHH.
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OnpeneseHye  apucToTeJIeBCKOM  (opMaAJbLHOM  JIOrMYecKOH IPOTHBOPEYHBOCTH
dopMaabHON MM N101Y(POPMATBLHON TEOPUH

QDopmanvuaa unu noayPoOPpManbHaAA NOCUKO-MAMEMAMUYECKA MeopUs HAaA3bleaemcs
apucmomeneecku  (opmanvHo-102UUECKU ~ NPOMUBOPEYUGOU,  €ClU  AGIAEMCA
MOXHCOeCMBEHHO 00KA3YEMbIM, YMO HA MHOMNCECMEE IOZUYECKUX (opmyn Imoil meopuu
6v1600UMaA Xoms 0Ovl 00HA Hopmyna, AGNANOWAACA OMPUUAHUEM GMOPO2O OCHOBHO2O0
3AKOHA apUCmMomene6cKoll MpaouyuoHHOI J102UKU, UMO Hopmanvho evipa)3caemcs
cedyruum 00pazom:.

[(BLAB2AB3A...BmA..BM) = —(CA-C)]=1 (4.4.12)

Metateopema 0 «Teopemax I'egeas» (A.H. Axpaeauauu — 2011 r.)

H3z «Teopem Tedena» cnedyem, umo apucmomeneéckas GopmanbHO-102u1ecKan
HEnpoOmuUGoOPeUUGOCMy  KaMcOOU  J102UKO-MAMEMAMUUECKOU  (popmanvHoiul  uiu
nonygopmansnoil meopuu, cooeprcauieil Kiaccuueckyio opmanvHyio 102UKy Hyn1e6020
nOpAOKa A61A€mMcA HEOOKA3YeMOu.

JlokazaTenbCcTBO

Kak Opu10 mokaszano Bbliie, u3 «llepoit Teopemsl ['enenss BbITeKaeT KOHCTPYKTUBHOE
CYILIECTBOBAHUE JIBYX IO OTIEIBLHOCTH HEMPOTUBOPEUYMBBIX yTBepxaeHuii (4.4.8) u (4.4.9),
KOHBIOHKIIMSI KOTOPBIX BJI€UYET 3a COOOM JIOTMUECKUH KOJUIANC Ha MHOKECTBE JIOTMYECKHX
dbopmyn kiaccuueckoi (OpPMaIbHOW JIOTMKK HYJIEBOTO TIOPSIKA, YTO BBIpaXKaeTcCs
cootHorrenueM (4.4.11). Takum oOpazom ucTUHHBIA cMbich «[lepBoii Teopemsl ['enmens»
3aKJII0YaeTCsi UMEHHO B TOM, YTO Kiaccuyeckas (opMaibHasl JOTHMKa HYJIEBOIO MOpsIKa
MO>KET FeHePHPOBATh HEAPUCTOTENEBCKUE JIOTHUECKUE (OPMYIIbI, KOTOPBIE C OJTHOW CTOPOHBI
SBJISIIOTCSL MaT€pHajJbHO HCTHMHHBIMU B YHOMSHYTOM JIOTHYECKOM cHCTEMe, OJHAaKO HX
KOHBIOHKIIMA 00pa3yeT TOXIeCTBEHHOEe (opMalibHO-IO0rHyeckoe nporuBopeure. CornacHo
norudyeckoMy 3akoHy JlyHca CkoTa 3TO 03HA4aeT, 4TO B PE3yJbTaTe JOTMYECKOrO KOJuIarca
CTaHOBUTCS BO3MOXHBIM OCYIIECTBICHHE cooTHOIEeHUs (4.4.12), 49TO DKBUBAJICHTHO
YCTaHOBJICHUIO (paKTa apHCTOTEJIEBCKOW MPOTHBOPEUMBOCTH. Tak Kak Kaxjaas GopmaibHas
WK noixydopMaabHas JIOTUKO-MaTeMaTHueckas TeOpus MepBOro Mopsijika BKIOYAET B ce0s
KJIACCHMYECKYI0 (OpMajbHYIO JIOTHMKY II€pBOrO TOpSAKa, a 3HAUYUT AaBTOMAaTUYECKH U
KJIACCUYECKYI0 (hOpPMAJIbHYIO JIOTHKY HYJIEBOTO MOPSAIKA, TO JIOTHYECKHUE CBOMCTBA STOU
JIOTUKO-MAaTEMaTU4YeCKOW TEOpUU B JAaHHOM DPACCMaTPUBAEMOM CIIydae B IEPBYIO OYEPEIb
OTIPEJIeNIAIOTCS JIOTMYECKUMHM CBOMCTBAMHU KJIaCCHUYECKOW (DOpManbHOM JIOTUKK HYJIEBOTO
MOpAJIKA, KOTOpasi ¢ OAHON CTOPOHBI IPU3HAET BCE 3aKOHBI apUCTOTEIEBCKON TPaIULIMOHHON
JIOTUKM MCTHMHHBIMH 3aKOHaMH, a C JpYrod CTOpOHBI BKJIIOYaeT B cels Takue
HEMPOTUBOPEUUBBIE C TOUKH 3PEHUS KIacCu4eckoi (hopMaabHON JIOTHKU HYJIEBOTO MOpsIKa
joruyeckue GopMysbl, KOHbIOHKIHS KOTOPBIX MPUBOAUT K 0OPa30BaHUIO apUCTOTEIIEBCKOTO
npoTuBopeurs. IMEHHO 1O 3TOM MPUYMHE APUCTOTENIEBCKAsT HEMPOTUBOPEUUBOCTh KaxKIOH
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JIOTUKO-MAaTeMaTUYeCKOM TEOPUM IIEPBOrO MOpPsKa, OCHOBAHHOM Ha JIOTMKE IIEPBOrO
nopsiaka (BKJItOUaroIed B ce0s M JIOTMKY HYJIEBOIO IOps/Ka), HE MOXET ObITh Jl0Ka3zaHa
HENPOTUBOPEUYMBO, IOCKOJIIBKY B paMKax IJ00aJbHO HENPOTHBOPEUYMBON KIIACCHUYECKON
¢dbopmManpHOW JIOTMKH HYJIEBOTO TOpPSAAKa, (AKTHYECKH MOXKHO JI0Ka3aTh MPSMO
MIPOTHBOIOJIOXKHOE B OTHOIICHWH CaMOW KJIACCHYECKOH (hopManbHON JOTMKH HYJIEBOTO
nopsiika. HBIMU clioBaMH Kilaccueckasi popMalibHast IOTHKaA HYJIEBOTO MOPsIIKA, HECMOTPS
Ha ee MI00aIbHYI0 (POPMATBHO-JIOTUYECKYI0 HENPOTHBOPEYMBOCTh, B CHJIBHOM CTEHECHU
OTJIMYAETCA OT apUCTOTENIEBCKOM TPaJMLIMOHHON JIOTUKH, U 001aJaeT sIpKO BbIPAXKEHHBIMU
JIOTUYECKH TPAHCLCHACHTHBIMH CBOMCTBaMH. 110 3TON camoli MpUYMHE €€ apUCTOTEICBCKas
HEIPOTUBOPEUMBOCTb, PABHO KaK M apUCTOTEIEBCKas HEMPOTUBOPEYUBOCTH JIIOOOH
BKJIIOYAIOIIEH €€  JIOTMKO-aHAJIUTHYECKOW TEOpMM HE MOryT ObITh  JI0Ka3aHbl
HenpoTuBopeunBo. Takum obpasom u «Brtopast Treopema I'enens», paBHO Kak W IepBas, B
IIEPBYI0 O4Yepelb OTHOCUTCA K BOIPOCAM JIOTMKO-aHAJUTHYECKUX OTHOLIECHUN MEXIY
ApUCTOTENIEBCKOM TPAJUIIMOHHON JIOTUKOW M KJIACCHUECKOW (POPMaIbHOM JIOTUKON HYJIEBOTO
nopsaka. Teopema nokazaHa.

4.4. Jlocuueckuii ananoz @ynkuyuu Jlupuxne u 2emesuc J102uYECKoll
mpancuyendoenyuu ¢ cucmeme PA&MI npu cmpemnenuu xk axmyanvnoi
Oeckoneunocmu.

Kak wusBectHo, I'epxapmom ['ennenom B 1936 romy ObLIO MOJIy4E€HO [OKA3aTElIbCTBO
norudeckoi coBMecTHOocTH «AkcuoMm Ileano» ¢ «Apudmernxoil Ileano», To ectb UM Obliia
JIOKa3aHa GHYMPEHHss Henpomusopeuusocms «AxcuoMmatnueckon cucremsl Ileano» - PA.
Heo06XxoauMo OTMETHTH, UTO B MPOLIECCE YIOMSHYTOTO J0Ka3aTeNbCTBA, | eHIIeHy PHUIIIOCh
J00aBUTh K JIOTUKE MEPBOro Mopsijika «AKCMOMY OECKBaHTOPHOM MHIYKIMM». JTO B CBOIO
ouepesb 03HAuYaeT, YToO pe3yibTarhl ['eHlleHa He nmpoTuBopedar «Bropoii Teopeme I'egensiy,
COTJIACHO KOTOpoi HempoTuBopeunBocTh cucteM PA u PA&MI He moxeT ObITh JOKa3aHa
UCKJIIOUNTENbHO cpeactBamu camux PA u  PA&MI, npu ycrnoBuM, 4To OHM SBISIOTCA
HenpoTuBopeunBbIMH. [Ipu 3TOM ['eHIIeHOM OBLTM PAacCMOTPEHBI BOIPOCHI COBMECTHOCTH
«Apudpmernkun  Ileano» ¢  «Akcuwomamu Ileano»  (T.e. BONPOC  BHYTpPEHHEH
HEMPOTHBOPEYHUBOCTH cUCTeMbI PA), mpu4eM UM OBUTH PacCMOTPEHBI MEPBBIC MATh aKCHOM
[Teano 6e3 «MeToa MaTeMaTUYECKONW WHITYKITAN.

UzsectHo, uto Kyprom I'enenem npu noxazarensctse «Teopem 'enens», HaoOopoT, mpu
paccMoTpeHnH akcuomaTtudeckoi cucreMbl PA&MI, kpome nepsbix natu axcuom [leano,
ObUT TakXe y4YTEeH Ha YCJIOBUAX JIOTUYECKOW KOHBIOHKIMU U «MeToJ MaTeMaTHuecKoi
UHIYKIUW», KOTOPBIA SBISIETCA OJHMM U3 METOJOB JI0Ka3aTelIbCTBA B KJIACCHUYECKOMN
MaTeMaTHKE.

HCO6XOI[I/IMO OTMCTUTDB, YTO BOITPOC BKIIKOUCHUA <<MGTO)Ia MaTeMaTHIEeCKOM HHAYKIOWUW» B
YHCIO0 aKCHMOM cHcTeMbl PA  sBisercs HCOOAHO3HAYHBIM. I/ICTOpI/I‘-IeCKI/I N3BCCTHO, 4YTO
«MGTO,Z[ MaTeMaTHUYECKOM HHAYKIIHUW> IICPBOHAYAJIBHO HC BXOAUJI B YUCJIO aKCUOM CHCTCMBI
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PA. C gpyrodi CTOPOHBI, B COBPEMEHHOM KJIACCMYECKOM MaTeMaruke, - «Metoa
MaTeMaTHUYeCKOW MHIYKIIUW» TPAIUIIMOHHO CUMTACTCS BKIIOUYCHHBIM B cucTeMy PA.

Bo wuszbexxanue BO3MOMKHBIX HEIOpa3yMEHUH, MpHU AajbHEHIIeM H3JI0KEHUH MbI OyneMm
0003HauaTh COBOKYMHOCTh «Apudmerukn Ileano», «Axcuom Ileano» um «Metona
MaTreMaThu4ecKo MHAYKIun», kak PA&MI. OrmeTrum, uto pesynbrarel «Teopem ['enens» B
OCHOBHOM OTHOCATCS UMeHHO K cucteme PA&MI, a pesynbraTsl, moixydeHnHsie I'epxapaom
I'eH1IeHOM 10Ka3bIBalOT BHYTPEHHIOO HENIPOTUBOPEUMBOCTH cucTeMbl PA.

Cornacno «IlepBoii Teopeme I'enensi», ecnu cuctema «PA&MI» sBrsieTcs apucTOTENCBCKA
HEMPOTUBOPCUYMBOM, TO B KJIACCHUYCCKOW MAaTeMaTHUKE CYIIECTBYIOT TaKWe B3aHMHO
KOHTPAIMKTOPHBIE Jorudeckue ¢opmyibsl F u —F, 9To He mpencTaBisieTcs BO3MOXKHBIM Ha
ocHoBanuu PA u «PA&MI» noxazare unu onpoBepruyts Hu F, Hu —F. B unrepnperanuu
noruko-maremarudeckoir cucteMbl INCOL&TAMLA, - 310 03HadaeT Joruvecku ciaadyro
TPAHCIIEHJICHTHOCTh KJIACCUYECKOW MAaTeMaTUKU IO OTHOILICHUI0 K apUCTOTEIEBCKOM
TPaJAULIMOHHON JIOTUKE B TOM ciiyuyae, ecnu cucreMa «PA&MI» sBisiercs apucToTeneBcKu
HerpotuBopeunBoid. Ecom ke cuctema «PA&MI»  gBuseTcs  apuCTOTENICBCKH
MPOTUBOPEUYUBOM, TO corjacHo 3akoHy JlyHca CkoTa Ha OCHOBAaHHUU 3TOH CHCTEMBbI
BBIBOJIUMBI JIIOOBIE JIOTHYecKHe (OpPMYJbl, B TOM UHCIE€ M JIOTHYECKH MpPEIeIbHO
TpaHCICHICHTHBIC. TakuM 00pa3oM, Ha TPEIBAPUTEIHLHOM 3Talle PACCMOTPCHHS BOIPOCA,
MOXHO TPHUATH K CIEnyIoleMy oo0meMmy BeiBoay — eciu cuctema «PA&MI»  aBisercs
ApUCTOTENICBCKH HEMPOTUBOPECUMBOM, TO COACPXKAIIUE €€ JIOTUKO-MAaTeMAaTHUECKUE TEOPUH
MEPBOTO TIOPSAKA SIBIISIOTCS JIOTUYECKU C1a00 TPAHCIEHACHTHBIMHU, €CIIH JK€ CHUCTeMa
«PA&MI» sBnsieTcst apucTOTENEBCKU MPOTUBOPEUNBOIM U TEM CaMbIM JIOTUYECKH MPEEIbHO
TPAHCLIEHJEHTHON, TO COJEpIKaIlIhe €€ JIOTMKO-MaTeMaTHUYeCKHe TEOPUHU TEePBOro MOpsIKa
TaKXKe SBJISIFOTCS JIOTUYECKU TIPEEIbHO TPAHCIIEHACHTHBIMH.

PaccMoTpuM BechbMa CyIIECTBEHHBIM BONPOC — MOTYT JIM HaTypajbHbIE YHCIA,
onpenensembple cucteMoil «PA&MI» 6wimbs  beckoneunvimu? J{ns paspelieHus 3TOTo
BOMpOCa PACCMOTPUM (DYHKIMIO HATypaJlbHOTO apryMeHTa, SBISIOUIYIOCS KOHEUHBIM
aHaJIOroM OECKOHEYHOIo psijia:

f(n) = Zis (4.4.1)
m=1 m
rme M=212,....ccccccerrnnnn. , S=2, N- HaTypaJIbHOE YHCJIO.

CohopmynupyeM 1 JOKaXKeM CIEIYIOIYIO TEOPEMY.

TeopeMa 0 0eCKOHEYHOM HATYPAJIbHOM YHCJIE

B cucmeme «PA&MIy», ¢ mouku 3penus apucmomenesckoit. mpaouyuoHHol 102UKU,
Ooonyujenue 0 CyuieCmeosaHuu 0OecKOHeuHO 00NbUI020 HAMYPANbHO20 YUCHA 6lledem
npomueopeuue, u napywiaem «Memoo mamemamuyeckoi UHOYKUUUY .

JlokazaTenbCcTBO
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Jis  nokasarenbcTBa CHOPMYJIMPOBAHHOIO BBILIE TEOPEMBI PACCMOTPUM  CIIEAYIOLIEE
yTBep)KIeHHE. «Jl1s1 BceX HaTypaJbHbIX 3HAUYeHMM N, HauMHas C IepBOro, (GyHKIu,
ompenenseMas coTHoumeHueMm (4.4.1) mnpuHHMMaeT palUMOHaJbHbIE 3HAa4YeHUsA». bynem
JI0Ka3bIBaTh 3TO YTBEPXKACHHUE HAa OCcHOBe «MeTojga MaTeMaTH4ecKol MHAyKuuu». B cuiy
TOr0, YTO CyMMa KOHEYHOT'O YHCJa PAllMOHAIBHBIX YMCEN SBIISIETCS PALlMOHAIBHBIM YHUCIIOM,
TO pPacCMaTpUBAEMOE HAMU YTBEPXKIEHHUE CIpaBeAnuBo mpu N=12,..... ko, tme k-
KOHEYHOE HaTypalbHOE uucio. TakuMm oOpazom, cornacHo «MeTony MaTeMaTH4ecKon
UHAYKIUN», c()OpMYIUpPOBAaHHOE HAMU YTBEP)KICHHE BEPHO JUI BCEX CKOJIb YrOJHO
Oonbmnx, (PUKCHPOBAHHBIX HATYpalbHBIX unced K. PaccMOTpuM BOIMpPOC — MOXKET JIH
HaTypajibHOE 4HCI0 N ObITh OeckoHeYHO OonbiiuM? Jlng paspemieHus 3TOro BoIpoca
paccMmoTpuM 3HaueHue QpyHkiuu (4.4.1) npu N — oo. Torga uz (4.4.1) cnenyer:

o0 l 72_2
fhow)=) =2 4.4.2
(N — ) 2" (4.4.2)

Ecnu momycTtuth, 94TO HaTypajdbHOE YMCIO N MOXKET OBITh OECKOHEYHO OOJIBLINM, TO B
cuny (4.4.1) u (4.4.2) npuxoauM K MPOTHBOPEUUIO — JJII BCEX KOHEUHBIX HATypPaTbHBIX
Ylcesl CyMMa paccMaTpUBaeMOro psja paBHA pallMOHAILHOMY YHCIY, a A1 OECKOHEUYHOIO
HaTypaJIbHOIO 4MCIa O3TO HE ABJIAETCS BEpPHbIM — CyMMa 4ICHOB psJa paBHA
UppalMOHAILHOMY (HEpAlMOHAJIBbHOMY YHCIY). DTUM CaMbIM B pacCMaTpUBAaEMOM Cy4yae
Hapylaercs CHpaBeUIMBOCTh «Meroga MaTeMaTH4ecKoM WHAyKuuu». B pesynbpraTte
MIPUBEICHHOTO BHIIIE PACCYKIACHUS, Mbl B paMKax TPaJUI[MOHHON apUCTOTEIEBCKOMN JIOTHKH,
C JIOTHYECKON HEOOXOJUMOCTHIO MPUIIUTA K BBIBOJY O TOM, YMO HAmMypaibHoe 4ucio N He
Modcem b6vimb beckoneuno bonvuum 6 cucmeme <PA&MI».

beckoHeuHO OOINBIION BEMMYMHONW B pacCMaTpHBAEMOM CIydae, - SIBIACTCS nepeMeHHas
geruuuna N TP cmpemieHuu nocieoneli K OecKOHeyHOCmu, - TaK KaK B ITOM CiIydae
BBITIOJIHAIOTCS YCIOBUSA cooTHomeHus (2.5.8). IloaToMy, B paccMaTpuBaeMoOM cilyuyae, Mpu
cTpemsieHMH N K OECKOHEYHOCTH, OeckoHedHo Oompmas BenmuuHa ¢(N) =n,(n — ), B
CHJIy CaMOTO OIpeJeNieHNss OECKOHEYHO OOJIBIION BEMTUYUHBI, - He A61Aemcs KOHKPEeMHbIM
PAYUOHATLHBIM UTU JHCe UPPAYUOHATLHBIM YUCIOM, A AGIAEMCS NepeMeHHOU 8eUYUHOU.

PaccmoTtpum onpenenenue ¢pynkiuu Jupuxie.

Onpenesaenne dyaxkuuun Aupuxie

@ynxyuen [Jupuxne D(X), na3vieaemcsa ynKyus, onpeoeieHHaAs HA MHOMCECMEe 8CeX
oeiicmeumenshuix yucen (X € R), u npunumarowas nuwiv 086a Ouckpemuvix 3nauenus — 1
unu 0 6 3asucumocmu om 0eicmeUmMenbHO20 3HAUEHUS APZYMEHmMA X, d UMEHHO — eCllu
X - payuonanvHoe uucno, mo 3HauenHue @ynkuyuu Jupuxne paeno 1, ecnu dnce
OelicmeumenvHoe YUCI0 X - He AGNAEMCA DPAYUOHATIbHBIM MO 3HAYeHUe (QYHKUuu
Jlupuxne paeno 0:

leciu—xeQ

D)= 0,ecu ——(x € Q) (44.3)
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rac Q - MHOXXCECTBO pallMOHAJIBHBIX YHCECII.

Paccmotpum omnpeneneHue GopManbHO-IOTHYECKOro aHanora ¢pyHkiuu Jupuxie.

Omnpenenenue GopMaibHO-JI0rHYECKOro aHajaora pynknuu Jlnpuxse

Dopmanvuo-nozuveckum ananozom gyuxkyuu Jupuxine DL(X) Hazvieaemcsa ghynkuyus,

obnacmuio onpeoenenus KOmopoi A61AeMmMca 6ce MHOMNCECHBO 0eliCMEUMENIbHbIX YUCe,
00beOUHEHHOE C MHONCECMBOM DECKOHEUHO 00NbUWIUX GeTUUUH, d 001acmb 3HAUEHUIL
cocmoum u3 nozuueckux 1 u 0. @opmanvno-nocuveckuii ananoz Qyuxkyuu Jlupuxie
umeem caeoyruuil 6U0:

B leciu —xeQ
DLO) = 0,eciu ——(x € Q) (4.4.4)

Chopmynupyem 1 JoKaxkeM CleyIoIlee YTBEpKICHHE.

TeopeMa 00 VCIOBHM _TO:KIECTBEHHOW HMCTHHHOCTH (l)ODMaJIbHO JIOTHYECKOI'0 _aHaJ0ra

dyvaxkunu Aupuxie (Axsaequanu AH. - 2011)

Ecnu ece paccmampugaemvie 3HaueHUA O0€UCHEUMENbHO20 APIYMEHMA 6 (POpMaAIbHO-
nozuveckom aumanoze @ynkyuu Jupuxne, AGNANOMCA KOHEYHLIMU HAMYPATbHOIMU
yucaamu, mo IMO 0OCMOAMENLCMEO AGNACMCA OOCHIAMOYHBIM YCIA06UEM Ol H020,
umoosl 3HaueHus GopmanvHo-102UYecK020 ananoca @yukyuu Jlupuxie oOvliu
MOoXCOeCmEEeHHO PagHbl 102Uudeckoil 1 014 Kaxcoozo KOHEUH020, CKOlb Y200HO 001bU020
HamypanbHo2o 3Ha4eHUuA N .

JlokazaTenbCcTBO

PaccMoTpuM 3HaYeHMS IOTHYECKOM UCTUHHOCTH (POPMYII:

xeQ,—(xeQ) (4.4.5)

mpu X =n. HNmeem
[(NeQ)]=L[~(neQ)]=0 (4.4.6)

Torma B cuity cBOMCTB (hopManbHO-IOTMYECKOro aHaiora GyHKIuM Jupuxie i Kaxaoro
KOHEYHOT'0,CKOJIb YTOHO OO0JBIIOr0 HATYpaIbHOIO 3HAYEHUSI N MMEeM:

DL(n) =1 (4.4.7)

Teopema nokaszaHa.
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Chopmynupyem 1 JOKaKeM CIIEIyIOIIee YTBEPKICHHE.

TeopemMa 0 JOCTATOYHOM VCJIOBHM reHe3uca (hopMaJLHOI0 JOrHYEeCKOro KoJLianca B
JornyeckoM aHagaore pyakuun Jupuxie B cucreme PA&MI (Axsaennanu A.H. — 2011)

Ecnu 3nauenus HamypanvHozo apZymenma é hopmanbHo-102uuecKom ananoze Qynkyuu
Jupuxne cmpemamca K aKmMyaaibHOU OeCKOHEYHOCmU, MO IMO 00CMOAMENbCHEo
A6NAEMCA 00CHAMOYHBIM YC/I08UEM 01 2€HE3UCA (POPMATIbHOZ20 102UYECKO20 KoIlanca
¢ cucmeme PA&MI npu cmpemnenuu apcymenma ¢ynxyuu /[lupuxine K axkmyaibHoOu
Oeckoneunocmu.

JlokazaTenbCcTBO

PaccMoTpuM 3HaYeHMS TIOTHYECKON HCTUHHOCTU (OPMYIL:

xeQ,—(xeQ) (4.4.8)

npu X=N-—>00. B 3TomM ciaydae N sBiseTcss OECKOHEYHO OOJBIION BETMYMHOW OOJbIIEH
00010 Harmepe] 3aJJaHHOr0 pallMOHAIBHOIO YHUCIA, IO3TOMY N HE SBJISETCS PalMOHAIbHBIM
YHUCIIOM U HE MPUHAUICKUT MHOXKECTBY PallMOHAIBHBIX Yuces. B paccmaTpuBaemMoM citydae
HUMEEM.

[(n =) €Q)]=0,[-(n—>x)eQ)]=1 (4.4.9)

Torma B cuily CBOMCTB (OpMaJIbHO-JIOTMYECKOTro aHajora (yHkuun Jupuxue s
0ECKOHEYHO OOIBIIUX N —> 00 UMeeM:

DL(n) =0 (4.4.10)

®opmyna (4.4.10) o3HauyaeT BO3HUKHOBEHME JIOTMUYECKOTO KoJjarnca IMpH CTPEMIIEHUU
N — oo, Teopema nokasaHa.

4.5. «llapaooxkc noxceya» u «Teopemvt o0 Jn02uUecKOM Koalance 6
apucmomenescKoi mpaouyuoHHO 102UKe»

Kak wu3BectHo, «Ilapagokc mxenma» B apUCTOTENIEBCKOM TpaJAWIIMOHHOW JIOTUKE
(bopMynHpyeTcs cIelyIoIuM 00pa3oM.

«IlapagoKc JKeIa

Hexum uenoeexom 0wu10 evickazano cyxyucoenue. «To, umo s ymeepicoaro ceniuac,
nodxcnon. Tpebyemca onpedenums — a6nsaemcsa iU 6bICKA3AHHOE YMEEPHCOCHUE JIOHCHBIM,
AUO0 UCMUHHBIM.

Cmanoapmuoe paccysicoenue 6 pamKax apucmomenesckol mpaouyuoHHOU J02UKU O
«llapaodoxce noceya» BHIDISIUT craeaylommM obpazoMm: «CyxkaeHue, BBICKa3aHHOE B
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«ITapagokce mkena» 1160 UCTUHHO, MO0 J0XKHO. Eciau 0HO J10XKHO — TO OHO UCTUHHO. Eciu
K€ OHO HCTHHHO, TO OHO JIOKHO». IIpencraBisercss akTyanbHBIM IIPOAHAIU3MPOBATH
JOTUYECKYI0 CTPYKTYypy CTaHaapTHoro paccyxiaeHuss o «llapagokce imxema» B
ApUCTOTENIEBCKOM TPaJUIIMOHHON JIOTMKE METOJaMM KIIACCHYECKOW (HOPMAIIbHOM JIOTHKH
HYJIEBOT'O IOPSAKA.

CoopmynupyeM u JOKaXKEM CIIeIyIoIIee YTBEPKICHHUE.

«IlepBasi TeopeMa o0 (opMaAITLHO-JOTHYECKOM KOJLJIANCE B apUCTOTEJeBCKON

TpaauIUOHHOM Joruke» (Axsiaeauanu A .H. — 2011 r.)

Cmanoapmnoe paccyyncoenue o «Ilapadokce ndwceua» 6 pamxax apucmomeneecKoil
mMpaouyuOHHOI 102UKU 61e4em 3a co00il hopmanvHo-n02uYecKUll Koananc (momaipHoe
ocnadnenue opmanvHo-102u4ecKoll UCHUHHOCMU).

I[OKEIS aTCIbCTBO

Hcxons us nornyeckoil cTpykrypsl «llapamokca jpkena» U cTaHIapTHOTO PacCyKIACHUS O
HEM B paMKax TPaJUIMOHHOHN aprCTOTEIEBCKON JIOTUKH, JIOTHYECKOe MOJIeTUpOBaHue OyaeM
OCYILIECTBIISITh HA MHOXECTBE YHApHBIX JIOTHYECKUX OINEpaluid KilacCuueckor (HhopManabHOM
JIOTHKY HYJIEBOI'O MOPSAKA.

Jlornueckast CTpyKTypa YyTBepxkJAeHuUs, copaepxamerocs B «llapagokce mxena» Ha
MHO’KECTBE YHAPHBIX JIOTHUECKUX ONEPALNN UMEET CIEAYIOLIUI BUA!

L @ (45.1)
L0 - @ (45.2)

B dopmyne (4.5.1) npencraBieH KOPTeXK 3HAYCHUI MCTHHHOCTH JIOTHYECKOTO apryMEeHTa
Ha MHOKECTBE YHAPHBIX JIOTHYECKUX omepanuii. B dopmysie (4.5.2) — npeacraBieH KOPTEK
HCTUHHOCTHBIX 3HAYEHUH yTBEpXKAEHNUs, coaepkamierocs B «Ilapagokce kenan.

Hwxe npuBoauTcst popmanuszanust cmanoapmuozo paccyxrcoenus o «Ilapadokce noceyay 6
PAMKax apucmomenescKoli mpaouyuOHHOU 102UKU:

0
[[[(L=0)=0]®(L=0)= 1] A [=[[(L=0)=0],[(L=0)= 1] A =[[(L=0) = 1],[(L= 0) = O]]]] _[o] (4.5.3)

N3 cootHomenus (4.5.3) cnemyetr, uTo cmanoapmuoe paccyxcoenue o «llapadokce
JHCeYA» 8 PAMKAX APUCMOMENEECKOU MPAOUYUOHHOU JI02UKU TIPUBOAUT K JIOTUYECKOMY
KoJIJIarcy (ToTaJlbHOMY OciIabiieHuio popMalIbHO-UCTUHHOCTH). Teopema Joka3aHa.
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Chopmynupyem 1 JOKaKeM CIIEIyIOIIee YTBEPKICHHE.

«BTopassi TeopemMa o0 (OPMAJLHO-JOTMYECKOM KOJJIAICE B apHCTOTEJEBCKON
TpaauuuOHHOM Joruke» (Axsiaequanu A.H. -2011 r.)

Cyscoenue o «llapadokce nxceua» 6 pamkax apucmomeneéckoil mpaouyuoHHOU 102UKU,
3aKkaoualoueecs 6 mom, umo ymeepicoenue, cooeprycauieeca 6 «Ilapaookc nirceya) - He
UCMUHHO U HU JI0JCHO, 671euem 3a co00ll (hopmanbro-n102uieckuil Koananc (momaibvhoe
ocnadnenue opmanvHo-102U4ecKoll UCHUHHOCMU).

Jloka3aTenbCTBO

B kadectBe JA0Ka3aTCiIbCTBA, HHIKC, B paMKax KJ1acCU4YeCcKoi Q)OpMaHLHOfI JIOT'MKH
HYJICBOT'O InopsaaKa IIPUBOAUTCA HNCTHUHHOCTHAasA OLICHKA  JIOTMYECKOMU (I)OpMy.]'ILI,
Moz[ennpyfomeﬁ YTBCPIKACHHUE O TOM, YTO YTBCPIKIACHUC, COACPIKAIICECCS B <<Hapa,Z[OKCC
JDKELa» - HEe UICTUHHO, U HE JIOXKHO.

0
[-[(L=0)= 1] A —[(L=0)= 0]] = (Oj (4.5.4)

[Tomyuyennas Hamu dopmyina (4.5.4) CBHAECTENBCTBYET O TOM, YTO pacCMaTpUBAEMOE HAMH
CYXKJIEHUE TPUBEIIO K (POPMATIbHO-JIOTHYECKU TOXKISCTBEHHO TPOTUBOPEUHUBOMY PE3YyJIbTaTy,
T.€. K JIoThueckomy Kosancy. Teopema qoka3aHa.

PaCCMOTpI/IM TCIICPb BOIIPOC, KAKUMHU IKC HTOJIKHO OBITh JIOTHMYECKHU aJICKBATHOC
3aKIII0YeHue 00 YTBCPKACHUH, 3AKIIIOYAKOIHUMCA B «Hapanoxce JoKCOa» € TOYKH 3pCHUSA
r100aIbHO HerOTHBOpeqHBOﬁ KJIaCCHYECKOM q)OpMaHBHOﬁ JIOTUKHA HYJICBOTO IMOPAJKA.

B cooTBercTBUUM ¢ mpaBuUiaMH KJIACCUYECKOW (OpMaNbHOM JIOTUKM HYJEBOTO MOpAIKA —
OJIHMM W3 IPaBUJIBHBIX 3aKIIIOYEHHUN OyIeT ciepyromiee. «YTBEepKICHHUE, COJepxkKalleecs B
«ITapanokce jKena» ABIAETCA HEAOKA3yEMbBIM.

HOJIy‘ICHHBIe BBIIC PE3YJIbTATBI TO3BOJIAAIOT CACIIATh CIICAYIOIINEC BA’KHBIC BEIBOBI.

1. ApuctorteneBckas TpaJAMLIMOHHAS JIOTUKA SBISAETCS HEMONHOW C TOYKU 3pEHUs
KJIaCCUYECKON (OpMarIbHOM JIOTUKM HYJIEBOTO IMOPSJKA, MOCKOJIBKY HE B COCTOSHUHU
JaThb AaJEKBATHYI0 OLEHKY HEKOTOPbIM HENPOTUBOPEUMBBIM C TOYKH 3pEHUS
KJIacCuecKoi (opManbHON JIOTHMKU HYJIEBOTO MOPSIJIKA JOTHYECKUM (opMyJiam.

2. Knaccmyeckas  ¢opmanbHasi  JIOTHKa  HYJIEBOTO  TMOPSIKAa  OTJIMYAETCSl  OT
apHCTOTeﬂeBCKOﬁ TpaJII/IHI/IOHHOI\/’I JIOTUKH TEM, YTO B COCTOAHHMU OaTh aJACKBATHYIO
OIICHKY JIOTHYEeCKUM  (opmysaM, KOTOpbIE C OJHOM CTOPOHBI  SIBIISFOTCS
HEJI0OKa3yEeMbIMH, @ C IPYTOM CTOPOHBI — HETPOTUBOPEYUBBIMHU.

3. Knaccuueckast  ¢opmanbHas  JIOTUKa  HYJEBOrO  TOpsAKa  OTJIMYAETCs  OT
apHCTOTeJIeBCKOﬁ TpaIIHHHOHHOﬁ JIOTUKU B YaCTHOCTH TAKXKC U TCM, UYTO HACT HHYIO
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OLCHKY YTBECPXKACHHUIO, COACPKAILIEMYCI B «Hapazloxce JoKeOa», KOTOpOoE€ B
apHCTOTeHeBCKOﬁ TpaﬂHHHOHHOﬁ JIOTUKE CUHUTACTCA IIPOTUBOPECUYHEM.

4. TlonpiTKa JOTMYECKON OLICHKH C OAHOW CTOPOHBI HEMPOTUBOPEUYMBBHIX, & C JPYrou
CTOPOHBI HEJOKa3yeMbIX JIOTHYeCKHX (hopMyn kiaccuueckod (GopManibHON JOTHKH
HYJIEBOTO MOpSAKA, B PaMKax apHUCTOTENEBCKON TPAaTUIMOHHON JOIMKH — B psle
CJIy4aeB MPUBOJIUT K (POPMaIbHO-TOTHIECKOMY KOJUIAICY (TOTaJbHOMY OCIAOICHHIO
(GopManbHO-IOTNYECKOH HCTHHHOCTH), - KOTOPBIH B CBOIO OYepelb COIJIACHO
jgoruyeckoMy 3akoHy JlyHca CkoTa MOXKET MOBJI€Yb 32 COOOH JanbHEHIINe JOTHYECKU
HEIMpecKa3yeMble 1 HEKOHTPOJIUPYEMbIE BBIBObI.

4.6 Jlocuuecku  cuHzynapHbvle acnekmvl  «Bmopoii  npoonemui
T'unvoepma» u nozuueckasn gpopmyna «Moougpuuuposarnnozo memooa
Jnozuko-mamemamuyeckoii unoykyuuy 6 cucmeme INCOL&TAMLA

B memsx normuecku anekBaTHOro paccMoTpeHus «Btopoit mpobnemsr ['mibpbOepray,
OOCYXIIeHUSI HMEIOIIMXCS pemeHuid, nonxydeHHbIXx [epxapmom ['ennenom u Kyprom
I'enenem, a Takke OOCYXICHMsS IOJIYYEHHBIX HAaMH HOBBIX PE3yJbTaTOB B OTHOILUCHHUU
paccMaTpuBaeMoil IpoOJeMbl, - HEOOXOIUMO B IEPBYIO oyepeab YeTKO c(hOpMYIHpPOBATH
IIOCTABJIEHHYIO B HEH JIOTUKO-aHAJIMTUYECKYIO 3a1ady. Huke npuBoautcs 1o BO3MOXHOCTH
HauOosiee TmonHas (OPMYJIMPOBKA, PACKPBIBAIOIIAS JIOTUKO-AaHAIUTUYECKUH  CMBICI
conepxkanus «Bropoii npobiaemsl ['nnpbepTa», ¢ ydeToM TeX JIOTHYECKUX CHUCTEM, KOTOpbIe
IIPUMEHSAIOTCS. B COBPEMEHHOM KJIACCUYECKOM MaTeMaTHKE, OCHOBAHHOM Ha KJIACCHUYECKOU
(hopmasIbHOIM JIOTHKE.

dopmyaupoBka «Bropoi npodaembl ['nianoepray

Tpebdyemcsa uccnedosams 60npocvl apucnomene6cKoil Henpomueopeuu60Cmu 102UKo-
MaAMemMamuuecKoil cucmembl, 6Kuouarueil 6 cebsa «Axcuomamuueckyrw cucmemy
IHeano», «Apugpmemuxy Ileano», «Memoo mamemamuueckoi UHOYKYUUY,
Kj1accu4ecKkyio hopmansHy1o 102uKy HYy1e6020 ROPAOKA U KAACCUYECKYI0 (hopManbHyIo
JI02UKY NEPE020 NopAKa.

B mepByro ouepens Mbl IpuBeneM pe3ynbTaT l'epxapna I'eHuieHa, MOITy4YEeHHBII UM B
OTHOIIEHUU paccMmaTpuBaeMoil mpobnemsl B 1936 rogy. Kak m3BectHo, I'eHiieHOM Oblna
yYCTaHOBJIEHA JIOTHYeCKast COBMECTHOCTh u BHYTpPEHHSS apucTOTeNeBCKast
HEMPOTUBOPEUNBOCTh cucteMbl PA, Bkitouaromieil B ceds «AKCHOMaTHYECKYIO CHCTEMY
[leano» coBmecTtHO c «Apudmerukoir Ileano». DTo o03Ha4yaeT, YTO apPUCTOTENIEBCKas
HEMPOTUBOPEUUBOCTH CUCTEMBI PA sIBiIsieTCs TOKa3aHHOM.

[anee MBI mepelieM K PacCMOTPEHHIO pe3yibTaToB, MoiydeHHbIX Kyprtom ['enenem B
otHomeHnn cucreMbl PA&MI, conepxameit cuctemy — PA, «Metox maremaTtndeckoi
UHAYKIUN», aPUCTOTEJIEBCKYIO TPATUIMOHHYIO JIOTHKY, KJIACCHUECKYI0 (HOpPMAIbHYIO
JIOTHKY HYJIEBOTO MOPSAKA U KJIACCHUECKYI0 (POPMAIbHYIO JOTMKY IEpBOro Mopsaka. JTH
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pe3yiabTaThl OBLIM MOAPOOHO HccaenaoBaHbl M paccmoTpeHbl B Ilaparpage 4.3. Ha
OCHOBaHMHU JeTanbHOTO aHanm3a «Teopem [emens» Hamm Obiia copMmylnupoBaHa |
JI0Ka3aHa ClIeAyIoIIas TeopeMa.

TeopemMa o0 JormyeckoM KoJuiance B KJaccmueckoii dopmaabnHoii jJoruke (A.H.

AxpJaenuanu — 2011 r.)

Ha muoxycecmee yHaApHblX 102U4ecKUX ONEPAYUll K1accUu4eckou (opmanvHoll 102UKU
HY1€6020 NOPAOKA KOHCMPYKMUBHO CYULECHEYIOM HERPOMUsopeuusvle ¢ Mmo4Ku 3peHus
Kaccuueckou  (opmanvHoul  102UKU  HY1€6020 NOpPAOKA JlocuuecKue  popmyvl,
yooenemeoparowue ycanoeuam «llepeoit meopemovt I'edenn», KOHBIOHKYUA KOMOPBIX
e1eyem 3a co00ll 102U4eCKull KoJ1anc.

[IpuBeneHHas BbllIE TEOpEMa, COBMECTHO C JAPYTMMH pe3yibTaTaMH, IMOJIYyYEHHBIMU B
pamkax [Ilaparpadga 4.3 , CBUICTEILCTBYIOT O TOM, YTO HENMPOTUBOPCUHMBBIC JIOTHUECKUE
(dbopMyIIBI KJIacCHYeCcKol (hOpMaTbHOW HYJICBOM JIOTHKOW MEPBOTO MOPSIKA, B PSJIC CIIy4acB
MPUBOANUT K JIOTHYECKOMY KOJUIATNCY (TOTAJRHOMY OCIa0JIeHUIO (HOpMaIbHO-TOTHYECKON
HUCTUHHOCTH), B pe3ylbTaTe 4ero, JAajee, Ha OCHOBE Jjormueckoro 3akoHa Jlynca Ckora,
CTAaHOBUTCS. BO3MOKHBIM BBIBEJICHUE JIOTUYECKUX (POPMYN, SKBHBAJICHTHBIX OTPHUIIAHUIO
3aKOHa O HENPOTHUBOPEYMH M 3aKOHAa 00 HCKIIOYEHHOM TPEThbeM apUCTOTEIEBCKOM
TPaAULMOHHON JIOTUKU. [Tpr 3TOM ¢ mO3UIUI apUCTOTENEBCKOM TPaJULIMOHHOM JIOTUKU 3TOT
MPOLIECC  COMPOBOXKJIAETCS  OOpa3oBaHMEM JIOTMUECKUX aHTUHOMHI. [lomydeHHble
pe3ysbTaThl 03HAYAIOT, YTO B Ps/IE CIIy4aeB Kilaccudeckas (opMaibHasl JIOTUKA HYJIEBOTO
MIOPSIAKA HE YIOBIIETBOPSET ONPEAEICHUIO ApUCTOTENEBCKON HENMPOTUBOpeunBocTU. [1o aToin
MpUYMHE, JIOTUKA TEPBOTO MOPSAKA, BKIIOYAIOIIAs B ceOsl JIOTUKY HYJIEBOTO TOpsIKa U
ApPUCTOTENIEBCKYIO TPAIUIMOHHYIO JIOTHKY, TaKK€ HE MOXKET CUUTAThCS apUCTOTEIEBCKU
HETIPOTUBOPEUNUBON. ITO 0OCTOATETHCTBO O3HAYAET, YTO KaXKJash MaTeMaTH4eCKas TEOpus,
OCHOBaHHas Ha JIOTHKE MEPBOro mopsijaka, B ToM yucie u cucreMa PA&MI, takxe He Moryt
CUMTAThCS APUCTOTEIEBCKH HEMPOTUBOPEUUBBIMH.

B uvactHOCcTH, B pamkax Ilaparpada 4.1 , Hamu Obin nokaszaH «IlepBbIif MPUHIUI JOTHKO-
MaTeMaTHYeCKOM TpaHCUEHICHIIMNY», KOTOPbIi Ol chopMyTUpOBaH CIETYIOIUM 00pa3oM.

IlepBLIli NPUMHIKAN JOTHKO-MaTeMaTHdeckod Tpancunenaenmuu (Axsaenuanu AH. —
Axsjgennann H.B. — 1990 r)

B Kknaccuueckoit popmanvhoil 102uKe Hy1€6020 NOPAOKA CYU{eCHEyIOn maKue 102u4ecKu
cunbHo mpancyenoenmuvie Gopmyavt A u —A, umo nO OMOENbLHOCMU NO2UYECKU
Henpomueopeuuso 6v1600UMbl, KaKk A max u —A.

«IIepBbIil TPUHLMI JOTUKO-MAaTEMATHUYECKON TPAHCLUEHACHIIUW» IO CYTH J€ja O3HAYaeT,

9TO Ha MHOXXECTBE JIOTHYECKHX (OpMyN KiIacCHYecKod (OpMabHOW JIOTHKH HYJIEBOTO
Mopsiika BBIBOJAMMA APUCTOTENEBCKAas AHTUHOMHS, KOTOpas C TOYKU 3pPEHHUS] CHCTEMBI
INCOL&TAMLA o3Havyaer Hanuuue y KiaccH4eckod (opManbHOM JIOTMKHM HYJIEBOTO
MOpSiAKA JIOTHYECKU CUIIbHO TPAHCLIEHACHTHBIX CBOMCTB.
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Bo3Hukaer 3akOHOMEpHBII BOIMpPOC — Kak K€ CleyeT TMOHHUMAaTh TJI00ATbHYIO
(dbopManbHyl0O HENPOTUBOPEUMBOCTh KJIACCHUECKOM (HOpMaabHOW JIOTUKU HYJIEBOTO U
MIEPBOrO MOPSJIKOB, KOTOpas Kak u3BecTHO Obuia AokazaHa Kyprom ['enenem?

B cBi3u ¢ MOCTaBIEHHBIM BBIIIE BOINPOCOM HEOOXOIUMO OTMETUTh, 4YTO CHCTEMa
COBPEMEHHOM KJIACCUYECKOM (opMalbHOW JIOTMKM HYJIEBOIO M IIEPBOrO IMOPSJIKOB,
UEepapXUYEeCKl M B COJCPIKATEIbHOM CMBICIE SBJISETCA JIOTHUECKOM cucTeMoil Oosee
BBICOKOT'O YPOBHSI 110 CPAaBHEHUIO C APUCTOTEIIEBCKOM TPAJAUIIMOHHOM JIOTUKOU. Ee OCHOBHOMI
3a/1auel ABJISIETCS UCCIIEIOBAHKE U OLICHKA JIOTUYECKON IIPUPOBI TOM MIIM MHOU JIOTHYECKOU
dbopMysBI, WIKM XK€ TOr0 WIM HMHOTO YTBEpXkAEHHUs. Tak Kak 3aBeOMO KOHCTPYKTHBHO
CYIIECTBYIOT JIOTUYECKHE (OPMYNIBI W YTBEpPXKICHHS, JIOTUYECKas INPUPOAA KOTOPBIX
OTJIMYAETCA OT APUCTOTEIEBCKUX BBICKA3BIBAHMM, TO IPEICTABIIAECTCA OYEBHUIHBIM, YTO
MMEHHO IO 3TOW caMO MPUYMHE YIOMSHYTas 3aJa4ya He MOXET OBbITh pellieHa TOIbKO JIMIIb
B paMKax OJIHOM apUCTOTEIEBCKOW TPaIUIIMOHHOM JOTUKU. [leficTBUTENBHO, KaK HaMU OBLIO
IIOKA3aHO paHee, apUCTOTENEBCKAsl JIOTMKA HE B COCTOSIHUM OIIEPUPOBATh C YTBEPKIACHUSAMU
U JIOTHYECKUMH (HOPMYJIaMH, BBIXOIAIIMMH 3a TIPEAeTbl apHCTOTEIEBCKON JIOTHKH,
OCHOBAaHHOM HAa IIEPBBIX TPEX OCHOBHBIX 3aKOHAaX — 3aKOHE TOXKJECTBA, 3aKOHE O
HEMPOTUBOPEUYHHU U 3aKOHE 00 HCKITIOYCHHOM TPETHEM.

Takum obpa3om kiaccuueckas (hopMmaibHas JIOTMKA HyJIEBOTO IOpsAaKa obiamaer Oosee
LIIMPOKUMHU BO3MOXKHOCTSMH 10 CPABHEHUIO C apUCTOTEIEBCKON TPAJAULIIMOHHOM JIOTUKOM. B
YaCTHOCTH, Ha OCHOBE KJIACCUYECKOW (pOpMabHOM JIOTMKU HYJIEBOTO MOPSAAKAa MOTYT OBITh
aZIeKBaTHO M 3(P(EKTUBHO MCCIENOBAaHbl M PELIEHbl MHOTHE KJIACCHYECKHE MapaJlOKChI
TpaJULINOHHON JIOTHKH.

Opnnako, HEOOXOIMMO OTMETUTh, YTO MPEUMYLIECTBO KJIACCUYECKOW (POpMaIbHON JIOTHMKU
HYJIEBOT'O MOPSAKA MEPE] ApUCTOTEIEBCKOW TPAAUIMOHHON JIOTUKOW UMEET TAaK)KE U CBOIO
00OpOTHYIO CTOpPOHY. B 4acTHOCTH, BHYTpHU KiIaccudeckoil (opManibHON JIOTUKUA HYJIEBOTO
MOPSAZIKA CYIIECTBYIOT TaKME HEIPOTUBOPEUMBHIE C €€ TOUKU 3PEHHsI JOTrH4ecKre GOpMYyIIbI,
JIOTMYECKAs] KOHBIOHKLHS KOTOPBIX IPUBOAUT K JIOTMYECKOMY KOJUIANCYy, TO €CThb K
TOTAJILHOMY OCIIa0JIeHHI0 (OPMANBHO-JIOTMYECKON UCTHHHOCTH. DTa JIOTUYeCcKash CUTYaIus
B KOPHE OTJIHNYACTCA OT TOfI, KOTOpass UMECTCA B apHCTOTCJIeBCKOfI JIOTUKE, a UMCHHO —
HCIIPOTUBOPCUMUBLIC BBICKA3bIBAHHA apI/ICTOTeJ'IeBCKOI\/II TpaJIHHHOHHOﬁ JIOTUKHN SABJISAIOTCA
TOXIACCTBEHHO UCTHUHHBIMHU, U HUX JIOT'MYCCKasd KOHBIOHKIINUA ABJISICTCA TAKXKE TOXKICCTBCHHO
nctuHHON. Takmm o6pa30M MOXHO CJ¢€jJaTb BBIBOJ O TOM, YTO HECMOTPA Ha TO, 4YTO
KJaccuueckass (popMasibHasi JIOTUKA HYJIEBOTO TMOPSIKA MPHU3HAET BCE JIOTUYECKUE 3aKOHBI
ApUCTOTEIEBCKON TPAJULIMOHHOM JIOTUKM UCTUHHBIMU, TEM HE MEHEE, 3TU JIBE JIOTUYECKHUE
CUCTEMBI SIBJISFOTCS JJIOTHYECKHA HEOTHOPOAHBIMMU.

Benencreue  uMerolIencs  CyLIECTBEHHOM  HEOJAHOPOJHOCTH  JIOTMYECKUX  CBOMCTB
apUCTOTENIEBCKOM TPAJUIIMOHHON JIOTMKH U KJIACCHUYECKOW (hOpMalbHOW JIOTUKU HYJIEBOTO
MopsiiKa, B JOIMYECKOM IPOCTPAHCTBE, BKIIOYAIOIIEM B ce0s, KakK JIorHyeckue (hopMyJibl
apUCTOTENIEBCKOM JIOTUKH, TaK U JOTHYeCKHe (POPMYIIBI KIACCHUECKONW (POPMaTbHON JTOTHKH
HYJIEBOI'O IOpPSAJKA, BO3MOXHO sIBIIeHHE (HOPMalIbHO-IOTMYECKOIO KOJUIanca, KOTopoe
3aKJII0YAETCs] B T€HE3UCE JIOTHYECKUX (POPMYJI, JIOTHYECKHE KOPTEKU 3HAYEHUN UCTUHHOCTH
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KOTOPBIX COZEpXaT JHIb (POPMAIbHO-IOIMYECKUE HYJIU IMPHU COBEPIICHUH AOMYCTUMBIX U
HEMPOTUBOPEUYUBBIX  JIOTUYECKUX OMNEpallMii C HEOPOTUBOPEYUBBIMU  JIOTUYECKUMHU
dbopMynamMu  Kiaccudeckoi  QopmalibHON  JIOrMKM  HyjJeBoro mopsaka. CoriacHo
norudyeckoMy 3akoHy JlyHca Ckora, najnbHeillee pa3BUTHE JIOTMYECKOIO IIpoliecca Ha
OCHOBE TakuxX (hOpMyJ BJIEYET 3a COOOH HempeacKa3yeMble JOIMYECKHe BBIBOJIbI, YacThb M3
KOTOPBIX MOXET ObITh HCTUHHOM, a 4aCTh — JIOXKHOU. TakuM 00pazoM, JJOrHUeCKuid mpoIece,
IMOHMMAEMbId KaK [ENOYKAa YMO3AKJIKYEHHUM, W COBEPUIAEMBIA C I[PUMEHCHHEM
apUCTOTENIEBCKON TPaJUIIMOHHON JIOTUKH U KJIACCMYeCKON (hOpMaIbHOW JOTHMKOM HYIEBOTrO
MOPAZIKA, - YpeBaT BOZHUKHOBEHHEM (OPMAbHO-JIOTUYECKUX MPOTUBOPEUMil, KaK C TOUYKHU
3pEHHs] ApHUCTOTEIEBCKOW TPAJULMOHHOM JIOTMKHA, TaK W € TMO3UIMH KIACCUYECKOU
(hopMabHOU JOTHKHU HYJIEBOTO U MEPBOTO MOPSIKOB.

Takum o0pazom, C OJHOM CTOPOHBI, Mbl BUAMM, YTO APUCTOTENIEBCKAs TpaJULMOHHA
JIOTUKA SIBISIETCSl HEIOJIHOM, IIOCKOJIBKY HE B COCTOSHUM JaTh aJE€KBAaTHOE pELIECHUE
JoruyeckuM napajgokcam. C 1pyroit CTOpoHbl Kiaccuueckasi popmajbHasl JOrMKa HYJIEBOTO
MIOPSIAKA, SBIIAIOIIASICS ITOJIHOM OTHOCUTENIBHO apUCTOTENIEBCKOM TPAIUIIMOHHOM JIOTUKH — HE
MOKET CUUTAThCSI apUCTOTENIEBCKH HENMPOTHUBOpEYMBOW. B wacTHOCTH, Hamu Oblia JoKa3aH
«IlepBbIli NPUHLMUII JOTUKO-MAaT€MaTUYECKONW TPAHCLEHACHIUN», CBHIETEIbCTBYIOIUNA O
TOM, B KJIaCCHUECKON (hOpMaJIbHOM JIOTHKE HYJIEBOTO MOPSAKA IIPU ONPEIEICHHBIX YCIOBUIX
BBIBOJMMBI, Kak Qopmyra A Tak u ¢opmyra —A. Takasg norumdeckas cuTyanus B
apUCTOTEJIEBCKOM TPAJUIIMOHHOM JIOTUKE XapaKTePU3yeTCs KaK aHTUHOMUS.

C Tperbeil CTOPOHBI, MBI TAaK)XX€ BHJIHUM, YTO B paMKax IJI00aJbHO HENPOTHUBOPEUMBOMN
KJIacCHYeCKOM (popManbHOI JOTMKHM HYJIEBOTO IMOpsKa, B LIE€JIOM psje CclydaeB, BTOPOH U
TPETUN 3aKOHBI APUCTOTEIIEBCKOM TPAaJIULIMOHHOMN JIOTUKHA HApYIIAIOTCS KOHCTPYKTUBHO, U
9TO HECMOTPS Ha TO, YTO BCE JIOTMYECKUE 3aKOHBI aPUCTOTEIEBCKON TPaJIULIMOHHON JIOTHUKHU
MPU3HAIOTCS UICTUHHBIMH TAaKXKe U B KIACCUYECKOH (popManbHOI JOrHKe HyJIeBOro Mopsaka.

Takum o0Opa3zom, Mo Bcel BUAMMOCTH, B paMKaxX JIOTUKO-MaTeMaTHYECKUX TEOpHUH,
OCHOBAHHBIX Ha KOMIUJICKCHOM IIPUMEHEHUU apUCTOTEIEBCKOW TPaAULMOHHOU JIOTHKH,
KJIacCCUYeCKOM (popManbHON JIOTMKM HYJIEBOTO MOpAJKAa M KJIACCHYECKOH (opmalibHON
JIOTUKU IIEpBOrO TOpSAJKA, MBI YK€ HE MOXEM YTBEpXKIaTb, YTO MOXKEM JTOCTUTHYTh
MOCTH)KEHUSI «apUCTOTEIIEBCKOW MCTUHHOCTU» 00 M3Yy4aeMbIX SBIIEHUSX U Ipoleccax, Ine
O]l «ApHUCTOTEJIEBCKOM HCTUHHOCTBIO» B JIAHHOM ClIydae IOHMMAETCA COBOKYIHOCTh
apUCTOTENEBCKUX MPEACTaBICHUN O MaTepHalIbHOM U JIOTMYeCKH-(POpPMaIIbHON CTOPOHAX
MIOHATUS UCTUHHOCTH, B KOTOPBIX BTOPOH U TPETUN 3aKOHBI ApUCTOTEIIEBCKON TPAIULIMOHHON
JIOTUKH UTPAlOT OCHOBOIIOJIAraloLyt0 POJIb.

Hcxons U3 cOBpeMEHHON TEPMHHOJIOTHH, OOLIENPUHATON B Kiaccuyeckoil (opmanbHOM
JIOTHKE HYJIEBOTO U MEPBOrO MOPSAKOB, B YIIOMSHYTBIX JIOTUYECKHX CHCTEMax, B OCHOBHOM
peub UJIET O JIOTHYECKOH JI0Ka3yeMOCTH, UJIH e JIOTHYEeCKOI HeJ0Ka3yeMOCTH TeX WM MHBIX
noruueckux ¢opmyin. IIpu 3TOM, momaBisroliee OOJBIIMHCTBO JOTMYECKHX CTaHIAPTHBIX
(dbopmyI1, onpeneNeHHBIX Ha MHOXKECTBE YHApHBIX, OMHAPHBIX U B 00IIeM citydae N - apHbIX
JIOTHUYECKUX OTEpalnil — SBISIFOTCS JJOTMYECKH HET0Ka3yeMbIMH.
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Hapsiny ¢ mnoHaTusMH J0Ka3yeMOCTHM W HEIOKa3yeMOCTH JIOTMUeCKUX (opmyn, B
KJIaCCMYeCKOM (opMallbHOM JIOTMKE HYJIEBOTO TMOpsIKa pPAacCMaTpPUBAIOTCS IOHSATHS
HEMPOTUBOPEUMBOCTH, WK XK€ HA0OOPOT — MPOTHUBOPEUUBOCTHU Joruueckux ¢opmyn. Ilpu
3TOM JIOTHYEcKasi (popMylia CUUTAETCS HEMPOTHBOPEUMBOW, €CIIM OHA SIBISETCS JIOTHUECKU
BBITTOJIHUMOM, TO €CTh BBIMOJHAETCS XOTs ObI IPU OJJHOM COYETAaHHH 3HAYEHUH JIOTHUECKUX
apryMeHTOB U3 obOnactu wux ompeneneHus. llomapnsiomiee OOJIBIIMHCTBO JOTMYECKHX
CTaHIApTHBIX (OpMyJ, ONMpEaesIeHHBIX Ha MHOXECTBE YHApHbBIX, OMHAapHBIX U B 00IIEM
ciyyae N- apHBIX JIOTMYECKUX OINepauuid — SBISIIOTCA JIOTMYECKH BBIIOJHUMBIMUA H
HEMPOTUBOPEUYUBBIMH C TOYKH 3PEHUS KIACCHUYECKOW (POpManbHON JIOTUKH HYJIEBOTO
MOpsAKA.

B nenoMm, monasisiromniee OONBIIMHCTBO JOTMYECKUX CTAHAAPTHBHIX (POPMyYII, ONpeneeHHbIX
Ha MHOXXECTBE YHApPHBIX, OMHApHBIX U B 00LIEM ciy4yae N- apHBIX JIOTMUECKUX ONepanui
KJIaCCHYECKOM  (OpMaNbHOM JIOTUKA HYJIEBOTO TIOPSIIKA, — SBISIOTCS  JIOTUYECKH
HENPOTUBOPEUMBBIMU U BMECTE C T€M HeJoKazyeMbIMU. OJHAKO, C APYroil CTOPOHBI AJis
MHOXECTBA W3 HHX, comacHo «lleppomy mpuHIUMIY — JIOTMKO-MaTEMaTUYECKON
TPaHCLEHJICHIMH, JIOTUYECKH HENPOTHUBOPEUMBO BBIBOJUMBIMU SBISIOTCSA, KaK CaMHU
¢dopmynbl A, Tak W JIOTUYECKW MHBEpCcHble UM (opmynsl —A. Ilpu 3TOoM, moOxX
HEIIPOTUBOPEUYMBBIM BBIBOJIOM, IIOAPA3yMEBACTCsl TAaKOW JIOTMUECKHUW BBIBOJ B paMKax
KJIaCCUYECKON (hOpMaAJIbHOM JIOTUKU HYJIEBOIO IOPSAJKA, KOTOPbIM HE COIEpKUT B cede
TOKIECTBEHHO MPOTUBOPEYMBHIX JIOTHYeCKHX (popmyin. Takum oOpa3omM MBI BHIUM, YTO B
paMKax KJlacCuueckoud (OpMaIbHOM JIOTUKH HYJIEBOTO TOPSIKA, TOHSATHS JIOTHYECKOM
JIOKa3yeMOCTH U JIOTUYECKOM  BBIBOJUMOCTH  JIOTUYECKUX  (OpPMYI,  SIBISIFOTCS
MPUHLUIIAAIBHO OTIMYHBIMU JpPYyr OT Jpyra IOHATHSAMH. B yacTHOCTH, Jormyeckas
¢dopmyna, ompenereHHas HAa MHOXECTBE N- apHBIX JOTMUYECKUX OMeparuil KJIacCHYecKOou
(hopManbHOW JIOTHMKM HYJIEBOIO IMOpsJIKa, MO CBOEH HayalbHOM JIOTHYECKOH CTPYKTYype
MOXKET OBbITh JIOTUYECKH HEJ0Ka3yeMOH, HO TeM HE MEHee JIOTMYECKH HENpPOTHUBOPEUHBO
BBIBOJMMOIN M3 Apyrux (opMmys KiacCMYecKoW (OpMajbHOW JIOTMKU HYJIEBOIO MOpsaKa.
OTMeyeHHOE BbIIIE OOCTOSTENBCTBO SBJISETCS BECbMa CYLIECTBEHHOW OCOOEHHOCTBIO
KJIaCCUYECKOH (pOpMaIbHOM JIOTUKU HYJIEBOTO MOPSIKA.

Krnaccudaeckast hopManpHasi JOTHKA HYJIEBOTO MOpsaAKa U GpopmanuzyeMblii B Hell «[lepBbiii
MPUHIMI  JIOTHKO-MaTeMaThudeckord TpaHcueHaeHuun» cuctemMbl INCOL&TAMLA,
MO3BOJISIIOT ~ BBIIBUTH TO  CYIIECTBEHHOE  OOCTOSITENBCTBO, UTO  apUCTOTENEBCKas
TpaIUIIMOHHAS JIOTHKA, HA Jelie He SBISETCS OOIIe3HAUNMOM JTOTHYECKOW CUCTEMOH Jake B
pamMKax  KjaccMueckod  (opmaibHOM  JIOTMKM  HyleBoro mnopsiaka. llpumenenue
ApUCTOTENICBCKON TPATUIIMOHHON JIOTHKHU SIBIISIETCS BEPHBIM TOJBKO B TOM cCiiydae, KOTJa
M3y4aeMble B €€ paMKaxX YTBEPKICHUS M WX COBOKYITHOCTH MPHHAICKAT K KIIACCy
BBICKA3bIBAaHUH apHCTOTEIIEBCKON TPAJIUIIMOHHON JIOTHKH, TO €CTh YOBJIETBOPSIOT TIEPBBIM
TpeM 3aKOHAM YIOMSHYTOW JIOTUYECKOW CHUCTeMbl. B TIPOTHBHOM ciyyae, pacCyKIeHHUS B
pamMKax apUCTOTEJeBCKOM TPaJAMIIMOHHOW JIOTMKH MOTYT MPHBOJIUTH K JIOTHYECKOMY
KoJiancy  (TOTalbHOMY — OCNa0NeHHuI0  (OPMANTbHO-JIOTMYECKONM UCTHHHOCTH) H K
JabHEUIITIM HEIOCTOBEPHBIM BHIBOIAM.
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['moGanbHas ¢opManbHas HEMPOTUBOPEUMBOCTH (OPMaIbHOW KIIACCUYECKOW JIOTUKU
HYJIEBOTO MOpsiaKa, AokazaHHas Kyprom ['enenem, o3HayaeT, yTo B €€ paMKax HEBO3MOKHO
MOJIYUYUTh TAaKUE O08€ OOHOBPEMEHHO MOHCOECBEHHO O0KAa3yeMmvle 6HEeUHUe J02udecKue
@opmynbl, KOTOPBIE B TO K€ CamMOe€ BPEMS AGIAIOMCA B3AUMHO KOHMPAOUKMOPHbIMU.
Knaccudeckas QopmanbpHas JOTHKa HYJIEBOTO TOpsIKa 00JalaeT TakKe CBOHCTBOM
JIOTUYECKOW IOJHOTHI U Pa3pelIMMOCTH. OTO OOCTOSATENBCTBO BBIPAXKAETCA B TOM, YTO
KaXkiasi JJorudeckass N-apHas ¢gopmyina, GpopManusyemas B paMKax yIOMSHYTOH CHUCTEMBI,

MOJKET OBITH IMOJHOCTEIO HCCIICJ0BAaHA 3a KOHCYHOC YK CJIO IaroB, paBHAOMICCCS YHUCITY 2",

B menom kiaccuueckas QopmanibHas JIOTHKa HYJEBOTO IMOpsJKa SBISETCS BecbMa
3¢ (HEeKTUBHBIM U MOIIHBIM CPEACTBOM JIOTHYECKOIO aHaiu3a (GopMaanu3yeMblX B €€ paMKax
norudyeckux Gopmys, YTBEPKACHUM, a TaKkKe UX MHOTOOPa3HBIX JOTHYECKHX COUYETaHUU U
(dbopManu3yeMbIx Jorudeckux mpoieccoB. C y4yeToM pe3ylbTaToB, MOJYYEHHBIX B paMKax
cuctembl INCOL&TAMLA, B pamkax KiIacCHYecKOd (HOpMaabHOW JIOTHKH HYJIEBOTO
MOopsiIka CTAaHOBUTCA BO3MOXHBIM HE TOJBKO  MOJCIHMPOBAHUE MHOTHUX  3a7ad
WHTYULIMOHUCTCKOM M KOHCTPYKTHBUCTCKOM JIOTMK, HO TakX€ W MHOIMX 3aJad
«CYTMEPKOHCTPYKTUBHON JIOTHKW», OTJIWYUTEIBLHONM OCOOCHHOCTBIO KOTOPOW SBISETCS
WCCIICIOBAHKE JIOTHYECKUX (DOPMYII, BBIXOJSIINX 32 PAMKH BTOPOTO M TPETHETO OCHOBHBIX
3aKOHOB apUCTOTEIEBCKON TPAJAUIIMOHHON JIOTUKH.

[lepeiineM K pacCMOTPEHMIO JIOTMUECKUX MPOOJIeM, CBA3aHHBIX C MpUMEHEHHeM «Mertoaa
MaTeMaTHueckol WHIyKiuu» B cucreMe PA&MI, ¢ Touku 3peHus KIacCHUeCKOn
(dbopManpHOW JIOTUKH HYJEBOTO TMOpSJKAa, a TakKe C TOYKH 3PEHUS apUCTOTENEBCKOMN
TpaIuIIMOHHON Joruku. Himke mnpuBeneHsl QopmyiaupoBka U (opmanbpHas JIOTHYECKas
dbopmyna «Meroma MaTeMaTHUECKON MHAYKIIAN.

MeTtoa MaTeMaTHYeCKOH MHIYVKIINHA

Ecnu nexomopoe ymeepyucoenue A(n),n=123.......... cnpagsednugo 0aa N=1, u ona
Kaxco0z2o Nu3z cnpaseonusocmu A(N) npu 3nauenuu N credyem cnpageonusocms A(n+1)
npu N+1, mo ymeepycoenue A(N)- cnpasednuso ona eécex Hamypanvhvlx N, uiU

dopmanvno:
(VneN, )(Viefl,..nhA(N) =1= An+1) =1) = (Vne N, )(A(n)=1) (4.6.1)

B pamkxax IMaparpaga 4.4 , mamu Obuta chopMynHpOBaHAa M JOKa3aHa CIEIYIOIIAs
Teopema.

TeopemMa 0 J0CTATOYHOM VCJIOBHHM reHe3nca (popMajJbHOI0 JIOTHYECKOr0 KOJLIANCa B

JornyeckoM aHagaore pyakuuun Jupuxie B cucreme PA&MI (Axsaennanu A.H. — 2011)

Ecnu 3nauenus HamypaivbHozo apzymenma é popmanbHo-102udeckom ananoze Qynkuyuu
Jupuxne cmpemamca K aKmyaipbHOU 0eCKOHEUHOCMU, MO IMO 00CMOAMENbCMEO
AGNAEMCA OOCMAMOYHBIM YCA08UEM Ol 2eHE3UCA POPMATBHOZ0 102UHECKO20 KONNANnca
¢ cucmeme PA&MI npu cmpemnenuu apecymenma pynxkyuu /lupuxie K aKmyanivHou
OeckoneuHocmu.
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[IpuBeneHHas BbllIe TEOpPEMa CBHUJETEIBCTBYET O TOM, YTO KOHCTPYKTHMBHO CYHIECTBYIOT
cllydad, KOTJa JIOTHUECKas CTPYKTypa YTBEPKACHHUM M JOTMYecKUX (POpMys, JOKa3yeMbIX
IIPY KOHEYHBIX 3HAYEHUAX HATYypaJbHOI'O apryMEHTa, MOXET MEHATHCS Ha HEIO0Ka3yeMYHo
JIOTHYECKYI0 CTPYKTYPY INpPH CTPEMIIEHHH apryMeHTa K aKTyaJbHOW OECKOHEYHOCTH, YTO
MOJKET COTPOBOXKIACTHCA (HOPMAIbHO-TOTMYECKIM KOJIJIATICOM.

[Tonmy4yeHHBII HaMU PE3YNbTAaT CBUAETEIBCTBYET O HEOOXOAMMOCTH (OPMYIMPOBAHUS U
obocHoBaHUs «MOIU(UIIMPOBAHHOTO METOJIa MAaTEMaTHYeCKOW WHAYKIMH» B JIOTUYECKU
KOPPEKTHOH (hopMe, B COOTBETCTBHH C KJIACCHYECKOW (POPMAaIbHOM JIOTMKOH HYJIEBOTO H
IIEPBOTO IOPSJIKOB, a TAKXKE C y4€TOM BO3MOXKHOT'O T'€HE3MCa JIOTMYECKOTO Koularca Ipu
CTPEMJICHHH HATypaJbHOI'O apryMeHTa K aKTyalbHOH OECKOHEYHOCTH. DTO MOXHO CHEJaTh
Ha OCHOBE INPHHATOW B KJIACCHMUYECKOW (hOPMaIbHOM JIOTHKE, a TaKXKe B apUCTOTENIEBCKOM
TpaJULINOHHOM JIOTHKE, JIOTHYECKOW KOHCTPYKIMHU - «Moayc noHeHe». Huxke npemnaratorces
¢dopmynupoBka U oOocHoBaHHE «MOAM(PUUUPOBAHHOIO MeETOJa MaTeMaTH4eCKOH
UHAYKIUN», MPUHATOTO B paMKax (pOpMaJIbHO-TOIMYECKOH M TEOPETUKO-MHOKECTBEHHOM
cucrembl INCOL&TAMLA.

MoandHuIHpPOBAHHBIH METOA JOTHKO-MAaTEeMATHYECKOH HHIYKITHA

Ecnu nexkomopoe ymeepyucoenue A(n), aensemca J102u4ecKu HEnPOMuUEOPEUUBO

6b1600UMBIM O KAXHCO020 HAMYPANbHO20 N, HAYUHAA C NEPEO20, U YMEeEPHCOeHUe
A(N) = A(N+1) makyce agraemca 102UYECKU HENPOMUBOPEYUBO BbIEOOUMbBIM Ol

Kax)c0020 HamypanvHozo N, HAYUHAA C hep6oz2o, mo ymeepxcoenue A(N-+1)aenaemca

J102U4ecKU Henpomueopeuuso 6vle0OUMbBIM OJI KAMHC0020, CKOJIb Y200HO 0O0AbUI020,
duxcupoeannozo Koneunozo HamypanIbHo2o yucia N.

Heobxonumo OTMETHUTB, 4TO IIpEACTABJICHHAS BBIIIIE (dhopMynpoBKa
«MoIuGUIIMPOBAHHOTO METO/Aa JIOTMKO-MAaTeMaTHMYecKOW HMHJIYKIMW» OCHOBaHa Ha
MOIIarOBOM NPUMEHEHHUHU JIOTHYecKOH ¢opmbl «Moayc TMOHEHC», KOTOopas sBIseTcs
JI0Ka3yeMoi Joruyeckod Qopmynoil B Kiaccuyeckod (HOpManbHOM JIOTUKE HYJIEBOTO
nopsaaka. Kpome 3Toro, peub UAET TOJIBKO O JIOTHYECKOW BBIBOAMMOCTH PAacCMaTPHUBAEMOTO
YTBEPKACHUS,, YTO MOXKET OBbIThb JOKa3aHO 3a KOHEYHOE YHWCJIO IaroB, Ha OCHOBE
pUMeHeHus jorudeckoil gopmsl «Moayc nmonenc». IlpencraBienHnas GopmyaupoBka He
HCKJIFOYAeT TEeHe3uca JIOTMYECKOrO YTBEP)KIACHUs, JIOTHYECKH TPAaHCLUEHJIEHTHOIO [0
OTHOILIEHUIO K pacCMaTpuBaeMOMY, B MPOLECCE CTPEMJICHHs HATypAJIbHOIO 3HA4Y€HHs N K
aKTyanpHOM OeckoHeyHOCTH. «MoIu(UIUPOBAHHBII METOJ JIOTMKO-MaTeMaTHYeCKON
WHIYKIAW» TapaHTUPYET TOJBKO HENPOTUBOPEUMBYKO  JIOTUYECKYIO  BBIBOJUMOCTH
jorugeckoro yreepxkaeHuss A(N+1) ams Kaxaoro, CKoyib yrogHO OOJBIIOrO KOHEYHOTO

HATypaJIbHOTO 3HAY€HUs N TMpPH YCIOBHH IOIIATOBOTO COOIOJIEHUSI JIOTHYECKOH (HOpMBI
«Moayc MOHEHCY.
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4.7 Denomen n02uuecKoil mpaHcyeHOeHUUU 8 KaaccuiecKoi (opmanvHoul
Jl02UKe nepeozo nopAadKa.

B nacrosimem maparpade paccmarpuBaercsi (EHOMEH JIOTHUECKOW TPAaHCIEHICHLIUU C
TOUKHM 3pEHUs KJIacCHYecKOW (GopMalbHONW JIOTMKK MepBoro mopsjaka. [lokazaHo, uTo
MIOHATHE (-HENPOTUBOPEUNBOCTH, A TAK)KE MpaBuiia (JOPMAIBHOIO BbIBOJA JIOTUKU IEPBOTO
Hopsifika, - NPUBOIAT K HEOOXOJUMOCTH MPHU3HAHUS KOHCTPYKTHMBHOI'O CYIIECTBOBAHHUS
(eHoMeHa JIOTMYEeCKOM TPaHCUEHAEHIMM B paMKaX KJIacCHYecKOW (OopMallbHOW JIOTUKU
HylneBoro u mnepsoro nopsaiaka. CopmynupoBaHa u J0Ka3zaHa TeopeMa O TOXKAECTBEHHOMH
AOKa3yeMOCTHU U (1)OpMaJIBHOI>'I HCTHUHHOCTHU JIOTUYCCKOI'0 BBIBOJAa CHJIbHO TPAHCUCHACHTHBIX
JoruuecKkux (opMya Ha MHOXKECTBE  OMHApPHBIX JIOTHUECKHX OINEpaluid B paMKax
KJIaCCUYECKOH (OPMaTIbHOM JIOTUKU HYJIEBOTO TOPSIIKA.

Kak wm3BecTHO, Kiaccudeckass ¢opmaibHasi JOTHKA IMEPBOrO MOpPSIKa BKIIOYAET B ceOs
KJIACCUYECKYI0 (OPMAIbHYIO JIOTUKY HYJIEBOTO ToOpsiaka. OCHOBHOE OTIMYHE JIOTUKU
MIEPBOTO TMOPSAKA OT JIOTHKH HYJIEBOTO MOPSAKA 3aKIIOYACTCS B HAIUYMU U NPUMEHEHHUU
KBAaHTOpA CYIIECTBOBAaHMSA I M KBAaHTOpA BCCOOMIHOCTH V —a TAKXE CBA3AHHBIX C DTHM

IIpaBHUJIaMH JIOTHYCCKOI'O0 BBIBOJA. Hwxe B coorBercTBUM C /4/ IMPUBOJAATCA HCKOTOPLIC
OCHOBHBIC ITpaBUJIa Q)opMaanoro BbIBOZd, KOTOPBIC OTJINYAIOT JIOTUKY IIEPBOTO IMOpsAaAKa OT
JIOTUKHW HYJICBOT'O IMOPsAJIKaA.

IIpasuJo 1
Cysncoenue gvipasricaemoe popmynoii.
VXA(X) = A(C) (4.7.1)

20e, C- 110001 0ONYCMUMBLIL RO YCAOGUAM 3A0A4U CUMEOJI 071 NOCHOAHHOU, AGNACMCA
GEPHBIM CYIHCOCHUEM.

IIpaBuo 2

Ilycmb B - cyycoenue, ne cooeprcawee nu C, nu X. Tocoa, echu A(C) = B- aensemcs

6EPHBIM CYIHCOCHUEM, MAK0BO dce cyycoenue IXA(X) = B.

IIpasuio 3

ITycmy  A(X) umeem 00HY-eOUHCMGEHHYI0 C60000HYI0 nepemenuyio (X)u nycmov 6 Heil

Kaxcooe exoxcoenue X ceoooono. Ilycmov B - cysycoenue, ne cooeporcawee X. Tozoa
AGNAIOMCA EPHBIMU CTIEOYIOUUE CYIHCOCHUA

—~(VXA(X)) = Ix—A(X) (4.7.2)

(VXA(X) A B) < YX(A(X) A B) (4.7.3)
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(3XA(X) A B) < Ix(A(X) A B) (4.7.4)

3agada GopManbHOHN JOIMKM IEPBOro MOPSIKA B NPUIOKEHUH K KOHKPETHBIM HayKaM, B
TOM 4YHCI€ M K MareMaThKe, COCTOMT B (OPMHUPOBAHUHM JIOTMYECKH MPABUIBHBIX
3aKIJIIOYCHUH, Ha3bIBAEMBIX (DOPMaNIbHO-TOTHYECKH MUCTUHHBIMU MM (OPMAJIBHO BEPHBIMU
CyXJIeHusiMH. TepMHUHAMH «MCTHHHBIE» U «BEpHBIE» B KIACCHMYECKON (hopManbHOH JOTHKE
HEPBOrO MOPsIKA, 0003HAYAIOTCS T€ CYXKAEHHs, KOTOPbIe 00pa3yloTcs COIIacHO HEKOTOPBIM
IIpaBWwIaM, MHPUHATBIM B paMKax JIOTUKM II€pBOTO M HYyJIeBOro mnopsaka. Dopmupys
CYXJIEHHE, COoZeprKallee HEKOTOpbIE JIOTUYECKUE CUMBOJIBI, B BUJE JIOTMYECKOH (hopMyibl,
MBI €lle HE MMEEM YKAa3aHUs HM Ha KaKyH0 KOHKPETHYIO MHTEPIIPETALMIO 3TUX CHUMBOJIOB.
DopMalIbHOE CYXICHHUE CUUTACTCS MCTUHHBIM, €CIIM €r0 JIOTHYECKas CTPYKTypa SBISETCA
VCTUHHOM HE3aBUCUMO OT TOT'0, KaK HHTEPIIPETUPYETCS ITO CYKACHUE.

IIpaBuia nns MonydeHWs] BEPHBIX CYKICHMM W3BECTHBI II0J Ha3BaHUEM MCUUCIICHUS
npenukaroB. McuuciaeHue NpeaukaToB B CBOKO OYEpENb COACPKHUT IMOACUCTEMY IIPaBHII,
U3BECTHYIO I10J] Ha3BaHMEM HCUMCIICHHS BbICKa3blBaHUN. B umcuMcieHUM BbICKa3bIBaHUI
MPUHAT CIEAYIOIIUNA KPUTEPUN TOXAECTBEHHOH (POpMabHOM MCTUHHOCTU (J10Ka3yeMOCTH)
JIOTUYECKOTO YTBEPKACHHUSI, BBIPAYKAEMOT0 ITPONO3ULIMOHANIbHOM JIornYeckor QyHKIUEH.

Kputepuii To:xnecrBeHHOH GopMaIbLHON HCTHHHOCTH (I0KA3VEMOCTH) VTBEPKICHUA

Ecnu nocuueckoe ymeepicoenue, 6ulpaxceHo NPONOZUUUOHAILHOU  J102UHECKOU
¢yukyuei, komopasa Ha écem MHOdMcecmee 00nacmU OnpedenNeHus 6X00AUUX 6 Hee
OUHAPHBIX 102UYECKUX apPZYyMEHM 08 NPUHUMAEM 3HAYEHU, PAGHble J102UYeCKOll eOuHUYe,
- MO OHO ABNAECMCA MOHCOCCHMEEHHO (POPMATTLHO UCMUHHBIM, UTU, YMO MO JHce camoe —
00Ka3yemuim.

PaccMoTpuM omnpenenenre CHIbHO TPAHCUEHICHTHBIX KJIACCOB M MHOXECTB.

OnpenejieHne JOrMYeCKH CHJILHO TPAHCIIEHJIEHTHBIX YTBEPKIECHUI 1 (I)ODMV.TI

Jozuueckoe unu mamemamuueckoe ymeepicoenue, Ui xHuce J10ZUKO-AHATUMUYECKAA
dopmyna A nazviearomca nocuuecKku CuibHO MPAHCUEHOCHMHOU NO OMHOWIEHUIO K
K1accuyeckoil  apucmomeneécKoil mpaouyuoHHol J102UKe, ecliu no OMmOoeabHOCmU
Henpomueopeuuso 6v1600UMbl Kax hopmyna A max u gopmyna —A.

Jis  nanbHEHIIero M3J0KEHHUs CleAyeT BHOBb oOpatuthest K Talaume 2 OuHApHBIX
JIOTHYECKUX ONepaluii MHOKECTBA JIOTHUECKUX (POPMYJIT KJIACCHUECKON (hOpMaIbHOM JIOTHKH
HYJIEBOTO MOPSIIKA.

CdhopmynupyeMm U JTOKaKeM yTBEpXKIeHHE O (popManbHOM MCTUHHOCTH M TOXIECTBEHHOM
JI0Ka3yeMOCTH (OPMaJIbHOTO BBIBOJA JIOTMYECKH CHIJIBHO TPAHCLUEACHTHBIX (GOpMyN Ha
MHO>KECTBE OMHAPHBIX JIOTUYECKUX ONepaliil KilacCuueckon (popmalibHOM JOTHKH HYJIEBOTO
MOPSAKA.
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TeopeMa 0 TOKIECTBEHHOH JOKA3YeMOCTH (hOpMAJHLHOI0 BLIBOJA JOTHYECKH CHJILHO

TpaHcueHAeHTHBIX hopmya (Axsaeauanu A.H. — 2011)

Ha muosxcecmee OuHaApHblX 102UYECKUX OnEPaAyUil K1accU4ecKoil (opmanvHoil 102UKU
HY1€6020 NOPAOKA CYyW,eCmEylom makue 06e J102U4ecKU CUIbHO MPAHCUEeHOEeHmHble
dopmyner A u —A, 012 KOmopwvlx cywecmeyrom moiIcoeCmeeHHo OoKayemvle U
dopmanvno-ucmunnvie 102Uu4eCKUIl 6b1600bl, KOHBIOHKUUA KOMOPHIX MAKIHCE AGIAEMCA
MOXHCOeCHBEHHO 00KA3YeMOUl U (hOPMATIbHO-UCHUHHOIL.

JlokazaTenbCcTBO

Jlia nokazarenbcTBa COPMYIUPOBAHHOTO HAMH YTBEPHKJIEHUS PACCMOTPHUM CIIEAYIONINE
JIOTUYECKH CUIILHO TPAHCLICHECHTHBIE GopMynbl A U —A:

A=(x=1) (4.7.5)
“A=—(x=1) (4.7.6)

Jlanee, cpeACTBaMHM BBIYUCIIUTEIBHON JIOTMYECKOH IPOrpaMMbl MaTeMaTHYECKOrO IaKeTa
MATCAD, nokaxeM, 4To i KaXJOW M3 HUX, HA MHOXKECTBE OMHAPHBIX JIOTHYECKUX
Olepalui  KJIAcCHUeCKoW (OpMAIbHOW JIOTUKA HYJIEBOTO TMOPSJKA, - CYIIECTBYET
TOXKJIECTBEHHO JIOKA3yeMbIl, a 3HAYUT U (POPMATBLHO-IOTUYCCKU UCTHHHBIN BBIBOJ, MPUYECM
KOHBIOHKIIHS YIIOMSIHYTBIX BBIBOJIOB TAK)KE SIBJISICTCSI TOXKIECTBEHHO JTOKA3yeMOM.

0
woe| (4.7.7)
ad 1
1
0
B 1
Y= (4.7.8)
1
A:=(x=1) 4.7.9)
(4.7.10)

=[(xv y) A (=((xYy)).A] =

N
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=[(x@y) A (=(xY)),—A] = (4.7.11)

B

[=1(xv Y) A (= (6Y),A] A =[(X® Y) A (=(%Y)),—A]] = (4.7.12)

S

Cootromienue (4.7.12) noka3siBacT CHOPMYIUPOBAHHYIO HAMHU TEOPEMY.

B kmaccuueckon (bOpMB.J'IBHOfI JIOTUKE IEPBOIo IopsaKa CYHMECCTBYECT IIOHATHUE O ) —
JIOTUYECKOM HCIIPOTHUBOPCUYNBOCTH, CMBICII KOTOPOI'O PACKPBIBACTCA B CICAYIOIICM HUIKC
OIIpCACIICHUN.

OnpenejieHne © - HENPOTHBOPEYUBOCTH TEOPHH

Hexomopas n02uko-ananumudeckas meopus 1  Ha3bléaemcsa  J0UYECKU — O-
HEenpomueopeuusoll mo20a U mMoabKo moz20a, Ko20a 6 Heil He AGINAIOMCA 6bl8OOUMBIMU
cnedyrujue 102udecKue ymeepHcoeHus uiu opmynol .

IXB(X) A VX—=B(X) (4.7.13)

Ix—=B(X) A VXB(X) (4.7.14)

PaccmoTpum cnenyroiee yreepxaenue C:

C=«Bce ymeepyucoenusn u JozuuecKkue Qopmyinsvl, 6v61600uUMble HA MHOMCECHEE
ymeepitcoeHuii  J102uKu Hy1e6020 nopaoka, He  AenAmMCA  J102UYeCKU
MpPAHCYEeHOEeHMHBIMUY.

Kak Obuto mOKa3aHO BbIlIe, KOHCTPYKTUBHO CYIIECTBYET (HhOpManbHO-IOTHYECKU
TOXJECTBEHHO HCTUHHBIA BBIBOJ JIOTHUECKH CHUJIBHO TPAHCUEHACHTHBIX (opmMyn, uTo
MOATBEpKAaeTcss cooTHomeHneM (4.7.12). Dto o3Ha4aer, 4yro B TOM Cllydae, €CIU Mbl
npusHaeM yTBepkJaeHue C HMCTHHHBIM, TO B COOTBETCTBHM C OIPENEICHHEM © —
HEMPOTUBOPEUMBOCTH, JIOTUKA TEPBOro Mopsijaka OyaeT @ — npoTuBopeunBoil. [lostomy y
HAC OCTaeTCsl TOJILKO OJIMH BBIXOJI, - MPU3HATh UCTUHHBIM ClieAytomiee yreepxkaeane SL=—C
, YTO MOKET OBbITh BHIPAKEHO B BUJIE CIIEYIOIIECH TEOPEMBI.
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TeopeMa 0 JOrm4eckoid TPAHCIHEHJACHIMHN B JIOTMKE HEpBOro mnopsiaka (AxBJeIvaHu

A.H. -2011r.)

B knaccuueckoii opmansnoil nozuxke nepeozo nopaoka umeem Mecmo ciedyiouiee

ymeepcoenue

SL = «Hekomopuie ymeepocoenus u nozuueckue (opmynvl, 6b1600UMble HA MHOMCECHBE
ymeepicoeHull 102UKU HY1e8020 ROPAOKA, AGIAIOMCA J102UYECKU MPAHCYEHOECHMHBIMU).

[Tony4yeHHBII HaMU pE3yNIbTAT JOKa3blBaeT Hainuue (peHomeHa (HhopMabHO-TOTHYECKOU
TPAHCLEHJICHIIMM B paMKaxX COBPEMEHHON KJacCHUeCKOoi (opMaibHOW JIOTUKH HYJIEBOTO
MOpsIKA.
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I'naBa §
AHaau3 GopMaIbLHO-JIOTHYECKUX YCJI0BHUA MeHE3UCa JOTMYeCKOro

KOJLJIANCA U JIOTHYECKOH HEONMPECACJICHHOCTH

5.1.Teopemvt 00 ycnosusx n02uuecKozo0 Koalanca 6 KiacCUuecKux
Gopmanvuvix u noay@opmanvHLIX mMeopusx HaA MHOMCECHEe OUHAPHBIX
Jl02Uu4ecKux onepavyuil.

PaccmoTpum ompezeneHue MOHSATHS JIOTHYECKOrO KoJjuianca (TOTaabHOTO ociabiaeHus
(bopManbHO-IOTMYECKOH HMCTUHHOCTH B pPaMKax KIIACCHYECKOW (OPMATbHON JIOTHKH).
PaccmoTpenue J10rMKo-aHaIUTUYECKUX SIBJICHUW, CBSI3aHHBIX C JIOTMYECKUMM KOJUIAIICOM, W
COIYTCTBYIOIIUMHU €My SIBICHUSIMH, OyJeM paccMaTpuBaTh B CHUCTEMaX KJIACCHUYECKON
(dhopMabHON JIOTHKK HYJIEBOTO TMOPSAKA M KJIACCHYSCKOW (DOPMATbHOM JIOTUKH IEPBOTO
nopsaka, rinodanbHas (popmanbHas HEIPOTUBOPEUYMBOCTh KOTOPBIX JOKa3aHa BBIIAIOLIUMCS
aBcTpuiickum siorukoM Kyprom ['enenem.

Kak wu3BecTHO, apucCTOTeNeBCcKas TpPagUIIMOHHAs JIOTMKA SBIISETCS COCTaBHOM YacThIO
CHCTEM KJIaCCHYECKOM (popManbHOM JIOTMKK HYJIEBOI'O M MEPBOTr0 MOPSIKOB. JTO O3HAUAeT,
YTO BCE JOIMYECKHE 3aKOHBI apUCTOTEIEBCKON TPaJMIIMOHHON JIOTUKU (OpMAU3YIOTCA U
JIOKa3bIBAIOTCSI TaK)K€ METO/aMHU CHCTEM KJIACCHYeCKOM (opMarbHOM JOIMKH HYJIEBOTO U
IIEPBOTO MOPAIKA.

PaCCMOTpI/IM OIIPECACIICHUA MOHATUM JIOTMYECKOI'0 KoJlIamca (TOT&J’IBHOI‘O oca0JIeHus
(I)OpMaHLHO'HOFquCKOﬁ I/ICTI/IHHOCTI/I) C TOYKH 3pCHUA apHCTOTeHCBCKOﬁ TpaﬂHHHOHHOﬁ
JIOTUKH, a TAKXKE C TOYKU 3pCHHUA CUCTCM KJIaCCHUYECKOM (bOpMEUIbHOfI JIOTUKH HYJICBOT'O U
IEPBOro nmopgakKa.

OnpenejieHne JOrHYECKOro KOJLJIAICA B APUCTOTEIEBCKOM TPAAUIIMOHHOM JIOTHKE

Jlocuueckum Konnancom (momanvHvlmM 0C1A0IEHUEM UCHUHHOCMU) 6 APUCHIOMENEeECKOU
mpaouyuoHHol J102uKe (ApUCMmOmenescKum Ja02UYecKumM Koaiancom), HA3bleaemcs
makasa Jjaoz2uueckas cumyauyus, Ko20a UenoYyKa YMO3aKII04YeHUll, )0061emeopaAIuux
J102UYeCKUM 3aAKOHAM U NPAGUIAM APUCHIOMENEECKOU MPAOUYUOHHOU JI02UKU U CUCHEM
KJaccu4eckol (opmanvHoil N102UKU HY1€6020 U NEPEO20 NOPAOKA, NPUBOOUM K
npomueopeyuto ¢ 00HUM U3 3aKOHO08 APUCHOMEN1e6CKOI MPAOUYUOHH O 102UKU.

OnpeaejgeHue JOrH4eckoro KoJLianca B Kjiaccnuyeckoi dopMajibLHOM JOrHKe HYJIEeBOro
NMOpsIIKA

Jocuueckum Konnancom (mMomanvHuiM 0C1AOIEHUEM UCMUHHOCIMU) 6 KIACCUUECKOU
dopmanvuoii no2uke Hyne6020 nopaodKa (N02UYUECKUM KOJIIANCOM HY1€6020 NOPAOKa),
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Ha3vleaemcs maxkas J102UYecKas CUmyayus, Ko20a Uenouka ymo3aKiioueHuil,
Y0061emMEOPAIOWUX — IOCUYECKUM  3AKOHAM U HPAGUIAM  APUCHIOMEIEECKOU
MPAOUYUOHHOU JI02UKU U CUCHEM KNACCUUECKOU (OPpMATbHOU 102UKU HY1€8020 U
nepeozo nopsadka, npugooum K 2eHe3ucy (odpazosanuro) Kopmedxca GopmanvHo-
J102U4eCKUX 3HAYEeHUI UCHUHHOCMU, KaXCOblil I1eMeHm KOmopozo paseH nozuyeckomy 0.

OnpenejieHne JIOTHYECKOr0 KOJLIANCA B KJIACCHYECKOM (l)ODMaJIBHOﬁ JIOTHKE MMEepBOro
nopsiika

Jocuueckum Konnancom (momanwvHoiM 0C1AOIEHUEM UCHMUHHOCMU) 8 KIACCUYECKOU
dopmanvnoii n102uKke nepeozo nopaoka (1O2UHECKUM KOIIANCOM NEPEO20 NOpAOKa),
Hazvleaemca mMakasa J102U4ecKas CUumyayus, Ko20a Uenouyka yMo3axKalio4eHuil,
Y00671€emMEOpAIOWUX  102UYECKUM  3AKOHAM U Npaguilam  apucmomesescKoil
MpPAOUYUOHHOU NIO2UKU U CUCHEM KIACCUYECKOU (HOPMATbHOU J102UKU HY1€6020 U
nepeozo nopsaoka, NpueoouUm K HPOMUBOPEYUI) C OOHUM U3 3AKOHO8 WU RNPAGUIL
Kllaccuueckoll (hopmanvHoil 102UKu nePeozo nopAOKa.

OnpenejieHne 1100aJbHOI0 (JIOTMYECKH 00IE3HAYNMOIQ) JIOTHYECKOr0 KOJLJIanca

I'nobanvnvim (nocuuecku oduie3HAUUMBIM) J102UYECKUM KOTIANCOM, HA3bIBACHICA MAKOU
6U0 102UYECKO20 KOJNANca, KOMOpulil y0061emeopaem Kaicoomy u3 onpeoesieHuil
apucmomenescko2o 102uiecKo20 Kolanca, 102U4ecKo20 Koananca Hynee020 nopaoxka u
J102UY€eCK020 KON1anca nepeozo nopaoka.

OnpeaejeHne YaCTHYHOI0 JJOTHYECKOI0 KOJLIaca

Yacmuunovim 102U4ecKUM KOJIANCOM, HA3bIBACMCA MAKOIU 610 J102UYECK020 KoJianca,
KOmopbulil y0061emeopaem 00HOMY U3 ORPeOeeHUll apucmomeneécKo20 J02u4ecKo2o
Konnanca, 102u4ecKk020 KOJa1anca Hyneeo2o nopAao0Ka uiu 102udeckozo KoJianca nepeozo
nopaokKa, u emecme ¢ mem He AGJAEMCA N02UYECKUM KOJIIANCOM C MOYKU 3PEHUA OPY2oil
U3 paccMampueaemvlx Ccucmem — APUCHIOMENE6CKOU  MPAOUUUOHHOU  JI02UKU,
Kaaccu4eckoll (popmanvHoll 102UKU HY1€6020 NOPAOKA UL KAACCUYECKOU (PopManbHOU
J102UKU NEepE02o nopsaoKa.

C(bopMyanyeM " JOKAXEM CIICAYIOIYIO TCOPEMY O JOCTATOYHLIX YCIOBUAX JIOTHYCCKOI'O
KoJiarca B JIOTMKO-MAaTEMAaTHYCCKHUX H (I)OpMaJ'II/BOBaHHBIX (bl/ISI/IKO-MCXEIHI/I‘-ICCKI/IX
HUCCICIOBAaHHUAX HA MHOXKCCTBC 6I/IHapHLIX JJOTHYCCKUX onepaunﬁ.

TeopeMa 0 HepBOM JOCTATOYHOM VCJIOBMHM T€HE3HCA JOTHYECKOro KoOJLJIANnca
(AxBaenyanu A.H. — 2011 r.)

Ecnu nozuko-ananumuyeckue unu gusuueckue, n1o2uuecku popmanusyemole 0o6vekmor A
u B, wusyuaemvie 6 mnexomopoii ¢popmanvuoni unu  noaygopmanvHol  102UKO-
MamemamuyecKkoil, unu Qu3uKo-mexanuyeckoi meopuu T, y0oenemeopawm ciueoyouieil
J102u4ecKoll (hopmyne na mHodxcecmee OGUHAPHBIX NOCUYECKUX ONEPAUUIl KNACCUUECKOU
dopmanvHoil 102uKU HY1€6020 NOPAJKA:
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[(A®B)A(AAB)]=0 (5.1.1)

mo 3mo 00cmoAmensbcmeo — AGNAEMCA OOCHMAMOUHBIM YC108UEM O 2eHe3UCd
J102UYECK020 KONNanca ¢ mo4Ku 3PEeHUs CUCHEM KAACCUYECKOU (HOPpMATbHOU 102UKU
HYJ1€6020 U NEPEO20 NOPAOKOS.

Jloka3zaTejibCTBO

Hwxe npencraBneHo GopManbHO-TOTHYECKOE J0KA3aTeIBCTBO, BBITIOJTHEHHOE CPEACTBAMHU
JIOTUYECKOW BBIYMCIUTEILHON MPOrpaMMbl HM3BECTHOTO W IIMPOKO PACIPOCTPAHECHHOTO
BeIUHCIIUTENBbHOrO Matemaruueckoro rmakera MATCAD.

0
s (5.1.2)

0

1

0
B’ (5.13)

1

1
(5.1.4)

[(A® B) A (A AB)] =

o O O o

®opmyna (5.1.4) ykaseiBaer Ha TO, uto Qopmyna [(AD@B)A(AAB)] sBusercs
TOKJIECTBEHHO MPOTUBOPEUNBOM, YTO CBUICTEIHCTBYET O JIOTHUECKOM KOJIJIarice B TEOPUU T
. Tlockonbky Kiaccwueckas (opMaibHasl JIOTHMKA HYJIEBOTO IOPSIKa SBISETCS COCTABHOM
JacThIO KJIACCHYECKOH (POpPMaIbHOHM JIOTHMKH HYJIEBOTO IOPS/IKA, TO JIOTHYECKUH KOJUTAIC
HYJIEBOTO TIOPSJIKA SIBISICTCS OJHOBPEMEHHO M JIOTHYECKHM KOJUIAIICOM TIEPBOTO TOPSIKA.
Teopema noka3aHa.

TeopeMa 0 BTOPOM JOCTATOYHOM VCJOBHH TeHE3HMCa JOTHYeCKOro KoJijaamca
(AxBaennanu A.H. —2011 r.)

Ecnu no2uko-ananumuyueckue unu puzuueckue, 1o2uiecku gopmanusyemole 00vekmor A
u B, wuzyuaemvie 6 mHexkomopoiu Gopmanvnoi unu noAYPopmanvHO  102UKO-
MamemamuyecKkoil, unu uuKo-mexanuueckoi meopuu T, yooenemeopaiom ciedyouiei
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J102UYeCKoll (hopmyne Ha MHOMCecmee OUHAPHBIX J10ZUYECKUX ONEPauuil KiaccuiecKkoi
dopmanvuoil 102uKU HYN1€6020 NOPAOKA.

[(A—> B)A(AA—B)]=0 (5.1.5)

mo 3mo 00cmoaAmenbcmeo — AGAAEMCA OOCMAMOUHBIM YC08UEM O 2eHe3Ucd
JI02UYECK020 KONnanca ¢ mo4Ku 3PEeHUs CUCHEM KAACCUYECKOU (HOPpMATbHOU 102UKU
HYJ1€6020 U NEPEO20 NOPAOKOS.

Jloka3aTenbCTBO

Hwxke mpencraBieHo (GOpMaNbHO-JIOTHYECKOE JOKA3aTENbCTBO,  BBINIOJHEHHOE B
ABTOMATUYECKOM pPEXKUME, Ha OCHOBE JIOTUYECKOW BBIYMCIUTEIBHONW IMPOrPAMMBI
BeIUHCIIUTENBbHOro Matemaruueckoro rmakera MATCAD.

0
Al (5.1.6)
0
1
0
B | (5.1.7)
1
1
0
0
[(=(A,B) A (A A —-B)] = . (5.1.8)
0

@®opmyna (5.1.8) yka3plBaeT Ha TO, UTO paccMaTpuBaemas HamHu  (opmysa
[(A— B)A(AA—B)] sBnsieTcs TOXKIECTBEHHO MPOTHBOPEUYUBON, UTO CBHJIETEILCTBYET O
JoruueckoM kojuianice B Teopun T . IlockonbKy kiaccuueckas (opMasibHas JOTHKa
HYJIE€BOIO TMOpSJKA SIBISETCS COCTaBHOM 4YacThlO KJIaCCHMUYECKOW (OpManbHOM JIOTUKU
HYJIEBOTO MOpsAKA, TO JIOTMYECKHH KOJUIANC HYJIEBOTO MOPSIKA SIBISETCS OJHOBPEMEHHO
JIOTMYECKUM KOJIJIAaIICOM TIepBOTro nopsiika. Teopema qokaszaHa.
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TeopemMa o0 TpanchopManuu YACTHYHOIO JOTHYECKOro KOJJIANCA B IJ00AJLHbBIA
Jornyeckui kojaanc (Axsiaenuaou A.H. — 2011 r.)

Ecnu nozuko-ananumuueckue unu pusuveckue, 102udecku gpopmanuzyemole 0o6vekmol A
u B, u3syuaemvie 6 Hexkomopou ¢opmanvnoii unu  NONYPGOPMATLHOU 102UKO-
MamemamuyuecKkoil, Uinu Quzuko-mexanuieckou meopuu T, y0061emeopaom ycio8uim
2eHe3UCa J102U4ecK020 KOJ1anca 6 KiacCu4ecKoil (opmanvHoll 102uKe HY1e6020 U
nepeozo nopAaodKoe, Mo pAaccMampueaemvlil Caydail 102U4ecKo20 KoJlanca eiedem 3a
0001l apucmomeneecKuil J102UYeCcKuil KOoalanc u mpancgopmupyemcs 6 2100a1bHblil
(nozuuecku oOwe3HaAYUMBLIL) 102UYECKUTL KOANC.

JlokazaTenbCcTBO

Hwxke npencraBieHo  (GopManbHO-IOTHUECKOE  JIOKA3aTElIbCTBO,  BBINIOJIHEHHOEC B
ABTOMATHYECKOM pEXHUME, Ha OCHOBE JIOTUYECKOW BBIUUCIUTEIBHOM MPOTrpamMMBbI
BbIUUCIUTENBbHOrO MaTtemaruueckoro rmakera MATCAD.

0
Al (5.1.9)
0
1
0
0
B:=1, (5.1.10)
1
1
=[[(A®B) A (A AB),(A= -A)] = i (5.1.11)
1
1
> |1
=[[(=(A,B)) A (A A —B)],(A= —-A)] = ) (5.1.12)
1

®opmynst (5.1.11) u (5.1.12) cBUAETENBCTBYIOT O TEHE3HUCE ApPUCTOTEIEBCKOTO JIOTHYECKOTO
KOJIJIarica, MOCKOJBKY B pacCMaTpUBaeMOM CIydae, HA OCHOBAHHUU JIOTUYECKOTO 3aKOHA
Hynca CkoTa, CTaHOBSITCS BBIBOAMMBIMU JIOTHYECKHE (POPMYIIBI, TIPOTUBOPEUAIUE BTOPOMY
OCHOBHOMY 3aKOHY apHCTOTEJIEBCKOW TPaJUIIMOHHON JOTUKU. TakuM oOpa3oM JOTHYECKHIA
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KOJIJIallC HYJEBOIO M IE€PBOrO IMOPSJIKOB BJIE€YET 3a COOOM TaKKe M apUCTOTENEBCKUH
JIOTMYECKUI KoJIIanc, M TeM CaMbIM TpPaHCQOPMHUPYETCS B IJI00AJIbHBIN, JIOTMYECKU
00I1I€3HaYMMBbIM JIOTMYECKMH KOJUIAIlC B TEOpPUU T , IPUYEM HE TOJIBKO C TOYKH 3pPEHHUS
KJIaCCUYEeCKOM (pOpManbHOM JIOTMKH, a TaKKe€ M C TOYEK 3pEHHs] KOHCTPYKTUBUCTCKOH WU
MHTYMIUOHUCTCKON JIOTMK, IIPU3HAIOIIMX BTOPOM OCHOBHOM 3aKOH apUCTOTEIEBCKOU
TPaAMLIMOHHON JIOTUKH UCTUHHBIM. TeopemMa Joka3aHa.

5.2 Obwuinn memoo auanuza 603MONCHOCHU J102UUECKO20 KONNANCA HA
MHOMMCecmee N — apHbIX J102UYeCKUX Onepayuil

B HacTosmiem naparpa(be paccMaTpuBacTCA O6H_[PII>'I MCTOA aHalan3a BO3MOXKXHOCTHU
JIOTHYSCKOT0 KOJuIalica Ha MHOXECTBE M- apHBbIX JOTHYECKHUX onepaum‘/’l B JIOT'HKO-
AHAIIUTUYCCKUX MATCMATHYCCKUX TCEOPHUAX, COLACPKAIUX KIACCUUCCKYIO Q)OpMaHBHyIO
JIOTUKY HYJICBOTO IOpAAKA. HMwmeet mecTo cJIeayromec O6IJ_[CC YCJIOBUC I'€HE3UCA JIOTUYECKOU
TPaHCUCHACHIIMN Ha MHOKECTBE N - apHBIX JIOTHYCCKUX onepaunﬁ.

TeopeMa 0 10CTATOYHOM VCJIOBHHM T'€HE3HCA JJOTHUYECKOr0 KOJLJIANCA HA MHOKecTBe N-
APHBIX JIOTHYECKHX ONepanui

Echu ona nocuxo-ananumuueckux unu usuueckux, J02uyecKku popmanusyemvix
oovekmoe Al A2,..AN, uszyuaemvix ¢ nexomopoit popmanvnoii unu nonyghopmanvhoi
J102UKO-MAMemMamuyieckoil, uiu Qu3uko-mwexanuveckoi meopuu T, KOHCMPYKMUBHO
cyuwiecmeyem n102udeckas opmyna smoii meopuu, yooenemeopaouias Ha muoxycecmee N-
APHBIX J102UYECKUX ONepayull Kiaccu4ecKoi (opmanvHOi 102UKU HY1e6020 NOPAOKA
cneoyouiemy ycioguio:

F(AL A2,.., AN) =0 (5.2.1)

mo Imo O00CMOAMENbCMEO AGNACMCA O0O0CHAMOUHBIM yciaoeuem ona  zenesuca
J102Uu4eCKoz2o Kouianca 6 meopuu T ¢ mouku 3penusa cucmem Kaaccuueckoil ¢0pM¢lJle0ﬁ
JI0CUKU H)J]1€6020 U nepeozo nop}u)Koe.

I[OKaBaTCJ'IBCTBO

s mccnenoBanus joruveckord opmynsr F(AL A2,...,AN) B HekoTopoi Teopum T ,

HEO0OXOIMMO CIlepBa COCTABUTH JIOTUYECKHE KOPTEXKH JUIS JIOTHYECKHX TePEeMEHHBIX
Al A2,..., AN, y9uTHIBaIOIIIUE BCE KOMOMHAIIMM BO3MOXKHBIX 3HAUYEHUH paccMaTpUBAEMBIX

HE3aBHCHUMBIX JIOTMUECKUX IEPEMEHHBIX. 3aTEM CIEAYET BBIYUCIUTH JOTMUYECKHH KOPTEX
UCTUHHOCTHBIX 3Ha4eHWi normdeckoir Gopmynsr F(AL A2,...,AN). Ecmum mpu Bcex

BO3MOXXHBIX 2N JJOTHYCCKHX KOM6I/IHaLII/I$IX ApryMCHTOB 6yI[eT BBIIIOJIHATHCS YCIIOBUE!

F(ALA2,...,AN)=0 (5.2.2)
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TO 3TO OOCTOSITETLCTBO B COOTBETCTBHHM C TEPMHUHOJOTHEH KilacCH4YecKor (opManbHON
JIOTUKM  HYJIEBOro  mopsaka Oyaer  o3HayaTb  TOXIECTBEHHYIO  (popMalibHYIO
npotuBopeunBocth  opmynsr  F(AL A2,...,AN). C apyroil cTopoHBl HOJTy4yeHHAas

Joru4ecKasi CUTyalusi OyJ1eT yJOBJIETBOPSITH OIPEAEICHUIO OHITHSI JIOTHYECKOTO KOJIIarca.
OT0 00CTOATENBCTBO U CBUAETEIBCTBYET O I'€HE3UCE JIOrMUYECKOI0 KOJUIarnca Ha MHOYKECTBE
N - apHBIX JIOTHYECKUX OIlEpalluil B paccMarpuBaeMoi Teopun T . Teopema noka3ana.

PaccmoTpuMm Temepp MeETOA, € HOMOIIBIO KOTOPOIO MOYKHO (DOpMUPOBaTH KOPTEKHU
UCTUHHOCTHBIX 3HAYCHUM JIOTMYECKUX AapPryMEHTOB C YYETOM BCErO0 MHOXECTBA  HX
BO3MOKHBIX KOMOHMHAUUH. YTOMSHYTBI METOJ 3aKJII04YaeTcss B CHoco0e TMOCTPOCHHUs
JOTMYECKUX KOPTEKEH  JIOTMYECKUX AapryMEHTOB, OOECIIEYHMBAIOILEr0 PACCMOTPEHHE
IIOJIHOI'O Ha60pa BCCBO3MOXKHBIX KOM6I/IH21HI/Iﬁ WCTUHHOCTHBIX 3HAYEHWH JIOTHYECKUX
apryMEHTOB.

B tom ciyuae, eciiu Mbl pacCMaTpUBaEMTCSl JIOTHUECKYIO (POpMyiy, COJEpKallyl0 BCETO
OHH JIOTUUECKHI APTYMCHT, TO Y HaC UMCCTCA MHOKCCTBO YHAPHBIX JIOTUYCCKUX onepaunﬁ,
a COOTBETCTBYIOIIAs TaOJWIlA, ONKCHIBAIONIAS MHOXXECTBO 3HAYCHUH KOMOWHAIMI
JIOTUYECKOT0 apryMeHTa OyJIeT COCTOSITh BCETO U3 OAHOIO CTONOMA!

Al

(5.2.3)

Janee mepexoauM K cilydar0 OMHApHBIX JIOTWMYECKUX omepanuil. B sTtom cimyuyae y Hac
HMECTCA ABa JIOTMYCCKHUX aprymMeHTa, BCC MHOXCECTBO BO3MOXKXHBIX KOM6HH3HHI>1 KOTOPBIX
CBEJICHBI B CIIEAYIOIIYIO TaOIHILY:

Al A2
0 0
1 0
(5.2.4)
0 1
1 1
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Tabmuma (5.2.4) obpa3oBana cieayromum oopa3zom. CriepBa Mo BEpTUKAIH JyOJUPYETCS
CTOJI0€1] UCTUHHOCTHBIX 3HAUEHUH JIOTMYECKOro aprymenta Al, mpeacTaBJICHHBIN B TaOIuIe
(5.2.3). 3arem dopmupyeTcst cToI0CI] ICTUHHOCTHBIX 3HAYEHUH JIOTHYECKOTO apryMenTa A2
. IIpu 3TOM, criepBa 1Mo BEpTUKAIM JBa pa3a 3alUCHIBACTCS 3HAYCHHS JIOTUYECKOTO HYJS, a
3aTeM ellle JBa pa3a 3Hau€HUs JIOrMYECKON eIMHULIbI.

[anee mepexoauMm K Ciy4ard TE€PHApHBIX JOTMYECKUX orepauuil. B 3Tom ciydae y Hac
MMEETCSl TPU JIOTHYECKHX apTyMEHTa, BCE MHOXKECTBO BO3MOXHBIX KOMOMHAIIUN KOTOPBIX
CBEZICHBI B CJICAYIOLIYIO TaOIHILY:

>
H
>
N
>
w

(5.2.5)

RO IO Ok o
PR OO kOO
[l el el | ol (el @] fan ] an]

Tabmuua (5.2.5) oOpa3oBana cieayrommM odpa3zoM. CriepBa 1o BEpTUKAIM TyOIUPYIOTCS
CTOJIOII MCTMHHOCTHBIX 3HAUEHWH JIOTMUYeCKUX aprymeHToB Al A2, mpejacTaBieHHbIE B
tabmune (5.2.4). 3atem Qopmupyercs cToN0el MCTUHHOCTHBIX 3HAYEHHUH JIOTMYECKOTrO
aprymenta A3. Ilpum 3ToM crepBa 1Mo BEpTHKAIM YETHIPE Pa3a 3alUCHIBAIOTCS 3HAYCHUS
JIOTMYECKOT0 HYJIA, a 3aTeM €Ile YeThIpe pa3a 3HAUCHHS JIOTUIECKON €TMHMIIBI.

[TpumeHsst mocnenoBaTeNbHBIM 00pa30M OMMCAaHHBIA BBINIE METON, IpU Hepexoae K N-
apHBIM JIOTUYECKMM OIlepalusM Mbl OyAeM HUMeTb N JIOTMYECKUX aprymeHTtoB. Jlis
(dhopMupoBaHUs TaOJIUIIBI BCEX BOZMOKHBIX KOMOMHALIMN 3HAUEHUHN JIOTUYECKUX apryMEHTOB
HaQ/I0 TOCTYNHUTH CIenyloIuM obOpa3oM. BHauane mo BepTukanu nyonupyercs Talnuia
3HAYEHMH JIOTHUeCKnX apryMmeHToB Al A2,..., A(nN—1), mony4yeHHas Ha NpEAbIIyLIEM JTare.

3areM (GopMUpYETCS CTOJOCI UCTHHHOCTHBIX 3HAYCHH JIormdeckoro aprymenta An. Ilpwm

3TOM, crepBa 10 BepTUKamu 2" pa3 3amiCHIBAIOTCA 3HAYEHHS JTOTHYECKOTO HYJS, a 3aTeM
€Ille CTOJIBKO K€ pa3 — 3HAYEHUs JIOTHYECKON €TUHUIIBI.

Camo BBIUHCIIEHHE JIOTMYECKOTO KOpTEXa HCTUHHOCTHBIX 3HAYEHUM paccMaTpuBaeMOM
dopmyier  F(AL A2,..., AN) B cucteMe MATCAD mnpoucxomuT B aBTOMATHYECKOM
pexuMe, MpUYEM JIOTHYECKUE ONEPAallMd B COOTBETCTBUU C PACCMATPUBAEMOU JIOTMYECKOU
(GopMyIOl  OCYIIECTBISIIOTCA TOCTPOYHO HAa OCHOBAaHMM TPHMEHEHHs —oIeparopa
BEKTOPU3AIlMM, B COOTBETCTBUU C KOTOPOW BbIUMCIsAeMas (YHKIMS TPUHUMAeT BHI -

F(AL A2,..., AN).
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B cnyuyae noruueckoro koitarnca B coorBercTBuu ¢ dopmynoit F(AL A2, A3) Ha
MHO>KECTBE TEPHAPHBIX JIOTMYECKUX OTHOUICHHM, Ta0aua HCTUHHOCTHBIX 3HAuYCHUU
JIOTUYECKUX apTyMEHTOB M COOTBETCTBEHHBIX 3HAYCHUU JIOTHUECKON (DYHKIIMM TPUHUMAET
CHEAYIOUIMI BU!

Al A2 A3 F(AL A2, A3)
0 0 0 0
1 0 0 0
0 1 0 0
1 1 0 0 (5.2.6)
0 0 1 0
1 0 1 0
0 1 1 0
1 1 1 0

B o0mem ciywae, ecnu uccieayeMas Ha MpeAMeT BO3MOKHOCTH JIOTHUECKOTO KoJliarca
dopmyna F(AL A2,...,AN) =0 TakoBa, 4TO OHA TOXXJIECTBEHHO paBHA JIOTUYECKOMY HYIIIO

NP BCEX BO3MOXXHBIX KOMOHMHAIUSAX BXOJAIIUX B HEE JIOTUUECKHX apryMEHTOB, TO B
paccMaTpuBaeMoOM CIy4ae UMEET MECTO JIOTHYECKHI KoJularic.

F(AL A2,..,AN)=0 (5.2.7)

5.3 Jlocuko-ananumuueckue meopemaul 00 UCKNIOUEHHBIX U HEUCKTIOYEHHbIX
Jqo2udecKux 603MONICHOCMAX

Kak u3BecTHO, OJJMH M3 OCHOBHBIX 3aKOHOB ApUCTOTEJIEBCKON TPaJWIIMOHHON JOTHKH, -
3aKOH 00 MCKITIOUYEHHOM TPETheM, - (POPMYITHPYETCsI CAEAYIOUUM 00pa3oM.

3aK0H 00 HCKJIIQYEHHOM TPeTheM

ﬂﬂ}l 100020 6bLICKA3BIGAHUA — UCHMUHHO JUDO0 Ccamo 6bicKasvliganue aubo ez2o
ompuuanue, mpentbi 603IMO0ICHOCHb UCKIIIOUECHA.

A®—A (5.3.1)
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B dopmye (5.3.1) npunaTh cnenyromme 0003HaYCHHUS:

A - HEKOTOpOE€ BBICKa3blBaHWE, —A - OTpPHIIAHME BBICKa3bIBaHHS A.©D - jormueckas
IIPONO3ULIMOHAIIbHASL CBA3KA, SA3BIKOBBIM JKBHBAJIEHTOM KOTOPOW SBIIAECTCS HCKIIIOYAOIIEE
«1100», — - CUMBOJI OTPHULIAHUS, A3BIKOBBIN 3KBUBAJIEHT KOTOPOI'O BBIpAXKaeTcs, Kak «HE -

A », i BeIpaxeHHEM «He BEPHO, 4To A » .

HpI/I BHUMATEJILHOM aHaIu3€e «3aKoHA 00 MCKIIOUEHHOM TPETHEM» MOKHO 3aMCTUTh, UYTO B
YIIOMSIHYTOM JIOTUYCCKOM 3aKOHC MMCECTCA CYHICCTBCHHA JIOTMYCCKasd HCOMPCACICHHOCTL B
OTHOIICHHUU CaMOTO0 «HUCKJIKOUYCHHOI'O TPEThHETO», T.C. MO CYTH HACJIa OKa3bIBACTCsA, 4YTO
IOHATHUC  «HUCKJIKOUYCHHOI'O TPETHEro» HE ABJIACTCA  BIIOJHC (l)OpMaJIBHO-JIOI‘I/ILICCKI/I
OIIpCACIICHHBIM.

B cBs13u ¢ ynoMsiHyTBIM 00CTOSITETLCTBOM, B HACTOSIIEH paboTe UCCIEAYIOTCSl pa3IMuHbIE
BO3MOXXHOCTH, KOTOpPBIE MOTYT TPETEHIOBATh MO HEKOTOPHIM (OPMATBHO-TOTHYCCKHM U
AQHAJIMTUYECKUM MpPH3HAKaM Ha CTaTyC <«HUCKIIOYEHHOTO TPEThEro» B apUCTOTEIEBCKOM
TPaAULIMOHHOMN JIOTHUKE, U aHATM3UPYIOTCS BO3HUKAIOIINE MPU STOM (OPMaTbHO-JTOTHYECKHE
MpOoOJIEMbI B OCHOBaHHSIX KJIACCHYECKON (hOpMaIbHON JIOTHKH.

Tax wnanpumep, B Ilaparpade 4.1 Hacrosimeli paOoOTHI, MOKa3aHO, 4YTO HMEIOTCS
CYLIECTBEHHBIE PA3IUYUS MEX]Y apUCTOTEICBCKOM TPAAUIIMOHHON JTIOTUKOM M KIaCCUYECKOM
dbopManpbHOW JIOTMKOW HyJeBOro mopsaka. B wacTHocTH, B yHnoMmsiHyToM paboTte
chopmynupoBaH u AokazaH «[lepBblif 3aKOH JTOTMKO-MaTeMaTUIECKON TPAHCIICHICHITHI.

IlepBLIli NPUMHIUN JOTHKO-MaTeMaTHdeckod Tpancunenaenmyu (Axsuaenuann A.H. —
Axpaenuanu H.B. — 1990 r)

B Kknaccuueckoit opmanvnoit 102uxke HYNe6020 NOPAOKA Cyuiecmeylom maxue
J102UYecKU CUIbHO MPAHCUeHOeHmHble ymeepycoenus u gopmyavt A u —A, umo no
OMOebHOCMU J102UYECKU HEnPOMUEOPEYUBO 6b160OUMO, KaK A mak u —A.

«IepBplii TPUHIUI JIOTUKO-MAaTEMaTUYECKOM TPAHCLUEHIAEHIUN» CBUAETEIBCTBYET O
BECbMa CYLICCTBEHHBIX pPa3lIMYUAX MEXKIY APUCTOTEIEBCKOM TPAaJULMOHHON JIOTUKON H
KJIacCUYeCKOM  (opManbHOM  JIOTMKOM  HylneBoro mopsiaka. B apucroreneBckoi
TPAJULMOHHON JIOTMKE BBIBOJAMMOCTH YTBEpXKIAeHMHM A m —A B HeKoTopoul Teopun T,
CBUJICTENBCTBYET O JIOTMYECKOW IPOTHUBOPEYMBOCTH TEOPUH, OJHAKO HW3BECTHBIM
aBcTpuiickuMm JsiorukoM Kyptom ['emenem ObulOo  yCTaHOBJIEHO, 4YTO KJIAcCHMYECKas
(dbopManbHas JIOTMKA SBJSETCS TI00aNbHO (DOPMAIbHO HENPOTHBOPEUMBOW JIOTMUECKOMN
cucremoit. IToaToMy (akT HEmPOTHBOPEUMBON BHIBOJUMOCTH YTBEpXkaAeHUd A u —A B
KJIaCCUYECKOH (hOpMalIbHOM JIOTHKE HYJIEBOTO MOPs/IKAa YKa3bIBaeT HA UMEIOIIMECS Pa3TUuuns
MEXIy YIOMSHYTBIMU JIBYMs JIOTHYECKUMU CUCTEMAMU.

YOMSHYTBIE BBIIIE OOCTOSTETHCTBA 03HAYAIOT KOHCTPYKTHBHOE CYIIECTBOBAHHE SIBICHUS
JIOTUYECKOW TPAHCIICH/ICHIIMU, UMEIOIIEe MECTO B OCHOBAHMSIX KJIACCHYECKOW (opManbHON
JIOTUKM W KJIACCUYECKOW TEOPETUKO-MHOKECTBEHHOM MarteMatuku. I[lpm »Ttom mnon
JIOTUYECKOW TPAHCLUEHACHUHUENM TMOHMUMAETCS BBIXOJA 3a MPEAENbl  apUCTOTEIEBCKOM
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TPaIUIMOHHON JOrHKH (OT JIATHHCKOro transcendence — BBIXOAUTH 3a IPEAEbl) B CMBICIE
BBITTOJIHUIMOCTH BTOPOTO M TPETHErO0 OCHOBHBIX 3aKOHOB apPUCTOTEJIEBCKOW TPATUIIMOHHOM
JIOTHKHU.

PaCCMOTpI/IM TCIICPb OIPCACIICHUC JIOTHYSCKOM HEOMPCACIICHHOCT W TEOpEMY O
CYIICCTBOBAHUU JIOTHYSCKOU HCOMMPCACIICHHOCTH B paMKaxX KJIaCCUYECKOM (bOpMaHBHOI;'I
JIOTUKHW HYJICBOT'O IMOPsAJIKA.

OnpeaeseHye JOrn4ecko HeonpeaeaeHHOCTH

Jlocuueckoii neonpedenenHHOCHbIO HA3bIBACHICA MAKAA J102UYECKAsA CUMYAUUS NpuU
KOmOopoii He nPeodcmasnaemcs 603IMOHCHLIM YMEEPHCOAMb, KAKOE U3 08YX YHIEEPHCOCHU
A unru —A asensemca ucmuunvim. DopmanvHO, 102UUECKAA HEONPEOEIEHHOCHb
Mooenupyemcsa cedyiouum 00pazom:

LI =(A=1)v(-A=1) (5.3.2)
ChopmynupyeM 1 T0KaXKEM CIEAYIOILYI0 TEOpEMY.

TeopeMa 0 HeHCKJIIOYESHHOH Jornyeckoi Bo3MokHOCTH (A.H. AxBaeauanuu —2011r.)

Jlozuueckasa neonpedeneHHOCMb 6 OMHOWEHUU UCMUHHOCMU ymeepycoeHull A u —A
A6NAEMCA  HEUCKIIOYEeHHOU U (POpMATbHO-102UYECKU  UCHUHHOU  J102UYeCKOu
603MOMNCHOCIBIO, KAK C MOYKU 3PEHUA KAACCUYECKOU (POPpMAnbHOU 102UKU HYN€6020
nOpAOKa, maK u ¢ MO4KU 3PeHus GQPUCMOMmMenNe6cKoll mpaouyuoOHHOU 102UKU.

I[OKaBaTeJ'IBCTBO

B coorBercTBMM C mNpaBWIAMM YHApHBIX JIOTHYECKMX ONEpPAlMA  KIIACCHYECKOU
(opManbHOMN JTIOTUKH HYJIEBOTO MOPSJIKA UMEEM.

A (0) (5.3.3)

LI:=[(A=1) v (-A= 1] (5.34)

Lo @ (5.3.5)

Cootnormenus (5.3.4) u (5.3.5), B iy MOY4eHHS TOXIECTBEHHO UCTUHHOTO JIOTHYECKOTO
KOpTeXa MCTUHHOCTHBIX 3HAUYEHUH HCCIEQYyeMOro YTBEPXKACHHUS, O3HA4aloT, 4YTO
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paCCManI/IBaeMHﬁ BU JIOTHYECKOH HEOMPECACIICHHOCTHU SABJIACTCA JIOTHYECKU HWCTUHHO
BO3MOJXHBIM C TOYKH 3pCHUA KJ1aCCUYECKOM (bOpMﬂJ'IBHOfI JIOTUKHA HYJICBOI'O IIOPsaKaA.

PaccmoTpum  Temepp Ty K€ CaMyk JIOTMYECKYH0 CHUTYallUI0 C TOYKHM 3pEHUs
apUCTOTEJIEBCKOW TPAJULIMOHHOM JIOTUKU. B COOTBETCTBUM C TPEThUM OCHOBHBIM 3aKOHOM
aApPUCTOTEJIEBCKOW TPAAUIIMOHHONW JIOTUKHM, WCTUHHBIM sBIseTcsa auboo A, mu6o —A. B
IIOJIHOM COOTBETCTBUU C 3aKOHOM O HENPOTUBOPEUMH APUCTOTEIEBCKOM TpaJULIMOHHON
JIOTHKH U 3aKOHOM 00 MCKIIIOYEHHOM TPETHEM CIIEYeT, YTO OJHO U3 JBYX YTBEpXKIACHUH A
wim  —A 00s3aTenbHO  SIBISIETCs MCTUHHBIM. Ilo3TOMy M3 OCHOBHBIX 3aKOHOB
apUCTOTEJIEBCKOU TPAAULMOHHON JIOTUKHU TaKKe CIIEYeT:

LI=(A=)v(-A=1)=1 (5.3.6)

CootHorrenne (5.3.6) o3Ha4aeT CrpaBeIMBOCTh CHOPMYITUPOBAHHON HAMH TEOPEMBI H C
TOYKH 3pEHUS apUCTOTEIEBCKON TPaJUIIMOHHOM JIoruku. Teopema JlokazaHa.

PaCCMOTpI/IM TCOPEMY O JIOTMYCCKHMX BO3MOXKHOCTAX, HUCKIIOUCHHLIX C TOYKH 3pPCHUA
apUCTOTEIEBCKON TPAAULIUOHHON JIOTUKH.

TeopeMa 00 HCKJIIOUEHHBIX JOTHYeCKNX BO3MOKHOCTAX (A.H. AxBaenananu - 2011r.)

Jlocuueckue 603MOJCHOCMU, onpedeJmeMbte COOMHOUWICHUAMU .

L1=(Ar—A) (5.3.7)
L2 =(—AA——A) (5.3.8)

IK8UBATICHNMHbL OMPUUAHUIO JI02UYECKO20 3AKOHA 0 HENpOmMuUuEopeyuu U UCKII0YEeHbl U3
paccmompenus 6 apucmomesieécKoil mpaouyuoHHOI 102uUKe.

JloxazarenbCcTBO.

OTMeTHUM, YTO B CHJIy JIOTUYECKOIO 3aKOHA ApUCTOTENEBCKOM TPAAUIMOHHOW JIOTMKU O
CHSITUM JABOMHOTO OTpHUIAHUS, Joruueckue Gopmyibl Llu L2 SKBHBaIIEHTHBI APYT APYTY.
[ToaTomy noctatodHo Joka3aTh cHOPMYIUPOBAHHOE B TEOpPEME YTBEPIKIECHHUE ISl OJJHOU U3
atux (opmyin. Jloka3aTenbCTBO OCYIIECTBIAECTCS HAa MHOXKECTBE YHAPHBIX JIOTHYECKUX
oTepannii KIIacCHuecKoi (popMaIbHOM JIOTHKH HYJIEBOTO MOPSAAKA. A UMEHHO UMEEM

A (Oj (5.3.9)

S[(A A —A),~(A = -A)] = (D (5.3.10)
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CootHomenue (5.3.10) cBUAETENBCTBYET O TOM, UTO JIorH4eckas Gopmyna L1 skBUBajIeHTHA
OTPHIIAaHUIO 3aKOHAa O HENPOTHBOPEYUH. B CBS3M C ATHM OOCTOSTEIHCTBOM JIOTHYECKUE
(bOopMyIIBI ATOTO THIIA UCKITFOYAIOTCS U3 PACCMOTPEHHSI B apHCTOTEICBCKOW TPaIUIIMOHHON
JIOTMKE HAa OCHOBAHWU WX HECOTBETCTBHS OCHOBHBIM JIOTMYECKHM 3aKOHAM YIIOMSHYTOW
JIOTUYECKOW cucTeMBI. Teopema qoka3aHa.

PaccmoTpum Teopemy 00 yCIOBHHM TeHE3UCa JIOTMYECKUX (OpPMYJ, HMCKIIOUEHHBIX U3
paccMOTpEeHHsI B ApUCTOTEIEBCKOM TpaULIMOHHON JIOTHKE.

YciaoBue reHe3muca JOrH4eckKux (opmMyJ, HMCKJIOYEHHBIX H3  PACCMOTPEHHS B

APUCTOTEJIEeBCKON TpaannuoHuoi Jornke (A.H. Axpiaeananu — 2011r.)

Hanuuue nozuueckoii HeonpeoeneHHOCMU 6 OMHOUWIEHUU HEKOMOPOU 02UYecKOoll
dopmyner A aenaemca OocmamouHviM ycioeuem O01A  6blGOOUMOCHU J10ZUYECKOU
dopmynvl, uCKII0UEHHOT U3 PACCMOMPEHUA 8 APUCMOMENECECKOI MPAOUYUOHHOIUL TI02UKeE,
unu gpopmanvHo:

(AV-A) = [(A= (A=-A) v (A= (A=-A)]=1 (5.3.11)

JlokazarenbCcTBO.

Jloka3aTenbCcTBO OCYIIECTBISIETCS CPEACTBAMHU JIOTHUECKOM MPOrpaMMBbl BEIUHUCITUTENHHOTO
maremarunueckoro nakera MATCAD.

1
S[[A=D) v (A= DL[=[A A= -A)] v =[-A, (A= -A)]]] = [J (5.3.12)

Cootrormienne (5.3.12) o3HayaeT, 4To B CJIydae HATUYUS JIOTHICCKOW HEOTPESIICHHOCTH
Buga (5.3.6), wim w3 Jjormueckod QopMmynsl A BBIBOAMMO MPOTHBOPEYHE, WU U3
Jorudyeckoi GopMysbl —A BBIBOJUMO MPOTUBOPEUYHNE, IPUUYEM B CHITY HAJTUUMSI JIOTHUECKON
HEOIPEICICHHOCTH, 3apaHee HEM3BECTHO U3 Kako HMeHHO ¢opMmyiasl A wim —A
BbIBOAMMO TpotuBopeune. CootHomenue (5.3.12) mokas3biBaeT chopMyTUPOBAHHYIO HAMU
TEOpEMY.

PaccMoTpuM  HekoTOphle ~ OCOOGHHOCTM  TPUMEHEHHS  Jormueckoro  «Meroxa
JI0Ka3aTeNbCTBA OT MPOTHUBHOTO» B paMKax KIacCHUYeCKoil ¢opManbHOU JOruKu. M3BecTHO,
YTO YHOMSIHYTBIA METOJI SIBJIIETCS OJHUM M3 OCHOBHBIX BHJOB KOCBEHHOT'O JIOKA3aTEJIbCTBA,
M, KaK MpaBWIIO, NMPUMEHSAETCS B TEX CllydasX, KOrJa HE MPEACTABISIETCS BO3MOKHBIM
JI0OKa3aTh TO WJIM WHOE YTBEP)KJIEHHWE HAa OCHOBE NPSIMBIX METOJOB JOKa3aTeIhCTBA.
Jlornueckast popmyna «MeToja 10Ka3aTeIbCTBA OT MPOTUBHOTO» OMpe/IeTIeHa HA MHOKECTBE
YHApHBIX JIOTHYECKUX OMNEpaIfii KIacCHUecKo (HOpMaTbHOW JIOTHKH HYJIEBOTO TMOPSAKA U
HUMEET CJIeAYIOIUN BU.

133



1
=[=(A.0).-A=1] = (J (5.3.13)

Jlornueckas popmyna (5.3.13) MoxkeT OBITh BBIpaXKeHA CIIETYIONUM 00pa3oM.

MeTo 10Ka3aTeJbCTBA OT IPOTHBHOIQ

Ecnu u3z paccmampusaemozo ymeepicoenua A ciedyem nozuieckoe npomugopeyue, mo
ompuyanue —A paccmampugaemozo ymeepicoeHus A611emcsa UCMUHHbIM.

Cootnomenue (5.3.13) cBumeTensCcTBYeT O TOM, 4TO Jiornuyeckas ¢dopmyna «Metoga
JI0Ka3aTebCTBA OT MPOTUBHOTOY SIBIISCTCS UCTHHHOM.

Taxum 06pa30M MBI BUJIUM, YTO IMMPHUMCHCHUC «MCTOIIa JA0Ka3aTcjIibCTBa OT IIPOTHBHOTO»
OIlpaBAaHO B paMKax apHCTOTeHeBCKOﬁ TpaﬂHHHOHHOﬁ JIOTHKH.

OpnHako Npu BBIXOJE U3 PaMOK apUCTOTEIEBCKOM TPaJULMOHHOM JIOTMKM U IMEpexoJe B
00J1aCTh KJ1acCUYeCKOM (popManbHOI JIOTUKU HYJIEBOI'O MOPSIIKA, - MOJI0KEHUE OCI0KHSAETCSL.
Hwmxe Oyzper mokasaHo, 4TO B KJacCH4eCKOHl (opmManbHON JIOTMKE HYJIEBOrO IMOpsIKa
BO3HHUKAIOT JIOTUYECKHE CUTYallUH, SBJIAIOIIMECS aIbTEPHATUBHBIMU 10 OTHOLUECHUIO K
«Mertony 0Ka3aTenbCTBA OT IPOTUBHOIO». B 4acTHOCTH MMEET MeCTO CIIeyIOLIas TeoOpeMa.

AJLTEePHATHBHBIN METOA A0KA3aTeJLCTBAa OT nporuBHOro (A.H. AxBjeauanm —

2011r.)

Ecnu u3z paccmampueaemoin nozuueckoit  gopmynvt A cnedyem J02uyeckoe
npomueopeuue, Mo pAcCMAmMpueaemMas Jo2uyvecKas gopmyna Modxcem  Ovimy
HEenpomueopeuusoll ¢ MOUYKU 3PEHUA KAACCUYECKOU (QOpMATbHON I02UKU HY1e6020
nopaoka, a ee J102UYeCKaAs CMPYKMypa MoMHcenm Hnpeocmaesisiems co00il 08yXmeCmHblil

J102UUECKUIL Kopmeédic, Ha nepeom mecme Komopozo HAX00umcsa 102U4ecKuil HOJ/1b, a4 HA
6MOpPOM JjiocuiecKkan eduuuua.

JlokazaTenbCcTBO.

Jloka3aTenbCcTBO OCYIIECTBISIETCS CPEACTBAMHE JIOTHUECKOM MPOrpaMMBbl BEIUHUCITUTEIHEHOTO
maremaruueckoro nakera MATCAD.

:{: (A0).A= Gﬂ _ @ (5.3.14)

CooTHolIeHUE (5314), B CHJIYy NOJIYYCHUA HAMU TOXICCTBCHHO MCTUHHOI'O JIOTHYECKOI'O

KOpTEKa UCTUHHOCTHBIX 3HAYEHMH paccMaTpuUBaeMoOM Jlorudeckoil popmyibl, - JOKa3bIBAET
c(OpMYIHPOBAHHYIO HAMH TEOPEMY.

CpasuuBas cootHomieHus (5.3.13) u (5.3.14) MBI MOXKeM MPUATH K 3aKITIOYCHUIO, YTO C
TOYKHA 3PEHHS KJIACCHYECKOM (OpManbHOW JIOTMKKM HYJIEBOro Tmopsaka, «Meroj
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JOKa3aTeJIbCTBA OT IPOTUBHOTO» M «AJIBTEpHAaTHBHBIA METOJ JI0Ka3aTelbCTBa OT
IIPOTUBHOI'0» SBJISIOTCS (POPMATILHO-IOTMYECKH PAaBHOUCTHUHHBIMU, XOTS M OIUCHIBAIOT JIBE
pa3IUYHbIE BO3MOXKHOCTU. DTO OOCTOSATENBCTBO IO HAIlEMy MHEHHIO OTKpPBIBAET HOBBIE
MEPCIEKTUBBI C TOYKU 3PEHUS BO3ZMOKHOCTH JTOCTHO)KEHUSI OOJBIIEH JIOTHYECKOW MOTHOTHI
IIPU MCCIEOBAHUN TE€X WJIM MHBIX JIOTHYECKH (POpPMaIM30BaHHBIX YTBEPKICHUN B paMKax
KJIaCCUYECKOH (OPMaTIbHOM JIOTUKU HYJIEBOTO MOPSIKA.

5.4 Tpemuii npunyun n102uK0-mamemamuyecKonu mpancyeHOeHyuu.

PaCCMOTpHM cIcayromee OMpCACIICHUC BHYTPCHHCTO JIOKaJIbHOI'O JOTHUYCCKOI'O
IMOoAIIPOCTPAaHCTBA.

Onupenesgenue BHYTPEHHEr 0 JOKAJIHLHOIO JOTHYECKOro MOANPOCTPAHCTBA
npocrpascrea SL

Ilycmo T - nekomopas popmanvHo-n102uuecKU MoHCOECMEEHHO 0oKazyemasn opmyna
00uwezo mononozuueckozo 1ozuieckozo npocmpancmea SL, codepacawan nooghopmynvi
X1..Xn,..XN . @opmyna T Ha3vieaemca 6HYMPEHHUM JOKAIbHBIM J1OZUYECKUM

noonpocmpancmeom npocmpancmea SL 6 mom, u monvko ¢ mom ciyuae, eciu 6Hympu
dopmynwvt T evinonuatomces éce npasuia, onpeoeiieHnvle 6 npocmpancmee SL .

PaccmoTpum omnpeneneHue BHYTPEHHETO, JIOKAJIBHOTO, IPEAEIBHO TPAHCLEHJEHTHOIO
JIOTHYECKOTO MOJAIPOCTpaHCcTBa 17 .

OnpenejeHue BHYTPEHHEro JOKAJILHOI0 NMpeaeJbLHO TPAHCHEHAECHTHOI0 JJOTHYeCKOro
NOANPOCTPaAHCTBA 17

TZ nazvieaemcsa enympenHum 10KaAAbHbIM NPEOETbHO MPAHCUEHOCHMHBIM J102UYECKUM
noonpocmpancmeom npocmpancmea SL ¢ mom, u moavko 6 mom ciayuae, K020a OHO
AGNACMCA GHYMPEHHUM JIOKATbHLIM J102UYECKUM NOORPOCHPAHCIEOM RPOCMPAHCHEA
SL, u enympu nezo aensaomcsa 6vl6oOUMBIMU Jl0ZUUECKUE (POPMYIbl, IKGUBATCHNIHDLE
OMPUYAHUIO 6MOPO20 UMW  MPEMbe20 OCHOBHBIX 3AKOHO6  APUCHIOMENe6CKON
mMpPAOUUUOHHOU J102UKU 0e3 U3MEHEHUA 6HEeWHell MOMHCOeCMEEeHHOU (HopManbHo-
J102UuYecKoi ucmunnocmu 172 .

W3BecTHO clienyroliee OCHOBHOE MPABUIIO MCYHUCIIECHUS BBICKA3bIBAHUN KJIACCHYECKOU
(bopMabHON JOTHKHU HYJIEBOTO MOPSJIKA.

OcHOBHOE NPABWJIO HCUYNMCJIEHHS BbICKA3bIBAHMI

Echu G saensaemca |- apnoii npono3uyuonanbHoil yHKyuei OGUHAPHBIX 102UHEeCKUX

nepemennvix X;,j=1..,J, u aenrnemca moscoecmeenno 0oKazyemoi, mo pesynpmam
3aMeHbl HEKOMOPBIX 102UUECKUX NEPEMERHBIX X; KAKUM IUb0 cyrcOeHuem , He MeHAen

moaicoecmeennou ookazyemocmu G .
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Teneps chopmymupyem u gokaxemM «TpeTHii NPUHIMUI JIOTMKO-MaTeMaTHYeCKOM
TPaHCUEHeHIIUM.

Tperuii NpUHIHNI JOTHKO-MaTeMaTHdyeckoi TpaHcueHaeHunu (Axsjiaenuann AH. —

2011 r.)

B knaccuueckoii popmanvroit nozuke Hyneeozo nopao0Ka KOHCMPYKMUBHO CYULECHIEYIOm
6HYMPEHHUe I0KATbHbIE, J102UYECKU NPedebHO MPAHCUEHOEHMHble NOORPOCMPAHCIEA

TZ1lu TZ2, onpedensemvie morxcoecmeeHHo 00KA3yeMbiMu hopmynamu Kiaccuuecko2o
popmanvnozo ucuucnenusa I'unrvbepma.

Jloka3arenbCTBO.

PaccmoTrpuMm crienyrompe aBe JIoTHYecKHe (OPMYJIBI  KIACCHYECKOTO (hopMambHOTO
ucuucienuss ['mnpbepra U COOTBETCTBYIOIIME MM JIOTHYECKHE KOPTEKHM HMCTHHHOCTHBIX
3HAYEHU.

— (5.4.1)
A==>=>(xYy))

1
Al (5.4.2)
1
1
Bi==(—%=(XY)) (5.4.3)
1
B= - 5.4.4
| (5.4.4)
1

Jlorudeckue KopTexxu 3HaUYeHUH UCTUHHOCTH (5.4.2) 1 (5.4.4) CBUACTENBCTBYIOT O TOM, YTO
paccmarpuBaembie Gopmynsl (5.4.1) u (5.4.3) xnaccuueckoro GopMaabHOTO HCUYUCIICHUS
I'anb6epra SABASIOTCS TOXKAESCTBEHHO T0KAa3yEeMbIMH.
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Heobxomumo otMerutb, yto jorudeckue Gopmyinsl (5.4.1) u (5.4.3) sABIAIOTCS OCHOBOMU
TaKk Ha3bIBaeMOro «JluaroHajapbHOro MeTOJa JOKa3aTelbCTBa», 4YacTO MPHUMEHSIEMOro B
COBPEMEHHOM KJlacCM4ecKod (opMajabHOW JIOTMKE HYJIEBOIO MOpsAAKa. SI3bIKOBbIE
skBHUBAICHTHI hopmy (5.4.1) u (5.4.3) umeroT crneayromuil BUI:

A= «Ecou mMmeeT MecTO Jiormueckas GpopMyna X, TO W3 €€ OTPHLIAHHSA —X CIeayeT
noruveckas Gopmynaa y »; (5.4.5)

B= «Ecmum umeer mecro normdeckas Qopmylia —X, TO U3 €€ OTPHLAHUS X CIEIyeT
Joruueckas popmynay » . (5.4.6)

«OCHOBHOE TPaBWJIO HCYHUCIICHUS BBICKA3bIBAHUI» TIO3BOJISIET HAM MPeoOpa3oBaTh
dopmyiet (5.4.1) u (5.4.3) 0e3 U3MEHEHHS JIOTUYECKOTO KOPTEKa 3HAYCHUI MCTUHHOCTH B

cienyoomue GopMyIIbl:

TZ1:==[x=[x[(z= —2 = 1]]] (5.4.7)
1
1
TZ1= ) (5.4.8)
1
TZ22:==[%=[x[(z= —2) = 1]]] (5.4.9)
1
1
TZ2= . (5.4.10)
1

N3 dopmyn (5.4.7) u (5.4.9) cnemgyer, uto B 3TuX (opmMynax KaKIOH JOTHUUECKON
OWHaApHOHM TOYKE M3 OOIIErO TOMOJIOTUYECKOTO HHBEPCHOTO JIOTUYECKOrO MpocTpancTBa SL
COOTBETCTBYET JIOTMUECKHU WHBEpCHasl Touka. Hampumep sleMeHThl cleayroumx map: X u
—X, Z U —Z, (Z :—|Z) U Jjorudeckass 1, SBISAIOTCS JOTMYECKH B3aUMHO HWHBEPCHBIMU
Toukamu mpoctpanctBa SL. Kpome storo mbl Buaumm, uto ¢dopmynsr (5.4.7) u (5.4.9)
colepkar B KadecTBe mnoadopMyn (QOpMyIbl, SBISIOMIMECS OTPULAHUSAMU BTOPOTO
OCHOBHOT'0 3aKOHA apUCTOTEIEBCKOM TPaAUIIMOHHON JIOTUKH, U HECMOTPSI Ha 3TO JIOTUYECKHE
KopTexu 3HaueHuil uctuHHOCTH (5.4.8) u (5.4.10) CBUIETENBCTBYIOT O TOXIECTBEHHOMU
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dhopmanibHO-10THYecKON ucTUHHOCTH Qopmyn (5.4.7) u (5.4.9). Takum obpazoMm wu3
MPUBEACHHOIO BBIIIE PACCYXIACHUS BUAHO, 4TO mid [1Z1lu TZ2 - BBINOJHEHBI BCE
TpeOOBaHUSI MPEIBSABISAEMbIE K BHYTPEHHUM JIOKQJBbHBIM  JIOTHYECKH IPEACIbHO
TPaHCIICHICHTHBIM IOIMTPOCTPAHCTBAaM IpocTpancTBa SL . Teopema oka3aHa.

Jokazannpiii HamMu «TpeTHil MPUHIHUI JIOTHKO-MATEMATHYECKOH TPaHCIEHIeHIIUN,
CBUJICTEIIBCTBYET O KOHCTPYKTHBHOM CYIIIECTBOBAHHUH JIOKAIBHBIX, JIOTHUECKH IPEIEIHHO
TPAHCIEHJCHTHBIX MOAMPOCTPAHCTB OOMIETO TOMOJOTHYECKOTO JIOTHUECKOTO MPOCTPAHCTBA
SL, cyliecTByIOIMMX BHYTPH HEKOTOPBIX («IUArOHAIBHBIX») TOXKICSCTBEHHO JOKA3yeMBIX
dhopMyI KIaccuaeckoro GopManbHOTo ucuucieHus I unpoepra.

5.5 Yemeepmulii npunyun 102uK0-mamemamuydecKoll mpancyeHoeHyuu.

Hacrosumit naparpa(b MOCBSIIEH UCCIEIOBAHMIO JJOTUKO-aHATUTAUYCCKOMN IpUpoAbl OAHOI'O
MX OCHOBHBIX ITOHSATHUM KJIACCUUYECKOMU TCOPUU MHOXCCTB — IIOHATHA SKBUBAJICHTHOCTHU
MHOXeCTB. B kxuure / 2 / IOHATHE MHOXXECTBEHHOM DKBHUBAJIEHTHOCTH MCXKAY MABYMs

MHOXCECTBAMU AunB OIpCACIIICTCA CIICAYHOIIUM o6pa30M.

Onpenenenne NOpsIKOBOM IKBUBAJEHTHOCTH MHOKECTB

ﬂea muoxucecmea A u B nazviearomca mnodcecmeenno IKeUuedileHmHbvimu, eciu

cyuiecmeyem 63aUMHO OOHO3HAYHOE COOMmEemcmeue Meofcéy HUmu, npu Komopom
KaNC@OM_V Jjiemenmy a MHOodcecmea A coomeemcemeyem eouncmeennvlii n1emenm D
MHOJMCecmea B, u KanCOOMy Jjiemenmy b mnoscecmea B, coomeemcmeyem
eOUHCMBEHHDbLIL INiemMenm a MHodcecmea A.

[ToHsiTHE MHOKECTBEHHOM SKBUBAJEHTHOCTH MEXIY JABYMS MHOXKECTBAMHU SIBJISIETCS
OCHOBOW JUIsl YCTAQHOBJICHUSI OTHOIIEHUS PAaBEHCTBA MEXKIY KapJUHAIBHBIMUA YHCIIAMH
(MOIITHOCTSIMU ) MHOKECTB.

Onpenenenne paBeHCTBA KapAMHAJbHbIX YKCeJl

Ecnu 0ea mnoxncecmea A u B aenaromca muosrcecmeenno IKeuedjileHmHbvimMu, mo uUx
KapOuuaﬂbete YuUcia pasHbsl.

(A= B) = [Card(A) = Card(B)] (5.5.1)

CoortHomenune (5.5.1) sBisercss (GOpManbHBIM BBIPAKEHHEM JOCTATOYHOIO YCIOBHUS
paBeHCTBA KapJUHAJIBHBIX YMCEI C TOYKHU 3PEHUS KJIACCHUECKOW TEOPUH MHOMXKECTB.

KaleI/IHaJ'IBHBIC yrciaa OECKOHEYHBIX MHOMKECTB SBJISIOTCA OECKOHEUHO OOJIbIINMH
BCJIIMYMHaAMU, o TCPMHUHOJIOTHUU KJIaCCHUYECKOM TCOPHUU  MHOXKCECTB  SABJIAIOTCA
TpaHC(bI/IHI/ITHBIMI/I YucCiiaMu, a 1o TCPMUHOJIOTUUN KIIACCUYCCKOTO MATCMATUYCCKOI'0 aHalIn3a
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SIBJISIIOTCST «(HECOOCTBEHHBIMH YHCIIAMU). HaanMep, KapJAuHaJIbHOC Y1 CJIO BCETO MHOXECTBA
HaTypaJIbHBIX YHUCECJI 0603Ha‘IaeTCSI, KakKk NO , 1 OIIPCACTIACTCA CICAYIOLIUM BBIPAXKCHUECM.

Card(N,) =Ny =1+L1+14 oo (5.5.2)

ITocTONBKY MOCKOJIBKY KapAWHAIBHBIC YHCIIA OCCKOHEYHBIX MHOXECTB H  KIACCOB
OJHOBPEMEHHO SBJIAIOTCS OECKOHEYHO OOJBIIMMHM BEIMYMHAMH, TO OHH IOIJIEKAT
KOJIMYECTBEHHOMY CPAaBHEHHUIO II0 IpPaBHIIAM, KOTOPHIE COTBETCTBYIOT aHAIUTHYECKUM
[paBUIaM, YCTAHOBIECHHBIM B KIACCHYECKOM MAaTEMaTHYECKOM aHAIM3€ I OCCKOHEYHO
00JBIINX BEJIUYHH - /5 /.

IIpaBnjia KOJIHYECTBEHHOI0 CPABHEHH S KAPJAMHAJbLHBIX YHCeJI

1. Kapounanvnoe wuucno o6eckoneunozo kKiacca A u KapOuHAIbHOE UYUCTO
Oeckoneunozo knacca B aenawomca kapounaivHeiMu yuciamu 00H020 NOpsAOKa,
eciu 01 IMUX KapoOUHAIbHBIX YUCET 8bINOTHACMCA ClledyIoujee COOMHOUEeHUe:

lim Card(A) q

Card(B) (55.3)

20e d — koneunoe u omnuunoe om HYJiA oeilicmeumeJsibHoOe YUCo.

2. Kapounansnoe uucno 6eckoneunozo knacca B sensemca xapounanvnvim uuciom
001b11€20 NOPAOKA NO CPABHEHUIO C KAPOUHATbHBIM YUCIOM OECKOHEUHO020 Klacca
A, ecnu Ona  IMUX  KAPOUHATBHBLIX YUCEN  GbINOJHAEMICA  Clledyloujee
coomnowenue:.

m Card(A) 0

Card(B) (6.5.4)

3. Ecau osa kapounanvueix uucna Card(A) u Card(B) paenwst opyz opyzy, mo no
ONpPeOeIeHUI0 PAGCHCMEA KAPOUHAIBHBIX YUCE, OHU ABIAIOMCA KAPOUHATbHBIMU
yucnamu 00nozo nopsoka. Ilo nozuueckomy 3aKoHy KOHmMpanosuyuuw 3Imo
o3nauaem, umo ecau kKapounanvhnvle uucia Card(A) u Card(B) sensromcsa
OecKoHeuHo OOobWMUMU ETUYUHAMU DA3HO20 NOPAOKA, MO OHU He PAGHbL Opy2
opyz2y, uau QopmanvHo:

Card(A) _olvliim Card(B) | _

Card(B) card(n)) 0|7 (A7 B (559)

PaccmoTrpum pazbmenue Bcero MHOXKecTBa Q,, HEOTPHIATENBHBIX PAIIMOHAIBHBIX YHCEN
Ha aBa knmacca Q,u Q. ciuexyromum obpasom. Yucno 0 otHecem k knacey Q. Uwmcino 1

oTHeceM K kimaccy Q. . B oTHomeHuH JrOOBIX JIPYruX MOJOKUTEIBHBIX PAllHOHATBHBIX
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m
grcen OyaeM MocTynars ciaenyrmuM odpasoMm. IlycTe — - Mpou3BONBHOE PallMOHAIBHOE
n

m m
yucno. Ecmn — >1, 1o yncno — otHeceM K kiaccy Q,,, a COOTBETCTBYIOIIEE €My YUCIIO
n n

n m m
— - otHeceM K knaccy Q,,. Ecim ke 0<— <1, To yncimo — ortHeceM K knaccy Qg,, a
m n n

n

COOTBETCTBYIOIIEC €MY YHCIIO — OTHECEM K KJaccCy Qloo' Hepr,I[HO BUIACTH, YTO IIpHU
m

paccMaTpuBacMOM p336I/ICHI/II/I, KaXX10€ HCOTPHULATCIbHOC PAlIMOHAIBHOC YHCJIO IIOIIAACT B

m
OOVH W TOJBKO OJWH M3 KJIACCOB, U KPOMC I3TOI'0 KaAXKIOMY pPAllMOHAJIBHOMY YHUCIY —
n

n
OAHOro KJjiacCa COOTBETCTBYCT OAHO M TOJIBKO OJHO PalHMOHAJIBHOC YUCIIO — JpPYTOoro
m

kiacca. Kiaccel, MONMy4eHHBIE B PE3yJbTaTe PACCMOTPEHHOTO pa30MEHHS, OJHOBPEMEHHO
SIBJISIIOTCSL. M MHOJKECTBaMH, IIOCKOJIBKY OJIHO3HAYHO MOKHO OIPENCINTh, KaKoe U3
HEOTPHUIATCIIBHBIX PallMOHAIBHBIX YHCEN IMOMaJaeT B TOT WJIM MHOM Kiacc. IToctpoeHHOE
HaMH KOHCTPYKTHBHOE pa30MEHUE MO3BOJISIET CUUTATh JOKa3aHHOW Ha OCHOBE MPUBEICHHOTO
BBIIIIE MPSMOTO M HENPOTHBOPEYMBOIO BBIBOJA CICHYIOIIYIO JIEMMY, KOTOpas SIBISCTCS
CIPaBEUTMBOM, KaK C TOYKH 3PEHUS TCOPETHKO-MHOKECTBEHHOUN SKBHUBAJICHIIUM MHOXKECTB,
TaK U C TOYKH 3PEHUSI PAaBEHCTBA KapIWHAIBHBIX YHCEN COOOTBETCTBYIOIIMX MHOMECTB, KaK
0ECKOHEYHO OOIBIINX YACIOBBIX BEIMYMH.

JlemMma 1

Kapounansnsie uucna muoncecme Q,u Q,  pagnoi:
Card(Q,,) = Card(Q,,.) (5.5.6)

B cootBerctBun ¢ Jlemmoii 1, paccMOTpeHHOE€ HaMH BbIII€ pa3OUMeHUE OMpeneser

SKBHBaIECHINIO JQL MexIy AByMsS MHOXECTBAMH PallMOHANBHBIX uucen Quu Q. , mpm

m
KOTOPOM KAXKAOMY pallMOHAJIIbHOMY YHUCIY — OJHOT'O MHOXKECTBA, COOTBETCTBYCT OAHO U
n

n
TOJIBKO OAHO PAallMOHAJIBHOC YUCIIO — APYroro MHOKCCTBA.
m

Paccmotpum teneprs cootrBercTBHe IQ2, ompeneneHHyIo cienyronmM oopazoM. Kaxaomy
palMOHATFHOMY YHCITY MHOXecTBa Q,, TOCTaBUM B COOTBETCTBHE PAIMOHAIBHOE YHCIIO

MHOKecTBa Q,, BCEX palMOHAIBHBIX YHCEN, 3aKIIOYCHHBIX Ha ToiycermMeHte [1,2)

COI'TaCHO BBIPAKCHUSIM.

Q, =[12) (5.5.7)
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(e Q) < [(r1+1) € Q] (5.5.8)

U3 dopmyn (5.5.7) u (5.5.8) crmemyer, 4TO paccMOTpEeHHOE HAaMU COOTBETCTBHE JQ2
SBJIICTCS B3aMMHO OJIHO3HAYHBIM. JTO OOCTOSTENLCTBO O3HAYAET CIPABEJIUBOCTH
CIICAYIOIIETO YTBEPKICHHUS.

Jlemma 2

Kapounansuwie uucna muosxcecme Q, u Q,, pagnot:
Card (Q01) = Card (le) (5.5.9)

W3 wu3BEeCTHOTO ceolicméa  Mpau3UMUEHOCMUY — OMHOWEHUSL — IKBUBAIEHMHOCMU W1
crpaBeyuBocTH cootHomienuit (5.5.6) u (5.5.9), creayer crnpaBeITUBOCTD CIEAYIOIIETO
YTBEPKICHHUSI.

Jlemma 3

Kapounanwvuwie uucna muoscecme Q,u Q, . pasnur:

Card(Q,,) =Card(Q,,) (5.5.10)

Teneps PaccMOTPUM BONPOC KOJIMYECTBEHHOIO COOTHOIIEHHWS MEXKAY KapAuHAIbHBIMU
uyucaamu Card(Q,,) u Card(Q,,) ¢ Touku 3peHuss OECKOHEUYHO OONMBIINX KONHYECTBEHHBIX

BCJINYHH. BCJ'IC}ICTBI/IC TOIr'O 06CT05[T€J'IBCTB3, YTO MOIIHOCTH BCCX MHOXECTB BCEX
paIMoOHABFHBIX YHCEIl, PACIIONIOKEHHBIX B moiycerMeHTax (N,n+1] , roe N- HatypambHOE

4H1CJ0, - paBHBI, - TO UMEET MECTO CJIICAYIOIICE COOTHOIICHUE!

Card(Q,,) _ 1

,N—> 0 (5.5.11)
Card(Q,) n-1
W3 cootnomenus (5.5.11) cnenyer:
lim| S3r4(Q) | Iimn%(ij _0 (55.12)
Card(Q.,,) n-1

W3 cnopaBemnmuBoctu cooTHomIeHUs (5.5.12) M mpaBuUil KOJIMYECTBEHHOTO CpPAaBHEHMUS
KapAMHAJIBbHBIX YHCEN BHITEKAET CIPABEUIMBOCTD CJIETYIOIIETO YTBEPKACHUS

Jlemma 4

Kapounanwouvie uucna mnoyxcecme Q,u Q,  saenstomcs oOeckoneuno oonvuumu

eéeluuunamuu pa3nozo nop;wKa.

Conocrasnenue «lIpaBuin KOJIMYECTBEHHOTO CPABHEHMS KapJAWHAIBHBIX yucen» ¢ JleMmoit
4 1O3BOJISET MPUATHU K CIEIYIOIIEMY YTBEPKICHUIO.
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Jlemma 5
Kapounansuwie uucna muoxncecme Q,u Q, ne agnaromcea pasuvimu.

Herpynno Buumers, uto Jlemma 5 u JleMmma 3 SBIAIOTCS JIOTHYECKH B3aUMHO
KOHTPAIUKTOPHBIMH.

[TonydeHHbIi pe3yabTaT MOKHO chopMynrpoBaTh B Buje «HeTBepTOro NpUHIMMIA JOTHKO-
MaTeMaTHYeCKON TPAHCICHICHIIUN.

YerBepThlii TPUHINI JOTHKO-MATEMATHYECKOH TPaHCICHICHIINU

Kaosicoas, 0ocmamouno oocamasn dopmanvnan unu nonygopmanvnan
Mamemamuueckas meopus, Co0epyHcauias Kiaccudeckylo opmaivbHyl0 102UKy Hy1€6020
U nepeozo nopsaoKos, Meopul0 PAyUOHAIbHBIX YUCE]l, OnpedeneHUe 0eCKOHEYHO 001bU ol
6eIUYUHBL U OnpedeNeHUue 63AUMHO O0O0HO3HAUHO20 COOMBEMCMEUA KIACCO8 UU
MHOMICECmE (6 mMom uucie u 0eCKOHEUHBIX), COO0ePHCUM HMaKue J0ZUYUeCKU CUTbHO
mpancyeHoeHmuole J102UKO-mamemamuydeckue ymeepyicoenua A u —A, umo no
OMOeIbHOCMU 6b1600UMO, KAK ymeepicoenue A, mak u ymeepocoenue —A.

Takum o00Opa3oM M3 MPEICTABICHHOI'O BbIIIE MarepHaja CTAaHOBUTCS OUYEBUAHBIM, 4YTO
CYHUIECTBYIOT CIJIy4ad, KOrJa IIOHATHE O B3aUMHO-OJAHO3HAYHOM COOTBETCTBHM JABYX
OECKOHEUHBIX MHOXECTB, B COYETAHHH CO CBOWCTBOM TPAH3UTHBHOCTH OTHOLICHUS
MHO>KECTBEHHOM SKBUBAJIEHTHOCTHU JABYX OECKOHEYHBIX MHOXKECTB, NMPUBOJUT K TE€HE3UCY
(eHOMEHa JIOTUYECKOM TpaHCUEHACHIIMM Ha MHOYKECTBE pallMOHAIbHBIX YMCET BCIIEICTBUE
paznmuuus  MEXAYy JIOTMKO-aHAJUTUYECKOM NPHUPOJONM MHOKECTBEHHO-TIOPSAJIKOBOW U
KOJIMYECTBEHHOMN COCTABIIAIOLINX ITOHATHS KapAUHAIBHOIO YUCIIA.
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I'naBa 6

HccnenoBanue siBJIeHUS JJOTMYECKOT0 KOJJIAINCA IVIACTHYECKUX
cucteM B «Kitaccmueckou Teopuu npeaeibHOro paBHOBeCHsI»

6.1. Teopembl 0 pusuko-mexanuueckom Koanance Hcecmiko-niacmuyecKux
cucmem ¢ «Knaccuueckoit meopuu npeoenvrnozo pasnosecus» (<LET»)

Wcropus pa3BUTHS M IIPAKTHKA IPUMEHEHUs1 MeTo10B «Teopuu npeneiabHOro paBHOBECHUS
IUTACTUYECKUX CHCTEM» B cdepe SKCIEPTHOrO aHaIM3a MO YCTAHOBJIEHUIO MIPUUYUH KoJljIarca
3MaHUH M COOPY)KEHHH, BBIOJHEHHBIX M3 MaTepHalioB, OO0JAAAOLUMX IIACTUYECKUMHU
CBOWCTBaMM, MOKA3bIBAET, YTO CTATMUECKUI, KNHEMAaTHUECKUN U CTaTUKO-KHHEMAaTHYECKHE
MeTo1bl «Teopuu NnpeseabHOro paBHOBECUS MJIACTUUECKUX CUCTEM», HA CETOJHSIIHUN JIEHb,
SBIISIIOTCSL BeChbMa d(PPEKTUBHBIMH, KaK C TOYKH 3PEHHUS TOCTOBEPHOCTH OLIEHKU pealbHOU
YIpo3bl Pa3BUTHUS KOJIJIAica YIOMSHYTBIX COOPY)KEHHUH, TaK M C TOYKM 3PEHUSI HaIM4us
XOpOmo pa3paboTaHHOTO U 3((HEKTUBHOTO MATEMAaTHYECKOI'O aHAJUTHYECKOrO armapara,
MO3BOJISAIOIIEIO  ONHUCHIBATH ~ MHOrooOpasHble  (PU3MKO-MEXaHHMYECKHE U JIOTHKO-
aHAJIMTUYECKHE MPOLIECCHI, COMTPOBOXKIAIOIINE IPOLIECC Pa3BUTHsI KOJUIANCa B T€X WJINM MHBIX
KOHKPETHBIX COOPY)KEHMSIX M KOHCTpyKuusax. Mcropus passutus «Teopuum mnpenesnbHOro
paBHOBecus» B 20-M CTOJIETMM O3HAMEHOBAJIACh CO3JIaHMEM OOlIel aHaIUTHYECKOM
bopmanuzoBanHOl Teopuu B Buje «Kiaccudeckoii Teopuu npenenbHoro paBHoBecus» (LET
- Limiting Equilibrium Theory).

Kak wu3BecTHO, OCHOBOMONOXKHUKOM «Kiaccuueckoll TeopuH NpeNenbHOIO PABHOBECHUS
IJJACTUYECKUX CUCTEM», SBJISIETCSI BBIIAIOIIMICS POCCUNMCKUN YUYEHBIM-MEXaHUK IPOILIOTO
cronetus — npodeccop Anekceit AnexceeBnd ['BozneB. Mm Obina pa3zpaboraHa MeToauka
OLIEHKH MPOYHOCTH JJIsi LIMPOKOTO KJlacca COOPYKEHMH M KOHCTPYKIIMM, BBIOJHEHHBIX U3
MaTepuaioB, 00JaJaloNMX ITACTUYECKUMH CBOMCTBaMU. B cooTBercTBHM ¢ «Kitaccuueckoit
TEOpUEN MPENETBLHOIO PABHOBECUS IUIACTUYECKUX cucTeM» A.A.I'Bo3neBa, uccienyemas
KOHCTPYKIIUS JOJKHA YIOBJIETBOPATH CIEAYIOIUM TPEOOBAHHSIM:

1. Bce nneMeHTHI KOHCTPYKIUH ABJIAIOTCA IIACTUYCCKUMMU.
2. Ycinosus TEKYYCCTU INTACTUYCCKUX SJICMCHTOB SABJIAIOTCA BBIITYKJIBIMU.

3. KoHCcTpyknms He SIBJISIETCS T€OMETPUYCCKH M3MEHSIeMOH ( B TOM YHCIIE MTHOBEHHO
W3MEHSIEMOM ).

4, Haer)iCCHI/IC ABJISICTCS KBA3UCTATUYCCKUM U OJHOKPATHBIM.

5. Ha cucremy neiictByeT COBOKYITHOCTb ITOCTOSIHHOM M IIEPEMEHHOM YacTH Harpy3KH.
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6. JlepopManmuu cHCTEMBl MPEHEOPSIKMMO Majibl IO CPAaBHEHHUIO C TabapUTHBIMH
pasMepamu KOHCTPYKIIMH BIUIOTH JI0 €€ pa3pyIICHusI.

7. Ilnactuyeckass KOHCTPYKLUS SIBISIETCA PErYJISIpHOM, TO €CThb HE HaXOAWTCA B
COCTOSIHMM IIJJACTUYECKOTO TEYEHMs IMOJ BO3JCHCTBHEM OJHOM JHIIb MOCTOSHHOU
Harpy3Ku.

8. IlepemenHass 4YacThb Harpy3kd MpOINOPLUOHATbHA T[EPEMEHHOMY IapaMeTpy
Harpy>keHus p .

Ocnosnoti yeivro «Knaccuueckoit TEOPHHU NPEACIIBHOI'O PABHOBECHS INIACTHUYCCKUX CUCTEMD
SABJIICTCSA OIPEACICHHUE TAKOro IIPEACIbHOIO 3HAYCHU ITIapaMeTpa HarpykXeHus pP*, IIpHu

peain3aliu 3HAUYCHUA KOTOPOTO, C JOCTOBEPHOCTBIO MOXHO YTBCPKAATb, YTO CHUCTECMA HC
pa3spymacTes 1nmpu JEHUCTBUH COOTBGTCTBYIOH_IGI‘;I CYMMapHOﬁ HarpyskKu.

B «Knaccuueckoit TCOPpUU IIPCACIBHOI'O PAaBHOBCCHUA IINIACTHYCCKUX CHCTCM) IMPHUHATHI
CJICAYIOIUC MTPU3HAKHU PABHOBCCHUA U PA3PYIICHUA MIIACTUICCKUX CUCTCM.

CrarnyecKHii NPU3HAK PABHOBECHS IJIACTHYECKOH CHCTEMbI

Ana  paenoeecus naacmuueckou Ccucmembl npu OAHHOM YPOGHE HAZPYHCCHUA
Heo0X00umo, Umodvbl npu IMOM YPOEHE HAZPYIHCEHUA CYULECME06AI0 NONe pPeaKuuil
6HEWHUX U 6HYMPEHHUX C6A3€ll CUCHEMDbL, YO061eMEOpAIOuLee CIAMUYECKUM YCA06UAM
pasnoeecus u RPOYHOCHMU CUCHEMbl COBMECIHO C 6HEWHell HAZPY3KOU, NPUTIOHCEHHOU K
cucmeme.

Crarn4yecKuii NPU3HAK pa3pyiieHus (KoJ11anca) mjiacTu4eckoi CHCTEMbI

ﬂfl}l paspyuitenusn naacmuYecKkou cucmemol npu OaHHOM YDOBHE HAZPYIHCECHUA
00cmam01m0, umoont npu ’mom yYpoeéHe HAZPYIHCEeHUA He Cyuiecmeosalo O0vl nonsa
peakuuﬁ G6HEWIHUX U 6HYMPEHHUX ceaseil cucmemolt, yt)oeﬂemsop}uomezo cmamuiyecKum
yciaoeuam paéHoeecus U nNpPpOUYHOCMU CUCHIEMblL COBMECMHO C 6HeulHell Hazpy3l<oﬁ,
l’lpllJlOJfCeHHOIZ K cucmeme.

KnnemaTnueckuii npu3HaK pa3pyviieHus (KoJJIanca) njacTu4eckoi CuHCTeMbI

Ecnu npu paccmampusaemom ypoene nazpysnceHus, peaiusyemca noie KUuHemMamuiecKku

603MOICHBIX NEPEeMeUleHUIl MOYEK PACCMAMPUBACMOT CUCIEMbL, OCYULECMEIAIOUeECA 3a
cuem RNAACMUYECKO20 MeYeHUA OO0CMAMOYHOZ0 KOIUUeCmea ee IJIeEMEeHnos, npu
KOMOpOM COBOKYRHAA OMPUUAMENbHAA padoma nepeweouwiux 6 naacmuiecKoe
cocmosanue ceéA3ell  cucmemvl N0  AOCONIOMHOU  GelUYUHe He  npesvluiaem
ROJI0MCUMEIbHOU PAOOmMbl 6HEWIHell HAZPY3KU, MO IMO 00CHOAMENbCMEO AGNACHICA
00CmMamouHbIM 013 Pa3pyuieHus CUCHEeMbl.

[IpuMeHUTENHHO K MIACTUYECKUM CHCTEMaM, YIOBIECTBOPSIOMIUM YCIoBUsIM 1-8, mpod. A.A.
I'Bo3neBeiM B 1936 romy Obut chopmMyaupoBaHbI W JIOKa3aHbI CIACAYIOIIHE TEOPEMBI
«Kiaccuyeckoii Teopuu IpeaenbHOr0 PaBHOBECHS MJIACTUYECKUX CHCTEM.
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Crarndyeckasi TeopeMa

Ilpeoenvnaa nacpyska pP* aensemca Haudobuieil u3 mex, Komopvle Mozym O0blmb

YPAaBHOBEUIEHbL HA cucmeme.

KunemaTnueckasi TeopeMa

Hpedeﬂbnaﬂ Hazpy3ka P * aenaemcsn HaumeHbvuwieln u3 mex, KOmopsim coomeemcmeyem

Kaxoiu aubo eapuanm oﬁpamenuﬂ cucmemsl 6 RNIACMUUECKUI MEXAHUIM (()euofceuue
Komopozco 603MOJCHO npu Heu3IMeHHOoIl HaZpy3Ke 3a cuem niaacmuideécCKkozo meudeéHun
HeKomopbslx ceazell cucmeMbt).

Teopema 0 COBIAJEHUHU I'PAHNIL

Jna cucmem, y KOmopwix éce cOOCMEEHHbBIE INNEMEHMbl NAACMUYECKUE, GHEUIHAA U
GHYMPEHHAA ZPAHUUDBL HeCcYuiell CROCOOHOCMU COBNAOAIOm MeHcdy CODOIl.

W3BecTHBIM TPY3MHCKUM YYEHBIM-MEXaHUKOM, mpodeccopom Homapom Banepuanosmuem
Axsrenuanu, eme B 1957 romy, ObUIO BHECEHO CylIeCTBeHHOE yTrouHeHHe B «Teopemy o
COBNAJIeHUU TrpaHull» B Bujae «TeopemMbl O HEOOXOAMMBIX YCIOBHUSX €IUHCTBEHHOCTH
MpeACIbHOW HArpy3ku», KoTopas Oblla O0OOCHOBaHA, KaK aHAJUTHYECKU, TaK W
JKCIIEPUMEHTAIIBHO.

Teopema 00 YCJIOBHUAX €IMHCTBEHHOCTH mnpeneanHoi Harpy3skum (H.B.AxBjaenmaunu -

1957 r.)

ZIJZ}I moceo, umoonl npu 00H0napamempultecxom Hazpyicenuu naacmuuecKkoil cucmemol,

eévinonnanace «Teopema o cosnadenuu zpanuy», CcO21ACHO KOMOPOU, 3HAYEHUE
npedenvHoll  Hazpy3Ku P*  aensemca eOUHCMEEHHbIM U Cco6nadaem, Kak coO

CcCmamuuecKoil, maK u ¢ KUHeMamu4ecKoil npedeibHol Hazpy3Kamu, HeoOXo0umo, Ymool
Ima cucmema COXpPAaHALA CBOUCMEO pPezYIAPHOCMU 68 COCMOAHUU NPedelbHO20
pasHosecus, a npedeibHoe 3HAYEHUE napamempa HAZpy3Ku P*, coomeemcmeyioujee

cocmosarnurO npedeﬂbuoeo paenoeecun cucmemal, 0npe0e/l;moc1; Ha OCHOG6é
KUHeMamuy4ecKkozo mMmemooa meopuu npedeﬂbuozo paenoeecui, ucxoosn u3 paccmompenus
0eCKOHEUHO MAanblX O A0COIIOMHOU 6eIUYUHE RIIACMUYECKUX Oeqbopmauuﬁ cucmemal.

B 1963 roxy npod. H.B. AxBrneauanu ObUTO MOJOKEHO HAa4Yajlo HOBOMY HAaIpaBIICHUIO B
«Teopun npenenbHOro paBHOBECHUS TUIACTUYECKUX CHCTEM». JTO HOBOE HAIpaBJI€HHUE OBLIO
Ha3BaHO UM «Teopueil cB0o00abI BbIOOPa BO3MOMKHBIX IepeMelIeHHID), ITOCKOIbKY B €€
ocHoBe Jexan «[IpuHumun cBo6obl BbIOOPA BO3MOKHBIX NepeMelleHnii», GopMyInpoBKa
KOTOPOT'O IPUBOJUTCS HUXKE.

IIpuuuun cBo00abl BLIOOPa BO3MO:KHBIX nepemeinennii (H.B.Axsaeanangu — 1963r.):

/Jlna uccnedosanun MHOMCECMEA COCMOAHUIL NPEOEIbHOZ0 PAGHOBECUS, NAACMUYECKYIO
cucmemy cinedyem pazoeaumsv Ha M 31emenmos nymem omopaceléanusn ceaseii u 3amMeHoll
ux coomeemcmeywuyumu peakuyuamu. Ilpeodpazoeannas makum o0o0pazom cucmema
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0yoem umemv 6M (umeemcsa 6 6udy npoCmMpaHcmeeHHAA 3a0aya) cmeneHeil ceoH00bul.
Yucno ocnoéHbIX yC08Ull pABHOBECUA CUCHEMbL PABHO YUCTY CHIeneHell c60000bl - 6M.
Kaoicooe ypaenenue 603Mo0x)cHbIX padom Ha A000M C800O00HO BLIOPAHHOM noJIE
603MOMNCHBIX NEPEMEUseHUIl CUCHEMDbl, KOMOPOE COBMECHIHO C OCHOBHBIMU YCIAOGUAMU
Dasnogecus, U KOMOPOMY COOMEEMCMEYen Koau4ecmeo nepeuteouiux 6 niacmuiecKoe
cocmoaHue ceA3ell  Cucmemvl, OOCMAMOYHOE O] Ppeanu3auuu  NaAACmuU4ecKoll
KUHeMamuueckoli Wenu 6 COCMOAHUU NpPedelbHO20 pAeHOgecus, onpeoensem
OeckoHeyHylw) o0Onacmev KOMOUHAUUI 3HAYEHUII GHEWHUX U GHYMPEHHUX CUJ,
603MOMCHBIX 6 COCHOAHUU CHAMUKO-KUHEMAMUYECK020  KONlanca naacmu4eckoil
cucmemol.

Pazpaborannas H.B. Axeneananu «Teopust cB0O0 b BHIOOPA BOZMOXKHBIX IT€pPEMEIEHUI»
okaszajachb BecbMa 3()(EKTHBHBIM CPEICTBOM IPU OLEHKE ONAaCHOCTH BO3HUKHOBEHUS
KoJljarca, Tak Kak IMpeArnojiaraeT BO3MOXKHOCTb peaju3aluu 11000 (opMbl Kosanca
KOHCTPYKLIUH, HE TPOTUBOpEYAILEell BO3MOXKHBIM IIEPEMEILEHUAM KOHCTPYKIUHU B COCTOSIHUU
IIpeAesbHOro  paBHoBecus.  [Ipm 3TOM, 1OA  BO3MOXHBIMH  IEPEMEIIECHHUIMHU
MOJIPa3yMEBAIOTCS JIFOOBIE MEPEMEIICHUSI TOUYEK KOHCTPYKIIMH, Pa3pelICHHbIC BHEUTHUMU U
BHYTPEHHUMH CBSI3IMU KOHCTPYKIMM B COCTOSSHUM IIpeieiabHOro paBHoBecus. OCHOBOM
«Teopun cB0GOABI BHIOOPA BO3MOKHBIX MNepeMelIeHHid» sBisieTcs (yHIaMEHTaIbHBINA
«[IpuHIUMI BUPTYAJBHBIX IepeMelleHui» BbIIAIOLIErocs (QPaHIy3CKOro MaTeMaTuKa
Jlarpanka, a Takke OOLIME TEOpeMbl TEOPUHU INPEAEIbHOIO PAaBHOBECHS IUIACTHYECKUX
cucrteM B (opmynupoBke npod. C.M. deiiendepra. [TosToMy pe3ynbTraThl aHATUTHUECKON
JKCIIEPTU3Bl IUIACTHYECKUX CHCTEM B COOTBETCTBHUM C «Teopueit cBoOoabl BbIOOpa
BO3MOKHBIX IlepeMelIeHH D TapaHTUPYIOT JOCTOBEPHOCTh PE3yJIbTaTOB.

B pykoBonumom mpo¢. H.B. Axrenuanu, - OTnene TeopuH NpeneinbHOTO paBHOBECHUS
WNuctutyra CrpoutensHoii Mmexanuku M CeilicMocroiikocth AH I'pysum, - Ha ocHOBe
«Teopuun cB0GOABI BBLIOOPA BO3MOXKHBIX NepememieHuin», B 1963-1990 ronax, Obuia
pazpaboTaHa OSKclepTHash METOAMKAa JAMArHOCTUKH JKeJIe300€TOHHBIX KOHCTPYKLIMHA Ha
MpeIMEeT BBIABJICHUS ONACHOCTH CHHTYJISPHOTO KHUHEMAaTHYeCKOro KoJularnca 3THX
KOHCTPYKUMH. YTOMSIHyTas METOAMKA I03BOJISIET OLIEHWBATh YPOBEHb HArpy>KEHHUsS IpHU
KOTOPOM CTaHOBHUTCS BO3MOKHBIM KOJUIAIIC KOHCTPYKLUHH M COOPYXKEHMH, OIpPENEATh
XapaKTepHble OINacHble KOH(PHUIypalMd IEepeMEHHONW Harpy3ku, a TakXke HaxXOIUTh
IUTACTUYECKUE 30HBI B KOHCTPYKLIMU B COCTOSTHUSIX, OJM3KUX K COCTOSIHUIO KOJIJIarca.

B nanbueiimem, «Teopusi cB000abI BbIOOPAa BO3MOKHBIX NepeMellleHUiD» Obluia pa3BuTa
copMectHo H.B.AxBnennanu u A.H.AxBnemmanu u 00001IeHa Ha HEperyJspHbIE
IIJJACTUYECKUE CHUCTEMBI JUIA Cily4ass [OBTOPHO-IIEPEMEHHOIO HArpyKeHWMs, TI€ IOJ
HEPETYISAPHBIMA TOHUMAIOTCS IUIACTUYECKUE CHUCTEMBI, HE YIOBJIETBOPSAIOIIUE IIYHKTY 7
ycioBuii 1-8.

OnpeaeaeHye HEPEryJasipHoOi NJIacTHYeCKONH CHCTEMBI

IInacmuueckana cucmema nHazvieaemcs Hepezyjmpuoﬁ, eciiu OHA HAXO0OUMCS 8 COCMOSHUU
naacmuidecKo2o meuenusn yiiee npu UCXOOHOI NOCMOSAHHOIL Hazpys3Ke.

146



6.2 Teopemvl 0 n02uvecKOM KONIANCE HCECHMKO-NIAACHIUYECKUX CUCMEM 8
«Knaccuueckoi meopuu npeoenvrnozo pasnosecusn» (<LET»)

Jns Toro, 4TOOBI MEPEHTH K PACCMOTPEHHUIO BOIPOCOB JOTMYECKOTO KOJUIAICA YKECTKO-
IUTACTUYECKUX CHUCTEM B COCTOSHHMHU IMPEAETHHOTO PaBHOBECHS, HEOOXOIUMO MPEXIE BCEro
PacCMOTPETh ONpEAEICHUE TTOHITHUS KECTKO-TUIACTUYECKOW CHCTEMBI, a TAK)KE ONpPeICIICHHS
MOHATUI CTAaTHYECKOTO PABHOBECHS W (PU3MKO-MEXAHWYECKOrO KoJutarca (pa3pymieHHs)
KECTKO-TIJIACTUYECKUX CUCTEM.

OnpenesaeHye ;KeCTKO-IJIACTHYECKON CHCTEMbI

Kecmko-nnacmuueckoii cucmemoil HA3vl6aemMca mMakKas pPA3HOGUOHOCHb PezyAPHOU
NIACMUYECKOl  cucmembl, KOMOpasa NpuU  6030€lCMEUU  KEA3ZUCMAMUYECKOU
NPONOPUUOHAILHOII 0OHORAPAMEMPUUECKOU HAZPY3KU, He UChnbImbléaem oepopmanyuil 00
mex noOp, noKa KOJAUYECHmE0 nepeueoujux 6 NaAcCmu4ecKoe COCmoAHue cesa3ell He
CMAaHOBUmMCcA 0OCMAMOYHLIM 071 00pPAUieHUA ee 6 NAACMUYECKYI0 KUHeMAMU4ecKylo
uenv, a nocie OOCHMUMNCEHUA NPeOelbHO20 YPOGHA napamempa Hazpy3ku pP=p*

naacmuueckue (Heo6pamuMb1e) Oed)opmauuu CUCMEMblL CMAHOBAMCA HEOCPDAHUYUYECHHDbIMU.

OnpeaeaeHne COCTOHUS PABHOBECHS JKECTKO-IJIACTHYECKON CHCTEMbI

Cocmoanuem pagHnosecusa icecmko-naacmuueckoiu cucmemsl RP  npu nexomopom
yposne Keazucmamuueckozo Hacpyyxcenun pPg(t), 6 momenm epemenu t=tg,
Ha3zvlgaemcsa maxkoe ee COCMOAHUE, NPU KOMOPOM GbINOIHAIOMCA GHATUMUYECKUE
cmamuyecKue u KUHeMAMuyecKue ycio6us pPAgHOGecUs CUCMEMbl, U Kpome Imoz2o, -
nepemeuwieHusn, @ MaKxyce CKOPOCMU MOUEK ee 4acmeil 8 pAcCMampueaemvlii. MomMeHm
6peMeHU U npu PAcCMampueaemoll Hazpy3Ke pasHsvl Hyio.

CraTnueckue YCJI0BHSI PABHOBECHUS KECTKO-TLJIACTHYECKOH CHCTEMbI

Mna mozo, umoowl sncecmxo-naacmuueckas cucmema RP naxoounace 6 cocmosnuu
CMamuuecko20 pagHoBecus Npu HEKOMOPOM YPOGHE K8A3ZUCHAMUYECKO20 HAZPYIHCEHUs
Ps (ts), 6 Momenm epemenu t =t , Heobx00uMO, UMOOLL NPU IMOM YPOGHE HAZPYIHCEHUSA

cyuiecmeoesailo none peakuuﬁ 6HEeWIHUX U GHYMPEHHUX ceaseil cucmemal,
ydowzemeopmomee cmamuudecKkum  yciosuam paenosecus U RBRpPpOUHOCMU CUCHIEMbl
COBMECHIHO C 6HEULHEell Hazpyzl{oﬁ, npuﬂoofcennoﬁ K cucmeme.

KunemMarnyeckue yCJI0BHA PABHOBECHS JKECTKO-IIACTHYECKOI CHCTEMBbI

Hna mozo, umoont scecmko-niaacmuuecxkan cucmema RP naxoounaco 6 cocmosanuu
cmamuuecko20 pagHoBecus Npu HEKOMOpPOM YPOeHe K8A3UCHAMUYECKO20 HAZPYIHCEHUs
Ps(ts), 6 momenm epemenu t=t;, neodxo0umo, umodwvl npu paccmampueaemvix
ycnosuax Ha ecex NONAX KUHEMAMUYECKU BO3ZMOMCHBIX NepeMeuieHuil MmoyueK
paccmampueaemoil  CUCIeEMbl, MO2YWUX OblMb  OCYULECHIBIACHHbBIMU 34  CUem
HAACMUUECKO20 MEUCHUA OOCHMAMOYHO20 KOIUUECMBA  IIEMEHMO8  CUCHEMDL,
COBOKYNHAA OmpuyameibHas paboma nepemeomiux 6 niacmuiecKkoe coCmosanue cea3ell
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cucmemul no adCONIOMHON geiudUHe Obl1A CMPO20 00NbULE NOJIOHCUMEIbHOU CYMMAPHOI
Ppadomol eneuinel Hazpy3Ku.

Onpenenenne GU3NKO-MEeXaHNYECKOr0 KOJAJIANCA JKeCTKO-IIJIACTHYECKON CHCTEMbI

DuU3UKO-MEXAHUUECKUM  KOJUIANCOM  HCECHIKO-HAACMUYECKOU CUCMEMbL RP npu

HeKomopom ypoene Keazucmamuueckozo nazpyycenus pP*(1,), 6 momenm epemenu

t:t*, Ha3bl8AEMCA COCMOAHUE IMOU CUCHMEMbBL, HECOBMECHHOe C yciaosuiamu

paeHoeecusn HCECMKO-NAACMUYECKOU CUCHEMDBL.

O6o03nauuM yepe3 A(t) - ompeneneHHOe HA MHOXKECTBE OMHAPHBIX JIOTHMUECKUX OIepaluii

JIOTUYECKOE YTBEP)KICHUE O TOM, YTO paccMaTpuBaeMasl >KECTKO-IUIACTHYECKas CHCTeMa
HAXOJUTCS B COCTOSTHMM PaBHOBECHS B paccMaTpuBaeMblii MOMEHT BpemeHu 1. Uepes B(t)
0003HaYNM ONpEACICHHOE Ha MHOXECTBE OWHAPHBIX JIOTUYECKUX OIEpaluii JOTHYECKOe
YTBEP)KIACHUE O TOM, YTO paccMaTpUBaeMasl >KECTKO-IUIACTUYECKash CHCTEMa HCIbITHIBAET
KoJu1anc (pa3pylieHue) B paccMaTpruBaeMblii MOMEHT BpeMeHH t. Torga cocTOsSHUIO )KECTKO
TUTACTUYECKOM CHCTEMBI B MOMEHTHI BPEMEHH, OJIM3KHE K (PU3HKO-MEXaHHUECKOMY KOJUIATICY
COOTBETCTBYET CJIeyIoIas Joruueckas popmyna:

F(A B,t) = (A(t) ® B(t)) (6.2.1)

®opmyna (6.2.1) o3Hayaer, 4YTO B paccMaTpUBAaeMblii MOMEHT BpeMEHM t, KecTkKo-
IlacTUYecKass cuctema JIMOO HAXOAUTCS B COCTOSHUU PaBHOBECHS, JUOO HCIBITHIBACT
KOJUIAIIC ¥ pa3pylIaeTcs.

ChopmynupyeM MU JOKaKEM CIEIYIOIIYI0 TEOPEMY O JOIMYECKOM KOJIJIaIice >KEeCTKO-
MJTACTUYECKUX CHCTEM.

IlepBasi TeopeMa 0 JJOrHYECKOM KOJLIANCE KECTKO-NIACTHYECKUX cHcTeM (AXBJIeAHAHU
A.H.—-2011r.)

Cocmosanue npedeﬂbuozo paenoeecui, onpeOeJlehmoe 071 JHCECMKO-NIACMUYECKUX
cucmem 6 coomeemcmeuu c «Knaccuueckoii meopueﬁ npedeﬂbuozo paenoeecusn), 6
Momenm epemenu tzt*, coomeemcmeylomuﬁ COCMOAHUIWO npeéeﬂbﬂozo paesnoeecusn

cucmemol, conpoeoofc‘()aemcu JocudecKum Koaiancom cne()ylomezo euoa.
FP(A,B,t,) =[(At,) ® B(t,) A (A(t,) A B(t,)] =0 (6.2.2)
HOKEB&TCJ’ILCTBO

B moment Bpemenu =1, B coorBerctBUUM ¢ «Teopemoil O COBHAJECHUM TpaHUI U

«Kaccuueckoif Teopuel NpeNeNbHOTO paBHOBECHsS», NpenenbHoi Harpyske P *(t,),

148



OJIHOBPEMEHHO, C OJJHOW CTOPOHBI COOTBETCTBYET KUHEMATUYECKUM MEXAaHU3M pa3pyILCHHUs,
a ¢ apyrou cropoHsl B «Kiaccnueckoi TEOpuU NpPEneIbHOIO PABHOBECHUS» YTBEPHKIAETCH,
YTO CHCTEMa HaXOJUTCS B COCTOSIHUU IPEIEIBHOIO PAaBHOBECHS. JTO O3HAYAET, YTO B 3TOT
MOMEHT BPEMEHH, C OJHOM CTOPOHBI BHINONHsIEeTCs ycioBue (6.2.1) B ciemyromiem Bue:

F.(A B,t,) = (A(t,) © B(t,)) (6.2.3)

C npyroiél cTOpoHBI, B paccMaTpuUBaeMblii MOMEHT BpeMeHu [ =1,, B COOTBETCTBHH C

KJIaCCUYECKOM Teopneﬁ IpeaACIIbHOIO PABHOBCCHA, - BBIIIOJHACTCA YCIOBHE IIPCACIIBHOIO
PaBHOBECHA B CJICAYIOIIEM BUJIC:

F*(AB,t,)=(A{t,) AB(t,)) (6.2.4)

Konsronkius ycnoBuii (6.2.3) u (6.2.4) npuBOAMT K T'€HE3KMCY JIOTHYECKOTO KoJlIanca B

MOMEHT BpemeHu [ =t, :
FP(AB,t,)=F,(AB,t.)) AF* (A B,t,) =[(At,) ® B(t,) A (Alt,) AB(t,)]=0 (6.2.5)
Teopema noka3ana.

Chopmynupyem U JOKaKeM CIEIYIONIYI0 TEOpPEeMY O JIOTHUYECKOM KOJUIAINCe >KECTKO-
TJTACTUYECKUX CUCTEM.

Bropasi TeopemMa 0 JOrH4e€CKOM KOJLIAINCE KECTKO-IIACTHYECKUX CHCTeM (AXBJeIHaHu
AH.-2011r.)

B cocmoanuu npedenvnozo pasnosecusn, OnpeoeneHHO0 ONA HCECMKO-NIACMUYECKUX
cucmem 6 coomeemcmeuu c «Knaccuueckoii meopueii npedenvnozo pagnosecusn», 6
momenm epemenu t =1, coomeemcmeyoujuit cocmoanuio npeoebHO20 PAGHOGECUA
cucmempl, ymeepycoenue o0 mMoOM, UMO IHCECMKO-NIACIMUYECKAA CUCHmeMd He
ucnoimoléaem  Koinanca (He  nOO8epeaemca  paspyuwienulo), -  onpeoensem
mojicoecmeennoe opmanbHo-102uiecKoe npomugsopeuue.

ﬂOKaS aTCJILCTBO

Jns  nokazatenbcTBa  CHOPMYIHMPOBAHHOW TEOpPEeMbl HEOOXOAMMO (GOpMann30BaTh
COOTBETCTBYIOIIEE YTBEPKICHUE O TOM, YTO B MOMEHT BpeMeHU t =1, , COOTBETCTBYIOIIHIA
COCTOSIHMIO ITPEEIIBHOIO PAaBHOBECHSI, OIIPEACIIEHHOIO0 Ha OCHOBE MeToA0B «Kitaccnueckoi
TEOPUH TMPEACIIBHOTO PABHOBECHA», a 3aTE€M OMNPENCIIUTh JOTHUYECKUUA KOPTEX 3HAYCHUH
HMCTUHHOCTH COOTBETCTBYIOIIEH JIornueckoi ¢hopmyibl. DopmManbHO-IOTHYECKH YIOMSHYTAst
(dbopMyIia uMeeT CIeayomuMi BUI:

LP(A B,t,) =[(A(t,) A B(t,)) A (A(t,) A—B(t,))] (6.2.6)

PaccMOTpUM COOTBETCTBYIOIIMIA S3bIKOBBIN SKBUBaJICHT Gopmyiibl (6.2.6) U ee cocTaBHBIX
3JIEMEHTOB.
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A(t,)- mpexacraBisier co0OW YTBEpPKACHHE O TOM, YTO B COCTOSHHH MPEACIHHOTO
paBHOBECHSI  JKECTKO-IUIACTUYECKOW CHCTEMBl, BBIIIOJIHAIOTCS CTAaTUYECKUE  YCIOBHS
paBHOBecHuss cucteMbl. B coorBerctBuum ¢ «Kilaccuuecko Teopuen IMpeneIbHOTO
PaBHOBECHSI» 3TO YTBEPKICHUE SABISAETCS BEPHBIM.

B(t,)- npexncraBmser coOoil yTBEpXKICHHE O TOM, YTO B COCTOSHHH MPEIEIBHOTO
PaBHOBECHS JKECTKO-IUIACTUYECKONM CHCTEMBI BBIIOJIHSIOTCS KUHEMAaTHUYECKHUE YCIOBHS
r7100aJIbHOTO IJIACTUYECKOTO0 TEYEHUSI CHCTEMbI, B PE3yJbTAaTe YEro >KeCTKO-IJIacTUYecKas
CUCTEMa IIPEBPAIACTCS B INIACTUYECKYI0 KMHEMATUYECKYIO LIElb, UMEIOLYI0 TO CBOMCTBO,
YTO POCT IUIACTHYECKUX JAe(opMaIiii CHCTEMBbI OCYIIECTBIsIETCs 0€3 YBEeIHMUCHHs Harpy3KH,
4YTO B CBOI0 OYEpeIb O3HAYaeT KOJUIAIIC M pPaspylIeHHE CUCTEMBL. B coorBercTBHH €
«Kiaccuyeckoil Teopueil IMpeneabHOro PaBHOBECHUS» 3TO YTBEPKACHUE TAKXKE SBISAETCS
BEPHBIM.

A(t,) AB(t,) - mpeacraBmsier coboil yTBEpXkIECHHE O TOM, YTO B COCTOSHHU IMPEACIBHOIO

paBHOBECHsSI OJHOBPEMEHHO  BBIIIOJIHAIOTCS ~ CTaTUYECKHE  AHAIUTUYECKHE  YCIOBHS
paBHOBECHSI M KHMHEMAaTHYECKHE aHAJIMTUYECKUE YCIOBHUSA paspylIeHHs CcuUcTeMbl. B
cooTBeTcTBUM € «Kitaccnueckoil Teopuel IPENebHOrO0 PAaBHOBECHS» ITO YTBEPIKICHHE
TaKXK€ SIBJISIETCS BEPHBIM.

—B(t,) - npeacrasnsier co0oit yTBEpKICHHE O TOM, YTO YKECTKO-IIACTUYECKAsE CHCTEMa He

UCIIBITHIBACT KOJIIarca (He pa3pyIiaeTcs) B COCTOSHUM MPEICIbHOTO PABHOBECHSI.

[lepeiinem K HEMOCPEICTBEHHOW (OPMAIIbHO-JIOTUYECKON OLIEHKE JIOTMYECKOTO KOpTeXa
UCTUHHOCTH /715l popmyibl (6.2.6) B COOTBETCTBUM € TIPaBUIIAMH KJIACCHUSCKON OpMaIbHON

JIOTUKH HYJIEBOTO MOPSAKA 1711 MOMEHTa BpeMeHu [ =1, :

A(t) = (6.2.7)

_ O = O

B(t) := (6.2.8)

= O O
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[(A() A B(t) A (A() A —B(1)] = (6.2.9)

o O O O

W3 comocrasnenus (6.2.6) u (6.2.9)cnenyer:
LP(AB,(t, =t) =[(At=t)ABt=t)A(Alt=t,) A—B(t=t,))]= <0,0,0,0> (6.2.10)

®opmyna (6.2.10) cBuAETENBCTBYET O TOM, 4YTO paccMaTpuUBaeMash HaMH JIOTHYECKasl
dbopmyna sBnsercs (HOPMATBHO-TIOTUYECKH TOXAECTBEHHO NpOoTHBOpeunBod. Teopema
J0Ka3aHa.

43 MEPBLIX IBYX TCOPEM O JIOTHYCCKOM KOJUIAIICC KECCTKO-TNIACTHUYCCKUX CUCTEM BBITCKACT
CJICAYIOIICC YTBCPKACHUC.

Tperbs TEeOpeMa 0 JOrMYECKOM KOJLIANCE JKECTKO-TIACTHYCCKHX CHCTeM (AXBJICAHAHHU
A.H. —2011r.)

Memoowt «Knaccuueckoit meopuu npeoenvHo2o pagrnosecusn», 6 momenm epemenu t =1,

coomeemcmsylomm? COCMOAHUIO npedenbnozo paenoeecuna cucmemsl, - onpedeﬂmom
([)u3ul<o-mexanullec1<oe cocmosiHue cucmembl, sAejiarouieeca ¢0lelJle0'ﬂ02ull€CKu
moiHcoecmeeHHo npomueéopeduevbimM, U He 6 COCMOAHUU obecneuumsp 6830”(16‘1—!_}/10 paﬁomy
CUcCmemspl npu coomeemcmeyrouiem ypoeHe HazspyHceHu.

6.3 Onucanue HEKOmMOopbIX IKCREPUMEHMAIBHBIX U AHAIUMUYECKUX OaHHBIX
0 A6JICHUU JI02UUECKO20 KOJIIANCA JHCeNe300emOHHbIX 000710UeK.

[TpakThKa SKCITyaTallid >KeNe300€TOHHBIX KOHCTPYKIMH M HAKOIUICHHBIM Me4aabHBINA
OMBIT OOpYIICHUH OOJBIICTIPOTIETHBIX COOPYKEHH, BBIMOJHEHHBIX W3 Kele300eToHa,
IMOKAa3bIBAKOT, YTO IMPU AOCTATOYHO BBICOKOM YPOBHC HArpy>KCHUs, B KCCTKO-IIJIACTUYCCKHX,
KEJIe300€TOHHBIX KOHCTPYKIMSX MPOUCXOAUT OMACHOE pACKpPhITHE TPEUIUMH, YTO
CYIIECTBEHHBIM 00Pa3oM CHIDKAET WX IMPOYHOCTh W YCTOMYMBOCTH. YacTo Habmromaercs
paHHss cTaausi 00pa30BaHUs TPEIIMH B PACTSIHYTHIX 30HAX DJIEMEHTOB (BCJIEICTBHE CIa00TO
BKJIFOUEHUSI apMaTypbl) U OBICTPOE UX PACKPBITHE JI0 MIPENETHHO JOMYCTUMBIX BETUYHH. ITO
B CBOIO OUe€pe/lb BHI3BIBACT OBICTPBINA POCT MPOTHOOB PIEMEHTOB JI0 MPEAECTbHON BETUYHHBI
mociie o0pa3oBaHUs TPEIIUH B UX PACTIHYTHIX 30HAX. B pe3ynbrare 3TOro kKene300eToHHas
KOHCTPYKIIMST MOKET OBITh pa3pylleHa TMpU IKCIUTYyaTAllHOHHBIX Harpy3kax HamMHOTO
MCHBIIUX YEM paCUYCTHBIC.

Crpemienue K HauOoJee MOJTHOMY MCHOJIb30BAHUIO HECYILEH CIIOCOOHOCTH 3JIEMEHTOB 32
CUeT IUIACTHUYECKUX (TO ecTh HeoOpaTHMBIX JeopMaluii) 4acTo MPHUBOAUT K BHE3AITHOMY,
MPEKIEBPEMEHHOMY KOJIJIATCY >KelIe300€TOHHBIX KOHCTpyKuui. [lon mpexneBpeMEeHHBIM
MOAPa3yMEBAETCS KOJUIANC KOHCTPYKUWHU, KOTOPBIM NMPOUCXOAUT 33J0Jr0 A0 HCUYEPIIAHMS
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pPacueTHOro0 CpoKa CIyKObl COOPYKEHUs, IPU IKCILTyaTAllMOHHBIX Harpy3kax, 3HaUUTEJIbHO
MEHbUIMX YeM pacdeTHble. IIpu 3TOM wacTo paspylleHHEe OJHOrO KOHCTPYKTUBHOIO
JIEMEHTa BBI3BIBAET pa3pylIeHUE B OKPECTHOW 001acTH (IIPOrpecCCUBHBIM YaCTUYHBINA
KOJUIAIIC) WJIU J1aXKe pa3pylleHUe BCEM KOHCTPYKIMH (IIPOrPECCUBHBIN TOTAIBHBIN KOJUIAIC).

CoBpeMeHHbIE IKCIIEPUMEHTAIFHO-aHAIUTHYECKHUE UCCIIEIOBAHUS B 00JIaCTH MPOYHOCTH U
YCTOMYMBOCTH JKEJIE300€TOHHBIX KOHCTPYKIIUI CBUACTEIBCTBYIOT O TOM, 4TO IIPH COYCTAHHU
ciBUra C W3rHOOM M CKaTHEM YxXe Npu Harpyske Oomnee 15-20% ot mnpenenbHOM,
OIIPEICICHHON JUIsl HKEIe300€TOHHON KOHCTPYKUMH B cooTBeTcTBUM ¢ «Kitaccuyeckoit
TEOpUEH NPEACIbHOTO0 pPAaBHOBECHS», B IKEJIE300C€TOHHBIX 3JEMEHTaX BO3HHUKAIOT U
Pa3BHBAIOTCSI TPCLIMHBI, HAPYLIAIOUIME CIUIOIIHOCTh, OJHOPOJHOCTh M MOHOJUTHOCTH
’KeJae300eToHa, KaK CTPOUTENbHOro Martepuaia. Ilpu nampHeimeM Bo3pacTaHHM HarpysKd
OeTOH W apmarypa Ha4yMHAIOT paboTaTh pasgenbHO. [lo Mepe pa3BUTHS TpEIIUH B
’KEJIe300€TOHHBIX JIEMEHTAaX COKPAINACTCs MX CHOCOOHOCTH COMPOTHUBISATHCS CIBUTY. DTO
Ype3BBIYAHO OINACHOE SBJICHHE, TaK KaK OCTOH, KaK CTPOUTEIbHBIH MaTepual ILIOXO
CONPOTHUBIIICTCS CJABUTY, a HPOJOJbHAs pabodas apMmarypa cama Mo ce0e MPaKTHYCCKH
BOOOIIC HE CIOCOOHAa BOCIPHHUMATH YCWIIMSI CABHUTa. B pe3ynbraTte BO3HHKAeT yrposa
XPYIKOTO pa3pylICHUs] IEMEHTOB M KOHCTPYKIMHU B II€JIOM, KOTOPOE HOCUT KaK IMPaBUIIO
BHE3AMHBIN XapaKTep.

K cosxanenuto, onacHOCTH BO3HHMKHOBEHHS MPEXKICBPEMEHHOIO TOTAJIBHOIO KOJIIAICa,
IMOABCPKCHBI MW TAaKUC OTBCTCTBCHHLIC 00BEKTEI TpaXXJaHCKOT'O CTPOUTCIIbLCTBA, KakK
0O0JIBIIETIPOJIETHBIE KEJIE300€TOHHBIE 00O0JOUYKH, CIyXalllhe MEePEeKPhITUEM OOLIECTBEHHBIX
IPaXJAHCKUX CTPOUTENBHBIX OOBEKTOB, IMOJ KOTOPHIMH BO3MOXKHO MAacCOBOE€ CKOIUICHHE
moel (MepeKphITUS PHIHKOB, CIOPTUBHBIX 3aJI0B, 03JOPOBUTEJIbHBIX KOMIUIEKCOB U.T.1.). B
COBPEMEHHBIX YCJIOBUSX DPHIHOYHOM SKOHOMHKM HMMEET MECTO OTYETJIMBas TEHACHIUS
CTPOUTENIbCTBA BCE 0OJee MOJIOTUX U TOHKOCTEHHBIX JK€JI€300€TOHHBIX 000J0YeK, YTO
CBs3aHO B OCHOBHOM CO CTPEMJICHUCM YMCHBIICHBIINTD HCHCHOHL3y€MBIﬁ 00BeEM 3JaHUs.

OpHaKo M3BECTHO, YTO NMPHU YMEHBIIEHUH TOJIINHBI JKEIe300€TOHHON 000JI0YKH U CTPEIIbI
€€ MoJbeMa HaJ ONMOPHOM INIOCKOCTBIO, BO3HUKAET OMACHOCTh NOTEPH YCTOMYMBOCTH BCEU
000JI0YKH WM OTIENIbHBIX ee yacTel. [Ipy 7TOM K MOMEHTY KoJutanca KOHCTpYKLUH, popma
MOBEPXHOCTH OOOJIOUKH MOKET HM3MEHHUTHCSI HACTOJBKO, YTO 3TO SIBJIEHHE HEOOXOIUMO
YUUTHIBATH MPHU pacdyere Hecylled CcrnocoOHOCTH O00O0JIOUKH. OKCIEePUMEHTAIBHO-
AQHAJIMTUYECKUE JAaHHbIE MCCIEIOBAHUS TPOYHOCTH M YCTOMYMBOCTH 3KEJI€300€TOHHBIX
000JI0YeK IOKAa3bIBAIOT, YTO IPOLECC PA3BUTHUS KOHEUHBIX IUIACTHUYECKHX, HEOOpPaTHMBIX
nedopmaruii xKene300eTOHHBIX 000J0YeK, KaK MPAaBUIO MMEIOUIMA MECTO MPH J0CTaTOYHO
BBICOKOM YPOBHE Harpy>K€HUsl KOHCTPYKLMH, SIBJISETCSA OJHUM U3 I10KA3aTeseil, 10 KOTOPOMY
MO>KHO CYJIUTh 00 OMAacHOCTH NPEKIEBPEMEHHOT0 KOJUIarca xene300eTOHHOW 000JI0YKH, U
OKa3bIBACT CYILIECTBEHHOE BIUSHHME HA HECYIIYIO CIOCOOHOCTh KOHCTPYKIUH B LIEJIOM.

B poccuiickom HaywyHO-uccinenoarensckomM uHcturyre HUMKDB, non pykoBoacTtBom
mpod. B.B. IllyraeBa Obuld TIpPOBEOEHBI AHATUTHUYECKUE U  IKCIEPUMEHTAIbHBIE
WCCIIEIOBaHMS 10 U3YYEHHIO BIMSHHS KOHEUHBIX IUIACTUYECKUX JAedopMaluii Ha HECYyIlyro
CIIOCOOHOCTh OOJBIICTIPOJIETHBIX KENIe300€TOHHBIX 000JIOYEK M HX HIKCHEPUMEHTATbHBIX
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Mojieniell ¢ ydeToM (akTopa BPEMEHH, pe3yibTaThl KOTOPHIX MpUBeAcHbI B kHure /6/. B
VIIOMSTHYTBIX BBIIIEC UCCIIEAOBAHMSX, B MPOILECCE aHAIUTHYECKOTO U IKCIIEPUMEHTAIBHOTO
MO/JICIIMPOBAHUS 00ECIICUNBAINCH TAKHE YCIOBUS, MIPH KOTOPHIX B MPOIECCE MIACTHYECKOTO
neopMUPOBAHUS KEIE300€TOHHON 000JIOUKH, BHEIITHSISI aKTUBHASI Harpy3ka ObluIa CriocoOHa
WU3MEHSTBCS TaKUM O0Opa3oM, YTO €€ MEepEeMEHHasl BeITUYMHA OOecreunBaia HEpephIBHBIN
mporece TUTACTHYECKOTO neOopMHUPOBAHUS UCCIIeTyeMOi KOHCTPYKIIUU.
DKCTIepUMEHTANILHBIC M aHATUTHYECKUE JaHHBIE YIIOMSHYTOTO HCCIIEAOBAHUS IMOKA3alH, 9TO,
KaK MPaBHJIO, HMEJI MECTO IMPOILECC YMEHBIICHUs e(hOPMHUPYIOIIEH HAarpy3Kd B IpoIecce
IUTACTUYECKOTO  (POPMOUBMEHEHHS, CBHUJCTEIBCTBYIOIIMHA O TOM, 4YTO B COCTOSHHUH
MPEJCILHOTO PABHOBECHS] KOHCTPYKIIMM - MOIIHOCTh BHEIIHMX HArpy30K IPEBbIIIACT
CKOpPOCTh JIUCCHUIIALIMU DSHEPTHH U HNpeoelbHOe COCMOAHUe KOHCMPYKYUU S6IAemcs
HEYCMOUYUBBIM.

B pesynbrare mpoBEeNEHHBIX HCCIENOBAaHHM OBUIO YCTAaHOBJIEHO, YTO 3a/a4dl TEOPHH
MpeieIbHOTO paBHOBECHS JKe1e300€TOHHBIX 000JI04eK, MPUHAJUIekKAT K Kaccy 3a7ad MoTepu
ycroiunBocTd. [lpum ojHOMapaMeTpuv4ecKoM HArpy)KCHHH IKEJIe300€TOHHBIX 000JI0YeK
CIIENYET pasiuuams 08a 2eHEPAbHbIX YPOBHS NPEOeNbHOl HASPY3KU — 8EPXHUL U HUNICHUI.
Bepxnuii yposenv npeodenvhoti nazpysku OIPEAENsSeTCs B COOTBETCTBUU CO CTATHUYECKUM
MeroaoMm «Kiaccnueckol TEOpHHM TPEAEIbHOTO PAaBHOBECHS» B COOTBETCTBHHM C
TreOMETPUUYECKU HEM3MEHSIEMOW pacyeTHON cXxeMoW. HuoicHuil yposens npedeibHOol Hazpy3Ku
OTIpeIEeISICTCS U3 YCIOBUS MUHUMYMa MEPEMEHHON Harpy3KH, YIOBJIETBOPSIONICH yCIOBUIM
TEYCHHsI >KEIe300€TOHHON 000J0YKH, MPOUCXOASIIEr0 BO BpeMeHHU. [lpu sToM sBhsieTcs
HEO0OXOIMMBIM yUeT U3MEHEHUS HauaJbHOU KOH(PUTYpaluu 000JI0YKH C TEYCHHEM BpEMEHH.

B pe3ynbTare aHATUTHUECKUX U SKCIIEPUMEHTAIbHBIX MCCIIEIOBAHUM, IPOBEICHHBIX MPO(.
B.B. IllyraeBbiM, BBIICHWJIOCH, YTO BO MHOIHMX CIIyYasiX HUMCHUL YPOGEeHb NpeoenibHOU
Hazpy3Ku BECbMa CHJIBHO OTJIMYACTCS OT 6EpXHe20 YPOBeHs NpeoelbHOU Hacpy3Ku,
ONPEJIETICHHON B COOTBETCTBHH C «KilacCHUeCKON TeOpHEN MPEAEIbHOTO PABHOBECUS».

B pabGote /6/ momuepkuBaeTCs, YTO MPU 3HAYUTEIBHBIX HAYAJIbHBIX HECOBEPIIEHCTBAX
CPEIMHHOW TOBEPXHOCTH OOOJIOUKH, OelcmeumenvHas GeludyuHa pazpyuarowel HazpysKu
Modcem 0oKazamuvcs OauUdce K HUINCHEM) YPOBHIO NPeOeNbHOU HA2PY3KU, YeM K 6epXHeM).
[TosToMy mpencTaBiasieT 3HAUUTENbHBIA HHTEPEC 3aJ]a4a CPAaBHEHHUS BEJIMYMHBI HArpy3KH IS
MPOM3BOJBLHO BBIOPAHHOW TOYKM Ha KPHUBOW «IIpeielibHas Harpy3ska — MpOTHOY,
OTpeIeNsoNIell MTHOBEHHYIO KOH(PUTypaIuio KeCTKO-TIJIaCTUYECKOl 000JI0YKH B Ipoliecce
€e TUTACTUYECKOro AeQOpMHUPOBaHUS, C BETUYHHOW MpeNeIbHOM HArpy3KH AJis >KEeCTKO-
MJIACTUYECKOW OOOJIOUKM C TOH Ke WCXOAHOM KOoHbUrypanued, KOTOpoil obmamaet
MIacCTUYECKH AeQopMHUpOBaHHAs 000JI0YKa B paccMaTpUBaeMbIi MOMEHT BpeMeHH. B
pabote /6/ mokazaHO, YTO STU TpEIEIbHBIE HArPy3KH MOXKHO CUYHTATh PaBHBIMH B TOM
cllydae, €Clid COBMAJIal0T Mpeieibl TEKYUYeCTH MaTepUaioB ATHX 000JI0UEK.

B pabGore /6/ Ha OCHOBE TEOPETHUECKUX U HKCHEPUMEHTAIBHBIX HCCIIEAOBAHHUM
YCTaHOBIICHO, YTO B TOM CIIy4ae, €CJIM CBOOOJIHO OMepTas Mo BHEIIHEMY KOHTYPY 000JI04Ka,
CpEeIMHHAs MOBEPXHOCTh KOTOPOH HMMEET BHJ IIOJIOTOTO SJUIMITHYECKOro Hapadoionaa -
Puc.l, HarpyxeHa B IIEHTPE COCPEIOTOYEHHON CHJIOW, TO €€ Hecyllas CIOCOOHOCTh B
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CHJIbHOW CTENEHM 3aBUCHT OT HEOOpATUMBIX MJIACTUYECKUX MPOruO0B 000JOYKM Ha MOMEHT
MOTEPU YCTOWUYMBOCTH OOOJIOUKH.

10~

S

0

-5~

-103

Puc.1. PacueTHasi cxemMa moJioroi 000104ku B (hopMe HLTUNITHYECKOT0 apadoJionaa.

Ha Pwuc.2, B COOTBETCTBHM C JKCHEPUMEHTAIbHO-AaHATUTUYECKUM HCCIEOBAHUSM,
Npe/CTaBIeHHbIME B pabote /6/, mpencraBieH rpapuk 3aBHCHMOCTH «IPOrHO-HECyIias
CIOCOOHOCTBY Ul pacCMaTPHUBAEMOI0 KJlacca JKelIe300€TOHHBIX 000JI0ueK B NpeAelbHOU
craquu. M3 mpencraBieHHoro rpaguka cienyer, YTO €CIM B COOTBETCTBUU C JKECTKO-
IUTACTUYECKOM MOJZIENbIO TOBEACHUS PAcCMAaTpUBAaeMON OOOJIOYKH, AKTHBHAs BHEIIHSAS
Harpys3ka JOCTMraeT BEpXHEro TIpeAenaa Hecylled CIOCOOHOCTH, TO IPaKTHUYECKH,
HEMOCPEJCTBEHHO II0CE Iepexoja B IPENENbHOE COCTOSIHME — HEeCcylas CIOCOOHOCTb
o0osouku najaer B 4 pazal

P1* - mpencraBniser co0ol mpeaebHOE 3HAYCHUE TTapamMeTpa Harpy3Ku, OmNpeeieHHOE B
COOTBETCTBUH C KJIACCHYECKON TEOopHer MpeAeIbHOr0 paBHOBECH MO Hene(hopMUpoBaHHOM
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pacueTHo cxeme. P2* - mpezncrasiiser coboll mpeneiabHOE 3HAUECHUE MapaMeTpa Harpysku,
OTIpe/IeIEHHOE B COOTBETCTBUU C YUETOM pealn3alui KOHEUHBIX IPOru0oB J.

A

p1*

P2*=0.25-P1*

Puc.2 I'padux nagenus Hecymeil CnoCOOHOCTH KeCTKO-IIJIACTHYECKOI 000/ 10YKH NMPH
peajn3anuy KOHEYHbIX NPOru00B B NMpeieIbHOM COCTOSHHMH.

B pabore /6/ nupuBOAATCS TakkKe pe3ylbTaThl JKCIHEPHUMEHTAIbHBIX HCCIICIOBAHHIMA
3alpesieIbHOTO  MOBEIEHHUs KECTKO-IUIACTUYECKOH, CBOOOJHO-ONEPTOH MO BHELIHEMY
KOHTYpPY MOJIOTOH OOOJOYKM Ha KBaJpPaTHOM IUIaHE, MpHU JACUCTBUM Ha HEE PaBHOMEPHO
pacnpezeneHHoi Harpy3ku. [lokasaHo, 4To cpa3y mocie nepexona B IMIIACTUYECKYIO CTAIUI0
o0oyiouka TepsieT yCTOMYMBOCTh. BepxHeil KpuTHueckol Harpy3ke COOTBETCTBYET
npeneiabHas Harpyska npu HeaehopMUpOBaHHON moBepxHocTU. Eciam oOosouka mocie
XJIOIIKa HE Pa3pyllaeTcs MOJHOCTBIO, TO OHA MEPEXOAUT B MHOE COCTOSHHE DPAaBHOBECHS.
HwmxHeAg kpuTHdeckas Harpy3ka cOCTaBisula JUlsl PACCMOTPEHHOrO citydasi Bcero okoio 20%
OT BEPXHETO Ipeiena Hecyllel ClIoCOOHOCTH.

[puBeneHubie B pabote /6/ qaHHBIC SKCIIEPUMEHTATBHBIX U AaHATUTHYSCKUX HCCIICIOBAHUI
CBUJETEIBCTBYIOT O TOM, YTO IOJIOTHE KeJe300eTOHHbIE 000JIOUKU MO AOCTHKEHHUIO MU
MPEJEILHOTO COCTOSIHUS PE3KO TEPSIIOT CBOIO HECYIYIO CIIOCOOHOCTH MO MEpe peanu3aluu
KOHEUHBIX IJJACTUYECKUX HEOOpaTUMBIX AedopMaluii, 4To MO HAIIeMy MHEHHIO SBISETCA
MIOATBEPKICHUEM BO3HUKHOBEHUS COCTOSHHUs JIOTHYECKOTO KOJIIAICA, COIYTCTBYIOLIEE
JTOCTHKEHHUIO COCTOSTHUS (PU3MKO-MEXaHHMUECKOTO KOJIJIarnca 3TUX KOHCTPYKIIUH.
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W3 mnpuBeneHHBIX BbIIIE JAaHHBIX CIEAYeT, 4YTO JOCTHXKEHHE COCTOSHUS (PHU3UKO-
MEXaHWYECKOI0  KOJUIAalca KOHCTPYKIMHM CONPOBOXKIAETCS TAKKE BO3HUKHOBEHHEM
COCTOSIHMSI JIOTUYECKOI'O KOJUIAINCa, KOTOPOE 3aKI0YAeTCs B PE3KOM U HEKOHTPOJIUPYEMOM
MaJIeHUU  HECyIell  CIIOCOOHOCTH  COOPY)KEHHUSI. PaccmaTpuBaemble  sBIIEHUS
CBUJETEIbCTBYIOT O IIOBBIIIEHHOM OIIACHOCTHM KoJulalica B Cllydae »JKCIIyaTaluu
COOTBETCTBYIOIIUX KOHCTPYKLUUN IpU BBICOKOM YPOBHE HarpyXeHus, U CTHUMYJIHPYIOT
IIPOBEJICHUE KOHCTPYKTHUBHBIX, PACUETHBIX M OSKCIUIyaTallUOHHBIX  MEPONPUSITUHA IO
oOecrnieueHnto 0e30nacHON paboThl COOPYKEHHM U KOHCTPYKIUI paccMaTpUBaeMOro Kjacca.

6.4 Hccneoosanue 6nuanus KUHEMAMUYECKUX (AKMOPO8 HA HeCyuwyro
CnocoOHOCmb  JHcenle300emoHHOol  00010uKU 6 (opme INTUNMUUECKO20
napaébonouoa.

PaccMoTpuM BOIIpOCH MPOYHOCTH M YCTOMUMBOCTH CBOOOJHO ONEPTOM IO BHELIHEMY
KOHTYPY JKe€JIe300€TOHHOM KECTKO-TUIACTUYECKOH OOOJIOUKH, CpEAMHHAas MOBEPXHOCTh
KOTOpPOM HMMEeT BHJI MOJIOrOro 3JuiMnTHYeckoro napabosnouzaa - Pue.l, a cama obosouka
Harpy’xeHa B LEHTPE COCPENOTOYEHHON cwioi. Popmyna CpeIMHHON IOBEPXHOCTU
000JIOYKH B TPEXMEPHOMN JAEKapTOBOI cucTeMe KOpAMHAT UMEET CISAYIOINI BU/:

7= 77-(x2 + y2)
f (6.4.1)
r?

n=-

rae, f - cTpena moxbeMa 000JI0OUKHM, OTPaHUYCHHAS 30HOW Pa3pyLICHHUS; I - paguyc 30HBI

paspyuieHust 000JIOUKH.

B pa6ore /6/, mpod. B.B.lllyraeBbiM Obula yCTaHOBJIEHA 3aBUCHMOCTH HECYIIEH
CTIIOCOOHOCTH O00OJIOYEK pacCMaTPUBAEMOTO Kijlacca OT MPOTHOOB IIEHTPAIHHONH 30HBI
00OJIOYKM TP COCPEJOTOUYEHHOM HArpy3ke B COCTOSHHH MPEISIIEHOTO PaBHOBECHS.
VYromsiHyTast 3aBUCUMOCTb TIPE/ICTaBlIeHa CoOoTHOIIeHHeM (6.4.2).

2 3.w
- 6.4.2
> (6.4.2)

3w

P =P"|1+

B coornomenun (6.4.2) mpuHSATHI cieayroniie o003HaueHus. P, - HWOKHSSA KPUTHYECKas

.
Harpyska, 3aBUCSAIIAas OT KOHEUYHBIX HEOOPATUMBIX MPOTUOOB LIEHTPATLHOM YacTh 000JI0UKU
NpH paspyiieHud. P - BepxHss KpuTHYecKas Harpyska, omnpejensieMas B COOTBETCTBHU C
KJIACCUYECKOM Teopued TMpeaenbHOro paBHOBecus. W - 0Oe3pa3MepHas BeJIMYMHA
HEOOpaTUMOro Mporuda B EHTPATHHOM YaCTH 000TOYKH.

Cornacno /6/, BenuunHa W siBIsieTcs GyHKLIMEH BPEMEHH, a TAK)KE CKOPOCTH pealn3aluu
HeoOpaTUMOro mporuda B MpeaeTbHOM COCTOSTHUM 00OJOUKH:
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w2t (6.4.3)

N3 conocraBnenust cootHomenui (6.4.2) u (6.4.3) cienyer:

3.vZ.t? 3.v-t
+ p—

P.(v,t)=P"| 1
() 4.f2  2-f

(6.4.4)

BerHHH KpUTHYCCKAs HArpy3Ka OonpeacsieTCsa Ha OCHOBE CICAYIOIICTO COOTHOIICHUA .

2.7.q-f
3

p* (6.4.5)

B coorHomenun (6.4.5), (g- mpeaenbHOE IIOrOHHOE COINPOTHBICHHE PACTSHKCHUIO,

BOCIIPUHHMAEMOE apMaTypoil 000JI0UKH B KOJIBIIEBOM HAIIPABJICHUU.
PaccMoTtpuM crnienyroiiee onpesecHue.

Onpenenenne  TPAaeKTOPUHU _BJIMSIHHSA _KHHEMATHYECKHX (l)aKTODOB HAa HeECyyio

CIIOCOOHOCTDH 000J10YKH B (hopMe ILIMITHYECKOT0 Napadoionaa

IToo mpaexmopueii é1uaHus KUHEMAMUYECKUX PAKMOPOS HA HECYWYI0 CROCOOHOCHb
00010uKU 6 popme INAUNMUUECKO20 NAPAGOIOUOA, NOHUMAEMCA J100as Kpueas,
onpeoeyieHHas  6peMeHeM  HeoOpamumvix  Oepopmayuii, CKOPOCMbIO  UMEHEHUS
2eHepaIbHo20 napamempa Oepopmauuu u Hecywieii CHOCOOHOCHMbIO 0007104KU, U
PACnON0NCEHHAss HA HO6EPXHOCHMU NOMEpU  Hecywiell CHOCOOHOCmU  0007104KuU,
onpeoensiemon coomnowenuem (6.4.4) — puc.3, ¢ nauanom ¢ mouke, coomeemcmeyrouiel
6epXHeMy 3HAUEHUIO KDUMUYECKOU HA2PY3KU.

HNmeet mecTo cieayromias TeopemMa.

TeopemMa 00 ycJaoBHUSX CB0O00JALI BbLIOOPA TPAECKTOPHM BJIHSAHHS KHHEMATHYECKHX
$GaKTOpOB HAa HECYHIYVI0O CIOCOOHOCTBL  Kesae300eTOHHON 000404kH B dopme
runepoognyeckoro napaogosaonaa (A.H. Axpiaeanangu — 2012 r.)

QDu3uKo-MexanuyeckKuil U J102UYecKo20 KOJLIANC, UMeloujue Mecmo 6 COCHOAHUU
npeoebHoz0 pPABHOBECUA IHCENE300eMOHHON 000104YKU 6 (opme 2unepooIudecKkozo
napabonouda, onpeoenennozo ¢ COOMEENCmeul ¢ KiaccuiecKoll meopueii npeoeabHozo
p