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B I/ICTOpI/II/I MaTEMaTUuKHU U3BCCTHBI ABC KOHIICIIIINN 66CKOH€‘-IHOCTI/I — ApI/ICTOTeJICBa )41
Kanropoga. [Tocnenuss Obl1a chopMyaupoBaHa co3iaTesieM TeOpuu MHOXKeCTB KanTopom
IIPUMEPHO IOJITOPA BeKa Ha3aJl M B HACTOSIIEE BpeMs ABJIseTCs mpeodanatomieii. [1pu
dbopMynMpoBaHUH KOHIENINH KaHTOp HCIIONb30Ball IMATOHAIBHBII METO/I CPaBHEHUS
MOIIHOCTEH MHOXKECTB OCCKOHEUHBIX PSIOB M MHOXKECTBA HATYpPAIbHBIX YHCEI, & TAKKE
Teopemy KanTopa o mpeo0iiajaniy MOIITHOCTH MHOXECTBA BCEX TIOJIMHOKECTB MHOXKECTBA A
HaJl MOIIIHOCTBIO camoro A. B mpemaraemoii paboTe Moka3bpIBaeTCss Ha KOHKPETHBIX IIPUMepax
(T. €., ‘KOHCTPYKTUBHO’), YTO MCIOJIb30BaHHbIC KaHTOPOM JIOBOIBI HE BIIOJIHE JIOKA3aTEIbHBI.
CoOOTBETCTBEHHO, 00JIee TPUEMIIEMO MTPEACTABIACTCS KOHIICIINS €IMHON MOTCHIIMAIIBHON
0ECKOHEUHOCTH.

IIpotioym munnuonwl nem, npescoe uem mol
CMOHCEM NOHAMb, NOYEMY Mbl CHIPEMUMCSL
NO3HAMb OECKOHEYHOCb. .

I1. Dpaém (1913 -1996).

BBenenue.

MareMatrka NOKOUTCS Ha TPEX KUTAX: HYJ1b, COUHUUA U OECKOHEUHOCHb,
o6o3HauaembIx cumBosiamu 0, 1 1 o, cooTBeTCTBEHHO. VX cymiecTBoBaHNE OOBIYHO
MOCTYJIUPYETCS B CUCTEMaX aKCHOM KaK JIOTHKH, TaK U apU(PMETHKU. ITH MOHATUS OUYEHb
€MKHE, TECHO B3aUMOCBSI3aHHBIE U BBIXOJIAT JJAJIEKO 3a MPEIeIbl MaTeMaTHKHU.
[IpeaBapuTenbHble TPEACTABICHHS O HUX JIFOAU MOTYYalOT MOCPEACTBOM UyBCTBEHHBIX
BOCITPUSITUN OKPY’KaOIIETo MUpa. EAMHUILY MOKHO CKOJIb YTOJIHO YKPYITHSATH M CKOJIb YTOJTHO
IpoOuTh Ha yacTu. ENnHUIA SBIsIETCS pOoIOHAYATbHUIICH HATYpPaIbHOTO PsJia Ynuce,
BO3HHKAIOIIIETO B MPOIECCE TMOCIIEI0OBATEILHOTO CKIIAIbIBAaHUS €AMHUIIBI C COOOM, a TOHSITHE
Mamemamuieckoil 6ecKoHeuHOCmu UCTIONb3yeTCs Al 0003HAYCHUS] HOMEHUYUATbHO20
(supmyanvroco) pezynbmama, «oTy4aronierocsd MPH HEOTPAHUIEHHOM TPOIOJIKEHUN
nporecca. Hudp O u 1 qocraTouno 1y1s HanmKMcaHus TFOOBIX HATYypaTbHBIX YUCEN B JBOMYHOM
CUHCJICHUH

a=a,2" +a2' +..+a2 +..=a,3..4..., (1)
a TAK)Ke KOHEUYHBIX ¥ OECKOHEYHBIX JBOMYHEIX IPOOE:
= Bf +al3f +.ra)”
O.a=0.a0a1...ai...:a0 E +a1§ +...+ai E +..., (2)

II€ K&KIBINA DIIEMEHT IOCIEN0BATEIBHOCTH A0dl. . .di. .. MOYKET IPUHUMATh 3HaYeHn 0 wm 1.
JI71st KOHEUHBIX HATypaIbHBIX uucen a psf (1) oOpbIBaeTcs MPU HEKOTOPOM KOHEUHOM N
(pa3psn uucna a), T. €., an = 1, an+s1 = an+2 = ... = 0. IIpu 3TOM 00BIUHO @ ‘dynTaeTcs’ Tak:
a = lap18n2...a0. CooTBEeTCTBYIOMIAs ‘KOHEUHAsI” IPOOL MOXKET OBITh OTOXKIECTBIICHA C
‘HacTosAIICH O0ECKOHEUHOH APOOBIO MO MPABIITY:

0.apay ... ap-11000 ... =0.@02; ... an10111 ... (3)
Kaxayto 1po0b M0#cHO TEOMETPUYECKH PacCMaTpUBaTh Kak TOUKy oTpeska [0, 1], u MHOKecTBO
3TUX ApoOeil B COBpeMEHHOM MOHMMAaHUHU 00J1a1aeT MOIIHOCThIO KOHTUHYyMa C. OTMeTuM emie,
YTO MHOXECTBO OECKOHEYHBIX TMOCIEI0BATEIBHOCTEN 8 = aodi...di... MOKHO CHMBOJIMYECKU
npeacraButh B Buae V*, rae V = {0, 1} — 1Byxa1eMeHTHOE MHOKECTBO.



[TonsTHe 6eckoneunocmsb, MUPOKO PACTIPOCTPAHEHHOE U BHE MATEMATHUKH, BHI3BIBAIO U
BBI3bIBACT JUCKYCCHM U B yUEHOU cpejie, M cpeid UPOKoH myOuinku. B Hayke co BpemeH
ApPHUCTOTEINS CYUTATIOCH, YTO «OECKOHEYHOCTh BCETJ]a B BO3SMOXKHOCTH, a HE B
nercreutenbHocTY. K. ['ayce mucan B 1831 1.: «S mpoTuB ynotpedienus 6eCKOHSUHOH
BEJIMYMHBI KaK YEro-TO 3aBEPIICHHOT0, YTO B MATEMATUKE HEJIOMyCTUMOY. JTa TpaauLIMs Oblia
HapylIeHa co3aareneM Teopur MHOkecTB ['. Kantopom, koTopblit BBedT (MOKHO CKa3aTh,
BEPHYJ) B 00MXO]I TOHITHE 3aBEPIICHHOM, «aKTyaJIbHOI» OCCKOHEUHOCTHU B
MPOTUBOIMOJIOKHOCTh APUCTOTENIEBOM «IIOTEHIIMATIBHON OeckoHeuyHOoCcTHY». KaHnTtop 06001mun
TIOHSITHE YUCA IJIeMeHn 06 Ha OECKOHEUHBIE MHOXKECTBA, UCIIOJIb3YSI TEPMUH MOUHOCHIb
(MM KapOuHaIbHOE YUC10) MHOXKECTBA U CUMBOJ N (a1eh) 1iist 0003HAYCHUS MOIITHOCTEM
0eckoHeuHbIX MHOXeCTB. CornacHo KanTtopy, cyuecmeyrom (B TOM ke CMBICIIE, UTO U
OOBIYHBIE CKOJIb YTOJIHO OOJIBIIINE YHCIia) OECKOHEYHbIE MHOXKECTBA, 00JIaJatoIIue
Pa3IMYHBIMU KapAUHAIBHBIMU ynciaamMu. [locneoBaTelbHOCTh KapAMHAIBHBIX YHACET
0OECKOHEYHBIX MHOXKECTB B MOPSAKE UX BO3PACTAHUS UMEET BUI:

No< N1 <Ny ... (4)
r7ie MUHUMAJIbHOE KapAMHAIBHOE YHCIIO No SBISETCS MOITHOCTHIO HaTypaibHOTO psiia N. B
psaay anedoB JOKHA CONEPHKATHCSA U MOILITHOCTh KOHTUHYYMa ¢, KOTOpasi, Kak noxkazai
KanTtop, 6omnbmie Xo. [Ipeanonoxenue o Tom, 4To ¢ = N1, HA3bIBAETCS KOHMUHYYM-
2unome3soil.

Ctoab pailuKaJbHOE BTOP)KEHHE B OCHOBBI MaTEMATHUKHU BCTPETHIIO BECbMa
HEOJIHO3HAYHBIE OTKIUKY BUIHEHIINX yueHbIX KoHIa XIX-ro - Hayana XX-ro BeKoB. bbu1
OTMEYEH PsiJi TPOTUBOPEUHH (MTAPATOKCOB) KAHMOPOBCKOU MEOPUU MHOMHCECE,
MPEO0JICHIE KOTOPHIX BUEIOCH B YCOBEPIICHCTBOBAHUH JIOTUKU MAaTEMATHUUECKUX
paccyxnenuii. Pe3ynpraTroM yCuinii B TOM HallpaBiIeHUU SIBUJIOCH CO3JaHUE U Pa3BUTHE
Mmamemamuueckou 102uku. L{eapro 3Toi 0Tpaciny MaTeMaTHKY MPEANoarajiach nojaHas
dbopManu3aIus mpoIeccoB BIBOA U I0KA3aTEIbCTBA MPABUIBHBIX YTBEPKIECHUN — TEOpEM
(npocpamma I'unvb6epma), 9T0O TO3BOTHUIO OBl M30€raTh OMIMOOK M TPOTHBOPEUHIA.
Cy1ecTBeHHbIE OTPaHUYEHHS Ha BBIIOJIHUMOCTh 3TOW MPOTrpaMMBbl HAJIOKHUIIM U3BECTHHIE
meopemul I'edenss 0 HETIOTHOTE U HETIPOTUBOPEUUBOCTU PAZTUYHBIX CUCTEM aKCHUOM. DTH
TEOPEMBI SIBJIAIOTCSI CTUMYJIOM K IEPECMOTPY HEKOTOPBIX HE BIIOJIHE MPO3PAUYHBIX MOJI0KEHUI
TEOpUU MHOKECTB, TAKUX, HapUMep, Kak cucreMa anedos (4), o kotopoii I'. Beilnp
BBIPA3UJICS KAK O «TyMaHE Ha TYMaHe».

OpHMM U3 LIEHTPaJIbHBIX MOJIOKEHUN TEOPUH KapIUHAJIBHBIX YKcen (aaedoB) ABIsSETCS
YIOOMSIHYTO€ BBIIII€ COOTHOIIEHUE ¢ > No. B HacTos1iei paboTe Mbl IPUBOIUM COOOpaKEeHUs,
CBHJICTEIILCTBYIOININE O HEIOCTATOYHOM JOKA3aHHOCTH ATOTO COOTHOIICHHS i O BOBMOXKHOCTH
oTKa3a oT Hero. [1o cyTu, 3To SBIsIETCS BO3BPATOM OT KAHMOPOBCKOU KOHUEnyuu
OECKOHEYHOCTH K Apucmomeegoil, iy, CKopee, CTHpaHUuEM TPaHU MEKTy HUMHU.

OnpeneneHHbIM I0BOJIOM B TOJIb3Y e0UHOl OECKOHEYHOCTH CIIYKHT CaMO
KaHmopoecKoe onpeodeiieHue MHOKECTBA KaK «0ObETMHEHUS B OJTHO 11€710€ 00BEKTOB
[2JIEMEHTOB], XO0poui0 paziuuaemvix Hawiell UHMYUyuel Uaiu Hauweil MobiC1bio».
COBOKYITHOCTh «XOPOIIIO PA3IMUYUMBIX» 00OBEKTOB B IPUHITUIIE, TTO-BHIUMOMY, MOYKHO
MO2JIEMEHTHO TIepeOpaTh U MepeHyMepOBaTh, T. €., OHA HyMepyema — SIBISeTCS KOHSYHBIM WU
CYETHBIM MHOXECTBOM. W1, HEMHOTO MO-IpYyroMy, JJIs TIOOBIX IBYX O€CKOHEUHBIX
KaHTOPOBCKUX (HyMepyembix) MHOKECTB MOKHO 3aTESATh HOMEHUUAIbHO DeCKOHEeUHbLIl
MIPOLIECC COCTABJICHUS ap 3JIEMEHTOB, B Pe3yJIbTaTe KOTOPOTO OCYIIECTBISIETCS 63AUMHO
00HO3HAYHOe COOTBETCTBUE 3TUX MHOXKECTB JIPYT C APYTOM.

He Bcsikre COBOKYITHOCTH OOBEKTOB yIOBJICTBOPSIOT KAHTOPOBCKOMY OTPEICIICHUIO
MHOKecTB. Hampumep, ¢ MOMEHTa CO3/1aHHs KBAHTOBOM MEXaHUKH B Hay4HbII 00MXO0 BOIILIN
HeKaHmOopOoeCcKue MHOKECTBA OJIMHAKOBBIX YaCTHI], TOJUMHSIONINXCS KBAHTOBO-
MEXaHUYECKOMY HpuHyuny Hepaznuyumocmu. KoHeuyHo, 3Ta HEPA3IMUYUMOCTh HE O3HAYAET,
YTO y HUX HET KOJMYECTBEHHBIX XapakTepUCTUK. Kpome Toro, B KBaHTOBOM TEOPUHU SBHO
BBOAUTCS NoHsATHE Hadarwodamens, peryaupyIouiero npouecchl u3mMepeHus Gu3nuecKux



HaOJI01aeMBIX, YTO B U3BECTHOM Mepe MEePEKIMKAETCS C BKIIIOUCHUEM B onpedesieHue
MHO>KECTBA YEJIOBEUCCKON UHMYUUUU U MBICTIU.

Kaxymasics napagokcanbHOCTh OJUHAKOBOW (IOTEHLIMAIBHOM) MOIITHOCTH
KOHTHHYyMa 1 MHO>KE€CTBa HaTYPaJIbHBIX YHCEll, HE B IIOCIECTHIOI O4Yepe/ib, CBA3aHa C
F€OMETPUUYECKUM IIPEICTABICHUEM UX B BUJIE€, COOTBETCTBEHHO, OTPE3Ka YUCIOBOM OCH U
M30JIMPOBAHHBIX TOUEK HA 3TOW ocu. HO eciy BBIMOIHUTE HaJl OTPE3KOM CIEAYIOUIYIO
HOMENYUATbHO OeCKOHeYHYI0 TIPOLIEYPY: BEIOPOCHTH CHaYalla CPEIHIOI TPETh UCXOTHOTO
OTpe3Ka, 3aTeM CpeJIHUE TPETH JIBYX OCTABIIMXCS Ha rpaduke yacTeil HCXOIHOTO OTPE3Ka U T.
1., TO B «pe3yJIbTaTe» MOJYUUTCS TaK Ha3blBaEMOE TpUaguueckoe MHOxkecTBo Kanropa
(«KaHTOpPOBA MBLIbY), M0 BHELIHEMY BH/Y HallOMUHaioIee 0ECKOHEYHOE MHOKECTBO TOUEK,
HO 00J1a/Iaf0IIee MOIIIHOCTHIO KOHTHHYYMA.

B nepBoii yactu paboThl paccMaTpuBaroTcsi GopMaibHbIe CTOPOHBI HEKOTOPOIl MPOCTOM
«yHUBEpCaIbHOI» OeckoHeuHOM Tabmuiel (YT), oTnenpHble parMeHThI KOTOPOU SIBIISTIOTCS
TabJIMIIaMy UCTUHHOCTHBIX (DYHKIIHI MPOU3BOJILHOTO KOHEYHOTO YUCIa apryMeHToB. Takue
Ta0JIMLbI COCTABJIAIOT COIEPKAHUE BBOJHOTO pa3ziesia MaTEMaTUYECKOM JIOTUKY — UCUNCIICHUSI
BbICKa3bIBaHUI. YT 103BOJISIET €CTECTBEHHBIM (Ha Haut 83271510) 00pa3oM yCTaHOBUTH
COOTBETCTBUE MEXKTy HaTypaJIbHBIM PSIOM U MHOKECTBOM JBOMYHBIX JApo0Oeii (2), KoTopoe
HOMEHYUAIbHO TIPENICTABISIETCA B3aMMHO OJIHO3HAYHBIM. Bo BTOpOI yacTu o0CyKaaroTcs
HEKOTOpBIE APYTUE CIEICTBUS BO3BpaTa K ApUCTOTEIEBOM TOUKE 3pEHUs, B YaCTHOCTH,
YCTaHOBJICHHE ONPEEICHHON CUMMETPUH MEXKIY CBOMCTBAMH HYJISI U OECKOHEYHOCTH.

1. UcTUHHOCTHBIE TA0JMIbI B HCYHCIEHHU BbICKA3bIBAHMIA.
dopmalibHO, YIOMSIHYTYI0 OecKoHeuHYIo Tabnuity YT MOXKHO CTpOUTh, HE 0Opamiasch
K JIOTMYECKON TepMHUHOJIOTUY (Tabauna 1). Beimuiiem B kauecTBe 3arojOBKOB (HOMEPOB)
CTOJIOIIOB TAOJIUIIBI TOAPS] HATYpajbHbIe uncia. B cTonber ¢ Homepowm a 3anuiiem udps a;

(0 mu 1), ucrons3yemblie B IBOMYHOM mipeactaBienuu (1) yucna a.

Tabnuma 1. HarypansHbie yriciia B ABOUYHON 3aMUCH.

0O 1 2 3 .. a ..
0 0 1 0 1 ao
1 0 0 1 1 ai
2 0 0 0 O a
i 0 0 0 O ai
C nabopom udp (ao, ai, ..., i, ...) CBI3aHO HE TOJILKO HaTypaibHOE yucio a (1), Ho u

nBouyHas apo0Os 0.a (2), mpencraBieHHas B BUC OECKOHEUYHOTO CXOSIIETOCS Psijia,
MocJieI0BaTeIbHbIE YaCTUYHBIE CYMMBI KOTOPOTO 00pa3yloT nociedosamensvrhocmes Kouiu.
Cronlusl a, Kak 4yncia, pacnojoKeHbl B MOPSAIKE BO3paCTaHMsI cIeBa HAMPaBO, TOTa KakK
COOTBETCTBYIOIIUN MOPSAIOK Apodeit 0.a Mo X BeInurnHe IPECTABISICTCS Ha TIEPBbI B3I
XaOTHYHBIM. MHOXECTBO 6cex npobeit Buaa (2) oxBarbiBaeT (IOTCHITHAIBHO) 6Ce YHCIIa
(Toukm) otpeska [0,1] auciaoBoit ocu, U MBI (npedsapumenbHO) 3aKITFOYAEM, YTO MHOXKECTBA
HaTypaJbHbIX YHCEN U ICUCTBUTENBHBIX uncel oTpeska [0,1] pasnomounst. Takoe
3aKJTIOUYCHUE, ECTECTBEHHO, TPeOyeT 0oliee AeTaabHOro 00CYKICHHUS, YeM MbI 3aiiMeMCsI B
CIIeTyIOIIEeM pa3zere.

HHTEpecHbIM CBOMCTBOM TaOIUIIBI SBIISETCS IEPHOAMYHOCTH ee cTpouek. HyneBas
cTpouka nepuoanydHa ¢ nepuoaom asa: 0101... = (01), mepsas — ¢ nmepuogom 4: 00110011...

. .\ OO
- H L i -
= (021%)*, i-s1 — ¢ mepuoyom 21 (02 12 ) . [To5TOMY, €CIT OrpaHWYHTHCS TEPBBIMH |



ctpoukamu YT, Bcs ocraroniascs CTpyKTypa OyZeT epuoudHa Kak pa3 ¢ yKa3aHHbIM
HOCJIEIHUM NIEPUOIOM, T.€., OHA OyJIEeT MOJIHOCTBIO ONPENENIATHCS KOHEUHOM Tabuuuei,
comeprkarmeii i + 1 crpouky u 21! cron6ern. DToT GparMeHT yHHBEpCATbHOM TaOIHIIBI 1
0603uauum nocpeactsom YT(i). MuosxkectBo cronbios YT (i), oueBHAHO, COBIAIACT C
muoxkecTBoM V™1, YKa3aHHas nepuoaMdHOCTh 03HAYAET, 4TO B TAOJIHIIE HMEETCS
(cywecmsyem) 6eCKOHEYHO MHOTO TIOCIeI0BaTeNbHOCTEl Komy ¢ 0JHHAKOBBIMH dJIEeMEHTaMU
(4acTHYHBIMH CyMMaMH ) JI0 JIFOOOTO MOPSI/IKA, T. €., CKOJIb YTOJHO MaJI0 OTJIMYAIOIINXCS IPYT
OT Apyra.

OtmetumM, yto YT(i) MOTYT CITYyXKHTh TaOJIUIIAMU UCTUHHOCTHBIX (DYHKIIMI
IPOM3BOJILHOI'O YHCIIA apIYMEHTOB («OYyKB») B UCUHCIIEHUH BBICKA3bIBAHUH.

Bricka3piBaHue — 3TO yTBEpPKIECHHE, KOTOPOE MOKHO KBAJTM(UIIMPOBATE KaK «UCTHHYY,
N, mubo xak «1oxsb», JI. [To-gpyromy, 3T0 BenmnuuHa A, npuHUMaromas asa saadenus, 0 (1)
win 1 (JI). C moMoImbio pa3iuvHbIX C8430K U3 POCTHIX BBICKA3bIBaHUM («OYKB») 00pa3yroTcs
6osee cloKHbIE, 00 HCTUHHOCTH WJIN JIO)KHOCTU KOTOPBIX MOXKHO CY/AUTh, UCXOAS U3 TUIA
CBSI3KM M MCTHUHHOCTH WJIM JIO)KHOCTH CBSI3bIBA€MbIX BbIpaxkeHUi. [IpousBosibHOE
BBICKa3bIBaHUE A MOXHO paccMaTpUBaTh KaKk (yHKIUIO #POCMbIX BBICKAa3bIBAaHHH
P1, P2, ..., Pn, HE3aBHCHMO JIpyT OT Apyra npuHuMarouux 3Hauenus U, JI (0, 1),
A =T (Py, Po, ..., Pn). [Ipu 3a1anHbIX 3HaUCHUAX OYKB P1, P2, ..., Pn (Pi = 0 wiu 1) dyHKIwHS
npuHuMaet 3HaueHue T (g, ..., Pn), Takke paBuoe 0 wiu 1. [Ipu koHeuHOM uyHnCcie OYKB N,
YHCIIO pa3sInuHbIX HA0OPOB aprymMeHToB (yHkiuu f paBHo 2", a oOmiee YKo pa3IMIHBIX
¢GyHKIUI paBHO 22" Tlo CYUIECTBY, 3TH (DYHKIIMH MPECTABISAIOT cO00# 0TOOpakeHue
V"5V, rae V — aByxanementaoe MHOxecTBO {U, JI}, wnu {0, 1}. 3Hauenust GyHKIHI MOKHO
IPEICTABUTh B BUJIE TAOIHUIIBI, cojepxaieit 2" cTpouek u 22" cTon6uos. [Tpu n =2 — 310
Tabnuia u3 4-x CTpok u 16 cTon0110B:

Tabnuna 2. BceBo3MOKHbIE TOTHYECKUE (PYHKIHH BYX apTyMEHTOB.

P Prifo f1 fo f3 4 5 fo f7 fg fo fio fuu fro fiz fig fis
0O 010 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
0 110 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
1 0|0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
1 110 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
0 | = P == P I v @ P P, & 1

Tabmuia opranu3oBana cienyronmm oopazoM. CTpOUKH HYMEPYIOTCS MapamH i1,
paccMaTpuBaeMbIMU KaK JIBOMYHAS 3aIMCh HATYPalIbHBIX yrcel | ot 0 10 3:

i = (i1i2) = 112! + i22°. Kaxnoit yHKIME COOTBETCTBYET CTONOE U3 YETBEPKH HYIEH 1 eIHHHIIY
0218233, COOTBETCTBYIONIEH HATYPATLHOMY YHCTy a = a020+a12'+a222+a323, xotopoe
UCIIOJIB3YeTCsI B KauecTBe HoMepa (hyHKiuu. TakuM 00pa3oM, B CTpOUKe | U cTOJIOIE a
TaONHIBI CTOUT ABoMYHAs udpa ai paBHast 0 wim 1. Kak BuaHo, Tabnuna 2 npeacTaBiser
coboii ¢pparment Tabmuier 1, YT(3), cocTaBieHHBIN U3 €€ TEPBIX YETHIPEX CTPOUEK U
IIECTHA/ILATH CTOJIOLIOB.

HexkoTopbie n3 GyHKIHIA B IOTHKE UMEIOT CIICI[HATbHbIC HA3BAHUS U 0003HAUCHHS,
yKa3aHHbIC B HWOKHEM psiy Tabmuisl. Hanpumep, f14(P1, P2) = P1&P2 — konwvronkyus
BBICKa3bIBaHMH P1 11 P2; oHA MCTHHHA TOJIBKO TOT/A, KOT/Ia HCTHHHBI 00a CBS3bIBAEMBIX 3HAKOM
KOHBIOHKIMHU BbIcKa3biBauus. fa(P1, P2) = P1vP2 — ouswronkyus, f2(P1, P2) = P2 = Py, fa(P1, P2)
= P1 = P2 — umnauxayus (cnenosanue), f3(P1, P2) = —P2 — orpunianue P2 u 1.1. OT™MeTum eiie,
YTO MHOXECTBO CTOJIOLIOB ITPHUBEACHHOM TaOIHIIBI 3aMKHYTO OTHOCHTEIIFHO OTepaIiui
HIO3JIEMEHTHOTO YMHOKEHHUS M CIIOKEHHS TI0 MOJIYJIIO 2, YTO MO3BOJISIET 3aMEHSTh JIOTUYECKHUE
onepanuu anredpanyeckumu. He Oyaem moipoOHO 0cTaHABIMBATHCS HA ATUX BOMPOCAX,
NOCKOJIBKY JIJIsl HAIIUX IIeJIed CYIECTBEHHA JIMIIb (pOpPMaIbHAs CTPYKTYpa TaOJIHII.



[Tpu Gonbuiem, yeM 2, yncie OyKB MOJHbIE TAOIUIIBI MCTUHHOCTHBIX (DYHKIIUH
CTaHOBATCS] HEOOO3PUMBIMH, HO IPUHIIUIIBI HX COCTABICHUS M CTPYKTYpa COXPAHSIOTCS.

[Tpu IpOU3BOIBLHOM N YHCIIO PA3IHUYHBIX PYHKIUH (CTOIOIOB TaOIUIIBI) PABHO 22" umma
CTOJIONOB (UKCITO CTPOK) paBHa 2", T.¢., MbI nMeeM Jieito ¢ pparmentoM Y T(2"-1) Tabmumbr 1.
B kauectBe OyKB BhICTYyNalOT KBasunepuognueckue cronoust: P1=(010101...01) = (0 1)2n_1,
P,=(00110011...0011) = (0212)2"™*, P3=(00001111...00001111) = (02°12°)2" . P,=
(00...011...1) = (02" 112" ™)2° (2" uyneit u crombKo e emum). Oynkius fa
XapaKTepu3yerTcs CToa01oM (o, at, ... i, ..., a2"-1), rae KO3QPHUIUEHTHI @i OCYIIECTBIIAIOT
npescTaBiIeHne HoMepa (GYHKIUH B IBOMYHOI cucteme. TakuMm oOpa3oMm, 3HaYeHHEM (YHKITHH
fa(P1, ..., Pn) B cTpouxe i = i12° +...+in2"1, B koTOpOI GyKBEI P1, P2, ..., P mpuHUMAaIOT
3HAYEHUS i1,12, ...,In, COOTBETCTBEHHO, SIBIISICTCS YUCIIO @i, paBHOe 0 mm 1.

TaGmuier 001a1a10T BRICOKOH cuMMeTpueit. OTMeTnM, 4yTo Tadnuia st N OyKB
MHOTOKPATHO COJIEPXKHUT B ceOe Tabmuibl 1uist unucia Oyks ot 1 go n - 1. Kaxnas crpouka —
nepuoMueckas ¢ mepuonoM 21, rue i — Homep cTpouku. B mepBoii ueTBepKe CTpOUEK
NEePHOANYECKHU TIOBTOPSETCS BBIIICIPUBEICHHAS TA0IUIA 2 1S IBYX OYKB, B IEPBBIX BOCHBMU
— Tabnuia 8x256 aus Tpex OykB u T.1. Kaxaplii cronber; Tabmuiipl, T.¢., GyHKiws fa (P1,..., Pn)
IPEICTABISICT COOON HEKOTOPYIO Xapakmepucmuyeckyto GyHKIHIO Ha MHOXeCTBE V",

BcenomuuM, uto ctonber & = (ao ap...8,5n —1) n300pakaeT He TOJIbKO HaTypalbHOE

YHCIIO ¢, HO ¥ MPAaBUJIbHYIO TBOMYHYIO ApOOb
= a(tf +ail) .+ a3)” Gf
n
T. €., Habop cTosbioB YT(2"-1) — 310 éce npobu co 3HaMeHaTeIeM 2% MIPOU3BOJIHLHBIMHU

yucnureasivu ot 0 10 22n — 1. Ipu HeorpanuIeHHOM POCTE N COOTBETCTBYIOMIAS TabIHIIA
CBOJIUTCS K «yYHUBEpcanbHOI» Tabnuue 1 u OyneT Bkitoyarsh (o ApUCTOTENIO —
nomenyuaibHo, 1o Kautopy - akmyanibho) «Bc€» MHOKECTBO TBOUYHBIX IPOOEH, HO MPH ITOM
Kax1ast 1po0b OyleT UMeTh CBOI «kHOMEp» — HEKOTOpoe HaTypaiibHOoe yncio! UToObl Tabnuia
1 BBITISAAENIa TOXOAAIIMM 00pa3oM, Kak TabIuIla HCTUHHOCTHBIX (DYHKLIUH, CIIEYET ellie
HPEICTaBUTh HATypalIbHBIC YKCIIA |, HYMEPYOIIHE CTPOYKH TaOIHIIbL, B IBOMYHOM opMme:

= i120 + i221 +...+ in2”‘1+... , (6)

¥ OTHECTH CTOJIOMK U3 udp i1 K «OykBe» P1, cronbuk u3 mudp iz x P2 u 1. 1. Taxum oopazom,
YCMAaHaenueaemcsa omme4eHHoe 60 66e0eHUU COOMEENCHEUE MeHCOY O8YMA
MHOIHCECMEAMU, MHOXXECTBOM JIBOUYHBIX AP0OEii 1 MHOKECTBOM HaTypaJIbHBIX YUCEN, YTO
nomenyuansno (6upmyanvbHo) 03Ha4YAET PaBEHCTBO C=No.

2. HexoTopble ciieacTBHs COOTHOMIEHHUS ¢ = No.

OO6cynuM BO3MOXKHBIE TPUYMHBI PACXOKIACHUS OTYUYEHHOTO BhIIIE pe3ysbTaTta C = No
¢ OOLIENPUHATHIM B HAaCTOsIIEe BpeMs MojioxkeHneM C > No. /loka3arenbcTBo 3TOro
noJyioxeHnss KaHTop mpoBe ¢ TOMOIIBIO TaK Ha3bIBAEMOTO OUAZOHAIbHOZ0 MEMO0d TTyTEM
IPSMOTO IMOCTPOSHUS IBOMYHON APOOH, HE BXOJIAIIEH B J1#00YH0 TIPOUH/IEKCUPOBAHHYIO
HaTypaJIbHBIM PSIZIOM TTOCJIEIOBATEILHOCTh TakuxX Apooeit. CormacHo noctpoenuto Kanropa
IPUMEHHUTEIBHO K Tabnuie 1, 1podb, He coneprKalascs B 3Toi Tadnuie, 10KHAa HAaYUHAThCS
kak 0.1..., 9TOOBI OTAMYATHCS OT HYJIEBOTO cTO0MA; Kak 0.11..., 9TOOBI OTIMYATHCS U OT
nepBoro cron6oua; kak 0.111..., 4ro0bl OTIMYATHCS OT BTOPOTro cTobua u T. A. To ecTs, peub
unet o nepuoanueckon apoodu 0.(1) =0.(11) = ..., koTopas pacnonaraercsi B Tadnuie 1
Heonpeodenenno (0OECKOHEYHO) 0aleKo OT Havaja U KOoTopas o npasuiy (3)
omodicoecmennemcs ¢ Hamypanbhovim yuciom 1. Takum o0pazom, npu eblOpanHom cnocooe



HyMepayuu TBOUYHBIX Jpo0eil nuaroHanbHbI MeTor KanTopa cpabarbiBaet éxosnocmyio:
BMECTO HEIIPOHYMEPOBAaHHOM JPOOH OH MPHUBOIMT K 1esiomy uuciy 1. «Homepy»
COOTBETCTBYIOIIIETO CTONOIA — nomeHyuaibHo Hanbobiee HatypainsHoe yucio 111...1...—
CHMBOJIMYECKH MOKET ObITh 0003HaueH Kak (1) = (11) = ... (B 1eCATUYHOM CUHUCIICHUU
999...9... =(9)). MoxHo ObUIO OBl B HBIHEIIHEH (KaHMOpOBCKOLL) HepapXuH OECKOHEYHOCTEH
OTOXKJICCTBUTH 3TOT CYNIECTBYIOIINHN JINIIb «IIOTCHIIMAIBHO» HOMED C TPAaHC(HUHUTHBIM
YHCIIOM (® — HAMMEHBIIIUM M3 OECKOHEUHBIX OPOUHATLO8.

B nBon4HO# cucTemMe HeonpeaeeHHO AajIeKo OT Havasla TaOIUIbl PacIioaraloTcs
TaK)Ke HeCOKpaTuMbie Ipo0u Buaa P/(, 3HAMCHATEIH KOTOPBIX COJIEPXKAT B KAYESCTBE
JenuTenei, KpoMe BO3MOXKHBIX ABOEK, M IPyTHe MpocThie uncia. MM oTBeyaroT
HEepHOANYECKUE WK CMEIIaHHbIe IepruoanyYeckue qeonunsie npodu Buaa 0.a(b), rae a, b —
KOHEYHBIC HaTypajbHbIe uncia. Homepa atux apodeit a(b) npu b =0 sensrores yxe
0OCECKOHEUHBIMHU YMCIIaMU. TakuM 00pa3oM, OECKOHEYHOCTh B 3TOM CUTYAIMH MPOSBIISICTCS KaK
pe3yIbTAT cocnauienusa 00 UCTIOIB30BaHUN TTO3UIIMOHHBIX CHCTEM UCYHCIICHUS.

Jlanee 3aMeTHM, YTO KaXJJOMY CTOJIOIY TaOIUIBl | MOYXKHO TIOCTABUTh BO B3aUMHO
OJTHO3HAYHOE COOTBETCTBHE HE TOJILKO €r0 HOMEP d = dod1dy...di... WX COOTBETCTBYIOIIYIO
nBonyHyI0 ApoOk 0.a (cM. popmyst (1), (2)), HO B HEKOTOPOE MOAMHOKECTBO HATYPAIBHOTO
psina {i1(a), i2(a), ...}, B KOTOPOM B Ka4ecTBe Ik GUTYypUPYIOT HOMEpA PaBHBIX | 3JIEMEHTOB
MOCJIEIOBATEILHOCTH dod1dz. ..di.... Harpumep, 11-my cronliry Tabauilbl COOTBETCTBYIOT €0
nBouuHbiii Homep 1101, 1po6s 0.1101, a takxe noamuoxkectso {0, 1, 3} HarypanbHOTrO psiza.
Takum 06pa3oM, MyTeM MPSIMOTO MIOCTPOCHUS, YCTAHABIMBACTCS B3aMMHO OJJHO3HAYHOE
COOTBETCTBUE MEXKJIy TPEMsI TUIIAMU MHOXECTB: OCCKOHEYHOM MOCIIeI0BATEIBHOCTHIO
(HaTypaJbHBIM PSJIOM), MHOKECTBOM BCEX JBOMYHBIX (SICHO, UTO M BCEX N-UYHBIX) ApOOCi 1
MHO>KE€CTBOM BCEBO3MOKHBIX TTOJIMHOKECTB HATYpalIbHOTO psijia. Cpa3y oTMeuaeM, uTo
YCTaHOBJIEHHOE TaK COOTBETCTBUE MEX/Ty HATypaJIbHBIM PSIIOM U MHOKECTBOM
BCEBO3MOXKHBIX €r0 IOJIMHOKECTB IPOTUBOPEUNT U3BECTHOU meopeme Kanmopa, xotopas 1o
CYTH SIBJIETCS TTepehopMyITMPOBKOIL €T0 Ke OUAZOHANbHO20 MemOOa Y TIOTOMY TaK jK€ MOXKET
OBITH TIOCTABJIEHA MO COMHEHHE.

Yucno 3meMeHTOB (MOITHOCTH) MHOXKECTBA BCEX TTOJJMHOKECTB KOHEYHOTO MHOXKECTBA
nopsiaka N paBHo 2". Ecmecmeenno 0003HaYUTh MOITHOCTD BCEX MOJIMHOKECTB HATYPAILHOTO
pana aucen kak 28°, Cornacuo Kanrtopy, 289 = ¢. BmecTe ¢ HepaBeHCTBOM ¢ > No 3T0
MPUBOJIUT K IETIOYKE KapAUHATHHBIX YHCE:

No<c<2°<..., (7

HECKOJIBKO 00Jiee CoepKaTenbHOM, YeM «TyMaHHas 1enovka anedos (3), 4acTbio KOTOPOH
oHa sBistercs. [Ipennonoxenne o TOM, YTO 3TH J[BE LIENOYKU COBIA/IAI0T, Ha3bIBACTCS
0000u4eHHOIl KOHMUHYyM-2Uunome3oil. Y TBepXJIeHHue ¢ = No CBOJUT ce OECKOHEUHBIE
KapJIWHAIBHBIC YHCIIa K OTHOMY — HEKOTOPOMY YCIIOBHOMY 0003HAUEHHIO APHCTOTEICBOM
nomenyuanbHou 6eckoneynocmu (KOTOPHIM B SBOYHOM ITOPSAKE U CIYKUT CUMBOJ 0).
OpHakKo, Kak OTMEYaJIOCh BHIIIE, YBEPEHHO IPUMEHSTH 9TO YTBEP)KACHNE MOKHO JIUIIIb 10
OTHOILEHHIO K KAHMOPOECKUM MHOXKECTBAM C PA3IUYUMbBIMU SIIEMEHTAMHU, KaKOBBIM, I10-
BUJINMOMY, U HE SIBJISIETCS “BECh” KOHTHHYYM (HO SIBJISIOTCSI 6CIO0Y HIOMHOE MHOXECTBO
palMOHABHBIX IPOOEH, MHOXKECTBO alNreOpandeckux YHcel).

Pa3nuuHBIe MOHOTOHHO BO3PACTAOIINE C POCTOM apryMeHTa (yHKImy Trma nZ, 2", nl,
lg N paznuuaroTcs «CKOPOCTBIO 8€4HO20 TBUKECHUS» 110 HAIPABICHHUIO K OECKOHEYHOCTH. DTO
MO3BOJISIET TOBOPUTH O OECKOHEYHO OOJIBIINX (MOJKET, JIy4Ile TOBOPUTH O CKOJlb Y200HO
donvuux, CYB) Tuna O(n?), O(2"), O(lg n). ConocTapienue nocienopatenbrocteii (n), (n?) u
(2") cBUIETENBCTBYET B MOJb3Y PABCHCTBA UX MOIIHOCTEH, TOT/[a KaK IPH KAHTOPOBCKOM
MOJIX0/1€ IKCTIOHEHIIUAIbHAs (PYHKIIUS ONpEeIEHHBIM 00pa30M BBIICISETCS.



AHaNOru4HO, ¢ OECKOHEUHBIM IPOOJICHUEM eOUHUYbl CBSI3aHbI OECKOHEYHO MAallbie
(CYM) tuna o(1/ n?), o(1/2"), o(1/n!) u T.1. TeM caMbIM YCTaHABIMBAETCS ONPE/ICICHHAS
CUMMETpPHUS MEXy HYJIEM U OECKOHEUHOCTBIO; OECKOHEUHOCTh — HEUTO HEOCTHKMMOE, HYITb
— HEYTO Kcue3aroniee, HU4To. Tam, I/ie Huumo, NOTEHIMATFHO MOXET BO3HUKHYTh YTO-TO.
Hynb, Kak pe3ynomam 6ecKOHeuH020 OPOOIeHUA eOUHULbL, CHIOIb )€€ HEOOCHUNICUM KAK U
beckoneunocms. Takoli BBIBOJ sIBISICTCS TUIaTOW (Mt OOHYCOM) 32 BO3BpAIllCHHE K
ApucTOTENeBON KOHLENIIMA OECKOHEUHOCTH.

[ToHsATHE «eIMHUIIA» B HAYKE MPEKIE BCErO MCIIONIB3YETCS KaK SIMHUAIA H3MEPCHHUS.
EnuHunps! u3sMepeHust B CTAaHAAPTHOU cHcTeMe OJIM3KH K IapaMeTpaM YeoBeKa — KHIIOTpamM,
METp, CeKyH/1a. B Ipyrux cucremMax equHHIIBI MOTYT OTIMYATHCS OT CTAHIAPTHBIX BO MHOTHE
MWLIHOHBI pa3. B kauecTBe eqUHUII M3MEPEHUS YITIOB UCIOIB3YIOTCS IPAaAyChl M paJluaHsbl,
npudem 180 rpamycoB paBHBI T paguaHaM. Takum 00pa3oM, eMHHIA B IPUHIIAIIE MOXKET
CUUTATBCSA Hpedcmagumesiem MPOU3BOIHLHOTO KOHEYHOTO BEIIECTBEHHOTO YHCia (JIEMEHTa,
3pUMOTO TPEIMETA, “XOPOIIO MBICICHHO MPEICTAaBUMOro” 00bekTa). Hyib, equanna u
BO3HHKAIOIINE B MPOLIECCE OECKOHEUHOTO C1€006aAHUA 32 HUMH YHCIIa COCTABIISIOT
HATYpaJbHBIN Psil, «CO3MaHHBIA OOrom» 1o BeipakeHuto JI.Kponekepa.

3akJaro4eHue.

Bo BBenEHNHM 0TMEYAIOCH, YTO BHEAPEHUE B MATEMATUKY B KAUECTBE €€ OCHOBBI
TEOPUU MHOKECTB COITPOBOXKAAJIOCH 0)KUBIIEHHBIMH JTUCKYCCUSIMHU. BocTOpKEHHbBIE OTKIIMKU
. I'mns6epra u b. Paccena nepemexanich ¢ KpUTHYECKUMHU BbICKa3biBaHUsAMHE [ . Beins u
A. Ilyankape. Ilyankape, Harpumep, sMoLroHalbHO nucai B 1908 r., uto «Oyayime
MOKOJIEHUs OyAyT CUMTATh 3Ty TEOPHIO 0OJIE3HBIO, OT KOTOPOH MBI H3JI€UUIIUCH». TOT (axT,
YTO TEOPHUSI MHOYKECTB BMECTE C KAHTOPOBCKUM IPE/ICTaBICHUEM O OECKOHEUHOCTH 3aHSUIM B
MaTeMaTHKe MPOYHOE MECTO, MOXKHO COIIPOBOIUTH 3aMevyanueM Jx. ¢pon Heiimana: «B
MaTeMaTHKe HE yCBAaUBAIOT MOHSTUM, a OCTENIEHHO K HUM MpuBbIKatoT». Wnu, no meicaun M.
[InaHka B CBSI3U C KBAaHTOBOW TE€OpUEH, «HAYUHBIE NJIEU TOPKECTBYIOT 110 MEPE BEIMUPAHUS UX
IPOTUBHUKOBY». EcTeCTBEHHO, OJTHAKO, 110 MEpEe Pa3BUTHS HAYKHU BO3BPALIATHCS K Y3JIOBBIM,
JMCKYCCHOHHBIM MOMEHTaM ee UCTopuu. HeBbImoaHUMOCTh porpamMmMsbl ['iisbepTa osxuBuIIa
MHTEpPEC K TEOPUU OECKOHEUHOCTH.

Martemaruka, kak ucan A. DiHmrelH (1921), «o6s3aHa CBOMM MPOUCXOKICHUEM
HEO0OXOJJUMOCTH y3HATh YTO-I100 O MOBEIEHNHU PEaIbHO CYIIECTBYIOMIUX 00BEKTOBY. «Eciu
TEOPEMBl MaTEMaTHKU IIPUJIATAIOTCS K OTPAKEHUIO PEAIbHOTO MUpPa, OHU HE TOUHBI, OHU
TOYHBI JIO T€X MOP, TOKA HE CChUIAIOTCS Ha AEUCTBUTEIBHOCTY. JleficTBUTENbHO, yiKe caM
IpoIiecc BhIJEIEHHUS 0ObEKTOB U3YUEHUS U3 OKPYXKAoIel cpe/ibl KakKUM-TO 00pa3oM
CKa3bIBAETCS Ha X XapaKTEPUCTUKAaX U BMECTE C HE U/I€aJIbHOCThIO U3MEPUTENbHBIX TPHUOOPOB
OTrpaHUYMBAET TOYHOCTh PE3YJIbTATOB U3MEPEHUI. TOUHOCTh N3MEPEHUI BCETja KOHEYHA.
Poct TouHOCTH ‘Oononnsiemcs’ pocTOM CIOKHOCTH MPUOOpPoB. [1oaTomy, ¢ TOUKH 3peHUs
BO3MOXHBIX MTPUIIOKEHUN B €CTECTBO3ZHAHUM, OECKOHEYHOCTh, O€CKOHEYHast TOUHOCTh
JOCTHKUMBI JIUIIb MbIcIIeHHO. CyIiecTBOBaHUE Pa3IMYHBIX CTyIeHEeH 0€CKOHEUHOCTH,
(akTHUECKH MOCTYIMPOBaHHOE B Tpyaax KaHTopa, 1o psily MyHKTOB, pACCMOTPEHHBIX B
HacToALIel paboTe, BBIMISIIUT HEAOCTATOYHO 000CHOBAaHHBIM. [IpH 3TOM BO3HUKAIOT U
BOIIPOCHI, CBSI3aHHBIE C BEIOOPOM CHUCTEM aKCHOM.

B noBcenneBHoO# (npuxnaonoii) pabote He MPUXOJUTCS CTAITIKUBATHCS C
HEO0XOMMOCTBIO CTPYKTYPHUPOBaTh OECKOHEYHOCTb 110 MOIIHOCTH. HaTypanbHblil psf
JIOCTaTOYHO BEJIHMK, YTOOBI MOKHO OBLIO J1F000€ CKOJIb YTOTHO OOJIBIIOE KOHEYHOE YUCIIO
CUMTATh JIMILIb HaYaJIOM 3TOro psaa. Ero nocrarouno 11 onudpoBKH Beell HAyKH HACTOSIIETO
u Oymy1miero.

ITo Mepe penieHMs] KOHKPETHBIX 3aJa4, KOTOPBbIE MOKHO paCCMaTpUBaTh KaK JTallbl
CTPOUTENBCTBA 3[aHUSI MATEMATHKH, HY>KHO CIEIUTh 32 (yHIAMEHTOM 3JIaHHSI — JIOTUKOM,
BKJII0Yasi TEOPHIO MHOKECTB. DMOLIMOHAIIBHBIN ()OH, B KOTOPOM OKa3bIBAETCSI UCCIIEA0BATENb-



CTPOUTENb BCIAEACTBUE TAKOW JOTOJHUTEIBHOM Harpy3Ky, XOPOILIO OMKUCHIBAECTCS CIEAYIOIICH
nurTaroit u3 ouepka I'. Belins «Matematuka u jgoruka» (1946):

«W3 3TOr0 UICTOPUYECKOTO OUEpPKA COBEPIICHHO SICHO OJHO: Mbl BCE MEHEE BEpUM B
HaJIMYUE TOCTAaTOYHBIX OCHOBAHMI JIOTUKU U MaTeMaTuku. Kak v Bce B COBpeMEHHOM MHUpE,
MBI IMEEM CBOU COOCTBEHHBIN «KpU3HC». M IUIUTCS OH Yy HAC YK€ OKOJIO IMOTYCOTHH JIET.
H3ene 6pao nu 3amemno, Umo oH npenamcmeyem Hauiell NO8CeOHeeHoll padome; OTHAKO s,
HAIIpUMeEp, TOJDKEH MPU3HATHCS, 9TO OH OCTABUJI ITyOOKHIA CIIe/T Ha BCEM MOEM
MaTeMaTUYeCKOM TBOPUECTBE: OH BBIHY K1l MEHSI HAIIPABIISATh HAyYHbIE HHTEPECHl B 00JIACTH,
CUMTAIOIINECS CPABHUTEIHHO «0€30MaCHBIMUY», OH TIOCTOSIHHO OXJTAXKIAI YHTY3HA3M H
PEIIUTENbHOCTh, C KOTOPHIMHU s IPUHUMAJICS 32 CBOM HAay4HbIE U3bICKaHUs. BeposTHO, TakoMy
ONBITY IPUYACTHBI U IPYTUE MATEMATUKHU, KOTOPBIM HE 0€3pa3InyHO, YTO 03HAYAIOT UX
YCHJIMA B Pa3BUTUU HAYKHU B IIJIaHE BCETO YEJIOBEYECKOT'O CYIIECTBOBAHUS, UCIIOJTHEHHOTO
TPEBOT U MO3HAHMS, CTPATaHUN U TBOPUYECTBAY.
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