Beaumup AOpamoBu4:
CKOJIbKO UMEETCSI BECKOHEYUHOCTEM B MATEMATHKE?

(U3 «OcHoBbl Hayku o Bpemenn »)

Yuras ((Z[I/IaFOHaHBHBIfI ApryMCHT», S IIOHAJI, YTO B HEM HHUYCTO HEJIB35 CHUTATDh
PasyMCrOIIUMCs CaMO co0010. 31O A0Ka3aTCJIbCTBO HY)KHO aHAJIM3UPOBATH B AHTUYHOM
MaHEepPEC, ITYHKT 3a IYHKTOM, CUMBOJI 3@ CUMBOJIOM, HC CIIClId, CAMbIMHU MCIIKUMU
maramu. Takoit oAX0aA HY>KCH, MCXKAY IIPOIUM U ITOTOMY, UTO CYTbhb KaXXJ10I'0 TPIOKa, B
MNEPBYIO OUCPCAb UHTCIUVICKTYAJIbHOI'O, 3aKJIFOYACTCA B MHHMOM HarjsiaHOCTH.

[IpoBepka nokazarenbcTBa Kantopa KocHynach MEHs KpaiiHe JIMYHO, TTOCKOJIBKY,
€CJIM TOYHBIM SIBJIIETCS TOT (DaKT, YTO B apu(PMETUKE CyIIECTBYET OOJIbIIEe OAHOM
OECKOHEYHOCTH, B ITOM CIIydae MOU TPy CTasl Obl OECCMBICICHHBIM, MOSI TEOPUS
BPEMEHHU — HEMPABHIILHOM, @ MaTeMaTHKa U (PU3HMKA HABCEr1a OCTAIHUCH OBl
(yHITaMEHTaJIbHO HECBSI3aHHBIMU HayKaMHU.

I[J'If[ HarjisiIHOCTHU, MbI B HA4aJIC IPUBCACM NO0KAa3aTCIbCTBO KaHTopa, IIOTOM €TI0
HO,I[p06HO MMpOaHAJIN3UPYCM, U B KOHIIC NIPCACTABUM CcOOCTBEHHOE PCUICHUC  INCTHHT
BCEX ACCATUYHBIX YUCECI», B COOTBCTCTBUU C IIPUHLOHUIIOM 3JpaBOro CMbICJIa MeJ’II/Ica,
COIJIaCHO KOTOPOMY «OECKOHEYHOCTH HE MOT'YT COCYHIECCTBOBATH».

«Metox nuaronnanzanuu Kanropa

[Ipennonoxxum, 4T0 OECKOHEYHOCTh ISUMAIIBHBIX YHCET MEXIY HyJIeM U
eIMHUIEH HEe OTIMYAETCS OT OECKOHEUHOCTH HATYPAJIBHBIX YUCEIN, IPU TTOMOIIN
KOTOPBIX MBI ITOICYUTHIBAEM KX (T.€. PU MIOMOIIU KOTOPHIX MBI MOJICYUTHIBAEM
necsatTuaHble UQphI). B 3TOM cityyae Bce eCITHUHBIC YHCIIa MOTYT OBITh IIEPEUUCIICHBI
B CITUCKE.

1 d1 = 0.d11d12d13d14
2 d2 = 0.d21d22d23d24 cecccee
3 d3 = 0.d31d32d33d34 cesccee
4 d4 = 0.d41d42d43d44 cecceee
n dn = O.dnldnzdn3dn4 cosssee

PaccmoTpum aecsituunoe 4uciio X = 0. X1X2X3X4X5 eeeees , TJI€ X| IIPEJICTABIISIET
mo0yto udpy, oTInyaronyrocs ot dij; Xz , ¥ OT dy;; X3 ¥ OT d33; X4 OTIMYAETCS OT dag; U
TaK Jajiplie. 3HAYMT, X ABISETCS JECATUYHBIM YHCIOM, KDOME 3TOTO X MEHbIIIE
€AMHMIIBI, TIO3TOMY X JIOJDKHO HAXOAUTHCS B HalleM criucke. OHaKo, rae? X He MOXKET
ObITH B HayaJIe (T.€. IEPBBIM JIECATUYHBIM YHCIIOM) TTOCKOJIbKY TepBas nudpa X
OTIMYAETCs OT nepBoi HuGpsI d;. X HE MOXKET HAXOUTHCSI HA BTOPOM MECTE CITHCKa,
MOCKOJIbKY X U d; MMEIOT pa3Hbie U(PHI HA COTOM MecTe Tocie 3amsiToi. Boooie, X
otanyaeTcs oT dy, HOCKOJIBKY UX N-Thle Ul OTIIMYAIOTCS APYT OT Jpyra.

X B criucke Het BooOmie. Kopoue, Mbl IOKa3aliy, 4TO B CIIUCKE HET JECITUYHOTO
yycia (X), KOTOpoe 37eCh JOJKHO HaXoAuThesl. He 3aBUCHMO OT TOro, Kak Mbl CTapajnuch
MEPEYUCTUTH AECATHUYHBIE YNCTIa, 10 MEHBIIEH MEpe OJTHO YHUCIIO OCTAETCS
HENEPEeUHUCIECHHBIM. 3HAUUT, JTUCTHHT JECATUUHBIX YHUCET SIBISIETCSI HEBO3MOXKHBIM, T.€.
O0eckoHe4YHOCTH AecATHYHBIX yucie BOJIBIIE 0eckoHeyHOCTH HATYpPAIbHBIX



YHCEJL)

A ceituac 00CyIMM MOHATHE 33 TOHATHEM, ITYHKT 33 TYHKTOM:

«beckoneunocmo decamuunpix wuces»; 4To 3TO 32 0ECKOHEUHOCTh, BHEIITHEH
rpaHulEel KOTOPOU SIBNISIFOTCSL HOJIb M €AMHULA?

«beckoneunocms HamMypaabHBIX YUcea»; 9TO 3TO 32 OECKOHEYHOCTh, BHEIITHEH
IpaHUIIe KOTOPOH SBISIOTCS HOJIb U N ?

BbeckoHeuHOCTh HE MOXKET UMETh BHEITHUX T'paHull. «Heomnpeaenennoe
MHO>XECTBO» HE SIBJISIETCSI OECKOHEUHOCTBIO, T.€. «OECKOHEUHBI HOMEP) SBIISETCS
MIPOTUBOPEYMBBIM MOHSITUEM, €CJIA ATO HE HOJIb.

"IIpeononosxcum, umo 6eCKOHeYHOCmb 0eCAMUYHBIX YUCET MeIHCY HOJIEM U
eouHuyell He OMaUYAemca om 0ecKOHeUHOCHU HAMYPAIbHbIX YU cel, NPU NOMOWU
KOmMOPbIX IMU NOOCUUMBIEAEM OeCAMUYHbIE YUCIA)

UToO6BI 3TO MPEANOIoKEeHNE OBIJI0O TOYHBIM, BO-TIEPBBIX HY)KHO JaTh 1e()UHUIIHIO
JecaTuuHoro uncia. Kaxnaast no3unus aecsTHaHou 3anucu npejcrasiset 10, T.e.
OJIHOBPEMEHHO OXBaTHIBAET LIETYIO TIEPBYIO JIeKaly HAaTypasbHbIX uncen (0.n umeeT
untepsai ot 0.0, 0.1, 0.2, 0.3... — 0.9). Otcrony MOXKeM cJienaTh BbIBOI, UTO MPHU
momornu 1,2,3...n MOXXHO OJHO3HAYHO IOJICUMTEIBATh TOJBKO JICCATHYHBIC MECTa,
JIECSTOE, COTOE, THICSYHOEC ..., HO HEJIB3S TOJICYUTHIBATH BCE BO3MOKHBIC KOHKPETHBIC
3HaYeHHE Ha DTHX MECTaX.

Yucno AeCAITUYHBIX MECT KaXKJI0OTO KOHKPETHOT'O JIECATUYHOTO YHCIa, K IPUMEPY
0.1, COOTBETCTBYET KOJMYECTBY €r0 JECATUYHBIX 3HAKOB, T.€. 1:1. OqHaKo, eciu 3TO
grcio umeet hopmy 0.d, B 3TOM citydae KOJIMIECTBO KOHKPETHBIX JIECATUUHBIX 3HAKOB
COOTBETCTBYIOIIUX d yBEIMUUBAETCA JI0 ecATu. J1a Kommpeccus 10:1 sBisercs
CYLIECTBEHHOM XapaKTePUCTUKOMN JECATUYHOMN 3aIMCH LIEJIBIMU YnciaMu. bes yuera
3TOro (hpaKTa, INCTUHT CTAHOBUTCS HEBBITTOJIHUMBIM.

Kak moTom yBuIuM, riIaBHBIM HEIOCTATKOM repeduns: Kantopa siBisieTcst ero
HEJIOCTaTOYHAsl Pa3BEPHYTOCTh, T.€. B HEM KOJIMYECTBO JICCATUYHBIX YHCE HEe COBIAIACT
¢ KOJIMYECTBOM JECITHUYHBLIX 3HAKOB, a KOJITHYECTBO MECT HE COBIAAAET C KOJIMYECTBOM
aKTyaJbHBIX JIECATHYHBIX YHCEN, KOTOPBIE TOJDKHBI OBITh BKIIOUYEHBI B TUCTHHT. K
npumepy, nepeoe aecsituanoe yucio 1d;= 0.dyq ... UIMeeT TOJIBKO OAHO MECTO ISl CBOMX
JIECATH TICPBBIX BO3MOXKHBIX JICCATUYHBIX 3HAKOB. DTO TTOKA3bIBACT, YTO HE TOJIBKO
HY>KHO BEPHYTh OHTOJIOTHIO B MATEMATHKY, a U BBECTH IPUHIIMII TOXKIESCTBEHHOCTH,
YTOOBI, TAKUM 00pPa30M, BEIPA3UTh CYTh COCYIIECTBOBAHUS MaTEMaTUYECKUX OOBEKTOB B
WHTEPAKIUH (T.€. B MATEMAaTUIECKUX OTEPAIUsX ).

« B aToMm ClIy4dac BCC ACCATUYHBIC YUCJIa MOT'YT OBITh IMEPCUUCIICHBI B CITMCKE.

1 d1 = 0.d11d12d13d14 cesceee
2 d2 = 0.d21d22d23d24 cesccee
3 d3 = 0.d31d32d33d34 cesceee
4 d4 = 0.d41d42d43d44 cecceee
n dn = O.dnldnzdn3dn4
I 4
HOI[pO6HO pacCcMOTpPpUM, KAKUM 06p2130M COCTAaBJICH CITMCOK, U IIOYEMY B HEM,
TaKOM KaKHUM OH €CTb, HC MOT'yT OBITH BKJIIOUEHBI BCE JECATHUYHBIC YUCIIA.



PactmdpoBkoii d Mbl HUYET0 HOBOTO HE y3HAIH ObI; d UMEET OHTOIOTHYECKYIO
(YHKIHIO, CITYXHUT TOJILKO JIJIS1 YTBEPKICHHSI CYIIECTBOBAHUS OTPEACICHHOTO
necsTuaHoro yucina ¢ popmoii d = 0,dddd...d..., MmeHnee Hos.

[TocTpoeHHBIH MO PSMBIM YTJIOM, C BEPTUKATbHBIMU M TOPU30HTAIBHBIMU
COCTaBJISIIOIIMMU, CIIUCOK COCTAaBJIEH C JIEBOM B MPSIMYIO CTOPOHY, C HATYpaJIbHBIMU
yucaamu 1,2,3.4...n, KOTOpbIE NOKHBI MIOJICYUTATH BCE JECTUYHBIE YK CIIA
dy,dz,d3,dy4.. dy, 3HAUUT, 3TO SIBISIETCS MPEATIOCHUIKOM, BCE 3TO MPEKPACHO JI0 3HAKa
paseHcTBa. [locne 3Toro Kantop pazsepTbiBaeT ropu30HTaIbHBIA KOMIIOHEHT CBOETO
CIIMCKa, T.€. nepBoe jecsituydoe unciio B 1d;= 0.dy;dy2d13dy4 ..., BTOpOE ecsiTUUHOE
YHUCJIO B 2 dz = 0.d21d22d23d24 .o U P.

V:ke nepBbli 3HaK JECATUYHOIO 3HAKa UMEET HECOIIaCOBaHHOE 3HAUCHHUE,
MTOCKOJIBKY C JIEBOM CTOPOHBI, B KaUeCTBE 3HaKa, K npumepy, 1d; o6o3Havaercs nenoe
JECATUYHOE YHCIIO, a C IPaBOM CTOPOHBI, B kKauecTBe 3Haka 0.d; 06003Havar0TCs TOIBKO
¢dpakuuu toro yucia (1d;= 0.dy1ds2ds3 ...).

Bropoii 3nak udpst 0.dy1d2d3..., 0003Ha4aeT MeCTO B ACIIMMAaIbHON 3alUCH,
JIECSITOTO, COTOT0, THICTYHOTO U Jp. Ha Kak/10€ u3 3TUX AeCATUYHBIX MECT, KpOME
BTOPOTO 3HaKa UG PHI, MOKHO BHECTH TGPy oT 0 10 9. OOpaTrimM BHUMaHUE HA
3HaYeHHE BTOPOTO 3HAaKa IU(PBI: OH 31€Ch HAXOAUTCS, YTOOBI OJTHOBPEMEHHO MOKPHITh
MHO>KECTBO, COCTOSIIEE U3 IECATH unces. JTo B Tabnuie Kantopa He yka3aHO OTIENBHO.
bnaromaps 3ToMy OHa He SIBJISIETCS IOCTATOYHO IUIOTHOM, YTOOBI HCUEPIIATh
BO3MOXHOCTb JIECATUYHOM 3aIKCH.

['opuszoHTaNBHO, BTOPOI 3HAK IU(PHI YBEIUYUBACTCS Ha 1, HO 3TO HE
0003HayYaeT, YTO AECATOE, COTOE, THICIYHOE... U JP., IECATHYHBIC 3HAKH OJTHOTO
JECATUYHOIO YUCIIA OTJIMYAIOTCS APYT OT APYra; OHU MOTYT MOBTOPSTHCS. BepTukanbHo,
BTOPO#1 3HAK U(PHI SABIAETCS OAMHAKOBBIM ISl IECSATOTO, COTOTO, TBHICSYHOTO... U JP.
JECATUYHBIX MECT BCEX YHMCEJI, OJIHAKO, ITO BCE-TAKH HE 3HAUUT, UTO UX JECATUUHbBIC
3HAKU Ha 3TUX MECTax SBJIAIOTCS OJIMHAKOBBIMU. MTak, 3HaUuT, yTOUHUM, B YEM
npobiiemMa: MEeXy NEPBBIM M BTOPBIM 3HaKOM HUDPHI, K ipumepy uncia 0.d;; e
JNEHCTBYET MPUHIUI 3KBUBAJIEHTHOCTH, T.€. HE IEHCTBYET IBYXCTOPOHHEE OJHO3HAUYHOE
oToOpakeHue; MePBbIi 3HaK HU(PBI JEHCTBUTEIBHOE MPEACTABISAET HATMCAHHBINA HOMED,
a BTOpOH 3HaK IU(PHI HE UMEET 3HAUYCHNE HAMMCAHHOTO HOMEpa. DTO MOPSIKOBBIHA
HOMEp JECATUYHOIO MECTa U OJTHOBPEMEHHO CHMBOJI MHOKECTBA, cocTosero u3 10
HOMEpOB, T.€. CAMBOJI JICKaJIHOTO UHTepBaa JiecsITHuHbIX 3HakoB (0,0;0,1:0,2;0,3...0,9),
HesAGHO PeOyuupoBaAHHbLL 00 MOALKO 00H020 0eCAMUYHO020 3HaAKaA, 00Ho8pemenno c (.
d;. B Temnopann3oBaHHONW MaTEMaTHUKE 3TO TUIIMYHBIN MPUMEP ACHHXPOHHBIX YHCET,
KOTOpBIE 0 MPEANOCHIIKE HE MOT'YT COCYIIIECTBOBATH C (PU3UKO-MAaTEMaTHYECKON TOUKH
3pEHMUSL.

Ceituac npoaHanu3upyeM CBOMCTBA KAHTOPOBCKOIO JIECITUYHOTO YKCIa X, U
YCTaHOBUM IOYEMY €r0 B 3TOW TabIuIle, OTIUYAIOLIEHCS CIUIIKOM CJIa0bIM
paspeleHreM, ero JIeHCTBUTEIbLHO HEBO3MOXKHO OThIcKaTh. KaHTop X onpenernser
cienyomum oopazom: « PaceMoTpum ecsiTHUHOE YHCIO X = 0. X1X2X3X4X5 eeeenee o [/I€
X MpeacTaBJseT JI0YI0 NPy, OTIHYAIIYIOCH 0T di1; X2 , B 0T d22; X3 ¥ OT d335 X4
oTIM4YaeTcsl oT dyy; ¥ TAK JaJbIIE.)

[Tpexne Bcero, BRIpaKEHUE « X = 0. X1X2X3X4X5 ...» SIBISETCS JIEUCTBUTEIBLHBIM
TOJIBKO eclii X=n=0, T.€. HE SIBJIAETCS JACUCTBUTEIIbHBIM B CIy4yae OCTAIbHBIX
KOHKPETHBIX 3HaUCHUH 0. XX2X3X4X5., TAKOE YUCIIO HE MOXKET ObITh paBHO X. HacTosmas



MPUYUHA 3aKITF0YAETCS B TOM, YTO IEJIO€ U 4YaCTh HUKOTJAa HE MOTYT OBITh
CHHXPOHHBIMHU. DTO_ TIOJJPOOHO pa3bsICHUM Ha APYrOM MECTE, a 3/IECh MBI TIOAPOOHO
MpOaHaIIM3UPYyeEM X, B hopme, 3aianHoit Kantopom:

Uwucno X uMeeT U1 KaKI0TO AECITHYHOTO 3HaKa TOJIBKO OJIMH 3HaK MUQPHI C
FOPU30HTAIBHBIM pocToM Ha 1. 3HauuT, oJuH 3HaK yucia 0.X;X;X3X4Xs5 ... HECOMHEHHO
MMeeT JBOMHOE 3HaueHHue: IepBoe 0003HAYAET JAECATOE, COTOE, THICIYHOE ... U JIp.
JECATUIHOE MECTO YHUCIIA X, a TAK)KE, POCTOM Ha 1 OHO MOKa3bIBAET, YTO X MOKET UMETh
HEOTPaHUYCHHOE KOJIMYECTBO MOCIIE0BATEIbHBIX PAa3HbIX JIECATUYHBIX 3HAKOB. OHAKO,
3]1€Ch CYIIIECTBYET U TPEThE, HEBBIPAKEHHOE, CKPBITOE 3HAUEHHUE CaMOTO X, KOTOpOe
MO/IPa3yMEBAETCS, XOTS 3TO B IAHHOM CJIy4ae SBJISIETCS HEIOMyCTUMBIM. J[e710 B TOM,
HECOMHEHHO, 4TO X B BeIpaxkeHUH 0.X1X2X3X4Xs, .., 3aMeHseT 10 pa3HbIX IeCATUUHBIX
3HaKoB. biarogaps sToMmy X; HUKOrAa He coBnagano ¢ dyq, X2 sa dz;, X3sa dssz, ...
MocKoJIbKY uucia 0.d oTHOCATCS TOJBKO K OAHOMY JIE€CATUYHOMY 3HAUCHUIO.

B cBs3u ¢ pazHuiieit Mexay 1eCITUUHBIMU MECTAMU, BEPTUKAJIbHBINA KOMIIOHEHT
CIMCKa He JOIMYCKaeT CIIy4aifHOTO COBIAICHHUS 3HAKA JAECATUYHOTO 3HaKa X C MEPBBIM
3HaKOM uucen dpj MOATOMY BO3MOXKHOCTh SKBUBAJICHTHOCTH X U dp, CBOJIUTCS K OJTHOMY
€IMHCTBEHHOMY cityvato, korja 0. x; = 0.dy;. B aTom ciayuae (x = 0. X1X2X3X4X5...) = (dy
= 0.d;1d2dy3d14... ). UMeHHO 3Ty BO3MOKHOCTh KaHTOP MCKIIOYaET CBOUM
CyOBEKTHBHBIM BMEIIATEIBCTBOM, 33/1aBasi KJIIOYEBOE yCIOBHE, B COOTBETCTBUU C
KOTOPBIM €r0 JI0Ka3aTelbCTBO SABJSIETCS IeHCTBUTENBHBIM: «where X is any digit other
than d;; «. Kaxxapiit pa3yMHBIN 4€TIOBEK CIIPOCUT «HY U XOPOIIO, €CIU X; HE sBIsieTcs dyy,
YTO 3TO 3a HOMep? 371€Ch HAUMHAETCS ONPOBEPKEHUE «IUATOHAJIBHOTO apryMEHTa
Kanropa, npocTeiM yBeTMYeHHEM PE30IIOIUH ero crucka. Punocodcekoe onpaBaanue
3aKJIF0YAETCS B CO3HATEJIbHOM BBEJCHUU MPUHLMIIA COCYLIECTBOBAHUS B MATEMATHUKY, B
OCHOBE KOTOPOI'O HaXOJUTCS OJHOBPEMEHHOCTb YUCEII, IPUHIIUIA, TEHCTBUE KOTOPOTO
YK€ CpEeHEBEKOBbIN IOTIAHACKHI Teosor U MmareMaTuk JlyHc CKOT BBISICHUI Kak
¢bu3nyeckoe orpaHuYeHHEe MHEHUS O (PaKTUIECKOH OECKOHEUYHOCTH.

Opnnako, BepHEMCS K 3KBUBAJIEHTHOCTH X; M dq1 . Kak yxke cka3aHo, riaBHbII
HeJocTaTok crucka KanTopa 3akimodaercs B TOM, UTO B HEM KOJIMYECTBO JI€CATUYHBIX
3HAKOB, KOTOPOE OJJHOBPEMEHHO JIOJKEH COOTBETCTBOBATH KOJMYECTBY JECATUUHBIX
MECT, HE COBIaJaeT ¢ HuM, a B 10 pa3 Oosbiie. DTOT PakT SBISCTCS KIFOUEBBIM, €CIH
BBIOOp JAECATUYHOTO 3HAKA HE BBHITIOJHEH. DTO 3HAYUT, K IPUMEPY, YTO yncio 0.3 umeer
OJIHO JIECATUYHOE MECTO (aKTyaJIbHOCTh), U B HEM OJIUH JIECATUYHBIN 3HAK (TaKKe
aKTyaJbHOCTB), TO €CTh — CHHXPOHHOCTbB, BECh 3TOT HOMEp CYIIECTBYET U B «HACTOSIIIIEM
BpeMeHny. OniHako, obiiee yncio ,x MeeT OJIHO AECATUYHOE MECTO B «HACTOSIIEM
BPEMEHN», KOTOPOE HesI8HO COBIAJIAET C IECATHIO Pa3HBIMU JIECATUIHBIMU 3HAKAMU
0,1,2,3...- 9 «Oynaymiero» (mo3ToMy oHO 0003HAa4YEHO KaK X), O TOTO MOMEHTa, KOr1a
MIPOU30UIET BBIOOP «OyayIIel akTyalbHOCTU», U (,X M X HE T0JIy4aT KOHKPETHOE
1 poBoe 3HAUCHHUE.

Ha camowm nene, 3anuceiBas o0miue yucia a,b,e,X,y...Mbl «<HEU3BECTHOE
oynymee» 0,1,2,3,4,5...» ipencTaBisieM Kak «IMO3UTHBHYIO aKTyaJIbHOCTH a,b,c,X,y... .
DTO Ha caMOM JIeJie SIBJIETCS TOJIBKO OJHUM M3 MHOTHUX TEMIIOPAIbHBIX MPOTHBOPEUYUI B
CTPYKTYp€ OOIIUX YHCEIL.

UtoOBI IpOBEPUTH Hallle TOJKOBaHUE 3HaKa KaHTopa, MbI mOnpoOyeM BMECTO
oxHoro d B €ro CIHMCKE 3aIlicaTh OOBLIKHOBEHHBIN KOHEUHBIH IE€CATHYHBINA 3HAK, K
npumepy 0.341. 3neck BozHukaeT npoodiema: 0,3 ue sBisercs d;;, 0,04 ve saBuserca dy,



0,001 ue siBisiercs ds3.Hecomuenno, 3Haku nudpsl HE MOTYT OJHO3HAYHO TOJIKOBATHCS
KaK HaTypaJbHbIE YUCIIA, a TOJIbKO TaK, KAK OHU UCTOJIKOBAaHbI. BTOpoii 3HaK mudpsel He
0003HayYaeT TOJIBKO TO, YTO HAIMKCAHO, a JOJDKEH TOJKOBAThCS U KaK MHTEPBAJI YHCEI
9-0, KaK 3TO M CII€IaHO.

B cniucke Kantopa okoHYaTeNbHBIN UlieH BEpTUKATBLHOMN MOCJIEI0BATEIbHOCTH
1,2,3,4...n o603HayeH kak n, nd, = 0.d,;d>d;3dys ..., TOCKOIBKY 3TO KOJIMUYECTBO BCEX
JECSITUYHBIX YUCEI, UeM MOATBepxkaaeTcs ero te3uc. OgHaKo, FTOPU30HTAIBHO, OH 3Ty
MOCJIEeI0BaTEILHOCTh OCTaBlseT Kak 1,2,3,4...He nepeuunciss ee 10 n. [louemy Hy>xHa
Takasi HemocjeaoBareabHoCTh? [IpudnHa sIBIsIETCsl O4eHb BaXXHOM: €cliu Obl U APYroit
3HaK UG psI 0000mUTh KaK n, moiydas nd, = 0.d,;d2dy3dns ... dy, , OH OBI 5TUM ApyTHM
3HAKOM M BBIpa3WJl U KOJIMYECTBO BCEX JECATUYHBIX MECT, U OTKPBLI BOIIPOC BO3MOKHBIX
unTepBaioB (0-9) Ha sTux mecrax. M emy npunuiock Obl ONATh 0OCYIUTH CBOE
JI0Ka3aTeJIbCTBO, CBOM <«JIMaroHaJIbHBIM apryMeHT». MlHaue roBops, eciii Ha IeCATHUHBIX
MeCTax He 3alucaHbl 3HaYeHus 1-9, Bce JecsITUUHbIE MECTa MOTYT CUMTATHCS «HaCTSIMU
HOJISI», T.€. YUCJIO BCEX JECSITUYHBIX MECT SIBJISIETCS OJTHOBPEMEHHO KOJIMYECTBOM BCEX
JECSITUYHBIX MECT OJTHOTO JAECATUYHOIO YHUCIIA, & TAKXKE KOJIMYECTBOM BCEX JIECITUUHBIX
YHCel MECT BCeX JIECSITUYHBIX YUCEII, U KOJJMUYECTBOM BCEX BO3MOXKHBIX JAECATUYHBIX
3HAKOB Ha 3TUX MECTAX, U KOHEYHO, 3TO YUCJIIO A :

nd, =0.d,d,d.d,, ...d, ...,

Takum 00pa3om, ¥ TOPU3OHTATIBHO M BEPTHKAIBHO, BHIPOBHEHO KOJHMYECTBO, U
3HayeHune 3Haka nuppsl ¢ kodppunuerTrom nd. CrCOK HAXOAUTCS B HACTOSIIEM
HAYaJIbHOM NOJIOXKEHUH. Takum 00pa3oM orpeeseHa npoodiemMa JUCTHHTA TeCATUIHBIX
YHUCEIL.

ITocmoTtpumM cneapyromee: 3HadeHneM n=0 0603Ha4uM TOJIBKO HAEIO
JECATUYHOIO YUCIIa, @ UMEHHO:

Odo = O.dodododo ...do el

Houb 31ech IMEET TPOWHOE 3HAYCHUE: a) IECATUIHOE YUCIIO BooOIIe, b) moboe
JECITUYHOE MECTO, JIECSTOC, COTOE, THICSYHOE ..., U C) JTFOO0H JIeCATUIHBIN 3HAK
uaTepBaia n=0,1,2,3...9., kopoue, MoxeT 0003HaYaTh camoro cebs. TemmopanbHO, HOJIb
3/1€Ch MIPEACTABIIIET COOTHOIIEHHE OJHOBPEMEHHOCTH BCEX 3TUX BO3MOKHOCTEH. Ecimn
ceifuac uJIer0 AECITUYHOTO YHCIIa IEPeBECTH B 00IIIee MOHATHE, T.€. €CITH BMECTO HOJIA
noctaBuM n=1,2,3...n, nojiyduM ocHOBY cnucka Kanropa, T.€.:

1 d1 = O.dldldldl

2 d2 = 0.d2d2d2d2 .

3 d3 = 0.d3d3d3d3 .

4 d4 = 0.d4d4d4d4 .

311ech NPOSIBIIAETCS IEPBOE CKPHITOE CBOWCTBO TAKOI'0O JINCTUHIA, KOTOPOE

HE MOKeM 000WTH MoryanueM: 3Haku d; ,d; ,d;,d4 ...dn, HE MOTYT UMETh HyJIEBOE
3HaYeHUE, OHU HE UMEIOT BepxHel rpanuiisl, (1,2,3...n), a 3Haku 0.d; ,0.d;, 0.ds, 0.d4
...MOT'YT UMETh U HYyJIeBOE 3HAYCHHUE, OJHAKO, OHU OTPaHUYEHbI UPpoi 9. 3HAUUT, HU B
OJIHOM JIpyroMm cirydae, 3a uckiaroueHnem 0dy = 0.dododody ...dy ... HE oOecrieunBaeTcs
B3aMMHasl OJTHO3HAYHOCTb 3HAKOB.

OTO HAIJISIHBIA TIPUMEpP MaTEMaTHUYEeCKON aCUHXPOHHOCTH, UMEHHO B JINCTHHTE,
I7Ie 3TO HEeJOIMYCTHUMO, MOCKOJIbKY KOMIUIEKTHBIA CIMCOK J0JDKEH ObITh CUHXPOHHBIM C
BapHalMell CBOMX WIEHOB, UTOOBI IPUBECTH MX B TY )K€ aKTYaJIbHOCTb, T.€. UTOOBI Cpazy



BKIIFOYUTh MX B CHHCOK. JTa TOKa BCE, OJIHAKO, MBI 3TUM Oojee MmoapoOHO Oyaem
3aHUMAThCS, OOBSCHSS «CHUHXPOHHYIO Kay3aJIbHOCTB», T/Ie MBI MOKaXEM, YTO
CUHXPOHHOCTD SIBJISIETCS KOCMOJIOTUYECKUM YCIIOBUEM MHTEPAKIIMH, YTO YHHUBEPCAIHHOE
pacnpocTpaHseTcss U Ha peajbHOCTh TaK HA3bIBAEMOTO «IIPOIUIOTO», T.€. «OYIYyIIEroy.
Kcratu, Tobk0 4TOOBI YMEHBIIUTH JEHCTBHE TEMITOPATLHBIX 3aKOHOB, B MAaTEMAaTHKY
BKJIFOYEHO MHOTO JIOTUYECKUX WHHOBAIMK, B TOM YHCJE: HESICHBIM «IIPUHIIUI
SKBUBAJICHTHOCTH», HETOYHOE «KapJAMHAJIBLHOE YHUCIIO», TMapaJ0KCaJbHBIM «IIPUHIIUI
MacITabHOCTHY, «aKCHoMa BbIOOpa» 0€3 BPEeMEHHOT0 KOMIIOHEHTA, U JIPYToe.

UtoO0bI oicueT ObLT YCIIENTHBIM, BCE HaYaJIbHbIE UG PHI JOJKHBI UMETh
oJiMHaKoBoe cooTHouieHuil. B cnincke Kantopa ‘0ono decamuunoe mecmo obo3nauaem
00HO 0ecaAmuuHoOe YUC10, HO 00HO 0eCAMUYUHOEe YUCI0 He 0003Hauaem 00HO
oecAmuyHoe MeCmo, NOCKOJIbKY 00HO 0eCAMUYHOE YUC/I0 UMeeH HECKOTIbKO
decamuyHblx Mecm’, BBUy uero cootHomenue 1:1 3mecy BooOIIe HE CYIIECTBYET, a
JIUCTUHT BCEX JECATUYHBIX 3HAKOB BOOOIIE HE mpoBoauTcsa. Booobme, cnucok Kantopa
SIBJIETCS a0CYpPIHBIM JIaXKe TI0 TOW MPUYMHE, YTO TOMY, KTO OCYIIIECTBIISIET MOACYET, «HE
XBaTaCT YHUCEI» YTOOBI «IIEPEUUCTUTH BEIIN», T.€. X ABJSIETCS «U3JIUIIKOM». bynTo Bce
JECTUYHBIE YHCIIA, B TOM YUCIIE U X, HE COCTOAT U3 €IUHUII, B3ATHIX U3 HATYpaJIbHOU
MOCJICIOBATEIBHOCTH urcel N, TOH ke Mmocie 0BaTeJbHOCTH N B OTHOIIICHUH K
KOTOPOMY YTBEP)KIAETCS, UTO UX HEJB3S MOJCUUTATh. B 3TOM CBSA3HM MBI MOKAXKEM, UTO
JECITUYHBIX YUCENl UMEETCS POBHO CTOJIBKO, CKOJIBKO MMEETCSl M HaTypaJIbHBIX YHCEI.

B HameM cuHXpOHHOM criicke nmpuHIUIT 1:1 IpUMEHSICTCSI ¥ B OTHOIIICHUH K
MOJTHOMY HHTEPBAITY JIECATHYHBIX YHCEN MO OJHOMY ACCATUIHOMY MecTy. Takum
o0Opa3om obecredrBaeTcsi TPOHHOE MPOCcToe cooTHoIIeHue, 1:1:1, To ecTh ‘00HO
decsasmuyHoe mecmo 0003Havaem 0OUH 0ecAmuUYHbLIL 3HAK, KOMOpblil 0003Hauaem
00HO OecAmuUYHOe YUCNO.

PaznioxeHune necaTHYHBIX YHCEIT Ha 3JIEMEHTHI SIBISICTCS conditio sine qua non ero
WIACTUHTA», T.€. IBYXCTOPOHHETO OJHO3HAYHOIO nojicueTa ""edunuyamu ' HaTypaabHOU
nocieoBaTeIbHOCTH yrced N, B JaHHOM ClTy4dae MPUHIUMAEMOTO B OTHOIICHHH OJTHOTO
JECATUYHOIO K OJHOMY HaTypajibHoMY umciy: 1:1, 1:2, 1:3, 1:4...1:n. [Tonuepkuaem,
YTO BCE N KOMIIOHEHTHI ‘HOBOTO M KOMIUIEKTHOTO CITHCKA — «KaHTOPBCKOTOY,
AKTYaJIbHBI — (DAKTUYECKU COCYIIECTBYIOT. Takium 00pa3oM 1mocie10BaTeIbHO U
(aKTUIECKH «MAaTEeMaTUYECKH PEAIbHOY OCYIIECTBISIETCS MPUHIUTT CHHXPOHHOCTH
qyucel.

Takoit aHaM3 Hy»XeH, 9TOOBI BBIPA3UTh CIOKHYI0 CAMOOBITHOCTh IECATUYHOTO
YHCIIa, T.€. YTOObI OJJHO3HAYHO A depeHITUPOBaTh MOHSATHS, 3HAUYEHUST KOTOPBIX
COBMAAIOT, K KOTOPBIM OTHOCSITCS TIOHATHUS 1IEJIOTO AECATUYHOTO YHUCIA, 1eCATUYHOTO
MECTa M OTJEIbHOIO JISCATHYHOTO 3HAKA.

[TocmoTtpumM, nouemy Kanrop B koHiie nocnenoBarenbuoctd nd,= 0.dy, da, dsp
dy4p ...HEe tUIeT dy, a octaBiseT Tpu Touku? [loTomy, 4TO 3TO cAenano Obl
0eCCMBICTICHHBIM, T.€. OIIPOBEPIJIO ObI €T0 J0KA3aTEIbCTBO; MOKA3aJI0Ch OB, UTO B
«IACTUHTE» OH OTOXKAeCTBIII 10 TeCATUYHBIX 3HAKOB C KaXIbIM JICCITUIHBIM MECTOM.
D710 - OyITO MBI YTBEPIKIAEM, UTO OJUHHAAIATH CIUHUIL SIBIISIETCS TOJILKO OAHON
equauiei. U, koneuHo, eciu Obl OH Hamucana dyy , B 3TOM cllydae eIy npodieMy emy
MPUIILIOCH ObI MpoaHAIM3UPOBATh CHavYana. Bo3HukaeT Brevyatienue, uro Kanrop Ha
caMoOM JIeJie He CTapajics MePeYHCIIUTh JECATUUHbIC YHCIIA, OH TOJBKO CIIEUIWII IIPH
nmomoIy uppoBOro Tproka yBEpOBaTh HAC B CBOIO MpaBoTy. Eciu Ob1 ObLIO TIO-



JIPYromy, OH ObI 3 OIIMOOYHOM MPEMOCHUIKH, YTO JIECATh BAPUAHTOB JECITUUHBIX
3HAKOB MOJKHO TIOJICYMTATh TP TIOMOIIN OJHOMW €TUHUIIBL, , (BTOPOH 3HAK ITUDPHI
Kanrtopa 0.dy;, 1 ap.), HE TaK JIETKO CHIETIAl HE803MONHCHOE 3AKTI0UeHUE O
CYU{eCme08aHUU HECKOJIbKUX MAMeMAmMUYecKux 6ecKoHeyHocmell.

Cdokycupyemcsi: BHUMATEIbHBIN HAOIIOAaTENh 3aMETUT, YTO KaHTOp nepBhIM
3HAKOM IU(PBI TIOJICYNUTHIBAI TOJIBKO 1EJIbIE JECATUYHBIC YHCIIA, & IPYTUM 3HAKOM
MBI - TOJBKO JECATUYHBIE MecTa. B e2o cnucke decamuyunvie 3HaKu 60oouie He
yuumasleanucy. MoHOTIONNS BEIOOPA KOHKPETHBIX IECATUYHBIX 3HAUYCHUHN
npeaocTaBisieTcss GaHTOMHOMY, HE3aBUCUMOMY OT CITUCKa 9uciy X = 0.Xq X3 X3 X4 ... MBI,
KOHEYHO, €ro 371eCh He MOkeM HaiThu. OHaKO, Ha CaMOM JieJie HM OJTHO KOHKPETHOE
JECATUIHOE Ynciio, K mpuMepy 0.321 He MOKET ObITh BKITIOYEHO B 3TOT CIIMCOK, BMECTO
moboro d. Ha camom ferne 1ienoe qoka3aTeabCTBO SIBISIETCS SKCTPEMabHBIM IIPUMEPOM
HEMOJIHOM JAeNYKIIUU. XOTsI OOIIETPUHSATO, 3TO I0KA3aTEIbCTBO SIBIISETCS MOJHOCTHIO
CMEITHBIM.

Mpi crienuanbHO HAMIOMUHAEM, YTO N ¥ N+1 He SBISI0TCA OJHOBPEMEHHBIMH. DTO
MoipoOHO aHAM3UPYETCS HA APYTOM MECTE, OJHAKO, Jlaxe 0e3 CIeIHalbHOTO
00BSICHEHUSI, MBI MOYKEM HCIOJIL30BaTh €r0 UNMMAHEHTHBIE TEMIIOpAIbHbIE KaueCTBa,
BCETJia, KOTJja OHU HaXOJIATCS B CHHXPOHHOM COOTHOIIICHUH, T.€. rJe n/n=n+1/n+1=1. Y
Hac HMMEETCS] UMEHHO 3TOT CIy4ai.

Pasencmeo, 00H08peMeHHOCHLb, NOPAOOK:

[TocpencTBOM 31IEMEHTOB ICCATUYHOTO YMCIIa, BEIPOBHEHBI UHCIIA BCEX
JECSITUYHBIX 3HAKOB, YHCJIA BCEX JIECATUYHBIX MECT U YHCIIA BCEX JECATUUHBIX YHCEI.
Takxum 00pa3oM oOecrieunBaeTCst TPOKWHAS IKBUBAJICHTHOCTD. 113 camMoOBITHOCTH
necsTuaHOro 3Haka 1 BeiBoauTes 1:1 KOPpECOHACHINS JECSITUYHBIX 3HAKOB U
JECITUYHBIX MECT, U3 4ero BBIXOMUT ux 1:1:1 COOTHOIICHUE C NECATUUYHBIMUA YHCIAMH.
Taxum 00pa3oM 1elblid CIUCOK CBOAMTCS K TOMY, U3 YETO BHIBOAUTCS, K TOJIBKO OJTHOMY
obmemy necstuanomy uncay d = 0.d.

OpHako, B 4eM, B 9TOM CJIydae, 3aKJIFo4aeTcs pa3Hula Mexay uncinamu dj ,d; ,d3

<. €CJIM OJTHO KOHKPETHOE JIECITUYHOE YHCIIO MBI MOKeM nucaTh Kak 1d;, u kak 1d; u
kak 1d3... ¥ eciu 1Ba pa3HbIX KOHKPETHBIX JECATUYHBIX YHCET MBI MOXKEM IMUCATh KaK, K
npumepy 1d;?

311ech UMEEeTCsl BOIIPOC aHAJIIOTUYHBIN BOIIPOCY, YeM OTJIMYAETCS €AUHUIIA,
KOTOPYIO 100aBJIsieM K IBOMKE, OT €IMHUIIbI, KOTOPYIO 100aBiIsieM K TPOMKe UITH
YeTBEPKE B MOCJIeI0BaTeIbHOCTH N+1? PasHuia sBisercs camoi 00IbIION 13
BO3MOJKHBIX - €€ MPEJICTABISIET CAMOOIMHOCHb CYUIeCHIB06AHUA; C TOUKH 3PEHUS
MIPOCTPAHCTBA U BPEMEHH, 3TO HE OJIHA U Ta e eIMHHIIA, IOCKOJIbKY peub HE UJET 00
OJTHOM, a 0 Tpex eauHunax. KoHeuHo, OHTOIOIrMYEeCKH HE BCE PABHO, HCIIOJIb3YEM JIU Mbl
B MaTeMaTUYECKOM, T.e. B huznueckoii peasibHoct 0,37 unu n(0.37). Oanaxo, B
COBPEMEHHOM MaTeMaTHKe, JIMIIEHHOW OHTOJIOTUH (T.€. HAYKH O CYILIECTBOBAHUH) 3TO
BOOOIIIE HE pacCMaTPUBACTCSL.

BepHemcst K «IMCTUHTY». 3HaYUT, HOCKOJIBKY BCE JIEMEHTHI CIHMCKA 3apaHee
W3BECTHBI, TAKXKE KaK U UX COOTHOLIEHUS, UHIYLIUPOBAHUE HE SABISICTCS MOJHBIM, 6€3
MPUHATOTO «IPbDKKA B IEAYKLIUIO», I03TOMY €r0 HY’KHO MOJHOCTBIO BBISCHUTB.

ANropuTM MOETO0 NepeyuHs BhIpakaeT BpEMEHHYIO IPUPOAY MaTeMaTUKH, T.€. OHA



co3/aHa TaKUM 00pa30M, YTOObI OXBATUTh M YEJIOBEUYCCKHI OIBIT MOCJICI0BATCILHOCTH
BO BPEMEHHOM MOPSIIKE aKTyaJIM3alMK JECATUIHBIX Yhcell. B 3ToM 3akioyaeTcst
TIOJIHBIN CMBICIT TIOCTOSTHHOM (), KOTOpasi peain3yeT TEMIOPAIbHYIO CBSI3b BO3MOKHOTO
(Bce d yrcna BO BEYHOU aKTyaJbHOCTH) U aKTyaJbHOTO (KOHKpeTHbIe d unciia B OTHOM
WIH B Pa3HBIX aKTYaJIbHOCTSIX).

OHOBPEMEHHOCTH HE SIBJSIETCS TOJIBKO YCIOBUEM COCYIIECTBOBAHUS
MaTeMaTUYECKUX OOBEKTOB, & OJHOBPEMEHHO U MPUHIIMIIOM YHOPSIOYCHHOCTH UX
WHIMBHIyaJIbHOM aKTyaJn3alliy, BBUIY Y€ro NepBbIM, KOHKPETHO BBIOPAHHBIM
JECITUYHBIM YUCIIOM, K ipumepy, 0,87496..., nomken 661t 1d;, npyrum, ecinu
coBnaaaer ¢ HuM, 0,87496..., romkeH ObITh 2d,, TpeThbUM 3d3 ..., N-THIM JIOJDKEH OBITH
nd,. Kaxxoe nepBoe akryanusupoBanHoe uncio nd, conepxurcs B 1dy, kKaxaoe BTopoe
B 2d;, kaxxoe TpeTbe B 3d3..., 1 Ha000poT, Bce 1dy, 2d;, 3d3 ..., COBMECTHO SABISAIOTCS
akTyanbHbIMU B nd,. B ciydae akTyanbHOro MHOkecTBa nd, M0JIE aKTyaIn3aliu
nepBoro uncina npeacrasiser 10d;, npyroro 10d,, Tpetsero 10ds...onHako,
aKTyalu3auueil KOHKPETHOrO YMCia BO3MOKHOCTh COBMEILAETCS C PEAIbHOCTBIO,
orpaHuuuBas BeiOOp Ha oauH 1d;, 1dy, 1d3... 1d,. Eciiu BHavane nanumem 0.87325= dy,
3TO TEMIIOPAIILHO OMPEACIUT ITO JECATUIHOE YHCIIO KaK YETBEPTOE aKTyalbHOE B
MOPSAJIKE COCYIIEeCTBYOMUX. Takum 00pa3om, Bce akTyallbHbIE IecaTUYHbIe yncia dy, dz,
d3, d4... CHHXPOHU3UPYIOTCSI C KOCMOCOM BO3MOKHBIX ... dy.

31ech HY>)KHO OTBETHTH Ha BOIIPOC, ITOUYEMY COCYIIIECTBYIOIINE YHCIIa HE UMEIOT
OJIMHAKOBBIE 3HAKH, €CIIU OHH JIOJDKHBI OBITh OJJTHOBPEMEHHBIMU? DTO SIBISETCS
MOI00HBIM CUTYAITMH, KOT/[a JIF0JIM Pa3HOTO BO3PACTa KUBYT B OJTHOM M TOM Ke
HAaCTOSIEM BpeMEHU ?

Dakmuueckoe cocyuiecmeosanue siBISETCS OMIETOMIISIONINM; OHO SBJIAETCS
rIyoo4aiie TeMnopaibHON 3aKOHOMEPHOCTHIO B COBMECTHOM TOPAZIKE (PaKTUIECKU
Pa3HOBPEMEHHBIX ITUKIIOB ¥ SHTUTETOB, OHO SIBJISIETCS 86€YHOCMbI0, KOTOPAsi CBSI3bIBACT
pa3HbIE aKTYaJIbHOCTH, M TIOATOMY T10J100a€T XaocCy, KOTOPBIH MO MPE0JI0KESHUSIM
¢unocohoB U y4EHHBIX BCE TaKH MOAUYMHACTCS KAaKOMY-TO 3aKOHY. B 3TOM Tpy/ne mMbl
MOKaXXeM, KaKiuM 00pa3oM (paKkTHIECKOE COCYIIECTBOBAHKE MPOU3BOIMUT BIICUaTICHUE
MPOIIIOTO U OYIyIIEro, BIEYaTICHHE, YTO TOJBKO BpEMS IBUXKETCS, YTO OHO OTINYAETCS
JIBIDKCHUEM W HAIPABIICHUEM.

C TOYKH 3peHUS MaTeMaTHKH, OOIIee TIOHATHE COCYIIISCTBOBAHUS COBIAIACT C
OINpeJIeICHNEM KOHTUHYYMa ApXUMeZa, B KAUECTBE — «DECKOHEUHOU CyMMbl
He0OUHAKOBbIX yacmeil), T.€. OHO COBIAJAET C KOHILIENIINEH KOHTUHYYyMa B KAUeCTBE
«reHepaTopa HeOAMHAKOBBIX eAUHUI. [Ipy ycioBuu npeBapuTeIbHOrO
OOHapyKEeHUSI MPUYHHBI B CITI0c00a 000CO0ICHNSI KOHEYHOTO B OECKOHEYHOM, MBI
MoiiMeM, 4To ornpeaeseHne ApxumMeia IpUBOJUT K TOMY, YTO Mbl HA30BEM
KHAMYPAIbHBIM MHONCECHBOM PEAIbHBIX YUCET).

[IpaBuiibHBIE ¥ TOJTHBIE OTBETHI HA BCE 3TH BOMPOCKHI HIMEIOT OIPOMHOE 3HAUYEHUE.
WM nocesmaeTcs cnenuanbHblid pas3ies, B KOTOPOM 00CYKIaeTcsi BpeMsi B KaueCTBE
HaIpaBJICHHS SIKOOBI HECBSA3aHHBIX YHCEII, M PUINHA SIKOOBI HECBA3aHHBIX COOBITHA.
MpI noka 3a1epKUMCSl Ha HallleM MaTeMaTUYeCKOM Cllydae, U YTOUYHUM, HY>KHO JI1
OTIpe/IeJICHHBIE COCYIIECTBYIOIIME YMClia 0003HAYaTh MMO-Pa3HOMY, JIaXKe KOrla OHU
SIBJIIFOTCSL OJIMHAKOBBIMU. [IpHUUMHONM 17151 3TOTO ABJIAIOTCS TPU JOTUYECKUX YPOBHS MX
COCYIIIECTBOBaHUS, IEPBBIM sBIIsIETCS Nd, HA KOTOPOM aKTyalbHBIMHU SBJISIOTCS Bee d
yucia, ipyrum - 10d; Ha KOTOpOM akTyaJbHBIM SIBJISIETCS] TOJIBKO TIepBoe uncio dy, a



TpeTbUM - 1djy’ Ha KOTOPOM aKTyaJU3UPYETCsl KOHKPETHOE OTAEIBHOE YHCIIO, K IPUMEDPY
0,74658.... Hacrosmieit npuunHO HacTauBaHUs Ha CHENU(UIECKOM, C TOUKH 3PEHUS
(opManbHOr0 MaTEMaTHUYECKOT0 YMa - U3JUIIHEro 0003HAUEHUS, SBJIIETCS OIpeIeIeHHE
(U3NYECKUX CBOMCTB YHCE, B UX SIKOOBI YUCTO MAaTEMaTHUYECKON HHTEpaKIuU. PU3NKY
Yrcel Hy)KHO BHaYajle TEOPETHUECKU PAa3pelINTh B MATEMATHUKE, B KOTOPOW 0030pHOCTH
3HAYUTEIHLHO MPEBHIIIAET 0030pPHOCTD (DU3HKH, T/I€ B IKCIIEPUMEHTAX MBI BCTpEUaeMcs C
YHCIIaMH, KOTOPBIC YK€ CTaJIM BEIaMH, BOIUIOIIEHHBIMH, (PU3NICCKIMH YUCIIAMHU,
CBOICTBA M MPOUCXOKACHUE KOTOPHIX Mbl HE 3HAEM.

3/1ech MOKHO 3a/1aTh CIEAYIOIUN BONpoc: «XOpoIlo, eciu AJIs ojAcyeTa
KaxJ10ro d MHE HY»HBI TPU €AMHULIBI HATYpaIbHOU MOciieIoBaTeIbHOCTH N, pa3Be 3TO B
KOHIIE KOHIIOB HE 0003HAYAET, YTO JECITUYHBIX YUCENl UMEETCS B TPU pas3a 0oJIbIle Yem
N?» KoneuHo, HET, OJHAKO, OTBET HE SIBJISIETCSI COBCEM MPOCTHIM. JleCATUUHOE YHUCIIO
SIBJISIETCS. KOMIUIEKCHOM YMCJIOBOM CUCTEMOM, COCTOSLIEH U3 TPEX AJIEMEHTOB, €r0 HU B
KOEM CJIy4yae He MOXKEM MOJCUUTATh €IMHULIEH, HE Tepss XapaKTEePUCTHUK, JIETAr0IINX
€r0 9TUM YHUCIIOM, MPUAAIONIUM eMy ero cBoicTBa. [locMOTpUM 0OBIKHOBEHHOE
HaTypajbHOE YHCIIO 3, KOTOPOE HYKAAeTCsl B MUHUMAIbLHOM ToJsikoBaHuu. U uncio 3
SIBJISIETCSA KOMIUJIEKCHOM CHUCTEMOM, M 3TO YUCJIO HE MOKEM IMOJICYUTATh NP oMol 1.
Ecnu 661 MBI 3TO BCe Taku cAeIaId, Mbl OTMEHUIIU Obl CAMOOBITHOCTh, MBI HE OTJIMYAIIN
OBl €T0 OT YETBEPKH, MATEPKH, MECTEPKH...OHO CTAJIO0 ObI O€3IMYHBIM HOMEPOM n. Yucio
3 camo co0o10 sBJIsIETCS 0003HAYEHHUEM KOJIMYECTBA HJIEMEHTOB, U3 KOTOPBIX OHO
cocTouT. IMEeHHO MO3TOMY Mbl HECOMHEHHO HYKJIa€MCsl B TPEX €AMHUIAX HATYpabHOU
[I0CJIEI0BATEILHOCTH, YTOOBI IIOJICYMUTATE €r0 B cooTHOIIeHuH 1:1, T.€., 9T00BI 3:3
nmeno cootHouenue 1:1. 3HauuT, U1t KaXKJI0TO JECATUUHOTO uncia d, 3JIeMEeHThI
KOTOPOI'O MOJICYMTHIBAIOTCS Tpems equHunaMu N, a Taxke i Beex d uucern,
koppecnonaeHIms (3 anementa d) B orHoeHuH (3 eauauibl N) UMEET COOTHOIIICHHE
1:1, 1.e., ecnu konuvecTBO eMeHTOB d 1 N yBeJIMUHUBAETCS MPOTOPIIMOHAIIBHO Ha
o1uH, B 3ToM cirydae d skBuBasieHTHO N, d ~ N.

3KC‘nJlllKauuﬂ «memooa CUHXPOHU3AUUU) CRUCKA 6 noocueme écex
0eCAmMUYHBIX Ylcel npu nomouiu nOC/1€008AMENbHOCHLU HamypaibHblX HUucesn N:

Kaxxnoe MHOXKECTBO, HE3aBUCUMO OT KOMIUIEKCHOCTH €T0 CTPYKTYPBI, €CIIU
MOKET OBITh Pa3JI0KEHO Ha AJIEMEHTBI, MOXKET OBITh MOJICYMTAHO STMHUIIAMU
HaTypaJbHOM YMCIOBOM MociieoBaTeIbHOCTH N.

JlecATHYHOE MECTO OMpEIENAeT MOHATHE NECATHIHOTO yucia. YToObl uncio
OBLIO IECATUYHBIM, OHO JOJDKHO UMETh 110 MEHBIIIEH Mepe, OJHO JECATHYHOE MECTO, U
OJIMH COOTBETCTBYIOIIUI AECATUYHBIN 3HaK. [[J1sl n yncen ¢ OAHUM I€CATUYHBIM MECTOM
- 9TO MPEJICTABIISECT TOYHO N JCCATUIHBIX MeCT. UTOOBI 00eCTIeYnTh CHHXPOHHOCTD
MOJICYETa BCEX JECITUYHBIX YUCEIl, HY)KHO COOJIFOIaTh )KECTKUN PUHITUI
SKBHUBAJIEHTHOCTH, KOTOPAsl ABJISETCS MAaTEMAaTUUYECKO-JIOTHYECKUM BBIPAKEHUEM
CUHXPOHHOCTH, T.€. HY>KHO MOCJIEIOBATEIbHO NPUMEHUTH cooTHOUeHue 1:1. [Tockonbky
KOHKPETHOE JIECATUYHOE YHCIIO MOYKET UMETh HECKOJIBKO JECATHYHBIX MECT, YTOOBI
00ecreynTh MOJHYI0 YKBUBAJIEHTHOCTH, TAKOE YUCIJIO MBI Oy/IeM TOJICUYHUTHIBAThH B
KauyecTBE HECKOJIbKUX JIECATUYHBIX Uncel, K npumepy, 0.975 nojcunrtaem Tpems
€IMHULIAMU HaTypalibHbIX yucel, T.€. (0.9) -1, (0.07) -1 u (0.005) -1, a Takxe 4ucio
0.001, T.e. (0.0) -1, (0.00) -1, (0.001) -1. Takum oOpa3zom oOecreINBACTCS



SKBHUBAJIEHTHOCTh KOJIMYECTBA BCEX JACCSATHUHBIX Yyucel nd C YUCIOM BCEX UX
necsatuaHbIX MecT 0.nd , To ecth nd = 0.nd. B 31011 cBsI3H, uricno ¢ 17 aeCITUYHBIX MECT
cuutaercsa cyMMmoi 17 oTlienbHbIX AecaTUYHbIX uncen, 17d = 0.17d. i necsituaHoro
yyciia 0e3rpaHUYHO PACTYIIETO KOJNYECTBA AECATHUHBIX MECT, 3TO OTHOIIICHHUE HE
mensiercs 1:1, u (n+1)d = 0.(n+1)d, nockoneky /it n = n, n+1 = n+1.

OpnHako, 3HAYEHHE KaXKIOTO OTIEIBHOTO JECATUIHOTO MECTa MPEACTABIISAET OJUH
JIECATUYHBINA MHTEpBal, cocTosiiuit u3 10 uucen, (0.1,2,3...9). IlockonbKy 3/1€Ch
HEU3BECTHO, KOTOpoe U3 3TUX 10 JecaTUUHBIX 3HAKOB HAXOAUTCS HA JAECITUYHOM MECTE
KOHKPETHOTO JIECITHYHOTO YHCIIa, M 4YTOOBI COXpaHUTh OTHOIIEeHHE 1:1, HY)KHO Kax10e
JIECATUYHOE MECTO B JIOMIOJIHUTEIHLHOM TOPSIIKE MOACUUTATH C AECATHIO €UHUIL
HaTypaJbHBIX YKcell. J[Jisg 3Toro 0obie BCEro MoaX0AUT MOCTOSHHAS.

Beeoenue ¢ cunxponunwlii cnucok:

Hecsatnunbix uncen (d) MoxeT ObITH (N) , KaXA0€ U3 HUX MOXKET UMETH (1)
JIECATUYHBIX MECT, M Ha KaXKJIOM M3 3TUX MECT MOXKET OKa3aThCs OJMH ACCATUUHBIN 3HAK
unTepBaia n’(9,8,7...0); mns d=0.d, 3170 n (dppn' = 0.dppn). [IOCKOIIBKY MBI 3HaEM, YTO
KOJIMYECTBO JECATHYHBIX 3HAKOB (') OHOTO IECATUYHOTO MeCTa (y,) SIBISETCS
nocTostHHBIM — (10), 3TO 3HAYUT, UTO KOJIMYECTBO BCEX JASCITUYHBIX 3HAKOB
COOTBETCTBYET JICCATUKPATHOMY KOJIMYECTBY BCEX JECATUYHBIX MECT, TO €CTh
COOTBETCTBYET JICCATEPUIHOMY KOJIMUECTBY BCEX NECATUYHBIX Yrcesl. YToObI 3Ta
pasHuIla OpUIa pAaBHOMEPHOM, KaXK/IbIN I€CATUYHBIN 3HAK HY)KHO CYMTATh OTACIIbHBIM
JIECATHYHBIM YHCIIOM, U IMOJACYUTATh YIICHOM nociemoBatenbHocT N= 1,2,3.4...n; KaK
y)Ke CKa3zaHo, IJIs oJicyeTa JIto00T0 AECITUYHOTO YHCIIa, T.€. €0 TPEX AIEMEHTOB,
HY)KHO UMETh TPHU WICHA HATypaJbHOU MMOCIIeI0BaTeILHOCTH, KOTOPBIX, ciiaBa bory, mis
9TOr0 MOACYETA, BIIOJIHE JOCTATOYHO.

Jlist yCIoBHS CHHXPOHHOCTH, t=t, HY>KHO BBIPOBHSTH BpeMs djq
(«aKTyaJlbHOCTBY») C BpeMeHeM X; («Oyayiee akTyanbHOCTHY), 9T00bI T dy; = TXq . MBI
3TO CJIeIaeM TaKMM 00pa3oM, 4TO 3JIEMEHTHI d1; MbI CHHXPOHHO Pa3BEPHEM JI0 CTCIICHH,
OXBaTBIBAOIIEH «Oyyliee» Xy . 3HAUUT, MBI pa3BepHEM CTEIIEHb BTOPOTO 3HAKA
Kanropa d,,= 0.d,,1d2d,3dys . B €70 SIBHYIO ¥ IOJIHYIO GOPMY; (n01HYI0, 3SHAUUT
aHATM3UPYEMYIO JI0 SJIEMEHTOB B CHHXPOHHOM OTHOIIIEHUH). MBI 3TO clieiaeM TakuM
o0pa3oM, 4TO BTOPOMY 3HAKy MBI JJOOaBUM U BEPTHKAIbHBIM KOMIIOHEHT, YTOOBI
BBIPA3UTh MOJHYIO CTENCHD JECITHYHOTO MECTA, BEIPAKAEMOT'O 3 TUM 3HAKOM.

Jng yucna 1 d; = 0.d;;d>d;3d;4 . TOAHOCTBIO pa3BepHyTasi TeMIOpaIbHas
CTEIEHb 3TOr'0 YKCIIA COCTABIIIET:

1di= 0.di19 di2g di39 dig9 diso digo di79 digo digg dijoo ...0.d1n9
0.dy15 diog dizg digg disg diggdizs digg diog ditos ...0.ding
0.dy17 di27 di37 dig7 dis7 dig7di77 dig7 dio7 diro7 ...0.d1y7
0.dy16 di26 dize diss diss digs di76 dise dios diros -..0.din6
0.dy15 dios dizs digs diss digsdizs digs dios diros ...0.d1ns
0.d114 di24 dizg digg disg digsdizs digs diog dijos ...0.d1ng
0.d;13 di23 diz3 digz disz digzdyz3 digs dios digoz ...0.d1n3
0.di12 diz2 diz2 digz disz digadi72 dig2 dio2 dij2 ...0.d1n2
0.dy11 dizr diz1 digg disy digrdy7r digt dior dijor -..0.dyng
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0.d10 di20 di30 diso diso disodizodiso digo dioo ...0.dino

0.d; dip di3 dig dis dig di7 dig dio dijor ...0.dyy

Huckyccun:
[lepBoiii 3HaK AecatnyHoro uncia 1d; o6o3Hagaer 310 1enoe yucio. Bropoit 3Hak

0003Ha4YaeT KOJIMYECTBO JECATUUHBIX MeCT, T.€. 1d; = 0.dy;1d12di3di4 ... din CyO3HAK
BTOPOT'O 3HAKA, T.€. 3HAK, KOTOPHIH B clTCcOK KaHTOpa MpUIIOCH BKIIFOUUTD IS
ONTUMH3AIUH, (4TOOBI 00SCIICYUTh OJHO3HAYHOCTD TOJKOBAHUS 3aITUCH KaXI0T0
OTJICJHLHOTO YCHA), UMEET OrpaHUYCHHBIN MHTEPBaJI BO3MOXHBIX 3HaueHul (0-9). B
3TOM YHUCTO «apU(PMETHICCKOM KBAIPATE)» KOJIMUECTBO apH(PMETHICCKUX JacTei
CTpaHMIIBI BCET/1a COOTBETCTBYET KOJIMYECTBY apHU(PMETHUESCKUX YaCTEH UaroHaiu. 1o
MOCJIEJICTBUE TOTO (PaKTa, 4YTO OJIHO IECATUYHOE YMCIIO UMEET TI0 MEHbIIIEH Mepe OHO
JECITUIHOE MECTO, B MPOTUBHOM CJTydae peub HEe UJET O JCCATUYHOM Yuciie. 3HAYUT, 1
CyMMa BCEX BO3MOXHBIX JECATHYHBIX MeCT OAHOr0 AecsituaHoro yucia (1d = 0.d,d,dsd,4
...dp) COOTBETCTBYET n CyMMeE BCEX BO3MOKHBIX JIECATUYHBIX drcels BoooIie (nd
=d;d,d3d, ...d, ). Moxxem nu ceituac, B ctuie Kantopa, 6e3 Heo0X01uMoit
OHTOJIOTMYECKOM JUCKYCCHUM, C/ICNIaTh BBIBOJI, YTO U 3TO SIBJISIETCS CIIy4alHOU
SKBUBAJIEHTHOCTHIO YacTHu U 11esioro? KoHeuHo, He MOXeM, MTOCKOJIbKY MeCmo 01 yucia
He aenaemca yuciom. B cucteme 1eCITUUHOM 3aMUCH, BCE MECTa MPEJCTABISIIOT HOJb
JI0 TOTO MOMEHTAa, Korjaa Oynet ycranosiieHo apyroe (0,000...0...). 3nech, rie Ha MecTe
IOCJIe 3aIsITON HaxoauTCs HOMb, HeT yucia (1,2,3...9), HO uMeeTcs ero MecTo
(0,1,2,3,...10,11,12,...n). OT0 CBOKCTBO HOJISA, 3aMEHUTH JI000E YUCJIO HA JIFOOOM MECTE,
oTIM4aeTcs riayoouaimuM punocohcko-MaTeMaTHIECKUM 3HAUCHHUEM, U
HEMOCPEJICTBEHHO OTPAKAETCI WMEHHO Ha CTPYKTYPY NECATUYHOTO YhCIIa.

Tonkoeanue unenos CUHXPOHHOZ20 CRUCKA:

a) 1,2, 3,...n— IeCITUIHBIC YNCTIA;

b) 1d;, 1d;, 1d;3 ... 1d,,— oT/IETIBHBIC IECATUIHBIC YHCIIA

¢) (n) — BTOPOI 3HAK IU(GPBI 0003HAYAET KOJTMICCTBO ACCATUUHBIX MECT; IS
Kaxaoro d 4ucia, 20pu30HmanbHo pa3BePThIBACTCS B MOCIEA0BATENBHOCTD (n=1,2,3,4...n), &
sepmuKkanibHo N7 BceX d 9ucelt SBisIeTCs OJUHAKOBOM, MMOCKOJIBKY BCE UMEIOT
0JIMHAKOBOE KOJIMYECTBO JIECATHYHBIX MECT - (5);

d) (»’) — TpeTuii 3HaK MU PHI; KOHCTAHTA CHHXPOHHOCTH BCEX JECATUIHBIX
gucelr; 0003HavaeT BeCh MHTEPBAJ YUCICHHBIX 3HAYCHHUH KaXKI0TO JCCITUIHOTO MecTa: i|
(9,87, ..0)]; 20pU30HMAILHO MOHOTOHHO IIOBTOPSIETCS, IIOCKOJIBKY 3TO CIy4au, KOrjaa
OTJCILHOE JIECATUYHOE YKCIIO Ha BCEX CBOUX JCCATHYHBIX MECTaX UMEET OJJMHAKOBEIC
JIECATUYHbIE 3HAKU;, gepmuKaivro, nig uucen 1d;, 2d;, 3ds ... nd, , umeer
nepruoauIHOCTh 10, TOCKOJIBKY KaKI0€ IeCATOE, COTOE, THICSYHOE. ... U Ap., AECITHUHOE
MECTO JIF000T0 U Kaxa0ro d, MO>KeT UMEeTh JTII000€ 3HAaUeHHE UHTEpBaa, 3a
HCKJTFOUEHHEM CJTy4aeB KOHKPETHOTO JECATHYHOTO YHCIIA, IECATUYHBIC 3HAKU KOTOPOTO
OTJIMYAIOTCS aKTyaJIbHBIM COCYIIIECTBOBAHMEM, KOT/1a 3TH 3HAYCHHS JIOJDKHBI UMETh
KOHKPETHOE M OT/AeJIbHOE U POBOE OTpPE/IEIICHHIE;

€) (<) — COOTHOIIIEHUE CUHXPOHHOCTH YHCEIT;

f) (0.d) — yucio MeXay eTUHUIIEH 1 HOJIEM.
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3nauum:

1 1 dino = 0.dy19d129 di39 dig9 dyso. diso d179 digo digo....
2 1 dipg = 0.dy1gdi2g dizgdisg disg disg di7g disg dios....
3 1 din7 = 0.d117d127 d137 dia7 dis7 dis7 di77 dig7 dior....
4 1 ding = 0.dy16d126 di36 diss dise 166 d176 digs dios......
5 1 dyps = 0.dy1s5di2s diss digs diss dyes dy7s digs dyos....
6 1 ding = 0.d114di24 di3s disg dyss digs di7s digs dios .
7 1 din3 = 0.d113d123 di33 disz dis3 dies di73 digs dios.....
8 1din2 = 0.dy12dy22 di32 digz disz dig2 dy72 dys2 dyo....
9 1 din1 = 0.dy11di21 di31 digg dysy dier di71 digt dyor...
10 1 dino = 0.d110d120 d130 d140 d1so d16o d170 disgo. digo.....
1 dine = 0.dy1ndioy di3wdisn disy digndi7y digy dion.....
11 1 d2no = 0.d219 d229 d239 da49 d2so. d2go d279 dago dagy....
12 1 dapg = 0.d218 d22g d23g d2gg dosg dasg darg dagg daos....
13 1 d2n7= 0.d217d227 d237 da247 d2s7 d267 d277 dag7 daor...
14 1 dans = 0.d216 d226 d236 d246 d2s6 dass da76 dags d2vs......
15 1 dzps = 0.d215d22s d23s dags dass dass dazs dags doos.....
16 1 dans = 0.d214 d224 d234 d2as dass daes d27s dags daos....
17 1 d2n3 = 0.d213d223 d233 d243 das3 dass da73 dags doos.....
18 1 d2n2 = 0.d212 d222 d232 d24p d2s2 d2s2 da72 dagz dooo..
19 1 d2n1 = 0.d211 d221 d231 d241 d2sy dasr da71 dagt door .
20 1 d2no = 0.d210 d220 d230 d240 d250 d260 d270 d2go. daoo.....
2 dony = 0.d210d2oy d23wdaan dosy dognd27y dogy doony.....
21 1 .d3ng = 0.d319d329 d339 d3a9 d3so. d369 d379 d3go d309...
22 1 d3ng = 0.d313d32s dazg d3sg d3sg dzes d3zg dags daos.....
23 1 d3n7 = 0.d317d327 d337 das7 d3s7 dze7 d377 dag7 daor....
24 1 dans = 0.d316d326 d336 d3ss d3se d3ss d376 d3se d306...
25 1 d3ns = 0.d315d32s dazs dass dsss dses dazs dags daos....
26 1 d3ns = 0.d314 d324 d334 d3sg d3ss d3es d37s d3sg d3og....
27 1 d3n3 = 0.d313 d323 dazz dasz dss3 dses dazz dags daos.....
28 1 d3n2 = 0.d312 d322 d33z d3sn dzso dse2 d37z dagz dzoo...
29 1 d3n; = 0.d31 d32; d331 dasr dasi d3er d37p dsgy daor ..
30 1 d3no = 0.d310d320 d330 d3a0 d3so d3e0 d370 dago. d3oo.....
3 3oy = 0.d310d320 d33nd3an dasy d3ends7y dagy d3on.....

Otkyna cnenyer:
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dinn = 0.dy1 di2y dizw dygn eeeeling
donn = 0.d21 doow d2zw doan eeeelonn
d3nn = 0.d31 d32y d3zy d3an eeeedang
Aann = 0.da1n don dazw daan eeeeynn

W N -

n dpnn= 0.dn1n' dn2n' dnze dugn' eeelpnn’ , ¥, TOCKOJIBKY, 1O MPEANOCHUIKE, N (dppn’) =
n (0.dyny), monyuaercs = d= 0.d.

Kaxnoe oTnenapHOE I€CATUYHOE YUCIIO, a TAKXKE BCE YHCIIa BMECTE BBIBOJSATCS U3
COOTHOILUEHUSI 0OUH OeCAMUUHBLIL 3HAK — 00HO 0eCAMUYHOE MEeCMO — 00HO
decsamuynoe Yucio, T.e., u3 cootHoiienus 1:1:1; oTIeTbHBIM CHUMMETPUYHBIM
nojcueToM Bcex Bo3mokHocTer d = 0.d. Takoi moiaHol HHAYKIUEH, O camoro
000OIIEHHOT0 MOHATHS IECATUUHOTO YUCIIA, PEACTABISAETCS IBYXCTOPOHHSAS
NelyKTUBHAsT WHIYKIMOHHAS POXOIUMOCTD JIUCTUHTA MEMOOOM CUHXPOHUAUULL.

Takum 006pa3oM MbI MOJONLIHN K KpaTyaiiieid ¢opMe JTUCTHHTa
JECATUYHBIX YHCEN N0 IPUHILHILY «OOHO 0ecAmu4Hoe Mecmo — 00UH 0eCAmUYHbLIL 3HAK
— 00HO decamuyHoe yucaoy. JKecTkuM coOTI0ACHUEM TPOMHOTO OJHO3HAYHOTO
cootHomreHus 1:1:1, CHHXpOHHBIH CIIMCOK 3HAYUTENIBHO YIPOIIAETCS, BBUAY YETO
MIEPBBIN 3HAK HU(PPHI OJHOBPEMEHHO SIBIISIETCS] KOJTMYECTBOM BCEX JIECATUYHBIX MECT U
LIEJIOTO YHCIIa, IPH YeM BTOPOH 3HAK UGBl SABISETCS MOCTOSIHHOM (o' =9,8.7..0):

din=0.dyy

dZn’ = 0-d]n’ dZn'

d3n’ = 0-dln’ d2n’ d3n’

dygp = 0.dyy dap d3n' dyy

n  dpw= 0.diy dop d3p dayy ooee dpny ¥ TOCKOTBKY, 1O TIpeANOCHUIKE N(dpn ) = N(0.dnn'),
cineayer d=0.d.

AW N -

Ceiiuac MOKHO TOYHO IIOJICUATATH BCE NECATUYHBIC YHUCIIA.

Pa3HbIX JecATUYHBIX YUCEI C OHUM JIECATUYHBIM 3HAaKOM nMeeTcsi TouHo 10,
Pa3HBIX C JABYMS JIECITUUHBIMU 3HakKaMu — poBHO 10x10, ¢ Tpems JecATUUHBIMU 3HAKAMU
- poro 10x10x10, 1 3Ha4YuUT:

diw = 0.dyy =10

d2n’ = O-dln' d2n’ =10x10

d3n’ = 0-dln' d2n’ d3n’ =10x10x10
dgn = 0.d1 daw 3 dy = 10x10x10x10

Ay = 0.d 1y doy d3y dayy «eoe dip? 5 TO €CTB, BCEX JIECATUYHBIX YUCET UMEETCS POBHO

"t _qo
=0

3axnouenue:
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n+1
10 -10
9
HaTypaidbHBIX Yrcesl N. 3HaYuT, o 1eCITUYHbIH 3HAK = O, IeCATHYHBIX MeCT = O,

10" 110

9
1:1:1:1. DT0 3HAUUT, YTO DeCAMUUHBIX YUCETT UMEEHLCA POGHO COIbKO, CKObKO U
HamypaabHpIX Yuces, 9To «AUaroHalbHbIi aprymeHT Kantopa» o MeHblel Mepe B
3TOM ClTy4yae He SIBJISETCS JeHCTBUTEIbHBIM.

B koH11e, ecnu KaXabli OTEIbHBIA JECATUYHBIA 3HAK Pa3JIOKUM Ha AJIEMEHTHI,

1.e. (d=0.3=0.1+0.1+0.1) u eciu conoctaBuM ero ¢ N=3=1+1+1, Mbl yCTAHOBUM, YTO
s 0.0 ~ 0, cymMa eIMHUIL IEPBBIX JECATh AECITUUYHBIX YHUCET HE OTIIMYAETCS OT CYMMBI
€IMHMUII TIEPBBIX JIECATH HaTypaibHbIX yrcel, 2, d (0.1) =X N (1), no popmyne s

s xomuyectsa mudp n=1,2,3,4...n umeem 10, 110, 1110, 11110....

ACCATHYHBIX YUCECI = O, HATYPAJIBbHBIX YUCET = » B COOTHOILICHHUH

!n + 1!
CJIOKEHUS CIMHUI] HATYPaJbHBIX yuced N, T.c. IO I YTO B CBOIO OUYEpEe/ib
9 2 9

NOATBCPIKAACT, YTO OTACIBbHBIX JCCATHYHBIX YHUCCJI d umeercs POBHO CKOJIbBKO U
HATYpaJIbHbIX YUCCII N, KaK yKa3aHO B Ta6J’II/II_IeI

(0.0) = (0)
(0.1) =)
(0.1), (0.1) =D, @

(0.1), (0.1), (0.1) = (1), (1), (1)

0.1)x9 = (1) x 9, 310 KacaeTcs U CTeNeHeN BCeX OCTaNbHBIX
JECATHYHBIX MECT.

UtoO6n1 yoenuTs mpuBepskeniieB Kantopa, Mbl monpoOyeM HaTypalibHbIE Yncia
MO/ICYMTATh B IPABUIIBHOM COOTHOIIICHHH KaHTOPA, OJJHA €AMHMIIA — OJTHO HATYpaJIbHOE
YHCJIO; 3TO, K IPUMEPY:

1,1, 1,1, 1,...cymma- 5

1, 2, 3, 4, 5, ... cymma - 15

SBsieTCS JIM 3TO «KAHTOPOBBIM JOKA3aTEIHCTBOMY TOTO (paKTa, 4To
OECKOHEUHOCTh HaTYpabHBIX unces Oobiine OeckoHeuHOCTH eaunanil? Hert, KoHedHo,
MTOCKOJIbKY ISl HATYPaJIbHBIX YHCe]T MIMMaHEHTHOM SIBJIIETCS COOTHOIICHHE CIIEYIOIIeH
(bopMmbI:

1, 11, 111, 1111...cymma - 10.

1, 2, 3, 4...cymma - 10.

Honb MbI 107K HBI curTaTh HE Kak 1, a Kak HOJb, TOCKOJBKY NX1=n,anx1x
0 = 0, u3 yero cnenyer, 4to cuia Hous npesbimaet 1 u n. [louemy? Hounb siBnsieTcs
apruPMETHIECKON 0ECKOHEYHOCTHIO, ¢ (PU3UIECKUMU CBOMCTBAMU. B 3TOM CBSI3W HOJIb
SIBJIICTCS a0COJIFOTHOW TPAHUIICH TOTO, YTO ¢ apU(PMETHICCKON TOUKH 3PEHUS SBIIICTCS
JUCKPETHBIM, U TOTO, YTO C (DU3UYECKOM TOUKHU 3PEHUS SABJISCTCS OKOHYATEITHLHBIM.

Ceoiicmeax =0,x;X3X3X4...Xp:
Criucok Kantopa o olHOMY A€CATUYHOM MECTY SIBISIETCS aKTyaJIbHBIM JIUIIHh

JUIs1 BBIOOpA OJTHOTO JECSITHYHOTO 3HAKA JUIA X, T.€. OH MPEeyCMAaTPUBAET OJIUH
JIECATUYHBIA 3HAK IS IECATHYHOIO MecTa - AecaToe - dyp, coToe - dy; , ThIcsTuHOE - d33
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..M 1Ip., auucio 0.X; SBISETCS aKTyalbHBIM JIJISl BBIOOpA IECATH JECATHYHBIX 3HAKOB
(9,8,7...0) HA HECATOM MECTE IIOCHIE 3aIISITOM, a TaKXKE Xz HA COTOM, X3 Ha THICIYHOM, TO
ecTh unciio X =0, X1 X2 X3 X4 ... Xy AIBJISICTCSA aKTyaJIbHBIM 1 BbIOOpa 10 gecsaTuaHbIi
3HAKOB JIJIS KQKJIO0r0 IECATHYHOTO MECTa, JICCATOr0, COTOTO, ThICSYHOrO... HecomHeHHO
JUTS TI000T0 KOHKpEeTHOTO 3HaYeHUs dq1, d22, d33... X BCEria MOKET UMETh JPYroe
3HaueHne. CUCOK U X UTPAIOT B CIEAYIONIYIO UTPY: CIMCOK TOBOPUT «dq; = 0,2», a X
rosopurt «0, x; = 0,7», ciucok ropoput «dz; = 0,03», a x ropopur «0, 0x,= 0,05»,
cnucok onaTh roBopuT «ds3 = 0,003», HO X 00 3TOM TroBOpuUT «0, 00x3= 0,009» U Takum
o0Opa3om, 1o ci0BaM poccuiickoro MmatemaTrka Ecennna-Bonbnuna, «10
M3HeMOXeHus». Ecu Ob1 X MOTJIO BBIOpAaTh TOJIBKO JIBa IECATUYHBIX 3HAKa, CIIMCOK C
HUM TIpOUTpasl Obl B UTPE JMCTHHTA, €CJIM OHA TIEPBOM OTpe/IeIIIeT 3HAaUCHHE.

Uucno KanTopa x umeet 0oJiee BEICOKOE pa3pelieHne, YeM ero Cucok. B atoi
CBSI3M, €CTTU YBEIIMYUTH pa3pelieHre CIIUCKa, B HEM JOJDKHO MOSIBUTHCS U X.

B nepByto ouepens, 3Hak X B 0,X;, 0003HAUALT, UTO X CpaA3y KOppecnoHoupyem c
MIOJHBIM HHTEPBAJIOM JAECATHUHBIX 3HAKOB (n’=9,8,7..0), @ 3HAK LUQPBI X1 C IPYTUM 3HAKOM
uudpst 0.dyq , T.€. CO 3HAKOM MEPBOTO JACCITUYHOTO MECTA, T.€. OHA HE JOJIKHA
COOTBETCTBOBATH 3HAKY IIEJIOTO YUCTIA.

Hawm octaetcs eme noctpouts nomuk st KantopoBa 6e310MHUKa - YKCIIa X, 110
MIPUHITUITY OJHOBPEMEHHOCTH, YTOOBI OHO B HEM MOTJIO MPOKUBAT.

Pazeepnem nepBoe aecsituuHoe mecto 1d; o noctosiHHOU dypy 1 oumeM 0.xy,
KOTOpPOE B CHHXPOHHOM CITMCKE JIOJDKHO COBIIA/IaTh C IEPBBIM JIECATUIHBIM MECTOM
yuciaa 1 dipp'= 0.dy1n, X2 € IpYTUM IE€CITUYHBIM MECTOM, X3 C TPETHUM, U T.J., BIUIOTH JI0
0.x;, = 0.dyyn - 1 BOT KaK B cIIMCKE, CHHXPOHHU30BAHHOM CO CBOMCTBaMHU X, MOSIBISIETCS —
X:

X = 0,x;
1 dypw = 0.d119
diss
di17
di16
di1s
di14
dis3
dir2
d111 X2 X3 X4 eee Xp
dio dizw dizn dign oo dinw
3aknwouenue:

Ecau X He uMeeT 3HaueHUs1 B HHTepBaJje dyqy , T.€. eciu 0.X; HE UMEET HU
OJIHOT'0 MepBOro JecsiTudHoro 3Haka ot 0.x; =0.9, 0.8, 0.7.... 1o 0.0, T.e., ecnu it X =
0.X1X 2X3X 4...X n HE SIBJSIETCS] IEUCTBUTEIBHBIM X = dipy , B 3TOM CJIy4ae X He sIBJISAETCS
U He MOKET ObITh IeCATUHYHBIM YHUCJI0M. JlanbHelee cpaBHUBAHUE JIUIITh
MOATBEPKIAET YK€ CKA3aHHOE.
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Huckyccusa:

Ha npumepe nucTuHra AecATUYHBIX 3HAKOB, Mbl TOKa3aIu () yHKIIMOHUPOBAHUE
unen Ckor-JleiOHuIa, Kacarwmencs CTpPyKTypU3allii, B COOTBETCTBHH C KOTOPOH U3
BCEX BO3MOXKHBIX CIIY4aeB PEAU3YIOTCS TOJIBKO T€, KOTOPbIE MOTYT COCYIIIECTBOBATD,
T.€. KOTOpBIE SBJISIOTCS TEMIIOPATbHO COBMECTUMBIMU. MBI MOKa3aiu, YTO BCS
MaTematudeckas BcesieHHast d1 npUBOAUT TOJIBKO K OJIHOMY aKTyaJbHOMY BapHaHTy,
TOJIbKO ofHOMY (u3nueckomy unciy d1. Eciu s Hanuimy necsituaroe yuciio d1= 0.
27451401, B 5TOM City4ae KaXJbli ApYyroil BEIOpaHHBIM HOMEDP, KOTOPHIN 51 HAITUIILY U
aKTyaJM3upPYyIo, TOJKEH ObITh d2. DTO B IEPBYIO OUEpe/Ib KacaeTcsl ciiydasi OJMHAKOBBIX
yucen, k npumepy d1= 0. 27451401 u d2= 0. 27451401. Ilouemy? I[loTomy 4TO
MaTeMaTH4ecKoe 0ToOpaxeHue He 0003HavaeT (U3nIecKkoe 0ToOpakeHue, a TOJIbKO
PaBEHCTBO YHCEJN, YTO B MATEMAaTUKE CIIOHTAHHO COOJIIOJIAeTCSI B MPAKTUUECKUX
3aJaHusIX, TJ€, K IPUMepY, JBE IBOMKU B KOHKPETHOM BBIPaKEHUM MBI HU B KOEM CiIydae
HE MOXXEM CUMTaTh €AMHHULIEH, OJJHAKO, B TEOPETUUECKON MaTeMaTHKE 3TOT
OHTOJIOTUYECKHH aCIeKT YHCeN HE YUUTHIBAETCs cephe3Ho. B oTnuuune ot
MaTeMaTUYECKOW MPAKTHKE, 3/1€Ch ACUCTBUTEILHOM SBIISICTCS HEOOSI3bIBAIOINAS TIO3HIIHS,
[0 KOTOPOH «OJIMHAKOBBIE YKCJIA CYIECTBYIOT 6ce20d, KOTr1a Mbl 3TOI'0 XOTUM», U €CITU
SICHO, YTO 3TO HE MOYKET KacaTbCs aKTyaJIbHBIX YHCEJI, TAKUX YMCEJ BCErla UMEETCS B
OINPEJICIICHHOM KOJIMYECTBE, B ONPEICICHHON MOCIEI0BATEIbHOCTH.

Ecnu mammmmem 1=1=1=1, 310 cooTHOIICHUE (=) 0003HAYAET OJJHOBPEMEHHOCTh
YEeTbIPEX €UHUL], IOITOMY Mbl HE MOKEM HamucaTh 2=3, TaK Kak 3TU YHCJia HE
SIBJISTFOTCS] OJTHOBPEMEHHBIMU, OJTHAKO, MbI MOKeM Hanucathb 2/2=3/3/=4/4...=1,
MOCKOJIBKY MOCPEICTBOM E€AMHUIIBI OCYLIECTBIISETCS CUHXPOHU3ALUS aKTyaIbHBIX YHUCET,
pu 4eM yucao 0, 6 mupe HAMYPaIbHBIX YUCET NPEOCHABNIACH CAMYI0 AKMYATbHYIO
OecKkoneunocme.

Het Heo6xomumMocT OBITh CIIEIUAIBHO YMHBIM, 00pa30BaHHBIM, @ TOJIBKO
MOHUMAIOIIUM, U TOTOBBIM MPU3HATH MPaBY, YTOOBI MOHSTH, YTO HOJIb SIBIISETCS
€MHCTBEHHBIM YUCJIOM, KOTOPOE MO 3aKOHAM MPUPOJIbl COOTBETCTBYET MUHUMAJILHOMY
ycnoButo KanTtopa, kacaromemcst 0eCKOHEUHOU CyMMBI - "'cOIepKaTh XOTh OMH YJICH,
OO0JIBIION CTOIBKO, CKOJIBKO ATO YHCIIO OOJIBIIOEY, T.€. COACPKATh «UaCTh,
TOKJIECTBEHHYIO 1IeJIoMY». OJHaKO, HOJIb BBITIOJIHSET ropa3/io OOJIbIIE€ ITOIO0 OCHOBHOI'O
TpeOOBaHMs: HOJIb MAaTEMATUYECKUMH ONIEPALIUSIMU HE MOYKET MEHATHCS, TOCKOJIbKY
yacmu HOA HE OMIUYAIOMCA OpY2 Om Opy2a, m.e. Ka)3coas 4acms HO1A coenadaem c
yenvim nHonem; (0+0+0+0+...0 x n...+ 0 x 0 = 0). D10 MOKa BCE, MOCKOJIbKY OTIEPATUSIMH
C HOJIEM MBI 1103a00THMCS B pazjene «O ¢pusuueckoit unmepnpemayuu
MamemamuueckKux Onepayuily.

[TocBsitieHHBIN HEIPEPHIBHOMY JIETICHUIO eUHUITBI, KaHTOop 320611 0 HOJIE,
KOTOpBIN HMMeeT abCOJIFOTHO BCE CBOMCTBA OECKOHEYHOCTH, KOTOPBIE OH MIIET: HE
TOJIBKO OJIH, & «KAMCObLIL U1eH CYMMbL Yacmeil HOJlA, 4 MaKice 6ce NOOCYyMMblL ee
yacmeil, uOeHMUYHLL ¢ Yeavim Hoaemy». OIHAKO, KOHEUHO, B KOHIENIIMH MHOKECTBA,
HeJIb3s IPEACTaBUTh aO0COJIFOTHO MyCTOE MHOXKECTBO, TIOCKOJIBKY «OHO JOJKHO OBITh
yyieHoM camoro cebe» b. Pacen. 3aeck BcTpeuaeTcs anopusi, KoTopasi HepaspeliuMa Ha
YPOBHE MOHATHS aKTYalbHOI 0ECKOHEUHOCTH B Ka4€CTBE MIPOCTPAHCTBEHHO-
MarepualibHOro MHOKecTBa. Kopoue, 3aHuMasich ynucTol Mmatemarukoil, Kantop
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BCTPETHIICA C €€ (PU3UYCCKUMH, T.C. TEMIIOPAIbHBIMHA OIPaHUYCHUSIMU, U, KOpOUe,
OKa3bIBAETCs, UTO OH HE AyMaJ JOCTATOYHO aOcTpakTHO. PeanmpHOoe ¢usmyeckoe Bpems
SBJIIETCS TOpa3/lo0 OOJIbIIIE OTBICUEHHBIM, YeM MaTemMaTuueckuit 3HaKk Ty, unu Tonbko 0
HaNMCAHHBIN HA Oymare; TOT HETIOHSITHBIN HO/1b 6peMeHU, TO TAMHCTBEHHAS
HENpEephIBHAS aKTyaJTbHOCTh, HE IOBTOPSETCS IO APYTrOMY, YeM Kak pa3HooOpa3Hoe
MHO>KECTBO, B KQU€CTBE HEMPEPHIBHOTO MPOCTPAHCTBA U YHUBEPCAIBHOIO BEILIECTBA. JDTO
«cywecmeyroujee Hu4e20» KoTopoe Mbl HE MOKEM MOYYBCTBOBAaTh, HO KOTOPOE
MPEICTaBIIIECT BCE HAIIM OPTaHbl YYBCTB, TAK)KE KaK U BCE CTPYKTYPbI, UMITYJIbChI
KOTOPOTO BOCIIPUHUMAIOTCS HAIMKMMH opraHaMu. MIMEHHO MO3TOMY TOHUMAaHHUE BPEMEHU
HE OTJIMYACTCS OT MOHUMAaHHMSI CTI0c00a, Kak OECKOHCUYHOCTh IPOU3BOIUT YaCTH, TAKIKE
KaK ¥ croco0a, KaK HOJIb IPOU3BOJIUT SAMHHUIIBI, T.€., TAK)KE KaK ¥ IOHUMaHUE 3aKOHa,
KOTOPBIM HACTOSIIEE BPeMsI B 0013aTEILHOM MOPSIJIKE TEHEPUPYET MPOCTPAHCTBO U
BelecTBO. «CyTh yMa 3aKIIFOYAETCS B IYCTOTE » FOBOPAT Y AHUIIA/IbI, TaK TOBOPAT U
THOeTckue mypensl. Kakum 00pa3om OHU 3TO MOTYT 3HaTh, €CJIA ObI 3TO HE OBLIO TaK?
[Tocne MHOTHX eCATHIICTHI 001yMBIBaHUS, sI CBHIIETEILCTBYIO, YTO ITO SIBIISIETCS
riryoouaiimieit npasaoit. [IoaToMy s yBepeH, 4To U 6€CKOHEUYHOCTbh, U HOJIb, U TOYKA, U
HACTOSIIIIEE BPEMS — BCE 3TO MOKHO TIOJTHOCTHIO TIOHATh, TOCKOJIBKY BCE ITO SBIISIETCS
OJIHAM U TEM K€, U, C TOYKH 3pEHUs TOMOJIOTHUH, OHO HaxoauTcs B Hac. Eme 6obie, oHO
HaXOJIUTCS BCIONY M Bcernia. HpiHemHee BpeMsi — TEOPETUYECKH, a KaXyIIuecs pa3HHUIIbI
MHOTOYHCJICHHBIX BEIIEH 1 CYIIECTB — SKCIIEPUMEHTAIILHO, SIBJISIFOTCS IPEIMETOM BCEX
HayK.

Pemenue camoro mpocToro paBeHCTBa, K MPUMEPY TUTIA 2 + X =y Ha caMOM Jelie
MIPE/ICTABIISCT OTIEPALUI0 CHHXPOHMU3AIUHN YHUCETI, UX OTPaHUYECHHUE Ha COBMECTHOE
HACTOsIIIIee BpeMs, T.€. akTyajau3anuio. [[puBoarM KOMIUIMMEHTAPHBIN TIPUMED U3
(U3HUKHK: TOYeMY COOTHOIIIEHHE HEOoTpeIeIeHHOCTH [ eii3enOepra He sBiseTCA
ypaBHEHUEM, a HeypoBHeHHEM? HecOMHEHHO, TOTOMY YTO UMITYJIbC U TTO3UIIUS
AJIEKTPOHA HE MOTYT ONIPENEISTHECS 0OHO8PEMEHHO. ITO HEBO3MOKHOCTD SIBIISIETCS
MOCJICJICTBUEM TOTO (paKTa, YTO MBI HE 3HAEM Y€M TOUYHO SIBJIsETCS Bpems. Jlaxe
¢dunocodus He MOHUMAET, YTO HanmucaTh 1=1 3HAYUT UMETh JIBE €TMHUIIBI, KOTOPHIE
CBS3aHBI TEMITOPATLHO, T.€. GU3MUYECKU. DTO HE 3HAYUT, YTO UMEETCS MHUMAsI €IMHUIIA
Ha JBYX MecTax. BeuHoCTh 1 HeM3MeHHOCTh ujeu [1naTona Ha camMmoM fiene sIBISIIoTCS
CBOMCTBaMH HACTOSIIEIO BPEMEHH.

B xoHn1ie, BeposiTHO Bce MOHUMAIOT, KpoMe nocieoBateneit Kantopa, uto n u
n+1 He ABIAIOTCA OHOBPEMEHHBIMU, IOCKOJBbKY JJIS1 AKMYAAbMHO20 R UMEEM, a TS
aKTyaJbHOro n+I Mbl HE UMeeM (aKTHIECKOH PU3NIECKON KOPPECTIOHICHITUH, BBHLY
Yero ee He HaJl0 MPEJCTaBIsTh B MAaTEMATHKE, IIOCKOJBKY B KOHLIE PACCYXKACHUS TAKUM
00pa3oM MOAEPKUBACTCS THIIOTE3, 10 KOTOPOMY JyX U BEIIECTBO HE UMEIOT €IMHOTO
ocHoBaHus. [IpsSMBbIM TIOCIIEICTBHEM ITOTO TOBEPXHOCTHOTO TIOAXO0/a SIBIISICTCS
(dbyHIaMeHTaIbHasE HEYBSI3Ka MEXIY MaTeMaTUKON U (PU3UKOHN, KOTOpHIE, BCE-TAKH,
COBMECTHO M3YYaIOT OJIUH U TOT XK€ PEaTbHbIM MHp, K KOTOPOMY 00€ 3TH HayKH
otHocsTCA. [lockonbKy 00€ HayKH SIBIISIFOTCS TOYHBIMHU, OHU HAa CAMOM JIeJie 3aHUMAIOTCS
TOJIBKO BPEMEHEM, U TOJIbKO MPaBUJIbHBIA TMIIOTE3 BPEMEHH B YJOBJIETBOPSIOLEM
MopsiZIKe 00ECTIEYNBAET UX OJJMHAKOBBIN HAaTypaibHbIN (pyHIaMEHT.

bnaromaps npumepy X, Mbl yOeIUIHCh B TOM, YTO IIPOTHO3UPOBAHUE
aKTyaJIu3aluy KaXJ0ro KOHKPETHOTO AECITUYHOIO YUCIIa, HAXOSAIIErocs B
CUHXPOHHOM CITUCKE SIBJISIETCS] HY)KHBIM, 3HAYUT - TOYHBIM; CYThIO HEOOXOAMMOCTH
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SIBJISIETCS MPABJA, (T.€. U3 MPaBAbl HE MOKET IPOU30UTH JIOXKb), a CYThIO ITPAB/bI
SIBIISIETCSI CYIIECTBOBaHKE (BCE, YTO CYIIECTBYET KAKUM-TO 00OPa30M SIBISIETCS TOUYHBIM).

Ecnu MmatemaTtuky WCIosib3yeM JiIsi MHOYKECTBA C HEM3BECTHBIM KOJIMYECTBOM
AJIEMEHTOB (KapIMHAIbHOE KOJIMYECTBO BOJIOCHHOK Ha TOJIOBE YeJIOBEKa), TM00 Ha
MHO>X€CTBO, €JMHUYHbIE KOMIUIEKCHBIE CUCTEMbI KOTOPOTO MOJICYUTHIBAEM KaK
3JIeMEeHTHI, T.€. .1:1, (K mpuMepy, KOJIMYIEeCTBO aTOMOB B MOJIEKYJIE), MbI JTOJIKHBI
[MOHUMATh, YTO 3TO SIBJISIETCA HE TEOPETUUYECKOM, a MPAKTUUECKON MaTeMaTUKON, YTO
CWJIa TOTO HHCTPYMEHTA YeJIOBEUECKOro yMa ropas3io Oosbiie. B 3Tol cBI3u nmeeTcst
g depeHImaIbHOE NCYUCIICHNE, a TAKKE BECh HECTAHIAPTHBIN aHAIN3, YHCTAas
MpaKTUYHas MaTemMaTuka. SIpkuM u OECCIIOPHBIM MPUMEPOM MATEMATHYECKOTO
nparmMatusma B GU3HKe HECOMHEHHO SIBIIsieTCsl (hOopMyJia HCUUCTIEHUSI CKOPOCTH
JBUKEHUS 8/t =V, T.€. CKOPOCTh = METP, Pa3JICICHHbIN Ha CEKYHY, TP YEM MBI
YMHOXKaeM U pa3fiesisieM pa3Hble HaBs3aHHBIC ITU(PBI, TOCKOJIBKY 3TO YaCTUYHO
coBmaaaet ¢ onbiToM. PU3MKa U MaTeMaTHKa HYKJAIOTCS B OHTOJIOTUYECKU OoJiee
IIyOOKOM KOHIICTIIIUY JBUKEHUS, YeM HEIIPEPhIBHOE MIEpEMEIEHUE Tella Yepe3 IMyCToe
MIPOCTPAHCTBO, U MIPBIKKH JIEKTPOHOB MO KBAHTOBBIM YPOBHIM. OTBIT HE TPEICTABISET
anuOu I HETIPABUIILHOTO PAaCCYKJICHHUS; C OTIBITOM COBMaaaeT u ABmxeHue ColiHia
BOKpyr 3emu. B OO1eit Teopuu OTHOCUTENBHOCTH DWHINTEHH TOT (DaKT, 4TO
HaAOJI0JaTeINh CYIIECTBEHHO BIUSET HAa CBOM OMBIT, YIa4HO HA3BaJ
«QMUCTEMOJIOTHYECKUM JiehekToM». B 3TO# CBSI3U, MHUMOE X HE IEMOHCTPHUPYET
HexeamKy HATYPaJbHbBIX YUCEN, a 0eheKmHOCHb OJHOCTOPOHHETO JIMCTUHTA.

MBI TakKe BHIUM, YTO CHHXPOHHBINA CIUCOK (DYHKIIMOHUPYET TaK, KaK
¢dbyHKIHOHUpYeT npupoaa. [louemy?

[TpuHIMTT CHHXPOHHOCTH B MaTEMaTHKE MOApPa3yMeBaeT BBEACHHUE (PU3NICCKUX
CBOMCTB JIJIs YMCEJI. N — MaTeMaTuka, a 1,2,3,4 — pusuka. 1o uyncna ¢ Pu3nIeCKUMH
CBOICTBaMU OPUTHMHAIBHOCTH, OCKOJIBKY Mbl HMEEM YHUKAJIbHYIO €IUHULLY, TBOIKY,
TPOMKY...; CAMUM TpPHIAHUEM 3HAYEHUS, YUCIIO U3 OECKOHEYHOTO MUPA MIEPEBOAUTCS B
KOHEYHBI MUP, U3 HEONPEAEIIEHHOTO B ONPEICIICHHBIN, €My IPUCBAUBAOTCS
TEMIIOpAJIbHBIE CBOMCTBA, B pE3YyJIbTaTe YEro OHO akTyanusupyerca. Koneuno, MoxHO
WCIOJIb30BaTh U aKTyaJIbHO TOHUMAaEMBbIE YHCIia, 0€3 CO3HAHUS 00 UX TEMIOPAIBHBIX
CBOICTBaX, OJAHAKO, 3TO BO3MOKHO JIUIIb IOTOMY, YTO YUCJIA BCE-TaKH UMEIOT 3TH
TeMIOpaJIbHbIE CBOWCTBA, HE3aBUCHUMO OT TOTO, 3HAEM JIM MBI ATO WJIM HET. MaTeMaTuKu
B JIIOOOM ciTydae B 00s13aTeIbHOM MOPSIIKE paCCMAaTPUBAET YHCIIa B CHHXPOHHOCTH,
MOCKOJIBKY MX KITFOUEBBIM 3HAKOM SIBIIsIETCS (=), OJTHAKO, OHU ATOTO HE MOHUMAIOT, a
HaWBHO CUMTAIOT, YTO MaTeMaTHKa SIBJSIETCS Oe3BpeMeHHOM. Takoi 1moaxo 1 MOHMKAeT
MaTeMaTHKY J0 TEXHUYECKOTO YPOBHS U, HEPEAKO, 10 MyCTOW MHTEJUIEKTYaJIbHON UTPHI.
Boo01iie, kpynmHeHmM HeJJ0CTaTKOM MaTeMaTUKH SIBIISIETCS €€ TIJI0XO0 pa3BUTast
OHTOJIOTHSI.

II

Onano HenepeuncnMoe MHOkecTBO (KanTopa)

“OpuruHanbHOE JI0Ka3aTenbcTBO KaHTopa paccMarpuBaeT OECKOHEUHBIN Pl
bopM (x1, X2, X3, ...) TAC KOKIBIM dJIEMEHTOM X; siBIsieTcst 0 vum 1.
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PaccmoTtpum mr0601 6€CKOHEUHBIH TUCTUHT OJHOTO U3 TUX
nocienoBaTenbHocTel.. K mpuMepy, MoxeM noiayduTh (pUCyHOK Ne 1):

s1=(0,0,0,0,0,0,0,..)
s=(,1,1,1,1,1,1,..)
s3=(0,1,0,1,0,1,0,..)
sa=(1,0,1,0,1,0,1, ...)
ss=(1,1,0,1,0,1, 1, ..)
s6=(0,0,1,1,0,1,1,..)
s7=(1,0,0,0,1,0,0,..)

B o6mem ciyyae MokeM Hamucath
Sp = (Sn,l, 81,25 Sn,35 Snds )
th th
TO €CTb, Sy, SABISETCS M HIEMEHTOM 711 IIOCJIEOBATEIHHOCTH Ha CITHCKE.

MokeM MOCTPOUTH MOCIEA0BATENBHOCTD Sy TAKUM 00pa3oM, YTOOBI €ro MepBbIi
3JIEMEHT OTJIMYAJICS OT IIEPBOTO 3JIEMEHTa EPBOM MOCIEI0BATEILHOCTH B CIIUCKE,
YTOOBI €r0 BTOPOH 3JI€MEHT OTIMYAJICS OT BTOPOT'O 3JIEMEHTa BTOPOii
T0C/IC/I0BATENLHOCTH B CITHCKE, U B 0OIIIEM, 4TOGBI €ro 71" dJIeMEHT OTIHYaCs OT 1
sementa n' MOCIIeN0BATEIBHOCTH B CIIHCKE. ITO 3HAYHT, YTO S0.m paBHO 0, €CIIN Sy m
paBHO 1, u 4To ¢, OyHer paBHO 1 ecinu s, paBHO 0. K nmpumepy:

th

51=(0,0,0,0,0,0,0,...)
s>=(1,1,1,1,1,1, 1, ...)
s3=(0,1,0,1,0,1,0, ...)
s4=(1,0,1,0,1,0,1, ...)
ss=(1,1,0,1,0,1, 1, ...)
s6=1(0,0,1,1,0,1, 1, ...)
s7=(1,0,0,0,1,0,0,..)

s0=(1,0,1,1,1,0, 1, ...)

(OnemeHTH!I 1 1, S22, §33, ¥ TaK Jajblile, 371eCh BbICICHbI, YTOObI yKa3aTh Ha
MIPOUCXOXK/ICHHE Ha3BaHMS «IUarOHANBHBINA apryMeHT». OOpaTuTe BHUMaHUE, YTO
Ka)XJIbIi BBIZICTICHHBIH AJIEMEHT TTOCIIEA0BATEIIBHOCTH S) OTIMYACTCS OT KaXKJJ0ro
AJIEMEHTA MOCJIeI0OBATEIbHOCTH B BEpXHEH TabnuIIe. )

OTcro1a MOKHO NPUNUTH K BBIBOJY O TOM, YTO 3Ta HOBas MOCJIEI0BATEIBHOCTS S0
OTJIMYAETCSI OT BCEX JIPYTUX MOCIEA0BATEIbHOCTEH, HAXOIAUIUXCS B CIIUCKE. DTO
JIOKa3bIBAETCS CIEAYIOLUIUM 00pa3oM: K IpUMeEpY, €Cciu Obl MOCIIe10BaTeIbHOCTD So HE
orimuanack or 10" mocie[0BaTeBHOCTH B CITHCKE, CIIPABEUTHBEIM OBLTO GBI YpaBHEHHE
50,10 = S10,10- O1HAKO, 3TO HETOUHO. Boob11te, eciu Obl n"™ moce10BaTEIEHOCTE B CIICKE
HE OTJIMYaJIach OT TOCJIEI0BATEILHOCTH So, CIPABEIUBBIM ObLIO ObI YpaBHEHHE 8¢, =
Sp.n» OTHAKO, B CBSI3M C KOHCTPYKUMEN MOCIEA0BATEIBHOCTH S KaK TAKOBOH, 3TO
HEBO3MOXHO.

Ha ocHOBaHUM 3TOr0 MOKHO C1eJIaTh BBIBOJ, YTO MHOKeCTBO 7, cocTosiiiee
U3 BceX 0eCKOHEYHbIX M0CJIeI0BATEILHOCTEH H HOJIel, He MOKeT ObITh BHECEHO B
nepeyveHsb S, 52, 53, ... B IPOTHBHOM cJIy4ae, ObL10 ObI MOKHO CKOHCTPYHUPOBATh
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TaKYI0 MOCJIeI0BATEIbHOCTD S9 KOTOPasi OTHOBPEMEHHO MPUHA/IJIekKAIA ObI
YHOPSAI04eHHOMY MHO:KeCTBY 7 (TIOCKOJIBKY COCTOUT U3 HOJICH M €IMHHII, KOTOPBIE 110
OTIPEJICIICHUIO TIPUHAICKAT 1) HO O/THOBPEMEHHO, He ITPUHA/IJIekKaIa Obl
yHopsiI04eHHOMY MHOKeCTBY 7T (IIOCKOJIBKY S) MBI MOXXEM HapOYHO CKOHCTPYHUPOBATH
TakuM 00pa3oM, 4TOObI HE HAXOAUJIOCh B CIIMCKE  §1 52, 53.). [IpeanonoxuTensHo,
YIHOPSI0YEHHOE MHOKECTBO 7, CoJieprKalliee BCE IMOCIIeIOBATSIbHOCTH HOJICH U CIMHMUII,
JIOJDKHO COZICPIKaTh U MOCIIEIOBATEIBHOCTD So. OHAKO s) He MOSIBJISIETCS] HUT/IE B
CIUCKE S| S2 53, 3HAYHUT, 1 He MOKeT COAepPKATh .

Takum 06p330M JOKa3aHoO, 4TO T HEe MOXKET UMETh «OIWH K OJHOMY>» COOTHOLICHUC C
HaTypaJIbHbIMU YUCJIaMHU. KOpO‘IC, T apnsgercs HCTICPCUUCIINMMBIM. .

((I[HaFOHaHBHBIfI ApryMCHT» IIOKa3bIBACT HAM YTO, JaKC CCIIN o0e
IOoCIACA0BATCIbHOCTHU 6CCKOH€‘{HBI, HMeeTCs 0oblue Pa3HbIX OECKOHEYHBIX
HOCHCHOB&TGHBHOCTGIZ CIAUHUII 1 HOH€I>’I, YEM UMCCTCA HAaTypaJIbHbIX gucen.”

VYTBepxkaaeTcs, 4TO €CIM HEOTPaHWYEHHAs [I0CIIE10BATEIbHOCTD (hOpM
(15 X2, X3, ... Xp ), €CJIM KQXKJBIA SJIEMEHT MOCJIEA0BATEILHOCTH Xy WK 0 mim 1
— pa3BepHEM B CIIMCOK, 3TOT CIUCOK He Oy/eT coaepKaTb KOHKPETHBIX
CEKBEHIIMM 3ToM nocieaoBaTeabHOCTH. Kopoue, moATBepkKJaeTCsl, YTO
HOCJIEOBATEILHOCTD (X1(0;1)s X2(0;1)s X3(0;1)s - Xn(0;1) ) HE COJIEPIKHUT BCE CBOU
BAPUAHTBL. DTO HE TOJIBKO MPOTUBOPEUUT NPEANOCHIIKE, a SIBISETCS MOJHOMN
oeccmpicnuiieir. Ecnu ycnoBue Kantopa onpezenseT mocieoBaTeabHOCTh, B
3TOM CITy4yae 3Ta MOCJEeA0BATEIbHOCTD JJOJKHA OJHOCTBIO YIOBIETBOPATD
3aJJaHHOMY YCIJIOBHIO, JINOO yCIOBHE ISl TOCIIET0BATEIILHOCTU HE SIBIISIETCS
JOCTATOYHO XOPOIIO ChOPMYITHPOBAHHBIM. MBI OKakeM 4To ycinoBue Kantopa
JUIS pa3BUTHS MOCIEA0BATEILHOCTH HE ABIIAECTCA SIBHBIM, TOCKOJIBKY OHO UMEET
CKPBITBIN TEMIOPaIbHbIA KOMIIOHEHT.

3uauyuTt, KaHtop B 3TOM CMbICIIE, TaKKe KaK U JUIs CIIUCKA JIeCATUYHBIX
YHCces YTBEPKIAET, YTO CYILECTBYEN CEKBEHIUS X1, X2, X3, ... Xy ..., KOTOpAs
SBIISIETCS] Henepecuumaemoil.

Hcnonbs3yem 1 B JAaHHOM CiIy4ae METOJl CHHXPOHHOCTH.

Uro0b! 10Ka3aTh BhILIEYKa3aHHOE yTBep:KaeHHe, KanTop 3aaaer yciaosue,
10 KOTOPOMY Ha OJTHOM MecTe S = Xq Mbl MOkeM nucath win 0 unu 1. B aTom
YCIIOBUH MPOCTPAHCTBO U BPEMsI X1 HE SIBJISIOTCS SKBUBAJIEHTHBIMU TI0 YHCITY, T.€.
OHH He SBIISIIOTCS PABHOIPABHBIMH, TOCKOJIBKY JUIsl OAHOTO MecTa 1S1xy
(mpocTtpaHcTBO) cymecTByrOT 1Ba BpemeHu 2Txy = (Txy)+ Txiqy).
Pa3BepHyTO€ B reOMETpUUYECKOM CMBICIIE, 3TO YCIOBHUE ISl KOTOPOTO «OOHO U Mo
JHce nPOCMPAHCHIEO UMEEH 08a PA3HBIX MEMNOPAIbHBIX KOOPOUHAN):

Tixiqy ; Taxaqy 5 Taxze) ... Texaq)
Tixi0) 5 Tox20) 5 T3xz) ... TnXng)
To=So ----x1 X2 X3 Xn NOCJIe0BATEILHOCTh

Kanrtopa

Six1 ;S 5 S;xz ... Spxa
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31ech BO3HUKAET BOMPOC, KaK B IAHHOM CJIy4ae 00eCIeunTh YHCICHHYIO
9KBUBAJICHTHOCTD, T.€. COOTHOIIeHHe 1:1. DT0 HaM HY>KHO YTOOBI IOJICUUTATH
MOCJICTIOBATEILHOCTH TIPH MOMOIIIH JTUCTHHTA.

VYcnoBuem, KOTOpbIM ompenensieTcs, uTo Sx; B Tx; mMoxeT ObITh v 0
i 1, Kantop, HeCOMHEHHO, BBOJUT TEMIIOPATbHOCTD YUCEN, JTHO0
0ecco3HaTeNbHO, MMOCKOIBKY 3TO €My HE0OXO0IMMO, JTMO0 pacCUMTHIBAs, YTO MbI
HE TIoiiMeM, 4To rpobieMa 3aKJIF04aeTcs BO BpEMEHH.

Ecnu B aktyansHocTt Ty umeer nBa 3HaueHus s X, 1.€. 0 u 1, 310
3HAYUT, YTO CYIIECTBYIOT 2 CHHXPOHHBIE BO3MOKHOCTH JIJISl aKTyaIu3aIluu
Ka)KJIOTO YJIeHA CEKBEHIINH, T.€. JIJIS KaXJA0T0 X, HY>)KHO PaBHOIIPaBHO
MOJICYUTATh JIBE «aKTyalbHOCTW» - 0 1 1. 3HAUUT - TeMIopaibHble KOOPJUHATHI
ouazonanu cunxpounocmu Tx Ha KOTOPOIN HAXOJATCS BCE BO3MOXKHbBIE
nocnenoBaresibHOCTU anbTepHaTuBbl (051) - TxXq10;1), TX20;1) TX3(051) TX40;1)»
TxXn(o;1). [U1s1 1IyTKH, MBI CO37a UM TEMIIOPAJIbHYIO KOOPAUHATHYIO CUCTEMY JUIS
«ambTEePHATUBHOM aKTyalmbHOCTH» TX, C KOOpAMHATAMH, PA3BEPHYTHIMHU 10
TxXn;1):

Txnq) TxXn;1)
TX4(]) TX4(0;1)

Tx3q) Tx30;1)

Txa1) Tx20;1)

Txiay Txios

Tx

TX1(0) TXz(()) TX3(0) TX4(0).. . TXn(o)
(pucyHok Ne 2)

Kaxnas mocnenosarensrocTs popm 0110111001...01... HECOMHEHHO
JOJIP)KHA HAaXOAUTHCA Ha AHaroHajin Tx [TXl(o;1)TX2(0;1)TX3(0;1)TX4(0;1). .. TXn(o;l)].
OTTyna HEmoCPeICTBEHHO BHITEKAIOT TA0IUIIBI CHHXPOHHOCTH, Pa3BEPHYTHIE TI0
CUHXPOHHBIM 371eMeHTaM () u 1, U3 KOTOpbIX COCTOAT cekBeHUnu Kanropa.

Ilpumeuanue: nns nepsoro ciay4das 051, B akryansnoct Ty
MPOCTPAHCTBEHHO UMEET TOJBKO JIBE BO3MOXHOCTH ISl Hayaia
nocJyenoBaTenbHOCTH, O 1 1, 01HaKO, BBUAY 3aJJAaHHOTO YCIOBUS
COCYILIECTBOBAHHUS C IPYTHM, TPETHUM, YETBEPTHIM... U . YWICHAMH
MOCJIEAOBATEIBHOCTH, TEMITIOPAIIBHO OTKPBIBAKOTCS €IIE IBE TAKUE BO3MOKHOCTH,
T.€. B Ty HOCIIEI0BATENBHOCTh MOKET HAYATHCS, T.€. MPOAOIDKUTHCS Kak TXg, 1,
Tx1..0, TXq..01 TXy..1. 3HAYHT, TOJTHASI CHHXPOHHOCTbH JIEMEHTOB, KaK JIJIs
IIPOCTPAHCTBA, TAK U IJIs1 BpEMEHH, B IIEPBOM ciay4ae, TXq;1) , HE IPEACTaBIsAET

1
ABa, a 4CThIPE, T.C. 2x2 ) (HO ABC MMPOCTPAHCTBCHHBIC BO3MOXKHOCTU JIA ABYX
aKTyaHBHOCTeﬁ). O,Z[HaKO, MOCKOJIBKY ITOCJIC IEPBOI'0 HAYNHACTCS BTOpOfI YJICH
mocCJICA0BATCIIbHOCTH, KOTOPAasA BO3BPATHBIM COOTHOIICHHUECM TEMIIOPAJIbHO
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(UKCUPYET MEPBBIA, TO KOJINYECTBO BO3MOXKHBIX HACTOSIIUX CIY4acB
YMEHBIIIAETCSI OT YETHIPEX, JI0 IBYX. J{pyrue 18e BO3MOKHOCTH BCETa
peanu3yroTcs, T.€. B 0011el CyMMe «OyTyIINUX» CHHXPOHHBIX

. _ an+1
nocnenoBarenbHocTed  (+1)TxXpr10;1) = 2 MBI JIOJDKHBI IIOJICUUTATh UX,

Kak 2 x 2'.

Tabauuvl cunxponnocmu 011 HEOZPAHUYEHHOU ROCe008aAm eIbHOCIU
dopm (x1, X2y X3y oeo Xp) 20€ KAHCOBLIL ITIEMEHN ROC/1€006AMENbHOCIU - Xy, UTIU
Ounu 1:

1 TX1(0;1) = 21

2 TXZ(();]) = 22

4 TX4(0;]) =2
1 =X4-00,00

= X4=1,1,1,1

= X4=0,1,1,1

= X4=0,0,1,1

= X4=0,0,0,1

2
3
4
5
6 = X4=1,000
7
8
9

4

= X4=1,1,0,0
= X4=1,1,1,0
= X4=0,1,0,1
10 = X4=1,0,1,0
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11 = X4=1,0,1,1
12 = X4=1,1,01
13 =X4-1,001
14 =X4-0,1,1,0
15 =X4=0,1,00
16 = X4-0,0,1,0

5 TX5(0;1) = 25

= X5=0,0,0,0,0
= X5-1,1,1,1,1
= X5=0,1,1,1,1
= X5=0,0,1,1,1
= X5=0,0,0,1,1
= X5=0,0,0,0,1
= X5=1,0,0,0,0
= X5=1,1,0,0,0
= X5=1,1,1,0,0
10 = Xs5-1,1,1,1,0

O 0 I UN AW -

11 = Xs5-9,1,1,1,0
12 = X5-0,0,1,0,0
13 = X5-0,1,0,0,0
14 = X5-0,1,1,00
15 = Xs5-0,0,1,1,0
16 = Xs-9,1,1,1,0
17 = X5-0,1,0,0,0
18 = X5-0,0,0,1,0
19 = X5-1,0,0,01
20 = Xs5-1,1,0,0,1
21 =Xs-1,1,1,0,1
21 = X5-0,1,0,1,0
22 = X5-1,0,1,0,0
23 = Xs5-1,0,1,0,1
24 = X5-1,0,0,1,0
25 = Xs5-0,1,1,0,1
26 = Xs5-0,1,0,1,1
27 =Xs5=1,0,0,1,1
28 = Xs-1,1,0,1,1
29 =Xs5-0,,1,0,1
30 =Xs5-1,1,0,1,0
31 =Xs-1,0,1,1,1
32 =Xs5-1,0,1,1,0

6 TXG(();]) =2

1 = X6=0,0,0,0,0,0

6
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2 = Xg=1,1,1,1,1,1
= X6=10,0,0,0,1,1
X6=10,0,0,1,1,1

- W
ol

64 = X6-0,0,1,1,0,0

7
7 TX7(0; n = 2
1 =X7-0,0,00,0,00
2 =xX7-11,L,L,1,1,1
3 =X7-0,0,0,0,0,0,1
4 =X7-0,0,0,00,1,1

128 = X7-1,0,1,1,1,01

Hpumeqane: MEPBLIX CEMb YJICHOB ,,HenepecanbmaeMoifl

BBIILICNIPUBE/IEHHBIM IPUMEPOM, HaXOJIATCS B TAOJIMIIE CHHXPOHHOI'O IPOCMOTpa

_ A7 7
HoMep 7TX7p;1y =2", T.e. B TaOiMIle, KOTOPAsk COJACPKUT 2° 6apuanmos c
nosmopenuamu 0 u 1, cuaxponsbix B Tx5. [Ipoune unensl 310t
MOCJIEI0BATENBHOCTH, T.€. BOCBMOM, IEBATHIN, NECATHIN.... N-ThIi, IPUBEICHBI B

n
TabauIe CHHXpOHHOTrO mpocMoTpa nT Xy =2

8
8 TX3(0;]) = 2
1 =Xg-0,0,0,0,0,0,0,0
2 = Xg=1,1,1,1,1,1,1,1
3 =Xg=1,1,1,1,1,1,1,1
4 =Xg-1,1,1,1,1,1,1,1

256 = X8-0,1,1,0,1,1,0,0

sl

n
nTXn(o;l) =2

9

n+1

T.e. Bce oTAeNbHBIE TOCTEA0BATEILHOCTH COOMpPAIOTCS: X 2 — 2. YneHom (-

. 1 o
2) aKTyaJIM3UPYIOTCS TOJBKO JIBE U3 YETHIPEX BOZMOXKHOCTEH 2 X 2 mepBOM
TabJIMIE CHHXPOHHOT'O IIPOCMOTPA, O YEM MBI YK€ TOBOPHUJIH.

Tabnuuya cunxpounozo npocmompa, popmynst (n+1)Tx,+109;1) = 2" +1:

Ota Gopmyna 2" +1 , K IipuMepy [Uisi n=7 OnpeAesieT KOJIN4eCTBO

. 48
CUHXPOHHBIX KOM6I/IHaI_[I/II/I 2" Te. JJI KQXKI0TO N ONpeACIIACT N-TyI0, a TaK¥XKE
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nocineaytonyto tadbmuiy n+1 cuHXpoHHBIX kKoMOuHanmi 0 1 1, BBHIY yero
HEBO3MOKHO HARUCAMb WU RPEOCMAGUM b TIOCIICIOBATEIILHOCTh
010101100...0...1... Xp(0;1), KOTOpPAs 31€Ch 3apaHee HE yKa3aHa U OTIEJIBHO HE

n+1
nepeuncnena. Kpome storo, B X 2 CYMMHUPYIOTCSI U BCE

MOCJIeI0BATENIbHOCTH, MIOJIYYEHHbIE BO BCEX MPEebIAYIINX Ta0IUIAaX, YIUTHIBAS
U JIB€ Hepealn30BaHHBIE BOZMOXKHOCTH MEPBON TaOIUIIBI CHHXPOHHOT'O
npocMoTpa. B 3Tol cBsi3u yeMarpuBaeTcs OueHb BaKHAsl BEIIb: JUUIs YCIOBUS
Kanrtopa «o1HO MecTo — 1Ba BPEMEHU» B MEPBOil TaOINIE CHHXPOHHOTO

1 .
POCMOTpa 2 pealu3yTCs TOJILKO MepBbie 2 U3 4 yKazaHHbIX BO3MOXHOCTEH,

n+1
MIPU YeM OCTaJIbHBIE JIB€ BOSMOXKHOCTH PEAIM3YIOTCS JIUIIb B 2 , B KQUeCTBe
YCIIOBUSI HEOTPAaHMYEHHOTO POCTA.

_ o+l
(m+D)Txp100) = 2 , IEPECYUTHIBAET BCE MOCIICIOBATEIHHOCTH, 110

OJJHOMY, KaKk n+1, 3HAYUT, TAKKM k€ 00pa3oM, KaK 3TO HAaTypajbHas
M0CJIeI0BaTeIFHOCTH N JIeaeT co CBOMMH YJICHAMU.
MOo’KHO CKa3aTh, YTO TaOJHIIA CHHXPOHHOTO IPOCMOTpa, (hOpMYITbI

M+ TXp+10051) = ot 1 , «TIpelycMaTpuBaeT U Oyyiee mocien0BaTeIbHOCTEN
Kanrtopay, nockosibKy OHa COJAEPKHUT U IEPECUNTHIBAET BCEX UX, B TOM YHUCIIE U
KOKAYI0 «OyIyIIyIO» MOCIE0BATEIHHOCTh N+1 WICHOB, YTO MOXHO «BEYHOY.
MIPOBEPATH

3axkarouenue:

n+1
Bce akTyanpHBIe IOCTIEIOBATEIFHOCTH N HAXOATCS B X 2 —2,aBce
BO3MOJKHBIC MTOCJIEIOBATEIIBHOCTH N+1 - B TaOJIMIIE CHHXPOHHOTO MPOCMOTPa

_ o+l
(m+D)Txpr10,n = 2 , KOTOpasi MPEe/ICTaBIISIET CYMMY BCE€X BO3MOYKHBIX
Ta0JIMI] CHHXPOHHOTO IIPOCMOTPA, U KOTOpasi COJICPKHUT BCE IMOCIICI0BATCILHOCTH
Kantopa, ¢popmy 0,1,1,0,...0,...1,....(n +1);).

DKcnnukayus Memooa CUHXPOHU3AYUU ITIEMEHM 08
nocinedosamenvhocmen Kanmopa:

0
) P = 2

0,0
|15 D =2

0,0,0
115 1§ D =2

0,0,0,0
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1,1,1,1.......... = 2

0,0,0,0,0,...0,...n+1
LLLLL.1.nt1 = 2°*1

3akmouenue: Bee mocnenosarenbaoctu ¢opwm (0,1,0,1,1,0,0...0...1...n+1) c n+1

n+1
YJICHOB, HAXOAATCSA B TaOJHIIe CHHXPOHHOTO IMPOCMOTpa 2 . DTa cymma He
0oJbpIIIe HaTYypalibHOM MocneaoBaTenbHOCTH N.

« PaccmoTpum o060 6€CKOHEUHBIH JINCTUHT OJTHOTO M3 3THX
nocrnepoBaTenbHoCcTel.. K mpumepy, MokeM MOTy4YHTh:

s1=(0,0,0,0,0,0,0,...)
=1, 1L1,1,1,1,1,.)
s3=(0,1,0,1,0,1,0,..)
s4=(1,0,1,0,1,0, 1, ...)
ss=(1,1,0,1,0,1, 1, ...)
s6=(0,0,1,1,0,1, 1, ..)
s7=(1,0,0,0,1,0,0,..)

B 06H_I€M CJIydac MOXXEM HAIIUCATb
Sn = (Sn,l, Sn,2, Sn,3, Sn,4a )

th th
TO €CTb, Sy, SABICTCA m 3JICMCHTOM 7 IIOCJIICAOBATCIIBHOCTH Ha CIIMCKE.

Ilpumeuanue: 310 HATISAHBIA TPUMEP HAPOYHOUN HETIPABUIILHOM
KOPPECIIOH/IEHIIUH JIEBOW U MPaBOW CTOPOH ypaBHeHUs1. [lepeueHb cocTaBiieH
TakuM 00pa3oM, 4TOOBI YHUCIIO MOCIIEIOBATEIHLHOCTEH OBIJIO HE3aBUCUMBIM OT
KOJIMYECTBA €r0 YJICHOB, T.€. OCJIEeI0BAaTEIbHOCTEN C JIEBOM CTOPOHBI YpaBHEHUS

o 2 o
HMECTCA N, a4 UX YJICHOB C IIpaBOU CTOPOHLI - N . 9T0 3HA4YUT, YTO ICJIbIM CIIMCOK
o0ecIieunBaeT KOPPECIIOHACHII IO KOHerTHOfI IOCJICA0BATCIBHOCTHU TOJIBKO C

2
€ro MnepBbIM 4JICHOM, ITOCKOJIBKY N=N =1.

« MokeM MOCTPOUTH MOCIICIOBATEIIBHOCTE Sy TAKUM 00pa3oM, 4TOOBI €ro
MEPBBIN 3JIEMEHT OTIMYAJICS OT MEPBOTO 3JIEMEHTA TIEPBOM MOCJICIOBATEIILHOCTH B
CIIMCKE, YTOOBI €r0 BTOPOU JIEMEHT OTJIMYAJICS OT BTOPOTO JIEMEHTA BTOPOM
[OCJIEOBATEILHOCTH B CIIMCKE, U B 00IEM, YTOOBI €TI0 n' snement oTMuancs ot 1
snemenTta 1 IOCIIENOBATENLHOCTH B CIIUCKE. DTO 3HAYUT, 4TO S(,, PABHO 0, €CIH Sy
paBHO 1, u uto s, Oyner paBHo 1 ecinu s, paBHo 0. K npumepy:

s1=(0,0,0,0,0,0,0,...)

th

s=(1,L1,1,1,1,1,.)
s3=(0,1,0,1,0,1,0,..)
s4=(1,0,1,0,1,0,1,..)
ss=(1,1,0,1,0,1, 1, ...)
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s6=1(0,0,1,1,0,1, 1, .
s7=(1,0,0,0,1,0,0,..)

b

(9J’I€MGHTBI 81,1, 82,2, 8§33, 1 TaK JAJIbIIC, 3[1I€Ch BBIJACIICHBI, YTOOBI YKa3aThb Ha
MPOUCXOKIACHNUEC HA3BAHUS «,I[I/Ial"OHaHBHHﬁ ApryMCHT». O6paTI/ITe BHHMMAHHC, YTO
Ka)K,I[BIfI BBI,I[GJ'ICHHHﬁ QJICMCHT IIOCJICA0OBATCIBHOCTH So OTIIMYACTCA OT KaXXJ0Io
QJICMCHTA I10CJICA0BATCIIbHOCTH B BerHCI;'I Ta6J'II/IL[€.)>)

2710 pa3pemacTeCs CICAYHOIIUMA CBOMCTBaMH T3.6J'II/IL[ CUHXPOHHOI'O IMTpOCMOTpa:

1)

2)

3)

4)

1)

2)

3)

4)

Kasxnp1it mepBbIit uiieH Kax 01 MOCJIeI0BATEIbHOCTH HAXOAUTCS B TaOIUIIE
CHHXPOHHOT'O IIPOCMOTpa 21.

Kaxaprit BTOpO# 4iieH KakJ01 OCIeI0BaTeIbHOCTH HAXOAUTCS B TaOIHIIe
CUHXPOHHOT'O IIPOCMOTpa 22.

Kaxxnprit TpeTuit uieH Kaxa0i mocyieJoBaTeIbHOCTH HaXOIUTCS B TaOIUIIE
CUHXPOHHOT'O IIPOCMOTpa 23.

Kaxap1it n-Thlii 4ieH KaXI0i MOCIeI0BaTeIbHOCTH HAXOIUTCS B TAOIUIIE
CHHXPOHHOT'O IIPOCMOTpa 2",

Kpowme 3toro:

Kaxnas «mocienoBaTenbHOCTh U3 OJJTHOTO WIEHA» HAXOAUTCS B TaOJIuIle
CUHXPOHHOTO MPOCMOTpa 21.

Kaxxnas mocnenoBaTelbHOCTh U3 IBYX YJICHOB HaXOAMUTCS B TaOJHIle
CHHXPOHHOT'O IIPOCMOTpa 22.

Kaxxaas nmocnenoBaTebHOCTh U3 TPEX WICHOB HAXOAUTCS B TaOJIHIIE
CUHXPOHHOTO MPOCMOTpa 23.

Kaxxgast mocneaoBaTelbHOCTh U3 N YWICHOB HAXOUTCS B TAOJIUIE CHHXPOHHOTO
poCcMOTpa 2",

B Ta6J'II/ILIaX CUHXPOHHOI'O ITPOCMOTpPA HAXOOATCA JIMCTHUHI'U
HOCHGHOB&TGHBHOCTeﬁ, I[IpHU 9€M, K IIPpUMEpYy, TpCTI/Iﬁ YJICH OATOMU

3 N .

IOCJIEI0BAaTENILHOCTH, HaXoauTcs Ha MecTe B 3TX3(0;1)= 27, IATHIN 4ICH CEABMOU
5 . .
MIOCJIEIOBATEIILHOCTH, HA IATOM MecTe B STX5(9;1y= 2™, BOCBMOM WIEH ACBATON

8
MIOCJIEA0BATEIILHOCTU, TOYHO Ha BOCBMOM MecTe B 8TXg(g;1y=2" T.€., KaKk MBI yKe
CKa3aJid, 1enasi Mocae10BaTeIbHOCTh U3 CEMH YJIEHOB, K mpumMepy, so = (1,0, 1,

7
1,1,0, 1), oxaxercs B Tabunuie CHHXPOHHOTO pocMoTpa 7TX7(0;1) =2 ", a mobas
1esnas Mocie0BaTeIbHOCTh, COCTOSIIAS M3 JIFOOOTO KOJMYECTBA YJICHOB,

n
okaxkercst B TXp(o;1)= 2
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3HAYUT, €CJIM BO BEPXHIO TaOIHILy OeCIIOPSI0IHBIX
nocnenoBatenbHocTel Kantopa (pucynok Ne 1) BBeJieM TeMIOpaIbHBIHA
KpUTepuil, t=t, 5T0 HECOMHEHHO YIOPSA0YUT MOCIIEeI0BATEILHOCTU B
MIPOCTPAHCTBE, T.€. H-Mblil YleH N-MOIl ROCIE0068AMENbHOCHU OKANCEMCA HA

n-mom mecme ¢ madauye CUHXPOHHO20 RPOCMOMPA 2",

Juckyccua: Ha nuaronany CHHXpOHHOCTH (PHCYHOK Ne 2), K mpumepy,
nist 3HaueHus: TXjg) UMeeM cUHXpOHHOE 3HaueHue Txy) 1 HaoOopoT. Kaxplii
TXn(0;1) pa3BUBaeTCA B OTAEIbHYIO TaOJIUIy CHHXPOHHOI'O IIPOCMOTPA,
OXBAaTbHIBAIOIYI0 BCE BO3MOKHOCTH.

Kaxxnas BepTukanpHas NOCI€0BaTEIbHOCTh COBMAIAET C OJTHOM
TOPU30HTAIBHOM MMOCIIEI0BATEIHLHOCTHIO COOTBETCTBYIOIIETO KOJTHMUECTBA P,
K IIpUMeEpy, BepTUKaabHas nocienoaTesibHOCTh Tx; = 0110 cooTBeTCcTBYET
OJTHOW M3 TOPU30HTAIBHBIX MTOCIIEI0BATENIbHOCTEN Ta0IHUIIBI CHHXPOHHOTO
npocMoTpaTXy(;1), BEpTUKaIBHAS NOCIEN0BATENBHOCTE TX3(0;1) =01101100
COOTBETCTBYET OAHOM M3 T'OPU30HTAIILHBIX MOCIIEA0BATENbHOCTEN B TXg(0;1) X AP.
Bce BepTuKanbpHbIE OCIEI0BATEILHOCTHU SBISIFOTCSI HEKOTOPBIMU
TOPU30HTAIbHBIMH, T.€. BEPTUKAJIbHBIE SBIISIOTCS «CYOMHOKECTBOM
TOPU30HTAJIBHBIX MOCIIE0BATEILHOCTEN «, 3HAUUT, IEPECUUTHIBAs
TOPU30HTAJbHbIE, IEPECYUTHIBAIOTCS BCE MOCIE10BaTeNIbHOCTU. UTOOBI
MOJTyYUTh cooTHOIIeHue 1:1, Bce mociieIoBaTeIbHOCTH pa3/iesieHbl Ha 3JIEMEHTHI,
KOTOpBIE TIOCTPOCHBI TAKUM 00pa3zoM, 4ToObl obecreuuTs pocT Ha 1, T.€. (0,1
00,115 000,111; 000,111; n;1)). CUHXPOHHO YIOPSIIOYEHBI, BCE
nocienoBatenbHocTu hopm 0101...1...0... MOTYT OBITH TIOJICYMTAHBI B
OTJEJIBHOCTH OTJIENbHO, Kak n+1. B KoHIle, KaXk1as mociieJoBaTeabHOCTh GOopM
0101...1...0... conepxuTcs B TAOIULE CUHXPOHHOrO IpocMoTpa NTXn(o;1). Takum
00pa30M UCKIIFOYAETCs] BO3MOXHOCTh CYIIIECTBOBAHHS HETIOICUMTHIBAEMOTO
MHoO>kecTBa KaHTopa, cocTosIero u3 n 3JeMeHTOB,

DNeMEeHTHI TaOJIUIbl CHHXPOHHOTO IMTPOCMOTPA HE MOTYT OOJIbIIe
YHOPSAI0YMUBATHCS MOCIEA0BATENBHO, IOCKOJIBKY BCE OHU BMECTE CYIIECTBYIOT B
Ty, T.e. OHM COCYILIECTBYIOT B aKTyallbHOCTH. HeCOMHEHHO, CHHXPOHHOE
COOTHOILIEHHE JIEMEHTOB HCKIIIOYAET TEMITOPAIbHYIO UEPAPXUIO, @ HX
BO3MOJKHBIH MOPSIJIOK CYIIECTBYET TOJIBKO Ha Oymare.

CHHXPOHHOCTb SIBJISIETCS TJIABHOM TEMIOPAJIbHON XapaKTepUCTUKON
HaTypajbHbIX yKcell. K npumepy, eciiu Homep 4 HanuieM kak 1515151, Bce
YETBIPE €AMHULIBI COCYIIECTBYIOT B To(4), T.€. OHU HE MOTYT TEMIIOPAJIBHO
00ycTpanBaThCs, €CJIM He 3a0bITh MPEIMOCHUIKY O CYIIECTBOBAHUU YHCa 4 KaK
€IMHOW CUCTEMBI, OJJHOBPEMEHHOM ¢ caMoii co00I0.

CHHXPOHHOCTb SIBJISIETCS BBICIICH (HOPMOI YHOPSA0UCHHS OJTMHAKOBBIX
AJIEMEHTOB, KaK (pU3nUecKux, Tak U MmareMaTuueckux. [lokaxercs, 4ro Tabiuia
CUHXPOHHOTO MPOCMOTPA SIBJSIETCS CaMbIM MOT'YILIIUM MaTEMaTUYECKUM
WHCTPYMEHTOM B (PU3HKE, IOCKOJIBKY 3TO 8€YHAA AKMYAIbHOCM b, TO €CTh
€IMHCTBEHHAsI peasibHas (puznyeckasi 0eCKOHEUHOCTh - AOCOIIOmHAA
unepyuonnasn cucmema. Ob6ecrieueHue CHHXPOHHOCTH UCKITIOYAeT
MI0CJIEI0BATENILHOCTD, U IBUKEHHE, T.€. U3MEHEHHE.

OcHoBHOe (hopmanibHOE 3aMedYaHue Ha MEeTO/1 AuaroHanu3anuu Kanropa,
3aKJII0YAETCS B HEKOPPEKTHOM KOPPECTIOHICHIINH, T.€. YCTaHOBICHUH
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SKBHUBAJIEHTHOCTU MEX/Y JIEMEHTaMHU, KOTOPBIE 110 KOJIMYECTBY SIBIISIOTCS
HepaBHbIMU. K npumepy, B ciayyae aecstuunbix yucen, dy = 0. dy; di2 dy3... , B
ciydae nociegosatenabHocte, x; = 01001101..., x = 1001010..., a Takxe B
cllydyae MHOXECTB, I'JIe «IIyCTO€ MHOKECTBO COJEPKHUT caMoro ceds», (mapaiokc
0=1).

N36exxanneM IBYyXCTOpOHHEH 3KBHUBasIeHTHOCTH, KaHTOp oOecneunBaeT
BO3MOKHOCTb, YTOOBI HCCIIEI0BaHMSI, IPOBOJAUMBIE €0 METOIOM,
ABTOMAaTUYECKH MPUBOJWIMA K OTPULIATENBLHBIM pe3yiabTaTam. K npumepy,
METOJIOM AuaroHanusauuu KaHTopa Henb3s MOACUNUTATh ACCATUYHBIE YHCIIA,
HEJb34 MOACUYUTATh MHOKECTBO, OJIHAKO, HA OCHOBAHHUH ITOT'0 OH Cpa3y JAeIacT
BEIBOJI O TOM, 4YTO ,,0€CKOHEYHOCHb 0CCAMUUHDBLX YUCel D01blue
0ecKOHeuHOCImU HAMypPaIbHBIX YUCE «, U UTO ,,Cyu4ecmeyem
Henoocuumboigaemoe MHoIcecmeo «. Bece Taky, U3 OTAEIBHBIX OTPULIATEIbHBIX
MIPUMEPOB U HEU3MEHHOCTHU OJTHOTO METOJIA, HE MOYKET IPOUCXOIUTh
onpedenennoe O3UTUBHOE 3aKIIIOYEHHE, HACTOJIBKO 00I1Iee U OHATHOE, 1
II03TOMY 3TOT METO/ SIBJISIETCS NOJHOCTHIO HEHAJAECKHBIM U B CYIIIHOCTH YY>KHUM
duzuuecku mounomy oyxy mamemamuxu. O60 Bce 3TOM NPaBUIBHOE
3akimoueHue caenan cam Kantop 1877, B muceme [lenekuny (1o moBoy
OTKPBITHS, UTO JJIs1 KaXKJOTO MO3UTUBHOTO LIEJIOr0 HOMEpA n cyuiecTByer 1 B
COOTBETCTBUHU ¢ 1 KOppPECHIOHIEHIIMEN TOUEK JIMHUU, U BCEX TOUYEK B N-MEPHOM
npocTpaHCTBe): «Brky, HO He Bepro«. B MaTeMaTHKe MPOUCXOIUT UMEHHO
npyroe: «He BiKy, HO Bepro «, K MpUMEpPY, HE BIKY HHU(DPHI, HE BIKY JUTHHY 0e3
IIMPUHBI, HU BIXKY TOUKY O€3 2JIEeMEHTOB, OJIHAKO, ST BEPIO, UTO BCE ITO
CYILLECTBYET.

Camoii GosbIIoN Hay4HO# 3aciyroit Kantopa HECOMHEHHO SIBISIETCS TOT
(axT, 4TO HIKCTPEMaJIHLHBIMU MPUMEPAMHU HETIOTHON HHIYKIIMH U OTHOJIOTUYECKHU
HEOOOCHOBaHHBIM BBEJICHHEM aKTyaJlbHOW OECKOHEYHOCTH B MaTEMaTHUECKUE
cO00pakeHHUs! OH MPSIMO YKa3aJl, 4TO IJIaBHBIE MPOOJIEMbI MATEMAaTHKU HE MOTYT
OBITH pa3pelieHbl 0e3 PU3UKU, U YTO TEMIIOPATU3AIUST MATEMATHKH SBIISICTCS
MOJTHOCTBHIO0 HEOOXOAMMOM.

ITepeBop ¢ cepOCKOro sI3bIKa Ha PYyCCKUM S3BIK: areHTCTBO Eurolang.
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