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AHHOTaAMSA

Haiinensl MakcuManbHbIe IIe/ble YHUCIa B OCHOBHBIX CHCTEMaXx
cuucnenus. [naa  gecATMYHON  cucteMbl OHO  paBHO  (9),
YUTaeTCsl KaK «IeBSITh B Iepuofe». HaliieH HOBBI TMTaHTCKUN
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co. PazpaGoraH KommbloTepHbIA (opmar sl paboTHl €
0eCKOHEUHBIMH YMCcIaMH. PaccMOTpeHbl OCHOBHBIE 3aKOHOMEPHOCTH
apudMeTHUEeCKUX orepalyii ¢ 6eCKOHEUHBIMU YUCTIAMH.
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Tonwko nocie meoeii cmepmu, Arényuixa,
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Omo uccredoeanue s nocesyaro me5e.
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BBenenune

Kak Ob1710 oTKpHITO M J0Ka3zaHo B (B.I'., 2021), Bcenennas
IUTS HaC, Kak OOBEKT HAyYHOTO TIO3HAHMSI COCTOMT M3 JBYX Ya-
creil. I3 0603peBaeMoii yacTu, KOTOPYIO Mbl BUIUM, HaOmoaa-
eM, u3yyaeM U (PUKCUpYeM Ha MPOTSIKEHUU BCETO CYIIECTBOBA-
HUsI pa3yMHOTO YeJIOBEUECTBA U OCTaJIbHOM 4acTh BceseHHou,
abcomoTHO HetocsiraeMoid. OHa HeIOCTYITHA HU HAIIIUM OpraHam
JyBCTB, H HAIlIUM CBEPXUYBCTBUTEIBHBIM MTPUOOPAM U JIO CUX
TIOp O ee CYIIIECTBOBAHMY HUKTO U HUKOT/a Jake He JorabIBaI-
csl, TaK Kak Bcsl MHGOpMAaIUs O HE MPOCTO MOMJIOIAETCS B ITPO-
cropax BceJieHHoU Pucyrok 1.

Kak okazasoce, BeeneHnass HaMHOTO OOJIbIlIe, YeM Ta KOTO-
pPyIO MBI IMe€eM BO3MOKHOCTh HAOMIONATh M UCCIIEIOBATh C TIO-
MOIIIBIO IIeHTpasibHOro Habmoaressi. [Tox ieHTpasbHBIM HAOIIO-
JaresieM Mbl OyJieM ToJpa3yMeBaTh BCEX HAC — JeTell 3eMim —
CO CBOMMHM TIJIa3aMU M COBPEMEHHBIMH TMprOopamu. YenoBede-
CTBO, KaK TMAaCCHUBHBbIC LIEHTpasIbHble HAOMIONATe M, TPUHIIUITH-
QJIbHO HE MOTYT YBHU/IETh U OLIEHUTh BCIO BCEJICHHYIO LIEJTMKOM.
OHU BUIST TOJBKO TY YaCTh BCEJICHHOM, CBET OT KOTOPOH JI0XO-
JIMT JI0 YyBCTBUTEJIBHOTO OpraHa HaOmonarens. Tak Kak, K co-
’KaJICHUIO, CBET, MPOIIEANINI Yepe3 KOCMUUECKYIo cepy ¢ pa-
JIMYCOM OOJIBIIIUM YeM paguyc oo3opa Beenennoit (Pucynox 1),
MOJTHOCTBIO MOIJIOMIAETCS] BHYTPU 3TOU chepbl MaTepUaTbHBIMU
TeJIaMU ¥ 3(PUPOM, HaAXOISAIIMMHUCH BHYTPH 3TOU chephl U CO-



BCEM He JOXOAMT JI0 HaOoaartens u ero nmpuoopoB. M kak Obl
MBI HA COBEPIIICHCTBOBAIM HAIM MPUOOPHI HENNb3s MIOMMaTh U
OLIEHUTb Y:Ke MOJIOIIEHHbIE, He OIIEAIINE JO HAlIeTO I71a3a Win
HalMX MpruOOpoOB, (POTOHBI.

Bcé mpoucxoguT u3-3a TOro, 4To MOMIONIEHUE CBETa KOCMM-
YECKUM MPOCTPAHCTBOM peaym3yeT 3(PEeKT YEPHOrO IKPAHA.
Kcratu, umelite B BUAy — MbI €rO TOJIBKO 4TO ¢ BamMu OTKpHI-
mu!!! OH sBJIsETCS aHAJIOrOM a0COMIOTHO YEPHOTO TeJla B Tipeie-
Jax HaOMI0AaeMoOro KOCMUYECKOro mpoctpaHcTa. [IposiBienue
3(pekTa 4EPHOro IKpaHa XapaKTEpU3yETCs B ICTICHUH PEAJIbHO-
r'0 KOCMHUYECKOro IIPOCTPAHCTBA Ha jBe yactu. IlepBas yacth —
9TO BUIMMasi KOCMHUecKas rosycdepa neHTpaibHOro Habmoa-
TeJIs1, 00pa3oBaHHas parycoM 0630pa BeeneHHOH ( Pucyrok 1) n
oOparieHHasi K IeHTpajibHOMY HaOmonaremo. OHa mpeacTaBis-
eTCsl LIEHTPaJIbHOMY HaOJTI0ATe o KaK YePHBIN SKpaH, UK (OoH,
WY, HAKOHEIl, KaK yepHoe HeOO [Isl MPOCTOro oObIBaTes, AJ1s
KOTOPOTO KPacyloTCs U CUSIIOT 3BE3/1bl, IUIAHETHI M co3Be3aMs. Ha
4yepHOM (pOoHE XOpoIIO (PUKCUPYIOTCS CYLIECTBOBAHUE U JIMHA-
MHUKa Pa3BUTHS BCEX aCTPOHOMHYECKUX OOBEKTOB. BOT TONBKO
YEpHBIN 9KPaH HEPA3PBhIBHO CBA3aH TOJIbKO C LIEHTPAJbHBIM Ha-
Ommonarenem, axke eCli OH «Ha BpeMsi» oToles. B peansHOCTH
ero He cymectByer. 1o oOmaH 3peHus. CuuTaercs, 4To eciu
HUYETo He MOCTYNAEeT, TO 3HAYUT HUYero rpocto Het!? Ha camom
JeJie 3To J1ajeko He Tak. IlocTynare-To moctynaer, HO He JOXO-
JUT Ky/a HaJo, noaromy He ¢pukcupyercs. C cyliecTBOBaHUEM
YEPHOTO KpaHa MPUXOIUTCS CMUPHUThCS.



B 10 )€ Bpems comepkaHue BHYTPU YEPHOTO SKpaHa Mpe-
CTaBJIsIETCS] HAOMIOATEIIO TOJIBKO MAJICHPKUM «KyCOYKOM» Bcee-
JICHHOW, OTPAaHUYEHHBI UM CO BCEX CTOPOH OT OCTaJIbHOW BCe-
JIEHHOM, IIPU 9TOM HE U3MEHs U HE Hapyllasi Xo[a COBMECTHOU
MICTOPUH, COXPAHUB CBSI3H C OCTAJIbHBIM MUPOM, 00pasysi eIMHOE
LIEJIOE C OCTAJIBHBIM MUPOM. Bce coBMECTHBIE TPOLIECCHI TPOTE-
KaloT 0e3 BO3MYILEHHWI 1 €CTECTBEHHbIM 00pa3oM, Kak BHYTpU
HaOmogaeMoi KOCMUYECKO# c(pepbl, TaKk U CHAPYKHU ee, TaK Kak
NpUpPOJAa UX CYLIECTBOBAHUSA OJUHAKOBA. M XOTS cOBpeMeHHbIe
«T71a3a» aCTPOHOMOB HAMHOTO «OCTpee» IPUCIIOCOOIEHHI APEB-
HUX HccrenoBareser BeeneHHOM, 3amisiHyTh 32 Y€pHBI SKpaH
UM HE JIaHO.

[MaccuBHBII HaOMoOOATENb JIUIIIEH BO3ZMOKXHOCTU TIOBEPHYTH,
MOKPYTUTh, CKaTh WM pa3xarb BcelneHHyl M NMOCMOTpETh Ha
He€ C APYroi CTOpoHsl, MpUOIM3UTH ee Kk cede. U B To ke Bpems
BcA BeeneHHas y Hero noz HocoM. OH ee MOKET MOLyIaTh, M0-
TporaTh, IIOHIOXaTh — MOXET, EMY YAACTCSl YTO-HUOY/Ab OTKPHITh
HOBOE, COPBAB OYEPEIHOM MOKPOB TauHCTBeHHOCTH [Ipuponsr!
Ho cama BceneHHas coBepIlIeHHO TAaCCUBHA K HaIlleMy CTpeMJIe-
HMIO €€ MO3HaTh. YTO yAaIoCh HAyKe 3aMETUTh, 3aPErUCTPUPO-
BaThb U pas3rajarh AEUCTBUS OCHOBHBIX 3aKOHOB ITPUPO/IBL, TOJIBKO
9TO ONPEAEIIAET COBPEMEHHBIM yPOBEHDb HALIETO MO3HAHUS MUK-
PO- ¥ MaKpOYCTPOMCTBA HAIIIETO OBITHS.

Ouenb xotesoch Obl, YTOObI 00BEM BceneHHOI B 3TOM BbI-
JeJICHHOM BHUIIUMBIM «KYCKe» OKa3aJiCsl C TAKMMU OOJBITUMU
pa3Mepamu, YTOOBI €ro CTaTUCTHUYECKHE OLIEHKH, MOTyYeHHBIE



1o 3ToMy 00BEMY 0003peBaeMoli BeeleHHOM, SBIISIMCh COCTO-
SITEJTBHBIMA M PENPE3EHTATUBHBIMU U COBIMAJATN Obl XOTsI OBl
IPUMEPHO C MPOrHO3UPYEMBIMU T€HEPAJIbHBIMU OLIEHKAMHU 17151
Bcell BecenenHom, umenyemont «dgupHeiM BecemupHbim Okea-
HOM» (B.I"., 2021).

YTOoOBI 9TO MPOU3OIILTO, MATEMATUIECKOE OXKUAAHHE KOJTIYe-
CTBA MaTE€pUU U SHEPTUU B eIMHUIIE 00BEMA JJOJIKHO OBITh O/IU-
HAaKOBbIM IO BCEM HarpaBieHUsIM. T. €. MPOCTPaHCTBO JIOJIK-
HO OBITh CTATUCTHYECKU M30TPOMHBIM, a ISl STOr0 OHO JIOJIXK-
HO OBITh TAKMM OOJBIIIAM, YTOOBI CTATUCTHYECKH yPABHOBEIIIH-
BAJIUCh B MPOCTPAHCTBE MaTepusi U Hepruu. 1 oueHs xotenoch
Obl JONYCTUTD, YTO BBIPBAHHBIN «KYCOK» BceneHHON u «Ddup-
HBI BecemupHbiii OKeaH» CTaTUCTUYECKW OBUIH MTPUMEPHO K-
BUBAJICHTHBIL. (DTO MOKA HE JOKA3aHO, HO OUeHb XOUETCs, YTOObI
Tak ObL10.) [Toatomy, usydass O603peBaemyio BeeneHHyio ¢ LieH-
TpaJbHBIM HaOJTo1aTesIeM, Mbl O3HaéM Bclo BeeseHHylo, HO, K
COXAaJICHUIO, TOJIbKO CTATUCTUYECKU U TOJIBKO MO aHAJIOTHH.

B Hacrosiinee BpemMst HaOmoraemast 1 ucciieioBaHHast Beesnen-
Has Ipe/CTaBiseT coO00Ol KOCMUYECKUI 1Iap AUaMETPOM OKOJIO
93 MUUTUAPAOB CBETOBBIX JIET C IEHTPOM MPUCYTCTBUSI HAIIETO
HieHTpaibHoro Haomoparens ( Pucyrok 1), T.e. Hac Bcex (WIKI).

Hexkoropsle ¢pu3nky npusHaioT BeesleHHyo Kak pacimpso-
1ieecsi KOCMMUYECKOEe MPOCTPAHCTBO. A CEroAHSIIIHUI MOMEHT
TPAKTYIOT KaK TEKYIIMi1 MOMEHT OT MTHOBEHU 1 BOJIbIIIOro B3phl-
Ba. OCHOBHOE CYIIIECTBEHHOE BO3PaKEHUE OTHOCUTENILHO MEp-
BOHAYaJIbHOTO B3pbIBA 3aKJI0YAETCS B TOM, YTO OH BCEIO €1H-



CTBEHHBIN U HETTOBTOPUMBINA. Takoro B npupojie ObITh HE MOXET
BoOOIIEe U B ipuHImIe! Ecm Bo BeeneHHol HeUToO CyInecTByer,
TO, KaK BCerjaa, B HEOrpaHMYeHHOM Kosudectse. IMeHHo, no-
3TOMY «BOJBITION B3pbIB» HE PUPOAHOE SIBJIEHUE, a CYObEKTHB-
HO Ha/lyMaHHOE.

31ech HapallMBAETCsl HOBBIM 3aKOH MUpO34aHts1, 4 UMEHHO

«IIpupoa He MMeeT eIMHUYHBIX CYII[HOCTEN, BCe OHHU
HOCSAT MHO’KECTBEHHBIN 0€CUNCJIeHHbII XapaKTep, a ecJn
4TO-TO WJIH I'Ie-TO YAAJEeHO, TO CPa3y BO BCeX UIOCTACIX
— IPYroro He JaHO».

XBaTUT MOJIb30BaThCSl HAMBHBIMKM BCeeHCKMU B3phIBAMU.
OHM npoTHMBOpEYaT OCHOBHBIM (DPYHAAMEHTAJIBHBIM 3aKOHAM
(uzukn. Henb3s u3 HUYero cosmarh 6e3MepHO paciivpsioliee
MIPOCTPAHCTBO ¢ OECUNCIIEHHBIMA MaTepUATbHBIMU BKPATUICHH-
samu. He none3yntech ckaskamu. HayuHoe Bpemsi 3meni-1 opbi-
HBIYEU U JIPYTUX SIPKUX CKa30UHBIX NEpcoHaxer KaHyso B Jle-
Ty. B Hacrosiiiee BpeMsi 3T0 IPOCTO U3JEBATENbCTBO HAJl MaTe-
PUATMCTUYECKUM MUPOBO33PEHUEM, IIPOBEPEHHOE CTOJIETUSIMHU.
Wimute 6osee coBpeMeHHbIe MaTepHaTMCTHUECKIEe OCHOBBI MH-
pO311aHus, HE OIYCKalTeCh 10 NAECATU3Ma.

4 cToro Ha coBepIIEHHO Ipyrux no3uuusax. Kak MHO0 noka-
3aHO B (B.I'., 2021), BceneHHas 3aHMMAaeT BCE CYIIECTBYIOIIEE
KOCMHMYECKoe TpocTpaHcTBO. Eif B mpuHIMIie Hekyaa Oolibiiie
PACIIUPATHCS — BCE «ILENU», «TPEIIMHbI» U «ITyCTOThI» 3amoJ-
HeHbl 10 npezena. CBOW MOrydylo, MOCTOSSHHO BO30OHOBJISIIO-
IIyI0 SHEPIUI0 OHA YepraeT U3 CUSIONMX 3BE3HBIX 00pa3oBa-



HUI. A TpaTUT €€ Ha «IlepeMelINBaHNe», pacCIEIUIEHUs U repe-
pacripenesieHre MaTepraIbHBIX OOJJOMKOB M KOCMHUYECKOTO MY-
copa OBIBIIIMX aCTPOHOMUYECKUX 0OBEKTOB. B pesynbrare nepe-
MaJIbIBaHUS1 MATEPUAJIBHOTO ChIPbsl BO3HUKAIOT TPOMA/IHbIE TEM-
niepaTyphl, ClIOCOOHBIE pa3kedb TEPMOsIIEPHbIE peakiuu. B rop-
HUWJIE OYaroB TEPMOSIEPHBIX TOXAPOB BCEMHPHOTO Maciirada
CKUTAIOTCS BCE OCTATKH «IMPOILIbIX» BapraHTOB [Ipuponsl co
BCEMHU JIOCTOMHCTBAMU U HEJIOCTATKAMU, YTOObI HAYaTh UCTOPUIO
¢ umcroro jucra. Kak BuauMm, Bcsi MaTepusi MOCTOSTHHO OOHOB-
nsercd, u [lpupona B Tom uuncne. [loatomy IIpupona y Hac Bce-
rJa HoBasl.

JlaHHOe uccrieoBaHue TPaKTyeT paguyc 0030pa Habmonae-
MoU BceneHHOU Kak paccTosiHue, e CBET IMOJHOCTBIO MOIJIo-
nfaercs marepueit u apupom B «pupHom BecemuprHom Okea-
HE», KOTOPbI HE OTPAaHUYEH B MPOCTPAHCTBE U 3aHUMAET BECh
ero o0ObéM 0e3 ocTaTKa Mo BCeM M3MEPEHUSIM U BeueH BO Bpe-
MeHu. Urpa neitrponnsix notokos (B.I'., 2021) nocrostHHO co-
3[1a€T MHOTOYMCJIEHHBIE HEMOBTOPSIOLIUECS Y U3YMUTENIbHBIE I'a-
JIAKTUKU C TUPOCKOMMYECKUMU I(P(PEeKTaMu U CBOWCTBAMH, A
BIIOCJIE/ICTBUM O€3KaJIOCTHO paccerBaeT M IMEepeMelMBaeT uX
B Mpefesiax Bcer BcelieHHOM. [1oaToMy Bce BO3HMKAIOLIUE aCT-
pPOHOMHUYECKHE IIe/ieBphl Ha HeOecHou cepe He BeuHbl. K To-
My K€ MaTepusl, U3 Yero COCTOSIT BCe aCTPOHOMUYECKUE OOb-
€KTbl, HETPEPbIBHO MOJIBEPraeTcsl 3HAUYMTEIbHbIM (DU3MKO-XU-
MUYECKH-SAEPHBIM BO3JEHCTBUSIM. B 3TOM ciyyan «DpupHbIi
Bceemuphbii Okean» (PyHKIIMOHUPYET KaKk HEUTPOHHBIN pacrpe-



nemutenb. [ ie HEUTPOHOB He XBaTaeT — J00ABUT, T/ie HEUTPOHOB
M30BITOK — yoepeT (B.I'., 2024).

He o603peBaeMas BceneHHas

O60o3peBaeMasi BcenieHHas
B
LEHTpa/IbHbIM HabaaTeney

He o603peBaemasn BceneHHas
BeHHaU0g vewaredadeogo aH

ABCONTHO YEPHbIA hoH
ONA Habnwaarens

BeHHaLa2g Bewardade0go aH

Pucynok 1 Besi écenennas
Ha camom niene paguyc 0030pa BCeJIeHHOM He SIBJISIETCS] BaX-



HBIM ITAPAMETPOM, TAK KaK BOZMOXHBI ACTPOHOMUYECKUE OObEK-
ThI, Y KOTOPBIX IIEHTPAJIbHBIN HAOMI0ATENh MOT 3a(hUKCHPOBATh
o4eHb calblii MOTOK (DOTOHOB, HO TIO HUM €11l HeJlb3sl UICHTH-
(puripoBaTh 3TU ACTPOHOMUYECKHE OOBEKTHI, UX BBITYCTUBIIHE.
[TosTomy GoJsiee IEeHHBIM MapaMETPOM SIBJISIETCS panyc (hUKca-
U 0OBEKTOB, TJIe BCE ACTPOHOMUYECKHE OOBEKTHI XOTsI ObI Ya-
CTUYHO uaeHTUpUIMpytoTcsi. OH MeHblIe, 3aTO Pe3yJIbTaThl Ha-
JeKHEe.

AobcomoTHO YepHBIT (hOH UM HeOecHas cepa sABJsgeTcs 00-
MaHOM 4esioBeka camou [Ipupoaon, HO, KOHEYHO, HECO3HATEIb-
Ho. Tak Kak A/ Hee He CYIIECTBYeT HM 3JIbIX U HU JOOPHIX
YMBICJIOB — Bce il 6e3pa3nuyHo U 6ecKoHTposbHO. [Tpocto Tak
CJIOKWJIKCH CITy4YaliHble AEUCTBUS (PU3UUECKUX 3aKOHOB, UTO MBI
NOSIBUJIMCh Ha 3TOM cBere. M BOT Temepb Ham IpeaocTaBlieHa
BO3MOXKHOCTb OLIEHUBATh CUJIy U BEJIMUMe 3TUX 3aKOHOB. Clo-
Bo [Ipupona — 310 Ha3zBaHMe OGECUMCIEHHOW COBOKYITHOCTH 3a-
BUCHMBIX U HE3aBUCHMBIX IPOIIECCOB, MPOTEKAOIIMX B DPpup-
HOM Bceemupnom OxkeaHe. TH 3aKOHBI IPUBEJIM K TOMY, YTO OT
3eMJ1siH CKpbLIachk 6oibiias 4acTb DpupHoro BecemupHoro Oke-
aHa, KOTOPYI0 HEBO3MOHO HETIOCPEICTBEHHO U3y4aTh ¢ 3eMJIU
WM ONMMKANIIero KOCMUYECKOro OKPYKEeHHsI, TIOSTOMY HYKHBI
HAWTH KOCBEHHBIE METO[BI, YTOOBI JIyllle TIO3HATh Hallle ObITUE
1 (pyHKUIMOHMpOBaHUE Bcero DdupHoro BeemupHoro Oxeana,
KaK €MHOIO 1IeJIOr0 OpraHu3ma. JlaHHoe ucciejoBaHue SBIsIeT-
Csl pellieHreM 0 OJTHOMY U3 ITUX MHOTOUYMCJIEHHBIX BOIIPOCOB.



Pucynox 2 Jlrobo3namenvHulii uccredosamens OpeeHezo Mupa
(M3 omxpoimvix UCmouHuKo8)

Yurarensam Bmecte ¢ aBtopoMm B (B.I'., 2021) npenocras-
JIS171aCh BOMOXKHOCTD 3aryIsTHYTh 32 aOCOMIOTHBIN YepHbINA (DOH,
AHAJIOTMYHO JIIOOO3HATEIbHOMY MCCIIEA0BATEII0 JPEBHETO MUpa
(Pucynox 2). Kak okazanoch, TaM BCe Tak ke, Kak y Hac. Tosb-
KO BCE aCTPOHOMUYECKHE OOBEKThl HAXOISATCS B JPYTUX MOCTe-
JIOBATEJILHOCTSIX, B IPYTMX MHOTOOOpa3MsIX U B JPYTUX MeCTax.
ToT camblii ApeBHUIA JTIOOOMBITHBIN UCCIIe0OBATE b MOT ObI KOH-
CTaTUPOBaTh, YTO [IPYIrOi, UHOW MHUP CONEPKUT TOT K€ CaMbli



3HAKOMBIA HAM ACCOPTUMEHT aCTPOHOMHUYECKHX OOBEeKTOB. U,
npencTaBbTe cede, Huuero HoBoro!!!

Pucynox 3 mpexmepnas kapma Bcenennoti, cosoanHas
6 pamxax 2MASS Redshift Survey (2MRS)— http://tdc-
www.cfa.harvard.edu/2mrs/2MRS.smooth- 1.allsky.png.

Kak-To HamenHuW MHe MOCYaCTIMBUJIOCH BCTPETUTh B WH-
TepHeTe MOATBepkAeHre Moero jeneHuss Ha OOo3peBaemylo
Bcenennyto, 10CTYIHYIO 7151 M3y4YeHUsI PSMbIMA METO/IaMH 1
Heo0o3peBaeMyio 4acTb BCEJIEHHOM, MOCTIKIMYIO ISl TTO3HA-
HH$I TOJIbKO KOCBeHHBIMU MeToriamu. Ha nzo0paxkenu ( Pucyrok
3) mpezcTaBiieHa TpexMepHasi Kapra HaOmoaaemon BeeneHHoi,
co3nanHasi B pamkax 2MASS Redshift Survey (2MRS). Koneu-
HO, pUcyHKU (Pucynok 1) u (Pucynok 3) OTIMYalOTCS JPYr OT
Jpyra Kak JIieHb ¥ HOUb, HO B TO K€ BpeMsI UX OObEeTUHSIET pa3/ien



MEX/1y BUAMMON U HEBUAMMOMW yacTsiMu BceneHHoi.

3ameuanvie k obouM pucyHkam. Ha ob6onx pucyHKax mpej-
cTaBJieHa ojiHa 1 Ta e Bcenennas. Kak nokazano B (B.I'., 2021)
BO3PACT, 00beM, KOJIMYECTBO MATEPUU U SHEPIUU, YHCIIO TaTaK-
TUK Y KOJMYECTBO 3Be3]l 0003pHMOIN 1 HeoOo3prMon BceneH-
HOU, B OT/ICJIBHOCTH WJIU B CYMMeE, SIBJISIIOTCS] BEIMIMHAMHE Oec-
KOHeuHbIMU. VM MoCBsiIlieHa JaHHOE UCCIeIoBaHNe. YKa3aHHbIe
napameTpbl HEBO3MOXHO OLIEHUTh OYeHb OOJBIIMMU YMCIaMU
C HECKOHYaeMbIMU HYJISIMU, HO OECKOHEUHBIE YKCIIa perar 3Ty
npooiemy. [TpocToii mojicueT acTpOHOMHUYECKUX MapamMeTpoB U
O0OBEKTOB HE JIaCT MPABWJIBHOTO pe3yJibTaTa, TaKk Kak He OyayT
OXBAUEHBI 30HBI, [JI€ «IIOUTH HE BUAHO» U «COBCEM HE BUJIHO»,
a B HUX, KaK HU CTPAHHO, COCPEJOTOUYEHA JIbBUHAS 107151 MH(OP-
MaI1H.

Ceiftyac acTpou3uKy MoNajiv B TaKyl0 WUTIO3UOHHYIO CTa-
JIMIO, TIOJTHYIO YyZIEC Y MapaJoOKCOB U OyIyT HAXOOUTLCS TaM JI0
TeX TMop, MOKa KaKOW-HUOYIb XpaOphlil I0HEIl He PACKPOUT UM
r71a3a, OMO30pUB X BOMPOCOM: «Bbl UTO yueHble AU OIyCTH-
JIMCh J10 ieTckoro Bo3pacrta?! M 3auem BbI MOMasy B HAIIly CTpa-
HY TIOJIHYIO CKa3oK, (haHTasuil u ObutiH? [loxkanyiicra, He Me-
afiTe HaM BOOOpakaTh, MEUTaTh M )KUTh B BHITYMAaHHOM MUpE,
a TaK’e pa3BUBATh CBOM MO3TOBbIe U3BUJIMHBI ITOKA MbI MOJIO/IbI !
TMomum 661 Bel BoH — 31€ch He Baia cepa aestenpHoctu! [nmm
Obl BBl 110 JOOPY U 370POBbIO B CBOM peabHbI U HACTOSIIHIA
mup. Tam Bbl Hy)kHee /1711 OTKPBITUS U OCO3HAHUS HETOA1aI0-
IIMXCSI 3aKOHOB TTPUPO/IbI, IPH 3TOM HE CBOPAUMBAs C yKe MPO-



BEPEHHBIX TPOII MPOUIEAIINX MOKONeHU». [Iporeanme noko-
JIEHUs1 HE 3P TEPSUIU CBOE BPEMS, [I03TOMY Y€JIOBEYECTBO CMOT -
JI0 BBIOpAThCsl U3 KAMEHHBIX XOJIOAHBIX Teliep B O1aroycTpoeH-
HbIE KUJIMILA, TI€ HAyYHOE TBOPYECTBO HE JOJIKHO YMEPETh 13-
3a JIEH! ¥ TACCUBHOCTY OJIArOMOyYHO OOYCTPOEHHBIX HAYYHBIX
«TBOPLIOB Y TCHUEB» !

VYBaxaemble acTpopu3uku U (pU3MKY, Bel ke nepeckounam
rpaHuily ObITUSI U HEOBITHS, Kak ciiernble koTATa. M ceifuac Bbl
HAXOJIUTECh B TAKON YAVBUTEIILHOM BOJIIIEOHON O0JIACTH acTpo-
(pu3uky, B KOTOpOYM mepen BallMMU [IA3aMU TOJIBKO MEJIbKAIOT
NPU3PaKU M MUPAXU OOBEKTOB PEaIbHOTO MUPA, HO CaM pealib-
HBII MUP BBICKOYMJI U3 BallIMX PYK, A BB IAXKE HE 3aMETUIIN KO-
raa.

Bcé mpousomnuio Ha pyoexe XIX — XX BekoB. Koraa yuenbie
TIOMAJIMCh CKOPEEe BCETO U3-3a TOT0, YTO Y HUX OBLIO HEIOCTATOU-
HOE KOJIMYEeCTBO MH(OPMALIUU ISl OCO3HAHUS BCEJIEHCKUX 3a-
KOHOB 1 MM IIPULIIOCH JOMBICJIMBATS, (paHTazupoBats. OHU 110-
CTETIEHHO OTPBHIBAIMCH OT PEaJIbHOCTH, MpeHeOperasi OCHOBHBI-
MU 3aKOHaMU (PU3UKH U 3TO HacaeAcTBo nepenuio B XXI Bek. B
9TOM JIy4e€3apHOM TYIIMKE, B KOTOPbIM Bac 3aMaHUJIa cama IpU-
pora, Bbl yXke TOIMUYETECh MOJITOpa CTOJIETUS U JaXe HET HUKA-
KHX TIOTBITOK BBICKOYMThH U3 Hero. JixepusnkaMm HyxkeH XOpo-
HIMA MUHOK B 3a/1 U3 HAayKH, YTOOBI, BbIJIETasl OHU MTPOYYBCTBO-
BAJIM HACTOSIIYIO JKeJIe300€TOHHYIO CUJTY AEHCTBYIOIMX U HEHC-
TpeOnsieMbIX (PU3NYECKUX 3AKOHOB MPHPOJIBL.

3t0 OBUTO MaJIEHbKOE HaOOJEBIIIee OTCTYIIEHUEe, HO, KaK ro-



BOPST B HapojIe, BEPHEMCS K HAllIUM «OapaHaM». ACTpOU3NKN
IIBITAIOTCS OLIEHUTH Bee napameTps! Beenennon. Kak okaszanocs,
OHH OIICHMBAIOT €€ MapaMeTphbl TOJIBKO B Mpejenax o0o3peBae-
Mot Beenennoit. Huxe B (Tabauya 1) npuBeneHbl TEKYIIME J1aH-
Hble 1151 HeKOoTopbix mapamerpoB Bceenennoin (WIKI) u moero
nporao3a. [IprBeaeHHbIe Yicia OueHb OOoNbIue, HO He OecKo-
HEYHBIE U, BOOOIIE, He BUJHO, K YeMy OHM cTpemstcs. [TomHei-
masi Hepaz0epuxa U HUKAaKoro nopsijaka. A Korjaa norpedyercs
paciMpeHust THX OIIEHOK ISl BCel BCeJleHHOM (0003peBaeMon
+ He 0003peBaeMoii), TOrAa KOHEYHBIE YMCIIA TAPAMETPOB, KaKH-
MU ObI OOJBITIMU OHU HE ObUIM, HE CMOTYT OLIEHUTh OECKOHEeU-
HyI0 BcesieHHy10 B mpocTpaHcTBe U BO BpeMeHu. HyxHbI npyrue
OeCKOHEUHbIe YrCclia, KOTOpble Oy/IyT HalJeHbl B MIpoIiecce 1aH-
HOT'O UCCJIEJOBAHMSI.

Taoauya 1 Hexomopoele napamempuvt Bcenennoii

TotbI OLIEHOK 2022 3000 4000 Moit mporso3
KomiraecTso 3831 BO 4% 101t 1¥10%° 8*10% O1enka SBHO
BCEIICHHOI 3aHIKeHa
UHCI0 aTOMOB BOIOPOJIa 5*108%¢ 3%]108 7*10% OmeHKa IBHO

3aHIKCHA
Urierno anakTHK 2%1012 6%10% 3%10%° OleHKa IBHO
3aHIAKCHA
KoH4ecTBo 31eMeHTapHbIX 1*10% 2*10% 9%10% OleHKa SIBHO
JacTHI 3aHIDKCHa
O6beM BCETeHHOIT, M3 3.5:10% 1,2*10% 7.8*10"2 O1leHKa SIBHO
3aHITKEHA
Macca BeeneHHoH, kr 1,1* 10% 5,3* 107 3.4% 10° OleHKa SIBHO
3aHITKEHA
Texymee Bpems Beenensoil, 1,3* 10!~ moce 4,2* 1021 1,1* 10°%- Tlocie peBOMIOIIN B
et B3pBIBA BpeMmst BpeMs YMax acTpo(QH3IKOB
B it Bcemennoit
KomaecTBo 9epHBIX JBIp 89 0 0 TIocie peBONMIOIIH B
YMaxX acTpOPH3HKOB
Macca TeMHOIT MaTepus 31% ot obmeit 0 0 Tloce peBomroIINI B
Maccht YMax acTpo(I3HKOB




Kak nokazano B (B.I'., 2021), Ha camoM fene, 4nCIo rajak-
TUK BO BceneHHON OeCKOHEYHO. A OECKOHEYHOCTh UMCIIEHHBIX
OIIEHOK aCTPOHOMHUYECKHMX IMapaMeTpoB TpedyeT 0coOoro pac-
cMoTpeHHusl. BeCKOHEYHOCTh OKa3ajiach COBCEM HE TaK IPOCTa,
KaK MoJiarajiy Ao 3Toro uccienaoBanusi. Bo Bpemsi JaHHOTO uC-
clieloBaHUs OyJeT MOKa3aHo, YTO OECKOHEYHOCTh OECKOHEYHO-
cti po3Hb. IMEHHO 3TO ucciejoBaHue B KOPHE U3MEHHIIO Hallle
TpeJICTaBIeHUE O 3aMaHYMBBIX U 3araJIOUHBIX OECKOHEYHOCTSIX 1
BEUYHOCTSIX. B anbHeiiemM Mbl HAIEM U Ha HUX YIIPaBy.

[Ipononkasi TeMy OIIEHOK, T7ie B T€YeHUE HECKOIBKUX CTOJIe-
TH JI711 HEKOTOPOTO TTapaMeTpa KOCMHUYECKOT0 OOBEKTa pa3ind-
HBIMH UCCJIEIOBATENISIMUA M Pa3HBIMU YCTPONCTBAMH OBbLITH TIONTY-
YEHBI OIICHKM.

4.51%10", 1.26%10", 8.71%10, 6 .29%10%®,

Yr1ounenue Bpoae Obl MPOUCXOMUT TIO KOJMYECTBY Pa3psiioB
OLIEHKHU. [lecsITHYHbIe CTENEeHU, KOTOPBIX MOCTOSITHHO BO3pacTa-
10T, 2 HAYaJIbHBIE Pa3psi/ibl OLIEHOK HU K uemy He cTpemsrcs. Ka-
KOU-TO «pa3dpop v maranue»! B To ke BpeMs «eKy NOHSTHO»,
9TO JOJIKEH OBITh KaKOU-TO Tpe/iet.

[TosTomy Bce mapameTpbl OECKOHEYHOW BO BPEMEHHU W IPO-
cTpaHcTBe BceneHHON MOMKHBI OMUCHIBATHCA OECKOHEUHBIMU
yuciaaMu. Takue yuciaa JeCTBUTEbHO CYIECTBYIOT, HO JJOPO-
roil YMTaTesb, Mbl C BAMU UX €IlIe JIOJ’KHbI OTKPBITh B IIPOLIEC-
Ce ITOro MOBECTBOBaHMSA. B mocieayomyx maBax Mbl ¢ BaMu
OTKPOEM OECKOHEYHOE MHOKECTBO TAKMX OECKOHEUHBIX YHCEN,



BBITIOJIHAIOIIMX POJIb OECKOHEUHBIX MpeaesioB. Majio Toro, Mbl
9T OECKOHEYHOCTH YIOPSIOUMBaeM Mexay coOou. Mx, Takxke,
MOKHO CPaBHHMBATh MEXy COOOH, KaKk OOBIYHBIC YHCIIA, U OTIpe-
JeUTh Kakast 3 OECKOHEYHOCTE! OOJbIas, a Kakask MEeHbIIIasl.

Hazpena HeoOXOOUMOCTh PacHIMpPUTh MTOHSATHE OSCKOHEYHO-
CTH ¥ BEYHOCTH. BECKOHEUHOCTh M BEYHOCTH MOJOOHBI TOPH30H-
Ty — CKOJIbKO K HAUM HU TPHOJMKANCs OHU OT TeOs1 BCeraa Ha
OJIHOM M TOM € PacCTOSIHUM, HO HUKOI/IA UX He JOCTUTHEIlIb 1
TeM OoJiee He NepernphirHelilb. B HacTosIee BpeMst OHU TPaKTY-
I0TCS KaK HejiocsAraeMble. Tak 4To ke Takoe HeJoCTyImHas Oec-
KOHEYHOCTh ¥l MOKEM JIM MBI KOT/1a-HUOY/Ib e€ peB3oiitu? Kak ¢
Hell 0OpaniaTbCsi 1 BOZMOXKHO JIM apu(pMETHIECKUE OTePaIiu C
Heii? A paBaiiTe mpsiMO ceiiyac monpooyem K Hel TPUOTU3UThCS,
yeM y€pT He myTuT! A Mbl 4to Xyxe? Ho 1u1s Hadana cornmacyem
ME3K]Ty COOOI HEKOTOphIE CKYYHBIE, HO HEOOXOIUMbIE MOMEHTHI
IUTs1 IPUOJIVDKEHUS K 3aBETHOM 1IEJTH.



1 dopmupoBanue
MaCCHBa IeJIbIX YHceJl

Haunem paHHOe MccneioBaHue ¢ OTKPHITUIA. S He 3Hat0 npu-
YMHY, IOYEMY MaTEMaTUKH A0 CUX [TOP HE yTBEPAAT MAKCUMAJIb-
HO BO3MOXHbBIE UMCJIA B KAXKJOM CUCTEME CUMCIIEHHS, XOTs OHU
BCE BpeMs ObUTH Ha BULy. HUKTO 1 HUKOTrIa MX He cKpbiBadl. [o-
3TOMY ceivac s oOpaian Ha Hux Barre BHuManue, nHaue s 6e3
HUX MPOCTO He 00OWIYCh, HO JUIsl 3TOTO BBEJEM CIIEyIOIIHE 3a-
MEYaHUsl U HEKOTOPOE HOBILIECTBO.

BBenem noHsTHE IEPUOIUYHOCTH JIs1 OOBIUHBIX uuncen. Ha-
npumMep: B uncie (2025) nanHoe coderanue uudpp 2025 nosro-
psieTcst GecuucIeHHOe KOJIMYECTBO pa3, a UMEHHO:

202520252025...2025...2025....

DTO MaTeMaTU4YecKoe MOHATUE, 3aMMCTBOBAHHOE U3 MEPUO-
Irdeckux npodeit. Ecmy mepruomuvyHOCTh paHee MPUMEHSIIACH
TOJIBKO JIJIS1 IPOOHOM YacTH YHCIA, TO B JAHHOM HCCIICIOBAHUM
NEPUOAVYHOCTh PaCIpOCTPAHSETCA U1 LIEJIOM YacTu 4yuciaa U
OYeHb YacTo, eCJIM OHa CyIIecTByeT. Ternepb qpoOeit B IPUHITH-
1€ He JTOJIKHO OBITh, TakK Kak urcio (2025) HACTONBKO OOJIBIIIOE,
YTO C TOUHOCTHOM TOYKH 3pEHUs APOOHAS YaCTh HE BHOCUT HU-
KAKOM JIONOJTHUTEIBHOM TIOJIb3bI U TEPSIET CBOE MPEAHA3HAYECHUE
Y CMBICIL.

[MepromuIHOCTh TO3BOJISET 3aMUCHIBATh HEKOTOpPbIE OECKO-



HEeUYHble YuCiia B yIMakoBaHHOM Buje. Huke vacto OymyT yro-
TpeOsAThcsl OeCKOHEUHbIe uucia, Takue Kak (0) — HOMb B TIepH-
ozne, (1), (2), (3), ..., (9) — neBarb B nepuoae. [lepuonuyHocTs y
YKcIa MOXET ObITh B Hauase, B cepeuHe Wiv B KoHie. Harpu-
mep: nl1(n2)n3, rae nl, n2 u n3 mobsie HaOOPHI Up. [Tpuuem
HaOOp n2 MOBTOpsieTCs1 OECKOHEYHOe KOM4YecTBO pa3. Hasnaue-
HUe yrces nl v n2, ckopee BCero, MOHATHBI YMTATENIO 0e3 KOM-
MEHTapHeB. A BOT HAJIMYME yuciia n3 1Jisi 6ECKOHEYHOro Yucria
n1(n2) MOXeT BBI3BIBATH BOITPOCHL. 3a4eM OECKOHEUHOMY UHCITY
nl(n2) B KOHIIE JOBECOK N3, €CJIM OH HE YBEJIMYMBAET TOYHOCTh
BeIYKCIIeHA? OTBET HAa 3TOT BOMPOC Oy/IEeT JaH HUXE.

Crnenyroomiee 3amedyaHue. 31ech U B JaJIbHEWIieM OymyT
UCTIOJIb30BAThCSl CJEYIOIINE CUCTEMbl CUMCIEHUS: JBOMYHAS,
BOCBMEpUYHAs, IECATEPUYHAS U IIECTHAAUATepuyHasi. B OCHOB-
HOM TEKCTe, €CJI He OTOBOPEHO 0c000, TO IO YMOTYaHUIO OyAeT
yIOTPeONATLCSA JecITepruIHasl CUCTeMa CUMCIIeHH S, Kak HanOo-
Jiee TIOHATHAsA AJis IIMPOKOTrO Kpyra IMojb30BaTesiell ¢ caMoro
PaHHEro JEeTCTBA.



1.1 oTkpbITHS

1. MakcumanvHbim YUCAOM 8 OeCSIMUUHOL cCucmeme cuucae-
HUSL 516151emcsi uucno (9), uumaemcs Kaxk «0eesimv» 8 Nepuooe.

HoxkazatenbcTBo mpoctoe. [Toctporm Bo3pacTaoimil psajg u3
LIeJIBIX YMCeJI B IECATUIHOM cucTeme cumcienus, (1).

0<1<9<999999999 <0(9) <1(0) <(1) < (2) <---< (8)< (9).

Yuco (9), untaercs Kak «JIeBATh» B TIEpUOJIE, CTOUT MOCTIe -
Heirl. OHO SIBJISIETCSA CaMbIM MaKCHUMAaJIbHO OOJIBIIMM YKMCJIOM B
JECSITUUHOW CHCTeMe CUuclieHUs. boJbllie ero uucesn He cyle-
CTByeT. YKa3aHHOE MaKCHMAaJIbHOE YHCJIO HE SIBJISIETCS] PUPOJ-
HBIM orpaHnyeHreM. OHO TMpE/CTaBseT COOOM OrpaHUYeHUE
YeJIOBEYECKOro pa3yma, TO €CTh MCIOJIb3YeMOM CUCTEMbI CUMC-
JIEHUs], B TAHHOM CJTy4yae — AeCSTUYHOM.

Kazanocs 0bl, o anagoruu 4uciio (10) 1omxHO ObITh OOJIbIIE
(9), Ho 310 He Tak. Ha camom nene yucio (10) < (9), Tak Kak
peub UAET O MepruoaudYecKuX uuciax. s Oombliei HarIsIHO-
cru yncina (10) u (9) cokpatniam 10 6 nepBbIX 3HavaIMX LUpp
Y pe3yabTaThl CPAaBHUIM MekLy coboit (Pucyrok 4)
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Pucynox 4 Cpasnenue ypesannoix uucen (10) u (9)

Tenepp ABHO BUIHO, 4TO ynciio (10) menbiue yncia (9).

Yucno (9) — aBnseTcs, Takxke, IMOCISTHUM 1IeJIbIM HEYETHBIM
yucyioM. [Tocne yucna (9) yucen He CylIECTBYeT, Tak Kak Jecs-
TUYHAs CUCTEMa CUUCIIEHHS] HE MMeeT aJropuTma (Kopoue He
yMeeT) HyMepoBaTh unciia oosee (9), o3ToMy IpH MOIBITKE 10-
OaByieHUS eTUHUIIBI K Ynciy (9), a UMEHHO

9+ (01 =(0)

— uucio (9) oOHyJsIeTCs], U CUUCIICHUE HAYMHAETCS C Hava-
na (0). Kcratu, KoMy Hy:KHbI YUCIIA, KOTOPbIE HEJb3s1 OIUCATh U
MIPUBS3aTh K KaKOW-HUOYAb cucteMe cuucieHus. VX Hukyma He
npuctpouiiib. OHM MOTYT BO3HUKATh B COBHAHUU YeJIOBEKa, HO
MaTepraIn30BaTh UX HEBO3MOXHO. Apu(dmeTnka ¢ HUMH Oec-



CWJIbHA. DTO PaBHOCUJILHO CKa30UYHOMY JiercTBUIO — «Caenai 1o,
He 3Has 4T0». Hayka K TakuM orneparysiM OTHOCUTCSI C YIIBIOKOM.

Yucrno (9) npezacTapisier coO0M MaTeMaTHIeCKui (hpeHOMEH,
AQHAJIOTUYHBIA 3€MHOMY TOPU30HTY: OHO BU3YaJIbHO JIOCTYITHO,
HO HEJIOCTHKMMO B TMPAKTUYECKOM cMbicie. Hecmorps Ha TO,
YTO €ro 3amvch MOXET ObITh HEMPUBBIYHOU JIJIsI TIOJIb30BATES,
OHO SIBJISICTCSI OOBEKTUBHBIM 3JIEMEHTOM MaTeMaTHYECKOW pe-
aJIbHOCTH.

Yuco (9) obamaeT CBOMCTBOM HEIOCATAEMOCTH, UTO JIETAET
€ro YHUKaJIbHBIM B KOHTEKCTe TeopuH uncesl. OHO (PyHKIIMOHU-
pyeT Kak Metachopa KOHEYHOW 1 3aMKHYTOH OECKOHEUHOCTH, TJIe
JUIS1 IEPUOIMYECKUX YMCEN YETKO OMpe/Ie/ieHbl KaKk HayaslbHbIe,
TaK ¥ KOHEYHBIE Pa3psi/ibl, 00a U3 KOTOPBIX PaBHBI JICBATH.

Dra KOHIIEIUS UMeeT NIyOOKHe TeOpeTUYeCKre UMILIMKA-
IIUM, OCOOEHHO B KOHTEKCTE WCCIIEIOBAaHUS TIPEIesioB UYUCIIO-
BBIX MOCJIEIOBATEIbHOCTEM M aHAIU3a MEPUOANYECKUX CTPYK-
Typ. Yucno (9) wumoctpupyeT (yHIAMEHTAIbHOE Ppa3inyuue
MEX /Iy MOTEHIIMAILHON OECKOHEYHOCTHIO, KOTOPYIO MOXHO Oec-
KOHEYHO MPUOIMKATHCS, HO HUKOTJA He JOCTUYb, U PealbHON
OECKOHEUHOCTHIO, T/Ie ONpe/ie/ICHHbIe CBOMCTBA U XapaKTEPUCTH-
KU YK€ YCTAHOBJIEHBI U (PUKCUPOBAHBI.

Takum 06pazoM, uuciio (9) BEICTyNAeT B pojid BaXKHOTO KOH-
HENTYaJIbHOTO JIEMEHTa, CIIOCOOCTBYIOIIETO YIITyOJIeHHUIO Hallle-
ro TIOHUMaHUSI MaTeMaTUYECKOW OECKOHEUHOCTH M €€ pa3iind-
HBIX (POpM.

Paccmotprm umciio (9) B KOHTEKCTe ero OeCKOHEUHOH TocIie-



JIOBATEILHOCTH, KOTOPAsi MOXET ObITh MpecTaBieHa Kak 999. ..
9. Dra nocnenoBaTeNbHOCTh XaPAKTEPU3YETCS PEKYPCUBHBIM I10-
BTOpeHueM 1UGpbl 9, YTO MPUBOTUT K CO3JIAHHUIO OECKOHEYHOTO
psna. [IpumeuarenbHo, YTO JAaHHBI OECKOHEUYHbINA Psiji YMCe,
HECMOTPsI Ha CBOID OECKOHEYHOCTh, MOXET OBITh PeIylpPOBaH
JI0 OJTHOTO €AUHCTBEHHOr0 4ncia (9). 1o sBJIEHHE MOXKHO pac-
CMaTpHBAaTh KaK CBOETO POjia MATEMaTUIECKYIO «YITaKOBKY» Oec-
KOHEYHOM MOCJIEA0BATEIBHOCTH B OIHO YHUCIIO.

B panbHeitimem, 1uist ynoOcTBa aHanu3a U OOCYKIEHUs, Mbl
Oy/ieM HCIIOIb30BaTh TEPMHMH «yMaKOBaHHBIE YKCNIa» JJIs1 000-
3HAUEHMs yKcell, 0ONMaAAIIMX MOJOOHON PEeKYPCUBHOM CTPYK-
TYPOH U CIIOCOOHBIX ObITH MPE/ICTABIEHHBIMU B BUIe OECKOHEY-
HOW TMOCJIEZI0BATEIbHOCTH CBOMX ITU(D.

Cnencreue. Hukako# oTpe3ok Hesb3s pa3aenTh Ha Oobliee
yeM (9) vacreid. [TockosbKy OOJIBIIETO YUCIA HE CYIIECTBYET.
3TO He OrpaHWYeHUe MPUPOMbI, KaK ObLJIO CKa3aHO BBIIIIE, 3TO
OrpaHUYEHUE, K COXKAIEHUIO, YEJIOBEUYECKOro pa3yma, Tak Kak
HE MPUIyMaJIi CUCTEMY CUUCIICHHU S, TO3BOJISIONIYIO 3aTUCHIBATh
yucia 6osee (9) B AecATUUHON cucteme cunciienus. Ho Tem, uem
BJIaJIe€T MaTeMaTHKa C JIMXBOM XBaTaeT YMCesl Kak B HayKe, TaKk
U B OBITY.

AHQJIOTMYHO CJIEYIONe OTKPBITHS /I HanOojee pacrpo-
CTPaHEHHBIX CUCTEM CUUCIIEHUSI.

Omkpoimue 2. MakxcumanbHblm YUCAOM 8 OBOUUHOLL CUCIEeMe
cuucaenus seasiemcs uucao (1) — eounuya 6 nepuooe.

Omxkpoimue 3. MakcumanbHbIM YUCAIOM 8 BOCOMEPUUHOLL CU-



cmeme CHUCAEHUS 5185emCsi YUCAo (7) — cemepKka 6 nepuooe.
Omxkpoimue 4. MakcumanvHbIM YUCAOM 8 UeCMHAOUamepuu-
HOIl cucmeme cuucnenus seasemces uucao (F) — F 6 nepuooe.
[Tpumem Ge3 0Ka3aTeNIbCTBA, YTO MAKCUMAJIbHBIE YKCIIa PaB-
HBI MEXIY COOOM, a UMEHHO:
(D2 =(7)s= D10= (F)1s,
TaK KaKk OHU 00O3HAYAIOT OJHO M TOXE YUCJO B YKa3aHHBIX
cucTteMax cumciieHus. B aTom mnccinenoBaHny HEBaKHO, OTHO JIN
YUCJIO WM BCE YUCIIA PA3JIMYHBI.



1.2 cTpykTypa MCIOJIb30BAHHBIX YHCEJI

[IpenmeTomM JaHHOTO WCCIEAOBAHUS SIBJISIIOTCS OTKPBITHE
MIOJTHOrO Habopa LEeNbIX yrcell. YeroBeuecTBO, Kak OKa3aaocCh,
UCITIOJIB3YET TOJBKO MaJTyl0 YaCTUUKY HaOOpa IIeJIbIX YMCell U 1a-
e He Tojio3peBaeT 00 3ToM. Jlo HacToAIIero MOMeHTa Takasi CU-
Tyalldsi MAaTEMATUKY TMOTHOCTBIO YCTpavMBajia U HU B UeM e€ He
OrpaHUYMBAJIA.

YT00OBI JOKOIATHCS 10 UCTUHBI, HAYHEM HUCCIIEAOBAHUE C a30B
apudmeruku. Kak U3BeCTHO, Kaka0€ 11€J10€ YUCIIO COCTOUT U3
pa3psiioB. Tak Kak MO YMOSYAaHUIO MbI UCIIONB3YeEM JECSATHY-
HYIO CUCTEMY CUMCJICHUS], TO KQX/IBI{ pa3psia MOXKeT MPUHUMATh
TOJIBKO OJIHO 3HaYeHue u3 cienytommx uudp: 0, 1, 2, 3, 4, 5, 6,
7, 8, 9. Hannpumep, uuciia OT Hy/1s 10 AEBATH, UMEIOT BCETO OJIMH
pazpsia. CkaxkeM OgHOPa3psiIHOE YUCTIO 7, TAe 7 OMHOBPEMEHHO
SIBJISIETCS MJIQJIIIUM U CTapIIuM pa3psiioM. A gucio 2025 nme-
eT 4 pa3psjaa, repBas JBOMKA SIBJISAETCS CTApIIMM pa3psiioM, a
TIOCJIe/THSIS TIsATepKa — mutaammmM. KommaectBo pa3psaoB oObd-
HOT'O psiJia 1eJIbIX YKceN B apudMeTuke He OrpaHUYUBaeTCs, U
OHO BO3pacTaeT Mo Mepe yBeJIMYeHUs] HOMUHAJIA YHCIIA.

B Hamem uccnenoBanum OyneT BCE HEMHOXKKO ITO-IPYTOMY.
KommuecTBo pa3psiioB Bcex 3a/IeFiCTBOBAHHBIX YHCeNT OylIeT Mo-
CTOSIHHBIM U PABHBIM CAaMOMY OOJIBIIIOMY YHCITY B UCTIOIb3yeMOW
CHCTEME CUMCIIeHHs, TO eCTh (9). DT0 KacaeTcs Kak s CaMbIX
MaJIEeHbKUX YMCeJI, TaK Y U1l CAMBIX OOJIBIIINX, A TAKKE JUIs1 KOH-



crpykumu tumna nl(n2)n3, B Tom unciie. HanomuHaro, 4to 3anuch
(n2) o3Hauaer, 4yToO YKMCJIO N2 B MIepHOJIe, IOBTOpsIoIeecs Oec-
YHUCJIEHHOE KOJMMYECTBO pa3, HO TAKUM 00pa3om, YToObl oOiiiee
YKCIIO Pa3psAIoB ObUIO paBHO (9) — He 3a0bIBaiTE, YTO YKMCIIO JE-
BATb TAKKE€ HAXOIUThCS B niepuoze. KonnuecTBo pa3psiioB Bcex
IEJTbIX YHCeNT HEBEPOSITHO OOMBIIIOE U PaBHO uuciy (9). 1o ro-
BOPHT O TOM BCE YHCJIA y HAC XOTS M OECKOHEUHBIE U B TO XKe Bpe-
M1 OHU OI'paHUYEHBI C IByX cTOPOH. CO CTOPOHBI CTApIIMX pa3-
PSIIOB OrpaHUueHre ObUIO BCer/a Mo MEPBOMY CTapIlieMy pas3psi-
ny. B Hamem ciydae j1o0aBiisieTcsl OrpaHUYeHUe B HEBEIOMOM
paHee Jayid — [0 caMoMy MJiajamemy paspsany. [lpuuem npu so-
ObIX aprU(PMETUYECKUX OTEPAIMAX C HEJBIMU YUCIAMU KOJIUYe-
CTBO pa3psI0OB HE MEHSETCSA U Beerga paBHo (9).

B mpunmune orpaHudeHvie pa3psiioB OECKOHEUHBIX IEJThIX
yuceJl, MPOU30IIIIO U3-3a UCHOIb30BAHUSI MAKCUMAJIbHOTO YKC-
J1a, KOTOPOE C JBYX CTOPOH OrpaHU4eHo. B necsaTuuHoii cricteme
CUMCJIEHHSI OHO paBHO uMciy (9). A 3ayemM HaM Kakoe-TO orpa-
HUYEHMe, /1a enle U B 6eckoHeuHoctn? Kazanock Obl, 4TO OHO
HaM Ha U Ha (PUT HE HYKHO, HO UMEHHO 3TO OrPAHUYEHUE T103-
BOJISIET HAM YCIIEIIHO 3aBEpIIUTh Hallly METOAMKY, HE BIajlas B
OECKOHEUHBIE 1IUKJIbI.

Ha camom pnene BBEAEHHOE pa3psiIHOE OTPaHUYCHUE OYEHb
cnaboe, OHO BOOOIIE HE BIMSET Ha Tporecc onudppoBKU Iie-
JIBIX YMCEJl, HO TIPEACTaBIISIET BOBMOXKHOCTb BbIJEJIUTh Hauajlb-
HBIE CTapuIve pa3psiibl U KOHEUYHbIE MJIAJIINE Pa3PsiIbl YUCEIL.
ITO 3HAYMT, KaK HA CTPAHHO, UTO BCE MCIOJIL30BAHHBIE OECKO-



HEYHbIe I1eJIble YKCIa UMEIT U Havyaslo, U KoHerl. Kopoue, Ham
JOCTYIIHBI JIJIS UCCTICIOBAHUSI W TPOBE/ICHUSI MAaTeMAaTUIECKUX
OTiepaIyii B paBHOM CTETIeHW KaK BEPIIKU OECKOHEUYHOTO YUCIa,
TaK U ero Kopemku. Yto kacaercs cepequHHON YacTy rpoMaji-
HOT'O YHCJIa, TO €r0 OOBIYHO YITAaKOBBIBAIOT U IPE/ICTABIISIOT B BU-
1e OECKOHEYHOTo CToJI0a umncet, 0003HaYaeMoro kKak (*). Termepb
OECKOHEYHOEe YKCJIO CTAHOBUTCS YCIIOBHO KOHEUHBIM BHJIA:
begin(*) uau begin(*)end,

e begin npencrasnsier coOoi HAOOp YKCelNl, B TAKOM KOJIHU-
YeCTBe, YTOOBl 00€eCIeunBaIach 3aJaHHAsI TOYHOCTh BBIUKCIIE-
HUA. Peiko mpuMeHsieTcsi B KOHIIE HEKOTOPOe KOJIMYECTBO UM-
cell, 0003HaYEeHHBIX Kak end, s perieHus: crierupuIeckux 3a-
may. Ha Tou”ocTs BeUMciIeHu end COBCEM HE BIIMAET.

W HakoHell OECKOHEYHBIN CTOJNIOEI] CPETIMHHBIX Yucesl, 000-
3Ha4YaeMbIil Kak (*) Takke Ha TOYHOCTh BBHIYMCJIEHUI HE BIIMSI-
eT. Kak Oyzier mokazaHo HUKe, Majio KOO MHTEpeCyeT ero u3Me-
HEHMe B Ipolecce apupmMeTuuecKux onepaiuii, o3TOMY BeCh
OeckoHeuHBIN cTONO 1P, 0003HAYAETCS TTPOCTO 3BE3I0UKOM.
DTO aHAJIOTMYHO TOSIBJICHUIO KOMapUHOTO YKyca Ha TeJjle CJIOHa
— CJIOH JIaXe He y3HaeT, YTO MPOU3O0IILIO 3TO YKACHOE COOBITHE
Y He 3aMeTUT IPUOaBJICHUSI CBOETO Beca OT MHBEKIIMU KoMapa.
HukTo nmaxe He mombitaeTcs: 00padoTaTh 3yISIyI0 PaHKY CIIO-
Ha OT KOMapyuHOT'0 yKyca U IOy Th Ha Hee. B OECKOHEUHBIX YunC-
JIax CUMBOJT «(**)» UrpaeT poJib YKYIIEHHOTO CJIoHa. Mtak, Oyaem
CUUTATh, YTO €CJIM y YKCJIA BHYTPH UMeEeTCs] HAOOp 3HAKOB B BU-
JIe 3BE3/I0UKH B KPYIJIBIX CKOOKax «(*)», TO OHO OECKOHEYHOe



HECMOTPsI Ha TO, YTO COJAEPKUT OIPAaHUYEHHOE KOJIMYECTBO pas3-
PS/I0B.

Mpbl HaYHEeM KCCIeIOBaHUE C IMYCTON CTPYKTYPHI 11€JI0r0 YrC-
Ja, rae BO BceX OeCKOHEYHBIX paspsaax (9) mepBoHavasbHO
Huuero Her. [lycrora He siBisiercsi apuPMETHUECKUM OObeK-
TOM, TMO3TOMY MBI BMECTO IMYCTOTHI BCTaBUM HyJM. [lomyden-
HYIO CTPYKTYpY Liesioro HyJsieBoro yucia (0) 6ynem ucrosinb30BaTh
B KauecCTBE HYJIEBOTO JIEMEHTA, OTKPhIBAIOIIIETO HOBbI MACCUB
JUISI LIETIBIX YMCEN.

dopMupoBaHUE HOBBIX IIEJIBIX YUCET MbI Oy/IeM BBITIOTHSTh
cnenyomum oopaszoM. [Tpuyem HOBBIE 11eTbIe YKciia y Hac OyayT
NOSIBJISIThCS. HE M3 IYCTOTHI, a KaK PE3YJIbTaT Mepecyera peab-
HBIX MaTepUaJibHBIX TOYeK. [{JI MX mosydyeHus, pa3oObeM JIo-
6011 oTpe3ok s1s2 Ha OeckoOHeYHO Maible oTpe3ku (Pucynok 5S).
A motoMm ux npeodpasyem (CKoIancupyem) B TOUKU. BoiOupast
TOYKH [0 CIIyYallHOMY NOPAAKY, OLIU(PyeM UX, COIJIACHO OUepe-
v BeIOOpa. HoMep ouepenHoi TOYKY IPUCBOMM HOBOMY UYHCITY,
C 3a/IaHHOM BBIIIIe CTPYKTYpor. [lomydyeHHble uncia 1o0aBiseM
B CO3JJaHHBIN MaccuB Lieabix yuced. [Tocie BriOOpa 1 nepecuera
BCEX TOUEK M NEPEMMEHOBAHUS UX B UMCIA, 3a(PUKCUPYEM I'pa-
(puueckoe nzobpaxkenue, T.e. GOpMy MOTYIEHHOTO MACCHBA. «A
He Kaxercsi u Bam, 4To anropuTm no-AeTCKy HauBeH U OYeHb
CKy4eH?!» — BOCKJIMKHET YUTATelIb. «YCIIOKOUTECH, JOPOrOM UH-
TaTelsb», — 3aTO HUUEro He notepsieM! A Kak OKa3aioch, TaM €CTh
YTO TEPSATH!

Wrak, Ham paH moo6oit otpe3ok sls2 (Pucynox 5) Ha Ka-



KOU-HUOYIb OCH X.

0 sl s2
Cs10) s s2(0)

X

Pucyrnok 5 ompezox s1s2

Koopnunatel Touek sl 1 s2 BbIOpaHbl MPOM3BOJIBHBIM 00pa-
30M. OTpe3ok s1s2 pa3duin Ha MaKCUMAaJIbHOE KOJIMYECTBO Ya-
CTel, 2 UMEHHO Ha (9) KpOLIeUHbIX KyCOYKOB, KOHEYHO TOJILKO B
MaTeMaTHKe BO3MOKHA TaKasl I0BEJIMpPHasi TOYHOCTb. Ternepb Ko-
opnuHary sl MoxHO 3anucarh Kak s1(0). A koopauHaTy TOUYKH
$2 MOXHO paccMaTpvBaTh ABOSKO — C IIPABOM CTOPOHBI KaK S2.
(0), roe B 1poOHOM YaCTH CTOMT HOJIb B TIEPUOJIE, B TO ke BpeMH,
C JIEBOM CTOPOHBI, 3TO K€ YUCIO MOXKHO MPEICTaBUTH Kak s1.(9),
I7ie B APOOHOM YacTH MMeeTCs IeBSITKA B repuoze. MaremaTnka
YTBEPKJAET, YTO OHU PaBHBI, & UMEHHO

s2 =51.(9) =s2.(0).

A pazHoctb $1(9) — s1(0) = (9), roBopUT 0 TOM, YTO MBI JIeH-
CTBUTEJILHO pa30uIM OTPe30K Ha (9) paBHbBIX YacTeil.

B naHHOM Hcce[oBaHUM MbI OTKaKEMCS OT BILLIEYKa3aHHOTO
yTBEpXKJeHUs U OyaeM cuutarth, 4to yucna s1.(9) u s2.(0) paz-
HbIE, T.€.

s1.(9) #52.(0).

Mopynb pazHocTH Mexay 3TumMu yuciaamu Is1.(9) — s2.(0)l



0003HauMM depe3 1., a UMEHHO

Is1.(9) = s2.(0)I = 1.

Tor (pakT, uto 1, peasbHO CyIIECTBYET, KAK MATEMATUYECKUAN
00BEKT, onpeaesum ero AkcuoMoi 1.

1.2.1 akcuoma

Cymecmeyem OECKOHEeUHO MAN0e HeoeauUMoe ueaoe uuciao 1C

He pasHoe HYA0 U PAGHOe

1.=181.(9) — s2.(0)l = const # 0.

51 B3s11 Ha cebs1 CMeNoCTh eIMHUITY 1. ciesiaTh KOHCTAaHTOR. S
He Oyj1y 9TO JOKa3bIBaTh, HO B JAHHOM HCCIIEIOBAHUM OHA BE3JIe
Oy/IeT BBICTYIaTh Kak HeJearMMasi KOHCTaHTa U He WHade. DTOT
(paxT mpuMeM Kak JaHHbBIA «IIO HAUTHUIO».

[TonyuyeHHy10 pa3HOCTh 1. MOKHO Ha3bIBaTh Mo-pazHoMy. Ha-
npumep

— OEeCKOHEUHO MaJjioe IIeJIOe YMCIIo, pa3MepHOCThIO (9). 1.
IPE/ICTABIISAET COOOM TAKyI0 MAIyl0 HEISIMMYI0 BEJTUYUHY, Y
KOTOPOM BO BCEX CTapIIuX paspsaax CTOUT HYJIb U IJe-TO B
HEJOCTVKUMOM J1aJIeKOM OECKOHEUHOCTH IOC/IeTHEN CTOMT OJIHA
€IMHCTBEeHHAsI €JIMHMIIA B CaMOM MJIajIieM paspsijie. CxemaTnd-
HO, 9TO MOXHO mpeActaButh Kak 1. = (0)1. Ona Hepenumas u
MEHbIIIe €€ 11eJI0r0 YMcia B MPUPOJIE HE CYIIeCTBYET, KOHEUHO,
KpOMe IYCTOrO YMCIa, COAEPKAIIEro BO BCEX pa3psaax TOIbKO
HyM (0). Pa3mepHOCTb, Kak Mbl YK€ JOTOBOPUJIUCH, 11 BCEX



uesbix uncen paBHo (9) u giis (0) B Tom uncie. MOXHO cka3arb,
YTO YKCIO 1. SIBISETCS aTOMOM LiebIX uncen. HuxkHuil nHaekc
«C» — YKa3bIBaeT HA NIPUHAJIE)KHOCTh 3TOM €AUHULIBI K MHOXe-
CTBY LIEJIbIX 4yHcel (constant). ITO EpBOE LIENOE YUCIIO, C KOTO-
pOro HaYMHAETCs JaHHOe rccienoBanue. OHO 0003HAYaeTCs ye-
pe3 eIuHUILy He CJIyYyallHO, KaK Mbl YBUAMM JaJiee, UMEHHO 1.
MEePEBOIUT Kax10€ MpeblayIIee 11eI0e YUCIIO B MOCenyolee 1
HA000POT, METOIOM TTPUOABJICHUSI STOU eIMHUIIBI WX €€ BbIYK-
Tanus1. [Toatomy BmMecTo 1, Mbl OyzieM UCIOIb30BaTh OOBIUHYIO
equnuLy (9)-mepnyio, T.e. 1.=(0)1.

— €JUHUYHBIM KBaHTOM LIEJIbIX uucell. Tak Kak c ero rnomo-
IIBI0 MOXHO JII0OOM OTPE30K HEMpPEephIBHOM JIMHUU X Pa3OUTh
Ha OTPE3KU C IJIMHON 1. 1 J1ajiee CKOJUIariCupOBaTh MOy YeHHbIS
€IMHIYHBIE OTPE3KU B MACCUB Oe3pa3MepHBIX TOUeK. UToObI HU-
YEero He MOTEPATh Mbl UX CJIOKHAM B MaTepuasbHbli cocyn ( Pu-
cyHok 6). [[lJ1s1 cipaBKuU: KOJUIATC — 3TO MTHOBEHHOE B3PbIBHOE
ckatue oObeKTa BHYTpb- MpeBpallieHre OTpe3Ka B TOUKy.]. Ko-
HEYHO, MOKHO ObUIO OBl lasiee paboTaTh ¢ €IMHUYHBIMU OTpPe3-
KaMU, HO aBTOp IMOCYMTA, YTO Oojiee KpacuBou OyaeT padora
C MacCMBOM Oe3pa3MepHBIX TOYEK B Ka4eCTBE MaTepUaIbHOTO
HOCUTEJIS1 €AMHULIBI U3MepeHHs. MHorue MoryT npuaparbcs K
COYETaHUsIM MaTepuasibHasl TOUKa, MaTepUaIbHbIA COCY[, KOTO-
pble BUTAIOT B rosioBe aBTopa. Ho pas s ux HapucoBasl, 3HAUUT S
UX MaTeprajn30BaJl, XOTS OYeHb CXEMAaTHYHO M TIPpOOIeMaTny-
Ho. Celiyac TeXHMKa IOCTUIJIA TAKUX BEPILUH, YTO JTI000E HApH-
COBaHHOE WJIU 10 PYKOITMCHOMY HaOPOCKY «H3BasHUE» MOXHO



OBICTPO BOIUIOTUTH B peajibHOE MaTepUabHOE U3/Iene, KOTopoe
y’&e MOKHO OyIeT He TOJIbKO YBUETh, a JIaxke MOTPOraTh U Olle-
HUTb CO BCEX CTOPOH, TaK YTO B OOBEKTMBHOCTH MaTepHaIbHBIX
TOYEK C COCYJJOM MOXETe He COMHEBAThCSI.

Bce 3t1 TOukM Oe3bIMsIHHBIE U 00€3JIMYCHHBIE C TIPaKTHYe-
CKH HYJIEBOW Pa3MepHOCTHI0. Bce OHM aOCOIOTHO OTMHAKOBBIE 1
HUYEM He OTJIMYAIOTCA APYT OT Apyra. A Takxke, HUKaKuM o0pa-
30M He CBsI3aHbl Mek 1y co0oii. Huuero He menaer ux rneperaco-
BaTh, NiepeMellaTh, UM pa3dpocaTh B pa3Hble CTOPOHBI O3 BCs-
KO 3aKOHOMEPHOCTH, WM TIPOCTO CBAIATH B JIIoOOW Oecop-
MEHHBIN KJTyOOK O€3 JIOTMUeCKOW apryMeHTallui — KOpoYe ro-
BOPsI CO3/1aTh CTyYalHBINA TOUEYHBIH OeCTIOpsAIOK {X } U3 MaccH-
Ba MOJTyYeHHBIX TOUEK. Takoe OeccucTeMHOe HeyHopsIOUeHHOe
MHOKECTBO TOUEK {X } HAXOMUTCS B M300pakeHHOM cocype ( Pu-
CYHOK 6).

B pesynbrare BblllleyKa3aHHOTO [efieHdsi oTpe3ka sls2 Ha
HEMPEPHIBHON OCH X B HEYIIOPSIIOUEHHOE MHOXKECTBO TOUeK {X}
HUYEro He ObLJIO MOTEPSHO M HUYETO JIUIIHEr0 He MOIJIO T0-
SBUTHCS. TOJNBKO OECKOHEUHO MaJIOll BEIUYMHOM, TAKOW Kak
KBaHTOBas euHUIA |, ynaercsi pa3ouTh 11000 yU4aCTOK Herpe-
PBIBHOH JIMHUM HA YCJIOBHO OECKOHEYHOE MHOKECTBO TOUEK {X }
6e3 MH(OPMATUBHBIX TOTEPh. DTOT METO]] pa30MEeHUS SBJISAETCS
HOBBIM HCIOJIb30BaHHEM MeTO/1a 0€CKOHEYHO MAJIbIX Be-
JUYHUH B MaTeMaTuke. [louemy 3arpy3uim B cOCyl YCJIOBHO
OECKOHEYHOE MHOKECTBO TOUEK, a He KOHEYHOE KOJIMYECTBO TO-
YeK, Jja MOTOMY YTO JieJieHHe MpoBOAWIOCh Ha (9) uacreid, rie



(9) ecTb HEIOCATAEMOE YUCIIO.

DTO CrpaBeIUBO TaKXke JIJIS JIOOBIX KPUBBIX, HE 3aMKHYTHIX
OTPE3KOB Y HE UMEIOIUX BHYTPHU TOUYEK MEPECEYEHMSI CAMHU C CO-
6o1i. K ToMy e KoJularic KpUBBIX OTPE3KOB B TOUKM JIMKBU/IM-
pYeT pa3HUIly MEKAY MPSMbIMUA U KPUBBIMUA OTPE3KAMH.

Ha camom paene, TOUKy HEBUAMMBI U HEOTJIMYUMBI MEXKTY CO-
00, HO paJy HATJISIZTHOCTU PUCYHKA Mbl 3HAUMTEILHO YBEJITUYU-
JIM UX pa3Mepbl M YCJIOBHO YMEHBIIIUIN UX KOJTUYECTBO, YTOOBI
OHM TOMECTUJIMCh B HAIIl BOOOPaKaeMbIil COCY/l, KOHEYHO Ke B
«TOJIHOM» COCTaBE Y MPEACTABJICHbl KAK POCCHIITb MaTeMaThye-
CKHUX HECJIUIIAIONIMXCS TOYEK.
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Pucynox 6 Cocyo ¢ mHoocecmeom mouex {x}



Kakue Hamm nanpHeiiue aedctBus. Mbl OyneM co3laBarh
MaccuB Lenbix yucen {Njg}, ¢ pa3sMEepHOCTBIO KaXJO0ro 4uc-
Ja = (9), ucnonb3ys, Kak UCTOYHMK, MHOXECTBO TOUYeK {X}.
[lepBonauanbHo maccuB {Njg} — mycroit. Mnaue, {No} =

. MBI BBEZIEM MPABUIIO,
KOTOpOe MpeoOpa3yeT MHOKECTBO TOUEK {X} B MacCHB IIEJbIX

{X} — {NioJ
yucels {Nig}, a uMEHHO ' -, I7ie UH-
nekc 10 o3Havaer, 4yTo yncio GopMUPYETCs C TOMOIIBIO AeCs-
TUYHOM CHUCTEMbI CUMCIICHUsA. [IJI1 OPYruX CHUCTEM CUMCIICHUS
Bce Oyner aHanoruvHo. Kopode, CKOJIbKO TOYeK MHOXKeCTBa {X }
B COCY/Ie, CTOJIBKO JOJIKHO OBITh unces1 B MaccuBe umcen {N o} —

He MeHbIIIE 1 He 0os1bie. YToOb HE IMPpUAOYMBIBATb UM KAKIOMY



YKUCITY Mbl TPOHYMEPYEM Kaxk/1yl0 TOUKY C TOMOIIIBIO YKa3aHHbIX
BBIIIIE CUCTEM CUUCIEHHSI M 3TOT HOMEP MPUCBOMM B KavyecTBe
MMEHH HOBOTO YKCIIA.

DTOT HOMEP CTAaHOBUTCSI UMEHEM CJIEAYIOIIEr0 HOBOTO YHC-
Ja ¥ J100aBJIsieM €ro K CO3/AoNIeMyCsl MACCHBY IEJIbIX UHCEN
{N10}. Kopoue rosops, BMECTO TOUKHM U3 cocyga (popmupyem
YKCJIO JJ1s1 MAaCCUBa YUCEJ C pa3MEPHOCTHIO pa3psIoB = (9), a uc-
NOJIb30BaHHYI0 TOUKY BBHIOPACHIBAEM B YPHY, YTOOBI BTOPOU pa3
OHa HaM Ha IJ1a3a He Monajaiach. boJbliie oHa HaM He PUTOUT-
cs1. OHa BBITIOJTHWIIA CBOIO TIPUCYTCTBYIONIYIO POJib. Jlasbiiie Mbl
OyaeM padoTaTh TOJILKO ¢ MacCMBOM U3 1ieJibix urcen {N 1o}, co-
JIepKalllero Yyuciia ToJbKo pazMepHocThio (9). HanomuHal, Bce
yKclia MepBOHAYaIbHO UMEIOT OJIMHAKOBYI0 MAaKCUMAJIbHYIO pa3-
MEPHOCTBIO = (9) 1 HE UBMEHSIOT CBOK pa3MEPHOCTB B ITPOLIECCE
(opmupoBanms MaccuBa 1enbIx yrcen { N} B TeueHnn padoTht
ajgroputMa Ha 1 1 2 tamnax .

B nipunImmie MoxxHO ObUTO ObI HE CUMTATh CKOJIBKO TOUYEK CO-
JEPAKUT MHOKECTBO {X}, OHO M TaK U3BECTHO. TaK KaK MbI HC-
1oJib30Bau oTpe3oK ot s1.(0) 10 s1.(9), To KoMMYeCcTBO eAMHUY-
HBIX OTPE3KOB, KOHEUHO ke, Oyaer poBHO (9) mTtyk. Ham, yect-
HO T'OBOp$1, BAKHO HE KOJIMYECTBO TOYeK B cocyde. Ham BaxHa
Kakas (popma maccuBa nenbix yncen { N}, KoTopas mosxy4urcs
TMOCJI€ BBHITIOJTHEHUST JAHHOW METOIMKHU.

S1 moHs1, BBI iymMaeTe 51 CyMacIle i, COOMPAIOIIUICS 00b-
STh HEOOBSATHOE, T.€. TMEPecunTaTh Bce 4YHCIA apU(METHKH.
«3J10 %€ HeBo3MOkHO!!! Hukto Bam He nosepur!!!» — npokpu-



YHUT KaX]IBII OObIBATENh, OKOHYMBIIHUIA XOTsI Obl CPETHIO IITKO-
ny. Benb HUKAaKOTrO BpeMeHHM He XBaTHT, YTOOBI TIepeCUnTaTh U
00paboTaTh OECKOHEYHOE KOJIMYECTBO TOUeK paBHOE (9).

Ha Het! Ve BpeMsi PUIILIO /17151 STOTO COOBITHUSI, ¥ MBI C BAMU
pocTo 00s13aHBI 3TO caenarh! [Topa HAUMHATH HABOAUTH TOPSI-
JOK B 6€CX03HOM OECKOHEYHOCTH M KaK OKa3aJI0Ch — TO B HAIIIMX
¢ Bamu cwiax. Tak gaBaiite HauHEM, yeM 4€PT He myTuT! A yxe
3HAI0, YTO Y Hac Bc€ nomyuurcs! [ naBHOe, HE BOJHYUTECh — BCE
OyzieT xopoio. Mbl ¢ BAMU OCTOPOKHEHBKO MPOCKOYMM Yepes
BCE OCTpbIE YIJIbl MACCHBA IEJIBIX YHCEI, C TIOMOIIBI0 pa3pado-
TAHHOT'O MHOIO aJITOPUTMA, HE TIOBPEUB MPU ITOM CBOIO U BaIlly
HepBHYI0 cuctemy. [1pu 3TOM, Haio OBITH OYEHb BHUMATEJILHBIM,
9TOOBI B CIIEIIKE HE PacTepsiTh, 3aMeUeHHbIC YHUKAJIbHBIE TOUKH.

[lepexogum Kk NOCTPOEHUIO (POPMBI MACCUBA BCEX LEJIBIX YU-
cest. [Ins Havyasia MccieloBaHus OIPENEeIMMCS C HYJIEBBIM J1e-
MEHTOM MHoOkecTBa {x} u3 cocyna (Pucyrok 6). Tak Kak Bce
TOYKM PaBHOIIEHHbIC, KAXasi U3 HUX MOXKET ObITh KaK HYJIEBOM,
CPEIVHHOM, TaK ¥ KOHEYHON TOYKOW. MBI MOXeEM BBHIOPATH JIO-
OyI0 TOUKY 3a HYJIb, TUIOTHO 3aKPbIB IJ1a3a U MPEIOCTABUB BHIOOP
JeJty ciiydasi, Ipyu 9TOM HUKaKUX OrpaHUYEHUI Ha BHIOOP HYJIsI
He HakjaapiBaercs. «Homb — oH u B AdprKe HOMb», — KaK 3aMe-
TWJI KaKOU-TO YMHBIU 3JIEKTPHK, MpaBAd, UMeJ B BUY COBCEM
JPYTrOil HOJIb — CBOW JIEKTPUUYECKUIA.

[ToaToMy, U3-3a TOrO, YTO BCE TOUKU PAaBHOIIPABHbIE U HEPA3-
JIMYUMBI MEKIy COOOM, 32 HYJIEBYIO TOUKY PUHUMAEM TIEPBYIO
TIOTABIITYIOCS HAyTa/l TOUKY 1 00603HayaeM ee Kak O (Hyib). Hy-



JieBasi TOUKa, M0 YMOJYaHMIO, SIBJISIETCSl HAYaJoM BCEX Havall
JUIsl BCEX YIMOMSIHYTBIX CUCTEeM cuucieHus. HyneByio TOUKy Mbl
TpaHCOPMUPYEM B HYJIEBOE YUCJIO, SIBJISIIOIIEECS] HAYaJIOM Mac-
cuBa 1enbix yncen {Nig} . Bce (9) pa3psiioB y Hero HyseBble U,
KOHEYHO Ke, M caMblil Muaimid pas3psia. OO03HAYMM Oy UYeH-
Hoe HyJseBoe 1enoe uncio Kak (0) (Tabauya 2— HyJIeBOR CTON-
Oell, r7ie Bce pa3psiabl Uynciia HyjieBbie). BoiOpacsiBaeM HMCIONb-
30BaHHYIO HYJIEBYIO TOUKY B MYCOPHYIO KOP3UHY U IOCTAEM CJle-
JYIOIIYI0 TOUKY U3 cocyna (Pucynox 6).

[Togo6HBIM 006pa30M MOMYUYUM M3 OYEPEHBIX TOUEK U3 COCY-
Jia cienyiomye aeBsath yncen s maccuBa {Ng}. [apaiiesns-
HO QJITOPUTMY MBI UX MOXEM CO3[aTh, TaKkKe, MO CIIeAYIOIEMY
MpaBuIIy:

(0)+(0)1 =(0)1; (0)1 +(0)1 =(0)2; (0)2 +(0)1 =(0)3; ...; (0)8
+(0)1 =(0)9.

[lonyvyaem mepBoe, BTOpPOE, TPEThE, ..., AEBATOE LIeJIble YnC-
Ja ¢ pa3MepHocThio (9) paspsiioB. M noGaBisieM uX B MacCcuB
{Nio}. V Hux B camom muiaziiem paspsije, BMECTO HYJIsI CTOUT
MIPUCBOEHHASI el TI0 MOPAIKY 1Kdpa, a OCTaIbHbIC pa3psiibl HY-
nesbie (Taonuya 2 — cronouwl 1, 2, 3, ..., 9).

U3 cocyna BeiOnpaem cienymomue 100 Touek u npeodpaszyem
UX TaKMM ke 00pa3oM B IU(PPBI

(0)9+(0)1=(0)10; (0)10+(0)I=(0)11; (0)11+(0)1=(0)12; ...,

(0)19+(0)1= (0)20; (0)20+(0)1=(0)21; (0)21+(0)1= (0)22;

“.’(0)29+(0)1= (0)30; ... 5 (0)79+(0)1=(0)80; ... ; (0)98+(0)1=



(0)99.

[Tonyyaem necsroe, oAMHHAILATOE, IBEHAILIATOE U TaK JI0 Jie-
BSTHOCTO JIEBSITOE IIEJIbIE YKCJIa C Pa3MEPHOCTHIO (9) pa3psiioB.
W1 npucoenunsieM ux K oOmemMy mMaccuy 1enbix uncen {Nyg}.
VY s1ux 1ugp yxe B ABYX MIAAIIMX pa3psgax HOJIM CMEHUIUCDH
Ha MPUCBOEHHbIE AITOPUTMOM uucia. (Tabauya 2 — cTonOIpl OT
10 no 99).

Takum xe obpazom u3 cocyna BeiHUMaeM yxe 1000 Touek u
npeodpazyeM B 1 pb

(0)99+(0)1=(0)100; ... ; (0)998+(0)1=(0)999.

U nipricoeiuHsIeM UX K 00IeMY MacCHBY Yuce. Y 3Tux mudp
y&e B TpeX MIIQAIIMX pa3psjiax CTOSAT BHIUUCIIEHHbBIE aITOPUT-
MoM 1udphl. (Tabauya 2 — cron6ust ot 100 g0 999).

Takum ke obpa3zom u3 cocyaa BeiHumaeMm yxe 10000 u mpe-
obpa3zyeM B U phl

(0)999+(0)1=(0)1000; ... ; (0)4999+(0)1=(0)5000;
(0)9998+(0)1=(0)9999.

VY 31X 1udp yke B YeThIpeX MJIAIIINX pa3psaax CTOSAT Tpe-
oymoruecs nuudpsl.( Tabauya 2 — 1Ba NOCASAHUX CTOJIONA)

W3 maHHOTO MOCTPOEHMSI BUAHO, YTO KOJMUYECTBO HYJIEBBIX
CTapUIMX Pa3psJ0B YMEHbILIAETCs [0 Mepe BO3pacTaHusl LUppo-
BOrO HOMHUHAJIA YKCIIa, MpaB/a CKaukooOpa3Ho.

Tabauua 2 Hauano 3anonnenusi maccusa ueavix uucen {N jo}



Mnagnme pa3psyIs! 9Hucen

> 0123790123 9012 90" 90™ 9707 90" 90" 9™
~| 0000 01111 1222 23 34 4 9 90 90 9::
=| 0000 00000 0000 00 00 O O OL 90 9
Yl oooo 00000 0000 00 00 0 0 00 ol 9
% 0000 00000 0000 ©00 OO O O 00 00 O
2| 0000 00000 0000 00 00 O O 00 00 O
g e e e e
Bl comeom ma e
g e —
E 0000 00000 0000 0O 00 O O 00 00 O
E| 0000 00000 0000 00 00 O O 00 00 O
%! 0000 00000 0000 00 00 O O 00 0O O

0000 00000 0000 ©00 00 O O 00 00 O
> 0000 00000 0000 00 00 O O 00 0O O

Crapume pa3psiibl Yuce

YroOsl cienath Gosiee BU3yaIbHBIM TTpoliece (hOpMUPOBAHUSI
MaccuBa 1esbix uucen { N}, Ham IpUIIIoCh OMYCTUTh TPOMA/I-
HOE KOJIMYECTBO OIeparuii, 3aMEHUB UX MHOTOTOYUSMMU, U OT-
Pa3uTh TOJBKO T€ OMNeparvu, KOTOpbIe OTPakaloT BaXKHbIE Mepe-
XOJIHBIE WJIU CIIOPHBIE MOMEHTHI. YesIOBeUeCKUX KU3HEW He XBa-
THUT, YTOOBI TYHKTYQJILHO BKJIIOYHUTH BCE BBIMOTHSIONIHE Orepa-
IIU1, KPOME TOTO, BCE OHU TOJILKO 3aTEMHST mporiecc (hopMUPO-
BaHUs MaccuBa Liesbix uncen {Njg}, a Takke pa3MaxyT UCTUH-
HYIO KapTUHY J0 HEY3HAaBAEMOCTH.

[TpumeHsiss omMcaHHYIO MPOIEAYpYy OecuucieHHOe Koiude-
CTBO pa3, MbI JIOJKHBI HAWTH TaKOE YHUCJIO, Y KOTOPOro BO BCEX
MJTAIIINX pa3psiiaX CTOSUTA OBl IEBATKH, KPOME OJTHOTO CTapIIie-
TO pa3psijia, KOTOPHIH IOJKEH ObITh PaBEeH HYIIO, B TAOJHIIE, yKa-
3aHHOE YHUCJIO HaXoauTcsl BHYyTpU oBana ( Tabauya 3). OHO cTO-



UT B JIAaHHOM TaOJIMIIE CaMbIM IOCJEIHUM. DTO YKCJIO 3aIlKChI-
Baercs Tak 0(9). IIpu BBINOIHEHNM BCEX BBIICYKA3aHHBIX OIlE-
PALIMOHHBIX JIENCTBUH, BHIMOIHSAEMBIX MPAKTUYECKH aBTOMATH-
YEeCKHM, Mbl BHUMATEJIbHO CIICAWIIM 3a TéM, YTOOBI CyJailHO He
MIPOCKOYUTH ITOT OTBETCTBEHHBIN MEPEXOAHBI MOMEHT. Kak Oy-
JIeT MOKa3aHO HUXKE, MOC/e TOr0 YMCIia, & UMEHHO CO CIeAylo-
niero yucia 0(9)+(0)1 HaurHaeTcsl HacTosIlee MyTElIECTBUE B
MUp OECKOHEUHBIX IIeJIbIX YUCesI, C KOTOPhIMU ellle He 3HAKOMO
yesioBeyecTBO. M Mbl ¢ BaMM, HEMHOKKO MO3KE, JIOJIKHBI YCIIeIII-
HO B HETO 3alTH 1 MOMpoOOBaTh C HUM NOPadOTATh.

WM Ha TOM MOKa OCTAaHOBMM Ha HEMHOTO Mpoiiecc (POPMHUPO-
BaHUs MaccuBa Lesbix uncen {Ng}. DTOT npoBeeHHbIN U OCTa-
HOBJIEHHBI/ NIEPUO], AJITOPUTMA Ha30BeM | staroM. Msl ocTaHo-
BUJIM QJITOPUTMHUYECKHUI MPOIIECC, /I TOrO YTOObI OLIEHUTh U
U3YUYUTh BaXKHBIE POMEXYTOUHBIE PE3Yy/IbTaThl, KOTOPbIE MOJY-
YWJIKCh B Ipoliecce 3Toro stana. OIHUM 13 BaXKHBIX Pe3y/IbTaTOB
sBsiercs copepxkanue ( Tabauya 3), ABISIONIENCS TPOIOTKEHU-
eM (Tabauya 2) nipu (pyHKIMOHMPOBAHUM AITOpPUTMa JI0 Bpe-
MEHHOM OCTaHOBKH. /luaroHajibHasi TMHUS B TaOJIKIIE HA CAMOM
JieJie SIBJISIETCsl JIOMAHOM CTYNEHYaTON BO3pACTAIONIE JIMHUEN C
KPaTHOCTBIO CTYIIEHEK KPATHO AECATHU ( ONPEaesIsieTCs CUCTEMON
ucuuciennsi). CTyneHbKY CIIIQAUINCh U3-32 TIPUHSITOTO OTPOM-
HOTO BHYTPEHHETO YMEHBIIUTEILHOIO MacIlITaOMpOBaHUs Tao-
JIVALIBI.

Tabauua 3 Maccue ueavix uucen 1 smana



MJIaIIH_II/Ie paspsabl HHUCEI

g 2 3 4 5 6 v 8 |9}
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E| 0 0 0 0 0 0 0™ 7 8
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) 0 060 0 0 0 0 0 0

Crapime paspsAp! Yucern

Urak, B TeueHue | 3tama akTMBHOCTH aJrOpUTMa, BCETO W3
cocyna (Pucyrox 6) ObLITA U3BSATHI M «BBIOPOIIICHBI» B MYCOPHYIO
YPHY, IIpaB/ia ¢ 3aMEHOM MX Ha Liesple ynciaa B Maccuse {N g},
caeayolnee KOJTMYeCTBO TOUeK:

ot yucina (0) go uucna 0(9) = 0(9) + (0)1 - (0) = 1(0).

Ho cocyn mnocine nepBoro srana akTUBHOTO UCIIOJIb30BaHUS
aJITOPUTMa He OYEeHb «00eIHEN», TaK KaK B HEM eIlé OCTaIoCh
rpOMaJHOE KOJIMUYECTBO HenepepadOTaHHBIX TOYEK, TO €CTh

9(9) - 1(0) = 8(9).

Kak OKa3aJioCb, B COCYAC OCTAJIOCh HA MHOI'O OO0JIbIIIE TOYCK,



yeM TpeOOBaIOCh [T MIEPBOTO JTara.

1(0) < 8(9).

Yucno 8(9) — HeBooOpazumo Oomnbiioe uncio. Ecnm marepu-
aJIM30BaTh BCE OCTaBIIMECS TOUKU, Haxoasmuecs B cocyae ( Pu-
cyHoK 6), TO OHU TUIOTHO 3AMOJIHST BCIO COTHEUHYIO CUCTEMY JIO
cambIX JaibHUX OKpanH. Ho camoe ynuBUTENIbHOE B TOM, UTO B
COCYJIE OCTAHETCsI TOUEK emE Ha MWLIHApPH MOIO0OHBIX COJTHEY-
HbIX cucteM. U 310 elle He mpeaesn Jyisl TaKoro yucia, Kak 8(9)
— OHO ke OeckoHeuHoe!

Cocyn (Pucyrok 6) siBisieTcsi, Kak Obl, CKa30YHBIM ITPOOOpa-
30M «BOJIIIIEOHOTO TOPIIIOYKA», OH XOTh Y HAC HA PUCYHKE OUCHb
MaJIeHbKUH, KaK B U3BECTHOW CKa3Ke, HO BMECTUTEJbHbIE BO3-
MOXHOCTH Y HETO CKa304HO Oe3MepHbIe. Mbl ITUKJIMUECKU U3 CO-
CyJa BBIHMIMAJIH | Jiajiee OyeM BBIHUMATh HEOOXOOUMOE KOJIH-
4yecTBO ToueK. M oOpabdaThiBaTh UX C MOMOIIBIO CBOETO JIOMOPO-
IIEHHOT'0 aJIrOpUTMa JI0 TeX MOop, MOKa He JAOCTUTHEM IOC/e/-
Hell Touku. HecMoTpst Ha TO, YUTO KOJTMYECTBO TOYEK y HAC Ipo-
MaJ/IHO, OHO KOHEYHO U OIpeJesisieTCsl TObKO BETMUYUHON KPO-
xotHoro yucna (0)1, 3aBucsiiero UCKIIUUTEIBLHO OT CUCTEMbI
cuMcieHus (1o yMOTYaHUIO — iecsiTuyHasi). Mbl B Havajie ajiro-
put™Ma | 3Tana HallIM HayajlbHYI0 TOUKY, KaK MEPBYIO CIyvaii-
HO MONAaBILIYIOCS AJITOPUTMY, a B KOHIIE 2 9Tara HauJIEM U OCTaB-
IIyI0CS1 KOHEYHYIO TOUKY. [la OyneT Helerko, Ho 9TO B HAIIUX C
Bamu cunax. HarmomuHawo, XoTs y Hac Bce yucliia OECKOHEUHbIe
— OHHU BC€ MMEIOT HAyajio M KOHell, TaK KaK WX JJIMHA Or'PaHU-
YeHa HeJOCTUARKUMBIM YUCIIOM (9). A BOT CepeAMHOM YuCiia, Mbl
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YacTo npeHeOperaeM, Kak HeCyIIeCTBEHHOW 4yacThio. KoHeuHo,
JOCTHYb KOHIIA OECKOHEYHOTO YHC/Ia HEBO3MOXHO, TO9TOMY MBI
T0JIb3yeMCs KOHIIOM OY€Hb YCJIOBHO — OH K€ Y Hac eCTb.

Tak 4to anropuTMy ere npuaeTcs Bo 2 rane padoTarhb U pa-
60Tath!

Ho noka nonseném Uroru nepBoro 3rara.

Bo-niepBeiX, Billie npecTaBieHHyo tTabmuity ( Tadauya 3) co-
KPaIIeHHO MOXHO 3aIucaTh B BUJIE MAacCHBa LEJIbIX YUCEI Clle-
JYIOIIIM 00pa3oM:

{Nio'} = {(0), (0)1, (0)2, (0)3, ... ,(0)9, ... ,(0)99, ...,
(0)999, ... ,009), ...}

Cpagy ke BO3HHKAET BOIPOC: KaK ONMUcaTh OECKOHEYHBIN Ha-
60p uKceN 3aBUCSIIETO OT CAMHX YMCeJI, MOTyYEeHHbIX aJITOPUT-
MoM B TeueHue | stama. Kak u3 pa3posHeHHBIX 1P cO3/1aTh
TIOHSTHBIN MHOTOTPaHHBI 00pa3, BOCIPOU3BOISAIIMIA TPUPOJ-
HYIO CYIIIHOCTb MaccHBa LeJibiX uuces. OH Ao/keH ObITh KpaT-
KHUM, OTPakaTb XapaKTepHble MOMEHTHI paOOThl U IMHAMUKY aJ1-
roput™ma, umeTh HadasabHbI (0) 1 koHeunbli a5eMeHT 0(9). Hy
Y, KOHEYHO ke, ObLT TMOHSATHBIM T0 HAIMMCAHUI0? ABTOp CUMTA-
€T, YTO UMEHHO MPUMEHEHHbI HA0Op YMCeN HArJISTHO JIEMOH-
crpupyet padoty anroputMma. Bece octanbHble OeCKOHEUHbIE YnC-
Ja, He Boieaiue B popmy (15), 3aMeHeHbl MHOTOTOUMSIMU, TTO-

1 .
Tomy maccuB {Njo } comepKuT Bce HaiiieHHble OECKOHEUHbIS
9JIEMEHTHI Ha 9TOM JTarle.

Wrtak, {Nlol} SIBJISIETCSI MHOJKECTBOM BCEX IIEJIBIX YHCE, T10-



JYYEHHBIX aJIrTOpUTMOM B TeueHHWe 1 stama. Kak Obuto mogcum-
TaHO paHee nx yncio pasHoO 1(0). Huwxuanii maaekc 10 o3Havaer,
YTO AJITOPUTM UCHOJIB3YET NECATUYHYIO CUCTEMY CUMCIECHUS, a
BEpXHUI UHAEKC | 03HAYaeT, YTO IaHHbIE OTHOCSITCS K TIEPBOMY
STaIy ajJropuTMa.

MaccuB LETBIX YKUCEN {Nlol} MIpeJICTaBjieH He TOJIHOCTHIO,
MO3TOMY B KOHIIE y Hero ctout muorotoure (15), Tpedymoiee
npoAoskeHue mporecca. Maccus {N 101 } OyaeT IOMoTHEH OKOH-

YaTesIbHO MOCJIE BHIMOMHEHUS CIAYIONIEro BTOPOro Tarna JaH-
HOT'O aJIrOpUTMa.

C apudmeTrueckor TOUKU 3pEHUs] CYIIHOCTHIO Y BETMUUHOU
KaXJI0r0 OECKOHEYHOTO IIEJIOTO YUCIIA, SBJISETCS ero TOPSIKO-
BBl HOMep B Tabmune (Taonuya 3) u 6ompine HU4ero. Ho B
TeYeHUe ThICSYesIeTHil HeOe3bI3BeCTHAsI «HayKa» HyMepOJIorusl
UCIIPaBHO MopadoTaia ¢ CAMUMHU YUCJIaMH M JI0OABUJIa MHOTUM
U3 HUX ellle Marn4ecKre CBOKCTBA, CBSA3aB X HEBEPOSITHBIM 00-
Pa3oM C ICUCTBUTEILHBIMU TTpolieccaMu. YTo camoe yauBUTE b-
Hoe, ero BenmuecTBo «Hapoa» MPHUHS TO K CBEJICHUIO U MHO-
TYe ero WHAWBU/IYAJb TIOIL3YIOTCS MU TIOCTOSIHHO. YuncTas Ha-
yKa MpeHeOperaeT Marn4eCKUMU CBOMCTBAMU BCEX YHCEIl, TO-
9TOMY MbI IPOCKOYMM TaJIONOM MUMO MUCTUUECKUX CBOWCTB Ta-
KHX 4ucen Kak 7, 13, 666 1 MHOrMX Apyrux MOJOOHBIX, CUUTAS
UX OOBIYHBIMU YKCIaMU Oe3 BCIKUX 3amopouek. I1paBaa, 31ech
Mbl BXOIMM B MaJieHbKoe mpoTtuBopeuue ¢ BeaukuM [ludaro-
POM, HO YMCTOTA HAyKH BCE-TAKM MpekIe Bcero. Bce «mucrruye-



CKOe» M «BOJIIIIEOHOE» JIOJKHO OBITh BHIOPOIIIEHO Ha CBAJIKY MC-
TOpUH, YTOOBI TIepedexkaBIlue yepe3 JOpory YepHble KOIIKU He
CMOTJIM TIOMEIIIaTh MPOIIBETAHHIO HU HAIIIEH, HU MUPOBOW UCTO-
puy, a, TaKKe, UCKa3UTh Hallle MHEHHUE O YUCIIax. DTU MU3EPHbIE
¥ KPaTKOBPEMEHHbIE MOMEHTBI HaIllero OBITHSI HE CIIOCOOHBI 13-
MEHUTDb KypC UCTOPUH Ha3a]] B HACKYUHBIIIee MPOIILIOE.
Bo-Bropeix. [loy4yeHHBIl aITOPUTMOM B IIEPBOM 3Tare Mac-

cus ancen {Ng' ) IPEJICTaBIISIET COOOH YHOPSAOUEHHBIN MaCCUB
uenbix yrces ot 0(0) go 0(9).Yto xapakTepHo, 4TO BCe HAXOMAsI-
mpecss B HeM U Pl OT «Majia 10 BeJIMKa» He SBJISIOTCA Oec-
KOHEYHBIMU YHCJIAMH, XOTsSI OHH MOTYT ObITh OY€Hb OOJIBIITMMHU.
Bce Bo3HUMKaOIIME BOMPOCH IO STOMY MOBOAY OyayT KpUTHYe-
CKU PacCMOTPEHBI B KOHIIE MCCIIEI0OBAHUS.

Hanpumep, cpeay HUX JOMKHO OBITH YHMCIIO 3€PEH HA ITax-
MAaTHOM JIOCKE.

2041 = 18 446 744 073 709 551 615

— Mpe/IOKEHHOE K OIJIaTe HAMBHOMY IIIaXy, HE BJIA/ICIOIIEMy
azamu apudmeTrku. TaM He MOXET He ObITh YHC/IA CHEKHHOK,
KOTOpbIE BbIIAIM Ha 3eMJTI0 3a BCE BpeMsI CyLIECTBOBAHUS Ye-
JIOBEUECTBA M BOCXMIIAIOIINX BCEX KUBBIX CO3IaHUIN U MOOYK-
JaloIMe K pUTMUYECKUM kectam. Jla oHo Oosbliioe, HO He Gec-
KOHEUHOE.

B uctopru ObLn 3apUKCUPOBAHbI CITyYau, KOTIa MBICTUTEITh
TOJILKO YIIOMHKHAJI TPOMaJIHbIE YMCIa, HarpuMep B | Beke H. 3. B
OYIUIMCTCKOM CBSIIIEHHOM TeKCTe ABaTamcaka-cyTpa ObUIO BBe-
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JIEHO 4YUCIIO ~ , a B 1940 rony DnBapn Kasnep
ml{][]

OImcaj YUCIIO (WIKI). KoneuHo, 3T1 4ncia Takxke
€CTh B IMOJYYEHHOM MAaCCHUBE IIEJIbIX YUCeT, HO, YTOOBI UX OOHA-
PYXUTh B TaONUIIE, C HUX JOJKHBI OBITh CHSITHI UM Pa3I0KEHBI
BCE MaTeMaTUYeCKHe OIepaliiu, UCIOJIb3yeMble Il COKpariie-
HUSI 3aITACH YUCe]l.

MoskHO 3aragath J1o0oe Apyroe, MpHIeee Ha yM, 0e3yM-

HOE 3300/1a9HOE UHCIIO, HATIPUMEP, Kak 2026 MAMHAPIOR KEii-

THHHONOB 1 oHO Bce paBHO OyJeT B 3TOM MACCHBE LIEJIbIX UH-

cell, TaK Kak OHO KOHe4YHoe. [TprueM BhIIBUTaeTCs TOJIBKO eMH-
CTBEHHOE YCJIOBUE — OHO MOXET OBbITh JTIOOBIM HACTOSIIIMM KOP-
PEKTHO MPaBUJIbHBIM apu(pMETUUECKUM IEJIbIM YHUCIIOM, a He
0e3rpaMOTHOM epechio.

CoBpemMeHHasi apupMeTHUKa HUKOTAA HUKAKUX OrPaHUYEHUI
Ha HOMMHAJIBI YMCeJT IIKOJILHOTO (hopMaTa He HaKJaIplBasa, Tak
KaK /ISl Hee MPaKTUYeCKH B 9TOM hopMaTe HeT OECKOHEYHOCTH.
Yro BhIIyMa WK BCE YTO MPUIILIO HA YM — TO U CYIIECTBYET
B JIEICTBUTEILHOCTY Y HAXOIUTCH B HaWneHHou taonuie. Huka-
KO€ YHCJIO HeJb3s1 yOUTh WU YIAIUTh U3 B 3TOW TaOmuIbl. OHO
SIBJISIETCS] BEUHOW HEUCTPeOMMON COOCTBEHHOCTBIO MAacCHBA Iie-
JIBIX YKCENT. HO KaXk/I0€ YUCIO U3 TaOIUIlbl MOXKHO OecrperisT-
CTBEHHO TIPUMEHSTh B JIIOOBIX OMNEpanusx B HEOrPaHUUCHHBIX
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Macrmrabax! YenoBeuecTBO HUKOTIA He 3ayMbIBAJIOCH 00 0060C-
HOBAHHOCTH UCTIOJIb3YeMbIX uncesl. OHM CyIIECTBYIOT BHE CO3HA-
HUS YeJIOBEeKa U B JIIOOOM KOJIMUYECTBE.

Bo-tpetbux. Huuero HoBoro B Teuenue 1 stana paboThl aji-
ropuT™Ma Mbl He OTKpbUIM. Kak HU CTpaHHO, MOTy4YEeHHBIA Mac-
CHB TIEJIBIX YHMCEIT SIBJISIETCS MAaCCUBOM OOBIYHBIX TIEJIBIX YHCET, C
YCJIOBHEM OTOpOCa TMUTAHTCKOTO HYJIEBOTO CTOJIOA Mepes Yucia-
mu. [lo npaBwiam apugMeTUKH Takue HyJIeBble CTOJIOBI B CTap-
HIMX pa3psijiax 4Kcia He MPEeACTaBIISIIOT HUKAKOro MHTEpeca.
3HaunT, MU MPOCTO TpeHeOperaeM jaanee B TeKCTe. XO4eTcs
0c000 OTMETUTH , UTO MOcie OTOpoca HyJel B CTapIIMX pa3-
psnax ¢dopma TaOMUIbl MPUHUMAET YKe TPEYyroJibHbIA BUJ U3
OCTaBIIMXCS MJIAAIINX pa3psanoB uucen (Pucyrok 7). Jlnaronaib
TPEYTOJIbHUKA, Pa3/Iesioas CylecCTBeHHYI0 4acTb OT OTOpO-
IIEHHOM HECYIIECTBEHHOM, MMEET BO3PACTAIONIUI CTYIIeHYAThIA
BUJI, 3TO BUHO HA HAYaJIbHOM 3Tarie padotsl aaroputma ( Tao-
auya 2). JImMHa cTyneHed B JaHHOM Cllyvae KpaTHa JIeCATA U
ONpeaeIIsIeTCs, UCIOIb3YEMOM CUCTEMOU cunceHns. CaMu CTy-
MIEHU IMarOHAJIM HEPa3JIMuMMBbl ITPOCThIM IM1a30M. OHU MPOCTO
OT(PWIBTPOBAIUCH N3-3a TUTAHTCKOW TUCKPETHOCTU MEKY UMC-
JamMu Tabnuibl. MI3-3a 3TOr0, AMaroHaib MpeBpaTuiach B Mpsi-
MYIO JIMHUIO.



OTOpomaHHble HyJIeBbIe CTOIOIIBI

OTOpoImraHHbIe HylIeBble CTONOIBI 0(9)

P UCYHOK 7 CDOPMCI MACCUBA HOPMA/IbHBIX UE/IbLX UUCEeN

B-uerBeprhix. MTak, Mbl MOTy4MIM MACCUB OOBIYHBIX TEJTBIX
yncen (Tabauya 3), c KOTOPHIMU Y€JI0BEYECTBO 3HAKOMO CO Bpe-
MEH CBOET0 OCO3HaHUsI. 3/IeCh €CTh BCE LIEJIbIE YUCTIa, C KOTOPbI-
MU padotana, padoTtaeT u B OyayiieMm Oyaer padoTaTh Hayka U
HE OTCTAIOIINH OT Hee ObIT. JII000€e MBICIMMOE MJIH JaKe HEMBIC-
JIMMOE YKCJIO, HO apu(PMETHIECKH MPABUJIHHO 3aIIMCAaHHOE, eCTh



B 9TOH Tabmmile. Bce OHM BBICTaBJIEHBI TIO TOPS/IKY. Y KaXA0ro
YKCJIa ECTh CIIEAYIOIIEE 32 HUM YKCIIO U MPEAbIAYIIEe Nepe] HUM
Y TOJIBKO IO OIHOMY JJIs1 KQKJJOrO YMCJIa, KPOME KOHEUHBIX Yd-
cen (0) 1 0(9), mo NOHATHBIM KOHIIEBBIM NIpUuurHaM. B Tabnuiie
HET TaKOro I1eJIOro YMcJIa, 11 KOTOPOro Obl He COOMI0AAIOCh 9TO
npaBwiIo. BHYTpH MaccuBa LEJIbIX YACET HET HUKAKUX MTOBTOPE-
HUU U [IUKJIOB, TOJIbKO MOHOTOHHOE BO3PACTAHUE B OJJHY CTOPO-
HY WJIM MOHOTOHHOE yObIBaHMe B apyrylo. Kak Bumno u3 (Pucy-
HOK 7), HOpPMAJIbHBIE 11eJIble YKciia MMEIOT HadaibHOoe uncio (0)
1 KoHeuHoe uncio 0(9).

B-niAThIX, JTIOM TTOKA HE OCO3HAJIU, YTO B TaOJIMIIE CYIIIECTBY-
€T YHMCII0, MPEBOCXOIIEe JII0O0E IPYroe, KOTOpoe MOKET MPH-
JyMaTh WJIM 3alicaTh YeJOBEK B IIKOJbHBIM (hopmare. ITo Mo-
crnemHee uucio B tabmute (Tabauya 3), u oo paBHo 0(9). Yucio
0(9), 3anucanHoe B IEMOHCTPATUBHOM, — Hegocsaraemoe. [Toka
yrcio 0(9) OblJI0 HEM3BECTHO YeJIOBEKY, OOJIBIIIEro YKMcIa Yyem
0(9) on npuagymarts gaxe He mor! Hukakue 1ecaTku B HEMBICIIU-
MBIX CTETIeHsIX MIKOJBHOrO MaciTaba He MOTJIM TPUOIM3UTHCS
K 9TOMY YHCIy, a TeM OoJiee ero mpeB30MTH XOTs Obl Ha eUHU-
1y. Y TONbKO MpOIOIKEHUE ITOrO TPaKTaTa, MOMOKET HE TOJb-
KO HaiTH OOJIbIIIKE YUCIIa, HO U TIOPA3UThCSI HACKOJIBKO MX MHO-
ro! Okazanoch pelieHue HaxoxaeHus 0oJbIero yncnia yem 0(9)
niporiie rpoctoro. Ho 06 3ToM Bc€ moToM — BCE B CBOE BpeMs.



Pucynox 8 https://ru.wikipedia.org/wiki/Banauc,_/{owcon

B nanekom 17-M Beke maremMaTMyecKuil camMopopok [lxoH
Bammic u3 Aurmu (WIKI) npuinen kK BRIBOIy 0 HEOOXOAUMO-
CTM TAaKOTrO YHMC/Ia, K KOTOPOMY MOT'YT CTPEMMTbCSI BCE UMCIA,
HO HMKOTJa, HUKOT/1a, HUKOT/IA €ro He I0CTUYb. Takoe Ynciio oH
Ha3BaJI 0ECKOHEYHOCTBIO K 0003HAYMJT CUMBOJIOM JIEMHUCKATBI,
a IMEHHO «PYXHYBIIIEH Ha JIEBBII OOK BOCBMEPKOI» — «00» KaK
CHMBOJI HECYIIIECTBYIOIIIEH, HO BooOpaskaeMol peasibHocTH. Ho
KyZa MBI €r0 IOMeCTUM (BOTKHeM) B Tadnuiy ( Tabauya 3) — Tam
HET ISl HeTo CBOOOJHOTO MecTa. A He HaJlo ero HUKY/a BTUCKH-
BaTh, MBI €0 MTPOCTO MIPUPABHSIEM K YKCITy, UMelolee abCOIOT-
HO TaKOe k€ C CBOMCTBO HEAOCATAEMOCTH, @ UMEHHO «co» = (0(9)
U CTOsIIIEE B 9TOM TaOJIMIIE HAa TIOCIIeIHEM MeCTe.

Terneps MBI TOUHO 3HAEM, YTO OECKOHEUHOCTh, KPOME UMEHU
Y 3HaKa, MIMEET TOYHOE MaTeMaTu4yeckoe 3HayeHue, pasHoe 0(9).



WTak, 6ECKOHEYHOCTh — 3TO KOHKPETHOE apu(pMETHUECKOE UHC-
7o. OHa He CMHUI TyMaH | Jjake He aOCTPaKIUsl, a PeabHO Cy-
IIECTBYIOINUI MaTeMaTUIeCKUA OOBEKT.

Yucno 0(9) 3aanMaeT peasibHOe CBOE MECTO B TAOJHIIE TIEJIBIX
quces U ABJIeTCS MUMPOBBIM aHAJIOTOM CUMBOJIa OECKOHEUHO-
ctiu. OHo g0 XXI crosieTust ObUIO HEOOBATHOM, HEIOCATAEMOM
BEJIMUMHOM, HO 3TO OKA3aJIOCh TOJIbKO HA4ajlOM HEOOBSITHOCTH.
B 1o Bpems [I)xon Bannuc gaxke He MBICTHII, UYTO KOrJa-HUOYIb
MOXHO OyJIET He TOJIBKO 3arJIsIHyTh 32 IM(PPOBOH «OECKOHEUHBIN
TOPU30HT», HO U MOIJISIIETh, UTO TaM «HA TOW JPYTOM €ro» CTo-
poHe. A TaM, KaK OKaXeTcsl, BCE JI0 IEMEHTapHOro MpocCTo. ...
Tam HeT HUYEero HOBOTO — MPOCTON OECKOHEYHBIH mepedop u-
cen ot 0 7o 9?7 KoHeuHo, 3TO B AECATUYHON CUCTEME CUUCIIEHUS.
A 11 JBOMYHOM CHCTEMBI COBCEM JI0 ykaca Majio. Beero b
aBe udpet 0 1 1, HO U151 3TOUM CUCTEMBI CYMCIIEHH S STOTO BIOJ-
HE JIOCTaTOYHO. A /ISl APYTUMX CUCTEM CUUCIIEHUsI — BCE IO aHa-
JIOTHH.

Kak Oyner noka3aHo HKe 3HAYOK OECKOHEUHOCTH «00» Y HAC
Ha IJ1a3ax pacnajiéTcsl Ha HeBEPOSITHOE KOJIMYECTBO OECKOHEY-
HBIX [IEJIBIX YUCeI, KaX/10€ U3 KOTOPBIX OINPeIeNsieT CBOIO0 OECKO-
HEYHOCTh. Kak HU CTpaHHO 3BYYHT, €CTh caMast MaJiast OECKOHEeY-
HocThb (0)1 u camas 6ombmas (9), a MexXIy HUMH OECKOHEUHOE
KOJIM4YeCTBO OeckoHeuHocTel. Kak B 0OBIYHON KU3HU, B OECKO-
HEYHOCTU U BEYHOCTH TOXKE €CTh BCE: OT «MaJia JI0 BEJIUKa».

beckoHeYHOCTh HENb3s1 CHATh WM OTMEHUTh. OHA HE COKpa-
naeMasi 1 He ypesaemas. Kak Mbl yBUIUM HUKE, 1axe camasi



Masiast 06CKOHEYHOCTh Oe3rpaHrYHa 1 HeoObsITHA. JII0OOe BhIUM-
TaHue U3 OECKOHEYHOCTH HEe YMEHbIIIaeT OECKOHEYHOCTh. AHa-
JIOTUYHO, JII000E CIOKEeHNe ¢ OECKOHEUHOCTHIO €€ HE YBEeIUYU-
BaeT. BeCKOHEUHOCTh HE YMHOXKAETCsl M HE JEJIUTCS HU Ha Kakue
yact. OHa 6e3pa3nnyHa K JT00bIM apruhMETUIECKUM OTepariv-
sIM, KpOMe oriepanuii cpaBHeHHs OeckoHeuHocTer. K HuM Mox-
HO TIPUMEHSTh Orepalyu OoJIbIlle WA MEHbIle, HO 00 3TOM B
CJIEIYIONIMX [JIaBaX JAHHOTO UCCJIEJOBAHUS.

W3 atoro cnemyer, 4To oqHa OECKOHEYHOCTh PYrol OecKo-
HEYHOCTh PO3Hb! BECKOHEYHOCTD HEJb3sl COCUUTATh, HO, KaK HU
CTpaHHO, Yepe3 Hee MHOT/A MPOCTO MOXHO TnepeniarayTh! s
9TOrO JOCTATOYHO MPUOABUTH BCETO JHIb ofaHy enuHuily (0)1,
HO npu onpenesieHHsIx ycnosusax (Ilpasna, kyna Hago!!!).

W, B-111eCThIX, AJIs1 CIPABKU MaJICHbKOE JIOTIOJTHEHUE U He3Ha-
YUTEIbHBIA OTXO[ OT TeMbl. [loy4eHHbIi MacCUB TEJIBIX YMCeNT
IPe/CTaBIIsAET COO0M apuPMETHUUECKYIO POrPECCHUI0, Y KOTOPOid
pasHocTb paBHa oHoM eauHMIe (0)1. A 4KCIO YJIEHOB HAXOAUT-
¢4 1o popmyiie

[0(0)+0(9)]/2 = (9).

Apudmernka ¢ 6eCKOHEUHBIMU 1IEIBIMU YMCIaMu OyZIeT pac-
CMOTpEHA TO3Ke.

[locne ananuza pesynbratoB | 3Tama, cpady BO3HUKAET BO-
MpPOC — TaK YTO ke, HAKOHell, HaM MYAPEHBIM YMHUKaM HayKu
torna He xBaraer? Eciu B Tabmune ( Tabauya 3) ecTh Bee Unciaa
HYKHBIE JIJIs1 ObITA, HAYKH U JIa)ke OOJIBITIero TOro, Yero KeJiaellib.
3ayeM NpoIosKaTh HUKOMY He HyKHble ucciieioBanus!? JInano



MHE, YeCTHO TOBOpsi, HU4Yero He Hajo! BoT Tonbko 3a apudgme-
THKY OOUIHO, KaK MHOTOE OT Hee yTaniia 6e33a00THasI U HeyeM-
Has npupoaa!

Bel, foporoit unTaresip, gaxke He MOAO3PEBAETE, UTO B aHHA-
7ax apupMETUKN HAXOOUTCS THTaHTCKUI MacT 0ecKoHeu-
HBIX I[eJIBIX YHCeJl, KAaK OKOHYaHHEe 00IMen3BeCTHOI0 Mac-
CHBA I[eJbIX YNCceJ U He U3BECTHBIN MoKa yenoBevecTBy. Kak
0Ka3aJIoCh, TaM 32 TOPU30HTOM OOBIUHBIX IIEJIbIX YMCEN CKPbIBA-
I0TCS1 HecMeTHbIe apudmerndeckue OoratctBa. M He 3HaATH Mpo
HUX apu(MeTUKe MPOCTO HEMPOCTUTEIHHO U HEMO3BOJIUTEIBHO,
U 51 JOJDKEH BOCIIOJHUTH 3TOT npodesn. [Toatomy s HACTOMYMBO
npejyiaral YMuTaTesssM NpoJoJKaTh CJIEUTD 32 UCCIIEI0BAaHUEM,
KOTOpPOE, B MPUHIIUIE, MOXKHO Ha3BaTh UCTOPUYECKUM !

Wrak, npogomxkum mnpoiiecc (OpMUPOBAHUS TOTHOTO MAaCCH-
Ba 1enblx uncen{Nig}, Kak CyMMy pe3yJbTaToB 3aKOHUYEHHO-

1
ro nepBoOro sraria {N]Q } " €lIC HC HAaYaBIICIrocdad BTOPOIo 9Ta-

na{Njo’}.

Tonbko A7 Hayajma BTOPOro 3Tama, Oosee THIATETbHO pac-
CMOTPUM E€IMHCTBEHHBIA XOJ] aJrOPUTMa, KOTOPHIA HOOABIISET
Bcero ogHy eaunuily (0)1 k uucny 0(9), a uMeHHO

09) + (0)1 = 1(0),

e 0(9) sBasiercs nocnaeaHei nudpoi nepBoro rana padoThl
QITOPUTMA, a TAKXKE MOCIEJAHUM 3JIEMEHTOM 3aKPBIBIIEr0 Mac-

cuBa{ Nlo1 }. A aucno 1(0) okazbiBaThCs MepBOH 1K pOii BTOPO-
IO Tara.



[Tonyuyennoe uenoe yncno 1(0), y KOTOporo B nepBoM crap-
IeM paspsiie CTOMT AMHMIA, & BCe OCTaJIbHBIE Oonee mulaf-
1IMe pa3psi/ibl paBHbI HYJIIO SIBJISIETCS TIEPBbIM 3JIEMEHTOM HOBO-

ro MaCCI/IBa{Nl()Z}. K HameMy yauBiIeHMIO, MBI TIOAOIUIM K UC-
TOPUUYECKOMY TiepexomHoMy MOoMeHTy. Kak oka3anoch, UMEHHO
37IECh TIPOXOAUT aprudpMeTHIecKasi rpaHrIia Mek/1y U3BECTHOIO
MacCHUBa IEJTbIX 0OBIYHBIX IEJBIX YKCE U ellle HEM3BECTHOTO,
HO OYEHb TPOMAHOTO MACCHBA IIEJIbIX 0€CKOHEYHBIX YHCEIl.
ManeHbkuil OIMHOYHBIN 1Iar Bcero Ha ogHy eaunuily (0)1 3a-
KpbIBaeT CTPAHUILy MacCHBa OOBIYHBIX NEJIbIX urcen (Pucyrox 9
— JIeBasl 4acTh) M OTKPHIBAET HOBYIO CTPAHUILy B KOTOPBIX yikKe
BCe MTpeoOpa30BaHHbIe U3 TOUEK YMCIia OyAyT yKe OECKOHEUHBI-
MU TeJIBIMU unciamMu (Pucyrnox 9— mpaBasi 4acTh).

3aroman ynTaresnb! He Bcem 1aHO OBITH CBUIETENISIMU TIEPBO-
T'0 UCTOPHYECKOTO Tiepexofia u3 OECKOHEUHOTO MacCuBa B OOBIY-
HBIIA MAaCCUB M 00paTHO, a Bol cramu! ITotom 31O cTaHeT oObIu-
HOW PYyTHHHOW OIllepalieii, HO UMEHHO cefiyac ObLI c/iefIaH ca-
MBI ITEPBBI I1ar. A BBl €ro J1ake He 3aMeTUJIu !

DTUMM 4YKCIaMM €elle He onepupoBasa apudmeruka. Bce
apudmeTruecKre onepaum ¢ HUMH, TpeOyIoT yTOUHEHUN U J10-
pabOTOK, YeM MbI 3aiiMeMcsl B CIIeAYIOIIUX IJlaBaxX JaHHOTO MC-
CJIeIOBaHHMS.
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Pucyrox 9 Ilepexoo 6 beckoneunyio oonacms 0(9)+(0)1=1(0)

Ntak, Mbl ocraHOBWIM anroputM Ha Touke 0(9). Brinodyaem
padoTy ajaropuTMa Ha BTOPOM 3Tal U MOyyaeM B TIEPBOM Ilare
padOThI AITOPUTMA yXKe U3BECTHBIN pe3y/IbTar:

009) + (0)1 = 1(0),
e uucio 1(0) — nepBoe 6eckoHeuHoe 1enoe yucyio. OHo 00-



pasyeT MepBbiid CTOJIOEI] HOBOI'O MAcCHBa IIeJIbIX OECKOHEUHBIX
urcen (Tabauua 4 — 1 crondeir). DTUM HAUMHAETCS BTOPOU JTall,
C TEM K€ AJITOPUTMOM, KakK MpOAOJIKEHUE NepBoro srana. Ecim
OTOPOCUTD BCE HEBAXKHBIE (POPMATIBHOCTH, TO HAIIl AJITOPUTM BbI-
[JISTAUT OYEHb MPOCTO

cleAyolee Yuciio = npeasiayniee uncio + (0)1.

Huxe npuBeneHs! (hopMyJibl IEPEXOI0B OCHOBHBIX MOMEHTOB
pacyera /1151 IpoIo/KeHU s (POPMHUPOBAHKS MACCUBA LIEJIbIX YH-
cen {N102 }. KOHE4HO, ITpy TOM MBI OITyCKaeM HECYIIECTBEHHbIE
MOMEHTHI ITpH (POPMUPOBAHUN MACCUBA OECKOHEYHBIX YMCE]T, He
HECYILMX 3HAYUTEILHOM MH(POPMALIMOHHON HArpy3ku. MHe Ka-
KETCsI, YTO HA BTOPOM 3Tare HeT MOJBOJHBIX KAMHEU 1 HET MPo-
MEXYTOUHBIX KOHTPOJIbHBIX TOYEK, KOTOpbIe Obl U3MEHSLT MO-
HOTOHHBIM XapakTep Impolecca, KpoMe MOCIeIHEN TOUKH, KOTO-
pas npeBparutca B ynucno (9). BBuay 310ro Mel BTOpou 3TaIl
OBICTPO MPOCKOYMM U BBITIOJIHUM €T0 «KaK HeYero Je/aTh», He
oTpaxasi B IpUBEIEHHbIX (pOpMy/Iax OECKOHEYHOE MHOKECTBO
HE3HAUMTEJIbHBIX MOHOTOHHBIX ornepauuid. YectHo roBops, s
pacuera 2 3Tana HeOOXOAMMO BBHIIOIHHUTH OoJIee YeM MILIIap-
JIbl MUJUTUAP/IOB IIUKJIOB pacyeTa aJIfOPUTMUYECKUX OMepariuid,
cormacHo dopmyJsl (19). [Insg coBpeMeHHOro mporeccopa 3T
PABHOCHJIBHO, UTO «JIJIsI OCIIIEHOM COOaKM CeMb BEPCT HE KPIOK».

Ncnons3ys popmyity (19), Halr aroput™ CTaHOBUTHCS OYEHb
MIPOCTHIM.

1(0) + (0)1 =1(0)1; 1(0)1 + (0)1 =1(0)2; ... ; 1(0)10 + (0)1
=10)11;...;



(D10 + (0)1 = (1) — (Tabnuua 4 — cronder 2); ... ;

1(9) + (0)1 =2(0); ... (2)1 + (0)1 = (2) — (Tabnumia 4 — cron-
oer; 3); ... ;

2(9)+ (0)1 =3(0); ... ; (3)2 + (0)1=(3) — (Tabmuua 4 — croi-
oe  4); ... ;

709) + (0)1 =8 (0); ... ; (8)7 + (0)1 = (8) — (Tabmuma 4 —
cronoen 9); ... ;

(9)8 + (0)1 = (9) — (Tabnmma 4 — nocnegHUN CTONOEIT);

C nomopio (popmyi (20) Mbl OTy4aeM KOJIOCCATTbHOE KOJTH-
YEeCTBO YHMCEJI, KaK ObLJIO MOJCYMTAHO BHIIIIE WX YKMCJIO PABHO =
8(9). Ho He Bce momyueHHbIe Yncia HaM HYKHO BCTaBUTh B Ta0-
vy (Tabauya 4), iHaye Mbl TIEPETIOTHUM 3TY TaOJIUITy U TIOTe-
psieM OCHOBHYIO CYTh 3aKOHOMEPHOCTU MACCHBA IIEJIbIX YHCEL.
Ham HyXHO BHECTH B TaOJUITY TOJIBKO T€ YUCTIA, KOTOPbIE OyIyT
KPaCHOPEUMBO M KPATKO MOKa3bIBATh OCHOBHBIE 3aKOHOMEPHO-
CTM MaccHBa LIEJIBIX YHCEll, a TAK)Ke OTpakaTh TUHAMUKY Mac-
CHBa W HUYEro JimiiHero. M Takue yucia IeCTBUTENBHO eCTh,
cpeny MoMy4YeHHBIX. Bce ocTanbHble HeUCrob30BaHHBIE YKCIA
B 9TOM TaOyUIe 0003HAYEHBbI KAK MHOTOTOUHSI.

Wtak, Mbl O1aronoyiyyHo CMOIJIU JIOCTHYb KOHIIA pabOThI aj-
TOpPUTMa «BCEMH TpaBJIaMH M HerlpaBaamu». M BCE TOMbKO 1o-
TOMY, YTO MbI OTOPACHIBAJI OECUUCIIEHHOE KOJMYECTBO OJIHO-
THUITHBIX OTIepaIiii, He TPEACTABIISIONNX KapIUHAIBHBIX H3Me-
HEeHu# 1 (popMbl MaccuBa 1LieJbIX unces. FiHaye Obl HaM HUKa-
KOro BpeMeHHU He XBaTHJIO Obl, YTOOBI 3aBEpIIUTH mporiecc. Ha-
KOHEI| BLIOMpaeM MOCJIeJHIO TOUKY U3 cocy/ia, mpeodpasyeM ee


https://sinonim.org/s/%D0%BF%D0%BE%D0%B4%D0%B2%D0%BE%D0%B4%D1%8F%20%D0%B8%D1%82%D0%BE%D0%B3%D0%B8

B unciio (9), koropyio nomemiaem B Tadmuity ( Taoauya 4
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https://www.litres.ru/pages/biblio_book/?art=73475148
https://www.litres.ru/pages/biblio_book/?art=73475148

	Введение
	1 формирование массива целых чисел
	1.1 открытия
	1.2 структура использованных чисел
	1.2.1 аксиома


	Конец ознакомительного фрагмента.

