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AOKA3SATEJIBCTBO I'MITOTE3bI KOJUVIATHA

KioueBble cji0Ba: AJIropuTM; HaTypaJibHoe 4ynuciio; [unore3a KoJuiaTia; cupaky3ckasi mocie10BaTeIbHOCTb.

Key words: Algorithm; natural number; Collatz conjecture; Syracuse sequence.

AHHOTanusa: B craTbe mpejCcTaB/leHO [A0Ka3aTeJbCTBO JIBYyX HE3aBUCHMbIX, OJJHO OT Jpyroro, yTBepKJeHWH, MOATBepXKJalIIuX rumnotresy KosisaTua: He CyllecTBYeT
nocsenoBaTesbHocTel KossiaTiia 3akKoJbIIOBAaHHBIX, OCHOBAaHHOE HA CBOWCTBAX [IECATUYHBIX ApOoOEH, U [AeUCTBUSAX C HUMH, U YTBEPXKIAEHHUS, UTO He CYIIEeCTByeT
10CJIeI0BaTEe/IbHOCTEN 6eCKOHEYHbIX.

B pamMkax aokasaTe/bCTBAa TMMNOTE3bl H3JI0KEHA KOHILEMIMs YCIENIHOr0 pellleHHs, a TaKKe 3epKasibHas KOHLEMNIMs, OTpakarollas TeHJAEHIIMI0 Jil0O60ro HaTypasibHOTO,
ceaymoliero no aaroputMmy KosisaTiua, HeM36€XHO CBOPAaYMBAThCs B €JUHUILY. PacKpbIT MexaHU3M [ eMCTBUSA aJITOPUTMA, B pe3yJibTaTe KOTOPOro YMCJI0 U3MEHSET HallpaBJeHUE
CBOero JBWeHus. [IpoBef€éH aHa/M3 BO3MOXKHbIX ClleHapHeB HeNpepbIBHOTO pocTa. [loka3aHO BJMsHHE YETHOCTH MOPSAAKOBOrO HOMepa 4YHCJa B 3aKOHOMEPHOM psie

«OAMHOYHBIX» IIEPBOT'0 MHOXXECTBA Ha €ro 1oBeJieHrue B O4epeIHOM 1Iare B JIIOOOH nmocjie0BaTe/JIbHOCTHU KOJIJIaTL[a.

Abstract: The article presents a proof of two independent statements confirming the Collatz conjecture: there are no circular Collatz sequences, based on the properties of decimal
fractions and operations with them, and the statement that there are no infinite sequences.

As part of the proof of the hypothesis, the concept of a successful solution is presented, as well as a mirror concept reflecting the tendency of any natural number following the Collatz
algorithm to inevitably collapse into a unit.

The mechanism of the algorithm, as a result of which the number changes the direction of its movement, is revealed.

An analysis of possible scenarios for continuous growth was conducted.

The influence of the parity of the ordinal number of a number in the regular series of “singles” of the first set on its behavior in the next step in any Collatz sequence is shown.



YAK511.12; YAKS511.13

AKTya/sIbHOCTB: ['MI0Te3a HAXOUTCS B CIIMCKE HEPENIEHHBIX TPOO6JIEM
MaTeMaTHUKHU.

Ilesab: /lokazaTh runoTesy.

BBEJAEHHUE: 'unote3a KoaiaTia, M3BeCcTHasl TakKe KaK «3X+1»-runore3a UM Kak
CUpaKy3CKasgd IMOC/Je[0BaTENIbHOCTh, OTHOCUTCA K aJIrOpPUTMaM YIpaB/eHUs
HaTypaJIbHbIMHM YMCJIaMH, YTBEPXJAeT, YTO C KaKOro Obl 4YHMCJI3, LeJoro Hu
MOJIOKUTEJbHOTO, Mbl HE Haya/l¥, JIBUTasiCh, B Cly4yae HEYETHOTO Mo popmysie
3X+1, a B ciydae 4éTHoro ciaeays ¢opmysie X/2, Mbl B UTOTE MPUAEM K eIUHUILLE.

Kakon uHTepec 6bl1 y JloTrapa KoJuiaTiia 3aHMMaTbC BOOOILE aJiTOPUTMAMU,
nof06HbIMU «3X+1». BeposiTHO 6bLIM U Apyryde, HO UMEHHO aJroputM «3X+1»
ctan npo6siemou. [Ipy 3TOM, ¢ HavyaJbHBIMM YHWCJAaMU M3 HATypaJbHOro psza
TakuMH, Kak 1, 2,3 ...1000..1 000 000 ... ¥ T.A., 04eBUAHO NIpo6JieM He OblI0. OHU
OblIM NpPOBepeHbl MPOCTbIM mnepebopoM. HeT comHenuit B ToM, uto Kosari
Wccielysl MPOCTble aJTOPUTMbI, MCKaJ OTBETbl HA BOJIHYIOIME €ro BOIPOCHI
JIaJIEKO 3a mpejielaMUd YUCTOW MaTeMaTHKU. MHOTHMe 3aKOHOMepPHbIe MPOLECChI B
du3nu4ecKOM MHUpe, KaKUMHU Obl CJOKHBIMM OHH He ObLJIM HA MEPBBbIA B3rJis/,
coiep>kaT BHYTPU cebs TOBTOPSAIOIIMECS MPOCTble aJropuTMmbl. Popmy.ia
aJITOpUTMa HANpPSAMYK He COAEPKUT NapaMeTpa BpeMeHH, HO, caM ¢akKT
N0CJIE[0BATEJIbHBIX JIEUCTBUM, B pe3yJibTaTe KOTOPbIX MPOUCXOAAT HEOOpATHUMbIe
VM3MEeHeHHUs - 04epelHOE YKCJI0 HUKOI/a He MMOBTOPAET NMpeAblAyllee, HABOJUT Ha
onpe/iesiéHHbIE PUI0COPCKHE PAa3MbIIILJIEHHUS.

YauBuTe/IbHAsA MO CBOEH mpocToTe GOPMYyJIMPOBKM THIIOTE3a MNPHUBJEKAET K
cebe BHMMaHHUe. CyleCTBYeT MHOKECTBO MOMNBITOK €€ JJ0Ka3aTeJbCTBA OT MPOCThIX
JI0 HEBEPOSAATHO CJIOXKHBIX, HO TMOKA He NPU3HAHHbIX MaTEMaTHUYECKHUM
coobuectBoM. HccinegoBaTtesm Bcerja OTMeYalOT OJHY OCOOEHHOCTb B
JlIOKa3aTeJIbCTBE TUIOTE3bl; JAOOMBIIMCH OINpPE/EJEHHbIX PE3yJbTAaTOB, CejaB
OoYyepelHOM IIar B JI0OKa3aTeJbCTBE OHM CTAJKUBAIOTCA C HOBOM MNpPOOJIEMOIA.
/loKka3aTeJbCTBO INOCTOAHHO yCKosb3aeT. Co3JaéTca WJI3UA HeAOCATaeMOCTHU
MOCTaBJIEHHOU LEJIH.

B 2019 nosiBusioCh coobiieHre, oTMedyeHHoe B [1], uTo TepeHc Tao ¢ moMolibio
TEOPUU BEPOSITHOCTEHN JIOKa3aJsl, YTO MOYTH BCe opouThl KosutaTia orpaHu4YeHbl
JI060M yHKIMeEH, yxosilerd B 6eCKOHeYHOCTb. Ho, cTporuMm Joka3aTesibCTBOM
JUIl BCeX YHCesl 3TO He fBJseTcd. B pelleH3Wu Ha 3Ty paboTy, kypHas Quanta

Magazine HallrCajJ, 9TO «3TO OAWH H3 CAMBbIX 3HAYUTEJIbHbBIX PE3YJIbTATOB IIO

runote3e KosyiaTia, JOCTUTHYThIX 3a ocaeaHue aecatuaetusa». Cam Tepenc Tao
N03/JHEe TOBOPUJI, YTO M3HAYaAJIbHO B CBOEM JJ0Ka3aTeJIbCTBE OH He pacCYUThIBAJ
IOCTaBUTb TOYKY. A 1eJibl0 ObLIO CAeaThb ellé OJWH Iar B TOM, YTOObI
NpUOJIU3UTBCA K  JoKazaTeJbCTBY. «[louyTw» JokasaTh Takke OyaeT
IIOJI0KUTEJIbHBIM Pe3y/IbTaTOM.

MHoro pa6oT, K coXaJleHHI0, OCTAlOTC B TEHU. TeM He MeHee, Cpel ITUX
MHOTMX, CBOEH JOCTYNHOCTBIO U UHPOPMATUBHOCTBIO BbIZiessAeTCA [2], IO TeME,
KaK BaXHbI BKJIQJ, B IMOWCKe MYTU pelleHus1 TUnoTe3bl. Buaeoposiuk,
JUINTEJIbHOCTBIO  OKoJIo 20 MMHYT, Ha TIepBbId  B3MVId[,  SBJSETCS
pa3BJieKaTeJbHbIM Hay4YHO-NONYJSAPHbBIM KOHTEHTOM KaHasa Vert Dider, Ho
npeAcTaBJeHHass B HEM MHpoOpMalus, Ja ellé B BEJUKOJIEIHOM H3JI0KEeHUHU
Begyuiero /Jlepeka Mrwsuiepa, ABAsETCA B OYKBaJIbHOM CMbICJIE PYKOBOJCTBOM K
JIeCTBUI0, CIIOCOOCTBYET B TOM, YTOOBI NPUOOIIUTDL U JPYTUX K MOUCKY OTBETOB
Ha [OCTaBJIEHHbIE TUII0TEe301 BOMPOCHI.

C 60JIbIIMM YBaXX€HHMEM M OTPOMHOM 0J1aroZlapHOCTbIO0 K HeCpaBHEHHOMY /JlepeKy

Mrwsepy.

Bo Bcex M3BeCTHBIX, HO HENPU3HAHHBIX Jl0Ka3aTeJsbCTBax runoresnl KosaaTiga,
OCTalTCs HEPEUIEHHbIMU /1Ba MPMHIMIIUAIbHbBIX BONPOCa:

1) He fgoka3aHO M He ONpPOBEPTHYTO CylleCTBOBaHWE B NOCJE[0BATEIbHOCTSX
Kosnatua ¢pparMeHTOB, 3aMKHY ThIX B KOJIBLO.

2) He poka3aHO M He ONPOBEPTHYTO CYLIECTBOBAaHUE MOCJEL0BATENbHOCTEH,

yXOASIIUX B 0ECKOHEYHOCTh;

V3 3THX HepelIEHHBIX BONPOCOB BbIAEJWM J[Ba yTBEPXJEHUS, Te, KOTOpble
NOATBepAatoT runotedy. Eciu oHu 6yAyT JoKasaHbl: JOKa3blBaTb KaKoe-Ja1ub0
JIpyTOe y>Ke He UMeeT CMbIC/a. BbIBObI MOCTPOEHHBbIE HA APYTUX YTBEPXKAEHUSAX

BCera OyayT BbI3bIBATb COMHEHMUS], €CJIU He OYAYT [ 0Ka3aHbl 3THU:

YTBEPXKAEHME 1: B anroputme KoslslaTiia He CyleCTByeT

HOCHGAOBaTeﬂbHOCTeﬁ 3aKOJIbIIOBAHHBbIX

YTBEPXKAEHMUE 2: B asiroputMe KoslJlaTia He CyIleCTBYeT

HOCJIQ,Z[OBaTeJIbHOCTefl, yXoaAdlux B 0EeCKOHEYHOCTh.



YACTD 1.

1.1 KoHuenuus ycnelHoro pemeHus B rocjaeaoBare1bHOCTH KosutaTna.

Y>Xe camble mepBble IIard B UCCJeAOBaHWM airoputMa KosislaTiia MHTYUTHBHO
NPUBOJAT HAC K KOHUEMNIMUU YCIENHOTO pelieHus. UHTyuusa moJCKa3blBaeT, YTO
€CJIM 4YUCJIO MOCTOAHHO MeHSIeT HalpaBJeHWe CBOEro [ABWIKEHMs, a JJis 3TOro
dbopmysiol aJiropyuTMa Co3/IaHbl BCE YCI0BUs, MONa/laHKe B YCIEIIHOEe PelleHue C
00/IbIIIOM BEPOSATHOCTbI0 CTAHOBUTCS Hen3b6exxHo. TeM OoJjiee, UYTO OKa3aThbCsd B
YCIIEIIHOM PelIeHWM MO>KHO KaK MpU JBWXKEHUU HaA3aJl, TaK U NPU JABUKEHUH
BIIEPEL.

Eciu B anroputMme KosnaTtia nociefoBaTeslbHOCTh 3aBepliaeTcda 1, To nepes TeM
KaK K Hel IPUHATH Mbl 0653aTe/IbHO BbIM/IEM Ha 0JHO U3 3HayeHuM us paza 2". [ia

psza 2" BbINOJHUM JiefCTBUA 06paTHbIE aarOPUTMY «3X+1», TeM caMbIM BLIAICHUM,

IIPY JOCTWXKEHUHU KaKHUX 3HayeHuH 2" anroputM 3asepuiaerca 1. OkasbiBaeTcs He

IIpN BCE€X, a4 TOJIbKO C YETHBIM IIOKa3aTeJIEM CTelleHH. PEBy.JIbTaTbI CBE€lE€EHEI B

Ta6JIMLLY 06paTHBIX peo6pa3oBaHuii psga 2™ no anrroputmy Kostaria (Ta6s. 1)

N o2 2%".1 - -
3
1 4 3 1
2 16 15 5
3 64 63 21
4 256 255 85
5 1024 1023 341
6 4096 4095 1365
U T.n.

Ta6.mmnal. Tab1uua 06 paTHBIX Npeo6pa3oBaHuil paja 2"
no anroputmy Kosnatya.

CyuiecTByeT 0OeCKOHEYHOe KOJMYECTBO 3HAYEHUW  HATypaJbHOTO  psja,

omnpejiesisieMblie GOPMYJIOM:

220
3 (1)

KOTOpBIE B UTOTe NPUBOJAT K 3HaUeHHUI0 2°" 1 cBOpayMBaHHIO yuciaa B 1.

BysieM HasbIBaTb 3TH 3HAY€HUA, U MApLIPyThl K HUM NPUBOJALMeE, YCHEIIHBIMHA
pelleHUuAMH ajaropurMa. MoXHO IOKa3aTb, YTO JeJuTe]b 3 B NPUBELEHHOU
dopMysie He sIBJISIeTCS TIOMEXOM JJIsl HAIEro BbIBOJA, T.e. yucio 2°"-1 mpu Bcex
n=1 kpatHo 3. PemleHus pand coceHUX YMUCesJ pPa3JUYAlOTCd MeXAy COoOOoH

3HA4Y€HHUEM.:

22(n+1)_1 22n_1
3 -3

= 2%n (2)

JTO 3HAYUT, 3HaAs pellleHre Jis PeAbIAYIero 4yMcia h, pelieHue AJjs ey ero

n+1 MOXXHO onpeAeanuTh 1o GopMy.e:

2n 2(n+1)
i T -1
+ - 3
= 2 = (3)
U Tak manee, 10 6eckoHeYHOCTH. Kyia Obl Mbl He JBUTaJIMCh, BOEPE/-HA3a/l, Mbl
BCerga OyJeM HaxXOJUTbCd MeEXAY [BYX, TeX WJH HHbIX, YCHELIHbIX pelleHUr
asiroputMa. M XO0TAd HaM yKe [JOCTAaTOYHO YTBEPXKAEHHSA, 4YTO KOJIMYeCTBO
YCHEUIHbIX pellleHH O6eCKOHeYHOe MHOXKEeCTBO, Mbl BCEr/la MOXKEM €ro YCUJIMUT.

Hampumep, kakjoe 3HaueHHe HaATypaJbHOro pszaa, omnpenesnsemoe (1) MoxKHO
JIOIIOJHUTEIbHO YMHOXKUTh Ha 2". Hanpumep, 4yucio 5 yMHOXUTh Ha 2", yucio 7
YMHOKUTh Ha 2". KakJoe 4HMC/I0, U3 YK€ WM3BECTHbIX, paHee NPOHAEHHBIX U

3aBepUIEHHBIX eJUHHUIEN MapLIpyTOB, YMHOXUTL Ha 2". Torga Mbl JOJDKHBI
YAUBJATbCA YKe He TOMy, 4YTO KakJoe 4HcI0o mno airoputMmy KossiaTia
3aBeplIaeTCsd €MHHIEeH, a Mo4YeMy BOOOIIE CYyLEeCTBYHOT 4YMCJA C OOJIbIIMMU
MapimpyTamMyd. Oka3aBIIMCb B 3HAYEHHH YCIEINIHOrO0 pelleHHs], YMCI0 JOJ/HKHO
HeMeJJIEHHO CBEPHYTbCs B eAuHMIly. OTBeT HaxoJAuWM MpocTod. Bo mnepBbIx:
MHOXECTBO 4HCeJl CBOPAYMBAETCS A EeHCTBUTEJNbHO OBICTPO, BO BTOPBIX: KAXKIBIN
JUIMHHBIA MapUIPyT COCTaBJeH U3 yXKe HU3BEeCTHbIX, paHee IMPOHJeHHbIX U
3aBePIIEHHbIX eIUHULIEN MapLIPYTOB.

[IpenmnosiokuM, Mexxay yCrellHbIMHU pellleHUsIMU BCE JKe CYIeCTBY 0T 3HaYeHU ],
He OTHOcsAlecsa K ycnemHbIM. CkolbkKo uX. Onpeaesi€HHO, AOJXKHO ObITh
OrpaHHYEeHHOEe KOJIUYEeCTBO, 3HAYUT Mbl MPOCTHIM Iepe6opoOM HEHU36EKHO HX
npeojoJsieeM. Torga KakJoe HOBOE 4YHCJO Ha MNYTH aIrOpUTMa CTAaHOBUTCS
oYepeIHBIM IIArOM K IIeJIH. YCIelIHOe pellleHHe aJITOPUTMa - 3TO IMPOCTO OJUH U3
oyepeiHbIX IaroB. Kak TO/JIbKO Mbl OKaKeMCsI Ha OJIHOM M3 paHee MPOiJIeHHbIX U

BaBepLLIéHHI)IX eﬂHHHHeﬁ MapHmpyToB, MOXKHO CHUTATDH BaBepH_IéHHbIM 151 TGKYLL[I/Iﬁ.



@®opmysia (3X+1)/2 npousBOAUT ABU:KEHUE BIEPEN, B CTOPOHY YBEJUYEHUS
TeKyulero uuciaa, a ¢dopmyna (3X+1)/2n, roe n>1, Hazaja, B CTOPOHY €ro
yMeHblleHusA. JlectBue +1 B anroputMe «3X+1» TrapaHTHUpPYET e€ro
HENpPEPbIBHOCTb, CIOCOOCTBYET HENPEPBIBHOCTA JBWXKEHHS YMC/IA K YCIEUIHOMY
pelieHU0. Iy TOro, 4TOOBI 3TOT MPOLECC ABUKEHUS He MpEePBIBAICA TaKKe
HE00X0/IMMO, YTOObI KaXKJ0€e OYepeaHOe YHCJI0 M0CAeJ0BAaTEbHOCTH OTJINYAIO0Ch
OT JIt0OOro U3 MpeAbIAYIINX, HHaue: OyIeET 00pa30BaHO TaK Ha3bIBaeEMOE KOJIbI0 —
OecKkOHe4YHOe YepeZJOBaHUE OJJHOTO U TOTO XKe pparMeHTa NocjeJ0BaTEeNbHOCTH.

B KOHUeNuuu yCOemHoOro pelleHWsl He pacCMaTpPUBAeTCs OeCKOHEYHbIM
HellpepbIBHOE JBUKEHHE TOJIbKO BIIEpPEJ], TaK KaK IeprhoJuYecKoe BO3BpallleHue

Ha3a/J, Tak)ke HeoTbheMJieMas 4yacTb ajroputMa. OHaKo, B 3TOM KOHIENLUU eCTh

OAHO cJjiaboe MeCTO: C YBeJHWYEeHHEeM HaTypaJbHOro, 3Ha4YeHHs 2% g
10CJIeIOBAaTEJIbHOCTU  BCTPEYAIOTCS pexke, a HHTepBajJbl MeXJAy HHUMH,
COOTBETCTBEHHO, YBEJIUUYUBAIOTCS. ITO MPUBOJUT K TOMY, UTO MPOIECC ABUKE HUS
K YCIIEIITHOMY peIlleHHI0 CTaHOBUTCS HEONpee/IEHHO 3aTSHY ThIM, eCJIM He CKa3aTh
0eCKOHEYHbIM.

Tem He MeHee, GaKTOM SIBJSIETCA TO, YTO YCIENIHbIX PEIIEHUN B THUIOTE3e
KosnaTiia 6eckoHeYHOe MHOXECTBO, U Mbl BCET/Ia HAX0JUMCS MEXY JIBYX, TeX UJIH
MHBIX YCIEIIHbIX pelleHHuH. B it060M ciydyae, Mbl BCerja HaxoAMMCS Ha NMyTH K
yCIelIHOMY pellleHHl0. TeM 06oJjiee, 4YTO BO3MOXKHOCTb OKa3aTbCsl B YCIENIHOM

pelieHNHU HEe 3aBUCHUT OT TOI'O, B KAKOM HallpaBJIEHHUH ITPOUCXOAUT ABUXKEHHUE.

1.2 060CHOBaHHE BO3MO>KHOCTH CYyLLeCTBOBAaHUS 3aK0J/IbLIOBAHHOIO
¢parmenTa B nocieaoBaresbHOCTH KosutaTua.

B YCJIOBHAX, KOrga 4YHUCJIO IIepuoANYECKHM BO3BpAllde€TCA: CyLIeCTBOBAHHE B
IMocJieJ0BaTEeJIbHOCTHU KOJIJIaTL[a 3dKOJIbIIOBAHHOTI'O cl)parMeHTa CTAHOBHUTCA TaKXe

JIOTUYHO, KaK U IoITaJdaHHWE B YCIICIIIHOE pEelIEeHHre.

1.3 Unkn 4-2-1:

Tak HasbiBaeMbld LWKJI 4-2-1, 4acTO yINOMMHAaeMbli B CBA3U C TUNOTE30M
KosulaTa, mo omnpenesieHHMI0 He ABJSETCA KOJbLOM. AaroputMm «3X+1», WU
«3n+l» - runoresa: ecTb COKpalléHHOe Ha3BaHue runore3bl KoJsuiatina,
COKpallléHHas 3alMCh aJrOPUTMa, a MOJIHBIM AJrOPUTM MEpPeXoAa U3 OJHOTO
COCTOAHUA B Apyroe, OT OAHOI0 HEYETHOI'O K APYTrOMY HEYETHOMY, BK/IIOYAET eIl

Y JleJieHYe Ha /IBa, B 001lleM BH/ie BbIpaxkaeTcs popmysioit (4):

3Xp+1
Xns1 = # (4)
3nech: X,- uCXoHOe (UJIM Mpeiblayliee) HEYETHOE,
Xn+1 - OUEpPEIHOE HEYETHOE,

m — KOJIM4eCTBO ,qenel-mf/i Ha JiBa 10 O4epeaHoro HEYETHOTO.

3anuch ajaroputMa B BuJe GpopMyJibl (4) mpeanoJsiaraeT HadvMHATb MUMEHHO C
He4yéTHoro. C Kakoro Obl 4HMCJa, LEJOr0 M MOJIOKMTEJBHOIO, Mbl HE HayaJly,
JIBUTasicb, B CJiydae HedyéTHoro no ¢gopmyJsie 3X+1, a B ciyyae 4YETHOrO Ciaeays
dbopmyJie X/2, Mbl B UTOTE NIPUAEM K €IUHUILIE.

M3BecTHbl U Apyrvue QOPMYJUMPOBKHA TUMNOTE3bl, HE MEHSWIIUEe €€ CYTH.
Hanpumep Takasi: bepém Jyito6oe HaTypaJibHOe Yucao; “Eciiv oHO 4ETHOE, pa3ieIuM
ero Ha /iBa, a €C/IM HEYETHOE, TO YMHOKaeM Ha TPU U NpubaBJsieM equHuUIy; Haz
NOJyYEHHbIM YMCJIOM BBINOJHSIEM Te e JeWCTBUSl, U TakK Jajnee. Kakoe Obl
HayaJIbHOE YKCJIO Mbl HU B3$1JIM, PAaHO UJIM MT03/JHO MbI MIOJIYYUM eJUHULYY .

[IpubaBsisieM eAUHUILY, TOMBKO JIJI1 TOTO, U3 HEYETHOIO CAEJIaTh YETHOE, YTOObI
MOXXHO OBLJIO €r0 JIeJIMTh Ha 2 ¥ MPOLECC He MpeKpalascsa. YTBepXKJaeTcsl, YTO 3Ta
npocrass ¢OopMyJIMPOBKA MOHSTHA MPAaKTHYECKU BCEM 3/IpAaBOMbBIC/SIIAM JIIOJSIM.
[Tocsie TOro, KaKk Mbl IPULLIA K €IUHULE aJITOPUTM 3aBePIIAETCs, TOYKA.

Kosib1ioM MOKeT Ha3bIBaThCsd OeCKOHEYHOe 4Yepe/loBaHUE OJHOr0 U TOro Ke
dparmMeHTa MNOC/A€A0BATEJbHOCTH, COCTOSIIIEr0 M3 HECKOJIbKUX HEYETHBbIX, He
NO03BOJISIIOIIEe TNMPUMTH K eauHulle. Ppaza “C kakoro Obl 4YHCIa, LEJOr0 U
NOJI0KUTEJbHOT0, Mbl HE HaudaJk..." - MEXAY CTPOK COAEPXKUT CMbICJ, B KOTOPOM
MMeeTCs B BUJY, YTO HECOMHEHHO, 3TO YUCJIO AOJKHO ObIThb HaTypasJbHOE U OHO
JIOJI>KHO OBbITh 0O0JIbIlIE €JUHHUIBI U O60JIbllle U3BECTHOI'O MpoBepeHHOTro. C 3TOTO -

ToibKO HauuHaeTcd ['MITIOTE3A.



1.4 JokasarenbctBo YTBEPXKIEHHUA 1: B asmroputrme Koslatoma He
CyLIeCTBYeT MoC/ie0BaTe/IbHOCTEN 3aK0/IbI,OBAHHbIX.

[Iyctb Xy = 107 4urc/i0 NpOU3BOJNIBHOM MOC/AEA0BATENBHOCTU. [IpeAnosoKuM oHO
SIBJISIETCS UCXOIHBIM YHMCJIOM 3aKOJIbIJOBAHHOTO pparMeHTa.
OTcnegum MapLIpyT M CXOJHOTO qyucJaa 3TOr0 N PEeII0JI0KUTETBHO

3aKO0JIbIJOBAaHHOI'O pparMeHTa.

Puc.1 Mapupyr uyrcia 107 o anroputmy Kosiatua

Illar 1 (Bnepén):

X, :L;l E> X1=3-102¢ =161 (51)

C apyrou ctopoHsl nepexo, oT Xo=107 k yuciy X;=161 M0OXXHO BbIpa3uUThb Yepe3
Ko3ppunumeHT K,

X, =K, X, Kl=§—; = K1=%z1,50467 (5.2)

AHaJIOTM4YHO B APYTUX LIarax.

Ilar 2 (Ha3an):

Xzzﬁf—l => XZ:%:121 > KZ:%zOJSlSS (6)

Ilar 3 (Ha3an):

‘121+1 1
Xe=22t = x, =3l g1 = g =2l o206 ()

Illar 4 (Bnepén):

Xy :% > Xo= 3‘9;-'_1 =137 > K, =27 1,50549 (8)

Illar 5 (Ha3anx):

Xo =20 O X, ="TTH=103 O Ke=p,0 ~075182 (9)
MU tak panee. B sgob6oM miare Jiro6oM moc/eZoBaTe/JbHOCTH Mbl BCerjia MMeeM
JIpOGHBIA TNepexoAHbIM KO3(pPHUIIMEeHT OT OJHOro HEYETHOTO K JpPyromy
HeuyéTHOMY. [Ipu 3TOM, B mare (Brnepén), Korja JeauTes b PaBeH 2 MepexoHbIA
Ko3bPUIUEeHT OoJiblile eJUHULIBI. B mare (Ha3az), Koraa AejuTe b paBeH 27, rae
n>1 nepexoaHbI KO3IPPUIMEHT BCerja MeHblile e JTUHUILbI.

[IpousBeneHne ABYX WM HECKOJIbKMX APOOHBIX, YaCTh M3 KOTOPbIX MEHbIIE, a

Jipyrasi 60Jibllle eIMHUILbI, IONYCKAeT BO3MOXXHOCTb OKa3aThCsl paBHbIM eJIMHUIIE.

Eciu HpeﬂCTaBﬂeHHbIﬁ Ha Puc.l (l)pal"MeHT IMIOoC/JIEA0BATE/IBHOCTU ABJIAETCA
3dKO0JIbIIOBAHHbLIM, 3HAYHUT OJHO U3 €Ir0 O4YepeaAHbIX YHUCEJI PABHO UCXOAHOMY.
Hepexog OT HCXOAHOITO K 3TOMY O4YepeaAHOMY MOXXHO BBbIPpA3UTb 4Yepe3

Npou3BeJleHUe IPOMeKYTOYHbIX KoadduueHToB (10).

X1 X X3 X
= (K. K, - ' — . . e 10
Xn=(Ki- Kz - K3 ... Kp") Xo (Xo X X% %_1> Xo (10)
OTKyza cinenyer:
Xn
Xo=KnXo  mpuXp=X, &  Ky=7p =1 (11)

Ecnv ogHO M3 ouepeiHbIX paBHO UCXOAHOMY Xo (MM OJHOMY M3 MPEAbIAYIIHX),
3HAYMUT NepexoHbIM KoapPuiueHT K Mexay HUMH, paBHbIM POU3BEJEHUIO BCEX

IPOMEKYyTOYHBIX KO3 PHUIIMEHTOB, paBeH eJUHUILIE.



JlokaxxeM, 4TO:

JOKA3ATE/JIBCTBO: B pe3synbraTe [eWCTBUSA aJlOPUTMA, YMCJIO BCAKUU pas
MeHsieTcs. [IpeacTaBUM CTPYKTYpy HOBOOOPA30BaHHOI'O HATypaJIbHOrO 4YMCJIa B
paccMaTpUBaeMOW MOCJAeL0BATEJbHOCTA C UCXoaHbIM 107 cyMMou [ABYyX
claraeMbix: Apo6HoW 4YacTu Kk,X,, NpONOPIMOHAJIBHOM  HCXOJHOMY H

BEIIECTBEHHOI'O OCTATKaA «I'py» OT LIeJIOI'0 HATYpPaJIbHOI'O, T.€.:
Xn€{Xo ...}= kn-Xo+1n (13)

B ¢opmy.ie (13) 3anuck Buzaa: X,€{Xo ...} cieflyeT YuTaTh KakK 4ncJo Xy,
NpUHaJJIexallee nocaegoBateabHocTH KostaTua ¢ ucxogHbiM Xo.
B cBow ouepesp, (13) nepengét B (14)
I'n 'y
Xn€{Xo ..}=kn' Xo+ y X0 = (Kot 37 ) Xo (14)

YuurbiBag, yTo X, = K;,-Xo, cieayet (15)

K, = (kn+ %) (15)

UTak, ucxoZHOE YMCJIO MOCJEeAOBATEbHOCTH, U300 pak€éHHOM Ha Puc.1: Xo =107

Ilar 1 (Bnepén):
_ 3Xp+1

X16{107..} ===— = 15Xo+0,5 (16.1)
0,5 0,5
X,€{107..}= 1,5 Xo+ > Xo= (1,5+—) X, (16.2)
Xo .
Iar 2 (Ha3zapn):
3X,+1
X,€{107...} = Z =0,75-X,+ 0,25 (17.1)
YuuTbiBag (16.2)
0,25
X,€{107...} = 0,75.(1,5+ %0 )x0+ S X (17.2)
0 0
0,5 0,25
X,€[107...) =(0,75-(1,5+ )?) + 3 ) X, (17.3)
0,625
X,€{107...} = (1,125+ s )xo (17.4)
0
Illar 3 (Ha3apy):
X;€{107...} = 3Xi+1 =0,75-X,+ 0,25 (18.1)

YuuTtbiBag (17.4)

0,25
X;€{107...} = 0,75- (1,125+ 0'625> Xo+ 222X, (18.2)
XO XO
X5€{107...) =(o,75- (1,125+ 0'625> + O’ZS)XO (18.3)
X /T X
X;€{107...) =<0,84375+%875 ) X, (18.4)
0

N Tak ganee. AHaJIOTUYHBIM 00pPa3oM MOJYYUM (POPMYJibl OCTAJbHBIX YHUCEJ

nocsegoBatenbHocTu X,E{107...}, u306 parkéHHou Ha Puc.1.



CBeéM pe3y/ibTaThl BBIYMCIEHUN B OT/eJbHbIN psif, GopMy.I:

5 X,€{107...}= (1,5+ ())(f )XO =161 (19)
S, X,€{107...} = (1,125+0’)6(55 ) X,= 121 (20)
% X;€{107...} =(0,84375+%0875)x0 —91 (21)
3 X,€{107...} = (1,265625 +1'57X—80125 ) Xo= 137 (22)
&7‘ Xs€{107...} = <0,94921875 +% )xo 103  (23)

[lepexogHbii ko3dpPuUeHT K, OT HcxogHOro X, K JIIOOOMY O4YeEpPENHOMY B
MOCJIEJOBATEJIbHOCTH  O4YEPEAHBbIX  OMNpeJie/IsieTcd CYMMOM  C/laraeMbliX,

HaXOIIMXCs B KPYTJIbIX CKOOKaX, B COOTBETCTBUHU C (14), (15):

K, = Xn€Xo..} =(kn+ﬁ) (24)

KoadpdunueHt «ky,» B (19)...(23) usaMeHsieTcs B KaKJOM OYEPEJHOM luare Mo
dbopmyiie (25):

3k,
e 25
l(1‘1+1 Zm ( )
a BeLeCTBEHHBIW OCTaTOK «I'y» 10 (26):
3rp+1
M= "o (26)

CtpykTypa Popmyibl (26) Takas ke Kak y ainroputMma Kossatua (4). 3To 3HAYUT
BeLeCTBEHHbIA OCTaTOK I <KX, B KaXJ0M LIare IOBTOpPSAeT TPAEKTOPHUIO
ucxoaHoro oT Xo A0 X,=Xo. B cooTBercTBUM ¢ (13) B HCXOAHOM TOYKe
TPAeKTOPUM BelLleCTBEHHbIM OCTAaTOK r,=0, 3HAYUT B 3aBeplIAKOLeM Liare
Xn=Xo OH JJ0JDKEH ObITh TaKXKe CTaTh PaBHbIM HYJIO. HO, 0iHa»K1bl IOSIBUBILMCh,
B CaMOM I[IepBOM llIare, OH YK€ HUKOr'Za He CTaHET PaBHbIM HYJIIO, IOTOMY 4YTO
KaX/J[bl 0YepeHOU 1Iar, He BaXKHO B KaKYyl0 CTOPOHY, BIIEPE/-HA3a/l, IPUBOIUT

TOHbKO}(YBEHquHHH)B}KﬂdKOHquCTBaBHaKOBHOCHGSaHHTOﬁ.

3HAQ4YUT:

X
Kn = #1 > Xn # Xo (27)
0

YT0 ¥ TPEe6OBaIOCH J4,0KA3aTh.

[Ipu4rHa, 10 KOTOPOU MepexoHbli KO3QPUIUEHT OT OJJHOTO «HEYETHOTO» K
JpyroMy «HEYETHOMY» BCerja [ApOOHbIM, O0O0YCJOBJIEHA CyllleCTBOBAHUEM
BelleCTBEHHOr o «r+#0» B GopMyJie HATypa/IbHOTO M3-3a Hainuus +1 B popMy.ie
anroputMa KosunaTtua. Posib BemectBeHHOTro «r#0» B (13) 3ak/il04aeTcs B TOM,
YyTOObl BOCCTAHABJIMBATh JAPOOHYI 4YacTb GOpPMyJibl «HEYETHOTO»  Ji0
HaTYpPaJIbHOr' O LIEJIOTO.

B asroputme Kosnatua Her mnoBTopeHui. W3 ¢akra cyuiecTBoOBaHUS
MOJIOKUTEJbHOTO BeUIeCTBEHHOr0 B ¢GopMyJie O4YepefHOro cJjenyeT OoJee
OOIIIMM BBIBOJ: He TOJIbKO ajropuTm Kosastatia «3X+1» ¢ npupanieHueMm «+1»,

HO U JIFOOOU IpYyTr oM NMOJOOHBIN aIrOpUTM (26):

3X,+d
Xn+1= m (28)
2
rae d=1, 3, 5, 7 ... U T.A, He HMMeeT BO3MOXXHOCTH OOpa30OBaHHUsS B CBOeM

110CJIEJOBATEJIbHOCTU TaK HAa3bIBAEMOI'O KOJIbI|A: OECKOHEYHOr0 Yepe0BaHUs
OJHOTO W TOro e d¢parMeHTa I0OC/AeA0BaTEJbHOCTH, COCTOSIIIEr0 U3
HECKOJIBKUX «HEYETHDBIX».

EIMHCTBEHHOE MCKJIIOYeHUEe [JI1 HUX, HE IO03BOJISIOIIEEe 3aBepPIIMTHCA B
eJIMHUIIE - LIUKJI, 10 OTIpeieJIeHUI0 He SBJISIOIIMKUCA KOJIbLIOM, Korja d=d.
B 0611eM ciaydae, aiTOPUTM C MOJIOKUTEJNbHBIM HEYETHBIM MpUpallleHrueM «d»
3aBepllaeTCcs JUO0 B eJUHUILE, JIMOO B 3TOM CaMOM IpHpallieHUU «d». AIropuT™M

KosunaTua 34ech He MCKIIIOYeHMe, U IBJISeTCd YaCTHbIM ciaydaeM: (d=1)=(d=1).

Ecim X,=d, To:

3d+d 4d
n+1= = =d Ej>

d=d 29
om om (29)

YTBEPXKAEHMUE 1, yto B nocsenoBaTtesbHOCTH KosutaTia He cyiiecTByeT

3aK0JIbIIOBaHHBIX pparMeHTOB - IOKA3AHO.



YACTD 2.

2.1. MHOXKECTBO HEYETHBIX KOJIJIATLIA

[lepes HaMu 6eCKOHEUYHBIN psJi HEYETHBIX (Puc.2):

00000000000000000000000000000000

Puc.2 Paj HaTypaJibHbBIX YHCel

[IpeicTaBUM MyTh HEYETHOTO YHCJIA K CIEAYIOIEMY HEYETHOMY. YMHOXKaeM Ha 3, npubassisieM 1: moaydaeM yétHoe (Puc.3):

%
Puc.3 Pag npoMeKyTO4YHBIX YETHBIX B ajiropuTMe KoJsutaTtia

B nosioBUHe cJlyyaeB JieJieHUE Ha 2 HAC TYT >Ke BEPHET K HeuéTHOMY (Puc.4):

§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Puc.4 llepsoe mHOkecTBO KosiiaTia

Ho kaxkgoe 4-e 4ucio, AeJIUTh NPULETCA ABAXKAbI T.€. Ha 4.

........................................................................................................................-.........................................................................................~ .................

Puc.5 BTopoe MHO>KeCTBO KOJIJIaTua
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Kaxxpmoe 8-e uuciio, e IUTh NPUAETCS HaA 8, YTOOBI MOJYYUTh CAEeAYIOlee HEYETHOE:

R RE e

Puc.6 Tpetbe MHOXxecTBO KoJslaTa

Kaxpgoe 16-e Ha 16, U T.1

§s§s§s§s§s§sgs§s§sgs§sgg

Puc.7 YeTBépToOE, TOE, 1IECTOE U AaJiee ApyTryue MHOecTBa KosutaTia
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“B3s1B cpefiHee reoMeTpHUIEeCKOE:

1 1 1 L 1
) 6 @F @ - @) -3 <

Mbl YBU/JIUM, YTO B CpeJJHEM, YTOOBI J06PATHCH OT OJHOTO HEYETHOTO YMCJ/IA K IPYTOMY, HY?KHO YMHOXHTb €ro IpUMepHO Ha 3 /4, 4To MeHbllle eJUHULBL. [Ipyu 60/1b1INX

3HAYEHHUSX HEYETHOT O eIMHUILEN B aJITOPUTME MOXKHO NMPeHeOpeydb. BEIXOAUT, YUCTO CTATUCTUYECKH, TTOCJIE[0BATENBHOCTU «3X+1» yMeHbIAIOTCA Yallle, YeM pacTyT’ . Be aymiuit
BUJIEOPOJIMKA [2] B CBOUX PaCCyKAEHUSAX UCIO0JIb30BaJl UIEI0 TAKOr 0 HArJISIAHOTO Mpe/iCTaB/AeHHUs CTPYKTYPbl HATYPaJIbHOTO psifia AJ/isl BbIBOJA CTaTUCTHUYECKOU GopMyibl (28),
a MOJIy4YUB €€, epeKJII0YUIICS pa3BUBATh MbIC/Ib B PYTOM HalpaBJieHUH. JleMOHCTpUpY s BU3yaJibHble 3QpPEeKThI C10KEHHS apaJsijie/IbHbIX TOTOKOB B OZMH OOLIWM, TPpeKpacHO

ITIOHUMaAdA, 4TO IIpeACTaBJIEHHbIE KAaPTHUHLI 110 ITPEXKHEMY OCTAal0TCA YaCTHbBIM C/1y4deM O6H.(€FO BOIIPOCa, ITIOCTABJIEHHOT' O TUIOTE30H KOJIJIaTI_la.

Ham noTpebyeTcs BbIMOJHUTD €€ OAWMH MaJleHbKHM 111aT, ¥ Mbl CMOXKeM YBH/,eTh MEXaHHU3M JeHCTBUSA aJITOPUTMA, B pe3y/ibTaTe KOTOPOT0 YMC/JI0 U3MEHSIET
HalpaB/IeHHe CBOEero ABUKeHMUsI, Oy/IeT MOHATHO, ToYeMy CJeAysl OJHOMY U TOMY »Ke aJITOPUTMY, C O HAM U TEM Ke JleJIMTesIeEM B 3HaMeHaTeJie GOpMyJibl aJITOPUTMA, YHUCJI0

MOXeT “HeOH{I/I,ZLaHHO" N3MEHUTDb HAIIpaBJIEHHUE CBOEIr'0 ABUXKEHHU .

BBejeM HOBbIe IIOHATUA:
MHo>xecTBO He4ETHBIX KosuiaTiia;
[IpousBoarTENIBHOCTD YKcIa B ajroputMme Kosiatna;

Pab6oTa yucJia BbinoJIHeHHas1 o ajroputMmy KosuiaTia.

MHOXECTBO HEYETHbBIX KOJIJIATLIA:

O6o3HayeHHe: Mm, rae «m»- MOPSAAKOBbIM HOMEP MHOXeCTBa

HazoBém psig HeuéTHbIX [3, 7, 11, 15 ...} - 1-M MHO2KkecTBOM KoJs1aTiia, AaJiee Mo TEKCTY NPOCTO NEPBBbIM MHOXKecTBOM Wi M1. [lepBbIM 0HO Ha3bIBAaeTCS MO NPU3HAKY, TOTO, YTO

4YETHBIE NI0JIyYEHHbIE B pe3yJibTaTe AeUCTBUS airopuTMa «3X+1» mpuxoAuTcs AejnuTh 1 pa3 Ha 2, 4TOObI MOJIyYUTh OYepeHOe HedéTHoe. [lo3unuu HedéTHoro yncaa (M;), B

M1 npoaBuUratoT ouepeHoOe BCer/ja Bepés, B CTOPOHY ero yBeandye HUs1. Kaxjoe ouepeiHOe 4MCI0 1-ro MHOXKeCTBa OTJIMYAETCS OT NpeJblIy1lero Ha 4, U ONKCbIBAETCS
dopmyson (31):

(M,),EM1 = 4a-1 31

Ine:a=[1,2,3...} - nopsakoBbiii HOoMep uncaa (M;), B M1; unaekc 1 npu (M;), yka3biBaeT Ha NPUHAAJIEKHOCTb YKcaa Kk M1.

HazoBém psig HeuéTHbIX [1, 9, 17, 25 ...} - 2-M MHOKecTBOM KosuiaTia, 0603Ha4yuM ero M2 . BropbIM 0HO Ha3bIBaeTCs 10 IPU3HAKY, TOT'0, UYTO YE THbIE MTOJIyYEHHbIE B pe3yJIbTaTe

JleCTBUS anropuTMa «3X+1» NpuxoAuTCA JeJUTh 2 pa3a Ha 2, YTOObI MOJIYYUTh o4epeiHOoe HeyéTHoe. [1o3uiiuu HedéTHOro yucia (M;), B M2 npoABUTratoT YUC/IO B CTOPOHY €ro

yMeHblleHus. Kaxk10e ouepeiHOe YMCJI0 2-T0 MHOKECTBA OTJIMYAETCSA OT MPebIAyIIEro y»ke Ha 8, v onucbiBaeTcs GopMyJion (32):
(M;),EM2 = 8a-7 (32)

ne a=[1,2,3... } - nopsakoBbiii HoMep yuciaa (M), B M2; unaekc 2 npu (M), ykasbIBaeT Ha IPUHAAJIEKHOCTb YMc/Ia K M2,
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HazoBém psig HeuéTHbIX [13, 29, 45, 61 ...} - 3-M MHOkKecTBOM Kosuiatua. [1o aHasioruu ¢ nepBbIM U BTOPbIM MHOKECTBOM, 0603Ha4uM ero M3. [lo3unuu HeyéTHOro yrcaa (Ms),

B M3 npoJBUraloT YMCJI0 TaKKe B CTOPOHY €ro yMeHbllleHUs. Kaxk/joe ouepefHOE YMCJI0 3-TO MHOXKECTBA OTJIMYAETCA OT Npeblayiero Ha 16, v onucbiBaeTcs GopMyJion (33):

(M3),EM3 = 16a-3 (33)
raea=[1,2,3...} - nopsakoBbId HOMep uuciaa (Mz), B M3; ungekc 3 npu (M3), yka3biBaeT Ha IPUHA/JIEKHOCTb YUCaa K M3.

U Tak gasnee. Y kaxkgoro MHoO>kecTBa cBos1 GopMyJia YMCJIa, KOTOpPasi B 00LIEeM BU/J e BBITVIAAUT, Kak (34):

(Mpm)aEMn = 2™*a - Cpy (34)
['me: m=[1,2,3...} - 1OpSAKOBbI HOMEP MHOX€ECTBA;
a=[1,2,3...} - nopsiAKOBBIA HOMep YHCJa IPUHAJJIEXKALETr0 MHOXECTBY;
2™1 - nepBag KoHcTaHTa MHOXecTBa Kosatua (nepuon).
Cm - BTOpasd KOHCTaHTa MHOKecTBa KosuiaTtna.
Cm=2"""- (Mp), (35)

Tne: (My,)1 - HaYaIbHOE YKUCIO MHOXKECTBa Mm.

®opmyJa (34) npruMeHMMa, KOrZa U3BECTHO HavyabHOe 4uciio (My,):. B Tabaune 2 npuBeieH BapuaHT onpefesieHUs yncaa (Mp,), € MCosib30BaHMEM MpPebIAYIIETO, YKe

N3BECTHOI'O, 3HAYE€HHUA Cm—Z- Tak MbI IIOCJIEA0BATEJIBHO MOXEM JIETKO COCTAaBUTDb Ta6m/1uy Cl)OpMy.TI AJIA BCEX NHTEPECYIOIINX HAC MHOXKECTB OT M1 A0 Mm

I v i I
1 (M,),= 4a-1 3 2 (M3),= 8a-7 1
3 (Ms),= 16a-3 13 4 (My)a= 32a-27 5
5 (Ms).= 64a-11 53 6 (Mg)a= 128a-107 21
7 (M,)a= 256a-43 213 8 (Mg)a= 512a-427 85
9 (Ms)a= 1024a-171 853 10 (M10)a = 2048a-1707 341
m-sesérhoe | (My)a=2™"a- (Cuopt2™?) | 2™ Co meserioe | (Mp)a=2™"a- (Co_gt2"%5) | 2™ Cum

Ta6smua 2. Tab.1uib! onpeaeseH s Nporu3BoJbHOTo 3HaueHust (My, ), € Mcmoib30BaHHEM MpeAbIAyIero 3Haye HUst Cp,_»

HO,C[BO,Z[H HUTOI' OITMCAHHUAM OCHOBHbLIX XdPAdKTEPUCTUK MHOXECTB, OTMETHUM CJ'IE,ZLYI-OH_U/IIL/'I Cl)aKT: MHOXECTBO Ml, €INHCTBEHHOE N3 BCEX, CJIeJYOIINM XO040M YBEJIMYUBAET 3HAYECHHUE
49K CJia, BC€ OCTaJIbHBIE Mm -MHOX€CTBa €ro yMeHbIIAaKoT.
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[TPOU3BOAUTEJILHOCTb YHUCJIA B AJITOPUTME KOJIJIATHA

O6o3Hauenue: W

Onpenenenue: [Ipon3BoAUTENBHOCTBIO YKC/Ia B aJroputMe KossiaTija Ha3biBaeTCS KOJMYECTBO €IMHMI] TPOH/I€eHHbIX HEYETHBIM IIPU HUCIIOJTHEHUM aJaroputMma «3X+1» 3a oauH
nosiHbId 1mar. B mocinemoBatesnbHocTH KosiaTiia He cyllecTByeT BpeMeHW. EAMHMIIEH OTCYETA COOBITUHN SBJSETCS IIAr ajJifOpMTMa. 3HayeHHe MPOWU3BOMTENbHOCTHU

orpeaendeTrcd MmoayJieM pa3HOCTHU MeEKAy o4YepeaHbIM HEYETHBIM U HCXOAHDbIM.

PABOTAYUCJIA B AJITOPUTME KOJIJIATHA

O6o3HayeHue: A

Onpenenenue: PaboTa yrcia BbloJHEHHAs Mo aaroputMmy KossaTia - ecTb KOJIMYECTBO €IMHUIL TPOUeHHbIX HEYETHBIM MPH UCIOJHEHUH aJropuTMa «3X+1» 3a HeCKOJIbKO
II0CJIeIOBATebHBIX IIaroB B MpejesaXx 0JJHOr0 MHOXKECTBA, B IpeJesaX UWHTepPBaJa MOCJe0BaTeJIbHOCTH, UM BCEH MOC/Ie0BaTeJIbHOCTH. 3HAaUYeHHEe PAbOTHI ONpeesseTCs

MOJAYJIEM PAa3HOCTHU MEXAYy KOHEYHbIM B UHTEPBaJIE HEYETHBIM U HCXO/JHbIM.

2.2 OIITMCAHUE MEXAHU3MA IIEPEXOZIA YHUCJIA U3 OAHOI'O MHO?KECTBA B ZIPYT'OE

Bo3bMéM M3 MepBOro MHOXKeCTBA YUc/0 7. B pesysbTaTe vcnosiHeHus aaroputMa (3-7+1)/2 =11 4yucio 7 yBeJIUYWI0Ch IPUMEPHO B 3/2 pa3a, MepeMecTU/0Ch B MO3UIUIO
yucaa 11. C apyroit cTopoHbl o4yepesHOe urcio 11 cTasio 60Jbllle UCXOAHOT0 Ha 3HaYyeHUe 11-7=4. Yucna 7 u 11, oT/iMyarouyecs Ha 3Ha4yeHue 4, KpaTHOe Mepruo1y UCXOJHOTO
MHOXecTBa M1 paBHOMY 4, NIpUHAIeKaT 3TOMYy MHOXeCTBY. KaKOBbI 1IaHChI TeNepb yKe Y UCXOAHOro yrucaa 11 cieayronyM maroM ocTaTbCs B 3TOM e MHOKecTBe. [llaHChI
ellé ecTb. Ta ke caMasi popmyJia yBeJIUUMBAET UCXOJHOE YUCJIO MPUMEPHO B Te e 3/2 pasa (3-11+1)/2 =17, Ho Tenepb yKe pa3HUIA MeX/Ay OYepeJHbIM U UCXOAHbIM 17-11=6
He SIBJIsIeTCA KpaTHbIM 4. [loToMy 4TO, AelCTBHE YMHOXeHHUS Mbl NPOBEJU AJiA 60Jibliero yucia, a 11 6osbuie 7. C elé 60bIIMMA YMCAaMU OyZieT elllé O60/iblle pa3HULA.
YMHOKeHHe pa3HbIX 10 3HAYEHHUIO YK CeJl Ha OJHO U TO »Ke PUBOAUT K pa3HbIM IIPUPAleHUAM, He BCerJia KpaTHbIM IePUOAYy UCXOLHOT 0 MHOXKECTBA.

PasHble npupaleHys Co3JalT WIJO3UI0 HellpeCKa3yeMOCTH MOBELEHUS YUCIa. TeM He MeHee. airOpUTM «3X+1» MMeeT 3aKOHOMEPHbIA MeXaHU3M Iepexoa U3 OJHOro
MHOXXeCTBa HeYeTHbIX B Jpyroe. Kax/asa BTopas NO3ULMA YUCJa B HAaTypaJibHOM psJie NPUHAMJIEXKUT MEPBOMY MHOXeCTBY. BepodaTHOCTh monaZjaHus o4yepeHOro 4yucja B
nepBoe MHOecTBO paBHa 50 Ha 50. Takas »ke BepOSTHOCTb NONaZaHUsA 04epeJHOT 0 YMCJ/ia B JIt060e U3 MHOXKeCcTB M2, M3, M4 ... M,,, Beib OHU TaKXKe B CyMMe 3aHUMAIOT KXy 10
BTOPYIO no3unyio. OiMH oyepeHOH 1Iar, CIEAYOUUH ... U T.J., B KaKy10 Obl CTOPOHY Mbl HEe HallPaBUJIMCh, Mbl MOXK€M OKa3aThCs BOOOIIE B JINOOM MHOKECTBE, B JIDOOU MOMEHT
CMEHUTb HallpaBJieHUe. AJITOPUTMY He BXKHO B KaKyl0 CTOPOHY Oy AET U3MEHSAThCs ouepeaHoe 4ncao. OH IpoCTO COBEPUIAET CBOIO paboTy.

MexaHM3M nepexo/ia U3 OJHOr0 MHOXECTBA B JIPYroe fABJIAeTCH MaTeMaTHUYEeCKMM ONMCAaHWEM M3BECTHOI0 3aKOHA Iepexoa KOJIMYECTBEHHbIX M3MEHEHUM B Ka4eCTBEHHbIE.
Yucso B HOBOM MHOXECTBE 0OpeTaeT BO3MOXKHOCTb M3MEHSITbCSl aJITOPUTMOM YK€ C JAPYruM JeJMTeseM, MO3TOMY MEPEXO/, YKcCia B Apyroe MHOXECTBO BCeraa SIBJSETCS
KayeCTBEHHbIM NepexoZoM. /lasiee Mo TEKCTY, MEXaHU3M Iepexo/ia U3 OJHOT0 MHOXKECTBA B Jpyroe O0y/leM UMEHOBAaTbh MaTeMaTU4YeCKHMM 3aKOHOM Iepexo/ia KOJIMYeCTBEHHbIX
M3MEeHEHUH B KayeCTBEHHBIE.

Tenepsp, korga Mbl 3HaeM MexaHU3M Iepexo/ia YMcJa U3 OJJTHOT0 MHOXKeCTBa B JIpyroe, KOTAa 3HaeM GpopMyJly YMcJa KaXKA0r0 MHOXECTBA, ero Mepuo/l, KaKAbli 1ar aJropurma

MOXHO IIPOCYUTATh.

14



2.3 CLIEHAPUM POCTA «HEYETHOI'O» B IPEJIEJIAX MHOKECTBA M1

MHoxkecTBO M1, efMHCTBEHHOE U3 BCEX, CIEAYIOUIMM X0/I0M yBeJIMYMBaEeT 3Ha4yeHHe yrcaa. PaccMoTpuM nepBble 32 yuciaa us M1 (PucyHok 8). Yepes nopsiiKOBbIi HOMED
3HayeHue yucaa B Mlonpeaeaum no opmyiie (15).

M1

1 2 3 4 ) 6 7 8 ©) 10 11 12 13 14 15 16 17 18 19 20 21 22 23 pZi 25 26 27 28 29 30 31 32
Puc.8 IlepBoe MmHOxKecTBO KosstaTna

Jlis HarJIIAHOCTY, HEYETHBIE OYy/leM pa3JjinyaTh M0 [BETOBbIM IPU3HAKaM B 3aBUCUMOCTH OT TOTO, K KAKOMY MHOXECTBY OHU MIPUHA/IJIEXKAT, a TAKXKE OT YETHOCTH UX MOPSAKOBOIO
HOMepa B 3TOM MHOKECTBe, KaK IpeacTraBiieHo Ha Puc 9, u Puc 10

Q— YETHBIW NOPSAAKOBBIM HOMED; Q— HEYETHBIU NOPSAAKOBbIA HOMED;

Puc.9 liBeToBbIe NPU3HAKU YMCJIA U €r0 OPAAKOBOr0 HOMepa, MpUHAQJIeXallero MHOXKeCTBY HedéTHbIX Kosutata M1

Yucna, npuHajjiexaiiyue MHOKecTBaM M2, M3, M4 ... M,, o603HayuM Kak Ha (Puc.10):

& YETHBIN NOPALKOBBIA HOMED; & HEe4ETHBIN NIOPALKOBBIK HOMED;

Puc.10 IIBeTOBbIE NIPU3HAKH YKCJIA U €r0 NOPSAAKOBOTO HOMEpPa, NpUHAAJIeXallero MHOKeCTBaM HedeéTHbIX Kosutatua M2, M3, M4 ... Mm.

Haliném ouepesHOe 3HaYeHUe KaxKaoro yucaa us M1 (Puc.11).

M1

/ v \

12345678910111213141516171819 20212223242526272829303132
3 3 6 2 9 6 12 1 15 9 18 5 21 12 24 4 27 1 0 8 33 18 £ 2 39 21 42 11 45 24 48

5 3

Puc.11

[locJie mepBOro xXo/1a Bce «HeYETHbIE» MHOXKeCcTBa M1, ¢ HEeYETHBIM NMOPsiAKOBbIM HOMepoM {1}, {3}, {5} ... mepenwiu B ofHO U3 MHOKeCcTB M2, M3, M4 ... M,,,, a <He4ETHbIE» C YETHBIM
{2}, {4},{6} ...u T.8. ocTanuce B M1. Ho, kaxk/1oe BTOpoe YETHOE, T.e. POBHO MOJIOBUHA OT UX OOILEero YUCia, OCTaloch B M1 4éTHbIM. BTopasi mo/ioBMHA € Y€ THBIM MOPSAKOBBIM

HOMEpPOM Iepelia B pa3psa HEYETHBIX, 3HAYUT C/I€AYIOIIUM X0J0M 3Ta YacThb NEPEUAET B OJHO U3 MHOXeCTB M2, M3, M4 ... M,,,, TakuM 06pa30M CMEHHUT HalpaBJIEHUE [ BUKEHUSI.
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Takoe nmoBesieHre «HeYETHBIX» NpUHAAIexaIMX M1 B nocienoBaTessbHOCTH KoJutaTia AB/AeTca 3aKOHOMepHbIM. Onpe/e/IAIUM IPU3HAKOM HallpaBJIeHUs JBUKEHUA
«He4YyéTHOoro» B M1 aBJigseTcq NpU3HaK YETHOCTH ero nopsAAKoBoro Homepa. He 3HayeHUe «kHEYETHOIO», He 3HaYE€HHUeE ero NopsLKOBOI 0 HOMepa, 2 YETHOCTb UJIU HEYETHOCTD

IMOpAAKOBOI'O HOMEPA UCXOAHOT'O BJIMAIOT HAd TO, KAKUM 6y,qu HallpaBJIEeHHUE ABUKEHHUA O4EPEIHOTI'O «HEYETHOT'0» B nocJjie0BaTe/JIbHOCTHU KonnaTua.

MexaHu3M nepexo/ia OT OAHOT'O «KHEYETHOTO» K JpyroMy «HEYETHOMY» B M1 paccMOTpuM Ha npuMepe pparMeHTa Mocae0BaTeJbHOCTH C UCXOAHBIM 31.

Puc.12 ®parmMeHT nocsae0BaTeJbHOCTH C UCXOAHBIM 31

O6paiaet Ha ceOs1 BHUMaHUeE CeAy Ui GaKT: YMCJI0 C YETHBIM MOPSAAKOBbINM HOMepoM B M1 B ouepeHOM 11are ocTaétcs B M1, mopsAKOBbIA HOMEP OUepPeIHOT0 HEYETHOTO
IpU 3TOM, YBeJHU4YUBaeTcs poBHO B 1,5 pasa. [Ipouecc npojosikaeTcs, 4o Tex Nop, MOKa MOPSAKOBbIM HOMep O0CTaéTcd YETHBIM. B ciieyromeM mare 4ETHbIA NOPSIKOBbIM HOMED
CMEHSIETCS HA HEYETHBIM, a 3aTeM HEYETHBIM IPU YMHOXXEHUHU HA 1,5 CTaHOBUTCA APOOHBIM. A Ip0OHBIM OPSAAKOBBIK HOMEP OUYePEHOT0 «KHEYETHOTO» ObITh HE MOXKET, TO3TOMY
«HEYETHOE» MEPEXOJUT B APYT0e MHOMKECTBO, TO, B KOTOPOM €ro NOPSAAKOBBIM HOMED - HaTypaJibHOE YUCIIO.

PaccMoTpuM MexaHM3M Mepexo/ia OT OJJTHOTO «KHEYETHOTO» K IpyroMy «He4éTHOMY» B M1 nofpo6Hee.

B pe3ysibTaTe AelCTBUS aIrOpUTMa «HEYETHOE», IPUHAJJIexKallee MHOXXeCTBY M1 B 3TOM NoC/Ie10BaTE/IbHOCTH YBEJIMYMBAETCS NPUOIU3UTENBHO B 1,5 pa3a, B COOTBETCTBUHU C
NoJIHOU popmMysiol aaroputma (36) :

33 _ 47 — o7 ~1516129 (36)

C yBesinueHHEeM 3HaYeHUH KO3QPUIIMEHT nepexo/ia OT OJHOTO «KHEYETHOrO» K IpyroMy «HEYETHOMY» B CBOEM Ipe/iesie MPUOJIKaeTcs K 1,5, HoO HUKorJa He OYZeT eMy PaBHbIM,

M3-3a Ha/M4us +1 B popMyJie aJIrOpUuTMa, a NOPsSIKOBBIK HOMEpP 04epeIHOTO «KHEYETHOT0» YBeJIMUUBaeTCsl pOBHO B 1,5 pa3a, He3aBUCUMO OT 3Ha4Ye HUS «HEYETHOro» (37):

ey, 08 @n_ g

. B9 _ .. {66} _ . . 99 _ ..
{8 {12} (18} 1,5; 1,5; 1,5; (37)

’ {26} {44} {66}
[lToueMy Tak NPOUCXOJUT, CTAHOBUTCS SICHO, IOCJIE TOTO KaK NPUMEHUM aJITOPUTM HeNocpeACTBEHHO K (31) - opMyJie yncia, npuHagiaexaiiero M1:

3-(4a-1)+1  12a-2
2 T2

= 6a-1 (38)
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®opmMy.Jion «6a-1» onKCbIBalOTCS YKCJIa HOBOrO 3aKOHOMepHoro psajga: 5, 11, 17, 23 ... ¥ T.J., TeNepb y>Ke C IepruoJIoM paBHbIM 6, coZepKalllero B CBOEM COCTAaBe HEUYETHbIE PAa3HBIX
MHOXX€ECTB, B TOM YUCJIE U MHOXKecTBa M1.

OdepegHOe HEYETHOE, ONM CbiBaeMoe GopMyJioh «ba-1» OyJieT npuHag/exxaTb M1 npy yc/J0BHM paBeHCTBa:

6{aj} -1=4{aj,1}-1 (39)
3neck; {a;} - OpsIKOBBIN HOME P HUCXOJHOTO HEYETHOrO B M1;
{aj;+1} - MOpPSAKOBBIN HOMEpP OYepeHOTO HeYETHOTO B M1;
W3 (39) crenyer (40):
aj 6
6 {ai} =4 {ai+1} I::> {{la-lj} = I = 1,5 (40)

HaTypasibHbIl NOPSAAKOBBIA HOMEP NP YMHOXKEHUU Ha 1,5 0CcTaéTcsa HaTypabHbIM IIOKa HOMeP YETHBIN. YMC/10 ¢ YETHBIM MOPSAAKOBBIM HOMepoM B M1 ouepeiHbIM X0/I0M BCeraa

ocraétcd B M1.

[ToaToMy crieHapuii mepexojia «HEYETHOTO» C YETHBIM MOPSAKOBBIM HOMEPOM K OYepeJHOMY C YETHBIM MOPSAJKOBBIM HOMepoM B M1 - mepBbIM KaHAUAAT Cpeaud ClieHapHeB

HENMpepbIBHOI'O POCTa. BOHpOC, KOTOprﬁ BO3HHKAaET B CBSA3U C TUIIOTE30H KOHﬂaTHa, 6yaeT JIN OTOT CI_[eHapI/Iﬁ 6eCKOHE‘-IHbIM, XOTS OBl AJId O4AHOTO U3 HaTypaJIbeIX?

HpOAOJI}KI/IM Puc.11. BeimosiHUM oqepeaHoﬁ mar aJiropuTma. BYJ_'LGM OTCJIEXXMBATDb CL[EHapI/Iﬁ HEMMpePLIBHOI'O pOCTa B IIOC/JIEAOBATE/IBHOCTHU TOJIBKO C YE€THBIMU IMNopAAKOBbIMH

HOMEpPaMH.

M1

12345678910111213141516171819 20212223242526272829303132
1 3 3 6 2 b 6 12 1 15 9 18 5 21 12 24 4 27 15 0 8 33 18 36 2 39 21 42 11 45 24 4

]

36

Pruc.13

KosimyecTBO YETHBIX MOCIE40BATENbHOCTEN TOJIBKO C YETHBIMU NOPSAAKOBBIMHA HOMEPAMU BXOASAIIMX B HUX YKCeJl, COKpPAaTUJI0Ch BABoe: 6b110 BoceMb: {4}, {8}, {12}, {16}, {20}, {24},
{28}, {32} crano uernipe: {8}, {16}, {24}, {32}.
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BoinmosiHUM oqepe,qufx'I mar aJiropuTMma.

M1

12345678910111213141516171819ZO212223242526272829303132
1 B B 6 2 9 6 12 1 15 9 18 3 21 12 24 4 27 15 30 8 33 18 36 2 39 21 42 11 45 24 48

54

Puc.14

KosimyecTBO 4ETHBIX MOC/I€0BATENbHOCTEN TOJIBKO C YETHBIMU HOMEpPAMU BXO/ISIIMX B HUX YHUCEJ OMSATb COKPATUJIOCh BABOE, ObLI0 YeThipe: {8}, {16}, {24}, {32}, craso aBe: {16},

{32}. BbInoJIHUM O4YepeHOM LIar aJIr0pUTMa.

M1

12345678910'1'1121314-1516'171819202'12223242526272829303132
1 B S 6 2 9 6 12 1 15 9 18 5 21 12 24 4 27 15 30 8 33 18 36 2 ) 21 42 11 45 24 48

21 81 16 162

Puc.15

KosinuecTBO noc/ie0BaTe/IbHOCTEN TOJBKO C YETHBIMM HOMEPaMU BXOSAIIMX B HEE YKCEJT OMNSITh COKPAaTUJIOCh BAiBOE, 6bL10 JBe: {16}, {32}, ocTtanack ogHa : {32}. Caeayronium
IIaroM U 3Ta NeperJET B MO3ULUI0 YHUCJIA C HEYETHBIM NOPSAAKOBBIM HOMEPOM, a 3aTEM B OHO U3 MHOXecTB [M2, M3, M4...}. Ho, fasiee B HaTypaJibHOM psify, elé octarTcs {64},
{128}, ...uT.1., ... {2"}

B 6eckoHeYHOM HATYpaIbHOM psijfie CYlIeCTBYeT 6GECKOHEeUHOe KOJIMYECTBO TAKUX MOCI€e/J0BAaTEbHOCTEN, OTCTOSIIUX APYT OT APyra Ha JJUCTAHIUKU 2", 10 TeX Mop MoKa ouepeHbIM
“n”- X0OM OHM He MepPeUAyT B YUCJIO C HEYETHBIM MOPSAKOBBIM HOMEPOM, a 3aTeM “n+1"- X0/10M B 0/IHO U3 MHOKeCTB [M2, M3, M4...}. Ha 3ToM ciieHapuil HenpepbIBHOTO pOCTa
JUIS1 KOHKPETHOM I0CJIe;0BaTEeJbHOCTHU NpepbIiBaeTcA. TakuM 06pa3oM, MOXKHO YTBEPXK/AATh: JII0 0asl 10CJIel0BaTEe/IbHOCTb, COCTOAIASA TOJIbKO U3 YUCEJI C YETHBIMU MOPSALKOBBIMU

HOMepaMH B M1, OTCTOSAIIIMMH JIPYT OT APYyra Ha AUCTAHIUH 2" - KOHEYHa.
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1,5x=x+0,5x=x+%x

1L5(X+5X)=(X+2X)+ 05X+ %X)=2X+% X

1,5(2x+%><)=(2x+2—12 X) +o,5(2x+2—12 X)=3X+ %X

1,5(3X+-5X)=(3X+-3 X) +0,5(3K+—3 X)=5X+~¢X

19
1,5(5X+2—14X)=(5X+2—14 X) +o,5(sx+§ X)=7X+ 5 X

L5Xna =KX+ = X

He4YETHOe

1,5 X, =K:2" + T /2"r = YETHOe +He4ETHOe = HEeYETHOe




2.4 PAIbI TPYIIII MHOXKECTBA M1 HEYETHBIX KOJIJIATIIA

[Toc/ien0BaTE/IBHOCTH YHCEJ, HENPEPBIBHO CJEAYIOIIMX B OJHOM U TOM K€ MHOKeCTBe M1 00'beIUHSIOTCS B OT/leJIbHbIE PsAbl IPYIIT: OAUHOYHBIX, ABYX, TPEX, YETBIPEX U T.J.
KoadounuenT 1,5 mexkay ouepefHbIM U MpeAbIAY MM NOPSAAKOBBIM HOMepOM B M1 siB/1ieTCSA NPOCTHIM M YI0OHBIM HHCTPYMEHTOM U €HTUPUKALLMU TaKOU MOCIeL0BaTEbHOCTH
HEYETHBIX B 0JHOM U3 PA/0B IPYyIIL.

I'pynna HeyéTHbIX M1 - ocJie10BaTebHOCTh HEYETHBIX M1, B KOTOpOM NOPSiKOBbIN HOMEp 04epeHOTO O0JIbllie MpeibIAyIlero poBHO B 1,5.

Ko/simyecTBO 4/1eHOB B IpyIIe HEYETHBIX MOXET ObITh JIOOBIM, B TOM YMCJE COCTOSILEN U3 OJHOTO, C HEYETHBIM MOPSAKOBBIM HOMepoM. Ecii rpymnmna cOCTOUT U3 HECKOJIbKUX
HEYETHBIX, TO €€ BO3IJIaBJIdeT HeYETHOe-JIMAEP C YETHBLIM MOPAJKOBBIM HOMEPOM, a 3aMbIKaeT IrPpynny 3aMbIKalOLlee C He4ETHbIM MOPAJKOBbIM HOMeEpPOM. B cBOw ovepenb
KaXK/IbIM JIMJIEP OKaXKeTCsI MPOCThIM YJIEHOM B OUepeIHOM, CTapilel rpymme. JIngepa v 4jieHOB rpyIbl 0y/ieM pasjinyaTh 10 LIBETOBbIM NIPU3HaKaM, Kak Ha Puc 16.

—— OpauHOYHOe Jluzep rpynnsl

3aMbIKaloIee

YieHbl rpynibl

Puc.16 OTsinuuTesibHbIE BETOBbIE IPU3HAKH JIM/EPA U YIEHOB FPYMIbI U3 MHOKe CTBa HEYETHbIX M1

M3 Puc.15 Bb1JIesTMM MHOKECTBO NOCJIE0BATENbHOCTEN MPHUHAA/Iexaux M1

M1

81 162

Pric.17 I'pynmbsl HewéTHBIX M1 243

Pasgenym nocJie0BaTe/IbHOCTH, NPe/IcTaBAeHHble Puc.17, Ha rpynbl o MPHU3HAKY KOJIMYECTBA HAXOASAIIMXCSA B HUX YJIEHOB:
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Jlanee 0y/ieM U300paXKaTh «HEYETHOE», IPHUHAA/IeXalllee MHOXKeCTBy M1, kak Ha Puc.18:

S -0 PSIIIKOBBIT HOMep unciia Xy, B psizie rpymt (G)s€EMI, e G - KonmyecTBo WieHOB B TPyIIIe
JTvgiep )
rpy e N - IOPSIAKOBBIVE HOMEp unciia X, B HaTypaJIbHOM pAfe
Yiiensl A\
IPYIIIbI
} {a} - mopsmxoBeIT HOMep umciia X, B M1
I - HeudTHBIN
— ) _ .
3aMBbIKarolee @ n - 3aMBIKaroIlee C YETHBIM HOPAIKOBBIM HOMEPOM
Thyrmty - 3aMBIKaroIllee C HeUYETHBIM ITOPSIKOBBIM HOMEPOM
(Xn)aEM1+1
ada=
4
S Cae --
- OVIHOYHOE C YETHBIM ITOPSIKOBBIM HOMEPOM
OnuHOYHOE S a PAT, P
a m - OIVIHOYHOE C HEUETHBIM IO PAIKOBBIM HOMEPOM

Prc.18 AnaToMust HEYETHOIO UMCIIa, HPVHAayIeXallnero MHoxecrsy M1
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M1
----

1 (1) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 5 1l 11 1 13 14 15 16 17 18 20 21 24 25 26 27 30 31 3
1 &) 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63

Pr1c.19 Muo>xecTBO ofmHOUHBIX (1)s€M1

OuepegHoe «HeyéTHoe» B psjie (1)sEM1 oTiM4yaeTcsa OT NpeAbIAYIIEro Ha OHO TO e 3HaueHue 8, U OHO onucbiBaeTcs Gpopmyson (48):
(1)s€M1= 8s-5 (48)

raes=1,2,3 ... - NOpsKOBbINA HOMEP «HEYETHOTro» B psje (1);EM1.
Hanpumep ynciom c nopssgkoBbiM HoMepoM s=14 u3 psaga (1)seEM1 aasercsa: (1)1,EM1=8-14 -5=107.
Ecau TpebyeTcsi onpenesnTh Kakoe MOJIOXKEHUE «S» OyIeT 3aHMMaThb YMC/I0 U3 HAaTypasbHOTO psaaa X197 =107 B psije (1)s€M1: s=(107+5)/8 =14

M1

Lo o Loy o ooy ey 1o J o8y J o) {103} (i) f (123 J 13} ] {14} | {15} ) (16} ] (17) ] {18} ] (19} [ (203 § (21} {22} | {23} | {24} ] (25} ] {26} } (27} ] {28} {29} | {30} } (31} J {32}

() (2 () (9) 2)) () () 2 () () () (9) (P) () () %) () () () 2)) (9) () () 9) () () () (g) 2 () ()

POVVVVIVVV20VS +++++++++++++++++

Prc.20 MHoXecTBO IBYX (2)sEM1

OuepeaHoe yucao-auep paga (2)sEM1 oTindaeTcs oT npeAblAyLIEr0 Ha OJHO TO »Ke 3HayeHue 16, U oHO onuckiBaeTcs GpopmyJioi (49):

(2)sEM1= 16s-9 (49)

M1
IV NOH NETH BTN NEH RCH N7H EUN R K08 BT R ETSE R BTSN 5O K K TN Eeon Rel Rel el B2 BesE BesH B Beol B0l Ren Neml Beal

POVVBBVVBVVYVBVVVVVYLVVVVVVVVVVVY

O D D00 022229029¢

4223

Prc.21 MHuoXecTBO TpéxX (3)sEM1
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OuepegHoe yucao-auaep psaga (3)sEM1 oTiMyaeTcsa OT NpeAblAyIero Ha O HO TO Ke 3HaueHue 32, U OHO onucbiBaeTcs popmyJioit (50):

U Ttak ganee. Kaxxapli caeayomun psj, cogepKaluidi 60Jibliee KOJMYeCTBO YIEHOB B IpyIIe onucbiBaeTcs ¢popmysion obiero Buaa (51):

['ne G-HOMeD psiZia, C KOJIMYECTBOM YJIEHOB B FpyIIe paBHbIM G.

S - NOPSAKOBBIN HOMep uucia B psage (G).

(3)sEM1= 32s-17

(G)sEM1= 26+25 - (26*141)

B Tabsuue 3 nprBeseHbl GOPMyJIbl JIMEPOB NEPBBIX AECATHU PALOB IPYII HEYETHBIX MPUHAAJIEXKAIIUX MHOXeCTBY M 1

HO%@?;W (G)sEM1= 26+25 - (26+141) Haq(gime

1 (1)s = 8s-5 3
2 (2)s =16s-9 7
3 (3)s =32s-17 15
4 (4)s = 64s-33 31
5 (5)s =128s-65 63
6 (6)s =256s-129 127
7 (7)s =512s-257 255
8 (8)s =1024s-513 511
9 (9)s = 2048s-1025 1023
10 (10)s = 4096s-2049 2047

A T.m. U T.1.

Ta6smua 3. Tabsivna GopMyJi psifioB JUAEPOB IPYII HEYETHBIX IPUHAAJIEXAIMX MHOKeCcTBY M 1

(50)

(5D

TakuMm 06pa3oM, KaxkJ0oe «HeYETHOe», MpruHaaiexallee M1 aHaTOMUYeCKH NPOSBJISET cebsl, KAK MUHUMYM, B TPEX U3MePEHHUSIX. B KaXk0M M3 3TUX U3MEPEHUN YUCIO UMEET

CBOM MOPSIAKOBbIN HOMeEP N, A, Wd S. COBOKYIMHOCTb BCEX MPU3HAKOB YUCJIa (TOPsIIKOBbIA HOMED YMCJ/Ia, YETHOCTh HOMepa) ONpe/iesisieT ero noJoXKeHue B CTPYKTYpe MHOXKeCTBa

HEYETHDIX Ml, AeJIaeT IloBeJeHrne 4Ynucja B aJirOprUTMe KonnaTua IIOHATHBIM U IIpeACKAa3yEeMbIM.

OdepefHbBIM 3TANlOM YIJIyOJIeHUS HAIEro MNpejCcTaBjleHUs1 O CTPYKType HaTypaJibHOr 0 psiia B runorese KosuiaTtia OyieT 3epKasibHas KoHLenus ajaroputma Kosatna.
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2.5 3EPKAJIbHAA KOHLENI XA AJITOPUTMA KOJIJIATHA

M3 Tabaunpl 3 u Tabauipl 2 BbIZE/IUM Ha4a/IbHble 3HAaYEHUSI U IEPUO/ bl 3aKOHOMEPHBIX psaZioB rpynn (1)s, (2)s, (3)s, ... (G)s 1 psggoB MHOxecTB M2, M3, M4, ... MM,
COOTBETCTBEHHO.

Pe3ysibTaThl cBeieHbI B TabauLy 4 (HayasbHble 3HaYueHHS Y IepUO/ibl 3aKOHOMEPHBIX PsA0B MHOkKeCcTB KoJsaTua)

(G)s Haq(zg)blHoe He;lfgﬂ BekTop Mm Ha\‘/{[?nﬂ)batje H;Eﬁ‘iﬂ BekTop
(1)s 3 8 7 M2 1 8 \
(2)s 7 16 7 M3 13 16 \
(3)s 15 32 7 Z| M4 5 32 \
| @, 31 64 7 NIRE 53 64 \
= (5)s 63 128 7 — i M6 21 128 \
(6)s 127 256 7 = W 213 256 \
(7)s 255 512 7 = M8 85 512 \
(8)s 511 1024 2 M9 853 1024 \
(9)s 1023 2048 7 M10 341 2048 A
U Ve U r.na \

Tao6smmua 4. HayasbHble 3HaYEHHMS Y TEPUO/bl 3aKOHOMEPHBIX Ps/10B MHOXeCTB KossiaTia

Tabauua 4 naé€T HarJAssAHOE MPeACTaBJIeHUE TOT0, KaK 0JJHO MHO>K€eCTBO COOTHOCUTCS € APYruM. KaxkjoMy 3akoHoMepHOMY psaay (G)s HAX0AUM 3epKaJibHOe COOTBETCTBUE, B BUIE
ZJPYroro psfzia, C TAaKMUM e [Iepuo0M, B OJHOM M3 MHOKeCTB Mm. 3epKaJibHble 10 HallpaBJIEHUI0 3aKOHOMEPHBIE PAAbI UMEIOT OJMHAKOBbBIE [IEPUO/ bl MEXAY WieHaMU pAJa, 3HAYUT
KOJIMYECTBO YIEHOB B HUX B Ipe/iesiax MOJHOT0 HaTypaJibHOIO psijila O MHAKOBO. KaxkjoMy 4jieHy OJHOTO psi/ia BCer/la HauAEM 3epKaJibHOE COOTBETCTBUE Jipyroro. HayanbHbie
3HAaYeHUs] 3aKOHOMEPHBIX PsAJIOB MHOXKeCcTB M2, M3, M4, ... MM eCTb HY YTO MHOE, KaK yCIIellIHbIe pellleHHs aJrOPUTMa, UHTePeCHbIA PaKT, HO B 3epKa/IbHOM KOHIENLIUK HAaM

BaxKHee 6yaeT YBUETb eIJ_[é U Apyrue MmexaHnu3Mbl, 3dKOHOMEPHLbIE€ U OIIpeae/IAI0IIre HallpaBJI€eHHu e ABUKEeHHUA YU CJld 110 aJITOPUTMY KOJ'IJIaTL[a.

CocTaBUM MOC/e0BATEJbHOCTU HaYa/IbHBIX 3HAYEHUM 3TUX 3aKOHOMEPHBIX psZioB (Puc.22)
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VOVOLHOHOHOE® 00000000

Puc.22 IlocnefoBaTeibHOCTU Ha4a/lbHBIX (IIEPBBIX 10 NOPS/IKY) HOMEPOB HEUETHBIX, IPUHAAJIEXKAIUX
pagam rpynn (1)s, (2)s, (3)s, ... (G)S EM1 u mHOxecTBaM M2, M3, M4, ... MM

HayasnbHble 3THUX 3aKOHOMEPHBIX PSIOB PACIIOJIOKUM B MOPsIZIKe UX C/IeIOBaHUS B HaTypabHOM psifie (Puc.23)

8 < 32 < 128 >

Puc.23. 3epkanbhbii psja Kostatia 1-ro nopsiika (psif yuces ¢ 1-M nopsiiKOBbIM HOMEPOM )

Anroputm KosuiaTia pasgenni HaTypaibHbIM psiji Ha JIBa 3epPKa/ibHO CHMMETPHUYHBIX MHOe CTBA 3aKOHOMe PHbIX PsAA0B. Ha oc cMuMMeTpUu HaXoAATCS YETHbBIE Yuc/a

HaTypaJIbHOT O psifia — yCIelllHble pelieHus aaroputMa Kosuiatia. OHM 06pa3yoT 3aKOHOMEPHBIN psi/i HaYa/lbHbIX, OIK CbIBaeMblil popMysioH (52):

2241
3

Z,EN = .2 (52)

['ne “u” -mopsAKOBBIA HOMEP 0YepeHOTO HAa4a/IbHOT O 3epKaJibHbIX PsIJIOB.
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W13 Tabunibl 2 u Tabsivipl 3 BbIAEJIUM CAeAYIOLME TOCT€e Hada/lbHbIX 3HA4eHHUs 3aKOHOMepPHbIX paoB rpyni (1)s, (2)s, (3)s, ... (G)s u psagoB MHoxkecTB M2, M3, M4, ... MM,
COOTBETCTBEHHO. Pe3yibTaThl 9 mopsIKoBbIX HOMepPOB cBefieHbl B Ta6suiy 5 (HayasibHble 3HaueHUs U TEPUO/bl 3aKOHOMEPHBIX PsifioB MHOXeCTB KoJssiaTia)

@: |77 | @1 | @2 | G| Gs| @5 | G | G| G | G Min | et | (M | (M2 | (M) | (M) | (M) | (M) | (M7 | (Min)a | (Moo
(1)s 8 3 11 19 27 35 43 51 59 67 M2 8 1 9 17 25 33 41 49 57 65
(2)s 16 7 23 39 55 71 87 103 119 135 M3 16 13 29 45 61 77 93 109 125 141
(3)s 32 15 47 79 111 143 175 207 239 271 M4 32 5 37 69 101 133 165 197 229 261
(4)s 64 31 95 159 223 287 351 415 479 543 M5 64 53 117 181 245 309 373 437 501 565
(5)s 128 63 191 319 447 575 703 831 959 | 1087 | _ | M6 128 21 149 277 405 533 661 789 917 | 1045
(6)s 256 127 383 639 895 | 1151 | 1407 | 1663 | 1919 | 2175 M7 256 213 469 725 981 | 1237 | 1493 | 1749 | 2005 | 2261
(7)s 512 255 767 | 1279 | 1791 | 2303 | 2815 | 3327 | 3839 | 4351 M8 512 85 597 | 1109 | 1621 | 2133 | 2645 | 3157 | 3669 | 4181
(8)s 1024 511 | 1535 | 2559 | 3583 | 4607 | 5631 | 6655 | 7679 | 8703 M9 1024 853 | 1877 | 2901 | 3925 | 4949 | 5973 | 6997 | 8021 | 9045
(9)s | 2048 1023 | 3071 | 5119 | 7167 | 9215 | 11263 | 13311 | 15359 | 17407 M10 | 2048 341 | 2389 | 4437 | 6485 | 8533 | 10581 | 12629 | 14677 | 16725
AT.nA. UT.n.

Ta6smua 5. HayanbHble 3HaYeHUs U IIEPHO/ibl 3aKOHOMEPHBIX PsiioB MHOXeCcTB KoJsiaTia

CocTaBUM NOC/I€40BaTEJbHOCTU 3HAYEHUN 3TUX 3aKOHOMEPHBIX PAZ0B, CJIeyOLUX, ToC/Ie HavyalbHbIX, (Puc.24)

Puc.25. 3epkanbubiii pag Kostatia 2 nopsigka (psj yuces co 2-M NOPsIKOBbIM HOMEPOM )
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tiizrew

Puc.26. [locienoBaTe IbHOCTH TPETHUX 0 MOPSJIKY HOMEPOB HEYETHBIX, MPUHAZ/Iexalux psagam rpyni (1)s, (2)s, (3)s, ... (G)sEM1 u MmHoxkecTBam M2, M3, M4, .

©- 00 ¢

“« 3 e 3 > f5%5» '«114«11»‘ ;«214«21» '«43%43»‘ '«85%85»;

%1%1»

Puc.27. 3epkanbHbii psaa Kosutatia 3 nopsaka (psjg yuces ¢ 3-M NOPSJKOBbIM HOMEPOM )

Puc.28. [locenoBaTe IbHOCTH YEBEPTHIX MO MOPSAAKY HOMEPOB HEUETHBIX, IPUHAJIeXKalIUX psagaM rpyni (1)s, (2)s, (3)s, ... (G)S EM1 u mHOoxkecTBam M2, M3, M4, .

'«11»’«11*’ ;«21%21» '«43»‘«43*’ '«85%85»5

:« 5 % 5 »
Puc.29. 3epkanbubiii psag Kosiartia 4 nopsigka (psj yvces ¢ 4-M NopsiIKOBbIM HOMEPOM )

[Tpomoskast TaKKMM >ke 06 pa3oM JIJisl IPYTUX 110 MOPSIIKY HOMEPOB MOJYYHUM U OCTa/IbHble 3HAaYe HUsI Y€ THBIX, HAXOAAIIMXCS Ha 3epKayibHOM ocu (Puc.30):

WM@@@@@@@M@@ @@@@@M@@M@@

u=1 u=2
Puc.30. [lepBrie 32 4ucia NOJTHOTO 3€epPKaJIbHOTO pPsAJa aJiIfOPUTMaA KomlaTua

Anroputm KoJsunaTia pa3genni HaTypalabHbli psij, Ha [IBa 3€epKaJibHO CHMM ETPUYHbBIX MHOKE CTBA 3aKOHOME PHbIX psi/ioB. Ha ocu cuMMeTpUH, KOTOPYIO Mbl Ha3BaJIu MOJIHbIM
3epKaJIbHbIM psAA0M ajroputMa KosuiaTtia Haxo4ATcs Y4ETHBIe HATYPaJIbHOT O psijia cjle iyloliue APYT 3a JpyroM C NeproA0M paBHbIM BOCbMU. OHHU 00pa3y0T 3aKOHOMEPHBIX PAJ,,

onucbiBaeMbii ¢popmyJioit (53):
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7Z,EN=8i-6 (53)

“w:=)»

F,qe 1 -HOpH,ZLKOBbIﬁ HOMep O9epEeaHOI0 3€EPKAJIBHOT 0.

[lonoBrHA HEYETHBIX HATYpPaJbHOTO Psi/ia IPUHAJJIEXKUT IEPBOMY MHOECTBY, @ BTOpasi N0JIOBUHA HEYETHDIX SBJISIETCSI CYMMOW BCEX HEYETHBIX OCTa/IbHBIX MHOXeCTB (54):

M; = Mp+M; +M, ... + M, /N ((D)s+(2)s+@3)s - +(G)s)EM; = Mp+M3 +My ... +Mp, (54)

T.e. 10 KOJIMYECTBEHHOMY COCTaBy ciieHapues pocta (BIIEPE/) u y6biBanusa (HA3AJ), He cylecTByeT JOMUHUPOBAHK OHOTO CLieHapus Haz gpyruM. [Ipoasmkenue BITEPE/,
HUKOT/Ia He ObIBaeT TOX/eCTBEHHbIM NpoBxkeHUt0o HA3A/I o coBepiliaeMoil paboTe U reHe pUPOBaHUI0 MepeX0IHOT0 Ko3ddUllMeHTa OT UCXOJHOT0 K o4epeAHOMY. [IpHyunHa B
TOM, 4TO popMyJia aaropuTma (4) nmo ceoe Npupoie aCMHMMETPHUYHA.

B cuenapuu 3epkanbsoro BIIEPE/] kosm4ecTBO Waros onpezenseTcs KOJMIeCTBOM pa3 NpUMeHeHus noaHou ¢popmysel (3X+1)/2: maa (1), -1 pas, g (2)s -2 pas3a, U T.1., a B
cueHapuu 3epkasbHoro HA3A/l oHO onpejesisieTCA KOJIMYECTBOM JieJIEHUU Ha 1Ba YETHOTO, MOJIyYEHHOT O B pe3yJIbTaTe BbIUMC/IEHUS YUCAUTES 3TOM GopMyJibl (3X+1).
[TonyyaeTcs, 4TO cieHapuil yObIBaHUSA B 3epKaJIbHOM Nape UMeeT Ha OZWH LIar O oJbILeE.

PaccMoTpyM npor3BOJIBHY0 3€pKaJIbHY 0 Tapy C HEYETHBIM NOPAAKOBBIM HOMEpPOM, HanpuMep s=99, 1g y4,006CTBa BBIYUCIEHUM Y HAarJIAAHOCTHY IyCTh OHA UMeeT HebOoJIbLIoe

KOJIN9€CTBO X040B, HAIIpUMEDP U3 pdd4ad ABYX, IPUHaAAJIEXKALIEeTro MHOXKECTBY M1: no (l)OpMy.J'Ie AJId pA4a ABYX U3 Ta6JII/II_1bI 3 HaX0AUM 3HA4Y€HHE YK CJia C MIOPAAKOBbBIM HOMEPOM s=99

(2)seEM1=16s9 [ (2)99EM1 = 16 -99 - 9 = 1575 (55)

B cooTBeTCcTBUM ¢ aHaTOMHeN HeuéTHOrO B M1 (Puc.18), yunThiBas TOXKAECTBEHHOCTb X,EM1 = (M;),, nopsKoBbIk HOMep yKcaa 1575 B M1 BerurcanM no ¢popmyJsie MHOKECTBA

M1 u3 Tabsunp 2:

Mq)a +1 Xn)a€EM1+1
(M,), = 4a -1 =) R 1)4 _— .Y 41 - 157541 _ a0, 56)
3epKaJibHOE /151 YUCa U3 psaaa AByX (2)99€M1=1575 B cootBeTCcTBUM C Tabauuen 5 HaxoauTcsa B M3.
3HaueHue (X,).EM3= (M3), A1d a=99 HaliieM o COOTBETCTBYWOILEN popMmysie U3 Tabanibl 2.
(Xn)a€EM;3 = (M3),= 16a- 3 ) (M3)99o=16-99 - 3 =1581 (57)

YéTHoe, 115 3e pKaJIbHOU Maphl ABJISAETCA €€ cCpeJHUM apuPMeTHUIECKUM, T.e. 1578, TakuM 00pa3oM UMeeM BCe HEOOX0AUMble aTPUOYThI 3epKaIbHOMW Mapbl C HEYETHBIM

MOPAAKOBBIM HOMepoM s=99, Puc.31:
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Puc.31. 3epkasbHas mapa HeYETHBIX C HEYETHBIM MOPSAAKOBBIM HOMepPOM 99 U3 psijia BYX M 3€pKaJIbHOTO0 EMY MHOKeCcTBa M3

BbInoJ/IHMM CpaBHUTEJIbHBIN aHA/IU3 3epPKaJibHOU Mapbl HEYETHBIX 1575 1 1581 no coBepiiaeMoit airoputMmoMm pabote (Puc.32):

HUcxoaHoe
OdyepenHoe 3€pKajJbHOE

S0
® ,,;\3({»

HUcxonHoe
OuepenHoe
3epKaJbHOE
A4[1575, 3545]:|3545-1575 =1970 =+ A,[1581, 593]=|593-1581 =988

Puc.32. CpaBHUTE/IbHBIK aHA/IM3 3e pKaJIbHOU Mapbl He4ETHBIX 1575 u 1581 no coBepiiaemoi paboTe.

CoBepiiiaeMasi aJITOPUTMOM paboTa 3aBUCUT OT 3HAUYEHHUS UCXOAHOr0. YeM 6 0J1bllle 3HaYEHUE UCXOAHOT0, TEM 60JIbllle paboTa, IPH NPOYUX PaBHbIX YCIOBUSX, /151 OJHOTO I1ara
anroputMa. HeyiuBUTEIBHO, 4TO IPUBEEHHBIN NpuMep cpaBHeHud (Puc.32) He coBceM KoppekTeH. CpaBHMBATL paGoTy aJrOPUTMA B 3epKa/bHbIX clieHapuax BIIEPE/] u HA3A/
MOXXHO, TOJIBKO KOT/]a OAUH ClieHapUul SBJIsSIeTCS NPO0/DKEHHE IPYToro, KOTAA Ba pparMeHTa «CUIMBAKTCA» B OJIHY MOCA€A0BaTENbHOCTb.

3epkanbHbii war BIIEPE/] Bcerga saBepiuaeTcs nepexoioM B 0JIHO U3 MHOKeCTB M2, M3, M4 ... M., npuHagiexamue cueHapuam HA3A/L. B npumepe Puc.32 HaliéM npo/o/nKeHe
ciienapud BIIEPE/L. Ogepegnoe s ucxogsoro 1575 3to 3545€M2, 3HaunT 3545EM?2 aBaseTcsa MCxoAHbIM 4 cieHapusa HA3A/JI. Heo6xo4uMo 1 HCXO4HOT 0 3545 BBITIOJTHUTD

TAKOE K€ KOJIMYEeCTBO 11aroB Ha3a/, Kak U i 3epKaJibHOro ¢ ucxoaHbiM 1581 (Puc.33):
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HcxopHoe
OyepenHoe 3epKaJibHOEe HcxoaHoe

HcxoaHoe
OuepenHoe,
OuepenHoe NpUBeJEHHOE
3€pKajlbHOE K 3epKaJIbHOMY
A4[1575,3545] = |3545—1575 = 1970 A,[1581,593] = |593-1581 =988 A3[3545,1329,5] = |1329,5 -3545 | = 2215,5
3545 593 _ 1329,5
Ki=——> =2,250793 * K,= — = 0,375079 = Kz = =0,375035
1575 1581 3545

Puc.33. CpaBHUTE/IbHBIM aHA/IM3 3epPKaJIbHOU apbl HEYETHBIX 1575 1 1581 no coBepiiaemoi paboTte u

reHepUPOBAHUIO TIEPEXOTHOT0 KO3PPHUIIMEHTA OT UCXOAHOTO K OUepeHOMY.

[Tonyynau npruBeiEHHOE K 3epKasibHOMY Yrcio 1329,5 . CueHapuit HA3A/l npuBe€HHBIN K 3€pKaJIbHOMY 10 KOJIMYECTBY O/IMHAKOBBIX LIAroB MepeMecTU/ odepeHoe 3545 Huxke
rcxoaHoro 1575. 3To Takke BUAHO U3 CPAaBHEHHS BBINIOJIHEHHBIX paboT: Az[3545, 1329,5]=2215,5 > A;[1575, 3545]= 1970. Ec/in 661 cocTaB/s01ME 3epKaJbHBIX TAp
«CUIMBAJIUCh», OBLIY NPOAOJ/LKEHUEM OJHO APYToro, Mpouecc CBOpayuBaHus N0OCJAe40BaTENbHOCTH B €AUHULY JJ1 JII0O0T0 HAaTypaJbHOTO ObLJI ObI 04€BU/IHBIM U ObICTPBIM. HO MBI
MMeeM CUTyalLMIo, B KOTOPOM COCTaBJIAIIIMeE 3epKa/IbHbIX Iap W3Ha4a/IbHO pasjeseHsl. [IpogomkenreM sepkanbHoro BIIEPE/] apnsaerca sepkanbHbiil HA3A/], Kak paBuiio, OT
JIpyrou 3epKaJjibHOM nmapbl. PaboTa coBepuiaemas cueHapueM HA3 A/l oT Apyroy 3epKajibHOU apbl MOXKET 0Ka3aThCsl KAK MEHbIIIE, TaK U 60Jiblle TOH, KOTOpas, J0/1’)KHA ObITh. Ho,
MOXKET OKa3aThCH TAKXKe e TOXJeCTBeHHad. Takoy ciydai Jjajiee Mbl TaKKe pacCCMOTPUM.

Haiiiém 3HayeHue 0611ero nepexoAHoro Ko3gpduureHTa 3epKajabHON Naphbl

Ki—2 = K;-K; = 2,250793 - 0,375079 =~ 0,844225 (58)
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Haiiiém 3HaueHMe 06111ero nepexoAHoro koadgpduureHTa napbl TOXK/AeCTBEHHON 3epKabHOM

1329,5

~ 9
oo~ 0,844126 (59)

Ki-3= K;-K3=2,250793 - 0,375035 =~ 0,844126 WU Ki3=

Cuenapuit HA3A/| nia ucxopHoro 3545 toxaectBeHeH cueHaputo HA3A/L as ucxonnoro 1581, moToMy uTo nepexoanbie Ko3agduuueHTh! Kz u K, ToX/1eCTBEHHBI.
He3HauuTe/ibHOE pacXoXaeHue B TPETbEM 3HAKe I0CJIE 3aAMSTON 00yCI0BAEHO HAJTUYHMEM +1 B aJICOPUTMeE, HAa YMCJIaX, OOJIbIIMX YEM B IPUBEAEHHOM IIPUMEPE 3TO PacX0oXKIeHHe

OyeT CTAaHOBUTBCS B UTOre NPeHEOPEXKUTENBHO MaJIbIM, U Ha OOLLUHK pe3yJbTaT BJAUATH He OyzeT. [[peHeOperast 5TUM He3HAYMTEIbHBIM PAcX0X/J,eHUEM MOXXHO YTBEPX/JATh,

yTo K;_, 1 K;_3 TOXK1eCTBEHHBL.
Kiz = Ky (60)

Jlis mo TBEPXKieHUsI CKa3aHHOT O MPUBO/IMM €lll€ OJINH CPAaBHUTEJbHbIN aHAJIN3, [/151 3€ PKaJIbHOM Mapbl TENEPD yKe C YETHBIM NOopsiAKOBbIM HOMepoM 10000, He4éTHBIX (2)10000

1 (M3)10000 (Puc.34). Ciieflyst airOpUTMOM BhIsIBJIEHHS aTPUGYTOB 3€pKabHOM Mapbl, U3JI03KeHHBIM popmysnamu (55) ... (57) onpeesnnm ux:

Puc.34. 3epkasbHad napa HeYETHBIX C YETHBIM NOpAAKOBIM HOMepoM 10 000 u3 psana ABYX U 3epKaJIbHOr0 eMy MHOKecTBa M3

BbInmoJIHUM CpaBHHUTEbHbBIN aHAINU3 3epPKaJIbHOM NAapbl HEYETHBIX U3 psifa yuces ¢ 46THbIM 10 000-M nMopsIKOBbIM HOMEPOM [0 COBEPILIAEMOU a/IrOPUTMOM paboTe U

reHe pUpOBaHMIO NlepexX0JHOTO KO3pPUIlMEHTA OT UCXOJHOT O K ouepeHOMYy. (Puc.35):
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HUcxoaHoe

Oqepe,aHo/ 3epKajibHOE
@ ~

\ UcxogHoe

%

)
NS
V4

<, 4
‘2 j@%@
oAos ) OuyepenHoe
Eiqel{giil;?)ee 59 999 HpI/IBIE)E,ELL'EL-EHHO,e
P K 3epKaJIbHOMY
A,[159 991,359 981] = 1359 981-159 991 | =199 990 A,[159 997,59 999] = 159 999-159 981 | =99 988 AL[359 981, 134 993] = |134 993 - 359 981 | =224 988
359 981 _9FI 37e0008 134 993
K,= "= ~22500078 3= ~ 0, = = — " =0,3750003
' 159991 159997 3" 359981

Puc.35. CpaBHUTE/NIbHBIN aHA/IM3 3e pKaJIbHOU Napbl HEYETHBIX 159 975 1 159 981 no coBepiiaemout paboTe u

FéeHEepHUPOBAHHUIO IIEPEXOJHOT'O KOSCI)(I)I/ILU/IGHTa OT UCXOAHOI'O K O9€epeEAHOMY.

I/IHOI‘,Z[a, KaK B HAllleéM IIPpUMEPE Ha Puc.35 odepeaHoe, HpHBeAéHHOG K 3€pKaJIbHOMY MOXKET COBIIaJdThb C 094€peaAHbIM 3€PKaJ/JIbHBIM I10 KOJIMYECTBY IIAroB, XOTA U ABJIAETCA

COCTaBJIAIOIIEHN OT APyrou 3epKajibHOM napbl. HaliiéM 3HauyeHre 00611ero nepexoJHOro Ko3agPpuilMeHTa 3epKaJbHON Mapbl

Ki—2 = K;-K; =2,2500078 - 0,3750007 =~ 0,8437545 (61)

Haiiiém 3HaueHue 06111ero nepexoAHoro koapduureHTa napbl TOXK/1€CTBEHHON 3epKabHOM

134 979,5

Kis = Ky K3 ~2,2500078 - 0,3750003 ~ 0,8437537 I 159 991

Kiz = ~ 0,8437537 (62)
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3HaueHue 0011ero nepexogHoro koadgpuiiveHTa Jito60ro ¢pparMmeHTa MocCjaAe[0BaTeJIbHOCTU MEHbIIIEe eJUHUIbI BCETJa YKa3blBAET HA MIEPEXO0/], 0Uep eJHOT0 HHMXKE UCXOJHOTO.
Haliném 3HayeHUe 0611ero nepexoiHOro KoadduireHTa 3epKajlbHOW NMapbl /15 APYTHUX PSAAO0B.
Bo3bMéM 13 Kaxoro 3akoHoMepHoro psaga rpynn (1)s, (2)s, (3)s, ... (G)s u MHOxecTBa M2, M3, M4, ... MM 3epKa/ibHYI0 1apy, C IPOU3BOJIbHBIM NOPAAKOBBIM HOMEPOM, HAalpUMep

s=10, a=10 ¥ npMeHUM K HEMY aJropuTM (4). Pe3ysibTaThl cBeJieHbI B Tabuuiy 6

. o _ [lepexonHbIN
Coenapwn BITEPE]] Cuenapwit HA3A/T
K03 PuLiieHT
P\ Ouepentioe K1 Py o K2 K=K1-K2
CXOITHOE CXOJTHOEe yeperrHoe =K1 -

(G)sEM; a eM,, (M) 10 A peit

(1)10€M1 75 113 1,506666 (M2)10 73 55 0,753425 1,135
(2)10EM, 151 341 2,258278 (M3)10 157 59 0,375796 0,848
(3)1061\/[1 303 1025 3,382838 (M4)10 293 55 0,187713 0,635
(4)10EM; 607 3077 5,069193 (Ms)10 629 59 0,093799 0,475
(5)1061\/[1 1215 9233 7,599177 (M6)10 1173 55 0,046888 0,356
(6)10€M1 2431 27 701 11,394899 (M7)10 2517 59 0,023441 0,267
(7)16EM; 4863 83 105 17,089245 (Mg)10 4693 55 0,011719 0,300
(8)1061\/[1 9727 249 317 25,631438 (M9)10 10069 59 0,005859 0,150
(9)1061\/[1 19455 747 953 38,445284 (M10)10 18773 55 0,002929 0,112
(10)10€M1 38911 2243 861 57,666495 (M11)10 40 277 59 0,001465 0,084

Ta6smmpa 6. Tabsimua nepexofHbIX KO3GPUIMEHTOB 3epKaJbHbIX IIap

EnuHcTBeHHas U3 nepevyrc/ieHHbIX, B Tabuiune 6, 3epkaibHasd napa (1)10€EM; 1 (M3)10 UMeeT nepexoHbii k03¢ duuueHT 1,135>1. Y apyrux nap sToT K03pPUIHeHT MeHbllle
e/IMHUIbL. B KOHIIEN MM 3epKa/IbHbIX Map TOJIbKO Yepe0BaHUE psijia OIMHOYHBIX U3 M1 1 MHOkecTBa M2 obecnieurBaeT PO/ BUXKEHUE BIIEPE, BCE OCTAIbHBIE MEPEBOJSAT YHCJIO
HI>Ke UCXO0AHOTo. B Kaxki01 3epKkasibHOM nape cueHapuii HA3A/l iMeeT Bceria mitoc oAWH mar. /lonoJHUTebHbIN LAl BJAUSET KaK HAa COBEPIIAEMYI0 aJITOPUTMOM pPaboTYy, TaK M Ha
nepexoAHbId KoappuinueHT. CueHapuidi HA3A/I He siB/isieTCS MPOI0J/HKe HUEM CBOEM 3epKaJIbHOM NMaphbl, U TOTOMY MbI Cpa3y He BUJWUM MPeUMYyIecTBa JA0NOJHUTeAbHOrO mara. Ho
dakT 3ak/049aeTcsa B ToM, 4YTO cueHapuit HA3A/l ogHOM nmapbl CTAaHOBUTCS NPO0JKE HUEM 3€PKAJIbHOT O APYTOM. YUUTHIBAS TOXJECTBEHHOCTD MEPEXOAHBIX K03(PPHUIIMEHTOB
3epKaJIbHOT'0 ¥ IPUBEEHHOTO K 3€ePKaJIbHOMY, a TaKXKe YYUTBIBAs, UYTO OT epeMeHbl MeCT COMHOXXUTEJIEN (MepexoAHbIX KO3QPHUIIMEHTOB) pe3y/ibTaT UX IPOU3BEIEHUS He
MEHSETCS, OUEPENHOCTb BXOXK/IEHUS COCTABJISIOIIMX 3epKaJibHbIX MMap B MOCJA€I0BATEIbHOCTb CTAHOBUTCS YK€ HEe BaKHOU. Ha KOHeYHbIW pe3yJibTaT BJUSET OOIMM COCTaB
nepexoiHbIX K03QPUIIMEHTOB, UX KOJIUYECTBO U Ka4yeCTBO. B IJIMHHBIX NOC/€/10BaTEIbHOCTSIX HAUMHAKOT J€CTBOBATh CTATUCTUYECKHE 3aKOHbI, T03BOJISIOIME HAM YCPEAHUTD

K03 PULMEHTD], U TOT/A Pe3yJbTaT 6y/ieT 3aBUCeTh OT COOTHOIIEHHUs KoandecTBa ciieHapues BIIEPE/] u HA3A/] HakonJIleHHBIX B T10CJIe/[0BaTebHOCTH.
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M3 Tabsvibl 6, M0 NpU3HAKY KOJMYECTBA 3aHMMAEMbIX B HEW CTPOK, MOXKHO JaXKe MOJyMaTh O KOJIMYECTBEHHOM JIOMHUHHUPOBAHUM MHOXKECTB HEYETHBIX, NEPEBOAAIIAX YUCIIO
HU>Ke MCXOJIHOT0, HO 3TO He Tak. HecMoTps Ha To, 4yTo psj oauHO4YHbIX (1)s€EMI1 B mape c ps/ioM «HEYETHbIX» M2 3aHMMaeT TOJIbKO OAHY CTPOKY, OH COIEP>KUT POBHO MOJIOBUHY
BCEX HEYETHBIX U3 MHOKecTBa M1. 3To Xopouio BUAHO Ha Puc.17, a Takke oTMedeHO (52). 3Ha4YUT, KOJIMYECTBO 3€ pKa/IbHbIX Nap, 06ecrneyrnBaolUX NPOoABUKEHNE BIepE]] paBHO
KOJIMYEeCTBY Iap, KOTOpbIe IEPEBOAAT YUCJIO HUXKE UCXOLHOTO.

Tem He MeHee, JoMuHUpOoBaHUe ciieHapueB HA3A/| cymecTByeT. 1 OHO CBSI3aHO He C KOJIMYECTBOM OOBEKTOB: «HEYETHBIX», MHOXKECTB, PSAAO0B IPYyNI U Ap., HaJl KOTOPbIMH
NPOU3BOJATCA [EeNUCTBUS, a C KOJMYECTBOM pealM3yeMbIX aJITOPUTMOM 3epKasIbHbIX CcleHapueB. Ilpexkae Mbl  CYUTaNM, 4YTO MoOcaenoBaTenbHOCTh KossaTua 3To
10CJIE[0BATE/IbHBIN NEPEX0/] OT OJHOTO «HEYETHOTO» K IPYyTroMy «He4ETHOMY». Ho Temneps, ¢ MosiBJIeHHEM KOHIEMNIMU 3ePKaJIbHbIX AP Mbl YTBEPKaeM, YTO NIOCAE€J0BATENbHOCTh
KosuiaTia 3TO mocie0BaTe/IbHOCTh CMEHAIMX APYTr Apyra 3epKaJibHbIX CLieHapHEB BIIEPE/, u HA3A/Zl. Ho, 3epKaJIbHbIN BIIEPE/] Bcerga COBepllIaeT TOJILKO OJUH 1Iar B
npejiejiax MHOKecTBa M1, ¥ 3aTeM epexoAUT B OJTHO U3 MHOKeCcTB M2, M3, M4 ... Mm. A BOT He4éTHOe U3 MHOXecTB M2, M3, M4 ... Mm uMeeT BO3MO>KHOCTb COBepIIATh O0Jiblliee
KOJINYeCTBO NepexosioB U3 oAHoro 3epkasbHoro HA3A/[ B spyroe HA3A/], o Tex nop, NOKa He OKaXeTcd onATb B M1, B 0HOM K3 3aKkoHOMepHbIX pAAoB rpynn (G)sEM1 unn He
CBEPHETCHI B €JUHUIYY, BO BCEX CAYy4YasaX MOJUUHSAACH, CGOPMYJIMPOBAHHOMY, IPUMEHUTENbHO K TunoTe3e KoJsjiaTiia, MaTeMaTHYeCKOMYy 3aKOHY Iepexo/a KOJNYeCTBEHHBIX
M3MeHEeHHMH B KayecTBeHHble. B UTore Mbl MMeeM MOBTOPSAIOIIMIACA IJ106aNbHBIM CLleHApUii: ¢ 0JHOM cTopoHbl ofuH war BIIEPE/], a ¢ apyroi He meHee ogHoro HA3A/|. Takas
acMMMeTpPUYHAsl HalPaBJIEHHOCTb 3€pPKaJIbHbIX NEPEX0J0B CTAHOBUTCS MPUYMHOW AOMUHUpOBaHUs clieHapueB HA3A/l, npuynHOU 00OIENd TEHAEHLIMU aITOPUTMA AJIs Jit060ro
HaTypaJIbHOT O CBOPAYMBaTh I10CJIEJOBATEJbHOCTb B €IUHUILY.

3epKa/ibHas KOHIEeNMs pyH/JaMeHTa/JlbHa, OHA paboTaeT B JIIOOBIX MOCaeA0BaTebHOCTAX KoJiaTia, AJIMHHBIX, KOPOTKHUX, HO, pe3y/ibTaThbl €€ paboThl Jiyyllle BbISIBJSIOTCS B
JUIMHHBbIX. TeM He MeHee, JilOOyK IocJjeJoBaTeJbHOCTh KosilaTiia MOXXHO OTOOpasuThb B 3epKajbHOM KoHuenuuu. Ha Puc.36, B kadecTBe mnpuMepa, IpejcTaBJieHA

I0CJIeA,0BAaTEJbHOCTh C UCXOAHBIM 27.

HcxopHoe
P VOV VOV VO
27 X 91 / 6 11

8

26 44 42

V1 V1

MakcuMaJibHOE Hwxe ncxomHoro
7 7 7 7. 7 7, 7>
3 2

29

ar ~2 37 QA
- o

(1

3 2

283
54 80 152 228 3

Puc.36. IlocsenoBaTe/1bHOCT 3epKayibHbIX IaroB KoJsisiaTia ¢ ucxogHbiM 27

31ech, 10 9 mara BIIEPE/] cobaronaeTcs YCJIOBHBIM 6asiaHc. [IpeumMyiiecTBo B 1 MM 2 miara, elié He siBJSeTCs onpeaeasomuM. JJoMUHUpOBaHUE CTAHOBUTCS OYE€BUAHBIM MOCIIE
caenyromux vcnosHeHHbIX noapsa 5 maroB HA3A/. [ocaepoBaTenbHOoCTh maros 11, 12 ... 15 HA3A/| nepeBoUT MaKcMMa/ibHOEe 3Ha4YeHHe HeYETHOro 3077 HUKe MCXOAHOTO.
[Tocsief0BaTENIBHOCTD C UCXOAHBIM 27 BBIJEJNSAETCS CBOEW JVIMHOM M3 NEPBOM COTHH, HO BCE K€ 3TO KOPOTKas Moc/eJ0BaTeJbHOCTh. Ha TaKMX KOPOTKHUX MOC/Ie[0BaTEbHOCTSIX
TPYAHO NPOJEMOHCTPUPOBATh 60Jie€e IJ1I00aJIbHbIE 3aKOHOMEPHOCTH, YEM MPOCTOM MepPeXo/i OT OJHOT0 «KHEYETHOTO» K IPYTOMYy «HEYETHOMY» 110 U3BECTHOM PopMyJie airopuTMa.
Crienyroliee HaOJI0/leHMEe He MMEET OTHOIIEHMSI K JloKa3aTeJbCTBY runotesbl KoJslaTija, oHAKO, /Ba yAUBUTENbHbIX COBINAJleHUs AJis yuciaa 27. [lepBoe coBnajieHue: cymma
sepkaabHbIX Y.BIIEPEJ+YHA3AJl =10+17=27. Bropoe coBnaieHue: PecaoBy Thii Koz 911 B TOUKe KPUTHUYECKOTO IEPEX0/a.
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B [TPUJIOXKEHHWHU 2 npeacTtaByieHa 6iavkanias Kk 27-i nociaenoBateabHocTb “18 889 465 931 478 580 854 811", moBTOpsOIIasi TpPAaeKTOPUIO BCeX €€ 27 3epKasbHbIX 1IAroB. Y
KaXJI0U MOCJeJ0BaTeJbHOCTH CYIIECTBYeT OECKOHEYHOe MHOXKEeCTBO JAPYrUX IMOX0XHUX, HO, 0oJiee JJIMHHBIX MOC/AEe[0BaTeJbHOCTEN, KOTOpblE MOBTOPSIOT UX ‘KOPOTKHE’
TPAEKTOPHUH.

B I[TPUJIOKEHHUU 1 (Puc 1 ... Puc 10) npeacTaBsieHa Apyras NporW3BoOJibHAsA, HO OJIHA U3 caMbIX AJUHHBIX y2ke 70 100 000 000, nocsieqoBaTesbHOCTh KosllaTiia ¢ HCXOHBIM
Xo=63 728 127. Tam e, B IIpunoxkenuu 1 Ha Puc 2 oHa nmpejcTaBieHa B BU/Je NOCJIe0BaTeJbLHOCTH 3epKanbHbIX cueHapues BIIEPE/-HA3A/. JleMoHcTpauus 6oJiee JJIMHHOM
10CJIe,0BATE/bHOCTH IPOJAUKTOBAaHA HEOOXOJMMOCThIO NM0Ka3aTh TaKXKe U JAPyTrrue 3aKOHOMEPHOCTH, KOTOpPble Ha KOPOTKHUX MOC/e0BATEIbHOCTSAX HE MPOSIBJISIOTCA.

0611y 10 TEH/IeHIMIO aJIFOPUTMa B JIF060M NocefoBaTebHoCTH KosaTia y,06H0 OLleHMBaTh Yepes KoJMYecTBeHHoe 3epKasibHoe oTHomeHue YHA3A/ /S BIIEPE/], oHo pacTéT
HeINpepbIBHO BMECTe C POCTOM I0C/J€eA0BaTeJbHOCTH. B Tabsunilie 7 npuBeeHbl 3HAaYE€HUsI 3epKaJIbHbIX KOJIMYECTBEHHbBIX OTHOIIIEHUH B KPUTHYECKH BaXKHbIX TOYKAX HEKOTOPBIX

OT/eJIbHBIX IIOC/e0BaTEeJIbHOCTEM.

WcxomHoe Y HA3AJl/YBIEPE/
Xo s X,=Max st X,<Xo s X,=1
27 11/9=1,22 15/9 =1,66 17/10=1,7
18 889 465931 478 580 854 811 11/9=1,22 15/9 =1,66 110/50 = 2,2
63 728 127 5/5=1,0 97/55=1,76 150/80=1,8
77031 15/10=1,5 21/14=15 54/28=19

Tao6smua 7. Tabauia 3epKaJbHbBIX KOJIMYECTBEHHBIX OTHOLIEHUH /IS OTAEJbHbBIX MOC/IE0BAaTEIbHOCTE
JItoby10, Kakyr YroJHO [AJUHHYH TNOC/JAe0BaTeJbHOCTb, C KaKOWM YroJHO CJIO)XHOW TPAaeKTOPUEN BCerja MOXKHO aNMpOKCHMMUPOBATb, MOCJEA0BAaTEJIbHO OT OJHOU

alnmnpoKCMMalUyd A0 APYyrou, YIPOCTUTb O TPAEKTOPHH, COCTOAILLEHM U3 IOCJAe[J0BATEJbHOCTH 4YeTbIPEX KPUTUYECKH BAXKHBIX TOYEK, TAKUX KaK B TabJiule 7: HUCXOLHOE,
MaKCUMaJIbHOE€, HUe UCXOJAHOr0, e JUHHULIA.

B [IPUJIOXKEHHWH 3 Ha npuMepe Nnocief0BaTeIbHOCTH € UCXO4HBIM Xo=77031 MOXHO OTMETUTD CeAyIomui GpakT: KoJudecTBeHHoe oTHomeHue YHA3AJI/SBIIEPE/] B Touke
“Makcumym” 15/10 =1,5 u “Humxe ucxoguoro” 21\14 = 1,5 paBHbI. ITO 3HAYUT NOCIEA0BATENbHOCTD MPOJOKAET UJATH K CBOEMY MaKCHMyMy MOKa He HAaCTYNUT coobiTue “Huke
ncxofHoro”. Takyo ke CUTyaLMI0 Mbl 6y/JeM HabJI0JaTh U B KOHLEINIMH YCIENHOro pelleHHs. B J1060M ciydae, KoaMdecTBeHHOe oTHomeHue YHA3AJ/YBIIEPE/l pactéT
HeIpepbIBHO BMeCTe C pOCTOM IOC/eL0BaTeJbHOCTU. TeHAeHIUA aJropuTMa HaKalIMBaThb 3epKasbHble waru HA3A/I ckioHAeT Yyally BecoB BCerja B OLHY CTOPOHY, K eUHULLE.
JTOT QaKT NoKa ellé He JoKa3biBaeT runoresy Kosiatuya, Ho, CTaHOBHATCA BECOMBIM apryMeHTOM B €€ M0JIb3Y.

CyllecTBOBaHHE GECKOHEYHOM II0C/Ie[0BaTEJbHOCTH B YCIOBUAX 3€pKaJbHON KOHLENIUU BO3MOXHO NpH yciaosuu: YHA3AJ/YBIIEPE/I=1, nau ~ 1. Takasg BO3MOXHOCTH,
MOXXEeT ObITb peasiM30BaHa 4YepeJloBaHHEM «He4YETHbIx» M1 u My, no cueHapurw M1=M,=M1, npu ycjioBUH HeNpPepPbIBHOCTH TaKOro 4epeaoBaHHUs. [Ipu 3TOM, camMbIM
5(pPeKTUBHBIM CLeHapueM, U3 BO3MOXKHBIX, cjleayeT npusHatb M1=>M2=M1. [IpepriBaHre Yepes0BaHUd, epexo U3 M2, uau yioo6oro My, B jit060e Ipyroe MHOXXeCTBO KpOMe

NePBOro O3HAaYaeT HaKallJiuBaHHe 3epKajibHbIX »,HA3A/l, u Kak cjieicTBUE: OCyllle CTBJIEHUE 001N TeH/le HIIUU aJIFOPUTMA JJisl JIO0r0 HaTypaJbHOTro npy oTHoweHuu »,HA3A/l/

Y'BIIEPE/[>1 cBopaunMBaTh NOC/IE40BaTeALHOCTL B €MHHUILY. B CBOIO odyepesn, nepexos us (1)sEM1 B mo6oe apyroe MHOecTBO KpoMe M2, Bcerga mar HA3A/I, ¥ Kak cJie/iCTBUE:
O3HavyaeT O4YyepeJHOM LIAar B peasM3aliyd KOHLENUU YCIellHOro pelieHUdA. BeIBOJAbI, KOTOpble Mbl MOXEM IOJYYUTh U3 4depenoBaHud M1=>M2=M1 cnpaBenJuBbl U JJIA

ocTaJbHbIX M1=>M,,=>M1.

Jloka3aTesibCTBO YTBEpPXK/JIeHUs], YTO B aropuTMe KosislaTia He CylecTBYeT Mocje[0BaTeJbHOCTEHN, yXOAAIIMX B 6ECKOHEYHOCTb Tellepb HEOOX0AUMO U JIOCTATOYHO CBOJUTCS K

JI0Ka3aTe/IbCTBY HeM36eXKHOT0 NpepbiBaHUus YepeAoBaHusA M1 = M2 = M1 a1 /1l06bIX HaTypaJIbHbIX.
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2.6 JOKA3ATEJIBbCTBO HEM3BEXKHOI'O ITIPEPBIBAHUA CUEHAPUA POCTA M1 = M2 = M1 JVIA JIIOBbIX HATYPAJ/IbHBIX.

MB!I y2Ke BBIACHU/IH, YTO HEYKJIOHHOE IPOJBIKEHHE «HEYETHOTO» C YETHBIM IOPAAKOBLIM HoMepoM BIIEPE/] B npezesiax ogHoro MHokectBa M 1 orpanudeno. OHO 3aBeplIaeTcs
YUCJIOM C HEYETHBIM NOPAAKOBBIM HOMEPOM U CJ1eAyOLIUM LIaroM fnepexoJuT B OHO U3 MHOXeCTB M2, M3, M4, ... M,,. CueHapuy 4yepeZoBaHMe He4€THbIX M1 1 M2 umeeTt
Heo0X0/MMble KauyeCTBa, YTOObI CO3/,aTh YCJIOBUSA HellpepbIBHOr0 pocTa. CLieHapyy, B KOTOPOM YUCJIO0 NOKKUAasd MHOXKecTBO M1 nonazaet B M2, a cieAyomuM arom
BO3BpalaeTcs B M1, B Jito60H M3 psZI0B rpyIn HEYETHbIX M 1.

JIto6ble pyrue yepeJOBAHUS C IPUBJIedeHHEM MHOXeCcTB M3, M4, M5 ... M, Ma/lonpyro/iHbI JJ1s1 BbISIBJIE HUS Clie HApHEB HEYKJIOHHOTO MPOJBKEHUS BIIEPE]], TOTOMY UTO 3TO,
KaK MPaBUJIO, BCETr/la Lar Ha3a/, BCer/ia npepbiBaHUe MPOJIBUKEHUST BIIEPES,.

CyliecTBOBaHME PS/IOB IPYII «kHEYETHBIX» JleJlaeT MHOXKeCTBO M1 kauecTBeHHO HeoAHOPOAHBIM. Ho, Bce 6e3 UCKIII0UeHUS TPYyIIbl 3aBEPLIAIOTCSA B IO3ULIMH PsiJia OJUHOYHbIX

(1)seM1. [ToaTomy 1 nepexon U3 M1 B Jito60€ ipyroe MHOKECTBO COBEPIIAETCA BCerja U3 psijia oquHO4YHbIX (Prc.36).

(1)seM1

(1)) (1)) (1)) (1)) (1)) (1)) (1)) (1)) (1)) (1) (1)) (1)) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1)
1 2 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 bE 24 25 26 27 bE 29 30 31 32

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 EE] 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63

Puc.37
W3 psijja opMHOYHBIX Tpynn He4éTHbIX M1 caenaeM nepBbii war no aaroputmy Kosiatia k odepeiHoMy «He4éTHOMY» (Puc.37):

(1)sEM1=Mm

() () () () 1 1 () () 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

FEEEFEP444 4444454004440 40404444

Puc.38

Bce yncia psiia OAMHOYHbBIX C YETHBIM MOPSAAKOBBIM HOMePOM (1) ,(1)4, (1)¢ ... mepeniu B M2, a yucia c HEYETHBIM NOPSAAKOBbIM HOMepoM (1)4, (1)3, (1)s ... mepeuwiv B oA4HO
U3 MHOXecTB M3, M4, M5 ... M. Mex/ly 46 THOCTBIO OPALKOBOr0 HOMepa Yucaa U ciieHapuaMu BIIEPE/I-HA3A/I cymecTByeT npsaMas Koppeasiys, CBOs A1 KaKA0r0 MHOXeCTBa.
YETHOCTH NOPSALKOBOr0O HOMEpPA CTAHOBUTCA JI1 HAC MIPU3HAKOM TOTO UJIM MHOT O CleHapus oyepeHoro mara. Cpey «He4éTHBIX», KOTOPbIe OKa3aJIMCb BO MHOXeCTBax M2, M3,

M4..1 T.4., TakxKe COOJIIOAAETCS Yepea0BaHUe YETHBIX - HEYETHBIX.

CaieslaeM BbIOOPKY YMCE psifia OJWHOUYHBIX C YETHBIM NOPsAAKOBBIM HOMepoM (1)2,(1)4, (1)g ... (1)2n, BCEX TeX, KOTOPbIE BCerga nepexogat B M2.

(1)sEM1=>M2
{103 § (123 § (143 | a6y § (183 J (203 | {223 | (24 {503 | {52} | {543 | (56} | (58} | {60} | {62} | {64}

26 28 44 50 52 54 56 58 60 62 64

£) ‘ 103 ‘ 107 ‘ 111 ‘ 115 ‘ 119 ‘ 123 ‘ 127
5

78 81 84 87 90 93 96

@ (ﬂ) (B) @ @ @ (ﬂ) (466) (468) OYOWOVWVOYWVOVWVOVW ©WY D
95
72
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3 6 0 12 15 18 21 24 27 El 3

Puc.39



BrinosiHMM o4YepeHOM Iar aJiIrOpUTMa

(1)sEM1=>M2=>Mm

D POV OO OUWOY OO OOV OOV OYOY OOV OGOV OOV OYOYVOYVOVYVOYOTVTVOYOTVOYOYOvYTeYw
p 3 6 8 10 12 14 16 18 20 2 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

PELPP PP P00 9099999490999999999 99

3 6 ¢ 12 15 18 21 24 27 30 23 36 ) 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 B 96
4)J [ [ D [ » D ) ) )) D ) D )
1 el 7 18 6 27 16 36 8 45 25 54 15 63 34 72
p 8 7 17 1 26 16 35 10 44 25 53 8 62 34 71 19 80 43 89 6 98 52 107 28 116 61 125 17 134 70 143

Puc.40

«He4éTHble» UCXOAHOr0 psAJla, UMelolMe NOPSAKOBBIM HOMep KpaTHBIH 2 B pafe oAUHOYHBIX, (1)2=2.1 , (1)6=2.3, (1)10=25 --- (1)2.(2n-1), IPH Ji€JIEHUH KOTOPOIO Ha 2 OHO
CTAHOBUTCA CpPa3y HEYETHBIM, BCETa NEPEXOAAT B O3UILUI0 HEYETHOIO MOPAJAKOBOr0 HOMepa B M2, KoTopoe B o4uepeJHOM 11are, NepexoJuT B O4HO U3 MHOKeCcTB M2, M3, M4 ...
Mm, u HuKorga B M1, TakuM 06pa3oM, oCylleCcTBJIsAA CTpaTer uio Hakon/ieHus 3epkanbHbix HA3A/I. 3HauuT «He4éTHbIe» (1)2.c2n-1) ABJIAIOTCS HCTOYHMKAMH HaKOIJIEHUe
3epkasibHbix HA3A/I.

M3 cka3aHHOTO BBIIIE CIEAYET, YTO KKI0€ «KHEYETHOE» M2 ¢ HEUETHBIM NOPAJKOBBIM HOMEPOM TaKKe SBJISeTCSA UCTOYHUKOM HaKomieHus 3epKaibHbiXx HA3A/I. 3To Takxke
byHIaMeHTaIbHO, KaK U TO, YTO U3 OECKOHEYHOTO Ps/ia HEYETHBIX, IPUHAJIeXKalMX M2 TONbKO YK C/a C YETHBIM NOPSAAKOBBIM HOMepoM (M2)g, (M2)12, (M2)1g ... U T.A., C1€AYIOT
CLIeHapHIo poCTa, T.e. Bo3BpaiaTcs B M1. [loka 3adpukcrupyeM 3TO KaK HEMPEJIOKHbIN QaKT.

M3 Puc.39 caesaeM BbIOOPKY «HEUETHBIX», CJIEAYIOUIUX M0 Clie HApHS HENPEPBIBHOT O POCTa

(1)seM1=>M2=>M1

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
[ 1) 1

+++++++++++++¥¥¥4+++++++++¥¥¥¥¥”
2002 000000000200200000000000¢

n
1 3 5
1
4

125 134 143 152 161 170 179 188 197 242 251 260 269 278 287

Puc.41

Bbibopka «HeYETHbIX», IPUHaJIexaliasg M1, a TouHee psAagy oAMHOYHBIX (1)s-4n€M1: 27, 59, 91 ... «32n-5» gBJSIeTCS PSJOM HMCXOJHBIX «HEUETHBIX», U3 KOTOPbIX B NPUHLUIIE
MOryT GOpMHUPOBaTbhCsl pparMeHTbl HENMPEPBLIBHOTO POCTAa B ClieHapuu vyepefoBaHusi M1=M2=M1. [laBHbIM NPU3HAKOM 3TOTO psjia SBJSETCS YETHBIA NOPSAKOBbIM HOMeEpP
KpaTHbIH 4. Yucaa psga oguHo4YHbIX (32n-5)=(8:{4n}-5)EM1, c 4ETHBIM NOPSAKOBBIM HOMeEpP KpaTHbIM 4, Bcerga nepexofsT B (8a-7)EM2, B MO3UIUI0 YHCIA C YETHBIM
NOpPAAKOBBIM HOMEPOM B 3TOM HOBOM MHOECTBE.

3-(32n-5)+1 ~ 96n-14
2 B 2

= 48n-7=(8-{6n}-7)EM2 = (48n-7)EM2 (63)

OdyepeaHbIM X0JIOM «HEYETHOE» Bo3BpallaeTcs B M1, Ho, i npoAo/ikeHUs YyepegoBaHusi M1=>M2=>M1 He06x04¥MO, YTOObl «HEYETHOE» OKa3asoCb B MO3UIUU (1)s-4nEM1.

HeBaxkHo, cpa3y B mo3unuu psaa (1)s=4n€M1, uam no 3aBepiieHU0 ogHOTO U3 psaaoB rpyni: (2)s=(1)s=4n€M1, (3)s=(1)s=4n€M1, (4)s=(1)s=4n€EM1 ... u T.A. BaxkHO, YTOOBI
«HE4YETHOE» 0Ka3aJsIoCh B MO3UIUM psifila OJUHOYHBIX, C YETHBIM NOPSIIKOBbIM HOMEPOM KPAaTHBIM 4.
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M1 = M2 = M1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

++++++++++++++++++++++++++¥¥¥¥

1))
24 128

( MM > P> W Wi P> Y 1)
27 16 25 54 15 63 34 72 135

98 107 116 125 134 143 269

A A . 4 A

'

'

A

el

203 284

405 1134

851
1701

Puc.42

Kaxxgpiii u3 psagoB rpymm: (2)s€M1, (3)s€EM1, (4)sEM1 U apyrux, 3aBepllaeTcss «HEYETHbIM» U3 Psifa OAMHOYHBIX (1)sEM1, HO, TOABKO YacTh U3 HUX, MPUHAJJ/Iexalas psaay

OJHUHOYHBIX C YETHBIM IMNOpAAKOBBIM HOMEPOM IIPOAOJIZKAET CJI€J0BATb BbIGpaHHOMy Cl€HapHIo .

Mebl npuk/iajbiBaeM onpefiesiéHHble yCUJIUS 10 YIOPsAJ0YMBaHUIO COOBITUM, a HA OYepeJHOM 3Talle NOPAJOK pa3pyllaeTcs, U HaM CHOBA HaJl0 NMPUKJIAAbIBAaTh YCUJIUA MO €ro
ynopsiiouBaHui0. Y Tak mo kpyry. B gelicTBuTesibHOCTH, B anroputMe KosuiaTioa cyliecTByeT He3blOJeMbli NOPSALOK COOBITHM, KOTOPBIM Mbl HE MOXXeM NpeofoJseTh. Hamm
MCKYCCTBEHHbIEe BbIOOPKU He YCTAaHABJIMBAIOT HOBBIM NMOPALOK, HE U3MEHSAIT NpeAblAYIIUKA, OHM [0 NMpPeXHEMY OCTAlTCHA OTAEJbHOM BBIOOPKOW, YaCThIO OJHOTO M TOrO Ke

JIeUCTBYIOIEro NopsiKa.
M3 32-x npeacraBiaeHHbIX (Puc.42) ToibKo YeTBEPTAs YaCTb BepHYJ1achb B UCXOAHBIN pAL, (1)s=4nEM1.

Paznoxum psij dparmeHTOB nocsienoBaTebHOCTEN (Prc.42) nmo npu3HaKy NpUHA/IEKHOCTH K COOTBETCTBYIOLIEMY UM PSJly TPYIIII.

CdokycrpyeM CBOE BHUMaHUe HA IpocTeuIeM ciieHapuu pocta: (1)sEM1= M2 =(1)seM1
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1) Ha Puc.43 npeacTtaBsieHa BbIOOpKa GparMeHTOB, B KOTOPbIX «kHEYETHOE» U3 psifia OJAUHOYHBIX (1)s-4,EM1 Bo3BpalaeTcs B psJi OAMHOYHbIX (1)s-nEM1

As=4-2" M1 = M2 = M1

........................ 3 4 5 6 7 8 9 13 14 15 16 17 18 19 24 25 26 27 28
OO0 0600000000000 OCOC0OO0CDO0DO0CDOCDOOODOOOODOO
(1)) (1)) 11; 1%3 113 (1) (1) ((1) (1)) ) ((1) ((1) (1)) 1)) 1)) zi? 2%}

29 30 31 32
© 06 0 O

1) 1)) 1)) 1))
PETS 240 248 256

Puc.43

TopsAAKOBBIN HOMEP «HEYETHOTO» U3 PAJA OJAMHOYHBIX B KOHLENI[MH HEMPepbIBHOTO POCTA MPUHUMAET OJHO U3 YeThIPEX IKBUBaIeHTHbIX 3HaueHui: (DN, )\, BN, @7

@\ - HEYETHbIM NOPSIKOBbIM HOMEpP, 03HAaYaeT B ouepeaHOM Luare nepexon B M3, M4, M5 ... Mm, (cMm.Puc.38);

(2)\N - 4ETHBIH TOPALKOBLINA HOMEp, KpaTHBIH 2 (ITPH JieJIleHUH Ha 2 CTaHOBHUTCA Cpa3y HeUETHBIM), 03HadaeT Ilepexo/ B ClleHapuii HaKoIleHus 3epkaabHbx HA3AJL (cm. Puc.40);
(3)\ - HeyETHBIN NOPAAKOBLIN HOMEp, 03HaYaeT nepexoz B M3, M4, M5 ... Mm, (cM. Puc.38);

@)/ - 4éTHBIN NOPALKOBLINA HOMED, KPaTHBIH 4, C/le/lyeT CLieHapMIo PocTa Mo airoputMy M1 = M2 = M1;

JKBUBaJIeHTHBIH MOPAKOBbII HOMEp «HEeYETHOTO» U3 PsAZia OJMHOYHBIX (COKpawéHHo JKB.NO,) onpeie/igeT nepcleKTUBY ABMXKeHUs «HedéTHoro» BIIEPE/] unu HA3A/:
9kB.N2s_,, =@ , enMHCTBEHHOE, KOTOpOE ClleAlyeT cLieHapHii pocta, octanbHble (1), (2), (3), c mopALKOBBIM HOMEPOM S#41 €ro MpepbIBAIOT.

2) Ha Puc.44 npeacraBiieHa BbI60pKa GpparMeHTOB U3 Puc.42, B KOTOPBIX KHEYETHOE» U3 psifia OAUHOYHBIX (1)s-4nEM1 Bo3Bpaujaetcs B psaf AByX (2)s=n€M1

As=4-2% M1 = M2 = M1

........................

1 2 3 4 6 7 8 9
99999999999999999999999999@9999@
DY OYOY®» D (1) L1 L1 LN LN L1

236 252 268 2 316 332 348 364 380 396 412 428 444 460 476 492 508

4
16 25 34 43 52 61 70 79 88 C)7/ 106 115 124 133 142 151 260 269 278 287 296 305 314 323 33 359 3

## #ttﬁt#ﬂt ﬂ##%#ttﬁﬁ 11t

255 795 1011 1065 1119 1173 1227 1281 1335 1389 1497 1551 1605 1659 1713
' \ ~A ~A ~A ~A P 4 ~ ~A ~A P 4 ~A ~A ~A - ~A A ~A - ~A ~A ~A P4 ~A ~A ~

Puc.44
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3) Ha Puc.45 npeactaBiieHa Bbibopka ¢parMeHTOB U3 Prc.42,, B KOTOPbIX «HEUETHOE» U3 PsAia OAUHOYHBIX (1)s-4nEM1 Bo3Bpalnaetcs B psaa Tpéx (3)s-nEM1

As=4-2 @) M1 = M2 = M1
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
99999@999999999999999999999999
1 1)) 1 1)) (1)) 1 1 1)) 1)) 1 1 1)) 1 1)) 1)) 1)) 1 1)) 1) 1)) 1 1)) 1))
80 12 244 308 340 372 404 468 500 532 564 596 628 660 692 724 756 788 820 852 916 948 980 1012

1 2

423 487 679 743 807 871 1127 1191 1255 1319 1383 1447 1511 1575 1639 1703 1767 1831 1895 1959 2023

‘ ‘ ‘ 1038 ‘ 1086 ‘ 1134 ‘ 1182 ‘ 1230 1278 ‘ 1326 1374 ‘ 1422 ‘ 1470 ‘ 1518
285

1412 1556 1700 1988 2132
1589 1670 1751 1832 1913 2075 2156 2237 2318 2399 2480

3177 3339 3501 3663 3825 3987 4149 4311 4473 4635 4797 4959

' U V. A U U VS A U U U A U U U AR W U U A U U U AR U U U AR U U U, A |

Puc.45

U Tax Jasee..., KOKIOE «HEYETHOE» GECKOHEYHOr 0 MHOXecTBa M1 B anroputMe KosslaTia B UTOre MpUHUMAET OHO U3 YeTBIPEX SKBUBaseHTHbIX 3HayeHui: (DN, )N, BN, @/
B cBOIO 04epe/ b, Kaxgoe skuBaeHTHoe @)/ mooyepesHo nepexonut B ofHo u3: (LN, )N, BN, @/. ITo MPUBOAUT K TOMY, UTO B Kax10i oyepesHoi BeiGopke @/, KomyecTBO
dparMeHTOB NOC/Ie40BaTENbHOCTE i «<HEYETHBIX», CIeAYIOIIHX M0 Clie HAPUIO POCTa, COKPAILAeTCs POBHO B YeThIpe pasa.

M1 = M2 = M1

1 {1
356 612
711 1223 1735
= v v x

534 918 1302

(6D C(6)) C(6)) C(6)
4 13 22 31

(5] (51 (51 ((5))

3 12 21 30

0 ‘ £ ‘ 656 ‘ 944 224 800 1376 1952
03 932 1661 2390 > 22

405

A > 4 'S A ' A A -

8

Puc.46

JIro6oM u3 PA40B T'PYIIII «HEYETHDbIX» IIepBOro MHOXKE€CTBa 3aBepliaeTCd pAAOM OAWMHOYHLIX, B KOTOPBLIX 3dKOHOMEPHO 4YepeayroTCAd IOoC/IeA0BATECJIbHOCTH 3KBHBAJIEHTHBIX

snavenui: (DY, QN, GN, @/
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W3 Puc.42 BbIfie/IUM Te, KOTOpbIE B 0OYepeHOM Iare okasaancb B M1 (Puc.43) cpasy B psie OfMHOYHBIX C YETHBIM NOPSIIKOBBIM HOMEPOM, KPaTHBIM 4.

As=4-2" Fie1 {(1)s-4n€M1, M2, (1)s-4n €M1 |

1 2 3 4 5 6 7 8 2 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

©0000000000000000000000000000000
160 192 224 PR 284 320 448 480 544 576 608 640 672 704 768 800 864

319 383

Yy v Y Y Y vy X Yy Yy XY Y vy Y ¥ v

447 511 575 639 703 895 959

672 816 912

1 [ [ [ [ I l ] 1)) ] ] 1)) ] 1)) 1)) 1N 1 ] ] (1N 1 1 1) 1 i)
88 9% 68 504 4 612 43 684 720 ES 9 64 900 6 1008 g 1080
2015

1223 1367 1439 1511 1727 1799 1871

431
- - 4 - - - 4 - 4 - 4 - - 4 - - - 4 - - - 4 - - - - -

Puc.47

Y
Y
Y
Y
N

Tak MbI MOJIyYUITH TIEPBYIO BEIGOPKY «HEYETHBIX» CJI€/IYIOIIMX 10 Clie Hapus HenpepbIBHOT 0 pocTa. 0603HauuM eé Fi_1{(1)s, M2, (1)}, rae k=1 nopsiKoBbIi HOMep BHIOOPKH,

yKa3aHHOTO B CKo6Kax Fi{...} cuenapus nenpepbiBHOro pocta. Homep {Si-1}n He4éTHOro» B ucxoaHom (1)sEM1 paBeH:

{Sk=1}n =32n (64)

VuuTbiBas (46) u (62) ucxoanoe psaga Fi-1{(1)s, M2, (1)} onucbiBaetcs (65):

szl{ (1)s=4n€M1, M2, (1)S=4neM1] = 8-{Sk=1}n-5 = 8:{32n}-5 = 256n-5 (65)
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BbInoJIHMM Nepexo/, K ceAyolieMy HeYETHOMY U3 Psiia OAMHOYHBIX C YETHBIM MOPSJKOBBIM HOMEPOM, KpaTHBIM 4.

Fk=1{(1)seM1, M2, (l)seMl}

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

(1D (1)
512 544

1)

3416

6831
1742

e

6966

N
S

10449

¥

Puc.48
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CresnaeM u3 HUX o4epeHYI0 k=2 BbIOOPKY

B {(1)S=4neM1, M2, (1)s=4n€M1}

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

6 7 8
O 0 O O 060000O0O0O0

1 1 1 1 1 1 1 1 1 1
1536 2048

5
1
1280

1 2 3
0000

1024

4
1
2

2047 2559 3071

v v v vy

1 1 1
1152
PEVE!
=

1 ( 1 ( (1)) 1 (1 1) ( ( 1)) 1))
5184 5508 5832 6156 6480 6804 7128 7452 7776 8100 8424 8748 9072 9396 9720 10044 Y 10368

10367 11015 11663 12311 A 12959 13607 14255 14903 15551 16199 16847 17495 18143 18791 19439 A 20087 A 20735
- - - - - - = el - - = - - - - el - 2 - - - 2 - el - = - - - - - e

Puc.49

Tak MbI [TOJIYYUJIHA BTOPYIO BBIGOPKY «HEYETHBIX» CIEAYIOIINX M0 Clie Hapusi HenpepbiBHOro pocta. Homep {sk-»}, HeyéTHOro» B ucxomuom (1)s€EM1 paBeH:

{Ske2}n = 256n (66)
VaurteiBas (48) u (66) ucxogHoe psaga Fr->{(1)s, M2, (1)s} onuceiBaetcs (67):

Fie2{(1)s=4n€M1, M2, (1)5_4n€M1 | = 8+{Sic_}n-5 = 8-{256n}-5 = 2048n-5 (67)

B ciienyromeit nrepanuu Homep {Sk-3 }n, He4ETHOro» B UcxoqHOM (1)sEM1 paBeH:

{Skez}n = 2048n (68)
VuursiBas (48) u (68) ucxoguoe psiga Fr=3{(1)s, M2, (1)s} omuceiBaetcs (69):

Fices{ (D)5=4n€ML, M2, (1)s-4n€M1 | = 8{Syc_}n-5 = 8-{2048n}-5 = 16384n-5 (69)
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Tak MOXHO POJO/KATh 6eckoHeyHo. g cueHapus (1);EM1=>M2=(1);EM1 cyuecTByeT 6e CKOHEYHOEe KOJIMIECTBO I10C/Ie[0BaTeJbHOCTEN, B KOTOPBIX NOPAAKOBBIA HOMEp {Sk}n

Hedy€THOro» B ucxogHoM (1)sEM1 B 06111eM BU/le paBeH:

{Sihn = (2742).n (70)
VuurbiBas (48) u (70) B o6memM Buje ucxognoe paga Fy {(1)s, M2, (1)s}EM2 onuceiBaerca (69):

Fiel (1)5=4n€M1, M2, (1)5-4n€M1} =8-(25%*2)n-5 (71)

M3HavasibHO, B (64), (65) MbI ONpeieIn/IH, 4TO «K»- IOpSI/IKOBBIM HOME P BbIGOPKH, YKa3aHHOTO B CKO6Kax Fi{...} ciieHapust HenpepbIiBHOTO pocTa. Teneps, yKe Mocjie HeCKOJIbKUX

I10CJIeI0BAaTE/NbHBIX HTEPALIMA MOXEM YTOYHHUTh: «K» - €CTh KOJIMYECTBO MIOBTOPEHUH ClleHapUsl YKa3aHHOTO B CKOG6Kax Fi{...}, 110 3aBepIe HHI0 KOTOPOro «<HEYETHOE» TEPEXOUT B

JIDYTOM ClieHapUH. A miepexo/i KHEYETHOTO» B IPYrOX CliIeHapUK O3Ha4YaeT KOHEYHOCTb TEKYIIETO.
Onpegennm Q(1)s - K03 duIEHT Epexofa OT OAHOTO MOPSLKOBOr0 HOMEPA «HEYETHOTO» K IPyroMy B crieHapuu pocta (1)sEM1=>M2=(1)seM1;

N3 (Puc.41) numeem:

(1)s=4n€M1 = 32n-5 (72)
[lar 1:
3-(32n-5)+41 _ 96n-14 _ o (73)
2 2
[lar 2:
3.(481-7)+1 _ 144:-20 — 36n.S (74)

OdyepenHOe HEYETHOE, onM cbiBaeMoe GopMysiol «36n-5» 6yaeT npuHaaiexaTh (1)s-4n€EM1 = 32n-5 npu ycsoBUU paBeHCTBa:

36{n;}-5=32{nis1}-5 .  36{n;}=32{ni;1} (75)

31ech; {Nn;}-nopsAKOBbIN HOMED UCXOHOTO KHEYETHOTO» B (1)5-4nEM1;

{n;,,}-nopsaKOBbBIN’ HOME P OYEpPEIHOTr0 «HEYETHOTO» B (1)5-4nEM1;

YuuTeiBag, yTo s=4n u3 (75) cienyet (76):

36{—“}} = 32{%{4} — 9fs}=8fsia} — K =%}1}= % =L125 T {sia)=1125(s) e

K03} UIIMEHT epexo/ia OT 0OAHOTO MOPSAKOBOro HOMepa «KHEYETHOTO» K IpyroMy B clieHapuu pocta (1)sEM1=>M2=(1)seM1 paBen Q(1)s=1,125
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M3

1,125

M4
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1,125X=X+0,12 5X=X+%X

4
1,125(X+ 55 X)=(X+ 5 X)+ 0,125 (X455 X) =X+ X

4 4 4 7
1125(X+ 0 X)=(+ 5 X)+ 0,125(X+ 5 X)=X+—5- X

27 7 27
1,125(X+7 5 X)=(X+5 X)+ 0,125 (X+ “ X)=X+2+H7 y

He4yEéTHOe

1125 Xiq = KX + =50

X

He4yETHOe

1,125-Xx =KX +W X

2  HeYéTHoe

1,125-Xy = K-235+2 - W

272 = yarhoe +w = yéTHOe +/poGHOe = POBHOe



Onpegennm Q(2)s - k03 dULIEHT Nepexoa OT OAHOTO MOPSLKOBOr0 HOMepa «HEYETHOrO» K JpyroMy B cieHapuu pocTta (1)sEM1=M2=(2)eEM1=(1)eM1:

Umeem ncxoanoe (Puc.41)

(1)s=an€M1 = 32n-5 (84)

War 1: (1)sEM1=M2

3-(32n-5)+1 _ 96n-14

- S =48n-7 (85)
[lar 2: M2=(2)seM1
3-(48n-7)+1 _ 144n-20 _ . o (86)
4 4
[lar 3: (2)sEM1=>(1)seM1
3-(36n-5)+1 _ 108n-14 _ ., (87)

2 2

B kaxkgoM ouepeZHOM LIare OJyH 3aKOHOMEPHBIN psiZ, 1o popMmyse anroputMma (3X+1)/2 TpaHchopMupyeTcsi B pyroi 3aKkOHOMepPHbIN psif, [lopsaKoBbI HOMEP «HEYETHOTO»
UCXOJHOrO psfia 00beAuHSET «HE4YETHbIe» OYepeHbIX 3aKOHOMEPHBIX PAJOB B OJHOW MOCJef0BaTeJbHOCTH. [lepexos OT OfHOTO «HEYETHOrO» K JPYTOMY «HEUYETHOMY» B

anroputMe KostaTua - 3T0 Bcer/ia nepexo/i U3 0JHOT0 3aKOHOMEPHOTI'O PAA «KHEYETHBIX» B IPYTrOM 3aKOHOMEPHBIH.

OuepegHOe HEYETHOE, ONM cbiBaeMoe GopMyJioh «54n-7» 6yeT npuHagaexaTh (1)s-4n€M1 = 32n-5 npu ycioBUM paBeHCTBA:
54{n;} -7 = 32{nis1}-5 27{n;} -1 = 16{n;,1} (88)

31ech; {Nn;}-nopsiIKOBBIN HOMED UCXOHOTO «KHEYETHOTO» B (1)5-4nEM1;

{n;,,}-mops1AKOBBIN HOMED OYEPEJHOTO «HEYETHOTO» B (1)5-4nEM1;

YuuTsiBas, yTo s=4n us (88) cienyet (89):

270} -1 =16{n;,,) 27{—?} i = 16{%‘:*4} — {si+1}=m%g"—4 D s} =Q() fsi) 2TEE @)
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AHaJIOTMYHBIM 06pa3oM omnpeaeauM Ko3GOUIMEeHThI Tepexo/ia OT OJHOr0 MOPSIKOBOTO HOMePA «HEYETHOIO» K IPYroMy B APYTHUX 6a30BbIX ClieHapusx pocTa (Tabsuua 8):

Ne o <D0pMynanepexoaanopﬂaKOBoro (DOpMYHaHepeXOAaHOpHﬂKOBON)HOMepa B
) CHEHapI/II/I pocra HOMEpa B Cli€HapHHU POCTa Cll€HapuH poCTa B J€ECATUIHOM IIpeACTaBJIEHUH
9 {s;}
1 [ €M1 = M2 = (D 5 ML | {sua}ar=Q()s{si} = =5 {1}y = 1,125 {s}}
27 {s;}- 4
2 | (D)) EM1I=M22(2)s= ()5, 4 €M | {sia}@=Q@)s {si} = =1 {sis1} =1,6875{si} - 0,25
3 | (D) EMI=M22(3)5=> (s, 3 EML | (5,135, =Q3) s} = g2 s} =2,53125 (s} - 0,625
243 {s;} - 76
4 (D EMI=M2=(B)s= (D), 3 EMT | {sin}r=Q@)s {si} = ‘(64)‘ {Sis1}ay =3,796875 {s;} - 1,1875
5 | (D53 EM1=2M2=(5)s= (g, 3 EML | {5101}(5)=Q()s {51} = 722 1{;;"260 {Si}csy = 5,6953125 {5} - 2,03125
6 | (151 EM1=M2(6)s=> (D, 3 EML | (Sira}@=QO)s {si} = 2187 ;?6'844 {Sia}cey = 8,54296875 {s;} - 3,296875

Ta6smua 8. Tabsiuna Gopmy.1 nepexosia «<Hed€THOTO» U3 pafa (1)s-4n EM1 0T 0JHOTO NOPSAAKOBOr0 HOMEpPA K IPYyrOMYy B CLie HapUsIX pocTa

®opmy.Jty nepexojia «<HeYETHOTO» U3 psja (1)s-4n EM1 OT 0AHOrO NOPSAAKOBOr0 HOMEpPA K APYrOMy B CLieHApUSIX pOCTa CTPYKTYPHO MOXKHO Npe/iCTaBUTh, Kak (90):

HEYETHOE * {Sif - YETHOE
e i (90)

YuurbiBas, 4yTo B (90) : YéTHOe< HEYETHOE, YETHBIM MO>KHO peHebpeyb, T.K. OHO HE OKa3bIBAET BJAUSHHUS HAa YETHBIN UM HEYETHBIN pe3yabTaT APoOy, Tora:

HEe4YEeTHOE (91)

{si+1} =  on {si}

Kaxxmas ouepeiHas popmysia B TabJiuIe 8 mosydaercsa U3 GpopMyJibl 3aKOHOMEPHOT0 psizia mpeAbiayiei popmyibl (cM.(85) ... (87)) npumeHeHueM K Hei anroputma (3X+1)/2, B
pe3yJibTaTe 4ero: KoaGPUIMEeHT nepexo/a BCIKUN pa3 yBeJUUUBaeTCs NPpUOIU3UTENbHO B 3/2 pasa, npu 3ToM cTpyKTypa (90), a 3HauuT U (91), ocTaétcs npexxHel. Takxke
3aMeTHM: KOJIMYeCTBO 3HAKOB IOCJ/I€ 3aMsSTON BO BCeX IPOOHBIX K03ddUIlMeHTax mepexo/ia B UX JIeCATUYHOM npeacTaBeHuu (Tabauia 8) KOHEYHO, U Bceria 60Jibllle 0/HOTO.
CueHapuii pocTa B 0C/Ie40BaTebHOCTH KosliaTLa nposo/pKaeTCs 4,0 TeX 0P, MoKa YETHBIN MOPAKOBbIM HOMEp «HeYETHOr0» He CpaBHAETCS CO 3HaMeHaTeseM «2"» B (91),
1ocJie 4Yero OH CTaHOBUTCSI HEYETHBIM, a CIeYI0IIMM X0J0M ApoOHbIM. Ha 3TOM clieHapuii pocTa npepbiBaeTcs. [Ipoliecc npepbIiBaHUS MPOCTEMIIero 6a3oBoro clieHapus pocra

noApo6Ho onucaH B (77)...(83).
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BbIBO/I: M3 Bcex HaTypasIbHBIX, C KAKOTO Obl YMC/1a MbI HE Ha4aJ/lu, IBUTasACh, B CIy4yae HeYETHOTO o popmysie 3X+1, a B ciiydae 4€THOTO ciefys GopmyJie X/2, He CylLleCTByeT

TAKUX, KOTOpbI€e Obl YXOIUJIU B 6€ CKOHEYHOCTb.
JlokasaTe /ibcTBO N21, 0cCHOBaHHOE Ha CBOMCTBAX YMHOMEHHUsI HEYETHBIX, U leJIeHUs UX Ha 4éTHoe 2" B GOpPMUPOBAHUU HATYPaJIbHOrO IOPAJKOBOr0 HOMEPA.

JlJ1s1 TOTO, YTOOBI MPOLECC YePeJ0BaHUS ClieHapHueB PoCTa OblI 6ECKOHEYHBIM, HE0OOX0AMMO, YTOObI YE THBIM OPSIKOBbIM HOMEDP «HEYETHOTO» U3 paja (1)s=4nEM1B KaXKg0M

oyepeHOM lIare yepeJoBaHUs ClileHapUeB OCTABaJICS YETHbBIM.
CueHapui pocTa B nocjefoBaTe/ibHOCTH KoJl1aTia, B MpUHIIMIIE, MOXKET COCTOSITh U3 MPOXU3BOJIbHOM KOMOUWHAIIMU 6a30BbIX CIIEHAPHEB, NPe/ICTaBJIeHHbIX Tabuien 2.

Heob6xoa1Mo0, 4TOOBI TpOoU3BeJeHUEe KO3DDUIIMEHTOB Mepexo/ia «Hed€THOro» U3 psaga (1)s-4n, EM1 oT ogHOr0 MOPSIAKOBOr0 HOMEpPA K APYroMy ObLJIO 11eJIbIM HaTypaJibHbIM
4YHCcJI0M. TOJIbKO B 3TOM C/1y4yae YETHBIM NOPSAAKOBbIN HOMEP «He4YETHOTO» U3 pAAa (1)s=4n EM1 B ouepeHOM L1are 4yepeL0BaHUSA ClieHApUEB OYAET 0CTaBaThCs YETHBIM, a IPOLeCC

yepe10BaHUS1 6ECKOHEYHBIM.

Ho, Takoro npousBe/ieHus NepexoJHbIX K03GPUIMEHTOB, YTOObI B UTOTE MOJIYYUJIOCh HATYpaJIbHOE YUCJIO, He CYILEeCTBYET, (92):

(HeqéTHoe> (He‘{éTHoe> <H€‘{éTHOE) — Hed€THoe (92)
2" 1 2" 2" /n 2"

3HAYUT rMUNOTETUYECKOU BO3MOXXHOCTHU OECKOHEYHOT 0 POCTa B MOCJe0BaTeNbHOCTU KoJiaTia He cyliecTByerT.

1o u TpGﬁOBaJIOCb AOKA3aThb.
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Joka3saTeqbcTBO N22

BeckoHeuHbIi psz (1)sEM1 MOXKHO TIpe/ICTABUTH 6€ CKOHEYHBIM PSI/I0M NOBTOPAIOMIMXCS 4-X SKBHBaIeHTHBIX (HOMepOB, MapuipyToB, ciieHapuen): (DY, 2\, BN, @/

JkB.Neg € (1)s€M1
1 2 3 45 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 3233 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

SA A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A A ALY A S A LY

Puc.51 Paj ognHoYHBIX (1)g-4n EM1, peacTaB/eHHBIA 3KBUBAaJIEHTHBIMUA HOMepaMu JKB.Ng € (1);eEM1

M3 Puc.51 BbiesiuM KpaTHble 4, (Puc.52). Tak, 4To Kaxa0e U3 HUX CTAHOBUTCSTCSI UCXOJHBIM OJTHOTO U3 pparMeHTOB pocTa B MPOM3BOJILHOM MocaefoBaTe bHOCTH KostaTia:

BKB.NQS E (1)S=4nEM1
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
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EHESIEESIEEIIESIIESI I 32» 01110111011101210111¢

\A\A\A)\\XJI\A\A\A)\\\ \A\A\A
) (M2)

\\\/V\\\/V\\\/V\\\

War1l
%

M2

Sal-a -

M2 M2
® Y
War 2 e 9 9
LWar3 ‘ ‘ b e
~A ~A ~A P 4
LWar 4

¥

Puc.52 Habop ¢pparmMeHTOB pocTa B nocseoBaTtesibHOCTH KosiaTua

['Mnore3a 6eCKOHEYHOM POCTa B MMOC/Ie0BATENbHOCTH KosslaTiia CTpOUTCS HA MPeAIoI0XKEeHUHU Cyllle CTBOBAHHSI TAKOTO HATYPaJIbHOTO, C 3KB.N95=0, OECKOHEYHO IepEeX0IsIIEro

B o4epeaHOoe C 3KB.N95=0. IlycTh KOIMYECTBO YETHBIX MOPALKOBLIX HOMEPOB, KPaTHbIX 4, B 6eckoHedHOM psfe (1)s-4n EM1 orpaHuyeHo MaKcuMaabHbIM 3HadeHueM 2N, B
KaXkIOM o4epesHOM 1are GopMHUpoBaHHUs GparMeHTOB POCTa 3TO KOJIMYECTBO HeM36eXHO COKpallaeTcd POBHO B 4 pa3a: 2N= ... 264=16=4=>1=0. KakuM 6bl 0HO HU 6bIJIO
BHayaJie, B KOHEYHOM UTOTE, KXK/IbIM pa3 YMEHbILAsICh B YEThIPE pa3a, OHO CTAHOBUTCS PaBHbIM HYJIIO. TakuM 06pa3oM, abCOJIIOTHO KaxKJ bl pparMeHT pocTa yepejjoBaHueM M1 =
M2 = M1 u3 npejicTaB/IeHHOr0 6eCKOHEYHOT 0 Habopa Ha Puc.52 koHeueH, U Bcer/ia 3aBepuiaeTcs B 0JHOM U3 JBYX: IEPEX0/IOM B APYTr0e MHOE CTBO, UJIM HAKOIJIEHUEM

3epkasibHbIX clieHapreB HA3A/I (Puc.41). 3HauuT, 6eCKOHEYHOT 0 POCTa B NOC/€ei0BaTebHOCTY KoJlsiaTiia He CyliecTBYeT.
YT0 1 Tpe6oBaIOCH 0KA3aTh.
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YACTD 4: BeiBojbl, 3aK/II0YEHME, pe3y/IbTaThl

1) B anroputme KosuiaTija He CyliecTByeT IOCJ/I€/0BAaTEJbHOCTEN 3aKOJIbIIOBaHHBIX GECKOHEYHOTrO YepesioBaHHsI OJHOTO M TOro ke ¢parMeHTa IMO0C/Ae[0BaTeNbHOCTH,
COCTOSIIEr0 U3 HECKOJIbKUX HEUYETHBIX. [l0TOMYy, 4TO pou3BeZieHre MPOMEKYTOYHbIX KO3IPPHUIIMEHTOB MEXAY OYepeAHbIM U JIFOObIM U3 MPeAbIAyLIUX MOXKET NPUHUMATh TOJIbKO

JABd 3HA4YE€HHUA: HUJIHN 00JIbIIIE €IWHHUIIb], WJIKM MEeHbIIEe, U HUKOI'Zld PaBHbLIM er. ['y1aBHOe yCJI0BHE 3aKOJIbIIOBAHHOT O ¢parMeHTa, TAKO€ KaK IIPOM3BE€AEHHUE IIPOMENKYTOYHBIX

K03QPUIIMEHTOB paBHOE eIUHUILE, HE COOJII0IaeTCA. 3HAUYUT ouepeHOe B MOC/A€e/I0BaTeIbHOCTU HUKOT/Ia HE CTAHET PaBHbIM HU OJITHOMY U3 MPeAbIAYIIHUX.

2) B asroputme KoJutaTiia moBCEMECTHO eHCTByeT MaTe MaTHYECKUH 3aKOH Mepexo/ia KOJTUYeCTBE HHbIX U3MEHEHHH B KauecTBeHHbIe. O/[Ha U Ta ke GpopMyJia MPUKJIaAbIBAsICh K
pa3HbIM YHC/IaM OJJHOTO U TOrO e MHOXKeCTBA MPUBOJUT K Pa3HBbIM pe3yJibTaTaM: IpHpalleHUs] KpaTHble MEPHUOJIy MHOXKECTBA MO3BOJIIOT OCTATbCS B 3TOM K€ MHOXKECTBE,
npupalieHus, He KpaTHble MEPHOAY MHOXECTBA, BBIHYKAAIT NeperuTH B Jpyroe. [lepexos U3 OJHOTO MHOXKECTBA B JPyroe COMNPOBOXK/JIAETCS OOpeTeHHeM KayeCTBEHHOTO
pa3HO06pa3us MPOMEXYTOYHBIX K03GPUIIMEHTOB, MPUBOAAIIET0 B KOHEUHOM UTOTe OOIIEro nepexoqHoro koapouimeHTa K 3Ha4eHHI0, MEHBIIIEMY eUHUIIbI, YTO PAaBHOCHUJIbHO

nepexoay Huxe MCXo4aHoro.

3) AJropuTM, aCHMMETPHUYHbBIA MO CBOEMY CTPYKTYPHOMY COZEp>KaHHI0, Gsiarojapsi 3aJ0KEHHOW B HEM HENpPEpPbIBHOCTH (PeryJyisipHbIM BOCCTAHOBJIEHHEM «HEYETHOTO» [0
«4ETHOr0»), pas/ie/IM/l HaTypaJbHbIA PAJ HA JBa CMMMETPUYHBIX MHOXKECTBA 3€pPKaJbHBIX Map, COaJlaHCHpPOBaJ MX 0 KOJMYECTBY cueHapues pocta (BIIEPE]]) u y6niBaHuA
(HA3AZ). Caeays 1o TakoMy aJrOpuTMy: clieHapuii yobiBanusa (HA3AJI) noMuHupyeT Hag, cieHapueM pocra (BIIEPE]D), kak 3HaYyeHMeM BbINOJHAEMOM paboThl, YTO PaBHOCH/ILHO
nepeBo/ly YMC/Ia HWKe MCXOJHOTO, TaK MU KOJMYECTBOM BBINOJIHAEMBIX MOC/AeA0BaTebHBIX Waros. KoaM4ecTBo mocjaefoBaTebHbIX WAros 3epKanbHbiX BIIEPE/] orpanuyeno
OJIHAM IlIaroM, B TO BpeMs KakK y 3epKaibHbIXx HA3A/| KOJIMYeCTBO Mepexo/ioB U3 OJHOrO0 MHOXKECTBa B Jpyroe B mpegesnax M2, M3, M4 ... Mm, omnpezesisseMoe TOJIbKO
MaTeMaTH4yeCKHUM 3aKOHOM Iepexo/ia KOJIMYeCTBEHHbIX U3MEHEHUU B KaueCTBEHHbIe, OJHUM IlIaroM He orpaHu4eHo. B pesysibTaTe AucbasaHC KOJUYECTBEHHOTO COOTHOLIEHHUS

3epKa/IbHbIX ClLieHApHWEB HENpepbIBHO PACTET BMeCTe C YBeJUYEHHEM MOC/IAe[0BaTeJbHOCTU. Takas CUTyalus HEeU30eXHO MPUBOJUT aITOPUTM K CBOPAYMBAHUIO JIHOOOTO

HaTypaJIbHOTO B €IUHULLY.

4) Tpumenus aiaroput™ KosiaTiia CAHXpOHHO M Mapa/ulesibHO, KaK METO/, K KaXKJOMy «HEYETHOMY» U3 psijJia HaTypabHbIX, COOPMHPOBAB TaKUM 06Pa30M M3 HUX 6€CKOHEYHbIH
psig, nocsaefoBatenabHocTer KossiaTua, yaanoch 06Hapy»XUTh B MapasulesibHbIX IIarax 3aKOHOMEPHOCTH MOBEJEHUs] 0YePEeJHOT0 «KHEYETHOTO», KOTOPbIE CJIOKHO OOHAPY>XHUTb B
OZJHOM OTZeJIbHOU MOC/IeL0BaTEJbHOCTH C KAKUM YTOJHO UCXOJHBIM:

* Kak/Ipli O4YepeJHOM Lar aJropuTMa JeJMT obliee KoaudecTBo cleHapues BIIEPEJ] nmomosiam, nmpyu 3TOM O/lHa IOJIOBHMHA IOC/EL0BAaTeJbHOCTEN NPOJO/HKAET CIe/0BaTh
cieHapuio BIIEPE/, u B uTOre NpuxoAuT K CBOEMy MaKCHUMYMY, a Apyras NoJIOBUHaA cJlefiyeT cieHapuio HA3 A/,

* B cBOM o4epesb, KaX/bl O4epeJHOU LIar aJiCOPUTMa JeJIUT obllee KoandecTBO cueHapreB HA3A/| Tak:ke momoJsiaM, IpU 3TOM POBHO MOJIOBMHA M3 HUX BCTAHET ONATH Ha
nyTh cieHapus nposmxerns BIIEPE/], Ho yxe ¢ MeHBIIMX CTaPTOBBIX MO3UILMH, KOTOPLIE IPUBEAYT K 04epeJHOMY MaKCUMYMY, MeHbIILE IPeZblAyILEro.

* CHH)KeHHe o4Yepe/IHbIX MAaKCUMYMOB YKa3blBaeT Ha CTPEMJIEHWE aJTOPUTMa, MepeMeliaTbCsd B 00J1aCTb MEHBIIMX 3HAY€HUW, YTO HAIJIAZHO NPOJEMOHCTPUPOBAHO B
[TPUJIOXKEHHH 1 (CTpyKTypHBIN aHa/ M3 NPOM3BOJIbHOM MOCJIeA0BaTebHOCTH 63 728 127 no anroputmy Konsnatya) pucynkamu: Puc.ll4-2 ... PucIl9-2.

* PaszesieHWe OJHOW OOLEeN TPAaeKTOPUU Ha HECKOJIbKO MapaJsijieJIbHbIX B NpefesaX 3aKOHOMEPHBIX PSAJOB TPy, € Y4ETOM YETHOCTU NMOPSAKOBBIX HOMEPOB «HEUYETHDIXY,
IPOCTOM CIOCOO yBUJETh OOLIYH0 3aKOHOMepHOCTb. [lockosibKy psazapl rpynn B M1 mapassesnbHble, TO U 3aKOHOMEPHOCTb OHU OYAYT JAeMOHCTPUPOBATb OJHY U Ty XKe,
COBMA/IA0LIYI0 C 3aKOHOMEPHOCTHIO 0011leH NT0C/Ie10BaTEbHOCTH.

* Cyabba «He4ETHOrO» B OYEpeHOM Ilare omnpejiesisieTcsi ero nosoKeHueM B psifie oAUHOYHBIX (1)sEM1, oT TOro, KakoM MOPSAKOBBIKA HOMED, YETHBIM UM HEYETHBIN, OHO

MMeEET, KaKyl0 KPpaTHOCTb MUMEET YETHBIKM MOPSAKOBbIA HOMEpP. JTU JABa MpPHU3HAKA: YETHOCTb M KPAaTHOCTb MOPSAKOBOrO HOMepa «HEYETHOro» B psAAe oAUHOYHBIX (1)sEM1

$OpMUPYIOT B 11€JI0M NOCJIeJ0BaTelbHOCTb KosutaTia ¢ 1106bIM UCXOAHBIM U3 Psifia HAaTyPaJibHbIX « HEUETHBIX».
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5) B asnroputMe KosisiaTia He Cy1eCTBy €T MOCIEI0BATENbHOCTEH, YXOASIHUX B 6ECKOHEYHOCTb M0 CIEAYIOIIUM P UIHHAM:

* He cylecTByeT 6€CKOHEYHOIr0 pocTa B nipeJiesiax M1 «He4€THOro» ¢ YETHBIM MOPAAKOBbIM HOMepoM. OH Bcer/ia 3aBepllaeTcsl, B COOTBETCTBUU C (47), CHa4yasia nepexooM K
«04YepeJHOMY» C HeYETHBIM NOPALKOBBIM HOMEPOM, a CJIeyOLUM X0/I0M CLLeHapHUU pOCTa «KHEYETHOr0» NIpepbIBaeTCs IIepexo/0M ero B 0JHO U3 MHOXKeCcTB M2, M3, M4 ... Mm.

* He cymecTByeT 6eCKOHEYHOTr0 pocTa yepegoBaHrueM M1=>M2=M1, a 3HaYUT U JiIt0ObIM JIpYTUM YepeOBaHHEM MHOXKeCTB. [Ipor3BesieHrEe A POOHBIX KO3 DUIIMEHTOB Iepexoa
«HedéTHoro» u3 paja (1)s=4n€M1 oT ogHOro NOpPAAKOBOrO HOMepa K APYroMy, Npe/CTaBJAeHHbIX B JECATUYHOM BUJE, C KOHEYHbIM KOJIMYeCTBOM 3HAKOB IOCJIe 3aldITON O6oJsiee
OZHOTO, B JIDOOM HX COYETAaHWH, B COOTBETCTBUMU C (92), He JAIOT L€JIOr0 HATypPaJibHOr 0. 3HAYUT TMIIOTETHUYECKOW BO3MOXXHOCTU OECKOHEYHOro Nepexoa OT OJHOT0 YETHOIO

IIOpAAKOBOTI'O HOMEDPA K APYTroMy ‘{éTHOMy B I10CJ1IeJ0BATEJIbHOCTH KOJIJIaTL[a He CYIIEeCTBYET.
* 'unore3a 6€CKOHEYHOH poCTa B IMOC/ZIE€EA0BATEJIBHOCTH KOJIJ'IaTL[a, ITIOCTPOEHHAA Ha IpPeAITOoJIOKEHHUN CYLIeCTBOBAHHUA TAKOT'O HATYPAJIbHOTO, C BKB.Ngszo/‘, 0EeCKOHEeYHO

[IepexXoAIIero B ouepesHoe ¢ 3KB.N95=07‘, TaKKe HeCcoCTosITesJbHAa. AOCOJIIOTHO JII060M pparMeHT pocTa yepensoBaHueM M1=M2=>M1 B KOHIeNLMU YEThIPEX IKBUBAJIEHTHbIX
CleHapHveB KOHEYEH, U BCer/ia 3aBeplIaeTcs nepexoJoM u3 M2 B ipyroe MHOeCTBO, OTJIMYHOe 0T M1.
* [lepexog, ©3 M2 B Apyroe MHOXeCTBO, OTJIMYHOe OT M1, 03Ha4YaeT OJHO M3 [IByX: peaJIM3yeTcCs WM KOHLUENI KA YCIEeIIHOTO pelleHus WU 3epKajibHas, YTEéM HaKOIJIeHUs

3€pPKaJIbHBIX ClieHapHueB HA3A,Z[ B 06oux Clydadx CcIrnpegCKa3dyeMbIM Pe3yJIbTATOM: 3dBEPIIEHHUWEM MMOC/IEA0BATE/JIbHOCTH B €IMHUILE.

3AK/IOYEHHUE: TakuM 06pa3oM, B COBOKYITHOCTHU NPUBE/EHHBIX BbIIlIe apryMeHTOB U [J0Ka3aTeAbCTB [BYX IPUHIUIUAIbHBIX YTBEPKEeHUN:
* B anroputMe KossiaTia He cylecTByeT nocjaeZoBaTe IbHOCTEN 3aKO0JIbL0BaHHBIX;
* B anroputMe KoslsiaTia He cyliecTByeT N0CJAe0BaTeJAbHOCTEH, YXOAALNUX B 0€CKOHEYHOCTb,
C KaKoro Obl YMCJIa, 11eJI0T0 Y MOJIOKUTEJNBHOr 0, Mbl He Ha4YaJly, ABUTAsCh, B C/Iy4ae HeYETHOro no popmysie 3X+1, a B ciiydae 4éTHoro ciaeayd ¢opmysie X/2, Mbl B UTOTe IPUJEM K
eIUHHULE.
I'MIIOTE3A KOJUVIATHA JOKA3AHA.
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MMPAWIOKEHHUE 1: CTpyKTypHbIA aHA/IM3 NPOU3BOJIbHOM NOC/AEA0BATEJABHOCTH “63 728 127" mo anroputmy Kosutatua

HcxogHoe
(8) (6) (7)
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IIpuioxkenuel: Puc 1.1 1-ii pparmeHT nocnenosatenbHoctu “63 728 127" no anroputmy KonsiaTua.
(mpooJikeHUe celyeT)
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3
32

1167622716 3 1751434074 2627151111 1970363334 2955545000 4433317500

3

2

2

3
2 2

2) (1) @ 2) )
1662494063 4987482188 2 805458731 8416376192 9468423216 10651976118 3370351819 10111055456 11374937388 6398402281

6649976250, 3 9974964375 3 7481223282 3 122183492 3 683275238 1262456428 3 1893684643 3 14202634824, 3 21303952235, 3 15977964177, 3 1198347313 3 8987604850, 3 13481407274 2022211091 15166583184 22749874775 1706240608 2559360912 3

2 2 2 2 4 2 2 4

4

4

2

4

2

4

4

4

2

2 2

(1) (2) (1) (1) ()

19195206842 3036741708 1708167211 5124501632 5765064336 6485697378 513028797 1539086390 4617259169

607348415 4555112562 6832668842, 024900326 7686752448 1153012867 8647596504

839041368 ‘ 879281026 3 5398651925 ¢ 4048988944 1297139475

6156345558 9234518337,

3 3 3

4104230372,

3

3

3

9728546067, 3 3648204775, ¢ 2736153582

3

3 3 3 3

2 4 16 4 2 4 2 2 4 2 4

3

3
2 4 8 4 2 2 2

243488277 730464830 2191394489 77041213 231123638 693370913 2080112738 329080336 987241007

1731472189 4 1298604142 4 194790621248 2921859318 48 4382 78597 7 M 821772934 S 123265940048 184393910048 2773483650 48 41602254754 3120169107 48 11700634158 877547562 SN 131632134248 1974482013 M 740430755 555323067 4l 208246150
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

16 4 2 2 2 16 2 2 2 2 4 8 4 2 2 8 4 8

1 4 ((4) 1
156184613 2059075 6177224 18531671 55595012 7818049 23454146 70362437 211087310 178104918

312369225 29284615 21963462 32945192 49417788 74126682 111190023 83392518 125088776 187633164 B 281449746 S 420174619 316630965 A 237473224 SN 356209835 267157377 200368033 Z\ 150276025
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2 32 4 2 2 2 2 4 2 2 2 2 4 4 2 4 4 4
(2) 4 2 3
15849425 47548274 2507429 7522286 22566857 67700570 7140295 21420884 6024624 18073871 54221612

112707019 42265132 63397698 95096547 71322411 26745904 40118856 60178284 90267426 135401139 101550855 19040786 28561178 42841767 32131326 48196988 72295482 108443223
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
4 8 2 2 4 8 2 2 2 2 4 16 2 2 4 2 2 2
2 4 2 a 1
30499657 91498970 2412571 7237712 21713135 65139404 36640915 109922744 123663087 9781944

81332418 3 121998626 3 182997939 3 137248455 25734086 3 38601128 3 57901692 86852538 130278807 97709106 3 146563658 PARCEYVRY 164884116 3 247326173 92747315 69560487 13042592 19563887

4 2 2 4 16 2 2 2 2 4 2 2 4 2 8 4 16 2

IIpuioxkenuel: Puc 1.2 2-ii pparmeHT nocnegoBatesabHocTH “63 728 127" no anroputmy KossaTua.

(mpooJikeHUe cJelyeT)
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1) (4) (4)

11004687 163217 489650 1468949 4406846 464785 1394354 4183061 12549182

14672916 3 22009373 8253515 6190137 3 4642603 3 1740976 2611464 3917196 5875794 8813691 6610269 4957702 3 7436552 7436552 7436552 7436552 18823773 3 14117830

(4) (2) (1) (1)

1323547 3970640 11911919 35735756 20101363 60304088 67842099 38161181 35375 106124

21176744 31765116 47647674 71471511 53603634 80405450 120608175 90456132 135684197 50881574 76322361 3 141498 212247 159186

2 2 2 2 4 2 2 4 2 8 2 4096 4 2 2 2 2 4

59695 179084 100735 302204 169990 509969 34037 102110

238778 358167 268626 402938 604407 453306 679958 1019937 191239 136146 204219 153165

3

N |w
»|w
»|w
»|w
»|w

2)

43078 129233

172310 258465

7007

14763 28026 19953 14965

IIpuioxkenuel: Puc 1.3 3-ii dparmeHT nocnenosatenbHoctu “63 728 127" no anroputmy KoasaTua.
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[IpeacTaBUM NPOU3BOJIBHYIO NOCAEA0BATeJbHOCTb KosstaTna ¢ ucxogHbiM X o= 63 728 127 B BUe 110C/1e40BATEe1bHOCTH 3€PKa/IbHBIX ClieHapHUeB BIIEPE/ - HA3A/:

Hcxonnoe MaxkcumaJibHoe
7 2 3 g o) 6 7 S 9 70
© 4785007 20439081 13097820 29832826 1699(1?‘3)7499 4778802422 30245908

15932032 204160278 306240416 1744134870 2616202304 2793766816 4190650224 1591137507048 23 86706 26 0448 4027 566 8145 A 302067511058 22 6550633 3248 53982594997 4 12 7434731 24 48 191152096 86, 5376152725 4032114544 6048171815

N oo R N, Ny N o
((2))

850524162 6458667852

7 76 7> 8 7 N 2 2
RSN A O S N S A A = A U
12 26(1?7)72 50 @ 2182261723 73 653 314

4536128862 6804193292 A 11482076181 8611557136 12917335703 9688001778 145320026 66488 1634 8503000480452 2754499 4 18392065875, 6897024703 5172768528 7759152791 5819364594 8729046890 9820177752 147302666274 1104769997

R N - D - YN - D - N - U -V T U . N

2 3

218472583 184336242 349950834 664359786 1891868296

4142887489 776791405 582593554 873890330 983126622 1474689932 2488539261 1866404446, 2799606668 4724336253 3543252190 5314878284 8968857105 6726642829 5044982122 7567473182 4256703665, 798131938

3, S, 3> S, 3, N 9, 4 4. <. L 4. 9
O N A U A N N o A N o O O s S
29 94 77 47 ( 113 10784751 568294 13910 48 6947

1197197906 1346847645 1010135734 1515203600 1438259668 2157389501 809021063 606765798 910148696 287976736 431965104 1640117505 1230088129 922566097 691924573 518943430 778415144 1970363334,

9> L 4. ) &) S, S, ) S ) 5>
O - <A N A N A N O ) A N A N oA N
1845 63 28058 731 94683216 1065 61 18 33 701819 11 37 7388 63 982 281

2955545000 7481223282 1122183492 126245642 834189568464 3 14202634824 4871 3039527 55881597 79641774811 983473133 48 8987604850 MM 134814072 7448151665831 844800 /495747 7541706240608 2559360912 28792810263 5398651925 4048988944

S 6 6. 6.
X S S 6 7 2 3 6. 6. 6, 6> 6
303641708 1708 7211 5765336 648597378 51308797 24348277 7701213

607348415 4555112562 6832668842 7686752448 1153012867 8647596504 1297139475 9728546067, 3648204775, 2736153582 4104230372 1731472189 1298604142, 1947906212 821772934 1232659400 3120169107 1170063415

[Ipunoxenuel: Puc 2.1 1-u1 pparmeHT nocsnenoBaTtenbHocTU “63 728 127" no aaroputmy KossiaTia B 3epkasibHOM KOHIIENIUH.
(mpopoJikeHUE ClleiyeT)
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877547562

329080336

1316321342

740430755

555323067

B N

208246150

156184613

312369225

29284615

B
2059075

32945192

83392518

7818049

125088776

316630965

-

237473224

B
178104918

356209835

78

N

267157377

)

200368033

=

150276025

=~

112707019

=

42265132

27
15849425

63397698

=,

71322411

=

26745904

y
(4

=

101550855

=,

19040786

&v

7140295

e

28561178 32131326

5
©

g,

81332418

s
30499657

121998626

=

137248455

=,

25734086

27
2412571

38601128

=,

97709106

27
36640915

146563658

=,

164884116

y
123663087

247326173

=4,

92747315

=

69560487

=2

13042592

27
®

9781944

19563887

=g,

14672916

27
)

11004687

22009373

Hwuxe ncxogHoro

& %,

8253515 6190137

=8

4642603

%

1740976

27
@

163217

2611464

%

6610269

{@g‘

4957702

s
)

464785

7436552

%

18823773

%

14117830

27
(4)
1323547

21176744

70
\\\\42;

53603634

27
(2)
20101363

80405450

%

90456132

S
(1)
67842099

135684197

70
\7‘

50881574

o
(1)
38161181

76322361

%

&
)

3931

%9‘

62838

7

~

159186

&
Q)

59695

238778

77

4

268626

2
2

100735

402938

77

S

453306

L
(2)

169990

679958

77

~

191239

77
\\\42;

y

%

y

77
\7‘

153165

77

~4

&v

)

43078

172310

77
\9‘

72
\0‘

or Ry
)

1704

y

(2)

1618

6470

Qg‘

3
(1)
683

1365

72
\9‘

22

72
\\\\izL

72
\5“

2
\8

72
\9‘

14965

Q)‘

y

%

73 73
N Y

y

(1)

g

y

(1)

%

2

%

7\Q‘

[Ipunoxenuel: Puc 2.2 2-i1 pparmMeHT nocsienoBaTtesbHocTy “63 728 127” no aaroputmy KosaTtia B 3epkasibHOM KOHIIENIUH.
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[IpeacraBuM mocsieoBaTebHOCThL KosltaTiia ¢ ucxoaHbiM Xo=63728127 mapiipyToM B npejiesiax MHOkecTBa M1. [TonyTHO BeIYucIuM KoapouipeHTh K, =X, /Xo Mexay

oyepeaHbIM X;, U UCXOAHBIM Xo=63728127. [Ipunoxkenuel: Puc 3.1:

~

Kex~ 1199,797> 1

I/ch:);)n Hoe / / / /

(6) 7) ©)
62235 Ki= 19,222 >1 el K,~ 164,210 > 1 PO L K3~ 263,033 >1 L BTE K4=1498,055>1

Ks~ 2132,973>1

2616202304 4190650224

306240416

15932032

7 7 () .

K12~ 487,016> 1

7 7

Kg= 427,076> 1 850524162 Ko= 810,777> 1 e Kio= 912,125>1 EERieA K4~ 1539,211>1

(1)
K= 379,623 < 1 [lPZEEELL:

14532002666,

6804193292 12917335703,

6048171815

/

I(:lgz 4‘74‘,985> 1

~

Kis~ 54,851> 1 218472583 Ki6~ 92,561> 1 184336242

/

((2)7 ((1))
Kys~ 547,893> 1 (2R K, ,~ 924,569> 1 £/ FEEL

8729046890

873890330 1474689932

/'

((4))
Kos= 48'858 >1 48650947 K26z 185,509 Pl 184721563

~

Kas= 27,113 > 1

((2)7 ©® ((1)2
Koo~ 75,144> 1 [EEEEA K,.~ 95,104> 1 [EEEEEA K.,~ 135412 > 1 AUEEEEA K,.~ 57,127> 1

56884294

13498910

PEERET00]0)

910148696 431965104 778415144

1197197906 1515203600 2157389501

/'

K;7,~ 704,357 > 1 Ks,~ 1606,425 > 1

K31~ 1427,933> 1

~

K37~ 257,609 > 1 S Kagx 122,264 > 1

\ /

K33~ 381,212< 1 SO Ko~ 428,864 > 1 243488277

4104230372 1947906212

607348415

[Ipunoxxenuel: Puc 3.1 1-ii pparmMeHT nocnefoBaTesbHOCTH “63 728 127", npeAcTaB/eHHas MaplIpPyTOM B IpeJeJiax MHOXecTBa M1

(mpopoJsxeHue Cyeayer)

58



/

Ks0~ 82,621 > 1

329080336 156184613

(4]
K3o% 77,370 > 1 (ESEE K41~ 19,606 > 1 Ki2= 2,068>1 K432 7,851>1 Kis= 22,358 > 1

@

1232659400 1316321342, 312369225

356209835

63397698

~

K46z 2,518 >1

/

K472 1,793 > 1 Kig=3,025>1 K51 9,199> 1

48196988 121998626 38601128

40118856

28561178

36640915

146563658

((1))
Ks,~ 15,524 > 14 Tl

247326173

/'

Ksg=~ 5,047 > 1

~

Kss= 0,164 < 1

/'

Ks,~1,329> 1

/'

Kse~ 0,467 < 1

~

Ks3~ 1,228> 1

©

1323547

B Koy~ 1,381 > 1 £ it

19563887 21176744

22009373

20101363

80405450

Kso= 8,516 >1 £ =

135684197

/'

K62~ 0,014987 <1

/'

Koo~ 4,790 > 1 K61~ 0,003947 <1 Kes~ 0,025291 < 1 K64~ 0,042678 < 1

76322361

Kes~ 0,003376 <1

/

Keo~ 0,000406 < 1

7 7

Ke6~0,005697< 1

N @

Kes~ 0,000107< 1

S (1)

K70~ 0,000086< 1 683

13656

3
1 K¢z~ 0,010815 <1
90764

~ ©)

K71~ 0,000048 <1

~

K75~ 0,000334 <1

~

K74~ 0,001057 <1

/'

K;6= 0,000376 < 1 2997

5998

7 5 /
K,;,~ 0,000521 <1 260
8304

~

K77~ 0,000053 <1

~

Kgo~ 0,0000001 <1

~

K79~ 0,000002< 1

K-35~ 0,002968 < 1
~ ©
K75~ 0,000017< 1 134

267

[IpunoxxeHuel: Puc 3.2 2-ii dparMeHT nocaeoBaTebHOCTH “63 728 127", npeacTaB/ieHHas: MapIIpyTOM B Mpejeiax MHOXKecTBa M1



(1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1)

3024085908 6458667852 ¥ 122613772509 3879576396 7365133314 9468423216 Q¥ 10651976118\ 11374937388\l 3036741708 5765064336 6485697378 178104918 9781944 8418 2664 422 134

6048171815 12917335703 24522754499 7759152791 14730266627 189368464 31 48 213039522 358 77 749874775, 6073483415 1153012867112 971394755 356209835 19563887 16835 5327 843 267

[Ipunoxxkenuel: Puc 4.1 MapupyT ucxogHoro “63 728 127" B npegenax pszaa (1)sEM1 c 4ETHBIM NOPSAJKOBBIM HOMEPOM B CLIEHAPUHU POCTA.

(1)

- 1-1 MaKkCUMyM

4 4499

2-1 MaKCUMy M

7365133314

147302666274

3-i1 MaKCUMy M

6458667852

12917335703 /

Q u(l)

607348415

3024085908

6048171815

EETa (1) ]

CueHapui pocra 9781944

IIpunoxxeHuel: Puc 4.2 TpaekTopus ucxoHoro “63 728 127" B npeaenax psaa (1)sEM1 c YETHBIM MOPSAAKOBLIM HOMEPOM B CIIEHapUH POCTA.
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72
OW©

1078694751

proo2ro2r Sy oy pr T
© W 1 0 | 0 0

156184613 123663087 11004687 67842099 38161181

2157389501 312369225 247326173 22009373 135684197 76322361

1078694751

2157389501

156184613

312369225 CL[eHapI/Iﬁ y6bIBaHI/I

123663087

247326173 67842099

135684197

22009373

38161181

76322361

2- MUHUMYM

[Ipunoxenuel: Puc 5.2 Tpaektopusa ucxogHoro “63 728 127" B npenenax pszaa (1)sEM1 c He4ETHBIM MOPSAAKOBBIM HOMEPOM B CLIEHAPWUU Yy ObIBaHUS.



6398402281

1-i1 MakCUMy M

2559360912

"Eg)il48140727t
2805458731
( 11221834922 \
2182261723

8729046890

1708167211

6832668842

299299477

N\ 1197197906
218472583

873890330

CueHapui pocta 1 MaKCHMy M

30499657

121998626

15849425

6339769

7140295

28561178

402938

59695

238778

IIpunoxxeHuel: Puc 6.2 TpaekTopus ucxoaHoro “63 728 127" B npezenax psaa (2)sEM1 c HeUETHBIM MOPSAJKOBBIM HOMEPOM B ClleHapHUU POCTa.
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WM yObIBAaHUS

172310

[Ipunoxkenuel: Puc 7.2 Tpaektopus ucxogHoro “63 728 127" B npeaenax psaga (2)sEM1 c 4ETHBIM NOPSIKOBBIM HOMEPOM B CLiEHAPUU YO bIBAHUSI.
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6024624

48196988

[Ipunoxxenuel: Puc 8.1 Mapupytsl ucxogHoro “63 728 127” B npegenax psiga (3)sEM1 c YETHBIM M C HEUETHBIM OPSIKOBBIM HOMEPOM

o)

iy 513028797

) 4104230372

CueHapui pocra

©

243488277

1947906212

AN

CueHapuM yObIBaHUA

N\

IIpuinoxkenuel: Puc 8.2 TpaekTtopuu ucxogHoro “63 728 127" B npenenax psna (3)sEM1 c YETHBIM M C HEYETHBIM MOPSIIKOBBIM HOMEPOM.
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56884294 48650947 7818049 2507429 2412571

910148696 778415144 32945192 125088776 40118856 38601128

[Ipunoxxenuel: Puc 9.1 MapuipyT ucxogHoro “63 728 127" B npeaenax psiga (4)sEM1 c He4ETHBIM NOPSAAKOBBIM HOMEPOM B CLIeHAPUU POCTa

184721563

1-i MakcUMy M

2955545000

77041213

1232659400

48650947

7818049

778415144

1 2- MAKCUMy M

125088776

2507429

40118856

2412571

2059075 38601128

32945192

13-l MAaKCUMy M

464785

7436552

163217

2611464 (4\

CueHapuu pocta

[Ipuioxkenuel: Puc 9.2 TpaekTtopus ucxogHoro “63 728 127" B npegenax psija (4)sEM1 c He4ETHBIM NOPSIIKOBBIM HOMEPOM B CLiEHAPUU POCTA
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130957820

47350113
4190650224

1515203600

sty TpaekTopus ucxoJHOro B npezesax psjaa (5)seEM1

306240416

20439081 TpaekTopusa ucxonHoro B npejesax psaja (6)seM1

2616202304

TpaekTopusa ucxoaHoro B npejesax psaja (7)seEM1

TpaekTopusa ucxonHoro B npejesax psaja (8)seM1

TpaekTopus ucxojHoro B npezeax psajga (9)seM1

[Ipunoxxenuel: Puc 10 OtesnbHble HUCNIAJAI0LUE TPAEKTOPHUM McXoaHOro “63 728 127" B npeaenax oTaenbHbIX psAaoB rpynn (G)seEM1

PaszsesieHne oiHOM 0611eN TPaeKTOPHUU HAa HECKOJIBKO MapaJuie/ibHbIX B Mpe/iesiax 3aKOHOMEPHBIX Ps/IOB T'PYIIII, C y4ETOM YETHOCTU NOPSAAKOBbIX HOMEPOB «HEUETHBIX», IPOCTOU

cnoco6 yBUJETb OOIIYH0 3aKOHOMepHOCTb. [lOCKOJIBKY psAabl MapaJuiejibHble, TO U 3aKOHOMEPHOCTb OHU OYyAyT [AeMOHCTPUpPOBAaTb OJHY U Ty >Ke, COBNAJAKILYI0 C
3aKOHOMEPHOCTBIO 0011leH 0C/IeL0BaTeIbHOCTH.

[Ipy3HaKOM ClieHapHsl pocTa «HEYETHOrO» JJIsl JIIOOOTO U3 PSJIOB IPYHIL: (2)s€EM1, (3)sEM1, (4)sEM1 U T.J. SABJISETCS YETHBIA MOPSIKOBBIA HOMEP «HEYETHOrO» B psifie (1)sEM1, B
MO3UIIMH KOTOPOT'0 OKa3bIBaeTCS 3aMbIKAMOIIlee IPYIIIbL.
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NPUWIOXEHHME 2: [TocnenoBatenbHOCcTh “18 889 465 931 478 580 854 811" B 3epka/ibHOM KOHIeNIUM (OGJ1MKauias K 27, moBTopstouias 27 eé 3epKaJibHbIX I1aroB)

HUcxopHoe

y

23611832414
34822606852

4722366482869
645213703

~

3541774862152
233910278

27
3355%%!%32

6771929089

5312662293228
350865416

=,

1344767642973
4263128085

\3‘ \4‘ 7

425@703

45606692871

>
75g!g¥gggl7

25523009548

1512863598345
1046019095

1008575732230
0697346064

1134647698758
8284514322

1701971548138
2426771482

=g \7A o

68155733199
06622439435

>
359%%343

54105647110

~.

1914717991655
5230117918

2872076987483
2845176876

4846629916378
0426235979

1817486218641
7659838492

2726229327962
6489757738

~

3067007993957
9800977456

2
300&546 &

4850733092

4600511990936
9701466183

~

3450383993202
7276099638

‘6/'

16173674968
13778567171

5175575989804
0914149456

X, 27 Y R

8422§§66433'

4446491677

9825507543143
7047955608

1473826131471
55571933412

6217703992145
6256909409

4663277994109
2192682057

Huxe ncxomHoro
2>
922%926

4762599426

B R e,

3688725757059 5187270595864

3497458495581
050397702 28962177

9144511543

6557734679216
089595915

2459150504706
033598468

X

9726132367245
5430409

g

7294599275434
1572807

g

1367737364143
9044902

y

12822537788
84910460

2051606046215
8567352

2

73028359750
55466602

A

2596563902241
9436805

1095425396258

9737114633407 1460567195011
288802 0933203 3199903

-

57766573630
8098433

=~

1026961308992 7702209817441 1155331472616 2166246511155 1624684883366
174991 31244 196865 36913 52685

2,

1218513662524
89514

y

45694262344
683568

1827770493787
34270

2,

1028120902755
38027

2,

7710906770665
3521

&~ &

y

3

81325969846
86114

5783180077999 4337385058499 6506077587748 1097900592932
0141 2606 8908 62533

8, o gL N g,

a1
61756908352
460175

(@

8234254446994 1235138167049 4631768126434 3473826094825 2605369571119
6900 20349 5131 8849 4137

IIpunoxxenue2: Puc 1.1 1-ii dparmeHT nocyenoBaTesbHocTH “18 889 465 931 478 580 854 811" no anroputmy KossiaTia B 3epkajibHON KOHIEN LU H.

(mpopoJizkeHUe cienyeT)
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3> 39 3 g g 4 4. 4. 4,
X, Y,y e e Ny, o R, s, Y, By N,
1 2 1
52162228503 29343503533 69635509361
76732 36912 4131

1954027178339 7327601918773 5495701439080 8243552158620 6955497133835 1043324570075 7824934275565 1173740141334 6602288295008 4951716221256 9284467914855 1392670187228 5222513202105
5603 351 014 020 642 3463 098 7646 051 039 08 261 98

4 9> 4, B d S $ S S
»r 6, il <, B S, B 9, ~9, =, »7 ~3, ~3,
1 1 4 1 1
39168849015 13770298482 1936448224048 294098074027 9305446873518
7949 116 2

78337%;?03158 1836032797615 275405?696423 2065542772317 3098316158476 392130;653696 588196%480544 441147%110408 165430%666403 1240722249802 186108%374703 139581;031027 104686%773270

S > 6,
ol 4, U ~0 9, S =2, =3 5l ~9 - =0, 4
2 2 1 1
78514707995 47751542966 75544433209 25496246208 28683276984
31 920 39 168 189

157029%159906 5388603099648 8832904649472 16978%%?38823 127331§§79117 19100§%518676 107442%;16755 2014518218917 3021771328375 3399492494422 509924%241633 3824432931225 573665%396837

6 6 6 6. 6 6 6> 6, B 6
\\\Za. \\\é:; \\\éiu ;§}>)V \\\52; \\$ZAA \\\éiu \\\\5; ;§§>)' \\\éiu ;é//)' \\\éiu \\\\uu
2) (1 (3
56722%00676 40381303509 11357%69737

(D)

1344528608634 2016792912951 1512594684714 2268892027070 1276251765227 957188823921 717891617941 538418713456 807628070183 605721052638 908581578956 1533231414489 1149923560867

[Ipuioxkenue2: Puc 1.2 2-ii pparmeHT nociegoBatesbHocTH “18 889 465 931 478 580 854 811" no asroputMy KossiaTiia B 3epKajibHOW KOHLENLIUU.

(npogosxeHue caenyeT)
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~Z, QA ~3, N QA B QA 5 QA 2 QA R QA
1 ()3 > 1

51165422112 57561099876 2023632418 34575657009

431221335325 161708000747 121281000561 90960750421 68220562816 102330844223 76748133168 115122199751 86341649814 129512474720 46100876012 69151314017 12965871379

S S S8 8 8 ) S S8 S
=0 =7, el 2, I =3 Y N B ¢, ) =, =8
3 1 C(1)2 ((2)]

683747124 6922939626 136903836

77008408

4862201767 3646651326 5469976988 9230586168 13845879251 10384409439 973538385 182538448 273807671 205355754 308033630 173268917 64975844

y%%y%%%y%%y%y
((2)) C(1)3 »

24365942 15419073 609837

97463766 27411685 20558764 30838145 5782153 4336615 813116 1219673

~Z, 5 ~6 oy ~9 ~og o7 oo oz ~og D s g
3 2

137370 206054

[Ipunoxxenue2: Puc 1.3 3-ii ¢parmeHT nocnegoBatesabHocTH “18 889 465 931 478 580 854 811" no anroputmy KossiaTiia B 3epkajibHOM KOHIEMIUU.
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HUcxopHoe

y

/:é,)v /:l,,w' ;}2,)7
(@) 1 1 C(1))
23611832414 75643179917 \@P230025
34822606852 25523009548
4722366482869
645213703

995463
4850733092
1512863598345
1046019095

;}2;)7 ;}2,)7
1 1
73028359750 WP 52166228503
55466602 76732
4600511990936 A& 1460567195011
9701466183 0933203

;}35)7 ;}E;)r ;égp)v ;é};)v ;§§L)V ;éﬁ;)v /ESL)V /5},)7 /Eézzw' /gj/)r :éSL)v
1 1 1 @ —(1) C (1)) 1 1 1
13770298482 94094027 0305425573510 25490946208 QP 40381203509 D : (D e (12 ( (
116 2 16 5116542217 5756109 6922939 1369032 32160 36180 1290
1043324570075 4 2754059696423 5881961480544 4 1861089374703 4 5099249241633 f4 807628070183 1023308442, 1151221 1384587: 273807 64319 7235 2579
[Ipuinoxkenuel: Puc 2.1 Mapupyt “18 889 465 931 478 580 854 811" B npefenax pszga (1)sEM1 c 4ETHBIM NOPALKOBBIM HOMEPOM B CLieHaPUU POCTA.
1-i1 MakCcUMy M
756431 4600511990936
2552306 9701466183
1512863598345
34932606, 1046019095
73028359750
4722366482869 55466602
645213703
460207 52166228503
76732
1043324570075
346
5881961480544
1 ===t 3- MAaKCUMy M
13770298482
116
2754059696423
1861089374703

40381%03509

807628070183

57561099876

51165422112

115122199751

102330844223

6922939626

13845877

136903836

273807671 -
[Ipunoxxenue2: Puc 2.2 Tpaektopus “18 889 465 931 478 580 854 811" B npeaenax psiaa (1)sEM1 c YETHBIM NOPSAAKOBLIM HOMEPOM B ClieHapPHUU POCTA.
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57766573630
8098433 460175

1155331472616 SR 1235138167049 JMR 1392670187228 1570294159906 M 5736655396837
196865 20349 51 S 1 3 69151314017 30838145

IIpuiaoxkenue2: Puc 3.1 MapuipyT “18 889 465 931 478 580 854 811" B npeseniax psja (1)sEM1 c HeUETHBIM NOPAJKOBLIM HOMEPOM B CliEHApPUU yObIBaHHUSA

57766573630
8098433

1155331472616
196865
61756908352

460175

1235138167049
20349

69633509361
4131

1392670187228
261

39168849015
7949
28683276984
189

7833769803158
97

573665%396837

" 78514707995 §
31

34575657009

157029?159906

69151314017

15419073

30838145

IBAHH

609837

1219673

Ipuioxkenue2: Puc 3.2 Tpaektopus “18 889 465 931 478 580 854 811" B npeaenax pazna (1)sEM1 c HeUETHBIM MOPSAAKOBBIM HOMEPOM B CLIEHAPUU Yy ObIBaHUS.




((2)]

92218143926 45694262344 29343503533 47751542966 56722300676
4762599426 683568 36912 320 3 77008408 24365942

4254
45606692871

51514

1701971548138 A 2726229327962

456771485 EreGTE T 738 3688725757059 4 1827770493787 401 Sei00oize7e 308033630 97463766 206054

050397702

2726229327962
6489757738

3688725757059
050397702

45694262344
683568

45606692871

1827770493787
34270

75544433209
1701971548138 39

29343503533
2426771482 36912

3021772328375

1173740141334
7646

47751542966
920

56722%00676

1910061718676
78

2268892027070

CueHapuii pocTa CueHapuii yObIBaHMA 77008408

308033630

24365942

97463766

51514 e

206054

[Ipunoxxenue2: Puc 4.2 Tpaektopuu “18 889 465 931 478 580 854 811" B npeenax psja (2)sEM1.
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8422@526433‘ 81325969846 10304440198

4446491677 86114 27503

1473826131471 A 6506077587748 A 8243552158620
2845176876 5908 350

55571933412

IIpunoxxenue2: Puc 5.1 Mapuipytsl “18 889 465 931 478 580 854 811" B npejeniax paga (3)sEM1

2872076987483
2845176876 4

8422§566433‘

11357%69737 4446491677

1473826131471
55571933412

908581578956

683747124

81325969846
86114

5469976988

6506077587748
8908

10304440198
27503

8243552158620
(0210

CueHapui pocTta CueHapui yObIBaHUA

IIpuioxkenue2: Puc 5.2 Tpaektopuu “18 889 465 931 478 580 854 811" B npenenax psja (3)sEM1.
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3320§E§9332

6771929089

5312662293228
350865416

2051606046215
8567352

3098315158476

TpaekTopus UCXoJHOTO B npezesax psijaa (4)seEM1

16173574968

13778567171

5175575989804
0914149456

TpaekTopus ucxoaHoro B npejesax psaja (5)seEM1

2023632418

129512474720

TpaexkTopus ucxoJHOro B npezeax psajga (6)seM1

8832904649472

TpaekTopus ucxoaHoro B npejesax paga (9)seM1

[IpunoxxeHue2: Puc 6 OTaenbHble HUCHAAatoue Tpaektopuu “18 889 465 931 478 580 854 811" B npejiesiax oTAe/IbHBIX psioB rpyni (G)seEM1

PazzesneHne oHOM 061eM TPAaeKTOPHUU HAa HECKOJIBKO NapaJulesibHbIX B Ipe/iesax 3aKOHOMEPHBIX PA/I0B T'PYIII, C y46TOM YETHOCTU NOPSAAKOBBIX HOMEPOB «HEUYETHBIX», IPOCTOU
Coco6 yBUJETb OOILYH0 3aKOHOMepHOCTb. [lOCKOJIBKY pszbl NapaJulejibHble, TO U 3aKOHOMEPHOCTb OHU OyAyT [AeMOHCTPUpPOBAaTb OJHY U Ty >Ke, COBNAJAILYI0 C
3aKOHOMEPHOCTBIO 06111eH M0C/Ie0BaTeIbHOCTH.

[Ipy3HakoM clieHapHsl poCcTa «HEYETHOro» /ISl JIDOOTO U3 PSAJOB TPyI: (2)seM1, (3)s€EM1, (4)sEM1 U T.A. ABJSETCA YETHBIN MOPSJKOBBIA HOMEP «HEYETHOTO» B psjie (1)sEM1, B

ITO3UIITUHU KOTOPOT'O OKA3bIBA€TCA 3aMbIKalollee I' DYIIIIbI.
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INNPUWIOMKEHHE 3: [TocsiegoBaTenbHOCTb “77031” no anroputmy KossiaTia B 3epKajibHOM KOHIEMNIIMU.

“Cﬁe ~, 7 N, N8, ¢, 37 N N8 b \7‘ o ~ o ~ % A %
7) 7 8 (1 3) (1 2

4 815 8125 121 222 357 5212 52 767 11131

19258 21 666 32498 36 561 27 421 20 566 30848 39 5301 29 6476 444 713 41692 62538 70356 105533 29 682 44522 50 088

MaxkcumaJibHoe Huxe ncxomHoro
7 7 7. N 7 76 7> 8 7 2 & 2
sy RN o g g Y i N g ey

6 3 2 1 3 3 3
991 67 695 114235 385542 15 249 3217 679

63 392 36 1038 541 556 456 938 685 407 514 056 771 083 578 313 433 735 81326 121 988 38 598 8 142

D N A N A U A N U A N . N U
. . - . -

2 205 1654 2 480 7 063 1325

Y 2y g N 2y g g oy N N gy R g, gy Ny g
6 3

51

359 270 404 128

B T T T s U
2

[Ipunoxxenue3: Puc 1 IlocienoBaTtenbHocTh “77031” no anroputMmy KosiaTia B 3epKajibHOM KOHIENIUH
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