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AHHOTauMa: B 3akiouyuTesbHOM 4-M1 4yacTU coOpaHbl apryMeHTbl U BBIBOAbI M3 MNpeAbIAyIINX 3-X 4yacTel uccaefoBaHus runore3bl KossaTua, mo3BoJisiouiyde cAenaTb
OKOHYaTeJIbHbIK BBIBOJ, MOATBEpXKJaloluKd runoreldy. Heo6xoguMocTh pasfie/IMThb MaTepuas MCCJIeJOBaHUS Ha OT/eJibHble 4YacTH NPOJAMKTOBAaHA C OJHOW CTOPOHBI HX

CaMO/I0CTaTOYHOCTBIO, a C APYTroH, BO3MOXKHOCThIO 60Jiee Y0O6HOTO, B Ja/IbHEHIIIEM, C HUMU 06pallie HUSI.

Abstract: The final 4th part collects the arguments and conclusions from the previous 3 parts of the study of the Collatz hypothesis, allowing us to make a final conclusion confirming
the hypothesis. The need to divide the research material into separate parts is dictated, on the one hand, by their self-sufficiency, and on the other, by the possibility of more

convenient handling in the future.



YACTD 4: BoiBoABI, 3aK/II0UYEHHE.

1) B anropurme KosinaTiia He CylecTBYET MOCJIE[[0BATEJIbHOCTEN 3aKOJIbIIOBAHHBIX: GECKOHEYHOrO YepeZioBaHHsI OJHOTO M TOro jXe ¢parMeHTa IOC/Ie0BaTeNbHOCTH,
COCTOSILIEr0 U3 HECKOJIbKUX HEYETHBIX, MOTOMy YTO OTCYTCTBYHT IOTEHIMaJibHble BO3MOXXHOCTH CyIeCTBOBAaHHS APOOHBIX 3HauyeHUHW KopHA (Xo/d)€N pgas srboro
HaTypaJIbHOT O, UTO SIBJIIETCS HEOOXOJAMMbIM YCJIOBUEM CYyLIeCTBOBAHUSA KOJibl[a. KpaTHOCTD Jil060Or0 HaTypa/ibHOrO eJUHUIIE, B KaUueCTBe NpHUpalleHus «d», rapaHTUpPYeT TaKOU

pe3yJsibTaT. U3 KpaTHOCTH JIFD60r0 HaTypaJibHOTO eIMHUILE C/Ie/lyeT 3aBepIlieHHe MOC/I€e/I0BaTeIbHOCTH B €IUHCTBEHHOM HYJIEBOM IUKJIe «1=1», [1].

2) B asroputme KosutaTiia moBceMecTHO JeWCTBYET MaTeMaTUYECKUH 3aKOH Mepexo/ia KOJNYeCTBEHHbIX H3MEeHEeHUH B KauecTBeHHble. O/jHa U Ta ke $popMyJia MPUKJIaAbIBAsICh K
pa3HbIM YMCJIaM OJIHOTO M TOTO K€ MHOXXeCTBa MPUBOJUT K Pa3HbIM pe3yJbTaTaM: MpUpaAlleHUs] KpaTHble MePHUOJly MHOXKECTBA MO3BOJISIOT OCTATbCS B 3TOM K€ MHOXKECTBE,
npupalleHus, He KpaTHble MepHOAy MHOXXECTBA, BbIHYKAAIOT IMeperTH B Jpyroe. Ilepexos U3 0JHOr0 MHOXKECTBa B Jpyroe CONPOBOXJIAeTCs OOpeTeHHEeM KadyeCTBEHHOrO
pPa3HO0Opa3us MPOMEXKYTOYHbIX KO3PPUIIMEHTOB, IPUBOASAIILET0 B KOHEYHOM UTOTe 00IEero nepexoaHoro kKoagpduiyeHTa K 3Ha4eHHI0, MeHbIIIEMY €JUHMIIbI, YTO PAaBHOCHUJIbHO

nepexoay HKe UCXOJIHOTO, [2].

3) AsroputMm KoJsutaTiia, acHMMeTPUYHBIN 10 CBOEMY COJlep)KaHHIO, pa3/iesinJl HaTypaJbHbIHA PSAJ Ha JBa CUMMETPUYHBIX MHOKECTBA 3€pKa/IbHbBIX Map, c6aJaHCUPOBaJI HX MO
KOJIMYeCTBY cueHapues pocra (BIIEPEJ) u y6biBanusa (HA3A/). Ciefys 10 TaKOMy aJIlrOPUTMY: cLieHapuii yobiBanua (HA3A/) qoMmuHMpyeT Hag, cueHapueM pocra (BIIEPE/), kak
3HaYeHHeM BLINOJHAEMOM paboThl, YTO PABHOCU/ILHO IEPEBOAY YMC/IA HUMKE MCXOJHOrO, TaK M KOJMYECTBOM BBINOJIHSEMbIX MOC/AeA0BaTe bHbIX aroB. CueHapuii BITEPE/]
OTpaHUYeH BCerJa OJHUM 3epKaJbHbIM L1aroM, B TO BpeMs KaK y 3epKasibHbIX HA3 A/l Ko/1M4ecTBO NOC/e0BaTEbHBIX IEPEX0L0B U3 OJHOI0 MHOXKECTBA B Ipyroe B npejesax M2,
M3, M4 .. Mm oAHMM LIaroM He orpaHu4yeHo. Ha KoJIM4uecTBO 3THUX MOCJIe0BaTeJbHbIX NEPEXOJOB NpPSMOE BJHSIHHME OKa3blBaeT CPOPMYJIHPOBAHHbIM BO BTOPOM 4YaCTH
JlOKa3aTeJbCTBa MaTeMaTH4YeCKHU 3aKOH IepexoJia KOJMYeCTBEHHBIX M3MEHEeHUW B KayeCTBeHHble. B pesysbTaTe gucbaaHC KOJIMYECTBEHHOIO COOTHOILIEHHS 3epKaJbHbIX

ClileHapueB HeINpePBbIBHO PACTET BMECTE C YBeJIMUEHUEM MOC/Ie0BaTeJIbHOCTHU. Takas CUTyalisl HaKallJIMBaHUSA 3epKa/bHbIX clieHapueB HA3A/| HerM306eXHO NpUBOAUT aJITOPUTM K

CBOpPAYMBaHUIO JIFOOOr0 HAaTypPaJbHOTO B €AUHULY, [2].

4) Mpumenus aaroputM KosiaTija K HATypaJibHOMY PsiZy, CAHXPOHHO U [apaJule/IbHO, KAaK METO/I, K KaXKJIOMY «HEYETHOMY» U3 psi/ila HaTypaJibHbIX, CPOPMHUPOBAB TaKUM 06pa3oM
M3 HUX OeCKOHEeYHbIM psij, nociaefoBaTesabHocTerd Kosuiatna, yanock 0OHApPYKUTh B MapasljiesibHbIX LIaraXx 3aKOHOMEPHOCTH MOBEJEHUS 0YepeJHOTO0 «HEYETHOTO», KOTOpbIe
CJI0KHO OOHAPY>KUTh B OZJHOW OTZEeJ/IbHOU MOC/IeJ0BAaTEJbHOCTH C KAKUM YTOJHO UCXOAHBIM. B 3aBUCHUMOCTH OT YETHOCTH NOPALKOBOr 0 HOMepa:

* Kak/Ibli O4YepesHOM War aJropuTMa JeJUT obliee KoaudecTBo cueHapues BIIEPEJ] nmomosiam, mpyu 3TOM oJHa IOJIOBMHA MOC/IEA0BATEALHOCTEH NPOLO/DKAET CIe[0BaTh
cuenapuio BIIEPE/], ¥ B uTOre NIpUXO4UT K CBOEMY MaKCUMyMYy, a ipyTas 0J0BUHa caeayeT cueHapuio HA3A/L. B cBoo ouepe b, Kax/Iblii 04epeJHOM LIar ailfOPUTMa AeJIUT oblee
KOJIMYEeCcTBO cueHapueB HA3A/J] Takxe momnosiaM, IpyU 3TOM POBHO IOJIOBMHA M3 HUX BCTAHET ONAThL Ha NMyTh CLieHapusa npoaswxkenusa BIIEPEJ], HO y»e ¢ MEHBLIMX CTAPTOBBIX
MO3ULMH, KOTOpPbIE IIPUBEAYT K O4YepeJHOMY MaKCUMyMy, MeHbllle npeAbiayuiero. CHUKeHue odyepeITHbIX MAaKCUMYMOB YKa3bIBaeT Ha CTPeMJIEHHE aJITOPUTMaA, llepeMelaThbCs B
006J1aCTb MEHBUIMX 3HAYE€HUH, YTO HarJsAAHO npoaeMoHcTpupoBaHo B [IPWIOXKEHHUU 1 (CTpyKTypHBIFA aHa/IU3 NIPOU3BOJIBHOU MOC/A€e0BaTeJbHOCTU 63 728 127 no ajaroputmy
Kosunatua) pucynkamu: Puc.4-2 ... Puc.9-2. [lpeacTaBieHHble 3TUMU PUCYHKAMU TPAEKTOPUH ClieHapUEB POCTa U YObIBaHUS B Npejieiax psijioB (1)sEM1 Har/sgIHO 1€EMOHCTPUPYIOT,
YTO He TOJIbKO MaKCUMaJIbHble 3HAYEeHHUS CHUXKAIOTCA B CLIEHAPUSAX POCTA, HO CHUXKAKOTCA TaK»Ke U MUHUMaJIbHble 3Ha4eHUd B CLieHapUsaX yobiBaHu4, [3].

* PaspesieHWe OJHOU 0OOLEeN TPAaeKTOPUU HAa HECKOJIbKO MapaJsijieJibHbIX B NpeJesaX 3aKOHOMEPHBIX PsZ0B TPy, C Y4ETOM YETHOCTH NMOPSIAKOBbBIX HOMEPOB «HEUYETHDIXY,
IPOCTOM CIIOCO0 YBUAETH 00L1YI0 3aKOHOMEPHOCTh. [lockobKy psAzabl rpynm B M1 napasjiesibHble, IpUHaAJIeXalllie OJHOMY U TOMY Ke HaTypaJIbHOMY pAAY, TO U 3aKOHOME PHOCTh
OHU OYZIyT A€ MOHCTPHUPOBATH OJIHY U TY K€, COBIA/JAI0IY 0 C 3aKOHOMEPHOCTbIO 0011l M0C/Ie0BaTeTbHOCTH.

* Cyabba «He4ETHOro» B OYepeIHOM Ilare onpejiesisieTcsi ero nosoKeHueM B psifie oAUHO4YHbIX (1)sEM1, oT Toro, Kakoy NOPSAKOBBIK HOMED, YETHBIN UM HEYETHBIN, OHO

MMeEeT, KaKyl0 KPaTHOCTb UMeeT YETHbIA MOPSAAKOBbIM HOMep. ITH /iBa MpPHU3HAKa: YETHOCTb U KPAaTHOCTb MOPSAKOBOrO HOMEpAa «HEYETHOTO» B psijie 0AMHOYHbIX (1)sEM1 B

KOHEYHOM UTore pOpMHUPYIOT MOCJieA0BaTelbHOCTh KostaTa ¢ ito6bIM UCXOJHBIM U3 psiJia HAaTyPaJbHbIX «HEYETHBIX», [2].



5) B asnroput™e KossiaTia He CylecTByeT MoC/IeI0BaTEbHOCTEH, YXOASIHUX B 6ECKOHEYHOCTb 110 CIEAYIOIUM TP HIKHAM:
* He cyuiectByeT 6€CKOHEYHOro pocta B mpenenax M1 «He4€THOTO» C YETHBIM MOPSAKOBbIM HOMepoM. OH Bcerja 3aBepiuaeTcs, B cooTBeTcTBUHU C¢ (12.7), [2], cHavasa
1epexo/ioM K «04yepeJHOMYy» C HEYETHBIM NOPSAAKOBbIM HOMEPOM, a C1eAyUMM X0I0M CLeHApPUX POCTa «KHEYETHOIr0» MPEPHIBAETCA MEePeX00M ero B OHO U3 MHOXKeCTB M2, M3,
M4 ... Mm.
* He cymecTByeT 6€CKOHEYHOTO pocTa yepeJioBaHueM M1=>M2=M1, a 3HAaYUT U JItOObIM IPYTUM YepeJJ0BaHHUEM MHOXeCTB. [Ipor3BeeHUe POOHBIX KO3PPUIMEHTOB Iepexo/ia

«HeuyéTHOoro» U3 psaga (1)s=4n€EM1 OoT ofHOrO MOPSAAKOBOTO HOMEpA K APyromy, NpeJCcTaBJeHHbIX B IeCATUYHOM BU/le, C KOHEYHbIM KOJMYECTBOM 3HAKOB MOCJe 3ansiTou 6oJjiee
OZJHOT O, B JIDOOM UX COYETAHUH, B COOTBEeTCTBUU C (57), [2], He #AIOT LeJIoro HaTypaibHOr 0. 3HAYUT TMIIOTETUYECKOM BO3MOXXHOCTU OECKOHEYHOI0 Mepexoa OT 04HOr0 YETHOT O

IMOpAAKOBOI'O HOMEDPA K APYTroOMYy ‘{éTHOMy B I10CJIEJ0BATEJIbHOCTH KOJIIIaTL[a He CYIIECTBYET.
* 'unore3a 6eCKOHEUYHOH poCTa B IIOCJIEA0BATEIBHOCTHU KOJIJ'[aTI_[a, ITIOCTPOEHHAA Ha MPEAIIOJIONKEHHNHU CYLIEeCTBOBAaHUA TAKOI'O HATYpaJIbHOTO, C BKB.NQSZGZ‘, 0eCKOHEeYHO

Nepexo/sllero B oyepeaHoe C 3KB.N95=07', TaKXXe HeCOoCTOsITe/IbHA. AGCOJIIOTHO Jit060U GparMeHT pocTa YyepeaoBaHueM M1=>M2=M1 B KOHLENIUHA YE€TbIPEX SIKBUBAJIEHTHBIX
ClleHapyMeB KOHeYeH, U BCer/ia 3aBeplaeTcs nepexonoMm u3 M2 B Apyroe MHOXeCTBO, OTJIMYHOe OT M1, YTO 03Ha4YaeT OJHO U3 [BYX: peaM3yeTcCad UM KOHLENL KA yCIelIHOr 0
pellleHUs WU 3epKaJibHas, MYTEM HaKOIJIeHUA 3epKaJbHbIX ciieHapueB HA3A/I. B ob6oux ciydasax peasMsyeTcd NpejCcKasyeMoe 3aBeplieHHre N0C/AeL0BaTeJbHOCTU B HYJIEBOM
nukJie «1=1», [2].

3AK/IOYEHHUE: TakuM 06pa3oM, B COBOKYITHOCTH MPUBEEHHBIX BhIlIe apryMEHTOB U [0Ka3aTe/bCTB [IBYX NIPUHLUIIUAIbHbBIX yTBEPXK/EHUM:
* B anroputMe KossiaTia He cylecTByeT ocjaeoBaTe IbHOCTEN 3aKO0JIbIJ0BAHHBIX;
* B anroputMe KosiaTia He cylecTByeT NOCJAe40BaTeJAbHOCTEH, YXOAALUX B 0€CKOHEYHOCTb,
C KaKoro Obl YMCJIa, 11eJI0T0 U MOJIOXKUTEJBbHOT0, MbI He Ha4aJ/ly, IBUTasCh, B CJy4ae He4ETHOro no opmyie 3X+1, a B ciiydae 4€THOTO ciaeays ¢opMysie X/2, Mbl B UTOTe IPUJEM K
eIUHHULE.
I'MIIOTE3A KOJUIATHA JOKA3AHA.
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