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Penensus

1 Penensus nHa moHorpaduio

M.A. AsnpieBa «Benukast reopema @epma u ABC-runoresa B mkose XXI. IIpocteie
qUC/ia KaK METasg3blK Beeennoii»

Hayunast monorpacdus M.A. ApasieBa «Bemukas teopema @epma n ABC-rumnoreza B
mrKosie XXI. IIpocThie umcita kak mMetasd3blk BcestenHoil» mocBdAlieHa MONCKY KPATKUX
JIOKA3aTeThCTBA 00eNX MATEMATUIECKUX TEOPEM, BBI3BABIINX UHTEPEC Y HAYIHOI'O COODIIe-
CTBA, IMKOJBHUKOB U CTYJIEHTOB. AKTYaJIbHOCTH TEMBI UMeeT OOJIBITON MPaKTHIECKUN 1
TEOPETUIECKU MHTEPEC, IOCKOJIBKY B ITOCIEIHUE TOIbI OOIIECTBO MPEIbIBISIET 0COObIE
TpeboBaHUA K MaTeMaTHKe, NH(OPMAIMOHHBIM TEXHOJIOTUSAM, CUHTE3Y TOYHBIX U I'yMaHU-
TapHBIX HAYK, & TaK:Ke BoIpocaM peOpMUPOBAHKSA MKOJIHHOI'O U BY30BCKOI'0 00pa30BaHU,
OTBEYAIOIIEr0 BBI30BAM, CTOSIIUM II€PE]T COBPEMEHHBIM OOIIECTBOM.

B T'n. 2 monorpadun, rje uznaraercs MoucK JoKazareabcTBa Benmkoit Teopeme Pepma
(BT®), aBropoM HCIOIB30BaHbI 3HAHUS PEUMYIIIECTBEHHO B PAMKAX IIKOJIBHOM IIPO-
rpaMM KJIACCOB ¢ YIUIyOJIEHHON (DUBUKO-MAaTEeMaTUIeCKON OArOTOBKONH. ABTOp m3beraer
WCIIOJIb30BaHNe 3HAHUI BBINIEH MaTeMaTUKU, OPUEHTUPYACH B MIEPBYIO OYepe/ib Ha, IH-
POKYIO 9IUTATE/IBCKYIO ayauTopuio. C 3Toit 2Ke IMEeIbIo aBTOPOM CJIeJIaH IePEBOJI TEKCTa
Ha aHrmickuii 361k B [U1. 4, 5 u 7 moHOrpadun. ABTOp UCIOAB3yeT aHajgoruu u 3D —
MOJIEJIMPOBAHUE, IPOIPAMMHBIN KOJI, JI/IsT PACKPBITUST AKCHOM MATEMATUKH U KOHIIEIIITU
dyHmaMeHTANIBHON DUBUKH, IBUTASICH OT SKCIEPpUMEHTa K (DYHIaMEHTAIbHBIM 0000111e-
nugM. Perag mocraBaeHHYIO MeIarorniecKyio 3ajlady, aBTop oOpalmaeTcd U K JIPYTuM
IIKOJIBHBIM IIpeaMeTaM: (hU3NKe, apXUTEKType U YePUEHUI0, 3eMJIEBE/IEHUI0, UCTOPUU U
n300Pa3UTE/ILHOMY UCKYCCTBY JIJId TOSCHEHUS BaYKHBIX KOHIIEIIIU, BHITIABIINX U3 TI0JIS 3pe-
Hus 3aIaHoi HAayKW, O0Jiee OpUEeHTUPOBAHHON Ha KOMIIETEHTHOCTHBIN U Y3KOOTPaCIeBO
MIOXOJIBI.

B pesysibraTe unTaTesb BCJIE 38 aBTOPOM MOKET IIPOJIeIaTh CJIOYKHBIN IIyTh HAYYHO-
IO TIOWCKA U B3IJIAHYTb HA IMPUBBIYHBIE BEIU C HEOOBITHOIO PAKypca. JTO IIOMOraeT B
OCMBICTIEHNN KOHMINKTa (POPMBI U COJEPXKAHUSA, 3aJI0KEHHOT0, TI0 MHEHHUIO aBTOpa, B
BT®. ABC-runoresa, usyioxkennas B 1. 3 Ha pycckom u B [71. 5 aHIIMACKOM s3bIKaX,
COOTBETCTBEHHO, pacCINTaHa Ha OOJee TOJArOTOBIEHHOIO YUTATEN s, CTYAEHTOB 2-3 KypPCOB
TeXHUYEeCKUX BY30B WJIN MIKOJBHBIX IIperojiaBaresieil npegameroB dbusukn, maremMaruku. Ho
«KJIIOYeBas ujied» JI0Ka3aTeIbCTBA IIPUBEJIEHA B HAYAJEe KaXKJION U3 MepPedIrCIeHHbBIX IJIaB
MoHorpadu, u 3aK/I0YAeTCA 3Ta ujed B paccmorpernn (opmyaupokun ABC-rumoressr ¢
MO3UTINN SKCIEPUMEHTA U CJIyYalHBIX OMNOOK, HeN30eKHBIX B KayKJIOM U3MEPEHUH, B OCHO-
Be KOTOPBIX ITOKOUTCS IIPUHITAIT HEOIPEIeJIEHHOCTU 13 KBAHTOBON Mexanuku. /lasiee aBTop
pas3nvaeT BayKHble KOHIIENIINN CBSI3U M B3aUMOJIeficTBUsI, 000COOIEHHOCTH, Jiejienus o0Iie-
ro pecypca, pacCMaTpUBasl IPOCThIE YNCIa B KadecTBe KOHCTPYKTa (Da30BOr0 IPOCTPAHCTBA,



npubderaeT K CTaTUCTHIECKOW MATPUIE U SHTPOINH, JETAJIHHO PACKPBIBAA €€ PACUET My TEM
MATPUIHOIO JIOTapuMUPOBAHUSA U YCPETHEHHS 10 XOPOIIO U3BECTHBIM IIPUHIIAIIAM MaTe-
MaTHYECKON CTATUCTUKU, UCIOJIL3YEMbBIX M MMKOJHHUKAMEI U CTYJACHTAMU B JJADOPATOPHBIX
UCCJICIOBAHUAX MIPH OIEHKE TTOTPEITHOCTH U3MEPEHN. DTO HABOJUT aBTOpA Ha HETPAIUIIN-
OHHBII BBIBOJI O TOM, UTO [IOKA3aTe/Ib «KA4eCTBA TPOUKU», UCIIOIB3YEMbIl B (POPMYIUPOBKE
ABC-runoressl, B IefiCTBUTEIHHOCTH SIBISIETCA «JIeMDEKTOM> U Pe3ybTaToM (hIyKTyaIlun
- OTKJIOHEHUS CJIy9allHO! BEJIMYMHBI OT €€ MaTeMAaTUIeCKOTo oxKujannsd. Kak mpasuiio, 1mo-
KazaTeslb «KadecTBa TPOUKM» He MPEBBINIAeT €IMHUIbI, & OTKJIOHEHUST OTPAHUYEHbl CBEPXY
caydaitnoit pyHKIHEH, nMeroleil HopMaJabHOe paclipejie/ieHe, B COOTBETCTBUU ¢ 3aKOHOM
OOJIBIIINX YUCeST — OCHOBHOMN BBIBOJ aBTOPA, jokaszbiBatomuit ABC-runoresy, mogkperuién
JeTaTbHBIMA PACIETaMU, YNCJIEHHBIMI OTIEHKAMU W ITPOTPAMMHON CUMYJIATINN.

st maTeppeTanuu HalijieHHoro JokazarenbectBa ABC-rumnoressr, aBrop obpariaercs
takke Ha | n II Hagasa TepMoMHAMIKY, YpaBHEHHE a8 Ma0aThl U IIOCTOSHCTBA SHTPOIINN
pu pabore ujeasbHoit Mamunbl Kapao. Takoit HeoObIMHBIN CUHTE3 IMKOJbHBIX 3HAHUI
TEPMOIUHAMUKH, OCHOB CTATUCTUIECCKON (PUBUKU M MATEMAaTUIECKON CTATUCTUKH, aJIreOphl
MaTPHI] U JTUHEHHBIX OMEPATOPOB, MUPOKO UCHOJIB3YEMBIX B KBAHTOBOIW MEXaHUKE, T10-
MOTaIOT aBTOPY CJEJATh MaTepuaJsl JOCTYIHBIM JIJId IITUPOKON YUTATETbCKON ay IMTOPUH,
00bACHUTH OCHOBHBIE KOHIIENIINY IITKOJbHIKAM CTapInX KJjaccoB. HoBusHa aBTOpCcKOro
TI0/IXO/Ia 3aKJII0YAEeTCA HE TOJIBKO B PACKPBITUN CJIOYKHBIX IMOHATUN MaTeMaTHIeCKUX TOHSI-
THil TIPOCTBIM sI3BIKOM (MHOT/IA B YIepd MaTeMaTHIecKoil CTPOrOCTH ), HO B TIOCTOSTHHOM
obpallieHnn K KOHIENusAM Gu3nku. ABTOD yKa3blBaeT HAa HEPA3PBIBHYIO CBSA3b SKCIIEPUMEH-
Ta C «IUCTON MaTEeMATHUKOW», ¢ (DYHIAMEHTAIHLHON HAYKOil. DTO OTJINYIAET MOHOIPA(UIO OT
«CyXUX» MaTeMaTUIECKHUX JOKA3aTebCTB CTPOro chOPMYIMPOBAHHBIX, HO YBBI, 3a9aCTyIO
HEJIOCTYIHBIX I8 TTOHUMAaHUsS MMUPOKON ayauropueil. Tak, mporuTupoBanHas aBTOPOM
pabora Hnanman Mounsyku (Shinichi Mochizuki) - maremaruka u3 yuusepcurera Kuoro,
MOCBATIEHHAS TOUCKY JToKa3aTebcTBa ABC-rumore3sl HACIUTHIBACT MATHCOT CTPAHMIL U,
He CUnTas CHEeIUAJbHBIX TECTUPYIONIMX ITPOrPAMM, Ha OCHOBE MCKYCCTBEHHOT'O MHTEJLJIEKTA,
MIPOYHUTAHA JIUIIb JECATHIO Y3KUMU CHEIUAJTICTAMU.

B I'it. 6 u 7 moHorpacdun aBTop IPUBOJUT Psi)i MHTEPECHBIX IPUMEPOB IPeyOeK IeHni B
HayKe, MOCHOJICTBA JIOYKHBIX HAYYHBIX TEOPUl Ha ONPEeJIeIEHHBIX HCTOPHYECKUX TTePUOJIaxX 1
PACKDBIBAET pa3/Indns MEXKIY JePUHUIUIMI «OOMIEITPU3HAHHBINY U «MCTUHHBIY. O01I1e-
MIPU3HAHHOCTH HE SIBJIAETCS KPUTEePUEeM NCTHHHOCTH — TOT TE3WC aBTOP PAacKPBbIBAeT Ha
puMepe KOHKPETHOro Kefica 110 3aluTe 1paB Pe3y/IbTaTOB NHTEIEKTYAJIbHO JIedTeTbHO-
CTHU, BBISIBUBIIETO IIPABOBBIE JIAKYHBI B CUCTEMe JIeHCTBYIOMIEr0 HOPMATUBHOTO PEryIrupo-
BaHUsl, YKa3bIBaeT HA HETATHBHYIO MPAKTHUKY SKC-TEPPUTOPHAILHOIO TPUMEHEHNUs TPaBa
CIHIA, a TouHee «HErIACHBIX TPABWI». ABTOD YKa3bIBACT HA HEOOXOJIMMOCTD JaJIbHEHIIeH
HOPMOTBOPYECKON paboThl ¢ yuérom mosokutebuoro onbita CCCP B yeioBusx naBs3am-
HOT'O 9K3UCTEHINAJIHLHOTO KOHMJIUKTa Hallleil cTpaHbl ¢ juraMu crpad O0beuHEHHOTO
Bamaja, ¢ YeM TPYJHO He COTJIACUTBhCA. B 9Tnx ke riraBax MOHOIpaduu paccMaTpPUBAIOTCS
dunocodckre BOIPOCH 0 MeCTe MPOCTHIX YUCET B MUPO3JAHUHN U COJIEPZKUT TOTEHITNAT
JUTS JTAJIBHEHINero nccjie/IOBaHuil Ha CThIKE MAaTeMATHKH, (DU3UKH, THOCEOIOTUH.

Momnorpadust XopoIo cTpyKTypUpOBaHa, MaTeprasl U CChLJIKU Ha MCIIOJb30BAHHYIO JIUTE-
paTypy yao0HO ordopMaTupoBaHbl, HanbOJIee CJIOKHBbIE JIJIsI TIOHUMAHUS BOTTPOCHI KBaH-



TOBO#l MEXaHUKM, CTATUCTUIECKON (DUBUKU BBIHECEHDBI B MPUJIOKEHUA, ITPOCEKUBACTCS
JIOTUYIECKasi CBA3b MEXKJIy IyiaBamMu MoHOrpadun u npusioxkenuamu. OcobeHHO YI00HbI
paboTaroniue runepecbLIKU Ha PUCYHKH, TabJIHUITHI, (DOPMYJIbI U TIPUJIOKEHUS B 3JICKTPOH-
HOI Bepcuu. ABTOPOM HCITIOJIB30BaHbI 00IeHay dHble TepMuHbl. Monorpadus cocrout us
BBeJIEHUs, CEMU JacTell, JByX IPUJI02KEHU, TIOCTIeC/IOBU, COJEPXKUT CIIUCOK JINTEPATYPhI
OKOJIO JIEBATHU JICCATKOB HamMeHoBauuii. Monorpadusa pekoMeHiyeTcs /it myO/ImKaim B
Hayunoit ssekTponHoii 6ubIMOTEKe U MeYATH B COCTaBE HAYIHBIX U3JAHUN.

/ K

Penenzent: Kpeiik Anbdpen Mocudosud K.c.H., JOIEHT

23 centsabps 2024 r.






Teopema @epma u ABC-runoresa B mkome XXI Beka

Hayanasa monorpadust

Bennkast Teopema @epma n ABC-runoresa
B mKoJie XXI.

HpOCTbIe 4Jrcsa Kak MeTad3blk Beesennoit

Mapar ABjibieB

5 okTsiOpst 2024 T.

Cubupckuit Lentp meananmn
Coro3



Teopema @epma u ABC-runoresa B mkome XXI Beka

VIJIK 511, 515.16 530.1, 37.013 BBK 22.12, 22.15

M. A. AjbleB. Monorpadust Besmmkas Teopema @epma nu ABC-runoresa B
mkosie XXI. I[IpocThie unciia Kak MeTasg3bK BeeleHHoil.

Nsnarenserso Coroz Cubupckuit Hentp meauamuu 2024 280 cTp.

B 1637 roay Ilsep ne @epma nanmcast na nosisax " unodbanToBoit apudMeTukn 9T0 OH HAIIET
BOWCTHHY TyJIECHOE JIOKA3aTeIhCTBO Hepa3permmMocTi ypasuernst Jnodanra a + b" = ¢,
I/l HaTypaJIbHBII MOKAa3aTe/Ib CTEIeHN N > 2, HO y3KHe IMOJIsI KHUT He TO3BOJIIIN €My
MPUBECTH TIOJTHOE JoKa3aTe beTBO. CyInecTByeT i KOPOTKUiL U MPOCTOi Cr1ocod JTI0Ka3aTh
Benukyio teopemy ®@epma? ABC rumnoresa yTBepKIaeT, 9TO JJId TPEX B3ANMHO-ITPOCTHIX
YUCEST YJIOBIETBOPSIIOIINX COOTHOIIEHWIO 4 + b = ¢, Ipou3BejieHne MPOCTHIX JIe/TTe el
a,b u c obbraHO HeHAMHOrO MeHbIe ¢. O6e TeopeMbl (POPMYJIUPYIOTCS OYEHDb IIPOCTO, HO
YPE3BBIYANHO CJIOXKHO JI0Ka3biBaloTCs. COTHM CTPAHUIL OBLIN TOTPAIEHBI BbIIAIOIINMUCS
MaTeMaTHKaMi 3alaJHOr0 MUpa Ha ITOUCK J0KA3aTe/IbCTB, i Hay YHBII TOUCK IIPOJI0JIZKAETCS.
B sToit pabore aBTOp NPUBOJUT METOJbI JIOKA3ATEIHCTBA, MOHATHBIE MIKOJbHIKAM U
CTYJIeHTaM Ha OCHOBE CHHTE3a pgjia HayK, BKJo4as dhusuky. Ciesano odobIeHne o posin
npocThix unces Bo Beenennoit. Teopus dnces urpaet mHTEpECHYIO POJIb B II€IaTOTUKE.
M. A. Avdyev. Monograph Fermat’s Last Theorem and the ABC Conjecture
in School XXI. Prime numbers as the metalanguage of the universe.
Publishing by Union Siberian Center of mediation 2024

In 1637, Pierre de Fermat wrote in the margins of Diophantine Arithmetic that he had
discovered a remarkable proof of the insolubility of the Diophantine equation a” + b" = ¢,
where the natural exponent of degree n > 2. However, the limited space available in
the book prevented him from presenting a comprehensive proof. Is there a succinct and
straightforward proof of Fermat’s Last Theorem? The ABC conjecture posits that for
three mutually prime numbers satisfying the ratio a + b = ¢, the product of the prime
divisors a,b and c is typically not significantly less than ¢. Both theorems are formulated
in a relatively simple manner, yet they are exceedingly challenging to prove. Prominent
mathematicians from the Western world have dedicated hundreds of pages to searching
for evidence, and the scientific search continues. In this work, the author presents proof
methods that are accessible to schoolchildren and students and are based on the synthesis
of several sciences, including physics. A generalization has been made about the role of
prime numbers in the universe. Number theory plays an intriguing role in pedagogy.
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2 Ilouemy ObL BoiOpanbl Benukas teopema nu ABC-runoresa?

[Touemy aBTOp BHIOpa] B KauecTBe 0O0bEKTa UccaenoBanus Benukyio teopemy Pepma
(BT®) u ABC-runoresy? - [Toromy 4to 06e mpobiembl (hOpMyTHPYIOTCS OY€Hb IPOCTO, HO
YPE3BBIYAIHO CI0XKHO JOKasbiBaloTcs. Iloxkasyii, HeT TaKOro MKOJIbHUKA, KOTOPBIA HE CJIbI-
maJj 66l 0 Bemmkoii Teopeme, cupaBeIMBO OTHOCUMONR K MATEMATUICCKAM KEMUIY ZKIHAM.
He menbmmii narepec npeacrasnsger ABC-runoresa, KoTopast okasagach He HACTOIBKO
HOIYJIAPHON CPEIU MUPOKON ayauTOPUN YUTaTeIell, HO TaKyKe 00POcjia CBOMMU JIEIeH 1a-
MU, IIPEXKJIE BCEro M3-3a 0ECHPENeJeHTHO 00bEMHOI0 J0Ka3aTe/IbCTBA TaJdaHTIuBeAIIero
MaTeMaTnKa n3 TOKUIICKOro yHHUBEpCUTETA.

N3znavaabHO aBTOPY yAaa0ch joKa3arh BT® ¢ mmoMoIpio BeICIIEH MaTeMaTUKK, aHAJ -
3a YCTOWYUBOCTU T'MIIOTETUYECKON KOHCTPYKIIMU B BUJIE TPEX BJIOXKEHHBIX T'MIIEPKYOOB.
OxkazaJiock, 9To Jirobas MaJteinas GIyKTyalus Hen30eKHO IPUBOIUT K YHUITOKEHNUIO CUM-
MEeTPUU KOHCTPYKITHH. DTO MOKA3aJ0Ch OYeHb CTPAHHBIM, BeJIb MaTepPHaIN3M HOCTYIUPYeT
IIOCTOSTHHOE JBUKeHue. B aToM cjozkHOM Bue aBTOp nepeckasbiBai BT® mepen pasnbiMu
AyJIUTOPUSAMU CJIyIIATe /e, BKIIOUast CTYIEHTOB TYMaHUTAPHOTO TTPOMUIsi, OTHOBPEMEHHO
IIPOJIOJIZKAs ITIOUCK IIPOCTOrO JIOKA3aTEeIbCTBA IIyTEM CO3JlaHnd yIeOHbIX PuiIbMoB, 3D-
MOJIe/IUPOBaHusl, Hancanns Kaurn "BocxoxkieHne K Bepimnae rutepkyba', 3a09HO criopst
C aIroJioreTaMu IIpo-aMEPUKAHCKON Bepcuu JIoKas3aTeabcTBa. VX mecTpyKTUBHAS KPUTH-
Ka, MOPOI0 Ha YCJIOBUSX AHOHUMHOCTH, TaK»Ke ChIIPaJIN ITOJOXKUTEJIbHYIO POJIb B IIOUCKE
MIPOCTOTO, HO OJTHOBPEMEHHO MAaTeMAaTUIeCKH CTPOTOTO JIOKA3aTEeIhCTBA - OHO IPUBEIEHO B
rjlaBe 2 KHUATH.

Tem He Menee kpaTKast Bepcust jjoka3arenbcTtBa BT® - poccuiickasi Bepcust BCTpeTuIa mpo-
XJIQJIHBII PUEM aJIeNTOB MPO-3allaIHoil Hayku. Bosnukasa HoBas mpobsema - OTCyTCTBHE
CHCTEMBI TOCYJIAPCTBEHHO PErUCTPAIINN HAYIHBIX OTKPBITHIT B Poccun. Drta cucrema ObLia
MIOJIHOCTHIO YHIUYTOYKEHA B ITEPUOJ] HEOIIPABIAHHBIX OXKUJAHNN OT OPTaHUYHONW WHTErPaIin
poccHiicKoil HayKu B 00MIEMUPOBYIO - (uuTaiite - B 3alajiHy10), eCTh JIMIIb OJIHA OMDUIIU-
aJIbHO MPU3HAHHAS CTa COPOKa CTpaHmvIHas AMepuKaHCKas Bepcus gokazarebcTBa BTO,
u 910 - Mctuna B KoHeuHON wHCTAHINAN!

B sToit MoHOrpaduu n3s10:KeHbl pOCCUiCKIe BEPCHH J0Ka3aTeIbCTB 00eNX MaTeMaTHIeCKIX
KeMmuyKuH. OHU JOCTYITHBI TOHUMAHUs IMIHPOKONH ayTUTOPHUH - IMKOJbHUKAM CTAPIITUX
KJIACCOB. DTO MUJLIHAP/ILI Jitoseit Ha 3emse. C 1ot 1mepi0 B Monorpadun - [ 4, 5
clesaH MEepeBOoJ W Ha aHIVIMMCKUN sA3BIK, ocTafonuiics jarwiibio X XI Beka. Bmecte ¢
TeM SKOHOMUKA, TOPTOBJs, (PUHAHCHI U TEXHOJIOTMH CTPEMHUTEILHO HAOUPAIOT TEMIl B
crparax Asmarcko-THX00OKeaHCKOTO PernoHa, a MUP CTAHOBUTCS MHOTOIOJISIPHBIM. BbITh
MOZKeT, OJ1arogapst 9uTaTe/IbCKOM MOJIJIEPKKE U TEXHOJIOTUIM MOJAIOTOBKH HAYYHBIX TEKCTOB,
MOSIBATCS TIEPEBOJIBI U HA JIPYTHE SI3bIKH.



ABTOp YyOEXKIEH, ITO «OTKPBITHE IO TJIETY» KarXKJIOMY IMKOJIBHUKY, YTO UCKYCCTBEHHBIIH
UHTEJUICKT MOJIXKEH CJIy’KUTh 4YeJIOBeKYy, YCU/IMBasd ero Hay4dHbIA IIOTEHIINAJI, a He CTa-
HOBUTBHCSI MHCTPYMEHTOM BePUMUKAIINN JI0Ka3aTeJbCTBA U €IMHCTBEHHBIM KPUTEpHEM
UCTUHHOCTH (TaKas HeraTUBHAs TEHJIEHIIUS [IPOC/IEXKUBAETCsT B 3alajHOl MaTeMaTHKe,
OPUEHTUPOBAHHON Ha IIOUCK JIOKA3aTENbCTB, NJOCTYIHDLIX JJId IIOHUMAaHUA JIUIIbL y3KUM
KPYroM n30paHHBIX ABTOPUTETOB).

CoBpemeHHas MIKOJIbHAS IIPOIPaMMa Jlajieka 0T cOaJIaHCUPOBAHHOCTHU, OHA IIeperpyKeHa
pa3pO3HEHHBIMU (hbaKTaMu, cBeJleHnsiME. [[orCK HarIsSTHOTO, KPATKOTO JI0KA3ATEIbCTBA
BT® - 310 noBos 3alymaTbes HaJ CUCTEMHOCTBIO MITKOJILHOIO 0OPa30BaHUs, OTBEYAIONIETO
nyxjgaMm XXI BeKa B yCJIOBHAX OCTPOro MPOTUBOCTOsAHUs Poccum co cTpanaMu oObeInHEH-
HorO 3anaja. 3/1eCh UJIyT B XOJ HEJO0OPOCOBECTHBIE TPUEMBIL: JI2Ke-HAyIHbIE SKCIIEPTHU3DI,
HOJIMEeHa 00CY2KJIaeMOoro Te3uca (Ipolre roBOpsi, JIEMArorus), MOCTOSHHO U3MEHINBAst
MO3UIHsA, AHOHUMKHY, JTUIHBIE BBINA/IbI, OTKA3 OT JHajora u Jip. 3/eCh MPUTOINIICT MHOTO-
qerunit onbiT Cotoza Cubupckuit Llentp menuanuu o 60pbde ¢ «I'PA3HBIME PUEMAMUI> B
KoHmKTax. VIMeHHO OJ1arojiaps MoJIepKKe TOM OpraHu3alinu ObLia cO3/aHa JIaHHas
MoOHOIpadms.

[IIkoIBbHUKY M3yYalOT CJIOMCTOE CTPOEeHMe 3eMHOI Kophl, Teopemy Ilndaropa, ckaisproe
[IPOU3BEJIEHNEe BEKTOPOB, 3aKOH COXPAHEHUS BEINECTBA IPH XUMUIECKUX PEAKIIUsIX, KOHI'PY-
SHTHOCTBH PUTYP, cUMMeTpuio. Psi 6a30BbIX NMOHATHI U3 BBICIICH MaTeMaTUKH, HaIpUMeED,
MOHSITHE OJTHOPOTHOCTH, M30TPOITHOCTH MTPOCTPAHCTBA TIPEMOIAI0T Ha YPOKaX MPUPOIOBEIe-
Hus, Tpyaa u ¢pusukn. C HOMOIIBIO IPUHITUIIOB CUMMETPHUH MTOJIAI0TCA PEIIEHUIO 3a/1a49H,
Tpedyrolre B 00IIeM CIydae 3HAHMS OCHOB MHTEIPUPOBaHUs 1 J1nuddepeHImpoBaHus, yMe-
HUSI PelaTh CUCTeMbl uddepeHnnaj bHbIX ypaBHEeHU B 9aCTHBIX [TPOU3BOAHbIX. Hakomerr,
YPOKHU 4YepUeHnsl U aCTPOHOMUN, U3YUYeHUE TaMATHAKOB MUPOBOI'O KyJAbTYPHOI'O HaC/IeInd,
OCHOB JIOrUKHU U (bustocodun — BCE 9TO IMOMOXKeT B IOKCKe JoKazareabcrBa BT® ¢ omopoit
Ha IIKOJIbHBbIE 3HAaHUs. Hauio npeumyIinecTBa MexK IUCIUIIINHAPHOTO TOIX0/IA.

ABTop yOex1€H, 9TO n3IaraeMast B JaHHON myOumKanun kparkas Bepcus BT® crocobeTBy-
eT KOHIIEHTPaIlN BHUMAHWSA, CTUMYJIUPYET HHTEPEC K TBOPUECKOH yuéde y MIKOJIbHUKOB 1
crysnenToB. Ho ectb n OoJtee Beckas npuunna - bopbda ¢ npejyoexaeaueM. M ne cirydaitno
rjaBa 6 KHUTH TIOCBsIIeHa OOpbOe ¢ OMMMOOYHBIMU ITpeyoek ieHusiMu B Hayke. C 9Tux
no3uiuii Bemmkas roioBojioMKa MOYKET pacCMaTPUBATHCS KaK WHIMKATOP CYBepeHU3aIlun
pocchiicKo# HayKn. 3aKOHOMEPHO BPazk1e0HOe OTHOIIEHHe allo/I0TeTOB 3allaIHbIX CTPaH
K TaKOMY JI0Ka3aTeJIbCTBY, IIOCKOJBKY OHO OCIAPUBAET I'OCIHOACTBYIOIINE CTEPEOTUIIBI O
muaepckux nosunuax CIIA B Tounsix Haykax. O0 9ToM Oyzer pacckasaHo B Tiiase 6.

[TomMumo mUTAT HUXKE B TEKCTE KYPCUBOM JIUOO IIBETOM OTMEYEHBI HAyIHBbIE TEPMUHBI,
3HAYEHUE KOTOPBIX MMOJPOOHO PACKPBITO B CIIUCKE MPUJIAracMoil JIUTepaTypbl U Ha CIeIra-
JIN3UPOBAHHBIX cafiTax, GpopyMax, MOCBAIIEHHBIX TOYHBIM HAYKaM.



Pretace

3 Why were Fermat’s Last Theorem and the ABC conjecture
chosen?

What factors led to the selection of Fermat’s Last Theorem and the ABC conjecture? The
reason for this is that both problems are formulated in a very simple manner, yet are
extremely challenging to prove. It is reasonable to posit that every schoolboy is aware of
the Fermat’s Last Theorem (FLT), which is rightly attributed to the great mathematical
minds of history. It is also noteworthy that the ABC conjecture has not gained widespread
acceptance among the general public, despite the impressive proof presented by the
renowned mathematician from the University of Tokyo.

The author initially demonstrated the validity of FLT through the application of advanced
mathematical techniques, specifically by analysing the stability of a hypothetical structure
comprising three nested hypercubes. It was demonstrated that the slightest fluctuation
inevitably results in the destruction of the structure’s symmetry. In this intricate form,
the author recounted the FLT to diverse audiences, including those of a humanistic
inclination, while persisting in his pursuit of a straightforward proof through the creation
of educational films, 3D modelling, and the authorship of a book entitled "Climbing to
the Top of the Hypercube". Additionally, he engaged in absentia with proponents of the
pro-American interpretation of the proof, offering arguments in response to their criticisms.
The destructive criticism, which was sometimes expressed anonymously, also had a positive
impact on the search for a simple yet mathematically rigorous proof, which is presented in
Chapter 2 of the book.

Nevertheless, the author’s version of the FLT proof — the Russian one — was met with a
lukewarm response from those who adhere to pro-Western science. A new issue emerged:
the absence of a system for registering scientific discoveries at the state level in Russia. This
system was entirely dismantled during the period of unwarranted expectations regarding
the integration of Russian science into the global scientific community (that is to say, the
Western scientific community).

It would appear that a definitive proof of the FLT does not exist. This may be due to
a lack of understanding of the subject matter, as there is only one officially recognised
version of the FLT proof, which is a 140-page American text.

This monograph presents Russian translations of the proofs of both mathematical gems.
The material is accessible to a wide audience, including pupils in classes 9-12 (secondary
school), high school students. This equates to a global population of billions. For this
purpose, the monograph, specifically Chapters 4 and 5, has been translated into English.
The term "21st-century Latin"is used to describe a particular style of writing that emerged



in the early 21st century. Concurrently, the economies, trade, finance and technology of
the countries in the Asia-Pacific region are experiencing accelerated growth, and the world
is becoming multipolar. It is hoped that, thanks to the reader’s support and the use of
technology for the preparation of scientific texts, translations into other languages will
appear.

The author is convinced that every student has the potential to make a significant discovery.
Furthermore, the advancement of artificial intelligence should be directed towards enhancing
human capabilities, rather than solely focusing on verifying evidence and establishing a
singular criterion for truth. This approach is evident in Western mathematics, where the
emphasis is on the pursuit of evidence that is limited to a select group of experts.

The contemporary school curriculum is, in the view of many, unbalanced and overloaded
with disparate facts and information. The search for a clear and concise proof of the
fundamental theorem of calculus provides an opportunity to reflect on the consistency of
school education that meets the needs of the 21st century.

The preparation of this monograph was made possible by the Siberian Centre of Mediation,
the Union and the support of this organisation.

The curriculum includes the study of the layered structure of the Earth’s crust, the
Pythagorean theorem, the scalar product of vectors, the law of conservation of matter
in chemical reactions, congruence of shapes, and symmetry. A number of fundamental
concepts from advanced mathematics, such as the notion of uniformity and the isotropy of
space, are introduced in the natural science, labour and physics lessons. The application
of symmetry principles enables the resolution of problems that typically necessitate an
understanding of fundamental integration and differentiation concepts, as well as the
capacity to solve systems of partial differential equations. In conclusion, the curriculum
includes lessons in drawing and astronomy, the study of monuments of world cultural
heritage, and the basics of logic and philosophy. These will assist students in searching for
evidence of the FLT based on their school knowledge. It is evident that an interdisciplinary
approach offers significant advantages.

It is this author’s conviction that the concise exposition of FLT presented in this publication
will foster concentration, stimulate interest in creative learning among schoolchildren and
students. However, there is a more compelling rationale for this approach, namely the
fight against prejudice. It is noteworthy that chapter 6 of the book is devoted to the fight
against erroneous biases in science.

In addition to the quotations below, scientific terms are marked in the text colortealin

italics or in color, the meaning of which is disclosed in detail in the list of attached literature
and on specialized websites and forums dedicated to exact sciences.
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Vmenno ¢ nosunnn Pusuxu!

MokHO 3HAYUTETLHO YIPOCTUTH JOKA3ATEIHLCTBO TEOPEMBI I COKPATUTH 00BEM HCKOMOTO
pelenus 3a CYET NpUMEHEHUs Psia (PU3UIECKUX ITPUHITUATIOB:

N30TponHOCTh U OHOPOIHOCTDH ITPOCTPAHCTBA;
BrisgiBitenne nmoBTOpsieMbIX CTPYKTYP U CUMMETPUH;
Mexanndeckasi aHAJIOTUS U SBPUCTHIECKUN TIONCK;
[Ipumenenue mpuHIUIA 101001 OOHEKTOB;

vVvyyyVvyy

Breibop Hajexkarmeii cucreMbl KOOpAHHAT U (hopM PUTYP, aJeKBATHBIX HCCIELYEMbIM
00 BEKTAM;
» MbIcIeHHBII SKCIIEPUMEHT.

CrenTuky mpoIo/KAI0T canTaTh, 9T0 [Ibep me Pepma, BeposiTHee BCero, 3a0 Ty K 1aICs.
Mex 1y Tem, moc/ie/loBaTeIbHOE IIPUMEHEHNE OCHOBHBIX IIPUHITUIIOB (DU3UKU, T€OMETPUI
3aCTaBJIAIOT JyMaTh nnade. Pabora naj reopemoit @epma npujaia UMITYIbC Pa3BUTHIO
TEOPUH HHCesI, KOTOPasi TaKyKe OMUCHIBAET 3aKOHBI (PU3NIECKOI'0 MUPA, HO OIOCPEIOBAHO.
CsmeHa mapaJiurMbl O3BOJISIET YBUJIETh 3TY CBA3b B HAIVISIHOM IipejcTaBieHun. /Ipamaru-
JecKas UCTOPUs OTKPBITHA TeopeMbl PepMa I MOWCK HATIAIHBIX JTI0KA3aTEThCTB JTOJZKHBI
CTaTh YaCTBIO MKOJIBHON / BY30BCKOii moAroToBku. [Ipomokaer TemMy Teopun duces B
sroit Mmororpacdun ABC-runoresa (ABC conjecture). Ona Takzxe J0Ka3aHa, IIPEkKJIE BCETO,
¢ mo3unuy (GU3NKU, UYTO MMO3BOJILIET 3HAYUTETHHO YIPOCTUTDH U3JIOXKEHNE U He TOTEPATH
IJIABHYIO UJICI0 JTOKA3aTEeIbCTBA: MIPOCTHIE YUC/Ia CBI3BIBAIOT MAKPOMUP ¢ MUKPOMUPOM,
KOTOPBIII B CBOIO OYepe/ib, MOMINHSIETCS 3aKOHAM KBaHTOBON pu3nku. B ocHoBe obenx
JIOKA3aTe/IbCTB JIEZKAT MPUHIIUITLI CUMMETPUN U ACUMMETPHUHU, BO3MOXKHOCTD BbIJIE/IEHUS
YaCTHOIO U3 TEJION0 W IMOHUMAaHWe TOHKOW I'PDAHU MEXKJIy CBSI3bI0 M B3aUMOJIEHCTBUEM.
OOBIYHO 9TH BOIPOCHI PACCMATPUBAIOTCH € MCIOJB30BAHUEM CJIOXKHOTO MaTeMaTHIECKO-
ro amnmnapata u ¢pusuku. Ho B HaIl BEeK MOYTH KaXKJIOrO Ye/IOBEKa Ha 3eMJie OKPYKAIOT
YCTPOICTBa, I7le NCHOJIb3YIOTCH Ha3BaHHbIE MPUHIINIIBI, & IMKOJbHAS IPOrpaMMa y2Ke ITPH-
BBIYHO OIIEPUPYET TAKUMU MOHATUSIME KaK Jia3ep, KBAHTOBbIN KOMIIbIOTep. CTaHOBUTCS
MPUBBIYHBIM JIUCTAHIIMOHHOE B3aMMO/IEHICTBIE C TOCYIAPCTBEHHBIMEI OPTaHAMU ¥ OaHKAMI
C MTOMOIIBIO KBAJMMUITNPOBAHHON 3JIEKTPOHHON MOAINCH, (DUHAHCOBLIE TPAHIAKITUU YIKe
ceffgac 3aIUINAalTCs ¢ TOMOIIBI0 KBAHTOBOH Kpunrorpadun u T.j1.. U mosromy puckuém
U3JI02KUTH MATEPUAJ A3BIKOM, JOCTYITHBIM JIJIsi CAMOM ITUPOKOM &y IMTOPHUH.

It is possible to significantly simplify the proof of the theorem and reduce the amount of
the desired solution by applying a number of physical principles:

Isotropy and uniformity of space;

>
» Identification of repeatable structures and symmetries;
» Mechanical analogy and heuristic search;

>

Application of the principle of similarity of objects;
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» Selection of the appropriate coordinate system and shapes of shapes adequate to the
objects under study;
» is a thought experiment.

Those with a skeptical outlook continue to believe that Pierre de Fermat was most likely
mistaken. Meanwhile, the consistent application of the fundamental principles of physics
and geometry prompts a shift in perspective. The investigation of Fermat’s theorem
provided a catalyst for the advancement of number theory, which also elucidates the
fundamental principles governing the physical universe, albeit in an indirect manner. The
paradigm shift permits the establishment of a visual representation of this connection.
It is recommended that the remarkable account of Fermat’s theorem and the pursuit of
visual corroboration be incorporated into the curriculum of academic institutions. This
monograph continues the discussion of number theory with reference to the ABC hypothesis.
It is also demonstrated, initially from the perspective of physics, which enables a substantial
reduction in complexity in the presentation while maintaining the fundamental premise
of the proof: prime numbers bridge the gap between the macrocosm and the microcosm,
which in turn adheres to the tenets of quantum physics. Both proofs are founded upon the
principles of symmetry and asymmetry, the capacity to differentiate between the specific
and the general, and the ability to discern the subtle distinction between communication
and interaction. These issues are typically addressed through the use of sophisticated
mathematical tools and physics. In the present era, however, almost every individual
on Earth is surrounded by devices that utilise these principles. Furthermore, the school
curriculum already incorporates concepts such as lasers and quantum computers. The
use of a qualified electronic signature for remote interaction with government agencies
and banks is becoming increasingly commonplace, while financial transactions are already
protected using quantum cryptography. Consequently, we will present the material in a
language accessible to the widest audience.



Teopema @epma Ha MIKOJIBHOM TJI00YCE






3aueM mKoabLHUKY BTO7

1 Bsenenne

[TouTn gerbipe cToseTnst MUp OUJICA HaJI pertenneM Beukoit
Teopembl Pepma. EcTh jg0Ka3aTe/IbCTBO COTHIO C JIUITHUM
CTPAHUTI JIJIs CIIETNAINCTOB B TEOPUU YHUCE]T, HO €r0 HEBO3-
MOXKHO Tiepeckasarhb. [lompobyem pacecmorpers Teopemy Pep-
Ma C 1o3uIuu (pusuku u reomerpun. VIMeHHO ¢ 9TUX TTO3UTINI
[Ibep e Pepma MOr HalTH pelleHre, OCHOBHBIE UJIEU KOTO-
pPOro CXeMaTHYHO YMECTUJINCH Obl Ha JIOCTATOYHO IMUPOKIX
MOJIAX KHUTHU, B HECKOJIBKUX pucyHKax. OTHAKO MOCIIOICTBY-
IOIIMe Ha MPOTAXKEHUU CTOJIETUNl B MaTeMaTHKe ITapaiurMbl
OKa3aJIi CUJILHOE MPEISTCTBIE B HAXOXK/IEHUU PENIEeHUs B TOM
HaIlpaBJIEHNH, KOTOPOE, BhIParKasiCh COBPEMEHHBIM SI3BIKOM,
siJisieTcst 3 dekTuBHbIM. CKEIITUKHU TTPOIO0JIZKAIOT CINTATD,
uaro [Ibep s1e Pepma, BeposiTHee Beero, 3a0.1y K tascsa. Mex ity
TeM, I10CJIe0BATEe/IbHOE IIPUMEHEHNEe OCHOBHBIX ITPUHITUIIOB
JuszuKU, reoMeTpun, MBICJIEHHOT'O SKCIIEPUMEHTa, 3aCTABIAIOT
nymarhb naade. Vctopusg oTkpbITug TeopeMbl Pepma JT0TKHA
CTaTh YaCTHIO MKOJIBHON / BY30BCKOil MOArOTOBKH. B camom
JieJie, CyTh JI0OKa3aTeIbCTBA YKJIAIbIBAETCS B OJIHOM (popMyIie
U OJTHOM PUCYHKE.

Bazxno ormeruts, uTo Hapsiy ¢ Bemukoit Teopemoit Pepma
cymecTByeT Takxke Maistag Teopema Pepma B TeOpun duce.
31ech peusb uaer ToabKo Benmkoit Teopemoit @epma
(Fermat’s Last Theorem).

[Touemy map n Ky6 romeomopdubi? U aTo Takoe romeomMop-
dusm? Kakyio poJsib HTpaioT 0JIHOPOIHOCTH U M30TPOITHOCTH
[IPOCTPAHCTBA, CUMMETPHUs B TTOMCKAX MaTEeMaTHICCKOTO JI0-
kazaresbeTBa’ [louemy B Besukoit Teopeme @epma Bo3HUKA-
eT daranbHbIll KOHMIUKT MeXK Ty (hOpMOil U cojieprKaHuem?
O6cy B 3TU BOIPOCHI, MBI Cej1aeM 0DOOIEHNsT 1 BBIBOJIBI O
dyHIaMeHTaIBHBIX CBOMCTBaX Haleil Beesennoii.

B nanno#l myOmmKaIuy mpuBeIeHoO JI0Ka3aTe/IbcTBO Benkoit
reopembl Pepma (BTD) Ge3 maremarnueckoro hopMaausMa.
ABTOp IPUBOJIUT BEPCHUIO KPATKOTO JoKazareabcTBa BT

1 Beemenme ........ )

2 @opmyaupoBKa Teope-
MBI o v v 6

3 YesioBeueckuii pazym
[IPOTUB UCKYCCTBEHHO-
ro UHTEeJIeKTa . . . . . 7

4 MpICTIeHHBIE SKCIIEPU-
MEHTBIl . . . .. ..... 8
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[Wil95]: Wiles (1995), «Modular
Elliptic Curves and Fermat’s
Last Theorem»

[BG94]: Boston u mp. (1994),
«The World’s Most Famous
Math Problem (The Proof
of Fermat’s Last Theorem
and  Other  Mathematical
Mysteries)i By Marilyn vos
Savant»

[Mar70]: Matusicesua (1970),
«/ImodpaHTOBOCTH  TIEpEUNCIIH-
MBbIX MHOZKECTB»

[Mar93]: Marusacesna (1993),
«ecsaras mpobsema 'minbep-
Tay

C OIOPOI TPEUMYIIECTBEHHO Ha IMKOJIbHbIE 3HAHUs (hu3n-
K1, THDOPMATUKU U JIpP. TIKOJILHBIX mpeameToB. C no3urun
MHYKEHEPHOTO IMOJIX0/[a TIOHUMAaHIe OCHOB TEOPUU MHOYKECTB
n akcmoM EBKJMIa MOYXKHO MPOUJLTIOCTPUPOBATD C MTOMO-
o 3D- MosempoBanus, KOHCTPYUPOBAHUS U OOOOIIUTH
pPe3yIbTATHI Ha, MHOTOMEPHOE ITPOCTPAHCTBO.

2 PopMyINPOBKa TEOPEMBI

Benukasa Teopema @epma ObL1a cchopmynupoana [Ibepom
e @epma B 1637 1. Ona yrBepKgaeT, 9To ciaemayomee Jlno-
daHTOBO ypaBHEHUE:

a +b" =c" (2.1)
HE WMeeT PEIleHnil B IeJIbIX Yncjiax Z, 3a UCKIIOIeHNeM
HYJIEBBIX 3Ha4YeHuil, g n > 2. Ciydait crenern n = 2 u3Be-
CTEH B IIKOJILHOM Kypce 1I0JI HazBaHueM TeopeMa [Iudaropa.
Ditep B 1770 romy gokazan reopemy (2.1) past n=3, Tupu-
xJie u Jlexkanap B 1825 rojy - jutd n = 5, Jlame - jajisg n =
7. B 1994 rony mpodeccop IIpuncronckoro yHupepcurera
Quapio Yaiinc [Wil95], [BGI4] mokazan (2.1) jis Becex n, HO
9TO JIOKA3ATE/ILCTBO, CojieprKariee 0oJiee cTa CTPAHUIL, TOHAT-
HO MaTeMaTHKaM, CIEIHATH3UPYIONUMCS B 00IaCTH TeOpUn
quces1 u nuimHApudeckux dyukiuit. Bozaukaer npobiiema
BepuUKAINN JTOKA3aTETHCTBA aMEPUKAHCKOW BEPCU.

K gucny JInodantoBbix ypaBHeHuit oTHOCATCA Benmkast Teo-
pema @epma u Teopema Iludaropa. B 1900 r. Hemerkumit
mareMaTuk JlaBum ['niibbept chopmyaupoBast Criucok u3 23
MaTemaTuiueckux 3a1ad, [1 Mex ryHapogHoM KoHrpecce MaTe-
MaTukoB B [lapuxke, Bkiodas lecaryio npobsemy, KOTOPYIO
B HECKOJIBKUX CJIOBaX MOYKHO BBIpa3uTh Tak: «llycrh 3amamno
JlnobanToBO ypaBHEHUE C IPOU3BOIBHBIMI HEU3BECTHBIMU
1 TEJIBIMI PAIMOHAIBHBIMI IUCTOBBIMU KO(DDUITHEHTAME.
YKazarb CIoco0, Ipu MOMOIU KOTOPOIO BO3MOXKHO ITOCTIE
KOHETHOT'O UHC/Ia OMEPAINil YCTAHOBUTD, PA3PENTNMO JIH ITO
ypaBHEHUE B IEJIbIX, PAIMOHAIbHBIX unciax.» Cmycrs 170
smer Coserckuit maremaruk FOpwuit Baagumuposua Matu-
SICEBUY JIOKA3aJI, UTO ODIIEro ajropuTMa He CYIIeCTBYeT
[Mar70] cM. TakzKe MOMyJIsIpHYIO IMyOJIUKAIUIO B YKypHAJIE
"Kpamnt"[Mar93| Tem He Menee, /1st HEKOTOPBIX CJIy4daeB, 10~
HATDH pasperumo Jjin J[nodanToBo ypaBHeHre, MOI'YT IIKOJIb-
HUKW, He prberasi K BBIYUCJICHUSM, OIMPAsiCh HA METOIbI
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reoMeTPUIECKO ayireOpbl, CHMMETPUIO, AHAJIOTHIO U (PYH-
JIaMeHTaJ/IbHbIE CBOMCTBAa MHOI'OMEPHOI'O IIPOCTPAHCTBA, CM.

[MA20].

BT® chopmynuposana [Ibepom jme Pepma HaA TOIAX KHU-
ru Apudmernka nodanra Asexcannpuiickoro (III HY)
[/Tno07]. TIbep ne Pepma Hamucaa Ha Y3KUX TMOJISIX KHUTH,
YTO OTHICKAJI BOUCTUHY UYyJIECHOE TO0KA3aTeIbCTBO, HO Y3KUE
TIOJIS HE TTO3BOJISIIOT MY IIPUBECTH JIOKA3ATEIHLCTBO B ITOJTHOM
obbeme. BriocseacrBun moToMKu 060 ra i hpaHIy3CKOTro
MaTeMaTHKa, U MOCUYUTAIN UTO OH JIOIYCTUJ JIEFKOBECHOE
CY KJIeHIe, MTPOIIEe TOBOPst, XBacTasl u jraj. OCHOBAHUEM JIJIsT
TaKOI'0 YTBEP:K/IEHUs CTAJIO0 KAHOHU3UPOBAHHOE JOKA3aTEe b~
CTBO DHJIpIO Yaiijica, Ha CTO € JIMITHUM CTPAHUIL, 38 9TO €My
ObLIa IPUCYKIeHa IpecTi:KHasd Abenesckas npemus B 20161
BrociencrBun Duapro Yaitic crajl IeKaHOM MaTeMaThde-
ckuit paxkymprera [[pUHCTOHCKOTO YHUBEPCUTETA,BXOIAIIETO
B Jlury Ilmoma. Ho Hay4HbIil moMcK HEJb3si OCTAHOBUTH
Jlazke ToC/Ie pa3iadu caMbIX IMPeCTHKHBIX HarpaJ, a Jucrap-
MOHUs MeKJly KpaTkoii hopmyuposkoii [9,1880] u cioKHbIM
nokazareabctBoM BT smmb nomzamopusaer [Cunl0] geps-
kux ucciaegoBanuii. - [logemy ObI 1 He J0Ka3aTh HpoIMe?
[P1603] Uctuna - sTo mporece, a He dhuHA.

3 Yenopeueckuit pazym IpoTUB

NCKYCCTBEHHOI'O MHTECJIJICKTA

CyIecTBYIOT i KOPOTKUE U IPOCTHIE CIIOCOOBI JIOKA3ATE b
crBa Benukoit Teopembr @epma? HyzkHo it 7151 9T0T0 Tpa-
TUTH CTO UJIU DOJIee CTPAHUI] U ITPUOETraTh K ITOMOIIU HCKYC-
CTBeHHOrO uHTe/IekTa? Poccuiickie KpaTkne BepCUu JI0Ka-
3aTeILCTB 00ENX TEOPEM B TEOPUH THCET OCHOBAHBI Ha " 1py-
rom mojxojie 0 KoropbiMm mumer Munbén Kum (Minhyong
Kim), maremaruk n3 OkcdopICKOro yHUBEPCUTETA, CAUTALT:
Ucnonb3oBars njien pU3MKOB s PEIIeHns 3a/1a9 TeOPUN
YUCEeT MOYKHO, HO MBI €I1le HEJI0OCTATOTHO XOPOIIO POy Ma-
JI, Kak co3jiarh Takyio ocHoBy |[Harl7]. U eme omna ero
nuTara: Mbl HAXOUMCH B TOYKE, KOTJIa HaIlle TOHUMAaHUe
pU3MKU TOCTATOYHO 3PEJIO, U €CTh JIOCTATOYHO TEOPETUKOB
qHCesI, 3aNHTEPECOBAHHBIX B Hell, YTOOBI CJEIaTh TOJIYOK
(Tam xe).

[MA20]: M.A. (2020), «Teope-
ma Pepma ¢ o3uun GU3NKA B
IITKOJIES

[no07]:  HOuodant  (2007),
Apudmernka U KHHTA O
MHOTOYTOJIbHBIX 9UCJIAX

[91880]: Dasapac (1980), ITo-
cirenassa Teopema Pepma
[Cun00]: Cunrx (2000), Benu-
Kas Teopema Pepma

[Pu603]: Puben6oitm (2003), ITo-
caenHsisi Teopema Pepma JiIst
JrrobuTeteit

[Harl7]:  Hartnett  (2017),
«Mathematicians Explore
Mirror Link between Two
Geometric Worlds»
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[Xun23|: Xunaun (2023), Tpu
JKEMUYKUHBI TEOPUU UHCEIT

Puc. 3.1:
IIvep ne Pepma 1607-1665 .
I'maBrOIT 3acayroit Pepma 1o
IpaBy CUYUTAETCS CO3/aHUe
Teopun unces. Pepma MUPOKO
n3BecteH Osaromaps Benmkoii
Teopeme  Pepma. Teopema
ObLTa cHOPMYIUPOBAHA UM B
1637 roxmy, Ha TOJAX KHUTHU
«Apudmernkay Huodanra c
[IPUNICKOM: s HAIIES IyIeCHOEe
JIOKa3aTeJIbCTBO 3TON TEOPEMBI,
HO IIOJIsA KHUTI'M CJIUIIIKOM Y3KH,
9TOOBI U3JIOKUTH €rO0.

ABTOp MpUIEPKUBACTCS TIPUHITAIIA IIPOCTO O CJIOKHOM, IPO-
JI0JI2Kasl TPAJIUIINA OT€UECTBEHHBIX YUEHBIX B TEOPUH YHCEl,
manpumep B [Xun23).

OTBeT Ha BOIIPOC, CYIIECTBYET Ji OBICTPLII U IIPOCTOI CIIOCO0
JoKazaresberBa Beskoit Teopembr Pepma yTBepIUTETLHBI.
U stoT criocod BKIIOYAET B cebsl CEPUIO MBICJICHHBIX IKCIIEPH-
MEHTOB, & TakKe PpuI0cohCKOe OCMBICIEHE OCHOB HAIIETO
MUPO3/IaHNAI.

PaccMoTpuM KOHCTPYKITUIO U3 TPpeX KOHIICHTPUIECKUX BJIO-
JKEHHBIX N-KyOOB WJIM IIAPOB C IEHTPAMHU B Hadaje KOOp-
JIMHAT, PEOP WM PaINyChl KOTOPBIX PABHBI HATYPAJIbHBIM
qucaam a, b, c. 3ameTuM, He MeHssl OOIHOCTHU, ITO HATY-
paJsibHbIe dncia B dhopmyie (2.1) cBa3aHbl Kak a < b < ¢, a
CUTYyallusi PaBeHCTBa pedep a = b MCKIIIovYeHa B CUIy HUppa-
nponaabaocTn V2. Cirydail OTPUIATEIBHBIX THCEI MOXKHO
pPaccMOTpeTh IIyTEM TepeHoca djieHa B JAPYTYI0 YacTh ypaB-
Henust (2.1) U 3aMeHbI IEPEMEHHBIX - JOCTATOYHO JIOKA3aTh
TeopeMy Jis caydas a, b, ¢ € Nj (umgekc 1 oboznagaer
MHOXKECTBO HATYPAJbHBIX YUCE], UCKI0Yasd HOJIb, B OTJININE
No B s11oxy mudpsl, rjie Te »Ke MacCUBBI B Psijie IPOrpaMM-
HBIX S3BIKOB HYMEPYIOTCS C HyJIs) U 0000IHUTE pe3y/IbraT Ha
Hesble ducia Z.

4 MpbIcaeHHble 9KCIIEPUMENTDI

MpIC/IEHHBII SKCIEPUMEHT - 9TO TUHMOTETUIECKAs CUTYAIINN,
UCIIOJIb3yeMasd Jjisd OObsACHEHUs sIBJIEHUS, Yepe3 KOTOPbIe
MOYKHO OBIJIO OBI TIOJIyIUTh PE3YJIbTAThI, €CJIA Obl SKCIIEPU-
MEHT JIEHCTBUTEILHO COCTOSICHA. DTO PECYPC BOOOPAYKEHUSI,
001110 JIOCTATOYHON JIOTUKOM, ITOOBI MOXKHO OBLIO
PEeJICTAaBUTH cebe CBA3HBIE PE3YIHTATHI.

[Tomrpobyem cozmars Ha ocHoBe BTd HEKOTOPYIO KOHCTPYK-
0. PaceMoTpuM mIPOeKT cOCTOSIIIUI 13 TPEX BJIOXKEHHBIX
[EeHTPUPOBAHHBIX N-Ky6oB (mapos), a-Mauibiit, b-Cpenuii u
c-Bouibmoit, obmuit MeHTp KOTOPBIX COBHAAET C HAYAJIOM
KoopmHAT ¢ pébpamu (pajuycamu) a, b, ¢ € Ny, npu ycio-
BUU CJIEJIYIOIIEr0 COOTHOIIEHUSIMU MEXKy 00béMaMu Gpuryp:
V(B;) = V(B{) — V(B}). V — st0 obosnauenne obbéma. 3a-
METHUM, YTO JIJIsi N > 3 BMECTO 00bEMA CJIe/IyeT HCI0JIb30BATh
MepYy, OIPEIeIeHHYIO0 HUKE.
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SameTrnm, 4TO JII0OOH KyO MOXKHO IIyTeM HeIPEePbIBHBIX U
obparumbix gedopmarmii (romeoMopdusn) MpeBpaTuTh B
mrap u Haobopor [BuplO] - T'n. 2 § 10, 4. B Tonosoruu ta-
Kre pUrypbl Ha3bIBAIOT romeomopdubivu . [Tosromy Huxke
U3JIO2KEHHE [IePEXOJIUT OT N-KyDa K MHOTOMEPHOMY IIapy
(B MareMaTnke IpUHATO 0OO3HavYeHne Bl rjae a — pajanyc
mrapa, 1 — pasMepHOCTh IIPOCTPAHCTBA) TOTJA, KOIJIA 3TO
[IO3BOJISIET YIIPOCTUTH U3JI0KEHUE.

[TomumM, 9TO /11T N > 3 BMECTO 00bEMA CJIEyeT MCIOJIB30-
BaTb aKCHUOMaTHUYE€CKHU OIIpeJe/isAeMOC IIOHATHE MEPbI, BaxK-
HBIM CBOWCTBOM KOTOPOI'O SIBJISIETCS IOJIOXKUTE/THHOCTDH 3HA-
JeHuil U aJIUTUBHOCTD, T. €. IPU 00beIuHEHNN (PUTYD UX
MePBI CKJIJIBIBAIOTCS, 9TO HE IIPOCTO YI0OHO i (husude-
CKUX U3MEPEHUIl MacChl, JJIMHBI, ILIOMAAn, 00bEMa, HO U
BBIDAKAeT CBOWCTBO MaTepUH HAIEro Mupa (HampuMep, 3a-
KOH COXpaHEHUs KOJUIECTBA BeIlecTBa B XOJe JIBUKEHUA U
[PU XUMHUYECKIX DEAKIIUSIX ).

[Bup10]: Bupo O 4 Nsanos O
A (2010), DnemenTapHast TOMO-
Jorust

AuTHBHOCTD (ot JIAT.
additivus — npubasnsiembrii) —
CBOIICTBO BEJIHYUHBI, COCTOLAIIEE
B TOM, 4YTO €€ 3Ha4YeHue, COOT-
BETCTBYIOIIIEE IIEJIOMY OOBEKTY,
pPaBHO cCcymMMe e€ 3Ha4YeHWUid,

JacCTdM

COOTBETCTBYIOIIIX
obbekTa 1pu JIF000M pa3bueHnn
€ro Ha JacTH.

Puc. 4.2: CiieBa - KOHIEHTpUYECKHE N-KyObl U CIPaBa - Iaphl C MEJOYNCIeHHBIMEI PEGPMHA / pajinycaMu a,

b, c

Mpr momyanan KOHCTPYKIAIO, He CYIIECTBYIOIIYIO B IPUPO/IE
JUIs caydasd n > 2, 91o yausuresabno! Hecitoxkuo yoemTb-
¢ B HEOCYTITECTBUMOCTH PACCMaTPUBAEMOT0 MHZKEHEPHOT'O
IIPOEKTA.

Definition 4.1 Nmsa Eskimna B XXI Beke. B coBpemennom
MMOHUMAHUY TI0JT €BKJIMJIOBBIM IIPOCTPAHCTBOM IIOIPa3yMe-
BaeTCsd OJIUH M3 CXOJIHBIX U TECHO CBA3AHHBIX OOBEKTOB:
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[Kun|: Kunren (), OpenSCAD
- 3TO TmporpamMma I CO-
31aHUS  TBEPJAOTEbHBIX 3D-
mogeneit CAIIP. 9T1o cBobos-
HOE TTpOorpaMMHOe obecIieuenme
pacIIpoCTpaHIeTCs MO/, JIUTIEH-
sueit GPL paboraer mos omepa-
[MOHHBIME cucTeMaMu Linux /

UNIX, Windows u Mac OS X

KOHEYHOMEPHOE BEIECTBEHHOE BEKTOPHOE IMPOCTPAHCTBO
C BBEJIEHHBIM Ha, HEM MOJIOYKUTEIHBHO OIIPEAEIEHHBIM CKa-
JIIPHBIM [IPOU3BEJICHUEM JINO0 METPUIECKOE IIPOCTPAHCTBO,
COOTBETCTBYIOIEE TAKOMY BEKTOPHOMY IPOCTPAHCTRY.

B camom geste, eciin kKoHcTpyKius Ha Puc. 4.2 cymectBy-
eT, 9T0 0603HaYaeTCsl KBAHTOPOM 3, TO B CHJIY HOCTYJIMPY-
eMOii OJIHOPOJHOCTH €BKJIUIOBA IIPOCTPAHCTBA MOYKHO IIe-
PEMECTUTD, KaK 3TO CUMBOJIM3UPYIOT cTpesku Ha Puc. 4.2,
IIOMEHSITh MECTaMHU, COOCTABUTH Y- JIFOOYIO TOUKY / €JMHIY-
HBII Ky0 U3 MAJIOro Imapa B COOTBETCTBUE JPYroii Touke /
eJIMHUIHOMY KyOy MCCJIe/lyeMOro TOJMHOKECTBa IPOCTPaH-
CTBa MEXKJLy CPEJIHUM U OOJIBINNAM INAapaMU Tak, 9TOObI HE
pas3pyIuTh CUMMETPHIO KOHCTPYKIIMU, HE JOIMYCTUThH HEOJI-
HOpozHOCTel Jinbo mycror. Ho sTtu nopmuoxkecTBa (mporre
TOBOPsI YaCTH KOHCTPYKIUK) HE SKBUBAJIEHTHBI, a UX OObE-
MBI (Mepbr) ne OytyT pasnbt: V(Bg) # V(BY) — V(B,). U
Ha A3pIKe Teopnn Muoxkects By # (BE)\V(B)) , rie snak \
O3HAYAeT BHIYMTAHUE MHOXKECTB, a 3HaK = - TOMEOMOpdU3M,
0 KOTOPOM elrie OyJIeT CKa3aHO HUKe.

Teopus mHO)KecTB - yepe3 3D mozenmpoBanue

Ha Puc. 4.2 crupaBa ucioib30BaHO KPOCC-ILIaTdOpMeHHOe
npusiozkenne OpenScad, KOTOpoe MOMIMO YUCTO UHKEHEP-
HbIX HpI/I.TIO}KeHI/Iﬁ ABJIAETCA ITPEKPAaCHBIM UWHCTPYMEHTOM
JUTS U3YYeHUs TEOPUU MHOXKECTB, OIEPAIlil HaJ| MHOYKe-
crBaMmi, acconuaTHBHOrO 3akoHa [Kum|. Cambrit 06brd-
HBIA METAJIJINYECKUI MOJIOTOK Ha JEPEBAHHON PYUYKe MOXK-
HO PacCMaTPHUBATH KaK PE3YJILTAT OlepaIlnii BIYUTAHUI
na | muoxkectBamu difference, o6beunenus - union, rme-
pecedenue intersection pydKu u COOCTBEHHO MeTaJLIHUe-
CKOfl 9aCTU MOJIOTKA. Y 9eOHBIX IIPUMEPOB KOJIa IIPOrpamMm
IPETOCTATOYHO JIJI HATUISITHON M3JI0YKEeHUST TOHATHN MHO-
2KeCTBO, MOJIMHOXKECTBO, YHUBEPCAJILHOE MHOXKeCTBO U,
IIyCTOEe MHOXKeCTBO J, JIOMOJTHEHNE MHOXKECTBa U T.J1.. He
nopa jiu B XXI Beke m3ydaTh B IIKOJIE OCHOBBI TEOPHUU
MHO2KecTB 1uepe3 3D mojenupoanue?

5 Ilpoext, mogemupytomuit BT

MO2KHO JI TOCTPOUTH KOHCTPYKIIUIO B BUJIE TPEX KOHIIEH-
Tpudeckux (rurep)Ky6os, mogeaupyiommit BT®? lomycrum
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0 3aKa3y "Kalpu3HOW POK-3Be3bl" HEOOXOINMO MOCTPOUTH
JIOM 13 TPEX KyOMIecKUX KOMHAT: CTY/IUHU, OXBATHIBAIOIIEH
eé KodeiiHn, OXBATHIBAIOIIETO KOMENHIO 3UMHET0 Ccaja, Jia
TaK 9TO0BI 00BEM CTYIUHU OBLT PaBeH 00bEMY IIPOCTPAHCTBA
MeXK/Iy 3UMHHM CaJIOM U KodeitHeil B Mesblx Kybomerpax,
JuTpax, Kyomdaecknx joiivax u T.1.7 - Kak Oyjer jmokaszaso
HIZKE, 9TOT IIPOEKT HEOCYIIECTBUM B JIIOOBIX €IMHUIIAX U3Me-
peHwus JIJTNHBI pedpa KOMHAT U 00bEMa IIPOCTPAHCTBA KOMHAT
- OJIHO U3 PEDEP TPEX MEPEUNC/IEHHBIX KOMHAT 00S3aTeIbHO
JIOJIPKHO OBITh UPPAIMOHAIBHBIM TUCIOM.

[IpengrcTBre 3aK/II0UAETCS B TOM, UTO (DUTYPa, MOJIETUPYe-
Mast popmysioit (2.1) mosmkHa 0618 1aTh CBOHCTBOM IIEHTPAJIb-
HOW CHMMETPHUHN U HE MOZKET COJIEPXKATHh HEOTHOPOHOCTEN.
OTHU OrpaHUYeHUs] IPUBOJAT K TOMY, UTO B PE3y/IbTaTe KayK-
JbIit coit na Puc. 4.2 me conmoctaBUM HU ¢ KAKUM JIPYTUM
CJIOEM B IIPOCTPAHCTBE pa3sMepHOCThIO 1 > 2. CBoiicTBO aJI-
JINTUBHOCTHU U AKCUOMa, MEPHI 371eCh He TPUMEHUMBI — Hellpa-
BOMEpPHA caMa MOCTaHOBKa BOIIPOCA O TOCJTIOWHOM CpaBHEHUHU.
C jpyroit cTOpOHBI BO3MOXKHOCTDH ITOCJIOWHOIO CPaBHEHUS
CJI0EB TpeOyeT CUMMETPUs KOHCTPYKITUH, JIOMYCKAIOMA CJI0-
KeHue/ BeruuTanue | cokpaiienue mep (06béMoB st 3D-
carydasi, momaei st caydas 2D, mmuH i caydas 1D)

Maremarukn /Ipesneii ['perun BBeIM moHATHE HECOU3MEPU-
MOCTIH JIMHEIIHBIX OTPe3KOB, Kak Haupumep V2 u 1. 31ech
MBI CTOJIKHEMCS C IOJO0HBIM, HO ¥ OJIHOBPEMEHHO HOBBIM
sBJICHUEM. Y O0eIUMCs, 9TO IIPecyie/ysd YCJIOBUE paBEHCTBA
06BEMOB MOJIMHOYKECTB nccyeyeMoit Koncrpykiuu V(BY) =
V(B{) = V(B}) u nienTpa/bHOl CHUMMETPHH B3aUMHO HCKJIO-
qaloT JpyT Japyra. B obiem ciydae 9TH MOJIMHOXKECTBa He
9KBUBAJEHTHBI. B 9TOM M 3aK/II09aeTcs OCHOBHAs UJles J10-
Ka3aTeIbCTBRA.

6 Cummerpus. VM3orpomnHocTs u
OJIHOPOJIHOCTD ITPOCTPAHCTBA

Bysiem pazimmyaTh OTKPBITBHIN AP U OTXBATHIBAIONILYIO €0
chepy. Cepa saBiIeTCS TaK HA3BIBAEMBIM CJIOEM JIJIST 3aMbl-
KaeMoro uM/ero mapa mwin n-kyba. Cdepa numeer pasmep-
HOCTH Ha €JMHUILy MeHbIe, 9eM Imap. DTU YTBePXKIIeHUsI
U3BECTHBI U3 MIKOJIBHBIX YPOKOB MaTeMaTUK. BceromuuTe
dOpMYIIBL 1T JJIMHBI OKPYZKHOCTHU 27TR U TIomam Kpyra

Citoxkenue / Bbrunranue / co-
KpAIlleHne Mep - UMEHHO TaKue
OLIEPAIUN JIOIYCTHMBI B OJ[HO-
ponuaoMm martepuage. OmgHOPO/I-
HOCTh €BKJINJIOBA IPOCTPAHCTBA
HOCTYJINPYETCsT
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nR?, mwromann ceps %TCRB n obbéma 1mapa. MaTepecHo
[IPEJICTABUTL, YTO B OJIHOMEPDHOM MUPE MbI HOJIYUHIU Obl
OTKPBITHIH IIAp B BHUJIE OTPe3Ka, UCK/II0Yasi €r0 KOHEIHbIe
TOYKH, WA HYJIbMepHbIe cepbl, PACIOJIOKEHHbIE Ha PACCTO-
dHUM T OT Havasa Koopauaat. Huke mokazana cdepbr 1jist
3D, 2D mapoB - Takue MHOrooOpa3us UMEIOT Pa3MepHOCTD
Ha €JIMHUILY MEeHbIIle, YeM 3aMbIKaeMble umu dhurypol. He
CJIy9aifHoO 3J1eCh CTOUT 3HAK roMeoMopdusma = Guryp.

[IpencraBum cebe, 9TO MBI pacceKaeM Hallly N-MepHyIo cde-
Py THIEPILIOCKOCTSIME, HAUUHAS C TIPOCTOTO CJIydasi IeThl-
pexMepHOro npocrpancTBa. Uro Mbl yBuauMm? - Tpexmep-
Hy10 cepy ¢ IEHTPOM B HaYa/€ KOOPJIUHAT, KAK PE3Y/IbTAT
repecedeHns YeThIPeXMEPHOil cephbl ¢ TPEXMEPHBIM 1101~
mpocrpancrsor R3. Pasmmaatores orpoitoie CeBepHoe I
FOzkHO€ mosTymapus, mpu 3TOM 9KBATOP UCKIIOYAETCS. DKBa-
TOP CTAHOBHUTCS MEPHUIUAHOM, €CJIA MTOBEPHYTH (PUTYPY TIO/I
npsaMbIM yriioM. g 3D cirydas mosryauM OOBIMHBIHN TT1aD,
HAIIOMHHAIONMNH (HYTOONBHBIH M4, 3aMKHYTBII 2D cdepoit
I OKPY2KHOCTBIO. Vckiouaem u3 chepbl MPON3BOIbHBII
MEPU/INAH.

falor Suts | Ny ey I

S\ 80 = R~

Puc. 6.3: Pazmeproctu nosrycdep u rumepiiiiockocTeit

Hasee, s ciydasi IBYyMEPHOI TIJIOCKOCTH, OTKPBITOMN cde-
POl CTAaHOBUTCS TPUBBIYHBIN KPYT, UCKJIIOYAsT OKPY2KHOCTb.
Haxomnerr - oTKpPBITHI OTPE30K, UCKJ/I0Yast KOHEYHbIE TOY-
KH.

Definition 6.1 B pesysibraTe mosiyauTcs moc/ie10BaTe h-
HOCTH HE IMEePECEKAIONNXCAo TeOMETPUIECKUX IJIEMEHTOB
Ha cdepe psma pazmeprocteit or 1 10 n-1. 9to Tak Ha-
3bIBaE€MbI€ TUIIEPMEPU/IMAHDbI, KOTOPbIE ITPUTOJISATCA HAM B
JaJIbHENIIEM.

" Tenieps mpesicraBuM cebe KacKa [ HEIPEPBIBHO CJIEYIOIINX
cep 1 MepUIMAHOB, OXBATHIBAIONIMI KayK/IyI0 U3 9TOTO MHO-



6 Cummerpusi. VI30TpPOITHOCTD U OHOPOIHOCTD ITPOCTPAHCTBA

»kectBa. JlomycruMm, 94T0 OThICKaIach J - Tpoiika HATYpaJIb-
HBIX 9HUCET &, b, ¢ , yaoBaerBopsiomux (2.1), Torga B 95T0M
caydae KaxKaas TOYKa IMPOCTPAHCTBA B MHTEPBAJIE MEXKTY
cpeaHeit u 0oJIBINOI cepaMu 0TOOPA3UTCA B MAJIYIO chepy
k ﬁ)c " ldr = k fo “rn-ldy , e k - HekoTophit Koadduiinent,
3aBUCSIIII OT pa3MepPHOCTH MPOCTPAHCTBa N. B cuty cum-
MeTPUU KOHCTPYKIINK JIF0O0e MHOYKECTBO 9THX Chep MOKET
OBITH OTOOPaXKEHO B MHOXKECTBO JIPYTIUX cep MEHBIIEero pa-
JIAyca, YUCI0 MAJIBIX c¢ep, 09eBUIHO, JIOIKHO ObITH OOJIBIIE
B CIJIy yCJIOBUSI PABEHCTBA Mep.

[Ipu oObsicHeHMU MHTErpaJia IperojaBaTe/ M YacTo OlepPu-
PYIOT noHATHAME pasbuenns (urypsl, mapa Bl na otiens-
Hple dacTr min guddepennuana S"An, (3aech An = 1)
KakK IIpH pa3pe3aHuu JUMOHA, KOTOpPhIe 3aTeM COOMPAIOT-
ca B eanHOE 1ie10e. Ho mpuMeHeHune BhICIIEH MaTeMaTUKH
3Jiech OyaeT m3auiHuM. BMecTo 3anmcu MHTErpaJioB Jijis
[IOCJIOHOTO CPaBHEHUsI MHOYXKECTBa cdep JTOCTATOYHO 3a-
caTh MPUBEJIEHHOE 3/IeCh YPaBHEHUE B TEPMUHAX TEOPUU
MHOXKECTB M OTHOIIEHUI S5KBUBAJIEHTHOCTU. 3aMETUM, UTO
SM\S"=1 = R™ dim(S™\S" ) = m, rae R™ - pazmeprOCTD
MIPOCTPAHCTBA M, YTO HAIJIAIHO caeayeT n3. Puc. 6.3, KoTo-
PBIif MOKHO MHTEPIPETUPOBATH KAaK OTCJICYKUBAHIE TPACK-
TOPHH JIyda CBETa, UCIIYIIEHHOTO U3 TOYECIHOI'O UCTOTHUKA.
OueBnIHO B3aMMHO OJHO3HAYHOE OTOOparKeHNe TOUYKN B TOU-
Ky B obpase u 1mpoobpase.

{S]'} — {....S;} (6.1)

9TO O3HAYAET, YTO MHOXKECTBO U3 OJIHOI'O 3JIEMEHTa, COJIepPKa-
1ee ¢/IMHCTBEHHbII ¢JI0fi Sj, 0TOOpazKaeTcs Ha MHOKECTBO
CJIOEB, COIEPIKAIINET0 HECKOJIBKO 9JIEMEHTOB S; ¢ ITOMOIIHIO
GyHKINMN SKBUBAICHTHOCTH, TP 3TOM TOYKA 0TOOPaAXKAETCsI
B TOUKY, 3JIEMEHTAPHBIH Ky - B 9j1eMeHTapHbIil Kyo: 17 — 1.
Jlpyrumu cjioBaMu, CyHIeCTBYeT HEKOTOpasi PYHKIUS SKBU-
BastentHOCTH f(X) — Y, orobpazkaioniasi OTKPBITOE MHOKe-
CcTBO X Ha MHOXKecTBO Y. B oTHOIICHUAX 3KBUBAJICHTHOCTHI
KaxK/Iplil 00pas3 mMeer 11poodpas.

B mammeit KOHCTpYKIINM MHOXKECTBO HEIPEPBIBHO CJIETYIO-
IUX JIPYT 3a Apyrom cdep ¢ MeJOUNCTIEHHBIMU PAJInyCaMU,
00pa3yIoT OTKPBITHIE IIaphI.

[Ipumepb! MHTYITUPOBAHHON TOMOJIOTHH

13
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B nHavasbHOI MIKOJIe n3ydaeTcs TEKCTypa CIUJIEHHOTO Jle-
peBa, CJIoOUCTasd CTPYKTYpPa 3eMHOI KOpPbI B pa3pese, CJie/bl
CJI0EB Ha, 30H/JIE, M3BJIEUEHHOM U3 CBEPXTVIYOOKOH CKBAXKU-
HBI - BCE 3TO IPUMePbl MH/IYIIMPOBAHHOI TOIIOJIOIUN.

Benmkas Teopema @epma UCKITIOYAET CYIIECCTBOBAHKIE TAKOM
CUMMETPUYIHON KOHCTPYKIIUU TIPU COOJIIOJIEHUHN YCJIOBHIT K-
BUBAJIEHTHOCTH U HerpepbiBHOCTH. [louemy? YUToOBI OHATH
9TOT PpeHOMEH, HEOOXOIMMO IMPOAHAN3UPOBATH yPaBHEHUE
(6.1) mo saemeHTAM:

Tabauna 6.1: Jliobas cdepa n3 mpoodpaza oToOpazxKaercs B 00pa3 OTIEIBHO [0 KAXKJIOMY JJIEMEHTY.

n-1 Cepa | S"2-runepmepuman | ... | Duement S>-cdepa | ST -oxpyx. | Pamuyc
sn-l S7=2\5n=3 o S2\S! ST\s? j
{L I ] 1] 1]
S?_l S?_Z\S?_‘Q’ e S?\S} S}\S? i
n—1 Sn—2 Sn—3 52 \Sl Sl \SO i1
S i \Si i-1\2i-1 i-1\2i-1 -

Kaxkiprit cjioit cojiepKUT 3J1eMeHTbl pPa3MEpPHOCTHIO OT 1
J10 n-1. 371ech ucceyeMast CTPYKTYpa 3aI0/IHAIACh CJIOsi-
mu ot nepudepun j... i, (i-1) K HEHTPY, TOITOMY UHIIEKCHI
MePeYnCIeHbl B IOps ke yobiBanusi. OyHKIMA SKBUBAJIEHTHO-
CTH CONIOCTABJIACT KasK/Iblil 3JIeMEeHT €10 Sj B OT/IC/ILHOCTH
¢ MHOYKECTBOM 3JIEMEHTOB COOTBETCTBYIOIIEH pa3MepPHOCTH.
[Ipu sTOM B cuy cuMMmeTpun u3 JIFOOOTO JIEMEHTa, CJIOS
runepMepuuan 0ojiee HU3KOM Pa3MEPHOCTU MOXKET OBITh
BBIOPAH ITPOU3BOJIBLHO, TIOA0OHO TOMY, KaK ITPOU3BOJIBHO BbI-
6upaercs rpanb / pebpo Kyba.

ObecnieunTh OJHOBPEMEHHOE COOTBETCTBUE JIEMEHTOB CJIOS
6oJ1ee YeM 10 OJTHOU Pa3MEPHOCTU HEBO3MOYKHO WM3-33 Hepas-
PEIUMOCTH JijIg N > 2 ¢chOPMYyJIUPOBAHHON HUXKE CHCTEMBbI
n3 n-1 ypaBHeHwUit, r/ie 1 1 j - HaTypaJbHBIE PAJINYChl KOH-
HeHTpuIecKux cdep:

R Lt (A ) Lt IS
6.2
P2+ (-1 4+ 6.2
j=i+(@-1)+...
Kaxkoe ypaBHeHUE COJIEPKUT JiBa U OOJIee CIaraeMbIX CIpa-

Ba. DTOT psJl YPaBHEHUI TPOJOJIZKAETC OT N-1 710 cTeneHn
1. JIro6oit 371eMeHT TPOU3BOJILHON PA3MEPHOCTH MOZKET OBIThH
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oTobpazkeH (PYHKIMEH SKBUBAJICHTHOCTH TOJBLKO Ha SJIEMEHT
Toit ke pasmeproctu [Tpell]. CrpykTypa cioes onpejesis-
eTCcsl TOJIbKO Pa3MEPHOCThIO IIPOCTPAHCTBA U HE 3aBUCUT OT
reOMeTPUIECKOTO pa3Mepa CJIOs.

YesioBre 5KBUBAJIEHTHOCTH WJIM PABEHCTBA OOBEMOB (TOU-
Hee MOIIHOCTY MHOYKECTBa TOYEK JJIsA JII0OOro N-MEepPHOro
[POCTPAHCTBA) 0TOOParKAEMbIX CJI0EB O3HAYAET, UTO JIHOOOI
[IPOU3BOJILHBIN CJI0# OOJIBINON cdephl MOXKeT ObITH 0TOOpa-
JKEH Ha MHOYKECTBO IOC/IE/I0BATE/ILHO CJICTYIONINX MAaJIbIX

cdep.

Yucsio cjioeB B 0Opasze B IPaBoOil YaCTU KarxKJOr0 YPaBHEHUS
> 2, MOCKOJIbKY 2 - HATypaJIbHOEe YHCJI0, caejyiolee 3a 1.
DTO0 IPUBOINT K CHCTEME yPaBHEHMIA, KOTOpasi Hepa3peInmMa,
Jlayke B BEIIECTBEHHBIX dncyax R. DTo MOXKHO ITPOBEPUTH C

e+ wll < H1xll + ]

JJId €BKJIMJIOBa IIPOCTPaHCTBa, I/ie CyMMa JJIMH KaT€TOB

IIOMOIIBIO HEPABECHCTBa TPEYTrOJIbHUKA
IPAMOYTOJIBHOI'O TPEYT'OJIbHUKaA OoJIbIIIE JJIAHBI TUIIOTEHY 3bI.

Ciy4gait paBeHCTBa HACTYIIAeT TOJBKO IPU HYJIEBOM KaTeTe
1 UCKJII0YaeTcd 1Mo ycaoBusaM Benukoit Teopembl Pepma.

B CUJIy aCCOIIMaTUBHOI'O 3aKOHA

[Tpu gucse 4ieHoB B cucreme ypaueHuii 6.2 60JbIe JIBYX
MOXKHO COCPEIOTOYUTHCA Ha IIOCJICIHEN I1ape YPaBHEHUIA,
IpeICTaBUB cebe OIepaIuio CJIOKEHUs JIBYX u 0oJiee op-
TOTOHAJILHBIX IO OTHOIIEHUIO JAPYT K JIPYTY BEKTOPOB B
1l MEPHOM €BKJIMJIOBOM IIPOCTpaHCTBE: X, Y, Z, W .. .. Ilog-

z KBaJIpaT AJJUHBI BEKTOpa, a X -

pasymeBaeM IoJ X
MIPOEKITHIO 3TOT0 BEKTOPa Ha JTII00YI0 (DUKCHPOBAHHYIO OCh,
obozHavaeMylo Kak Xp,. B cuiy opToromajibHOCTH HTO-
roBasi CyMMa BEKTODOB Oy/leT MMEeTh KBaJIpaT MOJLYJIs,
PaBHBIN CyMMe KBa/IPATOB MOJLyJIel UCCJIEYeMbIX BEKTO-
poB x2 + y? + z% + w?. .., a MpoeKIms Ha BBHIGPAHHYIO
OCb Xpr + Ypr + Zpr + Wpr + ... CcyMme mpoeknuii. lasee
OoCTaéTcsd MPUMEHUTH aCCOIUATUBHBIN 3aKOH JIJI 1JIEHOB
OJIMHAKOBOI Pa3MEPHOCTU U CBECTHU 3aJlady K yKe pac-

CMOTPEHHOMY HE€PABEHCTBY TPEYIr'OJIbHUKA.

[Tpe01]: Tpensdamms (2001),
Tomosorust. 3eiidepr I' Tpesb-
dats B
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[Ceph9]: Ceprmuckuii (1959),
ITudaropoBbl TpeyrobHUKI

7 Iludaroposnol 3-ku 3 Tosbko Ha 2D

ITJIOCKOCTH

[Mudaroposst 3-ku cyriecTByoT ToJIbKO Ha 2D 1mrockoctu. 3a-
KOHOMEPHO BbITeKaeT Bompoc: modeMy? [ludaropossr Tpoiikn
HCIIOJIb30BAJINCH JIJI BHIYUCJIEHUI €Ié JIpeBHENIel IMBUIIN-
zanueit [1lymepoB 3a ThicgdeneTus J0 poxkjaeHus camoro [1u-
daropa s penreHnst TPUrOHOMETPUIECKUX 3a/1a4, BKII0Yas
cJIOXKeHue / BhIYMTaHUE YIJIOB. B uem ocobGeHHOCTH JBYMeEp-
HO TIJIOCKOCTH 110 CPABHEHUIO ¢ N-MEPHBIM ITPOCTPAHCTBOM
n > 37 IludaropoBam TpeyrobHUKAM IMOCBIIIEHA KHUTA

[Ceph9).

Y10o0bI HAKTH TPOCTERIIUI OTBET, MOYKHO BOCIIOJIH30BATHCS
CTapbIM JOOPBIM MarHuTO(OHOM, B KOTOPOM JIEHTa, IIepeMa-
TBIBAETCS C JIEBOI KATYIIKK Ha IIPaBYIo Wi HA000poT. B aTom
cllydae cyMMa ILIOINaJeil JieBoil u mpaBoit O0OMHBI JIEHTHI
OCTaeTCsl MIOCTOSTHHOM M paBHA TOJIIAHE JIEHTHI, YMHOXKEHHON
Ha ee JIJINHY.

%

yercube=2n regular hyper pyramd

L._‘_ |‘_-, ]’]‘.J]‘!‘]l.-'g'h'] r-“ 1“ "{,0.1:

forn=2butnot forn>3

Puc. 7.4: DxBuBasenTHOCTD c0eB Ha 2D-110cKOCTH J1JTsT KPYTOoB U KBaaparoB. Crpasa - dhororpadus
rpaHn aBTOpckoro 3D-kyba cormacHo 3asiBKe maTeHTa Ha mpoM. obpaser; Ne 2021501435/49 ot 20.03.2021

JlotrycTtrm, Mbl 3apUKCUPOBaJI MOMEHT, KOT/Ia JieBas KaTyIIl-
Ka,/ 600mHa nmeer pajuyc j Gosbiumii, gem npasas i. Korma
MBI TOBOPUM O HEOOXOIUMOCTHU COXPAHEHHUsI CUMMeTPHUu (hu-
IypbI IIPU HEITPEPBIBHOM OTOOparKeHUN WJIN TTepEeMeIeHInn
CJI0s1, 9TO O3HAYAET, YTO OJIMH 0OOPOT JIEHTHI CJIEBa, TOJIZKEH
YKJIaJIBIBATHCS B TEJI0€ TIHCJI0 000POTOB OOOMHBI CIIpaBa: JIBa,
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TPH, Y€ThIPE U T.JI., HO He JPOOHOE YUCJIO, MHAYe OyJIeT Ha-
PYIIIEHO YCJIOBHE COXPAHEHUs] CUMMETPUN TIPU TIepeMeleHnn
i 0TOOparKeHUH cJIoeB. [leificTBUTEIbHO, YJACTUYIHO 3aI10JI-
HEHHBII cJI0i mMeeT jeeKT CUMMETPHUH, OH aCHMMeTDIYEH.
[Ipero/1oKuM MBI MOXKEM M3TOTOBUTDH JIEHTY ITPOU3BOJIb-
HOI TOJIIIUHBI, TOT/IA JJI JII0OOTO 38/ IAHHOT'O0 COOTHOIIIEHNU S
PaJIYCOB OKPYKHOCTEHl KATYIIeK MbI JIET'KO JIOObeMCS CUM-
METPUH B 9TOI MOJIe/ TN, 8 UMEHHO: OJUH CJIONl MU BUTOK
Ha OOJIBINON KaTyIIKe SKBUBAJEHTEH MHOYKECTBY ITOJIHBIX
BUTKOB WJIN CJIOEB HA MaJIOil KaTYIITKe.

B obrmiem cirydae, peub wiieT He 06 OJTHOM CJI0€, a YIIOPs 10 IeH-
HOM MHOXKECTBE CJIOEB {S]'...} — {....5;}. Buecp 3amnucanbl B
npoobpase S; - HepBbIil 3/1eMenT, a Ha obpase S; - HOC/IeIHU
snement. (ITomHuM, 9To HCcaemyeMasi CTPYKTYpa 3aI0JIHSI-
Jach caosMu ot nepudepnn j... i, (i-1) k nenrpy. 13 storo
CJIEJIyeT, YTO [EeJIOYUCIEHHbIE PAJNYChI CIOEB | > 1 JOJAKHBI
ObITE He MeHee | = i + 1, HHAYe MOXKHO IIPOCTO IepeMOTATh
JIEHTY WJIH TIOMEHSITh KaTYIIKH. )

OrmernMm, 9TO B ciydae n-Kyba (orpejiesieHne JJaHO HUZKeE)
Pa3sMEpHOCTH 2 MJIM, TIPOITE TOBOPS, KBaJIpaTa Ha ILJIOCKOCTH,
KapTHHA aHaJorndHa. B cuny cummerpun ymoO0HO coCcpesoTo-
YNThCA Ha U3yYeHNH eIMHCTBEHHOIO CerMeHTa, 00pa30BaHHO-
ro JiydaMu, UCXOJAIUMA U3 IEHTPa N-Ky0a, COBIAIAIONIEro
¢ HaYaJI0M KOOPIMHAT, B BEPIIMHBI OJHOI IpaHu 3TOro Kybda,
U IPUMEHHUTH (POPMYJTY JJIsi TLJIOIIA/IU TPAIICIIMHU 110 ITPOU3-
BEJICHUIO JIJINHBI CPEJIHel JuHun Ha ee Bbicory (Puc. 7.4
cipasa). Jlerko ybeanThest B cOXpaHeHnH 00béMa Mephl T0/I-
MHOXKECTBa, CJIOEB IIPooOpa3a, 0ToOparKeHHOT0 B oOpa3, Ha
MHOKECTBO IOCJIJIOBATEIHLHO U HEIPEPBIBHO CJIEJYIONINX
CJI0EB, PACIIOJIOKEHHBIX OJIMKe K Hadasry koopawHat. OHo-
BPEMEHHO COXPaHSAETCs CUMMeTPHIHAast (bopMa UCCiIemyeMoi
KOHCTPYKIIUH. DTOT CAydail YHUKAJIEH JJIsT ITPOCTPAHCTBA
pa3MEepHOCTH JiBa N = 2 Wju I1ockKocTu. Jjis mpocTpancTs
HHON Pa3MEPHOCTH OJHOBPEMEHHOE COXpaHeHne Mepbl (00be-
Ma) U CUMMeTpuaHON GhopMbl B 06pase u mpoobpasze HEBO3-
MOxKHO. [louemy 910 Tak 0O0bsCHAETCSA HUZKE.

He obsa3areibHO yMETh HHTErPUPOBATH

He obsi3aTeibHO yMeTh MHTErPUPOBATH, YTOOBI BHIYUC-
JTUTH 06bEM (TUIep ) IUPaMEJIBL - JIOCTATOYHO HAYIUTHCSI
paccekarhb (runep)Ky6 Ha MJICHTUIHDbIE TUIEPIIUPAMYJIbI
1o uuciay (rurnep)rpadeit. Vl He orpaHUIMBATHCS TOJBKO

17
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[PABUIBHBIMUA (THIIED) IHPaMUIAMA. I 9T0ro MOKHO

MBICJIEHHO, 3aII0JTHUTH MTUPAMUTY YKUJIKOCTBHIO, TTIOMECTHB
€€ B OJIHOPOJIHOE I'DABUTAIIMOHHOE I10JIe, MOXKHO IIpUMe-
HUTH 3aKkoH [lackasist m 3aMeTUTD, YTO JaBJICHHE Ha OCHO-
BaHUEe TUPAMUJIbI 3aBUCUT OT Beca, Macchl, 00bEMa Mupa-
MUJIbI, HO B KOHEYHOM CYETE, OJHO3HAYHO OIPEJIE/IAIOTCS
BBICOTOM ¥ ILJIONIAJIHI0 OCHOBAHUS, HE3ABUCUMO OT (hOPMBI

nupamuasl. [IpumernTe moaydennyo gpopmyy ES K 2D,
3D, 4D . . . u ybequTech B €€ COOTBETCTBUN I/IBgeCTHbIM
13 MIKOJIBHOMN IPOrPaMMBI ILIOMIAIN TPEYTOJbHAKA 1 00b-
émy nupamuabl. [loMHETE, 9TO IIOIMIAAL S COOTBETCTBYET
Mepe rpaHu pasmepHocTH n-1. TBopueckoe BooOparkeHne
VIIPOIIAET BHIMUC/ICHUSI U J1e/1aeT HHTEIPUPOBAHNE B PSIE
CJIy9IaeB HEHYKHBIM!

g n -mepHoro mnpoctpancTBa [Indaropossr Tpoitku MoryT
obITh B Buje /lekapToBa Mpom3Be/ieHUsT Pe3y/IbTaTa BHIUUTA-
HISI KBaJ[PATOB Ha HEKOTOPEIi KyGomm: (c2\b? = a?) x d"~2
e a,bc -sro [udaroposa Tpoiika Ha JBYyMEPHOil ILJIOCKO-

CTH.

Puc. 7.5: I[Ipumep ITudaroposoii Tpoiiku B 3D. Cobtofena b oceBast cummerpusi. Purypa, cooTser-
CTBYIOIIAs! C MO3UIUE TEOPUH MHOYKECTB apudMeTHdeckoMy Buipazkennio (52\42 = 32) x 5!

Pucynok 7.5 HanoMmHaeT MHOTOXKW/ILHBIN KabeIb KBaIpaT-
HOT'O CeYeHUs, IJle COOIOeHa JINIIb OCeBasl CUMMeTPHs, HO
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He IIeHTpaJibHad CUMMETPUI.

B mkose n Byse Ha ypokax (bU3WKH, FeOMETPUH, YePUEHU,
nHKeHepHO# rpadukn mim 3D MojenpoBanns ydariecs
IIPUBBIKJIN pabOTaTh C OCEBOl cUMMeTpHeil, cumMMmerpueit
OTHOCHUTEJILHO IJIOCKOCTH, IIOCTPOEHHOI Ha OIPEeNeJICHHBIX
0CHIX, a TAK2Ke C IeHTpaJIbHOl cumMerpueil. Jlerko 0606muTh
[IPUBEIEHHYIO BbIMIe TaOJNIly Ha N-MEPHBIN cIydail.

Tabauna 7.2: CuMMETPUIHOCTS B Y€THIPEXMEPHOM IIPOCTPAHCTBE N = 4.

CummerpuanocTsb | CUMMETPHIHOCTH
Bo 4ro orobpa-
OTHOCHUTEJILHO BJIOJIb TOJ1-
CummeTpust OTHO- 3UTCS
HOIIPOCTPAH- [IPOCTPAHCTBA ||
CUTEJILHO: KOOPIUHATAMUI
crBa L pasmep- | PasmepHocTbio
(xll X2, X3, x4)
HOCTBIO (cTenens cuMM. )
I II IIT =n-1I v
Kyba mo ocam
3 1 X1, X2, X3, —X
Xl,XZ, X3 ( 1,42, A3, 4)
[Timockocrn (X7 X
X 2 2 (xll X2, —X3, —X4)
2);
Ocu X1 1 3 (Xl, —X2,—X3, —X4)
Toukn B Haua-
Jle KOOpPJWHAT W
0 4 (=x1, —x2, X3, —X4
B IIEHTPE BCEX I'd-
IepKyOOB

Yo mpemnsiTcTBYeT JIsl ciIydae TPEX u 60Jiee MepHOro mpo-
crpaHcTBa - "HamaThIBaTh'" CJ100 3a cioeM (cdepy 3a chepoii)
¢ OOJIBIIIOTO Tapa Ha MAJIbI MOJI0OHO PACITYCKAHUIO BA3aH-
HOH Bermu u3 mepctaHoir HuTH! [lompobyeMm paccMoTperh
9TOT BOIPOC C MO3UIMK "YUCTOI MATEMATUKH JIJISI 9TOTO HEOD-
XOJINMO KPaTKO PACCMOTPETh HEKOTOPBIE MMOHSITHS TEOPUU
MHOXKECTB, HEIIPEPBIBHOCTH (PYHKIIUH, METPUIECKOI TOITOJI0-
UH, TOMeOMOpdU3Ma, MOMAPHO He MePECEKAIOIINXCsT KJIacCOB
SKBHUBAJIEHTHOCTH.

8 HenpepoiBHocTh. 'omeomopdusm.
Kiacchl 9KBUBaJIEHTHOCTH

Poccniickas ¢urypucrka Kamuia BaimmeBa BeI3bIBaeT BOCXH-
IeHne, IPaImo3HO UCIIOJIHSIS IIJIaBHBIN TaHell. TaHell cocTonT
U3 Pa3JIMIHBIX PUTYD, ILJIABHO MTEPEXOJIANINX JPYT B JPYTA.
MozxHOo mTpourpaTth (hUIbM 3a/I0M HaIEpe]] - 3 HCKII0UEeHTEeM

Hoxkazarenbcto BT® cBoauT-
Cd K Pa3pelieHuIo BOIIPOCa
0 HEYCTPAHUMOM KOHQIUKTE
MEKJIy IEHTPAJIbHO CUMMETPHY-
HO (popMOit U coslepKaHuEM B

KOHCTPYKIIUU U3 TPEX KOHIIEH-
Tprdeckux mapos BY\Bj # Bj)
C HEJOYNCTIEHHBIME PAINyCaMU
a,b,c € Q gna caydaa pas-
MEPHOCTH TIPOCTPAHCTBA 1 > 2,
[TOCKOJIbKY CUMMETPUS U YCJIO-
BUe coXpaHeHHWs Mepbl (00bé-
Ma) P OTHOIIEHUSIX IKBUBA-
JIGHTHOCTU JIOJIZKHA ObLIa ObI
TaKKe BBITOJHATHCA JIJIs IPO-
M3BOJBLHOTO "6oJbIoro" ¢jrost,
0TOOPAaXKAEMOTO B MHOXKECTBO
"masbx"c108B, HO 7 {Sj} —
{...Si}. Dror koudUKT cdop-
MYJIMPOBAH Ha MEPBOil CTPAHMUIIE
O0JIOJIZKKY MOHOT'PaUN.
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MPBIKKOB OTOOpaXKeHust puryp OyayT ooparumbl. AHajo-
IU9HO, IpejcTaBbre cebe Hekoropyio dynkimo f(X) — Y,
0TOOPAarKAIOIIYI0 OTKPBITOE MHOYXKECTBO X HA MHOXKECTBO

Y.

Fomeomopduzm muoxkects X = Y

V kaxkmoroobpasa ecTb 11poodpa3. Beibepem B obpasze o1-
KPBITYIO OKPECTHOCTH TOYKHU B, HampuMmep, B Buje mapa.
[Ipeamooxkum, 910 TOYKa A MOJTHOCTHIO OTOOparXKaeT-
¢l Ha 9TY OKPECTHOCTH TOYKU B. DT0 u ecTh onpejiesre-
Hue nernpepbisHocTu. [lycTh Tak»ke cyimecTByeT oOpaTHas
nenpepeieiag bynknug fH(Y) — X. Mpr momydmm ro-
meomopdmsm X = Y.

0e66

Puc. 8.6: Tosopst 0 romeomopdusme, 0OTMETUM HHTEPECHOE ITPEOOPA30OBAHNE KPYKKA B TOP U HA0OOPOT.

B TepMuHAX TONOJIOrMYECKOH TEOPUN, IOHATUS FOMEOMOP-
duszma jokazaresbcTBo BT® cBoguTes K HEBO3MOYKHOCTU
[OCTPOEHUS TPEX OIPEJIEJCHHBIX BbIIIe KOHIEHTPUICCKUX
[IAPOB C IEHTPOM B Hadaje KOOPAMHAT U C HEJOIUCICHHDI-
MH pajinycamu, Tak, utodbl B{\B; + BJ B oaxOpojHom
(4TO0 O3HAYAET OTCYTCTBHE Pa3pBIBOB |/ MPOGEIOB MEXKTy
[OCJIEIOBATEJIBHO CJIEJIYIOIIUME CJIOSIMHE ), CUMMETPUIHOM
npoctpanctse R" s ciiydast pa3sMepHOCTH TPOCTPAHCTBA,
n > 2. BMecTo cTpesikn B IOC/IEIHEM BLIPAsKEHUN MOYKHO
[OCTABUTDL 3HAK = romeoMopdusMa.

9 Caellennd U3 TEOPUN MHOYKECTB

3D-moie/iMpoBaHme MPEIOCTABISIET MUPOKNE BO3MOYKHOCTH
JUIA IEMOHCTPAIUN OIllepaIiil epecedenns, o0be IMHEHUST 1
BBIUMTAHNST MHOXKeCTB. [IpuMep obo3HadeHme mycToro MHO-
xecrBa: ). Bor obosHavenne yHUBEPCAJIHLHOIO MHOXKECTBA!
U. Ha muarpamve Ditiepa-Bena yHUBepcaJbHOE MHOXKECTBO
COOTBETCTBYET BCEMY IPsIMOYTOJIbHUKY. Ba3oBble 3HAHUS O
JOIIOJIHEHNN MHOZKECTBa 6YlLYT IIOJIE3HBI. maXMaTHaﬂ JOCKa
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- 9TO XOPOIIIO M3BeCTHasl WiLTocTparus /lekaprosa mponsse-
Jiennsi, 0003HAYAEMOro Kak X.

1 2 3 g

X1 F0a1) | (x2) | (x.3)

-AxB
y || 1) (h2)  13)

(2] \z1) | (Z:2) | [Z.3)

Ho mouemy Tosibko unciia? Camblit OOBITHBIN MeTa I THIeCK Uit
MOJIOTOK Ha JIEPEBAHHON py4YKe MOXKHO pacCMaTpuBaTh Kak
pe3yabTaT ollepaliuili pas3/imynsd HaJl MHOXKeCTBaMU, TaKUX
KakK oObennnenne U, mepecedenne N, BBIYUTaHUE \ PYYKHU 1
COOCTBEHHO METAJIJINYECKON YacCTU MOJIOTKA.

ABrop npusbiBaeT duTareas oOpPaATUTHCA K CIEIUATBLHOMN
mureparype |Bunlg|, [Byx13] maremaruiaeckum dopymam,
OHJIAHH-KypCaM 1 CIPABOYHUKY IS IOJIYyUeHUA HAYAJIbHOM
uHbOpPMAIIUY B [IepeInc/IeHHbIX obsacTsx 3Hanuii [Hos04|.

[Ipu MosteTupoBaHUM TPEXMEPHBIX (PUTYP MOKHO YOETUTHCS
B IIPEUMYIIECTBAX 3HAHUS OCHOB TE€OPUH MHOYKECTB U, KPOMeE
TOT'O, IPOBEPUTD JICHCTBUE ACCOIMATUBHLIX TPABUJI, KOT/a
BBIPaXKEHMs MOYKHO TeperucaTh aJbTePHATUBHBIMU CIIOCO0a-
mu. Hampumep, cMozmemmpoBaTh 1elib MHOXKECTB U3 CJIOEB |/
cdep, em. dhopmyry (13.2) Hike.

10 MomnocTs MHOXKeCcTBa 1 (PYHKITNS

OKBUBaJICHTHOCTU

MoImHOCTh MHOZKECTBA - 3TO HE UTO MHOE, KAK KOJTHMICCTBO
9JIEMEHTOB B HEM. DTO IIOHSTHE JIEMKO IOHATH Ha MPUMepax.
Pacemorpum mMuOkecTBO A = {A, A, A} TPEYTOJILHUKOB U
muozxkectBo B = {3, %, %, } 3Be31. DT MHOXKECTBA Ha3bI-
BAIOTCA PABHOMOIIHBIMI, TaK KaK MMEIOT OJMHAKOBOE YUCJIO
9JIEMEHTOB, 0003HATAEMBIX STUMHU CHMBOJIAMIA A 9KBUBaJIEHT-
Ho B wmm |A| ~ |B|. Jlerko BujieTh, 9TO MHOYKECTBO HATY-
paJibHBIX yrcel N 3KBUBAJCHTHO MHOYKECTBY IEJIBIX YUCET

Puc. 9.7: Ilpumep [lekaprosa
npousBejiernst MHOXKecTB. OH
HAIIOMUHAET IaxMaTHYI JI0C-

KY.

[Bunl8]: Bunorpajos (2018),
OCHOBBI TEOPUU YHUCEJI
[Byx13]: Byxmrab (2013), Teo-
pus gucest

[Hos04]: HoBukos (2004), Tuc-
KpeTHas MATEMATHKA, JJIsd IIPO-
PaMMUCTOB



22 | 2 3auem mkoabHuKy BT®?

[[Tou86]: TlonrTpsrun (1986),
O600mennst yuceJ

',

Puc. 10.8: Cuernocrb MHO-
JKECTBA PAIMOHAJBHBIX YHCE
CueTHOCTb MHOXKECTBa, PalO-
HaJbHBLIX gnce]l CY4eTHOCTL MHO-
JKECTBA PAIMOHAILHBIX UHCET

Z, tak Kak KaxkKjas mapa: 1 +— +1, 2 +— +2, 3 > 3 n
TaK Jajiee HyMepyeTcs OJIHUM YHCJIOM. 1aKoe MHOXKeCTBO
Ha3bIBacTCd CHCTHBIM. MHO}KGCTBO HaTypPaJIbHbIX YHCEJI N
SABJIIETC caeTHBIM. U MHOXKecTBO parnuoHaabubix uncest ()
TaK>Ke AdBJIACeTCA CHECTHBIM.

HeobxomumocTsh cauTaTh mpeMeThl BhI3BAJIA MTOSIBICHUE
HATYPAJbHBIX, TO €CThb IIOJIOKUTEJIbHBIX IIEJIbIX YHCEJI.
Jlpobu 1osIBUJTUCH TIPU TOPIOBBIX pacyuerax U IPU U3Me-
peHnsax Beqm4nH. Pa3BuTme reoMerpum IpUBEIO K BbI-
sICHEHHIO TOTO (paKTa, YTO JUATOHATL KBaJIpaTa CO CTO-
POHOIl €JIMHUIIA He MOXKET ObITh M3MEpPEeHa TOYHO palli-
OHAJIBHBIMH YHUCJIOM, XOTs MOYKET OBITh U3MepeHa UM C
[IPOU3BOJIbLHONI TOYHOCTHIO. Takum obpa3za, BHyTpEHHEe
Pa3BUTHE MATEMATUKU IIPUBEJIO K IMOABJICHUIO JIJINH, HEA3-
MEPUMBIX TOPHU IIOMOIIU PalnoHaIbHbIX unces. CiieroBa-
TEJIbHO, U3 BHYTPEHHUX MOTPEOHOCTEN MATEMATUKH BO3-
HUKJIA HEPAIIMOHAJIBbHBIC YNCJIa, KOTOPBIE CTAJIN HA3bIBATH
APPaIlMOHAJIbHBIMU.

Tak koporko u sicho mmrrer JI.C. Iloprasirun B [[Ton86].
3 Bcero crnmcka JuTepaTyphl, MOXKaIyii HMEHHO 3TO KHUTY
[IPOCTO HEOOXOAUMO IPOYUTATH JJId TOYHOI'O TOHUMAHMUS
Marepuasa Mororpadun.

MatemaTtuk ['eopr KanTop npe ijioxKun opuruHaIbHBIN CIIO-
€00 00X0/1a KazK/I0I0 PalroHAILHOIO YUC/Ia B BUIE POOHOTO
p senuthb Ha (. [IpencraBum cebe GeCKOHEUHBIIT KMHOTEATP
CO CTPOKAMU - PSJIAMU P U CTOJIONAMU - MECTaMH (.

OueBnjiHo, 6€30MIETHUK B Psijie P HA MecTe ( OyJeT HACTUT-
HYT KOHTpoJIEpoM. Takmm 06pa30M, MHOYKECTBO pAIMOHAIb-
ubix qncen QQ saBisgercs caerHbiM. B citydae BerecTBeHHBIX
qncest R, BKIIOYAIONNX NPPAIMOHAJILHBIE YUC/Ia, KOTOPHIE
HE MOT'YT OBbITH IIPEJICTABJIEHBI B BUJE JIpOOU, 9TO HE TakK.

Kontposep ciemayer 1o 6eCKOHEIHOMY 3a/1y B IOMCKax Oe3-
OmJIeTHUKA, 110 JIMarOHAJIIM HAWCKOCOK MECT W psJI0B, Ha-
IIpuMep, CTapTyd C JE€BOT'O BEPXHETO yTIJla, OH ABUTAETCA T10
3Ur3aroo0pa3HoON JIMHUY, ITOCTEIIEHHO PACIIUPss 30HY J0-
CMOTpa B BHJIEe HAKJOHEHHOTO TPEYTOJbHUKA C PACTYIIeit
THIIOTEHY30i U KATEeTAMHU, PACIOJIOKEHHBIMU BJIOJIb CIIEHBI U
JIEBOTO Kpas 3aJia.

Bazkmo IIOMHHUTBL, 9TO, 'OBOPA 06 OTHOIIIEHUAX, 3aJaBaeMbIX
HEIIPEPbIBHBIMUA U B3aMHO O6paTI/IMbIMI/I (bYHKLLI/IHMI/I, MbI
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MOXKEM CPABHUBATH TOJBKO MPOCTPAHCTBA OJMHAKOBON pas-
MepHocTh. Bozbmewm, Harpumep, Kapangaiil. MoKHO 1Ipe/i-
CTAaBUTH cebE TOYETHBIN UCTOYHUK CBETA, OCBEIIAIOIIUi ero
CBEPXY, U 9TOT BEPTUKAJIHLHO OPUEHTUPOBAHHBIN KapaH1al
0TOOPa3UTh B TOUKY, HO 0OOpaTHOE IIpeodbpa30BaHue U3 TOUKN
B KapaH/AIll ¢JIe/IaTh HeIb3sl, TaK KaK HAPYIIAeTCs TPUHITAI
B3aMMHOI OJHO3HAYHOCTU. AHTHUIIOIOM B3aUMHOI OJIHO3HAY-
HOCTH SIBJIsIETCsI, HALIPUMeD, ompe/iesgeMast akcnomoit [FO12]
mepa f @ R™ > R Ha/i MHOKeCTBOM i 00bEM QUIYPBI 15T
TpexmMepHoro ciaydas. Mepa obsataer cBOMCTBOM a/[JINTHB-
HOCTH, 9TO HE MPOCTO YJIOOHO JIIs (PUBUIECKUX U3MEPEHUI
Macchl, 00bEMa, HO U BbIpaXKaeT CBOHCTBO MATEPHUHU HAIIETO
MEpa (BCIIOMHAM 3aKOH COXPaHEHHsI KOJIMIeCTBA BEIIeCTBa
IPU XUMHUYECKUX PEAKITUSIX ).

11 Merpudeckas tonosorns. KoHCTpyKIIA

Obparumcst K TeOpUK MHOYKECTB, OMHAPHBIX (DYHKIUH 1 OCHO-
BaM Tonojioruu. COBOKYITHOCTh MHOYKECTB B BHJI€ OTKPBITHIX
n-kKy6oB e” ¢ IeHTpoM B Havaje KoopJuHat, T.e. /lekapTroBo
IPOM3BE/ICHNE OTKPBITOro oTpeska e = (=5, —5)" onpese-
Jisier Oaszy TomoJoruu () B MeTpudeckoM mpocrpaHcrse R”.
DKBUBaJIEHTHAsI TOIOJIOTUS 33/1aeTCsI HAOOPOM MHOXKECTB B
BHJI€ OTKPBITHIX IMAPOB - PA3JINIAIOTCS TOJIBKO UX METPUKH:
max(x;) <7 A1 mepBoro u X7 x]z < r? gns Broporo [1m.4.3.
B 5|. Huke nos ciioBaMu runepky6 u cJioit 6y/yT TakxKe
UCIIOJIb30BAThCS OTKpPbITas cdepa pasMEpHOCTU N, PAJIIY-
ca 1t B u ee zambikanme - cdepa S"! pasmeproctn n-1 n

pajuyca T.

CTpyKTypbl, onpezensemMbie STUMU l

6a3amMu coBNafatoT Muoxecteo scex Bor)
KyBbl ecTb 6asa Tononormm

»max(x, y) <r PX2+y2 <r2

P max(x,, X, - - .X;) PX2 X2+ . X 2<r?

P S(n-1)
0e Zr c Re
ﬁ ":

-

CTpyKTyphl, olpeeasieMble STUMNI Oa3ucaMm, COBIIAIAOT.

[FO12]: FO (2012), DsemeHThI
TEOPUU MHOXKECTB M MaTeMaTHU-
YeCKOU JIOTUKN

Puc. 10.9: (1845-1918) Hau-
OoJiee mM3BECTEH KaK CO3/1a-
Tesib Teopur MHOXKecTB. OCHO-
BaTejb U IIEPBbBIA IPE3UIEHT
T'epmanckoro maremaTmdyecko-
ro o0IecTBa, NHATINATOP CO3/Ta-
Hus MexXyHapoHOro KOHrpec-
ca MaTEeMAaTUKOB.

Puc. 11.10: Biroxkenubie n-KyObr
U apbI
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[Bup10]: Bupo O 4 Usanos O
A (2010), DremenTapHast TOIO-
JIorust

[Kyp13]: Kypom (2013), Kypc
BBICITIEH aarebpbl

[oBopsAT, YTO 3/1€CH OIpE/Ie/IeHA METPUIECKAA TOIMOJIOTHS
[Bup10], u 3aan0 Merpudeckoe npocrpanctso. C mosunuu
tonojioruu cdepa u Kyd romeomopdubl. (CpaBhure KyOude-
ckuii apby3 u okpyrJbiii Ky0 Ha pucynke 11.10.

[IpencraBum cebe BIOKEHHBIE JIPYT B JIpyra OTKPBITHIE TIIa-
pol. Camu cdepbl, 3aMbIKAIOIINE AP, He TPUHAIIEKAT K
OTKpBITOMY Iapy. st n-mMepHOro cirydasi Bce paboTaeT Tak
JKe, HO 3J1eCh BMECTO JIBYX KOOPJUHAT Oy/eT N KOOPIUHAT.
CyMMa X KBaJIpaTOB OCTAETCA MEHbINle KBaJpaTa pajuyca
R. Ing caydasg KyOoB KapTUHA MPUHIIATTAAIHLHO HE MEHSIETCH,
IIPOCTO HCIOJIL3YeTCsl HECKOJBKO MHAas MEeTPHUKA, IJle BMECTO
KBa/IpaTa MoJICTaB/IsgeTcsd (DYHKIUS MAKCUMAIBHOIO 3HAYE-
nug X uian Y Mmenbiie pajguyca R. s cioydas n-mepHOTO
MPOCTPAHCTBA y HAC OyJeT Ha JIBa, & N cJIaracMbIX.

Anajoruunyio KapTUHY BJIOXKEHHBIX CJIOEB, IMOXOXKYIO Ha
"Pycckyio MaTpéniky MoKHO HAO/IIO/IATE Ha JIBYMEPHOIT ILJ10C-
KOCTHU I1poH3amne n-kKyba. Mbl xoTesin ObI MOT9ePKHYTH UMEH-
HO IIPOH3aHNe, a He paccevdeHne, TMOCKOIbKY U3 OCHOB JIH-
HEHHO# aareOpbl JIETKO MOHITh, YTO KyO pacceKaeTcs TaKoi
IJIOCKOCTBIO Ha, JIBA HECBS3HBIX MpocTpancTBa. Ho mirsa mpo-
cTpaHcTB pazMepHoctu 4D, HaumHAas ¢ TeccepakTa, JIByMep-
Hasl TJIOCKOCTHb MOYKeT OBbITh 3aMKHYTA CKOJIb YTOJTHO MaJIbIM
HEIPEPBIBHBIM KOHTYPOM, TollepevHbIM K Heil. Kapruna na-
MOMUHAET 3alevucHHoe si0/I0KO0 Ha ImaxKke. leficTBuresbHo,
u3 Kypca JuHeitHoit anre6pst [Kypl3| ciaemyer, aro eciim AX
= 0, To jyrst 3D rank(X) = n - rank(A) = 3-2 = 1 - T.e. ToUKa
JIEJIUT TIPSIMYIO Ha JiBa Jiyda, a HadmHad ¢ 4D, mrockoctsb
MOXKHO TIPO/IEBATh, CKBO3b MHOYKECTBO TOYEK IepecedeHus
duryp Kak HUTKY B UT'OJIbHOE yIKO. K coxkajenuio, 3ToT
O4YeBHIHBIN (DAKT He OCO3HAETCS HEKOTOPBIMU YUIEHBIME, KO-
rJ1a OHU CTAJIKUBAIOTCH C IEIILI0 MHOKECTB B BUJIE N-KYyOOB,
BJIOXKEHHBIX JIPYT B jipyral

st mapoB cutyarnus camoodeBuina. Panee Mbl yoeaminch
cM. Puc. 4.2, 910 B TOMIOIOrUY Map U KyO roMeoMOPQHDI IPYT
JIPYTY ¥ JIETKO IIPEBPAIAIOTCS JIPYT B JIPyra B pe3ysbrare
nedopmarliuu 6e3 pa3pbiBa ITPOCTPAHCTBA.

VAuBUTEIHLHO, YTO HA UJI€ATbHO TJIAJIKON OJIHOPOIHON I10-
BEPXHOCTHU N-MEPHOr0 IIapa CyHIIEeCTBYIOT F€OMeTPUYICCKIe
9JIEMEHTBI BCeX pasmepHocteil or 1 10 n-1 (runepmepu-
JIAHBI ), KOTOPbIe HEIPEPBIBHON (QyHKITIEH 0TOOpaXKarTCst
pase/IbHO 0 KaxKJI0il pasmepHoctu! - A 370 K04 K
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nokazarebecTsy BTO.

st ciiydast n-Ky6a pa3sMepHOCTH JBa WJIN, IIPOIIE MOBOPS,
KBaJIpaTa Ha IIJIOCKOCTH KapTUHA aHaJOru4dHa. dTo MernaeT
HaM ITPOBECTU aHAJIOTUYHBIN SKCIIEPUMEHT JIjIsl Caydast TPex
u 6oJiee MepHOTO TIpocTpancTBa’! UTOOBI OTBETUTH Ha 3TOT
BOIIPOC, HEOOXOIMMO ITO3HAKOMHUTHCS C IIOHATHEM I1OIIaPHO
He IepeceKaloniuecs KJacchl SKBUBAJIEHTHOCTH.

12 He nepecekarormuecst Kaacchl

OKBUBAJICHTHOCTHU

Barnsgaure na dororpaduio Tak-Maxasa, maMsaTHUKA UH-
nuiickoit apxurekTypbl. OH 00/1a/1aeT cuMMeTpueil OTHOCH-
TeJIbHO BEPTUKAJIBHON OCH, TIPOXOJLINENl Yepe3 ero meHTp.
CummeTpust SIBJISIETCS TPEKPACHO JIeMOHCTpaIeil paboThI
GYHKINN SKBUBAJIEHTHOCTH, HO €CTh U JIPyTUe IPUMEPDI:
IepeMelenne TBep/Ioro Tesa, ero BpallleHue U Tak JlaJlee.

Oo6parure BENManue, 910 TamK-Maxas cocTOUT U3 pasHbIX
9JIEMEHTOB: KOJIOHHBI OTOOPaXKaloTCsd B KOJIOHHBI, KYIIOJIa B
KyII0J1a, 1 HUKAKOTo cMmerneHus HeT. /Ipyroit mpumep - max-
MaTbl. [loka urpa mpojio/mKaeTcst Ha MapuTeTHBIX HaTaIax,
IIEeIMKU OOMEHUBAIOTCA Ha IEIIKH, JIeTKhe (PUrypbl: CJIOH,
KOHbD - Ha JIErKue (PUryphbl, Ja/ibsg OOMEHUBAETCS Ha JIAJIbIO, &
dep3b - Ha dep3b. ITO MOMAPHO He TTEPECEKAIOITIECs KJIACCHI
sKBUBaJieHTHOCTH. DYHKIINA SKBUBAJIEHTHOCTH paboTaer ¢
KayKJIBIM KJIACCOM OT/IETBHO, TO JIETKO JI0Ka3aTh CTPOrO Ma-
TemMaTu4decku. M cHOBa HUKAKOrO CMEINIEHUsT HE TTPOUCXOIUT.
Jpyrumu cjioBaMu, OTHOIIIEHUST SKBUBAJEHTHOCTH PabOTAIOT
€ KaXKJIbIM KJIACCOM 9KBUBAJICHTHOCTH OT/Ae/IbHO. M0OXKHO pa3-
JIOXKUTH CJIO Ha 9JIEMEHTBI Pa3HbIX pasMepHOCTEll U CHOBA
obpaTuThest K Tab. 6.1

S| ~= {Sn—l\sn—Zr e 52\51, Sl\SO} (121)

(B wacTHOCTH, JJIst 1 = 3 9TO JBE NOJIYCHEPDI, HCKITIOIAIOINTHE
OKpY2KHOCTBH B mitockoctu (0,X,y), /Uit 1 = 2 OKPY?KHOCTb,
uckJovas jase Koueunbie Touku (0,—r/2),(0,7/2). Boipa-
KeHne S| ~ obozHavyaeT (GhakTOPUBAIMIO CJIOs, TOJE3HYIO
JUIsl aHAJIN3a, €ro 3JIeMeHTOB. KasKIblil u3 mepednc/IeHHbIX
KJIACCOB MMEET Pa3MEPHOCTH MOIIPOCTPAHCTBA, KOTOPOMY
OH IIPHHAIICIKHAT

Puc. 12.11: Taxx-Maxan cocro-
AT U3 Pa3HbIX 3JEMEHTOB: KO-
JIOHHBI OTOOParKaroTCst B KOJIOH-
HBI, KyIIOJIa B KyMOJIa, U HAKA-
KOT'O CMEIICHUS HET.
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Sm\Sm-1=R", dim(S,\Sy-1) = m. (12.2)

[IprumenuM dpaKTOpU3AIUIO K CJI0I0 U3 Halleil KOHCTPYKITUI
B BHUJIe TPeX KOHICHTPUUIecKux cdep miam n-kyoos. [Ipons-
BOJIbHO BBIODAHHBIN 3JIeMEeHT (IOJMHOYXKECTBO JJIEMEHTOB )
u3 pasnHoctu MHOKecTB 17 € ¢"\b" +— a” orobpazkaercsa B
mauiblit Ky6 (map) B cuity dopmyruposkun BTO.

Definition 12.1 Orpanmdum 1poodbpas 0 OJHOTO CJIOS.
Takast omepaliisi B TEOPUU MHOYKECTB HA3BIBAETCS OTDAHI-
JeHneM OTHONIEHUN SKBUBAJIEHTHOCTH Ha ITOJMHOYKECTBO,
KaK ec/ii Obl OpHAMEHT ObLI OIpaHUYEH C ITOMOIIBIO Tpa-

dapera.

N 3amaaumMcest BOIIPOCOM BO UTO OTOOpasuTcs cjoii? - B cu-
JIy COXpaHEHHsS MEeHTPAJbHON CUMMETPHH 00pa3 CJIosd TaKKe
JIOJI2KEeH ObITh cuMMeTpudHbiM. CrietoBaTeIbHO, 00pa3om Oy-
JIeT MHOKECTBO TIOC/I€/IOBATEIHHO U HEIIPEPBIBHO CJIETYOIIIX
CJIOEB.

OcTanoBuMCsT Ha HEIIPEPBIBHOM OTOOPAYKEHUN €IMHITHBIX
rurepky6oB 1" cjiost B MHOXKECTBO CJIOEB {S]-} — {....5;}.

13 Lennb MHOXKECTB U3 N-KyOOB

Kak y»xe roBopusoch Bbile, a-MaJibrii n-ky6 a” - 310 MHO-
KECTBO CJIOEB, MHIAEKCUPOBAHHBIX OoT 1 1m0 k, b-Cpemnnmii
b"™ - muOXKecTBO cmoeB or k+1 1m0 k + 1 u c-Bosbmoit ¢” -
MHOXKeCTBO ¢j1oeB oT k-+14+1 g0 k + 1 + m, rme k,1, m € Ny.

[Torrpobyem co3marh KouCcTpyKImio B OpenScad

//***********************************************

// JIuctunr 1 Croit.scad

// D1a mporpamma co3aaér 3D- yroiok us

// S1eMeHTOB pa3HBIX pa3MepHocTeil (2-D-caiiunr)
// mapa yrosikoB 1-D u Bepmuna ky6a 1°n - 0-D
// BepimHa yroika - B HadaJse KOOP/I.

// (center=false, a ne center=true)
//***********************************************

q = 5; // Bamaér Mamrab. He 3abbiBaem 3HAK «;»
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edge = 5*q; // Pzamep pebpa (rumep)kyba
step = 1.5; // Illar umwm 3a30p step >= 1

cube([edge,edge,1],center=false);
// Huxxuss rpanb Kyba, opToronaibHas Y,
// pasmepom edge

translate([edge + step,0,step)|)
// Ilepemernienne Kypca B TOUKY ¢ KOOPJ. (X,¥,7)

cube([1,edge,edge],center=false);
// I'panb Kyba, oproroHaabHasi ocu X

translate([edge + step,0,0])

// 3a omeparopom translate 6e3 ; ciemyer durypa
cube([1,edge,1|,center—false);

// Pebpo kyba, pacrnoioxkeHHOe MOMepeK ocu X
translate(|0,edge + step,0])
cube([edge,1,1],center=false);

// Pebpo Kyba, pacroioxkeHHoe Monepek ocu Y
translate(|0,edge + step,step]|)
cube([edge,1,edge|,center—false);

// I'panb Kyba, oproronajibHas Y
translate(|edge + step,edge + step,step])
cube(|1,1,edge|,center—false);

// Pebpo Kyba, pacroyiozKeHHoe napaJul. ocH Z
ranslate([edge + step,edge + step,0])
cube(|1,1,1],center=false);

// BepmmHa Kyb6a.

B pesysibTaTe mostyduTcs ¢jioii, a COBMECTHO ¢ TPOIPAMMHBIM

IINKJIOM

for (j =[i:-1:1]) //YyTb usmenennsit ucrunr 1}

JIJIsE TIOCTPOEHUS CJIOEB OT Tepuepuul K MEHTPY HCIOIb3yeT-
ca cuérunk j =1i,i—1,1—2...1 - obpazyercsa MHOXKECTBO
CJIOEB MJIM TIPOIIE TOBOPs YIOJIOK, KaK Ha pucynke 13.12.

Definition 13.1 Cioit onpenesnsiercss Kak pa3HOCTH IIOJ-
MHOXKeCTB S; = ej\ej_1, 1 > 1, rye e; obosHauaer n-ky6 ¢

pebpom i.

27
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Puc. 13.12: TToctpoenue oHOro cyiost (CieBa) M MHOXKECTBA CJI0EB B OKTaHTe (+, +, -)

JlekapTOBO MPOM3BEIEHUS IBYX
OPTOrOHAJBHBIX 30HJOB IPE/I-
craBimeno Ha Puc. 4.2, crmeBa
- UCCe0BATEb Oy IUT JIBY-
MEPHYIO ILJIOCKOCTb, HE3aBUCHU-
MO OT Pa3MePHOCTU MIPOCTPAH-
crBa. Tomosorus n-xKyba uHIy-
[IUPOBAHA HA 9TOM ITOJIMHOXKE-
cTBe, Tak Kak 0 € Z%2 € 7" €
R". Dddekr napannakca oT-
CyTCTBYeT

[Tanlb]:
MuoromepHbIit Ky6

(2015),

Tanbpriepun

Tabmmma 13.3: Tpeyroabpauk
ITackass

Bunom. koadd.
1
121
1331
14641
15101051

QU = | W N+~

Hwke mpuBouTcs MOJTHOCTHIO YIOPSI0YEHHOE MHOZKECTBO
cytoeB (TakzKe HA3BIBAEMOE CTPOTO YIOPSIOUCHHBIM MHOMKE-
CTBOM, JIMHEHHO YIIOPsIOYEHHBIM MHOYKECTBOM, 0003HATAs
OTHOIIIEHUSI TTOPSATKA < ):

eoCegCey - Cerprem S U (13.1)

nJjim

e0<S1<Sy-+- < Spym el (13.2)

rjie T0J] YHUBEPCAJIBHBIM MHOXKECTBOM U TOHUMAETCs C-
Bosbmioit ky06. B kKadecTBe 1epBOro rumepkyoda ey MozKeT
obrTh 1" wam 2", B 3aBUCUMOCTH OT Y€THOCTH, HO C y9IETOM
[IPHUBE/ICHHBIX HUKE PACCYKIEHUI 9TO He CyIIecTBeHHO. Pas-
JIOZKEHMe MHOXKECTBa Ha IOJMHOYKECTBA Mbl PACCMATPUBAJIN
Boiiie. [lens maOKecTB (13.1, 13.2) onpejessier TOMOJIOrM0
B Z". C napyroit cTOpOHBI, 3Ta (GOpPMYyJia OMUCHIBAET OTHO-
MEPHBIN 30H]I, IPOHU3BLIBAIOIINI TPU BJIOKEHHBLIX THIIEPKYOa
Jepe3 oOIuil IeHTP.

PasmeprnocThb ciiog n-Kyba MOXKHO YBUJIETH U3 XOPOIIO U3-
BectHOro Ounoma Hoioroma. Cum. rakxke [['anl5] Yrobor mo-
HATH, U3 KAKUX 9JIEMEHTOB COCTOUT MIPOU3BOJILHBIN CJION S,

BOCIIOJIb3yeMcs TpeyrosibHukoMm [lackasis, B KoTopoM Koadh-
n!

durmentor CJ} = ————|

m!(n —m)!

[0 CTPOKAM, M KaKJIblili KOI(PMUIIMEHT, 38 HCKIIOUYeHHEM

YUCJIO COUeTaHUM 3allicaHbl

KpaflHUX eIUHUIL, TOJIyYdaeTcs IMyTEM CYMMUPOBAHUA JIBYX
COCETHIX, HAXOIAIINXCS CTPOKOI BBIIIE, BOT €ro IiepBbIe
crpoknm: 1-2-1, 1-3-3-1, 1-4-6-4-1 u T.1. Kak Ha Tabjaumre 13.3
Ha, TOJISIX KHUTH.

B pesynbrare crapmmit 4jeH MHOroYJieHa ITPUBEJIEHHOIO
HIZKe UCYE3a€eT, & CTelleHb MHOTOUJIeHa TTOHMKaeTcs 10 n-1.
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3HaK CyMMBI ), MOXKHO 3aMEHUTh Ha 3HaK 00benuneHus U.
Tanm obpazoM aHa M3 CTPYKTYPHI CJI0S JIaeT CJIETyIOIIee:

k=n-1
Si=(i+1)"—i"=e\e; = () Crif1"™*  (13.3)
k=1
Bueck iK1"7F cienyer BocnpurmMars kak JIeKapTOBO MPOM3-

BeJienne orpe3koB. [locmorpure Ha yros 13.12 (neBast 9acTh
PHCYHKA) PUCYHKA), CPABHUTE C KACKAJIOM YTOJKOB (I[EHTD
TOIO K€ PUCYHKA), KOTOPbIE BMecTe 06pas3yioT Kyb (mpaBast
9acTh TOrO JKe PUCYHKA). []eKapToBo mponsse ieHne JIMHeHO-
ro OTpe3Ka Ha KBaJpaT obpasyer KybO. ITO CBHUJIETETLCTBYET
0 COOJIFOJICHUH TIPUHITNIIA Pa3MepHocTH. [IpuBeieHHbie BbI-
e hopMyJIbl oJydeHbl 13 ouHoMa HbroToHa U onmchBaioT
cJI0fl KaK Pa3HOCTh IOCJIE/I0BATE/IbHBIX TUIEPKYDOB ¢ 0bIIeit
BEPIINHOI, COBIIaAAONIEN ¢ HAYaI0M KOOpAUHAT. AJbTepHa-
TUBHBIN CIIOCOD TIPEJICTABICHUST UCCICIYEeMON KOHCTPYKITNN
COCTOUT B TOM, YTO HAYAJIO KOOPJMHAT, PACIOJIATACTCI B
obreM 1eHTpe runepkyooB. Ero MOXKHO MOJIyIuTh IIyTeM N
OTpasKeHUil TUIEePILIOCKOCTEH, T.e. YMHOKeHus1 Ha 2", 9T0
HPUHIUIIAIBHO He MenseT cyTu dhopmysibl. Obe reomerpude-
CKMe KOHCTPYKIMU TPaHCHOPMUPYIOTCs IPYT B JApyra OTpa-
JKEHUSIMU OT TUIEPILIOCKOCTEH, TePIeH INKY/ISTPHBIX KayK 0
13 N KOOP/IMHATHBIX Oceil, TubO paccedyeHneM U MacIiTabu-
poBaHueM (pUTYPHI.

Puc. 13.13: Kapruna Taiinast Bedeps: Jleonapmao na Bunuu pemoncTpupyer addekT mnapaiiakca.

29

Bce

JINHUU: TIPOJIOJIZKEHIE YIJIOB CTEH, IOTOJIKA, OJIa CXOIATCS B TOUKe cxojia - Ha 0y Uncyca Xpucra. 1o

COB/IAeT OIIYIIeHnEe OObEMHOCTH IIPOCTPAHCTBA

Kaxkipiii cyioit runiepky6a UMeeT 3JIeMeHThl pa3MepHOCTH -1,
n-2, ... 1 (runep)rpamneii, a pédp TaKUX JTEMEHTOB OINCHIBA~
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//Caoit S5 nomep 5 (1 = 5)
i=09;

difference()

{

cube (i, center = true);
cube(i— 1, center = true);

}

forcst popmyaoit iK1 - o6osmaumM Taxoil mapasuTesenmmes

6oJ1ee KpATKUM CHHOHUMOM KyOOU/I.

Ecau B mosayveHHOM MHOXKeCTBe yOpaThb HOBTOPSIIOIIAECS
9JIEMEHTBI, T.€. COKPATUTh OMHOMUAJbHBIE KOY(MMUIIMEHTHI,
TO PE3YJIbTAT MOJHOCTHIO COBIAJIET ¢ (DOPMYJION, ITOJTy I€H-
HOIl paHee JIJIsi oluUCaHust CTPYKTYpbl cepbl (13.2) - emg
OJTHO HAIJIsI[IHOE BhIparkeHue romeoMopdusMa N-IapoB u
n-KybOOoB.

A B JmMCTHHTE HA MOJIAX HOMED CJIOS MOYKET OBITH JIIOOBIM
HaTYpPaJbHBIM 4uCJIOM. V eciiu mpUMEeHNUTb TPOTPaMMHBIT
IIUKJI, TO BeCh TUNEPKYD JIerKo Oy/1eT 3alOJTHUTDH [TOCIOWHO
OT IEeHTPa K repudepun.

B3ttt n3 n-mepHoro mpocTpaHcTBa

Kparkast hopma jcTuHTa Ha MOJISIX YHUBEPCAJIbHA U HE
3aBUCUT OT pa3MepHoOCTH pocTpancTBa (ecu 661 OpenScad
ObLI HACTPOEH Ha PaboTy € N -MEPHBIM IIPOCTPAHCTBOM ).
['oBopsa OoJiee JleTaJIbHO, CJIETyeT 3allpOrpaMMUPOBATH
MacmTad u JUIuHy pebpa rurepkyda, ONpeIesuTh Imar
U 3a30p Mexy cjosimu. Jlajiee - 1mocieioBaTeIbHO T1e-
peMeraTh KypcoB B TOUKY ¢ KoopaumHaTtamu (X,Y,z) u
co3/1aBaTh KyOOU bl HEOOXOIMMBIX PA3MEpPOB B BUJIE TPEX
rpamHeii, Tpéx pédep M ojHoi BepmuHbI. B pesyinbrare
MOJIYIUTCs CJIOH, 8 COBMECTHO C ITPOIPAMMHBIM ITHKJIOM
obpasyeTcsi MHOXKECTBO CJIOEB

B ciyaae kBajgpara (n = 2) Ha IJIOCKOCTH, CM. Bbilie Puc.
7.4 dopmyy A ILUIOMAIN TPAIENN B BUJE IIPOU3BeEe-
HUIO JIJIUHBI CPEJIHEl JIMTHUU HA €€ BBICOTY. DTO YOexK 1aeT,
YTO Ha TJIOCKOCTH IpU pabore MYHKINH SKBUBAJICHTHOCTU
coxpaHsgeTcd Kak 00bEM - MOIIHOCTD MOJIMHOYKECTB, TaK U
cuMMeTpudHasi hopMa KOHCTPYKIIUH, COOJIIO/IAeTCsT Hellpe-
PBIBHOCTb.

Baxkno moMHUTD, 9TO, TOBOPsi 00 OTHOIIEHUSX HEIIPEPBIBHBIX
U B3aUMHO OOPATUMBIX (DYHKITUI, MBI MOYKEM CPDABHHBATH
TOJIKO IIPOCTPAHCTBA OJIMHAKOBOI pazmepHocT. O000IIas
BBINNIECKA3aHHOE, MOYKHO CJIeJIaTh BBIBOJI, YTO TOYKA HE MOXKET
OBITH SKBUBAJEHTHA OTPE3KY, OTPE30K - KBAJIPATY WJIN KPYTY
HAa TIJIOCKOCTH, & TH MOC/IeTHIE (DUTYPHI - TPEXMEPHOMY KYOy.
U3 puc. BeITEKaET, YTO HENPEPBIBHOE, B3AUMHO OJIHO3HATHOE
COOTBETCTBHE BO3MOZKHO JIMIIb MEXKTy (PUTyPAMU OJIMHAKO-
BOil pazmepHocTu. TOT 2Ke MPUHITUI TPUMEHUM U K JIUCKPET-
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HOMY IIPOCTPAHCTBY, COCTOSIIIEMY U3 3JIeMEHTAPHBIX KyOOB.
OTO HAIIAHA JEeMOHCTPAIUS [IPUHITIIIA COOTBETCTBIS B Ha-
yke. Tepmun "mpuniun coorBeTcTBUs " UCTIOIB3yeTCs B Hostee
ob1eM cMbIcie /i 0003HaYUEHNs CBEJICHUS HOBOW HayIHOMN
Teopun K Oojiee PaHHEH IIPU COOTBETCTBYIOIINX 00CTOSTE b
crBax |[1C86], Hanpumep, crenuasbHas TeOpHsi OTHOCUTEb-
HOCTH DIHINTEHHA CBOIUTCH K KJIACCUIECKON MeXaHUuKe Mpu
CKOPOCTSIX, MAJIbIX 110 CPABHEHUIO CO CKOPOCTHIO CBETA.

14 Axkcnombl Eskinjia B XXI

Kakas popma jgorkHa ObITh ¥ Toukn? Borpoc mpeicraBisger-
Cd Ha TEePBBIH B3TJIsI/] JTUIIEHHBIM CMBIC/IA - TOYKA 9TO HEUTO
OKPYIJIOe, HAHOCUMOE KOHYMKOM I'YCHHOI'O IIepa, KapaHalia
uroyku u T.J. Tak ono u ObL10 Ha npordxKkeaun 6000 ThI-
cAY TMOCJIETHUX JIeT dejioBeveckoii ncropun. Ho ¢ paspurnem
HayK (TOMOJIOrUY, KOMOMHATOPUKY, KUOEPHETUKM, WHGMOD-
MAITHOHHBIX TEXHOJIOTHIT) IO/l TOYKON MOYKHO TOHUMATh 1.
[Torrpobyem mpoBeputh Akcrombl EBKnaa ¢ mosumuii 3ua-
nuit Beka XXI.

EBKH10Ba reoMeTpHs N3BECTHA TaKKe KaK MeOMEeTPHs ILI0C-
kocru. [['CM78| B snoxy nudpoBbIX TeXHOIOIHIT MBI MOKEM
JIOTIOJIHUTB HIOCTY/IaThl EBK/INIA 3/1eMeHTaMH, 1101y YeHHBIMI
U3 3JIeMEHTAaPHBIX KyOHKOB 1", BBICTPOEHHBIX B PsAJ, IPSIMO-
yrosnpauk, 3D-Ky6 u Tak masee. (3amernm, ITo MBI paboTaeM
B n-MepHOM pocrpancTie!) Pasmeproctu cosnanubix Guryp
OyyT TaKUMH 7K€, KaK €CJIM Obl Mbl IMeJIN JIEJIO0 ¢ TOYKAMU.

n—1

n
Hamnpuwmep, ‘% = nx""" cornacyercs ¢ (popMyJIOii, OIMMCHIBA-

foteit crpykrypy cios (13.3).

Tabauna 14.4: Tocrynarer EBkinaa B IUCKpeTHOM IPOCTPAHCTBE

[TIC86]: ITpuroxkus u ap. (1986),
Ilopsamok u3 xaoca: Hosbrit nua-
JIOT 4eJIOBEKa C IIPUPOJIOI

[PCM78]: T.C.M. KOKCETEP
(1978), Hosble BCTpeun ¢ reo-
MeTpuen

H Qurypa B R" ‘ Amnajyior B Z" - 1uckpeTHOM N-Mep. MPOCTPAHCTBe 1ebix | PasmepHocThb H

Touka 1"

Orpesok 1", BLIJIO’KEHHDIE B Psijt i1 *
[Lnockocthb 1", BBLIOKEHHBIE B IIJIOCKOCTH 12 * 1772 2
[MunepruiockocTnb 1", BoLTOKeHHDBIE B 3D moamp-ge i° % 1773 3

0 i n
171 1

B monosrenne K akcrnomaMm Epkimia [DBkr48| mosesHo mpo-
AHAJM3UPOBATH U3YICHHBbIE HAMEU KOHCTPYKIUU C TOUKU 3De-
HHS AKCHOM TOTIOJIOTUH, KOTOPBIE XOPOIIO U3JI0KEHDBI B PsJIE
yUeOHUKOB, HAIIPUMED, MbI y2Ke 00CYZKJIAIi OHATHE MET-
PHUYECKOTO ¥ TOIOJOTUIECKOTO MPOCTPAHCTBa, (eM. puc. 4.2).

[98k48]: DKy (1948), Hava-
saa Eskmuma Kaura IT TTepesos
. JI.Mopnyxait-Boarosckoro
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[Tpe0l]: Tpensdamas (2001),
Tomnosorus. 3eiicpepr I' Tpennb-
damts B

I3 akcnom tonosornn [Tpe0l| coorBercTBrE MEKLy TOUKOM
B ipoctpancTBe R u semertapabiM n-kybom 1" B Tormosio-
rudeckoM mpocTpaHcTBe () cTaHOBUTCH elre 00J1ee sICHBIM.
Omnpenesnennsiii Boime KyGounst iX1"7% B Tomomornueckom
[IPOCTPAHCTBE MOTYT ObITH CO3/IaHbI IIyTeM oneparuit Jlexap-
TOBa IPOU3BEJIEHUS OTPE3KOB. B cBOIO 04epe b, 3T KyOou 1bl
pa3sMepHOCTBIO OT 1 710 n-2 00bEMHSIIOTCS B CJI0H pa3MepHO-
cThio n-1. 3amernm, 9TO OroBopka () W 1 B MEPBOil CTPOKE
rocJieHero croJjbma Tabs. 14.4 o3HadaeT, 9TO B IIPUBEJICH-
Hoit Beime dopmyie (13.3) iK1"% kyGomna Muoxurems 177
He nMeeT paszmepHocTr. OHOBPEMEHHO, U3MEHsISI MacIITad,
u3MesbIas pasbuenne mpocrpancTsa noayanm: 17 — e te.
n-xy6. IIpocrpamcTsa pasimanoii pasmeproct Q7 = QF

roMeoMop(HBI TOTJA ¥ TOJILKO TOrja, Kormga 1 = k.

B camowm neste, ecaim Teopema Pepma cripaBeyIuBa 71 TPOEK
IeJIbIX YHceJl, TO €JIMHUIBI U3MePEHUs He UMeIOT 3HAUYeHHUs,
Oy/JIb TO METPBI, CAHTUMETPHI, MUJIJTUMETPBI, MUKPOMETPHI,
HAHOMETPHI U T.J. DTO O3HAYAET HE TOJIHKO PABEHCTBO, HO
U TOXKJICCTBEHHOCTL ypaBHenus Bemnkoit Teopembr Pepma,
WIN, IPYTAMHA CJIOBaMU, HE3aBUCUMOCTDb PE3YJIbTaTa OT Pas3-
OueHnst UCCIIe/lyeMOT0 MHOI000pa3us, MOJI00HO TOMY, KaK 3TO
MIPOUCXOJIAT TTPU MHTErPpUpOBaHUU. FEIMHUYIHBIN KyO MOXKHO
CJIeJIaTh CKOJIb YT'OJIHO MaJIbIM, HO CYThb ABJICHUA OT 3TOr'O HE
MEHSIETCsI. DTO BayKHO JIJIsl IOHUMAHUS KaK JIJIsl YIaIIXCs,
HE 3HAKOMBIX C MATCMAaTUICCKUM aHAJIN30M.

[IpoBepeHo ThHICAYIETIETUIME

I[IpaBoMepHO i BbleaeHne n3 chepbt S2\St, ee mpons-
BOJILHOTO Y 3JIeMEeHTa - 95KBaTOPUAJIBHOTO Kpyra? - 9To
3aKOHHBIN TTpueM, n3BecTHbIN n3 "DyrementoB" EBkinia,
chopmyupoBanabiX B 111 Beke 10 H.3., U U3 MIKOJIBHBIX
KyPCOB T€OMETPUH, MOCBAIIECHHBIX ILJIOCKOCTH, CTEPEOMET-
pUn U 9epUeHuio. JTOT MPUEM BBIJIEPKaJI IPOBEPKY Ha
MPOTSI2KEHUU THICAYIETIETUI, U B JIOKA3aTEILCTBO €ro IIpa-
BOMEPHOCTH MOYKHO COCJIATHCS HA N3BECTHBIE apXUTEKTYP-
HbIE MTAMSITHUKA MHUPOBOIO HACJIEIHS.

[Ipomoskum 3Ty MbICTE. CTOPOHBI TPEYTOJIBHUKA WA JIPY-
roro MHOTOYTOJIbHIKA OTOOPayKaIOTCs Ha SJIEMEHTHI JIPYTOit
durypsl myrem napasiiebHOTO IepeHoca/ TOMOTETHH /OTpa-
JKEHHsI OT OCH /TIOCKOCTH, BPAIIEHHsI U JPYTUME CIIOCOOAMHU.
3aMeTuM, U4TO eciu Takoe 0TOOpazKeHre 00paTUMO, B3AUMHO
OJTHO3HAYHO, TO TOYKA OCTAE€TCHA TOUYKOI, OTPE3OK - OTPE3-
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KOM (371eCh pa3MepHOCTh coxpansiercs). [IpeacraBum cebe
[IPABUJIBHYIO TPEXMEPHYIO IMUpaMuLy, U €€ obpas, HalpH-
Mep, 3a cueT rojorpaduu. [IpuHINIT S5KBUBAJIEHTHOCTH 3/1€Ch
BBIPAYKAETCA B TOM, UTO IMUPAMHUJIA-IIPOOOPA3 B IEJIOM OTOO-
parkaeTcs Ha NUPaMUILY-00pa3, MPOU3BOJILHO BHIOpaHHAS
IpaHb - Ha JBYMEPHYIO I'PaHb, OJJHOMEpHAsi TPAHb - Ha OJIHO-
MEpHYIO I'paHb. UepueHne u apXuTeKTypa OCHOBaHBI Ha 3TOM
[PUHITAIIE, KOTOPbBI BBIIEPYKAJ UCIIBITAHUE BPEMEHEM Ha
NPOTSKEHIUU KaK MUHUMYM IIecTu Thicgdesernii. [louemy B
JIAHHON CUTYAIIMM MbI HE MOYKEM BBIJICJINTH TUIIEPMEPUIUAH
Ha cepe 1 02KUJIaTh, UTO KAXKJIBIH U3 9TUX IJEMEHTOB Oy-
JIeT 0TOOpaskeH Ha MHOXKECTBO 3JIEMEHTOB COOTBETCTBYIOIIEH
pa3sMepHOCTH !

Korga mbr paboraem ¢ JIEKOPATUBHBIM MATEPUAJIOM, Ha-
IpuMep, ¢ CalJMHTOM JIJI JIOMAa, IPUHATO U3MEPATH €ro
B KBaJIpaTHBIX MeTpax i21'. TloroHaskHble M3/1e/Ius, TaKue
KaK IIepuJIa WIN IJIMHTYC, u3Mepsiioresa B Merpax i112. Ho
B JIEHCTBUTEIBHOCTU BCE TIEPEUNCTEHHBIE MaTEPUAJIbI UMe-
10T OIPEJIeJIEHHbIE pa3Mephl 10 JIJINHE, BLICOTE U IUPUHE.
O/ 1HaKO MEHBITUME pa3MepaMu OOBIYHO mpenedOperator. 13
OIpEJIe/ICHNsT TOMOJOTTIECKOTO MTPOCTPAHCTBA U MOCTY/IATOB
EBkiuta cieyer, ato equanyHb Kyo wim 1" coorBercrByer
TOYKE B IIPOCTPAHCTBE pa3dMepHOCTH N. Bcee mepednciieHube
durypbt cocTosT U3 TaKUX €IMHUIHBIX Ky0oB. OHI UMEIOT
Pa3MEPHOCTD, IPUBBITHYIO HAM IO AKCHOMAM U OIIPEIEIEHUIO
Tornosioruu. 4To Takoe akcuoma B MaTeMaTuke? - 9TO Pe3yJib-
TaT THIATEJIHHOrO HAOJIIOIEHUsT UM XOPOIIO IIPOBEJIEHHOIO

9KCIIEpHUMEHTa.

Axkcrombl EBKIMIa 1 TOMOJIOrMN OCHOBAHBI Ha, IIPUHITAIIAX
pU3UKU: OJTHOPOIHOCTD, H30TPOITHOCTD, HEIIPEPBHIBHOCTH MIPO-
CTPaHCTBA U CUMMETPUS.

15 ITlapajiokc. K Bepiimne rumepkyoal

N3 anrebpanveckoro pasjioKeHus CJIeIyeT, 9To (pUrypsl B
dopme kyba ¢ gedekToM B BHjie OTCYTCTBYIONIEH TOYKHU, CO-
OTBETCTBYIOIIME BhIpaykeHuio i — 1" MHOKeCTBO CJI0€B WIn
2" — 1" cuoit (B Z™ upu ycjaoBUU HEHTPAJIbHON CUMMETPHN ),
6e3pa3InIHbl K 9JIeMEHTAPHBIM Ipeobpa3oBaHusaM | 0T06-
PaXKeHUsIM, UMEIOT Pa3MEePHOCTb Ha €MHUILY MEHbBIIe, IeM
IIPOCTPAHCTBO, B KOTOPOM 3TH (PUTYPBI CO3aHBI. Y 9UTHIBAsI

33
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Puc. 15.14: CueBa dim(2" -1) =
n-1 B IIEHTPAJBHO CHUMMETPUY-
wom Z". Cupasa mnepecedenne
JedexT Kyba 2D mmockocTbio,
Ipeobpa3oBaHHOE OTPAYKEHUSsI-
MU TUIEPIJIOCKOCTeH, IeplieH-
JUKYJISIPHBIX Ka2KJI0H U3 1 KOOP.
oceit. Hapymenne nernpepbIBHO-
CTH CJIEJOBAHUSI CJIOEB.

CKa3aHHOEe, TAKIM BBIPDAKEHUAM U (UTYyPaM COOTBETCTBY-
tor B"\point wm S'7!. OnHaxo TOMBKO Ha MIIOCKOCTH BO3-
MOKHO OJIHOBPEMEHHOE BBLIIIOIHEHUE YCIOBUN COXPAHEHUS
CHUMMETDHUH U PABEHCTBa 00HEMOB, 3aI0KEHHBIX B TeOpeMe
[Tudaropa.

Bamernn, uro 22 — 1 TakyKe SBJIAETCS OJHOMEPHON bury-
pOil B IEHTPAIBHO CUMMETDPIYHOM IIPOCTpaHcTBe Z2. JTa
durypa cjoit 3a cjioeM oToOparKaeTcst Ha OJIHOMEPHBIH 11e-
punmerp kpajpara 12. Takas cuTyarus siBIsSeTCS HOPMAJIb-
HOIl B CIJIy YCJIOBUS 9KBUBAJIEHTHOCTHU JIUIIL OJTHOTO KJIacca
Jad n = 2. Pa3MepHOCTb - 9TO HE TPUBHUAJJIBHBIN BOITPOC
B Matemaruke. CyIiecTByeT 3aMedare/ibHas BH3YaIN3aIlns
dpakTasbnoe MHOKecTBO MautbiepOpoTa, KOTOpoe oIpe/ie-
JIieTcd PeKyppeHTHON (dopMysioil, n Takue (ppakTaibHbe
MHOXKECTBA OTJIMYAIOTCS OT IPUBBIYHBIX HAM MHOXKECTB TEM,
YTO MPU YBEJUYEHUN MACIITada MHOXKECTBA OJIHUA U T€ JKe
YepPTHI TTOBTOPSIOTCS OECKOHETHO.

[IpescraBbre, ITO BBl CMOTPUTE HA KAPTY C BBICOTHI IITHU-
YbEro I0JIeTa, MOTOM BBI CIIyCKaeTeCh BHU3, PUOIMKACTECH
K 3TOMY OOBEKTY, BUANTE BCe OOJIbINe U OOJIbIIIe JeTasleil,
TaK BOT B 9TUX JIETAJIIX BUJIHA OOJiee CJI0KHAsS CTPYKTYPa,
OHa BCe BpeMsI IMOBTOPSIETCs. 3/1eCh HEeT HU JIyT, HU ILJIABHBIX
KPUBBIX, HA TpAMBIX Jimaui. C mo3unum onpejeeHuil 1aH-
HBIX B CIEIUAJIbHBIX KypcaX TOIOJOTUNA Pa3MEPHOCTDb TOI0
MHOXKeCTBa gBJjigeTcs 1podHoit. OpakTaabHOe MHOXKECTBO
Maubiepbpora yanBuTeabHO Kpacupo! YTobb! sydme moHn-
MaThb OCOOEHHOCTH N-MEPHOI'O IIPOCTPAHCTBA, IPEIIIPUMEM
[yTeIecTBAE K BepINHE THIIEPKYyDa.

[IyTemecTBue K BepIInHe TUIIEP-
KyOa.

Hexkoropnbie yBaxkaeMble y4ueHbIEe BO3PaXKalOT, YTO ITPOH3a-
HIE N-MePHOTo Kyba JBYMEPHOI IIJIOCKOCTHIO Ha Puc. 4.2
CJIMIIIKOM TIPOCTO W MCKaXKaeT CJAOXKHYIO CTPYKTYPY 3TOTO
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Puc. 15.15: Nzsecrreitmmuit dpakraa. Ero ¢dparmenTsl He cTpOro moao0HBI NCXOIHOMY MHOXKECTBY, HO
[P MHOTOKPATHOM YBEJIMUEHUH OIPEeJIeJIEHHBbIE JaCTU BCE OOJIbINE MOXOXKHU JIPYT Ha Jpyra. PasmepHoCTD
JpobHas.

Kyba. Takoe HeONOHNMAaHNE BBI3BAHO TIJIOXUM ITPE/ICTaBJIe-
HUEM O TOM, 4TO CODOIi IIpeJicTaBsgeT n-MepHbIil Ky0. Jlns
MCCIIe/IOBaHUS CTPYKTYPHI N-Ky0a CHOBa IPUMEHUM MeTOJ,
IIOCTAHOBKM KCIIEPUMEHTa B BUPTYaJIbHOI PeabHOCTH.

Acrponapt QE0p HepeIBUTAETCS € TIOMOIIBIO0 PEaKTUBHO-
ro paHiia B MHOI'OMEPHOM IIPOCTPAHCTBE, YTOOBI COBEPIIUTH
IIyTeIecTBre U3 Hadala KOOPJAWHAT M OJHOBPEMEHHO IIeH-
tpa 10-MepHOrO Kyba, rpaHu KOTOPOrO OPTOrOHAJBHBI KO-
OPJMHATHBIM OCAM, B 3aJlaHHYIO BepIuHy rurnepkyoda. Ha
JIBU2KEHUS, COBEPIITaeMble KOCMOHABTOM, HAJIaraloTCsa OI'pa-
HUYEHUsI: PA3PEIIaoch IBUTATHCA TOJBKO 110 HAIIPABJICHUIO

WJIA [IPOTHUB HAIPABJIEHUsT JIIOOON U3 N KOOPJMHATHBIX OCEH.

OueBntao, a0 PEIOP COBEPIIUT N MPHIZKKOB: TEPBBIH - U3
HaJvaJja KOOPJAUHAT B IIEHTP I'PAHU HAMOOJIBIIEH pa3MepHOCTH
n-1, naJsiee - B IEHTP I'PpaHdl Pa3MEPHOCTH -2 3aTeM MOCIeTyeT
IPBIKOK B IIEHTP I'paHu pasmepHocTu n -3 . . . Ha kaxjiom
mare uin npbizkke OE10p n3MeHs1 HAITPaBIeHUE JTBUXKEHNS,
IIOBOPAYNBAS 1O/ IPSIMBIM YTJIOM.

Ha mocnieinux Tpex marax Mbl, KaK TPeXMEpPHbIE CYIIEeCTBa,
MorJii HaOJII0/IaTh BHe3amHoe nosiBjenne Oénopa B 1enTpe
TPEXMEPHOTO Kyba M3 HEBUJIMMOTO HAM YEThIPEXMEPHOTO
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MIPOCTPAHCTBA, 3aT€M MIPBIZKOK B IMEHTP CTEHBI, MOTOJIKA WJIN
nosia - 1o ycMorpennto Dénopa, mocse 4ero u3 JAByMEPHOTO
KBa/IpaTa - IPBIXKOK B IEHTP pebpa M, HAaKOHEI, ITOCIeTHU
mar - TpudbITHE B BEPIITUHY.

B

Puc. 15.16: Cuesa cioucrasi crpykrypa cumMerpudnoro 3D-kyba. Crupasa mocseaue 3 mara Ha Iy TH
Déopa K BepInHe

Cynosoit xkypuas actporastra Déopa 1o pesyabraram IKC-
[IEPUMEHTa MOYKET BBITVISIJIETh IIPUMEPHO TaK:

» Crapryio u3 nenrpa Jlekepakra 110 HaIIPaBJIEHUIO OCU
Xj.
JlBuraioch B DHHEPAKT 110 HAIIPABJIEHUIO OCH.
JBuratocs B OKTepakT MIPOTUB HAIIPABJIEHUsT OCH.
Jlpuratoch B XenTepakT 10 HAIIPABJIEHUIO OCH..
HBuratocs B ['ekcepakT mpoTHB HAIIPABICHUS OCH..
JIsuratoch B [lenTepakT MpoTUB HAIIPABJIEHUS OCH.

>
>
>
>
>
» /[Buraioch B TeccepakT MpOTUB HaIIPaBJIEHUS OCH.
» /[Buraioch B Ky0 110 HaIpaBJIEHUIO OCH.

» JlBuraroch B KBaJIpaT MO HAIPABIEHUIO OCH..

» /[Buraioch B CErMEHT IO HAIIPABJIEHUIO OCH..

» /[Buraioch K BepIIMHE ITPOTUB HAIIPABJIECHUSA OCH.
>

Ouanm!

(JIerko jrorajiaTbest, 9TO IPH CYIIECTBYIOMIUX OMPAHUIEHUST
JIBUZKEHUsI 110 / TPOTHB Hanpasjerus: ocu, DEop cMoxer
cBobono noceruts V us 210 = 1024 eprun runepky6a. )

He menss obmpocTn, Mbl MOXKEM PACIIOJIOKUTDL WHICKCHI
KOODJIMHATHBIX Oceil B MOpsiJIKe BO3pacTaHus | yObIBaHUs
U IOJIyYUTh CJICLYIONIUI pe3ybrar B Buje OGOPTOBOIO XKyp-
HaJia kocMoHaBTa DEmopa. B srom skcrepumente DEmnop,
Ha4YUHAs C IeHTPa AeCATUMEPHOro Kyba, JIBUIaJICs TOJILKO B
Harpas/eHnn (0003HAYAETCsT Kak 1) WM IPOTUB HAIIPaBJIE-
Hust (0bo3HadaeTcst Kak (), IOoCIe0BaTeIbHO UCCIIEI0BAI BCE
ero rpaHu pasMEepPHOCTH OT JIEBATHU 10 eIuHMIbL. VI3 ocHOB
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KOMOMHATOPUKH JIETKO BUJIETh, UTO KOJUIECTBO 3JIEMEHTOB
- MOTITHOCTH MHOYKECTBA, COCTOSIIETO TOJbKO U3 JIBOMIHBIX
9JIEMEHTOB HOJIb U €JIUHUIA, COCTaB/sseT 2" - POBHO CTOJIBKO
JKe, CKOJIbKO BEPIINH B N-MEPHOM Kybe.

AHaymsupyst AByMEPHBIA U TPeXMEPHBIA caydan u 00o0mas
PEe3yabTaT Ha N-MEPHBIA ciiy4all, JerKO BBIYUCIIUTDL JIJIUHY
o popmyiie %\/ﬁ paccrodnud OT HavyaJla KOOpAUHAT 10 Bep-
IIAHBL, T7e 1 - pebpo Kyba. ['panb n-mepHOro Kyba JIEXKHUT B
TUIIEPIJIOCKOCTH, IIEPIEeHIUKYIIAPHON TOJIBKO YTO IIOCTPOEH-
HOII BBICOTE U IIPOXOAAIIEH Yepe3 OCHOBaHUE 3TOIl BBICOTHI -
TOYKY HepecedeHrusd IPAMONA C ITOU IpaHbIo. (BaMeTHM, 9TO
¢ Touku 3pennsa Pénopa Bce rpaHd N-MEPHOrO Kyba BOC-
IIPUHUMAIOTCA He KaK N-MEpHbIe, a KakK ILJI0OCKUe (DUIyphHI.

[MA20])

Bes sddexra napasiakca

Ormerum, aro PEmop Ha CBOEM IIyTH HAOJIOIA MHO-
romepHble KyObl ¢ 3ddexTom napasiaxca. s odbsc-
HeHUs 3TOro 3dpdeKTa MOKHO IMPUBECTU PsiJi IPUMEPOB
U3 aCTPOHOMWM, ITOBCEJHEBHON KU3HU W NPOU3BEIECHUN
n300pa3UTETLHOIO UCKYCCTBa. V300parkeHust n-MepHOTO
Ky0a 3aBopakKmBaloT cBoeil kpacotoii. [IpescraBum ce-
Oe TTPOEKITNIO N-MEePHOTO KyOa Ha JIBYyMEPHYIO IIJIOCKOCTD,
HaIpuMep, MPOXOJISILyI0 depe3 ocu X, Y, 6e3 addexta
napaJsiakca. Kakas durypa moayaurcs?

Otser nokaszan Ha Puc. 4.2. Korma Mbl ucciieryem nmponsaHue
N-MepHOTO Ky0a JIByMEepHOI ILJIOCKOCThIO B Bujie /lekapToBa
[IPOU3BEIEHUs JIBYX 30H0B WJIN JIBYMEPHBIH 30H/I, TI€PIIEH-
JIUKYJISIPHBIA K JIBYM pPa3HbIM TI'paHsM, - MbI paboraeM c
UHAYIIUPOBAHHON TOIIOJIOTUEt.

Ha nene @énop mcciieioBai BIOYKEHHBIE TOIOJIOTUIECKUE
nompocrpancrea @ € QY ¢ Q2 ¢ Q3.+ ¢ Q B ncxon-
HOM N-MepHOM IpocTpaHcTBe (), BCe OHM IIPOXOJIAT Uepe3
HavyaJjI0 KOOP/IMHAT, MHJIEKC CBEPXY O3HAYaeT Pa3sMEpPHOCTH
noiipoctpancrsa. Hanpumep, B derbipexmepaom Q: ) C
(x,0,0,0) € (x,¥,0,0) c (x,v,2z,0) € Q. B kaxuom u3
MTOITPOCTPAHCTB WH/TYINPOBAHA OTHOCUTETbHA TOIIOJIOTUS:
KOHIIEHTPUYIECKHUE MIAPHI ¢ OOIIUM IEHTPOM B HadaJse KOOp-
JITHAT C PaJInycaMu, OCHOBAHHBIMU Ha PAJI€ HATYPAJIbHBIX
qncest cMm. Puc 11.10. PasmepHocTs mapoB, m-KyOoB cOOT-
BETCTBYET Pa3MEPHOCTH IOJIIPOCTPaHCTBa. I mpocToTh

[MA20]: M.A. (2020), «Teope-
ma @epma ¢ mo3uIun PU3NKA B
IIIKOJIE>
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MOYKHO ITPEJICTABUTH MOCJIETHIE TPH ITOJIMHOXKECTBA B 9TOM
nenouke: B 3D- 2D- 1D-noanpocTpancrsax, cOOTBETCTBEHHO:
map B3, okpyxuocts B2, smmeitnbiit orpesox Bl.

16 /lokazareqbcTBO B OJHY (DOPMYITY 1

yepTerkK

B rpagunusx MHaniickux MaTeMaTuIecKiuX TPAKTaToB, JTOKa-
3aTe/ILCTBO CBOJUTCS K OJHOMY 4epTerky u mojmnucu: CyvoT-
pu! B x s ¢pusuka jpocrarouno cozeprarh 3D Kyb ¢ ero
I'paHAdMU UJIA F.HO6yC C €ero 9KBAaTOPOM, ‘-ITO6I)I IIOCTHUYDb J0O-
KazaTeIbcTBO Besmkoit Teopembr Pepma.

[TpencraBum cebe cOOTBETCTBYIONIYIO BhIpaxKenuio a'* = ¢ —
b" KOHCTPYKIHMIO B n-MepHOM mpocTpancTBe. CrieBa - cuM-
MerpudHas urypa pasmeproctu n. Crpasa - MHOKECTBO
CJI0EB Pa3MEpPHOCTHIO HA €IMHUILY MEHBIIE. DTO MHOKECTBO
Oy/eT acUMMEeTPUIHBIM (HapuMep, cdepa ¢ UPPAIOHATb-
HBIM PaJIMyCOM aCHMMETPUYHA), UK UMETh HeyCTPaHUMbIIL
JebeKT cuMMeTpun Jinbo HapyIIeHre HEPEPBIBHOCTHU CJI0EB
1yist pazmepHoctr n > 2 (em. Puc.7.4 Boime). Paccyxnas 06
HEyCTPAHUMOM JIe(DeKTe CUMMETPHUH, BAYKHO IIPUMEHSITD IIpa-
BUJI& PA3MEPHOCTH, COIMOCTABIATH O0BEMBI (MOIIHOCTH) TIO
KaKJIOMY 9JIEMEHTY CJIOS OTJIEIBHO U JIAJIee BOCIIOIH30BATh-
csl HepaBEHCTBOM TpeyrojibauKa. CreoBaTe/ibHO 00bEeKTa,
dyHIaMeHTaIbHBIE CBOCTBA KOTOPOI'O ONMCHIBAIOTCS TPOTH-
BOpeunBbIM obpazoM A a, b, ¢, € Q, Takux 4TO B! = B?\BZ B
PHUPOJIE HE CYMIECTBYET! - 9TO J0Ka3aTeJIbCTBO B IIPEIETHHO
KPATKOM BH/JIE NPUBEICHO Ha 00Ji0kKe Kuuru. [lenTpainb-
Hasl CUMMETPHS IMO3BOJIAET MEPEHTH K TOCTOWHOMY CpaB-
wenuto, Ho Af : {S]'} — {...S;} e nox f mommMmaercs
HerpepbiBHast, obpaTuMast hyHKIUS SKBUBAJIEHTHOCTH. DTOT
KOHMDJIUKT ¢(OPMYJIMPOBAH HA TUTYJIBLHOW CTPAHUIIBI MOHO-

rpadun.

[Ipu mocTpoeHUn OTHOIIEHU SKBUBAJIEHTHOCTH ITOJTycephbl
oToOpazKarTcs B 1oJ1ycdephbl, a IIPOU3BOJIbHbBIN MepUIHaH
- B Mepujnan.PazMepHOCTb TepBOil (pUTYPBI HA €JIUHUILY
6oJibirte. YTOOBI 9TH YCJIOBHUE BBIIOJIHAINCH OJHOBPEMEHHO,
HEOOXO/IMMO 00eCIIeYNTh PABEHCTBO CYMM KaTeTOB JIJINHE TH-
MOTEHY3bI IPSIMOYTOJILHOIO TPEYTOJIbHUKA - OJINH U3 KaTeTOB
JIOJIZKEH OBITH HYJIEBBIM, UTO 3allpereHo 1o ycjaosuemM BTO.
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B pesynbrare Benukas Teopema @epma JI0Ka3bIBACTCA OT
MIPOTUBHOTO.

ﬂOCTaTO“IHO IIPOCTHIX IMIKOJIbHBIX MHCTPYMEHTOB

Jlist mecseoBanMs 0Ka3a/10Ch JIOCTATOYHO IIPOCTHIX MTKOJTh-
HBIX HHCTPYMEHTOB: KOHCTPYKIINHA B BUJIE OOBITHOTO Jie-

PEBSHHOTO KyOMKa /I JIETCKOIO TBOPYECTBa, IJI00yca,

[MAaXMaTHOTO HAabopa, MarHuTo(hoHa HA KATYIIKAX, TPa-

dapera, TPAMOYTOJIBHOIO TPEYTOJLHUKA U 3epKaJja. B

9TI0XY MHKJIIO3UBHOTO 00Pa30BaHUsl TAKOE JJ0KA3ATETbCTBO

MMOHSITHO CJIENIBIM MIKOJbHUKAM U CTYIAEHTaM: JIOCTATOTHO

OIILyIATh TTOBEPXHOCTH MIKOJBLHOIO TJI00yca MJIA allebCU-
HA C HATIHYTOW HUTHIO IO 9KBATOPY, 38/IaThCsI BOITPOCAMUI

CUMMETPHH, SKBUBAJIEHTHOCTH, OJITHOPOIHOCTH TTPOCTPAH-
CTBA U COXPAHEHUS PA3MEPHOCTH COMOCTABJISIEMBIX 3JIe-

MEHTOB CJIOs, JIJISI 9ero JJOCTATOYHO OYUCTUTD AIlleTbCUH

OT KODKH.

B ornutine or amepukanckoii cta u 60j1ee CTpaHuYHON Bep-
cun jokazaresibcTBa BT®, Bce 3Tu mpocTble MHCTPYMEHTHI
HaTAJIKMBAIOT Ha BHIBOJ 00 acuMMeTpun Hareil Beejnernoii!
it 9TOTO0 MOXKHO TOCTAaBUTDH TOCJIEIHUN SKCIEPUMEHT B
nmaHHO#l ritaBe. [IpmcMmoTpuTech K JUILy KPacHUBOIL JIEBYIII-
KA ¥ 3aMeTbTe, YTO 4eJIOBEeK, Kak juTsd Bcesennoit, s
4TOOBI OBITH KPACUBBIM, JIOJI?KEH OBIThH CJIerKa aCUMMETPUY-
ubIM. CIy9aifHO JTU 9TO WK SIBJISETCS BOILIOIIEHUEM OoJiee
o0mux npuHIUIoB passutus Beemennoit? CM. HHTEpECHYIO
KHUTY O TEOPUU CYNEPCTPYH U POJIA T€OMETPHUH, CUMMETPUN
B 3apoxenun Beesennoit [['pu04], [A1H12].

17 TI'mnotreza Jleonapga Dityiepa

B 1769 romxy Jleonapm Ditjep, MpeamoaoKuI, 9T0 YBeJInInB
YHUCJIO CJIAraeMbIX B YpaBHeHUHU, aHaJorndHoM Teopeme Dep-
Ma JI0 JeTBIPEX, MATU U T.J., KOIJIa CTEIIeHb 1 IIPEBbIIAET
CyMMapHOe KOJIMYeCTBO CPABHUBAEMbBIX T'HIIEPKYOOB CjIeBa
u cupasa B /IlnodanToBoMm ypaBHeHUM, HCC/IEI0BATEH 005~
3aTe/IbHO TPUJAET K BBIBOJLY O €ro Hepa3pemmnMocTu. Psii
YUIEHBIX-MATEMATUKOB U JIIOOUTE el OIIPOBEPIJIN 3Ty THIIO-
Te3y Jisd caydas 4-X b-Tu, 7-Mu, 8-MU MEPHBIX THIEPKYOOB.
(Criocob pasJiozKeHust OJIHOTO XEKCepaKTa Ha ISTh JPYIHX
XEKCEPAKTOB BCE eIMé JTOKUIACTCS CBOETO 3BE3IHOTO Jaca. )

[[pu04]: T'pur (2004), Dnerant-
Hag BCEJICHHA
[AH12]: dy u ap. (2012), Teo-
pUS CTPYH M CKPBITHIE H3MEpe-
nus Bcesennoit
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JIpyroe obobmenune Teopembl Pepma Ha ciydail deTbIPEX
runepKyoos npuBoanuT K JInodaHToBy ypaBHEHUIO B BHUIE:
a* + b* + c* = d* C nomomipio Teopun MuOXKecTB U Jlua-
rpamma Ditsiepa-Benna, npeanonaras d > ¢ > b > a, MoxKHO
LPEJCTABUTD BLIPAYKEHUE U3 CYMMbI YeThIPEX I'UIEPKYyOoB
KaK:

d*\c* = p* U a* (17.1)

3J1€Ch CJIeBa — MHOXKECTBO THIIEPIIOBEPXHOCTEN pPa3MEepHOCTH
n = 3, crupaBa — 00beJMHEHHE JIBYX I'MIIEPKYOOB pasmep-
Hoctn 1 = 4. YerBepTsiii runepky6 a* mosyudaercs myTém
omneparii Ha | cosgMi u3 b, HO IPOM3BEIEHHBIX ¢ OTCTYILTe-
HUSIMI OT IIPUHIIATIOB CHMMETPUN CTEIIeHU TPU B TEPMUHAX
[IPUBEJIEHHO BbIIIe TAOIUIH 7.2.

Cormacuo jokazannoii Boirie Teopeme Pepma HET IKBUBA-
senTHOCTH Mexk1y nomMuoxectsamu (d4\c*)\b* # a* . Cie-
JTOBATEILHO, €CTh IAHCHI U3 JAePEKTOB CJIOEB (TacTHIHOE
yaaJeHne clios) co3aaTh HOByIo Gurypy, BosMoxno at. Yoe-
JINMCsT B TPUHITUITAAIBHOM BO3MOYKHOCTHU ITOCTPOEHUST TaKOi
KOHCTPYKIIUU.

Q@urypa CTaHOBUTCSA HECBIIHOMN

Eciu 3Ty HOBYIO KOHCTPYKIIMIO pa3MECTUTH B O0JIaCTH
MOJIOYKUTEIHHBIX 3HAYEHUIT Oceil, TO MPU OTPayKEeHUU OT
TUTIEPILIOCKOCTENH W MacCIITaOMPOBAHUH YUCJIO THIIEPKY-
6oB a* yBeqmumBaeTcs B 21, TO ecTh B 16 pas, IpH 9TOM
durypa cTaHOBUTCS HECBAZHON. DTUM HOBast MOJIE/Th Pa i~
KaJbHO OTJIMYAETCS OT PaHee PACCMOTPEHHON KOMOMHAITNT
U3 TPEX BJIOYKEHHBIX KYOOB CO CTENEHBIO CUMMETPHUH 1 -
HapyIIaeTcs ycJIoBre 00 OJIHOPOJIHOCTH ITPOCTPAHCTBA.

A 9TO MOXKHO CKa3aTh OTHOCHTEIBHO 30HINPOBAHUS JIBY-
MepHOil 1m10cKocThI0? PaciookuM deThipe TeccepakTa Tak,
9TOOBI COXPAHUTh MaKCHMAJbHO BO3MOXKHYIO CHUMMETPHUIO
KOHCTPYKIIUU CTeeHn JiBa. i 9TOro pacCMOTPHUM ILJIOCKO-
cru Ha ocax X1, Xp (momumm, aro obe ocu X3, X4 mepres,iu-
KYJISIPHBI 9TOI TLIIOCKOCTH. )

[Tockosnbky na 2D 1rockoctu V ciioit Sk couszmepum ¢ Japy-
UM S, TIOCTPOUM ILJIOCKOCTh HATAHYTYI0 Ha ocu X1, Xo (st
cokparlenns obosHadnM eé kKak X1 X Xp,- JlekaproBo mpo-
n3Bejienne oceit. Ins ynobeTBa mpejicTaBiienns BbiOepeM
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YeTbipe Teccepakta d*\ c* = b* U a*

X3
®yHKuMA 3KkBMBaneHTHocTH f(x,y)
oTobpakaer mHoxecTso d4 \ c4 X4
d Ha MHoxecTso b4 U ad
Mpu atom AV, = AV, b
—
— - - S——
i I xa=e | | X1 *X2
I
|
€& alal a

ByayT am consmepumsl cnoun?

Puc. 17.17: Pazpemmmo jm duodantoso ypasuenue a* + b* + c* = d*?

JIBYMepHbIE IPoeKImn d*\c4 Ha IIOCKOCTD, IIPOBEICHHYIO
Jepe3 och X3, U OPTOIOHAJIBHYIO IJIocKOoCcTH X1 X X3, a 1po-
eKIHIo ruepky6os b* U a* - cooTBeTCTBEHHO HA MIOCKOCT,
MIPOBEJEHHYIO Yepe3 OoChb X4, TAKKEe OPTOrOHAJILHYI0 X1 X X).
(OTauTe IbHBIM OT IPOYKX IIBETOM U IITPUXOBKON BbI/Ie/IeH

4

o6béM / Mepa ¢*, Boranraemas uz d*.)

BameTrum, 9TO JAByMepHBIE MpoeKimu Ha X1 X X BCEX mcciie-
JIyEMBIX B 9TOM IIYHKTE TOJMHOXKECTB CUMMETPUIHBI OTHO-
curesibHo 1D L X3 mOAIpocTpaHCTB U COOTBETCTBEHHO L Xy
pactiosiaraiorcst B mtockoctu cumMmerpun 2D || X7 X Xp. Cwm.

Puc. 7.5 u Tabn. 7.2.

Yoeumest B BO3MOKHOCTH OTHICKAHUsA (DYHKIIUY SKBUBAJICHT-
HocTn, orobpazkaromieit d*\c* — b* U a*.CroiicTso Taxoro
0TOOpasKeHusT MOMUMO COXPAHEHUS CUMMETPUIHOCTH - CO-
xpaHeHre Mepbl (00béma). B camom Jieste, mocsioifHo MOXKHO
3aIncaTh:

{{Sle<k<d} {S1<i<dy} —{{Sili<j<b} {Sil1<i<a}}

3iech 3ammcano 0ToOpaykKeHne MHOXKECTBA, COCTOSIIErO U3
JIBYX ITOJIMHOYKECTB CJIOEB B JIPYroe MHOXKECTBO, TAK¥XKe CO-
crosiiee u3 JBYX IOJMHOXKECTB CJIOEB (YCJIOBHE O JIHAIa30He
CJIOEB CJIeJIyeT IOCjie BEPTUKAJILHON depthl |). OrbicKaTh
COOTBETCTBYIOILY IO (DYHKIIUIO SKBUBAJIEHTHOCTH MOYKHO, HC-
xo/is u3 pasencTsa Mep d* —c* = b* +a*, a Takixe npunHEMas

(17.2)

41
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BO BHUMAaHUE YCJIOBHE O TOCIOWHOHN cuMmMerpun u Puc. 17.17.
B pesyabrare MmoxkHO 3anucath hopMysry s KyOOUI0B C
VI6TOM UX BBICOTHI (CM. aHAJIOT KabeJIsi KBaIPATHOTO CEUeHHsT
na Puc. 7.5:

chSk|+(d—c)Z|Sl|—bZ|S|+aZ|S|

LCD CD LC
d

& ISl Z |Sul (d?=c?) =

1

SR,

LCD
1 a
b2+~ S| a?
|Siml azlll m| a
(17.3)

w‘IH
HM@I

Baecy B dopmyse Bobime LCD Least Common Divisor -
MaTeMaTnIeckoe 0b03HaYeHne HAMOOIBIIEr0 OOIIEro JIejIn-
rens (popmysasr TeX BocIpHHUMAIOT TOJIBKO JIATHHHUILY )
HO(d —c,a,b,d). Tlox 3maxoM cyMMBI 3aIIiCaAHBI MOITHO-
ctu 2D-c0és. Muoroobpasue B Bujie pasHOCTH TECCEPAKTOB
(d*\c* pasbuTo Ha KyGOMIEI, IPOEIUPYEMbIe Ha OCh X3 HA
orpesku [¢,d] u [1, ¢] coorsercrBenno. (Cpapuure ¢ pazbue-
HEEM MHOroo0pasusl Ha JacTH IPU B3SITUH WHTEIPAJIA).

B mmxkHeMm ypaBHeHun mocseaHeil (hopMysIbl MIPOUCXOIUT 3a-

MeHa IIepeMeHHOI Ha eJIMHBIN HaTypaJbHBI CUETYUK M1,
KOTOPBIH Ipoberaer 3HaveHue juana3oHoB 1...d, c¢...d,
1...a,1...b coOoTBeTCTBEHHO JIJIsI KayKJIOI0 MHOXKECTBa, CJIO-
éB. 3a/aBasi TaKUM 00pa30M BbIpayKeHMe, MOYKHO HATJISITHO
yOeUThCs B TIOCJIEI0BATE/ILBHOM OTOOPAYKEHUH TTO/IMHOYKECTB
CJIOEB MCCTIeyeMOil KOHCTPYKIIMNA M OTBICKAHUS OTHOIICHUST
9KBUBAJIEHTHOCTU C COOJIIOJICHUEM CHMMETPUU OTHOCUTETHHO
BBIIIIEIIEPETUCIEHHBIX TOIIPOCTPAHCTB. Jlerko ybeaurhes,
B BO3MOYKHOCTH 3aJIaHUS TAKOTO pa30ueHusi UCCIeLyeMOoit
KOHCTPYKIINU, KOTOpOe obecrieunT paboTy He C JIpOOHBIMU, a
HATYPAJbHBIMU YucIaMu - g 9Toro Bmecto HOJL mMoxkHO
UCIIOJIB30BaTh IPOCTO TpousBeienne (d — c¢)*a*b*d u orob-
pazkaTh MMOJIMHOYKECTBA TIOCJIEI0BATE/ILHO CISAYIONIX CI0EB
MOIIHOCTBIO (YuTail TOJNIMMHON WM YUCIIOM UHTEPBAJIOB)
YHCJICHHO PAaBHBIX COOTBeTCTBEHHO: My = d?, h; = d? — ¢2,
hj = b%, h; = a? , kax Ha Pnuc.7.4.

B pesynbrare Takoro rpecrasienuss Gurypa Oyaer uMeTh
CUMMETPUIO BTOPOI CTENEeHU U JIIOObIE CJION B HEll OKaXKyT-
Cd COUBMEPUMBIMHU, 9TO YKa3bIBa€T Ha INOTEHIUAJIbHYIO BO3-

MOKHOCTH OTBICKATH YeThIpe TUIIEPKYDa C MeJI0UNCTEHHBIMU
pédpaMu Jj1d IPUBEJIEHHON (hDOPMYIIBI.
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OmnmcaHHbBI Ha MMOCJIETHEM IIPUMeEpPEe CIIOCO0 OIpe e/ IeHIs
Pa3pEIIUMOCTH SIBJIIETCS HEOOXOIMMbIM, HO HEIOCTATOUHBIM

YCJIOBUEM J1JIsl TIOMCKA, TIOJIO2KUTETHLHOIO OTBETa Ha BOIIPOC. A
na nipumepe BT ormcanmpii criocobd SBIgeTCs JOCTATOTHBIM
yCJIOBHEM J1jist (DOPMYJIMPOBKHU BBIBOJIA O HEPA3PEITUMOCTU
Jannoro /ImodanTtoBa ypaBHEHUA.

[IpuBeienHOE HUZKE YUCJIEHHOE PEIEeHUe B IEJIbIX, ero 00-
HapyzKUJI — aMEePUKAHCKUI MaTeMaTHK, podeccop Mare-
Matuku ['apBapjickoro yuusepcurera Hosm [Issun Duikuc B
1988r.

[Xoal4|. ITockombKy uncia GosbIne n 3JIEKTPOHHAS Tad-
JMIA U3 HaKera O(PUCHBIX IPOIPAMM C HUMU HE CIPABHUT-
csl, TEKCT JcTuHra nporpammel Fermats family.py moxuO
CKOIMPOBATh 1 3aIycTuTh Ha Python (cM. ocHOBBI mporpam-
muposanust Ha Python B [[Toc21]), nanpumep B 1060M 13
IOILY/ISIPHBIX OHJIAIIH TPAHCIATOpAX

TWITSTISTISTISTISTISTISTISIISIISIISTIST IS

% %
% Fermats family .py %
% %
TITTSSSSTTTTTTTTTSSSSIITTTTTISSSSSITTTT TS

a = 95800

b = 217519

¢ = 414560

d = 422481

print ("")

print(’ a =% b =% ; a4 + b™4 = %d’
% (a, b, a**4 + b**4))

print('c =%d d =% ; ¢4 - d°4 = %d’
% (¢, d, d**4 - c**4))

Pesynbrar ucrnonsenus nporpaMmbl. Pacuer cymmbr 4-X mMep-
HBIX THIEPKYDOOB:

a = 95800 b = 217519;
a”4 + b~4 = 2322892439815904960321
¢ = 414560 d = 422481;
¢c™4 - d~4 = 2322892439815904960321

KaK JIETKO YOeJIUThbCA Pe3y/IbTaThl BHIYUC/IEHUS TPABON 1

JIEBOIT YacTell COBIIAJIAIOT.

Buagayie mogBuiach MmMoTpedHOCTH JIAITL B HEOOJIBITIOM
KOJIMYIECTBE UPPAIMOHAJIBHBIX YUCEsI, HO TpeboBaHue Jio-

[Xoal4]: Xoaxun (2014), Heyiro-
BHEMBIE HJIEN U BETHBIE TEOPEMBL.
Besmmkme 331841 MaTeMaTHKH

[[Toc21]: TTocrommT (2021), «Oc-
HOBBI HUCKYCCTBEHHOTO HUHTEJI-
JIeKTa B mpuMmepax Ha Pythons
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[[Tou86]: IlomrTpsirun (1986),
O600mennst guce)

[[Iro}98]: IIrosmemeit u p.
(1998), Asbmarect: mian marte-
MaTHYeCcKoe COYMHEHUE B TPU-
HAIIATU KHUTAX

TUYECKONM CTPOMHOCTH MATEMAaTUKHU ITPUBEJIO K ITOCTPO-
€HUIO BCEX JIEWCTBUTEJILHBIX 4ncesa. B gactHOCTH, I
CTPOWHOCTH MaTeMaTHIeCKOil Teoprun ObLIO OY€Hb BAaXKHO,
9TO0BI BCAKAS ITOCTIEI0BATEILHOCTL Ko cxoquirach. Ho
JIJTsI paIMoOHAIBHBIX Ynces 3To HeBepHO. [lociemoBarein-
HoCTh KoIm paruoHabHbIX 9HCe/T MOXKET HE CXOUThCS
K PAIMOHAJIBHOMY YHCJIY, OHA CXOJIUTCH K JIEHCTBUTE b~
HOMY umcsy. Takum 00pa3oM, MoJie PaIMOHATbLHBIX YHCesT
HY2KHO OBLJIO JIOTIOJIHUTD JI0 TOJIS JEHCTBATEIHHBIX THCET.
OTPHUIATETbHDBIE YHUCJIa MOABUINCH B OCHOBHOM U3 BHYT-
PEHHUX MaTEeMATHIECKUX COOOPaKeHUIt JJIsi TOTO, ITOOBI
BBIYMTAHUE BCET/Ia OBLIO BO3MOYKHO, XOTs OTPHUIATEIbHbIE
YHUCJIa UMEIU U IPAKTUYECKOe TOJTKOBAHUE. MOXKHO OBLIIO
TOJIKOBATH OTPUIATEIHHOE IHCI0 Kak 1our [[1on86).

18 BriBox

Wutepecto, 9TO B TEOPUSX KOHIEHTPUIECKUX cdep JPEeBHUX
rpekoB EBnokca, Kammmmma n Apucroresnst 3emiis HaxXoIm-
J1lach B 1eHTpe BceesieHHoit u Obla OKpy:KeHa CUMMETPHIHBI-
M cepaMu, KOTOPbIe CINTAINCH HAeaJTbHO CUMMETPUIHbBI-
mu [[Ito+98|. Ho, okasbiBaercst, gaxke paborasi CO CBOUME
CUMMETPUIHBIMU chepaMu, JIeTKO yOeIUuThCs, 9TO 9Ta KOH-
CTPYKIIUSI HE COOTBETCTBYET HU OJHOMY (DU3UIECKOMY OOBHEK-
Ty B mpupojie. Takoe gByieane B IpeBneit ['perun naswrBam
aropueil, Wil JOTUIeCKH HEIIPOTUBOPEUNBHIMU KOHCTPYK-
UAMU, KOTOPbIE HIYEMY HE COOTBETCTBYIOT. ¥ IUBHUTEJIHHO,
YTO MbI IPHUIILIA K OJJHOMY U TOMY K€ BBIBOJIY H JIJIsI CJIydas
paboThI ¢ N-KybaMu, U ¢ Irapamu!

C dunocodckux nosuruii B Beukoit Teopeme @epma
3aJ102KeH KOH(MDIIUKT MEXKy cojiepkanneM (00bEMOM) BJIO-
JKEHHBIX JIPYT B JIpyTra I'UepkyooB u ux ¢hopMoit: ycioBue
O TIEHTPAJbHON CUMMETPUYHOCTH U HENIPEPBIBHOCTHU CJIEJI0-
BaHus CJI0EB. MOKHO JJOOUTHCST COOTBETCTBHSI COJIEPIKAHMUST
B y1iep6 hopme u HaoOOPOT. DTOT KOHMJIUKT IIPEOI0IeBA~
eTCsl JIUIIb B JIByMEPHOM ITPOCTPAHCTBE, TJIe CYIIECTBYIOT
[TucaropoBbl TPOIKHN, KAK PEIKOE sIBJICHIE TAPMOHUM.

D10 HaromuHaer OyHIaAMEHTAJILHOE COOTHOIIEHNE HEOIpe-
JesienHocTr ['elizenbepra B KBAaHTOBOI MeXaHUKe, yCTaHAB-
JINBAIOMINI IIpeJiesl TOYHOCTU OJTHOBPEMEHHOI'O U3MepeHuUs



mapbl (PU3UIECKUX BEJIUYUNH, OIUCHIBAIONINX CUCTEMY, KaK
HaIIpUMep, UMITYJIbC U MoJIoyKeHne Jactuiibl. OH HaM ITOHAa-
JIOOUTCS B CJICAYIOINIUX TIaBax 3 U D I JI0OKa3aTeIbCTBa,
ABC-runoressr.

Ab6comoTrHo cumMerprdHast Beenennast HeBo3MoxKHa. JList
BO3HUKHOBEHUsT MaTePUU, BO3MOKHOCTH XUMHIECKUX PEaK-
Ui ¥ 3aPOXKJICHUS XKU3HU HEOOXOUMO OTIEPUPOBATDH TOHATHU-
eM 06béMa/Mepbl COXpaHEHHEM KOJIMIeCTBa BEleCTBa. JTh
YCJIOBHST 00ECIIEUNBAIOTCA TOJBKO B CJIEIKA ACUMMETPUIHOM,
AQHU30TPOITHOM IpocTpaHcTBe. [Ipr n > 2, Takoe HEBO3MOXKHO
B M30TPOIHOM (I[EHTPAJIBHO CUMMETPUIHOM ), OJJHOPOIHOM
IIPOCTPAHCTBE, YTO MOCTYJIUPYETCA B aKCUOMaX €BKJINJIOBON
reoMerpun. ['JyOuHHasT IPUPOIA STOTO POTUBOPEUUS BhI-
TekaeT u3 PyHIaMeHTaJIbHBIX (DU3UIECKUX CBONMCTB HaIllei
Bceenennoii. Ecin 661 oHa ObLIa uaeaJlbHO CUMMETPUYIHOIM,
ITO00HO M3YYEeHHON KOHCTPYKIIUN KOHIIEHTPUIECKUX cdep,
TO B HEN He MOIJIa 6131 BOBHUKHYTbH MaTepusd C IIPUCYIIIUMU
eif CBOWICTBAMU COXPAHEHUs] MaTEPHUH/ MEPHI.

Taxum obpazom, uccienys Benukyio reopemy Pepma, MbI
MTOJIOTILTN K BOIPOCAM (PU3UKU U MUPOBO33PEHUS, JTaxKe He
IPUMeEHsIS BBICIIYIO MaTeMaTHUKYy, OOIIYI0 TEOPUI0 OTHOCH-
TEJILHOCTU U CJI0XKHbBIE quddepeHinaabuble yPaBHEHUS 1151
WJLTIOCTPAIUN IPUHITATIOB ITPOUCXOXKIeHnd Haleir Beesten-
noit. [Ipenronokenns, KOTOpbIe JIeJaJINCh B paMKaX €BKJINJIO-
BOI TeOMETPUHU, IPUMEHUTEIHLHO K KOCMUYECKUM MaciITadaM,
CTAHOBSATCS HETOYHBIMHU. 371eCh y2Ke paboTaeT HEeCeBKJIII0-
Ba reomMeTpus. B aHU30TPOIIHOM MPOCTPAHCTBE KOHMJIUKT
MeXK/J1y (POPMOIT U CcOepKAHUEM U3ydaeMbIX HAMU CTPYK-
TYP KOHCTPYKTHBHO Pa3pEIaeTcs, HO JIJIsT STONO0 HEOOXOIMO
OTKa3aThCsd OT TeomeTpun EBkimial

Barnganure na noprper pycckoro ydenoro Hukonas Ba-
nosu4a JIobageBckoro, pekropa Kazanckoro yHusepcurera,
MaTeMaTUKa, KOTOPbIi BHUMATEILHO U3YYIU/I HATHII TOCTY-
jgaT EBK/MIA, aKCHOMBI KOTOPOTO MBI PaCCMATPUBAJIHA, U
cchopmyIIpoOBaJT CBOIO, TaK Ha3biBaeMyIo '"'BoOOparkaemyro
reomerpuo". BrocteicrBun sra reomerpus Oblia Ha3BaHA
reomerpueit Jlobauesckoro. Hurareb MOKET 03HAKOMUTHCS
¢ reomerpueit Jlobauesckoro [HB04| u 6uorpadueit sroro
HeoObraHOro yuénoro B [Komn65].

OxkazaJyioch, 910 reoMerpus JI06aIeBCKOTO yAUBUTEIHHO XO-
POIIIO OIMKCHIBAET TOHATHE TPOCTPAHCTBEHHO-BPEMEHHON 1H-
tepsaJ, npeobpazosanne Jlopenna. Orrosiocku Bosbioro
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Puc. 18.18: Hukomait IBanoBu4
Jlo6avueBckuit (1792-1856) —
PYCCKHUII MaTeMaTHK, OIUH U3
[IEPBOOTKPBIBATE/ICH HEEBKJIH-
JoBoit  («runepbonmaecKoii» )
reoMeTpuH, JedaTelb yHHUBEp-
CATETCKOTO O0pa3oBaHusa U
HAPOJHOTO TIPOCBEIICHHUS.

[HB04]: H.B. (2004), Beicras
reoMeTpus. Y 9e0HIK

[Kou65]: Komecnukos (1965),
JIobaueBckuit
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[Ckyl0]: Ckymnaués (2010),
«Koppessinust  JaHHBIX 1O
AHU30TPOINE  PEJIUKTOBOTO

W3JIy9eHUsST B SKCIIEPUMEHTAX
WMAP u"Pesuxr-1"»

[AP87]: Aspaenn u ap. (1987),
Kiaccuaeckoe BBejeHUE B CO-
BPEMEHHYIO TEOPHIO YUCET
[[Ipa]: IIpaxap (), Pacupenese-
HEE TPOCTBIX TUCEJT

[Cus07]: Cussrit (2007), Jlekuun
10 TEOPHUH YUCEJT

[MII22]: Manun u ap. (2022),
Bgesenre B COBpEMEHHYIO TEO-
PHIO 9HUCeT

[Burl8]: Bunorpajgos (2018),
OcHOBBI TeOpuM YnCes
[Bop+85]: Bopesua 3U u np.
(1985), Teopus wuncen

[Kap83]: Kapaiy6a (1983), Oc-
HOBBI AHAJUTHYECKOH TEOpHn
qHCes

[AO 62]: AO Tenbdons (1962),
DJIeMEHTapHBIE METO/bI B AHa-
JIUTAYECKON TEOPUN JHNCEeT
[Byx13]: Byxmrab (2013), Teo-
pHs qHCeT

[Tur53]: (1953),
Teopusa nzera-dpynkmun Puma-

Turamaprin

Ha

B3PbIBa LPOABJIAIOTCA B BUJIE PEJIMKTOBOI'O U3Jy4YCHUHA, HU3-
KOTeMIIEpaTyPHBIX POTOHOB € TemIiepaTypoit 2,72 KeabBuna,
KOTOpPBIC MOXKHO M3y4YaTb C IIOMOIIBIO HOBEHIIIEH allapa-
TYPBI U TOJIyYaTh WHMOOPMAIUIO 00 aHU30TPONUN HaIei
Bcesiennoii.

N neiicrBurenibno, 1983-1984 rojbl poCCUUCKUiT PEJTMKTO-
BBIl 9KCIEPUMEHT TOATBEP/INI aHU30TPOIUIO PEJTUKTOBOTO
nzydenns - "sxa"Bosbimoro B3pbiBa. V3meperust mpoBo-
JINJIACH C TIOMOIIBIO PaJroMeTpa, paspadboraHHoro B MH-
crutyTe Kocmuieckux ucciegoBanuit AH CCCP, B rpymie
Uropst Apkajbesnaa Crpykosa (0bIiee pyKOBOJCTBO PO~
rpammoit ocyrecTsst akagemuk Hukosait Cemenosua Kap-
JarieB) Ha 3amyinerHoM cryTHuke "TIporros-9". B 2006
rojly OTKPBITHE POCCUIACKUX yUEHBIX OBLIO "OIEHEeHO 110 10-
crouHCTBY "ipucykaeanem HobesreBckoit mpemun 1mo husuke
amepurantaMm Jxopmky Cvyry n xony Mazepy 3a 1mo-
BTOPEHUE Pe3yJIbTaTOB POCCUIICKUX (PU3UKOB, HO ¢ OOJIbIIEi
touanoctbio. |[Cky 10| VimeHa poccuiickux yueHbIX OCTaJUCh B
TEHHU.

[Tpusesénnoe 10Ka3aTEIHLCTBO U3JIOXKEHO C OPUEHTAINEN Ha
IIKOJIbHBIE 3HaHus. 151 OoJtee TyIyOOKOro 3HAKOMCTBa, C TEO-
pI/IGﬁ IIPOCTBIX YUCEJI YuTaTeJIM MOT'yT O6paTI/ITbCH K JIuTe-
parype: [AP87], [IIpa], [Cu307], [MI122] [Bunlg|, [Bop+85],
[Kap83]

B sToit muTeparype paccMaTpuBalOTCH BarKHbIE BOIIPOCHI:
IIPOCTBIE W COCTaBHbIE YHCJA, apudMerudeckue (OyHKIINUU,
TeopUs CPpaBHEHMUIT, IIepBOOOPA3HbIE KOPHU M MHJIICKCHI, IETI-
HbIe JIpoOu, ajrebpanmdeckue U TPAHCICHJ/ICHTHBIC YHCIA,
CBOICTBA MPOCTBIX YHUCEJ, TeOpus JuO(paHTOBBIX ypaBHE-

o

HIIA.
Kpowme toro, pekomenjiytorcst: [AO 62] [Byx13], [Tur53].

JIJIST TIOHUMAHNS AJITOPUTMUYECKIX ACIEKTOB TEOPUH UKCET
C TIpUMEeHeHusIMU B Kputirorpadun (mrpoBepka GOJIBIIIX MPO-
CTBIX YHCEeJI Ha IIPOCTOTY, PA3JIOyKeHNIE OOJIBIINX YNCes Ha
MHOXKUTEJH, JUCKPETHOE JIOTaPIUMMIPOBAHNE) U C UCIIOJIb-
szoBanueM OBM.

Buepean npencronT pabora 110 pa3BUTHIO OT€IECTBEHHOI Ha-
VKU, UHXKECHEPUU U BO3POXKJICHUIO CUCTEMbI TOCPErUCTPAIIAN
HayYHBIX OTKPBITUI, yTpadeHHoit 1o pert. oT 14 masg 1991r.
N 156 [pesumuyma Axagemun sayk CCCP. B aroit octpo co-
CTA3aTE/ILHON CUTYaIluu aBTOP OBbL BBIHYKJIEH TTPOJIOJIKUTH



uccJie10BaHrdd 110 IIOUCKY KPaTKHX, JOCTYIIHbIX JIJIs ITOHU-
MaHMsI IMHPOKOH ayauTopun, Jokasarenbcrs ABC-rumoressr,
13 KOTOPOIl Tak:Ke cjieiyer jjoKa3arebcTrBo BT O.

CxenTuku mpoJioJizKaioT cauTarh, 9to [Ibep 1e @epma, Be-
posiTHee Bcero, 3a01yzKasicsa. MexKiy TeM, IOC/Ie/I0BaTe b
HOe IPUMeHEeHNe OCHOBHBIX PUHITUIIOB (PU3NKU, T€OMETPUN
3aCTaBJIAIOT JyMaTh nHade. Pabora naji Teopemoit Pepma
nIpuaaJia UMITYJIbC PAa3BUTUIO TE€OPUUN HHUCEJI, KOTOPad TaKzKe
OTUCHIBAET 3aKOHBI (DUBUUECKOTO MUPA, HO OIIOCPEIOBAHO.
CMeHa IHapa/JurMbl IIO3BOJIAET YBUACTD 3Ty CBA3b B HATJIAI-
HOM IpejicTaBieHnu. /IpamMarmdeckas UCTOPUS OTKPBITUS
TeOpPEMBI CDepMa 1 IIOUCK HaIVIAAHBIX JOKa3aTE/JAbCTB JOJIZK-
HBI CTaTh YaCThIO MIKOJIBHON / BY30BCKOM MOJATOTOBKH.

19 Juckyccun

B xome moxaszarenncrBa BT® mareMaTwmaecKMMU METOIA-
MU (PU3BHIECKHE 3aKOHBI IIOMOIJIM B IIOUCKE IIOA00HO HUTH
Apuagner. [ABn23].

[IpoBectn obcyxxtenne MoxkHO Ha dopyme Coobiectso BK
Pusnka I MEHEIXKEPOB

3aech Ha Puc. 19.19 npuBejsenbl aBTopckue rpaduieckKue
PUCYHKHU - copepxkumoe Ttabauir Baser manabix i 9BM,
[AB120]| - PocriarenT BHEC U CBOIO JIENTY B HOIYJ/IAPU3AIIUIO
MaTeMaTUIeCKUX 3HAHUIMA
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[AB23]: ABzpies (2023), «Bemn-
Kag I'OJIOBOJIOMKa, KaK WH/IUKa-
TOp cyBepeHusaruu Poccuiickoi
HAyKI»

[AB20]: Ampies (2020), «Basbt
narHbIX st 9BM okazaresb-
ctBO TeopeMbl Pepma, i1 M-
JITAPJOB HA OCHOBE IKOJIbHBIX
suanuit 11.03.2020»
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Puc. 19.19: Illectu rpameii Ky-
6a JI0CTATOYHO JIJIsl JIOKA3aTe b=
crtBa BTO.

2 Badem mkoabHUKYy BTO?

ﬁm‘s Last Thanum)

for billions

=G 1y

N

k=p-1

s=(1+1f-1"= Y ctmt
p=r

/s 8,=e,,\e. wher I
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e %e, %e,.. .. LU=

g, US, ._USUS, , . US,,
US, .- U5, . -Remove?

/" Such a Figure doosn't cxist

c’-b"# ain Z"

The logic law of excluded 3-d

J

Central symmetry of 8.

XOR continiogity forn =3
\ /
imn-1 \

§=s5% ¥ ct1"*f=j)
k=0
in-l — jn—l+(‘j_1)n—l+"_
in—2 — jn—2+(i_1)n—2+“_
., Unresolvable in R forn >2
S, #8158, SE#qu forn=3
Qis inhemogeneous hZ‘,n-‘ij

ﬁor ¥ trapezoids {... si...}\

{.§,..}3i,j andscaleq

aﬂqn n bﬂqﬂ ?'__ cﬂqn
hi {\ =~ e

R ——

V, = 1h=V=1h
Hypercube=2n regular hiyper pyramids
¢® is homogeneous in Z°
for n =2 but not forn >3
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ABC-runoresa: or
SKCIIEPUMEHTa K TeOPUH

1 Bsesenne

ABC-rumnoresa B Teopun umces1 0bL1a chopMyInpoBaHa He3a-
BucuMo Marematukamu /Issugom Maccepom B 1985 romy u
Hzxo3edpom Derepite B 1988 romy. (Hdamee o rekery: ABC-
runoresa). PopMyaupoBKa ['MIOTE3bI 3aKII0UAETCST B CJle-
gyrorieM. JIsg JiroObIX MTOJIOXKUTETBHBIX TEJIbIX B3aUMHO-
POCTBIX YUCeN a4, b, €, yIOBIETBOPAIONINX ypaBHEHUIO A+b =
c, npoussejierne pajimkasoB qnces ABC ob6brano HeHAMHOTO
MenbIre, deM C. DTO MOYXKHO BBIPA3UTh 060JIee TOYHO € IIOMO-
o dopmyn max(a,b,c) < KeRad(abc)'™¢, rne K 3aBu-
CHT TOJIbKO OT HEKOTOPOI'O IOJIOXKUTEJILHOTO JIefICTBUTETHLHO-
ro uncia €. Oyukiusa Rad - sro pamukas gucen a, b, ¢, pas-
HBIIl TPOU3BEJIEHNIO MTPOCTHIX COMHOXKUTENIEN, 0Opa3yIOIMIX
9TH YUCJIa, HO BO3BEJECHHBIX B IIEPBYIO CTEIIEHb, HAIIPUMED,

Rad(8) = Rad(2®) = 2, Rad(1000000) = Rad(2° » 5°) = 30.

DxsuBasienTHast (popmysimpoBka ABC rumoressr BKrO9aeT
B cebsl TIoKa3aTe/ b Ka9eCTBO TPOHKH

loglc)  In(C)
logRad(abc) — InRad(abc)

q(a,b,c) = (1.1)

KOTOpPOE oOIlIpeeideTcsd CJIely oM 06pa30M: JJIL V IIOJIO-
ZKUTEJIBHOI'O ﬂeﬁCTBI/ITeﬂbHOFO qucJia € 3 TOJIBKO KOHEYHOE
YHUCJIO TPOEK 4, b, C U3 B3aHMMHO IIPOCTBIX HATYPaJIbHbIX YH-
ceJl, YAOBJIETBOPSIONIMX COOTHOLIECHHIO 4 + b = ¢, TaKuX, 4To
g(a,b,c)>1+e.

BBIIL&IOHLI/IGCH MaTeMaTHUKHN 3alla/JHOTO0 MUPa IIOTpaTHUJIN MHO-
T'O COTEH CTPaHUIL Ha IIOMCK JOKa3aTeJ/IbCTB, 1 IIPOIECC ITIOUCKa
J0Ka3aTC/JIbCTB IIPOJ0JIZKAaCTCA.

2 KitogeBas njies 10Ka3aTebCcTBa

JlaBaiiTe paccCMOTPUM IIpUMeED ITPOU3BOJICTBA MTAPTUHU 3aBOJI-
CKOIl MPOYKINY, HAITPUMED MKada KyTe, Iye MUPUHA KazK-

1 Beenenne

2 KimoueBast muest 1oKa-
3aTeIbCTBA

3 UmHKeHepHBIH 10/IXO.
Koncrpyknms

4 OcHoBHas TeopeMa
apupPMETUKH . . . . . .
5 Muxkpococrosaue
U MaKPOCOCTOSTHUE

CHUCTEMBbI

6 dazoBoe MPOCTPAHCTBO.

ILtoTHOCTE pactpee-
JICHUSI BEPOSITHOCTU

7 KsanroBas mpupoma

IIPOCTBIX YHCEJI

8 Coxpanenue pa30BOrO
obbeMa. DHTPOIHUS . .

9 Paaukaasl qucen
a, b, ¢ 1 dazoBoe
[IPOCTPAHCTBO

10 JIumeitable mpocTpan-
crBa. OyHKIIUT OT
MaTPHAIT. . . . . . . . ..

11 IlpousBosibHbIE A,
B, C u xBanToBas

MeXaHnKa

12 Anasoruu u3 cucrem
JIITY
13 @nykryaruu

14 Ipocrere uncia. Cu-
crembl. Jlorapudmor. .

15 T'untoresza Pumana u
dusnka

59

60

61
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[MC85]: Masser u ap. (1985),
«Proceedings of the Symposium
on Analytic Number Theory /
W. W. L. Chen. — London:»

[Xyn70]: Xymncon (1970), Crarn-

CTHKA JiyTsi (PUBUKOB

Joit aBepu coorBercTBeHHO: A + B = C cCaHTHMETPOB.

DT0 TAJOHHOE 3HAYCHUE, HO HA IIPAKTUKE BOZMOYKHBI KaK Cli-
creMaTHuecKue, Tak u cjydaitibie ormubku. Jlomyctnm, 61aro-
Jlapsi MEHEIZKMEHTY KadeCTBa MPOLYKIUH CHCTEMATHIECKIE
OIINOKN yCTPAHEHbI, HO OCTAIOTCsI HEN30EeKHbIE CJIyvaiiHbIe
[OTPEITHOCTH 3& CYET HEKOHTPOJIUPYEMBIX (DAKTOPOB.

Hay4nbrit monck

ABC-runoresa B Teopun guces ObL1a cchopMyJImpoOBaHa
He3aBucuMO MarteMaTukamu /Issumom Maccepom B 1985
roay [MC85] u Txozedom Dcrepre B 1988 romy.

IIpeArooKIM, 9TO 3aKOH PACIIPeIeIeHNs MIPHHDI KA IO0i
JIBEpH - HE3aBHCHMBIX CJIyYaifHbIX BEJIMUUH MMEET OUHAa-
KOBOE CTAHJAPTHOE OTKJIOHEHHE O, & UX MaTEeMaTHIECKHe
osuanms coorsercTrento pasusr A, B, C 113 ocHOB MaTeMa-
tdeckoit crarucTuky (| Xy170]) MBI 3HaEM, 9TO HOTPENTHOCTD
U3MepeHHs B II0ceIHell GpopMysie paBHa: ~ — W -
V3o

VN e N - KOIMYeCcTBO TAPTHiT PO KITUH, UCIOJ/IH30BAH-

HBIX B 9KCIIEPUMEHTE - 3TO pa3Mep BLIOOPKI.

Tabmmra 2.1: Tomomopdusm aarebp

Tpynaocts noHMMaHUT —

[Ipocteie uncna | Hemounciaenusie | Cucremsr JIJIY. Mar- | Q=KsanroBas me-

MHOTOUJIEHBI PUIIBI XaHWKa. JInHeitHbIe
OIIE€PATOPEI
235711 ...a= | f=cI,p*" |y=A®)y Hy = Ey u dop-
I1, p“(p) MyJIa SHTPOIHN S =
- Zi wiln(wi)
[Ipoctoe B cremne- | HenpuBoauMmble | R = R1 @ Ry--- @ R; | BoipoxkeHHbli
Hu k MHOTOYJIEHBI NuBapuanTHble T0JI- | SHEPTETUIECKUIA
(A —a))k IPOCTPAHCTBA. XapaK- | yPOBEHb.
TEPUCTUIYECKUIT MHOTO-
LJIEH.
Ocnognas Teope- | Boamoxknoctb Onucanue mguunamude- | MojgemupoBanue
Ma apudMeTuKn | ajaredpanmvdecKux | CKUX IIPOIECCOB MHUKPOMUPA

onepanui

«— OcnoBanuga

Ot 3TOrO MPOCTOrO NMpUMEpa MbI MOXKEM Ie€peiiTn K JI0Ka-
zaresibeTBy ABC-rumnoressr. [l 9T0oro HEOOXOMMMO TpHU-
MEHUTH OCHOBBI T€OPUU apupMETUKHU, ITepeiTi K MPOCTHIM
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IEJIOYNCICHHBIM MHOTOYICHAM U JIMHEHHBIM OTOOPAsKCHUSIM,
JKOPJIAHOBLIM MaTPUIIAM U KBAHTOBOH MeXaHuKe. AJrebpbl
BCErO BBIICIEPEYUCICHHOIO HAXOJAATCS B OTHOIMICHUAX I'0O-
vomopdusma. OIHM U Te Ke MPOCThIE YNC/Ia, B3ATbIE U3
nenouku Rad(abc), urpaior posib KOpHeil HeI0YrCIeHHOIO
MHOTOYJICHA, XaPAKTEPUCTUICCKOTO MHOIOY/ICHA MATPUIIBI
JIMHEHHOTO OTOOparKeHus, KOPHEBLIX BEKTOPOB JIMHEHHOIO
IIPOCTPAHCTBA, PA3JIOKEHHBIX Ha IIPSIMYIO CYMMY HHBADUAHT-
HBIX TTOJITPOCTPAHCTE, ¥ COOCTBEHHBIX 3HAYEHUNA /I MaT-
PULIBI JTUHEHAHOro 0TOOpaskeHusl, raMUJILTAAHA, OLEePATOPA
KBAaHTOBOW CUCTEMBI.

CocpetoTounmces Ha COOCTBEHHBIX 3HAYEHUSAX WU KOPHSAX U
ybeuMest, 9TO CpejiHee 3HadYeHre JiorapudMa MaTpHIl, T.e
CpeJIHEro 3HAaYeHNe CYMMbI 3JIEMEHTOB Ha TJIABHOMN JIMAaroHa-
JIM, OT TaK Ha3bIBAEMOI'O CJIe/la MATPHUIIbI, HE M3MEHSAETCsI
Jlazke B CJIydae TOsIBJIEHUsI KPATHBIX KOPHeil U3 Toil ¥XKe Tie-
HOYKHM TIPOCTHIX ynces B nepsoil crenenu [nRad(abce). Ecin
MOCJIETHIOI0 (DOPMYJTY Pa3/e/IuTh HA 9UCIO JIEMEHTOB Ha,
[JIABHOM IMArOHAJIM TO MOJIYIUTCS SHTPOINS UCCJIEyeMOit
cucTeMbl S.

HOCKOHBKy QHTPOIINA - TaKasd 2Ke aJJUuThuBHagd BeJIMYINHA,
KaK 1 91CJIO 9aCTull B U3OJIMPOBaHHOM COCY/€E, 1 obe BeInvu-
HBI ABJIAIOTCA TaK Ha3bIBa€MbIMH NHTEI'DaJIaMI JIBUZKCHIU A,
JIETKO BBIYHCJ/INTL OTHOCHUTE/IbHOE CTaHIapPTHOE OTKJIOHEHUE

KBaJpara ~ —, IJe S - SHTPOINA JacTHIIbI. UCCIELyeMOi
S

InRad(abc)
cucrembl. OcTasoch BEIMUCIUTD S = ——F——, rjie L - -
Ha TJIABHOM JAaroHAJN (HEHYJIEBBIX 9JIEMEHTOB) MATPUIIBI U

OJHOBPEMEHHO KOJIMYCCTBO IIPOCTLIX YUCEJI B IEIIOYIKEe 1.1.

M Haxomerl, BaykKHO CIeJIaTh PEMIAIONUil Iar K CTaTHuCTH-
JeCKOil MaTpHUIle CUCTEMBI B [ I60epTOBOM IIPOCTpAHCTBE,
rjie pasMep MaTpullbl OeckonedeH. [Ipu mosiBJIeHUN HECKOJIb-
KIX KOPHEl BEepOATHOCTH OOHAPYKEHUT MUKPOOOHEKTa B
3aJIAHHOM COCTOSIHUH "pasMasbIBaeTcs ' 1o TJIaBHOM IraroHa-
JIA CTATHUCTUYIECKON MATPHUIILI CUCTEMBI B COOTBETCTBHUH CO
CTENeHbI0 KOPHell (BBIPOKIEHIEM SHEPreTHIeCKOrO YPOBHSI ).
DTO J0Ka3bIBAET TEOPEMY U IIO3BOJISET HAM OLEHUTH TakK Ha-
3bIBaeMoe KaiecTso Tpoiiki §(a, b, ¢), Ho Gostee IOAXOAAIIIM
TepMHUHOM OyJeT jiedekT wan (hJiyKTyalis orpaHndeHHon
cBepxy (pyHKIHEHl ¢ HOpMAaJIbHBIM pacIpeiesieHueM (pedb
UAE6T 00 SHTPOIUU WMCCIIEAYEMON CHCTEMbI) M ITPUMEHHUTH
TeopeMy YebbIméBa, Kak 3TO oApobHee OyIeT paccKa3zaHo
HUKE.

Puc. 2.1: ABC rumnoresa 06b-
SICHSIETCsI C TIO3UIUU TITKOJIb-
HBIX 3HAHUI: ITOTPEITHOCTU W3-
MepeHuii B 3Kcnepumenrte, I
n Il mHagam TepMOIMHAMUKH,
IIPUHIINIIA, HEOIIPEJIEIEHHOCTHT
U3 KBAHTOBOU MEXaHUKU, JTUHEI-
HBIX OTOOPaYKeHUi, 3aKOHOB CO-
XpaHEeHUs SHEPTUN-UMITYIHCA
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[Moc21]:  Mochizuki (2021),
«Mochizuki’s proof of ABC-
conjecture.»

[Cen03]: Cemusanos (2003), Ilo-
UCK OMHUOGOUHOIO U IIPABUIIBHO-
ro

Buakombrech: [Hunman Moumnsyku (Shinichi Mochizuki) -
MareMaTuk u3 yusepcurera Kuoro [Moc21]

500 crpanur npounTaan 10 gea. Ha 3emiie

Hokazarenscreo BT® B 120-1140 crp. crpanut DHJI-
pio Yaiijca - aro emgé ne upegen. Jokazareascrso ABC
conjecture ABC-runoressl B IATHCOT CTPAHUIL 3aHUMAa-
eT pabora simorckoro maremaruka [[Muaman Moaunzyku
(Shinichi Mochizuki), samumaronierocst Teopueit wnces u
apudmMeTnIecKkoit reomeTpueil B yuuBepcurere Knoro.

CroBowM, Jjtarke He 3Hast PYHKIUH PACIPEICICHUS IPOCTHIX
quces Tt(X), JErko caenaTh HeCJOXKHbIE ONEHKH, KOTOPhIE
OKa3bIBAIOTCS JOCTATOYHBIMU It JoKasareabcrBa ABC-
IUIIOTE3bI.

JIBurasichb OT 9KCIIEPUMEHTA, OT ITPUKJIAIHON MaTeMaTUKH,
MBI cieiasim pyHIaMeHTaabable 0000menus. [loaemy? - mo-
TOMY 9TO MHUP MaTepuajeH, n pu3nKa MUKPOMUPA W MaK-
pOMUpa OJIMHAKOBA, AEHCTBYIOT IIPUHIIAII COOTBETCTBIS TEK-
CcTa U IPUHIINI HeompeeaeHnoctu leiizenbepra. Takum 06-
pas3oM, MPOCThIE€ UHUCIAa MOJCIUPYIOT CHCTEMY, COCTOSIILYIO
U3 TOJICUCTEM, KOTOPbIE€ He B3aUMOJIEICTBYIOT, HO CBSI3aHBI

obmuM pecypcoM - $as3oBbIM IIpocTpancTBoM. K coxalste-

HUIO, PsAJ yIGHBIX OTOXKIECTBIISIOT HOHSTHE B3aUMO/EHiCTBIE
U CBSI3b, ITO SIBJISETCS OMMOOTHBIM: 000COOIEHHOCTE €CTh
OTCYTCTBHE CBsI3U, HO HE IIPOCTO OTCYTCTBHE, & Pa3be/li-
ménnocts - [Cen03]. B wacraocTr, MBI MOYXKEM TOBOPUTEH O
cMecH HJieallbHbIX Ta30B. B mocienmenM cirydae cocyl TakKe
SABJIIETCSI OOIIUM PECYPCOM.

TpyHO 1TEPEOIIEHUTH MECTO MPOCTHIX YUCeN B (DUBUIECKIX
3aKOHaX, KOTOPBIE OIPEJIESIIOT OKPYKAIONINN MaTepuaib-
HBIIl MUD U, B IIUPOKOM cMbIcsIe, Haimty Beenermryo. CmoT-
pure tabsmiry (2.1). VIMeHHO mpocThie Yuciia MO3BOJISIIOT
CBSA3aTh CUCTEMY, HAJICUCTEMY U TIOJICUCTEMY.

3 Wuxenepusiit moaxon. Koncerpykius

Bynem orTanmkuBaThbcs OT aBTOPCKOTro jiokasarebcra BTO
U3JIOYKEHHOT'O B TIPEBbIIYINEH TyIaBe, IJie UCIOJIb30BaH WH-
JKEHEPHBIN T0/1X0/T 1 KOHCTPYKIUS B BUJIE TPEX BJIOYKEHHBIX
JIPYT B JIpyra, KOHIEHTPUIECKHUX MAapoB (N-KyOOB) IEHTPHI
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KOTODBIX TIOMeIIeHbl B Hadao koopauHat. (ITouck mokasa-
TEJILCTBA B N-MepHOM IpocTpancTBe 00JIbIeil pa3sMepHOCTH
Heobbr4aiino npoxykrusen [f1H12]) Kmouesbimu MmomernTamu
9TOTO JI0OKA3aTeIbCTBA SABJISIOTCA: IeHTPAJIbHAST CUMMETPHA,
KOHIICTIIUS CJIOEB, OObEIMHSIONUX MHOXKECTBO 3JIEMEHTOB,
MIOTTAPHO He MEePECEKAIOIIIECcs KJIaCChl SKBUBAJIEHTHOCTH, BO3-
MOXKHOCTH roMeoMopdu3Ma pUryp ToJabKO OJUHAKOBBIX pa3-
MEpHOCTeHl U JUCKPETHOCTh MPOCTPAHCTBA Z, T/e IPUMEHNU-
MbI OCTY/IaThl EBK/Ma (pOJib TOUEK MOIYT IPUHSITH Ha celst
rutepkyOnKy - 3jemeHTsl 1), a TakyKe aKCHOMbI TOIIOJIOIHH.
[MTap romeonmopden Kyoy, a cdepa — cyioo Kydbouia, onpesie-
JIIEMOMY KaK Pa3HOCTh MHOYKECTB B BHJIE KOHIIEHTPUICCKIX
KyOoun/1oB ¢ pebpaMu OTJINIAIONINMUC Ha, JIBE €IUHUIIBI 110
KasKJION OCH KOODJIMHAT (T.€. €IMHUYHOI TOJIIUHBI C yIeTOM
JIBUKEHUsT B3TJISAJIA UCCIEI0BATE IS BJIOJIb U IPOTUB OCH ).

W3 ycnoBuit cuMMeTpun UCCIeIyeMoi KOHCTPYKITUA B YPaB-
nernu, coorBercrByomeii ABC-runorese naiizercss xors 6b1
OJIHO CJlIaraeMoe CTEIIeHHM He BBIIIe JBYX. B IIPOTUBHOM CJIy-
YJae CyIIecTBOBAJN ObI TPU MHOT00OPAa3Ms COOTBETCTBYIOIIIX
dopmyite ka" ¢ ocnoBanmeMm B Buje THIIEPKYOa an CTEleHu
n > 3 u HAIILTUCH OBbI TaKue KO3 MUITMEHTHI B BUJIE PAIHO-
HaJIbHBIX unces ki, kp, k3 ¢ ycnosuem kix" + koy" = k3z" u
caou - cdepbl, IpUHAJJIEXKAIIIE COOTBETCTBEHHO KYyDOUIAM
A, B u C pasmeprocTbio n-1 Jj1s1 KOTOPBIX:

kiSpherea + koSpherep = ksSpherec (3.1)

3/1eCh TO3JIEMEHTHO CPABHUBAIOTCS MEPBI (60/1e€ IPUBBITHO
JIJIS TMIKOJIbHUKA: O0bEMBI, ILIOMA/N, JIJIUHBL JJIsd CJIydasd
n = 3, 2, 1 COOTBETCTBEHHO) U MOJPA3yMEBACTCSI CHCTEMA
ypaBHEHUIT OT/IeTHHO MO KazK/0# pasmepHOcTH OT 1 10 n-1
HOCKOJIbKY Pa3MEPHOCTD c¢epbl (CJ10s1) Ha eJIMHUILY MEHbIIIE
OXBaTBIBAEMOTO €10 mapa (Kyba). 3aMeTnM, 910 BO H30eraHnu
B JlaJIbHefiIeM cMelneHnst 0003HaUYeHndA ¢ SHTpoIneil 00o3Ha-
quM cjou Sphere. uist caydas n > 3 oJHOBpEMEHHOE COIIO-
CTaBJICHHUE JIBYX U 0OJiee IMONMApHO HE TMEePECEKAIOIINXCA KJIac-
COB 9KBUBAJIEHTHOCTH (Pa3MepHOCTH 3J1eMeHTOB oT 1 110 n-1,
KaK HaIpHMep runepruiockoct ap - 1771, ay - 1772, 431773 . ..
U aHAJIOTUYHO IHIIepMepHInaHbl Ha cdepe) MPUBOIUT K CU-
cTeMe ypaBHEHWil, Hepa3peluMoil B CIJIy HEpaBEHCTBa Tpe-
YTOJIbHUKA U UCKJIIOYEHUsT TPUBUAJIBHOTO CJIydas HYJIEBOIO
karera. (CymMMa KaTeToB GOJIbIIE YeM JJINHA THIIOTEHY3bI ).
Ot KpaTKoro ms3JjoxKeHus uaen jgokasareabcrsa BTO, Bep-

[(TH12]: dy u xp. (2012), Teo-
pUsi CTPYH U CKPBITHIE H3MepPe-
Hug Bceenennoii



56 | 3 ABC-rumoresa: or 3KCIepuMeHTa K TEOPUN

memca Kk ABC-TI'unorese.

4 OcHoBHas TeopeMa apuMMeTUKN

[AP87]: Aspmenn u np. (1987),

CornacHo ocHoBHOIT Teopeme apudmeruku [|[AP87]| kaxmoe
Kaaccuueckoe BBeJ/ZIeHUE B CO-

u3 Tpoiiku uces B Beipakenun A + B = C moxkeT O6bITH pas3-

BPEMEHHYIO TEOPHIO YHCEJI

JIOXKEHO Ha IIPOCThIE COMHOYKUTEJH, JTOIIYCKAIOTCS CTEIIeHN
BBIIIIE eIUHUIIBI, HO 110 ycsoBugM ABC-runoresnr, moBTopsi-
IOIIUECs COMHOXKUTEN B 9TOM PA3JI0KEHUHN MCKJIIOYAIOTC B
CUJIy OTCYTCTBUs OOIIUX JICTUTEIEI.

a+b=c

ay jay . ak qn—t_ pPiypbe Bl an—u _ 1 V2 . Vm_qn-v

a;'a, a,"+1""+by b, b« 1" =cj ¢, Cpy *1
(4.1)

Definition 4.1 B dopwmyite Bbillie Bce COMHOXKUATEN C HIZK-

HUMW WHJIEKCAMU SBJIAIOTCA NPOCThIME dnciamMu. Hapsy
c JuTepaMu da;, b]', Ck OyleT MCIoJIb30BaThCA P; JJjid 000-
3HAYEHUSI IIPOCTOI0 THUCJIA.

st cobtoIeHnst MpPaBUI Pa3MEePHOCTH 3JIEMEHTOB B IIPO-
CTPAHCTBE TEJIbIX YHCe]I, OpeesseMoM Kak n-KpatHoe /[le-
KapTOBO IPOM3BE/IEHNE OCHU NEeJbIX qncen 2" = Z+Z +...x 2,
KaxkJioe cjaraeMoe B (popMyJ/ie BBIIIE YMHOXKAETCHA TaKKe
Ha cOMHOKHTeNb B Bujie 1"~F sementaproro eauamanoro
Ky0a ¢ TOHl Iesbio, YTOOBI KasKJI0e cjaraeMoe MMeJo pas3-
MEPHOCTDb, PABHYIO Pa3MEPHOCTH €BKJIMI0BA IIPOCTPAHCTBA
N, B KOTOPOE BJIOXKEHBI UCCJIeIyeMble MHOIOOOpa3us pa3HbIX
pPa3MepHOCTEN.

(Ot amasoruu ¢ KOHCTPYKTOPOM Lego MOXKHO HOTIPOGOBAT
[MVY73]: Musrop w zp. (1973),

Huddepentmaibaas  TOMOJIO-
st natam EBkina.)

[TpeOl]: Tpensdasms (2001),
Tomosorust. 3eiidepr ' Tpeb-
dam B KuTesieit B popMysie BbIllle PaBHBI COOTBETCTBEHHO t, U,

nepeiitu K akcuomam ronosoruu ([MY73], [Tpe0l] u mocry-

Jpyrumu cjioBaMu, CyMMBI TIOKa3aTesieil cTerneneil Bcex MHO-

V, 9TO KaK pa3 COOTBETCTBYET Pa3MEPHOCTU MHOTOOOpa3mii

A,B,C:

a1+..-ak:t,ﬁl-f‘"'ﬁl:u,yl-i_"'ym=v (4'2)



4 OcHoBHas TeopeMa apupMeTuKn

JIerko moHATH pasMEpPHOCTb KAazKIOr0 “JICHAM MUHUMAJIb-
HO HEeoOXOouMyIo pasmepHocth 1 = max(t, u,v) (4.1) es-
KJIUJ0Ba IIPOCTPAHCTBA, B KOTOPOE MOI'YT ObITH BJIOYKEHDI
uccseryeMble KyObou bl COrJIaCHO MPUBEIEHHOi (hopmyie.

Definition 4.2 Huxe OyeT UCIOIB30BATHCS 00IIIEe INCIO
MIPOCTBIX COMHOYXKUTEJICH HA3BAHHON (DOPMYJIbI, OHO PaBHO
L=k+I1+m.

PazBuBasg npungareiit B [1aBe 2 uHKeHEPHBIN MO/IXOT, COTIO-
craBuM Bbipazkenue (4.1) ¢ MHOKECTBOM B BHJIE TPEX MHOIO-
o0pa3mil, KayKJplii B opMe MHOIOMEDPHOIO TapaJlIesIeluIe/a
I KPATKO — KyDOOu/1a B KOHEYHOMEPHOM €BKJIHIOBOM IPO-
CTPaHCTBE, C 33/JJaHHOI METPUKOI 1 MepOil, UMEHyeMOM JlaJjee
IIPOCTO €BKJIMJOBBIM ITPOCTPAHCTBOM.

B sTom mpejicraBiennn npuse/ieHHas Bbirie gopmysa (4.1)
TaK2Ke MOXKET ObITh 3alliCaHa KaK YCJIOBHE roMeoMopdusma
MHOT000pa3uii - Kybou10B, 0003HAYAEMBIX OOJILIIUME OYyKBa-
Mu AU B = C, a ucciie/lyeMblii 00bEKT IPeJICTaBIseT coboit
MHOXKECTBO TPEX KyOOUIOB C Pa3HbIMU PEOpPAMU, JTUHBI KO-
TOPBIX SBJISTIOTCS MPOCTBIMI IUCIAMU KaK pa3 u3 (POpMyJIbl
4.1

Bnaromaps meHTpaabHO CUMMETPUH, JIETKO OIIPEJIE/IUTh
IIEHTP MacC KaKJIoro KyOowja, IMpejroJaras, 9To OH 3a-
[IOJTHEH OJTHOPOJIHBIM MaTepuayioM. COBMECTUM STH TEHTPbI
C HAYAJIOM KOODJMHAT U COPUEHTHpYeM (TUIep)rpaHu Ky-
OOUJIOB TEPIEHINKYIIPHO ocsM. B naibHeiiiemM Mbl Oyaem
CINTATh WCCIIEyeMyI0 KOHCTPYKITMIO KOHIEHTPUIECKUMMU
kybougamu. B kaxkmom n3 KyOouI0B JIEFKO YBUJIETH TUTIED-
ILJIOCKOCTH 3€PKaJIbHOM CUMMETPUU PA3MEPHOCTH Ha, € THHUILY
MEHBIIEN, YeM HCCeyeMblil KyOou I, OpTOrOHAIbHbBIE OCAM
KOOP/IMHAT ¥ ITPOXOJIAIINE Yepe3 Hava0 KoopauHat. 1x unc-
JIO 718 KayKJI0oTo KyOom/1a paBHO UHCJIY OCeil CUMMEeTPHUHN
—=>> PaBHO IOKA3ATEJI0 CTEIECHN MHOXKUTEJeH, 00pa3yomux
KyOou/I.

J menpepbiBHas obpaTtumasi (pyHKINSA SKBUBaJIEHTHOCTH f,
oToOparkaroliasi KaXK/Iblil 3JIeMEHT B BUJIE 3JIEMEHTAPHOTO
kyba 1" u3z muoxkectB A u B 8B C f(A,B) — C, uro Tak-
’K€ MOYKHO BBIPA3UTh C MO3UIIUU TOIOJOTHH COOTBETCTBYET
MOHATHIO TOMEOMOPMU3Ma CJICYIONNUX (PUTYD:

A=C\B (4.3)

27
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npu sToM 3 obpatras dynknusa f1(C, B) — A. Uckmouas
OYEBWJIHBII cirydait mepBbix crerneneit ABC-rumnoressr, He Mme-
Hsld OOIHOCTHU, B JIAJIbHEHIIIEM I10J1araeM, 9TO pa3MepHOCTh
dim(A) < 2, a B cBoro ouepenp dim(B), dim(C) - xkyboust
pa3sMepHOCTH JiBa U OoJIee.

[TomaMM, ITO paZMEPHOCTH KyOOHUIa OIPEIEIICTC CyMMOIt
crereneit mpocThix comuoxkureseit B 4.2 Jlnga 3 f neobxou-
MO ODECIIEIUTh BO3MOXKHOCTH B3aUMHOI'O COKDAICHUS CJIOEB

6oJstee BBICOKMX Pa3MEPHOCTENl, YeM JiBa, a TaKxkKe COKpAIlle-
HUe 9uc/ia TUIEPIIOcKocTell cummerpun j1o aByx (Ormernm,
9TO Ollepalus COKPAIEHUs, IEPECTAHOBOK, II€PeMEIeHHs]
1" — 1" BO3MOXKHBI UMEHHO B OTHOINIEHUSIX SKBUBAJIEHTHO-
cru. OJTHOPOJTHOCTH €BKJIMJIOBA [IPOCTPAHCTBA MTOCTYJINPYeT-
cst).

Kakomy dusndeckomy gBJICHUIO MOXKET COOTBETCTBOBATH
dopmyna (4.1)?7 Ona MOmEIUPYET HEKYIO CUCTEMY, COCTOsI-
Iy U3 MOJCUCTEM, MEXKIy KOTOPBIMU OTCYTCTBYIOT CBsI-
31, HO OIpeJIe/IEHHBIM 00pa3oM 1ojiesiéH obmmii pecype. C
MIO3UIUU TITKOJIbHBIX 3HAHUN JIJI [TOUCKA JTOKA3aTeIbCTBA
ABC-rumnoressr 0cOGeHHBIIT THTEPEC TTPEICTABIISIIOT 3aKOHBI
tepmogimHaMuKu. OOIIIM pecypcoM MOTYT OBITH SHEpPrud,
¢az30BOE MPOCTPAHCTBO, SHTPOIHUS, TUCJIO TACTUIL U JIP.

5 MI/IKpOCOCTOHHI/Ie 1 MaKpPOCOCTOAHUE

CHUCTEMDbI

PaccmoTpnM cucTeMy, COCTOAIIYIO U3 CMeCH UeaJbHBIX T'a-
30B, MOJIEKYJIbI KOTOPBIX HE B3aMMOJIEHCTBYIOT MEXK/Iy CODOIl.
CitejicTBEEM 9TOTO B 9aCTHOCTH, sIBJIsieTcs 3akoH JlayibroHa,
COIJIACHO KOTOPOMY JaBJICHHE CMECH XMMHUYECKU He pearu-
PYIOIUX ME¥XKJy cOOOil ra30B PABHO CyMMe HaPIUATLHBIX
JIABJICHUI KazKJIOT'O U3 ra30B — U 3TO CTAaHOBUTCA IIOHATHO B
CIJLYy OTCYTCTBUS MEKMOJIEKYJIAPHOI'O B3aUMOIEHCTBUA.

Aprop npemaraer paccmarpuarb ABC-runoresy ¢ mosn-
1uu (HazoBOro MPOCTPAHCTBA TEPMOIMHAMUYIECKON CUCTEMBI
HaCYUTHIBAIOINIEH 25 N3MepeHnil, 10 KOOPANHATHBIM OCAM KO-
TOPOT'O OTKJIAJIBIBAIOTCS 3HAYEHUS S 00OOIEHHBIX KOO IMHAT
q U S UMIYJIbCOB P JAHHON CHCTEMBI (S -9HCIO CTeleHei
cBOGOIBI) B ypaBHeHNN ['aMUJIBTOHA, N3BECTHBIX IMKOJIbHU-
Ky M3 KypCOB MEXaHUKM II0J] HAMMEHOBaHUEM TeopeMa O
KuHeTu4Ieckoit sueprun. Oneparoprasi (popMy ypaBHEHUS
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l'amMuibTOHA B KAHOHUYIECKO (bOopMe J0CTaTOIHO KpacuBa,
yHEBEpCaJIbHA, OIMCAHa B JINTEpaType, HO TpebyeT HeOOIb-
IIOrO OIBITa PAbOTHI ¢ YACTHBIMU MTPOU3BOAHBIME |3e110| u
[Mprn72]]. Emé 6osiee TO9HO IpUMEHEHHE CTATUCTHIECKOTO
o/ixo/ia B (bU3MKe IMpeIIoiaracT 3HaHue OCHOB KBAHTOBOM
Mmexanukn [Pep00], monmManme IpUHIKLA HEOIPE/IeICHHO-
cru lefizentepra ApAq > 11/2, nupencrasienue 06 ypaBHeHIN
HIpenunrepa [3en02], o MaTpuIie MIOTHOCTH BEPOSATHOCTH, 00
orepaTope raMuJIbTOHUAH, 3HAHUE 3aMeYaTe/IbHBIX CBOMCTB
SPMUTOBBIX OIIEPATOPOB, MPABUI PADOTHI ¢ KOMMYTATOPAMI
u ckobkamu [lyaccona [Mec78|, ocHOBHBIX hOpMYIT TEPMOIHU-
HAMWKW, HO HUKE H3JIOXKEHHE OYJ/IeT ONMUPAThCs IPEUMYIIe-
CTBEHHO Ha 3HAHUE MATePHAJIOB MIKOJIBHON MTPOrPAMMBI.

[TorpobyeMm yrajiaTh, KAKOMY KJIacCy (pU3NIECKUX sIBJICHUI
coorBercTByer ABC-rumnoresa? Hatqnem ¢ mOHITHST MUKPOCO-
CTOSIHUE - 9TO KOHKPeTHas KOH(MUTYPaIUsi CUCTEMBI, KOTOPAast
OIUCHIBAET TOYHBIE MOJIOKEHUsT U UMITYJIbChI BCEX OTICTHHBIX
YACTHUIl, COCTABJIAIONINX cucTeMy. KaxK10e MEKPOCOCTOSTHIE
UMeeT OIPeJIeICHHYIO BEPOSTHOCTh BOSHUKHOBEHUS B IIPO-
1ecce JIBIKEHUST MOJIEKY/l. MakpococTosiHme cuecTeMbl OTHO-
CUTCS K €€ MaKPOCKOIIIMIECKUM CBOMCTBAM, HAIIPUMED TAKUM
CBOMCTBAMU SIBJIAIOTCS TeMIIEpPaTypa, JaBJIeHHe, 00beM u
IJIOTHOCTb.

6 Pazosoe nmpocTpancTBo. [L10THOCTH

paclipejieJleHls] BEpOSITHOCTH

Kaxktast Touka ¢dazoBoro mpocrpaHCcTBa OTBEYaeT OIpeie-
JIEHHOMY MHKPOCOCTOSIHUIO CHCTeMbI. B xo/1e 9BoTIOnn cu-
cTeMbl n300pazKaias ee (pazoBasi TOUKA OMUCHIBACT B (hazo-
BOM IIPOCTPAHCTBE HEKOTOPYIO (pa3oByio TpaekTopuio. [Ipo-
u3Bejienne uddepennnaios:

dqdp = dgi1dq,...dqsdp1dp;...dps (6.1)

paccMaTpuBaeTcd KaK <«3JeMeHT obbeMay (hpas3oBOro mpo-
crparctBa Al'. IlpumennresnbHo K ucciemyemoit popmyiie,
yanTbiBas Gpopmy Kybouja u paBeHCTBe HMpUpPAIeHUs JIN-
neitaoit byukiun eé nuddepeniualty, jatee OyaeT ynorped-
JIAThCA HapsLy ¢ obo3navenueM juddepenimara 3uaK A.

[3eal0]:
Bricimas

(2010),
JIst
HAUMHAIOIIUX U €€ [IPUIOXKEHUs
K dusuke PUSMATINUT
[Mpbrn72]: (1972),

Bricmas maremaruka Clienu-

3eabaoBId
MaTEMATUKA

Mermkuc

aJIbHbBIE KyDPChI

[©ep00]: @epmu (2000), «JIek-
UK 110 KBAHTOBOI MeXaHUKe.»
[3en02]: Benesunckuit (2002),
Jlextuu o KBaHTOBOI pusmke

[MecT78]: Meccua (1978), Ksan-

TOBas MexaHuka. Tom 1.
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Bripazum BepOATHOCTD U IJIOTHOCTL BEPOATHOCTH P OOHAPY-
JKUTH 00BEKT B 33/IAHHBIX KOOPJMHATAX (Pa30BOr0 MPOCTPAH-
CTBa 4Yepe3 OYeBUIHYIO (DOPMYITY:

dw = p(qll q2,---4s,P1,P2,--- Ps)dpdq (62)

- BEPOSTHOCTb OTLICKATHL MCCJIELYEMbIil 0OOLEKT B 38 aHHbIX
OECKOHETHO MaJIbIX MHTEpPBa/IaX KOOPJIMHAT U UMITYJILCOB B
upejenax: §i...q; +dq;, pi...pi +dp;. llpu stom obbem
daz0BOrO NMPOCTPAHCTBA, BLIPAXKACTCI UepPe3 SHEPIUIO 110
dopmyure:

_dI(E)
= °F

Brimie yepes AI'(E) obozHavaeTcst 9UCI0 KBAHTOBBIX COCTOsA-

AT (6.3)

HUI ¢ SHEPIUsiMHU, MEHbINMUMU uin paBHbiMEU E. /lasiee ipu-
BeJIeHa, INIOTHOCTh BEPOATHOCTU P U 3aIlCAHO yCJIOBHE HOP-
MUPOBKH:

> p(E)AqAp =1 (6.4)
Q

HHTErPaJI 10 BCEM BEPOSTHOCTSAM COCTOSHHIN TOJCUCTEMBI
obpasyer MoJHYO TPYIILY cOObITHiT = 11 DYHKIUN [17I0T-
noctu BepograocT W (E):

/ W(E)dE =1--- > WAT =1 (6.5)

@opMyJIbl, IPUBEIEHHBIE BBINIE, TOMOTaeT HANTH MHTEpe-
cyfolee 9UCJI0 COCTOsiHMA ¢ sueprueii mexkay E ... + dE.
[Ipeamnonaraerca BoIOOP TaKoil MHEPIINAJIBLHON CHCTEMbI OT-
cyera, rje CyMMapHBI UMITYJIbC 1 MOMEHT UMITYJIbCa BCeil
MCCJIETyeMOM TIOJICHCTEMBI PABHBI HYJIIO. 3HAK TUPE HAJT SHEP-
rueit E o6o3madaer cpemee 3HAUEHIE SHEPITUH TOICHCTEMbI
10 BCEM KBAHTOBBIM COCTOSHUSIM. 3/1€Ch 1 HUKe 0003HAYCHIE
Ag u Ap npescrasisior coboit mponssenenus Bua (6.1) mo
BCEM CTEIEHSIM CBOOOJIBI.

7 KpanToBag npupojga MpOoCThIX YnCce

B cuy camoit mpupoisl KBAaHTOBOM MEXaHUKU W OCHOBAHHOI
HA Hell CTATUCTUYECKO (hU3NKe, Pedb MOYKET HJITU JIUIIb O
HaXOXK/JICHUU PacIIpelesIeHUs IIJIOTHOCTUA BEPOATHOCTU JJId
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KoOpAauHaT WM UMILYJILCOB B OTAEC/JIbHOCTU, a HE TeX U JIPpYy-
I'UX BMeCTe, TTOCKOJIbKY KOODPIMHATHI ¥ UMITYJIHChl YACTUIIBI
B 00IIeM cjIydae He MOT'YT OJIHOBPEMEHHO MMETh OIpeIe/IeH-
HBIX 3HAYEHUI B CHJIy NPUHITAIIA HEOIpeIeIEeHHOCTH ['eii-
3enOepra. Mckomble pacipeiesieHusi BEPOSITHOCTEN JIOJIKHBI
y4auTbiBaTh KaK CTaTUCTUYIECKYIO HEOIIPEeAE/IEHHOCTDb, TaK U
HEOIPEJIEJIEHHOCTD, IIPUCYIILYI0 HEITOCPEJICTBEHHO KBAHTOBO-
MEXaHNIE€CKOMY OIIMCaHUIO.

8 Coxpanenne (a30Boro oobeMa.

DHTPOIINsI

ITo Teopeme JInysuiisg obbeM (ha3zoBOro IpocTpaHcTBa 00-
JIAJIAET CBOWCTBOM MHBAPUAHTHOCTU IO OTHOIIEHUIO K KaHO-
HIIECKUM TTPeo00Pa30BaAHIAM, COXPAHSIONINM ITaMIIETOHIAH
U MHTErPa/ibl JIBUZKCHIS, B 9aCTHOCTU SHEPTUHU, UMILY/IbCA,
MoMeHTa uMmiyibca. [[Tan04] [ cTp. 192-193|

JL1s1 KBa3UKJIACCUIECKOTO CJIydasi, IJe 3aKOHbI KBAHTOBOM
MEXaHUKH MOYKHO 3aMEHUTH ypaBHEHUsIME ['aMUJIbTOHA, KO-
TOPBIE SIBJISIIOTCS 11epedOPMYINPOBKOIl XOPOIIIO U3BECTHBIX
u3 mKoJbl ypauenuit Hetorona. IIpu sTom o6bem dazoBoro
IIPOCTPAHCTBA

_ AqAp

AT =5

(8.1)

Besmmunnay A Ha3bIBalOT CTATHCTHYECKNM BECOM MHKPO-
CKOIIMYECKOI'O COCTOSIHHS IIOJICUCTEMBI, a ee Jjiorapudm —
sHTpoINell. B cBoIO 0vepeib, SHTPOINS ONpeesseTcs depe3
cpejiHee 3HadeHUe, 0003HAYAEMOro CKOOKamMu <>, jorapud-
Ma Al Kak mjs cirydas onmcaHusl MCCIEyeMO CHCTEMBI
C MO3UIUHU €€ KBAHTOBOI'O COCTOSIHUS OT (DYHKIIUU Paciipe-
JleJIeHusl IJIOTHOCTH BEPOATHOCTH 110 suepruu E;, Tak u B
KBa3UKJIACCHYECKOM II0JIX0/I€ OT IJIOTHOCTU BEPOSITHOCTH, 110

dopmyam:

S =—(lgw(Ey)) = - > wiln(w;) (8.2)

S =—(In[(2rh)*p]) = - / p-In [(2nh)p| dpdg (8.3)

[Tax04]: JIangay (2004), Teope-
Tudyeckas dusuka. Tom 1. Me-
XaHUKa
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Puc. 8.2:
MaH  1844-
muiics
CO-OCHOBATEJIH
CKOIl MeXaHUKMU.
II wmagamo TepmomUHAMUKH,
BHEC 3HAYUTEIbLHBIN BKJIaT B

BoubIr-
BBIJIAIO-

JItoasur
1906
bU3NK-TEOPETUK,
cTaTHCTUYe-
O6bsacHnI

KHHETUYECKYIO TEOPUIO Ira30B.

OmnpesiesierHast TaKIM 00PA30M SHTPOIHST, KAK U CaM CTATHU-
CTHYECKUI BeC eCcTh Oe3pa3mepHas Beamdanna. (B kool
du3nKe 1 B HEKOTOPBIX YYeOHUKAX TEOPETUIeCKO (hU3NKU
B mocjeaHeir hopMysie mepej 3HAKOM JiorapudMa cTaBAT
nocrosiHHy10 Bosbivana kg = 1.38 #1023 Ik /K, aro mo3Bo-
JIieT U3MEPATH abCOJIIOTHYIO TeMilepaTrypy B KenbBunax, a
He HePreTUIecKuX eIUHUIAX, HO IPUMEeHUTEeIbHO K ['uio-
Te3e, MOCTOAHHYI0 BosibiiMana yo0Hee OyJieT B HEKOTOPBIX
cJlydastx OIlyCKaTh, YTO JIEMKO JIOTaJIaThCsl U3 KOHTEKCTA).

JLJ1st IPOCTOTHI pACCMOTPUM 3aMKHYTYIO CUCTEMY B TI€JIOM
(T.e M30JMPOBAHHYIO OT MHBIX CUCTEM, HAIIPUMED, MOMEIIEeH-
HYI0 B TepmocTar), rje onpejesenbt Al', Al Al ... —
CTATUCTUYIECKUE Beca ee Pa3/IMIHbIX MMojicucTeM. Ecim Kax-
Jlas M3 MOJCUCTEM MOYKeT HaXo/uThcs B ojuoM u3 Al'y co-
cTogHUM, TO (pa30BbIe 0OBHEMBI MTOJICHCTEM MEPEMHOYKAIOTCH,
& SHTPOIHNH IOJICUCTEM CKJIQJIBIBAIOTCH YTO UJLTIOCTPUPYIOT
BBIPaYKEHUSI:

(8.4)

AT = [ JATg;...S5 =D Sa
o 24

Jpyrumu ciaoBamu, dpopmysia OImuchiBaioas gpa3oBoe mpo-
CTPAHCTBO JIOIIyCKAeT pasjeseHne nepeMeHHbIx. Ha mpak-
THKE YaCTO MPUXOJUTCS UMETh JIeJI0 CO CIydasiMu, KOTJia
KBA3UKJ/IACCUIECKUM SIBJISETCsI HE BCE MUKPOCKOIINYECKOEe
ABU2KEeHrEe YaCTHUll, a JIMIIb ABU2KeHNEe, COOTBETCTBYIOIICE
JacTh cTerneHeir ¢cBOOOIBI, B TO BpeMsl KaK IO OCTAJIbHBIM
CTelleHdAM CBO60,ZLI:>I JABUXKECHUE ABJIAETCA KBaHTOBBIM (TaK, Ha-
pUMep, MOYKeT ObITh KBa3UKJIACCUIECKUM MTOCTYTIATE/TbHOEe
JIBUZKEHIE MOJIEKYJT TP KBAHTOBOM XapaKTepe BHYTPUMOJIe-
KyJISIPHOTO JiBUKeHHsT aToMOB). Popmyiia 4.1 Moxker ObITH
[peJicTaBIeHa B BUJIE:

e X1pM2X2 - o@kXky oP1Y1pP2Yr PRVl = p)1Z1p)2%2 | VEE
(8.5)

rje MoKa3aTeIu CTeIeHN X, Y, Z, MOJ00paHbl TaK, YTOObI BbI-
JIEJIUTH TOJIBKO OJHO IIPOCTOE YMCJIO U3 IEPEIUCIeHHBIX B
dopmyite (4.1), 9TO JIETKO JOCTUTAETCA IIyTeM B3sITUs Ha-
TypaJbHOro jorapudma. 3aberas BIepes, OTMETUM, 9TO B
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KJIACCUYECKON MEXaHWKE IIEpEeMEHHasd Wk, OT KOTOPON 3a-
BHUCHUT SHTPOIIUsI HE MOXKET ObITh BhIOpaHa OJHO3HAYHO, I10-
CKOJIbKY B KJIACCHUYECKOW (DU3MKE SHTPOIUSA OIPECTACTCA C
TOYHOCTBIO 1O TIPOU3BOJILHOTO CJIAraeMoTO.

Bri6op 0606mennoro mMiryibea Ap; mmbo 0600IeHHON KOOp-
JuHATHl Ag; Ha POJIb COMHOXKUTEIH, yIUTBIBACMOTO B op-
myJie (6.2) mpousBoJieH. [Ijist IPOCTOTHI OrPAHUYUM OOHEM UC-
cJlejyeMoil cMecH ra3oB ( eunuieil n Oyaem cauTarh Bee Ag;
= 1, 4TO O3HaYaET BHIOOD HMCCJIELYEMOTO MAJIOr0 SJIEMEHTA
obbeMa B CHCTEeMe, YUCJICHHO PABHOIO eJIUHUIE (HAHOMETPHI,
AHICTPEMBI JITOO aTOMHAs €JIMHUTIA JIJTUHBI A, TPUMEHIeMast
B aTOMHOI U KBAHTOBOH (pusmKe, T.H. OOPOBCKUI pajuyc —
OsmKaiiiein K gpy opOUThl HEBO30YKIEHHOI'O JIEKTPOHA
atoMa Bomopoaa H B Momesm atoma 5,29 - 10711 M).

ABC-T'unoresy MOXKHO paccMaTpwBaTh KakK MaTeMaTude-
CKYIO MHTEPIPETAIUIO CJIOXKHON CUCTEMBI, COCTOAIIEH U3 IIPo-
CTBIX TOJICUCTEM, TJI€ BBITIOJTHAETCS TPUHITUI & JTATHBHOCTH
SHTPOIMHU U IIePEeMHOKEeHNA 00beMOB (ha30BbIX IIPOCTPAHCTB
IOJICHCTEM.

Dopmyiia (8.4)npuro/Ha JIjisi BHIPaXKEHMsT 3aKOHA COXPaHe-
HUsI SHTPOIINH IIOJCUCTEMbI IIPU Pa3Ie/IeHUN IIepeMeHHbIX
1 aanadbaTuIecKuX MMPOIEeccax, JOCTATOTHO MEJIEHHBIX 110
CPABHEHUIO C BPEMEHEM DEeJIAKCAIN | YCTAHOBJIEHUS JIOKAJIb-
HOTO paBHOBecusi. Ha npakTuke 310 BpeMs B J1aDOpaTOPHBIX
YCJIOBUSX ITPOUCTEKAET OBICTPO U COITOCTABUMO CO BPEMEHEM
pacrpocTpaHeHusi 3ByKOBOil BOJIHBI B cocyie ¢ ra3om (330
METPOB B CEKYH/Iy IIPH HOPMAaJIHLHOM aTMOC(hEPHOM JIaBJICHUN
u temueparype 20 rpajycos Llenmbcns jij1s1 Bo3iyxa - COTHI
METPOB B CEKYHJIy B 3aBUCHMOCTH OT IIapaMeTPOB ra3a JIt0o
CMeCH).

ToBopst 06 sKcronenTe B opmyste (8.5), OTMETHM, 9TO U3~
BeCTHBbIE (DOPMYJIBI PACIPEJIEIEHN IJIOTHOCTH BEPOSITHO-
CTHU HaXO2KICHUA IaCTUILL BbIPazKE€HBbI 9€PE3 IKCIIOHEHTY: KaK

HallpuMep B U3y4Ya€MbIX B CbI/ISI/IKO-MaTeMaTI/ILIeCKI/IX IKO-
mgh

nax [JIAJI69] pacnpenenennn Bosbrmvamna npe 8T | 1. 1. Oa-
poMeTpuyeckoit popmysie - u paciipesenennun Makcsesnia

[Kap76]:

m 3/2 m(v% +v]2/ +v%)

dw — e_ 2kgT

m d'()xd'()yd'()z

(8.6)

Puc. 8.3: Hzxeiinc Knepk Makc-
Bes1 1871-1879. — anrymiickuii
busuk, cozmaresib  KJIACCH-
9eCcKOit JIEKTPOIMHAMUKH,
CO-OCHOBATEJIb CTATUCTUIECKON
busukn.

[JTAJI69]: JTanmay u ap. (1969),
Kypc obieit pusuku. Mexanu-
Ka U MOJIEKYJIsApHAas (pusmka
[Kap76]: Kapres (1976), Makc-
Besul/Cepust: 2Ku3Hb 3ameda-
TeJIbHBIX Jiiojieil.- M
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O6e GopMyIBI AT MIPEJICTABIEHNE O CTATHCTUTECKOM aH-
cambJie, KOTOPBIN CJelyeT paccMoTpeTh JeraibHee. CM. B
npuioxkennn 8 Kanonndeckoe pacupejenenue ['nooca 1 s
CMeCH HJIeaJIbHBIX Ta30B IPUBEIEHHbIE B 3TOM PaCIpeIeIeHuN
dopmyIIbl 0CcTaIOTCS B CHIIe, TOJIHKO BMecTO N OCTaB/ISeTCs
KOJIMIECTBO MOJIEKYJI COOTBETCTBYIOIIEro raza. Jasa cmecu
ra3oB 00/1aJIal0T CBOMCTBaAMU aIUTUBHOCTHU CJIEJIYIOIIIE TeP-
MOJUHAMUYIECKNE TIePEeMEHHbIe: THCI0 MOJIEKYJI, SHEepPrusd,
SHTPOIINs, apIraabHOe JaBJIeHre KayKJ0ro ra3a TepMOIi-
HAMUYECKU TOTEHIuAI U psaj apyrux. [Ipum srom oobem u
TeMIIepaTypa 1o MpaBuiaM TEPMOTUHAMUKI OJIMHAKOBBI J1JTsT
BCEX MOJIEKYJ/T KaxKJI0To raza u3 cmecu. OTMmeTrnm, ITo OJ1a-
rojiapst OTCYTCTBUIO B3aUMOJICHCTBUST MEZKTY MOJIEKY/IaMU
IIPOMCXOIUT CyMMUPOBaHME 3HAYEHNN SHTPOIUU M COOTBET-
CTBEHHO, TIEPEMHOYXKEHHE O00BbEMOB (ha30BBIX ITPOCTPAHCTB

(8.4).

Jlerko npocsieuTs anasoruto opmysbt (4.1) ¢ orapudnvom
dopmyabl 8.5 n yoeauTbes B UX MOJI00UU. XOTA (DOPMYJIbI
UMEIOT HeOOJIBIIIE OTINYUsI, HO 9TO He JIOJI2KHO 00ECKYparKu-
BaTh. B dopmysie npuiioxkenusi umeerca BoJibiioe KaHOHM-
Jeckoe pacrpejienenne ['nboca jij1s cMecn njieabHbIX Ta30B
2.6, JIOCTYIIHBIM JJ1s1 TIOHUMAaHUs U CTYJIEHTOB 2-3 KYypPCOB
GUBUKO-MaTEeMATUIECKOTO JIMOO TEXHUYIECKOI'O BY30B A3bI-
KOM. PekomeHIyeTcsi 03HaKOMUTBCS M CTapIIeKJIaCCHUKAM C
MTOMOIIBIO TIpernoiaBaTesis. MoKHO TPOU3BOUTD CyMMIPO-
BaHMe 10 BCEM COCTOSHUSIM SHEPTeTUIEeCKUX YPOBHEM, a He
MOJIEKYJ/T. DTOT MPUEM UCIIOJIB3YETCsl HAMU BBIIIE B pacipeie-
nerann Makcsesta 8.6. CocTosiHre SHEPreTUIeCKUX yPOBHE
OIIpeJIe/IgeTCsI KBAHTOBO-aTOMHBIMI ITapaMeTpaMu MOJIEKY-
JIbI, M3y9IaEeMbIX HA YPOKAX XUMWUH B IIKOJIE.

9 Pajnmkasbl uncen a, b, ¢ u dpasoBoe
IIPOCTPAHCTBO

ABC-rumnoresa onepupyer HMOHITHEM «KadecTBa TPOUKU HH-
cesl» Ha OCHOBe jecsatuanoro Jyorapudma. (Jomycrm mepe-
XOJI K HATYPAJbHOMY JorapudMy MIyTeM OJIHOBPEMEHHOTO
Jestenus qucanTens u 3uamenaresd Inl0). Pagukamy mpo-
u3Bejienust yucest Rad(abc) coorseTcTByeT HAPUMEDP CMeCh
1J1eaTbHBIX Ta30B C HEBBIPOXKIEHHBIMU YPOBHAMU SHEPIUH,
YTO JIOCTUTAECTCS TIPU JOCTATOYHO HU3KOM TeMIieparype, Ko-
r/1a aKTUBUPOBAHBI TOJIHLKO TIOCTYTIATE/IbHBIE CTEIIeHN CBOOO-



9 PaawmkaJsibr aucen a, b, ¢ u ¢paszoBoe MPOCTPAHCTBO

JIbI 1 BpaIaTeIbHBIE I MHOTOATOMHBIX MOJIeKy/1. C yaerom
CKA3aHHOTO BBIIIE 3TO OyIeT 03HAYAThH MEPBYIO CTEIEHb IIPO-
crbix aucest dpopmyaer (4.1).

3a cuer ypasnenns Kianeiipona PV = kKNT M0KHO KOHTPO-
JINPOBATH TEMIIEpaTyPy, JaBJICHIE TA30B PEryIupys Hada Ib-
HYIO TeMIIepaTypy, YUCy MOJIEKYJ cMecH (KOHIEHTPAIHIO)
1 06beM nogcucreMbl. C MOMOIIBIO TEPMOIUHAMUIECKUX CO-
OTHOIIIEHUT JIETKO PACCIUTHIBACTCST SHEPTHUs MOJIEKYJT ra3a
1 SHTPOIMS, a 3HAYUT U 00beM (hpa30BOro IpPOCTPAHCTBA
AT'; = exp(S(E;)). Hamnee moxuo nomobpars Al'y, A, Al's

. — CTaTucTudeckne Beca ra3oB 1, 2, 3 B cMecm COOT-
BETCTBEHHO PABHBIME IIPOCTHIM ducjam dhopmysbl (4.1) B
nepBoii crenenu - pagukany Rad(abc). Oboznaamm Takoe
3HadeHne obbema daszoporo mpocrpancTsa mog Aly,, a coor-
BETCTBYIOILYIO €My 9HTPOIINIO

_ Rad(abc)

T
0 L

(9.1)
rjie, B 3HaMeHaTee 3TOoii Apodbu HeoOXO MO TI0 OIIPeIEIEHIIO
SHTponnK (8.2) MPOU3BECTH yCpeIHEeHne 3HAUeHUs JJorapud-
MOB OT 3HAYEHUil MO JIMArOHaM CTATUCTHIECKOH MATPHUIIBI,
a JJINHA 9TOM JMaroHa/ M Win o0Iee IucyIo 3J1eMeHTOB L =
k+1+m Beraucsiena uz popmyssl 4.1 1 paBHa 00IIEMY YUCTY
npoctbix comuoxkureseii 8 ABC-runorese. Ecin kaxias u3
HOJICKCTEM MOYKET HAXOAUTLCA B OAHOM U3 I’y KBAHTOBBIX
cocTostHuil, TO (pazoBbIe 00BLEMBI MTOJCUCTEM TEPEMHOKAIOTCH,
a SHTPOIIUY MOJCUCTEM CKJIAJIBIBAIOTCH.

[Ipu ajmabaTnydecKoM CKaTHU OCHOBHOE ypaBHEHHE TEPMO-
JIMHAMUKY IPUMET BUJ[ BHYTPEHHssI SHEPIUs I'a3a yYMeHbIIa-
ercst (yBeIMUMBAETCS) KaK Pa3 Ha BEJUIUHY [POU3BEICHHOI
razoM (Haj razom) paborbel. CornacHo Gopmysie mepBoro
sakoHa TepmoguHamuku dQ = dE + PdV , tine dQ — xosmde-
cTBO Teia, P — nasienue rasa, dV — MaJjioe npupalieHue
obbéma, comHokuTe b PdV paBeH nmpoussejieHHON paboTe.
[Ipu apmabaruyueckom mporecce dQ = 0, TerioBoro ooMeHa
HET, OTCYTCTBYIOT JMCCUIIATUBHBIE IPOIECCHI, & CJIeI0BATEb-
HO BCE M3MEHEHWS IMOJCUCTEMbI OCTAIOTCH OOPATUMBIMU U

dE = —PdV.

N3 mikobHOrO Kypca TePMOINHAMUKYA U3BECTHO, UTO IPH
aIMabaTHIECKOM IPOIECCe COOTHOIIEHUE MEXK/Ty JIaBICHUEM
u 06beMOM |/ TemrepaTrypoil m 00bEMOM COOTBETCTBEHHO
nprodpeTaeT BU/I

65
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PV = const... TV’ = const (9.2)

raoe y > 1 — 3T0 YacTHOe OT JeJieHnnsd TEIIJIOEMKOCTH IIPpHr
IIOCTOAHHOM JaBJICHUHN Ha TEIIJIOEMKOCTDL IIPHU IIOCTOAHHOM

P

obbeMe raza o [Ipu ajmabaTuvecKoOM CKATUU SHTPOIUS
14

CUCTEMbBI OCTAETCS ITOCTOSHHON, HO «BKJIIOYAIOTCA» BBIPOK-

JIeHHbIE YPOBHU HEPruu €k (y/IeIbHOI SHEpruK B pacuere Ha
OJIHY MOJIEKYJy Ta3a), 3a CUeT YBeJINICHUsI TeMIIePATYPHI.

DTO COMPOBOKIACTCSI TTOSIBJICHUEM CTEIIEHE CBBIIIE € TMHUTIbI
B dopmyste (4.1). O6o3HauNM TaKOE CTATHCTHIECKOE COCTO-
SIHIEe CHCTEMBI JIUTepoil D, cCHMBOIMBUDYIOMIEH OsIBIIeHHe
BBIPOKIEHHBIX SHEPIeTHYECKUX YPOBHEM, a SHTPOIUIO COOT-
BETCTBEHHO Sp. (IeTasn pacKpbITol Hike). [lajee BbLie M
daz0BbIil 00bEM, COOTBETCTBYIONMIII HEKOTOPHIM 00O0IIEH-
HBIM KOODJIMHATAM JIHOO MMILyJIbcaM (HAIPUMED, CBsI3aHHbI-
MH € KBAHTOBBIMHE 3 eKTamMn), B OTJIeIbHbIE TIOIMHOKECTBA
nccseayemMoro ¢gasoboro npocrpancrsa: A, B, C B cooTBeT-
CTBUM C MHJIEKCAMHU, TlepedncieHHbiMu B hopmyste (4.1). Kak
OBLIIO CKA3aHO BBIIIE, SHTPOIINS SIBJISICTCH 3JJINTUBHON (DyHK-
mueii.) B ey agmabarudeckoro cxkaTus, COXPAHSIOMNIETO
SHTPOINIO, ¥ YCJIOBHUI IOCTABJIEHHOI'O SKCIIEPUMEHTa, TOJIY-
YUM:

In(c)

InRad(a) + InRad(c — a) + InRad(c)
_Sc-m _ Sc-m

T SoL  (Sa+Sp+Sc)L

G(a,b,c) =

<1 (9.3)

B sroit dopmyite Beraucisercs dyukiusa §(a, b, c), sagan-
Had Ha O6J1aCTI/I ITOJIOZKUTE/IBbHBIX rZ[‘el';‘lCTBI/ITeJIbeIX quceJ1
6osbITe nan paBHO JByM R > 2, coBmajiaonias ¢ NCXOTHBIM
suadenueM §(a,b, c) na Z.

C yderoMm panee ¢Jie/IaHHOIO BBbIBOJA 1ocje (popmyibl 4.3
o pasmepnoctu uto dim(A) < 2 OyjeM cauTaTh HE3ABUCH-
MO IepeMeHHYIO 4 ¥ CHadaJa PacCMOTPETh YaCTHBIN CJIy-
Jalil TOCTOAHCTBA CJIAraeMOIo C, U3MEHsA JIUIIbL COMHOXKU-
TeJH P1, P2. 3J€Ch NOAPa3yMeBaeTCs, 9To 4 = pi - P2 JTHOO
a= pz. Torma MOXKHO 3aMEHUTDH BbIpakKeHWe B 3HAMeHaTe-

ae In(Rad(a)) + In(Rad(c — a)) na In(p) + In(c — p) nubo
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cootsercTBernno Ha [n(p) + In(c — p?) (Bce mocTogHHbBIE CO-
MHOYKHATE/IU BBIHECEHBI B KAUECTBE KOHCTAHTBI OTIEJBHO U
HE UI'paloT POJIK IIPU B3ATHUU HpOI/I3BOILHOI71 JJId HaXOXKICHU A
9KCTPEMYMA).

Bazmava o HaxoxAeHnN dKcTpemyMma dyukuun §(a, b, c) npu
3aJIJAHHOM C CBOJIUTCS K HAXOXKJIEHUIO MAKCUMAJBLHOIO U

MHWHUMAaAJIBHOI'O 3HaYCHUA 3HaMeHaTeJ Id, I/1e Hepel\leHHOﬁ qa-

CTBIO SIBJISETCS YUCTIO P, IpH 9ToM ¢ = Const. => MUHIMYM
G(a,b, c) pocruraercs npu p = 5, JUIs CIIydas eCli 4 = P
HCKOMBIII MUHUMYM 6yﬂeT p = \/%7 YTO JIETKO IIOHATH N3 CUM-
METPUYIHOI'O BXOXK/JICHUA HepeMeHHOfI JaCTU BbIpazKeHUA I10/]
3HaKOM JiorapudMa B 3HaMeHaTe/Ie, aHAJIU3UPYd (PyHKIIMIO
Busa i = x(c — x) mbo coorsercTBenHO Y = x(C — Xx2).

[lepeitiém ot gacTHOTO Cciydasd K obiiemy. Jlerko ycrano-
BUTb, 4T0 ((a,b, ¢) Ha pacmmpenHoil 06JaCTH ONpeeTIeHUs
SIBJISIETCS. HelIpepbIBHOI 1 nuddpepeHnupyeMoii.

Paboraem ¢ ToroJioro-ajiredOpaniecKuM TeaoM

Ecin B mekoropoM asrebpandeckom teste M mmeercs To-
HOJIOTHSA, T. €. UMEETCS CXOJNMOCTL, HHAYEe TOBODPS, U3~
BECTHO, YTO O3HAdYaeT COOTHOIIeHHe lim, . a, = a4, a
oleparuy, uMermunecs B Tejge M | HEIPEPBIBHBI B OT-
HOIIEHUN 3TOi TOIOJOIMH, TO TAKOE TEJIO HAa3bIBACTCS
tonosioro-ajarebpandeckum. [[1ou86].

CiiefoBaTe/IbHO, MOXKHO BBIUMC/IATEH IPOU3BOIHYIO U IIPUMeE-
HUTH U3BECTHYIO U3 MIKOJILHON MaTeMaTuku (hopmysy Hbro-
tona - Jlelibnuna msg BepxHeil n HUXKHEH OIEHOK 3HAYEHUM
HelpepbIBHON uddepeHmpyeMoit pyHKIUT Ha HEKOTOPOM
UHTEpBAaJIE.

[Tocse 3Haka paBeHCTBA IMPOUCXOIUT MEPEXO K CIIyIAHBIM
(TepMOJIMHAMMYECKUM- CTATUCTHYECKUM) HepeMeHHbIM. B
quCaUTe el 3HaMeHaTe e IIPUBEICHO 3HAUYEHUEe SHTPOIUN
¢daz0BOro MpocTpaHcTBa ¢ y4eToM MHOKHTegeit m u L =
(k+14+m), BoIpazKeHHOE Yepe3 Olpe IeIeHNe SHTPOIIH HOACH-
crembl C B coctaBe oObeaunsiomeil cucreMbl D = AUBUC
B YCJIOBHSIX aInabaTHIecKoro Mmporecca.

Jluneitaprit auddepenimant 1 ciaydas MHOIUX [TepeMeH-
HBIX

[TTon86]: TlonTpsarun
O6006mennsa ance
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Bajava 0 HAXOXKJIEHUH SKCTPeMyMa (DYHKITHH I CJIydast
MHOI'HUX IT€PEMEHHBIX CBOIUTCS OTBHICKAHHUIO I'DaJieHTa
crasgapHoil dynknuu § : M — R, onpenenéHHON Ha
TOIOJIOTO-aJirebpandeckoM tejae M = {RL|R > 2} B L
MEPHOM IIPOCTPAHCTBE §TAd( - 110 KOJIMYECTBY IPOCTHIX
qnces popmyssl 4.1 - KazkJ10e MpocToe YUCI0 PacCMaTpPU-
BAETCsl KAK HE3aBUCHMasl CIydaiiHas mepeMeHHas (3Tor
[IOJIXOJ] YK€ TPUMEHSIJICS IPU aHAJM3€e TUIoTe3bl Jleo-
Hapa Diiepa B17). Bosee riybokas cBA3b IPOCTHIX U
CIIyJailHbIX TIePEeMEHHBIX OObSICHSIETCSI HUXKE B pasjielie
@nykryaruu. B 13.

YacTHast Tpou3BogHAsT OYAEeT CJeIyIoIasd

dj _1dc 1 Inc dlnp;
dp;  cdpiInRad(abc) (InRad(abc))? dp;
_k 1 Inc 1
- ElnRad(abc) - (lnRad(abc))ZE
k—q

- pilnRad(abc) (94)

JItst BBIYKC/IEHUsT 3aMETUM, 9TO:
InC = Z% kip; u InRad(abc) = Z{J pi-

B pesynbrare dopmyna Heiorona - Jleitbnuia obobmaet-
cd Ha CJIy4ail MHOTUX IEPEMEHHBIX C YIETOM CKAJISPHOIO
[IPOU3BEIEHIST ( gradg, Ax) B L - MepHOM IIpOCTpaHCTBE
(pasmeprOCTh B3Ta U3 (opmysbl 4.1 wiam 9ucao mpo-
creix uncen B Rad(abc)), rae kakioe mpocToe 9mcsIo
paccMaTpuBaeTcs KaK He3aBUCHMasl CIydaiiHas BeJTMInHa,

Ax = (Axl,sz,Ax3, 0 0 )

Crnencrsue: rpaauent dbynxnun grad(]) Ha Beeit obmacTn
ompeiesieHnst 3 He obparaercs B OECKOHEIHOCTb U IIPH-
pamienne Aj MOXKeT ObITb OIDAHWYEHO CBEPXY U CHHU3Y
HEKOTOPBIMU YJIOOHBIMU JI paboThl dyHKusamu. Hu-
2Ke OyJieT BhIOpaHa OrpaHMYUBAIONIAA CBEPXY (PYHKIIHS,
UMEIOIas HOPMAJIbHOE PaCIpeie/ieHue.

3 maTeMaTHyecKoil CTATUCTUKN M3BECTHO MPABUJIO CJIOKE-
HUsI JIUCIIEPCUY HE3aBUCUMBIX CIyUYailHbIX BesimdauH. [loaromy
HTOTOBBI BBIBOJL HepaseHcTBa ((a,b, ¢) < 1 npuseeHHOrO
BbIPaKEHUs OIUPAETCs B PaBHON Mepe KakK Ha CTaTUCTH-
4ecKyIo (PU3KKY, TaK U MaTeMaTHIeCKYIO CTaTUCTHUKY. I1o-



10 Jluneitnbie mpocTpancTBa

JIy9EeHHOE HEPABEHCTBO ABJISAETCA CTPOTUM MCXOJIs U3 BUJIA
Jpobu. 3Hak npubsmzkenus B dhopmyse (9.3) TeM TouHee,
4geM OOJIbITe 3HaYeHUE SHTPOIUN.

Ob6pammenne K ciay4daiiibiM nepemenabiM A, B, C, D u craTu-
cTuaeckoil husnke /| MATEMATHIECKON CTATUCTHKE ITOMOLJIO
B TIOJIyueHUM BepHeil ornenku §(a,b,c) m coorBeTcTBEHHO
q(a,b,c) - ona He JO/KHA [IPEBLIIATE €/IHHUILY.

Tem He MeHee B X0Jle YHC/IeHHbIX 3KcrepumenTo [ABC| naii-
JIeH PsiJT MAKCHMAJIBHBIX 3Hadenuii 4(a, b, c) CBbIe e IMHUIBL.
Kaxk o0bsicHuTh 3TOT mapajaokc? - ABTOp yOexKieH, 9To 9TO
sIBJICHUE 00YCJIOBJICHO (DJIyKTYAILMAMI, KAK 9TO O0bACHACTCH
HUKe, B pasjiere (cM. paszes 13), crenuansbHO TOCBSIIEeHHOI
9TOMY SIBJICHHUIO.

10 JIuneitabie mpocrpancTBa. OyHKINHT OT
MaTpHuIL

s mouncka pokasaresberso ABC-runoress MmaremaTude-
CKUM MeTOJ[aMU HeoOXO/IMMO WCIOJIb30BaTh MPaBUJIa JIU-
HEWHON aJireOPbI, MPeCTaBIeHNs] KBAHTOBOW MEXaHUKHU O
BOJIHOBO# (DYHKITHH, OIEPATOPHYIO (pOPMY raMUILTOHUAHA
[Tan04], onerkn surponun [Ky607], I'x 10, 1.18] ¢ momorbio
crarucTrdeckoii Marpuis [Jlan02] 9, c. 28-29 B kBaHTOBO-
MeXaHU1IeCcKOM mpejictaBiaeHun. CTpeMuTeIbHOe PA3BUTHE
KBAHTOBBIX BLIYUC/ICHUN U KPUIITOIPadUU CIIOCOOCTBYET TIO-
IyJISIpU3aIMU 3HAHUNE O KBAHTOBOI MeXaHuke. UToObI pac-
IIIPUTH KPYro3op MKojabHIKa XXI Beka, ObLI10 ObI JIOTHIHO
PaCIIUPUTH MIPOrPaAMMYy CpeJHEl MIKOJIbI OCHOBAMHU KBaH-
TOBOU MeXaHUKW, pruderass K aHAJOTHHU C PaIMOBOJTHAMU,
CIIeKTpaM# CUT'HAJIOB. MHOTO JleT B 1MIKOJIe Ha YPOKaxX XUMUU
U3yYaeTcd JIEKTPOHHAd KOH(UrypaIysa aToMa, pacioIo¥xKe-
HHe 3JIEKTPOHOB B aTOMe II0 YPOBHAM M IOJyPOBHSAM Ha
OCHOBE ODIIMX ITPEJICTaBJICHUI O KBAHTOBOW MeXaHUKe.

Ucxoms w3 yenosuit ABC-rumnoressr ciegyer BoIOpaTh aJi-
JuTuBHYIO GyHKIU0. Hanbosee moaxoadanmm KaH 1 1aToM
SIBJISIETCA SHTPOIINS, OIIpe/ieisieMast Kak jiorapudm ha30Boro
npocrpancrsa (8.2). [lpu ajmabarnaeckux mporeccax 00beM
dazoBOrO MPOCTPAHCTBA COXPAHAETCH. JTO IIPOCTOE YTBEP-
JKJIEHUE SIBJISIETCS KJTFOUOM K JIOKA3aTeTbCTBY U MPAKTUIECKN
He Tpebyer MareMaTudecKnx Bbrancyaernit. Popmyma (4.1)

. @yuknuu ot Marpui; | 69

[ABC]: ABChome (), Bosonrep-
ckag cerb 1oy Hazsannem ABC-
home mocBsIeH pacipejeieH-
HOMY BBIYHCIUTE]HHOMY MTPOEK-
Ty, KOTODPBIN JIOJIZKeH ObLI CO-
CTABUTH TOJIHBIA CIIUCOK BCEX
tpoek ABC, cocrosiniux u3 1ie-
JIBIX YHCEJI, COCTOSIIIIX MAKCHU-
MyM u3 18 mudp.

[Tan04]: JIannay (2004), Teope-
Tdeckas pusmka. Tom 1. Me-
XaHUKa

[Ky607]: Ky6o (2007), Craru-
crudeckasi Mexanuka. CoBpe-
MEHHBII KypC C 3aJa9aMU U pe-
MIEHUSIMHU, COCTABJIEHHBII IpU
yuactuu X. Uuaumypa, 1. Veyu,
H. Xacusyme

[Tan02]: JIamgay (2002), Teope-
tuueckad Pusuka B 10T. Tom 5.
Crarucruueckaa Pusuka.
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[Kyp13]: Kypom (2013), Kypc
BBICIIEN aJreOpbl

[AP8T7]: Aspnenn u mp. (1987),
Kiaaccudeckoe BBenenue B CO-
BPEMEHHYIO TEOPUIO TUCENT
[Beii72]: Beiinb (1972), OcHoBBL
TEOPUU IHUCEJT

[MII22]: Manuu u gp. (2022),
Baenenne B coBpeMeHHYIO T€O-
pHIO THCesT

HO/IPa3yMEBAET CTATUCTUIECKOE OIMCAHNE HEKOTOPOii (husn-
YECKOI CHCTEMbI, COCTOSAIIEH U3 MOJACUCTEM, BhIPAZKAIOILYIO
aJIITUBHOE CBOMCTBO OOIIEro pecypca Jis SHEPIUH, SH-
TPOIMU U JP. TEPMOJANHAMUYECKUX BEJIMYNH. DTH CBOHCTBA
obecreunBaeT pasjIoykKeHne HeJbIX Yuces a, b, ¢ Ha IPOCThIE,
qutst Koropeix HOJI = 1. 3 BBOIHOTO Kypca TEOpPUH [uce)1
U3BECTHO, UTO MPaBU/Ia JAeHCTBYIOT JJI KOJIbIA IeJOYNCIeH-
HBIX MHOI'OYJICHOB B HEKOTOPOM I10JI€ KOMIIJICKCHBIX YMCEJI
k[x|. Takoro Buma MHOrOUJIEHBI OBJIAIAIOT PSAJIOM CBOHCTB,
AHAJIOTMIHBIX 11eJIbiM aucjamM. CyIecTByer romoMopdusm
MeK/Ty aJirebpoil TesIbIX Ynuces U ajredpoit MHOTOYIEHOB JIJTs
onepanuii cjaoKeHus, yMHoxKenus. Huzke TepMUHBL IPOCTO
U HEIIPUBOJIUMBIN, IPUMEHUTE/IHHO K MHOIOYJIEHAM, OyIyT
yrnorpebaThes B KadectBe cuHonuMoB. Ilycrs f — k[x],
TOrJIa CYNIECTBYET OJHO3HAYHOE PA3JIOKEHUeE:

f=c[[p*", (10.1)
P

rJie ¢ - KOHCTaHTa U IPOM3BEJICHUE OepeTcs 10 HelPUBO,IH-

k y .
MbIM MHOTOUIeHaM Buja (A —a;)" [Kypl3|, [AP87], [Beii72].
CreneHn n KOHCTAHTa OIPEJE/ISIOTCS OTHO3HATHO.

(A —a1) (A —a2)*® - (A — ar)™*g1(A)
+ (A =b)P (A = by)f2- - (A = by)Prga(A)
+A=—c)"A=c2)? (A =—cm)™gq3(A) =1 (10.2)

B dbopmyie Boile 3ammcanbl MeJI09UCIeHHBIE MHOTOUJIEHbI,
Ha, OCHOBE HEIIPUBOIUMBIX, OHM TAaKKe SBJISIOTCA B3AMMHO
npoctbivu [MI122], uro KpaTkoe BbIpazkeHo B (hopMyJie Bbl-
IIe: CyIIeCTBYIOT MHOTOWIEHBL {1, {2, {3, UTOIOBAaA CyMMa
dopmyiter coorsercreyer HO/I (4.1) u pasna 1. JTns paborsr
C IEJIOYNCIEHHBIMI MHOTOYIEHAME UCIIOJIL3YeTCsd AJIropuTM
EBkumaa, Kak u Jiyist cirydast Iuces.

Kazx1oMy MHOrO4JIeHy U3 MPUBEJIEHHBIX MOYKHO OJHO3HATHO
COILIOCTABUTH JInHelHOe oToOpaskenue o (coorBeTcTBEHHO R
1 6 ) ¢ XapaKTepuCTHIeCKUM MHOroueHoM 10.2, KOpHH KO-
TOPOr'o B34THI U3 popmybl 4.1 - 370 OyIyT KaK pas3 mpocTbie
qncia, xoganme B Rad(abc) . Ecau nuneiinoe npeobpaszo-
BaHUE PA3MEPHOCTH N UMeeT N HE3aBUCUMBIX COOCTBEHHBIX
BEKTOPOB, TO IIPHUHUMAadA 3T BEKTOPLI B Ka49€CTBE 6&31/ICHBIX7
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MbI TIPUBEIEM KBaJIpATHYIO MATPHUILy JIMHEHHOIO Ipeodpa-
30BaHUA K JUArOHAJBHOMY BUJLY, IIPA 9TOM COOCTBEHHBIE
BEKTOPBI, OTBEYAIOIINE PA3IUIHBIM COOCTBEHHBIM 3HAYEHU-
siM, OyJIyT JIMHEITHO HE3aBUCUMBI, 1 MOYKHO I0JI00pPaTh TaKOM
6a3uc, B KOTOPOM TaKue BEKTOPBI Oy/IyT OPTOroHa/IbHBI. [[j1s1
cJiydasl KpaTHbIX KOpHEl nMeeM:

Al-s)*x=0 (10.3)

IIyTEM 3JIEMEHTAapPHBIX [TPeoOpa30BaHMil MATPUILY JTUHEHHOTO
oTobpazkKeHrsl MOXKHO IIPUBECTHU K YKOP/IAHOBOM (hopMme pa3me-
pom kxk coorBercrByiomeit KparHocTH k (BBICOTE) KOPHEBOTO
BekTopa [Mbin72|, [Szi02]. Cobupast Bcé BMecTe, Ompeiesnm
B R" nuneitnoe oTobpaskerne Ha cebsl, 3ajaBaeMoe MaTPUIIEH
9 B HEKOTOPOM Dazmce. XapaKTePUCTHIECKUIT MHOIOUIEH KO-
TOPOTO SIBJISIETCS IIPOM3BEICHIEM XapaKTEPUCTUIECKUX MHO-
FOYJIEHOB JIMHEWHBIX oToOpazkenuit u3 popmyiinl 4.1. Mar-
puria &, COOTBETCTBYIOIIA 9TOMY 00bEICHHOMY JIHHEHAHOMY
0TOOpaKeHUIo, OYIET UMETh OJIOYHO-TUATOHATBHBINA B

D = ( (10.4)

oo

oo

Noo
N—

CobcTBeHHbIE 3HAYEHNS MATPUTIBI & — ITO pe3yIbTaT 00b-
eJmHenus coOCTBeHHbIX 3Hadenuit marpuil A, B, € B pesyiin-
TaTe JIOCTUTAeTCs OJIHO3HAYHOE Pa3JIOZKEHHE ITPOCTPAHCTBA
R Ha npsiMyro cymMMy MHBaAPUAHTHBIX TOAIPOCTPAHCTB (TI0-
PSJIOK UX CJIeJIOBAHUST HE UI'PAeT POJIN):

R=RiPRPREPRPRs-- PR (10.5)

MHo2KeCcTBO BCEX KOPHEBBIX BEKTOPOB, COOTBETCTBYIOIIUX
coOCTBEHHOMY 3Ha4YeHUIo A, 0OpasyeT nHBapUAHTHOE O/ IITPO-
cTpancTBo R;.

[IpupaBusiem perepmuHanT MaTpuilbl D (Triibaa obo3Hagaer
HaJIMIMe KPATHBIX KOPHEN B XapaKTEPUCTUIECKOM MHOTO-
YjleHe) U COOTBETCTBEHHO €€ XapaKTePUCTUIECKU MHOIO-
“IeH HYJIIO JIjIg TTOUCKA COOCTBEHHBIX 3HAYEHUN W BEKTO-
pOB:

i=L
DetD=]](A-A)" = (10.6)
i=1

[Mermi72]: - Memmkue  (1972),
Beicmast maremaruka  crnernu-
AJIbHBIE KYPCHI

[Szi02]: Szidarovszky (2002),
Introduction to Matrix Theory:
With Applications to Business
and Economics
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[Kyp13]: Kypom (2013), Kypc
BBICIIIEH aarebpbl
[Man56]: Maabues (1956), Oc-

HOBBI JIMHEWHON ajrebpbl

A —% . 4
r] |s
s L. B

Puc. 10.4: Obmee npaBuio ro-
MoMopdu3Ma Ha ajaredpaMu.
A=<A,¢>B=<B,¢>f:
A — B)

[Ma56]: Manbues (1956), Oc-
HOBBI JINHEIHOM aarebpbl

[Mprm72]: (1972),

Bricmas maremaTnka CIIeI -

MpbImkuc

aJIbHbIE KYPCbI

rie L - aucso npoctbix wuces B popmyie (4.1) Aj — 910 cob-
CTBEHHOE /KOPHEeBOe 3HAYeHUe JIMHEHHOIO 0TOOparKeHust P
1 COOTBETCTBEHHO MaTPUITHI D. Us aJiredpanvdeckoil Teopun
matpur [Kypl3], [Manb6| ussectro, uro Haj A- MaTpuraMu
MOZKHO COBEPIIATH JIEMEHTapHbIE IPe0Opa30BaHust, CO3/a-
Basi TEM CaAMBIM MOJOOHBIE MATPHILI, HO P 3TOM OCTAIOTCS
[OCTOSIHHBIMH CJIEJl MATPUILBI T.€. CyMMa €0 3JIEMEHTOB, Pac-
IOJIO’KEHHBIX Ha IJIABHOW JAuaroHaju, u jerepMuHadT det -
00e BeJIMIMHBI HE 3aBUCIT OT OA3KCA 1 SBJISIIOTCH MHBAPUAHT-
abiMu. O6o3HaunM depes A1, Ap, A3, Ag, ... A; - cobcTBeHHBIE
3HAYCHNs] MATPHIIBI, OHM KaK Pa3 B3ATbl U3 MHOIOYJICHA
(10.2) ¢ xopusamMu u3 Habopa mpocteix ances (4.1), Ho ¢ npu-
MeHenueM QpyHKIUU Jiorapudma 1 yCpeJHeHus 110 IIaBHOM
Juaronasn Marpuibl (mogpobuee B dbopmyne (10.4)), Bce
9T COOCTBEHHbIE 3HAUEHMs PA3IMIHbI, ¥ He PABHbLI HYJIIO 110
yesoBusim ABC-ruroresnr.

Definition 10.1 V3BecTHO, 9TO JIeTEpPMUHAHT MATPHUILLI Pa-
BeH IPOU3BEJICHUIO COOCTBEHHBIX 3HAYEHUIT, B 9YEM HE TPY/I-
HO yOeINThCs, TOJCIYUTHIBas OIPEICIUTEb TUArOHAILHOM
MaTPUIIbI HEerocpeicTBeHHO "B j106".

B mamewm ciydae ¢ mo3unuu TepMoauHaMuku detT coor-
serersyer Iy = Rad(abc) = detD dbaszosony mpocTpancTsy
MCCJIeIyeMOil CHCTeMBI ¢ HEeBO30Y 2K ICHHBIMU SHEPIeTHICCKHU-
MU YPOBHSMH .

[TockobKy MBI paccMaTpuUBaeM KBaJIpATHbIE MaTpPUIIbI 1
B CHJIy CBOWCTBa KOMMYTHUDPYEMOCTU MaTPUILLI C CODOM, B
psijie ciIydaeB, BKJIIOYas UCCJIe/yeMblii, MOKHO BO3BOJIUTDL A
MaTpuily & B CTElleHb, COBEPINATH HaJI HEll ajrebpanmdecKue
OIlepaIid, BEIYNCIATh MHOIOYICHBI OT MAaTPHUIHL.

Do mimocTpupyer obiiee mpauio romomopdusma (Ionvo-
MOPMhU3M B KATEropun ajredpandeckux CUCTEM 9TO 0TOD-
paxkenue ajrebpamteckoii cucrembl A B B, coxpansioree
OCHOBHBIE OI€paIii U OCHOBHBIE OTHOIIEHVSI. )

B nesiom, oT KBaJIpaTHON MATPUITHI MOYKHO BBIYUC/IATEH CKa-
JsgpHble (DYHKIMY IIyTeM pasJioxkeHus B psl Teitsiopa, HO ¢
HekoTopoii crerudukoit [Manb6|, 182-183]. B Teopun ana-
auTHIeCKuX (YHKIUH (T. €. MMEIONUX MTPOU3BOIHYI0 KOM-
IUIEKCHOM TJIOCKOCTH U3 Y€ero CJIeAyeT YIAUBUTELHBIN BbI-
BOJI 0 OecKOHeUHOM JInDepeHImpyeMOCT aHAJIUTUIECKOM
dyukuu [Mein72]. V3BecTHO, 9TO psiji OT KOMILIEKCHOI
nepeMeHHoi 06/1a1aeT CBOWCTBOM CXOJUMOCTH HA HEKOTOPOM
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KOJIbIIE CXOaUMOCTH ¥ < |z| < R Ha KOMILIEKCHOI III0CKOCTH
C [15, cTp. 64|, 3a uCK/IIOYEHNE TIOJTIOCOB.

Boraucium jrorapudy oT MaTpPHUILBI D c y2Ke KpPaTHBIMU
kopasivu (10.2). 3siech BHIOpaHbI B KadecTBe Ha3uca pasiimd-
HbIe COOCTBEHHBIE /| KOPHEBbIE BEKTODBI, sIBJISIFOIIUECS TIPO-
CTBIMH YHCJIAMU U TIO9TOMY MaTpuIiia Oy/IeT UMeThb OJI0THO-
JaroHaIbHBI Bil (MOPsiJIOK ciejioBanus Kjietok 2Kopaana
He cymiecTBeH). Anasmtudeckas dbyukinusa F paboraer ¢ Kax-
JION KOPJIAHOBOUM KJIETKOI OTJIEJIbHO:

F(D) = F1(Dy) @D F2(D>)- - - P Fi(Dy) (10.7)

(U3 sT0r0 pasiokeHus JIETKO CJaTh BBIBOJ, O BO3MOXKHOCTH
HO-KJIETOYHOTO |/ T0-6I09HOTO cpaBHeHUs (DYHKIMT OT MaT-
puiL, KOTopblii 6y/ier ucrnosib3oBan Huzke). OT KOPJAAHOBOI
KJIETKU BBIYUC/IUTH JIOTapudM JTOCTATOYHO ITPOCTO, ITPUMe-
HUB pasjioxkenue B psiji Hoorona-Mepraropa (pan Teitiopa
JIUIst (DYHKIIUU HATYPAJIBLHOIO JIorapudma 0T MaTPHUIILI):

A 10 0 -0
0 1 0 0
— |00 A 1 0
gb: . N
000 0 A 1
000 0 0 A
1 A1 0 o0 0
0 1 A1 0 0
o o 1 At ... 0
Ao . .| (10.8)

U aJjiee MpeCTaBuTh MaTPHUILy CIIpaBa OT 3HaKa PaBEHCTBA B
BUJIe CYMMBI eIMHUYIHOl MaTpuibl I u maTpuiel G, Ha Juaro-
HaJIAX KOTOPOi HaxojsTes HyJesble 3nadenus: D = A(I+ G).
[TpumeHUB XOPOIIIO U3BECTHOE pas/iozkeHue jorapudma B psil
Teitiopa 11 CKaJSIPHO# epeMEHHOM U, ¢ YIETOM BO3MOZK-
HOCTH BLIMHCJICHUS aHajora psaa Teiiopa, IpUMEHUMOTO B
paBHOIT Mepe 11 KOMMyTUpyeMbix MaTpull(bl) G nmeem:

¢ @, ¢

73
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DTOT psij OOPBIBAETCS HA HEKOTOPOI CTENEHU, TMOCKOJIBKY
JKOPJIAHOBA, KJI€TKA ABJISIETCS HUJILIIOTEHTHO 1, Oy/Iydn BO3-
BeJleHHas B CTeleHb K (pa3sMepHOCTb YKOPJIAHOBOI KJIETKH ),
obparliaeTcst B HyJIEBYIO MaTpuIly. B pesysibrare JIErKO Bbi-
qucauTh suTponuto S = [nAl, myreM ycpejiHeHus 110 BCeM
MUKPOKAHOHUYECKUM COCTOSHUSIM. BasKHO NMPUHUMATH BO
BHUMaHWE yCJOBHE HOPMHUPOBKHU - CyMMa II0 BCEM BEPOSIT-
HOCTSIM COCTOSIHWI WCCJIelyeMOii cucreMbl, obpasyer =
Zij A; = 1. 3/1ech BEpOATHOCTD BbIparKeHa 0T COOCTBEHHOTO
3HaYeHUs Aj, OJJHOZHAYHO CBSI3AHHOTO C SHEPIHell MUKPOCO-
CTOSIHUSI, CyMMUPOBAHIE [IPOU3BOJIUTCS 110 BCEM BO3MOXKHBIM
MUKPOCOCTOSIHHSIM M Ha IVIABHOH JUATOHAIN MATPHUIBL D,
PacIIo/IOzKEeHbI HeHYJIeBble 3HadeHust. [lyimHa 91o gumaroHam
cocrapyger L = k + | + m — 9uciio NpoCThIX COMHOXKUTEIEi
B ABC-rumnorese cum. dpopmyiny (4.1).

InRad(abc)
Hagasibrnoe 3navenune satponun Sg = ————— Jlora-

L

pudM OT IPOU3BEJACHUS PA3IAraeTCa B CyMMYy JiorapudMOB
U PABHO YCPEIHEHHOMY 3HAYEHUIO OT CJIEJA MaTPHUIILI SHTPO-
Uy => JIeJIEHNEe Ha YUCJI0 HEHYJIEBBIX 3HAYEeHUN Ha [JIABHOM
JIMaroHa Il MaTPHUIbl & T.e. JTUHA 1eno4ukn L B dpopmyiie
(4.1). IlycTh B MOMEHT BpeMeHHU 1 BKJIFOUAETCS BBIPOKICHIE
9SHEPreTUYIECKNX YPOBHEl, YTO Ha A3bIKE aareOpbl MaTPHIL
O3HAYaeT IOfABJICHHE KPATHBIX COOCTBEHHBIX 3HAYEHUH —
KOpHEBBIX BEKTOPOB (10.3). DT0 MOXKHO peasn30BaTh IIyTeM
«BKJIIOUEHHA» B XapaKTEPUCTUIECKOM MHOIOUWIEHE, CTeleHeit
OOJIBIIIX, IeM €IMHUIIA:

1 ﬁ e—% (A = A)Irolt=t)ki-1)
Li{ 1+o(t-t)(ki-1)

(10.10)

a Jajiee OCTaETcs TPUBECTH COOTBETCTBYIOINIYIO 3TOMY Xa-
PaKTEPUCTUIECKOMY MHOT'OUWIEHY MaTPUILY K »KODPJaHOBOM
dopme 1 B3ATHb OT MOJIydeHHO# MaTpunb! gorapudm. Iosc-
HUM 3HaUYE€HUE [IePEeMEeHHBIX:

» A; — BCe MPOCTBIE YHCIa — COMHOXKUTEMN U3 L-psia
qucesn Rad(abc), onn ke gBisiioTcst cOGCTBEHHBIME
SHAYEHUSIMU JITHEITHOTO 0TOOpaXKeHust /| MaTPUILbI

» ki- 510 MOKazaresb crenenn u3 dbopmyast (10.2), oj-
HOBPEMEHHO KPATHOCTb KOPHs 1 pa3Mep i-0if KIeTKH
2Kop/tana JimHETHOrO 0TOOpaXKeHust

> 0 — curmounjiajbHasg (PyHKIUS AKTUBAIUU WU [1PO-
cro curmonia o(t) oHa MoOXKeT OBITH NPUOJIMKEHa, 110
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dopmyite m, rje rnapamerp vV 3aJlaeTcs U3BHE U
peryaupyer IJIaBHOCTh U3MEHEHUsT, 1eM OOJIbIlle 3Ha1e-
HHUEe V , TeM Kpyde «CTYIIeHbKay» B MOMEHT BpeMeHU 1.
Dta GYHKIUA 3]1eCh ONpeiesIeHa Ha AefiCTBUTeTHbHON
ocu R

» E; - sHeprusi, B pacyere MUKPOCOCTOSTHHE 1. DTOT CO-
MHOYKHUTEIb B CTEIIEHU SKCIOHEHTHI, JeJICHHBII Ha TeM-
rneparypy 1 ormpejenser IJIOTHOCTb Paclipee/IeHus
BEPOSAATHOCTU B 3aBUCHMOCTU OT raMUJIBTOHUAHA UCCJIe-
JyeMOW CUCTEMDI.

Borme nocsie popmysibt (10.5) 6bLI ciiesiaH BBIBOJL O BO3-
MOXKHOCTHU PA3JIOYKEHUH JIMHEHHOTO MTPOCTPAHCTBA B IIPAMYIO
CYMMY HOJIIPOCTPAHCTB, YTO O3HAYAET IIPUBEIEHNE MATPUIIBI
K 2KOpJIaHoBOi popme. [Ij1s1 KarxK 101 KJIETKH - CBOM YHUKAJIb-
HBIII KOPEeHb A;. HOCKOJIbKEy B IIpeJiestaxX KazKJI0i 2KOpJaHOBOM

KJIETKI COMHOZKHTEJb €~ T OCTAETCS OIHIM H TeM 7K€, MOXK-
HO €ro paccMaTpUBATh KaK KOHCTAHTY U B PaCCY:KIEHUIX
HIzKe coKpaTuTh ("mo-kiaerounoe"/ "mobounoe" cpaBHeHme
MaTpudHbIX QyHKuii). C HO3UIUI MKOJBHOM (DU3UKE MOXK-
HO 3aMETUTh, UTO IPU U3YUEHUN 1/1ea bHO MarmmHbl KapHo
pacaer K.II./I. mpou3BouTcst Ha OCHOBE BEJTMYNHbBI %, KOTO-
pas saBigercsa auddepentnuaiom suTpormu. Cire1oBaTebHO,
dbopmysa (10.10), ¢ yuérom onpejesenusi saTponuun (8.2)
OTIEpUPYET C BEPOSTHOCTHBIMHU BEJIMYMHAMU, YTO B CBOIO
ovepeib SBJISIETCS YUCTO MATeMaTHUIeCKUM ITOHSTHEM, KC-
KJII0YAeT TAaKyl0 HEMPUBBITHYIO JJIsd aJreOpbl MATPHIL BEJIU-
YUHY KakK Temieparypa (Ioc/e/Hsid MOKET ObITh OIIPe/Ie/IeHa
JIJISE UCCJIETyeMON CUCTEMBI U3 KAHOHUYIECKOTO OIPE/IEeICHUsT
['u66ca myTem B3ATHST YACTHOW MTPOU3BOIHON SHTPOIUN IO

SHEPIHN ).

Jlorapudm or 0b6béMa dhazoBoro MpocTpPaHCTBA

Oynknus (10.10) quddepennupyema u MoxKeT ObITH aHa-
JIUTUIECKH MTPOIOJIKEHa HA KOMILIEKCHYTO ILJIOCKOCTh. 9TO
3HAYUT, YTO C KaXKJIO YKOPJAHOBOI KJIETKOI OHa paboTaeT
otnebao 10.7. JIerko BbIMUCTUTH MATPUIHBIH JIOrapudM.
OTa (PyHKIU COOTBETCTBYET 00beMy (ha30BOro MpOCTPAH-
CTBA.

Ecin To/IbKO 9TO yHOMSHYTYIO MaTPUILy IIPUBECTU K KO-
JIaHOBO# (popMe, B3ATH OT KarKJIOI'O dJIEMEHTa Ha TJIABHOM
JIMArOHAJI MATPUIIHI JJOTapudM, 1 MPOU3BECTU YCPEIHEHHE

ITockonbky B npenerax KazkIon
2KOP/IAHOBOM KJIETKU COMHOXKU-
E:

Teab e~ T OCTAETCS OJ(HUM U TeM
7K€, MOXKHO €r0 pacCMaTPUBATh
KaK KOHCTAHTY U B PaCCy K JCHH-
X HUZKe COKpaTuTh. PopMyiia
saTponuu (8.2) mpocTo onepu-
PYET ¢ BEPOSATHOCTHLIMY BEJIN-
YUHAMH.
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[C T'05]: C T I'puropses (2005),
Maremaruka [Jjisi CTYIEHTOB
VUIpexKIeHU cpeaHero mpod

[Pox15]: Poxo (2015), Bosmox-

HO J1a, BO3MOXKHO HeT. Durmep.

CrarucTuyeckuii BHIBOJ,

110 BCEM BHaYE€HUAM, TO IMOJIYyIUTCA 3HAYECHUIO SHTPOIINN UC-
CJIe,ZLyeMOfI CHUCTEMBI.

B camom nieste, BunmaTensbublit B3rvAL na (10.10) BbisaBiis-
et opmysty (8.2) st HAXOXKIEHHsT SHTPOIHU. YCPeTHEHNe
110 BCEM MUKPOCOCTOAHUAM JIOCTUTaeTCA IIyTeM JleIeHnsd Ha
ob1ee 4mucsI0 MUKpococTosHuil. Kazk/ioe MuUKpococTosiHue
CUNTAeTCs PABHOBEPOATHBIM. lIpm BBIYMCIEHME cpegHero

3HadeHne JjiorapudMa OT MATPHUIBI 3HAK IPOU3BEICHUA B
dopmyme (10.10) 3amenurcs wa cymmmposanue. HemHOro
I'POMO3AKHII 3HAMEHATEIb APOOH MOC/Ie 3HAKA TPOU3BEICHI
B 3TOi hOpMyJIe TIO3BOJIAET CEIaTh CHAYAA YCPEIHEHNEe
3HaYeHMs JorapudgMa 3J1eMeHTa Ha TJIABHON JMaroHaId 0
KazKJI0il »KOpJAHOBOI KJIETKE OTJIEJILHO C YIEeTOM KPaTHOCTH
(cTenenn) kaxkgoro comuokuressi. [To pesyabraram Takoro
[O-KJIETOYHOI'0 YCPEIHEHU COKPATUTHCS IIOKA3aTe/Ib CTe-
[EeHU KazKJIOTO MPOCTOrO YUC/Ia U3 MATPUIBL (CM. paboune
Merobl u Tabuunet B [C ['05]), [Pox15]. lamee mpoBoguTcst
yCpeJHeHHue 110 BCeil JIMaroHa/i MATPUILL, TIe yHUKAJILHOE
3HAYCHME KazKJIOr0 IPOCTOTO YUC/Ia BCTPEIACTCS JIAIIL OJIH
pas, a Bcero takux uncest L. IIpoucxonur «pasmasbiBaHues
IJIOTHOCTH BEPOSTHOCTH OT OIIEPAIN YCPEIHEHHs 110 BCEM
BO3MOXKHBIM KJeTKaM 2KopJaHa u ¢ y9eToM KPaTHOCTH KOp-
HEBOI'0 BEKTOpPa Aj T. €. €ro BLICOTHI WU IOKA3ATE/Is CTEIeHN
npocroro unciaa B popmysne ABC-rumoressr.

i=L

5 =~ (1) = - N win(w) = 1 ) 2ln@he ™

=1
(10.11)

[Tpu ajmabaTraeckoM czKaTHH/pacimpennn oobeM ¢hazo-
BOI'O IIPOCTPAHCTBA CUCTEMbBI U YCPEIHEHHBIH MaTPUIHBIH
jorapudM OT HEro — SHTPOINsT OCTAIOTCsT TOCTOsTHHBIME. Co-
MHOMKUTENb €~ F KAMECTBEHHO HE MEHSET IIABHOTO BBIBOJIA!
cOXpaHeHre SHTPONNN B Pe3yJsibTare aInadaTuaecKoro m3Me-
HEHUsI MaKPOCOCTOsIHUs cucTeMbl. [Ipu 9TOM /e MaTpuIibl
9 paBeH CyMMe CJIEJIOB 00 be TMHEHHBIX MaTpull. MoxHO co-
[IOCTABUTH HAYAJbHOE 3HAYEHIE SHTPOINUN S CO 3HAYEHUE B
MOMeHT BpeMmen# t1+0 1 jjajiee BbIICIUTH HEKOTOPBIE CTeIIeHN
CBODOJIBI UCCIIETyEeMOI CHCTEMBI OT/IeIbHO. BhIlie paccMaTpu-
BaJIaCh CUTYallls KOIJIa KBa3UKJIIACCUIECKUM sIBJI€TCS He BCE
ABU2KECHUE CUCTEMDBI, a JIUIIb JBHU>KEHHNE, COOTBETCTBYIOIICE



10 Jluneitabie nmpocrpancTsa. OYHKIUN OT MATPUIL

YaCcTH CTeneHeil cBOOOIbI, B TO BPeMs Kak 0 OCTAJILHBIM CTe-
HeHsIM CBOOO/IBI JIBU2KEHNE sBJIsieTCd KBAHTOBBIM. [[ocKo/IbKY
SHTPOIINS COXPAHIETCs BO BpeMs anabaTHIeCcKoro Iporecca,
MOZKHO BEPHYTbB IIOJCUCTEMY B MCXOJIHOE COCTOSHUE.

C mo3unum MmKOJBHOIO Kypca

Ipomosakyio dopmyry (10.10) u dopmymy (10.11), oc-
HOBAHHYIO Ha 3HAHUSIX CTATUCTUIECKON (PUUKU, MOXKHO
3aMEHUTH ypaBHEHHEM aJuadaThbl U3 IIKOJBLHOIO Kypca
(9.2), orpaHn4mMBasich OOIMM OIMCAHUEM BBIPOKJICHHBIX
SHEPreTUIECKNX yPOBHEH M COOTBETCTBEHHO MOSBICHUEM
JKOPJAHOBBIX KJIETOK, Pa3MepoM 6oJjiee eJIUHUIbI, 9TO Cy-
IMECTBEHHO YIIPOIIAET IOHUMaHUE CYyTHU JOKa3aTe/IbCTBA.

Ncexonsa 3 packpbiBaemoro B [Ipuioykennn nonsdTus craTu-
CTHUYIECKON MAaTPHUILLI 3, MOXKHO C(POPMYJIHPOBATEH ITPOCTOE
MaTPUYHOE COOTHOIIECHHUE B BUJIE CJIEIYIONMINX YPaBHEHMUI:

Tr(D) = Tr(A) + Tr(B) + Tr(C) (10.12)
OYEeBHUIHOE U3 aHaJW3a TJIABHON JIHAroHaJM MaTPUITHI S)
A0 O
6IIO‘IHO—,ZLI/IaI‘OHaJ'II)HOI‘O BHIa ( 8 Jg 8)

A crenyromast bopmysia o3HaYAET yCPEIHEHNE CTATUCTHAYE-
CKUX [EePEMEHHBIX C yYeTOM BECOB CJIAraeMbIX (J[JINH JUAro-
nasieit L = k + [ + m Kaxkj10ro 6J10Ka MaTpuibl 9.

1

1 kTr(A) N iTr(B) N ﬂTr(C)
L

L k L I L

Tr(D) = (10.13)

s IIoCJIeJHEI'O BbITEKAECT COOTHOIIIECHUE ME2KAY TEepMUHaX
cjiejaM1 MaTpHUIl U BeJIMYUHaMW S9HTPOIIUN JIJIA UCCJIEIyEMbIX

cayqaitaeix A, B, C:

Tr(@(Inw))p = Tr(@(InW))a
+ Tr(W(Inw))g + Tr(@(Ind))c
Sp=Sa+Sp+Sc (10.14)

YT0o mpocTo BhIpazKaeT CBOWCTBA a INTUBHOCTH SHTPOINN,
B YaCTHOCTHU, IIpU pasjiesieHnu IepemeHHbix. [lo yciosu-
s ABC-rumnoresst A + B = C, BaxkHO MOMHUTB, 9TO T10

7
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[Xap62]: Xapresuu (1962),
CuekTpbl ¥ aHaIU3

[Mec78]: Meccua (1978), Ksan-
ToBad Mexanuka. Tom 1.

[IpaBUaM CJIOXKEHUH JUCIEPCUN CIIydalHbIX HE3aBUCUMbIX
BEJIMYUH JIUCIIEPCUA CYMMbI paBHA CyMMe JIUCIIEPCUN, YTO
JUCIEPCUd BCEraa MOJIOKUTEIbHA —

max(Var(Sa), Var(Sg), Var(Sc)) < Var(Sz) = VarSg

(10.15)
Brarogapst 9TUM COOTHOIIEHUSIM, TPUHUMAs BO BHIMAHIE
CBOMCTBO &/INTHBHOCTU SHTPOIINH, IO [INHECHUE HOPMAJIbHO-
My 3aKOHY (BJIYKTYAI[MN TOI BEJUYUHBI JIEMKO HANTH BEpX-
nee orpanudenue §(a,b,c) (em. pazmen 13). Ho mist sroro
HEOOXOMMO PACCMOTPETh OCHOBBI CTATHCTHIECKOT (DU3MKH
cMm. ITpmnoxenne 1.

11 Ilpoussosibubie A, B, C u kBaHTOBAasI

MeXaHUuKa

[MIkonbHAS TpOrpaMMa BKJIIOYAET B ce0A OCHOBBI KOMOUHA-
TOPHUKU ¥ TEOPUU BEPOSITHOCTEN, JIBUKEHNE MAsiTHUKA, YPaB-
HEHUS OCIUJIIATOPA, OCHOBBI TEPMOIMHAMUKY, BHYTPEHHIOIO
SHEPIUI0, KOJIMIECTBO TeIla, IIEPBHI 3aKOH TEPMOIMHAMIKHA,
uHTepdEPEHIUIO BOJIH, ClIeKTp curHanoB [Xap62|, pesonanc-
HbIE SIBJIEHWS, KOHIIEIINIO KOPIIYCKYJISPHO-BOJTHOBOT'O JIya-
nm3Ma, HoToHbI, aBieHne (hoTo3dhdeKTa, aTOMHBIE OPOUTATII
U CIIMH, IPUHIUI HeotpeesernocT Leiizenbepra [Mec78],
OCHOBBI JTaOOPATOPHBIX M3MEPEHWII W WX TOTPENTHOCTH
Tak Jajee. - DTOT OOIMUPHBIH CIUCOK MMOHSTHUI TI03BOJISET
IIPOBECTHU AHAJIOTHIO U3JIaraeMoOro MaTepuaJa Co MKOJIbHOMN
POrpaMMOA.

MoOKHO CcOIOCTaBUThH JUHEHHBIM oToOpakeHusiMm A, B, 6
KBAHTOBO-MeXaHUIeCKyIo cuctemy. [lepeiiem oT eBKIIHII0-
Ba MMPOCTPAHCTBO K TUIb0EPTOBY. [ m/ibOepTOBO TIpOCTpAat-
CTBO, U3y4YeHHOe B epBoM Jecaruierun 20-ro Beka /Iasuiom
IMunsbeprom, Ipxapaom [HImuarom u @pumxecom Pucom B
paMkax Teopuit guddepeHnaIbHbIX yPaBHEHUI B 9aCTHBIX
[IPOU3BO/IHBIX U KBAHTOBON MEXaHUKHU, MOYKET OBITh 00bsCHE-
HO TIKOJIbHUKAM C ITO3UITMH OCHOB PAIMOMPU3NKHU, YPABHEHHUIT,
OIUCKLIBAIOIINIT PACIIPOCTPAHEHIE SJIEKTPOMAIHUTHON BOJIHBI,
sABJIEHNE UHTEeP{EPEHIIn.
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12 Awnajiorun ns cucrem JIIY

NaTepecHo cienaTh HEKOTOPBIE aHAJIOIUN M3JI0YKEHHOTO B
[Ipnnoxkennn 3 KBAHTOBO-MEXaHUYIECKOTO MOJIXOJIA C CHCTe-
MaMu JHEHHBIX nuddepennnanbubix ypasaenuit (JIIY).
[Iycts ramMuibToHEAH (HAITOMHUM, 9TO 9TO AHAJIOD TEOPEMBI
0 KMHETUYECKOI Hepruu, u3yvdaeMoii B IKoJe, HO B 0000-
MIEHHBIX KoOpauHaTax) H mcciieyeMoii cicTeMbl SIBHO He
3aBUCUT OT BPEMEHH, TOIJa B reii3eHOeproBCKOM IPe/ICTaB-
JIEHUW JIJIS OMUACAHUS STOTO MPOCTOTO CJIydas MIPUMEHIeTCs
ypaBHeHue:

iy = Hip (12.1)

VHUTAPHBIN OollepaTop KOHEYHOTO CJIBUTA BO BPEMEHU OIIpe-
nesisiercst o opmyite [3es02], [Pep00]:

(t) = e/ (12.2)

[TpeobpazoBatue ﬁ(t) nepesoguT Bekrop ¥(0) B P(t) coey-
IOIIUM 00Pa30M:

P(t) = Uty (to)
P(to) = U (OP(E)... (ko) = UT(B)Y(t) (12.3)

Paccmorpum cucremy smueitHbIX iuddepennuaabubIX ypas-
HEHWUI, BEIPAXKEHHYIO B MaTPUUIHOI (hopme:

y = D(t)y (12.4)

re D — 0JI0YHO-IUAroHaJIbHAsT MaTPUILa JIHHEHHOTO 0TOOpa-
JKeHUsI, B 00IIeM ciydae 3aBucsiiasi or Bpemenu t. [lo ycio-
BusiM ABC-rumnoressl Bce coOCTBEHHBIE 3HAYECHNS HE PABHBI
HYJIIO =>> MaTPHUIlA HEBBIPOXK/IEHHAsI, & Bce €€ cOOCTBEHHbIE
sHaveHus pasjndabl detD = Aq, Ay, ...A;, HaYaIbHBIA 00b-

__ Rad(abc)
eM aszosoro npocrpancrsa I'g = —;—. Ha jmaronassx

OJI0YHO-TUArOHAJILHON MAaTPUIILI & PACIIOJIOXKEHBI 3JI€MEH-
T, TJie k - pa3mep KOPJIAHOBOIl s4eilky, Ha JUaroHaJIsIX
MaTPHUIBI pacroiozkeHa aHajutuaeckas dyukms (10.10) ¢

[3en02]: Benesnuckuit (2002),
Jleknuu 110 KBaHTOBO# dU3NKe

[©ep00]: Pepmu (2000), «JIex-

oM I10 KBAHTOBOW MeXaHUKE.»
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[Mpim72]: Mennkue  (1972),
Beiciiasi MareMaruKa  CIIEIn-
aJIbHBIE KyDPCBHI

apaMeTpoM, YUUTBHIBAIONIUM a/inabaTudecKue N3MEHEHUs B
cucreme 9P.

Paccmorpum hyHIaMEHTAIBLHYIO MATPUILY CHCTEMBI JIMHEH-
HBIX (D depeHnnabHbIX YpaBHEeHU Y ¢ OIpPe/Ie/INTe b
Bponckoro W = detY(t). Cornacuo reopeme JInysuiis-
Ocrporpajickoro [Merm72] [15, naparpad VIII (18)]:

W(t) = W(to)exp tTTD(T)dT

to

n T
... 1_[ Ai = exp/ TrD(t)dt (12.5)
1 0

B MomeHT BpemeHu f; KpaTHOCTH KOPHEHl yBeJIMYINBAETCH,
YTO (PU3NIECKU COOTBETCTBYET BBIPOXKJIEHHBIM SHEPreTHYe-
CKUM yPOBHSIM CHUCTEMBbI, HO CJI€Jl MATPHUIIBI [10JI HHTETIPAJIOM
ocTaeTcs MOCTOTHHBIM. BJymmsKas 1o cMbIcy gopMysra Haii-
JIeHa, JIJIsL OIIPEJIeJIUTEIs TOJILCKOro (puytocoda n Marema-
TuKa BpoHckoro, yao0HOTO J/Is HaXO0XKJIEHUA ITPOU3BO/IHOM
BEKTOP-(DYHKIIUU B CHCTEMe JIMHEHHDBIX i depeHIna bHbIX
ypasHenwuii Buja (12.4)).

[IpuBesennbie MaremMaTu4deckue (GOpMyJIbl PACKPBIBAIOT (Du-
3UYeCKUil CMBICT (ha30BOTO MTPOCTPAHCTBA U CJIEeJa MATPUIIBI
B Teopuu OOBIKHOBEHHBIX JuddepeHInaabubIX yPaBHEHU.
A mmabaTuaeckuil MpoIece n MOCTOSTHCTBO SHTPOINH UTPAIOT
BaxKHYIO PoJib. C 910il mo3unum (GopMyJIbl I HAXOXK IEHUS
obbema (hazoBOro MPOCTPAHCTBA U SHTPOIIUKM CUCTEMbI UMEIOT
AHAJIOTW B TEOPHUH CHUCTEM JIMHEHHBIX TuddepeHImaIbHbIX
ypaBHEHUil, KpaTKO BBIPAXKEHHOI B MaTpUIHON (hopme.

[Ipomonzkaem psm mpumepoB. Pacemorpum yH1aMeHTaIb-
HYI0 MaTpHIly (T.e. COCTOSIIYIO U3 JIMHEHHO HE3aBUCHUMBIX
BEKTOPOB perernii (12.4 cucreMbl Jijist KOTOPOii JAefcTBYeT
[IPOCTOE COOTHOIICHHE:

Y(t,0)=1
Y(ty, t2) = Y(tp, t1)! (12.6)
@Ji0Ke B M3BECTHOH TeopeMe A0Ka3aJi, UTO JJId HePHO/IHU-

YecKUX cucreM ¢ nepuogom T (B cMbIcjie BpeMeHH, a He
TeMIIepaTyPhl):



Y(t,0) = ®(t)exp(tM) (12.7)

CobcTBeHHBbIE 3HAYEHUST UMEHYIOT MYJIbTUILINKATOpaMu 1-
[IEPUOINIECKO cucTeMbl. VIcXo/ist 13 CKa3aHHOTO BBIIIE, B
HaIlleM CJIydae BCe 9TH MYJILTUILINKATOPBI O MOIY/II0 He
GoJIbIIIe eIMHUIIBI CM. BTOPYIO YacThb hopmysst 12.5). Tloces-
Hue JiBe pOpMyJIbl COOTBETCTBYIOT YHUTAPHOMY OIIEPATOPY
KOHEYHOro c¢ziBura Bo Bpemenn (12.3). rae @(t) nepuouae-
ckasi pyHKIHA ¢ nepuojom 1.

Nmetrores u apyrue anajorun dpaszoBoro mpocrpancrsa W —
I' u surporu Tr(D(t1)) — S. O6paruTe BHUMaHKE, 9TO MaT-
pHIbl OECKOHEYIHBI 1 IMpuBeieHbl K dopme zKopaana, pac-
CMaTpuBaeMasd CUTI'MONTaJIbHad CbYHKL[I/IH aKTUBaIlUM BKJIIO-
Jaer/BBIKJII0YAaeT KPATHOCTb KOPHEil 1 obecrednBaer mpeod-
pasoBaHKe TOJBKO YTO YIIOMSIHYTOI MaTPUILbI.

Bosnaukaer Borpoc, 1modemy Obl He 3allUCATh ITPUBEICHHBIE
BBIIIIE YPABHEHNS C ITO3UIAN aHAJIUTUICCKON MEXaHUKU IIPU
uccsae0BaHuu (PazoBOro MPOCTPAHCTBA U SHTPOIIMH JINOO UX
anayioroB? B siefictBuTeibHOCTH, /115 PEAJHHOIO (hU3UIECKO-
ro 00'bEeKTa MPAKTHIECCKN HEBO3MOXKHO CTPOI'O BBIJIEPXKATh
ycsioBus ajmabdaruydeckoit uzossdiuu. CKoJIb YrOJHO MaJjoe
HapYIICHUE 3TOr0 yCIOBUA O3HAYAECT BO3HUKHOBEHUE MAJIbIX
CJIy4YalHbIX BO3JICHCTBUIA, 10 OTHOLICHUIO K KOTOPBIM MeXa-
HUYECKNE TPACKTOPHUU HEYCTONYMBBI KAK B OOBITHOM, TaK U B
dasoBom mpocTpancTee. CiieicTBIEM HEYCTONINBOCTH B (hu-
3UYECKO cucTeMe OyJIeT TUHAMUIECKUN Xaoc, ITO MPUBOIUT
K ABJICHUSAM ME€PEMEIINBaHNs 1 3a0bIBAHUs HAYAIbHBIX YCJIO-
BUil 1 (paKTUIECKH O3HAYAET MEePEeX0/l K CTATUCTUIECKOMY
ormcanuio. CJI0KHBIE BOIIPOCHI SPTOJMIECKOI TUIIOTE3bI, BbI-
XOIAT JAJIEKO 38 PaMKaX IMOCTAHOBJIEHHOT'O MCCJICTOBAHUS.

13 DuykTyamun

Hust V dopmyssr (4.1) cymecrByer nesblii Kiace pusnte-
CKMX IOJCUCTEM: UJeaabHbIe Ta3bl, PAaCTBOPLI, KOJIeOaHUsI
KPHUCTAJLITICCKON PEIIeTKH ¢ KBa3UIaCTUIAMU — (POHOHAMHM,
U TaK jajee, IJie Peaanus3yloTcs U3JI0KEHHbBIE BBIIIE I10IX0-
a1, 1 ABC-rumnoresa TpuBHajbHO JOKA3LIBAETCA C IO3UIIAN
B3IV HAO/IIOIATENd 13 MUKPOMUPA.

13 ®uykryarun

81
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[ABC]: ABChome (), Bosonrep-
cKas ceTb 10 HasBanuemM ABC-
home mocBsIEeH pacipe/eieH-
HOMY BBIYHCIUTE]HHOMY MTPOEK-
Ty, KOTOPBII JIOJI?KeH OBbLT CO-
CTABUTH TOJIHBIA CIIUCOK BCEX
Tpoek ABC, cocrosiiiux u3 1e-
JIBIX 9HCEJI, COCTOSIIIIX MaKCHU-
MyM u3 18 mudp.

Yemy cOOTBETCTBYeT MOKa3aTe/Ib KauyecTBa TPONUKU ( MJTH
OTKJIOHEHUS OT U3JIOYKEHHBIX TPUHIUIOB? YT0OOBI OTBETUTH
HA 9TOT BOIIPOC, OOPATUMCH K MOJTHON CHCTEME, BKJTIOYATOIIE
UCCIIeyeMyIO MOACUCTEMY U (DIIyKTYaIlnu.

C yueroMm paccyzK/ieHnii BeIie u (popMyJibl CaeayeT HalTu
IIOJIXO/IAIIYIO0 MHTEPIPETAIMIO IIOKA3aTeI0 Ka4eCTBO TPOKHI
q(a,b,c,), 3anaBaemoii depes HenpepbIBHYyIO auddepeHnn-
pyeMyto QYHKIHIO § BEPXH:AsS I'PaHAIA KOTOPOoi 9.3 achMII-
TOTUYECKU MIPUOINKAETCH K TEPMOJIMHAMUIECKIM OICHKAM
IIPOU3BEJICHHBIM B 9TOW I'IaBe, M TeM TOo4Hee, YeM OOJIbIIe
3HaveHue sHTponuu 9.1.

(B repmomHaMuKe OIEPUPYIOT YUCJIOM MOJIEKYJI, TTOPSJI-
Ka 9uCITy /TOCTOSHHON ABOraJpo - 4uc/ia 4acTull, cojeprKa-
IIUXCS B OTHOM MOJIe JIIOOOTO BEIEeCTBa 6.0221023). Boub-
[IMHCTBO U3BECTHBIX IPUMEPOB OTBHICKAHUS TPOEK YHCET C
UCIIOJIb30BAHUEM CYTIEPKOMIIBIOTEPOB U PACIPE/IEJICHHBIX BbI-
YUCAUTEJBHBIX CeTell T. H. «xopommx Tpoeks [ABC| ¢ g >1
upesbimatomux eaunuiy (q(a,b,c) ~ 1.4), vo stu GosbIie
CIIOPTUBHDIE, YeM Hay9IHBIE PEKOPJIBI COCTABJISIOT MOPSIIKA,
OJIHOM JIECATH THICSIHON OT IMOCTOSTHHOW ABOTaapo.

[Tonarast BepxHioto rpanuity npu 6osbmux N, mejgecoobpasuee
3aMEHUTH CJIOBO «KadecTBO» Jyisd §(a,b, ¢) coorBeTcTBEHHO
onpe/ieJieHHOI HaM# (DYHKIUY § Ha OOIIEHPUHSATOE B TEOPUU
ommbOK «jaedeKT» 1o hopMmyse MIyKTyallmu OT CPEITHETro
3HAYEHNS UCCJIeyeMON CHCTeMbI, O0beIUHSIIONMEN TOICHCTe-

Mel A, B, C.

Cormacuo 10.15 nokazaresb jjedeKTa UCCIeyeMOi CHCTEMbI
gABC, OyIer 3aBeZioMo OoJiblle § < gABC = % 1 TOCJIETHAS
OTPAHMYUBAIONIAs CBEPXY (PYHKIUs OYJIeT UMETh HOPMAJIb-
HOE paclpejie/ieHie B CUIy 3aKOHa OOJIBIINX UUCET, & TaK¥Ke
CBOWCTB I IATUBHOCTU SHTPOIINML.

HenTpanabHasa mpejeabHass TeopeMa

W3zBecTHO, 9TO HOPMATHLHO PACIPEICTICHHBIE CJIyYaiiHbIe
BEJIMYUHBI IIIMPOKO PACIPOCTPAHEHBI HA MPAaKTHKe. dem
9T0 00BbsicHsieTcsi? OTBeT Ha 9TOT BOIPOC OBLI JAaH BbI-
JarormMes pycckuM mMatemMatukoM A. M. JlgmyHoBbIM
(IeHTpaibHAs TIpe/ieibHas TeOPEMa) : eCJIU CJIydaiiHast
BesimunHa X TPEJICTaB/IgeT coOOi CyMMYy OYeHBb OOJIBIIIOTO
YUCJIa B3AUMHO HE3ABUCUMBIX CJIYYANHBIX BEJIMYUUH, BJIMS-
HIE KayKJI0# U3 KOTOPBIX HA BCIO CYMMY HHYTOYKHO MAJIO,



to X mMMeeT pacupejeseHne, 0JU3KOe K HOPMaJIbHOMY.

[['Mmy23]

JL1st n30/TMPOBAHHON TIOJICUCTEMBI HE YMECTHA CaMa, IIOCTa-
HOBKa O (QJIyKTyaIluu SHEPIUU, SHTPOIUU, TEMIIEPATYPHI,
YUC/Ia 9ACTHIL U JIPYTUX TEPMOJIMHAMUYIECKIX ITapaMeTPOB -
FOBOPUTH O (DIYKTYAIIUU MOYKHO JIUIIb PACCMAaTPUBAS CHCTE-
My B 1miesiom. [lycThb ompesiesiena paBHOBeCHAsT SHTPOIUS TeJIa
S(E,V), kak dyHKius ero (CpejiHUX) SHEPruu U O0ObeMa.
Bynem monnmars o1 uryKTyarmeit SHTpOINN U3MEHEHHe
dbynkuun S(E, V), pacemarpuBaemoii popMaIbHO, Kak (hyHK-
[Usl OT TOYHBIX ((PIYKTYUPYIOMINUX) 3HAYEHUN SHEPruu U
obbema. I3BecTHO, UTO BEPOATHOCTH (DIYKTYAIINN B CHCTEME
[IPOITOPIINOHAIBLHA IKCIIOHEHTE ¢ OTKJIOHEHNEM SHTPOIUH:

w = et (13.1)

3JIeCh UMEETCSI BBUJTY SHTPONHUS CUCTEMBI B mejoM cM. 10.12

- 10.14.

Jlnst Havasia HaiijieM cpeiHUi KBaIpaT QIYKTyallul TUCIa
JaCTHUIL O6quHOFO naeaJibHOI'O ra3da, HaXOAAIIUXCA B HEKO-
TOPOM BBIJICJIEHHOM B T'a3e OTHOCHUTE/ILHO MaJioM oObeMme.
Wcxonst n3 paBHOMEPHOTrO pacCIpe/ie/ieHIsT MOJIEKYJI ra3a 1o
BceMy 00beMy V) 1 yCJIOBHIT O MAJIOCTH MCCIETYyeMO TOJI-
CUCTEMBbI B CPDABHEHUU CO BCEH CUCTEMON Vlo < 1 xBajapar
dbaykryarum wmciaa 9acTuil B mojacucTeMe (TOYEK B MHO-
roo6pasun ¢azosoro npocrpancTsa 1") omnpejessiercs 1o
dbopmymam [[Tan02] dopmyna 113.1:

(ANED2 1
N

((AN)*) = N;... (13.2)

Ornocuresnbhas GIIYyKTYaIs 9ucIa 9acTHI[ paBHa 00paT-
HOMY KBAJ[PATHOMY KODHIO M3 CPEJHEr0 YHUCJIa JaCTHUIL. -
Cpasaure ¢ GhopMyIaMu TEOPUU BEPOSITHOCTEH U MaTeMa-
tuaeckoii crarucruku [C 1'05], [Xya70]. Ucxons u3 cpe-
HEro KBa/[parTa JacTh B 3a/IaHHOM O0ObeMe ra3a HaXO/UTCsI
rayCcCoBO PACIIpe/IeIeHne BEPOSITHOCTU (DIIyKTyaIlud TuCIa,
TACTHIL:

_ N2
w(N)dN = L_exp —M d

N (13.3)
V21N 2N
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[[my23]: Tmypman (2023), Teo-
pHsl BEPOSITHOCTEN U MaTeMaTh-
JecKasl CTATHCTHKA : yIeOHHK
Jutst By3oB / B

[A.M.
Jlsmynos| Astexcamp

Muxaitnosud JIsgmynos
(1957-1918) — pycckuit
MaTeMaTUK U MEXaHUK.
OCHOBOIIOJIOYKHUK TEOPUU
YCTONYNBOCTU PaBHOBECUSL
U JIBUZKEHUS
MEXaHUYECKUX CUCTEM C
KOHEYHBIM YIUCJIOM
napameTpoB. Takzxke
paboTaJi B ob1acT
nuddepeHImaabHbIX
ypaBHEHUI,
TUJIPOIMHAMUKY, TEOPUN
BEPOATHOCTE.

[Tan02]: JTasmay (2002), Teope-
tudeckas Puzuka B 101. Tom 5.
Crarucrtuyeckass Ousuka.

[C T05]: C T I'puropses (2005),
MaremaTuka it CTYJIE€HTOB
yUIpexIeHuil cpeaHero mpod
[Xya70]: Xymncon (1970), Craru-

CTHKa JJId (1)I/I3I/IKOB
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[[my23]: Imypman (2023), Teo-
pHsl BEPOSITHOCTEH U MaTeMaTh-
YecKasi CTATUCTUKA : yIeOHUK
st BysoB / B

Puc. 13.5: lladbuyruit JIsBoBuu
Yebbrmés (1821-1894) — pyc-
CKHUil MATEMATHK 1 MEXaHUK, OC-
HOBOITOJIO’KHUK TT€TEPOYPICKOi
MaTEeMATUIECKON IIKOJIbI, aKa-
nemuk [lerepObyprckoit akame-
MUHM HayK U emé 24 axkajieMuit
Mupa. UeObIéB moayaniI pyH-
JaMeHTAJIbHbIE DE3yJIbTaThl B
TEOPUU THCETT

[[Ipa]: TIpaxap (), Pacupenese-
HUE TPOCTHIX IHCeJT

g mabix 3nadenuit N yinobno npumendaTs dpopmyiny yac-
COHa, U3BECTHYIO U3 MATEMATHIECKON CTATUCTUKU.

NNe=N
N!
B unTepecytormem Hac ciydae (BbiIeaeHHBIH 00beMm) V < Vy

Wy = (13.4)

(MCxOHBIHA 06BEM) YHCJIO YACTUIL B BBIJIETIEHHOM 00beMe XO-
TSl M MOXKET 3HAYUTEJHHO OTJIMYATHCSI OT CBOEIO CPEJIHEr0O
SHAYEHWsI, HO MIPEJIIIOIAraeTCsl MAJIBIM 10 CDABHEHUIO C T10JI-
HbIM uncsioM dactull B raze. C ydaerom dopmysisr Crupsmara
n! = V2nn (%)n dopmyma (13.3) mepexomur B dopmyy
(13.4) mpy MaJIBIX OTKJIOHCHUSIX.

Kacasicb Bompoca 0 (iryKTyanus SHTPOIINH, 3aMETHM CJle-
aytomee. Coryacto teopeme Yebbrmésa |[['nvy23], roasa 9.3)
IIp1 HaJIM9UMW HJOCTATOYHO OOJILIIIOr0 YUCJIa HE3aBUCUMDIX
C.?Iy‘laﬁllblx BeJIMYHMH C OI'PaHUYC€HHbIMU JUCIIEPpCUAMMA COOBI-
THEe MO2KHO CUHUTATh HIPaKTUYICCKU Ha/IC2KHBIM, 9TO O3HaAYaeT,
9TO OTKJIOHEHHE CpPeIHero apMCbhle'l‘MLleCKOI‘O C.leLlaI;'lllbIX
BeJIM4InH OT CpeJHEero ‘(lpI/I(bl\IOTI/I‘ICCKOFO X MaTeMaTu4e-
CKHUX O)KHILH,HT/Iﬁ 6erIGT CKOJIb YI'OJJHO MaJIbIM IIO abCOJTIOTHOI
BeJIndnHE yCJIOBUAI.

B cuy Teopembr HeObImEBa, 1MEHTPAILHON TTPEIETBHOM TEo-
pembl JIgamyHoBa u cBoOiicTBa & ITATUBHOCTU SHTPOIIUN MOZK-
HO npuMeHuTh [ayccoBo pachpesesierne BepositHocTH (13.2
-13.4) g daykryanun saTpormu AS = % 1 MaKCHMaJIbHO-
ro 3HadYeHns PYHKINH §Apc 0003HATAEMOr0 KakK AJABC,,,,- B
caMoM JieJie, KOJMIECTBO YaCTUIl B Ta3e, PAaBHO KaK W SHTPO-
IUsl SABJISIOTCH &JIJIMTUBHBIMU BEJTMIUHAMU W UHTETIPATIAMUI
JIBUZKEH NS, TIO9TOMY OHU JIOJIZKHBI OIUCHIBATHCS aHAJIOTY-

HBIME (DOPMYJIAMU.

JlocTaTovYHO MBICJIEHHO TOCTaBUTH SKCIEPUMEHT IO pasJiesie-
HUIO UCXOJIHOIO cocya Ha N MaJIbIX SKBUBaJIEHTHBIX COCY/IOB,
1pu 3ToM N — 9T0 J0CTATOYIHO OOJIBINOE YHCJIO, HO 3aBEIOMO
HAMHOI'O MeHbIIIee, 9eM YUCI0 ABOTAJIPO U YUCJIO MOJIEKYJT
B cucreme. Torjma BMECTO CpejHEero 4mucja qacTuil B ¢Gop-
MyJIaxX I OIeHKH (PIyKTYaIluid BhIIIe MOYKHO IOJICTABUTH
3HaYCHNE SHTPOINU.

Bompoc o miorHOCTH pacupejiesieHnsl TPOCTBIX UNCesT OCTa-
ércs B Hayke OTKPBITBIM |[Ipal. Bmecte ¢ Tem, MOXKHO BBe-
CTHU CJIyqaiiHyio QyHKIUIO §ABC, IOIUNHHAIONLYIOCA 3aKOHY



HOPMaJILHOTO paclpe/ie/ieHus, KOTopas OTPAHUYIAT Helrpe-

poiBHyIo 1 guddepennupyemyto §(a, b, c) cepxy s Jgo-
. Rad(abc) ..

craTouHO Gobnmx 3nadenuit —— . Ilponsseném onenkn

CPeHEeKBaIPATUYHOIO OTKJIOHEHUSA (ABC JJId CUCTEMBI, B

11€JIOM, OO'beIUHSIIONIEN TOICUCTEMBI:

C({@asppr g \/ L
Ogagc = I3 - VSo - (In(Rad(abc)))

(13.5)

Brrime 6b110 ckazano 9.4, uro J rpajMeHT HelpepbIBHOM
u auddepennupyemoit bynkunu grad({) na Beeit obiactu
onpenenenns § : M — R. Dtor rpaauent me obpamiaercs B
GecKOHEYHOCTD U npupaienue Aj MozKeT ObITb OIDAHUYEHO
CBepXy HOPMaJIbHO PaCIIpe/Ie/IeHHON ciiyvaiiHoil pyHKInei
qABC-

JIist oneHKY BepxHEil IPaHUIbl MAKCUMAIBLHOTO OTKJIOHEHHS
AqgaBc,,,,, MOYKHO IIPUHATH BO BHIMAHNE JUCKPETHDIN XapaK-
Tep (haszoBOro NPOCTPAHCTBA U IPUHIAII PABHOI BEpOATHOCTH
MHUKDPOCOCTOSTHUIA, a TakzKe ycaoBre HOpMUPOBKH (6.5).

Definition 13.1 MaxkcumaabHOMY OTKJIOHEHHE AGJABC,.,.
COOTBETCTBYET HANMEHBIIIEMY 3HATEHWIO BEPOATHOCTHA @
HaXOXKJIEHUsI 00bEKTa B UCC/IELyeMOM MUKDPOCOCTOSTHUM.

B cBoro ouepesib, BEPOATHOCTH TAKOTO MUKPOCOCTOSTHIS OIIPe-
JIeJIIeTCs JINITh 3HAYCHUSIMI Ha TJIABHON JMaroHasd CTaTh-
Jeckuii MaTpuilbl. Becero Takux sjeMmeHToB L, B pe3ysbrare
MeeM: Wyin = % N3 nopmasibHOTO pactpesenenus [aycca
UMeeM:

1_1 _ Agasc®
L 210 P 207

(13.6)
Paspemast ypasuenue (13.6) u mpe/iosarasi, 4To BbIpaxKeHue
10T, 3HAKOM KOPHS ITOJIOYKUTETHbHOE, HAXOTIM:

L

AGABC, ., = 0+ [2In

Pesysibrar asrebpandeckux nmpeodpa3oBaHuii, B KOHETHOM
CYETE, BBIXOJIUT IPOMO3JIKMM, HO MOXKHO IIPOU3BECTH OIEHKY,

13 ®uykryarun
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JTIOCTATOYHYTO J/TsT ToKasaTebeTBa ABC-rumoressr. Heckosb-
KUMI abd3aliaMyu HUzKe OyJIeT BBIIOJTHEH UNCICHHBIH 9KCIIepr-
MEHT - mHTerpaTop 1o Meroxy Monre-Kapsio n npusejiena
FUCTOTPaMMa HOPMAaJIbHOI'O pacIpeaeIeHns.

MakcnmanbHOe OTKIIOHeHHe CIydaifHoll QyHKIMN JApc =
JABC,,,, COOTBETCTBYET HAMMEHbIIICH BEPOSTHOCTH. 3aMETHM,
yro L < m(Rad(abc)) dynkimn Pumvana 7. 910 yTBEpK 1e-
HU€ TIPOCTO KOHCTATUPYET, UTO JIJINHA NEIMOUYKN U3 PA3JII-
HBIX [IPOCTBIX uuces B opmyie (4.1) He mpesocxoauT 06-
IEro 9KCJIa IPOCThIX YHces, He npesocxoidmux Rad(abc),
[epl0f: - HdepGummp  (2010),  oppenensiemoro dynximeit Pumana [/Tep10] or pagukasa
IIpocrast onepxxumoctsh : Bep-

. npoussenenns A, B, C.
HXapa PI/HVIaH U BeJInYaulllad

HepenieHHas npobJeMa B MaTe-
maruke / J1. Jep6umup ; Txon Ornenka 71(x)
Hepburmup ; mep

[Mostcaum, o dyuknus Pumana 7(x) onpegesnsgercss Kak
YHCJIO TIPOCTBIX YHCEJT, He MPEBBIMIAIOIIEe TeJI0e YUCIO X.
Yeoobimép B 1851 - 1852 rojax goKazaJi, YTO €CIu CyIie-
CTBYET TIPEJIEsI, TO OH JIOJIZKEH OBITh paBeH €JIMHUIIE:

(13.8)

N3 qero CJIeJyEeT BbIBO:

L 1
Caanc = \ In(Rad(abc)) < [Rad(abc) (13.9)

DT0 COOTHOIIEHNE TeM CTPOzKe, deM bosibiie 3HadeHne Rad(abe).

B obmem ciydae i1 HOPMaJILHOTO PACIPE/ICICHUS T1JI0T-

[[aiy23]: Paypman (2023), Teo- oy, pacripejie/ieHust BepOSTHOCTH OIpejiesigercs (hopMyioi
pUs BepOATHOCTEH U MaTeMaTu- e
[[Mmy23]:

JecKas CTATHCTHKA @ yIeOHHK
Jutst By3os / B

A <20 (S). o =—= [ Fd
ABCpay < €| = (—) X :—/ e~ 2dz
! o \2m Jo

(13.10)

Ucxons usz jymHb nenodku gpopmybl 4.1 paBuoit L, u 3Hade-
g Aqagc,,,,, OTBIIEM COOTHOIIIEHUE MEXK/Ty MUHIMAJIbHBIM

sHadenneM JHbI Henodkn B 4.1 u Rad(abc), npu KoTopbiM



CKa3bIBaeTCs (PaKTOp JUCKPETHOCTH (ha30BOTO MPOCTPAH-
cTBa:

1 +/Rad(abc) Agapc?

L \2n 202
A 2
Lv/Rad(abc) = V2mrexp L

202

dopwmysta BO BTOPOi CTPOKE OIpejiesisieT YCJIOBUS, IPHU KO-
TOPBIX CKa3bIBaeTcsd (HAKTOP JUCKPETHOCTU (Pa30BOr0 IMPO-
crpanctBa 13.6. CrpaBa cTouT OBICTPO BO3pacTaIiast (DyHK-
s, KOTOpas JIETKO IIPEBLICUT 3HAYEHNe MPOou3BejieHns Y
comuozkureeii ciesa Ly/Rad(abc), aro ¢ yuérom oneHKu
CpeIHEeKBaIPaTUIHOTO OTKJIOHeHHUs 13.9 o3HavaeT MCUe3HO-
BeHMe UCKOMBIX TPOEK II0 Mepe HapacTaHUs OIpPeJIe/IEHHOMI
Boiliie sHTponmu 9.1. BaxkHO MOMHUTH, 9TO U3 (DOPMYJIHI
9.1 u 13.9 cnexyer skcnoHeHnmagbHBIA poct rad(abc) no
OTHOIIIEHUIO K JIJINHE IEeIMOYKN IPOCThIX unces L B dpopmyste
4.1.

N3 ckazaHHOIO JIErKO JI0Ka3aTh, UTO sl YV Hallepé 3a aH-
HOI'O € CYIIECTBYET TOJbKO KOHEUYHOE UUCJIO TPOEK UHCelI,
J1st Kotopeix q(a,b,¢) = § < qapc,,, — € (He ciemyer 1y-
TaTh ITPOU3BOJILHBIN 38/IaBAEMbI IMapaMeTp € C dHEpruei
OJTHOI MOJIEKYJIbI, 0003HAYAEMON BBIIIE TON Ke GyKBOii!)

EQ(Q/ b,C) = EI > qAchax'

15
10)
Jll it
5 1 15

0 ¥ 240 25 a0

Moxuo cpapauTh ¢ ABC@home mpoekTom 9T HECIOKHBIE
onenkn. Huke npuBesieHa rucrorpaMma KaaecTBa TPOEK (
OT 9YHCJIa JIECATUIHBIX pa3psiioB B auciax ABC.
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Puc. 13.6: Drta rucrorpamma mii-
JIIOCTPUPYET JUCKPETHYIO IIpU-
poxy ¢azoBoro mpocTpaHCTBa
IJId UCCJleayeMOoil TpOMKHM d4u-
cen ABC. B cayuae g(a, b, c) >
(ABC,p,, HE CYyIECTBYET HH OJ-
HOI TPOHKH, YJIOBJIETBOPAIONIEH
ABC rurmorese.
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Puc. 13.7: TIpoekr ABC@home
naxoaut Bce Tpoitku ABC un-
ceJsl JiJ1d 33JIaHHOM BepxHeil rpa-
HUIBL «KadecrBa» 4(a,b,c) u
YUCTIa JIECATUYHBIX Pa3PsIOB.

[ABC]: ABChome (), Bosonrep-
cKag ceTb 1o HassanuemM ABC-
home mocBsmen pacipe/ieieH-
HOMY BBIYHUCJIUTE]IBHOMY IIPOEK-
Ty, KOTOPbIil JOJIXKEH OBLI CO-
CTABUTH TOJIHBINA CIUCOK BCEX
Tpoek ABC, cocrosiiux u3 1e-
JIBIX YHCEJI, COCTOSIIUX MAKCH-
MyM u3 18 mudp.

['m:'mrpartma IIOTHOCTH pacnpele/ieHHA Bep OHTHOCTEH

Bepxuee mauenne nuerea 1eperra gasc
I

(asc aic + AQasc mn

Het Tpoek (a,b,c), Bb!)(D,EIﬂLIJ;;IX 3a npegens

BEPXHEro 3HAaYeHUA AQuac max

B IIpoekre ABC@home rosoputcs: Crincox T. H. XOPOIINX
Tpoek, cocrosimuit u3 20 mudp, yxe 3apepiien. Hampumep,
Ha rpaduke MOKa3aHO, ITO cylecTByeT 11 XOopommx Tpoek,
B KOTOPBIX ¢ cosiepkuT 20 nudp. Korma OyryT odHapyKeHbI
HOBBIE XOPOIIHe TPOWKMN, YBEJUIUTCA TOJIHKO KpacHasl 9aCTh

Ha rpaduke Boie. (yxke 20 JeCATUIHBIX PA3PSIOB).

Bosonrepckas cerb ABC@home

Bosonrepckast cersb moj HazBannem ABC@home mocssirie-
Ha PacIlpeie/IeHHOMY BbIYACIUTEILHOMY IIPOEKTY HOUCKA,
T.H. "xopormmux"Tpoek (unbitten triples). B 2011 romxy npo-
ek ABC@home jrocTur 1e1m cocraBUTh MOIHBIA CIIMCOK
Bcex Tpoek ABC, cocTosmux n3 MesIbIX IUCesI, COCTOSIIIIX
MakcuMyM u3 18 nudp. Crucok nacuntbiBaer 14,482,065
tpoek. Cm. 241 ABC-tpoiika «kadecTBa» q He HuKe 1,4,
KOTOpBIe 9acTo Ha3bIBaioT «xopormumny ABC-Tpoitkammn.
https://www.math.leidenuniv.nl/ desmit/abc/index.php
o cocT. Ha 11.05.2024

B neiicreurensaoctu B [Ipoekre [ABC| npumenena jorapud-
MHIYeCKas MIKaJjIa K HOPMaJIbHOMY PACHPEIEICHUIO §ABC, 0y =
1+ Agagc,,,, 1 lajee KOJTMIECTBEHHBII METO TPYIIIPOBKI
Habopa pamKUPOBAHHBIX JTaHHBIX HA PAaBHbBIE MOATPYIIIbLI, B
JAHHOM CJIydae - JIeIIJIn), HO XapaKTePHbI BUJ HOPMAJIb-
HOTO pacipejiesierns (CM. Bblle pacipeenedne Makcsesuia
(8.6) u Puc. 1 13.6 or 37010 He M3MEHUJICH.
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[Hanll]: Hansen (2011), GNU
Octave Beginner’s Guide

fx = feval(fun, x);

# TlojcunThiBa€M KOJUIECTBO TOYEK, JIEIKAIIUX
nozx rpadukoM, cuaérunk fx = feval(fun, x)

# Haxomum maTETrpast

I = counter /mcloops*maxf*l;

endfunction

#4+4 Komner daitra mcintgrv.m

Beime npuseaén xox [Hanll| BekTopusoBamuoit (yHKITH
mcintgrv (Monte-Carlo Integral Vector), kotopast Bbi3biBaet-
ce ¢ apryMEeHTaMH.

Hanmbrit Kozt cozpan na GnuOctave (anasor MathCad) mo -
nersun GNU GPL. O#n cocrout u3 nByx daiinos historgam.m
n mcintgrv.m [lepBblii KoJl TO3BOJIET MOCTPOUTH TUCTOTPAM-
My pacIpe/iesIeHus IJIOTHOCTH BEPOSITHOCTH JIJIs CJIYYaifHO
reHepupyeMoii BLIOOPKHU n3 Habopa JaHHbix oobemoM 100000
3HAYEHUN MHTErpaJa.

B daitie mcintgrv nponcxoauT BhIYUCIEHTE UHTEIPAIa Me-
togoM Monte-Kapsio On paboraer aj1st pon3BOIbHOM (DyHK-
AV, IIOJIOXKUTEJbHONM Ha 3aJaHHOM MHTEpBaJe 3HAYCHUN
1 3aKJII092eTCd B ITOJICYETE JIOJIM PABHOMEDPHO TAJIAIONINAX
"kamesb 10k /1" (MM pacHbLIEHHON ¢ TTOMOIIBIO 1Y/ IbBEpU3a-
TOpa KPACKM), OCEBIINX MO/ KPUBOI, B CPABHEHHUU € OOIIUM
KOJIMYECTBOM Kalle/ib (KpacKu), MPUXOJISIIUXCs Ha [IPSMO-
YIOJIbHUK, IIOCTPOEHHBIN Ha MHTEpBaJIe 3HAYCHNH (DyHKIINN
110 OCU abCIUCC U OT HYJIsd 0 MakcuMyMma (DYHKIUNA 110 OCH
opaunar [a,b] X max f. Ucxons n3 paBHOMEPHOTO pacIpe-
JeJICHAS CIIyIaiiHbIX TOUeK (X, V), Hafi/leHHas TaKIM CIIOCO-
6oM J10J1s1 OyIeT paBHA COOTHOIIEHHIO ILIOIIAJIN 10/ KPUBOM
— MCKOMOI'O MHTerpaJa K 3JeMeHTapHO IOACIUThIBaeMOil
Iotau npsgmoyroabuuka. Meroa Monrte-Kapiio ocobernno
s deKTUBEH I IUCIEHHONO HHTEIPUPOBAHUSA B N-MEPHOM
IIPOCTPAHCTRE.

Kom npoct st monnmanusi. Ocoboe BHUMAaHNE CJeAyeT yie-
JINTDH BBITIOJIHEHUIO CPABHEHUS MEXKJly 3HadeHueM (hbyHKITUN
U 3HaYCHUIO OPJAMHATHI Y ciydaiinoil Touku. Pesyiabrarom
3TON Ollepalii CPABHEHUA ABJIACTCH JOTUYECCKUN MAaCCHUB,
KOTOPBII BO3BpAIAET MHJIEKCHl BCEX UCTUHHBIX 3JIEMEHTOB B
MaccuBe. V3BjeKkasi KOJIM4eCTBO MHJIEKCOB IIPOCTO TIOJICTH-



TaTh KOJIMYECTBO CJIydailHO TeHEPUPYEMBIX I1ap 3HAYEHUN
(X, ¥), KOTOpBIE PACIIONIOKEHDI 1101 IpaduKOM (byHKIHIL.

OcTOpOoKHO CTyTIeHbKA!

['ucrorpamma, mosydeHHast IMyTeM MOJIETUPOBAHUS UJLITIO-
cTpupyeT GpakTop JUCKPETHOCTHA (DAa30BOr0 IMPOCTPAHCTBA!
BMECTO IIJIABHOI'O yOBIBAHUSI XBOCTOB I'MCTOIPAMMBI CJIEBA
U CIIpaBa UMeeM CTYIEHYATHI OOpPBIB: TI0 Mepe yBende-
HUsI MaciITaba MKaJIbl 10 BEPTUKAJINA 9aCTOThI CTAHOBATCS
MEJBIMIA IUCTaMMU.

Ha noyrbyke aBTOpa BEKTOPU30BaHHAs BEPCUT UHTETPATOPA
Monte Carlo Bemosnasier npumepro B 300 pa3 ObicTpee, dem
"oObranbIil ' MeTo1, Yncsennoro naTerpupoBanus. Vcmon-
3ysl BEKTOPU30BAHHOE ITPOTPAMMHUPOBAHUE, MOKHO TaKKe
n306eKaTh MHOYXKECTBA ITUKJIOB, KOTOPbIE BBITOTHSIIOT TPUBU-
aJIbHBIE 331441 U 3arPOMOXKIAIOT KOJI. BeKTOPU30BaHHBIM
KO/T HAMHOT'O Jler'de BOCIPUHUMATH U OCYIIIECTBUTH €r0 OT-
JIAJIKY.

Wrak, KoJim4ecTBO YaCTHUIL B Ta3e, PABHO KaK M SHTPOIUS SIB-
JAI0TCS aJTATUBHBIME Bemanaamu, dhopmyna (13.7, 13.10)
TaKyKe MOJIXOJUT JIIsd OlleHKH uryKTyaruit sarpornuu. s
9TOT'0 JOCTATOYHO MBICJIEHHO IIOCTABUTH SKCIEPUMEHT I10
pa3IesIeHIIo ICXOHOTO cocy/ia Ha N 9KBHBAJIEHTHBIX COCY-
JI0B (B cIydae CMeCH Ta3oB 9Ta Oleparus JIOJIZKHA ObITh
pou3BejicHa 6e3 pa3ieIeHns MOJIEKYJ Pa3HbIX I'a30B, YTO
IpHUBeJIO OBl K M3MEHEHUIO SHTPOINN), Ipu 3ToM N — 370
JIOCTATOYHO OOJIBIIIOE YNCJI0, BMECTE C TeM MHOT'O MEHbIIee,
geM 9ucsio ABOrajipo / IHCI0 MOJIEKYJ B cucTeMe. Bmecto
CPEJHEro Yucja JacTUIl HeOOXOIUMO MOJICTABUTH 3HAUCHUE
SHTPOINH.

Jlerko mokasarb, 9TO 9TOT BBIBOJ SKBUBAJIEHTEH JIPYTOMY
npesicraiennio o gedexre q(a, b, c) < K(e)rad(A, B, C)1+¢
rjae K(E) - OlpejiejieHHasd KOHCTaHTa, 3aBUCAIllad TOJIBKO OT
€.

Harmnsanen KkonTpacT MeKIy TPY/JIHO BepuHUIUPYEeMbIM IId-
TUCOTCTPAHUYHBIM JIOKA3aTeIbCTBOM «3allaIHOI BEepCHHI»
ABC-conjecture [lunman Mouunsyku (Shinichi Mochizuki) -
MareMaTHKa n3 yausepentera Knoro [Moc21| n u3mozkeHHbIM
BBIIIIE JJOKA3aTeIbCTBOM, OPUEHTHPOBAHHOM Ha CTapIICKJIACC-
HUKOB U CTYJICHTOB.
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TTonpobyitTe 3amycTUTH 3TOT
ko B GnuOctave wian ero ana-
Jiorax, W3MEHUTe pa3Mep BbI-
6opku co 100000 mo 10000,
1000, 100, BapbupyiiTe KOJIH-
9eCTBO WHTEPBAJIOB B THUIITO-
rpamMme. DTH YUCITHHHBIE YKC-
[IEPUMEHTBI [TO3BOJIAT HEITOCPEJI-
CTBEHHO IIPOBEPUTH, KAK 3aBU-
CUT CpeIHEKBapJapTUBHOE OT-
KJIOHEHHE 0 CJIyJaifHON Besm4n-
HBI OTHOCUTEJIBHO €€ MaTeMaTH-
YECKOI'0 OXKUJIAHUS OT PasMepa
BBIOOKT.

[Moc21]:  Mochizuki (2021),
«Mochizuki’s proof of ABC-
conjecture.»
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[Xap62]:  Xapkesma
CuekTpbl u aHaIn3

(1962),

BmecTo mcrosib3oBaHus CYMEPKOMITBIOTEPOB ¥ PacIpejie-
JIEHHBIX BBIYUCIUTETBHBIX PECYPCOB JIETKO CO3/IaTh BBIOOD-
Ky HOPMaJIbHOTO pacipejeeHnss 00bEMOM COTHsI- CTO Thi-
CAY eJIMHWIL W 3& MOJICEKYHJIBI - TPHUIIATH CEKYHJI MOJIy-
YUTH 0OJIee COJIEPYKATENBHBII PE3y/IbTAT ¢ TIOMOIIBI0 KPOCC-
wiatdopmernoro npusioxkennn GnuOctave (anasor MathLab
no Junensun GnuGPL) naxe manreko He Ha HOBOM HACTOJIb-
HOM KOMIIBIOTEDE. - Ha.HI/IHO C6epe}KeHI/Ie NHTCEJIJIEKTYaJIbHbBIX
U SHEPreTHIeCKUX PECyPCOB.

14 Ilpocteie uncia. Cucremsl.
Jlorapudmar.

TpyaHO IEPEOIIEHUTh MECTO MPOCTHIX YUCE/T B (DUBUIECKIX
3aKOHAX, OIPEJIEIAIONNX OKPYKAIONUI MaTepHaIbHbII MUD
U, B IIUPOKOM cMbIcjie, Hanty Bcesernyio. M3noxkeHHbrit
BBIIIIEe MaTepruas yKe TOKa3aJl CBI3b IPOCTHIX YHCET ¢ KBAH-
TOBOW MEXaHUKO#, CTATUCTUYIECKON (DUBUKON U BBITEKAIOIIEH
u3 Heé Teopun BepogrHOCTEH. CM.Tabmuiy (2.1).

JL1g HArJISTHOM MLIIOCTPAITMH IIPOSABJIEHNH CBOHCTB MUKPO-
MHUpa JIOCTATOYHO COCJIATHCs Ha IPUHIIAIT HEOTIPEJIETIEHHOCTI
leiizenbepra ApAqg > /2, upogsisionuxcs B Ipeodpa3oBa-
Hugax Pypbe, B clleKTpax U CUTHAJIAX: HEBO3MOXKHO OJHOBPe-
MEHHO CY3UTb II0JIOCY CIIEKTP U JJINTEJIbHOCTh CUT'HAJIA - CM.
noipobHbIii mpumep B ([Xap62]).

VMeHHO MPOCTBIE YUC/Ia MO3BOJISIET BMECTE CBA3AThH CHCTEMY,
HaJICUCTEMY U TOJCUCTEeMY. BBIBO KAHOHUYIECKOI'O pacipe-
nenenns ['mb0ca ObLI cesan UCXo/Isd U3 PABHOBEPOATHOIO
pacipe/ie/ieHusi 110 BCeM MHUKPOKAHAHOYECKUM COCTOSTHUSIM
CUCTEMBI, BEPOSITHOCTH HAXOXKJIEHUS CJIOYKHON crcTeMbl 1-
2 paBHOII IIPOU3BEACHUIO BEPOATHOCTEN eé moacucTteM 1 u
2: p12 = p1 - P2, 9TO OOYCIABIUBACT YZOOCTBO PabOTHI C
JlorapudpMaMi 1 O3BOJISIET OIEPUPOBATH C aJJINTUBHBIMU
epeMeHHbIME. AJUINTUBHBIE (DYHKIUH JIJIsT OJHOPOIHBIX Be-
JIMTYUH — 3TO OCHOBA JIJIA PsJia HATYPAJTbHBIX YHCE, JJIs
CYETHBIX MHOXKECTB U IIPOU3BOJICTBA JIIOOBIX M3MEPEHUi = >
U3MEPUMOCTb PACCTOAHUI, BBOJ IOHATUN METPUKU U MEPBHL.
CroiicTBa MUKPOMUpa OIPEJIEIsIeT CBOMCTBA MaKpPOMUPA.
=> olepalsi yMHOXKEHUS sIBJIsIeTCs IIEPBUYIHON B CpaBHe-
HUM ¢ oneparnueil cioxkennst / Berantanus. C M3I0KEHHBIX
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MTO3UITUI MOYKHO OObICHUTH aKCHOMbBI apU(PMETUKHU, BBEJICH-
vbIix /[>Ky3enne [leano a Takyke NpUHINI MaTeMaTHIECKON
UHJIYKIINU, TTAPOKO TPAKTUKYEMbIil B MaTeMaTUUeCKUX J10-

KazaresbcTBax. cM. |/lern65]. [Ten65]: denman (1965), cro-
pust apudMeTUKN

Pan I'panam n kBaHTOBast HEOIIPEJTEHHOCTD

Kak maremaTnyeckuil mapaiokc mpuBén Monaxa JIyumikn
['pargm K GUI0COMCKUM U TEOJTOTHIECKIM BBIBOIAM, IT€-
PEBEPHYBIINM TIPEJICTABIEHNE O OECKOHETHOCTH !

Boripoc o Tom, KakoB pe3ysibTaT 6ECKOHETHOTO MaTeMa-
Tudeckoro psyga 1 - 1 + 1 -1 + ..., Ha mepBbIil B3TVIAT
MOKeT MOoKa3aThesd NMpocToit 3ajaqeir, no B XVIII Beke
OH CTaJl HaCTOAIIIXMM BBISOBOM JIJId MHOI'MIX BBLIJIAIOIIIMX-
csl MATEMATUKOB. DTOT MAPaJIOKC, M3BECTHBIN KaK P/l
['panau, mosryuna cBoe Ha3BaHUE B YECTh UTAIbIHCKOTO
MaTeMaTnka n Monaxa JIymmxu ['Bumo I'pammau, KoTopblii
BIIEpBbIe HadaJs ero usydarb B 1703 romuy.

CyTb napaJiokca 3aKJII09aeTCA B TOM, UYTO, HECMOTPS Ha,
KazKyILyIocs IIPOCTOTY BBLIYMC/ICHUI, PA3IMYHbIE METOIbI
HojicueTa IPUBOJIAT K PasHbIM pe3ysbraraM. Ecim mpes-
craBuThb psaj B Buge (1-1) + (1-1) +(1-1) + ..., To
KaxKkJias mapa ances 1 - 1 paBHa HyJIO, U BCA CyMMa Psijia
cpomuTea K Hymo. OIHAKO, eCIM PacCTaBUTh CKOOKM MHa-
4e, HAIlpUMep, OCTABUTH HEPBLIi 3JIEeMEHT BHE CKOOOK, a
3aTeM CrpynmupoBarh octaiabhbe: 1 + (-1 + 1) + (-1 + 1)
+ ..., TO CyMMa y2Ke oKasbiBaeTcs pasHoii 1. Takum obpa-
30M, IIPOCTOE M3MEHEHHUE TOPSsI/IKA BBIIOJHEHHsI Olepaluii
HPHUBOAUT K COBEPIIEHHO PA3IMIHBIM UTOTAM.

DTOT HapaJIOKC MHTEPEeCcOoBa He TOJLKO ['panjau, HO u
TaKUX BBIJIAIOIINXCA MaTeMaTuKoB, Kak [ordpua Buib-
resibM Jleitonur u JIeonap Dittep. JleitOnut, pasMbIiiss
HaJl 9TON TTpobJIeMOit, TPEJIJIOXKUIT, YTO MPABUILHBIM OT-
BETOM MOXKET OBbIThb % OH 00OCHOBBIBAJI 3TO TEM, HUTO
€CJI1 OCTAHOBUTH CJIOXKEHUE B CIIy4allHOU TOYKE, IIPOMe-
JKyTouHas cymMa Oymer aubo 0, smbo 1 ¢ paBHOIT Bepo-
aTHocThIO. [loaTOMYy, 110 €ro MHEHMIO, cpejiHee 3HaYeHUe
CYMMBI JIOJIZKHO OBITD % Jleonap Ditep B cBOEM TpyIIe
«O pacxomsgmmxes pgagaxy», onybaukoBaaHoM B 1760 oy,
OJIIeP2Kasl 9TY UJIEI0 U JlayKe YTBEpP:KJaJsl, U4TO CyMMa
pana I'panan u apobdnh % 9KBUBAJICHTHBI U MOTYT OBITH
3aMEHEHbI JIPYT Ha Jpyra 0e3 OIUOKH.
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[Tax11]: Taxramksan (2011),
KpanroBas# MexaHuka s

maremaTukoB, HUIL  “Pe-

ryJsipHasi U XaOTHUIeCKast
mgunamuka, M.—xkesck 2011,
496 c.; English transl.,, LA
Takhtajan, Quantum mechanics
for mathematicians

OtHaKko, HECMOTPSI Ha BCE apI'yMEHTBI B TOJIb3Y Pa3/Ind-
HBIX Pe3yJIbTaTOB, COBPEMEHHbIC MaTeMaTUKU IIPUILIA K
BBIBOJLY, UTO psJl ['panym He uMeeT OIpe/IesIEHHON CYyMMBI.
DTOT BBIBOJ, OCHOBAH HA aHAJIM3€ YACTUIHBIX CYMM DA,
KOTOpBIe Yeperyiores Mexk Ty 0 n 1 u HUKOT /18 He CXOaATCs
K KaKOMY-/n00 (hUKCUPOBaHHOMY 3HaYeHUIO. B MaTema-
THKEe TaKoe IIOBeJIeHNe PfAJia O3HAYaeT, YTO OH PACXOIUTCH,
TO €CTh He UMeeT KOHKPETHOI CyMMBI.

CoBpeMeHHbIe TOIXOIbl K OECKOHETHBIM PsiJlaM U UX CyM-
MUPOBAHUIO TOSBUJIUCH OJIAroiapsi pa3BUTUIO aHAJIN3A B
XIX Beke. BbL10 BBeIeHO HOHSITHE CXOIUMOCTHU, KOTOPOE
HO3BOJISIET ONPEJIEUTh, K KAKOMY 3HAYCHHIO TPUOJINKACT-
cs CyMMa psijia 110 Mepe J100aB/ieHusT BCE OOJIBIIEro Yncya
€ro 3JIeMEeHTOB.

Tem He MeHee, B ciiydae psja ['paHum 9acTUYIHBIE CyMMBbI
Koseomores Mexkay 0 m 1 1 He mpubIMmKaoTed K KaKOMY-
JINOO OJTHOMY 3HAYEHUIO. DTO BEJAET K 3aKIIOUECHUIO, ITO
psan I'pamgm ne mmeer onpesenennoi cymmbl. OHAKO,
CYIIECTBYIOT AJIbTEPHATUBHBIE METOJBI CyMMUPOBAHMUS,
Takne Kak MeToJs de3apo, IpU KOTOPOM BBIYUC/ISETCS
cpejiHee 3HaYEHUE YaCTHIHBIX cyMM. [Ipumenenne sToro
MeToJIa K psiLy ['paHau NpuBOIUT K pe3ysbTaTy %

OparmenT u3 nyosmkanun: "MareMaTuK-MOHAX HAXOIUT
60KeCTBEHHOE B Iapa IOKcaJIbHOM psijie ancen'21:49 / 16
aprycra, 2024 Vcrounuk Securitylab.ru

Yurareseii, 3Hakombix ¢ mapagokcom "Kor [péaunrepa takas
KBAHTOBasl HEOIIPEIEJIEHHOCTD He YIUBJSET. DTO eIé OIuH
[pUMeD CBS3H apudMeTHKE (B JTAHHOM CJIydae MOKHO MOBO-
PUTH O crrocobax 000CODIEHIST YUCET 38 CIET ACCOIUATHBHBIX
[PaBIJI) ¢ KBAHTOBOW MEXaHUKOI.

15 T'unoresa Pumana u ¢usuka

Jzera dynkius Pumana 1mo3BojisieT BBIYUCIUTE Y2Ke pPac-
CMOTPEHHYIO HAMHU IJIOTHOCTH PaCIpeesIeHns] BEPOITHOCTI
dynkuo Pumana m(x) u umeer TecHyio cBA3b ¢ (PU3UKOI
[Tax11|. 3amaua, nsBecTHas Kak rumnore3a PuMana, mpejcras-
JisieT coboit oy u3 HamboJsiee CJI0YKHBIX TPOOJIEM B COBpe-
MEHHOI MaTeMaThKe. Ké 3HaINMOCTD JIIsi HAyKN HACTOJIBKO



15 T'unoreza Pumana u dpusuxa | 95

BeJIMKa, UTO KayKJ0€ IPOJBUKEHNE B €€ PEeIeHNH sIBJIsieT-
cd 3HAUNTEIbHBIM coObITreM. ['unoresa Pumana, spisercs
oxHoit m3 cemu [Ipobsiem ThicadeeTus, KOTOpble OBLIN 000-
snaveHbl Kak «IIpobsiembr ['unnbepray XXI Beka 3a perienne
KaxKJ0ii 13 KOTOPhIX MareMarudecKuM UHCTUTYTOM Kirast
oberana Harpaja B oauH MujLtnoH jgosmapos CIITA.

['unoresa Pumana yTBepK/iaeT, 9TO BCe TOUKH, B KOTOPBIX
J13eTa-PYHKIIA 00paIlaeTcs B HOJIb, JIeXKaT Ha OJTHON Ips-
MOil, 38 MCKJIIOUEHNEM TPUBUAJIbHBIX HYJIEH, ABJIAIONIUXCS
OTPUTIATETbHBIMU IETHBIME YncCJIaMu. B cBa3u ¢ OypHBIM
pPa3BUTHEM TEOPUU YHUCEJ U KPUITOrpaduu, 3T0 yTBEPK ie-
HUe IIPHoOpesIo BayKHOe IIPHUKJIQIHOE 3HAUYeHNe, B YaCTHOCTH,
OHO OIUCBHIBAET paCIpejiesIeHNe TPOCTHIX YHCe.

@HSHK&M YAaJIOCh 9aCTUYIHO YCTaHOBUTDL B3aMOCBA3b MEXK-
JIy 9TOi abCTpaKTHON MaTeMaTudeckoil 3agadeit [Rem21| u
KOHKPETHO! (PU3MIECKOii CHCTEMOli — KBAHTOBBIM OIMCAHU-
€M JBU2KEHUA IJICKTPOHaA Ha IIJIOCKOCTHU ITIO BO3IL€IU/ICTBI/IQM
ssiekTpoMaruuTHoro mosst. Cm. Takxke [OBY21].

[Rem21]:  Remmen (2021),
«Amplitudes and the Riemann
Zeta Functions

[OBY21]: OBYMHHUKOB
(2021), «BOJIBIIINE YNCJIA,
I[IOPOXKJJAEMBIE JI3ETA-
OYHKIINEN PUMAHA»
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1 Introduction

For nearly four centuries, the mathematical community has
been engaged in the pursuit of a solution to Fermat’s Last
Theorem. A proof of more than a hundred pages has been
developed by experts in number theory, but it is not feasible
to provide a comprehensive summary here. Let us attempt
to examine Fermat’s theorem from the vantage point of
physics and geometry. From these vantage points, Pierre
de Fermat was able to identify a solution, the core tenets
of which could be schematically represented in a relatively
expansive margin of the book, as illustrated in multiple
diagrams. However, the paradigms that have prevailed in
mathematics for centuries have proved to be a significant
impediment in finding a solution that is effective in the
modern context. Those with a sceptical outlook continue

to believe that Pierre de Fermat was most likely mistaken.

However, the consistent application of the basic principles
of physics, geometry and thought experiment encourages
a different way of thinking. The story of the discovery of
Fermat’s theorem should be included in school and university
training programmes. Indeed, the essence of the proof can
be expressed in a single formula and a single drawing.

2 Discussed questions

Why are a ball and a cube homeomorphic? And what is

homeomorphism? What role do isotropy, symmetry, homogeneity

of space play in the search for mathematical proof? Why is
there a fatal conflict between form and content in Fermat’s
Last Theorem? After discussing these questions, we will
make generalisations and conclusions about the fundamental
properties of our universe. Fermat’s Last Theorem (FLT)
was formulated by Pierre de Fermat in 1637, it states that
the Diophantine equation is true:

a" +b" =" (2.1)
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4 Fermat’s Last Theorem on the school Globe

has no solutions in whole numbers Z, except for zero values,
for n > 2. The case degree of two is known in the school course
under the name Theorem Pythagoras. Euler in 1770 proved
FLT for n=3, Dirichlet and Legendre in 1825 - for n = 5, Lame
- for n = 7. In 1994 Prof. Princeton University Andrew Wiles
[Wil95], [BGI4] proved, for all n, but this proof, contains
over one hundred and forty pages, understandable only to
high qualified specialists in the field of number theory.

The field of Diophantine equations encompasses both Fermat’s
Last Theorem and Pythagoras’ theorem. At the II International
Congress of Mathematicians in Paris in 1900, the German
mathematician David Hilbert presented a list of 23 mathematical
problems [Gil00], including the Tenth Problem, which can
be expressed in a few words as follows: Let us define a
Diophantine equation with arbitrary unknowns and integer
rational numerical coefficients. We must then specify a method
by which, after a finite number of operations, it is possible
to determine whether this equation is solvable in integers or
rational numbers.

170 years later, the Soviet mathematician Yuri Vladimirovich
Matiyasevich proved that there is no general algorithm see
also a popular publication in the magazine "Quantum for
some cases, can understand whether the Diophantine equation
is solvable without resorting to calculations, relying on the
methods of geometric algebra, symmetry, analogy and fundamental
properties of multidimensional space, see [Avd22].

FLT is formulated by Pierre de Fermat in the margins of the
book Arithmetic of Diophantus of Alexandria (III NE). Pierre
de Fermat wrote in the narrow margins of the book that he
had found a truly wonderful proof, but the narrow margins
did not allow him to present the proof in full. Subsequently,
descendants slandered the French mathematician, and considered
that he made a light judgment, in other words, bragged and
lied. The basis for this statement was the canonized proof of
Andrew Wiles, for more than a hundred pages, for which he
was awarded the prestigious Abel Prize in 2016. Subsequently,
Andrew Wiles became dean of the Mathematics department
at Princeton University, part of the Ivy League. But the
scientific search cannot be stopped even after the most
prestigious awards have been handed out, and the disharmony
between the short wording and the complex proof of FLT only
encourages audacious research. - Why not prove it easier?
Truth is a process, not a finale.
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3 Human mind vs Artificial Intelligence?

Are there short and simple ways to prove the Fermat’s Last
Theorem? To understand this is it necessary to waste one
hundred or more pages and help of Artificial Intelligence?
We refer to five hundred page work of Shinichi Mochizuki
Japanese mathematician working in number theory and
arithmetic geometry from Kyoto University, dealing with
the ABC conjecture in Number theory [Harl7|. But there is
another approach. Minhyong Kim, a mathematician at the
University of Oxford said: It should be possible to use ideas
from physicists to solve problems in number theory, but we
haven’ t thought carefully enough about how to set up such
a framework And one more his quotation: We are at a point
where our understanding of physics is mature enough, and
there are enough number theorists interested in it, to make
a push).

The answer to the question whether there is a quick and
easy way to prove Fermat’s Last Theorem is yes! And this
method involves a series of mental experiments. Consider
a construction of three concentric nested n-cubes or balls,
with centres at the origin, with edges or radii just equal to
natural numbers a, b, c. It should be noted without change
generality that the natural numbers in formula (2.1) are
related asa < b < ¢, and the situation of equality of edges
a = b is excluded due to the irrationality of /2. The case
of negative numbers can be considered by moving term into
another part of the equation and substitution of variables -
it is enough prove the theorem for the case of a, b, ¢ € N;
and generalize the result to whole numbers Z.

4 Mental experiments

Mental experiments are hypothetical situations used to explain
a situation or a phenomenon, through which would be the

results, if the experiment actually occurred. In other words,

a mental experiment is a resource of the imagination (it

consists of narrating a fictitious situation), which has enough

logic to make it possible to imagine coherent results, so that

these results allow us to explain something.

[Harl7]:  Hartnett  (2017),
«Mathematicians Explore
Mirror Link between Two
Geometric Worlds»
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If you take the three nested n-cubes here symbolically depicted
on the planea-Small cube, you layer around it a certain
number of unit cubes, create theb-Middle n-cube, layer
another certain number of layers, create c-Large n-cube,

where volume of a-Small n-cube is equals to volume of
difference of c-Large and b-Middle n-cubes. Note: the edges
of n-cubes are whole numbers a.b,c. The same approach is
sutable for concentric balls with radii a < b < ¢ natural
numbers, where volume of B} = volume of B} - volume of
BZ. Note for n > 3 instead of volume should be measure
defined below.

Puc. 4.1: Concentric n-Cubes and balls with natural numbers edges / radii a, b, ¢

You have got a construction that doesn’t really exist in
nature for the case n greater than two, it’s amazing! You
will never be able to put each point / unit cube from a small
ball B} in correspondence with another point / unit cube of
this subset of layers between the middle and the large one or
B?\BZ. in such a way that you do not destroy the symmetry
of the construction and do not allow voids.

In general, these subsets are not equivalent. This is the
main idea of the proof. The reason is that this figure has
the property of central symmetry and does not contain any
inhomogeneities. As a result, each layer in this figure is
not comparable to any other layer. So each layer in this
figure is not reducible to another layer. Additivity conditions
and axiom of measure do not work here. In other words,
it is impossible to speak of an addition of volumes. The
mathematicians of ancient Greece introduced the concept of



incommensurability of linear segments. We will make sure
that arithmetic operations of comparison or reduction of
layers are prohibited.

5 Objections

Why did Andrew Wiles need more than a hundred pages
to prove it, when half a page is enough, or six faces of a
wooden cube for a child? Rospatent found the author guilty of
plagiarism with Andrew Wiles’ prove, for which he received
an Abel prize in 2016. Rospatent refused to register the
author’s patent No. 2021501435/49 of 20 March 2021 for
an industrial design in the form of a wooden cube with a
proof of Fermat’s Last Theorem on it under the pretext of
violation of public morality. Rostpatent’s claim of plagiarism
of the proof does not stand up to any criticism because the
proof you see is original and new and it really brakes the
stereotypes formed in science about the absence of a short
proof of this theorem.

6 Symmetry. Isotropy and homogeneity of
space.

We distinguish between a ball and a sphere that surrounds
the ball. The sphere is the so-called layer for the ball or
n-cube underneath. A sphere has one unit less dimension
than a ball. This is clear from physics and maths lessons.
Remember the formulas for the length of a circle 2R and
the area of a circle mR? , the area of a sphere %T[Rg and
the volume of a ball. It is interesting to imagine that in
the one-dimensional world we would have such an open ball
in the form of a segment, excluding its endpoints or zero-
dimensional balls located at a distance r from the origin.
Below is a sphere of dimension n - 1. This is also a sphere,
but of smaller dimension. It is no coincidence that there is a
sign of homeomorphism = of figures here.

Let’s imagine that we dissect our n-dimensional ball by
hyperplanes, starting with the simple case of four-dimensional
space. What do we see? This three-dimensional ball centred

5 Objections

103
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Puc. 6.2: Dimensions
hemispheres and planes

of

on the origin is the result of the intersection of the 4-
dimensional sphere with the 3-dimensional subspace R3.
You can see the equator on the sphere. Here we see the
northern and southern hemispheres, the equator is excluded.
The equator becomes a meridian when you rotate it ninety
degrees.

SN\ S = R! T p §%\5! = R? "‘“"’"»\‘“

Now, for the case of the 2-dimensional plane, the open ball
becomes the familiar circle, excluding the 1-dimensional
sphere already considered. Finally, for the 3-dimensional
case, we have the usual ball resembling a football, closed by
a 2-dimensional sphere. Again, we exclude any meridian from
the sphere. As a result, we know the sequence of geometric
elements on the sphere from dimension 1 to n-1. These are
the so-called hyper-meridians, which will be useful to us in
the future.

Imagine a cascade of spheres and an enclosing meridian for
the largest sphere. If 3 is a triple of natural numbers a, b,
¢ (see the existence quantor 3 for a short notation), then
in this case we can map every point of space in this interval
between the middle sphere and the big sphere into a small
sphere k ﬁjc " ldr = kfoa r"~1dr, where k - some coefficient
depends on the dimension of space n. And since this whole
construction is symmetric, this means that any surrounding
of these spheres can be mapped into a set of spheres. Note,
that S™\S"~! = R™,dim(S™) = m, where R™ is the space
dimension of m, see Figure 2 above.

{S]'} — {....S;} (6.1)

which means that the set containing only the element layer
S;j is mapped to the set of the layer containing the element
Sj by equivalence function, i.e. point to point is mapped in
Ni unit to unit 1" + 1". In other words, there is a certain
equivalence function F(X) — Y mapping the open set X to
the set Y. Each image has a preimage. When explaining the
integral, teachers often operate with the notions of splitting
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a figure, a ball B” into separate pieces or differentials S”~1,
like cutting a lemon, which are later reassembled into a
whole. It is more usual for high school students to talk
about integration, but the application of higher math will
be unnecessary here. Enough to write the equation above. In
our construction of a set of continuously following spheres
forming open spheres, regardless of size, always a large sphere
contains a smaller sphere, in its turn a smaller sphere, and
so on. In primary school we study the texture of a cut tree,
the layered structure of the Earth’s crust in a section, the
traces of layers on a probe taken from a super-deep well - all
are examples of induced topology. Fermat’s Last Theorem
excludes the existence of such a symmetric construction,
given the conditions of equivalence and continuity. Why not?
To understand this phenomenon, we need to analyse equation
(6.1) by elements:

Tabsuna 6.1: Any spheres from preimage can be mapped into image by each element separately.

Sphere | Element™-* | ... | Element® -sphere | Element! -circumference | Radius
m m\ gm—1 2\ ¢l T\ cO0 ;
S]. S]. \S]. e S]. \S]. S]. \S]. j
l l . l l -
S Sl’.”\SZT”_1 e Sf\S} S}\S? i
=T 7\ al T 1\ a0 .
S5iL SI\STT | Si-1\Si Si-1\Si1 -]

Each layer contains elements of dimension 1 to m = n-1. The
observation structure has been layered from the periphery j...
i, (i-1) towards the centre therefore, the indexes are listed
in descending order. The equivalence function maps each
element of the layer S; separately to the set of elements of
the corresponding dimension.

To ensure the simultaneous matching of the elements of the
layer more than to one dimension is impossible due to the
unsolvability for n > 2 of the stipulated below system of n-1
equations), where i and j means natural radii of concentric
spheres:

[ Lo (R ) L S
6.2
PER-1) 4. (6.2)

j=i+(@-1)+...
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Each equation has at least two or more terms. This series
of equations continues from n-1 to the power of 1. Any
element of arbitrary dimension can only be mapped by the
equivalence function into an element of the same dimension.
In other words, there is a construction similar to what we
have done: a set of successive spheres around the origin form
a ball. The structure of the layers is determined only by the
dimensionality of space and does not depend on the geometric
size of the layer. The condition of equivalence or equality
of volumes (more precisely cardinality for a set of points
for any n-dimensional space) of the mapped layers means
that any arbitrary layer of a large sphere can be mapped
into a natural number of layers of a set of successive small
spheres.

The number of layers in the image on the right side of each
equation is > 2, since 2 is the natural number after 1. This
leads to a system of equations that is unsolvable even in real
numbers. You can check this with the triangle inequality
||x +y|| < |lx|| + ||y|| for metric space, where the sum of
the lengths of the legs of the triangle is greater than the
length of the hypotenuse, except for the zero case, which is
excluded by the conditions of Fermat’s Last Theorem. If the
number of terms in the system of equations (6.2) is more
than two, you can concentrate on the last pair of equations,
where x? is the square of the length of the vector and x is
the projection of that vector onto any fixed axis, and then,
using the associative law for terms of the same dimension,
reduce the problem to the triangle inequality.

7 Why do Pythagorean triples only 3 on
the 2D?

Pythagorean triples were known to mankind thousands of
years before Pythagoras himself was born, since the time
of the Sumerians, who used them to solve trigonometric
problems easily. What are the special features of a 2D plane
compared to an n-dimensional space, n > 37 To find the
simplest answer, we can use the good old reel-to-reel tape
recorder, where the tape is wound from the left reel to the
right reel or vice versa. In this case, the sum of the areas of
the left and right tape circles remains constant and is equal

to the thickness of the tape multiplied by its length. Let’s



7 Why do Pythagorean triples only 3 on the 2D? | 107

assume that we have captured the moment when the left side
of the spool has a radius j greater than the right side of radius
i. When we talk about the need to maintain the symmetry
of the figure when displaying or moving a layer continuously,
this means that one turn of the tape on the left should fit
into the whole number of turns of the spool on the right: two,
three, four, etc., but not fractions, otherwise the condition of
maintaining symmetry when moving or displaying layers will
be violated. In fact, the partially filled layer has a symmetry
defect, it is asymmetric. If we can make a ribbon of any
thickness, then for any given ratio of the radii of the coil
circles we can easily achieve symmetry in this model, namely:
one layer or coil on a large coil is equivalent to a set of
complete coils or layers on a small coil.

For V wapeézolds {

Lol 3 i,_| and scale g

- ¢ Q

n n nn nn
a (1 ¥ ]'J y x ¢

Hypercube=2n regular hyy
¢® 18 hOomogs
forn=2butnotforn=>3

Actually, this is not a single layer, but an ordered set of layers
{S]-...} — {...S;}. In the prototype, S; is the first element,
and in the image, S; is the last element. This implies that
the integer radii of the layers are j > i at least j =1 +1
otherwise one can simply rewind the tape or change the coils.
For the number of terms in system of equation (6.2) greater
than two, one can focus on the last pair of equations, where
x? is the square of the vector length and x is the projection
of that vector onto any fixed axis, and then apply the law
for terms to reduce the task to the triangle inequality.

Note that the picture is similar in the case of an n-cube
(defined below) of dimension 2 or, more simply, a square
on a plane. Because of the symmetry, it is convenient to
concentrate on studying a single segment formed by rays
emanating from two adjacent vertices and apply the formula
for the area of a trapezium by the product of the length of
the median line by its height on the right). As a result, the

Puc. 7.3: On the right.
Equivalece of layers on
the 2D plane for circles
and squares. On the left
Rejection of the author’s
application for industrial design
No0.2021501435/49 of 20 March
2021 Photo of the face of the
3D cube
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volume is stored measure as a subset of layers mapped into
a set of successive and continuous layers closer to the centre,
and the symmetrical shape of the structure under study.

It is not necessary to be able to integrate

It is not necessary to be able to integrate in order to
calculate the volume of a (hyper)pyramid - it is enough
to learn how to dissect a (hyper) cube into identical
hyperpyramides by number (hyper)faces. And don’t just
limit yourself to correct (hyper) pyramids. To do this,
you can mentally fill the pyramid with liquid, placing
it in a homogeneous gravitational field, you can apply
Pascal’s law and notice that the pressure on the base of
the pyramid depends on the weight, mass, volume of the
pyramid, but ultimately, it is uniquely determined by the
height and area of the base, regardless of the shape of

the pyramid. Apply the resulting formula %S to 2D, 3D,
4D . . . and make sure that it corresponds to the area
of the triangle and the volume of the pyramid known
from the school curriculum. Remember that the area of S
corresponds to the measure of the face of dimension n-1.
Creative imagination simplifies calculations and makes
integration unnecessary in some cases!

The figure 7.4 resembles a square-section stranded cable,
where only axial symmetry is observed, but not central
symmetry.

Tabauna 7.2: Symmetry in four-dimensional space n = 4.

Symmetry with Symmetry along Where the point
. the subspace || : :
Symmetry with | respect to the . . will be displayed
by  Dimension . .
respect to: subspace L by with coordinates
dimension (degree of (x1, x2, X3, X4)
symmetry) 1, A2, A3, X4
I II [T =n-1II v
Cubes along the
axes Xl/ le X3 3 1 (xlr X2, X3, _x4)
Planes (Xl X Xz), 2 2 (xl, X2, —X3, —X4)
Axes X1 1 3 (xl, —X2,—X3, —X4)
Points at the
origin and center | 0 4 (=x1, —X2, X3, —X4
of all hypercubes

What prevents us, in the case of three or more dimensional
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Puc. 7.4: An example of a Pythagorean triple in 3D. Only the axial symmetry is observed. A figure
corresponding from the standpoint of set theory to an arithmetic expression (5%\4? = 32) x 5!

space, from "unwinding"layer by layer (sphere by sphere)
from a large sphere into a small one, like unravelling a
knitted thing from a woollen thread? Let’s try to consider this
question from the perspective of "pure mathematics for which
it is necessary to briefly consider some concepts of set theory,
continuity of functions, metric topology, homeomorphism,
pairwise non-overlapping equivalence classes.

At school and university, in physics, geometry, drawing,
engineering graphics or 3D modeling classes, students are
used to working with axial symmetry, symmetry relative to a
plane built on certain axes, as well as with central symmetry.
It is easy to generalize the above table to the n-dimensional
case.

What prevents us from carrying out a similar experiment in
the case of three and more dimensional space? To answer this
question, it is necessary to briefly consider the concept of set
theory, continuity functions, metric topology, homeomorphism,
pairwise disjoint equivalence classes.

The FLT proof boils down
to solving the problem of an
irreconcilable conflict between
a centrally symmetric shape
and content in a construction
of three concentric spheres
BZ\B, # Bj with integer radii
a,b,c € Q for the case of
the dimension of the space
n > 2, since symmetry and
the condition of preserving
the measure (volume) under
equivalence relations would also
have to be fulfilled for an
arbitrary "large"plane mapped

into a set of "small"planes, but
ﬂ{S]'} — {...5;}. It is the
conflict that is formulated on
the title page of the monograph.
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8 Continuity. Homeomorphism.
Equivalence classes

Russian figure skater Kamila Valieva, she is plastic, she
performs a beautiful smooth dance. You can see Kamila
Vialieva doing different figures and these images are reversible.
You can play the film backwards. Similarly, imagine a certain
function f(X) — Y mapping the open set X to the set

Y. Each image has a preimage. And for And for mutually
reversible functions f~}(Y) — X. In this image, a point can
have an open neighbourhood, for instance in the form of
ball. Suppose that point A is completely mapped onto this
neighbourhood of point B. This is the definition of continuity.
Speaking of homeomorphism, we note the interesting transformation
of a mug into a torus and vice versa. In terms of topological
theory, equivalence functions help to prove Fermat’s Last
Theorem from the other side by the impossibility of constructing
three concentric balls defined above with the centre at the
origin and with integer radii such as B?\BZ — B!’ in homogeneity
and continuity space.

9 An understanding of Set Theory.

The following information is essential for an understanding
of set theory. 3D modelling offers great opportunities to
demonstrate the operations of intersection, union and subtraction
of sets. And this is the notation of an empty set (). Here is
the notation of a universal set U. In the Euler-Wien Diagram,
the universal set corresponds to the whole rectangle. Basic
knowledge of the complement of a set wood be useful [6].
Chessboard - well known illustration of the Cartesian product
denoted as X. But why only numbers? The most common
metal hammer on a wooden handle can be seen as the result
of operations of difference of sets, such operation as union U,
intersection N, subtraction \. The author urges the reader to
turn to mathematical forums, online courses and a reference
book for initial information in the listed areas of knowledge.

When working with 3D figures, you can see the advantages of
knowing the basics of set theory and, in addition, check the
effect of distributive rules when expressions can be rewritten
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in two ways. For example, it is easy to get a cascade of
spheres, see formula (6.1) above and table 77.

10 Cardinality of Set and Equivalence
function

The cardinality of a set is nothing more than the number
of elements in it. This concept is easy to understand using
examples. Consider the set A = {A, A, A} of triangles and
the set B = {%, %, %, } of stars. These sets are called equal-
power sets because they have the same number of elements,
denoted by these symbols A is equal to B or |A| ~ |B|. It is
easy to see that the set of natural numbers N is equivalent
to the set of integers Z, because each pair: 1 +— £1, 2 > +2,
3 — £3 and so on is numbered with one number. Such a
set is called a countable set. The set of natural numbers
N is countable. And the set of rational numbers Q is also
countable. The mathematician Georg Kantor proposed an
original way to approach each number as a fractional division
p of q. Imagine a large cinema with rows p and columns
q. You walk around this cinema like a checker to find a
stowaway, but you follow the diagonals obliquely, going for
example to the upper left corner, and now you start moving
along the zigzag line and gradually examine each seat in this
infinite cinema, you will find a stowaway.

So the set of rational numbers Q is countable. In the case of
the real numbers R, which include irrational numbers that
cannot be represented as fractions, this is not true.

It is important to remember that when we talk about relations
of continuous and mutually reversible functions, we can
only compare spaces of the same dimensions. Let’s take
a pencil, for example. You can imagine a point source of
light illuminating it from above, and this vertically oriented
pencil is mapped to a point, but you can’t do the inverse
transformation from a point back to a pencil, because the
principle of mutual unambiguity is violated. The antipode
of mutual unambiguity is, for example, the axiom-defined
operation of measure f : R" + R over sets or the volume
of a figure for the 3D case. Measure has the property of
additivity.
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Puc. 11.5: Nested n-Cubs and
Balls

11 Metric topology

Author is forced to resort to set theory, binary functions
and the basics of topology [5]. A collection of sets in the
form of open n-cubes e” with the centre at the origin, i.e.
the Cartesian product of the open segment e" = (=5, —5)"
defines the base of the topology Q in the metric space R"
[clause 3.1. in 4] The equivalent topology is set by a set
of sets in the form of open balls - only their metrics differ:
max(x;) < r , for the first and X7 x]z < r? for the second
[clause 4.3. 5|. Below, under the words hypercube and layer,
an open sphere of dimension n, radius r B} and its closure
- a sphere §77! of dimension n-1 and radius r will also be
used.

The structures defined by these

bases are the same
The set of all B.(R) is base

Cubes of topology
"max(x,y) <r Px2 +y?2 <2
Pmaxix,, ;.. X )<t PX2 X2 4. 0 2= R
»Sin-1) » G(n-1)

0eZ*cRe
@ .
\
: e
y ‘: :‘l

The structures defined by these bases coincide. You say
that metric topology is defined here, and we have a metric

space. So a sphere and a cube are the same, just slightly
deformed in topology. Compare this cubic watermelon and
the rounded cube. Let’s imagine nested open balls. Because
the spheres themselves that enclose the ball do not belong
to this set. For the n-dimensional case everything works the
same way, but here instead of two coordinates there are
n coordinates. The sum of their squares is still less than
the radius R squared. What about cubes? - The picture is
not fundamentally changed, just used a slightly different
metric, where instead of the square is substituted function
maximum value of X or Y less than the radius R for the case
of n-dimensional space we will have n variables listed here.

A similar pattern of nested layers to the Russian Matryoshka
doll can be seen on the two-dimensional plane piercing
the n-cube. We would like to emphasise piercing and not
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dissection, because from the basics of linear algebra it is easy
to understand that a cube is dissected by such a plane into
two disconnected spaces, and for a higher dimensional space.
Starting from the tesseract, a 2D plane can be enclosed by a
continuous contour transverse to it. The picture resembles
a baked apple on a skewer. In fact, from the linear algebra
course, if AX = 0 then rank(X) = n - rank(A) = n-2, so
starting from 4D, the plane can be threaded like a thread
through the eye of a needle. Unfortunately, this revealing fact
is not understood by some scientists when they encounter a
chain of n-cubes nested inside each other!

For the balls situation is self-evident. But we have seen that
in topology a ball and a cube are homeomorphic to each
other and are easily transformed into each other as a result of
deformation without breaking the space. It turns out that on
a perfectly smooth homogeneous surface of an n-dimensional
ball there are geometric elements of all dimensions from 1 to
n-1 hyper-meridians. For the case of a n-cube of dimension
two or, more simply, a square in the plane, the picture is
similar. What prevents us from making a similar experiment
for the case of three and more dimensional space? To answer
this question, it is necessary to familiarize ourselves with the
concept of pairwise disjoint equivalence classes.

12 Pairwise disjoint equivalence classes

Look at a photo of the Taj Mahal, a monument of Indian
architecture. It has symmetry with respect to the vertical
axis passing through its centre. We can say that the mirror
just plays the role of an equivalence relation. Symmetry is
one of the types of equivalence functions.

There are other examples, such as homeomorphic figures
already familiar to us, such as displacements, rotations, and
so on. Note that the Taj Mahal is made up of different
elements, columns are mapped into columns, domes into
domes and there is no mixing. Another example is chess.
While the game is played on parity, pawns are exchanged
for pawns, light pieces: Bishop, Knight - for light pieces,
heavy pieces Rook are exchanged for Rook or Queen for
Queen. These are pairwise disjoint equivalence classes. The
equivalence function deals with each class separately, it is

113
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easy to prove strictly mathematically. There is no mixing
going on.

S| ~={Sn-1\Su-2, ... 52\51, 51\S0} (12.1)

(in particular, for n = 3 these are two hemispheres excluding

a circle in the plane (0,x,y), a circle excluding two endpoints
[0,0,-7/2],[0,0, r/2]. The expression S| ~ denote factorization
of layer useful for analysis of its elements. Each of the
listed classes has the dimension of the subspace to which it
belongs

Su\Sm-1=R"™, dim(S) =m. (12.2)

Applied to our construction of three concentric spheres or
n-cubes. Any element of any dimension can only be mapped
to an element of the same dimension by the equivalence
function. Let’s focus on the formula layer {Sj} — {...5;} in
a collection of layers. Such a formula is called a restriction
of equivalence relations to a layer, as if the set had been
placed there with a stencil. Because of the central symmetry,
the image of a layer should also be symmetrical - the set of
continued layers.

13 Chain of n-cubes

As mentioned above the a-Small n-cube a” is the set of layers
indexed from 1 to k, theb-Medium b" is the set of layers
from k+1 to k + 1 and the c-Large ¢" is the set of layers
from k+1+1 to k + 1 + m. The layer is defined as the subset
difference S; = e;\e;_1, 1 > 1, where e; denote n-cube with
edge i. Here below is a totally ordered set of layers (also
named as simply ordered set, linearly ordered set. Sign <
):

eo0CegCeyCeryem S U (13.1)

or
60 <851 <Sy++ < Spymel (13.2)

The first hypercube ey denote 1" or 2", in parity, but given
the enclosures below, this detail is not leads to qualitative
differences. A set partition one can see above. A chain of
sets (6) define a topology in Z". On the other hand, this
formula describes a one-dimensional probe penetrating three



13 Chain of n-cubes | 115

nested hypercubes through a common centre. The result of
the Cartesian Product of two orthogonal probes can be seen
in 4.1 above, so the researcher can obtain a two-dimensional
plane regardless of the space dimension.

Definition 13.1 The layer is defined as the difference of
subsets S; = e;\ej_1, i> 1, where e; denotes an n-cube with
edge i.

The topology of n-cube is induced on this subset because
0€ Z%> € 7" € R" . There is no parallax effect.

Puc. 13.6: The construction of
one layer (left) and set of layers
in the octant (+, +, -)

Let’s try to create a construction in OpenSCAD

//***********************************************

// Listing 1 Layer.scad

// This program creates a 3D corner from

// elements of different dimensions (2-D siding)

// a pair of corners 1-D and the vertex of the cube 1°n -
0-D

// The vertex of the corner is at the beginning of the coord.

// (center=false, not center=true)

| [RRRRR AR A AAAIR A AR AAAI Ak

q = 5; // Sets The Scale. Do not forget the sign ";"

edge = 5*q; // Edge dimension n-cube

step = 1.5; // Step or gap step >= 1

cube(|edge,edge,1],center—false);

// Lower face of the cube, orthogonal Y, edge size

translate(|edge + step,0,step]|)

// Moving the course to a point with a coord. (x,y,z)

cube([1,edge,edge|,center—false);

// The face of the cube, orthogonal to the X axis

translate([edge + step,0,0])

// The translate operator without ; is followed by a figure

cube([1,edge,1],center=false);

// The edge of the cube located across the X-axis
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translate(|0,edge + step,0])
cube([edge,1,1],center—false);

// The edge of the cube located across the Y axis
translate(|0,edge + step,step])
cube([edge,1,edge|,center—false);

// Cube face, orthogonal Y axis
translate(|edge + step,edge + step,step])
cube(|1,1,edge|,center—false);

// The edge of the cube, located parallel. Z
axes ranslate(|edge + step,edge + step,0])
cube([1,1,1],center=false);

// Vertex of the cube.

As a result, you will get a layer, and together with the
program cycle:

for (j = [1i:-1:1]) //Slightly modified listing 1}

to build layers from the periphery to the center, the counter
j=1,i—1,i—2...11is used - a set of layers or, more simply,
a corner is formed, as in the figure 13.6

[Tanl5]:  Tansuepun (2015),

The dimension of the n-cube layer can be seen from the well-
MmuoromepHsIit Ky6

known Newton’s binomial. See also [[an15] To understand

what elements an arbitrary layer S; consists of, use Pascal’s
n!
triangle, in which the coefficients C)} = ——————, the
m!(n —m)!
number of combinations are written in rows, and each coefficient,
with the exception of the extreme ones, is obtained by
summing two adjacent ones located a row above, here are its
first lines: 1-2-1, 1-3-3-1, 1-4-6-4-1, etc. as in the table 13.3

Tabmnna 13.3: Pascal’s Triangle ) the margins of the book.

n | Binomial. coefficient.

1 1 As a result, the senior member of the polynomial below

2 121 disappears, and the degree of the polynomial decreases to

3 1331 n-1. The sign of the sum 3] can be replaced by the union

4 1464 1 sign U. The dimension of the n-cube layer can be seen from

5 1510105 1 the decomposition of Newton’s binomial. To simplify its
appearance to one layer, use Pascal’s triangle, where the

binomial coefficient is written in rows. As a result, the higher
term of this polynomial disappears and we are left with the
highest degree, n minus one. You can replace the sum sign
>, with the union sign U. Here, understanding the structure



of the layer gives the following formula

k=n-1
Si=({+1)"-i"=¢j41\e; = U Crliikln_k (13.3)
k=1

Look at this corner (13.6 left). And this is a cascade of corners
(13.6 centre) that together form a cube (13.6 right). The
Cartesian product of a linear segment per square forms a cube.
This shows that the principle of dimension is respected. The
above formulae are derived from the Newtonian binomial and
describe the plane as the difference of successive hypercubes
with a common vertex coinciding with the origin.

Another way of representing the construction under study,
"the origin of the coordinates located at the centres of the
hypercubes is obtained by iterating n reflections of hyperplanes,
i.e. multiplying by 2", which does not fundamentally change
the nature of the formula. Both geometric constructions are
transformed into each other by reflections from hyperplanes
perpendicular to each of the n coordinate axes, or by cutting
and scaling the figure. Each layer of the hypercube has
elements of dimensions n-1, n-2, ... 1 (hyper)faces, and the
edges of such elements are described by the formula %177 -
i.e. cuboid. If we neglect the binomial coefficients, then the
resulting formula coincides with the one previously obtained
to describe the structure of the sphere (12.1)

In the case of a square (n = 2) n in the plane, see above Figure
7.3 on the left the formula for the area of a trapezoid by the
product of the length of the median line by its height. As a
result, both the volume, the power of subsets, in the form of a
plane mapped into a set of successive and continuous planes,
and the symmetrical shape of the structure are preserved.

It is important to remember that when we talk about relations
of continuous and mutually reversible functions, we can only
compare spaces of the same dimensions. Summarising the
above, we can conclude that a point cannot be equivalent
to a linear segment, a segment to a linear square or a circle
in the plane, and these last figures to a three-dimensional
cube. It is only possible to establish a continuous, mutually
unambiguous correspondence between figures of the same
dimensions. The same principle applies to a discrete space
made up of elementary cubes. This is a clear demonstration of

13 Chain of n-cubes

the correspondence principle in science. The term "correspondence

117
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Puc. 13.7: L’ultima Cena The painting The Last Supper by Leonardo da Vinci demonstrates the parallax
effect. All the lines: the continuation of the corners of the walls, ceiling, and floor converge at the vanishing
point - on the forehead of Jesus Christ. This creates a sense of spaciousness

principle"is used in a more general sense to mean the reduction
of a new scientific theory to an earlier scientific theory in
appropriate circumstances, for example, Einstein’s special
theory of relativity reduces to classical mechanics at speeds
small compared to the speed of light.

14 Euclid’s Axioms in XXI

Euclidean Geometry is also known as plane geometry. It deals
with the properties and relationships between all things. It
is possible to supplement Euclid’s Postulates with elements
derived from elementary unit cubes lined up in a row, a
rectangle, a three-dimensional cube and so on. Note, that
we work in n-dimensional space!

Tabaumna 14.4: The postulates of Euclid in discrete space

Figure in Euclidean space R" Analogue in Z" Dimension
A dot 1" 0orn*
A linear segment A set of 1" lined up in a row it = 1771 1
A plane A set of 1" ordered in a square % 1"72 2

* depending on the situation.

In the digital age, we can supplement Euclid’s postulates
with the following elements derived from elementary unit
cubes lined up in a row, a rectangle, a 3D-cube, and so on.
The dimensions will be as if we were dealing with points.
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dx"

For example, 7~ = nx1

corresponds to formula (8). In
addition to the axioms of Euclid, it is useful to analyse the
constructions we have studied from the point of view of the
axioms of topology, which are well described in a number
of textbooks, e.g. We have already discussed the concept of
metric and topological space (see figure 4). From the axioms
of topology, the correspondence between a point in the space
R™ and an elementary n-cube 1" in the topological space ()
is even clearer. The elements 1" in a topological space can
be created by combining operations, differences, Cartesian
product of sets of elements with dimensions from 1 to n-1.
Note that the clause 0 or n, depending on the situation
in the first row last column of Table 2, means that in the
formula (8) above i¥1"7% of the cuboid the multiplier 1%
has no dimension. On the other hand, by partitioning the
space 1" +— e, i.e. an n-cube. Spaces of different dimensions
Q" = OF are homeomorphic if and only if n = k.

In fact, if Fermat’s Last Theorem holds for triples of whole
numbers, then the units do not matter, be they metres,
centimetres, millimetres, micrometres, nanometres, etc. This
means not only equality, but also the identity of the equation
of Fermat’s Last Theorem, or in other words, the independence
of the result from the division of the space. A unit cube can be
made as small as you like, but the essence of the phenomenon
does not change. This is important for understanding for this
student and for students who aren’t familiar with mathematical
analysis.

Separating a figure, let’s say the sphere S?\S!, from its
element - the equatorial circle. This is a legal technique
known from Euclid’s Elements from the third century BC
and from school geometry courses on the plane, stereometry
and drawing. Let us continue this thought. The sides of a
triangle or other polygon are mapped onto the elements
of another figure by parallel transfer/homothety /reflection
from the axis/plane, rotation and other means. Note that if
such a mapping is reversible, mutually unambiguous, then
a point remains a point, a segment remains a segment
(here dimensionality is preserved). The figure shows how
two equivalent correct 3D pyramids are mapped, e.g. when
looking at a hologram. The principle of equivalence means
that a small pyramid as a whole is mapped to a large 3D
pyramid, an arbitrarily chosen face is mapped to a 2D face,
a one-dimensional edge is mapped to a one-dimensional edge.

119
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Drawing and architecture are based on this principle, which
has stood the test of time for at least six millennia. Why,
in this situation, can we not select hypermeridians on the
sphere and expect each of these elements to be mapped to the
set of elements of the corresponding dimension?

Tested for millennia

Is it legitimate to isolate from the sphere S?\S?, its arbitrary
V element - the equatorial circle? - This is a legitimate

technique known from the "Elements"of Euclid, formulated

in the I1II century BC, and from school geometry courses on

planes, stereometry and drawing. induced topology. It has

been verified by architectural monuments for thousands

of years.

When we work with a decorative material, such as siding for a
house, it is common to measure it in square metres. Moulded
products, such as railings or skirting boards, are measured
in metres. But in reality, all of the above materials have
certain dimensions in length, height and width. However,
smaller dimensions are usually neglected. From the definition
of topological space and Euclid’s postulates, it follows that
a unit cube or unit of degree n corresponds to a point in a
space of dimension n. All the figures just listed are made of
such unit cubes.

They have the dimensions we are used to from the axioms and
the definition of topology. What is an axiom in mathematics?
- It’s the result of careful observation or a well-conducted
experiment. Euclid’s and topology axioms are based on the
principles of physics: homogeneity, isotropy, continuity of
space, symmetry.

15 A paradox

From the algebraic decomposition it follows that figures in
the form of a cube with a defect in the form of a missing point,
corresponding to the expression i"” — 1" a set of layers or
2" —1" alayer (in Z" provided central symmetry), indifferent
to elementary transformations, have a dimensionality one
unit less than the space in which these figures are created.
Given the above, such expressions and figures correspond to
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B"\point or S'~1. However, only in the plane is it possible to
simultaneously fulfil the conditions of symmetry preservation
and volume equality inherent in the Pythagorean Theorem.

Note that 22 — 1 is also a 1D figure in the central symmetry
space of Z", which is mapped to the 1D perimeter of the
square 1% layer by layer. This situation is normal, because of
the condition of one class equivalence for n = 2.

Dimension is not a trivial question in mathematics. There
is a great visualisation of Malderbrot’s fractal set, which is
defined by a recurrence formula, and such fractal sets differ
from our usual sets in that as you increase the scale of the
set, the same features are repeated infinitely. Imagine you're
looking at a map from a bird’s eye view, then you go down,
you get closer to this object, you see more and more details,
so these details show a more complex structure, it repeats
all the time. There are no arcs, no smooth curves or straight
lines. So the dimensionality of this fractal set is fractional.
It’s amazingly beautiful!

16 Journey to the vertex of the n-cube

Some respected scientists object that piercing the n-dimensional

cube with a two-dimensional plane is too simple and distorts
the complex structure of this cube. This misunderstanding is
caused by a poor representation of what the n-dimensional
cube actually is. To understand the structure of n-cube let
us apply the method of setting up an experiment in virtual
reality.

Astronaut Fyodor went into multidimensional space to make
a trip from the origin of coordinates and simultaneously the
centre of the 10-dimentional cube, whose faces are orthogonal

to the coordinate axes, to an arbitrary vertex of the hypercube.

The movements made by the astronaut imposed restrictions:

Puc. 15.8: Dimension of defect
cube 2" — 1 is n-1 in central
symmetry space of Z"
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allowed movements only in the direction or against the direction

of any of the n coordinate axes. Fyodor made n jumps: the
first one from the origin of coordinates to the centre of the
face of the highest dimensionality n-1, and all the rest - across
the first jump. At each step or jump, Fyodor changed the
direction of motion, turning at right angles.

Puc. 16.9: Fyodor made n
jumps: the 1-st one from the
origin of coordinates to the
centre of the face

The astronaut’s loghook after the experiment looks like
this:

» Starts from the Deceract in the direction of the axis.

» ['m moving into the Enneract in the direction of the
axis.

» Moving in an Octeract against the direction of the axis.

» Moving into the Hepteract in the direction of the axis..

» I'm moving into a Hexeract against the direction of
the axis..

» Moving in a Pentact against the direction of the axis.

Moving into the Tesseract against the direction of the

axis.

v

Moving into the Cube in the direction of the axis.
Moving to the Square in the direction of the axis..
Moving into the Segment in the direction of the axis..
Moving towards the Vertex against the direction of the
axis.

» Finish!

vvyYyy

(It is easy to guess that with the existing restrictions on
movement along/against the axis direction, Fedor will be able
to freely visit V of 219 = 1024 vertices of the hypercube.)

In the last three steps we, as three-dimensional beings, could
see the sudden appearance of Fyodor in the centre of a three-
dimensional cube from the invisible to us four-dimensional
space, followed by a jump to the centre of the wall, ceiling
or floor - at the discretion of Fyodor, after which from a
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2-dimensional square - a jump to the centre of the edge and
finally, the last step - arrival at the top.

Analyzing the two-dimensional and three-dimensional cases
and generalising the result to the n-dimensional case, it is easy
to calculate the length by formula % n of the distance from
origin of coordinate to vertex. The edge of an n-dimensional
cube lies in the hyperplane perpendicular to the height just
constructed and passing through the base of this height - the
point of intersection of the straight line with this edge.

Note, that from Fyodor’s point of view, all faces of the n-
dimensional cube are perceived not as n-dimensional, but as
flat figures.

Without changing the generality, we can arrange the indexes
of the coordinate axis in ascending / descending order and
get the following result in the form of the ship’s Log of
cosmonaut Fyodor. At the end of the flight, we turn to the
data of the autonavigator, where Fyodor’s observations and
directions of movement along each axis were recorded. From
the basics of combinatorics, it is easy to see that the number
of elements - the power of the set, consisting only of binary
elements zero and one, is 2" - exactly the same number of
vertices in the n - dimensional cube. In this experiment,
Fyodor started from the centre of the ten-dimensional cube
moved only in the direction (denotes as one) or against the
direction (denoted as zero) successively explored all of its
faces of dimension from nine to one.

It is important to remember that Fyodor on his way observed
multidimensional cubes with the effect of parallax. There
are a number of examples from astronomy, everyday life,
and works of visual art to explain this effect. Images of an
n-dimensional cube are mesmerizing in their beauty. Let’s
imagine a projection of an n-dimensional cube onto a two-
dimensional plane, for example, passing through the X, Y
axes, without the parallax effect. What figure will it be? The
answer is shown on Figure 1.. So, when we talked about
piercing an n-dimensional cube with a probe, the Cartesian
product of two probes perpendicular to different faces, we
worked with induced topology.

In fact, Fyodor investigated nested topological subspaces
0cQlc Q?c Q% - c Q in the original n-dimensional
space Q, they all pass through the origin, the index from

123
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above means the dimension of the subspace. For example, in
4D Q: 0 c (x,0,0,0) C (x,y,0,0) C (x,y,2,0) C Q.

A relative topology is induced in each of the subspaces:
concentric balls with a common centre at the origin with
radii based on natural numbers (Figure 4). The dimension
of the balls, m-cubes corresponds to the dimension of the
subspace. For simplicity, we can imagine the last three subsets
in this chain: in 3D - 2D- 1D subspaces, respectively: ball B
- circle B? -a linear segment B'.

17 Proof in a single formula and drawing

In the tradition of Indian mathematical treatises, the proof
is reduced to a single drawing and signature: Look! For a
physicist, it is usually enough to look at a 3D cube with its
faces or a globe with its equator to understand the proof of
Fermat’s Theorem.

Let’s imagine a construction corresponding to the expression
a" = ¢" — b" in n-dimensional space. On the left is a
symmetric figure of dimension n. On the right is a set of layers
with one dimension less. This set will be asymmetric (e.g. a
sphere with an irrational radius is asymmetric), or have an
irreparable symmetry defect or a violation of the continuity
of the layers for dimension n > 2 (see Fig. 7.3 above). When
talking about an irreparable symmetry defect, it is important
to apply the rules of dimensionality, compare the volumes
(capacities) for each element of the layer separately, and
then take advantage of the triangle inequality. Therefore,
an object whose fundamental properties are described in a
contradictory way 3a,b, ¢ € Q, such that By = B{\B; does
not exist in nature! - This proof is given very briefly on the
cover of the book. The central symmetry allows you to move
to a layered comparison, but 7 {S]-} — {...S;}. This is the
conflict formulated on the title page of the monograph.

When constructing equivalence relations, hemispheres are
mapped to hemispheres and an arbitrary meridian is mapped

to a meridian. In order to satisfy these conditions simultaneously,
it is necessary to ensure that the sum of the cathets is equal
to the length of the hypotenuse of a right triangle - one of
the cathets must be zero, which is forbidden by the FLT
condition. This proves Fermat’s Last Theorem to be false.
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It is sufficient to utilise basic educational instruments.

The study was conducted using a limited set of basic school
tools, including a wooden cube for children’s creativity,
a globe, a chess set, a tape recorder on reels, a stencil, a
right triangle, and a mirror. In the context of inclusive
education, it is possible to initiate discussions on topics
such as symmetry, equivalence, and uniformity of space, as
well as the preservation of the dimensions of the elements
being compared, by simply touching the surface of a school
globe or an orange with a thread stretched along the
equator. To further illustrate this concept, one can peel
an orange and observe the layers within.

In contrast to the American version of the FLT proof, which
is over a hundred pages in length, these straightforward tools
collectively imply a conclusion regarding the asymmetry
of our universe. To achieve this, the reader is directed to
undertake the final experiment described in this chapter.
Observe the face of an aesthetically pleasing female and note
that a human being, a creature of the universe, must exhibit
slight asymmetry in order to be considered beautiful. In light
of the billions of years of evolution that have occurred on
Earth, it is pertinent to question whether this phenomenon
is merely an accidental occurrence or whether it can be seen
as an embodiment of the more general principles that govern
the evolution of the universe. For further insight, one might
consult an intriguing volume on superstring theory and the
part played by geometry and symmetry in the genesis of the
universe.

The above proof is presented with a focus on school knowledge.

For a deeper acquaintance with the theory of prime numbers,
readers can refer to the scientific works [Apol3], [BS86].

18 The Leonard Euler hypothesis

In 1769, Leonard Euler suggested that by increasing the
number of terms in an equation similar to Fermat’s theorem
to four, five, etc., when the degree of n exceeds the total
number of compared hypercubes on the left and right in
the Diophantine equation, the researcher will necessarily
come to the conclusion that it is unsolvable. A number of

[Apol3]:  Apostol  (2013),
Introduction to analytic
number theory
[BS86]: Borevich u ap. (1986),
Number theory
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mathematicians and amateurs have refuted this hypothesis
for the case of 4-, 5-, 7-, 8-dimensional hypercubes. (The
method of decomposing one hexeract into five other hexeracts
is still waiting for its finest hour.) Another generalization
of Fermat’s theorem to the case of four hypercubes leads
to the Diophantine equation in the form: a* + b* + ¢* = d*.
Using set theory and the Euler-Venn diagram, assuming
d > c > b > a, one can represent an expression from the
sum of four hypercubes as:

d*\c* = p* U a* (18.1)

here on the left is the set of hypersurfaces of dimension n = 3,
on the right is the union of two hypercubes of dimension
n = 4. The fourth hypercube a* is obtained by operations
on layers of b*, but performed with deviations from the
principles of symmetry of degree three in terms of the above
table 7.2.

According to Fermat’s theorem proved above, there is no
equivalence between subsets of (d4\c*)\b* # a* . Therefore,
there are chances to create a new shape from the defects of
the layers (partial removal of the layer), perhaps a*. Let’s
make sure that it is possible in principle to build such a
structure.

The manifold becomes disconnected

If this new construction is placed in the area of positive
axis values, then when reflecting from hyperplanes and
scaling, the number of hypercubes a* increases by 2n, that
is, by 16 times, while the figure becomes disconnected.
This makes the new model radically different from the
previously considered combination of three nested cubes
with a degree of symmetry n - the condition of uniformity
of space is violated.

And what can we say about probing a two-dimensional plane?
Let’s arrange the four tesseracts in such a way as to preserve
the maximum possible symmetry of the degree two structure.
To do this, consider the planes on the axes X1, X5 (remember
that both axes X3, Xy are perpendicular to this plane.)

Since on the 2D plane V the layer Si is commensurate with
another S;, we build a plane stretched on the axis Xy, X»
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d*\c* = b*U a*

X3
X4
d b
—

C ol o X1*X2

|
Nl 0

a | d

Will the layers match?

Puc. 18.10: Is the Diophantine equation a* + b* + ¢* = d*solvable?

(for shortening, we denote it as X; X X5,- the Cartesian
product of the axes. For ease of presentation, we choose
two-dimensional projections d*\c4 on a plane drawn through
the X3 axis and orthogonal X; X X5, and the projection of
hypercubes b*Ua* on a plane drawn through the Xy axis, also
orthogonalX; X X5. (The volume/measure of c*, subtracted
from d*, is highlighted in a distinctive color and shading.)

Note that the two-dimensional projections of all subsets of b
on Xj X Xp are symmetric with respect to subspaces 1D L X3
and, respectively, L X4 and symmetry along the subspace
2D ||X1 X X>.

Let’s make sure that it is possible to find an equivalence
function that displays d*\c* — b*Ua*. In fact, it is possible
to write in layers:

{({Sile<k<dy {St<l<dyy —{{Sj1<j<b} {Si1<i<a}}
(18.2)

Here we write the mapping of a set consisting of two subsets
of layers into another set also consisting of two subsets of
layers (the condition for the range of layers follows after the
vertical line | ). It is easy to find the corresponding equivalence
function based on the equality of measures d*—c* = b*+a*, as
well as taking into account the condition of layered symmetry
and Fig. 18.1. As a result, you can write a formula for cuboids,
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taking into account their height (see the analog of a square
cable in Fig. 7.5:

chSk|+(d—c)Z|Sl|—bZ|S|+aZ|S|

LCD

w|
S

CTL;D 1 LCD
= 2315m |d2+—Z|sm|(d—c> EZ Sl b2+ Z|sm|a
1

1

Here in the formula above, LCD (Least Common Divisor).
LCD(d —c,a,b,d). The capacities of 2D layers are written
under the sum sign. The manifold in the form of a difference
of tesseracts (d*\c* is divided into cuboids projected on the
axis X3 into segments [c, d] and [1, c] respectively. (Compare
with splitting a variety into parts when taking an integral).

In the lower equation of the last formula, the variable is
replaced by a single natural counter m, which runs through

the value of theranges 1...d,c...d,1...a,1...b, respectively,

for each set of layers. By defining an expression in this way,
one can visually verify the consistent mapping of subsets
of layers of the studied structure and the search for an
equivalence relation with respect to symmetry with respect
to the above subspaces. It is easy to make sure that it is
possible to set such a partition of the structure under study,
which will ensure work not with fractions, but with natural
numbers - for this, instead of nodes, you can simply use the
product of (d —c¢)*a*b*d and display subsets of successive
layers with power (read thickness or number of intervals)
numerically equal, respectively: hy = d?, hj = d*>—c?, hj = b2,
h; = a® , as in Fig.7.3.

As a result of this representation, the Figure will have
symmetry of the second degree and any layers in it will
be commensurate, which indicates the potential possibility
to find four hypercubes with integer edges for the above
formula.

The method of determining solvability described in the last
example is necessary, but insufficient condition for finding a
positive answer to the question. In the penultimate example,
it is a sufficient condition for formulating a conclusion about
the unsolvability of the Diophantine equation.

(18.3)
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Grundy series and Schrodinger’s quantum uncertainty

How did the mathematical paradox lead the monk Luigi
Grandi to philosophical and theological conclusions that
turned the idea of infinity upside down?

The question of what is the result of an infinite mathematical
series 1 - 1 + 1 -1 + ..., At first glance, it may seem
like a simple task, but in the XVIII century it became a
real challenge for many outstanding mathematicians. This
paradox, known as the Grandi series, was named after
the Italian mathematician and monk Luigi Guido Grandi,
who first began studying it in 1703.

The essence of the paradox lies in the fact that, despite the
apparent simplicity of calculations, different calculation
methods lead to different results. If you imagine a series
in the form (1-1) + (1-1) + (1-1) + ..., then each pair
of numbers 1 - 1 is zero, and the entire sum of the series
is reduced to zero. However, if you arrange the brackets
differently, for example, leave the first element outside the
brackets, and then group the rest: 1 + (-1 + 1) + (-1 +
1) + ..., then the amount already turns out to be equal to
1. Thus, a simple change in the order of operations leads
to completely different results.

This paradox interested not only Grandi, but also such
outstanding mathematicians as Gottfried Wilhelm Leibniz
and Leonard Euler. Leibniz, reflecting on this problem,
suggested that the correct answer might be % He justified
this by saying that if you stop the addition at a random
point, the intermediate sum will be either 0 or 1 with
equal probability. Therefore, in his opinion, the average
value of the sum should be % Leonhard Euler, in his work
"On Divergent Series published in 1760, supported this
idea and even claimed that the sum of the Grandi series
and the fraction % are equivalent and can be replaced by

each other without error.

Historians of mathematics note that for Grandi, this
arithmetical inconsistency had a deep religious significance.
He believed that such a possibility of obtaining different
amounts from the same series proves the divine creation
of the world out of nothing. His conclusions that this
paradox confirms the possibility of creating something out



130

4 Fermat’s Last Theorem on the school Globe

of nothing reflect not only the mathematical, but also the
theological views of that era.

However, despite all the arguments in favor of various
results, modern mathematicians have come to the conclusion
that the Grundy series does not have a definite sum. This
conclusion is based on the analysis of partial sums of a
series that alternate between 0 and 1 and never converge
to any fixed value. In mathematics, this behavior of a
series means that it diverges, that is, it does not have a
specific amount.

Modern approaches to infinite series and their summation
appeared due to the development of analysis in the 19th
century. The concept of convergence was introduced, which
allows us to determine which value the sum of a series
approaches as an increasing number of its elements are
added. For example, we can consider a series describing
Zeno’s paradox, where to complete the path you must
first cover half the distance, then half the remaining, and
so on. This row % + % + % + ... has partial sums that are
getting closer and closer to 1, which means that the series
converges to 1.

However, in the case of the Grundy series, the partial
sums range between 0 and 1 and do not approach any
one value. This leads to the conclusion that the Grandi
series does not have a certain amount. However, there
are alternative summation methods, such as the Cesaro
method, which calculates the average of partial sums.
Applying this method to the Grundy series leads to the
result %

Thus, the study of the Grundy series demonstrates that
mathematics, despite all its rigor, can be subject to different
interpretations depending on the chosen approaches. The
Grandi series does not have a specific amount in the
traditional sense.

Excerpt from the publication: "A monk mathematician
finds the divine in a paradoxical series of numbers"21:49
/ August 16, 2024 Source Securitylab.ru

Readers familiar with the Schrodinger’s Cat paradox are
not surprised by such quantum uncertainty. This is another
example of the connection between arithmetic (in this case,
we can talk about ways to separate numbers due to associative



rules) and quantum mechanics.

19 Summing up

For physicists, a look at the cube is enough to understand
the proof of Fermat’s Last Theorem. Let’s go to the right side
of the equation: a" = ¢ — b" and imagine the construction
in n-dimensional space corresponding to this expression. On
the left you see a hypercube of dimension n, a symmetric
figure. On the right you see a set of layers of dimension one
less. This set will be asymmetric or will have an irrecoverable
symmetry defect or a violation of the continuity of the layers
for dimension n > 2, because elements of dimension form 1 to
n-1 belong to a layer (use the rule triangle inequality). It is
impossible to describe the same construction as an object in
such a contradictory way. There is a conflict in the properties
of dimensionality, continuity or symmetry. Therefore, such a
construction does not exist in nature!

It turned out that very simple tools were all we needed:
constructions in the form of an ordinary wooden cube for
children’s creativity, a globe, a chess set, a tape recorder
on reels, a stencil, a right-angled triangle to prove Fermat’s

Theorem in a way that was understandable even to the blind.

It is enough to feel with your fingers the faces, the edges
of the cube or the meridian on the globe, concentrating on
symmetry and maintaining the dimensions of the figures
compared. These simple tools also allow us to infer the
asymmetry of our universe! Look at the faces of beautiful
women and notice that man, a child of the universe, must be
slightly asymmetrical to be beautiful. Is this by chance?

19 Summing up
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The ABC conjecture from the
Eye of physicist

1 Formulations of ABC conjecture

The ABC conjecture was formulated independently in number
theory by the mathematicians David Masser in 1985 [1| and
Joseph Esterle [2| in 1988. It is stated in terms of three
positive whole a, b, ¢ that are co-prime and satisfy a + b = c.
The conjecture essentially states that the product of the
distinct prime factors of ABC is usually not much smaller
than C or max(a,b,c) < KcRad(abc)'*€, where K¢ depend
only on some positive € - real number.

The Rad function is the radical of the numbers A,B and C
equal to the product of the primes forming these numbers,
but raised to the first power, i.e. Rad(8) = Rad(2%) = 2,
Rad(1000000) = Rad(2°+5°) = 30. An equivalent formulation
of the ABC conjecture includes the quality g(a, b, c) of the
triple which is defined as:

log(c) In(c)
logRad(abc) — InRad(abc)

gla,b,c) = (1.1)

For every positive real number €, there exist only finitely
many triples A, B,C, of co-prime positive integers with A -+
B = C such that g(a,b,c) > 1 + €. Many hundreds of pages
have been spent by eminent mathematicians in the Western
world searching for proofs [3], and the process of searching
for proofs continues.

2 The key idea of Prove

Let’s look at an example of manufacturing a batch of factory
products, for example, a wardrobe, where the width of each
door is respectively: A + B = C centimeters.

This is a reference value, but in practice, both systematic
and accidental errors are possible. Let’s say that thanks to
product quality management, systematic errors have been
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eliminated, but inevitable random errors remain due to
uncontrolled factors.

Scientific search

The ABC hypothesis in number theory was formulated
[MC85]: Masser u ap. (1985), independently by mathematicians David Masser in 1985[MC85]

«Proceedings of the Symposium and Joseph Oesterle in 1988.
on Analytic Number Theory /

W. W. L. Chen. — London:»
Suppose that the law of the distribution of the width of
each door - independent random variables has the same
standard deviation ¢, and their mathematical expectations
are respectively equal to A, B, C From the basics of mathematical

[Hud63]: Hudson  (1963),  gtatistics (|Hud63]) we know, that the measurement error in
Lectures on elementary Ao 224072402
statistics and probability the last formula is equal to: ~ % = %, where N

is the number of batches of products used in the experiment
- this is sample size.

From this simple example we can proceed to the proof of the
ABC conjecture.

The conjecture essentially states that the product of the
distinct prime factors of ABC is usually not much smaller

Note that the lowercase | 1\ Tt should be noted that A+ B = C
letters here denote

random variables. To do this, it is necessary to apply the basic theory of
arithmetic, move on to simple integer polynomials and linear

maps, Jordan matrices and quantum mechanics. The algebras
of all the above are in homomorphism relations. The same
prime numbers taken from the Rad(abc) chain play the
role of the roots of an integer polynomial, the characteristic
polynomial of a linear mapping matrix, the root vectors of
a linear space decomposed into a direct sum of invariant
subspaces, and the eigenvalues for the Hamiltonian operator
of a quantum system.

Concentrate on the eigenvalues or roots and make sure that
the average of the logarithm of the matrices (trace, main
diagonal) does not change due to multiple roots - this is the
entropy S. Since entropy is the same additive quantity as the
number of particles and both quantities are so-called integrals

1
of motion, we have: relative standard deviation ~ —, where

S - entropy of the system under study. It remains to calculate

S = M, where L is the length of the main diagonal

(non-zero elements) of the matrix and at the same time the



2 The key idea of Prove

number of primes in the chain Rad(abc). It corresponds to
the statistical matrix of the system in Hilbert space, where
the size of the matrix is infinite. When multiple roots appear,
the probability of detecting a microobject in a given state is
"smeared"along the main diagonal of the statistical matrix
of system in according to degree of the roots (degeneration
of energy level). This proves the theorem and allows us to
evaluate the so-called quality of the triple g(a,b,c), but
in reality - a defect or fluctuation from above due to the
restriction by a function with a normal distribution according
to Chebyshev’s theorem - we are talking about the entropy of
the system under study. In short, even without knowing the
function of the distribution of prime numbers 77(x), it is easy
to make simple estimates. These estimates turn out to be

sufficient to prove the ABC conjecture, the ABC hypothesis.

The world is material, and the physics of the microcosm and
the macrocosm are the same, the Correspondence Principle

and the Heisenberg Uncertainty Principle have taken place.

So prime numbers model a system consisting of subsystems
that do not interact but are connected by a common resource
- phase space. For example, we can talk about a mixture of
ideal gases. For example, we can talk about a mixture of
ideal gases. In the latter case, the vessel is also a common
resource.

Therefore, even without knowing the distribution function
of the primes 7t(x), it is easy to make simple estimates. The
estimates given are sufficient to prove the ABC hypothesis.

Moving from experiment, from applied mathematics, we
have made fundamental generalizations. Why? - because the
world is material, and the physics of the microcosm and the
macrocosm are the same, the principle of correspondence of
the text and Heisenberg uncertainty principle work. Thus,
the primes model a system consisting of subsystems that
do not interact, but are connected by a common resource -

phase space. Unfortunately, a number of scientists identify
the concept of interaction and communication, which is
erroneous: isolation is the absence of communication, but
not just absence, but disconnection - . In particular, we can
talk about a mixture of ideal gases. In the latter case, the
vessel is also a shared resource.

It is difficult to overestimate the place of prime numbers
in the physical laws that define the surrounding material
world and, in a broad sense, our universe. See the table It

137
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is difficult to overestimate the place of prime numbers in
the physical laws that define the surrounding material world

and, in a broad sense, our universe. See table (77).

Tabauna 2.1: The general rule of homomorphism over algebras.

Difficulty of understanding —

|Prime Numbers | Integers ODE Systems. | Quantum

polynomials Matrices Mechanics (linear
operators)
235711...a=| f=c[1,p*" |y=A{t)y Hy = E¢ and
I1, p"‘(p ) entropy  formula
S =-3,wiln(w;)
A prime to the | is  irreducible. | R = | Degenerate energy
power of k polynomials Ri&B Ry --PR; level.
(A —a;)k Invariant subspaces.
The polynomials of
matr.
The axioms of | Possible Description of | Models of the
arithmetic algebraic dynamic processes | microcosm

operations

«— Root Cause

[Avd24]: Avdyev (2024), «How
can a student prove the
ABC hypothesis using prime
numbers, quantum mechanics
and creative imagination?»

[Moc21]:  Mochizuki (2021),
«Mochizuki’s proof of ABC-

conjecture.»

It is the prime numbers that make it possible to connect the
system, the super-system and the sub-system [Avd24],

Meet Shinichi Mochizuki, a mathematician from Kyoto University
[Moc21]

500 pages read by 10 people on Earth

. The proof of VTF in 120-1140 pages. Andrew Wiles’
pages are not the limit. The five hundred page proof of the
ABC conjecture ABC hypothesis is the work of Japanese
mathematician Shinichi Mochizuki, who studies number
theory and arithmetic geometry at Kyoto University.

3 The Fundamental Theorem of Arithmetic

According to the basic theorem of arithmetic, each of the
three numbers in the expression a +b = ¢ can be decomposed
into simple factors, powers above one are allowed, but under
the conditions of the ABC conjecture, repeated factors in
this decomposition are excluded due to the lack of common
divisors.



3 The Fundamental Theorem of Arithmetic

a+b:c(=>a?1a‘2"2---a,fk*1”_t

RS U

— AV1.02 Yy n-ov
=CpCy iy * 1 (3.1)

In order to obey the rules of dimensionality of elements in
the space of integers, defined as the n-fold Cartesian product
of the axis of integers Z" = Z % Z % ...* Z, each term in the
space of integers has to be a term in Z" = Z+Z = ...+ Z, each
term in the above formula is also multiplied by a multiplier
in the form of a 1"~ elementary unit cube, so that each term
has a dimension equal to the dimension of the Euclidean
space n in which the manifolds of different dimensions under
consideration are embedded. (From the analogy with the
Lego constructor, you can try to move on to the axioms of
topology and the Euclid’s Postulates. ). In other words, the
sums of the exponents of all multipliers in the formula above
are equal to t, u, v respectively, which corresponds exactly
to the dimension of the manifolds A, B, C:

a1+..-ak:t,ﬁl—i-"'ﬁl:u,yl-i_'ym:v (3'2)

It is easy to understand the dimension of each member and
the minimum required dimension n = max(t,u,v)(3.1) of
the Euclidean space in which the studied cuboids can be
embedded according to the given formula. The total number
of prime factors of the above formula will be used below, it
isequal to L=k + 1+ m.

Developing the technical approach adopted in the chapter
4, we compare the expression (3.1) with a set in the form
of three manifolds, each in the form of a multidimensional
parallelepiped or, in short, a cuboid in a finite-dimensional
Euclidean space, with a given metric and measure, hereinafter
referred to simply as Euclidean space.

3 a continuous invertible equivalence function f that maps
each element as an elementary cube 1" in Z" of the sets A
and B into C, i.e. f(A,B) — C, which can also be expressed
from a topological point of view by the homeomorphism
condition of the following figures:
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[Szi02]: Szidarovszky (2002),
Introduction to Matrix Theory:
With Applications to Business
and Economics

A=C\B (3.3)

For 3 f, it is necessary to ensure the possibility of mutual
reduction of layers of higher dimensions than two, as well as
the reduction of the number of hyperplanes of symmetry to
two (note that the operation of reduction, permutation, shift
of 1" — 1" is possible precisely in equivalence relations).
The homogeneity of Euclidean space is postulated).

What physical phenomenon can the formula (3.1) correspond
to? It models a certain system made up of subsystems that
are not connected but share a common resource in a certain
way. From the point of view of school knowledge, the laws
of thermodynamics are of particular interest when looking
for evidence for the ABC conjecture. A common resource
can be vessel (for gas mixture), energy, phase space, entropy,
number of particles and other integrals of motion.

4 Microstate and macrostate of the system

Consider a system consisting of a mixture of ideal gases whose
molecules do not interact with each other. In particular, this
gives rise to Dalton’s Law, which states that the pressure of
a mixture of chemically non-reacting gases is equal to the
sum of the partial pressures of each of the gases - and this is
clear because of the absence of intermolecular interaction.

The author proposes to consider the ABC conjecture from the
perspective of the phase space of a thermodynamic system
with 2s dimensions, along the coordinate axes of which the
values of s generalised coordinates q and s impulses p of
this system (s is the number of degrees of freedom) are
stored in the Hamiltonian, known to a pupil of mechanics
under the name of kinetic energy theorem. The operator
form of the Hamiltonian in canonical form is quite beautiful,
universal, described in the literature, but requires little
experience in working with partial derivatives [Szi02]. More
precisely, the application of the statistical approach in physics
requires knowledge of the basics of quantum mechanics [6-7],
an understanding of the Heisenberg uncertainty principle
ApAg > h/2, an idea of the Schrodinger equation, the
statistical matrix, the Hamiltonian operator, knowledge of
the remarkable properties of Hermitian operators, the rules
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of operation with switches and Poisson’s brackets, the basic
formulas of thermodynamics, but the presentation below will
be based mainly on knowledge of the material in the school
curriculum.

Let’s continue with the concept of a microstate - this is
a specific configuration of the system that describes the
exact positions and impulses of all the individual particles
that make up the system. Each microstate has a certain

probability of occurrence as the molecules move. The macrostate

of a system refers to its macroscopic properties such as
temperature, pressure, volume and density.

5 Phase space. Probability distribution
density

Each point in the phase space corresponds to a specific
microstate of the system. During the evolution of the system,
the phase point representing it describes a certain phase
trajectory in the phase space. The product of differentials:

dgdp = dgi1dqs...dqsdp1dp>...dps (5.1)

It is considered as a "volume element"of the phase space AI.
With regard to the formula under study, taking into account
the shape of the cuboid and the equality of the increment of
the linear function to its differential, the sign A will be used
next along with the designation of the differential.

Let’s express the probability and probability density p to
detect an object in the given coordinates of the phase space
using the obvious formula:

dw = p(q1, 92, ---9s, P1, P2, - - - Ps)dpdq (5.2)

- the probability of finding the object under study in the
specified infinitesimal intervals of coordinates and pulses
within: q;...q;+dqi, pi...pi+dpi. In this case, the volume
of the phase space is expressed in terms of energy according
to the formula:

AT(E) = dl;—f)AE (5.3)
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[Fer95]: Fermi (1995), Notes on
quantum mechanics

Above, AI'(E) denotes the number of quantum states with
energies less than or equal to E. Next, the probability density
p is given and the normalization condition is written:

> p(E)AgAp =1 (5.4)
Q

the integral over all probabilities of the subsystem states
forms a complete group of events = for the probability
density function W(E):

/ W(E)dE =1--- > WAT =1 (5.5)

The formulae given above help to find the number of states
of interest with energy between E ... E + dE. It is assumed
that an inertial frame of reference is chosen in which the total
momentum and angular momentum of the entire subsystem
under consideration is zero. The dash above the energy E
denotes the average energy value of the subsystem for all
quantum states. Here and below the notation Ag and Ap
are products of the form (5.1) over all degrees of freedom.

6 The quantum nature of prime numbers

Due to the nature of quantum mechanics and the statistical
physics based on it, we can only talk about finding the
probability density distribution for coordinates or momentum
separately, and not for both together, since coordinates and
momentum of a particle in general cannot have certain values
at the same time due to the Heisenberg uncertainty principle.
The desired probability distributions should take into account
both the statistical uncertainty and the uncertainty directly
inherent in the quantum mechanical description.

7 Preservation of phase volume. Entropy

According to Liouville’s theorem, the volume of phase space
has the property of invariance with respect to canonical
transformations preserving Hamiltonian and integrals of
motion, in particular energy, momentum, angular momentum.
[Fer95].



7 Preservation of phase volume. Entropy

For the quasi-classical case, where the laws of quantum
mechanics can be replaced by Hamilton’s equations, which
are a reformulation of the well-known Newtonian equations.
At the same time, the volume of the phase space

_AqAp
- (2n)y

AT (7.1)

The value of AT is called the statistical weight of the microscopic

state of the subsystem, and its logarithm is called the entropy.
The entropy, in turn, is determined by the mean value,
denoted by brackets <>, of the logarithm AI', both in the
case of the description of the system under study from the
position of its quantum state, from the probability density
distribution function in energy E;, and in the quasi-classical
approach, from the probability density, according to the
formulae

S = —(Inw(E;)) = — Zwiln(wi) (7.2)

S =—(In [@nrh)p]) = —/ p-In|(2rh)p|dpdg (7.3)

The entropy defined in this way is, like the statistical weight
itself, a dimensionless quantity. (In school physics and in some
textbooks of theoretical physics, the Boltzmann constant
kg is placed in front of the logarithmic sign in the last
formula — 1.38 * 10% J/K, which allows you to measure
the absolute temperature in Kelvins rather than in energy
units but hereinafter the Boltzmann constant will be more
convenient in some cases to omit cases in which is easy to
guess from the context).

For simplicity, consider a closed system as a whole (i.e.
isolated from other systems, e.g. placed in a thermostat),
where AI'1, Al'p, Al's are defined.... - statistical weights of its
different subsystems. If each of the subsystems can be in one
of the AI'y, states, then the phase volumes of the subsystems
are multiplied and the entropies of the subsystems add up,
which is illustrated by the expressions:

AT = [ JATy;...5= > Sq (7.4)
o

[21
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In other words, the formula describing the phase space
allows the separation of the variables. In practice, it is
often necessary to deal with cases where not all of the
microscopic particle motion is quasi-classical, but only the
motion corresponding to some of the degrees of freedom,
while for the rest of the degrees of freedom the motion is
quantum (for example, the translational motion of molecules

can be quasi-classical with the quantum nature of the intramolecular
motion of atoms). The formula 3.1 can be written as

eMMpt2¥2  p@kXk  oP1Y1ph2y2 | oPii

= e1F1e)?%2 | eVkE (7.5)

where the exponents of x, y, z are chosen so that only one
prime number is chosen from those listed in the formula (3.1),
which is easily achieved by taking the natural logarithm.
Looking ahead, we note that in classical mechanics the
variable wy on which entropy depends cannot be chosen
unambiguously, since in classical physics entropy is determined
up to an arbitrary term.

The choice of the generalised momentum Ap; or the generalised
coordinate Ag; for the role of the multiplier considered in the
formula (5.2) is arbitrary. For the sake of simplicity, we limit
the volume of the studied gas mixture to ¢ units and consider
all Ag;i = 1, i.e. we choose an element of small volume in
the system that is numerically equal to one (nanometres,
angstroms or an atomic unit of length ag used in atomic and
quantum physics, the so-called Borovsky radius - the closest
to the nucleus of the orbit of the unexcited electron of the
hydrogen atom H in the atomic model 5.29 - 1071 m).

The ABC conjecture can be considered as a mathematical
interpretation of a complex system consisting of simple
subsystems, where the principle of additivity of entropy
and multiplication of volumes of phase spaces of subsystems
is fulfilled.

The formula (7.4) is suitable for expressing the law of conservation
of entropy of a subsystem in the separation of variables
and adiabatic processes, which are quite slow compared to
the relaxation time / establishment of local equilibrium.
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In practice, under laboratory conditions, this time passes
quickly and is comparable to the time of propagation of a
sound wave in a vessel filled with gas.

Speaking of the exponent in the formula (7.5), we note
that the well-known formulas for the distribution of the
probability density of finding particles are expressed in terms

of an exponent: as in the Boltzmann distribution studied
mgh

in physics and mathematics schools nge 7 - the so-called
barometric formula - and Maxwell’s distribution:

dw:( i - ™ duydoydo, (7.6)

3/2 m(v%, +v§+v%)
e
27IkBT)
Both formulae give an idea of the statistical ensemble that
should be considered in more detail.

8 Radicals of the numbers A, B, C and
phase space

The ABC conjecture works with the concept of the quality
of a triple of numbers based on the decimal logarithm.
(Let us assume a transition to the natural logarithm by
simultaneously dividing the numerator and the denominator
by In10). For example, the radical of the product of the
numbers Rad(abc) corresponds to a mixture of ideal gases
with non-degenerate energy levels, which is achieved at a
sufficiently low temperature when only the translational and
rotational degrees of freedom for polyatomic molecules are
activated. Considering the above, this means the first power
of the prime numbers of the formula (3.1).

Due to the Clapeyron equation PV = kNT it is possible
to control the temperature, the gas pressure by adjusting
the initial temperature, the number of molecules in the
mixture (concentration) and the volume of the subsystem.
Thermodynamic relations are used to easily calculate the
energy of the gas molecules and the entropy, and hence the
volume of the phase space Al'; = exp(S(E;)). Next we can
calculate Al'y, A, AT's . . . - The statistical weights of the
gases 1, 2, 3 in the mixture are each equal to the prime
numbers of the formula (3.1) of the first degree - the radical



146

5 The ABC conjecture from the Eye of physicist

Rad(abc). Let’s denote such a value of the volume of the
phase space under Al'y and the corresponding entropy

_ InRad(abc)

So i

(8.1)

in the denominator of this fraction it is necessary, according
to the definition of entropy (7.2), and the length of this
diagonal or the total number of elements L = k+14m is
calculated from the formula 3.1 and is equal to the total
number of prime factors in the ABC conjecture. If each of
the subsystems can be in one of the I'j quantum states, then
the phase volumes of the subsystems are multiplied and the
entropies of the subsystems add up.

In the case of adiabatic compression, the basic thermodynamic
equation takes the form that the internal energy of the gas
decreases (increases) only by the amount of work done by
the gas (over the gas). According to the formula of the first
law of thermodynamics dQ = dE + PdV, where dQ is the
amount of heat, P is the gas pressure, dV is a small increase
in volume, the multiplier of PdV is equal to the work done.
In an adiabatic process dQ = 0 there is no heat exchange,
there are no dissipative processes, and therefore all changes
in the subsystem remain reversible and dE = —PdV'.

It is known from school thermodynamics that, in an adiabatic
process, the relationship between pressure and volume /
temperature and volume has the form

PV? =const...TV'™! = const (8.2)

where y > 1 is the quotient of the heat capacity at constant

pressure divided by the heat capacity at constant gas volume

C

= In adiabatic compression the entropy of the system
1%

remains constant, but degenerate energy levels €y (specific
energy per gas molecule) are switched on due to an increase
in temperature.

This is accompanied by the appearance of degrees above one
in the formula (3.1). Let’s denote such a statistical state of
the system by the letter D, which symbolises the appearance
of degenerate energy levels or entropy, Sp. (Details are given
below). Next, we divide the phase volume corresponding to
some generalised coordinates or impulses (e.g. those associated
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with quantum effects) into separate subsets of the studied
phase space: A, B and C, according to the indices given
in the formula (3.1). As mentioned above, entropy is an
additive function). Due to the adiabatic compression, which
preserves the entropy, and the conditions of the experiment,
we obtain

In(c)
InRad(a) + InRad(c — a) + InRad(c)
SC -m SC -m
R = 1 :
SoL (SA + Sp + Sc)L < (8 3)

g(a,b,c) =

In this formula, the function §(a, b, c¢) is calculated, given on
the domain of positive real numbers greater than or equal to
two R > 2, coinciding with the original value of g(a, b, ¢) on
Z.

Taking into account the previously made conclusion after
the formula 3.3 on the dimension that dim(A) < 2 we
will consider the independent variable a and first consider
the special case of the constancy of the term c, changing
only the factors p1, p2. It is assumed here that a = p; - p2
or a = p% Then you can replace the expression in the
denominator In(Rad(a))+In(Rad(c—a)) by In(p)+In(c—p)
or, respectively, by In(p) + In(c — p?) (all constant factors
are taken out as constants separately and do not play a role
when taking the derivative to find the extremum).

The problem of finding the extremum of the function §(a, b, c)
for a given c is reduced to finding the maximum and minimum
values of the denominator, where the variable part is the
number p, while ¢ = Const. => the minimum §(a, b, c)
is reached at p = %, for the case if a = py-p the desired

minimum will be p = \/g, which is easy to understand
from the symmetric occurrence of the variable part of the
expression under the sign of the logarithm in the denominator,
analyzing a function of the form y = x(c —x) or, respectively,
y = x(c — x?).

Let’s move from the particular case to the general one. It is
easy to establish that §(a,b, ¢) on the extended domain of
definition is continuous and differentiable.
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Topological algebra. Topological space

Topological algebra is an algebra and at the same time a
topological space, where the algebraic and the topological
structures are coherent in a specified sense. If there is a
topology in some algebraic body M , i.e. there is convergence,
in other words, it is known what the relation lim;, . a, =
a means, and the operations available in the space M are
continuous with respect to this topology.

Therefore, it is possible to calculate the derivative and apply
the well-known from school mathematics Newton-Leibniz
formula for upper and lower estimates of the values of a
continuous differentiable function over a certain interval.

There is a transition to random (thermodynamic- statistical)
variables after the equal sign. The numerator denominator
contains the value of the entropy of the phase space, taking
into account the multipliers m and L = (k+1+m), expressed
through the definition of the entropy of the subsystem C as
part of the unifying system D = AU B U C under conditions
of an adiabatic process.

Linear differential for the case of many variables

The problem of finding the extremum of a function for the
case of many variables is reduced to finding the gradient of
the scalar function § : M — R defined on the topological-
algebraic body M = {RLlR > 2} in L dimensional space
gradg - by the number of primes of the formula 3.1
- each prime number is considered as an independent
random variable (this approach has already been used
in the analysis of the hypothesis of Leonard Euler in
18). The deeper connection between simple and random
variables is explained below in the Fluctuations section. B
14. The partial derivative will be as follows: gmd(fq)) =
(;—3{11', 5_3{2 j, g—xf3k ...), for which partial derivatives should
be calculated. Here, x1, X2, x3 . .. refers to variables, according
to the number of primes of the formula 3.1 - each prime
number is treated as an independent random variable. The
meaning of this is explained below in the Fluctuations
section. 13.
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The partial derivative will be as follows

dj 1dc 1 Inc dlnp;
dp;  cdpilnRad(abc) (InRad(abc))? dp;
_k 1 Inc 1
~ pilnRad(abc)  (InRad(abc))? pi
k—4q

- pilnRad(abc) (84)

To calculate, note that [nC = Z% kip; and InRad(abc) =
v

As a result, the Newton-Leibniz formula is generalized
to the case of many variables, taking into account the
scalar product (gradg, Ax) in L-dimensional space (the
dimension is taken from the formula 3.1 or the number of
primes in Rad(abc)), where each prime number is treated
as a random variable Ax = (Axq, Axp, Axs,...).

Consequence: the increment of the function Aj over the
entire domain of definition of 3 does not go to infinity and
can be limited from above and below by some convenient
functions. Below, a top-bounding function with a normal
distribution will be selected.

The rule of addition of the variance of independent random
variables is known from mathematical statistics. Therefore,
the final conclusion of the inequality §(a,b,c) < 1 of the
above expression is based equally on both statistical physics
and mathematical statistics. The resulting inequality is strict
based on the type of fraction. The approximation sign in
the formula (8.3) is more accurate the greater the entropy
value.

Accessing the random variables A, B, C,D and statistical
physics / mathematical statistics was helped in obtaining
the correct estimate of §(a, b, c) and, accordingly, g(a, b, ¢) -
it should not exceed one.

Nevertheless, in the course of numerical experiments, a
number of maximum values of g(a, b, ¢) above one were found.
How to explain this paradox? - The author is convinced that
this phenomenon is caused by fluctuations, as explained
below in the section (see section 14), specifically dedicated
to this phenomenon.
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Random variables
appeared here again,
denoted by capital
letters A, B,C, D
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[Lan01]:  Landau  (2001),
Mechanics. Theoretical Physics
In 10. Vol

9 Linear Spaces and Matrix Functions

To find a proof of the ABC conjecture by mathematical
methods, it is necessary to use the rules of linear algebra,
representations of quantum mechanics about the wave function,
the operator form of the Hamiltonian [Lan01], estimates of
entropy using a statistical matrix in a quantum mechanical
representation. The rapid development of quantum computing
and cryptography is helping to popularise knowledge of
quantum mechanics. In order to broaden the horizons of
a student of the XXI century, it would be logical to add
the basics of quantum mechanics to the secondary school
curriculum, using an analogy with radio waves, signal spectra.
For many years, the electronic configuration of an atom, the
arrangement, of electrons in an atom according to levels and
sublevels, has been studied in school chemistry classes on the
basis of general concepts of quantum mechanics. Based on the
conditions of the ABC conjecture, an additive function should
be chosen. The most suitable candidate is entropy, defined
as the logarithm of the phase space (7.2). For adiabatic
processes the volume of the phase space is preserved. This
simple statement is the key to the proof and requires almost
no mathematical calculations.

The formula (3.1) implies a statistical description of a physical
system consisting of subsystems expressing the additive
property of a common resource for energy, entropy and other
thermodynamic quantities. These properties are provided by
the decomposition of integers A, B, C into prime numbers
for which Greatest Common devisor (GCD) = 1. It is known
from the introductory course in number theory that the
rules apply to the ring of integer polynomials in a given
field of complex numbers k|x|. Such polynomials have a
number of properties similar to those of integers. There
is a homomorphism between the algebra of integers and
the algebra of polynomials for addition and multiplication
operations. In the following, the terms simple and irreducible
are used synonymously when referring to polynomials.

Let f — k[x], then there is a one-to-one decomposition:
f=c l_[ p*®), (9.1)
P

where c is a constant and the product is taken by irreducible
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polynomials of the form (A — ai)k [Sz102] and the constant
are uniquely determined. Integer polynomials are written in
the formula below, based on irreducible ones, they are also
mutually simple, which is briefly expressed in the formula
above: there are polynomials 41, 42, 43, the total sum of the
formula (3.1) assuming GCD (Greatest common divisor) =
1.

(A —a)® (A —az)® - (A = a)™ q1(A)
+ (A= b)) (A = b))+ (A = b))

+(A=c)" (A=) (A —cm)g3(A) =1 (9.2)

Each of the above polynomials can be uniquely mapped onto
a linear map o (respectively % and 6) with a characteristic
polynomial [12,13] whose roots are taken from formula 3.1
- these will be just the primes contained in Rad(abc). If
a linear transformation of dimension n has n independent
eigenvectors, then using these vectors as a basis, we will
reduce the square matrix of the linear transformation to
a diagonal form, while the eigenvectors corresponding to
different eigenvalues will be linearly independent, and we

can choose a basis in which such vectors will be orthogonal.

In the case of multiple roots we have:

Al-s)*x=0 (9.3)

By elementary transformations, the linear mapping matrix
can be reduced to a Jordan form of size kxk corresponding to
the multiplicity k (height) of the root vector [12,13]. Putting
it all together, it is possible to obtain a linear mapping whose
characteristic polynomial is the product of the characteristic
polynomials of the linear mappings from formula (3.1). The
matrix corresponding to this combined linear mapping will
have the block-diagonal form ( (ZJX ]% é) . The eigenvalues of
a matrix are the result of combining the eigenvalues of the
matrices A, %, 6. The result is a unique decomposition of
the space R into a direct sum of invariant subspaces (in any
order):

[Szi02]: Szidarovszky (2002),
Introduction to Matrix Theory:
With Applications to Business
and Economics
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R=RiPRPRsPRiPRs--PR.  (94)

The set of all root vectors corresponding to the eigenvalue
of A forms an invariant subspace of R;. This linear space is
described by the matrix D.

We set the determinant of this matrix and its characteristic
polynomial to zero in order to search for eigenvalues and
vectors:

i=L
DetD=]](A-A)=0 (9.5)
i=1

where L is the number of primes in the formula (3.1) A; is
the proper/root value of the linear mapping D and hence
of the matrices D. It is known from the algebraic theory of
matrices that elementary transformations can be performed
on A-matrices to produce similar matrices, but at the same
time the trace of the matrix remains constant, i.e. the sum
of its elements on the main diagonal and the determinant
det - both quantities do not depend on the basis and are
invariant.

Denote by A1, Az, A3, Ay, ... A; the eigenvalues of the matrix,
they are just taken from a polynomial (9.2) with roots from a
set of prime numbers (3.1), but using the logarithm function
and averaging over the main diagonal of the matrix (for more
information, see the formula (10.4)), all these eigenvalues
are different, non-zero under the conditions of the ABC
conjecture.

Definition 9.1 It is known that the determinant of the
matrix is equal to the product of the eigenvalues, which is
not difficult to verify by counting the determinant of the
diagonal matrix directly.

In our case, from the point of view of thermodynamics, detD
corresponds to the phase space of the studied system with
unexcited energy levels I'g = Rad(abc) = detD.

Since we are considering square matrices, and due to the
matrix commutability property of ourselves, in a number of
cases, including the one under study, it is possible to raise
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the A matrix D to a power, perform algebraic operations on
it, calculate polynomials from the matrix.

This illustrates the general rule of homomorphism (A homomorphism
in the category of algebraic systems is a mapping of an
algebraic system A to B that preserves the basic operations

and basic relations).

W

A —%—. A
The general rule of homomorphism over algebras. A =< ; t

A,¢>B=<B,> f:A— B) !

]
g
B  + B

) Puc. 9.1: The general rule of
In general, scalar functions can be computed from a square  Lomomorphism over algebras.

matrix by decomposition into a Taylor series, but with some

peculiarities [Mys72]. [Mys72]:  Myshkis ~ (1972),
Introductory Mathematics for
In the theory of analytic functions (i.e. having a derivative  Engineers. Lectures in Higher

in the complex plane, which leads to an amazing conclusion ~ Mathematics
about the infinite differentiability of an analytic function). It

is known that a series of a complex variable has the property

of converging on a certain convergence ring 7 < |z| < R on

the complex plane C, with the exception of poles.

10 Logarithm of the Matrix

Let’s calculate the logarithm of the matrix P with root
vectors corresponding to (9.2). Here, different eigenvectors,/root
vectors are chosen as the basis, which are prime numbers,
and therefore the matrix will have a block-diagonal form
(the order of the Jordan cells is not essential).

The analytical function F works with each colortealjordan
cell separately:

F(D) = Fi(D1) P F2(D2)- - - @ Fi(Dy) (10.1)

(From this decomposition, it is easy to conclude that a cell-by-
cell /block comparison of functions from matrices is possible,
which will be used below). From this decomposition it is easy
to conclude that a cellular/blockwise comparison of functions
from matrices is possible, which will be used below.

It is quite easy to calculate the logarithm from a Jordan cell
by applying the decomposition in one row Newton-Mercator
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(Taylor series for the function of the natural logarithm of the
matrix) and then represent the matrix to the right of the
equal sign as the sum of the unit matrix I and the matrix G
with zero values on the diagonals: @ = A(I + G)..

A1 0 0 0
0 A 1 0
— 100 A 1 0
G = ) =
000 0 A 1
000 0 0 A
1 A1 0 0 0
0 1 At 0 0
o o 1 A1 ... 0
Al .| (10.2)
o 0o o o0 1 A

Applying the well-known Taylor series expansion of the
logarithm of a scalar variable and taking into account the
above, which also applies to the matrix G, we have

G ¢, ¢ ¢

(10.3)
This series ends at some degree, since the Jordan cell is
nilpotent and, when raised to the power of k (the dimension
of the Jordan cell), becomes a zero matrix.

As a result, it is easy to calculate the entropy of S = InAl'
by averaging over all microcanonical states. It is important
to take into account the normalisation condition - the sum of
all probabilities of the states of the system under study
forms a complete group of events => Zij A; = 1. Here
the probability is expressed from the eigenvalue A;, which
is uniquely associated with the energy of the microstate,
summation is performed over all possible microstates, and

non-zero values are on the main diagonal of the matrix &.
The length of this diagonal is L = k + [ + m - the number of
simple factors in the ABC conjecture, see formula (3.1).

Initial entropy value 8.1. The logarithm of the product is
decomposed into the sum of logarithms and is equal to the
mean value from the trace of the entropy matrix => divided



10 Logarithm of the Matrix

by the number of non-zero values on the main diagonal of
the matrix 9, i.e. the length of the chain L in the formula
(3.1). Let us switch on the degeneration of the energy levels
at time f1, which in the language of matrix algebra means

the appearance of multiple eigenvalues - root vectors (9.3).

This can be realised by "including"powers greater than one
in the characteristic polynomial:

. E;
1 i=L =L A _A 1+O(t—t1)(ki_1)
Trper=A-A) (10.4)
Ll

1+o(t - t)(ki — 1)

and then the matrix corresponding to this characteristic
polynomial is brought into Jordan form and the logarithm is
taken from the resulting matrix. Let’s explain the meaning
of the variables:

» A; - all prime numbers are multipliers of the L-series
of numbers Rad(abc), they are also eigenvalues of the
linear mapping /matrix

» k; is the exponent of the formula (9.2), at the same
time the multiplicity of the root and the size of the
i-th Jordan cell of the linear map.

» o - function sigmoid o(t) can be approximated by the

formula ﬁ where the parameter v is set from the
outside and regulates the smoothness of the change,
the higher the value of v , the steeper the "step"at
time t1. This function is defined here on the real axis
R.

» E; is the energy calculated by the microstate i. This
factor, divided exponentially by the temperature T,
determines the density of the probability distribution
depending on the Hamiltonian of the system under
study.

Above, according to the formula (9.4), it was concluded
that it is possible to decompose the linear space into a
direct sum of subspaces, i.e. to reduce the matrix to Jordan
form. For each cell there is a unique root A;. Since the

multiplier e_% remains the same within each Jordan cell, it
can be considered as a constant and reduced in the following
arguments ("cell-by-cell"/ "block-by-block"comparison of
matrix functions).

From the point of view of school physics, it can be seen that
when studying an ideal Carnot machine, the calculation

155



156 | 5 The ABC conjecture from the Eye of physicist

of its efficiency is based on the value %, which is the

entropy differential. Consequently, the formula (10.4), taking
into account the definition of entropy (7.2), operates with
probabilistic quantities, which in turn is a purely mathematical
concept that excludes such an unusual quantity for the
algebra of matrices as temperature (the latter can be determined
for the system under study from the canonical definition of
Gibbs by taking a quotient, the derivative of entropy with
respect to energy).

The function (10.4) is differentiable and can be analytically
extended to the complex plane. This means that it can be
positioned along the main diagonal of the Jordan form and
the matrix logarithm calculated from the result. This function
corresponds to the volume of the phase space. Reducing
the matrix just mentioned to the Jordan form, taking the
logarithm of each element on the main diagonal of the matrix
and averaging over all the values will give the entropy value
of the system under consideration.

In fact, a careful look at (10.4) reveals the formula (7.2)
for finding the entropy. The average over all microstates is
obtained by dividing by the total number of microstates.
Each microstate is considered equally likely. When averaging
the logarithm of the matrix, the sign of the product in
the formula (10.4) is replaced by the sum. The somewhat
cumbersome denominator of the fraction after the product
sign in this formula allows you to first average the value of
the logarithm of the element on the main diagonal separately
for each Jordan cell, taking into account the multiplicity
(degree) of each multiplier. According to the results of such
cellular averaging, the exponent of each prime number from
the matrix is reduced. Next, averaging is performed over
the entire diagonal of the matrix, where the unique value of
each prime number occurs only once, and there are L such
numbers in total. There is a "smearing"of the probability
density from the averaging operation over all possible Jordan
cells and taking into account the multiplicity of the root
vector Ag, i.e. its height or exponent of a prime number in
the ABC conjecture formula.



11 Trace of matrices. Entropy

S = —(lnw(A;)) = - Zwil”(wi)

i=L E(lg)

ln(/\f.‘)e_ T

1 -

(10.5)

=

During adiabatic compression/expansion, the volume of the

phase space of the system and the averaged matrix logarithm
E

of it - the entropy - remain constant. The multiplier e~ T does
not qualitatively change the main conclusion: the conservation
of entropy as a result of an adiabatic change in the macrostate
of the system. In this case the trace of the matrix P is equal
to the sum of the traces of the combined matrices. It is
possible to compare the initial value of the entropy Sg with
the value at time t; + 0 and then select some degrees of
freedom of the system under study separately. The situation
was considered above when not all the motion of the system
is quasi-classical, but only the motion corresponding to a
part of the degrees of freedom, while for the rest of the
degrees of freedom the motion is quantum. Since entropy
is preserved during the adiabatic process, it is possible to
return the subsystem to its original state.

The cumbersome formula (10.4) and the formula (10.5) based
on knowledge of statistical physics can be replaced by the
adiabatic equation from the school course (8.2), which is
limited to a general description of degenerate energy levels
and, accordingly, the appearance of Jordan cells greater than
one, which greatly simplifies understanding the essence of
the proof.

11 Trace of matrices. Entropy

Thus, a simple matrix relation can be formulated in the form
of the following equations

Tr(D)=Tr(A)+Tr(B) + Tr(C) (11.1)

which is obvious from the analysis of the main diagonal of
~ A0 O
the matrix & of the block diagonal form ( 8 ]3 8 )

157



158 | 5 The ABC conjecture from the Eye of physicist

[Fer95]: Fermi (1995), Notes on
quantum mechanics

And the following formula means averaging statistical variables
taking into account the weights of the terms (here diagonal
lengths) L = k + [ + m of each block of the matrix .

1
L

kTr(A) N iT?’(B) N ﬂTr(C)

TrD) = 7=~ * 177 L m

(11.2)

Note that all elements on the main diagonal of matrices
are positive numbers. The latter implies the equality Sp =
Sa+ S+ Sc or in terms of matrix traces:

Tr(W(InW))p = Tr(D(InW))a
+ Tr(@w(Inw))g + Tr(W(Inw))c (11.3)

12 Arbitrary A, B, C and quantum
mechanics

The school curriculum includes the basics of combinatorics
and probability theory, pendulum motion, oscillator equations,
fundamentals of thermodynamics, internal energy, amount of
heat, first law of thermodynamics, wave interference, signal
spectrum, resonant phenomena, the concept of wave-particle
dualism, photons, photoelectric effect phenomenon, atomic
orbitals and spin, Heisenberg’s uncertainty principle [Fer95],
the basics of laboratory measurements and their errors,
and so on. - This extensive list of concepts allows us to
draw an analogy of the material presented with the school
curriculum.

It is possible to map a quantum mechanical system to linear
maps A, B, 6. Let’s move from Euclidean space to Hilbert
space. Hilbert space, studied in the first decade of the 20th
century by David Hilbert, Erhard Schmidt and Fridges Rees
within the framework of the theories of partial differential
equations and quantum mechanics, can be explained to
schoolchildren from the standpoint of the basics of radiophysics,
equations describing the propagation of an electromagnetic
wave, the phenomenon of interference.
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max(Var(Sa),Var(Sg), Var(Sc)) < Var(Sg) = VarSo
(12.1)

Due to these relations, taking into account the additivity
property of entropy, subordination to the normal law of
fluctuation of this value, it is easy to find the upper limit of
q(a,b,c) (see section 14). But to do this, it is necessary to
consider the basics of statistical physics. Application 1.

13 Analogies from ODE systems

It is interesting to draw some analogies between the quantum
mechanical approach described above and systems of ordinary
differential equations.

Consider the fundamental matrix of a system of linear differential
equations Y and the Vronsky determinant W= det|Y(t)].
According to the Liouville-Ostrogradsky theorem |[Mys72]|  [Mys72]:  Myshkis ~ (1972),

13. section VIH(lS)]‘ Introductory Mathematics for
, :
Engineers. Lectures in Higher

Mathematics

t n T
TrD(t)dz--- l_[/\i = exp/ TrD(t)dt
1 0
(13.1)

W(t) = W(to)exp/

to

At time t; the multiplicity of the roots increases, which
physically corresponds to the degenerate energy levels of
the system, but the trace of the matrix under the integral
remains constant. A similar formula has been found for the
determinant of the Polish philosopher and mathematician
Vronsky, which is useful for finding the derivative of a vector
function in a system of linear differential equations.

The above mathematical formulae reveal the physical meaning
of phase space and the trace of the matrix in the theory of
ordinary differential equations. The adiabatic process and
the constancy of entropy play an important role. There
are other analogies to phase space W — I' and entropy
Tr(D(t)) — S. Note that the matrices are infinite and
reduced to the Jordan form, the sigmoid function in question
turns on/off the multiplicity of the roots and provides a
transformation of the matrix just mentioned.
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14 Fluctuations

For the V formula (3.1) there is a whole class of physical
subsystems: ideal gases, solutions, vibrations of the crystal
lattice with quasi-particles - phonons, and so on, where the
above approaches are implemented. So there is an equivalence
function f that maps each element as an elementary cube 1"

from the sets A and B into C, i.e. f(A,B) — C,

Taking into account the arguments above and the formula, it
is necessary to find a suitable interpretation for the quality
indicator of the triple g(a, b, ¢, ), given through a continuous
differentiable function ¢, the upper bound of which 8.3
asymptotically approaches the thermodynamic estimates
made in this chapter, and even more precisely the greater
the entropy value 8.1.

(In thermodynamics, the number of molecules is operated on
the order of the number/Avogadro constant - the number of
particles contained in one mole of any substance 6.02210%3).
Most of the well-known examples of finding triples of numbers
using supercomputers and distributed computing networks
[ABC]: ABChome (), Bomonrep-  are so-called "good triples"[ABC| with g > 1 exceeding
ckast cerp nop massarmem ABC- - one (g(a, b, c) ~ 1.4), but these more athletic than scientific

home mocssmen pacupesesen- o014 are on the order of one ten thousandth of the Avogadro

HOMY BBIYUCJINTEJIbHOMY HPOCK-

. constant.
Ty, KOTODBIil JTO/KEeH OBLI CO-

CTaBUTH IIOJIHBIN CIIHCOK BCEX . o . .
Assuming an upper bound for large N, it is more expedient to

replace the word "quality"for g(a, b, c), respectively, of the
JIBIX YHCeJI, COCTOANINX MaKCU-
Mym 13 18 mudp. function § defined by us, with the "defect"generally accepted

tpoek ABC, cocrosinux u3 ie-

in error theory according to the formula of fluctuation from
the average value of the investigated system combining subsystems
A,B,C.

According to 12.1 the defect index of the system under study
gaBc, will be obviously greater than § < gapc = A?S and
the last top-limiting function will have a normal distribution
due to the law of large numbers, as well as the properties of

additivity of entropy.

Central limit Theorem

It is known that normally distributed random variables
[Gmu68]:  Gmurman (1968), are widespread in practice [Gmu68]. What is the reason

Fundamentals of probability for this? The answer to this question was given by the
theory and mathematical
statistics Translated by Scripta

Technica Ltd

outstanding Russian mathematician A.M. Lyapunov (central
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limit theorem): if a random variable X is the sum of a very
large number of mutually independent random variables,
the influence of each of which on the entire amount is
negligible, then X has a distribution close to normal.

Assuming an upper limit of g4y for the reference value of the
three numbers A, B, C, for large N, it is more convenient to
replace the word "quality"by a more appropriate "defect"according
to the formula of the fluctuation from the mean, namely
Ag = %—05. For an isolated subsystem, the very statement
about fluctuations in energy, entropy, temperature, number
of particles and other thermodynamic parameters is not
appropriate - one can only talk about fluctuations by considering
the system as a whole. Let us define the equilibrium entropy
of a body S(E, V) as a function of its (average) energy and
volume. By fluctuation of entropy we mean the change of
the function S(E, V), formally considered as a function of
the exact (fluctuating) values of energy and volume. It is
known that the probability of fluctuation in the system is
proportional to the exponential deviation of the entropy:

w =eh (14.1)

This is the entropy of the whole system.

Let’s start by finding the mean square of the fluctuation
in the number of particles of an ordinary ideal gas in a
relatively small volume isolated in the gas. Assuming a
uniform distribution of the gas molecules over the whole
volume Vj and the conditions for the smallness of the subsystem
under consideration in comparison with the whole system
Vlo < 1, the square of the fluctuation of the number of
particles in the subsystem (points in the manifold of the

phase space 1") is determined by the formulae [Hud63]: [FudG3]: Hudson ~ (1963),

Lectures on elementary
statistics and probability

(ANR)2 4
TN W
The relative fluctuation of the number of particles is equal
to the inverse square root of the average number of particles.

((AN)*) =N;.. (14.2)

Similar formulas are known from textbooks of mathematical
statistics [10]. Based on the average square of the fraction in
a given volume of gas, a Gaussian probability distribution of
the fluctuation of the number of particles is found:
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[Szi02]: Szidarovszky (2002),
Introduction to Matrix Theory:
With Applications to Business
and Economics

[Gmu68]: (1968),
Fundamentals of probability
theory  and
statistics Translated by Scripta
Technica Ltd

Gmurman

mathematical

w(N)dN =

(14.3)

—exp (—%) dN

27

This formula can be used for small deviations. For small N
is more appropriate to use the Poisson formula, known from
mathematical statistics [Szi02].

(14.4)

In the case we are interested in (assigned volume) V < Vj
(initial volume), the number of particles in the assigned
volume is assumed to be small compared to the total number
of particles in the gas, although it may differ significantly
from its average value. Taking into account the Stirling
formula n! = V2mn (%)n, the formula (14.3) changes to the
formula (14.4) with small deviations.

Regarding the issue of entropy fluctuations, we note the
following. According to Chebyshev’s theorem |Gmu68|, chapter
9.3) in the presence of a sufficiently large number of independent
random variables with limited variances, the event can be
considered practically reliable, which means that the deviation
of the arithmetic mean of random variables from the arithmetic
mean of their mathematical expectations will be arbitrarily
small in terms of the absolute value of the condition.

By virtue of Chebyshev’s theorem, Lyapunov’s central limit
theorem and the additivity property of entropy, a Gaussian
probability distribution can be applied (refDispN -14.4) for
the entropy fluctuation AS = % and the maximum value of
the function gapc denoted as Agagc,,,- In fact, the number
of particles in a gas, as well as entropy, are additive quantities
and colortealintegrals of motion, therefore they must be

described by similar formulas.

The Gaussian probability distribution (14.2 -14.4) can be
applied to the fluctuation of entropy AS = /Sy and the
upper bound of Agy.x. In fact, the number of particles in
a gas and the entropy are additive quantities and integrals
of motion, so they must be described by similar formulas.
It is enough to imagine an experiment in which the initial
container is divided into N small equivalent containers, where
N is a rather large number, but obviously much smaller than
the Avogadro number and the number of molecules in the



system. Then, instead of the average number of particles,
the entropy value can be substituted in the above formulae
for estimating the fluctuation.

The question of the density of the distribution of prime
numbers remains open in science. At the same time, it is
possible to introduce a random function gapc, obeying the
law of normal distribution, which will limit the continuous
and differentiable g(a, b, c) from above for sufficiently large

Rad(abc)
L

values of . Let’s make estimates of the standard

deviation gapc for the system as a whole, combining subsystems:

_(@aspyr \/ L
Ogapc = I3 - VSo N (In(Rad(abc)))

(14.5)

It was said above 9.4 that 3 is the gradient of a continuous
and differentiable function grad(j) over the entire definition
area § : M — R. This gradient does not turn to infinity and
the increment Ag can be limited from above by a normally
distributed random function gapc.

To estimate the upper bound of the maximum deviation
Aqagc,,,, we can take into account the discrete nature of
the phase space and the principle of equal probability of
microstates, as well as the normalization condition (6.5).

Definition 14.1 The maximum variance of Agagc,,,, means
the lowest value of the probability of @ finding the object
in the microstate under study.

Since the fluctuations of entropy obey the law of normal
distribution and (14.5), the same is true for Agagc,,,, -

To estimate the upper bound of the maximum deviation
Aqagc,,,, we can take into account the discrete nature of
the phase space and the principle of equal probability of
microstates, as well as the normalisation condition (5.5).
The result of algebraic transformations ultimately turns out
to be cumbersome, but it is possible to make an estimate
sufficient to prove the ABC hypothesis. A few paragraphs
below, a numerical integrator experiment using the Monte
Carlo method will be performed and a histogram of the
normal distribution is shown.

14 Fluctuations

163



164

5 The ABC conjecture from the Eye of physicist

The maximum deviation of Agapc,,, corresponds to the
lowest probability value. In turn, the probability of such a
microstate is determined only by the values on the main
diagonal of the static matrix. In total there are L such
elements, the smallest integer being one, so we have wy,;,;, = %,

which corresponds to the law of normal distribution:

1 1 AQmaxz
- = - 14.
L~ Voo 7 ( 202 ) (14.6)

Where the standard deviation of ¢ is determined by

L
7= \/ (In(Rad(abc))) (14.7)

Note that L < m(Rad(abc)) Riemann functions 7. This

statement simply says that the length of the chain of different

primes in the formula (3.1) does not exceed the total number

of primes not exceeding Rad(abc), determined by the Riemann
function of the radical of the product A, B, C. Let us explain

that the Riemann function 7t(x) is defined as the number

of prime numbers that do not exceed the integer number x.

Chebyshev proved in 1851-1852 that if there is a limit, it

must be equal to one:

n(x)
In(x)/x

limy oo (14.8)

Which leads to the conclusion:

/ L 1
OQABC - ln(Rad(abc)) < \/W (14.9)

This ratio is more accurate the higher the value of Rad(abc).
Solving the equation (14.6) and assuming that the expression

under the radical sign is positive, we find

L
AGABC, . = 04 f21n (14.10)
1 V21to

The result of the algebraic transformations turns out to be

cumbersome in the end, but if we take into account the ratio
between the length of the chain of prime numbers and the



value of the radical Rad(abc)), small terms can be neglected
(see below an alternative way of estimating Agagc,,,. )-

This is known from mathematical statistics courses:

Aqgagc,,,, < €| <20 (g) .. D(x)

2 dz 14.11
~ Von / )

(do not confuse the arbitrary parameter € with the energy
of a single molecule, denoted by the same letter above!)

Based on the length of the chain of the formula 3.1 equal to
L, and the values of Agagc,,,, let’s find the ratio between

the minimum value of the chain length in 3.1 and Rad(abc),

which affects the discreteness factor of the phase space:

1 +/Rad(abc) Agapc?
1= = P\, =

L o
L+/Rad(abc) = \/_ex ( qABC)

The formula in the second line defines the conditions under
which the phase space discreteness factor affects 14.6. On the
right there is a rapidly increasing function that will easily
exceed the value of the product of V multipliers on the left
L+/Rad(abc), which, taking into account the estimate of the
standard deviation 14.9, means the disappearance of the
desired triples as the entropy defined above increases 8.1. It
is important to remember that from the formula 8.1 and 14.9
are followed by exponential growth of rad(abc) with respect
to the length of the chain of prime numbers L in the formula
3.1.

From what has been said, it is easy to prove that for V
given in advance € there are only a finite number of triples
of numbers for which g(a,b,c) = § < qanc € (do not
confuse the arbitrary parameter € with the energy of a single
molecule, denoted by the same letter above!) Ag(a, b, c) =

q > qABCmax *

max

The result obtained can be compared with the ABC@home
project, a histogram of the quality of triples of ¢ from the

14 Fluctuations
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Puc. 14.2: This histogram
illustrates the discrete nature
of the phase space for the
three ABC numbers under
consideration. In the case of
q(a,b,c) > gapc + AGABC,ux
there is not a single triple that
satisfies the ABC conjecture.

Puc. 14.3: The ABCQ@home
project finds all triples of
ABC numbers for a given
upper bound on the "quality"of
q(a,b,c) and the number of
decimals.

Histogram of probability distribution density

The upper value of the defect index Qasc ma

| i &rli:"
(A) = —— b o=
Ag) o ( I

(aec anc + ﬂll,mr-_..m

There are no ABC triples c}ut\side the upper value of Agasc ma

number of decimal places in ABC numbers. Figure 2.2 The
ABC@home project finds all triples of ABC numbers for a
given upper bound on the "quality"of gABC and the number
of decimal places.

11

0
10
il tlha
5 10 15 25

20 30

The ABC@home project says "The list of so-called good
triples, consisting of 20 digits, is already complete. For
example, the graph shows that there are 11 good triples
in which ¢ contains 20 digits. If new good triples are found,
only the red part of the graph above will increase. (already
20 digits)".

ABC Volunteer ABC@home

A volunteer network called ABC@home is dedicated to
the distributed computing project of searching for the
so-called "good"triples (unbitten triples). In 2011, the



ABC@home project achieved the goal of compiling a
complete list of all ABC triples consisting of integers
consisting of a maximum of 18 digits. The list includes
14,482,065 triples. See 241 ABC triples of "quality"q not
lower than 1.4, which are often called "good"ABC triples.
https://www.math.leidenuniv.nl / desmit/abc/index.php
according to comp. on 05/11,/2024

In fact, the [ABC]| Project applies a logarithmic scale to
the normal distribution qapc,,, =1+ Agagc,,, and then a
quantitative method for grouping a set of ranked data into
equal subgroups, in this case - deciles), but the characteristic
form of the normal distribution (see above the Maxwell
distribution (7.6) and Fig. 114.2 has not changed from this.

The Monte Carlo integrator and the histogram of the
normal distribution

FHHF### historgam.m #HHHH##
# Here 100000 is the size of a random

sample. This parameter is passed
# in funk. mcintgrv (Monte-Carlo Integral Vector)

for i=1:10000

s(i) = 0.5 * mcintgrv("sin", 0, pi, 100000);
endfor

# A histogram is being built, 30 bars.

hist(s, 30, 1)
#+# End of file historgam.m

HHHH#4F meintgrv.m #HFH#H#H#
#
# function I = mcintgrv(fun, a, b, mcloops)

7

function I = mcintgrv(fun, a, b, mcloops)

# This function can be passed to

# any other function by reference

# The main thing is that it should be continuous
# took positive values

# in the interval [a,b]
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[ABC]: ABChome (), Bomonrep-
ckas ceThb nox HazpanuemM ABC-
home mocBsten pacipeeieH-
HOMY BBIYHCIUTE]HHOMY ITPOEK-
Ty, KOTOPBIN JOJI2KEH OBbLI CO-
CTABUTH TOJIHBIA CIIHCOK BCEX
tpoek ABC, cocrosinux u3 1ie-
JIBIX YHCEJI, COCTOSIIX MaKCHU-
MyM u3 18 mudp.
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# Find the maximum value
of x = linspace(a,b);

f = feval(fun,x);

maxf = max(f);

# Generating random arrays of "raindrops"
rl = rand(mcloops,1);
r2 = rand(mcloops,1);

# We get an array of random values of x and y
# for raindrops (x,y) falling

# per rectangle [a,b] x maxf

l=">b-a;

X = a + L*rl;

y = maxf.*r2;

fx = feval(fun, x);

# Counting the number of points lying
under the graph, counter fx = feval(fun, x)
# Finding the integral

I = counter /mcloops*maxf*l;

endfunction

#+#+# End of the file mcintgrv.m

[Hanll]: Hansen (2011), GNU

: _ The code above is [Han11] of the vectorized mcintgrv (Monte-
Octave Beginner’s Guide

Carlo Integral Vector) function, which is called with arguments.

This code was created on GnuOctave (analogue MathCad)
under the GNU GPL license. It consists of two files historgam.m
and mcintgrv.m The first code allows you to build a histogram
of the probability density distribution for a randomly generated
sample from a dataset of 100,000 integral values.

In the mcintgrov file, the integral is calculated using the
Monte Carlo method. The method is applicable to an arbitrary
function that is positive for a given range of values. It involves
calculating the proportion of evenly falling "raindrops" (or
sprayed with a spray paint) that settled under the curve,
compared with the total number of drops (paint) per rectangle
constructed in the range of values of the function along the
abscissa axis and from zero to the maximum of the function
along the ordinate axis [a,b] X maxf. The fraction thus
obtained is equal to the ratio of the area under the curve,



which represents the desired integral, to the elementary
calculated area of the rectangle. This is based on the uniform
distribution of random points (x, y). The Monte Carlo method
is especially effective for numerical integration in n-dimensional
space.

The code is easy to understand. Special attention should be
paid to performing a comparison between the value of the
function and the value of the ordinate y of a random point.
The result of this comparison operation is a logical array
that returns the indexes of all true elements in the array. By
extracting the number of indexes, it is simple to count the
number of randomly generated pairs of values (x, y), which
are located under the graph of the function.

Coution Watch ou step

Instead of a smooth decrease in the tails of the histogram
on the left and right, a stepwise break is observed. The
histogram obtained by modelling illustrates the discreteness
factor of the phase space. As the scale increases vertically,
the frequencies become integers.

On the author’s laptop, the vectorized version of the Monte
Carlo integrator performs about 300 times faster than the
"normal"numerical integration method. Using vectorized
programming, you can also avoid a lot of loops that perform
trivial tasks and clutter up the code. Vectorized code is much
easier to perceive and debug.

So, the number of particles in a gas, as well as entropy, are
additive quantities, the formula (13.7, 13.10) is also suitable
for estimating entropy fluctuations. To do this, it is enough to
mentally set up an experiment to divide the initial vessel into
N equivalent vessels (in the case of a mixture of gases, this
operation should be performed without separating molecules
of different gases, which would lead to a change in entropy),
while N is a sufficiently large number, at the same time much
smaller than the Avogadro number / number of molecules in
the system. Instead of the average number of particles, the
entropy value must be substituted.

It is easy to show that this conclusion is equivalent to
another representation of the defect gyqx, max(A, B, C) <
K(e)rad(A,B,C)'¢, where K(€) is a certain constant that
depends only on €.
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Try running this code in
GnuOctave or its analogues,
change the sample size from
100,000 to 10,000, 1000, 100,

the
in the hyptogram.

These numerical experiments

and vary number of

intervals

will allow us to directly check
how the standard deviation o
of a random variable depends
on the sample size relative to
its mathematical expectation.
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There is a clear contrast between the difficult-to-verify five-
hundred-page proof of the "Western version"of ABC-conjecture
by Shinichi Mochizuki, a mathematician from Kyoto University

[Moc21]:  Mochizuki  (2021),  [Moc21] and the above proof aimed at high school students
«Mochizuki’s prOOf of ABC- and Senlor Students
conjecture.»

Instead of using supercomputers and distributed computing
resources, it is easy to create a sample of a normal distribution
of one hundred to one hundred thousand units and in half a
second to thirty seconds get a more meaningful result using
the GnuOctave cross-platform application (an analogue of
MathLab under the GnuGPL license), even far from a new
desktop computer. - There is a conservation of intellectual
and energy resources.

15 Prime numbers as the metalanguage of
the Universe

The conclusion of the canonical Gibbs distribution was
made on the basis of an equally probable distribution over
all microcanonical states of the system, the probability
of finding a complex system 1-2 equal to the product of
the probabilities of its subsystems 1 and 2: p;p = pq -
P2, which makes it convenient to work with logarithms
and allows one to operate with additive variables. Additive
functions for homogeneous quantities are the basis for a set
of natural numbers, for countable sets and for the production
of arbitrary measurements => measurability of distances,
introduction of the concepts of metrics and measures. The
properties of the microcosm determine the properties of the
macrocosm => The operation of multiplication is primary
to the operation of addition/subtraction. From the above
positions it is possible to explain the axioms of arithmetic
introduced by Giuseppe Peano, as well as the principle of
mathematical induction, widely practised in mathematical
proofs.

16 The Riemann hypothesis and physics.

The Riemann zeta function allows us to calculate the probability
distribution density of the Riemann function 7t(x) already



considered by us and has a close connection with physics
[Tax11|. The problem, known as the Riemann hypothesis, is

one of the most difficult problems in modern mathematics.

Its importance for science is so great that every advance in its
solution is a significant event. The Riemann hypothesis is one
of the seven Problems of the millennium, which have been
designated as the "Hilbert Problems"of the XXI century, for
the solution of each of which the Clay Mathematical Institute
has promised a reward of one million US dollars.

The Riemann hypothesis states that all points at which
the zeta function vanishes lie on the same straight line,
with the exception of trivial zeros, which are negative even
numbers. Due to the rapid development of number theory and
cryptography, this statement has acquired important applied
significance, in particular, it describes the distribution of
prime numbers.

Physicists have partially established the relationship between
this abstract mathematical problem [Rem21] and a specific
physical system — a quantum description of the motion of an
electron on a plane under the influence of an electromagnetic
field. See also [OB'21].

17 Summing up

The conclusions drawn can be generalised to a number of
subsystems and apply equally to mathematics (foundations
of probability theory, logic) and physics. Prime numbers as
the metalanguage of the Universe (see Table 1 above).

The answer to the question whether a point belongs to an
arbitrary manifold in the studied construction of cuboids
1" € A or 1" ¢ A in phase space should be sought from the
point of view of statistical physics / probability theory.

It is logical to determine the logarithm of the probability
distribution and obtain an additive value - entropy. The
possibility of assigning a subsystem as part of a complex
system and the possibility of defining a function allowed
the architect of the universe (if there is one, despite the
scepticism of atheists) to make the world manageable and
knowable, to reduce complex phenomena to simple ones.
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[Tax11]: Taxrtamxksan (2011),
MEXaHUKa  JIs

HHUIT  “Pe-

XaoTHU4deCKasl

KsanToBas
MaTeMaTUKOB,
ryJspHas |
munamuka, M.—xkesck 2011,
496 c.; English transl., LA
Takhtajan, Quantum mechanics
for mathematicians

[Rem21]: (2021),
«Amplitudes and the Riemann
Zeta Function»

Remmen

[OBY21]:  OBUYMHHUKOB
(2021), «BOJIBIIINE YLCJIA,
IIOPOZK/IAEMBIE JI3ETA-
OYHKIINEN PUMAHA >
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5 The ABC conjecture from the Eye of physicist

The association of prime numbers with logarithmic functions
seems perfectly natural. In the course of evolution, the
hearing, sight and touch of humans and animals have adapted
to the logarithmic law, which allows them to perceive the
environment adequately, organically continuing the laws of
nature, is a consequence of the law of statistical mechanics
and quantum physics, the probability theory.

To illustrate the manifestations of the properties of the
microcosm, it is enough to refer to Heisenberg’s uncertainty
principle ApAg > h/2, which manifests itself in Fourier
transforms, in spectra and in signals: it is impossible to limit
the spectrum and the duration of the signal at the same
time.

The properties of polynomial rings and linear operators are
derived from the properties of prime numbers. Due to the
additive properties of entropy, it is possible to reduce the
variation of easily measurable quantities: number of particles,
energy, temperature, pressure, as the sample increases, and
to describe them in simple linear relations. In this way, the
relationship between the microcosm and the macrocosm is
realised. This relationship obeys the laws of mathematical
statistics (statistical physics). It is noteworthy that literally
from the very first classes, children study phenomena based
on quantum nature, the fundamental laws of our universe:
symmetry, uniformity of space, isotropy, etc.

To summarise the above, it can be argued that the absence of
prime numbers would change our universe beyond recognition.
Would it be possible for a sane person to live in a world
without prime numbers?
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boproa ¢ npeayderKeHnsgamMn

B necarunerve HayKu U TEXHUKU HEOOXOJIMMO CTUMYJIAPO-
BaTh WHTEPEC MKOJbHUKOB U CTYJ/IEHTOB K TOYHBIM HayKaM.
«OTKpBITHE TIO TJIeYy KayKJIOMy CTYJAEHTY U CTapIIeKIacc-
HUKY!> - HIMEHHO 3TOT MOCBHLT CTPEMUTCSI JIOHECTH aBTOP JI0
J0O03HATETHHON MOJIOJIEXKH U JIEP3KUX POCCUNCKIX YIEHBIX.
Tawm, ryie AMepukaHckoii Hayke morpeboBasock 140 cTp. Ha
IIOUCK JIoKa3areabcTBa Benmukoit Teopembl Pepma, 3a 9TO
Duypio Yaiyicy npucyauin Abesesckyio npemuio B 2016
roay - Poccuiickoit HayKe oKa3bIBaeTCsl JOCTATOTHO JIUIIb
MOJICTPAHUIIBI JIMOO TIIeCTU TPaHell JepeBIAHHOIO KyOnKa JiJist
TBOPYECKOI'O PA3BUTHUs PEOEHKA.

1 Bsejenne

Vka3z Ilpesugenta PO or 25 amperst 2022 r. N 231 "O6
obbsByiernn B Poccuiickoit @enepamun decsaruierns: nay-
KN U TeXHOJIOrnit"B 4mcie Mpovunx 3a1ad IIpeayCMaTpruBaeT
[TOBBINIIEHNE JIOCTYITHOCTH UH(MOPMAIMH O JOCTUKEHUSIX U
MEPCIEKTUBAX POCCUIICKOM HayKu! Jijid rpaxkjan Poccuiickoii
Deneparun (urepa B 1. 2.). BakHO OTMETUTH, 9TO HApsI-
1y ¢ Benukoit Teopemoit @epma cyimecrByeT Tak:ke Majias
teopema Pepma B Teopun uncesn. 371ech pedb UIET TOJIBKO

Besukoit Teopemoii @epma (Fermat’s Last Theorem).

Benukas teopema @epma ObL1a cchopmynupoBana B 1637r.
[Teepom jie Pepma. Ilpu xkuznu (1601-1665rr) sToT dbpan-
Iy3CKHil MaTeMaTuK JloKa3aTebCTBa He oiryonKoBas. Hajt
TOJIOBOJIOMKOI OMJTNCH CHJIbHEHIIe OCTPOYMHbBIE MaTeMaTH-
KU MUPa, HO JIOKA3aTeJIbCTB JIJIsi BCEX CTeleHell n He ObLIO
BILTOTH 110 1994r., Korma BIepBble P DHIAPIO Yailjic, HbIHE
JIeKaH MaTeMarndeckoro dakysnbrera [Ipurcronckoro ynm-
Bepcurera CIIIA, uznoxun jpokazarenbcrBo Ha 140 cTp.,
3a YTO aBTOPY JOKA3aTEIbCTBA DHJPIO YailyIcy MPUCYININ
npectmkuyio AbeneBckyto pemuto B 2016r. Beé sTo cBuie-
TEJbCTBYET B TOJIb3Y CJI0YKHOCTH HAYIHOTO MTONCKA. BbIxoanT,
uro IIbep j1e Pepma CUIBLHO MIPEYBEJIMIUBAJ, YTBEPXKIasd O
HAJICHHOM UM KPaTKOM JIOKa3aTe/IhCTBE?!

1 Beemenme ....... 175

2 Ienb comumoJsiornde-
CKOTO mccjaegoBanust 177

3 Tlomynsipuas amepu-
KaHCKas Tpecca vs

PUHIT ......... 180
Mopauss n mayka . . 181

Oobmenpu3nanubie, HO

JIOJKHBIE Teopu# . . . 182
6 3amwuTa paB yepe3

Koncrurymuonuntit u

BepxoBubiii cyapr . . 184

7 B unrepeca ryman-
HOCTU U MODPAJIH
Poccum . . .. ... .. 184
8 Mopastb ctpan O0b-
eanHeHHoro 3anasia 189
9 MopaJsb, HpaBCTBEH-
HocTh. Hayunas

00BbEeKTUBHOCTL . . . 191

10 Haynble oTKpLITHS
UMEIOT ODIIEeMIPOBOE

....... 193

11 Orer KorcTurynnos-

3Ha4YcHHe

HOI'O CYJI& . « . . . . . 194

12 He musobpetaiite
CYIIHOCTH CBEPX
HeoOxXouMoCcTH . . . 199

13 Meraaspik Beestennoit 199
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6 Bopnba c mpeaydex ieHusIMI

Opmraxo Poccniickoit mHayke B 2020 1. 0Ka3aj10Ch J0CTATOY-
HO JIJIST U3JIOYKEHUST OCHOBHBIX HJIEil JI0KA3aTeIbCTBA JIUIIh
MIOJICTPAHUIIBI JIMOO IEeCTU TPaHel TepeBIHHOIO KyOUKa J1/1st
TBOPYECKOTO Pa3sBUTHUSA PEOEHKA W 3HAHUN MPENMYIIECTBEHHO
B IIpeJiesiaxX MKOJIbHOI IIPOTPAMMBI, & He TPOMO3IKUX ITUJTIHH-
JIpUYecKnX (hbYHKIHI, UCIIOIb3yeMbIX Yaiisicom. Tem caMbiM
OT 3HAHWIA, UCIIOJIb3YEMbIX Y3KUMU CIEIUAJICTaMUI, COBEP-
IMIEH TIePexXo/T B MOJIb3Y MKOJIHLHOTO 00PA30BAHMS, TTOIY/IsIP-
HOI HAyKM U MaCCOBOIO IpocBerienus. MoxKHO 1 cuuTaTh
9TO OTKPBITHEM?! ZIBJISIeTCsI OTKPBITHEM IOJIyICHIE HAY THOT'O
pe3yJsibTaTa OPUTMHAJIBHBIM, HOBBIM, paHee He M3BECTHBIM
Hayke crocobom — Tak riacut “lIlosoxkenne 06 OTKPBITUAX,
N300pPETEHNAX W PAIMOHAIN3ATOPCKUX TPEIOKEHUAX ; YTB.
noctanoBsienneM Coeta Munucrpos CCCP ot 21 aBrycra
1973 1. N 584. (meiicTBre JIOKyMEHTa TOJTBEPKJIEHO DPeliie-
uunem Bepxosaoro Cyma P® or 9 mekabpst 2015 1. mo jgeny N
AKIIN15-1138). [osoxkenue geiicrBoBaiio 1o dhespasist 2021r.
u ObLJIO OTMeHeHO Kak ycrapesiuit Hopmartusabiit akt CCCP
noctranosyieareM IIpasurenbcrea PO Ne 80. B ucropun yrpa-
Thl HAYYHOT'O CyBEPEHUTETA CJIEJyeT BBIJICUTH PEIICHUE OT
14 mas 1991r. N 156 Ipesngmyma Aragemun nayk CCCP,
[IPU3HABIIEM Hele/1ecO00pPa3HbIM COXPAHEHUE TOCYIapCTBEH-
HOH permcrparun HayIHBIX OTKpbITHil. C BCTyI/IeHUEM B
cuny gactu IV 'K PO B 2008r. u3 3akpbITOro nepedrs o0b-
eKTOB MHTE/UIEKTya bHOi coberBennocTH (cr. 1225 'K PO)
OBLIN UCKJTIOYEHBI HaydHble OTKPBITHA. K coKaJleHUIo, pern-
cTpaIys HAYYIHBIX OTKPBITUN B coBpeMennoit Poccun, naxe
B YCJIOBUSIX OCTPOTO BOEHHOT'O MPOTHBOCTOSHUSI, 0 CUX TIOP
OCYIIECTBJIIETCS «Ha BHEITHEM KOHTYDE».

[IpemybexieHne «MexKIyHapOIHOI'O MATEMAaTUIECKOIO CO-
obIecTBay MPOTUB U3JIOKeHHOrO B [1aBe 2 KparTkoro jo-
kazareiabcTBa BT® Tpanciupyercd HEKOTOPBIMU yBarKae-
MBIMH POCCHICKUMHU ydeHbIMU. Tak B sesie BepxoBoro cyia
P® CUII-947/2022 1o criopy aBropa ¢ Pocriarenrom B cBsi-
31 C OTKa30M B FOCPETHCTPAINN ITaTeHTa Ha MPOMBIILIEH-
HbIfl 0Opaser 1o yromsinyToit na Puc. 7.4 3asgBke aBropa Ne
2021501435/49 ot 20.03.2021, cymebHble aKThI ObLIH OGOCHO-
BaHbI € ONOPOii Ha 1mecTh (1) JKeHay IHbIX [THUCeM U OJIHY JIOXK-
HYIO 9KCIEPTU3Y, rjie ObLIa MCCJIeI0BAHAJUIID OJIHA I'PAHb
U3 IIeCTH, UMEIONNXCA Y Ky0a, MOBTOPEHBI T'OJIOCTOBHBIE
yTBep:KieHus: PocniarenTa B mjiaruare MpUBEIEHHOTO BBIIIIE
JIOKa3aTe/IbCTBa C aMEPUKAHCKON Bepcuu, Oasmpylomeics
Ha 1unHprudecknx bynxinnsax. OTka3 B perucrpanuu ObLa
crenan PociaTenToM 1101 HA Ty MAHHBIM [IPEJIOTOM «HAPYIIe-
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HUA OOIIECTBEHHON MOpPaJI U HPaABCTBEHHOCTHU», BEPOATHEE
Bcero 3alrajiHoil MOpaJin, UCKJIovaloleil passutue Poccun,
KaK CYBEPEHHOI'O IOCYJapCTBa. 3aMETHM, 9TO MOPAJIHHO-
STUYECKHE CHOPBI He HOACYTHBI Cy/y 10 MHTEIEKTYaIbHBIM
npaBaM — Hapyitenue 1. 1. ct. 47 Koucturyrun P®. Cam
IIPOMBIIIJIEHHBIN 00pa3el] SKCIepTaMy JlayKe He UCCTIeIOBAJI-
csl, IOKA3aTe/IbCTBO, BHI'PABUPOBAHHOE JIA3€POM Ha Kybe «He
3aMeTu I », mybymkanuu, monorpaduu B PUHII orpumanucs
KaK «He COJIMJIHbIE», KDUTHKOBAJICS «CJIMIIKOM MTPOCTON aH-
riuiickniiy. Takast OTKPOBEHHO 3aMCKUBAIONIAs, [IPO3alla IHas
MO3UIHAA YIEHBIX JAJEKO OTCTYIIAeT OT OObEKTUBHOCTU M Ha-
yaroct# - c1. 14 @3 N 127-O3 "O nayke u rocy1apcTBeHHOM
HayYIHO-TEXHUIECKOH moymTuke".

30 mas 2024 cBoum omnpejesiearneM KoHCTUTYIMOHHBIN Cy/1
P® orkazayi aBTOpy B pacCMOTPEHHH €TI0 KaJIOObl, Kaca-
folelicss OOHAPYKUBITIENCST HEOIIPE/IEIEHHOCTH 110 BOTIPOCY
coorBeTcTBua Koncruryrun P® nynkra 4 cr. 1349 ['pax-
nanckoro kojsekca Pocceniickoit @eneparnu ('K P®) B rom
KOHCTUTYIIMOHHO-TIPABOBOM CMBICJIE, B KOTOPOM PE3Y/IbTa-
Thl HHTEJIIEKTYaIbHOM JeITeIbHOCTU B HAY THO-TEXHIIECKOM
cdepe, orpevaromnne ycranoBieHHbIM 'K PO tpebopanusim
K IIPOMBIIILICHHBIM 00pa3iiaM, oleHnBaloTcs PociateHt ¢ 1mo-
3UIUH COOTBETCTBUSI OOIMIECTBEHHBIM MHTEPECAM, TPUHITUIIAM
I'YMaHHOCTU U MOpPaJIn 3alla iHbiX cTpaH, a He Poccuiickoii
Qenepanyn. OTKa3bIBasi B pACCMOTPEHUN KAJI00bBI TI0 CYIIe-
ctBy, KOHCTHTYIIMOHHBIIH Cy/1, cCchltasich Ha permenne Cya 1mo
MHTEJIIEKTYAJIbHBIM IIpaBaM, IPHUIIET K BBIBOIY, UTO PasMe-
IeHHas nHQGOPMAIUS Ha CIIOPHOM ITPOMBIIIIJIEHHOM 00pasiie
"criocobHa BBecTH B 3abJIyKjIeHHE HO OJHOBPEMEHHO yKa-
3aJ/1 Ha OTCYTCTBHUE KOH(MJIMKTA ¢ MOPAJIbIO B JAHHOM JIeJIe.
B 1ém xe cocront Takoe "3abmyxkaenue"B mene? - Bompoc
PUTOPUYECCKUA.

2 llenb commoornaeckoro NCCaeI0BaHms

Cormasnbaas mpobsiema: B Poccnn, Bompeku JiekiapupyeMoit
ct. 44 Koncruryruu P®, HeT cucreMbl HOPMaTUBHOTO PETy-
JINPOBAHUS HAYIHBIX OTKPBITUN, PEeCTP OTKPBLITUI HaIeit
CTpaHbl BEAYT JaCTHbIE CTPYKTYPbI 1 UHOAI'€HT BI/IKHHGILI/IH,
110 HEIIPO3padHbIM TapudaM H MpoIeaypaM. 3a0CTPUTh BHH-
MaHU€e Ha 9TOM OCTPOM HECOOTBETCTBUU, PABHO KaK W HA

177
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[Bop+88]: Bopobees u jp.
(1988), 3amaun no dusmke

COIMAJILHOM 3JI€ JIOXKHBIX 9KCIIEPTU3, HEPEJKO CTAHOBSIIIIX-
CsI OCHOBOI TPYJIHO OTMEHSIEMbBIX HEIIPABOCYIHBIX PeIeHui
(TocTaTOYHO CIeaTh HECTOXKHBIN 3aIpOC B HOMCKOBHUKE O
peleH3un Ha SKCIEePTU3Y U IMOMHTEPEecoBaThCA Tapudami,
YTOOBI TIOHATH BOCTPEOOBAHHOCTH MHCTPYMEHTOB 110 OIIPO-
BEDZKEHHUIO JIOXKHBIX 9KCIEPTH3) MOMOT Obl SIPKHIl [IPETe/IeHT.
Tak myrem anam3a ObLI BHIOPAH 0OBEKT MCCIEIOBaAHIIT —
Benmukas Teopema Pepma, «MaTeMaTHIeCKas KEMIYKIHA,
KpaTKo ¢hOpMyIUpPOBaHHAs, HO OYeHb CJIOYKHO JIOKA3aHHAs.
CyIIecTBYIOT JIU «OJIMMITUAJIHBIEY CIIOCOOBI JOKA3ATE/IbCTBAT
[Bop+88] O6HazmexuBasio apropa o3apenue camoro [Ibepa
e Pepma, yTBepK1aBmiero eme B 1637r., 910 OH «HAIIET
BOHCTHHY UyJICCHOE JI0Ka3aTeIbCTBO, HO 10/ [Apudmernku
Huodanra| 31€ch CAUMKOM y3KH, 9TOOBI BMECTUTH €r0!».
DTO MOJICKA3aJI0 HAIlPABJIEHHUE ITOUCKA — apaIOKC, MUHU-
MaJIbHOE KOJIMYIECTBO (DOPMYJI, a 3HAYUT HEOOXOJIMMO MCKATH
¢ no3uluu reomerpuu u dusuku, MockoabKy B XVII Be-
Ke HayKa eIlé He Obl/Ia MOJIBepPKeHa y3KOI CIIeInaIm3alliH,
AKTUBHO ITPOBO/IMIUCH, BHIPAXKasiCh COBPEMEHHBIM A3BIKOM,
MEXKTUCITUTLIMHAPHBIE nccyiegoBannsd. HacToiauBeiil monck
3aBEPIIUJIC HAXOXKJICHUEM KPATKOTO JIOKA3aTeIbCTBa - HO
KakK IMPU3HATH €ro OTKPbhITHEM opuandecku! CMoaempo-
BaTb CIIOP B 9TOI CUTYAIIUU B CYyJI€ 110 WHTE/IEKTYAJTbHBIM
IpaBaM — 9TO OJIMH U3 CIOCOOOB 3AIUTHI IIPAB, FAPAHTUPO-
BaHHBIX CT. 45 Koncrurynun P®: kaxk1p1ii BlipaBe 3alluinaTh
CBOM IIpaBa U CBODOJIBI BCEMU CIIOCOOAMU, HE 3alPeIeHHbIMU
3aKOHOM.

B ycioBusix mpaBoBoii stakyHbI (11pobesia), Jist CO3IaHus
npere/ienTa B 00pa30BaHUU U TIeJIarOTMKe, aBTOP ObLI BbI-
HY2KJIEH BbIZKeYb JIA3€POM CBOE OTKPBLITHE HA I'DAHAX Jlepe-
BSIHHOTO Ky0a ¥ IM0JIaTh 3aBKY B PocraTeHT 0 perucrparun
raTeHTa Ha IPOMBIIIJIEHHBII 0Opa3el] ¢ JI0Ka3aTeIbCTBOM
«Benmukoit reopembr @Pepmay. OTKa3 B BbIJatUe MaTeHTa HA
IIPOMBIIIIJIEHHBIH 0Opa3er] co cTOpoHbl PocriarenTa mpou3o-
éJ1 6oJiee 1eM depes roji ¢ OOBUHEHNEM aBTOPa B «BBEJICHUU
B 3a0JTy2KJICHIE», aMOPaJIbHOCTU U Oe3HpaBcTBennocTu. o
STUME HalyMaHHBIMHE IIpeyioraMmu PocriaTeHT MpUImchiBaeT
OTKPBITHE, HAMJIEHHOE T'PazKJIaHMHOM Poccun, aMepukaHnckoi
HayKe, He UMEIOIIe HUKAKOI'0 OTHOIIEHUA K 3alluIacMOn
ct. 44 Koncruryrmun P® unre/uieKTyaabHON COOCTBEHHOCTI
rpazkpannHa Poccniickoit @eneparinm.

EmacTBEeHHBIM BO3pazkKeHneM CO CTOPOHBI PocmaTenT Morsio
OBbI cTaTh HAYYHOE OIPOBEPXKEHUE HAWJIEHHOTO aBTOPOM JI0-



2 Ilenb conmosiorndeckoro ucciepoBanus | 179

KazareabcTBa. [[ocKoIbKY OHO onupaeTcs MpenMyIecTBEHHO
Ha IIKOJIbHBbIE 3HAHMS, IIPOBECTU TINATEIHHYIO IIPOBEPKY MO-
KeT JiIoboe JIMIO ¢ aTTeCTaTOM ITKOJIBHOTO 00pa30BaAHMUS.
Astop u Bosriapastembrii um Coro3 «Cubupcknuit Lenrp me-
JUAIIIA» MHOIOKPATHO OOBSIBJISIIN IIyOJIMUIHOE ODelaHme
HarpaJibl — KOHKYPCBHI C IIEJPBIMU MPU3aMU 38 HAYIHOE
OIIPOBEpzKeHMe KpaTKoro aokasareabcrsa BT®, npuriarmia-
JI K JIUAJIOTY JIeKaHa MaTeMaTrudeckoro dpakysabrera [Ipun-
crorckoro yauBepcurera CIIIA, copa Duapro Yaiiica 1o
[IOBOJIY HAIPABJEHHOI'O €My aBTOPCKOIrO JIOKAa3aTeIbCTBA
BT® (RO153663225RU ot 29.02.2020 BpyueHO ajapecary
17.03.2020 u RA631127263RU ot 03.05.2022 - mocTynuio Ha
Tamozkuio CIITA 15.05.2022, 3arem Bo3eparerno B Poccuio. )
— HO Harpa/Ja ocTraJjiach He BOCTpeOOBaHHOM, a IMuchbMa - 0e3
OTBeTA.

[To muenuio PocniarenTa, ykazanme nvenn 3asgBUTeNd U J1a-
TBI CJIEJIAHHOTO UM MaTeMaTHYeCKOI'0 OTKPBITUS Ha M3Je/INN
U YIOMSIHYTOH 3asBKE «BBOJUT B 3a0JTyKJICHUE», SIBJISIET-
cs «HEJOCTOBEPHBIM», «HAPYIIAET MPUHIIUIIBI OOIIECTBEHHON
MOpaJII U HPAaBCTBEHHOCTU». HO 9TOT OJMO3HBII BBHIBOJ B
pemenun PocniaTenTa mMpoTUBOPEYUT paHee MPOU3BEICHHON
Pocniarenrom perucrparuu 6a3bl Janubix [Asi20], B exus-
CTBEHHOI TaOJIUIE COJEPIKATCA CTPOKH U M300ParKeHUs ¢
JIoKazaTebcTBOM Besmmkoit Teopembr Pepma. ABTOD, Kak
3agdBUTEJIb [IATEHTA, 110JIaJl CBOU BO3ParKeHUs Ha pelleHne
Pocriarent ¢ ygeToM aJMUHHCTPATHBHOIO TOpsAIKa (1. 2. CT.
1248 'K P®) B [Tasary no narentHbiM criopam. BospazkeHust
ObLIM OTKJIOHEeHBI [lataToit co cehlIKOil Ha PKCIEPTU3Y, KO-
TOpas MCCIe0Basa JUIIb OJHY I'PaHb MIECTUTPAHHOIO KyOa

(7).

Pemenne Ilamarer o marentabiM criopaMm Pocrnatent Obi-
J10 ocriopeno aBropom B CyJi 110 MHTEJIIEKTYaIbHBIM TIPa-
BaM CcHadaJia 6e3 coOJIIoJIeHusl JI0CY/IeOHOTO MOPsJIKa, KO-
TOPBI He ABJsIETCH 00SA3aTE/TbHBIM JIJIsi HAYIHBIX CIIOPOB
(CHII-947/2022), 3arem ¢ cOOIIOIEHIEM JOCYIEOHOTO TOPSLJI-
Ka Kak rnorpebosas cyma (CHUII-357/2022) u npusnannem
co croponbl PocniarenTa OTCyTCTBHE Yy HErO KOMIIETEHITHH
paccMaTpuBaTh HaydHbIE CIIOPHI. [locsie HeOTHOKPATHBIX Cy-
JIeOHBIX 3ace/laHuil IpeJice aTe/IbCTBYIONICH Cy/ibsd COBEp-
AT HE TIPEYCMOTPEHHBIE APOUTPAsKHBIM IPOIECCYaTHHBIM
kosekcom (AITK P®) neiicrBusi, orpannvus myOnKamum
aBTopa-3agBuress Toabko 2020r. U 6e3 obcyxkieHust Bo-
IIPOCOB CO CTOPOHAMU CIIOPA, KaK BOIPEKH TPEOOBAHMSIM

[AB120]: ABnpres (2020), «Basbt
mauubx 11 9BM lokazarenn-
c1tBO TeopeMmbl Pepma yist Muii-

JINapA0B Ha OCHOBE IMIKOJIBHBIX
sunanamit 11.03.2020»
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[BB09]: Byreas u ap. (2009),
IIpaBoBast crarmcruka: Yuebd-
Hoe 1ocobue

ATIK P® un 06beKTUBHOMY HCCJIEIOBAHUIO JTOKA3ATEIbCTB
[BB09], Hanpasua 3ampoc B JI€CATOK HAYUHBIX OpraHu3aruii
¢ hOPMYTUPOBKON: SIBJISIOTCS JIM IPUJIAraeMble TyOJIUKAIIT
Bagpurens jokaszaTebcTBOM Benmukoit Teopembr @epma? Ta-
Kasl [IOCTAHOBKA BOIIPOCA IIPOTUBOPEUUT IPaBMIaM (hOpMaJib-
HO¥1 JIOTUKH, TIOCKOJIBKY (DAKT TIyOJUKAIII B Psijie PA3HBIX
m3nanuit PUHIL saBasiercss mocroBepubiM (IpeMer criopa -
IarnaT HaifiJeHHOro 3asiBUTEIEeM J0KA3aTe/IbCTBa C HHOTO
“OOIIENPU3HAHHOTO 1 COBEpIIIeHnEe aMOpaJIbHOr0, Oe3HpaB-
CTBEHHOTO MPOCTYyNKa). [I03roMy 4YacTh BbICIIUX yUIeOHbBIX
3aBeJIEHNIT 1 WHCTUTYTOB OTKA3aJIMCh JaTh OTBET 10T OJ1a-
TOBUJIHBIM TIPEJIJIOTOM OTCYTCTBHS CIIEIIUATUCTOB B TEOPUU
quces. JIpyrue xke Jajim OTBETHI ¢ TPyOefInmM HaApyIIIeHuEM
ct. 14 @3 "O Hayke u rocyJJapCTBEHHON HAYTHO-TEXHITIECKON
nonuTuke"or 23.08.1996 N 127-®3, HaydHOil 3TUKH, TPO-
IeccyasibHbBIX MPaBU [5], & Tak:Ke COJepKaHUs KypPCOB 10
OCHOBAaM TE€OPUU MHOYKECTB U TOIOJIOTUH, U3y IaEMbIX CTY/ICH-
TaMU TePBbIX KYPCOB M 9aCTUYIHO - MIKOJTbHUKAMU (DU3UKO-
MaTeMaTUIecKnX MIKOJI. B 3ToM u 3ak/odyaercss HOBU3HA
JIOKA3aTe/IbCTBA, OJIyIeHUe Pe3yJ/ibraTa paHee HEU3BECTHBIM
Hayke criocobom. Ecim Duuapro Yaiiiic «Bc€ 9T0 mpeIBuiIes
emé B 1994r»., To 3adem eMmy 1oHa100MI0CH TpaTuThH 140
CTPaHUIL, TaM, TJie JOCTATOTHO OTHOM?

3 llomynsprnas amMmepuKaHcKas IIPecca, Vs

PUHII

B sroit mutemme BoiOOp PocniarenTa yBepeHHO CKJIOHAETCS B
I0JIB3Y TIOIYJ/ISIPHON aMEePUKAHCKOMN IIPECcCh - BEJIOMCTBO IIPH-
KJIQ/IBIBAET BBIJIEPXKKY U3 HOBOCTEH MOIMY/ISPHON aMepUKaH-
cKoil HayKu. B ciioxkuBIneiics mpakTuke HaydIHbIC W3IaHUSI,
Bxojidarnue B Poccuiickoro Nunekca Hayunoro IHutuposa-
rus (PUHIT), He npuHUMaOTCS BO BHUMaHUE, KOTJIA 3aJ1eThl
HHTEPEChl aMEPUKAHCKOW HAyKH — He CJIydaitHo 3xcuept Po-
CIIATEHT OPUEHTUPOBAJICS MCKTIOUUTE/IHHO Ha MOIY/ISIPHY IO
[Ipeccy 3alaIHbIX U3JIAHUN B PYCCKOSI3BITHOM TIepeBojie. Ta-
Kas HeOObEeKTUBHOCTh M HAyJIHAs Cerperalus 110 IPUHIIAILY
IrpakJIaHCTBa IIPOTUBOPEUUT JielicTByONeMy Poccuiickomy
3aKOHO/IATE/ILCTBY. HeoObeKTUBHOCTD IPOSIBIISIETCS JTazKe
B TOM, uTO PocmareHT BC/eT 38 CBOMM 9KCIIEPTOM, BO BCEX
CBOUX PEIIEeHUAX UCCJIE/LyeT JINIIb OJIHY I'PaHb U3 IIEeCTH JIepe-
BSIHHOTO Ky0a - IIPOMBIIILIEHHOTO 0bpasta. OcrabHble IpaHn



He HAITM HUKAKOTO OTPaXKEHUs B IEPEITHCKe, IKCIIEPTU3E
" ocllapuBaeMbIx pernennsax Pocnarent. I[Ipournopupona-
HBI HAyJIHbIE TTyOJIUKAINN, & TaKyKe HaydIHble MOHOTpaduu
Sagsurensa B u3gannax PUHIL u ap. dAsasercs i Takoe
UTHOPUPOBaHUE OOBEKTUBHBIX JIOKA3ATEIbCTB CO CTOPOHBI
Pocnarenra nHayaabsiM 1 00beKTUBHBIM ! - Bompoc puropute-
CKUIL.

4 Mopasab n HayKa

BaxkHo oTMeTHTD, UTO € TMO3UIUH MOPaJIn 3alaIHbIX CTPaH,
npex;ie Bcero CIITA, mayunoe passutue Poccun Hemomycru-
Mo. JIis wimiocTpalun: ojiHa U3 KPYIHEHIIINX MUPOBLIX 0a3
Hay4aHbiX JaHubix Web of Science crasna memoctynnoit mjis
poccuiickux nosab3oBaresieit. TACC mutupyer 3asBaeHne ee
BJaJIeIbIa — KoMmanuu Clarivate — o ToM, 9TO OHa «IIpH-
HslJIa PeIlleHre 3aKPBhITh POCCUICKUT ODUC U MPEKPATUTH
B P® KoMMepUecKyIo J1eaTeIbHOCTD, MOsICHUB, 9TO TPUYIH-
HOIl 9TOro craja crenonepanus Ha YKpauHey. 3arajiHas
MOpaJib, UJIE0JIOTus oTpuriaeT Poccrio, Kak cyBepeHHoe T0o-
cynapcro. B Vkaze Ilpesugenta PO or 9 nosops 2022 r. Ne
809 “O6 yrBepxkernu OCHOB roCyIapCTBEHHON TOJUTUKH
110 COXPAHEHWIO U YKPEIUICHUIO TPaJIUIMOHHBIX POCCANCKUX
JIYXOBHO-HPABCTBEHHBIX IIeHHOCTEH , T/1e B 1. 14. JaHO ompe-
JieJieHne JIeCTPYKTUBHON ujeosiorun: «lpeosiorudeckoe u
[ICUXOJIOTMYECKOe BO3/ICHCTBUE HA I'DaXK/IaH BeJdeT K HacaxK-
JEHUIO Y9y2KJO0il pOCCUIICKOMY HapOAy U pa3pylLIUuTeIbHON’
JIJIsT POCCUIICKOTO 0DIIeCTBa CUCTEMBI Uil 1 IeHHOCTEI].

Vka3 [Ipe3usenta pazsuBaeT m KOHKpEeTU3UPyeT OoJjiee paH-
HUE JIOKYMEHTDI

» OT/Ie/IbHBIE TT0J102KeHust CTpaTernu HaIMOHAJILHON 6e3-
omacHoctu PO

v

Hoxrpunsr nndopmarmonnoit 6ezonacuoctu PO

» Crparernn mpoTUBOJIENHCTBUS SKCTpeMusmy B PO 1o
20251

» Crparernu rocy1apCTBEHHON HAIIMOHAIBLHON TOJIUTHKA
P® na nepuom mo 2025r.

» OCHOBBI rOCYJIAPCTBEHHOM KYJIBTYPHON HOJIUTHKH

» Crparteruu pa3BuTus WHOOPMAIMOHHOTO OOIECTBA B

P® na 2017-2030rr

> U Jp.

4 MopaJib 1 HayKa
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6 Bopnba c mpeaydex ieHusIMI

Ocraéres aorajbIBaThCsl, 9TO JKe U3 ePedrnCIeHHOI0 NHKPHU-
MmuHHUpyeTca aBropy?! B cBoém pemenun PocriaTeHT Tak:ke
yKa3bIBaeT Ha MPo0es B JEHCTBYIONEM 3aKOHOIATEIbCTBE:
orcytcTBue B Poccniickoit Pejiepaiiny rocy1apcTBEHHOTO Pe-
€CTpa HayYHBIX OTKPBITHIl, KOHCTATUPYET, 9TO COBMECTHAS
nesrebioctb PAEH 1 MAAHOul (uactasix HKO), pe-
TUCTPUPYIONINX HAy4IHbIE OTKPBITUSI OCYIIECTBJISIETCA BHE
paMmok 3akona u Koncrturymun P®. [Ipusnasas neyaosiie-
TBOPUTEJILHOE TOJIOYKEHUE JIeJI 110 TOCYJIaPCTBEHHON peru-
CTpaIlii HAYIHBIX OTKpbITUil B P®, 1epegady crparernde-
CKU BayKHBIX BOIIPOCOB JIJIsT obecriedeHust 0€30MacHOCTH U
pazBuTus Poccunm MekIyHApOIHOMY COODINECTBY U dacT-
HBIM CTPYKTypaMm, PocniareHT mpocTo KOHCTATHPYET, ITO ITU
BOIIPOCHI He OTHOCATCA K ero KommereHrmn (jemo Ne 300-
9C22-11151, Ne C01-842/2022CUII-357 /2022 BepxosHOro
cyna P®). Onnospemenno [lasaTa 10 HaT€HTHBIM CIIOpaM,
BXO/IAMIast B CTPYKTYypy PocriarenTa, pacipocTpaHsieT CBOIO
KOMIIETEHIINIO M Ha HaydHBIE CIOPBI Bpa3pes co cT. 14 @3 "O
HayKe ¥ MOCYJIapCTBEHHON HAy IHO-TEXHIIECKOi mosmTuke" oT
23.08.1996 N 127-®3. BmecTo cChLIKM HA PEECTP HAYUHBIX
OTKpBITHIT PocriaTeHT moyemy-To ccbliaeTcs Ha MOPTaJ UH-
dopmarmonnoro arearcrea TACC, Tak ke He UMEIONTHI
OTHOIIIEHUsT K TOCYJIAPCTBEHHOMY PEeCTPY HayIHBIX OTKPbI-
Tuit, He ynomunaJicad B ¢1.44 Koncturynueit PO, paBao Kak
U B JefiCTBOBABIIIEM Ha MOMEHT I10/Iadu OOpAIeHUs] aBTOPa
B Pocrarent “Ilooxkennn 06 OTKPBITHSIX, H300PETEHUSIX .

o nadasia obocTpeHust UIe0JOrMIeCKOro U BOEHHOTO TTPOTHU-
Bocrostaust Poccust - CIITA obmenpuaaTo OBLIO CIUTATH POC-
CUIICKYIO HAyKy OPraHMYeCKH WHTErPUPOBAHHON B OOIIEMU-
posyto. ['mtaBroe Bozpaxkenue PocriaTenTa — 10Ka3aTebCTBO
aBTOPa MPOTUBOPETHUT OOIIETTPU3HAHHOMY JIOKA3ATETIHCTRY
U MHEHUIO MEXK/IyHaPOIHOIO MaTEMATHIECKOTO COODIIECTBa
(rakoe muenue dhopmupyercs mnpexie ecero B CIIIA, kak
«IIEJIPOTO TPAHTOATENISA ). -

5 Ob6iienpusHaHHble, HO JIOYKHbIE TEOPUU

Aisiercst s «0OIIENIPU3HAHHOCTDY KPUTEPUEM HayIHOM nc-
tunbl! - OTBeT oTpunarenbHbiil. Vcropus Haykn n3o0miryer
npuMepamMu OOIENPU3HAHHBIX JIOXKHBIX Teopuil. B smoxy
Knaccuuaeckoro Cpe/iHEBEKOBbsT Ha YPOBHE PEJIMTHO3HBIX
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[peJICTaB/IeHuit 1 OOIIEeCTBEHHOIO CO3HAHUS SIHIEMUN BOC-
IPUHIMAJNCH KaK 00KeCTBEHHAs] Kapa 3a Pa3JINTIHbIE OT-
CTYIUIEHWST OT PEJIMTHO3HBIX KAHOHOB, B YACTHOCTHU, OTXO]
OT JIOTMATOB IIEPKBHU, MMOIBITKY PAIMOHATILHOIO [TO3HAHIA
Mupa, BepoorcTyiHndecTso [[I13y18]].

Pyku u xupyprudeckune mHCTPYMEHTHI 00PadATHIBAJIA HE TIe-
pel, a mocJe oneparuii. [Ipyroit npumep o0IIeNnpu3HAHHOTO
JIOKa3aTeIbCTBA: TeOIeHTPIYecKas CUCTeMa MUpa IIpeCcTaB-
JleHne 00 YCTPOMCTBE MUPO3/IaHNUs, COTTIACHO KOTOPOMY TI€H-
TpaJibHOE TI0JI0Y)KeHne Bo BeesleHHOI 3aHnMaeT Helo IBUKHA
Bemiis1, BOKpYT KoTOpoii Bpamatorcs Coutarie, JIyHa, maHeTsr
u 38é371p1 [|[Iro+98]].

OTa J0XKHas Teopusi mpocyiecrBoBasia 1400 jer, 1moka He
ObLTa ONpoOBepruyTa MoJabcKuM actpoHoMm Hukosaem Korep-
HUKOM, pa3pabOTaBIIUM TEOPUIO JIBUKEHUS ILJIAHET BOKPYT
Comana Ha ocHoBaHnm npuHnuna Iludaropa o paBHOMEp-
HBIX KPYTOBbIX JBHKeHustX (Tpakrar «O BpalieHusx HebGec-
HBIX cepy, n3man 1543r.), u ganee 6L OTKPBITBI 3aKOHbI
Kemnepa, 3akonsr Heiorona. Bosee cexkuit mpumep obire-
npusaannoro [K7K22|, Ho joxkHOrO JoKasareberea — Ie-
PEeOTIeHKa POJIN 3eJIeHONW YHEPreTUKM, KaK aJbTePHATUBbI
TPaJIUIINOHHON SHepreTuke. B pe3y/braTe BOMIOHTAPUCTCKUX
pelennit cTpal OObeIMHEHHOTO 3anajia MeHbl Ha a3 Bbl-
pocsin 6ostee, em B jecaTh pas (!) . . . “Ge3 yriueBomopo-
JI0B, 0e3 pe3epBOB, MAKCUMAJIbHBIN YPOBEHD, JI0 KOTOPOIO
MOYKHO JIOBECTH BOCCTAHAB/IMBAEMYIO SHEPTETUKY, — ITO
MakcuMyM 30 IPOIEHTOB OT OOINEro sHeprodaJiancay,

cuntaer jorienT Punancosoro yausepcurera npu [Ipasu-
resiberBe Pocenn Jleonnn Kpyrakos [Uurepsoio B JlentePY
https://lenta.ru/news/2022/01/12/zelenerg/ ua 09.02.23].
Cpean obIenpru3HAHHBIX OMIMOOYHBIX UCTHH OCOOEHHO XO-
YeTcs BBIJIEJUTH CIIOP BOKPYT ycThsd AMypa u o. CaxajiuH.
o cepenunnr XIX Beka obienpu3HaHHbIM ObLIO yOeXKIeHne
psijia yUEHBIX, MOpelliaBaTeseil, ToCyIapCTBEHHBIX JIesiTe-
JIefi 0 HEIPUTOTHOCTH P. AMYp Il CyJOXOJICTBa CPEI HUX:
Pycckuit moperiaBaTesib, BO3IVIABIISIBINNAN ITEPBOE PYCCKOE
kpyrocserroe miaBanue V. @. KpysenmirepH, npejceiaresb
coBeta nupekTopoB Poccuiicko-Amepukanckoit kKomanun Oa-
pou II. H. Bpanrens, obunep Poccnitckoro nMmmeparopckoro
dutora, uccemoBaressb Oxorckoro mops A. M. Taspuiios,
MuHEACTP nHOCTpaHHbIX jies K. B. Heccenbpose. Benen 3a me-
peuanciaeHubiMu aproputetamu Vmmneparop Beepoceniickuii
Hukonait I canras, 9aro peka AMyp HEIPUTOIHA I CY-

[M3y18]: U3yTkun (2018), «Dun-
JEMUU B 30Xy KJIACCUIECKOTO
cpesiHeBeKOBbs B EBpormes

[[Iro+98]: Ilromemeir u ap.
(1998), Asbmarect: mim Mare-
MaTUYeCKOe COUMHEHHEe B TPHU-
HaJIIATH KHUTax

[KZ7K22]: KapasaeBa u jp.
(2022), «3EJIEHBIE ®MTHAH-
CBI POCCUU »
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[3a169]: 3amopros (1969), Iep-
Boe oTkpbiTHEe. K OKeamy.

CucremMa JIyXOBHBIX U MOPaJIb-
HBIX IIEHHOCTEH IpuobpeTaeT
peraoriee 3HAYEHHE B YCJIO-
BUSX PAa3BI3aHHON 3arajioM
OypHO-
ro pa3BuTusi THPOPMAITMOHHO-

KOI'HUTUBHOW BOMHBI,

KOMMYHUKAIIMOHHBIX TEXHOJIO-
ruii, BU3yaJu3alluu, TPEXMep-
HOT'O MOJIEJIMPOBAaHUA U Ileva-
TH, JIETKO IIPEOJ0JICBAONIEH To-
CyJlapCTBEHHBIE T'DAHUIIBI.

6 Bopnba c mpeaydex ieHusIMI

JIOXOJICTBA, TepsieTCsl B Meckax u ¢, nojaqdn Heccembpose,
3aIrpeTus1 aaMupasty pycckoro ¢duiora [NM. Heperbckomy uc-
cae0BaTh yeThe AMypa o/ IPE/IJIOTOM SKOHOMUU CPEJICTB
Ka3HbI, coxpaHenns KsaxTuHCKol daiinoir Toproeiau ¢ Kura-
eM, cobsogenust basanca orHomenuii ¢ Anrymeit u CIITA
na Jlanpaem Bocroke. U b B 1849-1851rr. ['ennaamit
NBanosra Hesebckoil, oc/IyIaBInch IpuKasa, OlpoBepr
9TO 3a0JIy2K/IeHUe, UCCIeI0BaB AMypCKuil mMaH. 3acaIyroi
PYCCKOIo a/IMupaJia CTajao IPUCOeNHEeHNe K Halllel cTpaHe
OOIUPHBIX JTAJBHEBOCTOYHBIX 3eMejih 1 ocTpoBa CaxasuH, a
He TIOJyOCTPOBa, KAK 9TO paHee OMMOOTHO CAUTAIN YIIOMSI-
HyThle aBropureTsl [[3a:169]].

Ncropus nayku n3006m1yeT Mog00HBIMUA TPUMEPAMHU.

6 SamuTa npap yepe3 KoHCTUTYIIMOHHBIII

1 BepxXOoBHBIH CYIbI

Astop obparuiics B KOHCTUTYIIMOHHBIH Cy/I ¢ TTPOCKOOIT 3a-
IIITUTH TPUHIAIBI TYMAHHOCTH U MOPAJIU He 3alta IHbIX
crpaH, a Poccun B marentyemom msnesinn. Jlesgo B ToM, 9TO
Ha, OOBIYHOM JIEPEBSIHHOM KYOMKe I'DarkKIaHUH BBIKED JIa3e-
poM JiokazareabcTBo Besmkoit reopembr Pepma. Pocarent
OKa3aJl B TOCPErUCTPAIH IIPOMBIIILJICHHOIO 00pa3iia, ITOTOMY
9TO HaJIeHHOEe POCCUAHUHOM JTOKa3aTe/IbCTBO IIPOTUBOPE-
quT 00IenpuHATOMY H0K-By rpaxkpannna CIIIA, na 140 crp.
PocniarenT rorpeboBa yaaanTh uMd rpazxkaannaa PO 1o
KpPaTKOU BEPCHUEN €ro JOKa3aTeJabCTBa, a TaKXKe 0TKa3aJl B
rOCPErucTpaln NpoMoodpasiia Mol IPeI0roM HAPYIIeHUS
00IIIeCcTBEHHOIT MOpaJIin U HpaBCTBeHHOCTU. Borpoc 3akio-
JaeTcs B TOM, Ubsd MOPaJIb I0/Ipa3yMeBaeTcs’?

7 B mHTepeca ryMaHHOCTH U MOpaJin

Poccun

JleiicTBys B MHTEpECA TYMaHHOCTH M MOPAJIHM He 3ala IHbIX
crpaH, a Poccun, aBrop obpatuiics ¢ xkajgoboit B Koncru-
TYIUOHHBIN cyJi. [loBojioM 151 oOpalieHus: crajia ooHaApPY-
JKUBIIAsiCs HEOIPEJIEJIEHHOCTh B BOIIPOCE O TOM, COOTBET-
crByer Jin Koncturyrun Poccuiickoit @epepanuu mMyHKT



7 B mHTepeca rymanHocTH n Mopasn Poccun

m. 4 cr. 1349 I'paxkganckoro komekca Poccuiickoit @eje-
paru ('K P®) B TOM KOHCTUTYIIHOHHO-TIPABOBOM CMBICJIE,
B KOTOPOM Pe3Y/IbTAThl MHTE/IEKTYAJIbHON JeITeIbHOCTH B
HayYHO-TEXHUIECKON cepe, OTBEYAIONTNE YCTAHOBIEHHBIM
'K P® TpeboBanusim K ITPOMBIIIIJIEHHBIM 00pa3IiaM, olle-
uuBatoTcs PejiepabHBIM OPraHOM HMCIIOJTHUTETLHON BJIACTH
10 MHTEJJIEKTYAJILHON COOCTBEHHOCTHU C TIO3UITUU COOTBET-
CTBHsS OOIIECTBEHHBIM MHTEPecaM, IPUHITUIIAM I'YMaHHOCTH
1 MopaJiu 3allaiHbIX cTpaH, a He Poccuiickoit Oeeparium.

Crop 06 nmenn rpaxkpanuHa Poccun um Mopasm

20 mapta 2021 r. BasBurenb obparmica B PenepasbHYIO
ciryKOy 1o mHTesuteKTyas bHoit cobecrBennoctn (POCITA-
TEHT) ¢ 3agBkoit Ne 2021501435/49 Ha roc. perucrpariuio
IIPOMBIIILIEHHOI0 oOpasiia. HanveHoBanme nusnenust « YCTpoii-
cTBO i oOyuenus «l'unepkyd jiepeBsaHHbIN Ha COOPHOI
[IOJICTABKE C JIOKA3aTe/IbCTBOM BeJIMKOIl Teopembl Pepmas
(nanee BT®).

B nonoxurenshoit popmasibHOil skcepruse Pocriarenta Ha
IPOMBIIIIEHHBIH 0Opa3zer 3agsuresist ot 16.07.2021 cueran
BBIBOI: [10 pesynbraram hopmasibHOI 9KCIIEPTU3BI 3asiBUTEH
YBEJIOMJISETCS O TOM, 9TO (hopMaIbHasd IKCIEPTU3a 3aABKU
Ha, ITPOMBIIIJICHHBIN o0paserl, MpoBeJeHHAs B COOTBETCTBUN
cm 1 un 3cr 1391 I'K PO 3aBepiiena ¢ moioKuTeIbHBIM
pesynbraToMm. T.e. pe3ysbraT TBOPIECKOTO TPy 3asiBUTE s
SIBJIAETCS OPUTHHAJIBHBIM Jin3aiiHepckuM perrenneM. C 1mo3u-
IIUU TOCY/IAPCTBEHHOM PEruCTpaIuy MaTEeHTa Ha TPOMBIIIIECH-
HBIIT 06paser; Toro JOCTATOYHO, HCTUHHOCTD /OMUOOIHOCTh
ABTOPCKOT'O JIOKA3aTeIbCTBA 3asgBUTE/IST MOXKHO OBLIO OBI
OCTaBUTH «Ha CyJ OTOMKOB». Mexy Tem 14 anpensa 2022
PocniarenT mpunsiy perienne 06 oTkase B BbIJade IMaTeHTa
Ha, ITPOMBIILJIEHHBII 00pa3er] 1o 3adBKe 110 OCHOBAHUIM TO-
ro, 9To (paMujIns, UM 3adBUTE/S B JATUHUIE, & TaK:Ke
2020 ron HaliAEHHOTO MM MaTeMaTHYECKOI'0 JT0Ka3aTeIbCTBa
BT®, BoirpaBUpoBaHHOIO J1a3€POM Ha IMATEHTYEMOM HU3JIe-
JInk, 10 MHeHuto PocriaTenTa, BBOIUT B 3a0/1y:K/IeHUE, KaK
HEJIOCTOBEPHOE, U T€M CaMbIM IPOTUBOPEYUT OOIECTBEH-
HbeiM uHTepecaM. PocrarenTt npumenun 1. 4. cr. 1349 'K
P® B nporusBopeunn ¢ Koncruryrueii, mocanras nmaTeHTy-
emoe uzgenme GO 3asBurens, BKIOYAs J0KA3aTEIbCTBO
U JIATy €ro HaXOXKJIEHWs ITPOTUBOPEYAIIMU OOIIEeCTBEHHBIM
UHTEpecaM, MPUHITUIIAM TYMAHHOCTU ¥ MOPAJIN.

185
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6 Bopnba c mpeaydex ieHusIMI

29 mas 2023r. cBonMm perenueM 10 jery Ne CUII-947/2022
¢yl o uHTe IekTyaababiM npasam (CUIT) orkaszan B y1o-
BJIETBOpEeHUN TpeboBanuit aBTopa K PocriarenTy o mpuznanuu
HE3aKOHHBIM / HEJIEHCTBUTELHBIM perieHnst PocriarenTa 06
OTKa3€ B BbIJAade [TATEHTA HA IIPOMBIILICHHBIN 00paserr 1o
sagBre Ne 2021501435/49 ot 20.03.2021r. 21 aBrycra 2023
[Tpesunym cy/ia 1o HHTEIEKTYAJIbHBIM IIPABAM TIOCTAHOBJIE-
aueM 1o geay Ne C01-1179/2023 oTkasas B yJA0BIETBOPEHUN
KaCCaIMOHHBIX YKaJI00 KaK 3asgBUTENsI PETHCTPUPYEMOTO ITPO-
MBIIILJIEHHOrO obpa3siia aBTopa, Tak n Corosa «Cubupckuii
[entp memmanuun» (CIIM), peanmsoBaBIiero mpoyKITHiO
- narenryeMoe uzzesnue depe3 OO0 «Murepuer perenuns»
(Toprosas miomaaka Ozon). He coracupmmmch ¢ IpUHATHIME
o jeny cymeoubsivu aktamu, ApasieB M.A. n Coro3 obparu-
JINCh C KaccalmoHHbIMU kKajiobavmu B Bepxosubiit Cyn PO.
23.10.2023 mo gemy Ne 300-9C23-19598 Ne CUII1-947 /2022
Bepxosubriit Cyx PO oTk/ioHNT KaccalnoHHbIE KAJI00bI aB-
topa u Cor3 «Cubupckuit MeHTp MeInaluny Ha PereHne
Cyna 1o unTe/ieKTyaabHbIM IpaBaM oT 29.05.2023 u mocra-
HoBJienue npesujgauymMa Cya 1Mo UHTE/ICKTYAJbHBIM [TPaBaM

or 21.08.2023.

Hapsy cynebubivu obparienusiMu 3asgBUTEIb OOPAIIAJICT B
[IpaBurenbcTBo P® 3a 3amuToil mHTEIIEKTYaIbHBIX TIPAB B
nopsiike cT. 44 Koncrurynun PO ¢ mpejiyiozKeHueM o peru-
CTPAIIUU HAYIHOI'O OTKPBITHS B MATEMaTUKe, CyBEePEHU3AIINU
HAYKW ¥ CTUMYJIUPOBAHUSI WHTEPECa MOJIOJIEKHU K HAyKe U
TeXHUKe, - JPYIruMu cjioBamu, peanunsaiun cr. 44 Koncrury-
mun PO.

BasgBuTeNIb NCUYEPIAJ BCE JIPYTUE BHYTPUTOCYIAPCTBEHHBIE
cpejicTBa CyIeOHOM 3amuThl, 6e3ycrenno npuderajg K BHECY-
Jiebnoii 3amure mytem nepenucku ¢ [IpasurenscrBom PO,
myOJIMKAIIY B HAYYHBIX U3/IaHUSAX, YieOHOe BUJIEO B OTKPbI-
toMm sroctyiie 1o Teme BT® u ip. mepsr. [Ipu srom SasBuresn
cepltasica na ormenennoe [locranosienne Cosera Munu-
ctpos CCCP ot 21 asrycra 1973 r. N 584 "O6 yTBepxKpenun
[Tomoxkenust 06 OTKPBHITUAX, U300PETEHUAX U PAITUOHA3A~
Topckux npeiokernsax" 1, 3agBuTe/b IPUBOINI apTyMEHT
O TOM, 9TO yMECTHUTH CTO C JIUIITHUM CTP. AMEPUKAHCKO
Bepcun gokasaresbcrBa BT® Ha mectu rpaHgax JIeTCKOIO
KyOnKa HEeBO3MOYXKHO B oT/imdne oT Poccuiickoit Bepcun moka-
zaresibcTBa BT® Haiiiennoro 3asgBuresieM, OCHOBHBIE €U
KOTOPOI'O M3JIaraloTcs B JIByX (hOpMyJIaX U PUCYHKAX U 3a-
HUMAET TOJICTPAHUTIBI.
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B nepeunciennnix Boie cynedbubix aktax CUIL u ero Ipe-
3UJIMYM BBIILIN 3a Tpejiesibl onpejeneHnoit P3 95-P3 kowm-
ImereHnonuu u HOHHO)I(')‘IHI(/)I7 pa3peliasgd CIIOp B 9aCTHU MOpPaJiu,
HPaBCTBEHHOCTH U HayKW. ['0BOPSA O HaydHOI CTOPOHE, ITPH-
HUMasd BO BHUMaHKUE JOCTYIIHOCTDb HU3JIOZKECHUA JOKa3aTEJ/Ib-
crBa BT® BasiBurens s MKOJIBHIKOB, TAKOIO POJA CIIOP
HEOOXOIMMO pas3peliarh ¢ IMPUBJICUYEHUEM CIEeIUaIiCTOB B
cdepax dbutocodpun u JIOrUKH, OOIEH METOI0J0THN HAYKH,
reoMeTpun U (hU3NKH, TEOPUN TUCEJI, IIKOJIHHON T1e/IarOruKH.
PaccmarpuBasi MOpaJIbHO-HPABCTBEHHBIE aCIeKThI (IIPaBO Ha
UMSsI POCCHHCKOTO, & He aMePUKAHCKOTO T'ParKIaHUHA, BO3-
MOXKHOCTD U3JI0:KEHHsT COOCTBEHHOI BepCcHH JI0Ka3aTe/IbCTBa,
JazKe €CJI’ 3TO MPOTUBOPEYUT JIOMAHUPYIONIEH TUYK. 3PEHUA
MEXK/IyHAPOIHOTO HAYIHOI'O COODIIECTBA IIPUOPUTETY HAYKU
CIITA u KoHCOIUIUPOBAHHOTO 3amamia, IpearydoeKIeHn0 00
OTCYTCTBUU KPATKO Bepcuu jokasareaberBa BTD) crop
cJeAyeT yperyJupoBaTh ¢ MO3UIUM, THOCEOJIOT NN, HAYKOMET-
pun, MOPaJ M 3TUKUA, PEJIATUH.

B neificrBuTEIbHOCTHU, UBJIOKEHHBIN CIIOP ABJIAETCSI TTPOSAB-
JleHreM 3a/10:KeHHbIX B 1. 4 c1. 1349 'K P® nporuBopeunit
Koncrurynum P®. Tezuc o Tom, 9T0 MMs TpaxKJIaHuHA U
JlaTa ¢JIeJIAaHHOTO UM OTKPBITUS BBOJAT B 3a0JIy:K/I€HUE, KaK
HEJIOCTOBEPHBIE, U TEM CAMBIM IIPOTHBOPEUUT OOIIECTBEHHBIM
MHTEpecaM U3J1araloT JUCKYPCUBHYIO MTO3UIUAIO allOJIOTETOB
po-3anajHoil MOpaJid, YBbI, €Ilé rOCIoJACTBYIONeil B oTe-
YECTBEHHON aKaJIEMUYCCKOA cpejie B CUJIY UHEPIMOHHOTO
MBITILJIEHN S, OCHOBAHHOTO Ha MHOTOJIETHEM JIUJIEPCTBE CTPaH
Espomnnbr u CIITA B cdepax KyJabTypbl, 00pa30BaHus U HAYKH,
OCHOBAHHBIX Ha CUCTeMe 3alaHbIX MeHHOCTeHl — T. H. 00-
IIECTBA JIEMOKPATUHU M COIMAIbHOIO OJ1arojeHcTBus. BaxkHo
[OMHUTH, 9TO C MO3UIUN MOPAJN 3alaHbIX CTPAH, IPEXK/Ie
Bcero CIITA, mayunoe passutne Poccun nejomnycrumo.

B nesiom, 3amagaast MopaJsib, ngeosiorust orpuriaer Poccnto,
KaK CYBEPEHHOE T'OCYJIAaPCTBO - B 9TOM M COCTOUT IJIaB-
HBIIl OOIECTBEHHBINI MHTEPEC MPaBSIINX KJIACCOB CTPaH
00bEIMHEHHOIO 3ala/Ia.

Hamu myxoBHO-HpaBCTBEHHBIE OpUEHTUPHI KOHCTUTYIIMOH-
Has pedopma, nposenentas B 2020 rojy, npuBHECIa B TEKCT
poccuiickoit KoHCTHTYIIMN HOBbIE IEHHOCTHBIE Ty XOBHO- HPAB-
CTBEHHBIE OPUEHTUPHbI. 3aKoHOM Poccuiickoit Pereparium o
norrpaBke K Koncrturyrnuu Poccuiickoit @eneparun ot 14

187
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mapra 2020 1. Ne 1-OK3 «O coBepiiieHCTBOBaHUE peryJ/in-
POBAHUSA OT/EJILHBIX BOIIPOCOB OpraHu3aIuu U (byHKITHOHU-
poBaHud IyOJINYHON BJIACTH» OBLIM BHECEHBI HOBBIE HOPMBI,
OYEBU/IHO CBU/IETETHLCTBYIONINE O MOCTAHOBKE Tiesieil u 3a-
Jlad MOPaJIbHOTO XapakTepa. Peusb uier o hopMyInpoBKax
HOBBIX crareil (67.1, 75.1), Tak u o yKe umeroruxcst ( II.
«k. 1» a. 1 ct. 72). B neiicrBytomeii poccuiickoit Koncru-
TYIIUUA BIEPBbIE 3aKPENUIUCH MOJIOXKEHUA O «COXPAHEHUU
maMsITH IIPEJIKOB, MePeJIaBIInX Hjeasbl U Bepy B Boray, o
JeTdX KakK BasKHeHIeM IIPUOPUTETEe IOCYLapCTBEHHON IOJIH-
TuKU Poccun, X «BCECTOPOHHEM JIYXOBHOM, HPABCTBEHHOM,
UHTEJUIEKTYAJIHLHOM U (PU3UYIECKOM PA3BUTUU», BOCIIUTAHUU
B HUX <«IATPUOTU3MA, I'PAKJIAHCTBEHHOCTH U YBaXKEHUs K
CTAPIINM>.

Panee B cBoem Ilocranosiienun ot 23 cenrabpa 2014 r. Ne
24-11 «llo nmemy o mpoBepke KOHCTHUTYIIMOHHOCTH HacTH 1
cratbu 6.21 Kojiekca P® 06 ajiMuHUCTpPATUBHBIX IIpaBOHA~
PYIIEHUSIX B CBSA3M C Kaj000ii rpaxan H. A. Ajekceena,
. H. Esrymenko u JI. A. HcakoBay KoHCTUTYIIMOHHBI
Cyn P® ormermsi, 910 ceMbsi, MATEPUHCTBO U JIETCTBO B
UX TPAJUIUOHHOM, BOCIIPUHATOM OT IPEJIKOB TTOHIMAHUI
MIPEJICTABIAIOT COOOIl Te TIEHHOCTU, KOTOPhIe 00ECIEYNBAIOT
HEIIPEPBIBHYIO CMEHY MTOKOJIEHUH, BBICTYIIAIOT YCIOBUEM CO-
XpaHeH!s U PA3BUTUA MHOTOHAIIMOHAJILHOTO Hapoja PO, a
IIOTOMY HYKJIAIOTCS B 0CODOM 3aIllUTe CO CTOPOHBI T'OCYIap-
CTBA.

B cucreme nopmatusnoro peryiupoBanusg PO Koucturyrms

P® u psij1 HOpMATHBHBIX aKTOB 3AIMUIIAIOT MOPAJIb, JIYXOBHO

HPABCTBEHHBIE IEHHOCTU POCCUICKOrO OOIEeCTBa, 3TO: yKa3

[TpesumenTta PO ot 9 nHostopst 2022 1. Ne 809 “O6 yTBEp:K 1eHIH

OcHOB rocyIapCTBeHHOMN OJUTHKH 110 COXPAHEHUIO U YKPEII-

JIEHUIO TPAJIUIMOHHBIX POCCUNCKUX JTyXOBHO-HPABCTBEHHBIX
x99

neHHocTeit”, Tjie B 1. 14. jaHo onpejesienne JIeCTPyKTUBHO
HAJIE€0JIOTUHL:

N neosiorndeckoe u MCUXOJOTHYECKOE BO3JICHCTBIE Ha T'PaXK-
JaH BEJICT K HACAZKJICHUIO Yy2KJIONH POCCUICKOMY HAPOILY 1
Pa3pyIIUTEIbHON JIJId POCCUICKOTO OOINECTBa CHCTEMBI HJIei
U IIEHHOCTEM, BKJIIOYad KYJIbTUBUPOBAHUE 3rOU3MA, BCEI03BO-
JIEHHOCTH, 0€3HPABCTBEHHOCTH, OTPHUIAHIE HILAJIOB IaTPUO-
TH3Ma, caykeHust OTedecTBy, eCTeCTBEHHOIO POIO/IZKEHN
JKU3HH, [IEHHOCTU KPEeIKOil ceMbH, Opaka, MHOI'OJIETHOCTH,
CO3UJIaTEIHLHOTO TPY/a, MO3UTUBHOTO BKJaja Poccun B Mu-
POBYIO UCTOPHUIO U KYJILTYPY, Pa3pyllieHue TPaJIUIInOHHON



8 Mopaub crpan Ob6beanaerHoro 3amama | 189

CEMbU C IIOMOIIIBIO IIPpOITIaraH/ bl HETPaJAUITMOHHBIX CEKCYaJlb-
HbIX OTHOIIECHUIA.

Yka3 [lpe3usenrta pazBuBaeT nu KOHKPETU3UPYyeT DOJiee paH-
HUE JOKYMEHTBI: OTJIe/IbHbIE 10/I0KeHns CTpaTeruu HaIuo-
HaJtbHO# Oe3onacHocTu PP, JlokTpunbl mHAOOPMAIIMOHHOM
6ezonacuoctu PO, Crpareruu npoTuBOIefiCTBUS IKCTPEMUI3-
My B P® mo 2025r., Crparernn rocyapCTBEHHON HAIIO-
HasibHOM nosinTuku PP na mepuos 10 2025r., OcHOBBI TOCy-
JIAPCTBEHHON KY/IbTYpHON mosntuku, CTparernn pasBuTHs
undopmarmontoro obmectsa B PO wa 2017 - 2030rr, u ap.

8 Mopaub crpan O0beuHeHHOTO 3alajia

Mopanab crpan ObbeanHenHoro 3amnajga u Poccnu B KopHe
PA3INYIHBL.

C mavaoM crennajbHOI BOEHHOI omeparun 3arai 0TOpo-
CUJI JIMILJIOMATUYIECKUE YIOBKHU. 3alajiHasi MOpaJjib B PAIe
cIydaeB OTpUIaeT Bepy B Bora, npumaepKuBaercst KyabTa
Carafbl, IpoHaraHInPyeT, IbABOJIOMOKJIOHHUIECTBO, TOMO-
CeKCyaJin3M, OTPHUIlaeT Opak, KaK COI3 MYKUMHBI U YKEHIIIH-
HBI, TTPOIAraHIPyeTCs] HHIUBULYATA3M, JTOMYCKAIOTCS JIOKD
U JIIeMepre, KakK CpeJCcTBO JIOCTHXKeHus 1eJieit, u T. 1. Beé
9TO yKa3blBaeT Ha 3akar 3amaguoit Hnsmmmsamun [[I1nel0]].
Jlst mrocTpanun, KOraa HallyMeBInas 10 BCEMY MUDPY Bbi-
craBka TpyIoB mpodeccopa ['tonTepa hor XareHca Jomuma u
110 Poccun, PIII BeicTynMIa MpoTHB TaKOro «O6ecCThIICTBAY,
yKa3bIBas He HeraTUBHOE BJIMAHUE Ha HPABCTBEHHOCTH, OTCYT-
CTBHE HayIHOI'O U BOCIIUTATE/IbHOI'O SHAYCHUA PAaCIJIEHEHHBIX
JeJIOBEUYECKHUX TPYIIOB B TOM BHJIE, KAK 9TO IPEJICTABJIAET
[Monrtep dhon Xaremnc.

Hayxka, Bociiuranue u obpazoBanue 6a3upyrOTCcs Ha JIyXOBHO-
HPaBCTBEHHBIX MeHHOCTAX. Tak, PejiepabHbIl 3aKOH OT 5

[[Ire10]: MIuenraep (2010), 3a-
KaT EBporbt

Puc. 8.1: Anaromuyeckue 3Kc-
nonatsl ['onrepa dpon Xarenca
o npozsury Jlokrop Cmeprh
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[ABn23]: ABnpies (2023), «Besu-
Kas TOJIOBOJIOMKA, KAK MHIIMKA-
TOp cyBepeHu3anuu Poccuiickoit
HAyKU»

uiosig 1996 r. N 86-®3 "O rocymapcTBeHHOM pEryJIMpOBAHUT
B 00JIACTH TEeHHOMHKEHEPHOH JleaTe/TbHOCTH " olipejiesisger Me-
XaHU3MbI, 00ecrednBaoIe 6e30IMacHOCTb TPaZXK/IAH U OKPY-
JKaToIIeit Cpeibl B IIPOIIECCE OCYIIECTBICHUS TeHHO-MHKEHEPHON
JIeATEIbHOCTU U UCIIOJIb30BaHUs ee pe3ysibraroB. [Ipunsar Pe-
nepasbabiil 3akoH o1 20 Masg 2002 r. N 54-®3 "O BpemeHHOM
3alipere Ha KJIOHUPOBAHUE Y€TOBEKA UCXOJs U3 IPUHIIAIIOB
YBayKeHUs 9eJIOBEKa, IPU3HAHKSA IIEHHOCTH JIMIYHOCTH, HE0O-
XOJUMOCTH 3allUThI IIPAB U CBODO/] YEJIOBEKA W YUUTHIBAs
HEJIOCTATOYHO U3YUEHHbIE OMOJIOTUIECKUE U COUAJIbHBIE TI0-
CJIeJICTBUS KJIOHUPOBAHUS YeJIOBEKA.

Hpyroit npumep: yka3 Ilpesunenta PO ot 10 okTsabps 2019
r. N 490 "O passurnu uckyccrBeHHOro uHTeIekTa B PO" (¢
M3MEHEHUSME U JIOTIOJTHEHUSIMU ) OIPEJIeIAIOT TIOHATHS J0Be-
PEHHBIE TEXHOJIOIMH UCKYCCTBEHHOTO MHTEJLIEKTa, OTBEYAI0-
e craHjgapTraM 6e30MacHOCTH, pa3paboTaHHBIE C YIETOM
MPUHITAIIOB OObEKTUBHOCTH, HEJNCKPUMUHAIIAN, STUIHOCTH,
UCKJTIOYAIOIINE [IPU UX UCIOIB30BAHIE BO3MOXKHOCTD ITPUIH-
HEeHWs BpeJia YeJIOBEKY U HaPYIIIeHUs €10 OCHOBOIIO/IATAOIIIX
mpaB u cBODO/I, HaHeceHns yinepba mHTepecaM OOIECTBa 1
rocyapersa |[Asi23]].

MozKHO IPOJIOIZKATD 3TU IMPUMEPDI ¢ YIETOM 3aKOHOIATE b=
CTBa PEryJUPYIONIEro OOPAIEHNs ¢ PAIMOAKTHBHBIMU MaTe-
puaJiaMu U sIJIEPHBIM OPYKHEeM U MUPHBIM aTOMOM B 3HepIe-
THKE, HO M3JIO?KCHHOI'O JIOCTATOYHO /IS BBIBOJIA!

PE3YJILTATDBI I/IHTeJI.HeKTya,.HI)HOIU/I JAeATeJIbHOCTU B HAYyIHO-
TeXHU1IeCKOH cdepe, BKIIFOUAST ITPOMBIIIIEHHBIE 00PA3IIHI,
JIOJIZKHBI OIIEHUBATHCsI 110 IITKAJIE Yy XOBHO-HPABCTBEHHBIX
nennocreit Poccuiickoit @enepaliun, MopaJn Halllei crpa-
Hbl. CrucreMa JIyXOBHBIX U MOPaJIbHBIX IIEHHOCTEH IIPHOOpPe-
TaeT PeIakolee 3HAYUEHIE B YCIOBUAX PA3BA3aHHON 3aria-

JIOM KOTHUTUBHO# BOMHBI, OYPHOTO pa3BUTHA NH(POPMAITMOHHO-

KOMMYHUKAIIMOHHBIX TEXHOJIOTHUI, BU3yaJ u3allui, TPEX-
MEPHOI'O MOJIEJIUPOBAHUS U II€9aTH, JIET'KO ITPEOI0IEBAIO-
el Tocy/IapCTBEHHBIE TPAHUIIBI.

HeitctBytomas pegaknus 1. 4 ¢t. 1349 'K P® ne comepkur
yKa3aHusl Ha ODIIECTBEHHYIO MOPAJb M HPABCTBEHHOCTH C
no3uiuu 1ennocteit Poccniickoit @enepanuu. B pesynbrare
takoil B fene 300-9C23-19598 (CUII-947/2022) BepxosHo-
ro Cyna P® criop paspeliieH ¢ omopoii Ha mperyOesk 1eHnst
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MEKTYHapPO/THOI'O MaTeMaTUIeCKOTO COODIIECTBA, TOCTYJIH-
poBaHUA BTOPUYHOCTU POCCUICKON HAyKU U OTPUIIAHUE ee
HayYHOT'O CyBEpPEHUTETA.

Kaxk ykaszanue umenu poccuiickoro rpaxgannsa (cr. 21 Kon-
cruryrun P®) oz HaiieHHbIM UM J0Ka3aTeabcTBoM BT O
(ct. 44, 75.1 Koncrurynun P®) moxker mpoTuBOpEYUTh POC-
CHIICKOI1 0OIIIECTBEHHOI MOpaJI U HPABCTBEHHOCTH - BOIIPOC
putopudeckuii. B Bcex mepevunc/ieHHbIX Jiej1aX HeT HayIHON
9KCIIEPTU3BI B TOM IPOIECCYATHLHOM TIOPSIKE, KAK 9TO MPEeIy-
CMaTPHUBAET IPOIECCYATbHBIN KOIEKC: (hOPMYJINPOBKA BOIIPO-
COB, BBIOOD IKCHEPTHOTO YUPEXKJICHUsI, IPEJTYITPEK JICHIE IKC-
nepra 00 YroJOBHON OTBETCTBEHHOCTH, CBEJICHUS O KBAJIM(DU-
KaIuu dKcIepTa u cuenuaan3anun. Haydabie opranmsaimm,
¢ koropeim CUII poBesnt «HedopMaibHOE HHTEPBLIOY, JaKe
He TOJIYYHUIN CIIOPHOIO MTaTeHTyeMoro usjeius. Yerwipe us
JIECSITH OIPOIIIEHHBIX TaKUM 00pa30M HayIHBIX OPIraHU3aIuu
110 COOOPaAXKEHUIM STUKH BO3JIEPYKAJIMCH OT OTBETA Ha JIOTH-
YeCKH HEKOPPEKTHO c(OOPMYIUPOBAHHBIN 3aKPBITHIN BOIIPOC:
COJIEPKUTCS JTM B TpUT/IanaeMoii myommkanun Asjibiesa M.A.

nokazaresibctBo BT®? OrBer Ha Takoit BOIIPOC MOKET OBITh:
Ha 6o Her.

Ho 3a6bIB 0 Hay4HOl U 371IeMEHTAPHOI STHKE, IIeCTh Hay -
HBIX OpraHu3aIuii HanepeOoil MPUHSJINCH OYEePHITH JI0Ka3a-
tebeTBO BT® BasgBureris, moaMenHsas 00CyKIAeMbIil TE3HC,
nyTas Hay4dHyio repMmunosioruio. He oborocs 6€3 oTBeTOB
B aHOHUMHOM bopmare.

9 MopaJib, HpaBcTBeHHOCTL. Hayunast

00 bEKTUBHOCTD

BoixoauT, uro 6e3 Mopa/ii ¥ HpaBCTBEHHOCTH HaydHas 00b-
€KTUBHOCTb, 3aj0keHHas B ¢T. 14 @3 "O Hayke u rocymaap-
CTBEHHOI Hay4uHO-TexHn4IecKoil nmoantuke"or 23.08.1996 N
127-®3 meBo3moxKkHa. B 3akmodennn 1mo pesyabraraM 9KC-
IepTU3bI 10 CYIIECTBY 3adBKU 3asgpuresd B PocmarteHt -
[Tpua. K perrenuio 06 OTKa3e B BblJade MaTeHTas, COIePsKUT-
cs 6e3/10Ka3aTe/IbHOE YKa3aHne Ha BO3SMOYKHBIN ILTaruaT co
CTOPOHBI 3asIBUTEJISI C JOKa3aTeIbCTBA JHIPIO Yaiiica, HO
0e3 TpuBe/IeHNsT KOHKPETHOTO KOHTEKCTa, U3J/I0XKEHUS UJIeH,
GOpPMyYINPOBOK, MPUIINCHIBAEMBIX DHIPIO Yailjicy.
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Wurepecto kKak pa3MecTUTh TEKCT B CTO C JIUIIHUM CTPa-
HUI[ TAaKUM 00pa30M, 9TOOBI €ro MOKHO OBLJIO HaledaTaThb
Ha [IEeCTH I'PaHIX JIEPEBIHHOTO KyOUKa JIJIsT TBOPYECKOI'O
pasBuTus pebéHka’?

Hayumnbie OTKpBITHST IMEIOT OOIEMUPOBOE U, B JIAHHOM JIeJIe,
KYJIbTYPHOE U UCTOPUYECKOE 3HAYEHUE C TO3UIUU I11€]1aro-
UKW U 00pa30BaHusd, IIOCKOJIbKY «HepaspemmuMmasy ¢ 1637
r. Benukaga Teopema @epma B 2020r., cBA3yOasd BpeMeHa
Huodanrta Anekcangpuiickoro (III Bexk HD, Dmnoxu IIpo-
ceerennst (XVII Bek) u coBpemenHocts (1udpoBusarius
u 3D mogesmposanne XXI Bek) Oblia BIEpBBIE J0OKa3aHa
CpeJICTBaMU IIKOJIbHOW IporpaMMbl B KpaTkoit hopme. B
YCJIOBUSX ODOCTPEHHOTO MPOTUBOCTOSIHUS KOJIJICKTHBHOTO
Bamaa ¢ Poccmeii, kparkoe mokasarennbctBo BT®, orHO-
CUMOI K «MaTeMATHICCKUM >KEMUIYZKIHAM», UMEeT BarKHOe
KYJbTYPHOE U UCTOpUYIECKOe 3HadeHus. JlokazarebecTBo 3a-
sButess nojapbiBaet reremonnio CIIIA u «kpacory» Haitgen-
noro npodeccopom JIurn Ilaoma, mpod. IIpuncronckoro
yHUBepcuTeTa, JekaHa Mar. Pakyabrera DHAPIO Yailica cra
¢ JIMIITHUM CTPAHUYHOrO JIOKA3aTeIbCTBO, 38 KOTOPOE eMy
obL1a npucyxkaeHa Aberesckas npemus B 2016r. Ho monck
WcTunbl He ocTaHaBIMBACTCS C IMIPUCYKJIECHUEM CaMbIX IIpe-
CTU2KHBIX HArpaJ u nupemuii. I 9T0T IpUHIINIT TAKXKE SBJIs-
eTcst IPoIoJIzKeHneM pasengeMbix Poccuiickoit Penepariueit
JIYXOBHO-HPABCTBEHHBIX IIEHHOCTEM: TOCTOTHHOE Pa3BUTHE
JIMIHOCTU W COIUAJIbHBIX UHCTUTYTOB, MHOTOIOJISIPHBIN MUD,
be3bapbepHas cpejia, OOIMIeCTBO PaBHBIX BO3MOXKHOCTEH H

T. 1.

Yka3 [pesunenta PO or 25.04.2022 Ne 231 "O6 obbsBienun
B Poccuiickoit @eiepaiiunm JIecaTUICTUs] HAYKA U TEXHOJIO-
ruii" mofaepKuBaeT 3HAYUMOCTD HAY YHO-TEXHOJIOTUIECKOTO
Pa3BUTHUS CTPAHBI U CPEIU MPOYUNX 3319 CTABUT ITOBBIIIEHIE
JIOCTYITHOCTH MH(OPMAIIUN O JTOCTUKEHUSIX U TePCIEeKTUBAX
poccuiickoil Haykn Jijisd rpaxkjan Poccuiickoit Peneparnun
(murepa B 1. 2 Ykaza). C 9THX MO3UIMIA KpaTKOe JI0Ka3a-
TEJILCTBO 3asBUTENISA JIEMOHCTPUPYET KaXKJIOMY IMTKOJbHUKY
[MPUOPHUTET U JIOCTUKEHUS POCCUIICKOI HAYKH, a [I03TOMY UMe-
eT BayKHble ITyOJINIHO-TTPABOBBIE MTOCTIEICTBUS JIJI HAYKU,
[IeJIaTOTUKH, YKPEIUIEHUS POCCUIICKON MOPAJIH JIUIUPYIOIIe-
ro rocyapcTBa B cpepax oOpa3oBaHUudA, HAYKA U TEXHUKH.
9r1or Yka3 passubaer cT. 34 Koucruryrun PO: Kaxiprit
MeeT IPaBo Ha CBOOOIHOE UCIOJIHL30BAHIE CBOUX CIIOCOOHO-
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CTEell 1 UMYLIECTBA JJId IPEAIIPUHUMATEIBCKON 1 NHOA He
3alIPeIeHHON 3aKOHOM SKOHOMUYECKON JIeATeIbHOCTH.

10 Hayunble OTKPBITHS UMEIOT

00IIEMIPOBOE 3HAUECHHE

loBopst 0 Bropuanoctu Poccuiickoit Haykn, 3asBUTEb OT-
MedaeT WUeOJTOTHIECKNe TTPEIOCHIIKN, TaKyKe BBITEKAIOITNE
n3 MopaJu 1 cucteMbl 1eHHocTeit. Emé B 1991 r. IIpesuu-
yM Axkagemunn nayk CCCP npusnas «Here/1ecooopasHbiM»
COXpaHeHue TOCYIapCTBEHHON PernCcTpaIlii HayIHBIX OTKPbI-
tuii (pemenne or 14 mas 1991 r. N 156). Usbarue nures-
JIEKTYaJIbHOTO pe3yJIbTaTa B BUJIA HAYIHOTO OTKPBITHUS IO
[IPEJIJIONOM «HEIIE/1eco00pa3HOCTH» OBbLIO HpeanpuHaTo Poc-
CUMCKAM TOCYJIAPCTBOM B IEPHOJI OOJIBIINX OXKUJIAHUNA OT
MHTErpaIiy Hallei cTpaHbl B MEXK/LyHAPOTHOE HayTHOE CO00-
IeCTBO U pazzesienne Tpyaa. Ho kak ybeauTeIbHO ToKa3aa
crierinasibHas BOEHHAs Ollepalins, TaKne OXKUJIaHUs OKa3a-
JINCH MJLTIO30PHBIMU.

B Jlecsatunerne HayKu M TEXHOJOTHI BOIIPOC 3AIUTHI WH-
TeJIJIEKTYaJIbHOI'O ITOTEeHIna Ia TpedyeT 0coO0ro BHUMAaHUS.
JlocTaTouHO yKa3aTh Ha ySI3BUMOCTB II. . ¢T. 1259 'K PO:
ABTOpCKUe mpaBa He pacIpOCTPAHAIOTCS Ha. . . OTKPBITHS,
yOeInThCA B OTCYTCTBUU 3aKOHA 00 OTKPBITHUSIX, IPEEMHUKA
[ocymapcTBeHHOrO KOMHUTETA TI0 H300PETEHNSIM U OTKPBITUSIM
npu 'KHT CCCP rocymapcrBeHHON YCIYTH 110 PETHCTPAIAN
Hay4YHOU OTKPBLITUA.

IIyakr 1. ct. 44 Koncrurynmuu P® racur Kaxiaomy ra-
paHTHpyeTcs cBOOO/IA JIMTEPATYPHOIO, XY/I0XKECTBEHHOI'O,
HAyYHOTO, TEXHUIECKOTO U JIPYTUX BUJIOB TBOPYECTBA, IIpe-
nojaBanus. VHreekryaibHas COOCTBEHHOCTh OXPAHACTCS
3aKOHOM. V3 mMeromuxcs B jiejie HayYHbIX IIyOJIUKaIuii 1 MO-
norpaduii u3 nepeunas PUHII maremarndeckoe oTKpbITHE
obL10 crenano 3agsureneMm B Hadaje 2020r., 1 Ha TOT MO-
MeHT perynuposasoch [locranosiennem Coseta MunucTpon
CCCP or 21 asrycra 1973 r. N 584 "O6 yTBepxkaenun [loso-
JKeHHUS 00 OTKPBITUAX, N300PETEHUAX U PAITMOHATN3ATOPCKIX
peJIozKeHn X " .

B cooTrBeTcTBHU € M3/I0:KEHHBIM, PYKOBOJICTBYACH 4. 1. CT.
21, 75.1, 1a. 1. ct. 34, u. 1. ct. 44 Koncrurynuu PD, .
3. ct. 3 c1. 36, 96, 97 PenepanbHoro KoHCTUTYIIMOHHOTO
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zakoHa oT 21.07.1994 N 1-OK3 "O Koucruryrmmonaom Cyte
Poccuiickoit @eneparun

DopMyJIMPOBKA ITPOCUTETIHHON YACTU YKAJIOOBI

[Ipusnare mynkT 1. 4 cr. 1349 ['paxknanckoro kojekca Poc-
cuiickoit Qejieparuu He cooTBeTCTBYOMUM 4. 1. cT. 21, 75.1,
9. 1. cr. 34, 4. 1. c1. 44, 4. 1. c1. 46 Koncrurynuu PO B Tom
KOHCTUTYITUOHHO-ITPABOBOM CMBICJIE, B KOTOPOM YKa3aHHAas
HOPMa IIPOTUBOPEYUT OOIIECTBEHHON MOPAJIU U HPABCTBEH-
Hoctu Poccuiickoit Pejrepariy.

11 OrBer KOHCTUTYIIMOHHOTO CY/Ia

Omnpenenenne Koncrurynmnonaoro Cyma P® or 30.05.2024
N 1337-O "O6 orka3e B MPUHSTHH K PACCMOTPEHHIO Ka-
J100bI Tpazkannia ABapieBa Mapara AJlekcaHapoBuda Ha
HapyHmicHHe €Iro KOHCTUTYIMOHHBIX ITpaB ITYHKTOM 4 CTaTbU
1349 I'paxknanckoro kogekca PP "Koncrurymuonnsrit Cyg
Poccuiickoit @eneparun

OIIPEJIEJIEHNE
ot 30 mag 2024 r. N 1337-0O

OB OTKASBE B IIPUHATUN K PACCMOTPEHUIO
2KAJIOBBI I'PAZKJTAHITHA

ABJIBIEBA MAPATA AJIEKCAH/IPOBUYA HA
HAPYIIEHUE EI'O

KOHCTUTYIMOHHBIX ITPAB ITYHKTOM 4 CTATBU
1349 T'PAZKIAHCKOI'O

KOJEKCA POCCHUIICKON ®EJIEPAIIN

Koncrurynuonnstit Cyn Poccniickoit @eneparuu B coctase
[Ipencenarens B.J1. 3opbkuna, cymeit A.FO. Bymesa, JI.M.
Kapxkosoit, C.M. Kazannesa, C./I. Kuazesa, A.H. Koxko-
toBa, J1.O. KpacaBankosoii, M.B. Jlo6osa, C.I1. Mappuna,
H.B. Menbuukosa, B.A. CuBuikoro, paccMoTpeB BOIIPOC O
BO3MOYKHOCTH TIPUHSITHS Kaj100b! rpazkiannaa M.A. ABipI-
eBa K paccMoTpennio B 3acenanun Koncruryrmonnoro Cyra
Poccuiickoit @eneparun,

YCTaHOBUJT
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1. Ipaxganun M.A. ABnipieB ocriapuBaeT KOHCTUTYIMOH-
nocthb nmynkTa 4 crarbu 1349 'K Poccuiickoit ®eneparun,
a paKTHIeCKN - ero NOJIyHKTa 4, 3aKPeIIAIONIero, 4To He
MOTYT OBITH OObEKTAMU ITATEHTHBIX MIPAB PE3YJILTATHI HHTEI-
JIEKTYaJIbHOM J1edTe/TbHOCTH, yKa3aHHble B IyHKTe 1 JTaHHOi
CTaTbH, €CJIU OHU [IPOTUBOPEYAT ODIIECTBEHHBIM UHTEPECAM,
IIPUHIUIIAM I'YMaHHOCTA U MOPAJIN.

Kak cienyer us npejacraBieHHBIX MaTEPUAJIOB, PEIICHIEM
Cyna 1o MHTe/IeKTYaIbHBIM IIPaBaM, OCTaBJICHHBIM 0€3 u3-
MEHEHUsI IOCTAHOBJ/IEHNEM TIPEe3UIMyMa TOTO ke cyma, M.A.
ABJibIeBY OTKa3aHO B NPU3HAHWK HEJIEHCTBUTEILHBIM pellle-
Husi PocrrarenTa 00 oTKaz3e B yJIOBJIETBOPEHUH €I'0 BO3pa-
JKeHHs Ha perneHre o0 oTKase B BbIJade IaTeHTa Ha IIPo-
MBINLIEHHBIH oOpaserr. Cy1 mepBoit MHCTAHIIMHE YKa3aJI, ITO
PocniarenT o6ocHOBAHHO pacieHuI Pa3MelleHHY 0 Ha IPeJII0-
JKEHHOM U3/ NH(MOPMAIIMIO B KAUeCTBE CIIOCOOHON BBECTH
B 3a0J/Iy2K/leHne U 9TO B pemtenun PocrareHTa OTCyTCTBYIOT
BBIBO/IbI, OTHOCSIIUECS K HAPYIIEHUI0O HOPM HPaBCTBEHHOCTU
u MopaJin. B nepemade KaccaoHHOM Ka100b Ha HA3BaHHBIE
cy/1ebHbIe aKThI JJIsT PACCMOTPEHUS B Cy/1e0HOM 3ace aHnn
Cy1ebHOM KOJIJIeTnn 110 9KOHOMUYeCKUM criopaM BepxoBHOTo
Cyna Poccuiickoit @emepariun 6bLI0 OTKA3aHO.

ITo MHeHHIO 3asiBUTEISI, OCIIAPUBAEMOE [IOJIOZKEHIEe He COOT-
BercTByeT crarbaM 21 (wacts 1), 34 (wacts 1), 44 (qacrsb
1), 46 (wacrb 1) u 75.1 Koncruryrun Poccuiickoit @enepa-
I[N, [OCKOJIBKY OHO HPOTHBOPEUNT OOIIECTBEHHOM MOPAJIHN
u upascrBennoctu B Poccuiickoit @enepanuu.

2. Koncrurynmonnniit Cyy Poccuiickoit @eseparnun, n3ydns
IIpeJICTaBIeHHbIE MaTepHasbl, He HAXOIUT OCHOBAHUM JIJIst
HPUHATHUS JTAHHOI YKaJ00bl K PACCMOTPEHUIO.

[IpumeHnTETHHO K MHTEIEKTYaIbHBIM IIpaBaM TPeOOBaHUS
Koncrurynun Poccniickoit @enepariun, B 4aCTHOCTH €€ CTa-
reit 17 (wacte 3), 19 (vactu 1 u 2) n 55 (vacts 3), o3nava-
0T 00SI3aHHOCTD UX 00J1a1aTe s COOIIOIAThH ODIIEIIPaBOBbIE
[IPUHIIAIBI PEAJTU3AIUN IIPAaB U CBOOO/I, BKJIIOYAsA J100POCO-
BECTHOCTH IIPU UX OCYIIECTBIEHNU U HEIOYCTUMOCTD 3JI0YIIO-
Tpeb/IeHnsT UMI; BMECTe ¢ TeM, KaK U IIPaBo COOCTBEHHOCTH,
MHTEJJIEKTYaIbHbIE ITPaBa MO/IJIEYKAT 3AINTE UCXOJ U3 00-
mero Oj1ara ¥ HeOOXOIUMOCTH IO/IepKaHnsl KOHKYPEHTHOM
9KOHOMHUYECKOI CPEJIbI, B TOM UHCJIE B IEJISIX YTBEPIKICHUS B
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Poccniickoit @erepanium KOHCTUTYITUOHHO 3HAYUMBIX TIEHHO-
creit (ITocranosnenne Koncrurynnonnoro Cyma Poccniickoit
Denepanun or 24 mapra 2023 roga N 10-IT). CoorBercTBy-
o1ye TpebOBaHusA PaCIPOCTPAHAIOTCS U HA PEryJIMPOBaHUEe
IIPABOOTHOIIEHU, CBA3aHHBIX C IIPEJIOCTABICHUEM PE3YJIb-
TaTaM MHTEJIEKTYAJIbHON JIedTeTbHOCTU ITPABOBOM OXPaHbI
KaK 00beKTaM IIPOMBIIILIEHHO! COOCTBEHHOCTH.

OcrrapuBaemMoe 1oJi02KeHme, 00eCIeunBaIoINIee PeaJTn3aIluio
9TUX TPeOOBaHUI, He MOXKET PACIEHUBATHCS KaK HAPYIIAIO-
mee B 0003HAYEHHOM B 2KaJj100€ acleKTe KOHCTUTYIIMOHHDbIE
lpaBa 3asBUTEJI.

YcraHoB/IeHUE YKe U UccaeoBaHne (PaKTUIeCKUX OOCTOs-
TeJIbCTB KOHKPETHOTO JIeJia, OIeHKa JOKa3aTeIbCTB, TOCIY-
JKUBIIUX OCHOBAHUEM JIJIsI TPUMEHEHUS B HEM T€X WJIM UHDBIX
HOPM TIpaBa, He BXOJAT B KOMIETeHINI0 KOHCTHTYIIMOHHOTO
Cyna Poccuiickoit @esiepaiiuu, orpeie/ieHHY0 B cTaTbe 125
Koncturynun Poccniickoit @ejieparuu u crarbe 3 Pegepasib-
Horo Koucruryruonnoro 3akona "O Koncrurynmonnom Cyre
Poccnitckoit @eneparmn.

Vcxomst n3 M3JI02K€HHOTO 1 PYKOBOJCTBYSICH IIYHKTOM 2 9acTH
nepBoii ctaTbu 43, 9acThio epBoit craThu 79, ctaTtbamu 96 u
97 ®enepaabHOro KoHCTHTYIIMOHHOrO 3akoHa "O KoncTury-
mmorHOM Cye Poccuiickoit @eneparmu KonctnrymmonHbIi
Cyn Poccniickoit ®eneparimn

OTIPE/IeTUIT

1. OTka3aTh B IPUHATHNA K PACCMOTPEHUIO YKaJI00bI IPaZK 1a-
nunaa ABjpieBa Maparta AjtekcanIpoBnda, MOCKOJIbKY OHA HE
oTBevaeT TpedboBanusaM DegepasbHOTO KOHCTUTYITHOHHOTO
zakoHa "O Koncrurynmonnom Cyne Poccuiickoit @emnepa-
U1 B COOTBETCTBUM C KOTOPbIMU 2kKaJyioba B Koncrurynu-
ounbrit Cyn Poccniickoit Peepariun mpu3HaeTcst JOMYCTH-
MOIL.

2. Onpenenenne Koncrurymuonnoro Cyna Poccuiickoit ®e-
Jiepalliy 110 JAHHOM »Kaji00e OKOHYATETbHO U 00KaJIOBAHIIO
HE TTOJIJIEXKUT.

[Ipencenarens Kouncrurymuonnoro Cyia Poccuiickoit Pejte-

pamru B./I.30PBKNH
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Tewm ne MeHee, jgaxke OTPHUIATE/ILHBIN OTBET TOMOTAET aBTOPY
CBOOOJIHO PACIPOCTPAHSTD, IIeYaTaTh PE3Y/IbTATHl €10 HHTEJI-
JIEKTYAJILHON JIedTeIbHOCTH B ¢ mwity cT. 29 u 44 Koncturynun
P®. HamomumM, 9T0 € ITMHCTBEHHBIM OCHOBAHUEM JIJIsI OTKa3a
B PErUCTpAINN MATEHTA ITPOMBIIIJICHHBI 00pa3er] co CTOPo-
Hbl PocniaTenTa ObLIM MOTUBBI HADYIICHUS OOIIECTBEHHON
MOPAJIN ¥ HPABCTBEHHOCTH. - Tenepb OHU CHSATHI.
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Uro KacaeTed QOBOOOE 3aSBHTENN 10 NoBRIY HeoDX0IHMOCTH H3MEHEHA HOPMATHEHOTO
PEryIHPOBINHA FOCY1APCTEEHIOH PErHCTPALMH HAYUHLIX OTKPHITHIL, To. Kak yie OLUI0 YEazano
3agpHTEmO B 0TBeTe Pocnarenta Ne O08/10-1322 or 29.03.2022 g oteer na obpamenme ot 09.03,2022
B Anmapar Mpasirenscrea PO OHH He MOTYT OBITE IPHHATEL BO BHEMAHKRE M0 TOH NPHYHHE, 49T
PEmIEHIE BONPOCOR PECHCTPALHN OTEPRITHE 1 geaTensHocTh PAEH o MAATIOUH ne oTHocHTCa K
EoMOeTeHIHH PocnaTedTa B cooTreTeTRHE ¢ [TocTanopneunenm [Tpapnrenscrea Poccniickoi
epepamnn ot 21032012 Me 218,

4.C YUETOM BRIISHITOHENHOND, NPSACTAREENHbIE SAABHTENCM JOBOOL] TIPHAATE K CBEIEHHR,

HO OHH HE H3METEIOT Paies T HeNHEE BRIBOL JKCTIEPTHSEL

[MpoRepka COOTRETCTENE MHABNEHHOIO pemennus Tpedosamam 1, 4 or, 1349 Kopexoa®,

npeayeMoTpentan noanyseron 4o 38 Tpaswn® =, nokazana coemyrimee,

Cornacio n. 4 cr. 1349 Kogekca™ #e MOTYT OBITE 00LEKTAMH NATEHTHRIX NPAB PE3YILTATE
HHTENNEKTVANEHOH TeaTeNHOoCTH B cpepe anIaina (PECHHA BHSIIHETD BIAA HIOENHA),
MPOTHBOPEUALIHE OOIIECTBEHHEIM HHTEPECAM, TPHHITHIEM MYMIHHOCTH H MOpPAITH.

Hazganie npoMumneHHoro 00pasig co0eps#HT YEAZAHHE HA D0KA3ETeNBCTEO TeopeMel (hepra,

Ha waodpasensi Juir. 7 npicyToTBYeT:
- Haymmek «Fermat's Last Theorem for billionss, yxaikBasomiag Ha qpocTomy JTOKEEETEe heTRL

Teopesb dhepma;

- Haankce "has been proved in 20207, yiaasearonyie, 4o Teopena Pepya Oulla JoKalaH B

2020 roay.

- wagnues aharat Avdyev SCM 20200, vEaSWBIHIYIO HA ARTOPCTES ARIeicEa M.A B

OTHOMICHHN JOKAEITCIRCTER Teopemel Pepaa B 2020 romy,

OpHako, ofHUHANEHO TPUIHAHHEM ARARETCA Q0KIIATENLCTRO TeopeMel Depua IHapm
Vaiincom g 1994 roay (Hemousnk uaopuManiy — HETEPHET NOPTAN HHEOPMATHOHHOTO AreHTCTEA
TACC, hitps:/imankatass rumanka 2 740447,

HerounHkos H][d}DpHﬂllHH, MOATEE P IAFIITHX I]Iiilliu.}{ﬂ.'.lbllﬂe NMPHINAHHE QOKa3aTeNLCTEAL

reopesil epya Asamesnisn MoA B 2020 roay, skenepriaoil ne obHapykeno.

HC[“_‘IJIHH‘IHHH HE BRITIICY KA3AHHBIY HE.L}[IIHEI:E‘I B AABEICHHHE M HA H'juﬁpE“HHH NPOMBITTLTCHHOTT
UGPHZSIHI HBOJIHT B 'iEIﬁ.'I}".IL'[I‘:'I-I HE, KdR HEJIOCTORCDHOC, H TEM CUMEIM NTPOTHRORHHT ﬂﬁ'lll_l:lf.!TH-t:H HEIM

HHTEPECAM,

Taxsm obpazon, Ha ockopadi 0. 4 cr. 1349 Kojekca™ npejcraiieHuoe B MATEPHANAN THRKd

TERTaTTes ma senssssn K ses afle sssmas s mamsEETETET R RS S

Puc. 11.2: Tlosumusa PocnarenTa oduimaabHO TPU3HAHHBIM ABJISETCS J0KA3aTEIHLCTBO TeopeMbl Pepma,
Duapro Yaitsicom B 1994 r. BeiBom: mporuBopedee 00IECTBEHHBIM WHTEPECAM, IPUHITAIIAM TYMAHHOCTH U
MODAJIH.
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12 He nzobperafiTe cymHocTu cBepx
HEOOXOINMOCTHU

[IpocToe mokazaTebCTBO UMeEeT 0oJiee BHICOKYIO HAYIHYIO
IIEHHOCTD: «HEe M300peTaiiTe CyIHOCTA CBEPX HEOOXOIUMOCTH »
(Ymmbam Okkam). Hagmmen na msmesnn coryiacHo 3asiBKe
Ha TATEHTYEeMBbIil TPOMBIIILIEHHBIH 00pa3el] aBTopa He HapY-
AT PaB JIPYTUX JIUI] U ITyOJIMYIHbIE UHTEPECHI, 8 HAITPO-
TUB COOTBETCTBYIOT OOIECTBEHHBIM UHTEPECAM, IIPUHITUIIAM
IYMAHHOCTH U MOPAJId B TOW Mepe, B KOTOPOW 9TOMY CIIO-
cobcrByer obpasoBanue u npoceemenne. C 2021r. ['unepky6
JepeBstHEbIN 3D Ha COOPHOIT 1MO/ICTABKE € JTOKA3aTETHCTBOM
Benukoit Teopembr @epma 6611 pasmerten Coo3 Cubupckuit
Hentp mMeauanum aBTOpOM Ha MapKeT-TijIelice, KaK pa3BU-
BaIOIIWiT CyBEHUD JJIs IIIKOJILHUKOB, CTYJIEHTOB U JIFOOO3HA-
TEJILHOM MOJIOJIE’KU. DTOT CYBEHHUP IOIaPEH aBTOPOM Py
6ubMoTeK U yHUBepcuTeTOB Poccum.

13 Merassbik Beesennoit

CraenaHHble BBIBOJBI MOI'YT OBITH 0O0OOIIEHBI Ha, IEJIbIIH Pl
IIOJICUCTEM U B PABHOI Mepe OTHOCHUTCS KaK K MaTeMaTH-
Ke (OCHOBBI T€OPUU BEPOATHOCTH, JIOTMKH), Tak 1 (PU3UKE.
JIormuHO HIpU 9TOM OHpeIe uTh JorapudM OT pacipee-
JIEHUST BEPOSITHOCTH U TOJIYIUTh aINTUBHYIO BEJIUINHY —
SHTPONHUIO. BO3MOXKHOCTD BbII€/IEHUS [TOJICUCTEMBI B COCTaBE
CJIOKHO¥ CHCTEMBI M BO3MOKHOCTH 33 TaHusT (DYHKITUH TTO3BO-
mum ApxurekTopy Beesennoit (eciim TakoBoit cyIecTByeT
JlazKe BOIIPEKH CKEIICUCY aTeMCTOB) CIAEJIATh MUD YIIPaBJIsde-
MBIM U ITO3HABAEMBIM, PeLyIUPOBATH CJIOXKHBIE ABJIEHUN K
IIPOCTBIM.

CBs3b TTPOCTBIX YUCEN C JIOTapUMOMUIECKUMU DYHKITUIMA
IIPEJICTaBIISIETCSl COBEPINIEHHO eCTeCTBEHHOM. B X0/1e 9BOITIO-
IIUU CJIYX, 3peHne, OCs3aHue YejlOBeKa U KUBOTHBIX a/Jlall-
TUPOBAJIUCH K JIOTAPUMDMHUIECKOMY 3aKOHY, UTO IO3BOJIAT
aJIeKBaTHO BOCHPUHUMATh OKPYZKAIOIIYIO Cpejy, OpraHuy-
HO IPOJOJIZKaeT 3aKOHBI IPUPOJBI, ABJIdAETCH CJCJCTBUEM
3aKOHA CTATUCTUYECKON MEXaHUKW W KBAaHTOBOW (DU3UKU,
TEOPUU BEPOSITHOCTHU. JIerKO MOJICINTATD CJIEJIbI CTATUCTHYE-
CKHUX MAaTPHUIIbI, IJle Ha JUaroHaJjdaX PaclloIozKeH yCpeIHEH-
HBIH jjorapudM BEPOATHOCTH - BCE OCHOBAHO Ha ITPUHITUIIE
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[Cen03]: Cemupanos (2003), Ilo-
UCK OMUOGOUHOIO U IIPABUIIBHO-
ro

[[Tou86]: TlonrTpsirun (1986),
O6006mennst guceJ

[[Ten05]: ITenpoys (2005), Ternn
pasyMa B IIOUCKAX HayKH O CO-
SHAHUH

cuMMeTprn (yCpesHeHune), BO3MOKHOCTH BblJeJIeH s, 060C06-
JIEHUSI 9aCTHOIO M3 IEJION0 Pa3/Iuns MKy B3aUMOCBS3bIO
u BzanmozeiicraueM [Cer03].

A posb cuMMerpun/acuMMeTpUE B HAIIEH YKU3HU eIé Kak
clie/lyeT He OCO3HaHa, 110 Kpaflineit Mepe 3alra/iHON HAYKOI.
CaoiicTBa KOJIEIT MHOTOYJICHOB U JIMHEHHBIX OMEPATOPOB B~
JIAIOTCs TTPOUBBOJIHBIMUA OT CBOWCTB NPOCTBHIX duces. bBia-
rojapsi aJJIMTUBHBIM CBOMCTBAM SHTPOIIMU MOXKHO JO0OUTH-
cd yMeHbIeHusd (PJIyKTYaIlllul JerKO M3MEPUMbBIX BEJIATHH:
quCJIa YaCTUIl, SHEPTUU, TEMIIEPATYPhI, JaBJIEHU, IO Mepe
yBeJIUYEeHUsI BLIOOPKU U OMUCATH €r0 MPOCTHIMUA JTUNHEHBI-
MM COOTHOIIICHUSAMHU. TaK peajm3yercs CBA3b MUKPOMHUPA C
MaKpPOMHUPOM. IDTa CBA3b MOIUUHAETCS 3aKOHAM MATEeMAaTHU-
YECKOIl CTATHCTUKY (CTATHCTUIECKO (DUBHUKH). CM. TaKKe
MHTEPECHYIO NOIyIapHyto KHury [[Ton86].

HpOCTbIe qHCJIa - MEeTasg3bIK BCeleHHOI.

[TopaxkaeT TOT 06CTOATENHCTBO, YTO OYKBAJIBHO C MEPBBHIX
KJIACCOB TIKOJIbHUKN U3YYAIOT SBJICHUsI, B OCHOBE KOTOPBIX
00HapPYKNBaeTCs KBAHTOBas NPUPOIa, DYHIaMEeHTATbHBIE
3aKOHBbI Haielr BeeseHnoit: cumMerpus, OJIHOPOJIHOCTH
MIPOCTPAHCTBA, W30TPOITHOCTh U T.J. Kcam mMareMaTuky
HaPBIBAIOT A3BIKOM BcesleHHOi, TO MPOCThIe YUCIa - 9TO
MeTas3bIK BcesleHHoi.

B sToM cMmbIcsie IpocThie Yncia MPUILIA K HAM U3 3apOK-
nerns BeestenHoit, 3to peukThl 0T Bostbioro B3peiBal 910
Metasa3bik uin 1o Cranuciaasy Jlemmy His Master’s Voice.
(Imac Tocnioauii) - Ha 3emute, moxkadtyii, HET TaKOro B3poC-
JIOTO, KOTOPBINl HE yMeeT CUUTaTh U MOJHUTHCH, HO JTAJIeKO He
KaXKJIbIil CIIOCOOEH YC/IBIIATD. ..

YT0o0BI JsTydIlle MOTyBCTBOBAThH TO YAWBJIEHHE, KOTOPOE HC-
IBITBIBAET aBTOP, IpejcTaBbTe cebe MUp 6e3 MPOCTHIX Y-
ceJsl, rJe Jiodoe YHCJIO UMeeT CKOJIBKO YIOJHO JesuTeielt,
IJle HEBO3MOXKHO BBIJIEJINTH YaCTh U3 IIEJIOT0, IJle KaxK10e
sIBJIEHUE HepeLyIupyeMo J10 6osee nmpocteix. menno o rTa-
KIX gBJIeHuAX ynommHaeT Pomxep Ilenpoys B cBoeit KHUTE
[[Ten05].

JInCKpeTHOCTh MeHETUYIeCKOT0 KOJa, 3aKJII0YaIoNneecs B TOM,
9TO JJAHHBIN HYKJIEOTHJ MOYKET BXOJ/IUTH B COCTaB TOJIHBKO
OJTHOT'O KOJIOHA - 3TO eI OJIHU IIPUMEP BarXKHOCTH 000COO-
JIECHHOCTHY YaCTH U3 TIEJIOTO.
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[TogpITOXKMBaSA M3JI0KEHHOE, MOXKHO YTBEPXK AT, UTO €CJIU
OBbI TIPOCTBIX YHCeJ He ObLIO, TO 3TO U3MEHUJIO Obl HAIITY
Bceenennyio o mHeysnaBaemMocTu. Bo3MOXKHO Jjin ObLIO ObI
3apOoK/IeHne B MUpe 6€3 MPOCThIX YUCeNT UeJI0BEKa Pa3yMHO-
ro?

Ba:xHo oT™MeTuTh, UTO CHCTEMa MOXKET 00JIaJIaTh CBOMCTBAMM
9MEP/ZKEHTHOCTH (AHTJI. OT «BO3HUKAIOIINN, HEOXKUIAHHO
HOSIBJIATONIUICS » ) KAIeCTBEHHO HOBBIMU, HE [IPUCYIIUME €€
KOMIIOHEHTaM TI0 OTAEJIbHOCTH.

B commanbroit cdepe OoIbIION HHTEPEC IIPeACTaB/IgeT CBeP-
Xa I TUBHLI 9(O(hEKT (T.e. «IIPEBOCXOSIIHIN CYMMY» ), IMe-
€TCA B BUAY JOIIOJIHUTE/IbHAA HpI/I6aBKa B IIPOAYKTHUBHOCTU
I'PYIIIOBON pabOTHI, IIPEBOCXOIAIIAS CYyMMY BKJIQJIOB OT/IE/Ib-
HO JIpYT OT jpyra. /st Takux ciiydaeB U3JI03KEHHBIN BBIIIE
IOJIXO/T, JOJIZKEH OBITH JIONOJIHEH KAYECTBEHHO HOBBLIMU Me-
rogamu. Ho Takue cjioyKHbIE siBJIeHUsI HE BXOJAT B IIPEJIMET
uccyieoBanusd. bojiee moapobHo 0 pobieMe CUHEPTUU CM.
Hanpumep B [Kpe2l]. [Kpe21]:  Kpeiik  (2021),

«HexkoTtopsbie TEOPETUKO-
ITockobKy JEOObIE JIep3KHUe MONBITKA Ha NPOJOJIZKEHNE HA~  \erogo/ormaecKine  OCHOBBI

YIHOTO TOWCKA KPAaTKHX JokKazaTeabcTB BTd BcTpedasim — paccmorpeHnsi  cuHeprum B
COITPOTUBJIEHNE, aBTOP OBL BBIHYZKJIEH MPOJIOIKUTh Haydq- — COMUyMe>

nyto pabory Ha;r ABC-runoresoit, n3 KOTOpPOit BBITEKAET P/l

HMHTEPECHBbIX ciejcTBuil, BKo4das camy BT®. Obe TeopeMbr

OKa3aJIiCh CBA3aHbI Ojarojapss OOIUM IIPUHIIATIAM, 3aJ10-

JKeHHBIM IIpHU (hpopMupoBanuu Halneil BeejaeHnHoit.

N xouercs 3aBepIIUTh 3TY TJIABY IUTATOI:

«/IBe Bemu HAITOJHAIOT JIYIIY ITOCTOSIHHO HOBBIM,
BO3PACTAIONINM YJIUBJIEHUEM U OJIATOTOBEHUEM: 3BE3/THOE
HebO HaJI0 MHOI M HPaBCTBEHHBIN 3aKOH BO MHe. To n
JIpyTroe, Kak OblI IIOKPBHIThIE MPAKOM HJIN OE3/HOIO,
HaXOJIAINAEC BHE MOETO TOPU30HTA, g HE NOJIKEH
MCCJIEI0BATh, & TOJBKO IpeJIiosiaraTb. 4 BUXKY UX Iepes
co0Ol M HEIOCPE/ICTBEHHO CBA3BIBAIO UX C CO3HAHMEM CBOETO
CyIIIeCTBOBAHU. .. »

Nvvanywnn Kant.
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Fighting prejudice

In the decade of science and technology, it is necessary to
stimulate the interest of schoolchildren and students in the
exact sciences. "Every student and high school student can
make a discovery! this is exactly the message the author
seeks to convey to curious young people and daring Russian
scientists. Where American science needed 140 pages. in
search of a proof of Fermat’s Great Theorem, for which
Andrew Wiles was awarded the Abel Prize in 2016, Russian
science finds that only half a page or six faces of a wooden
cube are enough for the creative development of a child.

1 Introduction

Decree of the President of the Russian Federation No. 231
dated April 25, 2022 "On the announcement of the Decade
of Science and Technology in the Russian Federation among

other tasks, provides for increasing the availability of information

about the achievements and prospects of Russian science for
citizens of the Russian Federation (letter in paragraph 2.). It
is important to note that along with Fermat’s Great Theorem,
there is also a Small Theorem Fermat in number theory. Here
we are talking only about Fermat’s Last Theorem.

Fermat’s Last theorem was formulated in 1637. By Pierre
de Fermat. During his lifetime (1601-1665), this French
mathematician did not publish the proof. The world’s strongest
witty mathematicians fought over the puzzle, but there
was no proof for all degrees of n until 1994, when for the
first time Sir Andrew Wiles, now dean of the Mathematics
Department at Princeton University in the USA, presented
the proof on 140 pages, for which the author of the proof,
Andrew Wiles, was awarded the prestigious Abel Prize in
2016. All this testifies in favor of the complexity of the
scientific search. Does it turn out that Pierre de Fermat was
greatly exaggerating when he claimed to have found a brief
proof?

However, in 2020, it turned out to be enough for Russian
science to present the main ideas of the proof of only half a
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7 Fighting prejudice

page or six faces of a wooden cube for the creative development
of a child and knowledge mainly within the school curriculum,
and not the bulky cylindrical functions used by Wiles. Thus, a
transition has been made from the knowledge used by narrow
specialists in favor of school education, popular science and
mass education. Can this be considered a discovery? It is
a discovery to obtain a scientific result in an original, new,
previously unknown to science way — so says the “Regulation
on Discoveries, Inventions and innovation proposals”, approved
by Resolution of the Council of Ministers of the USSR dated
August 21, 1973 No. 584. (the validity of the document
was confirmed by the decision of the Supreme Court of the
Russian Federation dated December 9, 2015 in the case N
AKPI15-1138). The regulation was in effect until February
2021 and was abolished as an outdated normative act of the
USSR by Decree of the Government of the Russian Federation
No. 80. In the history of the loss of scientific sovereignty,
the decision of May 14, 1991 should be highlighted. No.
156 of the Presidium of the USSR Academy of Sciences,
which recognized the inexpediency of maintaining the state
registration of scientific discoveries. With the entry into force
of Part IV of the Civil Code of the Russian Federation in 2008,
scientific discoveries were excluded from the closed list of
intellectual property objects (Article 1225 of the Civil Code
of the Russian Federation). Unfortunately, the registration
of scientific discoveries in modern Russia, even in conditions
of acute military confrontation, is still carried out "on the
outer contour".

2 Purpose of the sociological research

Social problem: in Russia, contrary to the declared Article
44 of the Constitution of the Russian Federation, there is
no system of regulatory regulation of scientific discoveries,
the register of discoveries of our country is maintained by
private structures and foreign agencies, according to opaque
tariffs and procedures. A vivid precedent would help to focus
attention on this acute discrepancy, as well as on the social
evil of false examinations, which often become the basis
for difficult-to-reverse unlawful decisions (it is enough to
make a simple search engine query about an examination
review and ask about tariffs in order to understand the
demand for tools to refute false examinations). Thus, through
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analysis, the object of research was chosen — Fermat’s Great
Theorem, a "mathematical pearl briefly formulated, but very
difficult to prove. Are there "Olympiad"proof methods? The
author was encouraged by the insight of Pierre de Fermat
himself, who claimed back in 1637 that he had "found a truly
wonderful proof, but the fields [of Diophantus’ Arithmetic|

here are too narrow to accommodate it!"

. This prompted
the direction of the search — a paradox, a minimum number
of formulas, which means that it is necessary to search from
the perspective of geometry and physics, since in the XVII
century science was not yet subject to narrow specialization,
interdisciplinary research was actively carried out, in modern
terms. The persistent search ended with the finding of a brief
proof - but how can it be legally recognized as a discovery? To
simulate a dispute in this situation in an intellectual property
court is one of the ways to protect the rights guaranteed
by Article 45 of the Constitution of the Russian Federation:
everyone has the right to defend their rights and freedoms

in all ways not prohibited by law.

In the context of a legal lacuna (gap), in order to create
a precedent in education and pedagogy, the author was
forced to burn his discovery with a laser on the edges of
a wooden cube and apply to Rospatent for registration of
a patent for an industrial design with proof of Fermat’s
"Great Theorem"[As120]. The refusal to grant a patent for
an industrial design by Rospatent occurred more than a
year later, accusing the author of "misleading immorality
and immorality. Under these far-fetched pretexts, Rospatent
attributes the discovery found by a Russian citizen to American
science, which has nothing to do with the intellectual property
of a citizen of the Russian Federation protected by Article
44 of the Constitution of the Russian Federation.

The only objection from Rospatent could be a scientific
refutation of the evidence found by the author. Since it is
based mainly on school knowledge, any person with a school
education certificate can conduct a thorough check. The
author and the Union "Siberian Mediation Center"headed
by him have repeatedly announced a public promise of
awards — contests with generous prizes for the scientific
refutation of a brief proof of FLT, invited the Dean of
the Faculty of Mathematics of Princeton University, Sir
Andrew Wiles, to a dialogue about the author’s proof of FLT
sent to him (RO153663225RU dated 02/29/2020 handed

[AB120]: Anpres (2020), «Basbt
mauubIX st 9BM lokazarennb-
ctBO TeopeMbl Pepma g Muit-
JITAPIOB HA OCHOBE ITKOJIBHBIX
suanuii 11.03.2020»
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to the addressee 03/03/2020 and RA631127263RU dated
05/03/2022 - received to US Customs on 05/15/2022, then
returned to Russia. ) — but the award was not in demand,
and the letters remained unanswered.

According to Rospatent, the indication of the Applicant’s
name and the date of his mathematical discovery on the
product and the mentioned application is "misleading is
"unreliable "violates the principles of public morality and
morality". But this odious conclusion in Rospatent’s decision
contradicts the database registration previously carried out
by Rospatent [3], the only table contains rows and images
with a proof of Fermat’s Great Theorem. The author, as
the patent applicant, filed his objections to the decision of
Rospatent, taking into account the administrative procedure
(paragraph 2. art. 1248 OF the Civil Code of the Russian
Federation) to the Chamber for Patent Disputes. The objections
were rejected by the Chamber with reference to the examination,
which examined only one face of the hexagonal cube (!7).

The decision of the Rospatent Patent Dispute Chamber was
challenged by the author to the Intellectual Property Rights
Court, first without observing the pre-trial procedure, which
is not mandatory for scientific disputes (SIP-947/2022), then
in compliance with the pre-trial procedure as required by the
court (SIP-357/2022) and recognition by Rospatent of its lack
of competence to consider scientific disputes. After repeated
court sessions, the presiding judge committed actions not
provided for by the Arbitration Procedural Code (APC RF),
limiting the publications of the Applicant author only in
2020. And without discussing issues with the parties to
the dispute, as contrary to the requirements of the Agro-
(BPO9]: Bugel m ap. (2009), industrial Complex of the Russian Federation and objective
Legal Statistics: Textbook examination of evidence |[BP09], sent a request to a dozen
scientific organizations with the wording: are the attached
publications of the Applicant a proof of Fermat’s Great
Theorem? Such a statement of the question contradicts the
rules of formal logic, since the fact of publications in a
number of different publications of the RSCI is reliable (the
subject of the dispute is plagiarism of evidence found by
the Applicant from another “generally recognized” and the
commission of immoral, immoral misconduct). Therefore,
some higher educational institutions and institutes refused
to give an answer under the plausible pretext of the lack of
specialists in number theory. Others gave answers in gross
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violation of Article 14 of the Federal Law "On Science and
State Scientific and Technical Policy"dated 08/23/1996 N
127-Federal Law, scientific ethics, procedural rules, as well as
the content of courses on the basics of set theory and topology
studied by first-year students and partially by students of
physics and mathematics schools. This is the novelty of the
proof, obtaining a result in a way previously unknown to
science. If Andrew Wiles "foresaw all this back in 1994,"then
why did he need to spend 140 pages where one is enough?

3 Popular American Press vs RSCI

In this dilemma, Rospatent’s choice confidently leans in
favor of the popular American press - the agency applies
an excerpt from the news of popular American science.
In current practice, scientific publications included in the
Russian Science Citation Index (RISC) are not taken into
account when the interests of American science are hurt
— it is no coincidence that the Rospatent expert focused
exclusively on the popular press of Western publications
in Russian translation. Such bias and scientific segregation
based on the principle of citizenship contradicts the current
Russian legislation. Bias is manifested even in the fact that
Rospatent, following its expert, in all its decisions examines
only one face out of six wooden cubes - an industrial design.
The remaining facets were not reflected in the correspondence,
expertise and contested decisions of Rospatent. Scientific
publications, as well as the Applicant’s scientific monographs
in the publications of the RSCI and others, were ignored. Is
such disregard of objective evidence by Rospatent scientific
and objective? - The question is rhetorical.

4 Morality and Science

It is important to note that from the moral standpoint of
Western countries, primarily the United States, Russia’s
scientific development is unacceptable. To illustrate: one
of the world’s largest scientific databases, Web of Science,
has become inaccessible to Russian users. TASS quotes a
statement from its owner, the company Clarivate, that it
"decided to close the Russian office and stop commercial

209
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activities in the Russian Federation, explaining that the
reason for this was a special operation in Ukraine."Western
morality and ideology denies Russia as a sovereign state.

In the Decree of the President of the Russian Federation
dated November 9, 2022 No. 809 "On the approval of the
Foundations of State Policy for the preservation and strengthening
of traditional Russian spiritual and moral values where paragraph
14 defines destructive ideology: "Ideological and psychological
impact on citizens leads to the imposition of a system of
ideas and values alien to the Russian people and destructive

to Russian society.

The Presidential Decree develops and concretizes earlier
documents

» individual provisions of the National Security Strategy
of the Russian Federation

» of the Information Security Doctrine of the Russian
Federation

» Strategies for countering extremism in the Russian
Federation until 2025

» of the Strategy of the state national Policy of the
Russian Federation for the period up to 2025.

» Fundamentals of State cultural policy

» Strategies for the development of the Information society
in the Russian Federation for 2017-2030

» . etec.

It remains to guess which of the above is incriminated
to the author? In its decision, Rospatent also points out

a gap in the current legislation: the absence of a state
register of scientific discoveries in the Russian Federation.
Recognizing the unsatisfactory state of affairs regarding the
state registration of scientific discoveries in the Russian
Federation, the transfer of strategically important issues
for ensuring the security and development of Russia to the
international community and private structures, Rospatent
simply states that these issues do not fall within its competence
(case 300-ES22-11151C01-842/2022S1P-357/2022 of the Supreme
Court of the Russian Federation). At the same time, the
Chamber for Patent Disputes, which is part of the Rospatent
structure, extends its competence to scientific disputes, contrary
to art. 14 Federal Law "On Science and State Scientific
and Technical Policy"dated 08/23/1996 N 127-Federal Law.
Instead of referring to the register of scientific discoveries,
Rospatent for some reason refers to the portal of the TASS
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news agency, which is also unrelated to the state register
of scientific discoveries, was not mentioned in Article 44 of
the Constitution of the Russian Federation, as well as in the
“Regulations on Discoveries and Inventions” in force at the
time of the author’s appeal to Rospatent.

Before the escalation of the ideological and military confrontation

between Russia and the United States, it was generally
accepted that Russian science was organically integrated
into the global one. Rospatent’s main objection is that the
author’s proof contradicts generally accepted proof and the
opinion of the international mathematical community (such
an opinion is formed primarily in the United States, as a
"generous grantee"). -

5 Generally accepted but false theories

Is "universal acceptance"a criterion of scientific truth? - The
answer is no. The history of science is replete with examples
of universally accepted false theories. In the Classical Middle
Ages, at the level of religious beliefs and public consciousness,
epidemics were perceived as divine punishment for various
deviations from religious canons, in particular, departure
from the dogmas of the church, attempts at rational knowledge
of the world, apostasy [lzul8§].

Hands and surgical instruments were treated not before,
but after operations. Another example of generally accepted
evidence: the geocentric system of the world is the idea
of the structure of the universe, according to which the
central position in the Universe is occupied by the stationary
Earth, around which the Sun, Moon, planets and stars rotate
[Pto+98].

This false theory existed for 1400 years, until it was refuted
by the Polish astronomer Nikolai Copernicus, who developed
the theory of planetary motion around the Sun based on the
Pythagorean principle of uniform circular motions (treatise
"On the Rotations of the celestial spheres published in 1543),
and then Kepler’s Laws and Newton’s laws were discovered.
A more recent example of the generally accepted [KZ22],
but the false proof is the overestimation of the role of green
energy as an alternative to traditional energy. As a result of
the voluntaristic decisions of the countries of the united West,

[1zul8]: Izutkin (2018),
«Epidemics in the Classical
Middle Ages in Europe»

[Pto-+98]: Ptolemy u ap. (1998),
Almagest: or a mathematical
essay in thirteen books

[KZ22]: Karavaeva u np. (2022),
«GREEN FINANCE OF
RUSSIA»
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gas prices have increased more than tenfold (!) . . . "without
hydrocarbons, without reserves, the maximum level to which
renewable energy can be brought is a maximum of 30 percent
of the total energy balance,"says Leonid Krutakov, associate
professor at the Financial University under the Government
of Russia [Interview in the feed https://lenta.ru/news/2022/01/12 /zelenerg
/ on 09.02.23]. Among the generally recognized erroneous
truths, [ would especially like to highlight the dispute around
the mouth of the Amur and about. Sakhalin. Russians
Russian navigator, who headed the first Russian circumnavigation
of the world I. F. Kruzenshtern, Chairman of the Board of
Directors of the Russian-American company Baron P. N.
Wrangel, officer of the Russian Imperial Navy, researcher
of the Sea of Okhotsk A.M. Gavrilov, until the middle of
the XIX century, it was generally recognized that a number
of scientists, navigators, statesmen about the unsuitability
of the Amur River for navigation, among them: Russian
navigator, who headed the first Russian circumnavigation
of the world I. F. Kruzenshtern, Chairman of the Board of
Directors of the Russian-American company Baron P. N.
Wrangel, officer of the Russian Imperial Navy, researcher
of the Sea of Okhotsk A.M. Gavrilov, Minister of Foreign
Affairs K. V. Nesselrode. Following the listed authorities,
Emperor Nicholas I of Russia believed that the Amur River
was unsuitable for navigation, lost in the sands, and with the
filing of Nesselrode, forbade Admiral of the Russian Fleet G.1I.
Nevelsky to explore the mouth of the Amur River under the
pretext of saving treasury funds, preserving the Kyakhtin
tea trade with China, maintaining a balance of relations
with England and the United States in the Far East. And
only in 1849-1851. Gennady Ivanovich Nevelskoy, disobeying
the order, refuted this misconception by exploring the Amur
estuary. The merit of the Russian admiral was the annexation
of vast Far Eastern lands and Sakhalin Island to our country,
and not the peninsula, as previously mistakenly considered

[Zad69]: Zadornov (1969), The by the mentioned authorities [Zad69)|.
first discovery. To the ocean.

The history of science is replete with similar examples.
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6 Protection of rights through the
Constitutional and Supreme Courts

The author appealed to the Constitutional Court with a
request to protect the principles of humanity and morality not

of Western countries, but of Russia in the patented product.

The fact is that on an ordinary wooden cube, a citizen
burned out with a laser the proof of Fermat’s Great Theorem.
Rospatent refused the state registration of an industrial
design, because the evidence found by the Russian contradicts
the generally accepted document of a US citizen, on 140
pages. Rospatent demanded that the name of a citizen of the
Russian Federation be deleted under a brief version of his
proof, and also refused state registration of the advertisement

under the pretext of violating public morality and morality.

The question is, whose morality is implied?

7 In the interest of humanity and morality
of Russia

Acting in the interests of humanity and morality, not of
Western countries, but of Russia, the author filed a complaint
with the Constitutional Court. The reason for the appeal
was the revealed uncertainty about whether paragraph 4
of Article corresponds to the Constitution of the Russian
Federation. 1349 of the Civil Code of the Russian Federation
(Civil Code of the Russian Federation) in the constitutional
and legal sense in which the results of intellectual activity in
the scientific and technical field that meet the requirements
for industrial designs established by the Civil Code of the
Russian Federation are evaluated by the Federal Executive
Authority for Intellectual Property from the position of
compliance with the public interests, principles of humanity
and morality of Western countries, and not the Russian
Federation Federation.

The dispute over the name of a Russian citizen and morality

On March 20, 2021, the author applied to the Federal Service
for Intellectual Property (Rospatent) with application No.
2021501435/49 for state registration of an industrial design.

The system of spiritual and

moral values is becoming

crucial in the context of
the cognitive war unleashed
by the West, the rapid
development of information and
communication technologies,
visualization, three-dimensional
modeling and printing, which

easily overcomes state borders.
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Product name "Device for learning "Hypercube wooden
on a prefabricated stand with a proof of Fermat’s great
theorem" (hereinafter FLT).

In the positive formal examination of Rospatent for the
Applicant’s industrial design dated 07/16/2021, it was concluded:
According to the results of the formal examination, the
applicant is notified that the formal examination of the
application for an industrial design conducted in accordance
with paragraphs 1 and 3 of Article 1391 of the Civil Code of
the Russian Federation has been completed with a positive
result. L.e., the result of the Applicant’s creative work is
an original design solution. From the point of view of the
state registration of a patent for an industrial design, this is
enough, the truth / falsity of the Applicant’s copyright proof
could be left "to the judgment of posterity."Meanwhile, on
April 14, 2022, Rospatent decided to refuse to grant a patent
for an industrial design on the application on the grounds
that the surname, first name of the Applicant in Latin letters,
as well as the year 2020 of the mathematical proof of FLT
found by him, engraved with a laser on the patented product,
according to Rospatent, is misleading, as unreliable, and thus
it is contrary to the public interest. Rospatent applied clause 4
of Article 1349 of the Civil Code of the Russian Federation in
contradiction with the Constitution, considering the patented
product to be the Applicant’s full name, including the proof
and the date of its location, contrary to public interests,
principles of humanity and morality.

On May 29, 2023, by its decision in case No. SIP-947 /2022,
the Intellectual Property Rights Court (SIP) refused to
satisfy the author’s claims to Rospatent to declare illegal /invalid
Rospatent’s decision to refuse to grant a patent for an
industrial design under application No. 2021501435/49 dated
03/20/2021. On August 21, 2023, the Presidium of the
Intellectual Property Rights Court, by a decision in case C01-
1179/2023, refused to satisfy the cassation complaints of both
the Applicant of the registered industrial design of the author
and the Union "Siberian Mediation Center"(SCM), which
sold the product - the patented product through Internet
Solutions LLC (Ozon trading platform). Disagreeing with
the judicial acts adopted in the case, Avdyev M.A. and
the Union appealed to the Supreme Court of the Russian
Federation. On 10/23/2023, in case No. (SIP-947/2022),
the Supreme Court of the Russian Federation rejected the
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cassation appeals of the author and the Union "Siberian
Mediation Center"against the decision of the Intellectual
Property Rights Court of 05/29/2023 and the decision of
the Presidium of the Intellectual Property Rights Court of
08/21/2023.

Along with judicial appeals, the Applicant appealed to the
Government of the Russian Federation for the protection
of intellectual rights in accordance with Article 44 of the
Constitution of the Russian Federation with a proposal to
register a scientific discovery in mathematics, the sovereignty
of science and stimulate the interest of young people in
science and technology, in other words, the implementation
of Article 44 of the Constitution of the Russian Federation.

The applicant has exhausted all other domestic remedies,
unsuccessfully resorted to extrajudicial protection through
correspondence with the Government of the Russian Federation,
publications in scientific publications, an open access educational
video on the topic of FLT, and other measures. At the same
time, the Applicant referred to the cancelled Resolution of
the Council of Ministers of the USSR of August 21, 1973
No. 584 "On approval of the Regulations on Discoveries,
Inventions and rationalization proposals"1, the Applicant
argued that to fit more than a hundred pages. The American
version of the FLT proof on the six faces of the children’s
cube is impossible, unlike the Russian version of the FLT
proof found by the Applicant, the main ideas of which are
set out in two formulas and drawings and takes up half a

page.

In the judicial acts listed above, the SIP and its Presidium
went beyond the limits of a certain Federal Law 95-Federal
Law competence and authority, resolving a dispute in terms
of morality, morality and science. Speaking of the scientific
side, taking into account the accessibility of the presentation
of the Applicant’s FLT proof to schoolchildren, this kind of
dispute must be resolved with the involvement of specialists
in the fields of philosophy and logic, general methodology of
science, geometry and physics, number theory, and school
pedagogy. Considering the moral aspects (the right to the
name of a Russian, not an American citizen, the possibility
of presenting one’s own version of the proof, even if this
contradicts the dominant point of view of the international
scientific community to the priority of science in the United
States and the consolidated West, the prejudice about the
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absence of a short version of the FLT proof), the dispute
should be settled from the positions of epistemology, scientometry,
morality and ethics, religion.

In fact, the above dispute is a manifestation of the contradictions
inherent in clause 4 of Article 1349 of the Civil Code of
the Russian Federation to the Constitution of the Russian
Federation. The thesis that the name of a citizen and the
date of his discovery are misleading, as unreliable, and
thus contradicts the public interests expound the discursive
position of apologists for pro-Western morality, alas, still
prevailing in the domestic academic environment due to
inertial thinking based on the long-term leadership of European
and US countries in the fields of culture, education and
sciences based on the system of Western values — the so-
called societies of democracy and social welfare. It is important
to remember that from the moral standpoint of Western
countries, primarily the United States, Russia’s scientific
development is unacceptable.

In general, Western morality and ideology denies Russia
as a sovereign state - this is the main public interest of
the ruling classes of the countries of the united West.

Our spiritual and moral guidelines The constitutional reform
carried out in 2020 introduced new spiritual and moral values
into the text of the Russian Constitution. The Law of the
Russian Federation on the Amendment to the Constitution
of the Russian Federation dated March 14, 2020 No. 1-
FKZ "On Improving the Regulation of Certain Issues of the
Organization and Functioning of public Authority"introduced
new norms, obviously indicating the setting of goals and
objectives of a moral nature. We are talking about the
wording of new articles (67.1, 75.1), as well as existing ones
(paragraph "J. 1"of Part 1 of Article 72). For the first time,
the current Russian Constitution enshrines provisions on
"preserving the memory of ancestors who passed on ideals
and faith in God,"on children as the most important priority
of Russian state policy, their "comprehensive spiritual, moral,
intellectual and physical development,"education in them
"patriotism, citizenship and respect for elders."

Earlier, in its Decision No. 24-P dated September 23, 2014
"On the case of checking the constitutionality of Part 1
of Article 6.21 of the Code of Administrative Offences of
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the Russian Federation in connection with the complaint
of citizens N. A. Alekseev, Ya. N. Yevtushenko and D. A.
Isakov the Constitutional Court of the Russian Federation
noted that the family, motherhood and childhood in their The
traditional, ancestral understanding represents those values
that ensure continuous generational change, are a condition
for the preservation and development of the multinational
people of the Russian Federation, and therefore need special
protection from the state.

In the regulatory system of the Russian Federation, the
Constitution of the Russian Federation and a number of
normative acts protect morality, spiritual and moral values
of Russian society, these are: Decree of the President of
the Russian Federation dated November 9, 2022 No. 809
“On Approval of the Foundations of State Policy for the
preservation and strengthening of traditional Russian spiritual
and moral values”, where paragraph 14 defines destructive
ideology:

The ideological and psychological impact on citizens leads to
the imposition of a system of ideas and values alien to the
Russian people and destructive to Russian society, including
the cultivation of selfishness, permissiveness, immorality,
denial of the ideals of patriotism, service to the Fatherland,
natural continuation of life, the values of a strong family,
marriage, large families, creative work, positive contribution
of Russia to world history and culture the destruction of the
traditional family through the propaganda of non-traditional
sexual relations.

The Presidential Decree develops and concretizes earlier
documents: certain provisions of the National Security Strategy
of the Russian Federation, the Doctrine of Information Security
of the Russian Federation, Strategies for countering extremism
in the Russian Federation until 2025, Strategies of the State
National Policy of the Russian Federation for the period up
to 2025, Fundamentals of state cultural policy, Strategies
for the development of information Society in the Russian
Federation for 2017-2030, etc.
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8 The morality of the countries of the
United West

The morals of the countries of the United West and Russia
are fundamentally different.

With the beginning of a special military operation, the

West dropped diplomatic tricks. Western morality in some

cases denies faith in God, adheres to the Cult of the Devil,

promotes devil worship, homosexuality, denies marriage as a

union of a man and a woman, promotes individualism, lies

and hypocrisy are allowed as a means to achieve goals, etc. All
[SHAOL]: Spengler u zip. (1991),  this points to the decline of Western Civilization [[SHA91]].
The decline of the West To illustrate, when the sensational worldwide exhibition
of the corpses of Professor Gunther von Hagens reached
Russia, the ROC opposed such "shamelessness pointing out
not the negative impact on morality, the lack of scientific
and educational significance of dismembered human corpses
in the form presented by Gunther von Hagens.

Puc. 8.1: Anatomical exhibits
of Gunther von Hagens,
nicknamed Dr. Death

Science, education and upbringing are based on spiritual and
moral values. Thus, Federal Law No. 86 of July 5, 1996 "On
State Regulation in the field of genetic engineering"defines
mechanisms that ensure the safety of citizens and the environment
in the process of carrying out genetic engineering activities
and using its results. The Federal Law of May 20, 2002
was adopted. No. 54-Federal Law "On a temporary ban on
human cloning based on the principles of respect for human
beings, recognition of the value of personality, the need to
protect human rights and freedoms and taking into account
the insufficiently studied biological and social consequences
of human cloning.

Another example: Decree of the President of the Russian
Federation No. 490 dated October 10, 2019 "On the development
of artificial intelligence in the Russian Federation"(with



8 The morality of the countries of the United West | 219

amendments and additions) defines the concepts of trusted
artificial intelligence technologies that meet safety standards,
developed taking into account the principles of objectivity,
non-discrimination, ethics, excluding the possibility of harming
a person and violating his fundamental rights when using
them rights and freedoms, harming the interests of society

and the state [Avd24]. [Avd24]: Avdyev (2024), «How

) ) ) can a student prove the
These examples can be continued, taking into account the  ABC hypothesis using prime

legislation regulating the handling of radioactive materials  numbers, quantum mechanics
and nuclear weapons and peaceful atom in the energy sector, —and creative imagination?»
but the above is enough to conclude:

the results of intellectual activity in the scientific and
technical field, including industrial designs, should be
evaluated on the scale of spiritual and moral values of
the Russian Federation, the morality of our country. The
system of spiritual and moral values is becoming crucial
in the context of the cognitive war unleashed by the West,
the rapid development of information and communication
technologies, visualization, three-dimensional modeling
and printing, which easily overcomes state borders.

The current version of clause 4 of Article 1349 of the Civil
Code of the Russian Federation does not contain an indication
of public morality and morality from the standpoint of
the values of the Russian Federation. As a result, in the
case (SIP-947/2022) of the Supreme Court of the Russian
Federation, the dispute was resolved based on the prejudices
of the international mathematical community, postulating
the secondary nature of Russian science and denying its
scientific sovereignty.

How can the indication of the name of a Russian citizen
(Article 21 of the Constitution of the Russian Federation)
under the evidence of FLT found by him (Articles 44, 75.1
of the Constitution of the Russian Federation) contradict
Russian public morality and morality? - the question is
rhetorical. In all these cases, there is no scientific expertise
in the procedural order, as provided for by the procedural
code: the formulation of questions, the choice of an expert
institution, the expert’s warning about criminal liability,
information about the expert’s qualifications and specialization.
The scientific organizations with whom the SIP conducted
an "informal interview"did not even receive the controversial
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patented product. Four out of ten scientific organizations
surveyed in this way, for ethical reasons, refrained from
answering the logically incorrectly formulated closed question:
does Avdyev M.A.’s invited publication contain evidence of
FLT? The answer to such a question may be: Yes or No.

But forgetting about scientific and elementary ethics, six
scientific organizations vied with each other to denigrate
the evidence of the Applicant’s FLT, substituting the thesis
under discussion, confusing scientific terminology. There were
answers in an anonymous format.

9 Morality. Scientific objectivity

It turns out that without morality scientific objectivity, laid
down in Article 14 of the Federal Law "On Science and
State Scientific and Technical Policy"dated 08/23/1996 N
127-Federal Law, is impossible. In conclusion, based on the
results of the examination on the merits of the Applicant’s
application to Rospatent - Adj. the decision to refuse to
grant a patent 3 contains an unsubstantiated indication of
possible plagiarism on the part of the Applicant from the
evidence of Andrew Wiles, but without giving a specific
context, presentation of ideas, formulations attributed to

Andrew Wiles.

It seems impossible to arrange a text of more than one
hundred pages so that it can be printed on six faces of a
wooden cube for the creative development of a child.

Scientific discoveries have global and, in this case, cultural
and historical significance from the point of view of pedagogy
and education, since Fermat’s Great Theorem, insoluble since
1637, in 2020, linking the times of Diophantus of Alexandria
(ITI century NE, the Enlightenment (XVII century) and
modernity (digitalization and 3D modeling of the XXI century),
was first proved by means of the school curriculum in a
short form. In the context of the heightened confrontation
between the collective West and Russia, a brief proof of
FLT, referred to as "mathematical pearlshas important
cultural and historical significance. The Applicant’s evidence
undermines the hegemony of the United States and the
"beauty"found by the Ivy League professor, Prof. Princeton
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University, Dean of Math. The Andrew Wiles Faculty of
the hundred-plus-page proof, for which he was awarded the
Abel Prize in 2016. But the search for Truth does not stop
with the awarding of the most prestigious awards and prizes.
And this principle is also a continuation of the spiritual
and moral values shared by the Russian Federation: the
constant development of personality and social institutions,
a multipolar world, a barrier-free environment, a society of
equal opportunities, etc.

Decree of the President of the Russian Federation dated
04,/25/2022 No. 231 "On the announcement of the Decade of
Science and Technology in the Russian Federation"emphasizes
the importance of scientific and technological development
of the country and, among other tasks, sets increasing the

availability of information about the achievements and prospects

of Russian science for citizens of the Russian Federation
(letter in paragraph 2 of the Decree). From these positions,
the Applicant’s brief proof demonstrates to each student the
priority and achievements of Russian science, and therefore
has important public legal consequences for science, pedagogy,
and strengthening the Russian morality of the leading state
in the fields of education, science and technology. This
Decree develops Article 34 of the Constitution of the Russian
Federation: Everyone has the right to freely use their abilities
and property for entrepreneurial and other economic activities
not prohibited by law.

10 Scientific discoveries are of global
importance

Speaking about the secondary nature of Russian science, the
Applicant notes the ideological prerequisites that also arise
from morality and a system of values. Back in 1991, the
Presidium of the USSR Academy of Sciences recognized that
it was "inappropriate"to maintain the state registration of
scientific discoveries (decision No. 156 of May 14, 1991). The
withdrawal of an intellectual result in the form of a scientific
discovery under the pretext of "inexpediency"was undertaken
by the Russian state at a time of great expectations from the
integration of our country into the international scientific
community and the division of labor. But as the special

221
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military operation convincingly showed, such expectations
turned out to be illusory.

In the Decade of Science and Technology, the issue of protecting
intellectual potential requires special attention. It is enough
to point out the vulnerability of clause 5 of Article 1259 of
the Civil Code of the Russian Federation: . . discoveries, to
make sure that there is no Law on Discoveries, the successor
of the State Committee for Inventions and Discoveries under
the State Committee for Scientific Research of the USSR,
the state service for registration of scientific discoveries.

Paragraph 1. of Article 44 of the Constitution of the Russian
Federation states that everyone is guaranteed freedom of
literary, artistic, scientific, technical and other types of creativity,
teaching. Intellectual property is protected by law. From the
available scientific publications and monographs from the
peppery RSCI, the mathematical discovery was made by the
Applicant in early 2020, and at that time was regulated by
Resolution of the Council of Ministers of the USSR dated
August 21, 1973 No. 584 "On approval of the Regulations
on Discoveries, Inventions and innovation proposals".

In accordance with the above, guided by Part 1 of Articles
21, 75.1, Part 1 of Article 34, Part 1 of Article 44 of the
Constitution of the Russian Federation, Part 3 of Article 3
of Articles 36, 96, 97 of the Federal Constitutional Law of
07/21/1994 N 1-FKZ "On the Constitutional Court of the
Russian Federation

The wording of the petitioning part of the complaint

To recognize paragraph 4 of Article 1349 of the Civil Code of
the Russian Federation as inconsistent with Part 1 of Articles
21, 75.1, Part 1 of Article 34, Part 1 of Article 44, Part 1
of Article 46 of the Constitution of the Russian Federation
in the constitutional and legal sense in which the specified
norm contradicts public morality and morality of the Russian
Federation.

11 The response of the Constitutional
Court

The decision of the Constitutional Court of the Russian
Federation, dated 30/05/2024, N 1337-O, concerning the
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rejection of the complaint filed by citizen Avdyev Marat
Alexandrovich, alleging a violation of his constitutional rights
by paragraph 4 of Article 1349 of the Civil Code of the
Russian Federation. Constitutional Court of the Russian
Federation

DEFINITION
dated May 30, 2024 N 1337-O

ON THE REFUSAL TO ACCEPT A CITIZEN’S
COMPLAINT FOR CONSIDERATION

Avdyev MARAT ALEXANDROVICH FOR VIOLATING
IT

CONSTITUTIONAL RIGHTS BY PARAGRAPH 4 OF
ARTICLE 1349 OF THE CIVIL CODE

THE CODE OF THE RUSSIAN FEDERATION

The Constitutional Court of the Russian Federation, consisting

of Chairman V.D. Zorkin, judges A.Y. Bushev, L.M. Zharkova,
S.M. Kazantsev, S.D. Knyazev, A.N. Kokotov, L.O. Krasavchikova,
M.B. Lobov, S.P. Mavrin, N.V. Melnikov, V.A. Sivitsky,
having considered the possibility of adopting citizen M.A.
Avdyev’s complaints for consideration at the session of the
Constitutional Court of the Russian Federation,

installed

1. The complaint of citizen Avdyev Marat Alexandrovich is
rejected on the grounds that it fails to meet the criteria set
forth in the Federal Constitutional Law "On the Constitutional
Court of the Russian Federation."This law stipulates that
a complaint to the Constitutional Court of the Russian
Federation is deemed admissible if it meets the specified
requirements.

2. The decision of the Constitutional Court of the Russian
Federation on this complaint is definitive and cannot be
appealed.

Chairman of the Constitutional Court of the Russian Federation
V.D. Zorkin.
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Nevertheless, even a negative answer allows the author to
freely distribute and print the results of his intellectual
activity in accordance with Articles 29 and 44 of the Constitution
of the Russian Federation. It should be recalled that the sole
grounds for refusal to register an industrial design patent
by Rospatent were those of violations of public morals. The
aforementioned elements have now been removed.

12 Don’t invent entities beyond necessity

A simple proof has a higher scientific value: "do not invent
entities beyond necessity"(William Occam). The inscriptions
on the product according to the application for the patented
industrial design of the author do not violate the rights
of other persons and public interests, but on the contrary
correspond to the public interests, principles of humanity
and morality to the extent that education and enlightenment
contribute to this. Since 2021. A 3D wooden hypercube
on a prefabricated stand with a proof of Fermat’s Great
Theorem was placed by the author at the Siberian Mediation
Center Union on Market Place as a developing souvenir for
schoolchildren, students and curious youth. This souvenir
was presented by the author to a number of libraries and
universities in Russia.

13 The Metalanguage of the Universe

The conclusions drawn can be generalized to a number
of subsystems and equally applies to both mathematics
(fundamentals of probability theory, logic) and physics. It
is logical to determine the logarithm of the probability
distribution and obtain an additive value — entropy. The
possibility of allocating a subsystem as part of a complex
system and the possibility of setting a function allowed the
Architect of the Universe (if there is one, even despite the
skepticism of atheists) to make the world manageable and
knowable, to reduce complex phenomena to simple ones.

The connection of prime numbers with logarithmic functions
seems completely natural. In the course of evolution, the
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hearing, vision, and touch of humans and animals have
adapted to the logarithmic law, which will allow them to
adequately perceive the environment, organically continues
the laws of nature, is a consequence of the law of statistical
mechanics and quantum physics, probability theory. It is easy
to calculate the traces of the statistical matrix, where the
averaged logarithm of probability is located on the diagonals -
everything is based on the principle of symmetry (averaging),
the possibility of isolating, separating the quotient from
the whole of the difference between interconnection and
interaction [Sel03].

And the role of symmetry/asymmetry in our lives has not
yet been properly realized, at least by Western science.
The properties of polynomial rings and linear operators
are derived from the properties of prime numbers. Due to
the additive properties of entropy, it is possible to reduce
the fluctuation of easily measurable quantities: the number
of particles, energy, temperature, pressure, as the sample
increases and describe it in simple linear relations. This is
how the connection of the microcosm with the macrocosm is
realized. This relationship obeys the laws of mathematical

statistics (statistical physics). see also the interesting popular
book [Pon&6|.

Prime numbers are the metalanguage of the universe.

It is striking that, literally from the first grades, schoolchildren
study phenomena that are based on quantum nature, the
fundamental laws of our universe: symmetry, uniformity of
space, isotropy, etc. If mathematics is called the language

of the universe, then prime numbers are metalanguage of
the Universe.

In this sense, prime numbers came to us from the beginning
of the universe, they are relics from the Big Bang! Is it a
metalanguage or according to Stanislav Lemm His Master’s
Voice - perhaps there is no adult on Earth who does not
know how to count and pray, but not everyone is able to
hear...

To better feel the surprise that the author feels, imagine
a world without prime numbers, where any number has
as many divisors as you want, where it is impossible to
separate a part from the whole, where every phenomenon is

[Sel03]: Selivanov (2003), The
search for the wrong and the
right

[Pon86]: Pontryagin (1986),
Generalizations of numbers
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[PHI5]: Penrose u ap. (1995),
«Shadows of the mind: a search
for the missing science of
consciousness»

[Kre]: Kreik (),

irreducible to simpler ones. It is about such phenomena that
Roger Penrose mentions in his book [PH95|. The discreteness
of the genetic code, which consists in the fact that a given
nucleotide can be part of only one codon, is another example
of the importance of separating a part from the whole.

Summarizing the above, it can be argued that if there were
no prime numbers, it would change our universe beyond
recognition. Would it be possible for a reasonable person to
originate in a world without prime numbers?

It is important to note that the system may have the properties
of emergence (English from "arising, unexpectedly appearing")
qualitatively new, not inherent in its components individually.

In the social sphere, of great interest is the superadditive
effect (i.e., "exceeding the amount"), meaning an additional
increase in the productivity of group work, exceeding the
amount of contributions separately from each other. For
such cases, the above approach should be supplemented with
qualitatively new methods. But such complex phenomena are
not included in the subject of the study. For more information
about the synergy problem, see, for example, [Kre].

Since any daring attempts to continue the scientific search
for brief evidence of FLT were met with resistance, the
author was forced to continue scientific work on the ABC
hypothesis, from which a number of interesting consequences
follow, including FLT itself. Both theorems turned out to be
connected due to the common principles laid down during
the formation of our universe.

And I would like to end this chapter with a quote:

"Two things fill the soul with constantly new, increasing
wonder and awe: the starry sky above me and the moral law
in me. Both, as if covered with darkness or abyss, are
beyond my horizon, I should not explore, but only assume. I
see them in front of me and connect them directly with the
consciousness of my existence..."

Immanuel Kant.
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1 Kanonnueckoe paciupejesenne ['udoca

MexaHuveckue COCTOSTHUSI, COBMECTUMBIE C JAHHBIM T€PMO-
JITHAMIYIECKUM COCTOSHUEM, COCTABIISIIOT CTATHCTUIECKNIT
arcam0O/ib. CrarucTudeckuil ancaMOJ/Ib 1peJicTaBjeH B ¢a-
30BOM TIPOCTPAHCTBE HAOOPOM TOYEK, PACIpeJie/IeHue KO-
TOPBIX OIUCHIBAETCS ILIOTHOCTBIO BepoATHOCTU. OHO JaéT
OTBET O BEPOATHOCTU HAXOXKICHUS TAKOTO COCTOSHUS BCEi
CUCTEMBI, TPU KOTOPOM JIAHHOE TeJI0 HAXOJUTCS B HEKOTO-
POM OIIPE/IeJIEHHOM KBAHTOBOM COCTOSIHUU W C dHEPrueit
E,, B cocTosinum, ONMMCaAaHHOM MHKPOCKOITMYCCKUM 0OPa30M.
MukpocKonmyeckoe COCTOSTHUEM BHEITHEN CpeJibl IIPU 3TOM
He oTclieXKnuBaeTcd. Kanonudeckoe pacupejesenue ['nboca
OCHOBAHO Ha IIPOCTOM IPHUHITHIIE: BEPOSITHOCTH HAXOXKIEHUS
CJIOYKHOI crucTeMbl 1-2 paBHA NPOU3BEJICHUIO BEPOATHOCTEH
eé mozcucTeM 1 u 2: p1p = p1 * P2 (U3 Uero ciemyer ymao0-
CTBO NPUMEHEHUs JIOrapudMOB JIJIsi UCCIETOBAHNS CJIOXKHOM
cucreMbl). OMUpasich Ha TOT MOCTY/IAT PABHOBEPOSTHOCTH
BCEX JOCTYITHBIX HMCCJETYyeMOU CHCTeMe MUKPOCOCTOSHUI,
BBITEKAIOININi u3 cummerpuu, ['ub6c BbiBEsI hopMmyIy:

F_En

F-E(p,q) (
T T

Wy = exp ,...p = (2mh)’exp 1.1)

Jlo MHOroTO4YNsl BBIIIE HpUBEIeHa (DYHKIMS pacipeiesie-
HUS BEPOATHOCTH I10 SHEPIUU CUCTEMbI B cocToduuu E, B
KBAHTOBO-MEXaHUIECKOM ITPEICTABICHUN, TTOCIe — B KBa3H-
KJIACCUIECKOM TPEJICTABIEHUN. 371eCh

» wy(p,q) — BEPOATHOCTH HAXOXKJICHUS B COCTOSHUH, CO-
OTBETCTBYIOIIEMY BOJTHOBOI (DYHKIUU ¢ COOCTBEHHBIM
3HaYECHUEM

» E,. - sHeprusd Kak pyHKIUS OT 0OOOIIEHHBIX KOOP/IH-
HAT,

> S — YNCIO cTemeHeil ¢cBOOOIHL.

1 Kanoru1aeckoe pacipe-

neJsienue I'mbbca . . . .

2 Beipoxkmenne sHepre-

TUYECKUX YPOBHEH . .

3 Crarucruueckasd

MaTpHuiia.
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8 Ilpunoxkenne

» F - cBoGoaHas sHeprus rasza. (B repmogmnamuke 3a
CYeT pa3HUIBI CBOOOHBIX SHEPTUIl KOHETHOTO W Ha-
YaJIbHOI'O COCTOsIHUI ra3a coBepiiaeTcs paboTa, 9To
00bsICHAECT y00CTBO HUCIIOJIB30BAHUSA 9TOHM TEepeMeH-
HOI1).

> 0 — IJIOTHOCTH BEPOATHOCTH HAXOXKJIEHNS B KOHKPET-
HOit pazoBoM uddepeniimale,

JIFOOOIIBITHO OTMETHUTD, YTO CBOOO/IHAS SHEPIUS ra3a ABJIgeT-
¢ IPOCTBIM CJIEJICTBUEM YCJIOBIUsT HOPMUPOBKHU IIPUBEIECHHOTO
BBITIIE KAHOHUYIECKOTO pacipeeenHus ['nbbca. D1o Harisii-
HBIII IIpUMEP CBA3U MEXKJY MaTeMaTUKONU, TEOPETUICCKON
dbusukoit n 1ad0pPaATOPHLIM KCIIepuMeHTOM. B TepmoinHa-
MHUKe cBOOOIHAs sHeprus ', surponus S, sneprus E, oobem
V', naBnenus: P, remneparypa T psii Apyrux ImepeMeHHbIX
BBIBOJISITCS JIPYT U3 Jpyra U KOHTpompyioTcs. [lepBoie Tpu
HepevIrC/IeHHbIE TIEPEMEHHbIE SIBJISIOTCS a/[/INTUBHLIMI (DYHK-
IIASIMHA.

E%O:BMO)KHO7 9TO KBA3SUKJIACCUYECKNM dABJIAETCA HE BCE MUK-
POCKOIIMYECKOE JIBUKEHUE TaCTHUIl, a JIUIIb JBUKEHUE, COOT-
BETCTBYIOIEE JaCTH CTeIeHell CBOOOIbI, B TO BpeMs Kak IO
OCTAJIBHBIM CTEIECHSAM CBOOOBI JIBUKCHHE ABJISACTCA KBAHTO-
BbIM. Hanpumep, MoxkeT ObITh KBA3UK/IACCUIECKUM TTOCTY-
ITaTeJIbHOE JBU2KEHNE MOJIEKYJI IIPU KBAHTOBOM XapaKTepe
BHYTPUMOJIEKY/ISIPHOTO JBHKEHHsT aTOMOB. B Takom cirydae
YPOBHH HEPI'uu Tejia MOXKHO HalllcaTh B BUJe (PYHKIUNA OT
KBa3MKJIACCHIECKUX KOOPAUHAT 1 UMITYIbcoB E(p, q).

YioMsaHyThIe BbIe pacupejiesienuss Boabimana nu Makc-
BeJLJIa ABJISTIOTCST YACTHBIME CJIyIasiMU KAHOHUIECKOTO Pac-
npejgenenns ['nboca. B nepBom ciydae B umcauTese Jpo-
O SKCIIOHEHTHI TOJICTABJ/ISIETCS C OTPUIATE/ILHBIM 3HAKOM
MOTEHITNAJILHAST SHEPTUsi, BO BTOPOM — KHHeTHYecKas. B
3HaMeHaTesieil B oboux ciaydasx ocraérca T subo kT.

B cuty uieHTHIHOCTH MOJIEKYJT Ta3a IIPU aHAJM3E PACIpejie-
Jieans MaxkcBesiia JIOCTaTOYHO pacCMOTPETh (ha30BOE IIPO-
CTPAHCTBO JIUIIb OJHONW MOJIEKYJIbI, BHIPA3UTh YHEPIUIO B
HUMITYJIbCHOM IIpEJCTaBJICHUMU B KOOpAMHaTaX

E = im(px? + py* + pz2) + €k, upn 3TOM €} -3TO SHEprUA
raza, TojieJleHHAs Ha YUCJI0 MOJIEKYJ rasa, K-biif ypoBeHb
SHEPTUU OJIHOI MOJIEKYJIbI, IPUXOJdAINasAcsa Ha eé Bpalla-
TeJIbHbIE, KOHe6aTeHbHBIe cTelreHn CBO60,H‘I>I, CcOOCTBEHHDI
MOMEHT UMITYyJIbCa 9JIEMCHTAPHBIX YaCTHIL, CIIMH 1 AP. ﬂaﬂee



1 Kanonwudeckoe pacupejenenne ['uboca

HHTErPUPOBAHKE 110 000OIIEHHBIM KOODANHATAM A CHCTEMBbI
MOYKHO 3aMEHUTD Ha IIPOCTOE YMHOXKEHIE HA 00beM cocyla —
AHAJIOTUYHBIN aJITOPUTM IIPUMEHSETCs JJIs paclpeeIeHus
Maxcsesta (8.6). DTO 3HAYMTEILHO YIPOIIACT BHIUNCICHNUS.
B pesynbrare mjis naxoxkaenus cBoOoHOM sueprun F uje-
aJIbHOTO Ta3a (HAOMHUM, YTO PasHHIa CBOOOIHO SHEPT i
KOHEYHOI'0 U HAYaJILHOI'O COCTOSIHHUSA KaK Pa3 paBHa COBEP-
[IEHHOI paboTe 3a CUeT ra3a) MCHOIB3YeTCs CJIeyIOoIast
dbopmyia |9 dopm. 31.3, 31.2[:

3/2

eV [ mT
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z| = —NTln% + NF(T)
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e

» N — 91CJIO MOJIEKYJT

v

— abcoJrroTHasI TeMIlepaTypa B SHEPIeTUIEeCKUX €1~
HUTIAX

v

e — uucjo ditnepa 2.718 . . .

v

V — obbem cocyna, m — Macca MOJIEKYJ/IbI

v

h - npusejiennas nocrosanas [lnanka, pasrast 1.055 *
1073* Tk *cex.

» 7/ — cTaTHCTUYeCKas CyMMa, 3aBHUCAIasd OT dHepre-
TUYECKUX YPOBHEH MOJIEKYJIbI, €€ olpejesenne Oyaer
[IPUBEJIEHO HUZKE.

Hagasnibabie Temmeparypa, 00beM U KOJI-BO YaCTHII, PACCMAaT-
pUBaIOTCA KakK 3a/laHHble N3BHE ITapaMeTpbl UCCJIelyeMOi
crcTeMbl. AJTbBTepHATUBHOE TIPE/ICTABIEHNE TIPUBEIEHHON BbI-
e (popMyJIbl 3aKII0YAETCS B BBIHOCE BCEX IIapaMeTpPoOB B
OTJICJIbHYIO (DYHKITUIO, 3aBUCAIILYIO JIUIIb OT TEMIIEPATYyPbI

f(T).

OHTponust S onpejie/igercs U3 TePMOJINHAMUIECKIX COOT-
HOIIIeHNI KaK 4JacTHasl Ipou3BoJHad CO 3HAKOM MUHYC OT
CBODO/IHOI SHEPTUN:

JdF eV af
S __ﬁ —NZTZW—Nﬁ(T) (13)

Ncxomst n3 OCHOBHBIX YpaBHEHUIT TEPMOIMHAMUKT, MOYKHO
HaliTu U Apyrue TepMoJnHaMUYeCKHe TIepeMEHHbIE NCCIeTye-

231



232

8 Ilpunoxkenne

MOMl TTOJICUCTEMBI, YeM TIOJIHOCTBIO OIPEJIEUTh JTUO0 3a/1aTh
€€ MaKPOCKOIIMYECKOE COCTOSTHUE.

2 BruIporkjenne sHepreTndecKnx ypoBHeH

Korna pasubie BoiHOBBIE (DYHKIIMU UMEIOT OJTHO U TO KE
cobcTBeHHOE 3HaYeHueM dHeprun E;,, To 3T0 o3HaYaeT BbI-
POXKJIeHIEe SHEpreTuvdecKoro ypoBHs. [lokazarenb cremeHn B
dopwmyiie 4.1 cOOTBETCTBYET KPATHOCTU BBIPOXKJICHUSA SHEP-
PeTUYIECKOI'0 YPOBHSA, 0003HAYAEMbBIIl KaK CTATUCTUICCKUI
Bec gk. B arom cayaae gacts dopmyist (1.1) comepkur cra-
TUCTUYIECKYIO CYMMY, OlpejiesisieMyio 1o dopmyJie |10, crp.
35 dopm. 1.71b|

Z = Z gre er/kT (2.1)
k

VemoBue HOpMUPOBKH JIJI POPMYJIBI (1.2) O3BOJIAET BBIUUC-
JINTh CBODOJIHYIO 3HePruio F yepe3 BepOATHOCTH KBAHTOBBIX
COCTOSIHUIA:

N N N
1=>wy=eT Y e B/ = F=-Tin> e ™/ (22)
n n n

[Tpumernnm obmryto dhopmyiy (1.2) ajist BEIYUCTIEHUs CBOOOI-
HOI SHEPrUuu UIeaIbHOrO ra3a, MOINHSIIONIEr0CT CTATUCTIHKE
Bosbiivana. Hammcas suepruto ;; B BUJE CyMMBI SHEPTHi
MOJIEKYJI €k, MOYKHO CBECTH CyMMUPOBAHUE 110 BCEM COCTOsI-
HUSIM Ta3a K CyMMHPOBAHUIO 110 BCEM COCTOSTHUSIM OT/IE/THHOMN
MOJIEKYJIbI, KaK U B cIydae pacipejenenns Makcseta. Kax-
J10e cocTosiHme raza Oymer onpenenarbes Habopom N (N —
YHCJIO MOJIEKYJT B Ta3e) 3HAUEHHH €, KOTOPbIe B GOJIBIIMAHOB-
CKOM CJIy4ae MOXKHO CUUTATDh BCE PA3JIMIHBIMU MEXKJTy CODOit
(B KaxKJ0M MOJIEKYJISPHOM COCTOSTHHM — He 6oJiee OJTHOI
MOJICKYJIbI B CHJTy OFPDAHMYCHUI, HAJATAEMBIX BOJTHOBBIMU
dyuknusamu g HGepMUOHOB, TTOCKOJIbKY UMEHHO C TAKIMUI
O6T>€KT&MI/I paboraer Bapomerpudeckasi dopmyia). 3anucas
e n BU/I€ TIPOU3BEIEHUST MHOXKUTE e €~ + qtst V 13 Mogte-
KyJl 1 CYMMUPYs HE3ABUCUMO IO BCEM COCTOSTHUAM KaXKJIOM
MOJIEKYJIBI, MbI ITOJIYIUM BBIpayKeHue, cooTBeTcTByomee N



2 BruIipoxkieHne sHepreTuyecKux ypoBHEi

N
1

N
Z e~s/T| = Z e EnlT = NI Z e~ek/T (2.3)
p !

n k

[Ipu s3ToMm Bce HAOOPHI N pasiIndHbIX 3HAYEHUI, OTINIAI0-
IIUecs UMb paclpegesieHrneM OJMHAKOBBIX MOJIEKYJT ra3a
10 YPOBHAM €} COOTBETCTBYIOT OJHOMY U TOMY K€ KBaH-
TOBOMY COCTOSIHHIO ra3a. BmecTe ¢ TeM, B CTATUCTUIECKOM
cymMe, B (bopmysie, BBIIIE KaxKJI0€ U3 COCTOSHUHN JTOJIZKHO
YUATBIBATHCA JIUITb OJUH pa3. [109ToMy MBI JOJIKHBI elrle
Pasae/InNTh BbIpazKCHUE IIOJIYIYEHHOE BbIPpazKCHUE Ha YHCJIO
BO3MOXKHBIX II€PECTAHOBOK N MOJIEKYJT JIDYT C JIPYTrOM, T.
e. Ha N! u oleHUTh 3HAUYEHHE ¢ IpPUMEHEHHEM (HOPMYJIbI

Crupinara n! = V2nn (%)”

B pesynbraTe Takoit oreHku moyauM (hopMyIry s CBOOOI-
HO¥ SHEPIUHU OOJILIIMAHOBCKOI'O UJIEAJIHLHOIO ra3a:

e
F=-NTIn|— —€x/T 2.4

B ciyuae BBIpOXKIEHHBIX 9HEPreTUIECKUX YPOBHEH YHCIIO
IIOBTOPOB COOTBETCTBYIOIIEr0 3HAYEHUSI € PABHO KPATHOCTU
BbIpOKieHnst. o mpousoiiger ¢ dopmymamu (1.3) u (2.1)
i cMmecu rasop? [l orBeTa Ha IMOCTABJIEHHBIH BOIIPOC
obpaTuTcs K OOJIBIIIOMY KAHOHUYECKOMY PACIIPEJIETICHUIO
['ubOca ¢ mepeMeHHbIM YUCIOM JaCTHIL:

Q+uN —E, n
T

wu,N = Aexp (2.5)

31ech BhIIe — (QYHKIUS PACIIPEIe/IEHIUS TOJICHCTEMbI OJTHOTO
n1eaJbHOro Ta3a 10 JIByM ePeMEeHHBIM:

» 3HadeHuro 3Heprun E, m uncia gactur N
» () - TepMOIMHAMIYECKHUI TOTEHITHAT
» T — abcoJioTHas TeMIlepaTypa B SHEPreTHIECKUX €11~

HUTIaX
> U — XUMHUYECKHUI MOTEeHIHA MOJIEKY/IbI.

Tenepnb omnpejiesium HyHKIMA pacipeiesieHns MOJICUCTEMbI
cMecH MJieaJbHBIX Ta30B ra3a M0 IePEMEHHBIM — 3HAYEHUIO

233
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[Ky607]: Ky6o (2007), Craru-
crudeckast Mexannka. Cospe-
MEHHBIN KypC € 3aJa4aMu U pe-
[IEHUSIMU, COCTABJIEHHBIA TPU
yuactuu X. Muanmypa, L. Yeyn,
H. Xacusywme

sueprun E, n uncaa gactur N1, Ny, N3 - 3/1ech TakxKe BO3-
MOXKHBI BBIPOXK/IEHHBIE YPOBHU SHEPIUU.

Q+ 2 uiNi = En, Ny N2...
T

Wn,Ny N2... = Aexp (2.6)
DHEPIHIO ; TAKIKE MOYKHO IIPEJICTABUTH B BUJIE CYMMBI SHED-
Ui MOJIEKYJT €, 38 CUET Yero CBECTH CyMMUPOBAHUE 10 BCEM
COCTOSTHUSAM Tra3a K CyMMIPOBAHHIO 110 BCEM COCTOSIHUSIM OT-
Jeabroit Mosekyint [[Ky007]]

st cMecn wieaIbHBIX Ta30B MPUBE/ICHHDBIE BbIMIE (DOPMYJIbI
OCTalOTCd B CHJIe, TOJHKO BMeCTO N I0JICTaB/ISIeTCS KOJIU-
YECTBO MOJIEKYJT COOTBETCTBYIONIEro raza. s cmecn ra3oB
00J1aJIaI0T CBOMCTBAMU A JIATUBHOCTU CJIE/LYIONIHE TEPMO-
JIMHAMITYIECKUE TIepeMeHHbIe: INUCI0 MOJIEKYJI, SHEPTHs, JH-
TPOIHUs, HMaplIuaabHOE JABJICHUE KaXKJIOIO ra3a TepMO/Iu-
HAMUYECKN TOTEHIUA U psj apyrux. [Ipum srom obbem u
TEMIIEPATYPa 110 IIPABIIAM TEPMOIUHAMUKN OJIMHAKOBBI JIJIsT
BCEX MOJIEKYJI KaxKJIoro rasa m3 cmecu. Ormerum, 9to 6Jia-
rojiapst OTCYTCTBUIO B3aUMOJIEHCTBUST MEZK/TY MOJIEKYIaMU
MIPOUCXOIUT CYMMHUPOBAHUE 3HAYEHUN SHTPOIUH U COOTBET-
CTBEHHO, TIepeMHOXKeHNe 00bEMOB (ha30BBIX MPOCTPAHCTB
(7.4) Jlerko npocenutsb anajoruto dopmysst (2.6) ¢ jora-
pudmom dopmyiibt (3.1) u ybeauThest B ux 1mo1ooun. Xorst
dopMyIbl UMEIOT HEOOJIBINE 0TI, HO 3TO HE JIOJZKHO
obeckypakuBaTh. [lonKperisger Takyio yBepeHHOCTD (DOPMY-
J1a, MoJlespyforast ha3oBoe MPOCTPAHCTB 1 SHTpomHio (7.2).
[Taper npoussenenuii B (2.6) p;N; 01 3HAKOM CYyMMBI BXOJAT
cuMMeTpudHO. B 310it hopmysie MOXKHO MIPOU3BECTH CyMMU-
pOBaHMUe 10 BCEM COCTOSTHUSIM YHEPTeTUIeCKUX yPOBHEN, a He
MoJieKyJ1. COCTOsSTHIE SHEPTeTHIECKUX YPOBHEH OIIPE/Ie/ISAeTCsT
KBaHTOBO-aTOMHBIMU TIAPAMETPAMU MOJIEKYJIbI, N3y IaeMbIX
Ha YPOKaX XUMUU B IIKOJIE.

3 CraTucruyeckasi MaTPHIIA.

3/1ech OPTOrOHA/IbHbIE BEKTOPBI — OPTOHOPMUPOBaHHAs CU-
crema (byHKIMIA, TaK 9TO J1I000I omeparop (Q BbIparkaeTcs
yepes <n|é|m> = f ¢;Q¢mdq Ecmm é SBHO HE 3aBUCUT OT
BPEMEHU U KOMMYTHUPYET ¢ TaMUJIBTOHUAHOM , TO €ro MaT-
PUYHbIE 3JIEMEHTHI ( 11| é|m He MEeHSIFOTCSI CO BDEeMeHeM. JTO

KBaHTOBasd d)opMa NHTErpaJioB IBU2KECHU . Bazkmro OTMEHUTD,
q9TO IJIsd Hallero cJjay4dad BCe cobCTBeHHDbIe 3HadeHus A T.e.



3 Crarucruyeckass MaTpPUIIA.

SHEPI'UU MUKPOCOCTOSIHUI BEIECTBEHHBI, TO 9TO O3HAYAET
410 onepaTrop H spMuTOB — cOOTBETCTBYIOIAS MATPHIIA, Oy-
JLyUU TPAHCIIONUPOBANHAS U CONPSKENNAsT, BHOBb OOPATUTCS
B cebs. 3amedare/ibHOe CBOWCTBO SPMUTOBOCTH OIIEPATOPA
obecrieynBaeT KOMMYTATUBHOCTb TaMUJIBTOHUAHA C PAJIOM
OTIepPaTOpPOB, TaKWe KaK IHEPIUsi, SHTPOIUsI. 3aMETUM, ITO
NIPOU3BOJHASA OT CTATACTUYECKON MaTPHUIIbI 10 BPEMEHU KOM-
MYTHUPYeT C TaMUJIbTOHUAHOM:

[ﬁ;@]:() (3.1)

Jlns paccmaTpuBaeMbIX (PU3MYECKUX SBJICHUI 9TO YC/IOBHE
cobstioaercs. U pesynbrar npejcras/iser co0oit KBAHTOBOMeE-
XaHUIeCKUI aHaJor TeopeMbl JInyBuLIs: KOMMYTaTUBHOCTD
oreparopa Kakou-Jimb0 BeJIUIUHbI ¢ TaMUJIBTOHHAHOM KaK
pa3 " SBJIIETCSI KBAHTOBOMEXaHUYIECKUM BbIPasKEeHUEM CO-
XPaHSIEMOCTH 3TOU BEJIMYUHBI BO BPEMEHU.

CobcrBenHoe 3HavUeHne A; COOTBETCTBYET SHEPTHUU IOJCHU-
crembl E;. I Kak Jierko jorajaTbCs CyMMa COOCTBEHHBIX
3HAYEHMI Ha TJIABHOMN JUaroHaJ/Iu - SHEPIun Beeill cucreMmbl E
(SHEpruUs - 3TO TaKXKe aJJIUTUBHASI [IepEeMEHHasl )

Hy = Ev (3.2)

CobcTBennble 3HAUYEHUS IraMUJILTOHUAHA, CHUCTEMBbI, COCTOA-
meﬁ 13 ABYX IIOACUCTEM IIPUHATO 3allUChIBATL TakK:

H |n,m) = (E1 + Ex)n.m > (3.3)

9Ty GOPMYJTy MOXKHO PACIPOCTPAHUTD Ha CJIyYail Psiga MOJ-
cucreM U yOeUThCS B aHAJOIMH C MHBAPUAHTHBIMU IIOJIIPO-
crpancrBamu cM. (10.5).

ZLJ'IH HaXOXKICHUA CTATUCTUYIECKOI Ma.TpI/H_[bI JJIA HpOI/I3BO.HB—
oeIx uncen A, B, C npearnooKuM cHavdaaa, 9T0 CUCTeMa Ha-
XOOUTCA B YUCTOM KBaHTOBOM COCTOAHHU C BOJIHOBOM CI)YHK—
e <n|1§5 |m> Pacupenenenne BepogTHOCTEH M1 KOOPIH-
HaT OHpe,ZLe.HHeTCH HpI/I 9TOM KBaeraTOM MOI[‘YJIHI

|l)b|2 = Z Con " Cn i n (3.4)

[e npousseenne K03(hMUIMEHTOB Pa3I0XKEHUsT BOJHOBOM
dbyHKIN P 10 cucreMe OPTOHOPMUPOBAHHLIX (6A3HCY) Cpy
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U C; MOXKHO 3aMEHUTH Ha BEPOATHOCTL Wy, . B pesybrare
HAXOJIMM CJIEIYIONTYI0 (POPMYITY I pacipe/iesieHus] Bepo-
SITHOCTEH 110 KOOPJMHATAM (3/1eCh OCTAIOTCs JHArOHAIbHBIE
9JIEMEHTBI CTATUCTUIECKON MATPHUIHI)

20 25 Wmn W Y = DDy
=> dwg = D P, dPudq (3.5)

B mamucannoMm B Takoit popMe BhIPAXKEeHUHN MOYKHO I10JIb30-
BaThCA B KadecTBe OYHKIUN ), J11000# OJIHON cHCTEeMOt
HOPMUPOBAHHBIX BOJTHOBBIX (DYHKINN. 3ajada 00 orpeje-
JIEBHUW CTATHCTUYIECKOTO PACIIPE/IEJIEHUsST CBOJUTCS K BBIUHC-
JIEHUIO BEPOSITHOCTEH Wy = Wy, KOTOPBIE U MIPEJICTABIISIOT
€o00It NCKOMYIO (DYHKIIMIO pacipejeeHius B KBAHTOBOW CTa-
tuctuke. Popmysia Jijist cpeHero 3HaUEHUs TPOU3BOIBLHOMN
BeJIMInHBI { ymporaercs:

(f) =D wnfun (3.6)

Bor modyeMy IJjid HaXOxKACHUA IHTPOIINU JOCTATOYHO BbI-
YUCJ/IUTH CpegHee OT cjieda OT CTATUCTUYIECKON MaTpPHUIIbL

(8.2).
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Appendix

1 The Canonical Gibbs Distribution

The statistical ensemble is represented in phase space by a set
of points whose distribution is described by the probability
density. It gives an answer about the probability of finding
a state of the whole system in which a given body in a
certain quantum state w, with energy E, is in a state
described in a microscopic way. The microscopic state of the
external environment is not observed. The canonical Gibbs
distribution is based on a simple principle: the probability
of finding a complex system 1-2 is equal to the product of
the probabilities of its subsystems 1 and 2: p12 = p1 * p2
(which implies the convenience of using logarithms to study a
complex system). Based on this postulate of equal probability
of all microstates available to the system under study, which
follows from symmetry, Gibbs derived the formula:

(F—En)
Wy = exp T e

F-E(p,q) (
T

p = (2nh)’exp 1.1)

Before the semicolon above, the probability distribution
function for the energy of the system in the state E,, is given
in the quantum mechanical representation, after that in the
quasi-classical representation.

Where

» wy,(p, q) - the probability of being in a state corresponding

to a wave function with eigenvalue

» E,. - The energy as a function of the generalised
coordinates,

» s is the number of degrees of freedom.

» F is the free energy of the gas. (In thermodynamics,
work is done by the difference between the free energies
of the final and initial states of the gas, which explains
the convenience of using this variable).

1 The Canonical Gibbs

Distribution . ... .. 239
2 Degeneration of energy
levels . . ......... 241

3 Statistical matrix for
arbitrary A, B and C 244
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» p - Probability density of being in a given phase
difference,

It is interesting to note that the free energy of a gas is a
simple consequence of the normalisation condition of the
above canonical Gibbs distribution. This is a clear example
of the connection between mathematics, theoretical physics
and laboratory experiments. In thermodynamics, free energy
F, entropy S, energy E, volume V', pressure P, temperature
T and a number of other variables are derived from and
controlled by each other. The first three variables listed are
additive functions.

It is possible that not all the motion of a microscopic particle
is quasi-classical, but only the motion corresponding to
some of the degrees of freedom, while for the rest of the
degrees of freedom the motion is quantum. For example, the
translational motion of molecules can be quasi-classical with
the quantum nature of the intramolecular motion of atoms.
In this case, the energy levels of the body can be written as
functions of the quasi-classical coordinates and momentum

E(p,q).

The Boltzmann and Maxwell distributions mentioned above
are special cases of the canonical Gibbs distribution.Due
to the identity of the gas molecules, when analysing the
Maxwell distribution, it is sufficient to consider the phase
space of only one molecule and to express the energy in the
impulse representation in coordinates

E = %m(p% + pi +p2) + ek, where €y is the energy of a gas
divided by the number of gas molecules, the k-th energy level
of a molecule due to its rotational and vibrational degrees
of freedom, the intrinsic angular momentum of elementary
particles, spin, etc. Furthermore, integration in the generalised
coordinates of the dg system can be replaced by simple
multiplication by the volume of the vessel - a similar algorithm
is used for the Maxwell distribution (7.6). This greatly
simplifies the calculations. As a result, the following formula
is used to find the free energy F of an ideal gas (remember
that the difference free energy of the final and initial states is
just the perfect work due to the gas) [8 forms 31.3, 31.2|:



2 Degeneration of energy levels

F=—-NTIn

i T 3/2Z
N \2mnh?
eV
:—NTZnW+Nf(T) (1.2)

Where

N - number of molecules

e is the Euler’s number 2.718 ...
V' is the volume of the vessel, where m is the mass of
the molecule

» 71 - the reduced Planck constant equal to 1.055 * 10734
J*sec.

>
» T is the absolute temperature in energy units
>
>

» 7 is a statistical sum depending on the energy levels
of the molecule, its definition will be given below.

The initial temperature, volume and number of particles are
considered as external parameters of the system under study.
An alternative representation of the above formula is to put
all the parameters into a separate function that depends only
on the temperature f(T).

The entropy of S is determined from thermodynamic relations
as a partial derivative with a minus sign of the free energy:

JdF eV af
S=—-——=NIn—-N—=(T 1.3
o7 = Ning ~NgrD (13)
On the basis of the fundamental equations of thermodynamics,
it is possible to find other thermodynamic variables of the
subsystem under study, rather than to completely determine
or set its macroscopic state.

2 Degeneration of energy levels

When different wave functions have the same eigenvalue of the
energy E,, it means that the energy level is degenerate. The
exponent in the formula 3.1 corresponds to the multiplicity of
the energy level degeneracy, called the statistical weight gx.
In this case, part of the formula (1.1) contains a statistical
sum determined by the formula [9, p. 35 of form 1.71b].
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Z= Z gre er/kT (2.1)
k

The normalisation condition for the formula (1.2) allows us
to calculate the free energy F from the probabilities of the
quantum states:

N N
1= an = eF/TZe_E"/T
n n

N
— F=-TlIn Z e BT (2.2)
n

Let’s use the general formula (1.2) to calculate the free energy
of an ideal gas obeying Boltzmann’s statistics. By writing
the energy Ej, as the sum of the energies of the molecules €y,
it is possible to reduce the summation over all states of the
gas to the summation over all states of a single molecule, as
in the case of the Maxwell distribution. Each state of the gas
is determined by a set of N (N is the number of molecules
in the gas) values of €k, which in the Boltzmann case can
all be considered to be different from each other (in each
molecular state - no more than one molecule, due to the
limitations imposed by the wave functions for fermions, since
it is with such objects that the barometric formula works).
If we write e~ F as a product of the multipliers of e=F for V
of molecules and sum independently over all states of each
molecule, we get an expression corresponding to N

N
(Z e—ek/T) _ Z o En/T
k n 1 N
= — e~x/T 2.3
w(zer) e

At the same time, all sets of N different values, differing
only in the distribution of identical gas molecules over the
levels of €k, correspond to the same quantum state of the
gas. However, in the statistical sum, in the formula above,
each of the states should be taken into account only once.
Therefore, we must also divide the expression obtained by
the number of possible permutations of N molecules with
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each other, i.e. by NI, and evaluate the value with Stirling

formula n! = V2nn (%)n

As a result of this estimation, we obtain a formula for the
free energy of a Boltzmann ideal gas:

F=—-NTin

% Zk] e_ek/T] (2.4)

In the case of degenerate energy levels, the number of repetitions
of the corresponding value is €k, it is equal to the multiplicity
of the degeneracy. What happens to the formulae (1.3) and
(2.1) for a mixture of gases? To answer this question we turn
to the Large canonical Gibbs distribution with a variable
number of particles:

Q+[JN _En,N
T

wn,N = Aéxp (2.5)

Here above is the distribution function of the subsystem of
an ideal gas over two variables:

for the energy value E, and the number of particles N

>
» () - thermodynamic potential

» T - absolute temperature in energy units
>

u is the chemical potential of the molecule.

Now let’s define the distribution function of the subsystem
of a mixture of ideal gases of a gas by variables - the energy
value E,; and the number of particles N1, N», N3 - degenerate
energy levels are also possible.

Q+ 2% uiNi — Ey Ny N2...
T

Wn,Ny N2... = Aexp (2.6)
The energy of E, can also be represented as the sum of the
energies of the €x molecules, reducing the summation over
all gas states to the summation over all states of a single
molecule.

For a mixture of ideal gases, the above formulae remain
valid, only the number of molecules of the corresponding gas
is replaced by N [9]. For a mixture of gases, the following
thermodynamic variables have additive properties: number
of molecules, energy, entropy, partial pressure of each gas,
thermodynamic potential and so on. In this case, according to
the rules of thermodynamics, the volume and temperature are
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the same for all the molecules of each gas in the mixture. Note
that, due to the absence of interaction between molecules,
the entropy values are summed up and, accordingly, the
volumes of the phase spaces are multiplied (7.4).

It is easy to trace the analogy of the formula (2.6) with
the logarithm of the formula (3.1) and check their similarity.
Although the formulas have slight differences, this should not
be discouraging. This confidence is supported by a formula
modelling phase space and entropy (7.2). Pairs of products
in (2.6) u;N; under the sign of the sum enter symmetrically.
In this formula it is possible to sum all states of energy levels,
not molecules. The state of the energy levels is determined
by the quantum-atomic parameters of the molecule, which
you learned in high school chemistry.

3 Statistical matrix for arbitrary A, B and
C

It is possible to map a quantum mechanical system onto
linear maps o, %B, 6. Let’s move from Euclidean space to
Hilbert space.

Here, orthogonal vectors are an orthonormal system of functions,

so that any operator @ is expressed in terms of <n|é|m> =
/ ¢;Q¢mdq is explicitly time-independent and commutes
with the Hamiltonian, then its matrix elements

<n|@|m> do not change with time. This is the quantum

form of motion integrals. It is important to note that in
our case all the eigenvalues of A, i.e. the energies of the
microstates, are real, which means that the H Hermite
operator. The remarkable property of the Hermite operator
ensures the commutativity of the Hamiltonian with a number
of operators, such as energy and entropy. Note that the
time derivative of the statistical matrix commutes with the
Hamiltonian:

[ﬁz}] =0 (3.1)

For the physical phenomena under consideration, this condition
is fulfilled. And the result is a quantum mechanical analogue
of Liouville’s theorem: the commutativity of an operator on
any quantity with a Hamiltonian is precisely the quantum



3 Statistical matrix for arbitrary A, B and C

mechanical expression of the persistence of that quantity in
time.

The eigenvalue of A; corresponds to the energy of the subsystem
E;. And as you can easily guess, the sum of the eigenvalues
on the main diagonal is the energy of the whole system E
(energy is also an additive variable)

The eigenvalue of A; corresponds to the energy of the subsystem
E;. And as you can easily guess, the sum of the eigenvalues
on the main diagonal is the energy of the whole system E
(energy is also an additive variable)

Hy = E (3.2)

The eigenvalues of the Hamiltonian of a system consisting of
two subsystems are usually written as follows

H |n,m) =(Ey + Ex)n.m > (3.3)

This formula can be extended to the case of a number of

subsystems and the analogy with invariant subspaces can be
verified, see (9.4).

To find a statistical matrix for arbitrary numbers A, B, C,
first assume that the system is in a pure quantum state with
a wave function <n|1jb\|m< The probability distribution for

the coordinates is given by the square of the module:

W[ =S¢ cnin (3.4)

Where the product of the coefficients of the expansion of
the wave function 1) according to the system of orthonormal
(basis) ¢, and ¢, can be replaced by the probability wy,,.
As a result, we get the following formula for the probability
distribution by coordinates (keeping the diagonal elements
of the statistical matrix)

Z Z Winn Y Pn = Z Yy => dwg = Z Y @Ymdyg
(3.5)
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9 Appendix

In an expression written in this form, any complete system
of normalised wave functions can be used as functions of ¢;,.
The task of determining the statistical distribution is reduced
to calculating the probabilities w, = wy;,, which represent
the desired distribution function in quantum statistics. The
formula for the mean of an arbitrary value f is simplified:

(f) =D wnfun (3.6)

Therefore, to find the entropy, it is sufficient to calculate the
average of the trace from the statistical matrix (7.2).



10 Tlocnecnosue. Afterword

1 Tlomck MCTUHBI TEPHUCT

Hapacraroiee oTKpbITOE BOEHHOE IPOTHBOCTOsIHIE Poccun ¢
BaraoM mo3BOIMIO COPOCUTH "PO30BBIe OUKHU'"HE TOJIBKO €
sroHoMuueckux Teopuii ("HeBuMMasn pyka pbiaka" Ajama
Cwmura, 3araiHoe OOIIECTBO COIMAIBHOIO OJIATOACHCTBUS 1
cormasbHoe rocyaapctso Orro don Bucmapka, "opems Heto-
ro desioBeka ' mpocsemars " pKynrm "o Penpapy Kurmnnry
u 2ZKozemy Boppesto u 1.11.), HO 1 11es0r0 psijga Mudos 3a-
[aJIHOI MCKJIIOYUTEILHOCTH, B TOM dHCe B chepax TOUHBIX
HayK, B TEXHUKE 1 BOEHHOM JIeJIe.

JlokazarenbcrBo Besukoit reopembr Pepma, OTHOCUMOTO K
«MATEeMaTUIECKUM YKEeMIYKUHAM», TMEET BayKHOE CUMBOJIM-
JecKoe, ICTOPUIECKOe U Iejlarornieckoe 3nadernne. HeoObr-
yaifHag KpacoTa 1 JJAKOHUYHOCTH (DOPMYIUPOBKH BILIOTH 10
2020r. Bo BCEM MUpPe TOCIIOJICTBOBAJIO IIPeyOexKIeHue, ITO
KPAaTKOTr0 JI0Ka3aTeIbCcTBa Beslnkoit TeopeMbl He CyIIECTBYeT.
Ho oxkazasocn, uro yrBepxkaenue [Ibepa e @Pepma — 310 He
durypa pedn, 94TO €ro cjioBa ‘0 BOUCTUHY UYJECHOM JI0Ka3a-
TeJILCTBE CJIeyeT MOHUMATH OYKBAJIbHO MKOJLHUKY XXI
BeKa, 3HAaKOMOMY C OCHOBaMH JIOTUKHU, T€OMETPUHU, pa3Mep-
HOCTH, Teopueil MHOKeCTB. MaTeMaTuk BOBCE He «3aJIUBAJI»,
TFOBOPsI O BOBMOZKHOCTHU 3aIMCA OCHOBHBIX UJIEH JJOKa3aTe b=
cTBa Ha nojdax KHuru. /la, mo cocrognuio Ha 1637r. emé He
ObL paspaboTanbl uddepeHIuaIbHOe U THTEIPAJIbHOE
ucyncseHns (OHU B JIOKA3aTeIbCTBA aBTOPA HESIBHO MCIIOJIb-
3YIOTCs), He ObLIO TEOPUU YHCE]I, TEOPUH MHOYKECTB, TOIOJIO-
U -BCE 9TO OBLJIO OTKPBITO MHOT'O T032Ke, HO (PpaHILy3CKuii
MaTeMaTHK CJIeJIaJjl [IepBbIe Maru B CTAaHOBJIEHUU o0JacTeit
9TUX MATEeMATUIECKUX HAYK.

1 Ilonck mcTuHBI TEP-
HUCT . . o o v ov o . 247
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10 IlociecnoBue. Afterword

[IpuBeieHHOE ABTOPOM JIOKA3aTEHCTBO BIIEPBBIE CIIEJIAHO 1
onybsimkoBano B Poccnn, oHo octaneTcs B cOCTaBe UHTEIIEK-
TyaJILHOT'O TIOTeHIna 1a Haieil crpanbl. [Iybmkaum aBropa
HA PYCCKOM WM QHTJIMIICKOM SI3BIKAX OBLIN MPEIITPUHATHI [T
YKPeIUIEHUsI aBTOPUTETa POCCUICKOI HayKU BO BCEM MUpe,
pazsenvanus Muda o reremonnn CIIIA Bo Bcex HaydHBIX ce-
pax, crepeorutia o BropudHocTu Poccuiickoit nayku. [lonck
HNcrunbr — 3TO HEMPEPBIBHBIN TIPOIECC, a He JIOTMa, U 9TOT
IIOMCK He IpeKpallaeTcs jjazKe Iocje pa3Jadl CaMbIX BbICO-
KUX Harpaj. ABTOD BbIparKaeT HAJEXKLy, 9TO IIPUBEJICHHBII
Kelic TI03BOJINT He TOJIBKO ONIyTHUTh KPACOTY TOYHBIX HAYK,
JIoruKu 1 pusiocopunn JoOO3HATETbHBIM IIKOJLHIUKAM, HO U
00paTUT BHUMAaHUE HAYIHOI'O COODOIECTBA, 3aKOHO/IATEIeH 1
OPr'aHOB BJIACTH HA BazKHOCTb HOPMATUBHOI'O PEryJIUpPOBAHUSA
cdepbl 3aIUTH THTEJIEKTYaJIbHO COOCTBEHHOCTU B BUJIE
OTKPBITUI B JIIOOOM CYBEPEHHOM TOCYIapPCTBE.

Bce nepevnciienHble UHTPUTH, IPENSTCTBUS, YIOBKHU - JIUIIb
"' MUMOJIETHBIE sBJIeHUs " 10 CPABHEHUIO C TPOMATHBIMU I1JIAHA-
MU ¥ TPAHINO3HBIMI OTKPBITHAMHA, N300PETEHNSIMI, KOTOPHIE
¢JlesTaeT TojIpacTaroliee OKoJIeHne Halleil crpanbl. ABTOD
yOeK/IEH B OIPOMHOM CKPBITOM TIOTEHITAAJE HAIIIETO0 HAPOJIA.
Vmenno Ha JIEP3KUX MOJIOIBIX JIIOJEH ¢ TBOPUYECKUM MBIIILIE-
HIEM paccuuTana 31a pabora. Cchblika Ha caiflT ¢ HCTOYHUKOM
nyomukarmuu Caitt Coroz CIIM emediator.ru
https://emediator.ru

2 The pursuit of veracity

The pursuit of veracity is beset with challenges. The subsequent
open military confrontation between Russia and the West
permitted the removal of the "rose-colored glasses"from
economic theories, including Adam Smith’s "invisible hand of
the market,"Otto von Bismarck’s Western society for social
welfare and the welfare state. The notion of the "burden
of the white man"to enlighten the "jungle"(as posited by
Rudyard Kipling and Josep Borrell, among others) is just one
example of the many myths surrounding Western exclusivity.
These myths extend to a number of fields, including exact
sciences, technology and military affairs.

The proof of Fermat’s Great Theorem, which is regarded as
a significant contribution to mathematical knowledge, holds
considerable symbolic, historical and pedagogical importance.


https://emediator.ru

2 The pursuit of veracity

The exceptional eloquence and succinctness of the wording
will remain in place up to 2020. It was widely believed
that there was no concise proof of the theorem. However,
it subsequently became evident that Pierre de Fermat’s
assertion was not a figure of speech. His assertion that a truly
remarkable proof existed should be taken at face value by a
contemporary schoolboy versed in the fundamentals of logic,
geometry, dimensionality and set theory. The mathematician
did not "fill in"at all, merely suggesting the possibility of
recording the essential elements of the proof in the margins of
the book. Indeed, as of 1637, differential and integral calculus
had yet to be developed (they are implicitly utilised in the
author’s proof), number theory, set theory and topology had
not yet been established — all of which were subsequently
discovered at a later date. However, the French mathematician
was the first to lay the foundations for these mathematical
sciences.

The proof presented by the author was initially developed
and published in Russia and will continue to contribute to the
intellectual legacy of our country. The author’s publications
in Russian and English were undertaken with the objective
of enhancing the reputation of Russian science on the global
stage, challenging the notion of US dominance in all scientific
domains, and challenging the perception of Russian science
as a secondary field.

The pursuit of truth is an ongoing endeavour, not a fixed
doctrine, and this pursuit continues even after the conferral of
the highest accolades. The author expresses the hope that the
presented case will not only allow curious schoolchildren to
experience the beauty of exact sciences, logic and philosophy,
but also draw the attention of the scientific community,
legislators and authorities to the importance of regulating
the sphere of intellectual property protection in the form of
discoveries in any sovereign state.

These intrigues, obstacles, and tricks are merely "fleeting

phenomena'in the context of the ambitious plans, groundbreaking
discoveries, and innovative inventions that the younger generation

of our country will undoubtedly make. The author is convinced
of the enormous untapped potential of our people. This work
is designed for the bold and innovative young minds who are
ready to embrace new ideas and challenge the status quo.
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Review

3 Review of Monograph

Review of M.A. Avdyev’s Monograph "Fermat’s Last Theorem and the ABC conjecture in
School XXI. Prime numbers as the metalanguage of the universe".

M.A. Avdiyev’s scientific monograph "Fermat’s Last Theorem and the ABC conjecture in
School XXI. Prime Numbers as the Metalanguage of the Universe'"is devoted to the search
for short proofs of both mathematical theorems, which have aroused the interest of the
scientific community, schoolchildren and students. The relevance of the topic is of great
practical and theoretical interest, since in recent years society has made special demands
on mathematics, information technology, the synthesis of exact and human sciences, as well
as issues of reforming school and university education to meet the challenges of modern
society. In chapter 2 of the monograph, which describes the search for a proof of Fermat’s
Last Theorem (FLT), the author uses knowledge mainly within the framework of school
curricula of classes with in-depth physical and mathematical training. The author avoids
using the knowledge of higher mathematics, focusing primarily on a wide readership. For
the same purpose, the author has translated the text into English in chapters 4, 5 and 7
of the monograph. The author uses analogies and 3D modelling, program code to reveal
the axioms of mathematics and concepts of fundamental physics, moving from experiment
to fundamental generalisations. In solving the pedagogical task, the author also turns to
other school subjects: physics, architecture and drawing, earth sciences, history and fine
arts, to explain important concepts that have fallen out of sight of Western science, which
tends to focus on competency-based and narrowly sectoral campaigns. As a result, the
reader can follow the author along a difficult path of scholarly enquiry, looking at familiar
things from an unusual angle. This helps to understand the conflict between form and
content that, according to the author, is inherent in FLT. The ABC conjecture, outlined
in Chapter 3 in Russian and Chapter 5 in English, is intended for a more advanced reader,
typically students who have completed two or three technical university courses or school
teachers of physics and mathematics subjects. The "key idea"of the proof is presented at
the beginning of each chapter of the monograph. It consists of considering the formulation
of the ABC conjecture from the standpoint of experiment and random errors that are
inevitable in each dimension. These are based on the uncertainty principle from quantum
mechanics. Furthermore, the author differentiates between significant concepts pertaining
to communication and interaction, isolation, and the division of a shared resource. In this
context, prime numbers are conceptualised as a construct of phase space. Additionally, the
author employs a statistical matrix and entropy, providing a comprehensive account of
their calculation through matrix logarithm and averaging in accordance with established
mathematical statistical principles. These principles are utilised by both schoolchildren
and students engaged in laboratory research when assessing measurement error. This



leads the author to an unconventional conclusion: that the indicator of the "quality of the
three"used in the formulation of the ABC conjecture is, in fact, a "defect"and the result of
fluctuation — deviation of a random variable from its mathematical expectation. In general,
the indicator of the "quality of the three"does not exceed one, and deviations are limited
from above by a random function with a normal distribution in accordance with the Law of
Large Numbers. This is the author’s main conclusion, which provides support for the ABC
conjecture through detailed calculations, numerical estimates, and software simulation. In
order to interpret the found proof of the ABC conjecture, the author also refers to the I
and IT principles of thermodynamics, the adiabatic equation and the constancy of entropy
in the operation of an the classical Carnot heat engine. The author’s synthesis of school
knowledge of thermodynamics, the basics of statistical physics and mathematical statistics,
and the algebra of matrices and linear operators, widely used in quantum mechanics,
facilitates comprehension of the material by a wide readership and enables the elucidation
of fundamental concepts to high school students. The distinctive feature of the author’s
approach is not only the presentation of intricate mathematical concepts in straightforward
language (which may occasionally compromise mathematical rigour), but also the consistent
reference to fundamental physical concepts. The author highlights the intrinsic link between
the experiment and "pure mathematics underscoring its pivotal role in fundamental scientific
inquiry. This distinguishes the monograph from the "dry"mathematical proofs that are
strictly formulated but often inaccessible to a wide audience. For example, the work cited
by the author, Shinichi Mochizuki, a mathematician from Kyoto University, dedicated
to the search for a proof of the ABC conjecture, has five hundred pages and, apart from
special testing programs based on artificial intelligence, has been read by only ten narrow
specialists. In Chapters 6 and 7 of the monograph, the author presents a number of
illustrative examples of biases in science, the prevalence of erroneous scientific theories
during specific historical periods, and elucidates the distinctions between the definitions of
"generally recognized"and "true". The author demonstrates that general recognition is not
a criterion of truth by presenting a case study on the protection of intellectual property
rights. This case study reveals legal gaps in the current regulatory system and indicates
the negative practice of ex-territorial application of US law, which is guided by unspoken
rules. The author highlights the necessity for further normative work, taking into account
the positive experience of the USSR in the context of the imposed existential conflict of
our country with the elites of the countries of the United West, which is a perspective
that is difficult to refute. In the same chapters of the monograph, philosophical questions
about the place of prime numbers in the universe are considered, and the potential for
further research at the intersection of mathematics, physics, and epistemology is identified.
The monograph is well structured, with the material and references to the literature used
conveniently formatted. The most difficult to understand questions of quantum mechanics
and statistical physics are placed in appendices, and a logical connection between the
chapters of the monograph and appendices is clearly delineated. The electronic version
includes hyperlinks to figures, tables, formulas, and applications, which are particularly
useful. The author employs general scientific terminology throughout. The monograph
comprises an introduction, seven sections, two appendices, an afterword, and a list of
approximately nine dozen relevant literature sources. It is recommended for publication in



the Scientific Electronic Library eLibrary and printing as part of scientific publications.
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