VIIK 573.7, 007

Jlokmpuna snepzounpopmayuonnoil I601104UU HA OCHOBE
OU0-aHmMEHHBIX peuemoK U anzedpauueckas ouonocus

Doctrine of energy-informational evolution based on bio-antenna arrays and
algebraic biology

R EY AR ET R AL B e B B R RaR

ITetyxoB C.B.
n.¢.-M.H., UHCTUTYT MammHOBeneHus uM. A.A. bnaronpaBoBa PAH,
Doctor of Physical and Mathematical Sciences, Institute of Mechanical Engineering named
after. A.A. Blagonravov RAS,
BEMRL LT 78 T AN SRR A AL AT hr B hiiR R RAS
http://petoukhov.com/, spetoukhov@gmail.com

Annomayun. Crarhsi TOCBSIIEHA pPAa3BUTHUIO anreOpanveckoil OWONOTMH B CBA3H C
YHUBEPCAIBHBIMU IIPaBUJIaMU CTOXaCTUYECKON OpraHu3aluu MH(POPMALMOHHBIX
nocienosaresnbHocTell reHomHblx JIHK  BbICIMX W HU3MIMX OpraHu3MoB. AHamu3 3TUX
OCOOEGHHOCTEH BaXCH JUIsl IIOHUMaHMA HAcJIeIyeMOW CIIOCOOHOCTM JKHUBBIX CHCTEM K
IIOMEXOYCTOMYMBOMY Pa3BUTHI0 C POCTOM YHCIAa MX [apaMETpPOB U  BOCIPOU3BEIECHUEM
POIOUTENBCKUX  NPU3HAKOB.  Pe3ynprarel  aHanu3a  NO3BOJMWIM  BBIABUHYTH  JTOKTPHUHY
HHEPrOMH(OPMAIIMOHHON HBOJIOIMHA HA OCHOBE OMO-aHTEHHBIX PEIIETOK, a TAKXKE IMPEUIOKHUTDH
HOAXOMAbI /ISl MOJAEIMPOBAHUSA OHMOJIOTMYECKOrO Jyaldu3Ma «CTOXacTUKA-IAETEPMUHM3M» U psla
Opyrux OWO(PEeHOMEHOB ¢ mTOo3uluil (opmMann3MOB KBaHTOBOH uWHGpoOpMaTHKU. M3I0KeHHBIE
(eHOMEHOJIOTNYECKHE JTaHHBIE U UHCTPYMEHTBl MaTPUYHO-TEH30PHOIO aHAJIN3a, CBA3aHHBIE, B TOM
qucie, ¢ runepooauueckoil reomerpuer JlobaueBCKOro M MHOTOMEPHBIMU THIEPOOINYECKUMU
YUCIAMHU, TOJIE3Hbl JJI Pa3BUTHUS CUCTEM HCKYCCTBEHHOIO HMHTEJIEKTa I'€HOMOpP(HOro THma u
anredpandeckoil OMOIOTHH.

Knwouesvie cnoga: renomubie JIHK, anreOpanueckass OHONOIMs, aHTEHHbIE pPEILETKH,
CTOXACTHKAa, IETEPMUHHU3M, UCKYCCTBEHHBIH MHTEIUIEKT, KBAHTOBAst UH(OpPMATHKA.

Abstract. The article is devoted to the development of algebraic biology in connection with
the universal rules of stochastic organization of information sequences of genomic DNAs of higher
and lower organisms. Analysis of these DNAs features is important for understanding the heritable
ability of living systems to possess noise-immunity under conditions of an increasing the number of
their parameters and the reproduction of parental characteristics. The results of the analysis made it
possible to put forward the doctrine of energy-informational evolution based on bio-antenna arrays,
as well as to propose approaches for modeling the biological dualism “stochastics-determinism” and
a number of other bio-phenomena from the standpoint of formalisms of quantum information
science. The presented phenomenological data and tools of matrix-tensor analysis, associated,
among other things, with Lobachevsky’s hyperbolic geometry and multidimensional hyperbolic
numbers, are useful for the development of artificial intelligence systems of the genomorphic type
and algebraic biology.

Keywords: genomic DNA, algebraic biology, antenna arrays, stochastics, determinism,
artificial intelligence, quantum information science.
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1. Beeoenue

JKuBble  opraHu3Mbl — HAJENEHBI  BPOXKJACHHBIMU  HHTEJUICKTYaJbHBIMU
CIIOCOOHOCTSIMU  JUIsl TOMCKA TMHINM, CIACeHUsT OT XWIIHUKOB, CIIApUBaHUA,
CTPOUTENLCTBA (MayTHHA MAYKOB, COTHI IYEJ, CJIOKHBIC THE3/a MTUIl-TKaue U Tp.).
OcoOcHHBIN WHTEpPEC BBI3BIBAET T'€HETUYECKUN HWHTEIJIEKT, IOJ KOTOPHIM MBI
MOHUMAEM Ty YacTh WHTEJUICKTyaJbHBIX MOTEHIIMH XUBBIX OPraHU3MOB, KOTOpas
MO3BOJIIET HA OCHOBE TeHeTwyeckod wuHpopmaimu B Mojekyrnax JHK u PHK
BBICTPOUTh, HAmpUMEp, W3 OJHOM OIUIOAOTBOPEHHOM KJIETKHM OpraHu3M C
TPUJUTMOHAMU KIIETOK. [Ipu 3TOM B Tak BBICTPOEHHOM OPraHM3ME MHOTOKaHAJIbHBIM
MTOMEXO0YCTOHYUBBIM 00pa30oM BOCIIPOU3BOMASTCS POIUTEIHCKHUE MMPU3HAKU, HECMOTPS
Ha CUJIbHBIE IIYMbl U MOCTOSIHHO MEHSIIOIIMECS MO X0y >KU3HH YCJIOBUS NMUTAHUA U
BHEIMHUX  Bo3xmeiicTBuil.  [lopakaroT  (QyHKIIMOHANBHBIE  XapaKTEPUCTHKHU
reHEeTUYEeCKOM cucTemMbl. Hampumep, CKOPOCTh peIiuKaiu (CUYUTHIBAHUS «TEKCTa)
Hutu JIHK y Oakrepun Esherichia coli cocrtaBnser cpime 1000 HyKiI€OTHAOB B
cekyHay [Bank, 2022] (uMeHHO yIUBIIEHHE CKOPOCTSIMU «T€HETUYECKUX aBTOMATOBY
npuBeno Bblaaromeroca Maremaruka FO0.M.MaHnHa Kk MMOHEPCKOW MJE€ KBAHTOBBIX
KoMIbl0TepoB [ManuH, 1980]). depMeHTHI B KUBBIX TeJaX pabOTalOT B MUJUIMOHBI
pa3 sbdexTuBHEE, YeM JydIlIMe KaTajau3aropbl B JIA0OpaTOpHSX: TO, YTO JEaeT
dbepMeHT B KUBOM Tele 3a 1 CeKyHIy, Karaau3arop B Ja00paTopuu MOXKET CAeNaTh
tosibko 3a 100 Teicsu ner. Ilpu co3maHMM CHUCTEM MCKYCCTBEHHOTO HHTEIIEKTa
clelyeT MOACMATPHUBATH Yy KHBOMl NPHPOAbI AJTOPUTMbI M YHUBEPCAJbHbIE
CTPYKTYPbl TE€HeTH4YeCKOro HacjenoBaHusi. Crarbsi TMOCBSIIEHA HEKOTOPBIM
pe3yapTaTaM TaKoro MOJACMaTPUBAHUS Yepe3 MPU3MY aareOphl.

B uccnenoBaHusix XKMBOTO CJIEAYET MOMHUTh O KJIKYEBOM OTJIMYMH KUBBIX
TeJI OT HeOAyLIeBJeHHbIX, HA KOTOPOE YKa3bIBAIA CO3/aTEI KBAHTOBOW MEXaHU-KU
[.Mopnan n D.Ilpeaunrep: HEOAYLICBICHHBIE OOBEKTHI YIPABIAIOTCS CPEIHUM
CIIy4yaliHbIM JIBUKEHUEM UX MUJIJTMOHOB YacCTHUIl U JIBUDKCHUE OTJICTbHBIX YACTHI[ HE
CYIIECTBEHHO JJIsI 1EJIOr0; HAmpoTUB, B JKUBOM OpraHu3Me u30OpaHHbIE —
TeHETUYECKHUE - MOJICKYJIbl 00J1aIal0T TUKTATOPCKUM BIMSHUEM Ha BECh Opra-HU3M 32
CUeT KBAaHTOBOTO yCHJIEHHUS (CM. UCTOPHIO «KBaHTOBOM Omosiorum» [McFadden, Al-
Khalili, 2018]). B cooTBeTcTBHE € 3TUM ISl PACKPBITHS CEKPETOB M TTAaTEHTOB KUBOU
IpUpOAbl HE0OXOMUMO Hu3ydeHue 3akoHoMepHocTed uHpopma-tuku JIHK. Ilensio
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CTaTbH SIBJISIETCS TIPEJICTABIICHUE aBTOPCKUX PE3YyIbTATOB TAKOTO UCCIIEAOBAHMUS.

['eHeTnKa Kak HayKa Ha4yajlach C OTKPHITUS MeHieJeM MpaBUil CTOXaCTUYECKOTO
(BEpOSITHOCTHOTO) HACNEAOBAHMS TMPU3HAKOB B AKCIIEPUMEHTAX IO CKPEIIUBAHHIO
OpraHu3MoB. MHOTHE MPOIIECCH B JKUBBIX TeNaX SBISIOTCS CTOXaCTHYECKUMH. J[axke
TCeHETUYECKU MJICHTUYHBIE KJICTKW B OJHOM TKaHU MMEIOT Pa3Hbie YPOBHHU OEIKOBOM
OKCIIPECCUU, Pa3HBIE pa3Mepbl U CTPYKTYpy B CHIIYy CTOXaCTHUYECKOW MPUPOIBI
B3aMMOJICHCTBUS OTACIBHBIX MOJIGKYT B KieTkax. Craructhyeckas MpUpoaa
HACJICMIOBAaHUSA  MPU3HAKOB B «MaJOM»  KapAWHAIBHO  OTJAMYAeTCsS  OT
JTETEPMUHUPOBAHHOTO HACICIOBAHUS TPU3HAKOB B «OOJBIIIOM» (TeMa TeIITabT-
ounonorun). Hampumep, oTnedaTkn KOHYMKOB IMAJIBIIEB Y BCEX JIIOACH pasIWYHBI MIPU
TOM, YTO MAJIBIIBI B «IIEJIOM» JIETCPMUHUPOBAHBI 110 (hopme u cTpoeHuro (3 daranru
u 1p.). Tem cambiM, OHONOTHYECKUE (EHOMEHBI CBSI3aHbI C IyaIM3MOM «CTOXaCTHKa-
JNETEPMUHU3M», U3y4YEHHE KOTOPOTO  MOXKET TMPHUBECTH K  MOCTPOEHUIO
MCKYCCTBEHHOTO MHTEJUUIEKTa TeHOMOP(HOro THIa, a TaKXKe JaTb CBOM BKJIaJ B
TEeHETUYECKYI0 HMH)XEHEPUI0O HOBBIX MAaTEpHaioB, OMOMEIUIIMHCKHE TEXHOJOTUH,
MEPCOHANILHYIO TEHETUKY U TIP.

CormacHo 3akoHy MeHmenss HE3aBUCUMOTO HACIEAOBAHMS  MPU3HAKOB,
nHpopmanus ¢ ypoBHs Monekyn JIHK mukryer MakpoCTpyKTyphl KUBBIX TE IO
MHOTHM HE3aBHCHMBIM KaHajlaM HECMOTpPS Ha CHJIbHBIC IIyMBI. Tak, I[BETa BOJIOC,
I71a3 W KOXXU HACIEAYIOTCS HE3aBUCHUMO JIpyT OT apyra. COOTBETCTBEHHO, KaKIbIH
OpPraHu3M SIBJISIETCSI MAIIMHOW MHOTOKAHAJIBHOTO MOMEXOYCTOHYMBOIO
KOIMPOBAHHUS. ABTOp IepBOH IyOIMKAIMK O KBaHTOBOW Owomoruu I11. Mopnan
yTBEP)KJaj, 4YTO YHIYIICHHbIE HAyKOW 3aKOHBI JKUBBIX OPTaHU3MOB SBIISTFOTCS
3akoHamu BeposTHocTell [McFadden, Al-Khalili, 2018]. B HacTosimeit crarbe
MPE/ICTABICHbl HEKOTOPbIE W3 OTKPBITBIX AaBTOPOM YHUBEPCAJIbHBIX TPABUI
croxactuuecko opranuzanuu JJHK reHOMOB BBICIIMX M HU3IIUX OPraHU3MOB. JTHU
pe3yabTaThl IPUBEIH K aBTOPCKOM IOKTPUHE IHEPrO-UH(DOPMAITMOHHON IBOJIIOIIMHN HA
OCHOBE OMO-aHTEHHBIX PENICTOK, BhIsBICHUIO TiyOokoi cBs3u JIHK unbopmaruku ¢
dopManu3mMamMu  KBaHTOBOM  wWH(pOpMaTUKU W anreOpamMu  2"-MEpHBIX
TUNEepOOIMYECKIUX YHUCET B CBSI3W C anreOpo-OMOJIOTMYECKUMHU TOIXOAaMH K
uckycctBeHHoMy uHTewiekty [IletyxoB, 2022; Petoukhov, 2021, 2022a,b,c, 2023;
Petoukhov, He, 2010, 2023]. [lepeiiaem K nMpencTaBI€HUIO MOTYYEHHBIX PE3YIbTaTOB.

2. O 6uo-aHmeHHBIX peutemKax u ux y4acmuu 6 I60I0UUU HCUBO20

NHdopManiionHbie MOCIEI0BATEIILHOCTH HYKIEOTHAOB B ogHOHUTEBBIX JIHK
IF€HOMOB BBICIIMX M HH3IIMX OPraHU3MOB O00JIaJIal0T OOIIMMHU CTAaTUCTUUYECKUMHU
3aKOHOMEPHOCTSMH, KOTOpBIE SIBJISIIOTCS KaHAWJATaMU Ha POJb YHHUBEPCAIbHBIX
TeHETHYECKUX MpaBui Ouosorundeckoi smomtoruu [Petoukhov, 2022a; Petoukhov,
He, 2023]. Otu npaBuia BepositHocTeil n-metoB JJHK Obutn BBISIBIEHBI aBTOPOM
npu aHaiauze MHokectBa TeHoMHBIX JIHK w3 reHermueckoro OaHKa JaHHBIX
GenBank, Bximrouas crienyromue: 1) Bcex 24 XpoMOCOM YeIOBEKa; 2) BCEX XPOMOCOM
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JPO30(HIIbI, MBIIIH, YePBsl, MHOTHX pacTeHuii; 3) 19 reHomoB Oakrepuil u apxeit; 4)
MHOTHX 3KCTPEMO(DHIIOB, JKMBYIIMX B JKCTPEMAIbHBIX YCJIOBHUSX, HaIpHUMED,
panuauuu ¢ ypoBHeM B 1000 pa3 mpeBbIIaONIUM CMEPTENIbHBIN JIJIs1 YETOBEKA.

B xone ananu3a 3THX yHHUBEpCaJIbHBIX MIPaBUJI aBTOp oOpaTuili BHUMaHUE Ha TO,
YTO B KaXJ10M KOHKpeTHOU reHoMHo# JIHK B3aumocBs3bs coorBeTcTBYOmMX (2"*2")-
MaTpull BEPOATHOCTEN n-TUIETOB OMUCHIBAETCS MATPUYHBIMU PABEHCTBAMU C
UCIIOJIb30BAHUEM NPOU3BEICHUS Alamapa MO aHaJOTMU C HM3BECTHOM TEH30PHO-
MaTpu4yHON Teopueil 1udpoBbIX aHTEHHBIX pemieTok [Slyusar, 1999], Ha3piBaeMbIX
takxe MurennexkryansueiMu AutenHamu [Petoukhov, 2022b].

AHTEHHBIE PEIIETKH UMEIOT THICSYU MPUIOKEHUN: MEAUITUHCKUE CKAaHUPYIOIIIHE
TEXHOJIOTHUH, COHapHBIC CHUCTEMBI, pazuopeieiHbIe CTaHIINH,
paaruoacTpOHOMHUYECKHE YCTPOMCTBA, aBUOHMKA W Mp. C aHTEHHBIMHU pelIeTKaMu
HayKa CBSI3bIBACT PEBOJIOIMOHHBIE M3MEHEHUS B KOMIIbioTepax (OuodoToHHKa) u
DHEPreTUKE HAa OCHOBE HCHOJb30BaHUS HAHOAHTEHHBIX PEMIETOK. AHTEHHbBIE
PELIETKN COCTOSAT M3 MHOXKECTBAa OTIEIbHBIX B3aMMHO COINIACOBAHHBIX AHTEHH,
KaXJasi U3 KOTOPBIX M3Iy4daeT WM abcopOMpyeT BOJHBI OMPEAEIEHHOTO YaCTOTHOTO
nuama3ona (Puc. 1).

Puc. 1. Ilpumepor uzobpadicenuti anmennvix peuemox (83samol uz Hnmepnema).
Fig. 1. Examples of images of antenna arrays (taken from the Internet).

il 1. KARHSE fr o] (R E AR

AHTEHHBIE PEIIETKH HMEIOT 3aMeUYaTelIbHbIe SMEP/KEHTHBIE CBOMCTBA, B CHILY
KOTOPBIX OHM 3aIIOJIOHWJIA MHUP, UM IOCBSAIIEHA OTPOMHAs JIUTEPATypa U MHOXKECTBO
caiitoB B WuTteprere. OHM 00€CTICUNBAIOT XapAaKTEPUCTUKH U3IYYCHHA W TIpUEMa
BOJIH, KOTOPbIE HAMHOIO MPEBOCXOMAT BO3MOXKHOE JUISI OTHAEIBbHOW AHTEHHBI,
HarpuMmep:

1) B cpaBHEHUU ¢ OTIENBHON aHTEHHOM, pemeTka u3 N 3J€eMEHTOB MO3BOJISET
npuMepHO B N pa3 yBEJIMYWTh HANPABICHHOCTh U CUIIY U3JIYyYCHHS], a TAKKE CY3UTh
UCITyCKa€MBbIE JIyUH;

2) AHTEHHbIE PEIIETKH SIBISIIOTCA YHUKAJIbHBIM  HMHCTPYMEHTOM  JUIS
o0ecrieyeHus: MOMEXO0yCTOMYMBOCTH CBA3U W W3BJIEUEHUS cIaboro curxaia Ha (oHe
CUJIBHOTO IIyMa;

3) @azupoBaHHBIE AHTEHHBIE PEIIETKH CIHOCOOHBI  ONMEPHPOBATH C
MHOT'0JIyYEBBIMU T€HEPALIUSAMU U TIP.

YuuThiBasg 3TH SMEPUKEHTHBIE CBOMCTBA AHTEHHBIX PEIIECTOK M Ha3BaHHYIO
anreOpanvecKylo aHaJIOTHIO, aBTOP MPEANOI0XKIII, YTO SBOIIOLHMS JABHO HCIONb3YET
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JTaHHBIE CBOMCTBAa B KUBBIX OpraHusMmax. Ho B HaydHOW JuTeparype HE yaajaoch
HaWTU HU OJHOM MyOJIMKaIMK, KOTOpasl CBsA3bIBajIa Obl OnMonorndeckue (HEHOMEHBI ¢
AMEP/KCHTHBIMU CBOWCTBAMHU aHTCHHBIX PEIICTOK. 3aIlONHs JaHHBIA TIPoOes, aBTOp
M3YYWJI U BBISIBUI MHOXKECTBO HACJIEyEMBIX OMOJIOTMYECKUX CTPYKTYP, CBSI3aHHBIX C
uaeeld OMO-aHTEHHBIX PEIIECTOK W MX BOJHOBOHW JeITebHOCTH. COBOKYITHOCTD 3THX
MaTepUaioB COCTABIISIET COJAEp)KaHHWE JAOKTPUHBI  JIHEPro-uHGOpMAIUOHHOM
IBOJIIOIIUM HA OCHOBe OMO-aHTeHHBIX pemeTok [Petoukhov, 2022b,c; Petoukhov,
He, 2023]. IIpuBeneM HEKOTOpbIE OMONOrMYECKUE MPUMEPHI, HATIOMUHAS MPU 3TOM,
YTO B KMBOM DJICKTPUUECKHE U MEXAaHUYECKHUE KOJIeOaHUs TECHO CBSA3aHbI, MOCKOJIbKY
MHOTHE TKaHU SIBJISIOTCA MbhE303JEKTPUKAMU, HANPUMEP, HYKJICHMHOBBIEC KHCIIOTHI,
aKTUH, ICHTUH, CYX0KUJIHS, KOCTH.

Llpumep Nel. dacerounble miaza, Onarogaps KOTOPbIM HACEKOMbIE W MHOTHE
Jpyrue OeCro3BOHOYHBIC IMOIYUYAIOT 3PUTEIbHYI0 MHOOPMAIIUIO U KOTOPBIE CITy>Kar
OMO-aHTEHHBIMU PEIICTKAMH JIJIsl PUeMa IEKTPOMarHuTHhIX BoJH (Puc. 2).

Puc. 2. IIpumepul pacemounvix 21a3z cmpexko3vl U AaHMAapKMu4ecko20 Kpuis, a makice
ouazpamma acemourHozo 2na3a Hacekomvix (U3
https://en.wikipedia.org/wiki/File:Dragonfly eye 3811.jpg,
https://en.wikipedia.org/wiki/Compound_eye, https://tftwiki.ru/wiki/Arthropod_eye ).
Fig. 2. Examples of the compound eyes of dragonflies and Antarctic krill,
as well as a diagram of the compound eyes of insects
(from https://en.wikipedia.org/wiki/File:Dragonfly eye 3811.jpg,
https://en.wikipedia.org/wiki/Compound_eye, https://tftwiki.ru/wiki/Arthropod_eye).
2. IR AN E MR A IR FE 5, DL e AR E (L
https://en.wikipedia.org/wiki/File:Dragonfly eye 3811.jpg.,
https://en.wikipedia.org/wiki/Compound_eye, https://tfiwiki.ru/wiki/Arthropod_eye)

Ilpumep Ne2. BpoxxaeHHBIE CITIOCOOHOCTH OHMOJIOKAITMU, KOTOPHIMH HaJCIICHBI
MHOTHE OPTaHM3Mbl U KOTOPHIE MCTOJL3YIOT HAIPABJICHHBIE BOJHOBBIC H3TyUYCHUS.
Hampumep, nenb()UHBI 1 JIETydne MBIIIN CIIOCOOHBI 33 CUET AXOJOKAITUU OMPEISIATh
JTUCTAHIIMIO, pa3Mepbl U (HOpMy OOBEKTOB MO AaHAJIOTUU CO CIIOCOOHOCTHIO
WHTeiekTyanbHbIX AHTCHH B TEXHUKE. Teno nenb(uHa HMEET MHOXKECTBO
THJIPOAKyCTHIECKUX PEIEnTOPOB, 00pazyronmx MHOTOJIEMEHTHY IO
ITUPOKOIIONIOCHY IO TPUHUMAIOITYI0 aHTeHHYI0 cuctemy (Puc. 3).
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Puc. 3. I[Ipumepol buonocuueckotl s3xo1okayuu y oenbhuna u iemyuei Mol (U3
https://commons.wikimedia.org/wiki/File: Chiroptera_echolocation.svg).
Fig. 3. Examples of biological echolocation in a dolphin and a bat
(from https://commons.wikimedia.org/wiki/File: Chiroptera_echolocation.svg).
[ 3. AR e YRR ( 2RE

https://commons.wikimedia.org/wiki/File: Chiroptera_echolocation.svg ) o

Ipumep Ne3. BpoxaeHHBIE CIOCOOHOCTH IJIEKTPOJOKAIMHM C TEHEpaIuen u
MPUEMOM AJICKTPUUYECKUX MOJEH ISl PEIICHUs OpraHu3MaMM 3ajiad MOUCKa, OIICHKU
Y B3aMMHBIX KOMMYHUKAIUK. [Ipu 3TOM 351eKTpopenenTopsl pacupeiesieHbl 0 BCEMY
Tey, 00pasys aHaJIor aHTEHHBIX pemieTok (Puc. 4). Dxonokanuus U 31eKTPOJIOKAUs B
WHTEJUJIEKTyalbHbIX JCHUCTBUSIX OPraHU3MOB CBHUACTEILCTBYIOT O TOM, 4YTO OHO-
AHTEHHbIEPEIIeTKH W WX BOJHOBasi /IeATEJbLHOCTh SIBJISIIOTCS YACTHIO
NPUPOAHOT0 HHTeJIeKTa. Pa3BuTHe TeopuMm OMO-MHTEIEKTA JI0JIZKHO
ONMPAaThCsl HA 3HAHUE 00

Puc. 4. Pacnpedenenue snekmpopeyenmopos, 0003HA4eHHbIX KPACHBIMU MOYKAMU, HA 20106€
axkynvl (pUCyHox 63am u3 Buxuneouu)
Fig. 4. Distribution of electroreceptors, indicated by red dots, on the head
of a shark (picture taken from Wikipedia).

4. R IATES BRI (LUALERZ ) (R E A TR

aHTeHHbIX pewmerkax (MHTENIEeKTYyaJ IbHBIX AHTEHHAX), KOTOpPOe HHMKOIJA
Npexae He CBA3BIBAJIOCH € 0MO0/10THell M 0M0-aHTEHHBIMHU AHCAMOJISIMH.

Ilpumep Ne 4. Hacnenyemble aHcamOau (OTOHHBIX KPHUCTAILJIOB, KOTOPBIE,
HarnpuMmep, o0pa3yroT BHUAOBBIE Y30pbl M3 YELIyeK Ha KpbUIbSIX 0abouek, Hepbsx
naBiuHOB U 11p. (Puc. 5). CoBpemMeHHast TeXHUKA UCHOJb3YeT (POTOHHBIE KPUCTAILIbI
JUI yOpaBJ€HUS TPOCTPAHCTBEHHBIM paclipe/ieieHueM (POTOHHBIX myukoB. OHHU
ABJISIIOTCS NIEPUOJUYECKUMH ONTUYECKMMU HAHOCTPYKTYpPaMH, BO3ACHCTBYIOIIUMMU
Ha JIBIKEHUE (JOTOHOB U CBSI3aHHBIMU C TEMOW HAHO-aHTEHHBIX PEIIETOK.
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Puc. 5. [Ipumepwi Hacnedyemvix y30p08 u3z homoHHbIX KPUCTNALLI08 HA KPbLIbsaX Oaboyek,
xapaxmepHvle 0/ pasHvix 81006 babouex. Cnpasa nokazanwvl GOMOHHO-KPUCANTUYECKUE
uewlyliku, oopasyrowue maxue y3opul (u3 https.//ru.wikipedia.org/wiki/Yeuryexpuvinvie)
Fig. 5. Examples of inherited patterns of photonic crystals on the wings of butterflies,
characteristic of different species of butterflies. Photonic crystal scales forming
such patterns are shown on the right (from https://ru.wikipedia.org/wiki/Lepidoptera)

5. W ot T on HEE (E PR ZCHI I HY 18 A2 AR FE T R . Tkt 2]
I TR BN EA R (EH https://ru. wikipedia. org/wiki/Lepidoptera)

Ilpumep Ne 5. JIHK, PHK, Hekotopble Oeiiku, a Takxke MeMOpaHbl H
IUTOCKENEThl KJIETOK SBIIAIOTCS KUAKUMU KpUCTAIJIAMHU, aHCAaMOJIM KOTOPBIX TaKKe
MOTYT pacCMaTpUBaThCsi Kak HaHO-OMO-aHTEHHbIE pemIeTKH. J{OmOJTHUTENBHO
OTMETUM U3BECTHBIM (AKT, YTO MOJIEKYNIbI CIOCOOHBI paboTaTh aHTEHHAMHU,
OpPraHU3yIOUIMMHU ITOTOKM 3JEKTPOMArHUTHOM »Hepruu. Hampumep, BeTBHCTHIE
MOJIEKYJIBl JIEHIPUMEPOB B CTaThAX YacTO HA3BIBAIOTCA aHTEHHaMUu. JloKTpuHa
HBOJIIOLMU HAa OCHOBE OMO-aHTEHHBIX PELIETOK IMO3BOJIAET HCIIONb30BaTh CBOWCTBA
WHTemiekTyanbHbIX AHTEHH M WX CKOOPAMHUPOBAHHBIX MHOXECTB BOJH IS
OCMBICJIEHUSI OMOoIornYeckux (eHOMEHOB, HAPUMED:

1. DneKkrpoMarHUTHbIE BOJIHBI OHO-aHTEHHBIX PEIIETOK BOBJICYEHBI B
ONEPATUBHYIO TNEpeady U MepepaclpereieHue SHEPTUU MEXKIy JJIEMEHTAMHU TeJla C
Y4aCTHEM IbEe30-BUOPALIMOHHBIX KOMIIOHEHT;

2. JI71st B3aUMOCBS3€H MEX]y JIeMEHTaMU OpraHu3Ma Ba)KeH THUIl MOJSpU3aLUn
AIIEKTPOMArHUTHBIX BOJIH B CBSA3U C (PyHIaMEHTaJIbHON mpoOiieMoit OMoiornueckon
JTUCCUMETPUHU U MOJIEKYJISIPHOU XUPAJIbHOCTH, OTMeueHHOoM JI.ITacTepom;

3. VYHukanbHblE  CHOCOOHOCTH  aHTEHHBIX  PELIETOK  0oOecrneyuBarhb
MHOTOKAaHAJIbHOE IOMEXOYCTOMUMBOE U3BJIEUEHUE CJIa0bIX CHUTHAJOB Ha (oHe
CWIBHBIX IIYMOB IIO3BOJISIIOT HCIIONB30BaTh MX JJIS OCMBICIEHHMS] OpraHM3Ma Kak
MalIMHbl MHOTOKaHAJIBHOTO TIOMEX0YCTOMYHMBOTO KOJUPOBAHMUS.

KacarenpHO ponu OHO-aHTEHHBIX PEIMIETOK B HHEPreTUYECKHX IIOTOKAX B
OpraHu3Me€ MO)XHO BCIOMHUTH O CYIIECTBOBAHMM C APEBHUX BpPEMEH HAEH 00
OpPraHM3YIOUIEH POJIM DHEPreTUYECKUMX IOTOKOB B HEM. OTa uIesd CBfA3aHa, B
YaCTHOCTH, C APEBHEKUTAWCKONH BEpOW B CYIIECTBOBAHHE OCOOON SHEPIHH «UH»,
LHUPKYJISUS KOTOPOM OTBETCTBEHHA 3a 370POBbE U OOJIE3HU U KOTOpas OIpeaesnser
CYLIECTBOBAHUE  DHEPreTMUECKUX  TPAKTOB, HA3BIBAEMBIX  aKYNYyHKTYpPHBIMU
MepuauaHaMu. BO3MO)XXHO, YTO 3Ta MHUCTHYECKAs HDHEPIHs «UW» COIpPSIKEHA C
BOJIHOBOM SHEprueil OMo-aHTEHHBIX penieTok. OnmucanHble MaTepralibl 00 aHATOTHSIX
MEXIY  CTOXaCTUYECKOM  OpraHu3allMed  TIE€HOMOB,  psAla  HaclIeAyeMbIX
¢uznonornyeckux CTpykryp u HHTennexTyanbHbIMH AHTEHHAaMHU MOPOKIAIOT
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https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
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https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%88%D1%83%D0%B5%D0%BA%D1%80%D1%8B%D0%BB%D1%8B%D0%B5

MBICJIb, YTO CaM F€HETUYECKUN KOJ ABJISIETCS CJIIEACTBUEM BOJHOBOM JEATEIIBHOCTH U
caMOOpraHu3alyd OMO-aHTEHHBIX pelIeToK. M 4To 3TOT KOI COMpsKEH C IPYyrUMU
HACJIeIyeMBbIMHU (PU3UOJIOTUYECKUMHU CIEACTBUSIMU ITOU JesTeIbHOCTH. C 3TON TOUKH
3pEHUSL CEKPET CTPYKTYPHOM OPraHU3allUM U IIPOUCXOXKICHHUS T€HETHYECKOIO KOAa
HaJI0 UCKaTh HE B CIy4YallHOM KOMOMHAIIMHA MOJIEKYJISIPHBIX 3JIEMEHTOB N'€HETHYECKOTO
KOJIa, @ B AMEP/KEHTHBIX CBOMCTBAX CAaMOOPraHU3YIOIIMXCS CUCTEM OMO-aHTEHHBIX
pemetok. Pabora aHTeHH OCHOBaHAa Ha MeEXaHM3MaxX PE30HAHCOB, B CUIIYy Yero
MPEACTABICHHAS JOKTPHHA COMNPSIKEHA C ABTOPCKOM  KOHUEMIMEW MYJIbTH-
pe3onancHoil renetuku [Petoukhov, 2016, 2022¢]. B3aumonelicTBue cucTeM Ha
OCHOBE AaHTEHHBIX M3JIy4YEHUM W PE30HAHCOB XOpPOUIO TOACHSET IPUMED
JMCTAHIITMOHHOTO OTKPBIBAHUS JBEPEU aBTOMOOWIISI 3JIEKTPOHHBIM KJIFOUOM, aHTCHHA
KOTOPOTO MOCHIJIAET KOJOBBIE 3JIEKTPOMArHUTHHIE BOJIHBI. Pa3Hble MallluHbI TPEOYIOT
Pa3HbBIX BOJIHOBBIX KOJIOB, pa0oTaronmx Ha pe3oHaHcax. Jlo6aBuM, 4TO pe30HAHCHbBIE
B3aUMOJICHCTBUS  MCHOJB3YIOT  (QyHAAMEHTAIbHBIA  (U3WYECKU  MPUHIHUII
MUHHAMU3AIUU DHEPTUH, MOCKOJIbKY NpPH PE30HAHCHOM OOBEAMHEHUM YacTed B
€IUHBIA aHCAaMOJIb KaX[IbIM AIIEMEHT TpeOyeT MEHbIIEe PHEPTUH sl CBOEH padoThI,
4eM MpU WHIUBUIyAIbHOW paboTe. ABTOP TaKkKe OTMEYAeT, YTO yHHBEPCAIbHBIC
CBSI3U pacCMaTpUBAEMbIX HAOOPOB BEPOSTHOCTEN n-1IeTOB B TeHOMHBIX JIHK MoxHO
MOJIETTUPOBaTh (opMaTn3MaMu KBaHTOBOUW mHMopmaruku. [Ipu 3ToM ommchiBaeMbie
YHHUBEpCAJIbHBIE cTOXacThueckne cucteMbl reHoMHbIX JIHK mpencraBmsrorcs kak
3aKOHOMEpHas MHOIOypOBHEBasi mayTHHa 2-KyOWTHbIX coctosgHuil [Petoukhov,
2022b]. Tem cambIM, yHHBEpCaJbHBbIE IpaBWIa CTOXAaCTUYECKOM OpraHu3alnuu
reHoMHbIXx JIHK oka3piBaloTCS CBS3aHHBIMU HE TOJBKO C (opMau3MaMu
NHTennekryaabHbIX AHTEHH, HO U ¢ KBAHTOBO-UH(MOPMAITMOHHBIMU (hOpMaATU3MaAMH.
B 510l 1BOMCTBEHHOM CBS3M 3aKJIIOYAETCS BAKHOE OTIMYME CHUCTEM OMO-aHTEHHBIX
pemeToK oT WHKeHepHbIX WHTemnekTyanbHbix AHTeHH. s anrebpanyeckoro
MOJIETTUPOBAHUSI KBAHTOBO-TIOAOOHBIX OCOOCHHOCTEM B CHCTEMax BEpPOATHOCTEU
reHoMHbIX JIHK aBTOpOM BBECHO MOHSATHE TEH30P-YHUTAPHBIX MPEe0oOpa30BaHU KaK
OMEPaTOPOB, COXPAHSIONIUX JJIMHBI BEKTOPOB MPU UX TEH30PHOM IpeoOpa3oBaHUU B
BEKTOPHI MPOCTPAHCTBA MOBBIIIEHHOW pa3zmepHocTH [Petoukhov, 2022¢; Petoukhov,
He, 2023]. OHu ABISAIOTCS ONEPATOPAMU PACIIUPEHUS CTOXACTHUKO-IETEPMHUHUCTCKON
MaMSITH C COXPAHCHUEM BCEU MPEAbIIyIIEH TaMATH.

3. Cmamucmuueckue npasuna nocjiedoeamenvHocmeii 6 2enomuvix /[HK

I'enetnueckas uadopmanms B JIHK 3anuceiBaeTcs mocnenoBarensHOCTIMUA 4
HYKJIEOTHJO0B: afeHnHa A, ryannHa G, nquto3uHa C u tumuna T (Puc. 6)./IHK Takxke
cofiepkuT andaBuThl 16 nymieros, 64 TpumieToB, 256 TETpaIIeToB, U T.1.

B IIOMCKEe YIYIIGHHBIX — 1O MOpHaHy — 3aKOHOB BEPOSTHOCTEH B KUBBIX
opraHu3Max oOpaTuMcsi K U3YYEHHUIO CTAaTUCTHUYECKUX 3aKOHOMEPHOCTEH B
WH()OPMAIIMOHHBIX TOCIEA0BATENBHOCTAX ONHOHUTEBBIX JIHK reHomoB BhICIINX U
HU3IMMX opranu3MoB. Mcxomneie ganubie 00 stux JIHK mnocnemoBarenbHOCTIX
colepkarcsi B oOmIeAOCTymHOM OaHke reHetmyeckux AaHHbIXx  GenBank
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(https://www.ncbi.nlm.nih.gov/genbank/). ;151 KOHKpeTHKH 0OpaTUMCS K M3YyYCHHIO

CTaTUCTHUYECKUX  3aKOHOMEPHOCTEH B  TOCIIEIOBATEIbHOCTH  HYKJICOTHUIOB

onnonuteBor JIHK mepBoil XpomMocoMbl 4enoBeKa, cojepxaiie okomno 250

MUJUIMOHOB ~ HYKJIEoTunoB (https.//www.ncbi.nlm.nih.gov/nuccore/NC _000001.11).

Andasur 4 nykineotunoB A, G, C, T coctout u3 aByx cydayndaBuToB: MypruHOB A U

G, cozepKamux JBa MOJCKYISPHBIX KOJbIIAa W TPAJAUIMOHHO O003HAYAEMBIX
o

cumMBOoJIOM ‘1, a Takke mupumuauHoB C u T, comepKammx OMHO KOJBIO U
o0o3HauaeMbIx CUMBOJIOM “‘y”” (Puc. 6).

ITYPUHBI A u G (cumBoa “r”) | IMPUMHUAHBI T u C (cumBoa “y”)
o LY

Coaepaxar 2 koabua

Conep:kar 1 KoJb10

Puc. 6. Uzo0pascenue monexyn nypunos A, G u nupumuounos C, T.

Fig. 6. Image of molecules of purines A, G and pyrimidines C, T.
6. ES A, G FIENE C\ T 70T HIEE -

Ota xpomocomHas HuTh JIHK npeacraBuma kak OuHapHasi moCIea0BaTeIbHOCTh
u3 npuMepHo 250 MWUIMOHOB MYypUHOB “‘r° W NHPUMUAMHOB “‘y”’ THMA:
ryyyrryrryyr... . Uccienyem ee NpoOUEHTHBIM COCTaB: - CHayanda MpeiCcCTaBUM €€ Kak
MOCJIEA0BATEIbHOCTh OJIMHOYHBIX CHUMBOJIOB TI-y-y-y-I-T-... W TOJCYMTAEM B HEH
npoteHTHl %r u %yYy; - 3aTeM NpPEeJICTaBUM €€ KakK MOCIe0BaTEIbHOCTh AYIUIETOB Iy-
yy-IT-yI-... U TOACYUTAEM B HEH MPOLIEHTHI KaXJOr0 BO3MOKHOTO BHJA JTYIUIETOB
IyPUHOB ¥ MUPUMUIAUHOB %ort, Yory, %oyr, %0yy; - 3aTeM aHAJIOTMYHO IIPEACTABISAEM
Ty K€ OWHapHyl NypUH-IUPUMUIUHOBYIO TocienoBarenbHocth JIHK — kak
MOCJIEA0BATeIbHOCTh TPHUILJIETOB, TETPAIIETOB, MEHTAIIETOB, ..., MOJCUYUTHIBAS B
HUX KaXIbl pa3 MPOIEHTHl COOTBETCTBYIOIIMX BHJOB A-IJIETOB M3 IMyPUHOB H
nupuMuanHOB. B pesynerare s JIHK xpomocomsl uenoBeka Nel mnomydaem
npeactaBiaeHHbie B Tabmume Nel cemelicTBa MPOIIEHTOB A-IUIETOB MYPUHOB “T”° M
MAPUMHUJIUHOB “y” (MPOIEHTHI JaHbI B AOJISX CAMHUIIBI).

Tabmuma 1. IlpoueHTsl #-MIIETOB MypUHOB ‘I U NUPUMHUIUHOB Yy’ B
npeAcTaBIeHnH HHpOpMamoHHOW mocienoBarenbHoctr JJIHK mepBoit xpomMocomsl
YesioBeKa Kak OMHapHOU mocienoBareibHOCTH mypuHOB A, G u mupumunaoB C u T
(n=1,2,3,4,5). [IpoueHTsl JaHbI B JOJIAX €AUHULIBL. [loNHUIIEeTH, HAYMHAIOIIHECS C

yPUHOB (MIUPUMHUANHOB), 0003HAYEHBI KPACHBIM (CMHUM). [losicCHEHHE B TEKCTE.
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Yor Yoy Yorr Yory Yoyr Yoyy
0,499745 | 0,500255 0,280682 | 0,219000 | 0.219026 | 0,281192
Yorrr Yorry Yoryr Yoryy Yoyrr Yoyry Yoyyr 2%yyy
0,164628 | 0,1160615 | 0,103115 | 0,116037 | 0,115959 0,10310291 0,115942 | 0,165155
Yorrrr Yorrry Yorryr YorrYyYy Yoryrr Y%ryry Yoryyr Yoryyy
0,097738 | 0.0669275 0,05563 0,060408 | 0,055506 | 0,04760742 0,048985 | 0,066984
Y%yrrr Yoyrry Yoyryr Yoyryy Yoyyrr Yoyyry Yovyyr Yoyyyy
0,066911 0,0490378 | 0,047495 | 0,055562 | 0,060507 0,0555435 0,066937 | 0,098221
Qorrrrr YorrIry Sorrryr Yorrryy Yorryrr Yorryry Yorryyr Yo1TyYyYy
0,058406 | 0,039346 | 0,033114 | 0,033763 | 0,031346 | 0,024265 | 0,026528 | 0,033903
,
Yoryrrr Yoryrry Yoryryr Yoryryy Yoryyrr Yoryyry Y1y yyr Yoryyyy
0,031638 | 0,023907 | 0,023224 | 0,024365 | 0,025092 | 0,023901 | 0,027694 | 0,039302
Yoyrrrr Yoyrrry Yoyrryr Yoyrryy Yoyryrr Yoyryry Yoyryyr | %yryyy
0,039308 | 0,02757 | 0,022486 | 0,026557 | 0,024177 | 0,023287 | 0,02251 | 0,033136
Yoyymr | Yoyyrry | Yeyyryr | Yeyyryy | %yyyrr | Yoyyyry | %yyyyr | Y%eyyyyy
0,035361 | 0,025158 | 0,024313 | 0,031213 | 0,035315 | 0,031614 | 0,039299 | 0,058902

Jannbie 3ToM Tabnuubl MOKa3bIBAIOT HEOKUJAHHOE CYIIECTBOBAHUE B JAaHHOU
xpomocoMHor JIHK Becbma CTpOrom 3aKOHOMEPHOCTH BO BCEX pacCMarpUBAEMBIX
CEeMENCTBax M-IJIETOB: JIIOObIE JBA 1-IUIETA, UMEHA KOTOPBIX OTIIMYAIOTCS B3aUMHOU
3aMEHOW B HHUX IYPUHOB U MUPUMHJIUHOB (I < y), UMEIOT NPAKTUYECKU pPABHbBIC
BEJIMYMHBI poLeHTOB B Hel. Hanpumep, %ryy = 0,116037..., a %yrr = 0,115959... .
Puc. 7 ummocTpupyeT 3Ty 3aKOHOMEPHOCTh CTATUCTUYECKON OpraHu3aluu JaHHOU
xpomocomHor JIHK B Buzae auarpamm, jeBas W NpaBas NOJIOBUHBI KAKIOH M3
KOTOPBIX TMPAKTUYECKH 3€pKaTbHO-CUMMETpUuHbl. Ecium r u y 0003HauUThH
COOTBETCTBEHHO, Kak () ¥ |, TO O4epeHOCTh CJIEN0BaHUs N-IUIETOB B KAXKJIOM M3 MX
cemeiictB B Tabnune 1 U Ha COOTBETCTBYIOIIMX Juarpammax OyleT COOTBETCTBOBAaTh
YHOPSAIOYEHHOCTH WIECHOB 10 BO3PACTaHUIO B INAAUYECKOU rpyIIIie OMHAPHBIX YHCEI
(Puc. 7). Hanmpumep, miis cemerictBa 8 TpuruietoB umeeMm B Tabnuie 1 u Ha Puc. 7
YIOPSAOYEHHOCTH 11T, ITY, I'VT, IYY, YIT, yry, yy1, yyy, T0 ecth 000, 001, 010, 011, 100,
101, 110, 111.

Kpome toro, mexnay npencraBieHHbIMU B Tabnuie 1 cemeiicTBaMu MPOIEHTOB
n-TUIETOB TyPUHOB M THUPUMHJIMHOB TMPU PA3HBIX 7 HUMEETCS HEOXHUJaHHAs
3akoHOMepHasi cBs3b. OnHa wumeeT (GopMy  BBICOKOTOYHOTO KaCKaJHOTO
JBOMHUKOBaHUS (MPU U3YYEHHBIX 3HaUueHusx n = 1, 2, 3, 4, 5): mporeHT 1toboro n-
IieTa MPaKTUYECKU PaBeH CyMME MPOIEHTOB TakKuX JBYX (#+1)-1eToB, KOTOphIE
OTJIMYAIOTCS OT HeTro HanuuueM cy@dukcoB “r” unu “y” (paBEHCTBO C TOYHOCTHIO J10
4-ro WM 5-TO 3HAKA MOCIIe 3aMsATOM ).
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Puc. 7. /luaepammul npoyenmos n-niemos nypuHo8 u NuUpUMUOUHo8 8 cemeticmeax 4
oyniemos, 8 mpuniemos, 16 mempaniemos u 32 nenmaniemos uz Taonuywl 1. OuepeorHocmo
c1edo8anus Cmondoyos coomsemcmasyem o4epeoHoCmuy ced08aHUus COOMBEMCmaEyIouux n-niemos
6 Tabnuye 1, céa3anmoll ¢ ouaoudeckumu epynnamu OUHaApHvIx yucen (nosicnhenue 8 mexcme). I[lo

OCU OPOUHAM OMIOHCEHDL BENUUUNHBI BEPOAMHOCMENU, NO OCU ADCYUCC —
HOMepa cled08anusl N-Njiemoa.

Fig. 7. Diagrams of the percentage of n-plets of purines and pyrimidines in the families
of 4 duplets, 8 triplets, 16 tetraplets and 32 pentaplets from Table 1. The order of the
columns corresponds to the order of the corresponding n-plets in Table 1, which are associa-

ted with dyadic groups of binary numbers (explanation in text). The ordinate axis shows
the probability values, and the abscissa axis shows the sequence numbers of n-plets.

7. K1 4 (LR, 8 A=A 16 VYRS 32 0 70 RE 5005 R HIRENE n
Bt (1ot Ho i . IR/ 7 A E RS ST IEE 0 BiggnaNe/ 726 1 S 2812 — oAl il (CH
MERE) o MEPZNIEFME, PIIZ T n AHA /75

Ota (EeHOMEHOJOoTUYeCKas CBsA3b BEACT K CYIIECTBOBAHUIO (PPAKTaIbHOIO
JTUXOTOMHYECKOTO jAepeBa MpoieHToB (Puc. 8), B KOTOPOM KaXIbI y3el SIBISETCS
Ha4yaJIoOM CBOEro COOCTBEHHOTO (hpakTajibHOTO JUXoTomMuueckoro jaepena [[leTyxos,
2022; Petoukhov, 2023a,b].

OTH cTaTUCTUYECKUE MpaBmiia oprann3anuu reHoMubix JIHK, mpencraBieHHbIe
Ha npuMepe THK mepBoii XpoMOCOMBI 4eIOBEKa, CIIPABEIMBBI TAKXKE U1 IPYTUX
VCCIIEIOBAHHBIX M HA3BAHHBIX BBIIIE I€HOMOB BBICIIMX W HU3LIUX OPraHu3MoB. Bo
MHOIOM aHAJIOTUYHBIE PE3YyIbTaThl I N'eHOMHBIX oAHOHUTEBbIX JIHK momyuenst
TAKXK€ B CJIy4ae NPEACTaBICHUUA HX IMOCIEAOBATEIBHOCTEN HYKICOTHAOB KaK
OMHApHBIX  MOCIEAOBATEILHOCTEH  KETO-MOJIEKYI UM aMUHO-MOJIEKYJ1 WU
MOCJIEA0BAaTEeIbHOCTEN CUIIBHBIX U CJIa0bIX BOJOPOAHBIX cBsizeit [Petoukhov, 2023].

JIuxoToOMHM B OMOJIOTUYECKUX TEIaX XOPOIIO U3BECTHHI: OPOHXHUATLHOE JIEPEBO
JIETKUX, BETBJICHUS B HEMPOHAX U y PACTCHUH, MUTO3 COMAaTUYECKUX KJIETOK, U T.I.
Ho B undopmaruke reHomubix JIHK B oTnnune OT TeneCHBIX KOHCTPYKIUN MBI
BCTPEUAEMCSl C MNPUHIUIHNAIBHO HWHBIM TUIOM JIUXOTOMHH: JUXOTOMHUSIMU
MPOLIEHTHBIX (BEPOSITHOCTHBIX) XapaKTEPUCTUK B MHOTOCIOMHOM CTAaTUCTUKE
uHpopmanronHbix nocaenoBarenbHocTet JIHK. OOmmuphble auxoromMudeckue
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dpakranbHble ceTH BeposiTHOCcTel reHoMHbIX JIHK — 310 Ta nHpopManimonHas nmoysa,
U3 KOTOPOM MPOU3PACTAIOT KUBBIEC TeJla U TeHETUUECKUI MHTEIJIEKT. BeriecTBeHHbIe
JTUXOTOMUYECKUE CTPYKTYPHI KUBBIX TEJ BO3HUKAIOT HE HA MyCTOM MECTEe, a UMEIOT
CTPYKTypHBIE TIPOTOTHUITBI B 3aKOHOMEPHON OMHApHOU (PpakTasio-nmojoOHON cucTeme
BEPOSTHOCTEHM TeHOMHOW WH()OPMATUKH.

335353
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Puc. 8. /luacpamma cpasnenus npoyeHmos n-niemog nypuHos u NUpUMUOUHOB NPU PA3HBIX
BHAYEHUsIX N U coomeemcemayioujee pakmaibHoe 0epeso eposmuocmell (cnpasa). Ha kasxcoom
Vpo8He duazpammbl OIUHbL UHMEPBATI08 NPONOPYUOHATbHBL NPOYEHMHBIM 3HAYEHUAM
coomeemcmeyrowux n-niemos uz Tabnuywt 1. Buonvl omuowenus ouxomomuu (unu
0BOUHUKOBAHUSL) MeHCOY ONUHAMU COOMBEMCMBYIOUWUX UHMEPBATIO8 HA COCEOHUX YPOBHSIX.

Fig. 8. Diagram comparing the percentages of n-plets of purines and pyrimidines for different
values of n and the corresponding fractal probability tree (right). At each level, the interval lengths
in diagrams are proportional to the percentage values of the corresponding n-plets from Table 1.
The dichotomy (or twinning) relationships between the lengths of the corresponding intervals

at adjacent levels are visible.

8. LEECAN A n E T HEREFIIEIE HY n-plet F7 77 HE LIR 3T ERT 7 TEREFBIRGIE R (A1)
ELHAZY, IR R 1 P n (AR B 20 AL LE o FAASER 7 I ] J /<
JEZ R =57 (BRERAE) [ A2 fl S Y.

BrisiBlieHHE yHUBEPCATbHBIX CTATUCTUYECKUX JTUXOTOMHUIN B FEHOMAaX MO3BOJISIET
MO-HOBOMY OCMBICIIMBATh SIBICHUSI AUXOTOMHM B KUBBIX Tenax. Hampumep, nodemy
HA TPOTHKCHWHM MIUIHAPOB JIET XWU3HU Ha 3eMJId OaKTepHH Pa3MHOXKAIOTCS
JUXOTOMUYECKUM JIEJIECHUEM Tela Ha JBe MNoJoBUHBI? Ha Kakue CTpyKTypHO-
HPHEPreTUYECKHE OCHOBBI ONMPAETCS 3TOT «BEYHBIN» JUXOTOMUYECKUNA (PEeHOMEH
Pa3MHOXKEHHsI OaKTEPHUIl CO CIOKHEUIIUM MPOLECCOM JTUXOTOMUYECKOTO pa3iaesieHUs
BCE JMXOTOMHYECKHM OPraHU30BaHHON TreHeTudeckod uHpopMauuu? ABTOp
IpeaIaraeT CIAEAYIOUIMHA OTBET: CYILIECTBYET CKPBITBI OT HEMNOCPEACTBEHHOIO
BOCIIPUSITUSL MHUpP CEMEICTB BEPOATHOCTEH, CTPYKTYpUPOBaHHBIX Ha OCHOBE
OouHapHbIX onmo3uiui (tuna Mub-AH). IMeHHO mo obOpasy u momobuio OHMHAPHO
OpPraHW30BaHHBIX CEMEMCTB BEPOATHOCTEN STOr0 MHOTOMEPHOTO MHUpa CTPOSTCA
IeHETUYECKU HacleqyeMble Ouoniornyeckue Ttena. Hamm Tena sBISOTCS Kak Obl
OZICKJIOM, HAZIETONW Ha 9TU OMHAPHO CTPYKTYPHUPOBAHHBIC CEMEIHCTBA BEPOSITHOCTEH,
BBICTYNAIOIINE HMX MPOTOTUIIAMHU. JTO HANOMHHAET APEBHUE MPEACTABICHUS O
IIPOSIBJIEHHOM U HENPOSIBIEHHOM MHUpax M 3HAMEHUTYIO ajuieroputo Ilnarona o mupe
U U TEHSIX Ha CTEHE NEIIEepbl, 10 KOTOPHIM JIIOJHU, KUBYLIME B NEHIEPE, MOTYT
CYIUTb 00 HICTHHHOM CKPBITOM MUPE HJIEH.

4. I'enemuueckue mampuywl eeposmuocmei n-niemoes /I|HK
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Andasur 4 nykneoruno JIHK sBasercs cucremoil OMHAPHO-OMIO3UIIMOHHBIX
MPU3HAKOB:

1) ABa U3 THX HYKJICOTUIOB sBisitOTCA ypuHamu (A u G), a nBa apyrue (C u
T) — nupumuauHamu, 4to naet npeactabieHue C=T=0, A= G = ();

2) 1Ba U3 3TUX HYKJIEOTUIOB SBISItOTCS KeTo-moiiekynamu (T u G), a nBa npyrue
(C u A) — amuHO-MoseKynamMu, yto jaet npeacrasienne C=A=0,T=G =1.

B cuny storo /IHK-andasutet 4 Oyks, 16 aymieroB u 64 TpUIIIETOB IPEACTaB-
Js0TCd B (hOpME KBaJpPATHBIX TAOMHI], CTONOLBI KOTOPBIX HYMEPYIOTCS OMHApHBIMU
WHAMKaTOopaMu «mupuMuuH win nypun» (C =T =0, A =G = 1), a cTpoku — Ou-
HapHBIMU MHJUKATOpaMH «aMHUHO WM keto» (C=A=0, T=G=1). B takux tabaunax
BCce OYKBBI, AYIJIEThl M TPUILIETH aBTOMAaTHYECKU 3aHUMAIOT CTPOTO MHIAMBUIYAIb-
Hoe MecTo (Puc. 9). Otu 3 TaGnuIlsl ABJISIIOTCS HE MPOCTO TabIUIIaMU, HO O0pa3yIoT
eanHOEe TeH30pHOEe cemeiicTBo Marpui] [Iletyxos, 2008].

000 | 001 | 010 | 011 | 100 | 101 | 110 | 111

000 | CCC | CCA | CAC | CAA JACC | ACA | AAC | AAA
% Toi 50 11 001 | CCT | CCG | CAT | CAG [ACT | ACG | AAT | AAG
- 010 | CTC | CTA | CGC | CGA [ATC | ATA | AGC | AGA
01 |00JCC|CAIAC|AAL [011|CTT | CTG | CGT | CGG | ATT | ATG | AGT | AGG
OJC|A] [01]CT|CG| AT |AG 100 | TCC | TCA | TAC | TAA [ GCC | GCA | GAC | GAA
1|T|G|*|10]TC|TA |GC|GA 101 | TCT | TCG | TAT | TAG | GCT | GCG | GAT | GAG
1nlrr|16¢|G6r|ee| [110|TTC [ TTA | TGC | TGA | GTC | GTA | GGC | GGA
111 | TTT | TTG | TGT | TGG | GTT | GTG | GGT | GGG

Puc. 9. ['enemuuecxue mampuywl 4 Hykieomuoos, 16 oyniemos u 64 mpuniemos.
Fig. 9. Genetic matrices for 4 nucleotides, 16 duplets and 64 triplets.

9. 4 1A%HIE. 16 WLERA 64 (] =HifeHEFHRK.

Kak >xe B 3TOM anropuTMHYECKH 3aJaHHON MaTpuile 64 TPUILIETOB PaCIOIOXKe-
Hbl Koaupyemble MU 20 aMHUHOKHUCIOT M CTON-CUTHAJIBI OEKOBOro cuHTe3a? ITo
PacroJIOKEHUE HEeJlb3s MpeicKa3aTh, MOCKOJIbKY aMUHOKHUCIOTH U HYKJIEOTHAbI A, C,
G, T coBepuieHHO pa3IMYHBI IO CTPOEHUIO. UKMCIIO BApHAHTOB PACIIONOKECHUS aMU-
HOKHCJIOT C UX KaKUMHU-TO [MOBTOPEHUSAMHU JJIs 3all0JHEHUsI Beel (8*8)-mMaTpuiibl He-
0603pumo: >>10'"" (s cpaBHeHuss B (u3MKe BpeMs CyLIECTBOBaHUS BcenaeHHOM
onenusaerca B 10" cexynn).

Byner nm 310 pacnoyiokeHHne aMMHOKHUCIIOT XaOTUYHBIM MJIU BAPYT OKAXETCS 3a-
KOHOMEPHO CUMMETPHUYHBIM? OKa3bIBae€TCs, 4YTO U3 OKEaHa BO3MOXKHOCTEN MpuUpoaa
BbIOpaa ajaredpandecky 3aKOHOMEPHBIN BapUaHT MOBTOPEHUS U PACIIONOXKCHHS aMHU-
HOKHCJIOT U CTON-CUTHAJIOB B 3TOW Marpuue 64 TpUIuieToB, noka3aHHeli Ha Puc. 10:
JAHHAsl MaTpULA COCTOUT U3 Map COCEIHUX CTPOK, HMJIEHTUYHBIX IO COCTABY aMHHO-
KHUCJIOT U cTomn-koaoHoB [IletyxoB, 2008; Petoukhov, He, 2023]. DTa TeH30pHO-MaT-
pUYHAS 3aKOHOMEPHOCTD SABJIAETCSI OHUM M3 CBHUJIETEILCTB TIIYOOKOH CBSI3U T'€HETH-
YEeCKOro KOJIMPOBaHUs ¢ (opMaau3MaMy KBAHTOBOW MH(DOPMATHUKHU.

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 331



CCC | CCA | CAC | CAA | ACC | ACA | AAC | AAA
Pro | Pro | His | GIn | Thr | Thr | Asn | Lys
CCT | CCG | CAT | CAG | ACT | ACG | AAT | AAG
Pro | Pro | His | GIn | Thr | Thr | Asn | Lys
CTC | CTA | CGC | CGA | ATC | ATA | AGC | AGA
Leu | Leu | Arg | Arg Ile Met | Ser | Stop
CTT | CTG | CGT | CGG | ATT | ATG | AGT | AGG
Leu | Leu | Arg | Arg | Ile | Met | Ser | Stop
TCC | TCA | TAC | TAA | GCC | GCA | GAC | GAA
Ser | Ser | Tyr | Stop [ Ala | Ala | Asp | Asp
TCT | TCG | TAT | TAG | GCT | GCG | GAT | GAG
Ser | Ser | Tyr | Stop | Ala | Ala [ Asp [ Asp
TTC | TTA | TGC | TGA | GTC | GTA | GGC | GGA
Phe | Leu | Cys | Trp | Val Val | Gly | Gly
TTT | TTG | TGT | TGG | GTT | GTG | GGT | GGG
Phe | Leu | Cys | Trp | Val | Val | Gly | Gly

Puc. 10. I'enemuuecxas mampuya 64 mpuniemos uz Puc. 9 u kooupyemvix umu
AMUHOKUCTOM U CION-KOOOHO8 0151 CILy4As 2eHeMU4ecKo20 K0O0d MUMOXOHOPULL NO360HOUHbIX,
KOmopblll cuumaemcs Haubonee OPeeHUM U CUMMEMPUYHBIM CPeOU 8cex OUALEKIMO8
2eHemuYecKo2o Kood.
Fig. 10. Genetic matrix of 64 triplets (from Fig. 9) and the amino acids and stop codons they
encode for the case of the genetic code of vertebrate mitochondria, which is considered the most
ancient and symmetrical among all dialects of the genetic code.

10. 64 ] =B i 18 [F30 5 LA (PTam B 17 HE B AR P T8 5 5 0 1Y G R TR L 3
W77, ARFLRE E B WG 978 22 A 7 & i i & R Y

B nBoiinoii cnupanu JIHK xommiemeHTapHbie (T.. CTOSAIIME HAMPOTHUB JAPYT
npyra) HykieoTuasl A u T coeiMHEeHbI 2 BOAOPOJHBIMU CBS3SIMU, a HyKJIeoTHAbl C U
G coeauHeHbl 3 BOAOPOAHBIMHU CBSI3SIMU, 4TO AaeT npeacrasienne A=T=2 u C=G=3.
B cBs3u ¢ 3TUM M1000W A-TIJIET MOXKET OBITh MPEJCTaBICH B BUJE, MPU KOTOPOM
KOKJIBIH €ro HYKJICOTHJ 3aMEHSCTCS COOTBETCTBYIOIICH emy mmdpor 2 wumu 3.
Hampumep, B 3ToM ciiyyae cumBoibHbIN Tpuruier CAT mpencraBisieTcss B BHIIE
nudpoBoro Tpumiera 322, W BCE MATPHUIBI CHUMBOJIBHBIX 71-TUIETOB Ha Puc. 9
CTAQHOBSITCS MATPUIIAMH COOTBETCTBYIONUX IU(pOBeIX n-mwieToB [Petoukhov,
2023a,b]. MoxHo Takxe B Marpuuax Puc. 9 mpenctaBuTh KaKablii CUMBOJIbHBIN
TPUILIET BOJOPOJHBIX CBSI3€M Kak MPOILEHT (BEPOSATHOCTh) €ro peaju3alud B K-
IJIETHOM mpexacTtaBieHun paccmarpuBaemor [IHK. Torma anroputmudeckue
Matpullbl Ha Puc. 9 cTaHOBATCS aNTOPUTMHUECKUMHU MaTPHUIAMU BEPOSTHOCTEH n-
1eToB BoAOpoaHbIX cBa3el B ator JIHK (Puc. 11).

OTH MaTpulbl SABIAIOTCA MATPUYHBIMM NPEACTABICHUAMHU 2-, 4- U 8-MEPHBIX
rUnepOOIMYECKUX YHUCEJI, YTO BBISBISIETCS JAHAI0-CABUTOBOM JIEKOMIO3UIIEH
KOKIOM M3 HHUX Ha HAO00p pa3peKeHHBIX MAaTpHIl, 3aMKHYTHIH OTHOCHTEIIbHO
YMHOXEHUSI M ONPEACNSIONINN TaONuIly YMHOXEHUST Oa3UCHBIX DJIEMEHTOB
cootBeTcTBYIOMIEH anreoprl [Iletyxos, 2008; Petoukhov, He, 2023].
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%333 | %332 | %323 | %322 | %233 | %232 | %223 | %222
%332 | %333 | %322 | %323 | %232 | %233 | %222 | %223

%3 %2 %33 | %32 | %23 | %22 %323 | %322 | %333 | Y%332 | %223 | %222 | %233 | %232
%2 %3 %32 | %33 | %22 | %23 %322 | %323 | %332 | %333 | %222 | %223 | %232 | %233
%23 | %22 | %33 | %32 %233 | %232 | %223 | %222 | %333 | %332 | %323 | %322
%22 | %23 | %32 | %33 %232 | %233 | %222 | %223 | %332 | %333 | %322 | %323

%223 | %222 | %233 | %232 | %323 | %322 | %333 | %332
%222 | %223 | %232 | %233 | %322 | %323 | %332 | %333

Puc. 11. Mampuywvl sepossmuocmeti MOHONIEMO8, OYNIemo8 U Mpuniemos 6000POOHbIX
ceéaseti 8 paccmampusaemou JJHK.
Fig. 11. Probability matrices of monoplets, duplets and triplets of hydrogen
bonds in the DNA under consideration.

11. Jr5JEHT DNA aq s B . B = Bt i B 7 B

Hampumep, Puc. 12 nokassiBaet nekommo3uiiuto (2*2)-marpursl u3 Puc. 11 Ha
JIBE pPa3peKEHHBIC MATPUIBI € M €;, HA0OpP KOTOPBIX 3aMKHYT IO YMHOXXCHHIO H
ompezeNsieT TabauIly YMHOKECHHsI alnreOpsl 2-MEpHBIX THIEPOOTNISCKUX Yncel X1y,
e X U Yy SBIAIOTCA JCHCTBUTENBHBIMU YHCIAMH, a ] — MHHUMas €IUHUIA
TUIEepOONMYECKUX YHUCEN, YIOBIETBOpsIomas ycuosus j° = +1. COOTBETCTBEHHO,
paccMarpuBaemasi MaTpulia SIBISIETCS MaTPUYHBIM TPEJCTABICHUEM 2-MEPHOTO

runepOonnyeckoro uncna %3+%2%j.

* leo|er

%3, %2
%?2, %3 | =%3*

1,0
0,1

0,1
1,1 | =%3%e + %2%e; ; €oleo el
el ] el €0

i

Puc. 12. Jlekomnosuyus (2*2)-mampuyst seposimuocmeit 6000pooHblx césazell u3 Puc. 11 na
08€ PA3PENCEHHBIX MAMPUYbL, ONPEOeTAOWUX MAOIUYY YMHONMCEHUSL AeeOpbl 2-MepPHbIX
2unepbonuecKux uucen (cnpasa,).

Fig. 12. Decomposition of the (2*2) matrix of hydrogen bond probabilities from Fig. 11 into
two sparse matrices defining the multiplication table of the algebra of 2-dimensional hyperbolic
numbers (right).

12. 3§ (2%2) SSEHEFIESE I EZ TG GEAE I, GE 76 —AESE BT %4
(1)

['mnepbonuueckne 4YMciaa CBSA3aHBlL C  TUOEPOOIIMYECKOM  reoMeTpHen
JloGaueBcKoro, ¢ KOTOpPOM COIVIaCHO MyOJIMKAaUMsAM MHOTMX aBTOPOB COIPSKEHBI
CTPYKTYpbl MHOTHX (u3noiornyeckux cucrem [bonnap, 1992; Cmonsuunos, 2000;
Ghaninia et al.,, 2022; Zhang et al., 2023; Zhou, Sharpee, 2021; Zhou, Smith,
Sharpee, 2018], penstuBuctckue OuoconuToHsl cuHyc-lopmona [Ileryxor, 1999],
teopusi aBroMopdHbIX ¢GyHKIME [lyaHkape ¥ MOMEXOyCTOMYMBOTO KOJUPOBAHMS
[Preskill, 2016], rmyOokue HEHpoOCETH JJisi UCKYCCTBEHHOTO MHTEIIEeKTa (CM. 0030p
[Peng et al., 2022]) u ap. OOHapyeHUE CBSI3M T€HETHYECKOTO KOJUPOBAaHUS C 2"-
MEpPHBIMH THUIEPOOTMYECKUMU YHUCIAaMU OTKPHIBAET HOBBIE BO3MOXXHOCTH IS
OCMBICIICHUS W MOJICTUPOBAHUS TEHETHUYECKUX SIBJICHUM W B3aUMHOTO OOOTaIeHUS
IFeHETUKU U Ha3BaHHbIX HayK. [loMuMO 3TOro, AgaHHas CBSI3b IO3BOJISIET CTaBUTH
3agady nacnoprusanuu JJHK Bcex reHOB U reHOMOB Ha OCHOBE 3TUX MHOTOMEPHBIX
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yucen s CpaBHUTENbHOro ananusa pasHeix JHK cpeactBamm BekTOpHO-
METPUYECKOTO aHAJIM3A.

I'enernueckue Marpunbl BeposTHocTeW n-tuieroB B JIHK - aBmsarorces
OMCUMMETPUYHBIMU U HMEIOT COOCTBEHHBIE 4YHCJIa, COOCTBEHHBIE BEKTOpa U
XapaKTePUCTUUECKUE TIOJMHOMBI. OJTHU TOJHMHOMBI COMMXKAIOT anreOpanvecKyro
TCHETHKY C anreOpandeckoil TeoMeTpHUel, KOTopas SBISIETCS OTHON U3 IEHTPATbHBIX
BETBEW MaTeMaTHKd U (OKyCHpyeTCs Ha moauHOMUanbHbIX (pyHKmmsx [Petoukhov,
2023a,b].

5. Hexomopuie 3aKkntouumenvhble 3aMe4anus

Co Bpemen ¢unocodckux pabor Mapruna Xaiinerrepa CyIIeCTBYET
MpeACTaBiIe-HUE O TOM, 4YTO SI3bIK yMHee Hac. lIpencraBieHHbIE BbIlIE U Jpyrue
pe3yJIbTaThl MOJYYEHbl aBTOPOM HAa OCHOBE MCIOJIb30BAaHUS S3bIKA MATPUYHO-
TEH30pPHOTO  aHajiu3a, SABISIIONIETOCS  OAHOM M3  OCHOB  COBPEMEHHOIO
MaTe€MaTUYeCKOro  €cTe-CTBo3HaHus.  [lomyuyuB  mepBble  MOATBEPKIACHUS
aJCKBaTHOCTH J3TOTO s3bIKA JUJII  MOJEIUPOBAHUSL CHUCTEMBI T'€HETUYECKOIO
KOJIUPOBAHMUsI, aBTOP Hadall MCIOJIb30-BaTh €ro Oorarble BO3MOXXHOCTU B HOBOM
Hay4yHOM 00JacTH, TO €CTh B MAaTpUYHOW T€HETHUKE U alredpanveckoil OUOIoTvu,
PYKOBOJICTBYSICh BHYTPEHHUMHU OCOOEHHO-CTSIMU 3TOTO alreOpandeckoro si3blka M
nojrydasi — Oyarogaps eMy - HOBbIe U HOBble Ouosorudeckue pesyasrarsbl [IleTyxos,
2008; 2023b; Petoukhov, He, 2023]. UupiMH cliOBaMH, T€HETHYECKHE CTPYKTYPBI
MEPEBOSATCA aBTOPOM Ha ATOT alreOpandecKuil S3bIK C TMOJYyYCHHEM B KOHEYHOM
UTOTE COBEP-IIIEHHO HOBBIX OHOJIOTMYECKUX CMBICJIOB M  YHUBEPCAIbHBIX
3aKOHOMEpHOCTe. B 4acTHOCTH, MpeaCcTaBlICeHHBIE BbIILIE YHUBEPCAJIbHbIEC MTpaBUIIa
TUXOTOMUHN U (paKTaJIOB BEPOATHOCTEH B WH(DOPMAITMOHHBIX MOCIEAOBATEILHOCTSIX
reHoMHbIX JIHK naroT HOBbIE MaTepuanbl JUisi OCMBICICHUS TE€HETHUYECKUX OCHOB
HacCJeAye-MbIX TEJIECHBIX JTUXOTOMUN U (pakTanoB B opraHuzmax. OHU MO3BOJSIOT
qyMaTh O CYUIECTBOBAHUU CKPBITOTO MHpa OMHApHBIX KBa3U-CTOXACTUUYECKUX
CYIIHOCTEH, KOTOpbIE SBISIOTCS MPapOAUTEIIMU OUOCTPYKTYp U, BO3MOXKHO,
CONPSIKEHBI C KOHJIEHCATOM bo3e-DUHITeHa U TEOPUSIMHU KBAHTOBO-MEXAHUYECKUX
JaTbHO-ACHUCTBYIONMX CBsi3e B JKMBOM. OHHM TakKe pACIHIMPSIIOT 3HAHUS O
dbyHIaMEHTallb-HOM 3HAYCHUU JIPEBHETO TMPHUHIMIA «NOO0OHOe nopoxicoaem
no006HOE» ISl PA3HBIX YPOBHEW OMOJIOTHYECKOM OpraHU3alliy, a TAKKe OTKPHIBAIOT
HOBBIE TOJIXOAbI [IJIi MMOHUMAaHUS U MOJEIHPOBAHUS T€HETUYECKOTO WHTEIIEKTA
[Petoukhov, 2023b; Petoukhov, He, 2023].

ABTOp OmaromapeH BCEM KoJUIeTaM, KOTOPbIe Ha MPOTSIKEHUU MHOTHUX JIET
COJICHCTBOBAIM B PAa3BUTHHM HCCIICIOBAHUA I10 TEHETHYECKOM OMOMEXaHUKE U
anreOpanueckoit  Omomornu. (OCOOEHHYIO TMPU3HATETHLHOCTH aBTOP BBIpAXKaET
B.1.CBupuHy, KOMIIBIOTEPHBIE IPOTPaMMbl KOTOPOIO AKTUBHO MCIOJB30BAIUCH B
ATUX UCCJIEOBAHUSAX U B COABTOPCTBE C KOTOPHIM OITyOJIMKOBAH Psi/i MAaTEpPUAJIOB.
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1. Introduction

Living organisms are endowed with innate intellectual abilities for searching for
food, escaping from predators, mating, and building (webs of spiders, honeycombs of
bees, complex nests of weaver birds, etc.). Of particular interest is genetic
intelligence, by which we understand that part of the intellectual potential of living
organisms, which allows, on the basis of genetic information in DNA and RNA
molecules, to build, for example, from one fertilized cell an organism with trillions of
cells. At the same time, in such a structured organism, parental characteristics are
reproduced in a multi-channel, noise-resistant manner, despite strong noise and
constantly changing nutritional conditions and external influences throughout life.
The functional characteristics of the genetic system are striking. For example, the
speed of replication (reading the “text”) of a DNA strand in the bacterium Esherichia
coli is over 1000 nucleotides per second [Bank, 2022] (it was the surprise at the speed
of “genetic automata” that led the outstanding mathematician Yu.l. Manin to the
pioneering idea of quantum computers [Manin, 1980]). Enzymes in living bodies
work millions of times more efficiently than the best catalysts in laboratories: what an
enzyme does in a living body in 1 second, a catalyst in a laboratory can do only in
100 thousand years. When creating artificial intelligence systems, one should look at
the algorithms and universal structures of genetic inheritance from living nature. The
article is devoted to some results of such peeping through the prism of algebra. In
studies of the living, one should remember the key difference between living bodies
and inanimate ones, which was pointed out by the creators of quantum mechanics P.
Jordan and E. Schrodinger: inanimate objects are controlled by the average random
movement of their millions of particles and the movement of individual particles is
not significant for the whole; on the contrary, in a living organism, selected — genetic
— molecules have a dictatorial influence on the entire organism due to quantum
enhancement (see the history of “quantum biology” [McFadden, Al-Khalili, 2018]).
In accordance with this, to reveal the secrets and patents of living nature, it is
necessary to study the laws of DNA informatics. The purpose of the article is to
present the author's results of such a study. Genetics as a science began with Mendel's
discovery of the rules of stochastic (probabilistic) inheritance of traits in experiments
on crossing organisms. Many processes in living bodies are stochastic. Even
genetically identical cells in the same tissue have different levels of protein
expression, different sizes and structures due to the stochastic nature of the
interaction of individual molecules in cells. The statistical nature of the inheritance of
traits in the “small” is radically different from the deterministic inheritance of traits in
the “big” (the topic of Gestalt biology). For example, the fingerprints of all people are
different, despite the fact that the fingers as a whole are determined in shape and
structure (3 phalanges, etc.). Thus, biological phenomena are associated with the
dualism “stochastics-determinism”, the study of which can lead to the construction of
artificial intelligence of the genomorphic type, as well as contribute to the genetic
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engineering of new materials, biomedical technologies, personal genetics, etc.

According to Mendel's law of independent inheritance of traits, information
from the level of DNA molecules dictates the macrostructure of living bodies through
many independent channels despite strong noise. For example, hair, eye and skin
colors are inherited independently of each other. Accordingly, each organism is a
multi-channel noise-immunity coding machine.

The author of the first publication on quantum biology, P. Jordan, argued that the
laws of living organisms missed by science are laws of probability [McFadden, Al-
Khalili, 2018]. This article presents some of the universal rules discovered by the
author for the stochastic organization of DNA in the genomes of higher and lower
organisms. These results led to the author’s doctrine of energy-information evolution
based on bio-antenna arrays, and also to the identification of a deep connection
between DNA-informatics and the formalisms of quantum information science and
algebras of 2"-dimensional hyperbolic numbers in connection with algebra-biological
approaches to artificial intelligence [ Petoukhov, 2021, 2022a-d, 2023; Petoukhov,
He, 2010, 2023]. Let's move on to presenting the results obtained.

2. Regarding bio-antenna arrays and their participation

in the evolution of living bodies

Information sequences of nucleotides in single-stranded DNAs of genomes of
higher and lower organisms have general statistical patterns that are candidates for
the role of universal genetic rules of biological evolution [Petoukhov, 2022b;
Petoukhov, He, 2023]. These DNA n-plet probability rules were identified by the
author when analyzing a variety of genomic DNA from the genetic data bank
GenBank, including the following: 1) all 24 human chromosomes; 2) all
chromosomes of Drosophila, mouse, worm, many plants; 3) 19 genomes of bacteria
and archaea; 4) many extremophiles living in extreme conditions, for example,
radiation with a level 1000 times higher than lethal for humans.

During the analysis of these universal rules, the author drew attention to the fact
that in each specific genomic DNA, the relationship between the corresponding
(2™2")-matrices of n-plet probabilities is described by matrix equalities using the
Hadamard product by analogy with the known tensor-matrix theory of digital antenna
arrays [Slyusar, 1999], which are also called Intelligent Antennas [Petoukhov,
2022b].

Antenna arrays have thousands of applications in modern technics: medical
scanning technologies, sonar systems, radio relay stations, radio astronomy devices,
avionics, etc. Science awaits revolutionary changes in computers (biophotonics) and
solar energetics with nanoantenna arrays. Antenna arrays consist of many individual,
mutually matched antennas, each of which emits or absorbs waves of a specific
frequency range (Fig. 1).

Antenna arrays have remarkable emergent properties, due to which they have
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captivated the world; a huge literature and many Internet sites are devoted to them.
They provide wave emission and reception characteristics that far exceed what is
possible with a single antenna, for example:

1) Compared to a separate antenna, an array of N elements makes it possible to
increase the directivity and strength of radiation approximately N times, as well as
narrow the emitted rays;

2) Antenna arrays are a unique tool for ensuring noise immunity of
communications and extracting a weak signal against a background of strong noise;

3) Phased array antennas are capable of operating with multi-beam generation,
etc.

Taking into account these emergent properties of antenna arrays and the
mentioned algebraic analogy, the author suggested that evolution has long been using
these properties in living organisms. But in the scientific literature it was not possible
to find a single publication that would connect biological phenomena with the
emergent properties of antenna arrays. Filling this gap, the author has studied and
identified many inherited biological structures associated with the idea of bio-antenna
arrays and their wave activity. The totality of these materials constitutes the content
of the doctrine of energy-information evolution based on bio-antenna arrays
[Petoukhov, 2022b-d; Petoukhov, He, 2023]. Let us give some biological examples,
recalling that in living things electrical and mechanical vibrations are closely related,
since many tissues are piezoelectric, for example, nucleic acids, actin, dentin,
tendons, bones.

Example No. 1. Compounded eyes, through which insects and many other
invertebrates receive visual information and which serve as bio-antenna arrays for
receiving electromagnetic waves (Fig. 2).

Example No. 2. Innate dowsing abilities, which many organisms are endowed
with and which use directed wave radiation. For example, dolphins and bats are able
to use echolocation to determine the distance, size and shape of objects, similar to the
ability of Intelligent Antennas in technology. The dolphin's body has many
hydroacoustic receptors, forming a multi-element broadband receiving antenna
system (Fig. 3).

Example No. 3. Innate abilities of electrolocation with the generation and
reception of electric fields by organisms to solve problems of search, evaluation and
mutual communications. In this case, electroreceptors are distributed throughout the
body, forming an analogue of antenna arrays (Fig. 4).

Echolocation and electrolocation in the intelligent actions of organisms indicate
that bio-antenna arrays and their wave activity are part of biological intelligence.
The development of the theory of bio-intelligence must be based on knowledge
about antenna arrays (Intelligent Antennas), which has never before been
associated with biology and bio-antenna ensembles.

Example No. 4. Inherited ensembles of photonic crystals, which, for example,
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form specific patterns of scales on the wings of butterflies, the feathers of peacocks,
etc. (Fig. 5). Modern technology uses photonic crystals to control the spatial
distribution of photon beams. They are periodic optical nanostructures that affect the
motion of photons and are related to the topic of nano-antenna arrays.

Example No. 5. DNA, RNA, some proteins, as well as membranes and
cytoskeletons of cells are liquid crystals, the ensembles of which can also be
considered as nano-bio-antenna arrays. Additionally, we note the well-known fact
that individual molecules are capable of acting as antennas that organize flows of
electromagnetic energy. For example, branched dendrimer molecules are often called
antennas 1n articles.

The doctrine of evolution based on bio-antenna arrays makes it possible to use
the properties of Intelligent Antennas and their coordinated sets of waves to
understand biological phenomena, for example:

1. Electromagnetic waves of bio-antenna arrays are involved in the operational
transmission and redistribution of energy between body elements with the
participation of piezo-vibration components;

2. For the relationships between the elements of the body, the type of
polarization of electromagnetic waves is important in connection with the
fundamental problem of biological dissymmetry and molecular chirality, noted by L.
Pasteur;

3) The unique ability of antenna arrays to provide multi-channel noise-resistant
extraction of weak signals against a background of strong noise allows them to be
used to understand the body as a multi-channel noise-immunity coding machine.

Regarding the role of bio-antenna arrays in energy flows in the body, we can
recall the existence since ancient times of the idea of the organizing role of energy
flows in it. This idea is associated, in particular, with the ancient Chinese belief in the
existence of a special energy "chi", the circulation of which is responsible for health
and disease and which determines the existence of energy tracts called acupuncture
meridians. It is possible that this mystical chi energy is associated with the wave
energy of bio-antenna arrays.

The described materials about the analogies between the stochastic organization
of genomes, a number of inherited physiological structures and Intelligent Antennas
give rise to the idea that the genetic code itself is a consequence of wave activity and
self-organization of bio-antenna arrays. And that this code is associated with other
heritable physiological consequences of this activity. From this point of view, the
secret of the structural organization and origin of the genetic code should be sought
not in a random combination of molecular elements of the genetic code, but in the
emergent properties of self-organizing systems of bio-antenna arrays. The operation
of antennas is based on resonance mechanisms, due to which the presented doctrine is
associated with the author’s concept of multi-resonance genetics [Petoukhov, 2016].
The interaction of systems based on antenna radiation and resonances is well
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illustrated by the example of remotely opening car doors using an electronic key, the
antenna of which sends coded electromagnetic waves. Different machines require
different wave codes operating on resonances. Let us add that resonant interactions
use the fundamental physical principle of energy minimization, since when parts are
resonantly combined into a single ensemble, each element requires less energy for its
operation than when operating individually.

The author also notes that the universal connections of the considered sets of n-
plet probabilities in genomic DNAs can be modeled using the formalisms of quantum
information science. In this case, the described universal stochastic systems of
genomic DNAs are represented as a regular multi-level web of 2-qubit states
[Petoukhov, 2022b; Petoukhov, He, 2023]. Thus, the universal rules of the stochastic
organization of genomic DNAs turn out to be associated not only with the formalisms
of Intelligent Antennas, but also with quantum information formalisms. This dual
relationship is an important difference between bio-antenna array systems and
engineered Intelligent Antennas.

For algebraic modeling of quantum-like features in probability systems of
genomic DNA, the author introduced the concept of tensor-unitary transformations as
operators that preserve the lengths of vectors during their tensor transformation into
space vectors of increased dimensionality [Petoukhov, 2022c; Petoukhov, He, 2023].
They are operators for expanding stochastic-deterministic memory while preserving
all previous memory.

3. Statistical rules for sequences in genomic DNAs

Genetic information in DNA is written in sequences of 4 nucleotides: adenine A,
guanine G, cytosine C and thymine T (Fig. 6). DNA also contains alphabets of 16
duplets, 64 triplets, 256 tetraplets, etc.

In search of the missing - according to Jordan - laws of probability in living
organisms, let us turn to the study of statistical patterns in the information sequences
of single-stranded DNAs of genomes of higher and lower organisms. Initial data on
these DNA sequences are contained in the publicly available genetic data bank
GenBank (https://www.ncbi.nlm.nih.gov/genbank/). For example, let us turn to the
study of statistical patterns in the nucleotide sequence of single-stranded DNA of the
first human chromosome, containing about 250 million nucleotides
(https://www.ncbi.nlm.nih.gov/nuccore/NC 000001.11). The alphabet of 4
nucleotides A, G, C, T consists of two sub-alphabets: purines A and G, containing two
molecular rings and traditionally designated by the symbol “r”, as well as pyrimidines
C and T, containing one ring and designated by the symbol “y” (Fig. 6).

This DNA chromosomal strand can be represented as a binary sequence of
approximately 250 million “r” purines and “y” pyrimidines of the type:
ryyyrryrryyr... . Let's examine its percentage composition:

- first, let's imagine it as a sequence of single symbols r-y-y-y-r-r-... and
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calculate the percentages %r and %y;

- then imagine it as a sequence of duplets ry-yy-rr-yr-... and calculate the
percentages of each possible type of duplets of purines and pyrimidines %rr, %ory,
Yoyr, %0yy;

- then we similarly represent the same binary purine-pyrimidine sequence as a
sequence of triplets, tetraplets, pentaplets, ..., each time counting the percentages of
the corresponding types of n-plets from purines and pyrimidines. As a result, for the
DNA of human chromosome No. 1, we obtain the families of percentages of n-plets
of purines “r” and pyrimidines “y” presented in Table No. 1. n-plets starting with
purines (pyrimidines) are indicated in red (blue).

Table 1. Percentages of n-plets of purines “r” and pyrimidines “y” in the
representation of the DNA information sequence of the first human chromosome as a
binary sequence of purines A, G and pyrimidines C and T (n = 1, 2, 3, 4, 5).
Percentages are given in fractions of one; n-plets starting with purines (pyrimidines)
are indicated in red (blue). Explanation in the text.

%or %y Yorr Yory %yr %yy
0,499745 1 0,500255 0,280682 | 0,219000 | 0,219026 | 0,281192
%orrr Yorry Yoryr Yoryy Yoyrr Yoyry Yoyyr Yyyy
0,164628 | 0,1160615 | 0,103115 | 0,116037 [ 0,115959 | 0,10310291 | 0,115942 | 0,165155
Y%orrrr Yorrry Yorryr Y%rTyy Yoryrr Yoryry Yoryyr Y%ryyy
0,097738 | 0,0669275 | 0,05563 [ 0,060408 [ 0,055506 | 0,04760742 | 0,048985 | 0.066984
P —]
Yoyrrr Yoyrry Yoyryr | %oyryy | Yeyyrr Yoyyry Yoyyyr | %yyyy
0,066911 | 0,0490378 | 0,047495 | 0,055562 | 0,060507 | 0,0555435 | 0,066937 | 0,098221
YerrrIT Yorrrry orrryr Yorrryy orryrr Y%orrvry Y%rryvr | %erryyvy
0,058406 | 0,039346 | 0,033114 | 0,033763 | 0,031346 | 0,024265 | 0,026528 | 0,033903
Qoryrrr Qoryrry VIVT Soryryy Soryyrr
0.031638 | 0.023907 | 0,023224 | 0,024365 | 0,025092
Yoyrrrr Yoyrrry %oyrryr Yoyrryy Yoyryrr Y%vryry | %oyryyr | %yryyy
0,039308 | 0.02757 | 0,022486 | 0,026557 | 0,024177 | 0,023287 | 0,02251 | 0,033136
= |
Yoyyrr | %eyyrry | %eyyryr | %yyryy | %yyyrr | %yyyry | %yyyyr | %yyyyy
0,035361 | 0.025158 | 0,024313 | 0.031213 | 0,035315 | 0.031614 | 0,039299 | 0,058902

The data in this Table show the unexpected existence of a very strict pattern in a

given chromosomal DNA in all the n-plet families under consideration: any two n-
plets, whose names differ in the mutual replacement of purines and pyrimidines in
them (r <y) and %yrr = 0.115959....

Fig. 7 illustrates this pattern of statistical organization of the chromosomal DNA
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in the form of diagrams, the left and right halves of each of which are almost mirror-
symmetrical. If r and y are designated as 0 and 1, respectively, then the order of n-
plets in each of their families in Table 1 and on the corresponding diagrams will
correspond to the ordering of members in ascending order in the dyadic group of
binary numbers (Fig. 7). For example, for a family of 8 triplets we have in Table 1
and Fig. 7 ordering rrr, 11y, 1yT1, 1YY, YIT, YTy, VYT, YVY, that is, 000, 001, 010, 011, 100,
101, 110, 111.

In addition, there is an unexpected regular connection between the families of
percentages of n-plets of purines and pyrimidines presented in Table 1 at different n.
It has the form of high-precision cascade twinning (for the studied values of n =1, 2,
3,4, 5): the percentage of any n-plet is practically equal to the sum of the percentages
of two (n+1)-plets that differ from it by the presence of the suffixes “r ” or “y”
(equality accurate to the 4th or 5th decimal place). This phenomenological connection
leads to the existence of a fractal dichotomous tree of percentages (Fig. 8), in which
each node is the beginning of its own fractal dichotomous tree [Petoukhov, 2022;
Petoukhov, 2023a,b].

These statistical rules for the organization of genomic DNA, presented by the
example of the DNA of the first human chromosome, are also valid for DNAs of
other genomes of higher and lower organisms studied and named above. In many
ways, similar results for genomic single-stranded DNA were also obtained in the case
of representations of their nucleotide sequences as binary sequences of keto
molecules and amino molecules or binary sequences of strong and weak hydrogen
bonds [Petoukhov, 2023].

The dichotomies in biological bodies are well known: the bronchial tree of the
lungs, branching in neurons and plants, mitosis of somatic cells, etc. But in the
informatics of genomic DNAs, in contrast to bodily structures, we encounter a
fundamentally different type of dichotomy: dichotomies of percentage (probabilistic)
characteristics in multilayer statistics of DNA information sequences. Vast
dichotomous fractal networks of genomic DNAs probabilities are the informational
soil from which living bodies and genetic intelligence grow. The material
dichotomous structures of living bodies do not arise out of nowhere, but have
structural prototypes in the natural binary fractal-like probability system of genomic
informatics.

The identification of universal statistical dichotomies in genomic DNAs allows
us to understand in a new way the phenomena of dichotomies in living bodies. For
example, why, over billions of years of life on Earth, do bacteria reproduce by
dichotomously dividing the body into two halves? What structural and energetic
foundations does this “eternal” dichotomous phenomenon of bacterial reproduction
with the most complex process of dichotomous separation of all dichotomously
organized genetic information rely on? The author offers the following answer: there
is a world of families of probabilities, hidden from direct perception, structured on
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the basis of binary oppositions (Yin-Yang type). It is in the image and likeness of
binary organized families of probabilities of this multidimensional world that
genetically inherited biological bodies are built. Our bodies are like clothes put on
these binary structured families of probabilities, which act as their prototypes. This is
reminiscent of the ancient ideas about the manifest and unmanifest worlds and Plato's
famous allegory about the world of ideas and the shadows on the wall of a cave, by
which people living in the cave can judge the true hidden world of ideas.

4. Genetic matrices of DNA n-plet probabilities

The alphabet of 4 nucleotides of DNA is a system of binary oppositional
features:

1) two of these nucleotides are purines (A and G), and the other two (C and T)
are pyrimidines, which gives the representation C=T =0,A=G =0,

2) two of these nucleotides are keto molecules (T and G), and the other two (C
and A) are amino molecules, which gives the representation C=A=0,T=G =1.

Because of this, DNA alphabets of 4 letters, 16 duplets and 64 triplets are
presented in the form of square tables, the columns of which are numbered with
binary indicators “pyrimidine or purine” (C =T = 0, A = G = 0), and the rows - with
binary indicators “ amino or keto" (C = A =0, T = G = 1). In such tables, all letters,
duplets and triplets automatically occupy a strictly individual place (Fig. 9). These 3
tables are not just tables, but form a single tensor family of matrices [Petoukhov,
2008].

How are the 20 amino acids and stop signals of protein synthesis encoded by
them located in this algorithmically constructed matrix of 64 triplets? This
arrangement cannot be predicted, since the amino acids and nucleotides A, C, G, T
are completely different in structure. The number of options for the arrangement of
amino acids with their repetitions to fill the entire (8*8) matrix is huge: >>10'" (for
comparison, in physics, the lifetime of the Universe is estimated at 10" seconds).
Will this arrangement of amino acids be chaotic or will it suddenly turn out to be
regular symmetrical? It turns out that from the ocean of possibilities, Nature chose an
algebraically regular variant of the repetition and arrangement of amino acids and
stop signals in this matrix of 64 triplets, shown in Fig. 10: this matrix consists of pairs
of adjacent rows, identical in composition of amino acids and stop codons
[Petoukhov, 2008; Petoukhov, He, 2023]. This tensor-matrix pattern is one of the
evidence of the deep connection of genetic coding with the formalisms of quantum
information science.

In the DNA double helix, complementary (i.e., opposite each other) nucleotides
A and T are connected by 2 hydrogen bonds, and nucleotides C and G are connected
by 3 hydrogen bonds, which gives the representation A=T=2 and C=G=3. In this
regard, any n-plet can be represented in the form in which each of its nucleotides is
replaced by the corresponding number 2 or 3. For example, in this case, the symbolic
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triplet CAT is represented as a digital triplet 322, and all matrices of symbolic n-plets
on Fig. 9 become matrices of the corresponding digital n-plets [Petoukhov, 2023a,b].
It is also possible in the matrices Fig. 9 represent each symbolic triplet of hydrogen
bonds as a percentage (probability) of its implementation in the n-plet representation
of the DNA in question. Then the algorithmic matrices in Fig. 9 become algorithmic
matrices of the probabilities of n-plet hydrogen bonds in this DNA (Fig. 11).

These matrices are matrix representations of 2-, 4- and 8-dimensional hyperbolic
numbers, which is revealed by the dyadic-shift decomposition of each of them into a
set of sparse matrices, closed under multiplication and defining the multiplication
table of the basic elements of the corresponding algebra [Petoukhov, 2008;
Petoukhov, He, 2023]. For example, Fig. 12 shows the decomposition of the (2*2)-
matrix from Fig. 11 into two sparse matrices e, and e;, the set of which is closed by
multiplication and defines the multiplication table of the algebra of 2-dimensional
hyperbolic numbers x+jy, where x and y are real numbers, and j is the imaginary unit
of hyperbolic numbers, satisfying the condition j2 = +1. Accordingly, the matrix in
question is a matrix representation of the 2-dimensional hyperbolic number %3+
%2%].

Hyperbolic numbers are associated with Lobachevsky’s hyperbolic geometry,
which, according to the publications of many authors, is associated with the
following: the structures of many physiological systems [Bodnar, 1992;
Smolyaninov, 2000; Ghaninia et al., 2022; Zhang et al., 2023; Zhou, Sharpee, 2021;
Zhou, Smith, Sharpee, 2018], relativistic sine-Gordon biosolitons [Petoukhov, 1999],
the theory of automorphic Poincaré functions and noise-resistant coding [Preskill,
2016], deep neural networks for artificial intelligence (see review [Peng et al., 2022] )
etc. The discovery of a connection between genetic coding and 2"-dimensional
hyperbolic numbers opens up new opportunities for understanding and modeling
genetic phenomena and the mutual enrichment of genetics and these sciences. In
addition, this connection allows us to set the task of DNAs certification of all genes
and genomes based on these multidimensional numbers for the comparative analysis
of different DNAs using vector-metric analysis.

Genetic probability matrices of n-plets in DNAs are bisymmetric and have
eigenvalues, eigenvectors and characteristic polynomials. These polynomials bring
algebraic genetics closer to algebraic geometry, which is one of the central branches
of mathematics and focuses on polynomial functions [Petoukhov, 2023a,b].

5. Some concluding remarks

Since the philosophical works of Martin Heidegger, there has been the idea that
language is smarter than us. The above and other results were obtained by the author
using the language of matrix-tensor analysis, which is one of the foundations of
modern mathematical natural science. Having received the first confirmation of the
adequacy of this language for modeling a genetic coding system, the author began to
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use its rich capabilities in a new scientific field, that is, in matrix genetics and
algebraic biology, guided by the internal features of this algebraic language to obtaine
new and new biological results thanks to it [Petoukhov, 2008; 2023b; Petoukhov, He,
2023]. In other words, genetic structures are translated by the author into this
algebraic language, ultimately obtaining completely new biological meanings and
universal patterns. In particular, the universal rules of dichotomies and fractals of
probabilities in information sequences of genomic DNAs presented above provide
new materials for understanding the genetic basis of heritable bodily dichotomies and
fractals in organisms. They allow us to think about the existence of a hidden world of
binary quasi-stochastic entities, which are the progenitors of biostructures and,
possibly, associated with the Bose-Einstein condensate and theories of quantum
mechanical long-range connections in the living. They also expand knowledge about
the fundamental significance of the ancient principle “like begets like” for different
levels of biological organization, and also open new approaches for understanding
and modeling genetic intelligence [Petoukhov, 2023b; Petoukhov, He, 2023].

The author is grateful to all colleagues who over the years have contributed to
the development of research in genetic biomechanics and algebraic biology. The
author expresses special gratitude to V.I. Svirin, whose computer programs were
actively used in these studies and with whom a number of articles were co-authored.
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FAE . WU .

ool 1. MEIR, Ead A HAL MBS B AR IR R S,
VR PR R e A B R AR R CJE 2D

FiE 2. FF 2 AEYIREHSEAA AR AR ERIERE 7, N HASE A€ m) S EE A
B, I AR i 0 A A ) P A R S A 2R B e WD RE I B B . R/ NRITIZ AR, 2840
NERTHR R ERAEIGE ). BRI SRS A 2 KB RIES, TR o R
BIWRLE RS (3D .

] 3. AYEEEA R ENLRE ST, I E A AR TR 5 AR R B
AR VIR . SRR, BB R s, TR
RAFRHGI I (& 4) o AEYIBER JyiE )b e i e A 7R e LR B AE W)
RARLHG) J i B 2 R I —H . Y R B s S LA DL T
TR

Ragfazy] CHERED , VURIEARBEL YRR ALY RAR B B E— i

Bl 4, BEMLTRMEES, B, EWEEE . LR B%E LN
A ERE (E5) . RIS T Mg REReF AR M.
M2 52 806 FIE B I B2 A0K AR, B ZSK R AR 3= AH B

Hif 5: DNA. RNA. —L85 8 DL LA A it A A0 e B R AR S, B
M A ] AR RR A 2 KA R ARRE A . Ak, FRAM Y = 2 — 18 % A &
MPIEE, o TRAREHMERREERIIREE. B, SZHEBERESE
W5y FAESCEE P I T WG A R AR . SRR R AR B 1) 1 3 Ak s (5 7501 FH 2
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FAR IR B AR I A AR B AR A= W B G B A T R, B

1AW OR AR BB 1) 5E 1 AE R TR IR B A AR (1) 2 BT £ Bl Sy 8ok 2 ] () g
SR CY IR N

2. L.UEIMEFR Y, SR SREnR MRS, SR AR R SR A
AN SRR P N 23— T 1 1 2R A ] R R B

3. RARFHZILE SR 5T 3R At 20 1l 18 P s PR B 55 5SRO Ry e
1 L BB B B B AR 25 22 10 0 PR\ Am A 1

B AP RIS RSN REE P IR, FRAM AT BARIAE S B DL AT
FE ) e i e FL b AR AR AR AR e . 38 MREIAR Y 91 B o ) o AR Ao A B —
MR RRE R [ ] FEEAH, BHEEEMNIEIRABMBEMER, WIkE 1
RSt RECKE D Re EIEE W ARAE . I8 PR ) S AE T R B AR M) R AR 41 () 8¢ T
REE M. Frfiid m B A S R AL AR A A . 37 22 1B 80 A PR A5 RS RN 2 B R AR 2 [H]
B R E A T BRI ARE : 1RV RS AN By 2 s B A A= W) R AR [ 21 AH 4%
aE R N0 HLRZ AR B2 s s X e Ath mT s B A A SR AR . A IS A S 2R
F o TE I I A AE AR AR ) R B AN AR R A 43 T 2R B AR A
A, MRV ORAR MY A A RS U R Ak . RARIERAE R A
Jie L ARBE ], Rk IR H A SR 0 B 2 ) 22 SR (R S S A
[Petoukhov, 2016, 2022¢]. ¥ F & 75 eb i v F1 5 = P 1 SE 1R LF b Bl 1
FETARARUE ST AGE IR R H, BT8R RAR L A L . AN
AR T EA R SRR . R A — R, IR AR AT H REE &)
AR ¥ Ny B R R o - e [ 8 A e (15 g e (411 S 2 7 WY <
s e R L O IEAT I R I Re E D, (EEWiEH, R4 DNA H i
EREH n MR PR S LU E T SRR e REITER. £
EMEEIR, iR EEFE A DNA BHERRSIER TS 2 BT uiRER
FRZ & [Petoukhov, 2022b].

RlE, ZERIAH DNA FEREAR A% 117385 i 450 R A (8 B R EOR AR T 2 ZAH R
mHEE AR LR, SRS RN RGN LI
BRGZHMEEE R, FREFZ DNA R R4 E TR 0B,
YEZ 51N T R B SR ML A E A0 1, TR oR B S0 2% 18 N4 B2 1) = ] 1) £ 1
MR =R [Petoukhov, 2022¢; & 5, A, 2023]. ‘E1M &4 fe b ik
f e PEEC IR RS R R OR B8 AT A S AT RC B RS I 5

3. Z 41 DNA 24551 %2R

DNA B E L 4 FRZ TR F IS E: JRES AL SRS G, fom
e C Fifgfirmsng T (& 6) - DNA BME 16 {HEEEHE . o4 (fH =HiHE. 256 {# U
%4 Ml AL =
HP%EL#%%%O
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WRIEEFHEE, & 7 SRR ER s e, SRR R A T
EMREE ARG B DNA B E AP SISl 1848 DNA FP R
B RV S E A B 1) E &k #H GenBank
(https://www.ncbi.nlm.nih.gov/genbank/) . EBEME, EIRAE R NEHE —%
Gt B B DNA B H R P At UM 7T, sZav e 549 2.5 IR ERZ 5 IR
(https://www.ncbi.nlm.nih.gov/ nuccore/NC_000001 .11) . 4 fHZTFIR
A. G. C. THFEERME T EER A MR AMG, A MM TR,
B EHMSE ‘oo, DLAMRE C AT, &A il 13, MM (] 2on
e Tyl (E6) .

1215 DNA JLtap8ilin] DIRIR A KA 2.5 181 [r] MEMAT [y mEngf) —
oA, HIEM A ryyyyrryyr.... PR E - TNERE SRR - H
g, BHEBGAEMTIC r-y-y-y-rr-.. FIFY], HatEHA R E 0 %r A
Yoy: - IR AR ARG P51 ry-yy-re-yr-... FETSECERAE ) GEAH A IR ng
g HEEE Y%rr. %ry. %yrs %yy HIHZEE: - SR FRAMTSEA 5 AH [F] 1)
T JUMERS-EENE DNA [P AR s A = HEE . VUSRS . R R, BHIRETA
A [ W A R I [ AH S A 1Y) n-plet I F 20 b A5 SR, SR A 1 SR CRE 1Y
DNA, FRMES TR 1 FFIHER n EEER (] g Ty] A2 HERE (F
LT I Ea ) .

= 1. DAY AL G fIEERE C A T B9 o 73R s R — R N JH gL (i
DNA FREFHHEms Tr] Fmsng [y] ) nflA B HESE (n=1, 2.
3.4 5) o AFHU—maBUr Gt . CAERS (ERg) BHEAN 2 HEE LA
At (Bifh) Fon. SRR

KPEBEERY, % EITA n-plet KM, 48 7E L OH#8 DNA E b
HAFAE AR B RO AT AR W n-plet, JH 42 A DR rp M A s g () 4H . B
WMAE (rey), HPEARFHENHE. B, %ryy=
0.116037..., %yrr=0.115959.... K. 7 AR R R G T 4008 S ufg
DNA H)giatslast =, ARERE R A iR P2 R S . i
r F oy rAARER O AT 1, RIS 1 RIS ERE R e o (E o R PIER
BHER AL S PR B RS (B 7D . Bl BR—EE 8 =
ARIREE, AMER 1AE 1 HER. 7HF
T ITys Ty~ Iyy~ yITs yry. yyr. yyy, B
000. 001. 010, Ol1. 100. 101. 110. 111.

BeAh, R 1 HANE n B A LE F) n-plet 1 73 LR Z RAFAE A2
FIERER. ERAEMERIEAERNEA Clin=1,2,3,4 5 WBIFED -
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fEA7] n-pleth ) 7 L BB EEEAMIME C n+1)-[RABER “rol [y] BOA77E B
AR EE GERREERD N SE A B ) o« BRI R B IE R
FEAERRBLERI 2 TE — o hs (&l 8) , Hoh il 6 BL &R 2 H B i T 7 1)
f46 [Petukhov, 2022; fill&E K, 2023a, b].

mE o 8 HLERAFE n (AR AIELE I n 21 20 HE DL RCE R o TR
REER ) o ARES, FHEREEEE 1 PAEE o EEARE S
AR RRAE EE o AR A TR b = FE 2 [l ) — 7 (BRERAE) Rl A2 n] LAY .

iELERL A #H DNA Akt at Al (LS — R NS DNA &)
RS B S A A 0 A s AR S AR R SE KA. AERF 2 5T, AE
A% IR Y 51127 2l 7 5 AV B 701 (19 707 51 B s NN 55 s 58 e 41 1 1
BT, WS 7 EEKAHE K DNA RIS IR [Petoukhov, 2023].

AR R R P R R B SORE S . APASTTATE I S0 #
MMRHIA R K55 . EEIEEMH DNA Ay, BEeEimM A, EITES)
T EARAA R — 70k DNA EaFFI 2 EEEt b Aot (R Rl
1= rik. DAL DNA BEZ I K 004 TR A 4% A2 28 ay Bl AE B 2 AR R 11
Al L.  AairmE o & AR E LN, TR AR E A
R E AR e AR AR &t b B AR SR

e (R AH P i AT R T iR I e A AP e 2 LA ) 7 aCER A i ot ) — 0
EHG. Bl AHEEMER EECHEERN AT, AR ek 5 ik
W PRI ? GBS ER TR BB AR — o A Ak S A
S o) B R B AR IR AR R AT A R AN RE R Y (B AG T URAR
AR SR AT, B BRI A, A e (B3R
MO b B R TEIE M 2 4 B R e MR R T R AR LA, 2R R
EER A SRR . AR SR 7 B L T on A R R 1Y
KA, FEEEMEM.  EE N CR R EAVE I S BRI 5 18,
AR AR [ 25 42 B B R AR SRR BE B 7 =, AR AT R A AP
AJ DL i Y AR ) L e ) AR

4. DNA n-plet BER 18 BIE[E

DNA ) 4 fHZ H R 7 B3R 2 — [ BA i R R 408

1) HAWEZER AN (AFG) , HAWME (CHT) Mg, 184
HTHERRC=T=0, A=G=0;

2) HAWiEZER LS T (TG , BIWiE (CAA) REAEDT,
BHH TR RC=A=0, T=G=1,

Rk, 4875k 16 82 EHE R 64 15 =Hi#E 1) DNA F U7 R E AR
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W, JTRIPIH R AF [ Mg alEnd | 4% (C=T=0, A=G=1) , L
NAEH T IuieRTF (&Rl | 4T (C=A=0, T=G=1) . 7EMFREH,
Fif Bk SRS = RS B EGR EAS EEI A E (| 9 o I8 3 EAERA
RER, MHEEK 7 E—REHMZE [Petukhov, 2008].

20 {1 e FE R AN B AM A A5 1) 27 1R A A L RIS A WA 62 A 18 I J8 SR 48 2
1) 64 fE =S R 2 BRI ETER], AR R R
A. C. G. TWgEREEAR. HRHEATEM (8*Q) FEFHM = IRARY I
EEIEIESNERATEER: >>10100 (JEAHER, EYFEed, FHKE
e & 1017 #0) &

TG MG LR D 2 TR AL IR 2 R RS H AR 2 R, K
H SRE T BE A e TR 4E IS 64 ff = oA AR b rh 2 SR R A 1R SR A
RS PR BRI SEHE, WilE 1 Fras. 10 AR e AR A AT 4H A
il L TR AN 4% 1 25 1 1 (K 4H oA Rl [Petukhov, 2008:  fEIE R, A, 20237,

18 A R B AR P AR AR I A Al B T AR I A R VBB 5B 2 —

7t DNA 82, B (RIZEAHED A ERR A F T %16 2 i & g
B, BHRRCMGEE 3 [MEidER, EHE 7RRA=T=2MC=G=3. 1fi&
J7T, AEA] n-plet #B AT DA LA HARE AL 1 R4 AH R T 2 50 3 B pE AR R .
N, RSN, 98 = HiEE CAT ##Rn A BT =B 322, I H Rice I
T A £79% n-plet FEF# . 9 BCAAHIERLT n-plet FIFEFE [Petoukhov, 2023a,b].
FElE 2 PR R T LA . [ 9 f A X R A 5% — S 2 A AR BT RY
A DNA B n JCAHR R I E R B o0 b (BEERD o ISR Bk o ot 5]
Ne 9 BiAu% DNA W n Bra s BRsE R (E 11

LSRR 2. 4 80 8 AEEE BRI, IR e M B AT
TIEREAL R A AR AR R, FESRVE T P A IR BAEA TR NIRIER KGR
#H JE I AR [ Petukhov, 2008; fil [#&E 7%, fif, 20231, #lan, Wi, 12 B/
T 12 E %2) JERE . K 11 2 R AR B RS e0 Flel, HAESIE
WIRVE G, R T A I xHy IR ECRIER, Kb x My 285, jE
BT M, AR 2 =41 . [RIBE, FTEEm AR R e A i 03+
%2*j IHPHR R .

Sl BB A D) I R i AR T R, IR 2R R, Edh g
B FF 2 4 R4 A5G M [Bodnar, 1992; HrBEF|giJEss Kk, 2000; JnJe
JenifEN, 2022; 9RFEAN, 2023; JHE K, 2021; Zhou, Smith, Sharpee,
2018], HH¥ AR IE X 38 LE YIS T [Petukhov, 19991,  H [R5 JHE N € bR S BT 41 14
B A IS B Em [ Preskill, 2016], N TR ERIREMH&HE (22 AA5IR[ Peng %5
2022]) T o T8 E A AR A B i A T 1 5 T A B RN A AR S AR DL K
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AR A S E B R TR AN, SRR e
RIS e 2 MER TR e T SRR ANSE R AH ) DNA B REATHs, DMEAE A a2
B HTEANE DNA AT HLER 4T

DNA H n #5F TE AR A0 2 B AR, 10 H B ARHEE . el m AR
2 IAN. 152 2 TH A ARBOE A 2 5 e ARER T, ARBUER T2 B
O —, BEEIFEEZIAZRE [Petoukhov, 2023a,b].

5. RIE R — L5

AR T A& M 2 EAE LR, ATl et 5 eI R . Bk
A Ath s SR AR 25 0 P AR o B 70 Al s 5 T AR 10, R B ok 70y 2 TR AR B
BRI, —.  (EE IRERZRE 5 IR IR SRS RGN 8 118, AF
& BAIALERT R CRIEL CHP AR Fus B S A ARE AR ) il B E D Re,
NG AE RZARE) N SRR HE 15 T 55 S N0 I 1S (R () A ) R Ak
[Petukhov, 2008; 2023b; fR[EER, 4, 2023]. FRAJELHR, 1EFRIEE
MR REEAEGE S, RAVER T NN E R BT ERS.  F
&, PREFEA DNA &7 5 b /a0 m # R, 2 E i =9
8 P9 ] TR By R o T IR R R O TR RE . B ERAM RE S
B Ton MM B R R PR R A, B E R AR A RS, A HT
e BRI (- 5% R T H B SR RS M A dr h 2 7 ) S RAE R () AT B o P o 9
J& 7Y TAACLE AEARL ) 38—l 2 SR BRI R [R] J8 V F AE AR A 1) B A i 2%
RN, Ay PR A AN A IR S R RE G 8 1B U7 V5 [Petoukhov, 2023b; il ]
ER, fth, 2023].

VB IR 22 4 AR A TR B AR ) S AR W) S 7 5 P Al LB 5 BRI I [
Ho AEERERSE VI Svirin, AT R AR IS Lot 7T TR RS, I B
L EE R T Er 2 Bk
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