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Momusayus u yenw: JIns nponBrxenus: pabot B o0nactu OMOHEHPOMH()OPMATHUKH, JUIS
pa3pabOTKH METOJIOB H MOJIX0/I0B K MPOMUIAKTHKE, THATHOCTUKE U KOPPEKIMH HEHpo-
WHAYIUPOBAHHBIX MATOJOTHH HEOOXO0IUMO IIOHNMaHKEe 0a30BBIX (hU3HUECKUX (PYHKITHI
JKUBBIX CUCTEM. [ 3TOro HeoOXOAMMBI MPEACTABICHUS O (GU3MUECKON CYIIHOCTH U
MeXaHU3Max BOSHUKHOBEHUSI U DBOJIIONUN HETIHTPONUIHBIX MOJIEKYJISPHBIX KOMILICK-
coB. Pabora mocpsiieHa, npexae BCEro, aHajau3y CYLIECTBYIOIIUX METOIOB, IOHCKY
MOJXO0/I0B K MOJIECTIMPOBAHHUIO BO3HUKHOBEHUS, SBOIOLNH, CO3JaHNI0 MOJIENIEH MepBUY-
HBIX MPOTOOMONOTHYECKUX MOJIEKYJSIPHBIX  KomiuiekcoB  (protobionts) [https://
en.wiktionary.org/wiki/protobiont]. Ananu3 ¢pyHaaMeHTaIBHBIX OCHOB KU3HU (TIOBEIC-
HUS1) BO3MOJKEH TOJIHFKO HAa OCHOBE MOJICTTHPOBAHMSI POCTEUIIIeH KUBO# cucteMsl [ 1, 2].
Memoowr u arcopummur: Celidac OJHUM M3 BEAYIIMX [IOCTYJIATOB CUMTAETCS, YTO OC-
HOBHOU (DyHKIIMEH KUBBIX CHCTEM SIBJIICTCS] BO3MOXKHOCTh caMoperuiukamyu. [Ipu aTom
CYLIECTBYET MOHUMAaHME, YTO BEPOSITHOCTH CIIOHTAHHOTO BO3HHUKHOBEHHS CAMOPEILIH-
UPYIOIIECcS CHCTEMBI OecTipeIenbHO HU3Ka. A 0e3 perumikanuy (C HEKOTOPBIMHE OIIHO-
KaMU B Tpejienax nopora DireHa) SBOJIIOIHOHHBIN MPOIIece, B paMKaX TaKUX IPeCTaB-
JICHUH, TPAKTUYIECKH MaJIO PEaicH.

B pamkax apyroro moaxoja K BO3HHKHOBEHHIO Protobionts cyiiecTByroT mpeacraBiie-
HUS O TOM, YTO 0a30BOM (PYHKIIMEH KUBBIX CUCTEM SIBJIICTCS MOJJICPKAHUE COOCTBEH-
HOW YCTOWYMBOCTH B CpeJie MOCJe CIIOHTAHHOTO ()OPMUPOBAHUS JOCTATOYHO MPOCTHIX
MOJICKYJISIPHBIX KOHCTPYKIMH. Takue KOHCTPYKLHMH, COCTOSIINE U3 MOJIEKYJ, CIIOCO0-
HBIX BBITIOJHATH JIOTHYECKUE OTIEPaIliK, MOTJIM OBl Ha OCHOBE MH()OPMAIIMOHHBIX TIPO-
[[ECCOB MPOTHO3MPOBATH COCTOSIHUE OKPY’KAIOIIeH Cpe/ibl (orepexkarolee OTpaKeHne
[3]) 1 u36eraTh NOHMKAMOMINX YCTONYHMBOCTD BO3ACHCTBHI W/HIIHM IPUOOPETATH JOMOI-
HUTEJBHYIO YCTOHUMBOCTH. JlOAapBUHOBCKAS SBOJIOLMS IPU 3TOM MOXKET COCTOSTH B
oTbope cpefioii Hanbolee YCTOMYMBBIX U3 CIIOHTAHHO BO3HUKAIOIIKX Protobionts.

Juist onipenienieHust peanbHbIX MyTel BOSHUKHOBEHUS W (DYHKIIMOHUPOBAHHS OMOCHCTEM
HEO0XOIMMO CO3[JaHNe MX UIMHUTAILIMOHHBIX MoZeieid. To o0ieryaer aHalu3 pe3yJibTa-
TOB U MTO3BOJISIET PEIIaTh OJIHY U3 BAKHEHUIIHX 3a]]au — OonpeJiesieHie 6a30BbIX (PYHKIUIA
ouocuctem. OHAKO MPU TOMBITKAX CO3JaHUsSI MOJEJECH Jaxe CaMbIX MPOCTEHIINX U3
CYLIECTBYIOIINX OMOOOBEKTOB BO3HUKAIOT 3HAUNTEIbHbIE TIpoOieMbl. OHON U3 BeLy-
LIUX POOJIEM SBIISETCS «IIPOKIATHE PAa3MEPHOCTH», T. €. MHOTOKOMIIOHEHTHOCTh MO-
nemn. He MeHee 3HaunMa OlleHKa apaMeTPOB W MHTErpaius JaHHBIX. OCOOeHHO MpHu
MOIBITKAX CO3JaHMS MOJeJIeH BHYTPUKIIETOUHBIX MH()OPMAIMOHHBIX ceTeid. OTcyT-
CTBHE MCUEPIIBIBAIOIINX U KOJMYECTBEHHBIX AAHHBIX U MOTPEOHOCTH B BHIYUCIUTEIb-
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HBIX pecypcax eie OoJblle YCIOXKHAIOT mpolece MoaenupoBanus. [Ipu cymecTByro-
IIEM IOJXOJIE HE YJaeTcs CO3/1aTh JAOCTATOYHO IMOJIHYIO MOJEIb JIa)e OJHOM KIIeTKH,
cocrosimei u3 mpumepro 10'° aTOMOB, TIpU 3TOM peakiyu, K MPUMEpPY, CBOPAUMBAHUSI
Oenmka n QepMEHTATUBHBIE PEAKIIMU MPOUCXOMAAT 32 MHUKO- U (heMToceKyHAbl. Camble
KpYTIHBIE U3 CYIIECTBYIOIUX MOJEIBHBIX CUCTEM, JOCTYMHBIX JUIsl UCTIONb3yEMbIX Me-
Toz0B, coctosaT u3 10 aTomoB [2, 4], npy 3TOM BpeMEHHBIE IHMANA30HBI, B KOTOPBIX
BO3MOXXHO H3yYCHHME TAaKHX CHCTEM C IIOMOILBIO CYIEPKOMIIBIOTEPOB, OTPAHHUYEHBI
HaHOCEKYHIaMU. YTOOBI CMOJENMPOBATL KIETKY LEITMKOM, HyXHa Moaens B 10° pas
GoIIbIIIE, KOTOPAsI, COOTBETCTBEHHO, Oy 1eT paborats B 10° pa3 nonbuie. HyxHas komb-
I0TEpHAst MOJIENb 0JKHA ObITh Kak MuHHMYM B 10! pa3 MacinraGree, 4eM Te, 9TO y Hac
ecTb Ha ceroAHsmHuil neHb. llpu cymecTByromeM MOAXOoJe MOHATHO, 4TOo Habop
CBOWCTB 00BEKTa MOJACTMPOBAHHS Ha MOPAIKU OONbIIe, YeM CBOHCTB Mozenu. B 006o-
3puUMOM OyZyIleM pajuKalbHOIO PAa3BUTHUS BBIUNCIUTEIbHBIX MOILIHOCTEH HE OXKHIa-
ercd. [loaToMy Ass peleHus: OrpOMHOIO MHOKECTBA BOIIPOCOB HEOOXOANUM IIOUCK HO-
BBIX TMOJX0/0B U KoHIenuuid. Hare ucciegoBanne cocpeoTOUeHO Ha PeleHHH 3THX
npobieM — BEIOOpE METOJIOB U AITOPUTMOB MOJIEIUPOBAHUST OMOJIIOTUYECKUX LUPPO-
BBIX MH()OPMALMOHHBIX CUCTEM.

Peszynomamer: B nanHoi paboTe MBI MOMBITATUCH CO3aTh MO/ICIIb HAUIPOCTEHIIINX MO-
JIEKYJSIPHBIX KOHCTPYKIHH (ar€HTOB — HETSHTPOITUIHBIX MOJIEKYJISIPHBIX KOMILIEKCOB),
OTBEYAOLINX IPEACTABICHUAM O KUBBIX CUCTEMaX Kak 00 ycTpoiicTBax, 00magaronmx
aKTUBHOM yCTOMYMBOCTEHIO B cpene. [Ipu 3ToM 3a1aBaiuchk napaMeTphl CPebl U areHTa.
«IIpaBuia» [uIst BHEIIHEN Cpeabl: Y POBEHb «3HTponuu». Hamuue 1ocTaTouyHOoro Koiu-
9YecTBa U Pa3HO0Opa3Hs MOJIEKYISAPHBIX KOMIIOHEHTOB Ul CIIOHTaHHOTO (popMuUpoBa-
HUSI areHTOB, C ONpPENENEeHHON BEpOATHOCTHIO. Hanmnmune 3HaYMMBIX M aCCOLIMUPOBAH-
HBIX (MM IPHYUHHO-CIICICTBEHHO ), CBS3aHHBIX CO 3HAYMMBIMH, MTOJIIOPOTOBBIX HHPOP-
MAaIMOHHBIX CUTHAIIOB (Pa3HO MOAAJIbHOCTH, HAIPUMED, CBET, 3BYK U Ap.). [Ipu sTOM
3aJaeTCsl COOTHOLICHNE KOJMYECTBA 3HAYMMBIX M HOAMOPOroBBIX CUTHAIOB. B cpene
(MCXOAHO) KONIMYECTBO Map 3HAYMMBIX U MOATIOPOTOBBIX CUTHAJIOB MOXKET OBITh PABHO
niy OoJiblle, YeM PELENTOPOB Y areHTa.

«IIpaBumna» Ans areHTOB: AT€HTHI BO3HUKAIOT B CPE/Ie CHOHTAHHO. 3aJ1al0Tcs CIeayI0-
IIMe mapameTpbl: NFI — perenTopsl 3Ha4MMbIX CHTHANOB (N — K-BO); Nfr — penenTops
aCCOIMMPOBAaHHBIX CUTHAJIOB (N — K-B0); NE — a¢dpdexropsl (N — k-Bo); M — 00beM acco-
LUATUBHON NaMSITH COBNAJIEHHs 3HAYMMBIX M MOJINOPOrOBBIX CHUTHAJOB; NL — 3amac
sHeprum (K-Bo xkwu3Hel) (N>1); x — koaddurmenT Berautanus u3 L npu cpabaTeiBaHuN
fr; y — koadduirenT konmuectsa nosropenuii f, He coueranHoro ¢ F, 10 ynaneHus u3
namsita F+ f=E; z — makcumym NnL; v — koadpduiment ysenuuenus k-sa F u f npu mo-
cTiwkeHnu L 3Hauenus z. Ilpu kaxjoM BO3HUKHOBEHUH areHTOB 3HaueHHEe KO3 uim-
CHTOB OOHOBIISIETCS (MJIM COXPAHSETCS] — HACIEoYeTCs).

[IpenensHO MpOCTHIE CyNpaMOJIEKYJISIPHbIE KOHCTPYKIUU (DIYKTyaloHHO (hopMuUpy-
I0TCSI B IIPUPOAE, BEPOSITHO, C HEKOTOPBIM «3alacoM», H30BITKOM YIOPSA0UEHHOCTH —
HersHTponuu N. BzanmozneiicTBue ¢ nmpoueccamu, NPOUCXOASLIMMY B OKPY>KaroLIel 9H-
TPONUMHON Cpelle, MPUBOAWIO K YMEHBIIEHUIO 3TOW YNOPSAOYEHHOCTH, CYMMApHOM
HETAHTPONHUH B cucTeMe. [IprodpeTeHHast mpu 3ToM WHPOPMAIHsl B JANbHEHIIIEM «HC-
MOJIB3YETCS» MOJIEKYJISIPHOM CUCTEMOM Ul MPOrHO3UPOBAaHUS MOAOOHBIX COOBITHH Ha
Bpems At. biarogaps 3ToMy MpOMCXOAWT yMEHBIICHHE SHTPOIHH C HEKOTOPHIM «HH-
(dopmanmonuasM KodhdurmenTom» Ki, 3apucsimmM ot 06beMa TOTydeHHON HHpOpMa-
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MK ¥ ONPEIESIONIMM IITyOrHY BO3MOYKHOTO MPOTHO3UpOBaHMs. Pa3paboTaHsl aaro-
pUTMBI (DYHKIIHOHUPOBAHUS M MPOTPAMMHBIC KOJbI MOJEJIEH HErSHTPONUNHHBIX OHO-
arcHTOB.

Bowisoowr: Onupasics Ha Mojienb ouoarenTa (protobionts), ocHoBannyro Ha Takux (usu-
YECKUX MPEACTABICHHUSX, U YUYUTBIBAS IPEEMCTBEHHOCTD, IMEPHKEHTHOCTh OpraHu3a-
K OHOJIOTHYECKUX CHCTEM, B abHEHIIIEM MPEICTaBIISETCS BO3MOYKHBIM ITOTIBITATHCS
MOJICTTMPOBATH UX IBOJIIOIMIO HAPAIIUBATH CJIOKHOCTD JI0 TPE/ICIIOB anmapaTHbIX Orpa-
HUYCHHUI.

Qunancuposanue: PaboTa BHIIOJIHEHA B PaMKaX TOCYIapCTBEHHOTO 3a1aHuss MUHOOP-
Hayku Poccun mnst DenepaabHOTO UCCIIEA0BATEILCKOTO EHTPa HHOOPMAIIMOHHBIX U
BBIYHCIIUTEIBHBIX TEXHOIOTHH.
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Motivation and Aim: To advance work in the field of bioneuroinformatics, to develop
methods and approaches to the prevention, diagnosis and correction of neuro-induced
pathologies, it is necessary to understand the basic physical functions of living systems.
This requires ideas about the physical essence and mechanisms of the emergence and
evolution of negentropic molecular complexes. The work is devoted, first of all, to the
analysis of existing methods, the search for approaches to modeling the emergence, evo-
lution, and creation of models of primary protobiological molecular complexes (proto-
bionts) [https://en.wiktionary.org/wiki/protobiont]. Analysis of the fundamental princi-
ples of life (behavior) is possible only on the basis of modeling the simplest living system
[1, 2].

Methods and Algorithms: Now one of the leading postulates is that the main function of
living systems is the ability to self-replicate. At the same time, there is an understanding
that the probability of spontaneous emergence of a self-replicating system is infinitely
low. And without replication (with some errors within the Eigen threshold), the evolu-
tionary process, within the framework of such ideas, is practically unrealistic.

Another approach to the emergence of protobionts is the idea that the basic function of
living systems is to maintain their own stability in the environment after the spontaneous
formation of fairly simple molecular structures. Such structures, consisting of molecules
capable of performing logical operations, could be able, based on information processes,
to predict the state of the environment (anticipatory reflection [3]) and avoid impacts
that reduce stability and/or acquire additional stability. Before Darwinian evolution, it
may consist in the selection by the environment of the most stable of spontaneously
arising protobionts. To determine the real ways in which biosystems arise and function,
it is necessary to create their simulation models. This facilitates the analysis of the results
and allows us to solve one of the most important tasks — determining the basic functions
of biosystems. However, when trying to create models of even the simplest existing bi-
ological objects, significant problems arise. One of the leading problems is the “curse of
dimensionality”, i. e. multicomponent model. Equally important is parameter estimation
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and data integration. Especially when trying to create models of intracellular information
networks. The lack of comprehensive and quantitative data and, at the same time, the
need for computing resources further complicate the modeling process. With the existing
approach, it is not possible to create a sufficiently complete model of even one cell con-
sisting of approximately 10'°> atoms, while reactions, for example, protein folding and
enzymatic reactions, occur in pico and femto seconds. The largest model systems exist-
ing today, available for calculation methods, consist of 10° atoms [2, 4], while the time
ranges in which it is possible to study such systems using supercomputers are limited to
nanoseconds. To simulate an entire cell, you need a model 10° times larger, and which,
accordingly, will work 10° times longer. The required computer model would have to be
at least 10** times larger than what we have today. With the existing approach, it is clear
that the set of properties of the modeling object is orders of magnitude larger than the
properties of the model. Radical developments in computing power are not expected in
the near future. Therefore, to solve a huge variety of issues, it is necessary to search for
new approaches and concepts. Our research focuses on addressing these issues. Selection
of methods and algorithms for modeling biological digital information systems.
Results: In this work, we tried to create a model of the simplest molecular structures
(agents — negentropic molecular complexes), corresponding to the concept of living sys-
tems as devices with active stability in the environment. At the same time, the parameters
of the environment and the agent were set.

“Rules” for the external environment: Level of “entropy”. The presence of a sufficient
number and variety of molecular components for the spontaneous formation of agents,
with a certain probability. The presence of significant and associated (or causally) related
to significant, subthreshold information signals (of different modalities, for example
light, sound, etc.). In this case, the ratio of the number of significant and subthreshold
signals is set. In the environment (initially), the number of pairs of significant and sub-
threshold signals may be equal to or greater than the number of receptors on the agent.
“Rules” for agents: Agents arise spontaneously in the environment. The following pa-
rameters are set: nFr — receptors of significant signals (n — number); nfr — receptors of
associated signals (n — number); nE — effectors (n — number); M is the volume of asso-
ciative memory for the coincidence of significant and subthreshold signals; nL — energy
reserve (number of lives) (n>1); x — subtraction coefficient from L when fr is triggered;
y — coefficient of the number of repetitions of f not combined with F before deleting
F+f=E from memory; z — maximum nL; v is the coefficient of increase in the quantity F
and f when L reaches the value z. With each occurrence of agents, the value of the coef-
ficients is updated (or saved — inherited)

Extremely simple supramolecular structures are formed fluctuation ally in nature, prob-
ably with some “reserve”, an excess of order — negentropy N. Interaction with processes
occurring in the surrounding entropic environment led to a decrease in this order, the
total negentropy in the system. The information acquired in this case is subsequently
“used” by the molecular system to predict similar events at time At. Due to this, entropy
decreases with a certain “information coefficient” Ki, which depends on the amount of
information received and determines the depth of possible prediction. Functioning algo-
rithms and program codes for models of negentropy bioagents have been developed.
Conclusion: Based on the model of bioagents (protobionts) based on such physical con-
cepts and taking into account the continuity and emergence of the organization of bio-
logical systems, in the future it seems possible to try to simulate their evolution and
increase complexity to the limits of hardware limitations.
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