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Key word

e Phenomenological aspects - PeHomeHosornyeckme (MOHMMaHue,
U co3gaHne cMbicna) acrnekTbl

e Theoretical framework - TeopeTnyeckaa 0asa (ocHoBa, pamka)

o Computational theory of mind - BeluncnurtenbHas Teopus pasyma
e oObject of research - 06bekT nccrnegoBaHus
e subject of study — npegmeT nsyyeHuns




Yto OBLIO HA MPOILION JICKIUH ?

Where to look for the origin of natural computation ?

 KoMnblOTEPHOE MOAENMPOBAHME MPOLECCOB C WUCMNOMb30BaHNEM  Pa3fUYHbIX
BbIYNUCIINTENBbHBIX TEXHOSMOMMN «MacKUpPyeT» KIYeBble acnekTbl ouan4vyeckmx
ABMEHWN, Hapywasa npe3yMmnuuio MX HernpepbIBHOCTU — OCHOBY (U3UNKO-
MaTeMaTUYECKOrO «s3blka» COBPEMEHHbLIX Hay4dHbIX 3HaHWW, BKIo4vasa facts
(descriptive knowledge), skills (procedural knowledge), or objects (natural
knowledge) contributing to ones understanding.

« B wutore cnocobHOCTb K BbIYUCMIEHUSIM BbICTYNAeT Kak complement HayudHbIX
3HaHuK, kotopbin JIOTUYECKW CIIEAOYKOT wn3 Teopertndeckon mMoaenu
paccMaTpmBaeMbIX ABIEHUN:

«...TeM Xyxe anga dakToB, ECINM OHM HE YKNadbliBalOTCA B TEOPUIO»
M. lnaHk

« C TOYKM 3peHMa KOMMbITEPHbIX HayKk nwbas CyUWHOCTb MOXET OblTb
MaTtepunanusoBaHa, €clfim OHa._BblMMCIMMA, T.€. Mbicnuma (is computable, i.e.
thinkable or imaginable ) OgHako, Takme npobnemsbl Kak

* cnoxHocTb N=? NP BblyncneHum (KoHe4YHoe/CHETHOE KONMYECTBO ornepauunmn)

* MPUHLUNMN OTHOCUTENBHOCTN; OTCYTCTBUE «TOYHOW MO3ULIUMY KBAHT. YacTuLbl

* MOOallbHOCTb NTOrMYecKnx 3aKoHOB

npuBoanT K npobrnemMam C «OBObEKTUBHOCTbIO» BbIMUCIIEHHLIX PE3ynbTaTtoB WU
HeobXoQMMOCTN yyeTa TOXAECTBA HepasninMbiX npeameTtoB JlembHuua, 4To
making it difficult to present new knowledge in the form of programs




What is basic law of nature

Thermodynamics — study of effects of work, heat, (b) The Second Law of Thermodynamics

energy on a system, and is only concerned with Energy
large scale observation. transformation
G
Zero Law: thermodynamic equilibrium and Energy ‘ sable energy
temperature {a & b} =>c, a=>b before after

|

First Law: work, heat, and energy — in an
equilibrium state possesses variable called the :
internal energy (E). The change in E is equal tc ), Unusable energy 2
the heat transfer into the system and work don
by the system / AE=Q+W.

Second Law: S or entropy=dQ/T, when energy Closed system

Is transformed, the quantity of energy remains Energy is

the same, but its ability to do work diminishes, }transformed T

no engine can have thermal efficiency 100% Unusable

Third Law: entropy=o0, if all modes of motion energy

stops at T=0K, that can’t reached Free
S=k*InW=k*In1=0 e“ffg)’




CYTB (l)paBBI «Phenomenological aspects of computation»

CyTb dopasbl 3aknodeHa B ceHTeHUmn «Computo ergo sum» - CyLecTBYeT TO,
YTO MOXXHO BbIYUCIUT.

BbluncneHna obnapatdoT CBOMCTBOM MHTEHCMOHANIbHOCTU. OTO CBOWUCTBO —
WHBapuaHT uccrnegyemoro @eHomeHa BbliucreHun. [103ToMy MexaHU3m
MNPOLIECCOB «BbIYMUCIIEHUNY (MPeaMeT) He 3aBUCUT OT TOro, CYLLECTBYET N UMK
HET B AaHHbI MOMEHT TO, YTO BblYMcnseTcA (00 HEKT BbIYUCIIEHUN) .

HTEHCMOHaNbLHOCTL - CYyTb HanpaBneHHOCTb Ha «4TO-ToO»...B ocHoBe
«HanNpaBreHHOCTU» NEXUT PEHOMEH NOHMMaHUS!, KOTOPbIN NPOSIBASIETCS
OAWHAKOBO HE3ABUCUMMO OT TOro «MOHMMAaeM» N Mbl peanbHbIi NpeaMerT,
SICHO MbICNIUMbl UMW BbIMbILUIIEHHBIN. .
B pesynbraTe Bce 0COB6EHHOCTU (MEXaHM3Mbl) BbIYMCIIEHNN HE 3aBUCAT OT
00beKTa, T.€. HEBaXXHO «OOBLEKT» 3TO

* aTpubyT peanbHOro ob6bekTa,

* MapameTpbl Moaenu

* BOODpaxaemoe



HpOCI/IJI IIpOYHUTATb U IIOCTAPATHCA IIOHATDH

ARATEMUA HAYK CCCP

Hayunslil coReT M0 KOMIIeKcHEOH mpodreme «Knbepmernray

10. A. TACTEB

T'OMOMOP®ON3MHBI
11 MOJIEJIU

Jloruro-anredpamdeckde acIeKTH
MOJeaapoB aHusid

[Moa vHTyuUMeNn a nogpasymMmeBato NoHUMaHUe, HaCTOMbKO
OTYETNMBOE, YTO HEe OCTaeTCad HUKaAKoro COMHEHUdA

OTHOCUTEJIbHO TOIO, 4YTO Mbl pa3yMeeM.

P. lekapT

(1596 — 1650)

By understanding, | mean forming a physical picture that
Intuitively feels perfectly clear.

P. ®enHmaH

(1918-1988



What are we going to discuss on next 3 lessons

1.

Is Mind fundamentally a computational phenomenon? What
"number" structures are involved in these calculations

Why Mind can not control by calculation the transition from an
ensemble of molecules to an ensemble of organisms? How the
mind solves problems of combinatorial and NP (non-deterministic
polynomial) complexity.

Whether the phenomenon of life is a necessary condition for the
appearance of Mind



Key question:

Is Mind fifth fundamental force of Nature?

PHYSICS TEXTBOOK

'I;ubin l'-l’ l:indau $WILEY-VCH
Computational
Physics

Problem Solving with Computers h

... MOXeT nun Yenosek, oBnages naATbiM yHAaMeHTalbHbIM
B3anMMOJENCTBNEM, MOHATL CYyTh BCEX «MeXaHn3mMoB» [pupoabl , a 3atem
co3gaTb CBOW HOBYHO BUPTyanbHYK BceneHHyio ? .



[TapagurmMbl pa3BUTHS HAYKHU

: 4th paradigm:
3rd paradigm: (Big) Data-driven
BelE Science
2nd paradigm: Computational
1st paradigm: Theoretical SEience
Empirical science science (simulations)
Physical Laws:
Experiments mechanics,

thermodynamics,
ete

e e A e ma i
1600 1950 2000

Artificial intelligence,
Statistical learning,
Density Functional 2atamining;

Theory, Molecular Pattern and anomaly
dynamics, etc detection, etc




What is .... Current version of Theory of Mind

@|phascript publishing

Computational Theory of Mind

In philosophy, the computational theory of mind is the view that the
human mind ought to be conceived as an information processing
system and that thought is a form of computation. The theory was
proposed in its modern form by Hilary Putnam in 1961 and developed
by Jerry Fodor in the 60s and 70s. This view is common in modern
cognitive psychology and is presumed by theorists of evolutionary
psychology. The computational theory of mind is a philosophical
concept that the mind functions as a computer or symbol
manipulator. The theory is that the mind computes input from the
natural world to create outputs in the form of further mental or
physical states. A computation is the process of taking input and
following a step by step algorithm to get a specific output. The
computational theory of mind claims that there are certain aspects of
the mind that follow step by step processes to compute
representations of the world, however this theory does not claim that
computation is sufficient for thought.

Frederic P. Miller, Agnes F. Vandome, John
McBrewster (Ed.)

Computational Theory of
Mind
Philosophy of mind, Mind, Information processing system,

Thought, Computation, Hilary Putnam, Jerry
Fodor, Cognitive psychology

9 ‘7861

30''8gs6066" 978-613-0-88606-6
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Mind fundamentally computational phenomena of Living systems?

The are no hard computational problems for Living
systems, but only problems that are hard to certain level
of there intelligence ....and Mind

e What is level of intelligence ? (cnocobHoCTb dhopMmynupoBaTthb
npuKnagHble 3aga4un B Knacce MNonMMHOMUArbHbIX anropmTMoB,
peLlaeMbIX B PEXUME peanbHOro BpeMeHN)

e Why intelligence inspired (requested) computing ? (Bbl4UCIIEHNSA
— 9TO MaHUNyNAUNS HEe C PU3NYECKUMU CYLLIHOCTSIMU SHEPTUS U
BELWECTBO, a C abCTpaKTHbIMM CUMBONAMM)

e What is Mind itself ? ( BbIOOp Knacca 3agad, Anst KoTopbIX
BO3MO>XHO NPMMEHEHME NONIMHOMUATBbHbIX anropuTMOB)

e What is hard problem in computation sense ? ( 3To oTCyTCTBUE
nsomopdunama sagaym n rnosiIMHOMmManbLHOro anropuTmMa)




O 1noJib3e adCcTparupoBaHUs

Bonpoc: 4To BaxkHee Anst MateMaTukn — 0ObeKT Unm onepauum ¢ HAM ?
[1aBHO 3aMe4yeHO, YTO aHanorm oOblYHbIX apUPMETUYECKUX onepaLnn
NMELIOTCA Aaneko 3a npepernamMm YUCOBbIX CUCTEM, T.e. YMHOXaTb U
cKknaabliBaTb MOXHO

KakK MHOro4sieHbl, MaTtpuubl, ...

TaK W BbINYKIble Tena 1 rnp. o6beKTbl peanbHOro Mupa.
AbcTparnpoBaHue oT YUCIIOBOW cneundpukmn obnervaet
«anrebpansaymno» npUPoaHbIX ABMEHUW, HOCUTENSIMU KOTOPbIX MOXET
ObIThb:

none AeUCTBUTENMbHbIX UM KOMIMMEKCHbIX YNCEN, KOTOPbIE ABMAITCS

«€ONHCTBEHHbIMU KOHEYHOMEPHbIMM OEeNCTBUTENbHbLIMA

accouuaTuBHO-KOMMYTaTUBHbIMW anredbpamn 0e3 genutenemn Hyns»;

Teno KBaTEPHUOHOB, KOTOpble ABMAIOTCS eQNHCTBEHHON

KOHEYHOMEPHOMN accounaTtMBHOW, HO HE KOMMYTaTUBHOM anrebpou

6e3 gpenuteneun Hyns....

cnonb3oBaHne CBOMCTB 3TMX abcTpakumn no3BONAeT He AonyckaTtb
HenenbIX 0000LWEHNA N BbIOUpATb «NPaBUSIbHbIE UHCTPYMEHTbI»

MRCG NAINIQALUI/ACG MNRIAYNPT2ONuULIY 29 T29U



O nonb3e npaBurnbHO chOpPMyNMPOBaHHbLIX BONPOCOB

"Are thinking and referring identical with
computational states of the brain?"

Hilary Putnam




Multi Store Model - Atkinson &
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Attempts of formal interpretation — free space between bit and neuron

A Bayes' Theorem

posterior

p|x,m)p(x|m) likelihood
pyim)

p(x|y,m) =

B Generative models as computational assays

forward model i g v e * -: %
p|x,m)p(x|n) '

-

&
~

p(x|y,m)

inference g S

measurement y hidden system state x

C Perception as the inversion of a generative model

forward model

plx,m)p(x|m)

Cd

<
~

p(x|y,m)

perception

neuronal activity y environmental state x



Question 1. Example : visual perception

Consider a direct problem: light from a source
whose intensity is unknown and variable falls on a
certain surface, the reflectivity of which must be
estimated (dark, gray, light).The only course of
action available to a subject receiving light is to try
to estimate 1) the intensity of the incident light and
2) the reflectance of the light entering the
measurement device (eye or camera).The
essence of the process of distinguishing between
dark and light surfaces under the influence of
potentially variable lighting is the constant
calculation of the intensity and reflectance. In
particular, this calculation consists of estimating
(according to a certain algorithm) a real number (in
a certain form) characterizing the measured
amount of light. In this number, the intensity of the
source and the reflection coefficient of the surface
are mixed in a multiplicative form, and in order to
estimate these numbers already, the Mind must be
able to solve an inverse NP-hard task, namely
factorization.

PaccmoTpym  npsiMyl0o  3agady: CBET  OT
NCTOYHUKA, NHTEHCMBHOCTb KOTOpOro
HeM3BeCTHa W NepemMeHHa, MagaeT Ha
HEKOTOPYD  MOBEPXHOCTb,  OTpakaTenbHYylo

CNOCOBHOCTb KOTOpPOM HeobxoaMmMo OUEHUTb

(TemHas, cepas, cBetnasl). EOWMHCTBEHHbLIN
cnocod JEeNCTBUN, AOCTYNHbIN
BOCMPUHUMaAIOLLEMY  CBET CyObEKTY, —
nonbiTateCsA  OUEHUTb 1)  WMHTEHCUBHOCTb
nagarlowiero cseta W 2)  KOa(pPUUMEHT
OTPaXXeHUS cBeTa, nonagaroLero B

n3mepuTenbHoOe YCTPONCTBO (rna3 unn kamepy).
CyTb npouecca pasfMyeHnsa TEMHbIX U CBETNbIX

NOBEPXHOCTEN nop, BO3ENCTBNEM
noTeHumanbHO nepemMeHHOoro ocBeLleHuns
3aKno4aeTcs B NOCTOSAHHOM pacyete

WHTEHCUBHOCTU U KOS(ULMEHTa oTpaxeHus. B
4YaCTHOCTW, 3TOT pacyeT COCTOUT U3 OLEHKM (No
onpeneneHHoMy anroputMmy) AenCTBUTESNbHOMO
yucna (B onpeaeneHHom dopme),
XapaKkTepusyLlero Mn3MepeHHOe KONMMYecTBO
ceeta. B atom uucne B MynbTUNIIMKATUBHOM
dopme cmellaHbl MHTEHCMBHOCTb UCTOYHMKA U
KOS(PPULMEHT OTpaXkeHUss NMOBEPXHOCTU, U ANS
OLIEHKN YyXe 3Tux uymcen Pasym [OrmKeH yMeTb
pewatb obpartHyto HIl-crnoxHyto 3agady, a
MMEHHO pakTopunaaLuio.



Question 1_ 1. Example: mechanical action of subject endowed with perception

All perceptual tasks can
computational formulations.
Just as perception, as part of the Mind, inherently uses
calculations, so any mechanical action or movement of
a subject endowed with perception also requires
calculations. As an example, consider a problem that a
cat "solves" by jumping on a table. This task is to
correctly estimate the magnitude of the impulse that the
cat must first calculate and then transmit to itself. This
Impulse should allow the cat to reach the near edge of
the table, but not send the cat across the table. A cat
landing on a table indicates that its brain has
successfully performed a series of arithmetic operations
on quantities that do not necessarily represent the
acceleration due to gravity, the mass of the cat, the size
of the cat and the surface of the table, and their relative
positions. These two examples point to a fundamental
conclusion: no matter what the nature of the
phenomenon of Mind, in this phenomenon, computation
Is indeed necessary and clearly present, in other words.
Thinking can be of a different nature, but in any case it
is realized in the form of a calculation.

be given explicit

To4HO Tak >e, Kak BOCMNpUATUE, KaK 4acTb
MbIWwneHna, NoO CBOEW CYyTU  UCMNONb3yeT
BblMMCNEHMSA, Tak Un nboe mexaHudeckoe
aencreve nnu ABWXeHne cybbekTa,
HageneHHoro  BOCMpUATUEM, TOXe Tpebyet
BbIYNCINEHUN.

B kayectBe npumepa paccmoTpuMm  3agady,
KoTopylo "peluaeTt" Kowlka, 3anpbirHyBLlas Ha
cton. OTa 3agada COCTOUT B MpaBUIIbHOWN
OLEHKE BENUYMHbI UMMYNbCa, KOTOPbIA KOLUKa
AOIMKHA BHa4yane paccuitatb, a 3aTem
nepegatb camon cebe. ATOT MMNYNbC AOIMKEH
No3BOMUTb KOLWUKE [OO0CTUYb OnumxkHero Kpas
CTOna, HO He OTNpPaBWUTb KOLLKY 4epe3 CTOofl.
Mpun3emneHne KOLWKM Ha CTON YKasblBaeT Ha TO,
YTO €e MO3r __YCMNEeLIHO BbIMOMHUA _CEPUID
apudmeTmyeckmx _onepauun Hag BenuynHamm,
npeacTaenaoWMMn He 00s3aTenbHO B SIBHOM
BMOE YCKOpeHune cBOGOOHOrO nageHus, maccy
KOLLKW, pa3Mepbl KOLLKM U NMOBEPXHOCTWU CTONa,
a Takke MX OTHOCUTENbHOE MOJSIOXKEHME.

OTn oBa NpMMmepa ykasbiBatoT Ha
hyHOaMeHTarbHbIA BbIBO/A: HE3AaBUCUMO OT
TOro KakoBa npupoga dgeHomeHa MbiwneHus,
B 3TOM deHoMeHe BblYMCIIEHUSA
JENCTBUTENBbHO  Heobxoaumbl U SIBHO
npucyTcTByeT, ApyrMMn cnosamun. MblwneHune
MOXET UMETb PasfiMyHylo Npupoay, HO B tobom
crny4vae peanunsyeTtcsi B popMe BblYUCIEHMS.




What computation is

Computation is a process that implements a_mapping

between some symbolic_structures (domains). The

implemented mapping can take the form of a

function,

operator,

relationship.

And the symbolic structure themselves may be

* numbers: 3 + 2 equals 5,
or may not, for example

* intersection of sets, for example, {c; e; k} and {a; d; b;
e; J}, which is not empty,

* unite the concepts (category, ontology) of cat,
raccoon and deer into the class mammals

« or process of convergence described by the
equation
d?x/dt? = m*(1 - x?)dx/dt + x =0

These are all examples of computation

BbluncneHne — aTo npouecc,
KOTOpPbI peanu3yet oTobpaxeHue
MeXay HEKOTOPbIMU CUMBOJSTbHBIMM
CTPYKTYpamu (OoMeHaMu).
Peanuayemoe otobpaxeHne MOXeT
NPUHMMALOT PopMy PYHKLMN,
oneparopa unn, B bonee obLiem
CMbICrie, OTHoweHwus. [pn aTom
caMy CMMBOITbI MOTYT ObITb UIK HE
ObITb YMcnamum:

Hanpumep 3 + 2 paBHO 5,
nepeceYyeHneM MHOXECTB,
Hanpumep, {c; e; K} u {a; a4, 6; e; j},
KOTOpOe He MycTo,
ob6beaNHEHEM MOHATUI KOLLKA,
€HOT 1 OneHb B Knacc
MIiekonuTaroLmnecs

WNU CXOAUMOCTb K NpeaerbHOMY
LKy

CUCTEMBbI, KOTOPas ONUCLIBAETCS
ypaBHeHMEM

d2x/dt2 = m*(1 - x2)dx/dt + x =0
BCE 3TO MpMMepPbI NPOLLECCOB
BblYNCIIEHUN



System create a computation

If the dynamics of the system (preservation of the
dynamic integrity of the system) can be interpreted
(by another process) as the establishment of an
appropriate type of mapping... then this process is

the calculation providing by system itself.

So, it is possible for quite different systems to
be computing the same thing.

For example, an electrical circuit consisting of
an inductor and a capacitor computes the
same function of time as a brick suspended
from a spring provided that the charge held by
the capacitor is interpreted

as representing the brick’s position, or vice
versa.

ecnu aOWHaMuMKa CcUCTeMbl  MOXeT  ObITb
WHTepnpeTnpoBaHa (C MOMOLbLID  APYroro
npouecca) Kak yCTaHOBNeHne

COOTBETCTBYIOLLENO BMAa OTOOpaXKeHMs!.

BrnonHe BO3MOXHO, YTO COBEPLUEHHO pasHble
CUCTEMbl OyOyT BbIMUCIIATL OOHO M TO XKe.
Hanpumep, anekTpuyeckas LUenb, cocTosias
M3 KaTyLIKNU MHOYKTMBHOCTU M KOHAEHcaTopa,
BbIUMCIIAAET Ty Xe (DYHKLUMIO BPEMEHU, YTO U
KAPMWY, TOABELUEHHbIN Ha MpyXuHe, Mpwu
YyCrOBMM,  4YTO  3apad,  yAepXKuBaeMblit
KOHOEHCATOPOM, MHTEPNPETUPYETCH  KakKak
npeacTaBneHne TMOMOXEHUS  Kupnu4ya, Unm

HaobopoT.

Under this definition, a stone rolling down a hillside computes its position and velocity

in exactly the same sense that notebook computes the position and the velocity of the

mouse cursor on the screen (they just

to be instantiating different symbolic

mappings). More over Universe in its entirety also instantiates a computation, but ...
all results goes to waste for the lack of any process external to it that would make

sense of what Universe is up to do.



Complexity aspect — how many elements needs to calculates

Any physical system calculates
everything that can be experimentally
measured and then logically related to
known properties of this system.
However, such a definition does not
take into account the factor of accuracy
and complexity of calculations.

Thus, by obtaining a tomographic
picture of the brain state, one can try to
establish a detailed correspondence
between its structure and all
components involved in the process of
changing its state, including
components of the external
environment, for example, some subset
of oxygen molecules .

nobas dusmyeckas cuctema BblMUCHSIET BCe TO,
YTO MOXHO 3KCMEPUMEHTaNbHO W3MEepuUTb, a
3aTeM TOrMYeckn CcBsi3aTb C  WU3BECTHbIMU
cBoncTBaMyn 3Tol cuctembl. OpHako, B TaKoMm
onpeaeneHnn He y4nTbIBaeTcs PakTop TOYHOCTU
7 CMOXHOCTW BblMUCNEHUA. Tak, nonyyns
TOMOrpacouyecknini CHMUMOK COCTOSIHUSI MO3ra,
MOXHO MOMbITaTbCA YCTAHOBUTb AeTarbHoe
COOTBETCTBME MEXOY €ro CTPYKTYpon U BCEMMU
KOMMOHEHTaMN, y4acTBYWLUMMK B MpoLecce
M3MEHEHMS] €ro  COCTOSIHMA, BKITtOYas
KOMMOHEHTbl  BHELUHE cpedbl, Hanpuwvep,

HEeKOTOopoe NoAMHOXECTBO MOJIEKYIT KUCIopoada.



Combinatorial complexity

The combinatorial complexity of the Universe
ensures that step by step strong dynamic
representation of one system by another is a
rarity. The probability of brain state and the
state of the molecule ensemble just singled
out remaining in strict correspondence as the
dynamics of these two systems changes
over time is vanishing. Thus, our foundational
construal of computation does not entalil
complete freedom of attributing computations
to any physical systems, because for such
computation features to persist over time,
the system in question and its computational
model (description ) must undergo the same
series of  transitions between  the
corresponding and well defined states.

From the engineering point of view system
must has specific component namely RAM

BceneHHas
cTporoe

KombuHaTopHas
rapaHTUpYeT,

CITOXKHOCTb
YyTO  noLiaroBoe
AvHamMmn4yeckoe npeacTaBneHne ofHOW
cucteMbl  gpyrom - 6Gonbluas  peaKoCTb.
BeposaTHOCTL TOro, 4TO COCTOsSIHME MO3ra U
COCTOSIHME TONbKO YyTO BblJEMNEeHHOro
aHcambnsi MOnekyrn OcCTalTcs B CTPOrom
COOTBETCTBMM MO Mepe TOro, Kak AnHamMuKa
3TUX OBYX CUCTEM MEHSIETCA CO BPEMEHEM,
ncyesawowle Mana. Takum obpasom, Hawe
ocHoBononarawwas KoHuenuusi BbIMUCIEHUN
He Bne4yetr 3a cobor nonHonm cBoboOaObI
NPUNNCLIBAHMS BbIYNCIIEHUI noobIM
dunsnyecknm cuctemam, MOoCKOnbKy Ans TOro,
yTOObl TakMe OCOOEHHOCTU  BblYMCHEHUN
COXpaHANUCb BO BPEMEHW, paccMaTpuBaemMas

cuctemMa U ee  BblUMCIIUTENbHas Moaenb
(onncaHue) OOSMKHbI npetepnesaTb
OOMHAKOBblE  Cepun  MEepexodoB  Mexay

COOTBETCTBYHOLLUMMN N YETKO ornpeaeneHHbIMU
coctoaAHnAMN. C MHXKEHEPHOM TOYKM 3PEHUS
cuctema [OOMKHaA UMETb  cneundunyeckmin
KOMIMOHEHT, @ MMEHHO OnepaTnBHYO NaMSTb.



Living systems

Such dynamical mimicry one of features of
Living systems that are constantly under
pressure to represent aspects of the world
that are relevant to their survival.

Some Living systems do it by evolving
structure and components of there own
natural computational devices that
specialize in tracking the state of external
and internal dynamic environment, with
the ultimate goalof prediction survival
conditions .

Computational devices for Living system
are there brains.

MonobHas AOuHamMudeckas MUMUKPUS SIBIAETCS
OO0HOM ©N3 O0CODEHHOCTEN XMBbIX CUCTEMBbI,
KOTOpble MOCTOSAHHO HaxoAATCs NoA AaBNEeHUeM,
yToObl NpPeacTaBnATb acnekTbl MuUpa, KOTopble
NMEIT OTHOLUEHME K UX BblXXMBaHUO HekoTopble
XMBble CUCTEMbl [JenawT 3TO, pasBuBas
CTPYKTYPY W KOMMOHEHTbl CBOMX COOCTBEHHbIX
€CTECTBEHHbIX BbIYUCNIUTENbHBIX YCTPOWCTBA,
KOTOpble CneunanmuanpyoTcsi Ha OTCREXMBaHUM

COCTOSIHUSA BHeLUHeN n BHYTPEHHEN
AVHaAMU4YecKon cpedbl, C KOHEYHOW LUEenbi
NPOrHO3MpPOBaHUS ycrnoBum BbDKMBAHUA.

BbluncnureneHble YCTPONUCTBA XUBbLIX CUCTEM -
3TO UX MO3T.



BpIunciIMMo BCE, YTO CUMMETPUYHO

1 1 1 1
1
1 +{

Srinivasa Ramanujan
1887 - 1920

Vi4e2y/143V 1+ 41T .. =3,

V6420743 VB+4/0F - =4,
VBV VB VB =1+2vBsin T,

V11— 2y/114 2011 - 211 ... = 1+4sin%,

V23— 2¢/23+ 223 — 2/ 23— .. = 1 + 4V/3sin g

+...

dopmyrnbl PamaHygxaHa:

Mup cummeTpudeH, nbon 3akoH

npupodbl U opMynbl MaTeMaTUKU

CBUOETENbCTBYIOT O TOW WUNU WHOW

NHBAPUaHTHOCTH K N3MEHEHWIO

BHELWHMX YCIIOBUW, B YEM MpUYMHa

WHBaApPUaHTHbIX CBOWCTB — rPynrnoBble

cBoMCTBa npeobpasoBaHuin ??7?

*  [OBWXEHUS, COXpaHsIoLWMX
paccTosiHue,

* MnepeHocChbl

*  OTpaxeHud

YpaBHeHMA  pu3nkM  crpasa
pacnonaratoT «MPUYnHY»

mx@ =F

rot E= -a*dH/dt

Ho 3THn ypaBHEHUS He
CUMMETPUYHbI OTHOCUTESLHO

CBOWCTB «NpuU4nHa/cnencTesmney.



AOCTparupoBaHue — MyTh OT (PU3UYECKUX MPOIIECCOB K

BBIYHUCJIICHUAM

[ToHATME  «abcCcTpakTHOe  HaTtyparbHOe 4ucno» — Ongd  Bcex  crano
BGaHanbHOCTLHO....HEKUM OYEBUOHbLIM «KMPNNYMKOM» onucaHua d¢pusnyeckon
peanibHOCTMH,....HO €CTb U Agpyrme abCcTpakumun, Hanpumep, «k MHUMas eguHULay,
MHOIMM He SICHO, YTO 3TO

— ouKumM4, He nmeroasd gunsnyeckoro aHanora,

- ocobas Toyka g|p dpyHKunm

- «TeHb» OT 0bpaTHbIX apndMeTUYECKNX onepaunn ?

CyTb Oena B TOM, YTO Ha OMpedeneHHoW cTaguv MaHUMNynupoBaHMS YMCriamu
NPOLECC BbIXOOUT HA HOBbIN YpPOBEHb abcTpakumu, PUKCUpyst BHUMAHME He Ha
camux ymcrax-obbekrax, a Ha onepauusix ¢ HUMM,

Onepaunn okasbiBalOTCsl BaXXHee TeX 00BbEKTOB, HA[ KOTOPbIMU OHM BbIMOJTHSOTCS.



YucnoBble 00bEKTHI, ONIEpallii, CBOMCTBA

MHOXeCTBO OOBLEKTOB, HaZ KOTOPbIMU MPOU3BOAATCH onepaunun, JOIMKHO OblTb
TaknM, YTOObI C MX MOMOLLLIO BCErda MOXHO NMpeacTaBUTb PeLleHne ypaBHEHNN:
1. x+a=b, ax=b, peweHne HaxoguTcsa B none pauymoHanbHbIX Yncen Q,
pa3sMepHOCTb Yncne n=1.
2. P,(X)=0, peweHne HaxoguTca B none KommnrekcHbiX Ynucen C a+bi,
rae i- MHMMaga egnHuua sqrt(-1) =(+/-) i, pasamepHocTb N=2.
C TO4YKM 3peHnsa «PprU3n4ecKon peanbHOCTU» YNCNO «i» He Bonblle «OUKLUAY,
4yeM oTpuuaTtesribHble 1 4PpoOHbIE Yncna.
[na onepaunn CrioXeHust 1 YMHOXeHna (obpaTHble onepauun — BblYMTAHUE U
OerneHne) KOMMIEKCHbIe 4ucra  «nocrnegHas  rpaHvua»  pacluvpeHusd
HaTypanbHOro psiga. ( Ho ecTb eLe u T/H anrebpanyeckme u TpaHCUeHOEHTHbIE
yucna).
3a 0bnacTbio KOMMEKCHbIX YNCEN HOBOW «YUCITOBOM 3EMIIN» HET, TaK KakK npu
yBENUYEHUN PA3MEPHOCTUN YNCEN TEPAIOTCSA HE UMK NHbIE UX CBOUCTBA:
- npu nepexoge OT gencrtButenbHbiX (N=1) K KOMMAMieKCHbIM (N=2) 4yncnam
nponagaet ynopsigo4eHHOCTb,
- nepexoq K KBaHTepHWoOHaM (N=4) TepsaeTcsd KOMMYTaTUBHOCTb YMHOXEHMUS,
npu nepexoge K yncnam Kanm (n=8) TepsieTca accounaTtnBHOCTb ornepawmn
YMHOXEHUS. ..



ITPUHIINII «maxmMaTHOM JOCKH»

bnarogapsa  «cenapabenbHOCTU»  TOMOMOrMYeCcKoro
«NPOCTPaHCTBA-BpPEMSI», OKpYXKalolWero 4erioBeka, B
HEM MOXHO BblOESINTb KMNacCbl 9KBMBASIEHTHOCTU, T.H.
doakTop-MHOXeCTBa (Hanpumep, YyepHble/benble
KIeTkn). Ha ocHoBe KnaccoB 3KBMBANEHTHOCTU MOXHO
chopmupoBaTb KOHEYHOE MOAMHOXECTBO COCTOSIHUM
(TpaekTopunn), KOMIMOHEHTDI KOTOPOro CYTb
nocregoBaTenbHOCTU  ANIEMEHTOB,  COCTOSALUMX U3
KOMMOHEHT B6a3uca TonosfiorMyeckn paccmaTtpuBaemMoro
NPOCTpaHCTBaA, a WX Mepa obpasyeT WHBaApPUaHT,
OoTpaxalowWmn 3aKOHbl COXPaHEHUs1 , akTyasribHble AOns
don3nyecknx 3aKkoHOB

Ona onucaHua 6Gasuca TOMOMOrMKM MNOAXOAAT pasfnuyHble  «LUMdPOoBbIe
MepbI», KOTOpble BbIpaXkaloTcs Yepe3 pauuoHarnbHble UMM BELLEeCTBEHHbIe
yucna (BcAIKoe BeLLeCTBEHHOE YMCIO MOXHO NpeacTaBuTb B BUAE npeaena
nocrnenoBaTenbHOCTU M3 pauWoHanbHbIX 4ucen) Takaa «uudpoBas»
peanbHOCTb NOPOXKAAET SABMEHUS, KOTOPble MOXHO Habnoaatb (M3MepsTh C
MOMOLLIbIO NPUOGOPOB-UHCTPYMEHTOB), Nony4vas MHpopMaL M O TOM, Kakue
YMCIOBbIE XapaKTePUCTUKM MOTYT ObITb CONOCTaBMNEHbl 3TUM SIBNEHUSAM.



