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There are three approaches for investigation of neuron. 1st of them is “biological” one; it consists 

of careful analysis of traceable details of neurons and its environment. This is very relevant source of 
knowledge but anytime there is a possibility to lose some essential for understanding features, which 
are hidden by Nature in different forms as result of long-term evolutionary optimization. 2nd approach 
is “pragmatic” one; it leads to simulations of final application results but does not more transparent the 
principle of operation of brain (so chess computer has not principle of operation of brain). 3rd approach 
is “logical-rational” one; it consists of putting forward a well-founded hypothesis about concept of 
biologic life and clearly recognizing of relevant problems that stand before organism. All this leads us 
to the clear understanding of composition and structure of organism and its nervous system. Then we 
can perform the aimed experiments to find biological organs and processes that have implemented 
these functions.  In this paper we present logically based conceptual model [1] of nervous system and 
its element – neuron that follow from application of “logical” approach to problem of understanding of 
brain principle of operation.  

We go from the assumption that each living organism tries to keep its identity (the survival) in 
conditions of aggressive environment by means of rational control, which solves such intelligent tasks 
as recognition, learning, predicting and some others. This assumption forces us to do following 
conclusion: nervous system of each organism simply must solve two complex problems a) learning - 
active finding of knowledge about properties of the world (environment, organism, etc.) and its 
accumulation and b) survival by means of control on base of accumulated knowledge. Satisfaction of 
these two goal functions at whole gives to the organism the autonomous adaptive control.    

For solving of the problem (a) the nervous system has to work according the algorithm is well 
known from epistemology. This algorithm forcedly follows from essence of the problem of finding 
and acquisition of knowledge in a priori unknown environment. Philosophers have found and 
described this algorithm long ago. The algorithm consists of following steps: 1) do the analysis of 
having knowledge, generalize it, find regularities (the knowledge) and do the prediction based on the 
knowledge (may be the prediction will have a distribution of probability of possible results); 2) do the 
test of the prediction validity. For it do one or a few corresponding actions–experiments in framework 
of the distribution of probability; 3) add new experimental data to previous data; 4) go to step (1).  

For solving of the problem (b) the nervous system has to do decision making not only with goal 
function of knowledge acquisition but also with goal function the survival too. We mean the survival 
as keeping of homeostasis and development of the organism and searching of new facilities. For use of 
knowledge for survival the nervous system must have tool for qualitative estimation of past, present 
and future conditions and situations. We think that each nervous system has the tool – it is the 
emotions system. We guess that operative information and some part of knowledge in nervous system 
are presented in discrete form. It follows from discrete form of nervous pulses, finite number of 
sensors, neurons and nerve-endings. It gives to us a basis to speak about the presenting of the 
information in form of discrete signals and the presenting of the knowledge in form of discrete objects 
– the patterns.  The patterns reflect objects, processes, scenes and situations that are important for the 
given nervous system. 

Were based on this assumption, we have made the conclusion that the nervous system working on 
these two goal functions must be able to solving of following tasks: i) automatic classification for 
forming of set of possible categories, ii) pattern recognition, iii) automatic classification of controlled 
causal-effect situations. These are special kind of patterns – knowledge, which can be used for control, 
iv) the forming and using of qualitative estimations (emotional appraisals) of patterns, v) decision 
making with taking into consideration of two goal functions – knowledge acquisition and survival.  

 



 
 

     The logic sequence of the 
decision of the listed tasks 
dictates the quite certain 
structure of subsystems of 
nervous system [1] (fig. 1). It is 
subsystems intended for the 
solving of tasks (i) - (v), and 
also memory units are necessary 
for them. In the paper we do not 
make any assumptions about a 
way of realization of the 
described logically necessary 
subsystems found by Nature 
during evolution process. These 
subsystems may be local or 
distributed, they can be 
implemented in work of 

neurons or chemical mediators, genes or in others manners. 
The analysis of the tasks of specified subsystems shows that the most of them can be formally 

reduced to functions of self-learned recognition systems (automatic classification plus pattern 
recognition). Although the input data for them have various sense but the data have identical form of  
"binary" nervous pulses. As it is known that neuron is the basic constructive element of nervous 

system then from here follows 
that biological neuron is 
elementary self-learning 
recognition system. A first task 
of neuron is the detection of a 
not casual spatial-temporary 
configuration of input signals – 
a pattern. The second task of 
neuron is the recognition of the 
pattern among all other 
situations on its inputs and the 
signaling about the pattern 
recognition fact by means of 
the output signal. Hence, in 
neuron’s life we have to see 
two consecutive phases - phase 
of training and subsequent 

working phase when neuron plays a part of the learned recognition system.    
We developed a model of neuron [1] (fig. 2), which corresponds to the states above. The neuron 

model represents elementary self-learning recognition system. The rule of pattern formation in the 
neuron uses a structural criterion for the account of a spatial configuration of input signals (unit R) and 
statistical criterion for the account of the configuration repeatability (units l and g). We described [1] 
how all listed tasks can be solved by means of such neuron model and how models of nervous system 
can be created on base of the self-learning neuron.  

 
References  

1. А. А. Жданов. Бионический метод автономного адаптивного управления // От моделей 
поведения к искусственному интеллекту. Серия "Науки об искусственном" (под ред. 
Редько В.Г.). М.: УРСС, 2006. С.343-385. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


