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MMPOILIECCHI PACIIPOCTPAHEHUA 3HAHUI
B IAPAMETPU30BAHHOI CETU WH®OPMAIIMOHHBLIX OBMEHOB

The article contains a mathematical model of parametrized network of knowledge exchange. It considers a process
of knowledge spreading among a group of people united by common professional interests (a company or its sub-unit).
A network is described by a fuzzy graph where vertices stand for individuals and edges — for contacts between them. A
fuzzy set of edges defines the process quality characteristics that have direct influence on the result: coincidence of
professional interests of individuals (in the model — cognitive potential of knowledge transfer) and evaluation of
communication activity between them (how often they communicate — communication intensity). The first parameter
is defined on the base of knowledge structure of individuals (for particular knowledge domain). The second one —
communication intensity — is counted on information of communication occurrence (one-on-one communication, in
groups, round tables and other ways of communication are taken into account). On the base of the quality parameters
of relation between members of a group the model define clusters in a network (connected components in the graph
theory) — subgroups of individuals that have strong productive communication among them. The model has a set of
overall process characteristics of the process of knowledge spreading and may be used for analysis of network states in
different timestamps and as consequence of all that — for knowledge management support. Information for analysis can
be retrieved for corporate social networks. The model itself and its instruments can be added as an add-on to corporate
networks to sustain knowledge management in organization. The article contains an example of the model use
(calculation, analysis, illustration of fuzzy graphs). It defines the model’s advantages and probable ways of improvement.

KNOWLEDGE SPREADING; ORGANIZATIONS; MODEL OF KNOWLEDGE SPREADING; GRAPH;
CHARACTERISTICS OF KNOWLEDGE SPREADING PROCESS; CORPORATE SOCIAL NETWORKS.

B cratbe npencraBieHa pa3paboTaHHasi aBTOpaMU MOJIENb MapaMeTprU30BaHHOM CeTH MHMOPMAaLIMOHHBIX OOMe-
HOB. PaccmarpuBaercsl mpoliecc pacnpOCTpaHeHUsI 3HAHWI BHYTPW TPYIIIBI JIIONEH, OOBEIMHEHHBIX Tpodeccro-
HaJbHBIMU MHTEpecaMu (OpraHu3aluu pasinyHbIX (POpM COOCTBEHHOCTU, UX CTPYKTYpHbIE MoapasaeneHus). CeTb
ONUCHIBACTCSl HEYETKMM HEOPMEHTMPOBAHHBIM TpahoM TMepBOro pojaa, B KOTOPOM BEPIIMHBI MAESHTUGMULIMPYIOT UH-
IMBUIOB, a pedpa — CBsI3M MexXay HUMM. HeyeTkoe MHOXeCTBO pebep rpacda 3amaeT KaueCTBEHHbIE XapaKTepUCTUKI
Tpoliecca pacrpocTpaHeHUsT 3HaHWl, KOTOPble OKAa3bIBAIOT HEMOCPEACTBEHHOE BJIMSIHUE Ha pe3yJibTaT paccMaTpu-
BaeMOTO TIpoIIecca: OOIIHOCTb MPOGheCCUOHATBHBIX MHTEPECOB MHAMBUAOB (KOTHUTHUBHBIN MOTEHIIMAT OOMeHa 3Ha-
HMSIMUM) Y OLIEHKA MHTEHCUBHOCTM WX OOIIEHMSI (KaK YacTo MHAMBUIbLI KOHTAKTUPYIOT). [1epBblil mokazareab CTpo-
WTCS Ha OCHOBE JIAaHHBIX O CTPYKTYpe 3HAHWII WHAMBUAOB B ONpEIEIICHHOM 00JacTh MPOo(ecCHOHANBHBIX 3HAHUI.
INokazaTenb MHTEHCUBHOCTU B3aMMOJIEHCTBUSI COTPYJAHUKOB OIpENesieTcs] Ha OCHOBE MHMOPMAIIMU O YacToTe X
obuieHus (oOlIeHre ONMH Ha ONMH, OOIleHHe B IpyINax, Ha ceMUHapax, KPYIJIbIX cTonax U T. A.). Ha ocHoBe BBe-
JIEHHBIX TIOKAa3aTesieil KauecTBa CBA3U MEXy UHIUBUIAMU B CETU BBIICNSIOTCS KJIAcTephl (B Teopuu rpadoB — KOM-
TOHEHTHI CBS3HOCTHM) — TMOATPYIITbl MHAUBUAOB, MEXIY KOTOPHIMU MPOMCXOIUT OCOOEHHO MHTEHCHUBHOE OOIIEHME.
Monenb BKIIIOYaeT HabOp OOOOIIAIONIMX XapaKTePUCTUK TIPOLIECCOB PACIIPOCTPaHEHMsT 3HAHWI, KOTOPBIE MOTYT
OBITh UCTIONIL30BAHBI JJIs1 aHAJIM3a TEKYIIIEro cocTosiHus ceTh. MHdopmans, Heodxonumast isi BBIMUCIEHUI MOXKET
OBITh U3BJIEUYEHA U3 KOPIOPATUBHBIX COIMATBHBIX CEeTeil, TOAIePKMBAIOIIMX OPraHU3alMI0 M XpaHeHue mpoduieit
COTPYIHMKOB (MX 3HAHWN U KOMIIETEHIIMI1), 3JIEKTPOHHBIE CPEICTBA KOMMYHUKAIIMM U 0a3bl KOPIOPATUBHBIX 3HA-
Huii. CaM pa3pabOTaHHBIN MOAEIBHBIA MHCTPYMEHTAPUIT MOXET OBITh JOOABJICH B KAueCTBe HAICTPOMKU B KOPIO-
PATUBHYIO COILMATBHYIO CETh IUIST CPABHUTEILHOTO aHAM3a W TIOMACPKKM YIpaBJIeHUECKUX PellieHMit B chepe Me-
HeKMEHTa 3HaHui. PaboTa Mojeny WUTIOCTpUPYETCsl pacdeTHBIM MPUMepPOM (TIPUBEACHbI Pe3y/IbTaThl pACUeTOB, UX
aHaJIM3 ¥ WITIOCTPAllM HeYeTKMX rpadoB). OnpenesieHbl JOCTOMHCTBA MOJIEIN 1 HAIIpaBIeHUs €€ JOPaOOTKY.

PACITPOCTPAHEHUE 3HAHUM; OPTAHU3ALIMU; MOJEJAb PACIIPOCTPAHEHUS 3HAHWU; TPA®; XA-
PAKTEPUCTUKU PACITIPOCTPAHEHUA 3HAHUM; KOPTTOPATUBHAS COLIMABHAS CETb.

Introduction. In the modern world investment exchange, on the other hand, determine
in human capital, on the one hand, and the possibility of process of employees innovation
development of infrastructure for knowledge creativity and, as a result, a company's success in

133



‘St. Petersburg State Polytechnical University Journal. Economics no. 2(216) 2015

market. Validity of this assertion, set out in the
report «The Global Innovation Index 2014», has
been proved theoretically and repeatedly reaffirmed
with real business practices [1]. Thereby, applied
research in the area of knowledge management
in enterprises becomes a subject of top interest.
An increased number of domestic and foreign
scientific and practical essays shows the value of
this trend [2].

In a broad sense, knowledge management
implies the process of creation, accumulation
and distribution of it among people [3]. All the
components of this process are fundamentally
important for the success of modern companies,
but are significantly different from the viewpoint
of possibility of scientific formalization, justification
and implementation of particular management
decisions. In this sense, a creative process of
knowledge production is the most difficult part;
the problem of knowledge accumulation can be
easily solved considering the current level of
information technologies. And, finally, the
knowledge dissemination, which involves not
only using of modern communication tools, but,
mainly, the interaction of knowledge carriers is,
in the authors' opinion, the cornerstone of the
knowledge management process and is of the
greatest scientific interest for them.

The basic form of distribution of «working»
knowledge (mainly, implicit) at all times have
been an exchange of knowledge through the
direct communication between people. Today,
all the geographical, time and bureaucratic
communication barriers and, consequently,
knowledge sharing barriers are almost faded [4].
And this positive fact is one of the reasons for
the increased involvement of employees of
advanced technology industries, scientific and
research organizations in the global knowledge
exchange process. As a consequence, the interest
of business and science communities for tools of
analysis and optimization of processes occurring
during this exchange greatly increased.

The existence and practical significance of a
number of qualitative conditions of the productive
knowledge exchange is a difficulty for formalization
and simultaneously a great challenge to academic
community. At the stage of searching for
different approaches to the description of this
process the authors can not ignore the various
properties of knowledge (knowledge can be explicit
or implicit, knowledge is inexhaustible in its
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essence), exchange participants (each person has
their own set of knowledge) and forms of the
process (direct communication, attending
conferences, participation in roundtables, etc.) [5].

Analysis  of the existing scientific and
methodological initiatives. The models presented
in [6—8] can be distinguished as knowledge
dissemination models. The selected models aim
to justify and formalize the key factor in
knowledge dissemination — cognitive distance
between employees («remoteness» of individuals
in knowledge aspect). However, these models
have shortcomings, such as static character, lack
of analytical justification and sufficient assessment
of the qualitative aspects of the process.
Simultaneously, these shortcomings determine
the direction of their improvement.

Another group of models [9], used to represent
knowledge exchange processes in organizations,
is based on the mathematical tools for description
and analysis of communication networks. In the
models it simulates the space and time aspects of
information exchange between the participants of
social networks, which imposes certain limitations
on possibility of using it for the formalization
and analysis of knowledge exchange.

The endeavor to make a positive contribution
to the critical remarks and to present own vision
of knowledge distribution processes was the
initial motive of writing this article. Moreover
the existing mathematical apparatus provides
opportunities to achieve the goal.

Commonality which unites the above
mentioned models is that they are based on the
ideology of graph theory, which is the most
appropriate tool to reflect the relations between
objects. In terms of this theory, objects are
represented as graph with vertices v, € V, and
relations (links) between them either undirected
edges ¢ € E or directed arcs of the graph
a; € A; graph in general — a tuple G = (V, E) or
D=V, A). Herewith, the nature and
characteristics of the relations between objects in
no way is taken into account: it is only
important that the connection exists, and
information about it is available.

In due time the development of classical
graph theory was determined by networks —
weighted graphs, which edges and arcs were
credited with numerical parameters quantitatively
characterizing the existing links: distance, time,
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cost, etc. On this basis there were created and
developed networking models of process, which
are now widely used in transport planning,
organization of project work, etc.

A key and at the same time a non-numerical
nature aspects for knowledge exchange process
are the characteristics of relations between
people — the intensity of subject communication
and matching of degree of professional interests
(knowledge) in a particular area, defining the
very possibility of knowledge exchange. For a
quantitative image of these characteristics, we
suggest to use apparatus of fuzzy graphs.

For development of the classic graphs theory

positions the tuple G = <V, E > is called as fuzzy

undirected graph of the first kind, where V —
conventional (clear) set of  vertices,

E = <uE(v,-, v;) /v, vj}> — fuzzy set of edges,

where v, v; € V, pg: £ — [0, 1] — membership
function, pg(v;, v) — membership function value
for the edge {v, v}, which characterize in one
sense or another «quality» of connection between
vertices v; u v. There are no other formal
imposed restrictions on p, so any function
defined on the set of edges and taking values
from the segment [0, 1] can be interpreted as the
membership function [10].

The results of the implementation of the
announced approach to modeling the propagation
of knowledge are presented in this article.

Parameterization of networks of knowledge
exchange. Let us consider a process of
knowledge exchange among people united by
professional interests (enterprises and their
subdivisions). This process is defined by time and
space measures. Employees and professional
contacts between them represent a network of
knowledge dissemination.

The network is modeled by a fuzzy graph:

G = <V, E> — is a set of vertices that identify

employees and E — is a fuzzy set of edges that
describes professional contacts between
employees (E ={e;} — is a fuzzy set carrier —

each element defines whether a professional
communication between two people takes place).

As a membership function for the fuzzy set
of the graph edges the model considers two
parameters that define the possibility and the

result of knowledge dissemination process —
density of communication between employees
and cognitive potential of knowledge exchange.

The cognitive potential of knowledge sharing
between two individuals defines to which extent
their professional knowledge coincide. It is
assumed that the exchange of knowledge between
two employees is possible when the participants
can easily speak the same «professional language»
and can communicate on the same topic.

As it is shown in [7] graph vertices are
determined by not just labels, but by a set of
knowledge elements, formally expressed as a
vector v; = (((x;),),,) where x — is a component

of a certain field of knowledge and takes value of
0 or 1 depending on whether an employee has
this knowledge or not, m = 1, 2, ..., M — subject
groups of knowledge, /, = 1, ..., L, — fields of
knowledge, %k, = 1, .., K, — components
(elements) of knowledge.

Vector form of employee knowledge allows
evaluating of cognitive potential for knowledge
sharing between the two employees, numerically
determining the «angle» between the vectors
(disparity direction) of their knowledge.

Formally, the cognitive potential of
knowledge sharing on the certain field of
knowledge between the two network agents
(employees) i and j we offer to calculate using
the formula:

) v '|"j|[m _ \/i(xk)z 'Ji()’k)z

k=1

where v, = (((x;)),) and v, =(((¥))n)

knowledge vectors of employees with indexes i
and J.

Here in the numerator — the amount of
paired products of the coordinates (scalar
product) and in the denominator — the product
of the lengths of these vectors.

The reasons for the proposed approach are
the following. In low-dimensional spaces, where
the vector is directed segments, a similar formula
calculates the cosine of the angle between the
vectors. At full coincidence directions vectors
cosine of the angle between them equals 1;
divergence of directions reduces it down to a
value of 0 (orthogonal vectors).
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Extrapolation of this approach in a higher
dimensional space allows meaningful interpretation

m
ofocj

of knowledge of employees. The fact that the
parameter takes values in the interval [0; 1]
allows using it as a membership function in the
fuzzy set determining the edges of the graph:
E = <oc,-j(vi, v;) /v, vj}>.

The second characteristic of the process of
knowledge dissemination in the model is the
intensity of communication which formally can
be measured by the number of acts of
communication for a certain time period. When
describing the diffusion of knowledge it is
reasonable not to limit it to only formal
communication (trainings, round tables, etc.),
but also include consideration of informal
communication — as one of the key distribution
channels of «working» tacit knowledge. As long
as we are not limited by a form of knowledge
transfer and talk about the impact of this
communication in terms of knowledge
dissemination, quantitative at first glance
characteristic (how many times two employees
talked) turns into qualitative one.

Given the latter, the authors propose to
evaluate the relationship between the employees
in terms of it to be «full-fledged» assuming that
if the contact between individuals «full-fledged»
the transfer of knowledge is considered to be
working. Otherwise, communication between
employees is considered partial.

In the model, this premise is expressed as
follows:

as an indicator of the degree of closeness

t;
Let 8 Tj be the amount of communication

over a communication channel between
employees with indexes i/ and j (number of acts
of intercourse between individuals over the time
period, 7 — the length of the time period in

1
T ™

lj{v,v/ eV

days) and § = — average number
of pairs of communication between employees in
the network.

Then the characteristic of communication
intensity between individuals is defined as follows:

5
5

(2)
6,1 /8, i <

Ble;) =
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The parameter B(e;) also takes values in the
interval [0; 1], which allows us to interpret it as
a membership function for the fuzzy defining of

the edges of the graph: E = <B,}(v,, v;)/{vi,v; }>

Dissemination of knowledge in the
parameterized network. To describe the process
of knowledge dissemination in professional
networks the model uses the concept of
parameterized routes. A route in a graph is
determined by a set of alternating edges and
vertices in which any two adjacent elements
incident. Routes can be interpreted as ways in
which knowledge disseminates from its original
owner to probable recipients.

Based on figures parametrizing knowledge
networks (the cognitive potential and the
communication intensity), the model identifies
the characteristics of routes that have their own
meaningful interpretation.

The theory of fuzzy graphs uses various
characteristics of routes between nodes and each
of them can be interpreted in terms of
knowledge propagation process. The model
presented in this paper uses three kinds of routes
strength — conjunctive, disjunctive and cumulative.
Conjunctive and disjunctive strength define edges
with the lowest or highest cognitive potentials,
respectively  (in  cognitive  units).  These
characteristics can be used to analyze the
strength of the range of the route, to identify
strong and weak links in the path.

For a route L(v,, v;) connecting vertices with
numbers / and j conjunctive and disjunctive
strength accordingly in the model defined as
follows (examples of calculation formulas for
cognitive units):

& (L(v;, v;)) = & o (Ves V)y  (3)

(Ves vm>eL(vi, vj)

o (L, v))) = o

Ver Vim)EL(V;, v

)a(ve,vm>. 4)

The cumulative strength of the route (in
terms of cognitive and time units) characterizes
the entire route as a whole, its overall
«reliability» to transfer knowledge from one to
another vertex. A need for such index occurs
when a comparative characteristic of various
knowledge flow directions from the initiator are
required, as well as for construction of complex
propagation characteristics in the knowledge
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network. Formally, the cumulative strength of
the route is defined as follows:
e (L(v;, v))) = X

Ves v,,,)eL(v,-, vj)

alve,v,). (5

In professional networks the cumulative
maximum strength of the route can be
interpreted as the most reliable direction of
knowledge dissemination.

The parameter of maximum cumulative
strength in the model is shown by a fuzzy
reachability matrix of vertices (analog of
reachability matrix in the classic graph theory),
in which each element shows the most «strong»
(«reliable») route between the vertices.

Technically fuzzy reachability matrix is
constructed in several stages as follows.

1. We construct a fuzzy adjacency matrix by
the parameters of cognitive potential of
knowledge for all pairs of vertices with specified
level of intensity of their communication (A"):
S, = oy By = 27).

By their meaning, elements of these matrices
correspond to paths of length 1 in the
parameterized network. Routes of greater lengths
represented by corresponding degrees of
adjacency matrix.

2. The model uses the following rule of
matrix multiplication.

Each element of the result matrix is the
maximum of element-wise product of a line to a
column that is different from zero, if the number
of the element in the line does not match the
item in the column:

S -8, =

IS )

=C’
max{oci, -ot,j}, r=1..,ni#]j,
0, i=].

Fuzzy adjacency matrix raised to the powers
from 2 to » — 1. Each of the resulting matrix
contains in fact the strongest possible routes of

length k between two vertices: S2, S3, ..., 8" 1.

3. Final fuzzy reachability matrix by is
defined element-wise comparison of matrices
S 82,83, . S,

dj = max{af}, k=2,...,n-1.

The resulting matrix contains elements that
characterize the maximum strength of the path

between two vertices in the graph in cognitive
terms, taking into account the necessary intensity
of communication between individuals.

Clustering of parameterized knowledge
dissemination network. Characteristic feature of
all communities (professional or interest) is the
allocation of small subgroups in which there is
the most intensive communication between their
members. Companies and their subdivisions are
not exception to this rule [11].

Theory of Graphs provides tools for searching
connection components — sets of employees
«united» with the same interests — vertices of a
graph based on the relations between them. In the
case of «simple» not parameterized network (as
shown in [7]), the connection components will
substantively mean disjoint classes with no
connection in-between that is knowledge exchange
is impossible. Network without any parameters
allows only roughly estimate its internal division
into isolated subgroups, limiting the ability of full
analysis of its structure due to the fact that the
factors of communication intensity and proximity
of professional interests are not included.

Parameterized network based on coincidence
of interests and intensity of employees’
communication, through selection of connection
components is divided into clusters — cohesive
groups of information exchange with an intensive
productive communication within, but at the
same time with the links to external vertices and
groups. In contrast to classes (defined in the
network with no parameters), division into
clusters in the graph occurs within the
parameters of individuals’ communication and
enables structural analysis, evaluation of interest
groups network coverage.

Interest groups of parameterized network are
determined by introducing of minimum
admissible strength coefficient — A* (AP), that
fixes required intensity of communication or
cognitive capacity among the employees. Based
on the fuzzy adjacency matrix of vertices and the
minimum allowable bond strength index, it is
determined in the model by a binary matrix of

o
elements’ connection (Ton)> that is determinate
analogue of fuzzy reachability matrix (for
example, cognitive strength):
| Ldi =z,

e =
70, dy <08,

a
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where A* — the minimum acceptable level of
strength of the way between the vertices in
cognitive units.

The final matrix T, (#; =1; tg ) identifies

substantively the «strong», «working» network links
between agents considering cognitive potential and
intensity of communication and it is interpreted by
the authors as a connection matrix of an undirected
graph vertices. According to the well-known in
graph theory algorithm connection components
are found on vertices connection matrix.

Parametrized network characteristics. Analysis
and modeling of economic processes are focused
on the development and justification of
management decisions. The process of knowledge
dissemination, covered in this article, and the
suggested by the authors approach to its’ analysis
is not an exception in this respect. In this paper
we offer a set of indicators by means of which it
is possible to analyze knowledge dissemination
networks and some practical recommendations
for improving the conductivity of new knowledge
in networks are given also.

Configuration network characteristics
(characteristics of elements) and processes of
knowledge distribution characteristics are defined
in the model.

Characteristics of vertices in the parameterized
network of knowledge dissemination. Each vertex
in the graph (individual in a professional network)
can be characterized in terms of cognitive and
time «distance» from their nearest neighbors:

29
=
Y |F(V,‘)| ’

where I'(v;) — the set of vertices reachable from

v, by a single step. The indicator shows the
average cognitive «distance» of the individuals
from their neighbors. The time analog of the
parameter (average «distance» in time units) is

2P
= J
|F(Vi)| '

The indicators can help to assess every
employee involved in the process of knowledge
sharing. Overall analysis of the individuals using
time and cognitive «distance» parameters will

identify active participants in the exchange of
knowledge among the others and that need to be

b,(v;)) =1

(7

calculated by: b,(v,) = B;
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motivated to get new knowledge and spread it on

in the community (they can be sent to
conferences, trainings etc).
Characteristics of knowledge dissemination

process. For each field of knowledge used in
professional community (enterprise), the model
suggests the following characteristics of the process
of knowledge sharing that can be used to analyze
the process itself and to identify its probable sore
points in the terms of knowledge sharing:

1. Potential scale of knowledge dissemination —
amount of employees that able to «absorb» new
knowledge from a particular field:

w,*= o | (%), > 0} )

2. Average strength of the route in terms of
cognitive units:

wp o= (10)

3. Average strength of the route in terms of
time units:
n

2 dj

Ty L S— 11
i P an

4. The average number of interest groups
(connected components):

7%l
p
where |V}| — the amount of elements in the set.

(12)

Illustration of the model. Let us illustrate with
a calculation example how the model works.

Suppose there is a group of 15 colleagues
(employees of organization or department),
associated with professional contacts and
interests in the same area of expertise.

Fig. 1 shows a graph, illustrating the information
exchange between the network members, where
the edges are defined by the existence of contact
between the vertices. Such network (and its model
illustration) provides a first idea of how connections
are established between individuals in the group.

There is the structure of the professional
knowledge of each member of the group (Tab. 1)
and the frequency of their communication (Tab. 2)
per unit of time taken for one month. Professional
knowledge of the area, which is used in a
hypothetical group, divided into five components.
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Fig. 1. Non-parameterized network of information exchanges in a team (vertices identify employees,

edges — contacts between them on the principle of «individuals know each other personally»)

Table 1
The structure of the employees’ knowledge

X, Vi Vi 1) V3 Va4 Vs Ve Vr Vs Vo Vio Vi Vi Vi3 Vig Vis
X 1 0 0 0 1 1 1 0 1 1 1 0 1 0 0
X, 1 1 0 0 1 1 0 0 1 1 1 0 1 0 1
X3 0 1 0 1 1 1 0 0 1 1 1 0 1 1 1
X, 1 1 1 0 0 1 0 0 1 0 1 0 1 0 0
X5 0 1 0 0 1 1 0 1 1 0 1 1 1 1 1

Table 2
Amount of acts of communication between employees (z;)

v, i Vi 1) V3 Vs Vs Ve V7 Vg K Vio Vi Vi2 Vi3 Via Vis
v, 1 0 0 0 0 0 0 0 2 0 0 0 0 0
v, 1 0 0 6 4 0 0 0 3 0 0 0 0 0
V3 0 0 1 0 0 11 0 0 0 0 0 0 0 0
Vy 0 0 1 0 0 0 0 0 0 0 0 1 0 0
Vs 0 6 0 0 0 1 0 0 15 0 0 0 0 0
Ve 0 4 0 0 0 0 18 0 0 0 0 0 0
vy 0 0 11 0 1 3 4 0 9 1 0 0 0 0
Vg 0 0 0 0 0 0 4 0 0 0 0 0 0
Vo 0 0 0 0 0 18 0 0 0 0 0 0 0 0
V1o 2 3 0 0 15 0 9 0 0 0 0 0 0 0
Vi 0 0 0 0 0 0 1 0 0 0 0 0 1 0
Vi, 0 0 0 0 0 0 0 0 0 0 0 24 0 11
Vi3 0 0 0 1 0 0 0 0 0 0 0 24 0 0
Via 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Vis 0 0 0 0 0 0 0 0 0 0 0 11 0 0

139



‘St. Petersburg State Polytechnical University Journal. Economics no. 2(216) 2015

By the formulas (1) and (2) the network
parameters are defined the indicator of
communication intensity and the cognitive
potential of knowledge exchange between
individuals. Tab. 3 shows the indicators for each
pair of employees, and Fig. 2 illustrates a
parameterized knowledge exchange network.

The graph shown in Fig. 2 is an illustration
of the derived model calculations. Each edge of

the graph is painted in two colors — for the
indicators of communication intensity and
cognitive potential, respectively. For visualization
of indicators we took gradation of colors, where
the maximum intensity of the color corresponds
to the highest value of indicator (each edge is
marked with o and B symbols to designate
correspondence between a component of the
edge and its’ index).

Table 3
Values of the communication intensity (B) and cognitive potential (a) for the network
(each cell contains both ratings, the highlighted cells identify edges of the graph)
v, Vi Vi %) V3 Vs Vs Ve V7 Vg Vo Vio Vi Vi K Via Vis
v 0] 0.6 | 0.6 06 | 0.8 | 0.6 0.8 | 0.7 | 0.8 0 0.8 0 0.3
p 0.2 0 0 0 0 0 0 0 0.3 0 0 0 0 0
v a | 0.6 051 05| 08 | 09 0 0510906 1|09 05|09]07]09
B | 0.2 0 09 | 0.6 0 0 0 0.5 0 0 0 0 0
Vs a | 06 | 0.5 0 0.4 0 0 0.4 0 0.4 0 0.4 0 0
B 0 0 0.2 0 0 1 0 0 0 0 0 0 0 0
vy a 0 0.5 0 05104 0 0 04 | 06 | 04 0 04 | 0.7 | 0.6
B 0 0 0.2 0 0 0 0 0 0 0 0 0.2 0 0
Vs a | 06 | 0.8 0 0.4 09 |05|05]09109]|09]|05|09]07]09
B 0 0.9 0 0 0 0.2 0 0 1 0 0 0 0 0
Ve a | 08109 | 04|04/ 09 04 | 04 1 0.8 1 0.4 1 0.6 | 0.8
B 0 0.6 0 0 0 0.5 0 1 0 0 0 0
v, a | 0.6 0 0 05| 04 04 | 06 | 04 0 0.4
B 0 1 0 0.2 | 0.5 0.6 0 0.2 0 0
Vg a 0 0.5 0 0 05104 0 0.4 0.4 1 04 | 0.7 | 0.6
i 0 0 0 0 0 0.6 0 0 0 0 0 0
Vo a | 0809 |04)| 04|09 1 04 | 04 0.8 1 0.4 1 0.6 | 0.8
B 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Vio a | 0.7 | 0.6 0 06 | 09 | 0.8 | 0.6 0 0.8 0.8 0 0.8 | 0.4 | 0.7
B | 03 | 0.5 0 0 1 0 1 0 0 0 0 0 0 0
Vi a | 08 09| 04|04/ 09 1 04 | 0.4 1 0.8 0.4 1 0.6 | 0.8
B 0 0 0 0 0.2 0 0 0 0 0.2 0
Vi a 0 0.5 0 0 05|04 0 1 0.4 0 0.4 04 | 0.7 | 0.6
B 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Vi3 a | 08 09| 04] 04|09 1 04 | 04 1 0.8 1 0.4 0.6 | 0.8
p 0 0 0 0.2 0 0 0 0 0 0 0 1 0 0
Via a 0 0.7 0 07 | 0.7 | 0.6 0 07 |06 | 04| 06 | 07 | 0.6 0.8
B 0 0 0 0 0 0 0 0 0 0.2 0 0 0
Vis a | 03] 09 0 06 | 09 | 0.8 0 06 | 0.8 107 | 08 ] 06 | 08| 0.8
B 0 0 0 0 0 0 0 0 0 0 0 1 0 0
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Fig. 2. Parameterized network of knowledge exchanges

Using the parameters of knowledge exchange
in networks we can define routes and their
characteristics that provide a value of each route
and can be used to define conductivity properties
of the network.

The presented approach to illustration of a
parameterized network enables the primary
analysis of the links in the network. Thus, for
example, the edge between the vertices with the
numbers 3 and 4 shows a very weak link for
transfer of knowledge between the employees, in
both cognitive and time units. In fact, this
means that individuals do not have common
interests and, moreover, communicate extremely
seldom. In the model calculations parameters of
the edge «3 — 4» are interpreted as conjunctive
strength of routes passing through this edge. At
the same time, exactly through this element
knowledge exchange between a group of vertices
with the numbers 12, 13, 15 and the rest of the
members of the team is possible that makes this
connection essentially important in terms of the
whole  network  conduction. The  most
appropriate management decisions in this
situation will be a redefinition of relations

between these two groups of employees (on one
and on the other «side» of the «weak» in terms
of knowledge exchange element).

Parameters of the edge lying between the
vertices with the numbers 2 and 5 are defined as
indicators of disjunctive strength for routes
passing through this element. Substantially, this
connection means a reliable knowledge
dissemination channel, both in terms of time for
distribution, and from the point of view of
professional interests matching: individuals
communicate frequently and use «the same
language».

For each pair of connected vertices we
calculated the cumulative strength of the routes,
which are the elements of the fuzzy reachability

matrix in cognitive and time units (D%, and

DP ). These indicators allow a comprehensive

analysis of the conductivity of knowledge within
the network based on two parameters that
determine the quality of the dissemination of
knowledge. Tab. 4 contains the results of
calculations of cumulative strengths routes in the
network in question.
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Table 4
The cumulative strength of routes between the vertexes in time and cognitive units
), Vi 7 v, Vs Vs Vs Ve v, Vg Vo Vio | Vi Vis Vis | Vs | vis
v | o 058 0 0 [058]052(038| 0 |052]0.67]0.17 0 0 (011 O
P 0.29 { 0.31 | 0.05 ] 0.31 | 0.18 | 0.31 | 0.19 | 0.18 | 0.31 | 0.05 | 0.01 | 0.01 | 0.01 | 0.01
v, | o | 0.58 0 0 1075]089| 04 0 10.89]0.65]0.18 0 0 (011 O
P 0.29 0.93]0.14 [ 0.93 | 0.62 | 0.93 | 0.58 | 0.62 | 0.93 | 0.14 | 0.02 | 0.02 | 0.02 | 0.02
v; | o 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P 0.31 ] 0.93 016 | 1 [058] 1 [0.62]058| 1 |0.16| 0.02 |0.02|0.02]0.02
vy | o 0 0 0 0 0 0 0 0 0 0 02 (045 0 |[0.12
p | 0.05|0.14 | 0.16 0.16 | 0.09 | 0.16 | 0.1 | 0.09 | 0.16 | 0.02 | 0.16 | 0.16 {0.004| 0.16
vs | o | 0581075 0 0 0.67 | 0.5 0 |0.67|0.87 022 0 0 [0.14| O
B 10317093 | 1 |0.16 058 1 [062]058| 1 |0.16| 0.02 |0.02]| 0.2 |0.02
Ve | o | 052108 | 0 0 |0.67 045( 0 1 058 0.2 0 0 (013 0
p | 0.18 | 0.62 | 0.58 | 0.09 | 0.58 058036 1 |0.58|0.09]| 0.01 |0.01]0.01]0.01
v, | o |038] 04 0 0 0.5 |0.45 0 ]045]0.58 | 045 0 0 028 O
B 10317093 1 |016| 1 |0.58 062058 1 |0.16 | 0.02 |0.02]0.02|0.02
vy | @ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B |0.19]0.58]0.62| 0.1 |0.620.36 | 0.62 0.36 | 0.62 | 0.1 | 0.01 |0.01]0.01]0.01
Ve | a [ 0521089 0 0 067 1 |[045| 0 0.58 | 0.2 0 0 (013 0
B |0.18]0.62|0.58|0.09 | 058 | 1 |0.58]0.36 0.58 | 0.09 | 0.01 |0.01|0.01|0.01
Vo | a | 067065 0 0 |087]058]058| 0 |0.58 0.26 0 0 (016 O
p 10311093 1 |016| 1 |058| 1 |0.62]0.58 0.16 | 0.02 | 0.02 | 0.02 | 0.02
vy | a [ 017018 O 0 1022|102 (045 0 0.2 [0.26 0 0 (063 0
g |0.05]0.14|0.16 | 0.02 | 0.16 | 0.09 | 0.16 | 0.1 | 0.09 | 0.16 0 0 (016 O
v, | «a 0 0 0 0.2 0 0 0 0 0 0 0 0.45| 0 |[0.58
p | 0.01|0.02]0.02]0.16 | 0.02 | 0.01 | 0.02 | 0.01 | 0.01 | 0.02| 0O 1 0 1
v | @ 0 0 0 045 0 0 0 0 0 0 0 0.45 0 [0.26
p | 0.01]0.02]0.02]0.16 | 0.02 | 0.01 | 0.02 | 0.01 | 0.01 | 0.02 |0.004| 1 0 1
Vg | a [ 011011 ] O 0 |014]0.13]028| 0 |0.13]|0.16 | 0.63 0 0 0
B |0.01]0.02|0.02|0.004| 0.02 | 0.01 | 0.02|0.01 | 0.010.02|0.16 {0.0006| O 0
Vs | a 0 0 0 012 0 0 0 0 0 0 0 056 1026 0
p | 0.01|0.02]0.02]0.16 | 0.02 | 0.01 | 0.02 | 0.01 | 0.01 | 0.02| 0O 1 1 0
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Fig. 3. Connected components in the parametrized network

At this phase of the knowledge conductivity
analysis we can make a preliminary conclusion
about the strength of the routes of the entire
network. As seen from the table above, only a
few routes have strengths exceeding the threshold
a = 0.5 and p = 0.5 (highlighted in color). There
are only ten such routes of forty-two possible.
Even now we can conclude uneven coverage of
the network by <«working» («strong») contacts,
which makes the process of knowledge transfer
chaotic and unorganized in the network in its
current configuration.

On the basis of the cumulative strengths the
model determines connected components that
stand for groups of employees, in which there is
the most intensive exchange of knowledge and
competencies. In the example we settled the
threshold levels of knowledge sharing to following
values: o = 0.7 and p = 0.9. The following
connected components appeared as a result of
calculation: (v, vs, v, and (v, w). Fig. 3
illustrates the results obtained.

The final stage of the analysis involves
consideration of the general knowledge conductivity
characteristics of the network. The developed
model indicators help to assess the current state of
the network and make a comparative analysis after
application of reorganization measures, directly or
indirectly affecting the throughput performance of
the network.

For a comparative analysis different states of
the network, in the example of we have simulated
management actions to reorganize the connections

in the network in order to improve the
conductivity of knowledge between employees.
Based on the analysis of cognitive potential
parameters of knowledge sharing between
employees in the network we have partially
established new contacts between those pairs of
individuals for which the rate of cognitive potential
of knowledge sharing exceeds 0.9. In fact, new
edges were added to the initial graph (by indexes
of the vertexes): 1 — 9,1 —6,2—11,2— 13,2 —
15,5—-6,6—10,6 —11,9—10,9 — 11, 11 —
13, 11 — 15, 13 — 15, 14 — 15. For each of the
added links indicator of the intensity of
communication was established at 0.9 (in practice
it may be achieved by introducing regular round
tables for the staff). Fig. 4 illustrates a new
connection in the network (the values for the
parameters are set only for «<new» edges).

Tab. 5 contains the results of calculations of
the knowledge conductivity main characteristics
for both cases — the initial state and after the
implementation of new connections between the
employees.

As the table shows, the average strength
indicators have improved markedly after the new
routes determination between some pairs of
employees. This gives grounds to conclude that
the updated network communication channels
between employees more reliable and stable. This
in its turn makes it possible to assume that in the
new network, there is an intense circulation of
knowledge with greater reliability and, as a result,
efficiency. An additional argument in favor of this
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Fig. 4. Reorganized network of knowledge dissemination

Table 5

Parameters of knowledge conductivity in the network
for the initial state and after the reorganization
of the network

Parameter Initial After
network | the reorganization
Average strength of the route| 0.23 0.5
in terms of cognitive units
Average strength of the route| 0.32 0.75
in terms of time units
The amount of interests group 2 1
The average number of interest| 2.5 10
groups (connected components)

conclusion is the indicators of the amount of
interest groups and their average number. As
soon as the model example considers one area of
knowledge common to the entire group of
15 people, it is logically reasonable to assume that
if there is a particularly cohesive internal team of
ten people, in which there is active and productive
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communication, knowledge will be intensively and
effectively spread between the employees. In the
reverse situation, when interest groups numerically
small (2, 3 persons) and relatively few in the whole
team, as shown in the example before the
reorganization of relations, knowledge spreading
will take a relatively long time and the knowledge
itself will remain virtually inaccessible to other
members of the team.

The provided example helps to evaluate the
application and use of the model and to identify
possible directions for its further development.
Thus, for any enterprise in which the main
production resource is knowledge, the model
provides an opportunity to assess how the
organization has established communication
between its employees and how these relationships
contribute to the spread of knowledge. The model
uses qualitative characteristics of the diffusion of
knowledge, which is an adequate reflection of
the properties of such a complex and difficult
process, as the dissemination of knowledge.
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Conclusion.  Scientific  discoveries and
innovations usually accumulate practices of several
generations of scientists and researchers.
Knowledge in this or the other area, reaching a
certain critical mass, embodies in a new
knowledge and moves to a new form. The ability
to implement existing and newly created knowledge
into economic products and operate knowledge as
a product of modern economy is considered to be
the key to success for organizations of different
structures and sizes — from start-ups to
international corporations and enterprises.

Nowadays, these facts are recognized at all
levels of administrative management, in both the
public and private sector.

As a result, analysis and development of
applied tools for assessing and modeling processes
of knowledge dissemination is an urgent scientific
problem. The concept of numbers at all times has
been the basis of decision-making.

Within the framework of this article the
authors present a model, developed for the

analysis and evaluation of the knowledge
dissemination process. The model can be used to
support management decisions in important
emerging stream of Management — Knowledge
Management. Corporate social networks, which
contain information about the knowledge and
competencies of the employees and support
electronic forms of communication, can serve as
an information base for using the model in real
companies. The authors see the following
necessary directions for further research of this
model:

— the introduction of fuzzy characteristics for
describing the structure of the employees
knowledge — this will bring a possibility to
construct more precise assessment of staff
knowledge and cognitive capacity among them;
— introduction of a time-dependent factor of
knowledge assimilation by the individuals — this
will allow to define the time characteristics of
knowledge dissemination process, to consider
dynamics of knowledge accumulation.

REFERENCES

1. The Global Innovation Index 2014.: ratings
lead Switzerland, the United Kingdom and Sweden
for positive changes in Africa south of the Sahara;
human factor — the driving force of innovation. URL:
http://www.wipo.int/pressroom/ru/articles/2014/article
0010.html (accused March 03, 2015). (rus)

2. Mindeli L.E. Conceptual aspects of the
formation of the knowledge economy. Problems of
Forecasting, 2007, no. 3, pp. 115—136. (rus)

3. Milner B.Z. The concept of knowledge management
in modern organizations. Russian Management Journal,
2003, no. 1, pp. 57—76. (rus)

4. Karlik A.Ye., Platonov V.V., Tikhomirov N.N.,
Vorob'yev V.P., Kovaleva A.S. Management of
intellectual resources of innovation active enterprises.
St. Petersburg, SPbGEU, 2013. 167 p. (rus)

5. Silkina G.Iu., Shevchenko S.Iu. Innovation
processes in the knowledge economy. Analysis and
modeling. St. Petersburg, Publishing House of the
Polytechnic University, 2014. 167 p. (rus)

6. Ratner S.V. Scripts of stratification of scientific
innovation networks. Managing large systems. Special
edition «Network management model, 2010, no. 30-1,
pp. 774—798. (rus)

7. Bakanova S.A. Graph-analytical model of
knowledge spreadng in organizations. St. Petersburg
State  Polytechnical University Journal. Economics,
2015, no. 1(211), pp. 189—196 (rus).

8. Cowan R., Jonard N. Network Structure and the
Diffusionof Knowledge. Journal of Economic Dynamics
and Control, 2004, vol. 8, no. 28, pp. 1557—1575.

9. Gubanov D.A., Novikov D.A., Chkhartishvili A.G.

Models of influence in social networks. Managing large
systems, 2009, no. 27, pp. 205—281. (rus)

10. Bershteyn L.S., Bozhenyuk A.V. Fuzzy graphs
and hypergraphs. Moscow, Scientific World, 2005.

256 p. (rus)
11. Tuzovskiy A.F., Chirikov S.V., Yampol'skiy V.Z.
Knowledge management systems (methods and

technologies). Ed. V.Z. Yampolsky. Tomsk, Publishing
House of the YTL, 2005. 260 p. (rus)

12. Babkin A.V., Khvatova T.Iu. The influence of
the institutional environment for the development of
the national innovation system. Russian Scientific
Journal of Economics and Management, 2011, no. 6(68),
pp. 64—73. (rus)

13. Glukhov V.V., Korobko S.B., Marinina T.V.
Knowledge Economy: Textbook. St. Petersburg, Peter,
2003. 528 p. (rus)

14. Stepanova T.Ye., Manokhina N.V. Economy
based on knowledge (theory and practice): a tutorial.
Moscow, Gardariki, 2008. 238 p. (rus)

15. Nonaka 1., Takeuchi Kh. Company — creator
of knowledge. Origin and development of innovation
in Japanese firms. Moscow, Olympus -Business, 2011.
384 p. (rus)

16. Silkina G.Iu., Shevchenko S.Iu. Models of
knowledge exchange. St. Petersburg State Polytechnical
University Journal. Economics, 2012, no. 2—1(211),
pp. 125—131 (rus).

17. Makarov V.L. Overview of the economic
models of the economy with innovation. Economics
and Mathematical Methods, 2009, vol. 45, no. 1,
pp. 3—14. (rus)

145



‘St. Petersburg State Polytechnical University Journal. Economics no. 2(216) 2015

CNMUCOK JINTEPATYPbI

1. I'MoGanbHBIT MHHOBALIMOHHBIN MHAEKC 2014 T.:
B peiitmHrax Juaupytot Ilseiinapusa, CoenvHeHHOE
KoponesctBo u IlIBenust py MOJOXUTEIbHBIX U3Me-
HEHMSIX B cTpaHax A¢puku K ory oT Caxapbl; 4eIoBe-
yeckmii ¢pakTop — mBrkyias cwia nHHoBanmii. URL:
http://www.wipo.int/pressroom/ru/articles/2014/article
0010.html (mata obpamenus: 03.03.2015).

2. Munpein JI.D. KoHuenrtyajlbHbIe acIeKThI
¢dopMupoBaHUs 3KOHOMUKHU 3HaHuil // IIpoGiembl
nporHo3upoBanust. 2007. Ne 3. C. 115—136.

3. Muabnep B.3. KoHuenuus ynpabieHUsI 3Ha-
HUSMU B COBpPEMEHHBIX opraHuzauusx // Poccuii-
CKUiA XXypHan mMeHemkmenTa. 2003. Ne 1. C. 57—76.

4. Kapmuk A.E., IInaronoB B.B., Tuxomupos H.H.,
Bopoobes B.I1., Koanera A.C. YmpabieHue MHTEN-
JIEKTyaJIbHbIMU pecypcaMy MHHOBAIIMOHHO-aKTUBHBIX
npeanpusTtuit. CI16.: U3a-Bo CIIGIDY, 2013. 167 c.

5. Cuiknna T.1O., Illesuenko C.JO. MunHoBamm-
OHHBIE TIPOIleCChl B DKOHOMUKE 3HAHUW. AHaIWU3 U
monenupoBanue. CII6.: Wzp-Bo IlonurexH. yH-Ta,
2014. 167 c.

6. Parnep C.B. Cuenapuu crpaTmduKaimym Ha-
YUYHO-UHHOBALlMOHHOW ceTtu // VYmpapieHue 00Jib-
wuMu cuctemamu. Crell. Bbil. «CeTeBble MOMAETU
ynpasiaeHusi». 2010. Ne 30-1. C. 774—798

7. bakanoa C.A. I'padoaHanuThueckasi MOAEJb
pacrnpocTpaHeHus1 3HaHUi B opranmsanusix // Hayu-
Ho-TexHuueckue BenoMocTu CaHkT-IleTepOyprckoro
TOCYIapCTBEHHOIO TMOJMTEXHUYECKOTO YHUBEPCUTETA.
DxoHommyeckue Hayku. 2015. Ne 1(211). C. 189—196.

8. Cowan R., Jonard N. Network Structure and the
Diffusionof Knowledge // Journal of Economic Dynamics

and Control, 2004, vol. 8, no. 28, pp. 1557—1575.

9. I'yboanos JI.A., HoBukos JI.A., Uxaprumsum A.T.
Monenu BAMSIHMSI B COLMANbHBIX CETSIX // YmpaBie-
Hue 6onblmMu cuctemamu. 2009. Ne 27. C. 205—281.

10. Bepmreitn JI.C., Boxenok A.B. Heuerkue
rpadsl u runeprpacdsl. M.: Hayunsiii mup, 2005. 256 c.

11. Ty3oBckmii A.®., Ynpukos C.B., AmMnoabckmuii
B.3. Cucrtembl ympaBiaeHUs1 3HaHUSAMU (METOABI U
TexHojiornn) / mop ob6bw. pea. B.3. fmmonbckoro.
Tomck: Usn-so HTJI, 2005. 260 c.

12. Baokun A.B., Xsarosa T.}O. Biauguue uHctu-
TYUMOHAJbHOM Cpelbl Ha pa3BUTHE HAUWOHAJIbHOMN
MHHOBAallMOHHOU cuctemMbl // Poccuiickuii HaydHbIA
XypHan DKoHoMuKa M yrpasieHue. 2011. No 6(68).
C. 64-73.

13. T'nyxos B.B., Kopooko C.b., Mapununa T.B.
DKoHOMUKA 3HaHUit: yuyeb. mocobue. CII6.: TTurep,
2003. 528 c.

14. CrenanoBa T.E., Manoxuna H.B. DxoHoMu-
Ka, OCHOBaHHas1 Ha 3HAHUSIX (Teopusl M IPAKTUKA):
yue0. mocodbue. M.: I'apmapuku, 2008. 238 c.

15. Honaka WU., Takeyun X. Komnanus — cozna-
TeJIb 3HAHWs. 3apoXIeHWe W pa3BUTHE WHHOBAIU B
sroHcKux upmax. M.: Onumn-busznec, 2011. 384 c.

16. Cunkuna TI'.JO., IIlepyenko C.JIO. Monenu
obMeHa 3HaHUsIMM // HayyHO-TeXHHUYECKHe BEIOMO-
ctu CaHkT-ITeTepOyprckoro rocyaapcTBEHHOIO MOJIU-
TEXHUUYECKOTO YHUBEpPCUTETA. DKOHOMUYECKHE Hay-
ku. 2012. Ne 2—1(144). C. 125—131.

17. Makapos B.JI. O630p KOHOMUYECKUX MOJE-
Jieil 9KOHOMUKM ¢ WHHOBalMSIMU // DKOHOMHUKA W
Marematndeckue metoansl. 2009. T. 45, Ne 1. C. 3—14.

BAKANOVA Svetlana A. — Peter the Great St. Petersburg Polytechnic University.
195251. Politechnicheskaya str. 29. St. Petersburg. Russia. E-mail: sveta.bakanova89@gmail.com

BAKAHOBA CgerjiaHa AlleKCaHIpoBHA —
yHuBepcuteTa Ilerpa Bennkoro.

aCIIMPaHT

CankT-IleTepOyprcKoro  MOJUTEXHUIESCKOTO

195251, yn. INomurexumyeckad, a. 29, Cankr-Ilerepoypr, Poccus. E-mail: sveta.bakanova89@gmail.com

SILKINA Galina Iu. — Peter the Great St. Petersburg Polytechnic University.
195251, yn. lNonutexHuueckas, a. 29, Cankr-Ilerepoypr, Poccus. E-mail: galina.silkina@gmail.com

CUJIKMHA Tamna IOpbeBHa — mipodeccop Cankr-ITerepOyprckoro mojJMTEeXHUYECKOTO YHUBEPCUTETA

IMetpa Benukoro, TOKTOp SKOHOMMYECKUX HayK.

195251, yn. [MonutexHuueckas, a. 29, Cankr-Ilerepoypr, Poccus. E-mail: galina.silkina@gmail.com

146

© St. Petersburg State Polytechnical University, 2015





