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Hocnidxceno npobaemu ynpasuinns Ja00CoKUMU
pecypcamu 6 meouuniii cepi. Ioxazano ocobéausoc-
mi nonumy i nponozuuii Ha punxKy npauyi meocneuia-
aicmie, wo idenmuixyiomv 3a80aHHA YNPAGAIHHA K
caabocmpykmyposany. 3anpononosana Hewimka cumy-
ayiiina mModenb nonumy i nPono3uuii Ha meocneyiaic-
mie, nocmanoska 3ada4i iHmeNeKmyaivbHo20 Ynpasiin-
Ha ix y3eo0cennsam. Pozpodaeno memoouxy npuiinsmms
pluens 0 naumy meocneuianicmis, wo 6azyemvcs Ha
HewimKoMy po3niznasanus oopasie

Knouoei cnosa: medcneuianicmu, mooenv nonumy,
MoOenv nponosuuii, Hewimki cumyauii, Heuimxa cxo-
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Hccanedoeanvt npoonemvl ynpasienus ueno8ewecku-
Mu pecypcamu 6 meduyuncrkou cepe. Ioxazanvt oco-
Oennocmu cnpoca u npeoodceHus Ha pouiHke mpyoa
Medcneyuanucmos, udenmuduuyupyrowue 3alany yn-
pasnenus umu Kax caadbocmpyxmypupyemyio. Ilpeono-
JHCeHbL HewemKas CUmyauuoHHAsl MO0eJb CNPOCA U npeo-
JI0JCeHUsL HA MeOCneuualucmos, nOCmManoexa 3aoa-
YU UHMEILIEKMYATIbHO20 YNPABIEHUS UX CO2]1ACOBAHU-
em. Paspabomana memoouxa npunsmus pewenuii 0ns
Hailma Medcneuuanucmos, 0asupyrowascs Ha HewemKom
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1. Introduction

The health care system activities determining the pop-
ulation health index are directly dependent on the human
resources in this field. Levels of medical personnel supply
and continuous occupational training directly influence the
health care quality indices [1, 2].

The issues of planning personnel potentials development,
study of the problems associated with matching demand for
medical specialists and their supply are quite pressing all
over the world. Not by chance, these issues are among the
major concerns of the World Health Organization (WHO)
and their solution is recommended for all countries [3, 4].

Currently, traditional approaches to the study and man-
agement of demand for medical specialists and their supply
do not ensure the expected effect. Experience shows that
the few existing approaches to the management of human
resources in the field of medicine are mainly based on statis-
tical and analytical data. However the imperfect methods of
collecting statistical data in this area, their incompleteness
and temporal discrepancy impede an adequate primary
description of the medical labor market state [2]. As for the
qualitative (competency) aspects of supply and demand,
their evaluation is only possible based just on the expert
estimations.

Demand for medical specialists in many countries in-
cluding Azerbaijan is much greater than their supply [5, 6].
At the same time, a number of problems of matching demand

for medical specialists and their supply reduce to removal of
their quantitative and structural imbalance. Another, more
significant part of the problems requires consideration of
qualitative aspects brought about by the dynamism and di-
versification of requirements of concrete health-care service
consumers (employers).

In literature, there is no sufficient attention paid to the
study of demand for medical specialists and their supply
through the prism of the employers’ needs as well as to work-
ing out efficient methods of the employment process man-
agement. Also, there is no a uniform and generally accepted
method of analysis and evaluation of human resources in the
health care [2, 4]. All this determines necessity of working
out alternative approaches to the supply and demand man-
agement in the medical labor market.

2. Literature review and problem statement

For many years, an adverse dynamics of human resources
is observed in the medical field likewise a tendency of person-
nel outflow and their often shortages [4, 5]. The WHO report
points out that the world community will miss 12.9 million
medical specialists in 2035 and that the current shortage
makes 7.2 million [4].

As predicted for certain states of the USA, shortage of
doctors will be as high as 85,000 in 2020. In accordance
with [5, 6], shortage of physicians varies within 55,000




to 200,000. These data are valid under the condition that
American medical schools will succeed in enlarging number
of their graduates by 3,000 annually.

It is expected that the demand for doctors will exceed
their supply by 46,000 to 90,000 in 2025 [7].

The State Statistics Service of Russian Federation reg-
istered 501 doctors for 100,000 people in 2009, 418 in 2011
and it turned out that in all 367,222 doctors were actually
working while the normative figure was 520,028 [5]. At the
end of 2013, the number of medical specialists 7,261 less
than in 2012, and if the figures for the first 6 months of 2013
and 2014 are compared, the number of doctors in Russia has
decreased by 14,703 [8]. There was one doctor for 593 people
in Turkey in 2011; the corresponding figure was 408 for the
United States, 262 for Germany, 203 for Ukraine, 290 for
Azerbaijan [9]. In 2011-2015, the number of doctors de-
creased from 37 to 35 per 10,000 people in Azerbaijan, from
54 to 41 in Belarus, from 50 to 49 in Russia, from 49 to 44 in
Ukraine and so on [10].

The total number of doctors includes all specialists
having higher medical education and employed in various
medical institutions. Examples of medical institutions in-
clude patient care and sanitary institutions, social security
institutions, scientific research institutions, public health
establishments, organizations preparing medical special-
ists, etc. [5, 10].

Shortage is observed in mid-level medical specialists
(doctor’s assistants, midwives, nurses). For example, there
was shortage of 35,000 nurses in the United Kingdom and
more than 100,000 in Finland in 2008 [5]. The number of
Russian paramedical personnel has decreased by 20,723
during 2011-2012 [9]. The doctor/nurse ratio in the United
Kingdom is 1:1.9 [4], 1:2.1 in Russia [5, 9, 10] and 1:1.7 in
Azerbaijan [10] compared to normative ratio 1:3.

The situation at the medical labor market confirms once
again the fact of excess of today’s demand for medical per-
sonnel over their supply. This, in turn, actualizes the need of
development of more efficient approaches to the management
of medical specialist supply and demand.

The present-day labor market of paramedical workers
is characterized by complexity of acquisition of reliable in-
formation on its condition, contradictory stream of the data
forming demand and supply, difficulty of measuring statis-
tical information on the demand for paramedical workers
and their supply and an ambiguous definition of the system
of indices characterizing the latter, their quantitative and
qualitative nature.

At present, an intensive growth of medical knowledge
volume and an accelerating implementation of medical dis-
coveries into practice are observed. On the other hand, du-
ration of manpower development and their narrow special-
ization grow [11, 12]. Widespread introduction of high-tech
equipment and the dynamics of emergence of new therapies
should also be noted. The abovementioned makes new de-
mands to paramedical specialists, such as high adaptability
to changes and innovations, flexibility and willingness to
develop new skills, ability to switch to innovative kinds of
activity.

The acquisition of these qualities is only possible by con-
tinuous updating professional knowledge and skills both in
the formal and informal education.

Above features identify the problem of supply and de-
mand management in the paramedical labor market as a
semi-structured and hard to formalize problem [13, 14]. This

determines a variety of possible fuzzy states of paramedi-
cal supply and demand and a multivariate nature of their
matching [15]. Solution of the problem of comparison and
evaluation of these states and making decisions on the choice
of the policy of their matching can be effective when using
intelligent methods and technologies.

Therefore it seems appropriate to develop a scientific
and methodological approach to management of supply and
demand for medical personnel. Of special interest here is
development of a decision-making procedure for recruitment
of medical specialists based on fuzzy pattern recognition and
methods of fuzzy similarity of situations.

3 The aim and tasks of the study

This work objective is to develop a decision-making pro-
cedure for recruitment of medical specialists based on fuzzy
pattern recognition and the methods of fuzzy similarity of
situations. The results obtained can be used as a basis for
scientific and methodological approach to the intelligent
management of demand and supply of medical staff at the
level of medical institutions [16, 17].

To achieve the objective, the following tasks were set:

— modeling processes of interaction between supply and
demand in the medical labor market;

— statement of the decision-making problem on matching
supply and demand for medical specialists;

— elaboration of scenarios of demand and offer manage-
ment for the problem of medical specialist employment and
working out corresponding decision-making methods;

— implementation of the proposed procedure of manag-
ing medical specialist supply and demand.

4. Modeling the processes of interaction between supply
and demand in the medical labor market

Success of performing professional duties by medical
specialists depends on their intellectual capabilities, the de-
gree of possession of specific professional and personal com-
petence, readiness to adequately apply them at a particular
workplace, willingness and ability to develop and regularly
update their knowledge and experience in the professional
field in accordance with the functional requirements to the
latter. On the other hand, in the conditions of market econ-
omy and growing importance of employees as the main stra-
tegic resource of any organization, necessity of taking into
account (by employers) the preferences (claims, interests,
motivations) of medical specialists directly influencing their
further professional growth and creativity in performing
professional duties acquires a high actuality in the human
resource management. In this context, approach to the labor
market as to the intellectual environment in which knowl-
edge and skills act as the product is promising [17, 18].

4. 1. Problem statement

Specify demand at the medical specialist labor market
by the set:

V= {V1,V2,...,Vk} or V= {Vi}, i=1k, expressed by the
number of vacancies; L

L= {11,12,...,1n} or L:{lj}, j=1,n is the set of personal
characteristics (features) to be owned by the candidate for a
certain post (position, working place);




C={c1,c2,...,cm} or Cz{cf}, f=1m is the open set of
competences to be owned by the candidate for the medical
vacancy, L

U:{u“uz,...,up} or U:{uY}, vy=1p is the set of con-
ditions proposed to the candidates for the vacant medical
work places.

The demand model V=(L,C, U) can be described by

three matrices:
Vool Vesleds oo

where each i=1k line V; characterizes a separate vacancy
at the medical labor market;
columns (ln, ¢ ,u ) represent constantly expanding da-
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tabase of personal characteristics and competencies;
elements 1,,, ¢, is the level of possession of separate
indicators necessary to obtain a vacancy;
ug, are values of indicators characterizing conditions
offered to the candidate for a particular vacancy.
The degree of satisfaction of vacancy V; to indicators Ij;,
cirand uy, is defined as fuzzy sets with membership functions

W, (V)):VXL—=[01], u, (V;):VxC—[01],

i, (V)):VxU—[o1], )

expressing the level of possession of individual competencies
required to fill a vacancy specified by employers, fuzzy mea-
sures of intensity of the indicators characterizing conditions
of employment.

Specify the supply at the medical labor market by a set
S= {51,82,...,8q or S= Sg}, g=1,q of medical specialists
seeking for a job and applying for one or other vacancy.

- L= {lj ,j=1,n is the set of personal features that char-
acterize medical specialists;

- C= {cf},f =1,m is the set of real competences pos-
sessed by each concrete candidate for the vacancy;

- U= {uv}, v=1,p is the set of preferences of the medical
specialist expressed in the form of his requirements to the
medical vacancy.

The model of supply S= (L,C, U) is also described by
three matrices

Se =[], So =]l
gillgn” V€ 8fllgm” ~U 8t llgp

where each line (Sg) (g=1,q) characterizes an individual
candidate for the vacancies at the medical labor market;
columns (1, ¢y, up) reflect the constantly expanding base of
personal features and competences; elements lgn, cqm are the
level of possession by individual features necessary to get
the vacancy; ug, are the values of indicators describing the
medical specialist’s requirements to the vacant workplace.

The degree of possession by a concrete medical specialist
Sg g=1,q of a separate competence is determined by the
membership function

uy (S,):SXL-[04], p, (S,):SxC—[0.1],

T (S,):SxU—[0,1]. (2)

In fact, there are two sets of fuzzy situations describing the
state of demand V; and supply S, in the medical labor market:

i

\71 = {< Wy, (Vi) ><H, (Vi) > <My, (vi) >} = {p-v, (Y)/Y}y

Se={<m, (8)7i<n, (S.)><m, (8.)>)={ns o).
There set

Vo ={u, )y} i=1k

is the description of fuzzy reference situations and the set

S,={u )y} 8=1a

is the description of fuzzy real situations.

The essence of intelligent management of supply and de-
mand in the medical labor market consists in solution of the
decision-making problem on the adequacy of the reference
and real-life situations using fuzzy pattern recognition.

4. 2. The problem solution

For intelligent management of demand and supply in
the medical labor market, it is proposed to reduce the prob-
lem of making decision on matching demand and supply
to a problem of fuzzy pattern recognition. The problem of
pattern recognition is based on a fuzzy situational analysis
and determination of the degree of similarity of fuzzy sit-
uations.

The procedure of pattern recognition involves the fol-
lowing steps:

— determine real situations (search images of medical
specialists) in accordance with the values of indicators char-
acterizing each candidate for the vacancy;

— determine reference situations (search demand images)
according to the values of indicators characterizing the em-
ployer’s requirements to the candidate for the vacancy;

— calculate the degree of similarity of the reference
situation to each real situation in accordance with the cho-
sen measure of assessment of similarity between two fuzzy
situations;

— define the real situation with the greatest degree of
similarity to the reference one. In other words, a decision
is made on hiring one medical specialist (supply) for the
declared vacancy (demand) who matches most closely the
employer requirements.

Various measures for determining the degree of similarity
between two fuzzy situations including one-step or multi-step
estimation procedures are discussed in [14,19,20]. In the
present work, the degree of fuzzy inclusion of situation S into
situation V, and the degree of fuzzy equality V, and S were
used as the measures of estimation of the degree of proxnnlty
of fuzzy real and reference situations.

1. According to [19], the degree of fuzzy inclusion of situ-
ation S, into situation V; is defined as follows:

05, V) =& Bk (¥), by, (V)=

= & (max(i-pg () (7)) =

=min(max(1-pg (¥)ky, (¥)))- )

The situation Sg is considered fuzzily included into situ-
ation V; (S,cV)) if the degree of inclusion of S, into V; is

not less than some threshold of inclusion ye |0, 6 1] defined
by the management conditions, i. e. G(Sg, V) >y,



In other words, S cV if the values of supply indicators S
are fuzzily included into the values of demand indicators V.

The process of pattern recognition reduces to estimation
of the degree of similarity of the reference situation (de-
mand) to each of the alternative real situations (supply). To
make a decision on selection of the most suitable candidate
for recruitment from a set of real-life situations that satisfy
the inclusion threshold, one is selected which provides max-
imum to expression:

max( min(max(1-ug (), 1, )] g=Ta, i=1k

2. The degree of fuzzy equality (equivalence) as a mea-
sure for determination of proximity of any two fuzzy situa-
tions is based on the following reasoning. Let the threshold
of equality of two situations (e. g., ye[0,7; 1]) is set and there
are situations which mutually include each other, i. e.

S,cV, a

(c is the sign of a fuzzy inclusion), then situations Sg and V.,
are considered approximately equal. Such similarity of
situations called fuzzy equality is determined from the ex-
pression:

S, V)=V S, V& v(V, S))=
=&u(us, () 1y ()=

min(max (1-ps (v)ky (¥)),
n )
vev | max (1—-py (y),1s (¥))) (©)

The situations S and V., are considered fuzzily equal

S =V, if u(Sg,V)>\|/, we[O 7 1] where y is some
threshold of fuzzy equality of situations.

5. Scenarios and methods of matching supply of and
demand for medical specialists

Authors of work [15] defined possible scenarios of match-
ing demand and supply of medical specialists. In that way, on
completion of the process of recognition of the most appro-
priate (by the degree of proximity) pair “employer — medical
specialist” among the sets of real search images of medical
specialists (supply) and the reference search images of re-
quest (demand), several possible scenarios can take place:

Scenario 1. One vacancy (the employer’s request) and
one candidate (medical specialist).

In this case, if the degree of fuzzy similarity between two
situations (the reference search image of vacancy and the
search image of the applicant) is not less than the threshold
specified by the employer, the decision on hiring is made.

Scenario 2. In accordance with the measure of similarity
between two fuzzy situations, several candidates (medical
specialists) correspond to the employer’s preferences. The
candidates form a subset of fuzzy situations (alternatives)
of which one must be chosen as corresponding to the most
suitable candidate.

In this case, various decision-making methods can be
offered to the employer in his capacity of an expert (decision
maker):

Scenario 2. 1. The decision making task reduces to the
comparison of similarity between the reference and the re-

al-life situations by the degree of possession of the criteria
characterizing the candidates for the vacancy. The best
alternative (the candidate) is considered one who has the
greatest degree of similarity by matching the criteria and the
level of their possession.

In this case, the degree of proximity between the refer-
ence V, and real Sg situations is calculated according to (5)
or (6). Further on, using some specified threshold of equality
(e. g, ve[0,7; 1]), situations are determined which mutually
include each other or are fuzzily equal. A real situation hav-
ing the highest degree of proximity to the reference one is
selected as the sought situation.

Scenario 2. 2. The decision-making task reduces to a
multicriterion choice of the best possible solution (alter-
native) taking into account the relative importance of the
criteria characterizing medical specialists [21].

In this case, the decision-making task is realized in the
following stages:

Stage 1. By analogy with scenario 2.1, situations are
determined which mutually include each other or are fuzzily
equal. Following this operation, “narrowing” of the set of
real situations is possible. E. g., the real situations with their
degree of similarity to the reference one less than the thresh-
old specified by the employer are eliminated.

Stage 2. Determine coefficients of relative importance:

wr, we, wy (based on fuzzy relations LxCx U);

Wit ,Wi2,..., Wi, (based on fuzzy relations of indicators

I, x1,x..x1);

Wei ;Ws2yeey Wem (based on fuzzy relations of indicators
€ XCyX.uXC);
Wyi, Wy2,..., Wyp (based on fuzzy relations of indicators

Uy XUy X...XU,);
2. 1. To determine the coefficients of relative importance
of indicators, the 9-point Saaty scale is used (Table 1) [22].
Table 1

9-point Saaty scale

Mark

1 equivalence

Linguistic assessment of pairwise comparison

moderate dominance

very strong dominance

3
5 strong dominance
7
9

the highest (extreme) dominance

2,4, 6,8 | intermediate values between two neighbor scale values

If there are n indicators, then based on n—1 relations
reflecting the pairwise comparison of these indicators, a ma-
trix of pairwise comparisons based on such matrix charac-
teristics as diagonality (K, =1, i=1,n), symmetry K, =K,
and transitivity K,,-K,=K; can be composed.

2. 3. After the elements of the matrix of pairwise com-
parisons based on the method proposed in [22] are deter-
mined, relative importance of the indicators are calculated.
According to this method, the sum of elements in each line
is divided by the total sum of the matrix elements. The first
element of the resulting vector corresponds to the coeffi-
cient of importance of the first indicator, the second element
corresponds to the coefficient of importance of the second
indicator and so on.

2. 4. When using the pairwise comparisons, it is neces-
sary to identify contradiction of the expert assessments and
to that end, the maximum matrix eigenvalue Ay .y, consis-
tency index (CI), consistency ratio (CR) are determined.




According to the method of obtaining a rough estimate of
consistency, the following steps are performed to solve this
problem [23]:

— multiply the matrix of comparisons to the right by the
obtained estimate of the solution vector (i. e. by the coeffi-
cients of relative importance of the indicators) to determine
a new vector;

—divide the first component of this vector by the first
component of the solution vector estimate, divide the second
component of the new vector by the second component of
solution estimate, etc. to determine another vector;

— divide the sum of the components of the obtained
vector by the number of components to calculate the value
of Amax

— consistency index (CI) is determined based on the
formula below:

Cl=(A, =)/ (n=1); )

— the ratio of the consistency index corresponding to
random consistencies (RC) determines the value of consis-
tency:

CR=CI/RC. ®)

According to [22], RC=0.58 for matrices n=3, RC=0.90
for the matrices n=4, RC=1.12 for matrices n=5, RC=1.24 for
matrices n=6 and so on.

If the value CR<0,1, then the value of consistency is
considered acceptable, otherwise, to eliminate contradic-
tions in the assessments, experts are invited to revise their
preferences.

Stage 3. Based on the aggregation of degrees of posses-
sion of individual indicators,

0, 8.) =T (5,), T, 5 7=1

for concrete medical specialists S,,g=1,q, the degrees of
similarity of fuzzy real situations to the reference situation
are determined at further stages [21, 24]: o

3.1.Based on the “convolution” My (Sg), j=1,n, the
degree of similarity between real and reference situations is
determined by personal characteristics (L):

0.(5)= 2w (5,). ©)

3.2.Based on the “convolution” K. (Sg), f=1,m, the
degree of similarity between real and reference situations in
the context of competences (C) is determined:

0B =W b, 6, (10)

3.3. Based on the “convolution” K, (S 7= 1,p, the
degree of similarity between real and reference situations is
determined through the prism of requirements to vacancy U:

0u(S) =X woH, S, (1n

3. 4. Based on the results obtained and the coefficients
of relative importance L, C and U (wr, w¢, wy) the degree of
similarity between real and reference situations is determined:

05 (Sy)= 00 0.8 +0c 0cS)+oy-0,S,).  (12)
3.5. Select the fuzzy real situation with a maximum
value:

0, (5= oo () =17}

The selected fuzzy real situation matches the search im-
age of the applicant having the highest degree of similarity
to the reference vacancy image and is accepted as the best
solution.

(13)

6. Implementation of the procedure of managing supply of
and demand for medical specialists based on calculation
of the degree of similarity of fuzzy situations

Suppose there are two vacancies:

V, — pediatrician for the city private clinic;

V, — pediatrician for the regional clinic for which 4 med-
ical specialists S={S1y S,, S, 84} apply.

Consider the stages of realization of the problem of
selecting candidates for above two vacancies from the four
candidates using the degree of their fuzzy equality to deter-
mine proximity of the two situations.

Stage 1: Determination of the reference situational mod-
el of vacancy reducing to selection of indicators charac-
terizing employer’s requirements to the vacancy. To form a
system of indicators characterizing the vacancy, information
on hiring medical specialists obtained at recruiting websites
was used [24—-28].

The system of indicators for vacancy V;:

Personal qualities (L):

— sociability (ly);

— responsibility (15);

— self-perfection, willingness to develop oneself (I3).

Competences, knowledge and skills (C):

— the level of professional knowledge in pediatrics ac-
cording to the diploma of higher education (cy);

— knowledge in pediatrics at a professional level (co);

— free PC operation (c3);

— skill of grammatically correct presentation in writ-
ing (c4).

Requirements and conditions of the vacancy (U):

— minimum 3 years of practical work (uy);

— certificate of postgraduate courses (uy);

— free possession of Azerbaijan and Russian langua-
ges (ug).

The system of indicators for the vacancy Vy:

Personal qualities (L):

— responsibility, attentiveness (11);

— adaptability to environment (I).

Competences, knowledge and skills (C):

— level of professional knowledge in pediatrics according
to the diploma of higher education (c¢y);

— knowledge in pediatrics at a professional level (c»).

Requirements and conditions of the vacancy (U):

— work in a region or a village (uy):

— work at a tensioned schedule (u,);

— free knowledge of Azerbaijan language (us).

Stage 2: To determine the degree of candidate possession
of separate indicators characterizing the vacancy it is neces-
sary to formalize indicators, i.e. it is necessary to operate
with linguistic variables and their values that express verbal



rating scales for measuring [29—-31]. The scales of estimation
reflect in an ascending order the intensity of indicator man-
ifestation (excellent, good, normal, fair, poor). Table 2 shows
the 5-level values of the linguistic variable “sociability” and

Table 4

The degrees of the candidates’ possession of the indicators
characterizing vacancy V4

their corresponding ranges of variation of fuzzy degrees of candidates
possession of this indicator in the range [0; 1]. indicators
Sy Sy Ss Sy
Table 2 characterizing
e . « TR T vacancy Vi
Fuzzification of “sociability”indicator
Personal quaities (L):
Grad}{atiqns f)f “so- Linguistic The range (?f Yariation of fuzzy sociability (1) 0.97 0.88 0.82 0.65
ciability”indicator | estimate degrees in interval [0; 1]
responsibility (Io) 0.89 0.85 0.89 0.82
very sociable excellent [0.95-1] - —
self-perfection, willingness to 0.87 08 0.70 0.9
sociable gOOd [08*094] develop oneself (]3) ! : : )
weakly sociable normal [0.5-0.79] Competences, knowledge and skills (C):
nonsocial fair [026-0.49] level of professional
knowledge in pediatrics in
reserved bad [0-0.25] accordance with the diploma 0.98 0.95 0.82 0.97
of higher education (c¢;)
Stage 3. Linguistic estimates of the candidates for the knowledge of pediatricsata | o | g, | 075 | 088
; . professional level (cy)
vacancy are given in Table 3.
free PC operation (c3) 0.95 0.97 0.80 0.82
Table 3 skill of grammatically correct 0.82 0.95 0.9 0.70
Linguistic estimates of the candidates for the vacancy presentation in writing (c4) ' ] ' '
; Requirements and conditions of the vacancy (U):
candidates for —
vacancy V; minimum 3 years of 0.90 094 0.97 0.96
S, S, S, S, practical work (uy) : ’ ’ :
indicators certificate of
characterizing vacancy V, postgraduate courses (uy) 082 082 097 095
Personal qualities (L): free possgssion of Azerbaijan 0.95 095 038 0.88
and Russian languages (us)
sociability (ly) ef; letl " | good | good rrlr(l);
Based on Table 4, fuzzy real situations, i. e. fuzzy images
responsibility (1) good | good | good | good of the candidates for the position Vy, are formed:
self-perfection, willingness to nor- & 0,97/11;0,89/12;0,87/13;0,98/01;0,9/02;
develop oneself (13) good | good mal good 5= ’
P 3 0,95/¢40,82/¢,;0,9/u,;0,82/u,;0,95/ u,
Competences, knowledge and skills (C):
oo 5 {0,88/11;0,85/12;0,8/13;0,95/c1;0,84/c2; }
evel of professiona ) = ) ) ) ) )
knowledge in pediatrics accord- | excel- | excel- q excel- 0,97/¢4;0,95/¢,;0,94/1,;0,82/1,;0,95 / u,
ing to the diploma of higher lent lent | 8°° lent
education (c;) g {0,82/11 ;0,89/1,;0,70 /1,;0,82 /¢,;0,75 / c,; }
3 )
knowledge of pediatrics at nor- 0,8/¢40,95/¢,;0,97 /u;;0,97 /u,;0,8 / u,
: good | good good
a professional level (cs) mal
e openation o PC (0 excel- [exeel- | | 5, - 0,65/1,;0,82/1,;0,9/1,;0,97 / ¢,;0,88 / c,; .
P 3 lent | lent | & 8 0,82/¢4;0,7/¢,;0,96 /u,;0,95 / u,;0,88 / u,
skill of grammatically correct excel- nor- Reference fuzzy image of vacancy Vi is described as
S I good good
presentation in writing (c4). lent mal follows:
Requirements and conditions of the vacancy (U): 7o 11,1 /1,1 /151 /¢ 51/ ¢
minimum 3 years of ood ood excel- | excel- ! 1/cil/el/usl/uyl/ug
practical work (uy) 8 8 lent | lent
— Stage 4: Using formula (6), the degrees of fuzzy equality
certificate of good | good excel- | excel- | ot efarence V, and real-life S,, S,, S,, S, situations are
postgraduate courses (uy) lent lent S
determined:
free possession of Azerbaijan | excel- | excel- d d — by personal indications (L):
and Russian languages (us) lent lent | 8°° 800

The degrees of the candidates’ possession of the indica-
tors characterizing vacancy Vi, are shown in Table 4.

w (V,8)=087 1, (V,,5,)=0,8;

w, (V,,8,)=0,70; 1, (V,,S,)=0,65;



— by competences (C):

ne(Vi.8)= 082 nc(V,,S,)=0,84;

u.(V,,S$,)= 0,75 u.(V,S,)=07;

— by the requirements to the vacancy (U):

wo(V,8)=0,82 1y (V,,S,)=0,82;

mo(V,8)=0,8; p,(V,.S,)=0,88.

Based on the obtained results, the degree of fuzzy
equality u(V,,S,), g=14 of the reference vacancy image

Vi and search images of real situations S,, S,, S,, S, is
determined:

H(\?ﬂs)=HL(\71S1)&HC(\71’§1)&HU(\71’S1)=
=0,87&0,82&0,82=0,82,

H(ngz):u]_(vwgz)&uc({]vgz)&uu(vwgz)=
=0,8&0,4&0,82=0,8,

].L(\~71,§3)=].J.L(\~/1,Ss)&].LC(\~71,S3)&L[U(\71,53)
=0,7&0,75&0,8=0,7,

“(v1’g4):“L(v1’§4)& “c(vwgzi)&uu(\z ’Szi) =
=0,65&0,7&0,88=0,65.
Stage 5. The results of the linguistic estimation of the

candidates S={S,,S,, S,,S,} for the vacancy V; are shown
in Table 5.

Table 5
Results of linguistic estimation of the candidates for the
vacancy V;
candidates for
vacancy Vy
Si Sy Ss Sy
indicators
characterizing vacancy V;
Personal qualities (L):
resp0n51b1ht(yl, a)lttentlveness good | good | good | good
1
adaptability (tlo)enmronment normal | good | normal | good
2
Competences, knowledge and skills (C):
level of professional
knowledge in pediatrics in | excel- | excel- ood excel-
accordance with the diploma | lent lent 8 lent
of higher education (c{)
knowledge of pediatrics at | excel- | excel- ood ood
a professional level (cy) lent lent 8 8
Requirements and conditions of the vacancy (U):
work in a region
(or village) (u;) good | good |normal | good
worslzlll)grd?litccr(llsllo)ncd normal | good |normal | good
2
free possession of the excel- | excel- ood ood
Azerbaijan language (u3) lent lent 8 8

The degrees at which the candidates possess indicators
characterizing the vacancy V, are given in Table 6.

Table 6

Degrees at which the candidates possess indicators
characterizing the vacancy V;

candidates for
vacancy Vo

St Sy Ss S4

indicators

characterizing vacancy V3

Personal qualities (L)

responsibility,

attentiveness (1) 0.85 0.9 0.88 0.86

adaptability to

environment (ly) 0.6 0.92 0.75 0.94

Competences, knowledge and skills (C)

level of professional
knowledge in pediatrics in
accordance with the diploma
of higher education (c;)

0.97 0.96 0.85 0.96

knowledge of pediatrics at a

professional level (cy) 0.98 0.96 0.82 0.85

Requirements and conditions of the vacancy (U)

work in

a region (or a village) (uy) 0.8 0.9 0.75 0.88

work at

a tensioned schedule (us) 0.65 0.9 0.77 0.85

free possession of

Azerbaijan language (us) 0.96 0.96 0.85 0.9

Thus, fuzzy real situations corresponding to the fuzzy
search images of candidates for the vacancy V, are formed:

- 0,85/1,;0,6 /1,; 0,97 /¢;;0,98 / ¢y;
0,8/1,;0,65/u,;0,96 / u, ’

=

2710,9,/1,;0,9/u,;0,96 / u,

- {0,9/11;0,92/12; 0,96 /¢,;0,96 / c,; }

3

= |0,88/1;;0,75/1,; 0,85/¢;;0,82/c,;
0,75/1,;0,77 /1,;0,85 / u, ’

i =

- 0,86/1,;0,94 /1,;0,96 /¢,;0,85 / ¢c,;
0,88 /1u;;0,85/1u,;0,9/u, i

Reference fuzzy image of vacancy V, can be described
as follows:

V,={1/1;1/1, 1/ci1/ci 1/u;1/u,51/ ug}

Based on the procedure set forth above, the degree of

fuzzy equality w(V,,S,), g=1,4:is determined:
u(vzig1)=ML(\72’g1)&“c(\72s1)&HU(VZ’g1)=
=0,6&0,97&0,65=0,6,

H(Vzv52)=HL(\~’er2)&Hc(vz,gz)&uu((’z Sz):
=0,9&0,96&0,9=0,9,

u(vzl§3)=HL(VQ’S3)&HC(VZ7SS)&HU(V2 rgg)z
=0,75&0,82&0,75=0,75,

”(\7254)=|~lL(\72:S4)&HC(\72:S4)&uu(vg ,54)=
=0,86&0,85&0,88=0,85.



The obtained results are given in Table 7.

Table 7

Degrees of fuzzy equality u(zﬁg), g =14 and
H(VZ’Sg)’ g = 13 4

Candidates w(v,8,).8= 1,q n(v,.S,).g= 1,q
Sy 0.82 0.6
N 0.8 0.9
S, 0.7 0.75
Sy 0.65 0.85

Stage 6. The obtained results correspond to scenar-
i0 2.1, i.e. by the degree of fuzzy equality of the reference
situation \71 and the real situations §1, 52, §3,~thc real si-
tuation S, is the most close with its value w(V,,S,)=0,82.

_ The reference situation V, and the fuzzy real situation
S, are fussily unequal since the admissibility threshold is

not satisfied, i. e.
w(v,,S,)=0,65<0,7.

For the second vacancy, by the degree of fuzzy equality of
the reference situation V, and the real situations S,, S,, S,,
the real situation S, is the nearest situation with its value

H(Vzvgz) =0,9.

Reference situation V, and fuzzy real situation S, are
fuzzily unequal because

w(v,,5,)=0,6<0,7.

Stage 7. Assume that in accordance with the employer
preferences in selection of a suitable candidate he is most
interested not in an equal consideration of all indicators
but just individual ones. In this case, the problem of deci-
sion-making is reduced to scenario 2. 2 which also takes into
account the degree of relative importance of indicators. As
the real situations S, and S, for the vacancies V, and V,
fall out of consideration, then three alternative candidates
will take part in each of further estimations.

7. 1. Determine the relative importance of the indicators
characterizing vacancy V.

Based on the estimate of the relative importance of the
employer’s preferences by various criteria (Table 1), a pair-
wise comparison matrix is built. In this case, “the criterion
C has the highest superiority over L and a moderate superi-
ority over U” (Table 8).

Table 8
Matrix of pairwise comparison of L-C-U
L C U
L 1 0.11 0.33
C 9 1 3
U 3 0.33 1

Divide the sum of the values of the line elements by the
sum of the values of the matrix elements to calculate fac-
tors of the relative importance: w(L)=0.077; w(C)=0.693;
w(U)=0.23. Next, determine consistency of expert esti-
mations:

1 011 0,33) (0,077
91 3 |x]/0693|=

30,33 1 0,23
1x0,077+0,11x0,693+0,33x0,23) (0,23

=[9%0,077+1x0,693+3x0,23 =208,
3%0,077+0,33x0,693+1x0,23 0,7

A =(0,23:0,077+2,08:0,693+0,7:0,23) /3=
=(2,99+3,01+3,04) /3=9,04 /3=3,01.

Based on formula (7):
CI=(3.01-3)/(3-1)=0.01/2=0.0125.
Based on formula (8):
CR=0.0125/0.58=0.02.

Thus, the value of consistency CR<0,1, means that
there is consistency of expert estimates.

7. 2. Similarly, based on the expert preferences, coef-
ficients of the relative importance of the indicator values
are determined, and the consistency of expert estimates is
checked. In this case:

— “indicator I, has a very strong advantage over indica-
tors Iy and 15”;

— “indicators ¢; and ¢y have a strong advantage over in-
dicators c3 and ¢4”;

— “indicator u; has a strong advantage over indicators
uy and ug”.

7. 3. The results are shown in Table 9.

Table 9

Coefficients of relative importance of the indicators and
the degree of possessing the indicators
characterizing vacancy V

Coefficient Coefficient
Criteria Aof relative | Indica- . of relative 5 15, |8,
importance | tors importance of
of L,C, U indicator values
1y 0.07 0.97 1 0.88 | 0.82
L 0.077 Iy 0.465 0.89 [0.850.89
I3 0.465 0.87 | 0.8 [0.70
cy 0.4166 0.98 [0.95 | 0.82
Cy 0.4166 09 [0.840.75
C 0.693
c3 0.0834 0.95(0.97 | 0.80
C4 0.0834 0.82(0.95| 0.9
uy 0.714 0.90 [ 0.94 | 0.97
U 0.23 Uy 0.143 0.82(0.82 | 0.97
us 0.143 095(0.95| 0.8

Stage 8. Based on the results obtained and formulas
(9)—(11), the degrees of closeness of real images to the refer-
ence image V, for L, C, U are determined:

0, (3)=20,8)w,,0.(5)=Y0.(S)w,,
=t f=1

0u(8)=2.0,, (S)-w, -



The results are shown in Table 10.

Table 10

Degree of closeness of the real images to
the reference image for L, C, U

Reference Coefficient of relative g 3 S
. . . 1 2 3
situation importance
L 0.077 0.88 | 0.83 | 0.8
v, C 0.693 093 | 091 | 038
U 0.23 09 | 092 | 095

Stage 9. Based on formula (11), the degree of closeness
of the real situations to the reference situation is determined.
The results are shown in Table 11.

Table 11

Closeness of the real situations gu S,, S, to
the reference situation V,

Degree of S S, S,
closeness | (v, $)=[0,1] | w(V,,S,)=[0.1] | 1(V,,S,)—=[0,1]
u(V,.S,) 0.919 0.906 0.834

As it follows from Table 11, the real search image of can-
didate S; has a maximum degree of closeness to the reference
search image of vacancy Vi and is the best solution.

Likewise the best solution among the candidates for the
vacancy Vs is determined.

7. Discussion of the results obtained in the study of
managing matching supply of and demand for medical
specialists

As is well known, human resources of organizations
are the main factor of their competitiveness. Therefore, the
issues of support of the decision making processes involved
in the management of human resources and their intellec-
tual potential at various management levels gain strategic
importance.

The necessity of backing-up decision-making in man-
agement of medicine is determined by a number of specific
factors including dynamics of medical knowledge, inten-
sification of specialization, uneven geographical and terri-
torial distribution of medical specialists and therefore the
variation in the claimed requirements. The following should
also be noted: high cost of training of qualified medical per-
sonnel, growth in value of the latter with accumulation of
experience and professionalism, increased demand for med-
ical specialists at a general trend towards decrease in their
supply. In these circumstances, the present-day employers
must constantly adapt their decisions to the ever-changing
management situations. Moreover, what is observed today at
all levels is a significant increase in the portion of decisions
that need to be made in vague and non-standard situations.
To cope with this challenge, a more flexible fuzzy model is
required to support management decision-making processes,
and the present work suggests the fuzzy pattern recognition
in the capacity of such model.

It should be noted that the theory of pattern recognition
has a wide range of applications in solving problems of med-
ical diagnostics. In the referenced literature, the problem of

fuzzy pattern recognition is considered mainly in the con-
text of a support for physicians in their diagnostic and treat-
ment decision-making and it is reducing to classification of
images based on location of the particular disease class as
close to the reference image as possible [32—-34].

A series of works [35-37] are devoted to intellectual
management of human resources. However, these studies
do not take into account the diversity of situations and
subjectivity of assessments occurred in a real situation. The
effectiveness of application of the fuzzy pattern recognition
in the tasks of human resource management is defined by
ensuring greater closeness to the simulated object condition
and making decisions with their accuracy correlated with
the initial situations.

The procedure proposed in this paper makes it possible
to reduce subjectivity in the evaluation of diverse infor-
mation about the current state of supply and demand for
medical specialists and enables decision-making adequate
to the formed situation. This procedure is invariant for
the management of human resources in various segments
of economy subject to its adaptation to the features of the
segment under study.

This study is a further evolvement of the intelligent
management methods of supply and demand in the labor
market of IT professionals. The problem can be developed
in the direction of expansion of the set of possible scenarios
of matching supply and demand and creation of appropriate
decision-making methods. The proposed procedure for the
selection of medical staff can also be developed in the direc-
tion of creation of a decision-support system based on social
networks using the approaches proposed in papers [38, 39].

8. Conclusions

1. From the standpoint of the individual labor market
participants (medical specialists and employers) and their
behavioral strategies, the models of supply and demand
interaction were developed. Their characteristic feature is
consideration of the employers’ requirements representing
description of fuzzy reference situations and preferences of
medical specialists describing fuzzy real situations.

2. Formulation of the decision-making problem in match-
ing supply of and demand for medical specialists is given.
The problem is reducible to the fuzzy pattern recognition.
Pattern recognition is based on the fuzzy situational analysis
and determination of the degree of similarity of fuzzy situa-
tions. As the degree of measures of evaluation of the degree
of proximity between two fuzzy situations, the degrees of
their fuzzy inclusion and fuzzy equality were used.

3. The developed multi-scenario approach to the intelli-
gent management of human resources in the field of medicine
takes into account the multivariate nature of coordination of
supply and demand in the medical labor market in real situa-
tions. Possible scenarios of supply and demand relationships
were offered and appropriate decision support methods were
developed for each of them in the problems of employment of
medical specialists.

4. The phased implementation of the procedure for
multi-scenario supply and demand management in the pro-
cess of selection and recruitment of medical specialists has
shown that the decisions made by each scenario are the best
among the better from the standpoint of satisfying both
requirements of the employer and claims of the applicants.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

References

Koncepciya razvitiya «Azerbajdzhan — 2020: vzglyad v budushchee» [Text]. — Oficial'nyj internet sajt Prezidenta Azerbaj-
dzhanskoj Respubliki. — Available at: http://www.president.az/files/future_ru.pdf

Dussault, G. Assessing future health workforce needs [Text] / G. Dussault, J. Buchan, W. Sermeus, Z. Padaiga. — WHO Regional
Office for Europe, 2010. — 46 p. — Available at: http://www.euro.who.int/ data/assets/pdf file/0019,/124417/¢94295.pdf
Green paper. On the Europpean workforce for health [Text]. — Commission of the European communities. — Brussels, 2008. —
14 p. — Available at: http://ec.europa.eu/health/ph_systems/docs/workforce gp en.pdf

A Universal Truth: No health without a workforce [Text]. — World Health Organization, 2013. — 104 p. — Available at: http://
www.who.int/workforcealliance /knowledge /resources/GHWA-a_universal _truth_report.pdf?ua=1

Kuznecov, V. V. Analiticheskij obzor po problemam kadrovogo resursoobespecheniya sistemy zdravoohraneniya Rossii i za
rubezhom [Text] / V. V. Kuznecov, A. V. Kalinin, L. N. Trusova, V. N. Rasskazova // Vestnik obshchestvennogo zdorov'ya i
zdravoohraneniya Dal’'nego Vostoka Rossii. — 2014. — Issue 2. — Available at: http://www.fesmu.ru/voz/20142,/2014202.pdf
Recent Studies and Reports on Physician Shortages in the US [Text]. — Association of American Medical Colleges, 2012. —
23 p. — Available at: https://www.aamc.org/download/100598 /data/

Physician Supply and Demand Through 2025: Key Findings [Text]. — Association of American Medical Colleges, 2015. — Avail-
able at: https://www.aamc.org/download /426260 /data/physiciansupplyanddemandthrough2025keyfindings.pdf

Puchigina, E. Kolichestvo vrachej v Rossii prodolzhaet sokrashchat’sya [ Electronic resource] / E. Puchigina // Moskovskij Komso-
molec. — 2014. — Available at: http://www.mk.ru/social /2014,/11 /13 /kolichestvo-vrachey-v-rossii-prodolzhaet-sokrashhatsya.html
Savinkina, L. A. Problema deficita medicinskih kadrov i puti ego resheniya [Text] / L. A. Savinkina, T. S. Shepelova // Sovremen-
nye problemy nauki i obrazovaniya. — 2014. — Issue 6. — Available at: http://cyberleninka.ru/article/n/problema-defitsita-med-
itsinskih-kadrov-i-puti-ee-resheniya

Statistical Yearbook of Azerbaijan 2016 [Electronic resource]. — The State Statistical Committee of the Republic of Azerbaijan. —
Available at: http://www.stat.gov.az/menu/6/statistical yearbooks/indexen.php

McPake, B. Why do health labour market forces matter? [ Text] / B. McPake, A. Maeda, E. C. Araujo, C. Lemiere, A. El Maghraby,
G. Cometto // Bulletin of the World Health Organization. — 2013. — Vol. 91, Issue 11. — P. 841-846. doi: 10.2471/blt.13.118794
Zurn, P. Imbalance in the health workforce [Text] / P. Zurn, M. R. Dal Poz, B. Stilwell, O. Adams // Human Resources for Health. —
2004. — Vol. 2, Tssue 1. doi: 10.1186,/1478-4491-2-13

Simon, H. A. The structure of ill structured problems [Text] / H. A. Simon // Artificial Intelligence. — 1973. — Vol. 4, Issue 3-4. —
P. 181-201. doi: 10.1016,/0004-3702(73)90011-8

Mamedova, M. G. Prinyatie reshenij na osnove baz znanij s nechetkoj relyacionnoj strukturoj [ Text] / M. G. Mamedova. — Baku:
EHLM, 1997. — 296 p.

Mammadova, M. H. Modeling of the interaction between supply and demand for medical staff on the basis of fuzzy situational
analysis [Text] / M. H. Mammadova, Z. G. Jabrayilova // Problems of information technology. — 2017. — Issue 1. — P. 26-35.
Mammadova, M. H. Managing the IT labor market in conditions of fuzzy information [Text] / M. H. Mammadova, Z. G. Jabray-
ilova, F. R. Mammadzada // Automatic Control and Computer Sciences. — 2015. — Vol. 49, Issue 2. — P. 88-93. doi: 10.3103/
s0146411615020030

Mamedova, M. G. Development of conceptual frameworks for intelligent management of supply and demand in the labor market
of information technology specialists [Text] / M. G. Mamedova, F. R. Mamedzade // Eastern-European Journal of Enterprise
Technologies. — 2015. — Vol. 4, Issue 3 (76). — P. 53—67. doi: 10.15587,/1729-4061.2015.47458

Zade, L. A. Ponyatie lingvisticheskoj peremennoj i ego primenenie k prinyatiyu priblizhennyh reshenij [Text] / L. A. Zade. —
Moscow: Mir, 1976. — 168 p.

Melihov, A. N. Situacionnye sovetuyushchie sistemy s nechetkoj logikoj [ Text] / A. N. Melihov, L. S. Bernshtejn, S. Ya. Korovin. —
Moscow: Nauka, 1990. — 272 p.

Mamedova, M. G. Kachestvennyj analiz i ocenka tekhniki pilotirovaniya na osnove poletnoj informacii. Obzornaya informaciya
[Text] / M. G. Mamedova, Z. G. Dzhabrailova. — Baku: AzZNIINTI, 1998. — 76 p.

Mammadova, M. H. Multi-criteria model of decision-making support in the personnel management problems [Text] /
M. H. Mammadova, Z. G. Jabrayilova // Problems of information technology. — 2012. — Issue 2. — P. 37—46.

Saati, T. L. Prinyatie reshenij. Metod analiza ierarhij [ Text] / T. L. Saati. — Moscow: Radio i svyaz’, 1993. — 320 p.

Jabrayilova, Z. Q. Defining methods of importance factor of the criteria in the solution of personnel management problems
and detection of contradictions [Text] / Z. Q. Jabrayilova, S. M. Nobari // Pattern Recognition and Information Processing. —
2011. - P. 330-333.

Nejman, D. Teoriya igr i ehkonomicheskoe povedenie [Text] / D. Nejman, O. Morgenshtern. — Moscow: Nauka, 1970. — 708 p.
Rabota v Azerbajdzhane [Electronic resource]. — Available at: https://jobs.day.az



26.
27.

28.
29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

OLX [Electronic resource]. — Available at: https://www.olx.kz/rabota/meditsina-farmatsiya/astana/

Medical institutions, the medical, pharmaceutical and other specialties of employees [Text]. — Minister of Health of Republic
of Azerbaijan, 2012. — 446 p. — Available at: http://e-health.gov.az/vakansiyalar/Vezife telimat pdf/MR_V5A son-MoH.pdf
Rabota.Az [Electronic resource]. — Available at: http://www.rabota.az/vacancy/sehiyye-eczailiq/tibbi-personal

Larichev, O. I. Verbal'nyj analiz reshenij [Text] / O. I. Larichev. — Moscow: Nauka, 2006. — 181 p.

Bellman, R. E. Decision-Making in a Fuzzy Environment [Text] / R. E. Bellman, L. A. Zadeh // Management Science. — 1970. —
Vol. 17, Issue 4. — P. B-141-B-164. doi: 10.1287 /mnsc.17.4.b141

Mammadova, M. H. Fuzzy Multi-scenario Approach to Decision-Making Support in Human Resource Management [Text] /
M. H. Mammadova, Z. Q. Jabrayilova, F. R. Mammadzada // Studies in Fuzziness and Soft Computing. — 2016. — P. 19-36.
doi: 10.1007,/978-3-319-32229-2 3

Mykich, Kh. Y. Research of uncertainties in situational awareness systems and methods of their processing [Text] / Kh. Y. My-
kich, E. V. Burov // Eastern-European Journal of Enterprise Technologies. — 2016. — Vol. 1, Issue 4 (79). — P. 19-27.
doi: 10.15587/1729-4061.2016.60828

Kochetkova, I. A. Algoritm diagnostiki sostoyaniya pacienta na osnove raspoznavaniya ego virtual’nogo obraza [Text] / I. A. Ko-
chetkova, V. M. Nikitin, E. A. Lipunova, V. M. Dovgal’ // Informacionnye sistemy i tekhnologii. — 2012. — Issue 5 (73). — P. 67-73.
Korenevskij, N. A. Ispol’zovanie nechetkoj logiki prinyatiya reshenij dlya medicinskih ehkspertnyh sistem [Text] / N. A. Ko-
renevskij // Medicinskaya tekhnika. — 2015. — Issue 1. — P. 33-35.

Mamedova, M. G. Multi criteria optimization of human resource management problems based on the modified topsis method
[Text] / M. G. Mamedova, Z. G. Dzhabrailova // Eastern-European Journal of Enterprise Technologies. — 2015. — Vol. 2, Ts-
sue 4 (74). — P. 48-61. doi: 10.15587/1729-4061.2015.40533

Afshari, R. Applications of fuzzy decision making for personnel selection problem: A review [Text] / R. Afshari, M. Nikolic,
D. Cockalo // Journal of Engineering Management and Competitiveness. — 2014. — Vol. 4, Issue 2. — P. 68-77. doi: 10.5937/
jemc1402068a

Varmazyar, M. A fuzzy AHP approach for employee recruitment [Text] / M. Varmazyar, B. Nouri // Decision Science Letters. —
2013. - P. 27-36. doi: 10.5267/j.dsl.2013.08.006

Shmalyuk, I. Yu. Software implementation of the BSP algorithm for clusterization of social networks [Text] / I. Yu. Shmalyuk,
I. M. Bushyn // Technology audit and production reserves. — 2015. — Vol. 2, Issue 2 (22). — P. 21-26. doi: 10.15587/2312-
8372.2015.40779

Mulesa, O. Yu. Adaptation of fuzzy c-means method for determination the structure of social groups [Text] / O. Yu. Mulesa //
Technology audit and production reserves. — 2015. — Vol. 2, Issue 2 (22). — P. 73-76. doi: 10.15587,/2312-8372.2015.41014





