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1. Introduction

Poor structure of considerable part of modern applied 
problems and tasks, the lack of reliable and representative 
input data and the possibility to consider non-standard 
and unpredictable factors during their solving underlie 
the need to apply such an approach as the expert surveys. 
The problem of determining numerical evaluation of an 
object plays an important role among the tasks where the 
expert opinions are largely used to solve them. As a rule, 
certain complex immeasurable characteristics of the object 
are assessed, which requires professional knowledge and 
experience of the experts. The theory of decision making 
described a number of rules that determine collective eval-
uation which are based on the processing of both the expert 
assessments and the values that characterize degrees of 
expert group competence.

Subjective nature of expert assessments, in its turn, pre-
determines a possibility to use the apparatus of fuzzy sets 

prior to collective evaluation. The successful application of 
models and methods that are based on fuzzy logic allows 
improving the results of solutions of such problems by a 
specific criterion.

System analysis of time series forecasting methods de-
tected a class of economical, medical and sociological prob-
lems that are needed to consider not only the internal regu-
larity of the time series but the external significant factors 
too, in the design of efficient methods of forecasting. Taking 
into account the fact that while solving the practical tasks, it 
is not always possible to formalize the action of external fac-
tors due to their sporadic and unpredictable nature, it would 
be expedient to involve the experts to evaluate them, which 
makes it possible to consider additional factors which can 
have a significant impact on the investigated phenomenon.

Thus, a development of heuristic models and forecasting 
methods of time series under real conditions, which allow 
taking into account the experts’ (group of experts) assess-
ments, is an actual and practical important task.
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2. Analysis of scientific literature and  
the problem statement

The task of numeric evaluation of an object belongs to 
the problems of the theory of decision making. A lot of meth-
ods of determining the numeric evaluation of the object are 
known, the mathematical calculations of which are included 
in [1, 2]. As is shown in [2, 3], some of them take into ac-
count such characteristics of a person who makes a decision 
and experts as propensity to risk, the level of optimism, etc. 
The paper [4] is devoted to axiomatic and mathematical 
properties of expert methods of decision making, including 
methods for the determination of the numerical evaluation 
of the object that is a continuation of the classical theory of 
decision making.

Analysis of modern scientific publications on the theory 
of decision making shows that the research and application 
of problems of the determination of the numeric object evalu-
ation under fuzzy conditions is rather actual. Thus, methods 
of processing of fuzzy expert information are offered in [5], 
which allow presenting subjective opinions of experts in the 
form of fuzzy sets. Such methods, as a rule, allow including 
the questions in the expert form, where words or opinions 
can be considered as the answers to those questions. The pa-
per [6] contains fuzzy analogues of the methods of collective 
expert assessments that allow considering different types of 
inaccuracies and ambiguity in the experts conclusions. Pos-
sibilities and the ways of applying of fuzzy expert methods 
are shown in the work [7].

Also, coefficients of experts’ competence, as a rule, influ-
ence the final evaluation significantly, which are aggregated 
evaluation of such indicators as the expert professionalism, 
confidence degree for the expert, the results of expertises 
made by him/her in the past, etc. There are different meth-
ods of defining the competence of experts. Thus, the paper 
[8] contains the classification and analysis of a priori meth-
ods of determining experts’ competence. According to this 
classification, a priori methods are divided into heuristic 
(methods of self-assessment, mutual evaluation), experimen-
tal and documentary. The work [9] is devoted to the posteri-
ori methods of defining the experts’ competence. A separate 
group includes methods based on the axiom of unbiasedness 
which is described in the paper [10]. The method of calcu-
lation of confidence for an expert based on the method of 
paired comparisons is shown in the work [11].

The work [12] deals with research and design of forecast-
ing methods of time series. As a rule, statistic and intuitive 
approaches are used in the design of methods of forecast- 
ing [13]. However, in the case when the forecasting is made 
under conditions of the action of random poor formalized 
factors, it would be expedient to use the results of expert 
surveys as the additional source of information.

It would be expedient to design such methods of time 
series forecasting that provide a possibility of simultaneous 
consideration of both the internal regularity of the time 
series and the impact of systematic and unsystematic poor 
formalized random factors on it.

3. The purpose and objectives of the study

The aim of the research is to develop heuristic rules of 
defining the numeric evaluation of the object based on fuzzy 
expert assessments to improve decision making in the cases 

when the results of expert surveys are used for forecasting 
and applying certain numerical characteristics of the objects.

To achieve the set goal, the following tasks were defined:
– to build a mathematical model of the problem of defin-

ing the numeric object evaluation;
– to develop heuristic rules of defining the numeric object 

evaluation that make it possible to consider certain subjective 
characteristics of experts and their assessments as well;

– to explore a possibility of using fuzzy experts assess-
ments to solve the problems of time series forecasting;

– to carry out experimental validation of the developed 
rules of the numeric evaluation of the object.

4. Setting and analysis of the problem of the numeric 
evaluation of the object

Consider the problem of numeric object evaluation [2]: 
set the object O.

It is necessary to determine its numeric evaluation by 
some criterion K.

Engage a group of experts k to determine the evaluation:
{ }1 2 kE E ,E ,...,E= , their competence coefficients are, ac-

cordingly

1 2 k, ,...,a a a , where i 0;1a Î    and 
k

i
i 1

1
=

a =∑ .

Experts’ competence coefficients can be set by a person 
who makes decisions or defined with the help of known 
methods [8–11].

Consider the case when each of the experts iE  (i 1,k= ) 
sets the following values during the numeric evaluation of 
the object:

– the interval of changing of the object evaluation 1i 2ia , a  ;
–  1i 2i, 0; 1m m Î   – degrees of confidence in their evalua-

tion 1ia  and 2ia  accordingly;
– evaluation i 1i 2ia a , aÎ  , degree of confidence im  where 

( i 0; 1m Î  ) is the highest.
It would be possible to use heuristics at the degree of 

preliminary processing of expert assessments that allow 
excluding from consideration those experts with the certain 
features in their degree of confidence [14].

The following heuristics are proposed:
Heuristics 1. Excluding those experts from the group E 

who have the coefficient of confidence in their evaluations 
lower than the predetermined level. That is:

{ }iE : E \ E= , ii 1,k :∀ = m ≤ D , 			   (1)

where ( )0;1D Î  is the predetermined level.
Heuristics 2. Excluding those experts from the group E 

who have the coefficient of confidence in their evaluations 
higher than the predetermined level. That is,

{ }iE : E \ E= , { }1i 2ii 1,k: min ,∀ = m m > D , 		  (2)

where ( )0;1D Î  is the predetermined level.
Heuristics 3. Excluding those experts from the group E 

who are equally confident in their evaluations. That is, 

{ }iE : E \ E= , { }1i 2iii 1,k : min ,∀ = m − m m < ε, 	 (3)

where ε  is the predetermined value of the range of confi-
dence degrees. 
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Assume that the group of experts has the following view 
after doing Heuristics 1–3: { }1 2 nE E ,E ,...,E=  (n k≤ ) and 
define the coefficients of confidence of appropriate experts 
(i 1,n= ) through ia . Calculate the total competence of the 
group of experts E by the formula: 

n

i
i 1=

a = a∑ .

If the compiled group of experts is incompetent (i. e. a  is 
not high enough according to the point of view of a person 
who makes decisions), then further task to solve the problem 
of defining the numeric object evaluation would be inexpedi-
ent. In the opposite case, it is proposed to fulfill normaliza-
tion of the values of experts’ competence coefficients by the 
following formula:

i
i n

i
i 1

:

=

a
a =

a∑
. 					     (4)

Experts’ coefficients of competence normalized by (4) 
are used to determine the numeric evaluations of objects.

5. Fuzzy rules of defining collective evaluation

Next step during the determination of the numeric ob-
ject evaluation is formation of fuzzy set ( )( ){ }i iA x, x= m

 
for 

every expert
 

iE EÎ  [2]. Membership functions of fuzzy sets 
are determined by the following rule:

( )

1i

1i i1

i1i 1i i1

ii i

i2i 2i 2i

2i 2i

2i

0, if x a ;

, if x a ;

a x b , if x a ,a ;

x , if x a ;

a x b , if x a ,a ;

, if x a ;

0, if x a .

<
m =
  + Î  
m = m =
  + Î  


m =
 >

			   (5)

Coefficients 1i 2i 1i 2ia , a , b , b
 

are determined by solving 
the appropriate systems of linear algebraic equations.

As is seen from (5), in general case membership func-
tions ( )i xm  will have piecewise linear form.

The following rules are proposed to determine a collec-
tive numeric evaluation of the object:

Rule 1. Fuzzy set of collective numeric object evaluation 
( )( ){ }C x, x= Μ  with function membership ( )xΜ  is calculat-

ed in the following way:

( ) ( )
n

i i
i 1

x x
=

Μ = a m∑ .				    (6)

The algorithm of the calculation of membership function 
of the resulting fuzzy set should boil down to defining the 
total of the corresponding membership functions in the in-
tervals of their monotony.

Rule 2. Form the fuzzy set ( )( ){ }C x, M x=
 
by the rule:

( ) ( )
( ) ( )j i

i j
j 1,n : x x

x max x : 0.5, i 1,n
= m ≥m

  Μ = m a > = 
  

∑ , 	 (7)

i. e., the membership function as the degree of confidence in 
the value of the numeric evaluation will signify the degree of 
confidence of the competent majority of the experts.

Rule 3. Determine dephasified numeric evaluation for 
each expert. Let ia  is the evaluation of the i-th expert. Next, 
perform calculations similar to the accurate case.

Rule 4. According to the accurate methods of determin-
ing collective numeric object evaluation, calculate the total 
of fuzzy numbers: 

( )
( ) ( ) ( ){ }

1 2 n
c

i A i ii
i

1 1 2 2 n n

1 1 2 2 n n
a ,a ,...,a :

c S
a S , a c

C A A A

max min a , a ,..., a ,
Î

Î a =

= a + a + + a =

= m m m
∑





 	 (8)

where 
iAS  are the carriers of corresponding fuzzy sets 

iA ,i 1,n= ; CS  is the carrier of fuzzy set C.
To determine collective numeric evaluation, it is pro-

posed to use one of the following correlations:
m

i
* i 1

x
x

m
==
∑

,					     (9)

( ){ }{ }*

x x
x max Arg max x= Μ , 			   (10) 

( ){ }{ }*

x x
x min Arg max x= Μ ,			   (11)

where ( ){ }i x
x Arg max xÎ Μ , m is the capacity of the set 

( ){ }
x

Arg max x .Μ

Depending on the nature of the considered problem, 
the formulas (9)–(11) provide the alternative choice of the 
numeric evaluations of the object for a person who makes a 
decision.

6. Application of fuzzy rules of defining collective 
evaluation of the object to the problem of time series 

forecasting

Consider the problem of time series forecasting:
It is necessary to determine the values ( )y n 1+ ,…, 

( )y n T+
 
based on the elements of time series ( )y 1 , ( )y 2 ,…, 

( )y t ,…, ( )y n , where T is the step of forecasting.
Generally, it is necessary to determine a forecasting 

model during forecasting of time series i. e. a functional 
dependency that can be written down as follows (with the 
accuracy to random component tε ): 

( ) ( ) ( )( ) ty t F y t 1 ,y t 2 ,... .= − − + ε  		  (12)

Models and methods used frequently to solve the prob-
lem of time series forecasting include:

 Winters method that takes into account season compo-
nents;

– regression model of forecasting;
– autoregression method;
– method of least squares with weights; 
– Brown forecasting models, etc.
The method of synthesis of a forecasting scheme based 

on the basic forecasting models with underlying mechanism 
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of competition in a given period of time was proposed in the 
papers [13, 15] and the resulting forecasting scheme is a con-
vex linear combination of the winner’ models with respective 
weight coefficients.

As shown in the papers [13, 15], this approach allows 
increasing the quality of time series forecasting.

Classic methods and schemes that are formed on their 
basis, in many cases do not consider the impact of poor for-
malized external random factors in full, for example, during 
forecasting social – economic and medical indicators.

Such external factors do not have permanent or season-
al character in certain problems and should be forecasted 
themselves, however, they can produce significant effect on 
the predicted value and thus decrease the accuracy of the 
forecast which can be obtained by the methods of forecast-
ing. It would be expedient to use the results of expert sur-
veys for such problems as one of the sources of information 
for solving a forecasting task.

A model of time series forecasting is proposed with an 
“expert block” as a component of it.

Thus, let there be the time series ( )y 1 , ( )y 2 ,…, ( )y t ,…, 
( )y s

 
where it is necessary to

 
consider the value

 
( )y s 1+ ,…, 

( )y s T+ , where T is the step of forecasting.
Let there be a group of n experts: { }1 2 nE E ,E ,...,E= ,  

who have the coefficients of competence, accordingly,  
 

1 2 n, ,...,a a a  ( i 0;1a Î  ) and 
n

i
i 1

1
=

a =∑ .

Each of the experts iE  (i 1,n= ), for each of the predict-
ed values ( )y s t+ , t 1,T= , puts three numeric evaluations: 
pessimistic, realistic and optimistic. Assign them, accord-
ingly, ( )p

is ty + , ( )r
is ty + , ( )o

is ty + . Let us consider that ( ) ( ) ( )p r o
is t is t is ty y y+ + +≤ ≤

 without decreasing generality of considerations. Let the 
experts assign the degrees of confidence for each of their 
assessments. That is ( ) ( ) ( )p r o

is t is t is t, ,+ + +m m m  for pessimistic, realis-
tic and optimistic assessment, accordingly. It is naturally to 
consider that ( ) ( )r p

is t is t+ +m > m  and ( ) ( )r o
is t is t+ +m > m .

In such setting, the problem boils down to the task of 
determining the numeric evaluation of the object and can be 
solved with the help of the rules 1–4.

Define collective expert evaluations in ( )ey s t+ , t 1,T= .
Assume that with the help of certain method of time 

series forecasting we obtained forecasted values, which we 
define in ( )fy s t+ , t 1,T= .

Then the resulting values are calculated by the formula:

( ) ( ) ( ) ( )е fy s t y s t 1 y s t+ = a + + − a +  ,		  (13)

where 0;1a Î    is the value set by a person who makes de-
cisions. This value expresses the level of impact of experts’ 
assessments on the result of forecasting.

7. Experimental validation of the research results

Let us consider a problem of forecasting quantitative 
characteristics of HIV-infected people, officially registered 
in the region [13]. 

Values of these indicators in Zakarpatska Region in 
Ukraine over the period from 1987 to 2014 are given in 
Table 1.

To compare the results of forecasting by different meth-
ods, let us take the values from 1995 to 2009 as a learning 
sample. And we will compare the values from 2010 to 2014 
to the results of forecasting.

Table 1

Values of the main quantitative characteristics of  
HIV-infected people, officially registered in the region [16]

Year
New cases of  

HIV-infection
Number of HIV-infected 

by the end of the year
1987–1995 6 6

1996 10 8
1997 27 35
1998 21 51
1999 20 63
2000 17 77
2001 26 94
2002 12 91
2003 10 77
2004 14 73
2005 36 100
2006 22 109
2007 43 136
2008 42 154
2009 50 185
2010 62 221
2011 63 251
2012 82 288
2013 81 322
2014 83 370

Let us solve this problem by the method of synthesis 
of forecasting scheme based on basic models [15]. Let us 
take auto regression method, method of least squares with 
weights, Brown method (linear and quadratic model), Win-
ters method as the basic models.

To evaluate the quality of forecasting models (basic 
and synthesized by a forecasting scheme), the mean square 
error (Δ) and the average relative error (μ) are used for the 
different steps of forecasting (τ) that are calculated by the 
following formulas, accordingly:

( )
n

2

t t
t 1

v v

n
=

−
D =

∑ 

, 			   (14)

n
t t

t 1 t

v v1
n v=

−
m = ∑ 

. 				    (15)

Values of forecasting errors are given in Tables 2, 3.

Table 2

Values of forecasting errors for the indicator  
“New cases of HIV infection”

Error

Auto re-
gression 
method 
(M1)

Method 
of least 
squares 

with 
weights 

(M2)

Brown 
method 
of the 

1st order 
(M3)

Brown 
method 
of the 

2nd order 
(M4)

Winters 
method

Synthe-
sized 

scheme

D (t=1) 6,2313 7,4416 12,0679 14,6251 1,7319* 1,7319*
m (t=1) 0,0729 0,093 0,1698 0,1966 0,020* 0,020*
D (t=3) 5,8019 7,4416 12,0679 14,6251 1,8826 1,2813*
m (t=3) 0,0797 0,093 0,1698 0,1966 0,0200 0,0161*
D (t=5) 3,0522 2,9564 11,4006 4,6924 1,6178 1,5240*
m (t=5) 0,032 0,0360 0,1273 0,0699 0,0174 0,0165*

Note: Δ is the mean square error; μ is the average relative error; τ is the 
step of forecasting; * is the minimal value of an error for given step
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Table 3

Value of forecasting errors for the indicator  
“Number of HIV-infected people by the end of the year”

Error

Auto re-
gression 
method 
(M1)

Method 
of least 
squares 

with 
weights 

(M2)

Brown 
method 
of the 

1st order 
(M3)

Brown 
method 
of the 

2nd order 
(M4)

Winters 
method

Synthe-
sized 

scheme

D (t=1) 6,6538 65,1013 30,0312 31,7880 3,1241 2,2195*
m (t=1) 0,0288 0,2362 0,1060 0,1033 0,0127 0,0085*
D (t=3) 8,4229 65,1013 30,0312 31,7880 3,7342* 3,7342*
m (t=3) 0,0356 0,2362 0,1060 0,1033 0,0150* 0,0150*
D (t=5) 9,01750 2,1504 27,7448 27,9098 4,2160 3,5280*
m (t=5) 0,0313 0,0053 0,0857 0,0798 0,0121 0,0120*

Note: D is the mean square error; m is the average relative error; t is the 
step of forecasting; * is the minimal value of an error for given step

The results for indicators “New cases of AIDS” and 
“Number of AIDS patients by the end of the year” are 
similar. Since the best forecast is obtained with the help 
of synthesized forecasting scheme [15], then the results of 
forecasting of quantitative characteristics of HIV-positive 
people registered officially in the region by the synthesized 
forecasting scheme is taken as the basis. The results of the 
forecasting are in Fig. 1, 2 and in Table 4.

Fig. 1. New cases of HIV infection

Fig. 2. Number of HIV-infected by the end of the year

In spite of the forecasting errors D and m being insignifi-
cant, the real data differ significantly from the forecasted ones.

Table 4

Forecasted values

Category
Step of fore- 

casting (year)
Forecasting scheme

Forecasted 
values

New cas-
es of HIV 
infection

t=1 (2010)
(1) (2)

15 1 15 1 15 1

(3) (4) (5)
15 1 15 1 15 1

v 0* v 0* v

0* v 0* v 1* v
+ + +

+ + +

= + +

+ + +

  

  

47,6806

t=3 (2012)
(1) (2)

15 1 15 1 15 1

(3) (4) (5)
15 1 15 1 15 1

v 0.14* v 0* v

0* v 0* v 0.86* v
+ + +

+ + +

= + +

+ + +

  

  

49,8674

t=5 (2014)
(1) (2)

15 1 15 1 15 1

(3) (4) (5)
15 1 15 1 15 1

v 0.23* v 0* v

0* v 0* v 0.77* v
+ + +

+ + +

= + +

+ + +

  

  

74,4492

The 
number 
of HIV- 
infected 

people by 
the end 
of the 
year

t=1 (2010)
(1) (2)

15 1 15 1 15 1

(3) (4) (5)
15 1 15 1 15 1

v 0.25* v 0* v

0* v 0* v 0.75* v
+ + +

+ + +

= + +

+ + +

  

  

174,9428

t=3 (2012)
(1) (2)

15 1 15 1 15 1

(3) (4) (5)
15 1 15 1 15 1

v 0* v 0* v

0* v 0* v 1* v
+ + +

+ + +

= + +

+ + +

  

  

192,9142

t=5 (2014)
(1) (2)

15 1 15 1 15 1

(3) (4) (5)
15 1 15 1 15 1

v 0.16* v 0* v

0* v 0* v 0.84* v
+ + +

+ + +

= + +

+ + +

  

  

332,5521

Let us solve the problem by using a proposed method at 
t 1= . Compile a group of 5 experts { }1 2 3 4 5E E , E , E , E , E= . 
Coefficients of their competence and the results of the exper-
tise are given in Table 5.

Table 5

Expert data

Expert ia  
( )p
i15 1y +

( )p
i15 1+m ( )r

i15 1y +
( )r
i15 1+m ( )o

i15 1y +
( )о
i15 1+m

E1 0,2 50 0,2 58 0,9 62 0,3

E2 0,2 55 0,4 61 0,7 65 0,1

E3 0,2 50 0,1 59 0,8 65 0,2

E4 0,2 50 0,2 57 0,6 65 0,4

E5 0,2 55 0,2 62 0,8 65 0,1

By using the rule 1 and the rule 2 to determine a 
numeric object evaluation, we form corresponding fuzzy 
sets ( )( ){ }1 1C x, x= Μ , ( )( ){ }2 2C x, x= Μ . Use (9) for setting  
the resulting forecasting data. Then collective expert evalu-
ations will be as follows: ( )1ey n 1 58,7+ ≈ , ( )2ey n 1 60,385+ ≈ .

As is seen from Table 4, ( )fy n 1 47,680+ ≈ . As the real 
value of the indicator “New cases of HIV infection” in 2010 
is 62, so it is evident that using the formula (13) at any

( )0;1a Î  will improve the forecasting results.
Similarly one can determine the forecasted values of 

the indicator “Number of HIV-infected people by the end 
of the year” on the basis of expert assessments. The results 
of the forecasting by the proposed scheme depend on the 
competence of the expert group and the degree of the impact 
of the “expert block” on the final forecasting value, which is 
determined by a person who makes decisions.

8. Discussion of the results of the research of methods of 
determining the numerical evaluation of the object

Fuzzy model of the problem of determining collective 
numerical object evaluation is built, in which experts’ con-
clusions are presented as the interval of change in evaluation 
taking into account the degrees of experts’ confidence in 
their results.
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Applying proposed heuristics for the analysis of the re-
sults of experts’ surveys allows disregarding the opinions of 
those experts, the degrees of confidence of which have certain 
features. Such mechanism provides decrease of the impact on 
the research from those experts who are not confident in their 
assessments or who are not able to detect the most probable 
one. The choice of the rule for setting the collective numerical 
object evaluation depends on the features of a person who 
makes decisions and on the problem character.

The model of forecasting was designed during the re-
search that is a continuation of the forecasting scheme [15]. 
The numeric object assessments are used in it with the aim 
to provide a possibility to consider the external factors in 
the forecasting, which have a high impact on the forecast-
ing value, but do not have systematic character or can’t be 
formalized. Generally, such cases occur in the problems of 
forecasting social and economic phenomena.

The numeric experiment was carried out to fulfill the 
analysis of the efficiency of using the expert methods of 
determining collective object evaluation that showed that 
the application of methods which considered only internal 
features of the series leads to inaccurate forecasting values 
in the problem of forecasting the quantity of HIV-infected 
people in the region by the end of the year. However, using 
an “expert block” for this problem allowed applying the 
knowledge and experience of the experts and improving the 
forecasting results.

The advantage of the proposed approach is that at 
solving the problem of time series forecasting, it could be 
possible to simultaneously use mathematical, fuzzy, neural 
network methods of their forecasting with the use of time 
series forecasting and the numeric object evaluations as well 
as the results of experts’ surveys. 

The proposed scheme of forecasting is sensitive to the 
results of experts’ surveys and depends on the competence of 
an expert group and a person who make decisions.

9. Conclusions

The research of the problem of determining the numeric 
object evaluation was performed. The aim of the research is 
a development of heuristic rules of determining the numeric 
assessment of the object based on the fuzzy experts’ evalu-
ations to improve the efficiency of decision making for the 
problems where the results of experts’ surveys are used and 
which are related to the forecasting or evaluation of certain 
numeric characteristics of objects. During the research, the 
following was achieved:

1. A fuzzy mathematical model of the problem of deter-
mining the numeric object evaluation was built that allows 
presenting experts’ conclusions as the interval of change in 
the evaluation considering the degrees of experts’ confidence 
in the results. 

2. Heuristic rules of determining the numeric object 
evaluation were compiled, which include the cases when the 
experts from an expert group are not confident in their as-
sessments that allow reducing the impact of such factors on 
the expertise results.

3. A model of time series forecasting was built, based on 
the fuzzy methods of determining collective numeric evalua-
tion of the object, which provides the possibility to consider 
both internal series trends and unsystematic and poor for-
malized external factors. 

4. Experimental validation of the developed rules was 
performed on the example of the problem of forecasting 
the quantity of HIV-infected people registered officially in 
Zakarpatska Region. The efficiency and expedience of inclu-
sion of an “expert block” during determining the forecasting 
values were demonstrated. 

Therefore, the developed models and methods can be 
used effectively in both solving the problems of determining 
collective numeric evaluation of the object and forecasting 
the time series.
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1. Introduction

With the development of information technologies and 
the globalization of the information society, the concept 
of a start-up develops, which is closely connected with the 
modern economy. Assessment of a start-up project is in the 
evaluation of an “idea”, which may bring profits in future. 
The cost of such “idea” cannot be evaluated (commercial-
ly) without introducing it to the market. Yesterday’s “bad 
idea” may turn successful today, due to the rapid changes 
in the industry or areas of business where it is implement-
ed. In this regard, the problem (poorly structured now) 

of assessment of efficiency of start-up projects arises, the 
solution to which is interested for either venture funds or 
the startuppers themselves.

Any startup is a project at the level of “ideas”, direct-
ed into the future by definition, and the project that has 
strategic character is directed into distant future. The 
future cannot be predicted at one hundred percent while 
the decision about the launch of implementation of the 
project (start-up) must be taken today. Therefore, there 
is an actual problem of the development of the models for 
the assessment of startups under conditions of information 
uncertainty.
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Розроблено модель оцінювання ефек-
тивності та вибору стартап проектів 
в умовах невизначеності вхідних даних. 
Модель зменшує суб’єктивізм експертних 
оцінок, показує місце «ідеї» серед інших, 
дозволяє встановити рівень її ризику та 
враховувати побажання особи, що при-
ймає рішення. Сформовано множину кри-
теріїв оцінювання та запропонована кла-
сифікація їх по групах. Наведено приклад 
роботи моделі оцінювання стартапу

Ключові слова: стартап проекти, бага-
токритеріальна оцінка, група критеріїв, 
функція належності, «бажані значення»

Разработана модель оценки эффек-
тивности и выбора стартап проектов 
в условиях неопределенности исход-
ных данных. Модель уменьшает субъек-
тивизм экспертных оценок, показыва-
ет место «идеи» среди других, позволяет 
установить уровень ее риска и учитывать 
пожелания лица, принимающего решение. 
Сформировано множество критериев 
оценивания и предложена классификация 
их по группам. Приведен пример работы 
модели оценки стартапа

Ключевые слова: стартап проекты,  
многокритериальная оценка, группа кри- 
териев, функция принадлежности, «же- 
лаемые значения»
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