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and their coordination. Thus external relations with

suppliers of raw materials and buyers of production

weren't taken into account.

D. Hammer [12] one of the first in the works at-

tached significance to external relations on the example

of implementation of procedures of purchases as one of

the elements of decrease in cost price and potential

sources of receiving additional profit; V. Poole [17],

having emphasized that purchases can reach the same

result, became the first who entered the term «active

supply».

During 1960-1985 the Japanese companies actively

opened up the American and European markets, getting

competitive advantages thanks to reputation of produc-

ers of high-quality goods and services and use of new

management styles. The Japanese companies got addi-

tional competitive benefits at the expense of use as stan-

dard control systems, for example, control systems of

total quality, and absolutely new control systems of

chains of deliveries. D. Burt, [6] developed, by its own

definition, the integrated systems of supply (ISS) was

one of the first researchers of these tendencies in activity

of supply.

It defined ISS in the following way: «Integration in

supplying activity is presented by results of work of all

participants in the case where the whole it is more, than

the sum of its components».

D. Burt started developing approach to the organi-

zation of multipurpose group which has certain advan-

tages in management of complex material streams and is

urged to involve suppliers at a planning and design

stage, creating thereby the partnership atmosphere. As a

factor of efficiency of logistic system it considered full

cost value and emphasized that fact that «the cost of

materials – only one and usually not a key factor». The

major factors influencing a total cost, the poor quality,

inappropriate specifications, non-compliance with terms

of deliveries, claims and other reasons influencing fi-

nancial expenses are. In the researches D. Burt passes

from a control system of material streams in the enter-

prise to a control system leaving out of its limits.

One of serious researchers of logistic systems is

P. Witt [22] which gave the general concept about

«chain representation» logistics. It the first analysed the

movement of a material stream from a source of its

emergence to a point of final consumption.

M. Leenders and D. Blenkhom [15] presented 11

stages of process of rapprochement with the suppliers,

allowing to lower the general expenses at the expense of

optimization of logistic activity. This idea also was

developed by H. Fearon [11]. It should be noted that

thanks to these works, the movement direction towards a

control system of chains of deliveries was defined.

During 1984-1997 the western researchers directed

their efforts to creation of reliable system of material

support, a control system of chains of deliveries. During

this period a number of control systems by transport

networks and control systems of production time is

developed.

One of the first researchers of these directions is

W. Copacino [10]. In its works the considerable atten-

tion is paid to control systems of transportations and he

starts investigating the integrated logistics systems.

L. Hannon [13] and A. Martin [16] in their works

emphasize «full integration of channels of marketing»

and that the accent in logistics is displaced from systems

of the organization of purchases to systems of distribu-

tion of finished goods. A. Martin developed the theory

version «Fast reaction / continuous replenishment».

L. Hannon, investigating «communications» and «need

of modernization of a chain of deliveries», and also as

A. Martin, emphasizes that it is necessary to exclude the

intermediary as that he calls strategy No. 1, «the first

step (in creation of comprehensive system) for the com-

pany consists in including system as the necessary tool

in own production and distributive capabilities that will

add efficiency to operating systems». The ultimate ob-

jective consists in having constant smoothly adjustable

system of delivery and to exclude warehousing, using

system «precisely in time».

D. Waters [20] in the works pays considerable at-

tention to integration in chains of deliveries by means of

creation of partnership with the suppliers that allows the

separate organizations which are engaged in production,

to increase the profit at the expense of increase of sys-

tem effectiveness of management by chains of deliveries

from a point of emergence of a material stream to a

point of final consumption of finished goods and de-

crease in «the general expenses of logistics».

On the other hand the following definitions of logis-

tic system give a number of researchers of the countries

of the former Soviet Union:

1) A. D. Chudakov [9], B. A. Anikin [1] give some

definitions to logistic system:

– the logistic system is an adaptive system with the

feedback, carrying out these or those logistic functions

and the operations, consisting, as a rule, from several

subsystems and having the developed communications

with environment;

– the logistic system is the system which elements

are the material, financial and information streams in-

volved in logistic operations, interconnecting these ele-

ments, proceeding from common goals and criteria of

efficiency;

– the logistic system is the complete economic sys-

tem difficult organizationally consisting of elements and

links, interconnected in uniform management of material

and other accompanying streams, set, borders and which

tasks are integrated by specific goals of the organization

of business;
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Abst ract . It is important to determine the optimal level of

administrative costs in order to achieve main targets of any

enterprise, to perform definite tasks, to implement these tasks

and not to worsen condition and motivation of the workers.

Also it is essential to remember about strategic goals in the

area of HR on the long run. Therefore, the main idea in using

optimization model for assessing the effectiveness of

management costs will be to find the minimum level of

expenses within the given limits.

Ke y words : administrative costs, optimization model, levels

of management.

INTRODUCTION

Optimization involves finding the best index of the

selected function in a particular opportunity set. Thus

the solution of the optimization model means finding its

optimal solution or proving that there is no solution [3,

4, 8]. Optimization models are arranged in two

categories: minimization problems and maximization

problems. In our research, we will use the second

category in order to find the optimal level of

management costs for the enterprises of gas industry.

MATERIALS AND METHODS

The peculiarity of the formation of the optimization

model is to determine the efficiency unit. We must

install the effectiveness of administrative costs for the

selected unit. Many recent studies on construction and

solving of optimization models have focused on

choosing such measurement units as: product unit, unit

of cost, unit of sown area, etc. [5, 20]. However, it is not

irrelevant to take into account these units of

measurement as administrative costs are not included

into production costs [10]. We therefore propose to

calculate administrative costs per head of the company.

Thereafter, the function will have the following

expression:

F (х) → min, (1)

where: х – number of administrative employees.

However, the analysis of gas industry enterprises

proves the importance of assessing the effectiveness of

the administration costs on various levels of

management, as there is a kind of asymmetry in terms of

allocation of administrative expenses. Taking into

account this problem we should specify the objective

function as follows:

а1 х1 + а2 х2 + а3 х3 → min, (2)

where: а1, а2, а3 – average amount of administrative

costs per top manager, middle manager, low line

manager accordingly, thousands of UAN; х1, х2, х3 –

number of top, middle and low line managers

accordingly.

Further investigations are needed to choose the most

important limits to solve the optimization model. The

choice of factors depends on the main objectives and

personnel management strategies as well as

administration costs of the company. Analysis of the

domestic gas sector companies showed the following

priority objectives for HR management and

administration costs, which can be displayed in the

limits of the optimization model:

- development of chief executive officers, including

their qualifications, practical skills, managerial skills
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and competence [14], active participation in retraining,

advanced training and re-qualification;

- rejuvenation of staff, particularly managers of

industrial subdivisions;

- reducing losses because of making inaccurate

management decisions and improving of management

decisions in the company;

- increasing the loyalty of chief executive officers

[1, 6, 9] and reducing the number and level of risk and

risk of personnel activity [16];

- reducing the number of duplicate management

structures, units and chiefs;

- improving the quality of labor input through the

effective selection of personnel;

- reducing bureaucracy and corruption;

- increasing salaries and wages and reducing a

number of employees;

- low turnover level of administrative employees;

- reducing administrative costs to raise competitive

capacity of a company.

Thus we represent the schematic model of opti-

mization of management costs at the enterprises of gas

industry (Fig. 1).

optimization of

management costs

Increasing the number
of fresh administrative

employees

retraining, advanced

training and re-

qualification

reducing the number of

inaccurate decisions

and the amount of

losses

increasing the loyalty

and motivation of

administrative

employees

Fig.1. Directions of optimization of an enterprise management

costs

The first limit to optimize administrative costs is a

wages fund, which on the one hand should be as low as

possible in order to reduce administrative costs and on

the other one, it should be sufficient enough to meet the

demands and to stimulate employees. The other aspects

of the wages fund are to ensure sufficient loyalty of

administrative employees, to avoid the loss of top

managers, to create the decent staff reserve [2, 15].

Thereafter, the wages fund function will have the

following expression:

b1 x1 + b2x2 + b3x3 ≤ D, (3)

where: b1, b2, b3 – average administrative costs for

wages per top manager, middle manager, low line

manager accordingly, D– wages fund.

According to the priority objectives in the field of

personnel management and administrative management

costs, it is important to ensure a continuous process of

employees training. Any company budgets the ex-

penditures on conducting of training. These limits will

be as follows:

c1x + c2x + c3x ≤Kmax , (4)

c1x + c2x + c3x ≥Kmin, (5)

where: c1, c2, c3 – average management costs for

training, advanced training and re-qualification of

administrative employees; Kmin,, Kmax – expenditures on

training, advanced training and re-qualification of

administrative employees, minimum and maximum

accordingly.

A significant amount of administrative losses is

associated with the correction of errors and defects as a

result of inaccuracy of management decision-making.

Therefore, we should set the maximum expenditure

level that would be aimed to eliminate wrong decisions

and minimize their number various levels of

management. The amount of additional costs for revisal

is the time spent on their average wages. The function

will be as follows:

e1x1 + e2x2 + e3x3 ≤P,  (6)

where: e1, e2, e3 – average management costs spent by

top, middle and low line managers on elimination of the

result of inaccurate management decisions; P – highest

possible management costs spent on elimination of the

result of inaccurate management decisions.

Studies have shown that loyalty of staff has a direct

impact on productivity and the result of the company’s

activities. It is therefore important to increase staff

loyalty and set clear limits on the level of expenditures

on the following measures:

g1x1 + g2x2 + g3x3 ≤L,  (7)

where: g1, g2, g3 – average expenditures for increasing

the level of loyalty of top, middle and low line

managers; L – highest possible level of expenditures on

increasing the level of loyalty of administrative

employees of the company.

In general, proposed optimization model will be as

follows:

а1 х1 + а2 х2 + а3 х3 → min,

.

1 1 2 2 3 3

1 1 2 2 3 3

1 1 2 2 3 3

1 1 2 2 3 3 max

1 1 2 2 3 3 min

b x b x b x D

e x e x e x P

g x g x g x L

c x c x c x K

c x c x c x K

+ + ≤
 + + ≤
 + + ≤
 + + ≤
 + + ≥

(8)

In present years, researchers have become inc-

reasingly unanimous in declaring that there is no balance

between different levels of management costs.

Particularly, they are more considerable and often

unnecessary at the top levels of management and

significantly lower than it is should be at the middle and

lowest line levels of management of gas industry

enterprises. Especially, this misbalance is observed with

the administrative costs of the state gas producing

companies. Therefore, the objective function will remain
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the same as in the previous optimization model. Only

limits will be changed for the optimization model:

а1 х1 + а2 х2 + а3 х3 → min. (9)

The system will consist of six inequalities that set

the maximum and minimum amount of administrative

costs for the three levels of management - institutional,

administrative and manufacturing [11,12,13].

Expenditures are planed and budgeted by the

administration of the company. It is possible to establish

the amount of administrative costs for each level of

management by an expert way. Hereby, the amount of

management costs of each level of management should

provide staff development for each of the studied levels

and motivate to perform their tasks and goals on the one

hand, but on the other hand, it should eliminate

duplication, bureaucracy, corruption in the system of

management at the enterprises of gas industry. The

system of limits can be written as follows:

1 1 2 2 3 3 1

1 1 2 2 3 3 2

l x l x l x R

l x l x l x R

+ + ≥
 + + ≤

, (10)

where: R1, R2 – minimum and maximum amount of

administrative costs for providing the work of

administrative employees at the institutional,

administrative and manufacturing (technical) level; l1, l2,

l3 –amount of administrative costs per top manager,

middle manager, low line manager accordingly.

The process of balancing of administrative costs can

be carried out not only with aggregate expenditure of

each management level but also with the elements of

management costs to ensure stable work of each level of

management at the enterprises of gas industry. Our

research will explore how to balance administrative

costs at three levels of management: material costs,

wage bill, amortization, cost of social charges and other

administrative costs. These costs at different levels of

management will have different amount. Therefore, the

proposed model will be as follows:

а1 х1 + а2 х2 + а3 х3 → min,
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, (11)

where: d1, d2, d3 – management costs for wages of top,

middle and low line management levels; m1, m2, m3 –

material management costs for providing the work of

top, middle and low line managers; z1, z1, z3 –

amortization of assets and facilities used for the

activities of top, middle and low line management

levels; s1, s2, s3 – costs on social payroll at top, middle

and low line management levels; f1, f2, f3 – other

management costs for providing the work of top, middle

and low line managers.

We should also develop database to record admi-

nistrative management costs. Thus, the use of ABC

analysis is intended to allocate costs in accordance with

the activities of management and to identify factor that

influence these costs [7, 19]. Thereby, ABC analysis or

also called functional and value analysis [17], allows us

to track the connections between expenditures and their

reasons.

Having examined the peculiarities of activities of

the enterprises of gas industry, it is reasonable to set the

appropriate grouping of departments of management

according to the joint functions. We can specify the

following centers: the finance and economic centre, the

centre of production, the centre of legal aid and moni-

toring, the research centre, the centre of manufacturing

service, the centre of personnel management.

1. The finance and economic centre (accounting

department, planning and economic department,

financial department, investment department);

2. The centre of production (manufacturing

department, technical department, drilling department,

the department of capital construction);

3. The centre of legal aid and monitoring (law

department, safe-custody department, internal audit

department);

4. The centre of manufacturing service (department

of chief engineer, department of purchasing,

administration department and secretariat, the

department of power and water supply, department of

occupational safety and health, department of

information support and computer service);

5. The research centre (department of geology,

laboratories, budgeting department);

6. The centre of personnel management (department

of work organization and wages, personnel department).

It is important to identify factors that impact the

expenses of the selected centers in the process of their

formation. The factors of expenditures of the finance

and economic centre can be the number and size of

reports (administrative and financial), the number of

documents that needs processing , organization of

record-keeping, the number of mistakes and errors made

by employees and identified in the process of different

revisions, the amount of fines imposed due to errors of

employees.

The factors of expenditures of the centre of

production can be the number of oil wells, the regional

location of oil fields, and the production volume of gas,

oil and other related products. It is necessary to

introduce the value coefficient of complexity and the

level of infrastructure development of the area where

energy resource are mined.

The factors of expenditures of the centre of legal aid

and monitoring can be payment discipline, reliability of

suppliers and contractors, the level of prevention of theft
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and abuse, the amount of leakage of commercial

information and the level of losses due to it, the level of

physical and psychological protection of workers

(measured in points by inquiry).

The factors of expenditures of the centre of

manufacturing service can be the number of suppliers,

the regional location of facility, the size of suppliers and

supply chains length, width of supply chains,

infrastructure of the area, the number of discounts and

amount of resource savings obtained as a result of

discounts.

The factors of expenditures of the research center

can be the number of projects, the number of objects of

geological research, the complexity of geological

research, peculiarities of projects accomplishing (joint

activity, economic way, and outsourcing), the number of

confirmed reserves and successful projects.

The factors of expenditures of the centre of

personnel management can be the number of personnel,

qualifications and structure of staff, turnover rate of

personnel, experience in the company and the industry,

the amount of documentary support for each of the

employees, the number of training programs and

advanced training courses, their frequency and methods

of their conduct (internal, inviting outside ex-

perts/trainers and mixed), the number of social programs

and programs of developing loyalty in the staff.

Having divided administrative management costs

into the groups of the centres, we may follow their

dynamics in accordance with the factors of expenditures.

For example, we may trace the change of expenditures

of the finance and economic centre in case of the

introduction of a new accounting program or electronic

document control, the change of expenditures of the

centre of manufacturing service in case of closing down

the parts of wells temporarily, the change of

expenditures of the centre of personnel management in

case of changing the number of employees, etc. In

addition, this division will help to optimize management

costs, to balance them between centres, to save costs, to

improve the structure of organizational management and

to develop the company.

Certainly, the expenditures of the centres can not

proportionally be altered according to changes in the

factors of expenditures, and it is obvious that the change

takes time. The changes happen with some delay, there

are lags. It is important to consider the time factor while

finding the connection between the amount of

expenditures and factors influencing them [18].

It is important to create a sharp system of

organizational and informational support to administer

management costs for the responsibility centres. We

suggest appointing responsible persons to the centres to

ensure a high level of administration (they can be deputy

chief in the functional areas). They should be in charge

of performing system monitoring the level and the

pattern of expenditures (previous, current and final)

according to changes in the factors related to the centres

of administration management costs.

The proposed division into centres of administration

management costs can be used to construct an

optimization model to balance administrative costs. This

criterion of separation of administrative costs

determined the structure and quality of the staff in each

of the proposed centres. Therefore, the proposed model

will be as follows:

q1y1 + q2y2 + q3y3 + q4y4 + q5y5 + q6y6 → min, (12)

where: q1, q2, q3, q4, q5, q6 – average amount of

management costs per workers in the finance and

economic centre, the centre of production, the centre of

legal aid and monitoring, the centre of manufacturing

service, the research centre and the centre of personnel

management; y1, y2, y3, y4, y5, y6 – average number of

administrative employees in the finance and economic

centre, the centre of production, the centre of legal aid

and monitoring, the centre of manufacturing service, the

research centre and the centre of personnel management.

Limits of the optimization model should be formed

according to expenditures for providing the work of

each of the established centres for administration of

management costs. Therefore, the system of limits will

be as follows:
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where: dc1, dc2, dc3, dc4, dc5, dc6 – managements costs for

payment for administrative employees work in the

finance and economic centre, the centre of production,

the centre of legal aid and monitoring, the centre of

manufacturing service, the research centre and the centre

of personnel management; mc1, mc2, mc3, mc4, mc5, mc6 –

financial management costs for providing the work of

administrative employees in the finance and economic

centre, the centre of production, the centre of legal aid

and monitoring, the centre of manufacturing service, the

research centre and the centre of personnel management;

zc1, zc2, zc3, zc4, zc5, zc6 – amortization of assets and

facilities used for the activities of administrative

employees in the finance and economic centre, the

centre of production, the centre of legal aid and

monitoring, the centre of manufacturing service, the

research centre and the centre of personnel management;

sc1, sc2, sc3, sc4, sc5, sc6 – costs on social payroll for

administrative employees in the finance and economic

centre, the centre of production, the centre of legal aid

and monitoring, the centre of manufacturing service, the

research centre and the centre of personnel management;

fc1, fc2, fc3, fc4, fc5, fc6 – other management costs for
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providing the work of administrative employees in the

finance and economic centre, the centre of production,

the centre of legal aid and monitoring, the centre of

manufacturing service, the research centre and the centre

of personnel management; 654321 ,,,,, ΨΨΨΨΨΨ -

maximum level of management costs to provide the

work of the finance and economic centre, the centre of

production, the centre of legal aid and monitoring, the

centre of manufacturing service, the research centre and

the centre of personnel management.

In such a model it should also be established the

minimum amount of management costs to ensure the

performing of necessary tasks and work. Therefore, the

model takes the following form:
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where: 654321 ,,,,, χχχχχχ - minimum level of

management costs to provide the work of the finance

and economic centre, the centre of production, the centre

of legal aid and monitoring, the centre of manufacturing

service, the research centre and the centre of personnel

management.

We will find the solution of this model using the

data of the gas manufacturing department "Lvivha-

zvydobuvannya". The function with data will be written

as follows:

156457y1 + 160963y2 + 129917y3 + 141060y4 +

+ 146912y5 + 177716y6 min,

1

2

3

4

5

6

3730904 156457 5577701

2971625 160963 4442579

1299171 129917 1942261

4991342 141060 7462057

2373190 146912 3547919

956933 177717 1430616

y

y

y

y

y

y

≤ ≤
 ≤ ≤
 ≤ ≤


≤ ≤
 ≤ ≤


≤ ≤

. (15)

RESULTS

The solution of the optimization model makes it

possible to establish the crucial number of employees

for each of the centres of administration management

costs: the finance and economic centre - 23 persons, the

center of production - 18 persons, the centre of legal aid

and monitoring - 10 persons, the centre of manufac-

turing service - 35 persons, the research centre - 16 per-

sons, the centre of personnel management - 6 persons.

Our research has proved that this number of

administrative employees will lead to reduction of

expenditures and the number of managerial staff by

combining the individual functions and optimization of

interaction processes. The quality and amount of work

performed will not be reduced, and in some centres will

be increased by improving the social and psychological

environment, eliminating duplication of functions,

decentralizing operations and improving of productivity.

Our research has revealed that reduction of the staff is:

the finance and economic centre - 8 persons, the center

of production - 4 persons, the centre of legal aid and

monitoring - 4 persons, the centre of manufacturing

service - 11 persons, the research centre - 5 persons, the

centre of personnel management - 1 person. Total staff

reduction may reach 28 % and reduction of management

costs by 30%.

CONCLUSIONS

Optimization models will enable managers to

balance the functioning of different levels of

administrative employees, to optimize management

costs, and thus to increase productivity and staff loyalty,

to reduce economic risks and turnover rate of personnel,

to develop staff reserve and to improve other financial

and economic indicators of enterprises. We have

elaborated the model of optimization of management

costs spent by top, middle and low line managers,

composed the optimization model for the three levels of

management - institutional, administrative and manufac-

turing. Using ABC analysis, another optimization model

has been formed to administer management costs at the

basis of specialized centres: the finance and economic

centre, the center of production, the centre of legal aid

and monitoring, the centre of manufacturing service, the

research centre, the centre of personnel management.
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Abst ract . In article the technique of an assessment of

personnel risks is developed at a choice of optimum version of

the administrative decision. The analysis of alternatives in the

course of decision-making assumes serial consideration of all

candidates solution with determination of advantages and

shortcomings of each option by all possible criteria, including

on a factor of personnel risks. Following the results of an

assessment the card of risks is formed, and the assessment of

an acceptability of alternative is defined as average weighed by

each stage of realization of alternative where as weight

information evaluation test is accepted.

Ke y words : personnel risks, alternatives of the decision,

risks map, rating scale.

INTRODUCTION

Effectiveness of functioning of the economic

organization in the conditions of the composite, dynamic

and uncertain environment in many respects depends on

comprehension of the reasons and mechanisms of action

of personnel risks and their account at a decision

making. Quality of human resource management of the

organization defines effectiveness of activity of the

organization and success of achievement of the purpose.

At the same moment, in practice of functioning of

the Ukrainian organizations not only methods of

identification of personnel risks are not developed, but

often there is no comprehension of need of their account

in organization activity. Also in science this problem yet

did not receive complete conceptual judgment and the

methodical decision that considerably slows down

development of the theory and practice of management

by personnel risks.

The purpose of article is development of a tech-

nique of estimation of personnel risks at an alternative

choice at adoption of administrative decisions.

Many leading domestic and foreign scientists in the

field of production management paid attention to

studying of decision-making process and the factors

influencing their quality. It is necessary to distinguish

such experts as G. Ford, F. Teylor, A. Fayol, G. Emer-

son, P. Draker, S. Yaung, M. Meskon, F. Hedouri,

H. Saymon, A. Nevil, T. Rassell, R. Teylor, V. L. Maka-

rov, V. M. Polterovich, B. G. Kleyner, H. N. Gizatullin,

A. I. Tatarkin, O. C. Vikhansky, R. A. Korenchenko,

A. I. Naumov, R. A. Fatkhutdinov [1-13]. The result of

researches of these authors is development of efficient

methods and decision making procedures in various

administrative situations at any emergence of problems.

Risk problems in a decision making consider in the

researches of J. Von Neyman, D. Allen, M. Meskon,

I. Kh. Ansoff, S. Bir, V. Rove, U. Nayms, P. Slovik,

K. Frost and also Russian and Ukrainian scientific

A.G. Badalova [1, 2], E.N. Bulanova [3], A. E. Voronko-

va [4], O.A. Dedov [6], N. Kalyuzhnaya [10], I.V. Pro-

nina [18], A.L. Slobodskiyu [19]. In their works the ana-

lysis of the reasons and sources of emergence of econo-

mic risks of the enterprise is carried out, techniques of

the quantitative and quality standard of risks are offered.

As for such problem as the accounting of personnel

risks at an alternative choice at adoption of admi-

nistrative decisions, to this aspect of attention practically

it was not given.

In practice of management most often use the

following methods of an assessment and a choice of

alternatives:

1) In the conditions of a determinacy:

- creation of hierarchical semantic structure;

- bootstrapping (analogies or reproduction);
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OPTIMIZATION OF THE STRUCTURAL COMPONENTS OF GEARWHEELS OF CYLINDRICAL REDUCING…

max max

4,8
[ ]= ≤ =

F Fi n F

F

HB
k

S
σ σ σ ,

where: SF is a safety margin (SF = 1,4…1,7).

12. The dimentions of the key joint of gearwheels

with shafts dв1 and dв2, mm are calculated in accordance

with the formula:
3

1

2

2 10
0, 271 0, 93.

(0, 042 1, 574 )[ ]

⋅
≥ + +

+і ві

ві ві зм

T
l d

d d σ
Determined dowel lengths l1 and l2 are agreed with

standard boundary lengths according to the shaft diame-

ter dві.

Groove depth in the datum bore in the hub t2і is de-

termined by the equation:

t2і = 0,044dві + 1,822.

Dowel width bші is calculated by:

bші = 0,271dві + 0,9301.

The value bші is to be rounded up to the integer.

13. Gearwheel hub lengths lм1 and lм2 depend on the

dowel lengths:

lм1 = l1; lм2 = l2.

14. Hub external diameter dмі is:
3

1
4 10

2(0, 044 1,822)
[ ]

⋅
= + + +

мі ві ві

ві мі p

T
d d d

d l σ
.

The value dмі is to be rounded up to the integer.

15. The internal diameter of the toothed ring dз.в.і is

determined as:

. . 0,8=з в і fid d .

16. Plate thickness bд between the hub and the

toothed ring is found as:
3

1

2

10

6
≥

дi

мі

T
b

dπ
.

The value bді is to be rounded up to the integer.

17. The weight of the steel tooth gearwheel М, kg is

calculated as:
2 2 2 26

. .

2 2 2 2

. .

[0, 5( ) ( )]7,8 10

4 ( ) ( )

−  − + − +⋅=   + − + − 

i ai fi fi з в i

i

з в i мi ді мi вi мі

b d d d d
M

d d b d d l

π
,

dai = di + 2mn; dfi = di − 2,5mn.

In the case when . .0, 5( ) 20− ≤з в і віd d , it is neces-

sary to accept the condition bді = bi.

18. Reliability costs of the gearwheel prototype QП

in UAH are determined according the equation:
4 1,11 1,,05 1,01 0,91, 97 10− − −= ⋅

П i cm i
Q M n d λ , (5)

where: λ is the failure rate, h-1:

1=
В

T
λ .

ТВ is the trouble-free life, h (for the tooth gear of the

seventh accuracy grade ТВ = 3600 hours [7]).

19. Production costs for the tooth gearwheel QВ,

UAH. The value QВ is determined by the equation (5),

when the values obtained after the calculations of the

structural components of the tooth gearwheel, namely,

the reference diameter, weight, set accuracy degree and

failure rates are substituted in it.

20. Total operational costs QЕ in UAH are deter-

mined according to the equation:
7 26 10 0, 01 2,381−= ⋅ + −

E E E
Q T T ,

where: ТЕ – set life span of the tooth gearwheel, h.

21. Cycle friquency nц, min-1:
4

1
6 10⋅

=
цi

i

V
n

dπ
.

Optimization mathematical model of the determin-

ing the structural components of the tooth gearwheel.

The task set for developing the optimization mathemati-

cal model refers to the discrete programming. The

Monte-Carlo method is suitable for its solving. Con-

straint region, defined with the variable factors and op-

timization criteria, is enclosed into the n-dimentional

parallelepiped, where the investigations are carried out.

The optimization mathematical model can be repre-

sented as follows:

aim function:
min⇒BiQ , (6)

by the criterion:

min− ⇒ei НiQ Q , (7)

limited by:

1 1
≤ ≤

ba
a bψ ;

2 2≤ ≤a L b ;

3 3≤ ≤Ba T b ;

4 4≤ ≤Ea T b ;

5 1 5≤ ≤a V b ;

, (8)

[ ]≥p p . (9)

where: а1, а2, …, а5 are minimal values of operational

and structural factors, which are determined at the stage

of developing the technical development task; b1, b2, …,

b5 are the maximum values of the operational and struc-

tural factors; р is the probability of hitting the investiga-

tion point into the range of the feasible solutions, sur-

rounded by the n-dimentional parallelepiped determined

by the limitations (8) and the criterion (7); [р] is the al-

lowable value of the probability of hitting the investiga-

tion point into the range of the feasible solutions.

While using the Monte-Carlo method for solving

the task, it is necessary to create the sequence of pseudo-

random numbers µi in the range from 0 to 1,0 using spe-

cial software. Pseudorandom numbers should be trans-

formed into the factor values (8) according to the equa-

tion:

xi = аj + µi (bj – aj),

where: xi is the factor value at the і-stage of the task

solving process; µі is the pseudorandom number at this

stage; aj, bj are correspondingly minimum and maximum

values of j- limitation according to the equations (8).

For solving this optimization task an algorithm has

been developed including all necessary calculations for
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FACTORS INFLUENCING THE ENTERPRISE INNOVATION

Market value that affects the level of innovation of

the enterprise is ambiguous characteristic with certain

factors both directly and indirectly. The factors include

the direct effects of factors both external and internal

environment, namely economic, financial, sustainable,

political, legal, marketing, management factors, com-

petitors, as for the indirect effects of factors, they are

social, climatic, personnel.

Sustainability that affects the level of innovation of

the enterprise is specific and determines the accordance

of enterprise activity to the existent norms in relation to

ecological safety, so-called "ecological friendliness" of

enterprise resulting efficient use of natural resources and

the amounts of emissions of pollutants and waste. Natu-

ral and climatic, ecological, political, legal, productive

factors directly influence this characteristic innovation

of enterprises, indirectly - financial, technological and

economic factors.

Reliability and activity, these characteristics are in-

fluenced by society and are the result of imagination or

vision of society that makes demands on product inno-

vation and on the innovation of the company in general.

Therefore, we took to the factors that have direct impact

on reliability the scientific, technical, financial, indus-

trial, economic, political, legal, administrative factors,

customers and suppliers, to the indirect effects of factors

- competition, sustainability and personnel. Such factors

directly influence activity: marketing, manufacturing,

administrative, political, legal, human factors; mediated

are financial, economic, scientific and technical factors.

Sociality is ambiguous and the specific characteris-

tic of this innovation of enterprise. Its duality is evident,

as with the development of society demands on living

conditions increase: the environment, infrastructure,

requiring quality improvements that are the basis of in-

novation. Innovation and innovativeness of a particular

company change the paradigm of society (the transition

from unsaturated to saturated market) (Fig. 2).

Social, skilled, financial, economic, political, legal

factors have a direct influence on the noted description,

and mediated are ecological, natural and climatic, scien-

tific and technical factors and competitors.

CONCLUSIONS

Thus, we introduced the system of external and

internal environment factors affecting the innovation of

the enterprise, and determined their impact on the main

characteristics of innovation. Such grouping of factors

will affect the management of enterprise to influence

internal factors and factors of microenvironment, and

also to take into account the factors of macroenviron-

ment, thus reducing the uncertainty of the environment

in order to maintain or improve the existing level of in-

novativeness of the company.
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