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ENVIRONMENTAL MANAGEMENT
AS A TOOL FOR PROVIDING RESILIENCE OF THE SEA PORT

Abstract. It is proved the importance of environmental management to ensure sustainable
development of the port. Based on the study of academic literature, the factors of external and
internal environment that determine the need for the development of environmental management
are identified. A generalized model of the environmental management system is proposed and the
need to introduce a rational management system at all levels of port management is emphasized. It
is emphasized that the problem of developing a system of ecological and economic model of
management and decision making requires the use of theory and methods of modern information
technology, as well as methods of adaptive and intelligent management of port processes in real
time based on a set of technological and economic and environmental criteria. It is offered the
general principle of formation of the combined criteria of management on all levels of hierarchy
according to decomposition of management system structure of a production function and at the
account of both economic and ecological parameters. A system-wide generalized technological,
economic and environmental criterion for management and decision-making has been developed,
which includes both qualitative and quantitative characteristics of services and environmental
parameters of pollutants. For all technological and transport processes the local control criteria
corresponding to the general system criterion on observations of technological and ecological
parameters are received. Variants of criteria of operative management of operational function of
port are developed. It is emphasized that the specific choice of quality criteria is determined by
many factors, such as the specifics of the problem, the nature and complexity of the object, the
simplicity and feasibility of the proposed algorithms. Relevant principles are given for the selection
of the appropriate criterion. The concept of ecological management of port’s operational function is
formulated.

Keywords: environmental management, environmental criteria, seaport, management
system, management principles.
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EKOJIOTTYHU MEHEIKMEHT

SAK IHCTPYMEHT 3ABE3NEYEHHS CTIMKOCTI MOPCBKOI'O IIOPTY

AHoTanis. /loBejleHO 3HaUYEHHS €KOJOTrIYHOTO MEHEKMEHTY Ul 3a0e3MeUeHHs CTaioro
po3BUTKY mopTy. Ha oOCHOBI ompalfoBaHHA akKaJeMIiYHOI JTepaTypu BUAUICHO YUHHHUKH
30BHINIHBOTO 1 BHYTPINIHBOTO CEPEIOBHUINA, IO 3YMOBIOIOTH MOTPEOY PO3BUTKY €KOJIOTTYHOTO
MEHE/KMEHTY. 3alpollOHOBAHO Yy3arajbHEHy MOJENIb CHUCTEMH €KOJOT1YHOTO MEHEIKMEHTY
1 TAKpPECIeHO HEOOXITHICTh BBEICHHS paIliOHAIBHOI CHUCTEMH MEHEHKMEHTY Ha BCIX PIBHSX
ynpaBiiHHsa nopty. Iligkpecneno, mo mnpoOiemMa po3poOJeHHS CHUCTEMH EKOJIOro-eKOHOMIYHOI
MoOJiel YNpaBiiHHS I yXBajJeHHs pillleHb BUMara€ BHUKOPUCTaHHsS Teopii 1 METONIB Cy4acHHX
iHpOpMaLIfHUX TEXHOJIOTiH, a TakoXX METOIB aJalTUBHOIO Ta IHTEJIEKTYyaJIbHOTO YIIPaBIIIHHS
TEXHOJIOTYHUMH TpoLiecaMu MOPTY B peajbHOMY MaciiTadl yacy Ha 6a31 KOMIUIEKCY TE€XHOJIOIro-
€KOHOMIYHUX Ta EKOJOTIYHUX KpHUTEpiiB. 3alpONOHOBAHO 3arajJlbHUil NPUHUUN (HOPMYBAHHS
KOMOIHOBAaHHMX KpUTEpIiB YNpaBiIiHHS 3a BCiMa PIBHAMHU lepapXii BIAMOBIAHO 10 JEKOMITO3UIIT
CTPYKTYpU CHUCTEMHU YTMpaBIiHHSI BUPOOHMUOIO (YHKIIEIO 1 Mpu OOJIKY SK EKOHOMIYHHX, TaK
1 eKoJOTIYHMX mapameTpiB. Po3poOiieHnii 3araJbHOCUCTEMHUHN y3arajlbHEHUH TEXHOJIOro-
€KOHOMIUHUH Ta eKOJOTIYHUI KpUTEPii yNpaBiIiHHS W yXBaJICHHS PillieHb, [0 BKIIOYAE SK SKICHI,
1 KUIBKICHI XapaKTEpPHCTHUKU IOCIYT, TaK 1 €KOJOriuHi mapamerpu 3abpyanroBauiB. s Bcix
TEXHOJIOTIYHUX 1 TPAHCIOPTHHUX MPOLECIB OJAEpKaHl JIOKaJIbHI KpUTepil ynpaBmHHﬂ BIJITIOBITH1
3araJlkHOCHCTEMHOMY KPHTEPIIO 32 CIIOCTEPEKEHHSIMH TEXHOJOTIYHUX Ta €KOJIOTTYHUX MapaMeTpiB.
Po3pobiieHo BapiaHTH KpUTEpiiB OMEPATHBHOTO YIIPABJIiHHS OIEpaIliiHO (YHKIED TOPTY.
[TinkpecieHo, Mo KOHKPETHHWH BHOIp KPUTEPIIO SKOCTI BU3HAYAETHCS OaraTbMa YMHHHKAMH SIK
o0 crnenudiKyu 3aBIaHHs, M0 BUPINIYETHCSA, XapaKTEPOM 1 CKIATHICTIO 00’€KTa, MPOCTOTOIO
1 peani30BaHICTIO 3aIPOINOHOBAHUX aIrOpuUTMiB. [lJis BUOOPY BIAMOBIIHOTO KPHUTEPiI0 HABEICHO
BiAnmoBiHI TpUHIUIH. ChOpMyJTbOBAaHO KOHIICTIIIIIO E€KOJOTIYHOTO YIIPaBJIiHHS OIepaliifHo0
(dyHKLi€0 TOPTY.

Knrouoei cnosa: exooTiuHUA MEHEIKMEHT, €KOJIOTTYHI KPUTEPil, MOPCHKUH TTOPT, CUCTEMA
YIpaBIiHHSA, IPUHIMIN YIIPABIIHHS.

®Dopmyi: 29; puc.: 2; Tabn.: 0; 61611.: 24.
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Introduction. The intensive development of maritime transport throughout the world,
characterized by the rapid development of integration and globalization processes, has a significant
impact on economic growth of both individual regions and states. Such circumstances can explain
the role and importance of seaports as city-forming enterprises. Their activities are in the focus not
only of the consumers of their services. Therefore, the formation of a new society focused on
knowledge, information technologies and cannot occur without due attention to the environmental
component of enterprises’ activities. However, at present, the resulting economic and commercial
indicators of ports’ activities do not include aggregate environmental costs, including the
assessment of environmental damage and the costs of restoring air, water, land and biological
resources to an acceptable level according to the standards.

Criteria have not been formed to assess enterprises that meet the requirements of the
«green» economy. The actual payments for pollution are still extremely low, which does not allow
not only to ensure the reproduction of ecological resources at a cost, but also not to cover the
current environmental costs. To overcome these trends and achieve the goals of sustainable and
balanced socio-ecological and economic development of ports, it is necessary to formulate
principles and criteria for sustainable development of ports.

Today, seaports need to look for untapped technological, technical, organizational and
managerial opportunities that can be used to ensure the sustainable development of the port.
Ecological management prevents pollution of the environment, port waters, water resources, air. In
order to preserve natural resources, their development, rational consumption, appropriate
technologies are needed to manage environmental processes that occur in seaports. Thus, the
ecological activity of the port falls within the scope of specialists’ research in order to develop and
implement modern tools in the mechanism of environmental management

Analysis of research and problem statement. The analyses of relevant materials [1—4] on
the research topic proves the relevance of the studied issues of environmental management of
seaport, because the existing system of nature management does not ensure the coordination of
economic and environmental interests of modern ports. Their irrational use and environmental
pollution continue in almost all world ports [5—38], so the goals of society must be realized through
the achievement of the relevant goals of industry’s enterprises. This approach will achieve the
global environmental goals of society.

Insufficient development of environmental management in ports can be explained by the
influence of external and internal factors [9—12]. First of all, such factors include market
transformations, changes in logistics chains, the spread of globalization, fierce competition in the
industry, government policy, human resources development, lack of financial resources and so on
[13—17].

The action of such or similar factors leads to decrease of attention according to the problems
of environmentally safe work, protection of the environment from the consequences of activities,
pollution in all areas, deterioration of public health [ 18—20].

Therefore, special sanctions are applied to the port, which may limit its financial activities
and require additional funds to eliminate the negative consequences of its activities [21—24].
Therefore, the responsibility raises and understanding of the need to plan and implement
environmental measures to achieve the stability of the seaport also increases.

Unsolved aspects of the problem. Despite the constant increase in the relevance of
environmental issues in the activities of ports, it requires further research system and criteria for
managing the environmental parameters of port.

The purpose of the article is to form a combined criteria of port management system,
taking into account both economic and environmental parameters of its development.

Research results. On the basis of elaboration of academic literature [8—10; 19; 23; 24] it is
possible to allocate the factors causing necessity of development of ecological management

(Fig. 1).

ISSN 2306-4994 (print); ISSN 2310-8770 (online) 283



OIHAHCOBO-KPEIUTHA [IANbHICTb: MPOBJIEMM TEOPIT | MPAKTUKM 2021 N2 3 (38)

The necessity of implementing
environmental management

/ \

External factors Internal factors
Growth of environmental pollution Access of ports to the world market
The need for compliance of international Reduction of port costs due to the use
requirements of environmental technologies
Legal conditions and state economic sanctions Preservation of the uniqueness
Costs of eliminating environmental consequences of the technological process in the port
High level of risks due to pollution

Fig. 1. Factors that determine the need for environmental management

Seaports in the event of emergency consequences of their activities incur material losses to
eliminate the environmental consequences, but their own funds are sometimes insufficient for this.
According to world experience, companies should invest money not in eliminating the
consequences, but in preventing environmental pollution, which can ensure the effective
organization of environmental management.

Intensification of foreign economic activity of ports, access to world markets, strict rules of
international trade and competition in world markets, ports use international standards. Today, the
environmental activities of ports are regulated by legislation, standards that define the system of
environmental management, which serves as a common way of action for ports, necessary to
achieve its environmental goals and the gradual solution of problems. The systematic concept
«environmental management» defines the generalized model of environmental management, which
is shown in Fig. 2.

Continuous improvement Environmental policy of the port
of the environmental management system ¢
4

Environmental management system
planning

| Management analyses |

) \
| Control and corrective activities I< Implementation of environmental
management system

Fig. 2. Model of ecological management system

The standard provides a set of rules and requirements for ports, without offering specific
methods for organizing assessments and assessments of environmental management in the port.
Therefore, it is necessary to form their own organizational foundations for the functioning and
evaluation of environmental management. This will help to improve to improve the environmental
management of ports, promote the quality of their services in the conditions of fierce global
competition and expand their capabilities in world markets. In addition, it should be emphasized
that environmental management creates more favorable conditions and additional opportunities for
investment, and also improves the image of ports in the market.

Scientists of different countries have put the proposal according to introduce a rational
management system at all levels of port management.

The problem of developing a system of ecological and economic model of management and
decision-making requires the use of theories and methods of modern information technologies, as
well as methods of adaptive and intelligent management of port processes in real time based on a
set of technological and economic and environmental criteria.
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The modern theory of choice and decision-making is based on two approaches: quantitative
and qualitative. The quantitative approach assumes to each possible decision a quantitative
estimation (number) of value of some vector, in the general case of function (indicator of quality of
the decision). However, this approach does not cover many natural situations of choice and
decision-making. Another approach to evaluating decisions based on the language of blurred
criteria and models, as the most appropriate for many real complex processes and objects, has much
wider possibilities.

With the creation of a modern management system of seaports, the problems of ensuring
their sustainable development, namely the study of the rational relationship between production
function, consumption and the amount of environmental pollution are becoming increasingly
important.

Within the framework of such approach, it is possible to use the theory of production
function, complex modeling, methods of the theory of optimal control. A special place should be
occupied by such issues as control of environmental pollution in the implementation of its
production functions, namely the maintenance of the vessel in the port, loading and unloading
operations.

Assume that the utility function has the form U(P, C), where P and C its arguments which
represent the amount of resource consumption and the amount of pollution. They can be vector
quantities. It is necessary that the following conditions are met:

au au 02U a%u . du
ac ,m < O'ﬁ < 0, llmgp_)o = 00} (1)

Next, we also take some assumptions about the nature of the investigated function, assuming
that the nature of the function U(P, C). This applies to such a property as «substitution». It is known
from microeconomics that in the case of reducing the consumption of P by AP, in order for the
value of the utility function not to change, it is necessary to reduce the amount of pollution C by
AC. This effect is determined by the marginal rate of substitution, as in the case of production

functions:
au
dc P
NS ==~ "’”/w- 2)

ac

The assumption that will be applied to the utility function U(P, C) will be as follows: at a
low level of consumption to compensate for the reduction of P by the appropriate unit, it is required
to reduce the amount of pollution by a sufficiently large value. On the contrary, with an unlimited
increase in P, the value of AC required to compensate for the corresponding unit of consumption
tends to 0. This can be interpreted as the lines of function are NS, which defined by equations in the
form NS (P, C) = NSy, where NSy > 0, have the nature of hyperbole. The curve C = f.(P, NS),
defined by the written equation must have the following properties: lim,_q fo(P,NS,) = oo,

lim,,_,e, fc(P,NSp) = 0,1 f.(P, NS,) gradually decreases with increasing P.

ONS
. ac . d ap o
Since NS =2 j &= _ op /3,\,5. , then the condition of gradual decrease of the

aP ap
ac
ONS
function f,(P, NS,) can be set as —-2&- < 0, or calculating the partial derivatives of the function
ac
NS = NS(P, C), we obtain the equation
au au
9°U _gp  0°U \(2°U Gp 0%\ _ 3)
aP2 g_’cf apac | \ ac? g_lcf aPaC ’

This condition is valid in particular, if 8*U/ dP6C < 0. An example of a utility function that
satisfies the above constraints is the function U (P, C) = aP* — bCﬁ, where a, b>0;0<a<1,B>1.
As a criterion to be maximized, the functional is accepted:
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JP, C) =[] U(P,C)e " dt, (4)
where P = P(t), C = C(¢) Iy — discount rate.

Consider the problem of control in the port over the pollution using the cleaning processes.
The neoclassical one-product two-factor function V' = F(K, L) will be used as a production
(operational) function, where K is the value of fixed capital and L is the value of human resources.
We can assume that fixed capital has depreciation, which is characterized by a constant rate p > 0,
and for simplicity, we assume that L = const, that does not change over time (L = 0).

Pollution and the polluter are not used in production as useful product, but they are its by-
product. We can assume that the magnitude of the pollutant is directly proportional to the
magnitude of the manufacturing product and is a fraction of it €, 0 < ¢ < 1. Thus, pollution is
measured in the same units as the main product. We will also assume that the natural decline of
waste at any given time is a fraction of their total amount.

Society, in turn, can allocate a part of the social product on fighting with the pollution. It is
assumed that the efficiency (productivity) of costs to reduce pollution is constant. The consumption
of one unit of service (product) reduces pollution by 6 units (6 > 1).

The task of pollution management is to determine the particles a(z) and B(¢) of the release,
which is intended for consumption and pollution control, respectively.

Thus, we have the following ecological and economic model of the system:

P =xF(K,L)
K= F(K,L)-x F(K,L) — BF(K,L) — ukK, (5)
C =¢F(K,L) —8BF(K,L) — 6C
where 0 <a(f)<1,0<B() <1, a(r) + B < 1.

The problem of optimal control (4, 5) is the problem of estimating the vector u(¢) = (a(z),
B(7)), which can be solved, for example, using the maximum principle.

Denote by y; the double variable corresponding to the equation (5), i.e. y; (¢) is an
objectively determined estimate of capital K(r) at the moment ¢, and by y, is an objectively
determined estimate of pollution C(¥).

We introduce the Hamiltonian H for the problem (4, 5) in the form of H (a, B) =
= U(P, O)e "' +[(1—x —B)F (K, L) — pK] + W[ (e — 6B)F (K, L) — 6C]

The connected (double) system of equations will look like:

b=-frefer em[a-a-pRodrne-mE)
L|J.2=_Z_Z€’_yt‘|‘l|129 |

Renomalizing the double estimates as q; = y; e¥t i qu = yre?t, we have a related system in
the form:

. 0 d d 0
q1=—{%M§+q1[(V+u—(1—a—ﬁ)£—u]+qz(£—5ﬁ)§}

4z = _3_Z+ q2(6 +7v),
and the Hamiltonian H is equal to:
H=e " {U(x F(K,L),c) + q[(1—x —=B)F(K,L) — uK] + q2[(e — 6B)F (K, L) — 6C1}. (8)
According to the maximum principle, if the equation u(¢) = (a(?), B(¢)) is optimal, then there
are continuous functions q;(¢) and qy(?) satisfying the above conditions (7). The functions a(z)
and B(¢) maximize the value of the hamiltonian H at time .
Maximizing the function H can be reduced to maximizing the expression:
o(a, B) = @o(a) + B, where a, >0, a + B <1 and @y(a) = U(aF(K,L), C) — q1(aF (K, L), (9)
where (= -(¢q1+ ¢20)F(K, L)
in the case > 0 it is obvious that the maximum of the function (g) is reached at o + = 1. [f { <0,
then the maximum (o, ) is reached at B = 0.
When { = 0, then B is arbitrary and a is either equal 1, or is a solution of the equation

(7)

% = 0. The detailed analyses of the behavior of optimal trajectories in the presented model is
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quite complex because it contains two control parameters. However, bearing in mind the significant
role played in describing the optimal trajectories of the equilibrium point, we will try to answer the
question. Are there balanced growth trajectories (equilibrium points) in the presented model that
satisfy the necessary conditions of the maximum principle, and how many? Prove that there are
exactly two equilibrium points. In one such provision, no means are spent on pollution control. This
state of the model was called «the balance of the dark age». It is characterized by a high level of
production (a large amount of fixed capital), a high level of consumption and an extremely high
level of pollution, which is regulated only by natural cleaning processes. The state of equilibrium, in
which the costs of both consumption and the fight against pollution are carried out, is called the
equilibrium of the «golden agey. It differs from the equilibrium of the dark age by lower levels of
capital, consumption and pollution. The equilibrium state is described by the quotation K = 0,
C=0, ie.
(1—-a—-PBF(K,L) = pk; (10)
(e—8B)F(K,L) = 6C. (11)
Since the value of K in the equilibrium state is constant and, of course, positive, it follows
from the last equation that the sum (a + B) of the corresponding optimal controls is constant and
strictly less than 1. Therefore, o < 1, f < 1, and the case occurs { < 0 and then the corresponding
values). From the last equation we obtain that at the equilibrium point the control  (and hence a) is
constant. Since o < 1, % =0,1i.e.
6U(ocFa(IIJ(,L),C) . (12)
It follows that the function q;(t) is a constant. The formula (¢ — 68)F(K,L) = 8C shows
that in this case g»(f) must also be constant. From the above formula we obtain the expression

through the function U:
1 ou

92 =5 ac (13)
Thus, the equation takes (12) the following form:
OF OF oF
ql(v+u—£+8&)—qz(e—5ﬁ)ﬁ=0- (14)

The water resource of the coastal region is an important component of life, and therefore the
problem of its rational use from the standpoint of economic and environmental monitoring is
relevant not only for ports but also for the entire coastal region.

The following is the approach to economic-mathematical modeling and optimization of the
water use process in the region when the cost of water consumption is taken into account, i.e. when
the unit price of water is set or being set. Let in consumers use the total water resource of the
region. Water consumers in the region are ports, industrial enterprises, agricultural enterprises and
others. Two cases can be investigated.

1. Suppose first that each consumer Ili spends some water, but does not change its quality.
Let R is the resource of all water; xi water consumption by thei-m consumer; p;(x;) is profit received
from water consumption in the amount of X; i-m consumer; X; limit value of water consumption by
the i-m enterprise. Here p;(x;) is a utility function and only 1 resource is considered. Then the task of
maximizing the profits of all consumers from the use of water is as follows:

1 pi(x) - max; (15)
S, x; < R; (16)
0< X; < .9?1

In the conditions of market economy, we will assume that there is no exchange of
information on water consumption between consumers, because they are not interested in disclosing
their useful functions pi(x;). The coordinating state (regional) body sets some price for water. Each
consumer orders the required amount of water at a given price. Depending on the ratio between the
total demand for water and its available resource, the coordinating body adjusts the price and
informs consumers of its new value. To solve the above problem (15—16), we write the Lagrange
function:

L(x,u) = Xl Dixpy T (R — 2io1 X)) = Xizq Pix) — U Di=1X; T UR, (17)
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where u is the unit price of water volume (Lagrange multiplier). So, we have the following task
now:

L(x,u) » max,0 < x < x. (18)
Which for concave utility functions pj(,), — that usually occurs, can be solved as a family

of subtasks:
p;(x;) —u*x; - max (19)

0<x;<x,i=1,n,
where u* is the proposed optimal solution of the double prescribed problem. Therefore, if the
price u* is known, then there is a decentralization of problems (15; 16; 19). However, u* is usually
unknown. Therefore, the following procedure can be suggested. Let we know u* ,k = 0,1, 2, ... the
water price at time #. Then each water consumer determines his x¥, by solving the task
pi(x;) — ux; > max (20)
0<x;<x,i=1n
The new water price ' is determined by changing u* in proportion to the difference
between the total water demand Y™, x¥ and its supply R taking into account the mandatory
positivity:

k1 k1 = max{0, uk + v, (T, x¥ — R)}, (21)

where v; is some step factor. It should be noted that the expression Y1, x¥ — R in the above
equation is a generalized gradient of the objective function
@) = Maxgey,<r, Lx,0), i = Ln (22)

Under the assumptions which was made, this function will be one that does not differentiate
for those u = u¥, when at least one of the problems (20) has more than one optimal solution. This
procedure (21) is a method of generalized gradient descent to solve the problem of minimizing the
function @ (u) at u > 0. Therefore, the step factor y; can be based on the usual conditions for this
method: yx > 0, vy — 0 for k—o0, Yy, = 0, ), y,2 < oo. Note again that u" can be interpreted as the
optimal payment for water, and x¥ — as the demand for water of the i-th consumer at the price u*.
Therefore, the ratio is the difference analogue of the Walras equation, which describes the dynamics
of prices in a competitive market and the procedure for forming the optimal (i.e. equilibrium) price.

Thus, the stated algorithm simulates the procedure of market pricing for the «common
resource» — water. If in each model (15; 16) x;is a vectorx; € RT, then the problem (20) will have
the following form:

u

pi(x) —uf ¥ x;; - max, x; € X,CRY, i=1n. (23)
2. In practice, in the process of water use, part of the water is polluted and its quality and
composition deteriorate due to the discharge of industrial waste into the aquatic environment.
Therefore, economic and mathematical modeling should take into account these environmental
factors and build ecological and economic models of the water use process. In this model, first of
all, the purpose function (15) and constraints (16) will be supplemented by the following
constraints:
Y Ci(x) <C5s=1,8. (24)
Where C; (x;) is the dependence between the volume of water consumption and the increase
in the concentration of the s-th pollutant in the water C* the presence of the s-th pollutant in the
water, S is the number of pollutants which are taken into account. In this case together with the
price of water should be introduced tax v;, by which is levied the unit of the s-th pollutant,
discharged into the water.
Thus, to solve the problem (20; 24) requires some adaptive algorithm for pricing for water
and taxation for the discharge of pollutants, which has the following form:
- Choose arbitrary i vd, s = 1,S. Then: the optimal structure of water uses x; is
determined independently by each consumer on the condition of maximum profit:
pl(xl) uk Xi — g 1 Vs C (x;) — max (25)
0<x;<x,i=1n;
- The new price u*"' of water is determined according to (21).
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- New rates v¥*+1of taxes for water pollution are calculated by the formula:

vt = max{0, v+ CL, G (x) — C)}s =1,S. (26)
This algorithm additionally requires the convexity of the function C; (x) and the existence of
an internal point of plural given by the constraints (24). In conclusion, it should be noted that
random fluctuations and uncertainties in the magnitude of water demand require a stochastic model
of water use by many consumers, i.e.:
E{¥iz1p:(x;, w)} - max 27)
i=1% <R (28)
0<x;<x,i=1n,
where pi(x;, ®) is the profit received from water consumption by the Bogu i-th consumer in the
amount of x;, depending on the random parameters ® with a given distribution law; E is a sign of
mathematical expectation. To solve the problem (27; 28) we can use a stochastic analogue of the
above algorithm. Note also that it would be possible to present a model of water use in the case of
possible transfer of excess water resources for a given consumer to another partner at a certain
price. Note that as a function p{x;) can take the function of the vector argument X; = (x;1, ..., Xim),
where {xij} is the j-th resource used by the i-th enterprise and, in particular, we can take the
concave generalized function of Cobb-Douglas in such type:

pi(X) = v [17%1 x;'l] = yix; e x? e xm, (29)
where y;> 0, 0; > 0 are given numbers such that 372, o<;;= Vi = 1,n.

Conclusion. Thus, it was proposed the general principle of forming combined management
criteria at all levels of the hierarchy in accordance with the decomposition of the structure of the
management system of the production function and taking into account both economic and
environmental parameters.

It was developed the system-wide generalized technological, economic and ecological
criterion of management and decision-making which includes both qualitative, and quantitative
characteristics of services, and ecological parameters of pollutants.

For all technological and transport processes the local control criteria corresponding to the
general system criterion on supervision of technological and ecological parameters are received.
Variants of criteria of operative management of operational function of port are developed.

The specific choice of quality criteria is determined by many factors, such as the specifics of
the problem to be solved, the nature and complexity of the object, the simplicity and feasibility of
the proposed algorithms.

To select the appropriate criterion, it can be based on the following principles:

- the principle of compromises, i.e. a compromise between adequacy and mathematical
simplicity, practical utility, convenience and ease of implementation in practice;

- the principle of information insufficiency and uncertainty, ie the lack of accurate
information leads to the possibility and necessity of choosing a criterion that obeys the
mathematical and software simplicity of implementation;

- the principle of relativity of the criterion, i.e. the absence of general practical
recommendations and considerations of the preferred choice of the criterion from a possible class of
criteria;

- the principle of development, necessity and importance of taking into account modern
approaches to the description of vague and mixed information uncertainties;

- the principle of absence and relativity of the optimal criterion of efficiency and quality.

With the approach to the formation of the criterion, the concept of management is as
follows:

- it is formed the criterion of management on the measured values of technological,
economic and ecological parameters;

- it is optimized the operational activity of the port according to the formed management
criterion;
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- the environmental and economic parameters are controlled, and in case of exceeding the
permissible norms, measures are taken to reduce the concentration of harmful substances by
reducing productivity, optimizing the modes of operation of local processes, etc.

- the integrated accounting of pollutant emissions is conducted from the beginning of the
year and, if necessary, an adjustment is made to their permissible current concentration;

- it 1s controlled the current values of the concentration of harmful substances released into
the atmosphere, water without allowing to exceed their limit values.
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