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Exos0ro-exoHOMIiYHMIT aHAJI3 )KUTTEBOT0 HMKJIY HAJAHHSA MOCTYTH ra30Mnocra-
yanns B HIITY Ykpainu 3a 101oMOrorw nporpaMioro 3adesneyenns SimaPro

31iHCHEHO €KOJIOr0-€KOHOMIYHMIN aHali3 XKHUTTEBOTO LUKIY HAaJaHHS MOCIYT ra30MoCTavyaHHS.
BcranoBiieHO piBeHb BIUIMBY TIPOIECY Ta3omocTradyaHHs B HarioHaIbHOMY JTICOTEXHIYHOMY
yHiBepcUTeTI YKpaiHU Ha CTaH HABKOJUIITHLOTO MPUPOTHOTO CepeaoBHINA. Bu3HaueHO €KOJOTIuHUN
1HIEKC KUTTEBOTO IMKJIY ra30MO0CTa4aHHs 1 Ha HOTo MiACTaBl 3p00JIeHI BUCHOBKH MIOAO €KOJOTIYHHIX
CITITIB, SIKI MAIOTh MICII€ B JAHOMY ITPOIIECi.
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TAKING INTO ACCOUNT STOCHASTIC FACTORS IN THE GLOBAL
ENVIRONMENTAL ECONOMIC MATHEMATICAL MODELS

The necessity of analysis of environmental economic factors for modeling of global processes
is motivated. On the basis of improvement of J. Forrester’s model, feasibility of taking into account
stochastic factors during mathematical modeling of such processes is proposed.

Keywords: mathematical model, environmental economics, stochastic factors, system of dif-
ferential equations.

Introduction. The necessity for changing the conventional economic mentality and the
need for framing a new environmentally-benign economic conception of the world were first
mentioned at the Soviet-American symposium “Economic aspects of the Environmental Protec-
tion” (the city of Tsakhkadzor, October 19, 1997) in the report by Yu. Tunytsya “Environmen-
tal-and-Economic Assessment of the Production Process as a Factor of the Environmental Pro-
tection” There was substantiated the advisability of employing market approach to solving the
problem of the Environmental protection and sustainable use of natural resources. The then pre-
sented problem of overcoming environmental-and-economic contradictions of the market econ-
omy by means of harmonization of interrelations between the human society and nature, has re-
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mained up till now a problem of great importance, and the study of inherent basic contradictions
between merely economic and environmental requirements is an all-important task to do [5].

Pre-conditions for problem formulation. It is well-known that human environment and
natural resources constitute physical basis both for economic and environmental systems. But
the classic economic system considers natural resources to be the only factor that forms the raw
material basis for various sectors of economy whereas the environmental economics of nature
use treats this issue as a triune process of use, protection, and reproduction of integrated compo-
nents of the environmental-and—economic system—the Environment and natural resources. Na-
ture use as well as the whole process of production of material goods is accompanied not only by
financial costs but also by environmental impacts: time-and-spatial alterations of the

Environmental quality as well as the quantity and quality of natural resources. These
changes may be either of positive or negative character: deterioration of environmental condi-
tions, increase or decrease in the quantity and quality of natural resources. The environmental
changes can influence the economic results of material production and non-material sphere;
therefore environmental costs (aggregate expenditures and losses both in the sphere of nature use
and nature conservation as well as economic activity in general) need to be taken into considera-
tion, these costs are inevitably to be growing up. Appropriate compensation costs for recovering
high-quality environmental conditions should be in keeping with the intensity level of natural re-
sources use and the Environmental pollution. The understanding and realization of this fact will
make it possible to keep balance between the ecological and economic systems as well as to en-
sure a steady socio-economic progress of the human society; on the other hand, disregard for
these facts may result in degraded quality of the Environment, natural resources depletion, needs
for additional environmental costs, possible environmental losses and in the long run to the
slowdown of socio-economic development if it does not cease at all [6-18]. Thus, the severity of
the problem is in the fact that market economy ruins Nature while Nature destruction ruins the
economy itself. The absence of the environmental component in the classic economic system
can be explained by the fact that the considerable part of environmental impacts from economic
activity is not subject to accurate economic assessment [1].

Mathematical model. Hence, further socio-economic advance of the society is impossi-
ble without solving the present-day environmental problems. The existing natural systems are ra-
ther resilient and robust, however, these qualities of theirs may not be long lasting. At the early
stages of the society’s development, effects of human activity on the Environment were insignif-
icant and did not produce any marked changes to the Environment, but today’s anthropogenic
pressure is so intense that humans cannot afford to neglect (as it was before) its adverse effects.
The extent of human impact on various components of the biosphere is increasing year after
year, and these results in changes of vitally important parameters of the Environment. Accord-
ingly, the construction of environmental-and-economic mathematical models of the global de-
velopment of the modern world is a pressing task to do [2]. The difficulties of such modeling in-
volve an adequate reflection of environmental and economic laws, a full set of statistics data, the
resolution of the issues of allowing for functional extrapolation and other similar problems [3].

One of the first attempts of such economic-and-environmental modeling was Forrester
model [7] that contains five time-variable parameters: P — Earth’s population size, V —
productive capital (capital assets), S — share of agricultural capital in the total productive capital,
R — non-renewable natural resources, Z — environmental pollution. These parameters determine
20 specific functions that describe the interaction of the most important economic-and environ-
mental factors of the society’s development.

1) Change in the population size. Reflects the balance between birth-rate B and
death-rate (with consideration for the main demographic characteristics)

dP

E=B—D=fl(B,D). (1)
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2) Differential equation for a decrease in non-renewable natural resources

dR
E:_PRM :fZ(P’V’S’MS’ER)' (2)
It is believed that natural resources are depleted at the rate which is proportional to popula-

tion size growth and to a certain factor R,, that takes into account the slowdown of resources ex-
traction rates with a rise of living standards’ M. This dependence is related to natural resources

use, namely for manufacturing consumer goods the demand for which is asymptotically approach-
ing saturation as the population’s standard of living M rises. In its turn, Ms is expressed through

the parameters P, ¥, S and the function E,(R, ) which reflects the increase in the cost of mineral

resources extraction as their supplies decrease.

3) The dynamics of capital investment is described by the equation

dv V
E:PCVVM(MS)_T_:f‘S(PﬂMS’CVﬂTV)‘ (3)

V
The function ¥, (M) describes the growth of the population’s financial resources in-

vestments into production as a result of rising living standards M ; constants C,, and 7, are the

coefficients identified on the basis of study of investment processes and the processes of capital
consumption (depreciation).
4) The dynamics of agricultural capital

is  S;S,-S
E:FT—:f4(SF,FR,SQ,Z,TS> (4)
S

is described by the functions: S, — impact of nourishment level F, on the amount of agricultural
capital; 7 —the length of time required for reallocation of capital;, S, —relationship between

agricultural capital and quality of life. In its turn, the quality of life is determined by the living
standards M ¢, the amount of food stuff per capita, population density, and the environmental

pollution level Z.
5) The dynamics of population is modeled by the equation

az 7
E:PZNZV_T_:fS(P’ZN’VR’TZ)‘ (5)

zZ
The first item describes generation of pollution and is proportional to the population size
P, constant Z, which refers to normal pollution level, and the function Z, (V, ) — the rate of the

environmental pollution with an increase of marginal capital. The second item characterizes the
process of natural decomposition of pollutants 7, , and identifies the length of time required for

an n-fold decrease of the pollution index providing no fresh portion of pollutants is added.
Consideration for stochasticity in mathematical modeling. Since time change in the
major portion of parameters that appear in the differential equations (1)-(5), is of random char-
acter, this mathematical model can be improved. Enter the stochastic coefficients y;, that ex-
press the probability for corresponding phenomena (processes) to appear. In so doing we as-
sume that 0 <y, <1, (i=1,5). The boundary value =0 corresponds to the unfeasibility of the

process while y=1 — shows the certainty of its occurrence. The relations so modified produce a

system of differential equations, which is the stochastic model of global development ......
dP

. |[a ~ 7 ED) (6)

dR
Z:}’zfz(PsV’S’Ms !ER)

av
Z:;/}f}(P’MS’CV’I‘V)
1S .
;7=74f4(SFﬂFRﬂSQﬂZ’TS)
A .
‘d—t=y5f5(P,ZN,VR,TZ)
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Changes in Forrester function’s behavior at different values of stochastic coefficients are
presented in Fig. 1.
The data to determine functional relations between the system’s parameters are averaged

data of the world’s statistics. For boundary values y, =1, (i = 1,5) we obtain (Fig. 2) the analog

of Forrester model curves [7]. All the curves have well-defined peaks (the living standards
curve approximately in 1960, the population size curve — in 2020, capital investments — in 2040,
the environmental pollution level — 2050).

Ry A v, =0 1 ()
P v, =1 T 2

O<y, <l

&

> —_/5\

0 " : . . >
M 1940 1980 2020 2060 2100
Fig. 1. Forrester function with Fig. 2. Predicted trends of the world’s development (1 —
consideration for stochasticity natural resources, 2 — population, 3 — capital investments,
4 — living standards level, 5 — pollution level)
Conclusions. The decrease in the amount of natural resources supplies causes industrial
decline: an increase in the cost of raw materials, due to the depletion of their supplies, slows
down the growth of capital investments and results in contraction of production. This has an ef-
fect on the living standards level, the impairment of which first leads to slower rates of its
growth, and later on to a decrease in the population size. Thus, the society with market economy
is facing the necessity of changing its mode of life and to adapt itself to the reproductive capacity
of natural ecosystems. Important though the economic goals may seem, they are leveled by envi-
ronmental problems. The contemporary society for the sake of its health and life must have a
new goal — environmental standard with economic restrictions [4].
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YpaxyBaHHSI CTOXaCTHYHOCTI B IJ100aJbHHUX

€K0JI0r0-eKOHOMIYHHUX MaTeMaTHYHHX MOOJeJJaAaX

[IpoananizoBaHo MepeayMOBH BpaxyBaHHs €KOJOT0-€KOHOMIUHUX CYIEpPEYHOCTEH MpH Marema-
TUYHOMY MOJISTIOBaHHI TII00ATBHUX TPOIIECiB. 3'sicOBaHO MOTPeOy B MPOTHO3YBaHHI BIUIMBY €KOJIOT1Y-
HOTO e(eKTy Ha EKOHOMIYHI Pe3yJbTaTH MaTepialbHOrO BUPOOHUITBA 1 HEBUPOOHNYOI cepH. OCKiib-
KM 3aKOHU 3MiHU (DYHKIIIN, 0 BiJOOPaKatOTh B3a€EMO3B'SI30K HAWBAXIIMBIIINX €KOHOMIKO-EKOJOTTYHIX
YHHHUKIB PO3BHUTKY CYCIIUILCTBA, MAIOTh BHITAJIKOBHI XapakTep, 3alpOIIOHOBAHO BPaxOBYBaTH (PaKTOP
CTOXaCTHMYHOCTI TP MAaTeMaTUYHOMY MOJCIIOBaHHI Takux TpoueciB. Ha ocHoBi mopmem JIx.
doppecTepa BBEACHO Yy BIINOBiAHI Au(epeHIianbHl PIBHAHHSA JEsKI CTOXACTHYHI KOE(DIIEHTH, SKi
XapaKTePU3YIOTh IMOBIPHOCTI TTPOXOKCHHSI TIEBHUX IMPOIIECIB Ta sBHUI. MoaudikoBaHl TaKUM YHHOM
CIIBBITHOIIEHHS YTBOPIOIOTH CHUCTEMY JIHIMHUX AU(epeHIiaTbHUX PIBHSAHb MEPIIOrO MOPSIKY, SKY
3aIPOIIOHOBAHO BBAKATH CTOXACTHYHOIO MOJICILTIO TJI00aTBHOTO PO3BUTKY. B 4acTKOBHX BHIIAIKaX MPH
IPaHUYHUX 3HAYEHHIX CTOXAaCTUYHUX KOe(]illieHTIB OTpUMaHO aHayor kpuBux Mozaeni J[x. @oppecrepa.
3po6J1eHO BUCHOBKH 11010 MPOTHO30BAHKMX TEHJICHIIIA PO3BUTKY CBITY, HABEJICHO BIMOBIAHI rpadiky.

KarouoBi cjoBa: maremMarnyHa MOJENlb, CKOJOTIYHA EKOHOMIKa, CTOXAacTU4HI (aKTopw,
cucteMa audepeHIliaIbHUuX PIBHSIHb.
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THE ASSESSMENT OF PROSPECTIVE APPLICATION OF MODERN
LOGGING TECHNOLOGIES AND MACHINERY, BASED ON
THE TECHNIQUES OF CALCULATING OPERATING COSTS

Successful development of Ukraine’s forest sector is intimately associated with the improve-
ment of logging operations efficiency. The current logging technologies and machinery, however, can-
not be taken as being satisfactory in the field. The world’s modern practice is ever increasing focus on
the short-log method of logging which has a number of advantages. The proposed methodological ap-
proach to calculating operational costs when using promissing logging techniques and machinery in
the short-log method, may find wide use under conditions of Ukrainian forest management units.

Keywords: technological process, machinery, operating costs, calculation, production efficiency.
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