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CALCULATED SUBSTANTIATION OF CHOICE OF UNITS OF MONETARY EQUIVALENTS
OF COMPLEX FUEL AND ECOLOGICAL CRITERIA COMPONENTS

This article describes results of calculated choice substantiation of monetary equivalents units complex fuel and eco-
logical criteria components on example of autotractor diesel engine 2Ch10.5/12. The study found that difference in the
values of monetary equivalents of these ctiteria components, expressed in the selected currency — USD and UAH, can
reach one order for the present value of their ratio and close to two orders when compared their values for 2003 and
2016 years, due to different economic and political factors. But the study also shows, that USD as a world reserve curren-
cy due to inflation can not be an absolute monetary equivalent of such ecological criteria components. It was propose to
use mathematical apparatus of Consumer Price Index for taking into account inflation phenomenon. Scientific novelty
of the research results is that for the first time carried out calculated substantiation of choice of prof. Parsadanov com-
plex fuel and ecological criteria components monetary equivalents. Practical value of the research results is that with
modified mathematical apparatus can be carried out assessment of ecological safety level of exploitation process of
emergency and rescue equipment, which powered with piston ICE of different years of release.
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Problem statement. Relevance of the study. Ex-
ploitation process of any power plants (PP) units, which
are in commercial or personal use and equipped with
diesel piston internal combustion engines (PICE), as it
can be seen in article [1], may be characterized by ce-
rtain ecological safety (ES) level [2-4] with the prof.
Parsadanov complex fuel and ecological criteria Kgg,
described in [5] and taking into account legislative
established on Ukraine territory requirements, contained
in [6]. ES factors for such objects is pollutants mass
hourly emissions with its engines exhaust gas (EG)
flow, which produces in large quantities during normal
(with no accident) exploitation process. Values of that
criteria may be used for calculated assessment of
functioning effectiveness of ecological safety manage-
ment system (ESMS) and described in [2] in accordance
with evaluation conception which was developed in stu-
dy [3]. Also values of that criteria may be used for cal-
culated assessment of activities for increasing of PP
with PICE ES level [1].

Analysis of the recent researches and publicati-
ons. But monetary equivalents of Kg criteria
components in monograph [6] are expressed in UAH,
that associated with some problems described in
article [7], where was some hypotheses have been put
forward. In present paper that hypotheses will be find its
confirmation by the results of calculated study. It will be
carried out for example of autotractor diesel engine
2Ch10.5/12, description and technical characteristics of
which are given in [6]. Initial data for calculated assess-
ment were obtained in studies [8, 9].

Purpose of the study is calculated choice substantia-
tion of monetary equivalents units of prof. Parsadanov
complex fuel and ecological criteria components.

Object of the study is mathematical apparatus of
prof. Parsadanov complex fuel and ecological criteria.

Subject of the study is monetary equivalents units of
components of object of the study.

Tasks of the study is:

1. Analysis of methodic and mathematical apparatus
of prof. Parsadanov complex fuel and ecological criteria
taking into account the essence of put in study [2] for-
ward hypotheses.

2. Modification of mathematical apparatus of Kgge
criteria in order to be able assess its value for the indivi-
dual representative modes of the diesel operation in its
exploitation model as well, as in study [1], based on the
initial data obtained in studies [6, 7].

3. Calculated choice substantiation of monetary equ-
ivalents units of prof. Parsadanov complex fuel and eco-
logical criteria components on example of autotractor
diesel engine 2Ch10.5/12 for regimes of 13-mode stan-
dardized steady testing cycle.

4. Analysis of results of the study.

Methods of the study is analysis of specialized scien-
ce and technical literature, processing of motor bench
experimental testing data, calculating of middle exploi-
tation values of technical, economical and ecological di-
esel engine operational indicators, mathematical appara-
tus of prof. Parsadanov complex fuel and ecological cri-
teria, instruments for analysis of the dynamics of excha-
nge rates, the mathematical apparatus of Consumer Pri-
ce Index.

Statement of the problem and its solution.
Mathematical apparatus of prof. Parsadanov complex
fuel and ecological criteria Krg, which described in [5]
and modified in[1] for separately taken individual
representative i-th operational regime of exploitation
model can be and described by following formulas.

K :nei'(1_Bi):nei'(1_zei/(zfi+Zei))’ 1)
Zi=9, P, )
Zg =Gy Ug =Gy -8-Pr - -0y, 3)

where 1, — effective efficiency coefficient of diesel en-
gine; g,r — specific effective mass hourly pollutant emis-
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sion by diesel engine, kg/(kW-h); G; — mass hourly fuel
consumption by diesel engine, kg/h; B — coefficient of
relative exploitation ecological monetary costs; Z., Z
and Z; — ecological damage compensation monetary
costs, motor fuel monetary costs and total fuel and eco-
logical monetary costs, $/(kW-h); g. — specific effective
mass hourly fuel consumption by diesel engine,
kg/(kW h); Uz — ecological damage compensation
monetary valuation, $/kg; 8 — dimensionless index of
relative dangerous of pollution for various territories; f —
dimensionless coefficient, which taking into account
the character of EG dispersion in atmosphere; o —
dimension coefficient for converting scoring assessment
of damage in the monetary (c = P; [5]); P; — price of
motor fuel mass unit (results of choice of monetary eq-
uivalents units of Kge criteria components given in [2],
P; = 0,871 $/kg at P; = 20,0 UAH/I, p; = 0,85 kg/m3 and
currency exchanging course at December 2016 27,0
UAH/$).

Features of engine test bench and methodic of expe-
rimental researches with it, which are used for determi-
nation of 2Ch10.5/12 diesel engine and its DPF operati-
onal characteristics, described in articles [1, 7, 8]. Ope-
rational characteristics of autotractor diesel engine
2Ch10.5/12 described in [7]. Parameters of 13-mode
standardized steady testing cycle as an autotractor diesel
engine exploitation model described in UNECE Regula-
tions Ne 49 [5]. Legislative established on Ukraine terri-
tory requirements to PP with PICE ES level indicators
in historical dynamic shown in article [1].

Results of calculated assessment of Kgg criteria valu-
es, which based on experimental data obtained in artic-
les [8, 9], for autotractor diesel engine 2Ch10.5/12, that
operates on 13-mode standardized steady testing cycle,
as well for its individual regimes as for whole cycle,
shown in article [1].

Verbal justification and logical substation of measu-
rement units choice for Kge criteria as an as the nearest
of the known analogues of ESMS of PP with PICE ex-
ploitation process functioning efficiency criteria Qggms —
US Dollars ($, USD) as a freely convertible global rese-
rve currency units, whose history completely covers the
history of PICE — in form of hypothesis proposed and
presented in [4].

This decision is due to the following circumstances.

Firstly, by definition, money is the commodity of
maximum liquidity and the universal equivalent of the
value of goods and services [10].

Secondly, the presence of the successful experience
of applying well-known approach to assessment of tech-
nical, economic and ecological indicators of PICE deve-
loped by prof. I.V. Parsadanov as part of the methodo-
logy of calculation of the fuel and ecological
criteria Keg [6].

Thirdly, not all of monetary expenses components is
possible to bring to form the dimensionless quantity
and, moreover, give them a physical meaning of average
operational efficiency specific mass hour fuel consump-
tion g.me, s in the case Kge [6].

In monograph [6] monetary expenses, which inclu-
ded in Kge criteria structure, expressed in Ukrainian
Hryvnia (2, UAH). But in this case there is the problem
of assessing the effectiveness of measures to ensure the
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ES level of PP with PICE which are in operation for a
long time. So, for the case of raising the ES level of die-
sel 2Ch10.5/12 by equipping it exhaust system with
DPF, developed in Piston Power Plants Dept. of
A. M. Podgorny Institute for Mechanical Engineering
Problems of NAS of Ukraine with the participation of
staff members of the Applied Mechanics Dept. of Tech-
nogenic and Ecological Safety Faculty of National
University of Civil Defense of Ukraine [6, 8 — 10], a
direct comparison of Kge criterion values for the basic
(diesel without DPF) and modernized (diesel with DPF)
version to perform in the UAH difficult. This is due to
the following circumstances.

Firstly, diesel 2Ch10.5/12 (D21A1), which was used
as a generator of aerosol of PM in the EG in these studi-
es, released in the middle of the 80-years of the XX cen-
tury, modern its modification produced by the Vladimir
Tractor Plant (Russian Federation) and has significant
constructive differences (e.g., electronic fuel supply
control system). In this case to accurately estimate total
operating time and the residual motoresource, prehistory
and features of its exploitation, maintenance and repair
measures and also, accordingly, its current technical
condition and correlate it with any value indicator is ex-
tremely difficult.

Secondly, at the time of its release, such monetary
unit as the UAH did not exist, and the unit in which to
express it cost parameters — USSR Ruble — do not exist
at present; monetary unit in which its cost was estimated
at the time, when motor test bench was equipped with
this diesel engine — Ukrainian Coupon-Karbovanets —
also no longer exists; and the current modification of
this diesel engine is estimated in Russian Rubles (RUB).

Thirdly, for some reason the UAH exchange rate ag-
ainst major freely convertible (so-called hard) currenci-
es is very unstable. So, at the time of introduction into
circulation UAH (1996), its rate against the USD amou-
nts to less than 2 &/$, at the beginning of development
of DPF concept (2008) — about 5 &/$, at the time of ob-
taining experimental data for the study [6] (2013) — abo-
ut 8 /%, at the time of mathematical models [8—10] cre-
ation (2014) — about 12 &/$, at the moment (October
2016) — about 26.5 2/$. To predict behavior of this mac-
roeconomic indicator with reasonable accuracy for at le-
ast six months in advance is impossible, not to mention
the longer term.

It confirmed the above by the history of official Nati-
onal Bank of Ukraine average monthly currency exchan-
ge rate UAH against USD in the period from 1998 to
2016, shown on figure 1. The same holds true for rate
UAH against EUR and UAH against RUB in the same
period, presented on figure 2 and 3 [11].

This is most clearly be demonstrated by the example
of official National Bank of Ukraine average annual cur-
rency exchange rate UAH against USD, against EUR and
against RUB in the period from 1998 to 2016, shown
on figure 4 [11].

In connection with the above considerations, it see-
ms rational to express the monetary expenses values Ze,
Z; and Zg, in the formula (1)—(3), that forming Kgg cri-
teria value, in one of the widely used in Ukraine freely
convertible world reserve currencies — Euro (€, EUR) or
USD. However, only USD has a history, that complete-
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ly covering the PICE history from birth of the idea
(1807 de Rivas engine, 1860 Lenoir engine, 1863 two-
stroke Otto engine, 1876 four-stroke Otto engine, 1880
Kostovich engine, 1897 Diesel engine) and to the pre-
sent day. EUR as the currency was introduced in cash-
less transactions in 1999 alone, and in the cash trade

turnover — in 2001. In 1785 USD approved as an USA
national currency, in 1794 USD begun to mint in USA,
accepted for payment any banknotes and coins issued
since 1861, but since 1971 it canceled USD backed by
gold reserve.
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Figure 1 — Official National Bank of Ukraine average monthly currency exchange rate UAH against USD
in the period from 1998 to 2016

35 =X= 1998
Official =+=1999
NBU AN s 2000

N -
currency o B . . — ~ o 2001
exchange / \ * v = o 2002
rate, )\\ — === . 2008
UAH/EUR II N ] v X 2004
20 / @ 2005
—O~~{ M| - 2006
-— = = ‘I——I'/' * 2007
15 — =X=2008
- R - 2009

[ ] [ Y = ~

10 4= = } e e s e e IO
= 2 E X X X O % A 2012
I A S e S S R P S o e s e e 8 [ R
Pl ' ' ' ' == 2014
» =0= 2015

0 : X X: X X X X X X X Xt | == 2016

jan feb mar apr may jun jul aug sep oct nov dec Date

Figure 2 — Official National Bank of Ukraine average monthly currency exchange rate UAH against EUR
in the period from 1998 to 2016
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Figure 3 — Official National Bank of Ukraine average monthly currency exchange rate UAH against RUB
in the period from 1998 to 2016
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Figure 4 — Official National Bank of Ukraine average annual currency exchange rate UAH against USD,
against EUR and against RUB in the period from 1998 to 2016
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Figure 5 — CPI annual values for Ukraine in 2000 — 2016
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Figure 6 — CPI annual values for USA in 1913 — 2015 [13]
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monetary valuation U as a Kg criteria components by regimes of 13-mode standardized steady testing cycle for different
values and units of fuel price Ps
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Figure 9 — Distribution of values of ecological monetary costs Z, and Kgg criteria by regimes of 13-mode standardized
steady testing cycle for different values and units of fuel price Ps

In this case should take into account that purchasing
capacity of the USD throughout its existence since the
creation of the first PICE to the present day was not
constant due to manifestations of inflation phenomenon,
which can be accounted by applying the Consumer Pri-
ce Index CPI [10]. CPI described by following formula.

cPI =¥ R )=’ R°)100%, ()
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where index i marked types of products, index 0 marked
base year (forUSD it is 1982 — 1984); index t marked
current year; Q — amount of products issue; P — price of
products.

Then Z,, Z; and Z; values with taking into account
inflation phenomenon — non-inflationary monetary costs
Ze, Zs and z, — described by following formula

z; =Z;(t)- CPlg(t)/100, (5)
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where index j marked types of monetary costs (j = e, f of
fe); t — date; Z; — monetary costs as a part of
Kre criteria, $.

Annual values of CPI for Ukraine, based on data
from [12], shown on figure 5. Annual values of CPI for
USA shown on figure 6 [13].

In present study carrying out calculating assessment
values of Kgg criteria components for autotractor diesel
engine D21A1 for 13-mode stationary standardized test
cycle.

Calculation investigated following cases of expressi-
on of weight unit cost of diesel fuel P.

—1.81 UAH/Kkg (value at the moment of monograph
[5] publication —2003);

—0.34 $/kg (value at the moment of monograph [5]
publication — 2003);

—23.53 UAH/Kg (current value);

—0.871 $/kg (current value).

The results of this assessment calculation shown in
Fig. 5-7.

From the figure 5 follows, that the difference in the
monetary of value equivalent of these variables, expres-
sed in the currency selected above (USD and UAH), can
reach one order for the present value of their ratio and
close to two orders when compared their values for
2003 and 2016 years. This is due to the instability of
their course relative one to another, caused by external
and internal economic and political factors, as well as
the phenomenon of inflation, and can not be unaccoun-
ted.

In addition, in figures 7-9 shows that the correlation

between variables Z;, Z., Zs. and is not constant over dif-
ferent modes of the test cycle.

As it can seen on figures 5 and 6, USD as a world
reserve currency due to manifestations of inflation
phenomenon can not be an absolute monetary
equivalent of Kge criteria components. Than in further
studies it necessary to pay attention to changes in the
cost of banking gold and oil.

Conclusions. Thus, in present study for the first ti-
me carried out calculated substantiation of choice of
prof. I.V. Parsadanov complex fuel and ecological crite-
ria components monetary equivalents and in what is sci-
entific novelty of results of the study.

The study found that difference in the values of mo-
netary equivalent of these variables, expressed in the se-
lected currency — USD and UAH, can reach one order
for the present value of their ratio and close to two or-
ders when compared their values for 2003 and 2016 ye-
ars, due to different economic and political factors. But
the study also shows, that USD as a world reserve curren-
cy due to inflation can not be an absolute monetary equ-
ivalent of prof. Parsadanov complex fuel and ecological
criteria components. It was propose to use mathematical
apparatus of Consumer Price Index for taking into acco-
unt inflation phenomenon.

With modified mathematical apparatus can be carri-
ed out assessment of ecological safety level of exploita-
tion process of emergency and rescue equipment, which
powered with piston ICE of different years of release,
and in what is practical value of results of the study.
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PACUETHOE OBOCHOBAHHUE BbIBOPA EJAWHHUILT CTOUMOCTHBIX 3KBHUBAJIEHTOB
COCTABJSAAIOIUX KOMIIJIEKCHOI'O TOIIVIMBHO-3KOJOI'NMYECKOI'O KPUTEPU S

B »710ii cTaThe omMcaHbl pe3yabTaThl pacueTHOTO0 0OOCHOBAHHUS BHIOOpA €AMHHMII BHIPAXKEHHUSI CTOUMOCTHBIX 9KBUBA-
JIEHTOB COCTaBJISIIOIIMX KOMILJIEKCHOTO TOIUIMBHO-DKOJIOTMUYECKOTO KPUTEpHUs Ha MPUMEpPE aBTOTPAKTOPHOTO TU3EIS
2410,5/12. HccnenoBanue MmoKa3ano, YTO pa3sHHUIA B 3HAYCHUAX CTOMMOCTHBIX 3KBHBAJICHTOB COCTABJISIOIIUX 3TOTO
KpUTEpHsl, BRIpAKCHHBIC B M30PAHHBIX UIS MCCICIOBAHUSAX BANIOTaX — yKpawmHckas rpuBHa U noimmap CIHIA, moryr
JIOCTUraTh OJHOTO MOPSIIKA ISl COBPEMEHHOIO 3HAUYEHUS UX Kypca OTHOCUTEIBHO APYT Ipyra, U JABYX MOPSAIKOB B CIy-
yae cpaBHeHMs ux 3HaueHUi 11t 2003 u 2016 rr. u3-3a BIMSHUS ONpPEAEICHHBIX SKOHOMMUYECKHUX U MOJIUTHYECKHX
¢akTopoB. OnHAKO HCCIIeOBaHUE TakXKe MmoKa3ano, uto goimiap CIIA, kak MupoBasi pe3epBHAs BalllOTa, B CHITY IIPOSIB-
JeHns MHQISAIAA He MOXET pacCMaTPHUBAThCS KaK ¢IWHHIBI BBIPAKEHHUS aOCONIOTHBIX CTOMMOCTHBIX SKBHBAJICHTOB
COCTaBJIAIOIINX TAaKOTO KpuTepus. IIpeanoxKeHo MUCTIONb30BaTh MAaTEMATHUSCKUH anmapar WHIEKCa MOTPEONTEIhCKIX
IeH TSt yueTa siBiieHust nH(siiuy. HaydHas HOBU3HA MOJTYYEHHBIX PE3yJbTaTOB COCTOMT B TOM, YTO BIEPBbIC 00OCHO-
BaH pacyeToM BBIOOp €TMHUI] CTOMMOCTHBIX SKBUBAJICHTOB COCTABJISIFOIIMX KOMIIJIEKCHOTO TOTLTUBHO-3KOJIOTUYECKOTO
kputepust nmpo¢. M.B. ITapcananosa. IIpakTndeckoe 3HaYCHHE MOTYICHHBIX PE3yIbTaTOB COCTOUT B TOM, YTO C UCIOJb-
30BaHHEM MOAUGMHUITMPOBAHHOTO MATEMATHYECCKOIO arapara CTAHOBHUTCS BO3MOJKHBIM BBIMOJHUTH CPABHUTEIBHYIO
OIIEHKY YPOBHS 9KOJOTHYECKOW 0€30MacHOCTH Mpollecca IKCIUTyaTallid SHEPTeTUYECKUX YCTAHOBOK C MOPIITHEBHIM
JIBC pa3HbIX JeT U3rOTOBICHHUSI.
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PO3PAXYHKOBE OBI'PYHTYBAHHSI BUBOPY OJWHHIIb BAPTICHUX EKBIBAJIEHTIB
CKUIIAJOBUX KOMIIJIEKCHOTI'O ITAJIMBHO-EKOJIOTTYHOI'O KPUTEPIIO

V miif cTaTTi OMUCAHO PEe3yIBTATH PO3PAXYHKOBOTO OOTPYHTYBAaHHS BHOOPY OJMHHIb BUPAKEHHS BapTICHUX €KBiBa-
JIEHTIB CKJIAJIOBUX KOMILUIEKCHOTO MaJIMBHO-EKOJIOTTYHOTO KPUTEPII0 HA MPUKIIAAl aBTOTpakTopHOoro amzess 2410,5/12.
JlocnikeH S ToKa3aJio, M0 Pi3HHUIS Y 3HAYEHHSAX BapTICHUX €KBIBAJICHTIB CKJIQJOBUX IIOTO KPHUTEPIIO, [0 BUPAXKEHI
y o0paHuX IS JOCHIDKEHHAX BamoTax — ykpainceka I'puBHs Ta Homap CIIIA, MOXyTh cAraTu OZHOTO MOPSAKY IS
CBOTO/IHIITHBOTO 3HAYEHHS 1X KYpCy OJ[HE BIJIHOCHO OJIHOI, Ta JBOX IOPSAKIB y BUIAJIKy HOPIBHSAHHSA 1X 3HAU€Hb IS
2003 i 2016 pp. yepe3 neBHi eKOHOMIiuHI i momitnuHi dakropu. OmHAK NOCHIPKEHHS TAaKOX MOKasano, mo Jlosap
CIA, six cBiTOBa pe3epBHa BaIIOTa, Yepe3 iHQIIALII0 He MOXKEe PO3IJIIaTUCS K OJJMHUL BUPa)KECHHS aOCOJIIOTHHUX Bap-
TICHMX €KBIBAJEHTIB CKJIQJIOBHX TaKOTO KPUTEPif0. 3aIIpOIIOHOBAHO BUKOPUCTATH MaTeMaTHYHUH amapar [Haekcy cro-
KMBYMX IiH /U1 BpaxyBaHHs sBHIIA iHunil. HaykoBa HOBH3HA OTPUMAaHMX PE3YJIbTaTiB MOJSATae B TOMY, IO BIlepIle
0OIpyHTOBaHO PO3paxyHKOM BHOIp OJMHHMIb BAPTICHUX CKBIBAJICHTIB CKJIaJOBUX KOMIUIEKCHOTO MaJIMBHO-CKOJIOTIIHO-
ro kputepito nmpod. [.B. [Tapcaganosa. [IpakTiyHe 3Ha4eHHS OTPIMAHUX PE3YJABTATIB IOJIATAE B TOMY, IIIO0 3 BUKOPHC-
TaHHSIM MOJM(PIKOBAHOTO MATEMAaTHYHOTO amapaTy CTa€ MOXJIMBUM IMOPIBHSUIbHE OIIHIOBAHHS PiBHS €KOJIOTIYHOI Oe3-
KU MPOLIECY eKCIUTyaTallil eHepreTUIHNX YCTAHOBOK 3 MOpIIHEBUM [IB3 pi3HUX pOKiB BUTOTOBJIECHHS.
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