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TAKING INTO ACCOUNT OF EMISSION OF POLYCYCLIC AROMATIC 
HYDROCARBONS IN CRITERIA-BASED ASSESSMENT OF ECOLOGICAL SAFETY 

LEVEL OF VEHICLE WITH RECIPROCATING ICE EXPLOITATION PROCESS 
 
O.M. Kondratenko, Cand.Sc.(Eng.), Assoc. Prof., S.A. Kovalenko, MSc, О.S. Botsmanovska, 
Student, N.M. Podolyako, Student 
National University of Civil Defence of Ukraine 
Chernychevska str., 94, Kharkiv, 61023, Ukraine, E-mail: kondratenkoom2016@gmail.com 
In present study was improved methods of calculated assessment of the magnitudes of the complex 
fuel and ecological criterion of prof. Igor Parsadanov and the Index of ecological and chemical as-
sessment of prof. Pavlo Kanilo, taking into account: emissions of sulfur oxides and consumption of 
engine oil for fumes and emissions of benzo(a)pyrene and other polycyclic aromatic hydrocarbons 
in the composition of exhaust gases diesel reciprocating internal combustion engine in power plant. 
Set of initial data for calculated assessment for a standardized steady testing cycle ESC was obtai-
ned. Calculated assessment of the magnitudes of the criterion and the index is carried out taking 
into account the engine emissions of the specified pollutants. 
Keywords: ecological safety, environmental protection technologies, criteria-based assessment, 
reciprocating internal combustion engines, benzo(a)pyren, polycyclic aromatic hydrocarbons. 
 

Introduction. The relevance of this study is due to the following. According to the results of 
the analysis of the mathematical apparatus of the complex fuel-ecological criterion of prof. Іgor 
Parsadanov Kfe in the monograph [1], which also proposed a faceted classifier of such mathematical 
apparatuses, found that it should be classified as «Internal» or «Causal». The main alternative to it 
is the mathematical apparatus of the integral index of ecological-chemical evaluation prof. Pavlo 
Kanilo. The original versions of these apparatuses is described respectively in monographs [2, 3]. 
The main disadvantage of the Kfe criterion is the absence in the composition of the considered eco-
logical safety (ES) factors, specified in their hierarchical classifier, proposed in the monograph [1]. 
The same source formulates the concept of improving the mathematical apparatus and methods of 
applying the Kfe criterion, one of the main points of which is the partial overcoming of this disadva-
ntage, namely, the introduction of the criterion of new ES factors, which are essentially emissions 
of gaseous pollutants. In particular, in the classification of ES factors improved by the author, the 
source of which is reciprocating internal combustion engine (RICE) in the power plant (PP), with 
the corresponding hierarchical classifier in addition to legally regulated directly gaseous and aerosol 
pollutants in the exhaust gases (EG) flow, there are also legally regulated indirectly – sulfur oxides 
SOx, polycyclic aromatic hydrocarbons (PAH) (including benzo(a)pyren (B(a)P)) etc., as well as 
legally unregulated – emissions of vapors of motor fuel and oil, aerosol of crankcase gases and etc. 
However, the analysis of scientific and technical literature by the authors of the study to expand the 
range of ES factors taken into account by the mathematical apparatus of the Kfe criterion is not re-
vealed, so the implementation of such research and analysis of its results is an urgent scientific and 
technical task. 

Purpose of the study: expansion of the nomenclature of ES factors, which are taken into 
account by the mathematical apparatus of the complex fuel-ecological criterion Kfe, in particular 
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B(a)P and PAH. Object of the study: the place of emissions of B(a)P and PAH in the structure of 
the influencing ES factors of the complex fuel-ecological criterion Kfe and the integrated index of 
ecological-chemical assessment F. Subject of the study: quantitative and qualitative aspects of the 
object of the study.  

Material and research results. Magnitudes of the criterion Kfe for i-th RICE steady represent-
tative operational regime with value of weight factor WF are determined by formula (1) and its 
components – by formulas (2) – (5) [1, 2]. Average exploitation magnitude of criterion Kfe is descri-
bed by formula (3) as it was proposed in study [1]. 
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where the index i indicates the values for a separate representative mode of RICE operation or range 
in the its exploitation model; Gfuel – mass hourly fuel consumption, kg/h; Gk – mass hourly emission 
of k-th pollutant in EG flow, kg/h; Ak – dimensionless index of relative aggressiveness of k-th pollu-
tant in EG flow; h = 4 [4] – number of pollutants in EG flow; ηe – effective efficiency coefficient; β 
– coefficient of relative exploitation ecological monetary costs. 

In present study the following methods is proposed for such assessment that takes into account 
the toxic influence of B(a)P and PAH emission on a human in accordance of which formula (2) 
converts into the formula (4) where value of coefficients А(B(a)P) and А(PAH) determine the for-
mula (5) [2, 3].  
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( ) ( )( ) ( ) ( )( ) kkkрзсдрзсдkkkkk kMPCkMPCСОMCPСОMPCaA δ⋅β⋅α⋅⋅⋅=δ⋅β⋅α⋅= / ,    (5) 
where аk – index of relative danger of presence of k-th gaseous or aerosol pollutant in atmospheric 
air that a human breathes; αk – correction that takes into account the probability of accumulation of 
k-th gaseous or aerosol pollutant in environment components, trophic chains and admission to the 
human body by non-inhalation way; βk – correction that takes into account the probability of forma-
tion of other (secondary) pollutants, more harmful than the original, by the source of the k-th gase-
ous or aerosol pollutant emitted into the atmosphere; δk – correction that takes into account the im-
pact of k-th gaseous or aerosol pollutant on other recipients except a human; MPCad(СО) and 
MPCot(СО), MPCad(k) and MPCot(k) – maximum permissible concentration of reference (ACO = 1,0, 
MPCad(СО) = 3,0 mg/m3, MPCot(СО) = 20,0 mg/m3 [1–3]) and k-th pollutant in air average day-
and-night and maximal one-time, mg/m3. 

In studies of prof. Pavlo Kanilo which analyzed in study [5, 6] was proposed the integral index 
of ecology-chemical evaluation of RICE and degree of efficiency of its improving that in accordan-
ce with develops by author of this study classification of criteria-based mathematical apparatuses 
that are suitable for implementation of complex calculated assessment of operation efficiency of ES 
management system (ESMS) of the process of accident-free exploitation process that was develo-
ped in study [1] also related to types of «Internal» or «Causal». 

Magnitudes of the index F for one complete cycle on testing of RISE of the test bench with 
running drums are determined by formula (6) [3, 4]. 
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where Мk – mass of emission of k-th pollutant during one complete cycle on testing of RICE (see 
index «ts»), kg/cycle; [k] = [MPCk]dn – maximum permissible concentration of k-th pollutant, 
kg/m3; а = 3,0; b = 3,0; c = 2,0; d = 4,0 – coefficients that take into account the further intensifica-
tion of the total effect of toxic and carcinogenic substances in the composition of EG of RICE on 
humans. 

In this study was used modified variant of formula (7), i.e. index F, in which instead the values 
of mass of emission of k-th pollutant during one complete cycle on testing of RICE Мk (in kg/cycle) 
author is proposes to use the values of mass hourly emission of of k-th pollutant G(k) on individual 
regime of exploitation model (in kg/h). Such approach which will allow except solution of problem 
of absence of initial data of appropriate type (i.e. values of Мk) also obtained the individual regime 
values of index F that is values for each separate representative steady operational regime of RICE 
exploitation model. Because of this, the index F gets the dimension [kg/h] / [kg/m3] = [m3/h]. 

The main problem of application of index F and formula (1) is the uncertainty of magnitudes of 
empirical coefficients а, b, c and d for RICE of different types and models besides for wich studies 
described in monograph [3] was carried out. It this study the values of the empirical coefficients re-
commended in prof. Kanilo`s studies were used. In this case appears the need for determination of 
middle exploitation value of index F what in this study author is proposes to obtained as the weigh-
ted arithmetic mean i.e. by the formula (7).  
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Thus, distributions of magnitudes of values criterion Kfe and index F on operational regimes fi-
eld of 2Ch10.5/12 autotractor diesel engine obtaines with using of proposed in study [4, 5] approa-
ches are illustrated of Fig. 1. 
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Figure 1 – Distribution of magnitudes of index F (a) and criterion Kfe (b)  
on operational regimes field of diesel engine 2Ch10.5/12  

 
It is necessary to be noted that from structure of formula (1) can be seen that the larger the 

index F the lower the ES level of exploitation process of RICE on separate operational regime un-
like the complex fuel-ecological criterion Kfe and generalized desirability function of Harrington D. 

Conclusions. Thus, in this study methods of calculated assessment of the magnitudes of the 
complex fuel and ecological criterion of prof. Igor Parsadanov and the Index of ecological and che-
mical assessment of prof. Pavlo Kanilo, taking into account: emissions of sulfur oxides and consu-
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mption of engine oil for fumes and emissions of B(a)P and other PAH in the composition of EG 
diesel RICE. Set of initial data for calculated assessment for a standardized steady testing cycle 
ESC was obtained. Calculated assessment of the magnitudes of the criterion and the index is carried 
out taking into account the RICE emissions of the specified pollutants. 
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ВРАХУВАННЯ ВИКИДУ ПОЛІЦИКЛІЧНИХ АРОМАТИЧНИХ ВУГЛЕВОДНІВ В 
КРИТЕРІАЛЬНОМУ ОЦІНЮВАННІ РІВНЯ ЕКОЛОГІЧНОЇ БЕЗПЕКИ 

ЕКСПЛУАТАЦІЇ АВТОТРАНСПОРТНИХ ЗАСОБІВ З ПОРШНЕВИМ ДВЗ 
 

О.М. Кондратенко, к.т.н., доц., С.А. Коваленко, магістр, О.С. Боцмановська, студ., Н.М. 
Подоляко, студ.  
Національний університет цивільного захисту України 
вул. Чернишевська, 94, м. Харків, 39600, Україна. E-mail: kondratenkoom2016@gmail.com 

У цьому дослідженні вдосконалено методи розрахункової оцінки величин комплексно-
го палива та екологічний критері. проф. Ігоря Парсаданова та індексу еколого-хімічної оцін-
ки проф. Павла Каніла, з урахуванням: викиди оксидів сірки та споживання моторного масла 
на угар та викиди бензо(а)пірену та інших поліциклічних ароматичних вуглеводнів у складі 
відпрацьованих газів дизельного поршневого двигуна внутрішнього згоряння у складі енер-
гостановки. Отримано набір вихідних даних для розрахункової оцінки для стандартизовано-
го стаціонарного випробувального циклу ESC. Здійснено розрахункове оцінювання значень 
критерію та індексу з урахуванням викидів у складі потоку відпрацьованих газів двигуна заз-
начених полютантів. 

Ключові слова: екологічна небезпека, технології захисту навколишнього середовища, 
критеріальне оцінювання, поршневі двигуни внутрішнього згоряння, бенз(а)пірен, 
поліциклічні ароматичні вуглеводні. 
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К ВОПРОСУ УСТОЙЧИВОГО РАЗВИТИЯ ПРЕДПРИЯТИЙ 

ГОРНО-МЕТАЛЛУРГИЧЕСКОГО КОМПЛЕКСА 
 
Е.В.Матухно, к.т.н., доц., А.В.Сибирь, к.т.н., доц., Крюкова Н.А., магистр, 
Сальникова Ю.В., магистр 
Национальная металлургическая академия Украины 
Пр. Гагарина, 4, г. Днепр, 49005, Украина, E-mail:Helen_mt@ukr.net 

Определены цель и задачи исследования экологических аспектов устойчивого 
развития отечественных предприятий горно-металлургического комплекса. Выявлены и 
систематизированы факторы, влияющие на экологические показатели устойчивого развития 
горно-металлургического комплекса Украины. Предложены рекомендации по 
совершенствованию экологической компоненты устойчивого развития предприятий горно-
металлургического комплекса. Выполнение этих рекомендаций повысит 
конкурентоспособность предприятий и позволит продукции, производимой отечественной 
горнодобывающей промышленностью, соответствовать требованиям европейского и 
мирового рынков.  

Ключевые слова: устойчивое развитие, экологическая безопасность, горно-
металлургический комплекс, экологические аспекты, окружающая среда 

 
Введение. В контексте стремления мирового сообщества к устойчивому развитию 

вопросы охраны окружающей среды, экономии ресурсов и рационального 
природопользования становятся первоочередными. В связи с этим особую актуальность 
приобретают вопросы экологической безопасности горно-металлургического комплекса 
(ГМК), как одной из наиболее ресурсо- и энергоемких, а также экологически опасных 
отраслей экономики Украины.  

Несмотря на наличие значительных избыточных мощностей по производству стали в 
мире, с учетом прогнозируемого роста потребности в стали на 51 % к 2050 году от уровня по 
сравнению с 2011 годом [1], Украина может сохранить свою нишу в мировом экспорте стали. 
Вместе с тем, потребность в замене металлоемкого оборудования в промышленности и 
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