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National University of Civil Defense of Ukraine 

 

BACKGROUND OF MATHEMATICAL TOOLS BETA DISTRIBUTION 

APPLICATION TO CERTAIN CHARACTERISTICS OF AEROSOL DIESEL EXHAUST 

GASES DISPERSED PHASE 

 

The ecological safety management system (ESMS) of exploitation process of power plants 

(PP) with piston internal combustion engines (ICE) contains individual stages, the implementation 

of which involves quantitative and qualitative identification of sources and factors of ecological 

danger, theoretical and experimental investigation of their characteristics, development or selection 

methods and means to bring them to the normative established levels and monitoring of the ESMS 

operation [1]. In the case of PP equipped with diesel ICE during their normal operation the main 

factors of ecological danger are emissions of nitrogen oxides and particulate matter (PM) from ex-

haust gases (EG) [1 – 4]. PM is dispersed phase of EG aerosol consisting of adsorbent particles (so-

ot cores) and adsorbate (unburned hydrocarbon of fuel and motor oil), coagulated together. At that 

the basic characteristics of PM in their ensemble (mass, counting number, adsorbing surface area, 

hydraulic radius) vary in a wide range as in individual sample and along the diesel exhaust tract, 

and also depend on diesel mode parameters [1 – 3]. Thus, typical (obtained by averaging the results 

of experimental and theoretical studies for various types of diesel engines operating under different 

conditions) distribution of weighted values of mass, counting number and adsorbing surface area in 

the PM ensemble on values of PM equivalent projection diameter within individual EG sample has 

the form presented in the studies [2, 3] and shown in Fig. 1. 
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http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?C21COM=2&I21DBN=UJRN&P21DBN=UJRN&IMAGE_FILE_DOWNLOAD=1&Image_file_name=PDF/Tatrv_2016_1(1)__11.pdf
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Figure 1 – Averaged dispersed fractional composition of diesel PM (in original language – 

Russian) [2] 

 

As shown in Fig. 1, distribution curves of these random variables have the form with three 

modes and have a character which much different from the normal distribution law. Mathematical 

expectation and values of similar modes for the different characteristics of PM not match. Charac-

teristics of the distribution curve, which includes the central moments 2
nd

 ... 4
th

 order (dispersion 

asymmetry coefficient, excess) for modes of the same PM characteristics also not match. 

In connection with foregoing there is some interest of scientific character in getting the ma-

thematical description of the PM distribution laws. The results of such description (distribution law 

and its numerical characteristics) also have practical value and can be used in computational studies 

of EG aerosol motion laws in diesel exhaust tract and in aggregates of EG reducing the toxicity sys-

tem at forming of initial and boundary conditions. Features of beta distribution mathematical appa-

ratus detail discussed by the same authors by the example of geometric characteristics of typical de-

tails of mechanical engineering constructions (rolling bodies of bearings) in the study [5 – 7]. The 

feasibility and application algorithm of beta distribution mathematical apparatus for the geometric 

characteristics of construction elements of typical objects of Fire and Rescue equipment (manual 

fire barrels) by the same authors reviewed in the study [8]. 
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ОБГРУНТУВАННЯ ЗАСТОСУВАННЯ КОМПЛЕКСНОГО ПАЛИВО-

ЕКОЛОГІЧНОГО КРИТЕРІЮ ДЛЯ ОЦІНКИ ЗАХОДІВ ЩОДО ОСНАЩЕННЯ 

ДИЗЕЛЯ 2Ч10,5/12 ФІЛЬТРОМ ТВЕРДИХ ЧАСТИНОК ІПМаш  

 

Забезпечення певного рівня екологічної безпеки процесу експлуатації енергетичних ус-

тановок (ЕУ), джерелами механічної енергії яких є поршневі двигуни внутрішнього згоряння 

(ПДВЗ), має здійснюватись на основі відповідного методологічного забезпечення [1].  

При розробці нових та модернізації існуючих одиниць ЕУ з ПДВЗ виникає необхідність 

у проведенні комплексної оцінки техніко-економічних, екологічних та інших показників ро-

боти їх двигунів. У такому разі стає можливим оцінка ефективності заходів щодо модерніза-

ції шляхом порівняння значень таких критеріїв. У роботі [2] проф. І.В. Парсадановим запро-

поновано такий критерій, який отримав назву комплексного паливо-екологічного, матема-

тичний вираз якого, перетворений у [5], є наступним: 
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