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Àííîòàöèÿ. Â ñòàòüå äëÿ ðåàëèçàöèè ïîñòàâëåííîé öåëè ðåøåíû ñëåäóþùèå
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òåîðèé àíàëèçà ìíîãîêîíòóðíûõ òåõíîëîãè÷åñêèõ ñèñòåì, íå÷åòêèõ ìíîæåñòâ îñó-
ùåñòâëåíî ìîäåëèðîâàíèå ñîñòîÿíèé, ïàðàìåòðîâ ìíîãîêîíòóðíîé ñèñòåìû òåõíî-
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ñáåðåãàþùåé íàïðàâëåííîñòè. Ðåçóëüòàòû èññëåäîâàíèÿ íàñòîÿùåé ðàáîòû öåëå-
ñîîáðàçíû ïðè ïîñòðîåíèè îòõîäîïåðåðàáàòûâàþùåé èíôðàñòðóêòóðû â ðàìêàõ
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Original article

THE MODEL OF THE REGULATOR
OF WASTE MANAGEMENT OF LIFE SUPPORT

OF REGIONS ON THE BASIS OF A RESOURCE-BASED
TECHNOLOGICAL APPROACH

Eduard S. Tshovrebov
A.M. Prokhorov Academy of Engineering Sciences, Moscow, Russia

Abstract. To achieve this goal, the following scientific and applied tasks have been
solved: the distinctive features and characteristics of a new technological approach to
the circulation of technosphere life support objects of settlements «resource technological
cycle of products in an environmentally safe process of its circulation» have been
formulated and identified; a system analysis of the current model of the regional operator
of  solid municipal waste management has been carried out, its inefficiency in modern
conditions has been shown based on the theory of dynamic analysis of stochastic systems
with uncertain parameters, a model of a multifunctional operator for handling resource
components of all types of generated life support waste has been developed; with the use
of  theories of analysis of multi-contour technological systems, fuzzy sets, modeling of
states, parameters of a multi-contour system of technological transformation of material
and raw materials, taking into account its resource-saving orientation, has been carried
out. The results of the study of this work are appropriate for the construction of waste
processing infrastructure within the framework of the adopted sectoral documents of
strategic planning of technological development of Russia for the period up to 2030.

Keywords: environmental safety, waste management, construction and urban
management, life support, multi-contour and stochastic systems, fuzzy sets, fuzzy (soft)
calculations, secondary resources and raw materials, resource conservation

For citation: Tshovrebov E.S. The model of the regulator of waste management of
life support of regions on the basis of a resource-based technological approach. News of
Higher Educational Institutions. Construction. 2022; (3): 80–96. (In Russ.). DOI:
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Ââåäåíèå. Çàãðÿçíåíèå ïðèðîäíîé ñðåäû îòõîäàìè ïðîèçâîäñòâà è ïî-
òðåáëåíèÿ êàê îñíîâíàÿ óãðîçà áëàãîïðèÿòíûì óñëîâèÿì æèçíåäåÿòåëüíîñòè
íàñåëåíèÿ âûñòóïàåò àêòóàëüíîé ýêîëîãè÷åñêîé ïðîáëåìîé ñîâðåìåííîñòè.

×ðåçâû÷àéíàÿ çíà÷èìîñòü ïðîáëåìû ïîäòâåðæäåíà îôèöèàëüíûìè äàí-
íûìè, ïðèâåäåííûìè â Ñòðàòåãèè ýêîëîãè÷åñêîé áåçîïàñíîñòè Ðîññèéñêîé
Ôåäåðàöèè íà ïåðèîä äî 2025 ãîäà. Êàê ñëåäóåò èç óïîìÿíóòîãî äîêóìåíòà,
çíà÷èòåëüíóþ ýêîëîãè÷åñêóþ îïàñíîñòü äëÿ íàöèîíàëüíûõ èíòåðåñîâ ñòðà-
íû ïðåäñòàâëÿþò íàêîïëåííûå â ðåçóëüòàòå ïðåäûäóùåé õîçÿéñòâåííîé è
èíîé äåÿòåëüíîñòè îòõîäû ïðîèçâîäñòâà è ïîòðåáëåíèÿ (ñâûøå 30 ìëðä ò),
340 îáúåêòîâ, ÿâëÿþùèõñÿ èñòî÷íèêîì ïîòåíöèàëüíîé óãðîçû æèçíè è çäî-
ðîâüþ 17 ìëí ÷åëîâåê, à òàêæå ðàñïîëîæåííûå íà ïëîùàäè îêîëî 4 ìëí ãà
îáúåêòû ðàçìåùåíèÿ îòõîäîâ.

Âàæíî îòìåòèòü, ÷òî âîïðîñû ñèñòåìíîãî óïðàâëåíèÿ, ñòðàòåãè÷åñêîãî
ïëàíèðîâàíèÿ, òåõíè÷åñêîãî ðåãóëèðîâàíèÿ îáðàùåíèÿ ñ îòõîäàìè ôàêòè÷å-
ñêè âûïàëè èç çîíû è îòâåòñòâåííîñòè ãîñóäàðñòâà, à òàê íàçûâàåìûå âåðòè-
êàëüíûå, ñëàáî óïðàâëÿåìûå ñõåìû äåÿòåëüíîñòè âîêðóã îòäåëüíûõ ïðè-
áûëüíûõ è âìåñòå ñ òåì ýêîëîãè÷åñêè îïàñíûõ äåéñòâèé ñ íåêîòîðûìè âèäà-
ìè îòõîäîâ (çàõîðîíåíèå, ñæèãàíèå) ïðîäîëæàþò íàíîñèòü çíà÷èòåëüíûé
âðåä îêðóæàþùåé ñðåäå [1–3].
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Âûøåïåðå÷èñëåííûå àêòóàëüíûå ïðîáëåìû ïðåäîïðåäåëèëè öåëè, çàäà-
÷è, íàïðàâëåííîñòü íàñòîÿùåãî èññëåäîâàíèÿ.

Ìàòåðèàëû è ìåòîäû. Ìàòåðèàëàìè äëÿ ïðîâåäåíèÿ èññëåäîâàíèÿ
âûñòóïèëè çàêîíîäàòåëüíûå è ïîäçàêîííûå àêòû â îáëàñòè îáðàùåíèÿ îòõî-
äîâ, îïóáëèêîâàííûå òðóäû, ñîáñòâåííûå ðåçóëüòàòû èññëåäîâàíèé àâòîðà â
ñôåðå îõðàíû îêðóæàþùåé ñðåäû è ýêîëîãè÷åñêîé áåçîïàñíîñòè òåððèòîðèé,
ïðèìåíåíèÿ òåîðèé èññëåäîâàíèÿ ìíîãîêîíòóðíûõ, ñòîõàñòè÷åñêèõ ñèñòåì,
íå÷åòêèõ ìíîæåñòâ è ìÿãêèõ âû÷èñëåíèé â èçó÷àåìîé ïðåäìåòíîé îáëàñòè.

Ñòðàòåãèÿ èññëåäîâàíèÿ îñíîâûâàåòñÿ íà ïðîãðåññèâíûõ íàó÷íûõ èäåÿõ,
ðàçðàáîòàííûõ èçâåñòíûìè îòå÷åñòâåííûìè ó÷åíûìè Â.È. Òåëè÷åíêî,
Ñ.Ã. Åìåëüÿíîâûì, Â.À. Èëüè÷åâûì, Å.Â. Ùåðáèíà, Â.È. Êîë÷óíîâûì,
Í.Â. Áàêàåâîé, ðåàëèçîâàííûõ â ìèðîâîççðåí÷åñêîé ïàðàäèãìå áèîñôåðíîé
ñîâìåñòèìîñòè, êîíöåïöèÿõ: ñèìáèîç ñîöèàëüíî-ïðèðîäíî-òåõíîãåííîé
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ñèñòåìû óñòîé÷èâîé ñðåäû æèçíåäåÿòåëüíîñòè, «çåëåíîé» ñòàíäàðòèçàöèè
òåõíîëîãèé ñîçäàíèÿ ïðèðîäîïîäîáíîé ñðåäû æèçíåäåÿòåëüíîñòè [4–7].
Ìåòîäû èññëåäîâàíèÿ êîððåëèðóþòñÿ ñ ïðèíÿòûìè â ìèðîâîì ñîîáùåñòâå
ïðèíöèïàìè: «Zåro waste» (íîëü îòõîäîâ), «Green economy» («çåëåíàÿ» ýêî-
íîìèêà), «Ñircular economy» (ýêîíîìèêà çàìêíóòîãî öèêëà) [8–12], äîñòèãíó-
òûìè ðåçóëüòàòàìè â îáëàñòè ñîçäàíèÿ ðåñóðñîñáåðåãàþùèõ ñèñòåì, îáåñïå-
÷åíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè òåõíîñôåðíûõ òåððèòîðèé [13–16].

Ìàòåìàòè÷åñêèé àïïàðàò èññëåäîâàíèé íàñòîÿùåé ðàáîòû âêëþ÷àåò
ìåòîäû ãðàôîàíàëèòè÷åñêîãî àíàëèçà ìíîãîêîíòóðíûõ ñèñòåì, äèíàìè÷å-
ñêîãî àíàëèçà ñòîõàñòè÷åñêèõ ñèñòåì ñ íåîïðåäåëåííûìè ïàðàìåòðàìè,
ìÿãêèõ âû÷èñëåíèé, òåîðèè íå÷åòêèõ ìíîæåñòâ.

Ðåçóëüòàòû èññëåäîâàíèÿ. Àâòîðñêàÿ ñòðàòåãèÿ ðàçðàáîòêè ìåõàíèçìà
ýêîëîãè÷åñêè áåçîïàñíîãî æèçíåîáåñïå÷åíèÿ òåõíîñôåðíûõ òåððèòîðèé
ñóùåñòâåííî îòëè÷àåòñÿ îò íàó÷íûõ ïîçèöèé èçâåñòíûõ èññëåäîâàòåëåé ïðèí-
öèïèàëüíî íîâûì ïîäõîäîì, îïðåäåëÿþùèì ðåñóðñîâîññòàíîâèòåëüíóþ îðãà-
íèçàöèîííî-òåõíè÷åñêóþ ñèñòåìó â êà÷åñòâå îñíîâû ôîðìèðîâàíèÿ ðåñóðñî-
ñáåðåãàþùåãî òåõíîëîãè÷åñêîãî óêëàäà è îäíîâðåìåííî îáåñïå÷åíèÿ òåõíî-
ñôåðíîé áåçîïàñíîñòè ìóíèöèïàëüíûõ îáðàçîâàíèé è ðåãèîíîâ. Âïåðâûå
ñôîðìóëèðîâàí íîâûé òåõíîëîãè÷åñêèé ïîäõîä, ðåàëèçóþùèé ìåõàíèçì
ïðåäîòâðàùåíèÿ íåãàòèâíîãî âîçäåéñòâèÿ êîìïëåêñà æèçíåîáåñïå÷åíèÿ íà
îêðóæàþùóþ ñðåäó, ïîëó÷èâøèé íàçâàíèå «ðåñóðñíûé òåõíîëîãè÷åñêèé
öèêë ïðîäóêöèè â ýêîëîãè÷åñêè áåçîïàñíîì ïðîöåññå åå îáðàùåíèÿ» (ðèñ. 1).

Ðàññìîòðèì íåêîòîðûå îòëè÷èÿ íîâîãî ïîäõîäà îò óæå ïðèíÿòûõ òåõíî-
ëîãè÷åñêèõ ïîäõîäîâ:

À) «íà êîíöå òðóáû» (end-of-pipe technique), ïðåäóñìàòðèâàþùåãî óïðàâëå-
íèå íåãàòèâíûì âîçäåéñòâèåì ïðîèçâîäñòâà íà îêðóæàþùóþ ñðåäó íà îñíîâå
ñíèæåíèÿ îïàñíîñòè ñáðîñîâ, âûáðîñîâ, îòõîäîâ, îñóùåñòâëÿåìûõ äå-ôàêòî ïî-
ñëå çàâåðøåíèÿ òåõíîëîãè÷åñêîãî öèêëà áåç èçìåíåíèÿ òåõíîëîãè÷åñêèõ ïðî-
öåññîâ è îïåðàöèé, ìåð ïî ñíèæåíèþ ìàññû è îáúåìîâ çàãðÿçíåíèé;
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Ðèñ. 1. Êîíöåïòóàëüíàÿ ñõåìà íîâîãî òåõíîëîãè÷åñêîãî ïîäõîäà
Â – âîäíûå ðåñóðñû; À – àòìîñôåðíûé âîçäóõ; Î – îçîíîâûé ñëîé àòìîñôåðû; Í – íåäðà;

Á – áèîðåñóðñû: ðàñòèòåëüíûé è æèâîòíûé ìèð; Ï – ïî÷âû, çåìëè.
0 – îáðàçîâàíèå, ïîÿâëåíèå; 1 – ðàçäåëüíûé ñáîð ðåñóðñíîé ñîñòàâëÿþùåé; 2 – èçîëèðîâàííîå
âðåìåííîå íàêîïëåíèå; 3 – ïðåäâàðèòåëüíàÿ îáðàáîòêà â èñòî÷íèêàõ îáðàçîâàíèÿ ñ âûäåëåíè-
åì âòîðè÷íûõ ðåñóðñîâ; 4 – ïðîìûøëåííàÿ îáðàáîòêà âòîðè÷íûõ ìàòåðèàëüíûõ ðåñóðñîâ
ñ âûðàáîòêîé âòîðè÷íîãî ñûðüÿ; 5 – ïðîìûøëåííàÿ îáðàáîòêà âòîðè÷íûõ ýíåðãåòè÷åñêèõ ðå-
ñóðñîâ ñ ïîëó÷åíèåì àëüòåðíàòèâíûõ èñòî÷íèêîâ ýíåðãèè; 6 – ðåàëèçàöèÿ âòîðè÷íîãî ñûðüÿ è
àëüòåðíàòèâíûõ èñòî÷íèêîâ ýíåðãèè â öåëÿõ èñïîëüçîâàíèÿ â ýêîíîìè÷åñêîì öèêëå; 7 – âû-
ïóñê ïðîäóêöèè, ïðîèçâîäñòâî ðàáîò, îêàçàíèå óñëóã, ïîëó÷åíèå ýíåðãèè; 8 – ïîòðåáëåíèå

ïðîäóêöèè, ýíåðãèè, óñëóã è ðàáîò â ïðîöåññå æèçíåäåÿòåëüíîñòè

Fig. 1. Conceptual scheme of the proposed new technological approach
V – water resources; A – atmospheric air; O – ozone layer of the atmosphere; N – subsoil;

B – bioresources: flora and fauna; P – soils, land.
0 – formation, appearance; 1 – separate collection of the resource component; 2 – isolated temporary
accumulation; 3 – pre-processing in the sources of education with the allocation of secondary
resources; 4 – industrial processing of secondary material resources with the production of secondary
raw materials; 5 – industrial processing of secondary energy resources with the production of
alternative energy sources; 6 – sale of secondary raw materials and alternative energy sources for
use in the economic cycle; 7 – production of products, works, services, energy; 8 – consumption of

products, energy, services and works in the process of life



Á) èíòåãðèðîâàííîãî â ïðîèçâîäñòâåííóþ äåÿòåëüíîñòü «ïåðâè÷íîãî
òåõíîëîãè÷åñêîãî», èçìåíÿþùåãî òåõíîëîãè÷åñêèé ïðîöåññ, ïðèâîäÿ òåì
ñàìûì ê ñîêðàùåíèþ ýìèññèè çàãðÿçíÿþùèõ âåùåñòâ, èñïîëüçóåìîãî ñûðüÿ.
Íîâûé ïîäõîä îáëàäàåò ðÿäîì äðóãèõ ïðèíöèïîâ:

– ïðèâÿçêà ê æèçíåííîìó öèêëó ïðîäóêöèè ñ îöåíêîé óðîâíÿ ýêîîïàñíî-
ñòè íà êàæäîì èç ýòàïîâ;

– èñêëþ÷åíèå îòõîäîâ â êà÷åñòâå ñòðóêòóðíîé ñîñòàâëÿþùåé òåõíîñôåð-
íûõ îáúåêòîâ, ñîñòîÿíèÿ èñïîëüçîâàííîé ïðîäóêöèè, ñîçäàþùåãî îïàñíîñòü,
ýëåìåíòà ìàòåðèàëüíî-ñûðüåâîãî îáðàùåíèÿ è, êàê ñëåäñòâèå, ïðåäìåòà
îáùåñòâåííûõ îòíîøåíèé;

– ñèñòåìíûé êîëè÷åñòâåííûé è êà÷åñòâåííûé àíàëèç çàùèùåííîñòè ïðè-
ðîäíîé ñðåäû íà îñíîâå ó÷åòà ïðåäîòâðàùåííîãî âîçäåéñòâèÿ ñ ôèêñàöèåé èç-
ìåíåíèé ïóòåì èíòåãðàöèè ðåñóðñíî-ýêîëîãè÷åñêèõ èíäèêàòîðîâ êàê îáðàò-
íîé ñâÿçè ñîñòîÿíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè òåõíîñôåðíîé òåððèòîðèè;

– ïðîãíîçèðîâàíèå ýêîëîãè÷åñêîé îïàñíîñòè íà ýòàïå çàðîæäåíèÿ, à íå
ïîÿâëåíèÿ/îáðàçîâàíèÿ;

– äâóõóðîâíåâûé òåõíèêî-ýêîíîìè÷åñêèé ìåõàíèçì ðåàëèçàöèè: ðåñóðñ-
íûé òåõíîëîãè÷åñêèé öèêë ïðîäóêöèè â ýêîëîãè÷åñêè áåçîïàñíîì ïðîöåññå
åå îáðàùåíèÿ;

– ïðèìåíèìîñòü äëÿ íåñòàöèîíàðíûõ äèíàìè÷íûõ ìíîãîêîíòóðíûõ
ïðîèçâîäñòâåííî-õîçÿéñòâåííûõ ïðîöåññîâ.

Ïðåäëîæåííûé ïîäõîä ðåàëèçîâàí â ðàáîòå ïðè ôîðìèðîâàíèè äèíàìè-
÷åñêîé ìîäåëè ìíîãîôóíêöèîíàëüíîãî ðåãèîíàëüíîãî îïåðàòîðà ïî ýêîëîãè-
÷åñêè áåçîïàñíîìó îáðàùåíèþ ñ ðåñóðñíîé ñîñòàâëÿþùåé âñåõ âèäîâ îáðà-
çóþùèõñÿ ãîðîäñêèõ îòõîäîâ, îáîñíîâàíèè ñòðóêòóðû, ôóíêöèîíàëüíûõ
ïàðàìåòðîâ ðåñóðñîâîññòàíîâèòåëüíîé ñèñòåìû æèçíåîáåñïå÷åíèÿ ãîðîäîâ.

Ïîñòðîåíèå êîíôèãóðàöèè ðåãóëÿòîðà äèíàìè÷åñêîé ñèñòåìû îáðàùå-
íèÿ ñ ðåñóðñíûìè êîìïîíåíòàìè îòõîäîâ äèñêðåòíîãî è íåïðåðûâíîãî äåé-
ñòâèÿ ðåàëèçóåòñÿ íà îñíîâå ïðèíöèïà Áåëëìàíà, îïðåäåëÿþùåãî óïðàâëåíèå
êàê ôóíêöèþ ñîñòîÿíèÿ ðåãóëèðóåìîãî îáúåêòà è âíåøíåé ñðåäû [17, 18],
îáåñïå÷èâàþùåé â èññëåäóåìîì ôîðìàòå ðåñóðñîñáåðåãàþùèå õàðàêòåðè-
ñòèêè ñèñòåìû ýêîëîãè÷åñêè áåçîïàñíîãî æèçíåîáåñïå÷åíèÿ ïóòåì åå ìàòå-
ìàòè÷åñêîãî îïèñàíèÿ ñ ïîìîùüþ âåêòîðà ñîñòîÿíèÿ.

Ïåðâàÿ ìîäåëü îòîáðàæàåò äåéñòâóþùóþ ñèñòåìó îáðàùåíèÿ ñ ÒÊÎ
â ðàìêàõ ðåàëèçàöèè òåððèòîðèàëüíîé ñõåìû, ìåõàíèçì êîòîðîé ïðèâîäèò
â äåéñòâèå ðåãóëÿòîð â ôîðìå ðåãèîíàëüíîãî îïåðàòîðà îáðàùåíèÿ ñ ÒÊÎ.
Àáñòðàêòíîå îòîáðàæåíèå òàêîé ñèñòåìû ïðåäñòàâëåíî íà ðèñ. 2.

Ìîäåëèðóåìûé îáúåêò õàðàêòåðèçóåòñÿ âåêòîðàìè: à) âõîäíûõ ïåðåìåí-
íûõ (îáðàçóþùèõñÿ îïàñíûõ îòõîäîâ) Î Î Rî; á) ýêîëîãè÷åñêîãî ñîñòîÿíèÿ
êîìïëåêñà æèçíåîáåñïå÷åíèÿ (â îòíîøåíèè êîòîðîãî íà îñíîâàíèè òåððèòî-
ðèàëüíîé ñõåìû îáðàùåíèÿ ñ îòõîäàìè îñóùåñòâëÿåò äåÿòåëüíîñòü ðåãèî-
íàëüíûé îïåðàòîð îáðàùåíèÿ ñ ÒÊÎ), ôîðìèðóåìîãî àíòðîïîãåííûì âîçäåé-
ñòâèåì âñåõ âèäîâ îáðàçóþùèõñÿ îòõîäîâ S Î Rî; â) óïðàâëÿþùèõ âîçäåéñò-
âèé íà ïðîöåññû îáðàùåíèÿ ñ ÒÊÎ F Î RÒÊÎ; ã) ðåãóëèðóåìûõ âûõîäíûõ
ïåðåìåííûõ â âèäå âòîðè÷íûõ ðåñóðñîâ (äàëåå – ÂÐ), èçâëåêàåìûõ èç ÒÊÎ
ÐÒÊÎ Î RÒÊÎ; âåêòîðîì ñîñòîÿíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè å è âûõîäíû-
ìè ïåðåìåííûìè Ð, îïðåäåëÿåìûìè ôàêòîðàìè, óñëîâèÿìè è îãðàíè÷åíèÿìè
âíåøíåé ñðåäû Å.

Scientific problems of architecture, town planning and ecology

84



Â èññëåäóåìîé ìîäåëè â îòíîøåíèè îáúåêòà óïðàâëåíèÿ äåéñòâóåò ðåãó-
ëÿòîð ñ íåïîëíîé èíôîðìàöèåé [ÎÒÊÎ < Îî], ïðè êîòîðîé ñïåêòð àíàëèçèðóå-
ìûõ âõîäíûõ è âûõîäíûõ ïåðåìåííûõ îãðàíè÷åí, à â ñèñòåìå èçìåðÿåòñÿ
òîëüêî ÷àñòü ïåðåìåííûõ ñîñòîÿíèÿ èëè èõ ëîêàëüíàÿ ëèíåéíàÿ êîìáèíàöèÿ.
×èñëî èçìåðÿåìûõ ïåðåìåííûõ ìîäåëè îöåíèâàåòñÿ ãîðàçäî ìåíüøå ÷èñëà
ïåðåìåííûõ âåêòîðà ýêîëîãè÷åñêèõ ñîñòîÿíèé îáúåêòà, òàê êàê îáðàùåíèå
ïðîèñõîäèò òîëüêî ñ ÒÊÎ, áåç ó÷åòà êîëè÷åñòâ, óðîâíÿ âîçäåéñòâèÿ íà ïðè-
ðîäíóþ ñðåäó ìíîæåñòâà èíûõ îòõîäîâ, îáðàçóþùèõñÿ â õîäå æèçíåîáåñïå-
÷åíèÿ (ðåìîíòíî-ñòðîèòåëüíîãî ïðîèçâîäñòâà, ýëåêòðîííîãî è ýëåêòðîòåõíè-
÷åñêîãî îáîðóäîâàíèÿ, êðóïíîãàáàðèòíîãî ìóñîðà è ðÿäà äðóãèõ) ñ èõ ñïåöè-
ôè÷åñêèìè îïàñíûìè ñâîéñòâàìè. Íå â ïîëíîé ìåðå îïðåäåëåíû è
êà÷åñòâåííûå ïàðàìåòðû âûõîäíîãî öåëåâîãî ïîêàçàòåëÿ Ð. Åãî êîëè÷åñò-
âåííîå äîñòèæåíèå íå ìîæåò áûòü ðåàëèçîâàíî èç-çà íèçêîãî óðîâíÿ êà÷åñòâà
è áåçîïàñíîñòè âõîäíîãî ïîòîêà îòõîäîâ â ñèëó îòñóòñòâèÿ ýôôåêòèâíîé ñèñ-
òåìû ðàçäåëüíîãî ñáîðà, ëîêàëüíîé îáðàáîòêè â èñòî÷íèêàõ îáðàçîâàíèÿ.

Îçíà÷åííàÿ ñèñòåìà óïðàâëåíèÿ â âèäå íåçàìêíóòîãî ôðàãìåíòà ñûðüå-
âîãî áàëàíñà ñ èñïîëíèòåëüíûì ìåõàíèçìîì ïðåèìóùåñòâåííî ñìåøàííîãî
ñáîðà, ëîêàëüíîé îáðàáîòêè òîëüêî ëèøü ÒÊÎ ðåàëèçóåò ñõåìó ïðåîáðàçîâà-
íèé âõîäÿùèõ ïîòîêîâ: ÒÊÎ ® (ÂÐ + îòõîäû), â ðåçóëüòàòå êîòîðîé áîëüøàÿ
÷àñòü ïîëåçíûõ ðåñóðñîâ ïîñòóïàåò íà ðàçìåùåíèå â ïðèðîäíóþ ñðåäó. Â ðå-
çóëüòàòå ïðîãíîç äîñòèæåíèÿ çàäàííûõ äèíàìè÷åñêèõ ñâîéñòâ íå ìîæåò áûòü
àäåêâàòíî ïðåäñòàâëåí ìîäåëüþ ðåãóëèðóþùèõ âîçäåéñòâèé îïåðàòîðà íè
â âèäå ôóíêöèè ïåðåìåííûõ ñîñòîÿíèÿ, íè â êà÷åñòâå ôóíêöèè îöåíîê âåêòî-
ðà ñîñòîÿíèÿ îáúåêòà æèçíåîáåñïå÷åíèÿ, íå ñòðåìÿùåãîñÿ ê âåêòîðó ýêîëîãè-
÷åñêîé áåçîïàñíîñòè âñåé ñèñòåìû.

Ðåøåíèå çàäà÷è ïðè ñëîæèâøèõñÿ ãðàíè÷íûõ óñëîâèÿõ ïðåäëîæåíî îñó-
ùåñòâèòü ïîñðåäñòâîì ôîðìèðîâàíèÿ ìàòðèöû ëèíåéíûõ ñòàöèîíàðíûõ
îáðàòíûõ ñâÿçåé òåõíîëîãè÷åñêèõ ïðîöåññîâ S òðàíñôîðìàöèè ïîòîêîâ KÒ

è ìàòðèöû ïðÿìûõ ñâÿçåé Q, ðåàëèçóþùåé â ñèñòåìå ìàòåðèàëüíî-ñûðüåâîãî
öèêëà ïðåîáðàçîâàíèå ðåãóëèðóåìûõ ïåðåìåííûõ îïàñíûõ ñîñòîÿíèé âõîäÿ-
ùèõ ïîòîêîâ ÒÊÎ â çàäàííûå ïîêàçàòåëè êîëè÷åñòâà è êà÷åñòâà âûõîäíûõ
ïîòîêîâ Ð ñ ó÷åòîì âíåøíèõ ôàêòîðîâ è óñëîâèé, íîðìàòèâíûõ ýêîëîãè-
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Fig. 2. Functional model of the current MSW handling regulator



÷åñêèõ îãðàíè÷åíèé ïî ïåðåìåííûì âåêòîðà ñîñòîÿíèÿ âíåøíåé ñðåäû å.
Ïðèìåíÿÿ ïðèíöèï Áåëëìàíà â ôîðìàòå èññëåäîâàíèÿ ñòîõàñòè÷åñêèõ ñèñ-
òåì ñ íåîïðåäåëåííûìè èëè íå÷åòêèìè ïàðàìåòðàìè è õàðàêòåðèñòèêàìè
[19, 20], ìàòåìàòè÷åñêàÿ ìîäåëü îáîáùåííîãî ïðîïîðöèîíàëüíîãî ðåãóëÿ-
òîðà äîñòèæåíèÿ ïðîãíîçèðóåìûõ äèíàìè÷åñêèõ ñâîéñòâ (ýêîëîãè÷åñêàÿ
áåçîïàñíîñòü) è öåëåâûõ ýêîëîãî-ðåñóðñíûõ ïîêàçàòåëåé îïèñàíà â âèäå
ëèíåéíîé ôóíêöèè âåêòîðîâ ñîñòîÿíèÿ îáúåêòà è âíåøíåé ñðåäû.

Ïðåäëàãàåìàÿ àëüòåðíàòèâíàÿ ìîäåëü, ðåàëèçóþùàÿ ìåõàíèçì îáåñïå÷å-
íèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè íàñåëåííûõ ïóíêòîâ îò âîçäåéñòâèÿ îòõî-
äîâ, ñîçäàíà íà áàçå ïðèìåíåíèÿ íîâîãî òåõíîëîãè÷åñêîãî ïîäõîäà «ðåñóðñ-
íûé òåõíîëîãè÷åñêèé öèêë ïðîäóêöèè â ýêîëîãè÷åñêè áåçîïàñíîì ïðîöåññå åå
îáðàùåíèÿ». Âïåðâûå ðàçðàáîòàííàÿ êîíôèãóðàöèÿ ïðîïîðöèîíàëüíî-èíòå-
ãðàëüíîãî ðåãóëÿòîðà ñî âñòðîåííîé ìîäåëüþ èñïîëíèòåëüíîãî ìåõàíèçìà
â âèäå îðãàíèçàöèîííî-òåõíè÷åñêîé ñèñòåìû â êîìïëåêñ æèçíåîáåñïå÷åíèÿ,
îïèñàíèå êîòîðîãî çàäàåòñÿ ëèíåéíîé àâòîíîìíîé ìîäåëüþ, èìååò ñëåäóþ-
ùèå îòëè÷èòåëüíûå îñîáåííîñòè:

– óïðàâëåíèå è ðåãóëèðîâàíèå îáðàùåíèÿ ñî âñåìè âèäàìè çàêîí÷èâøåé
ñðîê ýêñïëóàòàöèè ïðîäóêöèè, îáðàçóþùåéñÿ â ïðîöåññå æèçíåîáåñïå÷åíèÿ;

– íàëè÷èå è èñïîëüçîâàíèå ïîëíîé èíôîðìàöèè î êîëè÷åñòâå, ñîñòîÿíèè,
ñâîéñòâàõ, õàðàêòåðèñòèêàõ îáðàùàåìûõ â çàìêíóòîé ñèñòåìå ðåñóðñîâ, ñû-
ðüå, ïðîäóêöèè, ñòåïåíè èõ âîçäåéñòâèÿ íà îêðóæàþùóþ ñðåäó;

– îáúåêò ðåãóëèðîâàíèÿ ñèñòåìû – âòîðè÷íûå ðåñóðñû, ðåàëèçóþùèå
ïðîöåññ èñêëþ÷åíèÿ «îòõîäîâ» êàê ýëåìåíòà ñûðüåâîãî áàëàíñà è êàê îïàñ-
íîãî ñîñòîÿíèÿ îáðàçóþùèõñÿ òåõíîñôåðíûõ îáúåêòîâ;

– èíòåãðàöèÿ ðåñóðñíî-ýêîëîãè÷åñêèõ è òåõíèêî-ýêîíîìè÷åñêèõ ïîêà-
çàòåëåé â åäèíîé ñèñòåìå ôóíêöèîíèðîâàíèÿ ðåñóðñîâîññòàíîâèòåëüíîé
ñèñòåìû;

– èíòåãðàöèÿ èñïîëíèòåëüíîãî ìåõàíèçìà: îðãàíèçàöèîííî-òåõíè÷åñêîé
ñèñòåìû è òåõíîëîãè÷åñêîé èíôðàñòðóêòóðû â êîìïëåêñ æèçíåîáåñïå÷åíèÿ
ãîðîäñêîãî îêðóãà è ýêîíîìè÷åñêóþ äåÿòåëüíîñòü ðåãèîíà.

Àáñòðàêòíîå îòîáðàæåíèå â îáîáùåííîì âèäå ôóíêöèîíàëüíîé ñõåìû
ñèñòåìû óïðàâëåíèÿ è ðåãóëèðîâàíèÿ ýêîëîãè÷åñêè áåçîïàñíûì æèçíåîáåñ-
ïå÷åíèåì ïîñðåäñòâîì ââåäåíèÿ ïðèíöèïèàëüíî íîâîãî ðåãóëÿòîðà – ìíîãî-
ôóíêöèîíàëüíîãî ðåãèîíàëüíîãî îïåðàòîðà ïðèâåäåíî íà ðèñ. 3.

Ñ ó÷åòîì çàêîíîâ ñîõðàíåíèÿ, ñâîéñòâ åå öåëîñòíîñòè è çàìêíóòîñòè ñèñ-
òåìû (ïðåäóïðåæäåíèÿ ïîïàäàíèÿ îòõîäîâ â ïðèðîäíóþ ñðåäó) ïðèíÿòî, ÷òî
êîëè÷åñòâî âõîäÿùèõ ïîòîêîâ Î è âûõîäÿùèõ Ï ñîâïàäàåò ïðè íàëè÷èè k
ýêîëîãè÷åñêè áåçîïàñíûõ ïåðåõîäíûõ ñîñòîÿíèé òåõíîëîãè÷åñêîãî ïðåîáðà-
çîâàíèÿ ñûðüåâûõ ïîòîêîâ, íå ñîçäàþùèõ äëÿ îêðóæàþùåé ñðåäû äîïîëíè-
òåëüíîãî íåãàòèâíîãî âîçäåéñòâèÿ. Òîãäà ðåçóëüòèðóþùèé âåêòîð ýêîëîãè-
÷åñêîãî ñîñòîÿíèÿ êîìïëåêñà æèçíåîáåñïå÷åíèÿ S Î Rk ñ âñòðîåííîé òåõíî-
ëîãè÷åñêîé ñèñòåìîé Ò, ïðè íóëåâîì êîëè÷åñòâå îòõîäîâ èìååò ðàçìåðíîñòü
k, ñîâïàäàþùóþ ñ ðàçìåðíîñòüþ âåêòîðîâ çàäàþùèõ âîçäåéñòâèé Î Î Rk

è ðåãóëèðóåìûõ âûõîäíûõ ïåðåìåííûõ Ï ÎRk, ò.å. êàæäûé ïîñëåäóþùèé
ýòàï îáðàùåíèÿ òðàíñôîðìèðóåò òåõíîñôåðíûå îáúåêòû â âèäå áåçîïàñíîé
ïðîäóêöèè ïðåäûäóùåãî ýòàïà òåõíîëîãè÷åñêèõ ïðåîáðàçîâàíèé.

Ïðåäïîëàãàåòñÿ, ÷òî îïðåäåëåííûé óðîâåíü ýêîëîãè÷åñêîé îïàñíîñòè
ìîæåò ïðåäñòàâëÿòü òåõíîëîãè÷åñêàÿ èíôðàñòðóêòóðà Ò (â ïåðâóþ î÷åðåäü,
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îáúåêòû ýíåðãåòè÷åñêîé óòèëèçàöèè è ðàçìåùåíèÿ «õâîñòîâ ñîðòèðîâêè»),
õàðàêòåðèçóåìàÿ âåêòîðîì èçìåíåíèÿ ýêîëîãè÷åñêîãî ñîñòîÿíèÿ åÒ, è íåóòè-
ëèçèðóåìûå ñìåøàííûå îñòàòêè (ïðåèìóùåñòâåííî – ãîðþ÷èå) Ý, îáðàçóþ-
ùèåñÿ íà ñòàäèÿõ ïðåîáðàçîâàíèÿ ðåñóðñîâ. Ýòîò ïðîöåññ îòîáðàæàåòñÿ
âåêòîðîì ýêîëîãè÷åñêîãî ñîñòîÿíèÿ ïåðåìåííûõ îáðàòíûõ òåõíîëîãè÷åñêèõ
ïîòîêîâ, ïîòåíöèàëüíî îáëàäàþùèõ ýêîëîãè÷åñêîé îïàñíîñòüþ â ïðîöåññå
ýíåðãåòè÷åñêîé óòèëèçàöèè èëè ðàçìåùåíèÿ (Ý = Ï – Ñ = Î – Ñ). Â èññëåäóå-
ìîì ôîðìàòå ñîñòàâíîé âåêòîð ýêîëîãè÷åñêîãî ñîñòîÿíèÿ êîìïëåêñà æèçíå-
îáåñïå÷åíèÿ S è âåêòîð ñîñòîÿíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè òåððèòîðèè å
êàê íåîòúåìëåìîé ñîñòàâëÿþùåé âíåøíåé îêðóæàþùåé ñðåäû ãîðîäà, ðå-
ãèîíà ôîðìèðóþòñÿ ñëåäóþùèì îáðàçîì:

e = é

ëê
ù

ûú
Ñ

Ð
ïðè  Ñ ÎRk–î; Ð ÎRî å ÎRk;

S
e

= é

ëê
ù

ûú
Ý

Ò

ïðè S ÎRk; åÒ ÎRk– Ò;   Ý ÎRÒ.

Â ñîîòâåòñòâèè ñ ïðèíöèïîì Áåëëìàíà óðàâíåíèå ôîðìèðîâàíèÿ óïðàâ-
ëÿþùèõ âîçäåéñòâèé ìíîãîôóíêöèîíàëüíûì ðåãèîíàëüíûì îïåðàòîðîì
(â âèäå îáîáùåííîãî ïðîïîðöèîíàëüíî-èíòåãðàëüíîãî ðåãóëÿòîðà) ñî âñòðî-
åííîé ìîäåëüþ èñïîëíèòåëüíîãî ìåõàíèçìà ïî êîíå÷íîìó ñîñòîÿíèþ ýêîëî-
ãè÷åñêîé áåçîïàñíîñòè êîìïëåêñà æèçíåîáåñïå÷åíèÿ èìååò âèä:

F k P k C k e k k k k k
e

= + - - = é

ëê
ù

ûú
- é

ëê
ù

û
1 0 1 1 0 1Ò Ò Ò

Ò

Ý
Ñ

Ð

Ý
[ , ] [ , ] ú. (1)

Ïðèìåíÿÿ îáîçíà÷åíèÿ âåêòîðîâ: Q k k= [ , ]1 0 è K k k( ) [ , ],T T= 1 óðàâíå-

íèå ôîðìèðîâàíèÿ óïðàâëÿþùèõ âîçäåéñòâèé ïðåäñòàâëåíî âûðàæåíèåì

F K S Qe= - +T , (2)

ãäå Q = [k1, kî] – ìàòðèöà ïðåîáðàçîâàíèÿ îïàñíûõ ñâîéñòâ è ñîñòîÿíèé âõî-
äÿùèõ ïîòîêîâ èñïîëüçîâàííîé ïðîäóêöèè â áåçîïàñíûå è ïîëåçíûå, ïîçâî-
ëÿþùèå èñïîëüçîâàòü ðåñóðñíûé ïîòåíöèàë â êà÷åñòâå âòîðè÷íîãî ñûðüÿ;
K k kT Ò T= [ , ] – ìàòðèöà òåõíîëîãè÷åñêèõ ïðåîáðàçîâàíèé ïîòîêîâ;
Qå – ðåçóëüòèðóþùàÿ ìàòðèöà ïðÿìûõ ñâÿçåé, ðåàëèçóþùèõ òðàíñôîðìàöèþ
îáðàçóþùèõñÿ òîêñè÷íûõ îòõîäîâ â áåçîïàñíîå âòîðè÷íîå ñûðüå;
ÊÒS – ðåçóëüòèðóþùàÿ ìàòðèöà ýêîëîãè÷åñêîé îïàñíîñòè òåõíîëîãè÷åñêèõ
ïðîöåññîâ ïåðåðàáàòûâàþùåé èíôðàñòðóêòóðû ïî ëèíåéíûì ñòàöèîíàðíûì
îáðàòíûì ñâÿçÿì íåóòèëèçèðóåìûõ â êà÷åñòâå âòîðè÷íîãî ñûðüÿ îñòàòêîâ.

Âûðàæåíèå (2) õàðàêòåðèçóåò áàëàíñ ýêîëîãè÷åñêè áåçîïàñíîãî ñîñòîÿ-
íèÿ òåððèòîðèè ìåæäó ýêîëîãî-ðåñóðñíûì ýôôåêòîì ñî çíàêîì «+» è ýêîëî-
ãè÷åñêèì âðåäîì ñî çíàêîì «–», ñìåùåíèå êîòîðîãî äîñòèãàåòñÿ ðåãóëÿòîðîì
ïðåäëàãàåìîé ðåñóðñîâîññòàíîâèòåëüíîé ñèñòåìû.

Ïðîöåññ ìîäåëèðîâàíèÿ ñîñòîÿíèé ñèñòåìû îñíîâûâàåòñÿ íà òåîðèè
àíàëèçà ìíîãîêîíòóðíûõ õèìèêî-òåõíîëîãè÷åñêèõ ñèñòåì, ðàçðàáîòàí-
íîé ðîññèéñêèìè ó÷åíûìè Â.Ï. Ìåøàëêèíûì, Â.Â. Êàôàðîâûì, Â.Ë. Ïå-
ðîâûì, ìàòðè÷íûõ ìåòîäîâ, ïðèìåíåííûõ Í.Ã. Ãëàäûøåâûì ïðè ñîçäà-
íèè ñèñòåì ðåöèêëèíãà â òåõíîïðèðîäíûõ êëàñòåðàõ îáðàùåíèÿ ñ îòõîäà-
ìè [19, 20].
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Â îòëè÷èå îò èçâåñòíûõ íàó÷íûõ ïîçèöèé ìîäåëèðîâàíèÿ êîíå÷íîãî
ðåçóëüòàòà â ôîðìå êà÷åñòâåííûõ è êîëè÷åñòâåííûõ ïàðàìåòðîâ âûõîäíûõ ïî-
òîêîâ ïî çàäàííûì èçìåðÿåìûì âõîäíûì è ïðè íàëè÷èè ïîëíîé èíôîðìàöèè î
òåõíè÷åñêèõ ñðåäñòâàõ, àïïàðàòàõ, óñòðîéñòâàõ ïðåîáðàçîâàíèÿ ðåöèðêóëèðóå-
ìûõ ïðÿìûõ/îáðàòíûõ ïîòîêîâ, â ðàáîòå ðåøåíà çàäà÷à ìîäåëèðîâàíèÿ ñîñòàâà,
ïîðÿäêà ôîðìèðîâàíèÿ, ïàðàìåòðè÷åñêèõ ïîêàçàòåëåé òåõíîëîãè÷åñêèõ ïðîöåñ-
ñîâ ïðè íàëè÷èè èíôîðìàöèè î âõîäíûõ ïîòîêàõ (ðåñóðñíîé ñîñòàâëÿþùåé, åå
îïàñíûõ, èíûõ õàðàêòåðèñòèêàõ) è êîíå÷íûõ ðåçóëüòàòàõ (íîðìàòèâíûõ è ñòàí-
äàðòèçîâàííûõ òåõíèêî-ýêñïëóàòàöèîííûõ ñâîéñòâàõ, áåçîïàñíîñòè âòîðñûðüÿ,
îáåñïå÷èâàþùèõ âîçìîæíîñòü åãî èñïîëüçîâàíèÿ äëÿ ïðîèçâîäñòâà ïðîäóêöèè,
ðàáîò). Ñîîòâåòñòâåííî èçìåíÿåòñÿ è àëãîðèòì ïðîâåäåíèÿ èññëåäîâàíèÿ, ïðå-
äóñìàòðèâàþùèé íà ïåðâîì ýòàïå ñèñòåìíûé àíàëèç, êîëè÷åñòâåííóþ è êà÷åñò-
âåííóþ îöåíêó ïàðàìåòðîâ âõîäíûõ ðåñóðñíûõ ïîòîêîâ â ïëàíå òåõíè÷åñêîé
âîçìîæíîñòè, ýêîëîãè÷åñêîé äîïóñòèìîñòè, ýêîíîìè÷åñêîé öåëåñîîáðàçíîñòè
ïîâòîðíîãî èñïîëüçîâàíèÿ, íà âòîðîì – óñòàíîâëåíèå ïðîãíîçíûõ òðåáóåìûõ
çíà÷åíèé êîíå÷íûõ ïàðàìåòðîâ ñèñòåìû, à çàòåì ïðè íàëè÷èè ãðàíè÷íûõ óñëî-
âèé ñ ó÷åòîì âîçäåéñòâèÿ âíåøíèõ ôàêòîðîâ è îãðàíè÷åíèé ìîäåëèðîâàíèå èñ-
êîìûõ ïàðàìåòðè÷åñêèõ õàðàêòåðèñòèê òåõíîëîãè÷åñêèõ ïðîöåññîâ ïðåîáðàçî-
âàíèÿ ñûðüåâîãî ïîòîêà â ïîëåçíîå âòîðè÷íîå ñûðüå.

Ïîñòðîåíèå ìàòðèö ëèíåéíûõ ñâÿçåé öèêëà òåõíîëîãè÷åñêîãî ïðåîáðà-
çîâàíèÿ ñûðüåâûõ ðåñóðñîâ, äëÿ êîòîðîãî èçâåñòíû ñîâîêóïíîñòü òåõíîëîãè-
÷åñêèõ îïåðàöèé, õàðàêòåðèçóþùèõ èõ ïàðàìåòðû, ñòðóêòóðà òåõíîëîãè÷å-
ñêèõ ñâÿçåé, â ðàìêàõ îçíà÷åííûõ òåîðèé, ðåàëèçóåòñÿ íà áàçå ôîðìèðîâàíèÿ
è àíàëèçà ìàòðèö, ñîîòâåòñòâóþùèõ âåêòîðó ïåðåìåííûõ âûõîäíûõ ïîòîêîâ
ñ êà÷åñòâåííûìè íîðìàòèâíûìè, ñòàíäàðòèçîâàííûìè òåõíèêî-ýêñïëóàòà-
öèîííûìè ñâîéñòâàìè, à òàêæå ìàòðèö, ñîîòâåòñòâóþùèõ âåêòîðó èçâåñòíûõ
ïåðåìåííûõ âõîäíûõ ïîòîêîâ ðåñóðñíîé ñîñòàâëÿþùåé:

K r
ijT Ïc Ï= / , (3)

ãäå K
ijT – ìàòðèöà ïðåîáðàçîâàíèé âõîäíûõ ïîòîêîâ j = (1…r) â âûõîäíûå

ïîñðåäñòâîì i-õ òåõíîëîãè÷åñêèõ îïåðàöèé ìíîæåñòâà (Ò);
Òi – òåõíèêî-ýêñïëóàòàöèîííûå ïàðàìåòðû i-é îïåðàöèè èíæåíåðíî-òåõíè÷å-
ñêîé èíôðàñòðóêòóðû ðàçäåëüíîãî ñáîðà, íàêîïëåíèÿ, îáðàáîòêè, óòèëèçà-
öèè (â òîì ÷èñëå ýíåðãåòè÷åñêîé) ðåñóðñíîé ñîñòàâëÿþùåé;
Ïñ – ìàòðèöà, ñîîòâåòñòâóþùàÿ âåêòîðó ïåðåìåííûõ âûõîäíûõ ïîòîêîâ
ïðîäóêöèè èç âòîðè÷íîãî ñûðüÿ;
Ïr – ìàòðèöà, ñîîòâåòñòâóþùàÿ âåêòîðó ïåðåìåííûõ âõîäíûõ ïîòîêîâ ðå-
ñóðñíîé ñîñòàâëÿþùåé j = (1…r) äëÿ i-ãî òåõíîëîãè÷åñêîãî ïðîöåññà.

Ñ ó÷åòîì ñîâîêóïíîñòè çàìêíóòûõ ìíîãîêîíòóðíûõ òåõíîëîãè÷åñêèõ
ïîäñèñòåì îáðàùåíèÿ ïðÿìûõ è îáðàòíûõ ïîòîêîâ ÂÐ, êàæäûé èç êîòîðûõ
ÿâëÿåòñÿ ðåçóëüòàòîì ïðåîáðàçîâàíèÿ ïðåäûäóùåãî, ðåçóëüòèðóþùàÿ ìàòðè-
öà, ñîîòâåòñòâóþùàÿ âåêòîðó ïåðåìåííûõ âûõîäíûõ ïîòîêîâ ýêîëîãè÷åñêè
áåçîïàñíîé ïðîäóêöèè èç âòîðñûðüÿ, îïðåäåëåíà âûðàæåíèåì

Ïc ÏT T TÓÑÍ ÎÁ
= K K K ri i i( ) ( ) ( ) , (4)

ãäå K i( )TÑÍ
– ìàòðèöà ïðåîáðàçîâàíèé âõîäíûõ ïîòîêîâ (Ïî) i-é îïåðàöèè

ðàçäåëüíîãî ñáîðà, íàêîïëåíèÿ (ÑÍ), ïàðàìåòðû êîòîðîãî èçâåñòíû, â ïîòîêè
Ï, ïîñòóïàþùèå íà òåõíîëîãè÷åñêóþ îáðàáîòêó (ÎÁ);
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ÒÑÍi
– òåõíèêî-ýêñïëóàòàöèîííûå ïàðàìåòðû i-é îïåðàöèè, òåõíè÷åñêèõ

ñðåäñòâ ðàçäåëüíîãî ñáîðà, íàêîïëåíèÿ (åìêîñòü, èñõîäÿ èç îáúåìîâ è ñïåê-
òðà ðåñóðñíîé ñîñòàâëÿþùåé, ñðîêè íàêîïëåíèÿ, ïåðèîäè÷íîñòü âûâîçà);
K

i( )TÎÁ
– ìàòðèöà ïðåîáðàçîâàíèé ïîòîêîâ Ï ïî êàæäîé îïåðàöèè òåõíîëî-

ãè÷åñêîé îáðàáîòêè â ïîòîêè âòîðè÷íîãî ñûðüÿ Ñ íà óòèëèçàöèþ;
ÒÎÁi

– òåõíèêî-ýêñïëóàòàöèîííûå ïàðàìåòðû i-é îïåðàöèè îáðàáîòêè ÂÐ;
K i( )TÓ – ìàòðèöà ïðåîáðàçîâàíèé ïîòîêîâ âòîðñûðüÿ Ñ è àëüòåðíàòèâíûõ èñ-
òî÷íèêîâ ýíåðãèè Ý íà óòèëèçàöèþ (âêëþ÷àÿ ýíåðãåòè÷åñêóþ);
ÒÓi – òåõíèêî-ýêñïëóàòàöèîííûå ïàðàìåòðû i-é îïåðàöèè ïåðåðàáàòûâàþ-
ùåé èíôðàñòðóêòóðû (ÐÊ – ðåêóïåðàöèÿ, ÐÃ – ðåãåíåðàöèÿ, ÐÖ – ðåöèêëèíã,
ÝÓÂ è ÝÓÑ – ýíåðãåòè÷åñêàÿ óòèëèçàöèÿ âûñîêî- è ñðåäíåòåìïåðàòóðíàÿ).

Ïðèíèìàÿ âî âíèìàíèå õàðàêòåð ïîñòàâëåííûõ â ðàáîòå çàäà÷, äëÿ êîòî-
ðûõ íå ñóùåñòâóåò ñòðîãèõ ïîäõîäîâ, ïîçâîëÿþùèõ ïîëó÷èòü îäíîçíà÷íûé
ðåçóëüòàò çà îïòèìàëüíîå, â íå÷åòêî âûðàæåííûõ óñëîâèÿõ, âðåìÿ ïîäãîòîâ-
êè ïðèíÿòèÿ îðãàíèçàöèîííî-òåõíè÷åñêèõ è óïðàâëåí÷åñêèõ ðåøåíèé, ìåòî-
äîëîãèÿ èññëåäîâàíèÿ áàçèðóåòñÿ íà òåîðèè ìÿãêèõ âû÷èñëåíèé ñ ïðèìåíå-
íèåì íåòî÷íûõ è ìàòåìàòè÷åñêè íåñòðîãî îáóñëîâëåííûõ ìåòîäîâ àëãîðèò-
ìèçàöèè, ðåàëèçóþùèõ ïîýòàïíîå äîñòèæåíèå íàó÷íûõ öåëåé.

Â ðàìêàõ òåîðèè íå÷åòêèõ ìíîæåñòâ è ìÿãêèõ âû÷èñëåíèé çàäà÷à ýêñ-
ïåðòíîé îöåíêè ïîääåðæêè ïðèíÿòèÿ íàèëó÷øåãî â ñëîæèâøèõñÿ óñëîâèÿõ
â äàííûé ìîìåíò âðåìåíè îðãàíèçàöèîííî-òåõíè÷åñêîãî ðåøåíèÿ ïî îáðà-
ùåíèþ ñ êîíêðåòíîé ãðóïïîé ÂÐ ñîñòîèò â òîì, ÷òîáû ïðè íàëè÷èè íå÷åòêèõ
îöåíîê {0; 1} îïðåäåëèòü ïðèíàäëåæíîñòü êàæäîãî èç ÂÐ ìíîæåñòâó óñòà-
íîâëåííûõ â äîêóìåíòàõ ïî ñòàíäàðòèçàöèè òåõíîëîãè÷åñêèõ ïðîöåññîâ
òðàíñôîðìàöèè ðåñóðñíîé ñîñòàâëÿþùåé â êîíå÷íóþ ïðîäóêöèþ, îáðàçóþ-
ùèõ òåõíîëîãè÷åñêèé öèêë ïðîãíîçíîé ðåñóðñîâîññòàíîâèòåëüíîé îðãàíèçà-
öèîííî-òåõíè÷åñêîé ñèñòåìû æèçíåîáåñïå÷åíèÿ. Îäíàêî íà ïðàêòèêå íå
ïðåäñòàâëÿåòñÿ âîçìîæíûì îäíîçíà÷íîå îïðåäåëåíèå ïðèíàäëåæíîñòè ýëå-
ìåíòîâ ê îäíîìó è òîìó æå ìíîæåñòâó. Â ýòèõ ñëó÷àÿõ íå÷åòêèé ïàðàìåòð
ÊÒ(r) íå îöåíèâàåòñÿ êîíêðåòíûìè ÷èñëåííûìè çíà÷åíèÿìè, à èçìåíÿåòñÿ íà
îòðåçêå [0; 1], ò.å. ÊÒ(r) õàðàêòåðèçóåò íå òîëüêî ïðèíàäëåæíîñòü ðåñóðñíîé
ñîñòàâëÿþùåé r çàäàííîìó ìíîæåñòâó Ò, íî è âûðàæàåò ñòåïåíü åå ïðèíàä-
ëåæíîñòè ýòîìó ìíîæåñòâó. Òàêèì îáðàçîì, ââîäèìàÿ êàê ñïîñîá çàäàíèÿ
è îöåíêè ñîîòíîøåíèÿ ìíîæåñòâ Ð è Ò õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ ìíîæå-
ñòâà Ò ïðåäñòàâëÿåò ñîáîé ôóíêöèþ ÊÒ(r), çàäàííóþ íà óíèâåðñàëüíîì ìíî-
æåñòâå Ð, ïðèíèìàþùóþ çíà÷åíèå «1» íà ýëåìåíòàõ ìíîæåñòâà Ð, ïðèíàäëå-
æàùèõ Ò, è çíà÷åíèå «0» íà ýëåìåíòàõ, åìó íå ïðèíàäëåæàùèõ.

Ïðèíàäëåæíîñòü âõîäÿùèõ ñûðüåâûõ ýëåìåíòîâ r ÎÐ çàäàííûì ìíîæå-
ñòâàì òåõíîëîãè÷åñêèõ ïðîöåññîâ ïðåîáðàçîâàíèÿ ðåñóðñîâ íà ñòàäèè òåõíî-
ëîãè÷åñêîãî öèêëà Ò (ðàñïðåäåëåíèå ïî ìíîæåñòâàì ÒÎÁ, ÒÑÍ, ÒÓ), âûðàæàå-
ìàÿ õàðàêòåðèñòè÷åñêîé ôóíêöèåé ÊÒ(r), îòîáðàæåíà â âèäå
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Â îáùåì âèäå îáðàçóþùèå íå÷åòêèå ìíîæåñòâà ìàòðèöû ïðåîáðàçîâà-
íèé âõîäíûõ ïîòîêîâ ïîñðåäñòâîì i-õ òåõíîëîãè÷åñêèõ îïåðàöèé îáðàáîòêè,
èñïîëüçîâàíèÿ ïðèâåäåíû íà ðèñ. 5, ðàçäåëüíîãî ñáîðà – íà ðèñ. 6 (1 – íàëè-
÷èå ïðîöåññà òðàíñôîðìàöèè äàííîé ãðóïïû ÂÐ, 0 – îòñóòñòâèå). Â ïðîöåññå
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Ðèñ. 4. Ìàòðèöà ïðåîáðàçîâàíèé âõîäíûõ ïîòîêîâ ðåñóðñíûõ êîìïîíåíòîâ â ðåçóëü-
òàòå òåõíîëîãè÷åñêîé îáðàáîòêè

ÐÇ – ðàçáîðêà, Î× – î÷èñòêà, ÑÏ – ñåïàðàöèÿ, ÑÐ – ñîðòèðîâêà, ÄÇ – äåçèíôåêöèÿ, ÌÎ – ìîéêà,
ÑØ – ñóøêà, ÎÁ – îáëàãîðàæèâàíèå, ÂÄ – âûäåðæêà, ÑÊ – ñêëàäèðîâàíèå, ÈÐ – èçìåíåíèå ðàç-
ìåðîâ: Äð – äðîáëåíèå, Èç – èçìåëü÷åíèå, Ðç – ðåçêà, Ãð – ãðàíóëèðîâàíèå, Ðä – ðàçäåëêà,

Ïï – ïåðåïëàâ, Áð – áðèêåòèðîâàíèå, Ïð – ïðåññîâàíèå

Fig. 4. Matrix of transformations of input flows of resource components as a result of
technological processing

RZ – disassembly, OCh – cleaning, SP – separation, SR – sorting, DZ – disinfection, MO – washing,
SSh – drying, OB – ennobling, VD – exposure, SK – warehousing, IR – resizing: Dr – crushing,
Iz – drinding, Rz – cutter, Gr – granulation, Rd – cutting, Pp – remelting, Br – briquetting, Pr –

pressing

Ðèñ. 5. Ìàòðèöà ïðåîáðàçîâàíèÿ âõîäíûõ ïîòîêîâ íà óòèëèçàöèþ (ýíåðãîóòèëèçà-
öèþ) (à) è ðåñóðñíîé ñîñòàâëÿþùåé (á)

Ð – ðàçìåð (1 – êðóïíîãàáàðèòíûå (áóíêåð), 0 – ìàëîãàáàðèòíûå (êîíòåéíåð)); ÏÑ – ñûïó-
÷åñòü (1 – ïûëåâèäíûå, ìåëêèå (çàêðûòûé êîíòåéíåð), 0 – òâåðäûå êóñêîâûå (ñòàíäàðòíûé
êîíòåéíåð)); Ã – ãîðþ÷åñòü (1 – ãîðþ÷èå, 0 – íåãîðþ÷èå); ÒÓ – îáîðîòíûé ìàòåðèàë (1 – òàðà,
óïàêîâêà, îïàëóáêà è ïð., ñîõðàíèâøèå ýêñïëóàòàöèîííûå ñâîéñòâà, 0 – íåîáîðà÷èâàåìûé,
íåâîçâðàòíûé ðåñóðñ); ÊÎ – êëàññ îïàñíîñòè (1 – âûøå óìåðåííî îïàñíîãî, 0 – ìàëîîïàñíûå,
ïðàêòè÷åñêè íåîïàñíûå); Ò – òîêñè÷íîñòü (1 – âûøå óìåðåííî òîêñè÷íîãî, 0 – ìàëîòîêñè÷-
íûå); ÁÈ – ñïîñîáíîñòü ê áèîðàçëîæåíèþ ïîä âîçäåéñòâèåì âëàæíîñòè (1 – áèîðàçëàãàåìûå
(èçîëèðîâàííûé êîíòåéíåð îò àòìîñôåðíûõ îñàäêîâ), 0 – íåïîäâåðæåííûå âîçäåéñòâèþ

âëàæíîñòè)

Fig. 5. Matrix of transformations of input streams for utilization (energy utilization) (a) and
of the resource component (b)

R – size (1 – large (bunker), 0 – small (container)); PS – flowability (1 – pulverized, small (closed con-
tainer), 0 – solid lumpy (standard container)); G – combustibility (1 – combustible, 0 – nonflammab-
le); TU – negotiable material (1 – packaging, package, formwork, etc., preserved operational properti-
es, 0 – non-reversible, irrevocable resource); CO – hazard class (1 – above moderately dangerous, 0 –
low-hazard, practically non-hazardous); T – toxicity (1 – above moderately dangerous toxic, 0 –
low-toxic); BI – biodegradability under the influence of humidity (1 – biodegradable (insulated conta-

iner from precipitation), 0 – not exposed to humidity)



ðàñ÷åòà ìàòåìàòè÷åñêîé ìîäåëè ñ ïðèìåíåíèåì íå÷åòêèõ (ìÿãêèõ) âû÷èñëå-
íèé äëÿ êàæäîé i-é îïåðàöèè ïðåîáðàçîâàíèÿ j-ãî âèäà ÂÐ âûäåëåííûõ ãðóïï
ôîðìèðóåòñÿ îòäåëüíàÿ ïðÿìîóãîëüíàÿ ìàòðèöà.

Íàëè÷èå ñôîðìèðîâàííûõ ìàòðèö âõîäíûõ è âûõîäíûõ ïîòîêîâ äàåò
âîçìîæíîñòü óñòàíîâèòü êîíôèãóðàöèþ ïðîöåññîâ òåõíîëîãè÷åñêîãî ïðåîá-
ðàçîâàíèÿ ðåñóðñîâ âíóòðè ðåñóðñîâîññòàíîâèòåëüíîé ñèñòåìû.

Â îáîáùåííîì âèäå çàäà÷à ìîäåëèðîâàíèÿ ïðîöåññà ïðåîáðàçîâàíèé ïî-
òîêîâ ðåñóðñíîé ñîñòàâëÿþùåé íà ñòàäèè òåõíîëîãè÷åñêîé îáðàáîòêè íà
ìíîãîôóíêöèîíàëüíûõ ñîðòèðîâî÷íûõ êîìïëåêñàõ ãðàôè÷åñêè ðåøåíà ïî-
ñðåäñòâîì ïîñòðîåíèÿ ïàðàìåòðè÷åñêîãî ïîòîêîâîãî ãðàôà (ðèñ. 6).

Ïðîöåññ îïðåäåëåíèÿ ïàðàìåòðè÷åñêèõ õàðàêòåðèñòèê òåõíîëîãè÷åñêî-
ãî ïðåîáðàçîâàíèÿ âõîäíûõ ïîòîêîâ ÂÐ áàçèðóåòñÿ íà ðàçðàáîòàííîé ôóíê-
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Ðèñ. 6. Ïàðàìåòðè÷åñêèé ïîòîêîâûé ãðàô òåõíîëîãè÷åñêîãî öèêëà îáðàáîòêè ÂÐ

Fig. 6. Parametric flow graph of the technological cycle of VR processing

Ðèñ. 7. Ïîñëåäîâàòåëüíàÿ ôóíêöèîíàëüíàÿ ñõåìà ïðåîáðàçîâàíèÿ ÂÐ

Fig.7. Sequential functional diagram of VR conversion



öèîíàëüíîé ñõåìå òðàíñôîðìàöèè òåõíîñôåðíûõ îáúåêòîâ â ðàìêàõ ìîäåëè
ðåãóëÿòîðà ðåñóðñîâîññòàíîâèòåëüíîé ñèñòåìû ýêîëîãè÷åñêè áåçîïàñíîãî
æèçíåîáåñïå÷åíèÿ (ðèñ. 7).

Ïðåäñòàâëåííàÿ ôóíêöèîíàëüíàÿ ñõåìà ïðåîáðàçîâàíèÿ ðåñóðñíîé ñî-
ñòàâëÿþùåé âçÿòà çà îñíîâó ïðè ñîçäàíèè ïðåäñòàâëåííîé ìîäåëè ìíîãî-
ôóíêöèîíàëüíîãî îïåðàòîðà ïî îáðàùåíèþ ñ îòõîäàìè êîìïëåêñà æèçíå-
îáåñïå÷åíèÿ ìóíèöèïàëüíûõ îáðàçîâàíèé è ðåãèîíîâ.

Âûâîäû. Íà îñíîâå âïåðâûå ðàçðàáîòàííîãî òåõíîëîãè÷åñêîãî ïîäõîäà
ê ïðåäîòâðàùåíèþ ýêîëîãè÷åñêîé îïàñíîñòè îáúåêòîâ æèçíåîáåñïå÷åíèÿ
«ðåñóðñíûé öèêë ïðîäóêöèè â ýêîëîãè÷åñêè áåçîïàñíîì ïðîöåññå åå îáðàùå-
íèÿ» ñôîðìèðîâàíû íîâûå ïðèíöèïû, ìåòîäû òåõíè÷åñêîé àäàïòàöèè èíæå-
íåðíûõ ñèñòåì, ïðîöåññîâ îáðàùåíèÿ ìàòåðèàëüíî-ñûðüåâûõ ðåñóðñîâ â ðå-
ãèîíàëüíóþ ïåðåðàáàòûâàþùóþ èíôðàñòðóêòóðó, ïîçâîëÿÿ ðåàëèçîâàòü
ñèñòåìíûé ïîäõîä ê îáåñïå÷åíèþ ýêîëîãè÷åñêîé áåçîïàñíîñòè òåõíîñôåð-
íûõ òåððèòîðèé çà ñ÷åò ðàçâèòèÿ ðåñóðñîâîññòàíîâèòåëüíûõ ñèñòåì è ïðî-
öåññîâ íà îáúåêòàõ ñòðîèòåëüñòâà è ãîðîäñêîãî õîçÿéñòâà.

Ìàòåìàòè÷åñêàÿ ìîäåëü ðåñóðñîâîññòàíîâèòåëüíîé ìíîãîêîíòóðíîé,
ìíîãîóðîâíåâîé ñèñòåìû ýêîëîãè÷åñêè áåçîïàñíîãî æèçíåîáåñïå÷åíèÿ
«îáúåêò – ìóíèöèïàëüíîå îáðàçîâàíèå – ðåãèîí» â êà÷åñòâå îðãàíèçàöèîí-
íî-òåõíè÷åñêîãî ðåãóëÿòîðà ìîæåò áûòü ðåàëèçîâàíà ïðè ôîðìèðîâàíèè íî-
âîãî ìåõàíèçìà ôóíêöèîíèðîâàíèÿ ðåãèîíàëüíûõ îïåðàòîðîâ îáðàùåíèÿ íå
ñ ÒÊÎ, à ñ âòîðè÷íûìè ðåñóðñàìè è ñûðüåì, ïîëó÷àåìûìè èç âñåãî ñïåêòðà
áûâøåé â óïîòðåáëåíèè ñòðîèòåëüíîé è èíîé ïðîäóêöèè è èñïîëüçóåìûìè
ïîâòîðíî äëÿ íóæä êîìïëåêñà æèçíåîáåñïå÷åíèÿ ãîðîäñêèõ îêðóãîâ è ðåãèî-
íîâ ñ ðàñøèðåíèåì ñôåðû òåõíèêî-ýêîíîìè÷åñêîé äåÿòåëüíîñòè è ïîëíîìî-
÷èé ðåãèîíàëüíûõ îïåðàòîðîâ. Çíà÷èìîñòü íàñòîÿùåãî èññëåäîâàíèÿ ðåçêî
âîçðàñòàåò â ñâÿçè ñ ïðèíÿòèåì ïîïðàâîê â ÔÇ «Îá îòõîäàõ ïðîèçâîäñòâà è
ïîòðåáëåíèÿ», êàñàþùèõñÿ îðãàíèçàöèè îáðàùåíèÿ ñ âòîðè÷íûìè ìàòåðè-
àëüíûìè ðåñóðñàìè, âòîðè÷íûì ñûðüåì è ïîáî÷íûìè ïðîäóêòàìè. Óæå ñåé-
÷àñ íåîáõîäèìî âûñòðàèâàòü íàó÷íî îáîñíîâàííûå è ïðàêòè÷åñêè ïðèìåíè-
ìûå â ñëîæèâøèõñÿ óñëîâèÿõ ýêîëîãè÷åñêè áåçîïàñíûå ñèñòåìû îáðàùåíèÿ
ñ ðåñóðñíîé ñîñòàâëÿþùåé îáðàçóþùèõñÿ òåõíîñôåðíûõ îáúåêòîâ.
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