
Öåëëþëîçíî-áóìàæíàÿ ïðîìûøëåííîñòü èìå-
åò áîëüøîå êîëè÷åñòâî îòõîäîâ (ñêîïà), êîòîðûå
çàãðÿçíÿþò îêðóæàþùóþ ñðåäó. Ðàçðàáîòêà áåç-
îòõîäíîé òåõíîëîãèè ñ èñïîëüçîâàíèåì ñêîïà ÿâ-
ëÿåòñÿ àêòóàëüíîé çàäà÷åé äëÿ ïîëó÷åíèÿ íîâûõ
ñòðîèòåëüíûõ ìàòåðèàëîâ, èçäåëèÿ èç êîòîðûõ
èìåþò ïîâûøåííóþ ìîðîçîñòîéêîñòü.

Â íàñòîÿùåå âðåìÿ â êà÷åñòâå óòåïëèòåëåé
èñïîëüçóþò èçäåëèÿ èç ìèíåðàëüíîãî âîëîêíà,
ñòåêëîâîëîêíà, ïåíîïîëèñòèðîëà, ïåíîáåòîíà è
ãàçîñèëèêàòà. Ýôôåêòèâíîñòü ýòèõ ìàòåðèàëîâ
çàêëþ÷àåòñÿ â òîì, ÷òî ïðè èõ èñïîëüçîâàíèè â

êà÷åñòâå òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ óìåíü-
øàþòñÿ çàòðàòû òîïëèâà çà ñ÷åò ñíèæåíèÿ ïî-
òåðü òåïëà çäàíèÿìè.

Âûïîëíåíèå èññëåäîâàíèé ïî ñîçäàíèþ íî-
âûõ ìàòåðèàëîâ ñ èñïîëüçîâàíèåì îòõîäîâ áó-
ìàæíî-êàðòîííîãî ïðîèçâîäñòâà íàïðàâëåíî íà
ýêîíîìèþ ìàòåðèàëüíûõ ðåñóðñîâ è óìåíüøå-
íèå íàãðóçêè íà îêðóæàþùóþ ñðåäó.

Äëÿ ïðèìåíåíèÿ ðàçðàáîòàííûõ ìàòåðèàëîâ
â ïðîèçâîäñòâå íåîáõîäèìî îïðåäåëåíèå èõ ýêñ-
ïëóàòàöèîííûõ õàðàêòåðèñòèê, êîòîðûå îïðåäå-
ëÿþò äîëãîâå÷íîñòü ìàòåðèàëîâ. Îäíîé èç òà-
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Microbiological Component of Initial Raw Influence
on the Process of Germanium Containing Wastes Leaching
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Slyusarenko L.I., Barba I.N.

Odessa National University
The influence of microorganisms in initial germanium containing raw materials during
metals chemical leaching is investigated. Waste products of lead and zinc production
(sulphide raw materials) and power-generating coals combustion sublimates as initial ma-
terials are applied. Microbiological component significant influence on the process effi-
ciency independently of leaching conditions is displayed. The factor of microorganisms
influence on metals extraction to solution is K > 1 for all conditions. Microbiological
component increases on 0,46–11,79 % metals extraction to solution degree in comparison
with autoclave processed samples. Bacterial and chemical nature of hydrometallurgical
processes in non-aggressive mediums is exhibited.
Key words: germanium, leaching, sulphide oxidizing bacteria.

Received March 16, 2010

ÓÄÊ 691

Âëèÿíèå ðàçíûõ âèäîâ ñêîïà
íà ìîðîçîñòîéêîñòü òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ

Ñâèäåðñêèé Â.À.1, Áîíäàðü À.À.2, Ãðå÷àíþê Â.Ã.2
1 Íàöèîíàëüíûé òåõíè÷åñêèé óíèâåðñèòåò Óêðàèíû «ÊÏÈ», Êèåâ

2 Êèåâñêèé íàöèîíàëüíûé óíèâåðñèòåò ñòðîèòåëüñòà è àðõèòåêòóðû, Êèåâ
Èçó÷åíî âëèÿíèå ðàçíûõ âèäîâ ñêîïà íà ìîðîçîñòîéêîñòü òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ.
Óñòàíîâëåíî, ÷òî ñêîï âëèÿåò íà ïëîòíîñòü è ñòðóêòóðó ìàòåðèàëà, õàðàêòåð ïîðèñòîñòè,
èçìåíÿåò õèìè÷åñêèé ñîñòàâ ðàñòâîðà â ïîðàõ, ÷òî îïðåäåëÿåò ìîðîçîñòîéêîñòü èçäåëèé.
Îïðåäåëåíî, ÷òî òåïëîèçîëÿöèîííûå ìàòåðèàëû c ñîäåðæàíèåì ñêîïà Îáóõîâñêîãî êàðòîí-
íî-áóìàæíîãî êîìáèíàòà èìåþò ìàðêó ïî ìîðîçîñòîéêîñòè F15, à Æèäà÷åâñêîãî öåëëþëîç-
íî-áóìàæíîãî êîìáèíàòà — F25, ÷òî ñîîòâåòñòâóåò òðåáîâàíèÿì ê äàííîìó âèäó ìàòåðèàëîâ.

Êëþ÷åâûå ñëîâà: ñêîï, ìîðîçîñòîéêîñòü, òåïëîèçîëÿöèîííûé ìàòåðèàë, ïîðèñòîñòü.

Âèâ÷åíî âïëèâ ð³çíèõ âèä³â ñêîïó íà ìîðîçîñò³éê³ñòü òåïëî³çîëÿö³éíèõ ìàòåð³àë³â.
Âñòàíîâëåíî, ùî ñêîï âïëèâàº íà ù³ëüí³ñòü òà ñòðóêòóðó ìàòåð³àëó, õàðàêòåð ïîðèñ-
òîñò³, çì³íþº õ³ì³÷íèé ñêëàä ðîç÷èíó â ïîðàõ, ùî âèçíà÷àº ìîðîçîñò³éê³ñòü âèðîá³â.
Âèçíà÷åíî, ùî òåïëî³çîëÿö³éí³ ìàòåð³àëè ç âì³ñòîì ñêîïó Îáóõ³âñüêîãî êàðòîííî-ïà-
ïåðîâîãî êîìáèíàòó ìàþòü ìàðêó F15 çà ìîðîçîñò³éê³ñòþ, à Æèäà÷³âñüêîãî öåëþëîç-
íî-ïàïåðîâîãî êîìáèíàòó — F25, ùî â³äïîâ³äàº âèìîãàì äî äàíîãî âèäó ìàòåð³àë³â.

Êëþ÷îâ³ ñëîâà: ñêîï, ìîðîçîñò³éê³ñòü, òåïëî³çîëÿö³éíèé ìàòåð³àë, ïîðèñò³ñòü.

� Ñâèäåðñêèé Â.À., Áîíäàðü À.À., Ãðå÷àíþê Â.Ã., 2010



êèõ õàðàêòåðèñòèê åñòü ìîðîçîñòîéêîñòü. Îíà
îïðåäåëÿåòñÿ ïî ïîòåðå ïðî÷íîñòè îáðàçöîâ, êî-
òîðàÿ íå äîëæíà ïðåâûøàòü 15 % îò êîíòðîëü-
íîé, ïðè îïðåäåëåííîì ÷èñëå öèêëîâ çàìîðàæè-
âàíèÿ-îòòàèâàíèÿ.

Îïðåäåëÿëè ìîðîçîñòîéêîñòü òåïëîèçîëÿöè-
îííûõ ìàòåðèàëîâ íà îñíîâå ãèïñîöåìåíòíîçîëü-
íîãî âÿæóùåãî ñ ñîäåðæàíèåì ñêîïà Îáóõîâñêî-
ãî êàðòîííî-áóìàæíîãî êîìáèíàòà (ÊÁÊ) è Æè-
äà÷åâñêîãî öåëëþëîçíî-áóìàæíîãî êîìáèíàòà
(ÖÁÊ). Îáðàçöû òåïëîèçîëÿöèîííûõ ìàòåðèà-
ëîâ ñ ñîäåðæàíèåì ñêîïà ïîäâåðãàëèñü èñïûòà-
íèþ íà ïðî÷íîñòü ïðè ñæàòèè (Rñæ) â óñëîâèÿõ
çàìîðàæèâàíèÿ-îòòàèâàíèÿ: êîíòðîëüíûõ îá-
ðàçöîâ ÷åðåç 28 ñóò íîðìàëüíî-âëàæíîãî òâåð-
äåíèÿ (R�ñæ), êîíòðîëüíûõ îáðàçöîâ â âîäîíà-
ñûùåííîì ñîñòîÿíèè (R��ñæ), ïîñëå öèêëîâ çà-
ìîðàæèâàíèÿ-îòòàèâàíèÿ (R���ñæ). Ðåçóëüòàòû
èññëåäîâàíèé ïðèâåäåíû â òàáëèöå.

Íà îáðàçöàõ ïîñëå 10 öèêëîâ çàìîðàæèâà-
íèÿ-îòòàèâàíèÿ ïîÿâëÿþòñÿ îòäåëüíûå òðåùèíû,
ñíèæåíèå ïðî÷íîñòè ñîñòàâëÿåò 10,8 %, à ïîñëå 15
öèêëîâ íà îáðàçöàõ îòìå÷àåòñÿ ñåòêà òðåùèí è îá-
ðàçöû òåðÿþò ïðî÷íîñòü ïðèáëèçèòåëüíî íà 15 %,
÷òî ìàêñèìàëüíî äîïóñòèìî è ïîñëå ÷åãî èññëåäî-
âàíèå íà ìîðîçîñòîéêîñòü ïðåêðàùàåòñÿ. Ïî äàí-
íûì òàáëèöû, îáðàçöû òåïëîèçîëÿöèîííîãî ìàòå-
ðèàëà ñ ñîäåðæàíèåì ñêîïà Îáóõîâñêîãî ÊÁÊ
ïîñëå 15 öèêëîâ çàìîðàæèâàíèÿ-îòòàèâàíèÿ òåðÿ-
þò 15 % ïðî÷íîñòè.

Îòäåëüíûå òðåùèíû íà îáðàçöàõ òåïëîèçî-
ëÿöèîííîãî ìàòåðèàëà ñ ñîäåðæàíèåì ñêîïà
Æèäà÷åâñêîãî ÖÁÊ íà÷èíàþò ïîÿâëÿòüñÿ ïîñëå
15 öèêëîâ çàìîðàæèâàíèÿ-îòòàèâàíèÿ, ïðè ýòîì
ñíèæåíèå ïðî÷íîñòè ñîñòàâëÿåò 10,6 % è òîëüêî
÷åðåç 25 öèêëîâ çàìîðàæèâàíèÿ-îòòàèâàíèÿ ïî-
ÿâëÿåòñÿ ñåòêà òðåùèí. ×åðåç 25 öèêëîâ çàìî-
ðàæèâàíèÿ-îòòàèâàíèÿ ñíèæåíèå ïðî÷íîñòè îá-
ðàçöîâ ñîñòàâëÿåò 14,9 %.

Èñõîäÿ èç ïîëó÷åííûõ ðåçóëüòàòîâ, ìàðêà
ïî ìîðîçîñòîéêîñòè òåïëîèçîëÿöèîííûõ ìàòå-
ðèàëîâ ñ ñîäåðæàíèåì ñêîïà Îáóõîâñêîãî ÊÁÊ
ñîñòàâëÿåò F15, à ñ ñîäåðæàíèåì ñêîïà Æèäà-
÷åâñêîãî ÖÁÊ — F25, ÷òî îáóñëîâëåíî ðàçëè÷-
íûì ñîñòàâîì ñêîïà.

Íà ïîêàçàòåëè ìîðîçîñòîéêîñòè ìàòåðèàëîâ
âëèÿåò ìíîãî ôàêòîðîâ. Îäíîé èç ïðè÷èí åñòü
äàâëåíèå íà ñòåíêè ïîð è ìèêðîòðåùèí, êîòî-
ðîå âîçíèêàåò âñëåäñòâèå çàìåðçàíèÿ âîäû. Ïðè
çàìåðçàíèè âîäà óâåëè÷èâàåòñÿ â îáúåìå, ñîçäà-
âàÿ äàâëåíèå íà ýëåìåíòû ñòðóêòóðû ìàòåðèà-
ëà, â ðåçóëüòàòå ÷åãî â íåì ìîæåò âîçíèêàòü
âíóòðåííåå íàïðÿæåíèå, êîòîðîå áóäåò âûçû-
âàòü óìåíüøåíèå ïðî÷íîñòè, è â èòîãå áóäåò
ïðèâîäèòü ê ðàçðóøåíèþ ñòðóêòóðû ìàòåðèàëà.

Ïðè âîäîíàñûùåíèè îáðàçöîâ íå âåñü îáú-
åì ïîðîâîãî ïðîñòðàíñòâà çàïîëíÿåòñÿ âîäîé.
×àñòü ïîð â âèäå òîíêèõ êàïèëëÿðîâ âîîáùå
íåïðîíèöàåìà äëÿ âîäû. Ïðèñóòñòâóåò òàêæå
çíà÷èòåëüíàÿ ÷àñòü «çàêðûòûõ» ìèêðî- è ìàê-
ðîïîð, êîòîðûå è îáåñïå÷èâàþò óìåíüøåíèå
âíóòðåííåãî äàâëåíèÿ â ìàòåðèàëå.

Èçâåñòíî, ÷òî åñëè â ïîðîâîì ðàñòâîðå
ïðèñóòñòâóþò äîáàâêè, êîòîðûå íå îáðàçóþò íå-
ðàñòâîðèìûå ñîåäèíåíèÿ èëè ñâÿçûâàþòñÿ ëèøü
÷àñòè÷íî, òî ýòè èîíû èçìåíÿþò òåìïåðàòóðó
êðèñòàëëèçàöèè âîäû è îäíîâðåìåííî óìåíüøà-
þò êîýôôèöèåíò åå òåìïåðàòóðíîãî ðàñøèðå-
íèÿ, âñëåäñòâèå ÷åãî óâåëè÷èâàåòñÿ ìîðîçîñòîé-
êîñòü ìàòåðèàëà [1–3].

Òàê êàê èç ñêîïà â ðàñòâîð, êîòîðûé íàõî-
äèòñÿ â ïîðàõ, âûõîäÿò èîíû æåëåçà, àëþìèíèÿ,
õðîìà, òèòàíà, êàëèÿ, êàëüöèÿ, íèòðàòû è ïð., òî
îíè áóäóò èçìåíÿòü ñòðóêòóðó âîäû, à ñîîòâåòñò-
âåííî, è ëüäà, ñíèæàÿ òåìïåðàòóðó çàìåðçàíèÿ è
êîýôôèöèåíò îáúåìíîãî ðàñøèðåíèÿ.

Ýòîò ôàêòîð îáóñëîâëèâàåò óìåíüøåíèå
âíóòðåííåãî íàïðÿæåíèÿ â ìàòåðèàëå, êîòîðûé
ïîëîæèòåëüíî âëèÿåò íà åãî ìîðîçîñòîéêîñòü.

×åì áîëüøå äèñïåðñíîñòü è óäåëüíàÿ ïî-
âåðõíîñòü ãèäðàòíûõ íîâîîáðàçîâàíèé âÿæóùå-
ãî è íàïîëíèòåëåé, òåì îíè ðàâíîìåðíåå ðàñïî-
ëàãàþòñÿ â îáúåìå, ñîäåéñòâóÿ óïëîòíåíèþ
ñòðóêòóðû è óìåíüøåíèþ ïîðèñòîñòè. Ñêîï
ñïîñîáñòâóåò óâåëè÷åíèþ êîëè÷åñòâà ãèäðàòíûõ
íîâîîáðàçîâàíèé âÿæóùåãî, èçìåíÿÿ èõ ìîðôî-
ëîãèþ è äèñïåðñíîñòü, à òàêæå ðàâíîìåðíîìó
ðàñïðåäåëåíèþ èõ â îáúåìå.

Ìèêðîôîòîãðàôèè, ïîëó÷åííûå ñ ïîìîùüþ
ðàñòðîâîãî ýëåêòðîííîãî ìèêðîñêîïà, äàþò áî-
ëåå ïîëíîå ïðåäñòàâëåíèå î ïðîñòðàíñòâåííîì
ðàñïîëîæåíèè ãèäðàòîâ, èõ ìîðôîëîãèè è äèñ-
ïåðñíîñòè, à òàêæå î ïîðèñòîñòè è ðàçâèòèè
òðåùèí.

Íà ìèêðîôîòîãðàôèÿõ îáðàçöîâ òåïëîèçî-
ëÿöèîííîãî ìàòåðèàëà ñ ñîäåðæàíèåì ñêîïà
Îáóõîâñêîãî ÊÁÊ ïîñëå 10 öèêëîâ çàìîðàæè-
âàíèÿ-îòòàèâàíèÿ âèäíî (ðèñ.1,à), ÷òî òðåùèíû
â ñòðóêòóðå ëîêàëèçóþòñÿ, â îñíîâíîì, â âÿ-
æóùåì. Âîçìîæíîé ïðè÷èíîé ñìåùåíèÿ ìåñòà
ëîêàëèçàöèè ìèêðîòðåùèí èç êîíòàêòíîé çîíû
â âÿæóùåå ïðè ââåäåíèè ñêîïà åñòü óêðåïëåíèå
êîíòàêòíîé çîíû.

Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåæåíèå. 2010. ¹ 5 59

Ïîêàçàòåëè ïðî÷íîñòè òåïëîèçîëÿöèîííûõ ìà-
òåðèàëîâ ñ ñîäåðæàíèåì ñêîïà

¹¹
ï/ï

R�ñæ, ÌÏà R��ñæ, ÌÏà
R���ñæ, ÌÏà

10 15 25

1 1,02/1,61 0,80/1,33 0,74/1,21 0,70/1,20 –/1,11

2 0,83/1,82 0,71/1,70 0,66/1,59 0,64/1,52 –/1,45

3 1,31/1,70 1,02/1,51 0,90/1,42 0,89/1,31 –/1,28

4 1,20/1,51 0,92/1,21 0,78/1,10 0,74/1,06 –/1,02

5 0,91/1,62 0,71/1,30 0,60/1,25 0,59/1,21 –/1,14

Ïðèìå÷àíèå. Â ÷èñëèòåëå — ñêîï Îáóõîâñêîãî ÊÁÊ, â
çíàìåíàòåëå — Æèäà÷åâñêîãî ÖÁÊ.



Ïîñëå 15 öèêëîâ çàìîðàæèâàíèÿ-îòòàèâà-
íèÿ øèðèíà òðåùèí è èõ äëèíà óâåëè÷èâàåòñÿ
(ðèñ.1,á). Øèðèíà ðàñêðûòèÿ òðåùèí ìåíüøå 5
ìêì. Òðåùèíû îðèåíòèðîâàíû, â îñíîâíîì,
âäîëü îáðàçöà. Ýòî âëèÿåò íà óìåíüøåíèå ïðî÷-
íîñòè ìàòåðèàëà.

Êðîìå òîãî, íà ïîâåðõíîñòè îáðàçöà ìàòå-
ðèàëà îòìå÷àåòñÿ íåðàâíîìåðíî ðàñïîëîæåííàÿ
çíà÷èòåëüíàÿ ïîðèñòîñòü, êîòîðàÿ òàêæå îòðè-
öàòåëüíî âëèÿåò íà åãî ïðî÷íîñòü.

Íà ìèêðîôîòîãðàôèÿõ îáðàçöîâ òåïëîèçî-
ëÿöèîííîãî ìàòåðèàëà ñ ñîäåðæàíèåì ñêîïà
Æèäà÷åâñêîãî ÖÁÊ ïîñëå 10 öèêëîâ çàìîðàæè-
âàíèÿ-îòòàèâàíèÿ (ðèñ.1,â) òðåùèíû îòñóòñòâó-
þò. ×åðåç 15 öèêëîâ çàìîðàæèâàíèÿ-îòòàèâàíèÿ
â íåêîòîðûõ ìåñòàõ ïîâåðõíîñòè ïîÿâëÿþòñÿ
âîëîñÿíûå òðåùèíû (ðèñ.1,ã).

×åðåç 25 öèêëîâ çàìîðàæèâàíèÿ-îòòàèâà-
íèÿ òðåùèíû ðàñêðûâàþòñÿ (ðèñ.2), ÷òî óìåíü-
øàåò ïðî÷íîñòü ìàòåðèàëà äî íîðìèðîâàííûõ
ðàçìåðîâ, ïî êîòîðûì îïðåäåëÿþò ìàðêó ïî ìî-
ðîçîñòîéêîñòè.

Òàêèì îáðàçîì, îñíîâíûìè ôàêòîðàìè ïîëî-
æèòåëüíîãî âëèÿíèÿ ñêîïà íà ìîðîçîñòîéêîñòü
òåïëîèçîëÿöèîííîãî ìàòåðèàëà ÿâëÿþòñÿ èçìåíå-
íèå ïîðèñòîñòè è õèìè÷åñêîãî ñîñòàâà ðàñòâîðà â
ïîðàõ, êîòîðûé èçìåíÿåò óñëîâèÿ çàìåðçàíèÿ âî-
äû è êîýôôèöèåíò îáúåìíîãî ðàñøèðåíèÿ ëüäà.
Òàêæå èçìåíÿþòñÿ ñòðóêòóðà è ïëîòíîñòü ìàòå-
ðèàëà îò êîòîðûõ çàâèñèò åãî âîäîïîãëîùåíèå.
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The Influence of Skop Different Types on Frost Resistance
of Thermal Protection Materials

Sviderskiy V.A.1, Bondar A.A.2, Grechanyuk V.G.2
1 National Technical University of Ukraine «KPI», Kiev

2 Kiev National University of Construction and Architecture
The influence of skop different types on frost resistance of thermal protection materials is
investigated. The influence of skop on density, material structure and porosity character
is established. Skop influence on sumples frost resistance mechenism consists in solution
chemical compound change in voids. The frost resistance of thermal protection materials
with Obuhovsky pulp and paper mill skop is F15, with Zhidachevsky pulp and paper
mill skop is F25. The values fulfil requirements for these material types.
Key words: skop, frost resistance, thermal protection material, porosity.
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Ðèñ.1. Îáðàçöû òåïëîèçîëÿöèîííîãî ìàòåðèàëà ñ ñîäåðæà-
íèåì ñêîïà: Îáóõîâñêîãî ÊÁÊ ïîñëå 10 (à) è 15 (á) è Æè-
äà÷åâñêîãî ÖÁÊ ïîñëå 10 (â) è 15 (ã) öèêëîâ çàìîðàæèâà-
íèÿ-îòòàèâàíèÿ.

Ðèñ.2. Îáðàçöû òåïëîèçîëÿöèîííîãî ìàòåðèàëà ñ ñîäåðæà-
íèåì ñêîïà Æèäà÷åâñêîãî ÖÁÊ ïîñëå 25 öèêëîâ çàìîðàæè-
âàíèÿ-îòòàèâàíèÿ


