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Peculiarities are considered of wavelike conditions in underwater and discharge open 
channels and in non-pressure tunnels of hydroelectric accumulation power stations, hydropower 
stations caused by the specific operation of stations in the power system. Methods are proposed 
of calculating basic parameters of displacement waves which take into account possibilities of 
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çðîáèòè âèñíîâîê: ïîë³ìåòèëñèëîêñàí ìîæå áóòè âèêîðèñòàíèé ÿê  
åôåêòèâíèé ïîãëèíà÷ äëÿ ðåêóïåðàö³¿ ìîòîðíèõ ïàëèâ. 

 
ÂÑÒÓÏ 

Â óìîâàõ îáìåæåíî¿ çàáåçïå÷åíîñò³ Óêðà¿íè ïåðâèííèìè òà 
âòîðèííèìè åíåðãîíîñ³ÿìè ïð³îðèòåòíîþ ïîñòàº ïðîáëåìà ðàö³îíàëüíîãî 
âèêîðèñòàííÿ ïàëèâíî-åíåðãåòè÷íèõ ðåñóðñ³â. Ï³äâèùåííÿ åôåêòèâíîñò³ 
âèêîðèñòàííÿ ìîòîðíèõ ïàëèâ íà öåé ÷àñ – öå îäèí ³ç ïåðñïåêòèâíèõ 
íàïðÿì³â âèð³øåííÿ åíåðãåòè÷íèõ ³ åêîëîã³÷íèõ ïðîáëåì âîäíî÷àñ. 
²ñíóþ÷èé ñòàí åôåêòèâíîñò³ âèêîðèñòàííÿ ïàëèâíî-åíåðãåòè÷íèõ ðåñóðñ³â 
Óêðà¿íè ìîæíà âèçíà÷èòè ÿê  òàêèé, ùî íå â³äïîâ³äàº ñó÷àñíèì 
âèìîãàì. Îäí³ºþ ç ïðè÷èí òàêîãî ñòàíó º âòðàòè íàôòîïðîäóêò³â â³ä 
âèïàðîâóâàííÿ [1].  

ÏÎÑÒÀÍÎÂÊÀ ÇÀÂÄÀÍÍß 
Îñòàíí³ì ÷àñîì ³ñíóº áàãàòî îðãàí³çàö³éíî-òåõí³÷íèõ ìåòîä³â ùîäî 

çìåíøåííÿ âòðàò â³ä âèïàðîâóâàííÿ [2]. À ñàìå, ñòâîðåííÿ ñèñòåìè 
ìîí³òîðèíãó âóãëåâîäíåâèõ âèêèä³â íà îá’ºêòàõ íàôòîâî¿ ïðîìèñëîâîñò³ 
òà âèêîðèñòàííÿ ð³çíèõ òåõí³÷íèõ çàñîá³â (ïîíòîí³â, ïëàâàþ÷èõ 
ïîêðèâ³â, ÑÓËÔ òà ³í.). Àëå á³ëüø³ñòü ç ³ñíóþ÷èõ çàñîá³â çàïîá³ãàííÿ 
âòðàòàì â³ä âèïàðîâóâàííÿ òåõí³÷íî çàñòàð³ë³ ³ âèìàãàþòü íîâèõ ñïîñîá³â 
ï³äâèùåííÿ åôåêòèâíîñò³ ¿õ âèêîðèñòàííÿ. Îäíèì ³ç ïåðñïåêòèâíèõ 
ñïîñîá³â ï³äâèùåííÿ åôåêòèâíîñò³ ðîáîòè ñîðáö³éíèõ ñèñòåì 
óëîâëþâàííÿ ëåãêèõ ôðàêö³é º ñèíòåç òà âèêîðèñòàííÿ íîâèõ òèï³â 
àäñîðáåíò³â, çîêðåìà êðåìí³ºîðãàí³÷íèõ. 

 
ÂÈÐ²ØÅÍÍß ÇÀÂÄÀÍÍß 

Êðåìí³ºîðãàí³÷í³ àäñîðáåíòè – ïîðèñò³ ïîë³îðãàíîñèëîêñàíè – 
óòâîðþþòüñÿ â ðåçóëüòàò³ ã³äðîë³çó ³ ïîë³êîíäåíñàö³¿ òðèôóíêö³îíàëüíèõ 
Êðåìí³ºîðãàí³÷íèõ ñïîëóê, êîëè óìîâè ðåàêö³¿ ñïðèÿþòü óòâîðåííþ 
ïåðåíàñè÷åíèõ ðîç÷èí³â ïîë³îðãàîñèëîêñàí³â ç âèíèêíåííÿì äèñïåðñíî¿ 
ôàçè [3]. 

Ãåë³ êðåìí³ºîðãàí³÷íèõ ñïîëóê â³äïîâ³äíî äî òåîð³¿ êîíäåíñàö³éíîãî 
ñòðóêòóðîóòâîðåííÿ ïîë³ìåð³â [4] ìîæíà â³äíåñòè äî êîíäåíñàö³éíèõ 
ñòðóêòóð. Âîíè ÿâëÿþòü ñîáîþ íåîáîðîòí³ ñèñòåìè òðèâèì³ðíî¿ ñòðóêòóðè 
ïîä³áíî äî íåîðãàí³÷íîãî òèïó ñèë³êàãåë³â. Ìåõàí³çì çàñòèãàííÿ ãåë³â 
ïîë³îðãàíîñèëîêñàí³â, áåç ñóìí³âó, ïîâ’ÿçàíèé ç âèíèêíåííÿì 
ñèëîêñàíîâèõ çâ’ÿçê³â çà ðàõóíîê ïîë³êîíäåíñàö³¿ ñèëàíîëüíèõ ãðóï 
îðãàíîñèëàíòðèîë³â. Ïðîìèâàííÿ ³ âèñóøóâàííÿ òàêèõ ë³îãåë³â 
ïðèçâîäèòü äî óòâîðåííÿ âèñîêîïîðèñòèõ êñåðîãåë³â 
ïîë³îðãàíîñèëîêñàí³â. 

Êðåìí³ºîðãàí³÷íèé àäñîðáåíò ç íàÿâíèìè ìåòàëüíèìè ãðóïàìè – 
êñåðîãåëü ïîë³ìåòèëñèëîêñàíà (ÏÌÑ), îòðèìàíèé ñïîñîáîì, ðîçðîáëåíèì 
íà áàç³ ²íñòèòóòó ô³çè÷íî¿ õ³ì³¿ ³ì. Ë.Â.Ïèñàðæåâñüêîãî. Ñèíòåçîâàíèé 
ã³äðîôîáíèé êñåðîãåëü ÏÌÑ á³ëîãî êîëüîðó ³ç çàäàíèìè àäñîðáö³éíî-
ñòðóêòóðíèìè õàðàêòåðèñòèêàìè (òàáë.1). 

 
Òàáëèöÿ 1 - Õàðàêòåðèñòèêè ñîðáåíò³â, ùî äîñë³äæóâàëèñü 
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îá’ºì ïîð  
Vs, ñì3/ã 
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S, ì2/ã 

Ñåðåäí³é 
ðàä³óñ ïîð 

r, íì 

 
Ïîë³ìåòèëñèëîêñàíè 

 
ÏÌÑ 

 
1,45 

 
148 

 
3,3 

Ñêåëåò êðåìí³ºîðãàí³÷íîãî àäñîðáåíòó ñêëàäàºòüñÿ ç òðèâèì³ðíî¿ 
öèêëîïðîñòîðîâî¿ ñòðóêòóðè ÏÌÑ. Õ³ì³÷íèé ñêëàä êñåðîãåëþ ÏÌÑ 
ïðèáëèçíî â³äïîâ³äàº ôîðìóë³ (CH3SiO3/2)n [5]. 
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Òàáëèöÿ 2 - Õ³ì³÷íèé ñêëàä ïîë³ìåòèëñèëîêñàíó 

Åëåìåíò C Si H 

Çíàéäåíî,% 20,0 40,5 5,0 

Âèðàõîâàíî,% 18,0 41,8 4,5 

Ïðè äîñë³äæåíí³ êñåðîãåëþ ÏÌÑ íà åëåêòðîííîìó ì³êðîñêîï³ 
êðèñòàë³÷íà ôàçà íå âèÿâëåíà, à îòæå, â³í ìàº àìîðôíó áóäîâó. Âèâ÷åííÿ 
ïîðèñòî¿ ñòðóêòóðè òà àäñîðáö³éíèõ âëàñòèâîñòåé ÏÌÑ âàãîâèì ìåòîäîì 
ïîêàçàëî, ùî ó íüîãî äîñèòü ðîçâèíåíà ïîðèñòà ñòðóêòóðà. ²ç òàáëèö³ 1 
áà÷èìî, ùî äëÿ öüîãî àäñîðáåíòó õàðàêòåðí³ äîñèòü âèñîêèé ñîðáö³éíèé 
îá’ºì ïîð çà âóãëåâîäíÿìè òà âåëèêà ïèòîìà ïîâåðõíÿ. 

Íàÿâí³ñòü ìåòèëüíèõ ãðóï íà ïîâåðõí³ êðåìí³ºîðãàí³÷íîãî àäñîðáåíòó 
âèçíà÷àº éîãî ã³äðîôîáí³ñòü. Çðàçîê ïîêàçàâ ïðàêòè÷íî ïîâíó 
ã³äðîôîáí³ñòü (òîáòî àäñîðáóâàâ äóæå íåçíà÷í³ ê³ëüêîñò³ âîäè), ùî íå 
äàëî ìîæëèâîñò³ âèçíà÷èòè õàðàêòåðèñòèêè ïîðèñòî¿ ñèñòåìè ïî ³çîòåðì³ 
àäñîðáö³¿ âîäè (ðèñ.1).  
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Ðèñóíîê 1 - ²çîòåðìè àäñîðáö³¿ âîäè íà çðàçêàõ ïîë³ìåòèëñèëîêñàíó 

 
Íà ïðîòèâàãó âîä³ çðàçîê äóæå äîáðå àäñîðáóâàâ ãåêñàí òà ìåòàíîë. 

²çîòåðìè àäñîðáö³¿ ãåêñàíó òà ìåòàíîëó íàâåäåí³ íà ðèñ. 2.  
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Ðèñóíîê 2 - ²çîòåðìè àäñîðáö³¿ ãåêñàíó òà ìåòàíîëó íà áàçîâîìó çðàçêó 
ïîë³ìåòèëñèëîêñàíó 

ßê áà÷èìî ç ðèñóíêà, ³çîòåðìè àäñîðáö³¿ S-ïîä³áí³ â³äíîñÿòüñÿ äî IV 
òèïó ³ õàðàêòåðí³ äëÿ ìåçîïîðèñòèõ ìàòåð³àë³â, ó ÿêèõ â³äñóòí³ 



“Â³ñíèê ÑóìÄÓ”, ¹5 (89)’2006 39

ì³êðîïîðè. Ðîçðàõóíîê ðîçïîä³ëó ïîð çà ðîçì³ðàìè çà ð³âíÿííÿì 
Êåëüâ³íà ïîêàçàâøè âåëè÷èíó ñåðåäíüîãî ðàä³óñà ïîð 20 Å ïî ìåòàíîëó òà 
33 Å ïî ãåêñàíó (ðèñ. 2). Ìîäåëü Êåëüâ³íà îïèñóº êîíäåíñàö³þ â 
ìåçîïîðàõ ä³àìåòðîì 20–500 Å ³ áàçóºòüñÿ íà åôåêò³ óòâîðåííÿ ìåí³ñêó 
ð³äèíè ïðè äîñÿãíåíí³ â³äïîâ³äíîãî òèñêó àäñîðáàòó. Â ïåðøîìó 
íàáëèæåíí³ òîâùèíó àäñîðáö³éíîãî øàðó ìîæíà ââàæàòè 6Å äëÿ ãåêñàíó 
òà 5Å äëÿ ìåòàíîëó, òîáòî øàð ìîíîìîëåêóëÿðíèé. 

Äëÿ óñï³øíîãî ïðàêòè÷íîãî âèêîðèñòàííÿ áóëî äîñë³äæåíî 
òåðìîñò³éê³ñòü ÏÌÑ ìåòîäîì äèôåðåíö³àëüíî-òåðì³÷íîãî (ÄÒÀ) [6]. Äëÿ 
ïðîâåäåííÿ ²×-ñïåêòðàëüíîãî àíàë³çó äîñë³äæóâàí³ çðàçêè ñóøèëè (3 ãîä. 
ïðè 120 °Ñ), ðåòåëüíî ðîçòèðàëè â àãàòîâ³é ñòóïö³ ç KBr (ó 
ñï³ââ³äíîøåíí³: KBr = 1:50) ³ ñïðåñîâóâàëè â ñïåö³àëüí³é ïðåñ-ôîðì³ 
òîíê³ íàï³âïðîçîð³ ï³ãóëêè (m ~ 0,025 ± 0,030 ã). Ñïðåñîâàí³ ï³ãóëêè 
ïåðåì³ùàëè â êþâåòíèé â³äñ³ê ñïåêòðîìåòðà â ñïåö³àëüíîìó òðèìà÷³. 
Ïðîàíàë³çóâàâøè ñïåêòðè ñèíòåçîâàíèõ çðàçê³â, ïåðø çà âñå, ñë³ä 
â³äì³òèòè íàÿâí³ñòü ó âñ³õ òðüîõ ñïåêòðàõ äîñèòü ³íòåíñèâíèõ ñìóã ïðè 
2990–2920 òà 1410 ñì-1, ùî âêàçóþòü íà íàÿâí³ñòü ó äîñë³äæóâàíèõ 
çðàçêàõ ìåòèëüíèõ ãðóï. Ïðè öüîìó íàÿâí³ñòü ÷³òêî¿ ñìóãè ïðè 1275 ñì-1 
ó âñ³õ òðüîõ ñïåêòðàõ äîçâîëÿº ñòâåðäæóâàòè, ùî öåé ìåòèëüíèé ðàäèêàë 
çâ’ÿçàíèé áåçïîñåðåäíüî ç àòîìîì êðåìí³þ. Òàêèì ÷èíîì, íà â³äì³íó â³ä 
ñèë³êàãåëþ, â ÿêîìó êîæåí àòîì êðåìí³þ íà ïîâåðõí³ çâ’ÿçàíèé ç  
ÎÍ-ãðóïîþ, â ïîë³ìåòèëñèëîêñàí³ êîæåí àòîì êðåìí³þ ç’ºäíàíèé ç 
ìåòèëüíîþ ãðóïîþ ³ òèì ñàìèì çàáåçïå÷óºòüñÿ ïðàêòè÷íî ïîâíà 
ã³äðîôîá³çàö³ÿ ïîâåðõí³ àäñîðáåíòó. Öåé ôàêò, â ñâîþ ÷åðãó, 
ï³äòâåðäæóºòüñÿ ïðàêòè÷íî ïîâíîþ â³äñóòí³ñòþ ñìóã ïîãëèíàííÿ â 
îáëàñò³ 3700-3000 ñì-1, ÿê³ õàðàêòåðèçóþòüñÿ íàÿâí³ñòþ ñèëàíîëüíèõ 
ãðóï, òàê ³ çâ’ÿçàíèõ íà ïîâåðõí³ ç íèìè ìîëåêóë âîäè. 

 
ÂÈÑÍÎÂÎÊ 

Àäñîðáö³éí³ âëàñòèâîñò³ êñåðîãåë³â ÏÌÑ âèçíà÷àþòüñÿ ïîðèñòîþ 
ñòðóêòóðîþ ³ õ³ì³÷íîþ ïðèðîäîþ ìåòèëüíî¿ ãðóïè, ùî çíàõîäèòüñÿ íà 
ïîâåðõí³. Âñå öå äîçâîëÿº â³äíåñòè ïîðèñò³ êðåìí³ºîðãàí³÷í³ àäñîðáåíòè â 
ñàìîñò³éíèé êëàñ àäñîðáåíò³â, ùî çàéìàþòü ñåðåäíº ïîëîæåííÿ ì³æ 
ñèë³êàãåëåì òà àêòèâíèì âóã³ëëÿì. Âîíè äîñèòü ïåðñïåêòèâí³ ï³ä ÷àñ 
âèð³øåííÿ íèçêè íàóêîâèõ ³ òåõí³÷íèõ çàâäàíü ó íàôòîâ³é 
ïðîìèñëîâîñò³.  

 
SUMMÀRY 

In clause the researches of the sorption characteristics of organic silicon sorbents are 
described. The aim of this studies was to choose the most effective sorbent for realization of 
technology for prevention of the charges of fuel from evaporation. The carried out laboratory 
researches give the basis to make a conclusion: polymethyloxane can be used as an effective 
absorber for recuperation of motor oils. 
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