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Àíîòàö³ÿ. ×åðãîâå çàãîñòðåííÿ åêîëîã³÷íèõ ïðîáëåì Óêðà¿íè ïîòðåáóº ðîçðîáêè íîâèõ åôåêòèâíèõ
òåõíîëîã³é ïåðåðîáêè â³äõîä³â òåïëîåíåðãåòèêè, ïðåäñòàâëåíèõ çîëàìè òà øëàêàìè ÒÅÑ, ÿê³ á çàáåçïå-
÷óâàëè ìàêñèìàëüíèé ñòóï³íü ¿õíüî¿ óòèë³çàö³¿ òà çâ'ÿçóâàííÿ ó ÿê³ñí³ áóä³âåëüí³ ìàòåð³àëè. Âèá³ð òåõ-
íîëîã³¿ óòèë³çàö³¿ âêàçàíèõ â³äõîä³â çàëåæèòü â³ä òàêèõ ôàêòîð³â ÿê ¿õí³é õ³ì³êî-ì³íåðàëîã³÷íèé òà ãðà-
íóëîìåòðè÷íèé ñêëàä, âåëè÷èíà ïèòîìî¿ ïîâåðõí³ ³ ñïîñ³á âèäàëåííÿ. Íåçâàæàþ÷è íà òå, ùî çàçíà÷åí³
â³äõîäè øèðîêî âèêîðèñòîâóþòüñÿ äëÿ âèðîáíèöòâà â'ÿæó÷èõ ñèñòåì ð³çíîãî òèïó, òàêèõ ÿê ïóöîëà-
íîâ³ öåìåíòè, çîëîñóëüôàòí³ öåìåíòè, ã³ïñîöåìåíòíîçîëüí³ â'ÿæó÷³ ðå÷îâèíè, çîëîëóæí³ öåìåíòè, çà-
ãàëüíèé îá'ºì ¿õíüî¿ óòèë³çàö³¿ çàëèøàºòüñÿ äîñèòü íèçüêèì. ×àñòêà çîëè â òàêèõ ñèñòåìàõ çàçâè÷àé íå
ïåðåâèùóº 25�35 %, à âèãîòîâëåííÿ áåòîííèõ âèðîá³â íà ¿õí³é îñíîâ³ âèìàãàº äîäàòêîâèõ åíåðãîâèò-
ðàò íà òåïëîâó îáðîáêó. Â ðîáîò³ ðîçãëÿíóò³ ìîæëèâîñò³ îòðèìàííÿ çîëîíàïîâíåíèõ â'ÿæó÷èõ òà áå-
òîí³â, ùî ì³ñòÿòü â ñâîºìó ñêëàä³ á³ëüøå 50 % çîëè. Ïîêàçàíî, ùî ïðè ââåäåíí³ çîëè äî ñêëàäó áåòîííî¿
ñóì³ø³ ê³ëüê³ñòü ¿¿ ìîæå áóòè ï³äâèùåíà íå ò³ëüêè çà ðàõóíîê âèêîðèñòàííÿ ð³çíèõ âèä³â àêòèâàö³¿, àëå
é çà ðàõóíîê ïîë³ôóíêö³îíàëüíîñò³, ïðè÷îìó ââåäåííÿ çîëè íå ò³ëüêè äî ñêëàäó â'ÿæó÷î¿ ðå÷îâèíè, àëå
é ÿê ì³êðîíàïîâíþâà÷à òà äð³áíîãî çàïîâíþâà÷à, áóäå ñïðèÿòè óòâîðåííþ á³ëüø ì³öíî¿ êîíòàêòíî¿
çîëè çà ðàõóíîê çá³ëüøåííÿ ñòóïåíÿ êðèñòàëîõ³ì³÷íî¿ ïîä³áíîñò³ íîâîóòâîðåíü òà ðåë³êòîâèõ çàëèøê³â,
ùî íå ï³äëÿãàþòü ã³äðàòàö³¿. Â òîé æå ÷àñ ïðè âèêîðèñòàíí³ íàäì³ðíî¿ ê³ëüêîñò³ çîëè ó ñêëàä³ çîëîíàïîâ-
íåíèõ ìàòåð³àë³â ìîæå ìàòè ì³ñöå ï³äâèùåííÿ ïîðèñòîñò³ òà çíèæåííÿ øâèäêîñò³ íàáîðó ì³öíîñò³ ó
÷àñ³, ùî ïðèçâîäèòü äî çíèæåííÿ ìîðîçî- òà êîðîç³éíî¿ ñò³éêîñò³. Äëÿ çàïîá³ãàííÿ öèõ ÿâèù äî ñêëàäó
áåòîííî¿ ñóì³ø³ ðàçîì ç ï³äâèùåíîþ ê³ëüê³ñòþ çîëè ìîæóòü áóòè ââåäåí³ ïëàñòèô³êóþ÷³ äîáàâêè ç
ð³çíèì ìåõàí³çìîì ä³¿ òà êîìïëåêñí³ äîáàâêè, ùî ì³ñòÿòü ïîðÿä ç îðãàí³÷íèìè òàêîæ ³ íåîðãàí³÷í³ ñêëà-
äîâ³. Ïðîâåäåí³ äîñë³äæåííÿ åêñïëóàòàö³éíèõ õàðàêòåðèñòèê çîëîíàïîâíåíèõ áåòîí³â ñâ³ä÷àòü ïðî
åôåêòèâí³ñòü çàì³íè ïîðòëàíäöåìåíòó íà ðîçðîáëåí³ ñêëàäè â'ÿæó÷èõ ðå÷îâèí, îòðèìàíèõ ç âèêîðèñ-
òàííÿì â³äõîä³â åíåðãåòèêè, ÿê³ ìîæóòü áóòè çàïðîïîíîâàí³ ÿê àëüòåðíàòèâà ïîðòëàíäöåìåíòó.
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Àíîòàöèÿ. Î÷åðåäíîå îáîñòðåíèå ýêîëîãè÷åñêèõ ïðîáëåì Óêðàèíû òðåáóåò ðàçðàáîòêè íîâûõ ýôôåê-
òèâíûõ òåõíîëîãèé ïåðåðàáîòêè îòõîäîâ òåïëîýíåðãåòèêè, ïðåäñòàâëåííûõ çîëàìè è øëàêàìè ÒÝÑ,
êîòîðûå áû îáåñïå÷èâàëè ìàêñèìàëüíóþ ñòåïåíü èõ óòèëèçàöèè è ñâÿçûâàíèå â êà÷åñòâåííûå ñòðîè-
òåëüíûå ìàòåðèàëû. Âûáîð òåõíîëîãèè óòèëèçàöèè óêàçàíûõ îòõîäîâ çaâèñèò îò òàêèõ ôàêòîðîâ êàê èõ



Â.². Ãîö88
õèìèêî-ìèíåðàëîãè÷åñêèé è ãðàíóëîìåòðè÷åñêèé ñîñòàâ, âåëè÷èíà óäåëüíîé ïîâåðõíîñòè è ñïîñîá
óäàëåíèÿ. Íåñìîòðÿ íà òî, ÷òî óêàçàííûå îòõîäû øèðîêî èñïîëüçóþòñÿ äëÿ ïðîèçâîäñòâà âÿæóùèõ
ñèñòåì ðàçíîãî òèïà, òàêèõ êàê ïóöîëàíîâûå öåìåíòû, çîëîñóëüôàòíûå öåìåíòû, ãèïñîöåìåíòíîçîëü-
íûå âÿæóùèå ìàòåðèàëû, çîëîùåëî÷íûå öåìåíòû, îáùèé îáúåì èõ óòèëèçàöèè îñòàåòñÿ î÷åíü íèçêèì.
Äîëÿ çîëû â òàêèõ ñèñòåìàõ îáû÷íî íå ïðåâûøàåò 25�35 %, à èçãîòîâëåíèå áåòîííûõ èçäåëèé íà èõ
îñíîâå òðåáóåò äîïîëíèòåëüíûõ ýíåðãîçàòðàò íà òåïëîâóþ îáðàáîòêó. Â ðàáîòå ðàññìîòðåíû âîçìîæíî-
ñòè ïîëó÷åíèÿ çîëîíàïîëíåííûõ âÿæóùèõ è áåòîíîâ, êîòîðûå ñîäåðæàò â ñâîåì ñîñòàâå áîëüøå 50 %
çîëû. Ïîêàçàíî, ÷òî ïðè ââåäåíèè çîëû â ñîñòàâ áåòîííîé ñìåñè êîëè÷åñòâî åå ìîæåò áûòü ïîâûøåíî íå
òîëüêî çà ñ÷åò èñïîëüçîâàíèÿ ðàçíûõ âèäîâ àêòèâàöèè, íî è çà ñ÷åò ïîëèôóíêöèîíàëüíîñòè, ïðè÷åì
ââåäåíèå çîëû íå òîëüêî â ñîñòàâ âÿæóùåãî âåùåñòâà, íî è êàê ìèêðîíàïîëíèòåëÿ è ìåëêîãî çàïîëíèòå-
ëÿ, áóäåò ñïîñîáñòâîâàòü îáðàçîâàíèþ áîëåå ïðî÷íîé êîíòàêòíîé çîëû çà ñ÷åò óâåëè÷åíèÿ ñòåïåíè êðè-
ñòàëîõèìè÷åñêîãî ïîäîáèÿ íîâîîáðàîâàíèé è ðåëèêòîâûõ îñòàòêîâ, êîòîðûå íå ïîäâåðãàþòñÿ ãèäðàòà-
öèè. Â òî æå âðåìÿ ïðè èñïîëüçîâàíèè ÷ðåçìåðíîãî êîëè÷åñòâà çîëû â ñîñòàâå çîëîíàïîëíåííûõ ìàòå-
ðèàëîâ ìîæåò èìåòü ìåñòî ïîâûøåíèå ïîðèñòîñòè è ñíèæåíèå ñêîðîñòè íàáîðà ïðî÷íîñòè âî âðåìåíè,
÷òî ïðèâîäèò ê ñíèæåíèþ ìîðîçî- òà êîðîçèîííîé ñòîéêîñòè. Äëÿ èçáåæàíèÿ ýòèõ ÿâëåíèé â ñîñòàâ
áåòîííîé ñìåñè âìåñòå ñ ïîâûøåííûì êîëè÷åñòâîì çîëû ìîãóò áûòü ââåäåíû ïëàñòèôèöèðóþùèå äî-
áàâêè ñ ðàçíûì ìåõàíèçìîì äåéñòâèÿ è êîìïëåêñíûå äîáàâêè íà èõ îñíîâå. Ïðîâåäåííûå èññëåäîâà-
íèÿ ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê çîëîíàïîëíåííûõ áåòîíîâ ñâèäåòåëüñòâóþò îá ýôôåêòèâíîñòè
çàìåíû ïîðòëàíäöåìåíòà íà ðàçðàáîòàííûå ñîñòàâû âÿæóùèõ ìàòåðèàëîâ, ïîëó÷åííûõ ñ èñïîëüçîâà-
íèåì îòõîäîâ ýíåðãåòèêè, êîòîðûå ìîãóò áûòü ïðåäëîæåíû êàê àëüòåðíàòèâà ïîðòëàíäöåìåíòó.
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Abstract. The next sharpening the ecological problems of the Ukraine requires the development new efficient
technology conversions wastes of heat power, presented by ash and slag, which provided the maximum degree to
their reclamation and binding in qualitative building materials. The choice of technology for reclamation of
wastes is dependent from such factor as their chemical, mineralogical and grinding compositions, value to specific
surface and way of the removing. In spite of the fact that specified waste are broadly used for production of
bindings systems of the different type such as pozzolanic cements, ash-sulphate cements, gypsum-ash-cement
bindings material, alkaline ashes cements, the general volume to their reclamation remains very low. The share of
the ash in such system usually does not exceed 25 35 %, but fabrication concrete product on their base requires
additional power resources on heat processing. In work is considered possibility of the production of ashfilling
binding and concrete that contains in its composition more 50 % ashes. It is shown that when entering the ash in
composition concrete mixture amount her can be raised not only to account of the use the different type of
activations, but also to account polifunctionality of ash. Its possible entering the ash in composition of binding
system also as microfiller and small aggregate, will promote forming the more strong contact ash to account of
the increase degree crystal-chemical similarity of new formation and relict reminder that do not yield to the
hydration. In ditto time when use overweening amount ashes in composition ashfilling material can exist increasing
to porosity and reduction of development strength at time that brings about reduction frost resistance and
corrosion resistance. For avoiding of these phenomena's in composition concrete mixture together with raised by
amount of the ash can be incorporated plasticizers additives with different mechanism of the action and complex
additives that contains as organic, so and inorganic substances. The researches of operating characteristics of
ashfilling concrete are indicative of efficiency change the Portland cement on designed compositions binding
material (got with use of wastes of power station) which can be offered as alternative of Portland cement.

Keywords: ecology, pozzolanic additives, hydro-removal ashes, fly ash, activation.



Çîëîíàïîâíåí³ â�ÿæó÷³ òà áåòîíè: ñòðóêòóðà, âëàñòèâîñò³, åêîëîã³÷í³ òà åêîíîì³÷í³ àñïåêòè... 89
Îñíîâíèìè øëÿõàìè çíèæåííÿ ñòóïåíÿ

çàáðóäíåííÿ íàâêîëèøíüîãî äîâê³ëëÿ º ÷àñò-
êîâà çàì³íà ïðèðîäíèõ ñèðîâèííèõ ìàòåð³àë³â
â³äõîäàìè âèðîáíèöòâà òà âèãîòîâëåííÿ
çì³øàíèõ é êîìïîçèö³éíèõ öåìåíò³â, â ÿêèõ
ïîðòëàíäöåìåíòíèé êë³íêåð çàì³íþþòü ì³íå-
ðàëüíèìè äîáàâêàìè, â òîìó ÷èñë³ ïóöîëàíî-
âèìè [1]. Ñåðåä ð³çíèõ âèä³â ïóöîëàíîâèõ äî-
áàâîê ³äåÿì êîíöåïö³¿  ñòàëîãî ðîçâèòêó â³äïî-
â³äàþòü â³äõîäè ñïàëþâàííÿ òâåðäîãî ïàëèâà
(çîëè òà øëàêè), çàãàëüíèé âèõ³ä ÿêèõ  ó ñâ³ò³
ùîð³÷íî ñòàíîâèòü 700 ìëí òîíí [2]. Ö³ â³äõî-
äè íå ïîòðåáóþòü åíåðãîºìíî¿ ïåðåðîáêè, ìà-
þòü íèçüêó âàðò³ñòü, à êð³ì òîãî, äæåðåëà ¿õ
âèðîáíèöòâà (åëåêòðîñòàíö³¿) äîñòàòíüî
ð³âíîì³ðíî ðîçïîä³ëåí³ ïî óñ³õ ðåã³îíàõ Óêðà¿-
íè [3]. ×åðãîâå çàãîñòðåííÿ åêîëîã³÷íèõ ïðî-
áëåì Óêðà¿íè ïîòðåáóº  ðîçðîáêè íîâèõ åôåê-
òèâíèõ òåõíîëîã³é  ïåðåðîáêè â³äõîä³â òåïëî-
åíåðãåòèêè, ïðåäñòàâëåíèõ çîëàìè òà øëàêà-
ìè ÒÅÑ, ÿê³ á çàáåçïå÷óâàëè ìàêñèìàëüíèé
ñòóï³íü ¿õíüî¿ óòèë³çàö³¿ òà çâ�ÿçóâàííÿ ó ÿê³ñí³
áóä³âåëüí³ ìàòåð³àëè. Âèá³ð òåõíîëîã³¿ óòèë³-
çàö³¿ âêàçàíèõ â³äõîä³â çàëåæèòü â³ä òàêèõ ôàê-
òîð³â ÿê õ³ì³êî-ì³íåðàëîã³÷íèé òà ãðàíóëîìåò-
ðè÷íèé ñêëàä, âåëè÷èíà ïèòîìî¿ ïîâåðõí³,
ñïîñ³á âèäàëåííÿ òîùî [4]. Íåçâàæàþ÷è íà òå,
ùî çàçíà÷åí³ â³äõîäè øèðîêî âèêîðèñòîâó-
þòüñÿ äëÿ âèðîáíèöòâà â�ÿæó÷èõ ñèñòåì
ð³çíîãî òèïó, òàêèõ ÿê ïóöîëàíîâ³ öåìåíòè [5,
6], çîëîñóëüôàòí³ öåìåíòè [7], ã³ïñîöåìåíòíî-
çîëüí³ â�ÿæó÷³ ðå÷îâèíè [8, 9], çîëîëóæí³ öå-
ìåíòè [10, 11],  çàãàëüíèé îá�ºì ¿õíüî¿ óòèë³-
çàö³¿ çàëèøàºòüñÿ äîñèòü íèçüêèì. ×àñòêà çîëè
â òàêèõ ñèñòåìàõ çàçâè÷àé íå ïåðåâèùóº
25�50%, à âèãîòîâëåííÿ áåòîííèõ âèðîá³â íà
¿õí³é îñíîâ³ âèìàãàº äîäàòêîâèõ åíåðãîâèòðàò
íà òåïëîâó îáðîáêó.

Âðàõîâóþ÷è âèùåçàçíà÷åíå òà â³äîì³ òåí-
äåíö³¿ ðîçâèòêó ñâ³òîâî¿ åêîíîì³êè ç îáîâ�ÿç-
êîâèì çâåðíåííÿì óâàãè íà ïîêðàùåííÿ åêî-
ëîã³÷íîãî ñòàíó äîâê³ëëÿ, â³äõîäè åíåðãåòè÷-
íîãî êîìïëåêñó, ÿêèõ â Óêðà¿í³ ùîð³÷íî óòâî-
ðþºòüñÿ 10 ìëí ò, ñë³ä ðîçãëÿäàòè íå ÿê ôàê-
òîð, ùî ïðèçâîäèòü äî çàáðóäíåííÿ íàâêîëèø-
íüîãî ñåðåäîâèùà, à ÿê äæåðåëî äîäàòêîâèõ
ðåñóðñ³â ïðè îòðèìàíí³ øèðîêîãî ñïåêòðó áó-
ä³âåëüíèõ ìàòåð³àë³â ð³çíîãî ïðèçíà÷åííÿ.
Ðîçâ�ÿçàííÿ ö³º¿ ïðîáëåìè ïîòðåáóº ðîçðîáêè
íîâèõ êîíöåïòóàëüíèõ ð³øåíü, ñïðÿìîâàíèõ

íà ïåðåòâîðåííÿ â³äõîä³â ç ôàêòîðà äåñòàá³ë³-
çàö³¿ äîâê³ëëÿ íà ôàêòîð, ùî ñïðèÿº çáåðåæåí-
íþ íåâ³äíîâëþâàëüíèõ ïðèðîäíèõ ðåñóðñ³â é
ö³ë³ñíîñò³ ñåðåäîâèùà ³ñíóâàííÿ ëþäèíè.

Òåðì³í «âèñîêîíàïîâíåí³ çîëîì³ñòê³ áåòî-
íè»  ìàº â³äíîøåííÿ äî ìàòåð³àë³â, ÿê³ ì³ñòÿòü
á³ëüøå çîëè â ñâîºìó ñêëàä³, í³æ ïîðòëàíäöå-
ìåíòó [12]. Çàâäÿêè âèêîðèñòàííþ çîëîöåìåí-
òíèõ ñóì³øåé ìîæóòü áóòè îòðèìàí³ ð³çí³ âèäè
áåòîí³â, â òîìó ÷èñë³:

- â³äíîñíî äåøåâ³ òà íèçüêîåíåðãîºìí³ áåòî-
íè  (ïîð³âíÿíî ç³ çâè÷àéíèìè), íà îñíîâ³
â�ÿæó÷èõ, ÿê³ ì³ñòÿòü äî 20...30% ïîðòëàí-
äöåìåíòó òà 70...80% çîëè ;

- âèñîêîì³öí³ áåòîíè (ì³öí³ñòþ 10-15 ÌÏà
íà 3 äîáó òà 40 ÌÏà íà 28 äîáó), îòðèìàí³
íà îñíîâ³ â�ÿæó÷èõ ðå÷îâèí, ÿê³ ì³ñòÿòü ó
ñâîºìó ñêëàä³ äî 30..50% çîëè òà 70...50%
ïîðòëàíäöåìåíòó.

Ó ÷èñëåííèõ ïóáë³êàö³ÿõ [13] ðîçãëÿäàþòüñÿ
ð³çí³ ôóíêö³¿ çîëè ïðè ôîðìóâàíí³ ñòðóêòóðè
áåòîíó. Ó ñêëàä³ êîíñòðóêö³éíîãî áåòîíó, ùî
ì³ñòèòü 10�20% çîëè â³ä ìàñè ïîðòëàíäöåìåí-
òó, åôåêò â³ä âèêîðèñòàííÿ çîëè íà ðàíí³õ ñòà-
ä³ÿõ òâåðä³ííÿ ïîâ�ÿçàíèé ³ç ïîêðàùåííÿì ëåã-
êîóêëàäàëüíîñò³ áåòîííî¿ ñóì³ø³ òà çíèæåí-
íÿì âîäîïîòðåáè, à íà á³ëüø ï³çí³õ åòàïàõ �
ïðîò³êàííÿì ðåàêö³¿ «ïóöîëàí³çàö³¿» òà ôîðìó-
âàííÿì äîäàòêîâî¿ ê³ëüêîñò³ ã³äðîñèë³êàò³â
êàëüö³þ. Äî äîì³íóþ÷èõ ôàêòîð³â, ÿê³ âïëè-
âàþòü íà íàðîùåííÿ ì³öíîñò³ áåòîíó, ìîæíà
â³äíåñòè  íèçüêå âîäîöåìåíòíå â³äíîøåííÿ,
ùî äîñÿãàºòüñÿ ÿê çà ðàõóíîê âèêîðèñòàííÿ
âèñîêîäèñïåðñíî¿ çîëè, òàê ³ ââåäåííÿ ñóïåð-
ïëàñòèô³êàòîð³â [14].

Ê³ëüê³ñòü çîëè, ùî âèêîðèñòîâóºòüñÿ ó ñêëàä³
â�ÿæó÷î¿ ðå÷îâèíè òà áåòîííî¿ ñóì³ø³, ìîæå
áóòè çá³ëüøåíà çà ðàõóíîê ¿¿ àêòèâàö³¿ ð³çíèìè
ñïîñîáàìè, â òîìó ÷èñë³ ìåõàí³÷íèì, õ³ì³÷íèì
òà ìåõàíîõ³ì³÷íèì [15,16]. Âèá³ð ñïîñîáó àêòè-
âàö³¿ çàëåæèòü â³ä õ³ì³êî-ì³íåðàëîã³÷íîãî ñêëà-
äó çîëè, ñïîñîáó ¿¿ îòðèìàííÿ, à òàêîæ â³ä ñêëà-
äó â�ÿæó÷î¿ ñèñòåìè, äî ÿêî¿ öþ çîëó ââîäÿòü.

Âèñîê³ ô³çèêî-ìåõàí³÷í³  òà åêñïëóàòàö³éí³
âëàñòèâîñò³  áåòîí³â, ùî îòðèìàí³ íà îñíîâ³ â�ÿ-
æó÷èõ ðå÷îâèí, äî ñêëàäó ÿêèõ âõîäèòü á³ëüøå
í³æ 65% çîëè, ïîâ�ÿçàí³ ç³ çá³ëüøåííÿì
ê³ëüêîñò³ â�ÿæó÷î¿ ðå÷îâèíè  âíàñë³äîê ôîð-
ìóâàííÿ äîäàòêîâî¿ ê³ëüêîñò³ íèçüêîîñíîâíèõ
ã³äðîñèë³êàò³â êàëüö³þ [17].



Â.². Ãîö90

Âðàõîâóþ÷è, ùî çîëà âèêîíóº äåê³ëüêà
ôóíêö³é  ïðè ââåäåíí³ ¿¿ äî ñêëàäó áåòîííî¿
ñóì³ø³, ê³ëüê³ñòü ¿¿ ìîæå áóòè ï³äâèùåíà íå
ò³ëüêè çà ðàõóíîê âèêîðèñòàííÿ ð³çíèõ âèä³â
àêòèâàö³¿, àëå é çà ðàõóíîê ïîë³ôóíêö³îíàëü-
íîñò³, ïðè÷îìó ââåäåííÿ çîëè íå ò³ëüêè äî
ñêëàäó â�ÿæó÷î¿ ðå÷îâèíè, àëå é ÿê ì³êðîíà-
ïîâíþâà÷à òà äð³áíîãî çàïîâíþâà÷à, áóäå
ñïðèÿòè óòâîðåííþ á³ëüø ì³öíî¿ êîíòàêòíî¿
çîëè çà ðàõóíîê  çá³ëüøåííÿ ñòóïåíÿ êðèñòà-
ëîõ³ì³÷íî¿ ïîä³áíîñò³ íîâîóòâîðåíü òà ðåë³ê-
òîâèõ çàëèøê³â, ùî íå ï³äëÿãàþòü ã³äðàòàö³¿.

Â òîé æå ÷àñ ïðè âèêîðèñòàíí³ íàäì³ðíî¿
ê³ëüêîñò³ çîëè ó ñêëàä³ çîëî íàïîâíåíèõ ìàòå-
ð³àë³â ìîæå ìàòè ì³ñöå ï³äâèùåííÿ ïîðèñòîñò³
òà çíèæåííÿ øâèäêîñò³ íàáîðó ì³öíîñò³ ó ÷àñ³,
ùî ïðèçâîäèòü äî çíèæåííÿ ìîðîçî- òà êîðîç-
³éíî¿ ñò³éêîñò³. Äëÿ çàïîá³ãàííÿ öèì ÿâèùàì
äî ñêëàäó áåòîííî¿ ñóì³ø³ ðàçîì ç ï³äâèùåíîþ
ê³ëüê³ñòþ çîëè ìîæóòü áóòè ââåäåí³ ïëàñòèô-
³êóþ÷³ äîáàâêè ç ð³çíèì ìåõàí³çìîì ä³¿ (äëÿ
çíèæåííÿ âîäîöåìåíòíîãî â³äíîøåííÿ) òà
êîìïëåêñí³ äîáàâêè, ùî ì³ñòÿòü ïîðÿä ç îðãàí-
³÷íèìè òàêîæ ³ íåîðãàí³÷í³ ñêëàäîâ³.

Âèùåðîçãëÿíóòå ðîçâ�ÿçàííÿ ïðîáëåìè íå
çàâæäè äàº ïîçèòèâíå ð³øåííÿ, îñê³ëüêè
ï³äâèùåíå âèêîðèñòàííÿ çîëè ó ñêëàä³ â�ÿæó-
÷èõ ìàòåð³àë³â (íàâ³òü ðàçîì ³ç êîìïëåêñíèìè

îðãàíîì³íåðàëüíèìè äîáàâêàìè) ìîæå íåãà-
òèâíî â³äáèâàòèñÿ íà äîâãîâ³÷íîñò³ îòðèìà-
íèõ áóä³âåëüíèõ ìàòåð³àë³â, ùî ìîæå áóòè ïî-
â�ÿçàíèì íå ò³ëüêè ç áðàêîì â�ÿæó÷î¿ ðå÷îâè-
íè, àëå é ç³ ñêëàäîì íîâîóòâîðåíü, ôîðìóâàí-
íÿ ÿêèõ ìàº ì³ñöå â äàí³é â�ÿæó÷³é ñèñòåì³.

Âðàõîâóþ÷è çàçíà÷åíå, ïðè ðîçðîáö³ çîëî-
íàïîâíåíèõ â�ÿæó÷èõ ñèñòåì òà áåòîí³â íà ¿õ
îñíîâ³ ñë³ä âðàõîâóâàòè â³äîì³ êîíöåïö³¿ ïðî-
ò³êàííÿ ïðîöåñ³â ã³äðàòàö³¿ òà ñòðóêòóðîóòâî-
ðåííÿ ó íàïðÿìêó ôîðìóâàííÿ  òåðìîäèíàì³-
÷íî ñòàá³ëüíèõ ôàç òà ïîïåðåäæåííÿ óòâîðåí-
íÿ  êðèñòàëîã³äðàòíèõ ôàç, â òîìó ÷èñë³ âòî-
ðèííîãî åòðèíã³òó òà òàóìàñèòó [18].

ßê áóëî ïîêàçàíî ïîïåðåäí³ìè äîñë³äæåí-
íÿìè [19], åôåêòèâí³ñòü âèêîðèñòàííÿ çîëè  â
ñêëàä³ ïóöîëàíîâîãî öåìåíòó çá³ëüøóºòüñÿ â
ðàç³ çàñòîñóâàííÿ ñó÷àñíèõ ñóïåðïëàñòèô³êó-
þ÷èõ äîáàâîê, íàïðèêëàä,    ïîë³àêðèëàò³â.
Äîñë³äæåííÿìè âì³ñòó çîëè-âèíåñåííÿ õàðàê-
òåðó ïîðîâî¿ ñòðóêòóðè ïëàñòèô³êîâàíîãî áå-
òîíó ïîêàçàíî, ùî íàéêðàù³ ïîêàçíèêè çàáåç-
ïå÷óþòüñÿ ïðè âèêîðèñòàíí³ öåìåíòó ç 35%
çîëè-âèíåñåííÿ (ðèñ.1).

Ïîçèòèâíó ðîëü, ÿêó â³ä³ãðàº çîëà-âèíåñåí-
íÿ ó çìåíøåíí³ îá�ºìó òà ñåðåäíüîãî ä³àìåòðó
â³äêðèòèõ êàï³ëÿðíèõ ïîð ïðè çá³ëüøåíí³ ¿õ
îäíîð³äíîñò³ çà ðîçì³ðîì â áåòîíàõ íà îñíîâ³
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Ðèñ.1. ²çîïàðàìåòðè÷íà ä³àãðàìà çì³íè âîäîïîòðåáè áåòîííî¿ ñóì³ø³ ( ÄW,%) çàëåæíî â³ä âèòðàòè ñóïåðïëàñ-
òèô³êàòîðà ïîë³àêðèëàòíîãî òèïó òà çîëè-âèíåñåííÿ ó ñêëàä³ öåìåíòó.
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ïóöîëàíîâèõ öåìåíò³â, ìîæíà ïîÿñíèòè
á³ëüøîþ ïîð³âíÿíî ç ïîðòëàíäöåìåíòîì íåî-
äíîð³äí³ñòþ ¿¿ çåðíîâîãî ñêëàäó ç ïåðåâàæíèì
âì³ñòîì ÷àñòèíîê, ðîçì³ð ÿêèõ ìåíøå  0,05 ìì,
ùî ìàº âèçíà÷àëüíèé âïëèâ íà ôîðìóâàííÿ
ù³ëüíî¿ ì³êðî-, ìåçî- òà ìàêðîñòðóêòóðè.

Íà îñíîâ³ öåìåíò³â, ÿê³ â³äíåñåí³ äî ÏÖÖ
²V/A -400 - ÏÖÖ ²V/A -500,   ñòâîðåíà ðåöåï-
òóðà ïëàñòèô³êîâàíèõ áåòîí³â, ùî õàðàêòåðè-
çóþòüñÿ â³äïîâ³äí³ñòþ íîðìàòèâíèì âèìîãàì
çà ïîâíèì êîìïëåêñîì åêñïëóàòàö³éíèõ âëàñ-
òèâîñòåé: ì³öí³ñòü íà ñòèñê ï³ñëÿ 3 ä³á òâåðä-
íåííÿ â³ä 22 äî 26,3 ÌÏà; ì³öí³ñòü íà ñòèñê
ï³ñëÿ 28 ä³á � 49...51 ÌÏà; ìàðêà çà âîäîíåï-
ðîíèêí³ñòþ W2 �W4; ìîäóëü ïðóæíîñò³ íà
ñòèñê òà ðîçòÿã  (37,5 � 43,4)×10-3ÌÏà [20]. Äî-
âåäåíî, ùî âèêîðèñòàííÿ  äî 40...55 % çîëè â

ñêëàä³ ìîäèô³êîâàíèõ àêð³ëîâèìè äîáàâêàìè
ïóöîëàíîâèõ â�ÿæó÷èõ äîçâîëÿº îòðèìóâàòè
áåòîíè ç ïîêðàùåíèìè åêñïëóàòàö³éíèìè âëà-
ñòèâîñòÿìè, ÿê³ ìîæóòü áóòè  øèðîêî âèêîðè-
ñòàí³ ó áóä³âíèöòâ³. Ñë³ä â³äçíà÷èòè, ùî åôåê-
òèâíå çàñòîñóâàííÿ áóäü-ÿêî¿ â�ÿæó÷î¿ ñèñòå-
ìè äëÿ ìîíîë³òíî-êàðêàñíîãî áóä³âíèöòâà º
ìîæëèâèì ò³ëüêè çà óìîâè ¿õíüî¿ çàäîâ³ëüíî¿
çàõèñíî¿ ä³¿ ïî â³äíîøåííþ äî ñòàëåâî¿ àðìà-
òóðè. Âèêîðèñòàííÿ ïóöîëàíîâèõ öåìåíò³â
çàáåçïå÷óº åôåêòèâíó ïàñèâàö³þ ìåòàëåâî¿
àðìàòóðè ó áåòîí³ ÿê ó ïðîåêòíîìó â³ö³, òàê ³
ï³ñëÿ 5 ì³ñÿö³â âèïðîáóâàííÿ çà ðåæèìîì, ùî
ìîäåëþâàâ ðåàëüí³ óìîâè åêñïëóàòàö³¿. Âèñî-
êà ôóíêö³îíàëüí³ñòü ðîçðîáëåíèõ ñêëàä³â áå-
òîí³â âèçíà÷àºòüñÿ óïîâ³ëüíåííÿì çìåíøåí-
íÿ ëåãêîóêëàäàëüíîñò³ áåòîííî¿ ñóì³ø³ â

Ðèñ. 2. Ì³êðîôîòîãðàô³¿ ïîâåðõí³ ñêîëó  øòó÷íîãî êàìåíþ íà îñíîâ³ çîëîöåìåíòíèõ â'ÿæó÷èõ ðå÷îâèí, ìîäè-
ô³êîâàíèõ ñóëüôàòíî-êðåìíåçåìèñòèìè äîáàâêàìè, áåç ñóïåðïëàñòèô³êàòîðà (Â/Ö=0,4) (à,â) òà ç äîáàâêîþ
Ñ-3 (Â/Ö=0,235) ó ê³ëüêîñò³ 1,5% â³ä ìàñè öåìåíòó (á,ã) ï³ñëÿ 90 ä³á òâåðäíåííÿ ó íîðìàëüíèõ óìîâàõ.

à)

â)

á)

ã)



Â.². Ãîö92
íåîáõ³äíèõ ìåæàõ ïðè çàáåçïå÷åíí³ ïîâíî¿
â³äïîâ³äíîñò³ åêñïëóàòàö³éíèõ âëàñòèâîñòåé
áåòîíó íîðìàòèâíèì âèìîãàì. Öå ñòàëî
ï³äñòàâîþ äëÿ ïðèéíÿòòÿ öüîãî ñêëàäó çà íî-
ì³íàëüíèé ïðè âïðîâàäæåíí³ ðîçðîáëåíèõ òî-
âàðíèõ ñóì³øåé íà îá�ºêòàõ áóä³âíèöòâà [21].

Åôåêòèâí³ çîëîíàïîâíåí³  â�ÿæó÷³ ñèñòåìè
òà áåòîíè òàêîæ ìîæóòü áóòè îòðèìàí³ íà îñ-
íîâ³ çîëîöåìåíòíèõ êîìïîçèö³é, ìîäèô³êîâà-
íèõ ñóëüôàòíèìè äîáàâêàìè [17]. Ñóì³ñíå âè-
êîðèñòàííÿ õ³ì³÷íî¿ òà ìåõàí³÷íî¿ àêòèâàö³¿
äîçâîëÿº åôåêòèâíî çàñòîñîâóâàòè ÿê êèñë³
çîëè-âèíåñåííÿ, òàê ³ çîëè-ã³äðîâèäàëåííÿ,
îòðèìóþ÷è ìàòåð³àëè (â�ÿæó÷³ òà áåòîíè), ÿê³
çà ñâî¿ìè åêñïëóàòàö³éíèìè âëàñòèâîñòÿìè íå
ïîñòóïàþòüñÿ âëàñòèâîñòÿì  ìàòåð³àë³â, îòðè-
ìàíèõ íà îñíîâ³ áåçäîáàâî÷íèõ ïîðòëàíäöå-
ìåíòíèõ â�ÿæó÷èõ ñèñòåì. Cë³ä â³äçíà÷èòè, ùî
åôåêòèâí³ñòü áóäü-ÿêîãî âèäó àêòèâàö³¿ çîëî-
íàïîâíåíèõ ñèñòåì, â òîìó ÷èñë³ ñóëüôàòíî¿,
çíà÷íî ï³äâèùóºòüñÿ â ðàç³ âèêîðèñòàííÿ ïëà-
ñòèô³êóþ÷èõ äîáàâîê. Â ö³é ñèñòåì³ êðàùå
ïðàöþþòü ñóëüôàòì³ñòê³ ïëàñòèô³êàòîðè, íà-
ïðèêëàä, íàôòàë³í-ôîðìàëüäåã³äí³ (ÍÔ), â
òîìó ÷èñë³  Ñ-3. Ìåõàí³çì ä³¿  âêàçàíî¿  äîáàâ-
êè ïîâ�ÿçàíèé ïåðåâàæíî ç ïðîÿâëåííÿì åëåê-
òðîñòàòè÷íîãî åôåêòó â³äøòîâõóâàííÿ ÷àñòè-
íîê öåìåíòó. Âñòàíîâëåíî, ùî ìîäèô³êàö³ÿ
çîëîöåìåíòíèõ â�ÿæó÷èõ ðå÷îâèí, àêòèâîâà-
íèõ ñóëüôàòíèìè äîáàâêàìè, òà çíèæåííÿ âî-
äîïîòðåáè öåìåíòíîãî ò³ñòà ñïðèÿþòü á³ëüø
³íòåíñèâíîìó ñèíòåçó íîâîóòâîðåíü øòó÷íî-
ãî êàìåíþ, ïðåäñòàâëåíèõ íà ðàíí³õ åòàïàõ
ïåðåâàæíî åòðèíã³òîì, ÿêèé ç ÷àñîì ìîæå óò-
âîðþâàòè òâåðä³ ðîç÷èíè ã³äðîñóëüôîàëþìî-
ñèë³êàòíîãî ñêëàäó, òîáòî ñïîëóêè, çäàòí³ äî
ñòðóêòóðíî-ôóíêö³îíàëüíî¿ àäàïòàö³¿  â ð³çíèõ
óìîâàõ åêñïëóàòàö³¿. Ñèíòåç ì³öíîñò³ øòó÷íî-
ãî êàìåíþ, ìîäèô³êîâàíîãî ïëàñòèô³êàòîðîì
Ñ-3, çàáåçïå÷óºòüñÿ çà ðàõóíîê óòâîðåííÿ
á³ëüøî¿ ê³ëüêîñò³ êðèñòàëîõ³ì³÷íîïîä³áíèõ
ã³äðàòíèõ ôàç (åòðèíã³ò, íèçüêîîñíîâí³ ã³äðî-
ñèë³êàòè êàëüö³þ, ã³äðîãðàíàòè), çäàòíèõ äî
åï³òàêñèàëüíîãî çðîùåííÿ òà ôîðìóâàííÿ
ù³ëüíî¿ ñòðóêòóðè öåìåíòíîãî êàìåíþ (ðèñ. 2).

Íà áàç³ çàïðîïîíîâàíèõ çîëîöåìåíòíèõ
â�ÿæó÷èõ ðå÷îâèí ³ç ï³äâèùåíèì âì³ñòîì çîëè
(äî 65%) ðîçðîáëåí³ ñêëàäè áåòîííèõ ñóì³øåé,
ùî çàáåçïå÷óþòü îòðèìàííÿ áåòîí³â êëàñó
Â40, ïîðèñò³ñòü ÿêèõ íå ïåðåâèùóº 4%, à

âîäîïîãëèíàííÿ ñòàíîâèòü äî 5%. Ðîçðîáëåí³
ìàòåð³àëè â³äð³çíÿþòüñÿ äîñèòü âèñîêîþ êî-
ðîç³éíîþ ñò³éê³ñòþ ó ðîç÷èíàõ ñóëüôàòó ìàã-
í³þ òà ñóëüôàòó íàòð³þ. Çíà÷åííÿ êîåô³ö³ºíò³â
êîðîç³éíî¿ ñò³éêîñò³ çîëîíàïîâíåíèõ áåòîí³â
Êñ1,2=1,22-2,29 çíà÷íî ïåðåâèùóþòü ïîêàçíè-
êè êîðîç³éíî¿ ñò³éêîñò³ áåòîí³â íà îñíîâ³ ñóëü-
ôàòîñò³éêèõ ïîðòëàíäöåìåíò³â (Êñ1,2=0,78-
1,22) òà áåòîí³â íà îñíîâ³ øëàêîëóæíèõ â�ÿ-
æó÷èõ ðå÷îâèí (Êñ1,2 = 0,91-1,4).

Ïðîâåäåí³ äîñë³äæåííÿ åêñïëóàòàö³éíèõ
õàðàêòåðèñòèê ðîçãëÿíóòèõ áåòîí³â ñâ³ä÷àòü
ïðî åôåêòèâí³ñòü çàì³íè ïîðòëàíäöåìåíòó íà
ðîçðîáëåí³ ñêëàäè â�ÿæó÷èõ ðå÷îâèí, îòðèìà-
íèõ ç âèêîðèñòàííÿì â³äõîä³â åíåðãåòèêè, ÿê³,
âðàõîâóþ÷è ñêëàäí³ åêîëîã³÷í³ òà åêîíîì³÷í³
óìîâè Óêðà¿íè, ìîæóòü áóòè çàïðîïîíîâàí³ ÿê
àëüòåðíàòèâà ïîðòëàíäöåìåíòó.  Îäíàê, çâåð-
òàþ÷è óâàãó íà íåñòàá³ëüí³ñòü ñêëàäó çîëè òà
ð³çí³ ñïîñîáè ¿¿ âèëó÷åííÿ, ïðè ïðîåêòóâàíí³
âèñîêîíàïîâíåíèõ â�ÿæó÷èõ ñèñòåì  ñë³ä êî-
ðèãóâàòè ìåõàí³çìè ïðîöåñ³â ã³äðàòàö³¿ òà
ñòðóêòóðîóòâîðåííÿ ³ ïåðåäáà÷àòè íàïðàâëå-
íå ôîðìóâàííÿ ó ñêëàä³ íîâîóòâîðåíü ã³äðàò-
íèõ ñïîëóê, ÿê³ áóäóòü çàáåçïå÷óâàòè
ñòàá³ëüí³ñòü âëàñòèâîñòåé ìàòåð³àëó ó ÷àñ³.
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