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Àíîòàö³ÿ. Ñüîãîäí³ íà áóä³âåëüíîìó ðèíêó ñïîñòåð³ãàºòüñÿ âåëèêà ê³ëüê³ñòü øëàêîïîðòëàíäöåìåíòó,
ÿêèé íå êîðèñòóºòüñÿ ïîïèòîì, ùî çóìîâëåíî éîãî íèçüêèìè áóä³âåëüíî-òåõíîëîã³÷íèìè âëàñòèâîñ-
òÿìè: â³í ïîâ³ëüí³øå òóæàâ³º, í³æ ïîðòëàíäöåìåíò, ³ â³äð³çíÿºòüñÿ íåçíà÷íèì íàáîðîì ì³öíîñò³ ó ïî-
÷àòêîâèé ïåð³îä òâåðä³ííÿ é îñîáëèâî - ïðè â³ä'ºìíèõ òåìïåðàòóðàõ. Îñü ÷îìó àêòóàëüíèì ïîñòàº ïè-
òàííÿ ïðî íåîáõ³äí³ñòü ïîêðàùåííÿ éîãî âëàñòèâîñòåé øëÿõîì ââåäåííÿ êîìïëåêñíèõ îðãàíî-ì³íå-
ðàëüíèõ äîáàâîê, ùî ì³ñòÿòü ÿê ïðèñêîðþâà÷ ëóæíó ðå÷îâèíó. Ðîçãëÿíóòî ìîæëèâ³ñòü ðîçøèðåííÿ
ñòðîê³â òóæàâëåííÿ òà ïîêðàùåííÿ ô³çèêî-ìåõàí³÷íèõ âëàñòèâîñòåé øëàêîïîðòëàíäöåìåíòíèõ â'ÿ-
æó÷èõ ñèñòåì çà ðàõóíîê ìîäèô³êàö³¿ ¿õ êîìïëåêñíèìè ëóãîì³ñòêèìè îðãàíî-ì³íåðàëüíèìè äîáàâêà-
ìè. Ïîêàçàíà ìîæëèâ³ñòü âèêîðèñòàííÿ êîìïëåêñíî¿ îðãàíî-ìèíåðàëüíî¿ äîáàâêè, ÿêà çàáåçïå÷óº àê-
òèâàö³þ àëþìîñèë³êàòíî¿ ñêëàäîâî¿ ³ ïîâíå çâ'ÿçóâàííÿ ëóã³â ó íåðîç÷èíí³ ñïîëóêè, äîçâîëÿþ÷è íå
ò³ëüêè çàïîá³ãàííþ âíóòð³øíüî¿ êîðîç³¿ öåìåíòíîãî êàìåíþ, ïîâ'ÿçàíî¿ ç íàÿâí³ñòþ â³ëüíîãî ëóãó â
éîãî ñêëàä³, àëå ³ ãàðàíòóº íåîáõ³äí³ òåõíîëîã³÷í³ òà ô³çèêî-ìåõàí³÷í³ õàðàêòåðèñòèêè ìîäèô³êîâàíèõ
øëàêîïîðòëàíäöåìåíò³â. Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü äîçâîëÿþòü çðîáèòè îïòèì³ñòè÷íèé ïðî-
ãíîç ùîäî ìîæëèâîñò³ îòðèìàííÿ ëóæíèõ øëàêîïîðòëàíäöåìåíò³â ç ðîçøèðåíèìè ñòðîêàìè òóæàâ-
ëåííÿ ³ ïîêðàùåíèìè ô³çèêî-ìåõàí³÷íèìè õàðàêòåðèñòèêàìè çà îäíîêîìïîíåíòíîþ ñõåìîþ, ÿê³ äîö-
³ëüíî áóäå âèêîðèñòîâóâàòè äëÿ îòðèìàííÿ øòó÷íîãî êàìåíþ ñïåö³àëüíîãî ïðèçíà÷åííÿ ç íàïåðåä
çàäàíèìè òåõíîëîã³÷íèìè òà åêñïëóàòàö³éíèìè õàðàêòåðèñòèêàìè.
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Àííîòàöèÿ. Ñåãîäíÿ íà ñòðîèòåëüíîì ðûíêå íàáëþäàåòñÿ áîëüøîå êîëè÷åñòâî øëàêîïîðòëàíäöåìåí-
òà, êîòîðûé íå ïîëüçóåòñÿ ñïðîñîì, ÷òî îáóñëîâëåíî åãî íèçêèìè ñòðîèòåëüíî-òåõíîëîãè÷åñêèìè ñâîé-
ñòâàìè: îí ìåäëåííåå ñõâàòûâàåòñÿ, ÷åì ïîðòëàíäöåìåíò, è îòëè÷àåòñÿ íåçíà÷èòåëüíûì íàáîðîì ïðî÷-
íîñòè â íà÷àëüíûé ïåðèîä òâåðäåíèÿ è îñîáåííî ïðè îòðèöàòåëüíûõ òåìïåðàòóðàõ. Âîò ïî÷åìó
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àêòóàëüíûì ÿâëÿåòñÿ âîïðîñ î íåîáõîäèìîñòè óëó÷øåíèÿ ñâîéñòâ øëàêîïîðòëàíäöåìåíòà çà ñ÷åò
ââåäåíèÿ êîìïëåêñíûõ îðãàíî-ìèíåðàëüíûõ äîáàâîê, ñîäåðæàùèõ êàê óñêîðèòåëü ùåëî÷íîé êîìïî-
íåíò. Ðàññìîòðåíà âîçìîæíîñòü ðàñøèðåíèÿ ñðîêîâ ñõâàòûâàíèÿ è óëó÷øåíèÿ ôèçèêî-ìåõàíè÷åñ-
êèõ ñâîéñòâ øëàêîïîðòëàíäöåìåíòíûõ âÿæóùèõ ñèñòåì çà ñ÷åò ìîäèôèêàöèè èõ êîìïëåêñíûìè ùå-
ëî÷åñîäåðæàøèìè îðãàíî-ìèíåðàëüíûìè äîáàâêàìè. Ïîêàçàíà âîçìîæíîñòü èñïîëüçîâàíèÿ êîìï-
ëåêñíîé îðãàíî-ìèíåðàëüíîé äîáàâêè, êîòîðàÿ îáåñïå÷èâàåò àêòèâàöèþ àëþìîñèëèêàòíîé ñîñòàâëÿ-
þùåé è ïîëíîå ñâÿçûâàíèå ùåëî÷åé â íåðàñòâîðèìûå ñîåäèíåíèÿ, ïîçâîëÿÿ íå òîëüêî èçáåæàòü âíóò-
ðåííåé êîððîçèè öåìåíòíîãî êàìíÿ, ñâÿçàííîé ñ íàëè÷èåì ñâîáîäíîé ùåëî÷è â åãî ñîñòàâå, íî è ãà-
ðàíòèðóåò íåîáõîäèìûå òåõíîëîãè÷åñêèå è ôèçèêî-ìåõàíè÷åñêèå õàðàêòåðèñòèêè ìîäèôèöèðîâàí-
íûõ øëàêîïîðòëàíäöåìåíòîâ. Ðåçóëüòàòû ïðîâåäåííûõ èññëåäîâàíèé ïîçâîëÿþò ïðîãíîçèðîâàòü âîç-
ìîæíîñòü ïîëó÷åíèÿ ùåëî÷íûõ øëàêîïîðòëàíäöåìåíòîâ ñ ðåãóëèðóåìûìè ñðîêàìè ñõâàòûâàíèÿ è
óëó÷øåííûìè ôèçèêî-ìåõàíè÷åñêèìè õàðàêòåðèñòèêàìè ïî îäíîêîìïîíåíòíîé ñõåìå, êîòîðûå ìî-
ãóò áûòü èñïîëüçîâàíû ïðè ïîëó÷åíèè èñêóññòâåííîãî êàìíÿ ñïåöèàëüíîãî íàçíà÷åíèÿ ñ íàïåðåä
çàäàííûìè òåõíîëîãè÷åñêèìè è ýêñïëóàòàöèîííûìè õàðàêòåðèñòèêàìè.
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Abstract. Today big amount blastfurnace slag cement exists on civil market, which does not attract a following
because of his low civil-technological characteristic: he slow hardening than Ðortland cement, and differs the
small setting time at initial period of the hardening and particularly - under negative temperature. That is why
actual gets old the question about needing of the improvement his characteristic to account of the introduction
complex organo-mineral additives that contains as accelerator of alkaline component. It's considered the
opportunity of expansion for setting time and improvements of physico-mechanical properties of blastfurnace
slag cement modification by of alkaline complex additives. The results of the study showed a possibility to use
a complex organo-mineral additive, which provides the activation of the aluminosilicate component and full
binding of the alkalis into insoluble compounds. This was found to allow not only to avoid the inner corrosion
of the cement stone as resulting from the presence of free alkali in its composition, but also to provide the
required technological and physico-mechanical properties of the modified alkaline blast furnace slag cement
concretes. The results of the study will allow getting concretes with the use of the developed modified alkaline
blastfurnace slag cements. The results of researches allow to do the optimistic forecast on cause of the possibility
of the reception alkaline blastfurnace slag cement with regulated period for setting time and perfected physico-
mechanical feature, which will currently use at production of artificial stone for special purpose with forward
given technological and service characteristics.

Keywords: slags, portland clinker, blastfurnace slag cement, activation, complex additive, setting time,
durability.



Îñîáåííîñòè ðåãóëèðîâàíèÿ ñâîéñòâ ùåëî÷íûõ øëàêîïîðòëàíäöåìåíòîâ 97
Ñåðåä ïð³îðèòåòíèõ ïðîáëåì, â³ä âèð³øåííÿ
ÿêèõ â çíà÷í³é ì³ð³ çàëåæèòü áåçïå÷íèé äëÿ
ëþäèíè ñòàí íàâêîëèøíüîãî ïðèðîäíîãî ñå-
ðåäîâèùà, º ïðîáëåìè åêîëîã³¿, ïîâ�ÿçàí³ ç óò-
âîðåííÿì, âèäàëåííÿì, íàêîïè÷åííÿì, ïåðå-
âåçåííÿì, çáåð³ãàííÿì òà óòèë³çàö³ºþ â³äõîä³â.

Âðàõîâóþ÷è â³äîì³ åêîëîã³÷í³ ïðîáëåìè,
ïîâ�ÿçàí³ ç âèðîáíèöòâîì òðàäèö³éíîãî ïîðò-
ëàíäöåìåíòó, âàæëèâèì â öüîìó ïëàí³ º äîìåí-
íèé ãðàíóëüîâàíèé øëàê, ÿêèé ìîæå áóòè çà-
ñòîñîâàíèé ó ê³ëüêîñò³ äî 80 % ó ñêëàä³ øëà-
êîïîðòëàíäöåìåíòíèõ â�ÿæó÷èõ ðå÷îâèí [1, 2].
Ãðàíóëüîâàíèé äîìåííèé øëàê ìàº òîíêîçåð-
íèñòó ñêëîïîä³áíó ñòðóêòóðó ³ òàê ñàìî, ÿê ³
ïóöîëàíîâ³ äîáàâêè, º àêòèâíèì êîìïîíåíòîì
öåìåíòó ïðè éîãî ã³äðàòàö³¿, àëå ïðè âèêîðèñ-
òàíí³ øëàêó â íàäì³ðí³é ê³ëüêîñò³ â ñêëàä³
øëàêîïîðòëàíäöåìåíòó, ÿê ïðàâèëî, ìàº ì³ñöå
çíèæåííÿ àêòèâíîñò³ â�ÿæó÷î¿ ðå÷îâèíè.

Ñüîãîäí³ íà áóä³âåëüíîìó ðèíêó ñïîñòåð³-
ãàºòüñÿ âåëèêà ê³ëüê³ñòü øëàêîïîðòëàíäöå-
ìåíòó, ÿêèé íå êîðèñòóºòüñÿ ïîïèòîì, ùî çó-
ìîâëåíî éîãî íèçüêèìè áóä³âåëüíî-òåõíîëîã-
³÷íèìè âëàñòèâîñòÿìè. Â³äîìî, ùî øëàêîïîð-
òëàíäöåìåíò ïîâ³ëüí³øå òóæàâ³º, í³æ ïîðò-
ëàíäöåìåíò, ³ â³äð³çíÿºòüñÿ íåçíà÷íèì íàáî-
ðîì ì³öíîñò³ ó ïî÷àòêîâèé ïåð³îä òâåðä³ííÿ é
îñîáëèâî - ïðè â³ä�ºìíèõ òåìïåðàòóðàõ. Îñü
÷îìó àêòóàëüíèì ñòàº ïèòàííÿ ïðî íå-
îáõ³äí³ñòü ïîêðàùåííÿ éîãî âëàñòèâîñòåé çà
ðàõóíîê ââåäåííÿ êîìïëåêñíèõ îðãàíî-ì³íå-
ðàëüíèõ äîáàâîê, ùî ì³ñòÿòü ÿê ïðèñêîðþâà÷
ëóæíó ðå÷îâèíó.

Â³äîì³ ïðèíöèïè íàïðàâëåíîãî ðåãóëþâàí-
íÿ ôàçîâîãî ñêëàäó ïðîäóêò³â òâåðä³ííÿ ³ ñèí-
òåçó øëàêîëóæíèõ öåìåíò³â ³ç çàäàíèìè âëàñ-
òèâîñòÿìè äîçâîëÿþòü ïðåäñòàâèòè ïðîöåñè
ñòðóêòóðîóòâîðåííÿ ÿê êîìïëåêñ äåñòðóêö³é-
íî-êîíäåíñàö³éíèõ ïåðåòâîðåíü [3]. Àíàë³ç
³íôîðìàö³¿ ùîäî ðåãóëþâàííÿ ñòðîê³â òóæàâ-
ëåííÿ ³ ê³íåòèêè íàáîðó ì³öíîñò³ ëóæíèõ øëà-
êîïîðòëàíäöåìåíò³â çà ðàõóíîê ââåäåííÿ ì³íå-
ðàëüíèõ äîáàâîê (ôîñôàò³â òà ôòîðèä³â) [4]
äîçâîëÿº ïåðåäáà÷èòè ìîæëèâ³ñòü ðåãóëþâàí-
íÿ ïðîöåñ³â ñòðóêòóðîóòâîðåííÿ òà òâåðä³ííÿ
ó ÷àñ³ ç íàäàííÿì ñïåö³àëüíèõ âëàñòèâîñòåé
âêàçàíèì â�ÿæó÷èì êîìïîçèö³ÿì âíàñë³äîê
âèêîðèñòàííÿ êîìïëåêñíî¿ îðãàíî-ì³íåðàëü-
íî¿ äîáàâêè, ùî ñêëàäàºòüñÿ ç ëóæíî¿ ñïîëó-
êè, ÿêà ïðèñêîðþº ïðîöåñ ã³äðàòàö³¿ öåìåíòó,

òà îðãàí³÷íî¿, ùî îáóìîâëþº çâ�ÿçóâàííÿ ³îí³â
Ñà2+ ó íåðîç÷èíí³ êîìïëåêñè ç íàñòóïíîþ ó÷à-
ñòþ ¿õ ó ìîäèô³êóâàíí³ íèçüêîîñíîâíèõ ôàç,
ÿê³ é áóäóòü àêòèâ³çóâàòè ïðîöåñè ã³äðàòàö³¿
øëàêîïîðòëàíäöåìåíòó.

Â òîé æå ÷àñ, âðàõîâóþ÷è ³ñíóþ÷³ îñîáëè-
âîñò³ çàãàëüíîïðèéíÿòèõ òåõíîëîã³é, âèãîòîâ-
ëåííÿ ëóæíîãî øëàêîïîðòëàíäöåìåíòó ïîâèí-
íî çä³éñíþâàòèñü çà òåõíîëîã³ºþ âèðîáíèöò-
âà «îäíîêîìïîíåíòíî¿ â�ÿæó÷î¿ ðå÷îâèíè»,
ùî äîçâîëèòü îòðèìóâàòè â�ÿæó÷³ êîìïîçèö³¿
ç ìàêñèìàëüíèì âì³ñòîì øëàêó, ÿê³ çà ñâî¿ìè
âëàñòèâîñòÿìè íå ïîñòóïàòèìóòüñÿ çâè÷àéíî-
ìó ïîðòëàíäöåìåíòó, à áåòîíè íà ¿õ îñíîâ³ áó-
äóòü â³äð³çíÿòèñü ïðèñêîðåíèìè ñòðîêàìè òó-
æàâëåííÿ, øâèäêèì íàáîðîì ì³öíîñò³, ï³äâè-
ùåíèìè æàðî-, âîãíå-, êîðîç³éíîþ ñò³éê³ñòþ
òà ìîæëèâ³ñòþ òâåðäíóòè ïðè äîäàòí³õ òà
â³ä�ºìíèõ òåìïåðàòóðàõ.

Ïåðåäóìîâîþ äëÿ âèêîíàííÿ äàíî¿ ðîáîòè
º ïð³îðèòåòí³ ïðàö³ Äåðæàâíîãî íàóêîâî-äîñ-
ë³äíîãî ³íñòèòóòó â�ÿæó÷èõ ìàòåð³àë³â ³ìåí³
Â.Ä. Ãëóõîâñüêîãî [5, 6] ó ãàëóç³ ðîçðîáêè ìî-
äèô³êîâàíèõ â�ÿæó÷èõ ñèñòåì, à òàêîæ íàóêîâ³
ïðàö³, ïîâ�ÿçàí³ ç ðåãóëþâàííÿì ñòðîê³â òóæàâ-
ëåííÿ çà ðàõóíîê ââåäåííÿ îðãàí³÷íèõ òà ì³íå-
ðàëüíèõ äîáàâîê.

Äëÿ ïðîâåäåííÿ äîñë³äæåíü áóëè âèêîðè-
ñòàí³ øëàêî-êë³íêåðí³ ñóì³ø³ ç âì³ñòîì â íèõ
ïîðòëàíäöåìåòíîãî êë³íêåðó â³ä 20 äî 60 %,
ìîäèô³êîâàí³ êîìïëåêñîì äîáàâîê (ëóæíèé
êîìïîíåíò - ñïîâ³ëüíþâà÷) ³ âèãîòîâëåí³ çà
òåõíîëîã³ºþ îäíîêîìïîíåíòíî¿ â�ÿæó÷î¿ ðå÷î-
âèíè, ùî ïåðåäáà÷àº ñóì³ñíèé ïîìåë ïîðòëàí-
äöåìåíòíîãî êë³íêåðó, øëàêó òà âèùåâêàçàíèõ
äîáàâîê.

Ðåíòãåíîãðàìè âèõ³äíèõ êîìïîíåíò³â ïðåä-
ñòàâëåíî íà ðèñ. 1.

ßê ñâ³ä÷àòü äàí³ ðåíòãåíîôàçîâîãî àíàë³çó,
ó ñêëàä³ ïîðòëàíäöåìåíòíîãî êë³íêåðó (ðèñ. 1,
êð. 1) ïåðåâàæàþòü àë³ò, áåë³ò òà ÷îòèðèêàëüö-
³ºâèé àëþìîôåðèò, à ó ñêëàä³ äîìåííîãî ãðà-
íóëüîâàíîãî øëàêó (ðèñ. 1, êð. 2) � b-êâàðö ³
ìåë³ë³òîâå ñêëî.

Âèõ³äíà ñèñòåìà, ùî ì³ñòèòü 100 % ïîðò-
ëàíäöåìåíòíîãî êë³íêåðó, ìàº êîðîòê³ ñòðîêè
òóæàâëåííÿ, çîêðåìà ïî÷àòîê òóæàâëåííÿ íå
ðàí³øå - 20 õâ. Ðàçîì ç òèì ïðè âèêîðèñòàíí³
40¸80 % øëàêó ïî÷àòîê òóæàâëåííÿ çâóæóºòü-
ñÿ äî 15 õâ. (ðèñ. 2 à). ßê ñâ³ä÷àòü ðåçóëüòàòè
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ïðîâåäåíèõ ô³çèêî-ìåõàí³÷íèõ äîñë³äæåíü, íà
1 äîáó ì³öí³ñòü çðàçê³â, âèãîòîâëåíèõ ç âèêî-
ðèñòàííÿì 100 % ïîðòëàíäöåìåíòíîãî êë³íêå-
ðó áåç äîáàâîê, ñòàíîâèëà 9,8 ÌÏà, òîä³ ÿê ïðè
çàñòîñóâàíí³ 40¸60 % øëàêó âîíà çíèæóºòüñÿ
íà 13¸26 % (ðèñ. 2 á).

Õ³ì³÷íèé ñêëàä âèõ³äíèõ êîìïîíåíò³â íà-
âåäåíî ó òàáë. 1.

Äëÿ äîñÿãíåííÿ ñòðîê³â òóæàâëåííÿ, ùî
â³äïîâ³äàþòü âèìîãàì ñòàíäàðòó, áóëî âèð³øå-

íî âèêîðèñòàòè êîìïëåêñí³ ëóãîì³ñòê³ îðãàíî-
ì³íåðàëüí³ äîáàâêè. Îòðèìàí³ äàí³ ïîêàçóþòü,
ùî ââåäåííÿ äî ñêëàäó øëàêîïîðòëàíäöåìåíòó
ëóæíîãî êîìïîíåíòà (ìåòàñèë³êàòó íàòð³þ) ó
ê³ëüêîñò³ 1, 3, 5 % (ðèñ. 3 à, á, â) ðîçøèðþº ñòðî-
êè òóæàâëåííÿ, ùî ïîêðàùóº óìîâè ã³äðàòàö³¿ é
òâåðä³ííÿ êîìïîçèö³¿ òà ïðèçâîäèòü äî îòðèìàí-
íÿ øòó÷íîãî êàìåíþ ç ï³äâèùåíèìè ô³çèêî-ìå-
õàí³÷íèìè âëàñòèâîñòÿìè (ðèñ. 3 ã, ä, å).

Ñï³âñòàâëåííÿ ðåçóëüòàò³â ô³çèêî-ìåõàí³÷-

Ðèñ.1. Ðåíòãåíîãðàìè âèõ³äíèõ ñèðîâèííèõ ìàòåð³àë³â: 1 � ïîðòëàíäöåìåíòíîãî êë³íêåðó; 2 � äîìåííîãî ãðà-
íóëüîâàíîãî øëàêó.Óìîâí³ ïîçíà÷åííÿ: À � àë³ò; Â � áåë³ò; F � ÷îòèðèêàëüö³ºâèé àëþìîôåðèò; Q � b-êâàðö;
Ì � ìåë³ë³ò  (Ñà

2
(Àl, Mg, Si)×Si

2
O

7
).

Ðèñ. 2. Çì³íà ñòðîê³â òóæàâëåííÿ (à) òà ì³öí³ñíèõ ïîêàçíèê³â (á) çðàçê³â öåìåíòíîãî ò³ñòà íà îñíîâ³ íåìîäèô-
³êîâàíîãî øëàêîïîðòëàíäöåìåíòó.
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íèõ äîñë³äæåíü ïîêàçóº, ùî íà 1 äîáó íàéá³ëü-
øîþ ì³öí³ñòþ â³äð³çíÿþòüñÿ çðàçêè, îòðèìàí³
ïðè âèêîðèñòàíí³ â�ÿæó÷î¿ êîìïîçèö³¿, ùî
ì³ñòèòü 40 % øëàêó òà 3 % ìåòàñèë³êàòó íàòð³þ
(ðèñ. 3 ä); íà 3, 7 òà 28 äîáó òåíäåíö³ÿ òðîõè
çì³íþºòüñÿ ³ íàéêðàù³ ì³öí³ñí³ ïîêàçíèêè ìà-
þòü êîìïîçèö³¿, ùî ì³ñòÿòü 40¸60 % øëàêó òà
1¸3 % ëóæíîãî êîìïîíåíòà (ðèñ. 3 ã, ä).

Íàéá³ëüøå ðîçøèðåííÿ ñòðîê³â òóæàâëåí-
íÿ äîñÿãàºòüñÿ ïðè âèêîðèñòàíí³ â�ÿæó÷èõ
ñèñòåì, ùî ì³ñòÿòü 60 % øëàêó òà 5 % ìåòàñè-
ë³êàòó íàòð³þ, êîëè ïî÷àòîê òóæàâëåííÿ ðîç-
øèðþºòüñÿ äî 37 õâ. (ðèñ. 3 â).

Ïðîòå ñë³ä â³äçíà÷èòè, ùî ïî÷àòîê òóæàâ-
ëåííÿ ùå íå â³äïîâ³äàº âèìîãàì ÄÑÒÓ Á.Â.
2.7-46-96. Äëÿ óñóíåííÿ öüîãî íåäîë³êó äî

Ðèñ. 3. Çì³íà ñòðîê³â òóæàâëåííÿ (à, á, â) òà ì³öí³ñíèõ ïîêàçíèê³â (ã, ä, å) çðàçê³â öåìåíòíîãî ò³ñòà íà îñíîâ³
øëàêîïîðòëàíäöåìåíòó, ìîäèô³êîâàíîãî ìåòàñèë³êàòîì íàòð³þ ó ê³ëüêîñò³ 1, 3, 5 %.
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ñêëàäó ëóæíèõ øëàêîïîðòëàíäöåìåíòíèõ â�ÿ-
æó÷èõ êîìïîçèö³é áóëî ââåäåíî óïîâ³ëüíþþ÷³
äîáàâêè, â òîìó ÷èñë³ ùàâëåâó êèñëîòó òà êàð-
áàì³ä ó ê³ëüêîñò³ 1,5 % â³ä ìàñè â�ÿæó÷î¿ ðå÷î-
âèíè. Ðåçóëüòàòè äîñë³äæåíü ïðåäñòàâëåí³ íà
ðèñ. 4 òà 5.

Äîáàâêè îðãàí³÷íîãî ïîõîäæåííÿ, âêëþ÷à-
þ÷è âèùåâêàçàí³, ìàþòü âëàñòèâîñò³ ïëàñòè-
ô³êàòîðà ³ âõîäÿòü äî ñêëàäó ÏÀÂ [7].

Ðåçóëüòàòè äîñë³äæåíü ñòðîê³â òóæàâ-
ëåííÿ ïðè âèêîðèñòàíí³ ùàâëåâî¿ êèñëîòè
(ðèñ. 4 à, á, â) ïîêàçóþòü ìîæëèâ³ñòü ðîçøè-

ðåííÿ ïî÷àòêó òóæàâëåííÿ â³ä 45 äî 55 õâ. òà
â³ä 49 äî 60 õâ. - â ðàç³ âèêîðèñòàííÿ êàðáàì³-
äó (ðèñ. 5 à, á, â). Íàéá³ëüø ñóòòºâèé åôåêò óïî-
â³ëüíåííÿ òóæàâëåííÿ ïðè âèêîðèñòàíí³
êîìïëåêñíî¿ äîáàâêè â ñêëàä³ ëóæíèõ øëàêîïîð-
òëàíäöåìåíò³â äîñÿãàºòüñÿ äëÿ êîìïîçèö³é, ùî
ì³ñòÿòü 40¸60 % øëàêó (ðèñ. 4 à, á, â; ðèñ. 5 à, á, â).

ßê ñâ³ä÷àòü ïðîâåäåí³ ô³çèêî-ìåõàí³÷í³
äîñë³äæåííÿ çðàçê³â íà îñíîâ³ ëóæíèõ øëàêî-
ïîðòëàíäöåìåíò³â, ìîäèô³êîâàíèõ îðãàí³÷íè-
ìè êîìïëåêñîóòâîðþþ÷èìè äîáàâêàìè, íà 1
äîáó íàéâèù³ ì³öí³ñí³ õàðàêòåðèñòèêè, à ñàìå

Ðèñ. 4. Çì³íà ñòðîê³â òóæàâëåííÿ (à, á, â) òà ì³öí³ñíèõ ïîêàçíèê³â (ã, ä, å) çðàçê³â öåìåíòíîãî ò³ñòà íà îñíîâ³
øëàêîïîðòëàíäöåìåíòó, ìîäèô³êîâàíîãî êîìïëåêñíîþ îðãàíî-ì³íåðàëüíîþ äîáàâêîþ, ùî ì³ñòèòü 1, 3,5 % ìå-
òàñèë³êàòó íàòð³þ òà 1,5 % ùàâëåâî¿ êèñëîòè.
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13¸13,5 ÌÏà, ìàþòü êîìïîçèö³¿, ùî ì³ñòÿòü
60% øëàêó òà 3% ìåòàñèë³êàòó íàòð³þ â ðàç³
âèêîðèñòàííÿ ÿê óïîâ³ëüíþâà÷³â òâåðä³ííÿ
ùàâëåâî¿ êèñëîòè (ðèñ. 4 ã, ä, å) òà êàðáàì³äó
(ðèñ. 5 ã, ä, å). Òàêà æ òåíäåíö³ÿ íàðîùóâàííÿ
ì³öíîñò³ ñïîñòåð³ãàºòüñÿ äëÿ â�ÿæó÷èõ êîìïî-
çèö³é ç âèùåâêàçàíèìè â³äñîòêàìè øëàêó òà
ìåòàñèë³êàòó íàòð³þ ³ íà 3, 7 òà 28 äîáó, êîëè
ì³öí³ñí³ ïîêàçíèêè çì³íþþòüñÿ â³äïîâ³äíî
ïðè âèêîðèñòàíí³ ùàâëåâî¿ êèñëîòè â³ä 20,5
äî 49,6 ÌÏà (ðèñ. 4 ä) òà ïðè çàñòîñóâàíí³ êàð-
áàì³äó - â³ä 20,8 äî 48,7 ÌÏà (ðèñ. 5 ä).

Äîñë³äæåííÿ ñòðîê³â òóæàâëåííÿ äîçâîëÿ-
þòü â³äçíà÷èòè ìàéæå îäíàêîâèé åôåêò â³ä ä³¿
çàñòîñîâàíèõ äîáàâîê - óïîâ³ëüíþâà÷³â, â òîìó
÷èñë³ ùàâëåâî¿ êèñëîòè òà êàðáàì³äó. Ùîäî
ì³öí³ñíèõ ïîêàçíèê³â, òî íàéá³ëüøèé åôåêò
ñïîñòåð³ãàºòüñÿ â³ä âèêîðèñòàííÿ ùàâëåâî¿
êèñëîòè çà ðàõóíîê ³íòåíñèâíîãî íàðîùóâàí-
íÿ ì³öíîñò³ ÿê íà 1, 3, 7 òà 28 äîáó òâåðä³ííÿ,
ùî ñÿãàº 49,6 ÌÏà ³ ïåðåâèùóº ì³öí³ñòü íå-
ìîäèô³êîâàíèõ øëàêîïîðòëàíäöåìåíò³â.

Ðèñ. 5. Çì³íà ñòðîê³â òóæàâëåííÿ (à, á, â) òà ì³öí³ñíèõ ïîêàçíèê³â (ã, ä, å) çðàçê³â öåìåíòíîãî ò³ñòà íà îñíîâ³
øëàêîïîðòëàíäöåìåíòó, ìîäèô³êîâàíîãî êîìïëåêñíîþ îðãàíî-ì³íåðàëüíîþ äîáàâêîþ, ùî ì³ñòèòü 1, 3,5 % ìå-
òàñèë³êàòó íàòð³þ òà 1,5 % êàðáàì³äó.
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Âèñíîâêè

Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü äîçâîëÿ-
þòü çðîáèòè îïòèì³ñòè÷íèé ïðîãíîç ùîäî
ìîæëèâîñò³ îòðèìàííÿ ëóæíèõ øëàêîïîðò-
ëàíäöåìåíò³â çà îäíîêîìïîíåíòíîþ ñõåìîþ,
ïðè÷îìó ñèíåðãåòè÷íèé åôåêò äîñÿãàºòüñÿ
ïðè âèêîðèñòàíí³ øëàêîïîðòëàíäöåìåíòíèõ
â�ÿæó÷èõ êîìïîçèö³é, ùî ì³ñòÿòü 40¸60 % øëà-
êó òà êîìïëåêñíó îðãàíî-ì³íåðàëüíó äîáàâêó,
ÿêà âêëþ÷àº ÿê ïðèñêîðþâà÷ òâåðä³ííÿ - ìå-
òàñèë³êàò íàòð³þ (ó ê³ëüêîñò³ 1¸3 % àáî
0,29¸0,88 % ó ïåðåðàõóíêó íà Na2O) òà ÿê óïî-
â³ëüíþâà÷ - ùàâëåâó êèñëîòó ó ê³ëüêîñò³ 1,5 %.
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