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Âàëåíòèíà Èâàíîâíà Ëîãàíèíà
Ïåíçåíñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò àðõèòåêòóðû è ñòðîèòåëüñòâà,

Ïåíçà, Ðîññèÿ

Àííîòàöèÿ. Ïðèâåäåíû ñâåäåíèÿ î âåðîÿòíîñòè ðàñòðåñêèâàíèÿ çàùèòíî-äåêî-
ðàòèâíûõ ïîêðûòèé öåìåíòíûõ áåòîíîâ â ïðîöåññå ýêñïëóàòàöèè. Ñòàðåíèå ðàññìàò-
ðèâàåòñÿ êàê ñëó÷àéíûé ïðîöåññ èçìåíåíèÿ êîãåçèîííîé ïðî÷íîñòè ïîêðûòèé, ïðè
ýòîì ìàòåìàòè÷åñêîå îæèäàíèå è ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïðåäñòàâëÿåòñÿ
êàê ôóíêöèÿ îò êàêîãî-ëèáî âðåìåííîãî ïîêàçàòåëÿ. Îöåíåíà âåðîÿòíîñòü òðåùèíî-
îáðàçîâàíèÿ ïîêðûòèé ïðè òåðìîñòàðåíèè è äåéñòâèè óëüòðàôèîëåòîâîãî îáëó÷å-
íèÿ. Âûÿâëåíî, ÷òî â ïðîöåññå ñòàðåíèÿ ïðîèñõîäèò ýêñïîíåíöèàëüíîå ñíèæåíèå
êîãåçèîííîé ïðî÷íîñòè ïîêðûòèé è ðîñò âíóòðåííèõ íàïðÿæåíèé. Íàáëþäàåòñÿ
òåíäåíöèÿ ê ïîâûøåíèþ âåðîÿòíîñòè ðàñòðåñêèâàíèÿ ïîêðûòèé. Ïðèâåäåíû ðåêî-
ìåíäàöèè ïîäáîðà ðåöåïòóðû êðàñîê, ïîêðûòèÿ íà îñíîâå êîòîðûõ õàðàêòåðèçóþòñÿ
ïîâûøåííîé òðåùèíîñòîéêîñòüþ.
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Original article

EVALUATION OF THE PROBABILITY
OF CRACKING OF PAINT AND VARNISH COATINGS UNDER

THE INFLUENCE OF CLIMATIC FACTORS

Valentina I. Loganina
Penza State University of Architecture and Construction, Penza, Russia

Abstract. Information is given on the probability of cracking of protective and
decorative coatings of cement concrete during operation. The aging process is considered as
a random process of changing the cohesive strength of coatings, while the mathematical
expectation and standard deviation are presented as a function of some time indicator. The
probability of crack formation of coatings in the process of thermal aging and the action
of  ultraviolet irradiation is estimated. It was found that during the aging process, an
exponential decrease in the cohesive strength of coatings and an increase in internal stresses
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are observed. There is a tendency to increase the probability of coating cracking.
Recommendations are given for the selection of paint formulations, coatings based on
which are characterized by increased crack resistance.

Keywords: coatings, cracking, cohesive strength, probability
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Ââåäåíèå. Àíàëèç íàó÷íî-òåõíè÷åñêîé ëèòåðàòóðû è íàòóðíûõ îáñëåäî-
âàíèé ñîñòîÿíèÿ îêðàøåííîé ïîâåðõíîñòè ôàñàäîâ çäàíèé ñâèäåòåëüñòâóåò,
÷òî íàèáîëåå ðàñïðîñòðàíåííûì âèäîì ðàçðóøåíèÿ çàùèòíî-äåêîðàòèâíûõ
ïîêðûòèé ÿâëÿþòñÿ èõ ðàñòðåñêèâàíèå è îòñëàèâàíèå [1–4]. Â ñâÿçè ñ ýòèì
ïðîãíîçèðîâàíèå òðåùèíîñòîéêîñòè ïîêðûòèé ìîæåò áûòü îäíèì èç âàðèàí-
òîâ ðåøåíèÿ àêòóàëüíîé çàäà÷è – ïîâûøåíèÿ ñðîêà ñëóæáû çàùèòíî-äåêîðà-
òèâíûõ ïîêðûòèé.

Ðàñòðåñêèâàíèå ïîêðûòèé ïðîèñõîäèò, êîãäà âíóòðåííèå ðàñòÿãèâàþ-
ùèå íàïðÿæåíèÿ äîñòèãíóò çíà÷åíèÿ êîãåçèîííîé ïðî÷íîñòè ìàòåðèàëà
ïîêðûòèÿ, ò.å. [5, 6]

s = Rêîã, (1)

ãäå s – âíóòðåííèå íàïðÿæåíèÿ;
Rêîã – ïðåäåë êîãåçèîííîé ïðî÷íîñòè.

Âíóòðåííèå íàïðÿæåíèÿ íàðàñòàþò, à êîãåçèîííàÿ ïðî÷íîñòü ñíèæàåòñÿ,
â ïåðâóþ î÷åðåäü, èç-çà âîçäåéñòâèÿ íà ïîêðûòèå ðàçëè÷íûõ êëèìàòè÷åñêèõ
ôàêòîðîâ â ïðîöåññå ýêñïëóàòàöèè [7]. Ðàññìîòðèì ïðîöåññ ðàñòðåñêèâàíèÿ
ïîêðûòèé ñ ïðèìåíåíèåì ñòàòèñòè÷åñêîãî àíàëèçà âåðîÿòíîñòè ðàñòðåñêèâà-
íèÿ. Ñíèæåíèå êîãåçèîííîé ïðî÷íîñòè ïîêðûòèé â óñëîâèÿõ ýêñïëóàòàöèè
ìîæíî ïðåäñòàâèòü êàê ñëó÷àéíûé ïðîöåññ, ìàòåìàòè÷åñêîå îæèäàíèå è
ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå (ÑÊÎ) êîòîðûõ ÿâëÿþòñÿ ôóíêöèåé îò
êàêîãî-ëèáî âðåìåííîãî ïîêàçàòåëÿ (âðåìÿ òåðìîñòàðåíèÿ, âîçäåéñòâèÿ
ÓÔ-îáëó÷åíèÿ, óâëàæíåíèÿ è äð.) [8].

Èçìåíåíèå âåëè÷èíû Rêîã – ñëó÷àéíûé ïðîöåññ, â êàæäûé ìîìåíò âðå-
ìåíè êîòîðîãî ðàñïðåäåëåíèå ñëó÷àéíîé âåëè÷èíû ïîä÷èíÿåòñÿ íîðìàëü-
íîìó çàêîíó ñ ìàòåìàòè÷åñêèì îæèäàíèåì M tRk

( ) è ÑÊÎ s tRk
( ). Âåëè÷èíà

âíóòðåííèõ íàïðÿæåíèé s ðàññìàòðèâàåòñÿ êàê ôóíêöèÿ âðåìåíè s(t). Òîãäà
âåðîÿòíîñòü ðàñòðåñêèâàíèÿ P R( )êîã < s òàêæå áóäåò ôóíêöèåé âðåìåíè è îï-
ðåäåëÿåòñÿ êàê [9–11]
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Öåëü ðàáîòû – îöåíèòü âåðîÿòíîñòü ðàñòðåñêèâàíèÿ çàùèòíî-äåêîðà-
òèâíûõ ïîêðûòèé öåìåíòíûõ áåòîíîâ â ïðîöåññå ýêñïëóàòàöèè è ðàçðàáîòàòü
ðåêîìåíäàöèè ïî ïîâûøåíèþ ñòîéêîñòè ïîêðûòèé.

Â ðàáîòå ïðèìåíÿëè ïîëèâèíèëàöåòàòöåìåíòíóþ (ÏÂÀÖ) è ïîëèìåðèç-
âåñòêîâóþ (ÏÈ) êðàñêè. Áûëè ïðîâåäåíû èñïûòàíèÿ îêðàøåííûõ îáðàçöîâ
íà òåðìîñòàðåíèå (âûäåðæêà îáðàçöîâ ïðè òåìïåðàòóðå +50 °Ñ) è âîçäåéñò-
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âèå óëüòðàôèîëåòîâîãî îáëó÷åíèÿ. Èñòî÷íèêîì ÓÔ-îáëó÷åíèÿ ñëóæèëà
ðòóòíî-êâàðöåâàÿ ëàìïà ÏÐÊ-2.

Ïðåäåë ïðî÷íîñòè ïðè ðàñòÿæåíèè (êîãåçèîííóþ ïðî÷íîñòü) îïðåäå-
ëÿëè ïî ÃÎÑÒ 18299–72* «Ìàòåðèàëû ëàêîêðàñî÷íûå. Ìåòîä îïðåäåëå-
íèÿ ïðåäåëà ïðî÷íîñòè ïðè ðàñòÿæåíèè, îòíîñèòåëüíîãî óäëèíåíèÿ ïðè
ðàçðûâå è ìîäóëÿ óïðóãîñòè» íà ðàçðûâíîé ìàøèíå ÈÐ 5057-50. Ìåòîä
îñíîâàí íà ðàñòÿæåíèè èñïûòóåìîãî îáðàçöà ðàçìåðîì 0,7´10´50 ìì äî
ðàçðûâà ïðè ñêîðîñòè äåôîðìèðîâàíèÿ 1 ìì/ìèí. Èñïûòàíèÿ ïðîâîäèëè
ïðè òåìïåðàòóðå âîçäóõà t = 20±2 °Ñ è îòíîñèòåëüíîé âëàæíîñòè âîçäóõà
j = 65 %.

Ïðåäåë ïðî÷íîñòè ïðè ðàñòÿæåíèè ðàññ÷èòûâàëè ïî ðåçóëüòàòàì èñïû-
òàíèÿ íå ìåíåå ïÿòè îáðàçöîâ êàæäîãî ñîñòàâà. Ïðåäåë ïðî÷íîñòè ïðè ðàñòÿ-
æåíèè Rêîã, ÌÏà (Í/ìì2), äëÿ êàæäîãî îáðàçöà âû÷èñëÿëè ïî ôîðìóëå

R
F

S
êîã = , (3)

ãäå F – ðàñòÿãèâàþùàÿ íàãðóçêà â ìîìåíò ðàçðûâà, Í;
S – íà÷àëüíàÿ ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ îáðàçöà, ì2.

Âíóòðåííèå íàïðÿæåíèÿ îïðåäåëÿëè êîíñîëüíûì ìåòîäîì ñîãëàñíî
ÃÎÑÒ 13036–67 «Ëàêè è êðàñêè. Ìåòîä îïðåäåëåíèÿ âíóòðåííèõ íàïðÿ-
æåíèé â ëàêîêðàñî÷íûõ ïîêðûòèÿõ». Ðåçóëüòàòû èññëåäîâàíèé ïðèâåäåíû
â òàáëèöå.

Àíàëèç ïîëó÷åííûõ äàííûõ ïîêàçûâàåò, ÷òî äëÿ ÏÂÀÖ è ÏÈ ïîêðûòèé
ïðè òåðìîñòàðåíèè â íà÷àëüíûé ìîìåíò âðåìåíè (äî 50 ÷) íàáëþäàåòñÿ
ïîâûøåíèå êîãåçèîííîé ïðî÷íîñòè, âûçâàííîå ïðîöåññàìè ñòðóêòóðîîáðà-
çîâàíèÿ. Â ïîñëåäóþùåì ïðåâàëèðóþò ïðîöåññû äåñòðóêöèè è ïðîèñõîäèò
ñíèæåíèå êîãåçèîííîé ïðî÷íîñòè. Îäíàêî âèçóàëüíûé îñìîòð îêðàøåí-
íûõ îáðàçöîâ ñâèäåòåëüñòâóåò îá îòñóòñòâèè êàêèõ-ëèáî ïðèçíàêîâ ðàçðó-
øåíèÿ.

Ðîñò âíóòðåííèõ íàïðÿæåíèé â ÏÂÀÖ è ÏÈ ïîêðûòèÿõ íàáëþäàåòñÿ êàê
ïðè òåðìîñòàðåíèè, òàê è ïðè ÓÔ-îáëó÷åíèè. Ñòàáèëèçàöèÿ âíóòðåííèõ íà-
ïðÿæåíèé ïðîèñõîäèò ÷åðåç 100 ÷. Çíà÷åíèÿ âåðîÿòíîñòè ðàñòðåñêèâàíèÿ ïî-
êðûòèé, ðàññ÷èòàííûå â ñîîòâåòñòâèè ñ ôîðìóëîé (2), â ïðîöåññå ñòàðåíèÿ
ïðèâåäåíû íà ðèñóíêå.

Ïðè òåðìîñòàðåíèè âåðîÿòíîñòü ðàñòðåñêèâàíèÿ ÏÂÀÖ ïîêðûòèé çíà÷è-
òåëüíî âûøå, ÷åì ÏÈ ïîêðûòèé, íåñìîòðÿ íà áîëåå âûñîêîå ñðåäíåå çíà÷åíèå
êîãåçèîííîé ïðî÷íîñòè. Ýòî ñâÿçàíî ñ áîëåå èíòåíñèâíûì íàðàñòàíèåì âíóò-
ðåííèõ íàïðÿæåíèé è áîëüøèì ðàçáðîñîì íàáëþäàåìûõ çíà÷åíèé îêîëî
ñðåäíåãî [12].

Ïðè ÓÔ-îáëó÷åíèè èçìåíåíèå âåðîÿòíîñòè ðàñòðåñêèâàíèÿ ÏÈ ïî-
êðûòèé íîñèò áîëåå ïëàâíûé õàðàêòåð ïî ñðàâíåíèþ ñ ÏÂÀÖ ïîêðûòèÿ-
ìè, ÷òî ñâèäåòåëüñòâóåò î áîëüøåé òðåùèíîñòîéêîñòè ïîëèìåðèçâåñòêî-
âûõ ïîêðûòèé. Ñíèæåíèþ âåðîÿòíîñòè ðàñòðåñêèâàíèÿ ïîêðûòèÿ áóäåò
ñïîñîáñòâîâàòü óìåíüøåíèå âàðèàáåëüíîñòè ïîêàçàòåëÿ êîãåçèîííîé ïðî÷-
íîñòè, ÷òî äîñòèãàåòñÿ ñíèæåíèåì âàðèàòèâíîñòè êîìïîíåíòîâ ðåöåïòóðû
êðàñîê [13].
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Çíà÷åíèÿ êîãåçèîííîé ïðî÷íîñòè Rêîã, ÌÏà, è âíóòðåííèõ íàïðÿæåíèé
â ïîêðûòèÿõ

Values of cohesive strength and internal stresses in coatings

Ïîêàçàòåëü
Âðåìÿ t, ÷

0 50 100 150

Â ïðîöåññå òåðìîñòàðåíèÿ

ÏÂÀÖ ïîêðûòèå
ñðåäíåå çíà÷åíèå êîãåçèîííîé ïðî÷íîñòè M tRk

( ) 2,1 5,49 4,62 4,1

ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ÑÊÎ s tRk
( ) 0,308 0,823 0,693 0,615

çíà÷åíèÿ âíóòðåííèõ íàïðÿæåíèé s(t), ÌÏà 0,06 0,142 0,162 0,162

ÏÈ ïîêðûòèå
ñðåäíåå çíà÷åíèå êîãåçèîííîé ïðî÷íîñòè M tRk

( ) 1,87 2,75 2,11 2,04

ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ÑÊÎ s tRk
( ) 0,292 0,412 0,317 0,306

çíà÷åíèÿ âíóòðåííèõ íàïðÿæåíèé s(t), ÌÏà 0,025 0,03 0,07 0,07

Ïðè ÓÔ-îáëó÷åíèè

ÏÂÀÖ ïîêðûòèå
ñðåäíåå çíà÷åíèå êîãåçèîííîé ïðî÷íîñòè M tRk

( ) 2,1 4,62 4,4 4,36

ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ÑÊÎ s tRk
( ) 0,308 0,647 0,660 0,621

çíà÷åíèÿ âíóòðåííèõ íàïðÿæåíèé s(t), ÌÏà 0,05 0,065 0,093 0,097

ÏÈ ïîêðûòèå
ñðåäíåå çíà÷åíèå êîãåçèîííîé ïðî÷íîñòè M tRk

( ) 1,87 2,23 2,1 1,68

ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ÑÊÎ s tRk
( ) 0,292 0,334 0,325 0,248

çíà÷åíèÿ âíóòðåííèõ íàïðÿæåíèé s(t), ÌÏà 0,025 0,07 0,090 0,099

Èçìåíåíèå âåðîÿòíîñòè ðàñòðåñêèâàíèÿ ïðè òåðìîñòàðåíèè (à) è ïðè ÓÔ-îáëó÷å-
íèè (á)

1 – ÏÂÀÖ ïîêðûòèå; 2 – ÏÈ ïîêðûòèå

Change in the probability of cracking during thermal aging (a) and under UV-irradiation (b)
1 – PVAC coating; 2 – PI coating



Âûâîäû. Óñòàíîâëåíà áîëåå íèçêàÿ âåðîÿòíîñòü ðàñòðåñêèâàíèÿ ïîëè-
ìåðèçâåñòêîâûõ ïîêðûòèé ïî ñðàâíåíèþ ñ ïîëèâèíèëàöåòàòöåìåíòíûìè.
Ñíèæåíèþ âåðîÿòíîñòè ðàñòðåñêèâàíèÿ ïîêðûòèÿ áóäåò ñïîñîáñòâîâàòü ïîä-
áîð êîìïîíåíòîâ ðåöåïòóðû êðàñîê, õàðàêòåðèçóþùèõñÿ íèçêîé âàðèàáåëü-
íîñòüþ ïîêàçàòåëåé êà÷åñòâà.
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