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Àííîòàöèÿ. Îïèñàíà ìåòîäèêà ðàñ÷åòà êîýôôèöèåíòà âÿçêîñòè ìèêðîðàçðóøåíèÿ ìíîãîñëîé-
íîãî êîìïîçèöèîííîãî ñîåäèíåíèÿ òâåðäûå ìåòàëëè÷åñêèå ïëåíêè — ïîëèìåðíûé ìàòåðèàë. Âÿçêîñòü
ìèêðîðàçðóøåíèÿ îïðåäåëÿåòñÿ ïðè àíàëèçå ñèñòåìû òðåùèí, ñôîðìèðîâàííîé â óñëîâèÿõ ëîêàëü-
íîãî íàãðóæåíèÿ ïèðàìèäêîé Âèêêåðñà ìíîãîñëîéíîãî êîìïîçèòà. Îáñóæäåíû òðåáîâàíèÿ ê ðàñ-
÷åòíûì ôîðìóëàì äëÿ ðàçëè÷íûõ ñëó÷àåâ. Ðàññìîòðåíà ñïåöèôèêà åãî ðàñ÷åòà äëÿ ñèììåòðè÷íûõ
è íåñèììåòðè÷íûõ îòïå÷àòêîâ îò ïèðàìèäêè Âèêêåðñà. Ïîêàçàíî, ÷òî ïðè èñïîëüçîâàíèè ïðåäëî-
æåííûõ ôîðìóë è àëãîðèòìîâ ìåòîä âûÿâëåíèÿ âÿçêîñòè ìèêðîðàçðóøåíèÿ ìîæåò áûòü èñïîëüçî-
âàí äëÿ ìíîãîñëîéíûõ êîìïîçèöèîííûõ ñîåäèíåíèé.
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Abstract

The properties of thin hard films with a thickness of about 30 μm deposited on a polymer coating take
a significant effect on the operation properties of such composite compounds. At the same time, there are
no reliable and generally accepted methods for revealing the mechanical properties of such composite
compounds and their claddings, especially for the case of multilayer coatings. The mechanical tests method,
which is rather sensitive to the properties of these materials, is required for the quality control of such coatings.
A special method for micro-fracturing viscosity at the local loading with the Vickers pyramid was tested
earlier for the single-layer composite compound.

The presented study describes a new method for the micro-fracture viscosity coefficient computing of
the multilayer composite compounds. The composite compound consists of the thin hard nano-crystalline
metallic films and polymeric material. The micro-fracture viscosity of a multilayer composite is being
determined by analyzing the features of the system of cracks formed under local loading by the Vickers
pyramid. The authors show that the recommended formulas and algorithms for the micro-fracture viscosity
determining may be employed for multilayer composites mechanical tests. It is demonstrated that the micro-
fracture viscosity determining of the two-layer amorphous-nano-crystal film compounds may be applied
to the multi-layer composite compounds with account for correction of the fracture micro-patterns analysis
method and computational formulas.

Based on the experimental data, specificity of determining the coating micro-fracture viscosity of the
multy-layer composite compounds is considered for the cases when local loading with the Vickers pyramid
does not allow creating the standard pattern of cracks, united into symmetrical nested figures.

The article proposes the technique and formulas for micro-fracture viscosity calculation for the cases
of linear and exponential dependence of the bulge height on loading on the indentor. Specifics of the micro-
fracture viscosity coefficient calculating of multi-layer composite compounds when the bulge height depends
non-monotonically on the loading on the indentor, which is the feature of many multilayer composite
compounds is being considered separately.

Keywords: micro-fracture of composites, multylayer composite, microindentation of composites,
microfracture viscosity
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Ââåäåíèå

Øèðîêîå ïðèìåíåíèå êîìïîçèöèîííûõ ìà-
òåðèàëîâ â àâèàöèîííîé ïðîìûøëåííîñòè [1—3]
ñâÿçàíî â ïåðâóþ î÷åðåäü ñ ïîÿâëåíèåì òåõíîëî-
ãèé ñîçäàíèÿ êîìïîçèöèîííûõ ñîåäèíåíèé ñ
õîðîøèìè ìåõàíè÷åñêèìè ñâîéñòâàìè. Ïî ðÿäó
õàðàêòåðèñòèê êîìïîçèöèîííûå ìàòåðèàëû íà-
ìíîãî ïðåâîñõîäÿò òðàäèöèîííûå [4—7]. Ìèðî-
âîé ðûíîê êîìïîçèòîâ äèíàìè÷íî ðàçâèâàåòñÿ,
âûñîêèå òåìïû ðàçâèòèÿ îïðåäåëÿþòñÿ øèðîêèì
ñïåêòðîì èõ ñâîéñòâ [8—11]. Òàêèå ìàòåðèàëû
øèðîêî èñïîëüçóþòñÿ â àâèàñòðîèòåëüñòâå çà
ñ÷åò âûñîêèõ ïðî÷íîñòíûõ õàðàêòåðèñòèê è íèç-
êîãî óäåëüíîãî âåñà. Ïðèìåíåíèå êîìïîçèöèîí-
íûõ ñîåäèíåíèé ñóùåñòâåííî ñíèæàåò  âåñ êîí-
ñòðóêöèè, íå ñíèæàÿ åãî ïðî÷íîñòü, ÷òî ïîçâî-
ëèò óâåëè÷èòü ìàññó ïîëåçíîé íàãðóçêè [12—15].

Äàííàÿ çàäà÷à ÿâëÿåòñÿ àêòóàëüíîé äëÿ ñîâðåìåí-
íîé àýðîêîñìè÷åñêîé ïðîìûøëåííîñòè Ðîññèé-
ñêîé Ôåäåðàöèè, ãäå íà äàííûé ìîìåíò âåäóòñÿ
ðàáîòû ïî èìïîðòîçàìåùåíèþ êîìïîçèöèîííûõ
ìàòåðèàëîâ.

Äëÿ ðàçðàáîòêè íîâûõ êîìïîçèöèîííûõ ìà-
òåðèàëîâ è îïðåäåëåíèÿ ðåæèìîâ èõ ýêñïëóàòà-
öèè òðåáóåòñÿ óìåòü ïðîâîäèòü êîððåêòíûå èç-
ìåðåíèÿ ìåõàíè÷åñêèõ ñâîéñòâ. Ââèäó ñïåöèôè-
êè êîìïîçèòîâ òðàäèöèîííûå ìåòîäû ìåõàíè÷åñ-
êèõ èñïûòàíèé, ðàçðàáîòàííûå äëÿ òðàäèöèîí-
íûõ ìàòåðèàëîâ, ìîãóò ïîêàçûâàòü íåêîððåêòíûå
ðåçóëüòàòû [16, 17].

Â [18, 19] ðàçðàáîòàí ìåòîä ìåõàíè÷åñêèõ
èñïûòàíèé äëÿ ïîâåðõíîñòíûõ ïîêðûòèé, êîòî-
ðûå ÿâëÿþòñÿ ñëèøêîì òîíêèìè äëÿ òðàäèöèîí-
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íûõ ìåòîäîâ ìåõàíè÷åñêèõ èñïûòàíèé; çäåñü òàê-
æå ïðåäëîæåíû ôîðìóëû, ïîçâîëÿþùèå ïðîâî-
äèòü ðàñ÷åò ìèêðîòâåðäîñòè è âÿçêîñòè ìèêðî-
ðàçðóøåíèÿ íà îñíîâå ýêñïåðèìåíòàëüíûõ èçìå-
ðåíèé. Òâåðäîñòü ïëåíêè íàõîäèòñÿ ïî ôîðìóëå,
â êîòîðîé ó÷èòûâàþòñÿ åå òîëùèíà, ìèêðîòâåð-
äîñòü êîìïîçèòíîãî ñîåäèíåíèÿ è ìèêðîòâåð-
äîñòü ïîäëîæêè, íà êîòîðîé óñòàíîâëåíà ïëåí-
êà.

Òàêæå èçâåñòåí ìåòîä [20] âûÿâëåíèÿ âÿçêî-
ñòè ìèêðîðàçðóøåíèÿ òîíêèõ òâåðäûõ ïëåíîê íà
ïîëèìåðíîé ïîäëîæêå. Ñóòü ìåòîäà çàêëþ÷àåò-
ñÿ â ôîðìèðîâàíèè ñèììåòðè÷íûõ ìèêðîêàðòèí,
îáðàçîâàííûõ òðåùèíàìè. Ìèêðîòðåùèíû ôîð-
ìèðóþò ñïåöèôè÷åñêèå ôèãóðû â âèäå âëîæåí-
íûõ êâàäðàòîâ â ìåñòå âîçäåéñòâèÿ ïèðàìèäêè
Âèêêåðñà. Ïî ýòîìó ìåòîäó ðàññ÷èòûâàþò êîýô-
ôèöèåíò âÿçêîñòè ìèêðîðàçðóøåíèÿ ïîêðûòèÿ
[20].

Îäíàêî äàííûé ìåòîä ïðåäíàçíà÷åí äëÿ èñ-
ñëåäîâàíèÿ ìàòåðèàëîâ, èìåþùèõ îäíîñëîéíîå
ïîêðûòèå, â òî âðåìÿ êàê ìíîãèå êîìïîçèöèîí-
íûå ñîåäèíåíèÿ ÿâëÿþòñÿ ìíîãîñëîéíûìè ëèáî
ñîñòîÿò èç íåñêîëüêèõ ìàòåðèàëîâ,  ðàñïîëîæåí-
íûõ â îïðåäåëåííîì ïîðÿäêå (èëè ñëó÷àéíûì îá-
ðàçîì) [18]. Â ðàáîòå [19] ïðîâåäåíû èñïûòàíèÿ
äâóõñëîéíûõ êîìïîçèöèîííûõ ñîåäèíåíèé: äâå
òâåðäûå ïë¸íêè ðàçäåëåíû ïîëèìåðíûì ìàòåðè-
àëîì è ðàçìåùåíû íà ïîëèìåðíîé ïîäëîæêå.
Ðåçóëüòàòû ïîêàçàëè, ÷òî â óñëîâèÿõ ëîêàëüíî-
ãî íàãðóæåíèÿ âîçìîæíî ôîðìèðîâàíèå ñèñòåì
òðåùèí â âèäå âëîæåííûõ êâàäðàòîâ, îäíàêî
êîëè÷åñòâî òàêèõ òðåùèí ñóùåñòâåííî ìåíüøå,
÷åì â [16, 17]. Ïðèìåíåíèå äëÿ òàêèõ ìàòåðèà-
ëîâ ìåòîäà ìåõàíè÷åñêèõ èñïûòàíèé, ïðåäëîæåí-
íîãî â [16, 17], áóäåò äàâàòü ñóùåñòâåííûå ïî-
ãðåøíîñòè. Ñëåäîâàòåëüíî, äëÿ ðàçðàáîòêè ìåòî-
äà ìåõàíè÷åñêèõ èñïûòàíèé, ïîçâîëÿþùåãî âû-
ÿâëÿòü âÿçêîñòü ìèêðîðàçðóøåíèÿ äâóõñëîéíûõ
êîìïîçèöèîííûõ ñîåäèíåíèé òâåðäûå ïëåíêè –
ïîëèìåðíàÿ ïðîñëîéêà è ïîëèìåðíîå îñíîâàíèå òðå-
áóþòñÿ äîïîëíèòåëüíûå èññëåäîâàíèÿ.

Òàêèì îáðàçîì, èññëåäîâàíèå ñïåöèôèêè
ìèêðîðàçðóøåíèÿ è ðàçðàáîòêà ñïåöèàëèçèðî-
âàííîãî ìåòîäà ìåõàíè÷åñêîãî èñïûòàíèÿ ÿâëÿ-
åòñÿ öåëüþ äàííîé ðàáîòû.

Ìåòîäèêà ýêñïåðèìåíòà

Èññëåäîâàíèå ïðîâîäèëîñü íà àìîðôíîì
ñïëàâå ìàðêè 82Ê3ÕÑÐ. Äëÿ ôîðìèðîâàíèÿ íà-
íîêðèñòàëëè÷åñêîé ñòðóêòóðû àìîðôíûé ñïëàâ
ïîäâåðãàëè èçîòåðìè÷åñêîìó îòæèãó. Íà îñíîâå
íàíîêðèñòàëëè÷åñêèõ ìåòàëëè÷åñêèõ ïëåíîê ñî-

çäàâàëè äâóõñëîéíûé êîìïîçèò ñ ïîëèìåðîì
ìàðêè HB BODY PRO F 211. Àìîðôíî-íàíîêðè-
ñòàëëè÷åñêèå ïëåíêè ñêëåèâàëè ñ ïîìîùüþ äàí-
íîãî ïîëèìåðà, à äàëåå îáðàçöû ñêëåèâàëè ñ ìå-
òàëëè÷åñêèì îñíîâàíèåì. Ìåòîäèêà ñîçäàíèÿ
äâóõñëîéíîãî êîìïîçèòíîãî ñîåäèíåíèÿ îïèñà-
íà â ðàáîòå [19]. Ìåõàíè÷åñêèå èñïûòàíèÿ ïðî-
âîäèëè íà òâåðäîìåðå ÏÌÒ-3, â êà÷åñòâå èíäåí-
òîðà èñïîëüçîâàëè ïèðàìèäêó Âèêêåðñà.

Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû
è èõ îáñóæäåíèå

Ýêñïåðèìåíòàëüíî óñòàíîâëåíû çàêîíîìåð-
íîñòè ðàçðóøåíèÿ äâóõñëîéíîãî êîìïîçèöèîí-
íîãî ñîåäèíåíèÿ. Ïðè íàãðóçêàõ äî 1 Í âîêðóã
îòïå÷àòêà ìèêðîòðåùèíû ïðàêòè÷åñêè íå âîçíè-
êàþò. Ïðè óâåëè÷åíèè íàãðóçîê ôèêñèðóåòñÿ
âîçíèêíîâåíèå ðàäèàëüíûõ ìèêðîòðåùèí (ðèñ. à)
è ìèêðîòðåùèí â âèäå ïîëóêîëåö, îïîÿñûâàþ-
ùèõ îòïå÷àòîê (ðèñ. á); ìèêðîòðåùèí â âèäå âëî-
æåííûõ êâàäðàòîâ (õàðàêòåðíûõ äëÿ îäíîñëîéíî-
ãî êîìïîçèöèîííîãî ñîåäèíåíèÿ) íå âîçíèêàëî.
Òàêèì îáðàçîì, ñòàíäàðòíàÿ ìåòîäèêà îïðåäåëå-
íèÿ âÿçêîñòè ìèêðîðàçðóøåíèÿ [17] îêàçûâàåò-
ñÿ íåïðèãîäíîé.

Â ðàáîòå [19] áûëà ïðåäëîæåíà ñëåäóþùàÿ
ôîðìóëà äëÿ îïðåäåëåíèÿ êîýôôèöèåíòà âÿçêî-
ñòè ìèêðîðàçðóøåíèÿ äëÿ äâóõñëîéíûõ êîìïî-
çèöèîííûõ ñîåäèíåíèé:

2
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=
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ãäå A — ðàáîòà, ñîâåðøàåìàÿ èíäåíòîðîì; d –
äèàìåòð îòïå÷àòêà; li – äëèíà òðåùèí.

Îäíàêî äàííàÿ ôîðìóëà áûëà ïðèâåäåíà áåç
àíàëèçà íåêîòîðûõ ÿâëåíèé, ñîïðîâîæäàþùèõ
ïðîöåññ ôîðìèðîâàíèÿ îòïå÷àòêà. Íå áûëè ïîä-
ðîáíî îïèñàíû äåéñòâèÿ ïî îïðåäåëåíèþ ðàáî-
òû, ñîâåðøàåìîé èíäåíòîðîì. Â [19] ïðåäëàãàåò-
ñÿ óòî÷íèòü ðàñ÷åò êîýôôèöèåíòîâ, âõîäÿùèõ â
ôîðìóëó (1). Ðàáîòà, ñîâåðøàåìàÿ èíäåíòîðîì
ïðè âäàâëèâàíèè, îïðåäåëÿåòñÿ êàê A = Fs cos α ,
ãäå F — ñèëà âäàâëèâàíèÿ; s — ãëóáèíà âäàâëè-
âàíèÿ èíäåíòîðà; α  — óãîë ìåæäó íèìè. Â ñëó-
÷àå êîãäà îíè íàïðàâëåíû â îäíó ñòîðîíó, α
ðàâåí 0. Îòìåòèì, ÷òî äëÿ êîìïîçèöèîííûõ ñî-
åäèíåíèé, âêëþ÷àþùèõ â ñåáÿ ïðî÷íûå òâåðäûå
ïëåíêè, ðàñïîëîæåííûå ïîä óãëîì ê ãîðèçîí-
òàëüíîé ïîâåðõíîñòè, âîçìîæíà ñèòóàöèÿ, êîã-
äà ðåçóëüòèðóþùàÿ ñèë ñîñòàâëÿåò óãîë α  ñ íà-
ïðàâëåíèåì ïåðåìåùåíèÿ ïèðàìèäêè. Â äàííîì
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ñëó÷àå ñèëà âäàâëèâàíèÿ F ÿâëÿåòñÿ íåêîòîðîé
ôóíêöèåé ãëóáèíû âäàâëèâàíèÿ. Äëÿ ñëó÷àÿ ëè-
íåéíîé çàâèñèìîñòè F = ks, ãäå k — êîýôôèöè-
åíò ïðîïîðöèîíàëüíîñòè, ðàâíûé îòíîøåíèþ
ïðèðàùåíèÿ ñèëû âäàâëèâàíèÿ ê ãëóáèíå âäàâ-
ëèâàíèÿ, çà êîòîðîå ïðîèçîøëî ýòî ïðèðàùåíèå

 / .k F sΔ Δ=  Òîãäà ,dA ksds=  à ðàáîòà áóäåò ðàâ-

íà

( )
2

1

2 2 2
2 1 2

1 1
2

.
2

s

s

A k sds k s s ks= = - =Ú

Èíäåíòèðîâàíèå äâóõñëîéíûõ è ìíîãîñëîé-
íûõ êîìïîçèöèîííûõ ñîåäèíåíèé èìååò îïðåäå-
ëåííûå îñîáåííîñòè. Â ÷àñòíîñòè, äëÿ ðÿäà êîì-
ïîçèòîâ î÷åíü òðóäíî èëè íåâîçìîæíî ïîëó÷èòü
ñèììåòðè÷íûå îòïå÷àòêè. Â ýòîé ñâÿçè ìåòîäè-

êà ìåõàíè÷åñêèõ èñïûòàíèé òðåáóåò ó÷åòà ñèì-
ìåòðèè ïðè ðàñ÷åòå âåëè÷èíû x.

Â ñëó÷àå èíäåíòèðîâàíèÿ ïèðàìèäêîé Âèê-
êåðñà è ôîðìèðîâàíèÿ ñèììåòðè÷íîãî îòïå÷àò-
êà â âèäå êâàäðàòà äëÿ ðàñ÷åòà ìèêðîòâåðäîñòè
ìàòåðèàëà èñïîëüçóþò äèàãîíàëü îòïå÷àòêà. Èç
ãåîìåòðè÷åñêèõ ðàñ÷åòîâ âûðàçèì ãëóáèíó âäàâ-
ëèâàíèÿ:

( )
.

7,000602792 2tg 682 2tg
2

d d d
s

λ
= = =

Ê ˆ ∞
Á ˜Ë ¯

Ïðè èíäåíòèðîâàíèè ïèðàìèäêîé Âèêêåðñà
è îáðàçîâàíèè ñèììåòðè÷íîãî îòïå÷àòêà â âèäå
êâàäðàòà, ãëóáèíà âäàâëèâàíèÿ áóäåò ìåíüøå åå
äèàãîíàëè â ~7 ðàç, à â ñëó÷àå èíäåíòèðîâàíèÿ
ïèðàìèäêîé Âèêêåðñà è ôîðìèðîâàíèÿ íåñèì-
ìåòðè÷íîãî îòïå÷àòêà â ôîðìóëå (2) ñòîèò âçÿòü
áîëüøóþ âåëè÷èíó äèàãîíàëè.

Ïðè ëèíåéíîé çàâèñèìîñòè ñèëû (ìåíÿåòñÿ
îò 0 äî Fmax) îò ãëóáèíû âäàâëèâàíèÿ (îò 0 äî x2)
ïîëó÷àåì

2max max 2
2

2

1
,

2 2

F F s
A s

x
= =

è, ñîîòâåòñòâåííî, ðàáîòó ìîæíî îïðåäåëèòü ñëå-
äóþùèì îáðàçîì:

max max7 .
2 14

d
F F d

A = =                  (2)

Â ôîðìóëó (1) äëÿ îïðåäåëåíèÿ âψ  — êîýô-

ôèöèåíòà âÿçêîñòè ìèêðîðàçðóøåíèÿ äëÿ äâóõ-
ñëîéíûõ êîìïîçèöèîííûõ ñîåäèíåíèé — ïîä-
ñòàâëÿåì ôîðìóëó (2):

2 3
max

â

1 1

24,5
1,75 .

14 n n

i i
i i

F d d Fd

l l

ψ

= =

= ◊ =

Â Â            
(3)

Èç ýêñïîíåíöèàëüíîé çàâèñèìîñòè ñèëû îò
ãëóáèíû âäàâëèâàíèÿ F = e s ñëåäóåò, ÷òî dA = e s ds.
Â îêîí÷àòåëüíîì âèäå ðàáîòà áóäåò ðàâíà

2
2 1 2

1

71 1.
s d

s s ss

s

A e ds e e e e= = - = - = -Ú

Äàëåå ðàññ÷èòàííóþ ðàáîòó ïðè ýêñïîíåíöè-
àëüíîé çàâèñèìîñòè ñèëû îò ãëóáèíû âäàâëèâà-
íèÿ ïîäñòàâëÿåì â ôîðìóëó (1):

Õàðàêòåðíûå ðàçíîâèäíîñòè ñèñòåì òðåùèí ïðè ìèê-
ðîèíäåíòèðîâàíèè ïèðàìèäêîé Âèêêåðñà: à — òðåùè-
íû â âèäå ïîëóêîëüöà, îïîÿñûâàþùåãî îòïå÷àòîê; á —
ðàäèàëüíûå òðåùèíû

à)

á)
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Äëÿ ñëîæíûõ çàâèñèìîñòåé ãëóáèíû âäàâëè-
âàíèÿ îò ñèëû, äåéñòâóþùåé íà èíäåíòîð, ðåêî-
ìåíäóåòñÿ èñïîëüçîâàòü óñòðîéñòâî, ïîçâîëÿþ-
ùåå â àâòîìàòè÷åñêîì ðåæèìå çàïèñûâàòü èí-
ôîðìàöèþ î ãëóáèíå âäàâëèâàíèÿ èíäåíòîðà è
ñèëå âäàâëèâàíèÿ, ïðè ýòîì ïðîâîäèòü ðàñ÷åò
÷èñëåííûì ìåòîäîì, íàïðèìåð, ïî ïðèâåäåííîìó
àëãîðèòìó:

1

,
N

i i
i

A F sΔ
=

= Â

ãäå const.i

s
s

N
= =

Äëÿ i ≥ 1äîëæíî âûïîëíÿòüñÿ óñëîâèå

{ }
1

, ,i

i

F
a b

F -
Œ

ãäå øàã ixΔ  è êîýôôèöèåíòû a è b ïîäáèðàþò-

ñÿ ïî ñòàíäàðòíîé ìåòîäèêå òàêèì îáðàçîì, ÷òî-
áû ïîâûñèòü òî÷íîñòü ðàñ÷åòà. Íàïðèìåð, êîýô-
ôèöèåíòû ìîãóò áûòü a = 0,9 è b = 1,1 äëÿ íåêî-

òîðîãî øàãà isΔ .

Âûïîëíåíèå êðèòåðèÿ { }
1

,i

i

F
a b

F -

Œ   ïîçâîëÿ-

åò èñêëþ÷èòü âîçìîæíîñòü ñêà÷êîîáðàçíîãî èç-
ìåíåíèÿ ñèëû F ìåæäó òî÷êàìè si-1 è si , ÷òî ìî-
æåò íåãàòèâíî ñêàçàòüñÿ íà òî÷íîñòè. Åñëè êðè-

òåðèé { }
1

,i

i

F
a b

F -

Œ  íå âûïîëíÿåòñÿ, øàã si ñëåäó-

åò ñîêðàòèòü, íàïðèìåð, âäâîå.

Âûâîäû

1. Èññëåäîâàíà ñïåöèôèêà ìèêðîðàçðóøåíèÿ
âíåøíåé òîíêîé àìîðôíî-íàíîêðèñòàëëè÷åñêîé
ïëåíêè ìíîãîñëîéíîãî êîìïîçèöèîííîãî ñîåäè-
íåíèÿ. Ïîêàçàíî, ÷òî ìåòîä îïðåäåëåíèÿ âÿçêî-
ñòè ìèêðîðàçðóøåíèÿ äâóõñëîéíûõ ñîåäèíåíèé
àìîðôíî-íàíîêðèñòàëëè÷åñêàÿ ìåòàëëè÷åñêàÿ
ïëåíêà – ïîëèìåð ìîæåò áûòü èñïîëüçîâàí äëÿ
ìíîãîñëîéíûõ êîìîçèöèîííûõ ñîåäèíåíèé, ñ
ó÷åòîì êîððåêöèè ìåòîäà àíàëèçà ìèêðîêàðòèí
ðàçðóøåíèÿ è ðàñ÷åòíûõ ôîðìóë.

2. Íà îñíîâàíèè ýêñïåðèìåíòàëüíûõ äàííûõ
ðàññìîòðåíà ñïåöèôèêà îïðåäåëåíèÿ âÿçêîñòè
ìèêðîðàçðóøåíèÿ ïîêðûòèÿ ìíîãîñëîéíûõ êîì-
ïîçèöèîííûõ ñîåäèíåíèé â òåõ ñëó÷àÿõ, êîãäà
ëîêàëüíîå íàãðóæåíèå ïèðàìèäêîé Âèêêåðñà íå
ïîçâîëÿåò ñîçäàòü ñòàíäàðòíóþ êàðòèíó èç òðå-
ùèí, îáúåäèíåííûõ â ñèììåòðè÷íûå âëîæåííûå
ôèãóðû.

3. Ïðåäëîæåíà ìåòîäèêà è ôîðìóëû ðàñ÷åòà
êîýôôèöèåíòà âÿçêîñòè ìèêðîðàçðóøåíèÿ äëÿ
ñëó÷àåâ ëèíåéíîé è ýêñïîíåíöèàëüíîé çàâèñè-
ìîñòè ãëóáèíû âäàâëèâàíèÿ îò íàãðóçêè íà èí-
äåíòîð. Îòäåëüíî ðàññìàòðèâàåòñÿ ñïåöèôèêà
ðàñ÷åòà êîýôôèöèåíòà âÿçêîñòè ìèêðîðàçðóøå-
íèÿ ìíîãîñëîéíûõ êîìïîçèöèîííûõ ñîåäèíå-
íèé, êîãäà ãëóáèíà âäàâëèâàíèÿ íåìîíîòîííî
çàâèñèò îò íàãðóçêè íà èíäåíòîð, ÷òî ÿâëÿåòñÿ
îñîáåííîñòüþ ìíîãèõ ìíîãîñëîéíûõ êîìïîçèöè-
îííûõ ñîåäèíåíèé.
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