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Ðàññìîòðåíà êëàññèôèêàöèÿ äîïîëíèòåëüíûõ êîíñòðóêòèâíûõ ïðèçíàêîâ-ýëåìåíòîâ
ïíåâìàòè÷åñêèõ óäàðíûõ ìåõàíèçìîâ. Ïðåäëîæåí ìåòîä îöåíêè êîíñòðóêòèâíûõ ðåøå-
íèé ìåõàíèçìîâ.

Ê ë þ ÷ å â û å ñ ë î â à: ïíåâìàòè÷åñêèå óäàðíûå ìåõàíèçìû, ïðèíöèïèàëüíàÿ ñõåìà, êàìå-
ðà ñåòåâîãî âîçäóõà, êàìåðà ðàáî÷åãî õîäà, êàìåðà õîëîñòîãî õîäà, ñòóïåí÷àòûé óäàðíèê.

Àíàëèç àëüòåðíàòèâíûõ è àâòîðñêèõ òåõíè÷åñêèõ ðåøåíèé.
Àíàëèçèðóÿ ïðèíöèïèàëüíûå êîíñòðóêòèâíûå ðåøåíèÿ, ïðåäñòàâëåííûå
â ñïðàâî÷íèêå [1], è ñîïðîâîæäàþùóþ èõ êëàññèôèêàöèþ ïðèçíàêîâ-ýëå-
ìåíòîâ ïíåâìîóäàðíûõ ìåõàíèçìîâ (ÏÓÌ), ìîæíî ñäåëàòü âûâîä î íåîá-
õîäèìîñòè äîïîëíåíèÿ êëàññèôèêàöèé [1] óòî÷íÿþùèìè êîíñòðóêòèâíû-
ìè ïðèçíàêàìè-ýëåìåíòàìè êîìáèíàöèé Ñ, Å è Ê.

Äëÿ êîíñòðóêòèâíûõ ðåøåíèé ïðèçíàêîâ Ñ, Å è Ê íåîáõîäèìû óòî÷-
íåíèÿ èñïîëíåíèÿ êàíàëîâ êðîìå óêàçàíèÿ «â» («íà») êàêîé äåòàëè êàíàë
âûïîëíåí. Òî åñòü êàíàë «â» ýëåìåíòå êðóãëîãî ñå÷åíèÿ: ïðÿìîé, êîíè÷å-
ñêèé, êîëåí÷àòûé, ñòóïåí÷àòûé è ò.ï. Êðîìå îòìå÷åííîãî êàíàë «íà» ýëå-
ìåíòå: ïàç ïðÿìîé, ïàç ïîä óãëîì ê îáðàçóþùåé; ëûñêà ïðÿìàÿ, ñòóïåí÷à-
òàÿ, íàêëîííàÿ; ñ ðàçëè÷íîé ãëóáèíîé âûðåçà ïî äëèíå, â êàêîì íàïðàâ-
ëåíèè ïðîõîäíîå ñå÷åíèå ëûñêè óâåëè÷èâàåòñÿ èëè óìåíüøàåòñÿ;
âèíòîâîé êàíàë è ò.ï. Âñå ïåðå÷èñëåííûå êàíàëû ïîëîæåíèÿ «â» è «íà»
ìîãóò âûïîëíÿòüñÿ ðàçëè÷íîé ôîðìû â ïîïåðå÷íîì ñå÷åíèè: ïðÿìîóãîëü-
íîé, òðåóãîëüíîé, òðàïåöåèäàëüíîé, îâàëüíîé (÷àñòü îêðóæíîñòè èëè ýë-
ëèïñà) è ò.ï.

Êîíñòðóêòîð ïðè âûáîðå òîãî èëè èíîãî ðåøåíèÿ èñõîäèò èç óñëîâèé
ðàáîòû ïíåâìàòè÷åñêîãî óäàðíîãî ìåõàíèçìà. Íàïðèìåð, êàíàëû â âèäå
ëûñêè ñîäåðæàò ìåíüøåå êîëè÷åñòâî êîíöåíòðàòîðîâ íàïðÿæåíèé â ñðàâ-
íåíèè ñ ïàçîì; íàêëîííûå è âèíòîâûå êàíàëû áîëåå ýôôåêòèâíî î÷èùà-
þò ïîâåðõíîñòü, ñ êîòîðîé îíè êîíòàêòèðóþò â äâèæåíèè; êàíàëû «â»
ýëåìåíòå áîëüøå ðàñïîëîæåíû ê çàñîðåíèþ.

Ðàññìîòðåííûå ïðèìåðû èñïîëíåíèÿ ïðèâîäÿò ê óâåëè÷åíèþ èëè
ñíèæåíèþ ïðî÷íîñòè äåòàëè, íàäåæíîñòè çàñîðåíèé è ñîõðàíåíèÿ ïðî-
õîäíîãî ñå÷åíèÿ âîçäóõîïîäâîäÿùåãî êàíàëà.

Âñå îòìå÷åííîå ïðèâîäèò ê ïîëîìêàì äåòàëåé, óâåëè÷åíèþ òðåíèÿ
ìåæäó ïîäâèæíûìè êîíòàêòèðóþùèìè äåòàëÿìè, íàðóøåíèþ ðàáî÷åãî
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ïðîöåññà ïíåâìàòè÷åñêîãî óäàðíîãî ìåõàíèçìà è ñíèæåíèþ ýôôåêòèâíî-
ñòè ïðèìåíåíèÿ íàäåæíûõ è ýêîëîãè÷åñêè ÷èñòûõ ïíåâìàòè÷åñêèõ ìà-
øèí óäàðíîãî äåéñòâèÿ.

Äîïîëíåíèÿ ê êëàññèôèêàöèÿì ïðèçíàêîâ-ýëåìåíòîâ êîíñò-
ðóêòèâíûõ ïðèçíàêîâ ñðåäñòâ âïóñêà-âûïóñêà. Äîïîëíåíèÿ ó÷è-
òûâàþò óòî÷íåíèÿ êîíñòðóêòèâíûõ ïðèçíàêîâ-ýëåìåíòîâ äëÿ âïóñêà, ïå-
ðåïóñêà è âûïóñêà âîçäóõà â ÏÓÌ. Íå íàðóøàÿ îáùåé ñòðîéíîñòè ïî-
ñòðîåíèé [1, 2], â äîïîëíåíèè ê íèì ñîõðàíÿþòñÿ ñèìâîëû êîäîâ äëÿ
ñðåäñòâ âïóñêà Ñ è äîáàâëÿåòñÿ çíàê (�), íàïðèìåð, C�, ÷òî óêàçûâàåò íà
áîëåå òî÷íîå èñïîëíåíèå êîíñòðóêòèâíîãî ïðèçíàêà-ýëåìåíòà. Ïîñêîëü-

Ä.Ý. Àáðàìåíêîâ, Ý.À. Àáðàìåíêîâ, Ò.Þ. Âèãîâñêàÿ è äð.
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Êëàññèôèêàöèÿ ïðèçíàêîâ-ýëåìåíòîâ, óòî÷íÿþùèõ êîíñòðóêòèâíîå èñïîëíåíèå
ñðåäñòâ âîçäóõîïðîâîäà, âîçäóõîðàñïðåäåëåíèÿ, âèäû âûïóñêà è óäàëåíèÿ
îòðàáîòàâøåãî âîçäóõà â ïíåâìàòè÷åñêèõ ìîëîòàõ

Äèíàìè÷åñêèå ïðèçíàêè Êîíñòðóêòèâíûå ïðèçíàêè

êîä áàçîâûå êîä äîïîëíèòåëüíûå êîä áàçîâûå

1 2 3 4 5 6

Ñ�
Ñðåäñòâà âîçäóõîïîäâî-
äà ê ñðåäñòâàì âîçäóõî-

ðàñïðåäåëåíèÿ

a�

Êàíàë êðóãëîãî
ñå÷åíèÿ

1� Â (íà) ñòåðæíå íåïîäâèæåí

2� Â (íà) ñòåðæíå ïîäâèæåí

3� Â (íà) òðóáêå íåïîäâèæåí

4� Â (íà) òðóáêå ïîäâèæåí

5� Â (íà) êîðïóñå äëÿ óäàðíèêà

6� Â (íà) óäàðíèêå

7� Â (íà) øòîêå óäàðíèêà

8� Â (íà) ïîðøíå óäàðíèêà

9� Â (íà) ìóôòå

01� Â (íà) âòóëêå

02� Â (íà) ñòàêàíå

03� Â (íà) íàêîâàëüíå

04� Â (íà) íàïðàâëÿþùåé

05� Â (íà) êèíåìàòè÷åñêîì çâåíå

b� Êàíàë-ùåëü Òî æå 1�- 05�

c� Êàíàë-ïàç » »

d� Êàíàë-ëûñêà » »

e� Êàíàë êîëåí÷àòûé » »

f� Êàíàë ÿðóñíûé » »

g� Êàíàë-âûòî÷êà » »

h� Êàíàë-ïðîòî÷êà » »

i� Êàíàë âèíòîâîé » »

j� Êàíàë êîëüö., ùåëü » »

E� Ñðåäñòâà ïåðåïóñêà Òî æå a�–j�
àíàëîãè÷íî Ñ�

Òî æå 1�-05�

K�
Ñðåäñòâà âûïóñêà îòðà-
áîòàâøåãî âîçäóõà â àò-

ìîñôåðó

Àíàëîãè÷íî Ñ�
òî æå a�–j�

» »



êó ôóíêöèîíàëüíî Ñ è Ñ� ìîãóò áûòü ðàçëè÷íûìè, òî æåëàòåëüíî óêàçû-
âàòü ïîñëåäîâàòåëüíî îáà ñèìâîëà. Ýòè æå îáîçíà÷åíèÿ ðàñïðîñòðàíÿþò-
ñÿ íà îñòàëüíûå êîìáèíàöèè îñíîâíûõ è äîïîëíèòåëüíûõ ïðèçíàêîâ-ýëå-
ìåíòîâ äëÿ ñðåäñòâ, âêëþ÷àþùèõ D è D�, Å è Å�, F è F�, G è G�, H è H�, K
è K�. Ñðåäñòâà D, E, F, G, H è K ïðèâåäåíû â òàáëèöå êëàññèôèêàöèè
[1, 2]. Ñðåäñòâà C� è K� ïðåäñòàâëåíû â òàáëèöå.

Êëàññèôèêàöèÿ äîïîëíèòåëüíûõ óòî÷íÿþùèõ êîíñòðóêòèâíîå èñïîë-
íåíèå ïðèçíàêîâ-ýëåìåíòîâ C�, Å�, K� îò 1� äî 05� ïíåâìàòè÷åñêèõ ìîëîòîâ
íå ïðåòåíäóåò íà ïîëíîòó îïèñàíèÿ ìîëîòîâ ñ ÏÓÌ, íî ïîçâîëÿåò îðèåí-
òèðîâàòüñÿ â ñîçäàííîé êîíñòðóêöèè è áîëåå óäà÷íî ïðè áîëåå ãëóáîêîì
çíàíèè íàçíà÷åíèÿ è ôèçèêî-ìàòåìàòè÷åñêèõ è äðóãèõ ñâîéñòâ ïðèçíà-
êîâ-ýëåìåíòîâ.

Ïðè àíàëèçå ïðèíöèïèàëüíûõ ñõåì ïðèìåíåí àëãîðèòì ïîñëåäîâà-
òåëüíîñòè ðàññìîòðåíèÿ, ïðåäñòàâëåííûé áëîê-ñõåìîé íà ðèñ. 1.

Ñèíòåç ïðèíöèïèàëüíûõ ñõåì ïíåâìàòè÷åñêèõ óäàðíûõ ìå-
õàíèçìîâ äëÿ ïðîõîä÷èêà ñêâàæèí áåñòðàíøåéíûì ñïîñîáîì.
Ñèíòåç ìåõàíèçìîâ îñíîâàí íà ïðèçíàêàõ-ýëåìåíòàõ êëàññèôèêàöèé
[1, 2]. Ïðèìåíåíèå èçâåñòíûõ ïðèçíàêîâ-ýëåìåíòîâ â íîâûõ êîìáèíàöèÿõ
ïîçâîëÿåò ïîëó÷èòü íîâûå êà÷åñòâà ìåõàíèçìà ñ ó÷åòîì åãî ïðèìåíåíèÿ,
íàïðèìåð â ïíåâìîïðîáîéíè-
êàõ, êàê áåç îòáîðà ãðóíòà ïî
òðàññå ïðîõîäêè ñêâàæèíû,
òàê è ÷àñòè÷íûì îòáîðîì
ãðóíòà è òðàíñïîðòèðîâàíèåì
åãî íà äíåâíóþ ïîâåðõíîñòü, à
òàêæå ÷àñòè÷íûì óïëîòíåíè-
åì â ñòåíêè ñêâàæèí.

Íàáîð ïðèçíàêîâ-ýëåìåí-
òîâ, îáåñïå÷èâàþùèõ ïðåèìó-
ùåñòâà ïåðåä óæå èçâåñòíûìè
ìåõàíèçìàìè [1, 2], îñóùåñòâ-
ëÿåòñÿ ñ öåëüþ ñíèæåíèÿ
óäåëüíîãî ðàñõîäà âîçäóõà çà
ñ÷åò îñóùåñòâëåíèÿ åãî ïåðå-
ïóñêà ìåæäó êàìåðàìè ñ ïî-
ñëåäóþùèì âûïóñêîì îòðàáî-
òàâøåãî âîçäóõà òîëüêî ÷åðåç
êàìåðó õîëîñòîãî õîäà, èñêëþ-
÷àÿ åãî âûïóñê ÷åðåç áîêîâûå
ñòåíêè ìåõàíèçìà. Ïðè ýòîì
ïðåäóñìàòðèâàåòñÿ öåíòðàëü-
íàÿ òðóáêà äëÿ ãðóíòîïðîâîäà
è âîçìîæíîñòü îñóùåñòâëåíèÿ
äâóõ ñèñòåì âîçäóõîïîäâîäà â
ðàáî÷èå êàìåðû äðîññåëüíîãî
ÏÓÌ ñî âñåì íàáîðîì åãî ïî-
ëîæèòåëüíûõ êà÷åñòâ [3, 4] è
äðîññåëüíî-áåççîëîòíèêîâîãî
ÏÓÌ ñ äîïîëíèòåëüíûì ïîä-

Ñèíòåç è àíàëèç ïíåâìàòè÷åñêèõ óäàðíûõ ìåõàíèçìîâ ïðè âûáîðå...
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Ðèñ. 1. Áëîê-ñõåìà âçàèìîñâÿçåé ïðèçíàêîâ-ýëå-
ìåíòîâ ìåõàíèçìà



âîäîì âîçäóõà â îäíó èç ðàáî÷èõ êàìåð, íàïðèìåð, â êàìåðó õîëîñòîãî
õîäà [5].

Îáå ñèñòåìû âîçäóõîïîäâîäà ïíåâìàòè÷åñêîãî óäàðíîãî ìåõàíèçìà
äîëæíû îáåñïå÷èâàòü íåïðåðûâíîå åãî äâèæåíèå.

Öåëåñîîáðàçíî ïðåäóñìàòðèâàòü ñíèæåíèå ñèë îòäà÷è, ÷åì ñíèæàòü
îòõîä êîðïóñà â ñòîðîíó, îáðàòíóþ íàïðàâëåíèþ äâèæåíèÿ ïî òðàññå
ñêâàæèíû. Îòìå÷åííîå ïîçâîëèò èñïîëüçîâàòü áîëåå ïîëíî ýíåðãèþ óäà-
ðà äëÿ äâèæåíèÿ ìåõàíèçìà â íàïðàâëåíèè ïðîõîäêè ñêâàæèíû. Íàïðè-
ìåð, ñòóïåí÷àòûå óäàðíèêè ïîçâîëÿþò ðåçåðâèðîâàòü êîëüöåâûå îáúåìû
êàìåð ðàáî÷åãî õîäà âîêðóã ðàñïðåäåëèòåëüíûõ êàìåð, â êîòîðûõ ïåðåìå-
ùàåòñÿ øòîêîâàÿ ÷àñòü óäàðíèêà.

Ðàññìîòðèì ïðèìåðû ñ äâóõêàíàëüíîé òðóáêîé ñ ïîäâîäîì è îòâîäîì
âîçäóõà áåç öåíòðàëüíîé òðóáû ãðóíòîïðîâîäà è îäíîêàíàëüíîé òðóáêè
òîëüêî ñ îòâîäîì îòðàáîòàâøåãî âîçäóõà. Îáà âàðèàíòà ïðåäóñìàòðèâàþò
ïðèìåíåíèå òðóáû ãðóíòîïðîâîäà.

Àíàëèç è âûáîð ïíåâìàòè÷åñêîãî óäàðíîãî ìåõàíèçìà äëÿ
ïðîõîä÷èêà ñêâàæèí â ãðóíòîâûõ ñðåäàõ. Ïðåäñòàâëÿåòñÿ, ÷òî âñå
êîíñòðóêòèâíûå ïðèçíàêè-ýëåìåíòû îáóñëîâëèâàþòñÿ è íåñóò èíôîðìà-
öèþ î äèíàìè÷åñêèõ ïðèçíàêàõ-ýëåìåíòàõ êîíêðåòíîãî ÏÓÌ.

Â äàííîì ðàçäåëå äëÿ àíàëèçà ïðåäñòàâëåíû ñõåìû ÏÓÌ, ïîñòðîåí-
íûå íà ïðèçíàêàõ-ýëåìåíòàõ, âëèÿþùèõ íà ðàáî÷èé ïðîöåññ êàê èçâåñò-
íûõ, òàê è ñèíòåçèðîâàííûõ â ñâÿçè ñ çàäà÷åé âûáîðà ëó÷øåãî òåõíè÷å-
ñêîãî ðåøåíèÿ, óäîâëåòâîðÿþùåãî óñëîâèÿì áåñòðàíøåéíîé ïðîõîäêè
ñêâàæèí ñ ÷àñòè÷íûì óäàëåíèåì ãðóíòà ÷åðåç ãðóíòîïðîâîä è ÷àñòè÷íûì
óïëîòíåíèåì ãðóíòà äëÿ ñîçäàíèÿ óñòîé÷èâûõ ñòåíîê ñêâàæèíû íà âðåìÿ
ïðîõîäêè òðàññû.

Ñõåìû, çàùèùåííûå ïàòåíòàìè ÐÔ [6–8] (ðèñ. 2–5), è ñèíòåçèðîâàí-
íûå ñõåìû (ðèñ. 6–9) óäîâëåòâîðÿþò ïðîöåññó ïðîõîäêè ñêâàæèí.
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Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà ïî ïàòåíòó ÐÔ [6] è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ



Ñõåìû (ñì. ðèñ. 2–9) ïîñòðîåíû è ïðåäñòàâëåíû â âèäå ñòðóêòóðíûõ
ôîðìóë ñîãëàñíî ñèíòåçó ïî êëàññèôèêàöèè [1]. Àíàëèç ñòðóêòóðíûõ
ôîðìóë âûïîëíåí ñ ïîñëåäóþùèì èñêëþ÷åíèåì ïîäîáíûõ êîìáèíàöèé
â ñòðîêàõ, ÷òî ïîçâîëÿåò îöåíèâàòü òîëüêî ðàçëè÷íûå êîìáèíàöèè è óï-
ðîùàåò ïðîöåññ àíàëèçà çíà÷èòåëüíîãî êîëè÷åñòâà îäíîâðåìåííî ðàñ-
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Ðèñ. 3. Ïðèíöèïèàëüíàÿ ñõåìà ïî ïàòåíòó ÐÔ [7]
è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ

Ðèñ. 4. Ïðèíöèïèàëüíàÿ ñõåìà ïî ïàòåíòó ÐÔ [8]
è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ



ñìàòðèâàåìûõ ÏÓÌ. Ñõåìû (ðèñ. 2–9) ñíàáæåíû ïîëíûìè ñòðóêòóðíû-
ìè ôîðìóëàìè (À)–(È), âûïîëíåííûìè ñ ïðèìåíåíèåì îáîçíà÷åíèé,
ïðèíÿòûõ â òàáëèöå, è òàáëèö ïðèçíàêîâ-ýëåìåíòîâ, çàèìñòâîâàííûõ èç
ðàáîò [1, 2].
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Ðèñ. 5. Ïðèíöèïèàëüíàÿ ñõåìà ïî ïàòåíòó ÐÔ [8]
è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ

Ðèñ. 6. Ïðèíöèïèàëüíàÿ ñõåìà ìåõàíèçìà, ñèíòåçèðîâàííîãî ïî [1, 2],
è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ



Ïðè ñðàâíåíèè ìåõàíèçìîâ îïóñòèì íåó÷àñòâóþùèå â ðàáî÷åì ïðî-
öåññå ÏÓÌ ïðèçíàêè-ýëåìåíòû, îòíîñÿùèåñÿ ê êîíñòðóêòèâíîìó èñïîë-
íåíèþ. Ãðàôè÷åñêîå èçîáðàæåíèå ïðèçíàêîâ-ýëåìåíòîâ ïðåäñòàâèì â
ñëåäóþùåì îïèñàíèè â âèäå ôîðìóë, ïîäîáíî [1, 2].
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Ðèñ. 7. Ïðèíöèïèàëüíàÿ ñõåìà ìåõàíèçìà, ñèíòåçèðîâàííîãî ïî [1, 2],
è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ

Ðèñ. 8. Ïðèíöèïèàëüíàÿ ñõåìà ìåõàíèçìà, ñèíòåçèðîâàííîãî ïî [1, 2],
è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ



Ñîãëàñíî ðèñ. 2–9, ñîâîêóïíîñòü ïðèçíàêîâ-ýëåìåíòîâ â âèäå êîìáè-

íàöèè
Be

Ah Ca
2

2 2

ïîâòîðÿåòñÿ äëÿ âñåõ 1 è 2 ñòðîê ðàññìîòðåííûõ ñõåì

ÏÓÌ è èõ ïðè àíàëèçå ìîæíî îïóñòèòü, òàê êàê îíè îáëàäàþò îäèíàêî-
âûìè ñâîéñòâàìè.

Ñëåäîâàòåëüíî, ñðàâíåíèþ ïîäëåæàò êîìáèíàöèè ïðèçíàêîâ-ýëåìåí-
òîâ ÏÓÌ, ïðåäñòàâëåííûå äâóìÿ íèæíèìè (3 è 4) ñòðîêàìè:

Ah Ca C i C j Kf

Ag h Ce C c Kf
2 23 57 57 23

1 2 34 71 23

� � � �

� �
�

�
�

�

�
�, (À�)

Ah Ca C c C b Kf

Ag h Ce C c Kf
2 23 57 57 23

1 2 34 71 23

� � � �

� �
�

�
�

�

�
�, (Á�)

Ah Ca C c Ñb Kf

Ag h Ce C ñ Kf
2 23 57 57 23

1 2 34 71 23

� � �

� �
�

�
�

�

�
�, (Â�)

Ah Ca C d Kf

Ag h Ce C c Kf
2 23 75 23

1 2 34 71 23

� �

� �
�

�
�

�

�
�, (Ã�)

Ah Ca C d C i Kf

Ag h Ca Kf
2 23 57 57 35

1 2 5 35

� � ��

�
�

�

�
�, (Ä�)

Ah i Ca C d C i Kf

Ag h Ca Kf
2 3 23 23 57 35

1 2 5 35

� � � ��

�
�

�

�
�, (Å�)
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Ðèñ. 9. Ïðèíöèïèàëüíàÿ ñõåìà ìåõàíèçìà, ñèíòåçèðîâàííîãî ïî [1, 2],
è ñòðóêòóðíàÿ ôîðìóëà îïèñàíèÿ



Ah Ca C j Ef E d Kf

Ag h Ef E d Kf
2 23 56 23 57 35

1 2 23 58 35

� � � �

� �
�

�
�

�

�
�, (Æ�)

Ah i Ca Ef E d Kf

Ag h Ef E d Kf
2 3 23 23 57 35

1 2 23 58 35

� �

� �
�

�
�

�

�
�, (È�)

Î÷åâèäíî, ÷òî â ïðåäñòàâëåíèè äâóõ íèæíèõ ñòðîê êîìáèíàöèè çàïè-

ñè ÏÓÌ îäèíàêîâûå êîìáèíàöèè
Ah Ca C j

Ag h
2 23 57

1 2

� �	



��

�


�� õàðàêòåðèçóþò îäèíà-

êîâûå êà÷åñòâåííûå ñâîéñòâà äëÿ � �C b57 , � �C i57 è èõ èç àíàëèçà ìîæíî èñ-
êëþ÷èòü.

Òàêèì îáðàçîì, äëÿ âûáîðà íàèáîëåå ïåðñïåêòèâíîãî ÏÓÌ äëÿ ïðî-
õîäêè ïîäçåìíûõ ñêâàæèí áåñòðàíøåéíûì ñïîñîáîì èç ðàññìîòðåííûõ
âàðèàíòîâ ïðîàíàëèçèðóåì êîìáèíàöèè:

� �

� �
�

�
�

�

�
�

C i Kf

Ce C c Kf
57 23

34 71 23

, (À��)

� �

� �
�

�
�

�

�
�

C c Kf

Ce C c Kf
57 23

34 71 23

, (Á��)

� �

� �
�

�
�

�

�
�

C c Kf

Ce C c Kf
75 23

34 71 23

, (Â��)

� �

�
�

�
�

�

�
�

C d Kf

Ce Cc Kf
75 23

34 71 23

, (Ã��)

� ��

�
�

�

�
�

C d Kf

Ca Kf
23 35

5 35

, (Ä��)

Ai C d Kf

Ca Kf

� � ��

�
�

�

�
�

3 23 35

5 35

, (Å��)

Ef E d

Ef E d Kf
23 57

23 58 35

� �

� �
�

�
�

�

�
�, (Æ��)

Ai Ef E d

Ef E d Kf

� � �

� �
�

�
�

�

�
�

3 23 57

23 58 35

. (È��)

Âûáîð êîìáèíàöèè ñ ïðèçíàêîì �i9 áóäåò ïðèâëåêàòåëåí äëÿ ðó÷-
íûõ ìàøèí óäàðíîãî äåéñòâèÿ, ãäå æåëàòåëüíî ñíèçèòü ñèëû îòäà÷è è
âèáðàöèè êîðïóñà, îòäàâàÿ ïðåäïî÷òåíèå ñíèæåíèþ ñèëîâûõ è âèáðàöè-
îííûõ õàðàêòåðèñòèê êîðïóñà [3, 4]. Îäíàêî ñëåäóåò çàìåòèòü, ÷òî ïíåâ-
ìàòè÷åñêèå ìàøèíû óäàðíîãî äåéñòâèÿ ñ ýíåðãèÿìè åäèíè÷íîãî óäàðà
èçìåðÿåìûõ (103...1003) êÄæ òàêæå áóäóò íóæäàòüñÿ â ãàøåíèè ñèë
îòäà÷è, îáóñëîâëèâàþùèõ çíà÷èòåëüíûé îòõîä êîðïóñà â íàïðàâëåíèè,
îáðàòíîì äâèæåíèþ ïî òðàññå ñêâàæèíû, è ìîæåò ñíèçèòü ñêîðîñòü
åå ïðîõîäêè.
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Êîìáèíàöèè Æ�� è È�� ïðåäïî÷òèòåëüíû, ïîñêîëüêó âûïóñê îòðàáî-
òàâøåãî âîçäóõà îñóùåñòâëÿåòñÿ òîëüêî îäíîé êàìåðîé õîëîñòîãî õîäà,
÷òî îáóñëîâëèâàåò ñíèæåíèå ðàñõîäà âîçäóõà ÏÓÌ è â áîëüøèíñòâå
ñëó÷àåâ ïðåäïî÷òèòåëüíî äëÿ ïîâûøåíèÿ ýêîíîìè÷íîñòè ïðîöåññà ïðî-
õîäêè ñêâàæèí ñ ïíåâìîòðàíñïîðòèðîâàíèåì ÷àñòè ãðóíòà íà äíåâíóþ
ïîâåðõíîñòü.

Êàê áûëî îòìå÷åíî äëÿ ñõåìû ÏÓÌ íà ðèñ. 7, íàëè÷èå ïðèçíàêà-ýëå-
ìåíòà â âèäå Ai3 è äëÿ ñõåìû ÏÓÌ íà ðèñ. 9 òàêæå ìîæíî îïóñòèòü.

Èç ôîðìóë (À��), (Á��), (Â��) è (Ã��) äîñòàòî÷íî âçÿòü äëÿ îöåíêè (À��)
è (Ã��), ïîñêîëüêó (Ã��) âìåùàåò ïðèçíàêè, àíàëîãè÷íûå (Á��) è (Â��),
ò.å. ïðåäñòàâëÿþò èíòåðåñ ïðèçíàêè âûïîëíåíèÿ êàíàëîâ: d� — êà-
íàë-ëûñêà äëÿ âûñîêî÷àñòîòíûõ ÏÓÌ è i� — êàíàë âèíòîâîé äëÿ íèçêî-
÷àñòîòíîãî, ÷òî îáóñëîâëåíî ñêîðîñòüþ çàïîëíåíèÿ ðàáî÷åãî îáúåìà êà-
ìåðû. Òî åñòü äëÿ ñëåäóþùåãî àíàëèçà îñòàåòñÿ êîìáèíàöèÿ:

� �

�
�

�
�

�

�
�

C d Kf

Ce Cc Kf
57 23

34 17 23

(Ã���)

ñ âîçìîæíîé çàìåíîé ïðèçíàêà-ýëåìåíòà d� íà i��
Èç ôîðìóë (Ä��) è (Å��) ïðåäïî÷òèòåëüíûì áóäåò êîìáèíàöèÿ (Ä��),

ïîñêîëüêó Ai3 — ïðèçíàê-ýëåìåíò äîïîëíèòåëüíîé êàìåðû ðàáî÷åãî
õîäà, ðàñïîëîæåííîé íà ïåðèôåðèè ðàñïðåäåëèòåëüíîé êàìåðû, ÷òî ïî-
òðåáóåò ïðèìåíåíèÿ âòóëêè, ðàçäåëÿþùåé îáå êàìåðû, à ñëåäîâàòåëüíî,
óñëîæíèò êîíñòðóêöèþ ÏÓÌ.

Äëÿ ñëåäóþùåãî àíàëèçà îñòàåòñÿ êîìáèíàöèÿ:

� ��

�
�

�

�
�

C d Kf

Ca Kf
23 35

5 35

. (Ä���)

Ñëåäîâàòåëüíî, ïðåäïî÷òåíèå ìîæíî îòäàòü ÏÓÌ (Æ��) íà ðèñ. 8 è
ðàññìàòðèâàòü êîìáèíàöèþ:

Ef E d

Ef E d Kf
23 57

23 58 35

� �

� �
�

�
�

�

�
� (Æ���)

êàê ïðèåìëåìóþ äëÿ ïðèìåíåíèÿ â ÏÓÌ ìàøèíû óäàðíîãî äåéñòâèÿ äëÿ
ïðîõîäêè ñêâàæèí ñ ÷àñòè÷íûì îòáîðîì ãðóíòà ïî òðàññå.

Ó÷èòûâàÿ, ÷òî â ÏÓÌ ïî ñõåìå (Æ���) íåîáõîäèìî ïðåäóñìîòðåòü öåí-
òðàëüíûé êàíàë â òðóáêå äëÿ ãðóíòîïðîâîäà, íåîáõîäèìî åå ìîäåðíèçèðî-
âàòü: çà òðóáêîé îñòàâèòü ôóíêöèè óïðàâëÿåìîãî âïóñêà âîçäóõà â êàìå-
ðó õîëîñòîãî õîäà èç ðàñïðåäåëèòåëüíîé êàìåðû ïðè âçàèìîäåéñòâèè
ñ öåíòðàëüíûì êàíàëîì â óäàðíèêå; çà òðóáêîé îñòàâèòü ôóíêöèè âûïóñ-
êà îòðàáîòàâøåãî âîçäóõà â êàìåðå õîëîñòîãî õîäà ïðè âçàèìîäåéñòâèè
ñ óäàðíèêîì; çà óäàðíèêîì îñòàâèòü ôóíêöèè ïåðåïóñêà âîçäóõà èç
ðàñïðåäåëèòåëüíîé êàìåðû â êîëüöåâóþ êàìåðó ðàáî÷åãî õîäà è ïåðåïóñ-
êà èç íåå â êàìåðó õîëîñòîãî õîäà ïðè âçàèìîäåéñòâèè óäàðíèêà ñ âûòî÷-
êîé â êîðïóñå. Ïðèíöèïèàëüíàÿ ñõåìà ìîäåðíèçèðîâàííîãî ÏÓÌ ìàøè-
íû äëÿ ïðîõîäêè ñêâàæèí ñ îòáîðîì ãðóíòà ïî òðàññå ïðåäñòàâëåíà
íà ðèñ. 10.
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Äîïîëíèòåëüíûå ñïåöèôè÷åñêèå ðåêîìåíäàöèè è óñëîâèÿ ïðè
êîíñòðóèðîâàíèè è ðàñ÷åòå.

— Ïðèçíàêè � �E d57 è � �E d58 , âûïîëíåííûå íà óäàðíèêå, áîëåå ïðåäïî÷-
òèòåëüíû â ñðàâíåíèè ñ � �E c57 è �E c57 , ïîñêîëüêó îáëàäàþò âäâîå ìåíüøèì
êîëè÷åñòâîì êîíöåíòðàòîðîâ íàïðÿæåíèé, à ñëåäîâàòåëüíî, áîëüøåé
óäàðíîé ïðî÷íîñòüþ îáëàäàåò
óäàðíèê. Áîëüøåé ïðî÷íîñòè
ñîîòâåòñòâóþò è âåëè÷èíà óã-
ëîâ «ïåðåõîäà» ìåæäó îáðà-
çóþùèìèñÿ ïîâåðõíîñòÿìè: ó
êàíàëîâ-ïàçîâ óãëû áëèçêè îò
> 90° äî ðàâíûì 90°, ó êàíà-
ëîâ-ëûñîê óãëû >> 90°.

— Åñëè �d57 è �d58 çàìåíèòü
ïðèçíàêàìè �h57 è �h58 â âèäå
êîëüöåâûõ ïðîòî÷åê, òî ñëåäó-
åò îæèäàòü óïðîùåíèÿ òåõíî-
ëîãèè èçãîòîâëåíèÿ è ñíèæå-
íèÿ óñòîé÷èâîñòè øòîêîâîé
÷àñòè óäàðíèêà â îãðàíè÷è-
òåëüíîì áóðòèêå êîðïóñà èëè
âòóëêè.

— Ïðè íàçíà÷åíèè ðàçìå-
ðîâ ïî äëèíå êàíàëîâ ïåðåïóñ-
êà íà øòîêîâîé ÷àñòè (à) è íà
ïîðøíåâîé ÷àñòè (b) óäàðíèêà
ïðåäïî÷òèòåëüíû îäèíàêîâûå
ðàçìåðû: à = b (ñì. ðèñ. 10).

— Äëèíà âïóñêíîé ÷àñòè
(ñ) êàíàëà âïóñêà â êàìåðó õî-
ëîñòîãî õîäà íå äîëæíà ïðå-
âûøàòü äëèíû äî îòñåêàþùåé
êðîìêè êàíàëà âûïóñêà (d) ñ
öåëüþ ïðåäîòâðàùåíèÿ íåïðî-
èçâîäèòåëüíîãî ðàñõîäà (èç
ñåòè â àòìîñôåðó): ñ d� . Â èòî-
ãå d ñ à b� � � (ñì. ðèñ. 10).

Ðàáî÷èé ïðîöåññ ñèíòåçè-
ðîâàííîãî ÏÓÌ ñëåäóþùèé.

Ïîñëå âêëþ÷åíèÿ ïóñêî-
âîãî óñòðîéñòâà âîçäóõ èç ñåòè ïîñòóïàåò ïî âîçäóõîïðîâîäÿùåìó êàíàëó
20 â êðûøêå 2 êðåïåæíîãî ñòàêàíà â ïðåäêàìåðó 21 ñåòåâîãî âîçäóõà. Äà-
ëåå ÷åðåç îòâåðñòèÿ 22 ïîäâîäà âîçäóõà â êîëüöåâîì ôëàíöå 23 êðûøêè 2
âîçäóõ ïîñòóïàåò â ðàñïðåäåëèòåëüíóþ êàìåðó 13. Èç êîëüöåâîé ðàñïðå-
äåëèòåëüíîé êàìåðû 13 ïî êàíàëó-ïàçó 18, îáðàçîâàííîìó áîêîâîé ïî-
âåðõíîñòüþ òðóáêè 7 è ñòåíêîé ñêâîçíîãî îñåâîãî îòâåðñòèÿ 6 â øòîêî-
âîé ÷àñòè 4 ñòóïåí÷àòîãî óäàðíèêà 3 è åãî ïîðøíåâîé ÷àñòè 5, ïîñòóïàåò
â êàìåðó 10 õîëîñòîãî õîäà. Îäíîâðåìåííî ñæàòûé âîçäóõ èç ðàñïðåäåëè-
òåëüíîé êàìåðû 13 ïî êàíàëó-ïàçó 18, âñêðûòîìó ñî ñòîðîíû ðàñïðåäåëè-
òåëüíîé êàìåðû 13, ïîñòóïàåò â êîëüöåâóþ êàìåðó 12 ðàáî÷åãî õîäà, èç
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Ðèñ. 10. Ïðèíöèïèàëüíàÿ ñõåìà ÏÓÌ



êîòîðîé îäíîâðåìåííî ïåðåïóñêàåòñÿ ïî êàíàëó-ïàçó 15, âñêðûòîìó ñ åå
ñòîðîíû, â êàìåðó 10 õîëîñòîãî õîäà. Êàíàë-ïàç 15 îãðàíè÷åí ïî ïåðåïóñ-
êó âîçäóõà îòñåêàþùåé êðîìêîé âûòî÷êè 16 êàìåðû 10 õîëîñòîãî õîäà.

Â íà÷àëå äâèæåíèÿ ïðè õîëîñòîì õîäå ñòóïåí÷àòîãî óäàðíèêà 3 ïîä
äåéñòâèåì äàâëåíèÿ âîçäóõà ñî ñòîðîíû êàìåðû 10 õîëîñòîãî õîäà ïåðå-
ïóñê âîçäóõà ìåæäó ðàñïðåäåëèòåëüíîé êàìåðîé 13, êîëüöåâîé êàìåðîé
12 ðàáî÷åãî õîäà è êàìåðîé 10 õîëîñòîãî õîäà îñóùåñòâëÿåòñÿ â çàâèñè-
ìîñòè îò ïîëîæåíèÿ ñòóïåí÷àòîãî óäàðíèêà 3 ïðè îäèíàêîâîé ïðîòÿæåí-
íîñòè êàíàëîâ-ïàçîâ 14 è 15 íà ñòóïåí÷àòîì óäàðíèêå 3 è êàíàëà-ïàçà 18
íà áîêîâîé ïîâåðõíîñòè òðóáêè 7.

Ïîñëå ïåðåêðûòèÿ êàíàëîâ-ïàçîâ 15, 14 è 18 â ðàñïðåäåëèòåëüíîé
êàìåðå 13 äàâëåíèå âîçäóõà ïîâûøàåòñÿ çà ñ÷åò åãî ïîñòóïëåíèÿ ÷åðåç
îòâåðñòèÿ 21 ïîäâîäà â ôëàíöå 22 èç ïðåäêàìåðû 13. Îäíîâðåìåííî â
êîëüöåâîé êàìåðå 12 ðàáî÷åãî õîäà îñóùåñòâëÿåòñÿ ñæàòèå îòñå÷åííîãî
â íåé âîçäóõà, à â êàìåðå 10 õîëîñòîãî õîäà îñóùåñòâëÿåòñÿ ðàñøèðåíèå
âîçäóõà, ïîñòóïèâøåãî â íåå â ïåðèîä ïåðåïóñêà èç ðàñïðåäåëèòåëüíîé
êàìåðû 13.

Ïðè ïîñëåäóþùåì äâèæåíèè ñòóïåí÷àòûé óäàðíèê 3 ñâîåé ïîðøíå-
âîé ÷àñòüþ 5 ñî ñòîðîíû êàìåðû 10 õîëîñòîãî õîäà îòêðîåò âûïóñêíîé
ðàäèàëüíûé êàíàë 24 â òðóáêå 7 è ïîñðåäñòâîì ïðîäîëüíîãî êàíàëà 9
â òðóáêå 7 êàìåðà 10 õîëîñòîãî õîäà ñîîáùèòñÿ ñ àòìîñôåðîé èëè çàêîð-
ïóñíûì ïðîñòðàíñòâîì, â ðåçóëüòàòå ÷åãî â êàìåðå 10 õîëîñòîãî õîäà
äàâëåíèå âîçäóõà ïîíèçèòñÿ äî àòìîñôåðíîãî.

Èñ÷åðïàâ ðàçíèöó èìïóëüñà äàâëåíèÿ âîçäóõà ñî ñòîðîíû êàìåðû 10
õîëîñòîãî õîäà è èìïóëüñà ïðîòèâîäàâëåíèÿ âîçäóõà ñî ñòîðîíû êîëüöå-
âîé êàìåðû 12 ðàáî÷åãî õîäà è ðàñïðåäåëèòåëüíîé êàìåðû 13, ñòóïåí÷à-
òûé óäàðíèê 3 çàòîðìîçèò ñâîå äâèæåíèå è îñòàíîâèòñÿ â ðàñ÷åòíîì ïî-
ëîæåíèè. Ñðàçó æå ïîä äåéñòâèåì èìïóëüñà äàâëåíèÿ âîçäóõà ñî ñòîðîíû
ðàñïðåäåëèòåëüíîé êàìåðû 13 íà òîðåö øòîêîâîé ÷àñòè 4 è ñî ñòîðîíû
êîëüöåâîé êàìåðû 12 íà êîëüöåâóþ ïëîùàäü ïîðøíåâîé ÷àñòè 5 ñòóïåí-
÷àòîãî óäàðíèêà 3 ïîñëåäíèé íà÷íåò äâèæåíèå â ñòîðîíó êàìåðû 10 õîëî-
ñòîãî õîäà, ñîâåðøàÿ ðàáî÷èé õîä.

Ïðè ïîñëåäóþùåì äâèæåíèè ñòóïåí÷àòûé óäàðíèê 3 ñâîåé òîðöåâîé
ïîâåðõíîñòüþ ñî ñòîðîíû êàìåðû 10 õîëîñòîãî õîäà ïåðåêðîåò âûïóñê-
íîé ðàäèàëüíûé êàíàë 24 â òðóáêå 7 è â êàìåðå 10 õîëîñòîãî õîäà íà÷íåò-
ñÿ ïðîöåññ ñæàòèÿ îòñå÷åííîãî â íåé âîçäóõà. Îòìå÷åííûé ïåðèîä âðåìå-
íè õàðàêòåðèçóåòñÿ ÷àñòè÷íûì ðàñøèðåíèåì âîçäóõà â ðàñïðåäåëèòåëü-
íîé êàìåðå 13 è ÷èñòûì ðàñøèðåíèåì âîçäóõà â êîëüöåâîì îáúåìå
êàìåðû 12 ðàáî÷åãî õîäà.

Ñîâåðøàÿ ïîñëåäóþùåå äâèæåíèå â ñòîðîíó íàêîâàëüíè 11, ñòóïåí-
÷àòûé óäàðíèê 3 îòêðîåò âïóñêíûå êàíàëû-ïàçû 18 íà òðóáêå 7 è êàíà-
ëû-ïàçû 14 íà øòîêîâîé ÷àñòè 4 è ïîðøíåâîé ÷àñòè 5 è ïîñëå îòêðûòèÿ
êàíàëà-ïàçà 15 îòñåêàþùåé êðîìêîé âûòî÷êè 16 êàìåðû 10 õîëîñòîãî
õîäà.

Â ðåçóëüòàòå îòêðûòèÿ êàíàëîâ-ïàçîâ 14 ñæàòûé âîçäóõ èç ðàñïðåäå-
ëèòåëüíîé êàìåðû 13 áóäåò ïîñòóïàòü â êàìåðó 10 õîëîñòîãî õîäà, à ïî
êàíàëàì-ïàçàì 14 íà øòîêîâîé ÷àñòè 4 â êîëüöåâóþ êàìåðó 12 ðàáî÷åãî
õîäà è ïî ïåðåïóñêíûì êàíàëàì-ïàçàì 15 íà ïîðøíåâîé ÷àñòè 5 ñòóïåí÷à-
òîãî óäàðíèêà 3 â êàìåðó 10 õîëîñòîãî õîäà.
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Ïðåîäîëåâàÿ ñîïðîòèâëåíèå îò ïðîòèâîäàâëåíèÿ âîçäóõà ñî ñòîðîíû
êàìåðû 10 õîëîñòîãî õîäà, ñòóïåí÷àòûé óäàðíèê 3 íàíîñèò óäàð ïî íàêî-
âàëüíå 11.

Ðàáî÷èé ïðîöåññ ïîñëå ñîóäàðåíèÿ ñòóïåí÷àòîãî óäàðíèêà 3 ñ íàêî-
âàëüíåé 11 áóäåò ïîâòîðÿòüñÿ ñ òîé ðàçíèöåé, ÷òî õîëîñòîé õîä óäàðíèêà
áóäåò îñóùåñòâëÿòüñÿ çà ñ÷åò èìïóëüñà ñèë äàâëåíèÿ âîçäóõà è èìïóëüñà
îòñêîêà ñòóïåí÷àòîãî óäàðíèêà 3 îò íàêîâàëüíè.
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SYNTHESIS AND ANALYSIS OF PNEUMATIC PERCUSSIONS
MECHANISMS AT THE CHOICE AND THEIR JUSTIFICATION
SCHEMATIC DIAGRAM

Classification of additional constructive signs of elements of pneumatic shock mechanisms is
considered. The method of an assessment of constructive solutions of mechanisms is offered.

K e y w o r d s: pneumatic shock mechanisms, schematic diagram, camera of network air,
camera of the working course, idling camera, step drummer.
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ÍÀÓ×ÍÛÅ ÏÐÎÁËÅÌÛ ÀÐÕÈÒÅÊÒÓÐÛ
È ÝÊÎËÎÃÈÈ

ÓÄÊ 711.4(571.1)

Î.À. ÌÀÍÀÖÊÎÂÀ

ÊÓËÜÒÎÂÛÅ ÑÎÎÐÓÆÅÍÈß
Â ÏËÀÍÈÐÎÂÎ×ÍÎÉ ÑÒÐÓÊÒÓÐÅ ÑÎÂÐÅÌÅÍÍÛÕ
ÊÐÓÏÍÛÕ ÃÎÐÎÄÎÂ ÇÀÏÀÄÍÎÉ ÑÈÁÈÐÈ

Ñòàòüÿ ïîñâÿùåíà ðàññìîòðåíèþ âçàèìîñâÿçåé ñàêðàëüíûõ ïðàâîñëàâíûõ ñîîðóæåíèé
ñ ëàíäøàôòîì, çàñòðîéêîé è ïëàíèðîâî÷íîé ñòðóêòóðîé èñòîðè÷åñêèõ ãîðîäîâ Ñèáèðè.
Â êà÷åñòâå íàèáîëåå ÿðêèõ ïðèìåðîâ òàêèõ ãîðîäîâ áûëè âçÿòû Òîìñê, Áàðíàóë è Îìñê.

Ê ë þ ÷ å â û å ñ ë î â à: ñàêðàëüíûå ïðàâîñëàâíûå ñîîðóæåíèÿ, ëàíäøàôò, àðõèòåêòóðíûå
äîìèíàíòû.

Ïåðâûå ñèáèðñêèå ãîðîäà âîçíèêëè â êîíöå XVI — íà÷àëå XVII â. êàê
ôîðïîñòû Ðîññèéñêîãî ãîñóäàðñòâà íà íîâûõ ðàñøèðÿåìûõ òåððèòîðèÿõ
Ðîññèè. Òîìñê, íàïðèìåð, áûë ÷åòûðíàäöàòûì ãîðîäîì-êðåïîñòüþ, îñíî-
âàííûì ïî ïðèêàçó Áîðèñà Ãîäóíîâà (ðèñ. 1).

Àíàëèç ïîêàçûâàåò, ÷òî ïðè äàëüíåéøåì ðàçâèòèè ãîðîäà â êîíöå
XVIII — íà÷àëå XX â. çíà÷èòåëüíîå âíèìàíèå óäåëÿëîñü âçàèìîñâÿçè
ñàêðàëüíûõ ñîîðóæåíèé ñ îêðóæàþùåé çàñòðîéêîé, ìåñòîïîëîæåíèþ
õðàìîâ â ïëàíèðîâî÷íîé ñòðóêòóðå. Îáùàÿ ãðàäîñòðîèòåëüíàÿ ïîëèòèêà
Ðîññèéñêîãî ãîñóäàðñòâà, ïðîâîäèâøàÿñÿ â êîíöå XVIII â., ïðåäïîëàãàëà
ðåãóëÿðíîñòü â ïëàíèðîâêàõ âñåõ ðîññèéñêèõ ãîðîäîâ.

Âòîðàÿ ïîëîâèíà XVIII â. áûëà âàæíîé âåõîé íå òîëüêî â ãðàäîñòðîè-
òåëüñòâå åâðîïåéñêîé òåððèòîðèè Ðîññèè, íî è Ñèáèðè, òàê êàê ïðîèñõî-
äèëà ðåêîíñòðóêöèÿ ãîðîäîâ, ïðèîáðåòàâøèõ ãåíåðàëüíûå ïëàíû, ñîãëàñ-
íî êîòîðûì ñîçäàâàëñÿ ãðàäîñòðîèòåëüíûé êàðêàñ — ãëàâíûå óëèöû, ïëî-
ùàäè, ìàãèñòðàëè, â ðåçóëüòàòå ÷åãî íà÷àëà àêòèâíî ðàçâèâàòüñÿ
àíñàìáëèâîñòü çàñòðîéêè.

Â Çàïàäíîé Ñèáèðè òàêèìè ãîðîäàìè áûëè Òþìåíü, Òîáîëüñê, Òîìñê,
Áàðíàóë, ïîçæå Îìñê è äð.

Â ðåçóëüòàòå ãðàäîñòðîèòåëüíûõ ðàáîò â êîíöå XVIII — ïåðâîé ïîëî-
âèíå XIX â. ñîçäàâàëèñü àíñàìáëè ïëîùàäåé, äîìèíèðóþùèìè â êîòîðûõ
áûëè ïðàâîñëàâíûå õðàìû.

Çàñòðîéêà ïëîùàäåé ñâÿçûâàëàñü ñ çàñòðîéêîé óëèö, ïîäõîäÿùèõ ê
ýòèì ïëîùàäÿì ïî ñâîèì ñòèëåâûì îñîáåííîñòÿì, îòâå÷àþùèõ êàê òðåáî-
âàíèÿì ñâîåãî âðåìåíè, òàê è ãàðìîíè÷íîé êîìïîçèöèè.

Ïëàíèðîâî÷íàÿ ñèñòåìà èññëåäóåìûõ ãîðîäîâ áûëà, êàê è âñåõ äðó-
ãèõ, ëèíåéíîé, ôîðìèðîâàëàñü âäîëü ðå÷íûõ ìàãèñòðàëåé ñ ó÷åòîì îñî-
áåííîñòåé ïðèðîäíîãî ëàíäøàôòà è ðåëüåôà ìåñòíîñòè. Èñòîðè÷åñêîå
ÿäðî ãîðîäà, åãî öåíòð áûëè âêëþ÷åíû â íåå.
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Ïðè ãàðìîíè÷íîì èñïîëüçîâàíèè ýëåìåíòîâ ëàíäøàôòà è çàñòðîéêè
ãîðîäà îðãàíèçîâûâàëîñü ðàçìåùåíèå äîìèíàíò â ïðîñòðàíñòâå â çàäàí-
íîì ïðèðîäíî-ëàíäøàôòíîì ðèòìå è ôóíêöèîíàëüíî-ïëàíèðîâî÷íûõ îñî-
áåííîñòÿõ ïîñåëåíèé (ðèñ. 2).

Ñ îñâîåíèåì òåððèòîðèè Ñèáèðè â XVII â. íà÷àëîñü õðàìîñòðîè-
òåëüñòâî.

Çíà÷èòåëüíóþ ðîëü â ïàíîðàìàõ è ñèëóýòàõ ãîðîäîâ èãðàëè ñàêðàëü-
íûå ñîîðóæåíèÿ — ïðàâîñëàâíûå õðàìû, ðàñïîëîæåííûå íà âèçóàëüíî
âûèãðûøíûõ ìåñòàõ, îíè ïîä÷åðêèâàëè îñîáåííîñòè ðåëüåôà, ñîçäàâàëè
ãàðìîíè÷íóþ âåðòèêàëüíóþ êîìïîçèöèþ, îòìå÷àÿ ñâîèì ìåñòîïîëîæåíè-
åì çíà÷èìûå ìåñòà ãîðîäà, à ñî ñòîðîíû âîäíîãî ïðîñòðàíñòâà — îáðàçóÿ
äîìèíàíòû â «ðå÷íîì ôàñàäå» ïîñåëåíèé.
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Ðèñ. 1. Êàðòà Ñèáèðè ñ ãîðîäàìè-êðåïîñòÿìè (ïî Ðåìåçîâó)



Â èñòîðè÷åñêîì ãîðîäå çàñòðîéêà áûëà â îñíîâíîì ìàëîýòàæíàÿ.
Èñïîëüçîâàëèñü òàêèå ìàòåðèàëû, êàê äåðåâî è â XVIII â. êèðïè÷. Õðàìû â
àðõèòåêòóðíî-ïðîñòðàíñòâåííîé êîìïîçèöèè âñåãäà äîìèíèðîâàëè. Ýòî êà-
ñàåòñÿ â îñîáåííîñòè òàêèõ ãîðîäîâ Ñèáèðè, êàê Òîìñê, Îìñê, Áàðíàóë.

Ïîñëå ðåâîëþöèè 1917 ã. ìíîãèå ñàêðàëüíûå ñîîðóæåíèÿ, äîìèíèðóþ-
ùèå â ñèëóýòå ãîðîäà, áûëè èëè ðàçðóøåíû, èëè ïåðåôóíêöèîíèðîâàíû,
èñ÷åçëà ãàðìîíè÷íîñòü âåðòèêàëüíîé êîìïîçèöèè, ñâÿçàííîé ñ ëàíäøàôò-
íî-ïðèðîäíûì ðèòìîì. Íåìíîãèå ñîõðàíèëèñü áëàãîäàðÿ èõ èñïîëüçîâà-
íèþ íå ïî íàçíà÷åíèþ — êàê öåõà, ñêëàäû, àðõèâû, æèëûå äîìà. Íåêîòî-
ðûå èç íèõ â ïîñëåäíåå âðåìÿ áûëè âîññòàíîâëåíû è ïåðåäàíû âåðóþùèì.

Âî âòîðîé ïîëîâèíå XX â. â ñòðóêòóðå ãîðîäîâ Òîìñêà, Îìñêà, Áàð-
íàóëà ïîÿâèëèñü äåâÿòèýòàæíûå äîìà âíå ñâÿçè ñ ïðèðîäíûì ðåëüåôîì,
êîòîðûå íå ñïîñîáñòâîâàëè ñîçäàíèþ ãàðìîíè÷íîé âåðòèêàëüíîé êîìïî-
çèöèè, òàê êàê èõ ðàçìåùåíèå íîñèëî ñëó÷àéíûé õàðàêòåð (çàíèìàëè ñâî-
áîäíîå îò çàñòðîéêè ìåñòî â ïëàíèðîâî÷íîé ñòðóêòóðå ãîðîäà).

Ñ ïîâûøåíèåì äóõîâíîé êóëüòóðû íàñåëåíèÿ âîçíèêëà íåîáõîäè-
ìîñòü ñòðîèòåëüñòâà íîâûõ õðàìîâ. Öåíòðàëüíàÿ ÷àñòü çàñòðàèâàëàñü
äðóãèìè çäàíèÿìè ñ äðóãèìè ôóíêöèÿìè.

Ó÷èòûâàëîñü èõ ðàñïîëîæåíèå â çàäàííîì ëàíäøàôòíîì ðèòìå. Íà
ôîíå ïëîòíîé æèëîé íåâûñîêîé çàñòðîéêè ïðåæäå âñåãî âûäåëÿëèñü âû-
ñîêîýñòåòè÷íûå äîìèíàíòû ñàêðàëüíûõ ñîîðóæåíèé, ðàñïîëîæåííûõ êàê
âáëèçè ðå÷íîãî ïðîñòðàíñòâà, òàê è â ãëóáèíå çàñòðîéêè, ïîä÷åðêèâàÿ åå
êîìïàêòíîñòü è ìàñøòàáíîñòü. Îñíîâíàÿ çàñòðîéêà áûëà äåðåâÿííàÿ, à
õðàìû êàìåííûå, ÷òî òîæå âûäåëÿëî èõ êàê äîìèíàíòû.

Ñàêðàëüíûå ñîîðóæåíèÿ èãðàëè áîëüøóþ ðîëü â âèçóàëüíîì âîñïðè-
ÿòèè ãîðîäîâ. Õðàìû, öåðêâè, âûäåëÿþùèåñÿ ñðåäè îêðóæàþùåé çà-
ñòðîéêè, ôîðìèðóþò ïàíîðàìó è ñèëóýò ãîðîäà.

Â ïðîøëîì çîä÷èå ñîñðåäîòà÷èâàëè ñâîå âíèìàíèå íà âåðòèêàëüíûõ
äîìèíàíòàõ, ñîçäàþùèõ ñèëóýò ãîðîäà.

Èñòîðè÷åñêèé ãîðîä çà ñ÷åò êîíòðàñòíîñòè ôîðì (îáúåì õðàìà âíèçó
è èçÿùíîå çàâåðøåíèå âåðòèêàëè) îáÿçàí áûë âûðàæàòü âñþ ñâîþ ìîùü.
Êîìïîçèöèÿ ïîñòåïåííî ðàçâèâàëàñü êâåðõó.

Àðõèòåêòóðíûå äîìèíàíòû ðàñïîëàãàëèñü ñ ó÷åòîì ðåëüåôà, îáúåäè-
íÿëèñü, îáðàçóÿ ãàðìîíè÷íûå àíñàìáëè, ïîä÷åðêèâàëè ïëàíèðîâî÷íî çíà-
÷èìûå ìåñòà.

Â ëàíäøàôòíîì îòíîøåíèè öåíòðàëüíàÿ ÷àñòü ãîðîäà îáû÷íî çàíèìà-
åò íàèáîëåå èíòåðåñíîå ìåñòî, ñâÿçàííîå ñ íà÷àëîì ãîðîäà, — êðóòîé áå-
ðåã, õîëì, èçëó÷èíà ðåêè [1]. Â òàêîì ìåñòå è ÿâëÿåòñÿ ëîãè÷íûì ðàñïîëî-
æåíèå ñàêðàëüíîãî ñîîðóæåíèÿ êàê öåíòðà àðõèòåêòóðíîé êîìïîçèöèè.

Êóëüòîâûå ñîîðóæåíèÿ â ïëàíèðîâî÷íîé ñòðóêòóðå ñîâðåìåííûõ...
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Ðèñ. 2. Ïàíîðàìà Òîìñêà. Ãðàâþðà Ì.È. Ìàõàåâà. XVIII â.



Äëÿ ñèáèðñêîãî ãîðîäà áîëåå õàðàêòåðíîé ÿâëÿåòñÿ öåïî÷êà ëèíåé-
íîãî êîìïîçèöèîííîãî ïîñòðîåíèÿ: íèçêàÿ è ïëîòíàÿ çàñòðîéêà ïî áðîâêå
áåðåãà, à â ãëóáèíå òåððèòîðèè âåðòèêàëè õðàìîâ, ôèêñèðóþùèå ãëóáèíó
ïðîñòðàíñòâåííîé êîìïîçèöèè [2] (ðèñ. 3).

Î.À. Ìàíàöêîâà
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Ðèñ. 3. Ïàíîðàìû ñèáèðñêèõ ãîðîäîâ
à — Åíèñåéñê, á — Òîáîëüñê, â — Òîìñê, ã — Òþìåíü, ä — Êÿõòà, å — Êîëûâàíü, æ — Áèéñê



Ñòðóêòóðíî-ïëàíèðîâî÷íûå óçëû ãîðîäà, ãðóïïèðóÿñü ïî ëèíèÿì ñêî-
ðîñòíîãî îáùåñòâåííîãî òðàíñïîðòà, ôîðìèðóþò íàïðàâëåíèÿ ïðåèìóùå-
ñòâåííîãî ðàçâèòèÿ ïëàíèðîâî÷íîé ñòðóêòóðû êðóïíîãî ãîðîäà. Íà ñìåíó
ðàâíîìåðíîìó òåððèòîðèàëüíîìó ðîñòó êðóïíûõ ãîðîäîâ ïðèøëà íàïðàâ-
ëåííàÿ ïëàíèðîâî÷íàÿ ñòðóêòóðà ñ ðàçìåùåíèåì îñíîâíûõ îáúåêòîâ íî-
âîãî ñòðîèòåëüñòâà íà íåñêîëüêèõ íàïðàâëåíèÿõ, ïîääåðæàííûõ ìîùíûì
è ñêîðîñòíûì òðàíñïîðòîì [3].

Â íàñòîÿùåå âðåìÿ ïîä âëèÿíèåì êîðåííûõ ïåðåìåí â ñîöèàëüíîé è
êóëüòóðíîé ñôåðå îáùåñòâà â Ðîññèè ïðîèñõîäèò ïðîöåññ âîçðîæäåíèÿ
ðåëèãèîçíîé æèçíè è âîññòàíîâëåíèÿ ïàìÿòíèêîâ àðõèòåêòóðû êóëüòîâî-
ãî íàñëåäèÿ ïðîøëîãî, à òàêæå áóðíîå ñòðîèòåëüñòâî íîâûõ õðàìîâ è ìî-
íàñòûðñêèõ êîìïëåêñîâ.

Â 90-å ãîäû XX â. è îñîáåííî â íà÷àëå XXI â. íà÷àëîñü âîññòàíîâëåíèå
óòðà÷åííûõ õðàìîâ, èõ êîëîêîëåí. Áîëüøîå âíèìàíèå â êðóïíûõ èññëåäóå-
ìûõ ãîðîäàõ áûëî îáðàùåíî íà ïðèáðåæíóþ òåððèòîðèþ, ãäå âîçâåäåíû
ìíîãîýòàæíûå êîìïëåêñû, ôîðìèðóþùèå çàñòðîéêó ñî ñòîðîíû ðåêè.

Ïðè îöåíêå ãîðîäñêèõ òåððèòîðèé ñ òî÷êè çðåíèÿ ðàñïîëîæåíèÿ
ñàêðàëüíûõ ñîîðóæåíèé âàæíåéøåå çíà÷åíèå ïðèîáðåòàåò ïîëîæåíèå
â òðàíñïîðòíî-êîììóíèêàöèîííîé ñòðóêòóðå. Ïðàêòè÷åñêè âñå êðóïíûå
ñàêðàëüíûå ñîîðóæåíèÿ â ðàññìàòðèâàåìûõ ãîðîäàõ íàõîäÿòñÿ â óçëàõ
îñíîâíûõ òðàíñïîðòíûõ ïîòîêîâ, ÷òî ìîæíî ïðîñëåäèòü, îöåíèâ êàðòó
ãîðîäà.

Ãëàâíàÿ ìàãèñòðàëü âíóòðèãîðîäñêîãî ðàéîíà ôîðìèðóåòñÿ âäîëü
íàèáîëåå ïðîòÿæåííîé îñè ñî ñêîðîñòíûì äâèæåíèåì.

Ñ öåíòðàëüíîé ÷àñòüþ ãîðîäà ñâÿçàíû ñëîæíåéøèå ãðàäîñòðîèòåëü-
íûå ïðîáëåìû ñî÷åòàíèÿ íîâîãî è ñòàðîãî, îáíîâëåíèÿ è ðåñòàâðàöèè
âçàèìîäåéñòâèÿ ñòàðîãî â íîâîì è íîâîãî â ñòàðîì [3].

Ýñòåòè÷åñêèå êà÷åñòâà àðõèòåêòóðû ñàêðàëüíûõ ñîîðóæåíèé íå
äîëæíû ïðîïàäàòü ïðè ôðàãìåíòàðíîì (íå öåëîñòíîì) âîñïðèÿòèè, à íà-
îáîðîò, óñèëèâàòüñÿ.

Ìåæäó àðõèòåêòóðíûìè ñòèëÿìè ñàêðàëüíîãî ñîîðóæåíèÿ è çäàíèÿ-
ìè, ðàñïîëàãàþùèìèñÿ íà åãî ïëîùàäè, äîëæíà ñîáëþäàòüñÿ ñëîæíàÿ
ñèñòåìà îòíîøåíèé. Äîëæíî áûòü îòíîøåíèå äîïîëíèòåëüíîñòè.

Âåäü àíñàìáëü, åñëè îí ñëîæèëñÿ, áîëüøåé ÷àñòüþ ñîåäèíÿåò ðàçíûå
çäàíèÿ â îòíîøåíèè îáúåìíîé êîìïîçèöèè, ñòèëÿ, öâåòà, è òî, ÷òî îíè
âäðóã ñîñòàâëÿþò öåëîå, âîñïðèíèìàåòñÿ êàê àïîôåîç àðõèòåêòóðíîãî
ìàñòåðñòâà.
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Â.Â. ÀÄÈÙÅÂ, À.Ã. ÄÅÌÅØÊÈÍ, Â.Ê. ØÓËÜÃÀ, Ì.Ñ. ÃÐÀ×ÅÂÀ,
Ì.Í. ÄÀÍÈËÎÂ, Â.Â. ÌÀËÜÖÅÂ

ÎÏÐÅÄÅËÅÍÈÅ ÇÎÍÛ ÀÍÊÅÐÎÂÊÈ ÀÐÌÈÐÓÞÙÅÃÎ
ÝËÅÌÅÍÒÀ ÏÐÈ ÂÛÒßÃÈÂÀÍÈÈ ÈÇ ÌÀÒÐÈÖÛ

Ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ñ èñïîëüçîâàíèåì ïîëÿðèçàöèîííî-îïòè÷å-
ñêîãî ìåòîäà, ïîëó÷åíû ðàñïðåäåëåíèÿ íîðìàëüíûõ è êàñàòåëüíûõ íàïðÿæåíèé â ìàòðèöå
ïðè âûòÿãèâàíèè èç íåå àðìèðóþùåãî ýëåìåíòà. Ïîëó÷åíû òåîðåòè÷åñêèå îöåíêè äëèíû
çîíû àíêåðîâêè, èëè ýôôåêòèâíîé äëèíû àðìèðóþùåãî ýëåìåíòà íà îñíîâå ïðîñòåéøåé
ìîäåëè Àóòâîòåðà [7]. Èñïîëüçîâàí ÏÊ ANSYS äëÿ îïðåäåëåíèÿ çîíû àíêåðîâêè. Ïîêàçà-
íî, ÷òî â ïåðâîì ïðèáëèæåíèè çîíó àíêåðîâêè ìîæíî îïðåäåëÿòü, èñïîëüçóÿ ìîäåëü òèïà
ìîäåëè Àóòâîòåðà ñ 20–30 % ïîãðåøíîñòüþ. Ïî äàííûì ÷èñëåííîãî ýêñïåðèìåíòà â ÏÊ
ANSYS ïîëó÷åíà çàâèñèìîñòü äëèíû çîíû àíêåðîâêè îò èçìåíåíèÿ æåñòêîñòíûõ õàðàêòå-
ðèñòèê, êîòîðàÿ õîðîøî ñîãëàñóåòñÿ ñ òåîðèåé ñîïðîòèâëåíèÿ æåëåçîáåòîíà. Îòëè÷èå ðå-
çóëüòàòîâ ÷èñëåííîãî ìîäåëèðîâàíèÿ îò àíàëèòè÷åñêîãî ðàñ÷åòà îáúÿñíÿåòñÿ âëèÿíèåì
çàêðåïëåíèÿ, êîòîðîå íå îïèñûâàåòñÿ â ìàòåìàòè÷åñêîé ìîäåëè.

Ê ë þ ÷ å â û å ñ ë î â à: çîíà àíêåðîâêè, àðìèðóþùèé ýëåìåíò, ìàòðèöà, æåëåçîáåòîí,
ANSYS.

1. Ââåäåíèå. Â ðàáîòàõ [1, 2] ïîñòàâëåíà çàäà÷à î ïîñòðîåíèè àëãîðèò-
ìà «ñêâîçíîãî» ðàñ÷åòà èçãèáàåìîãî æåëåçîáåòîííîãî ýëåìåíòà îò íà÷àëà
íàãðóæåíèÿ äî âîçíèêíîâåíèÿ è ñòàáèëèçàöèè òðåùèíû íîðìàëüíîãî îòðû-
âà. Äëÿ ñîñòàâëåíèÿ ýíåðãåòè÷åñêèõ ñîîòíîøåíèé íåîáõîäèìî çíàòü, êàê èç-
ìåíÿåòñÿ íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå â îêðåñòíîñòè òðåùèíû
ïðè åå îáðàçîâàíèè, ïðîòÿæåííîñòü òàê íàçûâàåìîé çîíû àíêåðîâêè, â êîòî-
ðîé ñóùåñòâåííî èçìåíÿåòñÿ íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå. Ïîä
çîíîé àíêåðîâêè ïîíèìàåòñÿ õàðàêòåðíàÿ äëèíà ó÷àñòêà àðìèðóþùåãî ýëå-
ìåíòà, íà êîòîðîì ñóùåñòâåííûìè ÿâëÿþòñÿ êàñàòåëüíûå íàïðÿæåíèÿ â
êîíòàêòíîì ñëîå ìàòðèöû. Õàðàêòåð ñîâìåñòíîãî äåôîðìèðîâàíèÿ àðìàòó-
ðû è áåòîíà âáëèçè òðåùèíû â èçãèáàåìîì ýëåìåíòå, î÷åâèäíî, òàêîé æå,
êàê ïðè âûäåðãèâàíèè àðìàòóðû èç áåòîííîãî ìàññèâà.

Ðàñïðåäåëåíèå êàñàòåëüíûõ íàïðÿæåíèé ïî äëèíå ñòåðæíÿ â îêðåñò-
íîñòè òðåùèíû íîðìàëüíîãî îòðûâà â èçãèáàåìîì ýëåìåíòå ñîîòâåòñòâó-
åò ðåøåíèþ, ïîëó÷åííîìó ïðè ðåøåíèè çàäà÷è î âûäåðãèâàíèè àðìàòóð-
íîãî ñòåðæíÿ èç ìàññèâà áåòîíà.

Ñóùåñòâóþùàÿ «òåõíè÷åñêàÿ òåîðèÿ ñöåïëåíèÿ» [3] íå ïîçâîëÿåò ïî-
ëó÷èòü àäåêâàòíûå ôèçè÷åñêîìó ïðîöåññó ðåøåíèÿ. Çàäà÷åé íàñòîÿùåãî
èññëåäîâàíèÿ ÿâëÿåòñÿ ýêñïåðèìåíòàëüíî-òåîðåòè÷åñêàÿ îöåíêà ÍÄÑ íà
ó÷àñòêå àêòèâíîãî êîíòàêòíîãî âçàèìîäåéñòâèÿ àðìèðóþùåãî ýëåìåíòà
ñ ìàòðèöåé ñâÿçóþùåãî. Èìååòñÿ äîñòàòî÷íîå êîëè÷åñòâî ïóáëèêàöèé
[4–6], ðàññìàòðèâàþùèõ àíàëîãè÷íûå çàäà÷è ñ èñïîëüçîâàíèåì ìîäåëåé
òèïà ìîäåëè Àóòâîòåðà [7].
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Ñ èñïîëüçîâàíèåì ïîëÿðèçàöèîííî-îïòè÷åñêîãî ìåòîäà [8] ýêñïåðè-
ìåíòàëüíî ïîëó÷åíû ðàñïðåäåëåíèÿ íîðìàëüíûõ è êàñàòåëüíûõ íàïðÿæå-
íèé âáëèçè ïîãðàíè÷íîãî ñëîÿ ìàòðèöû ïðè âûòÿãèâàíèè èç íåå àðìè-
ðóþùåãî ýëåìåíòà.

2. Òåîðåòè÷åñêàÿ îöåíêà çîíû àíêåðîâêè. Â ïåðâîì ïðèáëèæå-
íèè äëÿ îöåíêè çîíû àíêåðîâêè ïðåäëàãàåòñÿ ìàòåìàòè÷åñêàÿ ìîäåëü,
ïîçâîëÿþùàÿ îöåíèòü ðàñïðåäåëåíèå íàïðÿæåíèé â êîíòàêòíîì ñëîå ñâÿ-
çóþùåãî ñ àðìèðóþùèì ýëåìåíòîì ïðè âîçäåéñòâèè íà ïîñëåäíèé âûòÿ-
ãèâàþùåãî óñèëèÿ. Ïðè ýòîì ïî âñåé äëèíå êîíòàêòà ïðåäïîëàãàåòñÿ
«æåñòêîå» ñöåïëåíèå àðìèðóþùåãî ýëåìåíòà ñ ìàòðèöåé, ÷òî ñîîòâåòñò-
âóåò ìîäåëè Àóòâîòåðà. Â ïðîöåññå óâåëè÷åíèÿ âûòÿãèâàþùåãî óñèëèÿ,
ïðèëîæåííîãî ê àðìèðóþùåìó ýëåìåíòó, ïî íåêîòîðîìó ó÷àñòêó ãðàíèö
êîíòàêòà ïðîèñõîäèò íàðóøåíèå «æåñòêîãî» ñöåïëåíèÿ. Ñ÷èòàåòñÿ, ÷òî
âçàèìîäåéñòâèå àðìèðóþùåãî ýëåìåíòà è êîíòàêòíîãî ñëîÿ ñâÿçóþùåãî
ìàòåðèàëà íà ýòîì ó÷àñòêå îñóùåñòâëÿåòñÿ çà ñ÷åò ñèë òðåíèÿ ñ èíòåí-
ñèâíîñòüþ q.

Ðàññìîòðèì ïîëóáåñêîíå÷íóþ ïëàñòèíó, â êîòîðîé çàìîíîëè÷åí
ñòåðæåíü (ðèñ. 1, à). Ê ñòåðæíþ ïðèëîæåíî âûòÿãèâàþùåå óñèëèå N.
Ñîâìåñòíîå äåôîðìèðîâàíèå ïî âñåé ïîâåðõíîñòè êîíòàêòà (äëèíà l1)
îñóùåñòâëÿåòñÿ çà ñ÷åò àäãåçèîííûõ ñâÿçåé è çàöåïëåíèÿ ìàòåðèàëà
ìàòðèö âûñòóïîâ (åñëè ñòåðæåíü èìååò ïåðèîäè÷åñêèé ïðîôèëü).

Óðàâíåíèå ðàâíîâåñèÿ äëÿ ñòåðæíÿ (ðèñ. 1, â) â ñîîòâåòñòâèè ñ ãèïî-
òåçàìè Àóòâîòåðà [7] èìååò âèä

dN bdz�2� ,

ãäå b — òîëùèíà ñòåðæíÿ; � — êàñàòåëüíûå íàïðÿæåíèÿ â êîíòàêòíîì
ñëîå.

Ñ ó÷åòîì çàêîíà Ãóêà ïîëó÷èì

dN

dz
bGA�2 �,

ãäå GA — ìîäóëü ñäâèãà ìàòåðèàëà ìàòðèöû;

� �
u z

t
1

2

( )
— äåôîðìàöèÿ ñäâèãà;

u1(z) — ïåðåìåùåíèå ñå÷åíèÿ ñ êîîðäèíàòîé z;
t — ïîëîâèíà òîëùèíû êîíòàêòíîãî ñëîÿ ñâÿçóþùåãî.
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Ðèñ. 1. Ó÷àñòîê îáðàçöà ñ «æåñòêèì» ñöåïëåíèåì àðìèðóþùåãî ýëåìåíòà è ìàòðèöåé (à);
ó÷àñòîê îáðàçöà ñ íàðóøåííûì ñöåïëåíèåì àðìèðóþùåãî ýëåìåíòà è ìàòðèöû (á); ýëå-

ìåíò ïîä íàãðóçêîé (â)



Óðàâíåíèå ðàâíîâåñèÿ äëÿ ñòåðæíÿ ïðèíèìàåò âèä

dN

dz
cu z� �1 0( ) ,

ãäå ñ �G
b

t
A — æåñòêîñòü íà ñäâèã êîíòàêòíîãî ñëîÿ.

Ñ ó÷åòîì çàâèñèìîñòåé ìåæäó íîðìàëüíûìè íàïðÿæåíèÿìè, äåôîð-
ìàöèÿìè, ìîäóëÿìè óïðóãîñòè è ïëîùàäÿìè ïîïåðå÷íûõ ñå÷åíèé óðàâíå-
íèå ðàâíîâåñèÿ çàïèñûâàåòñÿ â ñëåäóþùåì âèäå:

d u z

dz
u z

2
1
2

2
1 0

( )
( ) ,� �� (1)

ãäå �2 �
ñ

E As s

.

Îáùåå ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ (1) èìååò âèä

u z C e C ez z
1 1 2( ) .� � �� � (2)

Ïåðåìåùåíèÿ u1 îãðàíè÷åíû ïî äëèíå ãðàíèöû êîíòàêòà, ïîýòîìó
ìîæíî ñ÷èòàòü C1 0� .

Ðàññìîòðèì ðàâíîâåñèå ïëàñòèíû â ñëó÷àå, êîãäà âûòÿãèâàþùåå
óñèëèå N äîñòèãëî çíà÷åíèÿ Pcrc, êîòîðîå ñîîòâåòñòâóåò êàñàòåëüíûì
íàïðÿæåíèÿì � â ïîãðàíè÷íîì ñëîå, ïðåâûøàþùèì ñîïðîòèâëåíèå
ñäâèãó ñâÿçóþùåãî Rsh , ò. å. ïðîèçîøëî íàðóøåíèå ñöåïëåíèÿ íà ó÷àñò-
êå äëèíîé l2 . Ñîâìåñòíîå äåôîðìèðîâàíèå ñâÿçóþùåãî è âûðûâàåìîãî
ñòåðæíÿ íà ó÷àñòêå l2 îñóùåñòâëÿåòñÿ çà ñ÷åò ñèë òðåíèÿ èíòåíñèâ-
íîñòüþ q (ðèñ. 1, á).

Óðàâíåíèå ðàâíîâåñèÿ äëÿ ñòåðæíÿ íà ó÷àñòêå ôðèêöèîííîãî âçàè-
ìîäåéñòâèÿ çàïèñûâàåòñÿ â ñëåäóþùåì âèäå

dN

dz
q� �

èëè

d u z

dz

q

E As s

2
2
2

( )
.� � (3)

Îáùåå ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ (3):

u z
qz

C z C
s s

2

2

1 2
2

( ) .� � � �
Å À

(4)

Òàêèì îáðàçîì, ïåðåìåùåíèÿ ñòåðæíÿ âûðàæàþòñÿ äëÿ ó÷àñòêîâ
ñ íàðóøåííûì ñöåïëåíèåì u2(z) è ñ «æåñòêèì» ñöåïëåíèåì u1(z) ôîð-
ìóëàìè:

u z
qz

E A
C z C

u z C e
s s

z

2

2

1 2

1 2

2
( ) ;

( ) .

� � � �

�

�

�
�

�
� ��

(5)

Îïðåäåëåíèå çîíû àíêåðîâêè àðìèðóþùåãî ýëåìåíòà...
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Ñêëåéêà ïîëó÷åííûõ ðåøåíèé îñóùåñòâëÿåòñÿ èç óñëîâèé ðàâåíñòâà
ïåðåìåùåíèé è äåôîðìàöèé ïðè z = l2:

du z

dz

du z

dz

u l u l u
z l z l

1 2

1 2 2 2

2 2

( ) ( )
;

( ) ( ) ,
� �

�

� �

�

�
�

�
�

(6)

åñëè

� � � �

� � � �

� �

�

ql

E A
C l C C e

q

E A
l C C e

s s

l

s s

l

2
2

1 2 2 2

2 1 2

2
2

2

�

��

;

.
�
��

�
�
�

(7)

Ñèñòåìà óðàâíåíèé (7) ñîäåðæèò íåèçâåñòíûå C C C l1 2 2 2, , , .

Êîíñòàíòû èíòåãðèðîâàíèÿ C1 è C2 íàõîäÿòñÿ èç êðàåâîãî óñëîâèÿ
äëÿ äåôîðìàöèé ïðè z = 0 è óñëîâèÿ íàðóøåíèÿ ñöåïëåíèÿ �( ) .l Rsh2 � �

du z

dz

P

E A

R
u l

t
G

C e

t
G

z

crc

s s

sh A

l

A

2

0

1 2 2
2

( )
;

( )
.

�

�

�

� � � �

�

�
�

��

�
�
�

(8)

Êîíñòàíòû C1 è C2 :

C
P

E A

C
R t

e G

crc

s s

sh
l

A

1

2
2

�

� �

�

�
��

�
�
� �

;

.
�

(9)

Îêîí÷àòåëüíî

C
P

E A

C
R t

G

ql

E A

P

E A
l

R

crc

s s

sh

A s s

crc

s s

s

1

2
2
2

2

2

2

�

� � � �

� �

;

;

Ñ h
l

A

s s
s s

sh

A

t

e G

l E A q
N

E A

R t

G

�

�� �
	



��

�


��

�

�

�
�
�
��

�

�

�

2

2
1

;

.

�
�
�
�
�

(10)

Âûðàæåíèÿ äëÿ ïåðåìåùåíèé, äåôîðìàöèé è íàïðÿæåíèé äëÿ äâóõ
ó÷àñòêîâ ïðèíèìàþò âèä:

u z
q

E A
l z

P

E A
z l

R t

G

u z

s s

crc

s s

sh

A
2 2

2 2
2

1

2
( ) ( ) ( ) ;

( )

� � � � �

� �
R t

e G
esh

l
A

z

�

�

�

�
��

�
�
� �

�

2
,

(11)
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�

� �
�

2
2

1
1

2

s
crc

s s

s
sh
l

du z

dz

P qz

E A

du z

dz

R t

e

� �
�

� �
�

( ) ( )
;

( )

G
e

A

z�

�

�
��

�
�
�

� ,
(12)

íîðìàëüíûå íàïðÿæåíèÿ � â ñòåðæíå è êàñàòåëüíûå íàïðÿæåíèÿ � â ìàò-
ðèöå:

�

� �

� �

�

�

2

1

1

2

s
crc

s

s s
sh
l

A

z

A

P qz

A

E
R t

e G
e

G
u z

�
�

�

� �

�

�

( )
;

;

( )

t
GA .

�

�

�
�
�

�

�
�
�

(13)

Ïàðàìåòð � â óðàâíåíèÿõ ñèñòåì (11)–(13) ìîæåò áûòü îïðåäåëåí
ýêñïåðèìåíòàëüíûì ïóòåì.

Äåôîðìàöèÿ ñòåðæíÿ ïðè 0 � z � l1:

� � �
1 2s

zC e� � � .

Äëèíà çîíû êðàåâîãî ýôôåêòà ñîîòâåòñòâóåò äåôîðìàöèè �crc, à �0 —
çíà÷åíèþ äåôîðìàöèé â ìåñòå ïðèëîæåíèÿ óñèëèÿ, òîãäà ñèñòåìà óðàâ-
íåíèé äëÿ îïðåäåëåíèÿ äåôîðìàöèé â íà÷àëå (z0) è â êîíöå (zñrñ) çîíû
êðàåâîãî ýôôåêòà ïðèìåò âèä

� �

� �

�

�

0 2

2

0� �
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Ðåøèâ ñèñòåìó óðàâíåíèé (14), ïîëó÷èì
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Ôîðìóëó (15) óäîáíî èñïîëüçîâàòü òîëüêî äëÿ îöåíêè � ñ ïîìîùüþ
ïðîãðàììíûõ êîìïëåêñîâ, òàê êàê ôîðìóëà ñîäåðæèò äåôîðìàöèè â íà÷à-
ëå (�0) è êîíöå (�crc) çîíû êðàåâîãî ýôôåêòà, à òàêæå íåïîñðåäñòâåííî
äëèíó çîíû êðàåâîãî ýôôåêòà (z1 – z0). Â êà÷åñòâå ïàðàìåòðîâ �0 è �crc

ìîãóò ïðèíèìàòüñÿ ïîêàçàíèÿ òåíçîäàò÷èêîâ.
Âåëè÷èíà t — ïîëîâèíà òîëùèíû ñäâèãàåìîãî ñëîÿ ñâÿçóþùåãî, îï-

ðåäåëÿåòñÿ ïî ôîðìóëå

t
G b

E A
A

s s

�
�2

. (16)

3. Ýêñïåðèìåíòàëüíîå èññëåäîâàíèå. Ñ öåëüþ àïðîáàöèè ïðåäëà-
ãàåìîé ìàòåìàòè÷åñêîé ìîäåëè ïðîâåäåíî ýêñïåðèìåíòàëüíîå è ÷èñëåí-
íîå èññëåäîâàíèå íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ îïûòíûõ
îáðàçöîâ — ïëàñòèí ñ çàìîíîëè÷åííûìè àðìèðóþùèìè ýëåìåíòàìè
(ðèñ. 2).
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Îñíîâíûå ïàðàìåòðû îïûòíûõ îáðàçöîâ: ñâÿçóþùèé ìàòåðèàë —
ôåíîëôîðìàëüäåãèä «Õðîìâèíèë V-276»; àðìèðóþùèé ýëåìåíò — ñòåê-
ëîïëàñòèê «ÀÃ-4Ñ». Ñîîòíîøåíèå ïðåäåëüíûõ ñîïðîòèâëåíèé (Rñò, Rì):

R

R
ñò

ì

ÌÏà

ÌÏà
� �

500

40
12 5

[ ]

[ ]
, .

Îñòàëüíûå ïàðàìåòðû äëÿ òðåõ âèäîâ îáðàçöîâ ïðèâåäåíû â òàáë. 1.

Ðàñòÿãèâàþùàÿ íàãðóçêà P ïðèêëàäûâàåòñÿ ê ñâîáîäíîìó êîíöó
ñòåðæíÿ ñ ôèêñàöèåé ìàòðèöû ñ ïðîòèâîïîëîæíîé ñòîðîíû. Ñòóïåíü
íàãðóæåíèÿ 250 Í. Ìàêñèìàëüíîå çíà÷åíèå óñèëèÿ Ðmax = 2500 Í.

Äëÿ îïðåäåëåíèÿ íàïðÿæåíèé è äåôîðìàöèé íàçíà÷åíû ïðîäîëüíûå
ñå÷åíèÿ (1–10) ñ øàãîì 5 ìì è ïîïåðå÷íûå (à–å) ñ øàãîì 10 ìì
(ñì. ðèñ. 2).

3.1. Ýêñïåðèìåíò. Ñöåïëåíèå àðìèðóþùåãî ýëåìåíòà ñ ìàòðèöåé
îáåñïå÷èâàåòñÿ àäãåçèåé [5] è ìåõàíè÷åñêèì êîíòàêòîì. Äëÿ óñèëåíèÿ
ñöåïëåíèÿ àðìèðóþùåãî ýëåìåíòà ñ ìàòðèöåé íà ïîâåðõíîñòè ñòåðæíÿ
ñîçäàíû êàíàâêè ðàäèóñîì r = 0,5 ìì ñ øàãîì 20 ìì.

Ôèçè÷åñêèé ýêñïåðèìåíò ïðîâåäåí ñ îáðàçöàìè ¹ 1, 2 ñ èñïîëüçîâà-
íèåì òåíçîìåòðè÷åñêîé ñòàíöèè äëÿ îïðåäåëåíèÿ ïðîäîëüíûõ äåôîðìà-
öèé ñòåðæíÿ è ìåòîäà íåëèíåéíîé ôîòîóïðóãîñòè äëÿ ïîëó÷åíèÿ ïîëåé
íàïðÿæåíèé â ìàòðèöå. Â õîäå ïðîâåäåíèÿ ýêñïåðèìåíòà â íåíàãðóæåí-
íûõ îáðàçöàõ áûëè îáíàðóæåíû ïîëîñû èíòåðôåðåíöèè, ñâèäåòåëüñòâóþ-
ùèå î íàëè÷èè îñòàòî÷íûõ íàïðÿæåíèé, âîçíèêøèõ â ðåçóëüòàòå óñàäêè
ñâÿçóþùåãî ïðè òâåðäåíèè.

Â òàáë. 2 óêàçàíû êîîðäèíàòû ðàñïîëîæåíèÿ ÷åòûðåõ òåíçîäàò÷èêîâ
(Ò1, Ò2, Ò3, Ò4), íàêëååííûõ íà àðìèðóþùèé ýëåìåíò (ñì. ðèñ. 2).

Â ðåçóëüòàòå ýêñïåðèìåíòà ïîëó÷åíû ýïþðû êàñàòåëüíûõ (�zy) è íîð-
ìàëüíûõ íàïðÿæåíèé (�z) äëÿ óñèëèé P = 0 � 2500 Í â ñå÷åíèÿõ 2, 3, 4,
7, 8, 9 (ðèñ. 3).
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Ðèñ. 2. Ñõåìà îïûòíîãî îáðàçöà ñ ðàñ÷åòíûìè ñå÷åíèÿìè

Ò à á ë è ö à 1. Èñõîäíûå õàðàêòåðèñòèêè èññëåäóåìûõ îáðàçöîâ

¹
ï/ï

Ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè, ìì Ïðîöåíò
àðìèðîâàíèÿ

�, %

Ìîäóëü Þíãà, ÌÏà E

E
ñò

ìhì hñò b l lì Eì Eñò

1 54 8 6 90 120 14,8 3500 35000 10

2 48 7 5 90 120 14,6 3500 50000 14

3 54 8 6 90 90 14,8 3500 35000 10



Óñòàíîâëåíî, ÷òî íåçàâèñèìî îò âåëè÷èíû íàãðóçêè P ïðè z  40 ìì
êàñàòåëüíûå íàïðÿæåíèÿ (�zy) ñòàíîâÿòñÿ ïðåíåáðåæèìî ìàëûìè, à íîð-
ìàëüíûå íàïðÿæåíèÿ (�z) ïîñòîÿííûìè, ò.å. äëèíà çîíû àíêåðîâêè
� 40 ìì.

Äëÿ îáðàçöà ¹ 2 ïàðàìåòð � îïðåäåëåí ïî ôîðìóëå (16) äëÿ ðàç-
íûõ ñî÷åòàíèé òåíçîäàò÷èêîâ. Ïî ïîêàçàíèÿì òåíçîìåòðèè (ïåðâîãî
òåíçîäàò÷èêà) áûëî çàôèêñèðî-
âàíî ïðîñêàëüçûâàíèå ñòåðæíÿ
â ìàòðèöå (íàðóøåíèå àäãåçèè)
ïðè íàãðóçêå 1000 Í, ÷òî ñîîò-
âåòñòâóåò êðèâîé «destr.» íà
ðèñ. 4, á.

Çíà÷åíèÿ ïàðàìåòðà �, ïðåä-
ñòàâëåííûå â òàáë. 3, èìåþò
ñóùåñòâåííûé ðàçáðîñ. Äëÿ îïè-
ñàíèÿ íå÷åòêîé âåëè÷èíû � èñ-
ïîëüçîâàí ìåòîä îáðàáîòêè äàí-
íûõ [9].
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Ò à á ë è ö à 2. Êîîðäèíàòû z ðàñïîëîæåíèÿ òåíçîäàò÷èêîâ

Òåíçîäàò÷èê Ò1 Ò2 Ò3 Ò4

Ðàñïîëîæåíèå äàò÷èêîâ, ì 0,003 0,030 0,053 0,082

Ðèñ. 3. Íàïðÿæåíèÿ â îáðàçöå ¹ 1
à — êàñàòåëüíûå �zy ïðè P = 0 Í; á — êàñàòåëüíûå �zy ïðè P = 500 Í; â — íîðìàëüíûå �z

ïðè P = 0 Í; ã — íîðìàëüíûå �z ïðè P = 500 Í

Ò à á ë è ö à 3. Çíà÷åíèå ïàðàìåòðà � [1/ì]
â îáðàçöå ¹ 2 äëÿ ðàçíûõ ñî÷åòàíèé
òåíçîäàò÷èêîâ

P, Í Ò2 è Ò3 Ò2 è Ò4 Ò3 è Ò4

600 31,26 97,33 149,73

700 28,19 50,73 68,60

800 25,60 39,86 51,17

900 23,97 33,43 40,94

1000 22,56 30,00 35,90

destr. 1000 25,70 32,13 37,23



Àíàëèç ôóíêöèè ïðèíàäëåæíîñòè ïîêàçàë, ÷òî � � 35. Âåëè÷èíà
ñäâèãàþùåãî ñëîÿ 2t ïî ôîðìóëå (16) ðàâíà 6,2 ìì, ÷òî ñîèçìåðèìî ñ òîë-
ùèíîé îáðàçöà b = 5 ìì.

Ïðè ïîñòðîåíèè êðèâûõ, ïîëó÷åííûõ ïî ìàòåìàòè÷åñêîé ìîäåëè
(ðèñ. 4, á), ïðåäïîëàãàëîñü, ÷òî ïðè íàãðóçêå P � 1000 Í ñîâìåñòíàÿ ðàáî-
òà àðìèðóþùåãî ýëåìåíòà è ìàòðèöû ïðîèñõîäèò çà ñ÷åò àäãåçèîííûõ
ñâÿçåé ìåæäó íèìè (ïî ìîäåëè Àóòâîòåðà) [5], à ïðè P �1000 Í îáðàçóåò-
ñÿ âòîðîé ó÷àñòîê, íà êîòîðîì ñîâìåñòíàÿ ðàáîòà àðìàòóðû è áåòîíà
îñóùåñòâëÿåòñÿ çà ñ÷åò ôðèêöèîííîãî âçàèìîäåéñòâèÿ.
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Ðèñ. 4. Ôóíêöèÿ ïðèíàäëåæíîñòè äëÿ íå÷åòêîé âåëè÷èíû � (à); ïðîäîëüíûå
äåôîðìàöèè â ñòåðæíå â îáðàçöå ¹ 2 ïðè P = 800 � 1200 Í (á)



3.2. ×èñëåííûé ýêñïåðèìåíò. Ïðîâåäåíî ÷èñëåííîå ìîäåëèðîâà-
íèå ïðîöåññà âûðûâàíèÿ àðìèðóþùåãî ýëåìåíòà èç ìàòðèöû. Ìîäåëèðî-
âàíèå âûïîëíåíî ñ ïîìîùüþ ïðîãðàììíîãî êîìïëåêñà ANSYS 15.0 â ðàì-
êàõ äâóìåðíîé çàäà÷è òåîðèè óïðóãîñòè ñ ó÷åòîì ãåîìåòðè÷åñêîé íåëè-
íåéíîñòè.

×èñëåííîå ìîäåëèðîâàíèå ðåàëèçîâàíî äëÿ îáðàçöîâ ¹ 1, 3. Ðåçóëü-
òàòû ðàñ÷åòîâ, ïðîâåäåííûõ â ÏÊ ANSYS äëÿ îáðàçöà ¹ 1, ñîïîñòàâëåíû
ñ ýêñïåðèìåíòàëüíûìè è àíàëèòè÷åñêèìè äàííûìè (ðèñ. 5, 6). Ñõåìà
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Ðèñ. 5. Íàïðÿæåíèÿ â ìàòðèöå â îáðàçöå ¹ 1 ïðè P = 500 Í
à — êàñàòåëüíûå (�zy); á — íîðìàëüíûå (�z)
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Ðèñ. 6. Ïðîäîëüíûå äåôîðìàöèè â îáðàçöå ¹ 1
à — â ñòåðæíå ïðè P = 500 � 1500 Í; á — â ìàòðèöå è ñòåðæíå ïðè

P = 1000 Í



îïûòíîãî îáðàçöà ñ óêàçàííûìè ðàñ÷åòíûìè ñå÷åíèÿìè 7, 8, 9 ïðåäñòàâ-
ëåíà íà ðèñ. 2.

Ïî ðåçóëüòàòàì ÷èñëåííîãî ìîäåëèðîâàíèÿ â ÏÊ ANSYS áûëî âûÿâ-
ëåíî, ÷òî çîíà êðàåâîãî ýôôåêòà â îáðàçöå ¹ 1 ñîñòàâëÿåò 44 ìì, îòëè-
÷èå îò ýêñïåðèìåíòàëüíûõ äàííûõ ñîñòàâëÿåò ! 9 %.

Ðåçêîå óìåíüøåíèå âåëè÷èíû ïðîäîëüíûõ äåôîðìàöèé â ïðàâîé ÷àñ-
òè îáðàçöà ñâÿçàíî ñ êîíå÷íîé äëèíîé îáðàçöà, à òàêæå ñ èñïîëüçîâàííû-
ìè â ðàñ÷åòå ãðàíè÷íûìè óñëîâèÿìè. Ïðè ñîçäàíèè ðàñ÷åòíîé ìîäåëè
(ñì. ðèñ. 2) ïðèíÿòû ñëåäóþùèå äîïóùåíèÿ: 1) òîðåö ñòåðæíÿ íå ñâÿçàí
ñ ìàòðèöåé; 2) àäãåçèîííûå ñâÿçè íàðóøåíû íà ðàññòîÿíèè 5 ìì îò òîð-
öîâ ñòåðæíÿ. Äàííûå óñëîâèÿ íàçíà÷åíû íà îñíîâàíèè âèçóàëüíîãî
îáñëåäîâàíèÿ îáðàçöîâ â õîäå ýêñïåðèìåíòà.

Äëèíà çîíû àíêåðîâêè îïðåäåëÿåòñÿ èç óñëîâèÿ ðàâåíñòâà ïðîäîëü-
íûõ äåôîðìàöèé â ñòåðæíå è ìàòðèöå îáðàçöà, ÷òî ñîîòâåòñòâóåò òî÷êå
ïåðåñå÷åíèÿ êðèâûõ äåôîðìà-
öèé íà ðèñ. 6, á.

Â õîäå ñåðèè ÷èñëåííûõ
ýêñïåðèìåíòîâ ñ îáðàçöîì
¹ 3 çà ñ÷åò âàðüèðîâàíèÿ ìî-
äóëÿ Þíãà ìàòðèöû ñâÿçóþ-
ùåãî ïîëó÷åíà çàâèñèìîñòü
äëèíû çîíû àíêåðîâêè îò îò-
íîøåíèÿ æåñòêîñòíûõ õàðàê-
òåðèñòèê (ðèñ. 7).

Â òàáë. 4 ïðèâåäåíû çíà-
÷åíèÿ äëèíû çîíû àíêåðîâêè,
îïðåäåëåííûå ïî ðåçóëüòàòàì
ýêñïåðèìåíòà, äàííûõ ðàñ÷å-
òà, ïîëó÷åííûõ ñ èñïîëüçîâà-
íèåì ìîäåëè òèïà Àóòâîòåðà, è ÷èñëåííîãî ìîäåëèðîâàíèÿ â ïðîãðàìì-
íîì êîìïëåêñå ANSYS.

Âûâîäû. 1. Ïðîâåäåíî èññëåäîâàíèå ïðèìåíèìîñòè àíàëèòè÷åñêîé
óòî÷íåííîé ìîäåëè Àóòâîòåðà äëÿ ðåøåíèÿ çàäà÷è îïðåäåëåíèÿ çîíû àí-
êåðîâêè. Óñòàíîâëåíî, ÷òî â ïåðâîì ïðèáëèæåíèè äëèíû çîíà àíêåðîâêè
ìîæåò áûòü îïðåäåëåíà ïî ìîäåëè Àóòâîòåðà ñ ïîãðåøíîñòüþ 20�30 %
ïî ñðàâíåíèþ ñ ýêñïåðèìåíòàëüíûìè äàííûìè.

2. Ïðîâåäåííîå íà îñíîâå ïîëÿðèçàöèîííî-îïòè÷åñêîãî ìåòîäà ýêñïå-
ðèìåíòàëüíîå èññëåäîâàíèå ïîçâîëèëî ïîäðîáíî èçó÷èòü ïðîöåññ íàðó-
øåíèÿ ñöåïëåíèÿ è îïðåäåëèòü ñ ïðèåìëåìîé òî÷íîñòüþ [8] íàïðÿæåí-
íî-äåôîðìèðîâàííîå ñîñòîÿíèå âáëèçè ïîãðàíè÷íîãî ñëîÿ ìàòðèöû ïðè
âûòÿãèâàíèè èç íåå àðìèðóþùåãî ýëåìåíòà. Â îïûòíûõ îáðàçöàõ îáíàðó-
æåíî íàëè÷èå îñòàòî÷íûõ íàïðÿæåíèé, ó÷åò êîòîðûõ ïîçâîëèë ñîçäàòü
êîððåêòíóþ ÷èñëåííóþ ìîäåëü.
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Ðèñ. 7. Çàâèñèìîñòü çîíû àíêåðîâêè îò îòíîøå-
íèÿ ìîäóëÿ óïðóãîñòè ìàòðèöû ê ìîäóëþ óïðóãî-

ñòè àðìèðóþùåãî ýëåìåíòà

Ò à á ë è ö à 4. Äëèíà çîíû àíêåðîâêè, ìì

¹ ï/ï Ýêñïåðèìåíò Àóòâîòåð ANSYS

Îáðàçåö ¹ 1 40 50 � 60 40 � 50

Îáðàçåö ¹ 2 50 50 � 60 —

Îáðàçåö ¹ 3 — — 50 � 60



3. Ïî äàííûì ÷èñëåííîãî ýêñïåðèìåíòà â ÏÊ ANSYS ïîëó÷åíà çàâè-
ñèìîñòü äëèíû çîíû àíêåðîâêè îò èçìåíåíèÿ æåñòêîñòíûõ õàðàêòåðè-
ñòèê, êîòîðàÿ õîðîøî ñîãëàñóåòñÿ ñ òåîðèåé ñöåïëåíèÿ àðìàòóðû ñ áåòî-
íîì [3]. Ñîïîñòàâëåíèå ðåçóëüòàòîâ âû÷èñëèòåëüíîãî ýêñïåðèìåíòà ñ
ýêñïåðèìåíòàëüíûìè äàííûìè ïîêàçàëî àäåêâàòíîñòü ìàòåìàòè÷åñêèõ
ìîäåëåé, çàëîæåííûõ â ÏÊ ANSYS. Ìàêñèìàëüíîå îòêëîíåíèå ÷èñëåí-
íûõ ðåçóëüòàòîâ îò ýêñïåðèìåíòàëüíûõ äàííûõ ñîñòàâëÿåò 20 %.
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DEFINITION OF THE ZONE OF ANCHORING OF THE REINFORCING
ELEMENT WHEN PULLING FROM MATRIX

Experimental investigations of anchorage by bond failure process were performed using the
photoelastic method. Normal and shear stress distributions in the matrix were obtained during
the pullout test. Theoretical estimates of lengths of the anchorage zone or the effective
reinforcing element were obtained based on the simplest Outwater model [7]. The ANSYS
software was used for determination of the anchorage zone. It has been shown that the
anchorage zone can be determined in a first approximation to a precision of 20–30 % making
use of the Outwater type model. According to the numerical experiment in PC ANSYS
obtained the dependence the length of the anchoring zone for change stiffness characteristics,
which is in good agreement with the theory of resistance of reinforced concrete. The difference
results of numerical modeling for analytical calculation are explained by the influence of fixing,
which is not described in a mathematical model.

K e y w o r d s: the rone anchoring, reinforcing element, matrix, concrete strength, ANSYS.
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ÓÄÊ 624.07.014.2

À.Â. ÁÀÐÛØÍÈÊÎÂ, È.Â. ÕÀÐËÀÌÎÂ

ÌÅÒÎÄÈÊÀ ÏÎÈÑÊÀ ÐÀÖÈÎÍÀËÜÍÎÉ
ÊÎÍÑÒÐÓÊÒÈÂÍÎÉ ÔÎÐÌÛ ÌÅÒÀËËÎÊÎÍÑÒÐÓÊÖÈÉ
Ñ Ó×ÅÒÎÌ ÝÊÑÏËÓÀÒÀÖÈÎÍÍÛÕ ÇÀÒÐÀÒ

Ïðåäëîæåíà ìåòîäèêà ïîèñêà ðàöèîíàëüíîé êîíñòðóêòèâíîé ôîðìû ìåòàëëîêîíñòðóêöèé
ñ ó÷åòîì ýêñïëóàòàöèîííûõ çàòðàò. Âûáîð ðàöèîíàëüíîé êîíñòðóêòèâíîé ôîðìû ìåòàë-
ëîêîíñòðóêöèé ïîçâîëèò èçáåæàòü íåæåëàòåëüíûõ ðàñõîäîâ êàê íà ñòàäèè ñòðîèòåëüñòâà,
òàê è íà ñòàäèè ýêñïëóàòàöèè. Âûÿâëåíû îñíîâíûå çàäà÷è äëÿ äîñòèæåíèÿ ïîñòàâëåííîé
öåëè. Ïîäðîáíî îïèñàíà ìåòîäèêà ðàñ÷åòà äîëãîâå÷íîñòè ýëåìåíòîâ ìåòàëëîêîíñòðóêöèé
è ïîäáîð íåîáõîäèìûõ ñå÷åíèé ýëåìåíòîâ äëÿ òðåáóåìîãî ñðîêà ñëóæáû êîíñòðóêöèè.
Ðàññìàòðèâàåòñÿ ïðèìåð âûáîðà êîíñòðóêòèâíîé ôîðìû ìåòàëëè÷åñêîé ôåðìû èç êðóã-
ëûõ òðóá ïðè åå ýêñïëóàòàöèè ñ íàëè÷èåì çàùèòíîãî ïîêðûòèÿ, áåç íàíåñåíèÿ ïîêðûòèÿ,
à òàêæå áåç åãî âîññòàíîâëåíèÿ.

Ê ë þ ÷ å â û å ñ ë î â à: ìåòàëëè÷åñêèå êîíñòðóêöèè, êîíñòðóêòèâíàÿ ôîðìà, çàùèòíîå ïî-
êðûòèå, äîëãîâå÷íîñòü ìåòàëëîêîíñòðóêöèé, ýêñïëóàòàöèîííûå çàòðàòû.

Íåïðàâèëüíûé âûáîð êîíñòðóêòèâíîé ôîðìû ìåòàëëîêîíñòðóêöèé
ìîæåò ïðèâåñòè ê ïîâûøåííûì çàòðàòàì êàê íà ñòàäèè ñòðîèòåëüñòâà,
òàê è íà ñòàäèè ýêñïëóàòàöèè.

Âñòàåò íåîáõîäèìîñòü ðàçðàáîòêè òàêîé ìåòîäèêè, êîòîðàÿ ïîçâîëè-
ëà áû îïðåäåëÿòü ðàöèîíàëüíóþ êîíñòðóêòèâíóþ ôîðìó ìåòàëëè÷åñêèõ
êîíñòðóêöèé ñ ó÷åòîì ýêñïëóàòàöèîííûõ ðàñõîäîâ.

Ðàöèîíàëüíîñòü êîíñòðóêòèâíîé ôîðìû ìåòàëëîêîíñòðóêöèé îïðåäå-
ëÿåòñÿ òåõíèêî-ýêîíîìè÷åñêèìè ïîêàçàòåëÿìè. Ðåøàþùèìè ñðåäè íèõ
ÿâëÿþòñÿ ìèíèìàëüíàÿ ìàññà è ìèíèìàëüíàÿ ñòîèìîñòü. Ñíèæåíèå ìàñ-
ñû âîçìîæíî çà ñ÷åò èçìåíåíèÿ êîíñòðóêòèâíîãî ðåøåíèÿ èëè óâåëè÷å-
íèÿ ïðî÷íîñòè ñòàëè. Îäíàêî îäíî òîëüêî ñíèæåíèå ìàññû êîíñòðóêöèè
â áîëüøèíñòâå ñëó÷àåâ åùå íå ÿâëÿåòñÿ äîñòàòî÷íûì äëÿ ïðèìåíåíèÿ áî-
ëåå ïðî÷íîé ñòàëè [1]. Äðóãîå íåïðåìåííîå óñëîâèå — ïîëó÷åíèå ýêîíî-
ìè÷åñêîãî ýôôåêòà. Ýêîíîìè÷åñêèé ýôôåêò ÷àùå âñåãî ðàññìàòðèâàåòñÿ
ïðîåêòèðîâùèêàìè òîëüêî íà ìîìåíò ñòðîèòåëüñòâà, à ïåðèîä ýêñïëóàòà-
öèè óïóñêàåòñÿ, ÷òî îáóñëîâëåíî ñëîæíîñòüþ è áîëüøîé òðóäîåìêîñòüþ
ðàñ÷åòîâ èç-çà îòñóòñòâèÿ ìåòîäèê ïîäîáíûõ ðàñ÷åòîâ.

Àíàëèç çàòðàò íà ñòðîèòåëüñòâî è ñîäåðæàíèå çäàíèé è ñîîðóæåíèé
íåîáõîäèìî ïðîâîäèòü ñ ó÷åòîì ðåìîíòíûõ è âîññòàíîâèòåëüíûõ ðàáîò, à
òàêæå ñ ó÷åòîì àíòèêîððîçèîííîé çàùèòû è ïðè íåîáõîäèìîñòè îãíåçà-
ùèòû.

Äëÿ ðåàëèçàöèè ïîñòàâëåííîé öåëè âûäåëåíû ñëåäóþùèå îñíîâíûå
çàäà÷è:

— âûÿâëåíèå îñíîâíûõ êðèòåðèåâ, âëèÿþùèõ íà òåõíèêî-ýêîíîìè÷å-
ñêèå ïîêàçàòåëè è ðàöèîíàëüíîñòü êîíñòðóêòèâíîé ôîðìû ìåòàëëîêîíñò-
ðóêöèé;
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— ðàçðàáîòêà ìåòîäèêè îöåíêè äîëãîâå÷íîñòè àíòèêîððîçèîííîé çà-
ùèòû;

— ðàçðàáîòêà ìåòîäèêè îöåíêè äîëãîâå÷íîñòè ìåòàëëîêîíñòðóêöèé
áåç çàùèòíîãî ïîêðûòèÿ;

— ðàçðàáîòêà ïðîãðàììíîãî êîìïëåêñà â êà÷åñòâå èíñòðóìåíòà îï-
ðåäåëåíèÿ íàèáîëåå ðàöèîíàëüíûõ êîíñòðóêòèâíûõ ôîðì ìåòàëëîêîíñò-
ðóêöèé;

— îöåíêà ýôôåêòèâíîñòè ðàçðàáîòàííîé ìåòîäèêè è ïðîãðàììíîãî
êîìïëåêñà äëÿ òåõíèêî-ýêîíîìè÷åñêîé îöåíêè ìåòàëëîêîíñòðóêöèé ðàç-
ëè÷íîé êîíñòðóêòèâíîé ôîðìû.

Íà äàííûé ìîìåíò ðåøåíû îñíîâíûå çàäà÷è, è îíè ðåàëèçîâàíû
â ïðîãðàììíîì êîìïëåêñå, íà êîòîðûé ïîëó÷åí ñåðòèôèêàò. Îäíîé èç
çàäà÷, êîòîðàÿ òðåáóåò äåòàëüíîãî ðàññìîòðåíèÿ, ÿâëÿåòñÿ ðàçðàáîòêà
ìåòîäèêè îöåíêè äîëãîâå÷íîñòè ìåòàëëîêîíñòðóêöèé áåç çàùèòíîãî
ïîêðûòèÿ.

Íî ýòîò âàðèàíò ýêñïëóàòàöèè ïðèâåäåò ê óâåëè÷åíèþ ñå÷åíèé ýëå-
ìåíòîâ êîíñòðóêöèé äëÿ îáåñïå÷åíèÿ íåñóùåé ñïîñîáíîñòè êîíñòðóêöèè
íà íîðìàòèâíûé ñðîê ýêñïëóàòàöèè. Ïîä äåéñòâèåì êîððîçèîííîãî èçíî-
ñà êîíñòðóêöèè áóäóò òåðÿòü íåñóùóþ ñïîñîáíîñòü ðàíüøå ïðåäïîëàãàå-
ìîãî ïåðèîäà. Äëÿ ïðåäîòâðàùåíèÿ ýòîãî ñëó÷àÿ èçíà÷àëüíî ðàññ÷èòûâà-
åòñÿ è çàêëàäûâàåòñÿ áîëüøåå ñå÷åíèå ýëåìåíòîâ êîíñòðóêöèé. Ýòî ïðè-
âåäåò ê óâåëè÷åíèþ ñòîèìîñòè íà ñòðîèòåëüñòâî, íî óìåíüøåíèþ çàòðàò
íà ýêñïëóàòàöèþ.

Ñîãëàñíî ï. 1.2 è 1.9 ÑÍèÏ Ï-23–81*, â êîòîðûõ óêàçàíî, ÷òî «óâåëè-
÷åíèå òîëùèíû ïðîêàòà è ñòåíîê òðóá ñ öåëüþ çàùèòû îò êîððîçèè íå
äîïóñêàåòñÿ», à òàêæå «ýëåìåíòû ñòàëüíûõ êîíñòðóêöèé äîëæíû èìåòü
ìèíèìàëüíûå ñå÷åíèÿ», íåîáõîäèìî äîñòèãàòü ìàêñèìàëüíîé ýêîíîìèè
ìåòàëëà. Îäíàêî ïðåäëàãàåìûé âàðèàíò ýêñïëóàòàöèè ïðîòèâîðå÷èò ýòî-
ìó òðåáîâàíèþ, íî â òî æå âðåìÿ îí ìîæåò îáåñïå÷èòü äðóãèå òðåáîâà-
íèÿ, òàêèå êàê ìèíèìàëüíàÿ òðóäîåìêîñòü è ìàêñèìàëüíàÿ ýêîíîìèÿ
ñðåäñòâ.

Ñîãëàñíî ï. 4.1.1 ÑÏ 16.13330.2011, àêòóàëèçèðîâàííîé ðåäàêöèè
ÑÍèÏ Ï-23–81*: «Óâåëè÷åíèå òîëùèíû ïðîêàòà è ñòåíîê òðóá ñ öåëüþ
çàùèòû îò êîððîçèè è ïîâûøåíèÿ ïðåäåëà îãíåñòîéêîñòè êîíñòðóêöèé
äîïóñêàåòñÿ òîëüêî ïðè òåõíèêî-ýêîíîìè÷åñêîì îáîñíîâàíèè», ïðèìåíå-
íèå òàêèõ âàðèàíòîâ ýêñïëóàòàöèè ìåòàëëîêîíñòðóêöèé äîïóñòèìî.

Ïîýòîìó âñòàåò çàäà÷à ðàçðàáîòêè òàêîé ìåòîäèêè, êîòîðàÿ ïîçâîëèò
îáîñíîâàòü ðàöèîíàëüíîñòü ýêñïëóàòàöèè êîíñòðóêöèé áåç çàùèòíîãî
ïîêðûòèÿ. À äàëåå ïðåäëîæèòü áîëåå ðàöèîíàëüíûé âàðèàíò çàêàç÷èêó,
îïðåäåëÿþùåìó îêîí÷àòåëüíîå ðåøåíèå.

Ìåòîäèêà ïðîâåäåíèÿ îöåíêè äîëãîâå÷íîñòè, ðàçðàáîòàííàÿ Ãèïðî-
öâåòìåòîì è ÌÈÑÈ [2], îñíîâàíà íà èçìåíåíèè íåñóùåé ñïîñîáíîñòè
êîíñòðóêöèè ïî ìåðå óìåíüøåíèÿ ïëîùàäè ïîïåðå÷íûõ ñå÷åíèé îòäåëü-
íûõ ýëåìåíòîâ. Ïðè ýòîì äëÿ ýëåìåíòîâ ñ íà÷àëüíîé èëè îñòàòî÷íîé
ïîñëå êîððîçèè òîëùèíîé 5 ìì è ìåíüøå äëÿ ó÷åòà âåðîÿòíîñòè õðóïêîãî
ðàçðóøåíèÿ âñëåäñòâèå âîçìîæíîãî èçìåíåíèÿ ìåõàíè÷åñêèõ õàðàêòå-
ðèñòèê ñòàëè ðàñ÷åòíûå ñîïðîòèâëåíèÿ ñíèæàþòñÿ íà 15 % â ñèëüíî-
àãðåññèâíîé è íà 10 % â ñðåäíåàãðåññèâíîé ñðåäå [3].
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Ðàñ÷åò ïî ïðåäëîæåííîé ìåòîäèêå ïðîèçâîäèòñÿ ÷åðåç êîýôôèöèåí-
òû óìåíüøåíèÿ ïëîùàäè ïîïåðå÷íîãî ñå÷åíèÿ è ìîìåíòà ñîïðîòèâëåíèÿ,
÷òî íå ñîâñåì òî÷íî ó÷èòûâàåò èçìåíåíèå ïîïåðå÷íîãî ñå÷åíèÿ ýëåìåí-
òîâ ìåòàëëîêîíñòðóêöèé ñ òå÷åíèåì âðåìåíè ïîä äåéñòâèåì êîððîçèîí-
íîãî èçíîñà.

Êðîìå ýòîãî âîïðîñàìè êîððîçèîííîãî âîçäåéñòâèÿ íà ìåòàëë çàíè-
ìàëèñü è äðóãèå ó÷åíûå. Ôóíêöèè êîððîçèîííîãî èçíîñà, ïðåäëîæåííûå
À.È. Êèêèíûì, A.A. Âàñèëüåâûì, Á.Í. Êîøóòèíûì, Å.Â. Ãîðîõîâûì,
ß. Áðóäêà, Ì. Ëóáèíüñêè, A.Ç. Ìàíàïîâûì, È.È. Ìàííàíîâûì îòðàæàþò
îöåíêó íàäåæíîñòè ñ ó÷åòîì êèíåòèêè êîððîçèîííîãî ðàçðóøåíèÿ [4].

À.Ç. Ìàíàïîâûì áûëà ïðåäëîæåíà ìåòîäèêà ðàñ÷åòà âåðîÿòíîñòè îò-
êàçà ìåòàëëîêîíñòðóêöèé â çàâèñèìîñòè îò ïðîäîëæèòåëüíîñòè ýêñïëóà-
òàöèè è ó÷åòà êîððîçèîííîãî èçíîñà [5].

Îäíàêî òàêîé ïîäõîä íå ó÷èòûâàåò íåðàâíîìåðíîñòü êîððîçèè è íå
ïîçâîëÿåò îïðåäåëèòü äîëãîâå÷íîñòü êîíêðåòíûõ êîíñòðóêòèâíûõ ôîðì
ìåòàëëîêîíñòðóêöèè â êîíêðåòíûõ óñëîâèÿõ.

Ðåøàþùèìè ôàêòîðàìè ïðè îïðåäåëåíèè ðàöèîíàëüíîñòè âàðèàíòà
ýêñïëóàòàöèè áåç çàùèòíîãî ïîêðûòèÿ áóäåò òî, èç êàêèõ ýëåìåíòîâ ñî-
ñòîèò êîíñòðóêöèÿ, êàêèõ ñå÷åíèé è ïðîôèëåé, íàñêîëüêî íåîáõîäèìî
óâåëè÷èòü ñå÷åíèå ñ ó÷åòîì êîððîçèîííîãî èçíîñà è êàêóþ ïëîùàäü
ïîâåðõíîñòåé ñîñòàâëÿþò ýëåìåíòû êîíñòðóêöèè.

Äëÿ òîãî ÷òîáû îïðåäåëèòü íåîáõîäèìûå ñå÷åíèÿ ýëåìåíòîâ êîíñò-
ðóêöèè, íóæíî ðàññ÷èòàòü äîëãîâå÷íîñòü ýòèõ ýëåìåíòîâ ñ ó÷åòîì êîððî-
çèîííîãî èçíîñà. À äàëåå ïîäîáðàòü òàêèå ñå÷åíèÿ, êîòîðûå óäîâëåòâîðÿ-
ëè áû òðåáóåìîìó ñðîêó ýêñïëóàòàöèè êîíñòðóêöèè.

Äîëãîâå÷íîñòü íåçàùèùåííûõ àíòèêîððîçèîííûìè ïîêðûòèÿìè
ýëåìåíòîâ ñòàëüíûõ êîíñòðóêöèé îïðåäåëÿåòñÿ ñ ó÷åòîì ñêîðîñòè êîððî-
çèè íà ðàçëè÷íûõ ó÷àñòêàõ ïîïåðå÷íûõ ñå÷åíèé. Â ñîîòâåòñòâèè ñ [6,
ðèñ. 1.21] êîððîçèÿ ðàñïðîñòðàíÿåòñÿ ïî ïåðèìåòðó ñå÷åíèÿ íåðàâíîìåð-
íî, ÷òî îáóñëîâëèâàåòñÿ ðàçíîé ñòåïåíüþ îáòåêàåìîñòè ñå÷åíèÿ. Ïðèìåð
ñêîðîñòåé êîððîçèè äëÿ óãîëêà ïðèâåäåí íà ðèñ. 1, à, á. Äëÿ òîãî ÷òîáû
ïåðåéòè îò ã/ãîä â ìì/ãîä, èñïîëüçóþòñÿ ñêîðîñòè êîððîçèè, çàìåðåí-
íûå íà ñòåðæíÿõ ðàçëè÷íûõ òèïîâ [3, ðèñ. 1.26].
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Ðèñ. 1. Ñêîðîñòü êîððîçèè íà ïîâåðõíîñòè îáðàçöà — óãîëîê
(à — ã/ãîä, á — ìì/ãîä)



Ïîñêîëüêó èñïûòàíèÿ ïî èçó÷åíèþ ñêîðîñòè êîððîçèè ïðîâîäèëèñü
â âûñîêîàãðåññèâíîé ñðåäå, íåîáõîäèìî ó÷åñòü ñíèæåíèå ñêîðîñòè êîð-
ðîçèè â ñðåäàõ ñ áîëåå íèçêîé ñòåïåíüþ àãðåññèâíîñòè. Äëÿ ýòîãî ïàðà-
ìåòðû ñêîðîñòè êîððîçèè ñëåäóåò çàäàòü ÷åðåç êîýôôèöèåíòû, êîòîðûå
áóäóò óìíîæàòüñÿ íà ÷èñëåííîå çíà÷åíèå ôàêòè÷åñêîé ñêîðîñòè êîððî-
çèè, èçâåñòíîé äëÿ äàííîé ñðåäû.

Òàêæå íåîáõîäèìî ââåñòè êîýôôèöèåíòû, ó÷èòûâàþùèå èçìåíåíèå
ñêîðîñòåé êîððîçèè ïîä ðàçëè÷íûìè óãëàìè ïîâîðîòà ïðîôèëåé, êîòîðûå
îïðåäåëÿþòñÿ îòíîøåíèåì ïîêàçàòåëåé êîððîçèîííîé ñòîéêîñòè çàäàí-
íîãî ýëåìåíòà è ãîðèçîíòàëüíîãî ýëåìåíòà, ïðèíÿòîãî çà ýòàëîí.

Ðåçóëüòèðóþùèå êîýôôèöèåíòû íà ïðèìåðå óãîëêà ïðèâåäåíû â
òàáë. 1. Êîýôôèöèåíòû óêàçàíû â ñëåäóþùåì âèäå ki

j , ãäå k — êîýôôèöè-
åíò; i — íîìåð ïëîñêîñòè (èçìåíÿåòñÿ îò 4 äî 8 â çàâèñèìîñòè îò ñå÷åíèÿ
ïðîôèëÿ); j — íîìåð ó÷àñòêà (÷èñëî ðàññìàòðèâàåìûõ â ÄÏ ó÷àñòêîâ
ðàâíî 2).

Â òàáë. 1 ïðèâåäåíî çíà÷åíèå êîýôôèöèåíòîâ ki
j â çàâèñèìîñòè îò

âèäà ñå÷åíèÿ ïðîôèëÿ è óãëà ïîâîðîòà.
Ïîñëå îïðåäåëåíèÿ ñêîðîñòè êîððîçèè ìîæíî ðàññ÷èòàòü ïîòåðè ñå-

÷åíèÿ ïðîôèëåé îò âîçäåéñòâèÿ àãðåññèâíîé ñðåäû. Äàëåå îïðåäåëÿþòñÿ
ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè ïîëó÷åííûõ ñå÷åíèé â ðåçóëüòàòå êîððî-
çèîííûõ ðàçðóøåíèé íà ýòàïå ýêñïëóàòàöèè êîíñòðóêöèè â � ëåò. Ïðè
ýòîì îïðåäåëÿþòñÿ íîâûå ïîëîæåíèÿ öåíòðîâ òÿæåñòè ñå÷åíèé, ïëîùàäü
ñå÷åíèé, ìîìåíòû èíåðöèè è ìîìåíòû ñîïðîòèâëåíèÿ (ðèñ. 2).

Ïî ïîëó÷åííûì çíà÷åíèÿì ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê è ðàñ-
ñ÷èòàííûì óñèëèÿì â ýëåìåíòàõ ïðîâîäÿòñÿ ïðîâåðêè íà íåñóùóþ
ñïîñîáíîñòü ïî èçâåñòíûì ìåòîäèêàì íîðìàòèâíûõ äîêóìåíòîâ (ÑÏ
16.13330.2011). Äàëåå îïðåäåëÿåòñÿ òàêîé ïåðèîä âðåìåíè ýêñïëóàòàöèè
� ëåò, ïðè êîòîðîì ïðîèçîéäåò ðàçðóøåíèå êîíñòðóêöèè.

Åñëè ýòîò ïåðèîä ìåíüøå íîðìàòèâíîãî ñðîêà ýêñïëóàòàöèè êîíñò-
ðóêöèè, òî ñå÷åíèÿ ðàçðóøåííûõ ýëåìåíòîâ óâåëè÷èâàþòñÿ äî òåõ ïîð,
ïîêà êîíñòðóêöèÿ íå ñòàíåò óäîâëåòâîðÿòü òðåáîâàíèÿì.

Òàêèì îáðàçîì, ìîæíî ïîäîáðàòü ñå÷åíèÿ êîíñòðóêöèé, ñïîñîáíûå
âûäåðæàòü âîçäåéñòâèå àãðåññèâíûõ ñðåä ýêñïëóàòàöèè è ïðè ýòîì íå
òðåáóþùèå ïåðèîäè÷åñêîãî âîññòàíîâëåíèÿ çàùèòíîãî ïîêðûòèÿ. Îæè-
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Ò à á ë è ö à 1. Çíà÷åíèå êîýôôèöèåíòîâ
ñêîðîñòè êîððîçèè óãîëêà ïðè ïîâîðîòå
íà óãîë �

¹
êîýôôèöèåíòà

Óãîë ïîâîðîòà

0° 90° 180° 270°

k1
1 4,182 6,279 4,182 2,909

k1
2 4,182 6,279 4,182 2,909

k2
1 7,636 3,353 2,909 9,682

k2
2 7,636 3,353 2,909 9,682

k3
1 9,682 2,909 3,353 7,636

k3
2 9,682 2,909 3,353 7,636

k4
1 2,909 4,182 6,279 4,182

k4
2 2,909 4,182 6,279 4,182

Ðèñ. 2. Ïàðàìåòðè÷åñêîå îïèñàíèå
ñêîðîñòè êîððîçèè óãîëîê



äàåì, ÷òî òàêîé ïîäõîä ïîçâîëèò ïðîåêòèðîâàòü êîíñòðóêöèè ñ ìèíèìàëü-
íîé ïðèâåäåííîé ñòîèìîñòüþ.

Ðàññìîòðèì äàííóþ ìåòîäèêó íà ïðèìåðå âûáîðà ðàöèîíàëüíîé êîíñò-
ðóêòèâíîé ôîðìû ôåðì òèïîâûõ ñåðèé. Ñîãëàñíî ïðîâåäåííîìó èññëåäîâà-
íèþ [7], íàèáîëåå ðàöèîíàëüíûì áóäåò âàðèàíò ôåðìû èç êðóãëûõ òðóá ïî
òèïîâîé ñåðèè 1.460.3-17 ñ ìåòàëëèçèðîâàííûì çàùèòíûì ïîêðûòèåì.
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Ïðîàíàëèçèðóåì îïèñàííûé âûøå âàðèàíò ýêñïëóàòàöèè ôåðìû èç
êðóãëûõ òðóá êàê áåç çàùèòíîãî ïîêðûòèÿ, òàê è ñ ïåðâîíà÷àëüíûì íàíå-
ñåíèåì çàùèòíîãî ïîêðûòèÿ è ïîñëåäóþùåé ýêñïëóàòàöèåé áåç çàùèòíî-
ãî ïîêðûòèÿ.

Àíàëèç âàðèàíòà ýêñïëóàòàöèè áåç çàùèòíîãî ïîêðûòèÿ (âàðèàíò Â)
è âàðèàíòîâ ñ âîññòàíîâëåíèåì (âàðèàíò À) èëè ïåðâîíà÷àëüíûì íàíåñåíè-
åì è áåç ïîñëåäóþùåãî âîññòàíîâëåíèÿ çàùèòíîãî ïîêðûòèÿ (âàðèàíò Á)
ïîçâîëèò âûáðàòü íàèáîëåå ðàöèîíàëüíîå êîíñòðóêòèâíîå ðåøåíèå
ìåòàëëîêîíñòðóêöèé.

Ðàñ÷åòíûé ñðîê ýêñïëóàòàöèè çäàíèÿ ïðèìåì 100 ëåò. Ñðåäà ýêñ-
ïëóàòàöèè â çàêðûòûõ ïîìåùåíèÿõ ñî ñðåäíåé ñòåïåíüþ àãðåññèâíîñòè
è âëàæíîñòüþ âîçäóõà 65 %.

Â ïåðâóþ î÷åðåäü íåîáõîäèìî ïîäîáðàòü òàêèå ñå÷åíèÿ ýëåìåíòîâ,
êîòîðûå áû óäîâëåòâîðÿëè íîðìàëüíîé ýêñïëóàòàöèè êîíñòðóêöèè íà
çàäàííûé ñðîê ñëóæáû.

Ïðè ýêñïëóàòàöèè áåç çàùèòíîãî ïîêðûòèÿ êîíñòðóêöèÿ ïðîñëóæèò
33 ãîäà (ðèñ. 3). Ïåðâûìè èç ñòðîÿ âûéäóò êðàéíèå ðàñêîñû è âåðõíèé
ïîÿñ. Ðåçóëüòàòû ïîäáîðà ñå÷åíèé äëÿ ýêñïëóàòàöèè êîíñòðóêöèè íà
ñðîê 100 ëåò ïðèâåäåíû â òàáë. 2.

Ðåçóëüòàòû ðàñ÷åòà âñåõ òðåõ âàðèàíòîâ (ðèñ. 4) ïîêàçàëè, ÷òî äî
íà÷àëà ýêñïëóàòàöèè íàèáîëåå âûãîäíûì áóäåò âàðèàíò ñ ïðèìåíåíèåì
çàùèòíîãî ïîêðûòèÿ, îäíàêî óæå ÷åðåç 35 ëåò âàðèàíò ýêñïëóàòàöèè
êîíñòðóêöèè áåç çàùèòíîãî ïîêðûòèÿ îêàæåòñÿ áîëåå ðàöèîíàëåí. Òà-
êèì îáðàçîì, ýêîíîìè÷åñêèé ýôôåêò íà îäíó êîíñòðóêöèþ ïðè ýêñïëóà-
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Ò à á ë è ö à 2. Ðåçóëüòàòû ðàñ÷åòà ôåðìû ïðè ðàçíûõ óñëîâèÿõ ýêñïëóàòàöèè íà
ñðîê 100 ëåò

Ýëåìåíò
Ñå÷åíèå ýëåìåíòîâ ïðè ýêñïëóàòàöèè

ñ çàùèòíûì ïîêðûòèåì
(À)

áåç âîçîáíîâëåíèÿ
çàùèòíîãî ïîêðûòèÿ (Á)

áåç çàùèòíîãî ïîêðûòèÿ
(Â)

Âåðõíèé ïîÿñ 168"6 219"8 273"7

Ðàñêîñ 168"6 219"6 273"7

Ðàñêîñ 159"6 159"6 219"6

Ñòîéêà 127"4 127"4 127"5

Ðèñ. 4. Ðåçóëüòàòû ñðàâíåíèÿ âñåõ âàðèàíòîâ



òàöèè áåç çàùèòíîãî ïîêðûòèÿ ñïóñòÿ 100 ëåò ñîñòàâèò 118,9 òûñ. ðóá.
(òàáë. 3).

Âûâîäû. Îñíîâíûì ôàêòîðîì, îïðåäåëÿþùèì ýôôåêòèâíîñòü ìå-
òàëëîêîíñòðóêöèé, ÿâëÿåòñÿ ìèíèìàëüíàÿ ñòîèìîñòü êàê íà èçãîòîâëå-
íèå, òàê è íà ýêñïëóàòàöèþ ìåòàëëîêîíñòðóêöèé. Ñîïîñòàâëåíèå ðåçóëü-
òàòîâ îïðåäåëåíèÿ òåõíèêî-ýêîíîìè÷åñêèõ ïîêàçàòåëåé âûÿâèëî, ÷òî
ýêñïëóàòàöèîííûå ðàñõîäû îêàçûâàþò íàèáîëüøåå âëèÿíèå íà ïðèíÿòèå
ðåøåíèÿ ïî âûáîðó ðàöèîíàëüíîé êîíñòðóêòèâíîé ôîðìû. Ïðè ìåíüøèõ
çàòðàòàõ íà ñòðîèòåëüñòâî ýêñïëóàòàöèîííûå ðàñõîäû, êàê ïðàâèëî,
îêàçûâàþòñÿ áîëüøå.

Ïðè ðàññìîòðåíèè âàðèàíòà ýêñïëóàòàöèè êîíñòðóêöèè áåç âîçîá-
íîâëåíèÿ çàùèòíîãî ïîêðûòèÿ, èëè áåç åãî âîññòàíîâëåíèÿ, íåîáõîäèìî
ó÷åñòü íåðàâíîìåðíîå êîððîçèîííîå ïîðàæåíèå ýëåìåíòîâ êîíñòðóêöèè,
à òàêæå èçìåíåíèå ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê ñå÷åíèé ñ êàæäûì
ãîäîì ýêñïëóàòàöèè. Ïðè ýòîì äëÿ îáåñïå÷åíèÿ òðåáóåìîãî ñðîêà ýêñ-
ïëóàòàöèè ñëåäóåò ó÷èòûâàòü íåîáõîäèìîñòü óâåëè÷åíèÿ ñå÷åíèé ýëå-
ìåíòîâ èëè çàìåíó òèïà ñå÷åíèé.

Äëÿ îáëåã÷åíèÿ è óñêîðåíèÿ ðàñ÷åòîâ òåõíèêî-ýêîíîìè÷åñêèõ ïîêà-
çàòåëåé è ïîëó÷åíèÿ ðåêîìåíäàöèé ê âûáîðó ðàöèîíàëüíîé êîíñòðóê-
òèâíîé ôîðìû ìåòàëëîêîíñòðóêöèé ñîçäàí ïðîãðàììíûé êîìïëåêñ äëÿ
ÝÂÌ.

Ñîçäàííàÿ ìåòîäèêà ïîèñêà ðàöèîíàëüíîé êîíñòðóêòèâíîé ôîðìû
ìåòàëëîêîíñòðóêöèé ïîçâîëèò åùå íà ñòàäèè ïðîåêòèðîâàíèÿ ïðîåêòè-
ðîâùèêó ïðèíÿòü ïðàâèëüíîå ðåøåíèå è èçáåæàòü íåæåëàòåëüíûõ ïåðå-
ðàñõîäîâ äåíåæíûõ ñðåäñòâ.
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Ò à á ë è ö à 3. Ðåçóëüòàòû ðàñ÷åòà çàòðàò íà ñðîê 100 ëåò

Âàðèàíò ýêñïëóàòàöèè Ñòîèìîñòü äî íà÷àëà
ýêñïëóàòàöèè, òûñ. ðóá.

Ñìåòíàÿ ñòîèìîñòü ÷åðåç
100 ëåò, òûñ. ðóá.

Ñ çàùèòíûì ïîêðûòèåì À 129,3 555,6

Áåç âîçîáíîâëåíèÿ çàùèòíîãî ïîêðûòèÿ Á 158,4 535,5

Áåç çàùèòíîãî ïîêðûòèÿ Â 179,6 436,7
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METHOD OF SEARCHING A RATIONAL STRUCTURAL FORM
INCLUDING OPERATIONAL EXPENSES

In this report proposes a method of searching for a rational structural form of metal structures
with the accounting of operating costs. Choice of rational structural form of metal structures
to avoid unwanted costs both during construction and during the operational phase. The
article highlights the main challenges for the goal. Described in detail the method of
calculation of longevity of elements of metal structures, and selection of the necessary
elements of the cross sections for the required life of the structure. An example of the choice of
constructive form of the metal farm from round tubes at its operation with the presence of the
protective coating, without coating and without regeneration.

K e y w o r d s: metal structures, structural form, protective coating, durability of steel
structures, operating costs.

REFERENCES

1. S t r e l e t s k i y, N.S. Selected Works [Text] / N.S. Streletskiy. — M. : Stroyizdat,
1975. — 422 p.

2. Guidelines for improving the durability of building structures operating in aggressive
environments of non-ferrous metallurgy [Text] / Giprotsvetmet. — M., 1983. — 67 p.

3. G o r o k h o v, E.V. Durability of steel structures under renovation [Text] /
E.V. Gorohov, Ya. Budka, M. Lubinski etc.; under the red. E.V. Gorohova. — M. :
Stroyizdat, 1994. — 488 p.

4. M a y s t r e n k o, I.Yu. Residual life assessment operated steel structures [Text]: dis. ...
cand. tehn. sciences: 05.23.01 / Maystrenko Igor Yurievich. — M., 2006. — 232 p.

5. M a n a p o v, A.Z. Evaluation of reliability of a design based on corrosive wear [Text] /
A.Z. Manapov, I.Yu. Maystrenko // News KGFSU. — 2006. — N 1(5). — P. 64–73.

6. Corrosion [Text]: ref. book / transl. from English; ed. Shreyer. — M. : Metallurgy,
1981. — 192 p.

7. B a r y s h n i k o v, A.V. The choice of a rational structural form of metal trusses type
series [Text] / A.V. Baryshnikov // Polzunovsky Gazette. — 2014. — N 6. — P. 26.

Ìåòîäèêà ïîèñêà ðàöèîíàëüíîé êîíñòðóêòèâíîé ôîðìû ìåòàëëîêîíñòðóêöèé...

87



ÓÄÊ 532.593.001

Ï.À. ÔÎÌÈÍ, Â.Ñ. ÀÉÐÀÏÅÒßÍ,
Ä.-Ð. ×ÅÍ, Ê. ÌÈÒÐÎÏÅÒÐÎÑ

Ê ÂÎÏÐÎÑÓ ÎÁ ÎÁÅÑÏÅ×ÅÍÈÈ
ÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÈ
ÏÐÎÌÛØËÅÍÍÛÕ
ÊÎÍÑÒÐÓÊÖÈÉ
È ÑÒÐÎÈÒÅËÜÍÛÕ
ÑÎÎÐÓÆÅÍÈÉ ÏÐÈ ÍÀËÈ×ÈÈ
ÓÒÅ×ÅÊ ÈËÈ ÐÀÇËÈÂÎÂ
ÒßÆÅËÛÕ ÓÃËÅÂÎÄÎÐÎÄÎÂ
Ñ ÂÛÑÎÊÈÌ ÄÀÂËÅÍÈÅÌ
ÍÀÑÛÙÅÍÍÛÕ ÏÀÐÎÂ

Ïîêàçàíà ïðèíöèïèàëüíàÿ âîçìîæíîñòü êîíäåí-
ñàöèè ïàðîâ òÿæåëîãî óãëåâîäîðîäíîãî ãîðþ÷å-
ãî çà ôðîíòîì óäàðíîé âîëíû, ðàñïðîñòðàíÿþ-
ùåéñÿ â ïåðåîáîãàùåííûõ ãîðþ÷èì ãàçîâûõ
ñìåñÿõ öèêëîãåêñàíà ñ êèñëîðîäîì è àçîòîì.
Êîíäåíñàöèÿ ìîæåò ñóùåñòâåííî (äî íåñêîëü-
êèõ ðàç) óâåëè÷èòü ñîäåðæàíèå îêèñëèòåëÿ â ãà-
çå. Â ðåçóëüòàòå ñìåñè, íà÷àëüíàÿ êîíöåíòðàöèÿ
ïàðîâ ãîðþ÷åãî â êîòîðûõ ïðåâûøàåò âåðõíèé
êîíöåíòðàöèîííûé ïðåäåë âîñïëàìåíåíèÿ, ìî-
ãóò âçðûâàòüñÿ, åñëè êîíäåíñàöèÿ ñäâèíåò ñî-
ñòàâ ñìåñè â îáëàñòü âîñïëàìåíåíèÿ.

Ðàññìîòðåííàÿ êîíäåíñàöèÿ ïàðîâ äîëæ-
íà áûòü ïðèíÿòà âî âíèìàíèå ïðè îáåñïå÷åíèè
ïîæàðî- è âçðûâîáåçîïàñíîñòè ïðîìûøëåí-
íûõ çäàíèé è ñîîðóæåíèé, â êîòîðûõ ìîãóò
èìåòü ìåñòî óòå÷êè è ðàçëèâû òÿæåëûõ æèä-
êèõ óãëåâîäîðîäîâ ñ âûñîêèì äàâëåíèåì íàñû-
ùåííûõ ïàðîâ.

Ðàññ÷èòàíà ìàññà æèäêîãî ãîðþ÷åãî, êî-
òîðàÿ ìîæåò èñïàðèòüñÿ ïðè òåïëîîáìåíå ñ
ãîðÿ÷èìè ïðîäóêòàìè âçðûâà ãàçîâîé ñìåñè,
íàõîäÿùåéñÿ íàä ïîâåðõíîñòüþ æèäêîñòè. Ïî-
êàçàíî, ÷òî èñïàðåííàÿ ìàññà ìîæåò ïðåâîñ-
õîäèòü ìàññó ãîðÿ÷èõ ïðîäóêòîâ íà ïîðÿäîê.
Èñïàðåíèå ñòîëü çíà÷èòåëüíîé ìàññû ãîðþ÷å-
ãî ìîæåò ñëóæèòü ïðè÷èíîé âòîðè÷íûõ âçðû-
âîâ ïðè ñìåøåíèè ïàðîâ ãîðþ÷åãî ñ âîçäóõîì
è ôîðìèðîâàíèè íîâîé âçðûâ÷àòîé ñìåñè.

Ê ë þ ÷ å â û å ñ ë î â à: êîíäåíñàöèÿ, óäàðíàÿ
âîëíà, êîíöåíòðàöèîííûé ïðåäåë âîñïëàìåíå-
íèÿ, âçðûâîáåçîïàñíîñòü.
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ON THE EXPLOSION
PROTECTION OF
INDUSTRIAL STRUCTURES
AND BUILDINGS
IN THE PRESENCE
OF LEAKS OR SPILLAGE
OF HEAVY
HYDROCARBONS
OF HIGH VAPOR
PRESSURE

The possibility of fuel vapor condensation in
ordinary shock waves in fuel-rich
(cyclohexane-oxygen) gaseous mixtures is
discussed. It is shown, that condensation
process can essentially change the chemical
composition of the gas. For example, the
molar fraction of the oxidizer can increase in
a few times. As a result, mixtures in which
the initial concentration of fuel vapor
exceeds the upper flammability limit can,
nevertheless, explode if condensation shifts
the composition of the mixture to the
ignition region.

The fuel vapor condensation should
be taken into account in estimation the
explosion hazard of chemical reactors,
industrial and civil constructions, which
may contain fuel-rich gaseous mixtures of
heavy hydrocarbons with air.

The mass of the liquid fuel that can be
evaporated by heat exchange with the hot
products of explosion of the gas mixture
located above the liquid surface is
calculated. It is shown that the evaporated
mass can be an order of magnitude higher
than the mass of the hot pro-
ducts. Evaporation of such a large mass of
fuel can cause secondary explosions due to
the mixing of the fuel vapor with air and
the formation of a new explosive mixture.

K e y w o r d s: condensation, shock wave,
flammable limit, explosion safety.



Ââåäåíèå. Òðàäèöèîííî ïîëàãà-
åòñÿ, ÷òî äëÿ ïðåäîòâðàùåíèÿ âçðûâà
ãàçîâîé ñìåñè íåîáõîäèìî, ÷òîáû åå
õèìè÷åñêèé ñîñòàâ íàõîäèëñÿ âíå
êîíöåíòðàöèîííûõ ïðåäåëîâ âîñïëà-
ìåíåíèÿ [1, 2], ò.å. ÷òîáû êîíöåíòðà-
öèÿ ïàðîâ ãîðþ÷åãî â ñìåñè áûëà
ìåíüøå íèæíåãî èëè áîëüøå âåðõíå-
ãî êîíöåíòðàöèîííîãî ïðåäåëà âîñ-
ïëàìåíåíèÿ (ÍÊÏÂ è ÂÊÏÂ ñîîòâåò-
ñòâåííî). Îäíàêî ïîäîáíàÿ òî÷êà çðå-
íèÿ, êàê áóäåò ïîêàçàíî â íàñòîÿùåé
ðàáîòå, íå ÿâëÿåòñÿ óíèâåðñàëüíîé.

Ðàññìîòðèì êèñëîðîäñîäåðæàùóþ
ãàçîâóþ ñìåñü, íàñûùåííóþ ïàðàìè
öèêëîãåêñàíà. Öèêëîãåêñàí ñëóæèò
òèïè÷íûì ïðèìåðîì òÿæåëîãî óãëåâî-
äîðîäíîãî ãîðþ÷åãî ñ âûñîêèì äàâëå-
íèåì íàñûùåííûõ ïàðîâ. Òàêèì îáðà-
çîì, õèìè÷åñêèé ñîñòàâ è ôèçè÷åñêèå
ñâîéñòâà ðàññìàòðèâàåìîé ãàçîâîé
ñìåñè ñèëüíî çàâèñÿò îò òåìïåðàòóðû.
Êîíöåíòðàöèÿ ïàðîâ ãîðþ÷åãî ðàñòåò,
åñëè íà÷àëüíàÿ òåìïåðàòóðà ñìåñè
óâåëè÷èâàåòñÿ. Â ðåçóëüòàòå, åñëè íà-
÷àëüíàÿ òåìïåðàòóðà ñèñòåìû äîñòà-
òî÷íî âûñîêà, êîíöåíòðàöèÿ ïàðîâ
ãîðþ÷åãî â ñìåñè ïðåâûøàåò ÂÊÏÂ
(òî÷êà À íà ðèñ. 1; áóäåì íàçûâàòü
òàêóþ ñìåñü ïåðåîáîãàùåííîé ãîðþ-
÷åé ñìåñüþ). Òàêèì îáðàçîì, ñëåäóåò
îæèäàòü, ÷òî ðàññìàòðèâàåìàÿ ñìåñü

ÿâëÿåòñÿ ïîæàðî- è âçðûâîáåçîïàñíîé.
Îäíàêî ïîäîáíîå óòâåðæäåíèå äîëæíî
áûòü ïåðåñìîòðåíî.

Îòìåòèì, ÷òî åñëè êîíöåíòðàöèÿ
ïàðîâ òÿæåëîãî óãëåâîäîðîäíîãî ãî-
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Introduction. It is traditional-
ly believed that to prevent explosion
of a gas mixture, it is necessary that
its chemical composition be outside
the flammability limit [1, 2], i.e., it
is necessary that the fuel vapor con-
centration in the mixture be below
the lower or above the upper flam-
mability limits (LFL and UFL, res-
pectively). However, as will be
shown in this work, this point of
view is not universal.

Let us consider the oxygen
containing gas with saturated va-
por of cyclohexane. Cyclohexane
is a typical example of the fuel
with high saturated vapor pressu-
re. Thus, the chemical compositi-
on and physical properties of the
gaseous mixture of oxygen with
saturated vapors of cyclohexane
strongly depends on the tempera-
ture. The fuel concentration incre-
ases if initial temperature increa-
ses. As a result, if the initial tem-
perature of the systems is relative-
ly high, the cyclohexane concent-
ration in the vapor may stay above
the upper flammability limits (fu-
el-rich mixture; fig. 1, point A).
Thus, it should be expected that

Ðèñ. 1. Èçìåíåíèå êîíöåíòðàöèè ïàðîâ ãîðþ÷åãî âñëåäñòâèå êîíäåíñàöèè â óäàðíîé âîëíå
ÍÊÏÂ è ÂÊÏÂ — íèæíèé è âåðõíèé êîíöåíòðàöèîííûå ïðåäåëû âîñïëàìåíåíèÿ, A — íà÷àëüíàÿ

êîíöåíòðàöèÿ ïàðîâ ãîðþ÷åãî â ãàçå. Ñòðåëî÷êà ïîêàçûâàåò, ÷òî âñëåäñòâèå êîíäåíñàöèè êîíöåíòðà-
öèÿ ïàðîâ ãîðþ÷åãî â ãàçîâîé ñìåñè óìåíüøàåòñÿ è ñäâèãàåòñÿ â îáëàñòü âîñïëàìåíåíèÿ

Fig. 1. Possibility of fuel vapor concentration change owing to condensation behind SW front.
LFL and UFL — the lower and upper flammable limits of the gas, A — the initial concentration of the fuel
vapor in the gas. The arrow shows that owing to the fuel vapor condensation, the fuel concentration may

be reduced and enter the explosion range

explosion or fire is not possible if
the saturated cyclohexane-oxygen
mixtures have such initial para-
meters. However, this statement
should be revised.



ðþ÷åãî â ãàçîâîé ñìåñè äîñòàòî÷íî
âåëèêà, òî ïîêàçàòåëü àäèàáàòû ñìåñè
� áëèçîê ê åäèíèöå (� � 1). Íàïðèìåð,
õèìè÷åñêèé ñîñòàâ ãàçîâîé ñìåñè,
ñîñòîÿùåé èç êèñëîðîäà è íàñûùåí-
íûõ ïàðîâ öèêëîãåêñàíà ïðè òåìïå-
ðàòóðå 351 K è äàâëåíèè 0,1 ÌÏà,
èìååò âèä 0,933 C6H12 + 0,067 O2, à
åå ïîêàçàòåëü àäèàáàòû ðàâåí 1,06.
Ýòà âåëè÷èíà ìîæåò áûòü ëåãêî ðàñ-
ñ÷èòàíà ïî âåëè÷èíå äàâëåíèÿ íàñû-
ùåííîãî ïàðà è òåïëîåìêîñòÿì êèñëî-
ðîäà è ïàðîâ öèêëîãåêñàíà. Ïîä÷åðê-
íåì, ÷òî øèðîêî èñïîëüçóåìûå â
ïðîìûøëåííîñòè ïðîöåññû æèäêî-
ôàçíîãî îêèñëåíèÿ öèêëîãåêñàíà èìå-
þò åùå áîëåå âûñîêèå òåìïåðàòóðû
[3], è ïîêàçàòåëü àäèàáàòû íàñûùåí-
íîé ïàðàìè ñìåñè ìîæåò áûòü åùå
ìåíüøå.

Õîðîøî èçâåñòíî [4], ÷òî äëÿ ïà-
ðàìåòðîâ ïëîñêîé óäàðíîé âîëíû â
ïîëèòðîïíîì ãàçå ñïðàâåäëèâû ñëå-
äóþùèå ôîðìóëû:
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Çäåñü c è D — ñêîðîñòü çâóêà è ñêî-
ðîñòü óäàðíîé âîëíû;
M — ÷èñëî Ìàõà;
P, T, # è � — äàâëåíèå, òåìïåðàòóðà,
ïëîòíîñòü è ïîêàçàòåëü àäèàáàòû.
Èíäåêñ «0» ñîîòâåòñòâóåò íà÷àëüíîìó
ñîñòîÿíèþ.

Ïóñòü óäàðíàÿ âîëíà ðàñïðîñòðà-
íÿåòñÿ ïî ïåðåîáîãàùåííîé òÿæåëûì
óãëåâîäîðîäíûì ãîðþ÷èì ãàçîâîé
ñìåñè, ò.å. ñìåñè, êîíöåíòðàöèÿ ãîðþ-
÷åãî â êîòîðîé ïðåâûøàåò ÂÊÏÂ. Â
ñîîòâåòñòâèè ñ âûøåñêàçàííûì ñìåñü
èìååò áëèçêèé ê åäèíèöå ïîêàçàòåëü
àäèàáàòû. Îòìåòèì, ÷òî óäàðíûå âîë-
íû â àòìîñôåðå ïðîìûøëåííûõ çäà-
íèé è ñîîðóæåíèé âïîëíå âîçìîæíû.
Îíè ìîãóò âîçíèêàòü êàê âñëåäñòâèå
ìåõàíè÷åñêèõ âîçäåéñòâèé (íàïðè-
ìåð, ðàçðûâà ñîñóäîâ âûñîêîãî äàâëå-
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Note that the adiabatic index of
the mixture � is relatively small
(� � 1) if the molar fraction of
cyclohexane in the gas is relatively
high. For example, the adiabatic
index of a gaseous mixture of oxygen
with saturated vapor of cyclohexane
at a temperature of 351 K and a
pressure of 0,1 MPa is about 1,06.
This value can be easily calculated
using the saturated vapor pressure of
cyclohexane and the heat capacities
of cyclohexane and oxygen. Note
that, typical industrial processes of
cyclohexane oxidation were carried at
elevated temperatures [3] and the
adiabatic index of the mixture is
expected to be even lower.

It is well known [4] that the
following relations for parameters
behind the planar shock waves in
polytropic gas are valid:

Here c and D are velocity of
sound and shock wave; M is Mach
number; P, T, # and � are
pressure, temperature, density
and adiabatic index.
Subscript «0» indicates the initial
state before the shock front.

Let the shock wave conside-
red propagate in a gas mixture su-
perrich in a heavy hydrocarbon
fuel, i.e., in a mixture in which the
fuel concentration exceeds the
UFL. In accordance with the fore-
going, the investigated mixture
has an adiabatic index close to uni-
ty. Note that in the atmosphere of
industrial buildings and structu-
res, shock waves are quite possib-
le. They can occur as a result of
mechanical action (e.g., pressure



íèÿ), òàê è áûñòðîãî ëîêàëüíîãî âûäå-
ëåíèÿ ýíåðãèè (ëîêàëüíûõ âçðûâîâ).

Êàê âèäíî èç ïðèâåäåííûõ ôîð-
ìóë, åñëè � � 1, òåìïåðàòóðà ãàçà íà
ôðîíòå óäàðíîé âîëíû ïðàêòè÷åñêè
íå ðàñòåò (T/T0 ! const). Ïîñêîëüêó
äàâëåíèå íàñûùåííûõ ïàðîâ åñòü
ôóíêöèÿ òåìïåðàòóðû, òî ñîîòâåòñò-
âåííî åãî èçìåíåíèå â óäàðíîé âîëíå
òàêæå íåâåëèêî. Â òî æå âðåìÿ äàâëå-
íèå ãàçà (è ñîîòâåòñòâåííî ïàðöèàëü-
íîå äàâëåíèå ïàðîâ ãîðþ÷åãî) â óäàð-
íîé âîëíå ìîæåò ñóùåñòâåííî âîçðàñ-
òè (P/P0 ! M2). Òàêèì îáðàçîì,
ñëåäóåò îæèäàòü, ÷òî ïàðöèàëüíîå
äàâëåíèå ãîðþ÷åãî ñòàíåò âûøå äàâ-
ëåíèÿ íàñûùåííûõ ïàðîâ, à ýòî ïðè-
âåäåò ê êîíäåíñàöèè ïàðîâ ãîðþ÷åãî â
óäàðíîé âîëíå.

Êîíäåíñàöèÿ ìåíÿåò õèìè÷åñêèé
ñîñòàâ ãàçà, óìåíüøàÿ êîíöåíòðàöèþ
ïàðîâ ãîðþ÷åãî. Â ðåçóëüòàòå õèìè÷å-
ñêèé ñîñòàâ ïåðåîáîãàùåííîãî ãîðþ-
÷èì ãàçà ñäâèãàåòñÿ â íàïðàâëåíèè
îáëàñòè âîñïëàìåíåíèÿ. Ïðè äîñòà-
òî÷íî áîëüøîé âåëè÷èíå êîíäåíñàöèè
ñîñòàâ ãàçà ìîæåò ñìåñòèòüñÿ âíóòðü
ñàìîé îáëàñòè âîñïëàìåíåíèÿ (ñì.
ðèñ. 1). Òàêèì îáðàçîì, ðàññìàòðèâàå-
ìàÿ ñìåñü, íà÷àëüíàÿ êîíöåíòðàöèÿ
ïàðîâ ãîðþ÷åãî â êîòîðîé ïðåâûøàåò
ÂÊÏÂ, ìîæåò âçðûâàòüñÿ.

Îòìåòèì, ÷òî ïðèíöèïèàëüíàÿ
âîçìîæíîñòü êîíäåíñàöèè çà ôðîíòîì
óäàðíîé âîëíû â ãàçå Âàí-äåð-Âààëüñà
îòìå÷àëàñü ðàíåå [5]. Íî âîçìîæ-
íîñòü êîíäåíñàöèè ïàðîâ ãîðþ÷åãî â
óäàðíîé âîëíå íà ïðèìåðå êîíêðåò-
íîé ñìåñè è âëèÿíèå òàêîé êîíäåíñà-
öèè íà âçðûâîáåçîïàñíîñòü ðàíåå íå
îáñóæäàëèñü.

Â íàñòîÿùåé ðàáîòå áóäåò ðàñ-
ñìîòðåíà êîíäåíñàöèÿ ïàðîâ ãîðþ÷å-
ãî çà ïëîñêîé óäàðíîé âîëíîé â ïåðå-
îáîãàùåííîé ïàðàìè öèêëîãåêñàíà ãà-
çîâîé ñìåñè. Áóäåò ïðîàíàëèçèðîâàíî
âëèÿíèå êîíäåíñàöèè íà ïàðàìåòðû,
õèìè÷åñêèé ñîñòàâ ãàçà è âçðûâíûå
õàðàêòåðèñòèêè ñìåñè.

Îïèñàííàÿ âûøå ïðèíöèïèàëüíàÿ
âîçìîæíîñòü êîíäåíñàöèè ïàðîâ ãî-
ðþ÷åãî çà ôðîíòîì óäàðíîé âîëíû íå-
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vessel rupture) or fast local ener-
gy release (local explosions).

As can be seen from these for-
mulas, if adiabatic index � � 1, the
temperature of the gas after the
passing of shock wave increases
very small, but the gas pressure in-
creases significantly: T/T0 � const,
P/P0 ! M2. Since the saturated va-
por pressure is a function of tempe-
rature, the partial pressure of the
fuel may be increased to be higher
than the pressure of the saturated
vapor and resulted in fuel vapor
condensation.

Condensation changes the
chemical composition of the gas
by reducing the concentration of
fuel vapor. As a result, the chemi-
cal composition of the gas super-
rich in fuel is shifted toward the ig-
nition region. When the amount of
condensation is large enough, the
gas composition can be shifted
into the ignition region (see
fig. 1). Thus, the investigated mix-
ture, in which the initial vapor
concentration exceeds the UFL,
can, nevertheless, explode.

Note, that the principal possibi-
lity of vapor condensation behind
shock waves in some Van-der-Waals
gas was noted before [5]. But the po-
ssibility of fuel vapor condensation in
shock waves in fuel-oxygen gaseous
mixtures at conditions close to in-
dustrial processes and the possible
influence of this process on the exp-
losion behavior of the mixtures had
not been discussed in literature.

In the present paper, the po-
ssibility of fuel vapor condensation
behind the stationary one-dimensi-
onal shock waves in fuel-rich cyc-
lohexane — oxygen gaseous mix-
tures will be discussed. The influ-
ence of fuel vapor condensation on
shock waves parameters, chemical
composition of the vapor phase
and explosion characteristics of
the mixture will be analyzed.

Note that for the majority of
gaseous mixtures, the approxima-



òðèâèàëüíà, ïîñêîëüêó äëÿ áîëüøèí-
ñòâà ãàçîâûõ ñìåñåé ïðèáëèæåííîå
óñëîâèå � � 1 íåñïðàâåäëèâî. Òàêèì
îáðàçîì, êîíäåíñàöèÿ ïàðîâ ãîðþ÷åãî
çà ôðîíòîì óäàðíîé âîëíû â áîëü-
øèíñòâå ãàçîâûõ ñìåñåé íåâîçìîæíà,
òàê êàê óâåëè÷åíèå ïàðöèàëüíîãî äàâ-
ëåíèÿ ïàðîâ âñëåäñòâèå ñæàòèÿ ìåíü-
øå, ÷åì óâåëè÷åíèå äàâëåíèÿ íàñû-
ùåííûõ ïàðîâ èç-çà ñêà÷êà òåìïåðà-
òóðû [4].

Èçâåñòíî, ÷òî ïðè êàòàñòðîôè÷å-
ñêèõ âçðûâàõ õèìè÷åñêèõ ðåàêòîðîâ,
ñîäåðæàùèõ æèäêèå óãëåâîäîðîäû
(â òîì ÷èñëå ïóçûðüêîâûå ñìåñè),
èëè ïðè âçðûâàõ ïðîìûøëåííûõ êîí-
ñòðóêöèé, â êîòîðûõ èìååò ìåñòî ðàç-
ëèâ æèäêèõ óãëåâîäîðîäîâ, äîâîëüíî
÷àñòî ïðîèñõîäèò íå îäèí, à ñåðèÿ
âçðûâîâ [2, 3]. Îäíà èç ïðè÷èí ïîäîá-
íûõ ìíîãîêðàòíûõ âçðûâîâ ñîñòîèò â
ñëåäóþùåì. Âçðûâ ðåàãèðóþùåãî
ãàçà íàä ïîâåðõíîñòüþ æèäêîñòè
ïðèâîäèò ê èíòåíñèâíîìó ìåæôàçíî-
ìó òåïëîîáìåíó è ñîîòâåòñòâóþùåìó
èñïàðåíèþ æèäêîñòè. Åñëè ïðîèñõî-
äèò ïåðåìåøèâàíèå ïàðîâ ãîðþ÷åãî
ñ âîçäóõîì (íàïðèìåð, ïðè ðàçãåðìå-
òèçàöèè õèìè÷åñêîãî ðåàêòîðà èëè
ðàçðóøåíèè ïðîìûøëåííîé êîíñò-
ðóêöèè), òî ïðè íàëè÷èè èñòî÷íèêà
âîñïëàìåíåíèÿ (ãîðÿ÷èõ ýëåìåíòîâ
êîíñòðóêöèé, ïëàìåíè èëè ïðè äî-
ñòàòî÷íî âûñîêîé òåìïåðàòóðå ïà-
ðîâ ãîðþ÷åãî) âòîðè÷íûé âçðûâ
âïîëíå âîçìîæåí. Îïèñàííûé âûøå
ïðîöåññ ìîæåò ïîâòîðèòüñÿ íåñêîëü-
êî ðàç. Â ýòîé ñâÿçè äëÿ îöåíêè ïî-
òåíöèàëüíîé âçðûâîîïàñíîñòè õèìè-
÷åñêèõ ðåàêòîðîâ è ïðîìûøëåííûõ
êîíñòðóêöèé, â êîòîðûõ íàõîäèòñÿ
æèäêîå óãëåâîäîðîäíîå ãîðþ÷åå,
ïðåäñòàâëÿåòñÿ èíòåðåñíûì îöåíèòü,
êàêîå êîëè÷åñòâî æèäêîñòè ìîæåò
áûòü ïåðåâåäåíî â ãàç ïðè îõëàæäå-
íèè ïðîäóêòîâ âçðûâà äî îïðåäåëåí-
íîé òåìïåðàòóðû.

Ðàñ÷åò êîíäåíñàöèè ïàðîâ
ãîðþ÷åãî â óäàðíîé âîëíå. Ðàñ-
ñìîòðèì äâà ñöåíàðèÿ ðàñïðîñòðàíå-
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te condition � � 1 is not valid.
Thus, vapor condensation in the
shock waves is not possible in the-
se mixtures because the increase
of the vapor pressure owing to
compression is less as compare
with the increase of the saturated
vapor pressure owing to the incre-
ase of the temperature [4].

It is known that in catastrop-
hic explosions of chemical reac-
tors containing liquid hydrocar-
bons (including bubble mixtures)
or in explosions or industrial
structures in which there is a spill
of liquid hydrocarbons, not one
but a series of explosions often oc-
curs [2, 3]. One cause of such mul-
tiple explosions is as follows. Exp-
losion of a reactive gas over a liqu-
id surface leads to rapid interfacial
heat transfer and evaporation of
the liquid. If there is mixing of
combustible vapors with air (for
example, in the case of depressuri-
zation of a chemical reactor or
destruction of industrial equip-
ment), then, in the presence of an
ignition source (hot structural ele-
ments, fire or high temperature of
combustible vapor), a secondary
explosion may occur. This process
may be repeated several times. In
this connection, to estimate the
potential explosion hazard of che-
mical reactors and industrial pro-
cess equipment containing liquid
hydrocarbon fuel, it is of interest
to evaluate what amount of a liqu-
id can be converted to a gas by co-
oling the explosion products to a
particular temperature.

Shock induced condensa-
tion in the fuel-rich gaseous
mixture. The following two sce-
narios of stationary one dimensio-
nal shock wave propagation in fu-
el-rich cylohexane/oxygen/nitro-
gen gaseous mixtures will be
considered. In the first one the po-
ssibility of fuel vapor condensation
will be ignored. In the second sce-
nario the possibility of the conden-



íèÿ ñòàöèîíàðíîé îäíîìåðíîé óäàð-
íîé âîëíû â ïåðåîáîãàùåííîé ãîðþ-
÷èì ãàçîâîé ñìåñè öèêëîãåêñàíà ñ
êèñëîðîäîì. Â ðàìêàõ ïåðâîãî ñöåíà-
ðèÿ âîçìîæíàÿ êîíäåíñàöèÿ ïàðîâ ãî-
ðþ÷åãî èãíîðèðóåòñÿ. Â ðàìêàõ âòî-
ðîãî ñöåíàðèÿ êîíäåíñàöèÿ ïàðîâ
ó÷èòûâàåòñÿ.

Ïàðàìåòðû âîëíû ïî ïåðâîìó
ñöåíàðèþ ðàññ÷èòàíû ïî õîðîøî èç-
âåñòíîé ñèñòåìå àëãåáðàè÷åñêèõ
óðàâíåíèé (ñì., íàïðèìåð, [4]). Îíà
âêëþ÷àåò çàêîíû ñîõðàíåíèÿ è óðàâ-
íåíèå ñîñòîÿíèÿ ãàçà. Ïàðàìåòðû ïî-
òîêà çà ôðîíòîì âîëíû (âêëþ÷àÿ ìî-
ëÿðíóþ ìàññó ãàçà è ìîëüíûå äîëè
êîìïîíåíò) îñòàþòñÿ ïîñòîÿííûìè.
Êðîìå òîãî, åñëè êîíäåíñàöèÿ ïàðîâ
ãîðþ÷åãî âîçìîæíà, òî ñèñòåìà óðàâ-
íåíèé îïèñûâàåò ïàðàìåòðû ïîòîêà
ñðàçó çà ôðîíòîì âîëíû, äî ìîìåíòà
íà÷àëà êîíäåíñàöèè.

Ïðîöåññ êîíäåíñàöèè ïîçàäè óäàð-
íîãî ôðîíòà ïðîèñõîäèò òîãäà, êîãäà
äàâëåíèå íàñûùåííûõ ïàðîâ ãîðþ÷åãî
ñòàíîâèòñÿ áîëüøå, ÷åì ïàðöèàëüíîå
äàâëåíèå åãî ïàðîâ. Ê ìîìåíòó îêîí÷à-
íèÿ êîíäåíñàöèè ýòè äàâëåíèÿ ñðàâíè-
âàþòñÿ. Äëÿ ðàñ÷åòà ïðîôèëÿ ïàðàìåò-
ðîâ âîëíû ïðè íàëè÷èè êîíäåíñàöèè
íåîáõîäèìî ó÷èòûâàòü êèíåòèêó êîí-
äåíñàöèîííîãî ïðîöåññà. Â äàííîé ðà-
áîòå êèíåòèêà êîíäåíñàöèè ïàðîâ íå
ó÷èòûâàåòñÿ. Íî äëÿ ðàñ÷åòà ïàðàìåò-
ðîâ ïîòîêà ïîñëå îêîí÷àíèÿ ïåðèîäà
èíäóêöèè äîñòàòî÷íî ðåøèòü ñèñòåìó
àëãåáðàè÷åñêèõ óðàâíåíèé: óðàâíåíèÿ
ñîñòîÿíèÿ, çàêîíîâ ñîõðàíåíèÿ è óñëî-
âèÿ ðàâåíñòâà äàâëåíèÿ íàñûùåííûõ
ïàðîâ è ïàðöèàëüíîãî äàâëåíèÿ ïàðîâ
ãîðþ÷åãî.

Äëÿ ðàñ÷åòà ïàðàìåòðîâ ïîòîêà â
ìîìåíò îêîí÷àíèÿ êîíäåíñàöèè ïàðîâ
ãîðþ÷åãî áóäåì èñïîëüçîâàòü ñëåäóþ-
ùèå ïðåäïîëîæåíèÿ. Êîíäåíñèðîâàí-
íàÿ ôàçà íàõîäèòñÿ â ìåõàíè÷åñêîì è
òåðìîäèíàìè÷åñêîì ðàâíîâåñèè ñ ãà-
çîì, ò.å. ñêîðîñòü è òåìïåðàòóðà ãàçà
è æèäêîñòè ðàâíû. Äàâëåíèå íàñû-
ùåííûõ ïàðîâ è ïàðöèàëüíîå äàâëå-

Ê âîïðîñó îá îáåñïå÷åíèè âçðûâîáåçîïàñíîñòè ïðîìûøëåííûõ êîíñòðóêöèé...

93

sation process will be taken into
account.

Parameters of the wave in the
first scenario can be calculated by
well known algebraic system of
equations (see, for example, [4]). It
includes the laws of conservation
and equation of state. In this case
parameters of the flow behind the
wave front (including the molar
fractions of the fuel and oxidizer
and the molar mass of the gas) re-
main constant. Moreover, in case if
the fuel condensation is possible,
these equations describe the para-
meters of the flow exactly behind
the shock wave front, before the
start of condensation process.

The process of condensation be-
hind the shock wave front starts, if
the saturated vapor pressure of the
fuel starts to be more, than the part-
ial pressure of the fuel. Finally, at
the end of condensation, these pre-
ssures should be equal. If there are
not fuel condensation, the flow para-
meters behind the wave front are
constant. If the fuel vapor condensa-
tion takes place, the flow parameters
change. To calculate the profile of
the wave in the presence of fuel con-
densation, the kinetic of vapor con-
densation should be used. The kine-
tic of fuel vapor condensation and
the wave profile is outside of the fra-
mework of the present paper. But
the calculation of the flow parame-
ters after the end of condensation
can be performed only by the system
of algebraic equation of state, con-
servation laws and the condition: the
saturated vapor pressure and partial
pressure of the fuel are equal.

To calculate the flow parame-
ters at the end of fuel vapor conden-
sation the following suppositions
are used. Condensed phase is assu-
med to be in mechanical and ther-
modynamic equilibrium with the va-
por, i.e. velocity and temperature of
the liquid are equal to the velocity
and temperature of the vapor. The
partial pressure of cyclohexane va-



íèå ïàðîâ öèêëîãåêñàíà ðàâíû. Îáú-
åì êîíäåíñèðîâàííîé ôàçû ïðåíåáðå-
æèìî ìàë.

Ñòåïåíü ïåðåñûùåíèÿ ïàðîâ ãî-
ðþ÷åãî ìîæåò õàðàêòåðèçîâàòüñÿ,
íàïðèìåð, ïàðàìåòðîì ïåðåîõëàæ-
äåíèÿ $ [6]:

$ �
�T T

T
sat

sat

.

Çäåñü Tsat — òåìïåðàòóðà ïàðîâ, íà-
ñûùåííûõ ïðè äàííîé ïëîòíîñòè;
T — ôàêòè÷åñêàÿ òåìïåðàòóðà ïàðîâ.

Åñëè èìååòñÿ âîçìîæíîñòü êîí-
äåíñàöèè ïàðîâ (P Pf

sat
f� , ãäå P f è

Psat
f — ïàðöèàëüíîå äàâëåíèå è äàâ-

ëåíèå íàñûùåííûõ ïàðîâ ãîðþ÷åãî),
òî $ � 0. Â êîíöå êîíäåíñàöèîííîãî
ïðîöåññà (P Pf

sat
f� ) äîñòèãàåòñÿ íà-

ñûùåííîå ñîñòîÿíèå è $ � 0. Ïàðà-
ìåòð ïåðåîõëàæäåíèÿ áûë ðàññ÷èòàí
äëÿ ïåðâîãî ñöåíàðèÿ. Â ðàìêàõ âòî-
ðîãî ñöåíàðèÿ ýòîò ïàðàìåòð ðàâåí
íóëþ.

Ðåçóëüòàòû ðàñ÷åòà ïàðàìåòðîâ
óäàðíîé âîëíû è óäàðíîé àäèàáàòû â
ñìåñè ïàðîâ öèêëîãåêñàíà ñ êèñëî-
ðîäîì è àçîòîì ïî ïåðâîìó ñöåíà-
ðèþ ïðåäñòàâëåíû íà ðèñ. 2. Âåëè÷è-
íà V/V0 — áåçðàçìåðíûé óäåëüíûé
îáúåì (V = 1/�). Ðàñ÷åòû ïðîâåäå-
íû äëÿ ïàðàìåòðîâ ñìåñè, ñîîòâåò-
ñòâóþùèõ ÂÊÏÂ [7]: % 0

f = 0,573,

% 0
O2 = 0,076, % 0

N2 = 0,351 (% — ìîëü-

íàÿ äîëÿ ãàçà, âåðõíèå èíäåêñû f, O2

è N2 — ãîðþ÷åå, êèñëîðîä è àçîò),
P0 = 1,3 ÌÏà, T0 = 438,65 K,
#0 = 21,5 êã/ì3, �0 = 60,4 êã/êìîëü
(� — ìîëÿðíàÿ ìàññà ñìåñè). Äîïîë-
íèòåëüíî ïîêàçàíî äàâëåíèå íàñû-
ùåííûõ ïàðîâ öèêëîãåêñàíà ïîçàäè
ïåðåäíåãî ôðîíòà âîëíû. Êîíöåíòðà-
öèÿ ïàðîâ ãîðþ÷åãî ïåðåä ôðîíòîì
óäàðíîé âîëíû ñîîòâåòñòâóåò íàñû-
ùåííûì ïàðàì ãîðþ÷åãî. Íà ðèñ. 2, a
ïîêàçàíà óäàðíàÿ àäèàáàòà. Ñðàâ-
íåíèå âåëè÷èí ïàðöèàëüíîãî äàâ-
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por equals to the saturated vapor
pressure. The volume of condensed
phase assumed to be negligible
small.

Degree of saturation can be
characterized, for example, by the
super-cooling parameter $ [6]:

Here Tsat is the temperature
of saturated vapor at the given
pressure and T is the actual vapor
temperature.

If there is the possibility of
fuel vapor condensation (P Pf

sat
f� ,

where P f and Psat
f are the partial

pressure and saturated vapor pre-
ssure of fuel vapor), then $ � 0. At
the end of the condensation pro-
cess (P Pf

sat
f� ) saturation state is

reached and $ � 0. The super-coo-
ling parameter will be calculated
for the first scenario. In the second
scenario this parameter equals to
zero.

The results of calculation of
shock wave parameters and shock
adiabate in cyclohexane-oxygen-nit-
rogen mixture are presented in fig.
2. The possibility of fuel vapor con-
densation is not taken into account.
The value V/V0 is the
dimensionless specific volume
( /V �1 #). Calculations are per-
formed for the conditions at the
nonflammable boundary (UFL) me-
asured in [7]: % 0

f = 0,573,

% 0
O2 = 0,076, % 0

N2 = 0,351 (% is
molar fraction of a gas and supersc-
ripts f, O2 and N2 indicate fuel, oxy-
gen and nitrogen respectively),
P0 = 1,3 MPa, T0 = 438,65 K, #0 =
= 21,5 kg/m3, �0 = 60,4 kg/kmol
(� is the molar mass of the mixtu-
re). Additionally, the saturated va-
por pressure of cyclohexane behind
the wave front is shown. The fuel
concentration before the wave front



ëåíèÿ ïàðîâ ãîðþ÷åãî è äàâëåíèÿ
åãî íàñûùåííûõ ïàðîâ ïîêàçàíî
íà ðèñ. 2, á, â, òåìïåðàòóðà, ñêî-
ðîñòü è ïàðàìåòð ïåðåîõëàæäåíèÿ
ïîêàçàíû íà ðèñ. 2, ã–å ñîîòâåò-
ñòâåííî.

Êàê âèäíî èç ðèñ. 2, á è â, ïðè
íåêîòîðûõ ñêîðîñòÿõ óäàðíîé âîëíû
(à èìåííî ïðè D < 1137 ì/ñ) ïàðöè-
àëüíîå äàâëåíèå öèêëîãåêñàíà âû-
øå, ÷åì äàâëåíèå åãî íàñûùåííûõ
ïàðîâ. Â ðåçóëüòàòå ïðè òàêèõ ñêî-
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Ðèñ. 2. Ïàðàìåòðû óäàðíîé âîëíû, óäàðíàÿ àäèàáàòà è äàâëåíèå íàñûùåííûõ ïàðîâ öèê-
ëîãåêñàíà çà ôðîíòîì óäàðíîé âîëíû. Êîíäåíñàöèÿ ïàðîâ ãîðþ÷åãî íå ó÷èòûâàëàñü.

Ñìåñü: 0,076O2 + 0,351N2 + 0,573C6H12. P0 = 1,3 ÌÏà, T0 = 439 K

Fig. 2. Parameters of the shock wave, the shock adiabate and saturated vapor pressure of
cyclohexane behind the wave front. The possibility of fuel condensation is not taken into account.

The mixture: 0,076O2 + 0,351N2 + 0,573C6H12 & P0 = 1,3 MPa, T0 = 439 K

corresponds to the saturated vapor
pressure of the fuel. fig. 2, a shows
the shock adiabate. The comparison
between the partial pressure of the
fuel and the saturated vapor pressure
of cyclohexane is shown on fig. 2, b,
c. Temperature, velocity and su-
per-cooling parameter are shown on
fig. 2, d, e, f respectively.

As can be seen from fig. 2, b and
c at some velocities of the shock wave
(namely at D < 1137 m/s) the pre-



ðîñòÿõ âîëíû êîíäåíñàöèÿ ïàðîâ
öèêëîãåêñàíà ñòàíîâèòñÿ âîçìîæíîé.
Òàêèì îáðàçîì, ïðîöåññ êîíäåí-
ñàöèè ïàðîâ ãîðþ÷åãî äîëæåí ó÷èòû-
âàòüñÿ ïðè ìîäåëèðîâàíèè óäàð-
íî-âîëíîâûõ, âçðûâíûõ è äåòîíàöè-
îííûõ ïðîöåññîâ â ïåðåîáîãàùåííîé
ãîðþ÷èì ãàçîâîé ñìåñè.

Ïðèâåäåì äëÿ ïðèìåðà òî÷íûå
çíà÷åíèÿ ïàðàìåòðîâ ïîòîêà çà
ôðîíòîì óäàðíîé âîëíû, ðàñïðî-
ñòðàíÿþùåéñÿ ñî ñêîðîñòüþ D =
= 550 ì/ñ:

P/P0 = 4,89, P = 6,36 ÌPà, V/V0 = #0/# = 0,24, T = 515 K,

Psat
f = 2,4 ÌPà, P f = 3,64 ÌPà, # f = 71,5 kg/m3, #O2 = 3,61 kg/m3,

#N2 = 14,6 kg/m3, $ = 0,064, u = 132 m/s (u is velocity of gas).

Âèäíî, ÷òî ñóùåñòâóþò óñëî-
âèÿ äëÿ êîíäåíñàöèè ïàðîâ ãîðþ÷å-
ãî ïðè òàêîé ñêîðîñòè óäàðíîé
âîëíû.

Ðàñ÷åò ïàðàìåòðîâ óäàðíîé
âîëíû ñ ó÷åòîì êîíäåíñàöèè ïàðîâ
ãîðþ÷åãî ïðîâåäåí äëÿ òîé æå
ñìåñè, ÷òî è â ïðåäûäóùåì ñëó-
÷àå. Ðåçóëüòàòû ðàñ÷åòîâ ïðåä-
ñòàâëåíû íà ðèñ. 3, #* — îáúåì-
íàÿ ïëîòíîñòü æèäêîãî öèêëîãåê-
ñàíà. Îòìåòèì, ÷òî ïðè îòñóò-
ñòâèè êîíäåíñàöèè (Ma = 1 èëè
D > 1137 ì/ñ) #* = 0, è îòíîñè-
òåëüíûå êîíöåíòðàöèè êîìïîíåíò
ðàâíû % %O O2 2/ ,0 1� % %N N2 2/ 0 1�

è % %f f/ 0 1� ñîîòâåòñòâåííî. Êàê

âèäíî èç ðèñ. 3, ã, êîíöåíòðàöèÿ
êèñëîðîäà â ãàçå ìîæåò óâåëè-
÷èòüñÿ â 1,3 ðàçà, ñ 0,076 äî 0,10.
Ðåçóëüòàòû ðàñ÷åòà äëÿ âîëíû,
ðàñïðîñòðàíÿþùåéñÿ ñî ñêîðîñòüþ
D = 550 ì/ñ, òàêîâû:

P/P0 = 5,1, P = 6,6 ÌPà, P Psat
f f� � 3,12 ÌPà, u = 111 m/s,

T = 536 K, # = 80,5 kg/m3, # f = 58,8 kg/m3, #O2 = 4,31 kg/m3,

#N2 = 17,4 kg/m3, #* = 26,4 kg/m3, � = 55,3 kg/kmol.
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ssure of cyclohexane in the gaseous
mixture behind the shock wave is hig-
her than the saturated vapor pressure
of cyclohexane. As a result, condensati-
on of cyclohexane is possible at these
shock wave velocities. Thus, the po-
ssible process of fuel condensation sho-
uld be taken into account in modeling
of shock and detonation processes in
fuel over-enriched gaseous mixtures.

The exact flow parameters
behind the front of the shock wave
with D = 550 m/s are:

As can be seen from fig. 2, b, c
and f there is the possibility of fuel
condensation at this velocity of
shock wave. These numerical results
will be used below for comparison
with corresponding parameters
behind the wave front at the end of
fuel condensation.

The calculations of the flow para-
meters in the case of fuel condensation
are performed for the same initial cyc-
lohexane-oxygen mixture, considered
before. The results of calculations of
the shock wave parameters are presen-
ted in fig. 3,#* is the volume density of
liquid cyclohexane. Note, that if there
is no condition for condensation (Ma =
= 1 or D > 1137 m/s) then#* = 0 and
the dimensionless oxygen and fuel va-
por concentrations are % %O O2 2/ 0 1� ,

% %N N2 2/ 0 1� and % %f f/ 0 1� respec-
tively. As can be seen from fig. 3, d in
the mixture under consideration the
oxygen concentration in gas can incre-
ase in 1,3 times, from 0,076 to 0,10.
The results of calculation for the shock
wave with D = 550 m/s are:



Ê ìîìåíòó îêîí÷àíèÿ êîíäåí-
ñàöèè îêîëî 31 % ïàðîâ ãîðþ÷åãî
ïåðåõîäèò â æèäêóþ ôàçó. Ñðàâíå-
íèå ïîëó÷åííûõ ðåçóëüòàòîâ ñ ñî-
îòâåòñòâóþùèìè ðàñ÷åòàìè áåç
ó÷åòà êîíäåíñàöèè, ïðåäñòàâëåííû-
ìè âûøå, ïîêàçûâàåò, ÷òî êîíäåí-
ñàöèÿ ïðèâîäèò ê óâåëè÷åíèþ äàâ-
ëåíèÿ è òåìïåðàòóðû. Âñëåäñòâèå
êîíäåíñàöèè ìîëüíàÿ äîëÿ îêèñëè-
òåëÿ óâåëè÷èâàåòñÿ ñ % 0

O2 = 0,076

äî %O2 = 0,092. Óâåëè÷åíèå êîí-
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Ðèñ. 3. Ïàðàìåòðû óäàðíîé âîëíû, óäàðíàÿ àäèàáàòà è äàâëåíèå íàñûùåííûõ ïàðîâ öèê-
ëîãåêñàíà çà ôðîíòîì óäàðíîé âîëíû. Â ðàñ÷åòàõ ó÷òåíà êîíäåíñàöèÿ ïàðîâ ãîðþ÷åãî.

Ñìåñü: 0,076O2 + 0,351N2 + 0,573C6H12. P0 = 1,3 ÌÏà, T0 = 439 K

Fig. 3. Parameters of the shock wave, the shock adiabate and saturated vapor pressure of
cyclohexane behind the wave front. The possibility of fuel condensation is taken into account.

The mixture: 0,076O2 + 0,351N2 + 0,573C6H12 & P0 = 1,3 MPa, T0 = 439 K

At the end of the fuel condensati-
on, about 31 % of the fuel transforms
into the liquid stage. The comparison
of these results with corresponding
calculations for the shock wave wit-
hout fuel condensation, presented
above, shows that the fuel condensa-
tion led to the increase of pressure
and temperature. As a result of fuel
condensation the molar fraction of the
oxidizer increases from % '

O2 = 0,076

before the wave front to %O2 = 0,092



öåíòðàöèè ãîðþ÷åãî íà 20 % âñëåä-
ñòâèå êîíäåíñàöèè ñäâèãàåò ñîñòàâ
ñìåñè âíóòðü îáëàñòè âîñïëàìå-
íåíèÿ.

Ïðîôèëü äàâëåíèÿ â óäàðíîé
âîëíå ïðè íàëè÷èè êîíäåíñàöèè
ïðèâåäåí íà ðèñ. 4. Êàê îòìå÷åíî
âûøå, êèíåòèêà êîíäåíñàöèè â äàí-
íîé ðàáîòå íå ðàññìàòðèâàëàñü. Òà-
êèì îáðàçîì, øòðèõîâàÿ êðèâàÿ ïî-

êàçûâàåò ïðîôèëü äàâëåíèÿ ìåæäó
ïåðåäíèì ôðîíòîì âîëíû è ìîìåí-
òîì îêîí÷àíèÿ ïåðèîäà èíäóêöèè
ëèøü êà÷åñòâåííî.

Â ïðèíöèïå âñëåäñòâèå êîí-
äåíñàöèè ïàðîâ ãîðþ÷åãî ìîëÿð-
íàÿ ìàññà ãàçà ìîæåò óâåëè÷èòü-
ñÿ â íåñêîëüêî ðàç. Íàïðèìåð,
ðàñ÷åò ïàðàìåòðîâ âîëíû äëÿ
ñèëüíî ïåðåîáîãàùåííîé ãîðþ-
÷èì ñìåñè ñ íà÷àëüíûìè ïàðà-
ìåòðàìè % 0

f = 0,99, % 0
O2 = 0,01,

P0 = 0,559 ÌÏà, T0 = 423,15 K,
#0 = 13,27 êã/ì3 è ñêîðîñòüþ
D = 440 ì/ñ äàåò:

P/P0 = 5,39, P = 3,01 ÌPà, P Psat
f f� � 2,85 ÌPà, u = 19,2 m/s,

T = 529 K, # = 55,7 kg/m3, # f = 54,5 kg/m3, #O2 = 1,16 kg/m3,

#* = 248 kg/m3, � = 81,2 kg/kmol.
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at the end of condensation. The 20 %
increase in oxygen owing to conden-
sation certainly brings the mixture to
inside the flammable zone.

The pressure profile in the consi-
dered shock wave with fuel condensa-
tion is shown in fig. 4. As pointed
above, the kinetic of fuel vapor con-
densation is outside of the framework
of the present paper. Thus, the das-

Ðèñ. 4. Êà÷åñòâåííûé ïðîôèëü óäàðíîé âîëíû ïðè íàëè÷èè êîíäåíñàöèè ïàðîâ ãîðþ÷åãî.
Ñìåñü: 0,076O2 + 0,351N2 + 0,573C6H12. D = 550 ì/ñ. Øòðèõîâàÿ êðèâàÿ ñîîòâåòñòâóåò çîíå

êîíäåíñàöèè

Fig. 4. The qualitative pressure profile behind the shock wave with fuel vapor condensation
(outside of scale).

The mixture: 0,076O2 + 0,351N2 + 0,573C6H12 & D = 550 m/s. The dashed line corresponds to
the condensation zone

hed line shows the pressure profile
between the wave front and the mo-
ment in time of the end of fuel vapor
condensation only schematically.

In principle owing to fuel vapor
condensation the molar fraction of
the oxidizer can increase even in a
few times. For example, the calcula-
tions of the flow parameters in the
case of fuel condensation are perfor-
med for the fuel-rich cyclohexa-
ne-oxygen mixture with % 0

f = 0,99,

% 0
O2 = 0,01, P0 = 0,559 MPa, T0 =

= 423,15 K, #0 = 13,27 kg/m3. The
results of calculation for the shock
wave with D = 440 m/s are:



Ê ìîìåíòó îêîí÷àíèÿ êîíäåí-
ñàöèè îêîëî 82 % ïàðîâ ãîðþ÷åãî
ïåðåõîäèò â æèäêîñòü. Â ðåçóëüòà-
òå êîíäåíñàöèè ìîëüíàÿ äîëÿ îêèñ-
ëèòåëÿ óâåëè÷èâàåòñÿ áîëåå ÷åì â
5 ðàç, ñ% 0

O2 = 0,01 äî %O2 = 0,053.
Îöåíêà ìàññû æèäêîãî ãî-

ðþ÷åãî, êîòîðàÿ ïåðåõîäèò â
ãàç âñëåäñòâèå òåïëîîáìåíà ñ
ïðîäóêòàìè ãàçîâîãî âçðûâà.
Ðàññ÷èòàåì ñóììàðíóþ ìàññó æèä-
êîãî óãëåâîäîðîäà, êîòîðàÿ ìîæåò
èñïàðèòüñÿ â ðåçóëüòàòå òåïëîîá-
ìåíà ñ ãîðÿ÷èìè ïðîäóêòàìè âçðû-
âà ïðè ïîñòîÿííîì îáúåìå. Âçðûâ
ïðîèñõîäèò íàä ïîâåðõíîñòüþ æèä-
êîñòè. Ðàñ÷åò ÿâëÿåòñÿ àíàëîãîì
èñïàðåíèÿ æèäêîãî ãîðþ÷åãî ïîñëå
ãàçîâîãî âçðûâà â çàìêíóòîì ïðî-
ñòðàíñòâå ïðîìûøëåííûõ çäàíèé è
ñîîðóæåíèé, â êîòîðûõ èìååò ìå-
ñòî óòå÷êà èëè ðàçëèâ æèäêîãî
óãëåâîäîðîäà.

Ïðåäïîëîæèì, ÷òî õèìè÷åñêîé
ðåàêöèè ìåæäó ïðîäóêòàìè âçðûâà
è ïàðàìè óãëåâîäîðîäà íå ïðîèñõî-
äèò, à ïðîäóêòû âçðûâà â ïðîöåññå
èñïàðåíèÿ æèäêîñòè íå ìåíÿþò
ñâîé õèìè÷åñêèé ñîñòàâ (õèìè÷å-
ñêèé ñîñòàâ ãîðÿ÷åãî ãàçà «çàìî-
ðîæåí»).
Ïóñòü Ti è �i — íà÷àëüíàÿ òåìïåðà-
òóðà è ìîëÿðíàÿ ìàññà ãîðÿ÷èõ ïðî-
äóêòîâ;
T0 — íà÷àëüíàÿ òåìïåðàòóðà æèä-
êîñòè;
Tf — êîíå÷íàÿ òåìïåðàòóðà ãàçî-
âîé ñìåñè ïîñëå îêîí÷àíèÿ èñïàðå-
íèÿ;
Ui è Uf — âíóòðåííÿÿ ýíåðãèÿ
ïðîäóêòîâ âçðûâà ïðè T = Ti è
T = Tf;
UL — âíóòðåííÿÿ ýíåðãèÿ æèäêî-
ñòè ïðè T = T0;
Uf

C — âíóòðåííÿÿ ýíåðãèÿ ïàðîâ

óãëåâîäîðîäà ïðè T = Tf;
M — íà÷àëüíàÿ ìàññà ãàçà;
m — ìàññà æèäêîñòè, ïåðåøåäøåé
â ãàç.

Çàêîí ñîõðàíåíèÿ ýíåðãèè ìî-
æåò áûòü çàïèñàí â âèäå
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At the moment in time of the
end of the fuel condensation about
82 % of the fuel transforms into the
liquid stage (( = 0,82, � = 0,18). As
a result of fuel condensation the
molar fraction of the oxidizer
increases more than in 5 times, from
% 0

O2 = 0,01 before the wave front to

% O2 = 0,053 at the moment in time
of the end of condensation.

Evaluation of the mass of li-
quid fuel evaporated due to
heat exchange with the pro-
ducts of gas explosion. Let us cal-
culate the total mass of liquid hydro-
carbon that can be evaporated due to
heat exchange with the hot products
of explosion at constant volume. Ex-
plosion occurs above the liquid surfa-
ce. The calculation is analogous to
that of the evaporation of liquid fuel
after gas explosion in the confined
space of industrial buildings and
structures in which there is a leaka-
ge or spill of liquid hydrocarbons.

It is assumed for the simplicity
that there is no chemical reaction bet-
ween the initial gas and hydrocarbon
vapors and the initial gas do not chan-
ge their chemical composition during
fuel evaporation process (chemical
composition of hot gas is frozen).

The following notations are used:
Ti and �i are initial temperature and
molar mass of the hot gas;
T0 is initial temperature of the liquid;
Tf is the final temperature of gaseous
mixture after evaporation;
Ui and Uf are the internal energy of
the initial gas at temperature T = Ti

and T = Tf respectively;
UL is the internal energy of a liquid
at T = T0;
Uf

C is the internal energy of hydro-

carbon vapors at T = Tf;
M is the initial mass of the gas;
m is the mass of the liquid, evapo-
rated into the gas.

The law of energy conservation
can be written in the form



MUi + mUL = MUf + m Uf
C.

Ñëåäîâàòåëüíî,
Thus,

m/M = (Ui – Uf)/(Uf
C – UL). (1)

Ñîãëàñíî [8],
According to [8],
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ãäå R — óíèâåðñàëüíàÿ ãàçîâàÿ ïî-
ñòîÿííàÿ;
) è �a — ñðåäíÿÿ òåìïåðàòóðà âîçáó-
æäåíèÿ êîëåáàòåëüíûõ ñòåïåíåé ìî-
ëåêóë è ìîëÿðíàÿ ìàññà ãàçà â àòî-
ìàðíîì ñîñòîÿíèè ñîîòâåòñòâåííî.

Â êà÷åñòâå êîíêðåòíîãî ïðèìåðà
ðàññìîòðèì äåòîíàöèþ ãàçîâîé ñìåñè
C2H2 + 3O2 íàä ïîâåðõíîñòüþ æèäêî-
ãî öèêëîãåêñàíà. Äåòîíàöèîííàÿ âîë-
íà ðàñïðîñòðàíÿåòñÿ ñâåðõó âíèç è
îòðàæàåòñÿ îò æèäêîé ïîâåðõíîñòè.
Òàêîé ïðîöåññ ðàññìàòðèâàëñÿ ýêñïå-
ðèìåíòàëüíî â [9], ãäå ïîêàçàíî, ÷òî
ïðîöåññ èñïàðåíèÿ ñóùåñòâåííî èí-
òåíñèôèöèðóåòñÿ ìåõàíè÷åñêèì ïåðå-
ìåøèâàíèåì ôàç.

Àêóñòè÷åñêîå ñîïðîòèâëåíèå æèä-
êîñòè çíà÷èòåëüíî áîëüøå, ÷åì àêóñòè-
÷åñêîå ñîïðîòèâëåíèå ãàçà. Ïîýòîìó
îòðàæåíèå äåòîíàöèîííîé âîëíû îò
æèäêîé ïîâåðõíîñòè ìîæíî ðàññìàòðè-
âàòü êàê îòðàæåíèå îò æåñòêîé ñòåíêè.
Ñîãëàñíî [10], ïàðàìåòðû ãàçà ïîçàäè
îòðàæåííîé îò æåñòêîé ñòåíêè äåòîíà-
öèîííîé âîëíû, ðàñïðîñòðàíÿþùåéñÿ
ïî C2H2 + 3O2, ðàâíû: Ti = 4440 K è
� i = 23,49 êã/êìîëü. Âåëè÷èíà
Uf

C – UL õîðîøî èçâåñòíà è ìîæåò

áûòü âçÿòà èç ñïðàâî÷íèêîâ. Ðåçóëü-
òàòû ðàñ÷åòà, ñîãëàñíî óðàâíåíèÿì (1)
è (2), ïðåäñòàâëåíû íà ðèñ. 5. Âèäíî,
÷òî ìàññà æèäêîñòè, êîòîðàÿ ñïîñîáíà
èñïàðèòüñÿ â ãàç, ìîæåò áûòü â 10 ðàç
áîëüøå, ÷åì ïåðâîíà÷àëüíàÿ ìàññà ãî-
ðÿ÷åãî ãàçà. Òàêèì îáðàçîì, åñëè íîâàÿ
ïîðöèÿ îêèñëèòåëÿ ïîñòóïèò â ñèñòåìó
è ñìåøàåòñÿ ñ ïàðàìè ãîðþ÷åãî, íàä
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where R is a universal gas
constant;
) and �a are the average tempera-
ture of excitation of vibration de-
grees of freedom of molecules and
the molar mass of the gas in ato-
mic state.

As the example of explosion in
gas-liquid system we will consider
detonation wave in gas (C2H2 +
+ 3O2) above a surface of liquid
cyclohexane. Detonation wave in
gas impacts vertically the surface
of the liquid. As the result of the
detonation wave reflection shock
wave propagates up. This process
was investigated experimentally in
[9]. It was shown that the process
of liquid evaporation intensified by
mechanical mixing of phases.

Acoustical impedance of the li-
quid is much greater than acousti-
cal impedance of the gas. Therefore,
the liquid surface can be considered
as rigid wall. According to [10], pa-
rameters of the gas behind detonati-
on wave, reflected from a rigid wall
in C2H2 + 3O2, gaseous mixtu-
re are: Ti = 4440 K and �i =
= 23,49 kg/kmol. The value
Uf

C – UL can be found in correspon-
ding reference books. The results of
the calculations according to (1),
(2) are presented on fig. 5. As can
be seen, the mass of the liquid,
which can be evaporated by the
gas, heated owing to detonation
wave reflection from the gas-liquid



ïîâåðõíîñòüþ æèäêîñòè âíîâü âîç-
íèêíåò âçðûâ÷àòàÿ ãàçîâàÿ ñìåñü, è,
ñîîòâåòñòâåííî, âîçìîæåí íîâûé
âçðûâ ãàçà.

Çàêëþ÷åíèå. Ðàññ÷èòàíû ïà-
ðàìåòðû ïëîñêîé óäàðíîé âîëíû â
ïåðåîáîãàùåííîé ãîðþ÷èì ñìåñè
öèêëîãåêñàíà ñ êèñëîðîäîì è àçî-
òîì. Ïîêàçàíà âîçìîæíîñòü êîí-
äåíñàöèè ïàðîâ ãîðþ÷åãî çà ôðîí-
òîì âîëíû. Îíà âåäåò ê ïîâûøåíèþ
äàâëåíèÿ è òåìïåðàòóðû è ìîæåò
ñóùåñòâåííî èçìåíèòü õèìè÷åñêèé
ñîñòàâ ãàçà. Òàê, ìîëüíàÿ äîëÿ
îêèñëèòåëÿ â ãàçîâîé ñìåñè ìîæåò
óâåëè÷èòüñÿ â íåñêîëüêî ðàç. Ïî-
äîáíàÿ âîçìîæíîñòü ìîæåò çíà÷è-
òåëüíî èçìåíèòü âçðûâíûå õàðàêòå-
ðèñòèêè ãàçîâûõ ñìåñåé. Íàïðè-
ìåð, ãàçîâûå ñìåñè, íà÷àëüíàÿ
êîíöåíòðàöèÿ ïàðîâ ãîðþ÷åãî â êî-
òîðûõ ïðåâûøàåò ÂÊÏÂ, ìîãóò
âçðûâàòüñÿ. Ýòî ïðîèñõîäèò â ñëó-
÷àå, åñëè êîíäåíñàöèÿ ïàðîâ ãîðþ-
÷åãî ñäâèãàåò õèìè÷åñêèé ñîñòàâ
ãàçà â îáëàñòü âîñïëàìåíåíèÿ.

Âîçìîæíîñòü êîíäåíñàöèè ïà-
ðîâ ãîðþ÷åãî äîëæíà áûòü ïðèíÿòà
âî âíèìàíèå ïðè îáåñïå÷åíèè âçðû-
âîáåçîïàñíîñòè ïðîìûøëåííûõ
çäàíèé è ñîîðóæåíèé, âíóòðè êîòî-
ðûõ ìîãóò íàõîäèòüñÿ ãàçîâûå ñìå-
ñè, ïåðåîáîãàùåííûå ïàðàìè òÿæå-
ëûõ óãëåâîäîðîäíûõ ãîðþ÷èõ. Íà-
ïðèìåð, êîíäåíñàöèÿ ïàðîâ äîëæíà
ïðèíèìàòüñÿ âî âíèìàíèå ïðè ïðî-
åêòèðîâàíèè ñïðèíêëåðíûõ ñèñòåì,
âåíòèëÿöèè, ðàñ÷åòå ìåõàíè÷åñêîé
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Ðèñ. 5. Ðàñ÷åò ìàññû æèäêîãî öèêëî-
ãåêñàíà, êîòîðàÿ ìîæåò áûòü ïåðåâåäå-
íà â ãàç âñëåäñòâèå òåïëîîáìåíà ñ ãî-
ðÿ÷èìè ïðîäóêòàìè ïîçàäè îòðàæåí-
íîé äåòîíàöèîííîé âîëíû â ñìåñè

C2H2 + 3O2

Fig. 5. Calculated mass of liquid
cyclohexane, which can be evaporated
by heat exchange with the hot gas
behind reflected detonation wave in

C2H2 + 3O2 gaseous mixture

inter-phase, can be ten times more,
than the initial mass of the hot gas.
Thus, in case if a new portion of oxidizer
will penetrate into heterogeneous sys-
tem after the fuel evaporation, a new
explosive mixture can be formed and
subsequent explosions are possible.

Conclusions. The shock wave
parameters in the fuel-rich cyclohexa-
ne-oxygen vapor mixtures are calcu-
lated. The possibility of fuel vapor
condensation behind the wave front is
shown. The fuel vapor condensation
behind the shock wave led to the inc-
rease of pressure and temperature
and can essentially change the chemi-
cal composition of the gas phase. For
example, the molar fraction of the
oxidizer in gaseous mixture can inc-
rease in a few times. This possibility
can influence the explosion safety
characteristics of corresponding mix-
tures. For example, the systems,
which have an initial gas composition
above the upper flammability limit,
can, nevertheless, explode. It can
happen, if the chemical composition
of the gas starts to be inside the flam-
mability range owing to fuel vapor
condensation.

The fuel vapor condensation sho-
uld be taken into account in estimati-
on the explosion hazard of chemical
reactors, industrial and civil const-
ructions, which may contain fu-
el-rich gaseous mixtures of heavy
hydrocarbons with air. For example,
for design of sprinkler and ventilati-



ïðî÷íîñòè ñîîðóæåíèé è îáåñïå÷å-
íèè àâàðèéíîãî ñáðîñà äàâëåíèÿ
ïðè âçðûâå. Ïðè÷èíîé îáðàçîâàíèÿ
ðàññìàòðèâàåìûõ ãàçîâûõ ñìåñåé
ìîãóò áûòü óòå÷êè èëè ðàçëèâû
æèäêèõ óãëåâîäîðîäîâ.

Íà ÷àñòíîì ïðèìåðå ïîêàçàíî,
÷òî ìàññà æèäêîãî óãëåâîäîðîäíîãî
ãîðþ÷åãî, êîòîðàÿ ìîæåò èñïàðèòü-
ñÿ âñëåäñòâèå òåïëîîáìåíà ñ ãîðÿ-
÷èìè ïðîäóêòàìè âçðûâà ãàçîâîé
ñìåñè íàä ïîâåðõíîñòüþ æèäêîñòè,
ìîæåò áûòü íà ïîðÿäîê áîëüøå,
÷åì ïåðâîíà÷àëüíàÿ ìàññà ãàçà. Èñ-
ïàðåíèå ñòîëü çíà÷èòåëüíîé ìàññû
ãîðþ÷åãî ìîæåò ñëóæèòü ïðè÷èíîé
ïîñëåäóþùèõ âçðûâîâ ïðè ïðîíèê-
íîâåíèè âîçäóõà â ñèñòåìó èçâíå è
ôîðìèðîâàíèè íîâîé âçðûâ÷àòîé
ñìåñè. Ýòî îáñòîÿòåëüñòâî íåîáõî-
äèìî ó÷èòûâàòü ïðè àíàëèçå âçðû-
âîîïàñíîñòè ãàçîæèäêîñòíûõ õèìè-
÷åñêèõ ðåàêòîðîâ, êîíòåéíåðîâ äëÿ
õðàíåíèÿ è òðàíñïîðòèðîâêè æèä-
êèõ óãëåâîäîðîäîâ, à òàêæå ïðî-
ìûøëåííûõ çäàíèé è ñîîðóæåíèé,
âíóòðè êîòîðûõ âîçìîæíû óòå÷êè
èëè ðàçëèâû æèäêèõ óãëåâîäîðîäîâ.
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on systems and mechanical resistan-
ce of constructions and buildings the
possibility of the condensation sho-
uld be considered. Among the rea-
sons of fuel-rich gaseous mixtures
formation are leaks and spills of liqu-
id hydrocarbons with high saturated
vapor pressure.

It was shown that the mass of li-
quid fuel which can be evaporated
due to heat exchange with the hot
gas behind the reflected detonation
wave can be more than ten times
higher than the mass of the hot gas.
Evaporation such a large mass of
fuel can cause subsequent explosi-
ons due to the penetration of air from
outside into the system and the for-
mation of a new explosive mixture.
This fact must be taken into account
in analyzing the explosion hazard of
gas-liquid chemical reactors, contai-
ners for storage and transportation
of liquid hydrocarbons, as well as in-
dustrial buildings and structures wit-
hin which leaks or spills of liquid
hydrocarbons are possible.
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ÒÎÏÎËÎÃÈ×ÅÑÊÈÉ ÔÎÐÌÀËÈÇÌ
Â ÎÏÐÅÄÅËÅÍÈÈ ÂÅËÈ×ÈÍ
ÔÓÍÄÀÌÅÍÒÀËÜÍÛÕ ÔÈÇÈ×ÅÑÊÈÕ ÏÎÑÒÎßÍÍÛÕ*

Ïðèâîäÿòñÿ ðàñ÷åòû âåëè÷èí ôóíäàìåíòàëüíûõ ôèçè÷åñêèõ ïîñòîÿííûõ ñ ïîçèöèé äèñ-
êðåòíîé òîïîëîãèè — íàóêè î äèñêðåòíûõ ñèñòåìàõ. Ïîëó÷åííûå ðåçóëüòàòû ñîâïàäàþò
ñ âåëè÷èíàìè ýòèõ ïîñòîÿííûõ è óòî÷íÿþò èõ, â ÷àñòíîñòè, ñêîðîñòü ðàñïðîñòðàíåíèÿ
ñâåòà â âàêóóìå.

Ê ë þ ÷ å â û å ñ ë î â à: äèñïåðñíûå ìàòåðèàëû, äèñêðåòíàÿ òîïîëîãèÿ, ôóíäàìåíòàëüíûå
ôèçè÷åñêèå ïîñòîÿííûå, ñêîðîñòü ñâåòà.

Èññëåäîâàíèÿ äèñïåðñíûõ ìàòåðèàëîâ è ìèíåðàëüíûõ âÿæóùèõ âå-
ùåñòâ íåãèäðàòàöèîííîãî òâåðäåíèÿ, ïîëó÷àåìûõ ïðè ìîêðîì ñïîñîáå èç-
ìåëü÷åíèÿ êâàðöñîäåðæàùèõ ãîðíûõ ïîðîä, íàòàëêèâàþòñÿ íà ðàñõîæäå-
íèå çíà÷åíèé ñîâðåìåííûõ ôóíäàìåíòàëüíûõ ôèçè÷åñêèõ ïîñòîÿííûõ ñ
âåëè÷èíàìè, ïîëó÷àåìûìè äèñêðåòíîé òîïîëîãèåé. Ðàñõîæäåíèÿ íàáëþ-
äàþòñÿ â ðàñ÷åòàõ çîëü- è ãåëüñîñòàâëÿþùèõ êîìïîíåíòîâ ñóñïåíçèè, çà-
ðÿäà è ñðåäíåãî ðàññòîÿíèÿ ìåæäó ìèêðî- è íàíî÷àñòèöàìè è äðóãèõ ïî-
êàçàòåëåé åå ñâîéñòâ [1]. Íà êàæäîì óðîâíå ðàçâèòèÿ íàóêè ôóíäàìåí-
òàëüíûå ôèçè÷åñêèå ïîñòîÿííûå óòî÷íÿþòñÿ äëÿ äîñòèæåíèÿ âûñîêîé
ñòåïåíè äîñòîâåðíîñòè îñíîâíûõ ôèçè÷åñêèõ òåîðèé. Ïðèâåäåì ðåçóëü-
òàòû èññëåäîâàíèé äèñêðåòíîé òîïîëîãèè äèñïåðñíûõ ñèñòåì ïî óñòàíîâ-
ëåíèþ âåëè÷èí ôóíäàìåíòàëüíûõ ôèçè÷åñêèõ ïîñòîÿííûõ è ñâîéñòâåí-
íîãî èì êîðïóñêóëÿðíî-âîëíîâîãî äóàëèçìà.

Ðàíåå [2] èç çàêîíîìåðíîñòè ãðàâèòàöèîííîãî ðàñïðåäåëåíèÿ ÷àñòèö
ïî ðàçìåðàì ïðè ïëîòíîé ñëó÷àéíîé (p = 3, m = 3) óïàêîâêå
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áûëè ïîëó÷åíû ãëàâíûå óðîâíè ðàñïðåäåëåíèÿ ýëåìåíòîâ äèñêðåòíîñòè
âåùåñòâà â âèäå çàâèñèìîñòè ðàçìåðà D1 êîðïóñêóëÿðíûõ îáðàçîâàíèé
íà ðàçëè÷íîì ìàñøòàáíîì óðîâíå (îò àòîìà äî êëàñòåðà, íàíî- è ìèêðî-
÷àñòèö, ìàêðî÷àñòèö è êîñìè÷åñêèõ òåë) îò ðàçìåðà d ýëåìåíòà èõ äèñ-
êðåòíîñòè è ïëîòíîñòè åãî óïàêîâêè *1 â èíòåðâàëàõ ïî n – 0, 1, 2, 3…:
( , ) , .3 923 3 9231 1* *n nd D d� �

Ìåëêîìàñøòàáíûé óðîâåíü ðàñïðåäåëåíèÿ ðàçìåðîâ ýëåìåíòîâ îáðà-
çîâàíèé èìååò âèä [3]:
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Èç ýòîãî âûðàæåíèÿ åãî êðèòè÷åñêèé ïîäóðîâåíü äëÿ ñëó÷àéíûõ óïàêî-
âîê ýëåìåíòîâ äèñêðåòíîñòè âåùåñòâà ïðè *1 0 64976� , è m = (9…10,5)/3:

D d dm n n n
1 1

3 3
1 110 3 1 3 923 60 38� � � �[ ( ) ] , ( , ;* * * ) (2)

+ ,D d n
1 1

9 10 5 3
60 38 1 60 38 3645 220096 132887/ , ; , ; ; ;

... , /
* � � 48...

Êîíñòàíòà D/d = 220096,5 âõîäèò â âûðàæåíèå äëÿ îïðåäåëåíèÿ âå-
ëè÷èíû h/e, ãäå h — ïîñòîÿííàÿ Ïëàíêà, e — ýëåìåíòàðíûé çàðÿä
(ýëåêòðîíà), åñëè îòíîøåíèå h/e ïðåäñòàâèì â âèäå ïðîèçâåäåíèÿ ïëîò-
íîñòåé óïàêîâîê ýëåìåíòîâ äèñêðåòíîñòè ïñåâäîòâåðäîãî, ïñåâäîæèäêîãî
è êðèòè÷åñêîãî ñîñòîÿíèÿ íåóïîðÿäî÷åííûõ ñèñòåì. Âåëè÷èíû èõ ðàñ-
ñ÷èòàåì ïî ðåêóððåíòíîìó óðàâíåíèþ ôàçîòîïîëîãè÷åñêèõ ïåðåõîäîâ
(ÔÒÏ) [2]:
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Íåîáõîäèìûé ðÿä çíà÷åíèé *1 äëÿ èçëó÷åíèÿ è âåùåñòâà ðàññ÷èòàåì
ìåòîäîì îáðàòíîãî ïîñëåäîâàòåëüíîãî ïðèáëèæåíèÿ äî âåëè÷èíû
*1 = 0,63347284 ïðè èñõîäíîì çíà÷åíèè *c1

31 10 3 1� �/ ( ) = 0,25490381:

0,63347284052414923 - 0,54938193018442290281 -

- 0,44758499898676154085 - 0,254903810567665797.

Ïðåäâàðèòåëüíî çàïèøåì âûðàæåíèå (2) ñ âîñõîæäåíèåì ïî êîýôôèöè-
åíòó (n = 3) íà áîëåå âûñîêèé óðîâåíü äèñêðåòíîñòè âåùåñòâà â âèäå

( / ) ( , )D d i
n� �60 37693 1* ; 60,377 *i ; 3645 *i

2 ; 220096 *i
3 ...

Äàííîå ðàâåíñòâî ïðè n = 3 ïðåîáðàçóåì ê âèäó

( / ) ( , ) , .D d k k ki
3 3

1 2 360 3769286 220096 456C C C� �* * * *

Ëåâóþ ÷àñòü ýòîãî ðàâåíñòâà îáîçíà÷èì h/e, ïîäñòàâëÿÿ ïîëó÷åííûå
âûøå çíà÷åíèÿ *i äëÿ èçëó÷åíèÿ è âåùåñòâà:

h k/ ( , , , ) ,e Ñ� & & &220096 0 54938193 0 447584999 0 25490381 (4)

ãäå Ñ — êîýôôèöèåíò ðàçìåðíîñòè, Ñ = 1 &10–21 ýðã & ñ/åä. CGSE.
Ïðè k = 0,9999671818563986 — âåëè÷èíà, ïîëó÷åííàÿ ïðè âîñõîæ-

äåíèè ïî óðàâíåíèþ (3) îò *1 = 0,640289423105008035 äî 1, èìååì

h/ , ,
–

e � & & "

"

13795557985048947176 10 0 9999671818564

10

4

21ýðã ñ/åä. CGSE ýðã ñ/åä.& � & &1,37951052404459324 10–17 CGSE.

Ñîãëàñíî ñîâðåìåííûì äàííûì [4]:

h/e = 6,62606896 & 10–27 ýðã · ñ/(1,602176487 · 10–19 Êë & 0,1ñ "

"2,99792458 & 1010 ñì/ñ) = 1,379510132183684 · 10–17 ýðã · ñ/åä. CGSE,

ãäå

e = 1,602176487 · 10–29 Êë · 0,1ñ · 2,99792458 · 1010 ñì/ñ =

= 4,80320427187535 · 10–10 åä. CGSE;

Òîïîëîãè÷åñêèé ôîðìàëèçì â îïðåäåëåíèè âåëè÷èí ôóíäàìåíòàëüíûõ...
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2,99792458 · 1010 ñì/ñ — ñîâðåìåííàÿ âåëè÷èíà ñêîðîñòè ñâåòà.
Ñîâðåìåííîå îòíîøåíèå h/e = 1,379510132 & 10–17 ýðã · ñ íåìíîãî ìåíüøå

ðàñ÷åòíîãî òîïîëîãè÷åñêîãî îòíîøåíèÿ h/e = 1,379510524 & 10–17 ýðã · ñ.
Â íàñòîÿùåå âðåìÿ ïðîèçâåäåíèå ïîñòîÿííîé Ïëàíêà íà ÷èñëî Àâî-

ãàäðî îïðåäåëåíî òî÷íåå, ÷åì êàæäàÿ èç ýòèõ êîíñòàíò [4]: hNA =
= 3,9903126821 Äæ · ñ · ìîëü–1.

Ðàññ÷èòàåì ïîñòîÿííóþ Ïëàíêà ïî ñëåäóþùèì äàííûì.
Ïðåäâàðèòåëüíî ðàññ÷èòàåì âåëè÷èíó ýëåìåíòàðíîãî çàðÿäà â åä. CGSE,

èñïîëüçóÿ ðàñ÷åòíîå çíà÷åíèå ñêîðîñòè ñâåòà ñ = 2,9979245577 · 1010 ñì/ñ
(ñì. òàáëèöó) è ñîâðåìåííîå («ÊÎÄÀÒÀ-2006») çíà÷åíèå e =
= 1,602176487 & 10–19 Êë:

e = 1,602176487 · 10–19 Êë · 0,1ñ · 2,9979245577 · 1010 ñì/ñ =

= 4,803204236157·10–10 åä. CGSE.

Íîâîå çíà÷åíèå ïîñòîÿííîé Ïëàíêà ïðè ýòîì áóäåò ðàâíî:

h = 1,379510524 · 10–17 ýðã · ñ/åä. CGSE · 4,8032042361573 "

"10–10 åä. CGSE = 6,62607079291457 · 10–27 ýðã · ñ;

÷èñëî Àâîãàäðî:

NA = 3,9903126821·10–10Äæ·ñ·ìîëü–1/6,6260707929145696·10–34 Äæ·ñ =

= 6,02214012921·1023 ìîëü–1;

êîíñòàíòà Áîëüöìàíà:

kÁ = R/NÀ= 8,314472 Äæ·Ê–1· ìîëü–1/6,02214012921 ·10–23 ìîëü–1 =

= 1,38065070250867 ·10–23 Äæ ·Ê–1.

Ïîëó÷åííûå òîïîëîãè÷åñêèå âåëè÷èíû *1 = 0,63347284 (0,634052826)
è *1 = 0,640289423 (0,640326743) èìåþò òàêæå îòíîøåíèå ê îïðåäåëå-
íèþ âåëè÷èí ôóíäàìåíòàëüíûõ ôèçè÷åñêèõ ïîñòîÿííûõ. Òàê, âåëè÷èíó
ïîñòîÿííóþ òîíêîé ñòðóêòóðû ìîæíî îïðåäåëèòü èç îòíîøåíèÿ êðèâèç-
íû òîïîëîãè÷åñêîãî ïðîñòðàíñòâà ê êðèòè÷åñêîé ïëîòíîñòè óïàêîâêè
ýëåìåíòîâ äèñêðåòíîñòè èçëó÷åíèÿ:

1
3 10 0 63347284 0 634052826

0

3 0 064658736384

/
( , / , )

,

,

% �
& k

63347284
30 0 997258329 4 580434388 137 03629

10 3/

, , ,

�

� & & � & �0 99999788 137 03599961, , ,

ãäå ïîêàçàòåëü ñòåïåíè k ïðåäñòàâëåí êàê ïðîèçâåäåíèå * * *ñ ñ2 2 01: , ,� à
* = 0,64658736384, ðàñ÷åò ýòîé âåëè÷èíû ïðèâîäèòñÿ íèæå.

Êàíîíè÷åñêèå çíà÷åíèÿ *1 è * âû÷èñëÿþòñÿ èç âòîðîé êðèòè÷åñêîé
ïëîòíîñòè óïàêîâêè ýëåìåíòîâ äèñêðåòíîñòè íåóïîðÿäî÷åííûõ ñèñòåì:

*i i
nk� ( , / ) ,,01 0 2 (5)

k1
3 1 3 61 10 3 1 1 10 3 1 0 634053 0 64976� � � �[ / ( ) ] /[ / ( ) ] , / , ./

Èç âûðàæåíèÿ (5) ïðè n = 0…6 ïîëó÷èì: *1 = 0,630957; 0,6340528;
0,6371635; 0,6402894; 0,6434307; 0,6465874; 0,6497595.

À.Í. Õàðõàðäèí
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Ñîâðåìåííîå çíà÷åíèå ïîñòîÿííîé òîíêîé ñòðóêòóðû âû÷èñëÿåòñÿ ïî
ôîðìóëå 1 4 0/ /% .�� �c e 2, ãäå �0 — äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü

âàêóóìà, � � h/2. — ïîñòîÿííàÿ Ïëàíêà, è áóäåò ðàâíà [4]:

1/% = (4./& 8,854187817 & 10–12 Ôì–1 & 1,054571628 & 10–34 Äæ & ñ "

" 2,99792458 &1010 ñì/ñ)/(1,602176487 &10–19 Êë)2 = 137,0359996844739.

Ñîãëàñíî ïîëó÷åííûì âûøå òîïîëîãè÷åñêèì äàííûì:

1/% = (4./& 8,854187817 & 10–12 Ôì–1 & 1,05457192 & 10–34 Äæ & ñ "

" 2,9979245577 &1010 ñì/ñ)/(1,602176487 &10–19 Êë)2 = 137,03603657.

Ýòî ïðàêòè÷åñêè äîñòàòî÷íî õîðîøàÿ ñõîäèìîñòü ïîëó÷åííûõ ðåçóëüòà-
òîâ ñ ýêñïåðèìåíòîì. Ðåçóëüòàòû ðàñ÷åòîâ ïðèâåäåíû â òàáëèöå.

Óòî÷íåíèå âåëè÷èíû ñêîðîñòè ðàñïðîñòðàíåíèÿ ñâåòà. Ñêî-
ðîñòü ñâåòà êàê îäíà èç ôóíäàìåíòàëüíûõ ôèçè÷åñêèõ âåëè÷èí ÿâëÿåòñÿ
ìèðîâîé êîíñòàíòîé. Ñ÷èòàÿ, ÷òî ñêîðîñòü ñâåòà çàâèñèò îò îòíîøåíèÿ
ïëîòíîñòè ýíåðãèé èçëó÷åíèÿ è âåùåñòâà â ïðîöåññå ðàçâèòèÿ Âñåëåí-
íîé, ò. å. îò ïëîòíîñòè óïàêîâêè â íèõ ýëåìåíòîâ äèñêðåòíîñòè è ñòðóêòó-
ðû, ïðåäñòàâèì åå â âèäå âûðàæåíèÿ

ñ ,è â
ñ� & &d M( / )* * * * (6)

ãäå d, Ì — ðàçìåðíîñòü ïðîñòðàíñòâà (d = 3) è åäèíèöà èçìåðåíèÿ (ìàñ-
øòàá) ñêîðîñòè ñâåòà, Ì = 108 ì/ñ;
*è è *â — ïëîòíîñòü ñëó÷àéíîé óïàêîâêè ýëåìåíòîâ äèñêðåòíîñòè èçëó-
÷åíèÿ è âåùåñòâà;
*ñ è * — êðèòè÷åñêàÿ ïëîòíîñòü ñëó÷àéíîé óïàêîâêè ýëåìåíòîâ äèñêðåò-
íîñòè âåùåñòâà +*ñ � 01 0 2549, ... , ) è àìïëèòóäíàÿ ïëîòíîñòü èõ óïàêîâêè.

Àìïëèòóäíûå (ôëóêòóàöèîííûå) ïëîòíîñòè ñëó÷àéíîé óïàêîâêè ýëå-
ìåíòîâ äèñêðåòíîñòè òîïîëîãè÷åñêèõ ïðîñòðàíñòâ ïîëó÷àþò èç óðàâíå-
íèÿ (5) äëÿ èõ êàíîíè÷åñêèõ çíà÷åíèé, çàïèñàííîãî â âèäå

* * *= ê max[ , /( / ) ] ,/01 1
1n m (7)

Òîïîëîãè÷åñêèé ôîðìàëèçì â îïðåäåëåíèè âåëè÷èí ôóíäàìåíòàëüíûõ...
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Çíà÷åíèÿ ôóíäàìåíòàëüíûõ ôèçè÷åñêèõ ïîñòîÿííûõ ñîãëàñíî ðåêîìåíäàöèÿì
«ÊÎÄÀÒÀ-2006» è ðàñ÷åòó

Êîíñòàíòà Åäèíèöà èçìåðåíèÿ Ñîâðåìåííîå çíà÷åíèå* Âû÷èñëåííîå çíà÷åíèå

ñ ì · ñ–1 299792458 299792455,77

e Êë 1,602176487 · 10–19 1,602176487 · 10–19

e åä. CGSE 4,80320427187 · 10–10 4,803204236157 · 10–10

h Äæ·ñ 6,62606896 · 10–34 6,6260707929 · 10–34

NA ìîëü–1 6,022141795 · 1023 6,02214012921 · 1023

hNA Äæ · ñ · ìîëü–1 3,9903126821 · 10–10 3,9903126821 · 10–10

h/e ýðã · ñ/åä. CGSE 1,37951013218 · 10–10 1,37951052404459 · 10–10

kÁ Äæ · Ê–1 1,3806503206 · 10–23 1,3806507025 · 10–23

1/ % — 137,0359997 137,03599961

h/ 2. Äæ · ñ 1,054571628 · 10–34 1,05457192 · 10–34

* Ñ.Ã. Êàðøåíáîéì. ÓÔÍ. 2008. Ò. 178, ¹ 10.



ãäå * *ê max, 1 — êàíîíè÷åñêèå è íàèáîëüøàÿ ïëîòíîñòè ñëó÷àéíîé óïàêîâ-
êè ýëåìåíòîâ äèñêðåòíîñòè òîïîëîãè÷åñêèõ ïðîñòðàíñòâ;
n — óðîâíè ðàçâèòèÿ ñòðóêòóðû òîïîëîãè÷åñêèõ ïðîñòðàíñòâ, n = 0…5;
m — ïîêàçàòåëü ñòåïåíè, îïðåäåëÿþùèé ïåðèîä ðàçâèòèÿ òîïîëîãè÷å-
ñêîãî ïðîñòðàíñòâà Âñåëåííîé, m = 0…5; m = 0…1 — â ðàííèé ïåðèîä
ðàçâèòèÿ Âñåëåííîé, m = 5 — â íàñòîÿùèé ïåðèîä è m = 2…4 — â ïîçä-
íèå ïåðèîäû ðàçâèòèÿ.

Èç âûðàæåíèÿ (6) ñëåäóåò, ÷òî ïðè * *ñ 00 â ðàííèé ïåðèîä ðàçâè-
òèÿ Âñåëåííîé ñêîðîñòü ñâåòà ðàâíà 108 · d ì/ñ = 300000 êì/ñ. Èç âûðà-
æåíèÿ (7) íà ðàííåé ñòàäèè ðàçâèòèÿ Âñåëåííîé (m = 1, n = 0) *= 0,1.

Â íàñòîÿùèé ïåðèîä ðàçâèòèÿ ðàñøèðÿþùåéñÿ Âñåëåííîé (m = 5,
n = 5) èç âûðàæåíèÿ (7) êàíîíè÷åñêàÿ, íàèáîëüøàÿ è ñðåäíÿÿ ïëîòíîñòè
ñëó÷àéíîé (ïðîèçâîëüíîé) óïàêîâêè ýëåìåíòîâ äèñêðåòíîñòè èçëó÷åíèÿ
íà íèçêîì óðîâíå òîïîëîãè÷åñêîãî ñîñòîÿíèÿ ñîîòâåòñòâåííî áóäóò ðàâíû:

*1
5 1 501 0 634052826 0 649759526 0 64658736ê � �[ , /( , / , ) ] ,/ 3840471,

*1
1 20 64658736384047 0 63347284052414923 0 639� & �( , , ) ,/ 996510942868141,

*1
1 20 639996510942868 0 633472840524149 0 6367� & �( , , ) ,/ 2632088875.

Âû÷èñëèì ïîëíûé íàáîð ñïåêòðà èçëó÷åíèÿ â åäèíèöàõ ïëîòíîñòè óïà-
êîâêè ýëåìåíòîâ åãî äèñêðåòíîñòè íà ïîäóðîâíÿõ:
— íà ãëàâíîì ïîäóðîâíå

1,005523135 - 0,936003545 - 0,866096308 - 0,795249264 -

- 0,72258904 - 0,64658736384 0 0,564120359 0

0 0,466756634 0 0,3086441 0 0,

— íà âåðõíåì ïîäóðîâíå

0,9997102488 - 0,930174435 - 0,860212938 - 0,71638485066 -

- 0,639996510943 0 0,55673815674 0

0 0,457255948 0 0,2842876865,

— íà ñðåäíåì ïîäóðîâíå

1,0634827 - 0,9939944 - 0,92444006 - 0,854421346 -

- 0,783345728 - 0,710262517 - 0,6334728405241 0

0 0,5493819301844229028 0 0,44758499898676154085 0

0 0,254903810567665797.

Îòñþäà ñëåäóåò, ÷òî îáúåìíàÿ äîëÿ òåìíîé ñóáñòàíöèè è êîíäåíñàòà â
ÿ÷åèñòîé ñòðóêòóðå Âñåëåííîé ðàâíà:

0,930–0,936 è 1–0,930465 � 0,99971–0,93017 �

� 1,0055–0,936 � 0,0695(6,95 %).

Ýíåðãèÿ êîíäåíñàòà (ìåæãàëàêòè÷åñêîãî ãàçà è âåùåñòâà) îò ïîëíîé
ýíåðãèè â ñîâðåìåííîé Âñåëåííîé ñîñòàâëÿåò:

� * * *� & &( )/( ... ) %.1 i 1 1001
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Òàê,

� 1 = 100(1,005523135–0,936003545)0,64658736384/(1...1,005523135) =

= 4,495...4,470 %,

� 1 = 100(0,9997102488 – 0,930174435)0,639996510943/

/(1...0,9997102488) = 4,45 %,

� 1 = 100(1,063427 – 0,9939944)0,63347284/(1...1,0634827) =

= 4,40...4,11 %,

� 1 = 100(0,99996712 – 0,930432)0,6402894/(1...0,999967) = 4,45 %,

� 1 = 100(1 – 0,930465)0,64032674/1= 4,45 %.

Ýíåðãèÿ òåìíîé ìàòåðèè îò ïîëíîé ýíåðãèè â ñîâðåìåííîé Âñåëåííîé
ñîñòàâëÿåò: � * .2 �100 3 2c / , à ïëîòíîñòü óïàêîâêè â íåé ýëåìåíòîâ äèñ-

êðåòíîñòè ðàâíà * * .1
0 23 2� ( / ) ,

c .

� 2 = 100 & 0,3086441 & 0,7405 = 22,8545 %, *1 = 0,2285450,2 = 0,74438 —
ïåðåîõëàæäåííîå ñîñòîÿíèå ñèñòåìû,
� 2 = 100 & 0,2842877 & 0,7405 = 21,0505 %, *1 = 0,2105050,2 = 0,7322 —
ñëàáîå îòòàëêèâàíèå ÷àñòèö,
� 2 = 100 & 0,2549038 & 0,7405 = 18,8751 %, *1 = 0,1887510,2 = 0,7164 —
ñëàáîå îòòàëêèâàíèå ÷àñòèö,
� 2 = 100 & 0,2854673 & 0,7405 = 21,1383 %, *1 = 0,2113830,2 = 0,7328 —
ñëàáîå îòòàëêèâàíèå ÷àñòèö,
� 2 = 100 & 0,2856168 & 0,7405 = 21,1494 %, *1 = 0,2114940,2 = 0,7329, ñëå-

äîâàòåëüíî, � .2 � �100 3 2 22 260 2( / ) , %, .

Òåìíàÿ ýíåðãèÿ âî Âñåëåííîé ñîñòàâëÿåò: � 3 = 100 % – (4,45 + 22,26)% =
= 73,29 %.
Ñêîðîñòü ñâåòà â íàñòîÿùèé ïåðèîä ðàçâèòèÿ Âñåëåííîé:

ñ = 3 � 108 ì/ñ � (0,633472840524149/

/0,640289423105008)0,06465873684047 =

= 2,99792455770653·108 ì/ñ.

Êðèâèçíà 3-ìåðíîãî òîïîëîãè÷åñêîãî ïðîñòðàíñòâà ïðè äàííîé ñêîðîñòè
ñâåòà: 2,9979245577/3 = 0,999308186.

Â ñàìûé ðàííèé ïåðèîä ðàçâèòèÿ ãîðÿ÷åé Âñåëåííîé ñêîðîñòü ñâåòà
äîñòèãàëà ñëåäóþùèõ âåëè÷èí:

ñ = 3 · 108 ì/ñ (0,63347284/0,1)0,01 = 3,055896 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,63347284/0,2549)0,01 = 3,0274 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,630957/0,6340528)0,01 = 2,999985 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,630957/0,634053)0,0255 = 2,9996 · 108 ì/ñ.

Ïðèíèìàÿ ïëîòíîñòü óïàêîâêè èçëó÷åíèÿ *è � 1, à ïëîòíîñòü óïàêîâêè
âåùåñòâà *â = 0,9999671818, ñêîðîñòü ñâåòà

ñ = 3 · 108 ì/ñ · (1/0,9999672)0,01…0,0255 � 3 · 108 ì/ñ.
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Äëÿ íåçíà÷èòåëüíî ðàííåãî ïåðèîäà ðàçâèòèÿ Âñåëåííîé (n = 0,
m = 1 è *è < *â ) ñêîðîñòü ñâåòà

ñ = 3 · 108(0,633473/0,640289)0,0255 = 2,9992 · 108 ì/ñ.

Ïðè ðàâåíñòâå èëè íåçíà÷èòåëüíî ìåíüøåé ïëîòíîñòè èçëó÷åíèÿ, ÷åì
ïëîòíîñòü âåùåñòâà, ñêîðîñòü ñâåòà

ñ = 3 · 108 ì/ñ (0,63347284/0,6340528)0,01 = 2,99997 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,63347284/0,6340528)0,0255 = 2,99993 · 108 ì/ñ.

Äëÿ ïåðèîäà, ðàíåå íàñòîÿùåãî (n = 0, m = 1), èç âûðàæåíèÿ (5)
ïîëó÷èì

* = 0,630957. Ñêîðîñòü ñâåòà ïðè ýòîì

ñ = 3 · 108 (0,63347284/0,6340528)0,063096 = 2,9998 · 108 ì/ñ;

ñ = 3 · 108 (0,630957/0,6402894)0,02549 = 2,9989 · 108 ì/ñ;

ñ = 3 · 108 (0,63347284/0,6402894)0,063096 = 2,997975 · 108 ì/ñ.

Âñëåä çà íàñòîÿùèì ïåðèîäîì ðàçâèòèÿ ðàñøèðÿþùåéñÿ Âñåëåííîé
ñêîðîñòü ñâåòà áóäåò îïðåäåëÿòüñÿ ïëîòíîñòüþ óïàêîâêè ýëåìåíòîâ äèñ-
êðåòíîñòè âåùåñòâà. Òàê, ïðè n = 0 è m = 1 èç âûðàæåíèÿ (7) ïîëó÷èì
* = 0,630957, à ïðè n = 5 è m = 5 ïîëó÷èì:

* = [ , /( , / , ) ] , ;/01 0 630957 0 64976 0 649765 1 5 �

* = [ , /( , / , ) ] , ;/01 0 630957 0 6402894 0 64028985 1 5 �

* = [ , /( , / , ) ] , ;/01 0 6402894 0 64976 0 64028945 1 5 �

* = [ , /( , / , ) ] , ./01 0 63347284 0 63405283 0 6315355 1 5 �

Ñëåäîâàòåëüíî, â ôëóêòóàöèÿõ ïëîòíîñòè âåùåñòâà ïëîòíîñòü ñëó-
÷àéíîé óïàêîâêè ýëåìåíòîâ åãî äèñêðåòíîñòè ìîæåò äîñòèãàòü âåëè÷èíû
0,64976, ïðè ýòîì ñêîðîñòü ñâåòà ïîíèæàåòñÿ:

ñ1 = 3 · 108 ì/ñ (0,6334728/0,6402894)0,064976 = 2,997914 · 108 ì/ñ;

ñ1 = 3 · 108 ì/ñ (0,630957/0,6402894)0,063096 = 2,9972 · 108 ì/ñ;

ñ1 = 3 · 108 ì/ñ (0,630957/0,6402894)0,064976 = 2,9962 · 108 ì/ñ.

Äëÿ çíà÷èòåëüíî áîëåå ïîçäíåãî ïåðèîäà ðàçâèòèÿ Âñåëåííîé ñêî-
ðîñòü ñâåòà áóäåò ðàâíà:

ñ = 3 · 108 ì/ñ (0,6334728/0,6402894)0,2549•0,63096 = 2,9948 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,630957/0,6402894)0,2549•0,63096 = 2,9929 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,63347284/0,64976)0,2549•0,64976 = 2,9874 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,630957/0,64976)0,2549•0,63096 = 2,986 · 108 ì/ñ.

Íàèìåíüøàÿ ñêîðîñòü ñâåòà â çàòóõàþùåé Âñåëåííîé:

ñ = 3 · 108 ì/ñ (0,2549/0,64976)0,1 = 2,732 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,1/0,64976)0,10762 = 2,713 · 108 ì/ñ;
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ñ = 3 · 108 ì/ñ (0,2549/0,64976)0,1656 = 2,569 · 108 ì/ñ;

ñ = 3 · 108 ì/ñ (0,1/0,64976)0,1656 = 2,200 · 108 ì/ñ.

Òàêèì îáðàçîì, ïîêàçàòåëü ñòåïåíè â ôîðìóëå (7) íàõîäèòñÿ â ïðå-
äåëàõ 0,6309575 � * *ñ � 0,2549 *1 ëèáî 0,1 � * *ñ � 0,1656.

Äëÿ çåìíûõ óñëîâèé äèñêðåòíàÿ òîïîëîãèÿ äàåò îäèí èç ñîâïàäàþ-
ùèõ ðåçóëüòàòîâ ïî ñòàíäàðòíîìó çíà÷åíèþ âåëè÷èíû óñêîðåíèÿ ñâîáîä-
íîãî ïàäåíèÿ:

g � � � �{ ( ) / } , , ,10 3 1 4 0 9999671818 9 80665 103 3 2c ì/ñ ãäå ñ ì/ñ 2.

Ðåêîìåíäóåìîå ñòàíäàðòíîå çíà÷åíèå 9,80665 ì/ñ2 [5].
Âîçìîæíîñòè äèñêðåòíîé òîïîëîãèè â îáúÿñíåíèè ôèçè÷åñêîãî ñî-

ñòîÿíèÿ ñòðóêòóðû èçëó÷åíèÿ è âåùåñòâà è îáùåé çàêîíîìåðíîñòè ðàçâè-
òèÿ Âñåëåííîé íà ýòîì íå èñ÷åðïàíû. Äëÿ ïîëó÷åíèÿ òî÷íûõ âåëè÷èí ôóí-
äàìåíòàëüíûõ ôèçè÷åñêèõ ïîñòîÿííûõ ñòîèò çàäà÷à óòî÷íåíèÿ îòíîøåíèÿ
ïîñòîÿííîé Ïëàíêà ê âåëè÷èíå ýëåìåíòàðíîãî çàðÿäà ýëåêòðîíà è ðÿäà
äðóãèõ ïîñòîÿííûõ âåëè÷èí.
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Áàëüçàííèêîâ Ì.È. Îáîñíîâàíèå óñòàíîâëåííîé ìîùíîñòè ÃÝÑ ýíåðãåòè÷å-
ñêîãî ãèäðîóçëà ¹ 8
Áàëüçàííèêîâ Ì.È., Ðîäèîíîâ Ì.Â., Ìåëèê-Ïàøàåâà Í.Ý. Èññëåäîâàíèÿ
íàêàòà âåòðîâûõ âîëí íà íîâûå êîíñòðóêöèè ãèäðîòåõíè÷åñêèõ áåðåãîóêðåïè-
òåëüíûõ ñîîðóæåíèé ¹ 9–10
Äåãòÿðåâ-ìë. Â.Â., Åðøîâ Ä.È. Ìàòåìàòè÷åñêàÿ ìîäåëü ðàñ÷åòà ãèäðîäèíà-
ìèêè ïîòîêà íà óñòüåâûõ âçìîðüÿõ áåñïðèëèâíûõ ðåê ¹ 4
Äçþáåíêî Ë.Ô., Êîæåâíèêîâ À.À. Îöåíêà ôèëüòðàöèîííîãî ðåæèìà õâîñòî-
õðàíèëèùà â ïðîöåññå åãî çàïîëíåíèÿ ¹ 7
Äçþáåíêî Ë.Ô., Êóçíåöîâà Þ.À., Ñîêîëîâà Â.À., Òîïîðîâ Â.Ì. Ìíîãîôàê-
òîðíûé àíàëèç ñîñòîÿíèÿ ýêñïëóàòèðóåìûõ ãèäðîòåõíè÷åñêèõ ñîîðóæåíèé ¹ 1
Êóçíåöîâ Ã.È., Áàëàöêàÿ Í.Â. Âëèÿíèå ôèëüòðàöèîííûõ è êðèîãåííûõ ôàê-
òîðîâ íà áåçîïàñíîñòü ãèäðîîòâàëîâ â ñóðîâûõ êëèìàòè÷åñêèõ óñëîâèÿõ ¹ 4

ÑÀÍÈÒÀÐÍÀß ÒÅÕÍÈÊÀ

Áàãîóòäèíîâà À.Ã., Çîëîòîíîñîâ ß.Ä., Ïîñîõèí Â.Í. Ìàòåìàòè÷åñêîå ìî-
äåëèðîâàíèå âèíòîâûõ òåïëîîáìåííûõ ýëåìåíòîâ ¹ 8
Áàéìà÷åâ Å.Ý. Îïðåäåëåíèå ìèíèìàëüíûõ çàòðàò ýêñåðãèè íà îòîïëåíèå è åñ-
òåñòâåííóþ âåíòèëÿöèþ æèëûõ çäàíèé ¹ 7
Áîäðîâ Â.È., Êó÷åðåíêî Ì.Í., Ñóõîâ Â.Â. Èíòåíñèâíîñòü åñòåñòâåííîãî
âîçäóõîîáìåíà â ïîäçåìíûõ ïåøåõîäíûõ ïåðåõîäàõ ¹ 5
Áðîéäà Â.À. Ãîäîâîé ðàñõîä òåïëà íà âåíòèëÿöèþ çäàíèé ¹ 4
Âîéòîâ Å.Ë., Ñêîëóáîâè÷ Þ.Ë., Êðóòêîâ À.Å. Òåõíîëîãèÿ î÷èñòêè è ïîâòîð-
íîãî èñïîëüçîâàíèÿ ïðîìûâíûõ âîä âîäîïðîâîäíûõ ñòàíöèé ïîâåðõíîñòíûõ
âîäîèñòî÷íèêîâ ¹ 6
Ãàëüïåðèí Å.Ì. Åùå ðàç î íàäåæíîñòè ôóíêöèîíèðîâàíèÿ âîäîïðîâîäíîé ñåòè ¹ 5
Êàìáóðã Â.Ã., Ñàôðîíîâ Ì.À., Ëóøêèí È.À., Òèòîâ Å.À., Äåìêîâ À.Â.
Êèíåòèêà ïðîöåññà êîàãóëÿöèè ïðè ðåàãåíòíîé îáðàáîòêå ïðèðîäíîé âîäû â ïðè-
ñóòñòâèè êîíòàêòíûõ ñðåä ¹ 12
Êèì À.Í. Ïðîáëåìû ïèòüåâîãî âîäîñíàáæåíèÿ è ïóòè èõ ðåøåíèÿ ïóòåì äîîá-
ðàáîòêè âîäîïðîâîäíîé âîäû ó ïîòðåáèòåëÿ ¹ 5
Êîíîíîâà Ì.Ñ. Ñðàâíèòåëüíûé àíàëèç âàðèàíòîâ ðàñïîëîæåíèÿ òåïëîîáìåííè-
êîâ â ñèñòåìàõ öåíòðàëèçîâàííîãî ãîðÿ÷åãî âîäîñíàáæåíèÿ æèëîé çàñòðîéêè ¹ 11
Êîñòèí Â.È. Âûáîð ïàðàìåòðîâ íàðóæíîãî âîçäóõà äëÿ ïåðåõîäíûõ óñëîâèé
ïðè ðàñ÷åòå ñèñòåì êëèìàòèçàöèè ¹ 2
Êîñòèí Â.È., Êàðìèøêèíà À.Â. Âëèÿíèå âåëè÷èíû òåïëîòåõíè÷åñêîé íåîä-
íîðîäíîñòè íàðóæíûõ îãðàæäàþùèõ êîíñòðóêöèé íà òîëùèíó óòåïëèòåëÿ ¹ 3
Êîñòèí Â.È., Êàðìèøêèíà À.Â. Îñîáåííîñòè ðàñ÷åòà õîëîäîïðîèçâîäèòåëü-
íîñòè ñèñòåì êëèìàòèçàöèè òåðìîêîíñòàíòíûõ ïîìåùåíèé ¹ 6
Êóëüêîâ Â.Í., Ñîëîïàíîâ Å.Þ., Êóäðÿâöåâà Å.Â. Èñïîëüçîâàíèå èíôîðìà-
öèîííûõ òåõíîëîãèé ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ áèîëîãè÷åñêîé î÷èñòêè
ñòî÷íûõ âîä ¹ 6
Ëîãà÷åâ È.Í., Ëîãà÷åâ Ê.È., Àâåðêîâà Î.À. Ýæåêöèÿ âîçäóõà ïðè ïåðåãðóç-
êàõ ñûïó÷èõ ìàòåðèàëîâ â âåðòèêàëüíûõ êàíàëàõ ñ êîâøàìè. Ñ î î á ù å í è å 3.
Îáñóæäåíèå ðåçóëüòàòîâ èññëåäîâàíèé ¹ 1
Ëîãà÷åâ È.Í., Ëîãà÷åâ Ê.È., Àâåðêîâà Î.À., Òîëìà÷åâà Å.È. Ðàçðàáîòêà
ñïîñîáîâ ñíèæåíèÿ îáúåìà àñïèðàöèè ïðè ïåðåãðóçêàõ ñûïó÷èõ ìàòåðèàëîâ êîâ-
øîâûìè ýëåâàòîðàìè. Ñ î î á ù å í è å 1. Îñîáåííîñòè ðàñ÷åòíîé ñõåìû àñïèðà-
öèè ýëåâàòîðíûõ ïåðåãðóçîê ¹ 2
Ëîãà÷åâ È.Í., Ëîãà÷åâ Ê.È., Àâåðêîâà Î.À., Òîëìà÷åâà Å.È. Ðàçðàáîòêà
ñïîñîáîâ ñíèæåíèÿ îáúåìà àñïèðàöèè ïðè ïåðåãðóçêàõ ñûïó÷èõ ìàòåðèàëîâ êîâ-
øîâûìè ýëåâàòîðàìè. Ñ î î á ù å í è å 2. Ñíèæåíèå îáúåìîâ àñïèðàöèè ¹ 3
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Ëîãà÷åâ È.Í., Ëîãà÷åâ Ê.È., Àâåðêîâà Î.À., Òîëìà÷åâà Å.È. Ðàçðàáîòêà ñïî-
ñîáîâ ñíèæåíèÿ îáúåìà àñïèðàöèè ïðè ïåðåãðóçêàõ ñûïó÷èõ ìàòåðèàëîâ êîâøîâû-
ìè ýëåâàòîðàìè. Ñ î î á ù å í è å 3. Ðåçóëüòàòû ðàñ÷åòîâ è èõ îáñóæäåíèå ¹ 4
Ëîãà÷åâ Ê.È., Àâåðêîâà Î.À., Òîëìà÷åâà Å.È. Ìîäåëèðîâàíèå ïûëåâîçäóø-
íûõ òå÷åíèé â ñïåêòðå äåéñòâèÿ êðóãëîãî ìåñòíîãî âåíòèëÿöèîííîãî îòñîñà-ðàñ-
òðóáà. Ñ î î á ù å í è å 1. Ðàçðàáîòêà ìàòåìàòè÷åñêîé ìîäåëè è âû÷èñëèòåëüíîãî
àëãîðèòìà ¹ 9–10
Ëîãà÷åâ Ê.È., Àâåðêîâà Î.À., Òîëìà÷åâà Å.È. Ìîäåëèðîâàíèå ïûëåâîçäóøíûõ
òå÷åíèé â ñïåêòðå äåéñòâèÿ êðóãëîãî ìåñòíîãî âåíòèëÿöèîííîãî îòñîñà-ðàñòðóáà.
Ñ î î áù å í è å 2. Èññëåäîâàíèå ïàðàìåòðîâ îòðûâíîé îáëàñòè ¹ 11
Ëîãà÷åâ Ê.È., Àâåðêîâà Î.À., Òîëìà÷åâà Å.È. Ìîäåëèðîâàíèå ïûëåâîçäóø-
íûõ òå÷åíèé â ñïåêòðå äåéñòâèÿ êðóãëîãî ìåñòíîãî âåíòèëÿöèîííîãî îòñîñà-ðàñ-
òðóáà. Ñ î î á ù å í è å 3. Äèíàìèêà ïûëåâûõ ÷àñòèö ¹ 12
Ìàíñóðîâ Ð.Ø. Ìíîãîôóíêöèîíàëüíîå óñòðîéñòâî îáðàáîòêè âîçäóõà äëÿ ñèñ-
òåì îáåñïå÷åíèÿ ìèêðîêëèìàòà ¹ 1
Ìàíñóðîâ Ð.Ø. Èíòåãðàöèÿ ýíåðãîñáåðåãàþùåãî îáîðóäîâàíèÿ â ìíîãîôóíê-
öèîíàëüíîå óñòðîéñòâî îáðàáîòêè âîçäóõà ¹ 2
Ðîõëåöîâà Ò.Ë., Êèÿíèöà Ë.À., Ðîãîâ Ä.Â. Âîçìîæíîñòè ïðèìåíåíèÿ ðàñ-
ïðåäåëèòåëüíûõ ãðåáåíîê òåïëîñíàáæåíèÿ èç òðóá ïðÿìîóãîëüíîãî ñå÷åíèÿ â
ÖÒÏ è ÈÒÏ ¹ 3
Ðûìàðîâ À.Ã., Ñàâè÷åâ Â.Â. Ê ðàñ÷åòó òðåáóåìîãî âîçäóõîîáìåíà â ïîìåùå-
íèÿõ îáùåñòâåííûõ çäàíèé â çàâèñèìîñòè îò êîëè÷åñòâà ÷åëîâåê ¹ 4
Ñàâåëüåâ Å.Ã., Ðîõëåöîâà Ò.Ë. Îïûò ïðèìåíåíèÿ ñîëíå÷íîé ýíåðãèè è ãðóí-
òîâîãî àêêóìóëÿòîðà â óñëîâèÿõ þãà Ñèáèðè ¹ 11
Ñàìàðèí Î.Ä. Ðàñ÷åò óäåëüíûõ òåïëîïîòåðü ÷åðåç òî÷å÷íûå òåïëîòåõíè÷åñêèå íå-
îäíîðîäíîñòè ïðè èñïîëüçîâàíèè àêòóàëèçèðîâàííîé ðåäàêöèè ÑÍèÏ 23–02 ¹ 1
Ñàìàðèí Î.Ä. Âåðîÿòíîñòíî-ñòàòèñòè÷åñêîå îáîñíîâàíèå ïàðàìåòðîâ îõëàäè-
òåëüíîãî ïåðèîäà ¹ 2
Ñàìàðèí Î.Ä. Î ïîäòâåðæäåíèè âåðîÿòíîñòíî-ñòàòèñòè÷åñêèõ ñîîòíîøåíèé
ìåæäó ðàñ÷åòíûìè ïàðàìåòðàìè íàðóæíîãî êëèìàòà ¹ 3
Ñåðåãèíà Þ.Ñ., Ùóêèíà Ò.Â. Ê âîïðîñó âûáîðà òåïëîîáìåííèêà äëÿ ãåîòåð-
ìàëüíûõ òåïëîâûõ íàñîñîâ íåïîñðåäñòâåííîãî èñïàðåíèÿ ¹ 6
Óëÿøåâà Â.Ì., Êàíåâ Ì.À. ×èñëåííîå ìîäåëèðîâàíèå âîçäóøíûõ ïîòîêîâ â
êîíäèöèîíèðóåìîì ïîìåùåíèè ¹ 9–10
Øèëÿåâ Ì.È., Ãîðáóíêîâ À.È., Áîãîìîëîâ À.Ð., Õðîìîâà Å.Ì. Ðàñ÷åò
ïðåäåëüíîé âëàæíîñòè óãîëüíîãî êîíöåíòðàòà ïðè åãî îáåçâîæèâàíèè â öåíòðè-
ôóãàõ ¹ 9–10
Øèëÿåâ Ì.È., Ãîðáóíêîâ À.È., Áîãîìîëîâ À.Ð., Õðîìîâà Å.Ì. Îáåçâîæè-
âàíèå óãîëüíîé ñóñïåíçèè â âàêóóì-ôèëüòðàõ è ôèëüòð-ïðåññàõ ¹ 11

ÑÒÐÎÈÒÅËÜÑÒÂÎ ÀÂÒÎÌÎÁÈËÜÍÛÕ ÄÎÐÎÃ È ÌÎÑÒÎÂ

Äóáåíêîâ À.À. Ìîäåëèðîâàíèå îðãàíèçàöèîííî-òåõíîëîãè÷åñêèõ ðåøåíèé â
ïðîåêòàõ îðãàíèçàöèè ñòðîèòåëüñòâà çåìëÿíîãî ïîëîòíà íà ìíîãîëåòíåìåðçëûõ
ãðóíòàõ ¹ 6

ÑÒÐÎÈÒÅËÜÍÛÅ È ÄÎÐÎÆÍÛÅ ÌÀØÈÍÛ

Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Âèãîâñêàÿ Ò.Þ., Êóòóìîâ À.À., Øà-
áàíîâ Ð.Ø. Ãåîìåòðè÷åñêàÿ àíàëîãèÿ â ïðèíöèïèàëüíûõ ñõåìàõ ïíåâìîóäàð-
íûõ ìåõàíèçìîâ ñ äðîññåëüíûì âîçäóõîðàñïðåäåëåíèåì ¹ 9–10
Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Âèãîâñêàÿ Ò.Þ., Êóòóìîâ À.À., Øà-
áàíîâ Ð.Ø. Ñèíòåç è àíàëèç ïíåâìàòè÷åñêèõ óäàðíûõ ìåõàíèçìîâ ïðè âûáîðå
è îáîñíîâàíèè èõ ïðèíöèïèàëüíîé ñõåìû ¹ 12
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Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Ãâîçäåâ Â.À., Êàíèâåö Â.À. Ïðèíöè-
ïèàëüíàÿ ñõåìà ïíåâìîóäàðíîãî ìåõàíèçìà äðîññåëüíî-áåñêëàïàííîãî òèïà è åãî
ôèçèêî-ìàòåìàòè÷åñêîå îïèñàíèå ¹ 5
Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Ãâîçäåâ Â.À., Êàíèâåö Â.À., Ìàëû-
øåâ Ì.Ñ. Ïíåâìîóäàðíûé ìåõàíèçì äðîññåëüíî-áåñêëàïàííîãî òèïà è åãî ôèçè-
êî-ìàòåìàòè÷åñêîå îïèñàíèå ¹ 8
Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Äåäîâ À.Ñ., Êðóòèêîâ Å.È., Ïî-
ïîâ Ä.À. Äðîññåëüíî-áåççîëîòíèêîâûå ïíåâìàòè÷åñêèå óäàðíûå ìåõàíèçìû
è èõ ôèçèêî-ìàòåìàòè÷åñêîå îïèñàíèå ¹ 3
Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Äåäîâ À.Ñ., Êðóòèêîâ Å.È., Ïî-
ïîâ Ä.À. Ïíåâìàòè÷åñêèé óäàðíûé ìåõàíèçì ñ êîìáèíèðîâàííûì
âîçäóõîðàñïðåäåëåíèåì ¹ 4
Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Äåäîâ À.Ñ., Êðóòèêîâ Å.È., Ïî-
ïîâ Ä.À. Ïíåâìàòè÷åñêèé óäàðíûé ìåõàíèçì ñ ìíîãîêàíàëüíîé òðóáêîé è åãî
ôèçèêî-ìàòåìàòè÷åñêîå îïèñàíèå ¹ 7
Àáðàìåíêîâ Ä.Ý., Àáðàìåíêîâ Ý.À., Äåäîâ À.Ñ., Êðóòèêîâ Å.È., Êóòó-
ìîâ À.À. Àíàëèç ïðèíöèïèàëüíûõ ñõåì ïíåâìîóäàðíûõ ìåõàíèçìîâ ñ âûïóñêîì
îòðàáîòàâøåãî âîçäóõà èç êàìåðû õîëîñòîãî õîäà è èõ ôèçèêî-ìàòåìàòè÷åñêîå
îïèñàíèå ¹ 11
Àâäååâ Þ.Â., Êîíîíîâ À.Ä., Êîíîíîâ À.À., Âàðäàíÿí Í.À. Ñðàâíèòåëüíûé
àíàëèç ôàçîâûõ ìåòîäîâ îïðåäåëåíèÿ êîîðäèíàò â çàäà÷àõ äèñòàíöèîííîãî àâòî-
ìàòè÷åñêîãî óïðàâëåíèÿ ìàøèíàìè äîðîæíî-ñòðîèòåëüíîãî êîìïëåêñà ¹ 1
Âèíîãðàäîâ À.Á., Ëîìóõèí Â.Á., Äìèòðèåâ Ì.Ï. Âëèÿíèå ðåìîíòíî-âîñ-
ñòàíîâèòåëüíûõ ñîñòàâîâ íà óçëû òðåíèÿ ñòðîèòåëüíûõ ìàøèí ¹ 2
Ãëàäûøåâ Ã.Â. Ïíåâìîóäàðíûé ìåõàíèçì ñ äîïîëíèòåëüíûìè ïðîòî÷íûìè êà-
ìåðàìè ¹ 9–10
Êðàøåíèííèêîâ Ä.Ä. Ê âîïðîñó îïðåäåëåíèÿ êîíñòðóêòèâíûõ è òåõíîëîãè÷å-
ñêèõ ïàðàìåòðîâ áàøåííûõ êðàíîâ ¹ 8
Êóçíåöîâà Â.Í., Ñàâèíêèí Â.Â. Èññëåäîâàíèå ýíåðãîåìêîñòè òàêòîâ ýêñêà-
âàöèîííîãî öèêëà çåìëåðîéíîé ìàøèíû ¹ 8
Ñóâîðîâ Ä.Ã., Íèêóëèí Ì.Ñ. Ïíåâìàòè÷åñêàÿ òðàìáîâêà ñ àâòîìàòè÷åñêè
óïðàâëÿåìûì ðàáî÷èì ïðîöåññîì ¹ 4
Òèùåíêî È.Â. Ìîäåëè ïíåâìàòè÷åñêèõ èìïóëüñíûõ ãåíåðàòîðîâ ñ ïåðåìåííîé
ñòðóêòóðîé óäàðíîé ìîùíîñòè ¹ 3

ÍÀÓ×ÍÛÅ ÏÐÎÁËÅÌÛ ÀÐÕÈÒÅÊÒÓÐÛ È ÝÊÎËÎÃÈÈ

Ãàøåíêî À.Å. Òåîðåòè÷åñêàÿ ìîäåëü ëîêàëüíî-öåëîñòíîãî ãðàäîñòðîèòåëüíîãî
îáðàçîâàíèÿ ¹ 8
Åâãðàôîâà È.Ì., Ëàâðóñåâè÷ À.À. Ãåîýêîëîãè÷åñêîå îáîñíîâàíèå èñïîëüçî-
âàíèÿ ìîáèëüíûõ ýíåðãåòè÷åñêèõ óñòàíîâîê ¹ 5
Åâãðàôîâà È.Ì., Ëàâðóñåâè÷ À.À. Ê âîïðîñó îáîñíîâàíèÿ êîððåêòèðîâàíèÿ
ðàçìåðîâ ñàíèòàðíî-çàùèòíîé çîíû ¹ 6
Åâãðàôîâà È.Ì., Øóáèíà Å.Â., Ëàâðóñåâè÷ À.À. Ýêîëîãî-ýêîíîìè÷åñêàÿ
îöåíêà õîçÿéñòâåííîé äåÿòåëüíîñòè. Ïðàêòèêà è ïåðñïåêòèâû ¹ 7
Êîðîëåâ Â.Â. Âëèÿíèå àíòðîïîãåííûõ ôàêòîðîâ íà ðàçâèòèå ãðàäîýêîëîãè÷å-
ñêèõ ñèñòåì êðóïíåéøèõ ãîðîäîâ Çàïàäíîé Ñèáèðè âî âòîðîé ïîëîâèíå XIX —
íà÷àëå XX â. ¹ 2
Êîðîòêèé Â.À., Óñìàíîâà Å.À. Êðèâûå âòîðîãî ïîðÿäêà â çàäà÷àõ ôîðìîîáðà-
çîâàíèÿ àðõèòåêòóðíûõ îáîëî÷åê ¹ 9–10
Ìàíàöêîâà Î.À. Âçàèìîñâÿçü ñàêðàëüíûõ ñîîðóæåíèé Çàïàäíîé Ñèáèðè ñ îê-
ðóæàþùåé çàñòðîéêîé ¹ 11
Ìàíàöêîâà Î.À. Êóëüòîâûå ñîîðóæåíèÿ â ïëàíèðîâî÷íîé ñòðóêòóðå ñîâðåìåí-
íûõ êðóïíûõ ãîðîäîâ Çàïàäíîé Ñèáèðè ¹ 12
Ñåìèêèí Ï.Ï. Êðèòåðèè îòáîðà âûñîòíûõ çäàíèé ñ âîçîáíîâëÿåìûìè èñòî÷íè-
êàìè ýíåðãèè ¹ 3
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ÍÀÓ×ÍÎ-ÌÅÒÎÄÈ×ÅÑÊÈÉ ÐÀÇÄÅË

Àâäååâ Þ.Â., Êîíîíîâ À.Ä., Êîíîíîâ À.À., Âàðäàíÿí Í.À. Ìåòîä êîìïåí-
ñàöèè ïîãðåøíîñòåé èçìåðåíèÿ êîîðäèíàò ïðè àâòîìàòè÷åñêîì äèñòàíöèîííîì
óïðàâëåíèè ìàøèíàìè äîðîæíî-ñòðîèòåëüíîãî êîìïëåêñà ¹ 8
Àäèùåâ Â.Â., Äåìåøêèí À.Ã., Øóëüãà Â.Ê., Ãðà÷åâà Ì.Ñ., Äàíè-
ëîâ Ì.Í., Ìàëüöåâ Â.Â. Îïðåäåëåíèå çîíû àíêåðîâêè àðìèðóþùåãî ýëåìåíòà
ïðè âûòÿãèâàíèè èç ìàòðèöû ¹ 12
Áàäüèí Ã.Ì., Ìîñàêîâ Á.Ñ. Êîìïëåêñíàÿ îöåíêà òåõíîëîãè÷íîñòè âîçâîäè-
ìûõ çäàíèé è ñîîðóæåíèé ¹ 7
Áàðûøíèêîâ À.Â., Õàðëàìîâ È.Â. Ìåòîäèêà ïîèñêà ðàöèîíàëüíîé êîíñòðóê-
òèâíîé ôîðìû ìåòàëëîêîíñòðóêöèé ñ ó÷åòîì ýêñïëóàòàöèîííûõ çàòðàò ¹ 12
Áóêðååâ Â.È., Äåãòÿðåâ-ìë. Â.Â., Çûêîâ Â.Â., ×åáîòíèêîâ À.Â. Ìåòîäèêà
èçìåðåíèÿ ãèäðîôèçè÷åñêèõ âåëè÷èí â ïðåñíîé è ñîëåíîé âîäå ¹ 5
Âàëüãåð Ñ.À., Äàíèëîâ Ì.Í., Ôåäîðîâà Í.Í., Ôåäîðîâ À.Â. Ñðàâíåíèå
äàííûõ ìîäåëèðîâàíèÿ óäàðíî-âîëíîâîãî âîçäåéñòâèÿ íà ñîîðóæåíèÿ ñ èñïîëü-
çîâàíèåì ÏÊ ANSYS, AUTODYN è LS-DYNA ¹ 11
Âûñîöêèé Ë.È. Ê âîïðîñó î ïîíÿòèè «çîíà ãëàäêîñòåííîãî ñîïðîòèâëåíèÿ» ¹ 11
Ãèëåòà Â.Ï., Áàðèñ À.Â. Öåïíàÿ âîëíîâàÿ ïåðåäà÷à ¹ 5
Äàíèëîâ Ì.Í., Ôåäîðîâà Í.Í. Ìåòîäèêà ðàñ÷åòà ìíîãîñëîéíûõ îãðàæäàþ-
ùèõ êîíñòðóêöèé ñ ó÷åòîì íåëèíåéíûõ ñâîéñòâ ìàòåðèàëîâ ¹ 8
Äåìåøêèí À.Ã., Êóðãóçîâ Â.Ä. Êîìïüþòåðíîå ìîäåëèðîâàíèå îòðûâà óïðóãîé
áàëêè, ÷àñòè÷íî ïðèêëååííîé ê æåñòêîé ïëèòå ¹ 9–10
Äìèòðèåâà Ò.Ë., Ëå ×àí Ìèíü Äàò. Ñðàâíèòåëüíàÿ îöåíêà ðåçóëüòàòîâ îïòè-
ìàëüíîãî ïðîåêòèðîâàíèÿ ôåðì ñ èñïîëüçîâàíèåì ïðîãðàììíûõ ñðåäñòâ ¹ 3
Èæåíäååâ À.Â. Ìàòðèöà íà÷àëüíûõ íàïðÿæåíèé èçãèáàåìîãî òîíêîñòåííîãî
ñòåðæíÿ îòêðûòîãî ïðîôèëÿ ¹ 4
Èëèçàðîâ À.Ã., Êîÿíêèí À.À. Àïðîáàöèÿ ìåòîäèêè ðàñ÷åòà ïðîãèáîâ èçãèáàå-
ìîé áàëêè êóñî÷íî-ïîñòîÿííîãî ñå÷åíèÿ, âûïîëíÿåìîãî ñ èñïîëüçîâàíèåì ïðå-
ðûâàòåëåé Ãåðñåâàíîâà ¹ 8
Êàëóãèí Þ.Á. Òåîðåòè÷åñêèå ïðåäïîñûëêè ìîäåëèðîâàíèÿ âîçäåéñòâèÿ äåñòà-
áèëèçèðóþùèõ ôàêòîðîâ íà òåõíîëîãè÷åñêèé ïðîöåññ ¹ 7
Êîðîòêèõ À.Â., Ïðîñÿíèêîâ Á.Ä., Êðûëîâ È.È. Îñîáåííîñòè ðàáîòû áîë-
òîâûõ ñîåäèíåíèé ñ âçàèìíûì ïðîäàâëèâàíèåì ñîåäèíÿåìûõ òîíêîñòåííûõ
îöèíêîâàííûõ ïðîôèëåé ¹ 3
Êîøåëåâà Î.Ý., Ëîãâèíåíêî Â.À. Èçó÷åíèå ôèçè÷åñêèõ ñâîéñòâ êîæåâåííûõ
ìàòåðèàëîâ ¹ 2
Êóðáàöêèé Å.Í., Íãóåí ×îíã Òàì. Îïðåäåëåíèå êðèòè÷åñêèõ ñêîðîñòåé è êðè-
òè÷åñêèõ ñèë ïðè äâèæåíèè ïîñòîÿííîé ñèëû ïî áàëêàì íà óïðóãîì îñíîâàíèè ¹ 5
Êóðãóçîâ Â.Ä. ×èñëåííîå ìîäåëèðîâàíèå íàïðÿæåííîãî ñîñòîÿíèÿ áàëêè-
ñòåíêè ¹ 7
Ìèòàñîâ Â.Ì., Êîÿíêèí À.À. Ðàáîòà äèñêà ñáîðíî-ìîíîëèòíîãî ïåðåêðûòèÿ ¹ 3
Îôðèõòåð Â.Ã., Îôðèõòåð ß.Â. Óëó÷øåíèå òâåðäûõ áûòîâûõ îòõîäîâ ìåòî-
äîì äèíàìè÷åñêîãî óïëîòíåíèÿ ¹ 6
Ïîòàïîâ À.Ä., Òóïèöûíà Î.Â., Ñóõîíîñîâà À.Í., Ñàâåëüåâ À.À., Ãðè-
øèí Á.Ì., ×åðòåñ Ê.Ë. Ïðèíöèïû óïðàâëÿåìîãî âîññòàíîâëåíèÿ òåððèòîðèé
ðàçìåùåíèÿ îòõîäîâ ¹ 5
Ñåðåãèí Ñ.Â. Î ñîáñòâåííûõ êðóòèëüíûõ êîëåáàíèÿõ òîíêîñòåííûõ ñòåðæíåé
îòêðûòîãî ïðîôèëÿ ¹ 1
Ñîêîëîâ Â.À. Îöåíêà òåõíè÷åñêîãî ñîñòîÿíèÿ è ôèçè÷åñêîãî èçíîñà ñòðîèòåëü-
íûõ êîíñòðóêöèé ñ èñïîëüçîâàíèåì âåðîÿòíîñòíûõ ìåòîäîâ òåõíè÷åñêîé äèàãíî-
ñòèêè ¹ 1
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Ñòîëïîâñêèé Ã.À., Æàäàíîâ Â.È., Àðêàåâ Ì.À., Çèíîâüåâ Â.Á. Îñîáåí-
íîñòè ðàññòàíîâêè âèòûõ ñòåðæíåé â óçëîâûõ ñîïðÿæåíèÿõ äåðåâÿííûõ êîíñò-
ðóêöèé ¹ 5
Òàëàíòîâà Ê.Â. Îïòèìèçàöèÿ ðàñõîäà ñòàëüíîé ôèáðû ïðè ïðîåêòèðîâàíèè
êîíñòðóêöèé íà îñíîâå ñòàëåôèáðîáåòîíà ¹ 8
Ôåäîðîâ À.Â., Ôîìèí Ï.À., Òðîïèí Ä.À., ×åí Äæ. Ìîäåëèðîâàíèå îïàñíî-
ñòè âçðûâà è ñìÿã÷åíèå åãî ïîñëåäñòâèé â ñèëàíî-âîçäóøíûõ ñìåñÿõ ¹ 9–10
Ôîìèí Ï.À., Àéðàïåòÿí Â.Ñ., ×åí Ä.-Ð., Ìèòðîïåòðîñ Ê. Ê âîïðîñó îá
îáåñïå÷åíèè âçðûâîáåçîïàñíîñòè ïðîìûøëåííûõ êîíñòðóêöèé è ñòðîèòåëüíûõ
ñîîðóæåíèé ïðè íàëè÷èè óòå÷åê èëè ðàçëèâîâ òÿæåëûõ óãëåâîäîðîäîâ ñ âûñî-
êèì äàâëåíèåì íàñûùåííûõ ïàðîâ ¹ 12
Õàðõàðäèí À.Í. Òîïîëîãè÷åñêèé ôîðìàëèçì â îïðåäåëåíèè âåëè÷èí ôóíäà-
ìåíòàëüíûõ ôèçè÷åñêèõ ïîñòîÿííûõ ¹ 12
×àïàåâ Ä.Á., Çîðÿ È.Â., Îëåííèêîâ À.À. Âëèÿíèå êëèìàòè÷åñêèõ ôàêòîðîâ
íà òåïëîïîòðåáëåíèå æèëûõ çäàíèé ¹ 2
×åðíîóñîâ Í.Í., ×åðíîóñîâ Ð.Í., Ñóõàíîâ À.Â. Èññëåäîâàíèå àíêåðîâêè
ñòàëüíîé ôèáðû â öåìåíòíî-ïåñ÷àíîì áåòîíå ¹ 2
×åðíûøåâ Ñ.Í., Åâãðàôîâà È.Ì., Íåêëþäîâ Ì.À. Î ãîðèçîíòàëüíîé ñêîðî-
ñòè ïëàñòè÷åñêîãî òå÷åíèÿ äèñïåðñíûõ ãðóíòîâ ó áîðòà äîëèíû ðåêè êàê ïðè÷è-
íå äåôîðìàöèé è ðàçðóøåíèÿ ñîîðóæåíèé (ê 125-ëåòèþ ñî äíÿ ðîæäåíèÿ
È.Â. Ïîïîâà) ¹ 8
Øàõîâ Ñ.À., Êëþ÷íèêîâà Í.Ñ., Êîæåìÿ÷åíêî À.Ñ. Ñîñòàâ è òåõíîëîãè÷å-
ñêèå ñâîéñòâà îñàäêîâ âîäîîòâåäåíèÿ è çîë, îáðàçóþùèõñÿ ïðè èõ ñæèãàíèè ¹ 11

ÂÍÅÄÐÅÍÈÅ ÍÀÓ×ÍÛÕ ÄÎÑÒÈÆÅÍÈÉ Â ÏÐÎÈÇÂÎÄÑÒÂÎ

Âåëè÷êî Á.Ï., Òàöêè Ë.Í., Êóçüìè÷åâ Í.Â. Àâòîìàòèçàöèÿ ðàáîòû èçìåëü-
÷èòåëüíî-ñåïàðàöèîííîé óñòàíîâêè ¹ 2
Åâãðàôîâ À.Â. Îáùåñòâåííûé ýêîëîãè÷åñêèé êîíòðîëü ñîñòîÿíèÿ âîäîîõðàí-
íûõ çîí ãîðîäà Ìîñêâû ¹ 6
Ñàðãñÿí À.Å., Ãåðàùåíêî Â.Ñ., Áîð÷åâ Ê.Ñ. Îáîñíîâàíèå äîñòîâåðíîñòè ðàç-
ðàáîòàííîé ðàñ÷åòíîé ìîäåëè ñâàéíîãî îñíîâàíèÿ ñîîðóæåíèÿ ïî äàííûì íàòóð-
íûõ íàáëþäåíèé ¹ 6
Ñàðãñÿí À.Å., Ãðèøèí À.Ñ. Îöåíêà ýôôåêòèâíîñòè ðåàëèçàöèè ñâàéíûõ ôóí-
äàìåíòîâ íà ïðèìåðå ñîîðóæåíèÿ ÐÎ Áàëàêîâñêîé ÀÝÑ ¹ 7

Â ËÀÁÎÐÀÒÎÐÈßÕ ÂÓÇÎÂ

Ìèðÿåâ Á.Â., Òîëóøîâ Ñ.À. Ýêñïåðèìåíòàëüíî-òåîðåòè÷åñêèå èññëåäîâàíèÿ
ñæàòî-èçãèáàåìûõ äåðåâÿííûõ ýëåìåíòîâ êóïîëà â ïðåäåëüíîì ñîñòîÿíèè ¹ 1
Ñòåïàíîâà Ë.Í., Êóðáàòîâ À.Í., Òåíèòèëîâ Å.Ñ., Ãëóõîâ Á.Â. Âëèÿíèå
òåìïåðàòóðû íà çàäåðæêó âðåìåíè ðàñïðîñòðàíåíèÿ óëüòðàçâóêîâûõ âîëí â
ðåëüñå ¹ 5
Ñòåïàíîâà Ë.Í., ×åðíîâà Â.Â. Èññëåäîâàíèå ïðîöåññà ðàçðóøåíèÿ îáðàçöîâ
èç êîìïîçèöèîííûõ ìàòåðèàëîâ ìåòîäîì àêóñòè÷åñêîé ýìèññèè ¹ 3

ÍÀÓ×ÍÀß ÈÍÔÎÐÌÀÖÈß

Íîâûå ñòðîèòåëüíûå êîíñòðóêöèè íà îñíîâå ñòàëåôèáðîáåòîíà ¹ 9–10
Íóæäèí Ë.Â. Î÷åíü ïîëåçíûå êíèãè ïî ãåîòåõíèêå ¹ 9–10

ÍÀØÈ ÞÁÈËßÐÛ

Èçâåñòíûé ó÷åíûé è ïåäàãîã (ê 75-ëåòèþ Âëàäèìèðà Àëåêñàíäðîâè÷à
Èãíàòüåâà) ¹ 1

Óêàçàòåëü

120



ÏÐÀÂÈËÀ ÏÎÄÃÎÒÎÂÊÈ ÐÓÊÎÏÈÑÈ1

1. Ê ðóêîïèñè, ïðåäñòàâëÿåìîé â ðåäàêöèþ íà ðóññêîì ÿçûêå, íåîáõîäèìî ïðèëîæèòü:
— ñîïðîâîäèòåëüíîå ïèñüìî ðóêîâîäñòâà îðãàíèçàöèè, îòêóäà èñõîäèò ðóêîïèñü;

— ðåêîìåíäàöèþ ñîîòâåòñòâóþùåé êàôåäðû âóçà (çàâåðåííóþ âûïèñêó èç ïðîòîêîëà çàñåäà-
íèÿ êàôåäðû);

— ýêñïåðòíîå çàêëþ÷åíèå î âîçìîæíîñòè îïóáëèêîâàíèÿ, îôîðìëåííîå â îðãàíèçàöèè, îòêó-
äà èñõîäèò ðóêîïèñü;

— ðàçðåøåíèå Ðîñïàòåíòà íà îòêðûòóþ ïóáëèêàöèþ ìàòåðèàëîâ ïî çàÿâêå íà èçîáðåòåíèå.
2. Ðóêîïèñü äîëæíà ãîòîâèòüñÿ íà êîìïüþòåðå â ïðîãðàììå Microsoft Word è ïðåäñòàâëÿòüñÿ â

ðåäàêöèþ ðàñïå÷àòàííîé â äâóõ ýêçåìïëÿðàõ, ñ ïðèëîæåíèåì åå çàïèñè íà CD (3", 5").
Òåêñò ðóêîïèñè íàáèðàþò øðèôòîì Times New Roman Cyr ðàçìåðîì 14 ïò. ñ ìåæñòðî÷íûì èí-

òåðâàëîì 1,5. Îáúåì ðóêîïèñè — äî 10 ñòðàíèö. Îáÿçàòåëüíà íóìåðàöèÿ ñòðàíèö.
3. Ïîðÿäîê îôîðìëåíèÿ ñòàòüè (ñì. ìàêåò ñòàòüè íà Internet-ñàéòå æóðíàëà):
— èíäåêñ ÓÄÊ;
— èíèöèàëû, ôàìèëèè àâòîðîâ;
— íàçâàíèå ñòàòüè;
— àííîòàöèÿ (îáúåìîì äî 0,3 ñòðàíèöû òåêñòà);
— êëþ÷åâûå ñëîâà;
— òåêñò ñòàòüè;
— áèáëèîãðàôè÷åñêèé ñïèñîê;

— ñâåäåíèÿ îá àâòîðàõ: ôàìèëèè, èìåíà, îò÷åñòâà (ïîëíîñòüþ), ó÷åíûå ñòåïåíè, çâà-

íèÿ (çâàíèÿ â íåãîñóäàðñòâåííûõ àêàäåìèÿõ íàóê è ïî÷åòíûå çâàíèÿ íå óêàçûâàòü); íàèìåíîâàíèå ó÷-
ðåæäåíèé, â êîòîðûõ ðàáîòàþò àâòîðû, íà ðóññêîì è àíãëèéñêîì ÿçûêàõ;

— ïî÷òîâûå àäðåñà, òåëåôîíû è e-mail àâòîðîâ;

— íàçâàíèå ñòàòüè íà àíãëèéñêîì ÿçûêå;

— àííîòàöèÿ íà àíãëèéñêîì ÿçûêå;

— êëþ÷åâûå ñëîâà íà àíãëèéñêîì ÿçûêå;

— áèáëèîãðàôè÷åñêèé ñïèñîê íà àíãëèéñêîì ÿçûêå.

4. Íà ïîëÿõ ðóêîïèñè óêàçûâàþòñÿ ìåñòà ðèñóíêîâ è òàáëèö (âñòàâëÿòü èõ â òåêñò íå íóæíî —
ýòî äåëàåòñÿ ïðè âåðñòêå).

Ñòàòüÿ äîëæíà áûòü òùàòåëüíî îòðåäàêòèðîâàíà è ïîäïèñàíà âñåìè àâòîðàìè (ñ óêàçàíèåì
äàòû îòïðàâêè ñòàòüè).

5. Èëëþñòðàöèè ïðåäñòàâëÿþòñÿ â ðåäàêöèþ â âèäå ôàéëîâ, ñîçäàííûõ â ïðîãðàììàõ CorelDraw
èëè Microsoft Word, çàïèñàííûõ ñ ðàñøèðåíèåì *.cdr (ïðåäïî÷òèòåëüíî) èëè *.doc, ôîòîãðàôèé —
TIFF èëè JPEG. Íàäïèñè è öèôðû íàáèðàòü øðèôòîì Arial. Ëèíèè ÷åðòåæà — íå òîíüøå 1 ïò. Èëëþñò-
ðàöèè, â òîì ÷èñëå ôîòîãðàôèè, äîëæíû áûòü ÷åðíî-áåëûìè ñ õîðîøåé ïðîðàáîòêîé äåòàëåé.

Ðèñóíêè äîëæíû áûòü âûïîëíåíû òàê, ÷òîáû èõ ìîæíî áûëî îòðåäàêòèðîâàòü (âíåñòè èçìåíå-
íèÿ, èñïðàâëåíèÿ, ò.å. èçìåíèòü øðèôò, èñïðàâèòü âîçìîæíûå îðôîãðàôè÷åñêèå îøèáêè).

Èëëþñòðàöèè äîëæíû áûòü ðàñïå÷àòàíû â äâóõ ýêçåìïëÿðàõ, ñ ïîäïèñÿìè ê íèì. Ðàçìåð èëëþ-

ñòðàöèè íå äîëæåí ïðåâûøàòü 20"30 ñì, èõ îáùåå ÷èñëî, êàê ïðàâèëî, íå áîëåå 4.
6. Òàáëèöû ïå÷àòàþòñÿ êàæäàÿ íà îòäåëüíîì ëèñòå. Âñå íàèìåíîâàíèÿ â íèõ äàþòñÿ ïîëíî-

ñòüþ, áåç ñîêðàùåíèÿ ñëîâ.
7. Ôîðìóëû ñëåäóåò íàáèðàòü íà êîìïüþòåðå øðèôòîì Times New Roman ðàçìåðîì 14 ïò. Ðóñ-

ñêèå è ãðå÷åñêèå áóêâû è èíäåêñû, à òàêæå öèôðû, àááðåâèàòóðû è ñòàíäàðòíûå ôóíêöèè (Re, cos
è äð.) íàáèðàþòñÿ ïðÿìûì øðèôòîì. Ëàòèíñêèå áóêâû íàáèðàòü êóðñèâîì. Âî èçáåæàíèå ñìåøåíèÿ
ñõîäíûõ èçîáðàæåíèé ïðîïèñíûõ è ñòðî÷íûõ áóêâ (V è v, S è s, O è o, K è k è äð., à òàêæå òðóäíîðàç-
ëè÷èìûõ áóêâ è ñèìâîëîâ: l, e è 1 (öèôðà), n è ï, I è J è ò.ï.) ïîÿñíåíèÿ â íåîáõîäèìûõ ñëó÷àÿõ âûïîë-
íÿþòñÿ ïðîñòûì êàðàíäàøîì íà ïîëÿõ. Â ñòàòüå äîëæåí áûòü íåîáõîäèìûé ìèíèìóì ôîðìóë. Âñå âòî-
ðîñòåïåííûå è ïðîìåæóòî÷íûå ìàòåìàòè÷åñêèå ïðåîáðàçîâàíèÿ âûíîñÿòñÿ â ïðèëîæåíèå ê ñòàòüå
(äëÿ ðåöåíçåíòà).

ê ñîïðîâîäèòåëüíîìó ïèñüìó äîëæíà áûòü ïðèëîæåíà ãàðàíòèÿ îïëàòû ïóáëèêà-
öèè ñòàòüè2 çà ïîäïèñüþ àâòîðà èëè ðóêîâîäèòåëÿ ïðåäñòàâëÿþùåé ñòàòüþ îðãàíèçà-
öèè. Ïëàòà çà ïóáëèêàöèþ ñòàòåé àñïèðàíòîâ íå âçèìàåòñÿ. Ãàðàíòèéíîå ïèñüìî íå
òðåáóåòñÿ, åñëè ñòàòüÿ ïðåäñòàâëÿåòñÿ îðãàíèçàöèåé, îñóùåñòâëÿþùåé öåëåâûå âçíîñû
íà èçäàíèå íàøåãî æóðíàëà;

1 C äîïîëíåíèÿìè â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ÂÀÊ (âûäåëåíû ï/æ êóðñèâîì).
2 Íà 2015 ã. — èç ðàñ÷åòà 900 ð. çà 1 æóðíàëüíóþ ñòðàíèöó.
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(Î ê î í ÷ à í è å ï ð à â è ë)
8. Ñëåäóåò ïðèìåíÿòü ôèçè÷åñêèå âåëè÷èíû, îáîçíà÷åíèÿ è åäèíèöû èçìåðåíèÿ â ñèñòåìå

ÑÈ(SI).
9. Â áèáëèîãðàôè÷åñêèé ñïèñîê âêëþ÷àþòñÿ òîëüêî òå ðàáîòû, êîòîðûå îïóáëèêîâàíû â ïå÷à-

òè, ñîñòàâëåííûå â ñîîòâåòñòâèè ñ ÃÎÑÒ 7.80–2000, ÃÎÑÒ 7.1–03.
Ïðèìåðû îôîðìëåíèÿ ìîæíî íàéòè íà Internet-ñàéòå ÍÃÀÑÓ (Ñèáñòðèí) ïî àäðåñó

www.sibstrin.ru è www.izvuzstr.sibstrin.ru
10. Åñëè ñòàòüÿ áûëà èëè áóäåò íàïðàâëåíà â äðóãîå èçäàíèå, èëè æå áûëà ðàíåå îïóáëèêîâàíà,

íåîáõîäèìî îáÿçàòåëüíî ñîîáùèòü îá ýòîì ðåäàêöèè. Ìàòåðèàëû óæå ïóáëèêîâàâøèõñÿ ðàáîò ê ðàñ-
ñìîòðåíèþ íå ïðèíèìàþòñÿ.

11. Ðåöåíçåíòîâ äëÿ ñòàòåé ðåäàêöèÿ íàçíà÷àåò ïî ñâîåìó óñìîòðåíèþ. Ïðè äîðàáîòêå ñòàòüè ïî-
ñëå ðåöåíçèè íà ïåðâîé ñòðàíèöå óêàçûâàþòñÿ åå ðåäàêöèîííûé íîìåð, ÷èñëî, ìåñÿö, ãîä è ïîìåòêà
«ðóêîïèñü ïîñëå äîðàáîòêè». Äîðàáîòàííóþ ñòàòüþ íåîáõîäèìî ïðèñûëàòü â äâóõ ýêçåìïëÿðàõ ñ ïðè-
ëîæåíèåì åå çàïèñè â ýëåêòðîííîì âèäå. Ê äîðàáîòàííîé ðóêîïèñè îáÿçàòåëüíî ïðèêëàäûâàòü îòâåòû
íà âñå çàìå÷àíèÿ ðåöåíçåíòà. Äàòîé ïîñòóïëåíèÿ ñòàòüè ñ÷èòàåòñÿ ïîëó÷åíèå ðåäàêöèåé åå îêîí÷àòå-
ëüíîãî òåêñòà.

12. Ðóêîïèñè, íå ïðèíÿòûå ê îïóáëèêîâàíèþ, àâòîðàì íå âûñûëàþòñÿ. Ðåäàêöèÿ èìååò ïðàâî ïðî-
èçâîäèòü ñîêðàùåíèÿ è ðåäàêöèîííûå èçìåíåíèÿ òåêñòà ðóêîïèñåé. Êîððåêòóðà ñòàòåé àâòîðàì íå
ïðåäñòàâëÿåòñÿ.

13. Ãîíîðàð çà îïóáëèêîâàííûå ñòàòüè íå âûïëà÷èâàåòñÿ.
14. Ðóêîïèñè, íå óäîâëåòâîðÿþùèå èçëîæåííûì òðåáîâàíèÿì, îòïðàâëÿþòñÿ àâòî-

ðàì íà äîðàáîòêó, ÷òî çàìåäëÿåò ñðîê èõ îïóáëèêîâàíèÿ.

IS
S
N

0
5
3
6
—

10
5
2
.

È
çâ

åñ
òè

ÿ
âó

çî
â.

Ñ
òð

î
è
òå

ë
üñ

òâ
î
.

2
0
14

.
¹

12
(6

72
).

1–
12

0

ÈÇÂÅÑÒÈß
ÂÛÑØÈÕ Ó×ÅÁÍÛÕ ÇÀÂÅÄÅÍÈÉ

«ÑÒÐÎÈÒÅËÜÑÒÂÎ»
Æ ó ð í à ë è ì å å ò ð à ç ä å ë û

Ñòðîèòåëüñòâî àâòîìîáèëüíûõ
äîðîã è ìîñòîâ

Ñòðîèòåëüíûå è äîðîæíûå ìà-
øèíû

Íàó÷íûå ïðîáëåìû àðõèòåêòóðû
è ýêîëîãèè

Íàó÷íî-ìåòîäè÷åñêèé
Â ëàáîðàòîðèÿõ âóçîâ
Âíåäðåíèå íàó÷íûõ äîñòèæåíèé

â ïðîèçâîäñòâî
Íàó÷íàÿ èíôîðìàöèÿ

Ñòðîèòåëüíûå êîíñòðóêöèè
Òåîðèÿ èíæåíåðíûõ ñîîðóæåíèé
Ñòðîèòåëüíûå ìàòåðèàëû è èç-

äåëèÿ
Ýêîíîìèêà è îðãàíèçàöèÿ ñòðîè-

òåëüñòâà
Àâòîìàòèçàöèÿ è òåõíîëîãèÿ

ñòðîèòåëüíîãî ïðîèçâîäñòâà
Ãèäðîòåõíè÷åñêîå ñòðîèòåëü-

ñòâî
Ñàíèòàðíàÿ òåõíèêà



ÁÁÊ 38
È 33

ÓÄÊ 69

Íàó÷íîå èçäàíèå

Èçâåñòèÿ âóçîâ

Ñ Ò Ð Î È Ò Å Ë Ü Ñ Ò Â Î

¹ 12 (672) 2014

Íàó÷íî-òåîðåòè÷åñêèé æóðíàë

Ðåäàêòîðû: C.Ì. Ïîãóäèíà, Í.È. Êîíîâàëîâà
Òåõíè÷åñêèé ðåäàêòîð Í.Ì. Ìàêàðåíêî

Êîìïüþòåðíàÿ âåðñòêà Ð.Ã. Óñîâà
Êîððåêòîð Ã.È. Øâåäêèíà



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


