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Àííîòàöèÿ. Íà îñíîâàíèè àíàëèçà ïðèîïîðíûõ òðåùèí è òðåùèí, ïðèëåãàþùèõ ê ñîñðåäîòî÷åííîìó ãðóçó,
ðàññìîòðåíû ðàñ÷åòíûå ñõåìû (â âèäå æåëåçîáåòîííûõ ñîñòàâíûõ ýëåìåíòîâ, âûðåçàííûõ äâóìÿ ïîïåðå÷íûìè
ñå÷åíèÿìè, êîòîðûå ðàñïîëîæåíû íà ðàññòîÿíèè, ðàâíîì øàãó õîìóòîâ) äëÿ îïðåäåëåíèÿ äåôîðìàöèé óäëèíåíèÿ
áåòîíà âäîëü îñè ïîïåðå÷íûõ ñòåðæíåé â âåðõíåé è íèæíåé çîíàõ æåëåçîáåòîííûõ ñîñòàâíûõ êîíñòðóêöèé â
ïðîëåòå «ñðåçà». Çàïèñàíû ðàçðåøàþùèå óðàâíåíèÿ, çàìûêàþùèåñÿ íà ðàññìîòðåííûå ðàñ÷åòíûå ñõåìû, ÷òî
ïîçâîëÿåò óòî÷íèòü äåéñòâèòåëüíîå íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå äàííûõ êîíñòðóêöèé â ïðîöåññå
íàãðóæåíèÿ. Ïðåäëîæåí íîâûé ïðèåì îïðåäåëåíèÿ êàñàòåëüíûõ íàïðÿæåíèé.
Êëþ÷åâûå ñëîâà: íàêëîííûå òðåùèíû, äåôîðìàöèè óäëèíåíèÿ áåòîíà, æåëåçîáåòîííûå ñîñòàâíûå
êîíñòðóêöèè, ðàñ÷åòíûå ñõåìû, ðàçðåøàþùèå óðàâíåíèÿ.

CALCULATION THE WIDTH OF THIRD TYPE INCLINED CRACKS OF COMPOSITE
REINFORCED CONCRETE CONSTRUCTIONS
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Abstract. The article analysis cracks near the reliance, cracks adjacent to the concentrated load calculation schemes
considered (as a concrete constituent elements cut by two transverse sections, spaced at equal clamps step) for
determining the elongation deformations of concrete along the axis of the cross bars at the top and bottom of zone of
concrete composite constructions in the shear "span". Resolving equations, that close to the considered design scheme,
have written, that allows to specify the actual stress-strain state of reinforced concrete composite constructions in the
loading process. It is proposed a new method of determining the shear stresses.
Keywords: inclined cracks, elongation deformations of concrete, reinforced concrete composite constructions, design
models, resolving equations.
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ïðåäåëåíèå øèðèíû ðàñêðûòèÿ òðåùèí æåëåçîáå-
òîííûõ êîíñòðóêöèé îñòàåòñÿ îäíèì èç ñëîæíûõ âî-

ïðîñîâ [1–4]. Ýòî ñâÿçàíî ñ òåì, ÷òî åå çíà÷åíèå â ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèÿõ èçìåðÿþò ñ ïîìîùüþ
ìèêðîñêîïà, à ïðè ðàñ÷åòå èñïîëüçóþò äîñòàòî÷íî ãðó-
áûé âû÷èñëèòåëüíûé àïïàðàò, ïîýòîìó îæèäàòü ñîâïàäå-
íèÿ îïûòíûõ è òåîðåòè÷åñêèõ çíà÷åíèé øèðèíû ðàñêðû-
òèÿ òðåùèí íå ïðèõîäèòñÿ.

Â ðàáîòå [5] ðàñ÷åòíûå ïàðàìåòðû äëÿ óñòàíîâëåíèÿ
øèðèíû ðàñêðûòèÿ òðåùèí ïðèâåäåíû äîñòàòî÷íî òî÷-
íî, îäíàêî îáðàçîâàíèå òðåùèí, êîòîðûå ïîÿâëÿþòñÿ çà
ïåðâûì óðîâíåì, ðàññìîòðåíî òîëüêî â âåðõíåé àðî÷íîé
÷àñòè ðàñ÷åòíîé ìîäåëè. Ïðîäîëæàÿ ýòè èññëåäîâàíèÿ,
àâòîðû äàííîé ñòàòüè âûáðàëè ñëó÷àé, êîãäà îáðàçîâà-
íèå íàêëîííûõ òðåùèí âîçìîæíî (â çàâèñèìîñòè îò ãåî-
ìåòðè÷åñêèõ è äðóãèõ ïàðàìåòðîâ) è â íèæíåé ÷àñòè ðàñ-
÷åòíîé ìîäåëè, ïðåäñòàâëåííîé â âèäå áàëêè ïåðåìåí-
íîãî ñå÷åíèÿ.

Äëÿ îïðåäåëåíèÿ äåôîðìàöèé óäëèíåíèÿ áåòîíà, êî-
òîðûå ïðèâîäÿò ê îáðàçîâàíèþ ñëåäóþùåé òðåùèíû
òðåòüåãî òèïà [6, 7], ðàñïîëîæåííîé íèæå ïåðâîé îáðà-

çîâàâøåéñÿ òðåùèíû, â êà÷åñòâå ðàñ÷åòíîé ñõåìû âðå-
çàåòñÿ ýëåìåíò äâóìÿ ïîïåðå÷íûìè ñå÷åíèÿìè, êîòîðûå
íàõîäÿòñÿ íà ðàññòîÿíèè, ðàâíîì øàãó õîìóòîâ S.

Ðàññìîòðèì ðàñ÷åòíûå ñõåìû äëÿ âû÷èñëåíèÿ äå-
ôîðìàöèé ðàñòÿíóòîãî áåòîíà �bt y( ) ìåæäó íàêëîííûìè
òðåùèíàìè â æåëåçîáåòîííûõ ñîñòàâíûõ êîíñòðóêöèÿõ:
ñëó÷àé 1 – ðàñ÷åòíàÿ ñõåìà ìåæäó íàêëîííûìè òðåùè-
íàìè òðåòüåãî òèïà (ðèñóíîê à); ñëó÷àé 2 – ðàñ÷åòíàÿ
ñõåìà ìåæäó íàêëîííûìè òðåùèíàìè ïåðâîãî, âòîðîãî
èëè òðåòüåãî òèïîâ (ðèñóíîê á).

Íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå (ÍÄÑ) â
âûáðàííûõ ñå÷åíèÿõ ìîæíî ðàññ÷èòàòü óïðîùåííî [6,
8], èñïîëüçóÿ ôîðìóëû ñîïðîòèâëåíèÿ ìàòåðèàëîâ äëÿ
áàëêè ïåðåìåííîãî ñå÷åíèÿ â òîì ñëó÷àå, êîãäà óãîë íà-
êëîíà âåðõíåé ãðàíè ìàë. Ïðè åãî óâåëè÷åíèè öåëåñîîá-
ðàçíî èñïîëüçîâàòü áîëåå òî÷íûé ïîäõîä, ðàññìàòðèâàÿ
â êà÷åñòâå ðàñ÷åòíîé ñõåìû ôèãóðó âíåöåíòðåííî ðàñòÿ-
íóòîãî êëèíà (ðèñ. 2, 3 [7]). Äëÿ óäîáñòâà âû÷èñëåíèé
âìåñòî ïîëÿðíîé ñèñòåìû êîîðäèíàò ìîæíî ïî èçâåñò-
íûì ôîðìóëàì òåîðèè óïðóãîñòè è ïëàñòè÷íîñòè ïåðåé-
òè ê ïðÿìîóãîëüíîé ñèñòåìå êîîðäèíàò äëÿ îïðåäåëåíèÿ
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ÍÄÑ â òî÷êàõ, ðàñïîëîæåííûõ â ãåîìåòðè÷åñêèõ öåíò-
ðàõ O1 è Î2 âûáðàííûõ ñå÷åíèé (ñì. ðèñóíîê). Õàðàê-
òåð ðàñïðåäåëåíèÿ ÍÄÑ ïî ðàññìàòðèâàåìûì ïîïåðå÷-
íûì ñå÷åíèÿì óòî÷íÿåòñÿ ñ ïîìîùüþ êîýôôèöèåíòîâ �.

Àíàëèç ïðèîïîðíûõ òðåùèí è òðåùèí, ïðèëåãàþùèõ
ê ñîñðåäîòî÷åííîé íàãðóçêå ñ âûÿâëåíèåì âååðà íà-
êëîííûõ òðåùèí îêîëî ñîñðåäîòî÷åííîé íàãðóçêè è âå-
åðà âîçìîæíûõ íàêëîííûõ òðåùèí, ïðèëåãàþùèõ ê îïî-
ðå, ïîçâîëÿåò âûÿâèòü ðàñ÷åòíóþ ñõåìó [1, 2] äëÿ îïðå-
äåëåíèÿ �bt y( ) â âåðõíåé è íèæíåé çîíàõ æåëåçîáåòîí-
íîé êîíñòðóêöèè (ñì. ðèñóíîê).

Ãëàâíûå ðàñòÿãèâàþùèå íàïðÿæåíèÿ îïðåäåëÿþò èç
çàâèñèìîñòè
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	bt

crc
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b
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cos
( ), (1)

ãäå �
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�3 � bt

crc

y( )

cos
; (2)

�
�

� � �1 1 1

1
� �

E b b
b( ). (3)

Ñ äðóãîé ñòîðîíû:

� � � � � 
 �1
2 2 2� 	 	x crc y crc xy crccos sin sin ; (4)

�
�

�
� � � � 
 �3

2 2 2� � 	 �bt

crc
x crc y crc xy crc

y( )

cos
sin cos sin . (5)

Èñïîëüçóÿ ôîðìóëó ìåõàíèêè òâåðäîãî äåôîðìèðóå-
ìîãî òåëà äëÿ ðàññìàòðèâàåìîé çîíû, ìîæíî çàïèñàòü

� � � � � 
 �1
2 2 2� 	 	 �x crc y crc xy crccos sin sin (6)

� 	 �
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�
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crc x crc crc crc

y( )

cos
(cos sin )tg tg2 2 2 2 	

	 	
 � � �xy crc crc crc(sin sin )2 22tg .

Èç ôîðìóëû (1) ñ ó÷åòîì ôîðìóëû (2) ïîëó÷èì:
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b b

b

bt b crcy
E

y( ) ( ( ) cos )�
�

	
1 2 1 , (8)

ãäå �bt y( ) ìîæåò áûòü êàê íàïðÿæåíèåì ðàñòÿæåíèÿ, òàê è ñæàòèÿ
(ïîäñòàâëÿåòñÿ â ôîðìóëó ñ îáðàòíûì çíàêîì).

Â òî æå âðåìÿ �bt y( ) ÿâëÿåòñÿ äåôîðìàöèåé òîëüêî
ðàñòÿæåíèÿ. Íàïðèìåð, â óñëîâèÿõ äâóõîñíîãî ñæàòèÿ (ñ
íåáîëüøèì çíà÷åíèåì îäíîãî èç ñæèìàþùèõ íàïðÿæå-
íèé) �bt y( ) âû÷èñëÿþò ñ ïîìîùüþ êîýôôèöèåíòà ïîïåðå-
÷íûõ äåôîðìàöèé �b . Àíàëèç ïîêàçûâàåò, ÷òî ïðèìåíè-
òåëüíî ê ðàññìàòðèâàåìîé çîíå, êàê ïðàâèëî, èìååò ìåñòî
íàïðÿæåííîå ñîñòîÿíèå «ñæàòèå–ðàñòÿæåíèå».

Íàêëîííûå ïëîùàäêè, ðàñïîëîæåííûå ïîä óãëîì
�crc , ïðàêòè÷åñêè ïåðïåíäèêóëÿðíû ãëàâíûì äåôîðìà-
öèÿì óäëèíåíèÿ áåòîíà, ïî íàïðàâëåíèþ êîòîðûõ è âîç-
íèêàþò íàêëîííûå òðåùèíû òðåòüåãî òèïà. Ïðèìåíè-
òåëüíî ê ïðèíÿòîé ðàñ÷åòíîé ñõåìå (ñì. ðèñóíîê) óãîë
�crc óñðåäíÿåò íàïðàâëåíèå òàêèõ ïëîùàäîê â ïðåäåëàõ
ïðîåêöèè íàêëîííîé òðåùèíû. Ïîýòîìó äëÿ ïðàêòè÷åñ-
êèõ ðàñ÷åòîâ çíà÷åíèÿ ñäâèãàþùèõ íàïðÿæåíèé 
� , ëå-
æàùèõ íà ïëîùàäêàõ, êîòîðûå ïðèáëèæàþòñÿ ê ãëàâíûì
ïëîùàäêàì, ìîãóò áûòü ïðèíÿòû ðàâíûìè íóëþ.

Ðàññìàòðèâàÿ �bt y( ) (à òàêæå íàïðÿæåíèÿ â ñåðåäèíå
íàêëîííîé ïëîùàäêè �x , �y è 
xy ), ïðèìåíèòåëüíî ê
ðàññìàòðèâàåìîé ðàñ÷åòíîé ñõåìå êîýôôèöèåíò íàïîë-
íåíèÿ ýòèõ ýïþð � ìîæåò áûòü ïðèíÿò ðàâíûì åäèíèöå
êàê ñðåäíåå çíà÷åíèå òàêèõ ýïþð, ïðèáëèæàþùèõñÿ ê
òðàïåöèåâèäíûì.

Ñîñòàâëÿÿ óðàâíåíèÿ ðàâíîâåñèÿ ïðîåêöèé âñåõ ñèë
íà îñü 0i y (�Y � 0), çàïèøåì:

� � �sw sw sw sw bt bt wA y A y A� � �( ) ( ) , (9)

� 	 � 	 	 		
 � 
 �j up crc j up crcb y t S b y t S, * , *( , ) ( , )0 5 0 51tg tg � 0.

Ïîäñòàâëÿÿ ôîðìóëó (8) â óðàâíåíèå (9) è óñðåäíÿÿ
êàñàòåëüíûå íàïðÿæåíèÿ â ñå÷åíèÿõ, ðàñïîëîæåííûõ íà
ðàññòîÿíèÿõ 0,5S ñëåâà è ñïðàâà îò õîìóòà (ñì. ðèñó-
íîê), èìååì

à – ìåæäó íàêëîííûìè òðåùèíàìè òðåòüåãî òèïà; á – ìåæäó íàêëîííûìè òðåùèíàìè ïåðâîãî, âòîðîãî è òðåòüåãî òèïîâ

Ðàñ÷åòíàÿ ñõåìà ê îïðåäåëåíèþ äåôîðìàöèé ðàñòÿíóòîãî áåòîíà â æåëåçîáåòîííîé ñîñòàâíîé
êîíñòðóêöèè
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,
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Òîãäà

� �
�

� �
�sw sw sw sw

b b

b crc
btA y A

E Sb
y� �

�
	( )

( ) cos
( )

1 2
(13)
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	 	 �
�

�
� �b

b

b bE Sb D y D
( )1

0
2 1 1 2 .

Ðàñïîëàãàÿ ôîðìóëàìè (1) – (7), ïîëó÷èì

�
�

�

�
� � � �1

2 2 21
�

�

�
� 	 �

E

y

b b

bt

crc
crc x crc c
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cos
(cos sintg rc crctg2� ) 	

	 	 �
�

�
�
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�

�xy crc crc crc b
bt

crc

y
(sin sin )

( )

cos
2 22tg . (14)

Ïåðåä òåì êàê âûðàæåíèå (14) ïîäñòàâèòü â ôîðìóëó
(13) íåîáõîäèìî îòûñêàòü çíà÷åíèÿ �x y( ) è 
xy , îò êîòî-
ðûõ çàâèñèò �1. Êàê óæå áûëî îòìå÷åíî, �x è 
xy óñðåä-
íÿþòñÿ â ñåðåäèíå íàêëîííîé ïëîùàäêè ïðèìåíèòåëüíî
ê ðàñ÷åòíîé ñõåìå, ïðèâåäåííîé íà ðèñóíêå á.
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,

up

m upbh
, (15)

ãäå I
bh

m up
m up

,
,�

3

12
; N j up, è Mj up, – îñåâàÿ ñèëà è âíóòðåííèé ìîìåíò â

êàæäîì ñîñòàâëÿþùåì ñòåðæíå ñ ó÷åòîì ñäâèãàþùèõ óñèëèé â øâå.

Âûñîòó hm up, â ïåðâîì ïðèáëèæåíèè íàõîäÿò íà îñíî-
âàíèè ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê ïðèîïîðíîãî áëî-
êà. Ïðè ýòîì ïîëîæåíèå ãåîìåòðè÷åñêîé îñè ïðèîïîð-
íîé àðêè íàä íàêëîííîé òðåùèíîé îïðåäåëÿþò èç ñëå-
äóþùèõ ñîîáðàæåíèé [6].

Ïîëîæåíèå òî÷êè Ê (ðèñ. 1 [6]) âû÷èñëÿþò ïî ïàðàìåò-
ðóh h ak S� �( )2 2. Âûñîòà ðàñïîëîæåíèÿ òî÷êè Ê íàä íè-
æíåé ãðàíüþ æåëåçîáåòîííîé êîíñòðóêöèè áóäåò ðàâíà
h ak S	 2 . Ðàñïîëîæåíèå òî÷êè L (ðèñ. 2 [6]) óñòàíàâëèâà-
þò ïî ðàçìåðàì âòîðîãî îñíîâàíèÿ êëèíà, òîãäà êàê ðàç-
ìåðû ïåðâîãî îñíîâàíèÿ êëèíà ïðèíèìàþò ðàâíûìè x b

èç ðåøåíèÿ çàäà÷è ïðî÷íîñòè äëÿ âååðà òðåùèí B1 èëè
áëèçêî ê 0 2 0, h . Óãîë íàêëîíà êëèíà – îêîëî 15°.

Îáîçíà÷èì:

M M

I
D

j up j up

m up

, ,

,

	
�	1

3
2

; (16)

M M

I
h t

N N

bh

j up j up

m up
m up

j up j up

m

, ,

,
, *

, ,
( , )

	
� 	

		 	1 1

2
0 5

2 ,up

D� 4. (17)

Òîãäà:
�x y D y D( ) � � 	3 4; (18)


xy m up
j up j up

m up

Q Q

bh
D, ,

, ,

,

�
	

�	1
5

2
. (19)

Ñëåäóåò îòìåòèòü, ÷òî äëÿ ðàñ÷åòíîãî ñëó÷àÿ 2 (ñì.
ðèñóíîê á) â ôîðìóëàõ (10)–(19) âìåñòî èíäåêñà up íå-
îáõîäèìî èñïîëüçîâàòü èíäåêñ d.

Ïðèìåì:
tg� �

� �
crc b

crc b bE
D

�
�

cos
6; (20)

cos sin2 2 2

7

� � �

�
crc crc crc

b bE
D

�
�

tg
; (21)

sin sin2 22

8

� � �

�
crc crc crc

b bE
D

tg 	
� . (22)

Ñ ó÷åòîì èçëîæåííîãî ïîäñòàâèì ôîðìóëû (18) –
(22) â óðàâíåíèå (14):

� � �1 6 3 7 4 7 5 8bt y D D D y D D D D( ) � 	 	 . (23)

Èñïîëüçóåì ôîðìóëó (9) â óðàâíåíèè (23):

�
� �

�

�

�
� � �1 2 6 2 1 6

1 1
�

�
	

�
�

E y
D E Db b bt

b

b

b

b b crc

( )
cos (24)

� 	 	D D y D D D D3 7 4 7 5 8;

�
�

�
� �

�

�
�1 2 6 2 61

1 1
�

�

�

�





�

�
�
� �

�
b

b

b b crc
b b

b

btE D
E

D ycos ( ) � (25)

� 	 	D D y D D D D3 7 4 7 5 8.

Îáîçíà÷èì:

1
1 2 6 9�

�

�

�
� � �b

b

b b crcE D Dcos ; (26)

E D

D
Db b

b

�

�1 2
6

9
10

�
� ; (27)

D D
D

D3 7
9

11

1
� ; (28)

( )D D D D
D

D4 7 5 8
9

12

1
	 � . (29)

Ïîäñòàâèì âûðàæåíèÿ (26) –(29) â ôîðìóëó (25)

� �1 10 11 12� � 	D y D y Dbt ( ) . (30)

Ïðèâåäåì óðàâíåíèå (30) â ôîðìóëå (15)

� �
�

� �
�sw sw sw sw

b b

b crc
btA y A

E Sb
y� �

�
	( )

cos
( )

1 2
(31)

	
�

� 	 	 	 �
�

�
� �b

b

b b btE Sb D y D y D D y D
1

0
2 10 11 12 1 2( ( ) ) .

Ïðèìåì:

E Sb
E SbD Db b

b crc

b

b

b b

�

� �

�

�
�

1 12 2 10 13
�

�
�

�
cos

; (32)

D E SbD Db

b

b b11 2 11 14
1

�
�

�
�

�
� ; (33)

�

�
�b

b

b bE SbD D D
1 2 12 2 15

�
	 � . (34)
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Ââåäåì âûðàæåíèÿ (32) –(34) â óðàâíåíèå (31)

� � �bt sw sw sw swy A
D

y A
D

D

D
y

D

D
( ) ( )� � 	 	 �

1 1

13 13

14

13

15

13

(35)

� � 	 	� �sw sw sw sw sw swE A
D

y E A
D

D

D
y

D

D

1 1

13 13

14

13

15

13

( ) .

Ïðîäîëæàÿ ýòè èññëåäîâàíèÿ, ïîñëåäîâàòåëüíî ïåðå-
õîäèì ê îïðåäåëåíèþ äðóãèõ ïàðàìåòðîâ ÍÄÑ æåëåçî-
áåòîííûõ ñîñòàâíûõ êîíñòðóêöèé ïðè ðàñêðûòèè íà-
êëîííûõ òðåùèí.

Â û â î ä

Ïðåäëîæåíû íîâûå ðàñ÷åòíûå ñõåìû äëÿ âû÷èñëåíèÿ

äåôîðìàöèé ðàñòÿíóòîãî áåòîíà ìåæäó íàêëîííûìè
òðåùèíàìè òðåòüåãî òèïà �bt y( ) â æåëåçîáåòîííûõ ñî-
ñòàâíûõ êîíñòðóêöèÿõ. Èõ àíàëèç ïîêàçûâàåò, ÷òî äå-
ôîðìàöèè íà ó÷àñòêàõ, ïðèìûêàþùèõ ê òðåùèíàì, íà÷è-
íàþò óìåíüøàòüñÿ è äàæå ìåíÿþò çíàê, äåôîðìàöèè æå
â ñåðåäèíå ó÷àñòêà ìåæäó òðåùèíàìè ïðîäîëæàþò óâå-
ëè÷èâàòüñÿ äî òåõ ïîð, ïîêà â ýòîì ìåñòå íå ïîÿâëÿåòñÿ
íîâàÿ òðåùèíà.

Ïîëó÷åíû ðàçðåøàþùèå óðàâíåíèÿ, ïîçâîëÿþùèå
ñîõðàíèòü ôèçè÷åñêèé ñìûñë è èíæåíåðíóþ îáîçðè-
ìîñòü âû÷èñëÿåìûõ ïàðàìåòðîâ íàïðÿæåííî-äåôîðìè-
ðîâàííîãî ñîñòîÿíèÿ æåëåçîáåòîííûõ ñîñòàâíûõ êîíñò-
ðóêöèé è èñêëþ÷èòü òðóäîåìêóþ àëãåáðàèçàöèþ ôîð-
ìóë, êàê ïðàâèëî, ïðèâîäÿùóþ ê ìíîæåñòâó îøèáîê.
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