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Îáîñíîâàíà ìåòîäèêà îïðåäåëåíèÿ íàïðÿæåíèé â ñòûêîâûõ ñâàðíûõ ñîåäèíåíèÿõ, îñíîâàííàÿ

íà ãèïîòåçå íåïëîñêèõ ñå÷åíèé. Ïîëó÷åíû àíàëèòè÷åñêèå âûðàæåíèÿ, êîòîðûå îïèñûâàþò

èçìåíåíèå íîðìàëüíûõ íàïðÿæåíèé â çîíå êîíöåíòðàöèè êàê ïî êîíòóðó, òàê è ïî ãëóáèíå

ñîåäèíåíèÿ. Â òî÷êå, ãäå êîíöåíòðàöèÿ íàïðÿæåíèé ìàêñèìàëüíàÿ, ïîëó÷åíî âûðàæåíèå äëÿ

êîýôôèöèåíòà êîíöåíòðàöèè íàïðÿæåíèé. Ðåçóëüòàòû ðàñ÷åòà êîýôôèöèåíòà êîíöåíòðà-

öèè íàïðÿæåíèé ñðàâíèâàþòñÿ ñ òàêîâûìè, ïðèâåäåííûìè â ëèòåðàòóðíûõ èñòî÷íèêàõ.

Ïîëó÷åíû âûðàæåíèÿ äëÿ îïðåäåëåíèÿ ãðàäèåíòà íàïðÿæåíèé â ëþáîé òî÷êå ñå÷åíèÿ, íàõîäÿ-

ùåéñÿ â çîíå êîíöåíòðàöèè íàïðÿæåíèé, è îòíîñèòåëüíîãî ãðàäèåíòà íàïðÿæåíèé â òî÷êå,

ãäå íàïðÿæåíèå ìàêñèìàëüíîå.

Êëþ÷åâûå ñëîâà: ñòûêîâîå ñâàðíîå ñîåäèíåíèå, ìåòîä íåïëîñêèõ ñå÷åíèé,

ïëîñêîëîìàíîå ñå÷åíèå, êîýôôèöèåíò êîíöåíòðàöèè íàïðÿæåíèé, ýïþðà íà-

ïðÿæåíèé, ãðàäèåíò íàïðÿæåíèé.

Îïðåäåëåíèå íàïðÿæåííîãî ñîñòîÿíèÿ âáëèçè âûñòóïà ñòûêîâîãî ñâàð-

íîãî ñîåäèíåíèÿ ÿâëÿåòñÿ âàæíûì ïðè îöåíêå íåñóùåé ñïîñîáíîñòè ýëåìåí-

òîâ êîíñòðóêöèé, ñîäåðæàùèõ ñâàðíûå øâû, â óñëîâèÿõ ñòàòè÷åñêîãî è

öèêëè÷åñêîãî íàãðóæåíèÿ. Ïðè ñòàòè÷åñêîì íàãðóæåíèè, ãëàâíûì îáðàçîì,

ó÷èòûâàåòñÿ êîýôôèöèåíò êîíöåíòðàöèè íàïðÿæåíèé, âûçâàííîé ãåîìåòðèåé

ñîåäèíåíèÿ. Äëÿ åãî îïðåäåëåíèÿ ñóùåñòâóåò ìíîãî ïîäõîäîâ, îïèñàííûõ â

ðàáîòàõ [1–4] è äð. Ñëåäóåò îòìåòèòü, ÷òî â [1] áûëà ðåøåíà çàäà÷à òåîðèè

óïðóãîñòè îòíîñèòåëüíî ñèììåòðè÷íîãî âûñòóïà ïðè ðàñòÿæåíèè, ïîäîáðàíà

ôóíêöèÿ íàïðÿæåíèé è ïîëó÷åíî âûðàæåíèå äëÿ íàïðÿæåíèÿ â òî÷êàõ êîí-

òóðà. Àíàëîãè÷íàÿ çàäà÷à â [3] áûëà ðåøåíà ìåòîäîì êîíôîðìíîãî îòîáðà-

æåíèÿ, îïðåäåëåíû êîìïëåêñíûå ïîòåíöèàëû, ÷òî òàêæå äàëî âîçìîæíîñòü

ïîñòðîèòü ýïþðû ðàñïðåäåëåíèÿ íàïðÿæåíèé ïî êîíòóðó.

Ñóùåñòâåííûé íåäîñòàòîê ýòèõ ðàáîò – îòñóòñòâèå â íèõ êàêèõ-ëèáî

âûðàæåíèé, êîòîðûå îïèñûâàëè áû èçìåíåíèå íàïðÿæåíèÿ â çîíå êîíöåíò-

ðàòîðà ïî ãëóáèíå, ò.å. â íàïðàâëåíèè, ïåðïåíäèêóëÿðíîì êîíòóðó. Ôóíêöèÿ

íàïðÿæåíèé Íåéáåðà, ñ ïîìîùüþ êîòîðîé, êîíå÷íî, ìîæåò áûòü îïðåäåëåíî

âûðàæåíèå äëÿ íàïðÿæåíèé ïî ãëóáèíå, áûëà ïîëó÷åíà â êðèâîëèíåéíûõ

êîîðäèíàòàõ, íî ñâÿçü ìåæäó êðèâûìè u�const (îáîçíà÷åíèÿ ñì. â ðàáîòå

[1]) è ãåîìåòðè÷åñêèìè ïàðàìåòðàìè âûñòóïà íå óñòàíîâëåíà [1]. Êðîìå òîãî,

íå ñëåäóåò çàáûâàòü î ñóùåñòâîâàíèè ðàçëè÷íûõ êîìïüþòåðíûõ ïðîãðàìì,

îñíîâàííûõ íà ìåòîäå êîíå÷íûõ ýëåìåíòîâ, êîòîðûå, áåçóñëîâíî, ïîçâîëÿþò

îïðåäåëèòü íàïðÿæåííîå ñîñòîÿíèå âî âñåõ óçëîâûõ òî÷êàõ êîíå÷íûõ ýëå-

ìåíòîâ, íà êîòîðûå ðàçáèâàåòñÿ èññëåäóåìûé êîíñòðóêòèâíûé ýëåìåíò, íî
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ïîëó÷èòü àíàëèòè÷åñêóþ çàâèñèìîñòü íàïðÿæåíèÿ îò êîîðäèíàò èññëåäóåìîé

òî÷êè ïðè ýòîì íå ïðåäñòàâëÿåòñÿ âîçìîæíûì. Òàêæå íåîáõîäèìî îòìåòèòü,

÷òî òî÷íîñòü ýòèõ ìåòîäîâ íàïðÿìóþ çàâèñèò îò êîëè÷åñòâà ýëåìåíòîâ, íà

êîòîðûå ðàçáèâàåòñÿ äåòàëü, à ïðè áîëüøîì èõ êîëè÷åñòâå ðàñ÷åò íàïðÿ-

æåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ìîæåò çàíèìàòü íåñêîëüêî ÷àñîâ äàæå

ïðè èñïîëüçîâàíèè ñîâðåìåííîé âû÷èñëèòåëüíîé òåõíèêè. Ñ ýòîé òî÷êè

çðåíèÿ àíàëèòè÷åñêèé ðàñ÷åò áîëåå ïðåäïî÷òèòåëåí.

Âûðàæåíèÿ, îïèñûâàþùèå èçìåíåíèå íàïðÿæåíèÿ â çîíå êîíöåíòðàòîðà

â íàïðàâëåíèè, ïåðïåíäèêóëÿðíîì êîíòóðó, íåîáõîäèìû äëÿ îïðåäåëåíèÿ

ãðàäèåíòà íàïðÿæåíèé, âåëè÷èíà êîòîðîãî èñïîëüçóåòñÿ ïðè ðàñ÷åòàõ ýëåìåí-

òîâ êîíñòðóêöèé íà óñòàëîñòíóþ ïðî÷íîñòü.

Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ íàïðÿæåííîå ñîñòîÿíèå âáëèçè êîí-

öåíòðàòîðà íàïðÿæåíèé ñòûêîâîãî ñâàðíîãî ñîåäèíåíèÿ îïèñûâàòü ñ ïîìî-

ùüþ ìåòîäà, îñíîâàííîãî íà ãèïîòåçå íåïëîñêèõ èëè ëîìàíûõ ñå÷åíèé [5].

Íà ðèñ. 1 ïîêàçàíî ñòûêîâîå ñâàðíîå ñîåäèíåíèå, ïîäâåðæåííîå îñåâîìó

ðàñòÿæåíèþ. Ïðîâåäåì â íåì ïëîñêîëîìàíîå ñå÷åíèå ABCD â ñîîòâåòñòâèè

ñî ñëåäóþùèìè ïðàâèëàìè (ïîëàãàåì, ÷òî âëèÿíèå êîíöåíòðàòîðà ðàñïðî-

ñòðàíÿåòñÿ íå íà âñþ ãëóáèíó ñîåäèíåíèÿ).

1. Ó÷àñòîê ñå÷åíèÿ ÀÂ äëèíîé a0 ïðîâîäèì ïî íîðìàëè ê êîíòóðó (a0 –

ïàðàìåòð, êîòîðûé îáîçíà÷àåò ãëóáèíó äåéñòâèÿ êîíöåíòðàòîðà è çàâèñèò â

äàííîì ñëó÷àå îò ðàäèóñà ïåðåõîäà � è âûñîòû âûñòóïà t),

a t0 2� �. (1)

Ôîðìóëà (1) ïîëó÷åíà, ñîãëàñíî ðàáîòå [5], èç óñëîâèÿ

1 2 1
0� � �

t a

� �
, (2)
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ãäå ëåâàÿ ÷àñòü – âåëè÷èíà êîýôôèöèåíòà êîíöåíòðàöèè íàïðÿæåíèé, ïîëó-

÷åííàÿ Íåéáåðîì äëÿ äîñòàòî÷íî øèðîêîãî ñòåðæíÿ ñ îäíîñòîðîííåé ìåëêîé

âíåøíåé âûòî÷êîé [1], ïðàâàÿ – òà æå âåëè÷èíà, ïîëó÷åííàÿ ïî ìåòîäó ëîìà-

íûõ ñå÷åíèé [5].

2. Ó÷àñòîê BCD, êîòîðûé íàõîäèòñÿ íà äîñòàòî÷íîé ãëóáèíå îò âûñòóïà,

ïðîâîäèì ïåðïåíäèêóëÿðíî ê íàïðàâëåíèþ ïðèëîæåííîé íàãðóçêè.

×åðåç òî÷êó A1, êîòîðàÿ ðàñïîëîæåíà íà êîíòóðå íà ìàëîì ðàññòîÿíèè îò

òî÷êè A, ïðîâåäåì åùå îäíî ïëîñêîëîìàíîå ñå÷åíèå A B C D1 1 1 1 â ñîîòâåò-

ñòâèè ñ òåìè æå ïðàâèëàìè, ÷òî è ABCD (ðèñ. 1).

Ïðè ðàñòÿæåíèè ðàññòîÿíèå ìåæäó ñå÷åíèÿìè ABCD è A B C D1 1 1 1 óâå-

ëè÷èòñÿ. Ïðåäïîëîæèì, ÷òî ñå÷åíèå A B C D1 1 1 1 íåïîäâèæíî, òîãäà ñå÷åíèå

ABCD ïåðåìåñòèòñÿ â ïîëîæåíèå, óêàçàííîå øòðèõîâîé ëèíèåé íà ðèñ. 1.

Ïðè ýòîì âîëîêíî KF, êîòîðîå íàõîäèòñÿ íà ðàññòîÿíèè u îò íèæíåé ãðàíè è

ðàñïîëîæåíî íîðìàëüíî ê ó÷àñòêó AB, ïîëó÷èò óäëèíåíèå KN�.
Îòíîñèòåëüíîå óäëèíåíèå âîëîêíà KF îïðåäåëÿåòñÿ èç ôîðìóëû

�
�

�
�
�

KN

KF

KN

KF

cos
. (3)

Èç ðèñ. 1 ñëåäóåò, ÷òî

KF a u� � ��( ) .� �tg 	

Ó÷èòûâàÿ, ÷òî óãîë 	� ìàë, çàïèøåì tg 	 	� �
 .

Îêîí÷àòåëüíî äëÿ îòíîñèòåëüíîãî óäëèíåíèÿ âîëîêíà èìååì

�
�

� �
�

� ��

KN

a u

cos

( )
.

	 (4)

Åñëè ïðèáëèæåííî ñ÷èòàòü, ÷òî âîëîêíà íå îêàçûâàþò äðóã íà äðóãà

áîêîâîãî äàâëåíèÿ, òî, ñîãëàñíî çàêîíó Ãóêà, ïîëó÷èì íàïðÿæåíèå â âîëîêíå

KF:

� �
�

� �
� �

� ��
E

KN

a u
E

cos

( )
.

	 (5)

Òåïåðü ðàññìîòðèì âîëîêíî LG, ðàñïîëîæåííîå íîðìàëüíî ê ó÷àñòêó

BCD, ãäå ñïðàâåäëèâà ãèïîòåçà ïëîñêèõ ñå÷åíèé. Ðàññòîÿíèå îò íèæíåé ãðàíè

äî âîëîêíà LG îáîçíà÷èì �u .

Îòíîñèòåëüíîå óäëèíåíèå âîëîêíà LG áóäåò

���
LM

LG
,

ïðè ýòîì LM KN BB� � 1 cos .�
Ñîãëàñíî äàííûì, ïðèâåäåííûì íà ðèñ. 1, èìååì

BB a a1 0 0� � 
 �( ) ( ) .� � � �tg 	 	
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Îêîí÷àòåëüíî äëÿ îòíîñèòåëüíîãî óäëèíåíèÿ âîëîêíà LG ïîëó÷èì

��
�

�
� � �

KN

a( ) cos
.

0 	 (6)

Íîðìàëüíîå íàïðÿæåíèå â ýòîì âîëîêíå îïðåäåëÿåòñÿ ïî ôîðìóëå

�� � �
�

� �
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E
KN

a
E

( ) cos
.

0 	 (7)

Óñëîâèå ðàâíîâåñèÿ P �� 0 ÷àñòè ñîåäèíåíèÿ, êîòîðàÿ íàõîäèòñÿ ñïðà-

âà îò ñå÷åíèÿ ABCD, èìååò âèä

P bdu bdu

y

a a

a

� � � �


��

�

� � �cos ,
0

1

0

(8)

ãäå b – øèðèíà ñòûêà.

Âûðàæåíèÿ äëÿ � è �� ïîäñòàâèì â (8), â ðåçóëüòàòå ÷åãî ïîëó÷èì

P
KNbE du

a u

KNbEdu

a

y

a

�
� ��

�
�

�



�
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( ) ( ) cos
.

2

00
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a

a

0

(9)

Èíòåãðèðóÿ (9), ïîëó÷àåì

P
KNbE a y

a
�

�
�

�

�

�
��

�

�
��	�

�
�
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cos ln

( )cos
.2 0 1

0
(10)

Âûðàæåíèå â ñêîáêàõ ÿâëÿåòñÿ ãåîìåòðè÷åñêîé õàðàêòåðèñòèêîé ñå÷åíèÿ è

îïðåäåëÿåòñÿ ïàðàìåòðàìè êîíòóðà. ×òîáû óïðîñòèòü âûêëàäêè, îáîçíà÷èì

åãî ÷åðåç k:

k
a y a

a

A�
�

�
�

�
cos ln

cos

( )cos
,2 0 0

0

�
�

�

�

� � (11)

ïðèíèìàÿ âî âíèìàíèå, ÷òî

y y aA1 0� � cos .�

Èç âûðàæåíèÿ (10) ñ ó÷åòîì (11) íàéäåì

KNE P

bk	�
� . (12)
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Âûðàæåíèå (12) ïîäñòàâèì â (5) è ïîëó÷èì ôîðìóëó äëÿ îïðåäåëåíèÿ

íàïðÿæåíèé â òî÷êàõ ó÷àñòêà ñå÷åíèÿ ÀÂ:

�
�

�
�

� ��

P

a u bk

cos

( )
. (13)

Èç (13) âèäíî, ÷òî èçìåíåíèÿ óãëà � è ïàðàìåòðà k ñîîòâåòñòâóþò

èçìåíåíèþ íàïðÿæåíèÿ � ïî êîíòóðó, à èçìåíåíèå êîîðäèíàòû u – èçìå-

íåíèþ íàïðÿæåíèÿ â íàïðàâëåíèè, ïåðïåíäèêóëÿðíîì ê êîíòóðó.

Åñëè âûðàæåíèå (12) ïîäñòàâèòü â ôîðìóëó (7), ïîëó÷èì âûðàæåíèå äëÿ

íàïðÿæåíèé íà ó÷àñòêå ñå÷åíèÿ BCD, íà êîòîðîì ñïðàâåäëèâà ãèïîòåçà ïëîñ-

êèõ ñå÷åíèé:

��
�

�
� �

P

a bk( ) cos
.

0
(14)

Èç ôîðìóëû (14) âèäíî, ÷òî íàïðÿæåíèå èçìåíÿåòñÿ òîëüêî ïî êîíòóðó,

ïî ãëóáèíå îíî ïîñòîÿííîå.

Íàèáîëüøèå íàïðÿæåíèÿ äåéñòâóþò â òî÷êàõ êîíòóðà è îïðåäåëÿþòñÿ

âûðàæåíèåì (13), åñëè â íåãî ïîäñòàâèòü u a� �. Ìàêñèìàëüíîå íàïðÿæåíèå

íà êîíòóðå, êàê ýòî âèäíî èç (13), äåéñòâóåò â òî÷êå ïåðåõîäà øâà íà îñíîâíîé

ìåòàëë (��0, cos ��1):

�
�A

P

bk

max .� (15)

Êîýôôèöèåíò êîíöåíòðàöèè íàïðÿæåíèé ïðåäñòàâëÿåò ñîáîé îòíîøåíèå

âåëè÷èíû � A
max (15) ê íàïðÿæåíèþ � íîì � P bh( ), êîòîðîå äåéñòâóåò â ðàñòÿ-

ãèâàåìîì ñòåðæíå ïðÿìîóãîëüíîãî ñå÷åíèÿ áåç âûñòóïà:

�
�� �
h

k
. (16)

Òàêèì îáðàçîì, íîðìàëüíûå íàïðÿæåíèÿ ó ïîäíîæüÿ âûñòóïà (��0,

y hA � ) äîñòèãàþò ìàêñèìóìà è äàëåå íà÷èíàþò óáûâàòü, ïðè âåëè÷èíå óãëà

�� �90 îíè îáðàùàþòñÿ â íóëü è ïåðåõîäÿò â ìàëûå ñæèìàþùèå íàïðÿæåíèÿ

íà âûïóêëîé ÷àñòè âûñòóïà. Ó÷èòûâàÿ, ÷òî âåðøèíà âûñòóïà ñâîáîäíà îò

íàãðóçîê, ñëåäîâàòåëüíî, íàïðÿæåíèå â íåé ðàâíî íóëþ. Ýïþðà êîíòóðíûõ

íàïðÿæåíèé èìååò âèä, ïîêàçàííûé íà ðèñ. 2.

Âíåøíèé âèä ýïþðû êîíòóðíûõ íàïðÿæåíèé ñîîòâåòñòâóåò ýïþðå, ïîëó-

÷åííîé Íåéáåðîì [1]. Îäíàêî çàìåòèì, ÷òî íàïðÿæåíèÿ íà âûïóêëîé ÷àñòè

êîíòóðà íå ìîãóò áûòü ðàññ÷èòàíû ïî ôîðìóëå (13), òàê êàê ðàäèóñ êðèâèçíû

� èìååò îòðèöàòåëüíîå çíà÷åíèå, ïðè ýòîì ïàðàìåòð k , âõîäÿùèé â

âûðàæåíèå (13), íå îïðåäåëåí.

Íà ðèñ. 2 òàêæå èçîáðàæåíî ðàñïðåäåëåíèå íàïðÿæåíèé â îïàñíîì ñå÷å-

íèè â íîðìàëüíîì ê êîíòóðó íàïðàâëåíèè.

Â ñëó÷àå åñëè âëèÿíèå êîíöåíòðàòîðà ðàñïðîñòðàíÿåòñÿ íà âñþ ãëóáèíó

ñîåäèíåíèÿ, ó÷àñòîê BCD èñ÷åçàåò, à âåëè÷èíà a a0 � � (ðèñ. 1). Ïîñêîëüêó
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òåïåðü äëèíà y1 ó÷àñòêà BCD ðàâíà íóëþ, âòîðîé èíòåãðàë â óðàâíåíèè (8)

îáðàùàåòñÿ â íóëü. Ñëåäîâàòåëüíî, ðàñïðåäåëåíèå íàïðÿæåíèé ïî âñåé ãëó-

áèíå îïðåäåëÿåòñÿ ïî ôîðìóëå (13), îäíàêî â ýòîì ñëó÷àå ïàðàìåòð k ïðè-

íèìàåò çíà÷åíèå

k
a

1
2�

� �
cos ln .�

�

� (17)

Åñëè â ôîðìóëå (15) çàìåíèòü k âåëè÷èíîé k1 , ïîëó÷èì íàèáîëüøåå

íîðìàëüíîå íàïðÿæåíèå:

�
�A

P

bk

max .�
1

(18)

Òàêèì îáðàçîì, êîýôôèöèåíò êîíöåíòðàöèè íàïðÿæåíèé áóäåò

�
�� �
h

k1

. (19)

Äëÿ òîãî ÷òîáû îöåíèòü òî÷íîñòü äàííîãî ïîäõîäà, íàéäåì êîýôôèöèåí-

òû êîíöåíòðàöèè íàïðÿæåíèé â ñòûêîâîì ñâàðíîì ñîåäèíåíèè òîíêîëèñòî-

âîãî àëþìèíèåâîãî ñïëàâà ÀÌã6 (ðèñ. 3). Åãî ãåîìåòðè÷åñêèå ïàðàìåòðû

(h�2 ìì, ��1 ìì, �� �25 , a�10 ìì, t �1 2, ìì, ïîñêîëüêó çíà÷åíèÿ � è �
ñëåâà è ñïðàâà îòëè÷àþòñÿ, äàíû èõ ñðåäíèå çíà÷åíèÿ) îïðåäåëåíû ðàíåå [6]

ïî ãðàôè÷åñêîé çàâèñèìîñòè Íåéáåðà [1], ïî ôîðìóëå Ñòàêàíîâà–Êîðîñòû-

ëåâà– Ðûáèíà [4] è ïî ïðèâåäåííûì âûðàæåíèÿì (16) èëè (19) â çàâèñèìîñòè

îò âåëè÷èíû a0 .

Èòàê, ñîãëàñíî äàííûì Íåéáåðà, îòíîøåíèþ a ��10 ñîîòâåòñòâóåò çíà-

÷åíèå êîýôôèöèåíòà êîíöåíòðàöèè �� 
1 65, , ïî ôîðìóëå Ñòàêàíîâà–Êîðîñ-

òûëåâà–Ðûáèíà:

�
�

�� � � � �
�

�
�

�

�
�

�

�
�

�

�
� �

�

1
2 4 0 8

1 45

1 2

sin

,
, .

/

h a t
(20)

Ðèñ. 2. Ýïþðû íàïðÿæåíèé â ñòûêîâîì ñâàðíîì ñîåäèíåíèè ïî êîíòóðó (ñïðàâà) è ïåðïåí-

äèêóëÿðíî ê íåìó (ñëåâà).
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Ðàññ÷èòàåì äëÿ äàííîãî ñîåäèíåíèÿ âåëè÷èíó a0 2 2� , ìì. Ïîñêîëüêó â

íàèáîëåå îïàñíîì ñå÷åíèè (ïðè ��0) èìååì �� �a h 2 ìì, êîýôôèöèåíò êîí-

öåíòðàöèè îïðåäåëèì ïî ôîðìóëå (19) äëÿ ñëó÷àÿ a a0 � �, ïðè÷åì ïàðàìåòð

k1 íàéäåì ïî âûðàæåíèþ

k
h

1 �
�

ln .
�

� (21)

Ñ ó÷åòîì (21) ôîðìóëà (19) â ðàçâåðíóòîì âèäå èìååò âèä

�
�

�

�

� �
�

�
h

h
ln

, .1 83 (22)

Ðåøåíèå Íåéáåðà, ïîëó÷åííîå ìåòîäàìè òåîðèè óïðóãîñòè, ñ÷èòàåòñÿ

òî÷íûì. Òàêèì îáðàçîì, çíà÷åíèå êîýôôèöèåíòà êîíöåíòðàöèè íàïðÿæåíèé,

îïðåäåëåííîå ïî ôîðìóëå (22), íåñêîëüêî çàâûøåíî (íà 11%) ïî ñðàâíåíèþ ñ

òî÷íûì, â òî âðåìÿ êàê ïîëó÷åííîå ïî ýìïèðè÷åñêîé ôîðìóëå (20), íà 12%

íèæå òî÷íîãî.

Èòàê, ôîðìóëà (13) ïîçâîëÿåò îïðåäåëèòü ãðàäèåíò íàïðÿæåíèé â ëþáîé

òî÷êå ñå÷åíèÿ. Äîïóñòèì, âëèÿíèå êîíöåíòðàòîðà íå ðàñïðîñòðàíÿåòñÿ íà âñþ

ãëóáèíó, òîãäà èìååì

G
d

du

P

a u bk
� �

� ��

� �

�

cos

( )
.

2 (23)

Âáëèçè êîíòóðà ãðàäèåíò ïåðâîãî ãëàâíîãî íàïðÿæåíèÿ îïðåäåëÿåòñÿ èç

âûðàæåíèÿ (23), ïîëàãàÿ â íåì u a� �:

[ ]
cos

.G
d

du

P

bk
u a

u a
� �

� �
�

�
��

�
�� �

� �

�2 (24)

Îòíîñèòåëüíûé ãðàäèåíò ïåðâîãî ãëàâíîãî íàïðÿæåíèÿ âáëèçè íàèáîëåå

îïàñíîé òî÷êè êîíòóðà (ïðè ��0) ìîæíî íàéòè êàê îòíîøåíèå ãðàäèåíòà

íàïðÿæåíèé â ýòîé òî÷êå ê íàïðÿæåíèþ � A
max , îïðåäåëÿåìîìó ïî ôîðìóëå

(15):

G
G u a

A

� �� �
�[ ]

.
max

�

� �

0
1

(25)
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Åñëè a a0 � �, òî â ôîðìóëàõ (23) è (24) k ñëåäóåò çàìåíèòü k1 , à ïðè

ðàñ÷åòå îòíîñèòåëüíîãî ãðàäèåíòà íàïðÿæåíèå � A
max áóäåò îïðåäåëÿòüñÿ ôîð-

ìóëîé (18).

Òàêèì îáðàçîì, ïðåäëîæåííàÿ ìåòîäèêà îöåíêè íàïðÿæåííîãî ñîñòîÿíèÿ

ñòûêîâûõ ñâàðíûõ ñîåäèíåíèé îñíîâàíà íà ãèïîòåçå ëîìàíûõ ñå÷åíèé. Ïîëó-

÷åíû âûðàæåíèÿ, êîòîðûå îïèñûâàþò èçìåíåíèå ïåðâîãî ãëàâíîãî íàïðÿæå-

íèÿ êàê ïî êîíòóðó, òàê è â íàïðàâëåíèè, íîðìàëüíîì ê íåìó.

Ïîëó÷åíû òàêæå ôîðìóëû (16) è (19) äëÿ îïðåäåëåíèÿ êîýôôèöèåíòà

êîíöåíòðàöèè íàïðÿæåíèé â ñòûêîâûõ ñâàðíûõ ñîåäèíåíèÿõ ïðè a a0 � � è

a a0 � � ñîîòâåòñòâåííî. Íà ïðèìåðå ðåàëüíîãî ñòûêîâîãî ñîåäèíåíèÿ ïðî-

âåäåíî ñðàâíåíèå êîýôôèöèåíòîâ êîíöåíòðàöèè íàïðÿæåíèé, ïîëó÷åííûõ

ìåòîäîì ðåøåíèÿ çàäà÷è òåîðèè óïðóãîñòè (òî÷íîå ðåøåíèå) è ïî îäíîé èç

ïðåäëîæåííûõ ôîðìóë. Â ðåçóëüòàòå óñòàíîâëåíî, ÷òî çíà÷åíèå êîýôôèöè-

åíòà êîíöåíòðàöèè íàïðÿæåíèé, îïðåäåëåííîå ïî èçëîæåííîé ìåòîäèêå, íà

11% ïðåâûøàåò òî÷íîå, ÷òî ìîæíî ñ÷èòàòü âïîëíå óäîâëåòâîðèòåëüíûì.

Ïîëó÷åíû òàêæå ôîðìóëû äëÿ îïðåäåëåíèÿ ãðàäèåíòà íàïðÿæåíèé â

ñòûêîâûõ ñâàðíûõ ñîåäèíåíèÿõ. Ïîñêîëüêó ðåàëüíîå ðàñïðåäåëåíèå íàïðÿ-

æåíèé îòëè÷àåòñÿ îò ãèïåðáîëè÷åñêîãî, çíà÷åíèÿ ãðàäèåíòîâ, íàéäåííûå ïî

ïðåäëîæåííûì ôîðìóëàì, ñ÷èòàþòñÿ ïðèáëèçèòåëüíûìè.

Ð å ç þ ì å

Îá´ðóíòîâàíî ìåòîäèêó âèçíà÷åííÿ íàïðóæåíü ó ñòèêîâèõ çâàðíèõ ç’ºäíàí-

íÿõ, ùî áàçóºòüñÿ íà ã³ïîòåç³ íåïëîñêèõ ïåðåð³ç³â. Îòðèìàíî àíàë³òè÷í³

âèðàçè, ùî îïèñóþòü çì³íó íîðìàëüíèõ íàïðóæåíü ó çîí³ êîíöåíòðàö³¿ ÿê ïî

êîíòóðó, òàê ³ ïî ãëèáèí³ ç’ºäíàííÿ. Ó òî÷ö³, äå êîíöåíòðàö³ÿ íàïðóæåíü

ìàêñèìàëüíà, îòðèìàíî âèðàç äëÿ êîºô³ö³ºíòà êîíöåíòðàö³¿ íàïðóæåíü. Ðå-

çóëüòàòè ðîçðàõóíêó êîºô³ö³ºíòà êîíöåíòðàö³¿ ç³ñòàâëÿþòüñÿ ç òàêèìè, ùî

íàâåäåí³ â ë³òåðàòóðíèõ äæåðåëàõ. Îòðèìàíî âèðàçè äëÿ âèçíà÷åííÿ ãðà-

ä³ºíòà íàïðóæåíü ó áóäü-ÿê³é òî÷ö³ ïåðåð³çó, ùî çíàõîäèòüñÿ â çîí³ êîí-

öåíòðàö³¿ íàïðóæåíü, òà â³äíîñíîãî ãðàä³ºíòà íàïðóæåíü ó òî÷ö³, äå íàïðó-

æåííÿ ìàêñèìàëüíå.

1. Íåéáåð Ã. Êîíöåíòðàöèÿ íàïðÿæåíèé. – Ì.: Ãîñòåõèçäàò, 1947. – 204 ñ.

2. Íàâðîöêèé Ä. È. Ðàñ÷åò ñâàðíûõ ñîåäèíåíèé ñ ó÷åòîì êîíöåíòðàöèè

íàïðÿæåíèé. – Ë.: Ìàøèíîñòðîåíèå, 1968. – 171 ñ.

3. Êàðõèí Â. À., Êñåíîôîíòîâ À. À. Ðàñïðåäåëåíèå íàïðÿæåíèé â ñâàðíûõ

ñòûêîâûõ ñîåäèíåíèÿõ ïðè ðàñòÿæåíèè // Èçâ. âóçîâ. Ìàøèíîñòðîåíèå. –

1985. – ¹ 2. – Ñ. 136 – 139.

4. Ìàõíåíêî Â. È., Ìîñåíêèñ Ð. Þ. Ðàñ÷åò êîýôôèöèåíòîâ êîíöåíòðàöèè

íàïðÿæåíèé â ñâàðíûõ ñîåäèíåíèÿõ ñî ñòûêîâûìè è óãëîâûìè øâàìè //

Àâòîìàò. ñâàðêà. – 1985. – ¹ 8. – Ñ. 7 – 12.

5. Âåðõîâñêèé À. Â., Àíäðîíîâ Â. Ï., Èîíîâ Â. À. è äð. Îïðåäåëåíèå

íàïðÿæåíèé â îïàñíûõ ñå÷åíèÿõ äåòàëåé ñëîæíîé ôîðìû. Ìåòîä íåïëîñ-

êèõ ñå÷åíèé. – Ì.: Ìàøãèç, 1958. – 147 ñ.
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6. Êèðÿí Â. ²., Øîí³í Â. À., Êëî÷êîâ ². Ì. òà ³í. Äîâãîâ³÷í³ñòü ñòèêîâèõ

ç’ºäíàíü òîíêîëèñòîâèõ ñïëàâ³â ÀÌã6 ³ Ä16, âèêîíàíèõ çâàðþâàííÿì

ïëàâêèì åëåêòðîäîì (MIG Pulse) // Çá³ðíèê íàóêîâèõ ïðàöü “Ìåõàí³êà ³

ô³çèêà ðóéíóâàííÿ áóä³âåëüíèõ ìàòåð³àë³â ³ êîíñòðóêö³é” – Ëüâ³â: Êàìå-

íÿð, 2009. – Âèï. 8. – Ñ. 189 – 203.
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ìåñòíûõ îòäåëåíèÿõ ñâÿçè. Æóðíàë âêëþ÷åí â êàòàëîãè Óêðàèíû è Ðîññèè.

Íàø èíäåêñ – 70730.

Ïîäïèñêó Âû ìîæåòå îôîðìèòü íåïîñðåäñòâåííî â ðåäàêöèè æóðíàëà ñ

ëþáîãî î÷åðåäíîãî íîìåðà.

Öåíà îäíîãî íîìåðà ñ ó÷åòîì ïî÷òîâûõ ðàñõîäîâ â 2013 ãîäó ñîñòàâèò:

â ïðåäåëàõ Óêðàèíû 30 ãðí.;

çà ïðåäåëàìè Óêðàèíû 300 ðîñ. ðóá. (~ 10.0 USD).

Ïî÷òîâûå ïåðåâîäû íàïðàâëÿòü ïî àäðåñó:

01014, Êèåâ–14, óë. Òèìèðÿçåâñêàÿ, 2.

Ðåäàêöèÿ æóðíàëà «Ïðîáëåìû ïðî÷íîñòè»

Øèíêàðåíêî Íèíå Ìèõàéëîâíå.

Ñïðàâêè ïî òåëåôîíó: (044) 286 5657.

Îòäåëüíûì ïèñüìîì íåîáõîäèìî ñîîáùèòü â ðåäàêöèþ òðåáóåìîå êîëè-

÷åñòâî íîìåðîâ, ñóììó è äàòó îòïðàâêè ïåðåâîäà, óêàçàòü ñâîé ïî÷òîâûé

àäðåñ. Îòïðàâêà æóðíàëîâ îñóùåñòâëÿåòñÿ ïîñëå ïîñòóïëåíèÿ äåíåã ïîäïèñ-

÷èêà.

Ïðèìåíåíèå ìåòîäà íåïëîñêèõ ñå÷åíèé ê îïðåäåëåíèþ íàïðÿæåíèé ...



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


