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Àíîòàö³ÿ

Ó ñòàòò³ ïîêàçàíà ïîñë³äîâí³ñòü ñêëàäàííÿ
ðîçðàõóíêîâîãî àëãîðèòìó äëÿ âèçíà÷åííÿ íà-
ïðóæåíî-äåôîðìîâàíîãî ñòàíó ìåòîäîì ñêëàä-
íèõ (íåïëîñêèõ) ïåðåð³ç³â ïðè çâàðþâàíí³
ñèìåòðè÷íèõ òàâðîâèõ ñòåðæí³â ðóõîìèì
ë³í³éíèì äæåðåëîì íàãð³âàííÿ.

Abstract

In this paper the sequence of calculated algo-
rithm formulation for determination of stress-
deformation state by the methods of complex (non-
planar) section during symmetric tee bar welding
using moving linear sourse heating is present.

Ïðèíöèïîâ³ îñíîâè ìåòîäó ñêëàäíèõ (íåïëîñ-
êèõ) ïåðåð³ç³â äëÿ ðîçðàõóíêó íàïðóæåíî-äåôîð-
ìîâàíîãî ñòàíó (ÍÄÑ) ïðè çâàðþâàíí³ ïîçäîâ-
æí³õ øâ³â îäíîì³ðíèõ êîíñòðóêö³é âèêëàäåí³ â
ðîáîòàõ àâòîð³â [1, 2].

Îäíîì³ðíà çâàðíà êîíñòðóêö³ÿ ó âèãëÿä³ ñòåð-
æíÿ ç òèïîâèì ñèìåòðè÷íèì ïåðåð³çîì äîñèòü
÷àñòî âèêîðèñòîâóºòüñÿ ó ñóäíî- òà ìîñòîáóäó-
âàíí³, áóä³âíèöòâ³ òîùî. Îñíîâíèìè åëåìåíòàìè
êîíñòðóêö³¿ º ïîÿñ ³ ðåáðî, ç'ºäíàí³ ì³æ ñîáîþ
ñòèêîâèì àáî êóòîâèìè øâàìè. Ðîçãëÿíåìî  ñïðî-
ùåíèé âèïàäîê, êîëè òîâùèíà ïîÿñà ³ ðåáðà º
îäíàêîâîþ. Ðåàëüíèé ïîïåðå÷íèé ïåðåð³ç ñõåìà-
òè÷íî ïîêàçàíî ñåðåäí³ìè ë³í³ÿìè êîíòóðó íà ðèñ. 1.
Øèðèíà ïîÿñà 2B, ðåáðà — H. Ïî÷àòîê ðóõîìî¿
ñèñòåìè êîîðäèíàò çá³ãàºòüñÿ ç äæåðåëîì íàãð³-
âàííÿ ³ çíàõîäèòüñÿ íà ë³í³¿ ïåðåòèíó ïîÿñà ³
ðåáðà. Øîâ çàâàðþºòüñÿ çíèçó ââåðõ. Ïîãîííà
åíåðã³ÿ çâàðþâàííÿ qn, ìåõàí³÷í³ ³ òåïëîô³çè÷í³
õàðàêòåðèñòèêè ìåòàëó â³äîì³. Â³äñòàí³ s1 ³ s2 â³ä

îñ³ øâà äî òî÷êè ç òåìïåðàòóðîþ â³äïîâ³äíî 600°C
³ 500°C âèçíà÷àþòüñÿ îêðåìî ³ ââàæàþòüñÿ â³äî-
ìèìè. Êðèâ³ Ãm, ÿê³ º ïðîåêö³ºþ íà ïëîùèíó
ïîÿñà àáî ðåáðà êðèâî¿ ìàêñèìàëüíèõ òåìïåðàòóð,
ïîêàçàí³ äëÿ ïîÿñà ³ ðåáðà â³äïîâ³äíèìè ïóíê-
òèðíèìè ë³í³ÿìè, à êðèâ³ Ãb ïî÷àòêó ïëàñòè÷íèõ
äåôîðìàö³é ñêîðî÷åííÿ — øòðèõîâèìè. Øèðèíà
çîíè ïëàñòè÷íèõ äåôîðìàö³é ñêîðî÷åííÿ â îäíó
ñòîðîíó â³ä îñ³ øâà âèçíà÷àºòüñÿ äîâæèíîþ â³äð³ç-
ê³â äëÿ ïîÿñà — bnB, äëÿ ðåáðà — bnH ³ â çàãàëü-
íîìó âèïàäêó âîíè ðîçòàøîâàí³ â ð³çíèõ ïîïåðå÷-
íèõ ïåðåð³çàõ. Ñêëàäíèé ðîçðàõóíêîâèé ïåðåð³ç
ñòåðæíÿ ïîêàçàíèé íà ðèñ. 1 ñóö³ëüíèìè æèðíèìè
ë³í³ÿìè: äëÿ ïîÿñà abcdefguv, äëÿ ðåáðà — ehqptk.
Ãîðèçîíòàëüí³ ä³ëÿíêè ab ³ uv ïåðåð³çó çíàõî-
äÿòüñÿ â ïîïåðå÷íîìó ïåðåð³ç³, äå ðîçì³ùóþòüñÿ
äâà â³äð³çêè bnB, ãîðèçîíòàëüíà ä³ëÿíêà tk çíàõî-
äèòüñÿ â ³íøîìó ïîïåðå÷íîìó ïåðåð³ç³ ðåáðà, äå
çíàõîäèòüñÿ â³äð³çîê bnH. Êðèâîë³í³éí³ ä³ëÿíêè
bcd, fgu, hqp çá³ãàþòüñÿ ç êðèâèìè Ãm, ãîðèçîí-
òàëüí³ ä³ëÿíêè def òà eh çíàõîäÿòüñÿ â çîí³
çíåì³öíåííÿ ìåòàëó, äå òåìïåðàòóðà T ≥ 600°C.
Ïðóæíà äåôîðìàö³ÿ íà ä³ëÿíêàõ ab, uv, tk
âèçíà÷àºòüñÿ ð³çíèöåþ ì³æ ïîâíîþ òà òåìïåðà-
òóðíîþ äåôîðìàö³ÿìè; íà êðèâîë³í³éíèõ ä³ëÿíêàõ
âîíà äîð³âíþº — εT, â çîí³ çíåì³öíåííÿ —
äîð³âíþº íóëþ. 

ßê ïîêàçàíî â ðîáîò³ [2], ïåðøî÷åðãîâèì çàâ-
äàííÿì ðîçðîáêè àëãîðèòìó ðîçðàõóíêó íàïðó-
æåíî-äåôîðìîâàíîãî ñòàíó (ÍÄÑ) ïðè íàãð³âàíí³
çà ñõåìîþ ðóõîìîãî ë³í³éíîãî äæåðåëà º âèâåäåííÿ
³íòåðïîëÿö³éíèõ çàëåæíîñòåé fitÃmB(y), fitÃmH(x)
òà fitTmB(y), fitTmH(x) äëÿ êðèâèõ ÃmB(y),
ÃmH(x) òà TmB(y), TmH(x) â³äïîâ³äíî äëÿ ïîÿñà
òà ðåáðà. Ðîçãëÿíåìî öå ïèòàííÿ ñõåìàòè÷íî ó
ñêîðî÷åíîìó âèãëÿä³ áåç äåòàëüíèõ ïîÿñíåíü
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îêðåìèõ ìîìåíò³â àëå ç âèêëàäåííÿì âñ³õ ìàòå-
ìàòè÷íèõ çàëåæíîñòåé ó çàãàëüíîìó âèãëÿä³, ÿê³
íåîáõ³äí³ äëÿ êîíêðåòíî¿ àëãåáðà¿çàö³¿ ïðîãðàìè
ðîçðàõóíêó ó äîêóìåíò³ îá÷èñëþâàëüíîãî ñåðå-
äîâèùà MathCAD. 

Âèâåäåííÿ ³íòåðïîëÿö³éíèõ çàëåæíîñòåé
fitÃmB(y) ³ fitÃmH(x) äëÿ êðèâèõ ÃmB(y) ³ ÃmH(x)
â³äïîâ³äíî äëÿ ïîÿñà ³ ðåáðà. Âèêëàä àëãîðèòìó
ðîçðàõóíêó ÍÄÑ äîö³ëüíî ðîçãëÿäàòè çà îêðå-
ìèìè ïóíêòàìè.

1. Âèçíà÷åííÿ ìàñèâó òî÷îê äëÿ êîæíîãî ç åëå-
ìåíò³â (ïîÿñà àáî ðåáðà) ñòåðæíÿ â îêîë³ äæåðåëà
íàãð³âàííÿ äëÿ ðîçðàõóíêó â íèõ òåìïåðàòóð:

à) ïîÿñ i = 0...ψ, zi =–χ + ∆z ⋅ i, j = 0...ϕ, yj =
= υ + ∆y ⋅ j,

á) ðåáðî i = 0...ψ, zi =–χ + ∆z ⋅ i, l = 0... , xl =
= µ + ∆x ⋅l.

Êîîðäèíàòè ïî÷àòêîâèõ ãðàíèöü ìàñèâó òî÷îê —
µ, υ.

2. Ðîçðàõóíîê òåìïåðàòóð äëÿ çàäàíîãî ìàñèâó
òî÷îê:

à) ïîÿñ

á) ðåáðî

3. Âèçíà÷åííÿ ìàêñèìàëüíèõ òåìïåðàòóð ïî
øèðèí³ åëåìåíòà (ïîÿñà àáî ðåáðà):

à) ïîÿñ —                     

á) ðåáðî —   

4. Âèä³ëåííÿ ³ç ìàòðèöü TB òà TH ìàòðèöü T1B
³ T1H, ìàéæå âñ³ åëåìåíòè ÿêèõ º íóëüîâèìè çà
âèêëþ÷åííÿì òèõ, ùî ìàþòü ìàêñèìàëüíó òåìïå-
ðàòóðó:

à) ïîÿñ

á) ðåáðî

2
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É 5. Ñòâîðåííÿ åëåìåíò³â Hi âåêòîðà-ñòîâï÷èêà H

³ç çíà÷åíü ïîòî÷íîãî ³íäåêñó i: Hi =i.
6. Îá'ºäíàííÿ âåêòîð³â-ñòîâï÷èê³â H è          òà  

H è         ó ìàòðèö³: à) ïîÿñ — augment

á) ðåáðî — augment

7. Ñîðòóâàííÿ îá'ºäíàíèõ ìàòðèöü çà åëåìåí-
òàìè ïåðøîãî ñòîâï÷èêà ó ïîðÿäêó ¿õíüîãî çðî-
ñòàííÿ çâåðõó âíèç:

à) ïîÿñ³ — csort

á) ðåáðî — csort

8. Çíàõîäæåííÿ çíà÷åííÿ îñòàííüîãî åëåìåíòà
íóëüîâîãî ñòîâï÷èêà ñîðòîâàíèõ ìàòðèöü çà
çíà÷åííÿì last(H) îñòàííüîãî åëåìåíòà âåêòîðà-
ñòîâï÷èêà H:    

à) ïîÿñ— SBj :=

á) ðåáðî —

SH1l := 

Çíà÷åííÿ SBj òà SH1l äîð³âíþþòü çíà÷åííþ
ïîòî÷íîãî  ³íäåêñó i (ïî-³íøîìó,  êîîðäèíàòè zS)
â³äïîâ³äíî äëÿ  êîæíîãî ³íäåêñó j òà l ( ïî-³íøîìó,
êîîðäèíàò yj òà xl), íà ïåðåòèí³ ÿêèõ ìàºìî äåÿêå
çíà÷åííÿ TmB òà TmH. Åëåìåíòè ÃmBj :=     òà
ÃmHl :=    âåêòîð³â-ñòîâï÷èê³â ÃmB òà ÃmH1
âèçíà÷àþòü çíà÷èì³ (ïðè ÿêèõ TmB ≠ 0 òà TmH ≠ 0)
êîîðäèíàòè z ïî øèðèí³ ïîëèö³ òà ðåáðà. 

9. Ñòâîðåííÿ ³ç âåêòîð³â-ñòîâï÷èê³â y òà ÃmB,
à òàêîæ x òà ÃmH îá'ºäíàíèõ ìàòðèöü MB òà MH
â³äïîâ³äíèõ çíà÷åíü êîîðäèíàò z òà y, à òàêîæ z òà
x òî÷îê â³äïîâ³äíî íà êðèâèõ ÃmB òà ÃmH:

à) ïîÿñ — MB := augment(y, ÃmB),                  
á) ðåáðî — MB1 := augment(x, ÃmH).
9. ²íòåðïîëÿö³ÿ êðèâèõ ÃmB òà ÃmB: KB = 

= cspline
à) ïîÿñ
KB = cspline                , y =        fitÃmB(y) = 

= interp (KB,              , y),
á) ðåáðî
KH = cspline , x =      , fitÃmH(x) = 

= interp (KH,              , x).
Âèâåäåííÿ ³íòåðïîëÿö³éíèõ çàëåæíîñòåé

fitTmB(y), fitTmH(x) äëÿ êðèâèõ Ãmb(y), ÃmH(x).
fitÃmH(x) = interp (KH,               , x).

10. Ñòâîðåííÿ ³ç âåêòîð³â-ñòîâï÷èê³â y òà TmB,
à òàêîæ x òà TmH øëÿõîì ¿õ îá'ºäíàííÿ ìàòðèöü
WB òà WH, ïåðøèé ñòîâï÷èê ÿêèõ ì³ñòèòü
êîîðäèíàòè òî÷îê ïî øèðèí³ ïîÿñà òà ðåáðà, à
äðóãèé — â³äïîâ³äí³ ¿ì çíà÷åííÿ ìàêñèìàëüíèõ
òåìïåðàòóð ó òî÷êàõ ïîëèö³ òà ðåáðà:

à) ïîÿñ — WB:=augment(y, TmB), á) ðåáðî —
WH:=augment(x, TmH).

11. ²íòåðïîëÿö³ÿ êðèâèõ TmB ³ TmH:
à) ïîÿñ
KB = cspline               , y =       ,  fitTmB(y) = 

= interp (KB,             , y),
á) ðåáðî

KH = cspline , x =      , fitTmH(x) = 

= interp (KH,              , x).
12. Âèçíà÷åííÿ ìàêñèìàëüíî¿ øèðèíè bnB çîíè

ïëàñòè÷íèõ äåôîðìàö³é ñêîðî÷åííÿ ó ïîÿñ³ òàâðà.
Çàãàëüíèé âèãëÿä ñèñòåìè ð³âíÿíü äëÿ ñêëàäíîãî
ëàìàíî-êðèâîë³í³éíîãî ïåðåð³çó, â ãîðèçîíòàëüí³é
÷àñòèí³ ÿêîãî äëÿ ïîÿñà ïåðåòèíàþòüñÿ êðèâ³
Ãmb(y) òà ÃbB(y): 

(1)

äå snH — øèðèíà çîíè ïëàñòè÷íèõ äåôîðìàö³é ó
ðåáð³ â ïîïåðå÷íîìó ïåðåð³ç³, â ÿêîìó âèçíà÷àºòü-
ñÿ bnB; εeh(y), εeh(x) — ïðóæí³ äåôîðìàö³¿ íà
ñòàä³¿ íàãð³âàííÿ â³äïîâ³äíî ó ïîÿñ³ òà ðåáð³; εs —
ïðóæíà äåôîðìàö³ÿ, ÿêà â³äïîâ³äàº ìåæ³ òåêó÷îñò³
ìåòàëó.

Ðîçâ'ÿçêîì ñèñòåìè (1) º çíà÷åííÿ íåâ³äîìèõ
bnB, snH, gB, dB, ç ÿêèõ â³äáèðàºìî ëèøå îäèí
ïàðàìåòð bnB. Ïàðàìåòðè gB, dB âèçíà÷àþòü ïîâ-
íó äåôîðìàö³þ εfh(x) = gB ⋅ x + dB ó ðåáð³ òàâðà â
ïîïåðå÷íîìó ïåðåð³ç³, â ÿêîìó âèçíà÷àºòüñÿ bnB.

13. Âèçíà÷åííÿ ìàêñèìàëüíî¿ øèðèíè bnH çîíè
ïëàñòè÷íèõ äåôîðìàö³é ó ðåáð³ òàâðà. Çàãàëüíèé
âèãëÿä ñèñòåìè ð³âíÿíü äëÿ ñêëàäíîãî ëàìàíî-
êðèâîë³í³éíîãî ïåðåð³çó, â ãîðèçîíòàëüí³é ÷àñòèí³
ÿêîãî äëÿ ðåáðà ïåðåòèíàþòüñÿ êðèâ³ ÃmH(x) òà
ÃbH(x): 

(2)

Ðîçâ'ÿçêîì ñèñòåìè (2) º çíà÷åííÿ íåâ³äîìèõ
bnH, gH, dH, ç ÿêèõ â³äáèðàºìî ëèøå îäèí ïà-
ðàìåòð bnH. Ïàðàìåòðè gH, dH âèçíà÷àþòü ïîâíó
äåôîðìàö³þ εfh(x) = gH ⋅ x + dH ó ðåáð³ òàâðà â
ïîïåðå÷íîìó ïåðåð³ç³, â ÿêîìó âèçíà÷àºòüñÿ bnH.

14. Âèçíà÷åííÿ ïîòî÷íèõ êîîðäèíàò yj òà xj

ðîçðàõóíêîâèõ òî÷îê íà êðèâèõ ÃmB(y) òà ÃmH(x).
Ïðîåêö³¿ öèõ òî÷îê â³äïîâ³äíî íà â³äð³çêè bnB — s2

1 1 lT H

1 jT B

( ), 1 ,jH T B

( ), 1 .lH T H

( )( ), 1 ,1 ,jaugment H T B

( )( ), 1 ,1 .laugment H T H

( )( )
( )

0

, 1 ,1 ,j

last H

csort augment H T B
⎛ ⎞
⎜ ⎟
⎝ ⎠

( )( )
( )

0

, 1 ,1 .l

last H

csort augment H T H
⎛ ⎞
⎜ ⎟
⎝ ⎠

( )jSB
z

( )1lSHz

( )0 1,MB MB

( )0 1,MB MB ( 0 ,MB

( 0 1,MB MB

( )0 1,MH MH ( 0MH

( 0 1,MH MH

( 0 1,MH MH

( )0 1,WB WB 0WB

( )0 1,WB WB

( )0 1,WH WH
0WH

0 1,WH WH

0 0

0

2 ( ) ( ) 0,

,( ) 0,

( ) 0,

( ) 0.

⎧
ε + ε =⎪ ∫ ∫

⎪
⎪⎪ ε =⎨ ∫
⎪
⎪ε = + ε =
⎪

ε = + ε =⎪⎩

B H

H

eh y dy eh x dx

eh x xdx

eh x snH s

eh y bnB s

0 0

0

2 ( ) ( ) 0,

( ) 0, ,

( ) 0.

⎧
ε + ε =⎪ ∫ ∫

⎪⎪ε = + ε =⎨
⎪
⎪ ε =∫
⎪⎩

B H

H

eh y dy eh x dx

eh x bnH s

eh x xdx
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È
Éòà bnH — s2 ð³âíîì³ðíî ïîä³ëÿþòü (bnB — s2) òà

(bnH — s2) íà ìàë³ ³íòåðâàëè. Ó ðîçðàõóíêîâèõ
òî÷êàõ íà êðèâèõ ÃmB(y) òà ÃmH(x) â ïîäàëüøîìó
áóäå âèçíà÷àòèñü ìàêñèìàëüíà ïëàñòè÷íà äåôîð-
ìàö³ÿ ñêîðî÷åííÿ. Ç ö³ºþ ìåòîþ çíàéäåìî ìàêñè-
ìàëüí³ çíà÷åííÿ ξ òà ζ ïîòî÷íîãî ïàðàìåòðà j äëÿ
ïðèéíÿòîãî çàêîíó çì³íè êîîðäèíàò yj íà êðèâ³é
ÃmB(y) òà xj íà êðèâ³é ÃmH(x). Íåîáõ³äí³ çàëåæ-
íîñò³ ìàþòü âèãëÿä: ξ = ceil[(bnB — s2)∆s–1], 
ζ = ceil[(bnH — s2)∆s–1], ∆s = 0,1 ñì, yj = 0.1 + ∆s ⋅ j,
xj = 0.1 + ∆s ⋅ j, j = 0...ξ — äëÿ ïîÿñà, j = 0...ζ — äëÿ
ðåáðà.

Â áàãàòüîõ âèïàäêàõ ç òèõ ÷è ³íøèõ ì³ðêóâàíü
çàçäàëåã³äü â³äîìî ÿêèé ç â³äð³çê³â bnB ÷è bnH º
ìåíøèì. Çäåá³ëüøîãî bnB < bnH. Òîä³ áóäå ξ < ζ.
Öå îçíà÷àº, ùî äëÿ j = 0...ξ êîîðäèíàòè yj = 0.1 +
+ ∆s ⋅ j ³ xj = 0.1 + ∆s ⋅ j áóäóòü îäíàêîâèìè ³ âîíè
âèçíà÷àþòü îäíàêîâó êîîðäèíàòó zBj = fitÃmB(yj)
àáî zHj = fitÃmH(xj) ïî îñ³ Z äëÿ ïîòî÷íîãî ïîïå-
ðå÷íîãî ïåðåð³çó, â ÿêîìó ðîçòàøîâàí³ â³äð³çêè
snBj òà snHj (àíàëîãè â³äð³çê³â bnB òà bnH). 

Ïðè j > ξ ãîðèçîíòàëüí³ ä³ëÿíêè ñêëàäíèõ ïå-
ðåð³ç³â ðîçì³ùóþòüñÿ â ð³çíèõ ïîïåðå÷íèõ ïåðåð³-
çàõ. Äëÿ ïîëèö³ òàêà ä³ëÿíêà íàäàë³ çàëèøàºòüñÿ
â ïîïåðå÷íîìó ïåðåð³ç³ j = ξ, à äëÿ ðåáðà â
ïåðåð³çàõ j > ξ. Òàêèì ÷èíîì, äëÿ ðîçðàõóíêó
ïàðàìåòð³â snBj, snHj, gj, dj íåîáõ³äíî ðîçãëÿäàòè
äâà ³íòåðâàëè çì³íè ïîòî÷íîãî ³íäåêñó j, à ñàìå 
j = 0...ξ ³ j = ξ + 1...ζ. Îòæå, íåîáõ³äíî ñêëàäàòè ³
çíàõîäèòè ðîçâ'ÿçêè äâîõ ñèñòåì ð³âíÿíü äëÿ êîæ-
íîãî ³ç çãàäàíèõ âèùå ³íòåðâàë³â çì³íè ïîòî÷íîãî
³íäåêñó j.

15. Âèçíà÷åííÿ ïàðàìåòð³â snBj, snHj, g1j, dj äëÿ
³íòåðâàëó j = 0...ξ. Ïåðøà ñèñòåìà ð³âíÿíü ó çàãà-
ëüíîìó âèãëÿä³ äëÿ ³íòåðâàëó j = 0...ξ:

(3)

Ðîçâ'ÿçêîì ñèñòåìè (3) º çíà÷åííÿ íåâ³äîìèõ
snBj, snHj, g1j, dj, äå g1j, dj — ïàðàìåòðè ïîâíî¿
äåôîðìàö³¿ ïîïåðå÷íîãî ïåðåð³çó òàâðà â³äïîâ³äíî
äî ã³ïîòåçè ïëîñêèõ ïåðåð³ç³â. 

16. Âèçíà÷åííÿ ïàðàìåòð³â snHj, g2j, dj äëÿ
³íòåðâàëó j= (ξ+1)...ζ. Äðóãà ñèñòåìà ð³âíÿíü ó
çàãàëüíîìó âèãëÿä³ äëÿ ³íòåðâàëó j= (ξ+1)...ζ:

. (4)

Ðîçâ'ÿçêîì ñèñòåìè (4) º çíà÷åííÿ íåâ³äîìèõ
snHj, g2j, dj äå g2j, dj — ïàðàìåòðè ïîâíî¿ äåôîð-
ìàö³¿ ïîïåðå÷íîãî ïåðåð³çó òàâðà â³äïîâ³äíî äî
ã³ïîòåçè ïëîñêèõ ïåðåð³ç³â.  

17. Çà äîïîìîãîþ ìàòðè÷íî¿ ôóíêö³¿ stack îáî-
ëîíêè MathCAD âåêòîðè-ñòîâï÷èêè g1 ³ g2  îá'ºä-
íóºìî ¿õ â îäèí âåêòîð-ñòîâï÷èê g = stack(g1, g2).

18. Ñòâîðþºìî âåêòîðè-ñòîâï÷èêè ïîâíî¿ äå-
ôîðìàö³¿ εfhB íà êðèâ³é ÃmB(y) (ïîÿñ) ³ εfhH íà
êðèâ³é ÃmH(x) (ðåáðî): εfhB = d, εfhH = g ⋅ x + d.

19. Ñòâîðþºìî âåêòîðè-ñòîâï÷èêè ìàêñèìàëü-
íèõ òåìïåðàòóð TmB íà êðèâ³é ÃmB(y) (ïîÿñ³) ³
TmH íà êðèâ³é ÃmH(x) (ðåáðî): TmB = fitTmB(y),
TmH = fitTmH(x).

20. Ñòâîðþºìî âåêòîðè-ñòîâï÷èêè ìàêñèìàëü-
íèõ ïëàñòè÷íèõ äåôîðìàö³é ñêîðî÷åííÿ εphB íà
êðèâ³é ÃmB(y) (ïîëèöÿ) ³ εphH íà êðèâ³é ÃmH(x)
(ðåáðî): εphB = εfhB – α ⋅ TmB + εs, εphH = εfhH –
–α ⋅ TmH + εs.

21. Çíàõîäèìî ³íòåðïîëÿö³éí³ çàëåæíîñò³
fitεphB(y) ³ fitεphH(x) äëÿ êðèâèõ â³äïîâ³äíî εphB
³ εphH:

à) ïîÿñ
WB:=augment(y, εphB), KB:= cspline               ,

y: =       , fitεphB(y): = interp (KB,             , y);
á) ðåáðî           

WH:=augment(x, fitεphH), KH:= cspline                 ,

x: =       , fitεphH(x): = interp (KH,             , x);
22. Ðîçâ'ÿçóºìî çàäà÷ó äëÿ çàëèøêîâîãî ñòàíó.

Ñèñòåìà ð³âíÿíü ó çàãàëüíîìó âèãëÿä³ äëÿ
äîâ³ëüíîãî ïîïåðå÷íîãî ïåðåð³çó ñòåðæíÿ ó
çàëèøêîâîìó ñòàí³:

(5)

Ðîçâ'ÿçêàìè ñèñòåìè (5) º çíà÷åííÿ ïàðàìåòð³â
e ³ f ïîâíî¿ äåôîðìàö³¿ εfr(x) = e ⋅ x + f òà â³äð³çê³â
sB ³ sH, ÿê³ âèçíà÷àþòü øèðèíó çîíè ïëàñòè÷íèõ
äåôîðìàö³é âèäîâæåííÿ íà ñòàä³¿ îõîëîäæåííÿ ó
ïîÿñ³ òà ðåáð³ â³äïîâ³äíî. 

23. Çàïèñóºìî ê³íöåâ³ çàëåæíîñò³ òà áóäóºìî
â³äïîâ³äí³ ãðàô³êè äëÿ ïîâíî¿ εfrB, ïðóæíî¿ εerB(y)

0 0

0

2 ( ( ), ) ( ( ), ) 0,

( ( ), ) 0, .

( ), 0,

( ), 0.

B H

j j

H

j

s

s

eh fit mB y y dy eh fit mH x x dx

eh fit mH x x xdx

eh fit mH snH snH

eh fit mB snB snB

ε ε

ε

ε ε

ε ε

⎧
Γ + Γ =⎪

⎪
⎪
⎪ Γ =⎨
⎪
⎪ Γ + =⎡ ⎤⎣ ⎦⎪
⎪ Γ + =⎡ ⎤⎣ ⎦⎩

∫ ∫

∫

[ ]
0 0

0

2 ( ( ), ) ( ( ), ) 0,

( ), 0,

( ( ), ) 0,

H

j

s

H

j

B

eh fit mB bnB y dy eh fit mH x x dx

eh fit mH snH snH

eh fit mH x x xdx

ε ε

ε ε

ε

⎧
Γ + Γ =⎪

⎪
⎪ Γ + =⎨
⎪
⎪ Γ =⎪⎩

∫ ∫

∫

→

( )0 1,WB WB

( )0 1,WH WH

0 1,WB WB0WB

0WH
0 1,WH WH

0 0

0

2 ( ) ( ) 0,

( ) 0, .

( ) 0,

( ) 0.

B H

H

s

s

frB y dy frH x dx

frH x xdx

frB y sB

frH x sH

⎧
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎩

ε + ε =∫ ∫

ε =∫

ε = −ε =

ε = −ε =
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È
É ³ ïëàñòè÷íî¿ εprB(y) äåôîðìàö³é â çàëèøêîâîìó

ñòàí³ äëÿ ïîÿñà ³ àíàëîã³÷íî äëÿ ðåáðà — εfrH1(x),
εerH1(x), εprH1(x). 
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