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Ç ÎÄÍÎÃÎ ÐÎÇÏËÀÂÓ

Ó ñòàòò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåíü íîâèõ òåõíîëîã³÷íèõ ñïîñîá³â
âèãîòîâëåííÿ ÷àâóííèõ ëèòèõ äåòàëåé, ÿê³ êðèñòàë³çóþòüñÿ â îäí³é ÷àñòèí³ ç
á³ëîãî çíîñîñò³éêîãî ÷àâóíó, à â ³íø³é ÷àñòèí³ – ç â’ÿçêîãî óäàðîñò³éêîãî âèñîêîì³öíîãî
÷àâóíó ç êóëÿñòèì ãðàô³òîì ³ç çàñòîñóâàííÿì âíóòð³øíüîôîðìîâîãî îáðîáëåííÿ
ìîäèô³êóâàëüíèìè àáî ëåãóâàëüíèìè äîáàâêàìè îäíîãî áàçîâîãî ðîçïëàâó.
Ï³äòâåðäæåíî ìîæëèâ³ñòü ðåàë³çàö³¿ çàïðîïîíîâàíèõ ñïîñîá³â, à òàêîæ íàâåäåí³
óìîâè, ùî çàáåçïå÷óþòü äèôåðåíö³àö³þ ñòðóêòóðè òà âëàñòèâîñòåé ó ëîêàëüíèõ
÷àñòèíàõ ëèòèõ ÷àâóííèõ äåòàëåé. Ïîêàçàíà ïåðñïåêòèâí³ñòü ñïîñîá³â äëÿ
âèãîòîâëåííÿ ïðîìèñëîâèõ äåòàëåé øèðîêîãî ïðèçíà÷åííÿ.

Êëþ÷îâ³ ñëîâà: ñïîñ³á, ÷àâóíí³ ëèò³ äåòàë³, á³ëèé çíîñîñò³éêèé ÷àâóí,
âèñîêîì³öíèé ÷àâóí ³ç êóëÿñòèì ãðàô³òîì, ìåõàí³÷íà ïåðåãîðîäêà, ãîðèçîíòàëüíà
òà âåðòèêàëüíà ïëèòà.

Â äàííîé ñòàòüå ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé íîâûõ òåõíîëîãè÷åñêèõ
ñïîñîáîâ èçãîòîâëåíèÿ ÷óãóííûõ ëèòûõ äåòàëåé, êðèñòàëëèçóþùèõñÿ â îäíîé
÷àñòè èç áåëîãî èçíîñîñòîéêîãî ÷óãóíà, à â äðóãîé ÷àñòè – èç âÿçêîãî óäàðîñòîéêîãî
âûñîêîïðî÷íîãî ÷óãóíà ñ øàðîâèäíûì ãðàôèòîì ñ ïðèìåíåíèåì âíóòðèôîðìåííîé
îáðàáîòêè ìîäèôèöèðóþùèìè èëè ëåãèðóþùèìè äîáàâêàìè áàçîâîãî ðàñïëàâà,
âûïëàâëåííîãî â îäíîì ïëàâèëüíîì àãðåãàòå. Ïîäòâåðæäåíà âîçìîæíîñòü
ðåàëèçàöèè ïðåäëîæåííûõ ñïîñîáîâ, à òàêæå ïðèâåäåíû óñëîâèÿ, îáåñïå÷èâàþùèå
äèôôåðåíöèàöèþ ñòðóêòóðû è ñâîéñòâ â ëîêàëüíûõ ÷àñòÿõ ëèòûõ ÷óãóííûõ
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äåòàëåé. Ïîêàçàíà ïåðñïåêòèâíîñòü ñïîñîáîâ äëÿ èçãîòîâëåíèÿ ïðîìûøëåííûõ
äåòàëåé øèðîêîãî íàçíà÷åíèÿ.

Êëþ÷åâûå ñëîâà: ñïîñîá, ÷óãóííûå ëèòûå äåòàëè, áåëûé èçíîñîñòîéêèé
÷óãóí, âûñîêîïðî÷íûé ÷óãóí ñ øàðîâèäíûì ãðàôèòîì, ìåõàíè÷åñêàÿ ïåðåãîðîäêà,
ãîðèçîíòàëüíàÿ è âåðòèêàëüíàÿ ïëèòà.

Ïîñòàíîâêà ïðîáëåìè. Ñïåöèô³êà âèêîíàííÿ ñëóæáîâèõ çàâäàíü ï³äðîçä³ëàìè
ñèñòåìè Ì³í³ñòåðñòâà âíóòð³øí³õ ñïðàâ Óêðà¿íè âèìàãàº îíîâëåííÿ àáî ìîäåðí³çàö³¿
ñïåö³àë³çîâàíî¿ òåõí³êè, õàðàêòåðèñòèêè ÿêî¿ ìàþòü â³äïîâ³äàòè óìîâàì òà ïîòðåáàì
ñüîãîäåííÿ. Äî òàêèõ âèìîã íàëåæàòü: ï³äâèùåííÿ íàä³éíîñò³ òà ñòðîêó åêñïëóàòàö³¿
òåõí³êè, çá³ëüøåííÿ øâèäêîñò³ ¿¿ ïåðåñóâàííÿ, çàáåçïå÷åííÿ ïðîõîäæåííÿ íà
âàæêîäîñòóïí³é ì³ñöåâîñò³ òîùî.

Îäíà ç îñíîâíèõ ïðè÷èí ïåðåä÷àñíîãî âèõîäó ç ëàäó òàêî¿ òåõí³êè – öå àáðà-
çèâíèé çíîñ äåòàëåé ìåõàí³çì³â àáî ¿õ ðîáî÷èõ ÷àñòèí. Ïðè÷îìó â óìîâàõ åêñ-
ïëóàòàö³¿ ³íòåíñèâíîìó çíîøóâàííþ ïåðåâàæíî ï³ääàºòüñÿ íå âñÿ äåòàëü, à ò³ëüêè
¿¿ ðîáî÷èé øàð àáî îêðåìèé åëåìåíò, ÿêèé êîíòàêòóº ç àáðàçèâîì. ²íøà ÷àñòèíà
äåòàë³, ÿêà ðóéíóºòüñÿ íàé÷àñò³øå â³ä íåïåðåäáà÷åíèõ àâàð³éíèõ óäàðíèõ ïåðå-
âàíòàæåíü, âèêîíóº ôóíêö³þ ìîíòàæíî¿ îñíîâè äëÿ êð³ïëåííÿ âñ³º¿ äåòàë³ àáî
ìåõàí³çìó.

Íåîáõ³äíî, ùîá ðîáî÷à ïîâåðõíÿ (øàð, ÷àñòèíà) òàêèõ äåòàëåé ìàëè âèñîêó
òâåðä³ñòü òà çíîñîñò³éê³ñòü, à ìîíòàæíà ÷àñòèíà (åëåìåíò) äåòàë³ – óäàðîñò³éê³ñòü,
â’ÿçê³ñòü ³ íà â³äì³íó â³ä òâåðäîãî ðîáî÷îãî øàðó, çàäîâ³ëüíó îáðîáëþâàí³ñòü
ð³çàííÿì.

Äîñòàòíþ âèñîêó òâåðä³ñòü ³ çíîñîñò³éê³ñòü ìîæå çàáåçïå÷èòè äåøåâèé êîí-
ñòðóêö³éíèé ìàòåð³àë – á³ëèé ÷àâóí ³ç ïåðë³òî-öåìåíòèòíîþ ñòðóêòóðîþ (ðèñ. 1,
à), à ï³äâèùåíó ïëàñòè÷í³ñòü ìîíòàæíî¿ ÷àñòèíè – ÷àâóí ³ç êóëÿñòèì ãðàô³òîì
ôåðèòî-ïåðë³òíîãî êëàñó (ðèñ. 1, á) [1]. Îäíàê äåòàë³ ç îäíî÷àñíèì ïîºäíàííÿì
òàêèõ ÷àâóí³â ïðàêòè÷íî íå âèêîðèñòîâóþòüñÿ.

430…450 ÍÂ d=15…20%
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Ðèñ. 1. Ìàêðîñòðóêòóðà çëàìó (²), ì³êðîñòðóêòóðà (²²) á³ëîãî ÷àâóíó òà âèñîêîì³öíîãî ÷àâóíó
ç êóëÿñòèì ãðàô³òîì (×100): Ï – ïåðë³ò, Ö – öåìåíòèò, Ã – ãðàô³ò, Ô – ôåðèò
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Àíàë³ç îñíîâíèõ äîñë³äæåíü ³ ïóáë³êàö³é. Ó ïðîìèñëîâîñò³ ÷àâóíí³ äåòàë³
ç ð³çíîþ ñòðóêòóðîþ òà âëàñòèâîñòÿìè âèðîáëÿþòü ð³çíèìè ñïîñîáàìè, íàéá³ëüø
åôåêòèâíèìè ñåðåä ÿêèõ º ìåòîäè ëèòòÿ. Òðàäèö³éí³ ìåòîäè ëèòòÿ ïåðåäáà÷àþòü
çàëèâàííÿ â çàãàëüíó ëèâàðíó ôîðìó ð³äêèõ ÷àâóí³â ð³çíîãî õ³ì³÷íîãî ñêëàäó ç
âñòàíîâëåíîþ ðîçä³ëîâîþ ïåðåãîðîäêîþ ì³æ íèìè (ðèñ. 2, à), ïîñë³äîâíèì çàëè-
âàííÿì â ëèâàðíó ôîðìó ð³äêèõ ÷àâóí³â ÷åðåç äâ³ íåçàëåæí³ ëèâíèêîâ³ ñèñòåìè
ç ïàóçîþ ì³æ çàëèâàííÿì (ðèñ. 2, á), âèëèâàííÿì ³ç ôîðìè ð³äêèõ ÷àâóí³â ³ç äî-
ëèâàííÿì ñåðöåâèíè ÷àâóíîì ³íøîãî õ³ì³÷íîãî ñêëàäó (ðèñ. 2, â) [2; 3].

Çàçíà÷åí³ ëèâàðí³ ìåòîäè ïîòðåáóþòü âèêîðèñòàííÿ äâîõ ïëàâèëüíèõ àãðåãàò³â
äëÿ ñèíõðîííîãî (ïàðàëåëüíîãî) âèïëàâëÿííÿ ÷àâóí³â ð³çíèõ ñêëàä³â àáî
âèïëàâëÿííÿ îäíîãî ðîçïëàâó ç íàñòóïíèì ïîçàï³÷íèì îáðîáëåííÿì éîãî ÷à-
ñòèíè (ïîðö³¿) äî çàëèâàííÿ ôîðìè, ùî º ñóòòºâèìè ¿õ íåäîë³êàìè ³ ÷àñòî ñòðèìóº
øèðîêå âïðîâàäæåííÿ â ïðàêòèêó.

Äëÿ çìåíøåííÿ àáî óñóíåííÿ ïåðåë³÷åíèõ íåäîë³ê³â ó ñòàòò³ çàïðîïîíîâàíî
òà äîñë³äæåíî íîâ³ òåõíîëîã³÷í³ ñïîñîáè âèãîòîâëåííÿ ÷àâóííèõ âèëèâê³â ç³
çíîñîñò³éêîþ òà óäàðîñò³éêîþ ÷àñòèíàìè ç îäíîãî áàçîâîãî ðîçïëàâó. Â îñíîâ³ öèõ
ñïîñîá³â – ìîæëèâ³ñòü óïðàâë³ííÿ ëèòîþ ñòðóêòóðîþ òà âëàñòèâîñòÿìè ÷àâóíó çà
ðàõóíîê îáðîáëåííÿ áàçîâîãî ðîçïëàâó â ëèâàðí³é ôîðì³ ìîäèô³êóâàëüíèìè àáî
ëåãóâàëüíèìè äîáàâêàìè, ðîçì³ùåíèìè â ïðîòî÷íèõ ðåàêö³éíèõ êàìåðàõ ëèâíèêîâî¿
ñèñòåìè  [4].

  à á

â

1 – âåðõíÿ ï³âôîðìà; 2 – ìåòàëåâà ïåðåãîðîäêà; 3 – íèæíÿ ï³âôîðìà;
4, 5 – ðîçïëàâè ÷àâóí³â ð³çíîãî õ³ì³÷íîãî ñêëàäó

Ðèñ. 2. Ñõåìè âèãîòîâëåííÿ ÷àâóííèõ äåòàëåé ç äèôåðåíö³éîâàíîþ ñòðóêòóðîþ
òà âëàñòèâîñòÿìè ³ç çàñòîñóâàííÿì òðàäèö³éíèõ ìåòîä³â ëèòòÿ

²äåÿ ñïîñîá³â ïîëÿãàº â òîìó, ùî áàçîâèé ð³äêèé ÷àâóí, êðèñòàë³çàö³ÿ ÿêîãî
â³äáóâàºòüñÿ ç âèä³ëåííÿì ãðàô³òó (Ñ×), âèïëàâëåíèé â îäíîìó ïëàâèëüíîìó
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àãðåãàò³, çàëèâàºòüñÿ äî ëèâàðíî¿ ôîðìè ÷åðåç êàíàëè çàãàëüíî¿ ãîðèçîíòàëüíî¿
(ðèñ. 3, à) àáî ÿðóñíî¿ (ðèñ. 3, á) ëèâíèêîâî¿ ñèñòåìè, â ÿê³é â³í ðîçä³ëÿºòüñÿ íà
äâà ïîòîêè.

à á

Ðèñ. 3. Ñõåìè êîíñòðóêòèâíî-òåõíîëîã³÷íèõ âàð³àíò³â âèãîòîâëåííÿ âèëèâê³â ³ç
äèôåðåíö³éîâàíèìè âëàñòèâîñòÿìè

Ïåðøèé ïîò³ê íàïðàâëÿºòüñÿ â îäíó ÷àñòèíó ïîðîæíèíè ôîðìè ç îáðîáëåííÿì
ó ðåàêö³éí³é êàìåð³ êàðá³äîóòâîðþâàëüíèì ìîäèô³êàòîðîì (ÊÌ) äëÿ çàáåçïå÷åííÿ
ôîðìóâàííÿ â ÷àñòèí³ ëèòî¿ äåòàë³ á³ëîãî çíîñîñò³éêîãî ÷àâóíó (Á×), à äðóãèé â
³íøó ÷àñòèíó ò³º¿ æ ïîðîæíèíè ôîðìè ç îáðîáëåííÿì â ³íø³é ðåàêö³éí³é êàìåð³
ñôåðî¿äèçóâàëüíèì ìîäèô³êàòîðîì (ÑÌ) äëÿ îòðèìàííÿ â ÷àñòèí³ äåòàë³ âèñîêî-
ì³öíîãî ÷àâóíó ç êóëÿñòèì ãðàô³òîì (Â×) (ðèñ. 3) [5–16].

Ç îãëÿäó íà âèñîêó ÷óòëèâ³ñòü ìåòîäó âíóòð³øíüîôîðìîâîãî ìîäèô³êóâàííÿ
äî õ³ì³÷íîãî ñêëàäó áàçîâîãî ðîçïëàâó ÷àâóíó, à òàêîæ äî óìîâ ëèòòÿ òà ìîäèô³êó-
âàííÿ íåîáõ³äíî áóëî ïðîâåñòè ðÿä åêñïåðèìåíò³â äëÿ ïîøóêó òà âñòàíîâëåííÿ
îïòèìàëüíèõ òåõíîëîã³÷íèõ ðåæèì³â çàïðîïîíîâàíèõ ñïîñîá³â âèãîòîâëåííÿ ëèòèõ
äåòàëåé (âèëèâê³â) ç ðîáî÷îþ çíîñîñò³éêîþ òà â’ÿçêîþ óäàðîñò³éêîþ ÷àñòèíàìè.

Ìåòîþ äîñë³äæåííÿ º ðîçðîáëåííÿ íîâèõ ñïîñîá³â äèôåðåíö³àö³¿ ñòðóêòóðè
òà âëàñòèâîñòåé ìåòàëó â ÷àâóííèõ âèëèâêàõ ³ç çàñòîñóâàííÿì âíóòð³øíüîôîðìîâîãî
ìîäèô³êóâàííÿ îäíîãî áàçîâîãî ðîçïëàâó.

Âèêëàä îñíîâíîãî ìàòåð³àëó. Äëÿ äîñë³äæåíü îáðàí³ åêñïåðèìåíòàëüí³ âè-
ëèâêè – ãîðèçîíòàëüíà òà âåðòèêàëüíà ïëèòà ðîçì³ðîì 240õ240õ25 ìì, ÿê³ ìî-
äåëþþòü ïðîìèñëîâ³ äåòàë³ òèïó: â³íö³, íàñàäêè, âàæåë³, íîæ³, ³íñòðóìåíò ð³çíîãî
ïðèçíà÷åííÿ òîùî.

Ïîïåðåäí³ìè äîñë³äæåííÿìè ç çàñòîñóâàííÿì ìåòîä³â ìàòåìàòè÷íîãî òà
ô³çè÷íîãî ìîäåëþâàííÿ ïðîàíàë³çîâàí³ ã³äðîäèíàì³÷í³ òà òåïëîô³çè÷í³ ïðîöåñè,
ùî â³äáóâàþòüñÿ ïðè çàïîâíåííÿ ëèâàðíî¿ ôîðìè ðîçïëàâàìè, à òàêîæ âèçíà÷åí³
îïòèìàëüí³ óìîâè ôîðìóâàííÿ ëèòèõ äåòàëåé ³ç äèôåðåíö³éîâàíèìè âëàñòèâîñòÿ-
ìè.

Âñòàíîâëåíî, ùî ïðè âèãîòîâëåíí³ âèëèâê³â ³ç çàëèâàííÿì ðîçïëàâó ÷åðåç
êàíàëè çàãàëüíî¿ ãîðèçîíòàëüíî¿ àáî ÿðóñíî¿ ëèâíèêîâî¿ ñèñòåìè, äèôåðåíö³àö³ÿ
ñòðóêòóðè òà âëàñòèâîñòåé çàáåçïå÷óºòüñÿ çà íàÿâíîñò³ ìåõàí³÷íîãî áàð’ºðà ó âèãëÿä³
ïåðåãîðîäêè, ÿêà çàëèøàëàñÿ á äî ìîìåíòó çàïîâíåííÿ ïîðîæíèíè ôîðìè
ðîçïëàâàìè òà ïî÷àòêîì ¿õ êðèñòàë³çàö³¿, à òàêîæ íàä³éíî ç’ºäíóâàëàñÿ ç ìåòàëîì
âèëèâêà (ðèñ. 4).
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  ²² 
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Ðèñ. 4. Ðåçóëüòàòè ìàòåìàòè÷íîãî (²) ³ ô³çè÷íîãî (²²) ìîäåëþâàííÿ ïðîöåñ³â âèãîòîâëåííÿ
âèëèâê³â: ãîðèçîíòàëüíà (à) òà âåðòèêàëüíà (á) ïëèòà ç äèôåðåíö³éîâàíèìè âëàñòèâîñòÿìè òà

çàñòîñóâàííÿì ìåõàí³÷íî¿ ïåðåãîðîäêè

ßê áàð’ºð ìîæíà âèêîðèñòîâóâàòè ìåòàëåâó ïåðåãîðîäêó çàäàíî¿ òîâùèíè,
íàïðèêëàä ³ç ÷àâóíó àáî ñòàë³. Òàêîæ ïðè âèáîð³ òîâùèíè ïåðåãîðîäêè íåîáõ³äíî
âðàõîâóâàòè òåìïåðàòóðó ðîçïëàâó, ùî çàëèâàºòüñÿ â ïîðîæíèíó ôîðìè, ç³ çá³ëüøåííÿì
ÿêî¿ çàëèøêîâà òîâùèíà ïåðåãîðîäêè â ðåçóëüòàò³ ï³äïëàâëåííÿ çìåíøóºòüñÿ
(ðèñ. 5). Öå, ó ñâîþ ÷åðãó, ìîæå ïðèçâîäèòè äî óòðóäíåííÿ âèãîòîâëåííÿ ëèòèõ
äåòàëåé ç ð³çíîþ ñòðóêòóðîþ òà âëàñòèâîñòÿìè â ¿õ ëîêàëüíèõ ÷àñòèíàõ (çîíàõ).

Ðèñ. 5. Çì³íà çàëèøêîâî¿ òîâùèíè ïåðåãîðîäêè ³ç ÷àâóíó çàëåæíî â³ä òåìïåðàòóðè ðîçïëàâó:
1 – ïî÷àòêîâà òîâùèíà ÷àâóííî¿ ïåðåãîðîäêè 10 ìì, 2–7 ìì, 3–5 ìì, 4–3 ìì
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Äëÿ ïåðåâ³ðêè ðåçóëüòàò³â ìîäåëþâàííÿ ïðîâåäåíî íàòóðí³ åêñïåðèìåíòè
íà ÷àâóííèõ âèëèâêàõ.

Áàçîâèé ÷àâóí, êðèñòàë³çàö³ÿ ÿêîãî â³äáóâàºòüñÿ ç âèä³ëåííÿì ãðàô³òó (Ñ×)
òàêîãî õ³ì³÷íîãî ñêëàäó Ñ=3,6…3,8 %, Si=1,8…2,0 %, 0,5…0,7 % Mn, äî 0,05 % S, äî
0,1 % P âèïëàâëÿëè â ³íäóêö³éí³é òèãåëüí³é ïå÷³ ²×Ò-006 íà øèõò³ ç äîìåííîãî
ïåðåðîáíîãî ÷àâóíó (ìàðêè ÏË1 ÄÑÒÓ 3133-95) òà ñòàëåâîãî áðóõòó (ìàðêè
Ñò. 3 ÄÑÒÓ 4121-2002). ßê êàðá³äîóòâîðþâàëüí³ äîáàâêè äëÿ âíóòð³øíüîôîðìîâîãî
îáðîáëåííÿ ðîçïëàâó äëÿ îäåðæàííÿ ñòðóêòóðè òà âëàñòèâîñòåé çíîñîñò³éêîãî
á³ëîãî ÷àâóíó âèêîðèñòîâóâàëè ôåðîõðîì ìàðêè ÔÕ900 (ÃÎÑÒ 4757-91). Äëÿ
ñôåðî¿äèçóâàëüíîãî ìîäèô³êóâàííÿ â ëèâàðí³é ôîðì³ ðîçïëàâó äëÿ îòðèìàííÿ â
÷àñòèí³ âèëèâêà âèñîêîì³öíîãî ÷àâóíó ç êóëÿñòèì ãðàô³òîì âèêîðèñòîâóâàëè
ôåðîñèë³ö³é-ìàãí³ºâèé ñïëàâ VL63M (âèðîáíèöòâà Í³ìå÷÷èíè). Ê³ëüê³ñòü äîáàâîê
³ç ðîçì³ðàìè ÷àñòîê 1,0…5,0 ìì, ÿê³ çàâàíòàæóâàëèñü äî ðåàêö³éíèõ êàìåð, âèêîíàíèõ
ó âèãëÿä³ ï³íîïîë³ñòèðîëîâî¿ îáîëîíêè, ó âñ³õ åêñïåðèìåíòàõ ñêëàäàëà 2,0 % â³ä
ìàñè îáðîáëþâàëüíîãî ðîçïëàâó.

ßê ìåõàí³÷í³ áàð’ºðè äëÿ ïîïåðåäæåííÿ çì³øóâàííÿ ïîòîê³â ðîçïëàâ³â ó
ïîðîæíèíè ôîðìè â³ä³áðàíî ïåðåãîðîäêè ïðÿìîêóòíî¿ ôîðìè 250õ30 ìì òîâùèíîþ
1,0, 2,0, 3,0 ìì ³ç êàòàíî¿ ñòàë³ Ñò. 3, à òàêîæ òîâùèíîþ 0,5, 1,0 òà 1,3 ìì ³ç
îöèíêîâàíî¿ ñòàë³ Ñò. 08, ÿê³ ïîêðèò³ øàðîì öèíêó 60…80 ìêì (ÃÎÑÒ 3640-94).
Ïåðåãîðîäêè âñòàíîâëþâàëèñÿ ïî â³ñ³ ñèìåòð³¿ ïîðîæíèíè ôîðìè. Ï³ùàí³ ôîðìè
çàëèâàëè ç ðó÷íîãî êîâøà ïðè òåìïåðàòóð³ 1400, 1450 ³ 1500±10 °Ñ.

Âñòàíîâëåíî, ùî ï³ä ÷àñ çàëèâàííÿ ð³äêîãî ÷àâóíó ïðè òåìïåðàòóð³ 1500±10°Ñ
ïåðåãîðîäêè òîâùèíîþ 0,5, 1,0, 1,3 ìì ðîç÷èíÿëèñÿ â îá’ºì³ âèëèâêà, ùî ïðèçâîäèëî
äî ã³äðîäèíàì³÷íîãî ïåðåì³øóâàííÿ ðîçïëàâ³â ³ êðèñòàë³çàö³¿ âèëèâê³â ³ç îäíîð³äíîþ
ñòðóêòóðîþ. Ïåðåãîðîäêè òîâùèíîþ 2,0 ³ 3,0 ìì çàëèøàëèñÿ ó âèëèâêó òà
ç’ºäíóâàëèñÿ ç éîãî ìåòàëîì ³ çàáåçïå÷óâàëè äèôåðåíö³àö³þ ñòðóêòóðè òà
âëàñòèâîñòåé âèëèâê³â.

Ïðè çàëèâàíí³ ÷àâóíó çà òåìïåðàòóðè 1400 ³ 1450±10 °Ñ âñ³ ïåðåãîðîäêè
çàëèøàëèñÿ.

Ï³ä ÷àñ â³çóàëüíîãî îãëÿäó ìàêðîñòðóêòóðè çëàì³â âèëèâê³â âñòàíîâëåíî, ùî ïðè
âèêîðèñòàí³ ïåðåãîðîäîê ³ç êàòàíî¿ ñòàë³ ìàðêè Ñò. 3 â á³ëüøîñò³ âèïàäê³â ó çîí³
êîíòàêòó ïåðåãîðîäêè ³ ÷àâóí³â ïåðåäáà÷àëîñÿ ôîðìóâàííÿ ãàçîâî¿ ïîðóâàòîñò³ ³ ðàêîâèí,
ó ðåçóëüòàò³ âèíèêíåííÿ îêñèä³â çàë³çà âíàñë³äîê îêèñíåííÿ ïëàñòèíè, à òàêîæ âèä³ëåííÿ
ãàç³â ³ç ôîðìè â ïðîöåñ³ ¿¿ çàëèâàííÿ. Íåçâàæàþ÷è íà òå, ùî ïîâåðõíþ ïëàñòèí ïåðåä
âñòàíîâëåííÿì ¿õ ó ôîðìó çà÷èùàëè â³ä ³ðæ³, âîëîãè òà ìàñåë, âèêîðèñòàííÿ ïåðåãîðîäîê
³ç âóãëåöåâî¿ ñòàë³ íå äàº ñòàá³ëüíèõ ðåçóëüòàò³â. Ï³ñëÿ óäàðíèõ íàâàíòàæåíü òàê³
âèëèâêè ðóéíóâàëèñÿ â êîíòàêòí³é çîí³ ïåðåãîðîäêè ç ÷àâóíîì.

Ñòàëåâ³ ïåðåãîðîäêè ç öèíêîâèì ïîêðèòòÿì íàä³éíî ç’ºäíóâàëèñÿ ç ÷àñòèíàìè
âèëèâê³â ³ çàáåçïå÷óâàëè äèôåðåíö³àö³þ ñòðóêòóðè òà âëàñòèâîñòåé â îäí³é ÷àñòèí³
³ç á³ëîãî ÷àâóíó ç ïåðë³òî-öåìåíòèòíîþ ñòðóêòóðîþ ç âì³ñòîì öåìåíòèòó Ö40 òà
çàéíÿòîþ íèì ïëîùåþ Öï13000 (â³äïîâ³äíî äî ÃÎÑÒó 3443-87). Ó ³íø³é ÷àñòèí³
÷àâóí ç êóëÿñòèì ãðàô³òîì ïðàâèëüíî¿ ôîðìè ØÃô5, ä³àìåòðîì ØÃä45 ð³âíîì³ðíî
ðîçïîä³ëåíèé ó ïîë³ øë³ôà ØÃð1, ó ê³ëüêîñò³ ØÃ6 ó ïåðë³òî-ôåðèòí³é ìàòðèö³
(Ï85Ô15) (â³äïîâ³äíî äî ÃÎÑÒó 3443-87). Ó öåíòðàëüí³é ÷àñòèí³ òàêîãî âèëèâêà
ôîðìóâàëàñÿ ïåðåõ³äíà çîíà ç³ ù³ëüíèì ç’ºäíàííÿì ìîäèô³êîâàíèõ ÷àâóí³â ³ç
ñòàëåâîþ ïåðåãîðîäêîþ áåç ãàçîâèõ äåôåêò³â (ðèñ. 6). Öå ïîÿñíþºòüñÿ òèì, ùî â
ïðîöåñ³ êîíòàêòó ðîçïëàâ³â ³ ïåðåãîðîäêè âèä³ëÿºòüñÿ îêñèä öèíêó, ÿêèé çàõèùàº
ïåðåãîðîäêó â³ä îêèñëåííÿ â êîíòàêòí³é çîí³.
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Ðèñ. 6. Ìàêðîñòðóêòóðè çëàìó (²), ì³êðîñòðóêòóðè (²²) ÷àñòèí âèëèâê³â ãîðèçîíòàëüíî¿ (à)
òà âåðòèêàëüíî¿ (á) ïëèòè

Ì³êðîñòðóêòóðà ïåðåõ³äíî¿ çîíè òàêèõ âèëèâê³â ñêëàäàºòüñÿ ³ç çàëèøê³â
ñòàëåâî¿ ïåðåãîðîäêè, à òàêîæ ìåæîâî¿ áåçâóãëåöåâì³øóþ÷î¿ çîíè, ïîä³áíî¿ äî
ïåðë³òíî¿ ñòðóêòóðè ì³æ ÷àâóíîì òà ïåðåãîðîäêîþ (ðèñ. 6, à). Ì³öí³ñòü íà
ðîçðèâàííÿ ïåðåõ³äíî¿ çîíè çíàõîäèòüñÿ íà ð³âí³ 420…450 ÌÏà.

Âèñíîâêè. Òàêèì ÷èíîì, ïðîâåäåí³ äîñë³äæåííÿ ï³äòâåðäæóþòü ìîæëèâ³ñòü
ðåàë³çàö³¿ çàïðîïîíîâàíèõ òåõíîëîã³÷íèõ ñïîñîá³â äèôåðåíö³àö³¿ ñòðóêòóðè òà
âëàñòèâîñòåé ÷àâóíó â ÷àñòèíàõ ëèòèõ äåòàëåé, ÿê³ îäåðæóþòüñÿ øëÿõîì âíóò-
ð³øíüîôîðìîâîãî ìîäèô³êóâàííÿ â îêðåìèõ ðåàêö³éíèõ êàìåðàõ áàçîâîãî ðîçïëàâó,
âèïëàâëåíîãî â îäíîìó ïëàâèëüíîìó àãðåãàò³, ùî çàëèâàºòüñÿ ÷åðåç çàãàëüíó ãî-
ðèçîíòàëüíó òà ÿðóñíó ëèâíèêîâ³ ñèñòåìè.

Ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü ïðî ïåðñïåêòèâí³ñòü çàñòîñóâàííÿ çàïðîïîíî-
âàíèõ ñïîñîá³â íà ï³äïðèºìñòâàõ ³ç âèãîòîâëåííÿ äåòàëåé ìàøèí, ìåõàí³çì³â òà
³íøî¿ ñïåö³àëüíî¿ òåõí³êè, ÿê³ ïðàöþþòü â óìîâàõ ñòàòè÷íèõ òà äèíàì³÷íèõ íà-
âàíòàæåíü, à òàêîæ àáðàçèâíîãî çíîøóâàííÿ. Âïðîâàäæåííÿ òàêèõ ñïîñîá³â íå
ïîòðåáóº âèêîðèñòàííÿ äîäàòêîâîãî äîðîãîãî îáëàäíàííÿ, à òàêîæ ïîêðàùóº óìîâè
ïðàö³ íà ï³äïðèºìñòâàõ.
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FEATURES OF CAST-IRON PARTS
WITH WEAR-RESISTANT AND SHATTERPROOF PARTS

FROM THE SAME MELTDOWN

In this article the results of researches concerning new technological methods of
production of cast iron parts (castings) with differentiated properties in their local
parts from the base melt melted in one melting aggregate are given.
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It is noted that using cast iron castings with differentiated properties is a
promising area of various industries for the design of new machines, mechanisms and
other special equipment with improved performance characteristics.

It is stressed that cast iron parts with differentiated properties, especially with
the combination of parts made of wear-resistant white and shatterproof high-strength
cast irons, are practically not used in industry.

The most widespread foundry methods of production of cast iron with differentiated
properties have been analyzed and their main drawbacks have been revealed, which
promoted the development of new foundry methods and conduction of corresponding
researches.

According to the new technological methods the differentiation of cast iron
structure and properties in different parts of castings is achieved due to the in-shno-
form processing of the base melt flow, which is melted in one melting unit, in separate
reaction chambers of the casting system of the casting mold of carbido-utvoryuvalnym
and spheroidalnym additives. This makes it possible to manufacture castings with a
combination of the structure and properties of wear-resistant white cast iron and high-
strength high-strength cast iron with spheroidal graphite, designed for use in shock-
free as well as shock-abrasive wearing.

Mathematical and physical modeling and full-scale experiments were carried
out, which confirmed the possibility of realization of the proposed technological
methods and made it possible to establish optimal conditions and modes of formation
of differentiated structures and properties in castings.

The advantages of the proposed technological methods of differentiating the
structure and properties of metal castings, as well as the prospects of their use in
various industries for a wide range of cast products are highlighted.

Keywords: method, cast iron parts, white wear-resistant cast iron, high-strength
spheroidal graphite cast iron, mechanical partition, horizontal and vertical slabs.
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