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Â ðîáîò³ âèêîíàí³ äîñë³äæåííÿ âïëèâó ì³êðîîðãàí³çì³â âåðìèêîìïîñòó íà á³îñò³éê³ñòü

ë³í³éíèõ áëîê-êîïîë³óðåòàí³â, íàïîâíåíèõ êðîõìàëåì. Âèâ÷åíà ïîâåðõíåâà ñòðóê-

òóðà êîìïîçèö³éíèõ çðàçê³â ïðè ð³çíèõ ñï³ââ³äíîøåííÿõ ïîë³óðåòàí:êðîõìàëü.

Îïòè÷í³ äîñë³äæåííÿ ïîâåðõí³ çðàçê³â ïîë³óðåòàíîâèõ êîìïîçèö³é ïîêàçàëè, ùî ç³

çá³ëüøåííÿì âì³ñòó êðîõìàëþ çì³íà ðåëüºôó ïîâåðõí³ çðàçê³â ïðîÿâëÿºòüñÿ á³ëüøîþ

ì³ðîþ, ùî ñâ³ä÷èòü ïðî ïðîò³êàííÿ ïðîöåñ³â á³îäåñòðóêö³¿ ïîë³ìåðó òà çì³íè éîãî

ô³çè÷íèõ âëàñòèâîñòåé. Ðåçóëüòàòè äîñë³äæåíü ñâ³ä÷àòü, ùî ç³ çá³ëüøåííÿì âì³ñòó

êðîõìàëþ íà ïîâåðõí³ êîìïîçèö³éíèõ çðàçê³â çá³ëüøóºòüñÿ ê³ëüê³ñòü óòâîðåíü êî-

ëîí³é ì³êðîîðãàí³çì³â, ÿê³ çä³éñíþþòü âïëèâ ÿê íà êðîõìàëü, òàê ³ íà ìàòðè÷íèé

ïîë³óðåòàí. Âñòàíîâëåíî îïòèìàëüíå ñï³ââ³äíîøåííÿ ïîë³óðåòàí/êðîõìàëü=50:50,

ïðè ÿêîìó ìàñà çðàçê³â çìåíøóºòüñÿ íà 20%, ùî ñâ³ä÷èòü ïðî ³í³ö³þâàííÿ ïðîöåñ³â

á³îðóéíóâàííÿ êðîõìàëåì, ÿêèé ñëóãóº ïîæèâíîþ ðå÷îâèíîþ äëÿ ðîçâèòêó ì³êðî-

îðãàí³çì³â. Ïîêàçàíî, ùî çá³ëüøåííÿ âì³ñòó êðîõìàëþ ñóïðîâîäæóºòüñÿ çìåíøåí-

íÿì ãóñòèíè äîñë³äæóâàíèõ ìàòåð³àë³â, ùî º íàñë³äêîì çìåíøåííÿ ìîëåêóëÿðíî¿

ìàñè ïîë³ìåðó âíàñë³äîê ðóéíóþ÷î¿ ä³é ì³êðîîðãàí³çì³â. Çá³ëüøåííÿ åêñïîçèö³¿

çðàçê³â ïîë³óðåòàíó ³ âì³ñòó êðîõìàëþ ñïðèÿº çìåíøåííþ â’ÿçêîñò³ ðîç÷èí³â ïîë³-

óðåòàíîâèõ êîìïîçèö³é íà 27%. Ïðîäóêòè á³îðîçêëàäàííÿ ïîë³óðåòàíó ï³ñëÿ ¿õ àñè-

ì³ëÿö³¿ ì³êðîîðãàí³çìàìè ³ ì³êðîáàìè çáàãà÷óþòü ´ðóíò êîðèñíèìè åëåìåíòàìè ³

ñëóãóþòü â ÿêîñò³ äîäàòêîâèõ äîáðèâ.
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Âñòóï

Ïëàñòèêè íàêîïè÷óþòüñÿ â íàâêîëèøíüî-
ìó ñåðåäîâèù³, ñòâîðþþ÷è ïîñò³éíî çðîñòàþ÷ó
åêîëîã³÷íó íåáåçïåêó äëÿ ôëîðè òà ôàóíè [1–3].
Á³ëüø³ñòü ïîë³ìåðíèõ ìàòåð³àë³â, ùî âèïóñêà-
þòüñÿ ïðîìèñëîâ³ñòþ, â³äð³çíÿþòüñÿ âèêëþ÷íî
âèñîêîþ ñò³éê³ñòþ äî ä³¿ ì³êðîîðãàí³çì³â, ùî
îáóìîâëþº ¿õ øèðîêå ðîçïîâñþäæåííÿ ó ð³çíèõ
ãàëóçÿõ ïðîìèñëîâîñò³. Ïåðåâàãàìè ïîë³óðåòàí³â
º òå, ùî âîíè ìàþòü ï³äâèùåíó ì³öí³ñòü ïðè
ðîçòÿãóâàíí³ [4]. Ïîë³óðåòàíè çíàéøëè øèðîêå
çàñòîñóâàííÿ â ìåäè÷íî¿, àâòîìîá³ëüíî¿ òà ïðî-
ìèñëîâî¿ ãàëóçÿõ. Âîíè çàñòîñîâóþòüñÿ ïðè âè-
ðîáíèöòâ³ ìåáë³â, êîíñòðóêö³éíèõ ìàòåð³àë³â,
êëå¿â, âîëîêîí, ïðîêëàäîê, ôàðá, åëàñòîìåð³â ³
ñèíòåòè÷íèõ øê³ð [5]. Îäíàê ¿õ âèñîêà
á³îñò³éê³ñòü ñïðèÿº ñóòòºâîìó çàáðóäíåííþ äîâ-
ê³ëëÿ. Ïåðñïåêòèâíèì íà ñüîãîäí³øí³é äåíü ââà-

æàºòüñÿ ñòâîðåííÿ ñóì³øåâèõ êîìïîçèò³â íà
îñíîâ³ ñèíòåòè÷íîãî ïîë³ìåðó, â îá’ºì³ ÿêîãî
âêëþ÷åíèé ïðèðîäíèé ïîë³ìåð àáî â³äõîäè
ñ³ëüñüêîãîñïîäàðñüêî¿ òà õàð÷îâî¿ ïðîìèñëîâîñò³.

Á³îðîçêëàäàííÿ ïëàñòìàñ çàëåæèòü â³ä
õ³ì³÷íî¿ ñòðóêòóðè ìàòåð³àëó. Á³îäåãðàäàö³ÿ ïîë³-
ìåð³â íà îñíîâ³ êðîõìàëþ â³äáóâàºòüñÿ ì³æ öóê-
ðîâèìè ãðóïàìè, ùî ïðèçâîäèòü äî çìåíøåííÿ
äîâæèíè ëàíöþãà òà ðîçùåïëåííÿ ìîíî-, äè- òà
îë³ãîñàõàðèäíèõ îäèíèöü çà ðàõóíîê ôåðìåíòà-
òèâíî¿ àòàêè íà ãëþêîçèäíèõ çâ’ÿçêàõ [6]. Ïîë³-
ìåðè ç âèñîêîþ òåìïåðàòóðîþ ïëàâëåííÿ òà âè-
ñîêîþ ìîëåêóëÿðíîþ ìàñîþ ñêëàäí³ äëÿ á³îäåã-
ðàäàö³¿ [7]. Âèâ÷åíà ìîæëèâ³ñòü á³îäåãðàäàö³¿
ïîë³óðåòàíó ´ðóíòîâèìè ì³êðîîðãàí³çìàìè,
âêëþ÷àþ÷è ãðèáè ³ áàêòåð³¿ Bacillus [8], Aspergillus
[9]. Çä³éñíåíî äîñë³äæåííÿ ê³ëüêà äåñÿòê³â åí-
äîô³òíèõ ãðèá³â äëÿ ¿õ çäàòíîñò³ äåãðàäàö³¿ ñèí-
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òåòè÷íîãî îë³ãîãë³êîëüíîãî ïîë³óðåòàíó [10].
Âñòàíîâëåíà íàÿâí³ñòü â êèøå÷íèêó ãóñåíèö³ âå-
ëèêî¿ âîñêîâî¿ ìîë³ áàêòåð³é, ùî ðîçêëàäàþòü
ïëàñòè÷í³ ìàòåð³àëè [11].

Ðàí³øå íàìè âèâ÷åíèé ì³êðîá³îëîã³÷íèé
ñêëàä âåðìèêîìïîñòó (ïðîäóêòó á³îòðàíñôîð-
ìàö³¿ ïîäð³áíåíîãî ñîíÿøíèêîâîãî ëóøïèííÿ
êóëüòóðîþ E. Fetida â ïðîöåñ³ âåðìèêóëüòèâó-
âàííÿ) ïîêàçàâ íàÿâí³ñòü ãðóï ì³êðîîðãàí³çì³â
Aspergillus, Penicillium, Bacillus, Trichoderma [12].
Öå ñâ³ä÷èòü ïðî ìîæëèâó çäàòí³ñòü âåðìèêîì-
ïîñòó á³îäåãðàäóâàòè ïîë³ìåðí³ ìàòåð³àëè, çîê-
ðåìà ë³í³éí³ áëîê-êîïîë³óðåòàíè.

Ìåòà ðîáîòè – äîñë³äæåííÿ âïëèâó ì³êðî-
îðãàí³çì³â âåðìèêîìïîñòó íà á³îñò³éê³ñòü
ë³í³éíèõ áëîê-êîïîë³óðåòàí³â, íàïîâíåíèõ êðîõ-
ìàëåì â ïðîöåñ³ âåðìèêóëüòèâóâàííÿ.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Äàí³ åêñïåðèìåíòè âèêîíóâàëè íà áàç³ íà-
óêîâî-äîñë³äíî¿ ëàáîðàòîð³¿ êàôåäðè ìàøèíîáó-
äóâàííÿ òà ³íæåíåðíî¿ ìåõàí³êè, îõîðîíè ïðàö³
òà áåçïåêè æèòòºä³ÿëüíîñò³ ÄÂÍÇ «Óêðà¿íñüêèé
äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò». Â
ÿêîñò³ ïîë³ìåðíî¿ îñíîâè îáðàí³ ë³í³éí³ áëîê-
êîïîë³óðåòàíè, ÿê³ øèðîêî âèêîðèñòîâóþòüñÿ â
ïðîìèñëîâîñò³ äëÿ âèãîòîâëåííÿ âèðîá³â êîí-
ñòðóêö³éíîãî ïðèçíà÷åííÿ, ñï³íåíèõ ìàòåð³àë³â
(ï³íîïîë³óðåòàíè), à òàêîæ äëÿ âèãîòîâëåííÿ
íèòîê ³ òêàíèí [4]. ßê îá’ºêò äîñë³äæåíü âèêî-
ðèñòîâóâàëè çðàçêè ïë³âêè ç ë³í³éíîãî áëîê-êî-
ïîë³óðåòàíó:

–[–[Eä–]n–Ai
r–[–Áã–Ai

r–]m–]k–,

äå Åä – îë³ãîãë³êîëü îë³ãîåòèëåíáóòèëåíãë³êî-
ëüàäèï³í³íàò ç ìîëåêóëÿðíîþ ìàñîþ ~2000
(ÎÅÁÃÀ2000); Ai

r – 4,4’-äèôåí³ëìåòàíä³³çîö³àíàò
(ÌÄ²), óòâîðþâà÷ óðåòàíîâèõ ãðóï; Áã – íèçü-
êîìîëåêóëÿðíèé ãë³êîëü – 1,4 áóòàíä³îë (ÁÄ).

Ìîëåêóëè áëîêà-êîïîë³óðåòàíó (äëÿ îäåð-
æàííÿ áëîêîâî¿ ñòðóêòóðè) ñêëàäàþòüñÿ ³ç ÷àñ-
òèí, ùî ð³çíÿòüñÿ ãíó÷ê³ñòþ ³ ïîâòîðþþòüñÿ.
Åëàñòè÷í³ áëîêè óòâîðþþòüñÿ ç ãíó÷êèõ ÷àñòèí
(îë³ãîåñòåðó). Æîðñòê³ áëîêè óòâîðþþòüñÿ âíàñ-
ë³äîê ñàìîîðãàí³çàö³¿ óðåòàíîâèõ ãðóï [4].
Ñï³ââ³äíîøåííÿ âèõ³äíèõ êîìïîíåíò³â ïðè ñèí-
òåç³ ñêëàäàëî: ÎÅÁÃÀ2000:ÁÄ:ÌÄ²=1:3:4. Ó ÿêîñò³
íàïîâíþâà÷à âèêîðèñòîâóâàëè êðîõìàëü êàðòîï-
ëÿíèé (–Ñ6Í10Î5–)n çã³äíî ç ÄÑÒÓ 4286:2004.

Ë³í³éíèé áëîê-êîïîë³óðåòàí ðîç÷èíÿëè â
äèìåòèëôîðìàì³ä³ ç êîíöåíòðàö³ºþ ïîë³ìåðó â
ðîç÷èí³ 20%. Ðîç÷èí ïîë³ìåðó íàïîâíþâàëè
êðîõìàëåì ç êîíöåíòðàö³ºþ 10, 30 òà 50% â³äïî-
â³äíî äî êîíöåíòðàö³¿ ïîë³ìåðó (êîíòðîëü – ðîç-

÷èí ïîë³ìåðó áåç äîäàâàííÿ êðîõìàëþ). Îäåð-
æàí³ ñóì³ø³ ïîì³ùóâàëè â òåðìîñòàòè÷íó øàôó
ç òåìïåðàòóðîþ 1400Ñ, ÷àñ âèòðèìóâàííÿ çðàçê³â
120 õâ. Îäåðæàíí³ ðîç÷èíè ï³ääàâàëè ãîìîãåí³-
çàö³¿ òà îõîëîäæóâàëè äî òåìïåðàòóðè 20–220Ñ,
äàë³ íàíîñèëè íà ïîâåðõíþ ñêëÿíèõ ïëàñòèí,
ÿê³ ïîïåðåäíüî îáðîáëÿëè êðåìí³ºîðãàí³÷íîþ
ð³äèíîþ äëÿ çàïîá³ãàííÿ çëèïàííÿ. Ñêëÿí³ ïëà-
ñòèíè ç íàíåñåíèìè çðàçêàìè ãîìîãåííèõ ðîç-
÷èí³â ñóøèëè ïðè òåìïåðàòóð³ 1600Ñ ïðîòÿãîì
2 ãîä â òåðìîñòàòè÷í³é øàô³ (äëÿ âèïàðîâóâàí-
íÿ äèìåòèëôîðìàì³äó). Ï³ñëÿ ïîâíîãî îõîëî-
äæåííÿ, ç óòâîðåíèõ ïë³âîê âèð³çàëè çðàçêè ïðÿ-
ìîêóòíèê³â ðîçì³ðàìè 10 íà 100 ìì (5 øòóê ç
êîæíî¿ êîìïîçèö³¿). Â ÿêîñò³ íàïîâíþâà÷à îá-
ðàíî ïðèðîäíèé ïîë³ìåð êðîõìàëü (êàðòîïëÿ-
íèé), ÿêèé â³äíîñèòüñÿ äî êëàñó ïîë³ñàõàðèä³â ³
ï³ääàºòüñÿ ä³¿ ì³êðîîðãàí³çì³â. Â ðîñëèíàõ êðîõ-
ìàëü ïðèñóòí³é ó âèãëÿä³ ãðàíóë ñêëàäíî¿ ñòðóê-
òóðè (ç ðîçì³ðàìè â³ä 2 äî 100 ìêì), â³äíîñèòüñÿ
äî ã³äðîô³ëüíîãî ïîë³ìåðó. Âì³ñò âîëîãè 30–40%
îáóìîâëþº âëàñòèâîñò³ êàðòîïëÿíîãî êðîõìàëþ
ÿê ïëàñòèô³êàòîðà (ôîðìóâàííÿ ìàòåð³àë³â ðà-
çîâîãî àáî áàãàòîêðàòíîãî âèêîðèñòàííÿ ìåòî-
äîì ïðåñóâàííÿ àáî åêñòðóç³¿). Äëÿ äîñë³äæåíü
ãîòóâàëè çðàçêè ïë³âîê ³ç ñï³ââ³äíîøåííÿì êîì-
ïîíåíò³â ïîë³óðåòàí/êðîõìàëü=100:0; 90:10; 70:30
òà 50:50. Âèçíà÷àëè âïëèâ âì³ñòó êðîõìàëþ òà
÷àñ âèòðèìóâàííÿ çðàçê³â ó âåðìèêîìïîñò³ íà
âëàñòèâîñò³ êîïîë³óðåòàíó.

Ïðîöåñ âåðìèêóëüòèâóâàííÿ E. Fetida
çä³éñíþâàëè â ëàáîðàòîðíèõ óìîâàõ íà ôåðìåí-
òîâàíèõ ñóáñòðàòàõ (íà îñíîâ³ ìîäèô³êîâàíîãî
ñîíÿøíèêîâîãî ëóøïèííÿ) â ïîâ³òðîïðîíèêíèõ
ºìíîñòÿõ îáñÿãîì 2 äì3 ïðè òåìïåðàòóð³ â³ä 15
äî 220Ñ, âîëîãîñò³ ñóáñòðàòó 75–85%, ðÍ 6,8–
7,5. Äîñë³äí³ çðàçêè ïë³âîê ïîì³ùàëè â ñóáñòðà-
òè íà ãëèáèí³ 3–5 ñì, åêñïîçèö³ÿ çðàçê³â ñêëà-
äàëà 15, 30 òà 45 ä³á.

Äîñë³äæåííÿ ïîâåðõí³ çðàçê³â âèâ÷àëè ï³ä
ì³êðîñêîïîì ÌÁÐ1-Å ïðè çá³ëüøåíí³ â 400 ðàç³â.
Ìàñó âèì³ðþâàëè íà âàãàõ òèïó ÂËÀ-200. Ãóñ-
òèíó âèçíà÷àëè ìåòîäîì ã³äðîñòàòè÷íîãî çâàæó-
âàííÿ. Â’ÿçê³ñòü âèì³ðþâàëè êàï³ëÿðíèì â³ñêî-
çèìåòðîì Îñòâàëüäà øëÿõîì ïîð³âíÿííÿ ÷àñó
âèò³êàííÿ çàäàíîãî îá’ºìó ðîç÷èíó ïîë³ìåðó
÷åðåç êàï³ëÿð ïðè â³äïîâ³äíîìó ÷àñ³ âèò³êàííÿ
ðîç÷èííèêà. Ïîïåðåäíüî ãîòóâàëè ðîç÷èí âèõ³-
äíîãî áëîê-êîïîë³óðåòàíó ³ êîìïîçèö³é ç êðîõ-
ìàëåì â äèìåòèëôîðìàì³ä³. Êîíöåíòðàö³ÿ êî-
ïîë³óðåòàíó â ðîç÷èííèêó ñêëàäàëà 5%. Îñàä
íåðîç÷èíåíîãî êðîõìàëþ â äèìåòèëôîðìàì³ä³
â³äô³ëüòðîâóâàëè ³ äîñë³äæóâàëè çì³íó â’ÿçêîñò³
áëîê-êîïîë³óðåòàíó (ïðè âèäàëåí³ ç íüîãî çà-
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ëèøê³â êðîõìàëþ ï³ñëÿ ä³¿ ì³êðîîðãàí³çì³â ñóá-
ñòðàòó).

×åðåç êîæí³ 15 ä³á âèêîíóâàëè â³äá³ð çðàçê³â
òà çä³éñíþâàëè äîñë³äæåííÿ ïîâåðõíåâî¿ ñòðóê-
òóðè êîìïîçèö³éíèõ çðàçê³â ïîë³ìåðó. Îäåðæàí³
ðåçóëüòàòè îáðîáëÿëè ìåòîäàìè ìàòåìàòè÷íî¿
ñòàòèñòèêè. Ñòàòèñòè÷íî äîñòîâ³ðíèìè ââàæà-
ëè â³äì³ííîñò³ ïðè Ð<0,05.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Çä³éñíåíî îïòè÷í³ äîñë³äæåííÿ ïîâåðõí³
çðàçê³â ïîë³óðåòàíîâèõ êîìïîçèö³é äî ³ ï³ñëÿ
á³îäåñòðóêö³¿ ó âåðìèêîìïîñò³ ïðîòÿãîì 45 ä³á
(ðèñ. 1).

Âñòàíîâëåíî, ùî ç³ çá³ëüøåííÿì âì³ñòó
êðîõìàëþ çì³íà ðåëüºôó ïîâåðõí³ çðàçê³â ïðî-
ÿâëÿºòüñÿ á³ëüøîþ ì³ðîþ, ùî ñâ³ä÷èòü ïðî ïðî-
ò³êàííÿ ïðîöåñ³â á³îäåñòðóêö³¿. Îòæå, ïðè åêñ-
ïîçèö³¿ ïîë³ìåðíèõ çðàçê³â ó ñåðåäîâèù³ ì³êðî-
îðãàí³çì³â çä³éñíþþòüñÿ ïðîöåñè á³îäåñòðóêö³¿
ïîë³ìåðó, ùî ïðèâîäèòü äî çì³íè éîãî ô³çè÷-
íèõ âëàñòèâîñòåé. Ì³êðîáíà äåãðàäàö³ÿ ïîë³-
óðåòàíó çàëåæèòü â³ä áàãàòüîõ âëàñòèâîñòåé ïîë³-
ìåðó, òàêèõ ÿê ìîëåêóëÿðíà îð³ºíòàö³ÿ, êðèñ-
òàë³÷í³ñòü, íàÿâí³ñòü õ³ì³÷íèõ ãðóï (ì³ñòÿòü â
îñíîâíîìó ëàíöþç³ ìàêðîìîëåêóëè óðåòàíîâó
ãðóïó –NH–COO–), ÿê³ âèçíà÷àþòü äîñòóïí³ñòü
äî ïîë³ìåð³â-ôåðìåíò³â. Çäàòí³ñòü ïîë³ìåðíèõ
ìàòåð³àë³â ðîçêëàäàòèñü ï³ä ä³ºþ ì³êðîîðãàí³çì³â
ð³çêî çá³ëüøóºòüñÿ ïðè ââåäåíí³ â ¿õ ìàòðèöþ

á³îäåñòðóêòóþ÷èõ äîì³øîê, ÿê³ ëåãêî çàñâîþþòü-
ñÿ ì³êðîîðãàí³çìàìè (öåëþëîçà, êðîõìàëü, ëàê-
òîçà, êàçå¿í, äð³æäæ³, ñå÷îâèíà òîùî). Âïëèâ íà
ïîë³ìåðè òàêîãî ðîäó äîì³øîê âèçíà÷àºòüñÿ íå
ò³ëüêè ¿õ çäàòí³ñòþ ï³ääàâàòèñü ðîçêëàäàííþ
ì³êðîîðãàí³çìàìè, à ³ ñóìàðíîþ ä³ºþ ôàêòîð³â,
òàêèõ, ÿê ã³äðîë³ç, îêèñëåííÿ, ðóéíóâàííÿ ì³êðî-
îðãàí³çìàìè.

ßê ñâ³ä÷àòü íàâåäåí³ äàí³, ç³ çá³ëüøåííÿì
âì³ñòó êðîõìàëþ íà ïîâåðõí³ ïîë³ìåðíèõ çðàçê³â
çá³ëüøóºòüñÿ ê³ëüê³ñòü ³ ðîçì³ð óòâîðåíü êîëîí³é
ì³êðîîðãàí³çì³â, ùî çä³éñíþþòü âïëèâ ÿê íà
êðîõìàëü, òàê ³ íà ìàòðè÷íèé ïîë³óðåòàíîâèé
ïîë³ìåð. Óòâîðåí³ êîëîí³¿ ì³êðîîðãàí³çì³â
çá³ëüøóþòüñÿ ó ðîçì³ðàõ âíàñë³äîê á³îäåñòðóêö³¿
êðîõìàëþ, ÿêèé ñëóãóº ïîæèâíîþ ðå÷îâèíîþ
äëÿ ¿õ ðîçâèòêó. Âîäíî÷àñ ì³êðîîðãàí³çìè âïëè-
âàþòü íà á³îäåãðàäàö³þ ìàòðè÷íîãî ïîë³óðåòà-
íó. Àñèì³ëþþ÷è ïîë³ìåðè, ì³êðîîðãàí³çìè çìåí-
øóþòü ¿õ ìîëåêóëÿðíó ìàñó ³ ïðîäóêòè æèòòºä³-
ÿëüíîñò³ ïåðåõîäÿòü ó âåðìèêîìïîñò, çìåíøó-
þ÷è ìàñó çðàçê³â (ðèñ. 2).

Çìåíøåííÿ ìàñè çðàçê³â ò³ñíî ïîâ’ÿçàíå ³ç
âì³ñòîì êðîõìàëþ â êîìïîçèö³¿. ßêùî ïðè âì³ñò³
êðîõìàëþ 10 ³ 30% çìåíøåííÿ ìàñè çðàçêà ñêëà-
äàº 10–13%, òî ïðè âì³ñò³ êðîõìàëþ 50% ìàñà
çìåíøóºòüñÿ íà 20%. Âîäíî÷àñ ñë³ä â³äçíà÷èòè,
ùî âèõ³äíèé êîïîë³óðåòàí ïðè åêñïîçèö³¿ â òèõ
óìîâàõ, ùî ³ êîìïîçèö³¿, â ñêëàä³ ÿêèõ º êðîõ-

                    ä                                         å                                            æ                                         ç

Ðèñ. 1. Ðåçóëüòàòè îïòè÷íèõ äîñë³äæåíü ïîâåðõí³ çðàçê³â ïîë³óðåòàíîâèõ êîìïîçèö³é. Ñï³ââ³äíîøåííÿ

ïîë³óðåòàí:êðîõìàëü ó ïîë³óðåòàíîâèõ êîìïîçèö³ÿõ: 1 – äî ïî÷àòêó äîñë³äæåíü: à – 100:0; á – 90:10; â – 70:30; ã – 50:50;

2 – ï³ñëÿ á³îäåñòðóêö³¿ ó âåðìèêîìïîñò³: ä – 100:0; å – 90:10; æ – 70:30; ç – 50:50

1. Ïîâåðõíÿ çðàçê³â ïîë³óðåòàíîâèõ êîìïîçèö³é äî ïî÷àòêó äîñë³äæåíü

                    à                                         á                                             â                                         ã

2. Ïîâåðõíÿ çðàçê³â ïîë³óðåòàíîâèõ êîìïîçèö³é ï³ñëÿ á³îäåñòðóêö³¿ ó âåðìèêîìïîñò³
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ìàëü, âòðà÷àº ñâîþ ìàñó âñüîãî íà 4%. Öå º
ñâ³ä÷åííÿì òîãî, ùî íàÿâí³ñòü êðîõìàëþ â ñêëàä³
ïîë³óðåòàíîâî¿ êîìïîçèö³¿ ³í³ö³þº ïðîöåñè ¿¿
á³îðóéíóâàííÿ.

Ðèñ. 2. Çì³íà âòðàòè ìàñè çðàçê³â êîìïîçèö³é çàëåæíî

â³ä åêñïîçèö³¿ ó âåðìèêîìïîñò³. Ñï³ââ³äíîøåííÿ

ïîë³óðåòàí:êðîõìàëü ó ïîë³óðåòàíîâî¿ êîìïîçèö³¿:

1 – 100:0; 2 – 90:10; 3 – 70:30; 4 – 50:50.

Îäíèì ç îñíîâíèõ ïîêàçíèê³â, ùî âêàçó-
þòü íà ñòðóêòóðí³ ïåðåòâîðåííÿ â ìàñ³ êîïîë³-
óðåòàíó, º ¿õ ãóñòèíà. Äîñë³äæåííÿ çì³íè ãóñòè-
íè êîìïîçèö³é íà îñíîâ³ êîïîë³óðåòàíó ³ êðîõ-
ìàëþ ïðè åêñïîçèö³¿ 45 ä³á ó âåðìèêîìïîñò³ ïî-
êàçàëî, ùî òðèâàë³ñòü åêñïîçèö³¿ ñóòòºâî âïëè-
âàº íà âåëè÷èíó ïèòîìî¿ âàãè (ðèñ. 3).

Ðèñ. 3. Çàëåæí³ñòü ãóñòèíè çðàçê³â êîìïîçèö³¿ íà îñíîâ³

ïîë³óðåòàíó òà êðîõìàëþ â³ä ÷àñó åêñïîçèö³¿ ó

âåðìèêîìïîñò³. Ñï³ââ³äíîøåííÿ ïîë³óðåòàí/êðîõìàëü ó

ïîë³óðåòàíîâî¿ êîìïîçèö³¿: 1 – 100:0; 2 – 90:10;

3 – 70:30; 4 – 50:50.

ßêùî ïðîòÿãîì 15 ä³á ñïîñòåð³ãàºòüñÿ íå-
çíà÷íà çì³íà öüîãî ïîêàçíèêà (ó ñåðåäíüîìó íà
12%) ³ íàâ³òü äåÿêîãî éîãî çìåíøåííÿ, òî ïî-
äàëüøå âèòðèìóâàííÿ â ñåðåäîâèù³ ì³êðîîð-
ãàí³çì³â ïîêàçóº, ùî ïèòîìà ãóñòèíà ñóòòºâî
çá³ëüøóºòüñÿ (ó ñåðåäíüîìó íà 24%). Öå ìîæå
áóòè íàñë³äêîì òîãî, ùî ïðè çá³ëüøåíí³ òåðì³-
íó åêñïîçèö³¿ çðîñòàííÿ êîëîí³é ì³êðîîðãàí³çì³â
ñóïðîâîäæóºòüñÿ âïðîâàäæåííÿì ÷àñòèíîê ́ ðóí-
òó â ïîâåðõíþ äîñë³äíîãî çðàçêà, ùî ïðèâîäèòü
äî çá³ëüøåííÿ ïèòîìî¿ ãóñòèíè. Âîäíî÷àñ
çá³ëüøåííÿ âì³ñòó êðîõìàëþ ñóïðîâîäæóºòüñÿ
çìåíøåííÿì äàíîãî ïîêàçíèêà äîñë³äæóâàíèõ
ìàòåð³àë³â, ùî º íàñë³äêîì çìåíøåííÿ ìîëåêó-
ëÿðíî¿ ìàñè ïîë³ìåðó âíàñë³äîê ðóéíóþ÷î¿ ä³¿
ì³êðîîðãàí³çì³â.

Îñîáëèâî âàæëèâèì º äîñë³äæåííÿ â’ÿçêîñò³
ðîç÷èí³â êîìïîçèò³â. Â’ÿçê³ñòü ðîç÷èíó ïîë³ìå-
ðó º îäíèì ç îñíîâíèõ ïîêàçíèê³â, ùî õàðàêòå-
ðèçóº éîãî ìîëåêóëÿðíó ìàñó. Òàê, ¿¿ çíèæåííÿ
ñâ³ä÷èòü ïðî çìåíøåííÿ ìîëåêóëÿðíî¿ ìàñè ïîë³-
ìåðó. Çä³éñíåíî äîñë³äæåííÿ çàëåæíîñò³ â’ÿç-
êîñò³ ðîç÷èíó ïîë³óðåòàíó òà éîãî êîìïîçèö³é ³ç
êðîõìàëåì â³ä òðèâàëîñò³ åêñïîçèö³¿ ó âåðìèêîì-
ïîñò³. Ó çðàçêàõ ïîë³óðåòàíîâèõ êîìïîçèö³é âè-
äàëåíî çàëèøêè êðîõìàëþ øëÿõîì ô³ëüòðóâàí-
íÿ ï³ñëÿ ä³¿ ì³êðîîðãàí³çì³â. ßê ñâ³ä÷àòü íàâå-
äåí³ äàí³ íà ðèñ. 4, ç³ çá³ëüøåííÿì òðèâàëîñò³
åêñïîçèö³¿, â’ÿçê³ñòü ðîç÷èíó ïîë³óðåòàíó çìåí-
øóºòüñÿ (ó ñåðåäíüîìó íà 27%).

Ðèñ. 4. Çàëåæí³ñòü â’ÿçêîñò³ ðîç÷èí³â êîìïîçèö³é

íà îñíîâ³ ïîë³óðåòàíó òà êðîõìàëþ ó äèìåòèëôîðìàì³ä³

â³ä ÷àñó ¿õ åêñïîçèö³¿ ó âåðìèêîìïîñò³. Ñï³ââ³äíîøåííÿ

ïîë³óðåòàí/êðîõìàëü ó ïîë³óðåòàíîâî¿ êîìïîçèö³¿:

1 – 100:0; 2 – 90:10; 3 – 70:30; 4 – 50:50.

Âîäíî÷àñ, ñóòòºâî âïëèâàº íà öåé ïðîöåñ
âì³ñò êðîõìàëþ ó ïîë³óðåòàíîâ³é êîìïîçèö³¿ â
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ïåð³îä åêñïîçèö³¿ ó âåðìèêîìïîñò³. Çá³ëüøåííÿ
âì³ñòó êðîõìàëþ ñïðèÿº çìåíøåííþ â’ÿçêîñò³
ðîç÷èíó. Íàâåäåí³ äîñë³äæåííÿ ñâ³ä÷àòü ïðî òå,
ùî íàÿâí³ñòü êðîõìàëþ â ìàñ³ ïîë³óðåòàíó
ñïðèÿº á³îäåñòðóêö³¿ íå ò³ëüêè êðîõìàëþ, àëå ³
ìàòðè÷íîãî ë³í³éíîãî áëîê-êîïîë³óðåòàíó. Çìåí-
øåííÿ ìîëåêóëÿðíî¿ ìàñè ïîë³óðåòàíó â³äêðè-
âàº ìîæëèâîñò³ äëÿ éîãî àñèì³ëÿö³¿ ì³êðîîðãà-
í³çìàìè. Ïåðåäóìîâîþ äëÿ öüîãî º òîé ôàêò,
ùî â ñêëàä ïîë³óðåòàíó âõîäÿòü òàê³ õ³ì³÷í³ åëå-
ìåíòè, ÿê âóãëåöü, àçîò, êèñåíü, âîäåíü, ÿê³ º
ñêëàäîâèìè ì³êðîîðãàí³çì³â ́ ðóíò³â ³ ðîñëèííîãî
ñâ³òó. Ïðîäóêòè á³îðîçêëàäàííÿ ïîë³óðåòàíó
ï³ñëÿ ¿õ àñèì³ëÿö³¿ ì³êðîîðãàí³çìàìè ³ ì³êðîáà-
ìè çáàãà÷óþòü ´ðóíò êîðèñíèìè åëåìåíòàìè ³
ñëóãóþòü â ÿêîñò³ äîäàòêîâèõ äîáðèâ.

Âèñíîâêè

1. Âñòàíîâëåíî, ùî çìåíøåííÿ ìàñè çðàçê³â
ïîë³óðåòàíîâèõ êîìïîçèö³é çàëåæèòü â³ä âì³ñòó
êðîõìàëþ. Ïðè âì³ñò³ êðîõìàëþ 10 ³ 30% çìåí-
øåííÿ ìàñè çðàçê³â ñêëàäàº 10–13%, ïðè âì³ñò³
50% ìàñà çìåíøóºòüñÿ íà 20%, ùî ñâ³ä÷èòü ïðî
³í³ö³þâàííÿ ïðîöåñ³â á³îðóéíóâàííÿ êðîõìàëåì.

2. Îïòè÷í³ äîñë³äæåííÿ ïîâåðõí³ çðàçê³â
ïîë³óðåòàíîâèõ êîìïîçèö³é ïîêàçàëè, ùî ç³
çá³ëüøåííÿì âì³ñòó êðîõìàëþ çì³íà ðåëüºôó
ïîâåðõí³ çðàçê³â ïðîÿâëÿºòüñÿ á³ëüøîþ ì³ðîþ,
ùî ñâ³ä÷èòü ïðî ïðîò³êàííÿ ïðîöåñ³â á³îäåñò-
ðóêö³¿ ïîë³ìåðó òà çì³íè éîãî ô³çè÷íèõ âëàñòè-
âîñòåé.

3. Äîñë³äæåííÿ çì³íè ãóñòèíè êîìïîçèö³é
íà îñíîâ³ ïîë³óðåòàíó ³ êðîõìàëþ ïðè åêñïî-
çèö³¿ 45 ä³á ó âåðìèêîìïîñò³ ïîêàçàëè, ùî òðè-
âàë³ñòü âèòðèìóâàííÿ ñóòòºâî âïëèâàº íà âåëè-
÷èíó ïèòîìî¿ âàãè, ùî ìîæíà ïîÿñíèòè âïðî-
âàäæåííÿì ÷àñòèíîê á³îñóáñòðàòó â ïîâåðõíþ
äîñë³äíîãî çðàçêà. Ïðîòÿãîì 15 ä³á ñïîñòåð³ãàºòü-
ñÿ íåçíà÷íà çì³íà öüîãî ïîêàçíèêà (ó ñåðåäíüî-
ìó íà 12%), ïðè ïîäàëüøîìó âèòðèìóâàíí³ â ñå-
ðåäîâèù³ ì³êðîîðãàí³çì³â ïèòîìà ãóñòèíà ñóò-
òºâî çá³ëüøóºòüñÿ (ó ñåðåäíüîìó íà 24%).
Çá³ëüøåííÿ âì³ñòó êðîõìàëþ ñóïðîâîäæóºòüñÿ
çìåíøåííÿì ãóñòèíè äîñë³äæóâàíèõ ìàòåð³àë³â,
ùî º íàñë³äêîì çìåíøåííÿ ìîëåêóëÿðíî¿ ìàñè
ïîë³ìåðó âíàñë³äîê ðóéíóþ÷î¿ ä³¿ ì³êðîîð-
ãàí³çì³â.

4. Çá³ëüøåííÿ åêñïîçèö³¿ çðàçê³â ïîë³óðå-
òàíó ³ âì³ñòó êðîõìàëþ ñïðèÿº çìåíøåííþ â’ÿç-
êîñò³ ðîç÷èí³â ïîë³óðåòàíîâèõ êîìïîçèö³é ó ñå-
ðåäíüîìó íà 27%.

Çä³éñíåí³ äîñë³äæåííÿ ïîêàçàëè, ùî íàïîâ-
íåííÿ êðîõìàëåì ë³í³éíîãî áëîê-êîïîë³óðåòàíó
ñïðèÿº ïðîò³êàííþ ïðîöåñ³â á³îäåñòðóêö³¿ îñ-
òàííüîãî. Íà ³íòåíñèâí³ñòü ðîçêëàäåííÿ âïëè-

âàº âì³ñò êðîõìàëþ â êîìïîçèö³¿, à òàêîæ óìî-
âè ïðîò³êàííÿ ïðîöåñó. Á³îäåãðàäàö³ÿ äîñë³äæó-
âàíèõ ïîë³ìåðíèõ êîìïîçèö³é ñóïðîâîäæóºòüñÿ
çìåíøåííÿì ìîëåêóëÿðíî¿ ìàñè âèñîêîìîëåêó-
ëÿðíî¿ ñïîëóêè. Ñòâîðåííÿ ñóì³øåé ïëàñòìàñ ç
êðîõìàëåì, ÿêèé ³í³ö³þº ¿õ á³îäåãðàäàö³þ, º
íàéá³ëüø ïðîñòèì ³ äåøåâèì ñïîñîáîì îäåðæàí-
íÿ ïåðñïåêòèâíèõ ïîë³ìåðíèõ êîìïîçèö³é. Ïðî-
äóêòè á³îðîçêëàäàííÿ ïîë³óðåòàíó ï³ñëÿ ¿õ àñè-
ì³ëÿö³¿ ì³êðîîðãàí³çìàìè ³ ì³êðîáàìè çáàãà÷ó-
þòü ́ ðóíò êîðèñíèìè åëåìåíòàìè ³ íàòóðàëüíèì
äîáðèâîì (á³îãóìóñîì). Çàñòîñóâàííÿ â ïðîìèñ-
ëîâîñò³ òà ïîáóò³ ìàòåð³àë³â ç á³îïîë³óðåòàíó äî-
ïîìîæå çìåíøèòè çàáðóäíåííÿ íàâêîëèøíüîãî
ñåðåäîâèùà.
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RESEARCH INTO BIODEGRADATION OF LINEAR
COPOLYURETHANE BLOCKS FILLED BY STROKE IN
THE PROCESS OF VERMICULTIVATION

V.I. Sitar, V.Ì. Anisimov, N.B. Mitina, S.Ì. Garmash

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

In this work, we investigated the effect of microorganism in
vermicompost on the biodegradation of linear block copolyurethanes
which contain starch. The surface structure of composite specimens
with different polyurethane and starch ratios was studied. Optical
studies of the surface of polyurethane samples at various ratios of
polyurethane/starch showed that the surface relief of the samples
significantly changes with increasing the starch content. That indicates
the processes of biodegradation of polyurethane occur and its physical
properties change. The results of research showed that the number of
microorganisms’ colony formations on the surface of composite samples
increases when the starch content increases. These microorganisms
affect both starch and matrix polyurethane. The optimal ratio of
polyurethane/starch (50:50) has been established at which the mass
of samples decreased by 20%. This indicates the initiation of
biodegradation by starch, which is a nutrient for the microorganisms.
An increase in the content of starch is accompanied by a decrease in
the density of the investigated materials. This is due to a decrease in
the molecular weight of the polymer resulting from the destructive
action of microorganisms. Increasing the exposure of samples of
polyurethane and starch content contributes to a decrease in the
viscosity of solutions of polyurethane compositions by 27%. The
products of biodegradation of polyurethane after their assimilation
by microorganisms and microbes enrich the soil with useful elements
and serve as additional fertilizers.

Keywords: polymeric materials; biodegradation; linear
block-polyurethanes; starch; vermicultivation.
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