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Íîâ³ ï³íîïîë³óðåòàíè íà îñíîâ³ ïðèðîäíîâ³äíîâëþâàíèõ
ñïîëóê ð³çíî¿ ñòðóêòóðè: äîñë³äæåííÿ (á³î)äåãðàäàö³¿
Þ.Â. Ñàâåëüºâ, Ë.À. Ìàðêîâñüêà, Î.Ð. Àõðàíîâè÷, Î.Î. Ñàâåëüºâà, Í.É. Ïàðõîìåíêî,
Ñ.Ì. Îñòàïþê

²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, ì. Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà

Ñèíòåçîâàí³ íîâ³ åêîëîã³÷íî ÷èñò³ ï³íîïîë³óðåòàíè (ÏÏÓ) ç âèñîêèì (äî 63 %) âì³ñòîì
ïðèðîäíîâ³äíîâëþâàíèõ ñïîëóê – äèñàõàðèäó ëàêòîçè, ðèöèíîâî¿ îë³¿ (ÐÎ) òà åêçîïîë³ñàõàðèäó
êñàíòàíó. Ââåäåííÿ â ñòðóêòóðó ÏÏÓ ïðèðîäíèõ ñïîëóê çíà÷íî ïðèñêîðþº ïðîöåñè äåãðàäàö³¿.
Äëÿ ïîë³ìåð³â, ùî ì³ñòÿòü ó ñòðóêòóð³ ÐÎ, ñïîñòåð³ãàºòüñÿ åôåêò (á³î)äåòåð³îðàö³¿. Ïðè
ââåäåíí³ â ñòðóêòóðó ÏÏÓ òàêîæ êñàíòàíó â³äì³÷åíèé ñèíåðã³÷íèé åôåêò ä³¿ îáîõ ðîñëèííèõ
êîìïîíåíò³â íà õàðàêòåð öüîãî ïðîöåñó, ïðè öüîìó âíåñîê îñòàííüîãî âèçíà÷àëüíèé ³ ñàìå â³í
àêòèâóº ïðîöåñ (á³î)äåãðàäàö³¿. Â ÏÏÓ íà îñíîâ³ ëàêòîçè òà ÐÎ äåñòðóêö³ÿ â³äáóâàºòüñÿ øëÿõîì
ðóéíóâàííÿ ñå÷îâèííèõ ãðóï, à â ÏÏÓ ç âì³ñòîì ÐÎ òà êñàíòàíó ïðîöåñó äåãðàäàö³¿ ìàêðîìîëåêóëè
ïî ñå÷îâèííèõ ãðóïàõ ïåðåäóº ïðîöåñ ðóéíóâàííÿ ñëàáêèõ õ³ì³÷íèõ, âîäíåâèõ çâ’ÿçê³â. Ïðîöåñ
(á³î)äåãðàäàö³¿ ïðîòÿãîì 6-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â ´ðóíò³ çà ïðèðîäíèõ óìîâ â³äáóâàºòüñÿ
ç á³ëüøîþ øâèäê³ñòþ, í³æ çà ìîäåëüíèõ – äî 59 òà 36 % â³äïîâ³äíî. Çà ìîäåëüíèõ óìîâ çíà÷íèì
÷èíîì ïðåâàëþþòü ïðîöåñè äåãðàäàö³¿ ÏÏÓ øëÿõîì ã³äðîë³çó, ó ðåçóëüòàò³ ÷îãî óòâîðþþòüñÿ
àì³íîñïîëóêè. Ó ´ðóíò³, çà ñïðèÿòëèâ³øèõ óìîâ æèòòºä³ÿëüíîñò³ ì³êðîîðãàí³çì³â (ÌÎ),
àêòèâóþòüñÿ ôåðìåíòàòèâí³ õ³ì³÷í³ ïåðåòâîðåííÿ ³, ãîëîâíèì ÷èíîì, â³äáóâàºòüñÿ á³îäåãðàäàö³ÿ
ÏÏÓ. Ïðî öå ñâ³ä÷èòü ïîÿâà â ´ðóíò³ çíà÷íî¿ ê³ëüêîñò³ îðãàí³÷íèõ êèñëîò ÿê ðåçóëüòàòó
æèòòºä³ÿëüíîñò³ ÌÎ. Îòæå ð³çíèé ñòóï³íü á³î-, ã³äðî- àáî òåðìî(ñâ³òëî)íàâàíòàæåííÿ
âèçíà÷àº õàðàêòåð äåãðàäàö³¿ ïîë³ìåðíèõ ìàòåð³àë³â.

Êëþ÷îâ³ ñëîâà: ï³íîïîë³óðåòàíè, ïðèðîäíîâ³äíîâëþâàí³ ñïîëóêè, âëàñòèâîñò³, (á³î)äåãðàäàö³ÿ.

Ñóêóïí³ñòü ð³çíèõ ôàêòîð³â, çë³ò ö³í íà íàôòó, ï³äâè-
ùåííÿ ³íòåðåñó ó âñüîìó ñâ³ò³ äî â³äíîâëþâàíèõ ðå-
ñóðñ³â, çðîñòàííÿ çàíåïîêîºííÿ ó çâ’ÿçêó ç âèêèäàìè
ïàðíèêîâèõ ãàç³â, îñîáëèâà óâàãà äî óòèë³çàö³¿ â³äõîä³â
ïîðîäæóº çàö³êàâëåí³ñòü ó ïîë³ìåðàõ, ùî çäàòí³ äåãðà-
äóâàòè â óìîâàõ äîâê³ëëÿ, òà â åôåêòèâíèõ ñïîñîáàõ ¿õ
âèðîáíèöòâà.

Îáîâ’ÿçêîâîþ óìîâîþ äåãðàäàáåëüíîñò³ ïîë³ìåðó
º ââåäåííÿ ëàíîê ç ïðèðîäíèõ ñïîëóê ó ñòðóêòóðó ìàê-
ðîìîëåêóëè ïîë³ìåðó, ùî ñïðèÿº ôðàãìåíòàö³¿ ³ ïî-
äàëüøîìó ¿¿ ðîçêëàäàííþ òà º îäíèì ç íàéåôåêòèâí³-
øèõ ìåòîä³â áîðîòüáè ç çàáðóäíåííÿì íàâêîëèøíüîãî
ñåðåäîâèùà ïîë³ìåðíèìè â³äõîäàìè.

Ãîëîâíèìè á³îëîã³÷íèìè ñèñòåìàìè, ÿê³ çä³éñíþ-
þòü ðóéíóâàííÿ ïîë³ìåðíèõ ñïîëóê, º ì³êðîîðãàí³çìè
(ÌÎ), à ñàìå ïë³ñíÿâ³ ãðèáè [1, 2]. Ñàìå âîíè çäàòí³
ðóéíóâàòè øèðîêèé ñïåêòð õ³ì³÷íî ñò³éêèõ ñïîëóê, òèì
ñàìèì ïîâåðòàþ÷è ãîëîâí³ ïîæèâí³ åëåìåíòè ó ãëî-
áàëüí³ öèêëè òà ïîïåðåäæóþ÷è íàêîïè÷åííÿ «ìåðò-
âèõ» çàëèøê³â ó á³îñôåð³.

Â³äíîâëþâàí³ ïðèðîäí³ ðåñóðñè – ïðàêòè÷íî íåâè-
÷åðïíå äæåðåëî ñïîëóê, âèêîðèñòàííÿ ÿêèõ ÿê âèõ³äíèõ
êîìïîíåíò³â äëÿ îòðèìàííÿ ïîë³ìåðíèõ ìàòåð³àë³â

(ÏÌ) çóìîâëåíî ìîæëèâ³ñòþ ¿õ õ³ì³÷íî¿ ìîäèô³êàö³¿
[3, 4].

Ðîñëèíí³ îë³¿ [5–11], îë³ãî- òà ïîë³ñàõàðèäè [12], áó-
äó÷è íåòîêñè÷íèìè ïðèðîäíèìè ñïîëóêàìè òà òàêè-
ìè, ùî ñïðèÿþòü (á³î)äåãðàäàáåëüíèì ïðîöåñàì, ç
ìàéæå íåâè÷åðïíèìè ïîíîâëþâàíèìè çàïàñàìè, ³ çàâ-
äÿêè íàÿâíîñò³ ð³çíîìàí³òíèõ ôóíêö³îíàëüíèõ ãðóï º
áëàãîäàòíèì ìàòåð³àëîì äëÿ õ³ì³÷íî¿ ìîäèô³êàö³¿ òà
îòðèìàííÿ íà ¿õ îñíîâ³ ð³çíîìàí³òíèõ ìàòåð³àë³â.

Àâòîðàìè [13] ñòâîðåíî ï³íîïîë³óðåòàíîâèé ìàòå-
ð³àë, ùî ì³ñòèòü ó ñòðóêòóð³ ðîñëèíí³ îë³¿ (ÐÎ) òà â³ä 1
äî 4 % ïîë³ñàõàðèä³â (ÏÑ) (íàòð³é àëüã³íàò, ã³äðîêñ³-
åòèëöåëþëîçó, ùî ââîäèëèñü ó ðåàêö³éíó ñóì³ø ÿê
10 %-â³ ãåë³, íàòð³é êàðáîêñèìåòèëöåëþëîçó – ÿê 5 %-âèé
ãåëü). Íàÿâí³ñòü ó ìàêðîìîëåêóë³ ÏÏÓ ÐÎ òà êîâàëåíò-
íîçâ’ÿçàíîãî ÏÑ ïðèâîäèòü äî ñèíåðã³÷íîãî åôåêòó
(ä³¿), ùî àêòèâóº ïðîöåñ äåãðàäàö³¿ – ð³çêî çá³ëüøóºòü-
ñÿ âòðàòà ìàñè çðàçêàìè ÏÏÓ/ÐÎ/ÏÑ ³ ï³ñëÿ 12 ì³ñ. ³íêó-
áàö³¿ â ́ ðóíò³ âîíà ñòàíîâèòü 57,03–66,89 %.

Ïðåäñòàâëåíèé ï³íîïîë³óðåòàíîâèé ìàòåð³àë
(ÏÏÓÌ) [14] ìàº âèñîêèé âì³ñò (50–68 %) ïðèðîäíî-
â³äíîâëþâàíèõ êîìïîíåíò³â ðîñëèííîãî (ðîñëèíí³ îë³¿
(ÐÎ)) ³ ì³êðîáíîãî (åêçîïîë³ñàõàðèäè – êñàíòàí íàòèâ-
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íèé (Êñí), êñàíòàí-ãåëü (Êñã), áàêòåð³éíà öåëþëîçà (ÁÖ))
ïîõîäæåííÿ, ùî çàáåçïå÷óº åêîëîã³÷íó ÷èñòîòó, ðåñóð-
ñîçáåð³ãàþ÷ó òåõíîëîã³þ ³ ìàº çäàòí³ñòü äî äåñòðóêö³¿
ï³ä ä³ºþ ôàêòîð³â íàâêîëèøíüîãî ñåðåäîâèùà ï³ñëÿ
çàê³í÷åííÿ òåðì³íó éîãî âèêîðèñòàííÿ, âåëè÷èíà ÿêî¿
çà âòðàòîþ ìàñè ï³ñëÿ 10-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â
´ðóíò³ ñòàíîâèòü 43 % (ÏÏÓÌ/ÐÎ/Êñí), 40 % (ÏÏÓÌ/
ÐÎ/Êñã) ³ 15,45 % (ÏÏÓÌ/ÐÎ/ÁÖ).

Ìåòîþ ðîáîòè º ñòâîðåííÿ íîâèõ åêîëîã³÷íî ÷èñ-
òèõ ïîë³ìåðíèõ ìàòåð³àë³â ç âèñîêèì âì³ñòîì ïðèðîä-
íîâ³äíîâëþâàíèõ êîìïîíåíò³â ð³çíî¿ ïðèðîäè (äèñàõà-
ðèä³â, åêçîïîë³ñàõàðèä³â ³ ðîñëèííèõ îë³é) çàäëÿ ÷àñò-
êîâî¿ çàì³íè íàôòîõ³ì³÷íî¿ ñèðîâèíè ïðè çáåðåæåíí³
ïðèòàìàííèõ ÏÏÓ åêñïëóàòàö³éíèõ âëàñòèâîñòåé òà
çäàòíèõ äî (á³î) äåãðàäàö³¿ çà ïðèðîäíèõ óìîâ, ó òîìó
÷èñë³ ìåòîäîì êîìïîñòóâàííÿ, ï³ñëÿ çàê³í÷åííÿ òåðì³-
íó ¿õ åêñïëóàòàö³¿.
Îá’ºêòè äîñë³äæåííÿ.

Îá’ºêòàìè äîñë³äæåííÿ áóëè ñèíòåçîâàí³ ï³íîïîë³-
óðåòàíè, îòðèìàí³ íà îñíîâ³ åòåð³â ìîëåêóëÿðíî¿ ìàñè
â³ä 800 äî 5000, åñòåð³â ìîëåêóëÿðíî¿ ìàñè â³ä 500 äî
2200, îëîâîîðãàí³÷íîãî òà àì³ííîãî êàòàë³çàòîð³â, ñòà-
á³ë³çàòîð³â ï³íè (âàçåë³íîâîãî ìàñëà òà áëîê-êîïîë³ìå-
ðó ïîë³äèìåòèëñèëîêñàíó ³ îêñèä³â àëê³ëåí³â (ÊÅÏ-2)),
âîäè, ìîäèô³êàòîðà (êñàíòàíó ó âèãëÿä³ 15 %-âîãî âîä-
íîãî ãåëþ (Êñ)) òà ³çîö³àíàòí³ êîìïîíåíòè – ñèíòåçî-
âàí³ ïðåêóðñîðè íà îñíîâ³ 2,4(2,6)-òîëó¿ëåíä³³çîö³àíà-
òó (ÒÄ²) ³ äèñàõàðèäó ëàêòîçè (Ë) çà ìîëüíîãî ñï³ââ³äíî-
øåííÿ ÒÄ²:Ë = 4:3 àáî ðèöèíîâî¿ îë³¿ çà ìîëüíîãî
ñï³ââ³äíîøåííÿ ÒÄ²:ÐÎ = 3:1.

Îòðèìàíî ï³íîïîë³óðåòàíè: ÏÏÓÌ1 (ìàòðèöÿ íà
îñíîâ³ Ï-2200, Ë-3003), ÏÏÓÌ1/Ë29 (³ç âì³ñòîì ëàêòîçè
28,6 %), ÏÏÓÌ2 (ìàòðèöÿ íà îñíîâ³ Ï-7, Ë-5003),
ÏÏÓì2/ÐÎ45 (³ç âì³ñòîì ðèöèíîâî¿ îë³¿ 45 %), ÏÏÓì2/
ÐÎ30/Êñ33 (³ç âì³ñòîì ðèöèíîâî¿ îë³¿ 30 % ³ êñàíòàí-ãåëþ
15 %-âîãî – 33 %).

Äîñë³äæåííÿ ñòðóêòóðè ÏÏÓ ïðîâîäèëè ìåòîäîì
²×-ñïåêòðîñêîï³¿ ³ç çàñòîñóâàííÿì ³íôðà÷åðâîíîãî
ñïåêòðîìåòðà ç Ôóð’º-ïåðåòâîðåííÿì “Òåíçîð-37”
(FT-IR-Spectrometer “Tensor-37”).

Ïðîöåñ äåãðàäàö³¿ îòðèìàíèõ ÏÏÓ çà ïðèðîäíèõ
óìîâ âèâ÷àëè çã³äíî ç [15] ïðîòÿãîì 1–3–6 ì³ñÿö³â.
Äîñë³äæåííÿ äåãðàäàö³¿ çà ìîäåëüíèõ óìîâ ïðîâîäèëè
â³äïîâ³äíî äî ìåòîäèêè, ÿêà äàº çìîãó ìîäåëþâàòè
ïðîöåñè, ùî â³äáóâàþòüñÿ çà ïðèðîäíèõ óìîâ [16,17].
Äëÿ äîñë³ä³â áóâ âèêîðèñòàíèé ´ðóíò (÷îðíîçåì),
â³ä³áðàíèé íà òåðèòîð³¿ ì. Êèºâà. Á³îëîã³÷íó àêòèâí³ñòü
´ðóíòó, â ì³êðîôëîð³ ÿêîãî áóëè ³äåíòèô³êîâàí³ ãðèáè
ðîä³â Rhizopus, Aspergillus ³ Penicillium, âèçíà÷àëè çà
³íòåíñèâí³ñòþ ðîçêëàäàííÿ ëëÿíîãî ïîëîòíà çà ìåòî-
äîì Ì³øóñò³íà, Âîñòðîâà ³ Ïåòðîâî¿ [18]. Ïîêàçíèê á³î-
ëîã³÷íî¿ àêòèâíîñò³ ´ðóíòó ñòàíîâèâ 34,6 %, âì³ñò
ã³ãðîñêîï³÷íî¿ âîëîãè – 12,6 % , çîëè – 9,9 %, ðÍ = 7,25.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Ìåòîäîì ²×-ñïåêòðîñêîï³¿ ïðîâåäåí³ äîñë³äæåííÿ
ñòðóêòóðè ñèíòåçîâàíèõ çðàçê³â ÏÏÓ âèõ³äíèõ òà ï³ñëÿ

6-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ ¿õ ó ́ ðóíò³ çà ïðèðîäíèõ ³
ìîäåëüíèõ óìîâ.

Äîñë³äæåííÿ ñòðóêòóðè ï³íîïîë³óðåòàí³â, ó ñêëàä
ÿêèõ âáóäîâàíî ëàíêè äèñàõàðèäó ëàêòîçè, ïîäàí³ íà
ðèñ. 1. Ó ñïåêòð³ ÏÏÓÌ1/Ë29 â îáëàñò³ 3600 –3000 ñì-1

â³äì³÷àþòüñÿ çì³íè â³äíîñíî ñïåêòðà ÏÏÓÌ1, à ñàìå:
ç’ÿâëÿþòüñÿ ñìóãè êîëèâàíü, õàðàêòåðí³ äëÿ ëàêòîçè:
3528, 3380 ³ 3340 ñì-1. Â îáëàñò³ âàëåíòíèõ êîëèâàíü ÑÍ-
ãðóï, 2180–3000 ñì-1, ñïîñòåð³ãàºòüñÿ íàêëàäåííÿ ï³ê³â,
ùî õàðàêòåðí³ äëÿ ÏÏÓÌ1 ³ ÏÏÓÌ1/Ë. Â îáëàñò³ 1800–
1500 ñì-1 ïðîÿâëÿþòüñÿ êîëèâàííÿ óðåòàíîâî¿ ãðóïè
(ñìóãè àì³ä I ³ àì³ä II), îäíàêîâ³ ÿê äëÿ ÏÏÓÌ1, òàê ³ äëÿ
ÏÏÓì1/Ë29, òîáòî ðåàêö³ÿ óðåòàíîóòâîðåííÿ â îáîõ
ÏÏÓ ïðîõîäèëà çà îäíàêîâèì ìåõàí³çìîì. Íåâåëèê³
çì³íè ñïîñòåð³ãàþòüñÿ â îáëàñò³ 1500–1300 ñì-1, äåôîð-
ìàö³éíèõ êîëèâàíü ÑÍ-ãðóï, äå ïðîÿâëÿþòüñÿ ñìóãè ÿê
ÏÏÓì1/Ë, òàê ³ ÏÏÓì1, ùî òàêîæ ìîæå ñâ³ä÷èòè ïðî òå,
ùî ëàêòîçà â ï³íîïîë³óðåòàí³ ÏÏÓì1/Ë29 õ³ì³÷íî çâ’ÿ-
çàíà.

Ñïåêòðè âèõ³äíèõ çðàçê³â ÏÏÓÌ1 ³ ÏÏÓÌ1/Ë29 òà
çðàçê³â ï³ñëÿ 6-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â ´ðóíò³ çà
ïðèðîäíèõ óìîâ ÏÏÓÌ1/Ä6 ³ ÏÏÓÌ1/Ë29/Ä6 â³äïîâ³äíî,
íàâåäåí³ íà ðèñ. 2. Ñïåêòð âèõ³äíîãî çðàçêà ÏÏÓì1 â
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îáëàñò³ 3000–3700 ñì-1, âàëåíòíèõ êîëèâàíü â³ëüíèõ NÍ-
ãðóï, õàðàêòåðèçóºòüñÿ øèðîêîþ ñìóãîþ ç ìàêñèìó-
ìîì 3289 ñì-1 (ðèñ. 2, êðèâà 1). Ï³ñëÿ 6-òè ì³ñÿ÷íîãî
³íêóáóâàííÿ çðàçêà ÏÏÓÌ1/Ä6 ñïîñòåð³ãàºòüñÿ
çá³ëüøåííÿ ³íòåíñèâíîñò³ ñìóãè âàëåíòíèõ êîëèâàíü NÍ-
ãðóï (ç ìàêñèìóìîì 3289 ñì-1), ùî ñâ³ä÷èòü ïðî ìîæ-
ëèâ³ñòü óòâîðåííÿ íîâèõ NÍ2-ãðóï. Â îáëàñò³ 1500 – 1700
ñì-1 äåôîðìàö³éíèõ êîëèâàíü NÍ-çâ’ÿçê³â ð³çíèõ ãðóï
NÍ è NÍ2 â ñïåêòð³ âèõ³äíîãî ÏÏÓÌ1 íàÿâí³ äâ³ ñìóãè ç
ìàêñèìóìàìè 1537 ³ 1598 ñì-1 òà ñìóãà 1670 ñì-1– âà-
ëåíòíèõ êîëèâàííü Ñ=Î ñå÷îâèííèõ ãðóï, ÿê³ íàÿâí³ ó
ñïåêòð³ çðàçê³â ÿê ÏÏÓÌ1, òàê ³ ÏÏÓÌ1/Ä6. Ó ñïåêòð³
ÏÏÓÌ1/Ä6 ç’ÿâëÿºòüñÿ ñìóãà ç ìàêñèìóìîì 1642 ñì-1,
ÿêà â³äïîâ³äàº äåôîðìàö³éíèì êîëèâàííÿì NÍ2-ãðóïè,
òîáòî î÷åâèäíî, äåñòðóêòèâí³ ïðîöåñè ïðè ³íêóáóâàíí³
â ́ ðóíò³ çà ïðèðîäíèõ óìîâ â³äáóâàþòüñÿ â ÏÏÓì1 øëÿ-
õîì ðóéíóâàííÿ ñå÷îâèííèõ ãðóï. Â îáëàñò³ 2700–3000
ñì-1, âàëåíòíèõ êîëèâàíü Ñ–Í-çâ’ÿçê³â ãðóï ÑÍ, ÑÍ2 ³
ÑÍ3 (ÏÏÓÌ1/Ä6) ñïîñòåð³ãàºòüñÿ ïåðåðîçïîä³ë ³íòåíñèâ-
íîñò³ ñìóã 2972, 2925 ³ 2870 ñì-1. Â ï³äòâåðäæåííÿ öüîãî
â³äáóâàºòüñÿ òàêîæ ïåðåðîçïîä³ë ³íòåíñèâíîñò³ ñìóã
äåôîðìàö³éíèõ êîëèâàíü Ñ–Í-çâ’ÿçê³â ãðóï ÑÍ ³ ÑÍ2 â
îáëàñò³ 1300–1500 ñì-1. Â îáëàñò³ 1000–1250 ñì-1, õàðàê-
òåðíèõ âàëåíòíèõ êîëèâàíü Ñ–Î-çâ’ÿçêó ð³çíèõ ãðóï
(ñìóãà 1229 ñì-1 – âàëåíòí³ êîëèâàííÿ Ñ–Î-çâ’ÿçêó åñ-
òåðíî¿ ãðóïè, ñìóãà 1108 ñì-1 – âàëåíòí³ êîëèâàííÿ Ñ–
Î-çâ’ÿçêó åòåðíî¿ ãðóïè), çì³í íåìàº (ðèñ. 2 êðèâ³ 1, 2).
Â ñïåêòð³ ÏÏÓì1/Ë29 â îáëàñò³ 3000–3700 ñì-1 âàëåíò-
íèõ êîëèâàíü â³ëüíèõ NÍ-ãðóï, à òàêîæ â îáëàñò³ âàëåíò-
íèõ êîëèâàíü ÑÍ-çâ’ÿçê³â ð³çíèõ ãðóï (2700–3000 ñì-1,
ðèñ. 2, êðèâà 3) òàê³ æ çì³íè, ÿê ³ â ñïåêòð³ âèõ³äíîãî
çðàçêà ÏÏÓÌ1. Ñìóãà äåôîðìàö³éíèõ êîëèâàíü NÍ2-
ãðóïè ç ìàêñèìóìîì 1642 ñì-1 º â ñïåêòð³ âèõ³äíîãî
ÏÏÓÌ1/Ë29 ³ â çá³ëüøåíîìó âèãëÿä³ âîíà ñïîñòåð³ãàºòü-
ñÿ â ñïåêòð³ ÏÏÓÌ1/Ë29/Ä6, òîáòî äåñòðóêö³ÿ ÏÏÓÌ1/Ë29

ïðè ³íêóáóâàíí³ â ́ ðóíò³ çà ïðèðîäíèõ óìîâ â³äáóâàºòü-
ñÿ òàêîæ øëÿõîì ðóéíóâàííÿ ñå÷îâèííèõ ãðóï (ðèñ. 2,
êðèâà 4) ç óòâîðåííÿì íîâèõ NÍ2-ãðóï. Â îáëàñò³ 1300–
1500 ñì-1 â³äáóâàºòüñÿ ïåðåðîçïîä³ë äåôîðìàö³éíèõ
êîëèâàíü ÑÍ-çâ’ÿçê³â ãðóï ÑÍ ³ ÑÍ2 àíàëîã³÷íî ñïåêòðó
âèõ³äíîãî ÏÏÓì1, à â îáëàñò³ 1200–1250 ñì-1 â³äáóâàºòü-
ñÿ çá³ëüøåííÿ ñìóãè 1221 ñì-1 - âàëåíòíèõ êîëèâàíü
Ñ–Î-çâ’ÿçêó åñòåðíî¿ ãðóïè òà ç’ÿâëÿºòüñÿ ñìóãà 1035 ñì-

1 ïåðâèííèõ êîëèâàíü Ñ–ÎÍ-ãðóï, à òàêîæ â³äáóâàºòüñÿ
ïåðåðîçïîä³ë ³íòåíñèâíîñò³ ñìóã 1125 ³ 1078 ñì-1

Ñ–Î–Ñ-ãðóï ëàêòîçè.
Ñïåêòð âèõ³äíîãî çðàçêà ÏÏÓÌ2 â îáëàñò³ 3000–

3700 ñì-1 âàëåíòíèõ êîëèâàíü NÍ-ãðóï õàðàêòåðèçóºòü-
ñÿ øèðîêîþ ñìóãîþ ç ìàêñèìóìîì 3301 ñì-1 (ðèñ. 3,
êðèâà 1). Ï³ñëÿ 6-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â ́ ðóíò³ çà
ïðèðîäíèõ óìîâ ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ ³íòåíñèâ-
íîñò³ ñìóãè âàëåíòíèõ êîëèâàíü NÍ-ãðóï (ìàêñèìóì
3301 ñì-1), ùî ïîÿñíþºòüñÿ óòâîðåííÿì íîâèõ NÍ2-ãðóï
(ðèñ. 3, êðèâà 2). Â ñïåêòð³ ç’ÿâëÿºòüñÿ ñìóãà ç ìàêñè-
ìóìîì 1646 ñì-1, ÿêà â³äïîâ³äàº äåôîðìàö³éíèì êîëè-
âàííÿì NÍ2-ãðóïè, òîáòî î÷åâèäíî, ùî äåñòðóêòèâí³
ïðîöåñè ïðè ³íêóáóâàíí³ â ´ðóíò³ çà ïðèðîäíèõ óìîâ
â³äáóâàþòüñÿ â ÏÏÓÌ2 òàêîæ øëÿõîì ðóéíóâàííÿ ñå-
÷îâèííèõ ãðóï. Â îáëàñò³ 2700–3000 ñì-1 âàëåíòíèõ êî-
ëèâàíü Ñ–Í-çâ’ÿçê³â ãðóï ÑÍ, ÑÍ2 ³ ÑÍ3 ï³ñëÿ 6-òè ì³ñÿ÷-
íîãî ³íêóáóâàííÿ ÏÏÓì2 â ´ðóíò³ çà ïðèðîäíèõ óìîâ
çíèêëà ìàëî³íòåíñèâíà ñìóãà 2919 ñì-1, à ç’ÿâëÿºòüñÿ
òåæ ìàëî³íòåíñèâíà ñìóãà ç ìàêñèìóìîì 1474 ñì-1 äå-
ôîðìàö³éíèõ êîëèâàíü Ñ–Í-çâ’ÿçê³â ãðóï ÑÍ ³ ÑÍ2. Â
îáëàñò³ 1000–1300 ñì-1, õàðàêòåðíèõ âàëåíòíèõ êîëèâàíü
Ñ–Î-çâ’ÿçêó ð³çíèõ ãðóï, çì³í íåìàº.

Ó ñïåêòðàõ âèõ³äíîãî çðàçêà ÏÏÓì2/ÐÎ ³ çðàçêà
ÏÏÓì2/ÐÎ45/Ä6, ï³ñëÿ 6-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â
´ðóíò³ çà ïðèðîäíèõ óìîâ (ðèñ. 3, êðèâ³ 3, 4) ñïîñòåð³-
ãàþòüñÿ íåçíà÷í³ çì³íè. Â ñïåêòð³ âèõ³äíîãî çðàçêà
ÏÏÓì2/ÐÎ30/Êñ33 (ðèñ. 3, êðèâà 5) ç’ÿâëÿºòüñÿ ñìóãà âà-
ëåíòíèõ êîëèâàíü Ñ=Î óðåòàíîâèõ ãðóï ç ìàêñèìóìîì
1703 ñì-1 ÿê ðåçóëüòàò âçàºìîä³¿ NÑÎ-ãðóï ³çîö³àíàòíî-
ãî êîìïîíåíòà ç ÎÍ-ãðóïàìè êñàíòàíó. Ñìóãà 1642 ñì-1

óøèðþºòüñÿ â îáëàñòü âåëèêèõ ÷àñòîò ç ïîÿâîþ ïëå÷à
1663 ñì-1, ïðîô³ëü ñìóãè NÍ ç ìàêñèìóìîì 1535 ñì-1,
ùî õàðàêòåðèçóº óðåòàíîâ³ ãðóïè, íå çì³íèâñÿ. Â
ñïåêòð³ çðàçêà ÏÏÓì2/ÐÎ30/Êñ33 /Ä6 ï³ñëÿ 6-òè ì³ñÿ÷íî-
ãî ³íêóáóâàííÿ â ́ ðóíò³ çà ïðèðîäíèõ óìîâ (ðèñ. 3, êðè-
âà 6) ñìóãà âàëåíòíèõ êîëèâàííü Ñ=Î óðåòàíîâèõ ãðóï
ç ìàêñèìóìîì 1703 ñì-1 çá³ëüøèëàñü, à ñìóãà ç ìàêñè-
ìóìîì 1642 ñì-1 (âàëåíòí³ êîëèâàííÿ Ñ=Î óðåòàíîñå-
÷îâèííèõ ãðóï) çì³ñòèëàñü â îáëàñòü ç ìàêñèìóìîì
1646 ñì-1 ³ óøèðèëàñü ç ïîÿâîþ ïëå÷à 1660 ñì-1. Òîáòî
çì³íèâñÿ ïðîô³ëü ñìóã 1500–1750 ñì-1 , ÿê³ â³äïîâ³äà-
þòü çà âàëåíòí³ êîëèâàííÿ Ñ=Î ð³çíèõ ãðóï, ùî ïîâ’ÿ-
çàíî ç ðóéíóâàííÿì ñëàáêèõ õ³ì³÷íèõ çâ’ÿçê³â, à òàêîæ
çì³íîþ ñòðóêòóðè ÏÏÓì2/ÐÎ30/Êñ33 âíàñë³äîê äåñò-
ðóêö³¿ âîäíåâèõ çâ’ÿçê³â. Ó ïîð³âíÿíí³ ç âèõ³äíèì çðàç-
êîì ÏÏÓì2/ÐÎ30/Êñ33 â ñïåêòð³ ÏÏÓì2/ÐÎ30/Êñ33 /Ä6
(ðèñ. 3, êðèâ³ 5, 6) ñïîñòåð³ãàºòüñÿ ïîñèëåííÿ
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îñíîâ³ ÏÏÓÌ2 ³ ï³ñëÿ äåãðàäàö³¿ (ÏÏÓÌ2/Ä) çà ïðèðîäíèõ
óìîâ: 1 – ÏÏÓÌ2; 2 – ÏÏÓÌ2/Ä; 3 – ÏÏÓÌ2/ÐÎ45; 4 –
ÏÏÓÌ2/ÐÎ45/Ä, 5 – ÏÏÓÌ2/ÐÎ30/Êñ45, 6 – ÏÏÓ Ì2/ÐÎ30/
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³íòåíñèâíîñò³ ñìóãè ç ìàêñèìóìîì 3303 ñì-1 ³ â³äáó-
âàºòüñÿ óøèðåííÿ â îáëàñò³ âåëèêèõ ÷àñòîò ç ìàêñèìó-
ìîì 3565 ñì-1, òîáòî ç’ÿâëÿºòüñÿ á³ëüøå ñëàáîçâ’ÿçà-
íèõ àáî â³ëüíèõ (íåàñîö³éîâàíèõ) âàëåíòíèõ êîëèâàíü
NÍ-ãðóï. Â ²×-ñïåêòðàõ â³äì³÷àºòüñÿ ïîñèëåííÿ ³íòåí-
ñèâíîñò³ ñìóãè ç ìàêñèìóìîì 1642 ñì-1 (äåôîðìàö³éí³
êîëèâàííÿ NÍ2-ãðóïè àáî âàëåíòí³ êîëèâàííÿ Ñ=Î óðå-
òàíîñå÷îâèííèõ ãðóï), óøèðåííÿ â îáëàñò³ âåëèêèõ ÷à-
ñòîò – 3000–3700 ñì-1 (âàëåíòíèõ êîëèâàíü â³ëüíèõ NÍ-
ãðóï), 2700–3000 ñì-1(âàëåíòíèõ êîëèâàíü Ñ–Í-çâ’ÿçê³â
ð³çíèõ ãðóï), ïåðåðîçïîä³ë ñêëàäíèõ äóáëåòíèõ ñìóã ç
ìàêñèìóìàìè 1634 ³ 1707 ñì-1 âàëåíòíèõ êîëèâàíü Ñ=Î
ñå÷îâèííèõ ãðóï ó ñìóãè ç ìàêñèìóìàìè 1727 ³ 1703
ñì-1. Öå ñâ³ä÷èòü ïðî òå, ùî â çðàçêàõ ÏÏÓì2/ÐÎ30/Êñ33
/Ä6 ïðîöåñó äåãðàäàö³¿ ìàêðîìîëåêóëè ïî ñå÷îâèííèõ
ãðóïàõ ïåðåäóº ïðîöåñ ðóéíóâàííÿ ñëàáêèõ õ³ì³÷íèõ,
âîäíåâèõ çâ’ÿçê³â.

Äëÿ îö³íêè çäàòíîñò³ ÏÏÓ íà îñíîâ³ ïðèðîäíîâ³ä-
íîâëþâàíèõ ñïîëóê ð³çíî¿ ñòðóêòóðè äåãðàäóâàòè çà
óìîâ äîâê³ëëÿ äîñë³äæåíî ¿õ ïîâåä³íêó çà ìîäåëüíèõ ³
íàòóðíèõ óìîâ. Âèçíà÷åííÿ äåãðàäàö³¿ ÏÏÓ ç ôðàãìåí-
òàìè ïðèðîäíèõ ñïîëóê ð³çíî¿ ñòðóêòóðè â îñíîâíî-
ìó ëàíöþç³ ï³ñëÿ 6-òè ì³ñÿ÷íî¿ ³íêóáàö³¿ â ´ðóíò³ çà
ïðèðîäíèõ óìîâ ïîêàçàëî (òàáë. 1), ùî ï³ñëÿ 6-òè ì³ñÿ÷-
íîãî ³íêóáóâàííÿ â ́ ðóíò³ âòðàòà ìàñè çðàçêàìè ÏÏÓÌ1/
Ë29/Ä6 ïåðåâèùóº âòðàòó ìàñè çðàçêîì ÏÏÓÌ1 ó 28,7
ðàçà, à ïîêàçíèêè äåãðàäàö³¿ çðàçê³â ÏÏÓÌ2/ÐÎ30/Êñ33/
Ä6 ïåðåâèùóþòü öåé ïîêàçíèê äëÿ ÏÏÓÌ2 â 94,4 ðàçà
â³äïîâ³äíî. Äåñòðóêòèâí³ ïðîöåñè â ÏÏÓ/ÐÎ, ÿê äåìîí-
ñòðóº òàáë. 1, ïðîõîäÿòü çíà÷íî ïîâ³ëüí³øå, í³æ â
ÏÏÓÌ2/ÐÎ30/Êñ33 ³ âòðàòà ìàñè ÏÏÓÌ2/ÐÎ45/Ä6 ï³ñëÿ 6-
òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â ´ðóíò³ ïåðåâèùóº öåé

×.÷. ÏÏÓ 
Âòðàòà âàãè, % ðÍ ´ðóíòó ï³ñëÿ äîñë³äæåííÿ* 

1 
ì³ñ. 

3 
ì³ñ. 

6 
ì³ñ. 

1 
ì³ñ. 

3 
ì³ñ. 

6 
ì³ñ. 

1 ÏÏÓÌ1 0,1 1,1 1,15 6,79 6,47 6,26 
2 ÏÏÓÌ1/Ë29 30,0 31,23 33,01 6,57 6,54 6,49 
3 ÏÏÓÌ2 0,1 0,57 0,62 6,51 6,45 6,32 
4 ÏÏÓÌ2/ÐÎ45 7,51 12,82 15,69 6,68 6,66 6,58 
5 ÏÏÓÌ2/ÐÎ30/Êñ33 21,9 57,7 58,54 6,47 6,46 6,57 

Òàáëèöÿ 1. Âèçíà÷åííÿ äåãðàäàö³¿ ÏÏÓ íà îñíîâ³ ïðèðîäíîâ³äíîâëþâàíèõ ñïîëóê ð³çíî¿ ñòðóêòóðè ï³ñëÿ 6-
òè ì³ñÿ÷íî¿ ³íêóáàö³¿ â ́ ðóíò³ çà ïðèðîäíèõ óìîâ

ïîêàçíèê äëÿ ÏÏÓÌ2 â 25 ðàç³â.
Ïîñòóïîâå çíèæåííÿ ðÍ ó á³ê çá³ëüøåííÿ êèñëîò-

íîñò³ ´ðóíòó ïðîòÿãîì óñüîãî ïåð³îäó ³íêóáóâàííÿ
ñâ³ä÷èòü ïðî íàÿâí³ñòü â íüîìó îðãàí³÷íèõ êèñëîò ó
ðåçóëüòàò³ æèòòºä³ÿëüíîñò³ ì³êðîîðãàí³çì³â (ÌÎ) (òàáë. 1),
ùî âèçíà÷àº ïðîöåñ ïåðåâàæíî ÿê á³îäåãðàäàö³þ.

Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç ïîêàçíèê³â äåãðà-
äàö³¿ ÏÏÓ ï³ñëÿ 6-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â ́ ðóíò³ çà
ïðèðîäíèõ óìîâ (òàáë.1) ç â³äïîâ³äíèìè ïîêàçíèêàìè
äåãðàäàö³¿ çà ìîäåëüíèõ óìîâ (òàáë. 2). Äîñë³äæåííÿìè
âñòàíîâëåíî, ùî ïðîöåñ äåãðàäàö³¿ ïðîòÿãîì 6-òè ì³ñÿ÷-
íî¿ ³íêóáàö³¿ â ́ ðóíò³ çà ïðèðîäíèõ óìîâ â³äáóâàºòüñÿ ç
á³ëüøîþ øâèäê³ñòþ, í³æ çà ìîäåëüíèõ óìîâ, íàïðèê-
ëàä äåãðàäàö³ÿ ÏÏÓÌ2/ÐÎ30/Êñ33/Ä6, ï³ñëÿ 6-òè ì³ñÿ÷íî-
ãî ³íêóáóâàííÿ â ́ ðóíò³ çà ïðèðîäíèõ óìîâ, ó 1,5 ðàçà
ïåðåâèùóº öåé ïîêàçíèê äåãðàäàö³¿ ÏÏÓÌ2/ÐÎ30/Êñ33 çà
ìîäåëüíèõ óìîâ, ïîêàçíèê äåãðàäàö³¿ ÏÏÓÌ1 çà ïðèðîä-
íèõ óìîâ â 7,2 ðàçà ïåðåâèùóº ïîêàçíèê äåãðàäàö³¿
ÏÏÓÌ1 çà ìîäåëüíèõ óìîâ, à ïðîöåñ äåñòðóêö³¿ ÏÏÓÌ2/
Ä6 â³äáóâàºòüñÿ â 3,9 ðàçà øâèäøå, í³æ çà ìîäåëüíèõ
óìîâ (òàáë. 2).
Âèñíîâêè.

Ñèíòåçîâàí³ íîâ³ åêîëîã³÷íî ÷èñò³ òà åêîíîì³÷íî
äîö³ëüí³ ï³íîïîë³óðåòàíè ç âèñîêèì (äî 63 %) âì³ñòîì
ïðèðîäíîâ³äíîâëþâàíèõ ñïîëóê – äèñàõàðèäó ëàêòîçè,
åêçîïîë³ñàõàðèäó êñàíòàíó àáî ðèöèíîâî¿ îë³¿ çàäëÿ
÷àñòêîâî¿ çàì³íè íàôòîõ³ì³÷íî¿ ñèðîâèíè ïðè çáåðå-
æåíí³ ïðèòàìàííèõ ï³íîïîë³óðåòàíàì åêñïëóàòàö³éíèõ
âëàñòèâîñòåé òà íàäàííÿ ïîë³ìåðàì çäàòíîñò³ äî (á³î)-
äåãðàäàö³¿ ï³ñëÿ çàê³í÷åííÿ òåðì³íó ¿õ âèêîðèñòàííÿ.

Ââåäåííÿ ïðèðîäíèõ ñïîëóê â ñòðóêòóðó ÏÏÓ çíà÷-
íî ïðèñêîðþº ïðîöåñè äåãðàäàö³¿ ïîë³ìåð³â. Äëÿ

Òàáëèöÿ 2. Âèçíà÷åííÿ äåãðàäàö³¿ ÏÏÓ íà îñíîâ³ ð³çíèõ ïðèðîäíîâ³äíîâëþâàíèõ ñïîëóê ð³çíî¿ ñòðóêòóðè
ï³ñëÿ 6-òè ì³ñÿ÷íî¿ ³íêóáàö³¿ â ́ ðóíò³ çà ìîäåëüíèõ óìîâ

×.÷. ÏÏÓ 
Âòðàòà âàãè, % ðÍ ´ðóíòó ï³ñëÿ äîñë³äæåííÿ* 

1 
ì³ñ. 

3 
ì³ñ. 

6 
ì³ñ. 

1 
ì³ñ. 

3 
ì³ñ. 

6 
ì³ñ. 

1 ÏÏÓÌ1 0,1 0,15 0,16 7,09 7,12 7,21 
2 ÏÏÓÌ1/Ë29 27,0 29,47 31,24 7,01 7,06 7,11 
3 ÏÏÓÌ2 0,1 0,14 0,16 7,11 7,15 7,22 
4 ÏÏÓÌ2/ÐÎ45 7,58 12,69 15,38 7,05 7,20 7,30 
5 ÏÏÓÌ2/ÐÎ30/Êñ33 20,5 35,5 38,7 7,17 7,25 7,40 

* - ðÍ ãðóíòó äî ïðîâåäåííÿ äîñë³äó ñòàíîâèòü 7,25

* - ðÍ ãðóíòó äî ïðîâåäåííÿ äîñë³äó ñòàíîâèòü 7,25
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ïîë³ìåð³â, ùî ì³ñòÿòü ó ñòðóêòóð³ ðîñëèííó îë³þ, ñïî-
ñòåð³ãàºòüñÿ åôåêò (á³î)äåòåð³îðàö³¿. Ïðè ââåäåíí³ â
ñòðóêòóðó ÏÏÓ òàêîæ åêçîïîë³ñàõàðèäó â³äì³÷åíî ñè-
íåðã³÷íèé åôåêò ä³¿ îáîõ ðîñëèííèõ êîìïîíåíò³â íà õà-
ðàêòåð öüîãî ïðîöåñó, ³ âêëàä îñòàííüîãî âèçíà÷àëü-
íèé ³ ñàìå â³í àêòèâóº ïðîöåñ (á³î)äåãðàäàö³¿.

²×-ñïåêòðàëüíèìè äîñë³äæåííÿìè ñòðóêòóðè çðàçê³â
ÏÏÓ âèõ³äíèõ òà ï³ñëÿ 6-òè ì³ñÿ÷íîãî ³íêóáóâàííÿ â
´ðóíò³ çà ïðèðîäíèõ óìîâ âñòàíîâëåíî, ùî â ÏÏÓ íà
îñíîâ³ ëàêòîçè òà ðèöèíîâî¿ îë³¿ äåñòðóêòèâí³ ïðîöåñè
â³äáóâàþòüñÿ øëÿõîì ðóéíóâàííÿ ñå÷îâèííèõ ãðóï, à
â ÏÏÓ ç âì³ñòîì ðèöèíîâî¿ îë³¿ òà êñàíòàíó ïðîöåñó
äåãðàäàö³¿ ìàêðîìîëåêóëè ïî ñå÷îâèííèõ ãðóïàõ ïåðå-
äóº ïðîöåñ ðóéíóâàííÿ ñëàáêèõ õ³ì³÷íèõ, âîäíåâèõ
çâ’ÿçê³â.

Ïðîöåñ (á³î)äåãðàäàö³¿ ïðîòÿãîì 6-òè ì³ñÿ÷íîãî
³íêóáóâàííÿ â ́ ðóíò³ çà ïðèðîäíèõ óìîâ â³äáóâàºòüñÿ ç

á³ëüøîþ øâèäê³ñòþ, í³æ çà ìîäåëüíèõ – äî 59 òà 36 %
â³äïîâ³äíî. Çðîñòàííÿ çíà÷åííÿ ðÍ ́ ðóíòó, ï³ñëÿ òðè-
âàëîãî ³íêóáóâàííÿ çà ìîäåëüíèõ óìîâ, ïîâ’ÿçàíå, çíà÷-
íèì ÷èíîì, ç ïðåâàëþâàííÿì ïðîöåñ³â ã³äðîë³çó, ùî
ïðèâîäÿòü äî ïîÿâè àì³íîñïîëóê ó ðåçóëüòàò³ ïðîöåñ³â
äåãðàäàö³¿. Â ´ðóíò³ çà ïðèðîäíèõ óìîâ óòâîðþþòüñÿ
á³ëüø ñïðèÿòëèâ³ óìîâè äëÿ æèòòºä³ÿëüíîñò³ ÌÎ, àêòè-
âóþòüñÿ ôåðìåíòàòèâí³ õ³ì³÷í³ ïåðåòâîðåííÿ ³ â³äáó-
âàºòüñÿ, ãîëîâíèì ÷èíîì, á³îäåãðàäàö³ÿ ÏÏÓ. ²ñòîòíå
çíèæåííÿ ð³âíÿ ðÍ ´ðóíòó ïðîòÿãîì ïåð³îäó ³íêóáó-
âàííÿ çðàçê³â ÏÏÓ ñâ³ä÷èòü ïðî ïîÿâó â ́ ðóíò³ çíà÷íî¿
ê³ëüêîñò³ îðãàí³÷íèõ êèñëîò ó ðåçóëüòàò³ æèòòºä³ÿëüíîñò³
ì³êðîîðãàí³çì³â. Îòæå ð³çí³ ñòóïåí³ á³î-, ã³äðî- àáî òåð-
ìî(ñâ³òëî)íàâàíòàæåííÿ âèçíà÷àþòü õàðàêòåð äåãðà-
äàö³¿ ïîë³ìåðíèõ ìàòåð³àë³â ³ ðàçîì ç êîíñòðóþâàííÿì
ìàêðîìîëåêóëè ïîë³óðåòàíó º ³íñòðóìåíòîì óïðàâë³í-
íÿ öüîãî ïðîöåñó.
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Èíñòèòóò õèìèè âèñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Ñèíòåçèðîâàíû íîâûå ýêîëîãè÷åñêè ÷èñòûå ïåíîïîëèóðåòàíû (ÏÏÓ) ñ âûñîêèì (äî 63 %)
ñîäåðæàíèåì ïðèðîäíîâîçîáíîâëÿåìûõ ñîåäèíåíèé – äèñàõàðèäà ëàêòîçû, êàñòîðîâîãî ìàñëà
(ÊÌ) è ýêçîïîëèñàõàðèäà êñàíòàíà. Ââåäåíèå â ñòðóêòóðó ÏÏÓ ïðèðîäíûõ ñîåäèíåíèé
çíà÷èòåëüíî óñêîðÿåò ïðîöåññû äåãðàäàöèè. Äëÿ ïîëèìåðîâ, ñîäåðæàùèõ â ñòðóêòóðå ÊÌ,
íàáëþäàåòñÿ ýôôåêò (áèî)äåòåðèîðàöèè. Ïðè ââåäåíèè â ñòðóêòóðó ÏÏÓ òàêæå êñàíòàíà
îòìå÷åí ñèíåðãè÷åñêèé ýôôåêò îáåèõ ðàñòèòåëüíûõ êîìïîíåíòîâ íà õàðàêòåð ïðîöåññà, ïðè
ýòîì âêëàä ïîñëåäíåãî ÿâëÿåòñÿ îïðåäåëÿþùèì è èìåííî îí àêòèâèçèðóåò ïðîöåññ
(áèî)äåãðàäàöèè. Â ÏÏÓ íà îñíîâå ëàêòîçû è ÊÌ äåñòðóêöèÿ ïðîèñõîäèò ïóòåì ðàçðóøåíèÿ
ìî÷åâèííûõ ãðóïï, à â ÏÏÓ íà îñíîâå ÊÌ è êñàíòàíà ïðîöåññó äåãðàäàöèè ìàêðîìîëåêóëû ïî
ìî÷åâèííûì ãðóïïàì ïðåäøåñòâóåò ïðîöåññ ðàçðóøåíèÿ ñëàáûõ õèìè÷åñêèõ, âîäîðîäíûõ ñâÿçåé.
Ïðîöåññ (áèî)äåãðàäàöèè íà ïðîòÿæåíèè 6-òè ìåñÿ÷íîãî èíêóáèðîâàíèÿ â ãðóíòå â ïðèðîäíûõ
óñëîâèÿõ ïðîèñõîäèò ñ áîëüøåé ñêîðîñòüþ, ÷åì â ìîäåëüíûõ – äî 59 è 36 % ñîîòâåòñòâåííî. Â
ìîäåëüíûõ óñëîâèÿõ çíà÷èòåëüíûì îáðàçîì ïðåâàëèðóþò ïðîöåññû äåãðàäàöèè ÏÏÓ ïóò¸ì
ãèäðîëèçà, â ðåçóëüòàòå ÷åãî ïîÿâëÿþòñÿ àìèíîñîåäèíåíèÿ. Â ãðóíòå, ïðè áîëåå áëàãîïðèÿòíûõ
óñëîâèÿõ æèçíåäåÿòåëüíîñòè ìèêðîîðãàíèçìîâ (ÌÎ), àêòèâèçèðóþòñÿ ôåðìåíòàòèâíûå
õèìè÷åñêèå ïðåâðàùåíèÿ è, ãëàâíûì îáðàçîì, ïðîèñõîäèò áèîäåãðàäàöèÿ ÏÏÓ. Îá ýòîì
ñâèäåòåëüñòâóåò ïîÿâëåíèå â ãðóíòå çíà÷èòåëüíîãî êîëè÷åñòâà îðãàíè÷åñêèõ êèñëîò êàê
ðåçóëüòàòà æèçíåäåÿòåëüíîñòè ÌÎ. Òàêèì îáðàçîì, ðàçíàÿ ñòåïåíü áèî-, ãèäðî- èëè
òåðìî(ñâåòî)íàãðóçêè îïðåäåëÿåò õàðàêòåð äåãðàäàöèè ïîëèìåðíûõ ìàòåðèàëîâ.

Êëþ÷åâûå ñëîâà: ïåíîïîëèóðåòàíû, ïðèðîäíîâîçîáíîâëÿåìûå ñîåäèíåíèÿ, ñòðóêòóðà, ñâîéñòâà, äåñòðóêöèÿ,
(áèî)äåãðàäàöèÿ.
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New Polyurethane Foams Based On Naturally Renewable Compounds Of
Various Structures: A Study Of (Bio) Degradation

Yu.V. Saveliev, L.A. Markovskaya, E.R. Akhranovich, O.A. Savelyev, N.I. Parkhomenko, S.N. Ostapyuk

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine

New environmentally friendly polyurethane foams (PUF) were synthesized with a high, up to 63 %,
content of naturally renewable compounds - lactose disaccharide, castor oil, xanthan
exopolysaccharide. Introduction to the structure of PUF natural compounds significantly accelerates
the processes of degradation. For polymers containing in the structure of castor oil, the effect of (bio)
determination is observed. With the introduction of xanthan exopolysaccharide into the PUF structure,
a synergistic effect of both plant components on the nature of this process is noted, while the contribution
of the latter is decisive and it is this which activates the (bio) degradation process. In PU-based
lactose and castor oil, destruction occurs through the destruction of urea groups, and in PU-based
castor oil and xanthan, the degradation of the macromolecule in urea groups is preceded by the
destruction of weak chemical, hydrogen bonds. The process of (bio) degradation during the 6-month
incubation in the ground in natural conditions occurs at a faster rate than in the model - up to 59 and
36 %, respectively. Under model conditions, the processes of degradation of polyurethane foam by
hydrolysis prevail in a significant way, as a result of which amino compounds appear. In the ground,
under more favorable conditions of vital activity of microorganisms (MO), enzymatic chemical
transformations are activated and, mainly, PUR biodegradation occurs. This is evidenced by the
appearance in the earth of a significant amount of organic acids as a result of the life activity of MO.
Thus, a different degree of bio-, hydro-, thermo (light) load determines the nature of the degradation
of polymeric materials.

Keywords: polyurethane foams, naturally renewable compounds, structure, properties, destruction, (bio)degradation.


