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Ô³ç³îëîã³ÿ ðîñëèí

Âñòóï
Ñîðòè ïîð³âíÿíî íîâî¿ êóëüòóðè òðèòèêàëå 

îçèìîãî º êîíêóðåíòîñïðîìîæíèìè ³ áóäóòü 
íàäàë³ ñòð³ìêî âäîñêîíàëþâàòèñÿ. Çà îñòàí-
íº äåñÿòèë³òòÿ òðèòèêàëå ñòàëî îäí³ºþ ç íàé-
ïåðñïåêòèâí³øèõ âèñîêîâðîæàéíèõ çåðíî-
âèõ êóëüòóð. Çðîñòàþòü ïîñ³âí³ ïëîù³, ïî-
ñèëèâñÿ ïîøóê åôåêòèâíèõ ìåòîä³â ñòâîðåí-
íÿ íîâèõ ôîðì, òåõíîëîã³é âèðîùóâàííÿ é 
ïåðåðîáêè çåðíà òðèòèêàëå äëÿ ð³çíèõ ãàëó-
çåé ïðîìèñëîâîñò³ [1]. Îäíà ç òàêèõ ôîðì ïå-
ðåðîáêè çåðíà òðèòèêàëå – âèðîáíèöòâî íà 
éîãî îñíîâ³ á³îåòàíîëó.

Ðîçâ’ÿçàííÿ ïðîáëåìè ï³äâèùåííÿ åôåê-
òèâíîñò³ âèðîáíèöòâà á³îåòàíîëó øëÿõîì óäî-
ñêîíàëåííÿ òðèòèêàëå îçèìîãî çà äîïîìîãîþ 
ñåëåêö³¿ é âèêîðèñòàííÿ äîñÿãíåíü ãåíîì³êè 
òà á³îòåõíîëîã³¿ º ñüîãîäí³ àêòóàëüíèì çàâäàí-
íÿì. Ðåàë³çàö³ÿ éîãî äàñòü ìîæëèâ³ñòü ðîç-
øèðèòè é óäîñêîíàëèòè ñèðîâèííó áàçó äëÿ 
çàáåçïå÷åííÿ â íàéáëèæ÷îìó ìàéáóòíüîìó 
ÿê³ñíèõ çì³í â á³îåíåðãåòèö³ Óêðà¿íè [2, 3].

Êðîõìàëü çåðíà º îñíîâíèì ïðîäóêòîì, 
ÿêèé ï³ä ä³ºþ ã³äðîë³òè÷íèõ ôåðìåíò³â òðàíñ-
ôîðìóºòüñÿ â åòàíîë. Òîìó îäíèì ç íàéâàæ-
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Ìåòà. Âèçíà÷èòè ìîæëèâ³ñòü äèôåðåíö³àö³¿ çðàçê³â çà ðîçì³ðîì êðîõìàëüíèõ çåðåí òà âèÿâëåííÿ çðàçê³â ç ì³í³ìàëü-
íèì ðîçì³ðîì ãðàíóë, ùî ìàº çíà÷íó ïîçèòèâíó êîðåëÿö³þ ç åôåêòèâí³ñòþ òðàíñôîðìàö³¿ êðîõìàëþ â åòàíîë. Ìåòîäè. 
Ñâ³òëîâà ì³êðîñêîï³ÿ ðîçìåëåíèõ çåðåí òðèòèêàëå. Ðåçóëüòàòè. Ïðîâåäåíî àíàë³ç çðàçê³â òðèòèêàëå çà ðîçì³ðîì ãðàíóë 
êðîõìàëþ. Ñåðåäí³é ðîçì³ð ãðàíóë áóâ ì³í³ìàëüíèì ó ë³í³¿ Êñ-270/14 (23,78 ìêì), ìàêñèìàëüíèì – ó ë³í³¿ Êð-110/14 
(28,06 ìêì). Ðîçì³ð ãðàíóë êðîõìàëþ ó ñîðòó ïøåíèö³ îçèìî¿ ì’ÿêî¿ ‘Öâ³ò Êàëèíè’ ñòàíîâèâ 24,2 ìêì, ùî áóëî â ìåæàõ 
çíà÷åíü, òèïîâèõ äëÿ ñîðò³â òà ë³í³é òðèòèêàëå îçèìîãî. Ó ïåðåâàæíî¿ á³ëüøîñò³ ãðàíóë ðîçì³ð âàð³þâàâ â³ä 15 äî 35 ìêì, 
àëå ðîçïîä³ë ¿õ çà ðîçì³ðîì áóâ íåð³âíîì³ðíèì ó äîñë³äæóâàíèõ ë³í³é. Âèñíîâêè. Âñòàíîâëåíî çíà÷íèé ïîë³ìîðô³çì 
òðèòèêàëå îçèìîãî çà ðîçì³ðîì ãðàíóë êðîõìàëþ. Âèÿâëåíî, ùî íàéìåíøèé ñåðåäí³é ðîçì³ð êðîõìàëüíèõ çåðåí ñïîñòå-
ð³ãàâñÿ ó çðàçê³â ç íàéìåíøèì ìàêñèìàëüíèì ðîçì³ðîì ãðàíóë, íèçüêîþ ÷àñòîòîþ òðàïëÿííÿ ãðàíóë ç ðîçì³ðàìè ïîíàä 
35 ìêì òà, â³äïîâ³äíî, ì³í³ìàëüíîþ äèñïåðñ³ºþ. Öå äàº ï³äñòàâó çðîáèòè ïðèïóùåííÿ ïðî ìîæëèâ³ñòü îö³íþâàííÿ çðàçêà 
çà íàÿâí³ñòþ ãðàíóë ðîçì³ðîì ïîíàä 35 ìêì, ùî çíà÷íî çìåíøèòü ê³ëüê³ñòü âèì³ðþâàíü òà ïðèñêîðèòü àíàë³ç. 
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ëèâ³øèõ ïîêàçíèê³â äëÿ ñîðò³â ñïèðòîäèñòè-
ëÿòíîãî íàïðÿìó âèêîðèñòàííÿ çåðíà ìàº áó-
òè âèñîêèé âì³ñò êðîõìàëþ â çåðí³ òà éîãî 
ÿê³ñíèé ñêëàä. Ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³ 
êðîõ ìàëþ çåðíîâèõ êóëüòóð çàëåæàòü â³ä áà-
ãàòüîõ ÷èííèê³â. Îäíèì ç îñíîâíèõ º ðîçì³ð 
òà ôîðìà êðîõìàëüíèõ ãðàíóë. Òèï ðîçâèòêó 
åíäîñïåðìó é ôîðìóâàííÿ êðîõìàëüíèõ çåðåí 
òðèòèêàëå ñõîæèé ç òâåðäîþ ïøåíèöåþ, æè-
òîì ³ òâåðäîçåðíîþ ÷åðâîíîþ ÿðîþ ïøåíèöåþ. 
Ôîðìà é ðîçì³ð ãðàíóë òðèòèêàëå òà ïøåíèö³ 
º ïîä³áíèìè ì³æ ñîáîþ, îñòàíí³é ñòàíîâèòü 
â³ä 24 äî 35 ìêì [3, 4].

Êðîõìàëüí³ çåðíà â îñíîâíîìó º ñôåðè÷-
íèìè, ïðîòå òðàïëÿþòüñÿ é áàãàòîêóòí³ ôîð-
ìè. Òðèòèêàëå ìàº òðèòèêî¿äíèé òèï êðîõ-
ìàëþ. Ó ïðîñà òà ³íøèõ ïàí³êî¿äíèõ çëàê³â 
êðîõìàëüí³ çåðíà ïðîñò³, àëå íå ìåíøå âàð³þ-
þòü çà ðîçì³ðîì ³ ìàþòü ãðàí÷àñòó ïîâåðõ-
íþ; ó â³âñÿíèö³ òà áàãàòüîõ ³íøèõ ôåñòóêî-
¿äíèõ çëàê³â êðîõìàëüí³ çåðíà ñêëàäí³, ñêëà-
äàþòüñÿ ç äð³áí³øèõ ãðàíóë [5].

Äð³áí³ ãðàíóëè êðîõìàëþ ïîð³âíÿíî ç âåëè-
êèìè õàðàêòåðèçóþòüñÿ á³ëüøîþ ïëîùåþ ïî-
âåðõí³ íà îäèíèöþ ìàñè. Òàêèé òèï ãðàíóë 
ëåãøå ï³ääàºòüñÿ ìåõàí³÷íîìó ðóéíóâàííþ 
ï³ä ÷àñ ðîçìåëó, ùî, â ñâîþ ÷åðãó, çá³ëüøóº 
ïëîùó ðåàãóâàííÿ ç ôåðìåíòàìè íà øëÿõó ïå-
ðåòâîðåííÿ êðîõìàëþ íà á³îåòàíîë [3].

²íôîðìàö³ÿ ïðî ðîçì³ðè êðîõìàëüíèõ çåðåí, 
ÿêó íàâåäåíî â ë³òåðàòóð³, ñòîñóºòüñÿ â îñíîâ-
íîìó ãðàíóëîìåòðè÷íîãî ñêëàäó êðîõìàëþ â 
ñåðåäíüîìó ïî êóëüòóð³, íå ïðèä³ëåíî äîñòàò-
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íüî óâàãè ìîæëèâîìó âàð³þâàííþ ðîçì³ðó 
ãðàíóë ó ð³çíèõ ñîðò³â. ª äàí³ [6], ùî ó çóáî-
âèäíî¿ òà âîñêîâèäíî¿ êóêóðóäçè ðîçì³ð ãðà-
íóë ó ë³í³é â³äð³çíÿºòüñÿ òà óñïàäêîâóºòüñÿ çà 
òèïîì ïîçèòèâíîãî íàääîì³íóâàííÿ. Ãðàáîâåö 
À. È. òà ³í. [7, 8] çàçíà÷àº, ùî óñïàäêóâàííÿ 
âì³ñòó êðîõìàëþ ó ã³áðèä³â òðèòèêàëå â³äáó-
âàºòüñÿ â îñíîâíîìó çà òèïîì ïðîì³æíîãî äî-
ì³íóâàííÿ òà äåïðåñ³¿, à òàêîæ âêàçóº íà ìîæ-
ëèâ³ñòü âàð³þâàííÿ ðîçì³ðó êðîõìàëüíèõ ãðà-
íóë çàëåæíî â³ä óìîâ âèðîùóâàííÿ. 

Ìåòà äîñë³äæåíü – âèâ÷èòè ãðàíóëîìåò-
ðè÷íèé ñêëàä êðîõìàëþ ñîðò³â ³ íîìåð³â 
òðèòèêàëå îçèìîãî äëÿ âèçíà÷åííÿ ìîæëè-
âîñò³ äèôåðåíö³àö³¿ çðàçê³â çà ðîçì³ðîì 
êðîõìàëüíèõ çåðåí òà âèÿâëåííÿ çðàçê³â ç 
ì³í³ìàëüíèì ðîçì³ðîì ãðàíóë, ùî ìàº çíà÷-
íó ïîçèòèâíó êîðåëÿö³þ ç åôåêòèâí³ñòþ òðàíñ-
ôîðìàö³¿ êðîõìàëþ â åòàíîë.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ âèêîíàíî â 2014–2015 ðð. ó 

â³ää³ë³ ñåëåêö³¿ ³ íàñ³ííèöòâà çåðíîâèõ êóëü-
òóð ÍÍÖ «²íñòèòóò çåìëåðîáñòâà ÍÀÀÍ». ßê 
ìàòåð³àë äëÿ äîñë³äæåíü âèêîðèñòîâóâàëè 
ñîðòè é ñåëåêö³éí³ çðàçêè òðèòèêàëå îçèìîãî 
ñåëåêö³¿ ÍÍÖ «²íñòèòóò çåìëåðîáñòâà ÍÀÀÍ». 
Äëÿ ïîð³âíÿííÿ òàêîæ áóëî âèêîðèñòàíî ñîðò 
ïøåíèö³ ì’ÿêî¿ îçèìî¿ ‘Öâ³ò Êàëèíè’.

Ãðàíóëîìåòðè÷íó ñòðóêòóðó äîñë³äæóâàëè 
ìåòîäîì ñâ³òëîâî¿ ì³êðîñêîï³¿. Âèêîðèñòîâó-
âàëè ì³êðîñêîï ÍÁÈ-3 òà öèôðîâó USB-êà-
ìåðó. Çðàçêè ðîçìåëþâàëè â ëàáîðàòîðíîìó 
ìëèíêó ÌË-1, êðîõìàëü çàáàðâëþâàëè ó ðîç-
÷èí³ Ëþãîëÿ. Ðîçì³ð ãðàíóë âèçíà÷àëè çà äî-
ïîìîãîþ øêàëè USB-êàìåðè. Âèì³ðþâàëè âñ³ 
ãðàíóëè â ïîë³ çîðó ì³êðîñêîïà çà çá³ëüøåí-
íÿì 90x, ïîëå çîðó çì³ùóâàëè äî äîñÿãíåííÿ 
n = 100. Äî óâàãè áðàëè ëèøå âåëèê³ ãðàíóëè 
êðîõìàëþ, ãðàíóëè ðîçì³ðîì 2–6 ìêì íå âðà-
õîâóâàëè, îñê³ëüêè ¿õíÿ ê³ëüê³ñòü áóëà íåâå-
ëèêîþ, à âàð³þâàííÿ ðîçì³ðó – íåçíà÷íèì.

Ðåçóëüòàòè äîñë³äæåíü
Çîáðàæåííÿ ãðàíóë îêðåìèõ çðàçê³â òðè-

òèêàëå íàâåäåíî íà ðèñóíêó 1. ßê áà÷èìî, 
îñíîâíó ìàñó ñòàíîâëÿòü âåëèê³ ãðàíóëè 
êðîõìàëþ (ïîíàä 10 ìêì). Ê³ëüê³ñòü äð³áíèõ 
ãðàíóë (2–6 ìêì) º íåçíà÷íîþ. Ãðàíóëè ðîç-
ì³ðîì 6–10 ìêì òðàïëÿþòüñÿ äóæå ð³äêî.

Âíàñë³äîê ïðîâåäåíèõ âèì³ðþâàíü áóëî âè-
ÿâëåíî, ùî çðàçêè ìàþòü ³ñòîòíó òà äîñòîâ³ð-
íó ð³çíèöþ â ñåðåäíüîìó ðîçì³ð³ êðîõìàëüíî-
ãî çåðíà çà çíà÷íî¿ äèñïåðñ³¿ (òàáë. 1). Ñåðåä-
í³é ðîçì³ð ãðàíóë áóâ ì³í³ìàëüíèì ó ë³í³¿ 
Êñ-270/14 – 23,78 ìêì, ìàêñèìàëüíèì – ó 
ë³í³¿ Êð-110/14 – 28,06 ìêì. Ðîçì³ð ãðàíóë 
êðîõìàëþ ó ñîðòó ïøåíèö³ îçèìî¿ ì’ÿêî¿ 

Òðèòèêàëå îçèìå, ¹ Kð-110/14 

Òðèòèêàëå îçèìå, ¹ Kñ-236/14

Ðèñ. 1. Ãðàíóëè êðîõìàëþ òðèòèêàëå îçèìîãî 
ï³ä ì³êðîñêîïîì

‘Öâ³ò Êàëèíè’ ñòàíîâèâ 24,2 ìêì, ùî áóëî â 
ìåæàõ çíà÷åíü ñîðò³â òà ë³í³é òðèòèêàëå îçè-
ìîãî. Ãðàíóëè âèÿâèëèñÿ íàéá³ëüøèìè â ë³-
í³é Êð-110/14, Êñ-243/14 òà Êñ-236/14 – 
47,7–47,74 ìêì, àëå ¿õíÿ ê³ëüê³ñòü áóëà íå-
çíà÷íîþ. Òàêîæ âàðòî çàçíà÷èòè, ùî ó ñîðòó 
ïøåíèö³ ‘Öâ³ò Êàëèíè’ òà ë³í³¿ òðèòèêàëå 
Êð-110/14 ì³í³ìàëüíèé ðîçì³ð ãðàíóë ñòà-
íîâèâ 16,8 òà 16,3 ìêì â³äïîâ³äíî, òîä³ ÿê 
â ³íøèõ íîìåð³â äî 10% ãðàíóë ìàëè ðîçì³ð 
11–15 ìêì. Ïðè öüîìó çàóâàæèìî, ùî äëÿ ïå-
ðåðîáêè íà á³îåòàíîë íàéêðàùå ï³äõîäÿòü ñîð-
òè ç äð³áíèìè ãðàíóëàìè, òîä³ ÿê äëÿ âèðîáíè-
öòâà êðîõìàëþ ïåðåðîáíèêàì ïîòð³áí³ ñîðòè ç 
ÿêîìîãà á³ëüøèìè êðîõìàëüíèìè çåðíàìè. 

Áóëî ïðîâåäåíî àíàë³ç ÷àñòîòíîãî ðîçïîä³ëó 
ãðàíóë êðîõìàëþ çà ðîçì³ðàìè ç êðîêîì êà-
òåãîð³¿ 5 ìêì. Íèæíÿ ìåæà êàòåãîð³é ñòàíî-
âèëà 5 ìêì, âåðõíÿ – 50 ìêì, îñê³ëüêè íå 
áóëî âèÿâëåíî ãðàíóë á³ëüøîãî ðîçì³ðó. Ðîç-
ïîä³ë êðîõìàëüíèõ çåðåí çà ðîçì³ðàìè çã³äíî 
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Òàáëèöÿ 1
Ðîçì³ð ãðàíóë êðîõìàëþ çðàçê³â ïøåíèö³ îçèìî¿ òà òðèòèêàëå îçèìîãî, ìêì

Êóëüòóðà Ñîðò, çðàçîê
Ðîçì³ð ãðàíóë

Äèñïåðñ³ÿ
ñåðåäí³é ì³í³ìàëüíèé ìàêñèìàëüíèé

Ïøåíèöÿ îçèìà ‘Öâ³ò êàëèíè’ 24,20 16,80 44,20 33,40

Òðèòèêàëå îçèìå

‘Ïîë³ñüêèé 7’ 25,60 11,90 45,60 54,60
‘Ìîëüôàð’ 24,78 12,10 46,80 59,60
Êð-85/14 25,57 15,69 38,90 31,24

Êð-110/14 28,06 16,30 47,74 47,61
Êñ-270/14 23,75 11,30 43,31 39,51
Êñ-243/14 24,39 9,44 47,70 63,71
Êñ-236/14 26,66 11,31 47,70 82,17

Í²Ð
05

0,96

ç êàòåãîð³ÿìè äëÿ íàéõàðàêòåðí³øèõ çðàçê³â 
íàâåäåíî â òàáëèö³ 2. Ïåðåâàæíà á³ëüø³ñòü 
ãðàíóë ìàëè ðîçì³ð ó ìåæàõ 15–35 ìêì, àëå 
ðîçïîä³ë ¿õ ó äîñë³äæóâàíèõ ë³í³é âèÿâèâñÿ 
íåð³âíîì³ðíèì. Ó çðàçê³â Êñ-270/14 òà                     
Êñ-243/14 ðîçì³ð íàéá³ëüøî¿ ê³ëüêîñò³ ãðà-
íóë (29,2 òà 28,1% â³äïîâ³äíî) êîëèâàâñÿ â 
ìåæàõ 20–25 ìêì. Ãðàíóëè ðîçì³ðîì ïîíàä 
35 ìêì âèÿâëåíî â çåðí³ çðàçêà Êñ-236/14              
ç ÷àñòîòîþ 11,5%, ó Êñ-243/14 – 5,2, ó                          
Êñ-270/14 – 4,2%. Êðîõìàëüí³ çåðíà ðîçì³-
ðîì 40 ìêì ì³ñòÿòüñÿ â Êñ-236/14 ç ÷àñòîòîþ 
5,2%, ó Êñ-243/14 – 3,1, ó Êñ-270/14 – 1%. Ç 
îãëÿäó íà ö³ äàí³ òà äàí³ ñòîñîâíî ³íøèõ çðàç-
ê³â, ÿê³ íå íàâåäåíî â òàáëèö³ 2, ñïîñòåð³ãà-
ºòüñÿ ÷³òêà çàëåæí³ñòü ñåðåäíüîãî ðîçì³ðó 
ãðàíóë â³ä íàÿâíîñò³ òà ê³ëüêîñò³ îñîáëèâî 
âåëèêèõ (ïîíàä 35 ìêì) êðîõìàëüíèõ çåðåí. 

Òàáëèöÿ 2
×àñòîòíèé ðîçïîä³ë ãðàíóë êðîõìàëþ çà ðîçì³ðàìè, 

% ãðàíóë ó êàòåãîð³¿
Ìåæ³ êàòåãîð³¿, 

ìêì
Çðàçêè

Êñ-270/14 Êñ-243/14 Êñ-236/14
5 < x < = 10 0,0 1,0 0,0
10 < x < = 15 7,3 9,4 9,4
15 < x < = 20 22,9 19,8 16,7
20 < x < = 25 29,2 28,1 19,8
25 < x < = 30 25,0 16,7 16,7
30 < x < = 35 10,4 14,6 18,8
35 < x < = 40 4,2 5,2 11,5
40 < x < = 45 1,0 3,1 5,2
45 < x < = 50 0,0 2,1 2,1
Ñåðåäíº, ìêì 23,75 24,39 26,66

Êðèâà íîðìàëüíîãî ðîçïîä³ëó òà ã³ñòîãðà-
ìà ë³í³¿ Êñ-270/14 ç íàéìåíøèì ñåðåäí³ì 
ðîçì³ðîì êðîõìàëüíèõ çåðåí ñâ³ä÷èòü ïðî 

Ðèñ. 2. Îá’ºäíàíà ã³ñòîãðàìà ÷àñòîòíîãî ðîçïîä³ëó ãðàíóë êðîõìàëþ çà ðîçì³ðàìè

Ðîçì³ð ãðàíóë, ìêì

Ê³
ëü

ê³
ñò

ü,
 ø

ò.
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íàéá³ëüøó ÷àñòîòó òðàïëÿííÿ ðîçì³ðó ãðà-
íóë ó ìåæàõ 15–30 ìêì, òîä³ ÿê ó ë³í³¿ 
Êñ-236-14 ðîçì³ð çíà÷íî¿ ÷àñòèíè ãðàíóë ñòà-
íîâèâ 30–35 ìêì (ðèñ. 2). Òàêèì ÷èíîì, ë³-
í³ÿ Êñ-270/14, ÿêà ìàº ì³í³ìàëüíèé ñåðåäí³é 
ðîçì³ð ãðàíóë êðîõìàëþ ñåðåä äîñë³äæóâà-
íèõ çðàçê³â, ìàëà òàêîæ íåçíà÷íó äèñïåðñ³þ, 
íåâåëèêó ê³ëüê³ñòü ãðàíóë ïîíàä 35 ìêì 
(5,2%) òà êîìïàêòíó ã³ñòîãðàìó ç íàéá³ëü-
øîþ ÷àñòîòîþ ãðàíóë ðîçì³ðîì 20–25 ìêì. 

Îòæå, íàéìåíøèé ñåðåäí³é ðîçì³ð êðîõ-
ìàëüíèõ çåðåí ñïîñòåð³ãàâñÿ ó çðàçê³â ç íàé-
ìåíøèì ìàêñèìàëüíèì ðîçì³ðîì ãðàíóë òà, 
â³äïîâ³äíî, ì³í³ìàëüíîþ äèñïåðñ³ºþ. Íàé-
á³ëüøèé ñåðåäí³é ðîçì³ð ãðàíóë âèÿâëåíî ó 
çðàçê³â ç³ çíà÷íîþ ê³ëüê³ñòþ êðîõìàëüíèõ 
çåðåí, ðîçì³ð ÿêèõ ïåðåâèùóº 35 ìêì.

Âèñíîâêè
Âíàñë³äîê ïðîâåäåíîãî äîñë³äæåííÿ âñòà-

íîâëåíî çíà÷íèé ïîë³ìîðô³çì òðèòèêàëå 
îçèìîãî çà ðîçì³ðîì ãðàíóë êðîõìàëþ, ùî 
ìîæå áóòè âèêîðèñòàíî â ñåëåêö³¿ òðèòèêà-
ëå äëÿ âèðîáíèöòâà á³îåòàíîëó. Âèÿâëåíî, 
ùî íàéìåíøèé ñåðåäí³é ðîçì³ð êðîõìàëü-
íèõ çåðåí ñïîñòåð³ãàâñÿ ó çðàçê³â ç íàéìåí-
øèì ìàêñèìàëüíèì ðîçì³ðîì ãðàíóë, íèçü-
êîþ ÷àñòîòîþ ãðàíóë ç ðîçì³ðàìè ïîíàä 
35 ìêì òà, â³äïîâ³äíî, ì³í³ìàëüíîþ äèñïåð-
ñ³ºþ. Öå äàº ï³äñòàâó çðîáèòè ïðèïóùåííÿ 
ïðî ìîæëèâ³ñòü îö³íþâàííÿ çðàçêà çà ðîç-
ì³ðîì ãðàíóë ó ðàç³ íàÿâíîñò³ ãðàíóë ðîç-
ì³ðîì ïîíàä 35 ìêì, ùî çíà÷íî çìåíøèòü 
ê³ëüê³ñòü âèì³ðþâàíü òà ïðèñêîðèòü àíàë³ç.
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Öåëü. Îïðåäåëèòü âîçìîæíîñòü äèôôåðåíöèàöèè îá-
ðàçöîâ òðèòèêàëå ïî ðàçìåðó êðàõìàëüíûõ ç¸ðåí è âûÿâëå-
íèÿ îáðàçöîâ ñ ìèíèìàëüíûì ðàçìåðîì ãðàíóë, ÷òî èìååò 
çíà÷èòåëüíóþ ïîçèòèâíóþ êîððåëÿöèþ ñ ýôôåêòèâíîñòüþ 
òðàíñôîðìàöèè êðàõìàëà â ýòàíîë. Ìåòîäû. Ñâåòîâàÿ ìèê-

ðîñêîïèÿ ðàçìîëîòûõ çåðåí òðèòèêàëå. Ðåçóëüòàòû. Ïðî-
âåäåí àíàëèç îáðàçöîâ òðèòèêàëå ïî ðàçìåðó ãðàíóë êðàõ-
ìàëà. Ñðåäíèé ðàçìåð ãðàíóë áûë ìèíèìàëüíûì ó ëèíèè 
Êñ-270/14 (23,78 ìêì), ìàêñèìàëüíûì – ó ëèíèè Êð-110/14 
(28,06 ìêì). Ðàçìåð ãðàíóë êðàõìàëà ó ñîðòà ïøåíèöû îçè-
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Ô³ç³îëîã³ÿ ðîñëèí

Purpose. Determination of the possibility to diffe-
rentia te triticale samples by starch grain size and iden-
tify samples with a minimum size of granules that have a 
significant positive correlation with the efficiency of the 
starch transformation into ethanol. Methods. Light mic-
roscopy of grinded triticale grains. Results. Analysis of 
the starch granule size in triticale samples was performed. 
The minimum average granule size was observed in line 
Kc-270/14 (23.78 µm), maximum one – in line KR-110/14 
(28.06 µm). The size of starch granules in a soft winter 
wheat variety ‘Tsvit Kalyny’ was 24.2 µm that was within 
the values typical for winter triticale varieties and lines. 
The size of the majority of granules ranged from 15 to 

35 µm, but their distribution was uneven in the studied 
lines. Conclusions. Considerable polymorphism of winter 
triticale for the starch granule size was established. It was 
found that the minimum average size of starch granules 
was observed in the samples characterized by minimum 
maximum size of granules, low frequency of granules of 
more than 35 µm, and therefore, minimum dispersion. 
Based on this, assumption can be made about the possibil-
ity to evaluate a sample for the presence of granules larger 
than 35 µm that can significantly reduce the number of 
measurements and speed up analysis.

Keywords: triticale, starch, grain size distribution.
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ìîé ìÿãêîé ‘Öâèò Êàëûíû’ ñîñòàâëÿë 24,2 ìêì, ÷òî áûëî â 
ãðàíèöàõ çíà÷åíèé, òèïè÷íûõ äëÿ ñîðòîâ è ëèíèé òðèòèêàëå 
îçèìîãî. Ó ïðåîáëàäàþùåãî áîëüøèíñòâà ãðàíóë ðàçìåð âà-
ðüèðîâàë îò 15 äî 35 ìêì, íî ðàñïðåäåëåíèå èõ ïî ðàçìåðó 
áûëî íåðàâíîìåðíûì ó èññëåäóåìûõ ëèíèé. Âûâîäû. Óñòà-
íîâëåí çíà÷èòåëüíûé ïîëèìîðôèçì òðèòèêàëå îçèìîãî ïî 
ðàçìåðó ãðàíóë êðàõìàëà. Âûÿâëåíî, ÷òî íàèìåíüøèé ñðåä-
íèé ðàçìåð êðàõìàëüíûõ çåðåí íàáëþäàëñÿ ó îáðàçöîâ ñ 

íàèìåíüøèì ìàêñèìàëüíûì ðàçìåðîì ãðàíóë, íèçêîé ÷àñòî-
òîé ãðàíóë ñ ðàçìåðàìè áîëåå 35 ìêì è, ñîîòâåòñòâåííî, ìè-
íèìàëüíîé äèñïåðñèåé. Íà îñíîâàíèè ýòîãî ìîæíî ñäåëàòü 
äîïóùåíèå î âîçìîæíîñòè îöåíèâàíèÿ îáðàçöà ïî íàëè÷èþ 
ãðàíóë ðàçìåðîì áîëåå 35 ìêì, ÷òî çíà÷èòåëüíî óìåíüøèò 
êîëè÷åñòâî èçìåðåíèé è óñêîðèò àíàëèç. 

Êëþ÷åâûå ñëîâà: òðèòèêàëå, êðàõìàë, ãðàíóëîìåòðè-
÷åñêèé ñîñòàâ.


